16

15

20

25

30

WD 2007/ 034272 PCT/ | B2006/ 002506 SCLI D SALT FORMS OF
A PYRROLE SUBSTI TUTED 2-1 NDOLI NONE FI ELD OF

| NVENTI ON The present invention relates to solid salt
forns of a 3- pyrrole substituted 2- indolinone

W8 AM30372 PCT/IB2006/002506
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the issue of physical stability. For example the selectlon of a marketed drug may

LD

depend upon the availability and selection of a suitable polymorph hawng desirable
characteristics, such as excellent physical stability or the ability to be manufactured n
large scale. The performance of the solid dosage form should not be limited by
polymerphic transformations during the shelf life of the product. It is important to
note that there is no reliable method to predict the observable crystal structures of a
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W 9pER#8s. PKs are enzynes that catalyze th

note that there is no reliable nmethod to predict the
observabl e crystal structures of a 1 WD 2007/ 034272
PCT/ | B2006/ 002506 given drug or to predict the

exi stence of polynorphs with desirable physi égfr/mzooﬁloozsocs

phos | ati on_of. hydrox roups on . yros \

&Yﬂﬁglm%%rom% e oTeBes of RebTBero bt itk rrablpbysioal
gygnces of this 5 seemingly sinple act|V|ty are
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( e. g. , PReatd engymes that cdtalyize ﬂmnhoqnhooyiatlcamf hydroxy groups on

Lj.f d d
DBl erie, i B E D AP R Tt RO eRs ofbis,
r eéeamgyts Bnle AGGlity afe sggerintdifice viFftaB AliashéclIBf cell life (e.g.,

reI atively non-life threatenl di seases such as
ighrang profifsrafiony in epeswasersmgthstdepend on PK
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m‘*ga FlriiEmot i PRy B BEE AL O o BRI ifoner,
c m::gdl'm rdlaivelymendife thacatérangydisendes suel apyspriicialegremely
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P BtieRebker S i ishBrR Camy Aot cquent 1y
dys I eJRbcHpRA ty10sife MidhdeSIRTIY), a aaésl o PR Gk cellbi€candidates for

mechanl sns of dysregel ation 1 nclude overexpression

melepniaetargeted therapy beqansrotbey play keeFoles in gpmlhpa‘ Qi:&lt or

gﬁﬁ\%ﬁ nlgaﬁrrut atvlsdg%id a{%%‘feh g t ?%ﬁ %aest na t r omal
t mabgmncihméﬁlsek@hmﬂsmwfdssmglhﬂmmshdebﬁrk@re(sﬁbﬁ Glerizfneu in

A 5 B R B R

r el midEeY (MEERRYastrbintadRhA @ﬁ&ﬁal tﬁinafs?ﬁﬁ—refhﬁd tyRiline
g1r owt h factor/ PDGF receptor (PDGF/ PDGFR) i n

skipasalic2 GELTRDdp aaig mye P&f@l@ﬂ%k@laewk@ atecringdopps of
d
mﬁﬁ&aﬁgﬁéﬁa‘f CHRA A @M&om@%m PROEAV emé) in

For exa aberrant expression of t
owelanemi,plifelchdertvedarovdn thetoaPDGEE resenios@DEFVRDGER) in

I at erﬁitl ngly, conparable activating nmutations in the
JUX SHenbr ane (JM donain of c-kit are seen in 50-90%
of hunibergiasdy ieuiitekR TRebave beerodakribadrin msmﬁﬁhlﬁé"hﬁm&mﬁd

in 30-50% o dvan e can ne MCTs cel | tunor
SRS ABRTG PR AN APEHE ?’ii’f??a’ﬁﬁﬁ%@% OBERAChE pocgye in both

clﬁ{u%ma%amﬂe b&sosal%&e NBiefesahgly, & inandthtdhs in the

conS| st _of internal tandem dup |cat| ons gl TDs) in the

nxtamnerbrare (B} fornain af ¢-&f ersrseen 09 o supab gasirginfestinal

an o ﬁh‘{el r r% {&aﬁgﬁﬁ{a@ﬁa}@—_ 5‘%@3%%“ E@‘_\H@Mﬁ}?ﬁﬁu tumors).

vmhlmﬂgh nhezzatmanms ik homan GESEepneaigienfasietions in tieolM domain and
heR oo b oS ar e iRons (b e B
| doa, 1Heh lead to constitutive phosphorylation of KIT in the absence of ligand
binding. The RTKSs and their ligands, VEGF, PDGF, and FGF mediate neo-~
vascularization, known as angiogenesis, in solid tumors. Consequently, by inhibiting
the RTKs, the growth of new blood vessels into tumors may be inhibited.
Antiangiogenesis agents, a class of molecules that inhibits the growth of blood

vessels into tumors, have much less toxicity to the body compared to conventional
anti-cancer drugs. US patent 6,573,293, incorporated herein by reference, discloses,
among other compounds, 5-[5-fluoro-2-0x0-1,2-dikydro-indol-(3Z)-ylidenemethyl]-
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Ant i angi ogenesi s agents, a class of nol ecul es that
inhibits the growh of blood vessels into tunors,

have much less toxicity to the body conpared to
conventional anti-cancer drugs. US patent 6,573, 293,
WMEWPPEERRed herein by reference, discloses, pTDRG602506

ot her ..conpounds,

o ?g‘f%"ﬁ@@bl&:meleﬁ-@ruﬂ;wd eaidiDakol2) y1lekgpngsies hy
| (her n ~PCT/ JB2 02506

) e et £ R e R i o g

(2-pyrrolidin-1-yl-ethyl)-am de (hereinafter
"Conpound I"). It has the followng structure.. O/
H3C ~NH F1 o CH3 NH Conpound | sConpﬁEEl s
a small nol ecule that exhibits PK mpdul atingl-ability.
The conpound is therefore usglul i&klrééting

di sorders related to abnormal P# sftidﬂty. t is an
i nhi bitor of the RTKs, PDGFR FGAR, KI T, and FLT3.
Compound | has beeng_shown t# i nNbICHg T
phosphoryl ati on, arré¥y & or ofli f erat’i on, and

i nduce cell cycle ar ( a§optosis in malignant
mast cell lines in vitro expressing various forms of
10 mutant KIT. Compound | and rel ated nol ecul es are
effective in preclinical nbdels against tunor
xenografts arising from cE€bhmpbimids of diverse human

t Lajn.:r.Co d | i ful f t ti
cancer SOTROMS LR FBA selefule doat hibis Pimpdulatinaiity. The
ateupausd fs therbfore fidaenl tin et Wsofers il o %ﬂo%%&rggy It

cancers include, but are no

it ‘gf‘g f‘@%@%ﬁ"gﬁg&% PP4Re VEGTdR XdHpind FEABI Compound I has been

CéhidaAte inhibiERIPBHIYY : | .astrocytama, )
Kaposi lsﬂlgbz;r cona, gllml?g%{l%{g ?%8 rr% QQIPE“H B?W&%d lﬂﬁrca&alémle
ernd apepiesia momaliamitonast eel] limesw Vitro @kprebsitiiOvaed0s Bims of

GhiREIC ncer eni tourjnary cancer, and
ga%_t roi nt gg@%ﬁ%ﬁsatnfi%%ﬁﬁegg% S a1 eﬁ?‘,’m@dﬂﬁ%ﬁﬁ%‘cﬂ medels
(gaingtl tuior xenbgrafis eviding fbm@kll tins Lo @Rerde Yuslal Wurh origin
overe ressi{gg. of t ce|lls, including but not i

i mi t 60 TG, oS8T 9% Feating cATGPaT3 compaien animels) mainly dogs,

tandiy Aso ket @5 thelgea to

be c|ipicall 3ﬁ_ef.f ec??%ggggﬁﬁg?ﬁgﬁ]%@g%ﬁwcmcws
é‘i&?&‘ﬂ{"a FROGHEMitEA 4 deukemiay bupdyeancémmdnenait etlyungldanedr,
Sduzeidik A1 Mrdin | e.obj ective. [esponses

i gart i alea} es po%nég’;%gna co%pﬁ@&é%‘%‘&%ﬁé’é’;’gﬁsm lung cancer,

\¢aRcer, head and neck cancer, small-cell lung cancer, glioma, colorectal

cancer, genitourinary cancer, and gastrointestinal stromal cancer. Also, Compound I
is useful for the treatment of diseases related to overexpression of mast cells,
including but not limited to, mastocytosis in humans and mast cell tumors in dogs.
Compound I was recently shown to be clinically effective against a number of
spontaneous malignancies in dogs. In the study, 11 of 22 canine MCTs showed
durable objective responses (partial responses and complete responses) to Compound
I treatment; 9 of these MCTs possessed I'TDs in the JM domain of c-kit.



