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15overcom ng any resistance that nay devel op over the course of therapy
with other conpounds. Moreover, use of conbinations of chenptherapeutic
agents, including different stereoisomers and/or stereoisoneric mxtures of
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are provi ded Pihadaris gfigelve forthese prolof faneeat thatdavadefpo in yelbayele pstkpeintvahiplet y  of

different tymessOfaHiMIBfn&ebdisto répalré&m%em&@éfa@mcﬁrgoﬁg@a%m% 3ﬁ&ord' ng to
structural fornu]a éD areft;})lrow i I nclu
prodrugs, sal'ts® EW PEPE S thesg freAlpeRls: homgvanofit 1gwlls P eNeR GRS etb’r’ﬂé?fmga?#dé enri ched

i n the corr esfiondTngysbmis tierof tee drugf mst e tidagbgeft@fidrbigy r(elual)/ argl@Shgnat ed

055561 3 PCT/ U82005/ 041359 R5 H
t he ( 1R5 2R, 3%!‘:8&6%6{5&#@ %111 tﬂefﬂng%ér%ﬂeﬁgr V\kﬁ é)atlept
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knowledge of how cancer cells develop, for example, the anti-estrogen compound tamoxifen, the
effectiveness of all chemotherapeutic treatments are subject to development of resistarice to the
drugs. In particular, the increased expression of cell membrane bound transporters, such as Mdrl,

10 produces a multidrug resistance phenotype characterized by increased efflux of drugs from the
cell. These types of adaptation by cancer cells severely limit the effectiveness of certain classes
of chemotherapeutic agents. Consequently, identification of other chemotherapeutic agents,
particularly active stereoisomers and/or stereoisomeric mixtures is critical for establishing
therapies effective for attacking the heterogeneous nature of proliferative disease and for

15 overcoming any resistance that may develop over the course of therapy with other compounds.
Moreover, use of combinations of chemotherapeutic agents, including different stereoisomers
and/or stereoisomeric mixtures of a particular chemotherapeutic agent, which may have differing
properties and cellular targets, increases the effectiveness of chemotherapy and limits the

generation of drug resistance.

20 4. SUMMARY
In one aspect, 4N-(3-aminocarbonylbicyclo{2.2.1Thept-5-en-2-y1)-2N-substituted phenyl-
2,4-pyrimidinediamine compounds enriched in specified diastereomers are provided that exhibit
antiproliferative activity against a variety of different types of tumor cells. In some embodiments,
compounds according to structural formula (I) are provided:

R1
R?.
A&‘ :
25 ® “CONH,
including prodrugs, salts, hydrates, solvates and N-oxides thereof, that are enriched in the

corresponding diastereomer of structural formula (Ta), designated the (1R,2R,38,4S)

diastereomer:



al kyl, -(CH3),rOH -OR, -0(CH2)rRa, -0(CH2),-Rb, -C(0)OW halo, -us and
-0CF3; 5each R2 is independently selected fromthe group consisting of
hydrogen, lower /\ -1-NO alkyl, -ON -0(CH2)rRa,-N-1C(0)W hal o, -CF3,
-0CF3,/ and /\ NR4 \/. each R3 is independently selected fromthe group
con5|st|ng of hydrogen, lower /\ -1-NO al kyl, -(C112),, - - y
S0(OHR) , , - ?yﬁ tle, halo, -CF3, 0 /\ N-Rd// 10\/N%& 20057041359

each Rd is |ndependently sel ected fromthe group consisting of hydrogen,

| ower al kyl, atylalkyl,-NW -C(0O)W -C(0)0OWand -C(0O)NWAN R5 is hydrogen,

hal o, fluor, -ON, -NOQ2, -C(0)01lr or each ii is ihdependently an integer

froml to 3; 15each |le is independent IRy sel ecte frgm the group consisting

of hydrogen, |ower alkyl and |owes_ c¥cl | ; each RI' is

i ndependent |y sel ect ed fromthes C sjust' f-OR, -CF3, -0CF3, -NWV
-C(0)1e, -0(0)OW -C(0) NVW an@h - O VR4 Neallh BY i i ndependent |y sel ected

3

fromthe group consisting of hydﬂog nd 20l ower al kyl, or, alternatively,
two Wsubstitucnts nay be taken togetHér with the nitrogen atom to whi ch
they are bonded to forma 4-9 nerbepge)saturated ring which optionally

i ncludes 1-2 addigj.gpal heteroatom c groups selected fromO, NW NWC(0)W
NR - C(0) OR andNr-C(0) NR% and each Rd is independently | ower

mono- hydr oxyal Kyl or kahe& isdidepspdpntixseleriyfrom 25 prous owsstogbUdinent lswert he

conpound of - Sityl, UGl @i, fo ok @, IR, -DECHR), IRGIBORIL UES, 08 .dcks;
5 each R? is independently selected from the group consisting of hydrogen, lower

N0
alkyl, ~OR?, -O(CHa),-R?, -O(CH,),-R", -NHC(O)R’, halo, -CF,, -OCF;, -~ “— and

N/ . I
each R® is independently selected from the group consisting of hydrogen, lower

=N 0
alkyl, -(CHy),-OH, -OR®, -O(CH,),-R", -O(CI,),-R?, halo, -CF,, -OCF;, § ~

TSIV —E—iEO/> ‘§<\O]
10 ./ ) N and N7 .
each R* is independently selected from the group consisting of hydrogen, lower
alkyl, arylallkyl, -OR?, -NR°R’, -C(O)R?, -C(O)YOR® and -C{(O)NRR;
R’ is hydrogen, halo, fluoro, -CN, -NO,, -C(OYOR® or -CFy;
each n is independently an integer from I to 3;
15 each R" is independently selected from the group consisting of hydrogen, lower
alkyl and lower cycloalkyl;
pach R" is independently selected from the group consisting of -OR®, -CF,,
OCF;, -NR'R®, -C(O)R?, -C(O)OR?, -C(OYNR R and ~C(O)NR*RY,
each R’ is independently selected from the group consisting of hydrogen and
20 lower alkyl, or, alternatively, two R® substituents may be taken together with the nitrogen atom to
which they are bonded to forma 4-9 membered saturated ring which optionally includes 1-2
additional heteroatomic groups selected from O, NR?, NR*:-C(O)R?, NR*-C(O)YOR? and
NR“-C{O)NR? and
each R? is independently Jower mono-hydroxyalkyl or lower di-hydroxyalkyl.
25 In some embodiments, the compound of structural formula (I) is a racemic mixture of (2-

eX0-3~ex0) cis isomers according to structural formula (I1a):



exo-3-exo0) cis isomers according to structural forrmula (Ha): WO
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enanti omer and any ot her di ast er eonmer t her eof . In still another
aspect, prodrugs of the stereoisonerically enri ghed conpounds are provided.
Such prodrugs may be active in their fo -qnﬁr may be inactive until
converted under physi ol ogi cal or pt her cgn of use to an active drug
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(1 ncl udi ng ers,  oxantc acrd ester I oesters) es and
hydr azi des. under the deirpd seridjtionsepf ptcherknggpiadie aﬁcéﬁpﬁ@?ﬂe |Pt9ﬁ@ul@oﬁ#¢§lﬁ Plslin ng one or
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sol vat es” andI"GR N GXPHES PHE aatﬁﬁf] berdnck ﬁﬁﬁﬂ}elp élgE‘éEF Pﬁﬁ et mgﬂ?ﬁ pi ent

limited to amides, carbamates, imines, ureas, phosphenyls, phosphoryls and sulfenyls. Specific
25 examples of promoieties that yield sulfanyl groups that can be included in the prodrugs include,
but are not limited to, thioethers, for example S-methyl derivatives (monothio, dithio, oxythio,
aminothio acetals), silyl thioethers, thioesters, thiocarbonates, thiocarbamates, asymmetrical
disulfides, efc. Specific examples of promoieties that cleave to yield hydroxyl groups that can be
included in the prodrugs include, but are not limited to, sulfonates, esters and carbonates.

30 Specific examples of promoieties that yield carboxyl groups that can be included in the prodrugs
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prevent i on 6 S ‘e"’é@’@é‘“ (9?101&i|’§’61r el ppiaghlagtomenyglepgnigly mpltonie gasgredtip. part, by
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or disorder. Aurora kinase-nediated di seases and di sorders incl ude any
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FIGS. 1-4 illustrate the inhibitory effect of (1R 2R 38, 4S)-MN- ( 3-

am nocar bonyl bi cycl o[ 2. 2. 1] hept-5-ene-2-y1)-5-firtoro-N243-net hyl -4-(4-neth
yl pi perazin-1 - yl)phenyl]-2,4-pyrimdinedi am ne bis hydogen chloride salt
(conpound 60a2HC1l) on the growth 30of various different types of tunors in
standard xe reat ment and regression nodels. 6. 359
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"Alkyl" by itself or as part of another substituent refers to a saturated
or unsatur at @@Indaraaﬂﬂwbe&top@&troaj iR beliehatha: thy st@wdoinerlmmaiee EﬁmpthlE ocar bon
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a singl e car fen el eripolifemtipagcarty balnihézltmg oralckmw xbrrmaklké,me Typ| cal al kyl
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cycl obut an WA ot apd e priggh e B g oo i et TR ORR: G54 L en.
-yl , but - 2- epradticsd id in, virdQlotrexi@widinpuifiadl oy partially purified Aurora kinase enzymes (e.g., with

but a1, 3 el ko lecSLORYYS di Sl o, SYLLAPbicks SR Bl vy
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ef e rou
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a single carbon aﬁx@m1011uast@ért&nmu@owﬁ&toﬁawzg@&4@j1lwayl groups incl ude,

but t | t d tQ, et

or op. 2 yn-1 -yttt El Ml Br B s Mo Boy B BByt |
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Cas used herein, the following terms are intended to have the foliowing meanings:



5renoval of two hydrogen atons froma single carbon atom of a parent

al kane, al kene or allcyne. The two nonoval ent radical centers or each
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et han- 1, 2- di §1%t hano); propan- 1, 3-di y1(propano); butan-1,4-diyl (butano);

a2|d| t hlﬁ | i ke (al s@luefleby iedf bios agt (ﬂlajhcﬁ})él ﬁﬂl&&uemﬁ@fe&srtlﬁedsaiufhfﬁerd%)anched

cyl ene Qr,. a anot her suhstinment refers to a

strai ght - cha%%%lg’Js“f'ft%grlr1 SR Icoaﬁwg%sﬁd&? ?inoé’f'WIOEﬁb*Syiméﬁt“(?f?ﬁ‘ A FREIRHEOR er ni nal
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each of Che sk foihnalcear o2 OBah SLALSN SIALI0RRLEN Ak ane,

al kene or allry | ocant gresent
in a parti Clﬁ“é]? asé’f“la? Yk Aean-& ) (Fraibuial. édﬂqfwlﬁtﬂawbyltiﬁd@h@t%metﬁxlmqvaﬁ-yl

al | cyl2®ne gr@umg)mmwummayybuk am@mnmg limted to, nethylene (nethano);

et hyl enes such as.,eth eno, opyl enes such as praopano,

prop[ 1] eno, pr opa@‘—%@nlfyelﬁggmﬁ BE}St[GI ﬁ ’S“(ngf”enggﬁqﬁﬁs% Beetugidiradebut art o,
but[I 1 eno, bwriRicsrimer dyeitcalky] Blids @hast obtitattiohhbe doblé bodll ¥aBed by the

buta[ 1, 31di y,aQ er spec evel s of sat ration
are intended, %vﬁg$f(r?ge n{:l) S{ﬁléhbr{l(ﬁsm Gdrﬁ%ﬁgﬁ)ﬁn °§n8?‘%“ AEPRy 153505“1’0’%%

2006/ 055561 PEHgShoGsIdaTsEylogntion shondhedvbld brmets. sTyptGMelkaiM oyt freluds, oup is
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straight - chaln iratep al kang group .g., rnet propano,
but ano, and ¥e ?ri' g, cyelopopdly 85111%’3 Icy"’l"r!??’l’l?t% ¥1; Bptenyls sprhag bt -cariobher
substltuentlweﬁepsylbﬂaﬂ@ymbpc«mey$hmn¢ﬁﬂ3anm52alkyﬂ&ugr@uﬁmdyyplCa'

cycl oal'kyl QQ§dén~ u t | opr | obutyl s
such as cyclo utaﬁiﬁ gh§EMh9q(%qt §$Bm%y3?%ﬁgﬁ¥yﬁgaigéwgés ﬁ?b@ﬁ% St anyl
and cycl opertke nyI cyclohexyls such as cycl ohexanyl and cycl ohexenyl; and

the | zke. E@{lﬁ@{byﬁ\@@mta'; far t%&‘%th‘%@&ﬁﬁaen{ xgifex%'l:, &n%%a%f%te"d%?a%h‘éﬁ at ed

cyclic or polgﬂ% %ﬂg rlng system having a conj ron syste
Speci fi cal | yH*PHECHYEY ¥R k}*ﬂ hevies & bopst ﬁi’@t qa&qn@arrbonpwl@hmd doiedbyethd remwahg
systent ar e of usagldbgen gto&m&@ngﬂ%a:%ﬂ &6 ONLpAdnt ABhE ﬂfpicﬁiaﬁcyﬁ)!i Bapsal €

S are saturated or unsaturated such

aromatic and

as, for exanﬁﬁnelwzﬂ%ﬁéﬁ@%ﬂtﬁﬁgﬁg ; PIORYR RS Iy TR afd YL prop-2-yn-i-yl, efc:
tetrahydron@p@mhaménebmemmrliypnaahBQQmenLyml@ne&tﬁmmmn@esystens i ncl ude,
but are not limted to, aceantluyl ene, acenaphthyl ene, acephenanthryl ene,
ant hracene, azul ene, benzene, chrysene, coronene, fluoranthene, fl uorenc,
hexacene, hexaphene, hexal ene, indacene, 15 s-indacene, indane, indene,
napht hal ene, octacene, octaphene, octal ene, oval ene, penta-2, 4-di ene,
pent acene, pental ene, pentaphene, peryl ene, phenal ene, phenant hrene,

pi cene, pleiadene, pyrene, pyranthrene, rubicene, tetrahydronaphthal ene,
tri phenyl ene, trinaphthalene, and the like. "Ant" by itself or as part of
anot her substituent refers to a nonoval ent aromatic



hydr ocar bon group having the stated nunber of carbon atons (i.e., C5-C15
means fromb5 to 15 20carbon atons) derived by the renoval of one hydrogen
atomfroma single carbon atomof a parent aromatic ring system Typica
aryl groups include, but are not limted to, groups derived from

aceant | nyl eqg ,o@GRE@PNt hyl ene, acephenant hryl ene, ant hr gegR8uasagukeNE,
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as part of anot her scubosﬁfo lﬂeerﬁmcmo]laetg“s1 ot ﬁjgrr%{}malskgne?ﬂﬂ?af’r acf(yx?’gﬁtb |Ihet o fluoro,
chl or 0,? br onB™&H of tiyg Sydrogen atoms frqa pieladarbopgion pEatafentalkans akkaretor dfynanot her

substi tuent ref@b ﬁxoﬁ@al@ﬁtrﬁﬂxdﬁydentgﬁ Q%Qch'v@lem'o@ﬂc Qﬂﬁen@fadﬁg @ntQ ntfg'lﬁl 3y dlr ogen
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f1 uor onet hyl I 200 1P 005/ 0
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as part of aﬁ@;& hek.1 S1aBS tpkdoUest, 3&@}1%&0&& ?‘@n-‘?‘blﬁﬁl &,%@Hfisd&bstl h one or

nore of the dro en atomi are rep laced wit uent. Thus,
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the term 5" h§8PBR a1e&>‘/11"d @i??éa}ﬁt‘%@jylr ﬁ&im’&éﬂiﬁﬁwﬁwoﬁ%@;@ Jidy| s,
di hydr oxyal | bydns),2-diylj staﬂrlq}(c}iﬂl Hﬁmhs 4- CE}UG)UMWZ 2—d1ylﬂlﬁetl%m9malﬁﬁf lh&\led groups may

| ud fi ffi t t t t
create aod t eal dr P aheIt SRy CineP g @%ﬁ&ﬁb@%'a&mhi °
"al kyloxy" obuttankddt. hu‘ef eIT‘SQ tligl, butgreotl$- cb:ﬂ tuhéed-ordiph,a - OR, "al kyl ami ne"
refers to a grLeup- p&fp lt-éhel 8 %&Wln@than@‘h%ekgpl%g&l p&lgen dAefiﬁ'"Ff&? 1’6 fers to a

group of the fO{de wher e eac nde aI kyl . As
anot her exanpial->-digyi 8‘30&82‘9136‘%@“‘%&16&“@1 bign-l, ﬂéWbPJsﬂqbét~Jael7g1r%@lﬂ of the

formul a - OR gychenentR3-dig, o@clblﬂul Dé&l 1 ey, cyclnbuta—l SE&&CﬁrﬁJﬂyl refers to a
derivati ve of ? re a_ transformation

Lve. (d at ma

under the coR ult‘igl(rzig'd]le sg},?’ laéél'gf Pl rP““’fll’lﬂ'eéljﬂo‘iiga Li-gvpdrdiybetcs e active
drug. %r odr u@@slﬂar éfhhneeppgéiqtlde oftwmamtameteﬁsmlrembm@ncphm amaatiegi cal |y

i nactive untjy al ly
obt ai ned by maeg mgﬁgj&eﬁ%?Bg i ‘]di E\ﬁ%‘é&#%@g%{fﬁ%@ mten egtyg?he %Va?&xp%%g to be
in part requiffEanorareseioqt ty ndgentiatere mlb@lﬁ@@pls(»@éfﬂh@d/eltﬁéky@w)i” o forma
pronoi ety whilighti ades éﬂ%lr@ it amo%ﬁﬁlgl RRomSHMIdi@RntS 1hE ANAGS) grdd g ggifré the
speci fi ed condl ions. . of S fo rel ease the functional group hence t he
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active drug. 2 THE! apaikAlga ifB et 3risakss e @Eé‘é&e @%‘ﬁaﬂ %ﬁm@%%y such
as by 2hay ofmahandigrmbtigios cheatl- ﬂl@!l”(a‘{hﬂi’o),lptopb}iin -big! (pababy saeh-0i-dinduced 20by
anot her age \’ acid or base, or by a
change of olqblgi&gg‘&’tgémg (al?or}ﬁigpe%)fo ?s a k?lyenes ‘%?‘%ér?ﬁéﬁ? ‘al paraneter. such as a
change of tenper a&!ﬂﬂé& “Pr éseéf@eﬁmalﬁaﬁﬁnbféelemwg@nwtﬁs t o strdight-coindittiiehs of

use, such asuaRrRRZYTR 1ﬁ%ﬁ)§§ﬁhtvmgﬂvott%lrfa%lln%v&luontY}{ﬁfcﬁraex{tggda%r&%g'd-g s
adm ni stered or tggm‘f}“gl dic conditions of tomach, or It y be supplied

exogenous| y. RO Fiogenatw 199} Gl Hfiffrativo amipl|cprbepssiqureof plesighi-shaint
pr onoi3ét i es,pastliatkaid, 8kénebr m&k I'Thg 1025t UNCdou B0 Bdnd GF ﬂyla%oﬂcﬂzfﬁanﬁbntaﬁtal ve

st er eoi sonerj c oun S erein to d prodrugs
are wel | - kndwn t%%}}é% kﬁl@m fn%mf—ior“qg “%{ﬁgiaék“’% q&gfﬁf?%&?&f“e\gﬁﬁﬁlf’%‘#‘éﬁ’“bﬁ’w may be
masked as a lsuiked Gratthylene shahangr etigdmbonet @ e]cmmm»naheab,)ethym ipoipyiemRysubigas

hydrol yzed ig,\ioV v, ?2 Igl l.. g o fu tlonal group
may be mské)dp o ﬁoﬁ{@]ef?d’ gx bé{ 1 % {3%9['113&%%{ etes 'E)&?l@nes sucPlasng ag%§)rtﬂ? Hosphoryl
or sul f enyl B‘i{%f'ﬁﬁa ‘é‘ﬁ%&lw\m‘thm%fyﬂ ] %Wr@ltgiké]diymem g th&iﬂq@r‘@y\hwrde t he
30am 8O gr Oupecifib G as BXttatiGl SiPtARY, (REIRSHET: A8:nBIESS Sli/of AHE]/ﬁJ) gqgeag silyl
esters and thioesters), anmde or hydra2| de pronoi €ty, which may be

hydrol yzed in vivo to provide the carboxyl group. Ot her specific exanples
of suitable progroups and their respective pronoieties will be apparent to
those of skill in the art.



"Progroup” refers to a type of protecting group that, when used to nmask a
functional 35group within an active stereoisonerically enriched drug
conmpound to forma pronoiety, converts WD 2006/ 055561PCT/ US2005/ 041359 11
the drug into a prodrug. Progroups are typically attached to the functional
group of th bonds that are cl eavabl e under sp i ndi tions
of use. Thu@O%g%% i6foup is that portipon of a prom)retyIe w#&goggves to

rel ease the functional group under the specified conditions of use. As a
specific exanple, an am de prornoiety of the fornula -NH C(0)CH3 conpri ses
the progr Ouml%ng(egﬂ)%ents the alkylere2Rhub fs?éﬁbh)vo‘? ((fdl' aﬁi?l'énc nelgks to a disease

or di sorder cha acterized by aberrant cel gro iferation, or exanpl e,
where cel | s FPOTHEHTr alky! ﬁlgrgrqglh@arsh%gmﬁl@a@}sg Fafed Alspiouroug e 8 -ghetbTivecthdser r ant
proliferati qmopamybi@ocad e dkdy any mechani sm of action or conbination of
mechani snms of act. cle_of one.or nore cells may
be af f ect ed such ¢ Gﬂ’a] P %Seffodas a‘toggfﬁﬁdflgsqtﬁ/é’aﬁgﬁtt? YRR 8t 9

count efpart ‘Abrliiabur él'IYbisa1 cprloatig! samvpt inelndeeiumnmp he Jimdtexeto puyclopoigl; Cﬁlldbstquay
bypass i nhi Ri{r0f ¥eRLURRL S WMy

divisions. Prali %Iyé:r at | ?e drcg\é;dagtg%mghgp gtglrsql%k laycglﬂ &FJIPL% Jy%@%ﬁ@n , sI ow or
fast growi ngYtiehtorssuehny cradehewpy and cyclohexenxlipadiholikes er at i ve conpound” refers
to a conpound t hagarduRiokinti SRibNS sh Ol &b ab 1nRNuAE &8 po B8 cGAMRA:RE L0 an

untreated cqontrol cell of a simlar_type. The inhibition can be 'brought
about by 15 ‘ﬁvn%cgwagﬁt@rﬁeé‘?”“%ﬁ%ﬁ“ha%p% caffy mﬁlﬁ‘??ﬁé’ﬁ‘ﬂ“é‘ﬁ‘i? AeBHtPehPetsPer ate to

i nhi b:lt) pr olatdnaﬁraﬁng@mst@y’tmﬁlaﬁ hﬁg?dyktymaoxra vmjéh Oric¥ i olf Ve nﬁ% afk a&ﬂgﬁé dnlaC
exanpl e, in t S | NCl udes imted to, arrest
of cell di Vlh)g(lp {J)r rr}ﬁo?c be@iR v g s[alc sat%lraged s turtatgg 1‘rch & e}fqr epaainw? sfhboirlene ﬁ‘}dé‘i‘ feration
and/ or gr ovvtﬂl*iieaﬂnﬂ)’emienpyrmubrdr@w gklegeblc. Saddaiparepyar caxmylc riecdystonsimloik, tact i on,
including, fRM.EXARICRRRRARI! a%ena%l'gl /RHAE, %E%héﬁhrg l@ne LELELS, L member of

thefamly of serine/threonine prote ses t are generally referred
to as "Aur oS hRSEE, COW@eA@}?’éPtﬁenﬁaﬁ‘ﬁowc Spxagay, |hﬁ@Pheh?,éWIeﬁfeméfr‘:@teer n

ki nases ar e sésiaend, hﬂlmef rﬁ:ﬂen@ ahﬂ 1thpkﬁk| btee@t bﬁﬂhe(n@ QCtale, Qvalen&p&ﬁatﬁ'mcfhgne&

Pl owran, 1999 'I;lreend 1en mah . 91 454h4 et 1& Prr ent 1999 . Cell
Sci ence 112 PFESeEHE "N?e PGB T R P e PRI P rlﬂ‘f‘ade‘?’ 1?’1"“%2 Adans
et al., 200Dylaﬂfhre!wd1$blwle,l tet&hmmnarjhihalbﬁe BQDﬁcnyl%ne&aa;bHﬂ;&]ené het e dee 25t hr ee
known mammal i an §qap eb and Aurora-C
("3") (see, e.qg. A@%‘ Ieb i & Pr %dﬁ T Oﬁu%gé&ﬁj&m%e% ® tég En%&ilgm%g%’fg 3601;

Bi schoff & bydsoerisen Sraupdging the pefed romtber giosbon apms G-, H5EY 5 masnsfroed thisr ei n,

" Aur op@ Ki I’laﬁrﬁc}n atol) degies H’)}Qﬁe r&ﬁb]vé{i off B@eﬁ@dk@éﬂ%ﬁm&f&\"ﬁ" WEER,Lh 2 bam |y
menbers, but also | ater-discqver n famly nmenbers and honol ogous

proteins fr8HFBEREPIIPEEYLE HHC%F%QE}PWC fj"'oPUtﬁ’ﬁﬁwW et fongowR dispes of 30
honol ogous  frewberghipknd, kendtihge, dcephamathtadit, |ayth:fafdﬁét1aﬁilhxerbeﬁzla@%r@ﬁerﬁﬂd

o1 92 ST 865, SINTAGNES, T80 e CEL L O 3, I5AE S 10
ki nase- medi &ed. lm@%é@“ha@ﬁe eotagengy ertdphanapetaioed nateed pelitsbhdiencopendiear der "

referss to apG@lidndlpafaphbRe ene (ighc?tﬁl@i@eep&'ﬁarﬁlhéagrp‘iic%ﬁe bl@méﬂéﬁk g?ﬁ(&” Aurora kinase
pl ays arole The Aurora 35ki nases are bel i eved role in

protein phoBpHUPSAetbicsHe: é’(}@r‘i’i}yémf fraerltendinp o dihe H’@ ‘T*ﬁ"feéitaf the W‘Bls hydro
20061055561B@Idzilﬁ&%h&éﬂ:@%boﬂ&wﬁh&Béi‘argfgldubeh cekths)ane vah (Fheidpuamn Auror a

ki nases displa | net. subee cat.i.ons during mtosis. For exanple,
Aurora-A is upréyé’guli9 &“F‘Fpn"'s errle'r\%??ﬁ Iﬂ%? the cell cycle and localizes

to the spindle péi@gmjror ‘r‘@aﬁbﬁf dlsms:lvesungag@&t afiagpthonwobtitene niless sthaent r osoznal
functions. MQid, %feAWfﬂfo?o 6 lotolotadd Jodo.m@XI M zed during prophase, Aurora-B

is believed to pl a an | nportant role Sduring chromatid separation and

formation of the: a@lém’relflmraéﬁﬁff?faaﬁb?jﬁ%@u%}h@fet%ﬁ@‘pﬁ@éémumlh@/hwbl e of

Aur or a- C i Sode@88io6 loﬂtaé hydadben At&msfh@ésreplﬁd%ﬂ w9 W, I\%Q 16 3 & %Qoaﬁ@ﬂtsr osones
over, inhibition of Aurora

during mtosis . fro has t oki nesi. s

ki nase act i Wcatntml“ﬁ{nﬁ%??ﬂ’%hal ﬁkyise‘il ﬁ%oq(ﬁ@éfd%lhflﬁfm%‘(ﬁn%‘r Hafo redralglo et and

pol ypl oi dy (X'Empla,dfa: egpreglon,“((192BhalENBO idcludt GG AMIB Nifludbu&hyl, Aur or a Ki nases
are thought to regulate cell division, chronbsone segregation, mtotic

spi ndl e 10f ormati on, and cytokinesis. As used herein, all of these various
processes are within the scope of



"Aurora kinases-nedi ated process." Mor eover, since its discovery in
1997, the manmalian Aurora kinase famly has been closely linked to
tutnori genesis. The nost conpelling evidence for this is that

over -expression of Aurora-A transforns rodent fibroblasts (Bischoff et al.
1998, EMBO yio Adsodkes- 3065) . Cells 15with el evated | evepsy@hodshisski nase
contain nultiple centrosones and nul tiypol ar spindles, and rapidly becone
aneupl oi d. The oncogenic activity of Aurora kinases is likely to be |linked
to the generation of such genetic instability. Indeed, a correlation

bet ween arrplti'iﬂdoﬁﬁ{ei:l@nlﬁlﬁmrbhl@/l a|rdfdrodihk D Cgiflanebusn N anNDseRbethivNst abi ity in
manmary andfgg,@trétg Em)rs has been observed (Myoshi et al., 2001, Int. J.
Cancer 92:3 73 éa akura et al., 2001, Brit. J. Cancer 84:824-831).
20The Aurora ki nddekolalnd” heerf sriepprt ddudtior Wbstiowensfex prasigidrdup inawhithde

range of thB?:E‘an&HFP&‘%he k%hx%ge@xtaﬁigls %PJpﬁi%&i' Wil aq)lgdxﬁé( I\/%ﬁ) ltl.énlh btg&@l detected in
over 50% of col orectal Bi sch OJ 065
Takahashi et fyfroxyalbidbig megjhfp, inchude @ﬁ?ﬂ%‘i‘m’ﬁé@ﬂs f{lyqfwﬂ(i’efw)ydmw&ﬂaa@ﬁ (Gitsko

et al., 2003, O irpé mbe-&ﬁﬂ@%fouﬁiﬂﬁ@aﬁ&m reﬁéeagrdleélaﬁfxeanﬁt HAGImbly hidéqOr S
( Sakakur a, 31, and in 94% of Lk}rélvaelve duct

20
adenocar ci ndﬁgg a%g fepts 2 %‘%‘%@é@ﬁrﬁ%i £ gtTﬁ?@@m“@n@e‘?‘aﬁgﬁeé Igy™ or
59: 2041- 2044%koxbi’ giferd tew etesp dftheAommiaaOR, ‘hlkylemab sefeleengagpdtt &dmiula renal |

col 1 L hnes COIR AR Ry Pl RQER ol TR pDRBR RGOS L IRLRLS | Luror

1999, 1§. Bi grallgh éﬁﬁmﬁmmeea “IeontoxPles thalsplkepxy” ref99B 2 e oftkee fgmmist | cs

io I181? 19:;3 b}{’ eherak: ,,s aaggﬁm C:c i 2 Cancer Res. 9( 3): 391 7%1 ol add
nplification/o ion o urora-A i s observed in human adder

cancers 30and anﬁlg—P elc“)H" W IREY Y 40 iﬁ“*’%"‘}ﬁ@%%é{%\Y@H‘wamﬁﬁ%ﬁpl oi dy and

aggr essi ve cﬂansmrmalonh)e&mme omdifiSenf ed, sath as 2Q0iA tha bblw; to r@aéﬁﬁ:mé activesdrug,

gg§ E‘Zl) a'g-ggo Vﬁdhdg? grgﬂ'gcg.lem drh%mkdt tl%cgs%grﬂg tphgltﬂ%cot%%m?ﬁ mac ve un 118:8 L\lf?r{t/eg QI‘ tég st

cancer>(ls olaél“’ethual ProdrpgOss typigally P'e‘ifar@dm oraskils a(flﬁncma’lammwgyfhﬂ_drﬁg g0Ho9]) .

