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(54) Title: POLYMORPHIC CRYSTALLINE FORMS OF CELECOXIB

(57) Abstract: Pharmaceutical compositions are provided comprising one or more orally deliverable dose units, each comprising a
selective cyclooxygenase-2 inhibitory compound of low water solubility in a therapeutically effective amount, wherein the compound
is present in the form of solid particles, about 25 % to 100 % by weight of which are smaller than 1 mm. The compositions are useful
in treatment or prophylaxis of cyclooxygenase-2 mediated conditions and disorders and have particular advantages where rapid onset
of therapeutic effect is desired. The novel Form I and Form II crystalline forms of celecoxib are described. The crystalline forms
have unique chemical and physical properties relative to other solid state forms of celecoxib and are characterized by their powder
x-ray diffraction (PXRD) patterns, differential scanning calorimetric (DSC) thermograms, and other physical characterizations.



POLYMORPHIC CRYSTALLINE FORMS OF CELECOXIB Cross Reference tg Belptathipplicateas 5
This Patent Application claims priority to U.S. Provisional Patent Application Ser. No. 60/169,856,
filed DecemWér @/4298D. FIELD OF THE INVENTION 10 The present inventio®¢dlAsW 3 tthally
deliverable pharmaceutical compositions containing a cyclooxygenase-2 inhibitory drug as an active
ingredient, to processes for preparing such compositions, to methods of treatment of 15
cyclooxygenase-2 mediated disorders comprising orally administering such compositions to a subject,
and to the use of such compositions in the manufacture of medicaments. This invention is in the field
of cyclooxygenase- 20 2 inhRfBEMORERTSc R 2TATem T En & BYS i OFCFEL%ERhe novel Form |
and Form Il crystalline forms of celecoxib, methods of preparing these crystalline forms of celecoxib,
pharmaceutical comosmons omrlsmg these cryst I|ne forms of 25 celecoxib, and methods for the
treatment and/or pi . S=LVEds s H 5% and/or disorders, including
conditions and disorders. TBA@KB&@HNDA@ElEﬂEﬂNMEMH@NnNm&r@m Comppunds have been
reported having 3%%%%[%5%&3' ga@/gﬂgr ﬁc&gg%{{sg&!{selﬁ%tlv% Gy(ilggxwase -2 inhibitory
effect, and have been disclosed as having utility in treatment or prevention of specific
cyclooxygenase-2 Fiddididoadissraers 8r ofl 28éh disorders in general. Among such compounds are a
35 large number of substituted pyrazolyl 8 SEPTEMBER 2005 WO 01/42222 PCT/US0O0O/32760 -2

FIELD OF THE INVENTION

10 The present invention relates to orally
deliverable pharmaceutical compositions containing a
cyclooxygenase-2 inhibitory drug as an active
ingredient, to processes for preparing such
compositions, to methods of treatment of

15 cyclooxygenase-2 mediated disorders comprising orally
administering such compositions to a subject, and to
the use of such compositions in the manufacture of
medicaments.

This invention is in the field of cyclooxygenase-

20 2 inhibitory pharmaceutical agents and specifically
relates to the novel Form I and Form II crystalline
forms of celecoxib, methods of preparing these
crystalline forms of celecoxib, pharmaceutical
compositions comprising these crystalline forms of

25 celecoxib, and methods for the treatment and/or
prophylaxis of cyclooxygenase-2-mediated conditions

and/or disorders, including conditions and disorders.

BACKGROUND OF THE INVENTION
Numerous compounds have been reported having
30 therapeutically and/or prophylactically useful selective
cyclooxygenase-2 inhibitory effect, and have been
disclosed as having utility in treatment or prevention
of specific cyclooxygenase-2 mediated disorders or of
such disorders in general. Among such compounds are a

35 large number of substituted pyrazolyl



benzenesulfonamides as reported in U.S. Patent No. 5,760,068 to Talley et ag, dipghigingdpiesagwple
the compound 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H- pyrazol-l-yllbenzenesulfonamide, also
referred to MEREM/R3E celecoxib, and the compound 4-[5-(3-fluoro-4- PCT/US00/32760
methoxyphenyl)-3-difluoromethyl)-1H-pyrazol-I- yllbenzenesulfonamide, also referred to herein as
deracoxib. Celecoxib has the structure: CF3 (1) 10 and deracoxib has the structure: H2N 0 CF2H
H3C O (Il) Other compounds reported to have therapeutically and/or prophylactically useful selective
cyclooxygenase- XiARARBASEAEQrra sdBstitatdiseraZond 15hdhzeneS@fctiamities as reported in
U.S. Patent No. 563327 2tosT alleyel Bl {pcliding for exannle they coOpAREmple the

4-[5-methyl-3-phenylisoxazol-4- ylgbenzenesulfonamide, also_referred_to herein as valdecoxib, which

has the structure: § SEPHFEABER! 5004 WAS 01422 BE IS 00733 7601 °F Aftf SR dther Eompounds
reported to have thetapeoliedlhydridienprapbylacticalymistiul selestive efyctomxygenasePdihibitory

effect are subgtitutg% 5 gﬁ%tgég@ygon%}pﬁegﬁgu&%@%n réep%t(_qurl Ui Fgtent No. 5,474,995 to
Ducharme et al., inc ué*]ng or example the compound 3-phenyl-4-[4-
methoxyphenyl) -3-difluoromethyl)-1H-pyrazol-1-
vllbenzenesulfonamide, also referred to herein as

deracoxib. Celecoxib has the structure:
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Other compounds reported to have therapeutically
and/or prophylactically useful selective cyclooxygenase-
2 inhibitory effect are substituted isoxazolyl
15 Dbenzenesulfonamides as reported in U.S. Patent No.
5,633,272 to Talley et al., including for example the
compound 4-[5-methyl-3-phenylisoxazol-4-
vllbenzenesulfonamide, also referred to herein as

valdecoxib, which has the structure:



(methylsulfonyl)phenyl]-5H-furan-2-one, also referred to herein as rofecoxib, vgh&hHES NS poose:
H3C\ O U.S. Patent No. 5,981,576 to Belley et al. discloses a further series of (methylsulfonyl)phenyl
furanones s¥i@ /B8 seful as cyclooxygenase-2 inhibitors, including 3-(1-cyd6propiadittoxy)-5,5 15
dimethyl-4-[4-(methylsulfonyl)phenyl]-5H-furan-2-one and 3-(1-cyclopropylethoxy)-5,5-dimethyl-4-[4-
(methylsulfonyl)phenyl]-5H-furan-2-one. European Patef$t Application No. 0 863 134 discloses the
compound 2-(3,5-difluorophenyl)-3-[4 20 (methylsulfonyl)phenyl]-2-cyclopenten-I-one said to be useful
as a cyclooxygenase-2 inhibitor. 8 SEPT'@NAQE,;PZOOS WO 01/42222 PCT/US00/32760 -4
International Publication No. WO 99/55380 gsgloses, inter alia, a compound having the structure:
H3CS/ O H3C CI (V) said to be useful as @cyclogxygenase-2 inhibitor. 5 Many selective
cyclooxygenase-2 inhibitory compounds, including celegpxib, deyacoxib, valdecoxib and rofecoxib, are
hydrophobic and have low solubility in water. Thiskasp! /d practical difficulties in formulating
such compounds for oral administration, 10 particularly whefe eaNy onset of therapeutic effect is
desired or required. Illustratively, the formulation of celecoxjl.for /ffective oral administration to a
subject has hitherto N

(ITI)

Still other compounds reported to have
therapeutically and/or prophylactically useful selective
cyclooxygenase-2 inhibitory effect are substituted

5 (methylsulfonyl)phenyl furanones as reported in U.S.
Patent No. 5,474,995 to Ducharme et al., including for
example the compound 3-phenyl-4-[4- ,
(methylsulfonyl)phenyl]-5H-furan-2-one, also referred to

herein as rofecoxib, which has the structure:
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U.S8. Patent No. 5,981,576 to Belley et al.
discloses a further series of {(methylsulfonyl)phenyl
furanones said to be useful as cyclooxygenase-2
inhibitors, including 3-(l-cyclopropylmethoxy)-5,5-

15 dimethyl-4-[4- (methylsulfonyl)phenyl]-5H-furan-2-one and
3-(l-cyclopropylethoxy)-5,5-dimethyl-4-[4-
(methylsulfonyl)phenyl] -5H-furan-2-one.

