WD 2005/ 033098 PCT/ |1 B2004/ 003070 1 SALTS AND POLYMORPHS OF A

PYRROLE- SUBSTI TUTED | NDCOLI NONE COVPOUND This application clains the beneflt
of U S. Provisional Application Serial No. 60/508,104, filed Cctober 2,
+2003, the disclosure of which is incorporated herein by reference in its
entirety. 5 _Background of the Invention This invention relates to salt forns
and ponnofHP?O 038098 ( 7) -(5- f luor o- 2- ox0- 1, 2- di hydr o-  PCT/IB2004/003070
3H i ndol - 3-ylidene)nethyl]-N-[(2S) - 2- h§droxy 3- nor phol i n- 4-yl propyl - 2, 4-di ne
thyl -1 H pyrrol e-3- carboxam de that are useful in the treatnent of abnorna
cell growth, such as cancer, in mammals. This invention also relates to
conposi tions |nclud|ng such salts and to nethods of 10 using such
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humans. The COWpﬂﬁbﬂ@ppllcation claims the benefit of U.S. Provisional Appllcatlon Serial No
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in structuraisenfreynula 1, is a potent, selective oral inhibitor of receptor
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Inits fiee q;g_\géucf\@qarmosmons in the treatment of abnormal cellgrowth in mammais especnally humans.
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eis fairly enant 1 oner

rel atively e b aoelspi %?lec%ﬁf@{/'@ﬂ‘b'mﬁqf'ecml‘yépslﬂé k*a%ﬁ?afﬁ égbwyect B have sal t
fornms having inproved properties, such as inprov crystallinity and/or
decreased hygroscopicity, while naﬁ~,ail'm@TTﬁ? ,Qle and enantionmeric 25
stability properties. Summary of thejTQvehtigh one enbodi nent, the

i nvention provides a non-hygroscopiz¢~galrf:of 5-[(2)-(5-fluoro-2-

0xo0- 1, 2-di hydro- 3Hi ndol - 3-yl i dene [rret‘hyl ]1-N-[ (2? - 2- hydr oxy- 3- nor phol i n-4-y
| propyl]-2, 4- dinethyl-1H pyF Tar boxam de.=Hygroscopicity is
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1§  signaling cascades that trigger tumor growth, progression and survival. In vivo studies have
shown that this compound has anti-tumor activity in diverse preclinical solid and hematopoietic
cancer xenograft models. This compound, its preparation and use are further described in U.S.
patent application publication no. US 2003/0092917, published May 15, 2003, the disclosure of
_ which is incorporated herein by reference in its entirety.
-, 20 In its free base form, 5-[(2)-(5-ﬂuoro~2—oxo-1,2-dihydro-3H~indol-3-ylidene)methy!]—N-
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_ ((28)—2-hydroxy—3-morpholin-4;ylpropy|]-2,4-dimethyl-1 H-pyrrole-3-carboxamide is fairly
crystalline, chemically and enantiomerically stable, and relatively non-hygroscopic. However, it
would be advaniageous o have salt forms ha\_:ing improved properties, such as improved
crystallinity and/or decreased hygroscopicity, while maintaining chemical and enantiomeric |

25  stability properties,

Summary of the Invention
In one embodiment, the invention provides a non-hygroscopic salt of 5-[{Z)-(5-fluoro-2-

oxo-1,2-dihydro-3H-indol-3-yiidene)methyl]-N-[{25)-2-hydroxy-3-morphalin-4-ylpropyl}-2,4-
dimethyl-1 H-pyrrole-3-carboxamide.  Hygroscopicity is determined by dynamic moisture
30  sorption gravimetry (DMSG) using a controlled atmosphere microbalance at a temperature of
25°C. Samples are analyzed over a relative humidity range of from 0 to 90% in 3% steps.
Each step is brought to equilibrium before moving to the next step, with equilibrium assessed as
a weight change of less than 0.002 mg (0.02%) for five consecutive points at 1 point per 120
seconds. Using this measure of hygroscopicity, non-hygroscopic salts of the invention exhibit a



- 30 sorption gravinetry (DVBG) using a controlled atnosphere m crobal ance at
a tenperature of 25 C. Sanples are analyzed over a relative humdity range
of fromO to 90%in 3% steps. Each step is brought to equilibrium before
noving to the next step, with equilibriumassessed as a weight change of -

| ess .t han 0.002 0.02% for five consecutive points - in er 120
seconds. USWH&OQS%S:?S?TE&SUI’G of hygroscgpicity, non- hygr%é@%?ﬁ%@wé’gq" s of the
i nvention exhibit a WD 2005/033098 PCT/ | B2004/ 003070 2 water uptake of |ess
than 5% preferably less than 4% nore preferably |ess than 3% nore
preferably | ess than 2% rmre pref erably | ess than 1% by wei ght, at 80%
relative humdit ticular aspects of this enbodinent, the salt is
anhydr ous, cr“?@f aFPt?'ﬁer?e'eS%P‘a'P)Bt’“hP’Ef&WWJfF%Wé” éﬁde’Pﬂﬁtf%{F*?'!i lggs than 3%, rore

parti cul ar appecdblyddss than 8% endioptefambiy lesd than 1Sabytweight, at 80%|r@ative heaitlity, preferably
an anhydrous el Gipcnal spblis 8 FiYHoBUMERCHERLPRL Sndith,; ofTiife Rf BUfT 301V 2
crystalline anhydrous nal eate salt. In particu aspects’ o

enbodi ment, EHAEUHENd PSEING v st gl | i né anhydrous nal eate salt of poI ym)rphr c
Form 1 or 5pol ynor jpha earfulameect X tio bywgineht theFait e 4 makate sdtypréfatably pe,
~anhydrous poLyatpmbev il d;hacr féﬁn%r hatat&saowﬁerpreferaruax cffsthifide ft;}dgﬂrs( PXRD)
peaks at diffraction angl es of 12.7 and 4. particu

pol yror ph Foff eieﬁais a PXRD pattern i ncl udi ng peaks as shovvn in TabI e 1.

Tabl e 1: Pol ynor ph ptiqular asp@iRIDthiz@mpbidinght, thesal(igf crgsx(ling arhjdrons maleddp saltik®. 85 15

20.18 14 12 2@,#!120, mo%m/ﬂ:gmﬂza 22.37 68 15.35 41 24.74 52 17.06 17
25.73 25 18p§@10?;ﬁ &y 5 One skilled i he art
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variability as vveII as vari abi Y, of crystallinity, preferred
{e c lfy"};?h”g th“ﬁggﬁt%ctors known to those

orientation, prepared_sanple s
skilled in the art, and sheyl d bemt a{e@n as gy@ itat ||,ye(umeasur es only. Still

nore particul arIy, 20—patyootpt 9 r=—.' RD-pety essentially the
sane as shown in Figure 1 ere "eSsenti al? & he sanme™. enconpasses typical
~ peak position and |ntensr1ﬁy'8var| abi2tity as #4russed 1@bove.
14.48 13 22.37 68
15.35 _ 41 2474 52
‘ 17.06 17 2573 25
18.14 100 © 26.84 v 44
19.04 58 27.41 53

15  One skilled in the art will appreciate that the peak positions (20) will show some inter-apparatus
variability, typically as much as 0.1°. Further, one skilled in the art will appreciate that relative
\/\? peak intensities will show inter-apparatus variability as well as variability due to degree of
crystallinity, preferred orientation, prepared sample surface, and other factors known to those
- skilled in the art, and should be taken as qualitative measures only. Still rnore particularly,
20 polymorph Form 1 has a PXRD pattern essentially the same as shown in Figure 1, where
*essentially the same” encompasses typical peak position and intensity variability as discussed
above, .

Polymorphic Form 2 is a crystalline, anhydrous polymorph having characteristic powder X-
ray diffraction (PXRD) peaks at diffraction angles (26) of 13.1 and 15.9°. More particularly,

25  polymorph Form 2 has a PXRD pattern including peaks as shown in Table 2.



* Pol ynorphic Form 2 is a crystalline, anhydrous pol ynorph havi ng -
characteristic powder X- ray diffraction (PXRD) peaks at diffraction angles
(20) of 13.1 and 15.9. Mre particularly, 26 polynorph Form2 has a PXRD
pattern including peaks as,shown in Table 2. W) 2005/ 033098
PCT/ 1 B2004/ Tabl e 2:- Pol ynorph Form 2 PXRD 20( % 20
O 1/, a" %%39033%; 6 19.52 128 10. 9% 35 20.30 28 11. Q#"%‘%““ﬂ’ﬂ@@ 46
13.10 17 22 82 41 14.63 43 23.96 34 15.89 100 24.56 67 17.42 39 25.88 47
18.14 87 27.02 44 18.98 39 Still nore particularly, polynorph Form2 has a
PXRD pattern essentially the sane as shown in Figure 2, where "essentially
t he sanme" enconpasses typi cal . 4 intensity variability as
di scussed above. |In another ncﬁﬁz'@?ﬁé{bmnﬁnggﬁfépm the salt is a
crystal line anhydrous nal Zﬁe(t)e sal ﬂll,,gf(%) poI yamrphl C Engxr(%l or poI ynor phi ¢
Form2 wherein the pé ‘ [
substantl ally pure" salt of pol ym)rphi c ForTi i ncl ua s | ess than 10%
preferably |ess than 5% 107ef erabl 951 ess t B&BO 3% pre@derably less than 1%
by wei ght of pol ymorph Foyyrg,2 or anygother 38,90l ynorphic form Simlarly, a
"substantially pure" salt of polynorphic Form2 includes |less than 10%
preferably |ess than 5% r'8ferably"’ fess t hdh889% preférably |ess than 1% by
wei ght of pol ynorph For maksor any &g her pobygerphic gprm |n another aspect
of this enbodi ment, the S%|b is a C{ﬁstal i % nhydro mal eate salt that
is a mxture of poI yrmrphlc Form 1 3 d poly ?%hlc Fo 2. Preferably, the
mxture is a 15 substanti7d4fly pure3dn xtured58here a dubstantially pure
m xture of polynorphic fogRg | and g includegg] ess thap 10% preferably |ess
~than 5% preferably less than 3% pref erably less than 1 % by weight of any
ot-ler pol ynor phic for RO h_forms 1 and 2 will have
diffraction peaks characteristic of both forns, particularly peaks at

di fL r aCEI ?R ang| es) () paaticuldr®, golymibih Forml D hdk APXReL at@m d%@d’nﬁall@&fets\aﬁblbﬁr: y 20
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enmbodi ment, nisesity yagaRiy ssreiseyssed Qi’é‘ée a mal eat e salt of 5-((2)-(5-fluoro-2-o0xo-

In another aspect of this embodiment, the salt is a crystalline anhydrous maleate salt of

polymaorphic Form 1 or polymerphic Form 2, wherein the polymorphic form is substantially pure. A

“substantially pure” saft of polymorphic Form 1 includes less than 10%, preferably less thah 5%,

preferably less than 3%, preferably less than 1% by weight of polyrnorph Form 2 or any other

10 poiymorphic form. Similarly, a "substantially pure” salt of polymorphic Form 2 includes less than

10%, preferably less than 5%, preferably less than 3%, preferably less than 1% by weight of

polymorph Form 1 or any other polymorphic form.

In another aspect of this embodiment, the salt is a crystalline anhydrous maleate salt that

is a mixture of polymorphic Form 1 and polymorphic Form 2. Preferably, the mixture is a

\\/ 15  subsiantially pure mixture, where a substantially pure mixture of polymorphic forms 1 and 2

! inctudes less than 10%, preferably less than 5%, preferably less than 3%, preferably less than 1%

by weight of any other polymorphic forms.

