WO 2006/ 055561 PCT/ US2005/ 041359 | STEREQ SOVERI CALLY ENRI CHED

3- AM NOCARBONYL BI CYCLOHEPTENE PYRI M DI NEDI AM NE COVPOQUNDS AND THEI R USES
1. CROSS- REFERENCE TO RELATED APPLI CATION This application clains benefit
under 35 Uy Socndsk®(e) to application Serial No. 5 60/ 628;108005/44e859

farkrs

Novenber 15, 2004, the contents of which are incorporated herein by
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is enhanced by genetic instability displayed by many types of cancer cells, an instability which is
gained either from somatic mutations or by inheritance from the gern line. The enhanced
25 mutability of cancerous cells increases the probability of their progression towards formation of
malignant cells. As the cancer cells further evolve, some become locally invasive and then
mestasize to colonize tissues other than the cancer cell’s tissue of origin. This properiy along
with the heterogeneity of the tumor cell population makes cancer a particularly difficult disease to
treat and eradicate. .
30 Traditional cancer freatments take advantage of the higher proliferative capacity of cancer
cells and their increased sensitivity to DNA damage. Tonizing radiation, including y-rays and
x-rays, and cytotoxic agents, such as bleomycin, cis-platin, vinblestine, cyclophosphamide,
5'-fluorouracil, and methotrexate rely upon a generalized damage to DNA. and destabilization of

chromosomal structure which eventually lead to destruction of cancer celis. These treatments are
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20 4, SUMMARY
In one aspect, 4N-(3-aminocarbanylbicyclof2.2.1Thept-5-en-2-y1)-ZN-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:

R‘l
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B F S
0N éb‘” NN R3
3 4 3
25 CONH;
including prodrugs, salts, hydrates, solvates and N-oxides thereof, that are enriched in the

corresponding diastereomer of structural formula (Iz), designated the (1R,2R,38,48)

diastersomer:
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3 HCONH2 (1R, 2R, 35, 4S) wherein: each R is independently sel ected
fromthe group consisting of hydrogen, lower alkyl, -(CH2)-OH -OR,
-Q(CH2), R, w@ed@kid¥sskb, - C(O OR, hal o, -CF3 and - OCF3; 5 eRCHURDI3/BI1359
i ndependently selected fromthe group cénsisting of hydrogen, lower -N O
alkyl, -OR, -QCH)"-R -QCH2), R5, -NHC(OR, halo, -CF3, -OCF3, L -' and
\' +N /--\ N-R4 each R3 is independently selected fromthe group consisting
of hydrogen, lower alkyl, -(CH2)n CH, QN -Q(CHx®Y, R, -0(CH2), 1. R,
hal o, -CF3, -OCF3, - L O-" 01QN~R5- Nan N\ Nzeach Ris
i ndependently selected fromthe gr on T st ydrogen, |ower al kyl,
arylalkyl, -OR -WN -C(OR, CSO) : 51 S hydrogen, hal o,
fluoro, -ON, -NC2, -C(OOR or 3eatth n i independentiy an integer
froml to 3; 15 each Ris i ndependent byysel ected fromthe group consisting
of hydrogen, |ower alkyl and | ower cycl dal | cyl; each R is independently
selected fromthe group consi sti MR 3 35 8R , -CF3 -OCF3, \RR, -C(OR,
-C(OOR -C(ONRRalg,- (ONR R'; each R is independently sel ected from
t he group consisting of hydr ogen and 20 | ower alkyl, or, alternatively, two
R substituents nmay beeatchIRen‘lndﬁgmdbmlysvlacttdzdﬂrdmeﬂllgfdupg:emﬁihgﬁiliy@rogémlo@arthey
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. . 4N 0
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o : |
each R? is independently selected from the group consisting of hydrogen, lower
4N O
alkyl, «(CHz),-OH, -OR’, -O(CHp),-R®, -O(CH),-R", halo, -CF3, -OCFs, = 7/ R

W e Y
NN R“= ol N/> » §<\N];

each R* is independently selected from the group consisting of hydrogen, lower
alkyl, arylaliy], -OR", -NR'R’, -C(O)R’, -C(O)OR® and -C(Q)NR°R®;
R? is hydrogen, halo, fluoro, -CN, -NO,, ~-C(O)OR® or -CFy;

each # is independently an integer from 1 to 3;

10

15 each R is independently selected from the group consisting of hydrogen, lower
alleyl and lower cycloalkyl;
each R® is independently selected from the group consisting of -OR®, -CF,,
~OCF;, -NRR", -C(O)R?, -C(O)OR?, -C(O)NR"R® and ~C(O)NR’R":
each R’ is independently selected from the group consisting of hydrogen and
20 lower alkyl, or, altematively, two R® substitnents 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(Q)OR" and
. S-C(O)NR? and
each RY is independently lower mono-hydroxyalkyl or lower di-hydroxyallkyl.
25 In some embodiments, the compound of structural formula () is a racemic mixture of (2-

 ex0-3-ex0) cis isomers according to structural formula {{a):



25 In sone enbodi nents, the conpound of structural forrmula (1) is a racemc
m xture of (2- exo-3-exo) cis isoners according to structural formula (la):
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5 4 includi ngopoassssgy, salts, hydrates, sol vates and N—oxi?ﬁﬁythgreot,
wherein R, R2, R3 and R5 are as defingd for structural fJriiS¥p(0f13s
supra, In sone enbodi nents, the conpound is a stereoisonerically enriched
di astereonmer 5 according to structural formula (la), super, including
prodrugs, salts, hydrates, solvates and N- oxides thereof, that is

substantially free of its enantioner andgany ot her |[di ggtereoner thereof.
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compound. Functional groups within the stereoisomerically enriched compounds that may be

masked with progroups for inclusion in a promoiety include, but are not limited to, amines

(primary and secondary), hydroxyls, sulfanyls (thicls), carboxyls, carbonyls, efc. Myriad

progroups suitable for masking such functional groups to yield promoieties that are cleavable

under the desired conditions of use are known in the art, All of these progroups, alone or in

combination, may be includec} in the prodrugs. Specific examples of promoieties that yield ‘

primary or secondary amine groups that can be included in the prodrugs include, but are not

limited to amnides, carbamates, imines, ureas, phosphenyls, phosphoryls and sulfenyls, Specific

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

30 Specific examples of promoieties that yield carboxyl groups that can be included in the prodrugs
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iereol, effective to treat or prevent the proliferative disorder. The compound(s) per se can be
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25 administered to the subject, or the compound(s) can be administered in the form of a composition.
Proliferative disorders that can be treated according to the methods include, but are not limited to
tumorigenic cancers.

The stereoisomerically enriched compounds described herein are potent inhibitors of

Aurora kinases. Aurora kinases are a family of enzymes known to be key regulators of cell

30 division. Elevated levels of Aurora linases have besn found in several types of human cancer
cells, such as breast, colon, renal, cervical, neuroblastomer, melanoma, lymphoma, pancreatic,
prostate and other solid tumors (see, e.g., Bischott et al., 1998, EMBO J. 17:3052-3065; Geopfert
& Brinkley, 2000, Curr. Top. Dev. Biol. 49:331-342; Sakakura et al,, 2001, Br. J. Cancer 84:824-
831), and overexpression of Aurora kinases has been shown to result in cell transformation, a

35

process by which normal cells become cancers, Although not intending to be bound by any
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25 more detail herein below.

5.  BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-4 illustrate the inhibitory effect of (1R,2R,38 4S)-N4-(3-
aminocarbonylbicyclof2.2.1hept-5-cne-2-y1)-5-fluoro-N2-{3-methyl-4-(4-methylpiperazin-1-
yDphenyl)-2.4-pyrimidinediamine bis hydogen chloride salt (compound 60a-2HCI) on the growth

30 of various different types of tumors in standard xenograft treatment and re gression models.
6. DETAILED DESCRIPTION

6.1 Definitions

As used herein, the following terms are intended to have the following meanings:



30 of various different types of tunors in standard xenograft treatnent and
regression nodels. 6. DETAILED DESCRI PTION 6.1 Definitions As used herein,
the following terns are intended to have the foll owi ng neani ngs: WO

2006/ 055561 R hddenQdpf 041359 7 "A 1" by itself or as partpefyafet /614‘?5
substituent refers to a saturated or unsafurated branched, stral g'ht

or cyclic nonoval ent hydrocarbon radi cal having the stated nunber of

carbon atons (Le., Cl-C6 neans one to six carbon atons) that is derived by
t he renoval of one Mrgg@gglf%} '@ MofheS LA f _aparen

al kane, al ken or % yne. Typi cgsnﬁa kyl™E grOthesn??BE%?% asﬁqule &Y a‘ﬁﬁ{“&
limted to, f-ehaa erpyglic Iéftﬂhéﬁlﬁﬂlf hydéltqqéwylradrcet Hraymglthe sptedpiytnBer oS UCh
as propan-1- ylcarﬁ@ﬁ@mm@% ﬂl&&ﬁﬂ@in@l@ﬁé%@%ﬂ A

pt op- 1 - en- 2- yly -2-en-1 cycl oprop-| _ezhtorﬁﬁ(%{?atmﬁﬂ p%(glg‘rﬁm%‘f?lﬁfoﬂ)?
prop-|-yn-1-yl 3’6'r°e‘f:i’ “@ﬁf’ﬁn %Fﬂgé%@fbon a@@@iagarsmﬁcaa@ a[haltleamaﬂcygd Tybiamamynz yl,
2-.1et hyls pr opagietps YHelude bRt Nt HBGRPRNNERY ethylEXE 5‘

1-en-1-yl, but l-en-2 yl  2-meth I-prop e 1t FQP%B@QE&}MYE yiyLpgopyls
but - 2- en- 2- yI SUHRASRroparzl-yl, @FPPPD*%W cyRiapsapEn-3= Yéilpecm -Denl -y, (pyupnem-yn, en-1-yl,

but- 1o yn- 3.y P"a""mﬁ“‘l'y LU Berd 3 oY L R o et of
saturation ar &u B’#tsg%(fégum’f%é’z ! é’rfmtbylmn@aﬂy){l 2-methylmopah-2 }@,nd/ or
"al kynyl" is cyﬂﬁﬁhtanélsyl defiirad - ﬁeﬁ@%n_glﬂ%e%llﬁﬁ,& -e:?Fl sk %utt“ Dot ie]'F’F“ kyl

group c@ntain 6,.carbon atons or as
part ofCl %anot hé]’“gyé g’?? %"U%ﬁ@ “qigh-Lwk byter] 4-disgrdrylaewsipbt- b:m:—herlzl Pyclfﬂm‘f-&m@}h@} Chal n

or cyclic al kyycmlﬁfauymtemyahﬁt_!@ﬁnmlbupf,yﬁ)?g,; fmfgg 1%2 %‘aﬁl‘ab\ﬁ'}ﬂ

carbon atom of %éﬁ)are al |l cane. Typica Kdn oupgs 1 hHe
not linmited t&h® saturglioR AR iften CE# dmmesclsmmﬁ algnyh Gleemy I ayd/or alkynyl’

ropan- 2-yl (isas@y fined K2Ry, O -
DUt an- |-yl buran 2yl (see bty 3 eyl b Spat g tpE R cton

2- et hyl - prOp%ﬂ 2.yl 20 (t-butyl), cyclobutan-1-yl, etc.; and the like.
"Al kenvE" by itsel fAlRdnyErbyIRER 0fds pﬁ@@ﬁiﬁ@fheﬁdpﬁlﬁdeﬁﬁﬁ% thgfsﬁurgteéﬁrw@a%t one

unsat ur at ed bra%gef@.m strai ht chain or cyclic a
car bon- car bon® WGBS A¥CIGS M/éed”%bytth@eméﬁﬁﬁaihﬂ IUﬂroaﬂeathyﬁbmgfsﬁng&tcmﬂbﬁ rom
a single car bﬂmafmpar@fta]ﬁa:&a fcalali n either the
cis or trans %ﬁ %c:rmattlgs}l bgg? tahe ogﬁug%gg%%?[ @%tﬂgﬁ?&%’llﬁ ¥t groups

I

i ncl ude, 25 bUt™&r BOPRRY %5 PEOPEEr1-Yb PresayE-vl Gscopen) fs'clapm]bnndSyI etc.; butanyls
rop-|-en-1- h prieanli =8l a- ef): ronddf
EycPopﬁ(pp | - y?n:; e jgl 0 rozpylggée&tr?u D’“ml. ¥fp EP] P@J%H&é@zbé‘ieﬂwl Bipap-gryl
but - | - en- 2- yIY ‘flﬁﬂ’ﬂ?ﬁl - 5K F’-‘Ceﬁndltheylike but 2 on- |-yl, but-2-en-2-yl,
but a- 1, 3-di en- I-yI“Au{Qﬂ%ﬁs |
g %utéaﬁj& a?ﬁar?ofﬁh?thé})éﬁﬂsﬁéagﬁt’réﬁl% & %%sdhllr?tﬁ%branched,

cycl obut -1 - en. 3- g cyclo di en-
straig t“’hi‘“ﬂ or cyclic alkyl having at least one carbon-carbon double band derived by the

removal of one hydrogen atom from a single carbon atom of a parent alkene. The group may be

in either the ¢is or frans conformation about the double bond(s). Typical alkenyl groups include,

25 but are not limited to, ethenyl; propenyls such as prop-1-en-1-yl, prop-1-en-2-yl, prop-2-en-1-y},
prop-2-en-2-yl, cycloprop-1-en-1-yl; cycloprop-2-en-1-y1 ; butenyls such as but-1 1-en-1-yl,
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‘Alkynyl” by itself or as part of another substituent refers to an unsaturated branched,
straight-chain or cyclic allyl having at least one carbon-carbon triple bond derived by the removal

- of one hydrogen atom from a single carbon atom of & parent alkyne. Typical alkynyl groups
include, but are not limited 1o, ethynyl; propynyls such as prop-1-yn-1-yl, prop-2-yn-1-vi, etc.;
butynyls such as but-1-yn-1-yl, but-1-yn-3-yl, but-3-yn-1-yl, etc.; and the like;




30 "Allcvnyl" by itself or as part of another substituent refers to an
unsaturated branched, straight-chain or cyclic al kyl having at | east one
carbon-carbon triple bond derived by the renoval of one hydrogen atom from

a singl e canbonomiossacof a parent al kyne. Typical allynyl gpompszussingigude,
but are not Iimted to, ethynyl; propynysds such as prop-l-yn-I-yl,
prop-2-yn-1I-yl, etc. ; butynyls such as but-l-yn-I-yl, but-Il-yn-3-yl,
but-3-yn- 1-y| etc.; ‘and the like. WO 2006/ 055561 PCT/ U52005/ 041359 8
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25 methandiyl (methano); ethan-1,2-diyl (athano); propan-1,3-diyl (propanc); butan-1,4-diyl
(butano); and the like (also réferred to as alkylenes, defined infra).
“Alkylene™ by itself or as part of another substituent refers to a straight-chain saturated or
unsaturated alkyldiyl group having two terminal monovalent radical centers derived by the
tenmoval of ane hydrogen atom from each of the two terminal carbon atoms of straight-chain

30 parent alkane, alkene or alkyne. The locant of a double bond or triple bond, if present, in a

particular alkylene is indicated in square brackets. Typical alkylene groups include, but are not
limited to, methylene (methano); ethylenes such as ethano, etheno, sthyno; propylenes such as
propano, prop[1leno, propa(l,2]dieno, prop[1]yno, eic.; butylenes such as butano, buif1]eno,
but{2]eno, buta[1,3]dieno, but{1]yne, butf2]yno, buta[1,31diyno, eic.; and the like. Where

35 specific levels of saturation are intended, the nomenclature alkano, alkeno and/or alkyno is used.



unsaturated al kyl diyl group having two term nal nonoval ent radical centers
derived by the renoval of one hydrogen atom from each of the two term nal
carbon atons of straight-chain 30 parent al kane, allcene or al kyne. The
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25 pentalene, pentaphene, perylene, phenalene, phenanthrene, pieene, pleiadene, pyrene,

Q

pyranthrens, rubieene, triphenylene, trinaphthalene, and the like, as well as the various hydro
isomers thereof. In some embodiments, the ary! group is (C5-C15) aryl, with (C5-C10) being
maore typical. Specific examples are phenyl and naphthyl.

“Halogen™ or “Halo™ by themselves or as part of another substituent, unless otherwise

30 stated, refer to fluoro, cﬁloro, bromo and iodo. .

“Haloalleyl” by itself or as part of another substituent refers to an alkyl group in which
one or more of the hydrogen atoms are replaced with a halogen. Thus, the term “haloalky!” is
meant to include monohaloalkyls, dihaloalkyls, trihaloalkyls, efc. up to perhaloalkyls. For
example, the expression “(C1-C2) haloalkyl” inchudes fluoromethyl, difluorometiyl,



I somers thereof. In sone enbodi nents, the aryl group is (C5-C15) aryl, wth
(C5-C O being nore typical. Specific exanples are phenyl and napbt hyl.
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A wide variety of progroups, as well as the resultant promoieties, suitable for masking

25 functional groups in the active stereoisomerically enriched compounds described herein to yield
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 i vivo to provide the

30 amino group. A carboxy! group may be masked as an ester (including sily] esters and thicesters),

amide or hydrazide promoiety, which may be hydrolyzed ir vive 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. ‘ '

‘Brogroup™ refers to a type of protecting group that, when used to mask a functional

35 -group within an active stereoisomerically enriched drg compound to form a promoiety, converts
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to, arrest reduction in the rate of VI ST on,
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mechani sm of&rosah ﬁI@iv‘pr 1mdut;tmth g deathi, bexQMEcRaniBREREQR, Seludfle FALLQRA, KI Nase’
refers to a, er of the famly of serine/threonine protel N Ki nases t hat

are generall referred to as "Aurora” kinases. The Aurora famly of

seri n%q t hr eoni ne “ﬁmﬁmm h‘efaases n&hﬂ;eﬁﬁ&l@ﬁrhﬂﬁ} off s@x&neﬁﬁ}ebm{i’%ﬂ&b&%@k ﬁ%t

(see, |l§em %& )99, Trends Cell Bio &
Pri gent 195‘?‘5’(é %e qengf - prorRifageyly of gerine/tieanineReniein Mgl |
Cell Bi |0| Bin@sts 88 esséutinhor erﬂl mbhferaﬁ&@@see. Ig?Bﬁ@hh@ﬁ"d: p@wﬁ% 1bds, ‘i“%n?r A
Present |y, n ers. Aurora-A
Crosently. g 839 it D585 19%6) gﬂgqyﬁmc& 1153901 Yo0T; Neg 5001, Nat. Ree

Mol. Cell Biol. 2:21-32; Adams et al., 2001, Trends Cell Biol. 11:49-54). Presently, there are

25 three known mammalian family members: Aurora-A ("2%), Aurora-B (“1”) and Aurora-C (%3%)
(see, e.g., Giet & Prigent, 1999, J. Cell Sci, 112:3591-3 601; Bischoff & Plowman, 1999, Trends
Cell B£i01. 9:454-459). As used herein, “Aurora kinase” includes not only these three known

mammalian family members, but also Iater-discovered mammalian family members and
homofogous 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 ai., 1997, 1. Biol. Chem.
- 272; 13766~13771)

« i ) ]
‘Aurora lkinase-mediated process™ or “Aurora kinase-mediated disease or disorder” refers