| treatnent; 9 of these MCTs possessed | TDs in'the JM
domain of c-kit. 3 WD 2007/034272 PCT/ 1820061002506
Compound | readily crystallizes. Its solubility is

wol8Hesdd, 9/ M in pH 6 phosphate buffer at 25y Whake2sos
the conpound was synt hesi zed, very fine partlc{es

preci é@sﬁ@oﬁgd 7 Wadf¥ o %}'ﬁkésoﬁs ehHaiing id ztb%& AP/ AR o6

synt h sequen I solation of ” these
ﬂdlosphatedmfibyathSPCrWﬂlemthewa@mM%aymbamwrxﬁlk@ﬁmles

P St b ot il et st S Pelnsid gt sglhgon of
dBésk fRAR g%ncﬁ.@ ¥ iffiditioR AP Slbwi 8 2 MR Yesulted/dtter filtration.

I NVENTI Thi s” i nventi on conpri ses salt fornms of

5 (Bwpoisagedd forp valt of Gampouné I whjoh hppphysicalottabdisyped fesireble
;@&%ﬁ%ﬁ}p?%ﬁ%zed and are descri bed herein. (See Table
ese

i'nclude the hydrochl oride, f unarate,
citrate phosphat e, SW@E&EEMEMTM Compound

) d .on characteriz on o these the 1:
p hos pﬁi{séﬂ%ﬁgp?ﬂ COBRIIASD ﬁfﬁtc# ?ﬁ)% %/Jé‘? qifferset st i‘«gms
% COmpduld If v?&%ﬂtﬁ&@& Qﬁﬁ e @Gﬁhb@cbﬁe@em. (See Table 1) These
characteristics. Polynorph screening reveal ed the

10 emhsieéhﬁ;@mchimqgoﬁm‘p lstirags, phasphpednd ascopbsighuee

?ﬁm@ (@g%?‘?e n%pr aprisie H%H%?ﬂéls? éa'?%’ltﬂe Plﬂ?h@%‘é%ﬂ

Whﬁfpﬁuﬁd I Hibe;ylﬁ&i twak afentificl el salt tfarh tfntlohngh]y&iemrrﬂalaat e

EhEREGRRR. BoBmTEh S G E el dos Hte o1 iﬁ@y&n@wf
Wohdpodn mh%spﬂaai herbff ke FOFm{P N402H304P is
sel ected.” I'n anot her enbodi nment hos hate salt

15 f or m Ini que aspaekithis ngfep@nnmvid@ﬁﬁww@mor@s of @maws&l wheein

B RS s L BPR U e AL RORIE R 1T Bopiss e,

bolyanaihb ﬁIer@ﬂﬂndmaembomﬁhnt, thietphatphate ahit forﬁ)mﬁmmdlcbular

gl tr E E M O?, g‘g{cggﬁl a?l{)]thf or I;he phosphate salt

SRGHHERkiting Pt Glofd Dbt 283! th abet 1909 ¢ ty s%IeB‘EB.t(L'di@ound I
poi nt from a%out 178 to about 183 C is selected.

20 phosphatinkpsia e of has a structure of 4 WO
2007/ 034272 PCT/1B2006/ 002506
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Compound I phosphate

In another embodiment, the citrate salt, Compound I citrate, which has a
25  molecular formula of CaaHasEFN4O2'CsHOy is selected. In yet another embodiment,
the citrate salt fofm with a melting point from about 178 to about 183° C is selected,
Compound I citrate has a structure of
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H_ s J FO HOOC HOOC-OH COOH 10 Conpound |

citrate A second aspect of the invention is a

phar maceuti cal conposition conprising the phosphate
nggogh%%?e citrate salt of conpound I, or solvates

or péﬁy %hs t hereof, and a pharnmaceuti cal | YCT/AB2006/002506
acceptable carrier or excipient..' 15 A third aspect

of the invention is a nmethod for the nodul ati on of

the catalytic activity of protein kinases c i sing
contacting said protein kinase with the pho te or
citrate salts of Conpound |, or solvales

pol ynor phs thereof. The protein y be

sel ected fromthe group consisting recept or
tyrosi ne ki nases, non-receptor p . tyrosi ne

-ki nases, and serine/thr THa. P ki nases. 20 A
fourth aspect of the inve w i5=a mehgd of

preventing or treating a pro ki nase rgl at ed
di sorder in an organi smconprising adrAoo adg to
said organisma therapeutically effective [anount of
a pharmaceutical conposition conprising the COOH
phosphate salt or the citrate salt of Conpound I, or

sol vates or pol ynor phs Cosipeaid I cigge a ,
phar maceutically acceptable carrier or excipient. In
one enbodi nent, the 25 organismis a human. In

anot heA seahidispRA b the [ i cojrpani o, ..
apimal . .In st?ﬁﬁ atﬁo?ﬁrgﬁ’ﬁcgﬁggg rrenf%ntcﬁ@%&?ﬁﬁ fi? efaprising
a%"@f’.sﬂh%f%‘?‘a]é 8t thg citeptesal of Comppumnt & brsdivatesss? poly@lodiigd
dihsbe @hd m t he group, consi sting of

a recg toﬁgﬁgﬁﬁgﬁiﬁgg‘{éﬁ? 87‘%?%‘% FreBHer, a

non- r ed dtbaspest of GierinteptiasisnandthMBHE tH; io :
e i fon of o caslyic

di, A serinelthreonine protein |
r éﬁﬁ g{t’ggf%i"%%?’ﬂ’é%ﬁes TPFRPTH TS COpRCeRnssddprotaimkinasediitothel e r

Jthosphptehe citetesile dr e LSk f
5ng?ae\l at ed di s%r de?ﬂﬁglhg%GgR&H?teelg g’?é%@%':ﬂgp&s @g{f{%&é@e

POERPAETa30 BRY e seipeied from the group caiisistinglofliesspteteyrosia Rinases
aokldcepRl Bf ' or o i sorders include by ’
vay ofep ex gr?g?% qggﬁ%%ggﬁe?’ %Hﬁ g?-lﬂ{ 3%%3 PRHAR B & n

cancef® foREH 25peel of thesinverition gs xmpthed of BrevaimY Sr £8lting a protein

GiRbed FRRERY d; . _Kaposi. s saycong, i
l'i obl t?ifi omﬁ%?&ﬁ%ﬁ g‘?i‘@%‘? ,W%PEHB% ﬁ%@#&mg te gaid| organism a
Pevvons icaH effecH Vo@D 0L &/ @ %ﬂ&ﬁcaﬁa&%%g}g% ising it
@ﬁﬁgﬁeﬁg glongﬁtﬁovar' n cancer, prostat gggglgn%ésrl?gthe
reast. Cant e CIunE st )t qmpaung I, or solvates or polymorphs thereof,
and a pharmaceutically acceptable carrier or excipient. In one embodiment, the

organism is 2 human. In another embodiment, the organism is a companion animal. In
AstilI another embodiment, the companion animal is a cat or a dog, The protein kinase
related disorder may be selected from the group consisting of a receptor tyrosine
kinase related disorder, a non-receptor protein tyrosine kinase related disorder, and a
serine/threonine protein kinase related disorder, The protein kinase related disorder
may be selected from the group consisting of an EGFR related disorder, a PDGFR
related disorder, an IGFR related disorder, a c-kit related disordér, and a FLX related
disorder. Such disorders inclnde by way of example and not limitation, leukemia,
brain cancer, non-small cell lung cancet, squamous cell carcinoma, astrocytoma,

