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2- 1 NDOLI NONE PROTEI' N KI NASE | NHI Bl TORS CROSS- REFERENCE [ 00011 This
applicati %%I %,@Fmpri ority under 35 U . S.C. 119(e) to U S. Provisional
applicati & No. 60/448,863 filed on February 24, PAJOS2HHW Wit scl osure
‘of which is incorporated herein by reference inits entirety. BACKGROUND COF
THE I NVENTION Field of Invention [00021 The present invention relates to
pol ynor phs of the 3-pyrrole substituted 2- indolinone conmpound

5- (5-fluoro-2-o0xo-1, 2-di hydro-indol - 3-yl i denenet hyl ) - 2, 4- di net hyl -

L pyr ol &3 Bl diefiS' Gr PRBROLY SBSrTrvire Db GENBNg™  © O the

5-(5-fluoro-2-o0xo0-1, 2-di hy, - 3-ylidenene |)-2,4-di net hyl -1 H

pyrrol e-3-carboxylic acid ¥ dée’ﬂjﬁig}ohlgﬁéﬁlm 1 VTIQ/ﬁﬁani ide is a conpound
that exhibits protein kinase (PK) nodul ating ability. The conpound is
therefore useful in treating disorders Crelated to abnormal PK activity.

[ 00041 Briefly, PKs are enzynmes that catal yze the phosphoryl ati on of hydroxy
groups on tyrosine, serine and threonine residues of proteins. The
consequences of this seenm ngl yROSNREARENCEY are staggering, since
virtually all aspects of cell life (e.g., cell growh, differentiation and
proliferati o@pOBNdThis apgivatiomayiamms Iamitpander(%ﬁeﬁcb Ol 9RY) @ &KCS.iPtotiyional

Furt hernor.e,. abnorpal P ctivity has been related to a host of disorders,
r angi ncEPPHEFHOn el N(?e@(i/?‘*‘}%ﬁﬁ ﬁlFa op krBAEn H g0t shadisdose af whichser i asi s to

ext renqworébl%wd%}eigﬁdﬁﬁr%gcesiﬂq e?lﬁ{e?%l i obl astoma (brain cancer). [0005]

5-[5-fluor 0XO0- ydr ol ndol - )-ylidennet hyl]-2,4-dinmethyl -1 H
pyigmol e- 3-carboxylic acid (2-pyrrolidin-1-ylethyl)-anmde is an inhibitor of
re@aptor tyrosine BACKGROUND OF THE INVENTION

Field of Invention

[0002] The present invention relates to polymorphs of the 3-pyrrole substituted 2-
indolinone compound 5-(5-fluoro-2-oxo-1,2-dihydro-indol-3-ylidenemethyl)-2,4-dimethyl-
1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-yl-gthyl)-amiqe,

State of the Art

[0003] 5-(5-fluoro-2-oxo-1,2-dihydro-indol-3-ylidenemethyl)-2,4-dimethyl-1H-
pyrrole-3-carboxylic acid (2-pyrrolidin-1-yl-ethyl)-amide is a compound that exhibits protein
kinase (PK) modulating ability. The compound is therefore useful in treating disorders

C related to abnormal PX activity.

[0004]) Briefly, PKs are enzymes that catalyze the phosphorylation of hydroxy
groups on tyrosine, serine and threonine residues of proteins. The consequences of this
seemingly simple activity are staggering, since virtually all aspects of cell life (e.g., cell
growth, differentiation and proliferation) and, in one way or another, depend on PK activity.
Furthermore, abnormal PK activity has been related to a host of disorders, ranging from
relatively non-life threatening diseases such as psoriasis to extremely virulent diseases such as

glioblastoma (brain cancer).

[0005} 5-[5-fluoro-2-0xo-1,2-dihydroindol-(3Z)-ylidenmethyl]-2,4-dimethyl-1H-
pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide is an inhibitor of receptor tyrosine



WO 2004/ 076410 PCT/ US2004/ 005281 kinases (RTKs); a class of PK. The RTKs
and their |igands, VEGF, PDGF, and FGF nedi ate neo-vascul arization, known
as angi ogenesis, in solid tunors. Consequently, by inhibiting the RTKs, the
growt h P 2484784180d vessel s into tunors may be inhi bi tREI/USHEBWSER§Ical |y,

this new class of nolecules, terned antiangi ogenesi s agents, have nuch | ess-
toxicity to the body conpared to conventional anti-cancer drugs.

5-[5-fl uoro-2-oxo-1, 2-di hydr oi ndol - (3Z2) -

ylidennethyl]-2,4-dinmethyl-IH pyrrole-3-carboxylic acid

(2- PYERIbSIETEs)Y b eldy bfpﬁmﬁ.@ R1Ks ﬁidrtﬁéif‘hbéhd?ﬁVEGFd PIRIIRRY Fb@fmé&l@ﬁt ing

cancers I n conpanion aninmal's, mainly dogs and is alfso useful for the
t r eatmeentasaflaridanbay kratvwngs angmgenesnsmdnmr]nxirtsmo&(ﬁormaqlmﬂs, byniahibdtén g that ar e
not limted to | eukem a, brain cancer, non-snull. cell |ung cancer, squanopus

cel | RErsithomewth 8§F¢WWWSS%%HWY%@@EBﬁﬁﬂuﬁlﬂq%ﬁlﬁfﬁﬁuklthﬂﬁ@%ancer
bl add rSS %)f z{cug; egp@ g_w;gq%l%lk ggP%ﬁCa%Ents el 2000 le%\ia{n;aﬁy t %%d pr ostate

cance ng cancer, or ec cancer,

geni té?)‘rﬁl:lafb'drt}é cﬁﬁﬁﬁﬁfonﬁ%tg@aﬁhéﬁr@%se51[511‘ﬁior§-Qde631 Wmdﬁ» a)-
overexpressi on of mast cells uding, but not limted to, mastocyct 0si s

i s coyitdempethyBep.4- SunhRY L yTele-3- wsmylmc@cb(mm}ﬂdlhbml rxlethyldramidaise f ound

| ndol geyiiy BERE ARy FgRet ot HeGHeciangArs i SCpeE L Sivoiiply fossang is also
(2-PYEEhA e AR i PRASaRM 5 ! WcROLNER DN G K B! yTor o1 |

and pol ynnrp , eac avi ng |st|nc erent physi cal properties.
[ 000 7mited t@ leunkeiia corhindianedy] nod-fiealbéadl lﬁng t:blﬁ:et Jsqeahowscelledapdigsms,0 a conmpound

of the formula l: NJ o NH F NO
astrocytoma, Kaposi's sarcoma, glioblastoma, lung cancer, bladder cancer, head and neck o
cancer, melanoma, ovarian cancer, prostate cancer, breast cancer, smatl-cell lung cancer,
glioma, colorectal cancer, genitourinary cancer and gastrointestinal stromal cancer. Also,

overexpression of mast cells, including, but not limited to, mastocyctosis is contemplated.

SUMMARY OF THE INVENTION

[0006] The inventors have found that the compound 5-(5-fluoro-2-0xo0-1,2-dihydro-
indol-3-ylidenemethyl)-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-yl-ethyl)-
amide exists in two polymorphic forms, polymorph I and polymorph I, each having distinctly
different physical properties.

[0007]) In a first embodiment, therefore, the invention relates to a compound of the o

formula I:

2



7 WD 218141076410 PCT/ U$20041WD5281 substantially free of the pol ynorph |
form [0008] In a second enbodi nent, the invention relates to a conpound of
the formul a oNH c FO substantlally free fromthe pol ynorph |1
form [00%‘12"1’%"7&“& ef erred enbodi ment, the conpound of PCHAI2MH&MI8NbOdI ment
“has the PXRD pattern shown in Figure 1 formll and the conpound of the
second enbodi nent has the PXRD pattern shown in Figure 1, forml. [00101
Ina third enbodi nent, the invention relates to a conposition conprising

pol ymorph | of a conpound of forrmula I: NH F O wherein pol ynorph |

conpri s@sstaRiA A raRopyRemiel Bhh, percent of the conposition; or nore

t han about 90 wei ght percent of the conposition; or nore than about 95

wei ght percent 3 WD 21104/076410 PCT/ US2 004 /110 5 2 81 of the

conposi ti on; {0008]moine: secemd erhbodimest, deiigventipe relates toof céripnmdrais forgtla [ 0011]
Ina fourth enbodi nent, the invention relates to a conposition conprising

pol ym)rlﬁ)h Il of a conmpound of formula I: ,

substantially free from the polymorph II form.

[0009] Ina preferréd embodiment, the compound of the first embodiment has the
PXRD pattem shown in Figure 1, form I and the compound of the second embodiment has

the PXRD pattern shown in Figure 1, form L

[0010] In a third embodiment, the invention relates to a composition comprising

polymorph I of a compound of formula I:

wherein polymorph I comprises more than about 85 weight percent of the composition; or

more than about 90 weight percent of the composition; or more than about 95 weight percent



S ——

S S )
N NHFv ~a wherein polynmorph Il conprises nore than about 85 wei ght

percent of the conposition; or nore than about 90 wei ght percent of the
conposition; or nore than about 95 weight percent of the conposition; or
nore tRahedaPeind9 wei ght percent of the conposition.pd®0d38hsbazegfi fth
enbodi ment, the invention relates to a pol ymorph of the conpound of the .
formula 1: NO NH wherein said polynorph is nade by: (a) dissolving said
conmpound in an acidic aqueous sol ution; (b) basifying said aqueous sol ution
t hereby precipitating said compound substantially free 4 WD 21104/076410
PCT/U 5211111/ 110; 281 fromthe pol ynor ph I‘Izmgorm and (c) isolating the

pr ectighe serapositinny 9prioFe Thap bayt o Vé%{B]%f REFFpbRIde CPEPPEIoORna si xt h enbodi nent,
the invention relates to a pol ynorph of the conmpound of the formula I: o NN

Ci-FO Wﬂ?if’" tha ﬁjugth%gl%ﬁpnrlgnrl, the ifRlfor¥elates to a composition comprising j
polymorph Il of a compound of formula I:

wherein polymorph II comprises more than about 85 weight percent of the composition; or
more than about 90 weight percent of the composition; or more than about 95 weight percent

3 . . .
of the composition; or more than about 99 weight percent oi the composition.

[0012] In afifth embodiment, the invention relates to a polymorph of the compound

of the formula I:

wherein said polymorph is made by:
(2)  dissolving said compound in an acidic agueous solution;

(b)  Dbasifying said aqueous solution thereby precipitating said compound substantially free



(a) dissolving said conpound in a polar organic solvent that does not form
hydr ogen bonds; (b) evaporating said polar organic sol vent thereby
precipitating said conmpound substantially free fromthe polynorph Il form
and C (c) isolating the precipitated polynorph | form gf Ld ound. 5
WO 2004 1HPEAHA 7RI/ US2 004 /110 5 2$1 [0014] |na seveﬁfﬁﬁ’gﬁ%ﬁ@ﬁﬁght t he
invention relates to a pol ynorph of the conpound of the formula |: No NN F
~ ~a 0 wherein said polynorph is nade by: (a) dissolving said conpound in a
pol ar organic solvent that forns hydrogen bonds; (b) evaporating said polar
organi ¢ solvent thereby precipitating said conpound substantially free from
t he pdremokqpelympphH foamgagd) isol ating the precipitated polymorph 11 form
of said conpound. [0015] Ina preferred enbodi nent of the present invention,

t he pal.ar organic.solven of .the sixth epbodi nent that does not form

nydr 6géh bondains ReseillyedBoyafol 1 ordh FERE BB Hon: . “the pol ar or gani ¢
sol vent of the seventh enbodi nent that fornms hydrogen bonds is nethanol.
[0016] In apoed|ghtnty SripQeibeRRHent theidvBNESY teliles 18laqdo %gh%_fawomﬁﬁﬂal cal
conposition conprising a conpound of first or second enbodi nents ‘and a

phar madfdéhi formlad: acceptable carrier or excipient. [0017] Ina ninth

enbodi nent, the invention relates to a nethod for the nodul ation

wherein said polymorph is made by:

(a) dissolving said compound in a polar organic solvent that does not form hydrogen

bonds;

(b)  evaporating said polar organic solvent thereby precipitating said compound

substantially free from the polymorph II form; and

C (c) isolating the precipitated polymorph I form of said compound.