Aurora-B i s yicgbd tf beXRRE RS- kR ac[mlt)t w{ @ scggdéﬁumeloﬂ;ﬁkd forbd afb@o?nmétpcl udi ng

| eukem ¢ cel | s (Katayana et al evel s 35of this
enzyne i ncr SQE8 vilerentsa et ?Iﬁ‘ﬁmt‘ifs“ﬂtﬁééleé"a%@c Sryler thespatiiisterepditost Jresde aI cancer s
(Kat ayana etreieaMM?fﬁQ(ﬁ{erﬁ@ﬁﬁ;i EKHIHMSR&QMM&@@M&@A% of hOREmoisly miNat ' | Cancer
Inst. 9L 116006:3"8 tanc 459 sucha$b Wa olga olysis t MX fbour%ag)"icp ge m cell's,
is al so over-expr ssedD P8R gh B/erce}hdtra}ﬁSI leafl F AR e ST PRt A e ncer s
and i Ala varbvettoweoigemfmmh ascbehd enfzympe By Tight by elidhyg beer oribg akheagtefiowapsimema and
breast carci , o7 334-7340;
Tokanash eta@%ﬁalco‘?leAv?roﬁ:*ﬁ!nWa?a.n%{er E'{l:cglras }éh%@ge éjiitenil O%Elu'je_oﬁ%%}ntézﬁbn contr ast
the Aurora FaiPEIYUSie ‘@)@W@@%“éﬁ“‘“&t”é‘ #S@Wrwepre%eﬁ i fhe cpHsjioiidhghegrodigr mal
tissues, thes zﬂ?ﬁﬁﬁl&idd@"ﬂlelaﬂﬁlﬂganﬁlkl&&%@ﬁ;eWofhﬁ'bha)rIﬂlnﬁlﬂ bng@pﬁHdtSkdgam@sfxy di vi di ng

cells, such as the nd testis (Bischo

17: 3052-3065). W e&é% §”‘f%"r“?%ésr“"‘r“e‘\?‘}5\}\?5}5‘%3“&%‘8“?‘313%(5%‘533A@F8‘ ‘% nases
pl ay Bh prolfirft@amaitgrangs dhitlsoritie seieoiseeriBills ehivbédf coldGoulRboduamined 14883 yidldends
Cell Biol. 9 454:4 i o ene asled as
10112: 3591- %él%é ﬁﬁs%e” ﬁ(’g‘% at 'Tl:\)la{ i bt g@hl it TS maglpdas o
al ., 2001, Tréiae, eefllor Birksate promajoty Buhigheny behydkalyzed dtvivgito proviB@E, Oncogene

21: 6175- 6183ydroxy! groupfklpxmkmm@m{argemr@?% Rk asRk Bh Rk NEbRYC AL ek €] :3 i's
I 0 yi e

not al ways i pndicati in it tein activity wll
anti-tunor EPPRERL 1%9505} ’t06é“é{gi"ygB’f?fr’l"iﬂﬁ‘e\ﬂhlf*hm‘"fyﬂﬁgtf‘?%‘ﬁ?g R ROtYRhe at | east
the a0l ow Iatgmb ypes Atarbaxpioup @lal e dliskedsR @S bstek U iddng siifticRirt 4n0 Iﬁn@fsten&),ll’ ora

ki nase 15ac 1 5 CRrv ca

(M a- pacaz, ta%%(é&&;égfﬂ&;ﬁ@é% % R}cﬂé Lt dmayzf{ﬁ%'ﬁto l%f‘{’}'ﬁ‘%%gcf gxga?f"?’i’orra | ung
epi der noi d, Odwmdpecificgrgmpled qf Stefablcpln@mps abﬁéasrmpeqtemadomeameerithmppdmm %3 (all)
and Molt4 (@Joge)ofsklumtheﬁgsed on the established role of Aurora kinases in a
vari ety of cancers, exanples of "Aurora kinases-tnedi ated di seases and

di sorders” incl udkECEteRt ko APe Y mivtecsine euP sl o Hesd toppiskeriketiioral and sol i d
tunor 3gancegdup SilGh ad@tivd @icoRUBTRAIE: enfidle®fiug HnPBSId to SRS b hlooicHVRhTAD,
cervical, nelanoma, renal, prostate, |ynphonma, neurobl astonma, pancreatic
and bl adder cancers. "Therapeutically effective anount” refers to an
anount of a conpound sufficient to teat a specified disorder, or disease or
one or nore of its synptons. In reference to tunorigenic proliferative

di sorders, a therapeutically effective anbunt conprises an anount
sufficient to,



25anong ot her things, cause the tunor to shrink, or to decrease the growth
rate of the tunor. In many situations, standard treatnents for
turnorigenic proliferative disorder involves surgical interaction to renove
the tunor(s), either alone or in conbination with drug (cheno) and/or

radi ation t ies.. As used herein, a "therapeuticall nQunt " of a
conpound |s&§ﬁ@RQ&% to include an a nt of Eonpound ¥ /&gﬁ% (e prevents
the recurrance of tunors in 30subjects that have had tunor(s) surgically
removed, or slows the rate of recurrance of tunmor(s) in such subjects.

Accor di ng| y’the%ﬁlg"ilrﬁgg % Iﬂog&??&@%@%cg[y aﬁ&’c%%ﬁl‘é’?un% b gPoru]?Xﬂtheqr&NJ apeuti ¢

benefit adjunctive o herapy, suc
i nt er vent i omonsptiaigre qlqaé@épﬂerwq*w SWlﬁPﬁ @ndiagms aﬁus@ prhot, |aﬁﬂénrgaw v@afagéwv gfa

|3 gcl ud: n?, fp@fno%?ﬁa@l:;@aveﬁo fH QUL REibhal grgapn@aiee%mlsﬁb%pﬁﬁ& % @lions ¥ L@@I@ssg i ne,
clsplatin, otec are included_w e neanin
therapeutlégfggeﬁww CTVW@“Q ity of theygynylg PETGE5E PEPIEIS IO 8% @wﬂ359 14

"Prophyl act i-c@hdi. ef fecti ve anDunt" refers to an anmount of a conpound

sufficient to pr fromdevel d di sorder or
di sease. Typi cal ‘F}){cﬁ'}eratfve %l’g%r!ie} refe\lla{o a Hlsease or ;quaeg i:]garaicpenzed b% ?berr élac gir e not

suffering f P@h‘fetah@‘lp Sy eganipieetheri ooty dhade oore dhmstéaSQJuntbmm emeal peleolfivi zed as

bei ng at anaﬁckﬁl%@roﬁﬁra&;bmﬁgarca@&y@ agpln@&aﬁlm éfﬂ&%@%bﬂ{m&yomséﬂﬁﬁsmmsed
factors such 5 not lim di agnostic markers

hi story. 6. gg}cg?rb (5“ P’SWPEF é&lcF%/cyEﬁlof @Wé’amg}ﬁ(ﬂe[@f@y E?)‘?fgeﬁtﬁé?“?lttmt Piﬁ(&lﬁ’d'r‘féie
Conpoumds  more frehﬁenﬂﬁ&arblﬁ@iboﬁzﬁ@@d}l{ oyl c816,QY 8 a6thdrRRdm S 6de @i More cells may

N4- (3- am nocar banyl. cIo 1Thept - 5-.. ene-.2- - subst t.ut ed
g RO LB IRl S0ty SRS e £ or
(), beIOM/damemp@wéﬂbwmnhmﬂmmwdgxdbwAwﬁﬂgaWKhmmsmsaﬁwmwvty and tunor cel

proliferation i n“piln%&gx%h%!a‘h{}e% &ﬁ&’srefeg%a 00%591:@ tl‘}%PBLﬂbﬁsathé }S?&lllfe'f'ﬁ{oh@%a@ﬁ

11/ 133,419 filed copen ication Seria ., entitled
" St er eoi sorréfr‘ioé‘aWF%/tOEﬁP'i"‘@H@bFo(“Bﬂ E%lbftfaﬁﬁnllefstmg Tepibibidan mpbareuehicaont by | ed

concunsent | ynyhﬁacﬂamsmr(cmﬁmtmﬁdfmcmlsﬁ; LR S Ypelae Kﬂhmlsmpmi&aéi%& 030LS) ,

and |nternat%ona 1lapg |cat|1 gI/USO / 7%70 fl|€3 iﬁ 3005 and the
priority appl'tCatT eI ErEr nCA&? SpisiegranyPle. Bibitiey g uss) ’8’?‘?1“ mgppaes, butls gy | | ed
artisans w hét lisgitpd lecirattef ¢ell division, sedustdnlin tb rafearfioel] dvigiby, p]OhfﬁEiicmtaEdi/&OC hem sty

at carbons gr wﬁ: ané’oxlalp(gjfgon of ce]'ﬂrhg&f? %bv ﬁ?gﬁh&%ﬁ% EQ%B ntichﬁh qS according

to structur ormu inc I'ast er eoner s, 1us ted by
structural REPWEtFae (1a)- (110, belomr WO 20061053561PCT/U82005/041359

16 5 20 “Aurora kinage™ refers to a member of the family of serine/threonine protein kinases that
are generaily referred to as “Aurora™ kinases. The Aurora family of serine/threonine protein
kinases are essential for cell proliferation (see, e.g., Bischhoff & Plowman, 1999, Trends Cell
Biol. 9:454-459; Giet & Prigent, 1999, J. Cell Science 112:3591-3601; Nigg, 2001, Nat, Rev.
Mol. Cell Biol. 2:21-32; Adams et al., 2001, Trends Cell Biol. 11:49-54). Presently, there are

25 three known manunalian family members: Aurora-A (“2”), Aurora-B (*17) and Aurora-C (¥3”)
-(see, e.g., Giet & Prigent, 1999, I, Cell Sci. 112:3591-3601; Bischoff & Plowman, 1999, Trends
Cell Biol. 9:454-459). As used herein, “Aurora kinase” includes not only these three known
mammalian family members, but also later-discovered mamimalian family members and
homologous proteins from other species and organisms (for non-limiting examples of
30 homologous members of the Aurora kinase family from other species and organisms see
Schumacher et al., 1998, J. Cell Biol. 143:1635-1646; Kimura et al., 1997, J. Biol. Chem,
272:13766-13771).
“Aurora kinase-mediated process™ or “Aurora kinase-mediated digsease or disorder” refers
to a cellular process, disease or disorder in which an Aurora kinase plays arole. The Aurora

35 kinases are believed to play a key role in protein phosphorylation events that regulate the milotic



(2-exo-3-ex0) RI Rl (2-endo-3-endo) (2- exo- 3-endo) ( 2- endo- 3- exo0) a'
The cis racemate of structural formula (Ha) can be referred to as the

2- exo- 3-exo racemate, and includes the (1R 2R 3S,48) and (1S, 2S, 3R, 4R

di astereomers of structural formulae (la) and (I b), respectively. The cis

racemat e of ywglhmekispl forrmula (11b) can be referred top@sydhiiodmse
5endo- 3-endo racemate, and includes the (1R 25, 3R 4S) and (15, 2R, 3S,

4R) di astereoners of structural formulae (lc) and (1d), respectively. As
described in nore detail in the Exanples section, for compounds in which le

i's fluoro, Rhadesfiyenegan ThRBum@;&ndmhhaydsmsp@f a&lnﬂréubcxm][@matBﬁs du%n@ﬁt hyl,

t hese two CICPSII]IIQI[_’SaC rrré}?t[eﬁ l)l(igl[!dbl itf: aint la?edﬁux %“\1?1%' I\éa% }%el Y t}/]fi I?CQP a S
variety of 8rent” o PR, (1§ "7 P i§Fl ‘f 8P dFs assays.
However, t hitgti2spirdle Bﬂeeimnmammgesimg inaciematien Bnjrodosaldpprioxi watiel y
twenty-fol d pe. ARLERY S AN AEGULEILONDG 30000 e FRLLAGERRL ©

(racemate rz% in_al ell Tr1nes h race over,

has been di ‘B%?hé‘ﬂnaflﬁ%ﬁ’ar%t’rﬁ’é a’(‘le?ROTBCSﬂHSBWGEﬁa@F@W Eoyenhase Andrtelembpet @hEI |s

| argel 'y respoRsf Ru6ral0E ledshRaD Bl fMeYbetH shbiifio IROGHR &nidsom ViR R LBSLiEd as
i sol ated st efre0| sqQmer di ast ereoner, (desi gnat ed the "a"

S ( 4S
di ast er eoner’) ?flt? § %S?ﬁﬁ‘%lh%‘gﬁ’vFr@b'blgoff%AﬁlFPéa Hamsearoyirn papEsge celiner eas
the (1S, 2S, Sﬂdﬂﬁ)abxdmazﬂ tedlrgeorte end(pddglodn dleeda dthie, 1908, EatRarTt lmmlﬁ)é)gemﬁ,r ally

exhi bited | %90@ fn%e Z%Qg%g%é\? 1AL B A% :gn%?%,]mé[ s@%r Ogsf%pon migo%c spm(!ﬂnes Thus,

in general, the | ast er eomer 0 eheral ly
1000- 181 d ndPeEapen antcypliemisi fsusdhires pbpidhagvatios, p@@e@ﬂamﬂylth@nmomér | t

i s al so appraxiomaligka- m%@ia@@p,uegps nore potent than the correspondi ng
2-endo-3-endo r2 racemate jn the cell lines tested. The (1R 2R, 3S,45) 20

di ast er eomer exhiMH P& SBhit UsepiPrcn H&; B meuaalier duopriparedamiiydis peen
(1S, 2S, 3R, 4Rjos@nbnidcd mmeorigéhesie The oS athpbinhy dvideh® TorafiSAhSt Rk MSIsioAdf O a

Ki B. B f t t

TS Cexpect i Aah R PAT AR ERGY IR o 8 Byigd ST BN E L ccor i o
to st rlélct ur afithfelsraied levels Rbfis Winkde Gelﬁhn iitiple panirbsambyand upkipolarspipdesead es as
conpar ed t o a8y !Sccomé@et%ga%/r QoRROLR QIJUH\%?CQ gﬁ[o?afll\]rr?té% 151@0319 Qf lgeq QQ{th

(1S, 28, 3RAR) enanti orrgr:-'ﬁl 2- ex0- 3-exo racemates, 2-en 3-en o racemat es
and ot her céPFEEBONGITGsosab iRy adeed, 2 correlation betweeparprbifiefitipgpijhe ayroert ded
herein are casped I&Eiﬁmbsbﬂ&l @ Ea®ilienn hﬁhadry ladtl gabthsmﬂlarsthlamk@bwvep@M%;m et

(1R 2R 3S, 4% 2(3b1ai;[ anr{:? 3’}0n379n§aka ra £t 9& nf()gltl dltlﬁcgaélfefrg%g 8§?m§rl cally

enri ched conpounds 5i Aic corpoun formula (1):
20 The Aurora kmases have been reported to be over-expressed in a wide range of human

tumors. Elevated expression of Aurora-A has been detecied in over 50% of colorectal (Bischoff et
al,, 1998, EMBO J. 17:3052-3065; Takahashi et al., 2000, Jpn, J. Cancer Res, 91:1007-1014),
ovarian (Gritsko et al., 2003, Clinical Cancer Research 9:1420-1426, and gastric tumors
(Sakakura, 2001, Brit. J. Cancer 84:824.831, and in 94% of invasive duct adenocarcinomas of the

25 breast (Tanaka, 1999, Cancer Research. 59:2041-2044), High levels of Aurora-A have also been
reported in renal, cervical, neuroblastoma, melanoma, lymphoma, pancreatic and prostate tumor
cell lines (Bischoff et al., 1998, EMBO I. 17:3052-3065; Kimura et al., 1999, J. Biol. Chem.
274:7334-7340; Zhou et al., 1998, Nature Genetics 20:189-193; Li et al.,, 2003, Clin Cancer Res.
9(3):991-7). Amplification/overexpression of Aurora-A is observed in human bladder cancers

30 and amplification of Aurora-A is associated with aneuploidy and aggressive clinical behavior
(Sen et al, 2002, J Natl Cancer Inst. 94(17):1320-9. Moreover, amplification of the aurora-A locus
{20q13) correlates with poor prognosis for patients with node-negative breast cancer (Isola et al.,
1995, American Journal of Pathology 147:905-911). Aurora-B is highly expressed in multiple
human tumor celi lines, including leukemic cells (Katayama et al., 1998, Gene 244:1-7). Levels

35 of this enzyme increase as a function of Duke's stage in primary colorectal cancers (Katayama et



that are enriched in the correspondi ng di astereoner of structural formula
(la): RL (1R, 2R, 35, 45) wherein: 10each Rl is independently sel ected
fromthe group consisting of hydrogen, |ower alkyl, -(CH2)-011, -OR
-0(CH2)cre,-C(0)OR, halo, -CF3 and -0CF3; each R2 is independently

selected fr up consisting of hydrogen, | ower
- 0(CHR) - R4, %o%“? of- Ro. “NHC(O0) Ra, hgl o, -CF3, _00F3a1/>&ybg "é‘("‘{“ RS

15each R 3 is independently selected fromthe group conS|st|ng of hydrogen,
| ower /\ 0 al kyl, -(Cl1-12)"-01-1, -OR, -0(Cl1l-12),i-Ra, -0(CH2)n-Rb, hal o,

-CF3, -0CF3, a1, [99@\J Nk Mok Inﬁ‘bl'lléb‘ Adyaldorde, Wil is normally on d,'rfound in gerrﬁ ach R4

I S i ndependen el ect ed fronlthe group conS|st|n ogen, _ | ower
al kyl , aryl af® bill s also pydr-expragped g Mighaesyiigec o W)Wrecﬁ}"ﬁﬂme@(“@ﬂ ’i‘QIIQ"’F%‘“"ty $0124 is
hydr ogen, hatumer ffel 1@t jinchoGdy cerfildPadendcfrindMia, and bre@cdicifdmh Sells (IKiepardgnt | y an

i nteger fromoho 0 cp V020884 903 EiEGH H2PA0) QR eed Res. 91:1007-1014)
5 In contrast, the Aurora family is expressed at a low level in the majority of normal tissues,
the exceptions being tissues with a high proportion of dividing cells, such as the thymus and testis
(Bischoff et al., 1998, EMBO I., 17:3052-3065).

For a further review of the role(s) Aurora kinases play in proliferative disorders, see

Bischhoff & Plowman, 1999, Trends Cell Biol. 9:454-459; Giet & Prigent, 1999, J. Cell Science
10 112:3591-3601; Nigg, 2001, Nat. Rev. Mol. Cell Biol, 2:21-32; Adams et al., 2001, Trends Cell
Biol. 11:49-54 and Dutertre et al., 2002, Oncogene 21:6175-6183.

Although over-expression of proteins by cancer cells is not always indicative that
inhibition of the protein activity will yield anti-tumor effect, it has been confirmed in functional
assays that at least the following types of tumor cells are sensitive to inhibition of Aurora kinase

15 activity: prostate (DU145), cervical (Hela), pancreatic (Mia-Paca2, BX-PC3), histological
leukemia (U937), lung adenocarinoma, lung epidermoid, small lung cell carcinoma, breast, renal
carcinoma, MolT3 {all) and Molt4 (ali).

Based on the established role of Aurora kinases in 4 variety of cancers, examples of
“Aurora kinases-mediated diseases and disorders” include, but are nof limited to, melanoma,

20 leukemia, and solid tumor cancers, such as, for example, colon, breast, gastric, ovarian, cervical,

melanoma, renal, prostate, lymphoma, neuroblastoma, pancreatic and bladder cancers.

“Therapeutically effective amount™ refers to an amount of a compound sufficient to treat
a specified disorder, or disease or one or more of its symptoms, In reference to tumorigenic
proliferative disorders, a therapeutically effective amount comprises an amount sufficient to,

25 among other things, cause the tumor to shrink, or to decrease the growth rate of the tumor.

In many situations, standard treatments for tumorigenic proliferative disorder involves
surgical interaction to remove the tumoi(s), either alone or in combination with drug (chemo)
and/or radiation therapies. As used herein, a “therapeutically effect amount” of a compound is
intended to include an amount of compound that either preventis the recurrance of tumors in

30 subjects that have had tumor(s) surgically removed, or slows the rate of recurrance of tumor(s) in
such subjects.

Accordingly, as used herein, amounts of compounds that provide therapeutic benefit
adjunctive to another type of therapy, such as surgical intervention and/or treatment with other
antiproliferative agents, including, for example, 5-flucrouracil, virorelbine, taxol, vinblastine,

35 cisplatin, topotecan, etc.), are included within the meaning of “therapeutically effective amount.”
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The compounds of structural formula (I) also include two cis racemates, represented by
structural formulae (Ifa) and (Iib), and two trans racemates, represented by structural formulae
(Illa) and (11Ib), below:



/' \ 1-N O R3 is selected fromthe group consisting of hydrogen,

met hyl ,

chloro, -CF3,\---/ and /\ 1-NN-R4 \/and 124 is nethyl, -COB.' or -00(0)124
met hyl or ethyl. In yet W) 2006/ 055561PCT/ US2005/ 041359 20 /\
1-N O anot her enmbodinment, R2 is selected fromthe group consisting of

hydr ogen, \/M()({,&.ﬁﬁpd R3 IS selected fromthe group COpGi/EEiig ke

where le is

hydrogen, |ower alkyl, halo, -CF3, / \t6 \ 1-NO1-NN-R4 / and\. In still

ot her enbodi nents, R3 is selected fromthe group /\/ \ 1-N OTN N-R4
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The cis racemate of structural formula (Ila) can be referred to as the 2-exo0-3-ex0
racemate, and includes the (1R,2R,35,45) and (15,28,3R,4R) diastereomers of structural formulae
(Ia) and (Ib), respectively. The ciy racemate of structural formula (IIb) can be referred to as the 2-
endo-3-endo racemate, and includes the (1R, 28, 3R, 48) and (18, 2R, 38, 4R) diastereomers of
structural formulae (Ic) and (1d), respectively. As described in more detail in the Examples
section, for compounds in which R’ is fluoro, R is hydrogen, R? is 4-methylpiperazin-1-yi and R®
is methyl, these two cis racemates exhibit antiproliferative activity against a variety of different
tumor cell lines in in vifro antiproliferation assays. However, this 2-ex0-3-exo racemate
(racemate r1) is approximately twenty-fold more potent than the corresponding 2-endo-3-endo
racemate (racemate r2) in all cell lines tested with both racemates. Moreover, it has been
discovered that the (I1R,2R,38,48) diastercomer of racemate r1 is largely responsible for the
potency of the racemate rI. When tested as isolated stereoisomers, this (IR,2R,35,45)
diastercomer (designated the “a” diastereomer) generally exhibited IC50°s in the nanomolar
range, whereas the (15,28,3R,4R) diastereomer (designated the “b” enantiomer) generally
exhibited IC50°s in the micromolar range against the same cell lines. Thus, in general, the
(1R,2R,35,4S) diastereomer of this compound is generally 1000-fold more potent than its
corresponding (15,28,3R,4R) enantiomer. It is also approximately 20-50 times more potent than
the corresponding 2-endo-3-endo 12 racemaie in the cell lines tested. The (1R,2R,38,48)
diastereomer exhibited similarly superior resuits compared to its {15,28,3R,4R) enantiomer in
cell-based inhibition assays against Aurora kinase B. Based on the observed potency of this
(1R,2R,38,48) diastercomer, it is expected that the full range of (1R,2R,38,48) diastereomers

according to structural formula (la) will exhibit similarly superior potencies as compared to their -
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that are enriched in the corresponding diastercomer of structural formula (la):
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(1R, 2R, 38, 45)
wherein:
10 each R' is independently selected from the group consisting of hydrogen, lower
alkyl, (CHy),~OH, -OR?, -O(CH,),~R?, -O(CH,),-R?, -C(OYOR?, halo, -CF; and -OCF;;
each R? is independently selected from the group consisting of hydrogen, lower alkyl,

VAR
1 . N0
<OR?, -O(CH,),-R?, ~O(CH,),-R”, -NHC(O)R?, halo, -CF;, -OCFs;, /" and
4N N-R?
15 each R? is independently selected from the group consisting of hydrogen, lower
N
N .0

alkyl, (CH),~OH, -OR%, -O(CHy),-R", -O(CH,),-R", halo, -CF;, -OCF;, =~ —/ |
wOemt 49 K
pe— N and N7 ;
each R* is independently selected from the group consisting of hydrogen, lower
alkyl, arylalkyl, -OR", -NRR’, -C(O)R?, -C(O)OR® and -C(O)NRR%;
20 R’ is hydrogen, halo, fluore, -CN, -NO,, -C(O)YOR?, or -CFs;

each » is independently an integer from 1 to 3;
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each R" s independently selected from the group consisting of hydrogen, lower
alkyl and lower cycloalkyl;

each R® is independently selected from the group consisting of <OR?, -CF;,
-OCF3, -NRR®, -C(O)R’, -C(O)OR?, -C(OINRR® and ~C(O)NRR%;

5 each R® is independently selecied from the group consisting of hydrogen and

lower alkyl, or, alternatively, two R® substituents may be taken together with the nitrogen atom to
which they are bonded to form a 4-9 membered saturated ring which optionally includes 1-2
additional heteroatomic groups selected from O, NR", NR-C(O)R?, NR*C(0)OR® and
NR*C(O)NR?; and

10 each R is independently lower meno-hydroxyalkyl or lowet di-hydroxyalkyl.