Kaposi’s sarcoma, glioblastoma, lung cancer, bladder cancer, head cancer neck
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cancer, glioma, mastocytosis, mast cell tunor,
col orectal cancer, genitourinary cancer,
gastroi ntestinal cancer, diabetes, an autoi mmune

di sorder, a hyperproliferation disorder, r}iﬁﬂ%@m%

WO 28978422 psoriasis, von Heppel - Li ndau di se

osteoarthrit] euymat oi.d arthritis, angi o '
O RARRE bl Ryt AR ute Bl biontcnfR0 s REE b
apghcer, giadak, EMBdCYtheEs, mlss@lidahor, folbretthlcansRegénitofiridamecancer,

invention is a nmethod of preparing phosphate salt .
c B3p&pmfostina) pang st diabetes, an antoimmune disorder, a hyperproliferation

gl Hetefosts B ok D RbR L EUA i HERRRBI,
( thepmatopl arditins, langiogatebiy, Jn-inflincheatovyidisordeo gariimsmmolbical
i nt rqduci .St oi ¢hi [ t" of phosphori
sty e eSS R R G | on  compri s\ ng & sol vent
or a I XifiHageof ofiRé MOBtN if PiEhed of EpRHRTBBIheteSalk Erystals
in solution'to )€C§’|r-r¥3t allize, arating the phosphate

@ R

sofibesesT-{fs e 2t 2ﬁ&y§&§ué¢lf(§gbyﬁden@m¢mgﬂ@,ﬁmeﬂagi—lH—
Yol L ehBodic OB PIRRRIGR' S8 IRY R bRAANES]

Tihizoduoingarstoichiymeteioamoast of phyaphgaracid to Thebast apa affution

separ.ating the crystals fromthe solvent sol utian
s A Sl 5F 2 SRR QBN oo agb R alih stlaton to

f&}ﬁ%?&e?&aﬁﬁ?th%%%ﬂh% -saiﬂ_‘r? 181k %ﬁﬁﬁs SéIPat %liuﬁ&l,taﬁ&drying
s fromthe I

crystal ~solvent solution may al so conprise
fthe erygelp.obhe phospberip aeid pray tbe dtrodpeediin ¢ amper Whichyis 40%

SRR HHEBA P Slihlily SbE Bl Bhior e 0808, |

|skpaZatihe dhenaarydtalk floth tAO sqlyent edleti®r may domprisk adding aeetonitrile to
- lidin-1-yl-ethyl):am.,de whi.ch ' _

0 R E e i P AR P 0 S P Al S the

tsbl@érh%&l@ﬁbﬁ‘ma{mb@bﬂnﬁﬁse@ﬁﬂﬁnﬁ ng a solvent or a

m xture of solvents, forcing the citrate salt in

sol ut Po¥th aspeptfithy Juvenion isewsthad phyepaeciisiapalt ayitals of
Ba% Bl b QB 102 A URRASTE -y R ner Ay (1A BiheltiR 15

cryst . he ci'tri¢ acid may al so be 1 ; in
ayrrelaBatbafliabud (2-ppvelidin-biyl-etiybemideowhich coBpiises e

The ,sal vent. onpri s T e . . s
gy f e E R e B Mo 28 a8 b Lasion sqmerising

aBylvaRdps nStndilisolyems dofiigithé tidate @alt iesohdiontio orysiattide,

r ot ovappi n t he sol uti.on.

The step of separati t he
sqpgeatit thercitig talerisialy SAm Moy anbw‘fw maﬁ%ﬂ' orystals.
fThd &iEcl doRftpay Ao 18R R B ihousk BEabioDY #0%6 lar excess to the

provi des the pol ynorphs Forms |-X (as 30 descri bed
base cThe)solykntirhay @inomjsh aethagal Thostegtefiasparating the crysiglsdTom

e anirioh 2y cqmpfs R b g 0GR R b hoping
the Bplaticd. Mhe step of keparatibg pel cyysealphiora theGolipat sulution may

phosphat e and a pharnmaceutically acceptable carrier
CFIRLISE | B

In a seventh aspect, the invention provides the polymorphs Forms I-X (as

described herein) of the phosphate salt of Compound I. In one embodiment, Form I is
provided.

An eighth aspect of the invention is a pharmaceutical composition comprising
the Form I polymorph of Compound I phosphate and a pharmaceutically acceptable

carrier or excipient.



6 WO 2007/ 034272 PCT/1B2006/ 002506 A ninth aspect of
the invention is a nethod for the nodul ati on of the
catalytic activity of protein kinases conpri sing

ntacti ng said protein kinase with the Form
ﬁ W2 of Conpound | phosphate. A tenth asaaB2006/002506
t he invgnt,i nis a nmethod of preventing or treating a
pr ot ei n** AR pspgskofithy Aventioniissonetbed fon trenmoedigaivn SMthe catalytic

Chorans of roBfkitheh Sh il o B Bk e ita e hasce with the Fom 1

pabslyoeph of Copopaiihotphpeosphat e. 1 n one

enbodi %?t t he orglani sm.i s, a human or conpanion

ani mal . FAULATBEY oF heamisaoms ametiodof pravpatignr teatingd protein
5 | skimase adlated digo Eé&ng' s _incl ude. by wa of .

ex nr;sl e .and nortqeﬁinr?%éa |ofr11l,scgfr{'%§%1§%3$q’mf tgﬁ%}gorgamsma

i qnmﬁ ﬁbi@?fn;ﬁpﬁ&fem fbr?%r hs o hb}é%%oi undtIinﬂBSp hate.
phosphat e, \Aﬁ{t’c@e&" ‘FWs%gg?‘ﬁﬂWpﬁﬁW?@oﬁ imsh ds picther

s ainbodiment, thelcoiripafiion SGIFRT is i I t 3 mxture
of -sgl vents, co tpﬁﬂci)lggl ly, gdgﬁ%ﬂéﬁg}%gidr%{‘%o 1\1/181)}(%{1‘3{’36“’&3’
t Ree’?ﬂ%l’fﬁ "r”g‘ﬁl,"t atign, masticell grmdrang olastooytpdis.cr yst al s
10 fromthg 100 solution may conprise
vva‘tP er pl qugﬂ%t% n ?ﬁi@ée@%ﬁ?-éﬂ gsoar IB%L%‘LOEEW gfg@TPhS of
REgd I phaphateewhich dainpises ditvodising My pﬂﬁ{r; PRy ;
té&'ﬁigfﬂhﬁ ASBRSL: Of, Lhe | npt?Tti on igngt]%epggse o Eiﬂﬂg’aSOﬁm’n
ptlgg |cl) are “or |?rfaa'[”é"g§%?’%/5§’ Spis, bepalynadding e bridgingsivent to
[thpadlytiomy adid @hatabies B A eparati o
Q1o MEdi cagr?gnt”b%i c%ali%sﬁﬁlglq?g%ﬁls ﬁ%ﬁgﬁgﬁﬁ%%mﬁm
a &%g% HE¥ cruprsa weferplupanatonizile. The sohtiohwidyyconPise methanol,
15 DheGRHE n];;?Eo Figure 1. Mbisture
' sorpti%ﬁgd@g{rg%fo sc%o' Corrlpgﬂnd . Fi Igurg 2.
Powdef* Wﬂlfﬁsﬁsmﬁbfﬁmﬁ?mﬁﬁaistﬂﬁrm of%_e pﬁ@iﬂﬂﬁﬂs ra,g c%%te salts of
n phate, Fiqure 3. Powder
Sl P POBPY Brperef 0 B phvhate el e repetiaot
Budisament whicins uRul ih bR 3EBE BBt Mo S0P pr
e

%}&g&l e 5). Form1l through Form X as esl gn
ables 5 and 6 are presented. Figure 4. TGA curves of