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

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



(see, e.g., Get & Prigent,1999, J. Cell Sci. 112:3591-3601; Bischoff &

Pl ownan, 1999, Trends Cell Biol. 9:454-459). As used herein, "Aurora

ki nase" includes not only these three knowmn mammualian fam |y nmenbers, but
al so | at er - WGcuoveIsed mammual i an fam |y nenbers and honol egouss2pesatieisns
from ot her species and organisnms (for nth-limting exanpl es of 30

honol ogous nenbers of the Aurora kinase famly from ot her species and
organi sns see Schumacher et al., 1995, J. Cell Biol. 143:1635-1646; Kinura
et al., 1997911351% ofBiectell cytiee fiihe hifigh AGéfalrkt dikplay JidHCDE Dol RARBaIBRIHHngd

process” 0 e; nedi at ed_di.sease, rder” refers to a
cel lular pr oci(:&ség Fgrlésﬁc'g% 35 %‘P’”‘é‘l‘g& ugéeg";'fltﬁgéﬁﬂnéﬁhegﬂp &7F OF e ksl pyele apyd lgpalizes
rol e. The Aup8rcapBBlelpble dswig mntcmsbmggcsﬂmmdbvqaieamn QetRYoriDhfchdRs PHALIEI N
phosphoryl at ey ate the mtotig¢ . W 2006/ 055561
PCT/ US2005/ GJ“%Q?Q“ géf%ﬁ‘b’tt’%é“s & ‘%’ é“%%’f’? a&%é‘f“é’”‘éﬁe”eﬁfﬁw&ﬁf’ DARY Y IRPRIARE K
di spl ay di stduriog clsomai] stpakaion Iamtﬁt*mmﬁ ofhiie tlwagdmuheﬁl@anaﬁﬁﬁa AN ¥BHBse. The
to the spi ndb B oE AR ik BN LleRdBliithal LR RS oorilo & cruietbes dmbemipTsonal
functions. \Amn @apies orcglolinesis iMorkgvet, ﬁﬂmnm\flﬁﬂmﬂuﬁésa Ectﬁftﬁﬁhﬁa?ﬁmali%%) '&Blsa B
I's believed I n ort n ar ation and
formation of b 91911% a%?{c’er%\i}%cgegp % ]?OQN i Oﬁ/pgnﬁcgﬁﬂggéa agﬁldqugrn%ﬁﬁ%% ‘fﬁ%m@)or@lsof
Aur or a- C i s Ausers kinhseaare thought itd repalste baedivﬁhlqwmmsdnwgfegaﬂoﬁ nifBP kRGO ES
duringgmto e, 1 0. eyl oki s. Mareover, inhibjtion of
Aurora ki na?é’ﬁ’é‘f%{”f \9759[ @&%ﬁl@%%n‘#aﬁlse orgiy 4! s° B3 ATy ProggsseT v vitiia e sgersvf h
and pol ypl oi “dyrofdlignaseamattiate proced P98, EMBO J. 17: 667 676). Thus, Aurora
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aneupl oi ] of Auror nases is |like o_be linke
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d t b d hi al . 001, Int.
TRITEDY and 02t Sk R R SRR YOS B, 2001
The Aurora Mﬂnasﬁbvaflmi\mpzbﬁm af dparri-Acas ﬁaeb&etam&r in eﬁdiﬁﬂ%?oﬁgo]b}@ctﬁ (Bisgl?oﬂ‘ @ange
of human n_.of een defected in
over 50% of c ot e@?ﬁa@?"sc hogfslsg%“%aﬂ? o ﬂf\u@g@’%E@B@’“ﬁerRﬁ 3597-301;
Takahashi atvagdn (Gri2GQex al. ,]M?: CliniGh faeer R&rch@ll@@ﬂzqé,@ﬂd@asmc Qi an
(Gitsko at | cal Resegrch..9: 1420- 1426, and gastric
tumors (Sa Eﬁi L?rg%%@ fg SR 84@%@ i’rangﬂleggzl yotdnvpsive dyst adenepatyingmas kg i ve
duct 2adenodesasi (Tewrks, 1899, Cascer Research. 59:2041-2044), High levels of Aurora-A have also been
reported in renal, cervical, neuroblastoma, melanoma, lymphoma, pancreatic and prostate tumor
cell lines (Bischoff et al., 1998, EMBOJ. 173 052-3065; Kimura et al., 1999, J. Biol. Chem.
274:7334-7340; Zhoun et al., 1998, Nature Genetics 20:189-193 ; Lietal, 2003, Clin Cancer Res.
9(3):991-7). Amplification/overexpression of Aurora-A is observed in human bladder cancers
30 and amplification of Aurora-A, is associated with aneuploidy and aggressive clinical behavior
(Sen et al, 2002, ¥ 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 tumer 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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Biol. 11:49-54 and Dutertre at at., 2002, Oncogene 21: 5-6183. Al t hough
over - é?(pr es sAGHIGT Prpftaiy QHLSh pervigpldBla), pinceeay @iﬂ’a%&v@ygcﬁhbﬁ@éﬂgﬁcﬂb t hat
i nhi bi tion ofultdifia P.WS‘?"])eluﬂg a@etnbaalnwmwmdg gm&!ﬂ:@mn fab TR c@lfcfn%ﬁlta, brbdse, Ras)

been confirned in tuncti ass ys t ha | éast the follow ng types of
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"Ther apeut i PPl disorder. i diseAse it one pEmETeT HtnsyaIPtamp Untefasmes todBmpLen s

sufficient tpolifeRéYe disorders, a therapentically effective amount comprises an amount sufficient to,

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

In many situatioﬂs, Standard treatments for tumorigenic proliferative disorder involves
surgical jnteraction to remove the tumor{s), either alone or in combination with drig {chema)
and/or radiation therapies. As used herein, a “therapeutically effect amount” of a compound is
mtended 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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repr esent ed FAPUSY aifdinigmational eiptication No) PCTHUROME 7440 Elep Dagr1t, 200h i the pSory
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(see, e.g., application Serial "No. 11/133,419 filed May 18, 2005, co ending
P o application Serial No. entitled "Stereoisoneri'cally Enriched
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application No. PCT/US05/1747@fiE Q sthe priority
applications referenced therein) #R~{( R3 R2 r"N~11) s HNHRa 15 a a
GONH2!3Ski | 1 ed artisans will appreciafe@at in structural formula (1), the

st ereochem stry &illed artisans will appreciate that in structural formula (1), the stereochemistry at

carbons 1, 2, 3 and 4 is unspecified, such that the compounds according to structural formula £}
include eight diastereomers, iliustrated by structural formulae (Ia)-(Ih), below:



carbons 1, 2, 3 and 4 is unspecified, such that the conpounds according to
structural fornmula (1) include eight diastereoners, illustrated by
structural fornulae (la)-(l1h), below WD 2006/055561 PCT/ US2005/041359 15
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(c) g Py ()
 CONH, CONH,
(1R, 28, 3R, 45} (18, 2R, 38, 4R)
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BV eTeq
5 bed \
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X @E SO Kﬁ[

(Ig) 4 (i)
H =3
CONHZ H

(1R, 28, 38, 48)
{18, 2R, 3R, 4R)

The compounds of structural fonnuia (1) also include two cis racemates, representod by

structural formulae (Ha) and (Ib), and two trans racemates, represented by siructural formulae
(111a) and ([{b), below:



HHR HCONH2 H3 CONH, (IR 2S, 3S, 4S) (78, 2R, 3R, 4R) The conpounds
of structural fornmula (1) also include two cis racemates, represented by
structural fornulae (Ila) and (Jib), and two trans racemates, represented
by structura (Ma) and (M), below WD 2006/ 0555 = s
d R6EEs36 Gy AR ET )
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', '~V a (Il.) 3COMH3 NHH 5 3 CONH2 (2-exa-3-ex0) (2-ends-3-endo) Rt

s~ R N/ R 7 CONHz (tUb) r , =b 3 (m) r' 3z NHNHRS5NHiIi NR3 5
AR\ NRZ CONH, Rl (2~xo-3-endo) [2-endo-3-exo) The cis racemate of

structural fornula (Ila) cap be refer‘red fo as the 2 exo 3-exo0 rRicennt e,

and includes the (IR 2R 3S, 4m % 3R 4R) d| etegpers of
structural fornul ae Ia) an b'g ectlveI%/ “CIS ri'if\e @
(1 h =,

structural fornmujg rdferted®t o adl® [
CORH, H

s CONH;

(2-endo-3-endo)

(2-exa-3-ex0}

Y
e} 5 4 H
H 3
NH /N\lrm R
5N 2
CONHa, R R

Ri
(2-ex0-3-endc} {2-endo-3-exc)

The cis racemate of structural formula (I1a) can be referred to as the 2-exo-3-exo
racemate, and includes the (1R,2R,35,48) and (18,25,3R,4R) diastereomers of structural formulae
(1a) and (Ib), respectively. The cis racemate of structural formula (ITb) can be referred to as the 2-
5 endo-3-endo racemate, and includes the (IR, 28, 3R, 48) and (18, 2R. 38, 4R) diastereomers of

structural formlae (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 ¢is racemates exhibit antiproliferative activity against a variety of different
tumor cell lines in in vitre antiproliferation assays. However, this 2-ex0-3-exo0 racemate

10 (racemate rl) is approximately twenty-fold mors 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,35,48) diastersomer of racemaie rl is largely responsible for the
poiency of the racemate r1, When tested as isolated stereoisomers, this (IR,2R,38,4S)
diastereomer (designated the “a” diastereomer) generally exhibited IC50’s in the nanomelar

15 range, whereas the (18,25, 3R AR) diastereomer (designated the “b™ enantiomer) generally
exhibited IC50°s in the micromolar range against the same cell lines. Thus, in general, the
(iR,2R 35,48) diasterecmer of this compound is generally 1 000-fold mere potent than its
corresponding (18,28,3R 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,38,48)

20 diastereomer exhibited similarly superior results compared to its (18,25,3R,4R) enantiomer in
cell-based inhibition assays against Aurora kinase B. Based on the observed potency of this
(1R.2R,35,45) diastereomer, it is expected that the full range of (1R,2R,35,48) diastercomers

according to structural formula (1a) will exhibit similarly superior potencies as compared to their -



5 endo-3-endo racemate, and includes the (1R 2S, 3R 4S) and (1S, 2F, 3S,
4R) diastereaners of structural fornulae (lc) and (I1d), respectively. As
described in nmore detail in.the Exanples section, for conpounds in which
RS i s fluoneg :i8bwbsichydrogen, R - is 4-methyl pi perazin-1 -y s Biizdes.
methyl, these two cis racemates exhibitantiproliferative actl vrty agai nst
a variety of different: tunor cell lines inin vitro antiproliferation
assays. However, this 2-exo-3-exo racenmate 10 (racemate rl) is

appr oxi mat e&oyreiﬁmﬁyafsois@m%nﬁ%ﬁat, ABRD S EacGALES SRONMN Dfho2a80A0; S PO
racemate (raﬂcerrate r in cell lines teste bot h race
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the sane cell lines. Thus, in general, the (IR 2R 3S, 45) di astereoner of
this conmpound is generall y 1000 f?I / ten thed its correspondi ng
(1S, 2S, 3R, 4R) enanti oner. i s alpso app 20-50 tinmes nore potent
than the correspondi ng 2- en(@b 37 E sthe cell lines tested.
The (1R 2R, 3S,4S) 20 diastereo |ted sf m llarly superior results

conpared to its (1S, 2S, 3R 4R enanti o‘f‘@i“zi n cell-based inhibition assays
agai nst Aurora khamas@nﬁ;lte$aﬂomhooa3pbhﬁng)m.ﬁirm¢r POdn@BGMI RtmIR ()
(1R, 2R, 3S,4S) di ast ereoner, is expected that the full range of

(IR 2R 3S,49) di ast er eoner s accordi ng.to struct formula (la) wll
exhibit simlarly superior potengi ESHgT@W,D >R hei r WD 2006/ 055561

PCT/ US2005/ 041359 17 correspond enanti oners, 2-exo-3-exo
racemates, 2-endo-3-endo racg N~ ON CO¥ espondi ng di ast er eoners.
Accordingly, provi ded herein arjé odnds tﬁ%t are enriched in this
particularly potent (IR 2R, 3S,4S) d&bastereoner. I n one enbodi nent, such
stereoi sonerically enriched cognpunds 5 include conpounds according to
structural fornula (1): RL Rs NIl NRs 2\ (R3 ~ HH 3 CONH2
that are enri chebemim: t he corresponding di astereomer of structural formula

I . Rl . -
(1a)p - each R is independently selected from the group consisting of hydrogen, lower
alkyl, -(CHy),~OH, -OR”, -O(CHy),-R", -O(CHp),-R", -C(O)OR?, halo, -CF; and -OCFi;
each R? is independently selected from the group consisting of hydrogen, lower allkyl,

. 4N 0

-OR’, -O(CHy)»R?, -O(CHp)R', -NHC(O)R®, halo, -CF;, -OCF;, % S/ and

4N N-R*
A .

15 each R’ is independently selected from the group consisting of hydrogen, lower

; 7\
. 4N . D
allcyl, -(CH),-OH, -OR’, -O(CH;),-R?, ~O(CH,),R", halo, -CRy, -OCFs, E /

'%'N/_—\N"R4 “E—EZ) and 'E‘Q:]

>

N/

E]

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"
20 R’ is hydrogen, halo, flucro, -CN, -NO,, -C(O)OR?, or -CFy;

each » is independently an integer from 1 to 3:



RER2 sH~~/5Aa a32HNH\ RB HONH (1R 2R 3S4$)
wherein: 10 each R is independently selected fromthe group consi St'l ng of
hydrogen, lower alkyl, -(CH),r OH -OR, -QCH),; R, - CH),rRrR",

-C( O ORa, hqivg,zgﬂﬁg:%(gnd -OCF3; each R2 is |ndependently éez‘lczﬂe/%tsg?%bfohgﬂgthe
group consi sting of - hydr ogen, Iovver alCI:E I, NO-O, - ')r

-QCH)"-R', -NHC(O R, halo, - and -- N R4 15 each R3 is
|ndependently sel ected fromthe group consi st i ng of hydrogen, |lower +N

- R', hal - OCF3, \-/
N km(gﬁﬁ) SNy ol R TR AR SLEL e atpup pomvitineotapiagen,lover
consi sting of Ci‘i)?gﬂgg%ncycloaﬂiﬁr allcyl, aryl al kyI fl-ﬁrb NENR -C(OR,
G35 LN ool P ORI s Sation B o

OCOR,
2(%63 055561 'ﬁ@FbaumwchMCG)m“GMJWRﬁaﬁdL@@pmmnt ly selected from

and | ower cycl oal kyl ; each
R 1 & {ndependent| y sel'Sh aHiRBIT e SUrsTiF NS ESEP FpoHe roroBatm] S
~O0F3, - R RoweraishRmle) 0o K sl Rl Bl 131 R368% i I

drogen ower
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al kyl, or, alternative
t heynl t r ogersdditional h@feroammgrmab@eleafee foarulgq* IR L OfOTRE Nk ORISR L

saturated ri ionally includes 1-2 additi onal het eroatom c
groups_sel eg\?gdd@ 8'?& NR-C(OR, NR-CCOOR and NR -C(ONR; and

10 eath Rd is i ndepencﬁeﬁthys ﬂndnpemdenﬂy\w&yﬁlﬁ@wafdﬁyiu lor lo%é?ﬂl-h drog}aril}'yé hed

kyl such stere0|soner|ca
Compounds” T nel uadh BioBe bR SR i moRe St ishen seghowncs relide R
formul a (11 a¥ radgmaeteeiaroRing tR@mctRR) fdﬁnu]amﬂa)ﬁu!&f-@n RS mr@vR%IRym?gét r uct or

i ast er eoner ur al
structural E%I{EH 5 sgrllétﬂraltfgr?i}ulaad)etha Jnle gnr}?cgecf in the Igheastt-:-,re::)mer of structural formula (fa),

formula (la
supta

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

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

25 In another embodiment, the stereoisomerically enriched compounds include compounds
according to structural formula (Ia), supre, 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

- 30 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
stersoisomer are referred to herein as “substantially pure” stereoisomers. Stereoisomerically

35 epriched compounds that contain about 99% or more of the desired stereoisomer are reforred to




supra. 15 As used herein, a conpound is "enriched" in a particul ar
di astereofrer when that diastereoner is present in excess over any other
di astereoner present in the conpound. The actual percentage of the

particul ar (di ast r.eg)lrrer conprising the conpound W || depegpey/upnisbssso
nunber of

|aster eoners present {fs a specific exanple, a racemc
mxture is "enriched" in a specified enantioner when that enantioner.
constitutes greater than 50% of the mi xture. 20 Regardl ess of the nunber of
di astereoners present, a co kdhsouhar
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enri ched corrpounds i ncl ude conp ds a rding to structural, fforyula (1a),
supra, wherein Rl, R2, R3, R&@nd &5 az agl-R*evi ous| y deflﬁw
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herein as "substantially pure" stereoisonmers—=Stereoissogerically 35
enriched conmpounds that contain about 99%ga¢ nmype GfN t hévdésired
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"pure" st er eoi soners. The puri ty any stereoisonerically enriched
conmpound |,a'5r~er én goner | g pur ' %de) can be confirned using
convent i on na Cyt hods ka% let ot LB SEMERE R2 ki hyIREe, dethdl, | |,

bel ow. In sone errbodl rrents of%t he varl dus . st er eol soner| cal ly enri ched ,
conpounds  dRsikdxyPeiduoromethyl-or ehlofs: ReeferabhROis3ns il e{CHOIGRE, 'icéom%’@en, R is
“--j or and @C‘ﬁz ther than ~--J O-- NR4 - / \--/ or N. In other
embodi nent sC &My ari ous stereoi soneri cal | y enriched  caonp oundsgodescrl bed

herein, R3 is hymkHgeker eﬂibbdﬁyﬂeptswéthh(mgous sterpdipqrentisniibt ewiFheg FOEPAYY I n
still other embodinents. Rd'is methw, -C(O€H3, -C(O OCH3 or
-C(O OCH2CH3. In still other enbdd rrertns §3!ﬁ t hN-RAr i ous. ster eoi édﬂ(e_r_l/céal ly
enri (ig]ed Ccﬁéﬂﬁlﬁaﬂiﬁemiﬂ, Rzlsothcrthan A4 andR is other than
-§—NmN*R4 -§—'.r 0}) .
e/ or "N . In still other embodiments, R and R” are each hydrogen and R is

{OCH,NHR". In some other embodiments, R', R” and R3 are each, independently of one another
selected from the group consisting of hydrogen, methyl, methoxy, trifiuoromethyl and chloro,
with the proviso that at leasttwo of R, R” and R? are other than hydrogen.