Mixtures of polymorph forms 1 and 2 will have diffraction peaks characteristic of both '

forms, particularly peaks at diffraction angles (26) of 12.7, 13.1, 15.4 and 15.8, more particularly

20  peaks at the positions shown in Tables 1 and 2, still more particularly 8 PXRD pattern that is a

convolution of Figures 1 and 2.
in another embodiment, the invention provides a maleate sait of 5-{(Z)-(5-fluoro-2-oxo-
1 2-dnhydro-3H-mdol-a-yhdene)methyl]-N [{28)-2-hydroxy-3-marpholin-4-ylpropyl}-2,4-dimethyi-
1H-pyrrole -3-carboxamide.
25 In particular aspects of this embodiment, the maleate salt is crystaliine, anhydrous, 6r
both crystalline and anhydrous.
In particular aspects of this embodiment, the maleate salt is a crystalline anhydrous salt
of polymorph Form 1, preferably substantially pure polymorph Form 1, or polymorph Form 2,



-1, 2-dihydro-3 Hindol-3-yl iden e) methyl]-N-[(2S)-2-hyd roxy-3-norph of

-,

In-4-yl propyl]-2,4-dinmethyl | Hpyrrol e-3-carboxam de. 25 In particul ar
aspects of this enbodinent, the naleate salt is crystalline, anhydrous, or
both crystalline and anhydrous In-particular aspects of this enbodi nent,
the nmal eate salt is crystal line anhydrous salt of polynorph Form1, .
pref er abl y M§Q°§/H%3P9§II pure pol ynorph Form 1, or pol yrReEsiB2608/0p02) VO
2005/ 033098 PCT/ 1 B2004/ 003070 4 preferfably substantially pure pol ynorph
Form 2, or a mxture of polynorph forms 1 and 2, preferably a substantially
pure m'xture, where pol ynorph forms 1 and 2 are as descri bed above.  In

anot her- enbodi nent, the invention provides a crystalline anhydrous nual eate
salt of 5  preferably substantially pure polymorph Form 2, or a mixture of polymorph forms 1 and 2,
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yl propylj -2, i rrol e-3-carboxani de havi ngw powder X-ray
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yl propyi | - 2, dssdhirami thysanieHs py tefioddebdrecar boxam de having a powder X-ray
diffractjon pattes anrgpamsadﬁazeﬂgme%g.a.oﬁgmaaésfar?fsuumﬁ @&L&%&&Q& sypenti lally

t he sane as shown

above. 20 |rf %tﬁ frefo %?ﬂ? Jefrpre-SHeinsek-3-vigemsime iy - b‘ﬂ@ﬂ LrRwgroxy-gpoeepaliftdt ne
anhydr ous naflipaiyip2 4-dimethgi1H-fyr¢l¢-Frarbdxamide draging -20 yowder 2¢-chy i diffrattion Pattern

mpgglw ]3 g' Eq'g ’%&@dthﬁ%ﬁo&%g@ éef@é%ﬁéﬁ%ﬂfé&%ﬁ%\%?#&dﬂ 5’4'5' ez wsre

diffraction B%ﬁf”ﬁ‘@pyﬁh f“@h‘sa fined@BPKPol ut i on of diffracti on patterns :
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/nb 25 In ancther embodiment, the invention provides a pharmaceutncai composiiion

comprising the salt of any of the preceding embodiments. )

in another embodiment, the invention provides a capsule comprising any of the
pharmaceutical compositions' of the invention. In particular aspects of this embodiment, the
capsule comprises from 5 to 75 mg, preferably from 10 to 25 mg, free base equivalent of the 5-

30  [(Z)~(5-fluoro-2-ox0-1,2-dihydro-3H-indol-3-ylidene)methyl]-N-[(25)-2-hydroxy-3-morphalin-4-

ylpropyl)-2,4-dimethyl-1 H-pyrrole—s-darboxamide salt.

In another embodiment, the invention provides a method . of treating cancer in a
mammal, including & human, the method comprising administering to the mammal a
therapeutically effective amount of any of the pharmaceutical compositions of the invention.

35 in another embodiment, the invention provides a method of treating cancer in a

marnmal, the method comprising administering to the mammal, including a human, any of the
capsules of the invention.



- capsul e conprises fromb5 to 75 ng, preferably from10 to 25 ng, free base

v

equi val ent of the 5 30
[ (Z2)-(5-fluoro-2-ox0-1, 2-di hydro-3Hi ndol - 3-ylidene) methyl ] - N-[ (2S) - 2- hydr ox

,¥-3-norpholin-4- ylpropyl ]2, 4-dimethyl -1 Hpyrrol e-3-carboxam de salt. In

anot her enbgdy fBidssodshe |nvent|on provi des a.nmethod of tﬂ&%bdag@&ﬁ,@cer in a

manmal, including a a human, the nethod gonpri sing adm ni stering he mammal
a therapeutlcaLIy ef fective anount of any of the pharmaceutical .
conpositions of the invention. 35 In another enbodi nent, the invention
provides a nmethod of treating cancer in a mamual, the nethad conprising

adm nistering to the manmmal, including a human, any of the capsul-es of the

i nvention. WD 200/303804% aspeckof ANYES G 4raetin Tthog empodimants: the sathad fughgsect of
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- di sease, 20 ncieid@bmgnal selk oot 'spubﬁ'ﬂlswohfe@ we@seasealgwmg. byepit @'n'teﬁﬁ%ﬁﬁoaﬁlsc

hypert rophy whigh @edtdtia ppbsophy bii restihgsiéent i on al so relates to a method for the

{reatment of abNaEHefl bed il o bihedhog TR HENeaiIhCl SRMRY SFGoAT A1 ster ng

to said nanmal an anount oun ceutically
accept abl e sEAMMal WejEh LRMerisss adspi Wﬂ@‘%sﬁ'éf*@@f“a‘ anfeUnt 8f %WE%”P\?QO’W'aﬂr eating
25 abnor nal - ¢ el phagieoatitaly Becematn sutf savateVdr tpfodAl thdiddf -that NP Bffeatyenh tresihg@ct ed

f/F Qm t he Sgr UdRor®4 @ali g?c;vjttng cc%bination with an anti-tumor agent selected from the group consisting of
| mitotic inhibitors, alkylating agents, anti-metabolites, intercalating antibiotics, growth factor
inhibitors, cell cycle inhibitors, enzymes, topoisomerase inhibitors, biclogical response modifiers,
antibodies, cytotoxics, anti-hormones, and'anti—androgens_ |
This invention also relates to a pharmaceutical composition for the treatment of abnormal
30  cell growth in a mammal, including a human, comprising an amount of a compound of the formula
1, as defined above, or a pharmaceutically acceptable salt, solvate or prodrug thereof, that is
effective in treating abnormal cell growth, and a pharmaceutically acceptable camief. In one
embodiment of said composition, said abnorral cell growth is cancer, including, but not limited to,
lung cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous
.35  or intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer, cancer of the anal region,
stomiach cancer, colon cancer, breast cancer, uterine cancer, carcinoma of the fallopian tubes,
carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina, carcinoma of the
vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the small intestine, cancer of the
endocrine system, cancer of the thyroid gland, cancer of the parathyroid gland, cancer of the




“mtotic inhibitors, alkylating agents, anti-netabolites, intercalating
antibiotics, growh factor inhibitors, cell cycle inhibitors, enzynes,

t opoi sonerase inhibitors, biological response nodifiers, antibodies,
_cytotoxics, anti-hornones, and anti-androgens. This invention also rel ates
toapharma orrp05|t|onfor the treatnent of ab el |
gromh in a%Edﬂ /ﬁisosﬁncl udi ng a human, conprising an armn%#ﬁa?o@%@g ound of
the formula 1, as defined above, or a phar maceuti cal Iy acceptable salt,
solvate or prodrug thereof, that is effective in treating abnornal ceII _
growth, and a pharmaceutically acceptable carrier. In one enbodinment of

sai d conposition, said abnormal cell growh is cancer, includin but not
linmited to, PHPRE GaHCIACOMB BiHaM issuR, eancer ghihe BRI @Neehpidherpenis, lﬂqurtage?ﬁ

cancer of t he cirerichratutsieddmiadymphongiciysnphdhaspeanden bitiectadber caRdel ﬁmrmineyutreri ne
cancer, ovar | g 305Pea R, SBAGRS of HARGE e, debifashB SRl penl O™

cancer, colon cancer, breast cancer, uterine
fall opi an tub&§tem (E%l$)cF’W@H‘aC"§f'y'?ﬂq%'“%ﬁ?jwsrti‘Tﬂﬁ b@&rsf?f“rﬁﬂ?fﬁﬁ giuitgmedepnayj x|

carci noma 8f tha coraliation, ofcme o moreeof dffie folegoingvesnees.  Iromhgikemnérsbobined as eaid cancer
of the eSOphagﬁbﬁFac@ J@Q@ém&&h&%td%%&ai bdhlgRmdn |§‘§benf§ﬁﬁl‘5ﬁéralﬁfa ke, mlglﬂg -rine

system cancer cancer r ol cancer

of the WD 200‘3‘!‘0@@@% th’ F?ng 'ﬂ?'ﬁfﬁfﬁﬂ?b"pe@’p&&?@?ﬂms 1 and, sarcoma of soft
ti ssue, cancer of Theenventien dscaciatesineeharmbcettval compasition forthes rastreenta Blermal |

chronic or aCEgll%rclvﬁrpllﬁ%ﬁ’mmé],)ﬁﬁﬂﬂﬂﬂﬁlétHanaﬁ Wﬁﬂh%gﬁﬁ'rsescﬁﬂ&%unp&at&%pmrﬁ%er
cancer of the kidne r.enal carcli nona of the renal

pel vi s, _nidbpl €67 Tobe e o ot PrRETrO G bk SohRAp SPPIE e
| yimphoma, spi aakfective i trbammalsﬂomhﬁ el rgragittreim oginbigation with @ phamazcgutaelie moseptable 5 or a

conrbi nation ofsRREnd%n aﬂ@fuﬁoroé(geﬁt @Qeciéarf@&%é'%o@%&%%ﬁ@ of hitotR MAfblRRS, aﬁmﬁg' ment
of said pharnac

eut | n benlgn
proliferati Veaqutg.egggletaﬁﬁ%?ula erfi%g'"g 8&@"’ Gt Q'Pt“wi‘é‘a “ﬁf’“"’g ??Wcé%ai iohi B’ésnl gn
prostatic hypmmeapwyommeraé%tmhww shiologlsal fespeasst modifiers, ot-hasmeness ando anti-
phar maceujs cag,nd@gémom tion for the treatnent of abnormal . ceI | growth in a
manmmal , i ncl udi ng [yount of
formula 1, as def |1ﬁ'es:dn%2@(g)q/ aIX\’rI e%[%s? %R‘lre{hgce%r ﬁe tre erﬂ of a dlS?l‘d r @o%%@? wﬂlféol vat e
or prodrug t henglegsnesis A m?@m@f'ﬂ@@tnﬂ Beuman, tqf’@a"ési“ﬂg’d@lﬂﬁwﬂﬁatp Sé'élﬂl'aff@‘rabm h in

combi nati on Wrkdantar §benipaBrRieihe Gahlia/, a& GiRédaidb, oredhirmateutat) REpRAE isalf, UNDT
agent sel ect es%lv{atr P‘PFoPrﬁ% HeRdP m%PEShgctwe”ﬂ t%%ung‘sta@tdlsﬁrdbﬁ hé\%btu%]{;r%erf E?rlclﬁXé ating

agents, anti - I nt ercal
i nhi bit or2p ceéngerqes ctur@ors n’ﬂ’F'bl §50F§[3"°"@nz‘3FH'é’s disprgers) Waé@e"eﬁﬁﬁ b‘“@%‘laé
bi ol ogi cal r esperetonTpEsuiee reBylaratiidplabmdsiEDsyAGoma Hld adiihal -nedvas@ntdatgersn  Thi s

i nvention als p%??_llfe?alt it q‘?a%et‘chtﬂpﬁgﬁ\? N iRl atrtFrﬁls L Joﬁ?ﬁg?agord%]fs s%crpéss&'iegﬂrosm

associ ated wi angi ogenesi's in a manmmal, inc hurman, conpri Si ng
adni ni st eri nd’agej’sggf.aae vl hyRerralceiia atpaligangy, 'i‘yaﬁ‘ﬁ%??ﬁ‘ﬁ? feom WRYS MERFRic 1, as
defi ned aboveyon®rand optbrppiEic @ddced &Y glycorartmiat teebinents atronary ©etenoals; eandrcepmmdr ug

t her eof , 55hatm|!:r§b1§f|fwi@&|5r’isv‘ﬁ1ciumnﬁt Ll Igggoc%&bdwﬂi %%stg;; paﬁ#agéhsdge%e{e&lemnl ncl ude

cancerous tunors such as ? ocul ar diso dag%e rel at ed
macul ar adenovirus, hantaviruses, Borrelia burgdo:fen Yersinia spp., ete fa pertussrs an
Streptococcus.

