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204. SUMVARY I n one aspect,
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20 4. SUMMARY
In one aspect, 4N-(3-aminocarbonylbicyclo[2.2.1]hept-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:
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including prodrugs, salts, hydrates, solvates and N-oxides thereof, that are enriched in the
corresponding diastereomer of structural formula (Ia), designated the (1R,2R,3S,4S)

diastereomer:



20l ower al kyl, or, alternatively, two Rc substituents may be taken together
with the nitrogen atomto which they are bonded to forma 4-9 nenbered
saturated ring which optionally includes 1-2 additional heteroatom c groups
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In still another aspect, conpositions conprising one or nore
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t he renpval ofgine prreory steteaisgmericathoemritired mongposida giserited hiyein, aad/&rpkdafuga sa@l ent

al kang. Typg l.i m hanyl ;

et hanyl : pr Oyggt{t]esfsggﬁgtgs(\:’a!ﬁd/&r}@w&sltﬁé?%oy ectl‘QH& mﬁrbq Qro? ra 1on cgé}i,e Sﬂ@q}ih m':ifs

cycl opr opan"aP b F‘mtaéie‘éw“h e toxpgwng z&wmﬁ@ Cmomd ¢an\,bb fontmlettalnntaay 1

sec- but y! sHRdnh yrh an cki c . 1
(20(t but))il g:;:%o nh Yrhe Rt a)lbe)b}a( &@?gh%% ozlgexmmn REQ@APSQSA’

) by
itself or as rf)%/elp {w :%gpro&cﬁ(tﬁvﬁgs &Eelﬁrﬁ%tf“fa‘ltﬁ’éﬂﬁve‘i‘té’f‘@?%m‘t‘fﬁm%‘f? dt‘j‘P@%fﬁ’lﬁW‘étaéd br anched,
st rai ght - chtamprigeniceyncérs.c al kyl havi ng at Ieast one carbon-carbon doubl e
bond gerived by .0 m a singl e _carbon atom
of a parent al keﬂlngtﬁl arnﬁtm?\éghect Jneﬂ?o%ggﬂ%a mg eéﬁtnvn%f S are dﬁ“"’fdg%n“éhe
conf or mat i oRethlss oey bm%ﬁ@d i @Hmknd (eyrinary qu‘wx&l or &l Hoenans| Tga"ml}pﬁs gdﬂa’amd e,

25but are Wﬁfroﬂ'e‘ aﬁinﬁn@s@nﬁé)to a@ﬁzﬂﬂﬂ Y kb %ﬁgt a% ?ﬁﬁ? Qf o%? oxm;o%) StereoTaan %ky

pr op- 1- en- 2- n-1-yl, - 2-en- opr op ?emsﬁmfn
cycl opr op- Zer%‘ﬂ‘ei ﬂ?’“‘lﬁlﬁg g“s‘%ﬁ“ & Prpdtues, S%!ﬁrhydiﬂes S%mes ndéon Npoxjdes
2-met hyl -p rtbq&edf—éﬁaetive 1ol treat lauﬁm\%nﬁﬂe pralifer¥tive dRbtier? ‘Iﬁ@cog]pé/dnd(s) per se can be

E;I’:Iao u?_ Fla%ﬂudéstéf%di to Qmes rtge coglpmné@cﬁn%aldggg%erg gﬁ)a focnﬁéf 3 gogyposition.

30" Al cynyIPmlEf?aiiﬂteSl@blﬂeroﬂlatam ipatrebteddccadiog foelre matods inbludYut &rehR liditdro AN
unsat ur at eqyReagReMeerst r @i ght-chain or cyclic alkyl having at | east one
car bon-carbon triple bond derived by the renoval of one hydrogen atom from
a singl e car bon &¢ ¥rrdvmeriGaty evehed|chmnpmeds dﬁsypbedébrelalakymyﬂt u@rbuorpsfl ncl ude,

but are n OtAdrd)rﬁkin&ds t&rorﬂilﬁh%&)ﬁ&a a I APH BV SeSiEtn ajsoe ﬁl&)prg c%{'of loary/!
ych as but-| bt

prop yn- y
but - 3”6yn |- Ja‘ Si0ny ¢ ev“"é%éﬁ"& E ugof %esv@eé@eméwewasﬁm 9@9@59 8

" Al kyl di )él cellhysuch &éﬂréastmbloa,semabéﬁvgél , IRIt6B13®Mmes %&h&&&@&bh&nﬁf If‘aﬁc(:j?eatn@l a
saturate cne CyCll C | val ent
hydr ocar bo ;OS{%%U%& g%lgoﬁlq“fnlg St & lﬁcﬁ]?ﬁégpg? &hg#’@gﬁj' gt%?ﬁ?%? Geopfety - 5
means from&% @ﬂtlfd, 400, C@ar’bmnDeazt Bivk J19: aﬁrmv,esaketkyrateha mmat cafsercsmezdaydr ogen

atom f 1 om @a0floviiBredlich oPAEBFa KGALLAR b AMRundh ruPR S an RS, o 21 kene or
aIkyg? or t he

c}éess by which normal cells become cancers. Although not intending to be bound by any



5renoval of two hydrogen atons froma single carbon atom of a parent
alkane, al kene or al kyne. The two nonoval ent radical centers or each

val ency of the divalent radical center can formbonds with the sane or
different atons. Typical alkyldiyl groups i nclude, but are not limted to,
met handi yl ; ethyl diyls such as ethan-1,1-diyl, ethan-

et hen-1, 1- W "y gn 1, 2-diy3l; propa/l d| yl's such as pr @ﬁéz?{&?‘“cﬁ
propan-1, 2- d|yI propan 2,2-diyl, propan-1,3-diyl, 10cycl opropan-1 1-diy|,
cycl opropan-1, 2 diyl, prop-1-en- 1 1-diyl, prop-1-en-1,2-diyl,

prop- 2-en- %p Eeogpofpperénof?@n;be%eﬂa Whe NG RBR ARy eﬁncmld %nﬁibﬂﬂds
cycl opr op- cycloprop-2-en-1,1-diyl, prop-1- yl
butyl diyl s @ﬁﬁtﬂhedd@remb@t‘@ﬂ-a&thiﬂfdﬁ"?/l’md‘"‘lﬁtﬁ’tsélﬁ Hyd?teaa Swmsaa‘é/ H‘Y im@s éheg?‘f’
but an- 1, 4- digk thelph&k@ﬂh%raavéucﬁf\hﬁy bgmﬂﬁftlhg'bneﬂf QABﬁrkuiloréUmﬁbéé]

2- nethyl propan

cycl obut a u an
cycl obut an- 1, 3- "l’ in yfé’ﬂ?ﬂffler |25Rerf. ’Tet’fgﬁ‘?]@'ghlb“b'é[ah f‘“c“é"r:?’ H’i"g/a]]rdnase !
but -1 sen-1, ﬁmdcﬂeyﬂ Thebhﬁthoﬂs @ﬁeréﬂyfhn'dﬂvy bonteRtingeh ytoririase ﬂlﬂmnamoxjpt off ope or

2- met hanyl i dene- pr.o

but a- 1, 3- di more itelg &o%ﬁlcaﬁ% el%ncfle%i cgm%fx%(ﬁ' d% 1in gh&ﬁn,%ggfggg%e {prodrués safcs, diyl

cycl obut - mpajpﬁ,gglmtwand/@yﬁpm ths@ofeqffeg_twgl ipit its activity. The methods can be

cycl obut a- 1%r§c 'gédq{;' mjvz cghté!)lts Wl 4}91&19;3[6; Eartgalﬁ pﬁhfﬁa Almo?ﬁ kﬁjdaég enzymes (e. g w1th
but-I-yn-1 &‘ ,. buta-1,3-diy and
20t he 1 i ke. exanst refcgl}s TS WA SR BB VS Pﬁf‘éﬂ&é&’fesﬁlﬁ%a“

nomengl at ur ﬁux%iahcﬁaléé' dilhIszn vivabdaeRy Itcﬁhhﬂht AMbkR4 kindskynadiieli procedsgforieaniple Wher e it

is specificall d th th on atom
t he nomencl %f‘?ﬁ%’é" o l@ﬂ}‘ﬁ?rc?éﬁ raPeé’ %&f&“ %? %\}\}/leef“e%nﬁlgfﬂom entloi;}rsTF (ggr:]eg% kyl di yl
group Cont amfulsagleriﬂtameﬁnmamddom least dorpert, blvmusmﬂsn@mdtyrrent s the al kyl diyl
groups are sat “rlﬁtstﬁf &ﬁé&% e, xﬂét@ﬁxwf‘n@mﬁg ogﬁra}é{?élgw&mmuﬁ?e n&fard AL

centers are at t ernln e. 9., 25methandi (nethano)
et han- 1, 2- dpndisordeis awalovided hha methods seiesplly v ysaadmynistesing ﬁ‘“ gnimal gF bupiap bt ano) -
and t{'xe | ' k?ub @Jaﬁgm&ﬁf &Toh&8k nfore ﬁ&eoﬁl}lﬁéﬂcﬁl}%ﬁﬂc@@idﬂ@&dﬂé dhfsd’rﬂéd herein,

“Al kylen |tsel or aslrﬁpﬁSﬁlg of anoth& gtH}qu ref e& )
straight-c hé!ldff’r adivepradrust AP E AP f”ﬂ foelyp offﬁec%vﬁv‘i g ¢ Wo t er i nal
nonoval ent  pR@inCiad AGea ke nibdiaied dideaip)or tibredar eAmvalkmas‘e-nwdete&sh@hawgend atom from
each of the t ter naI carb 3l kane,
al kene or apﬁmﬁésmqﬁ ‘%gﬁ? 0 "ﬁgﬁﬂﬁbﬁ£1%£m (gg&mﬁpg&gdﬁggﬁkgn%tpresent
in a parti cué.luwra laiake)thralyeof eszyingcilevat wit. Specifiggeanwlds phrefeduora ipspwgtliated ky| ene
groups, i ncl qu ses OFdiso ?t{}l% it fide, lbhtrgrélﬁglxrﬁlﬁd tmglgydrxﬁ,n@uk@ﬁfﬁtﬂam @k Nyl enes such

as ethano eno, yno; Pr%f enes such propano E gfleno

propa[ 1, 21d P@ﬁ@s S‘Ehéﬁaf"l‘ PRAAGLC: Gotan, breag] gasflie ﬁ}éaé‘a%lﬁﬁrﬁ“’%s’“eﬁﬁﬂ &Rl RIPYAS eno,
but[2] eno, RidtBérla, sauwbaa&na,bmc{ehﬁcxammdwtcb&wno buta[ 1, 31di yno, etc.; and
e e e e LenLHE S ALl Bt i
2006/055561Bﬁﬁkhﬁﬂ@@éﬁ@ﬁ&@ﬁ&uﬁﬂjmmsmmﬁm@nbddmenﬁsgsah@méEW¥hénémgroup is

(C1 . e. In sone enbodi nents, the al kyl ene group is a
strafgit OW sa%ﬁ%%%ﬁg)élkano group, e.g., nethano, ethano, propano,

bULatnot a”? th}? bhiﬁt DESIEPRIN WF THIDRARENESOT as part of an$t her |
substituent refers to a cycljc vVersi group. Typica

cycl oal kyl gr oupEIGSnkf tgesra teﬁ’%ﬁm}ﬁ?l@ryﬁ%F“Pé@?’?ggs%}w‘}&cl opropyl ; cycl obutyls
such as cyc |a&bidtaaﬂw1b@am[mzqh@bs%ﬁmyyu 5-fhyend Np@?mythﬂ-ﬂfs(mmﬂthalslpmyzilh—bpe nt anyl

and cyclopen u o) Qﬁgﬁﬁx ; and
the |ike. )ehexﬂa% gﬁ’f‘ $méé 1%%ﬁ%ﬁdoge§ %69{17‘% s@ff@? B%/Asum?gggn nsat ur at%ad
cycligoor pof yaiged difterent tygps s@lmmmandan@eaomﬁrﬂea‘gmté@ egresgior®edelin syst em
Specifically included wthin the definition of "parent 10aromatic r.ing
systent are & use®ETAHELDESERIPTIONWhi ch one or nore of the rings are
aromatic and one or nore of the rings are saturated or unsaturated, such
as, for exanple, 64| yoPedintions ngane, indene, phenal ene,

t et r ahydr onapht hak e$e heré, Ghe fdlioplingadmpas @tehded tolmme the followige Bsesingirs i ncl ude,
but are not limted to, aceanthryl ene, acenaphthyl ene, acephenanthryl ene,
ant hracene, azul ene, benzene, chrysene, coronene, fluoranthene, fl uorene,
hexacene, hexaphene, hexal ene, indacene, 15 s-indacene, indane, indene,
napht hal ene, octacene, octaphene, octal ene, oval ene, penta-2, 4-di ene,
pent acene, pental ene, pentaphene, peryl ene, phenal ene, phenant hrene,

pi cene, pleiadene, pyrene, pyranthrene, rubicene, tetrahydronaphthal ene,
tri phenyl ene, trinaphthal ene, and the |ike.

etc.;



"Aryl" by itself or as part of another substituent refers to a nonoval ent
aromati ¢ hydrocarbon group having the stated nunber of carbon atons (i.e
C5-C15 neans from5 to 15 20carbon atons) derived by the renoval of one
hydrogen atom from a single carbon atom of a parent aromatic ring system
Typi cal aryl groups include, but are not |limted to, groups derived from
aceant hryl &200608%dpht hyl ene, acephenant hryl ene, ant hP&E&RWS 3 Pene,
benzene, chrysene, coronene, fluorantflene, fluorene, hexacene, hexaphene,
hexal ene, as-indacene, s-indacene, indane, indene, naphthal ene, octacene,

oct aphene, octal ene. .. e ene, pentacene, 25pental ene,
pent aphene, peryl gjﬁlgﬁhﬁe f%snpp {ﬁ‘i%‘ﬁ%fﬁlﬂﬁ?‘@ﬁﬁref §toa pburated qriupsgiied pyr ene,
pyr ant hr ene, branghsdcstrpight-chain pdwcl;cln@n@alehtrhydlaqsdfﬁohadd&m&avnﬁglde ithe dulnk@ of as wel |
as the vari qysohw he . a group
is (C5-Cl15) aryl, gl\%mso(tlés@ln@g%%'?%?&fmcak nﬁ%ﬁ?ﬁ%%l env§p£’(’:€‘]ff ool T’es are
phenyl and r}a'ﬁwngafom fromasmgle carbon atorpigf aigeant alippe, slderleof alkppet Fypiabdllyes or  as
part of anotdeaips ﬁlblbdii blfthi@ﬂ&t,lmﬁt@é ﬁﬁﬁeﬂ@tl Q%}Q‘s&fﬁ a§gﬁatn?it &ﬂlanylrgﬁgﬁ{'l %?py l uoro,
a

chl oro, bronp.,and i § gm itself”or as inot her
substituent TEFEPLOPF '%ﬁr%ﬂaﬁﬁyl  GYS f?P"l“hl V%PTEPrl‘G?ré YbPTOPréreé-zfﬂ t he hydrogen
atons are r gpdraedl-yij dybloproprilengen cyc'Bbmg,z-etnheyltI@@n_ynhp;,log}okmlyn_uy‘f Jreant to

| ud | s hal t
por hal cal Ry IR ban CABUAE A oo piogte L - Bt ompesiin 1 ol udes
f | uor onet hylcyclehufandcyi @nfelt «myl-yl b%e@wsﬂ@wﬁsﬂrmkwsane&lmm%w 10
triflugr Omtﬂﬁﬂi-en-iylf ll)dt‘i-)f S)Qfeﬂylyi tha— F(aietl |2'(':W rc98£lﬂ¥ ﬁﬁ/i]'?'lzc):(ycianll(tLiren%e hyl .

1,1, 1-trifluoraqgeth y rfl uoroet é itself or
as part of AATPHEI 3s‘h‘6’s]t'¥1t bty eynrl ¢ dptsl-yro3 alnblliﬁtw’rl-ygre@upnd the kidei Bherene or

nore of the sbgcmcmgﬂﬂofabteﬁﬁoxﬁdfremfeﬁﬁh AP dRre AR, @Xéﬂlenﬁugﬁﬁok t‘zm&t&l” Thus,

the term5" X “ ncl ud nohy drox al k
di hydr oxyal E%% 8 d’ih ?l8v>‘<’y ky é?flErS toan ﬁy’%@“"éﬁ%@‘%‘“&l@?“i‘x&p @eups may
i ncl ude prefaiOXIEs and/ or sufflxes that are commonly used in the art to

cr eat g5 add| ti onaIuA L rou s I es,
“al kyl oxy" or "al Mﬁly b&ﬁ%%?hgp%gojﬁgtﬁérsﬁb%ﬁ&% ge ate%n Qg' kyI ani ne"
refers to a Sﬁ?‘@ﬁ‘ﬁhaﬁ’f“ eyrdic plisyl derivad byvheempahl b‘t'hnah:ifdydgamtmfromefsmgls catona group
of the for md’coﬁxofNB&ntMﬂéeT DaliBny1 $r ﬁﬁﬁaﬂa%%la){ b ! }AS_anot her
exanpl e, haﬁga:lkoxzﬁ h%?%m K ony refers to Oé ,Q,?%bl}g [A%a? ¥e formul a
-OR , wher e “R*Vr&8 ﬁlsﬁcglaf(’i}’Ppan' > Prop- Gy} Grgrropydy @F@PYPH?HEI Wheetcis betenylse of an
acti ve conpoushds fubng)l, tuhat2- yIlTByc -bue Q) 2-methil- ﬁré;ﬁﬁlsfyo{ggmtylp D-neAge rOI;a];LQ
condi 44 ons gtfbu € 0136{1%]1 16% {lttpxef‘khe body, to rel ease the active gr ug.
Prodrugs ar J Ut necessarily, pharmacol ogically inactive
until converted |Mk3311f hlélf$§z§zcaﬂpm0ﬁim@tger8ﬁhsmm@&rabmﬁnymrﬁ:tsdlbrmcmht ai ned by
maski ng a f yiRGink Rl gy HBaviddS 0 e.in part

Q2B or Bl Radilde st $SAPRO ag@q%e@gwj%&g%dde?vedm

required for act|V|t pr og roug pr, onoi ety
whi ch under §Ew¥algtee Yfg?%?ﬁtﬁﬁfﬁﬁas% ﬁarh%n%qné@f\ﬁakg@ntaﬂin@eﬂh@greupsmbéfi ed

condi tions afeithigehelcl of ﬁ&rﬁa&ﬂbﬁﬂﬁﬁbnfabﬁﬁ@&b ahidle ok HpTy %ﬁ) J]ﬁ‘chﬁ tive
rocee Spont aneous SucC as by

drug.,sThe ¢ Q ronoi et

ey P & hy B e e et R e BBpeRy s i B a7 2 bt n-boby
anot her agepmp-2§u@+yl awlmopalnerehylyumoprb;yzh gyt ,,bubyyls?@bldastbﬁt-lb@SEy] or by a
change of Ofy,EXRASH e, VA o . € I ter, such as a
change . of te?rperatsﬁure é@%gmg:g:’ﬁ I%Ibm en %déﬂqgﬁgu ggiﬁ%&ﬁ&mlons of
use, such aButarh3disayrh opidgehen-}-, Whleblééfebs’i-)tl,@yvlbhumﬁ,& -dien-pyloge.1xgd the
adm ni st er ekedr the acidic conditions of the stomach, or it nay be supplied
exogeﬂ)ously A w,de va IetﬁﬁOf pro roups, as well as the resultant

pronol eti es, SUI bise Qs KiPAE° ZB?t%ﬁﬁé‘be"GHe&F refrsdupysmpatratercbrancheily e
St er eoi somestiaight-dhyinencykiidhuie] havimp AUAEEE &&wnlob@én 1816 8bra dbSvel b fih@'rei%\%ir ugs
a

ﬁ;gk\é\/gl ;-Skg&xsfgl;}f% g%atgmhmgg&glgéaqggawg&og B%/‘B'ﬁﬁ{%ie functl on group may be

hydrol yzed inpludg %ar@ootpmwn Weethying; hryrgynyix yich gsrmmpgl-yxmylaﬁbpmym@gstb pnal group
may be mask £ @8 2889801 SR RANAL sphenyl, phosphoryl
or sul fenylﬁg};ngrrtsn ety, P ﬁﬁlbm 36# lhlﬁgygq éfefgﬁ vqtgegqcteo provi de the

30am no group. A carboxyl group nmay be masked as an ester (including silyl
esters and tbioesters),



am de or hydrazide pronoiety, which nmay be hydrolyzed in vivo to provide
t he carboxyl group. Other specific exanples of suitable progroups and their
respective pronoieties will be apparent to those of skill in the art.

