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1. CROSS- REFERENCE TO RELATED APPLI CATI ON This application clains benefit
under 35 U.S.C. 119(e) to application Serial No. 560/628,199 filed
Novenber 15w@idessidie contents of which are incorporat g@whgﬁ)@qﬂnlﬁy
reference. 2. FIELD The present disclosure relates
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the treat [ i sorders, as tunors and cancers. 3.
BACKGROUND rlk?’ég%\%@ﬂ dﬁ(’é{‘“@%ﬁ%z f ReLopens ofiv @é%@gmewaﬁa%?%w begiegee-
uncontrol | ec% gr oy nd spread of abnormal cells. Generally, all types of

cancers involve Sonme abnoimality in the control of cell growth and
di vi si on. The paflhewspentdisgfoduztrilpies te eérkoighimgrisillp enrigind kompasihdsu d¥-(3-
conmuni cat i GpiReSRABLRIARS. @@]hb;ﬁs%@ﬂ%@fwzcs%wnﬁue%lﬁﬁélﬁé‘@f)yrﬁrhﬁnﬁ atn%%t s of these

regul atory nmechanisms i n controlling and limtin ails or is
bypassed. THPORRIAISLRE PRl duriue ity D brodresss 1y ﬁ?jlll-‘r‘i’a’ﬂcgf‘&‘F“neQ@essaé@ ection,
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by genetic inghahlibdntds di spl ayed by many types of cancer cells, an
instability which is gained either fromsonmatic nmutations or by i nheritance
fromthe genm | i packtrm@ananced 25mutability of cancerous cells increases
the probability of their progression towards formation of naljgnant cells.
As theg)cancer cel €% I’fﬁ%‘ﬂ@ Oqg ﬁ@‘%ﬂasegfﬁlf%“ﬁ%eg%m?‘%@é’ fpd ero il 4 Eadid t hen
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know edge of.. g .canger cells develop, for exanple, the anti-estrogen
conp :ﬁ}gd tamoxi fen, the effectiveness of all chenotherapeutic treatments
are sithj ect to dEvdiicwmifarer Erineas jake aetage of hibightr pigkforative oppeeity cfdnaer, t he

increased exdnk Qﬁ%e@ﬂnc@é&s&l@é stIWTPbﬁRQ:aBQ&é“%M&f}&%aﬁ &chr gn%lﬂgfbsﬁé Mir i,
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ef flux of dFtiYS *RT YHRITHfsady, puch: FH@@@W%&@SP‘%}P: ‘a%pttn&tq}@ﬂplb%h@alﬁ%er cells
severely Ii mﬂuotohﬁmﬁfalﬁcﬂﬁ&thdﬁeﬂa@:ﬁ&y O}Eon%%@ﬁ@dlﬁe@daﬁﬁg%@@l)ﬂﬁ\ ademmthsnahguti c
agents. Conslm%[tljesg}%l Y c%éud&e t.i ‘? I [?i‘?jf ot her chenot her anrhgu“ C agents
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critical for establ i Shl ng therapies effective for attacking the

het er ogeneous nature of proliferative disease and for 15overcom ng any

resi stance that may devel op over the course of therapy wi th other
conpounds.



Mor eover, use of conbinations of chenotherapeutic agents, including
different stereoisoners and/or stereoisoneric mxtures of a particular
chenot herapeutic agent, which may have differing properties and cellular
targets, increases the effectiveness of chenotherapy and |imts the

gener ati on @b diu@sssesi st ance. 204. SUWARY | N oner@ESPRALS041359

4N- (13- am nocar bonyl bi cycl o 2. 2. 1] hept -5- en- 2- y0- 2N- subst i t ut ed

phenyl 2, 4- pyri m di nedi am ne conpounds enriched in specified diastereomers
are provided that exhibit antiproliferative activity against a variety of

di fferent typascutly ptigptye forthess typesrf oeres thtbod idefett is celbaypip durigsintaslior di ng t o

structural f Qﬁxﬁ%b@abﬁl% af tﬁes@ﬁeﬁlﬂomﬁ ddR¥aged DA gé&gmﬁgrgmng ]gell diﬁ&JnU%é"g
prodrugs, salts, ?t?;@rat es, sol vates ang N- oxi d her eo hat are enriched

in the corredYoHBErHG  graSt Brsa BraEpenEs h"éﬁ“te‘rlq,rd’(ﬁﬁrfré%“”? ﬁﬁﬁﬁ’(‘”’én‘é ﬁeé)‘“a“'éﬁe%‘iegnat ed
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(l a) *4 N Nhssﬁ'le cnﬂﬁb Snn%thefg{l%-tei%ihe]afm]of Cg)gltleelﬂtn each R 1is independently

sel ect ed from consi's | ower al kyl ,
-(CH3),r0OH, -OR Aix}@pmgm F@Pctm@hﬁ@dﬂ])mapﬂbc tt%a@@eﬁﬁsmwé bhad deyelepudbagd dn - 0CF3;

Seach R2 1S IMRRENSIEON LihoseLRALR HOMhAME 1A RGRRSh %Ry d.ogen,

| ower
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:



/\ -1-NO al kyl, -ON -0(CH2)rRa,-NI-1C(0)W halo, -CF3, -0CF3,/ and /\ N-R4
\/. each R3 is independently selected fromthe group consisting of
hydrogen, lower /\ -1-NO al kyl, -(Cl112),,-OH, -OR, -0(OH),,-W
-0(CH2)rle, halo, -CF3, 0 /\ N-Rd// 10\/N andN ; each Rd is

i ndependently selected fromthe group consisting of hydr n,. .l r - al kyl,
atyl al kyl ,-W"Géﬂéiﬁésw -Q(0)OWand - GO)NWY R5 is hyd‘F‘f?g‘gﬁ%f’"Sﬁ’gﬁ g, fluor,
-ON, -NO2, -C(0)01r or each ii is indépendently an integer froml to 3;
15each le is independently selected fromthe group consisting of hydrogen,

| ower al kyl and | ower cycl oal kyl ; gach RI' is independently
sel ected fromthe group consisting of R, -CR3, -ORC,‘F3, -NWV -C(0) 1e,
-0(0)OW -C(0) N\vW and -0(0) N\R4; each BYi3uin dently selected fromthe
group consi sting of hydrogen and owe sallk ,alternatively, two W
substitucnts may be taken toget hep tTh the éitrogeph atomto which they are

bonded to forma 4-9 nenbered satiur toﬁﬁl ring which optionally includes 1-2
addi ti onal heteroatoni c groups selected from0O, NW NWC(0)W NR -C(0)OR
andNr - C(0) NR% and each Rd is indepengent|y | ower nono-hydroxyal kyl or | ower
di - hydroxyal kyl . .d3l.n.sone enbodi nents, the conpound of structural formula
(1) is aracemc mxture of (2- exo-3-exo) cis isomers according to
structural fornula (H&chR AddPBeEnlsEBE6 PO US20054D4stBE Of hydrogen, lower

alkyl, (CH,),~OH, -OR”, -O(CH,),-R%, -O(CHy),-R", -C(OYOR?, halo, -CF; and -OCFy;
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;, § ~

o! o)
~§-N/—\N—R4 0 K j]
, N and N7

10 s d
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):



4 al 54 i ncludi ng prodrugs, salts, hydrates, solvates and

N- oxi des thereof, wherein RI, R2,11.5 and R5 are as defined for structural
formula (1), supra, In sonme enbodi nents, the conpound is a

stereoi sonerically enriched diastercomer 5according to structural fornmula
(la), supraydReddidisng prodrugs, salts, hydrates, sol va;,@ﬁuﬁﬂ@ol}lmpm des
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prodni gs, one or 10nore functional group E tereoisonerically
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and/ or N-oxides thereof, effective to inhibit prollferatlon of the cell.
The cells



can be contacted with the conpound per se, or the conpound can be
formulated into a conposition. The nethods may be practiced in in vitro
contexts, or in in vivo contexts as a therapeutic approach towards the
treatment or prevention of proliferative disorders, such as tunorigenic
cancers. 20] |II not her aspect, nethods of treating rati ve
di sorders a‘f‘“z’%%fv ¥ed. The net hods mgy be practiced m@%&n%qi% ﬁd
veterinary contexts or in humans. The net hods generally involve
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prevention i art, by
Aur or a ki nagfémg“(a:@|&)€ﬂ|Tj g!ﬁ]d?&esgfbéﬂ{e%%r gndf g%rg%shseaﬁge gl test’ sowa%ef ‘Hﬁ’g’ Of‘{éf eating
or preventi H§reals ,e@?cavektp Hieps er Iﬁ%’@ﬁ&t@@“&l@éﬁ@é@@r Th.h csopaieds rarse cprivvi ded.

The nes hods .gemnRteakymé ﬁ%@étvfﬁa‘ t}ﬁQ%ﬁUuﬁ&(Q 'Z‘,énn:g: aﬁﬂmﬁ%ré’i‘i% ﬂ@-%ou‘QEf a%ﬁg&nﬁoﬁwbl ect
an anount o ? e or rmredgﬁrtﬁﬁjlgjOI soneri cal | enri ched Oun S escrib

herein, andfBP AR FEors etrgaéTdt%“rq’ﬂgd? Q]Fé%eihogﬁll“d‘&‘?&t Bt Bpitad-toxi des

t hereof , ef hootigsde daacetsr eat or prevent the Aurora kinase-nedi ated di sease
or disorder. Aur nedi at.e nd, di.sor der ncl ude any

di sease, disor de?&?sté(éorlaﬁgmd’eﬁml%heegfoén’guncoﬁeﬁ Fh° gHerf”ﬁm\?\ﬁ?%‘&“rs\m igntler of the
Aurora ki naéérorﬁiﬁilﬂsiﬂ Ofrosrkinppee srepliayily chenzphe knSpewibt key rexhipd dselbf such

Aur or & Ki na&ﬁrs[@dEﬁi'aQéil lgr@lgbisﬁtﬂ@;@?imgsres R SQLARRSA IRGIH ﬂ@;ées Qﬂium% EanbQt limted

to, nel anomal g em a, and solid tunbr cancers, Ssuc or exanpl e,
col on, br ea&t!s sYHA Pegst cplgm Fqnahncerviesl weusohlastomal, malsnenia, bspheme, anostiat e,

| yrrphoma nﬁmt@dshxa‘sdt}&ﬁﬁ)hd RaRe(eatd L marbtkl adders, Eﬁ@@@rﬁ 3052 3065; Geopfert O her
and met’hods usef ul

aspects inc r medi at es

for synt hes%%z%l@]L Hléde ’#@O@F}érf 2@? sl%’ﬁw??l?; %Wr 3%%&?1@%@6 et:%n@(%ﬂ?’&s] e 5t é%ﬁ’ugs as
wi || be des8tizedoicrexpwon efxtiebxakinadaeuiaeba&n biehavb rebult 1BE§MH£Ens@E1$@BhH1TI ON OF
ZTE EBR'A\?/,%N4 )oceﬁlszl 1:_>y wﬂ: éhcf:l%rma%ceﬁs béc!)ﬁﬁ'@éan e ]tﬂouc'h%gtl nl%tlentdo b%fbfog Cd by any

am nocar bonyl bi cycI 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-pyri m di nedi am ne bis hydogen chl oride salt
(conpound 60a2HC1l) on the growth 30of various different types of tunors in
standard xeriograft treatnment and regression nodels. 6. DETAILED

DESCRI PTI ON 6. 1Definitions As used herein, the following terns are intended
to have the foll ow ng neanings:



WO 2006/ 055561PCT/ US2005/ 041359 7 "Alkyl" by itself or as part of
anot her substituent refers to a saturated or unsaturated branched,
straight-chain or cyclic nonoval ent hydrocarbon radi cal having the stated
nunber of carbon atons (i.e., ClI-C6 neans one to six carbon atons) that is
derived by {(he | of one hydrogen atomfrom a sing [5om of a
parent al kali, m&ﬁggng or al kyne. Typigal alkyl 5groups ?ﬁ%ﬁgﬁgﬂﬂbut are not
limted to, nethyl et hyl s such as ethanyl, ethenyl, ethynyl; propyls such
as propan-1 -yl , propan-2-y|, cyclopropan-l -yl prop-l-en-l-yl,

prop- 1-en-2- p’drticulaftﬁ@mzof%&rﬂﬁo){, it is BYNGOPEQAR: slereﬁolnexyclany @Mmemmncppur;as en-1-yl,

prop-1-yn-1-yl, . prop-2-yn-I etc but

but an- 2-yI , %—S ﬁfﬁ?? %VPB-I b ?%‘beélnas ﬁm yfive Q(G%Egtshsf}llx/ %’d(S)aL%eaS’nS-O;f1 ik an&faﬂ\[ PXI%%tt%ﬁf) B yl,
but - | - en- | - yéxert Bk antiprolifmtie a}chmy b2 iniribiting brepr oprelAema kmasesyl but-2-en-1-y 1
, 10but -2-en-2- yl hup Yt ﬁ é;lnb%elda'sﬁgt the }Yc)lds &M&HIQ aullctﬁ/ﬂy dra) lAmma kinase are

cycl obut - 1- en- 3- uta-1 Ien-| - ut-1-yn-1-yl, but-Il-yn-3-yl,
but - 3- ¥n- | - Pm‘“éﬂdc The Biikpde BraeR 13k‘é"°l“mh‘é’l""ét“ﬁfécﬁ“ﬁr%k‘l@?/@F%“’d‘f“"%‘ﬁl"ﬁ‘?"ﬁf"i on are
i ntended, t hﬂoﬂé@t@ﬁ&%uﬁhbﬁl@ enthde0Mbounds dadodi6a Mein, MO Dfive p@ddkigﬂ)éilts i's used,

as defined below. "Lower. a e to an, ou i ni from
Ito 6 car bonStAssovoieang/ zﬁé’f‘des ref’f{ %@quegf, m&b“éﬁ?"ﬁ“@f (e nlhg Sgst i tuent
refers to a madtideddh editaranetiedith mlﬁrailogbmwclhaumﬁedp%myzcumaee aldayek (cdmmiithed by

t he renoval t ] nt

al kane, - Typi Sur okl AAER: Bl AR lBlhAn3) IA) orfl SR Bl Yo aBEE D

et hanyl® pr oﬁansﬂlkylamm HIivp P@@ahlq mlylrlt angpgpakngeyedigedppressir yxample

cycl opr opan- delihiar rﬁiﬁcﬁls) m@&tﬁgweﬁpéﬂgﬁp@&hwa@&fie t}!élatmeﬁlléi RBvedridnbr fis@%s but yl ),
2- met hyl - pr opan- yl (1 sobut an- 2- 20(t butyl),

cycl obut an- 124fisordgis fhat arciediat %/fﬁ’) ‘“Ikiaf&épp'“‘rt Ay A”mr‘Pk‘ﬁﬂSR% ¥ by itself or as part
of anot her subst |Itﬂdtﬁtﬁnotih&fa@gfe@t hah@nofnagat ur gtedtily/anchidchse-stdigeddideasehai n or
cyclic al kyl cpor aje rovxedaétTh? thgt? Pn%q %%)19(? dql(?iHQ(llﬁ R%EQmIq rxxﬁﬁ!inby the
renoval of ofe arbon om arent al kene
The griup rrasubbet ap nmelnt Hfeope @rh@rq:ﬁt@eoapmw@iwn@@ﬁﬁ eqrmmdb#saﬁ’emwtnhe doubl e

bond(s). Typhiak a&*b‘g ﬁa&fﬁgs%f%l Qﬁh 4} Csl)lUQ(% an@érmﬂ)xﬁés%e%f effdccliede4 & et henyl;
propenyl s such a rop-1-en-1-

pr op- 2- en- 2- W"e“bt%lf”(‘fb‘laéiﬂasf ”&H’afdﬁliaaseé’f/é‘%ﬁ?oﬁ“ré‘raé‘l’i’aT ’S’é'ategﬂ'tg%’ﬁ%?lagd such as
but -1 -en-1 - ykarddplihethde ar@ﬁhs%asyj d1so&1-eﬂ'&toh1)éi delﬂt@ipnsﬂco@cﬂhdb-ny'hhmibuh&rﬁyeeﬁ “the- y1 ,

?;f ) 2;:52[ (Z)E)ﬁ%\i_lrfra naigz]fél Ty of e%ﬁym%s Lﬁldé/s ilo%‘, g}juc%}ofxmlqplus 0 subh ﬁ%org%@%&ghﬁdﬁ%g- i

30" Al K3iny| " diyeases gﬁlta‘ord@rs naz_hldpéznttamfot izritst tﬁemebum letil@elm andefl@tengro an

unsat ur at ed &5@&9&&1{% as, Bk £ mgiatcofogaaréasto%stﬁy%dl Gin, %J%Ll rﬂéﬁﬂoﬂg réa, p8ast, one
car bon-carbon triple bon rive e renoval one rogen atom from
a single car bé’ﬁh%ao’tlﬁ“@laﬁo%%w@ﬁ{eaf&lﬂWdB"F@H’F’éaI aI kynyl groups incl ude,

but are not |im t@tﬁertaq)ectehmabybm aﬂam&mmstydts ﬁidﬁﬂihdaﬁ:s PaeRthbdyRefl-i |

prop-2-yn-1 et.c but but ‘I but-1-yn-3-yl,
DUt -y 1.y el o s Sitmro Sbber oA b Ss 6
"Al | cydsdi y1" mbrg dethiskdrdin @lovas part of anot her substl tuent refers to a
saturated or unsaturated, branched, straight-chain or cyclic dival ent
hydr ocar bon §r OU@WWQMBTQ%QEJWW\%WGSCM bon atons (Le., Cl-C6

means from one t opigkX- &mnmﬂt@tlﬁﬂmry@ﬁsdtmd}m3tshg)m£moval of one hydrogen

atom from each, of differ rent ane, I kene or
al kyne, or b?“’fl%‘bSmW\‘?l&P zoﬁ 3 éa W‘%}\Igr&mfﬁgrﬁ 3“?%@%“@5 bon at om
of a parent ﬂbﬂh&nﬂ 2za;by‘ﬂenenaaramaieIbﬁysytﬁgen'ﬁhbuﬂa/\mlt mmpmmﬁ ent2H@dingkd groeht er s
or eacl vale t h the same
or difterent Qfg%égor% dlf%%ﬁ%p? ﬁ?’ﬁm g%la'?a%rgdrxgﬁ sa(%tlrﬁr?c’lzﬁ{a%I gid ég{aagglc’}ril\%% limted
to, nethandiyl; iﬁﬂﬂw nethan-1, 1-diyl, et han- 1, 2-diyl,

et hen-1, 1-di yl, en-1, 2- |y1 propyldlyls such as propan-1, 1- d|yI

pr opan- 1 2-di yI p{ opqn,fg,t,zmdl yl, propan 1, 3-diyl, 10cycl opropan- 1 diyl,

cycl opropan-1, 2-di ro diyl, -1l-ep-1,2-diyl,.

ot op- 2- en- 1, 2. di yﬁusgor%bel?fhsaﬁféwg@m o bty biels i e |

cycl oprop-2-en-1, 2-diyl, cycloprop-2-en-1,1-diyl, prop-l-yn-1,3-diyl, etc.;
butyl di yl s such as, butan-l,l-diyl, butan-1, 2-diyl, butan-1, 3-diyl,
butan-1, 4-diyl, butan-2,2-diyl, 2-nethyl-propan-1, 1-diyl,

2- met hyl - propan-1, 2-diyl, cyclobutan-1,1-diyl; cyclobutan-1,2-diyl,

cycl obutan-1, 3-diyl, 15but-l-en-1,1-diyl, but-1-en-1, 2-diyl,
but-1-en-1,3-diyl, but-l-en-1,4-diyl,



2-nmet hyl - prop-1-en-1, 1-diyl, 2-nethanylidene-propan-1,1-diyl,

buta-1, 3-dien-1,1-diyl, buta-1,3-dien-1,2-diyl, buta-1,3-dien-1, 3-diyl,
buta-1, 3-dien-1, 4-diyl, cyclobut-1-en-1,2-diyl, cyclobut-1-en-1, 3-diyl,
cyclobut-2 en-1,2-cliyl, cyclobuta-1, 3-dien-1,2-diyl,

cycl obut a-1 3- d|yI but-l-yn-1,3-diyl but - 1-
buta-1, 3- d| ?92%0@%?176% etc.; and 20th79 like. V\here spe&%sémﬁé%giws of
saturation are int ended the nomencl ature al kanyl di yl , al kenyl diyl and/or

al l cynyl diyl is used. Where it is specifically i nt ended that t he two

val enci e 5 b e ont h@ﬁ@’algﬁts@@&bag Barff FIE)}}F; ng RRIERE %0 % t%rateg niauﬂrﬁe

used. A’ r aI i C%q diyi" is an a group al 6 car bon
atoms. | n so gERt Otf%II%PWVWWFY%%@%K&@F?@%%dteata@élma@ymfl c

al kanyl di yI gﬁxﬁctnmomsr(\z eV}/f(lJILI‘HS thed@ &@Q's&%hb&ﬁﬂ&ﬁd) tha§ @ert%d rﬁ%r&:ﬁfvﬁ”o@@r‘lc

car bons, 94 %enatom?ro S éz Ehanrr) it 2 dl%

propan- 1, 3 di bq t’propanoﬁn"‘1 1515 A b e £ )?farf’lﬂﬁtké‘ﬁofj]k"“ &lkt”i‘?e TD’PlRaéal%l o)
referred to &vupd thabib.niesg notl Bhitsled methfls ethyls such as ethal, ledyrlyg RBYNyRYdpf1sel T or

as part of aggy e tr t-chain saturated or
unsat urated al keglelg?p%@gi [Egg}hz ?/1 {3{95%?\,%19 13'1 fhmﬁ’a]] gltr:lnhd)\l}% eﬁt??'ladl cal centers
derived by t H%’Ptzé’ﬁﬂt)/éIcycécfpf%’rﬂeenh&ﬂf%@mtomiﬂh‘ﬂﬂ owp-dach-ybf profhynt-ivgl, #er i nal
carbon at ons bmf,ls &leh @ivght -zqmuﬂan @9110@51%}1 p%p}ﬁﬁm%‘zi z%é&?pﬁoﬁg Qng | ryne. The

r

| ocant of a oxgt Flb B’ pre ‘ticular
al I ryl ene i s Y5dr&ht € ‘tt eg"dﬁ’é ét"lb‘i“atzcﬂe% @ethyﬁfﬁqpcla?n 1a)I'LI t&‘W éfhérybr oups
i ncl ud® but barenet, bhiathcﬁdt«Lﬁ bumatmtreml (:ﬁﬁ)‘btlftﬁ%)lryl avhydhengss.guch as

th th h h
pr opal L, 21 ehr 5t 88 TT A AL ERER, Bl 3R SRR P BT ER bk 1 eno,
but [ 2] eno, beRegifia e@fscﬁféqﬁ‘éatmb @{etlﬂt¢nﬂ¢dnﬁle ﬂmm[?@}isﬂh‘@lkﬂnbut EQCQItyB’]addi/yrﬂ‘@lJ\y:@t’ c.; and
the |ike. Wened3napmed bdsy. |-@uRlanph re?c"?}dd Q‘El‘kﬂ%mg{; 9011\/\%':1&'}9)991 10 52 bon

nomencl at ure al kano, al keno and/ or” al k yno 1s use
2006/ 055561 Pt37US2005/ 041359 9 hi some enbodi ments, the allcyl ene gr oup is

