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25 The resulting conpl exes nay be ionized, partially ionized, or
non-ioni zed. For a review of such conpl exes, see J Pharm Sci, 64 (8),
1269- 1288 by Hal eblian (August 1975), the disclosure of which is

i ncorporated herein by reference inits entirety. Oral Admnistration
The conpounds of the invention nmay be adm nistered orally. Oral

adm nistration may involve 30 svw@l QW f%vesent hat the conpound

enters the gastrointestinal tract, or buccal or sublingual
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fast-dissolving, fast-disintegrg g dos.p- forms such as those
described in Expert Opinion in feutic Patents, 11(6), 981-986 by
Li ang and Chen (2001), the disclwsure of which is |ncorporated her ei n
by reference inits entirety. For tahklet dosage forns, depending on
dose, the drug may nmeke up froml wt%to 80 w% of the 5 dosage form
nmor e t pa obdringcdutically Bcoapteble salgberap™s of t he dosage form I n addition
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m crocrystalline cellul ose, |ower alkyl-substituted hydroxypropyl

cel lul ose, starch, pregelatinized starch and sodi um al gi nat e.
Cenerally, the disintegrant will conprise from 101 wt%to 25 wt %
prakerably from5 w%to 20 wt % of the dosage form Bi nders
are generally used to inpart cohesive qualities to a tablet

formul ation. Suitable binders include mcrocrystalline cellul ose,

gel atin, sugars, polyethylene glycol, natural and synthetic guns,

pol yvi nyl pyrrol i done, pregel atinized starch, hydroxypropyl cellul ose
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such as | actose (nmonohydrate, spray-dried nonohydrate, anhydrous 15
andCt he like), mannitol, xylitol, dextrose, sucrose, sorbitol
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di hydr at e. Tabl ets may al so optionally include surface active
agents, such as sodium |l auryl sulfate and pol ysorbate 80, and
glidants such as silicon dioxide and talc. Wen present, surface
active agents are typically in anmbunts of from0.2 wt%to 5 wt % of
the tablet, and glidants typically fromO0.2 wt%to 1 w % of 20t he

t al#fet . Tabl ets al so generally contain lubricants such as
magnesi um st earate, calcium stearate, zinc stearate, sodium stearyl
fumarate, and m xtures of magnesium stearate with sodi um | auryl

sul phate. Lubricants generally are present in anounts fromO0.25 w %
to 10 ww% preferably fromO0.5 % to 3 W% of the tablet. 25C her
conventional ingredients include anti-oxidants, colorants, flavoring
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The solubility of conpounds of the invention used in the preparation
of parenteral solutions may be increased by the use of appropriate
formul ati on techni ques, such as the incgrporation of

sol ubi l'ity-enhanci ng agents. 20Fornul ati ons for parenteral
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pical fornmulations Tor thi ur pose )
i ncl ude” gel 199/ dr %grcgm\tﬁ?tmg&{gbltiogoqfdﬁmﬁfgﬂa”hrfyg[ﬁﬁ ¢ MF%%E‘E‘?SQ activity by
dustln@ompmdﬂns dressings, foans, filns, skin patches, wafers,

i npl ants, u&?§’Ath?$rpn|c Hcpgéeﬁm QQ@Q@%%SG@_ aﬁﬂh%f]q.fd?ygéﬁﬂ@t@redchrHBrﬁ{ﬂHﬁ%rally

may al so be used pi ca carrrers | water, mnera
oi 110 | |3él¥ied'”5'é§t%lda%%ﬁﬁ vaRfsier donsefor dil Haytn F@“Sfc%?wﬂ“d'ﬁr“olfvé%“ﬁﬁtlnéh@“b'“m of ¢-
gl ycol wwdqmcuayéma@rag&ryﬁ aiTL- 15’€l¥lgﬁré aB: IMiNMBeatisy GEY1dx@mor growth inhibition.

i ncor por at eds, u?ee% (A&S'S/f“o%e ”pg%| é]ﬁlﬁsﬂ.]eds (U87M88}u£rt%g%l(‘l (:5§I5|% Fn%Séerandministered

Fi nnin and Nﬁ% Means o
admi ni sﬁbma@qndri ¢rﬁlbd aidiee @élpﬁ!teférd@sew vehigle lopp & & dayp, Flagiet Pphoiudiss investigating

'B hOHODhQﬁ(?@Imwh mem&hq:r@ﬁé 58: mléghwe@nga@@dhrﬁbuwn oﬂ@-@@hﬁ?ﬁm@osﬁﬁor?anon
(0] er| ectr ect.l Cl OS
theSe T of er EiRvERe LU DRI BUELA RaPRTROJP PIEF ke opira g paovlished OTL

ent i r etlibdgsmor xenografts. Fagureuft &t Reansssibo rof taogs esddblisteri GiiLst6 winoo renpgnafth @ athymic
for mul atied Figare®: MEE@%CBo% ﬁelgﬁl%ll%m Qilyfo'raﬁ‘gdrﬁﬁis@a%ﬁof Matbolded rel ease
formul ati ons include delaye sust ai ned-, pul sed-, controlTed-,
targeted and progranmmed rel ease. WO 2007/066187PCT/182006/003397 -
10 - Inhal ed/Intranasal Adm nistration The conpounds of the
inwgntion can al so be admi nistered intranasally or by inhalation,
typically in the formof a dry powder (either alone, as a m xture,

for exanple, in a dry blend wth |actose, or as a m xed conponent
particle, for exanple, m xed wi th phospholipids, such as
phosphati dyl choline) froma 5 dry powder inhaler or as an aerosol
spray froma pressurized container, punp, spray, atom zer (preferably
an atom zer using el ectrohydrodynam cs to produce a fine mst), or
nelpgl i zer, with or without the use of a suitable propellant, such as
1,1,1,2-tetrafl uoroethane or 1,1,1, 2,3, 3, 3-hept af | uor opr opane. For

i ntranasal use, the powder may include a bioadhesive agent, for
exanpl e, chitosan or cyclodextrin. The pressurized container, punp,
spray, atom zer, or nebulizer contains a solution or suspension 10
of the compound(s) of the invention conprising, for exanple, ethanol,
aqueous ethanol, or a suitable alternative agent for dispersing,
solabi li zi ng, or extending release of the active, a propellant(s) as
sol vent and an optional surfactant, such as sorbitan trioleate, oleic
acid, or an oligolactic acid. Prior to use in a dry powder or
suspensi on fornul ation, the drug product is mcronized to a size
suitable for delivery by inhalation (typically less than 5 mcrons).
This nmay be achieved by any 15 appropriate conmm nuting nethod, such

as spiral jet mlling, fluid bed jet mlling, supercritical fluid
pr&essing to form nanopartides, high pressure honbgeni zation, or
spray drying. Capsul es (made, for exanple, fromgelatin or

HPMC), blisters and cartridges for use in an inhaler or insufflator

40



O her Technol ogi es Conpounds of the invention may be conbined with
sol ubl e macronol ecul ar entities, such as 25 cyclodextrin and
sui t abl e d¥0I20t06648% t her eof or pol yet hyl ene gl ycol - corRGViBRG9G/003397
polymers, in order to inprove their solubility, dissolution rate,

t ast e- maski ng, bioavailability and/or stability for use in any of the
af or enent i oned nodes of adninistratiorf- Drug-cycl odextrin
conpl exes, for exanple, are found to be generally useful for npst
dosage forns_and _adm ni tratlon r Qut es ot h inclusion and

non-i ncl usi oA%¢B ﬁpgg& El ARpNBIEtion &°’"W§'”‘§?~\ tosgnymig igs Regrind,keating eftaplisped
conpl ex¥GHoAdirtAe-3 leonirenegraftshBiguey 84 Gdest regressivmin diigymicseice besriggnestablished
auxi | arycidsh, Fibyt€sB: Tuer régtesBio® AlathirBit micd béddRddstabhesEd- ¥ Rinbd eRdgrar/bSt

comonl y use

gama- cycl od(f'l)?@r% ANERG: it F% §€°?"p§bf1r'%chA %%%%AL?(?%’E cfﬁ!3 ntﬂy"ﬁp&ﬂma model (Karpas
Publ it at3®8Atflgded er@&MEﬂ#QS 'W'@Avqm%f%wW@élgs@fﬁestudteﬁ@vestlgatmg
di scl osunhddtiondf NEM-ALIK chospherpigtonpor at ed herein by reference in their
entireties. 35 Dosage The amount of the active conpound
adm ni stered will be depend t he Eheﬁt Eelng treated, the
severity of the disorder orﬁgéffé§%¥§t° Tt adnlnlstratlon
the di sposi t UgRssdmdlioalel othemise aideleratres heseipilogthe iBventy compaunds ipluds eafdrésicery
physixi an saltsosobaies, hydratee bifice edmiplegestid@ageand So byifates Ahybistes Rint benpixage ks
about  0.{Q0ds %L&]ng%ﬁ%t)rpwgte%glsﬂﬁerrs Elgi im}éaﬂ{w’a‘bgm veg%'hs mé%ef preferably
about 0.01 to about 35 day, in singlée or
2007/066187PCT/1132006/003397 - 12 - divided doses For a 70 kg
human, this WeiptiEnsanpunt to about 0.07 to about 7000 ny/ day,
preferably abBeusedberéinf mnicab otiérwidb Midicat®, tha Yerm 'dbnSrMBR:cl GEMANGCRS, to B HRYM

lleveis bk %%d%ﬁ%ﬂdénPUﬁBrnJal B3ty mgctﬂ s?lfs% g %@sgf Joﬁ@&%hfﬁﬁ%n be nmore than

adequat e, er cas used w t hout
causi ng any ﬁ?r{}i’er%f'i' dfiolegy P{g'ﬁ?’v'seﬁ cﬁtegd‘g% tefr&rﬁe@?"gd 85 {RyIpinds @lisyiating,
di vi ded li\mh*t@g %vesreﬁs of reuevting s disordes or agrifitiom fosthich siich ke EbpliTsueslo0RIer Nokee
day. Ki teympteradfisseh disorder or conBif TR @S redtmdltyasdRsd Hertl, Ehids® oifehNdih &84,
a_conbi "Bl R e oaf;éa.»{g%sﬁt%mugqé-ne&@&eﬂmk for the purpose of

tre ng ap hin the scope of
o B eoen: " s e aR ST TR I PSP Dl PO RO e o
at | eastlingpéngssaghi ch cont ai ns a conpound in accordance with the

i nventi on, rrmyuaeleraveahcmh Isytskaee REERifOM e whithSorOroMidXlc sBitsk Ffamplds tnailiee

for Coadtm. JATY }e erphr%'ib 8inbde b@Wﬁth&rﬁoﬂ&ém JJE\H@ &&Fh&é!%ulf&g btog?e famsxiate

t t
oL gl SRS bl S S Ecasin Bt donyite: SR Sp R

for %59pa!?*@t‘@!eyh!d@@'mfﬁﬁfﬁ@jm@alMdfe*@m'p)%bf@mlémbydrwwﬂ ogide, dsethipntteailastate, malate,
di vi ded ragdatd, @alomke, ﬁlewadaedzeﬂqmdtfatpaﬁm{ylateﬁmn@&ﬂdm hRotRbte Stk Srotéle! oxbiSte,

t he 15f %{gh-.l; t@r th?aﬁ{(eﬁho%g@h%ggﬁ %sgh%#dm?cﬁéﬁg@'g n:g/fxg Qn]:‘:tet as‘?écﬁéra?te stearate,

capsul es_an Mt on

parti cuIS#F‘T'Vtesiﬁ'%ftﬁﬁ?sélaﬁe@Pd 'ﬁﬂff?i’cﬁ‘F%”Et%?ﬁ] tig di fferent dosage forms, for
exanpl e, or alSuiehid baeer esiit @reaformefl dromatgmesniisdheipimepntidye sty daxarbes include the
conpssi tdneimsum brghing,f RhLHHiInedOAMAGE chdhe IielyiBmin®) didiafinet bidiral lydiek, tridGnhesium,

separ at G G oRRASIHRNSAYah 13k VemBAGNASI A0:aS S! St “coml | ance " the

Kit typlc % |rec ration and may
provi ded wi t %2 F?é'ﬁ%t"? syilagle phameseyiRgliveaccptablgi seliso se&s Hagboaten! é’i“i”ﬁ!?‘?"@ﬁh
Met hods Sdits-Peipeties, FBedion] snd BSBibg Stebinand derditn 48iey-XE8 Yeiffistnh @ianany, 2002),