In another embodiment, such sterecisomerically enriched compounds include 2-exo-3-ex0
cis racemates according to structural formula (Ila), wherein R, R, R?, R* and R’ are as previously
defined for structural formula (I), that are enriched in the diastereomer of structural formula (fa),
Supra.

15 As used herein, a compound is “enriched” in a particular diastereomer when that
diastereomer is present in excess over any other diastereomer present in the compound. The
actual percentage of the particular diastereomer comprising the compound will depend upon the
number of other diastereomers present. As a specific example, a racemic mixture is “enriched” in
a specified enantiomer when that enantiomer constitutes greater than 50% of the mixture.

20 Regardless of the number of diastereomers present, a compound that is enriched in a particular
diastereomer will typically comprise at least about 60%, 70%, 80%, 90%, or even more, of the
specified diastereomer, The amount of enrichment of a particular diastereomer can be confirmed
using conventional analytical methods routinely used by those of skill in the art, as will be
discussed in more detail, below.

25 In another embodiment, the stereoisomerically enriched compounds include compounds
according to structural formula (Ia), supra, wherein R', R%, R, R* and R’ are as previously
defined for structural formula (I), that are substantially free of the corresponding enantiomer
and/or any other corresponding diastereomer. By “substantially free of” is meant that the
compound comprises less than about 10% of the undesired diastersomers and/or enantiomers as

- 30 established using conventional analytical methods routinely used by those of skill in the art
{discussed in more detail below). In some embediments, the amount of undesired stereoisomers
may be less than 10%, for example, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1% or even less.
Stereoisomerically enriched compounds that contain about 95% or more of the desired
stereoisomer are referred 1o herein as “substantially pure” stereoisomers. Stereoisomerically

35 enriched compounds that contain about 99% or more of the desired stereoisomer are referred to
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herein as “pure” stereoisomers. The purity of any sterecisomerically enriched compound
(diastereoisomeric purity; % de) can be confirmed using conventiona) analytical methods, as will
be described in more detail, below.
In some embodiments of the various stereoisomerically enriched compounds described
o -&-N o
herein, R’ is hydrogen; R?is —/ or

O,
/N
4N N-R )
f— or N . In other embodiments of the various stereoisomerically enriched

4N N-R* NP
% S/ : and R? is other than E N,

compounds described herein, R® is hydrogen, methy!, methoxy, triffuoromethyl or chloro. In still
other embodiments, R* is methyl, -C(Q)CH;, -C(O)YOCH; or -C(OYOCH,CH;.
In still other embodiments of the various stereoisomerically enriched compounds
TN
4N 0 N \
described herein, R! is hydrogen, R* is other than N/ or T NS and R is

N o BN R -§—‘,on> _ |

s or N . Inyet other embodiments, R? is hydrogen, methyl,
methoxy, triffuoromethyl or chloro. Preferably, R is methyl, -C(O)CHs, -C(O)OCH; or
-C(O)YCHCH;.

Tn still other embodiments of the various stereoisometically enriched compounds

N b -é—NmN—R‘* *E*NF—\O
described herein, R? is other than NNV -y and R? is other than / s
wOew LY |
p— or N . nstll other embodiments, R' and R? are each hydrogen and R’ is

~OCILNHR®. In some other embodiments, R', R* and R? are each, independently of one another

selected from the group consisting of hydrogen, methyl, methoxy, trifluoromethyl and chloro,
with the proviso that at least two of R', R and R’ are other than hydrogen.
In still other embodiments, R’ is hydrogen, R? is selected from the group congisting of

N 0 BN N-RS 3
hydrogen, ./ and p— , and R” is selected from the group consisting of
N
4N 0 EN  N-R
hydrogen, lower alkyl, halo, -CFs, N\l and pu— . In still other embodiments,

_é_N
R? is selected from the group consisting of hydrogen, methyl, chloro, -C¥s, /" and
[ Rt
4N N-R

N/ and R* is methyl, -COR? or -CO{O)R" where R" is methyl or ethyl. In yet
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VAR
-2-N O

another embodiment, R* is selected from the group consisting of hydrogen, " and
4N N-R

(e and R’ is selected from the group consisting of hydrogen, lower alkyl, halo, -CFs,
4N O N N-R

Nt/ and ¢ . In still other embodiments, R® is selected from the group

SN 0 BN N-RY
consisting of hydrogen, methyl, chloro, -CFs, /" and po— and R? is methyt, -
4N N-R
COR® or -<CO(O)R? wherein R* is methyl or sthyl. Preferably, R*is ° —/ ,R*is —-COR®

wherein R® is methyl; and R® is hydrogen. In other embodiments, R” is ~/ , R is-

CO{O)R® wherein R" is ethyl, and R? is hydrogen. In still another embodiment, R? is
and R? is hydrogen.

N0 BN N-R
In yet another embodiment, R? is hydrogen; R® is " or p— ; and R?
‘N N-R*

is methyl, -COR" or ~CO(O)R" where R" is methyl or ethyl. Preferably, R? is p— R
is methyl and R’ is selected from the group consisting of hydrogen, methyl, chloro and -CE,.
More preferably, R? is methyl.

In still other embodiments of the sterecisomerically enriched compounds described
herein, R® is fluoro.

In still other embodiments, the stereoisomerically enriched compound is substantially
stereoisomerically pure or stercoisomerically pure (1R,2R,38,45)-N4-(3-
aminocarbonylbicyclo[2.2.1]hept-5-ene-2-y1)-5-fluoro-N2-{3-methyl-4-(4-methylpiperazin-1 -
yDphenyl]-2,4-pyrimidinediamine.

Additional exemplary embodiments of compounds according to structural formula (I) that
may be stereoisomerically enriched in the corresponding diastereomer of structural formula (Ta),
supra, substantially free of any enantiomers and/or diastereomer thereof, and/or substantially pure

or pure in the diastereomer of structural formula (Ia), supra, are illustrated in TABLE 1, below:
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When specific diastereomers and/or racemic mixtares of specific compounds described
herein, such as the compounds described in TABLEL, are intended, the compound number is
followed by a letter specifying the specific diastereomer or racemic mixture as follows: |

as= (1R,2R,38,4S)
b= (18,25,3R,4R)
o= (1R,28,3R,45)
d= (18,2R,38,4R)
e=  (IR2RJ3R,4S)
= (18,28,38,4R)
&= (1R,25,35,48)
h= {18,2R,3R,4R)

rl= 2-gxo-3-eX0 cis racemate
1= 2-endo-3-endo cis racemate
3= 2-exo-3-endo frans racemate

4= 2-endo-3-exo irans racemaie
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When specific diastereoners and/or racem c m xtures of specific conpounds
descri bed herein, such as the conpounds described in TABLELl, are intended,
t he conpound nunber is followed by a letter specifying the specific

diastereone&E%@%rg%ﬁpgc m xture as foll ows: a:(lR’ZR’3%§éﬁkﬁﬁﬁk}ﬁﬁgs’SR’4R)

c=(1R 2S, 3R L 2R 3 S,4R) (1R,2R 3R 4S) (1S, 2S,35,

Thus, as a specific example, the (IR,2R,3S,48) diastereomer of compound 60 is referred
to as compound 60a.

Thoge of skill in the art will appreciate that the stereoisomerically enriched compounds
described herein may include functional groups that can be masked with progroups fo create

5 prodrugs. Such prodrugs are usually, but need not be, pharmacologically inactive until converted
into their active drug form. For example, ester groups commonly undergo acid-catalyzed
hydrolysis to yield the parent carboxylic acid when exposed to the acidic conditions of the
stomach, or base-catalyzed hydrolysis when exposed to the basic conditions of the intestine or
blood. Thus, when administered to a subject orally, stereoisomerically enriched compounds that

10 include ester moieties may be considered prodrugs of their corresponding carboxylic acid,
regardless of whether the ester form is pharmacologieally active.

Included within the scope of the invention are prodrugs of the various stereoisomerically
enriched compounds desciibed herein. In such prodrugs, any available functional meiety may be
masked with a progroup to yield a prodrug. Functional groups within the stereochemically

15 enriched compounds described herein that may be masked with progroups for inclusion'in a
promolety include, but are not limited to, amines (primary and secondary), hydroxyls, sulfanyls
(thicls), carboxyls, efe. Myriad progroups suitable for masking such functional groups to vield
promoieties that are cleavable under the desived conditions of use are known in the art. All of
these progroups, alone or in combinations, may be included in the stereoisomerically enriched

20 prodrugs of the invention.

In one illustrative embodiment, the stercoisomerically enriched prodrugs are compounds
according to structural formulae (I), supra, in which R* R® and R® may be, in addition to their
previously-defined alternatives, a progroup, that are enriched in the corresponding diastereomer of
structural formula (Ia), supra.

25 Those of skill in the art will appreciate that many of the compounds and prodrugs
described herein, as well as the various compound species specifically described and/or iltustrated
herein, may exhibit the phenomena of tautomerisn and conformational isomerism. For example,
the compounds and prodrugs may exist in several tautomeric forms, including the enol form, the
keto form and mixtures thereof. As the various compound names, formulae and compound

30 drawings within the specification and claims can represent only one of the possible tautomeric or
conformational forms, it should be understood that the invention encotnpasses any tautomers or
conformational isomers, of the compounds or prodrugs having one or more of the utilities
described herein, as well as mixtures of these various different isomeric forms. In cases of limited
rotation around the 2,4-pyrimidinediamine core structure, atrop isomers are also possible and are

35 also specifically included in the compounds and/or prodrugs of the invention.
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diethylamine, ete.).
The stereoisomerically enriched compounds and prodrugs, as well as the salts thereof,
30 may also be in the form of hydrates, solvates and/or N-oxides, as are well-known in the art.
Stereoisomeric enrichment and/or purity of compounds and prodrug described herein may
be established by conventional analytical methods well known to those of skiil in the art, For
example, use of chiral NMR shift reagents, gas chromatographic analysis using chiral columns,
high pressure liquid chromatographic analysis using chiral columns, formation of diastereomeric

35 derivatives through reaction with chiral reagents and conventional analysis may be used to
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the 115 substit u%] most situations, the C4 halide is more reactive towards nucleophiles, as illustrated in

15 the Scheme. However, as will be recognized by skilled artisans, the identity of the R® substituent
may alter this reactivity, For example, when R’ is trifluoromethyl, a 50:50 mixture of
4N-substituted-4-pyrimidineamine 8 and the corresponding 2N-substituted-2-pyrimidineamine is
obtained. Regardless of the identity of the R’ substituent, the regioselectivity of the reaction can
be controlled by adjusting the solvent and other synthetic conditions (such as temperature), as is

20 well-known in the art.

The reactions depicted in Scheme (I} may proceed more quickly when the reaction
mixtures are heated via microwave. When heating in this fashion, the following conditions may
be used: heat to 175°C in ethanoi for 5-20 min. in a Smith Reactor (Personal Chemistry, Biotage
AB, Sweden) in a sealed tube (at 20 bar pressure).

25 The uracil or thiouracil 2 starting materials may be purchased from commercial sources or
prepared using standard techniques of organic chemistry. Commercially available uracils and
thiouracils that can be used as starting materials in Scheme () include, by way of example and not
limitation, uracil (Aldrich #13,078-8; CAS Registry 66-22-8); 2-thio-uracil (Aldrich #11,558-4;
CAS Registry 141-90-2); 2,4-dithiouraci] (Aldrich #15,846-1; CAS Registry 2001-93-6);

30 S-bromouracil (Aldrich #85,247-3; CAS Registry 51-20-7; 5-fluorouracil (Aldrich #85,847-1;
CAS Registry 51-21-8); 5-iodouracil (Aldrich #85,785-8; CAS Registry 696-07-1); 5-nitrouracil
(Aldrich #85,276-7; CAS Registry 611-08-5); S-(trifluoromethyl)-uracil (Aldrich #22,327-1; CAS
Registry 54-20-6). Additional 5-gubstituted uracils and/or thiouracils are available from General

Intermediates of Canada, Inc., Edmonton, CA (http://www.generalintermediates.com) and/or
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5-(trifl uoroft® W‘S’e‘ih‘F%l%rP'ic"*PA%Hr“}géW%??? 1%‘2‘?"% idgapgy Oﬁﬁ’gli’%‘?‘%}“gﬂo@@ 6) .
Addi tilénal Sussdrogitdeentdt wpein the &ehtitg oxhii@tiotahirou @i Sttt ansailllba Bh@rehitiOm
Chtt pe 11 v Saeoy ST i ARG o Ssume R Rpselthsaroup, as wetl as syt
20061055561 PETEgisXouBiagacmont amd rempitag mehbenfpur@eldescample, amGeene & Wuts,

(http://vww. Pzﬁfe@fvﬁ h’lo‘if}ﬁf? @)gam@'l?yfmzs bg E@l'f?i@lp%hﬁqvlu? Lol h‘@nﬁ% Q’ohﬁﬁb@j ques.
Mriad textbo ref erences teaching suitab et ¢ méthods ar'e provided

i nfra. g\ i ﬁ%"éesfée“r?ﬁ?e%g‘ef?ﬂ’taﬂ%é@éﬁmfg?B’H?lc)om*rer cial sources or,

al ternatively, mi’yodb@s SyladchBslihzRi nibly bé prédand b$ tamgandidcamint gues. For

exanpl e, sui tbgl‘g%3 esche me&eg may be synthesized 5fromnitro precursors using
standard chém’s § I'c exenplary reactions are provided in the

Exanpl es secti on ASS@@GMH&@SW@@F;EO&@B@B defred €1H, ZimS/{&)@iastﬁ:@n@emﬂegmqmg

Addi son VES't@i’u&Q&k@Mla @)qupiﬁnc%QQQ&@W&%&&%QQH& of Bffer st dard tech§i§+ lsl ed
artisans will recognize in some I nstances anilines 10 rma

functional gHetRss qu Fraellr eapliines Pt e ieicorer tiup ﬁ%gnbgwmwee;le@ﬂl e“ﬁwmy@@

i denti2py of sﬁcﬂanl‘ otecting group(s) 1Oused will depend upon the identity of
t he functi onal bei ng, protect ed, arent to these of
skill in the art. ?tﬁﬁis%eﬁ‘(‘:‘% 68?°h§‘g?°é‘ﬂ’flf“ﬁ§;a“§ﬁb?‘wﬁﬂt‘é’?é’%ﬁr‘aﬁ?/@d{“f%g groups, as
wel | as syntdieteicomst seatiegbegntheized hen 2- -aiatnb-dechiteinidReting mandadls 6 eing be
found, for e Goups in Organic

Synt he5| S, %g&q%hgtfrgéﬁﬂen%tﬁe&%ﬁ W‘%{?gﬁ&?&ﬁﬁ&hé@ New York (1999) and the
references cited %P@Fﬁﬁlﬁ{wb@fhﬁaﬂt dpstrnter} i Saleeng, (IRubedowy, the Hsdeddirtryemas
described hag @kdﬂvcmmneuﬁrsﬁap@mﬁﬁetm prn%{okﬁenmgﬁ&eu@ ald cﬁﬂai%xnwﬁ
above-descri bed net hods |l ed artisans will appreciate, the
desired (1R 2R 3S, 49) d| ast ereor ner cor respondi ng to st r uctural formula
(la), supra, can be isolated by chiral separation or other standard

techni ques. Methods for chirally resol ving specific diastereoners are
described in nore detail in the Exanpl es 20section.

Stereoi sonerically enriched conpounds and/or substantially pure and/or pure
di astereoners can al so be synthesized from 2-am no- 3-carboxam de starting
materials 6 having specified stereochem stry, or with the aid of chiral
auxiliaries. In one exenplary enbodinent, illustrated in
Schene™(11), below, the desired diastereoner 25is resolved chemically using
(R) - net hyl - p- net hoxybenzyl am ne 18 as a chiral auxiliary. WD
20061055561PCT/ US2005/ 041359 28



WO 2006/ 055561PCT/ US2005/ 041359 29 In Schenme (11), 2-exo-3-exo racemc

13-l actam 14r1 (prepared as described in Stajar et al., 1984, Tetrahedron
4002): 2385) is protected with a Boc group, yielding the corresponding
racem c Boc-protected 13-lactam 16r1l. |3oc-protected racemate 16rl1 is then
reacted w t{,d RcireLhy! - par a- met hoxybenzyl am ne 18, yi ep@figodo¥i:%s ure of

di astereoners 20a and 20b. This 5di ast;greonerie nmxture 1s treated with an
acid such as TFA to cl eave the Boo group, yielding a m xture of

di astereoners 22a and 2213, which can be reacted with 2,4-di hal opyri m di ne
4 to afford a racem c m xture of conpounds 24a and 24b. At this stage,
conpounds 24a and 24b can be separated from one another by crystallization
and reacted with aniline 10 to afford isol ated di astereonmers 25a and 25b.
The chiral auxiliaries fromisol ated di asteroners 25a and 25b can 10t hen be
cleaved to yield isol ated di aster eoners actording to structural fornmulae
(la) and (Ib), respec Ciy. £ For ounds 25a and 25b in which Rl is
hydrogen, R2 is ] -.pi perazi rg <, l.e is methyl and It5 is fluor,

cl eavage of the.¢hi gd aBxildary_proged difficult. For these and ot her
conpounds V\/ner*uéﬁ cl eavages p@e{xdi fficult, the chiral auxiliary can be
cl eaved from 15corr§ounds 24gand 2413, and the resultant isol ated conpounds
reacted with aniline 10 tgq vield isol ated di astereomers according to
structural formulae (la) and (Ib). §pecific exanpl es of such reactions are
described in the Exanpl eszsection. npounds that are

stereoi sonerical l§ en ed, subst%nti stereoi sonerically pure and/or
st ereoi soneri cal |y p i,n specifi¥d- tereomers can al so be synthesi zed
f rom 20st er eoi rical | § enriched, sUbsté&ntially stereoisonerically pure,
and/ or stereoi rically pur “Ractams. Such stereoisomerically

enri ched and/or (substantially) stereoisonerically pure p-lactans can be
enzymatically resplved and isolated. In one exenplary enbodi nent,
(substantially) siefeoisonerically it e 33-lactarns can be resolved and
i solated froma rageric mxture of(2zex0z8fexo ft-lactam 14r1 using an

i mobi | i zed 1ipolas Jfavailable fr, Si gﬁp5Chen‘i cak ., catal og no.
L4777) as deacri bed' izh Eni ko et al™, 2004, Tetr ahedr ymetry
15:573-575. En another exenplary enbodi ment, (sfibstanti{ally)

stereoi sorneg cally gure (3-1act gi{hs can bg resdl ved ang=isol ated from

2- exo- 3-exo Boc-protgcted racenitip- | actaim 16rdEusi fo-Lesin_homnd,
i mobilized hira L-2-type ,’c.ymag(@ndi {ant ar Type B,
c-f, available fromBi®catal yti%s,zdns,,” Basadena, CA) as gestribed in
appl i cation Serial*30No. 60/ 628;L,,§\<%fi | ed Novenber {354, c0- pendi ng
application Seriaf No. 11/133,4%9°fid ed May 18, 2005}&ndwi nt ernati onal
appl i cation No. PCT/ USO%/ 17470 filed May 18, 2005, and copendi ng
application Serialg No., fentitled "Stereoisonmerically Enriched I1- Lactans
Usi ng Candi da Ant tigd, " filed concurrently herewith (identified by
attorney docket n 375%62-030U8), the disclosures %I \Aéhi c¢h are

i ncor por at ed herei by feference. A specific WD
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exanple of the use of this enzynme to resol ve specified diastereoners

of I3-lactarns is described in the Exanples section, as is a nmethod of
synt hesi zi ng 2-exo-3-exo racem c P-lactam 160. Exanpl es of synthesi zing
specified diasteroners according to structural forrmula (la) utilizing
enzynme reactjons are illustrated in Schenmes (I11) and ( | C A
spegific exgﬁBW§mBF%B the use of Novozyne 435 enzyne as*?%?ﬁ@&@ggéﬁ in
Scheme (1V), which like the Chirazyme "enynme di scussed supra and illustrated
in Scheme (I11), can be used to resolve enantionmers fromracem c pl actans,

is described in Ex l,es section. 2 [ 05556 1PCT/ US2005/ 041359 31
VO 2006/ 055561Pc%“/r%%3§})’ 82&%%‘5%@0@&15@%\/\@1“@ ?‘%? (P“"pa‘é‘??fﬁ%‘ \g?%tz‘ﬁj 8"8&” ¢ %‘}é
Anti prol i f erl&4, VeraBompdlfids 2BALEs pwectsd witteoBegmep,iyeilidgythemrepbreithsconpounds

typical l'y inhicRicteoRp @bt es-abhAN6af BIESLEQ6 G&IhS 163 WlleBBactdWRE Ccells, with
h f about 20 04 or |

an 1050 in the range o ess, as neasured 1n a standard in

vitro cel | ul@mphbpirpaiedordanzsagy 18.opldg graigure sfdigsiepgmaps 2Paand 20k This
appreci at e tduafereGmP bAES isWRhiedwBxdaiabill buch VXA th €008 thefBd pRXARNRIdEg@N t he

order of 10 1..tM 100,nM nM.1 nM or, e .ower ,. be .

o 11 cul ar |y RUEPstrop e PR PR G P TP PO f Bl e
10activity maycebie mixttre st @tnpounds 24atandbip. Bethtytagd axipounds P44 ang 4bmaels: wher e
antiproliferat,i Vi [ o L cul a I i.s desired,
fhe ompound ii? gtk bl RSk byl BEELV il R g BB eE e
count er - scr edyeigomasy 25 apddil- dhe chirelinytikiagieslerm gutedglidsieromeed 35a pyi@ébcanThe

desi r ed jgegrigs vofieavidta Gleldiiolayed diaferSbiid RUMNLED sRELAE R muIN (1) B (@gsi red
ratio of activity vs. inactivity may vary for different situations, and nmay
be sel ect ed "BY*PHe&" user. 15Active conpounds al so typically inhibit an
activity of an ABsresmapdohdiSe and@ish I veliich O Bhytiogdn /18 iy Anglylafipeabiauty, ROisgM or

| ess, typical A { , 0 . A~ 100.0 10 1 M or
even | ower. %IJH%] szggoig215%?%%?%%0%%%%%% ﬁl%%sggvgwfggg'dg{}%reﬁ% arlluéa“l!n a
standard i n opinpauests aderayuohiclepvagarproveodisficeld trehion andienyagebe dravéddrom f unct i onal

cel lul afjs ar rc@Mpouﬁls@h':i ir@l?hﬁ, afd iy fgﬁlltﬁ;ﬁ%iaﬁg e Mg ;egsﬁéd \Qiﬁ{]anﬁﬁem iefdO
determ ne the dﬁgree of Aurora kinase activi t%@l s _described in Fox et al.,

20 1998, Pr w8 iggsreomprspsopdinig sfruci! ieylerd i aiby SSrseitjtiererlc1 RRASL G
(Bochem Lt d.reackdk) ar€ d3crived msedixampias ssest rate for Aurora ki nase-A Aurora
ki nase-B and/or Aurora, ki nase-C. and reactjaons, can be carried out at 30C in
= Soi ut i on cont a Ny 0 er poRsEor S A5 g FiG eSSt 1w
D11. |1C50 vahdigstegeisoneicdlytpercnn sedfiadsliasigeoomput ed wepnthoired flavear regr essi on
WO 200646 5 S %@)]eagﬁ{el'i!%lggé’fcgédlgh%?rar@igiIM%&ESHWEWU%MM?&@Bé)i?(m:{gsgca ?511{1'(%’\’8‘" e
(e.g., Prism3.0, GaphPed Software, San Diegd, CA). A suitable cell-based
functional &deEpsi Suchslgepigsesaiclh eprivhedagd/pfbibsiatialby pleigolsgnasicl st t he
Anti prol i f erpakdame cfaueReKRIEScalN Rl bBscii) @0Ins ORFRHiaGAkusdiaRki ched
compounds, I(ngslta%ggllggstérpoelsoxglri(!,aﬂy Surg é-%%%??ah bg ?elso vseﬁ and isolated from a racemic
mixture of 2-ex0-3-exo B-lactam 14r1 using an immobilized lipolase (available from Sigma
25 Chemical Co., catalog no. L4777) as described in Eniko et al,, 2004, Tetrahedron Asymmetry
15:573-575. In another exemplary embodiment, (substantiaily} stereoisomerically pure f-lactams
can be resolved and isolated from 2-exo-3-ex0 Boc-protected racemic B-lactam 16r] using resin
bound, immobilized chirazyme L-2-type B, c.f. enzyme (Candida antarctica Type B, c-f,
available from Biocatalytics, Inc., Pasadena, CA) as described in application Serial
30 Ne. 60/628,401, filed November 15, 2004, co-pending application Serial No. 11/133,419 filed
May 18, 2005, and international application No. PCT/US05/17470 filed May 18, 2005, and

copending application Serial No. , entitled “Stereoisomerically Eariched -

Lactams Using Candida Antarctica,” filed concurrently herewith (identified by attorney docket

no. 375462-030UR), the disclosures of which are incorporated herein by reference. A specific



Shydrates and/or N-oxide fornms thereof, nmay be used to inhibit Aurora

ki nases, Aurora kinase- nedi ated processes, and/or cell proliferation in a
vari ety of contexts. According to sonic enbodinents, a cell or population
of cells is contacted with an anmount of such a conpound effective to

inhi bit an g loVidsys¢pf an Aurora kinase, an Aurora ki naser1®&disalgg process
and/or proliferation of the cell or ceghl popul ation. Wien used to inhibit
cellular proliferation, the 10conpound may act cytotoxically to kill the
cell, or cytostatically to inhibit proliferation without killing the cell.