European Patent Application No. 0 863 134 discloses
the compound 2-(3,5-difluorophenyl)-3-{4-

20 (methylsulfonyl)phenyl]-2-cyclopenten-l-one said to be

useful as a cyclooxygenase-2 inhibitor.



been complicated by the unique physical and chemical 15 properties of celecgxdg patiouety ssdgw
solubility and factors associated with its crystal structure, including cohesiveness, low bulk density
and low coMW@8543y. Celecoxib is unusually insoluble in aqueous media. BGTAVNE2Ee) celecoxib
is not readily 20 dissolved and dispersed for rapid absorption in the gastrointestinal tract when
administered orally, for example in capsule form. In addiion, unformulated celecoxib, which has a
crystal morphology that tends to form long cohesive needles, typically fuses into a 25 monolithic mass
upon compression in a tabletingid. 1 Pved whenlslerdedwithoth&fGubtarce8Othe celecoxib
crystals tend to separata fieawthe gther, substances andyagglamerate ipgethes dwingpixing.of the
composition 8 SEPTEMBER 2005 WO 01/42222 PCT/USOO/32760 -5 resulting in a non-uniformly
blended composition containing undesiyahly I;;?ge aggregates of celecoxib. Therefore, it is difficult to
prepare a pharmaceutical composition cont elecoxib that has the desired 5 blend uniformity.
Further handllng problems are encountered durj g the reparatlon of pharmaceutical compositions

tompositions. Accordingly, a
paration of suitable

oxib, particularly orally deliverable
I|vera15‘1e formulations of cyclooxygenase-2
inhibitory drugs of low water solubility including g Iec/x b, such

HsC N (V)

small quantities requwed during formulatlon of the T8¢
need exists for solutions to numerous problems assocrated

said to be useful as a cyclooxygenase-2 inhibitor.

5 Many selective cyclooxygenase-2 inhibitory
compounds, including celecoxib, deracoxib, valdecoxib
and rofecoxib, are hydrophobic and have low solubility
in water. This has presented practical difficulties in
formulating such compounds for oral administration,

10 particularly where early onset of therapeutic effect is
desired or required.

Illustratively, the formulation of celecoxib for
effective oral administration to a subject has hitherto
been complicated by the unique physical and chemical

15 properties of celecoxib, particularly its low solubility
and factors associated with its crystal structure,
including cohesiveness, low bulk density and low
compressibility. Celecoxib is unusually insoluble in
aqueous media. Unformulated celecoxib is not readily

20 dissolved and dispersed for rapid absorption ih the
gastrointestinal tract when administered orally, for
example in capsule form. 1In addition, unformulated
celecoxib, which has a crystal morphology that tends to
form long cohesive needles, typically fuses into a

25 monolithic mass upon compression in a tableting die.
Even when blended with other substances, the celecoxib
crystals tend to separate from the other substances and

agglomerate together during mixing of the composition



formulations possessing one or more of the following characteristics relative tg grgig%«%ch 005
celecoxib or 20 other celecoxib compositions: (1) improved solubility; (2) shorter disintegra |on2t|me;

(3) shorter AQGIIBAAIme; (4) decreased tablet friability; 25 (5) increased taRETHEAEISY (6)
improved wettability; (7) improved compressibility; (8) improved flow properties of liquid and
particulate solid compositions; 30 (9) improved physical-stability of the finished composition; (10)
reduced tablet or capsule size; (11) improved blend uniformity; (12) improved dose uniformity; 8
SEPTEMBER 2005 $70.04/29232 P& TA9B00/32780Mb Y 1 B)Liftlste e & 8PS bf ¥R¥ight variation

during encapsulatiosrand/an tabletinge il droreased geanide degsiveior wet gearndaiedn .
Ent fo%wet granulation; (316% educed wet cqrﬁnulation
her,

compositions; 5 (15) Reduced water require
time; and (17) Redtc&d %%ﬁﬁ& tinfetfo}%ve?br? MiAed FixEreR R PSSt BhEspecial

need for orally 10 defiperableiformulations nfogrloedyerrase-2tihbibitbas drdgs didennedter solubility
including celegoxil, sugh ferHIfigas providing mare rapid onsel of terapeyiic gifgct than the

corresponding unformulated drugs or khown formulations of these drugs. To the extent that 15 rapid
OnsaxﬁthaapaﬂEQﬁR%?Eﬁ% ed¥ging the preparation of pharmaceutical

compositions comprising celecoxib. For example, the low
bulk density of celecoxib makes it difficult to process
the small guantities required during formulation of the

10 pharmaceutical compositions. Accordingly, a need exists
for solutions to numerous problems associated with
preparation of suitable pharmaceutical compositions and
dosage forms comprising celecoxib, particularly orally
deliverable dose units.

15 More generally, a need exists for orally
deliverable formulations of cyclooxygenase-2 inhibitory
drugs of low water golubility including celecoxib, such
formulations possessing one or more of the following
characteristics relative to unformulated celecoxib or

20 other celecoxib compositions:

(1) improved solubility;
(2) shorter disintegration time;

shorter dissolution time;

decreased tablet friability;

25 increased tablet hardness;

improved wettability;

improved compressibility;

improved flow properties of liquid and

particulate solid compositions;

30 (9) improved physical stability of the finished

composition;
(10) reduced tablet or capsule size;
(11) improved blend uniformity;

(12) improved dose uniformity;



pharmacokinetic parameters such as a high maximum blood serum concentrgfig pfribg g fomsx)

and a short time from oral administration to reach such maximum blood serum concentration (Tmax),
there is an &¥Pddia?¥Red for 20 orally deliverable formulations of cyclooxygenBS&USpRATBry drugs of
low water solubility including celecoxib, such formulations providing a greater Cmax and/or an earlier
Tmax than the corresponding unformulated drugs or knewn formulations of these drugs. 25 As is

indicated herein below, treatment with selective cyclooxygenase-2 inhibitors including celecoxib is
indicated or potentially indi¢dtediimer Q¥sAvRIR ESL oPdy NG HENFSe 2 i fiRted doritions and

disorders. It would be of benefi e pravide, 89 dermulatiens @xmbiting pharmacokinetics consistent with

rapid onset of therapeutic effect especially for treatment of acute disorders where early relief from
pain or other symptoms is' Eié%iréd%ﬁ%ﬁgﬁ d9% %’E‘%‘E‘Elﬁéﬁﬁlﬁfosf%‘ﬁhﬁﬁﬁé? 0/32760

-7 Such formulations would represenisa sigoifieant advance in the treatment-of cyclooxygenase-2

mediated congitions and disgrdgis, CygleqryaenasesinaN g5 including. 5 gelecorih that are

of low solubility in water are most conveniently formulated in solid particulate form. The individual or
primary particles of the dri§farRk efperstdifita BHAR Mt as 118 sudpénsion formulation, or can

be aggregated to form se¢andanydf particles w1 tianilas thad capde gncapsutatedito provide a
capsule dosage form, or compressed or molded to provide a tablet dosage form. Numerous

processes are known and usel T E-ST for preparing drug formulations having primary particle
Further, there exists an especial need for orally

10 deliverable formulations of cyclooxygenase-2 inhibitory
drugs of low water solubility including celecoxib, such
formulations providing more rapid onset of therapeutic
effect than the corresponding unformulated drugs or
known formulations of these drugs. To the extent that

15 rapid onset of therapeutic effect is related to
pharmacokinetic parameters such as a high maximum blood
gserum concentration of the drug (Cpax) and a short time
from oral administration to reach such maximum blood
serum concentration (Tpx). there is an especial need for

20 orally deliverable formulations of cyclooxygenase-2
inhibitory drugs of low water solubility including
celecoxib, such formulations providing a greater Cpax
and/or an earlier Tp.x than the corresponding
unformulated drugs or known formulations of these drugs.

25 As is indicated herein below, treatment with
selective cyclooxygenase-2 inhibitors including
celecoxib is indicated or potentially indicated in a
very wide array of cyclooxygenase-2 mediated conditions
and disorders. It would be of benefit to provide

30 formulations exhibiting pharmacokinetics consistent with
rapid onset of therapeutic effect especially for
treatment of acute disorders where early relief from

pain or other symptoms is desired or required.