" Pr ogr oup” refers to a type of protecting group that, when used to mask a
functi onal roup within an active stereoisonerically i ug
conpound tB’Qf ?Gr'f'ﬁg%brormi ety, convertg WO 2006/ 055561@%@%@8‘5‘? 41359 11
the drug into a prodrug. Progroups are typically attached to the functional
group of the drug via bonds that are cl eavabl e under specified conditions
of use. Thus, a QAGKAYP, kSirbNR r i et at cl eaves to
rel ease the functi or'@ g>rou1p unhmp&a%dé&gsug%} fngrg eondr fa})enso”b“fmﬁa de
speci fi c ex&pthed, stepightphager W%YWWY@I‘OWM gfoyp haying theNtﬂte@@mcubmrl ses

the progr 0U9t015s@€0¢036means from oneRB kazfr&fn%dniéﬁdeq{/eﬁ%&% remdvalloBbi hg«ﬂog@nd' sease
or disorder charact Ze%&% aberrant cell proliferation, for exanple,

where cel | s %P "Hé’a enf KEOR afe'amﬁaé’raxﬁ%rra{karrorlrfar orcalifyps or byflke aber r ant
prol i ferat i emonalyf tve hgmo@edtohyfrcama/suma:&aﬁm st of a }ﬁﬁdht Q}Ehn@&ﬂcsx@@bdn@a&l on of

mechani sns Faor..e e cel ne or cells may
be af f ect edqgeucﬁgntﬁ S lentrﬁ‘dlm(aj< ‘)e’qpf e ‘ftéhv A8 é@%@ﬂﬂ’éﬁﬁ@ Cflﬁ%iﬁa“tf %0 &

count er part Wﬁbﬂimne(veﬂlffsrent@tomsTmmltaﬂmrdwgxaugs lirejude) bt acrnonibnied el | s may
bypass i nhi B9y ¢ Y. t er of

di vi si ons. E;roj{éj lerglgp @leS%ﬁh%%%?éW?d#gj??; %JJ l;;lei}f:l dfyﬁ %T@Uigmf) sl ow or
fast grow ngOPUHEY BCAMPTEabrcerY, propan-1,2-Cifn PropaR-Gl i S rPaen ound” refers
It oat 00 Lol e L brought
about by 155rﬂ§’/ &%gﬂ‘l é’ﬁqpblr'en'lc? I lf%ﬁp rn-héérrgﬁrcwp 252k operate to
i nhi bit prokjclogropicon, 1aiy>tl,q3¢partynelaﬂ tiyl, et.; mstidigloetica) Buyan-14sdigd, speci fic
exanpl e, | npl"ltgi lti 821 reaér &*%lhﬂagll clxﬂ,?tlukﬁqg dxy@‘%xpet%l—grogani mht ed to, arrest

of cell division, at e rollferatlon
and/ or gr O\A@Wf’ﬁlﬁ'dﬁﬂﬁn-ﬂ’ﬁdwétcbf%u@i-lééiw, CMhn-lﬁﬂlyhmxnlmmmdsrﬂn of action,

i ncl ugy ng, tnsm -8 A1 Suanen| Q—@iyﬁbutaQinALBrcﬂﬂ%uHQ@?@dlyi efers to a menber of
thefaml erlnethreon tSroteln ki nases that "are generally referred

to as Auro a*ealr‘mﬁ%rs %“”TH’éf e GenylidegerpropanylsI-dyy huipel 3-fierbhidiyk pr ot ei n
ki nases ar ebmsaeﬂfenm-diquume13Ld1epr1gxl-d1§1errua£1 Dilier-5£8iyl, Bycbut- Blnsighhaf f &

Pl owran, 199 en 54- gent, 1999, J. Cell
Sci ence 112: ’%?B t-1§88% &ﬁin"@f"‘a"“%ﬁ‘i?zégé cl??%\‘}ta?l@bqt‘en%ée{wl Biol. 2:21-32; "Adans
et al., 2009y°101F1rteh&§16®éJ3+d133| bot-1-yni1l3-4i9L, Bubyl-ynRrdedig iutayl 3-diket ¢-dgt, erc 2&idhr ee
knownzorram*ra 128 r , ) and Aurora-C
("3") ( see, l:he o TV@Hg}e s%fecﬁﬁm@lg Zf rﬁt@ﬂﬁ(ﬂla?elﬁtex(deg lfe nox’é&cﬁﬁlgela%(a@é‘ﬁl 3601

Bi schoff & Bresviithand/pomkyny iy bingred. (Whare iBjsgpecifically ipqendsighat thagwa ssleekidsde ei n,

"Aurora Ki Nase saind cdrbtd@sm) B nmhaaﬁlheﬁﬁyllum’eﬁ uésmomo%fm@ldrﬁﬂs fam |y
menbers, but m&}‘i@o | ater-di scoKer ed ma lian fam |y pmenbers and honol ogous

proteins fr8 SRS EPETRES! B A EPRn giors s s orpg ?S?b"ﬂﬁ‘ﬁ“tT e pliyldiy R AR es of 30
honol ogous sendensyctié alkdnﬁdusdjgrmxpﬂnkvhnaﬂe rédical depert 40 Bt tBi@inabRABAEEg. ANd

oSS, 5SSAONTRALES e By A550) gy o b i o0 e
ki nase- nedi ﬁ’tl‘@ép);pﬁ‘b@eﬁlsﬁ'(aléﬁrefemﬁﬂrt@mﬂmen@s@ﬁmmﬁm ed di sease or disorder"
refers to a cel |4 fen@rwg%%%ﬁ%gthgrsuﬂﬁﬁ&f ﬁfs t&Q ﬁ'ﬁ&'hpﬁxﬁﬂgahﬁﬂ cnga ki nase

pl ays a role. The, Aurgra 35ki nases are believe in
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pol ypl oidy (Terada et al., 1998, EMBO J. 17:667-676). Thus, Aurora ki nases
are thought to regulate cell division, chronosone segr egati on, mtotic

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




"Aurora kinases-nedi ated process." Mor eover, since its discovery in
1997, the manmalian Aurora kinase famly has been closely linked to

tunori genesis. The nost conpelling evidence for this is that

over -expression of Aurora-A transfornms rodent fibroblasts (Bischoff et al.,
1998, EMBO J. 17:3052-3065). Cells 15with elevated | evels of this kinase
cont ai n nuQ 008t r osones and nul ti pol ar spindl es, XRGUSHIFMIIbecone
aneupl oi d. The oncogenic activity of Aurora kinases is likely to be I|inked
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Al t hough ovlgevgm%e%%e?eégg?goﬁgée %5 ésf Erﬁlse a%d gmlﬁ’ﬁ%écrscggﬁ“g gi(ﬁ%f:?él 8 s

i ndi cative nﬂ%%’WF%WH?Piﬁ*?@ﬁmdﬁsaﬂmewlm@laphtadt| Vity wi I | yield anti-tunor
effect, it has bgg égeﬁ’od?ﬁ‘Hﬁlgﬁgr thethsERGE AR b ﬁ&ﬁé)é&bsﬁtg At ufiibss o@gr%lset he

foll ng tY tunor .cell's are sensitive to inhibition o urora kinase
31 ey e
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smal | lung cell car ci noma, Mol (all) and MIlt4
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nore of its synptons. In reference to tunorigenic proliferative disorders,
a therapeutically effective anount conprises an anmount sufficient to,
25anong ot her things, cause the tunor to shrink, or to decrease the growth
rate of the tunor.




In many situations, standard treatments for tunorigenic proliferative

di sorder involves surgical interaction to renove the tunor(s), either alone
or in corrbi nation with drug (cheno) and/or radiation therapies. As used
herein, a "therapeutically effect anobunt” of a conpound is intended to

i ncl ude an_amount of conpound that either prevents the of tunors
i n 30subj e¥02%%P5%5%have had tunor(s) gurgically rem)ve%éﬁg# 65?668% the rate
of recurrance of tunor(s) in such subj ects. Accordi ngly, as used
herei n, anounts of conpounds that provide therapeutic benefit adjunctive to
anot her ty -l t4 10 t reat ment
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etc.), are incl udagoMhit By itsBPor'E Ba dTtndier subdiicAREHs rc%lalkyr gﬂfu{; achAIME

anount . WO 2006/ 05556 / US2005/ 4135% JIJ {Stgctr cally
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phenyl-2, 4 [l nedi conmpounds, represented by structural formula
(1), beIomrgé %%BFeﬁPh%ﬁWW itors of Aurora kinase activity and tunor cel

proliferation i fPib@ug’ refetsitan dagwtiysof(as eetive @mpoynd &) teamhayonuiBes | al  No.
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priority ap tions refer cedthere SkilTed artisans
will appr eclieié"tvé g in Reg “’él’f“Fe q getiyfty b ﬁ%gom(%%‘?dﬁ@log@ fEBRREROEY y at
car bons 1, \211ch3m&dﬂgbe§|a trasfoseciuth ﬁ(bleaﬁige‘; Inndehtm spte&iﬁedcmmmuﬂdsseascor ding to

structur aI for ncl ud t oners | ustr.

structural PEFREF %‘“gﬁal)g“’ ‘fhe“%eq{‘]e sofie Rl %ﬁ?ﬁ%g}s‘é%?fﬁ‘a %Yo 51 041359 16
The cis racremdep@ﬁans@m@mhraaby Voyrafa hEerIYEOaS)reae@n dyat mayfoe patayded @ irmlgcedhe
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di aster eorrers o ructural formnul , respective The cis
racenat e ofapélﬁlqabqrﬁr‘aronrlwaane(eﬁr%h aéaf'hab@ OF ewrtee Ths agegt mayben -

5endo- 3- endQddzafRmiiR, cofdidnd d”fﬁ&e&lﬂﬁﬁastah@nz@&gepres%ﬁ,m &Rcelﬁﬁ)wl@dﬂ%e(pﬁoingR 3S,
4R) di astereo tively. As

tur I a
doscri bod | RHDH e st Crtions R Bt oo PPlel SHERRRS | n Wi oh R
is fluor, Rl is Awileagiety of fRbroups,4s welt d3yllepesplenigronmidies, yliltamﬂfdr Raking net hyl ,

i e}t ;Wg . Cﬂa§c{1§rﬁ?§g€pts EomER e Q{eieofé&ﬁéri%f?/'ehﬁcﬁédac%ln}{&m@sC&eLc\%éd%eré\ﬁ"E‘d yiah @
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prodrugs are well-known in the art. For example, a hydroxyl functional group may be masked as
a sulfonate, ester or carbonate promoiety, which may be hydrolyzed in vivo to provide the
hydroxyl group. An amino functional group may be masked as an amide, carbamate, imine, urea,
phosphenyl, phosphoryl or sulfenyl promoiety, which may be hydrolyzed in vivo to provide the
30 amino group. A carboxyl group may be masked as an ester (including silyl esters and thioesters),
amide or hydrazide promoiety, which may be hydrolyzed in vivo to provide the carboxyl group.
Other specific examples of suitable progroups and their respective promoieties will be apparent to
those of skill in the art. o
“Progroup” refers to a type of protecting group that, when used to mask a functional

35 group within an active stereoisomerically enriched drug compound to form a promoiety, converts



tunor cell lines inin vitro antiproliferation assays. However, this
2-exo-3-exo racemate 10(racemate rl) is approximtely twenty-fold nore
potent than the correspondi ng 2-endo-3-endo racemate (racemate r2) in all
cell lines tested with both racemates. Mreover, it has been discovered
that the (1R 2R 3S,4S) diastereoner of racemate rl is largely responsible
for the poMh¥6/EF56he racemate rl. Wien tested as i soPQTESYEAE| soner s,
this (1R 2R 3S,4S) diastereoner (desﬂdnat ed the "a" diastereoner) general I y
exhibited 1C50's in the nanonol ar 15range, whereas the (1S, 2S, 3R, 4R)

di astereoner (designated the "b" enanti orrer%ygener al | exhi bited 1C50" s in

the ni cr omdfSHUgBRGEr s Frogrowns aredypiselly elfaphedl fohafunciipnat eroypof e Awe e, t he
(1R, 2R, 3S, %S)dsdhaﬁﬁ’b déﬁ@lﬂ&lﬁndﬁfspécl'ﬂeﬂ carditipiti el T wogbpys tldpPhtidnalfd nore

pot ent thanltsc spondi.n 1

appr oxi mat eFYSE. ff Fea‘;r)%gs}”?lr%argeeé’eé‘? oPa?jtgﬁ %Mdﬁrqgecsg?cﬂ&?;%mﬁiﬁm?fg&ﬂsee%(% 3- endo
r2 racemat epécifictehmnple pi anmierpecsnm%}s pigble foiide NHRG(QRCIBSodB)seAtE mlogasiper eoner

exhi bist ed 5b(6bﬁ{' y superior results conpared to its (1S, 2S, 3R 4R)
enantioner in'cell-based inhibition assays agai nst Aurora kinase B. Based
on the obser ved “Pelifsrative disordery referg tpR dispess @ disgderheragierizedhybarranticell j s expect ed

that the ftﬂrdhférama&o&&arﬁpl&wﬂae SoHs éﬁide o 38 IRR TR InferAR GOl G, trfe St ruct ur al

formula (la) wi]jl hlblt iml perjor patencies as conpared to
their. Sy Eaiot P i gél/fij Qe °£%P?fb%fﬁ8rﬁ§f%1 s(ffgchzgsrgp 4R)
enant i omer sof a@ior Xitrr Sxagiple, thaeh pRiles on@eravvekoee B redythe affected Bich et c@al@) dititker

corr egpondi i C I vided herein are
conp 313 nds tr{l}g? ﬁéqrqéntﬂg E]hr%? E;E}%& %)‘unterp?rrt] normal & a? ﬁey exalj;gélg one o:[ ﬁmflﬁel%émws)
di ast er eongwpass ihibitsy %ﬁ’@bd’i’h@éﬂn’touldmsrmﬂs th@rt deir sm‘)@r pf:(h?l*lgps ehlifehtéd conpounds

5i ncl ude cofi@RAMNES RO Imitdd 181 siocdr UsPdrowif kbR add dancers, that are
enriched in the corr§ spondi ng di astereoner of structural forrmula (la
1

wher ei n: 10each forativecompgndy “"97“§@Iaé?:‘t“é’ﬂndft?ﬁmhfq‘?é‘h§P‘G’éfﬁ‘a'é%‘r%ﬁ8?15 ng of
hydr ogen, Ia@m:lipa&ti Iwzin untrdateli2ontrel@ell of DRailar tyPd. @:‘jﬂglnhrbﬁﬁm can(be G:Idfght aﬂi’gc l}y ]
-C(0)QRa, hal o - QCF ch R2 is indepen el.ecte romthe

or outlconsi B P e ot RSl f GERRGT BB GRS P

Z0( CHA- Rb, cyipigical)yRa cythtatically. Mpeclﬁﬁismple,mibltmnds dseddrdRdindludes, bmaeach R3 is
i ndependent

L epends Gﬁ/@%h%cmt eramm?] gfeqmm&m;‘elrﬁ& bﬂgu a,ms{axq,;oﬁa%ggm in% -

growth and/or induction of cell death, by any mec amsm of actlon mcludmg, for example

apoptosis.

20 “Aurora kinase” refers to a member of the family of serine/threonine protein kinases that
are generally 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 mammaljan family members: Aurora-A (“2”), Aurora-B (“1”) and Aurora-C (“3”)

“(see, e.g., Giet & Prigent, 1999, J. 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 mammalian 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, 1. Biol. Chem.
272:13766-13771).

“Aurora kinase-mediated process” or “Aurora kinase-mediated disease or disorder” refers

to a cellular process, disease or disorder in which an Aurora kinase plays a role. The Aurora

35 kinases are believed to play a key role in protein phosphorylation events that regulate the mitotic
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-C(0)0113 and -C(0)NRcRc; 20R5 is hydrogen, halo, fluoro, -CN, -NQ2,
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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 Nat] 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 cell 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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Although over-expression of proteins by cancer cells is not always indicative that
inhibition of the protein activity will yield anti-tumor effect, it has been confirmed in functional
assays that at least the following types of tumor cells are sensitive to inhibition of Aurora kinase

15 activity: prostate (DU145), cervical (Hela), pancreatic (Mia-Paca2, BX-PC3), histological
leukemia (U937), lung adenocarinoma, lung epidermoid, small lung cell carcinoma, breast, renal
carcinoma, MolT3 (all) and Moli4 (all).

Based on the established role of Aurora kinases in a variety of cancers, examples of
“Aurora kinases-mediated diseases and disorders” include, but are not limited to, melanoma,

20 leukemia, and solid tumor cancers, such as, for example, colon, breast, gastric, ovarian, cervical,
melanoma, renal, prostate, lymphoma, neuroblastoma, pancreatic and bladder cancers.

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

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

In many situations, standard treatments for tumorigenic proliferative disorder involves
surgical interaction to remove the tumor(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 prevents 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-fluorouracil, vinorelbine, taxol, vinblastine,

35 cisplatin, topotecan, etc.), are included within the meaning of “therapeutically effective amount.”
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6.2 Stereoisomerically Enriched and Stereoisomerically Pure Compounds

It has been recently discovered that certain N4-(3-aminocarbonylbicyclo[2.2.1Thept-5-
ene-2-y1)-N2-substituted phenyl-2,4-pyrimidinediamine compounds, represented by structural
formula (I), below, are potent inhibitors of Aurora kinase activity and tumor cell proliferation in

10 in vitro assays (see, e.g., application Serial No. 11/133,419 filed May 18, 2005, copending

application Serial No. , entitled “Stereoisomerically Enriched B-Lactams Using

Candida Antarctica,” filed concurrently herewith (identified by attorney docket no. 375462-
030US), and international application No. PCT/US05/17470 filed May 18, 2005 and the priority
applications referenced therein):

R1
5 2
N
m ¢ 2 3
7 NN OB R
5 4

15 3 “CONH,
Skilled artisans will appreciate that in structural formula (I), the stereochemistry at
carbons 1, 2, 3 and 4 is unspecified, such that the compounds according to structural formula 4]

include eight diastereomers, illustrated by structural formulae (Ta)-(Th), below:
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The compounds of structural formula (I) also include two cis racemates, represented by
structural formulae (Ila) and (IIb), and two trans racemates, represented by structural formulae
(IlIa) and (I1Ib), below:
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The cis racemate of structural formula (IIa) can be referred to as the 2-exo-3-exo
racemate, and includes the (1R,2R,3S,4S) and (1S,28,3R,4R) diastercomers of structural formulae
(1a) and (Ib), respectively. The cis racemate of structural formula (IIb) can be referred to as the 2-
5 endo-3-endo racemate, and includes the (1R, 28, 3R, 45) and (1S, 2R, 38, 4R) diastercomers of

structural formulae (Ic) and (Id), 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-yl and R?
is methyl, these two cis racemates exhibit antiproliferative activity against a variety of different
tumor cell lines in in vitro 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 (1R,2R,385,4S) diastereomer of racemate r1 is largely responsible for the
potency of the racemate r1. When tested as isolated stereoisomers, this (1R,2R,3S,4S)
diastereomer (designated the “a” diastereomer) generally exhibited IC50’s in the nanomolar

15 range, whereas the (1S,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,38,48S) diastereomer of this compound is generally 1000-fold more potent than its
corresponding (1S,28,3R,4R) enantiomer. It is also approximately 20-50 times more potent than
the corresponding 2-endo-3-endo r2 racemate in the cell lines tested. The (1R,2R,38,4S)

20 diastereomer exhibited similarly superior results compared-to its (1S,2S,3R,4R) enantiomer in
cell-based inhibition assays against Aurora kinase B. Based on the observed potency of this
(1R,2R,38,48) diastereomer, it is expected that the full range of (1R,2R,38,4S) diastercomers

according to structural formula (Ia) will exhibit similarly superior potencies as compared to their -
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corresponding (18,28,3R 4R) enantiomers, 2-exo0-3-exo racemates, 2-endo-3-endo racemates and
other corresponding diastereomers.
Accordingly, provided herein are compounds that are enriched in this particularly potent

(1R,2R,35,48) diastereomer. In one embodiment, such stereoisomerically enriched compounds

5 include compounds according to structural formula (1):
Rt
RS R?
O Y :
7 NN R
5 % 3 conn,

that are enriched in the corresponding diastereomer of structural formula (la):
R1
5 2
o HT f\N R
5 2N \NJ\N R?
() S/ H H

R o,

(1R, 2R, 38, 45) |
wherein:
10 each R' is independently selected from the group consisting of hydrogen, lower
alkyl, -(CH,),~OH, -OR?, -O(CH,),~R?, -O(CH,),-R", -C(O)OR?, halo, -CF; and -OCFs;

each R? is independently selected from the group consisting of hydrogen, lower alkyl,

_OR?, -O(CH;),R’, -O(CH;), R, NHC(O)R?, halo, -CF;, -OCF;, NP
4N N-R?
15 each R’ is independently selected from the group consisting of hydrogen, lower
-E-N/—-—\O

n_/

>

alkyl, -(CH,),-OH, -OR?, -O(CH,),-R? -O(CH,),-R", halo, -CF;, -OCF3,
o
—g_N/x:/\N—R4 , ~§—ch\)l/? 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)NR°R®;
20 R’ is hydrogen, halo, fluoro, -CN, -NO,, -C(O)OR?, or ~CFj;

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

each R® is independently selected from the group consisting of -OR?, -CFs,
-OCF;, -NRR°, -C(O)R?, -C(O)OR?, -C(O)NR°R® and -C(O)NRR%;

each R’ is independently selected 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(O)OR® and
NR*-C(O)NR?; and

each RY is independently lower mono-hydroxyalkyl or lower di-hydroxyalkyl.

In another embodiment, such stereoisomerically enriched compounds include 2-exo0-3-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 diastereomers 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 embodiments, 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 to herein as “substantially pure” stercoisomers. 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 stereoisomerically 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

/N N, /N
4N 0 N NR 4N O
herein, R' is hydrogen; R%is N/ or® : and R? is other than ",
O,
/N
4N N-R* )
j— or N . In other embodiments of the various stereoisomerically enriched

compounds described herein, R® is hydrogen, methyl, methoxy, trifluoromethyl or chloro. In still
other embodiments, R* is methyl, -C(O)CHs, -C(O)OCH; or -C(O)OCH,CH;.
In still other embodiments of the various stereoisomerically enriched compounds
/N
--N O
described herein, R is hydrogen, R? is otherthan = “—/ or
o)

/N /N
£ 4N N-R -E—‘\E ?

AUV S e or N . Inyet other embodiments, R? is hydrogen, methyl,
methoxy, trifluoromethyl or chloro. Preferably, R* is methyl, -C(O)CH;, -C(O)YOCH; or
-C(O)CH,CHa.