In soni ¢ enbedinpebtite ust BELEBIADNAGS rfBNe H)@Ciﬁé’d@ﬁxhiﬁz@@gerg &F ﬁyliaé_ffgns%sdeﬁrigéaq{ apeutic
approach tomggg%W% e treatnent orP?reventlon of Aurora kinase-nedi at ed
|

di seases or P ECHann 15 1eipd of UMY Zingr e f eruesarEe ks @Ppdeds. Thus, in
a speci fic enbodifxenples dfhgtistigieptcadibeantryacentinhg hetudhaaspon nEs

descri bed hey.gi. var.h ous f.or d ri rei be used to
treat or pregg%@g“&%ﬁ??%%@?f%@h%?%%&&égngﬁﬁgﬁFﬁ§$=Qﬁ‘Te@%?%g%ﬁﬁvﬂaPﬁg
humans. The #herhotNeenerdPf nzromgsniiuseaeddnl fihahsEe) ivhigh tile thd@hisije entmean

anount of a &bekenlSAIRS 116RAbEYin MR RS GONROH A s e eﬁarﬁ’irmggﬁﬂgn raSdhid »
hydrate or N-QX|de_theneot, effective to treat or prevent the disorder. In

one embodi el Phis despeddn the Exayipleasfta™ i ncl udi ng, but not limited to,
bovi ne, horse, feline, canine, 20rodent, or primate. In another enbodi nent,
t he subject is a human. A variety of cellular proliferative

di sorders may be treated or prevented with the conpounds descri bed herein,
hi sonme enbodi nents, the conpounds are used to treat various cancers in
afflicted subjects. Cancers are traditionally classified based on the
tissue and cell type fromwhich the cancer cells originate. Carcinomas are
consi dered cancers arising fromepithelial 25cells while sarcomas are
consi dered cancers arising fromconnective tissues or nuscle. Qher cancer
types include | eukem as, which arise from hematopoietic cells, and cancers
of nervous systemcells, which arise fromneural tissue. For non-invasive
tunors, adenomas are consi dered benign epithelial tunors w th glandul ar
organi zati on whil e chondornas are benign tunor arising fromcartilage. In
the present invention, the described conpounds may be used to treat
30proliferative disorders enconpassed by carci nomas, sarconas, |eukem as,
neural cell tunors, and non-invasive tunors. In a specific

enbodi nent, the conpounds are used to treat solid tunors arising from
various tissue types, including, but not limted to, cancers of the bone,
breast, respiratory tract, brain, reproductive organs, digestive tract,
urinary tract, bladder, eye, liver, skin, head, neck, WO

2006/ 055561PCT/ US2005/ 041359 34 thyroid, parathyroid, kidney, pancreas,

bl ood, ovary, colon, gernfprostate, and nestastatic forns thereof.
Specific proliferative disorders include the followng: a) proliferative
di sorders of the breast include, but are not limted to, invasive ductal
carci noma, invasive |obular carcinoma, 5ductal carcinoma, |obular carcinoma
in situ, and nmetastatic breast cancer; b) proliferative disorders of the
skin include, but are not limted to, basal cell carcinom, squanous cel
carci noma, malignant nel anoma, and Karposi's sarcoma; c) proliferative

di sorders of the respiratory tract include, but are not limted to, snal
cell and non-snmall cell lung carcinoma, bronchial edema, pleuropul nonary
bl ast oma, and mal i gnant nmesothelioma; d) proliferative 10di sorders of the
brain include, but are not limted to, brain stemand hyptothalam c glions,
cerebell ar and cerebral astrocytoma, nedul | abl astotna, ependymal tunors,

ol i godendroglial, neningi omas, and neuroect odernmal and pineal tunors; c)
proliferative disorders of the nmale reproductive organs include, but are
not limted to, prostate cancer, testicular cancer, and penile cancer f)
proliferative disorders of the femal e reproductive organs include, but are
not limted to, 15 uterine cancer (endonetrial), cervical, ovarian,

vagi nal, vulva] cancers, uterine sarcoma, ovarian germcell tunor; g)
proliferative disorders of the digestive tract include, but are not limted
to, anal, colon, colorectal, esophageal, gall bl adder, stomach (gastric),
pancreatic cancer, pancreatic cancer- Islet cell, rectal, small-intestine,
and salivary gland cancers; h) proliferative disorders of the |iver

i nclude, but are not limted to, hepatocellular carcinong,

chol angi ocar ci noma, m xed



20hepat ocel | ul ar chol angi ocarcinorna, and primary |liver cancer; i)
proliferative disorders of the eye include, but are not limted to,

i ntraocul ar nel anona, retinoblastom, and rhabdomyosarcoma; j)
proliferative disorders of the head and cancers include, but are not
limted to, _laryngeal, hypopharyngeal, nasopharyngeal, f% ynge
cancers, angolzlﬂ%mg??&’ or alypcgnce?/, gsqu us Igeckycgncer,’(;)(%[2‘? g‘%ﬁ'ﬁ%&"@

par anasal sinus cancer; k) proliferative disorders of the |ynphonas
include, but 25 are not limted to, various T cell and B cell |ynphonas,
non- Hodgki ns | ynphoma, cutaneous T cell |ynphoma, Hodgki ns di sease, and

| ynphoma of the central nervous system 1) |eukem as include, but are not
limted to, acute nyeloid | eukem a, acute |ynphoblastic |eukem a, chronic
| ynphocytic | eukeni a,_chro#i c rnyel ogenous | eukenia, and hair cel

| eukem a, m proligegativegdisorders of the thyroid include thyroid cancer,
t hynroma, and mal i ghamt thy®oma; n) sarcomas 30i nclude, but are not limted
to, sarconma of théiso}%otiﬁsue, osteosarcorna, malignant fibrous

hi stiocytoma, |ynph®3arcong and rhabdonmyosarcoma. It is to be understood
that the descriptiﬂﬂ? of pfoliferative disorders is not linited to the
condi tions described above;” but Senconpasses ot her disorders characterized
by uncontroll ed grgﬁkh andgnaliénancyﬁ It is further understood that
proliferative di scgdg“s i ngl ude2vari ogs B5nmetastatic forns of the tunor and
cancer types descr¥begl b €i n. The codpo §of the present WO

2006/ 055561 PCT/ US2 04f§§9 35 invent.ign may be tested for effectiveness
agai nst the disord desc®i bed her ei nd a therapeutically effective
regi men established: Effecﬁjveness, as rther described bel ow, includes
reduction or rem ssijon of the tunor, decreases in the rate of cel
proliferation, or ®ytostatic or cytgkoxic effect on cell growh.

56. 6Conbi nati on Ther|api es Fita_st ereoi somerically enriched conpounds
descri bed herein n#ly be used al onwg, /fn¥¢ombi nation with one another, or as
an adjunct to, or § tonj unction=ii tth, ¢ther established antiproliferative
t herapi es. Thus, the conpounds may be used with traditional cancer

t her api es, ch asiignization radiationn the formof y-rays and x-rays,
del i vered e%er nalZy weeoit ernal Iy byzai nplantati on of radioactive
conpounds, apd as a-Rol | owup to surgic r &moval of tunors. In
anot her aspegt, th%!?-npounds may be,lS8d with ot her chenot herapeutic
agents usefuf for tfe disorder or coﬁdi:?%g*being treated. These conpounds
may be adm ni stered+sinul taneously, i ally, by the sanme route of
admini stration, orgby a different route’ I'8 sone enbodi nents, the present
conpounds are use@&4 t hyot her anti-cancer or 15cytotoxic agents. Various
cl asses of anti-capmgr and anti-neopl as{ic conpounds include, but are not
limted to, alkylaling agents, antinetabolites, vinca alkyloids, taxanes,
anti biotics, enzynmes,_ cytokines, platinym coordination conpl exes,
substituted ureas,. ty¥yosine kinase inhibitors, hornones and hornone

ant agoni sts. Exenpl al l cylating agents include, by way of exanple and
not |imtation, nBchkEorothanine, cyct oposphami de, ifosfanide, nelphal an,
chl oranbuci |, 20etthylenci mi nes, met hy+¥el ani nes, al kyl sul fonates (e.g.,
busul fan), and car} §§ine, Exenpl afy\apt i met abol i tes i ncl ude, by way of
exanpl e and not |igmitsation, folic acid gapal og nethotrexate; pyrimdine
anal og quorourae%l,Eiytosine arbinoggqg; purine anal ogs mecapt opuri ne,

t hi oguani ne, and & tehi opri ne. Exenpkar vi r€a al kyl oi ds include, by way of
exanpl e and not | &mlfation, vinblasti vincristine, paelitaxel, and

col chicine. Exenplary antibiotics i el ud€, by way of 25exanpl e and not
ﬁzﬁ u§2

limtation, actin C?qu, daunor ubi ef d bl eonycin. An exenplary enzyne
effective as anti - pladsti c agents L- aspar agi nase. Exenpl ary
coordi nati on conp s igclude, by way of exanple and not linitation,
cisplatin and carb atin. Exenplary hornones and hornone rel ated conpounds
i nclude, by way of exanple and not |imtation, adrenocorticosteroids

predni sone and dexanot hasone; aromatase inhibitors am no gl utethirnide,

30f onnest ane, and anastrozol e; progestin conpounds hydroxyprogesteron
caproate, nedroxyprogesterone; and anti-estrogen conpound tanoxifen.

These and ot her useful anti-cancer conpounds are described in Merck Index,
13th Ed. (O Neil MJ. et al,, ed) Merck Publishing Goup (2001) and Goodman
and G hnans The



WD 2006/ 055561 PCT/ US2005/ 041359 36 Phar macol ogi cal Basis of Therapeutics,
10th Edition, Hardman, J.G and Linbird, LE eds., pg. 1381-1287, MG aw
Hll, (1996), both of which are incorporated by reference herein.

Addi tional anti-proliferative conpounds useful in conbination with the

st er eoi some{icCabdiagsenr i ched conpounds descri bed herei n pRglLse&040B% wWay of
exanpl e and not 5limtation, antibodigs directed against growh factor
receptors (e.g., anti-Her2); antibodies for activating T cells (e.qg.,
anti-CTLA-4 antibodi es); and cytoki nes such as interferon-a and
interferon-7, interleukin-2 and GV CSkhenfd.(RFOr nul ati ons and Admi ni stration
When used to treat or prevent such di seases, the active conpounds and
prodrugs nay be 10admi nistered singly, as m xtures of one or nore active
conmpounds, or in mxture o M th other ents useful for
treating such diseases aniﬁ.ﬁigbe@§§%%£5as Mat ed*4itn AR |"Seases.
The active conpounds and pr odr Ugys7ormy4 @lsSo nn@teﬁgqh}n tare or
conmbi nation with agents usg Fﬂr to treat otherqsdi sorders or nal agjes, such
as steroids, nenbrane stabi |zers The active conpounds or prodrugs may be
adm ni stered per se, or as pharmaceutical 15conpositions conpriging an
active conpound or prodrug. Pharmaceutical conpositions conprisilng the
active conmpounds (or prodrugs thereof) may be manufactured by ans of
conventional m xing, dissolving, granulating, dragé@ﬁnaklng | evitgati ng,

enul si fyi ng, _enc ati gg,_rent rappi ng-o¢ rE h|ImiﬁﬁﬁﬁﬁégrocessgﬁmmThe
conposi tions bg_ﬂbr ted.i¥ conv |oﬁah HBHQEL—USLng or nore

physi ol ogi cal geceptiblre € Barriers, 20¢i [Nienfsx exc |ents or "ei ari es
whi ch faciligatg,,processing of the actd GH&OHDOUHdS 0 preparabi ons which
can be used pharmaggutically (see Reningtonﬁ§‘Phar ce ixcal Sci®hces, 15th
Ed., Hoover, J.E ed., Mack Publishing Co. (2003) The4active conpound or
prodrug may be formulated in the pharmaceutical conpositions per se, or in
the formof a hydrat e Acthdtlyohthe Aniprsjifersivofompramdnceut i cal |y accept abl e

salt, ass525previ Gldﬁ%)éte%ﬁ&ﬁdri@ﬁ@ enrlOHRA Eepbufids @Mmy%ﬁhﬁ@rcﬁﬁ&anﬁpsﬁe&% ubl'e in
aqueous sol utj ons, t free acids and bases, but salts

havi ng | ower’ E]Iéo ]bfslnm“if cqﬁ’a‘?‘l‘ iaéﬁ’rt}c‘jee'él%ﬁ%ﬁbﬁ'ﬁ 2P pideor Jess. argmeapterddng es may
al so be f or addard in vitro celRfiapmti®etiti caly. ODRES Islhllddl’&&sﬁfﬁyvﬂl FfRcidte e m sui tabl e

for virtuall stration r t opi cal ,
ocul ar, oraf&n%%M&ﬂﬁ%%eﬂu Q%V%Qbﬂsgﬁﬁmm?ﬁfgﬂ PB ‘&%BPLgﬁgﬁgﬁﬁgthQQ@ta
vagi naI et d.nM,or evgn fooflclmnsmetrabllcvdad)omefalchmm httiadpplatiby. Tikhadadlifeniver

i nsuf fl Q-@ | ORetivity may be y%tat‘ic% GaY b@‘f&%t&ms bl @Igt!ﬂ%&' wl%exe anfl n[g})l VI%IV% %Bﬁ;‘é”d( s) or

prodrug(s) e Tornul ated as” solutions,
suspensi ons Sp%tf‘é fo ayRartigplar qph fype & desiad. ity Lt’iﬁl?u’airmay be\ﬂ@ayed for activity with the

2006/ 055561 ResTrk SRR AfkAbBRE -screened for a lack of activity against other cell types. The desived
degree of “inactivity” in such counter screens, or the desired ratio of activity vs. inactivity may
vary for different situations, and may be selected by the user.

15 Active compounds also typically inhibit an activity of an Aurora kinase, with an ICs in
the range of about 20 uM or less, typically in the range of about 10 pM, 1 pM, 100 nM, 16 mM,
1 mM, or even lower. The ICs; against an anrora kinase can be determined in a standard in vitro
assay with an isolated aurora kinase, or in a functional cellular array. A suitable enzyme coupled
assay that can be used fo determine the degree of Aurora kinase activity is described in Fox et al.,

20 1998, Protein Sci. 7:2249-2255. Kemptide peptide sequence LRRASLG (Bochern Ltd., UK) can
be used as a substrate for Aurora kinase-A Aurora kinase-B andfor Aurora kinase-C, and reactions
can be carried out at 30°C in a solution containing 100 mM HEPES (pH 7.5), 10 mM Mg Clp, 25

mM NaCl, 1 mM DTT. ICsq values can be determined using computerized non-linear regression



37 System c formul ati ons include those designed for adm nistration by
i njection, e.g., subcutaneous, intravenous, intranuscular, intrathecal or
intraperitoneal injection, as well as those designed for transdermal,
transmucosal oral or pulnmonary adm nistration. Usethl injectable
preparatlonamfﬁﬁgq gisterlle suspensi ons, solutions or gmjls # RARs;:ef the
5active conpoun I n aqueous or oily;vehicles. The conpositions may als
contain fornulatlng agents, such as suspendlng, stabilizing and/or

di spersing agent. The fornulations for injection nmay be presented in unit
dosage for ﬁﬁ%f (N ne d contaln
added prengggfgvgghgﬂﬁgggﬂgg Ive (%E ﬂg&F&P§§§§%§@B§%meé a% C%E

provi ded |nSwﬁﬁhé@”ﬁﬁﬁﬁmﬁﬁmﬁfﬁﬁé@éh@ﬂhﬂHU@%Wmmmkh%§K§U|table vehlcle

i ncl udi ng but not ted to sterile pyrogen free water, buffer, dextrose
sol ution, etc. Béfor e ol ghe ApgiprgfiferaiiyefompRpndsct i ve conpound(s) may be
dried by any art?hnmmns&emhmmﬁuﬂwe&mmhhﬁﬁpﬁmmphmMHﬁgmeQﬂmm@ﬂﬂn@@@ﬂﬁst|tuted
prior to: us s tion enefrant s appropri ate
to the g%rrﬁ'?a?%ﬁﬁﬁfwé?%ggﬁg e&?é u e Oghm%#gﬂ%ﬂﬁgS% urm%u‘@ﬁsepenetrants
are known i megigigd Brptesseﬂsnﬁ@r cebrpabliterabron fri as‘tdrl%tr pizaptetth eAophdinnmcewnt i cal

conposi ti On&nH&MnJi@ka?cef-l BSob @5 gf‘ celik QEOﬂ%@Wlﬂ?aﬂ dnRARNOGSh % ?fBL)lﬁltds or

capsules preﬁare I% conventignal means with pharmaceuti ca accept abl e
exci pi ents SUHYHE "BiPHat 4V ITRd At e kgase, %rpétj‘ét‘ %t‘fltsﬁﬁ’s'éﬁemi’%@ agd/eir ch,
pol yvi nyl py protifckgione tl&l’ceiwdémmpm&@@y Iw:ﬁzetéa&ioq@hmwemﬁ@)pmnf‘etalubxeth% (e.g.,

Iactose m ¢rocrystal line cel or, cal |um hat
| ubri caht s CRE OUX(EPTJ SRSLPiERr g%frglg%ée celf Qg tFmgth )leo ?Dtpfgge 5 1%mts

(e.g., pot aktbhnstﬂwrcelh or sodium starch glycolate); or wetting agents (e.qg.
sodi um | auryl su{ g[tée L &G4 hods wel |
known in the art ns ' P:mb for égé@r?eﬂmsuéar %ﬁh?c %”@rﬁs %ﬁééep%ﬁéc%%gﬁln

Li qui d prep&?"ﬁt%@ﬁé‘“ﬁ‘ﬁ?ﬂt ‘éfrpéel"eié’dﬁioﬁf*srtnﬁ Wséﬁeﬁ*ﬁ‘?d fliageess pHisofdgisrandfn for

exanpl e, el b%‘tuﬁﬁfm p&ﬁﬂei&lﬁde@ﬁﬁndct@)/’flﬂ@sm RbpeSHSRRNGIRRAShe QbrediddQV¥ridXBY erffi€hed
pr esentlesd as ct .f onstitytio or . ot her sui tabl e

vehi cl e "bef 8°rm Y s% d‘?sgﬁ’(‘:‘?ﬂhclr(i”d 3?"8(% rePAr %W%%écweﬁ@%t%%a%ﬁo fgat o

convent i onabremmapslifevkiivh digdrder mcaemxtai cibjkdty inaindiephabhe Tddethbdesesiych as

suspendi ng [ y rdvathyves or

hydr ogenat & dagﬂe a‘{s%laélﬁlpgtem g%(?fhp tfb ac¥ é?/tia%ﬂnﬂ%oféanskete%zsgl%enc ent 106}1[ til]compounda%r B a):

non- aqueouspﬂ?é‘lﬁE’éPlébyd(fﬁéﬁ ¢ N- OXaflGﬁ*Eﬂli@f @fftctlvedp hgat erjrresent fheeitshgﬂbl & eshol |

cr em)phor eTMfodnﬁeﬁlﬁﬂtE kt@j’&@tﬁ@&lmyﬁﬂﬂt ﬁQL(ﬁngO!)lJt Sot hnl@tgdjtoﬂfo@ﬁ@ Eﬁ{x@é !fe\ﬁﬁ§ cgn%eg )

met hyl ﬁ) % E’ N dr oxyl enzoates or 30sorbic acid). The preparations may
tal

also ¢ %11 ylothgy embadipgpt YewisfiSA ARy, col ori ng and
sweet eni ng age nt & vaktyappilolpt pralifecative disorders RE}e%&feaﬁedi é)l}ﬁev&ﬁd’d vﬁlhalhe

admi ni strat 1: &ﬂ) G%X dc%@ub%&’ll etre%p IX sc];n(‘t)er emfaloi? mﬁrgs tLhe Cg{ﬁlycﬁﬁ éc;%xr:]a n%e to 1e eat 5&%'01?58‘56\ of the

active conmpo For
buccal adm ¢Ans¥y latafﬂmfﬁd Sltbhﬁétsc Gmltws iateitodigonpiiyyclassikel Uabed of te tivsod andadll tepes or

| ozenges 35§k MulcAtHE dantd CQ@BH%HJ&& O@fiumo{m@{}gﬁonsld cancers arising ﬂom ithelial
2006/ 0?23561;?/ UI?ZOOSI 041359 rectal and vaginal routes of
rat

adni ni Faropas F“\?éo’%'ﬁ'iﬁé&%t’di‘%‘)“s%f?O*BéOWt’mtlsé‘ECéal awcleoPkes ons (f or

retention em&msf)sessntmm@&uttearaseﬁhla{ arfod ﬁﬁrﬂrﬁﬁtaﬁap&@tmmsnarmgar@é}ﬁwﬁﬁhbﬁma|
suppository ase ocoa tter. or other cerides. For a

admi ni strat tﬁm(‘)cc?ﬂsaw H‘lﬂ”hr?fléset ta ?egif‘i?‘?g S5 ARACETTVERYS ﬁtﬁ&%?ﬂ“ﬁ&ﬁtﬂ&ﬂw{;ﬁ@ active
5conpound(swmaﬁepﬁ@Mﬂmg@symbahnbém@qmwwﬂmewmkyhdﬂhnwaﬁﬂdmgnmmheuﬁmgntof an
aerosol sprgyy, E’ﬁ@l%@p ﬁﬁﬁ?tés'e&%eﬂ?o%ktﬁe &Ecri@e&%pl%dxtégztlay\’wetu&dttch@eatjSe of a

SU|tabIe pr opel
30 proliferative disorders encompassed by carcinomas, sarcomas, leukemias, neural cefl tumors, and

non-invasive tumors.
In a specific embodiment, the compounds are used to treat solid fumors arising from
various tissue types, including, but not limited to, cancers of the bone, breast, respiratory tract,

brain, reproductive organs, digestive tract, urinary tract, bladder, eye, liver, skin, head, neck,



di chl orodi f | uor onet hane, trichlorofl uoronethane, dichlorotetrafl uoroethane,
fl uorocar bons, carbon di oxide or other suitable gas. In the case of a
pressuri zed aerosol, the dosage unit may be determ ned by providing a val ve
to deliver a netered anmount. Capsules and cartridges for use in 10an

i nhal er or Wasihddsadspr (for exanpl e capsul es and cartriggess:6@nRikeed of

gel atin) may be formul ated containi ngza powder m x of the conpound and a
sui t abl e powder base such as | actose or starch, For ocul ar

adm ni stration, the active conpound(s) or prodrug(s) may be formul ated as a
sol ution, en‘l;l‘lyB]:d)paaat&hﬁ@&ﬂﬁ&ypﬁhmr@is@blooﬂU:Ivh@bcloﬁmfg@[m@rdmtpIag&@glgtgt@ #:8,st he
eye. A variepy 0of vehicles 15suitable for admnistering conpounds to the
eye are known I n the art. Specific non-limting exanples are described in
U. S. Patent No. 6Sefic Bdiferatiye Sisorert mrindeNe. fobowhiesy a)QBuiferdtlv&disdrieitithe NO.

6, 056, 950; UbémiPahgnﬁ P (6,445 U S.

Patent No. 5,69 mﬂ%@%’é}tﬁ g“ﬂ?&%”‘ve? oy SBREAL iMsvelotl b ealdRimar’ 2o g4,
U.S. Patent R@ Bafwad%"glar tgrodponady %ﬁﬁ{aﬂmeta&tﬁ@@zﬂa%@wdﬁaloLfe@uvePat ent No.

4,738, 851.. 20F@terpiro-crigRoluebitu@my: linfiB@todlibd V&I GRMBA4! {%us%n prodrug(s)
can be fornul Lat. qunaa;%aha a\dte 8 E‘r egﬁ(atl on for adm njstra ﬂg} i npl antation
or intramuscul ar i'hj et oR: FRE Fr%?l?W@Gl%ﬁ‘?hfﬁ‘éﬁ%"eb‘@mﬁﬁﬁ hated with
sui t abl e pol seamratory tatpt ulrvy(dc,(bptmmioclnnmdm krad!scell emg-;.on-SlazﬂloaIBhﬂ@bHrcﬁiz@rﬁ in an
accept abl e 0oj i r
derivatives, et o] &;;8%?;? ng b‘?a%!o{.l 311“05“‘%?%“? t \?éqlfl'gmt‘tv? ansder mal
del i ver y0syst! é"r’rgefsrPéHlﬁﬁ@@t“EFﬁ‘@E} bafsarfawt Beditrd g6, \b@ln%@dswtaﬂralapm glmahi ch sl ow y
releases t heochdbli @campa Ut A GhiReN SUANSOUSmARSILbE AR IRy e used.  TO
this end, per nmeat i on e(rhancg rrﬁ% Hlsed to facilitate transdernal
Bty

penetration OF ‘tHE*4E] Y- K SctsanPelifyainstierdve of pametes ar e
descri bed i nreproductiveangahsaipclide,Sut Han@ finitdiao, phoshid ZankdrJtestibliD.calRat Stpedie.
5,352, 456; U.,Seer

U.S.., Pate S.
Patent No. 290B%mﬁ’t‘a‘b‘l’\éod‘'S"%"e’%%gﬂ’g ﬁgﬁlcgcpﬁogﬂcfgagg%mgludepgqigwtnomgmwg 164 189
U.S. Patlént mmeseslsei {B3neg5)), Wrial, Patienvagel, vEy0 889 Teridd sSroRaberitn No.

5, 087, 240; Lgeﬁn cfﬂ)ﬁﬁﬁfﬂt mhfeﬁtlg@tﬁso;cﬂeg of BB gbdtiv ﬂﬁ&@% blﬁpar%ﬁlm gt%gt?cﬂz 5.

Al ternativel Lmaceutl cal delivery systens may be enpl oyed.
Li posormes ard®e ‘i“s‘"roéf’ﬁ%ota Psépl?f%é?aﬂw%%&ﬂﬂ’frvéi?aﬁﬁll (@iris), P@I’é‘leilf(ﬁéﬁvelvwmf@s t hat

may be used deocedéilitvel reaalf smae“smmﬁn@uﬁdﬁl&hycgl[an@Ezﬁdewﬁ)(p'iahfer%é kRbMePfsgani c

sol vents su t 35al so. be er Io ed, .al though
usual |y at 'fl Eeﬁ\%{)g!fﬂ%f é&yj}rgg thmxt ‘g%h%i’ atmc‘guk\/\f%/‘ﬁ %@J‘g St/ 041359

39 20 TH@%@F&H%@M@@IM@!CH@WS pttmemﬁlsverrwﬁ;ex;lj proie”satrved;sorbes prieseat ed in
a pack or di 1&@@35&‘1{ arg@)\{hﬁﬁed\’f@'zﬁﬁom mgi%ﬂatnﬁ' r@tn%@ﬁst%ﬁa R ﬁabg?meyosarcomagfsf orms

containing t %fac i ve conpound(s)
metal or pl d’é?i?fa*f"ﬁfl’Fo‘d%ﬁﬂfi‘;ﬁeé@adémﬁw&etsé?d%&@falEﬂ*Féfim&%ﬁl@ dﬁfwrttpd,penser devi ce

may be accorijyﬁafpha@hgby  ragdphaiiGal, @, h&ﬁfgeaaeamm §1§Jl€fstd'n@5lat oaReBEubEGL h¥E
Dosages I _Cconposi, t1ons

ve cor oun S r odr
t her eof ; cfmceléﬁlgra % i pargasd) ’)IH %’E%’t"e g]?‘f’ieéstqf\)@ Imphampaiiesfude e
i nt ended r e§[ﬁ 1101 lirignd t@ xeaiopd Ecqllmmaﬁ callfpuptormed, hecHsdgRing l@mﬁHo&ﬁIcu&hcom event the
particul ar Qdigeassnel i st ered
t her apeuti cal | %{?o ng’c ?%!&lggcﬁﬁg%gmgwﬁg&%enqea#rl?r&m?ﬂmw S%em Sﬁeuw%@nefl t is
meant er adi é%fthid&r{’“"cﬁm nppREitG patd Iélﬁlﬂéﬁ leykiaiayaseiie ﬂ)lngpﬁwt@ﬂsuh @@qeuisr clipgiicng

treat ed and/ly}ﬁpfﬁﬁyﬂd leGiatni0Ehr@ic Iﬁf@dgb&ﬁﬁte&l@ﬂraoind(ﬂﬁ?cegrleu!?é%@ n% rothtf@atf%é/ npt ons
associ at ed W at’i reports an

der | di sorder such that the
i mpr ovenent |SP1’rza 88 thehtgy "%lﬁ‘ﬁ% hY’lOBIr?a“CﬁroW?%P%@dﬁﬂhﬁ@f“‘ttﬁﬁﬁ’ﬂowah@ speePaEnt nay
still b¥ af ﬁltqhmi‘p,@dtmitotﬂlmﬂtaé ta) sl@mlayf the sodi tBak (ARteosathes, apBkhGivRanef i t al so
i ncl udes halig a6, 1 rogression of the disease, regardl ess of
whet her i nprl(;\}ge[gnteont Ssjlls}%\r%eagl é’ggd%i%gﬁﬁmarﬁ%n&‘nt of conpound administered will
depend upon a vafitdp e @Flmﬁ@mitﬂmfﬁle dﬁsnmﬂtmhQfgrohfemtweedmrqsiseanot teitqias the cul ar
i ndi cation BeidR@nd dee@b&dboveSit 5@9& Qs &gépd@bﬁ«%ﬁ@nta Bized pyelﬁnsce\ﬁehe y of the

i ndi cation bei treated and t e an ent

bi oavai | abi EIT Bf "eli a'i:?ér](ti‘scfﬁrlF@F“ erptpeiethat grefbeativk disspdets lr[gétdewmonatl on of an
ef fectidbfe desageticifemeed the Minbitind cAld@ npanalivhid lefs. ahe lRPSESkithd Sdeicn the
art. 20Effective dosages nmay be estimated initially fromin vitro assays.
For exanple, an initial dosage for use in animals may be fornulated to
achieve a circulating bl ood or serumconcentration of active conmpound t hat
is at or above an I C50 of the particular conpound as neasured in an in
vitro assay, such as the in vitro assays described in the Exanpl es section,
Cal cul ati ng dosages to achi eve such circulating bl ood or serum
concentrations taking into account



25t he bioavailability of the particular conpound is well within the
capabilities of skilled artisans. For guidance, the reader is referred to
Fingl & Woodbury, "General Principles,” In: Goodnan and G hnan's The

Phar maceuti cal Basis of Therapeutics, Chapter 1, pp. 1-46, latest edition,
Per ganon Prﬁ%ﬁmmﬂﬂ%afhe references cited thereln Irntlﬁgwgﬁﬁggggﬂpay al so
be estimated fromin vivo data, such gs ani mal nodel s. Ani na model s
usefid for testing the efficacy of conpounds to treat or prevent the

vari ous di seases descri bed above are well-lcnown in the art. Dosage amounts

will typi cal,h%n@cﬁl naagba !ageaffa&gﬁctgéne% agms@agugmge@%(;&lbéarh@% 09 ;or 0.01

ng/ kg/ day to about er or ovver dependi ng
upon, anong tBthﬁ)é&*fWib(éﬁs%e reg*ﬁ@n @ﬁé:'i%’hlsb?dt Fligstivernses, @sd“nfﬁ’emwrabﬁ:dﬂ@low includes

bi oavai | abi |rbd1f¢montohﬁmm&€ofﬁfﬁet@rﬂ&ﬂd@kr%ésﬁﬁ 1 Pt @B W1V R6111QBn f 261 B Scussed
above. Dosagce T gt andnlnt rval may be WO 2006/ 055561 PCT/ US2005/ 041359
40 adj ust ed T RE! ﬁ?l WY1 " ES™BY ovi de pl asma | evel s of the compound(s) which
are sufficient tgﬁmal a;d[%]gatgorﬁelr g%%llé;l c or prophylactic effect. For exanple,
t he conpounds may mnistered once per week, several times per week
(e.g., every ot hgheﬂggp)!smn@weléy ?ﬂé?h%l@fynpeﬁndﬁmsﬁml}@ﬂ ber¢it mrssbepierd attmy. in dependi ng
upon, anong dahb@ktioh RitNGR andthe, TRAR aBfincAdnd Rl %{uﬂétfo?@tt b, bilEr SRQGHdd! C

i ndi cation 5bei &g treated agrg t he judgnent of rescribing physician. In

cases of | odHPPrAGHIHE BERRES giupfe %‘é‘PPéE‘%dF vy B"p‘f%@(‘élﬂ‘ teadidiprabeaneed datebitsopi cal
adm ni strat IsOth, as 'ﬁdﬂﬁa‘iﬁﬁf‘ﬁ&hbﬂ&ﬁ tHe@@mlor CRPERTANIRS] ROveRl cRGLAINS: pRARMRA(S) nmay
not be rglat e E)%(gaconcentr tla {Sh'”ed artisans wi.ll be able to
optinize ef f"é‘glf‘ f \}éJ PHELPCHESAGRENG A 814 PURHYR Pk EH I TRoNtISf VBT Pr ef er abl v,
t he conpound(s) W dnbthgrragpecidbe tdnppapensy te werd votheghydhacdthetapb@@fdnts uwdfiilhout
10causing s ¢O may be

det er m ned ﬁ%ﬁdgsotdgllno g@ghﬁhﬁé{%}g@[ flg]rg%é Sh %ugg ur e npg#hg&%%%e rati o bet ween
toxic and t Héwﬁé*fawsiwsewrmqélvdph@msanq HoEp otqdmsreﬁ@%@ bt flifferentreute. he

t her apeut ic index %lﬂ%gbddﬁnehﬂech@é@]t lc(ﬁ;:}nﬁhdstaﬂz é&%;fﬁ%w&%u@%&# Ation and
ED50 is,the dose, therageutl aII effectlvg % of the popul ation).