20 solids from CHZGRARIPHBNbE 7 [ dgafter

ation), xane (Form t andi ng

THF 1 QfRiytre i tissaktnor sath of CompomndWl | 1, af t o1
St Dt Dy o b S
pigspbgtenpl e 7. Lanes 1-5 correspond to patients 1-5 in
F}_g?l?é 5 §6w&e%%§ay6ﬁi]éaéﬁon patterns of the ten unique solids obtained from
25  the polymorph screening study (See Example 5). Form I through Form X as
designated in Tables 5 and 6 are presented, '
Figure 4. TGA curves of solids from CH2Cl; (Form V1, immediately after
precipitation), Hexane (Form VII, after standing overnight), and acetonitrile (Form
VI, after standing 3 days).
30 Figure 5. Results of agarose gel electrophoresis of PCR products from MC'Ts

evaluated in Example 7. Lanes 1-5 correspond o patients 1-5 in Table 8; Lanes 6-14
correspond to patients 6—14 in Table 8. Controls consisted of PCR products generated
from the C2 canine mast cell line containing a 48-bp ITD (Lane 15) and from normal
canine cerebellum (wild type; Lane 16).
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act i vi The term t'¢pataoing"aefarsto bmng@stal opmppund of the present mvennon

[ |
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The. t "1.C50" neans oncetratlo f,a test. . .
DSt FYORTER R Yt SRotmEe s Pt fich b A secoity of
tih@%s@fsfdbydnﬂ&nt 20 The term "nodul ati on” or

nodul ati ng" refers to the alteration of th
cat al yFhecterny ciGse| mgang therppraentratioasof agfeg csmngund yhich achieves 2

""hm# to the activation or

%Ef%ﬁ’t#q%;}- of t e@c%‘?a ytaiflc{y:\ct ivity of RTKs, CTKs,

and STRe teqm Shedukdsiop” oh %ﬁowhngérafm tapthe tleratior of t;w patalytic
ndin

caitety pYRPs, PHKs, e ST 8 rpeiuRe BiaRgk o [ Botivation

RﬁKnmh Ei’#kﬁg oﬂmGSIﬂé%ytﬁ ﬁeﬁﬁq&ﬁmms, Cﬁi{srmidesmsfef)%fgrﬁblﬂy the

the inhibition of the c [ cti 0 S

capiiatiog i therqatalyt IWEVF%P’%RT%\R ands i‘%s depenging;on the

péo%eﬁit:%h&ﬂ/ bRk BSmPhRAR sﬂﬁmﬁheh ghem@m,% ST is exposed or,

cellular” tyrosihe kinase

swetepectetablyotiie inhibition ofthe @gﬂmy activity of &Tks; pEKy mndHTKS.
"ef e Syl Qe A 1Bl B 3SocBhor BrotblR B kinkdl RS Gk Seceptor

or "cellular" tyrosine kinase (CTKs) and serine-threonine kinases (STKs).

The term “polymorph” refers fo a solid phase of a substance, which occurs in

several distinct forms due to different arrangements and/or confirmations of the
molecules in crystal lattice. Polymorphs typically have different chemical and
physical properties.

The term "pharmaceutically acceptable excipient” refers to any substance

other than a compound of the invention, added to a pharmaceutical composition..
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several distinct forns due to different arrangenents
and/ or confirmations of the 30 nolecules in crystal
lattice. Polynorphs typically have different chemni cal
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compound being administered which will prevent, alleviate, or ameliorate one or
more of the symptoms of the disorder being treated, or prolong the survival of the
subject being ireated. In reference to the treatment of cancer, a therapeutically
effective amount refers to that amount which has the effect of:
(1) reducing the size of the tumor;
(2) inhibiting (that is, slowing to some extent, or stopping) tumor
metastasis;
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The term "therapeutically effective amount” refers to
t hat anount of the conpound bei ng adm ni stered which
will prevent, alleviate, or aneliorate one or nore
of the synptons of the disorder being treated, or

woralzongt he survival of the 30 subject bei nPGIVIB0EEP2506

In reference to the treatnment of cancer, a
t her apeu{d)c ahhipitingf(fhetis] skeviagtnaomerestept, or stopping) tumor
amount whi ch h%'%th(ﬁ effect of. (1) reducing the size
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O o PEBE Sl fobid of Coybd ok o2 TSHLERS ofellh o form with
Lﬁb&eﬂﬂﬂﬁi@ﬂ; pr5%dﬁiés‘. @%@bﬂse Sahpomf d moy b;ﬁn gﬁinm J.ﬂﬁz bolmi{;nl is

e synfhesized to obtain a formwit tte i ca
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tdoetositdite Hhie sohtionandysigorcoppriss 2 midereof sptvents.

acetonitrile or wates. b RaitlhR -
sol uti SM é%m% slgg%lé a?ﬁ‘ie%ﬁ?ﬁgko aggﬁn\]/;ent § 58“"“
o le.t;f sfémhi&lﬁti:t_ﬁb yabadtlof e dotisenig ia iAm:tanthédhtpnm&aisg:in '
addi ti1on/crystallization technique. A.stoichjometrjc
riotine T3 one MeboUmSHL oSt SHPPURAA % b 11 fBLR e e o
SAbihk: Qﬂbod&tﬂe Nehe GHRAA JTRDinterionSs BERUWIL tPAbduPE0% Sl Rxcess

isitnal1lratio to the base. In another .
aortiwdiane dt andther earhodiment thermavntef copmiesion isdkemabeus 10% to

about..060% nol ar _exc, t _

SRR AT pRies SRR fosgy 85 o o o B imont of

1RhteAor 5 abbaut) Yo Affiatek s 1ostixelsse. The rhentbrhons. mayringtade
nteri.on j

Toioehloride domarice citate, bGP 8 asortfiofk, 1 Pus Spogiment,
TRY cdufriod §s thl YHbshiNe G, Gieancthbieinbbdimest, tiedjolnterion is the

phosphate, and”ascorbate ions. In one enbodi nent,
toieatewdnt eri on i s the phosphate ion. In another

enbodigenty ;f N8 ERUD IR kRPed 1 cMBillize iy 2 aBietyQF.corbhon
The sal'tT 'Tn solution is then forced to crystallize by,
aechaiqued inchiflingaroting, evaromation drowiimg aiel kiepvoblelana gkilled in the
evaporatign, drowning. ete¢. ' j
e B sclvaaedy Be eyl GomiP By G54 ko 10 Bne
SRIRH @S the ¥irtBY ditEntodnient,the miventsikd tehmved frotrthe solution by
I'n one enbodinent, the solvents ay & reltg)veii from tbhe
ution. solu e

sdilingjaggtonjirile (ACN) and rotovapping the so o solution may
rotovapped from about 40°C to about 60°C. In another embodiment, additional

solvents may be added to the solution (eg, isopropanol and methyl ethyl ketone) prior
to rotovapping. The crystallizations may be conducted in the dark to prevent light-
induced isomerization. In one embodiment, the crystals are removed by filtration. In

another embodiment, filtration may be performed at ambient laboratory atmosphere.
By these methods, the ascorbate, cirate, fumarate, hydrochloride, and
phos;ihate salts of Compound I were crystallized. Specific examples of crystallization
methods are provided below. HPLC analysis may be used to determine purity of the
resultant sample. The physical properties of the compounds may be determined by
tests known to one skilled in the art, including melting point determination, powder
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descri bed. The Citrate salt al so
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25 B%ﬁ-hgﬂﬂ* oY Sl BLdYq: Pol yoor phs of t he ]
co rrpgﬁj nds o?gbto e 6%/ es e‘%{ clhﬁﬁ?éﬁ]tofl &HX H’rég §Ug podpug relative to
Bentizen pelymorpia DifferehtyyolynbrybDmmaled hive GRHREM My SBM (solid-
g?%e Illavet tier hﬁl cal anci chem cal propertiés than
RSPV G BB et R0 L BROPA 0 3 Aiges Sl peliori) and
chertiqall reactivRy 2fati ygﬂ%ﬁﬂo@ﬂiénfﬁéﬁe ' i
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orm I polymorph of Compound I phosphate, as described herein.

30 In embodiments of the present invention, pure, single polymorphs as well as
mixtures comprising two or more different polymorphs are contemplated. A pure,
single polymorph may be substantially free from other polymorphs.