This invention also relates to a method of (and to a pharmaceutical composition for)

treating abnormal cell growth in 2 mammal which comprise an amount of a compound of

30 formula 1, or a pharmaceutically acceptable salt, solvate or prodrug thereof, and an amount of

one or more substances selected from anti-angiogenesis agents, signal transduction inhibitors,

and antiprbliferative agents, which amounts are together effective in treating said abnormai cell
growth.

Anti-angiogenesis agents, such as MMP-2 (matrix-metalloprotienase 2) inhibitors,

.35  MMP-9 {matrix-metalloprotienase 9} inhibitors, and COX-ll {cyclooxygenase lI) inhibitors, can

he used in conjunction with a compound of formula 1 in the methods and pharmaceutical

compositions described herein. Examples of useful COX-l inhibitors include CELEBREX™

(alecoxib), valdecoxib, and rofecoxib. Examples of useful matrix metalioproteinase inhibitors are

described in WO ©6/33172 (published October 24, 1996), WO 96/27583 (published March 7,



- degeneration, presuned ocul ar histoplasnosis syndronme, and reti nal
neovascul ari zation from proliferative diabetic retinopathy; rheunatoid
arthritis; bone | oss disorders such as osteoporosis, Pagefs disease,

hunor al  hypercal cem a of malignancy, hypercalcema fromtunors netastatic to
bone, -and o S i nduced by glucocort|00|d treat : y

rest enosi s; %ﬁg%éﬁ?gl n 25 microbi al fections includi gtr%%]sg‘é&g@oci at ed
with nicrobial .pat hogens sel ect ed from adenovi rus, hantaviruses, Borrelia
bu dorferi, Yersinia s pp., pp., Bordetella pertussi s, and group A
Streptococcus. This invention also relates to a nethod of (and to a

phar maceuti cal conposition for) treating abnormal cell growth in a manmal
whi ch- conpr i s¥%in EXReRFAPaeNt ép%ﬁl?ibb‘ﬁdg"'@g“g@b (s 44| & 1097)p FEuggpean Patent

phar maceut i cahgplitainoentoadnbel7afiitd Osiober 20,01999), INCDE8/0RGo (PRbIRREd, Febnaryaas, anount
of one of IMOr ReBURRIARGSS (BKAES By RIAB WcARMOAIARINS) AGRALS, 108honal

transduction % erative (p) am)unts are
U

t oget her ef f e\ﬁ’Pl %@4?% (P‘r‘bé%f'ﬁ’ AYSUSLT T 1ERH TR PEER { b&ﬁ“WngshﬁtPg@n&fQ)genem s
agents, such @s0s@ReDlishaditivli 16, 1898 Bungpeant PatanbBeblii@)ioni 608jok6 (roblished Bl 1VP- 9

I( ﬁlt L: ;(OEt ayggﬂr%gdpgﬁﬁ%?en%ubhdamn@aq %ﬁpubﬁdﬂgd Sdiy%s] 499&) 8l %ﬂ?%@?ﬂﬁﬁsﬁed 1)
S5 i B P e o 2] Bodi B B Eed (pubiahert Pt

in the

nmet hods and d‘f’ﬂirﬁﬁﬁég
usef ul COX- | 121j nba%i YWEr §9/2966T UelblisDEL HBREXT M 99¢)a PET olofetmpationsla Apkdication Blp. and

{jgfs gtr:log ;3 g%}mmfs m&e%bﬂ In@bg )i %ré’@&rﬁ#’dté?npﬁxﬁbhﬁhdﬁ&%éaﬁﬁsby fSSMAEE

(publ i shelf N#\qr‘?gg éﬁé%ﬁfﬁ'é’ﬁg 8@&' %@%#66%0&”*’73 15%8 "'tag%:}%?fean

Patent Appl i Fravisional Rorlicagraia $pA1481460 {(fledodbagst 19 1899).100F StaEaPqumérBBP&t%nt

épgl i cati gg ”f‘@s;g‘g%?‘ﬁm@ 29967, iUnfesd Qatbgb%nto??%jm éﬁg&kuedVQm%f 99 6@do) (gga/bglél Sggd
ebr uar anya

(publ i s%ed ALF&[?E‘Ean ?téﬁfgggé‘ggéagoé%/ %&ﬂ%} u%lglgsﬁléga)z Holjﬁs"f%'c} V\Q@%I) WO

08/ 33768 ( pulbicPaerated giaenced. ‘hi%@')?fy V‘@fese V-"B@E?B‘BMMB@MW@W@Gfejhﬂs?th%

1998), Eumsopeave iilabeftaciibhhising vmp-16 0forOdtertep o |h5daemizt seldciivell hhibit P A)

Eur opean Pat / 05719

(publ i shed M@?’é*%%@“s‘?@m%\%é%?%&%%ﬁﬁ%&s% ol i TS

99/ 52889 (pu@l’%@ﬁéd‘“"ﬁ%‘f 8, MYIP-1091¥8511, MpB-150and 3713 publ i shed June 17

1999), PCT Inter naﬁmmmtlfmmplmﬁmuthors BT ihBorBitktidrlwith(the doengouhd$ gf 21

1998), Europgan, rfs@ﬁt%ntr%ma!e'&@&é@nﬂé'%e 3923R343 483k, %Ed tI-.@QorM%BEJ% ré&e@ﬁ 1999)
Great Britain %tent Fl pplication nunber 9912961.1 ed June 3, 199
0

United St dde™®PY¥I9%Fonal Application No. 60/148, 464 (filed August 12
1999), United St aﬁ-&%(‘lF?aDre-ﬁ?t\er@%@@!@lﬁwfomﬂlébbwtbxyramalaowoympenwg@)npl- Uni t ed
St at es Paten?ro o,aggaﬁlo (i ssued January 19, 1999), and European Patent

oy “ap SNBSS RS b e R Yo &
inhibitors apﬂbQXHlQ@@dt'WMaﬂwehave little or no activity inhibiting MWP-1.
V\@r\e preferred, ape, thrye tiag-caploactubikizyiokfbdhzénebMBhyl-3-hydroxy-3-methy-
| piperidine-2-carboxylic acid hydroxyamide; '
l 4-[4-(4—ﬂuoro-phenoxy)-benzenesuIfonylamino]—tetrahydro-pyran—4-carbo>_<ylic acid
hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl)-( 1-hydroxycarbamoyl-cyclobutyl)-amino)-

30  propionic acid,

4-[4-{4-chloro-phenoxy)-benzenesulfonylamino]-tetrahydro-pyran-4-carboxylic acid
hydroxyamide; . ' |
3-[4-(4-ch!oro-phenoxy)-benzenesulfonylamino}-tetrahydro-pyran-a-carboxylic acid
hydroxyamide;
35 (2R, 3R) 1-[4—(4—ﬂuoro-2-methyl—benzyloxy)-benzenesuIfonyl]-3¢hydroxy-3-methyl-

piperidine-2-carboxylic acid hydroxyamide;
3-[[4-(4-fluoro-phenoxy)-benzenesulfonyl]-{ 1-hydroxycarbamoyl-1-methyl-ethyl)-amino}-

propionic acid,



-and/or MW-9 relative to the other matri x-netal | oprotei nases (i.e. MW-1,

MWP-3, MWP-4, MWP- 5, MW-6, MWP-7, MWP-8, MWP-10, MWP-11, MWP-12, and

MWP-13). Sone specific exanples of MW inhibitors useful in conmbination with
t he conpounds of t he present invention are AG 3340, RO 32-3555, RS 13-0830,
and the conmpoji) ited in 20/ the following |list:

3-[[4-(4-fluoro- p%eﬁ%xy)wbenzenesul fongl ] - (1- hydroxycar gggoﬂ? 003’%‘ %)pentyl) a

m i no]- propionic acid,

3-ex0-3-[4-(4-fluoro- phenoxy) benzenesul f onyl am no] - 8- oxa- bi cycl 0[3 2.1

] oct ane- 3- carboxylic acid hydroxyam de; 25 (2R, 3R

1-[4-(2-chloro-4-f]| uoro-ben %&benzenesul fonyl ] - 3- hydroxy-3 nmet hyl -
pi peri di ne- 2- car bo%ﬁ ‘4Cﬂuar8 |péé/"ﬁ'§7§¥ %pgf,ﬁlfagl] {4-hydroxycar amoyl-tetrahydro-pyran-4-yl)—
4-[4-(4-fluor empbie:moylbzebdznzenesul f onyl am no] -t et rahydr o- pyr an- 4- car boxylic

acid hydroxyam dej.exo-3s- 4-chloro -phenoxy)-benzenesulfonyla -8-oxa-bicyclo[3.2.1]joct
3-[[4-(4-fl uoro- cguenczéxb h benz neSlj(rfonz)‘/?n yh@'&or]o?;%a'?ygg[rmy]ch)r}%fobutyI) am

mo] - 30 propi &HF droxyamide,
4- [ 4- (4-chbor o- phehendpp- {b@rﬂzlefn@mmbxybb@kmmfa]ylamk&abrsaebwowsiqwz 3lnetahecdar boxyl i c

aci d hydr oxyamdifiic acid hydroxyamlde and

gm[g (ﬁyg?gg;gmpgg gé bemz%%%%lénz];r?e%/d‘onmmm -tettrgﬁygr%wan e B/orxy?ln 3 ngldb oxylic

1-[4-(4-fl uor edExyastidey | - benzyl oxy) - benzenesul f onyl | - 3- hydr oxy- 3- net hyl -
pi peri di ne- 2- car basy bhmaelidalywebeputi@stits Qolvates and prodrugs of said compounds

3-[[4-(4- f 1-h | - et hyl
)- i no] - 'br o oni Ceael 0 2008 b330Hs rhespr bl o cBlR gk, sole LT
_ 3{[\[ 4- ( 4-f | uokredrygsdiRese) ) cah BIFG Bigsst Inf compingtiop mtlhylgpal transduction inhibitors, such as
roxycar banoyi agets neyah Bhiply EGFR (epbnnal GBWtH Mot rBptoM rddpaiéd] such as EGFR

3- ex0- 3- [4 (4 ?&Ldlegrgcphﬁg%}@ 9.%”%1%B§ﬁes Lgfapf;xe REER bR VeERFCYatdl?- 2+ 1

] oct ane- 3- cal i C acl
3- endo- 3 [ 4- (&rtd?thﬂa'ﬂ@“ﬁ}{éﬁ?fm'b'ts@rﬁféﬁ@é% [ecBRisy InRikitass FUdh-25 RigaMs BYlesulsESr 2. 1] oct
ane- 3- carfoxantibogieadtiati bihy tr bx pava? deeptem br example, HERCEPTIN™ (Genentech, Inc. of

3-14-(4-fl Uorébumga%ﬁﬁéﬁélscgmﬁmgswg yonyl ani noJ - tetrahydro furan-3-carboxylic
acid hydroxyam &H@ ar eutlg al | accegt able salts, solvates_and |
prodrugs of said é‘&ﬁgd 8rs 2fqydepfibe 61115‘{51??1%{3"' 1 WG SO 01 (published iy 27,
phar maceut i catsky), WecEHaH (@L@aﬂﬂi #pril SoN5e8), 80 8AM243p (ndlishers Janhay @af1998)an al so
be used in cofpiunfisRiesHatdit $749288 (dlRAMFUCidoB) HIFRLIMiLItAE Sgentlitdud@Dut
20 - are not limited to, the monoclonal antibodies €225 and anti-EGFR 22Mab (ImClone Systems

Incorporated of New York, New York, USA), the compounds ZD-1839 {AstraZeneca), BIBX-

1382 (Boehringer ingelheim), MDX-447- (Medarex Inc. of Annandale, New Jersey, USA), and

OLX-1C_|'3 (Merck'& Co. of Whitehouse Station, New Jersey, USA}, VRCTC-310 (Ventech

- Research) and EGF fusion toxin (Seragen Inc. of Hopkinton, Massachusettes).