Corpounds ( s EREE 280 Biiouhg @*ﬁ%f’?@? APEtia a‘?t’n‘iﬁ’@@gc ‘é’r"r@mﬁ‘fié’i‘lé‘i"?ee@‘t 456, 9Ki t s
The conpoundst w4 o alipioids sgsts detratabbises, iaseiiy] olim,ytax}a&s assesieb etkzyings, t he form

of kits. In ?tgﬂgesdmgﬂh &%{n&n?ahoé&nﬁféxes se%s?wte &% as tyroqme Ounﬁigarlst?)ngaand reagents

to prepare a sition tor adm tra onposition nmay be in a
dry or | yopt’ilpﬁmozl@;dmfwlﬁ?ne@nmmmsa %@mtalmkqumaz %geﬁuindndeybya“’@wépxatneiesoI ution.

Wien the conposi:tilh@Roh, §1ebmor@th§thi}fe Eﬁ[a?hosbl@%n&eeﬁgﬁﬂﬁdew h%ﬁm?:gfo fhbibil
20phar rrgceutsl cally acce uen reparin q ornul ati on.

The kit thghsned ‘H"'Sa‘“ﬁg"(}‘i‘”‘%‘@n‘flﬁra”%l?ﬁlfﬁil%‘isr(‘é%1lb‘ﬁ“l%’#) %Far@rl%rﬁ%n@ieﬁglawr\e
conposi ti Oﬂ&nﬁrhﬂfﬁbblﬂﬂhﬂi’t@ldc tuytwayl@tteximgn ;hﬁ(ikoﬁlﬁmﬁaudszi Rg€acidinfIef h@hotkekagsder mal
pat ch, or 2 meanalo Elu C umﬁ A L e ot her tﬁer aﬁp qutl o C@npounds for
use in COI’lj dnctt on W R thE men%isl“?.fé S Bede CPPIOPE R Bifiganine
enbodi nent s and #rethicpréne aﬁ@mmiaw \a@p@ Akgoids wcloddner waynif xampla @@t no Biaitadion,

anti t heopl agihfsth %@zli'sﬁ’igé pachifb€s ?n@%%ﬁﬂdﬁ‘{ anbﬁt REGY kngl%ge Iopwgy geparate

form or mixed with t he conpoun I nvent The kits
will infl udéxa&ﬁﬂfraﬁfﬁqtélt“éatioH@PV‘I&’W‘?%HSC*WW“‘W%ﬁﬁildetﬂi%%“ aﬁme@mniamewmt. on of

t he conposi taff&lﬂve zﬁhldﬁxm@fﬂfaﬂ@h@n@ﬁnchm 6@&?@@1&&5& [ Bl 1a@@%rﬁﬂé€m@t:$]ﬁfour§d@l evant
i nformation. e | nstructi f i ncl udi ng, but

|
not | i mi ted‘rfCIU, Vit g™ ? ggéi“&%@f’acbsé’%%@ié&ﬁ%%i’f“ ’éeﬁl'i’ Bi kerpek,  or

optical disend Imrmmiﬁgoompounds inciude, by way of example and not limitation,
adrenocorticosteroids prednisone and dexamethascne; aromatase inhibitors amino glutethimide,
30 formestane, and anastrozole; progestin compounds hydroxyprogesteron caproate,
medroxyprogesterone; and anti-estrogen compound tamoxifen. ’
These and other useful anti-cancer compounds are described in Merck Index, 13th Ed.
(O'Neil M.I. et al,, ed) Merck Publishing Group (2001) and Goodman and Gilinans The



The inventions are further defined by reference to the follow ng exanples,
whi ch describe the preparation of the various conpounds described herein,
nmet hods for assaying their biological activity, and nmethods for their use.
It will be apparent to the skilled artisan that many WO _

2006/ 05556 1RQ@H ka3 p/ 041359 41 nodifications, both to pdeydmisaiizad s and
net hods may be practiced w thout depanting fromthe scope of the

i nventions. 7.1Preparation of _

4- (4- Met hyl pi perazi u-1-yl)-3-Methylinitrobenzene Reacti on:

Procedure: ArhonpgégeolsmoXtibemued, M dduenadnml Yl Likehenzeas, J. (20 g,

129 I I

N- neml Ly??g EN-d] gﬁ}é WEW a(ééghs,o%v\% Cg‘fa?eﬂcé)ﬂmﬁa Y 6"’“‘(5‘?\%‘?#”1\12 for 24
hours. The react i ddlitpntapti-prolifoative componndy usmlmo@mbmaimemmmr e was poured
over a satur @E@Qsd\@@al@ %HﬁédQ&nL{ogrQQ dggm)ibed-ﬁ Iin%ﬁl %By Q% gxaméale NP ot r} § water (2

1OSon|cated ﬁor approx.. 30 seconds, ere
x 10 ni) andlﬂﬁﬂﬁﬁaﬁﬁﬂé¢s W@ﬁ“@ﬁ%ﬁaﬁwﬂﬁﬂﬁ%ﬂ%wmwm@@uaﬁéﬂﬁ&kgmp@maﬁmn-
1-y1) - 3- net hydt;mttug ohanrzen anb-or2s- 4911t1b%al ala@ cﬁom&%g eron@gg}%z (m 2H)

7.13 (d, 111, J 31-1z), 3.08 2.66 (m 411
LCVE: (purl ty! t"@é%'%l\‘}éer ei"H“lé‘)2 andf3g- CéS‘R"/I 7. 7 2Prepar ation of
ani |l i ne 15Reacti on: Procedure:

4- (4- Met hyl t

A §1et er oggngloﬁgr ﬁ;ﬂ(t ug“é’}{%?’l“ﬁ““fﬁ d}r}%‘{q’f?'lsﬁf‘tb@r azi nyl)-3-net hyl ni trobenzene 5

(20 g, 85 mmol), WidouRdl/tCirdal c:Pregdnt suoh Gisdakead ac(nle czmbduhﬁsl’ahd W&uéﬁ‘ﬁﬁ?h egenﬁt ed
P cat al tered .t hrough a

E)gtzj} o? t cfehPl t ? m:i&gésre edg%%énm-m%)f%ﬁ} &z'g) 50" 2B S %S (élﬁ%mfxﬁ”ée ARy g

filtrate was™tffbesatenapesd fos repfinasueh diseasgs prision (e minpemazbseitted di)hsgoh

met hyl ani | i n@isedse. 1fhe Gotiv8 68@ponndh And Wz@@%omo be%dxﬁin@t’éreé%mlgn%x]e’ol]m 8.7 Hz),
6.59 (d, 111 J= 8 4 and 2. wST8a (1, 414,

$2°0 8%y bty i Vg s tRtonniingtaersir splagies, sish a5 S Enmbpte | o
99.9% M (nif@)hzerQO'ﬂle(aM%):ompo\M&s 2QOGHES bh bPAdHilibie0h {04 k3 pRmthleutical

7. 3Preparat i gy, QJ:ng mgégé)%’%“hag@ﬁw%a}rﬁ 0(2,5)] non-7-ene Reaction: 1.

CkS(0) 2- NCO, ~ CFRCL ¥8H, pH 7-10, <15C3 0 14r1

Pharmaceutical compositions comprising the active compounds (or prodrugs thereof) may
be manufactared by means of conventional mixing, dissolving, granulating, dragee-making
levigating, emulsifying, encapsulating, entrapping or lyophilization processes. The compositions
may be formulated in conventional manner using one or more physiologically acceptable carriers,

20 diluents, excipients or auxiliaries which facilitate processing of the active compounds into

J preparations which can be used pharmaceutically (sec Remington’s Pharmaceutical Sciences, 15%
Ed., Hoover, J.E. ed., Mack Publishing Co. (2003)
The active compound or prodrug may be formulated in the pharmaceutical compositions

per se, or in the form of a hydrate, solvate, N-oxide or pharmaceutically acceptable salt, as

25 previously described. Typically, such salts are more soluble in aqueous solutions than the
corresponding free acids and bases, but salts having lower solubility than the corresponding free
acids and bases may also be formed.

Pharmaceutical compositions may take a form suitable for virtually any mode of
administration, including, for example, topical, ocular, oral, buccal, systemic, nasal, injection,

30 transdermal, rectal, vaginal, etc., or a form suitable for administration by inhalation or
insufflation.
For topical administration, the active compound(s) or prodrug(s) may be formulated as

solutions, gels, ointments, creams, suspensions, etc. as are well-known in the art.



(racem c, 2-exo-3-exM Procedure: Part 1: A solution of 2,5-norbornadiene
47(25.0 m., 0.246 nmole) in 5 CH2C12 (110 inL, fresh bottle) was cooled in
an ice/NaCl bath (-10 C). To this was added drop-wi se a solution of CSI
(21.4 nL, O 246 nole) in CH2C1l2 (45 nlL, fresh bottle) at a rate to maintain
the tenpera 5C (the addition took approx. JpQ
conpl etion S)%%f)hgﬁk%g tion, the reaction m xture was st?(ﬁr]gséf})?w?%iyhour at
0-5C and then removed from the cool i ng bath and allowed to warmto 20C. The
reaction m xture was quenched with water (GO niL) and vigorously 10stirred
for several m nut w th brine,
and dried with NeSSOl EminaAl kR R R Ao (PRI 0L S A
m xture of NEPYFEESIZvVEROUSETEHIsED lﬁlf@)hecaé?fdnt@@'@ﬁzﬂ (rdation. s wetlgs Tdil@%@l ed in
an ce/ NaCl b%@nedﬂﬂ@raﬁﬁd&rmﬁr P4rkabial (JraNW@ulﬁibﬂaHIaﬁz%ntsgaﬁlegonL with CH2Cl12 and
added dropw se tgu {E’F tobe m xt.ure ? ate to maintain the tenperature
bel ow | 5C (the addit] GF"t cpﬁ'ﬁb?“(?)ém “f%sffe”f%su?‘PP‘js“’“?ﬁ@“tﬁ’lﬂP grempiiansy et i on

m xture Was #tird domp@add@i it hquaoup bt qmwemcian”dwlcamoshaﬁmw@Eb-lc&ltamjf&)nubyng

adj usting w th,d I\@% e addi tion,
the reaction 2;’Jrgﬁltxtglt{(%e eﬁéﬂﬁ rt?b((a1 gﬁ(ﬁ%%ﬁ%mm Qr%‘:[%g%n”l mﬁf 8 'ﬁfe‘t\,}hg 8.5).
The reacti on™f} k}?tptﬁs@tmmﬁfdmﬁ&foﬁﬁme@ alan@p‘d?SatmmyﬂtfdawwemalaﬂdartdhwyCH2C12

| ayer separ a@@gmam@mw@a{%c phase vvas a thick and gel atinous solid
suspensi on. dilu ter prox. 400 m.) to nake a nore free

20f | owi nj sol ut| or@te’ﬁﬂté"eé(q'i}‘éiﬂﬁgtatﬂ% QP“I'W% “?h?%ﬂﬁ‘é’#deék’tﬂﬂﬁé%fé@’“\ﬁﬁ’rt h Cl112Cl2 (4

x 100 ][n_i)o (bdngitniat iviteh w,atattlch&hxsraj md&hﬁg&ﬁlt ;kbemsleelaacr&Ieecbyfrcsg@maemtew%ﬂ byI |

centrifugati u nost a

G Ssol vedy o ool UL, GG BB 15 «fent IR ek LRl il g B

extracted w4 al@#ﬂ%(fﬂczm(lt@@su% a]s(l)@nm)lzahirrhem@h@@k@teémwracbs wer e rmnl tored by

TLC for the pres %P&ngﬁucl%ap@hﬁgﬁsﬂaJA?:epe(ﬁQ{mfs Q;ﬁ)%(&)ﬁz{tﬂf%rﬁecbaﬁﬁg fo%g &m V\B‘Shed
e

with brine, rough col | m)va

sol vent gaveusf(héqﬂ\ggWF%@P%#%@?&"F&‘“’F%‘E@E‘WP’"& Inthedo3- endo
320a/()za |4|_1|6>’i|0 tricyet @il4d12mibtrzﬁ(n£,tt&)phﬁ\ﬁﬁccﬁﬁ@[@m%ékﬁt&nﬁﬁa}WEllett& f‘éx@l dfCl“ox( 20 Hg g,
1F1), 6. 12%&%‘%%‘?%% ta{’s‘é‘sﬁr "&P“"kgs f’IF b? C@é""k‘i&‘é“?mﬁm T’ﬁg P’&H&“"%m%aﬂyll 1),
2.79 (bs, 1Hpsep@blyaxcipipsts sdcha) bindll‘:@&er(t{{,e gJ prelaBnikdd maiz&h)n;ch,and 1.47 (d, 9.3

Hz, 1H). V\Q&Oﬁ%ﬁﬁ,ﬁé&l Bﬁ%&é% %?lmﬁﬁﬁuigs%ﬁgg(egp%n s, %ﬂm‘@ﬁstalﬁg L ction:

4- 0xo- 3-tert-putoxycarbonylaza-t |c%
00 14r116r1 C(e’ﬂ%%éﬂﬁcelcluzﬂéfsi@geapé%a‘)?f delsiennds (e.2. ByepesBupsteyats Ricoc sbkade: A

honbgeneous didintdettn® (OF, lﬁtaﬁ)?s@rcﬁ'opwmhfdtﬁdh%l S?Q{slgte ZorlyeRing aé%]sgﬁé] denFrH e ( (]:i-4I|;)|]\-/AP
Mmoo an

E ?C (13 mg;: |2 n eéﬁ'ﬁ @égv\}ﬁ%’gg‘? T%F @Bmﬁ Hla%}"z Wﬁtg‘i]fy ’F%}Eﬂ‘ﬁ g’@Hﬁ’@W&f‘UP"ea”f"ﬂFh % hours.

To this reactingi, mgusies weneriadaags.Et 0OAc (100 inE) fol | owed by 1120 (100
n) and stirred flgxzud%ge%gr%ﬂo%pek ox%.lhalagllfh suatl o) LAARL gonn%}(%r e\é\a%% S?elgiar ated and

washed with 1120 gani c tayer T.f)anhydr ous
Na2SO4 and $OMYRSRSYREL!r ﬁ@h@@a@ﬁmmfemmw meﬁamebhspﬂwswe forgomfifiigendyith

4- oxo- 325ertwqtcbbﬂcﬂ?éyﬁﬂﬁlh@%ﬂc@%@fbxteruhé:KEJIlQihﬁd frogerdiofs mh B PRpAeae (1611

raeem c- 2- exo- 3-¢e ch g g,
conventional ‘means with p armaceut;cally acceptable additives such as suspending agents (e.g.

sorbitol syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e.g., lecithin
or acacia); non-aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol, cremophore™ or
fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p-hydroxybenzoates or
30 sorbic acid). The preparations may also contain buffer salts, preservatives, flavoring, coloring and

sweetening agents as approptiate.

Preparations for oral administration may be suitably formulated to give controlled release
of the active compound or prodrug, as is well known in the art.

For buccal administration, the compositions may take the form of tablets or lozenges

35 formulaied in conventional manner,



NVR. (DVBO-d6): 36.29 (dd, J= 3.3 and 5,4 Hz, 1H), 6.19 (dd, 3= 3.3 and 5.4
Hz, 1H), 3.77 (d, J.= 4.5 Hz, H), 3.13 (bs, 11-1), 3.08-3.04 (m 1H), 2.93
(bs, 114), 1.45 (s, 91-1). LCVs: 95% 7.5Preparation of, and Isolation of,
Stereoi sonerically Pure Diastereonmers 15From M Racenic

(2- exo- 3- exQ)g Ms/ds35,am nocar bonyl bi cycl of 2. 2. 1] hept - 5_ perrusaoso41359

en-2-yl)-5- ?)uoro\NZ [ 3-met hyl - 4- (4- meghyl pi per azi n- | -yDphenyl | - 2, 4-
pyri m di nedi am ne A racernic mxture of the title conpound was
prepared fromthe 2-exo-3-exo racemate of

2. ari nobi cyl ol 2.1 ALhal e @RSnc o AEDANARLIR: A5d Ohb i) Iga%@act i on:
2NHAOH, EtO0 NBoc r 16r1 (racemc, 2-exo-3-exo)

p
Pr ocedur e: P‘Bl‘ﬁ‘ﬁﬂ‘ a&i?ﬁ‘tﬂa?ﬁ( [ ﬁ?kﬂ%ﬁ?%&?%@ﬁew PIaR caitingronysrtioal
nmagneti c stidupposigprpiases\aas acdoasageder vt sther paregitdsc N-BOC-f 3-1actam 16r1 (2.0 g)

e o'l oot by 435 R MG Shll 038R B ot MAMEESAEREG, SLalil, Soetate (25

t enper at ar e foEPoBdlaby rydnihearbdpphveaisativalelveled yrethe fvas ofsepansatspoy dnd washed
wi th 5% aquegusu s glisQha ﬁguiﬁ@meﬁgg of'@itablg gllogglaﬁvf? anhydrous Na2SO4 and

sol vent was evaporated to afford 1. 1300 car boxyanmi de
28r1. WD 2Gb%‘}%@ﬁf@ew@#m@@é%?fbwm@amdlClﬁ?éta%}taﬂweethdn@ flmgoearbersaceni c,

2- €X0- 3- eX0)carbon dioxide or other suitable gas. In the case ofa pressurized aerosol, the dosage unit may be
determined by providing a valve to deliver a metered amount. Capsules and cartridges for use in

10 an inhaler or insufflator (for example capsules and cartridges comprised of gelatin) may be
formulated containing a powder mix of the compound and a suitable powder base such as lactose
or starch,

For ocular administration, the active compound(s) or prodrug(s) may be formulated as a
solution, ernulsion, suspension, efc. suitable for administration to the eye. A variety of vehicles

15 suitable for administering compounds to the eye are known in the art. Specific non-limiting
examples are described in .S, Patent No. 6,261,547; U.S. Patent No. 6,197,934; U.S. Patent No.
6,056,950; U.S. Patent No. 5,800,807; U.S. Patent No. 5,776,445; U.S. Patent No. 5,698,219; U.S.
Patent No. 5,521,222; U.S. Patent No. 5,403,841, U.S. Patent No. 5,077,033; U.S. Patent No.
4,882,150; and U.8. Patent No. 4,738,851,

20 For prolonged delivery, the active compound(s) or prodrug(s) can be formulated as a
depot preparation for administration by implantation or intramuscular injection. The active
ingredient may be formulated with suitable polymeric or hydrophobic materials (e.g., as an
emulsion in an acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, e.g., as a
sparingly soluble salt. Alternatively, transdermal delivery systems manufactured as an adhesive

25 disc or patch which slowly releases the active compound(s) for percutaneous absorption may be
used. To this end, permeation enhancers may be used to facilitate transdermal penetration of the
active compound(s). Suitable transdermal paiches are described in for example, U.S. Patent No.
5,407,713; U.S. Patent No. 5,352,456; U.S. Patent No. 5,332,213; U.S. Patent No. 5,336,168; U.S.
Patent No. 5,290,561; U.S. Patent No. 5,254,346, U.S. Patent No. 5,164,189; U.S. Patent No.

30 5,163,899; U.S. Patent No. 5,088,977; U.S. Patent No, 5,087,240; U.S. Patent No. 5,008,110; and
U.S. Patent No. 4,921.475.

Alternatively, other pharmaceutical delivery systems may be employed. Liposomes and
emulsions are well-known examples of delivery vehicles that may be used to deliver active
compound(s) or prodrug(s). Certain organic solvents such as dimethylsuifoxide (DMSQ) may

35 also be emiployed, although usually at the cost of greater toxicity.



Procedure: A round bottom fl ask equi pped with N2 inlet and a nmagnetic

stirring bar was 5charged with racemc N-BOC | actam28rl1 (2.00 g, 7.9 nmol)
and then treated with 20% of TFA in CH2C 2 at roomtenperature for 2 hours.
The resulting solution was concentrated under a reduced pressure. The trace

of TFA was d_uynder hi gh vacuum for several hours
{v%nlﬁﬁ) %% ﬁ&lﬁg%&lﬁgﬁ;sal t 30rl

i nternedi at e "TRM ¢ (30r1, racemc),, The resulting racemc
was treated with 2, 4-dichlore-5- quoropyrlmdl ne 10 (1.58 g, 9.51 mn) in
MeOH: H20 (20: 10 rrL) in the presence 10of NaHCO3 (1.33 g, 15.84 mmol) at

room tenperat ure froe phéhabtQtitaSoombheidheASS. raBkiDi d wi th HO
(25 m), saty ‘ﬁ xcthma Cl. gnc?m-eﬁxt;gctg% W t11 %égiﬁnt%\gﬁ 9%8 penUpon
an

dryi ng over d”vﬁo (LMeKEPEBL e prBore il dosnge {pires cev'aipie de edivaprdnohisl(9 %k due
was chromat og@%@wdm(esmpl«; eongehs méhl-ol RGHI2 filNaeh 2B 4Yete %LCN ThelaeQH i n

CH2d 2) to afyf yct . 36r1l. 15Reacti on:
60r 1 (recent, Sggngeigé‘%eg@g‘%e i lgdlﬁ‘l%sgrécgu?seforpaﬂ\mgléggfﬂé’a t ube charged with

raceni c_rono- SNAr 61 00kifebtivd®lodaghsl- 1 0, 8 mmol), aniline 7(0.90 g, 4.4
mmol ), TFA (0.6 and rrethanol (9 nm) was stirred at 100 C for 24 hours.
The resul ting vi sCOFSREHHEIED GsPredradi o pommasitions thewok willteeubrailyde Ushemr esi due

was 20chr omatrographéitcriisto hittae ge linten@ddidel %oﬂe@ﬁﬁ};l@xn@r/‘a@dﬂntj\élfféétﬁé %ﬁ%'a‘l o
Cl-12Cl12) to @wn g a%:ﬁﬁla;e&‘s@ase%en é 07,3 €xo r cem ¢ 2, 4-pyrim di nedi ani ne
derivative 60 ?? e %‘Bfg *fe§8‘P‘%ﬂ“P R 5y bE?ﬁiﬁ‘r*ft‘?*‘?S?ﬁTers The

di ast er eoner @GW@&#IE@@P W@Ithamdeuns binafite By fhmmurua&aafaﬁseneﬁﬁtféédiaé{noﬁm ral

2:’ 3?:’1:}3'[ EV(\)AV? hﬁgﬁ%@?fgﬂﬂ%%ﬂ%@{l%rf F Gé?rr?ﬁ’@ @éan%i; grgci( ca?on or amglorathl} c% c():r0| um).,

hexane: di chl 8§ ﬁ%’ﬁ@“’?ﬂét‘%ﬁ%ﬁ%‘ld wiythe2p0e)y 08 §561PCTIh USR0S 1358 45 at a
fl ow rate ofinprdvininin f&h@cﬁﬂ@ﬂltioﬁ %fwx@&t%ln@%a?tﬁe l%uéiq’mg} 41 b\é\@ﬁhc %svbig‘nat ed
the El enantjoner Ih;i% ta ﬁgant or% el uting at si gnat ed
the E2 enanti oner TRy AT R s e pelif a6 ’B‘H"d(ﬁ? ha@t"ét"éﬁ‘i"@éﬁrﬁbﬁ’ ﬁ’iealfslsym Pur e
(1R 2R, 3S, 48je N&@ﬂ(egregaldless of whether improvemenfimekl@ga r bonyl bi cycl o [2. 2. 1]
hept - 5- @B- 2-y1) - 5pf [aﬁ’!&m{ c@ c&lgp%ﬁﬁmhpﬁfgtm%d \£1ﬂ élepend ypan o g zirlﬁta oﬁﬁftpxé,zzy(f%dmg,

5net hyl pi per azi n- 1- Aphe
7.6.1 Prepar'dt ‘?"dfﬁplavffheg@@?%@h’e?ﬁﬁlwcing trRrdethiNnBlof philisigiadm, Re astiin B the

16r 116a26b (indiesib SingZre@x0mSte%@) M BOGnGALD DM dry
seal ed tube ¢ tert-&luto Bcartbtgenﬁﬁévghﬂ] T bl

10t ri cycl o[zfg‘ﬁfg'aff’é‘m%f‘f @ﬂ%‘“@ﬂ%ﬂ s pifectivefowng s we é/;sbn@eeapel)ﬂn(m o0 g, 17.02

mvol ), r esi rihose skilled in the art.

20 Effective dosages may be estimated initially from i vitro assays. For example, an initial
dosage for use in animals may be formulated to achicve a cireulating blood or serum
concentration of active compound that is at or above an ICsp of the particular compound as
measured in an in vitro assay, such as the in virro assays described in the Examples section,
Calculating dosages to achieve such circulating blood or serum concentrations taking into account

25 the bioavailability of the particular compound is well within the capabilities of skilled artisans.
For guidance, the reader is referred to Fingl & Woodbury, “General Principles,” In: Goodmean
and Gilman’s The Pharmaceutical Basis of Therapeutics, Chapter 1, pp. 1-46, latest edition,
Pergamon Press, and the references cited therein.