The bi ochemcpale &ﬂvh\ﬁﬁis%&p&gteﬁww}éeﬂengeq}{|tste|:|‘tﬁe nhi bition of the
c- N@% HGFR kln

rocedur
G o 7 B iR SRl B G b B D0 L USRI B B
Corpound8deifitrokiitha sethadegugund éaden fapiretasidionkase @ erPrrisie. ghe eaitmayeieriptate
and i ncutvaiseitidnand Helcoerrt be fitration 3ritay b F2ov@R8 BY eviaBoratidh bi ted RfleddYThe degree

addi t i ony RbizdiBiein e VB h 4GB 18R 2YHRetef AR JRdU Rhldlgq F educe 30 the
The compounds of the invention may exist in both unsolvated and solvated forms. The term
40 ‘solvate’ is used herein to describe a molecular complex comprising the compound of the invention and




30 Paol o Conoglio (University Torino Medical School, Candi ol o,

Italy), HUVEC and HWEC (Human Macrovascul ar Endothelial Cell) were
pur chased WOPEM7Wb@REt i cs, Inc. (Wal kersville, MD), and ROTAB3OHBH3ZIT
were from ATCC (Manassas, VA) Unl ess otherw se indicated, cell

cul ture reagents were obtained fromLife Technol ogi es, Inc.
(Gaithersburg, MD). Cells were maintarhed at 37C in a humidified

at nosphere with 5-10% CO2 and nai nt ai ned using standard cell culture
techni ques. 35 Anti bodies and Gowh factors Ant i bodi es were
uti| i zedonedr &g RharmaceiniyAsRpiable spivert molppuas Jorrgxargye. gihand. e trob Tudretey
studi es smpl@ed héroihk Guigent &nivatert offalmdtautealy Gedypttildiciifatea ngl asdatdaneamh®

Zap/0 we; 0 Vidnly 1

anti-tot Q\Fenflfﬁn;: Flgdén@?laleg gnﬁ 5‘3%% v.ﬁ;@r@gﬁt{?t?g%hﬁggof @r%dngﬁ{n :’”'tayRQ@ fsotoplcally
Tie-2, aff® tgl eb?@@ 68% BEtdf/ ne (PY-20) were from Santa Cruz

Bi ot e%hnol ogy?the &yertien @paincludes\isotgpieally-iplaled| compdundsnahicirare identigghto compound 1,
2007/ 066d:34ithht chB30hGé ROBSHE replailt by ah Qlodl haliM)thtofmidYiRdsé bIRRs WahiRr Gifdidh

S&Eg(?ysz‘ﬁm ’thel\éﬂﬁi’é%@%zér%asw%ﬁwtdsﬁllytfo%hd lnR}gtufrer OE}aFB F Qf"‘fs[;@e%gﬂﬁ'at c§ﬁage
ant i - phoSHRIREiP CRreRoRds A e iPypton "%H*rﬂe IsBRRS 5 BYARIRN. caheR. itrggep; oxygen,

c- ABL, apitosphons.cehifus rfidoripl @ titrringszbh, asdhit H, 1°6t ‘4. " fopHosim & PARS, ™, and
ant i 14 ot ¥y, aREkcRBYS RAMAPoUNRPIAKY &&enamamdaMa @h@mf&eajmamaeb%me BRPKaid

and STAT?onwg?n%s vathcg?gri th§5%£agllltﬂgﬁdﬁso O(é Qndgg bk Ts o&gttBersﬂton%s arg within

Most wer e

M nneapolf ScoPRR] i iRyaatin: Seign 'F?tB‘iﬁa@"B‘??@BR?ﬂFRW“dF PB‘@%Pfese@dP‘{eﬁ d"‘Jr qxample
and EGF fheenintRodick ratjopttive gotSieis eudess THetidditapelincsmporbidl, a@eldefl tr drig areise
phosphor yibatdidiRs@Shaibttion AR, UhBihted $8.0%5 afd cafbon-14k4. SAC QfotdpBTTerE QbkiQiahy

used 1§ 0 eireﬁ%gt tjoythéiire a?g @g&??rgtﬁm aﬁg) Eetectt%m@ ﬁgl%npgl bk ?uhgir; w& hea\tll%rbtsottopes such

i gan I hase

per f or maﬁF’ ‘ffé'ieH‘{j“ &% véi'r ‘Faéta?rﬁfer@@rﬂiﬁﬁp§‘ft'ﬁﬁdl"éﬂa@é Fq5§¥"9@WI9r egleepatrialic Hapilty,
Cel | s wefeexxmeldddrepsed @6vivgdiali-lifp bartedged dosggeonatUiremants and,(herak aay be preferred in

suppl e”egﬁnﬁ.d::r\é\dn{sﬁnrgeg %\rﬁ ﬂ&t@ﬂlcam‘dbéﬁ c&ﬁp&xﬁcf Y B?tﬁﬁ%)en@dﬂ@aﬁb@n%t‘éﬁﬁ&é prepared by

overni gh \%\/P | i.t at.e ch t 0 _assa fis
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wer e per f or nedlso ingpied pithimthe scopst of ghes inoantishese goralaxes e.0h @6 RtathediésO tisg-bist

conpoundindudhicem ﬁgeeaherr@n fAohrasEh the a%ﬂﬂleﬁtﬁ)héo%owﬁésethb BGY B 8 L prastht in
for 1 ho&r | n, ex .nvest

phosphor yP'a |tl}lometnc opnon specglorﬂe Irh'.: agmoun sglﬂ%]ol |?c%d{e o7 S ((néo?exgs or? ﬂ?é.glrugh%éatnle%gvg or
EGF, 20 Nee, °fEBDF\F‘d"°f RereariaFomRADERs whish mayde *rmychwaﬁt&c HaprERioietipmelsiclamoynisy
8 t 0220 iihen wsating ttdﬁx@@xewarsamseeabntzed Startiallyl @bigzdh amagn-idoded. pharsp hadfe 6t suoim
i N HUWEC &@hdxSs, 8& SBRAH saeed (é)|<@ﬂ§951b88 bﬁmeuﬂnzmmst 1975) M @&iosdbe of which is

Kor shunovﬁor?%até%herem%y re«;er?ﬂbe B enm tHy rogen peroxide activates the

Gas6- Ax vasc SADOth nuscle cells. The Journal of
Bi ol ogi cal fratioyg: 28766- 28770 (2004)). Constitutive kinase
phosphoryl at i te omsoumlsats UirecidlventivnahsyelreC@imiristapediCirally. ODralofdmEistrgin Ly involve

|( ngeﬁi ];Qﬁall&ﬁll'l sé fhéﬁl% d@lﬂb&hn& Qﬁl@rg 'tl'relbhé%ﬁllte)ﬁtmgﬁra@t%;r'b\f@call%'r Q@o‘ﬁﬁgu@i%hﬂsﬂﬁﬁm
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i ncubat i on ofFQE"@H'#“S“W‘EQ*?'%@‘@&Bam"'itfaélmﬁftﬂ-ide apip fapyiationsesubh amiblels fegpsules
the desi gunadindd dattioiRes, Gaidk Sorvdwaersyasiantts GRaringiliuid-led)Mrdas VM- iaid HBRS
and then rﬁcﬁsgs uqﬂsngohb-)éahtﬁn EiHBJoﬁlre, ﬁlﬁ? iy ﬁlng %l:é glﬂes-l-\@f Qolﬂésoglr)ﬁ% and liquid

Bost%{)l V\% I"at’t on of "'protei
er %8’&5 assessed by a sandw ch ELI SA met hod utili zing capture
anti bodi es spewidfprguipions belete spsrsidng, seiutbna sprepsemt plixins. &nth foodiations may be

speci fi cude@ras minpsnien ¥l mkSehpbydsamk r@@lcbl@ShdﬂH@% phérﬁa&@tﬁﬂly@e&eﬁéb@%@ﬁé‘r; for
protein l%%%F e\ﬁatgeé%eaﬂgtp%getﬁyﬁe%@gw% pP ?Iene gllycol memy%el[tullt’:se ora su\Q"abtle oil, and ane
or more emulsifying agents and/or suspending agents. Liquid formulations may also be prepared by the

40  reconstitution of a solid, for example, from a sachet.



Tunmor cells were seeded in 96 well plates at |ow density in growh
medi a (nedia supplenmented with 10% fetal bovine serum FBS) and

cul tured owerniglkéisat 37C. The foll ow ng day, grow h nediTABa@S/@0BY7
renoved and cells were cultured in serumfree nedia (0% FBS and 0. 04%
BSA). Serial dilutions of conmpound 1 were performed, appropriate
controls or designated concentrations-&f conmpound 1 were added to
each well, and cells were incubated at 37C for 24 to 72 hours. A MIT
assay (Promagl_a, Madi son, W) was then perfornmed to determ ne the

rel ative cel | ThRGRBRAUEds of thsdnvgrip ey fleq ke vsarl énjpetliesplvipg, fast-disintegrating dosage
concent r fatmsosuch esiposesiesotibitvie Expett tOpingn it THerapeutig Paterdt) Ul {§),c0884988 BY Liang and

anal yt i CéhenPiol0Ofle ciddosMRORLHRR isThdERblatePHEN R YitlereRASAY its sniirety GIL- 16
cells were SEec

96._wel |, plates at 40, 000cel |l s [ 1. si gnat ed
concentrations %g Ie%ﬁ%ﬂ'ﬁ% gep(%'?‘ﬁ’{?e%idgfeethﬁg% maY ks ”\é\%‘"i’ Hé"t% Ef%é”t% (gt the
ser un? f r exsagreiging MoGelyRicgliveaes Wite teod \wieh 4f the3dpeage S CORdAditign talBe ldougr eblets
The ssDNfenfdampéadsinsa BikihiSdhartti tExariifi@nbfcdihtdgrntrifikie QStRlm stidS gySdhde, tsadium

det ect A@a‘?@%ﬁi&t@ é@lo@eﬁmgﬁﬁﬂ?m&%&w %E%%Bneﬁnisg ia%;odium, crospA_JHyII?eg:

cells (pa§ \Aere‘]%go%ﬁﬂtoc ence I n ]

(Wl ker sRAVINEPYTRESPNS: GRAIYL cRjipss. RisErqaing SsBiicRe 'pwes) alwisubstifytet dygroneapy
at hi gh eRiyiedet sjar¢ip oregainizsy sRE-h@ODEodivm JoiratedGérarlibthe didntbgent Bit3Bmprise Gom
holur o0t 31 al*d a5 v, prebdrdblydroh WP H0.wthlof 1RE dadbdeasiiment , cel I's were
cultured in - s o) :
over ni oht _at S EGRERRIE by AL TGS 2 PRLI LR, o e
the St ar PdiqComiciEdyieling CEflylosa gt atuodis PONSHENS gl netlpl arsh syithgtin pyms,
Conpoundpdyvinepyrioksione [pregelatinized etarch, rydrexvampil celisloseeetidahyamidpmpyd mepyiceltiose.
conth rol fTwetmai £vdohtelin GAREE HuEPAd 1801Ste GhorRyIRRY a&a%dr%@henm’dﬂﬁé dnRydrous
eac . : r [ te .
i neapol s kﬁ ool byl W) SRAIE BRRY bl S0E et e
concent r HIEHPGIPPIBIHFHL. A M T assay (Pronega) was then WO