(CL-C8)s or (CI- CS);Atla_ﬁ’yb;enelfoﬂaapﬁﬁt&mﬂt@b%&tﬂﬁmr%ﬁersttcheesaﬁlraﬁﬂbﬁaﬂﬁxeﬂr oup is a

strai ght - chaj al k ro et hano et hanq, propano,

but ano, and %ﬁegﬁfbthgﬁg dehc iy ”ﬁ%l H%ﬁelﬁvg qfto“e(r}l'yd%@e“ﬁé?rmt mﬁta%‘?ﬁ&cﬁ@?“

substituent #enefapatent aé(awéﬂypwal\aﬁml oupsinchirie, biitatdayt imiga m,lmgth?&ypl cal

cycl oal kyl gét@éﬁﬂsprbﬁﬁglflygﬁh astblrlépax?'[ ?I Q;San— - 1&0390 Er Al %P { OPXI‘C ShGL obut yl s
e y1°E U ]f %nt anyl

such as cycl obut anty

and cycl opent’&hgpby ‘E:i/é’ BW@R%’V'S(S%@%W élst’f P@Iﬁexbtmﬂsdﬁah’@, it:ylethxitpe%eﬁ%fﬂ and
t he | iXe. (-butyl}, Eﬁkﬂ(ﬁbﬂ{an#ﬂ\l’yglaﬁt hlmﬂﬁumg Systeni refers to an unsaturated
cyclic or pol ycy(:c stem h g conj u ated 1 C el ectron system

a
Specifically incl unkedd—vﬁﬂﬁi% OB t%’t ?“Bﬁmt?f“r 1513 toamprnspiysted baansied r i ng
systent are fagkicchain agpysicstighmvingatidastohe @ReneLibedebl0fontl B&ivEd RGOS ar e

aromati c and.Qne r turated unsat ur at ed, such

as, for exanple, l &{m%f gg]{‘ énngg?lnég 9‘9%2 d%hbgm %%ﬁl ShaPE enegd‘ene i group may be

t et r ahydr onapRifisathesieor ’re?ﬁtconfpyimtlezatbomheedwblab@ﬂm i Wpicilntrewmy stambciuhs | ude,

but are not Hutmhcﬁdmttéli o %ﬂﬁﬁ’ﬁtﬂréb)!ﬂy%@%h a@%ﬁ)ﬁﬁmtirwlp%eihenap?ﬁnﬁpa&f H}Y' ene,
e

ant hr acene, u% {/% chrysene, coronene€ I"uor an orenc,
hexacene, hé%(%p y » HERRPBhE- l‘yha%i%f’é’f’f@‘z enyylg Dtprylicushes Pitariel i ndene,
napht hal ene butabt::a@-@in%meﬂng]t;ap}}qeﬁel~ylpmttaleﬁnej] tﬂﬂﬁbxem?h bueent-ar141,di ene,
pentacene, peAtA 80P en pe e henant hr e
pi cene, pleia ene‘ﬁ e2¥1 ﬁmoglmrcélﬁt b Ié’bug?u’hlggg Obt’%??éﬁ drotoREHET ene,
tri phenyl enéiket rj napht hal ene, and the i ke. "Ant" by |tself or as part of

anot hgg substit uegficd _r%f@rrl’ée}? & a@][\)ampﬁl\éﬂxlcxes@ Sti@lfegtq@fgéé ?06?§9Ja919@’d%? Nerdd OUP

havi ng the stated nunber of carbon atons ¥om's to 15

20car bon at SHESEGRT & Sxelip gy havipgaiisas Preorberrearbrpdridyand deted byrtbmeaowsl ngl e

car bon atomoﬁﬁneazyqirageelatomawamaéntg@e cﬁxlbﬁlgat&ysfaemenﬂ'MBJnQ&fypﬁé%ll S19MR% 1 ncl ude,
but are not , s _derived fro aceant | nyl ene, acenapht hyl ene,

acephenant hr ureﬂF’febut A OMHg ﬁéiﬁg Sty PR LY SSuAS REPP- L obir PRy - 2- o - bindive,

f 1 uor ant hen@uWﬂﬂlmcleaaépt hexbgiehe|-yvhaxaphehen-1 fexal e ii@s- i ndacene,

s-i ndacene, indane, indene, naphthal ene, octacene, octaphene, octal ene,

oval ene, penta-2, 4-di ene, pentacene, 25pental ene, pentaphene, perylene,
phenal ene, phenant hrene, picene, pleiadene, pyrene, pyranthrene, rubicene,
tri phenyl ene, trinaphthal ene, and the |like, as well as the various hydro

i soners thereof. In some enbodi nents, the aryl group is (C5-Cl15) aryl, with
(C5-C10) being nore typical. Specific exanples are phenyl and naplithyl.
"Hal ogen" or "Hal 0" by thenselves or as part of another substituent, unless
ot herwi se 30stated, refer to fluoro, chloro, bronop and i odo.



"Hal oal kyl " by itself or as part of another substituent refers to an al kyl
group in which one or nore of the hydrogen atons are replaced with a

hal ogen. Thus, the term"haloallcyl" is nmeant to include nonohal oal kyl s,
di haloal l cyls, trihal oal kyls, etc. up to perhaloallcyls. For exanple, the
expr essi on wWGhiddlsshal oal kyI i ncl udes fluoronethyl, di,énll,g@[,(gm@khyl VO

2006/ 055561P /U82005/041359 10 trifluypronethyl, 1- quoroethy
1,1- dlfluoroethyl 1, 2- dlfluoroethyl 1,1,1- tlfluoroethyl perfluoroethyl,
etc. Fydroxyalkyl by itself or as part of another substituent

refers to an al kKytAlgn@upby # nsemfﬂrla‘s'ibarmenc@!{erm&ﬁueﬁ)tfref&l@% INAFRAS kPR, ar e
replaced with

hydr o subst the term 5"hydroxyal kyl" is
meant to incl ﬁnfgecmlnﬁngfy&‘icb(’ '{;‘fa tlﬁg’i‘?@aﬂ?‘)ﬁﬁﬁf’&i’f?’!y‘igéhe sta %ﬁﬁ%ﬁeb%fy%ﬂ?%yl s,
etc. Thiemat oyveL-ge fucme frog oupsix nalyomamﬁswavqa lbgihex&ﬁovalrw&@ hyddteh | Xes
that are Congfgﬂlf%mlé%%%f b &1@% n%al:bgﬁ %ﬁlﬁ %regt ﬂga I’T(Oe)r(le plw?ké/fl_ [ ebc,([%}%nl zed

substituent groups. exanpl e Brs” a group
of the ¥ or mufeaoya two aydzgﬂeaﬁﬁmn%fmnr @sn@ﬂ%catb@n etoxg obagsraof aﬂcame afkgremuiligme.Nl - | R

and "di al kyl apd tae moﬁ&iﬁl@ﬁﬁacﬁdﬁl Rnt@ Q%Qchovfaleﬁ@%f {hgﬁlw&@radm%ntm%rfgrm%ﬁ&g Ris
|ndependentlé Y(}lan al anot her. exa al oal koxy"

hal oal kyl ox Efag’fgé’r 'Bfefaﬂtg%’ﬁ YQFaltaH%IdanErﬁstéPd“éRbm AfHEF ]é'mFQ" s a
hal oal | cyl . methandiyl; Phoidiylsgiichrefiens, 1tdﬁrl,&t}dﬁﬂ12\t@meﬂﬁn—q)fl -da e@@i-1, ¥.gygonmpound

(drug) that A ransf or mat i nd ondi ti of use, such
as wWithin th %y IcBﬁS}H A %rpe?pté%ge%iyﬁgwgam%%% ant2g déyg’rpﬁ%?néigg‘yfrequent ly,
but not? nece%bzpﬁopa}il Indizls m@gpmgﬂ@awlwmmhml Wdiylpropt cn@ﬁ\m)rlt ed into the
15acti ve dr Ugop Redblgs paj R énmgt&ﬁléyaﬁo&a; %9?9 dB(Y cﬂ:ﬁ% Jypctional

in

group in the d nﬁoun bel I eved urred for activity
with a progr gﬁ%pr?ﬁe'ﬁ‘ AU Byt o~ ‘?‘b‘r'ﬁf ab“t;“r"ijﬁbﬁué&%ﬁ RAndk -divder goes a
t ransf or mat i bmn-1S2difi, Bsancll, R&EVIgGan- IMrtﬁj_\Q,rbutth 25@5303-1%&@,%@9&1{11 thigns of use to

rel ease the § p ctive Cleavage of
the pronoi etg/hll@t%‘%/I p&)dl}%%ég 'ylllrg’ i gﬁ“eg ‘“yc %’é‘% gg'dﬁ’ Wﬁ@i‘“@fl “%¥dr ol ysi s
reaction, Yt - eh‘é& dbve boat-eil- ym@n ot 1rend@ecbﬂ @Gbyn-amdtyher agent, such as by
an enzyme, bymbifltop-Rdh- 1393191 QYnetQ%ﬁdeng fcnopéﬁ 13- &ﬂ%@ae} 951,{519 h lgiéposur e toa

physi cal or env;d nrent al par anet er, érature. The
agent may be’ %g‘%‘hbaﬁhyﬁ Guiptle- d&?BﬂérC{W’d?*féa bffdlaﬁsé“ dy evplbyt-laer-lghdiylne pr esent

in the cell scytiobushiesh 3tdng, @eiowhc Zlgx-l gd@dmd‘me}ﬁxﬁaﬂ@&ﬂenﬂrz &e acidic conditi.ons

of the stomagh p enousl A W de vari et

progr oups, ?Clbbﬂ?ﬂ L 'dleﬁé C{be’s uﬁylt }%n]llje g?gﬁﬁqéﬁ edsd‘ s hsfnt §rivhg ék?ﬂﬁig

25f unc¥i onal thgliksu Péheienpeeiiie laxelt of\mmsmcaraaaan@mmembrwaem anealﬂyadylg onpounds
descri bed hefighigte anpl e,
a hydroxyl fu ncj[ﬂih%ln g&/’oﬁll@nﬂﬁlﬁag ﬁég&; \?ﬂc?iwg J{)i t?ngedt tPa% ,the twc% vaFn%es%e ‘
carbonat e prdi¥ Sélf’?ca‘l?ﬁﬁla@ﬁk Wﬁ?ﬂﬂkﬁéc’mid ‘Bhyided” iS Hsedl i Slotver ¥rydslinil tieart he

hydr oxyl gr Qiﬂ@fld1ﬁ@roﬁ;ﬂdﬁﬁmﬁﬂéﬂ% 6 &ﬂ%h 2@ UR sHRY e1ﬂ%d1ﬂ@§tgﬁg a ?1d§fkr%g§ de.
car banat e, hosp hc)r?/ﬁ or sul Iety, which

n
may be hydr oslgQ )V%aieg a‘iyﬁh?ﬁlkf‘gag%fo B B%:‘FH’@RP s raseratepies @Féﬂbe tefﬂ]lﬁaé?%ﬁsﬁg group
may besmasketktiagdigimedie); chimGl-digh (8gam); lpydpae 53-8k Spapshol; Blwgesi-eks) , am de or
hydr azi de pr y z vivo to provide the
car boxyl gr oglgwogl&ﬁdthmeg%ﬁr@%mgg%as ﬂ%f%né{; ‘%%ned’g’ﬁ'be progroups and their
respective pronoi é’@iﬁ@@”\m Ft$eifl§’easazgpaﬂaemelts@suthmefe@rto 8 Kirdight-phaintskrerated .
" Progroup” r&§a@fre§edta(ﬂqrﬁh)tl ¥REp Qafvm?fv%tt@rﬁﬂdapﬂmgﬁ/ﬁ&@zamaﬁtci:ntéw%v Z o0 mask a

functi onal Tf‘gr OUE hin an active stereol sonerical enric drug

conpound to OIber}Bﬁ’é’g@t%‘Pm fghspgh pighe %*%@ﬁﬁﬁ%%%"@fﬁ@@ﬁ@@ﬂ 041359 11
t he dB0g i ntporest apmmmu@e oquge oampsoc@ﬁefet@blableadddmr@bre%ﬂledple&ni h& functional

group of th at_ar a der speci f condi tions
of use. Thugpat%m”g o4 1(raj‘(]t)euml | lsgat ‘ﬂgfqua‘(%g’tac%eﬁ \(;raplﬁa?f}klyg‘?‘i’ﬁlg@fl 1?%%5?%81%%%?& to
rel ease the lmumd:tci Ioﬁbsllelgl(roubﬂnubndf@ﬂenBMCfsqsedmﬁq gtbno,etighd; popgemnf sutls®.  As a

specific exq,;@gtg plg%_g.gg depat, %1@@ ﬁ%?[li%? Ger{J]t?llénrrdechasl%ut A Q) %mcormri ses

t he progroup P ‘a di sease
or di sorder b&%i’fﬁc‘{“@{ é’@n‘bi?‘lfkibé%rbaﬁfﬁ}y@ebqtaibﬁldiynm et atridabg, likkoWhexanpl e,

wher esgel | s sphcific 0@ BB @utal@hard Nk ded GRURLRHRALL ARk wen&e@lld%?al n-g@g uaher rant
proliferation may be caused by any ‘mechani sm of action or cofbi nation of
mechani snms of action. For exanple, the cell cycle of one or nore cells may
be affected such that cell (s) divide



10nore frequently than their counterpart normal cells, or as another
exanpl e, one or nore cells may bypass inhibitory signals, which would
normally limt their nunber of divisions. Proliferative diseases include,
but are not limted to, slow or fast growi ng tunors and cancers.
"Antiproliferati onpound” refers to a conpound that j|nhiRj

proli Perati@ﬁ%mﬁ\/{’gﬁgelﬁ}) as conpared tq, an uﬁreat ed con#%ﬁb(}qﬁfﬁof a
simlar type. The inhibition can be brought about by 15any mechani sm or
conbi nati on of mechani sns, and nmay operate to inhibit proliferation

cytostati calmyon@renmal@&r@m@aiwwgéﬁpes(ép@@jofrt@z Cxap klfe émmeb' ti on as used
herein includ is not liTmted to, arrest I VI Si on,

reduction irf™% ‘gm?"é& e Blffylf:@lglrouﬂfs\?ls’éfi‘%fﬁ“‘:haﬁ}%T“Weélaléi%ﬂotﬁfP”aﬂrf’e{?/’@Feth@rOoﬂkfﬁoand/ or
i nducti on ofpregetd, haeatdad thayikany mschanl sm of action, including, for exanple

apoptosis. 20" AuLgy nas refer the f 0

seri ne/t hr eoni ne ﬁ%%ﬁ%ﬁgg%aé p?‘ an‘éﬁén@gﬁ%ﬁ“ge&? % %’fyéﬁ?‘ée&f}/oﬁihé's " Aur or a"
ki nase§. Thealkyf epep. fTa(mcftlyy@faiksl@munemlhdeebmuneotmmb@ﬂomyklmﬁlai&%yca:rbetyls
essential fagacel r 1999,
oot ool | BcI: % }Iclogﬁtﬁl X! iR c?éldb%nyﬁ %?@loizeﬁtgﬂsuch Bi cgglmggaﬁyé‘é‘?@yg ) eene/ L

112: 3591- 36(?1010*1911‘3/@@“0%0&010%?1%vclomﬁnyl@&thelsieol 2:21-32; Adams et al.,
2001, Trends Cel k aBanAromlﬂ-c Kifz SA4thm™ J%E‘@%Bﬁ hMatuhB8E l;@&%o@é/tcmrﬁe sysRAN

rrammllanfq EE%/ nbers:  Aurora- AJS( % Aur or a- and f\uroraC( 3")
(see, e.g., ‘&Rt QBRI AcCTYGHERM. Spegifigally wplpded ithin "3912 U “reicgchof f &
Pl owmafn, 19%8ymafliy drpdgstdned are theﬁ) king Qst&ﬁﬂm%&h onoAS nfdﬁ:&ﬂth@ ﬂh@laﬂ: arourHE A a

ki nase" i ncl ot...onl menbers, but

al so |l ater- ?{ésj%gn\?ecr(}efgl © mys Al g'mtefi At ”" Smmt rfB‘écﬁm ngﬂﬁxatlf}?#bﬁ‘boé%’éé“dﬁ? ot eins from
ot her speci e@eﬁnﬂwm&@&ﬁﬁ@hﬁdr@hﬁﬁhahweﬂu 'ﬁqua}}greewacmmlnesngﬁysterﬁ?ﬁndhmaﬁiuogous
Sehumacher or ot MHeA B, KLAES Ral kA0 o N R SR It SORTST 667
J_ Bi ol . Chéﬁizeryﬁryigrybc@mfgxpﬁwmnthene ﬂumvep‘%”h@jqagmk|hﬁ@g@nﬁ-é@ﬁa3@q@mdﬁp@c’esS or

"Aurona Ki na&emmaj hﬂﬁr&ﬂmﬁhns Q@[ﬁlﬁh&l@;ﬁe th&@xfed@:‘faphd’n@fo%@n& Svalen& Sl AfiieR[ OCESS,
di sease or d| an Au | nas s a, rol Theé Aurora

35ki nases are %B%I]e pee\r}%ﬁ"@f Be‘bﬁpag?" g“Pé @m}e#’ ‘8?‘8@%??1 PBHESHHEPY B8N event s
t hat regul atpElamthrenemublgme,detrM@@iﬂﬂm&ﬁéE:@ha&lléhusmalﬂﬂla&dé,35:9th6112<e phase of the
cell cycle. The W’Byﬁt&éﬁ%% %‘t@@aﬁ&ﬁ?&@hﬁﬁ&&%e@eﬁsﬁ%%ng}aca%fré&%? tﬁl ar | ocations

during mtosis. For exanple, Aurora- pregul a e M phase of
t he cell cyéy‘g"c&‘ﬁﬁfﬂ powdiayize e stged Hambaif pube afpois §.ed G51HG nm@ésa@ to Buggest i ng

i nvol yenent cir&ll@ﬁ)ﬂis)’d%ﬂ@&iﬂ@:'thefréiﬂﬁrﬁllo@H&hymgén%toﬁiﬁdﬁ{ Asif1AGHY ﬁtBrM of & maxim zed
during proph Aur or a- elieved to L:‘f‘%aan i mportant role 5during

chromatid s@ff%fg LPTaits rH‘ﬁ&y SFGS‘P PirR Ay b3ropR &t \’f&’@é‘ Igpited o pAraAapsfthse and
t el ophase. The accaitylhe, AunghaylGe] z&eﬂheﬁe&ithqlkae,ramhiabﬁne lakulhﬁ&aehhe@nchsﬁawn to

| ocal ize to tosis from 0._cyt.oki nesi s.

Nbr eover , (ﬁﬁr&h{ ?gﬁg@%n%%%?% t%kar?gns éﬁex%rflwnei exg&e aﬁ’é BPPAEET s | eads to
abnor mal cellqdﬂf@rlédm?a nghehalsed gebiceriedseiapase. adfalem oalene pﬂr@%f} diEBEnticene,

17: 6675 676) pentdds peﬂﬂlg{eapekyma%ﬁé,a@ﬁeeFﬁehﬁmgé},te iddnd ﬁgﬂ&e% Syefed | division,
chronpsone segrl ggtlon m.toti c spind forrmati on, d'cyt oki nesis. As

used herei n?! FTURLFRUE X ‘Wﬁ?ﬁle&&?rﬁlﬂﬁ’éﬂé%’% gad G é“wst"!‘ﬁ”ﬁs fhﬁéaf§\§>‘?dlp’él°of " Aur or a
kihnas es- rTFdiSa!ht&dthﬂEcﬁ"c B58me embodlmente,Mﬁd’ z&ﬂ\bgﬁ:l’up 1SSF51G@5|)|aI'ny vdiﬂ(ﬁ(@j@t\lﬁl) Yeihdd 1997,

t he manmmal i ase s .be osely linked to

t ut nori geneg’:&s%ﬁc%{ %Pmmfncexam a1 1%“yg?ﬁd&%ﬁlg’§f or this is that

over - expr essi on ‘@klogen” or HHalotby thawfedrens: as pderfandthcb nubkitast, snlésBotsahpé f et al .
1998, 36EMBO dhatedl feted BRioR0 810, bg% aSd I’JO@N th elevated | evels of this kinase
contain nultlple cen1rosones and ol ar spindles, and rapidly becone
aneupl oi d. The okelakyi by zi%ﬂfmswt @ﬁans& e¥batitRenhraGesdo prsallil Rstyin whicke | i nked

to the genesgiol @fke of théhbﬁﬁb@@ﬂ@ﬁsla@eﬂeﬂ&k@bhtllhhé{egeﬁ NEARE dhe 1@mORLISBh Rl ON
d chrompsomal instability in

bet ween arrpllf cat a-A |l ocus an

nanmar y andm‘{ff‘ﬁstf3 r“]cklg? i‘}f’r‘mhéloﬁlﬁ% ‘Eigael ks wndlerdoismes ya niperplogy’s: Fopo1, Int. J.
Cancer 92: 36mB73hec SplealoureClel?) bdloajky20fklydeBiiokomethyl, GABGEReBA: 824- 831) .
20The Aurora ki nases have been reported to be over-expressed in a w de
range of human tunors. El evated expression of Aurora-A has been detected 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 (Gitsko
et al., 2003, dinical Cancer Research 9:1420-1426, and gastric tunors
(Sakakura, 2001, Brit. J. Cancer 84:824-831, and in 94% of invasive duct
adenocar ci nonas of the 25breast (Tanaka, 1999, Cancer Research.

59: 2041-2044). High levels of Aurora-A have al so been




reported in renal, cervical, neuroblastoma, nelanoma, |ynphoma, pancreatic
and prostate tunor cell lines (Bischoff et al., 1998, EML30 J.