Somne embodiments of the present invention contemplate pharmaceutical

compositions comprising one or more of the salts of Compound I or the polymorphs
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suc ed herein, and
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NBib&Emieht, #n ddlriiRabdolveat (g, ﬂ:@tﬁamj) by be iﬁ:uh}idnradother
phosphat etﬂgler m. of s lmcit . one |rrent

© Sroplenip SLfH® afBoda
da;
0 r%’ Rl tﬂ{}% %tfo bpibodifRnf ﬂid@@ﬂblbg afef a‘ﬂ%ﬁ:@h fo stRod ﬂbﬁthree ys

om a sol vént by vari ous et hods
|m¢n,td|r¢tg§w1¢g)ﬂbﬁemt#ﬂ-e sl ow evaporation, cooling a
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anti - sgﬁveﬂ%@?m}?l@gfchﬁl%ﬁiygr e r%\%ma&??%}dggg?ﬁmdme )
| gkiltdabinahd art, linchoihey BﬂRﬂﬂymdinicanmstutmrmnmhtry, differential
crystal ar.e generated h t he [
Srlprret e TR Ry SR P These
a@gﬁlg&.hgsra{_-é &S&M),gloe,t hanol , net hanol acet one,
acet on| trile, THF acet at e,
chi or i Beermegen Pompv%%iﬂﬁé'ﬂﬁ %foé&h? R'}Igmﬁ%?‘ﬁ‘af of the
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The choice of a pharmaceutically acceptable excipient will to a large extent
depend on factors such as the particular mode of administration, the effect of the
excipient on solubility and stability, and the nature of the dosage form. Examples of

excipients include, without limitation, calcium carbonate, calcium phosphate, various

sugars and types of starch, cellulose derivatives, gelatin, vegetable oils, and

polyethylene glycols.
Carriers and excipients for formulation of pharmaceutically acceptable
compositions comprising Compound I are well known in the art and are disclosed, for
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The crystals may be characterized using standard
met hods known to one skilled in the art, including
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lipophilic vehicles include fatty oils such as sesame oil, synthetic fatty acid esters,

such as ethyl oleate and triglycerides, or materials such as liposomes.

The compounds of the invention may be administered orally. Oral
administration may involve swallowing, so that the compound enters the
gastrointestinal tract, and/or buccal, lingual, or sublingual administration by which the
compound enters the blood stream directly from the mouth. For oral administration,

| the compounds can be formulated by combining the compounds of the present
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compound, defined below, can be determined before use of the compounds is

attempted in vivo with more complex living organisms. For cells outside the organism,
multiple methods exist, and are well-known to those skilled in. the art, to get the PKsin
contact with the compounds including, but not limited to, direct cell microinjection

and numerous transmembrane carrier technigues.
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senenr} ibnfar clmaﬂebﬁl Ginoetp gﬁﬁlﬂﬁmﬁry B@caf gastiofGHhA cancer,
t%asct)s e. kinase re| ated disorder, a

08is, and mast cell tumors. In an embodiment of the present invention, the
protein kinase related disorder is selected from the group consisting of diabetes, an
autoimmune disorder, a hyperproliferation disorder, restenosis, fibrosis, psoriasis, von
Heppel-Lindau disease, osteoarthritis, theumatoid arthritis, angiogenesis, an
inflammatory disorder, an immunological disorder, and a cardiovascular disorder.

Pharmaceutical compositions suitable for use in the present invention include

compositions wherein the active ingredients are contained in an amount sufficient to
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with one or more other compounds of the invention or in combination with one or

more other drugs (or as any combination thereof). It is also contemplated that the salts
of Compound I or the polymorphs of such salts, as described herein, might be
combined with other chemotherapeutic agents for treatment of the diseases and
disorders discussed above, For example, a compound of the present invention may be

combined with fluorouracil alone or in further combination with leukovorin or other
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assays. Then, the dosage can be fornulated for use in
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Methods. Tests to determine the physical properties of the salts of Compound

I included melting point determination, HPLC purity, powder X-ray diffraction, and
dynamic moisture sorption gravimetry.

Powder X-ray Diffraction (PXRD). Powder XRD was performed using a
Scintag X2 Advanced Diffraction System (lab 259-1088, controlled by Scintag
DMS/NT 1.30a and Microsoft Windows NT 4.0 software. The system uses a Copper
X-ray source (45 kV and 40 mA) to provide CuKa; emission of 1.5406A and a solid-
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* area percent under the peaks in the HPLC
The hydrochloride, fumarate, and ascorbate salts were very hygroscopic (see
Figure 1). The other two salis (citrate and phosphate) had lower moisture sorption
profiles, absorbing less than 3 % water at 70% relative humidity.

The powder X-ray patterns indicated that the phosphate and citrate salts were
of relatively high crystallinity. (see Tables 2 and 3; and Figure 2).
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* area percent under the peaks in the HPLC The
hydrochl ori de, fumarate, and ascorbate salts were
very hygroscopic (see Figure 1). The other two salts
(citrate and phosphate) had | ower noisture sorption
o m7oBd2bes, absorbing | ess than 3 % water at 0
relative humdity. The Powder X-ray patterns PCW&%MMSM
indi cated that the phosphatepgpcitrate salts were
of relatively high crystallinity. (see Tables 2 and

3; and Figure 2). PXRWPeks vf C8apMmdPCHrd820061002506
Tabl e 2 PXRD Peaks of Conpound | Phosphate Two-Theta
Angl e* Relative (degree) Intensity** (arbitrary)

111 23.5 11,5 2o Bl 2 8gg 130 22.0
14.0 25.9 14.5 (&%’r 16.5 7. %« 1712 27.7
17.8 9.5 183166 1 4116 199808K% 2  1p.8 9.8
20.8 58.2 21.6}11.8 22.0 9 5| piahitary) 2o[9 12 4

3.2 j 204

7.3 17.7

9.2 14.4

9.5 39.1

10.3 9.5

2.7 . 23.5

13.2 19.6

14.3 23.5

14.8 16.7

15.9 113

172 8.3

17.8 11.9

18.2 19.8

18.3 19.5

19.6 6.8

20.9 11.1

21.6 8.9

21.7 10.5

21.8 8.9

23.2 , 13.2

24.2 20.3

249 15.9

23.5 . "100.0

264 20.9

26.8 26.5

27.1 10.8

320 6.3

344 8.1

*:1£0.1°

5  ** Therelative intensity for each peak is determined by normalizing its intensity to

that of the strongest peak at 25.5 © angle as 100
Example 4. Preparation and Characterization of Compound I Phosphate.

Example 4A. Preparation of Compound I Phosphate.

Compound I free base was used to prepare the phosphate salt. A sample (lot
10 number 35282-CS-51) of Compound I phosphate was prepared as described above. 4
mL of 0.977 M phosphoric acid was added to 1.095 g of free base in a flask
immediately followed by adding 4 mL of acetonitrile. A suspension was obtained,
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_E_:ga_mple 4B, Characterization of Compound I Phogphate.

Lot 35282-CS-51 was named polymorph Form I of Compound I Phosphate. It
has high crystallinity, good flowability, and large crystal size. Both the absence of the
melting event at the melting termperature of Compound I free base (free base
polymorph Form A, 256°C; free base polymorph Form B, 259°C) and the presence of
high melting points (281 — 297°C) of the solids suggested that the crystals of Lot
35282-CS-51 are a different salt form and not Compound I free base. The purity of
the lot was 99.6% by HPLC.

Example 4C. Estimation of Solubility of Compound I Phosphate.

Sampies of 1 - 2 mg of Compound I.phosphate (lot 35282-CS-51) were
transferred to 10 mL glass vials (tared) and were weighed (accurate to 0.1 mg).
Solvents were added to the vials (one solvent to each vial) in a step-wise fashion, with |
0.5mL of solvent added at each step. Solvents used were buffer (pH = 2), buffer (pH =
5), water, methanol, tetrahydrofuran (THF), acetonitrile, and acetone. After each
addition, the vial was capped and shaken. The dissolution of solid was visually
observed. If no obvious dissolution was observed, more solvent was added
immediately. If dissolution was apparent, the vial was left on the bench for at least 30
minutes before the next addition of solvent. This step was repeated iintil fio crystals
were visible against a black and a white background. The solubility was then
bracketed by dividing the weight of the compound by the final volume and the
volume before the last addition. If a solid remained after the addition of 10 mL of
solvent, the solubility was expressed as less than the weight divided by the final
volume. If the solid was completely dissolved after the first addition of solvent, the
solubility was expressed as greater than the weight divided by the solvent volume. All

experiments were conducted at room temperature.