15 sizes in a desired range, or having a desired mean particle size, or having j |

distribution characterized by a parameter such as D90, which is defined here%%ﬁ%@aéﬁz rrllqe%(s)gﬁe of
diameter haVifdH4328Rie such that 90% by volume of particles in the 20 formuPstIGHSH/3REbngest
dimension of the particles, are smaller than that diameter. For practical purposes a determination of
D90 based on 90% by weight rather than by volume is generally suitable. For consistency with prior
publications, the terms 25 "microparticle” and "nanoparticle" are defined herein as in U.S. Patent No.
5,384,124 to Courteille etBiCTo feferyd paitRilss WaHAG régieeavel) a diafmeddridiipemeen 1 mm

and 2000 mm, anchagiateeter af kess thard chem (1000 kR IThepepasaiiomohmigiepasticles and 30
nanoparticles, accordirclltho.U.S. Patgnt No. 5,384,124, "is principally used to retard dissolution of

active principles”. F78tvevet C05. Pite NS 5:345,684 to Liversidge et al. discloses nanoparticulate
compositions said to provide-unexpeeteaisehigh bideiail ability” df 8Fsdrimgs L padicglarly drugs having

low solubility ip a § SERTEMBER 20050 Q34222 PAT/SODI3P760 flicuid megliygp such as

water. International Publication No. WO 93/25190 provides pharmacokinetic data from a rat study

indicating a higherJpaseritatelaf ACEoRIHGH $dni Brat aditinRaaldF Bl a Fanbpaficulafd taverage
5 particle size 240i3Q@irmathen fsemprahadpinisitation1elka srcrepartiulaie dparticle size range

20-30 mm) disperaion of naproxen. Nufneroua processes for regaration of nan%particulate
. 1S e{:s l{l a 161]1‘(1 mecflu.m aﬂ'{) 1 a suss%ensn. n .
compositions of therap%u iC agents are nown.” Typically these processes use mechanical means,

such as milling or §ading abieducepartite Sigedggregated to form secondary

10 particles or granules that can be encapsulated to
provide a capsule dosage form, or compressed or molded
to provide a tablet dosage form.

Numerous processes are known and used in the art
for preparing drug formulations having primary particle

15 sizes in a desired range, or having a desired mean
particle size, or having a particle size distribution
characterized by a parameter such as Dgg, which is
defined herein as a linear measure of diameter having a
value such that 90% by volume of particles in the

20 formulation, in the longest dimension of the particlés,
are smaller than that diameter. For practical purposes
a determination of Dgy based on 90% by weight rather
than by volume is generally suitable.

For consistency with prior publications, the terms

25 “microparticle” and “nanoparticle” are defined herein as
in U.S. Patent No. 5,384,124 to Courteille et al., to
refer to particles having respectively a diameter of
between 1 mm and 2000 mm, and a diameter of less than 1
mm (1000 nm). The preparation of microparticles and

30 nanoparticles, according to U.S. Patent No. 5,384,124,
“is principally used to retard dissolution of active
principles”. However, U.S. Patent No. 5,145,684 to
Liversidge et al. discloses nanoparticulate compositions
said to provide “unexpectedly high biocavailability” of

35 drugs, particularly drugs having low solubility in a



a nano (less than 1 mm) range, or precipitate nano-sized particles from soluti '&@Hﬁ;ﬂ%ﬁﬁ?ﬁ%@seg
are disclosed in the following individual references: U.S. 15 Patent No. 4,826, to Violanto

Fischer, abdVe-¢1{é2220).S. Patent No. 5,145,684 to Liversidge et al., U.S. Pat@6{INE$08/32380)262 to Na
& Rajagopalan, U.S. Patent No. 5,302,401 to Liversidge et al., U.S. Patent No. 5,336,507 to Na &
Rajagopalan, U.S. Patent No. 5,340,564 20 to lllig & Sarpotdar, U.S. Patent No. 5,346,702 to Na &
Rajagopalan, U.S. Patent No. 5,352,459 to Hollister et al., U.S. Patent No. 5,354,560 to Lovrecich,
above-cited U.S. Pafént NonsE8am serCafiteRd 8t al., I: cparhi Rbab BDYHILRMIR, U.S.

Patent No. 5,510, 1N8.2%tp Bescivebal.,34:5vPatent o -nblkh k38 &a Eickbatiaetfalo).§. Patent No.
5,503,723 to Rud(g%“%ickho . U.S, Patent No..5,534,270 to De Casctro, U.S. J%atent No. 5,536,508
a

to Canal et al., U ent i .lg,%giﬁ%o%hﬁj%&%{dg%p&aéﬁf rﬁfs?ﬁafaen?}:\loa} %éff5§f to Eickhoff
30 et al., U.S. Pateht ddo. &;560,88h to Bagehitet @i, OFS a PaseriNg: 151565,488 td vergekal., U.S.

Patent No. 5,569,448 {q Wang.etal. 145 BaiEnLN0. odl 330,00 &ickholiglal; U-3aRatent No.
5,573,783 to Desieno & Stetsko, U.S. Patent No. 5,580,579 to Ruddy et al., U.S. 8 SEPTEMBER

2005 WO 01/42229 Lo @iRrnerszies FHtent (R85 5849 0848 RIFRE&G 40 1P8. PRtent No.
5,587,143 to Wong@l id:Se Patert NE ;29456 ha Franson & Snyder, U.S. Patent No. 5,662,883 to
Bagchi etal., U.S. Patenlngo. 5,665,331 to Ba%cshi t al. l%.S. Paégnt 5 Nof5,718,919 to Ruddy &

Roberts, U.S. Patent No. g}?ﬁ?fbﬁ tBWFe%?nsann etoali.,xﬁ)n a

t%?r?arhonaf)aughcation No. WO 93/25190,
International PublicatioroRo bW 186724 338nhate irational Pablidagioaidn! tU87356881ts are

10 known. Typically these processes use mechanical means,
such as milling or grinding, to reduce particle size to
a nano (less than 1 mm) range, or precipitate nano-sized
particles from solution. Illustrative processes are
disclosed in the following individual references: U.S.
15 Patent No. 4,826,689 to Violanto & Fischer, above-cited
U.S. Patent No. 5,145,684 to Liversidge et al., U.S.
Patent No. 5,298,262 to Na & Rajagopalan, U.S. Patent
No. 5,302,401 to Liversidge et al., U.S. Patent No.
5,336,507 to Na & Rajagopalan, U.S. Patent No. 5,340,564
20 to Illig & Sarpotdar, U.S. Patent No. 5,346,702 to Na &
Rajagopalan, U.S. Patent No. 5,352,459 to Hollister et
al., U.S. Patent No. 5,354,560 to Lovrecich, above-cited
U.S. Patent No. 5,384,124 to Courteille et al., U.S.
Patent No. 5,429,824 to June, U.S. Patent No. 5,510,118
25 to Bosch et al., U.S. Patent No. 5,518,738 to Eickhoff
et al., U.S. Patent No. 5,503,723 to Ruddy & Eickhoff,
U.S. Patent No. 5,534,270 to De Castro, U.S. Patent No.
5,536,508 to Canal et al., U.S. Patent No. 5,552,160 to
Liversidge et al., U.S. Patent No. 5,560,931 to Eickhoff
30 et al., U.S. Patent No. 5,560,932 to Bagchi et al., U.S.
Patent No. 5,565,188 to Wong et al., U.S. Patent No.
5,569,448 to Wong et al., U.S. Patent No. 5,571,536 to
Eickhoff et al., U.S. Patent No. 5,573,783 to Desieno &
Stetsko, U.S. Patent No. 5,580,579 to Ruddy et al., U.S.



10 SUNTh ARY OF THE INVENTION According to the present invention, a p |
selective cyclooxygenase-2 inhibitory compound such as celecoxib, deracoxi%g%)g\gig)@%%#bi%os
rofecoxib pMQiIAE42338re rapid onset of therapeutic effect if, upon 15 oral admRGIVEIEFBOH
composition comprising the compound, the compound exhibits pharmacokinetic properties leading to
a greater maximum blood serum concentration (Cmax)-&nd/or a shorter time following the
administration to reach that maximum (Tmax) It is 20 contemplated that a greater Cmax and/or a

shorter Tmax are Bbtadmad B reducti®n of Sizet6f R ParRies Eompfisthg #rE&Hpdehd such that
a substantial portien Hyweight eidhgdasticles gre smelerdhrs 1 mnsion digsgetes inihe longest
dimension of the particles. 25 Without bein% bound by theary, it is believed that the g%eiter Cmax

and/or the shorter /28 TIt fdny fast& Bi%oRition vf ¥fe e§ipotfd RAER Parfidie 3ize'is reduced
to less than 1 mmIAcordiaghnthare is BowqBovidled acplmamaiceutaal 230 compssitibatcentprising

one or more ogallyl\géalivc;.)ral})g-:ﬂEf deS unitsR%%@ c mgg?gg tg::lssel%ct'ge (yclgg%ygﬁ%ase-z inhibitory
compound of low water Solubllity in"a t—tﬁerapeu}fca ly effective émo’unt,_wﬁereln the c:ompqund is
present in solid pahiclés’h&dRg BDIG panrimsieé 82S3EPTEMBER 200D Fyk2222 L1pPn

PCT/US00/32760 ghabeyd %81 33 abgut 200w, A sWifisientbpertion by; wieight of fee particles being
smaller than 1 mm to provide a substantially higher Cmax and/or a_substantially shorter Tmax by

comparison with an % GihéAfise SRR @RS EdorF Whérkh? sdbRaNtaly 4l 5P BiPparticles are larger

than 1 mm.