17: 3052-3065; Kinmura et al., 1999, J. Biol. Chem 274:7334-7340; Zhou et
al ., 1998, Nature Genetics 20:189-193; Li et al., 2003, din Cancer Res.
9(3): 991- 7) woRldsfds£at i on/ over expressi on of Aurora-A iscoPSRisuedsd N human
bl adder cancers 30and arrpl ification ofjAurora-A is assocliated wth

aneupl oi dy and aggressive clinical behavior (Sen et al, 2002,3 Natl Cancer
Inst. 94(17):1320-9. Mreover, anplification of the aurora-A |ocus (20ql3)
correl ates vmﬂqummyl pragoasi,s, fdafuopainyent-gifMerbdihynade-magatdnve br east
cancer (I sol a £l eaf}l 1 etc1995 Anerican Journal of Pat hol ogy 147:905-911).
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the Aurora f |,y 4 s t r mal
tissues, theﬁéﬂ;(% td?a“ﬁﬁ%% %%gstt?é l%léﬁs%etfﬁ%%lah*’ﬁ% vml%‘oerr%é : nX%: ndﬁgt di ng
cel I s, %such aagkaihés @W@w&alaﬁ@ “hadagiijoy” (o @@h’éﬂl@xy refqas toagmg@ftheamm

17: 3052- 3065&);{7 where R’ lsﬁggl(}@kyfurt her review of the role(s) Aurora Ki nases
play in proli fer orders, see Bi schhoff 86 Pl owran, 1999, Trends
Cell Biol. 9:454- 74%%—’5 fglts tog YA YT 2 4G Bgeompoungrye) Spaf mipgEvie a

10112: 3591- 36&IgrmMNioggnde? 00 LondiNais.of iReVsuchMb kritlie ke del}Q{a rel2as@the @8ye digANS et

al ., 2001, {0 a cogene
21 6175- 618 ro%nl%§ arg‘f}iﬁ]’uenﬁ gutuhnojtgieclgs%aer)ﬁ(% ng%%ac%;glc?lfy mac‘&we unéﬂ canerg g I;]riéoe %91 cells is
not alldays iciife énei Riedmbreere tmitaillpphtiined byagiing a;ﬁmmti@amg@tmw dryg woinipbungi el d

anti -tumor  effeosdto bé Q@%qﬁ@@ﬁar@&ﬂf& {vﬂf?gprbé}onlécﬁE@'Bém %@osf&ﬂﬂé%)r&ﬁb@éry at | east
t he foIIovmn%w‘ pes ofp tunor cells are sensitive to inhibition of "Aurora

Ki nase 15act S}dergﬁFsoas’fa&i rpipS el as clegyags, wnder the-gpgdfied qonditopeafipedto

(M a- paca2, r&)ﬁsd%aﬁmcthmatgmh@@tcuahcelﬂeukmmdaxg( U%B;Ye)mck unge AaeRecALy noma, | ung
epi dernoi d, snall rcino (all)
and Mol t4 (&FYe Spon%m%u%%f S5 5 on tH erfrgg A Sls‘?idgéf nr?f én %’ eﬂﬁarly&%mérﬁl\éﬁ%ges in a
vari e2§ of damodesiceuxanplsdy almnzyrmbx)hm ky rabe batenvediy atiedgzdil seagsse and

di sorders” inglside, elgz%mﬁ‘fﬁl%l &%e{el' 'chth%ga Ehgngemeﬂ Q%’e %H’é SuKEH @ and solid

tunor cancers,  such for ‘exanpl’e, col on,” brea gastric, ovarian,
cervical , mEndeawAEs o F}’é ﬁ%dlt‘o’ﬁ)‘;rf’ég%ea%“@‘ as|ay ﬁ’ﬁﬁ’@ﬁﬁfeseﬁéﬁ% b“FQ&é‘t Wik thepaaseyeeat i ¢

and bl adder iGameetSed or the acidit IMEKH AR oy, #1itheg bl MepRaRIRtoudef ers to an
anount of a conp eci fred disor or . di sease or

sufficient to teat
one or nore of g ‘geyvr?ﬂ?%ﬁ’gpmgfci’i’p?’ 8% ‘5‘5@%&5 ““tsg‘*af‘%?‘?‘?jﬁﬁﬁwmgF %F Pkt i ve
di sor @érs, éunicﬂmnl@]uem inGlad aktyve etbfe@isdmevieallg mprichdd oompqamtls@swml hewid uield
suf ficient - . ) b I asi 25 O
decrease t h(tggdugéﬁﬂaggkrgﬁg?{ﬂ '#H I}%emﬁﬁgsﬁy& &ﬁl EM% 1 ﬁgt)!%nl?ns Sl?gt %ndar d
treat ments Pé¥opge ﬁﬁ?llOgé%?oéati)Pf@mP*P@r‘a?v?WY@P bxﬁﬂd@ﬁd ifW@ItQ/Egﬂ@lﬁFegl cal

interaction h?c@oﬂyﬁﬁ&\lgﬁ‘ Arh@idoURfidns) gm@uﬁala% mAkQNE 2R hmidg, c%@m&enmlﬁ@&ew th
drug (cherm) a erein, her apeutical |y

r adi on_t her apj

ef fect anouf &l’if‘ﬁa‘;’h{fﬁgﬁ%{maﬂﬁe’éﬂ P’f‘?f“@ﬁﬁeﬂhifkbm?yﬁ’@%m%lﬂaeﬂ ‘%‘H‘l}?lﬁ%‘oﬁﬁle tB"orrpound
that &dther alpme‘gfenlb%bhﬁoxﬂ@@pﬁxﬁﬂb@mfﬂsﬂmddﬂﬁﬂés&a (nfch%fgubyieﬁér§anti|ﬂﬁ&estﬁa)1e had
t unor (s) sur [ I e.ra nc tum)r(s) in
such subj e Ig.’dg ) leXraEﬁQEJ&%gngw]w% niay b ef r-c'h éyzﬁée i é’ivﬁ to %{f ﬁ‘% calg?xy £E8 nﬁ’ou nds
t hat provi d@%h@ﬁ@@mfﬂmmem ﬂetfablc p:aetpum@nd ther rmeramplhmmeua; pal tefapparvat @py,
such as surg;o&agfsglmlﬁﬁé/ﬁptl on and/or treatment with other antiproliferative
agents, includi ngf, or example, 5-fluorouracil, vinorelbine, taxol,
vinbl astine, 35cI*SHH o} Fefery i piPe elmotecaipeeryup thitaviiemused thoprski fupstiandl he meani ng
Of "t her ape@xfoluﬁﬁitﬁuy arﬁzfcﬁ%sttelréé@mﬁﬁﬁbl@tenrlchea/@ugmgs%55ﬁ)}-]P %éM&Z@Q%AM&BW 14

“Prophyl actically effective anmount” refers to an amunt of a conpound
sufficient to prevent a subject from devel opi ng a specified disorder or
di sease. Typically, subjects in which prophylaxis is practiced are not
suffering fromthe specified disorder or disease, but are recognized as
being at an el evated risk for devel oping this disease or disorder based
factors such



5as, but not limted to, diagnostic markers and famly history.
6. 2Si ereoi sonerically Enriched and Stereoi sonerically Pure Conpounds

It has been recently discovered that certain
N4- ( 3- am nocar bonyl bi cycl o[ 2. 2. 1Thept-5- ene-2-yl)-N2-substituted

henyl - 2, 4- pyr.i m di_.nedi am ne conpounds, represented by al..formul a
FI),ybeIom4&§Fg&%%#ﬁht i nhi bitors of Aurora kinase acti%%@@ﬁgﬁéﬁ?ﬁhnr cel
proliferation in 10in vitro assays (see, e.g., application Serial No.
11/133,419 filed May 18, 2005, copending application Serial ., entitled

No
" St ereoi so LGal: ' - [ i _ | o filed
concurrentF?Eﬁg%g&g%EQ%?ggﬁ??é%%ﬁgg%gggfg%ﬁggo%%@%gﬁgﬁggﬁgyg%%ggyﬁéoUS),
and i nt er natPro;iet asgpitayebieindn snepilicOitime 87 w7 AThos, ipfogtula h2tE8iop0B5 and t he
lorlt ority aPP{ohﬁﬁb‘t@dﬂ?&ea{x@Jtﬁk@?&@l@ ﬁnfb%&?ag g}%apluﬁ\?erﬁé)s c%f&ﬂ&i?cﬁéofutse. As QSEI I efl
artisans w apprecjate that in structural fornula , e stereochem sty
at carbons ﬂ?”%?g§mahdmﬁﬂwgpWﬁ?ﬁBﬁFﬂeéﬂ?“@d@ﬁ{pﬁﬁ%ﬁf%@%E%HﬁBWﬁﬁgpaccording
to stréict uraf(Ofc;mul a (0 i ncl ude eight diastereoners, illustrated by
stryetural f ormubag,Cl kA0 el OV 0 AO0GHORAR0ARTHL U5ROG6/ 041359

proliferation, for example, where cells divide more than their counterpart normal cells. The

aberrant proliferation may be caused by any mechanism of action or combination of niechanisns
of action. For example, the cell cycle of one or more cells may be affected such that celi(s) divide

10 more frequently than their counterpart normal cells, or as another example, one or more cells may
bypass inhibitory signals, which would normally limit their number of divisions. Proliferative
diseases include, but are not limited to, slow or fast growing tumors and cancers.

“Antiproliferative compound™ refers to a compound that inhibits the proliferation of a cell

as compared to an untreated confrol cell of & similar type. The inhibition can be brought about by

15 any mechanism or combination of mechanisms, and may operate to inhibit proliferation
cyiostatically or cytotoxically. As a specific example, inhibition as used herein includes, but is
not limited to, arrest of cell division, a reduction in the rate of cell division, proliferation and/or
growth and/or induction of cell death, by any mechanism of action, including, for example
apoptosis.

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- endo) ( 2- endo- 3- exo0) a' The cis racemate of structural fornula
(Ha) can be referred to as the 2-exo0-3-exo racemate, and includes the

(1R, 2R, 3S,48) and (1S, 2S, 3R, 4R) di astereoners of structural fornulae (1a)
and (I b), respectively. The cis racemate of structural formula (11b) can be
referred towdSediBsser Sendo-3-endo racemate, and incl udﬁgr,lggmﬁfﬂl&g 25, 3R
4S) and (15, 2R 3S, 4R) diastereonerg;of structural fornulae c) and
(1d), respectively. As described in nore detail in the Exanpl es sectlon

for conmpounds in which le is fluoro, R is hydrogen, R2 is

4- et hyl pi pgmhagiontik egllky@d dhRBurhS: K{EﬁrthasestdnﬁlﬁﬁdlﬁtW@t sﬁbo%mﬂ@@ﬁﬁtmaé E&Sin Xhi bi t
antiproli feri% AS%GF&%;[{I VletXu g{gqq I nst a var| etgl} f d| fe Q‘L 1urr§k)C{)l i nes
ininvitroantiproliteration a’§§%fy%u e M phisg oighegglovale aydjoga %Fémate
10(r acemat e tEe Splsdlapﬁﬁrd@smmarltceisgﬁuggwmgwélmndnmca&ztrp@haelrftnctxhanwmhe
correspondi n&r&é—%%ﬁﬂ&%%&@%%ﬁ%@? {)99-\% it 1e\)e(§1to?Lga§?nﬁl)rtan{ figs tested
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(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
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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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Skilled artisans will appreciate that in structural formula (1), the stereochemistry at
carbons 1, 2, 3 and 4 is unspecified, such that the compounds according to structural formula (D

include eight diastereomers, illustrated by structural formulae (Ia)-(Ih), below:
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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:
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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-
5 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

10 (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

15 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)

20 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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structural fornula (la), supra, substantially free of any enantiorners
and/ or di astereoner thereof, and/or substantially pure or pure in the

di astereomer of structural fornula (la), supra, are illustrated in TABLE 1,
tFagl ot 6(2)1 w80 51s62, TABLE | 11 w O Nor' N H CONH2  , Copmasigisst1l e
17

cotresponding (18,28,3R,4R) enantiomers, 2-ex0-3-ex0 racemates, 2-endo-3-endo racemates and
other corresponding diastereomers.
Accerdingly, provided herein are compounds that are enriched in this particularly potent

(1R,2R,38,48) diastereomer. In one embodiment, such stereoisomerically enriched compounds

5 include compounds according to structural formula (1):
R1
RS R?
ORI S S 3
7 NN N R
5T SN coNH,

that are enriched in the corresponding diastercomer of structural formula (la):
R1
8 2 X ﬂ\ 4
{Ia) g;;g%"ﬁ NN R
H CONHz
(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,

/TN
N0
-OR?, -O(CH,),-R?, -O(CH,),R", -NHC(O)R?, halo, -CFs, -OCF;, ~ “—/ 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(CH3),-R", -O(CH,),-R", halo, -CF;, -OCF,, =~ “—/

/N i -
~3- T S
N NR,éLN/?and%N]

?

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%;

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

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.

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.
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.

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
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

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 conventional analytical methods, as will

be described in more detail, below.

In some embodiments of the various stereoisomerically enriched compounds described

4N o 4N N-R¢ AN O
herein, R’ is hydrogen; R?is AN S — . and R® is other than s

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

Q
4N 0 BN N-RS -§—‘E ?
/ s p— 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)CH,CHs.
Tn still other embodiments of the various stereoisometically enriched compounds

N 0 N N-R? HN0
described herein, R? is other than NNV -y and R? is other than / s

— Q
4N N-RS —i{ y
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 o0 AN N-RS 3
hydrogen, ./ and p— , and R” is selected from the group consisting of
VAR

4N 0 EN  N-R
hydrogen, lower alkyl, halo, -CFs, N\l and pu— . In still other embodiments,
4N 0
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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TABLE 1
R‘l
]
eVl
T 6 2 2
@ ﬁb NI e
s ™ CONH,
Compound Rr! R R’ R’
60 H -g-u@r\bm Me F
62 H -g-NC -me | H F
64 H H 4N N-me | T
66 H o W4 |
- 4N N F
e
68 H H o W4 | F
AN N
N\
70 H —§—N\ﬁ P H F
N8
72 H 4N N H o
§ /DRt
74 H H 20 F
/P
76 H H AN N F
‘ é\——/ OFt
78 H -§-NCN—Me Cl F
80 H o yewe | H 5




NMe M 84 HrTh \/ N-Me CF3 F 86 H\ --NN-Me \_../ O F 83 H\ --NNMe
CF3 F 90 1-1 H+Cm I F When specific diastereoners and/or racemc
m xtures of specific conpounds described herein, such as the conpounds
described in TABLEl, are intended, the conpound nunber is followed by a

| etter speciwigyon@hside specific diastereoner or racem Cc papish@0dssd ol | owns:

22
TABLE 1
R‘
] 2
peved
n ¢ 2 =,
19 éb——ﬁ NTN R?
504 aNconm,
Compound R! R? R’ R’
82 H 4 ewe | Me F
/TN
84 H N Jewe | CTy F
/N
86 H N e | Cl 1
88 H w we | CE, F
o]
90 H H w§<\N] F

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



a=(1R 2R, 3S,4S) b=(18, 2S, 3R, 4R) c=(1R 2S,3R 4S) d=(1 S, 2R 3 S, 4R

(1R 2R 3R, 4S) (1S, 2S,3S,4R) (1R 2S,38,48) h=(18, 2R 3R, 4R) r1=-:2-exo0- 3-exo0
cis racemate r2=2-endo-3-endo cis racenate 73=2-ex0-3-endo trans racenate
r4=2-endo-3-exo trans racemate WD 2006/ 055561PCT/ US2005/ 041359 23

Thus, as a | xanpl e, the (1R 2R 3S,48) diaster ound 60
IS referredaﬁbﬁg' é%gﬁpound 60a. ,jhor of skill |ne@£§ﬁ%g%mg8%p
appreciate that the stereoisonerically enriched conpounds described herein
may include functional groups that can be masked with progroups to create

Sprodrugs. Such RRANLUGS.ALEHSHaLL Vi s RERMLAGL AR o RIRLTBESLA0LE R |y

inactive until converted I nt eir actrvé drug exanpl e, ester
gr oups conndﬁPVmWﬁﬂ@?@8 aci d-catal yzed hydrolysis to yield the parent

carboxylic acid whes o@kﬂﬂﬁ@ﬁa&ﬂﬂﬁéﬂﬁre@&b @lmhecsmais&[h&mal)%néh@&w%aﬁa&h or
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st er eoBsonerira@igh. yslempnoélhmrmmﬁgmnd&ed ivabe, fidkmebloglenllp $aetive B0l &b @sd My be

consi der ed rbo li,c_aci ardl ess of
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whet her the ester formTs pharnac uded within
the scope ofhyfibsis lqwisht thoprregtearbprdid PQJ@S’h@feX}wh@ ‘f@/@%p roliscatigpmof thoner i cal | y

enric _hed co rﬂﬂﬂkl&dﬁr Hﬂ%s&falygﬁidl Jﬂ@lﬁzﬁé x@hen |e£bo§édq1(hth9 oo E%&zoxx%ﬂlw%&‘hx{c%p le
functi onal % rou

ma prodru
Funct i onal 5%3 ihw%/hﬁ? ?Pffflwaelg%f@ﬁé%%wl lgplsmrma?{ %*eheééwewﬁagat
descrilbed henidaetdabicti@ymdyee mﬁk@di pMdiukgs pftﬁ@rdauﬂgmfdﬁfg chiB&dylasdc@N in a

promnoi ety i ar.e nes (primary and secondary),
hydr oxyl s, r}% #ﬁ%@s’ciftavlﬂ%tPerthees I,fmgla{? h‘nmﬁcologa gﬁao 1er ad progroups suitabl e

f or masking sucthWﬁ%bwﬁmaﬁe@m@@p@evmmeEMdp@moﬂnﬁéwweswshauwamewMMEavable
under the degjidhefompRdbd bBBeeretsS 8n &%ﬁplléé}gé@nanﬁf Qv dl ﬁﬂétroﬂﬁlnlnet? fmag hese

progroups, al one or in conbi nations, nmay be inclu

st er eoi somerTELES [0 & AORRRR Y YEBHERSFIsg §“rt9f'°”ta}ﬁ°‘ipﬁvéﬁtl fhggtereochemically| n one

i|lustigati vellmmmbmmmm detsmecsfe&rraﬁmsﬁwm@aédlmmqmgmb@ar Roeshugs are
conpounds accor fornu

t Rb and
RC may be, i a&@i ?%%]¥%MFﬁ%ﬂwq%wgffﬂﬁ§&Vm%QFWH?SRﬂF¥%hﬁ%ﬁgﬁégﬁ”
progroup, tH@mbhmebQWEJ@médwmmmbmemmsmmbbpmndumgsdmdamemmbgmmsm@wkiructura

formula (1a) bromtbEAhat %@I 238 eistké (!ie%irégraﬂﬁdg%n@tgfhse%é ‘LWOQ’Q B{tﬁ I akﬁ E‘hat many

of the conpounds and prodrugs descri erein feVari ous
conpound s pelFEECEPED PRSI S Batans. ey bairelndsd i the e gmmrledcaﬂxeqneplﬁgl may
exhi b thepnhQ@gﬁmQaQOmhautonerlsn1and conformational isonerism For

exanpl e, the conpoun and 0 may exist in several tautoneric forns,
i ncl udi ng the end1”f gﬁ:fﬂaﬂy bR‘g’f’ f‘%"r %?ﬂfamm%ym@egﬁ@ﬂ%wcaglpttlﬁés vari ous
conpound naiapeslingfiormubablomnthe (nReuricwsOIR 2R ang " mast tel i@ atidienspeai i cation

and cl ai s %?egxoﬁs%pﬁe%ﬁgfﬁtltcﬁmv& le%g]%p, %hht emu?hegJ nqhet c%lr“lrtes?aon(ﬂng%tagereomer of

hS

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.



conformational forns, it should be understood that the invention
enconpasses any tautoners or conformational isoners, of the conpounds or
prodrugs having one or nore of the utilities described herein, as well as

m xtures of these various different isoneric fornms. In cases of limted
rotation ar@ngdddagse. 4- pyri m di nedi am ne core struct urgr@hbRpsi:§OoNers are
al so possi ble and are 35al so specifically included in the conpounds and/ or
prodrugs of the invention. W) 2006/ 055561PCT/ US2005/ 041359 24

Dependi ng upon the nature of the various substituents, the
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art. 5ln song,enh9 I gally acceptable salt.
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The stereoisonerically enriched conpounds and prodrugs nmey be synthesized
via a variety of different synthetic routes using conmercially avail abl e
starting materials and/or starting materials prepared by conventi onal
synthetic nethods. A variety of exenplary synthetic routes




10t hat can be used to synthesize the stereoisonerically enriched conpounds
and prodrugs are described in WO 03/063794 and US 2004/ 0029902, the

di scl osures of which are incorporated herein by reference. For
purposes of illustration, an exenplary synthetic schene that can be used to
synt hesi ze | ange of conpounds described herein ated in
Scheme (1), WE’ “Sﬁvl’i&*’gsf{ssmene (1) R3 H2NR3 10 1 equi VPWU%EJGSW%@ 6-7 N
N 4 NN CON H2 In Schene (11 RI, R2, R3 and R5 are as previously defined
for structural formula (lI), supra, Xis a hal ogen (e g., F, d, Br or 1),

and eaCh G I é‘tabfis'ﬂ%Q@F&gﬁﬂehycrﬁfch&gh?arﬁpop@[ I’['y %‘Ea]%gg I'EO!SO 3!‘ a%ltetﬂa‘?\{}igt 0 and S

It should be noted that an I n am no t he
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as st erseoi sosfelreskifiéd 4rfiven. conpounds of structural formula (I) that are

substantially free of other specified diastereoners. Referring to Schene
(1), uracil or tHdour dtithedofiSsnidipdiml ogenat ed at the 2- and 4-positions

5usi ng t he st andamdshaliRgenaid 49 e g agents)
under standard c gdd%;l oins tolyl ellcgegZ&ﬁpog%%ﬁﬁédr‘%gE}%{r}nbgﬁhtg&%.@ﬂzﬁg hal i de at

the C4 posi tYgHYP PRSP o DR P‘é"éﬁ’r\? Jaung heRak PR/ A EPTES at
the C2 posi tma)dsnaisrprepyrrad ¥ cehiviagiofal siﬁhhesxc fethdder 8REried offeR@GlarVdyhifetie 2dutda e
expl oi tOed t%ﬂ%‘ ntFemze% RN msome 16%?1\‘3/? rmged cglixa%ﬁvsgﬁrn%?‘rggragsea;eel n by

first reacti Fi-m’di ne
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For purposes of illustration, an exemplary synthetic scheme that can be used to synthesize

the full range of compounds described herein is illustrated in Scheme (1), below:

15 Scheme ()
7L NH,
6
8 A ] CoN RY i
RS POX R 6 : . LN
e ) Al
G7a N 276 {ofher halogenating agents) N A 1 equiv / 5 H 4 N"2°X
H CONH,
2 C4 halide is more 4
reactive towards 8
nucleophlles R1
J@ER?
HoiN R?
10
1 equiv
Jf?fz
Lb\ 2 RS
CONH,

U]
In Scheme (I), RL, R% R® and R® are as previously defined for structural formula (1),
sypra, X 1s a halogen (e.g., F, CL, Br or I, and each G is, independently of the other, selected
from O and S. It should be noted that an “*” in aminocarboxamide 6 indicates that the particular

20 stereocenter is not specified. Accordingly, those of skill in the art will appreciate that Scheme (1)



structural formula (I). Those of skill in the art will appreciate that the
stereoi soneric configuration and optical purity of am nocarboxamde 6 wll,
in nost circunstances, determ ne the stereoisoneric configuration and
optical purity of the conmpounds of structural fornula (f). In nopst

si tuations, widWodddsdaal i de is nore reactive towards nucl QERMLER11385
illustrated in 15the Schene. However, 2as will be recogni zed by skilled
artisans, the identity of the 115 substituent may alter this reactivity.
For exanple, when RS is trifluoronethyl, a 50:50 m xture of
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React or (Person | n a _seal ed tube (at 20
bar pressur é?war‘%é‘?ﬁg’f’lﬂlre%léﬁmﬁyf’ahtdﬁ thllfr%c?f’?““’? I%Pyéi’tmc‘ dipgd s drfesntial pay  be

pur chased f rrmml\ﬁ@mifﬂfee:kpahteSmyﬂEﬁxzeﬂje mn@pafdemdlpmdngs &kaipeblictkid Bofni ques of
organi ¢ che ai | abl s.an cils that can
be used as < a%&r{%&ti -big- f%}/r(fml]%lile}iw Qe eﬁéva?enyo ncalmzra)éncycbo ﬁgllf@x e rrpl e and
not | ilfi t at |Célr110>iamlda(§1 Yieldiyy & fallowediny3cQU@-vEth 2GAS Regist cymBEnd@ 2ccding to

2-1 h' o-ur aC'slmc(tﬂl%tlu@!Q%#]-ﬁhom ) m%xﬂ?ﬁ@!g)?:‘e‘bbételféag-ﬂlggergc)lsomgn4 di t hi ouraci |
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Addi t ilonal Bhesighste Hovevdr, aywidibe seoaawlect)lw stﬂﬂectmhsam, {he idamtiey efiiee B’ atgisdtudnr om
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Myriad texthook re 1ces teachin i tahl e synthe met hods re provi ded
A S o L R SR E R S e e
al ter A@t i velwell-knewn ibthe synt hesi zed utilizing standard techniques. For

exanpl e, suitabl rsors usi ng
st andard chem st %‘ﬁnﬁg{ﬁ%&]lﬁ 1%&%’1% g‘ﬁwﬁﬁ){ p@’%@a@? %lonﬁogé gmkl}l V%hg{;/)fhg g&%
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functional ¢Foapel DNt sepladips @ HH Bt BEtYEn during synt hesis. The exact
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Synthesis, 3d Edition Wil e Rew Vor K (%’Ibr 15’3) and the
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described in nore deta Use

St er eoi sonettEEpdigesehtateice Eﬁlp@mgAéiﬁfdlffwwwwmmeélarey cgmiraad/eind/ or pur e
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 enbodinment, illustrated in
Schene (11), below, the desired diastereoner 25is resolved chemcally using
(R) - net hyl - p- met hoxybenzyl am ne 18 as a chiral auxiliary. WO
20061055561PCT/ US2005/ 041359



28 WD 2006/ 055561PCT/ US2005/ 041359 29 In Schenme (11), 2-exo-3-exo
racem c 13-lactam 14r1 (prepared as described in Stajar et al., 1984,
Tetrahedron 4002): 2385) is protected with a Boc group, yielding the
correspondi ng racem ¢ Boc-protected 13-lactam 16r1. |3oc-protected racenate
16r1 is they, wi th (R)-nethyl-para-net hoxybenzyl elding a
m xture of g’ioz‘ﬁﬁﬁ%tigglners 20a and 20b. ,This &di astereomel?él’?élljﬁgr?’lﬂ21?2%4]3)((J

treated with an acid such as TFA to cl eave the Boo group, yielding a

m xture of diastereoners 22a and 2213, which can be reacted with

2, 4-di hal opyfukefdngh, @@deﬁ’ ﬁﬁo%&&f/@w@ xﬁtﬁ&ﬁm&rga rﬁtg%gpr%;areﬁg %I"Rg’ﬁ'd 24a and

24b At this stage, npounds 24a an arate rom one anot her
by crystal | i FHEH é(ﬁaadrf@é‘&@%&fwn&ﬁ tegpfiing sisablpoyntlrtiapethedd aie grvidedifa

di ast er eomer s 25aamines Dy barbﬁcmakudrf@ln coXbrtibBoln8s of, m@mahml @Jaﬁge

di asteroners_2 cI e oI a

di ast er eomer Ssyngﬁsé i gihﬁiﬁa “E%%%ij }eﬁé‘ll ﬁ’aF éé‘t"wég{ 1"%5@( “&“f‘sé@‘bect ively.
For corpound§o2igro amdirsgs tusmglstfwidard hhelahstry SS]:hylﬂtt e)gmpl,ary R2cticds are provided in the

4- et hyl - pi JeRsehiro)! e of the
chiral auxi P}?g% epsreot{?g Segl E? l!c))]ragf? Hl (b’ggmé ghemw érAdg%#pegﬁqﬁ s where such

cl eavage prolf%mémﬁdiaédlquhnwlhé&c?’ﬂn%élc auxi liary can be cleaved from

15conpounds 24a asmlez%aaam V@i Goch e hiRBH lg&naenﬁstangéala@mﬁe@1@&@9&5&%&&@1&? ed with
i ast ereoners accord to structural formul ae

ani li ne 10t01}” sol at ed ﬂ g
() A C1 barothe e P ep B B esr et FTHe SGEL R S PHBSER A5BCH n 5 ho
Exanpllés seciskowill depend upoﬁﬂxﬁ’ﬁltbhlﬁtszl sf th&ﬁﬂictt&fa&grsﬁ;ﬂfeﬁfglpﬁ)&m Bkl e @fpaietied,
substanti al | r or st ereoi soneri ca re in
SpeCI fied di tégs?éfsré(gl%@g!x% aéﬂlﬁ%ﬂceyforp {egltl%?q]])l Irl%t% gectmgngrﬁ s 2 rweeg ag 2 cal | y
enriched, sutygtaintiprahanyttahaenoidomes, embeyfc’puﬂr for cxamplt.or GetmeréeBiusot neri cal | y
pure $3- | aCtﬂBﬁetavggpolapﬁle @Fﬁ@@!c%}?/%l’s Q"Q‘IEIZIMOI? Db GRRY &%QJ Bic. &W%Iﬂ@%fﬂl ly)

a

st er eoi soneri ctans_can _be enzymatical Iy résol ved and

i solated. | na“gﬂ’t—‘f %?{gﬁiﬁlcg? heip GTeimati | G"@%"ﬁlﬂ%%’éﬁt)l al ly) stereoisonerically
pure 13-l actarns P@cﬂil’llgb@ dl‘s@ﬁﬂdd\heﬂmaﬂm@i bé ﬁ%a&fd%ﬁ rdufigd il Isk e M Xt ur e of

2- exo- 3- exo fb veI(fa ]gery 4-\0 using an immobilized |ipol ase (available from
Si gma 25Chem al 0og no. L4777) as described in Eniko et al.