I
of the catalytic activity of a protein kinase conprising contacting said
protein kinase with a conpound of the first or second enbodinents. In a
preferred enbodi nent, the protein kinase is selected fromthe group
COHSii&%?@’Rﬁ'ﬁ receptor tyrosine kinase, a non-receg@iudyianiie 6 WO
24) (1 41 ﬁ %CT/USZO84/905281 ki nase and a serine-threonine kinase.
[0018] In an tenth enbodi nent, the invention relates to a nethod for
treating or preventing a protein kinase related disorder in an organi sm
conprising adm nistering a therapeutically effective anount of a

har maceut i cal conposition conprising a.conpound of the first or second
gnbodi mertP814ndln gg%ﬁ%hﬁﬁl?@dwn%&ltﬁ?/“‘g’@@éﬂ %qtgs o pelEpoph of s nient to the
or gani ed enbodi nent, the protein kinase related disorder is
selggbiﬁh?¢§%1eﬁé&E§égup consisting of a receptor tyrosine kinase rel ated
di sorder, a non-receptor tyrosine kinase related disorder and a
serine-threonine kinase related dirsorder. In another preferred c enbodi nent,
the protein kinase related disorder fs selected fromthe group consisting of
an EGFR rel ated disorder, a P el ated di sorder, an IGFR rel ated
di sorder, a c-kit relate%\ dbsggger and a flk related disorder. In yet
anot her preferred enpodi nprtyy the protein kinase related disorder is a
group consisting of |eukem a, brain cancer, non-
small cell lung cance/, squanous cell carcinom, astrocytoma, Kaposi's
sarcoma, gliobl ast g~ | yng-cancer, bl adder cancer, head cancer, neck
cancer, nelangma, #variin cancer, prostate cancer, breast cancer,
smal | -cel | ) glioma, colorectal cancer, genitourinary cancer and
gastrointes fal cancer. Al so, overexpression of mast cells,
i ncl udi ng, Nlimted to, nastocytosis is contenplated. In still <:'
anot her preferred enbodinment, the protein kinase related disorder is
selected fromthe grqup copsisting of diabetes, an autoi mune di sorder, a
hy peVhsreinispid Dol yBrDBIS 12 PY: restenosis, fibrosis, psoriasis, C von
Heppe] - Li ndau di sease, osteoarthritis, rheumatoid arthritis, angiogenesis,

N GPhL! AR ARY sl 365 3Bina 1k SIPREhAOLHnt il SR nyARGke iRl Ovascul ar

(b)  evaporating said polar organic solvent thereby precipitating said compound

substantially free from the polymorph I form; and
(c) isolating the precipitated polymorph II form of said compound.

[0015] In a preferred embodiment of the present invention, the polar organic solvent
of the sixth embodiment that does not form hydrogen bonds is THF. In another preferred
embodiment, the polar organic solvent of the seventh embodiment that forms hydrogen bonds °

is methanol.

[0016]) In an eighth embodiment, the invention relates to a pharmaceutical
composition comprising a compound of first or second embodiments and a pharmaceutically

acceptable carrier or excipient.

[0017] In aninth embodiment, the invention relates to a method for the modulation
of the catalytic activity of a protein kinase comprising contacting said protein kinase with a
compound of the first or second embodiments. In a preferred embodiment, the protein kinase

is selected from the group consisting of a receptor tyrosine kinase, a non-receptor tyrosine



anot her preferred enbodi nent, the organismis a human. [00191 I na el eventh
enbodi nent, the invention relates to a nethod of treating cancer in

conpani on ani mal s conpri sing adm nistering a pharnaceutical conposition
conpri si [1}? a c?)rr‘pound of the first or second enbodi nents and a

phar maced? PEéHH%* L cept abl e carrier or excipient. In a BrEL&H&E*R¥bodi nent
the conpanion aninal is a cat or a dog. 7 WO 2 014/0 764 1 0O

PCT/ US2004/ 0115281 BRI EF DESCRI PTI ON OF THE DRAW NGS [00201 FIG | is a
powdered x-ray diffraction (PXRD) pattern for polynorph I (Forml) and

pol ymorph Il (Form11) of 5-(5-fluoro-2-o0xo0-1, 2-di hydro-indol - 3-

yl i denanfeisbyhg a SsrhecdthiBohiliylkindsk pynol e- 3- car boxylic acid
(2-pyrrolidin-1-yl-ethyl)-am de. [0021] FIG 2 are infrared (IR
transmttance spectra, measured at the high and md- frequency regions of
the JR spectlP@f] flsangently smbpdiment, thapinkpionralptes el a pastiyorbiop treating(dsot t om
spectrar%iof. tein ki ted di . . .. e

5- ( 5- f IFOFBUBE BRIPIGN Fingspirkated diserdrr 8. ) T eEREOMmYifing 2dmBpsiennaA - | 1 pyrrol e
- 3- Cartﬂ&é%’éuﬁgalﬁpéfﬁc{i@é Bbiug! o Q'pﬂar%ia)élautﬁ:tahé’élﬁ}?&'fﬁ&?corﬁ a m%n%oufld 'oﬁ a
Raman spectrum ‘neasured at the high and m d-frequency redions = of the Ranman
spect r uhg fifsbor wobyhempddiinefts apd, sgEmtmadeuacdlypotgptalp barkiker ¢lomdcipient spthet r a)  of
( 5- f | uSKERMEY,Ip 2 prefered gmbediment hegrgteindanassatiaiad)disorderds sadectsd Tromihs r r ol e- 3
- car bo 1.C j: - L0 3=V -am.de. L ON OF
THE 1| PRV SR 4 BEPRELS i hciss Rl isPlel S St bid Rl T T e
speci f irsRted@isopde and b dériree-thddoRieciend¥e adlatod Giseidee URSAMbHE bAerrdd00241

"Pol ynopph" refers to a solid phase of a substance, which occurs in several

di gi~i ncmbfodimentdhe progeid kirfage welateddiserdgroisseleeted fivnuthe gamfpoomsisting el af t he

o ul ]f(.%F ﬁ ?elg.tg(? disgll" Etaaleéﬁtnia}(a:t%d disorder, an IGFR related disorder, a c-kit related
disorder and a flk related disorder. In yet another preferred embodiment, the protein kinase
related disorder is a cancer selected from the group consisting of leukemia, brain cancer, non-
small cell lung cancer, squamous cell carcinoma, astrocytoma, Kaposi's sarcoma,
glioblastoma, lung cancer, bladder cancer, head cancer, neck cancer, melanoma, ovarian
cancer, prostate cancer, breast cancer, small-cell lung cancer, glioma, colorectal cancer,
genitourinary cancer and gastrointestinal stromal cancer. Also, overexpression of mast cells,
including, but not limited to, mastocytosis is contemplated. In still another preferred
embodiment, the protein kinase related disorder is selected from the group consisting of
diabetes, an autoimmune disorder, a hyperproliferation disorder, restenosis, fibrosis, psoriasis,

C von Heppel-Lindau disease, osteoarthritis, rtheumatoid arthritis, angiogenesis, an

inflammatory disorder, an immunological disorder and a cardiovascular disorder. In yet

another preferred embodiment, the organism is a human.

[0019] In a eleventh embodiment, the invention relates to a method of treating
cancer in companion animals comprising administering a pharmaceutical composition
comprising a compound of the first or second embodiments and a pharmaceutically
acceptable carrier or excipient. In a preferred embodiment, the companion animal is a cat or a

dog.



[ 0025] A pol ynorph may al so be defined as different unsolvated crystal forns
of a conpound. [00261 Pol ynorphs typically have different chem cal and )
physi cal properties. The term "polynorph,” in the context of the preferred
enbodi N¥A244764e present invention also includes soPGEUSHOLMST  for s
cont ai ni ng solvent, or water), anorphous fornms (i.e., noncrystalline fornmns)
and desol vated sol vates (i.e., forns which can only be nade by renoving the
solvent froma solvate). 8 WD 2004/ 076410 PCT/ 11 S2004/ 11115281 [0027] In the
preferred enbodi nents of the present invention, pure, single polynorphs as

wel | as m xtures comwg&s@%ﬁlmwgﬁﬁgmlmgmrphs are

contenplated. A pure, sSin ynor ph may be substantially free from ot her
pol ynor phs ~S ntially free" neans.th er.. pol.ynor ph(s) ;are present
in an amuﬁquqlegﬁﬁ%ﬂdﬁaé’ﬂ redﬁr%%tl%&;ggﬁ’?p%eﬁéf%rpé)ﬁ)g?é{ﬁw | ess than
about(kbfn MRidiNolRR6HE T (FoRMaT) JTOLS-MIRbSLAR)-V,2-diBrfolifd@)-Rbout 5 wei ght
perce(rlft, st hi%))r:gfﬂe[?ablg/FOI egg t han about 1 wei gﬁ?ﬁgerlcent. Sonmeone wth

or di ndidgnakethyl)-2m-dineetiayl 1 HvpyiroletBrckebstydin deidH@-mpywodidm- 1Hyirety])eammidet | ess

t han about 15 weight percent” to nmean that the polynorph of interest is

present in _an ampunt nore th about , 85 wei ght percent. Likew se, .the
phrase "I e@QZJclhaEI@G&s?lmftngera&émm‘ees Bpgneasuesd at e ugh angBidror ph of

i nter ' ' ' and so
o SRl RS D TR e A B O ALt Bifor R 650y
enb0CHp@ﬁFﬁ)%fo(ﬁfhﬁ)r@QQﬁ@DI,Z—dilﬁyd%lﬁﬂdbm%ﬂiﬂeﬂ@ﬁétﬁf’l?&@-@ﬂ@e@yﬁeﬁﬁ pableixul ar

pol ynmor ph of a conpound may have better physical and chem cal properties

t han arbylipetig idppriplidino-setbyl)amidsame conpound. For  exanpl e, one

pol ynor ph may have increased solubility in certain solvents. Such added

solubility facili.tate fornmulation or gdmi.nistratjion,af the co oundsOf
the pref er[roggyl gﬁ‘g%éi lﬁéﬁﬁe@laﬁfspﬁfmlﬂbr%%meﬁiaﬁﬁr}?%wd ﬁlq%éﬂ‘é‘?ﬁcyﬁ?ﬂ‘ r phs
may  a}1SRe RaMen Pechrif® Br polymorph I (top spectra) and polymorph II (bottom spectra) of 5-
(5-fluoro-2-0x0-1,2-dihydro-indol-3-ylidenemethyl)-2,4-dimethyl-1H-pyrrole-3-carboxylic
acid (2-pyrrolidin- 1-yl-ethyl)-amide.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Unless otherwise stated the following terms used in the specification and

claims have the meanings discussed below:

[0024] “Polymorph” refers to a solid phase of a substance, which occurs in several
distinct forms due to different arrangements and/or conformations of the molecules in the
crystal lattice, °

[0025] A polymorph may also be defined as different unsolvated crystal forms of a

compound.

[0026] Polymorphs typically have different chemical and physical properties. The
term “polymorph,” in the context of the preferred embodiments of the present invention also
includes solvates (i.e., forms containing solvent, or water), amorphous forms (i.e.,
noncrystalline forms) and desolvated solvates (i.e., forms which can only be made by

removing the solvent from a solvate),



~mechani cal properties (e.g., different conpressibility, conpatibility,
tabletability), which may influence tableting perfornmance of the drug, and

thus influence formulation of the drug. A particul ar pol_ém)rph may al so
exhi bit QYPPUHEAH 1Y ssol ution rate in the same sol vent, PEEUSIOYES281 anot her

- pol ynorph. Different polynorphs may al so have different physical
(solid-state conversion from netastable polynorph to a nore stable
pol ynor ph) and chemical (reactivity) stability. [0029] The preferred
enbodi nents of the Er esent invention contenplate a pharnaceuti cal

conposi t i onf08%Hpringhe\preferred| epmtmidpherd$ of the ppserdténventionnod) simyie s of t he
present .i nveﬂt i on and a pharmaceutically a&::&g%abl e carrier or excipient.