In still other embodiments of the various stereoisomerically enriched compounds
/N
<N O
described herein, R? is other than N or

o
-§-N/\::/\N—R4 —E—E )

7\
4N N-R*
—/ and R® is

N N-R* 4N O
j— and R? is other than = 7,

or N . In still other embodiments, R! and R? are each hydrogen and R’is
~OCH,NHR?, 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 consisting of

/N
4N o0 EN  N-R*
hydrogen, = —/ and = ,and R is selected from the group consisting of

4N 0 N N-R*
hydrogen, lower alkyl, halo, -CFs, N/ and ° Y . In still other embodiments,
/N
<N 8]
R’ is selected from the group consisting of hydrogen, methyl, chloro, -CF, " and
! ‘ 4
4N N-R

\— and R* is methyl, -COR® or -CO(O)R*® where R*® is methyl or ethyl. In yet
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More preferably, R? is methyl.

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

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

Additional exemplary embodiments of compounds according to structural formula (I) that

20 may be stereoisomerically enriched in the corresponding diastereomer of structural formula (I2),
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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(http://ww. interchimcom, or nmay be prepared using standard techni ques.
Myri ad textbook references teaching suitable synthetic nethods are provided
infra. Anilines 10 may be purchased from conmmercial sources or
alternati veI ma be synthesized utilizing standard techni gues.
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descri bed i T¥8¥gfse O%I‘@egiei the gtef foun E%B%P‘é’?ggég’é‘éfﬁeo n.
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2006/ 05556 1PeM9ieising 7:914%“2‘8"‘3“0: amm@(m@@/ @QS@Q&MT ﬁlwsw@ammmw 29 In

Scheme (1) ghidls)eoRyi€ ¥R, M?ﬁﬁ 011 Juﬁmeé}mrﬂe{éﬁﬂg&larﬁl%é{o%ﬂgﬁéps%ﬁ&é' bed in

Stajar et al 385) protected w th Boc
group, yiel® f"ﬁ‘aet{eﬁg‘atc%er‘it’ %’E eﬁfj‘efl 47‘?" ‘%%’é °{ﬂ3‘6?’é5{‘% ‘Nheiﬂhc%“a‘?ﬁ 16r 1.
Boc- pr ot ect thebe pagenmt donk Or ih comsbidakiens, m@ﬂﬁhx&:&dw it khe stereoisomerically enriched

(R - thyI % SIBLboxyRenzyl am ne 18, yielding a mxture of diastereoners

20a and 20b
In one illustrative embodiment, the stereoisomerically enriched prodrugs are compounds

according to structural formulae (I), supra, in which R* R® and R® may be, in addition to their

previously-defined alternatives, a progroup, that are enriched in the corresponding diastereomer of

structural formula (Ia), supra.

25 Those of skill in the art will appreciate that many of the compounds and prodrugs
described herein, as well as the various compound species specifically described and/or illustrated
herein, may exhibit the phenomena of tautomerism 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 encompasses any tautomers or
conformational isomers, of the compounds or prodrugs having one or more of the utilities
described herein, as well as mixtures of these various different isomeric forms. In cases of limited
rotation around the 2,4-pyrimidinediamine core structure, atrop isomers are also possible and are

35 also specifically included in the compounds and/or prodrugs of the invention.
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Exanpl es of and e5| zing specified diasteroners according to structural
formula (I a) ut E’harmadegﬁloellyzaycrvptablem al@rischalp ealts fdrmisit wirh echcidie pﬁmqumsm( [11)

and f 5 enzyne as
il ugt y)at ed Jf hg\%éc'ﬁ %@’%Ei (\/%&th%%le‘fbyoamea%pgﬁu%gaﬂh A}QM%’ & séntfssedysupr a
and i || ust reathegetsl jone pesEninm iopke C%édmﬁéﬂéd’ﬁhwme@wlba@(@maﬂmmms from

racem ¢ p- | ftaA8Bnind, §ieB8RRiREN-tlethy St RslinS SEEHAR, d 1
2006/ 055561PCT/ US2005/ 041359 31 vl BBIRSind Pltid; dimearmine,

diethylamine, efc.).

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

35 derivatives through reaction with chiral reagents and conventional analysis may be used to



CD WO 2006/ 055561PCT/ US2005/ 041359 32 Scherme (1V) NHBoc20, DVAPNBoc OTHF,
22C, 3 hr0 16a 6. 4Activity of the Antiproliferative Conpounds 5Active
stereoi sonerically enriched conpounds typically inhibit proliferation of
desired cells, such as tunor cells, with an 1C50 in the range of about 20
uMor less, as neasured in a standard in vitro cellul ar roliferation
assay. OF OBUPYE0SS3Si || ed artisans wil) appreciate thatCaBSEEHPHE whi ch
exhibit |lower |1C50s, for exanple on tfie order of 101.1.M 1 pal, 100 nM 10
nM 1 nM or even Iower may be particul arly useful in therapeutic
appllcatlons rollfer i Qact.i vij.t bectos atic or it may
be cyt ot oxi ¢ tab}[nmetlhenﬂ S&gesm\fﬁ%&g‘e ia f)rrpg’f"iyf’t?%’f‘i tereaisoery 9‘%’5@’(‘}? Yic to a
particul ar é}éllthesﬂémstamngimstpmmhf kbdven stepavBonedl enticitmbng andi® pyritgmbypbe et | Vi ty
with the de I activity
agai nst ot hgdrersgngE B Stgtgas(lmneapgmg@#@ég{d@eg{ gﬁ&%% c&&% uf sldglg?be'%erﬁms ch
counter scr Qg}‘féa“a'df‘c methode o ?@H’W‘%‘(‘E‘I‘@St?S?Olsa@?ﬁO\hOtnyge&@fy arew@d:ltwmhmtﬂ}e amdit vary
for differestthsikiiidabdions, and may be sel ected by the user. 15Active
conpounds also typically inhibit an activity of an Aurora kinase, with an
1050 in the range3of Mkdads oPSyhildior Iess typically in the range of about

10 RM 1 uM 1004 e | ai nst an
aurora ki nase caneSMepsmegMuﬁganl n %?m un\ésclaar Hro\(liﬁgwffy% %KF% %% an

i sol at ed aur®iety of diffarsnteynthsiic jontegusingrromingrrially available startingmaterjals aAd/siskak iyl e
enzyme coup hﬁfénﬁﬁ%)é:erd @%on@é’i\ﬂo a6 rﬁeﬁoﬁt‘? tAerangt? gg%@ﬁg%g Wi outééu rora

ki nas act|V|ty descri bed in Fox et cy , tern

7: 2244 2255tha %‘fsa%mﬁ‘élﬁﬁl@é SHRsTREricirensithed emw@ﬁﬁ@md{ugm can be
used as a suéssﬁbreamewbm/omsvmaUklzoaﬁm@oé\umemzsalowr&%?%& ROGERporA OF &

ki nase-C, a crlur1 el Qns can be carried out at 30C in a solution containing
100 mM HEPE f Bﬂ)" 10 MM My C12, 25 niM NaCl, 1 mM DTT. |C50 val ues can
be determ ned uqungum(mnqnﬁﬂbstrazled ammmb]atyemthetxeg:haﬁs&mman BéXed to synthesize

2006/ 05556 1&QHIH§%Q gﬁ[oﬂﬂélnﬁés%escribed herein is illustrated in Scheme (T), below:

15 Scheme (I)
7L/ “NH,
5 6 1 RS &
RS — NH POX3 I\ 6 CONH2 .. 5 //3/‘Nk1
3 —_— N
G 4 N/ng (other halogenating agents) )\ 1 equiv / ” ﬁ a N 2°X
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3
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In Scheme (I), R', R?, R and R’ are as previously defined for structural formula (I),
supra, X is a halogen (e.g., F, C), 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 (J)



33 with commercially-available software (e.g.. Prism 3.0, G aphPed
Software, San Diego, CA). A suitable cell-based functional assay is
described in the Exanpl es section. 6.5Uses of the Antiproliferative
Conpounds The active stereoi sonetically enriched conpounds, including the
vari ous pr |ts, 5Shydrates and/or N oxide for fi1354r8y be
used to inﬁgblld%%ﬁ?sr%gra ki nases, Aurorng kinase- medi atg% %ﬁ%&@@ggg and/ or
cell proliferation in a variety of contexts. According to sonme enbodi nents,
a cell or population of cells is contacted with an amount of such a
compound e 56l Lf o fephd Mol aBBerAGldiY Ibhnll aBfbreERER, dehilIRT R fUT O B

ki nase- rredlnté?ed p?r(t)o eas ar?l%/ml ?er@(ftﬁekeratl oh of ré%\hl‘ clgyl ‘or céhﬁ

popul at i on.coppRiRds seElingdo Ftﬂlﬁi“@ll orrayly (Dysarell gt Serpisopers Pﬂhﬁ coppenntipeionpound nay

act cyt ot oXhGadkrhiorkgla i {hbt a&éryabﬁﬁlhény Rk of%lﬁe%%@ﬁdd%ktbryorﬁe% I nhi bi t
proliferation wit out I|n t he net hods

may be practi cecfi18 RGOS ?rﬁzlﬁéﬁé’ﬁrtaflw 158‘3? 8%?8?{3%36%”? Eflﬁgs HPdat ment or
prevention mﬁxgﬂﬁsmdardkaln@aﬁmgﬁghnm@d (ctothecmibgenatinghigents) dhelsistandandl 1 N

particul ar pr I|f Cl.fi i.ent, the
D bor s orePidfidat 8R4 EohAShARERne o WEnlereRGRhI T RIPRAAE N - 115
f orms descrtpweeds md¢®h1h§ thamipe bdlda stéht @positiandn pysimiginedy dhis difesniidfler at i ve

di sorders ig,aniy Rl be%kml@@&o%ﬁmh&&la e b&%obﬁ&%odﬂ%@de@@ﬁ:@%r&?%ﬁl ly

corrprl ses adm nistering to the subject an anpunt of a stereoisonerically
enriched ¢ dﬁaﬁm&?d“-blﬁkaloaywﬂalﬁ dgith §‘éﬂ qquivalgpgiptraanipnbioxglel 2- dleRtienedt |
ef f eqpi ve tc@rbb}ﬁaﬂﬁde 6p§1em1ﬁ§wcmowtem@y ldacﬁ@rvdelramhhmma@wle a&ﬁ;ﬁuﬁa@ la&cmdﬁdgeo subj ect

is a manal Iudl ted,t feline, canine,
bor odent e AR th. Tibte At iR S5 hibroc AR B sl RSl o |0
A vari ety abnftgetatiod aad ommdlpuxﬁtﬁpamlmmﬂtvmrddéml ireryosharctmsgmta termips event ed

with the c qg@s?&&%mgﬁ%&{ﬂﬁgrggon%ﬁ gﬁt{a?l p!lrn{/ éﬁﬁ@cogx‘g@@ &lral {"oprﬁulg gfm ounds are

used to treat various ca rs ina ncers ar
traditional |y cliasesfiugipnnisdd bakidediyeors feactiyrotoyprds @elpqphlﬂawé ilusteatadvihi ch t he

cancel cel life Quhbml. 1RW8ver, 20 VA QTBSi-8d & KRBSArHRAE the FBMGES$hed kisfifent I OM

epi thel i al 25;@ | s whil.e arcomaI é{&lre Conﬁl der ed cgggers ari sing from
connect i ve BaY2lerdls igactiyifys & prexarpple sben R, fywfluqromstiyl.ia ¥fkem as, whi ch
arise fr omﬁnemrmpm@yrmuﬁ:ehth 8mdhmm&mnﬂmgﬂNmﬂfsmz-syﬁmemanﬁdehs “which
arise fr Omchngafneéll Relgar e thchc)l nn&f’éhhg’i%‘?%%t en{ errmr soSele g‘ﬁ\ﬂ%ﬁg artl% ga%nSI der ed

beni gn epit ar organi zat onaes are
beni gn t undie centiodédiy aclwsmm @aﬁqlveh@gé othdr ﬁyrlth\mc @n@gma (sucfhrw @nmrsretme) ahie
descrjybed cumQURGs wxay. be used to treat 30proliferative disorders
enconpassed by carcinomas, sarcomas, |eukem as, neural cell tunors, and
non- i nvasi ve t urkyp Bactions depicted iy Sﬁle‘é‘ﬁé[}:’i“?y REocEsAIRRIF skl Whembe iagH9BUNds ar e

gs ed to ltre}afkm&@hﬂeﬂeatem W@rnﬁcr&fle#vsl Wﬁed[)ﬂ’e&iﬁig Wakik Ssiod, ths &uw&gaﬁamoﬁs%budi) ng,
ut not te 0 t one ral n,
repr oductl ﬁ%gl%?ﬁgo fﬁ% 'i’/oéf‘)trg fnm A Hﬁ@?e?c;toé 9115‘ %Bié%y % ® liver,
skin, head ABLeScMeden) N\@seﬁ@ﬂ)ﬁfo@%%ﬁb‘é’ﬁ%’s&d@ZOOS/ 041359 34 t hyroi d, par at hyroi d,
ki d f

i dney, pancreasy, il ;ﬂ%?'thm Stal%gé rﬂeﬁer %@}éﬁéﬁéﬁﬁu%@&ﬂﬁ&&?%ﬁ% &b C Or s

t her eof . peci er at s I nc OW Nng:
prol i f er at i wepail genadiendsr FCh{lﬁEBS@f@a@tc ch%-%fd Eomperiallyragaileble utapilfiapdd t o,

i nvasi ve dugbhcis ala@hxnwmed ds aﬁaﬁg N&ertaRRMEAEME@Y iRdNIE, @waﬁslm irdlle S@MGd NONA,

| obul ar carcingnma in { Lil ra netastatic bre st ca ? L roliferative
Immitation, uracil (Aldrich #13,078-8; CAS Registry 66-22-8); -th1o-ura01 (Aldrich #11,558-4;
CAS Registry 141-90-2); 2,4-dithiouracil (Aldrich #15,846-1; CAS Registry 2001-93-6);

30 5-bromouracil (Aldrich #85,247-3; CAS Registry 51-20-7; 5-fluorouracil (Aldrich #85,847-1;

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

Intermediates of Canada, Inc., Edmonton, CA. (http://www.generalintermediates.com) and/or



di sorders of the skin include, but are not limted to, basal cell

carci noma, squanous cell carcinoma, nalignant nel anona, and Karposi's
sarcomm; c) proliferative disorders of the respiratory tract include, but
are not limted to, small cell and non-small cell |ung carcinoma, bronchi al
edema, pleur oPuI rmnary bl ast oma, and mal i gnant nesot hel i oma 5 zﬁ

prol i ferat WR2HEE¥dr ders of the braij include, but ar ECHES2 MR t o,
brain stem and hyptothal am c glioma, Cerebellar and cerebral astrocytons,
nmedul | abl ast oma, ependymal tunors, oligodendroglial, meningionas, and
neur oect ode | i neal e ferative disorders of the nmale
reproduct i vgnq%r érg‘rr% d%hgf“lﬁaéh tﬁJ’but 1Ptel)°¥1|’§‘t°°1n>r?f P@’dbetpbeparﬁ‘f‘ﬁg’ﬁétﬁ%d ncer,
testicul ar thrieres Myrdd pethpdkgefonmmeteaching pritable fyathatic methodi soproede igfa. t he
femal e reproduct yg. QiR aa&hgg@fmp&&mman 98k ol brnakgﬁﬂ]v&g may B4 €1 I ne
cancer (endonetri al %{; cervical, ovarlan, vagi nai ers, uterine
sarcomm, ovaYiheszedtliEngstepdard fRehniquqs) Fos PWW“@?"&FP‘PIW@HQPW@Q sithssizadhe

di gestj ve t meftnitiopedotsles usbigtstaﬁ’daﬁi dﬁ&ﬁlst}y' @b&ﬁﬂ: ekmplaPRhotiosAtePovide@ ndhect al |

esophageal , _gal | bl adder, st r| reatic_cancer, pancreatlc
cancer- Isl g?an&pé Spec ?I‘e(,sf%lﬁsc’o‘g%ﬁlf 9(8?} égﬁﬁré‘e'é’éfm SdfispnfYeslay cancer s:

li) proli feiLanLgmae,Iﬂtl srmlrJd]arWﬂeyf&iSbm Thd. ver i ncl ude, but are not limted to,
hepat ocel | ul ar ¢ n Ohe | 1 ul

chol angi ocar ci no%ﬁéd%%s wﬁﬂ%o ver SgglﬁgétFﬁce? mes |“fa§§5[ ?‘x‘/@“‘a’f’% rders of
t he eye i ncEgues, th%tmunarpeotqmn 4ur1m tyelfiesiso The mqtabcmty eﬁ‘dﬂmbiaﬂmggx;oup(s)
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head and ca ﬁkélECl ude, but are not lim 0,

hypophar yng ’fe B B Aty Ryidance fos F%W@W@@&Fe Pé‘é??&@r%oupéﬁﬁw?ll 35 sgigtior al
cancer, Ssquaamgis Rehlir SacHeht adBdnReilahdy G PAhS TaSMmphl 1 (FechdR Wk, K)

proliferati ders of t.h 25 _ar ot limted
to, vari ous)é%te%‘fe%r Prato s v 1]%@%’%@’0“ Jnlg'h%ﬂfyd% E?‘ﬁ’s[“ﬁ‘%[f‘fﬁ’h‘gﬁglgﬁt aneous
T cell Iyrrph@rtb@ref@l@d@kmﬁétl@resﬁagenaﬂaﬁ‘@rdem%nm of the central nervous
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chronic nyePQ?Cj"e‘ﬁ?ﬁPIé’e‘F’é?}k@ﬁﬂ a, and hair cell leukema, m proliferative
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sarcom o e SsO

t hymoma; n), sar comas 30incl ude u

tissue, ost glosggﬁsfggﬁgr’m é’ﬁ%fa“fqi ‘gﬁﬁg%ﬁ’é‘f‘ fsgRagAtighe oty siagprsd tephuigies.  and

r habdomny os aMethods. forl chirallg rdsalving smnﬁedl&tmdleﬁs lastdedckiBed dlerBare Hqpdil i) (S ERdmples
prolifgeratiye.disorders is not limted to the conditions described above,
but enconpasses other disorders characterized by uncontrolled growth and
mal i gnancy. |t |@efﬁwmh@ﬁllnm@@tcmumdﬁand/%md}Staﬁf@Iﬂnpur@/@d@rw ders include
vari ous 35@%&&&@&}5@&%% sythebin@ Rol Dm0 £ERGRk. sft %ﬁgk%@%& herein.
The conpounds ? resent V\%ZOOGI 055561PCT/ USZO 04135 nventi on
may be test&™ ‘EflrSteéel"‘F ’E‘fsfr"é’é’ﬁ?é@g g rhrbiralapdliggies or der s descri bed herein, and

a therapeutical |I;doﬁ)a°écaﬁﬁlhryemb<ﬂl®hdiliemu§ﬁﬁeam $Schbiee), Etltﬁqﬁd déﬁfbeaﬁstexae?neffurt her
descrjbed bel o es .I ctj,on or rems i an decreases in
t he riaste of 1Séees%é\(lved a?l @'meg?d'pc’??% aan‘e @ﬁ 6‘9’6‘? a(?"ng‘l‘q ect on cell

gr ow h. 56.6Cbnb|nat|on Theraples The stere0|soner|cally enri ched conpounds
descri bed herein may be used al one, in conbination wth 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 7-rays and x-rays,
delivered externally or internally by 10i npl antation of radioactive
conpounds, and as a followup to surgical renoval of tunors. In

anot her aspect, the conpounds may be used wi th other chenot herapeutic
agent s~ useful for the disorder or condition being treated. These conpounds
may be adm ni stered sinmultaneously, sequentially, by the sane 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-neoplastic conpounds include, but are not
limted to, alkylating agents, antinetabolites, vinca al kyl oids, taxanes,
anti biotics, enzynmes, cytokines, platinum coordination conpl exes,
substituted ureas, tyrosine kinase inhibitors, hornmones and hornone

ant agoni sts. Exenpl ary al kyl ati ng agents include, by way of exanple and not
| imtation, nmechlorotham ne, cycl ophospham de, ifosfam de, rnel phal an,

chl oranmbuci |, 20et hyl enei m nes, rnethyl nel am nes, al kyl sulfonates (e.g
busul fan), and cannustine. Exenplary antinetabolites include, by way of
exanpl e and not Ilnltatlon folic aci d anal og nethotrexate pyrlnldlne

o, o T L Y e o o e .