2004, Tetr ahedr on*\SAisMﬁthsary wilbapr8iaf, Al debired AFo2 e 4S5k diesgtcarey coampoatinge nt
(substanti al Ydu-akLLEANSESH rl‘?zﬁi'acc%}\ b istE by (R & ?éu@ﬁ A &ﬁ‘é? tgxidglrdecéc%aﬁl?eg and

i sol ated from 2-exo- 3- exo Boc- prot ect ecjﬁ)racem actain ri1 usi ng resin
bound, i mobYfRsfr ehipibarssping specificdystergomess gre dféﬁzbyﬁ*é nocdseil dethaRraawes i ca
Type Bp c-f,seamai | able from Biocatalytics, Inc., Pasadena, CA) as described
in application Serial 30 8,401, | ed Novenber 15, 2004, co-pending
appl i cation Seri §Im%°mei’%$ “‘i{‘ié“ﬂ“il’ﬁa‘as fogior [gstansigllyPure 2RO Bf%er nat i onal

appl i cat i on diotereP@HF# L5054 lie7swtﬁesﬁaedl £aln Mayind-8;cadB:0hidc aading Opelids Shving
application Fdal ad, " S cally Enriched Il- Lactans
Usi ng Candi cfggoAr?t at?%%%}l%ﬂgﬁw IIVLlﬁﬂhecag&négfu@?ag%%PB{l%er ewith (identified by
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i ncor por at eds RENRK BheR¥all BB RREBethydpSREB Kt £zyla¥¥de 18 as a chiral auxiliary.
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30 exanple of the use of this enzyne to resolve 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
enzyne reac{PRs kgl lustrated in Schemes (111) and (pMusBRl@Wse A
specific exanple of 5 the use of Novozyne 435 enzyne as illustrated 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 the Exanples section. W) 2006/ 055561PCT/ US2005/ 041359 31
WO 2006/ 055561PCT/ US2005/ 041359 32 Schene (I1V) 6. 4Activity of the
Antiproliferative Conpounds 5Active stereoisonerically enriched conpounds
typically inhibit proliferation of desired cells, such as tunor cells, with
an 1050 in the range of about 20 04 or less, as neasured in a standard in

vitro cellular prolif 9 on assaﬁ o se, skilled artisans w ||

appreciate that cp s which e@ Qwer | C50s, for exanple on the

order of 10 gM,. 180 n 31 nkl or even |ower, may be

particularly u@u{( in there@g rngl i cations. The anti proI iferative
lt

10activity nmay be (?yt ostati cﬁ&ar y be cytotoxic. In instances where
antiproliferative activity specjfic to a particular cell type is desired,
t he conpound may be assayed for act|V|ty wlth the desired cell type and
counter-screened for a Ia‘g;k of actjvity a Rinst other cell types. The

desired degree ofg"i fvity" inisuch nter screens, or the desired
rati o of act|V|t>é activity mm Jor different situations, and may
be sel ected by fSEr . N15Actm§ﬁbun§s also typically inhibit an
activity of an ra ki nase b € n 1050 in the range of about 20 gM or

| ess, typically |n the range of about 10 gMvm$ 1 M\M 100 nM 10 MM 1 MM or
even |ower. The 1950 agai nst an aurora kinase can be determined in a
standard in vitrozagsgy with an isglate %a,urora ki nase, or in a functional
cellular array. Arg H% abl e enzyme ¢oppl ogssay that can be used to
deternine the degfe oof Aur or a klm, a k\‘@ty is degcrkbed in Fox et al.
20 1998, Pr ogel n &5ci 8 7: 2249- 2255.% Kér npt i de pepti de uence LRRASLG

(Bochem Ltd. > UK) can be used as a substrate fof Aur ki nase- A Aurora

ki nase-B and/Eor Aur oga ki nase-C, d reacta,ons Ean be cafried oyt at 30C in
a solution c@ntalnl g 100 nM HU 2(pH75<;> 1c9§r£/ll\/g 2, 25 2Cl, 1 nv
D11. 1C50 vafues c be determ usi conpRit €L i zeé on- I| ar regressi on
WO 2006/ 055561PCT/ 332095/ 041359 3FaiiFh camer ci al aI I yﬂﬁavallE & gof tware
(e.g., Prism 3.0, aphPed Soft g #San D ego, CA 'ﬁu £abl e"cel | - based
functional assay #'s desgri bed i Exanpl es sectio 6.8Uses of the

Antiproliferative C“forrpo nds The actl ve stereoisonerically enriched

conmpounds, i ncl udlgw various prodrugs, salts,
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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
inhibit an ct|V|t of an Aurora kinase, an Aurora kin rocess
and/ or prolifﬁwgwp%ﬁ of the cell or cg[ popul ati on. ﬁ”ﬁ%@%ﬂ¥%quhlblt
cellular proliferation, the 10conpound” may act cytotOX|caIIy to kill the
cell, or cytostatically to inhibit proliferation without killing the cel

I n sonic enbodi ods Lced in vi £s.a th rapeutic
appr oach t0\/\/ardsrT‘E}{E{1?éme (giz ent ol ra‘i??%\}})ﬁ‘ttig%g&ifpr%ﬂf}%?sa&éﬁm‘ﬁ %Stﬁ%dﬂ Ated

di seases or 1@B% detdbadson 440 d: B?ﬁ%laprtotemd with pholgdipyatdingghdiosepdeling. Thus, in
a specific %Q&BQ'B'H?Btotectw&la%z%rl@zq' %s%rﬁ%ie&@ci Jac)ém@t@ﬁ&ﬁ hsetﬂen]ﬂ'?&%gﬂf%”ds

descri bed herein, (a he various forns describ herein) may be used to
treat or pr é\fibntt%%nnfﬂ&i%t'tewlamr@é? Jéstding aniypie ﬁ%ﬂmm}v@@@ga and 204t Jdisng

humans. Fhe digfecabeidanatalslisatcOnmB a8 sadrd T AShH eieavegmtmcrgttep,§iémngst an

Pydr at e or NEOR dG R EEF Lo ab pOe 1% o Faat o 2or SRR EHE e . 1 n
one enbodi rremacemtc Inextere bf @oipoings Btamaighl At 1hncsiagiad¢oifrgpuridsi 24anati 24bioae beed t O,
bovi ne, hor Ss@paraieg h!::tg Ghe zﬁﬁ%!ﬂr@ ’cu%gﬁi%qgim:td ré%%te(p‘;llﬂ{ﬁihﬁe ld Oﬁ“&ggsgﬁ{ed enbodi ment ,

the subject I's erative

di sorders WS%@OWW%?&M%F‘ Bb. ﬁhﬁa‘théﬁtﬁ@@hw&frpﬂt h@at@d&m@m Fesr2besdl her ein,
hi some 1@ansl4nntsntqsed th DRIIGRTRAUNG S AicBs HERANS 9 sthicRAl FOkBTILOWS akRAGErS I N
afflicted subj ect Cancers are traditionally classified based on the

ti ssue and ¢ p?“?;be from which the cancer cells originate. Carcinonas are
consi dered cancers canp@hdish woise pi vl R &l hy2og) 1’35 4aknidhel- ;ﬁ;&mmn@a Raise

consi dered ¢ a ng., f tiv her cancer
types inclu di?er]?fﬁaritg gt m{s lgﬁém laa\ga%%fﬁﬁ)escrﬂ? auml?ahy 6rcs)x%(lil gl?ﬁcu{ E&J%%Fel anc,:l qai 24 cancer s
of nervous syspapds bkl suchylepvske rapves difficrlo thervbitad aix11taiys>sube clEeyd freon- i nvasi ve

tunors, mdert@%anaa@a £Q20%H, 8L @Qreti%itgiaiaa@ t&mﬁlnic@ieaattmnﬁanmnt fo @?@iadul ar
organization | e chondornas are enig) t unor arl st ng fromecarfil age.

the present HHFEARTERMEIECURSL FHSHL BIPUtHEs 1)) b?é)eﬂéteam%ltietqféiat

30pr ol i f er atréa@ndirs ahdpesinaopapaesediony car ci nomas, sarcomas, | eukem as,
neural cell tuno

onbodi ment ¢ ho_ CommsBBiaRoR: kOEaRI sy FRlhec, %tswa‘ﬂt‘tiﬁ%tegmafﬁiwgiliwun om
various ti s%@ortstylpesommn@iy@dmmgspedﬂﬁﬁd digibredman depalsd tg,sythaszed Sorof t he bone,
breast, 26 esmcl:e@lgéﬁ{e}’lcglig' %Eche(p Et@kt&ﬁlaiﬁfs}?&&%gﬁcﬁc\éﬁl p(ategﬁt'aﬁn Stgl &&%}ehyaﬁy ;t.’urrcaCt

urinary tract, bladder, eye, |iver
2006/ 055561 BT AUS BH5E Flgwqisturrically cprieppdsingyor (ﬁ%hsiatﬂn%) air&idmswanégy PuBancr eas,

g I oodf ovar )ﬁriao?aﬂils (2N beg@ﬂgﬂ%@dagﬁteaﬂ@d ax'amdbzaﬂ?ﬁ tlaicsit: leinGlafyOdniB d B! Ieo; t

ecific r er. ve | SO, rs 1 ude e (0] n oliferative
oot ter s ofetB g LG e Re L bort S o Eenat et e e Hate ol EGtete et o
carci nonm, innxtas bileexbSbub &faccar Wrhoing an baudilatd lpahei (aaiiehle f@bsik@ar car ci noma
in situ, amt:hsi@taét atatato&ttoe@a%ﬁm&ibe%iiit:nptt9 ai,{z%t@ﬁie%aeﬂtéﬁ@%t 3f the

skin include s cell
car ci noma, riﬁl5?3gﬁiécn¥1 ai*f@lnaﬁmﬁﬂaﬂaﬁwomwo@im@m%ﬁé@t?alsoi@f)ﬂcﬁitmilteﬁé@&tnsve

di sorders ofcaitiia@esasieea%& by rbh 8Cko-5 %Bb@%m&iétim@énﬁc Pctakd 161 R teQin SMEI |

cell and non-s ung carci ngnma, bronchial edenm, Ieuropulnonary
bl ast oma, arg™ ’i“i“@lﬁﬁﬁfl éﬂ%ﬁ?ﬁe?ﬂ@ﬁg f:l?“zkﬁ'il’f)fqaf“éif"aﬂ’?‘v@“faéii’es%?éers of the

brai n i ncl udesil athnﬁona;Becm;ttmls e, e ddnm, Cﬁblﬁaﬁﬂd@cr&étﬂﬁh@hﬂathyls&ﬁl hal am c gliona,
cerebel far r trocy. abIa 1ot tunDrs

ol i gode%ld(;r 0%{& fb‘%% ﬁled ﬁiﬁvem%gi 1%,2%8‘%5& Oec hm 10 %ﬁéNo ﬁg@}gﬁy 1‘1 d
proliferati \P@Yéli? §@it5d@idsnt®ﬁatt0h@ aprdibation §prlt§dﬂc&0ﬁ/0@i7©ﬁg=dméayi lﬁ,cQIOQﬁjend but ar e
not 11m t ed ob@nrlailedleh sEANGE! . testicul aernm@e@naatmso@ttﬁcm%uaagﬁncer f)

proliferative disorders e'féﬁﬁfé“?ébroductive organs i ncl but are
not |i nitedledms Usige 6?@@?4%’“%%@ filed enverstpaty hogvjth (f@’@tig%ban aftorpiy Alpgkath

vagi nal , VUuly.3y546 200 TS, thd iR TokiNE o8 MBPARB inc Y RhtbBRrHEF ReRRhde. AWPRILC g)
proliferative di sorders of the digestive tract include, but are not limted
to, anal, colon, colorectal, esophageal, gall bl adder, stomach (gastric),
pancreatic cancer, pancreatic cancer- |sl et 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 ocarci noma, m xed 20hepat ocel | ul ar chol angi ocarci norna, and primary
| iver cancer; i) proliferative disorders of the eye



include, but are not Iimted to, intraocular nelanoma, retinoblastom, and
rhabdomyosarcoma; j) proliferative disorders of the head and cancers

i nclude, but are not limted to, l|aryngeal, hypopharyngeal, nasopharyngeal
orophatyngeal cancers, and |ip and oral cancer, squanobus neck cancer,
metastati c R ANAR a&15|nus cancer; k) prollferatlve d'sﬁﬁﬁﬁéﬁwﬂﬁxﬁhe

| ynphonmas i ncl ude, but 25 are not lingyted to, various T cell and B cel

| ynphomas, non- Hodgki ns | ynphoma, cutaneous T cell |ynphong, degklns

di sease, and | ynphonma of the central nervous system 1) |eukem as include,

but are not E#aﬂl}lﬁ: ednd @e o by Y 8 r Qb Me L BUKE M Rere G & pliyRRARIASbddGy
i c | eukem a, chronic¢c rnyel ogenous | eukem a, and

| eukem a, chro lg %t
hair cell Ieﬁ& ¢ %¥“Tﬁ 1??%?%FP§@mWF§8ﬁ§é?%36¥°Fﬁ%“%%ﬁ?%?d‘ﬁnclude
thyroi d cancer, tﬂxyxnpjmaqfs;axmsmw spepifead diabtBy BB Lorthg 3t GAFRFordh U@)l ude, but

are not lim L tls arcorn ant

fi brous h|st%%g?%gﬁgﬁg%%gg%aggﬁ%gﬁgﬁ SHS ﬁﬁamwgﬁggrcoﬁgqufa?%m?%%g

under st o8d tﬁ&t‘sepﬁéovd@sl@ﬁ%ﬁmasommw@ﬂmS@Platt (Ve whiicls bireday Ghitagymaetyrdei i t ed
to the condi §iicoRst HHSGHd DR ROAEhenfd ), %ap&rﬁpéa%éx%n%te%ﬁmﬂérgﬂwﬁﬁémc
characterlzeﬁ b uncontroll?d growt h ‘and mal | gnancy

under st ood t ﬁf’B%&F?*@Wﬁﬂ?V%EHW§EFﬂ%?%‘|nclude various 35netastatic forms
of the tunmor and cancer types described herein. The conpounds of the
present WD 2006/ 055561PCT/ US2005/ 041359 35 invention nmay be tested for
effecti veness agai nst the disorders described herein, and a therapeutically
effective regi nen established. Effectiveness, as further described bel ow,

i ncludes reduction or rem ssion of the tunor, decreases in the rate of cel
proliferation, or cytostatic or cytotoxic effect on cell grow h.

56. 6Conbi nati on Ther api es The stereoisonerically enriched conpounds
descri bed herein may be used al one, in conbination with one another, or as
an adjunct to, or in conjunction with, other established antiproliferative
t herapi es. Thus, the conpounds may be used with traditional cancer

t herapi es, such as ionization radiation in the formof y-rays and x-rays,
delivered externally or internally by 10i nplantation of radioactive
conpounds, and as a followup to surgical renoval of tunors. In

anot her aspect, the conmpounds may be used wi th other chenot herapeutic
agents useful for the disorder or condition being treated. These conpounds
may be adm ni stered sinmultaneously, sequentially, by the sanme route of

adm nistration, or by a different route. In sonme enbodi nents, the present
conpounds are used with other anti-cancer or 15cytotoxic agents. Various

cl asses of anti-cancer and anti-neopl astic conpounds include, but are not
limted to, alkylating agents, antinetabolites, vinca al kyl oids, taxanes,
antibiotics, enzymes, cytokines, platinum coordination conpl exes,
substituted ureas, tyrosine kinase inhibitors, hornmones and hornone

ant agoni sts. Exenplary allcylating agents include, by way of exanple and
not limtation, nmechlorotham ne, cyclophospham de, ifosfam de, nel phal an,
chl oranmbuci |, 20et hyl enci m nes, nethyl nel am nes, al kyl sul fonates (e.g.,
busul fan), and carnustine, Exenplary antinetabolites include, by way of
exanple and not Iimtation, folic acid anal og nethotrexate; pyrimdine
anal og fluorouraeil, cytosine arbinoside; purine anal ogs necaptopuri ne,

t hi oguani ne, and azat hi oprine. Exenplary vinca al kyl oi ds include, by way of
exanple and not limtation, vinblastine, vincristine, paelitaxel, and

col chicine. Exenplary antibiotics include, by way of 25exanple and not
limtation, actinonycin D, daunorubicin, and bl eonycin. An exenplary enzyne
effective as anti-neoplastic agents include L-asparagi nase. Exenplary
coordi nati on conpounds include, by way of exanple and not limtation,
cisplatin and carbopl atin. Exenplary hornones and hornone rel ated conpounds
i nclude, by way of exanple and not limtation, adrenocorticosteroids

predni sone and dexanot hasone; aronatase 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 Goodnan
and G hnans The WD 2006/ 055561PCT/ US2005/ 041359



36 Pharmacol ogi cal Basis of Therapeutics, 10th Edition, Hardman, J.G and
Limbird, LE. eds., pg. 1381-1287, McGaw H Il, (1996), both of which are
i ncorporated by reference herein. Additional anti-proliferative conpounds
useful in conmbination wth the stereoisonerically enriched conpounds
descri bed hgrein |nclude by way of exanple and not 5l ti bodies
directed ag§DH£W7 g6t h fact or receptqrs (e.g., anti- ﬁ%&&ﬁg r}'“L;)‘o)r(;les for
activating T ceIIs (e.g., anti-CTLA-4 antlbodles) and cytoki nes such as
interferon-a and interferon-7, interleukin-2 and GW CSF. 6. 7Formul ati ons
and Adm ni strati on Wien used to treat or prevent such diseases, the active
conpounds and prodrugs may be 10adm nistered singly, as m xtures of one or
nore active conpounds, or in mxture or conbination with other agents
useful for treating such dbseases and/ or the synptons associated with such
di seases. The actiye onpo@inds and prodrugs may al so be adninistered in
m xture or in contEnation wWith agents useful to treat other disorders or
mal adi es, such as %t ey Pds< menbrane stabilizers. The active conpounds or
prodrugs may be adpiTni ster&d per se, or as pharmaceutical 15conpositions
conprising an actiigiconpoﬁnd or_prodrug. Pharmaceutical conpositions
conprising the actlve conpUUndsq(or prodrugs thereof) may be nmanufactured
by means of conventi‘onal nEX|ng£ dlssaIV|ng, granul ati ng, dragee-nmaking
| evi gati ng, enuIS|§ygpg, eg,capsﬁlatlng;a Ent rappi ng or | yophilization
processes. The corposSiti@ng may“be fo&mifated in conventional manner using
one or nore phyS|o,&; carﬁg accept abl € rriers, 20diluents, excipients or
auxiliaries which f e processi f the active conpounds into
preparations whi ch'an be sed phar mac ically (see Remi ngton's
Phar maceuti cal SciZnces, 15th Ed., Hoover, J.E. ed., Mack Publishing Co.
(2003) The active #Eagnpound or prod[zﬁ y be fornulated in the
phar maceut i cal coﬁ@ sitions per s or iin the formof a hydrate, solvate,
N- oxi de or phar macg P?cally accep agJ< alt, as 25previously described.
Typically, such sd&ft'sSare nore s kN aqueous sol utions than the
correspondi ng free,aci ds and bases, but salts having | ower solubility than
the correspgpding &rge acids and bases may al so be formed.
Phar maceut i ¢al co&%osk&@é&s may take a=formgsuitable for virtually any node
of administragtion, I udi ng, for ex % topi cal, ocular, oral, buccal,

[

system c, nagal, i gction, 30transd rectal vaginal, etc., or a form
suitabl e fordadm niStration by inhal &ti g i nsufflation. For

topi cal adm ni strati*ton, the active ﬁgﬁggqu(s) or prodrug(s) nay be

formul ated as solg§iaﬂs, gels, oint reans, suspensions, etc. as are
wel | -known in the : gV[)2006/055561P /'US2005/ 041359 37 System c
formul ations inclu t hose desi gned for|adm nistration by injection, e.g.,
subcut aneous, intr nous, intramuscular, intrathecal or intraperitoneal
injection, as well as t hose designed for transdermal, transnucosal oral or

pul nonary adninistraﬁjon Uset hl injectable preparations include sterile
suspensi ons, soluﬁioﬁt or emul sions of the