2007/ 066187 PORbeEIFQYOG00PBBE incltle surfase mEtye mpehtsafich ras 48ditnp 1angy) adfete sand
t o det er panRErbtE 80, lBH FhdaMe s lab sifidiBRkife ard@RE) WRdrURSeMES Bace ki |88 are
dfidan@ rt_}(aicaftllo e B3R A \ertzu of
on a assa

b Je63t9 80 by .
anal i | caro AL REQURPARORB At e bl b e el e B2
5NCI 249 Bt i gration and matrigel invasion assays The

ef fect of confpblatschisd generdli@icodain vbticatte dudkCls- hibddsiunu steamate) aalcismedidaratee [zinc
! ung_car QbdIRBBsotith| s_tegjyf)fu&kiaﬁp aniizgﬂixﬁ% [of @Habnesiif Atdarifs ogrmssoe‘;% QAU @@IQ}Eate.
utilizin i r a vasi.on,
AT S e 1 by R AR o
trypsi ni ¥&f BHY suspended in serumfree nedia (with 0.049%BSA) at a

densicgéy of 40@h@Conwetioha /ingiedie@s imslodm dntidoxiderss, tOorswms, iflavoring efjehist prdservatives
serum f r g ygrdhasking 8gehgnat ed concentrations were added to suspended

cells, and c Le | omtemerature for. 30 mnutes.
besi gnated conerpilibeNaaEL e Bhu BOR LETRERBHL R 1o Speu Ul Sves:
each ni gk Ahayt Bt fR2Ropids "‘Gﬁé’fﬁ"ﬁ@{) frpm aBout 2 yyt% ftgyalopis Oy wit) disintggrant, and from
addi t i ongboRED.2egtito $HOR 10 B1% Bbrickrt. was added to the |ower well of each
conpafi on pl atBieAsieras MABIERbHFEdsairebt oyl bRE o 16 hdofts! 48131 HngE BtdoRBneQt
ol at e andouaeg suhelbiete BE) 8, b iaraedy. siolsotoni  SAger BpRgbieine.
i nvaded O Weldmaiaien may inpledeiopr@moadaversend magbespatedor wesoated; icancarsylated.
and nucl ei wethe fetalatvedf terletgismisBRERL in Betdi0n YenbiaRidutidadDosdde Fori tTasietd tvol.
i or qscopL e el TP | bR el B Y- 10 TR0 gl RAraTie e
m gr g?l 0 '“8"?“’?88@“&‘1“6%" graggF‘ﬂ?i?r?W@greﬂ??d'évs QYEW condition using

| mage- Pro Pl u3plid ésfmviiioes fonverdli sdmdiphietion ataly e for@iiktodto i@pimmadiate eMi/or m@ified
val ues WeleaseC aVaifed tchasdpmiRiche Molidd tddyed-SRRBASGE, pdR6d)! Yéhtrbistil tdted and
utilizi n&o&a&rﬂéﬁr&@%e?mt er anal ytical nethod. HUVEC matrigel invasion

Suitable modified release formulations are described in U.S. Patent No. 6,106,864, Details of
40  other suitable release technologles such as high energy dispersions and osmotic and coated particles can



25 cells was assessed utilizing the CycloTest Plus DNA Reagent Kit
(BD Bi osciences). Using this kit cells were washed two tinmes with I x
BD Per ni g0 28urfob@B87 non-ioni ¢ detergent and Trypsi n waia/IBamedi38%y

i sol ate nucl ei, propidiumiodide was added to visualize DNA content,
and cells were analyzed by flow cytonetry. DNA content (ploidy
analysis to determ ne percent cell nunBer in each cell cycle) was
assessed using Cell Quest Pro and analyzed with MddFit LT software
(BD Biosciences) The apoptotic 30 peak (A0) was defined as the peak
t hat occbsfeundrp Yeima et Phermpestical Igeaplogitininedf@s 1134 8008 sTha esef Fhsaing gum
( Dar zy nk toeashieve, codtrolledBreltiags is Descrifdd!in BION00/35688. iy distymes d\thesdifatoncdd are
S., Lass%é;porfe he%&ﬂé@g&ggﬂh ifentretcyt OMEt ry 13:795-808 (1992)).

Apopt osi s was_a et erm ne ab t%Tow cytonetric anal ysis using
Annexi n V- FI TReenter3l Adminisiaien pi osci ences, San Jose, CA) and al so

anal yzed usi ntreoaBoats ¢fuhe ingSlian- mA\aso e tatmtisteregslirgetly nfeethe blood stream, into
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a suppository, pessary, or enema. Cocoa bulter is a traditional suppository base, but various alternatives
may be used as appropriate. .

Formulations for rectal/vaginal administration may be formulated to be immediate and/or modified
release. Modified release formulations include delayed-, sustained-, pulsed-, confrolled-, targeted and
programmed release.

Ocular Administration

Compounds of the invention may also be administered directly to the eye or ear, typically in the,
form of drops of a micronized suspension or solution in isotonic, pH-adjusted, sterile saline. Other
formulations suitable for ocular and aural administration include ointments, biodegradable (e.g.
absorbable gel sponges, collagen) and non-biodegradable (e.g. sificone)} implants, wafers, lenses and
particulate or vesicular systems, such as niosomes or lippsomes. A polymer such as crossed-linked
polyacrylic acid, polyvinylalcohol, hyaluronic acid, a cellulosic polymer, for example,
hydroxypropylmethylcellutose, hydroxyethylceliulose, or methyl cellulose, or a heteropolysaccharide
polymer, for example, gelan gum, may be incorporated iogether with a preservative, such as
benzalkonium chlaride. Such formulations may also be delivered by iontophoresis.

Formulations for ocularfaural administration may be formulated to be immediate andior medified
release. Modifled release formulations include delayed-, sustained-, pulsed-, controlled-, targeted, or
programmed release.

Other Technologies

Compounds of the invention may be combined with scluble macromolecular entities, such as
cyclodextrin and suitable derivatives thereofl or polyethylene glycol-containing polymers, in order to
improve their solubility, dissolution rate, taste-masking, bioavailability and/or stability for use in any of the
aforementioned modes of administration.

Drug-cyclodextrin complexes, for example, are found to be generally useful for most dosage
forms and administration routes. Both inclusion and non-inclusion complexes may be used. As an
alternative fo direct complexation with the drug, the cyclodextrin may be used as an auxiliary additive, i e.
as a caier, diluent, or solubilizer. Most commanly used for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in PCT Publication Nos. WO 91/11172, WO
94/02518 and WO 98/55148, the disclosures of which are incorporated herein by reference in their
entireties.

Dosage

The amount of the acfive compound administered will be dependent on the subject heing freated,
the severity of the disorder or condition, the rate of administration, the disposition of the compound and the
discretion of the prescribing physician. However, an effective dosage is typically in the range of about 0.001
to about 100 mg per kg body weight per day, preferably about 0.01 to about 35 mgfkg/day, in single or
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Inasmuch as it may desirable to administer a combination of active compounds, for example, for
the purpose of treating a particular disease or condition, it is within the scope of the present invention that

10  two or more pharmaceutical compositions, at least one of which contains a compound in accordance with
the invention, may conveniently be combined in the form of a kit suitable for coadministration of the
compositions. Thus the kit.of the invention includes two or more separate pharmaceutical compositions,
at least one of which contains a compound of the invention, and means for separately retaining said
compositions, such as a contéiner, divided bottle, or divided foil packet. An example of such a kit is the

15 familiar blister pack used for the packaging of tablets, capsules and the like.

The kit of the invention is particularly suitable for administering different dosage forms, for
example, oral and parenteral, for administering the separate compositions at different dosage intervals, or
for titrating the separate compositions against one another. To assist compliance, the kit typically includes
directions for administration and may be provided with a memory aid.

20

Examples

In-vifro Assays
Materials and Methods
In-Vitro Methods
25 Biochemical Kinase Assay Methods
The biochemical K; values of compound 1 for the inhibition of the c-Met/HGFR kinase were

determined utilizing a general procedure to monitor NADH oxidation that is coupled to ATP turnover as
follows. Compounds and kinase assay reagents are introduced into test wells and incubated for 10
minutes at 37°C. The assay is initiated by addition of the ¢-Met/HGFR enzyme. Enzyme inhibitors reduce

30 the measured activity of the enzyme. In the continuous-coupled spectrophotometric assay the time-
dependent production of ADP by the kinase is determined by analysis of the rate of consumption of NADH
by measurement of the decrease in absorbance at 340 nm. As the kinase enzyme produces ADP it is re-
converted to ATP. by reaction with phosphoenol pyruvate and pyruvate kinase. Pyruvate is also produced
in this reaction. Pyruvate is subsequently converted to lactate by reaction with lactate dehydrogenase,

35  which simultaneously converts NADH to NAD, NADH has a measurable absorbance at 340 nm whereas
NAD does not. Therefore, the assay endpoint is measured by spectrophotometry at 340 nm at the
designated time points.
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gast ric car |Fn lr?aﬁ?grﬁ?r ITE%.ncel SCg l EQQQP%Q% %ég@%ﬁi@%éé H%Ir@t%évla
NSCLC ¢ éﬁﬁoébgﬁg%ﬁngmarﬁggrexqﬁ% Ihlé{?a}n n(%aﬁellp @;U')eered to express human BCR-Abl. All
the engineered cell lines were generated at Pfizer, GTL-16 gastric carcinoma cells were a gift from Dr.
30 Paolo Comoglio (University Torino Medical School, Candiolo, Haly), HUVEC and HMVEC (Human
Macrovascular Endothelial Cell) were ptirchased from Clonetics, Inc. (Walkersvilie, MD), and the others
were from ATCC (Manassas, VA). Unless otherwise indicated, cell culture reagents were obtained from
Life Technologies, Inc. (Gaithersburg, MD). Cells were maintained at 37°C in a humidified atmosphere
with 5-10% CO; and maintained using standard cell culture technigues.
35
Antibodies and Growth factors
Antibodies were utilized to evaluate compound 1 in in vitro ELISA and immunoblotting studies

were as follows: anti-total human ¢-Met/HGFR and anti-phospho Zap70 were from Zymed/Invitrogen,
Carlsbad, CA; anti-total Ron, anfi-tolal FGFR1, anti-total PDGFRP, anti-total Trk, ant-total Tie-2, and anti-
40  phospho tyrosine {(PY-20) were from Santa Cruz Biotechnology, Santa Cruz, CA; anti-total Axl and anti-
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A were added fo each well, and cells were incubated at 37°C for 1 hour. In experiments investigating

ligand-dependent RTK phosphorylation, corresponding growth factors (e.g.; HGF, MSP, Gas6, EGF,

20  NGF, BDNF, insulin, VEGF, or PDGF BB} were added o cells for 8 to 20 minutes. H,0» was used to
stimulate human Axl phosphorylation in HUVEC cells as described (Konishi, A., Aizawa, T. Mohan, A.,
Karshunov, V. A. and Berk, B. C., Hydrogen peroxide activates the Gast-Axl pathway in vascular smooth
muscle cells. The Journal of Biological Chemistry, 279:28766-28770 (2004)). Constitutive kinase
phosphorylation was measured in absence of addition of exogenous ligand for cell lines with constitutively

25  active kinase activity (e.9., c-Met/HGFR in GTL-16 cells, NPM-ALK in Karpas 299 cells, Ron in Ron-CHO-
B cells, and BCR-Abi in BCR-Abl BaF3 cells). After incubation of cells with compound 1 andfor
appropriate ligands for the designated times, cells were washed once with 1 mM NazVO, in HBSS and
then lysed using Lysis Buffer (Cel! Signaling Technologies, Bostan MA).

30 ELISA Assa
Phosphorylation of protein kinases of interest was assessed by a sandwich ELISA method

utilizing capture antibodies speciﬁc for each protein and a detection antibody specific for phospharylated
tyrosine residues. In each ELISA assay, protein lysates generated from various cell lines treated with
appropriate RTK ligands and/or compotund 1 were transferred to a 96 well plate that was pre-coated with
35 the corresponding antibodies including anti-c-Met/HGFR, -Ron, -Axl, -Sky, -IR, -Tie2, -KDR, -PDGFR B, -
Zap70, and etc. Antibody-coated plates were incubated in presence of protein lysates at 4°C overnight

and washed with 1% Tween 20 in PBS seven times. HRP-PY20 (horseradish peroxidase-conjugated
anti-total-phosphotyrosine, Santa Cruz Biotechnology, Santa Cruz, CA) was diluted 1:500 in blocking
buffer (Pierce, Rockford, IL) and added to each plate for 30 minutes. Plates were then washed again and
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performed after 48 to 72 hours to determine the relative cell numbers. 1Cs; values were calculated by
concentration-response curve fitting utilizing a four-parameter analytical method.

HGF-dependent cell migration and [nvasion assays
NCI-H441 cell migration and matrigel invasion assays

The effect of compound 1 on HGF-stimulated NCI-H441 human non-small cell lung carcinoma cell
migration and mairige! invasion was determined utilizing a commercially available cell migration and
invasion system (BD Biosciences, San Jose, CA). Gells in log growth phase were trypsinized and
suspended in serum-free media (with 0.04%BSA) at a density of 400,000 celis/mL. Compound 1 was
serially diluted in serum-free media, designated-concentrations were added to suspended cells, and cells
were incubated at room temperature for 30 minutes. Designated control or reated suspended cells (0.5
mL) were added to each migration or invasion chamber (i.e., plate inserts). In addition, 25 ng/mL HGF
(0.75 mL) was added to the lower well of each companion plate as a chemotractant {o attract ceils from
migration or invasion chamber plate inserts inserted at the top of the companion plate and. cells were
incubated at 37°C for 22 hours. Cells that invaded or mi@rated fo the lower well of the plate were then
fixed and nuclei were stained (Tug/mLDAP1 in 100% MeOH) for 15 minutes at 37°C. Cells were
subsequently washed twice using TBS solution. Five microscopic images were taken from sach well and
the cell number for migration or invasion was determined under each condition using Image-Pro Plus
software (Media Cybernetics, Silver Spring, MD). ICs, values were calculated by concentration-response
curve fitting utilizing a four-parameter analytical metheod.