7 ' 25_' VEGF inhibitors, for example SU-5416 and 'SU-6668 (Sugen Inc. of South San
| Francisco, California, USA), can also be combined with a compound of formula 1. VEGF
inhibitors are described in, for example in WO ©9/24440 (published May 20, 1999), PCT
International Application PCT/B99/00797 (filed May 3, 1999), in WO 95/21613 (published
August 17, 1885), WO 99/61422 (published December 2, 1999), United States Patent 5,834,504 '
30 (issued November 10, 1998), WO 98/50356 (published November 12, 1998), United States Patent
5,883,113 (issued March 18, 1999), United States Patent 5,886,020 (issued March 23, 1999),
United States Patent 5,792,783 (issued August 11, 1998), WO 99/10349 (published March 4,
1099), WO 97/32856 (published September 12, 1997), WO 97/22596 (published June 28, 1997),
WO 98/54093 (published December 3, 1998), WO 98/02438 (published January 22, 1998), WO
. 35  99/16755 (published Apﬁl 8, 1998), and WO 98/02437 (published January 22, 1998), all of which
are herein incorporated by reference in. their entirety. Other examples of some specific VEGF
inhibitors are IM862 (Cytran Inc. of Kirkland, Washington, USA), anti-VEGF monoclonal



agents that can inhibit EG-R (epidermal growth factor receptor) responses,
such as EGFR anti bodi es, EG- anti bodi es, and nol ecul es that are EGFR

i nhibitors; VEG- (vascular endothelial gromh factor) inhibitors; and erbB2 -
receptor inhibitors, such as organic nolecules or 15 antibodies that bind to
- the erbB2 nrgageRkassesf or exanpl e, HERCEPTI NTM ( Genent echpedii@ocsRhzo7¢o0ut h San
Franci sco, California, USA). EGFR inhisbitors are described in, for exanple
in WO 95/19970 (published July 27, 1995), WO 98/14451 (published April 9,
1998), WO 98/ 02434 (published January 22, 1998), and United States Patent
5,747,498 (issued May 5, 1998). EGFR-inhibiting agents include, but 20 are

t limted tq | . ant.i hodi . C225 and anti-EGFR 22Mab (| mCl
Systems  ncBRREY Al STOReRal vb SR R SRS QURPe: FReroBns AT A 1830
( Ast r aZenecajbozyBeeiem Riggemg (Boddar. Gelgeado) ang Ehirea (EjeryviiBXafarmia) Medar ex | nc. of

Annandal e, New Je . USA), and X-103. k & Co. of \Wijtehquse
Station, New Jer s%@gyfﬁﬁﬁo') WP@\L@ §%‘ P?/e‘ﬁ'ﬁ'é%%% FQ@?é%CS/W?”&nHICEGﬂSftE%i on
t oxi n ( Ser ageonccis agbodigspAR-200dAronevtRhsmrabanticist las pf THRSVOADERds| TdxahiliSa) s, f or

exanpl e St S4L6aN@Enfiih, 608 %e SRRk Hconhateh With a Sfboukd AGHREA, &@hi forni a,
USA), can also b nbi n

e conbined with a. cqn nd of forrmula 1. VEG- nhibitors
are descri be¥PBHiNNpigFs 'E%Qﬁ“ﬁ'\flgée p?ﬁc\%gSB%%@%%‘W&W‘?’?Hé@“ﬁﬂfzztﬁgls)l5‘2%; , PCT
| nt er nat i ona$e/3&p4A (pullished WUIPAF/ 1B8YONTDTEH 13T (phidisheliblyly 35, T9OYOWO BGHO2ABY 95/ 21613
(published Mgkl Jbhuanl 995)908) G 7Pk Aed2 (pubididdl BfHE A7 DRETORE 85155989)

United States Patent 834..504 i e vemer -1998) | 98/ 50356
(publ i shed r\@%ﬁﬁgp”ﬁg? ‘%g@sg'?"e%%fageé,ag%P‘g?'@2'4%3%5#{?"18%%‘*@3%’,‘Qfﬁ\gﬁ' &ed March
16, 1999J0 Udiitee:8talss Reters 5Bt aft(issie@ Warc 20999) acieel whish sier2B ,incegorsted by Uni t ed -
tat es Pat enfefeRenddR, it6SehtinelyS SEHEBE tptss tinhibllors LEAR)n thWRr&R0t1R3ARN (aps1Bké shed

ch 4, 19 ; i , t I 19 2596
(publ i shed J%%%a’_‘bﬁ‘}al\?@gﬁ%@sﬁp\ﬁé‘%@%ﬁgﬁm S@bﬁ@ﬁ@é@%éﬂ%& 273\493%5@ Vo
98/ 02438 ( puiblUnisd stptesdiipiayigpal Applicaiipg dio. BGfrh7 346, s dgmrary 27 1989 ibeHeliwhigh i | 8,
1999), and Vi RBéiNADBpbrdtetyirefarbred inkeementigty.22, 1998). all of which are
herein incorporated by reference in their entirety. Qher exanples of sone
speci fi c1OEGF | riMiapiapigraliferative agepts 2hat Oyay bavsedhwith e cpthpdendsnef, thenpresinhgt on,
EJSA); an:1 i ‘I\lﬁﬁﬁtioﬁ?mb Oinidltory\OF 0 ntyR33@M8syPErbikhBANEMA0 37 Bhibilrsasttthdody  Of

nent ech, Inc. t : i & :
synt hetic r'r "'8%"3%‘_’%?“ Eoir?ﬁa%@%c?%ﬁg%gﬁg@ltﬁeg?&h%%ﬁ%r g(sfcl) Qgﬁga"%h%ﬁﬁ tné
(Ener yvi | | e, Plowing Usited; States ratepbapricaionsi 022948 (Bed Becsmber 28 1998): E5A859 74
(d axo Vel | e Dpteejber 2,nth98)h €9/50M0680 (filed rebruam tg, 20ab);cte/53R03R 0 fled AMachedd,
Phar macety | Cahg, ésﬁhg.‘z7_9@f(filéﬁhﬁay%,%bﬁ%ﬁ%%@(ﬂeﬁ%u&@f‘%ﬁ, 1599?.%% 8%3?5‘3955(&9& ron),
e t W or a 1

may be adm nj ster I n conbination with a conpound 0 mula 1. Such erbB2
nhi bi tors | HEYEAE 1S eI ComsdRs decsioms Gisimed ip flerPIowNg Wi SIES, 2.
1998), WO 9943l 6patentiFpplicttions: JGHEEZD3, (fie@ ISvemii®d IM 1B BOAPUNY i (Bbeed Jul vy
15, 1999), VSR8 Tecof ROBYI7SH @fka) ALY 1, 22007 30%s21 MAIATNARAED dopubl i shed

'?\Fir RS 191%33),’ ar}QDSU%%{JJB%Q(zIQd May 1, 2000). Each of the feregoing patent applications and
y/ 25  provisional patent applications is herein incorporated by reference in their entirety.

A compound of formula 1 may also be used with other agents useful in treating
abnormal cell growth or cancer, including, but not limited to, agents capable of enhancing
antitymor immune responses, such as CTLA4 (cytotoxic lymphocite antigen 4) antibodies, and
‘other agents capable of blacking CTLA4; and anti-proliferative agents such as other farnesyl

30 protein transferase inhibitors, for example the farnesyl protein transferase inhibitors described in
the references cited in the “Background” section, supra. Specific CTLA4 antibodies that can be
used in the present invention incI’ude those described in United States Provisional Application
60/113,647 (filed December 23, 1998) which Is herein incorporated by reference in its entirety,

The term "treating”, as used herein, unless otherwise indicated, means reversing,

.35 alleviating, iﬁhibiting the progress of, or preventing the disorder or condition to which such term
applies, or one or more symptoms of such disorder or condition. The term "treatment”, as used
herein, unless otherwise indicated, refers to the act of treating as "treating” is defined immediately
above.




- (published July 27, 1995), United States Patent 5,587,458 (issued Decenber
24, 1996), and 10 United States Patent 5,877,305 (issued March 2, 1999),

each of which is herein incorporated by reference inits entirety. ErbB2
receptor inhibitors useful, in the present invention are also described in

United Stat Mg onal  Application No. 60/117, 341, fig 27,
1999, and ‘iﬁ‘? U65?ht eogk States Provi si onaly Appl i cation No. 58%2@“@367“ filed

January 27, 1999, both of which are herein incorporated by reference in
their entirety. 15 O her antiproliferative agents that may be used with the
conpounds of the present invention include inhibitors of the enzyne

farnesyl protein transferase agﬁefbg:g,moﬁgrﬂ%é}gw_dge receptor tersi ne Ki nase

PDGFr, i ncl udi h
O S1eL 49 1 0. ORI et Sl et bbbl
09/ 454058  (d¥oitetitherodhitieio-Pylidenelosiny(- RS RIHFBY(F nbrebliFePipwpyiz 0, 2000) ;

091 539930 (b gl HAEAILcorRReri@OPYmAVERART 96 (111 ed May 22 1997).
09/ 384339 (file

t 26 09/ 383755 1999);
and the c'sorrpounds"A %&L%“Swse%P°Wr%’af9%fa&?'ﬁ@a"°l’ Rt £ Ieﬁ\ﬁns% f@‘x(% é" %Pat es )
provi si onal qatl@rdihydipatiindak3 bdrseinayigE2%)2- mrpxyéernwmmmoam-z 41999) ;
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N " Figure 7 shows a powder X-ray diffraction patiern of a maleate salt of 5-[(.7_)-(5-ﬂuoro-2-
oxo-1,2-dihydro-3H-indol-3-ylidene)methyi}-N-{(25)-2-hydroxy-3-morpholin-4-ylpropylj-2,4-
dimethyl-1H-pyrrole-3-carboxamide, polymorph Form 7. _ '
Figure 8 shows the structural formulae of 5-[(2)-(5-fluoro-2-oxo-1,2-dihydro-3H-indol-3- .

ot

30  ylidene)methyl}-N-[(2S)-2-hydroxy-3-morphalin-4-ylpropyl]-2,4-dimethyl- 1H-pyrrole-3-
carboxamide and the relative abundénce of three metabolites in monkey plasma.

Figure 9 shows the structural formulae of 5-{(Z)-(5-fluoro-2-oxo-1,2-dihydro-3H-indol-3-
ylidene)methyl]-N-[(25)-2-hydroxy-3-morpholin-4-ylpropyl}-2,4-dimethyl-1H-pyrrole-3-
carboxamide and the relative abundance of several metabolites in human urine.