Chirazyme 1-2, type B
diisopropy! ethar, 60°C;
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5active conpound(s) in aqueous or oily vehicles. The conpositions may al so
contain fornul ati ng agents, such as suspendi ng, stabilizing and/or

di spersing agent. The fornulations for injection nmay be presented in unit
dosage form e.g., in anpoules or in nultidose containers, and may contain
added presegpnalhdiRSs: Al ternatively, the injectabl e formdaidenaay be
provided in powder formfor 10reconstizgution with a suitable vehicle,
including but not limted to sterile pyrogen free water, buffer, dextrose
solution, etc., before use. To this end, the active conpound(s) may be
dried by any art-known techni que, suchua& (fwjophilization, and reconstituted
prior to use. For transnucosal adm nistration, penetrants appropriate
to the barrier to be pernmeated are used in the formulation. Such penetrants
are known in the art. 15Foh oral | ratlon t he. phar maceutic
conmpositions nay take the ﬁ @) r%4§; Moz eftge A a ﬁﬁ?
capsul es prepared by convent ohhlnﬂnanswmn ararace he aln cept abl e
exci pi ents such as binding égﬁ ts (e.g., pregehatinised naize sfsarch,

pol yvi nyl pyrrol i done or hyéroxypropyl met hyl cel lul ose); fillers (e.g.,

| actose, mcrocrystalline cellulose or cal cium hydrogen phosphatle);

| ubricants (e.g., nagnesium stearate, talc or silica); 20disintggrants
(e.g., potato starch or sodiumstarch glycolate); or wetting agents (e.qg.
sodium | auryl sul fate, Ie@ithin) The tablets nayiﬁéAcoated by t hods wel |

known in the attr exanpl e, suga(si_Ei InBNQﬁgEﬁE§¥gc coamhﬂgs
Li qui d prepa onls ng @: adni®ni st r atdlon ] may fo
exanpl e, elixiffsy Sh | ONSR® syrups or ipeWSldnsR t hey H

presented asg ,q;y product for constit Nﬂlzn wlth ZSf%or ot hep suitable
vehi cl e before use(.aSuch liquid preparati ong amaty be prepar ed by 2%
conventional neans with pharnaceutically acceptable additives such as
suspendi ng agents (e. sorbitol syrup, cellul ose derivatives or

hydr ogenat ed edi i4e fgﬁ%‘)ifyOfeﬂ!ﬂl‘*s‘hplspilf?gaﬂag@mwwés g., lecithin or acacia);

non- aquedus vehi Q%Icﬁﬁe s(e@&o@@mcrﬁﬁlmﬂﬁkh@dl J:omp&inlisytyﬁglﬁrrﬁnbﬂ%}(h‘lwraﬂ@ilx 6HGka
crenophoreTM VI.Qr actl on §§ed ve tab e olls eservatives (e

r ..
met hyl or pr opyf ’o"é‘ﬂ‘fB B BFrEpe B‘Etczoﬁk‘ip Ayess TSt at | ons may
al so cont ai rstabdard rervmsaabitus,r prph@mﬁdsm:aiayve&,ourtd aumsrdlangans&@ll hicBigte aRd

sweet eni ng D ri at ns I

admi ni strat %%ﬁmr%}ggl/s lé&segllnﬁpl I?i‘} & Ie’éafngﬁ OF f38H{V{" g Me[]O%r“M &4 of the
active conpd_lmﬁ opgvep fovd: mep, beasrtnclslauhglséfulktmmemm sipbbcaﬂdfri‘s The antiproliferative ~ FOr
nggﬁlgeggj g‘ 5?%?#& ﬁqtg%r Q&ontl?]@tgcoog ngﬁ??% %#Tﬁ&ﬁc Wst&n%%ele an 1p101rH31 (a?tfwe taf%gliye ts or
2006/ 055561 BREPFHE DR colancst ypap desired, the cpppoundapaydie assarpdiaghiivity witbibe es  of

adni ni strat |d@srbed telneypa@ﬁd ENtEQBIRAIDEL 8 Jac @Y ctRRy EAMLMHIRE &4 (RS, SQk Btfsfré?ins (for
retention enenn nt's. contai ni ng conventi onal

*‘*@E su tsqu es tor ol nt

supposi tory sF S adn VL GAP LR b Sisietadh By s Nty mas al

adm ni str at iven f@rdlf&dm sibgionsadridomy by sdlaehabahd @ar. or i nsuffl ation, the active
5compoungd(s) or g veni el iver arm of an
aerosol spray frgﬁgg%r g&g}é}ﬁ%sgggty ga]&qﬁuﬁﬁh%&%?&“Amom ?ﬂas‘f Hvé&‘ Igfﬁ"d’? a

sui t abl e pr diFéieantabol 26 uM ogleeshivoirddilf heroreswbetvanid, kM. indh I @rod, 10 odb et hane,

di chl or ot et nahk upteEIdMRNEhe i@y&g@&&%%&% k1n£%:§5:91% dehOntied &) ePsftm%é‘@ vierpl tabl e
gas. In the case, of arl?%ressurlze aerosol , the dosage unit

det er mi ned BY“pY RAGTHEI & akpas o e fpgiaral eellnlay %%dAé%hlﬁP“W%waiP‘és and
cartridges hoay thgead ik uidanddanhak e dé)g'realomuﬁxfalkaatawac&xfl@ﬁs RxapRier&2Payl es and
cartri dges 0 be..forml ai _ni owder i x
of the. Sompannt RSl iae o HealB ribick ool S8 FRLGuiandie Jrieeh,

For ocul ar Atitfehisstsiisiritofor Atfee msw Auooriposed (18] or Arurdns o0, (aaa remysnsbe
fornul ated gg R c§cﬂé&"&u't 8@0°Cﬁgﬁl 'scﬁl!ltg)g to;&é’ﬁ? Pg\?ltaﬁn&f]}mﬁésc(pﬂsf%), lﬁbll\?Mngﬂg, 25

admnistration to varl
mM NaCl, 1 mM DTT. ICsp values can be determined wsing computerized non-linear regression



15suitabl e for adm nistering conpounds to the eye are known in the art.
Specific non-limting exanples are described in U 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.

Pat ent No. §, , - U S. Patent No. 5,403,841, US. PR ﬁ% 9 077, 033;
U. S. Patentaﬂo%a%,%%ﬁlz, 150; and U.S. Pgtent No. 4, 738,85% For proI onged
delivery, the active conpound(s) or prodrug(s) can be fornmul at ed as a depot
preparation for adnministration by inplantation or intranuscular i nj ection.
The active ipgredihght r’g@yl be Jfg\y | gt %[;;[grl
hydr ophobi c naterl aP eg. © HFQJ( g ﬁgm:@ooﬁlalr ﬁﬂﬁ%g%&:"g&é&g? oA A i on
exchange r esvitigle C@tba&'é ‘Blﬁta’r“fﬂrt’gﬂlaxﬂssleﬁtcu@ﬂeltﬂfelﬁﬁﬁvlatet $epn e.g., as a sparl ngl y
soluble salt. At veI y, transdernmal delivery systens manufactured as
an adhesive 25 'sc s At chntipkeliraiyeffmpordieases t he active conpound(s)
for perc ut aneous Tbcmmrepteremmnmyallyenmtaaﬂmm{@;nﬁdtinSluaﬂgiﬂte ﬁﬁblli’ﬁﬁ)&idh(gﬁl sgRhancers
may be enget t

compoun (s) hgcgatgsaa%%})m@zr%ré@%%erﬁ cfﬁueseéﬁgtr%tb Om IB%aae 1 “r?’ }ém%xarrpl e,

U. S. Pat ent nR@iatedpa@es7 4@or tﬂlsuoiifa"@t@ntn al\t@ne%o@’é@tezaﬁeécc@d@g toPathent No.

5, 332, 213; Qn&ad:xﬁ@ts%ll“%optﬁat%%@f &8s c:Hta&’ed Eﬂ[‘i ﬁl%nom ‘of élclzg&négﬁlnfd U.S.

Pat ent No. Sf Pat ent . S. Pat ent
305, 163, 899° ftﬁ“‘se o prki{bis A oty %a@ésmwwasewnsw%tﬁeﬁt MREateEpTEg s, azd(er U. S.
Patent No. Droli@atididy; theaéldorUeiSpo;)E’taiuﬁﬂWlﬁl@useé‘rtogﬁtlblﬂczﬁﬂm@}oﬂ@?a)ﬂéﬁ kneel y, ot her

har maceut i ¢cal iver oy and emul si ons
gre_ vel ' known °8‘>1<‘Ja aCtyCyto Xlaamvggéle\?ghf”? E@ ttcﬁlaltmﬁﬁ%ﬁt%o LEQ° YRR i ver

active corrpdsulmﬂ(t@)celbr pr odr ug(s). Certain organic solvents such as

di met hyl sul f oxi dg, o6V RBY . X ly..at the
cost of greater toxicit n¥ V\%%%g%%% 8?@%6%qu£ &g’fog’%}’ %ﬁ%%g%&?&%m%h The
phar maceut i &3 € igeRsret gmsevatipn of fueta kintseenedipied giswsre prdistrden, aad pack or

di spenser d@Mtlﬁﬁn Y)\ﬂahﬂéﬁtm’é@}éoﬁ@t@t A, QR Ghe@fic R8I he HQSAGRAQNIEERAt al ni ng

t he actjve co The xa| se nmetal or

pl asti c % oi FOMISH dﬁq% tbgd W?”&E@?Hﬁ Vé%ééus &’H@ %ac 'EPC{JF” eéﬂg 5182{\%‘5?‘1 Q& e may be
acconpani edptgyent pslifeeiot diomder Draniachiuhjedd, mabiionhunks. St frethbd geeam/s ag es

The active S&ﬁHP %qgé‘ﬁ)stex%{g t(p {hggltbgegg éﬁt)atmtglt oic’a sltgl)e%ﬁ &er%nﬁ En 1§1r ? comd) %Pdf’ or a

general Iy be use tive to achreve th esul t,
for exanpl ePicArugsalh fyskaig or é“f"?’fe‘i?tt’ilay‘@f>te€fe°tw@atlefépr m@‘@vtémdlsphlel daeei cul ar

di sease bei agbdain@at 89 subjEhes @aﬁtﬂﬁatnfﬁémngmn&%ﬁ%%%%% tdngs epgit i cal Iy
to achigeve t era eutic benefit. t hera eutic benefit is nmeant eradication

or 10arfel i of°4ET" c?ﬁprdf’fm’t Heang ‘ale?“tl&?id’fﬂjmo‘f“’s 46 YBIMY treat ed and/ or
eradi cation or afiedricqroditdiiolar blifeagycalisordas aapﬁe tfehtﬁd SypREAByi@SROCi ated wi th

t he underly r that t at| rovenent in
feel i ng or %Jﬁﬁ)alﬁldtd? g%g%edleye(fr{] t'some dem odut%% s[ 1teﬁoem ftc{s é’lteuseﬁao T a{ V8P e
afflicted wkanperg lhefﬂtﬂfﬁéewblwtsn@alch%@@red!eqhtionﬂhseqiapﬁmha@dbeﬂnehsst:e aldsd! fypec| udes
hal ting or ﬁbrﬁth&chTe laaceptag roﬁéxﬁét@n(?a?&n&n'ﬁ?a:@béﬁ@ect&i catc%g%gxt% é?aﬁthé{l‘?let her

i mprovenent aI i zed. 15The ampount of conpound adm ni stered depend
upon a ¥ari %@B 9“’ © SEIRAS RIg CO’?SH’E'IGE% R08ES AEgE ﬁese SPrpPeive tissess prapyspleuPer
i ndi cation bﬁbdﬂg/pésl‘tﬁﬁfdedukem\ﬁ ‘Hfﬁdﬁar@efﬁcﬂ:dlﬁ&xﬁto@&ét&lde&nandfcm%@@ﬁ/r@fvbﬁsy of the

indication h nd weight of th atlent h

bi oavai | abi ?y temgelis v\ellhch ar1seaino|rncrltl Ura “ti sguéc ?vré-mg Swg ‘{fﬁ%fﬂm%ta%n RIS S 35] tfon of an
ef fective d%eﬁgeplihshahlembrswﬂtltgldndtﬂhergaaapam Vhiteicbsndafastateds@ gisthinbd aeiging N t he
art. 20801 eebh Yealos R B iMBy L ABLEHld Dbl Yol tedBulleatl 0 BS52YS.
For exarrpl e, an initia dosage use 1 n ani #orrml ated to

achi evela ciPifpbteidiey it %@rnﬁﬂsseéévmﬁlweéﬁw@ﬁtleﬁexms aetdl vl teorpewhd t hat
is at or ab@ﬁemagtva@ég}sof the particular conpound as neasured in an in .
vitro assay, such as . in vitro assays described in the Exanples section,
Cal cul ati ng dosaf&Pefig® Wﬁ’ir‘]té’t?ét 215 CPROPIE A1E PSRRI BHE tugPrs SEp Ao
concentrati ‘Glli'lSuSttaSklb Dgesi mtl@dm@ baot lindfhi {fmecahteﬁasadf #elbady bredsy ro@ffn a{oh}etrdaal’ ticular
conpound i n_the.capa ities, of artisa r gw dance,
t he readerskl’ S rié?r é(!a&ru %tg orggtepidee w% SaBFgt b?ég?teeryalllvﬁr“kﬂlc B é‘g%

Goodman and G hnan's The Phar rraceutl cal BaS| s of Therapeutics, Chapter 1,
pp. 1-46, latest edition, Perganon Press, and the references cited therein.
Initial dosages may al so be estimated fromin vivo data, such as ani nal
nodel s. Ani mal 30nodel s usefid for testing the efficacy of conpounds to
treat or prevent the various di seases



descri bed above are well-Icnown in the art. Dosage amounts will typically
be in the range of from about 0.0001 or 0.001 or 0.01 ng/kg/day to about
100 ng/ kg/ day, but may be higher or |ower, dependi ng upon, anong ot her
factors, the activity of the conpound, its bioavailability, the node of
adm ni strat LZnoddadsaéari ous factors di scussed above. DosggeyaoRuiissand
interval may be WO 2006/ 055561PCT/ US2005/ 041359 40 adjusted individually
to provide plasma | evels of the conmpound(s) which are sufficient to

mai ntai n therapeutic or prophylactic effect. For exanple, the conpounds may
be adm ni st etizchi poahyped, kideakpansreaserlald, dvh@ﬁ%loﬂ? erB8Matd, BnOnosta QYR Y@t her
day), once pgp,.day or multiple times per day, depending upon, anmpng other
t hi ngs, the mode of admini strati on, the specific indication 5being treated
and the judgnent aifecifiqrolferetive distiderg inp hdeshecfoawing: 1 praigesivodisdr@eals the

adm ni strati Bﬂas@fnclﬁ&l Rk Y& hHlﬂgc?tlﬁ%wasQi%cclﬁci@tscaxlcf?l&%L 1&\/33?\:39(?5311 LRdm i stration,

t he effetwagﬁ concentration of active conp rf”rbierelated
to plas N PP B riobUBR FF YRt Hinsaf mefpstytic bl’fésta%ip% 910bf9tallm ze
effective | Odl&drdd@&&geﬁn WL ROt atd SR IBX REBEITEIN BclnOia, sFPhBbG AP Y, the
corrpound(s) mo oui de t er ag%ﬁ%gc or, prop ?ﬁl actic benefit w thout

10causi ng subst an i ar et ?”t‘)? PRIt §/ PP BEAECEsS Al be
det er m ned u@ﬁmg‘fos)ttaipﬁd@hde pphiceraee Bitdd ¢ bl @L &diiof Smal TR vl @&LcikaMa 0 bet ween

thor apout ¢ b o RIRBRY BEbRE by b MR E R R S s BrAeT on and

t her apeutic index ose
ED50 i s he Hogeery éheafﬁ@umh@albwr@w bzmtqd\ﬁ@ bfain @944 bytdielqopalioa on) .

Conpounds( s) ceidbaliar @xRbrbtr] altoBfiorhd) gl @R Slstothal A ﬁé hﬂz’io‘?‘s By 156. 9Ki t s
The conpounds_and/ or E{{odru gjh%ie Cl‘el pe Sﬁeraeélan y be asgggaﬁwogﬁmn the form

of kits. In SEHEVRBAH FRRELdemabandpine: F“B\?isd@§r°cllﬁ‘éat1(‘,‘?)‘i’ﬁfﬁﬁffc?(f g mald reagents
to prepare arcpoapisiddwrindce, okt mit it (pfhstafgh&xcmlelﬂﬁrtch&& ERpehB 1N A

dry or | yOphéal“ée? %%foaiﬁtfam'e cf?sroxdexg oﬁth? %m“{ltc Irc%)paddu ag gllgé(l: S mrgr&dey Blgﬁ%hgéilg!nedsm ution.

When the conposition Is 1n e rea
20phar maé eut Fieie I"?ﬂcﬁé@é@%@&lﬁl‘)e‘;emqahe‘m’larf: ez, Elpaﬁﬂ p'rmgerautienuwuwdorﬁaowmhrat i on.

The kit may géﬂﬂtzﬁl ik, gﬁx\éﬂlﬁﬁhff@(ﬁs&d@momﬁ HIfgésmzeqrhcﬂfmhtdg rbugzlrcslpo? Hr%% {:}gt rftS ggr el

corrp05|t|on | udi not Iimted rn pette
patch, or 3‘1? ‘écﬁ Olllé’f‘ugtaki”toghaﬁﬁ‘; spibéfidraatoppeieeastr Hgl?%’@ﬁﬁclcéﬂ‘:@@n@e@ﬁfds f or
use in COI’]] maccter dsrhetmur, Rotblhenat Girpsibe) sl sdaa@rgnala@egnt@g ﬁ]lj}l@hférﬂwggﬁ@rdewof

enbodi nent s i ent er antl - ncer
antit heool asltl:l% 2&5%&9&6%?&1‘% (ﬁ.llmg cpto%e aéo&%l?gal ﬁ%%)n%réa %1(&;&1&11}[}1};13 g){gﬂépar at e

form of'm %@Hﬂfwelﬂ%arkavémglwmwma&n@ﬁmmmh@r ewenti) proffentve disorders of the efhe Ki t's

wi 11 i ncl udenamR! QpPst &k Bnltddsh rz%%éﬂ@apﬁeifa.t%lap{e@ﬂ?ﬁfag&h o, al[f'a%d marr]clzc)?ntar tion of
t he COITpOSl ti ects o e caonpositions, é{ FI é evant

i nformati on. pxe?lﬁgaqugxteq:%quﬁéaer B”éceisrin‘éw e beﬂlélfffdd@ r%m'ngealncl udi ng, but

not limted Hypqphﬁl’yrlgﬁztl %soﬂ%ﬁn@&a& OVdpQ@ﬁxtg@aﬂ)@ance?'@Gm%l@&dtrc%g@%ugmgjs%gck or
ventions are further defined

?&E ;(r:glncgl ts g"a‘t‘ % Ei"‘”\%ﬁ“‘mf“““ T R R ’S\Bfﬁhi%atﬂ“e@éﬁff %Seofflﬁé‘mﬁah@ﬁ%frl%&lqdwufof t he
var i ous2tonpeunetEmited s WarbesdT trdragd B celiipbftodss, harHakgkiaylnphotdgintankiuot ogi cal
arti san': hat pang 05 008 QeeERGmbALdTaBRAL Tt klErihs, ' Botn
to the mate F’i“’éﬂdﬁ butrde optimigd 0. aene Beeloit laweinet vinibitpbelfastlpaeniangudiicom t he
scope of thaymphsemt letRmia, ddnfy Iﬁﬁb@ffg@fhhﬂ@ul@ﬁua and hair cell levkemia, m) proliferative
4- (4-Met hyl % sgl%gr%%% tHe till_ylgld mcg)ldel\/%yao}{il clanré!arf {hglrbloenTaZ gl?demahgnant thymoma; n) sarcomas
30 include, but are not limited to, sarcoma of the soft tissue, osteosarcoma, malignant fibrous
histiocytoma, lymphosarcoma, and rhabdomyosarcoma,
Itis to be understood that the descriptions of proliferative disorders is not limited to the
conditions described above, but encompasses other disorders characterized by uncontrolled
growth and malignancy. It is further understood that proliferative disorders include various

35 metastatic forms of the tumor and cancer types described herein. The compounds of the present



React i on: Procedure: A honbgeneous m xture of

4-fl uoro-3-nethyl nitrobenzene 1 (20 g, 129 mmol ) and N-net hyl pi per azi ne
3(25.82 g, 258 mmol) in N-nethyl pyrrolidone (NMP) (10 nlL) was refluxed (120
C) under N2 for 24 hours. The reaction m xture upon cooling to room

t emper at ur ey, d over a saturated NaCl sol ution (

resul ting sol' Q(RR%%ﬁOsom cated for agprox. 30 seconds, &?'Qﬁngg}éig ﬁfash d
with ice-cold water (2 x 10 nL) and dried under high vacuumto obtain

4- (4-met hyl pi perazin- 1-yl)-3-nethylnitrobenzene 5 (28 g, 92% 11-1 NWR
(CD30D) : 68. (] 411), 2.66
(m 411), 2. :gs?ent(ld?ﬂmagb& testzdfg!%ffegaflgl}%gsjagalés'{ thgd%ghes:#e)s 1b<§ié-g%m %\ﬂ’a

7. 2Pr epar at |t5‘ﬁa*’6‘|‘f1°ﬂ1~‘f’(eff§’%? gt ?fé‘Pléﬁg?du —Eff-e?ﬂwﬂe?ﬁe Aﬁt‘fﬁ?ﬁl deprr iP?MéIO%Ré&i% i on:
Pr ocedur e: Acediﬁﬂi@roﬂgﬁmﬁi&u& 1108 b 84 Rerses in the rate of cell proliferation, or cytostatic or

4- (4- et hyl p raz hyl ni t r obenzene 5 (20 g, 85 mol ), 10% Pd/C
(1.3 g) in rﬁ%’fﬁ%ﬁg fecT Cfﬁfgﬁofvé’r) was hydrogenated [H2} at 40 PSI for 3

hours. The paIIa |um filtered through a pad of celite, washed
wi t h et hanol %6 % {Dglrl\%%af’he conbined filtrate was concentrated to
afford 4-(4- rret hﬂimt%@nsawrmlly guiheBcompgrily Hespriitied hreeiymgyl!® uged a86%%in ' 11 NMVR

(CD30D) : 8 GQoBBinktMn wikd dnedimotfer 70r k) adj@rlc% drGu cohi ilretlorJWlt ot?xexl_elg‘r)abhsﬁed54 (dd, 1H,
J= 8.4 and 2. , 2.34 (s,

311), 2.20 (@“P’fgz%rﬁt“’e E’@l@@gg E&Pﬁ F&“‘@’Q“@%“W)&e ‘(SFF} ‘6‘}1‘“321‘}8“3{?\%02?} theragigs,
20061055561 BGEIF/ akhoﬁﬁﬁ@ﬁ:{‘daﬁﬂx&ﬁﬂ i Zorifl oB’Pfa?@aﬁ{da{h hy@NeGfered cxternall or 1nternally b
3Aza46)xo CtXt 0421%@13 EI Jg%eReactlo 0) 2- N
CH2C12, gHoachts > a2 Phow-uR Bewete ﬂl?ﬂzaf(of o c,

2-ex0- 3- exM Pr océdfumteer aR@ett thd comfowiod wdy tenisaf with oﬁref@énbmhmdmtem@enﬁnéezlﬂ. 0 m,