HUVEC matrigel invasion assay

An ACEA RT-CES System (ACEA biologicals, San Diego, CA) was used to determine the effect
of compound 1 on HUVEC matrigel invasion in vitro. ACEA electrosensing 96-well plaies were coated
with 50 pl of 0.001% fibronectin and 100 ng/mL HGF in PBS and incubated at 37°C for 1 hour and at 4°C
for 30 minutes. After washing each plate with PBS at 4°C, Matrigel (BD Biosciences, San Jose, CA) was
diluted 1:40 in Starvation Media (SM, Cell Applications, San Diego, CA)}, supplemented with HGF (100
ng/mL} andfor different concentrations of compound 1, added (50 uL) to designated wells, and allowed to
solidify at 37°C for 2 hours. HUVEC cells were cultured in serum-free media (Cell Applications, San
Diego, CA) for 5 hours and then in SM for 2 hours. Cells were subsequently collected in SM at 60,000
cells/ml and treated with 100 ng/mL HGF and/or appropriate of compound 1 for 30 minutes at 37°C. The
HUVEC cell suspension (100 pL) under designated conditions was transferred to the top of the Matrigel
layer in designated wells of the coated ACEA plate. The ACEA plate was then connected to the ACEA
Device Station at 37°C, 95% air:5% CO2 and monitored in real time by an ACEA Sensor Analyzer for 48
hours. Electronic sensors embedded on the bottom of the ACEA plates detected HUVEC cells that
invaded through Matrigel. The relative number (cell index) of invaded HUVEC cells was determined
utilizing ACEA RT-CES™ Integrated Software. ICg, values were calculated by concentration-response
curve fitting utilizing a four-parameter analytical method.
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MDCK cell scattering assay

MDCK cells were seaded at low density (25 cells/well) in a 96-well plate in media supplemented
with 10% FBS and grown until small colonies of 10~15 cells appeared. Cells were then stimulated with
HGF (50 ng/mL) in the presence of various concentrations of compound 1 diluted in growth medium. After
overnight incubation, colonies were fixed and stained with 0.2% crystal violet in 10% buffered formalin and
assessed for scattering at each concentration visually.

HMVEC vascular sprouting assay
Five hundred HMVEC were added to EGM-2 medium containing 0.24% methylcellulose and

fransferred to U-bottom 96-well plates to form spheroids overnight. Spheroids were collected and mixed
into 2 mg/mL fibrinegen solution containing 4-8% FBS 1 compound in 48-well plates coated with thrombin
(2 mL of 5,000 U/mL}). The resulting 3-D fibrin gel was covered with EGM-2 containing 4-8% FBS and
incubated at 37°C, 95% air/5% CO,. Endothelial tube formation was observed daily under an inverted
microscope. Images were captured on day 7 by a digital camera (Olympus BX60) connected to the
microscope. Compound 1 was added at several concentrations and vascuiar sprouting was visually
assessed.

Cell cycle and Apoptosis Analysis by Flow Cytometry

The effect of compound 1 on NPM-ALK-dependent cell cycle distribution and apoptosis of human
lymphoma cells was evaluated by flow cytometric analysis {FACSCalibur, BD Biosciences, San Jose,
CA). Karpas 299 and SU-DHL-1 human lymphoma cells were treated with compound 1 for 24 to 48 hours
in growth media (RPMI + 10%FBS). Cells were washed with PBS twice, fix and permeabilized with
BDCytofix/Cytoperm Solution for 20 minutes at 4°C. Cell cycle distribution and apoptosis of lymphoma
cells was assessed utilizing the CycloTest Plus DNA Reagent Kit (BD Biosciences). Using this kit cells
were washed two times with 1x BD Perm/MWash Buffer, non-ionic detergent and Trypsin were added to
isolate nuclei, propidium iodide was added to visualize DNA content, and cells were analyzed by flow
cytometry. DNA content (ploidy analysis fo determine percent cell number in each cell cycle) was
assessed using Cell Quest Pro and analyzed with ModFit LT software (BD Biosciences). The apoptotic
peak (Ag} was defined as the peak that oceurs in channel numbers lower than Gy/G4 peak as described
{Darzynkiewicz, Z., Bruno, S., Del-Bino, G., Gorczyca, W., Hotz, M. 8., Lassota, P., and Traganos, F.,
Cyiometry 13:795-808 (1992)). Apoplosis was also determined by flow cytometric analysis using Apnexin
V-FITC staining (BD Biosciences, San Jose, CA) and also analyzed using FACSCalibur.

In-Vivo Methods

Cell lines

Unless otherwise indicated, celt culture reagents were obtained from Life Technologies, Inc.
(Gaithersburg, MD). Cells were maintained at 37°C in a humidified atmosphere with 5-10% CO, and
passaged using standard cell culture techniques. U87MG (human glioblastoma), NCI-H441 (human nom-
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small cell lung adenocarcinoma), PC-3 (human prostate adenocarcinoma) cells were obtained from and
cuitured as recommended by the American Type Culture Collection (Bethesda, MD).

Subcutaneous Xenograft Models In Athymic Mice

Female or male nufnu or SCID/Beige m.ice (5-8 weeks old) were obtained from Harlan (Madison,
W) or Charles River (Wilmington, MA). Animals were maintained under clean room conditions in sterile
filter top cages with Alpha-Drifbed-o-cob comb bedding housed on HEPA-filtered ventilated racks.
Animals received sterile rodent chow and water ad libifum. Cells for implantation into aihymic mice were
harvested and pelleted by centrifugation at 450Xg for 5-10 minutes. 'l;he cell pellets were washed once
and re-suépended in sterile phosphate buffered saline or serum-free medium. Tumor cells were
supptemented with 30-60% Matrigel (BD Biosciences, San Jose CA) to facilitate tumor take and growth of
selected tumor cells as xenografts. Celis (2-5 x 10° in 100 pL) were implanted SC into the hindflank
region of the mouse and allowed to grow to the designated size prior to the administration of compound
for each experiment. Tumor size was determined by measurement with electronic calipers and tumor
volume was calculated as the product of its length x width® x 0.4,

Ex Vivo Target Modulation (PK/PD} Studies

Tumor and Plasma Processing for In Vivo Pharmacodynamic Studies

Tumor cells exprassing constitutively phosphorylated c-Met/HGFR or ALK were implanted
subcutaneously in nude mice and allowed to grow untreated fo a size of 300-800 mm>. Mice were
administered compound 1 as a single oral dose (for acute PK/PD studies) or multiple oral doses (for
steady state PK/PD studies) at the designated dose levels. At the indicated times following compound 1
administration, individual mice were humanely euthanized, a bfood sample was isolated from the cardiac

left ventricle using a syringe primed with heparin sulfate, and tumors were resected. Plasma samples
were analyzed for compound 1 concentration using LCMS analysis. Resected tumors were snap frozen
on dry ice, pulverized using a liquid nifrogen-cooled cryomortar and pestle, and Iysed in cold 1X Cell Lysis
Buffer (Cell Signaling Technologies, Boston MT)). Proteins were extracted from tumor lysate and protein
concentrations were determined using a BSA assay (Pierce, Rockford, IL). The level of total orfand
phosphorylated proteins of interest in each tumor sample was determined using a capture ELISA method
below.
ELISA Assays for Assessment of Pharmacodynamic Inhibition of Kinase Targets

In each ELISA assay, protein lysates that were generated from vehicle- or compound 1-reated
tumors were transferred to a 96 well plate that was pre-coated with either anti-c-Met/HGFR (Zymed
Lab/invitrogen, Carlsbad, CA) or anti-ALK capture antibodies (Cell Signaling Technolagies, Boston MT).
Antibody-coated plates were incubated in presence of tumor lysaies at 4°C overnight and washed with 1%
Tween 20 in PBS seven times. HRP-PY20 (horseradish peroxidase-conjugated anti-total-
phosphotyrosine, Santa Cruz Biotechnology, Santa Cruz, CA) was diluted 1:500 in blocking buffer (Pierce,
Rockford, IL) and added to each plate for 30 minutes. Plates were washed again and TMB peroxidase
substrate (Bio-Rad laboratories, Hercules CA) was added to initiate the HRP-dependent colorimetric
reaction. Reactions were stopped by adding 0.09N HzS0,. The optical density (OD) of each vehicle or
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treatment well was measured at 450 nm using a spectrophotometer. Total phosphorylation of c-
Met/HGFR or ALK in tumors resected from compound 1-freated animals was compared with that in
tumors resected from vehicle-treated animals at the same time point based on the OD readings. In this
evaluation, the inhibition of kinase target phosphorylation by compound 1 in tumors was calculated using
the following equation: % inhibition = 100-[(Mean OD treated / Mean OD unireated) X 100].

immunoblotting

Immunoblotting method was also used fo determine relative kinase phosphorylation status and
total protein levels in tumor samples for the protein of interest. Tumor bearing mice were treated with
different doses of compound 1, tumor lysates and protein samples were prepared as described ahbove.
Specific antibodies were used immunoprecipitate proteins of interest. Immunoprecipitated proteins were
separated by SDS-PAGE and immunoblotting with anti-phosphotyrosine or total antibodies.

Antibodies utilized in immunobletting studies were as follows: anti-total human c-Met/HGFR from
Zymedfinvitrogen, Carlsbad, CA, anti-phosph6~c-Met!HGFR, anti-total and —phospho ALK, anti-total and
phosphor Gab1, anti-total and phospho AKT, anti-total and phosphor-MAPK44/42, STATS were from Cell
Signaling Technolegies, Boston, MA.

Osmotic mini-pump implantation for in vivo infusion studies

Alzet 1003D and 1007D Osmotic mini-pumps were purchased from Durect Corporation
{Cupertino, CA).- Mini pumps were loaded with solutions of designated concentrations of compound 1,
and primed in sterile saline solution at 37°C until they reached equilibrium at 4 to 5 hours. Pumps were
surgically implanted subcutaneously per manufacturer's instructions into left dorsal thoracic area of mice
bearing tumors in their right flank region. The incision was closed using surgical clips which were
removed after 5-7 days when the skin incision was completely healed. Pump replacement surgery was
conducted at the designated time for studies that required infusion time and drug volume that exceeded

pump capacity.

Tumor Histology and Immunchistochemistry {IHC)

Tumor specimens to be evaluated for immunchistochemical endpoints were harvested and fixed
in 10% buffered formalin with protease and phosphotase inhibitors for 24 hours hefore Eeing transferred
to 70% ethanol. Tumor specimens were subsequently paraffin-embedded and 4 uM sections were cut
and baked on to microscope slides. Deparaffinization and antigen retrieval (EDTA-based) was performed
following manufacturer instructions using a commercially avaltable decloaking chamber (Biocare Medical,
Cat # DC2001). Tumor OCT frozen samples were also collected and sectioned for CD-31 staining. For
immunostaining, slides were incubated with the primary antibodies then secondary antibodies, and
visualized using either a colorimetric method (DAQ Envision-HARP, DAR kit, DAQ, Carpentaria, CA), or a
fluoremetric methed (Alexa 488 or Alexa 635, Molecular Probes/Invitrogen, Carlsbad CA). All of the
immunostained sections were counterstained using hematoxylin. Automated Ventana Discovery XT
Staining Module (Ventana Medical Systems, Tucson, AZ) was also used to conduct histological staining
following manufacturer instructions. Stained sections were analyzed using an Olympus microscepe and
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quantitative analysis of section staining was performed utilizing the ACIS system (Automated Cellular
Imaging, Clarient, Irvine CA). The slides were alsc analyzed by in house pathologists using standard
clinical methods.

Antibodies utilized in immunohistochemistry studies included anti-phospho-c-Met/HGFR from
Biosource Internationals/Invitrogen, Carlbad, CA; anti-Ki67 from Dacocytomation, Carpenteria, CA; anti-

CD31 from Santa Cruz Biotechnology, Santa Cruz, CA.