35 Figure 10A shows a dynamic moisture sorption gravimetry (DMSG) scan for a first
hydrochloride salt of 5-{(2)-(5-ﬂuoro-2—oxo-1,2-dihydro-3H-indoI-3—ylidené)methyl}-N-[(ZS)-z-
hydroxy-3-morpholin-4-ylpropyl}-2,4-dimethyl-1 H~pyrrole-3-carboxamide.
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Salts of 5-[(Z)~(5-lucro-2-oxa-1,2-dihydro-3H-indol-3-ylidene)methyl)-N-{(2S)-2-hydroxy-3-
30  morpholin4-yipropyl}-2,4-dimethyl-1H-pyrrole-3-carboxamide are readily prepared by treating the

free base compound with a substantially equivalent amount of the chosen mineral or organic acid
in an aqueous solvent medium or in a suitable organic solvent, such as methanol or ethano!.
Upon careful evaporation of the solvent, the desired solid salt is readily obtained. The desired acid
salt can also be precipitated from a solution of the free base in an organic solvent by adding to the
'35  solution an appropriate mineral or organic acid. '

The maleate salt of 5-[{Z)-(5-fluoro-2-oxo-1,2-dihydro-3H-indoi-3-ylidene)methyl]-N-{(28)-
2-hydroxy-3-morpholin-4-ylpropyll-2,4-dimethyl-1H-pyrrole-3-carboxamide can be produced with
good crystallinity using, for example, room temperature evaporation in ethanol or acetonitrile/water
{1:1), heat evaporation in methanol/ethyl acetate, drowning in ethanol/hexane, room temperature
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Polymorph Form 2 ¢an be produced by cooling from 80 °C to 5 °C preferably in a polar
solvent, preferably cooled slowly (e.g., 0.6 *C/min}, and preferably using a long aging time (e.g., 48
5  hours). The infrared spectrum (600 cm™ to 4000 cm™) of polymorph Form 2 (peak table) is shown
in Table 4, and the PXRD patiern in Figure 2. Analysis by DSC and TGA show that this form melts
with a peak melting point of 224 °C and onset melting point of 221 °C.
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i nfrared spectrum (600 cnt to 4000 cm ) of polynmorph Form 2 (peak table) is
shown in Table 4, and the PXRD pattern in Figure 2. Analysis by DSC and TGA
show that this formnelts wth a peak nelting point of 224 C and onset
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Mixtures of polymorph forms 1 and 2 can be produced in ethanol and THF fwater solvents.
Polymarph Form 3 can be produced by cooling from 80 °C to 5 °C in water. _Attemnpts to
5  produce polymorph form 3 resulted in mixtures with forms 2 or 5, Figure 3A shows a typical PXRD
‘pattern, and Figure 3B shows the pattern deconvoluted to show a calculated pure polymorph Form
3 pattern. Polymorph Form 3 may be a hydrate; however, this was not confirmed. .
Polymorph Form 4 can be produced by cooling from 80 °C to § °C in 4-methyl morpholine
or triethylamine.
10 Polymorph Form & can be produced by cooling from 80 °C to § °C preferably in a polar
solvents, preferably at a rapid cooling rate (e.g., 300 °C/min) and short aging time {e.g., 1 hour). '
Polymarph Form 6 can be produced by cooling from 80 °C to 5 °C in a variety of solvents including
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Form 3 can be produced by cooling from80 Cto 5 Cin water. Attenpts to 5
produce polynmorph form3 resulted in mxtures with fornms 2 or 5. Figure 3A
shows a typical PXRD pattern, and Figure 3B shows the pattern deconvol uted
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a hydrate; ‘hﬁﬁé"ﬁ’eﬁwnﬁgi%‘m ﬁﬁ’fesc?ﬁﬂfam‘%c?re QBWWHW%‘P\ WF{ FRondce 58 pr oduced
by cool i ng f ROMCBAIN)@nt st @ingtime-{exet hhebr). iltempte o preguceolyrharpeftdny b aesilted. 10

Pol yror ph Form.ﬁu@@wurh@rm@rz@ayc;q&rm &Qpéét?ﬂcafﬁwm ;égerﬁahwp.éur&é)ére&@fh@b' y hn a

pol ar sol vents C/ mn) an
short aging Pf %@‘@80”5‘%”‘“%%’8“?};&” E@Ipffﬁﬁaquﬂ%f’rl’ﬂa%pag%ﬂ be produced by
cooling f&om 80 CPelgnagphCom 7zean &e preduredby olngdrinss0i*Add 60C ingpral@n-228%. 033098
PCT/ | B2004/ 0B3A78on i P & cclet RAGS, 17 ihRlomrgkanes and i nes,
preferably using a .ra short aging
time (e.g., 1 houf§¥™ S::er%€l7 artegmpsg%)[ﬁlfég Ogbﬂhfﬁeﬁ?'ﬁﬁwlfB]?"ﬁgr%ha%@gl ted in
m xtures with forRhermaceytica confrogjipneofdhe inveriing may. foy pramle, FXRB fqyastiabla forand
Fi Igure 6B i heeéﬁ%&ﬁa@straﬁbatats%rtablalee@ﬁu@lpmtmdéromtam releBsd @mlﬁ;@ﬁ auu&.snl f
pol ynor ph, Form e LR can roduc ool ing from
80 Cto EO ‘ﬁe'p Pro} e{%{ te%' 'i?fec%ﬂ%s ahStE'% FF'LE'%'?’ %1” nsrd[r)1 Qoee"};ll' '%Iférag’g however,
thi*s was not a%m#”@?%eﬁf arP@FtS?‘Pr'i*Sr%erﬁ@r?stOfBEE?fa'aﬁdé'“W@U%tﬂalﬂ guppesien.cdheert over
| to pol yﬁmﬁﬂteﬁw ramraposmdﬂhaasyrmclﬁwh.t adshgeCRMBOSitdbleOSsiffle AdadnidtretitAndfi on nay,

t
for exanple, PrQS Waigrgo':rﬁ@ | na dthlgal «GHhposi a»lull ﬂﬂ[ﬂena'i §Jn?&%r‘%p¥h%ﬁl‘?ac£@gél et,

capsul e, pil sus rel ease ornu

suspensi on, fager 'Hé?‘%‘?ﬁ”é?”ﬁla CRMAROHRY 3eeRidingdo e Byearion as aa gty ipgsprient u%?f’@&‘i@"i on or
emul si onjs f ot meydgmiude bther srabritinel ertphartnbaenticalsagents, carersyediivaes, eer eam or for rect al
adm ni stration asg@mgkp F&Qr%htérgréﬁmm-ébﬁmn REAS RAEU diEas &%ﬁés&nh QP By be in

unit dosage forms sulita t? H;I% e adm ni stration of
compounds in sterile aqueous solutions, for example, agueous propylene glycol or dexirose

solutions. Such dosage forms can be suitably buffered, if desired.
Suitable pharmaceutical carriers include inert diluents or filiers, water and various organic
20 solvents. The p'harméceutical compositions may, if desired, contain additional ingredients such as
" flavorings, binders, excipients and the like. Thus for oral administra!ibn, tablets containing various
excipients, such as citric acid may be employed together with various disintegrariis such as starch,
alginic acid and certain complex silicates and with binding agents such as sucrose, gelatin and
acacia. Additionally, lubricating agents such. as magnesium stearate, sodium lauryl sulfate and
T 25  talc are often useful for tableting purposes. Solid compositions of a similar type may also be
e - employed in soft and hard filled gelatih capsules. Preferred materials, therefor, include lactose or
milk sugar and high molecular weight polyethylene glycols. When agueous suspensions or elixirs
are desired for oral administration the active compound therein may be combined with various
sweetening or flavoring agents, coloring matters or dyes and, if desired, emulsifying agents or
30 suspending agents, together with diluents such as water, ethanol, propylene glycol, glycerin, or
combinations thereof. '

Preferred methods of formulating pharmaceutical compesitions of the invention are
described in U.S. provisional patent application no. 60/421,133, filed September 10, 2002, the
disclosure of which is incorporated herein by reference in its entirety,

35 Methods of preparing various pharmaceutical compositions with a specific amount of
active compound are known, or will be apparent, to those skilled in this art. For examples, see
Remington's Pharmaceutical Sciences, Mack Publishing Company, Easter, Pa., 15th Edition

(1975).




preci se dosages. The pharnmaceutical conposition wll include a conventional
phar maceutical carrier or excipient and a conpound according to the

i nvention as an active ingredient. In addition, 15 it may include other .
medi ci nal or pharmaceutical agents, carriers, adjuvants, etc. Exenplary
parenteralmap£$g¢3¢%atlon forms include solutlons or Sqéﬂﬁﬂikﬂﬂﬁ'ﬁf active
conpounds | aqueous*solutlogg for exanpl e, aqueous propylene
glycol or dextrose solutions. Such dosage forms can be suitably buffered,
if desired. Suitable pharmaceutical carriers include inert diluents or
fillers, water and various organic. 20 solvents. The pharmaceuti cal
conpositions may, if desired, contain additional ingredients such as
flavorings, binders, excipients and E¥EME e Thus for oral administration,
tabl ets cont ai ni fite eampleuand pesperplisherrowded selohfudier Bistrate endieiethplitpgartio@arenpl oy ed
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i s not ¢mte ol l owm ng exanples. 5 Methods

and Mat &%i a?pé’mﬂf"'?ﬂeg?%‘ﬁrf’?r\élwé&sa{’ﬁrﬁeﬁ"gﬁ'ggﬂr ik R‘?ﬁ‘ry (DSC): DSC neasur ements were
performed with &PXRR dati&f Figuentd wasel edlecaiising; o high-breughpit BXRM adrerging
cal or i met er agphls. aDIéFéhSﬁaPéi‘houﬁ(é&bryﬁBruﬁa@QﬁDDQ&Htﬁ@brﬁ&éreqm@%ﬂmitr&éiHll’%ﬁ@d in
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radiation in the region of 26 from 3 to 42°. The diffraction pattern of each well was collected in two
o 25  theta ranges (3 < 20 < 21° for the first frame and 19 < 20 < 42° for the second frame) with an-
| exposure time of 75 s for each frame. The carrier material used during PXRD analysis was
transparent to X-rays and contributed only slightly to the background.
TGA measurements were performed using a TA instruments model 2860 Hi-Res analyzer
with a Thermal Analyst 5000 controller. Samples were placed onto a tared platinum hanging pan
30  and heated to at least 165 °C at a rate of 10 °C/min. Dry nitrogen was used as a purge gas.
HPLC conditicns are given in the individual examples.
. Example 1 _
Several salts of 5-[(Z)-(5-fluoro-2-oxo-1,2-dihydro-3H-indol-3-ylidene)methyl]-N-[(25)-2-
hydroxy-3-morpholin-4-ylpropyl]-2 4-dimethyl-1H-pyrrole-3-carboxamide  were produced and
35  analyzed for hygroscopicity. Hygroscopicity was determined by dynamic moisture sorption
gravimetry (DMSG) using a controlled atmosphere microbalance at a temperature of 25 °C.
Samples were analyzed over a relative humidity range of from 0 to 90% in 3% steps, in a
humidity profile of 36 — 0 — 90 — 0%, where the initia! value of 36% reflects the approximate
initial equilibrated relative humidity (not specifically measured). Each step was brought to




and heated at a rate of 10 Cmn up to 320 C. Dry nitrogen was used as a

" purge gas. 10 Powder X-ray Diffraction (PXRD): PXRD data for Figures 1 and
2, and in the following exanples, were collected using either a Scintag X2
or X1 Advanced Diffraction System The system used a copper X-ray source

. maintained at 45 kV and 40 mA to provide CuKal em ssion at 1.5406 A
(0.15406 n soI id state peltier cooled detector ure was
controll ed%%é‘?]ﬁgstusbe di vergence and antiscatter sli tsp%ﬁﬁg%é'%gﬁz nm and
detector antiscatter and receiving 15 slits of 0.5 and 0.3 mm w dth. Data
were normally collected from2 to 40 O two-theta (20) using a step scan of
0.03 /point and a | s/point count tine. Scintag, round top |oading stainless
steel sanple cups with a 12 mmor 9 mMmmalum numtray insert or a quartz

pl ate were uemiibriug befere aioving todhepheststephwitthepdibriyar sssessedps e sweighirabarigarsdl gr ound
with a rmrtal;essanéh mﬁtnhge(ol@e%pdr@ 08Nk Y525 forfmchg&@fwb&ms Qﬁt;ﬁ:ml: Ber-ll-ﬁ@l es 1

d 2 hly t
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vmthaHl-Star area te out room -
t enperature &R 'V?r'{)fr?(r)@ rwgr%fjp%‘e ?&Qﬁr&&le@ ’fsseeéeﬁ's o A r@J d9(9f fdafrom'S

to 42. The dickix action pattern of each well was collected in two 25 theta
ranges (3 5 20 5 21 for the first framaoasnd 19 < 20 < 42 for the second
frame) with an. ewqu.ct... 5—s—+tor—each—t+an Fhe—carder nmateri al
used during PXRD anal ysf® was tWﬁWéﬁ@F%?U%BHWr%X/S &isgredNont r i but ed only
slightly to the badkgHouesh1 TGA nmeasur epents were perfOﬁmed using a TA
Imstruments nodel 295 Clqior-n, S [anal yzer %tn a_rhermat y3t 5000 _