10 SUMMARY OF THE INVENTION
According to the present invention, a poorly water
soluble selective cyclooxygenase-2 inhibitory compound
such as celecoxib, deracoxib, valdecoxib or rofecoxib
provides more rapid onset of therapeutic effect if, upon

15 oral administration of a composition comprising the
compound, the compound exhibits pharmacokinetic
properties leading to a greater maximum blood serum
concentration (Cpax) and/or a shorter time following the
administration to reach that maximum (Tpax). It is

20 contemplated that a greater Ch.x and/or a shorter Ty, are
obtained by reduction of size of solid particles
comprising the compound such that a substantial portion
by weight of the particles are smaller than 1 mm in
diameter, in the longest dimension of the particles.

25 Without being bound by theory, it is believed that the
greater Cupsx and/or the shorter Tu.x result from faster
dissolution of the compound when particle size is
reduced to less than 1 mm.

Accordingly, there is now provided a pharmaceutical

30 composition comprising one or more orally deliverable
dose units, each comprising a selective cyclooxygenase-2
inhibitory compound of low water solubility in a
therapeutically effective amount, wherein the compound

is present in solid particles having a Dy particle size



There is also provided a pharmaceutical composition comprising one or morey Bﬁw@éﬁ%}tﬁ%se
units, each comprising a selective cyclooxygenase-2 inhibitory 10 compound of 1ow water solubility in

a therapeut®&N1/d?82tive amount, wherein the compound is present in solid PaREMe/#¢thg a D90
particle size of about 0.01 to about 200 mm, and wherein about 25% to 100% by weight of the
particles are smaller than 1 mm. 15 The dose units comprising the composition can be in the form of
discrete solid articles such as tablets, pills, hard or soft capsules, lozenges, sachets or pastilles;
alternatively the céthp&Rsttcén Bé i the 6kt of A SuBStantiafyrhédhogeREoRPHGWaBleNass, such

20 as a particulateyfigranulae selidhopa Heguieh susprisien, diam which-siggleidese units are
ﬁvod of treatinc\;l:a medi%?l condition or disorder in a

measurably removable. Also provided is a met
subject where treadtm&¥t\with %fﬁ%%f%%}&g 5 HBitorTesinditated, Bdmprising orally

administ_ering one @uh&irelmlm’saljlﬂitssiﬁ@rt_empbﬂtjqk_mf dmn;vwemti;@mowdabr am'_ce a day. Such_ a
method is particulayyusefylauhere the medigal candition, of dispider is ascqrmpanied By appie pain.

30 The present invention also embodies a novel solid state form of celecoxib, Form | celecoxib. The
present invention ffrtHetermsddids AR6tHRF oG B8R forhP8f ¢ef@®oxib, Form Il celecoxib. Each of

these novel solid state forms ingludesSaivated stvistaline fsmsy 3k-aor-selvatethband ser-hydrated
crystalline forms. 8 SEPTEMBER 2005 WO 01/42222lPlCT/élJSlO.OBZY?D -11 These navel forms of
t

celecoxib describedinthe Splrrelgercl)tn aeppcfi]éaﬁgﬁ Sogsreass one"6r more of the é%%%/%- H&%ﬁ%’ed

advantageous chesdicdl aretiopissicala selective cyclooxygenase-2 inhibitory
10 compound of low water solubility in a therapeutically

effective amount, wherein the compound is present in
solid particles having a Dgg particle size of about 0.01
to about 200 mm, and wherein about 25% to 100% by weight
of the particles are smaller than 1 mm.

15 The dose units comprising the composition can be in
the form of discrete solid articles such as tablets,
pills, hard or soft capsules, lozenges, sachets or
pastilles; alternatively the composition can be in the
form of a substantially homogeneous flowable mass, such

20 as a particulate or granular solid or a liquid
suspension, from which single dose units are measurably
removable.

Also provided is a method of treating a medical
condition or disorder in a subject where treatment with

25 a cyclooxygenase-2 inhibitor is indicated, comprising
orally administering one or more dose units of a
composition of the invention once or twice a day. Such
a method is particularly useful where the medical
condition or disorder is accompanied by acute pain.

30 The present invention also embodies a novel solid
state form of celecoxib, Form I celecoxib. The present
invention further embodies another solid state form of
celecoxib, Form II celecoxib. Each of these novel
solid state forms includes solvated crystalline forms,

35 non-solvated and non-hydrated crystalline forms.



properties relative to the other solid state forms 5 described herein or otherwigeshiseiasog irngos
literature. Another embodiment of the present invention comprises a novel crystalline form of
celecoxib. F¥010/é3&ple, one embodiment of the present invention includeP&¥Be/BEH&talline
form of celecoxib, preferably a crystalline form having an X-ray powder diffraction pattern with peaks
at5.5,5.7, 7.2, and 16.6 degrees two theta. 15 In anothHér embodiment, the present invention
provides a pharmaceutical composition comprising a therapeutically-effective amount of the Form |
crystalline form of EBREBxBAR atiez&t ol pAgriscstit af\Rac&ditgsleidari&e adjuvant or 20

diluent. In anothergrakedimeabihe prasehh investier spreMidesa methododf teeatingspreventing a
cyclooxygenase-2- ediat%j %?nd'tion or disorder irha sucbﬁctéwg(?rein the metthd comprises

administering to 2 ﬁ?ecgﬁbjg & \é?’élﬁeallﬂf?:aﬁfeﬁegfﬁlle amodnt qufor%h¥scclaf:e%oxib. In yet another
embodiment, the preserttitvertioneprovides & methed of pepasing Fdrmtlasetedoxitmsomprising

crystallizing celecoyih from.a mixlure 3 comnsising gelecoxds apd asolvent. wherein the

crystallization is performed at a temperature above the enantiotropic transition temperature of Form |
celecoxib thereby prddRiefigE6rm | celecoxib. In still another embodiment, the present 35 invention
provides a method of preparing a crystalline 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760

-12 form of celecoxib Wh%rgg%@grm%mggé:&meqi:seg#et?htiggpresent invention
comprises a novel crystalline form of celecoxib. For

10 example, one embodiment of the present invention
includes a Form I crystalline form of celecoxib,
preferably a crystalline form having an X-ray powder
diffraction pattern with peaks at 5.5, 5.7, 7.2, and
16.6 degrees two theta.

15 In another embodiment, the present invention
provides a pharmaceutical composition comprising a
therapeutically-effective amount of the Form I
crystalline form of celecoxib and at least one
pharmaceutically-acceptable carrier, adjuvant or

20 diluent.

In another embodiment, the present invention
provides a method of treating or preventing a
cyclooxygenase-2-mediated condition or disorder in a
subject, wherein the method comprises administering to

25  the subject a therapeutically effective amount of Form
I celecoxib.

In yet another embodiment, the present invention
provides a method of preparing Form I celecoxib
comprising crystallizing celecoxib from a mixture

30 comprising celecoxib and a solvent, wherein the
crystallization is performed at a temperature above
the enantiotropic transition temperature of Form I
celecoxib thereby producing Form I celecoxib.

In still another embodiment, the present

35 invention provides a method of preparing a crystalline



a solvate of celecoxib thereby producing Form | celecoxib. In another embodigepipthengesetioos
invention 5 provides a method of producing Form | celecoxib wherein the method comprises milling
or grinding MPrfil/MI228lecoxib thereby producing Form | celecoxib. In yet anotRETAipHEirAent, the
present invention provides a method of producing Form | celecoxib 10 wherein the method comprises
milling or grinding a celecoxib solvate thereby producingzForm | celecoxib. In another embodiment,
the present invention provides a method of producing Form | celecoxib wherein the method comprises
melting Form 11 cefees®ibo £5 and<epiad thdfiehtRelddy pR6dHGAy FomRYLESIECHAB tighother

embodiment, the presentiaventign pwvides:a methed-ebprasusigHotg Fegiacaxib wherein the
method comprises milting Farm IIl 20 celecoxib and cooling the melt thereby producing Form |

celecoxib. In anotHeT enibddifent, the present invention provides a method of producing Form |

celeco>_<ib wherein the mé_umodrwm;mseem_awmmg,sdhlmtmméﬁg dewm@ld_eulution thereby
producing Forgn | gelecob Agother ARIPOSIMBLOHING RYSSANLINVENER CopLises a novel

crystalline form of celecoxib. For example, one embodiment of the present invention 30 includes a
Form 11 crystalline Y8&1&¥ 6f-8elEE6ki B\ PRI BRMR EiFeRSliFe forAfiaiig 8k DRy oW ae&r diffraction

pattern with a peak atabeutskibxil3. 8106 rkby depterE-Wythetainoteeriembadiment of the present
invention 35 provides a gharmaceutical composjtion comprising,a 8 SEEIEMBER 20004
provides a method of producing Form I celecoxib
10 wherein the method comprises milling or grinding a
celecoxib solvate thereby producing Form I celecoxib.