Initial dosages may also be estimated from #n vivo data, such as animal models. Animal
30 models useful for testing the efficacy of compounds to treat or prevent the various discases
described above are well-known in the art. Dosage amounts will typically be in the range of from
about 0.0001 or 0.601 or 0.01 mg/ke/day to about 100 mg/kg/day, but may be higher or lower,
depending upon, among other factors, the activity of the compound, its bioavailability, the mode

of administration and various facfors discussed above. Dosage amount and interval may be



bound/ i nmobi | i zed chirazyne L-2, type B, c.f. (8.0 g, purchased from

Bi oCatal ytics Inc., Pasadena, CA) and diisopropyl ether (80 nL) was gently
shaken in an incubator at 60 C for 60 hours. (The enzymatic resol ution of
racem ¢ N-BOC plactam 16r1 was followed by proton NVR The integration of

tert-butyl QrpupRtssgnantionerically pure N-BOC | act am dépy@pszsd> BOC
carboxylic acid 26b was seen in 1:1 rayio). The resulting reaction m xture

was filtered and the solid resin was washed with diisopropyl ether (2 x 40
m.). The filtrate was concentrated to afford a m xture of enatiomerically

pure N-BOC- fa@n&t&ﬁhcﬁhﬂhaﬂﬁﬁt@ e MafleweBbPexydnl Gun@@b Gjluaﬁabe s(ui‘ﬂ%teﬂtl tomass: 4.0
gin). Reactio NH2 28aN- Boc am no

car boxyl at e nta?’lé%ﬁgﬁgpe}“ﬁ OBFYQQW%EHC a#g%tef‘(rrﬁ’é”ﬁﬁ’fen Wpﬁﬂﬁéﬂ%bes%’i“lﬂslwb )
Procedure: Anteguneeelotveahmingy perppeki(cw, tVeneotiren Blyg ongeptdanorandipg: tregnet i
stirring bary t

N- :30 CI- I gct amT )ngpem? gﬁ%ﬁ@n%%ﬂ%o%é {éﬁg glg?ecf fg(%@&%éﬁa%g;? Fh) g&m@é m&lzlal'gtgogsi tive
pressur e of bAPE residand trgudemies’ o erepriblieaiPierihipt. Tacwesel ool B@niniiratipn 015

fol l owed by Sa&%@@m@ 4h a@mmioym 1Ry QKR HeRGedi 108N nSduiitlof 8 Afive 0OM
tenperature for hour s reacti on progress was nonit gbﬁfglegfe)PTL The

ethyl acet atcammoag}f&w %gotééﬁ%e&f%a%aomw& WICHIRA asesgns gl RN of
NaHCO3 (40 mtfbc,nvdrocae&sagvm:tlﬁﬁﬂmdreau;&nhdaﬁﬁiaﬂ and sol vent

2006/ 055561 PCVB2 99@?&:{3@ ltg S%ﬁlfxfﬁ@gg@ p? g}el aBefu :?P‘rgjr%e%lactm ben ﬁt%v hg) f- 93 i nnol

out of a theoretica ired ehan |orrer|cally
pure N-BOG caushesesimitidao@@s Woridity gf ﬂaapca%rpom‘r@@hm@s@%@hmmﬁd@mmawaréxcess as

det erm ned QMarﬁEUeﬁt?elal pto‘cg)dugs irQQGQQHﬁ}%e%BME &Q%e?a?éhh@%%x%&ﬁa@@o)” BOG
ammoni um car boxyl at e ‘'upon acidification wth co

by
extraction W M@T?W"éﬁ%ﬁ?ﬁ}“&“ﬂéﬁx (IgDsy 15 e dogdnthat g P65 e pordletion 96b” (1.8 g,
7. 11mmol  outengfis e ihensicically Gtebdvanmior G4%phadid)). ChihjouhdR) GEMBERE6) : 7. 26

bs, 114 2H), 3.59 (t, 11-1, J= 6.9 Hz), 2.80 (s,
I(H)S 2, 521 (sgg%a@e““?“@és(ac‘fm%i&m lg)l Hz) , (2.00 (d, 11-1, J= 8?7 Hz) , (s
1.36 (s,5914), 1&20 (g 111, J= 8.1 112); LCVMS. M8 (rn/z): 254 (MTI); M

-76.78 (c 1.0, 7.6.2 Preparation of
St er eoi soneri cal F ‘P@P%‘“‘l\ﬂi‘ﬁ%’mﬁwu@ﬁi?ﬁﬁd@@ hergjRmal bq sstgrbled in the form offstgcedur e

A round bot tpodFhik leAskiinRe] tRPISEhrivided thbllorhgdbu@l(s) Atk PG PRbdrEa Snipbdilidhg bar was
charged wi th enant| oner cal I ure BOG, ca de 28a , 7.93
nmmol ) and t E% ﬁd‘fl’tngki 1%’(5 /‘mb‘f‘ayl#-ffﬁp Py @—@@ﬁlz forpy g f‘é%ﬁﬁ@’f’at ure for 2
hours. The patiofliryn stpnl@g:ﬂt&@g Waen thbommmpbditmeadin b vy Tu@, thd regentsayl coimpdses ol ut i on
was conggent E)%IQQZGMQQE/ cc,%pllé}ﬁghliﬁl%};jt B ?e?;%%%% th- Q ?011&15191%}? The kit may contain a
device for administration or for dispensing the compositions, including, but not limited to syringe,
pipette, transdermal patch, or inhalant.
‘The kits may include other therapeutic compounds for use in conjunction with the
compounds described herein. In some embodiments, the therapeutic agents are other anti-cancer
25 and anti-neoplastic éompounds. These compounds may be provided in a separate form, or mixed
with the compounds of the present invention.
The kits will include appropriate instructions for preparation and administration of the
composition, side effects of the compositions, and any other relevant information, The
instructions may be in any suitable format, incliding, but not limited 1o, printed matter, videotape,

30 computer readable disk, or optical disc.

7. EXAMPLES
The inventions are further defined by reference to the following examples, which describe
the preparation of the various compounds described herein, methods for assaying their biological

activity, and methods for their use. It will be apparent to the skilled artisan that many



of TFA was renoved under high vacuum for several hours to afford the
enantionerically pure internediate, TMsalt 30a in quantitative yield. 111
NVR (DMSO-d6): 8.10 (bs, 214), 7.92 (s, 11-0, 7.25 (s, 111), 6.29 (in,
l11), 6.18 (in, 111), 4.38 (bs, 11-1), 3.06 (d, 114, J-= 7.2 Hz), 2.97 (s,
114), 2.87 d 42.43 (d, 114, 3= 7.5 Hz), 2.10 (d, ), 1.36
(d, 114, 11= %Z{Jﬁﬁ%ﬁ(ﬁ%; VS 20(ni z): 152 (ME). P%S’?&?&uf{?ng TEA
salt 30a was treated with 2,4-diehl oro-5-fluoropyrimdine 34(1.58 g, 9.51
mml) in MeOH H20 (20:10 nmL) in the presence of NallCO3 (1.33 g, 15.84
mmol ) at r 00%&1@&9&1@ AolrSnk %teé}ﬁs eﬁ@h‘n@tﬁodsm? bé &édqzﬂthmt)é&}éﬁﬁ Was adi | ut ed
with 1120 (25 nL . saturated with NaCl and extracted with 6Ac (3 x 50
mL). Upon dr FPRRPTEGEMsiaky dr ous Na2804 t he sol vent 25vvas evaporat ed and the

resi due was chro ogr,aphed, Cl.- 2 n.2-4% 2N N113/ Me01-1
in CH2C12) to af %d %2““3’“%‘@5%“‘6@?‘9’3%12?”r’€ ﬁ@#ﬁ“ r““b?"d’aﬁl}f 36a 114 NMWR
(DMSO-d6): 8.25 (Rpactiod, J= 7.2 Hz), 8.07 (d, 111, 3=3.3 Hz), 7.71 (s, 1H,
7.19 (s, 114), 6.29 (in, 214), 3.99 (t, 114, J= 7.8 Hz), 2.85 (s, 11-0,
2.75 (s, 1H), 2.49 (d, 1H, 1= 0.9 Hz), 2.11 (d, 1H3V\D N’
2006/ 055561PCT/ US200 £359 47 &>g-Maz) pwd 139¢ (@i 1H \Vin); LCVE:
purity: 95% I\/B(m 83 (ﬂ\AH The efrant+oferic ywas greater than
99% as det er ni ned®®y chi Ml HPLC [CCD + 61.100 (c Ozﬂ 0, M&BH). 7.6.3
Prepar at ison of Stereoitsonericallys Pure (1R, 2R 35 4S) - N4- ( 3-
Ant i nocar bonyl bi 43- (4-met hyl
pi per azi n-1| -yl )gﬁﬂegée%l% XRM%?EGBUS 'hed %1}1%%‘? ew{n%omé%mmq%mgllfbw ocedure:
A thy reacti®m° 1“@&&]?‘9?5%1%(’25(1323 %5t8|nrmq1}19J\baqthylnygplfdloeg(ﬂ\@ﬁﬁﬁ@ms[ér and an
(Ng |22| i et 8“&‘5&5@5!@5{@1?(’2'0\”@; 1&5%‘;@%1”@mé cRk l'e){ctBH'ﬁ@xtﬂplg\ﬁan %ﬂ% @erQKPCt d36a

g, ani line an
i sopr opanol tEngrﬁ‘E‘ﬁ?’asﬁ‘?He‘{i Rt g?—fﬁ‘irﬂtetdq%&l %g&eﬂ%?%mm Qﬁ‘ﬁfbéul\}%s”]#{‘i"%sr ed at
refl ux ti@npevaicuteddofapproB- SH!@ecblﬁislrthered\vaaﬂfed eanlceagd e (n eachawihdmx&i ure to
room temper auf G Shily), <& ey bl Lp%%a)(iﬂvraﬁ)gﬁmﬂﬁlm a0k [l g0 t/gu‘ggd(sggs
in the formBHRAEPHDY: SHO2 (m, Iﬂi)e'iiie(ﬁmli,ﬂﬂ@fi $lg), B 48 wa gL, héﬂ(ma’rmrﬁ 3|8r(11,o wat er

and the aqu SLA bl 9@%' ted wi t h aqueous NaHCQO3, 15which
caused prec?%piatlo 1? a o) (g )%ﬁe so?|d was filtered fromthe m xture,

washed wi th wat errsandpgishedioh Qfmmet%'lﬁpgaﬁgqvﬁ) mntgylz}mﬁﬂé" m di nedi am ne
derlvatl e 60a. '}%NRS Od 8.85 (d, 1H, J 2.7 Hz), 7.68
(s, 1HL ! .47 (s, n7.36 114, 5:78Hz) 718(s 1H), 6.89 (d, IH,
1= 8.7 H2), 632(|n 1H), 6-28e(m 11-1), 4.11 (t, el. 8 Hz), 3.32
(s, 3H), 2.86 (s, 11-0, 2.7 5& n, 4H)[Hz12dﬁ¢91c(mt) 41- J (m 2H), 2.21
(s, 3H), 2.11 (d, 1H .4 IGEPRAPsi 1H, Jﬁf LCVB: purity:
100 % Ms (nlfz): 453,\( 99 (Vee as determ ne HPLC, [al p"
-1-101.2 (¢ 1.0, IV eOH) The chiral anal ytical data 1H NMR and LCMB were
found to be identical with the enantioner desi gnhat ed Bl. 7. 7Enzymatic
Preparati on of Stlescedirsofrbstércgehdoys iPuitue: a(fJLRJ}»BR@E;pélr&)myﬂyélh(xahylnmohenzene 5

Am nocar bonyhbi, 2 oro- N

25met hyl pi pe(?gilcsgﬁ)}n%{ ,@0@6 Iltﬁ%tlejgé)hn me%rxlmgl (Y%]nﬂeea wasf’l rogfjléi%égﬂﬁ%tlla)f’%l t4r 435
Enzyne hogrs7The Prﬂy aéplarcataiyatrwa@ﬁh@déhre@ﬂhm pr c@f@th [wpstidd weh fogthareeE bl

Reacti ono  mlL) and the combined filtrate was concentrated to afford 4-(4-methylpiperazin-1-y1)-3-
mothylanitine 7 (15 g, 86%). "H NMR (CD;OD): 8 6.83 (d, 1H, = 8.7 Hz), 6.59 (d, 14, J=2.7
Hz), 6.54 (dd, 1H, J= 8.4 and 2.7 Hz), 2.84 (t, 4H, J= 4.8 Hz), 2.60 (b, 4H), 2.34 (s, 3E), 2.20 (s,
3H); LCMS: purity: 99.9%, MS (v/e): 206 (MH".




14r114a WD 20061055561PCT/ US2005/ 041359 48 Procedure: | nmobilized
Li polase (8.0 g, from Sigma, order nunber L4777), fl-lactam 14rl1 (racem c:
2-exo-3-ex0) (4.0 g, 7.4 mol) and water (0.13 m, 7.4 mol) were added to
250 m diisopropyl ether in a pressure flask. The m xture was degassed with

ni trogen fokyQesRyuyes and the flask was seal ed and i nggPat@ekdipse 14 days
at 70C. The m xture was cool ed to roomp5 tenperature, filtered over celite

and washed with 300 m diisopropyl ether. The conbined filtrate was
concentrated to dryness and the residue was crystallized fromdiisopropyl
ether to give the enaptionerical pure fMactam 14a as col orless needles
(1.22 g, 61% . THE en Fﬁpf”iﬁ’ﬂﬁ’??@"{)% ol e EPINORH£7899% as det er mi ned
by chiral HPLC. Reaction: 7.7.2 Preparation of Stereoisonerically
Pure 2-1N-Boc-am no-3- 10am nocar bonyl -bicyclo [2,2.1] hept-S-ene Reacti on:

Procedure: A honbgeneg . xA-s{oR-Nob, cepant scaner i cal pure

3-aza-4-oxotri cyclo[4.@i\g(—2,—5j—l-ﬁo1ﬁ-—7feﬁe—ﬁ&—(»i. "N8. 2 mind), (BOC)20
(2.76 g, 12.3 nmmol) and PaBg¢ 18Y0NaRY) PH MIOCFI5XC12" wiad stirred under N2 at
roomtenperature for 3 dours to give enantioneriealyy Pure N-BOC | actam
16a, which was used further without isolation. To this reactlon m xture was
added 20 m of 25% aqueous anmmoni um hydr oxi de aREF"$TFPTRY was conti nued
for another 4 homm&emmatBsrrtmasadd;edfameIBdsreadreecaM(nﬂmmmmi%rnase\ms extracted

i th dichl rrb d th
\gqueou!scEIOOEQ@;QE¥2P@BJHé‘ég%§3r8§ﬂ V)(fls ﬁor%os Cﬁ?’a‘i@ gg%f‘%%%i 8 E}és‘gvasmﬁ?eﬁgl%é 5nd\(,amr
reduced pr eswisrasclongif ¢8I @hdmili GRAemiod il GHLE(E M, Bémb@aklcﬁmmmd@n@&a (2.51

whi t . :
g) as a | ﬁetgrgx%ellagme B@‘dv&%’bc"é%a&&ﬁggg'to I;';{ﬁ P?ﬁxﬁ‘r gﬁﬂ ;%g%ﬂto thggdg lg

purification Preparation o ol sorrer
Product (1R @Re@@mgywmwsﬂfmﬁfqm@w@r@fﬁﬁa@?dﬂemt[emo@d ﬁ]:’mélpm@mehat@aryil) 2-

chior o- S- 11 Ugi0arks AIWIORHL hE:AIRERGH O qnenlRs SOROLORES AL PLINIZ00R/ 041359

49 terrper ature and concentr at ryness uce press
resi due Has ssitigberigeen! minuicy| Theresanin Byagas seperaied watedhvigobring aa¢ frisé 9gh The

resul ting thdgﬂ)4V\@§nc@lﬁt§§QJgéeglgh{brm{é]ﬁnm wat er (30 m:3 m) and treated
with 1.5 ¢ sodlu?blc%{gonat? % | uoro-2, 4-d oropyrimdine 34 (3 g,
176 Mot} vas adURd ABRLRG NRPURLS BT § B bt s LR PO

t enper at ur e. aanneJasmﬂatl“ﬂld: esfraePet I e»rmumﬁhdumd(ﬁmmwammmiamh dated drop@iseltee was
suspended in, brine.. |tat ubjected to
col umm chroga B mlﬁtuw(& :Prle‘{lgcEO 'Ba%tflln e@WFrg uéer}}? O‘h"g?\ (ﬂ@ieﬁgﬁta‘?nqo‘%ﬁp%’xt 0 give
t he desilfed le’h?ehrit Tonet ofdled reactipunigturrore mShifwredpritd peitmeB6 anddspidasidiptid- sol i d

E 1R7 29R1 3;4:{‘)81)0) gy aﬁ_ruﬁlhng LWR @59’3‘5%93 (\va) (% x?erege(ab %Qi?ngo&nﬁﬁl ényof El)llé gdition the

Anmi nocar bo nyP%il@y@ﬁ@[eZVaQS’ﬂm?ﬁ &pt h8u girf-I° (fjnalal Wag§rso - N@4@etinaiytdre was
4- (4- met hyl QjoRed RkiaRephradry) RSN beb ol Yoyt 08 MR BSic phase was a thick

and gelatinous solid suspension. It was diluted with water (approx. 400 mL) to make a more free
20 flowing solution. The aqueous layer was further extracted with CH,Cl, (4 x 100 mL).
(Alternatively, the solids can be scparated from the CH,Cl, by centrifugation. The solids can then
be diluted with water (until almost all dissolved) and extracted with CH,Cl;). The agueous layer
was further extracted with CH,Cl, (10 X 100mL). The CH,C1; extracts were monitored by TLC
for the presence of product. The combined organic extracts were washed with brine, dried with
25 MgS0;, and filtered through celite. Removal of solvent gave the desired product, racemic-2-exo-
3-endo 3-aza-4-oxo-tricyclo{4.2.1.0(2,5)jnon-7-ene 14rl as white solid (20.5 g, 62%). 1H NMR
(DMSO-dg): 8 8.01 (bs, 1H), 6.22 (dd, J= 3.3 and 5.4 Hz, 1H), 6.12 (dd, J= 3.3 and 5.4 Hz, 1H),

2.88 (dd, J=1.5 and 3.3, 1H), 2.79 (bs, 1ED), 2.74 (bs, 1H), 1.58 (d, J= 9.3 Hz, 1H), and 1.47 (d, J=
9.3 Hz, 1H).



Reaction: Procedure: A honpgeneous m xture of aniline 7 (400ng, 1.95 mol),
enantionerically 15pure nono- SNAr product 36a (400 rug, 1.41 mmol) and 0.2
m TFA in 4 nil isopropanol in a sealed tube was stirred at 100C for 20
hours. The m xture was cooled to roomtenperature, diluted with 2 nil

di et hyl et hey, resulting precipitate was filtered W th

di et hyl et her @ﬂekﬁﬁm ning solids were dissolved in vva!t)@?gsa\r(’]\% thrggat ed with
aqueous 25% amoni um hydr oxi de solution. The resulting precipitate was
filtered, washed with water and 20dried to give 527 ng (83% of desired
product; 2, 4-pyrimd di ngiRaMHRE otLhko/ Atk VhutdQeur - ' Purity
was determ ned by LCI\/E,m;Igl be greater tharﬁ%?/og%%gﬁ? ﬂEenyfal%[\éM%tlltﬂg rlutl:qpurlty ‘
was determned b ChJ ral Frac to be greater than 99% The chiral anal yti cal
data, Ili NMR an TR anal yses were identical with the enantioner that was
designated El. 7.8Preparaion of St arey !J\EI’I cak| y1Pure Conpounds Usi ng
(R) - Met hyl - p- 25Met hoxyh am ne ﬁFanEg ral £ jary 7.8.1
Preparation of 2-Exo-3-EX actio
2006/ 055561 PCT/ US2005/ 041359 %0 Procedure: A # geneous m xture of
4- oxo- 3-tert-butoxycarbonyl aza&tricyclo[4.2.1.0(2,5)1ndon-7-ene (16r1;

racem c- 2- exo-3-exo0) (9.2 #r140 mmol ) and (R)-net gt 4- net hoxyl benzyl am ne
13 (18, 24 g, 48 mol )(racemid Ryexd BlExd) 75 ) V\IaS(rédeHd’Q.dx(ﬁﬁ efopom t enperat ure
for 48 hqQurs. S) gctl n mxture was concentrated suz}Eended i n hexanes
(5 nL), Bsoni cat dd°SAY et AAOLBFeeHs RIEVE AhAPRARIOHIFYSIPI 23 Dhor-Gensi ve

m xture of dilédirereinkolrercs:-&0al 0ard7aA0holf, moomasmgg B aabl) MRAlNMAL HE g) in

purificatio WRES olum cf 0 eI hexanes

t hen 5% 10%}??(9?%%%%@8%}@@6&%0&{” ef?aneesr;%th ‘ﬂ%a%h%rsgea%foﬁﬂ ¢y

2- Ex0- 3- Exo F&d &iP4c (VBhoLSiipwephotittl 80 #b) 4néWec¢dBya$éf]maldthomn The organic

| sorreri cal | Ma}@Wé@ sERPRAUNIRas Y WG YO A | l@%L)O@heJoQ@ﬁ@quh%s dned 0§<§b separ at ed

by crystléll i Z@d' on Procedure: A heterogeneous m xture
di ast eri YNGR %‘501(9@ nge‘@"’ﬁdl‘?ld?hﬁﬁ?ﬂuse‘i mr%‘fgeffmi-ow “©f2012 was
stined at rdowmxteeipeta-tigcld .| B2IIPHES7-enbl Briyasemzelexb 3 -JXONi4.0F, 70%)9

progress of o) |ti n was concentrated

dryness and J%@%@ﬁa@gﬁ?f‘gﬁg ‘Egﬁhﬁgﬁssﬁe@é‘?daf”jn%ﬁﬂdss 4 H’Pf%ﬁd a

di ast er i somgu,ire45ingt une3.of (b, ML, trszgib@lfnem?%@s gJ§d11—§2i<45T(9'9§%nié§\k§”9§%"Vas then
reacted W|th24d|chlor05fluoropyr|m i ne in the
presence of NaHC@3 (SPVep@r,anGBofmmIlaoldtiﬂnM@dahﬁ&nér&@ilﬁkuremh}eo%nsr oom
tenperaftire for 24 holirsu (*TRecemBaP-bidadext)- N F-emivaarbigMi@tibaathepd-4-h,

NaCl - sat ur at ed wat er aB2-yhfluandN2eRtmatildd4wethylpipel 24l Pyl) pieaylex4-r act upon
drying over anhydrouspiag@@ddifimint owed by renoval of sol vent 20under reduced
pressure gave a nGsde I 12 then
2% 2N NI -1 3/ MeQH. j n gl%quw? of e WA ERE AT ?%%@?E?‘gﬁﬁ?é% %‘gt%fgﬁh&eé“\%geezoq
mxture di agtagﬁ“i(’g’ﬁﬂé?@2§§“éptéﬁa°“%8%b‘(xﬁm@e@‘)fO@"l"‘Sl ratio can be seen with a

cl ear separati onRentigrever se phase LCMS). The resulting 4.0 grams upon
crystallization using Et OAc: hexanes (30:150 ni; v/v) af forded crystalline
y X-ray crystal

material of intermediate 3 V\hlchma@Hc‘Egm‘clr
struct ure; _ » NBoc It 3 br NHBoc "
3
Y 4 NH;
16r1 28r1
(racemic, 2-exo-3-ex0) {racemic, 2-exo-3-exo}

Procedure: A round bottom flask equipped with a rubber septum and a magnetic stirring
bar was charged with racemic N-BOC-B-lactam 16r1 (2.0 g) under a positive pressure of nitrogen.
To this were added ethyl acetate (25 mL) followed by 30% ammonia in water (25 ml.) and stirred
25 at room temperature for 3 hours. The ethyl acetate layer was separated and washed with 5%
aqueous solution of NaHCO; (20 mL), dried over anhydrous Na,; S0, and solvent was evaporated
to afford 1,10 gm of racemic N-BOC carboxyamide 28r1.



WO 2006/ 055561PCT/ US2005/ 041359 51 chem cal purity: 96% and % de: 96% [alp
-36.7 (c, 0.18 Me011). The nother |iquor containing the other isoner had
poor % de (70-80%, which is assunmed to be diastereoi somer 38b. 7.8.3
Preparation of Stereoisonerically Pure Product I|ncluding the Chiral

Auxi | i ary 5Repebd@Ess1 Procedure: A mxture of dpasteisaymener 38a
(1.42 g, 3.4 mmol ), aniline 7(0.834 g444.0 mvol) and TFA (700 ng) in Me0O1l4
(10 inl1_,) was heated in a sealed tube at 100C for 24 hours. The resulting
resi due was chronmat ographed (silica gel, Cl12Cl2 then 2% 2N N -13/ MeOI-1 in
10CH2d 2) to aff dredetpnoduct 40a as colorless solid, chemical purity: 96%
7.8.4 Cleavage of the Chiral Auxiliary The cl eaﬁage of chiral auxiliary
from40a was found to be difficult, therefore t Neavage of_chiral
auxiliary fromg ter nmedi at e conploun 88a an rf’(l)‘}ch owed_by T eatecond

SNAr reaction 8ok | ARG\ Sf,onas| car naseAfiol | ows. 15 2(8)E age of
the Chiral Auxibiary Fro I SONer; eal |y | PRE&: i, BT ET nedi té* 38a and

Preparation of Stg&r&d&i sonericallly Pures M NaHCOs, 1t 48 hr 4

(IR 2R, 3S, 4S) - N4- £s8- Ami nocar bony|l bi cygho[ 2. 2.|1] hept - 5- en- 2-y1)67,15-

f 1 uor o- N243- fretfpdexdid- met hyl pijperard aexdseydiphenyl ] - 2, 4- Qg redizaedi am ne
20Reaction: rele Procledure: The no- SNAr product with chiral
auxiliary 38a was allowed to react with DDQ (3 equival ents) i n CHZClZ 1120

at room tenper at lﬁrﬁcehgreom 3&%@’ g‘féq:‘.}ﬁ’gedlmth% I}IAanaz%mfgné%H Stf%% f'%s be

nono- SNAr product was ur| hr on&t ogr a
sane as conpotEH %‘é’a{afﬁ’ﬂlﬂcdﬂ ﬁ@@ lﬂﬂaa* 287298 &1 7€ mioeld @d ?Wnltrgmdwaé 2006 nf TFAed by

chiral anal ysh Ceatl, MEbm kb (A Ry ﬂ-ﬂou;-s NINERresutit Elgrsctﬂ%on vta@@onﬁ@nﬁ%gd u%ﬁ'crgf
nono- SNAr (gjuc in MeQaTF OCin seal ed tube

for 24 h gave F“hdte"’%fé‘g? wt:!‘a “’6%%#& W@dstm“re‘% unerchi wﬁ?wrﬂéer sigpral ey o afford
2006/ 055561 P&TiAtetn82RG5TVU &8 5Or f Ricemic). The resulting racemic TFA salt 30r1 was treated with

2,4-dichloro-5-fluoropyrimidine 10 (1.58 g, 9.51 mm) in MeOH:FH,0 (20:10 ml) in the presence
10 of NaHCOj5 (1.33 g, 15.84 mmol) at room temperature for 48 hours. The reaction mixture was

diluted with H,0 (25 mL), satured with NaCl and extracted with EtOAc (3 x50mL). Upon

drying over anhydrous Na,SO, the solvent was evaporated and the residue was chromatographed

(silica gel, CH,Cl, then 2-4% 2N NH;/MeOH in CH,Cl,) 1o afford 1.3 g of racemic mono-SNAr

product 36r1.
15 Reaction:
(\N AMe
F. N
6 1 fj\!\ (\N.Me FPIOH, TFA, 100°C & j\/\ /@: -~
s 2 N N/ cl N\) 26 hr, sealed tube J\
LSRR o
e HN Me N“2
3611 7 §0r1
(racemic, 2-exo-3-ax0) {racemic, 2-exo-3-exo0)

Procedure: A sealed tube charged with racemic mono-SNAr product 36rl (1.1 8
mmol), aniline 7 (0.90 g, 4.4 mmol), TFA (0.6 mL) and methanol (9 mL) was stirred at 100 °C for
24 hours. The resulting viscous homogeneous solution was concentrated and the residue was
20 chromatographed (silica gel, CIL,Cl, then 2-5% 2N NHy/MeOH in CH,Cly) to afford the expected
2-ex0-3-exo racemic 2,4-pyrimidinediamine derivative 601 (1.12 g; purity: 95%):
Isolation of Fuantionmers: The diastereomers were resolved and isolated from
racemate 60r1 by chiral preparative HPLC chromatography Phenomenex Chirex 3020 250 x