0. 246 nol al i ce/ NaCl
pat h (-30° 0 s Rt o va Bh Gk el ERL AR B BRER 5,%) 177 0 246

nmol e) in Oﬂ?@l“ital(eﬂlﬁlyn%?quep‘?‘?élgﬁytﬂ@tsﬁm@)@“tapf@nwaﬁff@fiftﬂoorrbaﬁ diffaient rokie t enper at ur e

bel ow 5C (the addi Johl@&n&ﬁﬁxlfenﬁpcﬂd’ﬁééent lml%ﬁmms ale-usdedRA oBOMRY €1d.0ny of the
additio t he reaction, m s stirred for 1 hour at 0-5C and then

r enoved ?gf r oty EREC BT Xﬂ‘oﬂﬁfq‘?‘?"s‘“ﬁ nHCRISHEEY RHRRANTIE (Rernds ipplade BBEET on
m xt ur e was nquernchadaliyildting mﬁfe,ram(mmms aineh AiyBots 0aahey, ahXSdtics, eBGmbOr

several mn légg%&ﬁ Qnrx gc%ncln?atlm?‘é{)glr 1e>‘\£/‘e’% Sﬁugs?ﬁx?‘edﬁﬁeggﬁr%? Dmase ll]h%bqa’g,:: It ng in d

dried with centration
m xture of NAPSOS aQCQhPIIEOI‘@ antpgemists. Té@@p}mﬁallfyéﬁmagmﬁnﬂwwlﬁf way)of wagipleool ed in

an ce/ NaCl bgad Kbt hrﬂfk@ioﬁ'nlecﬁl&@ﬂﬁhtﬁj Ad Eyci’opﬂ@ﬁhaqmi fﬂ%ﬁm‘ic@ nj!f%}man }[@hltogm%cj'z and

added dropvmﬁlé the above mxture at a rate to maintain e tenperature
bel ow | 8C ( CHECHITIE; BrintBermasspligksulionptes fee ppyulfapiaad gampting. pigcepplag't | on
m xture was afiinitdboli@dnahide, by avap bt dmii@d andmeh IkgptioD A% L&id dklod methotrexate;

pyrimidine analog fluorouracil, cytosine arbinoside; purine analogs mecaptopurine, thioguanine,
and azathioprine. Exemplary vinca alkyloids include, by way of example and not limitation,
vinblastine, vincristine, paclitaxel, and colchicine. Exemplary antibiotics include, by way of
25 example and not limitation, actinomyein D, daunorubicin, and bleomycin. An exemplary enzyme
effective as anti-neoplastic agents include L-asparaginase. Exemplary coordination compounds
include, by way of example and not limitation, cisplatin and carboplatin. Exemplary hormones
and hormone related compounds include, 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



10) by adjusting with 10% NaOH (w v) (as needed). Upon conpletion of the
addition, the reaction mxture was stirred for 1 hour at 5-10C (final pH
was 8.5). The reaction m xture was poured into a separatory funnel and the
CH2C12 | ayer separated. This organic phase was a thick and gel ati nous solid

suspensi on. wdoassddi | uted with water (approx. 400 nmL) jpedkeodseore free
20f I owi nj sol ution. The aqueous | ayer was further extracted with C112Cl2 (4

x 100 nL). (Alternatively, the solids can be separated fromthe CH2C12 by
centrifugation. The solids can then be diluted with water (until al nost all

di ssol ved) ardarextologetiekhsmot fherGrafal 20th Elen AGGOMST.¢. AYELimbRS LIS sy
extracted w tyGha 1201 aw(ﬁ.go(u %709%%{‘”8‘6‘1%%5@%(19?23&3)}%% ct S were nonitored by

TLC for the preséncée of ERETHES were washed
with brine, driedAdditidnal %pm@@we camcbuﬁdslusﬁulezdcohhmmnghvm@{el i e. Renoval of

sol vent gave s&x@&s%ﬁéaﬁlﬁ %QEQQWUHJS Qgs@ltl%li ﬁer%??é%ﬁ \9\% of examgfe alcxld ltoé 0.5 g,

3-aza- 4- oxo- Erlcyclo[4 2.1.0(2,5)] non-7-ene
62% . |H ll(flttj\yg@a@éf)dw%dngcteﬁlagfl gromfyciorgecggorg @(g agt1g2)3angibeflies fo Hz,

1F1), 6.12 (ddivathzT3e1B (@htinb-ct Jda, s n 43, 11- 1)
) (ddivatihg (@@114 L alétﬁt{dﬁles)%g%ft@gﬁs ul}ﬁ.% t@rfgﬂga% 27 (d. 93

2.79 (bs 74 (b ,
Hz, VB%%@MB@ t*:%/ﬂ!&ﬁ%%ﬁfomsw 43 7. 4Prepar atl on of

4- Oxo 3 tert-buto car,bonéna yclo[4.2.1.0(2,5)1non-7- ene Reaction:
00 14r116r1 (race ) qoks @’ié{j‘s‘f IgBEAIR  2_ exo- 3- exo) 5Procedure: A
homogeneous mi xt uWeengbed3e agtierdregondsitch m@ga@dsa[aeflacﬂvelcoﬁﬁﬁm&)ahdﬂ@ﬂerngﬁ? bé 14r 1;

d Dl\/AP
E ic i mg;: 1|2)n e)é%ng%ﬁgg&mgig%’s % n?i?tély fggp& ﬁe( 516?1 Y C)Dmrgr? ”tgqésl’rf)I er gléxmtr 2 Wbl%ﬁ‘gﬂ ours.

To this reactithefhsrisenipefihér seatitgaeh dieane ardin te syripjonfsabsocuetivitysuchl 20 (100

m.) and sti I‘ﬂx&ﬁseﬁ Ol‘headdrbﬁén%%@z{ds dndBAFugs H;Q)ealQ)rlﬂ%ﬁlhﬁmleﬁX BImidRs (sgpar ated and
washed with 11 40%@3?@ g The organic | ayer was dried over 10anhydrous

Na2SO4 and s&i™v f"t}’fffafé’#heédiffé%%féaﬂabﬁlé% &15p 8 Hepoidss esptgne

4-oxo0-3-tert stdbldutrex”i}mactb/@ aythmeals bif ir@ly@ds @lag b2adhidednel HOR-7 pRARCAESN 1,
raeem c-i2- ex DVSO- d6) :  36. 29 (dd, J= 3.3
and 5,4 Fz, Q’ﬁ% 05%%°°§I%§d§g%‘a“§(9§?ma?°ﬁnd5°‘ﬁmr&“ 3.77 (d, J.= 4.5 Hz,
H), 3.13 (bs, 1Phayacesti@beogpeyiopraompting e @3V6(d9$tpouj1d.s40>r prddnﬁgsth@sof) By 1) .

LCVB: 95%  Thooin@mddrad bhyeald of cA0GibRPh Bl OMssOfing SHBHIHQISHIRL IGal] ¥ Pure
D astereoners .15From M Raceni c

(2- exo- 3- exof VRAM SRR S IETRIRD iCBYAEPBE ot I9ophiligsion prgeesses. The compositions

en-2-y1)-5- f;hwe(ﬁarmmaf[eatmvemmlomgm(aﬂmﬁmdtgwnabzﬂwr@@yﬂolb%&@p E'&E}Afdble “oAeeibz,
B?;'pgl.r Cej Bsggmﬂ‘%rﬁséeﬁlpxents O‘(Bauéﬁ%l 1els \gi&xg ng%:ﬁga%fplowssmg 0 the:[ alctJ:[iveecorcrzlgounc slﬁlrgo nas

2- am nobi cy|ERRtios Whigk panbs ued gha@nacartibdydst denagod oblaews cu2@Reiarts, 03t
2NHACH,  Et OAGi, B1oover, 1.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.



NBocrt, 3 hr 0 16r1 (racem c, 2-exo-3-exo0) Procedure: A round
bottom fl ask equi pped with a rubber septumand a magnetic stirring bar was
charged with racemc NNBOC-f3-lactam 16r1l (2.0 g) under a positive pressure
of nitrogen. To this were added ethyl acetate (25 niL) foll owed by 30%

ammonia in inL) and stirred 25at room tenper r),%:your_s.
The et hyl a@%p%&%’%er was separat ed ;and washed with g%/#gg%zé@ﬂé‘ sol ution

of NaHCO3 (20 nE), dried over anhydrous Na2SO4 and sol vent was evapor at ed
to afford 1.10 gm of racem c N 1300 carboxyam de 28rl1. WO

2006/ 055561 PCT/ U 4 [Nolphs : cem 2- exo- 3- exo)
Procedure: A roun bo{c'? (%lr]??lfg%gss%Chégﬁtlﬁ‘%%)g%{%ﬁdtf%rqmgﬁfs%?t(é}{] %%{ljm%mh%net iC

stirring bar SREEANERRAFGEIOW PIRTISEN ietraieROT intmeritamed 8y ertigaso@ lgs thyse9 nmml )
and then treasgabdibrttinsd @8 franiidodaNo i Ghidodly aemMLepper ature for 2 hours.

Th [ ti sol.ut i on, concentrated under a.reduced pressure. The trace
of eTlr:,(z\s\lljvasI pgm)v e%e@ﬁlﬂ’g&ﬁ? Peras Hﬁb’g%?tergeeg\}‘@re‘&fo“% Sefptions oy egppigps! ihise

i nt er medisat eactifAmgan(s) iBBquiqus padie velddles. Theomesidbisinng akac@mindorkintisal t 30r 1

was treated - di : =51 | i.Jm di 0,.(1.58 '9.51 mn) in
MeOH: H20 (2o¥gi°’t(’)tp’rsn_§1 é? %’S‘%’ Eéég%rgaé’gé’tn“ %9%8%?55@%%?(@? 5"%’“‘&?“%3’7"8‘&’3%| ) at
room t enper at@if k& preggnted & W dpsee i ege caiporesei fetmwtalosgaontdindru treidnagi t h H20
(25 m), satshed et BreNaGlivand extracted with EtOAc (3 x 50 nmi). Upon

i |
wee Chr omat ogr ApHUAPCERT; B8 TEIO Ermugen o HRFECA G ZNAOTAINEOH (n
CH2Cl 2) 0o afefcnstiutibn Bitlya afitablaekitle SinsMiit: EHINAE lipifeatiitdrid8kdeen AR RRAEL | ON:
60r 1 buffer, dextrose solution, etc., before use. To this end, the active compound(s) may be dried by

any art-known technique, such as lyophilization, and reconstituted prior to use.
For transmucosal administration, penetrants appropriate to the barrier to be permeated are
used in the formulation. Such penetrants are known in the art.

15 For oral administration, the pharmacentical compositions may take the form of, for
example, lozenges, tablets or capsules prepared by conventional means with pharmaceuticaily
acceptable excipients such as binding agents (e.g., pregelatinised maize starch,
polyvinylpyrtolidone or hydroxypropy! methylceliutose); fillers (e.g., lactose, mierocrystalline
ceflulose or calcium hydrogen phosphate); lubricants (e.g., magnesium stearate, tale or silica);

20 disintegrants (e.g., potato starch or sodium starch glycolate); or wetting agents (e.g., sodium
lauryl sulfate, lecithin). The tablets may be coated by methods well known in the art with, for
example, sugars, films or enteric coatings.

Liquid preparations for oral administration may take the form of, for example, elixirs,
solutions, syrups or suspensions, or they may be presented as a dry product for constitution with

25 water or other suitable vehicle before use. Such liquid preparations may be prepared by
conventional means with pharmaceutically 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,



(recent, 2-exo-3.exo0) Procedure: A sealed tube charged with racemc
nmono- SNAr product 36rl (1.1 g, 8 mmol), aniline 7(0.90 g, 4.4 mol), TFA
(0.6 nL) and methanol (9 nL) was stirred at 100 C for 24 hours. The

resul ting viscous honbgeneous sol ution was concentrated and the residue was

20chr omat oggRPhechsési | ica gel, Cl12C12 then 2-5% 2N N - b 3{,MOH i35 - 12C12)
to afford the expected 2-exo0-3-exo raggmc 2, 4-pyrimdinediam ne derivative

60rl1 (1.12 g; purity: 959 : Isolation of Enantionners: The diastereoners
were resolved and isolated fromracemate 6th4 by chiral preparative FIPLC

chromat ogr aphy Phepepmngeavghii k&xes 3020hidndtish, hOBRLQLHEME) Bly¥ki Ng Wi th a
35:63:2 (vol ;vol : vol é} m xté(e of hexane: di chl or omet hane: net hanol WO

2006/ 055561 PETISESGDSIEAEISoreRatioRengmas) YopoFREies B PBIELR fPTRNTBTenERinel omer
el uting at Smufgbsimrnbasasashdastg@natedr ithe ghterigkant i oner and the enanti oner

eluting at 12. 74 4m desi.gnated. t he. E2 enanti oner,. 7. 6Enzymati c
Preparati on of Stﬁé}?gé%@%%mnu}e[%d%a cﬁ?g ﬁ“rsegl() ﬁé’lﬁ’nﬁ?@§1 A f@ﬁ?"(“St-Ee et

Am i noca>r bowybpindi ol orof@e®.ca1 betreptenintiricRuesed jn the folmuiof aneerdi@UPragtomy 1- 4- (4-
5net hyl pi per,@zsglnrzécrp%a@%pyrkﬂmi%@r%ﬁxﬁéL@sskaqeis&b@g}ogglawgg Chi razyme

7.6.1 Preparation of Stereochem cally Pure N Boc-p-Lattam Reaction:

16r 116a26b (FLeEssiforomethag. tehinrefjuropistaneadithbxgieTafugestynpflwsealens: A dry
Sgal ed tlub[e daivak @gﬁ?%é/bjrt)ﬁer‘}niﬁm@'g&: H@?Eceﬁi&&i@&%ﬁs@ﬁﬁk@%&h@%@m dosage unit Zne% be 17 02
10tricyclo[4,2. 1 .5)].non-7-en rl. racemc-2-exo- 3-ex .0, 0, .
ot ) et rie BB S RSB A R A A et SO s S kel e

pur chasdéd f raomiBleo@atsaffiytvi (s edample, cajRalsaaled narridgehyongmidedahif psaipy opyle et her (80
m) was gentdy,. shaken.ik; i ) f ymatic
kol i on o T A aa N e P PO Rl cctboiR i s RO e s TAHTRE T

i ntegration %ffackrt-butyl group of enantionerically pure N-BOC | actam 16a

and N- 15 BOC carrboxyiad @maeireiod Ghe wase @&F@nh@ o prbddu @) ay-be TRGuikESMlat | NY
reaction m xture was.filtered and t sol.id resin was washed w th
i 1 sopr opyl “ELHE: g H6ME SRt A B e Boant A 2rEd o ¥ AP or d a
m xt ur e 16f enigbledoradnmizteliyeg oup@inily BOHE-ofBard Botvainthdfa SaathicNeBEGItRAr boxyl i C
gcgd Nﬁgb (t Qg dBRSeschvd i95.8) PateRPRE 612811547, € s ikt 160, MRS (s GaichNiBOC 434
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.



0 28aN-Boc am no carboxylate (remains in organic phase)(remains in agueous
sol ution) Procedure: A round bottom equi pped with a rubber septum
and a magnetic stirring bar was charged with a m xture of enantionerically
pure N-BOC-|actam 16a and N-BOC carboxylic acid 26b (4.0 g) under a
positive pr nitrogen. To this were added et hyI rxilL)
25 foll owed%?))yld%bg)gaueous ammoni um hygdr oxi de (50 nl) an@qﬁiﬁi&é P room
tenperature for 3 hours. The reaction progress was nonitored by TLC. The
ethyl acetate |ayer was separated and washed with 5% aqueous sol uti on of
NaHCCB (40 ml), drheshagMentandaydsss

2006/ 055561PGMEAQ09/,041359, 46 e eva?%&g%n@{ge% Mgﬁhip%\gord”pﬁsebs i nnol
out of a thedretical 8 HRREF o :ogsau dopagy fogps cR@inge dic peie emenatidéarding cal | y
pure N BOG caft%@)@a,rfm fdgn}ﬂﬁaonmr%dhngﬁle:apleﬂhc r&wc@a%%%ﬁmmckoiiwaugmexcess as
determ ned by n. contai ni ng 't he N BOG
ammoni um car bo%}lgeg?%f ]Clligﬁjg)h&fé? 2'%?9 gtHfylucl)snmc Sﬁ‘[’fcag?la‘*s FRICBCL fol | owed by
extractiaon with CH@C].2E{R@1Q@I%E%E@CI 5 the N-BOG carboxylic acid 26b (1.8 g,
7. 11mol out of t heoreti cal 51mmol, 84%yield). 111 NVR (DVBO-d6): 7.26
(bs, 114), 6.66 ?E%e actiiepompgundgs) pprodspg(s), Ugccs@oeitmns Ferodf, will-geer ly iz Jsed B 80 (s,
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S eV a se Deing tréate rn z
-76.78 (c ?58 e}‘&}égﬁﬁ(“%‘” flsbese B3 gt ot il COWPC@“%S)F’P%E%W‘P%ﬁS%f

Stereois o mer Ihélapquycaﬁmmeo faym the@podric Bmefitu 81 thﬂ:ﬁﬁﬁa@ﬁidnéfﬂ Is meant eradication B 0cedur e:

A round feot t gRaIblaasKerad WhdRR netic.stirring bar was
charged with enia%?%l oneri cal }Flgg ‘mog&r EE%J(%L&E T 8§<er%1dﬁ% 02915&’(0?‘“6’60%’“99" 93

nmol ) and t B BaPaHRr t‘ﬁﬁo%‘%"dfh thqnmd«?rhmem@gez serh thagtonpatienpepat ar e f or 2
hours. The riewedveoem: PIFQUKLS SoniRB lﬁf@ﬂbt&rﬁfm@%aﬁ){e J&'uQ:t nJJ‘&,J'l E%gfﬂmtt nvgthsol ution

was concentr uced. pressur e. noved
under hi gh vtg%: gtglr% 'ggrd’lsor%\fe &g‘f‘a‘% D alsy ’f‘ﬂ‘t‘dds ‘EafLFé‘géh%?Ytﬂﬂgdhﬁeﬁ’ipﬁaﬂsioy ofur e

i nt er medi at ethe diMagatepa@@aofiwhetadmpiovatidnviereyiized.d. 111 NVR (DI\/SO dé): 8.10

(bs, 214y, 7 92 (e ark (in, 111),
4.38 (bs, 11.1), 30 701 g““p"f‘ﬂm‘%ﬁ“é %m“%&‘ig‘i%‘ﬁ depﬁ"‘g“?’o‘fé"a“igmi a“?’Se‘?cl'(fgng» 114),
2.43 (d, 11 01 chéhemzlfwulaz n@ww beipigitrealed, e iazde,of ddn8istiadon, ﬂﬁé@v&aﬂyo&hgll4
A 2 ey 88 Ot oo AR bR SRS
(20:10 L) i'n “%%h m%?uéﬁséfﬁ'c‘g%?m%m ‘é@#ﬁfﬂwowe it yeB withim®e yapabiliioofn

t enper at ur e hoe skMBdirabyst. The reaction nmixture was diluted with 1120 (25
m.), sapgrated w I d Et OAc 3 x 50 nL). Upon drying
over anhydrous Ng%é)%? a8 y\G/Bé?r(l3 ﬁ"fgeed %‘W&%ﬁ’&”&’f’%ﬂ Ss5pY Honerapigle; Abtivlas

chr omat ogr apR&ée fﬂéilﬁeﬂrbaam@élmay@p forpaapd tohmvﬁada%iﬁhhg\lﬂdb3bi\&%r 1 in CHCl2)
t802§f 12 gl’ dl aC&%E]gmﬁ o0 ccﬂ%ﬁhafd@ﬁl&t FEOPG): a@%atéﬁhz# Hle_?ar};ﬁ};? 00111111)'1361 as( Dl;/go( 26)
114), 6.29 C*i"’ﬁs‘““*‘éfmn n 23'*’%“9(% S“dlisthe IJWP agaysAysotied 95 Bramples Qetidd. 75 (s,
1H), 2.49 (@alc&hﬁnglbsa@asgg ddipve s@ehlchrofibling bidodBor sV concentrations tahngﬁzt accri_ueﬁvs

2006/ 055561 359.
purity: %50 ﬁg‘ym ?&49@% tf\c}f]]a’f‘fomf’?ﬂ'—% iﬁ‘ﬁ%ﬁﬁ@qa@bﬁﬁlq%lMéﬂ@@f@at er than

09% as det e ﬁ‘l gqgl@no@yt aobrderdd reﬁﬁb@o HirgOR Wooﬁﬂurﬁ,@@er(e(‘al Riliplede B 00dnk - 3
ant| nocar bopg] %.ﬁ’é‘@‘é‘??b S s M P e Pl e (4- met hy
pi perazi n-1? %}ﬁ‘)“b‘ﬁ‘ ﬁ‘i??kf’“dih% G%SFP‘PeﬁF’éﬁdlﬂ@Eﬁnhm ne
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



Reacti on: Procedure: A thy reaction flask equipped wth a
stirring bar, relflux condenser and an N2 inliet was charged with
enantionerically pure nono- SNAr product 36a (2.25 g, 8 mmol ), aniline
107(1.80 g, 8.8 mml), TFA (1.12 m,) and isopropanol (18 nth) and the
resul ting rQarhoRsdF xture was sti rred at refl ux terrper,a@yﬁ@mmmﬁg 10
hours. After cooling the reaction mxtyre to roomtenperature, ethyl
acetate (20 InL) was added. The solid obtained was filtered and washed with
ethyl acetate (2 x 5inL) to afford conpound 60a in the formof acidic

salt. The rasjumd 1&9v1&@lljt@pﬁ%ﬂﬁe§al@% 163k 81thé nPotsPhniaNeL dufiRieageous m xture
adjusted to h caused grem pitati on of a

ueo
solid. The é’%l‘”itadn%gpe?tic%f %rf’é’éflaftr‘c er%h@“ﬁi‘”)?’tp e cQipe e fer IS dand dri ed
to give 3. 3 ogee(r@B99ek 0éved] tage per wiellierze evegnitine dge ohasagbd deeorGlldtipidNiviRs pBIVEO- d6) :

?l 25 (5 s, 1l dl%%)depet}rﬁr%glg%’éan]r ot:llexzth]g%J_?l)i mo el_?qux%ﬁmtga%;gf_}é fp%zlg(; g,gm n: 7. 36 (d,

6. 25 (m5 11b11)1$fr@teﬂ1nd(thmu4an@nt of &lewe@nﬁzlgphysmm I(xgasessﬂocalzdr@elswwn 9.11 0, 2.76

( I n 4H) , sé&:tl@mﬁtﬂa'ﬂe}l as e ﬁ:&ﬂadrgllﬁ%ﬁangn 2k ebsSotivatoal co%ee;a%atﬂyﬁ of é]eHie J=28.4
1.39 20 (M; > 99

C\E: 0
%ae as det er“gﬁ ?Pé‘ad(wa&PﬁtPawe?amﬁmfasr@ciimm@%c)fkiﬁe%laﬂwﬂl *Pe\ﬁblscsw’fmwe
chiral anal yffectiad lochdoasg es’l.mHtHNM%n&xI&:dx;beGM&tmne found to be | dentical with the

enant i omer desigamg E ti aration { rically
Pure (1R 2R 35, 42 e%'e IyEt ecompounﬂéy\% p10v1 the%peu?’c or propgjylac’tS dngf tw1’81m3{

Ani nocai%onwlbiﬂey'éﬂs‘@[tlzl 1@xicfty ] Texiticy 5T thncappuidisuhy broteigmnied 3singstidmidrd 4- ( 4-

25net hyl pi p%ﬁ@%h&utﬁca%@@lﬁﬁﬁy ! ’l“he%oée RO e WeH tgﬁg&ﬁrﬂe eu% oF'EroP@Y gyme 435
Enzyne 1 Preparation of Stercoisonerical é@ Pur e Lact am

React i on: LDEL”@Q??L?@“ ‘W boestirssie {PeT s denysitigh e 3876 offle population 3pd gcedur e:
| mrobi | i zed mopoihame 68 aRugkallf éf&ﬂﬂv@lngm of GedRful MO €6 poAd %) thaf dxhibiact am