In another embodiment, the present invention
provides a method of producing Form I celecoxib
wherein the method comprises melting Form II celecoxib

15 and cooling the melt thereby producing Form I
celecoxib.

In another embodiment, the present invention
provides a method of producing Form I celecoxib
wherein the method comprises melting Form III

20 celecoxib and cooling the melt thereby producing Form
I celecoxib.

In another embodiment, the present invention
provides a method of producing Form I celecoxib
wherein the method comprises evaporating solvent from

25 a celecoxib solution thereby producing Form I
celecoxib.

Another embodiment of the present invention
comprises a novel crystalline form of celecoxib. For
example, one embodiment of the present invention

30 includes a Form II crystalline form of celecoxib,
preferably a crystalline form having an X-ray powder
diffraction pattern with a peak at about 10.3, 13.8 or
17.7 degrees two theta.

Another embodiment of the present invention

35 provides a pharmaceutical composition comprising a



WO 01/42222 PCT/US00/32760 -13 therapeutically-effective amount of the crgggl i hfﬁg@@%bkoeast
one pharmaceutically-acceptable carrier, adjuvant or diluent. Another embodiment of the present
invention 5WMAE323 method of treating or preventing a cyclooxygenase-2-RIeHiB$ee ¥aetlition or
disorder in a subject, the method comprising administering to the subject a therapeutically-effective
amount of Form Il celecoxib. 10 Yet another embodimehi-of the present invention provides a method

of preparing Form |l celecoxib comprising crystallizing celecoxib from a mixture comprising celecoxib
and a solvent, wherSiR GBSy iafikhvos ILFsdmfe PR Empdratdie dHove B3sltheMantiotropic

transition temperatpige-af Germtl celesexibribekshy mradusing £EQIMierleepdabiel another
embodiment of theé)resent inverééilgn g)r%vides an;ethog of preparing a crystalline form of celecoxib
wherein the metho a‘cr()ﬁﬁfs’esa}w Ltli\rflgna 20 Solvate 6t telecoxib thereby producing Form Il celecoxib.
Another embodiment of tReptdsent Fnvkatiomenbvidés thmethodssfproducieg Foam |l celecoxib

wherein the methag,compyises NG J0riEing EQrm 25 1H.C i therepy_producing Form II

celecoxib. Another embodiment of thesgresen_t invention “provides a method of producing Form Il
celecoxib whereind¥& }asE ToRffisesTRfig G Yrinoitiis Qe @Kl $69atSherdby?roducing
Form Il celecoxib. 8Q1SiH@anothtereembadiorent omhihei presgntioventicn: gravidesa meibod of

producing Form Il celgcoxib whetein the method Gymerses peling form, L eglecqxi.and ;
celecoxib.

10 Yet another embodiment of the present invention
provides a method of preparing Form II celecoxib
comprising crystallizing celecoxib from a mixture
comprising celecoxib and a solvent, wherein the
crystallization is performed at a temperature above

15 the enantiotropic transition temperature of Form IT
celecoxib thereby producing Form II celecoxib.

Yet another embodiment of the present invention
provides a method of preparing a crystalline form of
celecoxib wherein the method comprises heating a

20 solvate of celecoxib thereby producing Form IT
celecoxib.

Another embodiment of the present invention
provides a method of producing Form II celecoxib
wherein the method comprises milling or grinding Form

25 ITITI celecoxib thereby producing Form II celecoxib.

Another embodiment of the present invention
provides a method of producing Form II celecoxib
wherein the method comprises milling or grinding a
celecoxib solvate thereby producing Form II celecoxib.

30 Still another embodiment of the present invention
provides a method of producing Form II celecoxib
wherein
the method comprises melting Form I celecoxib and

cooling the melt thereby producing Form II celecoxib.



cooling the melt thereby producing Form Il celecoxib. 8 SEPTEMBER 2005 W(?éolélgllzbzt% 2005
PCT/US00/32760 -14 Yet another embodiment of the present invention providesS a me hooEa‘

producing FY@PI42R8coxib wherein the method comprises melting Form 1l RIGEB{M/#60 5 cooling
the melt thereby producing Form Il celecoxib. Another embodiment of the present invention provides a
solid form of celecoxib comprising Form | celecoxib anel4orm Il celecoxib. Another embodiment of the

present invention 10 provides a solid form of celecoxib comprising Form | celecoxib and Form Il
celecoxib. Another embodififertaf tHeepredBROMYBREC Protiies BERRGHSrnt BV €8BSk comprising

Form I celecoxib pra-Foged |l celrooing 16FARatbanembediment of the preseskinyention provides a
solid form of celecoﬁblpg{n rising Form | celecoxib, Form Il celecoxib, and Form Il celecoxib. Other

features of this invention witl be in part apparent and in part pointed out hereinafter. 20 BRIEF
DESCRIPTION OFhI¢|EnBRAMINGS8HIg. sk depielsa rgnipariwod b expdranentabPXRD patterns

between Formy| celecoxih,(Figyre Ia), A mixiure o Faun dceleepxein and Fopmill cglecgxib 25

(Figure Ib), and Form Il celecoxib (Figure Ic). Fig. 2 depicts a comparison between the IR spectra of
Form | celecoxib, a mixtuPE8EGi ATESEe8ent afd Fdtf MTRFERdkXibt BREHEOYRTII celecoxib. 30
Fig. 3 depicts a copipapisan f H Ko theimpgrams £seasmedat b Cniputesiondisddal celecoxib
Forms celecoxib and Form II celecoxib.

Another embodiment of the present invention

10 provides a solid form of celecoxib comprising Form I
celecoxib and Form III celecoxib.

Another embodiment of the present invention
provides a solid form of celecoxib comprising Form
II celecoxib and Form III celecoxib.

15 Another embodiment of the present invention
provides a solid form of celecoxib comprising Form I
celecoxib, Form II celecoxib, and Form III celecoxib.

Other features of this invention will be in part
apparent and in part pointed out hereinafter.

20

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 depicts a comparison of experimental PXRD
patterns between Form I celecoxib (Figure la), a
mixture of Form II celecoxcib and Form III celecoxib

25 (Figure 1b), and Form III celecoxib (Figure lc}.

Fig. 2 depicts a comparison between the IR
spectra of Form I celecoxib, a mixture of Form IT
celecoxcib and Form III celecoxib, and Form III
celecoxib.

30 Fig. 3 depicts a comparison of DSC thermograms
scanned at 0.5°C/minute for individual celecoxib Forms

with overlay (endotherms down) .

DESCRIPTION OF THE PREFERRED EMBODIMENTS



with overlay (endotherms down). DESCRIPTION OF THE PREFERRED EMBOSHHENVBBR 2005
SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -15 The term "selective cyclooxygenase-2
inhibitor" or WoI&@8%22 cyclooxygenase-2 inhibitory compound" herein meansRCEFHRYBRTE%hat
inhibits cyclooxygenase-2 to a therapeutically useful degree while causing markedly 5 less inhibition
of cyclooxygenase-1 than conventional nonsteroidal antisinflammatory drugs (NSAIDs). The term
"poorly water soluble” or "of low water solubility” with respect to a selective cyclooxygenase-2

inhibitor herein means ha¥igy & sslbilisehedistiles Ty RaAeD 8 28TABRe? tHaH aBe(or g/ preferably

lower than about > gd1Ebe iermn Grahadimipiadiation™ heraim insludes,.ayoipuabdeliver: oha
therapeutic agent or a composition thereof to a suhject wherein the agent or composition is 15 placed

in the mouth of thé"Si}Ec WheBRP GF Aot fif" abB %’F&&nﬁé’ﬁ&é’ﬁﬁyﬁﬁﬁ\%  Thus®oral
administration” inchidesdpecaliard 3yblingeahds deliras esbpag eah ad iy smatiredhsorption of

the agent canjoccyiz in.any,nai or papts of the, gagigintestingl 20 ragtincluding the mouth,
ﬁ) d col a ea}

esophagus, stomach, duodenum, ileum and colon. Theterm “orally deliverable" herein means
suitable for oral adPMistRAtRICAL seBfetr ke mBaARNEY adhe@peNEAGBAY or 25 composition

thereof can be administerggkingludas edumar, patieat-okejthassex and of anyiage,waealso includes
any nonhuman animaﬁlggalriicula,r,ly mestic or companion animal, illustratively a cat, dog or_horse.
eln

.d
The term "dose urlit” Héﬁns%ﬁ%‘rti%ﬁstﬁ%c5Otpcha?m%gagﬁt?c%JFXSm%%g\ﬁti%ﬂ)fﬁgte& fné an

amount of a inhibitor herein means having a solubility in distilled
10 water at 25°C lower than about 10 g/l1, preferably lower
than about 1 g/1.