20 In still other embodiments, R’ is hydrogen, R? is selected from the group consisting of
4N o BN N-R . o
hydrogen, = M and = M7 ,and R’ is selected from the group consisting o

N b N N-R _ ‘
hydrogen, lower alkyl, halo, -CFs, /" and N/ . In still other embodiments,

/N
-+N O

R’ is selected from the group consisting of hydrogen, methyl, chloro, CF;, © -/ and

N N-R . g
N/ and R* is methyl, ~COR® or -CO(O)R® where R is methy] or ethyl. In yet



\' /-\ N/--\ O- NNR4 3 10 described herein, R is hydrogen, R2 is other

than "- ' 'or and Ris r, O NV, NV -Ror "N. In yet other enbodinents, R2
i s hydrogen, nethyl, nethoxy, trifluoronethyl or chloro. Preferably, R4 is
met hyl, C(O)%,ZOG(%QGQCI—B or -C(OQCH2CH3. In still other s _of

the various stereoisonerically enriched cogpounds 15 descri gggﬂﬂeo{ﬁg(ﬁ 3"??2

is other thanN~-~ or +N \-/ N R and R3 is other than 4 N --j N-R or

In still other enbodinments, R and R2 are each hydrogen and R3 is
-OCH2NHR. I n sone ot her enbodinents, Ri, R2 and R3 are each, in endently
of one another selected fromthe group consisting of hydroge. N Meghyl,

net hoxy, tri f| ensthsrembsdimenhR*ddeteeiod fromitielpréupesopsiaink $0hsidhakn,a Le.afstan'avxo of
R, R2 and R3 are/—of\her than hydrogen. 20 In still other enbodinents, R is

hydrogen, e i skl ecierl from the group consisting of - N-i-N N R4 ,
hydrogen, \- J ant— andamllssmteddtoedhémctdnastg{ngﬂnyd}@gbﬁ,l lﬁ\tvér@ﬂcypﬁalo LCF,,
hydr ogen, | ower |, hal g—CF3, N'--" 0 and N s-- N-RIn still other
enbodi nment s, +P§ S ;}ml ectiem? from the group consisting of hydrogen,

methyl, chloro, -€F%, 2sd Jand _ N sBl otacbabdinentER Y belect:SERmAte @KO)R
where r is nethyl or ethyl. In yet WO 2006105 1 PCT/ US2005/ 0413

N--\0 anot her enbodi ment, R2 is sel ect ed§ omghe gggup 3,@.q;g;3| sting of
hydrogen; -/ conefstingof hydNbgsi.RéetiyibhRo,LGF,s 6] Act-£d ahg oM \Lhe gr Okt @%‘Eﬁbtﬁh‘ ng
of hydrogen, lower allyl, halo, -CF3, -f- N-- NR4 and\ In stil

ot her enbodi nents, R3 is selected fromthe group consi S.EJN f piret h 1 cht
N-NNFR 4 oCORbor-COCHRUvherein R? is methyl or ethyl. Preferably, R*is = “—V/ ,R'is —-COR®

/N
o . =N N~R?*
wherein R* is methyl; and R’ is hydrogen. In other embodiments, R% s © \—v/ , RY is—
' N O
CO(O)R’ wherein R® is ethyl, and R? is hydrogen. In still another embodiment, R? is -/
and R? is hydrogen.
VRN SN
) N 4N O N N-RY
In yet another embodiment, R* is hydrogen; R*is ~ “— or -~ U/ ; and 1!
%N N-R?
10 is methyl, -COR" or ~CO(O)R" where R is methy] or ethyl. Preferably, R?is ° ./ JR?

is metityl and R? is selected from the group consisting of hydrogen, methyl, chloro and -CF;.
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,3 5,48)-N4-(3-
aminocarbonylbicyclo[fz-é;1]hcpt—S-ene~2—yI)—5—ﬂu0r0~N2-{3-methyl-4—(4-methylpiperazin—1-
ylphenyl]-2,4-pyrimidinediamine.

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

or pure in the diastereomer of stractural formuia (Ta), supra, are illustrated in TABLE 1, below:



Ys, and and Ris nmethyl, - -~- NR4A 5 CONor -COQOK wherein R is nethyl
or ethyl. Preferably, RRis \--j] R4 is -COR +N NR4 wherein R is nethyl;
and R3 is hydrogen. In other enbodinents, RZis ~-y , R4 is- - O COQOK
wherein R is ethyl, and R3 is hydrogen. In still another enbodinment, RZ is
and R3 i s hydr¥§e06/0s8560 +N /- " N-R4 I n yet anot her enbodi mentcrms2608/041359
hydrogen; R3 is or L-~and R4 --1 N/ NR 10 is nethyl, -CONor -CO O K
where Ris nethyl or ethyl. Preferably, RZis \--/ , R4 is nmethyl and R3
is selected fromthe group consisting of hydrogen, nethyl, chloro and -CF3.
More preferably, R3 is methyl. In still other enbodinents of the

stereoi sonerically eim—rﬁwed—emmeuﬁds—desekr-bed—her_el n,-R5 is fluora 15
In still other enbodi nents, the stereoi so?FéﬁI—cFally enri ched conmpound | s
suhstantially ster1=0| sonerically pure or ster eoi son@ti cal ly pure
(IR 2R, 3S, 4S) - N4- ( 3; ;

am nocar bonyl bi cycl p[ 2. 2. 1] hept - 5- enep2- vyl )- 2- [ 3- net hy] 4- (4} et hy
| pizper azi n-1- yl)phenyl ] -2, 4- pyr Thi dj : omal exenpl ary
enbodi nents of conppunds accordl ng ormula (1) that 20 may
be stereoisonericaljy enriched in the coFP'é'?pondl ng di astereoner of

structural fornula {la), supra, substantially free of any enanti oner
di ast er eoner H-hereef—andler-substantiallv. pure _or _pure in t

S
and/ or thereof——and/ substantially | | e
di ast ereomer of strudlwmhmtﬂot mul a{‘(l a)l, supfa, are ilgbustriatedgsn TABLE 1,
bel ow. WD 2006/ 055 21 TABLEL. R 7RI N/ R |ZHN
R3 54 2 F CONH2 Ggypound RtyRZ R3 Rs -§-§0—\h|~n}eN ME\ N- Me I\ée
N
62 H -§-NCN—Me H F
64 H H + Jwe |F
66 H w 3¢ (m F
NS Me
o
68 H H -§-NCN—/( F
Me
70 H -§~N®0 H F
O
72 H #
%‘u—(oa H F
74 H H _§.NCO F
0
7 H H '-é—N\r:)“_(DEt F
78 H. -§-NCN—ME al 7
80 H -i-NCN-Me H E




62 H+ NM HF 64 HH+VvNMF 66 HNNHF M 68 HHUN~-M2 F 70 H

+tN\ pHF 72 HHF C&t 74 HH+ NNF 76 DHH-I-NN24 F DEt ] 78 H --
N-me CIl F 80 H-fit NMe HF W 2006/ 055561 PCT/ US2005/ 041359 22 TABLE 1
R RS R2 Qydapuep3ésbzz N N R34 3 CONH Conpound R RZ %TB??zuu%ukkgV - Me
M F8 HNNM C3F 8 H~-NM O R388 H-- *"NM CF3 F Ko) F
When specific diastereoners and/or racem c m xtures of speC|f|c corrpounds

described herein, such as the corrpounds described in TABLET, are intended,

t he conpound nunber—Ts—fottowed by a T%A[BEI‘J ISpeu fytmg thespeci 1T
di astereoner or racemc mxture as foll oWwsTa= (1R.2R 3S,4S) b=
(1S, 2S, 3R, 4R 5 r (5
Yeelee
no® =
)] 7 2 NT N r?
5 0 3 G0N
Compound R R* R R’
82 H N Nte | Me F
84 H #{ me | CF, F
86 H -;-NC e | Cl F
88 H ~§~N©N-Me CF; F
0
90 H H K F

When specific diastereomers and/or racemic mixtures of specific compounds described
herein, such as the compounds described in TABLEI, are intended, the compound number is
followed by a letter specifying the specific diastereomer or racemic mixturé as follows: -

a= {1R,2R,35,45)
b= (18253R4R)
e=  (IR.283R4S)
d=  (18,2R3S4R)
e=  [IR2R3R.4S)
= (185,2S,35,4R)
g= {1R,28,35,48)
h=  (1S,2R3R4R)

rl= 2-ex0-3-8X0 oIS Tacemate
2= 2-endo-3-endo eis racemate
3= 2-exo-3-endo trans racemate

rd= 2-endo-3-exo frans racemate



c= (1R 2S,3R 4S) d= (13,2R 3S,4R) e= (1R 2R 3R 4S) (IS, 2S,3S,4R) g¢=
(1R, 2S,3S5,4S) h= (1S, 2R 3R 4R) rl= 2-ex0-3-ex0 cis racemate r2=
2-endo-3-endo cis racemate . r3= 2-exo0-3-endo trans racemate r4=

2- endo- 3- exwotz@nesisacemat e WO 2006/ 055561 PCT/ US2 00 5/ Op&Enidz2bus@i133s8
Thus, as a specific exanple, the (1R 2R33S, 4S) di astereoner of conpound 60
Is referred to as conpound 60a. Those of skill in the art wll appreciate
that the stereoisonerically enriched conpounds described herein may

i ncl ude functi onathugeosgscifibatanGR)HReNBS kS ds Vulats!ere%@:%f% %a nﬁasﬁ'is%@f’eﬁ‘? &
pr odr ugs. Suchc@ &@}LA%S are usual fy, but need not be, pharfmacol ogi catl3
i nactive unt'ff® 8% into their active drug form For exanple, ester

groups comonl y TREROP kiR He Sabal zi{)ﬁﬁgxatelﬁié@fhgLs%x%bﬁorﬁ&:c!l‘l}eérﬁlmﬁJH%OIBE&EHQ
carboxylic %g h en. ex osed to the acidic conditions of the stohach, or

base-catal y E?I“VE SIGiHsfurskingd grpuppihgtifan braaiskewifHpPrOEOHES totrcaite

i nt ests ne orprodhlgeoshch'ﬁwﬁlgs\ﬂlmmaﬂﬂ NBubhel 86195 dih@mﬁc&ld@bé}@tmééﬁ@é ¥l converted
st er eoi SOmeri c 1y enric npounds that 10 include eSter noieties may be

consi dered pFR4F iﬁ@%”"Bfi“’tg ‘ém?'CFé’éF}i"’é’@lfe?ﬁéﬁf BEpupTgoBvneply underep acid-ceteypad dl ess” of

whet her t he hedibipsis foo/idld ihs pRIBAAMERNRAEE MhkYexd6icl Yhhe hadGL BElREkion 6f*?1'1e“ the
scope of the inyention are Eﬁgru gs of the various stereoisonerical
enri ched cofBBaHE" Beseaidye ?Iﬁ‘ﬁthnﬁxE‘?fE#"ﬁ]i‘edﬁF‘Hg@ﬂd“&ﬁ?ﬂ%\tbﬁmﬁmér

functional ot VhuePwhed @dm Msdiado Wish caoranpg{eeeﬁorﬁ&cxmﬁérﬂmﬁed%ﬁag& G that -
Functlonal gchlild s within the ster en ca 15 enriched conpoun
descri’bed h estqn Joigtigs mpK be roasi eW?fi%ﬂ%ﬂOéé%ﬁ%ﬁSfi%dmgﬁabmleﬁcﬁLn a

pronoi ety i rephidites offtibbthar tBe 8@ fdrinh piEndcAlogRMMy Ry Pri mary and secondary),
hydr oxyl s, sul faﬂ?éhﬁ ‘&I hi ol s% E oxyls, "etc. Myriad progroups suitable
for masking such & yibin e gbape B ﬂ*FB“’W@PérBPﬁ?d%PéﬂIPé@flctuﬁaft‘?f*?@l?@l%lpféh\/abl e
under the de:&ich&ﬂ:oﬁl@&ﬂidb deasbedherde IRERH hAaMEs, bfly 18 ﬁmtﬁlnat nfdfiety hRAPEE
progroups, ions, may be included in

i n conbi nat
st er eoi so neFﬁa??‘g&]Ws‘fL BRFBENEE Y@é 2 BFASiHEy §¥nchiona] geupsyida the ﬁfﬁ‘fqﬂPhemFeliY
i 11 ugsrati venrRhidin@ingeitds débebed haeRGh /IR bl fAdkY whk [ﬁo‘gmgs ﬂf &Gfuz.»i&?m%r e

conpounds accordi. n(g‘&i?o structural formul ae, (1), supra, e and
R may be, PH™AEiT b 2peo hmitgste, Aminrs (Ryinenet @ﬁéepoaﬂ%)s hﬁirwbssulf@pyls

progroup, t fkblsREeb&NTs] Sh Myl fri8ogR shiab RN RN HhRE Eﬁfcﬁ%éfaﬂafs to yield
structural ;];rgrrngumiltxéas alt gr)e cleava%se under the desired conditions of use are known in the art. All of
these progroups, alone or in combinations, may be included in the stereoisomerically enriched

20 prodrugs of the invention,

In one illustrative embodiment, the sterecisomerically 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

Y structural formula (Ta), 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 tantomerism 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 shonld 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 posmble and are

35 also specifically included jn the compounds and/or prodrugs of the invention.



25 Those of skill in the art will appreciate that many of the conpounds and
prodrugs ‘described herein, as well as the various conpound species
specifically described and/or illustrated herein, nmay exhibit the
phenonena /b dHaaizeg®ri sm and confornational isonmerism FecTessaosiizset he
conpounds and prodrugs may exist in seweral tautoneric forns, including the
enol form the keto formand m xtures thereof. As the various conpound
nanes, fornmulae and conpound 30 drawi ngs within the specification and

claims can repr %gé}{d irNp¥n B9 Raife of NE vRSRS silsful AU HRTREdfsoRkricaiPBfrRAdmL | Onal
forms, it should under 'stood that the invention enconpasses any tautoners

or  conf or FEEPBIE and SEpasyes may e ke foarmsbiaiasSush s detgSa AV Tone or nor e

of the uti |ph£zhﬁe°eun&‘ifﬁﬁsl(tﬁnﬁﬂm&%§éaﬁly-a§§e i&ﬁlle Isah@@) mﬁwaa% f&fvetﬁhﬁ%eus\é@(e}cous
different isomeric forns. |In cases of IPI mted rotation around

2, 4-pyri m cdueieditamnnes deved Gam arids ar basepiar Hvelldonwnr & e artal so p055| bI e and

are 3y al so Spegd {aliainikuAediidl, bhensomRoNAle.AMY Q. BeRMDS Of (he
i nvention. WO 2006/ 055561 PCT/ US2005/011359 24 Dependi ng upon the nature

of the var ipBuBaesytedly eerepirele salts aredlhasp aalls duhistaicabstyntialy preteamoredisounds and
prodrugs nyed phhrhieidgiaMetlinad e paﬁﬂf:&bn&@&ﬂdsma%m% s%ﬁﬁbt}esfoﬁw table for

phar maceuti cal _uses (" pharnmaceutically-acceptable salts" salts suitable

for veteri m&pipisgaliog to bugans. Bypemacsutically aeeoptghle slts inglude ?C‘r*‘i)ﬁﬁidé@ll sRtsfpmBdses,
as is vell wfMexigdnlt &8 ofbrkanicdacldd, ﬁﬁ@nﬁ%@ﬁuﬁ%ﬂé&rf&rﬂﬁngﬁﬁ%&beﬁh@&lb

phar maceut i cal Ig/ acceptabl e salt. Cenerally, pharnmaceutical Wg accept abl e
sal t¥0 are ffsRiable agid additiopsalisanidpds. B itsax efvkimnle adawelimiation, yd altdﬁémdﬁjea red

phar nacol Ogé%q{ydﬁﬁﬁlbm Eéx@%y«%br&ﬁ% de il ﬁﬁm&@%&%ﬂﬂﬁ:ﬁ@%ﬂ%tﬁba&d ?h&sﬁh&rﬁsm e
for admnistration to humans. Ph armaceutlcally acceptabl e sal'ts 1 nclude

aci d addi t ia&ifh 284 thedike-oPraspic a%wstqqltﬁ%ﬁgw@agbﬁm@c@flcw@aﬁw@blaem@ddmon

I nor gani ¢ @Qfstiﬁ:hﬂulHya»biyeoffaﬁﬁnpmn%agl@#ﬁam&%%@%huor&&ee&;ﬁmp&ﬁﬁbﬁcaCI d
addition salts includ exanpl e ‘and not limtation drohal i de

acids (e. @i hﬁwpﬁéﬁldoﬂcé?%@é?mﬁ?@ﬁ‘ abiflaiceligagidy oxlip gridgrpyic aétdclayhc
sul fyyic agig mdlbdid dcid, 36defhic RIMOBMROINE mafcl i ﬁﬂﬁn& Q:ﬁd |t£r|;‘aﬁa adiy QRN &1@0' ds

suitable for form ng pharmaceufically acceptab e acid addition salts$
i ncl ude, byalwiiF 45, espanip ped.drd-hydroxybeprayhitbrrzaic asidetinrantie pef. mepdefi erid.oacet i ¢

aci d, propLRPEQfonRGicfs @g%ssu&sﬁ@m@ye@ﬂa%mm@&w 9Pl k& aRAkA i agiaycol i ¢

acid, oxalic acid, pyrUV|c acid, lactic 15 acid, malonic acid, succihic
acid, mal i &hadpetraessifeniaeid etcf)mwﬁwl@nw’ds (ergarbemgenesulipnivicidi tri ¢ aci d,

palmtic aglcﬁ'lﬂtd%@&%@ésﬁlf@fﬁé éixd, §-n£ﬁ11ﬂ5¥e@a%%ﬁ&€5&@ﬁ' thiubfR#Rin% R4l d, cinnamic
acid, mandelic acid, alkylsulfonic acids (e.g., nethanesulfonlc aci d,

et hatesul f eHpRhomBifenic qcmzs@twawethub@wlp% :'a-oatcz-epe 1-carbyiioeids lieaherionie oni ¢
acid, etc. ) %Lﬁﬁle%rtaﬂfahﬁ aﬁg'tgﬁe ﬁa&uc aBE %ﬁ!ﬂ? g%fagéﬂc%cﬂcfaﬁl'yl su‘ﬁmc acid,

4- chl orobenzenesu foni c aci d, 2-naphthal €nesu ic acld, 4%tol uenesul fonic
acid, 20 ¢ gﬁm@lﬂ, elyramc apdd. aydr@g@laghﬂm:c acid, salicylic acid, stearic ‘acid, muconic acid,

4- et hyl bi gyrhOliig. 2- 2] - oct - 2-ene-| -carboxylic acid, glucoheptonic acid,
3-phenyl propionic acid, trinmethylacetic acid, tertl ar butyl acetic acid,

|l auryl sul furi CP%?EFHBGUH@HMS%P@%@*G alsgingludesalis Zrimer wheraneRidisarietresenici d,

sal igylic §oh&parsh RRHSRAR ither TRHHREA Gy Ak on B, atnr&@ca Y68 fon, an alkaline
egarth metal ion or an a]uminﬁrh ion} or coordinates with an organic base (e.g., ethanolamine,
diethanolamine, tristhanolamine, N-methylglucamine, morpholine, piperidine, dimethylamine,
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 diastersomeric

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



Phar maceutically acceptable salts also include salts fornmed when an acidic
proton present 25 in the parent conmpound is either replaced by a netal ion
(e.g., an allcali netal ion, an alkaline earth netal ion or an alum nurp
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di astereoneric 35 derivatives through reaction wth c reagents an
convent i onal afhihyskilledaisape used to WO 2006/ 055561 PCT1US2005/ 0. 41359 25
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In Scheme (D), R, R?, R? and R® are as previously defined for structural formula (D),
supra, X is a halogen (e.g., F, C1, Br or I), and each G is, independently of the other, selected
from G and S. It should be noted that an “*” in aminocarboxamide 6 indicates that the particular

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



~ (ol hernal ogenating agents) X4 N2 X quiv ~* ** H4 NZ X 2 04 halide is
nore CONH2 4 reactive towards 8 nudoophiles R JR2 H2N R3 10 1 equiv
RR RBR6 NI Rz * 63, fl | HAN2HR3 CONH2 (1) |In Schemre R Rz R3 and
RS are as defigw@séEsistructural m previously fornmula (1) pcrPeh@nitsshsS a
hal ogen (e.g., F, d, Br or 1), and eachzfsis, independently of the other,
selected fromO and S. .It should be noted that an "*" in am nocar boxam de
6 indicates that the particular 20 stereocenter is not specified.

Accordi ngly, f r
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reactive tOVfes AL BARMASS & n
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st ereoi soneric
configuration and optical purity of aminocarboxamide 6 will, in most circumstances, determine

the stereoisomeric configuration and optical purity of the compounds of structural formula (0.

In most situations, the C4 halide is more reactive towards nucleophiles, as illustrated in

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

20 well-known in the art.