25exanpl e and not limtation, actinonycin D, daunorubicin, and bl eonycin.
An exenpl ary enzyne effective as anti-neoplastic agents include

L- aspar agi nase. Exenpl ary coordi nati on conmpounds include, by way of exanple
and not limtation, cisplatin and carboplatin. Exenplary hornones and

hor none r el at gnpounds i nclude, by way of exanple Jiamtation,
adr enocortwg&g%éo%l s predni sone and ,gdexanet hasone; a?g(?rra/ﬁ%é(gmi“n S|;bi tors
am no gl utethimde, 30fornestane, ané anastrozol e; progestin conpounds

hydr oxypr ogest eron caproate, nedroxyprogesterone; and anti-estrogen
conpound t anoxi f en. These and ot her useful anti-cancer conpounds are
described in Merck Index, 13th Ed. (O Neil MJ. et al., ed) Merck

Publ i shing Group (2001) and Goodman and G | nzans The WO

2006/ 055561PCT/ US2005/ 041359 36 Pharnmacol ogi cal Basis of Therapeutics, 10th
Edition, Hardman, J.G a&and Linbird, L.E g£ds., pg. 1381-1287, McGaw H I,

(1996), both of gwic i ncor pq‘_f ate reference herein. Addi ti onal
anti-proliferatif ounds usefl_i onbi nation with the

st er eoi someri cali y2anri ghedsco psund®: defcri bed herein include, by way of
exanpl e and nQt:)>b{Fnitati org“'z di es directed against growh factor
receptors (e.g-, a&nti -Her2)52_a I bdies for activating T cells (e.qg.,
anti-CTLA-4 anti bodi es); and=cytoki nes such as interferon-a and

interferon-y, intérleukin-2 and GWCSF. 6. 7Formrul ati ons and Administration
Wien used to treat or prgvent such diseases, the active conmpounds and
prodrugs may be ¢0ad St ered sifpgl y m xtures of one or nore active
conmpounds, or irg g e or conbi%n ti wi th other agents useful for

treati ng such d¢segdes &nd/or the syMpt ofls associated with such di seases.
The active co@o«&s and prodr y al so be adm nistered in mxture or in
conbi nation wth &gents useful To tHeat other disorders or mal adies, such
as steroids, nmenbrane stabilizers. The active conpounds or prodrugs may be
adm ni stered pergsg, or as pharmacepti¢al 15conpositions conprising an
active conpound D[ | pf odrug. Phar maCeut|Egle conpositions conprising the
active conpoundst{ Iz prodrugs t hep f) (98¢ be manufeactyred by neans of
conventi onal_ m >¢’5 ng.% di ssol vi ng, ®granhu %ﬁtng, dr age ki ng | evigating,

enul si fyi ngg encapsul ating, entrapping or |yopfil iz on processes. The
conposi tiong may beyfornul ated in conventionalkmanner ‘si ng one or nore
physi ol ogi c§ | y acc8pt abl e car @=€rs, 20di§ uent®s exgdi ents orgauxi liaries
which facil taate cessi ng ofé\t_ge actt ye c@rpﬁunds%?o prrati ons whi ch
can be used phar ugi cal ly (geeRe t,on 2 sy Phar cepticcal” Sci ences,
15th Ed., Hooverx_J.E. ed., I\/B@P&g‘l‘? shiRng—Co—% 2003} TheTactd ve conpound
or prodrug nmay b@If ornul ated i W&, phar maceuti cal dsitions per se, or
in the formof a hydrafe, solvate, N oxi de or pharmaceutical | y acceptabl e

salt, as 25previogsly @escribed. Typically, such salts are nore soluble in
aqueous sol uti ons%%‘ apgt he corresponding free acids and bases, but salts

havi ng | ower sol upir i€y than the carresponding free acids and bases may

al so be forned. Pl%ar maceutical compositions n@ ke a form suitable
for virtually anw ppde®of adm ni stration, includi or exanpl e, topical,
ocul ar, oral, buc%: f, systenic, nasal, inject ifon, 3 ansdermal , rectal,
vagi nal, etc., orgpagformsuitabl & for adw@ nistati og‘{ﬁ i nhal agi on or

Ctd

i nsufflation. § for &t opi cal ~admi ni at i Qn,ﬁ_gt he @ctd ve und(s) or
prodrug(s) nay be tor at ed g%—’(sol ut S, @el% oimgk—’éreri%@fme)ams,
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WO 2006/ 055561 PCT/ US2005/ 041359 37 System ¢ formul ati ons incl ude

t hose designed for admnistration by injection, e.g., subcutaneous,

i ntravenous, intranuscular, intrathecal or intraperitoneal injection, as

wel | as those designed for transdernmal, transnucosal oral or pul nonary

adm ni stration. Useful injectable preparations include sterile suspensions,

sol utions YO #MSHBns of the 5active conpound(s) in adGdBia0yP1? y

vehi cl es. The conpositions may al so cBntain formul ati ng agents, such as

suspendi ng, stabilizing and/or dispersing agent. The fornulations for

i njection may be gresented in unit dosage form e%ﬁ in_anpoules or in

nul ti dose cont aihtheme R Fiey- eﬁ‘BF?F‘é{’i“ﬁﬁéF&H@d“b\'(é@%’ fgperdbed jmy Stadar plpli vel vy,

a Be i nj etc_t ?mtse Tfemaatbxat,o(m) mlsqﬁot@teawnﬂedsoc gtow&hgflﬁlbm&;sﬁﬁldmgt .
reconstitutio |ce not limted to

sterile pyr8G&n’ Océ) & Oq?/\cn?efl ?Liactmf)"qu f 16"1%(; s §a°en§agﬁd{7?p e gped Willet or e use. To

this end, th‘@rnatbﬂwaa-mdhqmbmd(l@)mMyyldémgia mgdirdof dastyreemetrs Waewd20bethini que,

such as 5| yo?i@étéréo&l@ﬁé tﬁigturequea{eaw?cﬁ'%écg&h%s %AQJ QletaQe tﬂéﬁoc %oup yleldlEgO

transmucosal “adm nistration, penetrants appropri at barrier to be

per meat ed aPEted diastereqnpres %Plaﬁﬂhtwlmh ms)ercrﬁacbéwm:érﬁ#@owr@nmcﬁm affgyd t he

art. 15For QfddmiciRiuy o?Tcé'rﬁﬁduﬁHﬂ 244 iﬁﬁzma&tm!%ﬁég%lc@xﬂﬂ»ouﬁ&mﬁ)ﬁﬂdtﬂw% ppay take
the formof; for, exanple, ‘(;’)zengaﬁ’ﬁi tabl ets or ca sul es prepared by

convent i onateParedfom gue Anqtiies P srvstlieption e e%féeéé‘ﬁtpa‘ﬂ 105estordsiaeds uch as

bi ndi ng agednwera(oaerg 25a qut @fje | Tk chitabadilinfds iIwmddoRred Biast@omsty 23aah@3sbread | done or
hydr oxypr op clL 1-CF Q stalline

cel | ul o@ e o%ﬁ %%f%gg%ﬁq A&&’{s&%g} dl?‘ls &eok‘%% §3CS%P%%drm3%u ?ﬂé ulagh%) anngag%ési um
stearate, tebrectiyely.si| i ca) 20 disintegrants (e.g., potato starch or sodium

starch glycol at g}, cogfpoﬁﬂ'ﬁ.ti 42094 f’ﬂ)‘%‘{vﬁlc}( ﬁl lghydr@%j Rugh-lr@éﬁ{y}'inpéwuf P‘%}leRa is
lecithin). The tabl.ets nay be coqated nmet h known in e art with,

for exanpl e™etdy) @‘%%% 18 fF‘i°F°r’rﬁle"6’f‘geé’ﬁF‘E F*i“@l %‘Eﬁ‘a‘t“iy ﬁ@j’éﬁed dlfﬁ“““ For theseiand e par at i ons
for oral admnﬂbb@'ﬂd’ Qﬁdrmcmgbvigabﬁvéshﬁ’ﬁ&ﬂt[m €Hiral aﬁﬂnaryemraa kRave@krbni IS,

sol uti , u ensi,ons te a.dry product
f or cogl ti tu o&r%’ﬁ%/\nﬁ grth e(Sersmo 150:‘[ suﬂnﬁ%‘]lng ?/ﬁp{?? mﬂg‘fegﬁ ¥ yﬁeg‘tg. Such

l i quid pr epaolaed dmsisrenmsts bf@orpmepanedurufomhvélwtanmlal Sneaeﬁusxanipieh of such

phar ”BceUt'FeQJnLAéaf%%s%PBéﬁ%ﬁeﬁ% ik VSosuch as suspending agents (e.g.,
sorbitol syrup, ose derivatives or hydrogenated edible fats);

enul si fyi ng agerfiogppwdythat apssiraoiprerispllysandied pubsirsialntiereciiomenielii mres (e. g.

al nond oi |, afajo} sferaﬁoaasc.au;emwn spekid@hsterdoiBRRANAH eJ Mnfksifel @6hi Onat ed
vegetahl e oils and

e
o ooy 20y SRR LB e st b ot e St ORI so
cont ai n buf pértasalSheh stpeoiomenicaliy eneished bddéor ()aubsmguallgzxﬂt@édmgemny miveet eni ng
agents as appr istration may be
sui tably foE Bc@w %E{e n|1a\%an r&ﬁ%ﬁﬂgéb ? ﬁ]%e e%mp ﬁg ni)qt%lu?/eg{ conpound or
pr odr ug, as{sibstaytially) st@mmmqqal}yrpgre Hrlactams can be resolved anfFigplatsd §rom b racemic

admi ni strat j,0fwe Jfng&%mma&tm g1 tmg én%ﬁm&hfed i: 14;& bailaBI0 ol f% | ozenges
35forrm| at ed in conventional nan PCT/ US20057 041359 38

For recfal ShfFisoHg-arlog BuLAE The d&?ﬂﬂ‘i’eﬂ |“§]§‘f'“§’( qt ﬂm zoof‘h@tré'&?ﬁ"!} SsMFbund(s) may
be for rruI at BL578575 Gh biloteNekefblan eibddaiint, (SubRMQITRPteréoiHOROSdallPfur S lafhims

ointnents contain [ t sito ases ch cqocoa.butter or
ot her gl yce?amée resollvI'—:gr dolso a%%éo nr%aeﬁ(f) eggg Po %%e é&“ﬁiﬂﬁlf‘???f%{? ?%ﬁuwrfsﬂhal ation
or i nsuffl abduah ;nnndbdlzactctbuwnﬁmwmd(fs:)lzme (Berdide ug@rslicaCype Be-fconveni ent | y
del i vered | ol doRIbeafyy A, ﬁ.@rloa@%kna,semg SHARNB BRRURdARA PACks OF

nebul i zer w't use o a'suita prope
30 No. 60/628 401, filed November 15, 2004, co-pending apphcatlon Serial No. 11/133 ,419 filed
May 18, 2005, and international application No. PCT/US05/17470 filed May 18, 2005, and

copending application Serial No. __, entitled “Sterecisomerically Enriched B-

Lactams Using Candida Antarctica,” filed concurrently herewith (identified by attorney docket
no. 375462-030US), the disclosures of which are incorporated herein by reference. A specific



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

i nhal er or_j flator (for exanple capsul es and cartr'ggﬁ i sed of

gel atin) n%@ﬂ%§5‘8$ | ated containi ngya powder m x of % e %%%%%ﬁ%% and a
sui t abl e powder base such as | actose or starch. For ocul ar

adm ni stration, the active conpound(s) or prodrug(s) may be formul ated as a
sol ution, egulSLlofn. SYSRERSI Lablke for admnistraiion to the
eye. A variet¥ao? v%ﬁ%cfgg %@@%P?% P%aggbgg%ﬁkﬁgg?%riHﬁmggﬁbgﬁﬁ gt?o t he
eye are knoWhETamplepgectign; as igpaethodiof syntesizingf oxp-Agxenearit Bctandérdescri bed in
U S. Patent No. Rakfids o?ﬁgﬂthegi‘zi@s EtieR WastNmer®acl 3 dind Bkiruddral forfaaih ggbt No.
6,056,950; U S Patent No 5,_&08, 807. U.S patent-No. B 776 445" U.S.

Patent No. BUigagersme regstians apflisisstedp Schgmes () stV palow. ph srssitic sgmpls o103, 841;
U. S. Patsent thiNme oBN@dZynfd3B35 erldyfe asRiaiseatdd ilNScherfle @B whibh likeathCHitapme BayinNt  NoO.

4,738, 851. For, prol onge livery,..the active conmpound(s), . or praqdrug(s)
can be for rré%gtstseeddﬁ < aﬁé] g%ggglﬁrsgﬁ?ggré gtuﬁ’c? At %6‘15edé%l‘i?fﬂi\'esef‘?’rﬁlf’é‘%f%ﬁ%ra?%? antation

or i nt r anusg-labtams, islessobddamthe Bxamples secticm. | ngr edi ent nmay be fornulated with
sui tabl e polyneric or hydrophobic naterials (e.g., as an enulsion in an
acceptable oil) or ion exchange resins, or as sparingly soluble
derivatives, e.g., as a sparingly soluble salt. Alternatively, transdermnal
delivery systens manufactured as an adhesi ve 25di sc or patch which slowy
rel eases the active conpound(s) for percutaneous absorption may be used. To
this end, perneation enhancers may be used to facilitate transderma
penetration of the active conpound(s). Suitable transdermal patches are
described in for exanple, U S. Patent No. 5,6407,713; U S. Patent No.
5,352,456; U.S. Patent No. 5,332,213; U S. Patent No. 5,336, 168; U. S

Pat ent No. 5,290,561; U S. Patent No. 5,254, 346; -U. S. Patent No.

5,164, 189; U.S. Patent No. 305,163,899; 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 systens may be
enpl oyed. Liposones and enul sions are wel |l -known exanpl es of delivery
vehicl es that may be used to deliver active conpound(s) or prodrug(s).
Certain organi c solvents such as dinethyl sul foxi de (DVBO nay 35al so be
enpl oyed, although usually at the cost of greater toxicity. WO

2006/ 055561 PCT/ US2005/ 041359 39 The pharnaceutical conpositions nay,
if desired, be presented in a pack or dispenser device which may contain
one or nore unit dosage fornms containing the active conpound(s). The pack
may, for exanple, conprise netal or plastic foil, such as a blister pack.
The pack or di spenser device may be acconpani ed by instructions for

adm ni stration. 56.8Effective Dosages The active conpound(s) or
prodrug(s), or conpositions thereof, will generally be used in an anpunt
effective to achieve the intended result, for exanple in an anount
effective to treat or prevent the particular di sease being treated. The
conpound(s) nmay be adm nistered therapeutically to achieve therapeutic
benefit By therapeutic benefit is neant eradication or 1l0anelioration of

t he underlying disorder being treated and/or eradication or anelioration of
one or nore of the synptons associated with the underlying disorder such
that the patient reports an inprovenent in feeling or condition,
notw t hstandi ng that the patient may still be afflicted with the underlying
di sorder. Therapeutic benefit also includes halting or slow ng the
progression of the disease, regardl ess of whether . inprovenent is realized.
15The anount of conpound adm nistered will depend upon a variety of
factors, including, for exanple, the particular indication being treated,
t he node of administration, the severity of the indication being treated
and the age and wei ght of the patient, the bioavailability of the
particul ar active conpound, etc. Determi nation of an effective dosage is
well within the capabilities of those skilled in the art. 20Effective
dosages may be estimated initially fromin vitro assays. For exanple, an
initial dosage for use in aninmals may be fornul ated to achi eve a
circulating blood or serum



concentration of active conpound that is at or above an I C50 of the
particul ar conpound as neasured in an in vitro assay, such as the in vitro
assays described in the Exanples section. Cal cul ati ng dosages to achi eve
such circul ating bl ood or serum concentrations taking into account 25the
bi oavailability of the particular conpound is well within the capabilities
of skilledvg?ﬁ%gﬁﬁgﬁ For gui dance, the reader is refer PEFUSYPORPHE &
Wodbury, "General Principles," In: Godman and G I man 's The

Phar maceuti cal Basis 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 animal nodels. Aninml 30nodels
useful for testing the efficacy of conmpounds to treat or prevent the
various di seases descri bedzgabove are well-known in the art. Dosage anounts
will typically begd ncthe raange of fromabout 0.0001 or 0.001 or 0.01

ng/ kg/ day to aboué ﬁéo ng/%g/day, but may be higher or |ower, depending
upon, anong othergfad&mws,sthe activity of the compound, its

bi oavailability, t =’nDde.%f adm ni stration and various factors di scussed
above. Dosage ano and igterval may be WO 2006/ 055561PCT/ US2005/ 041359
40 adjusted individually t® prayide plasma | evel s of the conpound(s) which
are sufficient to mhintaimther@peutig or prophylactic effect. For exanple,
t he conpounds nay§be€aer§steﬁed onade per week, several tinmes per week

(e.g., every otheg ; SdICe per dagﬁo?rnﬂgiple ti mes per day, depending
upon, anong ot her /ngs’ - he node~ of \a RiBtration, the specific

i ndi cati on 5bei ng ated fnd the jud t of the prescribing physician. In
cases of local ad streﬂ@on or sel edti/ve uptake, such as | ocal topica
adm ni stration, tge,effectTve local concentration of active conpound(s) may
not be rel ated toip|asma concentration.| Skilled artisans will be able to

optim ze effectivg |qcal dosages'ﬂ#ﬁhout undue experinentation. Preferably,
the conpound(s) wgd |=provide theRapgutijc or prophylactic benefit w thout
10causi ng substan® aF toxicity. ,Jfoxicity of the conmpound(s) may be

det erm ned usi ng standard pharndﬁeufical procedures. The dose rati o between
toxic and t erapeﬁthn (or prophylactic),LD50/ED50 effect is the therapeutic
i ndex (LD50Ei s thg d&§: Bethal to 50%.qf the population and ED50 is the
dose therapguticaldyeff@ctive in 5040 ok th® popul ation). Conpounds(s) that
exhi bi t higE ther.cE;tic indices are pfeferred. 156.9Kits The
conpounds agd/ or p¥edrugs descri bed ther gt may be assenbled in the form of
kKits. In sonme enmbodi ments, the kit p | d t he conpound(s) and reagents to
prepare a conposigign for admnistra n.\The conposition may be in a dry
or Iyophilized foBm Ok in a solution, pafticularly a sterile solution

When t he conpositu&i isin adry form jthe reagent may conprise a

20phar maceuti cal | pcept abl e diluent flor preparing a liquid fornulation.
The kit may contai'fa device for adm mijstration or for dispensing the
conposi tions, includEng, but not limtgd to syringe, pipette, transderrnal
patch, or inhalan§.|&he kits may include other therapeutic conpounds for
use in conjunctiof o.th t he conpourigls ¢escri bed herein. In sone

enbodi nents, the ghe@_apeuti C agen ot her anti-cancer 25and

P

anti-neopl asti ¢ cenpgunds. These &efpognds may be provided in a separate

form or mxed mkﬁh ghe conpounds of Tthe present invention. The kits
wi |l include appr§ rgate instructiong preparation and adm nistration of
the conposition, gi|dg effects of thg T osgtions, and any ot her rel evant

information. The §ns€ructions may be}ifi any=suitable format, including, but

not limted to, prjnted matter, vidgot = 30conputer readabl e disk, or

optical disc. 7. ERAMPLES z
=

161
(racemic,

o



The inventions are further defined by reference to the foll ow ng exanpl es,
whi ch describe the preparation of the various conpounds descri bed herein,
nmet hods for assaying their biological activity, and nmethods for their use.
It will be apparent to the skilled artisan that many WO

2006/ 055561 P 5/ 041359 41 nodifications, both t al s and
nmet hods ma Obgééﬁk)‘{?ésg?i ced wi thout depagsting fromthe Sg%%ﬂﬁsgpﬁzoﬁgs@

i nventions. 7.1Preparation of

4- (4- Met hyl pi perazi n-1-y1)-3-Methylinitrobenzene Reacti on: 135
Procedure: A honobgeneous mi xture of s‘leh&&egﬁf)o' 3-net hyl ni trobenzene 1 (20 g,
129 mmol ) and N-net hyl pi perazine 3 (25.82 g, 258 mml) in

N- net hyl pyrrolidone (NWP) (10 nL) was refluxed (120 C) under N2 for 24

hours. The reaction m xtunre ugon cool i ng to roomtenperature was poured
over a saturated NaCl SOM( AP PR Tml t §oreg DAOP | NBoc

10soni cated for approx. NelSs, 14 dajst €1 hé@iF‘%oEFéhi wat er (2
x 10 nmL) and dried under hitgh vacuumto obtajg T 16

4- (4- et hyl pi per azi n- 1- y15%8%et hyl ni t r obenzene 5 (28 g, 92%. 11-1 NWR
(CD30D): 8 8.02 (m 2H), 7.13 (d, 1H, J.=- 9.3 Hz), 3.08 (m 411), 2.66 (m
411), 2.38 (s, 611); LCVS: purity: 99% M (nmfe): 236 (ML1+).

7. 2Preparation of 4-(4-Methyl pi perazin-1-yl)-3-Mthylaniline 13Reacti on:

57 Procedure: A helerogeneous m xture of  1.71ra

4- (4- et hyl pi_pegazinyl) -B-gethylnitro 5 (201gH. 8% mmol ), N’]"%%) Pd/ C

(1.3 g) in agg\"( 1. I ter)towas h r:)aﬁ;d”ﬁ*i Bt 4 or 3
hours. The p \urlrLi\ st was filt raugps a_pad of LNz washed

w th net hang §13' X _50”20n1__) and the 'h*hed fil _tra/e fas conceptrated to
afford 4-(4~me ’P?yl(gl perazi n-1-y1) - 3- tnethy®anil i \Z/Lf)J.S g, 86%2. 111 NWR
(CD30D): 66.83 (d, ﬁ.H, J=8.7 Hz), 6.59 (d, IH J=2.4 Hz), 6.54 (dd, 1H, J=
8.4 and 2.7 Hz), 2.84 (t, 411, J.= 4.8 Hz), 2.60 (bm 411), 2.34 (s, 311),
2.20 (s, 311); LleAVS: Aptivilytoy theQDeiBPGtiteMiivé Ch@ipoundd6 (M ). WO
2006 02300 PCT Ol BELD R At S0t
cells, such as tumor cells, with an ICs in the range of about 20 pM or less, as measured in a
standard in vitro cellular proliferation assay. Of course, skilled artisans will appreciate that
compounds which exhibit lower ICss, for example on the order of 10 pM, 1 pM, 100 oM, 10 nM,
1 oM, or even lower, may be particularly useful in therapeutic applications. The antiproliferative
10 activity may be cytostatic or it may be cytotoxic. In instances where antiproliferative activity
specific to a particular cell type is desired, the compound may be assayed for activity with the
desired cell type and counter-screened for a lack of activity against other cell types. The desired
degree of “inactivity” in such counter screens, or the desired ratio of activity vs. inactivity may
vary for different situations, and may be selected by the user.
15 Active compounds also typically inhibit an activity of an Aurora kinase, with an ICs, in
the range of about 20 pM or less, typically in the range of about 10 pM, 1 uM, 100 oM, 10 mM,
1 mM, or even lower. The ICs; against an aurora kinase can be determined in a standard in vitro
assay with an isolated aurora kinase, or in a functional cellular array. A suitable enzyme coupled
assay that can be used to determine the degree of Aurora kinase activity is described in Fox et al.,
20 1998, Protein Sci. 7:2249-2255. Kemptide peptide sequence LRRASLG (Bochern Ltd., UK) can
be used as a substrate for Aurora kinase-A Aurora kinase-B and/or Aurora kinase-C, and reactions

can be carried out at 30°C in a solution containing 100 mM HEPES (pH 7.5), 10 mM Mg Cl;, 25

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



(racem c, 2-exo-3-ex0) Procedure: Part 1: A solution of 2,5-norbornadi ene
47 (25.0 m., 0.246 nole) in 5 CH2C12 (110 m., fresh bottle) was cooled in
an ice/NaCl bath (-10 C). To this was added drop-wi se a solution of CSI
(21.4 nL, 0.246 nole) in CH2Cl2 (45 nlL, fresh bottle) at a rate to maintain
the tenperature bel ow 5C (the addition took approx. 1. hr.). Ug)on

conpl et i onV¥204®5%ddi ti on, the reactj.on mxture was SLPFT’Pé 0352 hour at
0-5C and then removed from the cool i d bath and allowed to warmto 20C. The
reaction m xture was quenched with water (60 niL) and vigorously 10stirred

for several .m nutes, . The c lLa arated, washed with brine,

and dried WiHORESSEly-2Y %aﬁ?%gﬂ{%?ﬁf fs %{jﬁgﬁsgﬁ{’ewm%‘iame@ CA). part 2: A
m xt ure of shiedBG8ll-paddd Hnogdnal avadyds descfiBedih Jhe EasmapldskstGd (30 nl) was cooled in
an ice/NaCl bath. The oil fromPart 1 was diluted to 100nL with CH2Cl12 and

added dropwi se 66 t h¥seabfthe Anfipaoliferatizi¢ Companinds t 0 nai ntain the tenperature
bel ow 15C (the ﬁ@l@lhcrtlb%réoﬁ%m%ﬂ)}r Qﬁ(lcheé-éﬂﬂgzémdg rtﬂcludm%epllillm%g prhﬁ}g r%ﬂgt hon

m Xture_was nonitored E ept basi'c
adj usti fg vﬂyfh}"rtei@%"l‘ﬁ@‘}dﬁﬁ}’%t eref mrydg By to @B@M@G‘iﬁ?ﬂl’é"@ éﬁf‘)@fkﬂtaPFe addi ti on,
the reacti afiediiedipticesedasd/citcell prolfefa@bn id 2 ity oa&on&xtloﬁcdofdmgad solEl was 8.5).