10mm column}, eluting with a 35:63:2 (vol:vol:vol) mixture of hexane:dichloromethane:methanol



col um chr omat ogr aphy and anal yzed by 'HNVR, LCMVMS and chiral anal yti cal
HPLC. The chiral analytical HPLC, LCVMS and 1}1 NWVR anal yses i ndi cated that
the data for the product 60a was matching with the enanti onmer designated
El. 7.8.6 Cleavage of the Chiral Auxiliary FromInternedi ate 381, and
S5Preparatio oi sonerically Pure (18,2S 3R 4R

Am nocar bon&qg%((ig(ﬁglgsgfz 2. 11hept - 5-en-Zzy1) - 5-fl uoro- Nzl\ﬁcf/é%zuo%ozilsm nmet hyl p
i perazi n-1-yOphenyl | -2, 4-pyrim di nedi am ne Reaction: M

Procedure: The nono- SNAr product 38b was all owed to react vvlth DDQ (3

equi val ent s)at b Nowkelok2intialh. athe EAXMlLOMEE %9*{4%15 QVa(s) Q&s@nﬂeétﬁpﬁﬁ%ﬁt{oﬁg
nono- SNAr progﬁet 36b (after the cleavage of chiral auxiliary).

nmono- SNAr  pri8 F“%@““‘bﬁi’ﬁmﬁlfb}& 76?“‘&:6‘!%%%@#@6‘?“?&%%@5’&4? and found to be a
di fferent di aster%m SQNE n_t hat ot ai ne | fﬁ/ﬁ@ ute, and
this 15was confirived yg'ﬁ‘ On;pgﬁ ? 2‘1 5:1‘“ : ?{‘zgéfﬁh on of
nmono- SNAg product 36b, W '8 i al ed tube
for 24 h gave the desi T Gﬁ'ﬁ’r oéuct )é) ‘iny 2 "m mf’JrMiI me 8‘ 1”""I

chr omat ography and_anakyzeg, aﬁomowwreoa.%awmgm ml ma,lnyt'cal HPLC. The
chiral analytica ETPLC L and I'l I NVR anal’yses 1 ndi cat ed that the data
for product 60b ‘é“f"hentl cal with the enantioner designed E2. [a] DRT
-102.00 (c, 1.0 MeOI-1). 207. 9Prepar tlon of HO Halts ¢ HCl salts of

the racenmate nd st ey €S i pur 5 ¢ pregansd
descri bed bel O\i@@ i)hé lﬂyhr ? V}@Broc % NASoc

N4- ( 3- Am nocar bonfrl |cycl o[ 2. 2. 11hept 5-

en-2-y1)-5-fl uoro- N243- net hyl - 4- (4- et hyl pi per azi n- I-yI I phenyFZ 4-pyrimdi
nedi am ne Hydr og&i! Chl ori de Salt To a s®kution of 2-e%b- 3-exo
racem c N4- (BCehf AGEat®6hy! bi cycl o[ 2. 2. 1] hept - 5- ene- 2-  N-Boc carboxylic acid

yl) - 5- quoro N243;. I }

-yephen\i% p?r(fgﬁ%iﬁ?négﬁygﬁégg&b? ¥ﬂ£%?%{%¥&ﬁd e bélméycarbm}yﬁam in MeOH (3 nl)
at 0 C was af&él%‘a 140 FaNnop Greher]; ’@CEIWW?’?@OB@P grhol2)mepdetssii se and t hen
stirred at (Bﬁimfd%mblﬁh@ﬂ@uﬂh@@mlﬁ@E’%@B&IN@@gf Mrcl%?ed'ﬂoﬂz‘ﬁ@?atalﬁtﬁn@l ear
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Procedure: A round bottom equipped with a rubber septum and a magnetic stirring bar
was charged with a mixture of enantiomerically pure N-BOC-lactam 16a and N-BOC carboxylic
acid 26b (4.0 g) under a positive pressure of nitrogen. To this were added ethyl acetate (50 mlL)
25 followed by 25% aqueous ammonium hydroxide (50 mL) and stirred at room temperature for 3
hours. The reaction progress was monitored by TLC. The ethyl acetate layer was separated and
washed with 5% aqueous solution of NaHCO; (40 mL), dried over anhydrous Na,SO; and solvent
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The resulting TFA salt 30a was treated with 2,4-dichloro-5-flucropyrimidine 34 (1.58 g,
9.51 mmol} in MeOH:H,O (20:10 mL) in the presence of NaHCO; (1.33 g, 15.84 mamol) at room

temperature for 48 hours. The reaction mixture was diluted with H;O (25 mL), saturated with

N

p—

NaCl and extracted with EtOAc (3 x 50 mL). Upon drying over anhydrous Na,80, the solvent
25 was evaporated and the residue was chromatographed (silica gel, CH,C}, then 2-4% 2N
NH;/MeOH in CH,CL,) to afford 2.02 g (91%) of desired mono-SNAr product 36a 'H NMR
(DMSO-d6): 8.25 (d, 1H, I= 7.2 Hz), 8.07 (d, 1H, J=3.3 Hz), 7.71 (s, 1H), 7.19 (s, 1H), 6.29 (m,
2H), 3.99 (t, 1H, J= 7.8 Hz), 2.85 (s, 1H), 2.75 (5, 1H), 2.49 (d, 1H, J= 0.9 Hz), 2.11 (d, 14, J=



60r1 60r12HCI 60r2 60a 60a-2HCI 60b A549 ++ + +++ +++ ASPCl -H +F- +

BxPC- 3

10

15

20

25

WO 2006/055561 PCT/US2065/041359
47

8.7 Hz), 1.39 (d, 1H, J= 8.7 Hz); LCMS: purity: 95%, MS (m/z): 283 (MH". The enantiomeric
purity was greater than 99% as determined by chiral HPLL.C; [a]p + 61.10° (¢ 1.0, MeOH).
7.6.3  Preparation of Stereoisomerically Pure (1R,2R,38,48)-N4-(3-

Aminocarbonylbicyclo[2.2.1]hept-5-en-2-yI)-5-fluoro-N2-[3-methyl-
4-(4-methylpiperazin-1-yl)phenyl]-2,4-pyrimidinediamine

Reaction:
Me
N
F N M F Y N\/I
6 1 I\)\ I/\N' B PrOH, TFA, reflux LI ] Ny
- - i
5 2N N gl . s ANTONT N Me
) H " )@[ ) H i
3 3
d _NHZ HzN Me d NH2
36a 7 602

Procedure: A dry reaction flask equipped with  stirring bar, rel{lux condenser and an N,
inliet was charged with enantiomerically pure mono-SNAr product 36a (2.25 g, 8 mmol), aniline
7(1.80 g, 8.8 mmol), TFA (1.12 mL) and isopropanol (18 mL) and the resulting reaction mixture
was stirred at reflux temperature for 8-10 hours. After cooling the reaction mixture to room
temperature, ethyl acetate (20 mL) was added. The solid obtained was filtered and washed with
ethyl acefate (2 x 5 mL) to afford compound 60a in the form of acidic salt. The resulting solid
was then taken into water and the aqueous mixture adjusted to pH 9 with aqueous NaHCO;,
which caused precipitation of a solid. The solid was filtered from the mixture, washed with water
and dried to give 3.3 g (93%) of 2,4-pyrimidinediamine derivative 60a. "H NMR (DMSO-d6):
8.85(s, 1H), 7.83 (d, 1H, J= 2.7 Hz), 7.68 (s, 1H), 7.47 (s, 2F), 7.36 (d, 1H, J= 7.8 Hz), 7.18 (5,
1H), 6.89 (d, 1H, J= 8.7 Hz}, 6.32 (m, 1H), 6.25 (m, 1H), 4.11 (t, 11, J= 7.8 Hz), 3.32 (s, 3H),
2.86 (s, IH), 2.76 (m, 4H), 2.49 (m, 4H), 2.46 (m, 2H), 2.21 (s, 3H), 2.11 (d, 1H, J= 8.4 Hz), 1.39
(d, 1H, I= 9Hz); LCMS: purity: 100 %, MS (m/z): 452 (M"); > 99 %ee as determined by chiral
HPLC; Jop®T +101.2° (¢ 1.0, MeOH). The chiral analytical data, "H NMR and LCMS were
found to be identical with the enantiomer designated E1.

79 Enzymatic Preparation of Stereoisomerically Pure (1R,2R,35,48)-N4-(3-
Aminocarbonylbicyclo{2.2.1]hept-5-en-2-y1)-5-fluore-N2-[3-methyl-4-(4-
methyipiperazin-1-yl)phenyl}-2,4-pyrimidinediamine Using Novazyme 435
Eozyme
7.7.1 Preparation of Stereoisomerically Pure f-Lactam

Reaction:
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Procedure: Immobilized Lipolase (8.0 g, from Sigma, order number L4777), B-lactam
14rl (racemic: 2-ex0-3-ex0) (4.0 g, 7.4 mmol) and water (0.13 ml, 7.4 mmol) were added to 250
ml diisopropyl ether in a pressure flask. The mixture was degassed with nitrogen for 20 minutes
and the flask was sealed and incubated for 14 days at 70°C. The mixture was cooled to room
temperature, filtered over celite and washed with 300 mi diisopropy! ether. The combined filtrate
was concentrated to dryness and the residue was crystallized from diisopropy! ether to give the
enantiomerically pure f-lactam 14a as colorless needles (1.22 g, 61%). The enantiomeric purity
was greater than 99% as determined by chiral HPLC.

7.7.2  Preparation of Stereoisomerically Pure 2-N-Boc-amino-3-
aminocarbonyl-bicyclo[2.2.1]hept-5-ene

Reaction:
[ 1 [ 1 <] 1
2 Bac,O, DMAP 30% NH,OH .
° NH  THF, 22,3k ° NBOG 220G, 4 fr ’ NHBoc
43 —_— P T ¢
O
&) o) NHZ
14a 16a 282

Procedure: A homogeneous mixture of enantiomerically pure 3-aza-4-0x0-
tricyclo[4.2.1.0(2.5)Inon-7-ene 14a (1.1 g, 8.2 mmol), (BOC),0 (2.76 g, 12.3 mmol) and DMAP
(100 mg) in CH,C; was stirred under N, at room temperature for 3 hours to give enantiomerically
pure N-BOC lactam 16a, which was used further without isolation. To this reaction mixture was
added 20 ml of 25% aqueous ammonium hydroxide and stirring was continued for another 4
hours. Water was added and the reaction mixture ‘was exiracted with dichloromethane (2 x 50ml).
The combined organic phase was washed with aqueous HCI (5%), dried over sodium sulfate and
reduced fo dryness under reduced pressure to give enantiomerically pure N-BOC carboxyamide
28a (2.51 g) as a white solid, which was used in the next step without further purification.

7.7.3  Preparation of Stereoisomerically Pure Mono SNAr Product

(1R,2R,35,45)-N4-(3-Aminocobonylbicyelo]2.2. 1 hept-5-en-2-y1)-2-
chlore-5-fluoro-4-aminopyridine

Reaction:
1. TFA
6 1 2. MeOH, H,0
s ZonHBoe  NEHCOs t, 48 fir
3
P
2
o 28 C! N/ C}
a
34

Procedure: The enatiomerically pure N-BOC carboxyamide 28a (2.51 g) was dissolved

in 10 ml dichloromethane and treated with 10 m! TFA. The mixture was stirred for 1 hour at room
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temperature and concentrated to dryness under reduced pressure. The residue was suspended in

) toluene and again concentrated to dryness. The resulting solid was dissolved in methanol:water
(30 ml:3 ml} and treated with 1.5 g sodium bicarbonate. The 5-fluoro-2,4-dichloropyrimidine 34
(3 g, 17.9 mmol) was added and the mixture was stirred for 2 days at room temperature, The

5 volatiles were removed under vacuum and the residue was suspended in brine. The precipitate
was filtered, dried and subjected to column chromatography (silica gel, dichloromethane-
methanol, 20:1) to give the desired enantiomerically pure mono-SNAr product 36a as a white
solid (1.7 g, 74%).
7.74  Preparation of Stereoisomerically Pure {1R,2R,35,48)-N4-(3-

10 Aminocarbonylbicyclo[2.2.1}lnept—S-en—2—yl)—5-ﬂuoro—N2-[3~methyl-
4-(4-methylpiperazin-1-yl)phenyi}-2,4-pyrimidinediamine

Reaction;

N,Me

N
L NEN Mo HPOM TRA 100 o FT\N /@E )
§ I\J\ 20 1y, sealed fuba 5 Zn N{J\ﬁ Me
4 3 H

o
5 LN G . N
< H
¥ »-H, HaN Me
5 I

36a 7 60a

NH,

Procedure: A homogeneous mixture of aniline 7 (400mg, 1.95 mmol), enantiomerically

15 pure mono-SNAr product 36a (400 mg, 1.41 mmol) and 0.2 ml TFA in 4 ml isopropanol in a
sealed tube was stirred at 100 °C for 20 hours. The mixture was cooled to room ternperature,
diluted with 2 m1 diethylether and the resulting precipitate was filtered and washed with
diethylether. The remaining solids were dissolved in water and treated with aqueous 25%
ammoniurm hydroxide solution. The resulting precipitate was filtered, washed with water and

20 dried to give 527 mg (83%) of desired product, 2,4-pyrimidindiamine derivativs 60a as an off-
white solid. Purity was defermined by LCMS to be greater than 97% and the enantiomeric purity
was determined by chiral HPLC to be greater than 99%. The chiral analytical data, '"H NMR and
LCMS analyses were identical with the enantiomer that was designated E1.

7.8 Preparation of Stereoisomerically Pure Compounds Using (R)-Methyl-p-
25 Methoxybenzylamine as a Chiral Auxiliary

7.8.1  Preparation of 2-Exo-3-Exoe Racemic Amines

Reaction:
[ 1 s ' . ,
? 2NBoc " : . 5 Zantiioe 5-2-'NHBoc
‘o RN JTHE, it 1 week P CR A Me
or 60°C, 3 days + Sy
® OMe OMle

(racemic, 2-ex0-3-ex0) 20a 20b
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Procedure: A homogeneous mixture of 4-oxo-3-tert-butoxycarbonylaza-
tricyclo[4.2.1.0(2,5)non-T-ene (16x1; racemic-2-ex0-3-ex0) (9.2 g, 40 mmo}) and (R)-methyl-4-
methoxylbenzylamine 13 (18, 24 g, 48 mmol} in dry THF (75 mL) was stirred at room

temperature for 48 hours. The reaction mixture was concentrated, suspended in hexanes (5 mL),

sonicated and the solid was separated by filtration to give mixture of diasterisomers 20a and 20b

(12 mg). Alternatively, the purification can be done using column chromatography (silica gel,
hexanes then 5%, 10%, 20% and 50% EtOAc in hexanes).

7.8.2 Preparation of 2-Exo0-3-Exo Racemic Mono SNAr Products Followed
By Separation of Isomerically Pure Compounds by Crystallization

Reaction:
4 1 '\
[ ZeNHBoC
3 [}
I
HH
OMle
20a
o+
6
5 -"‘-NHaoc
A -__3 Me
F
oy H
OMe
20b S

TFA, CHyCly

> L

8 1

g 1

4

5.2.

@g;@

INHz TFA
Me

OMe

MeCH:H,O l@

NaHCO;
i, 24-a8hr

E =y
f j@

//"‘N‘
H

OMe
38b

separated by crystaliization

Procedure: A heterogeneous mixture of diasterisomers 20a and 20b (6.0 g g, 17 mmol),

TFA (20 mL) in CH,Cl; was stirred at room temperature for 2 hours. TLC was used to monitor

the progiess of the reaction. The resulting reaction was concentrated to dryness and dried under a

high vacuum for several hours to afford a diasterisomeric mixture of intermediates 22a and 22b.

This mixture was then reacted with 2,4-dichloro-5-fluoropysimidine 34 (3.4 g, 20 mmol) in the
presence of NaHCO; (5.7 g, 68 mmol} in MeOH:HL,0O (50 ml., each) at room temperature for 24

hours. The reaction mixture was then diluted with NaCl-saturated water (50 mL) and extracted

with CH,Cly. The extract upon drying over anhydrous Na, SO, followed by removal of solvent

under reduced pressure gave a residue, which was chromatographed (silica gel, CH,Cl, then 2%

2N NH3/MeOH in CH,CL). The cliromatographic purification gave a mixture diasterisomers 38a

and 38b (4.0 g) (1:1 ratio can be seen with a clear separation on reverse phase LCMS). The

resulting 4.0 grams upon crystallization using FtOAc:hexanes (30:150 mL; v/v) afforded

crystalline material of intermediate 38a, which was confirmed by X-ray crystal structure:
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chemical purity: 96% and % de: 96%. [a]-36.7° (c, 0.18 MeOH). The mother liquor containing
the other isowmer had poor % de (70-80%), which is assumed to be diastereoisomer 38b.
7.8.3  Preparation of Stereoisomerically Pure Product Including the Chiral
Auxiliary

5 Reaction:

R NS
T X
2N (\N,Me MaOH, TFA, 100°C s Zuby N/ Me
H M 241, sealed Wube :
2 \) e Pt
‘3\@ o

Procedure: A mixture of diastercoisomer 38a (1.42 g, 3.4 mmol), aniline 7 (0.834 g, 4.0
minol} and TFA (700 mg) in MeOH (10 mL) was heated in a sealed tube at 100 °C for 24 hours.
The resulting residue was chromatographed (silica gel, CH,Cl, then 2% 2N NHy/MeOH in
10 CHCl) to afford product 40a as colorless solid, chemical purity: 96%.

OMe

7.8.4  Cleavage of the Chiral Auxiliary
The cleavage of chiral auxiliary from 40a was found to be difficult, therefore the cleavage
of chiral auxiliary from intermediate compounds 38a and 38b followed by the second SNAr
reaction with aniline 7 was carried as follows.
15 7.8.5 Cleavage of the Chiral Auxiliary From Sieremsomencally Pure
' Intermediate 382 and Preparation of Stereoisomerically Pure

(1R,2R,38,48)-N4-(3-Aminocarbonylbicyclo[2.2. 1} hept-5-en-2-yk)-5-
fluoro-N2-[3-methyl-4-(4-methylpiperazin-1-yhphenyl]-2,4-

pyrimidinediamine
20 Reaction: '
Me
(\N (\ Me
(N
o, .
4
DDQ, CHyClyHA0 J\ Hht Me f\)\ @:
sodbe T ﬁ 7
MeOH:TFA, 100%C
T\CL o N 24 hr, sealed iube o hit
ba 08

Procedure: The mono-SNAr product with chiral auxiliary 38a was allowed to react
with DDQ (3 equivalents) in CHoCl: 1,0 at room temperature to obtain the desired mono-SNAr
25 product 36a. The mono-SNAr product was purified by column chromatography and found to be
same as compound 36a obtained via enzymatic route, which was confirmed by chiral analytical
HPLC, LCMS and "H NMR. Further, the reaction of mono-SNAr preduct 36a with aniline 7 in
MeOH:TFA at 100 °C in a sealed tube for 24 h gave the desired product 60a. It was purified by
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column chromatography and analyzed by '"HNMR, LCMS and chiral analytical HPLC. The chiral
analytical HPLC, LCMS and ' NMR analyses indicated that the data for the product 60a was
matching with the enantiomer designated E1.
7.8.6  Cleavage of the Chiral Aunxiliary From Intermediate 38b and
Preparation of Stereoisomerically Pure (18,28 3R,4R)-N4-(3-

Aminocarbonylbicyclo[2.2.1]hept-5-en-2-yl)-5-fluoro-N2-[3-methyl-
4-(4-methylpiperazin-1-yDphenyl]-2,4-pyrimidinediamine

Reaction:
Me
o Me
NS o
8 1 FTN F = ICE g 1 F i\N /@:N\)
6 1 i
5?“ﬁ N’i\m O0G, CHLLH0 i N’l\u HzN ; (1 . _;,“N N¢Lﬁ o
Pant] Mo % s H . Panré] H
H 4 % T ",
a0 7 MeQH:TFA, 100°C ,}-—_NH
Hi D//r--‘NH2 24 hy, sealed lube o 2
OMe 360 60b

3gb

Procedure: The mono-SNAr product 38b was allowed to react with DDQ (3 equivalents)
in CH,Cly:H;0 at room temperature to obtain the desired mono-SNAr product 36b (after the
cleavage of chiral auxiliary). The mono-SNAr product was purified by column chromatography
and found to be a different diastereoisomer than that-was obtained via enzymatic route, and this
was confirmed by chiral analytical HPLC. Further, the reaction of mono-SNAr produet 36b with
aniline 7 in MeOH:TFA at 100 °C in a sealed tube for 24 h gave the desired product 60b. It was
purified by column chromatography and analyzed by "HNMR, LCMS and chiral anatytical
HPLC. The chiral analytical HPLC, LCMS and "H NMR analyses indicated that the data for
product 60b was identical with the enantiomer designed E2. [a]p*" -102.00° (¢, 1.0 MeOLD.

7.9 Preparation of HC1 Salts
HCI salts of the racemate 60r1 and sterecisomerically pure 60a wese prepared as
described below, |
7.9.1 Preparation of Racemic N4-(3-Aminocarbonylbicyclo|2.2.1Thept-5-

en—2-y1)—5—ﬂuar0-N2-[3—methyl~4-(4~methylpiperazin—l—yl)phenyl]-
2,4-pyrimidinediamine Hydrogen Chloride Salt

To a solution of 2-exo-3-exo racemic N4-(3 -aminocarbonyibicyclo{2.2.1]hept-5-ene-2-
y1)-5-fluoro-N2-[3-methyl-4-(4-methylpiperazin-1 -yD)phenyl}-2,4-pyrimidinediamine (60r1)
(0.140 g, 0.3 mmol) in MeOH (3 mL) at 0 °C was added HIC] (4M, dioxane, 0.170 mL, 0.681
mmol) dropwise and then stirred at 0 °C for 1h and room temperature for 15 minutes. The clear
homogeneous solution was filtered, concentrated and redissolved in BtOH. Ethy! acetate was
added to the ethanolic solution to precipitate the desired product, which was isolated to give 2-

exo0-3-exo racemic N4-(3-aminocarbonylbicyclo{2.2. 1]hept-5-ene-2-y1)-5-fluoro-N2-[3-methyl-4-
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(4-methylpiperazin-1-yl)phenyl]-2,4-pyrimidinediamine bis hydrogen chloride salt (compound
60r1-2HCI. LCMS: purity: 98%; MS (m/e): 453 (MIH",
7.9.2  Preparation of Stereoisomerically pure (1R,2R,38,48)-Nd-(3-
Aminocarbonylbicyclo(2.2.1]hept-5-en-2-y1)-5-fluoro-N2-[3-methyl-

5 4-(4-methylpiperazin-1-yl)phenyl]-2,4-pyrimidinediamine Hydrogen
Chloride Salt

In a like manner, supra, the interaction of 2 equivalents of HC1 (4M, dioxane) with
stereoisomerically pure (1R,2R,38,45)-N4-(3-aminocarbonylbicyclo[2.2.1]hept-5-ene~2-yI)-5-
fluoro-N2-[3-methyl-4-(4-methylpiperazin-1 -yl)phenyl}-2 4-pyrimidinediamine (60a) gave

10 stereoisomerically pure (1R,2R,38,48)-N4-(3-aminocarbonylbicyclof2.2.1}hept-5-ene-2-y1)-5-
fluoro-N2-[3-methyl-4-(4-methylpiperazin-1-yl)phenyl]-2,4-pyrimidinediamine bis hydogen
chloride salt (compound 60a-2HCY), LCMS: purity: 97%; MS (m/e): 453 (MH"); [o]p +46.3° (c,

0.04 McOH).
710 Preparation of (1R,2R,38,4S) N4-(3-Aminccarbonylbicyclo[2.2.1]hept-5-ene-
I5 2-yD)-5-fluoro-N2-[3-(1,3-oxazol-2-yl)phenyl)-2,4-pyrimidinediamine
F =
T
@‘N N*N LO>
Hanot i Nt/

(1R,2R,38,48) N4-(3-aminocarbonylbicyclof2.2. 1 Jhept-5-ene-2-y1)-5-fluoro-N2-{3-(1 3~
oxazol-2-yl)phenyl]-2,4-pyrimidinediamine (Compound 90a) was prepared as described above.
"H NMR (DMSO-d6): 9.36 (s, 1H), 8.48 (s, 11, 8.14 (s, 1H), 9.92 (d, 1H, J=3 Hz), 7.79 (4, 1H,
20 J=7.8Hz), 7.68 (s, 1H), 7.42 (m, 4H), 7.18 (s, 1H), 6.29 (i, 1H), 6.13 (m, 1H), 4.21 (¢, 1H, J=
4.8 Hz), 2.86 (s, 1H), 2.77 (s, 1H), 2.55 (d, 1H, J= 8.1 Hz), 2.14 (d, 1H, I= 8.4 Hz), 1.39 (d, 1H,
J=238.7 Hz); LCMS: purity: 98%, MS (m/e): 407 (MH").

7.11  Inhibition of Cellular Proliferaiion In Vitre
Compounds 60r1, 60r2, 60x1-2HCI, 60a, 60b and 60a-HCl were tested against a variety
25 of different types of tumor cells for their ability to inhibit proliferation using standard i vitro
antiproliferation assays. The various celis lines tested included: A549 (lung carcinoma); ASPC-1
{pancreatic adenocarcinoma); BXPC-3 (pabereatic adenocarcinoma); CaOV-3 (ovarian
adenocarcinoma); COLO 205 (colorectal adenocarcinoma); DU145 (prostate carcinoma); ES-2
(ovarian clear cell carcinoma); H1299 (non-small cell fung carcinoma); H1155 (non-small cell
30 lung carcinoma); H460 (large cell lung carcinoma); HELA (cervical adenocarcinoma); HL160
(promyeloblast promyelocytic leukemia); K562 (bone marrow chronic myelogenous leukemia);
1.1210 (mouse lymphocytic leukemia); MiaPaCa-2 (pancreatice carcinoma); MOLT4 (T
lymphoblast acute lymphoblastic Jeukemia); OVCAR-3 (ovarian adenocarcinoma); MOLT3 (T



++ +-H - SKOV3 -i-F Su86. 86 ++ SW620 + ++ - TI-EP-1

WO 2006/055561 PCT/US2005/041359
ok

fymphoblast acute lymphoblastic leukemia); OVCAR-8 (ovarian carcinoma); PC3 (prostate
adenocarcinoma); SK-OV-3 (ovarian adenccarcinomna); SU86.86 (pancreatic carcinoma), SW620
(colorectal adenocarcinoma); THP-1 (monocyte acute monocytic leukemia); TOV-21G (ovarian
clear cell carcinoma); U208 (bone osteosarcoma); and U937 (histiocytic lymphoma).

5 The ICs; values obtained with the compounds are provided in TABLE 2, below. In
TABLE 2, a “+” indicates an ICs value of < 1 pM, a “++" indicates an ICsq value of <20 nM,
“pi-+ indicates an ICs value of £ 10 nM, and a “—" indicates an ICs; value of >1 pM. A blank

indicates that the compound was not tested against the specific cell line.

TABLE 2
In Vitro 1Cs; Values of Selected Compounds
60rl 60r1-2HCI 60r2 60a 60a-2HCL 60b
AS549 - + + ot S —
ASPCI ++ 4t
BxPC-3 +++
CaOV-3 +4++
Coloéos +t b - —
DU145 S ++ + +
ES-2
H1299 + +++ + -
H1155 et -
H460 s
H7299 ++ + + ++ + —
HELA A+ e A+ —
HL160 A S —
K562 + + —
L1210 + T+ —
Miapaca? +++ et H+ —
MOLT3 -+ +++ —
MOLT4 -t 4+ —
OVCAR-3




+ TOV-021 +4- 1F U20S ++ -H+ U937
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TABLE 2
In Vitro 1Csy Values of Selected Componnds
60ri 60ri-2HCI 60r2 60a GOa-2YCl 60b
OVCAR-8
PC3 ++ -+ —
SKOV3 T
Su86.86 T+
SWe20 + +4 —
THP-1 + ) + +
TOV-G21 4+
U208 ++ Ao +
LU937 i —

7.12  Inhibition of Aurora Kinases in Funciional Cellular Assays

Compounds 60a and 60b were tested for their ability to inhibit Aurora kinase-B in a
fumctional cellular assay involving phosphorylation of its substrate, histone H3. For the assay,
A549 cells were seeded into the wells of a microtiter tray (5000 cells/well in 100 ul F12K media)
late in the afternoon on Day 1. The cells were grown overnight (37°C, 5% CO,). On Day 2, 50 pl
nocodazole (1 uM in media) was added to each well, giving a final concentration of 333 nM.
Cells were grown for an additional 18 hrs under the same conditions.