1l4r1 (racem b X c;du,esa?e §§31 0,9, 7.4 mmol) and water (0.13 m, 7.4 mmol)
vere added t'& E‘fﬁaprﬁ dirSSpropyl ‘et her in a pressure flask. The M xture was

degassegs Wi t h ni grogep for 20 mnutes and the flask was seal ed and
i ncubated for 14 days at 70C. The mxture was cooled to room5 t enperature,
filtered over celPtempradsiadpadodiies Hesadod hreiy mpsbrrespbipd Bthedprm of s conbi ned

filtrate was @Qﬂ@ﬂﬂddh@h@dhélﬂt HENRE TS cANBuldld afBSigBlS0 PRFar€s Yonlpalitidnzed from
ure fMactam 14a as

di i sopropyl _ether e enantlorrerlcall

col or Fesg yné‘é&?‘&‘é‘ls‘%g‘o’g% COI%W‘%‘”“ R Y PBWéﬂhﬁgedpfﬁ'm Py aaditi9Peat er t han
99% as det epntingailybyiodihsahaion HFLE the composition is in a dry form, thredgedt Byepapatciaon of
St er eoi spe 1391‘}‘}!346}{110? W gcegtél;ié\lai%g&_fa%éggﬁﬂ%_a 1i§;8§?3:-;%91%¥1.bﬂ®ﬁit’ rrpa'y%gxﬁéiﬁ) al2:2.1]

hept - S-ene React . _
device fo1 admm]stiation 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



Procedure: A honbgeneous m xture of enantionerically pure
3-aza-4-oxotricyclo[4.2.1.0(2,5)1non-7-ene 14a (1.1 g, 8.2 mnd), (BQOC) 20
(2.76 g, 12.3 mmol) and DVAP 15(100 ng) in CFlI2Cl2 was stirred under N2 at
roomtenperature for 3 hours to give enantionerieally pure N-BOC | actam
16a, which further without isolation. To this ture was
added 20 m ‘063? ”g@% aqueous anmmoni um hygroxi de and stir rfﬁgﬁ%}\%@ég}ﬁ%l nued
for another 4 hours. Water was added and the reaction m xture was extracted
wi th dichl oronet hane (2 x 50mL). The conbi ned organi c phase was washed with
aqueous NO (3%ificadérs @dmey Bk maRHi Ly ﬁl’eltlhi)cﬁtrr%y@Qﬁa&@é’deﬂﬂ!&ﬁ(&ﬁagmg%:XIE%S under
reduced pressure to give enantionerically pure N-BOC catboxyam de 28a (2.51
g) as a V\hlt%@"%etﬂ PQIVeHiPeh was used in the next step wi t hout further

purification. Pre r.eoi so Pure Mono SNAr

Product (1R 2R 39 128)% %l" Hf‘hg‘é‘égﬁ’ﬁwﬂf’w 91/‘]'1'{‘& PenBnE - 2- y1) - 2-
chi oro-S-fl uoro- 4Rmtmomopyr| di ne 25Reacti on: V\D 2006/ 055561PCUU82005/ 041359
49 tenperature and concentrated to dryness under reduced pr ssMge The

resi due was suspended in toluene and again concentrat ed t g difyness. The
resulting solid vvasl ved i tM?anQ;hp\ﬁ@é0§r18(1,30 and treated
with 1.5 g sodi um bid onat*e Hgghe |ch| mdine 34 (3 g,
17.9 mol ) was adddd andMehe mxture vvas stirred feN 2 2 days at room

t enperatuyre. The 5vol 4ti | es were ¥ enmoved under vacuum &nd the residue was

e I ot Moedlif: RESRLBRG LA NAS L bdengtly, filed and gpbh get ed to

col um chromat o rap or Onet hane to give
t he desired &®a ﬂqdéhe?fhxigzp¢r ?lepl}r(es Freneranmg) ip Nodkiivipy 8elalons(NYRMII el )s ol i d

E 1R729R1 3;4:{() was feffixdl (P0eDPibd 1070r 0k 1k E B FAQITR L&Al dpbn EMMIife to room

Ani nocar bo ny%‘BP%?}\gff Bpspogred Qe panupicd Nasl i?i”)“msﬂf)? b+ Jhreadtingspli as

4- (4- netibyl paopeataﬁbrr&pﬂmyls)) phremy, ¥ilte2d, dvafhgd vith Beogdivam(me iRe;a}:ztﬂd@lﬂed

Procedur e: ' € ani.line I
enanti omeri cal ?W%S%E?Ig%n%gﬁ%%%meﬁﬁrpdﬁrw ?é”%ﬁt ggbbe“zeie @g%h%l/ “)) and 0.2
m TFA in 4 RMR (E@é}ﬁjpﬁoﬁ@m 2, a15@allh d= ¢.8ibe), Was (ns B, @éﬁi(ra,t4fﬂ.,@a®(a‘ or 20
hours. The iyt Uk, WSy <R Bt 1;’1% 1298 nperature, diluted with 2 nil

%2@1 gsul il ng WZ

di et hyl et her and t p ecl te was filtered and washed with

di et hyl et her. The o engj moﬁedmawee@ﬁﬁpaiaaﬁqlm%dmm MRk and treated with

aqueous §5% qwlzjm hydr oxi de solution. The resulting precipitate was

filtered’ washed WiHA water and 20dried to give 527 ng (83% of desired

product; 2,4-pyrim dindi amqg&rgwel vative 60a as an off- whjiwe solid. Purity
v

was det erm' ned by LCM5 to eat er [HhamacQvi¥hend t he ean iomeric purity
was determined by chir to be dvePik €rpst han °@ chiral anal yti cal

data, Ili NWR and LE) r\),/eses were identical V\%l hiHe enantioner that was
designated El. 7.8Preparation of Stereoisonerically Pure Conpounds Using
(R) - Met hyl - p- 25Met hoxybenzyl ami ne as a Chiral Auxillary 7.8.1

Preparati on of 2JTkcedideEXbetRogeruCmilnmardd-(Raatliperaziny¥Wl-methylnitrobenzene 5
2006/ 055561P§3’ é,l§§%91(35/ IQ)4 I;J’dl;@ (15.9g) in methanol (1.2 lier) was liydrogenated [Hy} at 40 PSI for 3
hours. The palladium catalyst was filtered through a pad of celite, washed with methanol (3 x 50
20 ml.) and the combined filtrate was concentrated to afford 4-(4-methylpiperazin-1-y])-3-
methylaniline 7 (15 g, 86%). "H NMR (CD;0OD): 8 6.83 (d, 1H, J= 8.7 Hz), 6.59 (d, 14, J=2.7
Hz), 6.54 (dd, 1H, J= 8.4 and 2.7 Hz), 2.84 (1, 41, J= 4.8 Hz), 2.60 (bm, 4H), 2.34 (s, 3H), 2.20 (s,
3H); LCMS: purity: 99.9%, MS (v/e): 206 (MH".



Procedure: A honbgeneous m xture of

4- oxo- 3-tert-butoxycarbonyl azatricyclo[4.2.1.0(2,5)1non-7-ene (16r1;

racem c- 2-exo-3-exo0) (9.2 g, 40 mol) and (R)-net hyl-4- methoxyl benzyl am ne
13 (18, 24 g, 48 mml) in dry THE (75 nmL) was stirred at roomtenperature
for 48 hour syo AbBGeskgacti on m xture was concentrated, SupEpRUsaekvsfsshexanes
(5 nmL), 5sonicated and the solid was sgparated by filtration to give

m xture of diasterisonmers 20a and 20b (12 ng). Alternatively, the
purification can be done using colum chromatography (silica gel, hexanes
then 5% 10% 20% and 50% Et OAc, | n hexanes Preparation of

2- Exo- 3- Ex0 Racerﬁ c NBFFB“’@NN‘QIQF%GJC‘F@W?%WOWB? 1gB{zM8t i on of

| somerical ly Pur®&eoompounds by Crystallization 10Reacti on: 38b separat ed
by crystallization Procedure: A heterogenegus, m xture of

di asterisoners 20a an 0b1.(cBs(©)gcg,cHld,, rEwOl ), T 20 nL) in CH2012 was
stined at room tenper e for—2—thoturs—TFC—was-u ©WH moni tor the
progress of the reaction. FThe:SPediit¥aChgrtte®ct156n was I1;ioncentrat ed to
dryness and dried undersara 15 hi gh vacuum for several.fours to afford a

di asterisonmeric mxture of internedi ates 22a and 22k This m xture was then
reacted with 2, 4-dichl oro-5-fl uoropyrimn di ne 349842 §°*3¢ mol ) in the
presence of NaHCmocé&n-Z Bart 6:3ARBMo) of N)S-MrE¥hdd29e 47305 0L, ®2GRjledtn I OOM

tenperature u react |on m nd | ut
NG - sat br ac SHCREL LM BEm pfd1S RSk Plovishiaed B EDISETE St @ bt wpon
dryi ng over mmwwmfmélzcsmmw 2"(6\»@(113} by ChEhidtahl , Geshdoitielr b ra@0ondierainr educed

12 th
206 2N N - ol HEORT o CHBpl By O alR O ARy SRR Thsb p SRy el 1e0

m xt ure di asthericioneixyiredga stird ff88lb01(1 4t ©5°§)ang ILlerltemther! Gowdlre CDehnséehaw th a
cl ear separ e
p azﬁi'o@éﬁ 19Qar§nq % % 1 pl%&ﬁorl'rg?@%e w%gg?ﬁ_k%§ ‘H})ﬂtx ngl[g_rf(?% ghg@ﬁg{éor&% i 1ine

crystall | zatl on using exanes
mat eri all®of ﬁtln@defprrﬁe‘tﬁl?étr@u%aThe\Mﬁa@hlams'vawmwtpww B eing, aed gristl a'rth

structure; M@@O@@{&%ﬁﬁﬂg@@@ﬁ;mlpﬂ%g 51 chem cal purity: 96% and %

de: 96% J[alp -36.7 (c, e not her |iquor containing the other
i somer had poor 37‘88 (“7@"‘%’60}6{%91\%& éﬁslgé vaEE{HEd- eyl BeChiGkPeres robAdr 38b.
7. 8. 3 Pr eparatide®CfathStTas edfreoR®et (| eak Hjutddus eommmg(tiﬁlﬁﬂdwﬂﬂdﬂg:dphﬁe fchi r al

(D oY 5 et ot g g om @R Bt d b 15%: (e A ASLERSRUSOTTT P02,
(10 i n1’15) wWa® hﬁe&‘ﬁfeloﬂ eithcaesal wistutetraie matitotQO@hfa@H ner Avliept basthgt7esul ti ng
residue was %515%159%% h@f‘i]\{a Hl(ﬁﬁ'ﬂag eleded %Ji)glpgoﬁp%h&%ﬁ'%@ag&ﬁmw ﬂxel?’/ MeOl -1 in

10CH2C 2) to affor uct 4aas COo orle purity: 96%
7. 8. 4 O eavagpstigprmigthes v@hitivel foad ke pigre 10°F Kfélablbfé‘aaﬁééé Bie reghionaixteraxwiad | ary

from 40a was,.feand ts%)apj%r)dfufnte'l Gldlate.ct bg 'Ia?@r‘%@ﬁraﬁeﬁe’l }ﬁi &?ééﬂmgﬁlasc(afas £hick al

auxiliary fromlnterrre i at e conpounds he second
SNAr react i Gfd giiHoug AP swenpiopg W&%‘P‘t“icéé}’%?a‘i@wﬂpﬁﬁs‘mo mL) to makeamme 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, 1H}, 2.74 (bs, 1H), 1.58 (d, J= 9.3 Hz, 1H), and 1.47 (d, J=
9.3 Hz, 1H).



5 7.8.5 O eavage of the Chiral Auxiliary From Stereoi sonerieally Pure
nter medi ate 38a and Preparation of Stereoisonerically Pure

| R, 2R, 3S, 4S) - N4- ( 3- Ami nocar bonyl bi cycl o[ 2. 2. 1] hept-5-en-2-y1) - 5-

f | uor o- N243- net hyl - 4- (4-nethy|piperazin-l-yhphenyl]-2,4- pyri m di nedi am ne
20Reacti on Procedure: The nono- SNAr prpdy { hi r al
auxiliary 3§{ﬁ§g§hgﬁfomed to react wth DDQ (3 equival ents §mMMJ 5%12 1120
at roomtenperature to obtain the desired nono- SNAr 25 product 36a. The
nono- SNAr product was purified by colum chromatography and found to be
same as conpound 73ba @t kﬂﬁﬂcMﬂ@%ﬁﬁ&%ﬂﬁIb edr - nmed by
chiral anal yti cal HEX,ené_%\/B and 11-1 ! Xgur?ﬁ%ﬁza %9‘9{3\3@52@2‘%“

nono- SNAr product 3§a with aniline 7 |n NbOaTFA at 100C in a seal ed tube
for 24 h gave the Y8 ed product 60a. It was purified by WO

2006/ 055561PCT/ U 82005/04ﬂ359 52 colu AQmatography and anal yzed by
"HNMR, LCMS and chiral ?cal H@ E 2 ﬁrChIF | ytical HPLC, LCMS
and 1}1 NMR anal yses |nd| duct 60a was

mat ching with the enant i orrep eS|gnated El . 7 8 6' Gl &avage of the Chiral
Auxiliary FromInternediate 381, and S5Preparation of Stereoisonerically
Pure (18, 2S 3R 4R) - N4- (3- 14r1 16r1
AnlnocarbonylblcycIoIZﬁﬂamdhenmeémﬂn 2-yl)-5- &&wﬁﬁpzh&hfbﬂ@thy|4 (4-methylp
i perazi n.l -yOphe ri m di nedi am ne Reacti

Procedurd: The rrg%%“@mr*ﬁggﬁ%ﬁt?t’”s%ﬁ“’ﬁé? ézfat‘lcﬂﬁééfwtyﬁ)‘o[ﬂ@alé}t@ W“P‘PT"’EBQ (3

equi val ent s)(14nh; iGHRGI2e4d20exas 100QOTA hB s €BAL LD (:‘1611@, Mhﬁblmaatdhﬂdﬂeﬁllrg@dt

nmono- SNAr  pr auxi

TONo- SNA! pr%%EFquggpreé @ﬁ&efﬁ; a‘t r%ﬁm?cngfiafa 8% rh#(?%% O'So tgw eyacté()ﬂ 81 ﬁ\ﬁaet o be a
di fferent diM&d&tesg @8@7@#) fohered b}thO (AB&mbhand stived fqnaadﬂmnzlylrtatm Ghe ogne, and

this 15was qg@twatsr?ﬂ aﬁJ‘Msﬁédw@tH%W(b??dO nliiF))Lﬁ‘te oFéﬁ%h%EpwaEQﬁed gaction of

1
!
(

nono- aniline in a seal ed tube

f or 24 H \Péhytdﬁ’éls @ng ugs Y%Wéte*%id und?*ta f%@é%edﬁtﬁsﬁufﬁ feafag 4-eut i
chr omat ogr apiawxsaaﬁoxamh }Hb@tﬂo[byl DEISINMR-7 -t Ebr Bt et adb-3aa (v4.4 g:ab%ﬁPLC The

hi I I 1 o dth h
o B oanar MR TG b A e TR UG o e S e el B @
-102.00 (c, (d704 e 11h)3.1205 1975 69aoath, ), 2fs Q) $8! 1.8 (s, om). LoMs: 95%.

7.5 Preparation of, and Isolation of, Stereoisomerically Pure Diastereomers
15 ¥rom (+) Racemic (2-ex0-3-ex0)-N4-(3-aminocarbonyibicyclo[2.2.1] hept-5-
cn-2-yl)-5-fluoro-N2-[3-methyl-4-(4-methylpiperazin-1-yl) phenyl]-2,4-
pyrimidinediamine

A racemic mixture of the title compound was prepared from the 2-exo-3-exo racemate of

2-aminobicylcof2.2.13hept-5-ene-3-carboxamide as follows.

20 Reaction:
& 1 6 1
s 2 NH4OH, Et0Ac | 2
NBoo Tt 3br & NHBoc .
4 4 '
3 3 NH,
C 0
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.



HCl salts of the racemate 60r1 and stereoi sonerically pure 60a were
prepared as descri bed below 25 7.9.1 Preparation of Racemc

N4- ( 3- Ami nocar bonyl bi cycl o[ 2. 2. 11hept - 5-

en-2-yl1)-5-fl uoro- N243- net hyl - 4- (4- et hyl pi perazin-1-yl | phenyl| 2, 4-pyri m di
nedi am ne Hwdy agiRshl ori de Salt To a sol ution pfr/82606akBsE€X0
racem ¢ N4-(3-am nocar bonyl bi cycl o[ 2. 241] hept - 5- ene- 2-

y1) - 5-fl uor o- N243- et hyl - 4- (4- net hyl pi perazin
-yephenyl] - 2, 4- pyri m di nedi am ne (60r1) (0.140 g, 0.3 mvol) in MeOH (3 nl)
at 0 C was added B4@t{o4M di oxane, 0.170 nL, 0.681 nmol) dropw se and then
stirred at OC for Ib and roomtenperature for 15 nminutes. The clear
30honpgeneous solution was filtered, concentrated aifd redi ssol ved in EtOH.

Et hyl acetate *added to the hargl # ¢ sol yti m%hyrecm-utaigf?ﬁe
desi red product Niedde Was, dHs) edswep - ex043 ex05
N4- ( 3- am nocar begyl bi cycto[ 221 hepk-~-ene- - Vot Rt 1 uUor or N f3 nethyl 4-
WO 2006/ 055561PCT{/US2005/ 041359 53 NaHCOs, 1t 48 hr

(4- met hyl pi per azi siril- yOphenyl] - 2, 4- py b di nedi am ne bis hygrggen chl ori de
sal t (conpouffeBOrete-PMTl ). LCVS:| pudnict Hexo- B8 M5 (i e): 4@3miMexbpexol. 9. 2
Preparation of Stereoisonericallly pure (1R 2R 35,4S)-N4-( 3-

Ami nocar bonyl bi eyel o[ 2. 2. 1j hept - 5- en- 2-y1) - 5-f | uor 0- N2- [3 nethyl

24 (4-met hyl pi penggidud; m@&ﬂ%x&oln hafibhlazih A A84LAN NS S G ogan, Chl ot de

Sal t In a |ike manner, nteracti on o ShY'E of HCL
(4M di OQaneghawdt Wﬂgrfi@fné‘dﬂ g@ﬁéqcra@aqsw(zigg g.¢/.9 mmol) and then treated with 20% of TFA

(1R 2R 38, 4S) CNQCI( Areom t@@wlb@ﬂyt gy eﬂh@ie%u%g 1JieRtva9 e bRt Asdithdera-

fl uor o- N243- et y erazin-1 - henyl ] -2, 4- pyri m di nedi am ne
(60a) gave 16 %rpéﬁflg%rpge ir F tlpﬁpﬁfs‘gemoved urider high vacuum for several hours to afford
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fl uoro- N243- i m di nedi am ne
bi s hydogen NG -G W‘ymoﬁgd@%g&lﬁﬁé%%&ﬁ Ly 0 TR (1 )
453 (MN'Y;  [PANRHICQx@. 33 g(’é 84 guryl) aMie OR{fempFratt @ Mprel§ Apas. i T raftiof hRIFRWES, 45)
N4- ( 3- Am nOQ]aﬁtB@WS{lh Rie elnﬂlb gat&ecﬂ-\lvﬂﬂﬁm(?l énc?eﬁﬁacted w;th EtOAc (3 x 30 mL)
152-y1)-5-fluoro- N21 % Qxa ¥ Dpbenyl -2, 4- pyri m di ned arni ne

(1R 2R 38, 4éijy1ng over an y 'otis NaySOy, 1 esolven was evaporated and the residue was cfnomatogxaphed

N4- ( 3- ami nociahda@nlyCHthMhéncﬂ[f% 2N BHDBROHIn ene,2okitoR-1fd AarRedNS hdndsSar
oxazol - 2-yp Bk 2, 4-pyri mdi nedi am ne (Conpound 90a) was prepared as
described a ove lﬁNNR (DMSO-d6): 9.36 (s, 1H), 8.48 (s, 114), 8.14 (s,
1H), 9.92 (d, 1HReatio8 Hz), 7.79 (d, 1H, 20Jr 7.8 Hz), 7.68 (s, 111), 7.42
(m 41-1), 7.18 (s 114), 6.29 (in, 11-1), 6.13 (in, 1H, 4.21 (t, 4N J.=
4.8 Hz), 2.86 (s,gl14), 2.77 (s, 1FD 2 55 (d, 1H, Jr §.1 Hz) g/%h (d,
11-1, Jr- 8.4,Hz), §1J\9 (d, Jr 8.7 FCCIVS; 1 rit SF A% e): 407
(min. 7.111nK o of Cel | ul iFmbI f BEREESR | ns bt nds 60r1,
60r2, 60r 1. 2HCF - 60a, 606 an .11C1 mere testeds @,nst a variety 250f
dlfferent type§30f tunor cells for their ability to #nhi bi t proliferation
usi ng st andahid Dobistof O Sort

{racemic, 2-exo-3-6x0)
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, CH;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 Enantionmers: 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



antiproliferation assays. The various cells lines tested included: A549
(lung carcinoma); ASPC-1 (pancreatic adenocarci noma); EXPC-3 (pabcreatic
adenocar ci nona); CaOV-3 (ovarian adenocarci nona); COLO 205 (col orectal
adenocar ci noma); DU145 (prostate carcinoma); ES-2 (ovarian clear cell

carci noma) ; w112 on-small cell lung carcinoma); 111 Il cell
30l ung carci nona q"%?460 (large cell lgng carcinonma); I—@U§2@@9\§ﬁgl
adenocar ci nona) ; 11L160 (promyel obl ast pronyel ocytic | eukem a); K562 (bone
marrow chroni ¢ nyel ogenous | eukem a); L1210 (nouse |ynphocytic | eukem a);
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20061055561 7‘*83‘?’6 %?%Bﬂit@%* ‘é’r474lﬂvwﬁbw&?f€dé}&}¥2eenﬁrv!ﬁﬁﬁobl astic | eukenia);
OVCAR-8 (ovari an ZGar cLEno at e adenqc ?r Ci - OV- 3
Sppricll ﬁ?ﬁﬁ
]

(ovari an adenocar Cl no ol orect al
methylid- (b

adenocar?' noma) ; THP ol ngmyc;Eu? 8 %lgm;slamm in Chirl 1G
(ovarian clear cell carc Boh eosarcona 26y
(hi stiocytic |yrrphomi)é15ﬁh€?dr§§ﬁoY§Je}b@§neﬂﬁEﬁ}PmN"’B&cﬁj Lhenpompounds are
provi ded in TABLE 2, bel ow "+" indicates an |1 C50 val ue of <

1 pM a "++" indi 4P8% an 1C50 val ue of 520 nM "-H I-" indicates an IC50
value of < 10 mM :and a "-" |nchg{pg n | Csoevakue of >1 M1 A bl ank
i ndi cat es that, z:orrpou ted ag {2 spga oGl 11 ne.
TABLE 2 In Vi tr |use°§"°8§ ‘Eé[eﬂ"“}g é’dfr '&B}e‘;’ HCI 60r 2 60a
60a- 2HCI 60b A54 93+ +++ +++ ASPCl - /MOH
1611 16a 26b
(racemic, 2-exo-3-ex0) N-Boc carboxylic acid

Procedure: A dry sealed tube charged with 4-oxo-3-tert-butoxycarbonylaza-

10 tricyclo]4.2.1.0(2,5)non~7-ene (1611, racemic-2-ex0-3-ex0) (4.0 g, 17.02 mmol), resin
bound/immobilized chirazyme L-2, type B, c.f. (8.0 g, purchased from BioCatalytics Inc.,
Pasadena, CA) and diisopropyl ether (80 mL) was gently shaken in an incubator at 60 °C for 60
hours. (The enzymatic resolution of racemic N-BOC B-lactam 16r1 was followed by proton
NMR. The integration of tert-butyl group of enantiomerically pure N-BOC lactam 16a and N-

15 BOC carboxylic acid 26b was seen in 1:1 ratio). The resulting reaction mixture was filtered and
the solid resin was washed with diisopropy! ether (2 x 40 mL). The filtrate was concentrated to
afford a mixture of enatiomerically pure N-BOC-B-lactam 16a and N-BOC carboxylic acid 26b
(total mass: 4.0 gu).