Th t ' t d the CH2C12
ayer - sopardriieit s lalticiordl X Bt R oR mhonr et tiormenol 1 o
suspensi on. efﬂ%@w@s@ﬂ ahaiyityofdn Avadrekina§q ppAarra ki@@-mddjatetl prob@kandar nore free
20f | owi ng R bittbrheRR of I@&}l@ﬂ&ﬁ%&!ﬁxﬂtﬁ@}(eﬁlh&ﬁ@&d Wb SR bt fAH G M N FEEI2 (4

x 100 nm.). (Alternative € SO can be separat romthe CH2Cl2 by
cent ri ffigateBRound pay %?ﬁ%@&hmtkﬁbthe 5B OHP)ITQPGaélGPIKXATCt inhibigprelifergtiontithow| nost  al |
di ssol ved) qnges @xda1act ed vvlth CH2C12). The aqueous |ayer was further
extracted with 2C12 § gom_ The CHZCl extracts were nonitored by
TLC for the preskifds gy H?eBHu T metpps man bARTAcEEe d’l‘ﬂ‘éﬁﬁsét}@%’?"%%@m\ﬂﬁ%e washed
wi t h bri ne,toerdsatk tvatrant2bpAy&mion i rofa Kirtasreelididdraneg ks oeellsdraees, afdasoval of

I
T LTIV Tk X —
629) . 18 NWRmpERETeersbed hgre®, @ud theyvariousiyrms @espribe dctem)}nay@e BsedfodreBtof Hz, 1H),

6.12 dd iy 1 Oracrs als i ingthurha; od ze 279 b
612 (0, e doohers il b 58 el b, #chehedugliy 279 (b5,

2006/ 05556 f%ﬂ*f m&@é’@e S&@eef amiﬁ“’ébta?? aftheﬂS%‘?emaﬂy bnrthes compound, or .
4- 0x0- 3- t ergrodaigl Qkyhyand ortyloridathbledb o RENE b tatlor Bfedenbhd MisYMdel -8R Reacti on:

nomgencous Pt st k3 maEE L ARE Tty GSYE By SiarRbecat

20 rodent, or primate. In another embodiment, the subject is a human.

)

A variety of cellular proliferative disorders may be treated or prevented with the
compounds described herein. In some embodiments, the compounds are used to treat various
cancers in afflicted subjects. Cancers are traditionally classified based on the tissue and cell type
from which the cancer cells originate. Carcinomas are considered cancers arising from epithelial

25 cells while sarcomas are considered cancers arising from connective tissues or muscle. Other
cancer types include leukemias, which arise from hematopoietic cells, and cancers of nervous
system cells, which arise from neural tissue. For non-invasive tumors, adenomas are considered
benign epithelial tumors with glandular organization while chondomas are benign tumor arising
from cartilage. In the present invention, the described compounds may be used to treat

30 proliferative disorders encompassed by caicinomas, sarcomas, leukemias, neural cell tumors, and
non-invasive tumors.

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

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



(14r1; racem c-2-exo-3-exo; 10.0 g, 74 maol), (BOC)20 (16.1 g, 74 nmol)
and DVAP (1.1 g) in CH2C12 was stirred under N2 at roomtenperature for 24
hours. To this reaction m xture were added Et 0Ac (100 nip followed by 1120
(100 nL) and stirred for additional 1 hour. The organic |ayer was separated
and washed %@‘ (2 X 100 mL). The organic |ayer wag- 56 Q¥8s
10anhydrous S hnd sol vent was regoved under a reduced pressure to

af ford 4-oxo-3-tert- butoxycarbonylaza-tricyclo[4.2.1.0(2,5)]non-7-ene
(16r1; racem c-2-exo-3-exo0) (16.5 g, 70% 1H NVR (DI\/SOCgG) sz ?9 gdg Hi_
3.3 and 5.4 r

1H), 3.13 (ﬂMc’ld %é%ym@ ol B C %ﬁ_bl%’f 13" ”“’ﬁ% andpdsfoth feforng 1 -
LCVS: 95% 75Preparation of, and Isol atlon of Stere0| someri cally Pure

Di ast er eoner s 158pecifit fralceaiig l;hsordlerg include the followm a) prohferatlve disorders of the
(2ex03ex m nocar bo | CLI\QI‘FZ)

en-2-y1) - 5- ﬁ)eﬁsé‘r“é’)'(“%z%%arﬁﬁ?tﬁ%‘“g%('ﬁ"aﬁéec %‘ ‘ia‘ﬁé‘f’ En aﬁ"ﬁ?‘)"&h@ffymaz 4-
pyri m diSnedilestal precinoma, loblilar ere@imine imsituf and erctaftaticlbesadt icdnk@; by prypRuAG Was prepar ed
fromthe 2- EX&aers R sifxﬁﬁx@ﬂlﬁ'eaklﬂ al% n§t limited to, basal aell carcin, mT, Is%w\gmuSﬁﬁlhe action:

2-ar ni nobi cyl co[ 2. 2. 1] hept - 5- ene- 3- car bokam dé as
Uri (raceni garcipomsgalignaaimylanqupend Kpposds 2soma;(c) probfkiative diownoofdhe x o)

P d
magnet i ¢ st A?‘?‘f"*n"%m‘mg‘b‘“ oL Rt el e SRR FERRAR 1" 2 0 g

under a pos iﬁ%%@ prap o‘ﬁ’fyt'%‘alﬁ@@ﬁ andrgalighgng mggohaliomapd grodiferagive acet at e (25
m.) fol IIOO\NedllsdagiferM%eafﬂmmhaie,l Hit AR nm(te'a5o,msta)n sttlang by ot thnddAomh, 00M

t t e er was separated and washed
it th o6 aquess et sl S k08 b Ke AIFRiR, criioion s SIPEREIL. Nao 604 and
sol vent wasmenipgiemas;tapdinepyecifdenratiant piheal gmomt e)padifmatioe dikoBEES of &k baky am de

28r 1. VO 2@9@6&@@)@@&%@[&&@2&@% Qs iﬂ%ée% to %rd?ﬁé%léﬂcglntesucular cancer, and penile

cancer f) proliferative disorders of the female reproductive organs include, but are not limited to,

0

15 uterine cancer (endometrial), cervical, ovarian, vaginal, vulval cancers, uterine sarcoma, ovarian
germ cell tumor; g) proliferative disorders of the digestive tract include, but are not limited to,
anal, colon, colorectal, esophageal, gallbladder, stomach (gastric), pancreatic cancer, pancreatic
cancer- Islet cell, rectal, small-intestine, and salivary gland cancers; h) proliferative disorders of
the liver include, but are not limited to, hepatocellular carcinoma, cholangiocarcinoma, mixed

20 hepatocellular cholangiocarcinoma, and primary liver cancer; i) proliferative disorders of the eye
include, but are not limited to, intraocular melanoma, retinoblastoma, and rhabdomyosarcoma; j)
proliferative disorders of the head and cancers include, but are not limited to, laryngeal,
hypopharyngeal, nasopharyngeal, oropharyngeal cancers, and lip and oral cancer, squamous neck
cancer, metastatic paranasal sinus cancer; k) proliferative disorders of the lymphomas include, but

25 are not limited to, various T cell and B cell lymphomas, non-Hodgkins lymphoma, cutaneous T
cell lymphoma, Hodgkins disease, and lymphoma of the central nervous system; D) leukemias
include, but are not limited to, acute myeloid leukemia, acute Iymphoblastic leukemia, chronic
lymphocytic leukemia, chronic myelogenous leukemia, and hair cell leukemia, m) proliferative
disorders of the thyroid inchude thyroid cancer, thymoma, and malignant thymoma; n) sarcomas

30 include, but are not limited to, sarcoma of the soft tissue, osteosarcoma, malignant fibrous
histiocytoma, lymphosarcoma, and rhabdomyosarcoma.

It is 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



Procedure: A round bottom fl ask equi pped with N2 inlet and a nmagnetic
stirring bar was 5charged with racemc N-BOC | actam28rl1 (2.00 g, 7.9 nmol)
and then treated with 20% of TFA in CH2Cl2 at roomtenperature for 2 hours.
The resulting solution was concentrated under a reduced pressure. The trace
of TFA was _renoved under high vacuum for several hours to afford t

i nt er medi at¥® 29¢R5¥A + (30r1, raceni c). The resulting FSE@ﬁ?OES/Wﬁ%aI t 30r1
was treated with 2, 4-dichl oro-5- quorépyrlmdl ne 10 (1.58 g, 9.51 nm in
MeOH: H20 (20: 10 rrL) in the presence 10of NaHCO3 (1.33 g, 15 84 mmol ) at
roomterrperaturefor The reactio xture il ted w th H20
(25 m), saluPuet PR R %&’r ﬁti?fméeﬁets? %‘t“%tag‘e\/ﬁﬁs[oﬁeﬁflﬁfﬂébe%\g"rﬂn Upon

dryi ng overthenalbvyt!hawebta/ﬁ BRinentehighligell. vEifictiveasss,ay fufhdr aésaﬁbeabﬂow heluﬂa;si due
was chr omat / Ln CH2A 2) to
afford 1.3 ,gg%c? %geg{rhég)hm O&%I\megérgs%égé} %ceﬂ éN' ot Orlv%)’l_é tlcIﬂr ocedure: A
seal ed tubecyé%‘a‘rlfgf‘écﬂcf\ﬂmt’qﬂ?%’émc mono- SNAr pr oduct 36r1 (1 1 g, 8 mol),
anlllne7(0 90 4.4 nmool ), TFA (0.6 m1_,) and nmethanol (9 nL) was
stirredat 100 (f’gq or COmPHBHPL Therapies, esul ti ng vi scous hompgeneous sol ution
was concent r at edl‘lﬁaelremhﬁwﬁeﬂydmﬁhedamﬁ&a&mﬁﬂbeﬂg&ﬁﬁlﬂﬁﬁbn{&sbdlMG@ gel, Cl12C12
then 2-5% 2l>!mbl—l3mmv1t o grcgrza uaftfo%d the e q]?z %Ph exo racemc
2, 4-pyri mi di'nedr am ne aeerl vat r've 7t f on'g cgryung ‘é) ESHROUED| ati on of
Enaut i onnaegtiprolffemtivitiesapiss.c Bivetls compaandsasaylbe estd anrtbitracktwhatcederfthemmes acemat e
60r1 by chi P ire 020 250 x
o col i S FRRE A En HRCaleg HHL S R0 N EREARRR, ity B
hexane:18i chimplagirdanearidiopasivhesmppunds\mndzs 0 67109356 REILUSROBHHTAMBEI 45 at a
flow rate of 6mijhBlother £RRt, R o%?na?béjﬁs'e@glﬂ‘%theg ctéﬁomﬁpeuﬁ@a%eﬂﬁﬁéignat ed

the El enan nd t antl oner uting a esl gnat ed
the E2 enan%’f 'g‘gglfor og ?Fi%ﬁ‘g’f”inﬁtr?gﬁé'pg?eé? ?°6ﬁ’°‘6’|ds Bﬁyé?eéé‘i“’é‘tﬁ'f?@fil cally Pure

(1R 2R, 3S, 4sanultddecysdy, sequentlally, by the same route of admmlstratlon or by a different route.

Ami nocar bonyi bi Q24251 t-5-en-2- -5-fl uor.o-N2- P- net hy1- 4- ( 4-

5met hyl pi per azi ?\IX b?ldlml Bﬁpﬁsemfrofn s BRSSO RSE Ficrapss gazyme 7.6.1
Pr epar dfi oncyeftOXStaem&hetms ela$SI3-y>_f Bk @ndgr Btd@nill -heoplagic armie@ls iricde, butareChi r azyme
L-2, type Botfimfred td\BRFIatirth hb&htsinkiRARERRY, lvireh Aioid SR aned hiiBiotics, enzymes,

cytokines, platinum coordination complexes, substituted ureas, tyrosine kinase inhibitors,

hormones and hormone antagonists. Exemplary alkylating agents include, by way of example
and not limitation, mechlorothamine, cyclophosphamide, ifosfamide, melphalan, chlorambucil,

20 ethyleneimines, methylmelamines, alkyl sulfonates (e.g., busulfan), and carmustine. Exemplary
antimetabolites include, by way of example and not limitation, folic acid analog 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, actinomycin 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 dexamethasone; 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 MLJ. et al., ed) Merck Publishing Group (2001) and Goodman and Gilmans The



0 16r116a (racem c, 2-exo0-3-ex0) Procedure: A dry sealed tube charged with
4- oxo- 3-tert-butoxycarbonyl aza- 10tricyclo[4.2.1.0(2,5)]non-7-ene (16r1;
racem c- 2- exo- 3- exo0) (4. 0 g, 17.02 mmuol ), resin bound/imobilized chirazyne
L-2, type B, c.f. (8.0 g, purchased from Bi oCatal ytics Inc., Pasadena, CA)

and diisop r (80 nL) was gently shaken in an l?%l 60 C for
60 hours. {V%Ezé&éoﬁgz%ﬁatl c resolution gf racemc N-BOC Pi) %}am 116’@51

foll owed by proton NVR The integration of tert-butyl group of
enantiomerically pure NNBOC | actam 16a and N- 15 BOC carboxylic acid 26b

was seen in ijr;naé'o@gfcgbBasz}-Djelh'ér‘?zﬁe'd}zcts, 1% ]fcﬁt?o%t ﬂlemﬂ'?ag] . }Bc?lﬁ%@ﬁd Ih# Ecsr ed and the

solid resin_was di’l so ropy et her frate was

concent r at ed”tlow% WF’EFWaH‘Fh G9Gh bothyp ‘@Hﬁ‘taﬁ’o‘ﬁ@m‘)@&dlby refrugnee IraBOC- f 3- | act am

16a and N-BCC CaAdlﬁﬁ()yibllaﬁtl-ﬁﬁhﬁra’a\@l&mﬁﬁdﬁhdﬂuséf@l$§con$m9tuﬂm1th ggeaction:  NBoc5
443 0 16a2613terlé|51%9n% Sar b o>g C acbcg Hﬁﬁi‘ 1 NH E% o0 NI -120 -0- NH4+ 28aN- Boc
e ¥ra'fnn cﬁm%’f’ SPsEridsA Rerein eyl Prway ﬁei‘jﬂﬁ‘ﬂ’@&%‘“’éol ut i on)

am no car boxyla
Procedur®e: Amitgionduifotieodivectedagpipe growtttfbnta rasce;hds}e(e £ eqni—Héﬂz)a adibaiiesBgnet i c

stirring bar r ant i oper.i cal | re
N- BOC- | act are‘lr%t %ggﬁarsggg&%lcargoxy 1°C e ’g fie Fichasgiie ‘ﬁﬁ%‘i‘g"g positive
pressure of Imnrﬁemm@,enterle”ﬂbnﬂhn@GMS@ added et hyl acetate (50 mL) 25 foll owed

by 25% aqueous anmoni um hydroxi de (50 nlL) and stirred at roomtenperature
for 3 hours. Theb? eadtormplajiensgrdosdministratiomi t ored by TLC. The ethyl acetate

i o 3’33 Segg%‘@%%@é%ﬁ ol S B s ol M e BB 1355 46

was evapor af 5 85 DIXETS Bfione o e $rfiKRAompenndsy pr ipy N Praphideationg. 51
mol ; 93% ylwﬁh other @fents e fifl @it ity QIR QIR E Bk gﬁn@ﬂsass%ﬁmvmmoxam de 28a

wi th greater 99% . enant i o rjC excess term ned by chiral HPLC
The aqueousd]lsecsjl egﬁheﬁc%vgn?népoﬁ?dge tpﬁed“ﬁg’gfi‘él%ﬁ}?ﬁ ‘Fﬁeﬁ?gfnﬂ?}%@‘ °4t'8 upon

aci di fi cat i emmbjyiatidy v aéenltwsmlto theat dtipndisorihys @xtatadied, buoh asmtetrdﬁdsﬁhlﬂﬁrale
oene: st b, MBI v ed B el 2 o
(bs, 1|_65, GCQI@OTWS mlsm%axggtwelcom@ppd oF progrug. Hz), 2.80 (s, 111) 2.54 (s,
1|(_j|) . i 3 3 1J (d, o 1 lqumnﬁceuﬁcalcdiﬁ)bsmogs &leflﬂmg thﬁcﬁ&e‘c)o§pc%mﬁ§z()m prédr&@thérg%f) I%le) 1.30
ﬁ/E b H) . be manufactul)ed by means oflygwgntmngl mlxmg, dlgsolvmg, granulating, dragee-making
levigating, emulsifying, encapsulating, entrapping or lyophilization processes. The compositions
may be formulated in conventional manner using one or more physiologically acceptable carriers,
20 diluents, excipients or auxiliaries which facilitate processing of the active compounds into
' preparations which can be used pharmaceutically (see Remington’s Pharmaceutical Sciences, 15™
Ed., Hoover, J.E. ed., Mack Publishing Co. (2003)
The active compound or prodrug may be formulated in the pharmaceutical compositions
per se, or in the form of a hydrate, solvate, N-oxide or pharmaceutically acceptable salt, as
25 previously described. Typically, such salts are more soluble in aqueous solutions than the
cotresponding 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.