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

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

30 5-bromouracil (Aldrich #85,247-3; CAS Registry 51-20-7; 5-fluorouraci) (Aldrich #85,847-1;
CAS Regisiry 51-21-8); 5-iodouracil (Aldrich #85,785-8; CAS Registry 696-07-1); 5-nitrouracil
(Aldrich #85,276-7; CAS Registry 611-08-5); S-(triftuoromethyl}-uracil (Aldrich #22,327-1;: CAS
Regisiry 54-20-6). Additional S-substituted uracils and/or thiouracils are available from General
Intermediates of Canada, Inc., Edmonton, CA (http:/fwww. generalintermediates.com) and/or
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strategies for their attachnment and renoval, may be found, for exanple, in
Greene & Wits, Protective Goups in Organic Synthesis, 3d Edition, John
Wley & SonggbidfissasiNew York (1999) and the references cpeewstiwenasss
(hereinafter "Greene & Wits"). 15 Prodmegs as described herein may be
prepared by routine nodification of the above-described nmethods. As
skilled artisans will appreciate, the desired 1 R2 (1R 2R, 3S, 4S5

di astereomer corresponding ) P g to structural formula (la), supra, can
be isolated by chiral separation or other standard techni ques. Methods for
chirally resolving specific diastereoners are described in nore detail in
the Exanples 20 section. Stereoisonerically enriched conpounds and/ or
substantially pure and/or spure diastereonegs can al so be synthesized from
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~-(SNI ~( LN dQQW 21106/055561 PCTI US20051 041359 29 In Schene
(11), 2- emuﬁ&mmsmracem c (3-lactam 14r1 (prepared as desws:psd4izas Staj ar
et at. 1984, Tetrahedron 40(12): 2885) is protected with a Boc group,

yi el di ng the corresponding racem c Boc-protected (3-1actam 16r 1.
Boc-protected racemate 16rl1l is then reacted wwth (R)-nethyl

par a- met hoxyb@xnzahleﬁ@mpz-kﬁa-a-ﬂceﬂaeunng BacmX {4 @prafam@a@a&ﬁ&&eWﬁgax?e@ai and
20b. This 5 diastereoneric m xture |s treated with an acid such as TPA to

cl eave t HESBAeredap 00 PeliPohy pwtecip wifiadasirayp.yitlding Besprespdingnd 22b,
whi ch Ca@aé&ﬁuc”fﬁﬁ%ﬁ-&&t faﬁglﬁm 461‘1‘ Rk ?Jpc}féc'téﬂi‘ rgdeﬂﬁte 461105 afeh Qeragted @ik acem ¢

m xture of conpounds 2 his stage, conpounds 24a _and 24b can
be separl&t @thlf]n"é‘fﬁ*@ﬁ@o’a)ﬁ’é‘ﬁzﬁ@ﬁuqﬁ}sd'?‘élﬂlaP Pisobfagpaomandlasad 4k Thisni | i ne

10 tos af flrebmetiAtRehre Q'm%&&@&ﬁpz{ﬁ&lcﬂ s%éaasmééﬁavem@wé%@ yigidikLi ari es

fromisol ated diasteroners 25a and 25b can 10 then be éd to yield

i sol at ed kgl diegerepsera d2umd iy vhichser beagted withchArdibalepyrinilinaifhieh atiots) |
respecti vaerhaemmﬁm&m@m%mm@ﬁﬁ aﬁa@h@% thiQ by, eJ;n,J'a’Pnamﬁm[%% p2 1S

4- et hyl - pi perazin-1 -yl and R5'T's uor o eavage of the
chi ral alfﬁﬁﬂrﬁteélrf&ﬂﬂmﬂﬁ\ﬂé@lh@r bb!f-l“}’ételhﬁaﬂOF@ﬂd ehsebwilirdilse 8 o 2tfudrisdlatedls wher e

such cl eaNaaRoRERWESa bl T dniraldd Ml ?ﬂé&d&@sft&oﬁé’ﬁz anfik§F%Rd from 15

conpounds 24a and 24b, the resultant ounds reacted with
ani | the xentbs clgivsy! & ymlé@iioéﬂteédwdmgmgﬁ@mm ta@wrtdmlrfwtdﬁeﬂa} udt(.al

formul ae (d.a).apd (1b). Specific exanples of such reactions are described
in the Exanpl es section. Conpounds that are st ere0| sonerically enriched,
subst anti al | y Fet enmpoinds 262 ind@5h jn whiceR' @hpdrogenshss éoitiyrpipematnilyyl, Fﬂjnse in

e Ehog DA PRHICEORELS fhaBbEf DO PURNARALERE AR 24, BRELEALEGTET: O2) |

enri ched t ant a y st ereoi sonerica stereol someri cal | y
pure (3-»paequa¢ﬁswhesumh slearpgoireeaditfioal, thy ckinl kodlady md:émtea\(eé Gost anti al | y)

st er goi S%Bﬁhéu‘ﬁ&’é 144 R b8, af %%&%ﬁ%ﬁ?ﬁe@%ﬁﬁ{ﬂ%&&%@% ahi OloY tggwﬁ“d

I sol at ed one exenpldry e antra ereol sonerically
pure (i - |lisrateddisstersametsaceoading to etuctnd fogoilat(Badlarfdr(Gn Spercd'mmmﬂesmfmchr e of

2- exo- 3- %tlfﬁn’émle%géc%mdl% ﬂeé‘ﬁhﬂl@s &@nénmmb' lized |Iipolase (available from
Si gna

Compounds that are stereoisomerically enriched, substantially sterecisomerically pure

and/or stereoisomerically pure in specified diastereomers can also be synthesized from

20 stereoisomerically enriched, substantially sterecisomerically pure, and/or stereoisomerically pure
p-lactams. Such stereoisomerically enriched and/or (substantially) stereoisomerically pure
B-lactams can be enzymatically resoived and isolated. In one exemplary embodiment,
(substantially) stereoisomerically pure B-lactams can be resolved and isolated from a racemic
mixture of 2-ex0-3-exo f-lactam 14r] using an immobilized lipolase (available from Sigma

25 Chemical Co., catalog no. 1.4777) as described in Eniko et al.,, 2004, Tetrahedron Asymmetry
15:573-575. In another exemplary embodiment, (substantially) stereoisomerically pure p-lactams
can be resolved and isolated from 2-exo-3-exo Boc-protected racemic f3-lactam 16r1 using resin
bound, immobilized chirazyme L-2-type B, c.f. enzyme (Candida amarctica Type B, c-f,
available from Biocatalytics, Inc., Pasadena, CA) as described in application Serial

30 No. 60/628 401, filed November 15, 2004, co-pending application Serial No. 11/133,419 filed
May 18, 2005, and international application No. PCT/US05/17470 filed May 18, 2005, and

copending application Serial No. , entitled “Stereoisomerically Enriched p-

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



25 Chem cal Co., catalog no. L4777) as described in Eniko et al., 2004,

Tet r ahedr onvfﬁ PRLLY 15:573-575. I n anot her exenplary enpogyi Bm413-9
(substanti al % st‘ere0| sonerically pure;f3-lactams can be reso ved a

i sol ated from 2-exo-3-exo Boc-protected racem c (3-lactam 16r1 using reS| n
bound, immobilized chirazyme L-2-type B, c¢. enzynme (Candida antarctica Type
B, c-f available f mB| atalytics, Inc dena, CA). _gs described in
appl i cation SEFP :‘iﬁi fr§% %ﬁ/eg e ARIEsOlyg TPQ‘HFNE%@H’B"@F“BII f 36‘5@1"‘5 léﬂesﬁé%’?ﬁli“hg
application Serﬁxaﬂnplbbsecﬂdrt 438 2 4itBod bf Rdthediyp L8ko- 32%5aceaurtq34aeiaﬂmai i onal

application No. P UsS05/ 70, filed 18, 2005, and copen
application Seria §es Dfé%’ﬁ%"hﬂzﬁ‘ﬁSpegttjvsgﬁftgr(?f?é’ﬁaﬁ“&f '@gtEﬁ‘F'i"’E‘l‘fé'cfj"W'“lq_(é?ét ans

Usi ng Candi danumt@ernzﬁmmaactmﬁs dretlugngus Sﬂi&hﬂeé’(ﬂmﬁ\(\ﬂw Nbefovdl ef@&;bé:lﬂ@@xﬁ%ble of
attorney doc % 37546 30US) , I osur of. which a

i ncor por at ed" Qgﬁzyf‘éef‘éé shgge a%‘lfé" “r °1\RB°' é‘gﬁﬁ?’}ﬁ?}‘s@@fhe Clirazyme enyme
PCTAI fSZOgS{:I Odikéiﬁ&d s@ﬁ‘aﬂﬁ@ﬂmkt&teﬁfm $dih@m5§m2j  @En bé"t!tl)sgczj @ﬂ&%ﬂtﬁ ﬁﬁs&g{zﬁﬁﬁ :fr’éﬁl racemgc
speci fied di eo, i s.described in e Exanpl es section,
as is a met hggacga[m nﬁf’ﬁ‘f‘ég‘?dzlﬁﬂﬁ%ﬁ“@&gs S§C0o raceinic P-1actam 16r1.

Exanpl es of synthesi zing specified diasteronmers according to structural
formula (la) utilizing enzynme reactions are illustrated in Schenmes (I11)
and (1V), below. A specific exanple of 5 the use of Novozynme 435 enzyne as
illustrated in Schenme (N), which Iike the Chirazyne enynme discussed supra
and illustrated in Schene (111), can be used to resolve enantioners from
racemc p-lactans, is described in the Exanples section. WO 2006/ 055561
PCT/ US2005/041359 31 + U=m OOmMOmM z~Om ~N UONCULL M=L
mNz ZONCzO EOXx oz Z~
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O NH2Z ONH2 O 32a Il (la) X NX 28a 4 6.4 Activity of the
Antiproliferative Conpounds 5 Active stereoisonerically enriched conpounds
typically i ntMI06/4y5801% f er ati on of desired cells, such as PCOMR20(ssk sy
with an 1C50 in the range of about 20 M¥®r |ess, as neasured in a standard
invitro cellular proliferation assay. O course, skilled artisans wl|l
appreci ate that conpounds which exhibit |ower |C50s, for exanple on the
order of 10 AM | pM 100 nM 10 uM  1SchMhe @Vv)even | ower, may be
particularly useful in therapeutic applications. The antiproliferative 10
activity may be cytostatic or it may be cytotoxic. In instances where

antiproliferative activity peci fi Gl O @ articular cell type is desired,
t he conpound may be assayethlt\’)’ﬁyVEﬁFth Nilesi Basd, BAF tm@m
counter-screened for a |ack! Cd i ydod Y4 AQAI nm CEl es. e,
desired degree of "inactivitydrtin such counter screens, o7 desired
ratio of activity vs. inacti®®Mp nay vary for di*fferent situationg$ and
may be selected by the user. 15 Active conpounds also typically inhijbit an
activity of an Aurora lIcinase, with an 1C50 in the range of about 20 pM or
| ess, typically in the range of about 10 pM 1 PM 100 nM 10 M I nlM
or even |lower. The |1 C50 agai nst an aurora kinase can be determ ned i{n a
standard in vitro assay wWiRth an isol ated aurora ki né A qf in a functional
cellular arra R 'J@bl orenByme coupl egh h]hat,\fa,q%%}i'r{j%hpsed t QNHBOC
determ ne the re ,(al-cﬂﬂasaa vitli is desgu—be.din et al.,
20 1998, Proteiln HCi N 7§2270-%255. Kenpti fe WepWi d8 sgguence LRRASLS N
(Bochern Ltd.g , can be used as a su naf e for Auro al'“fci nase- A @urora
ki nase-B and/ or Aurqpa |cinase-C, and reaction¥2 can k ajr\;;i ed out za& 30C
~in a solution containing 100 nm HEPES (pH 7.5), 10 MM My,Cd 2, 25 M Nad ,
1 mM DTT. |1C50 values can be determ ned using conputerized non-I|inear

regressi on WO 200@514055%.&%17&52995@(1&4&59cﬂ&gom]&sh commer ci al | y-avai | abl e
software {e.g., chgrrésg. Od. GaQaEllPed‘ oftware, Sail Diego, CA). A suitable
cel | -based functi 6hal - ascsay o5 de STpeePmpAunds & pisatiyrshist psedftration of GesBeds e s

of the Anti prellsifueh a tumer GHEPOUALIC,T HehAGide Ve LLEE QI TERL o Abdsiraf il CPEC
or

conmpounds, i fng.the vari rodr ug salts, hydrates an

N- oxi de for m% gj%%gdrzg% o %\%}“b“é&ﬂ%é@ﬂtaasﬂv-nﬁfwmﬁww artigang y8ié eppregiatecha
ki nase- medi admytbupdsoeiaSE@Gibitad\oHT O;0sC & kxR ok ' | i of

cont exts. Ac?(ﬁhgi negl tﬁ)hsorr:e entr)o_dﬁiD ment}é, ?a dge ﬁgéﬂgg%g}\gg;ﬁ%@#%@eﬁoﬂg\qi S
contacted wi AT SAD (ATEer- G2y S e tigplebyisefuldeitherapéutictappleations T dntiprokBrative
activi tyloof aniviymey Be iie¥aSE or AR I - i.ated pr ss and/ or
proliferation of ﬁ% cieglltl or Drcel_la}{r\fy)%%cﬁcéﬁtﬂi %ﬁﬁl eeg ‘ﬁ'tselgc?“{f%&i%%ﬁ 5T | ul ar
prol i ferati oWeHIRE aRrrimyleperiiuperiagested theperanound ey Iby atsayekifdrlaciiig va@kle, OF

cytostati cal degirsdvell ffchhd cdin@}-bdr&ha foPaM dr Q&W)ty against other cell types, The desired

e et s . . -
degree of “inactivity” in such counter screens, or the desired ratio of activity vs. inactivity may

vary for different situations, and may be selected by the user.

15 Active compounds also typically inhibit an activity of an Aurora kinase, with an ICs, in

the range of about 20 uM or less, typically in the range of about 10 uM, 1 HM, 100 1M, 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 funstional cellular array. A suitable enzyme coupled
assay that can be vsed to determine the degree of Aurora kinase activity is deseribed in Fox et al.,

20 1998, Protein Sci. 7:2249-2255. Kemptide peptide sequence LRRASLG (Bochemn 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. 1Cs; values can be determined using computerized non-linear regression



kKilling the cell. In sonme enbodi nents, the nethods nmay be practiced in vivo
as a therapeutic approach towards the treatnent or prevention of Aurora

ki nase- mad mb@ebssiilseases or disorders, and in parti culpamusesiviseat i ve

di sorders. Thus, in a specific enbodi3ment, the stereoisonerically enriched
15 conpounds descri bed herein, (and the various forns described herein) may
be used to treat or prevent proliferative disorders in animal subjects,

i ncl udi ngnﬂnuamﬁrmamavdmmbQéhv&eé@rgabhéfn3@0@}%&1’%9%%&& aft DRlgb G A t he

subj ect angggo L a stereoi sorrerl cal Iy enriched cormpound,” or ‘a  prodrug,
salt, hydpiPe gl i‘ﬁp‘éf&i“ﬁ@“?’ﬁéﬁaééﬁf lescgibqddy {lie\Fxampleg pesa@n. or prevent the
disorder I n nbodlnent the subject is a mammal, including, but not
limted to, bg\?i ne, SFFd’Ifélé’A'Ttg’l"PWé‘”““t&%l PRBoumls rodent, or primate. In

anot her enbodiThendtive tboisdiiiiedly énfichdd &Hﬁ&ﬂndsﬂn\iﬁﬁh% Hﬁé v%ong Ellohﬂlg@ Salts,
prol i fergy ve dﬂ? orders nmay be treated or prevente dnpounds
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classified based on the tissue and ancer cells
ori gi nat MbREYRLH 8 figlbor gpeleion of erdls édm&@-‘tﬁ%éw@ ardmdupigpfiycbmeeppandl i al 25
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nmuscl e. ?her cancer tz pes inc em as, 1 ge Trom
I | ermat opBiHfErHiop af the cellgs gel letien. d’ﬂlﬂn@Fﬁﬂdggﬂllﬁy@ﬂdmm@ift@mw\mch ari se
f r omoneutdhpduh® Sikact ERG0 AN VSIS APRARS d
benign e |tphel i ane?Curr}grg W t)r o] anad:uI a?%&%ﬁﬁl tion bﬁgl erﬁ@ g’oﬁgs are
beni gn t g gell; ng fromcartilage. In the present i nventl on t he
descri bed COHB%H@!%H@%Q&&I%%&%& llh%ag L}%Qctﬁéd)nvv% a8k h\él% {jh??r der
enconpassed by carci nomas, sarconas, neur cerl and
non- i nva®¥rges thetsagent of Pa"’%’éépfﬁm@m -mreditted dlhmasorrqhm:dnﬂs and ia used to
treat Soiadrgcuﬁéﬂ'ﬁ]@h&réfvla afsm:argr'?ms i Q aQ‘ﬁ% ehbSRHEnt %Q?‘t&ec:‘ Qg L)'negf]c Qyt not
limted to, cancers_of bone, respiratory act,
repr dduc?qmpé‘“ﬂﬁsgiéﬁ?élbe%eﬁé‘sﬁﬂd@ﬂt%a@ﬁ fﬂrlms dmnbedthewmt)mabbaddém raye, |iver,
skin, he Neekferaid 208 d 59 roid
par at hyrlzfldwdBn Eflﬁ ﬁreay, gﬁcgsgeigggf%f fgé—éty(?\gfg]?d% i %Jdn e menhlo}élgo%efdél?’e and
mest ast a‘iqn??f‘ﬁ‘?fraﬁ%“m&t%tﬁg &othe Sl&wmnfﬂmurpmﬁh siﬁepabmmaﬂﬂ mnhhdmsmpmtl,ude t he
fol | oW ngody, spik hiihe Al but are not
linited ?8 %r?vas#ve gﬁc D\é e?ﬁ%?%@%‘%vgfon%egg?r réve%%ﬁﬁ Aé Aceéd]s Rodma.. 5
duct al cemborimsmh the| sgbjgat iva mammilnioshadingn bl ot [imitertio nety s, that se. d‘ellilfe?@ﬁme cancer ;
s 2P©  cloRecicr Yfimthe B.f6hS: uohiliutd DatdlPledifmalel 2re MOL LML ed Lo
basal ceI | carCi nona, 1“! TC Réma-fral i gnant nel anonma, and
Kar posi ' s sargefety @f)ceﬁbﬁmprﬂéﬂamw\deordmsmadéasreﬂéd cbrh:&veﬁtaswiﬂmﬁory tract

i ncl ude, gl t | ung

car ci norfgpﬁg%@ég%&h@ hh%]n Gigsogi%eeﬁn ﬁ’g@ i Eﬁée %}’"H:I"S%@dﬁdlnﬁdatﬁ & e?Fé’F“i‘?j‘ﬁant

mesot hel 4aBeEs in@ffligedyiubiress. a@amers mﬁ(ﬁrarﬂiﬁmﬂd elassiffifd Hadvd ob B@itidsuk BAd ¢tlieypcbut are
not |im4gg&dwhRn le@idd 2hs H?]ﬁﬁhqe c;[m%'}ngs?‘ ax%ngm(i\’su%redo canders 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 orpanization while chondomas are benign tumor arising
from cartilage. In the present invention, the described compounds may be used to treat

30 praoliferative disorders encompassed by carcinomas, 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 linsited to, cancers of the bone, breast, respiratory tract,

brain, reproductive organs, digestive tract, urinary tract, bladder, eye, liver, skin, head, neck,
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disorders of the thyroid include thyroid cancer, thymoma, and malignant thymoma; nn) 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 undersiood that proliferative disorders include various

35 metastatic forms of the tumor and cancer types described herein. The compounds of the present
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stabalites include, by way of example aud not limitation, folic acid analog methotrexate;

pyrimidine analog flnorouracil, cytosine arbinoside; purine analogs mecaptopurine, thisgnanine,
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. Bxemplary hormones
and hormone related compounds inchude, by way of example and not limitation,
adrenocorticosteroids prednisone and dexamethasone; aromatase inhibitors amino glutethimide,
30 formestane, and é.nasuozole; progestin compounds hydroxyprogesteron caproate,
medroxyprogesterone; and anti-estrogen compound tamoxifen.
These and other useful anti-cancer compounds are described in Marck Index, 13th Ed.