troller. Sanpl es—were—praced-onto-—a-tdared-platinu gi-ng pan 30 and
heated to at |east (165-08Rl¢ arate of 1®-Bnin. Dry hitrdgen|was used as a
purge gas. HPLC condi t xgaese arg@ gi ven in ghe individupl epanples. Exanple 1
Several salts of
5-[(2)-(5-fl uoro-2{oxo= ?ma}edn Rydro-3H- | ndol - 3. yliden \r'm1l‘3h\jll -N-[(29) - 2-
hydr oxy- 3- nor phol i - 4- Eﬂlsxbﬂ’i%)pyl - 2, 4- di metyl - | H pyrrpl e-3- caf boxam de were
produced and 35 anal mg,eoq;a{eor nygr OSCOpI5CJ5ty Hygr oscop|1c5| ty|was determ ned -
by dynam c noi sture tomrgravinetry-—{BvM5e—tustrgra—cont+9l | ed at nosphere
m crobal ance at a tenpﬁf%ﬂ?ﬁrp of 25 C mples werel ang®yzed over a
relative humdity range of fromO to 90%i n 3% steps, ina humdity proflle
of 36 ->100 -4 90 Foi* th® Wydrashieide st hei imiial nadsuiembknteexiiibited 68fptioa fwlite ah apfakeat

monsur ed) . Eopied pivoR U el U SitibFhote KB BT I IR 1,
equi libri umTlH@fSB' dErWla'ﬁ ?I’ﬂa ﬁttﬂ?xr’t 108 dpal pippych G, TP D wasieblEe 88%:d as a
wei ght changestef formh @s ghet ﬁa’nngomﬂeﬁﬁl reg e(@ualetiody @KREDKr@Othmg) (OSO298 ey five

consecutive r%bd?én%n&ton]{hd)ﬂc%rn'pﬁrsalﬂ-ﬁ@cate%%@@nmydra-@?ﬂtﬁ"@trr%ftlndJ%ﬁ%ﬁa&ht 80%
,r eI ati Ve hur]z‘l&gi Lé yTéﬂ_de%/u wagh??t edTrTe%Cl ?orrrnr% alt was also evaluated by DMSG, but

o using @ 0 — 81 — 0% relative humidity profile (Figure 10B). The form 2 salt was relatively non-

hygroscopic and showed no significant hysteresis.
The L-malate salt was of poor crystallinity (PXRD not shown). The sample melted at
about 182 °C; however, additional thermal events occurred at about 95 °C.
20 Initiai data collected using 2 maleate salt are omitted. The initial maleate salt was only of
fair crystallinity, exhibiting a unique PXRD pattern and having a melting point of about 181 °C.
This material was hygroscopic, having a moisiure uptake of about 8% at 80% relative humidity.
‘This salt is believed to be polymo}ph Form 5 or a mixture of Form 5 with one ore more other
'polymorphs, but this was not verified. A second maleate salt sample having good crystallinity and
25  characterized as polymorph Form 2 was subsequently tested, and the results from this polymorph
Form 2 sample are shown in Table 5.
The L-tartrate salt was of poor crystallinity (PXRD not shown). The sample melted at
about 191 °C.



I

between the salts. The 80% RH val ues for each salt are shown in Table 5, and
"the right colum 5 of the table identifies the correspondi ng Fi gure show ng
the conpl ete DMSG scan. A range of values given for the water uptake at 80%
reflects hysteresis inthe 0 -, 90%and 90 -, 0% scans. Table 5 Salt \Water
. Uptake at 80% RH (wt. % Figure No. HC, form1l 3-20 10A HC, form2 1.2

10B L-nal a8 2ddndsgosll Maleate 0.8 12 L-tartrate 9 13 14
Mandal ate 5-6 15 Malonate 12'16 10 kpr the hydrochl Orfg@?ﬁzzée#@)foﬁ){/ e initial

measur enent exhibited sorption with an apparent stepw se gain/loss of water;
the sorption profile exhibited significant hysteresis (see Fig. 10A). This
salt is designated "form 1" in Table 5. The final product (HC "form2") was
not the same crystal formas the starting material, as eval uated by PXRD

(not shown). DSCheresyiresalt wes08 ir evvaingy (BYRR prd shaan). fbe serprismelied etralipdat ed a
monohydrat e1sg°Ch aptaked bi @gutphéatwaef wab Qudervd®d aP 8o 5% Gliafive Uiathiclly, 8nwei ght

| . The H | but. [ a,0 -> 81
23 0on r o1 atirse Tl A B0 R Ao HR B o RR ol mallp G

rel atively ASBSFW&5r oscopi ¢ and showed no significant hysteresis. The

L- nal at essal t wamheofianpeate sairwes tobipdor erystaflinity PPOERID ndd ishd Wihe. sarhible netddpdte el t ed
at about 1%%1"924 owever, additional thermal events occurred at about 95 C
20 Initial data coll ected usi ng a naleate salt are omtted. The initial |
mal eate salt was "GPP salf wasof pody cysialinty {PERD nehshowsy+ ThfysaarlgfesplratexrRD

patt ern and(0$8yiahgbait 183 Ci arg pefientat @boub ROIFT. 18dvedt confehi sf amuiersvalwanas

hygr oscopi Cggy :ﬂM&d}QrT%Afmi‘ sture uptake of about 9% at 80% relative humdity.

This salt is believed to be polynorph Form5 or a mixture of Form5 w th one
ore nor.&% ot her pol ynor phs, but this was not verified. A second maleate salt
“sanpl e having good crystallinity andx@fpledaracterized as pol ynorph Form 2

subsequent | YoHeihaghbiif Wds EJ%@ssE@f&Hivfo%ifffe:reﬁl%hPlla§ofl%qtz¥ml£#?a-2-d:x@{1,f.’él 2 sanple
o o S s e S B P PSR Sl Y (P
PCT/ 1B2004/ moge3garbegmigemeleats, [salt dpolymereh farn df  Harmplescweret mgittaigd: i § PXRD not
shown) . 15TheespdiRlie an®hintdky-8ntralR@ dhamber at 25 °C and 60% relative humidity (Tables 7 and
8) or at 40 °C and 75% relative humidity (Tables 9 and 10). At various time intervals, material
was removed and tested for maleate counterion assay, impurities, water content and
enantiomeric purity. _
The maleate counterion assay was determined by ion exchange chromatography (IEC).
20 Typical conditions were as follows:
lonic Chromatograph: Dionex DX 600 with conductivity detector
Analytical Column: Anionic AS14, 250 x 4.0 mm, Dionex
Guard Column: Anionic AS14, 100 x 4.0 mm, Dionex
Column Temperature; 30 °C ,
S 25 Mcbile Phase: 3.6 mM sodium éarbonate plus 1 mM sodium hydrogen carbonate
' Elution Mode: isocratic
Flow Rate: 1.2 mLfmin
Injection Valume: 25 pL
A suitable amount of the maleate salt is dissolved in water (Milli Q grade} and analyzed by IEC,-
'30 and compared to calibration samples. Under these conditions, the peak due to maleic acid has
" aretention time of about 11 minutes. The amount of maleic acid in the sample is calculated as:
% Assay = (Cy/W) x 100
where C; is the concentration of maleic acid found in the sample, and W is the theoretical
- sample concentration in the agueous solution. '
35 The amounts of impurities and degradation products were determined by HPLC, using
a Perkin Elmer LC 200 system with a diode array detector. The analytical column was a Waters
Xterra RP18, 5 um, 250 x 4.6 mm, and the guard column was a Waters Xterra RP18, 5 um, 20
x 3.9 mm. Mobile phase A was a mixiure of 90% 0.05 M ammonium acetate buffer at pH §.5



190 C. Uptake of about 2.5% water was observed at about 65%rel ative

hum dity, with subsequent |oss at' about 30%relative humdity. This weight

~change was approximately equal to |l nole of water. 5 The mandel ate salt was

_of poor crystallinity (PXRD not shown). The sanple nelted at about 224C

. The mal onat of poor crystallinity (PXRD not shown). The sanple
desol vat ed \%P%@gwa Eabout 133 C and rl{gl ted at about 26I8'&?ﬁ’§9)"|“{9%%? content

of about 15% was determ ned by TGA Exanple 2 Chenical stability was

assessed for two different sanples of 5-[(Z)-(5-fluoro-2-oxo0-1, 2-

di hydr o- 3Hi ndol - 3-yl i dene) net hyl ) - N-[ ( 2S) - 2- hydr oxy- 3- nor phol i n- 4-yl propyl ]

-2,4-dimethyl -1 H pyrrol e-3-carboxam de nal eate salt, potynorph Form 1.

Sanpl es wer e andiQt erdeteattiile. Mogilelhasecvrsamivie chilye AORHMEMMonsioracetstelbeferchanber -

at 25 C and éﬁ%wér@tdﬂ%@cawmn@!ith)é sOeabyradientis 8itlln id)abr, at 40 C and 75%
relative humdity (Tables 9 and 10). vg_ri ous tinme intervals, materi al

was renoved and tested for maleate cqur?Plerl on assay. inpurities, water
content and enantionerinte(@itfi ty. The rmaleate countery@ assay was

determ ned by ion eﬁﬁa‘ﬁg'g—mrgrap'g%m). 2o Typtcat——condi ti ons were
as follows: lonic Chromatdgraph: D onex DX 600 with céﬁducti vity detector
Anal ytical Columm: Anionit AS14, 250 x 8 0 mm Di onex2®uard Col utm: Anionic
AS14, 100 x 4.0 mm Dionex Columnm Tenpsgyature: 30 C 26 Mobile Phase: 3.5 niM

sodi um carbonate plus 1 sodi um hydr ogen car bonat e | ution Mode:
isocratic Flow Rate: 1.2 mn |njection Volume: 25 8 A suitable amount of
the mal eate salt is dissotfved in water ¥MI1i Q gradePland anal yzed by | EC,

30 and conpared to calibrgtion sanples.gdnder these cemditions, the peak due
to maleic acid has a retgntion tine ofg about 11 mi nutes.. The anount of
mateic acid in the : - x 100 where Ca
is the.concentration of maleic acid found in the sanple, and Wis the
t heoreti cal Flsergd wasClomOaint injattion molunme 30had, @ou eanperabos, 4BS om dete@bn. THadeamount s
of i mpuriti egoand,s#eat AalhR Bud b ALUGLIS Y Elithal § L ALATLNGHe BYatblRlde mitiRdd
Perkin El rrert%eLCrggO s%s%cﬁzm v[\!lltlh a _di ode ar_rg% det ect or; TTJe an T'y{ﬁgal
col unn was alMRYAtiET &e ChariqrZcopp g reiptig jetenlio tipe ARIST) ine impyrity ﬁ@%u‘é @° col urm
was a Wat er sis XedrisameRAhS othgr impurifds were not characterized, |

Enantiomeric purity was determined by HPLC, using a Chiralpak AD analytical column,

0

10 10 pm, 250 x 4.6 mm (Daice! Che~ - - '+ using 30 oven temperature of 30 °C, a
mobile phase of 2-propanalihe.janweel | - ., an isocratic elution mode, a flow
rate of 0.5 mL/min, injection volume of 50 pL, detector wavelength of 265 nm, dilution sotvent 2- -
propanolheptane (50/50) and a sample concentration of 0.3 mg/mL. Under these conditions,
the S isomer has a retention time of about 15.5 minutes, and thé R isomer hqs a retention time

15  of about 22 minutes.
Water content was determined according to USP 25, <921>, Method Ic.

( D The restlts are shown in Tables 7-10.