The term “oral administration” herein includes any
form of delivery of a therapeutic agent or a composition
thereof to a subject wherein the agent or composition is

15 placed in the mouth of the subject, whether or not the
agent or composition is swallowed. Thus “oral
administration” includes buccal and sublingual as well:
as esophageal administration. Absorption of the agent
can occur in any part or parts of the gastrointestinal

20 tract including the mouth, esophagus, stomach, duodenum,
ileum and colon.

The term “orally deliverable” herein means suitable
for oral administration.

A “subject” herein to which a therapeutic agent or

25 composition thereof can be administered includes a human
patient of either sex and of any age, and also includes
any nonhuman animal, particularly a domestic or
companion animal, illustratively a cat, dog or horse.

The term “dose unit” herein means a portion of a

30 pharmaceutical composition that contains an amount of a
therapeutic agent, in the present case a selective
cyclooxygenase-2 inhibitor, suitable for a single oral
administration to provide a therapeutic effect.

Typically one dose unit, or a small plurality (up to



therapeutic agent, in the present case a selective cyclooxygenase-2 inhibitor, gutapteigEsinsig) gral
administration to provide a therapeutic effect. Typically one dose unit, or a small plurality (up to 8
SEPTEMBEBRO2UGBAR20 01/42222 PCT/US00/32760 -16 about 4) of dose unitBCHBYWEB3 4% ufficient
amount of the agent to result in the desired effect. The term "present in solid particles" as applied to a
selective cyclooxygenase-2 inhibitory compound herein-16-encompasses compositions wherein the
solid particles consist essentially of the compound and compositions where the solid particles
comprise the compgRRtin4 ihtitfate et With o e RS ofhef IHogFddieRRT BRAESthelt

ingredients can inclu@e ageRf myeddtherapeyitic Rgeatssathesthantibeselective cyclooxygenase-2
inhibitory compound and/gr one or mgre pharmaceutically,acceptable fxcipients. Thelrze "excipient”
e

herein means any substancg, hotFselPA Ttapedtit AgentCuSet 58 & Grieror T lI(I; 2 t6Pdelivery

of a therapeutic agent E)lacstllbje_et ay cldolestg enetreeriactohiddl compositiomptoumprdveris rhandling
or storage propertigs o5, i pEUBL o Jagliless fumatignay aidpsauniLgfithg somoitin into a

discrete article such as a capsule or tablet 20 suitable for oral administration. Excipients can include,
by way of illustratiGiPafd fbt RmfitgtcH 2dilvertd, didiftetraMe UBRdR-RCa g 2RhesRRS, wetting

agents, lubricants gligaats; sabsiances pdeed to mask onsotisieratia disagieeableitaste or odor, 25

flavors, dyes, fragrances, and substances a qf?d to_improve appearance .of the omlpl)osition. The term

" . intimate m&$t¥re w1l onﬁ or mo% other ﬁﬁ%;% %e ts..

substantially homdgeneous™ with reféréncé 10 a’ pharmaceutical composition that compfrises several
These other ingredients can include one or more

10 therapeutic agents other than the selective
cyclooxygenase-2 inhibitory compound and/or one or more
pharmaceutically acceptable excipients.

The term “excipient” herein means any sukstance,
not itself a therapeutic agent, used as a carrier or

15 vehicle for delivery of a therapeutic agent to a subject
or added to a pharmaceutical composition to improve its
handling or storage properties or to permit or
facilitate formation of a dose unit of the composition
into a discrete article such as a capsule or tablet

20 suitable for oral administration. ExXcipients can
include, by way of illustration and not limitation,
diluents, disintegrants, binding agents, adhesives,
wetting agents, lubricants, glidants, substances added
to mask or counteract a disagreeable taste or odor,

25 flavors, dyes, fragrances, and substances added to
improve appearance of the composition.

The term “substantially homogeneous” with reference
to a pharmaceutical composition that comprises several
components means that the components are sufficiently

30 mixed such that individual components are not present as
discrete layers and do not form concentration gradients
within the composition.

The term “purity” means the chemical purity of
celecoxib according to conventional HPLC assay.

35 The term “phase purity” means the solid state



components means that the components are sufficiently 30 mixed such that indivi re
not present as discrete layers and do not form concentration gradients Withingtr%%ﬁn%%%gﬂ%@%a
term "purity WddH32He chemical purity of celecoxib according to conventiond@HIIN004836¢. 35 The
term "phase purity” means the solid state 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -17
purity of celecoxib with regard to a particular crystallinel@r amorphous form of the celecoxib as
determined by the infrared spectroscopy analytical methods described herein. 5 The term
"enantiotropic tranBifibh Wmpératgreefreatk tNa tmperktfé wickRathéfHd@ynamically stable

polymorph changesrtar fne farn &3 aneheshcarsexestile ofor tre peymarphsb-ers A and Form B,
below the enantiogggic trans(iatg)ngtemaﬂ?ratur% Form. A m%yct{:er 10 the therm%gynami(lially stable form,

but above this temperé:‘[lljftéllgorm Ymay%ejtﬁe]fﬁ‘éfr?ndoasy%am|cs.fﬁlf/cscf:gfﬁlleal%"’r1 ove pharmaceutical

compositions accondined shelesesaritedvértionicomprise one or more orally 15 deliverable dose
units. Each doge unit compiises &, gelegliue £yelperyenase ) uhibitor, i'&‘é’%ﬁoﬁ?&’%’ufgemxm’ ina

therapeutically effective amount that is preferably about 10 mg to about 1000 mg. It will be understood
that a therapeuticdl§226 effB&iVESTREHATILE sEBCE Gt Goxy B RASS P fHRHsifo F8F a subject is
dependent inter aliatepthe podymeighi aftiae gubject-Mheredhe sysloesygarmseer inhibiser is

celecox?b and _the gulgj%c IS a c],:hgld qra sr%alll arg)imatll%el.gFgroIII(I)gg, fgrrlgxgrg]plke,ﬁn gmount of 25
celecoxib relatively fow I the pretferred ra}ﬂgeﬁf)qEl 2bou
the enantiotropic transition temperature, Form A may be
10 the thermodynamically stable form, but above this
temperature Form B may be the thermodynamically stable
form.
Novel pharmaceutical compositions according to the
present invention comprise one or more orally
15 deliverable dose units. Each dose unit comprises a
selective cyclooxygenase-2 inhibitor, illustratively
celecoxib, in a therapeutically effective amount that is
preferably about 10 mg to about 1000 mg.
It will be understood that a therapeutically
20 effective amount of a selective cyclooxygenase-2
inhibitor for a subject is dependent inter alia on the
body weight of the subject. Where the cyclooxygenase-2
inhibitor is celecoxib and the subject is a child or a
small animal (e.g., a dog), for example, an amount of
25 celecoxib relatively low in the preferred range of about
10 mg to about 1000 mg is likely to provide blood serum
concentrations consistent with therapeutic
effectiveness. Where the subject is an adult human or a
large animal (e.g., a horse), achievement of such blood
30 serum concentrations of celecoxib are likely to require
dose units containing a relatively greater amount of
celecoxib.
Typical dose units in a composition of the
invention contain about 10, 20, 25, 37.5, 50, 75, 100,
35 125, 150, 175, 200, 250, 300, 350 or 400 mg of the



10 mg to about 1000 mg is likely to provide blood serum concentrations consﬁtg&tﬁpfimg%rﬁ%ﬁig
effectiveness. Where the subject is an adult human or a large animal (e.g., a horse), achievement of

such blood 3srdR22oncentrations of celecoxib are likely to require dose urRSTEERAIRAAY a relatively
greater amount of celecoxib. Typical dose units in a composition of the invention contain about 10,
20, 25, 37.5, 50, 75, 100, 35 125, 150, 175, 200, 250, 309, 350 or 400 mg of the 8 SEPTEMBER
2005 WO 01/42222 PCT/US00/32760 -18 cyclooxygenase-2 inhibitor, illustratively celecoxib. For an
adult human, a theFajse RNy eFaefelarhBiA b e&lecdxib ek Hoke URiin abrmsssiion of the

present invention is éypieally-ahout SRURERQ akhouhdQd:p4ng.ikcspesially fFeterredearanumis 1of
celecoxib per dose pnit are about 100 mg.to about 200.mg, for example about 10 or about 200
TREeRherton S yGamnecs i

mg. Compositions Ot T presRit RVBtor 5ittai a setdotive STHodxyGérase itor, illustratively