The estimated solubilities of Compound I phosphate in various solvents are
presented in Table 4 along with solubilities of the free base, expressed as mg/mL. The
solubility of Compound I phosphate is lower than that of Compound I free base in the
same solvent, except in water (at various pH levels). The solubility of Compound I

phosphate depends on the pH value of a solution, and becomes considerably higher (>
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pH 2 buffer is made of HC1 and XC1

® pH = 5 buffer is made of potassium acid phthalate and sodium hydroxide.
§ Not available but expected < 0.005 mg/mL.

11 g of Compound I

? The final solution pH value is 4.91.

phosphate is equivalent to 0.802 g of Compound I free base.

Example 5. Generation of Compound I Phosphate Polymorphs.

The low solubilities of Compound I phosphate seen in Example 4C indicated
that solutions of highly concentrated (60 — 100 mg/mL, dark orange-red) Compound I
phosphate would be beneficial to precipitate polymorphs of Compound I phosphate

from various solvents. Such concentrated solutions were prepared by dissolving

Compound [ free base in about 1 M phosphoric acid. For example, about 70 mg of
Compound I free base could be dissolved in 1mL of IM phosphoric acid. However,
the amount of Compound I free base and phosphoric acid used depended on the
desired concentration and batch size of the solution. In the example in which the
precipitate was vacunm filtered immediately after precipitation, about 1 mL of the
desired solution was then dripped into about 10 mL of ten anti-solvents to precipitate
the salt crystals out. These solvents were water plus acetonitrile (ANC), ethanol,

methanol, acetone, acetonitrile, THF, ethy] acetate, hexane, methylene chloride
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Thermogravimetry (TGA). TGA experiments were performed using a high

resolution analyzer (TA Instruments model 2950). The TA Instruments Thermal
Solutions™ for NT (version 1.3L) was used for data collection, and the Universal
Analysis ™ for NT (version 2.4F) was used for data analysis. Samples (5-10 mg)
were placed onto a aluminum pan which was further placed on a platinum weighing
pan before being heated. The weights of the aluminum and platinum pans were tared




. - ¢
various solvents at 23 C. JAA12 Solubility o
Solubility of Conpound | Conpound | free phosphate
(mg/nL)d base (polynorph FormA mnl 2 3.11 5.9-7.4
5 0.006 NA..,0.29 e k onth e (some particles stuc

i [ [ .21- 0.3 193
odnwasdzve vial wa and did no |1 0.21- 0 o 6/002506
g32 - 0.4 <<< 0.19 << 0.08 <<< 0.13 << 0. 1(]3]P <<<}%).3

" Phri | sRder! d KG 10 b.pH .= .
blFJ):‘—l?neorrz(i) ?danﬁlggzh dof pot'zgﬂgitﬁﬂégg%l Vﬁﬁtlﬂ(g{?@ﬁgﬁg%?%%otpl}ﬁ? C
Py SRt e L i Aty peonkedr 000 1

) ate
00807" o obabLigP IRy Nigesbopy wmseonduried caemdlimpus

Lt T L N —
55 Ffﬁ%{:\qﬁwpe%@%qﬁaﬁmf dideand mc@easlgi Ezéigﬁol dibgereﬁioagthe cover
t hatip w8t peat19Psbrll aPdigd e §Q0 9oeﬁ%¢§qrnt atgg i é:i’?léo & Paticles.
/n{, _ar_k ng@-r)_ o h 128y Conpound |
Sspha 1 ari ous solvents. SUch concentrat ed
Col ut i onge el B Stitred o ﬁqe%%§|Pwmwzonwh®maf soon 25 the
f r smdibasletiomwadiaided Wild tRhAS DN enfs, AF ﬁg% lﬁ%ﬁrﬁé}%ﬁa@s were loose

BRNE (O

t 10 of Compound | free base C
10 3ib a5 fl&%s Y1 Yshlowor |jEhtsorhmgei iv geriral. Thdvesulsig solidhas

15

20

25

30

: a phosphori c. acid
sog Fjane iR ke 8, A HSe S ep e heciney wereor
51 PBstisted Révay bull arystallitestwbieh GOCAIRE RirigBndbin@lk JdMBized light, Al

i d i diately after
or et i e P e, e 5 sk oo o slven
wegstethe Seb Bigpre d) ThE Smiie Qide-chRinth 1Rk P%o?&ule i ﬂf’gblg l?Pd it

-so| v S to precipitate the sa crysta .
-?%'é%?%aﬁ ?el-glﬁ‘iegt ?ﬁ@?@%@@rﬂ e basedFormo M andiih éts fpdGYhloride salt.
etThaRfdre, the molecule in the different solid forms may be conformational

polymorphs. The PXRD patterns of solids precipitated from ethyl acetate, hexane, and
IPA appeared the same. However, a detailed comparison with other PXRD patterns
was difficult because of the low diffraction signals of solids from these three solvens.
Consequently, they were not assignéd as a new form. The precipitate from methanol
is the same as the reference lot 35282-CS-51 (assigned as Form X). TGA data of all
precipitates indicated residue solvent at a level of 1.7 — 4.7%. Of these solids, the one
from CH,Cl, appeared to be a solid with retained solvent in orystals, The TGA curve
. showed an abrupt decrease in sample weight at 2 temperature about 125 °C (see
Figure 4). This event is recorded as an endotherm at about the same temperature by
DSC. In addition, this powder was constituted of crystals of well-defined morphology
and was free-flowing, a very different property from other lots of precipitates. The
powder exhibited medium crystallinity by PXRD but good crystallinity when
observed by polarized-light microscope. Other lots were constituted of very fine
crystallites. On DSC curve of these powders, a broad and shallow endotherm was
seen as soon as the sample was loaded to the sample cell. This observation is reflected
by TGA as a gradual weight loss from the beginning of heating on TGA, Therefore,
for these lots, the residual solvents were probably surface adsorbed solvents and were
not solvents in the crystal lattice.
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nmet hanol , acetone, acetonitrile, THF, ethyl acetate,
hexane, nethyl ene chloride 23 WO 2007/ 034272

PCT/ 1 B2006/ 002506 (CH2C12), and isopropyl al coho
(IPA). In the exanple in which the precipitate was

woagnnhi | tered after standing overni ght or PESIB0pRWES06

days, the additional solvents of nethyl ethyl ketone
(MEK) and di oxane were used. Sone organi c sol vents,
e.g., ethyl acetate, hexane, CH2Cl2, are not
mscible with water and two | ayers of solvents were 5
observed. Only a little precipitation was seen at the
interface even mnutes after addition. In those
cases, about 1 nL of nethanol was added as a bridging
solvent, to increase the mscibility between the two
| ayers. Methanol appeared to work well to increase
the mscibility because col orl ess organic |ayer
becanme yell ow as soon as nethanol was added. The
vial was then shaken vigorously by hand for about one
10 minute. The solids precipitated from organic
solvents were vacuum filtered both imrediately after

precipitation (within 2 i ng

over ni ght SHEE rlNTE@mlﬁtﬁ%tfékéﬁggl ate both
net ast abl e and st abl e pol ynor phs. The powder was
then anal yzed. The different solids were nunbered in
the order of discovery. Exanple 6. Characterization
of the Pol vhor phs of Conpound | Phosphate. 15 Exanpl e
6A. Characterization Methods. Al powders obtained
fromthe above pol ynorph screeni ng procedures were
anal yzed by PXRD, as described in Exanple 3 above.
When a new PXRD pattern was observed, conplenentary
techni ques were al so used to characterize the solids,
i ncl udi ng dynam ¢ noi sture sorption gravinmetry (al so
described in Exanple 3), 20 differential scanning.
calorinetry, thermal gravinmetric analysis (when
necessary), and optical mcroscopy. Differentia
Scanning Calorinmetry (DSC). DSC data were obtai ned
using a DSC calorinmeter (TA Instrunents 2920).
Powder (1-5 ng) was packed in an al um num DSC pan.
An alumnumlid was place on top of the pan and was
crinped. 25 The crinped pan was placed in the sanple
cell along with an enpty pan as a reference.
Tenperatures were increased to 300 or 350C from 30C
at a rate of 10C/ mn unless otherw se specified.
Thernmogravi metry (TGA). TGA experinents were
performed using a high resolution analyzer (TA
Instrunments nodel 2950). The TA Instrunents Therna
30 Solutions for NT (version 1.3L) was used for data
col l ection, and the Universa