7.6.2 Preparation of Stereoisonerically Pure Mono SNAr Product Reaction:
Procedure: A round bottom flask equi pped with N2 inlet and a nagnetic
stirring bar was charged with enantionerically pure N-BOC carboxyamnm de 28a
(2.00 g, 7.93 mmol) and then treated with 20% of TFA in CH2Cl2 at room
tenperature for 2 hours. The reaction progress was 15nmonitored by TLC. The
resul ting S #FBA54%as concentrat ed upder a reduced pr ESIHSE0S /Q‘Hé%race of
TFA was renoved under high vacuum for 'several hours to afford the
enantionmerically pure internediate, TFA salt 30a in quantitative yield.

| HNVR. ( DVBO- d6) . 2H) . 7,92 1 25 (s,. 111), 6.29 (m
111), 6.18 (m ﬂyf?em‘%f"‘%‘é’?ai“%%!m"ﬁlfiﬁmseé‘g%%‘e% *cl? ‘)*dml‘S“j‘“""?sznJFi?? 8,97 (s, 1H),
2.87 (s, 11$ybcutghedB, ifiggveriolid, intrdmusguléy, inrdthecd of trdpekitodedlinjeckion, abwdtizas thode 36 (d,
111, J= 8.74 B e resulting TFA salt
30a was trea%%%edwth %de%@é%g'&%%alggaféﬁgw&admuaftﬁlg 4 (1.58 g, 9.51 mmmol)
in MeOH: 1120 (20Ysed ipsptabln piepreatignsdiaddyss st smm Phtigs Ogemldssmsafthﬁml) at
room t enper adive &ﬂp@ﬁndésﬁmmq&%& or SEvehBRE ThOmBbsitiodd BayVid Shekitofithipaph 1120

(25 nlL), saturate Cl H@next{? %ted w th Et OAc §3 x 50 n1_ Upon
dryi ng over &y §“SR%1§’§®&ta BYE fperﬁ’%égfme%ﬁ‘imé‘ agens S dNicHe r esi due

was chromat egy epheehddsih biitdosge form GG Angoblesior 2 kit MbkdkdBAtniyn CH2A 2)

to afford 2 esi red nono- SNAr product 36a |11 NVR (DVSO d6):
8.25 (d, ig’%%?’(bdge%%’%’%“’ 07 (d, 111, J=3.3 Hz), 7.71 (s, 111), 7.19 (s,

1H), 6.29 ( m 21&1}ema3ve959 ﬂ(etuyec&ahl@ forgmlatfongnatb} prodidediGn psyded o) for 2. 75 (s, 111),
2.49 (d 11{1@c ng hn Sy 2 2005/ 041359
47 8 }-(I)Z 0 trtu QI;I 11.'5'%)smta Ie %-e’lhm(led mc}L&-%i/bsul n%c hmed?tggtgx[slgﬁ%'\%%%g% V?, 583
(Mff). Theb‘éff?hﬁf’i ?Fe*PiUEO“pth‘te@rwg Tgrteinendrthe ashve compguad(stresy e dieddy by
(é hi ral FI PLg&ijy a[t?cﬂéﬁpté&]nqih@@ucﬁ@slﬂto&lth%QH))d reconstitutdd RiostoRk&par ati on of

t er eoi sonerica ur
Ani nocar bonyi bi cli/‘%fro 'fu?g%a%mm‘fuagb’éﬁgrfy%'is)(apg°‘711aﬁé? the Rgrigrao hepeepadiae 4. net hy
| pi per azi n- bsey h)theformplatioR Smclpgpn¢mfdana$uhvmnntheaxﬂeactl on:
Pr ocedu A dr ﬁﬂm’ el fl ux
condensgr3 and a?%%%?&#m?&tﬁa%?’ﬁ% ar aggﬁgal%lﬁ%ﬁgon #re#“?%%? bfpﬁr e nono- SNAr
product 36acepplegozgnges, t?hlﬁﬁOfcapaﬂ%lpmﬁereqwownt@@algnea@ vathmmceutmm (1.12 m)
and i sopr opadehablekBeipibnts s%aohsbhhemg Bebs d gWQrergﬁﬁsﬂsb&HalE@ sthdif € was stirred at
refluxterrperatuef frer ofs he reacfion nixture to

oling
r oom t enper BEUFY py’é?lf‘i{??e ‘ﬁg‘éc[g%f‘ty%m?’éﬁ‘e?‘é}?e%“ %@1%&% laciose migptaiBe ai ned was
filtered anceliwashechloin hydedghyphosphert)tubridats fe.o5 maknesitu@ sRirk)tak GompHUNd 60a in

the f 3;56603; bt 33 dfmatm% of &3 AP o2 wet*@gé%@sk(e” o, VaLer and
preci pi t at i Barynliye, desithie) Thpﬁ@lwomyd)emsedfoy tntefétvéedveﬂ karwntithe o with)fe, washed

with water aagpdrsh F&s%&@en@c&ng%(%% of 2, 4- pyrl m di nedi am ne
derivative 60a 1} 83 (d, 111, J 2.7 Hz),

7.68 (s, 1H), 7. 14?““& gfepa?ilil)s for prab pdnpipfstratipp Ihayia?? 1y Tpgzy of, for cpamylss eliximy) | 6. 89
(d, 1H, J- =sofutidnsH&jups 6k s3shedsons, dlthdy, mdy. b3§re€éi’ﬁed Qs]a]&y prddubifof c'Sonstxgu@ign witt /-8

521)1) S (?’m ‘%ﬂ‘j‘ S“‘%‘fﬁ(’%ﬁ%“ﬁ““ ggh fchig PZFP%% fons Ta%éf Pé??(“adl Y111, 4|6_ ol Hz) :

LCVE: pur i t gonvehtighabimeahdvitinghamacedBcally hMcyptable 0@tivieaich ss silgiemtinyiapaet (by, chiral
1-1131, G [Q&Wsyfbﬂr%}hﬁﬁe ;tlvgs orl}{?&\a%enﬁ;maﬁmgﬂtg ?s{ﬁ!ngt Ier(}tg‘g ﬁg,?eénghuéllH NVR

and LCMS were found entl ca e en
7. TEnzymat | & 2BCBH APHRGUeAYS 8?’“"9? & 2cinwdeiliofnpsteys, @bbrlelcQ@R c2RoBSeAS)- N4- ( 3-

Am nocar bo nﬂicbdarﬁté@ b&ge&lae 31153- Jaﬁlfﬂ&se@atﬁ)@s (% Y iln):mﬁ o; bﬂdﬁ’fl 9%0)%@88&'{&4 bs 4- (4-

25nmet hy pi per.azi rrm ne i am ne vazynme 435 Enzyne
7071 PlepaiPHs i o¥he§f68?%t8ﬁ§’aﬁbﬁl4%eavm Bl it ese Y Asane Gploring and

sweetening agents as appropriate.

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 formulated in conventional manner.



WO 2006/ 055561 PCT/ US2005/ 041359 48 Procedure: | mmobilized Lipol ase
(8.0 g, from Sigma, order nunber L4777), O-lactam 14r1 (racemc:
2-exo-3-ex0) (4.0 g, 7.4 nanol) and water (0.13 m, 7.4 rrunol) were added
to 250 m diisopropyl ether in a pressure flask. The m xture was degassed
with nitro I m nutes and the flask was seal ed d for 14
days at 70%%%605Fﬁ%gture was cool ed t;p room5 terrperatg{f‘lgU p ?b?gstrssgd over
celite and washed with 300 nml diisopropyl ether. The conmbined filtrate was
concentrated to dryness and the residue was crystallized fromdiisopropyl
ether to give t am 14a as col orl ess needl es
(1.22 g, 619%. frﬁeﬁgﬂgﬁé&gﬁn@ﬁﬁ@so (Bt%{}&\?\gosn %eacd%’eecomlpﬂa )Q%W%as det er m ned
by chiral Hptnlated as solutions (for retention eneﬂras)zsumoezpapseqr Pigmepfs c@raningsomontmalcal | y
Pure 2- N- Bagsionos a%ssacﬂmomq,aﬁmm&her sa\a@éso[Z 2. 1] hept - 5- ene Reacti on:
Boc. 20, DIVAP THE 223(% rocedure: A honogeneous m xture of
enanti omeri cal | fob‘ﬁ’? a‘%‘“%lf’&i‘?? ‘ZS)%‘PH“ISE?‘@?B‘[W“‘?“&“ ?T(“?“g}ﬁ‘%dhe Fligne 14a (1.1
g, 8.2 snol c)ompoﬁuﬂﬁ@})(ﬁ@roﬁﬁlg(malgbe cbﬂveﬁleﬂtmel)veﬁﬂ%tm 350 1@6ko Ny B CH2C12 was
stirred under ur e f our %gl ve enantionerically

pure N-BOC HEET4T r%apfg(ﬁ °r?/\5f?£1§%gv\é§” e84’ faﬁ? W@P“’W isolation. To this
reaction mdthlm@lﬂmmnaﬂidedrlwmﬂuouﬁneﬂ@% @qma&ﬂmmmnuﬂudnchbmj de and
SUITTING vasGoRbiRtE dunbalinBR gl H nidiOp §ress\(me%erm§ gRUGEH o nﬁ?g‘*&rﬁ

reaction m xture was extracte romet hane

combi ned ordgtermipeddy arwiding 3 valeesth é@llVWi arpeteRflreuRs. Gapmles Bodcartrifledsder wsvier sodi um

sul f at goandin2sharReu GRAEMkO: (S YRR RIS anfl BAHELE W RSHWE Seldif) ity e
enanti oneri (I:Ial %/eﬁ pure N-EEOC car b(;:hiﬁar nalnde 28%ng p%l i)is‘3 ) V}\Ilhl te solid,

whi ch was USEHFH PHEAREARVIT S f T HmPORe P‘tdﬁ‘e‘*P‘mﬁl?ﬁ’f”r" e&BatS‘f %‘ﬁh as jactose

Pr epar at i ororethrefst er eoi sonerically Pure Mono SNAr Pr oduct

(1R 2R, 3S, 49) - gl%ﬂx(o%uﬁ}[gdpl%%gg%ﬁgthg{fﬁ Foung(s)l I heQrug(s) may bé foyn:{'l)litezd- asa

chl oro-5-fl uor am nopyr 1
2006/ 05556 1sPCHYP1ISROOS), GUESHD, 49 Sv@hbéqfa@@n@r@znmtoalvmerﬁ vagittpdf tebiclds yness

under rlgducsfaﬂabmﬁsaaﬁﬁ,%ter g}%mgsmyea%\wéarémwﬁmw R’ écﬁicu&ﬂﬁmaﬂg again

concentrated tO r Ness. sul tlngHSO id ISSO ved

met hanol : wat<@PPIs 3¢S W“@edrﬁ‘w Shaeent Ne 12840 4% ¥R Petent Np- 64 %f’nqﬁ é’ aiendlvat e. The
5- f |t 3;);0\,\; , 81658j9803 U ?awmmsgknmeoffw S Batgt Nd. 3,796, 993pU 5. Nh@eﬁtmdsileﬁk ﬁlggésc\:r .
Feroved undeP O 2 s favmall s B PERERANI Lo G s Bty

preci pit at e4,88a35F ridd @B duientdNoi £7B8HIY subj ected to col unmm chr omat ogr aphy

lic el, d
bnant | aneri al |3 o OHEES AOELRENBNG sonGtal) of Rl B ABRANLEL 0, 000y
7.7.4 Pr epaﬂemtmpﬁraﬁmévedﬂé@ﬁ%my implantgtiopgr iptrgmppeupRInpSion STheiqative 3-

Ami nocar bo rlyér&izéﬁvlﬁiﬂ{eifer%ulitkbﬂﬂﬁ suRtatiipoRymbdd orRydrbphabio mbRdd (WB{ R%h 4- (4- met hyl p

i perazi n- 1ey } (Pl);rlmdl edi am ne Reacti on;
mulsion m acceptab e oif) or ion exc ange 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 patches 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 dimethylsulfoxide (DMSO) may

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



: ' i 1.95 mol),
36a760a Procedure: A honogeneous m xture of aniline 7 (400ny,
enantionerically 15pure nmono- SNAr product 36a (400 ng, 1.41 nmmol) and 0.2
mM TFAin 4 m isopropanol in a sealed tube was stirred at 100 C for 20
hours. The m xture was cool ed to room tenperat u][eI dllgteddwtghg m .

hyl ether and the resulting precipitate was filtered and wa
g: 2% hgl et h&¥O 20PH8555 i ni ng sol i ds vve%ge di ssol ved in MF@WSAWH‘W?%M ed with
aqueous 25% amoni um hydr oxi de sol uti The resulting precipitate was
filtered, washed W|th wat er and 20dri ed to g| ve 527 rrg (83%2 Ofofllezllrggrlty

2, 4-pyri I S an Ite.s

%gdggt ermn gyb ﬁl}f cﬁ%m?@é%é‘? e@"f% 1 665? \Aﬁ‘t‘?réiﬂfﬁ?"is‘?f purity
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cally Pure Conpound
IZS &ggl EI':: A 4 the upger lpqng{dlrsg:r)der Therapeutlc beneﬁt also includes halting or slowing the progression of

the disease, regardless of whether improvement is realized.

5 A>

15 The amount of compound administered will depend upon a variety of factors, including,
for example, the particular indication being treated, the mode of administration, the severity of the
indication being treated and the age and weight of the patient, the bioavailability of the particular
active compound, etc. Determination of an effective dosage is well within the capabilities of
those skilled in the art.

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

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

Initial dosages may also be estimated from i vivo data, such as animal models. Animal

30 models useful for testing the efficacy of compounds to treat or prevent the various diseases
described above are well-known in the art. Dosage amounts will typically be in the range of from
about 0.0001 or 0.001 or 0.01 mg/kg/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 factors discussed above. DosageAamount and interval may be



22a  38a 38b separated by crystarlization Procedure: A

het er ogeneous m xture of diasterisoners 20a and 20b (6.0 g g, 17 mmol), TFA
(20 mL) in CH2Cl2 was stirred at roomtenperature for 2 hours. TLC was used
to nmonitor the progress of the reaction. The resulting reaction was

concentr at ess and dried under a 15 hi gh vacu
hour sl o af zé&mqé%gst erisomeric mxtyre of internedi a@$%%a angJ 22b. This

m xture was then reacted with 2, 4-dichloro-5-fluoropyrinmdine 34 (3.4 g, 20
mml) in the presence of NaHCO3 (5.7 g, 68 mmol) in MeOH H20 (50 nL, each)

roomte g@ﬁ&@tlﬁﬁ’uﬁdugﬂrto ?r%vfag Hl'és?x;a 12:03@ of tﬁ@&gﬂp%d%%hw are éﬁﬁﬁlshﬂg n diluted

vm th NaCl -saturate and extracted Cl2. The extract
upon dryi ngeias tha?ﬂﬁgﬁﬂwbnrgphm&gfscsﬂe?tofqrsml%f}w PERASWIS My besaémwmedzou nder

E;czi gci gd Er B8 elaw@m@e@ 1S ipBHek (131, VerVilifer 8435, ONRLpATERRAGfinkds g gel ,
t he

NH3/ Me011 i.n pCi2 e, chromat Qgra urification
gave a ni xgﬁyr eripison, SHSG Lo ?@a%%@b"?e%'%m&}wf( DERPR foRele po ceon
with axl eaémgmﬂaﬂdltmumente»fmesesthmgﬁayhﬁhﬁ)ln cabbsaf foedd udlmmlmgatldn& gr ans

upon crystal, !;ctwea\irpltaﬂ suLcJ: Iasnlg ﬁ'@%ﬁa‘ﬁgﬂ%@or{’ "té}%qel Qv lsea Yk tra%on gt[ %:g ora

crystalli né nat e _ was con
crystal st rcempoynds) mamt@m@ﬁe@%ﬂ@wwwsmwmmga@xvﬂl ’l’méhﬁ(l:mﬂmy@rl ty

96% and % Qficu9bfieal ditlls wibButhnlifeexflribulfpH) . The mother Iiquor containing
t he other isoner had poor %d -80}?8‘FMICh is assuned to be

di ast er eoi soner F @@E?blyﬁh%“g‘l’i”f”éﬁ Vilprayide Hherapguic erdrbyiers beaefityvitbeite Product
| ncl udimg TcEl@m@E\let&itlaIMdlﬂyl atwm@laeﬂae adn@aund(s) may be detefi®d Qslol Binddd M Xt ur e of

di t 1. il 7 . 834 4. | d
A £r00, R Rt ey oo s bt i sl Busfiple e BaPydiedo "t by 22
hours. The LiDa#iIbst éffeg lsrtbeyhdmumasde@ I(Mm inthe dope dgttabtd 50% pf thepopgletion a@H2C12 t hen
2% 2N NH3/ o d,
%%OFL inB é@&;ﬂ%@a@m}gffe@&o‘e% ﬁ/mfggﬁs%] | e&nug;oq{l&ag FaSaRl |

chem cal purl eavage of The

cl eavage ofhlgémeramuﬁamwswrpyefmeém 40a was found to be diffi cuIt therefore
the cl eavage of chiral auxiliary frominternedi ate conpounds 38a and 38b
fol | owdd by the 6dec i SNAr reaction with aniline 7 was carried as fol | ows.
15 7. 8.5 O eava@be oinpduhds aolor mbdril Méstribad erdt mag ﬁta@bxﬁbiédsmlﬂmfdrmaifkiys Pur e

e O SHEG LA BL ) SRRl bloL S
f 1 uor o- N2- ferrmdminisiratiqn. (The penpppitipn pesr b sdry Olylb’mbﬂlequm or ia sobpion,mi di nedi ami ne
particularly a sterile solution. When the composition is in a dry form, the reagent may comprise a
20 pharmaceutically acceptable diluent for preparing a liquid formulation. The kit may contain a
device for administration or for dispensing the compositions, including, but not limited to syringe,
pipette, transdermal patch, or inhalant.
The kits may include other therapeutic compounds for use in conjunction with the
compounds described herein. In some embodiments, the therapeutic agents are other anti-cancer
25 and anti-neoplastic éompounds. These compounds may be provided in a separate form, or mixed
with the compounds of the present invention.
The kits will include appropriate instructions for preparation and administration of the
composition, side effects of the compositions, and any other relevant information. The
instructions may be in any suitable format, including, but not limited to, 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



20React i on: Procedure: The nono- SNAr product with chiral auxiliary
38a was allowed to react with DDQ (3 equivalents) in Cl112Cl2: H20 at room
tenperature to obtain the desired nono- SNAr 25 product 36a. The nono- SNAr
product was purified by colum chromat ography and found to be sanme as
conpound 36a d via enzymatic route, which was c chiral
anal yti cal W@”% and 1H NMR. Furfher, the reacti o%%gwsg@%gﬁé

product 36a with aniline 7 in MeCH TFAI\ at 100C in a sealed tube for 24 h
gave the desired product 60a. It was purlfl ed by V\D

LV and_chPareats, SR i sl PR SRR B BB RN Y g Tl

NMVR anal ysescwmfﬂmtvewonhat the data for the product 60a was matching with
t he enanti omer designated El 7.8.6 Cl eavage of the Chiral

Auxi | i ary From | ht er seRaxetion®s (4 Mathgipinsraaiogk-yihdrMsthykpigebeszensner i cal |y Pur e
(18, 2S 3R, 4R) - NdRdadion:
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4- (4- et hyl pi perazin-1-yl1) phenyll- 2, 4- pyri m di nedi am ne 1 n: 10

Procedure: The rmnF pr oduc PZH)Q\A@B rto re h DDQ (3
equi val ents) in CH2( H20 at te t he desired
nono- SNAr product:N86b™ (e er t e cleavage of chlraLNa Xl TMary). The

nono- S product wast puri fied by colum chronatography and found to be a

di fferent diastereoi so t han t hat was ob ai ned vi a(ﬁ)nzymatl c route, and

this 15was conf i PHERGUER) AJRTPEAReoss BIxY ‘lfér uppsricnethyliirqbenzens 120 g.d3%+t i on of
nono- SNAr  pmaci)ahd Basthwipiperazing 3 (26.62 o 758mﬁ(ﬁlmﬂﬁéthﬁﬁyrﬂaﬁﬂbn€(NMP)E(1($ﬁa)l ed tube

for 24 h gay/ d d 60b
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for progyct stﬁx@ﬂte%§a ﬂﬁrﬁd se&hdswm&et)edt\ba%he%mnee%ﬁ aféfeé'x%%bl;.?ddrieg] pwr

-102.00 (c, 1, 207. 9Pr epar ati on_of of the
racemat e GOPHdeé}Fi%P V§f‘\é’?’é6P§t6‘Hﬁr(‘? E‘&‘#‘Ylglpﬁ‘éﬁ“bl d@ré W’é‘“ﬁ?"@ﬁ‘é‘? éé%&s”ﬂ@sdf i bed
bel ow. 7.9. AMR @Ot § ©.02 @h, 2BRGABNE 1H, J= 9.3 Hz), 3.08 (m, 4H), 2.66 (m, 4H), 2.38 (s,

N4 (Sy?;n gogﬁ_ﬁgg@él D ?%%@51%6 t_ ;/I pi perazin-1-yl)phenyl | -

252 4- pyri m di nedj am je dro J[h i de Sa{p ol ution of 2-exo-3-exo
raceni ¢ N4-(3-ai ﬂ# nocﬂ;r%alc;)g 34'@ %lrpﬂ’eﬁ z '}d)'g%ﬁ‘é’ Hine
y1) - 5- f 13uor o- N24Reaetionhy 1- 4 (4 met hyl pi perazi n- 1- ypphenyl] 2, 4-pyrimdinedia

mne (60rl1) (0.140 g, 0.3 | )ud N MeOH (3 inL) at 0 C ,@gded HC1L (4M
di oxane, 0.170 n_, 0.681 Py dr opwysepdod g st rrad% 0 Cfor I'h and
roomtenperature for } Hm/és. Themedigas psBO hono sol ution was
filtered, concentrate redi ssolved Tn EXOH Et acetate was added to

the ethanolic sol ut¥¥n to MPecipitate the desirka¥ pl‘OdlM?t whi ch was
isolated to give 2- exo®3-exo racenmc

\l)\lé (2 302?8'5222 i;wﬁggg gé/q%efaio%ergoé Iheat oor @f}sen%wp’e)mﬁyﬂ 5 RGO MNGARz18E hy 1- 4-

(4- et hy| pi FOrEads . 9% BREH]-P ) i mathenef (17 gt hwasibxdreasentesi BRIy AARSG®R3 chl or i de
sal t (conpousgs. B¢ gatiZdtlzh patalysEWE: filierdd thkonph Sffof Mite(WHsh)withdRehatdW(3 0 50
20  mL) and the combined filtrate was concentrated to afford 4-(4-methylpiperazin-1-yl)-3-
methylaniline 7 (15 g, 86%). "H NMR (CD;OD): & 6.83 (d, 1H, J= 8.7 Hz), 6.59 (d, 1H, J=2.7
Hz), 6.54 (dd, 1H, J= 8.4 and 2.7 Hz), 2.84 (1, 4H, J= 4.8 Hz), 2.60 (bm, 4H), 2.34 (s, 3H), 2.20 (s,
3H); LCMS: purity: 99.9%, MS (m/e): 206 (MH).