Carri diodyapighs es wplh pLmiines compusing e PEIP reghBelROBRNSI %Al | y accept abl e

s pr ; et
o cbent AR TR, Sl Bk B M S S BRRRIRE, ° el o
i n U SSuBstuetinillyApgel’ nahs tiat dber SmM8PhBG 4re prédeatinf@limtainy 1ebSthal a¥éut

2004/ 076410 PCT/ US2004/ 005281 2001, "which is incorporated herein inits
ent i r etyweighlgrepgony mage greferaplydes]tharabopt t) weigbtipaptntdivien mare pfeferhblypr esent

[ ti | t | at t hod t dul at i. f th tal yti
et vi 5 i A0F S A o BB ol P g et AL TR M Pefeat e ase i ¢ h
a pol yym bRty kg Wflﬁfa@ﬁﬁgﬂd%ﬂﬁﬁgﬂaff@ﬂ{e}lﬁseﬁ'ﬁean%ﬁ&ﬁﬁtles‘s Wa‘é&%b&nl'i In a
preferred enbodi nent of the present 1nvention, the protern kinase is

sel ectwelghtrpenenticto ngrao dipat dlensolgmbryd adfintaresids ppesent ih wn agionst horeaka a
non-req%gg% g{ tyrosi ne k# ase and a serjne- threonine kinase. [00311 The

pref er gEnhRsIteRt ot ke Hesepths paFase | levthan abput d Rtvimgit percent” vewidd f or
D eati . - reseT ! . | !
(G el clh F BRI bR G RlAhER B8 B o iRy 207 Ve

anountpedfend apb s GRasdiEd foddh. conposition conprising a pol ynorph of the

preferred enbodi nents of the present invention and a pharnaceutically

acceptable carrier or excipient to the organism In a preferred enbodi nent
[0028] Polymorphs of the compounds of the preferred embodiments of the present

invention are desirable because a particular polymorph of a compound may have better
physical and chemical properties than other polymorphic forms of the same compound. For
exarople, one polymorph may have increased solubility in certain solvents. Such added
solubility may facilitate formulation or administration of the compounds of the preferred
embodiments of the present invention. Different polymorphs may also have different
mechanical properties (e.g., different compressibility, compatibility, tabletability), which may
influence tableting performance of the drug, and thus influence formulation of the drug. A

C—- particular polymorph may also exhibit different dissolution rate in the same solvent, relative
to another polymorph. Different polymorphs may also have different physical (solid-state
conversion from metastable polymorph to a more stable polymorph) and chemical (reactivity)
stability.

[0029] The preferred embodiments of the present invention contemplate a
pharmaceutical composition comprising a polymorph of the preferred embodiments of the
present invention and a pharmaceutically acceptable carrier or excipient. Carriers and
excipients for the formulation of pharmaceutically acceptable compositions comprising the
polymorphs of the preferred embodiments of the present invention are well known in the art

and are disclosed, for example, in U.S. Patent Application No. 09/783,264, filed February 15,



of the present invention, the protein kinase related disorder is selected
fromthe group consisting of a receptor tyrosine kinase related disorder, a
non-receptor tyrosine kinase related disorder and a serine-threoni ne ki nase
rel at eWQ?WHPHE® | n anot her preferred enbodi ment of PERASIEABRE!| nventi on,

the protein kinase related disorder is selected fromthe group consisting .
of an EGFR rel ated disorder, a PDGFR rel ated di sorder, an IGFR rel ated

di sorder and a flk related disorder. In yet another preferred enbodi nent of

the present invention, the protein kinase related disorder is a cancer

sel e%@ﬂ‘vﬁﬁ&{‘i‘stiﬂ&rﬂel!irﬁféﬁ HeRRSirSitd 88ir&). Seeus/cogld. carcinoma, astrocytoms,

Kaposi's sarcomm, glioblastom, |ung cancer, bladder cancer, head and neck
cancer, nelanonm, ovarian cancer, prostate cancer, breast cancer, snall-cell
lung can§@n3p] glThepecfered embodisdentsad tler prespam intventiomalsy costamptatand
gastrointestinal cancer._ In a_preferred enbodi ment of the present

i nventethnd for the medilatian ofithecatalyls agtudty ol agwetsin kinasgcomprisle conksiidge group

consi skl of, . di e t O i r | ; | on

i s or PR iR G oo) Ao M TNl merls QYAB RN 1 OERIET

oSt eqps pftfértddSemBbduRBmoTitEe Freddit irvieBtion, ATHOGRN RBiase isablebiel Ifmmateor y

di sorder, an inmmunol ogi cal disorder and a cardiovascul ar disorder. 10 WO
2004 £01p400s18AE dfla Begtdityrbsing Kindse,2 nireLpgntyrobine nasfcemdadesnbodi ment s of
t he present,.invention also contenplate a nethod of treating cancer in
compaHPIREHPA%t s conprising admini stering a pharnaceutical conposition
conprising a polynorph of the preferred enbodi nents of the present invention

and a pha mg‘r‘]tﬁ%ﬁﬁéﬁn@&&’ﬁﬂ{aﬂ_ﬁleﬁtsﬁﬁﬁé séit LGN gng]{ti?rgﬁﬁtéléﬁfét rein, the

term " conpani mal™ 1 nc es, but 1s not Iimt , cats and dogs.
EXAVRIrfzatih 9 08Pk vaitmgfaoprbtem kigasahypddedisader igiav @ngdnisne (mpl & htimasp ski | | in
the art to nore clearly understand and to practice the present invention.
They CeIRBUIfiAg AGNITIECHRES ﬁwp@ icadly effertivg amemit oha PhamscwWical RRMPASIEOR | on, but

Mer el ¥mRsiRg b PAymdrR bf Ale'pf&teRRS cBOLER AR Fthe/ Sreld2F ik Uhtion and a
pharmaceutically acceptable carrier or excipient to the organism. In a preferred embodiment
of the present invention, the protein kinase related disorder is selected from the group
consisting of a receptor tyrosine kinase related disorder, a non-receptor tyrosine kinase related
disorder and a serine-threonine kinase related disorder. In another preferred embodiment of
the present invention, the protein kinase related disorder is selected from the group consisting
of an EGFR related disorder, a PDGFR related disorder, an IGFR related disorder and a flk
related disorder. In yet another preferred embodiment of the present invention, the protein
kinase related disorder is a cancer selected from the group consisting of squamous cell °
carcinoma, astrocytoma, Kaposi's sarcoma, glioblastoma, lung cancer, bladder cancer, head
and neck cancer, melanoma, ovarian cancer, prostate cancer, breast cancer, small-cell lung
cancer, glioma, colorectal cancer, genitourinary cancer and gastrointestinal cancer. Ina
preferred 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, rheumatoid arthritis,
angiogenesis, an inflammatory disorder, an immunological disorder and a cardiovascular

disorder.
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~Synt hesi s of

5- (5-Fl uor o- 2- oxo- 1, 2-di hydr o-i ndol - 3-yti deuenet hyl ) -2, 4-di net hyl -1 H

pyrrol e-3-carboxylic acid (2-pyrrolidin-1-yl-ethyl)-amde Onhn o NH F, ( a
0 [0034] ‘ﬁpl'—zf"{l'ﬁ’r"\éﬂf{, 3-di hydro-i ndol - 2- one was condensed PAT{US2ELPBI/Y | - 2, 4-
“di met hyl -1 H pyrrol e-3-carboxylic acid (2-pyrrolidin-I-yl-ethyl)-amde to
give the title conmpound. [00351 M5 + ve APCI 397 [M++ 1]. Scal e-up
procedure: [0036] 5-Fornyl-2,4-dinmethyl-IH pyrrole-3-carboxylic acid (61 g),
5-fluoro-1, 3- di hydro-indol-2-one (79 g), ethanol (300 nL) and pyrrolidine
(32 nL) wer I BRAEnSs j o ; d to the
m xture andquﬁ]u;ﬁ( l%px{c}vaﬁgreégﬁ{bionueg %f%f;ﬁgghﬁﬁ%‘gggﬁ? %%%ﬁ%&%ﬁpﬁ@@

PCT/ 11Saéthkd 60&8ihg camaen irecompdnéonninihals eompsising atimdhisteringa pharenpeutikhlir e and
the solids collected by vacuum _ filtratjon and washed twi ce with ethanol.
The sol CHPOREPR campripiag amelymeph af thgpeeferred gubodimgaistad tiee praseppinwentiierno ni)

cont ai nj 2 hvdroechl orig,acid (6.5 . he | i ds e «£ollected by
vacuum PRt el Gt e ePgbr o A8 Beskhendth S Py, oS o
vere  dph el wdedes VIAg Y4Bt Pni8HdMS, cats and dogs.

5-[5-fluoro-2-o0xo0-1, 2-di hydro-indol -(32)-ylidenenethyl] 2,4-

di met hyl - 1H pyrrol e- 3-carboxylic acid (86 g, 79 %vyield) as an orange solid.
'H NVR (dinet hyl sul foxi de-d6) 8 EXSMPLE® (2xs, 6H, 2xCH3), 6.80, 6.88,
7.68, 7.72 (4xm 4H, aromatic and vinyl), 10.88 (s, 1H CONH), 12.12 (s,
1H, COOH), 18087 (TBhe bHowing éx@hpladidre givfbiodnaBledBSse[silel in the art to more

clearly understand and to practice the present invention. They should not be considered as

c limiting the scope of the invention, but merely as being illustrative and representative thereof.

Synthesis of 5-(5-Fluoro-2-0xo-1,2-dihydro-indol-3-ylidenemethyl)-2,4-dimethyl-1H-
pyrrole-3-carboxylic acid (2-pyrrolidin-1-yl-ethyl)-amide

C [0034] 5-Fluoro-1,3-dihydro-indol-2-one was condensed with 5-formyl-2,4-
dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-yl-ethyl)-amide to give the titie

compound.
[0035] MS + ve APCI 397 [M" +1].

Scale-up procedure:

[0036] 5-Formyl-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (61 g), 5-fluoro-1,3-
dihydro-indol-2-one (79 g), ethanol (300 mL) and pyrrolidine (32 mL) were refluxed for 4.5

hours. Acetic acid (24 mL) was added to the mixture and refluxing was continued for 30

11



100371

5-[ 5- Fl uor o- 2- oxo- 1, 2-di hydro-i ndol - (32) -yl idenenet hyl ]-2, 4-di net hyl -1 H
pyrrol e-3-carboxylic acid (100 g) and dinethylformam de (500 nl) were
stirreWOmMt/0%&Mzot ri azol - 1-yl oxytri s(di met hyl ani  no) RS HHEHIGA

hexaf | uor ophosphate (221 g), 1-(2- am noethyl)pyrrolidine (45.6 g) and
triethylamne (93 nL) were added. The m xture was stirred for 2 hours at
anbi ent tenperature. The solid product was collected by vacuum filtration
and washed with ethanol. The solids were slurry-washed by stirring in

et hafiglted. 50@ miktire ak cosled forvonptenipérafirantd deciotids tolldcadbyt wrp@nat ure. The
solids were collected by vacuumfiltration, washed with ethanol, and dried

und8itrapmaanthwasheqd tpgcg,m@tb.efhagg]r ahe selids-were stirred for 130 minutes in 40 %

L DA AR S A B, e

( di H@I?é&védscg{ Ié&ﬁhﬂ%&éﬁmﬁmﬂd @&hemwn%@mmace%né w%tefmn{e?@sﬁg}s @'alre 2xCH3) ,

) 4 7, .35 (2xm 4H, O , (.53, 7 .73, 7.76
(4x I:Inedltﬂadarvacmim 03 gmel 5»{5@110)0-7:‘1&08}3”(dﬁydichcBG(\H})«ylmnEﬂemyl] ’ZJ,4—-I pyr role
NH).. M5 mz 396 GENERAL | CAL. METHODS F . THE DETERM NATI ON OF
THEd lmﬁhﬂﬂ&vm&g%wép@m 3oiyB rzn%éT o peld@s Avorgmge so En%IM%n of the

of [rehbsy o X2 200 B PRCRE). KO B ae POR T LORAE T Bt s ™

e afRithticaRd VidfTE 1088Qs, 4 HTDONSY) m(t%emr@o@ﬂfbeﬂs bo 4 het, phab Xape  sol vent

each vial) in a step-wi'se fashion r each addition, e vial was capped
andMS k299 [MH4. di ssol ution of solid was visually observed. I f no obvious
di ssol uti on was 12 WO 21104/ 076410 PCT/ US2004/ 1105281 obser ved nmor evvao