Data and Results

Enzymatic Potency of compound 1 Against the ¢c-Met/HGFR RTK (not part of the invention})

Compound 1 was demonstrated to be a potent ATP-competitive inhibitor of recombinant, human
c-Met/HGFR kinase activity with a mean K; of 4 nM.

Compound 1 inhibited kinase activity of ¢c-Met/HGFR in a biochemical enzyme assay with a Ki of
3 nM. To investigate kinase selectivity relative to c-Met/HGFR, compound 1 was further evaluated in
biochemical kinase screening assays against a panel of >120 recombinant kinases. In these preliminary
biochemical kinase selectivity screens, a subset of kinases were identified against which compound 1
exhibited activity such that selectivivity for c-Met/HGFR was estimated to be less than 100-fold compared
with c-Met/HGFR. The activity of compound 1 against these potential kinase hits was further evaluated in
follow-up studies in definitive cell-based kinase selectivity assays (Table 1). The biochemical Ki values of
compound 1 for the inhibition of the c-Met/HGFR kinase were determined by monitoring NADH oxidation
which is coupled to ATP turnover. Compounds and kinase assay reagents were introduced into test wells
and incubated for 10 minutes at 37°C and the reaction was initiated by adding the ¢c-Met/HGFR. NADH

was measured by spectrophotometry at 340 nm at the designated time points.

Kinase Selectivity of Compound 1 in Cell-based Assays (not part of the invention)

The selectivity of compound 1 was evaluated in a panel of cell based kinase activity assays for
the selected kinases that were potential hits in biochemical assays and other related RTKs {e.g., RON,
SKY, IR). In cell-based studies, compound 1 was greater than 1000-fold selective for VEGFR2 and
PDGFRp split-RTKs, greater than 200-fold selective for IR and Lck, and approximately 40-60-fold
selective for Axl, Tie2, TrkA, and TrkB, all compared with c-MetyHGFR (A549 IC5, = 8.6 nM). To
investigate whether a 50-fold window was sufficient for ¢-Met/HGFR selectivity in vivo, compound 1 was
evaluated for its ability to inhibit Tie-2 phosphorylation in C6 xenografts in nude mice. In this study, no
significant inhibition of Tie-2 phosphorylation was observed at any time point following a single PO dose of
50 mg/kg (representing 1Cqy for c-Met/HGFR inhibition over 24 hrs) or 100 mg/kg. This indicates that
inhibition of Tie-2, Axl, or TrkA & B would be unlikely at doses up to 2-fold higher than dose levels
associated with full inhibition of c-Met/HGFR over 24h. Compound 1 was 20-30-fold selective for RON
kinase which represents a potentially beneficial oncology target due to 1) overexpression and mutation in
selected cancers and 2) lack of adverse phenotype in RON-null mice. In contrast to the aforementioned
RTKs, compound 1 demonstrated a near equivalent I1C5, value (24 nM) against an oncogenic form of the
ALK RTK {Anaplastic Lymphoma Kinase) fusion protein, NPM-ALK an
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oncegenic fusion protein variant of the ALK RTK (Anaplastic Lymphoma Kinase), that results from a
chromosomal franslocation which is implicated in the pathogenesis of human anaplastic large cell

lymphoma (ALCL, in a human lymphoma cell line.

Pharmacodynamic Inhibition of c-Met/HGFR RTK Activity in Cells (not part of the invention)

To confirm that the potent enzymatic activity franslated into inhibition of c-Met/HGFR in cells, the
ability of compound 1 to inhibit cMet/HGFR phosphorylation in a panel of tumor and endothelial cell lines
was evaluated. Compound 1 inhibited HGF-stimulated or constitutive tetal tyrosine autophosphorylation
of wild type c-Met/HGFR with a mean |C5y value of 11 nM across a panel of human tumor and endothelial
cell lines (Table 1). Compound 1 demonstrated a similar value in mIMCD3 mouse epithelial cells (IC5, =5
nM) (Table 1).

Potency of Compound 1 Against cMet/HGFR Active Site Mutations in Cells (not part of the invention}

c-Met/HGFR activating mutations have been identified in several human cancers and provide a
strong rationale for proof of concept clinical studies based on both experimental evidence and dlinical
precedence with other RTK targets. Although c-Met/HGFR mutations in the extracellular or
juxtamembrane domain are not predicted to affect compound binding to active site, it is possible that
kinase domain mutations will cause loss of activity. To address this issue, RTK phosphorylation |1Csp was
evaluated in compound 1 treated NIH3T3 cells engineered to express wild-type c-Met/HGFR or a series of
representative c-Met/HGFR active-site mutations. In these studies, compound 1 exhibited improved or
similar activity against ATP binding site mutants (V1092], 19 nM and H1094R, 2.2 nM) or P-loop mutants
(M1250T, 15 nM) compared with wild-type receptor (12.6 nM) (Table 1). Compound 1 also potently
exhibited comparable potency inhibiting ¢c-Met phosphorylation in NCI-H69 (ICs: 13 nM) and HOP92
(ICsq: 16 nM) cells which express the endogenous c-Met juxtamembrane variants R988C and T1010lI,
respectively (Table 1). In contrast, a significant shift in potency (10-fold) was observed against the
activation loop mutants (Y1230C, 127 nM and Y1235D, 92 nM) compared with wild type receptor (Table

1),

Table 1
ICsy |Selectivity
Assay nM Ratio®
Biochemical Activity In Vitro
c-Met/HGFR enzyme (Ki, nMy* - 4 NA
Cellular Activity In Vitro
c-Met phospherylation in human tumor cell lines (mean IC50)"'° 11 NA
c-Met phosphorylation in mouse IMCD3 epithelial cells (ICs0)” 5 NA




786.5 1 - 27 - Table 3B Tunor Volume (mmB) Experinenta Subjects
(Compound 1, 50 ny/kg) Day 1 2 3456 7 8 9 10 Mean SEMn 1 63 63 63

108 108 126 126 -22-
1Cso Se]ectlwty
Assay nM Ratio®
Phosphorylation of c-Met WT in NIH3T3 cells (ICSO)b 13 NA
Phosphorylation of c-Met mutant V1092l in NIH3T3 cells (ICs,)° 19 NA
Phosphorylation of c-Met mutant H1094R in NIH3T3 cells (ICs,)° 2 0.1X
Phosphorylation of c-Met mutant Y1230C in NIH3T3 cells (ICE,U)b 127 11X
Phosphorylation of c-Met mutant Y1235D in T47D cells (ICs)° g2 8X
Phosphorylation of c-Met mutant M1250T in NIH3T3 cells (ICs,)° 15 NA
Phosphory[atlon of c-Met in NCI-H69 cells expressing c-Met R988C variant 13 NA
(ICs)°
Phosphorylatlon of c-Met in HOP92 cells expressing ¢c-Met T10101 variant 16 NA
(ICs0)°
NPM-ALK phosphorylation in human Karpas299 lymphoma cells (IC50)b 24 2X

10

Cellular Activity Against Non-Target Kinases In Vitro
MSP-stimulated RON phosphorylation in NiIH-3T3-RON cells (mean IC50)b 189 17X

RON phosphorylation in RON-GYRB cells (mean I1Cs,)° 298 27X
Gas6-stimulated Axl phosphorylation in NIH-3T3-Ax| cells {mean ICso)b 322 29X
ngand ~stimulated Tie-2 phosphorylation in NIH-3T3-Tie-2/EGFR cells (mean| 448 41X
|Cs0)"

NGF-stimulated TrkA phosphorylation in Trk A-PAE cells {(mean IC50)D 580 53X
BDNF-stimulated TrkB phosphorylation in Trk B-PAE cells (mean Ing)b 399 36X
BCR-Ab| phosphorylation in BCR-Abl-BaF3 cells (mean Ing)b 11569 >100X

Insulm stimulated insulin receptor phosphorylation in 293-1RK cells (mean 2887 >250X

|Ca0)°

CD3 stimulated Lck-dependent Zap70 phosphorytation in Jurkat cells {mean | 2741 >250X

|Cs0)"

Gas6-stimulated Sky phosphorylation in NIH-3T3-Sky cells (mean ICs)” >10000] ~1000X

Definitions

P Ki for c-Met/HGFR enzyme inhibition determined by monitoring NADH oxidation coupled to ATP

turnover.

° ICs, values were determined after exposure of various cell lines to several concentrations of PF-

02341066 for 1 hour and measuring phosphorylation in cellular protein lysates by ELISA. ICs

values were generated by curve fitting using a four-parameter analysis.

*Mean ICs value derived from mean ICsq value for c-Met/HGFR phosphorylation across a panel of

7 human tumor cell lines (i.e., A549, MDA-MB-231, GTL-16, HT29, 786-0, Colo-205, A498).

P Mean ° cell c-Met ICso was used to calculate the se]ectlwty ratio for cell assays. Selectivity Index
was calculated as 1Csq, (c-Met)/1Csy, (target).

WT = Wild Type

Effect of Compound 1 ¢n ¢-Met/HGFR- or NPM-ALK-dependent Oncogenic Phenotypes in Cells {not part
of the invention)

Phenotypic Assays

c-Met/HGFR has been implicated in the dysregulation of cell growth, migration, and invasion of a
variety of tumor cells and tumor endothelial cells while NPM-ALK is implicated in the dysregulation of cell

proliferation and apoptosis in ALCL lymphoma cells. in a series of cell-based functional assays,
compound 1 potently inhibited human GTL-16 gastric carcinoma cell growth, induced GTL-16 cell
apoptosis, inhibited HGF-stimulated human NCI-H441 [ung carcinoma cell migration and invasion through
a matrigel matrix, and inhibited HGF-stimulated MDCK cell motility/scattering. {Table 2) Compound 1 also
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inhibited proliferation of Karpas 299 or SU-DHL-1 ALCL cells that express an NPM-ALK fusion protein due
to a 12;5 chromosomal translocation. Growth inhibition by compound 1 in these NPM-ALK positive
lymphoma cells was associated with Gy/G, cell cycle arrest and induction of apoptosis. To also
investigate potential anti-angiogenic activity, compound 1 inhibited HGF-mediated HUVEC endothelial cell
survival and matrigel invasion as well as HMVEC endothelial celi tubulogenesis in fibrin gels. These data
demonstrate the ability of compound 1 to inhibit both c-Met/HGFR- and NPM-ALK-dependent functions in
cells expressing activated c-Met/HGFR or NPM-ALK, respectively. In addition, these data suggest that
anti-tumor efficacy of compound 1 may be mediated by both direct effects on tumor cell growth or survival

as well as anti-angiogenic mechanisms.

Table 2
PF-02314066
Concentration
Assay nM  ing/mL
Tumor Cell Phenotypes
Proliferation (MTT assay) of GTL-16 gastric carcinoma cells (mean ICsp) 9.7 4.4
Apoptosis (ccDNA assay) of GTL-16 gastric carcinoma cells {mean ICx) 8.4 3.8
HGF-stimulated NCI-H441 NSCLC cell Boyden Chamber migration (mean ICs}| 11 5
HGF-stimulated NCI-H441 NSCLC cell Matrigel invasion (mean ICsp) 6.1 2.7
HGF-stimulated MDCK cell colony scattering (mean ICsg) 16 7

Endothelial Cell Phenotypes

HGF-stimulated HUVEC endothelial cell survival (MTT assay) (mean [Csp) 11 5
HGF-stimulated HUVEC cell Matrigel invasion {mean ICsp) 35 16
HMVEC endothelial cell tubulogenesis in fibrin gels (estimated 1Cg,) 80 36

Definitions: NSCLC=non-small cell lung cancer; MDCK=Madin-Darby Canine Kidney;
AL CL=anaplastic large cell lymphoma; HUVEC=human umbilical vein endothelial cells;

HMVEC=human microvascular endothelial cells

In-Vivo Studies

Data and Results

In vivo kinase Target inhibition and tumor growth inhibition (not part of the invention)

Tumor Model Selection

c-Met/HGFR-dependent tumor xenograft models were utilized to evaluate the relationship of c-
Met/HGFR target inhibition, tumor growth inhibition, and plasma exposure of compound 1 in vivo. Due to
lack of paracrine activation of human c-MetVHGFR expressed by tumor xenografts by mouse HGF
expressed by mouse mesenchymal cells, human xenograft models exhibiting constitutive c-Met/HGFR
activity were utilized as follows: 1) the GTL-16 human gastric carcinoma or Caki-1 renal carcinoma model
that expresses elevated levels of constitutively active c-Met/HGFR, 2) the U87MG human glioblastorna or
PC-3 human prostate carcinoma model that expresses both HGF and ¢-Met/HGFR comprising an
autocrine loop, or 3) co-implantation of human tumor cells (e.g., NCI-H441 NSCLC) with human MRC5
fibroblasts to supply a source of bioactive human HGF from the tumor stromal compartment to restore
species-specific paracrine activation of c-Met/HGFR.
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Relationship of c-Met/HGFR Inhibition to Anti-tumor Efficacy Following Oral Administration

GTL-16 tumors

Athymic mice bearing established GTL-16 tumors (250 mm®) were administered compound 1
orally at the indicated dose or vehicle alone for 11 days. For studies investigating inhibition of c-
Met/HGFR phosphorylation in GTL-16 (Figure 2A), mice were humanely euthanized at the end of study at
designated time points post-administration, tumors were resected and frozen, and phosphorylation in
vehicle and treated groups was quantitated by ELISA. Inhibition of kinase target phosphorylation by
compound 1 in tumors was calculated as: % Inhibition = 100-{{Mean OD treated / Mean OD untreated) X
100]. For studies investigating GTL-16 tumor growth inhibition (Figure 28), tumor volume was measured
by calipers on the indicated days with the median tumor volume + SEM indicated for groups of 15 mice.
Percent (%) values shown are the % of tumor growth inhibition measured on day 20 for drug-treated
compared to vehicle-treated mice and are calculated as: 100*{1-[(Treated Day 20 — Treated Day 10) /
(ControlDay 20 — Control Day 10)]}. An * denotes that the median tumor volumes are significantly less in
the treated vs. the control group (P < 0.001) as determined using one-way analysis of variance (See
Figure 2B).