(O'Neil M.J. et a],, ed) Merck Publishing Group (2001) and Goodiman and Gilinans The
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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 salis are more soluble in aqueous solutions than the
corresponding free acids and bases, but salts having lower solubility than the corresponding free
acids and bases may also be formed.
Pharmaceutical compositions may take a form suitable for virtually any mode of
administration, including, for example, topical, ocular, oral, buccal, systemic, nasal, injection,
30 transdermal, rectal, vaginal, etc., or a form suitable for adminisiration by inhalation or
insufflation.
For topiocal administration, the active compound(s) or prodrug(s) may be formulated as

solutions, gels, ointmenis, creams, suspensions, etc. as are well-known in the art,
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solutions, syrups or suspensions, or they may be presented as a dry product for constitution with

25 water or othier suitable vehicle before use. Such Hquid preparations may be prepared by
conventional means with pharmaceutically acceptable additives such as suspending agents (¢.g.,
sorbitol syrup, cellulose derivatives or hydrogenated edible fats); emulsifying agents (e. g, lecithin
or acacia); non-aqueous vehicles {e.g., almond oil, oily esters, ethyl alcohol, r:ran:\copl:ioreTM or
fractionated vegetable oils); and preservatives (e.g., methyl or propyl-p-hydroxybenzoates or

30 sorbic acid). The preparations may also contain buffer salts, preservatives, flavoring, coloring and
swestening agents as appropriate.

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

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

35 formulated in conventional manner.
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present®d in a péokpmronghdsaamgeme ol REpYhG orrﬁ?*b’drﬁglﬁ)tcﬁﬁﬁbﬂﬂﬁ:k?féd fre unit
dosage forn% nt ai e.active conmpound(s may, for exanple,
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emulsion ugan acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, e.g., as a

sparingly soluble sait. Alternatively, transdermal delivery systems manufactured as an adhesive

25 dise 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; 1J.S. Patent No. 3,332,213; 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.

Aliernatively, other pharmacentical 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, althpugh usually at the cost of greater toxicity.



The active conpound(s) or prodrug(s), or conpositions thereof, wll
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I n case J.ocal, adni ni st.rat,ion. or
%opguidance, the'reader 1s referred to Fingl & Woodbury, “General Principles,” Inn: Geodman

and Gilman s The Pharmaceutical Bagis of Therapeutics, Chapter |, pp. 1-46, latest edition,

Pergamon Press, and the references cited fherein.

Initial dosages may also be estimated fram i1 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 mgficg/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. Dosage amount and interval may be
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reference to the I i | es iLgh.describ t he epar ation ,of the
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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
a5 and anti-neoplastic ;:ompounds. 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 agsaying their biological

activity, and methods for their use, Tt will be apparent to the skilled artisap that many



F N'Me NWP, 130C, 18 hr NN 1 M HNJ ONI Me 51 35 Procedure: A
hom)geneous m xture of 4-fluoro-3-nethylnitrobenzene 1 (20 129 mmol) and
N- et hy | WOpAPG4SFa68 3 (25.82 g, 258 mmoi) in N- et hyl py PESIUSESA@4GRY (10
m.) was refluxed (120 C) under N2 f8r 24 hours. The reaction mixture upon
cooling to room tenperature was poured over a saturated NaC solution (100
m.). The resulting solid was 10 sonicated for approx. 30 seconds, filtered,
washed winddifications.dioth inebemateidalsand Gretinds mmobedracded withderdepargie e tham t o

obtain 4- ra2| n-1-yl)-3-nmet hyl nitrobenzene 5 (28 g, 92% . 1H
NVR (@36&%5@{“5%{3’%"?"% 21-1),7.13 (d, 111, J= 9.3 o), 3.08 (m_4H), 2.66

(m 4H), 2.38 99
Preparati on of7(14 (4- %rah%4"@ézfth}/lp lp% ﬁnﬁ%%ﬂ%f’&lﬂh %ﬂ%l\l{%g}eRe
Me N MOHd// a(Rea@it ) N psi 02NI I I\/E H2N Me 5 7 Procedure:
het er ogeneous i xture of 4-(4-nethyl pi perazinyl)-3-nmethylnitrqhenzene 5 (20
g, 85 mmol), 10%Pd/C (1.3 g) innethanol (1.2 liter) vvas(h? rogenat ed [ H2]
at 40 PSI for 3 F The p dﬂmeMs fi hrough a pad
of celite, vvashed h rret+ha 3 x and ¢ conbined filtrate
was concentrat egi"t v¥afmer d 4 <met hyl pi perazi n- 1ley”)>3 mwd hyl aniline 7 (15
g, 86? "H NVR (COBOD): 8 6.83;(d, 1H J= 8.7 Hz), 6.$69 (d, 1H J= 2.7
Hz), 6.54 (dd, 1H, J= 8.4 and 2. 7 Hz), 2.84 (t, 4H, J= 4.8 Hz), 2.60 (bm
4H), 2.34 (s, Bidipre 2honjegeneo@HpixtutCNB:-fypoy-8-methybgirodeqgzeids RAge)29 206

0. R SR RO 055l OB B

Cl - S( 0) 2-WETRIGH, (CAR°C)am@er(Ns N34 hgurs.NBIRSEB ol O4uia Qi cpdlingtd Bom< 15C A 3 47

2.5 nor by AR e pSFSLGF KMy KRS R TS bt pRRSBAR AL,

bott 1@) wasicgebbeapprox. af sqcomisNel@led badshed(willOic€pold Waret @ixs O\MQ aadded dro p-

\llo\llo{'S te I 2) Sg'{ngyh? VQE 10" el ﬁagm ﬁ%ﬂﬁm% é}%m %JBI‘ léletbgbltrhgeg%fg’f %ﬁés 513 §| on took

appr ox. ]NIQB.(ED;C)D). BISO2 (R0 D), 213 Qt\lH,fI-*t%EeH.@d:ems (rAH). 2.66 (m, 4H), 2.38 (s,
6H); LCMS: purity: 99%, MS (m/e): 236 (MH").

action:
A

7.2 Preparation of 4-(4-Methylpiperazin-1-yl)-3-Methylaniline
15 Reaction:

-Me Ae
(\N [Ha). PdiC (10% wi) (\\)N

QN\) MeOH, 40 psi /@:N
O,N Me HaN Me

5 7

Procedure: A heterogeneous mixture of 4-(4-methylpiperazinyl)-3-methylnitrobenzene 5
(20 g, 85 mmol), 10% Pd/C (1.3 g) in methanel (1.2 liter) was hydrogenated [H;] at 40 PSI for 3
hours. The palladium catalyst was filtered through a pad of celite, washed with methanol (3 x 50
20  mL) and the combined filtrate was concentrated to afford 4-(4-methylpiperazin-1-y1)-3-
methylaniline 7 (15 g, 86%). 'H NMR (CD,0D): 8 6.83 (d, 1H, J= 8.7 Hz), 6.59 (d, 1H, J=2.7
Hz), 6.54 (dd, 11, J= 8.4 and 2.7 Hz), 2.84 (1, 45, J= 4.8 Hz), 2.60 (bm, 41I), 2.34 (s, 3H), 2.20 (s,
3H); LCMS: purity: 99.9%, MS (m/e): 206 (MH).



2 the reaction mxture was stirred for | hour at 0-5C and than renoved from
the cooling bath and allowed to warmto 20C. The reaction m xture was

guenched wit ShsskQ0 m.) and vigorously 10 stirred for ral..mautes.
The organic g;@?m\sﬂg‘éﬁsepar ated, washed with brine, and dri@?@zﬁhﬂ'%gsm.

Concentration gave light brown oil. Part '2: A m xture of Na2SG3 (24.5 g),
water (70 nmL), and CH2Cl2 (30 nL) was cooled in an ice/Nad bath. The oil
fromPart | was diluted to 100ntL with CH2Cl2 and added dropwi se to the

above m xture at a3rat @rkRriRin'f 3Ll eeReIabk 1oL, NElaWw-4rC (the addition
took approx. 15 1.75 hr). The pH of the reaction mxture was nonitored with

a pH meter and keff2H9%ic (pH 7- 10) by adjusting with 10% NaOH (w v) (as
needed). Upon conpletion of the addition, the reactsorn mxture was stirred
for I hour at 5-10C (fi PHMH@=-BE8)CH0h e Steact i o Eure was poured

into a separatory funn@d—rﬁéﬂmad / Wi s organi c phase
was a thick and, gelatinous ¥sPPd1EuNHEhER 610 <[#Cwas difuted with water

(approx. 400 n) to makesma more free 20 flow ng' sol ugjq® The aqueous :
| ayer was further extracted with CH2C12 (4 x 100 nilL). (Alternatively, the
solids can be separated fromthe CH2Cl 2 by cent ri fef§aici o#o-3F@ sol i ds can

then be diluted t (unt | ) by n ed with
G20 2): The ague i T ager "iad: pUu@hape e gy (B nf PR hhRLh,
oonL) . TRe CIEFEER (4R qaesh beitledwantvoled ireeh iprfNAGl Gath (-39 *Eh & ophie senatkieddrop-
product The ¢gahi Fq. iz r: i | Led w 25
VSOt and f 1o o e i Gl CHERQT il it HobaF e ot il

pr- o)d uct, racdéifitempraggpbelgw 6H{eGhardditian thobrpprox. il &Y bt. o [UpoR cdmpleRob)finaidifiegne
14

‘4r/ i j. .629 :

i 3 S g 0 A R il e
J= 1.5 and 3aBowed ldyarmdo 29°C. e rédelion mixhide ﬁﬂ&gl&tﬂﬂﬂéﬂ)wﬁl‘ﬂwé& (gdmL TndApdrus)
1H), and 1. 47%%5(3,‘ J= % 3 Hz, 1H. WO 20116/ 055561 PCT/ US20051 413_56 ] 4:9[
7 4 preddrat Jr several minutes. The organic layer was separated, washed with brine, and dried with

4- Oxo- 3- t er t NaSOQXgGRERARYA f&8 likhiedied QL 4- 2. 1. 0(2, 5) ] non-7- ene Reaction: s
Boc2O, DVAP s ry % 3 THE rt, 24 hr 5 NHNBoc 3 a OO0 14r1 16r1
(racenic, 2-exo-3 #%d) a‘(?’%@?f?ﬁ:“,}@%@%{%ﬁj@:&@w (%) o) i Gii61: (A0 mbhrvaseneolod in

m xture of 3- azRe/MaOMat rTie ¥ Golhatt 1 v dilrdd 8900l FRECHIA, dnd JAGPILSwid & -
-e 0
the above mixture at a rate to maintain the temperature below 15°C (the addition took approx.

15 1.75 Iir). The pH of the reaction mixture was monitored with a pH meter and kept basic (pH 7-
10) by adjusting with 10% NaOH (w/v) (as needed). Upon completion of the addition, the
reaction mixture was stirred for 1 hour at 5-10°C (final pH was 8.5). The reaction mixture was
poured into a separatory funnel and the CH,Cl, Iayér separated. This organic phase was a thick

( 3 and gelatinous solid suspension. It was diluted with water (approx. 400 mL) to make a more free

20 flowing'solution. The aqueous layer was further extracted with CHaClz (4 x 100 mL).
(Alternatively, the solids can be separated from the CH,Cl, by centrifugation. The solids can then
be diluted with water (until almost all dissolved) and extracted with CH,Cly). The aqueous layer
was further extracted with CH,Cl, (10 X 100mL). The CH,C1; extracts were monitored by TLC
fcr the presence of product. The combined organic extracis were washed with brine, dried with

35 MgS0;, 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)Inon-7-ene 14r1 as white solid (20.5 g, 62%). ITH NMR
(DMSO-dy): 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, I=
9.3 Hz, 1H). |



{ ao 3 x, 10.0 g, 74 mol), (BOC) 20 (16.1 g, 74 mmol) and DVAP (1.1 g) in
CH2C12 was stirred under N2 at roomtenperature for 24 hours. To this
reacti onwo xognssseere i added Et OAc (100 ni) foll owed yot@Qo(dOQ3wl) and
stirred for additional 1 hour. The ongyanic |ayer was separated and washed
with HO (2 x 100 mL.). The organic |ayer was dried over 10 anhydrous
Na2SO4 and sol vent was renoved under a reduced pressure to afford
4-o0xo0-3-tert- hyto)p hh@i&ﬁlambmt@m}m e bdnyBlz2-1Piky NG H2 4 or.1;
racem c- 2- exo 3- ex0yp 59, 70%; 1H I\\?/R (Dl\/yg%gdG MES{ %12(8'“(9%;1: J= 3.3
and 5.4 Hz, 6. 19 ( dd J= 3.3 and 5.4 Hz, 111), 3.77 (d, J= 4.5 Hz,
IH), 3.13 (bs i"ﬁ)“m3 08 3.04 (m 1Tl), 2.93 (bs, 1H), 1.45 (s, 9H). LQWVE:
95% 7.5 Preparation ofg and | sol atl on of St eregoi ssonerically Pure

Di astereoners 15 From Boc,0,

( 2- exo- 3- ex0) - N4( 3- ant’ Rﬁy' bifgtgﬂb{?_‘t_.!z..l) A
en-2-yl)-5-fluoro-N2-[ 3+ - 4- (4- et hyl pi per azi =
pyri m di nedi am ne A racem’cdn'xture of the title co
t he 2-exo-3-exo racemat e_l tl 2-am nobi cyl co[2.2.1 *Igept 5- ene- 3- car boxam de
as follows. 20 Reaction: 7 6 7 NHAOH, Et OAc 2 / "Boc rt, 3 hr NHBoc 4 a
~ 4 s NH O 16r1 28p%EME ?9‘85‘1’%‘0)2 ex0- 3- exBFCqHBEFHIT-e) exo- 3- ex0)

Procegure: Ar 1

magnetic sti rr?wggdlng?&ag%éécaﬁ%lrﬁs@ ?ﬁﬁ?igéé#%l{iﬁ%éﬁfp%ﬁ%%%gr 1(2.0 g)

under a ptdrk ifﬁlﬁemm?e@@tﬁ*@mofﬂ the. W@g@trh (BOG)® Hibs! mvdd enmandted TBUAY (1. bg)dn at e

(25 nL) fefl ﬁ%{_ﬂg I ) stirred 25 at room

te er at urie{(%\(lﬁg Shﬁgﬁg %Dﬂhﬂeﬁp %}%%‘t%g r(e7%'l\‘:ﬁ<£31'§[r1grT(a/asIS gaécnglﬁ SPEEe 58 washed
_____ Wi t'h 5% @F@G@E&‘\Cs{é‘Pﬁmeﬁqﬂwedel Q2oL yem ﬁttrthdlfe:chddxtxenalarliayld rTthe srghid® SO4

and sol vept. \as g racgm g NL,BOC carboxyam de
28r 1. Vo Bt spian 5@@%&3‘5‘8@%&9@5@1‘% R?éc fié Bl Ses gred oyed 20 VAT O
t F [0\ ~ amhydroys NuBldcanfipalverCMaClemosid L@dNHZH'dﬁﬂcdaﬁesRurNtd\hf@rd Me@B-i3-NH, " a

NH2 - NaHCG, 404 arbiny B NRy b8 23 02, s My 8% 6r PR mic-2-exo-3-exo) (16.5 g, 70%);
IH NMR (DMSO-dg): 5 6.29 (dd, J= 3.3 and 5.4 Hz, 1H), 6.19 (dd, I= 3.3 and 5.4 Hz, 16), 3.77
(d,J=4.5 Hz, 15), 3.13 (bs, 1H), 3.08-3.04 (m, TH), 2.93 (bs, 1E), 1.45 (s, 9H), LCMS: 95%.

iqg’f"fphenyl ]-2, 4-
und was prepared from

7.5 Preparation of, and Isolation of, Sterecisomerically Pure Diastereomers
15 From (+) Raremic (2-ex0-3-ex0)}-N4-(3-aminocarbonylbicyclo[2.2.1}hept-5- .
en-2-yl}-5-fluore-N2-{3-methyi-4-(4-methylpiperazin-1-yDphenyl]-2,4-
pyrimidinediamine

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

2-aminobicylco[2,2.1Thept-5-ene-3-carboxamide as follows.

(} 20 R_eaction:
o 5 1 6 1
5 2 NH,OH, EtOAc 5 2
NBoc it 3hr NHBoc ,
4 4 !
3 3 —NH,
0 o)
1611 28r1
{racemic, 2-exo0-3-ex0) {racemic, 2-ex0-3-exn)

Procedure: A round bottom fiask equipped with a rubber septum and a magnetic stirring
bar was charged with racemic N-BOC-B-tactam 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 ai room temperature for 3 hours. The ethyl acefate layer was separated and washed with 5%
aqueous solution of NaHCO; (20 mL), dried over anhydrous Na,SO4 and solvent was evaporated

to afford 1.10 gm of racemic N-BOC carboxyamide 28r1,



(racem c; 2-exo-3-ex0) (racemc, 2-exo-3-ex0) (racemc, 2-exo0-3-exo0)
Procedure: A round bottom flask equi pped with N2 inlet and a nagnetic
stirring bar wasticBszhar ged with racemic N-BOC | act am 28r1 ¢2T082095/104438
mmol ) and then treated with 20% of TFA i# CH2ClI 2 at room tenperature 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
the intermedi ate, TRe#tisalt (30rl, racemc). The resulting racem c TFA salt
30r1-was treated with 2,4-dichloro-5-fluoropyrimdine 10 (1.58 g, 9.51 mm
in McOH H20 (20:10 L) in the presence 10 of NaHCOS \,33 g, 15.84 rrrml) at

roomtenperaturesfaor 48 hours. Thereagti on mx ur‘gi |Iut £d, wh

(25 L), satured h,Nad and ext act, Et OAC (

dryi ng over anhy s Na2 sl Sthphe soI Ees‘?‘du’é
was chr onat ogr aphel)—si | i ca gel 2 4%EQNPNP13/ I\/EO—l“ ZCI 2)

to afford 1.3 g of O acenic nono- SNAr pr uct 36 '5H9% HEACt i on:d |ve F~~/ ~
20t j M- r MW, 1000C s t Fi{l Nl3 , NINCI J 20 hr, seaked tube N
| Ns HHe B0 REIEN Mo NHZ $6%eEmr xo¥xadeni c, 2- exo- 3braeeRiz) 2B 0Kekkc)
(racem c, 2-exo-3-e=) Procedure: Alseal ed tube dhar ged with racemc

nono- SNAr product 36rl (1.1 g, 8 mol), aniline 7 (0.90 g, 4.4 mol ), TFA

0.6 mL) and met happlee 4 hours. .Th
Eesul ti )nga\r)l sggusaﬁgwﬁo%%ﬁg%rgﬁ@?oﬁél% Tt g&g%dggglﬁgT%[eE@%M%uhg’ SP%’gg BeaRas

20 chr omat’ogr dPfed Withrademis NBOC Iotam @&rlt(aéﬂ g,27 mel)aﬂnﬂ)ﬂﬁhltb&thd WBQaY) dof TEAS

H2Cl 2) to aff gree, e mdln di am ne
derj vative 60r1 (?ﬂ%&@é%@%?ﬁmé %?%Oﬁrsl sofa 5 ‘ﬁtm % s} U%E'i’mﬁ'ﬁ%/?‘)&f‘ﬁ?ﬂ?  unfigye

di_ast er coner srefiged pregsyies) vidd vagechl TE 4| veets ecdndved)mndexrlaglemt:ﬁn G&sdveb haub b @fford

br eparat! ve, HEb Al Ao 8t E0RTE! He Q2 a0B0rER Qud0et oo ot i
hexane: di chl o Mwébrfaﬁﬁumpmmdme MIME’BBMMNB@H 15820815404 h3B predtReAt

a flow rafe el mer el uti ng at was desi gnat ed
the El enant ?l;ofrrer Cfanng33 -ﬁ”ﬁesga |]o$r§?° ‘TBWPFWB @"ﬂf ﬁhﬁmamn@?@wwt ed

the E2 enant i Ghsd 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;Ch) to afford 1.3 g of racemic mono-SNAT
product 36r1.