I t dj at el e t i al
et on [T beh B RGR- e pe s Pihygtaraok ) DUt SRandtha A dRtimada o of
I 1) I t
b1 ab ol SheboRRcAC 00 BF BEFA RSRS8O RSB B B0 2170 GP Vi G ng
t he bedontidizoby )ﬂdib@tﬁs(dﬂﬂlethﬁhmﬁﬁ)ﬂmdpmdiﬁumﬂemﬁmldwﬁmphdt@ @13t 1-(2-
aminoethyl)pyrrolidine (45.6 g) and triethylamine (93 mL) were added. The mixture was

stirred for 2 hours at ambient temperature. The solid product was collected by vacuum

filtration and washed with ethanol. The solids were shurry-washed by stirring in ethanol (500

mL) for one hour at 64 °C and cooled to room temperature. The solids were collected by

vacuum filtration, washed with ethanol, and dried under vacuum to give 5-[5-fluoro-2-oxo-
1,2-dihydro-indol-(3Z)-ylidenemethyl]-2,4-dimethyl-1 H-pyrrole-3-carboxylic acid (2-
pyrolidin-1-yl-ethyl)-amide (101.5 g, 77 % yield). 'H-NMR (dimethylsulfoxide-dg) & 1.60

(m, 4H, 2xCHy), 2.40, 2.44 (2xs, 6H, 2xCH3z), 2.50 (m, 4H, 2xCH>), 2.57, 3.35 (2xm, 4H, o
2XCH,), 7.53, 7.70,7.73, 7.76 (4xm, 4H, aromatic and vinyl), 10.88 (s, 1H, CONH), 13.67

(s, 1H, pymole NH). MS m/z 396 [M+1].

GENERAL ANALYTICAL METHODS FOR THE DETERMINATION OF THE
IDENTITY AND PHYSICAL PROPERTIES OF POLYMORPHS

Estimation of the solubility of a polymorph in various solvents.

[0038] Approximately 1.5 mg of the polymorph, was transferred to 10 mL glass
vials (tared) and was weighed (accurate to 0.1 mg). Solvents were added to the vials {one
solvent each vial) in a step-wise fashion. After each addition, the vial was capped and

shaken. The dissolution of solid was visually observed. Ifno obvious dissolution was

12
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addition. If a solid remained after the addition of 10 nL sol vent, the
solubility was expressed as |less than the weight divided by the final
volune. If the solid was conpletely dissolved after the first addition of
sol vent, WHEMSBTHM | i ty was expressed as greater than tHeVHEA'SHI28i vi ded by
the sol vent vol ume. The sol ubil i ty values were expressed as ng/niL. Al
experinments were conducted at roomtenperature. C Determ nation of the pH -
solubility profile of polynorphs. [0039] About 3 nL aqueous sol utions of
vari ous concentrations of either HO or NaOH, providing a pHfroml - 13,
wer e tabaeryédmaerd sbh’em vm: addedyirmediaichy. .If Aissalﬁﬁém*wemppaeem,uhe vial wabieft

pol ym)rp dde vi al s re.wrap wth alumnumfoil and manually
shakerPn't gﬁ@?ﬂ Peat P‘FSE) Bmt“&e%li’%qeﬁ'eﬁh? H@‘tﬁgﬁ’é‘c’ﬂ@&@lv%ﬂieﬂ"mw ¥esi or to any

G SepeddaRKATRD by WIGE BB ARG 40 LI b ORAR] ThOUERh (oY

di ffl‘aCl%I on was or me vance ‘frac stem

oper atwmmmﬁﬁbkm B @glcmh@hwelgr& tWﬂnde@hﬁﬁeﬁHﬂd tM¥ PEIWR Bford (K 1ade

software., The system uses a Coppe -ray source (45 kV and 40 mA) to provide
CuKal additiosi dha sﬁhdlresmm@si afiewithe aédjnonl of{ ol sodvent, dhe siubibty Wes exprassed The

beam a IIe ube |ver nce and.anti-scatter slits
of 2 fﬁgesﬁ%ﬁ%t Aniehe 3!%‘? ﬁn@q@ﬁ a’\éﬂS\FPﬁkg’l“éT’ vdissghved 5 and 0. 2
M Wi difar 1t RN c&l hr%ﬁte% bRIBIfy W SRple¥a bi 6lca p scan of
0. 03 /stép wth a orllle gecon |§esr ste cgu%t)l ng t?ﬁ{e teég?ah?gzﬁs%ﬁd top

| oadi njvised@by Hesslwheedlumanithe salubditywlitesOvereexipressed es mghakr tAdl were utili zed
for the experinents. Powlers were packed into the holder and were gently

pr ess SFPEYINENL Wesscondugted fEroopHSMPETaBB| anari ty between the sanpl e surface
t he surface of holders. 13 WD 2(104/076411) PCT/ US2004/ 005281

caggf.‘?}%%#@*ﬂﬁ%‘é@%ﬂ?gﬁ%&ﬁ%‘@%% il poly bl 1 eren Al seanning
[0039] About 3 mL aqueous solutions of various concentrations of either HCI or
NaOH, providing a pH from 1 — 13, were transferred to a 10 ml glass vial. A sufficient
amount of the polymorph was added. The vials were wrapped with aluminum foil and
manually shaken. They were allowed to sit in the fume hooc® overnight prior to any further

treatment.

Powder X-ray diffraction (PXRD).

[0040] Powder X-ray diffraction was performed using a Scintag X2 Advanced
Diffraction System operating under Scintag DMS/NT 1.30a and Microsoft Windows NT 4.0
C software. The system uses a Copper X-ray source (45 kV and 40 mA) to provide CuKa,
emission of 1.5406A and a solid-state Peltier cooled detector. The beam aperture was
controlled using tube divergence and anti-scatter slits of 2 and 4 mm and detector anti-scatter
and receiving slits of 0.5 and 0.2 mm width. Data were collected from 2 to 35 two-theta
using a step scan of 0.03 /step with a one second per step counting time. Scintag round, top
loading stainless steel sample cups with 9 mm diameter inserts were utilized for the
experiments. Powders were pécked into the holder and were gently pressed by a glass slide to

ensure coplanarity between the sample surface and the surface of holders.
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calorineter (TA Instrunents 2920). Powder 1-10 ng was packed in an al um num.
DSC pan. An alumnumlid was place on top of the pan and was crinped. The
crinped pan was placed in the sanple cell along with an enpty pan as a

r ef er eWORUMHTWHHEr at ures were increased to 300C fromw}&‘"‘ﬁ""ﬁ&’t'e of

10C/ mn. Polarized Iight mcroscopy. [0042] M croscopy was conducted on an
A ynmpus BHSP pol arized |light mcroscope. Powder was nounted in silicone oil
and di spersed between a mcroscopy slide and a coverslip. Prior to
observation, the cover slip was gently rubbed against the slide to render

goop,ﬂéﬁaﬁﬁ&lsgcﬁﬂnﬁ.fg aalt&uﬂ@wgiqnss})ﬁpl e. Mcroscopy was used to assess particle
size, shape, and crystallinity of powdered sanples. \Wen a hot-stage is

ffixed h
artixe D(&ﬁfﬁ gﬁ%ﬁg@%@%@%ﬁ&?Eﬁfmﬁdﬁg%ﬁ’@&aﬁ%d alinen sgehni ques

(e.0., ysS1 s may al so b8 visualized.

Foutdlefimetet (BA Ghstiehentf 29208 dPewéatl- IEmgwas (adkdd in anCddi@huRoDRanraph sanpl es
were prepared for infrared analysis as KBr peI lets.. Infrared transmttance
dat Anwdymingwl idweasplace omfopodohe aamw ‘E%ﬁcIméi?ﬁ a Tmec,féarmedm vrapiplecedqui pped

TGS de t enS|t|V|t esse trunent gain, was 4. Data
wer 8 B erpleSef Sl BT by i s REREEERE | Tongr e B tBisfa 190 Zae o
The3(§oo@ei+rmﬁ'§ob8at§p‘§@5fgoor@ﬂq@sent ed 200 i ndividual scans.
Fourier-transformed ranan spectroscopy. [00441 About -2 ng of the poI ynor ph

was packed into a 1.7-nmmglass capillary tube and was exposed to 1.00 W
106Relamized dight micposcopRanan spectra were obtained from 3800 to 100 cm 1. The
data were collected using a Nicolet 960 FT-Raman spectrometer equipped wth

an | NGAS|eiR  C tMicros 45 obintiicte® ¥R b SHAFP@SBHBP poldFRed lighi N, was 8. Data
were again processed as a Fourier transformutilizing a Happ-Genzel °
sca

apouiicrasdope. Pawderwasahomtedurmbicons seland alisperseé betvest a208résaopysivigal

14 and a coverslip. Prior to observation, the cover slip was gently rubbed against the slide to
render good dispersion of the powder sample. -Microscopy was used to assess particle size,
shape, and crystallinity of powdered samples. When a hot-stage is affixed to the microscope,
thermal events observed by other techniques (e.g., DSC, thermogravimetric analysis (TGA)),

may also be visualized.

Fourier-transformed infrared spectroscopy (FTIR).

{0043] Polymorph samples were prepared for infrared analysis as KBr pellets.
Infrared transmittance data were collected from 4000 to 400 cm-1 on a Nicolet 760 FTIR
equipped with a TGS detector. Sensitivity, expressed as instrument gain, was 4. Data were
processed as a Fourier transform utilizing a Happ-Genzel apodization. The final FT-IR °

spectra represented 200 individual scans.

Fourier-transformed raman spectroscopy.

[0044] About 2 mg of the polymorph was packed into a 1,7-mm glass capillary tube
and was exposed to 1.00 WT 1064-nm laser light. Raman spectra were obtained from 3800
to 100 cm-1. The data were collected using a Nicolet 960 FT-Raman spectrometer equipped
with an INGAS detector. Sensitivity, expressed as instrument gain, was 8, Data were again
processed as a2 Fourier transform utilizing a Happ-Genzel apodization. The final FT-Raman

spectra represented 200 individual scans.
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WD 21104/ 076110 PCT/ US2004/ 005281 Rotating disc intrinsic dissolution rate
" (IDR) determ nation. [0045] The IDR was neasured using a fiber optic W

aut omat ed di ssol ution system The dissolution process was nonitored in sone
i nst anceCYNHPHdBUSI y at 426.2 nmusing the fiber optRCI/BiYbE#4h 10 data
- points taken per mnute. To prepare the conpressed disc for the experinent,
the powders were conpressed in a stainless steel (SS) die, (1'/" diax 1",
ID 3/16") using a high speed steel (HSS) punch (dianeter 3/16" and | ength
3'/ "). The HSS punch was inserted into the die to a distance of about

3/ 4", Rexating disahotwinsic dissohwtiorptste DR} detafmialativh. 10 ng of the drug into the
die cavity. ASS base plate (dianeter 1/4" ) was placed to cover the cavity.
The entire [ggf5"biHe IS whRRaHBGIUIH tib i i ess C
was used to[ conpress the poﬁu%r at %%Oabf;lﬁo 0 H}ga‘?g}%’@g%iod‘%g@mﬁ St%H]'rri nut es.
The dikheahidoluhioh gercessasas eomiveered fir somet ihstai@zs ventimuoesly aaA2b.2 he wimcthe was

pul l ed_back. a ||t to, allow the pellet to rel ax/expand. The die was then

ti ght IPenpptifcproRe ‘Eﬂflﬁﬁtlﬂéiaimiﬁﬁ%nsyr s - T pispare ﬂ'f%@)h@meﬁﬁeé dﬁﬁﬁjrfl@h and die
oo SRR MDA AR 8 SRS R 488 SR T

exposel rens as a unit ached” td an

el ect r3/eeRtiagE a hightspeed GeAEISEPhatchddRinedd 3/ 16y ind Mshoi s\ PViBleadsS Nt 0 t he
dissolution nmedium3 min after the initiation of the data collection

pr ogr gmnciTivgs thserest into tha divetd iaudistoncs of ebews SET, leaviingaboutcloht for plageinanta 500 ni

- pri P Smp SEER cnte Vi the ik 35 Besple itesBel s B S
di ssol 44 L0fe cARH %%g&g aé%égﬂ)l?&vg?'fﬂ{eﬁée bd'by 89-Ho idlddY gggﬁgegprgﬁs% MKCl) .