To evaluate the c-Met/HGFR PD response to compound 1, GTL-18 tumors were harvested at
several time points following oral administration pf compound 1 in both single dose- and repeat-dose
(steady state) studies. c-Met/HGFR phosphorylation status in tumors was quantitated by ELISA over a
range of doses. With focus on steady-state PD studies (11-day) to draw a correlation with tumor growth
inhibition, compound 1 demonstrated the following as shown in Figure 2A and 2B: ‘

At 50 mg/kg/day: 100 % turnor growth inhibition correlated with complete inhibition of c-Met/HGFR
phosphorylation in GTL-18 tumors sustained for 24 hours (25 mg/kg--near complete inhibition of both
phosphorylation and tumor growth). At 12.5 mg/kg/day; 60% tumor growth inhibition correlated with 80-
90% inhibition of c-Met/HGFR phospherylafion at 1-8 hours which decreased to 50-60% inhibition by 16-
24 hours.

At 6.25 mg/kglday: non-significant trend toward tumor growth inhibition correlated with 30-50%
inhibition of ¢-Met/HGFR phosphorylation at 1-8 hours with full recovery by 16 hours.

US7MG tumors

Athymic mice bearing established U87MG tumors (150 mm®) were administered compound 1
orally at the indicated dose or vehicle alone for 9 days. For studies investigating tumor growth inhibition
(Figure 3A), tumor volume was measured by calipers on the indicated days with the median tumor volume
# SEM indicated for groups of 10-12 mice. Percent (%) values shown are the % of tumor growth inhibition
measured on day 14 for drug-treated compared to vehicle-freated mice and are calculated as: 100*{1-
[(Trealed Day 14 - Treated Day 6) / (ControlDay 14 — Control Day 8)]}. An * denotes that the median
tumor volumes are significantly less in the treated vs. the control group (P < 0.001) as determined using
one-way analysis of variance (See Figure 3A). For studies investigating inhibition of c-Met/HGFR
phosphorylation (Figure 3B), mice were humanely euthanized at the end of study 4 hours post-
administration of compound 1, tumors were resected and frozen, and phosphorylation in vehicle and
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treated groups was quantitated by ELISA. Inhibition of kinase target phosphorylation by compound 1 in

tumors was calculated as: % Inhibition = 100-[(Mean OD treated / Mean QD untreated} X 100].
Pharmacologically relevant inhibition of Tie-2 phosphorylation was not observed in US7TMG

xenografts at dose levels up to 100 mg/kg suggesting that compound 1 was selective for its intended

targets at similar dose levels.

Antitumor Efficacy of Compound 1 in Human Xenograft Models

The antitumor efficacy of compound 1 was evaluated in a variety of human tumor xenograft
models representative of cancer indications in which dysregulation of c-Met/HGFR is implicated including
GTL-16 gastric carcinoma, U87MG glicblastoma, NCI-H441 NSCLC, and PC-3 prostate carcinoma (Table
4).

GTL-16 gastric carcinoma model {not part of the invention)

Utilizing the GTL-16 gastric carcinoma model, compound 1 demonstrated the ability to cause
marked regression of large established tumors (>600 mma) (Figure 4). In this study, the 50 and 75
mg/kg/day compound 1 treatment cohorts exhibited equivalent mean tumor regression during the 43-day
administration schedule, which provided further evidence that 50 mg/kg/day represents the maximally
efficacious dose level. As illustrated in Figure 4, the mean tumor regression at 50 or 75 mg/kg/day was
60% after 43 days of compound 1 administration. In the present study, each tumor decreased in mass
during the 43-day compound 1 administration cycle at each dose level, with 9 of 14 mice exhibiting a
>30% decrease in tumor mass (partial response), and one animal exhibiting a complete response with no
evidence of tumor even after cessation of treatment for 10 days.

Regression of Large Established GTL-16 Tumor Xenografts in Athymic Mice (Figure 4A) and
Mouse Body Weight (Figure 4B) Following Daily Cral Administration of compound 1. Athymic mice
bearing established GTL-16 tumors (620 mm3) were administered compound 1 orally at the indicated
dose levels or vehicle alone for 43 days. To investigate antitumor efficacy (Figure 4A), tumor volume was
measured by calipers on the indicated days with the median tumor volume + SEM indicated for groups of
6-8 mice. (Figure 4B) Mean mouse weight in compound 1 treatment and vehicle control groups are
illustrated in right hand panel.

NCI-H441 NSCLC mode/ Caki-1/ PC-3 tumor xenografts |

Athymic mice bearing established NCI-H441 (100 mm3) (Figure 5A}), Caki-1 (Table 3A, Table 3B)
or PC-3 tumor xenografts (Figure 5B) were administered compound 1 orally at the indicated dose or

vehicle alone for 38, 40 or 20 days, respectively. Tumor volume was measured by calipers on the
indicated days with the median tumor volume + SEM. An * denotes that the median tumor volumes are
significantly less in the treated vs. the control group (P < 0.001} as determined using one-way analysis of
variance. (See Figure 5).

In NCI-H441 NSCLC model, a 43% mean regression of established tumors was observed at 50
mga/kg/day after 38-day of compound 1 administration (Figure §). In this study, each tumor decreased in
mass during the 33-day compound 1 administration cycle at 50 mgrkg/day, with 3 of 11 mice exhibiting a
>30% decrease in tumor mass (partial response), and 3 animals exhibiting a complete response with no

evidence of tumor (Figure 5). The antitumor efficacy of compound 1 was dose-dependent with regression
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of established NCI-H441 tumors observed at 50 mgtka/day and partial inhibition of tumor growth (57%
tumor growth inhibition) observed at 15 mg/kg/day (Figure 5). The antitumor efficacy of compound 1
observed in the NCI-H441 model was consistent with the inhibition of c-Met/HGFR phosphorylation in
tumors from compound treatment groups compared with vehicle ireated conirols. In the Caki-1 renal

5 carcinoma model, a 53% decrease in mean tumor volume was observed at 50 mg/kg/day during the 33-
day compound 1 administration cycle (Figure 5B). In the Caki-1 study, each tumor decreased in volume
by at least 30% during the 33-day compound 1 administration cycle (Table 3B, Table 4). Antitumor
efficacy of compound 1 was also investigated in the PC-3 prostate carcinoma xenograft model and near
camplete inhibition of tumor growth (84% growth inhibition) was observed in this model,

10
Table 3A
Tumor Volume {mm®)
Control Subjects
Day | 1 2 3 4 5 6 7 8 9 10 | Mean| SEM | n

1 63 63 63 108 | 126 | 126 | 126 | 144 | 196 | 196 121 16.7 | 10
4 108 | 63 144 | 256 | 405 | 320 | 405 320 | 550 | 446 | 3016 | 50.1 | 10
8 108 | 144 196 { 256 { 836 | 405 | 726 | 446 | 1268 | 700 [ 518.4 | 120.7 | 10
12 ) 126 ; 365 196 | 256 | 1688 ) 726 | 936 | 1008 1437 § 7485 |1 1879} ¢

15 | 196 550 352 | 385 1008 | 1372 6404 1 1858 6

19 | 172 | 864 | 256 | 486 4444 1 15491 4

22 | 288 | 936 | 288 | 726 ‘ 550.5 | 162.5 | 4

26 | 288 | 1268 | 365 | 650 6425 | 2224 | 4

29 | 221 405 | 1008 5445 (2378 3

33 | 320 550 435 115 2

36 | 405 550 . 47751 725 | 2
40 || 486 600 543 57 2
43 | 726 864 795 69 2
47 | 787 9836 8613} 748 | 2

50 | 787 1008 88731108 | 2

54 | 787 786.5 1

15
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Table 3B

Tumor Volume {(mm®)

Experimental Subjects (Compound 1, 50 mg/kg)

Day 1 2 3 4 5 6 7 8 9 10 | Mean | SEM n

1 63 63 83 108 | 108 | 126 | 126 | 172 | 172 | 196 | 1195 164 | 10

4 32 63 63 108 | 108 | 196 | 126 | 126 | 172 | 196 | 1189 | 17.9 § 10

8 18 40 14 40 32 75 40 63 63 75 45.9 7 10

12 14 32 14 32 32 63 40 40 40 63 36.8 | 53 10

15 4 14 14 32 32 40 32 40 40 40 287 | 4.2 10

19 14 18 14 32 32 40 18 32 63 63 324 | 58 10

22 14 14 14 14 32 63 14 32 108 | 108 41 122 | 10

26 14 14 14 18 32 40 32 63 75 75 375 | 79 10

29 14 32 18 32 63 40 40 108 | 108 | 108 | 56.2 12 10

33 14 32 18 32 63 40 40 108 | 108 | 108 | 56.2 12 10

36 32 40 32 63 75 75 63 75 126 | 126 | 706 | 10.7 | 10

40 32 63 32 63 75 75 63 75 172 | 172 82 15.7 | 10

43 32 32 14 63 63 63 32 63 256 63 678 | 217 | 10

47 32 40 32 63 75 108 63 75 196 | 108 | 791 | 1566 | 10

50 32 63 40 63 108 | 108 63 108 | 196 | 172 | 951 | 17.2 | 10

54 63 63 40 14 108 75 40 75 172 | 172 82 169 | 10

Relationship of antitumor efficacy to inhibition of c-Met/HGFR (not part of the invention)

A series of dose-response antitumor efficacy and pharmacodynamic studies were performed to
demonstrate the relationship between c-Met/HGFR target inhibition to antitumor efficacy. To evaluate the
pharmacodynamic inhibition of c-Met/HGFR by compound 1, GTL-16 gastric carcinoma tumors were
harvested at several time points following oral administration of compound 1. c¢-Met/HGFR
phosphorylation status in tumors was quantitated by ELISA over a range of doses. In these studies,
compound 1 demonstrated a strong correlation of dose- and time-dependent inhibition of c-Met/HGFR to
inhibition of tumor growth. When defining the relationship of target PD to efficacy in the GTL-16 model the
following conclusions were apparent 1) complete inhibition of c-Met/HGFR activity for 24 hours is
consistent with complete inhibition of tumor growth (50 mg/kg, 100% TGI), 2) potent inhibition of c-
Met/HGFR activity for only a portion of the schedule is consistent with suboptimal efficacy (12.5 mg/kg,
60% TGI), 3) inability to achieve >50% inhibition of c-Met/HGFR activity (3.125, 6.25 mg/kg) is consistent
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Synthesis of Compound 1

PLE is an enzyme produced by Roche and sold through Biocatalytics Inc. as a crude esierase
preparation from pig liver, commonly known as PLE-AS (purchased from Biocatalytics as ICR-123, sold
as an ammonium sulfate suspension). The enzyme is classified in the CAS registry as a “carboxylic-ester
hydrolase, CAS no. 9016-18-8", The corresponding enzyme classification number is EC 3.1.1.1. The
enzyme is known to have broad substrate specificity towards the hydrolysis of a wide range of esters. The
lipase activity is determined using a method based on hydrolysis of ethy! butyrate in a pH tifrator. 1 LU
(lipase unit) is the amount of enzyme which liberates 1 pmol titratable butyric acid per minute at 22°C, pH
8.2. The preparation reported herein (PLE-AS, as a suspensicn) is usually shipped as an opaque brown-
green liquid with a declared activity of > 456 LU/mag {protein content around 40 mg/mL}.