15 Reaetion:

l/'\N Me
F
& 1 rjﬂ\ ]/\N_Me -PrOH, TFA, 100°¢C B N\)
s 2 N N.I' - N \) 20 he, spaled tube /]\
43 " * /@
NHZ HzN M N
8]

36r1 7
{racemic, 2-exg-3-exo)

2 HZ

Q

&0
(racemic, 2-exo-3-axa)

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
20 chromatographed (silica gel, CH,Cl, then 2-5% 2N NH;/MeOH in CH,Ch) to afford the expected
2-ex0-3-ex0 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:methano}



7.6 Enzymatic Preparation of Stereoisonerically Pure (1R 2R, 3S, 4S)-MN- ( 3-
Am nocar bonyl bi cyclo [2. 2. 1] kept-5-en-2-yl)-5-fluoro-N2-[3-nethyl-4-(4- 5
met hyl pi pERaH6ASI6Y| ) phenyl | - 2, 4- pyri nmi di nedi ani ne Usi nCTRBRMIAHTESY 7. 6. 1
Preparation of Stereochenically Pure # Boc-j3-Lactam Reaction: 6 7 6 1 6 1
KChirazyme L-2, type 8, c.f. 2 NBoe diisopropyl ether, 60C, 60 hr F s NBoc
+ $ asNHBoc 4 4 3 00-~J-CH 16r1 16a 26b (racem c, 2-exo-3-exo) N Soc
car boxyl i gt adivoraRroaf §mdl(mie. The ahngtiosea bletthz tathéd mivamge desvdnktd #e DX enadtidrent

DUt oK) S W 828 o9 Al il 00 eg%glg ;w'

racem c-2-exo- 3- exo I esi 4% nmobi | i zed
n?"lt{ch [ﬁ:r

chirazyne L-2, T%ype %@as%g’c;l[% I nc
e O SISO SR
jl-lactam 16r1 was Ve R 1 dfﬁ"é'ﬁ? fF%ﬁ "I'zyf"&t but yl
group of enanti orreryg?l I yr y{:a%3o§|'o$'§|§réo§h%§r1?$1ll%% cgg? (ﬁl]f I?OC carboxylic

g Weacti*an M

acid 26b was seen in eresu ure was
filtered and Resstignld reS|n was washed with diisopropyl ether (2 x 40

m.). The filtrate was concentrated to afford a mxture of jenationerically
pure N BOCj ct am 16ahimmeneN-BOE= 8artboxyl i %8 |d 26b (t ,MaSS: 4.0

gin). React? NJB‘__‘NH4Gi1‘it;!prrﬁilycr?ottaer@d‘J‘fC &t s z5 NBBC / A 3 AHBog hr .
5 Z NHBoc + 54 - SOH aNF2—= / ~O- NH4*4 O 0 16a 26b

28a N-Boo am no C rboxyl ate N-Boc carboxylic aci d emai ns I n _gr@ani c 20 (
phase) (remaing 4 N aqueous sol ution) Procedurg A round bot fom equi pped
w-th a rurtgceerrnc?_ﬂorgagd a magnetic stirring bd¥ was charged%th a
mxture o oiefial Iy pure N-BOC-1actam 16a and N- BEE eowdixsd

acid 26b (4.0 E:)ocemal@m@ alek tibe o8 Hith 80530k k% i s were added
et hyl _acet at gp&olel ovvegl b@ ozgque(r)kultstbgéa Qﬁ% i ydI’OXI de (50

nrL
m.) " dhd S'Fﬂ‘“l?%[ Zdt(’@ t7eff7‘ﬁé¥%¥f-=dﬁ"e€“ﬁ‘b?’3’-@'3 o0 £450 e THO2mereadl Fasin pr ogr ess was
moni t or ededid/IdubiobillRe chitRyhe BOSLAL 8, L AU g, YRhAEPALAERGC M ics Tnc.,

Pasadena, CA) and diisopropy] ether (80 mL) was gently shaken in an incubator at 60 °C for 60
hours. (The enzymatic resolution of racemic N-BOC B-lactam 1651 was followed by proton
NMR. The integration of tert-butyl group of enantiomerically pure N-BOC lactam 162 and N-

5 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 filirate was concentrated to
afford a mixture of enatiomerically pure N-BOC-B-lactam 162 and N-BOC carbaxylic acid 26b
(total mass: 4.0 gm).

Reaction:
() NHOH,EDAc & 1 E
NBoc 2, .3 hr 2 2
NHBog -2~ . 5 NHBoc + g MNHBoc
4 {3 4 =3
Z’“ OH o N, 7 ONH
. 16a 25b o 28a N-Boc amine carboxylate
2% N-Boc carboxylic acid (remains in organic phase)  (rernains in aqueous solution)

Procedure: A round bottom equipped with & 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 nittogen. 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



washed wi th 5% aqueous sol ution of NaHCO3 (40 nl), dried over anhydrous
Na2SO4 and sol vent WD 2006/ 055561 PCT/ US2005/ 041359 46 was evaporated to
af ford 2. 00 wm2Qie/@&3samol out of a theoretical 8.51 mmol; 98¥mpbeba)1388 the
desired enantionerically pure N-BOC carbmxam de 28a with greater than 99%
enantionmeric excess, as determ ned by chiral HPLC. The aqueous sol ution
contai ning the N-BOC ammoni um car boxyl ate upon acidification with cold IN
HCl f ol | owedwayevyérhiadtol sdrd. 602G gesrak 5 1: - ic
acid 26b (1.8 g, ? 11nmol out O?qu{?hne%%({]gt_i calt%ggiﬁpﬁn%’%%ﬁg?my%
NVR ( DVBO- d63iesirgd signtiqmaericallypuye N-§ O hearbhsantidy 28agvitliGer¢atnr thah 999 eBamiometic |1 |

J= 6.9 Hz), 2 erhi o i cdntabline i 19- . 00
(3,1 s SR ar%*é?gﬁ* g Bpkugbustelh ghablng i Beloq oty
(m z): 254 (sahoxyfaigupon edifigtiog with cgd INEIOHo HoWed by exPrepamathiGhChfregenerated

St er eoi s@ner | . P S Lon: F B TEA,
cH2dl | sﬁlH_T{é’%A%isgwg Cﬁbﬁx&\@ o g%ﬂwﬁﬂ%?‘ 03“? °§§%ﬁérwt6%r\§a§z:] %gj %‘%{Z’“g‘gk s
Procedure: ANYUNWPNOP oM % I6(bk 1566 0escl] 1, 6.03 K8, 2H) 219 @rid, I 6B GRS (s,
stirring bar § 8 ity er L0 } |y a i de 28a
(200 o 7 ob Tt F A S b OB R o L Sl DL T T B

t enper at ur e $-6HzY LKLY S (Tie): RO Griclpr BotSes(s 1Wable@H).nmoni t ored by TLC. The
resulting solution was concentrated under a reduced pressure. The trace of
TFA was renoved under Rhbgh Vepatahiohof SteevisoatridxdlyPurd Mond $I9A € Piduact
enantioqgrically gggcgc, .internediate, TFA salt 30a in quantitative yield. IH
NVR (Dl vliSO-d6): 8.1 "(bs, 2H), 7.92 (s, ill), 7.25 (s, 1H), 6.0-9 (in,
11-1), 6.18 (nt, 111), 4.38 (bs, 1H), 3.06 (d, 1H~.Jd%,7.2 Hz), 2.97 (s,

1), 2.87 (s, IIl1), 2.43 (d, li{ J=7.5 Hz), 2.101(/1\ 1H, J=6 ~4- 36
(d, 1H, J= 8.9 ); LOVB: M5B 20] (m Zp 152 (MW S The Fesul t q%u
30a was treat riHiRe®  AFYiCEll.qr p- 5¢ TRYEA M di nét 34 (1. =~N"Ob 1T
mol) in McOH: (20:10 nL) in phe pregence of WMakiGLB (1.334G 1584 mol )
at room tenper g for 48 hourf. Thedfeaction NeH&Q.ur€bwas di t6d with
H2O (25 nlL), satarated with NaQ andzgxtracted with EtOAc (3gx 50 ni).
Upon dryi ng over anhydrous Na2S4 the sol vent 25 was evaporated and the
resi due was chromat ographed (siljca gel, CH2C|2 then 2-4% 2N NH3/MeCH in
CH2C12) to afford 2.02 g (9199 of desired nono- SNAr product 36a 'H NWR
(DMVBO-d6) : 8.25 (Brocadpug: A yeund botiqay flask gqudmed avith IV, inldt-28d 8mblpietic Riritdg b8 was

111), 719 (arghrith Bnad 3 1% B0 ey 2,85 45, 1H)
2.75 (s, 1H). 249 id, ?ﬁ‘,(‘mﬁ”’czﬁ%e ﬂ%o,%gcf.mffy%’gfie 8 yBey el 3ud B
PCT/ US200S/ Ozertedgvith 20% of TFA in CH,Cl, at room temperature for 2 hours. The reaction progress was

15 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
_7 intermediate, TFA salt 30a in quantitative yield. '"H NMR (DMSO-de): 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 (5, 1H),
2.87 (s, 1H),2.43 (d, 1H, = 7.5 Hz), 2.10(d, 1H, J= 6 Hz), 1.36 (d, 18, 1= 8.7 Hz); LCMS: MS
20 (m/z): 152 (MHD.
The resulting TFA salt 30a was treated with 2,4-dichloro-5-fluoropyrimidine 34 (1.58 g,
9.51 mmol) 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 4,0 (25 mL), saturated with
NaCl and extracted with EtOAc (3 x 50 mL). Upon drying over anhydrous Na, SO, the solvent
25 was evaporaled and the residue was chromatographed (silica gel, CH,Cl; then 2-4% 2N
NH:/MeOH in CH,Cly) to afford 2.02 g (91%) of desired mono-SNAr product 36a "H NMR
(DMSO-d6): 8.25 (d, 1H, = 7.2 Hz), 8.07 (d, 1H, }=3.3 Hz), 7.71 (s, 1H), 7.19 (s, TH), 6.29 (m,
2H), 3.99 (t, 1H, = 7.8 Hz), 2.85 (5, 1H), 2.75 (s, 1H), 2.49 (d, 1H, 1= 0.9 Hz), 2.11 (d, 1H, J=



47 8.7 Hz), 1.39 (d, 1H, J= 8.7 Hz); LCMS: purity: 95% MS (mz): 283
(MR). The enantioneric purity was greater than 99% as determ ned by
chiral H¥M@20d6afB6tr 61. 10 (c 1.0, MoOH). 7.6.3 Preparaty < -
Stereoi sonerically Pure (1R, 2R, 3S, 459 N4- ( 3- BEAuBhwsrsss

Am nocar bonyl bi cycl o[ 2. 2- 1] hept-5-en-2-yl)-5-fluoro-N2-[3-nmethyl- 5

4- (4- met hyl pi perazi n-1-yl)phenyl]-2,4-pyri mdinediamne Reaction: M F
cJ'l NWe BIRIH.39TEAH, 8. oM bat- 050, 3 Neo, Cl + N) a-ta hr
| ~~NI~H Me, <H NG 3 !L:] ﬁ&%ﬁl\/pl‘\lﬂ:‘”“":%/ %M@%@é@oﬂﬁ&ﬁ?@?mﬁ%ry
reaction PYHXRARHEAT e ORroran defergitied by alir#h BEPLCr el s+ a1x] 02 gntlengeptand an N2
inliet was charged with enantionerically pure nono- SNAr product 36a (2.25
g, 8 mmol), aniline88 7Prepapoyol Fegoipmebrjcally Fve(1R,2R,35145)-4ad(31 sopr opanol
(18 n%.) and the resul tifgiresadondbicydlolt.adthepidien-giyl)yes-BabratNz- Bihathy!-
tenpefature for 8-10 hout-&-mathylpiperazin-1-yhphingll2@amytrinddineilintuiice t 0 room
tenperature, eR@glionacetate (20 nL) was added. The solid obtained was
filtered and washed with ethyl acetate (2 x 5 nL) to afford conpound 60a
in the formof acidic salt. The resulting solid was then taken iwje water
and t he aqueou$~mxture adjusted tag pH 9 with aqueousr C33,... 1 ich
caused pre iab ep of a soli d’ whe <EEY-d ARy i red fio@e m xture,
washed w t <datier and.drie ive 373 0 (939 ° H4-bymi Mnedi am ne
derivative 6@atit:’' H NM R (L 3):  8.85 (s, 1H), *7)8gy,(d, IH J= 2.7 Hz),
7.68 (s, 1L), 7.47 (s, 2H), 7.36 (d, 1H, J= 7.8 Hz)g 7.19 (s, IN, 6.89
(d, 1H, J= 8.7 Hz), 6.32 (m 1H), 6-25 (m IH, 4%F1 (t, 1H J= 7.8 Hz),
3.32 (s, 3H), Pracedgre; 4, drg Mpcticd a6 cgmippetyith 2stifkhg(ba, rAMQOB,&?enééa d3n1eH)

2.21 (s, ; . o 11-1, J= 8 4 Hz 9 20 (d, 1H J= 9Hz); LOME:
pur i Lé;:s tes ?%ag R}épg?‘ﬁ%q‘z‘? %‘%“ﬂﬁ‘ﬁ“‘t’ Wg’ @f@@gr&é@g@rﬂ@féﬁm%%g&mwa,raejline I VLC
][a] Od +1 07101 20 @c8.8 moyo ) VERAHY hl..l.?rl]ihb) amisbp:bp@madézm%ldtiil%lte%ﬁiﬁﬂ)'é@ ﬁ%ﬁ‘ﬂiﬁn@.’s were
br opar at ' ol BB cHpt ot PPN Riersomg: metousigars oo,

Am;[ Ro?:a_r BemBAratiTe Pty bicRta® (20 mh%pis—aﬁdﬁ_n-ﬁgyél)%@mﬁkyggﬁg%c[%gtw;;ﬂg_gLvi 3(5 4- 25
met hyl pi . n < - .di_ nedi am ne Usi n vazynme

sy e, 7oy RRlels ¥ kU SRR At e Sermyp i st aesvuling sl

was then taken into water and the aqueous mixture adjusted to pH 9 with aqueous NaHCO,

15 which cansed 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 §0a. "H NMR (DMS0-d6):
8.85 (s, 1H), 7.83 (d, 1H, J= 2.7 Hz), 7.68 (s, 1H), 7.47 (s, 2 , 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), 411 (1, 1H, J= 7.8 Hz), 3.32 (s, 3H),
2.86 (5, 1H), 2.76 (m, 4H), 2.49 (m, 4H), 2.46 (m, 2H), 2.21 (5, 5H), 2.1 (d, 1H, J= 8.4 Hz), 1.39

) 20 (d,1H, J=9Hz); LCMS: purity: 100 %, MS (m/z): 452 (M"); > 99 %ee as determined by chiral

- HPLC; [l +101.2° {¢ 1.0, MeOH). The chiral analytical data, 'H NMR and LCMS were

found to be identical with the snantiomer designated 1.

7.7 Enz:ymatic Preparation of Sterecisomerically Pure (IR,2R,38,48)-N4-(3-
Ammocarbunylbicyc!o[2.2.1]hept—S-en—Z-yI}-S~ﬂuoro~N2-[S-methyl-d-(d—

. . . -,
25 methylpiperazin-1-yl)phenyl]-2,4-pyrimidinediamine Using Novazyme 435
Enzyme

7.7.1  Preparation of Stereoisomerically Pure $-Lactam

Reaction:
& 1 & 1
5 : " 2
“NH lipolase & NH
\ 3
0] O



Reaction:. Bt 6t 6/ lipolase 6 2 NHNH4 34 t 3 00 94rl1 14a W

2006/ 055561 PCT/ US2005/ 041359 48 Procedure: Inmmobilized Lipolase (8.0 g,
from Si gma, evasmemmasger L4777), (i-lactam 14rl(racem c: ZaxSausfifse (4.0
g, 7.4 mmol) and water (0.13 m, 7.4 mmoly were added to 250 ni

di i sopropyl ether in a pressure flask The m xture was degassed with
nitrogen for 20 mnutes and the flask was seal ed and i ncubated for 14 days
at 70C. The m xtur : - e [ lite
and vashed i th 3000mE g T enRblke LRRes bE R St tradrpl Bl g P sl
concent r at ed 1 frropmiss g-camd-ertid4 b gsiHmeolasd eraips{0dD nilz 24 imodinvaie addedinapy |
ether to giv i i | -l act as .col orl ess .needl es
(122 g o1 of VipeSiRPRheriEpienle dtab thempict A5 AR ARG8Ty B0 nea
by chiral HPL@d e fasiowRmepet audiimpnbatdd 1St B dops STAEY Thamhixpuréwaecadieliio room
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Procedure: A bomogeneous mixture of enantiomerically pure 3-aza-4-ox0-
tricyclof4.2.1.0(2,5)Inon-7-ene 14a (1.1 g, 8.2 mmal), (BOC),0 {2.76 g, 12.3 mmol) and DMAP
15 (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 m] 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 HCI (5 %), dried over sodium sulfate and
= 20 reduced to dryness under reduced pressure to give enantiomerically pure N-BOC carboxyamidé
’ 28a (2.51 g) as a white solid, which was used in the next step without further porification.
7.1.3  Preparation of Stereoisomerically Pure Mono SNAr Product

(IR,2R,35,45)-N 4—(3-Aminocobonylbicyclo{?..z.1]hept—5~en—2—yl)—2-
chloro-5-fluoro-4-aminopyridine

1. TEA s 1 TN
g 1 2, MeOH, H,0 2 f ,/l\
4]
s ZaHBog  NeHCOg, rt, 48 hr \ H N ~Ci
+ Frn  dNH,
-
cl N/;\Cl
34

25 Reaction:

o7 N, o

28a 38a

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 a room



(IR 2R, 3S,4S) - Md- (3- Ami_ nocobonyl bi eycl o(2. 2. 1] hept - 5-en-2-vyl) - 2-

chl oro-5-fl uoro-4-am nopyridine 25 Reaction: 6 1. TFAfi F N 2. MeOH H20
/21 [/ 2 NaHCOrt, 48 hr 6 NWC NHBoc 33 44 3 FNNHO0ONHRIit O
28a C N Cl 36a 34 Procedure: The enationerically pure N-BOC carboxyam de
28a (2. 5Wooheonassedli ssol ved in 10 m dichl oronet hane apg-feaiadisvé th 10
nil TFA. The m xture was stirred forsyl hour at room WO 2006/ 055561

PCT/ US20051041359 49 tenperature and concentrated to dryness under reduced
pressure. The residue was suspended in toluene and again concentrated to
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60a
7.7.4  Preparation of Steremsomer:cally Pure (1R,2R,38,48)-N4-(3-
o 10 Aminecarbonylbicyclo[2.2 1]hepi_—s-cu—_‘,-yl)-'j-ﬂuoro..Nz -[3-methyl-
o 4-(4-methylpiperazin-1-yDphenyl]-2,4-pyrimidinediamine
Reaction:
(\N.Ma

N 5
o’
/@ 4 g
NF, HaN Me NHz
o [}

j\/\ ‘/\N-ME FPrOH, TFA, 100°C & Frﬂ QN\/}
2 a

/]\ v) 0 hr, sealed lubs "ﬁ Nﬁl\ﬂ Me

3;

36a 7 60
Procedure: A homogeneous mixture of aniline 7 (400mg, 1.95 mmol), enantiomerically
15 pure mono-SNAr product 36a (400 mg, 1.41 mmol) aad 0.2 m] 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 filicred, washed with water and
20 dried to give 527 mg (83%) of desired produet, 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, '8 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-Fxo Racemic Amines
Reaction:
& 1 3 1
S 2 =
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{racemic, 2-exo-3-gx0) Ohde

20a



Procedure: A honpogeneous m xture of aniline 7 (400nmy, 1.95 nmol),
enantionerically 15 pure nono- SNAr product 36a (400 ng, 1.41 mol) and 0.2
M TFA in 4 @ doe@rs@panol in a sealed tube was stirred a]-xcri:,@@,p_@.,fg@fg,-ﬁo
hours. The m xture was cooled to roomtegperature, diluted with

di ethylether and the resulting precipitate was filtered and washed W|th

di ethyl ether. The remaining solids were dissolved in water and treated with
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Procedure: A heterogensous mixture of diastefisomers 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
15 high vacuum for several hours to afford a diasterisomeric mixture of intermediates 22a and 22b.
This mixture was then reacted with 2,4-dichlore-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 NaySO, followed by removal of solvent
20 under reduced pressure gave a residue, which was chromatographed (silica gel, CH,Cl, then 2%
2N NHy/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 erystallization using FtOAc:hexanes (30:150 mL; v/v) afforded

crystalline material of intermediate 38a, which was confirmed by X-ray crystal structure:
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zleNhCl HHO-HH 1 \ 5 1H M i 20bsponme 22b W p~N'H ~Owe ash separated
by crystallization Procedure: A heterogeneous m xture of diasterisoners
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10 CHyClp) to afford product 40a as colorless solid, chemical purity: 96%.