The,di e was posi'ti one rug conmpact was fromthe
bol omvafustd & GRpreds thid powodartat ton-y@sibs (~XD0g3OUbr B hensesneTlt ditande from
the liquid surface. @['0046] The intrinsic dissolutjon profile was plotted
usi ng heldar s remexeddfon Hig Gareer nressapsd diepuach #@s gulleshbackaditia to dlgwtheat ed

gr;ggaée%wokglﬁ%ﬁé#ﬁlﬁﬁlg %%Oa\%n{tﬁgg Eig}ilt[]}gatlaghe%ﬁhie%s Igult)chlb% s(em;cQ‘ew.C m m'n

The entire punch and die assembly containing the drug pellet with one face of the drug pellet

exposed was removed as a unit from the holder and was attached to an electric motor. The
die was rotated at 300 rpm and was lowered into the dissolution medium 3 min after the
initiation of the data collection program. The dissolution medium was degassed and was
contained in a 500 mL water jacketed beaker (Pyrex, No.1000). The data collect during the
first 3 min provided a baseline value for each dissolution experiment. The dissolution
medium consisted of pH =2 solution (0.01 N HC1 and 0.05 M KCI). The die was positioned
such that the drug compact was about 2.5" from the bottom of the 500 mL dissolution vessel

and about the same distance from the liquid surface.

[0046] The intrinsic dissolution profile was plotted using Microsoft Excel and the

intrinsic dissolution rate was calculated automatically by the program according to equation

).

-2 . -1. Slope (mgomLﬂlminhl)-SOO mL
DR (mgecm “min )= 3
0.177 cm (1)
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0.177 cm2 (1) 15 WD 2004/0764111 PCT/11S2004/ 005281 100471 The vol unme of .
di ssol ution nediumwas 300 nL. The surface area of the pellet exposed to

di ssolution nediumwas 0.177 cn2. The time period for a dissolution run was
usual | YOI+ ¥ut was varied as needed. Determi nati o'FFBf SHHEVBSRSAS cal
Properties of 5-15-fluoro-2-oxo-1,2-di hydroindol -(32)-

yl i dennet hyl | - 2, 4-di net hyl - 1H pyrrol e- 3-carboxylic acid
(2-pyrrolidia-1-ylethyl)-am de Polynorphs [0048] Two pol ynorphic forns of
5-[5-fl uoro-2-oxo-1, 2-di hydroi ndol - (32) -

yl i denmet qtmhi 2T14e %lﬂﬂe'&fhfshéiuﬁé{ﬁ RIRTSwad BOO WM. | Thed&irfhce area of the

(2-pyrrolidin-1-ylethyl)-amde were |dent|f|ed The t hernodynam c

r el gtellenaipopedietdisse mtibh enddivm pcﬂsy)mpjm ¢ Thertirse périddnier a csspluiiod nut hei r

di ssol ution behavior, and their sqglid-state properties becane i medi ately
appa"l’@rﬂsuP]éYléﬁlllﬂhu‘f‘&i*srﬁ%'éflééﬂ?% and for proper process control during
active phar maceuti cal i ngredient (API) manuf acture. Therefore, an effort

2 24 Bmtd%? iP
| n% @f—'&ﬁ ’ﬁnéﬂ%l LAy fhgﬁ+o°9% ba, ()
B?OXE A R A SIS RTOle 3 ‘Fﬂ" qatic sty (-pybrdligintryetnBramidgrr, ©
| R Raman  spect roscopy pol ari zESIYMQARES i cr oscopy and DSC) SoI ubility

[ 0049] T?O@%t : 'f’@%fb%%lﬂfﬁglfbﬁﬁseéf §)F 3%101'0- 2-0x0-1,2-dihydroindol-(3Z)-

5-[5-flu 0XO0- r oi ndol
yl i dgidesibtbivi)- 2%4-dnﬁbthyltmipyﬂrb&ep¥bmbﬁylﬁr®ﬁ (opyttolidiad bethyl)-amide were

(2-pyrrolidin-1-ylethyl)-amde in various solvents are presented in Table

A. THentdigde ihgdhgrmodpnamic aelptienshipubetwesmige tywe pohwrqiphic famms ofghe t enper at ur e.

T A S 0 eI

s g‘”d?g ent gd'r (Q;%l'i% Rlrfr s31c2AbR &Y for (fsr@;ﬁ:'r PrdcssRiontiel ahdy dctivk phittlaedidafle | n
mgredlent (API) manufacture. Therefore, an effort was made to understand the stability
relationship between the two polymorphic forms of the compound and to characterize their
solid-state properties using a variety of techniques (e.g., solubility, [DR, PXRD, IR/Raman

spectroscopy, polarized light microscopy and DSC).
Solubility

[0049] The estimated solubilities of 5-[5-fluoro-2-oxo0-1,2-dihydroindol-(3Z)-
ylidenmethyl]-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide in
various solvents are presented in Table A. The experiments were carried out using

polymorph I at room temperature. The solubilities may be divided into three groups.

Group 1

[0050] Solubility of 5-[5-fluoro-2-oxo0-1,2-dihydroindol-(3Z)-ylidenmethyl]-2,4-
dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide in isopropyl alcohol,
CH,Cl,, ethyl acetate, acetonitrile, acetone, chloroform, toluene, hexane and water pH >6

water: the solubility is very low (<< 0.3mg/mL).
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CH2Cl12, ethyl acetate, acetonitrile, acetone, chloroform toluene, hexane
“and water pH >6 water: the solubility is very low (<< 0.3ng/nL). 16 } WO
2004/ 076410 PCT/ US2004/ 1105281 G oup Il [00511 Sol ubili t¥ i n et hanol ,

et hanol , VP 3¥IEH4d THF: the solubility is still |ow PETAS00408 288G/ n1))
- but appears significantly higher than solubilities in solvents of Goup I.
Goup Il [00521 Solubilities of

5-[5-fl uoro-2-o0xo-1, 2-di hydroi ndol - (32) -yl i dennet hyl ] -2, 4-

di met hyl -1 H pynol e- 3-carboxylic acid (2-pyrrolidui-1l-ylethyl)-amde in

di met hyl sul fgysigler (DVSO), dinethyl formanmi de (DWF), and pH<=2 water: the
solubility is relatively high (> 1ng/nL). [00531 Table A Estimated
solubility [ %QP -1 Rmdih ' I Z s e ofd .

yl i dennet hyﬂ?Oé;] 4583{1 Ll[ryvgt %l el Biirefalgﬁ gl-’ é&%&?ﬂ%@ﬁ@ ?alhg i sglubﬂ]tyls still low

(2- pyr (@l i-db.4 nilg/m R thiay hppearsi sikifigaatly tighehthian sslubiitieolissodednvest Groap 123 C.
Solvent Solubility (nmg/nm) 1 Water (pH=2) 3.11 Water (pH = 6) 0.005 2 DMSO
1.5-3.0 3 DW > 1.5 4 nethanol 0.21-0.31 5 ethanol 0.17-0.19 6 D oxane
0.18-0.20 7ol 32-0.4 8 |sopropanol <0.14

[0052] Solubilities of 5-[5-fluoro-2-o0x0-1,2-dihydroindol-(3Z)-ylidenmethyl]-2 4~
dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide in dimethylsuifoxide
{DMSQ), dimethylformamide (DMF), and pH<=2 water: the solubility is relatively high (>
Img/mL).

[0053] Table A. Estimated solubility of 5-[5-fluoro-2-o0xo-1,2-dihydroindol-(3Z)-
ylidenmethyl}-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide
polymorph I in various solvents at 23 °C.

Solvent Solubility (mg/mL)
1 Water (pH = 2) 3.11

Water (pH = 6) 0.005
2 DMSO 1.5-3.0

C 3 DMF >1.5
4 methanol 0.21-0.31
5 ethanol 0.17-0.19
6 Dioxane 0.18-0.20
7 THF 0.32-04
8 Isopropanol <0.14
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17 WD 20114/ 076410 PCT/US2 004 /0115 2 8 1 9 CH2Cl12 <0.12 10 Et hyl _
<<0.28 11 Acetonitrile << 0.08 12 Acetone << 0.16 13 Chloroform<0.11 14
Tol uene << 0.13 15 Hexane <<<0.13 16 PE&00 0. 30-0. 43

5- [ 5- f Mi§bIHI64l0- 1, 2- di hydr oi ndol - (32) -yl i del ni et hyl ¢V
1H pyrrol e-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amde is

di met hyl -

8.50. As expected,

the equilibriumsolubility of this conmpound is higher at
| ower solution pH (Table A).

di ssol uti on nedi um depends on the

However,

t he di ssolu

Hin the diffu

acetate
L00541 The pKa of
I52004/003281

tion of a particle in a
sion layer. The pH val ue

of the diffusion Tdyem,ain I ntimatefegnpact with the solid (pHh=0 may be
obt ai ned frgm equilji briumpH of the solution, nmeasured by a pH nmeter.
Results are|_presented in Table B FV\hen the initial pHis higher than 10,
the sol ubi li|tl§ of §-Ethylfdcotateo- 2- <<(0.28
oxo0- 1, 2- di hydr oi ndd| -(32) - yI i denmet hyl ] - 2, 4- di met hyl -
H-pyrrol e- 3tearboxyi-c—aet-d{(2—pyi+ol "'H". I—ytetRyl )-am de is very | ow
Ther ef ore, EHé pH ofA%qt@l%P ution (at« libriumi|s alnost not changed. On
the other hand, if the initial pH « 10, nore 5-[5-{fl uoro-2-o0xo0-1, 2-
di hydr oi ndolf= &32) - CIIET hyt1=2, 4-@ Thyl—THpyrrol e- 3-carboxylic acid
(2-pyrrolidi nl-l - ylle ﬁe({ar% am de goe¢s into solution and the equilibrium
solution pH{is highHer than the initial pH (Table |B). Therefore, the data
suggest that| 1pHho I|sCirBigThmt Ned rel apijvely high (3 5), even when the bul k
di ssol utionnediumihas a pH as lowjas 1.4. 18 WO 21104/ 076410 PCT/tlS211114
/110 5 2 8

14 Toluene << (.13

15 Hexane <<<().13 o

16 PEG 400 0.30-0.43

[0054] The pKa of 5-[5-fluoro-2-oxo0-1,2

-dihydroindol-(3Z)-ylidenmethyl]-2 4-

dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide is 8.50. As expected,

the equilibrium solubility of this compound is higher at lower solution pH (Table A).