{18)-1-(2,6-dichloro-3-flucrophenyethanol

{18)-1-(2,8-dichloro-3-flucrophenyl)ethanol, shown as compound (S-1) in the schemes below,
was prepared by a combination of enzymatic hydrolysis of racemic 1-(2,8-dichloro-3-flucrophenyl)ethyl
acetate, esterification and chemical hydrolysis with inversion according fo Scheme B. Racemic 1-(2,6-

dichloro-3-fluorophenyl}ethyl acetate {compound A2) was prepared according to Scheme A.

Scheme A
0
o o cl OH ol OJJ\CH:, '
CHy CHs CH,
cl Cl o]
E F F
Al A2 '

1-(2,6-dichloro-3-flucrophenyl}ethancl (A1): Sodium borohydride (90 mg, 2.4 mmol) was added to
a solution of 2",6"-dichlore-3'-fluoro-acetophenone ( Aldrich, cataleg # 52,294-5) (207 mg, 1 mmol} in 2 mL
of anhydrous CH;OH. The reaction mixture was stirred at room temperature for 1 h then was evaporated

to give a colorless oif residue. The residue was purified by flash chromatography (eluting with 0->10%
EtOAc in hexanes) to give compound A1t as a colorless oil (180 mg; 0.88 mmol; 86.5% yield); MS (APCI)
(M-H) 208; 1H NMR (400 MHz, chloroform-D) & ppm 1.64 (d, J=6.82 Hz, 3 H) 3.02 (d, J=0.85 Hz, 1 H)
6.97-7.07 (m,1H)7.19-7.33 {m, 1 H}.

1-(2.6-dichloro-3-flucrophenyhethyl_acetate (A2): Acetic anhydride (1.42 mlL, 15 mmol) and
pyridine (1.7 mL, 24 mmol) were added sequentially fo a solution of compound A1 (2.2 g, 10.5 mmol) in
20 mL of CHzCl,. The reaction mixture was stirred at room temperature for 12h and then evaporated fo
give a yellowish oil residue, The residue was purified by flash chromatography (eluting with 7—9% EtOAc
in hexanes} to give compound A2 as a colorless oil (2.26 g; 9.0 mmol; 85.6% yield); 1H NMR (400 MHz,
chloroform-D) & ppm 1.88 (d, J=6.82 Hz, 3 H) 2.31 (s, 3 H) 6.62 (q, J=6.82 Hz, 1 H) 7.25 (t, J=8.46 Hz, 1
H) 7.49 (dd, J=8.84, 5.05 Hz, 1 H).
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To a 50 mL jacketed flask equipped with a pH electrode, an overhead stirrer and a base addition
line (1M NaOH), was added 1.2 mL of 100 mM potassium phosphate buffer pH 7.0 and 0.13 mL of PLE
AS suspension. Then, compound A2 {(0.13 g, 0.5 mmo), 1.00 eq) was added dropwise and the resulting
mixture was stirred at room temperature for 20 h, maintaining the pH of the reaction constant at 7.0 using
1 M NaQH. Both the conversion and ee’s of the reaction were monitored by RP-HPLC, and stopped after
50% starting material was consumed (approximately 17 hours under these conditions). The mixiure was
then extracted three times with 10 mL of ethyl acetate to recover both ester and aicohot as a mixture of R-
1 and $-2. .

Methanesulfony! chioride {0.06 mL, 0.6 mmol} was added to a solution of a mixture of R-1 and S-
2 (0.48 mmol) in 4 mL of pyridine under nitrogen atmosphere. The reaction mixture was stirred at room
temperature for 3 h then evaporated to obtain an oil. Water (20 mL) was added to the mixture and then
EtOAc (20 mL x 2) was added to extract the aqueous solufion. The organic layers were combined, dried,
filtered, and evaporated to give a mixture of R-3 and §-2. This mixture was used in the next step reaction
without further purification. 'H NMR (400 MHz, chloroform-D) & ppm 1.66 (d, J=7.1 Hz, 3 H) 1.84 (d,
J=7.1 Hz, 3 H) 2.09 (s, 3 H) 2.92 (s, 3 H) 6.39 (q, J57.0 Hz, 1 H) 6.46 {4, J~6.8 Hz, 1 H) 6.8 - 7.07 (m, 1
H)7.07-7.17 (m, 1 H) 7.23 - 7.30 (m, 1 H) 7.34 (dd, J=8.8, 4.80 Hz, 1 H).
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Potassium acetate (0.027 g, 0.26 mmol) was added to a mixture of R-3 and $-2 (0.48 mmol) in 4
mL of DMF under nitrogen atmosphere. The reaction mixture was heated to 100°C for 12 h. Water (20
mL) was added to the reaction mixture and EtOAc (20 mL x 2) was added to extract the aqueous solution.
The combined organic tayer was dried, filtered, and evaporated to give an oil of $-2 (72 mg, 61% yield in
two steps). Chirality ee: 97.6%. 'H NMR (400 MHz, chioroform-D) & ppm 1.66 (d, J=7.1 Hz, 3 H) 2.09 (s,
3 H)6.39(q, J=6.8 Hz, 1 H) 7.02 {t, J=8.5 Hz, 1 H) 7.22 - 7.30 (m, 1 H).

Sodium methoxide (19 mmol; 0.5 M in methanol) was added slowly fo compound $-2 (4.64 g,
18.8 mmeol) under a nitrogen atmosphere at 0°C. The resuiting mixture was stirred at room temperature
for 4 hours. The solvent was evaporated and H;O (100 mL) was added. The cooled reaction mixture was

neutralized with sodium acetate-acetic acid buffer solution to pH 7. Ethyl acetate (100 mL. x 2) was added
to extract the aqueous solution. The combined organic layers were dried over NaxSO,, filtered, and
evaporated to obtain S-1 as a white solid (4.36 g, 94.9% yield); SFC-MS: 87%ee. H NMR (400 MHz,
chloroform-D) & ppm 1.65 (d, J=6.8 Hz, 3 H) 5.58 (g, J=6.9 Hz, 1 H) 6.96 - 7.10 (m, 1 H) 7.22 - 7.36 (m, 1
H).

Cl CHz =
N
N
NH
cl 2
F

1. 2,6-Dichloro-3-fluoroacetophenone (15 g, 0.072 mol) was stirred in THF (150 mi, 0.5M} at 0°C
using an ice bath for 10 min. Lithium aluminum hydride (2.75 g, 0.072mol) was slowly added. The reaction
was stirred at ambient temperature for 3 hr. The reaction was cooled in ice bath, and water (3 mL) was
added drop wisely followed by adding 15% NaOH (3 mL) slowly. The mixture was stirred at ambient
temperature for 30 min. 15% NaOH (9 mL), MgSQO,4 were added and the mixture filtered to remove solids.
The solids were washed with THF (50 mL) and the filtrate was concentrated to give 1-(2,6-dichloro-3-
fluoro-phenyl)-ethanol (14.8 gm, 95% yield) as a yellow ail. "H NMR (400 MHz, DMSO-dg) 3 1.45 {d, 3H),
§.42 (m, 2H), 7.32 (m, 1H}, 7.42 (m, 1H).

2. To a stirred solution of triphenyl phosphine (8.2 g, 0.03 mol) and DEAD (13.65 mL of a 40%
solution in foluene) in THF (200 mL) at 0°C was added a solution of 1-(2,6-dichloro-3-fluoro-phenyl)-
ethanol (4.55 g, 0.021 mol) and 3-hydroxy-nitropyridine (3.35 g, 0.023 mel) in THF (200 mL). The

resulting bright orange solution was stirred under a nitrogen atmosphere at ambient iemperature for 4

hours at which point all starting materials had been consumed. The solvent was removed, and the crude
material was dry loaded onto silica gel, and eluted with ethyl acetate-hexanes {20:80) to vield 3-(2,6-
dichlora-3-flucro-benzyloxy)-2-nitro-pyridine (6.21 g, 0.021 mol, 98%) as a pink solid, 'H NMR (GDCls,
300 MHz) §1.8-1.85 (d, 3H), 6.0-6.15 (g, 1H), 7.0-7.1 (t, 1H), 7.2-7.21 (d, 1H}, 7.25-7.5 (m, 2H), 8.0-8.05
(d, 1H).
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3. To a stirred mixture of AcOH {650 mL) and EtOH (500 mLl) was suspended 3-(2,6-dichloro-3-
fluoro-benzyloxy)-2-nitro-pyridine (9.43 g, 0.028 mol) and iron chips (15.7 g, 0.28 mol). The reaction was
heated slowly to reflux and allowed to stir for 1 hr. The reaction was cooled to room temperature then
diethyl ether (500 mL) and water (500 mL) was added. The solution was carefully neutratized by the
addition of sodium carbonate. The combined arganic extracts were washed with sat'd NaHCO,; {2 x 100
mb}, H0 (2 x 100 mL) and bring {1 x 100 mL) then dried (Na,S0Qy), filtered and concentrated to dryness
under vacuum to yield 3-(2,8-dichloro-3-flucro-benzyloxy)-pyridin-2-ylamine {8.04 g, 0.027 mol, 98%) as a
light'pink solid. "H NMR (CDCl,, 300 MHz) 51.8-1.85 (d, 3H), 4.8-5.2 (brs, 2H), 6.7-6.84 (g, 1H), 7.0-7.1
{m, 1H), 7.2-7.3 {(m, 1H), 7.6-7.7 (m, 1H).

- 4. A stirring solution of 3-(2,6-dichloro-3-flucro-benzyloxy)-pyridin-2-ylamine {(9.07 g, 0.03 mol) in
acetonitrile was cooled to 0°C using an ice bath, To this solution was added N-bromosuccinimide (NBS)
(5.33 g, 0.03 mol) portionwise. The reaction was stirred at 0°C for 15 min. The reaction was
concentrated to dryness under vacuum. The resulting dark oil was dissolved in EtQAc {500 mL}, and
purified via silica gel chromatography. The solvents were then removed in vacuo to yield 5-bromo-3-(2,6-
dichloro-3-fluoro-benzyloxy)-pyridin-2-ylamine (5.8 g, 0.015 mol, 51%) as a white crystalline solfid. 'H
NMR (CDCl;, 300 MHz) 51.85-1.95 {d, 3H), 4.7-5.0 (brs, 2H), 5.9-6.01 (q, 1H), 6.8-6.95 {d, 1H), 7.01-7.2
(t, 1H}, 7.4-7.45 (m, 1H), 7.8-7.85 (d, 1H).

5-promo-3-1¢ R)-(2.6-dichloro-3—ﬂuoro—Jmemrh-ethoxv]—pvridin—z-vlamine:

Cl  CHs
¢(‘\“

The enantiomerically pure R isomer was prepared as described abave for the racemate, but using
the enantiomerically pure starting materials described above. 'H NMR {400 MHz, DMSO-dy) & 1.74 (d,
3H), 6.40 (m, 1H), 6.52 (br s, 2H), 7.30 (m, 1H), 7.48 (m, tH), 7.56 (s, 1H); MS nm/z 382 (M+1).