7.8.4 Cleavage of the Chiral Auxiliary
The cleavage of chiral auxiliary from 40a was found to be difficult, therefore the cleavage
of chiral auxiliary from intermediate compounds 38a and 38b followed by the second SNAr
reaction with aniline 7 was carried as follows.
15 78.5 Cleavage of the Chiral Auxiliary From Stereuism.nerically Pure
' Intermediate 38a and Preparation of Sterecisomerically Pure

(1R,2R,38,45)-N4-(3-Aminocarbonylbicyclo{2.2.1]hept-5-en-2-y1}-5-
fluoro-N2-[3-methyl-4-(4-methylpiperazin-1-y)phenyl]-2,4-

pyrimidinediamine
20 Reaction: '
£y
i S
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Procedure: The mono-SNAr product with chiral auxiliary 38a was allowed to react
with DDQ (3 equivalents) in CH,Cl,:H;0 at room temperature to obtain the desired mono-SNAr
25 product 36a. The mono-SNAr product was purified by column chromatography and found to be
same as compound 36a obtained via enzymatic route, which was confirmed by chiral analytical
HPLC, LCMS and "H NMR. Further, the reaction of mono-SNAr product 362 with aniline 7 in
MeOH:TFA at 100 °C in a sealed tubs for 24 h gave the desired product 60a. It was purified by
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Procedure: The mono-SNAr product 38b was allowed to react with DDQ (3 equivalents)

in CHzCly:H,O at room lemperature 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 obtzined via enzymatic route, and this

15 was confirmed by chiral analytical HPLC. Further, the reaction of mono-SNAy product 36b with
aniline 7 in MeOH:TFA al 100 °C in a sealed tube for 24 h gave the desired product 60b. I was
purified by column chromatograply and analyzed by "HINMR,, LCMS and cliral analytica]
HPLC. The chiral anatytical HPLC, LOMS and 'H NMR analyses indicated that the data for
product 60b was identical with the enantiomer designed £2. [a,™ -102.00° (c. 1.0 MeOH),

20 7.9 Preparation of HCI Salts
/'“‘~\
() HCI salts of the racemate 60r] and sterecisomerically pure 602 were prepared as

dgscribed below.

7.9.1 Preparat_ion of Raeemic N4—(3—Aminocarbonylbicyclo[2.2.1]hept-5~
s en—2—yl)'-a—.ﬂuoro-Nz-[3-methyl~4-(4—meﬂaylpiperazin-l-'-yl) phenyli-
2 4-pyrimidinediamine Hydrogen Chloride Salt

To a solution of 2-ex0-3-ex0 racemic N4-(3-aminocarbonylbicyclo[2.2. 1Thept-5-ene-2-
yl)-S-ﬂuoro—NQ—[B—methyl-4-(4—methylpiperazin—1 -yDphenyl]-2,4-pyrimidinediamine (60r1)
(0.140 g, 0.3 mmol) in MeOH (3 mL) at ¢ °C was added HC] (4M, dioxane, 0.170 mL, O.GSi
mmol) dropwise and then stirred at 0 °C for 1h and room termperature for 15 minutes. The slear
30 homogeneous solution was ﬁlteréd, concentrated and redissolved in BtOH. Ethyl acetate was
added to the ethanolic sohution to precipitate the desired product, which was isolated to give 2-

exo-3-exo racemic N4-(3-am inocarbonylbicyclo[2.2.1 ]hept-S~ane—2—yl)-5~ﬂuoro—N2-[3—methy1-4~
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PCT/ 1JS2005/ 041359 52 col um chromat ography and anal yzed by 'HNNR, LCVS
and chiral analytical HPLC. The chiral analytical HPLC, LCNB and ' H NWR

anal yses (mﬂethgap1ﬁdaﬁlﬁlaiyljpmygaga%fngﬁd,ﬁgaemgﬁéqgmytdm%glgc ﬁia 5 b&gd with the

enant i oner geigjé%ng‘#g/&is eavage_of, the Chira Aux

| nt er nedi ¢k SRR ot GRfebf %@'@T‘éol sonerical ly Pure (1S, 28

3R 4R -N4- (3 A mii ocarbonyl hlcyclo[221 h

ept - 5-en-2-yl )-5-f Iﬂ%?‘o Repppratigg piSfprecisomerically pure (1R,2R,35,48)-N4-(3-

4 (4- Egt hyl pi per azi n-1 - yf Y 'clﬂd‘iﬂr-?i1ﬂﬁeﬂt'ﬁe&ﬂ&rﬁ~$rﬂﬂ0!ﬁel&bt3rmcthyl~I LMe Me
i ~f,~/~ Nc t4 @J’kplnﬁé&m I RheayP2-4epyrivttinediagnind HydioddnMe e

Y ’?4hr;'NNCITOFI ”FlFﬁ% M 4 ;, FI 1T NC I\/bO—|TF&10COHHI

OLNH, 24 hr. semiagiaSHaandN ks zﬁ@b.te%ﬁor?@@ %?Raleé@oﬁ& f%m etmono SNAr

product 38b was allowed to react wt equi val ent’s - H, O at

room t enp ‘F%‘P?ﬁ’ﬂ’@“‘"taé‘ytﬂbﬁeé?%jf' Heé- 48b§H%@“W@WOBNhﬂyqiw[@dd¢hepsﬁbna(Saj/loé{ t he
cl eavage DforeNL$d-math IJL—(@Mﬂxle;Blgﬁzlﬁq '}@ygﬁé}'ﬁp 28;{ é@{tﬂﬁam%uge *éd by col um

chr omat ogr.aph ound to be a dif er eol sone % t hat , was
obt ai‘led VF" 0%’@9 ¥ Pere(HRER,3 S 4RNE-63- Emmscaﬂmylbmy:ﬂa:[ﬁﬁﬂ%ﬁbﬁeﬁa—:t-ﬂbus-

anal yt i cafiudo-NRAL mefiyr.4- lrnet t Arod 6b with
aniline 7 .in I\/C{C-H TFSfl (e h%lg%e{aﬁﬁg j)ggﬂ‘cf gc] i@u%?nﬁé\fﬁ‘é meﬁe b&%&%‘%ﬁﬁe desired
pr-oduct GRppride fait\ﬂ%@lpoﬁﬁ# Wali’éiﬂlb)LCMﬂ oty cHY QS @ge)apss (MY, [ahalagzed, by
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(IR,2R 38.,48) N4-(3-aminocarbonylbicyclof2.2. 1 jhept-5-ene-2-y1)-5-fluore-N2-[3-(1,3-
oxazol-2-yDphenyl}-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, I=3 Hz), 7.79 (d, 1H,
20 J=7.8 Hz), 7.68 (s, 1H), 7.42 (m, 4H), 7.18 (5, 1H), 6.29 {m, 1H), 6.13 (m, 1H), 4.21 @t, 14, J=
4.8 Hz), 2.86 (s, 1H), 2.77 (5, 1H), 2.55 (d, 1H, J= 8.1 Hz),2.14 (d, 1H, J= 8.4 Hz), 1.39 (d, IH,
J= 8.7 Hz}; LCMS: purity: 98%, MS (m/e): 407 (VMHY).

N

7.11  Inhibition of Celiular Proliferation fz Vitro
Compounds 60r1, 60r2, 60r1-2HC, 60a, 60b and 6§02-HCI were tested against a variety
25 of different type§ of tumor cells for their ability to inhihit proliferation using standard in vitro
antiproliferatiorllassays. The various cells lines fested included: A549 (lung carcinoma); ASPC-1
(pancreatic adenocarcinoma), BXPC-3 (pabereatic adenocarcinoma); Ca0QV-3 (ovarian
adenocarcinoma); COLO 205 (colorectal adenocarcinomay; DU145 (prostate carcinoma); ES-2
(ovarian clear cell carcinoma); H1299 (non-smail 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 chrogic myelogenous leukemia);
L1218 (mouse lymphocytic leukemia); MiaPaCa-2 (pancreatice carcinoma); MOLT4 (T
lympheblast acute lymphablastic leukemia); OVCAR-3 (ovarian adenocarcinoma); MOLT3 (T



7.9.1 Preparation of Racem c M- (3- Am nocar bonyl bi cycl o[ 2. 2. 1] hept - 5-
en-2-yl)-5-fluoro-N2-[ 3-net hyl - 4- (4- et hyl pi perazi n-1-yl ) phenyl]- 25

2, 4-pyrimdinedj amne Hydrogen Chloride Salt To a sol ution ~£X0- 3- eX0
racem ¢ M- (‘é’f&r[}ﬁ%%%{’r]bonyl bi cycl of 2. 2. 1] hept - 5- ene- 2- PSS TioS
yl)-5-fluoro-N2-[ 3-net hyl - 4- (4- net hyl pi perazi n-1-yl)phenyl]-2, 4-pyri m di ned
iamne (60r1) (0.140 g, 0.3 mmol) in McOH (3 nL) at 0 C was added HC (4M
di oxane, 0.170 n_, 0.681 mmol) dropwi se and then stirred at 0 C for 1h and
room t enper atlyrmioblast agse yinphetdastic Hemid Y CAR-h e sasinemak Pl (B s
filtered, C%ﬁ&'&%z&éﬁrﬁ&)%@-ﬁ\ﬁﬁi fovaipdn\uachobdcifbil): SEREBE (pARRhA GrdifRna); advied to

the ethanolic solution’to precipitate the desited product,

i sol ated to dialesectal adgpgeageinomn)y HidRh{tgonocyte acute monocylic leukemia); TOV—EI(\&\%:Svarian

0S Sooaraee 2y % 5afc -2 X087 BrdibMAk Fromay, et 1 1yl -4
WO 2006/ 055 5%%9'3 ) f %‘:S%g@%)}) Eﬁ?g gl!g&ggﬁgéoséccﬁr%; a%dij 7 élisftlb%'&q&n%ﬂﬁ‘ngf

(4- et hy|Di per azi Fha IG:b yglmsroplainedvidh thy pompoandres pnvides in TS BREDs bew Bl or i de

salt (conpou 0y 1. : : A5 Yoy ‘%\ 2 1453 1EN WD 9.2
Pr epar at i on g@%%éo%i@%ﬁe%%{%? V%ﬂér ‘IJeft'( tﬂ‘g&gé 35S, %g _‘:’%“_’ %%“ Ame‘:\émicar ényl
bi cycl of 2. 2. H+Hepdicdesan- 12 whlpe 6 10df,@nde ~{-3-inditafey lan I value of >1 pM. A blank

4- (4- et hyl pi.pgrazi.n: 1-vyl)ph - - ovr i m.gi am Hydrogen Chloride
Salt In ali Qeﬁcﬁ%ﬁméﬂrt?ﬂeé%%‘r%aus@%#em?lﬁﬁ%dr)%'antgé %?859%@&!{]?13.6" ents of HO (4M
di oxane) with{ stereoi sonerically pure TABLE2

(IR 2R, 3S, 48) 4 N4- ( 3- am nocar ho .Ial;fggy | 0 2.§. bh t-5-ene-2-yl)-5-

f1 uor o- N2- [ 3- fret hyl - 4- (4- net R?/f}éf *a‘??‘ﬁ'gﬁ"-f Fljle ﬁiﬁ?’i"}"—"ﬂ{bﬁ- pyri ni di nedi af ne
(6Qa) gave 10([Stereoi Sofer ITY dBk-Aici 6012 60 60a-2HC! | 60b

(LR, 2R, 3S, 4S) {N4- ( 3- anmi_mocar bonyl bficvc o[|2 2.r1"| hept - § ene- 2a-vl -5-
fl uoro- N2- [ 3- nafshy| - 4- (4-wet hyl pt per azi n-|& yl ) phémyd] - 2, [4-gyr i m jdi-nedi am ne
hi s hydogen ¢ i |t (conpound 60a2HCl) . | sV e purity. 970 NS (me):
453 (M'S; [a] DASBCB (c, | 46. 04 MeOH). 7.1Qd Prepar atitbn of| (1R 2R BS, 49)
N4- ( 3- Ami nocarbenyt-btreyetof2—2itthept—5-—ene—1i5
2-yl)-5-f1 uor ¢HBEF3- (13- oxazo] - 2-yl ) phenyl ] - 2, 47%Yr i nildi nedi anf ne  H2NOC
HHN (IR 2R 3 )] it

N4- ( 3- am nocat ?S@%i cy¢l o[ 2. 2. | hept - 5-dne-2-yl }-5-fl udro-N2-[ 3} (1, 3-
oxazol - 2-yl) pheRwbbs 2, 44y m di nedi am ng ( Conpouing+90a)| was prepared as
descri bed aboye _rH NMR (DVMBQ-d6): 9.36 (s, 1H), 18 48 (a, 11i), 8. 14 (s
1H), 9.92 (d, |TH143= 3 KA+ 7.79 (d, IH 20 1= 7}8+Hz), {/+68 (a,|11.1),
7.42 (m 413) }—F218{s—1HH—629(m—+F 63 Hm—tHEH—4—24 (- 1H

4.8 W), 2.86|ES21H); 2.77 (s,|1H), 2.5§ (d, IN| J= 8.1 H), 2.[14 (d,

e 41 (F7R b on of ‘Gl it or Prft rer srow im b re (o
H1155 ++ -+

< y H460
H7259 ++ + + =+ + —
HELA A et —
HL160 -+t +++ —
K562 + +- —
L1210 + o+ —
Miapaca2 H+ ot RS —_
MOLT3 -+ —t —
MOLT4 -+ 4t —

OVCAR-3




Conmpounds

various cells lines tested includedss A549 (| ung
(pancreati c adenocarci noms);

(ovari an

(prostate
(non-snal
F1460 (la

60r |,

adenocar ci

60r2, 60r1.2HC,

noma) ;

60a, 60b and 60aHC

were tested agai nst a
variety 25 of different types of tunor cells for their ability to inhibit
prol i f er &0 WM6/AfSEa1g standard in vitro

antiproliferati egcrassnssimizine

BXPC- 3 (pabcreatic
COLO 205 (col orectal

carc

i noma) ;

adenocar ci nona) ;
adenocar ci noma) ;

ASPC- 1

CaOv- 3
DU145

carcinomm) ;
cell

ES-2

(ovari ar 31884

| ung carci noma
ge cell lung cé‘i&

H115

5

cell
non-snal |

carc

cel l

I noma) ;

(pronyel o
| eukem a)

')I asl Proir
L1210 (

mggsé |y

C

RS

)’6

Ieu@é

Ul ng?a;ﬂil

H1299

30 lung carci
) Valpes o Seledded empodenocar ci nome) ;

a@g ‘Zﬂ? p‘an CEP eg at i

noma) ;
HL160
 ogenous
ce

car ci noma
(ovarian

| ynphobl af
(prostate
(pancr eat

oVdARLE (

denocarci |

T

[ 'ynph
108 ;

obl ast ac
OLT3 (T Wd

e lynp
200610

Bdblastl
5561 P

c [ euke
[T/ US200

a);
1041359

OV(

CAR- 3
54

sPCacute |y

adenocar i

stic | euke
SK-09%-13

m a) ;
l( ovari

O

/EAR- 8 (

adenodg

ovari an

ar.cinom)):
—

Gaf Ci no
gLss

m); PC3

I]86

§k@560|noha)

20 (color

ectal a

H&thocar g

i noma) ;

THP- 1 (

nocyte

acute nong
(bone oste¢

obt ai ned Wi

"+" i ndi cj
< 20 nM
| C50 valu

S oy

ke a‘),
and U9

TS DA [
TOUV= 210 Y

37 (histio

vdalr 1T art

cytic |

| .
CTTAT

ﬁﬁhona).

1.1
il vdrl U

5 The

mroneE)

| C50 val

u20S
ues

phe C(
ptes an | &

)qpounds
b0 val ue

are provi
of :51p

ged i n

M a n +'|"

BLCE 2]
| ndi g

bel OW.
ates an

n
| C50 va

I ABIL

E 2,
ue of

a
I

THPH "
> _of >1 pM

i Med cat es

A_bl ank

an 1 C50 v
i hdicate

al ue of
s t hat

£+10 nM
pound was

he co

and a "

L& 1 ndi
not te

tates an
st ed

agai nst t
Corfpounds
++ +++ Bx
H1155 +

60r1 _60r1
\SAvamn]

HétéhﬁbifiT

|

cel |
| T | A0y
i ) ) JUT

i ne.
9 aG0a A0~

TABqu

11C1. 60

In Vi

o6 | CY
A549

0 Val ues

£ b o

of Sel

P e e T
T

écted
ASPC1

U o

+++ +++ -

A\"Av AT s gy vy —

Ao oY

H
T Yo TJ

s +

+ ES-2

1411299

+ +++ +

pB24S 4+ V-3 ++4
'W&Gﬁ 71

BEL

]
TTT =T

| —
| - Tt

T L160

7.12

Inhibition of Aurora Kinases in Functional Cellular Assays

Compounds 6{ta 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,

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% COy). 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.

10

On Day 3, 50 ul aliguots of varying concentrations of test compound were added to 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

wells. Test compounds were prepared by 2-fold serial dilution of a 2mM stock (in DMSO). The

compound was washed and the cells fixed with 2% para-formaldehyde (in Dulbecco’s phosphate

buffered saline “DPBS™; 25 ul per well; > 20 mm incubation). The fixed cells were washed once

15

with DPBS (200 ul/well), stained with phospho-Histone H3 (Cell Signaling Technology; 1:500 in

DPES, 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) arid DAPI (1:15,000 of 1mg/mi stock) for 1 hr at room temperature,
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U20S ++ -++ + W937 +++ 7.12 Inhibition of Aurora Ifinases in Functional
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12-bit format using segmentation and morphological routines contained in the Image Pro software
15 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
resnits and graph creation was done vsing Matlab 6.5.
For phospho-histone H3 analysis the data is converted to Facs files and analysed nsing
Flowlo. The percent Phospho-H3 celis are plotted at each compound concentration to determine
20 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

preater.

7.13  Pharmacokinetics of Compound 'l in Monkeys
25 ompound 60a was administered to monkeys intraveinously (1 mg/kg in saline) and orally
(5 mg/kg in saline) and the plasma concentrations monitored over time. When administered by
1.v., the plasma concentration of compound remained above the ICs of 7 nM for 11 hrs following
administration; when administered orally, a plasma concentration of compound above the ICsp

was maintained for over 20 hrs.

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

a preselected volume (approx. 100 mm3 for treatment model: >300 mm3 for regression model),
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daily (3 cycles)

ip.