However, the dissolution of a particle in a dissolution medium depends on the pH in the

diffusion layer. The pH value of the diffusion layer in intimate contact with the solid (pHp-g)

may be obtained from equilibrium pH of the solution, measured by a pH meter. Results are

presented in Table B. When the initial pH is higher than 10, the solubility of 5-[5-fluoro-2-
oxo-1,2-dihydroindol-(3Z)-ylidenmethyl]-2,4-dimethyl- 1 H-pyrrole-3-carboxylic acid (2-

pyrrolidin-1-ylethyl)-amide is very low. Therefore, the pH of the solution at equilibrium is
almost not changed. On the other hand, if the initial pH < 10, more 5-[5-fluoro-2-0x0-1,2-
dihydroindol-(3Z)-ylidenmethyl]}-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-

ylethyl)-amide goes into solution and the equilibrium solution pH is higher than the initial pH

(Table B). Therefore, the data suggest that pHj-o is maintained relatively high (> 5), even

when the bulk dissolution medium has a pH as low as 1.4,
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[ 0055] Table B. Effect of

5-[5-fl uoro-2-o0xo0-1, 2-di hydroi ndol - (32) -yl i demmet hyl ]

2, 4-di met hyl - 1H pyrrol e- 3-carboxylic acid (2-pyrrolidin-1-ylethyl)-am de on
equi libriVy 2"%'6!7 Mon pH val ues of non-buffered aqueous PREQISAHHANS28hbi ent
tenperature. Initial solution Amount of 5-[5-fluoro-2-o0xo0-1, 2-di hydroindol -
Equi librium pH (32)-ylidennethyl]-2,4-dinethyl-I|H pyrrol e-3- sol ution pH
carboxylic acid (2-pyrrolidin-1-ylethyl)-am de added to 2 nL non-buffered
water (ng) 1.43 322.5 5.36 2.19 333.2 5.20 3.22 280.7 6.98 5.47 209.7
8.13 6 73 1859 BTale Bl Pifect 41555 Bubd 2861, DlibddBifbl-(10) Olachinelhyd)- 86
11.53 96.2 11.61 12.50 88.0 12.52 13.20 98 13.18 [0056] An attenpt to
measur e.4dangthyl- Bbipytrpler 3-garbexifliclagiddR- ol dint Lrlethyd)-amisle pnzquilibrium

di hyd V4 di net h | e- 3- boxyl d
b A AR s A bR e o 200

formed upon dissolution of the initial drug in pH <2 2 Thoseflne

P TR T S M [T
no i xdiat e use off E%c%%%ﬁ? %ﬁ?@éﬁpﬁﬁ 57N Bit ri nsi ¢
di ssol gt ion rate (| ?@ieﬁl tol” BT ORI K ;r;téft(]%g) d tlo that of

1.43 3225 5.36

2.19 3332 5.20

322 280.7 6.98

c 5.47 209.7 8.13

6.73 143.0 8.31

7.24 141.5 8.49

7.61 95.4 8.87

10.07 9s5.1 9.86

11.53 96.2 11.61

12.50 88.0 12.52

13.20 98 13.18

[0056] An attempt to measure the pH — solubility profile of 5-[5-fluoro-2-oxo0-1,2-
dihydroindol-(3Z)-ylidenmethyi]-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-
C ylethyl)-amide was not successful. Very fine particles were formed upon dissolution of the
initial drug in pH <2.2. Those fine particles went through a 0.45 um filter membrane and
yielded a cloudy filtrate. A filter membrane with smaller pore (0.1 pm) was not tried because

no immediate use of such data is apparent.

IDR

[0057] The intrinsic dissolution rate (IDR) of polymorph II was compared to that of
polymorph I. It was found that the IDR of polymorph II is about three times of apparent IDR
of polymorph I in pH 2 buffer at 23 °C (Table C). This result contradicts the earlier

observation that polymorph II is less stable and expected to have a lower solubility and
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— |

polynmorph 1. It was found that the IDR of polynorph Il is about three tines

of apparent IDR of polynorph | in pH 2 buffer at 23 C (Table C). This
result contradicts the earlier observation that polynorph Il is | ess stable

and expeotem/ovenhave a | ower solubility and 19 WO 2004/cQ7ésba@i/nns281

PCT/ US2004/ 995281 therefore, lower IDR at the sane tenperature and in the
sane solvent. Wile not wishing to be bound by theory, one explanation to
the contradiction is that the drug undergoes solid-state conversion at the
experinmental conditions. Consequently, |IDR can not be conpared with the

t her npdypam.c r l.opship of th riginal . croscgopi c
obse?ﬁ‘a%ﬁ)& loyer X at Uiyt eeﬁepg)terag?r%ﬁgg%@regw Sgﬁ)gwg P?Nvg{“é\gictaence. for
the $Rlyodné B%‘Hf‘co?y? BYE B IRt IdN RO HitEDhEadilhioh Rah&thefrdohmapalokelotOsthtRe si de
exposed to the di'ssol ution nediumwas orange-red conparing to the yellow
col orcontersibe apthiegikpatmeehl cenditions.i €opsegsenilyelPRaan pol yenammpared withdheconvert ed
to HO salt as soon as.the pellet was in co tag. w th_ the dissol k;tion medi um

( 0. 03RgrRodynasmic selgiignsip of tb?eeﬂg@alatv@dw&ﬁﬁow B ETFR98¢0PIE plaseEvtigniof they and
th . H lf1: 4 th | d
iy Sk felel S bHofti 1 08 Bl PEARECSb: B8 sbiid BBy BRI PED e

af t ethybbefi®! YHOEGSr of th@ﬁélmbnmmwmﬁed tootht Aessslatien ehiedtgh stason medi um
[0058] To further test the HC salt formation hypothesis. Both pol ynorph |

and ldrangeeeé compyingtedhs yelionecalpoeidhe pagwalpallsh Wédpesmbleibaepadymormd change
of caql.or, of th ticles was obs ed at | east . m,hut.es after the

o us pdme sveed s BET Satf pCSooh R e Beltel s M goniRE it dhE HRUEReb Mgt ar o

st abighi i enQf - di ' eri nent,
ot 005MRELRR Y ERER), BucuiblcBhichtiof Sifbe i ohBfind ofid Mkt bffine BRCT | T

sal t .of thkaweewla YoraiaddHCl dalt is tmipk hew artBanwoeldiraep beetexpactad der petvinogadl.e- s ed

crystals, presumably HC salt cz{ﬁé?tals, appeared in both vials. This reSult
conf i Ne®briens ceolrechapge was phserysd afesr thepalymerphy Ibpellet #a sxporsd do thesamet i es of

bot h I L. and Il in the mediumused for dissolution tests. It is
al so c%%g}s{ﬁﬁgfl%dk% " conpaction prior to the IDR experinent nodify the

crystals of polynorph | and render it the ability of rapid conversion. The
XRD patt erjposd] Pod fiirbePtest the HCI salt formation hypothesis. Both polymorph I and I

were suspended in the above dissolution medium. However, no change of color of the

particles was observed at least 15 minutes after the suspension was made. This result agrees

with the observed solid-state stability of polymorph Il during the course of the dissolution
experiment, but does not support the rapid conversion of polymorph I pellet to a HCI salt.

One day after the suspensions were prepared, orange-red needle-shaped crystals, presumably

HCI salt crystals, appeared in both vials. This resulf confirms that the solubility of HCI salt is

fower than the solubilities of both polymorph I and II in the medium used for dissolution °
tests. It is also possible that compaction prior to the IDR experiment modify the crystals of
polymorph I and render it the ability of rapid conversion. The XRD pattern of polymorph I

pellets compressed at various pressures show some degree of amorphous content, which may

be connected to its rapid salt formation during the IDR experiment.

Powder X-ray Diffraction (PXRD)

[0059] Distinctively different powder X-ray diffraction (PXRD) patterns of two
baiches of 5-[5-fluoro-2-oxo-1,2-dihydroindol-(3Z)-ylidenmethyl]-2,4-dimethyl-1H-pyrrole-
3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide were observed (Figure 1). Such an
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pell ets conpressed at various pressures show sone degree of anorphous
content, which may be connected to its rapid salt formation during the IDR
experlnent Powd X-ray Diffraction (PXRD) [0059] Distinctively different
powder X- WQ}?"W“F’H‘QCt ion (PXRD) patterns of two bat che®CEUS2004/005281

5-[5-fl uoro-2-oxo-1, 2-di hydroi ndol - (32) -yl idennethyl]-2, 4-di net hyl -1 H pyrr ol
e- 3-carboxylic aci d (2-pyrrolidin-1-ylethyl)-am de were observed (Figure
1). Such an 20 WD 2004/1176410 PCT/ US2004/ 003281 observation suggests the
exi stence of polynorphismof this drug. Therefore FTIR and Raman

spect r osieRitiEiRgtsetheleRistdt bf PoliMeriiny 6Phdreg) Therefore FTIR and Raman
5-[5-fl uoro-2-o0xo0-1, 2-di hydr oi ndol -

(32) - y| spaetraseemywere 2sed (@i aenfityithe pelpyombisem of i—é& ﬂ@ﬂlgol-i-oxe:dl.lidlhydmmdol—

e N N e T e TS U

vari atigprgeare clearly observed in the data for the two Forns of
5-[5-fluoro-2-o0xo-1, 2-

di hydr oi ndol - (32) -yl i dennet hyl ] - 2, 4-di net hyl - | H pyrrol e-3-car boxylic acid
(2- pyr rIR and RAMAN Spdegpdoseapy de. | n general, these variations involve
changes in the vibrational nodes ~r associated to the NNH and C=0O functi onal

groups of t hgoes! elﬂ'maﬂﬁ}?%}%c@ﬁ sreashéwn%pﬁrgme@h%afas & §&%I\\é/§d p@c&ahe CGH

stretching nodes of the two forns. Sol ution NVR data (I
pol yrmr‘{ﬁnstlbnsmtdcllearlyotbbserved n the data for the two Forms of 5-[5-fluoro-2 -oxo-l 2-

> adi ln@ﬁwﬁ ﬂ&f@%& yGigimet gﬁfﬂbgg&m%hﬁ Hipysol gx}n?c{a&qxa fi Raid (7 @vmhqmalm de
T e A

yl i dennatdiwit]:d thﬂewl-ﬁmhﬂﬁ—{b Fimieyi o1 [geoups ofithe adlkditesa Clire are also some
(2-pyrrolidin-1-ylethyl)-anm de are chenically equivalent. Therefore, any

vi br at | dieagesobservedin the fﬂﬁﬁﬁ@b@amdﬁé@ﬁﬂwﬁwo fovmns. SolwiasNMR datk by due to
i hyar P RBED A oF il ot ook deaisny R Gy T CAMdPmB e aci o
(2- pyr rohiggh&ndF 1 H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide were identical
confirming that both polymorphic forms of 5-[5-fluoro-2-o0x0-1,2-dihydroindol-(3Z)-
ylidenmethyl}-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide are
chemically equivalent. Therefore, any vibrational spectral differences between the two
samples is likely due to crystal packing of the two forms of 5-[5-fluoro-2-0x0-1,2-
dihydroindol-(3Z)-ylidenmethyl]-2,4-dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-
ylethyl)-amide.

[0061] An inspection of the IR data for polymorph II shows the appearance of a
broad vibrational band at 3198 cm™ that is not present in the spectra of polymorph 1. Broad
vibrational bands at this frequency can be due to O-H stretching. The IR data for polymorph
II also lack the C=0 amide carbonyl stretch that is found in the polymorph I spectra at 1631
cm”. Conversely, the IR data for polymorph II exhibit a strong peak at 1589 cm’”' that is not
present in the data for polymorph I. A vibration at this frequency is typical of C=N
stretching. The presence of C=N and O-H stretching modes, coupled with the loss of a C=0
vibration in the IR data for polymorph II, compared to the analogous data for polymorph I,

suggest keto-enol tautomeric differences between the two forms. The location of this change
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yl ethyl)-am de. C [00611 An inspection of the IR data for polynmorph Il shows

t he appearance of a broad vibrational band at 3198 cm 1 that is not present
in the spectra of polynorph I. Broad vibrational bands at this frequency
can be WYY stretching. The IR data for pol ynmor BRT/USRMHEER8E ack t he

C=0 am de carbonyl stretch that is found in the polynorph | spectra at 1631 -

cm1l. Conversely, the IR data for polynorph Il exhibit a strong peak at 1589
cm-1that is not present in the data for polynorph I. A vibration at this
frequency is typical of C=N stretching. The presence of C=N and OH

i . i . | = j ' ' he IR d
str e%g{a;lgrg}ﬁfégﬁfma@ LGy rddps ot méﬁmpmv&e&he/ﬁﬁ%mhb TH"e ata

for conpared to the anal ogous data fo nor ph I, suggest

ket ovéhatior iauhoRedita foli pdignembdat BEIS e irth éwd wibrhtbormb barkdset RB2%sidon of this
change_ 21 WO 2004/0764110 PCTI US2004/005281 anong the three am de carbonyl
gr oup€76 emnde pRiyawiph Belataaiggest that thsienplizatignspay lake plage aithpamideon in the IR

dat a_f or, pal I 798 cm 4 - | t.ional 2798 and
2776 mitrty BB heap B e sl nebybBRerltBe PPA R P IR G, Fove phace
at tRgid bR, THITEHR petiACa Hotht follMBrphe ityd SHEvDind®iPurePOSBidR¥mAmRCi | i t at ed
by a rét ation about tsﬁe G N _am%se[mbgprlzig. The FTIR s%ectra of bot h pol ynor phs
wer e spdetrarard (Figirg 3) els@ shaw einRiardrferees betavean powReny wf ¢hedivoapadpmarpbsy si i | ar
di fferences between powders of the two pol ynorphs. Pol arized Light

M crqQsco [,Q0621 Bot h pol ynmor phs show birefriengence under polarized |ight
m cr ?Eﬂ%@“ﬁé&@?@ﬁ%‘?&bot h pol ynorphs are crystalline, agreeing with the

strong diffraction peaks in PXRD patterns. The particles in polynmorph | are

nuch smal [[962 hdoth pelymarphysbpyrivrefiengence under polasizedlight Siatsscapey
o BB B O T AT A e it 205,

PXRD patterns. The particles in polymorph I are much smaller than those in polymorph IL

Thermodynamic Stability
Differential Scanning Calorimetry (DSC)

[0063] DSC scans of both polymorphs show different melting point and different
enthalpy of melting (Table C). The melting point of polymorph II is about 3 °C higher than
that of polymorph I. Therefore, polymorph II is the thermodynamically more stable
polymorph near melting temperature. The higher melting point polymorph II also has a
higher enthalpy of melting. Therefore, the “Heat of fusion” rule predicts that the two solid
Forms are monoftropicly related. Melting points observed by hot stage microscopy show
similar difference (about 3 °C). From both DSC and hot-stage microscopy, no heat event was o
observed at temperature below the melting temperature of each polymorph.