4-methanesulfonyioxy-piperidine-1-carboxylic acid tert-butyl ester (2)

oc BOC

MsCl, NEts

DMAP
CHyCH,

[[5]
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20 - i -2-yl}-1H-pyrazol-1-yllpiperidine-1-
carboxylate (4)
Bis(pinacolato)diberon (1.4 eq., 134 g, 0.52 mol) and potassium acetate (4 eq., 145 g, 1.48 mol)

were added sequentially to a solution of compound 3 {140 g, 0.37 mol) in 1. 5 L of DMSQ. The mixture -

was purged with nitrogen several times and dichlorobis(friphenylphosphine) palladium (II} (0.05 eq., 12.9
25 g, 0.018 mol) was then added. The resulfing mixure was heated at 80°C for 2 h. The reaction mixture
was cooled to room temperature and filtered through a bed of celite and washed with EtOAe. The fillrate
was washed with saturated NaCl (500 mL x 2), dried over Na,S0,, fitered and concentrated. The residue
was purified by silica gel chromatography (eluting with 5% EtOAc in hexanes) to give compound 4 as a
white solid {55 g, 40%). '
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0. 072 ol e e Spdep erapetinChi logh) s ist o T SR8 Bl s e S
for 10 migHting wREeAlechiNinty systepdiBiotiae 612* GSuren: eQuildPamBa0 Mmings:Gl HRkeygiving
added. Thgpro@RE sdgmantd 01208 L 0% MeOH/CALCIAREr, 2B§MEnCIMABTRHILIT0% METHSHLY, step,

The rgacty, @nen\«@%m%ﬁmea%%%%a%ae@ esarf&lﬁns%e}e B FiA -

w sely fo ¥3
1-(2,6-dichloro- ﬂuoro-phenyl) ethoxy]-5-(1-piperidin-4 —y!—1H—pyrazoi 4-yl)-pyridin-2-ylamine (7. 19 g, 75%

combined yield, white solid). MS m/e 450 (M+1)". 'H NMR (DMSO-dg, 400 MHz) & 7.92 (s, 1H), 7.78 (s,



5 addition of sodium carbonate. The conbi ned organic extracts were
washed with sat'd NaHCO3 (2 x 100 mL), H20 (2 x 100 nL) and brine (1
x 100 nm) wbenoessierd (Na2SO4), filtered and concentr at et ii8206N038SS
under vacuumto yield

3-(2, 6-dich)oro-3-fluoro-benzyl oxy)-pyridin-2-ylamne (9.04 g, 0.027
mol, 99% as a light'pink solid. 1H NM®CDCl 3, 300 MHz) fl(1.8-1.85
(d, 3m 4.9- 52 Una,zm, 6.7-6.84 (g, 1H), 7.0-7.1 (m 1H),

7.2-7. g 6-7.7 (in, 1H). 10 4. A stirring solution of

3-(2, 6-di H’n?é‘? 3HXFé%fSoifbeWmo%9)&Wﬁ.ﬂui AAQ (g | 1615138 (b PHD A- 19 (mOLH),3.05
mol ) in ameHRRIss (nh,128), Was (600l edo (s} G wgnan ice bath. To this

sol ution was i

porti onwi ?s] . ?ﬁgﬁﬁhegkomcp gﬂwg{s: &sz[ﬁﬂlcﬂ?ogé f&ygg% ; %éﬁﬁ] nﬁ 'R%e”f'h J"’)I'ég'€¥rfz'3h4'
was conc&hPFidpaglamie s, dissovsh fepichinsmatiiane. T47d theselyart wes quarrraisd | slowysto
di ssolbvederierateing pystiliB@Golivl Afterdigtl vasuwnn iy, gk ssimale Siak tandrmgeto be a single crystalline
chr omat ogagm@h forf YowithQl HéhivG SoiMBF R4ddaen renoved in vacuo to yield
5-brono-3-(2,6- 15 dichloro-3-fluoro-benzyl oxy)-pyridin-2-ylam ne
(5.8 g, 0.015 nol, 51% as a white crystalline solid. 1H NVR (CDCl 3,
300 MHz) 61. 85-1. 95 (d, 3H, 4.7-5.0 (brs, 2H), 5.9-6.01 (qgq, 1H
6.8-6.95 (d, 1H), 7.01-7.2 (t, 1H), 7.4-7.45 (m 1H), 7.8-7.85 (d,

1H). .
5-brono-3-f1(R)- (2. 6-di chl oro-3-fl uoro-ohern4l-ethoxyl-pyridin-2-vlam
ine: Br 20 The enantionerically pure R isonmer was prepared as

descri bed above for the racemate, but using the enantionerically pure
starting materials described above. 1H NVR (400 MHz, DVMSO-c13) 5 1.74
(d, 3H, 6.40 (m 1H, 6.52 (br s, 2H), 7.30 (m 1H), 7.48 (m 1H),
7.56 (s, 1H); MS ink 382 (M+l).

254- met hanesul f onvl oxv- oi peri di ne- 1-carboxvlic acid tea-butyl ester
(2) Boo lac MsCl, NEt3N, MAP WD 2007/066187PCT/ | B2006/ 003397 - 34 -
To a stirred solution of 4-hydroxy-piperidine-1-carboxylic add
tert-butyl ester (7.94 g, 39.45 mmol) in CH2C12 (100 L), cooled to
0C, was slowy added NE6 (5.54 nL, 39.45 mmol) foll owed by nethane
sul fonyl chloride (3.06 nL, 39.45 nmol) and DVAP (48 ng, 0.39 mmol).
The m xture was stirred at roomtenperature overnight. To the m xture
was added water (30 nmL). Extraction with CH2C12 (3 x 30 nL) 5

foll owed by drying (Na2SO4) and renoval of the solvent in vacuo

af f orded 4- met hanesul f onyl oxypi peri di ne-1-carboxylic acid tert-butyl
ester as a white solid (11.00 g, >99%yield). 1H NWVR (CDC6, 400 MHz)
64.89 (m 1H), 3.69 (m 2H), 3.31 (m 2H), 3.04 (s, 3H), 1.95 (m

2H), 1.83 (m 2H), 1.46 (s, 9H). tett-butyl

4- (4-i odo- 1H pyrazol - 1- vhpi peri di ne- 1- car boxyl ate (3) NaH (1.2
eq., 0.68 mol) was added portionwise to a stirred solution of
4-iodopyrazole (0.57 mmol) in DWW (2 L) at 4C. The resulting m xture
was stirred for 1 hour at 4C and 4-net hanesul f onyl oxy- 15

pi peri di ne-1-carboxylic acid tert-butyl ester, conpound 2 (1.1 eq.,
0.63 Mol ) was then added. The resulting m xture was heated to 100C
for 12 h. The reaction was quenched with H20 and extracted with Et OAc
several tinmes. The conbined organic |ayers were dried, filtered, and
concentrated to afford an orange oil. The residue was purified by
silica gel chromatography (eluting with 5% Et OAc i n pentane) to give
conpound 3 as a white solid (140 g, 66% . 20tert-butvl1l-4-14-(4 4,5
5-tetranmet hyl-1, 3 2-di oxaborol an-2-v11- 1H ovrazol - 1- vl i pi peri di ne- 1-
carboxyl ate (41, Bi s(pi nacol ato)di boron (1.4 eq., 1349, 0.52
nol) and potassium acetate (4 eq., 145 g, 1.48 nol) were added
sequentially to a solution of conpound 3 (140 g, 0.37 nmop in 1. 5L
of DMSO. The m xture was purged with nitrogen several tines and



H3CGtH3 To a stirred solution of

3-[(R)-1-(2, 6-dichloro-3-fluoro-phenyl)-ethoxyl-5-(4,4,5,5-tetranethy
|-, 3,21clioxaborol an-2-y1)-pyridin-2-ygkam ne (15.22 g, 35.64 mmol)
and 4-(4-brono-pyrazol -1-yl)-piperidine- 5 1-carboxylic acid
tert-butyl ester (14.12 g, 42.77 mmol) in DVE (143 nL) was added a
solution of Na2CO3 (11.33 g, 10692 ||‘ in water (36 nL). The

sol ution was degassed and charged wt = rogen three tines. To the
sol uti on was added Pd(PPh3)2Cl12 (1.25 ng, 1.782 mmol). The reaction
sol uti Q. ¥as,.-degassed and charged with nitrogen again three tines.
The reaction solution was stirred at 87C oil bath for about 16 hours
(or until consunption of the borane pinacol ester), cooled to anbient
t enper at ur e LBadf (F)-341-(2.8-dichiavb-BHIubrb @Aeny()&D@xyH5) 1 -pibhrdit-@-gic tH-pynazul-A-u pyidin-
was fil,t r i i , Ac
Sor ut | G e YRR R ieptBle o BROL PR SRl o ffcerloiF b
The cr t@eimspig garcedia g Mamma ingged of saclsirgstraentgeereiihe aFncel it fiedigiedry A

Et OAc/ lencisly siérb@anpRERt IfEihoR 3 kineed (WIR). equi | i brium 600 mL 100%
Hexanes, segnent 1: 2250 nL 50% Et OAc/ Hexanes Linear, segnment 2:.
4500 nmL 75% Et OAc/ Hexanes' Linear, segnment 3: 4500 nL 100% Et OAc) to
af f1or d 24- ( 4{R)B3-HrR ficlidhlofo-Rflucto-pirngl-ethoxy]-5-(1-piperidin-4-yl-1H-pyrazol-4-yl)-pyridin-2-
15di chl @Fn%‘e%‘rtabH;ﬂFr@C&lﬁ@éﬂ? hdceplabiedt thesbifeH Ude 3 i keddybR aPhander Ynld mBRENin
i di ne-f-c rboxylic acuii_l ert-

butyl ester (11.8 g, 60%yjeld, -95%
b |y o5 4 RO et e Tn R AL AR L3 Gonati Blcebls sty brmphora
To a sainatd (GhKpf
4-(4-{6-am no-5-[(R)-1-(2, 6-di chl oro-3-fl uoro-phenyl)-ethoxyj-pyridin
- 3-¥1) - pyrazol 1-yl) - pi peri di ne-1-carboxylic acid tert-butyl ester
(1158" @; ~ 21 Ths upkgficloins! ehdpehereipdy mammg is3)umgds added 4N HC / Di oxane
(21 mL). The solution was stirred overnight formng a solid. The
solid S Cr. . - Wt I od and sonicated to
rel eas\g'ist ar ?ﬂg@%@@%&%gﬁ%@ el'pnant?rﬂg '52% cfg{':i. Addi ti onal 4N
HCUDi oxane (21 nmL) was added and stirred for another 2 hours at room
t enper at ur e ThB uydbiehint E\VhePE Bariter is h@t-§mallGeMh@Edrakr. (NSDEC)S brsapepladtio farge
was, fil t] !redréi n @gchner funnel lined with filter paper. The nother
| éﬂor “Rad™g c(?bao(i beause it contained <5% of product. The solid was
transferred to a 500 nL beaker and HPLC water was added until the
sol i d @i ssolyedsCahy 6iedfiaimees, AedBshafbaisiRgt &adhRiswrddbsZpHafaceutical

addition of solid Na2 Th er_solutio ) acted wit

G0l 2 PBPS0 GO FIG (R P SN S R OV P DOt Eb-T Bt -t B o4
| ayer . p¥iin-EH2AGT2 and biitaso onevdsrmhceettalineecepdbR@eand concent r at ed.

The crude product, re-dissolved in CH2A 2 (10 nL) and Met:1H (1 nL),
waspurs, f i ed)senofaR33L1-6e6-aictiore GlHubm-phbmil)i at@xyyat (h-piodadid-2A Mo bir Miot-3-y1)-pyridin-

system( Bi ot age 40+ Col um:_equilibrium ) . % gi Vi

bypr o doE e AR e hiendh D AR s S o Bk s
m. 10% MeOH( CH2C12 step, 30 segnent 3: 2400 nmlL 9% MeOH 1% NEWCH2C12) .
The desired fractions were collected to provide 3-KR)-

1- (2, 6-di chl or 0- 3-fl uor o- pheny1l) - et hoxyl - 5- (1- pi peri di n-4-y1- 1H pyraz
ol -4-yl)-pyridin-2-ylamne (7.19 g, 75% conbi ned yield, white solid).
M5 nfe 450 (M+1)+. 1H NWMR (DWVMSO-d6, 400 MHz) 87.92 (s, 1H), 7.76 (s,
WO 2007/ 066187PCT/ | B2006/ 003397 - 36 - 1H), 7.58 (in, 1H), 7.53 (s,
1H, 7.45 (m 1H), 6.90 (s, 1H, 6.10 (m 1H), 5.55 (bs, 2H)1 4.14
(m 11-1), 3.05 (m 211), 2.58 (m 2H), 1.94 (m 2H), 1.80 (d, 3H),
1.76 (m 2H). The solid product

3-[(R)-1-(2, 6-dichloro-3-fluoro-phenyl)-ethoxy]-5-(1-piperidin-4-y1-1
H pyrazol -4- y1)-pyridin-2-ylam ne was di ssol ved in dichl oronet hane,
and the solvent was evaporated slowy to 5generate fine crystalline
solid. After high vacuumdry, the sanple was confirmed to be a single