WD 2006/ 055561 PCT/ US2005/ 041359 57 the mce were adm nistered test
conpounds in the anounts and according to the dosing reginens specified in
TABLE 3 (trewomead/espseat ocol ) and TABLE 4 (regression prot o€6TUS2158U-605Y
TABLE 3 Sunmary of Treatnent Mbdel Experdnents (Mean tunor size 100 mmB)
Schedul e Cell Line Dose (ng/kg/day) (day on/day off) Route Col 0205 2 413
oral Col 0205 10 4/3 oral Co0lo205 10 2/1 oral Col 0205 10 5/2 oral

Col 0205 10 7/7 or akesuiﬁ0|maﬁﬂ_llb119ry?aﬂlﬁs MGeinpolisd 6IAFICIQn Tok205 @inor LowHANHhe 10

daily oral A549 10 5 54 2 oral A54 7/ 7 oral. A549 10
dai ly (13 dayfpimenpmode éﬁ%ﬂ ?&ﬁ S‘Hé%/ syhgregyts O%A%E@MGWW i
Progr essi on NpgkghkteEX38G] 1Te rSsulié Bﬁﬁ?m’[s%snﬁﬂré 208 Frov, Gedhl dobihgRpliese
(mg/ 1 tg/day) Schedul e Route Col 0205 10 dai | 13 days) oral MaPaCa 10

daily (3 cycwé@s’edéf%{f et §9EMgHughgns {p t{l@ﬂ&sre oteias eonpaged Sopesislesspnise for

PCT/ LI S209510411363e 1e96ls 28841 A 549 hh6rs Wehi 1s tQp¥n:ffefi& latmat rGRiMOaHAE 60a2HC
on Col 0205 tunor growth in the treatnent nodel are illustrated in FIGS. |

and 2. The rEPHREaEA0talHPl i g iupgr vyPaidoying 2 dosipgegimee ofS daysp'e. 1

the results qfay gma@qlds@qe\cgq)gfmn japsoshn FIG 2. Both dosing reginens
yi el ded si gni f| cant (p<0. 050% uctions_ in_tunor g}owth rate as conpared
to a vehicle cont roe iftory effepts ﬂ%%%@’é”ﬂdéipél‘é{@é’@'@ 20ntugaoereyop d1ener e | ess

responsi ve t QegtRRh MR afcSRbbkicAth FIO. AN he effects of Compound 60a-2HCI on MiaPaCa
10 tumors in the regression model are illustrated in FIG. 4. Significant reductions in tumor growth
rate were observed with both tumor lines. These reductions were independent of the mode of
) administration. Moreover, the reductions observed in MiaPaCa tumors were similar to those
observed with taxol (see FIG. 4).
Although the foregoing inventions have been described in some detail to facilitate
15 understanding, it will be apparent that certain changes and modifications may be practiced within
the scope of the appended claims. Accordingly, the described embodiments are to be considered
as illustrative and not restrictive, and the invention is not to be limited to the detajls 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.
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+N 0

alkyl, -OR®, -O(CH.),-R?, -O(CH,),-R’, -NHC(O)R?, halo, -CFs, -OCF;, = “—/ and

each R’ is independently selected from the group consisting of hydrogen, lower
| b
15 alkyl, -(CHy),-OH, -OR?, -O(CHy),-R?, -O(CH,),-R®, halo, -CF;, -OCFs, =~ ~— |
0
—g—N©N~R“ ‘ —E-E:/\/ . '§<\N];
each R* is independently selected from the group consisting of hydrogen, lower
allyl, arylalkyl, -OR?, -NR°R, -C(O)R?, -C(O)OR® and -C(O)NR°RS;
R? is hydrogen, halo, fluoro, -CN, -NO,, CO3R, or -CFs;
20 each » is independently an integer from 1 to 3;
each R® is independently selected from the group consisting of hydrogen, lower
allyl and lower cycloallcyl;



each R2 is independently selected fromthe group consisting of hydrogen,

lower - - Oalkyl, -OR, -QCH2),,-R, -QCH2)"-Rb, -NHC(O R, hal o, -CF3,

- OCF3, and woabkidsRd each P:' is independently sel ected framud:ue/gfsap

consi sting of hydrogen, |lower _ 15 abkikyl, -(Clh),r OH, -ORS,

-Q(CHZ),rRa, -QCHz),r O, halo, -CF3, -OCF3, NNRQ-~) 14 ) ~ / Nand N
each R' is independently selected fromthe group consisting of hydrogen

|over alkyl, aryl al kthoh 7 Fingore ity se(l%zféﬁ@)ﬂ%me %é:@c%astﬁ@%f QR R

i s hydrogen, hal o, each nis
i ndependent I- QCEﬂ-NﬁhReggfo)Rr,deﬁQ)ORo -GLO)NRE aﬂ—@(@)mﬁtﬂependent ly sel ected

fromthe group consis | al |l cyl ;

WO 20061055561 PCT/ us%‘g‘%} 541 gﬁ&ggﬁelé" “?eér&cyi%"g‘% ’e"ﬁt%Wd lg%:nt('aed from

the group cdesirstkyigr, elter@Rvsly, I@F& subsﬁl@ﬁ@ mayNjRidRen t%@@l@)\ﬁ&th& g @eOrRom to
-C(ONR _ 4 group

consi st |§rTg 3*%9‘11 %%%%Rﬁe cfg?ti?p'we Iﬁne &Hgﬁégljll%er na [ veﬁaﬂg{n&i&gﬂﬁz

substi t uent addlawabbetaradtmcgwgmmtednﬁtom@ AR R FRGRR’, b]ﬂ?&l(ﬁ(@)ﬁ)R“End/W| ch they

are bonded afcg 247 menbered saturated ring which optionally includes

1-2 additio e eroal%om c groups selected fromO, NRa, NR'-C(O) Ra,

NR'-C(O) ORa and NRa- Ga@)RR indgrddenty lm«Rammm—hydnb&pﬂl@@nldv;er didgpdroxyalkyl.

nono- hydr oxyal kyl or Iovver di - hydroxyal kyI 2. The conpound of Claim1lin

whi ch the conpound a rding t for

(2- exo- 3- exo0) m? race e g?ﬁé{a O@H‘al oF “°PRY 'ﬁ‘fafcgv%mgao%gnt?% ns about
60% or hior e farmulad (@ Idaeﬂsamﬂmnbmranémaﬂ:ructural formula (la). 4. The
conpound of Claiml whi ch cont ai ns about 90% or nore of the di astereoner

of /structural forymula The, ¢ m |

about 99% or rmre “of t @%i“poql? %?fé%l%ler?lwgny nFatﬁ%StaEﬁ?'g@"oorrr% f%} c?ﬁ{%g%
conmpound of ofisyucomd fofau@(k).ns 1-5 in which R is fluoro. N O

4, The compound of Claim 1 which contains about 90% or more of the diastereomer
of structural formula (Ia).
15 5. The compound of Claim 1 which contains about 99% or more of the diastereomer

of structaral formula (Ia).

6. The compound of any one of Claims 1-5 in which R’ is fluoro.

7. The compound of Claim 6 in which R! is hydrogen; R*is ~ "/

() 0
BN N-RS - 4N N-RY T
or = et ; and R? is other than \-——/ \—-/ or N |

20 8. The compound of Claim 7 in which R? is hydrogen, methyl, methoxy,

triflucromethyl or chloro.

0. The compounds of Claim 7 in which R! is methyl, -C(Q)CHs, -C(O)OCH; or
-C(OYOCH,CH.



7. The conpound of Claim6 in which R is hydrogen; RZis NNR4 NCO - \N
-R4 or "--" ; and R3 is other than '--1 , or N 20 S. The conpound of Claim
7 i n whi gfp dsds8sfaiydr ogen, net hyl, methoxy, trifl uoropetrhmbesgnsGhd oro. 9.
The conpounds of Caim7 in which R'giis nethyl, -C(OCH3, -C(O OCH3 or
-C(O) OCCHzCH3. WD 2006/ 055561 PCTI US2005/ 041359 61 10. The conpound of
Claim6 in which R is hydrogen; R2 is other than ~J +N NR" -4- 0 - -
NR4 - i/ or and R3 is ~ or N. 11. The corrpound of daiml10 in/mwhjch R2 is
hydr ogen, Ely net hoxy, trifluoronethy| or chI oro. 5 12. "?‘Ne C ound
of O aim 10 i nOhi cﬁlemor@owétop‘ﬂ}almﬁew)e}% is hydregeaxdkiss pther thag( O) BHZCH3.  13.
The conpound Caim6 in WmchR2| ot her: thanoNN R&A NONNR4A or \--/
; and R3 is@q ghan -~ §l ‘N4R4The_¢: ound of daim1l13 in
which Rl and \R2/are aaahhy rmgeh a \R¥ is 0;LO 2NH t". 15. The
conpound of aimi13 in which R, 'R and R3 are each, independently
selected fromthe group consjisting of hydragen, net hyI nmet hoxy,

trifl uoronet hyll- andrherogpeund ofClaim { ¢ %rlﬁvkgthF@en,ﬁeth%mhw of R, R2
and R3 arg,ﬂ@gr&géth);,lh,agh}g%dr ogen. 16. The compound of Claim®6 in which R is
hydrogen R3 is selected fromthe group N ON NR4 15 consi sting of
hydrog "J and \---j ; and R3 is selected fromthe ();rou - -NO +N NR4
consi Sting of WydroB&fOWPBWrUTQ}ﬂWIWmﬁ@hl‘éﬁR-IUﬂ@hﬂ" =C(O) gl -(OYOGHs 0or The
conpound gfofaem 16 in which R3 is selected fromthe group consisting of
-N O - -NNR4 hydrogen, nethyl, chloro, -CF3. \-/ and and R4 ' s nethyl,
-COR or -COQOK" where Ris nethyl or ethyl. WO 2006/ 055561

%muszoosl 041359 62 18. The conpound of O aim 16 ix/whigh R2 is sel ected

firom the groupsconstitdoRGo@d of Clatds th whichNRE &bther than ©

e — F— o}
4N N-RS 4N 0 4N N-Rf —-E{'{ ?
or = 7 s and R is other than = \—/ / or

2

14.  The compound of Claim 13 in which R' and R? are each hydrogen and R’ is
10 -OCH,NHR®. .

15.  The compound of Claim 13 in which R, R* and R? are each, independently
selected from the group consisting of hydrogen, methyl, methoxy, triflucromethyl and chloro,
with the proviso that at least two of R', R? and R’ are other than hydrogen.

16.  The compound of Claim 6 in which R is hydrogen; R? is selected from the group

o { {  N-R?
o +N 0 N N-R
T15 consisting of hydrogen, \—/" and f— ; and R is selected from the group

N
o 4N 0 BN N-R
consisting of hydrogen, lower alky], halo, -CFs, = ~—~ and ~ -/ .

17. The compound of Claim 16 in which R is selected from the group consisting of

N 0 BN N-R
hydrogen, methyl, chloro, -CF;, © N~ and *° MWt/ ; and R' is methyl, ~COR® or

-CO(O)R" where R" is methyl ar ethyl.



hydrogen, and "-' and R3 is selected fromthe group consisting of 0 +N
N-R4 hydrogen, |ower alkyl, halo, -CF3, and 19. The conpound of Caim118 in
whi ch R3 |s‘§,§lzmk,§g6jromthe group consisting of +N O +|\{,d\h%(,§;,§ﬁ§§()ogen,
met hyl , chloro, -CF3, . 1' and and R4z s nethyl, -COR or - OR
wherein R is nethyl or ethyl. /-\ --N NR4 20. The conpound of Claim 19
inwhich R is \--j is -CONwherein R 1is rrethyl and R3 is hydrogen. --N

N-R4 21. The conp nd m.19 i n
R is ethyl; and &5 {IF “(of?l“’i%‘md 0?% i “9“2‘"% Rhis S?“?Pé’é[?ﬁb‘%?”@ %ﬂ“ﬁﬁsv\q
which R2 is ~-J andéRﬁ”s'\ hydrggjﬂ 23, The conpound of Caim 19 in whi ch R2
i s hydrogen; |s o O ere R
is methyl or @ --N’d/--\ R4 ?ﬁ‘?RTﬁéh%Btﬁ‘b@ﬂH&w@f““@CCqsf#ui@o| n whi ch
R2istd; R4 |s rrethyl and R3 15 A 5\sel ected™fyomthe group consisting
of hydrogen, X h‘ﬁ{ag and Qé—’:\_;@ TheNconPoBhd of O aim 24 in which
R3 is net hyI 11?.‘3 Uhva E* darm IEQ\/m ch™s substantially pure
(IR 2R, 3S, 4S) - N4 (3- am nocar bonyl bi cycl o[ 2
2. 1] hept - 5- ene- 2- §8.) - 5Tld do@ipoundf Dladn MRinwHicR {4 se@tdayopi tﬁ@%r@%ﬂ &mbisting o
yl )] phenyl -2, 4- pyri m di nedi am ne. 20061055 PCT/ US2005/ 041359 ES 27.
The conmpound of Caim1l which isgm\%o_\ooure.g R 3RS 45)-N4 3-
?Ln n?cgr bonylé)bir@géﬁgﬂe[fﬂlgd Z:hﬂ;mN—ZCF[s,( a. \—tfh | d4 (2—/t g R* is methyl, ~COR" or

ep ene- Jor o met hy nmethyl'p iperazin-I -
y1)] phenyl - Qfgﬁ%/’?l"fﬁeﬁﬁ%&ﬁ‘ﬁﬁhﬁlé”eﬁgl A conposi tion conprising a conpound
according to daiml and a carrier, 5 excipient and/or diluent. 29. The
conposition of Claim29 in which t he carrier, excjprent and/or diluent is

-+N  N-R*
20. The compound of Claim 19 in which R*is = “—/ ; R is —COR" wherein
R* is methyl; and R? is hydrogen. |
4N N-R

21, The compound of Claim 19 in which R?is =~ N/ ; R is —-CO(O)R®
10 wherein R? is ethyl; and R? is hydrogen.

“-N o)
22 The compound of Claim 19 in which R*is = “—/ and R®is hydrogen

/N

-5 0
23. The compound of Claim 19 in which R? is hydrogen; R® is g N o
/N
() 4N N-R* \ |
/ ; and R is methyl, ~COR® or ~CO{O)R® where R" is methyl or ethyl.

4N -
24, The compound of Claim 19 in which R? is / (Ris methyl; and R

15 is selected from the group consisting of hydrogen, methyl, chiore and -CFj.
25.  The compound of Claim 24 in which R® is methyl.

26. The compound of Claim 1 which is substantially pure (1R.2R,38,48)-N4-(3-
aminocarbonylbicyelo[2.2. l]hept—S-ene»E-y])— 5-flueore- N2-[(3—methyl -4-(4-methylpiperazin-1-
vyl iphenyl-2 4-pyrimidinediamine.



acceptabl e for pharmaceutical uses. 30. A nethod of inhibiting
proliferation of a cell conprising contacting the cell with an anount of a
conpoundwacmoshissig to Claim 1l effective to inhibit itsppreisbd@iaisson. 10
31. The nethod of Claim30 in whichdgshe cell is a tunor cell. 32. The

met hod of Caim31 in which the tunor cell is a lung, colon, breast,
gastric, ovarian, cervical, nelanoma, renal, prostrate, |ynphoma,

neur obl ast o, 2panCtRAbinbounlbAGHRL 1 Rhich MRRAR RIS Sgld. 33 A method of
i nhi biting an actlv_|t¥ of an Aurora kinase conprisin C(gntactlng the 15
Aur ora ki fvaeatorbigyriofhd LikeptSrena-2othhduere NadEomeinmbd-tdondhdpiperazieflt ect i ve
t o i nhi biyyptetyiRCl b¥idiYinediafine, The nethod of Caim 33 which is carried out
invitrowth an isolated or partially isolated Aurora kinase. 35. The
met hod of Claim33 which is carrjed out in vitro with a cell expressing an
Aur or a ki nas. 364 COTRPERI AR EPIFISING A CHMPQUA 2eeArdmerte Ciaik | Aabecamiei at ed
process CRbPlehdndGr 8QRLEACtIiNg a cell expressing an Aurora kinase with an
anount of a conpound according to Claim1l effective to inhibit the Aurora
ki nase- medi ated progcess. 37. The nethod of Caim36 in which the Aurora

ki nase- nmedi at ed- pr otE$ampasiioppf elgim 2&inyyhichdhescarris, exgipiemtisad/medilvet inf Cl ai m
36 i n whigkeptddR f6edtarmtagev@cdiyg@r cell. 39. The nmethod of Caim36 in which
the cell is contacted with a concentration of the conpound that is equal
to or greater than its IC50 as nmeasured in an in vitro assay. WO

2006/ 055561 PGP us2bashedafisbitiggpraltiferationefiatst conprisingspiteging thawel mth

ki nase- megiagiosst oflh $§AREnd £08TRik @Qmﬁﬂ@i‘fé&ti%r‘égrﬁ"&t itstp(?cal??rﬁwﬁ! ect in need

t hereof an anount of ‘a conpound according to aim| effective to treat the
di Sease. 41. The hod of Claim 40 in which the Aurora kinase-nedi at ed
disedSe is a 3 proltemeihgd pl/claim dbigadchsbe celfjica ymphell- of O ai m 41 in which
the proliferative disease is cancer. 43. The nethod of Claim42 in which
the cancer is 3. netBswRihbe of GARL 31 H4vhichiR: wRGNQH 10f 1k 2biBR, $RakiNgathicch the
cancer is_sel ected flriagl I un%Bgancer, breast cancer, gastric cancer,

ovarian CXHER Cerigalprelagpme. AEpRE prosirte. Aphama, nepmblastamadancrestin Pladderarcancer
10 | ynphoepstic aestr@bil.ast oma, pancreatic cancer, bl adder cancer, and liver
cancer. 45. The nethod of Claim40 in which the conpound is adm nistered in
the formof a,,pharjaceutical conposition. 46. The nethod of Caim40 in
whi ch t he Con-p’au,—]dﬁrlgﬂ lﬂ#ﬁfﬁlﬁg@@géﬁl as?gmc%m Aurora kinase comprising contacting the

15 Aurora kinase with an amount of a compound according fo Claim 1 effective to inhibit its activity.

34, The method of Claim 33 which is carried out i viiro with an isolated or partially

isolated Aurora kinase.

N 35. The method of Claim 33 which is carried out in vitro with a cell expressing an
( ) Aurora kinas.
20 36. A method of inhibiting an Aurora kinase-mediated process comprising contacting

a cell expressing an Aurora kinase with an amount of a compound according to Claim 1 effective

to inhibit the Avrora kinase-mediated process.

37. The method of Claim }6 in which the Aurora kinase-mediated process inhibited

Is mitosis.
25 38. The method of Claim 36 in which the cell is a tumor cell.
38, The method of Claim 36 in which the cell is contacted with a concetitraiion of the

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



47. The nethod of Claim40 in which the conpound is adm nistered _
I ntravenously. 15 48. The nethod of Caim40 in which the subject is a

) . . : ) = din
human. 409. of Aaim40 in which the corrpound |spgg!rﬁk 0351555%
an anount e égf?'?osgq%o achi eve a ser umggoncentration that s at or above

the 1C50 of the conpound, as neasured in an in vitro assay.

40. A method of treating a Aurora kinase-mediated disease, comnprising administering
to a subject in need thereof an amount of a compound according to Claim 1 effective to treat the

disease.

41. The method of Claim 40 in which the Aurora kinase-mediated disease is a

5  proliferative disease.

42, The method of Claim 41 in which the proliferative disease is cancer.
43, The method of Claim 42 in which the cancer is a metastatic tumor.
44, The method of Claim 43 in which the cancer is selected from lung cancer, breast

cancer, gastric cancer, ovarian cancer, cervical cancer, melanoma, renal cancer, prostrate cancer,

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

45, The method of Claim 40 in which the compound is administered in the form of a

pharmaceutical composition.

46.  The method of Claim 40 in which the compound is administered orally.

47. The method of Claim 40 in which the compound js administered intravenously.
15 48, The method of Claim 40 in which the subject is a human.
49, The method of Claim 40 in which the compound is administered in an amount

effective to achieve a serum concentration that is at or above the ICs, of the compound, as-
(N measured in an in vitro assay.

1
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