10 celecoxib, a]on@nfe’sretmﬁnﬁgue*mixwmlmth oreroraadiey exbipignts, dnmanbparicalate f6rh, i.e., in
the form of sqjid Rﬁ%{'.de%%@@i”ﬂ%)e 3 hand o i e, dengest dimension gf hepajydles. The

effects on pharmacokinetic properties of 15 reducing particle size from the microparticle range
(greater than 1 mnyBidméten t%k?ﬁélEaﬁ@ﬁafﬂ%le%n@goi%tg%%?ﬂ&}%np’?@Hic?&b"l’@R}r%r@%ﬁcular
drug or class of drugs. Agcrdingdedbe poesey invention, for selective cyclooxygenase-2 inhibitors of
low water 20 solubility, na&po articulate comp s{tlg)ns exhibit higher Cneax and/or shorter Tmax than

microparticulate composi TR O one Embadiment o?lfrleesferlr\l/%n |(I)1r‘1f,en ton contain a

selective cyclooxygenase-2 inhibitor, illustratively

10 celecoxib, alone or in intimate mixture with one or more
excipients, in nanoparticulate form, i.e., in the form
of solid particles of diameter less than 1 mm in the
longest dimension of the particles.

The effects on pharmacokinetic properties of

15 reducing particle size from the microparticle range
(greater than 1 mm diameter) to the nanoparticle range
is generally unpredictable for any particular drug or
class of drugs. According to the present invention, for
selective cyclooxygenase-2 inhibitors of low water

20 solubility, nanoparticulate compositions exhibit higher
Crax @and/or shorter Tpax than microparticulate
compositions. In one embodiment of the invention,
therefore, the percentage by weight of the particles
that are nanoparticles is sufficient to provide a

25 substantially higher Cpax and/or a substantially shorter
Thax DY comparison with a comparative composition wherein
substantially all of the particles are larger than 1 mm.
Preferably a composition of this embodiment has a
sufficient percentage by weight of nanoparticles to

30 provide a substantially shorter Tuax, and more preferably
a sufficient percentage by weight of nanoparticles to
provide both a substantially higher Chax and a

substantially shorter Tu.x, than the comparative

composition.



therefore, the percentage by weight of the particles that are nanoparticles is RIEEPTEHN BERIdOEE25
substantially higher Cmax and/or a substantially shorter Tmax by comparison with a comparative
compositionVéherda?2Zubstantially all of the particles are larger than 1 mm. PRSEABHNY R EEmMposition
of this embodiment has a sufficient percentage by weight of nanoparticles to 30 provide a substantially
shorter Tmax, and more preferably a sufficient percentage by weight of nanoparticles to provide both
a substantially higher Cmax and a substantially shorter Tmax, than the comparative composition. 8
SEPTEMBER 2005 WO 8182229119 885/22 78521 9 XV hRen adhfmsiered Bra o R Rgfng adult
human, a 100 mg4loseniigpretasabhirexbilits of Biax 0f lessh thwincabeut®Q mititas ggore

preferably less thap.about, 60 minutes and preferably less than about 45 minutes, 5 and a Cmax of at
least about 100 ng r}ﬁﬁnmgrkéoﬁgfggbfﬁlgﬁggsﬁ’at%%%308%%?%?%%)’031?%%0%889%@ ot the
invention provides @blodd seasmandcemedinadfl ihelsslectiveagy cidoxygedasantinttibitor of at least

about 50 ng/my withiny3Q minutes pf gral adgupisyation. hpreferrad compeaitigns aghigyesuch a
concentration in as little as 15 minutes. This early rise in blood serum concentration is believed to be

associated with th@ rapRP&iséto? terafeutdetitct achgRad by ¥omp6eiiBAS bF tFpretent
invention. 15 In another gwkedinent piibeiaeentonn the delastiva cyelnaxyganaseohingibitor,

illustratively celecg ilé), is present in solid particles rﬁa\grégg_D%%i%lr icle s(i)zg cgta@gt 0,01 to about
200 mm, wherein abou 5@0% tolloeof%:}éy Welﬁgo? the partlcjres are %&nanopartlcles.a\ﬁhere the
percentage by weighpgt 50 ng/ml within 30 minutes of oral administration;
10 preferred compositions achieve such a concentration in
as little as 15 minutes. This early rise in blood serum
concentration is believed to be associated with the
rapid onset of therapeutic effect achieved by
compositions of the present invention.
15 In another embodiment of the invention, the
selective cyclooxygenase-2 inhibitor, illustratively
celecoxib, is present in solid particles having a D
particle size of about 0.01 to about 200 mm, wherein
about 25% to 100% by weight of the particles are
20 nanoparticles. Where the percentage by weight of
nanoparticles is relatively low, for example about 25%
to about 50%, preferably the D¢y particle size is about
0.01 to about 100 mm, more preferably about 0.01 to
about 75 mm, still more preferably about 0.01 to about
25 40 mm, and even more preferably about 0.01 to about 25
mm. Particle size can vary continuously across the
nanoparticulate and microparticulate range, or the
composition can have a bimodal or multimodal particle
gsize distribution, with one set of particles having a
30 Dgy particle size less than 1 mm and another set of
particles having a Dy particle size substantially
greater than 1 mm. It is generally preferred that at
least about 50% by weight, and especially preferred that
at least about 75% by weight, of the particles are

35 nanoparticles. In one embodiment substantially all of



nanoparticles is relatively low, for example about 25% to about 50%, preferalgysbEe PO0IRERGOGHZE
is about 0.01 to about 100 mm, more preferably about 0.01 to about 75 mm, still more preferably
about 0.01 yaBd42228 40 mm, and even more preferably about 0.01 to about PGT/W¥/25Micle size
can vary continuously across the nanoparticulate and microparticulate range, or the composition can
have a bimodal or multimodal particle size distribution,-26ith one set of particles having a 30 D90
particle size less than 1 mm and another set of particles having a D90 particle size substantially
greater than 1 mm-Ss BRREENY prefRERdMat dCTeashabodt 58% bi \feight&fd especially

preferred that at lpastabieuh §2%0Ry welghttofdhe parisles-are-3%Baneparticles o enese@bodiment -
substantially all of 8 SiPégMBER 2005 WO 01/42222 PCT/US00/32760 -20 the particles are smaller
than 1 mm, i.e., thEop 2 Atage by weight of nanoparticles is 100% or close to 100%. Primary
particles, generated for exampleroy § rpidingicrigrading oe by tpedcipibaticrkomisollion, can

agglomerate to form seqqndary aggregate, particles,, The term paricle,size; a5 used herejp refers to

size, in the longest dimension, of primary particles, unless the context demands otherwise. 10
Considering only thiéhaRefaRfEamRed Sompohrtlofe CORTISHIHESIIRE AR liBh tavdrage particle

size is preferably aheut@ o apavtd Sransiahout 180 i@ aboule 889MMe ke prefesabiy about
0.15 to about 0.6 mm (about 150 to abé%l\géGOO nn;), ang preferatﬁbabout Q.2.to 15 abaut 0.4 mm
(about 200 to about 4 nmL;L.oﬂ%eEéie eré%l%okyé’enapsg-lén i it%%ﬁﬁ&sﬁra?ﬁ/elyu@e &C0kib, can be
in crystalline or amidrphogs foemtindemands otherwise.

10 Considering only the nanoparticulate component of a
composition of the invention, average particle size is
preferably about 0.1 to about 0.8 mm (about 100 to about
800 nm), more preferably about 0.15 to about 0.6 mm
(about 150 to about 600 nm), and preferably about 0.2 to

15 about 0.4 mm (about 200 to about 400 nm). The selective
cyclooxygenase-2 inhibitor, illustratively celecoxib,
can be in crystalline or amorphous form in the
nanoparticles. Processes for preparing nanoparticles
that involve milling or grinding typically provide the

20 drug in crystalline form, whereas processes that involve
precipitation from solution typically provide the drug
in amorphous form.