"X 3.9 mMm Mobile phase A was a m xture of 90% 0. 05 M ammoni um acetate buffer
at pH 5.5 WO 2005/ 033098 PCT/ 102004/ 003070 19 and 10% acetonitrile. Mbile
phase B was a m xture of 10% 0.05 M amoni-um acetate buffer at pH 5.5 and

. 90% acetonitrile. The solvent gradient is shown in Table 6. Table 6 tine
(mn) %A % 15 80 20 40 50 50 41 20 80 46 0 20 60
80 20 5 F gfvc\’zggsﬁwgs(égs | Ui m, I nj ectj,on vol unme 30 nglr‘ﬁ%tog@gp ture, 435
nm det ecti on. Under these condltl_ons t he peak due to the nal eate salt has a
retention time of about 24 minutes. |Inpurities are characterized by their
relative retention tinme (RRT). The inpurity at RRT = 0.26 is the E isoner.
The other inpurities were not characterized. Enantioneric purity was

det ermined by HPLC, usi ng able Eriamplepait 2A08 and 8P Relstive Huoldiym, 10 10 m 250 x
4.6 mm (Dai cgr—_Che™ "~ ~sign an oven,,{ltgme. ,%ur%nqr dgrrb a5 D 1&@. ase of
2- propanol t hie——y ———af—-seet-at-He—ehut-en—Hb lgw —ra oD, 5

mJmi n, inj eckAmppergsEUNe of 50 L. dlet ect dr Mavel éhqth ¥t 26547 i in L Wil ltion
sol vent 2- prARaNH e epieanavdenty 50 gar:d ageenplg.caneent fabsgn| ofsD. B ny/ nL.

Under these CondE LIS, e STTSomer s—a TetentTonr time-of—about—15. 5
m nut es, andI ion tim 15.0f about 22 ninutes.

Wat er content wBBT8&6erm ned accor|diOoig f 00.RBP 2595 9BDE, |Menkofl 0.8 | The
results are [shopRrbgs Tabl es 7-10. |l g0 _2@@51030’3@98 IBQ}TI I ng94 09370 20
Tabl e 7: San T R iatlvs mgty-—+ptt+at o33 no. 6
m. 9 no. 12_mfR .Q&IIParanrp us_ Ud G955 P16 qq?ﬂz (J’Frpa e PHﬁ'Ji vial ent)

98.7 97.5 949.4 BBT4598. 4 98.2 | ndulitdi ¢s0.4?9 RRE (. 2820/00.19. PSO.G& 05 0. 07
0% 15°0.06 RRT1.74 - 009 | 010 | 008 | 009 | oo7 | 0o7
N RRT 1.84 - 0.10 0.13 0.12 0.12 0:10 0.11
Total Impurities (%) 0.83 1.09 0.78 0.82 0.77 Q.70
Enantiomeric Purity (%) . | >99.9 | >999 | >99.9 [ >99.9 | >99.9 | >99.9
Water Content (%) . ’ 0.55 0.53 0.68 0.46 0.42 0.74
a unchanged '
® not detected
5 Table 8: Sample A, at 40 °C and 75% Relative Humidity
Initial Tmo. | 3mo. | 6 mo.
Appearance u* v ue
Assay (% free base equivalent) 98.7 97.9 98.5 88.0
Impurities (%)
RRT 0.26 0.09 0.29 0.05 0.07
_ RRT 0.51 0.40 0.39 0.40 0.4¢
(o RRT 0.71 ,_ 005 | nd® | nd® | nd®
: -t - RRT1.53 0.10 0.1 0.14 0.15
RRT 1.74 - 0.09 0.08 0.08 0.07
RRT 1.84 0.10 0.13 0.12 0.12
Total Impurities (%) 0.83 1.00 0.80 0.81
Enantiomeric Purity (%) 100.0 | 100.0 | 100.0 | 100.0
Water Content (%) 0.55 0.57 0.69 0.42

@ unchanged
b not detected




“RRT 0.51 0.40 0.41 0.40 0.42 0.36 0.33 RRT 0.71 0.05 0.06 ndb ndb ndb ndb
RRT 1.53 0.10 0.11 0.12 0.12 0.12 0.13 RRT 1.74 0.09 0.10 0.09 0.09 0.07
0.07 RRT 1.84 0.10 0.13 0.12 0.12 0.10 0.11 Total Inpurities (96 0.83 1.09
- 0.78 0.82 0 77 0.70 Enantiomeric Purity (%9 > 99.9 > 99.9 > 99.9 > 99.9 >
199.9 > 99. ntent (% 0.55 0.53 0..68 0.46 0.42 hanged b
not detected ga#E%wQPS Sanple A at 4p C and 75@6F@Iatrggﬁé %ﬁ@ Initia
1 no. 3 nb. 6 nb. Appearance Ua Ua us Assay (% free base equivalent) 98.7
97.9 98.5 98.0 Inpurities (% RRT 0.26 0.09 0.29 0.05 0.07 RRT 0.51 0.40
0.39 0.40 0.40 RRT 0.71 0.05 ndb ndb ndb RRT 1.53 0.10 0.11 0.14 0.15 RRT
1.74 0.09 0.08 0.08 0.07 RRT 1.84 0.10 0.13 0.12 0.12 Total Inpurities (%
0.83 1.00 0.80 0.81 EnanTﬁbBﬁéq"@'E%?wyCe%ﬁoind@'a@veﬂﬂ}m@yloo 0 100.0 Water |

0
o o0as00] 21 Carrelssarer a8 3T, TS TP JETP005 035000
Initial 1 no. 3 nmbAPREaACE  Appearance us if Ua YAssaW’( % f irEe pase
equi val ent) 97.8 Ofss2y BBk beae uivalenppr i |1 s ([%esBR| 08.26( Og22 [0. 06 0.18 0. 05
RRT 0.51 0.68 0'6‘mmuﬁmsﬂ% RRT 0. 71 0. 07 0. 09 0. 090 05—
RRT 0.26 0.21 0.06 0.18 0.05
RRT 0.51 : 0.68 0.82 0.61 0.56
RRT 0.71 0.07 0.09 0.09 0.05
RRT 1.53 ' 011 | 009 | 008 | 0.08
N RRT 1.74 ' 007 | 006 | 005 | 0.06
( )  RRT 1.84 010 | 008 | 009 | 0.09
. Total Impurities {%) 1.24 1.00 1.10 0.90
Enantiomeric Purity (%) >99.9 | nm® ‘| nmP nm®
Water Content (%) ‘ 0.45 0.50 0.54 047
2 unchanged
not measured
5 Table 10; éample B, at 40 °C and 75% Relative Humidity
) Initial 1 mo. Imo. | 6mo.
Appearance volou u?
Assay (% free base equivalent ) 97.8 98.2 97.2 97.5
Impurities {%)
RRT 0.26 1 021 0.13 | 018 | 0.05
RRT 0.51 ‘ "1 0.68 0.61 058 | 0.54
(5 | | RRTO.71 0.07 | 008 | 008 | nd°
RRT 1.53 0.11 0.10 0.09 0.10
RRT 1.74 - 0.07 0.06 0.06 0.05
RRT 1.84 0.10 0.08 0.09 0.09
Total Impurities (%) 1.24 1.06 1.06 0.83
Enantiomeric Purity (%) >99.95 | nm® | nm° | >89.9
Water Content (%) 0.45 0.49 0.48 0.47
# unchanged “ '
® not detected
® not measured
10
Example 3

Crystal form stability was assessed for samples of 5-[(2)-(5-ﬂuoro'-2-oxo-1.2-dihydro-
3H-indol-3-ylidene)methyl]-N-[(2S)-2-hydroxy-3-morpholin-4-ylpropyl}-2,4-dimethyl-1H-pyrrole-3-




RRT 1.53 0.11 0.09 0.08 0.08 RRT 1.74 0.07 0.06 0.05 0.06 RRT 1.84 0.10
"0.08 0.09 0.09 Total Inpurities (%9 1.24 1.00 1.10 0.90 Enantioneric Purity
(%9 >99.9 nmb nmb nnb Water Content (% 0.45 0.50 0.54 0.47 unchanged
not nmeasured 5 Table 10: Sanple B, at 40 C and 75% Rel ative Hum dity Initial
-1 no. 3 nb. 6 nb. Appearance us if Us Assay (% free base equivalent) 97.8
98.2 97.2 ities (%9 RRT 0.26 0.21 0.13 0.18 51 0.68
0.61 0.58 %ggooslp{%ﬁ% 71:0.07'0.08 0.Q8 nda RRT 1.53 OPH%OW%?%Q 0. 10
RRT 1.74 0.07 0.06 0.05 0.05 RRT 1.84 0.10 0.08 0.09 0.09 Total Inpurities
(%9 1.24 1.06 1.06 0.83 Enantioneric Purity (%9 > 99.95 nnt nm > 99.9

Water Content (% O0.45 0.49 0.49 0.47 a unchanged b not detected '.. not
nmeasured 10 Exanple 3 Crystal formstability was assessed for sanpl es of

5-[ (2) - ( 5- f |atpwmidegRgeate sltRofypgPe Form 1, polymorph Form 2, and a mixture of polymorph

3H- i ndol - 3- yHoirl@n@) Peirh g - ddch €R8) a Bankpyedsr areysuBetatios pROpladkadnty aRbaryed - 2, 4- di m

S ol i A ARy 02 AP i AP al eat e

salt, pol ynor Form 1
and Form 2. teken eguersl &'a luring @%Wﬁ?t@" gk the jegt asp pRgvAprler gualiatyp & %ﬁs% 'ﬁtﬂaf- a

control | ed Ax@mpRtaisr eroaﬁdmhunnajmgnostoatmeltest was hesrbgs, aid ddciGtarmelm/ 5%
el atl ve Numhgioby neSABES WK Bxnd BEth, S F0Rl 2 S| B Ul Balltl | 01 Of

the test an qy or qualitative change atterns. For
Form 1, the 98 319 W F165He! OHR chapass WiEsobpeeed dg% P x&PcPaFﬁ%"cF?féi‘eaF“"P%F?ﬁ“

1/Form 2, the duration of the test was 6 weeks, and no crystal form changes were observed in

the PXRD pattern.
10 Example 4
a - A six-week stability study was carried out on samples of 5-[(Z)-(5-flucro-2-oxe-1,2-

dihydro-3H-indol-3-ylidene)methyf]-N-{(2S)-2-hydroxy-3-marpholin-4-ylpropyl}-2,4-dimethyl-1H-
pyrrole-3-carboxamide maleate salt, polymorph Form 1. The compound was exposed for 6
weeks, closed vial, at three stability test conditions: 5 °C, 25 °C/60% relative‘humidi_ty and
15 40 °C/75% relative humidity, and analyzed for chemical and enantiomeric stability as described
in Example 2, except that the HPLC instrument Was an Agilent 1100 series. The HPLC resuits

are shown in Table 11,

Table 11
Conditions Recovery (%) Total Impurity {%)
5°C+3°C 28.00 1.87
25°C + 2 °C, 60% RH® 97.52 1.85 .
40°C £ 2 °CC, 76% RH*® 97.63 1.86
® ralative humidity
20 | The percent recovery was calculated based on the average response factor obtained

(. _ from a reference standard throughout the HPLC run, and considering the E isomer as the
' compound' and not as an impurity. Compounds in this class exhibit reversible E-Z
isaomerization, with the Z-isomer generally favored. The isomerization is often .an artifact of
sample preparation and analysis. Thermog'ravimetric analysis (TGA) showed minimal water
25  content, and it was not considered in the percent recovery calculation. The values shown in the '
table are averages of several injections.

To determine the thermal stability and residual solvent content, the same samples were

analyzed by DSC and TGA. The results are shown in Table 12.



" changes were observed in the PXRD pattern. For Form 2, the duration of the
test was 134 days, and no crystal form changes were observed I n the PXRD
pattern. For the mixed Form 1/Form 2, the duration of the test was 6 weeks,
~and no crystal form changes were observed in the PXRD pattern. 10 Exanple 4
A si x-week study was carried out on sanples o

5-1(2)- (5 fﬁggl@dgwg&%& Sy al b cTmB2004/003070

di hydr o- 3Hi ndol - 3-yl i dene) met hyl ] - N- [2328) - 2- hydr oxy- 3- nor phol i n- 4-yl propyl ]
-2,4-dimethyl -1 H pyrrol e-3-carboxam de nal eate salt, polynmorph Form 1. The
conpound was exposed.for 6 weeks, closed vial, at three stability test
conditions: 5 C, 25 C60%relative hum d|ty and 15 40 C 75%rel ative
hunidity, and anal yzed for cheni cal ah®P'%Wantiomeric stability as described
in Exanple 3, exaget ha@;o,{dmgnsHPLC | nstrueg,mt was an Ag| I erpjsclloo seri es.