Reaction:
6 i 6 1 NH4OH, EiQAc [ 1 § 1
5 %NBOC , s ?'-'NHBOC ek s qﬁwsoc , 8 -Z"NHBoc
473 45 4 {3 4 28
o] Oﬁos«z &N, Of“‘O'NHJ
16a 26b 28a N-Boc amino carboxylate
20 ' N-Boce carboxylic acid {remains ir organic phase)  (remains in aquecus solution)

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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was evaporated to afford 2.00 gm (7.93 mmol out of a theoretical 8.51 mmol; 93% vield) of the
desired enantiomerically pure N-BOC carboxamide 28a with greater than 99% enantiomeric
excess, as determined by chiral HPLC. The aqueous solution containing the N-BOC ammonium
carboxylate upon acidification with cold IN HCI followed by extraction with CH,Cl, regenerated
the N-BOC carboxylic acid 26b (1.8 g, 7.11mmol out of a theoretical 8.51mmol, 84% yield). ‘H
NMR (DMSO-d6): 7.26 (bs, TH), 6.66 (bs, IH), 6.13 (m, 2H), 3.59 (1, 1H, J= 6.9 HZ), 2.80 (s,
1H), 2.54 (s, 1H), 2.31 (d, 1H, 7= 8.1 Hz), 2.00 (d, 1H, J= 8.7 Hz), 1.36 (s, 9H), 1.30 (d, 1H, J=
8.1 Hz); LCMS: MS (m/z): 254 (MH"); [e]p -76.78 © (¢ 1.0, MeOH).

7.6.2 Preparaiion of Sterecisomerically Pure Mono SNAr Product

Reaction:
B s
. T e —CIN/c;ijN\
34 3 Zupy N/ C
H
3

5 q-wﬂsoc TFA, CH,Chy 5 LNH,TEA
L ey L
a4 43 43 MeOH, H,0 4
NH, NHz NaHCOs, rt 48 b NH;

o 0
28a 30a 36a

Procedure: A round bottom flask equipped with N; inlet and a magnetic stirriug bar was
charged with enantiomerically pure N-BOC carboxyamide 28a (2.00 g, 7.93 mmol) and then
treated with 20% of TFA in CH,Cl, at room temperature for 2 hours. The reaction progress was
monitored by TLC. The resuiting solution was concentrated under a reduced pressure. The frace
of TFA was removed under high vacuum for several hours to afford the enantiomerically pure
intermediate, TFA salt 30a in quantitative yield. "H NMR (DMSO-d6): 8.10 (bs, 2H), 7.92 (s,
1H), 7.25 (s, 1H), 6.29 (m, 1), 6.18 (m, 1H), 4.38 (bs, 1I0), 3.06 (4, 1H, J= 7.2 Hz), 2.97 (s, 1H),
2.87 (s, 1H), 2.43 (d, 1H, J=7.5 Hz), 2.10 (d, 1H, J= 6 Hz), 1.36 (d, 1H, J= 8.7 Hz); LCMS: MS
(n/zy: 152 (MED.

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
NaCl and extracted with EtOAc (3 x 50 mL). Upon drying over anhydrous Na,80, the solvent
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, J= 7.2 Hz), 8.07 (d, 1H, J=3.3 Hz), 7.71 (s, 1H), 7.19 (5, 1H), 6.29 (mn,
2H), 3.99 (t, 1H, J= 7.8 Hz), 2.85 (s, 1H), 2.75 (s, 1H), 2.49 (d, 1H, J= 0.9 Hz), 2.11 (d, 1H, }=
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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
5 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-

10 aminocarbonyl-bicyclo[2.2.1]hept-5-ene
Reaction:
g 1 8 1 8 1
2 Bac,O, DMAP 30% NH,OH .
° NH  THF, 22,3k ° NBOG 220G, 4 fr ’ NHBoc
4 3 - ™ 4 4 Y - e 4 3
&) o) NHZ

14a 16a 284

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
15 (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
20 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

25 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
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-

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
pure mono-SNAr product 36a (400 mg, 1.41 mmol) and 0.2 ml TFA in 4 mi 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
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-
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-Exo-3-Exo Racemic Mono SNAr Products Followed
By Separation of Isomerically Pure Compounds by Crystallization

Reaction;

6 1 ™ 5 1

s ZeNHBos NHZTFA
4 3 jﬁe 3
NYj
TR ”)\Q
OMe

MeCH:H,O l@

20a TFA, CH,Cly NaHCO;
}..fi-wgﬁhf*__, L 2a-48hr
+ +
8 1 6 1 By
] -'“HNHaoc s AiNHLTEA I\
Cl
4 33 Me Pt Me a4 /[\
’%\NW Z/‘-Nll‘
G Hy 0" Hy
Ol OMe //""N‘
20b / 2zb H
L —] 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 1o 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:

Py N._A
X
A Me  MeOH, TEA, 100°C 2 @
%‘H o (\N 24, sealed tube 5 %N N Me
e \) » Sealed tube 5
‘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 g 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-

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
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-
2-yD)-5-fluoro-N2-[3-(1,3-oxazol-2-yl)phenyl)-2,4-pyrimidinediamine

T
@L{){ NOR \i}

H2NOC N
(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,
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
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
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
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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,

5 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
10 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
15 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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washed three times with DPBS (200 pl/well) and stored under DPBS (100 pul/Awell) at 4°C until
ready for analysis.

A Zeiss Axiovert S100 inverted fluorescent microscope with a Plan-NEOFLUAR 10x
objective, a Hamamatsu Lightningcure 200 Mercury-Xenon light source and an Omega Optical
XF57 quad filter was used for all data collection. The system was equipped with a Ludl Mac2000
motorized stage with X/Y/Z control, a Ludl filter wheel, a Zymark Twister robot arm and a
Quantix digital camera from Roper Scientific. All hardware was controlied with ImagePro 4.5
with the ScopePro/StagePro 4.1 module (Media Cybernetics) on a PC running Win2000. Visual
Basic Scripts were written for ImagePro to automate hardware control and image collection.
Focusing was performed with a software auto-focus routine contained with StagePro that used the
maximum local contrast to determine the best plane of focus from a Z series captured once in each
well. Once proper focus was achieved images were captured in a 3x3 grid pattern of adjacent
images next to, but not including, the position of focusing. Images were captured and analyzed in
{2-bit format using segmentation and morphological routines contained in the Image Pro software
package. Identified nuclei were counted and pixel data for each cell along with experimental
conditions was stored in a database using MySQL 4.0.14. Subsequent analysis of experimental
results and graph creation was done using Matlab 6.5.

For phospho-histone H3 analysis the data is converted to Facs files and analysed using
FlowJo. The percent Phospho-H3 cells are plotied at each compound concentration to determine
an EC50 for Aurora B inhibition.

Results. Compound 60a inhibited Aurora kinase-B with an ICsy of about 7 nM in this
assay. By contrast, the 1Cs, of its enantiomer, compound 60b, was 2.49 pM, approx. 350 times

greater,

713 Pharmacokinetics of Compound E1 in Monkeys

ompound 60a was administered to monkeys intraveinously (I mg/kg in saline) and orally
(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.

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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specified in TABLE 3 (treatment protocol) and TABLE 4 (regression protocol), below.

TABLE 3
Summary of Treatment Model Experiments
(Mean tumor s.izo: 100 mm®)
Schedule

Cell Line Dose (mg/kg/day) (day on/day off} Route
Colo205 2 413 oral
Colo205 10 4/3 oral
Colo205 10 2/1 oral
Colo205 10 5/2 oral
Colo203 10 777 oral
Colo205 10 3/11 oral
Colo205 10 1/6 oral
Colo205 10 daily oral
AS549 10 572 oral
AS549 10 21 oral
A549 10 T oral '
AS549 10 daily (13 days) i.p.
A549 20 daily (5 days) ip.

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.
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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.



1. A compound according to structural fornula (1): or a salt, hydrate,
sol vate or N-oxide thereof, that is enriched in the correspondi ng

di astereomer ‘of structural formula (la): H RS5N N NN CONH2 (1R, 2R, 35,
45) wherein: Rl is selected fromthe group consisting of hydrogen, |ower
al kyl, -(CH2)"-OH, -0(CH2)"-1ta, -0(Cl%2),,-Rb, -C(0)01l1a, halo, -CF3 and
-0CF3; each R2 is independently selected fromthe group consisting of

hydr ogen, |ower al kyl, /Th -i-NO - -0(Cl1l12)"-Ra, -0(CH2)n-Rb,
-NHC(0) Ra, halo, -CF3, -0CF3,/ and / R4 /| each R3 is independently
sel ect ed/Haf prolkiagdgsoup consi sting of hydrogen, |ower alkyl, \O

-(CH2) 11-OH, -OR, -0(CH2)"-W -0(CH2)"-Rb, halo, -CF3, -0CF3, om\N R4-14
,-N andN ; each R4 is independently. selected fromthe group consisting of
hydr ogefr, IoWWW?CCW-QPW?m%fqm“M:e,_ -C(0)r, -C(0)0le and
-C(0)Nab; R5 is hydrogen, halo, fluor, -CN, -N@, -COQ2Ra or -CF3; each nis

i ndependently an integer from1l to 3gs _ R?
7 N E I
|
1 6 2 = )\ q
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

RS Rr?

e

¢ 2aN \NJ\N R

() ) i
H

CONH,

(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,
4N O
«(CH,),-OH, -OR?, -O(CH,),-R?, -O(CH,),-R®, halo, -CF;, -OCF;, =~

o) 0
“%N\/:/\N*R‘* | —E%/__ N/> . "§<\N];

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;, -CO;R, or -CF;;

each » is independently an integer from 1 to 3;



60 each Ra is independently selected fromthe group consisting of hydrogen,
| oner al kyl and | ower cycloal kyl; each Ro is independently selected from
the group consisting of -0le, -CF3, -0CF3, -C(0)1le, -C(0)01l-e, -C(0)NW and
-C(0) NRand; each Re is independently selected fromthe group consisting of
hydrogen and | ower al kyl, or, alter nat(i} vely, two Rd substituents may be
taken together with the nitrogen atomto which they are bonded to forma
5-7 nmenbered saturated ring which optionally includes 8d|t| ﬁ d

het er oat oni ceagh B&ipsndmpeedendy s¢leaed Hom Ky £rmpcansighiageot lﬁléﬁ’ ?U??a??lév a"

NRa- C( 0) NW nd eai:h Rg i s independently | ower nono-hydr oxyal kyl or | ower
di - hydr oxyal )‘?’Iem}? A% conpound of G aim 1 which conprises on]

(2- exo- 3- exoaacméﬁsemd@ﬁm&my saecta'mﬁommlmq)g)uu;dcmslsmmgaoﬁn@l wittcir tai ns

about 60% or the a. formula (la). 4. The
conpound of @I’I"aﬁmﬁ; cﬁ%@m @@@E&:@Ja@ I\lrﬁrr?t’?){rle of the di astereoner of
structural f &&H"Rlc & ibli@kndtly S8t TRAUREg0hp @Iﬁisﬁhﬁ.omﬁydcdigen (andi h]WT»S aliplut
99% or nore of the diastereoner of structural conmpound

he
of any one ofr, Gtahatively, Bvd R R RCIBMAYE DY 1a§6}@g°tLer\WIﬁ|‘ t(hen gfn RﬁQ—”ﬁﬁ 7. The

conpound of ' IwiQEh dticRall { ulds
BN R - SR ) A AL E b B S P %gﬁsaﬁ%fdﬁ}ng%r- I{tl “he. conpound

of Caim7 i p2wkiicibnd23tei@tdnyid zogen seleschiydm CrdtRioNE, Cl(@m | NBr &ﬁ%}%l or

chloro. 9. The co Of daim7 in which R4 is methyl, -C(0)CH,
- C(0) 0CH3 orandd§ ﬂg&iﬁ%ﬂ 461 10. The conpound of Caimé6 in which R is

hydrogen; R2qi$ I@nmﬁe;&eﬂa@n@ lovkdr mdiieh@lesrpelkytiordbwet diimpddayaliyhi ch R2 is
hydr ogen, nethyl, nethoxy, trifluoronmethyl or chloro. 12. The conpound of

Caim 19, in me goml%dfmh B %ﬁlﬁﬁlwhlcﬂ&ﬁﬂé@s onlﬂﬁkmi%x@)r ster€vEamiRerki3

3. The compound of Claim 1 which 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.
. -me\o 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.



1- NON- R4 13. The conpound of Caim6 in which R2 is other than\--/ or \--/;
and R3 /\ -t-NO -t-NNR4 is other than\/ , / 0 orN 14. The conpound of
Claim13 in which R, R2 and R3 are each, independently selected fromthe
group consi sting of hydrogen, nethyl, nmethoxy, trifluoronethyl and chloro,
with the proviso that at least two of R, R2 and R3 are other than

hydr ogen. 15. The conpound of Caim6 in which Rl is hydrogen; R2 is
selected fromthe group /\/ \ 1-NO1\1-R4 consisting of hydr n, t/
and\--/; and R3 is selected fromthe group /\/\ 1-NO-1-NNe-R' consisting of
hydr ogepy_ | OWg! cldbvthd ob@hin 616CFBich/R' agilidrdgen; Rhis ofimnpound of-/d ai m 15 in
which R3 is selected fromthe group consisting of /\/.\ -t-NO1-NN R4
hydrogen, nethyl,—shloro, -CF3,/ /and\/; &nd R44isﬁgme:t/yl, -COR4 or

-00(0) 124 V\heréNRa TNSR“rreoqtq‘E I3.or§"‘é\t hﬁ éi‘( ﬁ“ﬁ@ G d of Caimi15 in
which R2 is el ettéd fri tthéSgrouT:) consisting of / \,A -t

- NI ON- - R4hydr ogen,\/ and\land R3 is sel ected froi%t he g{oug,ﬁonsi Stthi ng. of /
\ 1-NOMR' hyhi ogamund efelainll Ry whighRo is hydeagep, geifyl. mgbroxy, ifluoromethy

chloro.

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

-C(O)CH,CH,.
. ~
- -N/“\o =N N-R? )
13.  The compound of Claim 6 in which R?isotherthan = N/ or = M ;and R
- e,
mng/ o -'§‘N/MM\N~R4 —é{ ?
is otherthan =~ “~— , ° or N,

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, -CF;, = “/ and f— .

16.  The compound of Claim 15 in which R? is sclected from the group consisting of
TN o SN,
-¢N O -s-N R 4. | .
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, SN/ and T Nt and R? is selected from the group consisting of
VAR TN
4N o PN N-R
hydrogen, lower alkyl, halo, -CFa, ./ and Y



18. The conpound of Caim17 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. / \
-NN-R4 19. The conpound of Caimi18 in which R2 is\ ; R4 is -CORa wherein
Ita is nmethyl; and R3 is hydrogen. / -sNN-R4 20. The conmpound of C aim 18
in which R is; RAis -00(0)Ra wherein Ra is ethyl and R3 is hydrogen. 21.

1 R85 il o At &7 AT NER R, b efiert d‘hgﬁﬁm cBNIRERE | ) b °

and R4 is rrethyl --CORa or CO(O)It/'““""\(\,hereé nqthyl or ethyl. / \
- NN R4AA 23. oS 41 S h «and R3
is selected li“rb?ﬁep e‘§¥ u@m&n@%tl ng of lIllydrogen nétaﬁ(ﬁ{ ISIﬂ@Ibﬂa%% CF3.
24. A conpousndCOiaiR wherein R* is methyl or ethyl.
(1R 2R 3S, 4S) - M- ( 3- am nocar bonyl bi cycl o[ 2. 2. 1] hept - 5- ene- 2-y1) -
5-f 1l uor o- N243- net hyl - 4- ( 4- net hyl pi per azi n w )] phenyl 2,4-pyrimdinediamn
e. 25. Theco ound of C aim 24 whjch.,isidubs Rlal .

9. TIETcPcompound of Claim 18 in which R” is w L yCDORq wherein R is

methyl; and R? is hydrogen.

1 N

-o-N N
20.  The compound of Claim 18 in which R is g p— : R* is ~«CO(O)R? wherein R? is
ethyl; and R? is hydrogen.
4N O
21.  The compound of Claim 18 in which R? is \—/ and R?is hydrogen
/N VA
) .. PN O AN
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 .



26. The conpound of Claim 24 which is pure. 27. A conposition conprising a
conpound according to Claim1l and a carrier, excipient and/or diluent. 28.
The conposition of Caim27 in which the carrier, excipient and/or diluent
i s acceptable for pharnmaceutical uses. 29. A conposition for inhibiting
proliferation of a cell conprising a cédpound according to any one of
clains 1-26. 63 30. The conposition of Cdaim29 in which the cell is a

tunmor cedd.. 3he cORQoGGIOSTIhiOTY anw}gzlﬁﬂle‘c@i%s'aﬂm\?fﬂ}@é"l the tunmor cell is a
| ung, col on breast, gastric, ovarian, cervical, nelanoma, renal, prostate,

| eukem L atic tunor
cel |. 3? A %{éﬁg@m#ﬁ %?ﬁ%ﬁa“ﬁlﬁ% |\(§Jjbiul)l Cei% aaﬁg@rdgéoél Ellt&%gs%lsuﬁ vitro
conpri si ng contiaay pengmhlhmel@unma aeﬁa!,rmsmtwlmkem dympliima0 herdoll gspeand
according to %% ?nebl\z;\%d@ 1-26. . The nethod of Caim32 which is
carried out PA"VItTo fef el?%‘é“ﬂﬁ?rcﬁc kinase is isolated or partially

i sol at ed. 34. The rret‘hod,of Claim32 which is carried out in vitro with a
cel | expressi‘hgehad afinbbiting anasdvitasf ansluretraridersefr vimhiconplisigg eontastingthe

ki nase- ncdi atsggloRi %ﬁé@atﬁ%@&béﬁt%?a%&ﬂ At 'a@ xdi'n t(ydrw&ie of %ﬁ%é 1m§§pr essing

an Aurora kinase wth an anpunt o oun
roce 36. The .met hod of

effecti t o 4, nhi hi ki nase rredl at ed

Caim 3é%l n vT\lkllll la} é)fﬁ?lglr gf‘fé}?ﬁ}égéa’f‘r@&o&‘t Bt YEEER ﬁﬁ“lufﬂr? £8335dS i t osi s.
37. The net h(i)szl)laaéddapanm1§55d13@ed/\hl ch the cell is a tunor cell. 38. The
nmethod of Caim35 in which the cell is contacted with a concentrati on of

the Comgundﬁlgﬂ{etﬂoﬁ oA StZQW}H?hg gﬁ'}eﬁ u{rmqpnék fin &R %ﬁesrgﬁl%saﬁdfﬁlq l,n an in
vitro assay. 39. A conposition for tr I'ng an Aurora Rinaseorie

di sease, combmasa ng a conpound accor d| ng to any one of clains 1-26. 40. The
conposi tion of Caim39 in which the Aurora kinase-nedi ated disease is a
prolifenative dehedseinhbiting lRenGoMN@Ost-nRhiatl p%&b%(ﬁ]%rlsﬁlg%hﬁ&n{éﬂﬁq
proliferative, di sease is cancer. 42, The conposition of Caim4 whi ch
the cancer i ¥ AEtlhStPATSSIRS RO MoFora kmaseryigh é@ﬁ*ﬁ@@fpféﬁomf)omdaip@ﬁr@@géRJIapt ed
for oral admomistl @tk withibiiR FRBRAHAL ARl hAlM 39 adapted for

i ntravenous adm ni stration. he COI'T'pOSI ti‘on accordi ng to any one of

I 31
R 2R 35349 - Wt P SsLE aéla@éawﬂ}f @3@%{1@*azklfj%mdlste%H@C%Smblgﬂdﬁ Jor o- N243
- et hyl - 4- (Adwet.hyl pi perazi n- 1-ypi phenyl - 2, 4- pyri m di nedi am ne.

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.



46. A conpound according to any one of clains 1-26 for use as a nedi canent
for the treatnent of an Aurora kinase-nedi ated di sease. 47. The conpound
according to claim46 wherein the Aurora kinase nedi ated disease is a
proliferative disease. 48. The conpound according to claim47 wherein the
proliferative disease is a cancer. 49. 6The conpound according to claim48
wherein the cancer is a netastatic tunor. 50. The conpound according to

cl ai m 4&swhergk Boh ARt L8 rding 1S &{yﬁ‘&{e%(ﬂ chal M 1.8 g, @M@hereﬂﬁﬁ@@&mﬁﬁﬁ&%

gastric cancer, ovarian cancer, cérvical cancer, nelanoma, renal ‘cancer,

prostate can€kt 2Rﬁ§d‘1§éﬁi4a€3 anyinptadroay birecioBo?. ﬁ@menqaémbf%ﬁmrg -Naldeer ,
bl adder Canc%{eﬁ%ung mé{%(lgﬁ%gﬁ?‘lgl li]é? n&ggél medlglfmneny of claims 46 20

wherein the co

anlnocar onyl bi cycl of 2. 2 hept - 5- ene- 2-y1).-5-f | uor o- N243 met yI 4- (4-

met hyl pi Beraﬁ ! 0&}&% fﬁfﬂ@@a tozmn%qj?ﬁ%himsr%e?& foRPsters agpediqagsniier Beconpound
accordi ng ton@ﬂﬁggnghgﬁmg&@mmgggn%@mkﬁ(ﬁﬁgwnanufacture of a medi canent for
the treatment of an Aurora kinase-nedi ated disease. 53. The use of cIa|n152

in whi CQ theTﬁ\':’Ecﬂé}gouiﬁd% ?dl t 351?&1 qd\&/%%’l%?hé ﬁu&repklgcli m?crdaattéd\/(ﬁse%!se 1%%56

The use of claim e prolrferative 55. Th
use of clalnpﬁ®ﬂnﬂnwhhﬁhmihe cancer is a netastatic tunDr. 56. The use of
claim54 in which the cancer is selected fromlung cancer, breast cancer,

gastric4gancehe c&ﬂﬁédn@@c&ﬁﬂlﬁg ko clé&ﬁféw \Qﬁérelﬁ%&bhfe?ﬁfv@@%@?se if 88@kecancer,
prostate cancer, |eukem a, |ynmphoma, neur obl astona pancreati c cancer,

bl adder ganc?h ulnh\(/ag{g @%@%}él Zis"\ﬁﬂ_r?gmlfﬁe cancea ngetast%{ gturi[l?OI.Sz 56 in

whi ch the conpou
anlnocar onyiﬁl clo hept - 5- enewg -fluqro-N213-net hyl- 4- (4-
met hy! pi Bera fe C_Y&1lx§ﬂﬂ51§ﬁﬁ°@ﬁ pe B deigytg %TFlﬁé’&ﬁ%’Pﬂés selggtedfiom MNGORRSY of

i nhi biting AUfe@é’t%ar'ﬁ!eﬂ%%ﬁnb @arﬁeeﬁ%béna%@ﬁ@crek %eﬂﬁlca@@ﬂic@icﬁﬂe%oﬁllﬂereﬁﬁ lehndep Vvitro
wi th a conpound accor to anyone of clainms 1-26 . The’ net hod

accordi ng t oPErtaierraer; laukgniaHymplonegg ngﬁgﬁastw@a,(p@m‘zwcssn%) bipgglef gancer,
am nocar bonyl, bj eyel % 2. 1] hept - 5-ene-2-y1)-5-fl uoro- N243 met hyl - 4- (4-
nethylplpera2|n I- henyl - 2, 4 pyri m di nedi am ne.

2006/ 055561P, 82005/ 041359 2006/ 055561PCT/ 9 3/4

Vehicl e3'RO0 %CO*%%&UP&} oy ins ﬁaﬁﬁgl e camppynd 115%2’83 Ashecs:
arnmocaibonyibicyclo[Z.Z.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.
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58.

59,

63

A method of inhibiting Aurora kinase in a cell comprising contacting the cell in vitro

with a compound according to anyone of claims 1-26.

The method according to claim 58 in which the compound is (1R,2R,38,45)-N4-(3-
aminocarbonylbicyclo[2.2.1Thept-5-ene-2-yl}-5-fluoro-N2-[3-methyl-4-(4-
methylpiperazin-1-yl)|phenyl-2,4-pyrimidinediamine.