On Day 3, 50 pl aliguots of varying concentrations of test compound were added to the
wells. Test compounds were prepared by 2-fold serial dilution of a 2mM stock (in DMSO). The
diluted compounds in DMSO were then further diluted 1:50 with media to yield a final solution
containing 4X test compound, 98% media, 2% DMSO. After incubation, the media/test
compound was washed and the cells fixed with 2% para-formaldehyde (in Dulbecco’s phosphate
buffered saline “DPBS”; 25 ul per well; > 20 mm incﬁubation). The fixed cells were waghed once
with DPBS (200 ul/well), stained with phospho-Histone H3 (Cell Signaling Technology; 1:500 in
DPBS, 10% normal goat serum “NGS”, 0.05% Triton X-100; 1-2 hrs at room temperature), and
washed twice with DPBS (200 pl/well). The celis were then stained with a secondary antibody
Jabeled with a fluorescent dye (secondary antibody donkey anti-mouse AlexFluor 4388 (Invitrogen
Molecuiar Probes; 1:2000) anld DAPI (1:15,000 of Img/ml stock} for 1 hr at room femperature,
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done using lvlatla
(5 mg/kg in saline) and the plasma concentrations monitored over time. When administered by

i,v., the plasma concentration of compound remained above the ICs, of 7 nM for 11 hrs following
administration; when administered orally, a plasma concentration of compound above the ICsg

was maintained for over 20 hrs.

30 7.14  Compound 60a Shrinks Tumers In Vive
Compound 60a-2HCl, was tested for its ability to shrink A549 and Colo205 tumors in a
standard xenograft therapeutic model in SCID mice, and Colo205 and MiaPaCa tumors in a
standard xenograph regression medel in SCID mice. When palpable tumors appeared and were of

a preselected volume (approx. 100 mm3 for treatment model; >300 mm3 for regression model),
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tunmor size 100 lunB) Cell |Line Dose (nu/ikg/ day) Schedu (day on/ dayj of f)
Rout e Col 020%oR2@& 3 oral (42205 10 4/3 |2/1 orai

Colo205 10 5/2 oral

Colo2035 10 7T oral

Colo205 10 3/M oral

Colo205 10 1/6 oral

Colo205 10 daily oral

AS549 10 5/2 oral

A549 10 21 oral

AS549 10 T oral !

AS549 10 daily (13 days) i.p.

A549 20 daily (5 days) i.p.

TABLE 4

Summary of Progression Model Experiments

(Mean tumor size >300 mm®)

Cell Line Dose (mg/kg/day) Schedule Route
Colo203 10 daily {13 days) oral
MiaPaCa 10 daily (3 cycles) oral
MiaPaCa 10 daily (3 cycles) Lp.




oral Col0205 10 2/1 oral Co010205 10 5/2 oral Co0l10205 10 7/7 oral Co0l10205
3/11 oral Co0l0205 10 1/6 oral Colo0205 10 daily oral
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Results. The inhibitory effects of Compound 60a-2HCI on Colo205 tumor growth in the
treatment model are illustrated in FIGS. 1 and 2. The resuits of the daily dosing regimen are
illustrated in FIG. 1; the results of the pulsed dosing regimens in FIG. 2. Both dosing regimens
yielded significant (p<0.050) reductions in tumor growth rate as compared to a vehicle control for

5 all dosage levels tested. A 549 tumors were less responsive to treatment resulting in an
approximate 40% reduction in mean tumor volume following a dosing regimen of 5 days on/2
days off and a dose level of 10 mg/kg qd (p>0.05).

The inhibitory effects of Compound 60a-2HC1 on Colo205 tumor growth in the
regression model are illustrated in FIG. 3. The effects of Compound 66a-2HCI on MiaPaCa

10 tumors in the regression model are illustrated in FIG. 4. Significant reductions in tumor growth
rate were observed with both tumor lines. These reductions were independent of the mode of
administration. Moreover, the reductions observed in MiaPaCa tumors were similar to those
observed with taxol (see FIG. 4).

Although the foregoing inventions have been described in some detail to facilitate

15 understanding, it will be apparent that certain changes and modifications may be practiced within
the scope of the appended claims. Accordingly, the described einbodiments are to be considered
as illustrative and not restrictive, and the invention is not to be limited to the details given herein,
but may be modified within the scope and equivalents of the appended claims.

All literature and patent references cited throughout the application are incorporated into

20 the application by reference for all purposes.

10
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CLAIMS
What is Claimed is:
i, A compound aécording to structural formula (I):
.
2
YeeVed
n 2 =
5 4 3™NcoNH,

or a salt, hydrate, solvate or N-oxide thereof, that is enriched in the
corresponding diastereomer of structural formula (Ia):

R1
5 RZ
& . HRf\N
s 2N \NJ\N R
() ) i

Ho ton,

(1R, 2R, 38, 45)

wherein:

R' is selected from the group consisting of hydrogen, lower aikyl, -(CH,),-OH, -OR?,

-O(CHy),-R?, -O(CH,),-R®, -C(O)OR?, halo, -CF; and -OCFs;

each R? is independently selected from the group consisting of hydrogen, lower alkyl,
—§-N/_\o

-OR?, -O(CHa),-R?, -O(CH,),-R®, -NHC(O)R? halo, -CF;, -OCFs, ° \—/ and

each R® is independently selected from the group consisting of hydrogen, lower alkyl,
/TN

-2-N O
-(CH,),-OH, -OR?, -O(CH,),-R?, -O(CH:),-R®, halo, -CF;, -OCFj, % ~—
o) 0
/N n

AN ON-RE EE 2 44

W wer g AT
cach R* is independently selected from the group consisting of hydrogen, lower alkyl,
arylalkyl, -OR? -NR°R’, -C(O)R?, -C(O)OR® and -C(O)NR‘R’;
R’ is hydrogen, halo, fluoro, -CN, -NO;, -COzR; or -CF3;

each » is independently an integer from 1 to 3;



Rout e 0010205 10 daily (13 days) oral MaPaCa 10 daily (3 cycles) oral

M aPaCa 10 daily (3 cycles) i.p. WD 2006/ 055561PCT/ US2005/ 041359 58
Results. The inhibitory effects of Conpound 60a.2l1Cl on Colo205 tunor
growh in the treatnent nodel are illustrated in FIGS. 1 and 2. The results
of the daily dosing reginmen are illustrated in FIG |; the results of the
pul sed dosing reginens in FIG 2. Both dosing reginens yielded significant
(p<0.050) reductions in tunor gromh rate as co_r‘rPare;Lto a vehi clie cocptrol
for 5all dosegkRf eviedependsstlpdelestedsiion thmapup seapistipeeidydEgse ey ety an

t reat ment re%ultinﬁ)'n_an approxi mate 40% reduction in mean tunor vol une
fol I owing a G881 Vg rag(aa’men of 5 days on/2 days off and a dose |evel of 10
ng/ kg qd ( p>€cBR) is independehikig sélahiedirbonye ghipcirsisthe Coffoutd»60%:2HC on

Col 0205 tunor _growh in t gr ' Jyodel dl) ustrated in FIG 3. The
effects of Cﬂﬁgggngagﬁgz5$£§6§m’§@§B§%§ET@(&#@ﬁgRﬁh’the regressi on node

are illustrated it EhGendenFlsaBittd GaRthd @O tdroREng of liydiwren gndiuwer nliyle wer e
observed with both tunor |ines. These reductions were | ndependent tof t he
mode of adni o, sltaraatively, (DR eswbetitueninmay betaken @ﬁ%th%%@}@&&ltr%ew&&a&a t unor s
were simlar f0,4nose Q&%@%Yoegn 2157 12X Bk $86rafdGinghickbitbaughintinges
foregoing in enplo $"have been described in sone detai | to facilitate 15
under st andi ng2 ddtiitiohalIheteeampiaents sdatedaen &, NREhNRGELO Fn Vo8 (Pt i ons
may be practiced within.he scope of the appended clains. Accordingly, the
descri bed eiﬁBBﬁR%%h?@H%r %0 be considered as illustrative and not
restrictive, ;RRGIRAERYESIyABwbSIARL hideobelklyl of bedr dichydheydeylai | s gi ven
herein, but may be nodified within the scope and equi val ents of the
appended cl ais, *Clai ich L @) stéredigdmeaces cited

t hr oughdut tE@g%gﬂﬁPE%PfSﬁmﬁﬁéhyﬂigéﬁgﬁﬁfggy?%?gpzotﬂé application by

reter en%fa : O[f hg !xl)m}?ol{lglg %?(efa'im I5\>\9/hich contains about 60% or more of the diastereomer of

structural formula (la).

4. The compound of Claim 1 which contains about 90% or more of the diastercomer of

structural formula (1a).

5. The compound of Claim 1 which contains about 99% or more of the diastereomer of

structural formula (Ia).

6. The compound of any one of Claims 1-5 in which R’ is fluoro.
5 —-&fﬁ\b 4N N-R*
7. The compound of Claim 6 in which R’ is hydrogen; R>is =~ /" or = ;
0O
VAN /TN
AN O CEN N-RY 5{ »

and R? is other than = -/ , ° 7 or N

8. The compound of Claim 7 in which R is hydrogen, methyl, methoxy, trifluoromethyl or

chloro,

9. The compound of Claim 7 in which R*is methyl, -C{(O)CHs, ~C(OYOCH; or
-C(O)YOCH,CHj.



CLAIMS What is Clainmed is: 1. A conpound according to structural formula
(n: or a salt, hydrate, solvate or N-oxide thereof, that is enriched in
t he correspondi ng di astereonmer of structural formula (la): H R5N N NN
CONH2 (1R, 2R, 35, 45) wherein: Rl Is selected fromthe group consisting
of hydrogen, lower alkyl, -(CH2)" o(CH)"-1ta, -0(Cl12),,-Rb,

-C(0) 011a, halo, -CF3 and -0CF3; each %2 I s i ndependently selected fromthe
group consi sting of hydrogen, |ower alkyl, /Th -i-NO -ORa,~—0(C112)"-
-0(CH2) n-Rb, -NHC(O0) Ra, halo, -CF3, -0CF3,/ and /\ tN N-Ridn/ each R3 is

i ndepenggnt | yhés&;n%hﬁdiofc@ﬁﬁ tsh@wgrcﬁlm 1§1Qra1$d@hj Ruisethehyidnoger;—1 ower al kyl ,

\O - (CH2) 11- OH (CH2)"-W -0(CH2)"-Rb, hal 0. 5 CF3, -0CF3, om
\N-R4-14 |, -N andN— N VAR
N N-R 4N =N N-R* ~§w- f>
'S S — candRYis © s, T NS or

11.  The compound of Claim 10 in which R? is hydrogen, methyl, methoxy, trifluoromethyl or

chloro.

12.  The compound of Claim 10 in which R* is methyl, -C(O)CHs, -C(OYOCH; or

-C(O)CH,CH,.
i wa N ‘N/M N o
13.  The compound of Claim 6 in which R? is other than —w/ or = M/ s and R
- e,
SN SN
. 4N O BN N-RY —é{ ?
isotherthan =~ /" , ° or

14.  The compound of Claim 13 in which R' R? and R’ are cach, independently selected from
the group consisting of hydrogen, methyl, methoxy, trifluoromethyl and chloro, with the

proviso that at least two of R', R? and R are other than hydrogen.

15.  The compound of Claim 6 in which R! is hydrogen; R” is selected from the group

4N 0 BN N-Rf ;.

consisting of hydrogen, = “~— and =/ ;and R is selected from the group
N O =N N-R*

consisting of hydrogen, lower alkyl, halo, -CF3, ../ and f—

16.  The compound of Claim 15 in which R? is sclected from the group consisting of
TN o SN,

4N 0 BN N-R . .

hydrogen, methyl, chloro, -CFs, ./ and ho— - and R" is methyl, ~COR

or -CO(O)R® where R is methyl or ethyl.

17.  The compound of Claim 15 in which R? is selected from the group consisting of

SN VAR
4N 0 4N N-R? , o
hydrogen, N/ and T Nt and R? is selected from the group consisting of
SN TN
%N N~-R4

-3-N O
hydrogen, lower alkyl, halo, -CFa, ./ and Y



each R4 is independently selected fromthe group consisting of hydrogen,

| oner al kyl, arylalkyl, -or, -NRele, -C(0)r, -C(0)0le and -C(0O)Nab; R5 is
hydrogen, halo, fluor, -CN, -NO2, -COQ2Ra or -CF3; each n is independently
an integer froml to 3; 60 each Ra is independently selected fromthe
group consi sting of hydrogen, |ower aldyl and | ower cycloal kyl; each Rb is
i ndependently sel ected fromthe group consisting of -0le, -CF3, -0CF3,

-C(0)1e,,-C(Q)01-e, -C(ONNW and -C QY NRand.: .each,Re is inde: ently

el obt et rom e TppaCh B 2R WHbE MRS 5 PR BB bR oy
alternatively, two Rd substituent d}‘nﬁyjé’be t%mgﬁt her with the nitrogen
atomto which they are bonded fiorm & 5- 7 :menber ed sat ye at ed; i i ch
optionally ili%ll”ﬂ% sm(it-ﬁ%l’ glﬂafot f(élﬁal h\é'fer(%% om c groupsanésgl g’éﬁcg}&ylf'%)n%, NW
NRa- C(0) le, NR&OGOMCRa:reln®” NRace(IQrMMyl.and each Rd is independently | ower
nono- hydr oxyal kyl or | ower di-hydroxyal kyl. 2. The conpound of Claim1l

whi ch conprises only (2-exo-3-exo0) stereogigoners. 3. The conpound of Caim

1 which contains about 60% or nore of t_hé“ a Bf‘eomar of structural
f or mul al91 a) Thecompeund shpBunds &t whichRmist Mcoh?a?%?%o‘&li‘e"@é%b&r nor e
of the di astﬁg@gpgﬁdﬁf is3aeksral formula (la). 5. The conpound of Caiml
whi ch cont ai ns about 99% or “nore of the diastereonmer of structural formnula

(la). 6. The conpound of any one of dains X5 in which RS is fluoro. r
\IN - NO 1-NN-R4 7. The conpound of O aiim 6 iNaR#hi ch Rl is hydrogen; R2
i s\-/ 0R0.\/ Thgcompoihd odCIOn NBHIRAhich R 2/ M-ahd 12R3i5-LQUNBT wheraim R” is
\---/\/or-N " ﬁ: ng.c?ng)_ound of daim?7 in which 123 is hydrogen, nethyl,
met hoxy, tri‘ﬂ1 O?,rgi t’ﬁw 8F“khl oro. 9. The conmpound of Claim?7 in which R4
is nethyl, -C(0)CH3, -C(0)0OCH3 or -C(0)0CH2 . 61 10. The conpound of
Caim6 in which Rl is hydrogen; R2 is other an

21.  The compound of Claim 18 in which R? is \—/ and R?is hydrogen

/N '
C N

“$N N-R*
22.  The compound of Claim 18 in which R? is hydrogen; R*is =~ " or ° -/ ;

and R? is methyl, ~COR® or -CO{O)R* where R® is methyl or ethyl.

SN N-RS
23,  The compound of Claim 18 in which R?is ~ : R* is methyl; and R’ is

selected from the group consisting of hydrogen, methyl, chloro and -CF,

24. A compound that is (1R,2R,38,48)-N4-(3-aminocarbonylbicyclo[2.2.1Thept-5-ene-2-yl)-
5-fluoro-N2-[3-methyl-4-(4-methylpiperazin-1-yl)|phenyl-2,4-pyrimidinediamine.

25.  The compound of Claim 24 which is substantially pure.

26.  The compound of Claim 24 which is pure.

27. A composition comprising a compound according to Claim 1 and a carrier, excipient

and/or diluent.

28.  The composition of Claim 27 in which the carrier, excipient and/or diluent is acceptable

for pharmaceutical uses.

29. A composition for inhibiting proliferation of a cell comprising a compound according to

any one of claims 1-26 .



0 11. The conpound of Claim210 in which R2 is hydrogen, nethyl, nethoxy,
trifluoronmethyl or chloro. 12. The conmpound of Claim10 in which R4 is

met hyl, -C(0)CH3, -C(0)0CH3 or -CMCH2CH3 1-NON-R4 13. The compound of
Caim6 in which R2 is other than\--/ or \--/; and R3 /\ -t-NO -t-NNR4 is
other than\/ , / 0 orN 14. The conpourtd of CAaim113 in which R, R2 and R3
are each, independently selected fromthe group consisting of hydrogen,

met hyl , 3@t hoxy colnpbdididtOs RNy maﬂqclpmle%mzsa%ﬁqbrme proviso that at |east
two of RI, R2 and R3 are other than hydrogen. 15. The corrpound of Claimé6

in whi chIRI I 1\1-R4
consi sting of %&gg%ﬁ& O@alh?%ﬁl% ‘?ﬁ&?agfnl[-@ |°tsen§segfgfugg an brca%’l‘%l\lgmf group /\/\
1- NO- 1- NN- R' oveiiesi, strivieg], ofclahyde,oge, présatg iewldelyd, lystoma, n@indlastorand\  16.

The corrpound selected fromthe group consisting

of /\/ Iﬁgi‘:’mc@ @&P&&W%‘P‘PMCE chloro, -CF3,/ and\/; and R4 is
et hyl, CCR4 or -00 0)124 where Ra is nethyl or ethyl. 17. The conpound of
daim 15'5 tn vﬂﬂi“éﬁloﬁ?? ibilg)seamasvity ofrantAsorgridnnge dorigt seinngsing contacting the

- NION- - Rahy dr0068 idrfas@th bARMOMR of 8 cSRbARHSHIERIN BE SHAYRERELE! T N9 Of

33, The method of Claim 32 which is carried out in vitro wherein the Aurora kinase is

isolated or partially isolated.

34.  The method of Claim 32 which is carried out in vitro with a cell expressing an Aurora

kinase.

35. A method of inhibiting an Aurora kinase-mediated process comprising contacting, in
vitro, a cell expressing an Aurora kinase with an amount of a compound according to

Claim 1 effective to inhibit the Aurora kinase-mediated process.

36.  The method of Claim 35 in which the Aurora kinase-mediated process inhibited is

mitosis.
37. The method of Claim 35 in which the cell is a tumor cell.

38. The method of Claim 35 in which the cell is contacted with a concentration of the

compound that is equal to or greater than its ICsy as measured in an in vitro assay.

39. A composition for treating an Aurora kinase-mediated disease, comprising a compound

according to any one of claims 1-26.

40.  The composition of Claim 39 in which the Aurora kinase-mediated disease is a

proliferative disease.
41, The composition of Claim 40 in which the proliferative disease is cancer.
42, The composition of Claim 41 in which the cancer is a metastatic tumor.
43. The composition of Claim 39 adapted for oral administration.

44.  The composition of Claim 39 adapted for intravenous administration.



/[ \ 1-NON-R' hydrogen, |ower alkyl, halo, -CF3,/ and/ 62 18. The conpound
of aim1l17 in which R3 is selected fromthe group consisting of /11144\/
FN ONN- R~ hydrogen, nethyl, chloro, -CF3,tJ and\; and R4 is nethyl, -CORa
or -00(0)Ra wherein Ra is nmethyl or ethyl. / \ -NNR4 19. The conpound of
Claim18 in which R is\ ; R4 is -CORaéherein Ita is nmethyl; and R3 is
hydrogen. / - NN-R4 20. The conpound of Caimi18 in which R2 is; R4 is

- 00( 0) Rajswhe [ aim
1o I( n) Whlsch ek @o sht?oneatcw& R&@@%ﬁlerog Siea}égg PaeN or ?9144 J}h&e%%gé%&muﬁa i

conpound of @Fa?}ﬁﬁ@@SDW%rﬁmnmr}J@yn’@;ﬂdﬁ]@ﬁ’e%1 h@ § SNQ’-Z'G’I’) +5-BvatoRL-[3s net hyl ,
-- CORa or Cgeg')))lmtéi«(ély\’l{{'e%ﬂﬁpl%%ala%— IUEIS hMeny?—ﬁ,4—eﬁyr1]1\{n1d1ned1am1ne.
46. A compound according to any one of claims 1-26 for use as a medicament for the

freatment of an Aurora kinase-mediated disease.

47.  The compound according to claim 46 wherein the Aurora kinase mediated disease is a

proliferative disease.
48.  The compound according to claim 47 wherein the proliferative disease is a cancer.
49.  The compound according to claim 48 wherein the cancer is a metastatic tumor.

50.  The compound according to claim 48 wherein the cancer is selected from lung cancer,
breast cancer, gastric cancer, ovarian cancer, cetvical cancer, melanoma, renal cancet,
prostate cancer, leukemia, lymphoma, neuroblastoma, pancreatic cancer, bladder cancer,

and liver cancer.

51.  The compound of any of claims 46-50 wherein the compound is (1R,2R,35,45)-N4-(3-
aminocarbonylbicyclo[2.2.1]hept-5-ene-2-yl)-5-fluoro-N2-{3-methyl-4-(4-
methylpiperazin-1-ylt)]phenyl-2,4-pyrimidinediamine.

52.  Use of'a compound according to any one of claims 1-26 in the manufacture of a

medicament for the treatment of an Aurora kinase-mediated disease.

53.  Theuse of claim 52 in which the Aurora kinase mediated disease is a proliferative

disease.
54.  The use of claim 53 in which the proliferative disease is a cancer.
55. The use of claim 53 in which the cancer is a metastatic tumor.

56.  The use of claim 54 in which the cancer is selected from lung cancer, breast cancer,
gastric cancer, ovarian cancer, cervical cancer, melanoma, renal cancer, prostate cancer,

leukemia, lymphoma, neuroblastoma, pancreatic cancer, bladder cancer, and liver cancer.

57. The use of any of claims 52-56 in which the compound is (1R,2R,3S,4S8)-N4-(3-
aminocarbonylbicyclo[2.2.1Thept-5-ene-2-yl)-5-fluoro-N2-[3-methyl-4-(4-
methylpiperazin-1-yl)|phenyl-2,4-pyrimidinediamine.



-NN- R4AA 23. The conpound of Claim118 in which R2 is\/; R is nethyl; and R3
is selected fromthe group consisting of hydrogen, nmethyl, chloro and - CF3.
24. A conpound that is

(1R, 2R, 3S, 4S) - Md- ( 3- am nocar bonyl bi cycl o[ 2. 2. 1] hept - 5- ene- 2-y1) -

5-fl uoro- N243- net hyl - 4- (4- et hyl pi per agi n-1-yl )] phenyl - 2, 4- pyri m di nedi am n
e. 25. The conmpound of Caim24 which is substantially pure. 26. The
conpoundgof @ 1§étHbd?6‘f mvoﬁfrﬂglp&u&umﬁms@m -2 e%nfé@ﬂpﬁs%; b&i’t’a&ﬁgﬂ[d &ligvigoconmpound
according to Claim1 and a carrier, excipient and/or diluent. 28. The
conposi tion ®fth@camprar dcpordiiedh apypac ofelpinsr-2@xci pi ent and/ or diluent is
accept abl e for pharmaceutical uses. 29. A conposition for inhibiting
prolifenséti ofhohethod atdordiogmrdlains ia vdishprhe bempandid{ IRER,BS 48y N{&- of

claims 1-26. 63 3 he i ti n 0 im 29 which the cell is a
tunor cel|. 3PINOGHRORY Wi‘?ctggoﬁh?ﬁ @“Sﬁzrﬁﬂsg ﬂi“ﬁ‘%\]ﬁ#z% ey fdfor cell is a
| ung, col on, Hﬁﬁ@ﬁﬁ&xmg§$%ﬂ)ﬁﬁmgM§Lb§ﬂmK§ﬁﬁ%mgﬁé nmel anoma, renal, prostate,
| eukem a, Iynp onma, neuroblastona, pancreatic, bladder, or hepatic tunor

cell. 32. A nethod of inhibiting an activity of an Aurora ki nase in vitro
conprising contacting the Aurora kinase with an anount of a conpound
according to any one of clains 1-26. 33. The nethod of Claim32 which is
carried out in vitro wherein the Aurora kinase is isolated or partially
isolated. 34. The nethod of Caim32 which is carried out in vitro with a
cell expressing an Aurora kinase. 35. A nethod of inhibiting an Aurora

ki nase-nctdi at ed process conprising contacting, in vitro, a cell expressing
an Aurora kinase with an anmount of a conpound according to Claim1l
effective to inhibit the Aurora kinase-nedi ated process. 36. The net hod of
Claim35 in which the Aurora kinase-nedi ated process inhibited is mtosis.
37. The nethod of daim35 in which the cell is a tunor cell. 38. The

met hod of Claim35 in which the cell is contacted with a concentration of
the conpound that is equal to or greater than its IC50 as nmeasured in an in
vitro assay. 39. A conposition for treating an Aurora kinase-nedi ated

di sease, conprising a conpound according to any one of clains 1-26. 40. The
conposition of Claim39 in which the Aurora ki nase-nedi ated di sease is a
proliferative disease.



41. The conposition of Aaim40 in which the proliferative disease is
cancer. 42. The conposition of Claim4l in which the cancer is a netastatic
tumor. 43. The conposition of Caim39 adapted for oral adm nistration. 44.
The conposition of Claim39 adapted for intravenous adm nistration. 64 45.
The conposi {, ﬂmﬁﬁvnfding to any one of clainms 27-31 or 3944, MheLei n the
conpound is (P

R, 2R, 3S, 4S) - Nd- ( 3- anlnocarbonylblcyclo[Z 2. 1]hept 5-ene-2-y1)-5-fl uoro-N243
- met hyl - 4- (4- et hyl pi per azi n- 1- ypi phenyl -2, 4- pyri m di nedi am ne. 46. A
conpound according to any one of clains 1-26 for use as a nedi canent for
the treatnment of an Aurora kinase-nedi ated di sease. 47. The conpound
according to claim46 wherein the Aurora kinase nedi ated di sease is a
proliferative disease. 48. The conpound according to claim47 wherein the
proliferative disease is a cancer. 49. The conpound according to claim48
wherein the cancer is a netastatic tunor. 50. The conpound according to

cl aim 48 wherein the cancer is selected fromlung cancer, breast cancer,
gastric cancer, ovarian cancer, CEQ%IC&| cancer, nel anomg, nal cancer,
prostate cancer, |euken &, Iynpho -neur. obl tona panc e c cancer,

bl adder cancer, and liver cancer. am The co@pound of an cl ai ns8 46-50

wherein the conpound S (1R ZR 38 -8

anlnocarbonylblcyclo[ .2.4]he ésfluoro N24B- met hyl - 4- (4-

met hyl pi perazin-1-y1){pn® | NS \ Fanlne. 52. e of a conpound
according to any one ‘of cNaims 1- i F ufacture of a nedi canent for

the treatnment of an Aurora
in which the Aupora ki nase j . Lt ative disease. 54.
The use of claim53 i.n which tRe pr\llfeﬁa |quQ|sease i ancer. 55. The
use of claim53% n which ithe cahger \s A taskﬁtlc tu .%Eg. The use of
claimb54 in whi the cancer is 3 - - ng cancef, breast cancer,
gastric cancer, Qovari.an cancer, , regel cancer,
prostate cancer<2 Ieukenia,§£ynpho , pancreatigycancer,
bl adder sancer, £ nd |iver: ncer gﬁfany;of clain§h52 56 in
whi ch the:conpqgignd i s (1R %§“38,4S)- A : ;
ani nocardnyl bi®ycl o[.2. 2.:1]hept - 5- ene- 213- netﬁyl 4-(4-

met hy| pilper azi nH1- y$0]gben -2,4-pyrimy i nm ne. 165 -58. Ayyet hod of
i nhi biting Aurofa Kgnase : i Ba ceII conp ontacty ngl the cell in vitro
with a conpound:acdbrdﬁﬁg tg anyone of H9. fThdhet hod

he use of claimb52

according to clg mB8 @ ‘wwch the conpou~ (1Ré%e 39 4S) - Nd- ( 3-
anlnocarbonylblkycﬂa[ch il]dpept - 5-ene- 2-y1 Iuo@g—NZJS met hyl - 4- (4-
met hyl pi per azi nél - ﬁ@enﬁf 2, 4- pyrlnldln 1 Ne.¢p: i
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