26



Anal ysis for NT (version 2.4F) was used for data
anal ysis. Sanples (5-10 ng) were placed onto a
al um num pan whi ch was further placed on a platinum

- wei ghing pan before being heated. The wei ghts of the
wioowggprand pl ati num pans were tared 24 WO
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300 C linearly at a rate of 10 ¢ mn. Dry nitrogen
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observed by pol arized-1ight mcroscope. Oher lots

were constituted of very fine 30 crystallites. On DSC

curve of these powders, a broad and shal | ow endot herm

was seen as soon as the sanple was | oaded to the
woanpieescel | . This observation is reflected RGA/IBRAG/HES06

a gradual weight |loss fromthe begi nning of heating

on TGA. Therefore, for these lots, the residual

sol vents were probably surface adsorbed sol vents and

wer e not solvents in the crystal lattice. 25 WO
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nmen%urpconverslon appeared to be completed in a couple of hours in most of the
solvent systems. However, they were allowed to stand for a mmuch longer period of time
to ensure the completion of the process ini order to avoid reaping a mixture of two solid
forms. The TGA curve showed abrupt weight loss at about 124° C and 153° C for the
solids obtained from hexane and acetonitrile respectively, coupled by an endotherm at a
similar temperature on DSC. Therefore, they also appeared to contain restrained solvent
in orystétl lattice. The stoichiometries of the retained solvents are about 0.6 for
acetonitrile and about 0.14 for hexane, Needle-shaped crystals were grown from
acetonitrile after standing for three days. The PXRD pattemns of the acetonitrile-retaining
solid were unique while the PXRD pattern of the hexane solvate is similar to the CE,Cl-
retaining solid identified earlier (Figure 3). Both solvent-retaining solids (hexane and
acetonitrile) lost weight on a TGA pan. Urique PXRD patterns of both solids were
observed after the corresponding retained solvent had been removed by heating (Table 7,
Figure 3), indicating that removal of solvent molecules from the solids caused structural
changes of the solvate crystals (therefore, the solvent molecules are in crystal Iattice not
just on cryétal surfaces). However, the PXRD pattern of acetonitrile desolvate was low in
signal intensity, DSC profile of the acetonitrile desolvate exhibited two additional heat
events at 74°C and 174° C, when comﬁared with the DSC profile of the acetonitrile
solvate, while the desolvation event at 153° C was absent. Cooling of the sample after
desolvation may have changed the solid that undergoes au energetic change at 174°C.
When other organic solvents were used, the longer standing period of the
precipitates yielded solids of the same PXRD pattern as that of Form I (Lot 35282-CS-
51) although the morphology of the crystals was different (Table 6). The same PXRD
pattern indicated that those solids have the same crystal lattice structure. The different
morphology must be due to the solvent effects. It is apparent that Form I is the most
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Example 7, Inhibition of KIT Phosphorylation in Canine Mast Cell Tumors.
Purpose. The development of targeted therapies for cancer offers the
opportunity to directly evaluate drug effects on the molecular target and correlate
these éﬂ‘ects with tumor biology and drug pharmacokinetics. This can be instrumentat
in oncolegy drug development because it establishes a ,
pharmacodynmnic/pharmacokineﬁc relationship and provides critical information

regarding the therapeutic impact of a targeted agent. The purpose of this study was to
evaluate the effect of a single dose of the receptor tyrosine kinase inhibitor Compound
I'phosphate on the activity of its molecular target KIT in canine mast cell tumors
(MCT), in canine patients with advanced MCTs using KIT phosphorylation as a
marker of direct target inhibition. Also studied was phosphorylation of ERK 1/2 {(a
mitogenactivated protein kinase (MAPK) downstream of KIT signaling), Compound I
phosphate plasma concentration, and the mrtational status of c-kit to determine how
these parameters correlate with KIT phosphorylation status after Compound I
phosphate treatment. '
Study Drug. Compound I phosphate was available in 20-mg scored tablets,
Study Design. This study was a proof of farget modulation study in dogs with
Tecurrent or metastatic grade II/ITT MCTs, Patients received a single oral dose of
Compound I phosphate at 3.25 mg/kg. Using a 6-mm punch biopsy instrument,
samples were obfained from the tumor before Compound I phosphate administration
and 8 hours (h) after treatment. When possible, multiple biopsies were taken. Each
sample was flash frozen in liquid nitrogen and stored at -70° centigrade (C) before
analysis. Blood samples for analysis of plasma levels of Compound I phosphate were
obtained at the same time as tumor biopsies (see below).
Compound I phosphate Plasma Levels. Blood samples were drawn from the
Jugular vein and placed into a red-top serum collection vacuum glass tube. Specimens
were kept at room temperature, allowed to clot, centrifuged at 1500 pm at 4°C for 10
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The PCR products were separated by electrophoresis on a 4% agarose gel; the

expected wild-type c-kit PCR product is 196 bp in size for PCR from cDNA and 190
bp in size for genomic DNA. PCR. For those cases in which an ITD was not obvious
(only a single band was present), the PCR products were gel purified using the
Promega PCR Wizard Clean-Up kit (Promega) and sequenced using both P1
(forward) and P5 or P2 (reverse) primers at the core sequencing facility at the
University of California—Davis, to rule out the presence of very small ITDs, deletions,
or point mutations. Sequence alignment and comparison were performed using the

DNASIS sequence analysis program.
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30  phosphorylation was assessed using a phospho-specific antibody directed against an
autophosphorylation site in KIT, serving as a surrogate for KIT kinase activity. In
addition, c-kit M mutational status (ITD+ or ITD-) was determined from the baseline
tumor biopsy, and plasma concentrations of Compound I phosphate were measured 8
hours after dosing to correlate these parameters with inhibition of KIT
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The level of total and phosphorylated KIT expressed in the MCTs at baseline
varied between animals. Higher KIT expression correlated with higher tumor grade.
Four of eight grade I tumors had high KIT expression, compared to one of six grade
I tumors (Fig. 6). For example, the total KIT expression in the tumor from patient 2
(grade YIT) was markedly higher than that in the fumor from patient 11 (grade I).
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- To evaluate effects of Compound I phosphate inhibition on downstream.
signaling pathways regulated by KIT phosphorylation, levels of the phosphorylated
MAPK ERK1/2 were evaluated by Western blot analysis of the same biopsy pairs
used for KIT analysis. Eleven of 14 tumors were evaluable for phospho-ERK 1/2
target- modulation (two of these were also nonevaluable for KIT target modulation).
Of'the 11 evaluable, 7 showed a reduction in the ratio of phospho-ERK 1/2 to total
ERK1/2 in tumors sampled after the administration of Compound I phosphate,
compared with baseline tumor samples (see Fig, 6). ERK target modulation was more
frequently detected in MCTs with relatively high baseline ERK expression and

phosphorylation than in those with low ERK_

Based on preclinical work in rodent models, the therapeutic range of
Compound I for target inhibition was considered to be 50100 ng/ml for 12 k of a 24-
h dosing period. The plasma concentration of Componnd I phosphate at 8 h
(approximately Cmax) after a single dose at 3.25 mg/kg ranged from 33.2 to 186
ng/ml, with an average of 105 + 9 ng/mL (Table 8). In one animal, the plasma
concentration of Compound I phosphate was outside the range of the other samples
(0.3 ng/mi). Twelve of 14 dogs had plasma Jevels considered to be in the therapeutic
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Compound I ir vitro blocked the phosphorylation of wild-type and I'TD mutant KIT

with comparable potency.