[0064] Table C. Melting points (7,), enthalpy of fusion (H), and intrinsic
dissolution rates (IDR) of two polymorphs.

Physical properties polymorph I polymorph II
T CC)° 256.3 259.4

H; (J/g)° 55.78 85.44

IDR (n=3)" 1.08 +0.09°¢ 3.54+0.15
(mg/min/cm?)
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ent hal py of nelting (Table Q The nelting point of polynorph Il is about 3 C
hi gher than that of polynmorph |I. Therefore, polymorph Il is the

t hernodynanmically nore stable polynorph near nelting tenperature.
hi gher n®Y@2WY*Hdiht pol ynorph |1 also has a higher entPQHIPPOHPOSHE
Therefore, the "Heat of fusion" rule predicts that the two solid Forns are
nmonotropicly related. Melting points observed by hot stage m croscopy show
simlar difference (about 3 C). From both DSC and hot-stage nmi croscopy, no
heat event was observed at tenperature below the nmelting tenperature of
each pdMettnptemetiité]land @shihalp@.of Medidr was measatsi KyTDRC. Ghehadlye @dinfigsi on
(Hf), aﬂ@nia@tﬁeimétqemﬁéﬁﬁ%_ution rates (I DR) of two pol ynorphs. Physi cal
properties £0I nor ph Hpol ynorph 11 Tm (% 256.3 259.4 Hf (J/g)" 55.78
85.44 PBRt er (003N Bi6°1 ad 8405 MKCY) agd3nGh/ cn) 22 WO 2004/ 076410

PCT/ US2 |t h f j S

by DSC %S%f}é%?é*ﬁfﬁ?gﬁg@es%ﬁsﬁ SRR M AR Bl TR el
(0.01 MNOLKSPreseRy toe ﬁh')]ﬂef}heé}o%orel_l ~ Pol ynorph | undergoes sol ution
medi at ed phase conversion. The neasured | DR val ue does not represent the.
true |1 DR of f¥& pol ynorph I. PI'RD [0065] To determine the relative

t hernodynam c stability relationship between two polynorphs, a slurry
conversi on 48 i MEndetorasnatleoclst velitennatynammmtdehyaeiationshipilsitwegen ?RD. The
results ?re shown in Table D. C OOG%T e skil]ed artisan woul d recogni ze
t hat t /e W%P%&?H’éﬁ’i qgng@ré@me?{pvlrg?ntt also studied at room temperature using

PXRD. The results are shown in Table D.

The
lting.

asur ed
buf f er

C

[0066] The skilled a:tisan would recognize that the thermodynamic stability of the
polymorph in question will depend upon a number of factors, including, but not limited to,
sample size, stirring rate (if the sample is stirred), whether a seed crystal is utilized, the

relative ratio between the polymorphs present, the solvent used and the temperature.

[10067]
resulting solids as identified by PXRD.

Table D. Suspension crystallization conditions and polymorphic nature of

Solvent Initial solid” Resulting solid
by PXRD
Methanol I+ seeds of I I
Ethanol I+ seeds of II ND®
C Acetonitrile I+ seeds of I ND’
Acetone I+ seeds of I I
THF 1+ seeds of I I
DMSO+H20 | I+seedsof I ND’
(1:1, viv)
Methanol I+I2:1,ww) |10

“ Polymorph I used here is the lot 2008. Polymorph II used here is 35282- CS-11.
% Most of the solid went through filter paper. No sufficient material was collected for PXRD

analysis.
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pol ynorph in question wll depend upon a nunber of factors, including, but
not limted to, sanple size, stirring rate (if the sanple is stirred),

whet her a seed crystal is utilized, the relative ratio between the

pol ynowprReos7es8nt , t he sol vent used and the tenper atREBUSPOHEFISITabl e D.
Suspension crystallization conditions and pol ynorphic nature of resulting
solids as identified by PXRD. Solvent Initial solid Resulting solid by
PXRD Methanol | + seeds of Il Il ND Ethanol | + seeds of It Acetonitrile |
+ seeds of Il ND Acetone | + seeds of Il Il THE |l + seeds of Il I DWMSO +

H2O | + Skpgs) O g, Wwhs \$hsp¥REEBRO aribug sd1Vertfalbne Wittrdck * Pol ynor ph
| used he[rﬂg ?]s ??}thllog?ﬂéggéﬁg’%lsym%h I ljlgeg %er?al{tig 5%2&132- 88—11. b Most

of t ieownlof dolwemtph Arseedying Envbtalsin pépdr gladovisisf Mheisespenstanewer! stivaed col | ect ed
for PXRD analysis. 2 \[)\02 04/ 076410 PCT/ 1152004/ 005281 §E£0068 Pol ynor ph
1, 2By maencReSHETRGRARIEY % Weeka britsthe sPhdsveredittcrd gid anabead by Badidht  of

20 YRR S o] U5 Ak Bk B850 Bl g iR SUSRERRLS 2 ©

stirre IC stirring re

filtPsopdedd piahypadl REdiR¥db3he tiResulvdrts. ShiRtefoRathd®ithanekstahgd acet one
suspensi ons ﬁ/! el d pure polynorph 11, i.e., polynorph | converts to
pol ypaymarphi I rsgbiemnasiynipicalie mowostahlf thantpolniferpnd fabraom tempetturg. suggest t hat
Because polymorph II is also more stable near the melting temperature, the two polymorphs
are monotropically related, i.e., polymorph II is more stable from room temperature to
melting temperature. However, polymorph I appears stable in tetrahydrofuran (THF)
suspension. Because the solubility in THF is higher than that in acetone (Table A), low °

solubility is not the reason for the slow conversion kinetics.

[0069] While not wishing to be bound by theory, it is possible that THF molecules
interact uniquely with 5-[5-fluoro-2-oxo-1,2-dihydroindol-(3Z)-ylidenmethyl]-2,4-dimethyl-
1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-amide molecules in solution and inhibit
the nucleation and crystal growth of polymorph II and subsequently cause polymorph [
kinetically stable in THF.

[0070] The following describes the preparation of polymorphs I and IL

FPreparation of polvmorph 1: Method 1

[0071] 24.8 mg of 5-(5-fluoro-2-0x0-1,2-dihydro-indol-3-ylidenemethyl)-2,4- °
dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin-1-yl-ethyl)-amide was completely
dissolved by adequate amount (at least 6 mL) of pH2 buffer (0.01 N HC! and 0.04 M KCl)
while heated on a hot-plate. The solution was cooled in 2 fume-hood for 5 min. Solution of 1
N NaOH was added to induce precipitation from the solution. The solid was free of
polymorph II and was constituted of mainly polymorph I with some amorphous

characteristics.
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polynorph Il is thernodynam cally nore stable than polynorph I at room
tenperature. Because polynorph Il is also nore stable near the nelting
tenperature, the two pol ynorphs are nonotropically related, i.e., polynorph
11 is mor YEIMEPE om room temperature to nelting tenp&rALPM R ever

pol ynorph | appears stable in tetrahydrofuran (THF) suspension. Because the
solubility in THE is higher than that in acetone (Table A), low solubility
is not the reason for the slow conversion kinetics. [00691 Wi le not w shing
to be bound by theory, it is possible that THE nol ecul es interact uniquely
wi th 5-[5-fluoro-2-oxo- 1, Pregatatibnosfabdéméh) Wiedhedpet hyl | - 2, 4- di net hyl -

| H pyrrol e-3-carboxylic acid (2-pyrrolidin-1-ylethyl)-am de nolecules in

sol uti on andggahi bi (BYRlo8AY Io2B- 120 . 0b I 1 and
subsequent | nggglseu%glﬂ;grgr(ph I igbaT(iO(Fal\gtli"'cgllh ?/%Zi{ng{%ll %ﬁ#@ﬁ@?ﬁ?&m%@ﬂ

fol | ow hg-pleebr3-bedokfie mid(Papatdlidm-biyi-pthyl)ramidh svak neirel wWith 25Balepar at i on of
pol vnnrg:g_ | Method 1 [0Q711 24.8 ng of. ) ) ‘

5- ( 5- f | Rbydrofygan (THE) @nd p gk Wafrg o The mixtugrawassatagd sfightlyto ¢iFsebtenie solid. pyr

ol e-3-c i ' - Ldimn-1-yl - -am was conpl et el

i ssol vairsaptlisE sRat et Abplind; Hhafig a0 PR SARTRS and
0. 04 M Hekblventi Brecipralodtbctiirs vHap bd@fudlemodn® oS lVdnt @Paptitc CORE Bbcipita®
fume-hood for 5 mn. Solution of 1 NaOH was added to induce precipitation

f r om t hwas efnstitued ofmeedlcshapedeaystals axshovn yohicmscepic bbsavatiomad heonst i t ut ed

of mainl ol ynor | with sone anprpho characterjstjcs 4

2004/ 078 ﬂ%ﬂ%@%@%ﬁ@&%w ﬁfgﬁa&a‘f‘}u"é@?fw lﬂ%ﬂ%iryﬁ?fi by Xﬁi% h‘ﬁ@ 2 [0072]

41. 3 R s Lo 2 16H < 5 j -di et hyl -
P gftadige Feipt e A cimeo IOVl AR gnt b ARNEREL Shpratetred L Tod i 1

1H nr
25 & bvetmtationdofatystanog PHRD pattints. PXREresults Siheved thhtuhe solibispast ed slightly
to dissolve the solid.

polymorph L

Preparation of polvmorph II

[0073] About 6 mg 5-(5-fluoro-2-oxo-1,2-dihydro-indol-3-ylidenemethyl)-2,4-
dimethyl-1H-pyrrole-3-carboxylic acid (2-pyrrolidin—1—y1-e[nyl)—amide was dissolved in at
least 20 mL of methanol to provide a clear solution. Slight heating may be appropriate to
facilitate the dissolution of solid. This methanol solution was cooled and slowly evaporated
to dryness in an ambient environment. Small amount of methanol (-2mL) was then added to

dissolve part of the solid. The remaining crystals were polymorph II.