7.9.2 Preparation of Stereoisonerically pure (1R 2R 3S, 4S)-N4- ( 3-
Am nocar bonyl bi cycl o[ 2. 2. 11hept - 5-en- 2-y1) - 5-fl uor o- N243- net hy1-
54- (4- et hyl pi perazi n-1-yl ) phenyll-2, 4- pyri m di nedi am ne Hydrogen Chl ori de

Sal t In a |like manner, supra, the interaction of 2 equivalents of HCl
(4M di oxa g %5 stereoi sonerically pure PCT[U52005/041359
(1R 2R, 35, g/ ZOWA& § am nocar bonyl bi cygl 012. 2. 1} hept - 5- ene- 2-y1) - 5-

fl uor o- N243- net hyl - 4- (4- nmet hyl pi perazin-1 -yl ) phenyl]-2, 4-pyri m di nedi am ne
(60a) gave 10stereoisonerically pure

(1R, 2R, 35, 45) - M- ( 3- am nocar bo bi cycl o[ 2. 2. 11hept - 5- ene- 2-y1) - 5-

f | uor o- N243- et Ay1- 4P{enarﬁ§?‘h‘9fl3p¥’ﬁér%21tﬂﬁyiblﬂpﬁfﬂlm e8¢ pyri m di nedi ar ni ne

hi s hydogen chl @edclen:salt (conpound 60a- 2HCl ). LCIVB purity: 97% M (me):

453 (MH); MD +46.3 (c, 0.04 MeOH). .10 Preparation of

(1R, 2R, 3S,4S) M- (3- @OC@[Q@}})@&@I@M@% o5k2. 2. 11 t25 ene-
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TABLE 2 In Vitro | C50 Val ues Sel r}Pouns r
was further extracted with CH2C12 (10x 100mL) The CH,C1, extracts were monitored by TLC

for the presence of product. The combined organic extracts were washed with brine, dried with

4

25 MgSO;, and filtered through celite. Removal of solvent gave the desired product, racemic-2-exo-
3-endo 3-aza-4-oxo-tricyclof4.2.1.0(2,5)jnon-7-ene 14r1 as white solid (20.5 g, 62%). 1H NMR
(DMSO-dg): 6 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).
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7.4 Preparation of 4-Oxo-3-tert-butoxycarbonylaza-tricyclo[4.2.1.0(2,5)|non-7-
ene

Reaction:

6
Boc,O, DMAP 2
5 THF, t,24hr 5
NH

NBoc

O 0
14r1 16r1
(racemic, 2-exo0-3-ex0) (racemic, 2-exo-3-exo)

5 Procedure: A homogeneous mixture of 3-aza-4-oxo-tricyclo[4.2.1.0(2,5)]non-7-ene
(14r1; racemic-2-exo0-3-ex0; 10.0 g, 74 mmol), (BOC),0 (16.1 g, 74 mmol) and DMAP (1.1 g) in
CH,Cl, was stirred under N, at room temperature for 24 hours. To this reaction mixture were
added EtOAc (100 mL) followed by H,O (100 mL) and stirred for additional 1 hour. The organic
layer was separated and washed with H,O (2 x 100 mL). The organic layer was dried over

10 anhydrous Na,SO, and solvent was removed under a reduced pressure to afford 4-oxo-3-tert-
butoxycarbonylaza-tricyclo[4.2.1.0(2,5)Inon-7-ene (16r1; racemic-2-exo0-3-exo0) (16.5 g, 70%);
THNMR (DMSO-dg): § 6.29 (dd, J= 3.3 and 5.4 Hz, 1H), 6.19 (dd, J= 3.3 and 5.4 Hz, 1H), 3.77

(d, J= 4.5 Hz, 1H), 3.13 (bs, 1H), 3.08-3.04 (m, 1H), 2.93 (bs, 1H), 1.45 (s, 9H). LCMS: 95%.

7.5 Preparation of, and Isolation of, Stereoisomerically Pure Diastereomers
15 From () Racemic (2-exo-3-ex0)-N4-(3-aminocarbonylbicyclo[2.2.1] hept-5-
en-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-exo0-3-exo racemate of

2-aminobicylco[2.2.1Thept-5-ene-3-carboxamide as follows.

20 Reaction:
6 1 6 1
2 NH,4OH, EtOAc 2
5 NBoc _Tt3hr 5 NHBoc ,
4 4 !
NH,
o o)
16r1 28rt
(racemic, 2-exo0-3-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;SO, and solvent was evaporated
to afford 1.10 gm of racemic N-BOC carboxyamide 28r1.
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Reaction:

6 1 - B 1 7] cl N/)\Cl [ 1 j@"\
P
2 NN e

2 2
5 Q;NHBoc TFA, CH,Cly 5 Q;NHZ-TFA 34 5 %
4 — 4 4
3 3 MeOH, H,0O 3
NH, NH, NaHCOs, rt 48 hr NH;

0o 0] (o)
28r1 30r1 36r1
(racemic, 2-exo-3-exo) (racemic, 2-ex0-3-ex0) (racemic, 2-exo-3-exo)

Procedure: A round bottom flask equipped with N; inlet and a magnetic stirring bar was
charged with racemic N-BOC lactam 28r1 (2.00 g, 7.9 mmol) and then treated with 20% of TFA
in CH,Cl; at room temperature for 2 hours. The resulting solution was concentrated under a
reduced pressure. The trace of TFA was removed under high vacuum for several hours to afford
the intermediate, TFA salt (30r1, racemic). The resulting racemic TFA salt 30r1 was treated with
2,4-dichloro-5-fluoropyrimidine 10 (1.58 g, 9.51 mm) in MeOH:H,0 (20:10 mL) in the presence
of NaHCO; (1.33 g, 15.84 mmol) at room temperature for 48 hours. The reaction mixture was
diluted with H,O (25 mL), satured with NaCl and extracted with EtOAc (3 x 50 mL). Upon
drying over anhydrous Na,SO, the solvent was evaporated and the residue was chromatographed
(silica gel, CH,Cl, then 2-4% 2N NH;/MeOH in CH,Cl,) to afford 1.3 g of racemic mono-SNAr
product 36r1.

Reaction:

(\N,Me

F. N
6 1 Fjl\/jn\ I/\N_Me iPrOH, TFA, 100°C 5 1 m /@: )
s 2 N N/ cl N \) 20 hr, sealed tube s 2 N N/ N Me
SR Sl
3 3
HgN Me

NHZ NH 2
o} o}
36r1 7 60r1
{racemic, 2-ex0-3-ex0) (racemic, 2-ex0-3-ex0)

Procedure: A sealed tube charged with racemic mono-SNAr product 36r1 (1.1 g 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
chromatographed (silica gel, CH,Cl, then 2-5% 2N NH/MeOH in CH,CL) to afford the expected
2-exo0-3-exo0 racemic 2,4-pyrimidinediamine derivative 60r1 (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
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at a flow rate of 6mL/min. The enantiomer eluting at 9.44 min. was designated the E1 enantiomer

and the enantiomer eluting at 12.74 min. was designated the E2 enantiomer.
7.6 Enzymatic Preparation of Stereoisomerically Pure (1R,2R,3S,4S)-N4-(3-
Aminocarbonylbicyclo[2.2.1]hept-S-en-2-yl)-5-fluoro-N2-[3-methyl-4-(4-
5 methylpiperazin-1-yl) phenyl]-2,4-pyrimidinediamine Using Chirazyme

7.6.1 Preparation of Stereochemically Pure N-Boc-p-Lactam

Reaction:
& 1 ) 6 1 6 1
2 Chirazyme L-2, type B, c.f. ) )
S diisopropyl ether, 60°C, 60 hr 5 NBoc 5 % “NHBoc
) NBoc - 2 4 43
3 3 P
(o} /—OH
e] 0/\
16r1 16a 26h
(racemic, 2-exo-3-ex0) N-Boc carboxylic acid

Procedure: A dry sealed tube charged with 4-0x0-3-tert-butoxycarbonylaza-

10 tricyclo[4.2.1.0(2,5)Inon-7-ene (16r1; racemic-2-exo-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 diisopropyl 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 gm).

Reaction:
6 1 6 1 NH,OH, EtOAc 6 1 6 1
5 3 NBoc . 5 -Z"NHBOC I’t,_3h_l’______> 5 2 NHBoc + 5 ?“NHBOC
1 3 5 438 4 \3 4 28
/—0H P~O'NH.*
o/‘ o7 NH; Of\O NH
16a 26b 28a N-Boc amino carboxylate
20 ) N-Boc carboxylic acid {remains in organic phase)  (remains in aqueous 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 mL)
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

1
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was evaporated to afford 2.00 gm (7.93 mmol out of a theoretical 8.51 mmol; 93% yield) 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 1N HCl foliowed 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, 1H), 6.66 (bs, 1H), 6.13 (m, 2H), 3.59 (t, 1H, J= 6.9 Hz), 2.80 (s,
1H), 2.54 (s, 1H), 2.31 (d, 1H, J= 8.1 Hz), 2.00 (d, 1H, J= 8.7 Hz), 1.36 (s, 9H), 1.30 (4, 1H, J=
8.1 Hz); LCMS: MS (m/z): 254 (MH"; [a]p -76.78 © (¢ 1.0, MeOH).

7.6.2 Preparation of Stereoisomerically Pure Mono SNAr Product

Reaction:

F\
I F
6 1 M st _CIN/CIE1ri
2
2NN 0
H
3

5 2NHBoc  TFA, CH,Cl; s Q;NHZ-TFA 34 5
s {3 43 MeOH, H,0 4
NH, NHz NaHCOj, rt 48 hr NH,

0 o o}
28a 30a 36a

Procedure: A round bottom flask equipped with N, inlet and a magnetic stirring 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 resulting solution was concentrated under a reduced pressure. The trace
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, 1H), 6.18 (m, 1H), 4.38 (bs, 1H), 3.06 (d, 1H, J= 7.2 Hz), 2.97 (s, 1H),
2.87 (s, 1H), 2.43 (d, 1H, = 7.5 Hz), 2.10 (d, 1H, J= 6 Hz), 1.36 (d, 1H, J= 8.7 Hz); LCMS: MS
(m/z): 152 (MH. '

The resulting TFA salt 30a was treated with 2,4-dichloro-5-fluoropyrimidine 34 (1.58 g,
9.51 mmol) in MeOH:H,O (20:10 mL) in the presence of NaHCO; (1.33 g, 15.84 mmol) at room
temperature for 48 hours. The reaction mixture was diluted with HLO (25 mL), saturated with
NaCl and extracted with EtOAc (3 x 50 mL). Upon drying over anhydrous Na,SO, the solvent
was evaporated and the residue was chromatographed (silica gel, CH,Cl, then 2-4% 2N
NH;/MeOH in CH,Cl,) 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 (4, 1H, J=3.3 Hz), 7.71 (s, 1H), 7.19 (s, 1H), 6.29 (m,
2H), 3.99 (1, 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, J=
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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 HPLC; [a]p + 61.10° (¢ 1.0, MeOH).

7.6.3 Preparation of Stereoisomericaily Pure (1R,2R,3S,4S)-N4-(3-
Aminocarbonylbicycio[2.2.1]hept-5-en-2-yl)-5-fluoro-N2-[3-methyl-
4-(4-methylpiperazin-1-yD)phenyl]-2,4-pyrimidinediamine

Reaction:

N,Me

F. N "
6 1 ItNk (\N'Me -PrOH, TFA, reflux L n ,@:
b W o
(DM Ve N ERE—— o DNy e

4 * J: I ’

2 3—NH, HN Me 3

p O

a2 7 60a

Procedure: A dry reaction flask equipped with a stirring bar, relflux 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 acetate (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, 2H), 7.36 (d, 1H, J= 7.8 Hz), 7.18 (s,
1H), 6.89 (d, 1H, J= 8.7 Hz), 6.32 (m, 1H), 6.25 (m, 1H), 4.11 (t, 1H, J= 7.8 Hz), 3.32 (s, 3H),
2.86 (s, 1H), 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, J=9Hz); LCMS: purity: 100 %, MS (m/z): 452 (M"); > 99 Y%ee as determined by chiral
HPLC; [a]5"" +101.2° (c 1.0, MeOH). The chiral analytical data, "H NMR and LCMS were
found to be identical with the enantiomer designated E1.

7.7 Enzymatic Preparation of Stereoisomerically Pure (1R,2R,3S,4S)-N4-(3-
Aminocarbonylbicyclo[2.2.1]hept-5-en-2-yl)-5-fluoro-N2-[3-methyl-4-(4-
methylpiperazin-1-yl) phenyl]-2,4-pyrimidinediamine Using Novazyme 435
Enzyme
7.7.1 Preparation of Stereoisomerically Pure B-Lactam

Reaction:
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Procedure: Immobilized Lipolase (8.0 g, from Sigma, order number L4777), -lactam
14r1 (racemic: 2~-exo-3-exo) (4.0 g, 7.4 mmol) and water (0.13 ml, 7.4 mmol) were added to 250
ml diisopropyl ether in a pressure flask. The mixture was degassed with nitrogen for 20 minutes
and the flask was sealed and incubated for 14 days at 70°C. The mixture was cooled to room
temperature, filtered over celite and washed with 300 ml diisopropyl ether. The combined filtrate
was concentrated to dryness and the residue was crystallized from diisopropyl ether to give the
enantiomerically pure B-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-amine-3-
aminocarbonyl-bicyclo{2.2.1]hept-5-ene

Reaction:
[ 1 6 1 6 1
2 Boc,0, DMAP 2 30% NH,OH )
’ NH  THF,22°C,3hr ° NBoc 2206, 4 hr ? NHBoc
4 3 —_— 4 3 5 - 4 3
0 o NH
14a 16a 28a

Procedure: A homogeneous mixture of enantiomerically pure 3-aza-4-0xo-
tricyclo{4.2.1.0(2,5)Inon-7-ene 14a (1.1 g, 8.2 mmol), (BOC),0 (2.76 g, 12.3 mmol) and DMAP
(100 mg) in CH,Cl, 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 extracted with dichloromethane (2 x 50mI).
The combined organic phase was washed with aqueous HCl (5%), dried over sodium sulfate and
reduced to 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,35,4S)-N4-(3-Aminocobonylbicyclo[2.2.1Thept-5-en-2-yl)-2-
chloro-5-fluoro-4-aminopyridine

Reaction:

1. TFA b1 Fjl\/jN\
6 1 2. MeOH, H,0
’ 5 27N e
4 H

5 ZNHBoc NaHCO;, rt, 48 hr
4 \® INEESY NH,
o NH | By 0
o N ol 36a
28a
34

Procedure: The enatiomerically pure N-BOC carboxyamide 28a (2.51 g) was dissolved
in 10 ml dichloromethane and treated with 10 ml TFA. The mixture was stirred for 1 hour at room
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temperature and concentrated to dryness under reduced pressure. The residue was suspended in

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

5 volatiles were removed under vacuum and the residue was suspended in brine. The precipitate
was filtered, dried and subjected to column chromatography (silica gel, dichloromethane-
methanol, 20:1) to give the desired enantiomerically pure mono-SNAr product 36a as a white
solid (1.7 g, 74%).
7.7.4 Preparation of Stereoisomerically Pure (1R,2R,38,4S)-N4~(3-

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

Reaction:

N,Me

>y n-Me  J-PrOH, TFA, 100°C 6 1 ﬁl\/*N /@[N\)
s jl\/\/)\ I\il/\ 20 hr, sealed tube 5 2 N N/)\ Me
5 2 NTONT N /C[ N H N
5 *3—NH
NH, HoN Me 4 2

36a 7 60a
Procedure: A homogeneous mixture of aniline 7 (400mg, 1.95 mmol), enantiomerically
15 pure mono-SNAr product 36a (400 mg, 1.41 mmol) and 0.2 ml TFA in 4 ml isopropanol in a
sealed tube was stirred at 100 °C for 20 hours. The mixture was cooled to room temperature,
diluted with 2 ml diethylether and the resulting precipitate was filtered and washed with
diethylether. The remaining solids were dissolved in water and treated with aqueous 25%
ammonium hydroxide solution. The resulting precipitate was filtered, washed with water and
20 dried to give 527 mg (83%) of desired product, 2,4-pyrimidindiamine derivative 60a as an off-
white solid. Purity was determined by LCMS to be greater than 97% and the enantiomeric purity
was determined by chiral HPLC to be greater than 99%. The chiral analytical data, "H NMR and
LCMS analyses were identical with the enantiomer that was designated E1.

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

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

Reaction:
6 1 & 1 6 1
e
O Y - . s{_ JHennpoc 5 ?-\NHBoc
. v RN THR, f, 1week  +f®  Me h ;\ Me
or 60°C, 3 days N"j + NMJ
15: 18 one © HH}\©\ ¢ HH
OMe OMe

(racemic, 2-gx0-3-6x0) 20a 20b
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Procedure: A homogeneous mixture of 4-oxo-3-tert-butoxycarbonylaza-

tricyclo[4.2.1.0(2,5)]non-7-ene (16r1; racemic-2-exo-3-ex0) (9.2 g, 40 mmol) and (R)-methyl-4-
methoxylbenzylamine 13 (18, 24 g, 48 mmol) in dry THF (75 mL) was stirred at room

temperature for 48 howrs. 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:

OMe

OMe

-

8

4

TFA, CH,Cl,

1, 23 br

[

N
s -'""NH-;TFA
4 3 Me

N

& N

1

ZaNH, TFA
3 Me

N“i

O Hy

22a

1

HH
22

OMe

OMe

>
-] 1 I N
e
> e
N
O Hy
MeOH:HZO OMe
NaHCO,3 38a
1, 24-48 hr
FrN *
| N
cl NACI s 1 m
34 5 3|N N~ C
4 %3 H Me

N
o) H H

OMe
38b

separated by crystallization

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

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

This mixture was then reacted with 2,4-dichloro-5-fluoropyrimidine 34 (3.4 g, 20 mmol) in the
presence of NaHCO; (5.7 g, 68 mmol) in MeOH:H,0 (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,Cl,. 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 NH;/MeOH in CH,CL). The chromatographic 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 EtOAc: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]p -36.7° (¢, 0.18 MeOH). The mother liquor containing
the other isomer had poor % de (70-80%), which is assumed to be diastereoisomer 38b.
783 Preparation of Stereoisomerically Pure Product Including the Chiral
Auxiliary
5 Reaction:

N,Me

%N N\/' M 24 hr, sealed tube

a
Procedure: A mixture of diastereoisomer 38a (1.42 g, 3.4 mmol), aniline 7 (0.834 g 4.0

mmol) 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 NH,/MeOH in

10 CH,C) fo afford product 40a as colorless solid, chemical purity: 96%.

OMe

NN NS
o, L ,©:
e MeOH,TFA,100°C 2y N/J\ Me
Y NN
4
d
7

0

78.4 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 - 785 Cleavage of the Chiral Auxiliary From Steremsomencally Pure
' Intermediate 38a and Preparation of Stereoisomerically Pure

(1R,2R,38,4S)-N4-(3-Aminocarbonylbicycle[2.2. 1]hept-5-en-2-yl)-5-
fluoro-N2-[3-methyl-4-(4-methylpiperazin-1-yl)phenyl]-2,4-

pyrimidinediamine
20 Reaction: !
Ms
(\N Me
N
s 2” ' N/J\CI DDQ CH2012 H0 ,k HzN J\ /@[
43 C} ﬁ 7
Y Ny MeOH TFA, 100°C
o ”!\CL 24 hr, sealed tube o Ntz
OMe 80a
38a

Procedure: The mono-SNAr product with chiral auxiliary 38a was allowed to react
with DDQ (3 equivalents) in CH;Cl:H,O 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 product 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, L.CMS and chiral analytical HPLC. The chiral
analytical HPLC, LCMS and 'H NMR analyses indicated that the data for the product 60a was
matching with the enantiomer designated E1.
7.8.6 Cleavage of the Chiral Auxiliary From Intermediate 38b and
Preparation of Stereoisomerically Pure (18,28 3R,4R)-N4-(3-

Aminocarbonylbicyclo[2.2.1]hept-5-en-2-yl)-5—ﬂu0ro—N2-[3-methyl-
4-(4-methylpiperazin-1-y)phenyl]-2,4-pyrimidinediamine

Reaction:
~Me
(\N .Me
N : \/’,‘
=N [ 2N Ny N
St s e Syl s Wet
sg'ﬁ o e i sﬂw oo s e sg‘ﬁ Ny Me
Pt Me B = H [ Pt
P - P MeOH:TFA, 100°C i
N L 24 hr, sealed tubs d 2
OMe 36b 60b

38b

Procedure: The mono-SNAr product 38b was allowed to react with DDQ (3 equivalents)
in CH,Cl,:H,O 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 product 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 analytical
HPLC. The chiral analytical HPLC, LCMS and '"H NMR analyses indicated that the data for
product 60b was identical with the enantiomer designed E2. [o]p¥" ~102.00° (c, 1.0 MeOH).

7.9 Preparation of HCI Salts
HCI salts of the racemate 60r1 and stereoisomerically pure 60a were prepared as

described below. |

7.9.1 Preparation of Racemic N4-(3-Aminocarbonylbicyclo[2.2.1Thept-5-
en-2-yl)-5-fluore-N2- [3-methyl-4-(4-methylpiperazin-1-yl)phenyl]-
2,4-pyrimidinediamine Hydrogen Chloride Salt

To a solution of 2-ex0-3-exo racemic N4-(3 -aminocarbonylbicyclo[2.2.1]hept-5-ene-2-
yh-5-fluoro-N2-[3 -methyl-4—(4—methylpiperazin—1-yl)phenyl]~2,4-pyrimidinedia.mine (60r1)
(0.140 g, 0.3 mmol) in MeOH (3 mL) at 0 °C was added HCI (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 EtOH. Ethyl acetate was
added to the ethanolic solution to precipitate the desired product, which was isolated to give 2-

ex0-3-exo racemic N4-(3-aminocarbonylbicyclo[2.2. 1]hept-5-ene-2-yl)-5-fluoro-N2-[3-methyl-4-
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fl uoresgent @S lelin) - Xq-
St%é chi EQEMR’@R’%Q%%B(%) and I%%%%yll C?BH%QI eE?‘ﬂn‘é‘%y})m st ock)

I nvi trogen
]S or 1 hr 9 ﬂirua'g ﬁﬁ%ﬁﬁ‘&la"f@ rnéethy piperazin-1-yl)phenyl]-2, 4-pyr1m1dmed1amme bis hydogen
chloride salt (compound 60a-2HCY). LCMS: purity: 97%; MS (m/e): 453 (MH"); [ot]p +46.3° (c,

0.04 MeOH).
7.10  Preparation of (1R,2R,3S,4S) N4-(3-Aminocarbonylbicyclo[2.2.1]hept-5-ene-
15 2-yD)-5-fluoro-N2-[3-(1,3-oxazol-2-yl)phenyl]-2,4-pyrimidinediamine
9
| N
N N//kN O
HNoC M A NJ)

(1R,2R,38,45) N4-(3-aminocarbonylbicyclo[2.2.1 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, 1H), 8.14 (s,1H),9.92 (d, 1H, J=3 Hz), 7.79 (4, 1H,
20 J=7.8Hz), 7.68 (s, 1H), 7.42 (m, 4H), 7.18 (s, 1H), 6.29 (m, 1H), 6.13 (m, 1H), 4.21 (t, 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, J= 8.4 Hz), 1.39 (4, 1H,
J= 8.7 Hz); LCMS: purity: 98%, MS (m/e): 407 (MH").