The HPLC reqults are| shown in Tat @ Yeh—+ ;.. |\C\ﬁu@lycry (%
Total Inpurifty (% 5(C3C 98.00 1. ‘g’%% Eg}t 40 C 2
CC, 76%m|;|-|o o g;'?1 86 e relatiué h??%%m 5 C/nlmp‘p ?('U ry lwas

cal cul at ed Hawdehtosaltt he avi&iCage rlespénse flact 88.15bt aj nemeromZZaﬁOref erence

st andar d t hrjoyghasiiat h%lvﬁgg%hun and3§on5| de@h@g t hie Igog_sonerzg;gs,tre

V. YR P - D R NL

conpound ang—het—as ut ng/l Conpounds—r—t-hi-s—etass—exhi-bi-t—reyersi bl e
E-Z isoner iﬂ%ﬂiﬁ% R Fh% Bt d e “Qenelr al 205t avaor ed%-Ihd | &Brerijzati on
iis often an artikpumigly sanple preparation and anal ysis. Thernogravinetric
anal ysi s (TGA)  siwowed-[(@)-@ifinmb-2:0@t BI-difrocapiihddnd-ylidaigméthy RSN 2hydapsi der ed i n
the percent J.@r@r%Yr?Ji%Ffeﬁ\}nfé%' d%étﬂfpjlﬂ J@Sle‘é%}dsam?%%ke”sah%s s&@Q'u c{e?%f?

aver ages of seVeral

1@4' dual Ssol R4 Cem'ft%wvesv%d s ARfeassaing) the-vek stebiliy saropiesdvasP7 s8R TGA |
resul ts witnes ®tadimpuiitn cdrednt ef 167, - WSRO0 @He/ H33098 urﬁ’ﬁﬁﬁlyl;ﬁé?fmlu‘d)ﬁb’s&ﬁ@v 23

Eﬁ?lhgl F13§ Sggg@eﬁcﬁgeﬁér?%&;j; P my\h or e%srr(edaé? gu\% ditho §%tu% IE) RRc 2 06, 5

224.0 el edti@ntialyqans 5'?:5"6@5)9@ "%B"t“z%s‘i‘°'2‘?3'%e“$ raﬁ'?a‘?fé@? besedr ¢ 40
C/ 75% RHO 1.#860 20. 61 (ZB8n@ shad).3 Also, there was no chiral transformation observed in any

10 samples. Enantiomeric stability was also confirmed in samples held at 80 °C for 2 weeks, with

no increase in the amount of R isomer observed.
DSC analysis of the 6-week samples showed a single sharp endothermic.
melt’decomposition peak at 207-208 °C. TGA analysis showed a minimal weight loss (less than
2%) between 26-125°C.  Significant weight loss (about 21-23%) occurred at 207 °C,
15  corresponding to the endothermic peak at 218 °C observed by DSC.
PXRD analysis of the 6-week samples maintained at 40 °C/75% RH showed ho
crystalline changes compared to a control sample.

o _ Example 6
N 20 In preclinical species {in vive and in vitro) and in human hepatocytes and microsomes,

5-[(Z)-{5-fiuoro-2-oxe-1,2-dihydro-3H-indol-3-ylidene)methyl]-N-[(2S)-2-hydroxy-3-morpholin-4-
ylpropyl]-2,4-dimethyl-1H-pyrrole-3-carboxamide metabolism proceeds primarily through an
oxidative pathway rmediated by hepatic cytochrome P450. The primary site of metabolism is the
morpholinyl group. Three metabolites have been identified in vivo following single oral
25 administration (100 mg/kg) to cynorﬁolgus monkeys {Fig. 8). These 3 metabolites, which were
detected at <16% reiative abundance to parent in monkey plasma, were also the major
products observed in human microsomes and hepatocytes.  Relative abundance' was
determined from monkey plasma following a single dose of 5-[(Z)-(5-flucro-2-oxo-1,2-dihydro-
3H-indol-3-ylidene)methyl]-N-[(25}-2-hydroxy-3-rorpholin-4-ylpropyl]-2,4-dimethyl-1H-pyrrole-3-
30 carboxamide (100 mg/kg) and based on (AUCy.q2 metabolite/AUCq.12 parent) x 100, estimated
from the characteristic indole UV absorption at 440 nM. The N,O-dealkylation metabolite has
been confirmed via nuclear magnetic resonance (NMR). This metabolite has biochemical, but
not cellular, activity, suggesting that it lacks adequate permeability to enter cells. The



-relative humdity The

5-1(2)-(5-fluoro-2-o0xo0-1, 2-di hydro-3Hi ndol - 3-yl i dene) net hyl ] - N-[ (2S) - 2- hydr
oxy-3- norpholin-4-yl propyl]-2,4-dinmethyl-1 H pyrrol e-3-carboxam de nal eat e
salt was stable under all 5 stabili ty conditions investigated. The assay of

"the 6-week Stabl|ltﬂé sarrpl es was 97.1 - 98.5%with a total |rrpur|t cont ent

of 1.67 - assay and inpuri te% profiles did notPCIABAMABYN i cant
change conpared to the initial profil under all conditions studied. HPLC
guantitative analysis for nmaleic aci d was consistent with the stoichionetric
ratio of free base to acid of 1 : 1 (data not shown). Al so, there was no
chiral transformation observed in any 10 sanpl es. Enantioneric stabili ty was
al so conf i r medorphelinyHipgiére sielabditg isihe BOJUE of orygedatigedRiydroggnation and hésrisodegie i n t he

am)ulnt OL R 'c%ﬁkgﬁfd QtasamnedrheDﬁgpmwl W&inBantial m&b@n%egnﬁa%mee%e&g%wd ?
single sharp ot her eco a anal ysi s
showed a mini' f'feﬂ&agaﬁt'm'f"g'géon 1PRRE ¥ %[Wemz%&a%@@wgﬁ 4 E"f@‘”?f’ '"gu'a?ﬂ ficant
wei ght | oss (wibeieloming 230weo@Sumng depeathestometalglites 3% shown isiigutel PndRefalve he

endot her Mgt PR atamde wad etbritos By Wemspoysddoms dXRD anal ysis of the 6-week

sanpl es maintained at 40 C/ 75% RH showed no crystalline changes conpared to
a control sanple. Exanple 6 20 In preclinical species (in vivo and in vitro)
and i n human hepatbuigttess inyprtiomnihey dgenmilystrated by reference to specific and preferred

5[ (2)- (5- 11 ubadiRertnote it yels @ M bogade atVbioredTwidaydion 2 - 2- hydr
oxy- 8- mor phol | grgoa@h REQRY k &P%ta%ﬁﬁﬁdha’iacnée%fgm{ fn%nﬁon ﬁrﬁ‘f bﬁéﬁ}ﬂ‘eﬂ%n

nmet abol i sm pr"(]) g draced

‘hepatic cift odtendee n‘IMSG’E "W’H@y?)’r ‘T’ﬁﬁ’r’%ﬂ%g FESCW'OWHEOW %erﬁi‘?dsbyt ‘ﬁ% aPPﬁBF%oI i nyl

greup. Three JEpisalae e equivbieme been identified in vivo followi ng single oral

- 25_administration (100 ng/kg) to cynonol gus nonkeys (Fig. 8). These 3

met abolites, which were detected at <16%.rel ati ve abundance to parent in
nonkey plasnma, were also the major products observed in human m crosones
and hepatocytes. Rel ative abundance was determ ned from nonkey pl asma
follow ng a single dose of 5-[(Z)-(5-fluoro-2-o0xo0-1, 2-di hydro

3H-i ndol - 3-yl i dene)net hyl ] - N-[ (2S) - 2- hydr oxy- 3- nor phol i n-4-yl propyl ] -2, 4-di m
ethyl-1I H pyrrole-3 30 carboxam de (100 ng/kg) and based on (AUCo. 12

nmet abol i te/ AUCO. 12 parent) x 100, estimated fromthe characteristic indole
UV absorption at 440 nM The N, O deal kyl ati on netabolite has been confirned
vi a nucl ear nmagnetic resonance (NWR). This netabolite has biochenical, but
not cellular, activity, suggesting that it |acks adequate perneability to
enter cells. The WD 2005/ 033098 24 PCT/|1B2004/ 003070 norpholinyl |actam
nmetabolite is the product of oxygenation-dehydrogenati on and has al so been
confirmed via NMR The norpholinyl hem -am nal nmetabolite is an unstable
netabolite identified via an imniumion trapping experinent. Metabolites
were also determined in human wurine, following a single 12.5 ng dose; these
met abolites are shown in Figure 9. Relative



5 abundance was determ ned by UV response at 428 nm Wile the invention has
been illustrated by reference to speq#gic and preferred enbodinents, those
skilled in the art will recognize thdt variations and nodifications may be
made through routine experinmentation and practice of the invention. Thus,
the invention is 10 intended not to be limted by the foregoing description,
but to be defined by the appended clains and their equivalents. 25 ‘W
clainlvkgﬂépﬁrystalline anhydrous nal eate salt of
5-[(2)-(5-tlTuoro-2-o0xo0-1, 2-di hydro-3H-indol -3- ylidene)

met hyl ] - N-[ (2S) - 2- hydr oxy- 3- nor phol i n-4-yl propyl ] -2, 4-di net hyl -1 H pyrrol e-
-3- carboxam de. 2. The maleate salt of claim]1, ein the salt has a

wh
powder 1>A cayptaine gniyeiogh H@éﬁaiee?aﬁl Ofédtﬁ%)’(%ﬂwgoﬁe%lggdimcﬁﬂr%iﬁd@mang: es )
20 -12. . im:1, i
G pbvad e BRI O 2 G AP RoIREL bl LMo SR RIESa%S ) oo°

(20) otarb3dxalmidad 15.9. 4. The naleate salt of claiml, wherein the salt has

a powder X-ray diffraction pattern conprising peaks at diffraction angl es
(20) of 12.7, 13.1, 15.4 and 15.9. 5. A crystalline anhydrous nal eate salt

et vt DA b ShRo £aigo wRarei ML B o BRGE Rerad BB pasern | 1o
- 3- cachapadtheedka vt digfraidaWdsles 00) @y 127fahd asi on pattern conprising peaks

at diffraction angles (20) essentially the sanme as showmn in FIG 1. 6. A
crystalline anhydrous nal eate salt of

5-1(2) +(5-f - 2= - -dj hydr.p- 3H-.i ndol -3- wvlid .
oot o 7 R R 8t T hah RN A8 Sbordey Ko ket w1 pyrr ol -
- 3- caphayadhs pediavt MaratRAWEEks 0) 3y 19 fahaashi on pattern conpri sing peaks

at diffraction angles (20) essentially the same as showmn in FIG 2. 7. A
phar maceuti cal conposition conprising the salt of claiml1. 8. A

h ti ifti i.Si th |t of claimb. A
Phar made 4 Ao SApOLHEITD A OB B it H4ia Foaider Byrad i aon palter
comprising peaks at diffraction angles (20) of 12.7, 13.1, 15.4 and 15.9.

5. A crystalline anhydrous maleate salt of 5-[(Z)-(5-fluoro-2-ox0-1,2-dihydro-3H-indol-3-
ylidene) methyl]-N-[(2S)-2-hydroxy-3-morpholin-4-ylpropyl]-2,4-dimethyl-1H-pyrrole- -3-
carboxamide having a powder X-ray diffraction pattern comprising peaks at diffraction angles

(20) essentially the same as shown in FIG. 1.

6. A crystalline anhydrous maleate salt of 5-[(Z)-(5-fluoro-2-0x0-1,2-dihydro-3H-indol-3-
ylidene)} methyl]-N-[(2S)-2-hydroxy-3-morpholin-4-ylpropyl]-2,4-dimethyl-1H-pyrrole- -3-
carboxamide having a powder X-ray diffraction pattern comprising peaks at diffraction angles
(26) essentially the same as shown in FIG. 2.

7. A pharmaceutical composition comprising the salt of claim 1.

8. A pharmaceutical composition comprising the salt of claim 5.

9. A pharmaceutical composition comprising the salt of claim 6.