C [0074) From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention, and without departing from the spirit and scope
thereof, can make various changes and modifications of the invention to adapt it to various

usages and conditions without undue experimentation.
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The resulted clear solution was collected into an uncapped glass vial to

al |l ow evaporation of the solvent. Precipitation occurs when adequat e anount
of solvent evaporate. The precipitate was constituted of needl e-shaped
crystals as shown by m croscopic observation. The precipitate was filtered
out and was gently ground, before being anal yzed by XRD. The grinding
reduce the particle size of the solid obtained and reduced effect of
preferred C orientation of crystals on PXRD patterns. PXRD results showed
that the sglid.is pure polynorph I. Preparation of polynorph Il [00731
About 6 ng Vohatds €lpimedyso- oxo- 1, 2- di hydr o-i ndol - 3-yl i denenet hyl ) - 2, 4-

di met hyl -1 H pyrrol e-3-carboxylic acid (2-pyrrolidin-I|-yl-einyl)-amde was

di ssol ved iin at f jde a clear solution. Slight
heati ng na&'be éﬁ%ﬁ@%&?ﬁﬁgnbg%(?g@%P?pgﬁg;ﬁﬁ@L§¥SSoIution of solid. This

met hanol solution was cooled and slowy evaporated to dryness in an anbient
environnent. Small anount of nethanol (-2nl) was Ahen added to dissolve
part of the solid. The remaining crystals were pol ynorph I1. [0074] Fromthe
foregoi ng description, one skilled in the art c asily ascertain the
essential characteristics of this inverfion, d without departing fromthe
spirit and scope thereof, can nake var Yot changes and nodifications of the
invention to adapt it to various and conditions w thout undue
experinmentation. 25 What is clained 1. A polynorph formof a conpound of
the formulais NH F N--- Ok, 0F t he pol ynorph formis the

pol ynorph Il form and sdhyagte 2. A pol ynorph formof a conpound
of the formula I:

wherein the polymorph form is the polymorph II form and solvates thereof,

2. A polymorph form of a compound of the formula I:

wherein the polymorph form is the polymorph I form and solvates thereof.

3. The polymorph IT form of claim 1 having the PXRD pattern shown in Figure 1,

form 11.

4. The polymorph I form of claim 2, having the PXRD pattern shown in Figure 1,

form I.
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/-~ 0 NHF/ ~ NOwherein the polynorph formis the polynorph | form and
sol vates thereof. 3. The polynorph Il formof claiml having the PXRD
pattern shown in Figure 1, formll. 4. The polynorph | formof claim 2,
havi ng t R P63 ern shown in Figure 1, form1. 26 ROTAFEAMIPES10

*PCT/ U$2004/ 005281 5. A conposition conprising polynorph | of a conmpound of
formula I: OW NH F O C wherein polynmorph | conprises nore than about 85

wei ght percent of the conposition. 6. The conposition of claimb5, wherein
pol ynmorph | conprises nore than about 90 wei ght percent of the comnposition.
7. The conpoSi ti oA cefnpebidibmcbmpyifiag @olymeply Bl PlompsabRFifsaslapr e than about
95 wei ght percent of the conposition. 8. The conposition of claim5, wherein
pol ymorph | conprises nore than about . 99 wei ght percent of the comnposition.

C 9. A conposition conprising pol yw@ll of a compound of formula I: NH
N

C wherein polymorph I comprises more than about 85 weight percent of the

composition.

6. The composition of claim 5, wherein polymorph I comprises more than about

90 weight percent of the composition.

7. The composition of claim 5, wherein polymorph I comprises more than about

95 weight percent of the composition.

8. The composition of claim 5, wherein polymorph I comprises more than about

99 weight percent of the composition.

C 9. A composition comprising polymorph I of a compound of formula I:

wherein polymorph II comprises more than about 85 weight percent of the
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H F wherein polynorph Il conprises nore than about 85 wei ght percent of the

27 WD 20041076410 PC 7US2004/ 005281 conposition. 10. The conposition of
claim9, wherein polynorph Il conprises nore than about 90 wei ght percent
of theVeamdgpiiton. 11. The conposition of claim?9, Wﬁ'é‘i%"ﬁﬁ&’ﬁg’?br ph 11
conprises nore than about 95 weight percent of the conposition. 12. The
conposition of claim9, wherein polynorph Il conprises nore than about 99
wei ght percent of the conposition. 13. A polynorph of the conpound of the
formula 1: O NN/ \' r F NN O wherein said polynorph is nmade by: 4 (a)
di Ssc%hiﬂo@ﬁﬁoﬁ.ai d conmpound in an acidic aqueous solution; (b) basifying said
aqueous solution thereby precipitating said conpound substantially free
fromthe polynmorph Il form and (c) isolating the precipitated pol ynorph |
form of sHl.d chDpommnsbsiticaS \WRIRG) 4/1e7REE polyPOTpHUB 200w 184:05 28 than about

90 weight percent of the composition.

11.  The composition of claim 9, wherein polymorph II comprises more than about

95 weight percent of the composition.

12.  The composition of claim 9, wherein polymorph Il comprises more than about

99 weight percent of the composition.

13. A polymorph of the compound of the formula I: o

wherein said polymorph is made by:

(a) dissolving said compound in an acidic aqueous solution;

(b)  basifying said aqueous solution thereby precipitating said compound

substantially free from the polymorph I form; and

(¢)  isolating the precipitated polymorph I form of said compound.
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14. A pol ynorph of the compound of the formula I: No o NH F O C wherein
said polynorph is made by: (a) dissolving said conpound in a polar organic
sol vent that does not form hydrogen bonds; (b) evaporating said polar

organi ¢ s eby precipitating said conpound subETTEAWZOANO528r ee from
‘the polynorph Il form and (c) isolating the precipitated polynmorph I form
of said conpound. 15. A polynorph of the conpound of the fornmula I: C 140

o0 NH F O wherein said polynorph is made by: (a) dissolving said conmpound
in a polar organic solvent that fornms hydrogen 29 bonds; (b) evaporating
sai d pol ar ongani & mdimmerh dflies @iypquneof fhetfatmulg:sai d conpound

substantially free fromthe polynorph | form and (c) isolating the

preci pitated polynorph Il form of said _conpound. 16. The pol ynorph made by
the process of claim 14, wherein said pyglar organic
N

C‘ wherein said polymorph is made by:

(a)  dissolving said compound in a polar organic solvent that does not form

hydrogen bonds;

(b)  evaporating said polar organic solvent thereby precipitating said compound

substantially free from the polymorph II form; and
(c) isolating the precipitated polymorph I form of said compound.

15. A polymorph of the compound of the formula I:

wherein said polymorph is made by:

(a)  dissolving said compound in a polar organic solvent that forms hydrogen
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sol vent that does not form hydrogen bonds is THF. 17. The pol ynor ph made by
the process of claim 15, wherein said polar organic solvent that forns

hydr ogen bonds is nethanol. 18. A pharmaceutical conposition, conprising a
pol ynorph formof one of claims | or 2 and a pharmaceutically acceptable
carrier or excipient. 19. A use of a polynorph formof one of claims I or 2
in the manufacture of a nedicanent for the nodul ation of the catalytic
activity of a protein kinase. 20. The use of claim 19 wherein said protein
ki nase is selected fromthe group consisting of a receptor tyrosine kinase,
a non-rece IlS'ISQtyrosine ki nase and a serine- threonine kinase. 21. A use of
a pol ynorph formof one of clains | or 2 and a pharmaceutically acceptable

carrier or ,8xcifi dn.t a r f dicapent .for treating or
preventi ng(bz prQ{agﬁyﬁt'@%a&géOI@g{nelggogYeg%&lgreeﬁyirgﬁecﬁ)ﬁtagrr?%%aﬁ(i; %Wpoé’?.g The use of
claim 21 whesahtialgated fontieipolymorpls Efomat aided di sorder is selected from the
group consisting of a receptor tyrosine kinase related disorder, a
non-receptor tyrosine kinase related djisorder and a serine-threonine kinase
rel ated di &or detsolapng thy peecipitated polyimeirph B forghefrseidrromporingr ot ei n ki nase
related disorder is selected from the group consisting of an EGFR rel ated

di sor der, P | at di.sorder. an | R el ated disorder, a c-kit
rel ated di Z%r (?Sﬁ% nogyrgofpﬁﬁnap &4t eeopra‘feg%?ﬁ?@ @Owgﬁr.e"ﬁ%édsiﬂ?s}%r O(Sgan&‘f aim 21
wher ei n saidlveak tiaeddes kbndaa hiyglogéebordl &Order is a cancer selected fromthe

group consisting of | eukem a, brain cancer, non-small cell |ung cancer,
squanous cell carcinoma, astrocytoma, Kaposi's sarcomm, glioblastoma, |ung

cancer, bladdeFhepmwaerphmegdy by dtaspceshelcitaipalic shereinesaichper organdg i an cancer,
prostate caneer ihae H)"n%@ﬁ\tédrfigéhcb%‘has ﬁ’?ﬁ‘éﬂkén%ﬁ' | lung cancer, glioma, colorectal
cancer an

cancer, genitourinary gastrointestinal stromal cancer.

18. A pharmaceutical composition, comprising a polymorph form of one of claims 1

or 2 and a pharmaceutically acceptable carrier or excipient.

19. A use of a polymorph form of one of claims 1 or 2 in the manufacture of a

medicament for the modulation of the catalytic activity of a protein Kinase.

20.  The use of claim 19 wherein said protein kinase is selected from the group
consisting of a receptor tyrosine kinase, a non-receptor tyrosine kinase and a serine-

threonine kinase.

21. A use of a polymorph form of one of claims 1 or 2 and a pharmaceutically
acceptable carrier or excipient in the manufacture of a medicament for treating or

preventing a protein kinase related disorder in an organism.

22.  The use of claim 21 wherein said protein kinase related disorder is selected from
the group consisting of a receptor tyrosine kinase related disorder, a non-receptor tyrosine

kinase related disorder and a serine-threcnine kinase related disorder.,

23.  The use of claim 21 wherein said protein kinase related disorder is selected from
the group consisting of an EGFR related disorder, a PDGFR related disorder, an IGFR

related disorder, a c-kit related disorder and a fik related disorder.
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25. The use of claim 21 wherein said protein kinase related disorder is
selected from the group consisting of diabetes, an autoi mmune disorder, a
hyperproliferation disorder, restenosis, fibrosis, psoriasis, von

Heppel - Li ndau di sease, osteoarthritis, rheumatoid arthritis, angi ogenesis,
an inflammtory disorder, an inmmunol ogi cal disorder and a cardi ovascul ar

di sorder._ 26. The use of claim 21 wherein said organismis a human. 27. A
use of a bl ynbhgrserobelnmi2l oHergn seid proinkingse pelatpd disorslenismersacari cal | y
accept abl rq [ o LRI i e of ' or
treating %ée%gegrﬁ% t%c%%%@gﬁﬁ%% P%ﬁlg&n%ﬂ;ﬂ%&lg@éﬂ% S@?lg? %11 @gg% %}%Lei n said
conpani onsquainmed cdllscagcis@ha,astracytaga, Kfosis sarbopppglidblisesma, dinctaacen 1 havi ng a
powder X-ray. diffraction spectrum conprising peaks expressed in degrees (
0.1 degr e‘é‘? Wc?%rﬁ'ﬁ%‘? %%P%Ckocfa“?‘?ri{m omya, opgripn canggr. Prosif@ICPIRC7 obt ai ned
using Cu AT v I = 4 ) : h form
of claim %Szw nghgﬂlgg gﬁu@%gerd#?lﬁ%gtg {oﬁé&@%&@@,ﬁnﬁg%r}rﬁé{f g%ﬁrégp E[pngaks

expr essedgdstroniegtind strom@l dandegr ee) of two theta angle of 5.0, 16.7, 18.9,
24.8, and 27.3 obtained using CuKaj em ssion (wavel ength = 1.5406

Angst roms%. 31 ] o Lo ) ) .
5. The use of claim 21 wherein said protein kinase related disorder is selected trom

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.
26.  The use of claim 21 wherein said organism is a human.

27. A use of a polymorph form of one of claims 1 or 2 and a pharmaceutically
acceptable carrier or excipient in the manufacture of a medicament for treating cancer in

companion animals.
28.  The use of claim 27, wherein said companion animal is a cat or a dog.

29. A polymorph form of claim 1 having a powder X-ray diffraction spectrum
comprising peaks expressed in degrees (+ 0.1 degree) of two theta angle of 7.1, 13.9, 16.0,
20.9, and 24.7 obtained using CuKe,; emission {(wavelength = 1.5406 Angstroms).

30. A polymorph form of claim 2 having a powder X-ray diffraction spectrum
comprising peaks expressed in degrees (£ 0.1 degree) of two theta angle ot 5.0, 16.7, 18.9,
24.8, and 27.3 obtained using CuKa, emission (wavelength = 1.5406 Angstroms).
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