Compound I phosphate also affected a signaling pathway downsiream of KIT.
Mutations in c-kit in GIST and hematopoietic malignancies have been reported to
activate different signaling pathways from each other and from wild-type KIT. In
canine MCTs, all but one tumor sample had detectable phosphorylated ERK1/2 at
baseline. In 7 of 11 evaluable mor biopsy pairs, ERK1/2 was inhibited, as measured
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are aberrantly expressed and/or regulated by many different tumor types, Finally,
molecular target inhibition, coupled with clinical objective responses in canine
tumors, directs the development of related compounds in human cancer toward

clinical populations expressing activated KIT, VEGFR, or PDGFR.

Example 8. Multicenter, Placebo-Controlled, Double Blind, Randomized Study of

Oral Compound I phosphate in the Treatment of Dogs with Recurrent Mast Cell
Tumors,
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of Conpound | phosphate oral tablets for th
o

treatment of recurrent mast cell tunors in

~client-owned 5 dogs. Nunmerous nodifications

20

25

variations in the invention as set f th;ﬁnfthe
above illustrative exanpl es are expec e¢§to occur to
those skilled in the art. Consequgntiy, only such
limtations as appear in the fol}ow rg~clai ms shoul d
be placed on the inventh 39400 ﬂ0071034272

PCT/ 1B2006/ 002506

‘and solvates and polymorphs thereof.
6. The salt form of claim 5, with a molecular formula of CzpHzsFN4O2'CgHgO7 and
a melting point from about 178 to about 183°C.

7.  The salt form of claim 5, having a powder X-ray diffraction pattern comprising
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25

30

WHAT IS CLAIMED: 1. Salt forns of a base, wherein the
base is 5-[5-fluoro-2-oxo-1, 2-di hydro-indol -
(SZ) yl i denenet hyl ] - 2, 4- di net hyl -

y peéz;f;ﬂ%;gﬁ% alc e Culha ReETel HEbEdh e aRPT &1, 94, 142
and’ ected, 30lgltthe %at@%le %1!08%3\%1&1 he gpgrate

phosp EAN: sa es -an ynmor phs
hergabms?. A salt formof clalml vvherelnthe sal t

|st ephosphate salt with the structure: NH_ F
8H 4 phasnagpoisal epostiopsrETisng troriprphasn! thrfé{laé@fZ the

IScBEL HIE, oA O o at pamlayar

tﬁhcﬁé}%ﬁleé’&ﬁf%oﬂe?c%enﬁ pol ynor ph (Form 1) of the
phosphat e salt of c] ai er ei
9hals mgthsevigiethe yoqdmatigniot %@W%@ﬁ%&f@ bﬂ?@&%ﬁ%%&%ﬁg

h?t r1gffl cgﬁé?ﬁ%ﬁ \%‘?(9 Eﬁ& %rot&hikn%sélwﬁﬁ%%ﬁ) s atd Wt of.

25.9, and 27 ai ned

usdletigl 2, Gl Dadte eali sﬁclmm 6Wﬂ\ﬂeﬂoé~m@t ¢ polym&ph ehereof,.

J

sol vat es and pol ynor phs t her eof

t ..H.. Asalt f f '
SRR it s SRt B o b oy
c%mstmc"@)fﬁeéé or%?ro's\ingkﬁ% néh- @06 1SRl &b si@Einases, and

alt form

ofseghetihmecjnaproteimkinedeecul ar f or nul a of

%eto Tk 2*;%%%3’{ &n c?aima2, r%?! (Ed:fgtg sRP Iofq (tziaifrr{ 9,”&%%%%@ or

12.

13.

14.

polymorph thereof, in the preparation of a medicament for preventing or treating

a protein kinase related disorder in an organtsm.

The use of claim 11, wherein the protein kinase related disorder is mast cell

tumor or métstocytosis.

A method of preparing phosphate salt crystals of the base of claim 1, which

comprises: '

(a) introducing a stoichiometric amount of phosphoric acid to the base in a
solution comprising a solvent or a mixture of solvents;

(b) crystallizing the phosphate salt from solution; and

(c) separating the phosphate salt crystals from the solvent solution.

A method of preparing polymorphs of the phosphate salt of claim 2, which

comprises:

‘ _-(a) introducing the phosphate salt to a solution comprising a solvent or a

mIX’ture of soivents

-:i'(b) Optlonally addmcr a bndﬂmo sohfunt to the solutlon and

" -(c) cryst_alhzmg the polymorph crystals from solution; and

(d) se?araﬁng the polymorph crystals from the solvent solution.

. The method of claim 14, wherein the solvent of step (a) comprises methanol.

I6.

A method of preparing citrate salt crystals of the base of claim 1, which

COmprises:
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7. The salt formof claimb5, having a powder X-ray
diffraction pattern conprising 40 peaks expressed in
degrees ( 0.1 degree) of two theta angle of 9.1, 9.4,

14.2, 25.4, and 26.8 obtained using CuKal em ssiagn )
(wavel EhdriroducnegusigchipmgliG apeuynt obCitne Jdiathe Beeilp gisolution

iti : 1S It of claim 2,
The s cf (P aPEER S e tE e o

pol ynor ph thereof, and a pharmaceutically  acceptable
carrier or excipient. 9. A nethod for the nodul ation
of the catalytic activity of protein kinases
conprising contacting in vitro said protein kinase
with the phosphate salt of claim2, the citrate salt
of claim5, or a solvate or polynorph thereof,. 10
10. The nmethod of claim9, wherein the protein kinase
is selected fromthe group consisting of receptor
tyrosi ne ki nases, non-receptor protein tyrosine

ki nases, and serine/threonine protein kinases. 11.
Use of the phosphate salt of claim2, the citrate
salt of claimb5, or a solvate or polynorph thereof,
in the preparation of a medicanent for preventing or
treating 15 a protein kinase related disorder in an
organism 12. The use of claim1ll, wherein the
protein kinase related disorder is mast cell tunor
or mastocytosis. 13. A nethod of preparing phosphate
salt crystals of the base of claim1, which
conprises: 20 (a) introducing a stoichionetric anount
of phosphoric acid to the base in a solution
conprising a solvent or a mxture of solvents; (b)
crystallizing the phosphate salt from sol ution; and
(c) separating the phosphate salt crystals fromthe
sol vent solution. 14. A nmethod of preparing

pol ynmor phs of the phosphate salt of claim2, which

25 conprises: (a) introducing the phosphate salt to a
sol ution conprising a solvent or a mxture, of
solvents: (b) optionally, adding a bridging sol vent
to the solution; and (c) crystallizing the pol ynorph
crystals fromsolution; and 30 (d) separating the

pol ynorph crystals fromthe sol vent solution. 15. The
nmet hod of claim 14, wherein the solvent of step (a)
conpri ses net hanol
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16. A nethod of preparing citrate salt crystals of

the base of claim1, which conprises: 35 41 (a)

i ntroducing a stoichionetric amount of citric acid to
WORMHdIE in a solution conprising a sol ventPC(SﬂB%OOG/OOZDOG

m xture of solvents; 4la WO 2007/ 034272

PCT111RBP O AN2ME Ghe ditedte s:ﬂyayﬂhlb frpmsglution; anidt r at e

salt crystals . from sol ut n t he
ci t r at dok3APRrating e giteats @Gﬁ%ﬁ% %?ﬁl} .17
A use prlsetoﬁﬁle%@ﬁﬁaﬁtsﬁlt %ﬁ'd:lﬁm‘f’i t6d @i alt M\ @aifd 3,08k Solvate or

salt of claim$5, 'or a solvate or polynorph t t hér eof ,

in t heohmemd thereof inthe arenaatiempiermediginent Whichdepseful jimthe
s the 5&5&%&0@%&& AndliSEREE SRALA PR gPonor mal - PK

act|V|ty
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