7.11  Imhibition of Cellular Proliferation In Vitro
Compounds 60rl, 60r2, 60r1-2HC1, 60a, 60b and 60a-HCI were tested against a variety
25 of different types of tumor cells for their ability to inhibit proliferation using standard in vitro
antiproliferation assays. The various cells lines tested included: A549 (lung carcinoma); ASPC-1
(pancreatic adenocarcinoma); BXPC-3 (pabcreatic adenocarcinoma); CaOV-3 (ovarian
adenocarcinoma); COLO 205 (colorectal adenocarcinoma); DU145 (prostate carcinoma); ES-2
(ovarian clear cell carcinoma); H1299 (non-small cell lung carcinoma); H1155 (non-small cell
30 lung carcinoma); H460 (large cell lung carcinoma); HELA (cervical adenocarcinoma); HL160
(promyeloblast promyelocytic leukemia); K562 (bone marrow chronic myelogenous leukemia);
1.1210 (mouse lymphocytic leukemia); MiaPaCa-2 (pancreatice carcinoma); MOLT4 (T
lymphoblast acute lymphoblastic leukemia); OVCAR-3 (ovarian adenocarcinoma); MOLT3 (T
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Schedul e (day on/day off) Route Co0l205 2 4/3 oral Col0205 10 4/ 3 oral
Col1205 10 2/1 oral Co0l10205 10 5/2 oral Col10205 10 7/7 oral Col205 10 3/11
oral Co10205 10

WO 2006/055561 < PCT/US2005/041359
TABLE 2
In Vitro ICs; Values of Selected Compounds
60r1 60r1-2HCI 60r2 60a 60a-2HCl1 60b
OVCAR-§
PC3 ++ ++ —
SKOV3 ++
Su86.86 +
SW620 + + —_
THP-1 + + +
TOV-G21 -+
U208 +4+ -+ +
U937 -+ —_

7.12  Inhibition of Aurora Kinases in Functional Cellular Assays
Compounds 60a and 60b were tested for their ability to inhibit Aurora kinase-B in a
functional 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 pl F12K media)
late in the afternoon on Day 1. The cells were grown overnight (37°C, 5% CO,). On Day 2, 50 ul
nocodazole (1 pM 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 inéubation). The fixed cells were washed 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 cells were then stained with a secondary antibody
labeled with a fluorescent dye (secondary antibody donkey anti-mouse AlexFluor 488 (Invitrogen
Molecular Probes; 1:2000) aidd DAPI (1:15,000 of 1mg/ml stock) for 1 hr at room temperature,
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washed three times with DPBS (200 pl/well) and stored under DPBS (100 ul/well) 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 controlled with ImagePro 4.5
with the ScopePro/StagePro 4.1 module (Media Cybermnetics) 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
12-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 plotted at each compound concentration to determine
an EC50 for Aurora B inhibition.

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

greater.

7.13  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 ICsy 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 Tumors In Vivo

Compound 60a-2HCI, 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 model in SCID mice. When palpable tumots appeared and were of

a preselected volume (approx. 100 mm3 for treatment model; >300 mm3 for regression model),
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Schedule
Cell Line Dose (mg/kg/day) (day on/day off) Route

Colo205 2 4/3 oral

Colo205 10 4/3 oral

Colo205 10 21 oral

Colo205 10 5/2 oral

Colo205 10 717 oral

Colo205 10 3/11 oral

Colo205 10 1/6 - oral

Colo205 10 daily oral

As549 10 5/2 oral

A549 10 2/1 "| oral

A549 i0 717 oral !

A549 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
Colo205 10 daily (13 days) oral
MiaPaCa 10 daily (3 cycles) oral
MiaPaCa 10 daily (3 cycles) ip.
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tumors in the regression model are illustrated in FIG. 4. Significant reductions in tumor growth

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

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

15 understanding, it will be apparent that certain changes and modifications may be practiced within

the scope of the appended claims. Accordingly, the described embodiments 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.
{



/I\ INO -(CH2),-0OH, -ORa, -0(CH2),-Ra, -0(CH2)"-Rb, halo, -CF3, -0CF3,\/
0, / \ 1-N NR4 ro-K 1 \/L-.NandN--; , each R4 is independently selected

fromthe group consisting of hydrogen, |ower alkyl, arylalkyl, -ORa,

-NRCRC, -C(0)Ra, -C(0)ORa and -C(0)NRcRe; R5 is hydrogen, halo, fluoro,
-CN, -N®2, -CQ2Ra or -CF3; each n is k#dependently an integer from1l to 3,
60 each Ra is independently selected fromthe group consisting of hydrogen,
| ower al kyl and | ower cycl oal kyl ; eéfh@ﬁg i s independently selected from
the group consisting of -0le, -CF3, L6, , ..NRc-, KC(O)Ra, -C(0)01le,

- C( 0) NReRe isardimed(®) NRand; each Rc is independently selected fromthe group
consi sting of hydrogen and | ower alkyl, or, alternatively, two Rc
substituents rmay be taken together with the nitrogen atomto which they are
bondedlt o f érapmposndracearding tegtraghgt fregla®hg whi ch optional Iy includes 1-2
addi tional heteroatom c groups selected from @ NRa., NRa_c(0)Ra,

NRa_C(0) ORa and NRa-C(0) NRa; and eagh Rd is indepgndently | ower

nono- hydr oxyal kyl or | ower di-ydroxy zﬂl\ e conmpound of Claim1
whi ch conprises only (2-exgyr3-€KQ). i .p33. The conmpound of C aim
1 which contai ns about 60%@)0r 33& tﬁe Bi asterReorrer of structural

formula (la). 4. The conpound of Clcaim 1 whi ch contai ns about 90% or nore

of the diastereoner of structural forrmula (la). 5. The compound of Caiml

whi ch cont abns s hRPAEPs]], solvate(it]] bhBl-ckidef s§irtbearnef; thaf isstrichetiun te f or mul a

(la). The conmpound _of any one off Claiﬂs l-F 'kn which RS is fluoro. M
structural formula (

corresponding diastéreomer o a):
R1
RS R2
6, H f\N
I
s 2N \N)\N R3
(fa) 4 A H H
H

CONH,

(1R, 2R, 3S, 48)

wherein:

R! is selected from the group consisting of hydrogen, lower alkyl, -(CH,),-OH, -OR?,
-O(CH,),-R?, -O(CH,),-R®, -C(O)OR?, halo, -CF; and -OCF;;

each R? is independently selected from the group consisting of hydrogen, lower alkyl,

- 0
-OR?, -O(CHy),-R?, -O(CH,),-R®, -NHC(O)R?, halo, -CF3, -OCF, : \/ and
4N N-R*
/

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

4N O
-(CH,),-OH, -OR?, -O(CHy),-R?, -O(CH,),-R", halo, -CF3, -OCF, ,

0] 0
—§-N©N—R4 | —%—‘E N/> - '§<\N];
each 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)NRR;
R’ is hydrogen, halo, fluoro, -CN, -NO,, -CO,R, or -CF3;

each n is independently an integer from 1 to 3;



1-Nis hydrogen; R2 is\ \ 0/ ,/ 1-Nor\ \ANR / , The conpound of [
6 in which Rl O, / \1s/ \Ar 1-NO -NNR----7 and R3 is ther than\dle}g
Ls N. 8. The conpound of Caim7 in which R3 is hydrogen, nethyl, methoxy
trifluoromethyl or chloro. 9. The conpound of Cdaim7 in which R4 is ’
met hyl, -C(0)CH3, -C(0)0CH3 or C (0) 0012 CH3 . 61 /\ 1-NO 10. The
conpound of Claim6 in which R is hydrogen; R2 is other than\/ /\A

each R? is independently selected from the group consisting of hydrogen, lower alkyl and
lower cycloalkyl;

each R is independently selected from the group consisting of -OR?, -CF3, -OCF;3,
-NR°R, -C(O)R?, -C(O)OR?, -C(O)NRR’ and ~C(O)NR*RY;

each R° is independently selected 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 5-7 membered saturated ring which optionally includes
1.2 additional heteroatomic groups selected from O, NR?, NR*-C(O)R?, NR*-C(O)OR*
and NR*-C(O)NR?; and

each R? is independently lower mono-hydroxyalkyl or lower di-hydroxyalkyl.

2. The compound of Claim 1 which comprises only (2-ex0-3-ex0) stereoisomers.
3. The compound of Claim 1 which contains about 60% or more of the diastereomer of
structural formula (Ia).
4. The compound of Claim 1 which contains about 90% or more of the diastereomer of
structural formula (Ia).
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.
/N SN,
oy .. BN O N NR
7. The compound of Claim 6 in which R" is hydrogen; R is N/ or ' ;
— — 0]
; 4N 0 4N N-R* —3—[ ?
and R®is other than =~ " , ° 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)CHj;, -C(O)OCH3 or
-C(O)OCH,CHs.



-NN-R-1-NO 1-NN-R-7/ N or\; and R3 is\/or 11. The conpound of Claim10 in
which R2 is hydrogen, nethyl, nethoxy, trifluoronethyl or chloro. 12. The
conmpound of Claim10 in which R4 is nethyl, -C(0)CH3, -C(0)O0CH3 or
-C(0)CH2CH3. /\/\ 1-NO 1-NN-R4 13. The conpound of Claim6 in which R2 is
other than\/ or \/; and R3 / \/\r l-l\lg)1 1-NN-R4 is other than\\/or 14. The
conpound of Caimi13 in which R, R2 and R3 are each, independently

- selected fromthe group consisting of hydrogen, nethyl, nethaxy,
trifluoronmethyl and chloro, with the proviso that at Iea.z]INt of RI, R2
and R3,are R RAGk @her@han M 6—ih which Rl is
hydrogtlaﬁ'; szl?(g&%%%ﬂg@?ggg?@%%ﬂrﬁé&ﬁolggyﬁa?a\a@-N01- NN- R4 consi sting of
hydrogen,\/ and)+; and R3 is selected fromthe gr%tqpo \/\ 1-NO1- NN R4

consi sting of-¢hydr vggh, | ower -alNkylQ fidd 0, N®3, /fandl/ 16. The conpound of
Cl ai m 15 i nonhi R3 | 52 det ed—F om t hegr oup™consisting of /\/\

1- NO1- NN- R4 hydrogen, nethyl, chloro, -CF3,/ and\/; and R4 is nethyl, -CORa
or -00(0) RaThbesmpdRad iof CiaedHylin whichtRiyik hydrogenT msthyb msshaxd, iflueromeivisr i n
which R2 is selected fromthe group consisting of /\/\ 1-NO1l-NN-R4
hydrogen,\/c}élﬁﬂ\'and R3 is selected fromthe group consisting of /\/\

12.  The compound of Claim 10 in which R* is methyl, -C(O)CHj3, -C(O)OCH; or

-C(O)CH,CHs.
4N 0 ¥N N-R* X
13.  The compound of Claim 6 in which R?isotherthan = ~— or = ;and R
— — 0
4N 0 4N N-R ~§—E )
is otherthan =~ “~— , — or N .

14.  The compound of Claim 13 in which R!, R? and R are each, 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

/TN /N .
4N O %N N-R ;.
consisting of hydrogen, — and ° ' ; and R’ is selected from the group
4N O PN N-R*
consisting of hydrogen, lower alkyl, halo, -CFs, /" and °

16.  The compound of Claim 15 in which R? is selected from the group consisting of
/N /TN
4N O  ¥N  N-R? . .
hydrogen, methyl, chloro, -CFj, —/ and p— ; 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

4N O 4N N-R* ;. o
hydrogen, " and ° —/ and R? is selected from the group consisting of
-N

4N O % N-R*
hydrogen, lower alkyl, halo, -CFs, = /" and ~ “—/ )



1- NO1- NN\ R-

of daim1l17 in which R3 is selected fromthe group consisting of , / \,
hydrogen, methyl, chloro, -CF3,\/ and\/; and R4 is nethyl,

1- NO1- NN R

hydrogen, |ower alkyl, halo, -CF3,/ and\/. 62 18.The conpound

-CORa or -00(0)Ra wherein Ra is nethyl or ethyl. /\' N NR4 19. The

conpound of Caim18 in which R2 is\/x,R4 is -CORa wherein Ra is nethyl;

/\

and R3 is hydrogen. /\,, tN N-Fr 20.The conmpound of Claim18 in which R2

is\/; R4 is_-00(0)Ra ein_Ra is ethyl; and R3 is hydrogen. \ 1-N 0 21.
The coﬁﬁounarh?ﬁm@%wﬁn%’ga@ﬁqm SRR 8 pglocledfro thesgrp fingol/\ - 1.No
22. The conpound of Claim 18 in whicim\R2 is_hydrnogen; R is\/ or and R4 is

nmet hyl ,

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

- Nj ‘N
SerSher, D29, B L8, RS gy ior MRS

or -CO(O)R? wherein R? is methyl or ethyl.

o edl
and'R* is methyl, -COR?

N N-R?
The compound of Claim 18 in which R? is % fS— : R* is —COR® wherein R? is
methyl; and R? is hydrogen.
. . . 2. _E-N N-R* 4. . .
The compound of Claim 18 in which R*is ~ ; R" is —~CO(O)R? wherein R? is
ethyl; and R? is hydrogen.

-¢-N O
The compound of Claim 18 in which R’ is é /" and R? is hydrogen
/N SN,
. . . 2. 3. - —N O _E'N N“'R
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.

N  N-R*
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;.

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

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

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

and/or diluent.

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

for pharmaceutical uses.

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

any one of claims 1-26 .

N, -NN-Fr.\/;



I\ N NR4 23. The conpound of Cdaim118 in which R2 is\/; R4 is nethyl; and
R3 is selected fromthe group consisting of hydrogen, nethyl, chloro and
-CF3. 24. A conpound that is

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

5-fl uoro- N243- net hy1- 4- (4- et hyl pi per a@i n-1-yl )] phenyl - 2, 4- pyri m di nedi am n
e. 25. The conpound of Caim 24 which is substantially pure. 26. The
compounh.of clofipddithbetaixd 20H Ghick Tne LUGOTRGRILLPN cOMPr i sing a_conpound

according to C ai and a carrier, exclplen or diluent. 28. The

conposi {4 on Qf aim.27 i which the carrier, excipient and/or diluent is
accept a%ll' e fF[c;)hre BREP %8%8‘{ @83? Bﬁé‘b@ﬂlcb g?e SmEp RIS F‘h nCqlen breesh BItGg
proliferati avafiin, @ewal, nteliiBiiasteAsl, froSRIFPRURGNAAGRPRGMS nt@oBRYoRRe Of
claims 1-26. 63 30, The cqnposition of Caim29 in which the cell is a
tumor cel | . PRRCrestits bladdasihepaie tamorseli m 30 in which the tumor cell is a

| ung, colon, breast, gastric, ovarian, cervical, nelanom, renal, prostate,
| eukem B, | yipiethed of indilritid arsdctinity opanameed kinaselit aiddesompeisin ep@bdtihgthyror
cell. 32. A hqad of i.nhibiting an activjt f an Aurora kinase in vitro
conpri si ng c‘g‘%%’%g?rilaﬁ%wt‘ @n&m"}}?té)f%icﬁﬁ’%u‘%d ?‘%O’iwgéﬂﬁﬁ}ﬁfmeo‘?a}cé?”@éﬁﬁéund
accor di r%g tqg any one of clains 1-26. 33. The nethod of Claim32 whichis
carri edout Ths Rt fHairmedhwhich iygarddout émetre wherdin e dtuseradinasaist i al | y

i sol at ed. 345013{51&0{%1;@3- L iQ1at&4 @i m 32 which is carried out in vitro with a
cell expressing an ‘Auro a{ kinase. 35. A method of inhibiti ng an Aurora

ki nase-yjedi ated pro conprising contacting, in vitro, a cell expressing
an Aur ogrﬁg Iﬁgﬁ%fﬁﬁ%ﬁ%ﬁfﬁ 65%3&’ Butt O%M‘H’hﬁﬁpﬁ‘“@l@ %) fyyrpra

ef fective t&inagki bit the Aurora ki nase-nedi ated process. 36. The net hod of
Claim35 in which the Aurora kinase-nedi ated process inhibited is mtosis.

37. Thegsnet hog akq G fints; ' ' € ' F.cel | 8. .The
method of O aim SS%n 5‘%‘5}%1 tlsﬁl\é%%:ag%]ﬁslggne?giﬁ%da{g? %%S \%M%nsén%%’ﬁléagﬁ?g’é'fi on of
t he conpounditthatcell sxpepsaig ancAworagiireat ithtah amoutsoflaCothpasndwasdigdoi N an in

vitro assay.«39. c Sifl for treatin n Aurora ki nase-nedi at ed

di sease, CO%?’II%S} ﬁpféecglgggorfﬂ%%ﬁghe ErSFad]flﬁﬁset"ge‘gﬁ BRESSSf claims 1-26. 40. The
conmposi tion _of O aim39 in which the Aurora ki nase-nedi ated di sease is a
prol i f SPat i V&edgredhodof Claim 35mRavhicinthe Aurqra kingse-medinted Hocess inkibited ishe
proliferatiygifdissease is cancer. 42. The conposition of Caim4l in which
the cancer is a metastatic tunor.

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 ICsq 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.



43. The conposition of C aim 39 adapted for oral admnistration. 44. The
conposition of Claim39 adapted for intravenous admnistration. 64 45. The
conposition according to any one of clains 27-31 or 39-44 wherein the
conmpound i s

(1R, 2R, 3S, 4S) - d- ( 3- am nocar bonyl bi cyegko[ 2. 2. 1] hept - 5- ene- 2-y1) - 5-f | uor o- N2
-[3- nethyl -4-(4-net hyl pi perazi n-1-yl )] phenyl -2, 4- pyri m di nedi am ne. 46. A

conmpound ac j : i - 26 hor &S . [ t..for
The tr oat monde op B orStor i o€ bl by 5y a0 or 3594 SheREGRRTRY
accor di ng t ¢1R,2R|3$1465-Na@raminoddisonfibicyicho[ X 2 N fivet-frent-atydds-Auseas® [3-s a
proliferative disease.. 48. The co und .accordi.ng.to.claim47 wherein the
proIiferati95ﬂ9¢§é§§%d*§p@@@éﬁébVﬁﬁﬁ§9g¥ﬁ%pﬂﬂﬂﬁﬁgﬂﬁmﬂﬁbording to claim48
wherein the cancer is a netastatic tunor. 50. The conpound according to
cl ai m 48. whéy @mpouned aeearing toj any 9a¢ etelaianst I nior ysrpscanedicament &ashe cancer,
gastric can%%Eﬁneg?/&rakl%g&qﬁ?&rse_ﬁ&g{ayédccﬁ@eagancer , el anoma, renal cancer,
eu ynphorma

prostate cancer, em a, “‘neur obl ast oma, pancreatic cancer

bl adder,canqgr %ﬁgﬁgﬁd;ag&{r@iggg‘g? b 265 h;;{gg](t o L e R
am nocar bonytdlfesvedigeage. 11 hept - 5- ene- 2-y1) - 5- f | uor o- N243- et hyl - 4- (4-

nmet hyl pi perazi n-1-yl )] phenyl -2, 4- pri m di nedi am ne. 52. Use of a conpound
accordipg t al - i r . dicanment for
the 11 ast meane SymBAARehaRl I ot B el EPRIAGHdhelle S BRERER O 1752
in mhicB t he, Aurora Kkinase nedialeg dLseas is a proliferative disease. 54.
The usé&’of dPEFAPBATAACHRTIRR i HainhtWhersndne caace, is a etasialic urpdfncer . 55. The
use of claim53 in which the cancer is a netastatic tunor. 56. The use of

cl ai m 58. i n Tharempaound ageniding t¢ daised®whendinfthe pancerrig selentesbiromungasancerancer
gastric can i . , Vi C r | an renal._cancer,
rostat e canner A AR RS or i GRHET conE W, [ Tan T

bl adder canpssstateacaticdrj eakentiaigmphorbd, nelioblastsmappananeytiofancérabladded 2arker, i N

whi ch the coqgrund IS (1R 2R, 3S, 4S) - Nd- ( 3-

am nocar bonOIEY ERYCR. 2. 1] hept - 5- ene- 2-y1) - 5- f | uor 0- N243- net hy1- 4- ( 4-

met hyl pi perazi n-1-yl)] phenyl -2, 4- pyri m di nedi ami ne. 65 58. A nethod of

i nhi bi Bilng Abe eprp®ind2E any of daime|46-dovsareis itheroowavadisi( R 2RI3S,491N4-(a vitro

W th a conpque i ne. of, ¢l al 220 The, met hod
according t g}ﬁcﬁg)gfgﬁqgg)a&fgg%?éﬁﬂ%ﬁge%n%r%p h%dﬁ(f%&}\%gsiﬁ(&gggg - N4- ( 3-
am nocar bonyldetiyipipdradi-12y1 Y plempti-2 B-ppmieri@inydixmmef | uor o- N243- net hy1- 4- (4-
met hyl pi perazi n-1-yl )] phenyl -2, 4-pyrirni di nedi am ne.

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.  The use 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,4S)-N4-(3-

aminocarbonylbicyclo[2.2.1]hept-5-ene-2-yl)-5-fluoro-N2-[3-methyl-4-(4-
methylpiperazin-1-yl)]phenyl-2,4-pyrimidinediamine.



58.

59.

65

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,3S,4S)-N4-(3-
aminocarbonylbicyclo[2.2.1]hept-5-ene-2-yl)-5-fluoro-N2-[3-methyl-4-(4-
methylpiperazin-1-yl)|phenyl-2,4-pyrimidinediamine.