Compositions of the invention comprise a selective
cyclooxygenase-2 inhibitor of low water solubility, for

25 example celecoxib, optionally together with one or more
excipients selected from diluents, disintegrants,
binding agents, wetting agents and lubricants. In one
embodiment, nanoparticles comprising the selective
cyclooxygenase-2 inhibitor have a surface-modifying

30 agent adsorbed on the surface thereof. In another
embodiment, nanoparticles of the selective
cyclooxygenase-2 inhibitor are contained in a matrix
formed by a polymer. Preferably at least one of the
excipients is a water-soluble diluent or wetting agent.

35 Such a water-soluble diluent or wetting agent assists in



nanoparticles. Processes for preparing nanoparticles that involve milling or grindiagfefairrspwise
the 20 drug in crystalline form, whereas processes that involve precipitation from solution typically
provide the WQ§1i#22horphous form. Compositions of the invention comprise BCIEIEOHAR 760
cyclooxygenase-2 inhibitor of low water solubility, for 25 example celecoxib, optionally together with
one or more excipients selected from diluents, disintegrzints, binding agents, wetting agents and
lubricants. In one embodiment, nanoparticles comprising the selective cyclooxygenase-2 inhibitor
have a surface-mdet¥§ingioager aisarse FéF SRl Biiade MErddieinaffttRexsaBtRfAsAt,

nanoparticles of thergelestive rCypiRaxygenaseradnkibiar are canaingd dn avatrixsformed by a
polymer. Preferably at least gne of the excjpjents is a water-soluble diluent or_wetting agent. 35 Such
B water-soluble dIBHES Foking EBERE AU IS e P ERER SB0S V6 Ciosss ot 2
PCT/US00/32760 “&i therdispersion ancedisselatiar of the cyclooxygenase-2 inhibitor when a
composition of the invent@négd&}ggq}ggbgre&r%quwﬂ%ﬁo%e gdilugnt and a wetting agent

are present. 5 A composition of the invention can be a substantially homogeneous flowable mass

such as a particul &S GraRdRd 38id6radistrLoFf it thAvl hetHead fm Bt dis@étedarticles such as

capsules or tablets gagh comprising-a gingie: dase ¥piLit0 bra gompgsitian that is @ substaially
homogeneous flowable asg, singleﬁdo € units are_meas rablyélrlerplméable using a suitable volumetric

measuring device Sfieit as%]f) nor ¢ b?%ﬁgﬁleaﬁgv%/g [85masses ifCluaP5irard ndt limited to,

powders tablets each comprising a single dose unit.

10 In a composition that is a substantially
homogeneous flowable mass, single dose units are
measurably removable using a suitable volumetric
measuring device such as a spoon or cup. Suitable
flowable masses include, but are not limited to, powders

15 and granules. Alternatively, the flowable mass can be a
suspension having the cyclooxygenase-2 inhibitor in a
solid particulate phase dispersed in a liquid phase,
preferably an agqueous phase. At least a portion of the
particulate phase is nanoparticulate. In preparing such

20 a suspension, use of a wetting agent such as polysorbate
80 or the like is likely to be beneficial. A suspension
can be prepared by dispersing nanoparticulate or
partially nanoparticulate cyclooxygenase-2 inhibitor in
the liquid phase; alternatively the cyclooxygenase-2

25 inhibitor, illustratively celecoxib, can be precipitated
from solution in a solvent such as an alcohol,
preferably ethanol. The agqueous phase preferably
comprises a palatable vehicle such as water, syrup or
fruit juice, for example apple juice.

30 Compositions of the present invention are useful in
treatment and prevention of a very wide range of
disorders mediated by cyclooxygenase-2. Presently
contemplated compositions are useful for, but not
limited to, the treatment of inflammation in a subject,

35 as an analgesic for example in the treatment of pain and



15 and granules. Alternatively, the flowable mass can be a suspension having e syeREECIe65-2
inhibitor in a solid particulate phase dispersed in a liquid phase, preferably an aqueous phase. At
least a portiMPdfAtE2particulate phase is nanoparticulate. In preparing such XC3/8158péx%idn, use of a
wetting agent such as polysorbate 80 or the like is likely to be beneficial. A suspension can be
prepared by dispersing nanoparticulate or partially nanaparticulate cyclooxygenase-2 inhibitor in the
liquid phase; alternatively the cyclooxygenase-2 25 inhibitor, illustratively celecoxib, can be
precipitated from belatieirires solvedt ssclpas an alaihos t preférabihethinerk Therdguebus phase

preferably compriges;a palatable Vehigle such ag watelmyupi i 1Y juice, fosexampleapple juice.
30 Compositions of the present invention are useful in treatment and prevention of a ve% wide range

of disorders medi&te@y &ctdthdbdRash:s Brssehtly CmEbRIePeomBSitdnE Ak tséfal for, but
not limited to, the tleatmenicafdnfiammaiion $n aspibjety, 13=as Anaatgesasior gxample in the

treatment of pain and 8 SEPTEMBER 2008 WO 01/42225 RCTLISA0(32760 522 headaches.and as
an antipyretic in the trea’gmenfq Qf Fever, Iéor_ examp e, sich composit_loﬁ)s are useful to treat arthritic
disorders, includingdit hovkmitde tarhbirmbidid arthHES SpOREYDARhASPALRIES, AR 5 arthritis,

osteoarthritis, systgmuelupuseryhematesisnand jwenis aithailispeuelt empasitinas ata-alse useful
in the treatment of asthma, bronchitis, menstrual cramps, preterm labor, tendonitis, bursitis, allergic

neuritis, cytomegafthATIR SrifeRElS EBop@RRIT0 e Iglf\?-ind?}@éﬁla'bjof)toﬁsl,]i&fﬁ%éﬁo, liver
disease includingﬂnepatibisi,skimgeiaimdgmhdi&imssud:hﬁectivity, apoptosis

10 including HIV-induced apoptosis, lumbago, liver disease
including hepatitis, skin-related conditions such as
psoriasis, eczema, acne, UV damage, burns and
dermatitis, and post-operative inflammation including
that following ophthalmic surgery such as cataract

15 - surgery or refractive surgery. Contemplated
compositions are useful to treat gastrointestinal
conditions such as inflammatory bowel disease, Crohn'’s

. disease, gastritis, irritable bowel syndrome and
ulcerative colitis. Contemplated compositions are

20 useful in treating inflammation in such diseases as
migraine headaches, periarteritis nodosa, thyroiditis,
aplastic anemia, Hodgkin'’s disease, sclerodoma,
rheumatic fever, type I diabetes, neuromuscular junction
disease including myasthenia gravis, white matter

25 disease including multiple sclerosis, sarcoidosis,
nephrotic syndrome, Behcet’s syndrome, polymyositis,
gingivitis, nephritis, hypersensitivity, swelling
occurring after injury including brain edema, myocardial
ischemia, and the like. Contemplated compositions are

30 useful in the treatment of ophthalmic diseases, such as
retinitis, conjunctivitis, retinopathies, uveitis,
ocular photophobia, and of acute injury to the eye
tissue. Contemplated compositions are useful in the
treatment of pulmonary inflammation, such as that

35 assoclated with viral infections and cystic fibrosis,



psoriasis, eczema, acne, UV damage, burns and dermatitis, and post-operatigespargiaiion 2005
including that following ophthalmic surgery such as cataract 15 surgery or refractive surgery.
Contemplat¥ 8br33dkitions are useful to treat gastrointestinal conditions sudiCa4¥&H¢thtory bowel
disease, Crohn's disease, gastritis, irritable bowel syndrome and ulcerative colitis. Contemplated
compositions are 20 useful in treating inflammation in st#éh diseases as migraine headaches,
periarteritis nodosa, thyroiditis, aplastic anemia, Hodgkin's disease, sclerodoma, rheumatic fever,
type | diabetes, neBrSmaScdtariBinEFSP oRde2R iﬁaﬁg&inﬁsm)trgﬁﬁeﬁiésg?é&i@,t\ﬁﬁité’ widiter 25 disease

including multiple sclerosise s8EcDi0SIT onerMplie swdlresi Beheebs syrdremes olymymsitis,
gingivitis, nephritis E‘gpgrsen%ilgvirt%% sgvgllg:ngr occ%rrigg ftlgg'njuré/ including%%rgin edema, myocardial
ﬁ €. ate it e

ischemia, and the 5net%mp? d compos iOhS are 30" Ukefdl A (e fFeathient of ophthalmic

diseases, such as desinitiderenjusctiitis: setiopaittes, Werien tdasariplwtoghistsa, and of acute
injury to the eye tigsye, Sapiemplaed cComposiions aieHeai i he, trealentof primonary

inflammation, such as that 35 associated with viral infections and cystic fibrosis, 8 SEPTEMBER 2005
WO 01/42222 PCHESHIS2 Fo0P DR RAssher@SBigtioRSsubhols that akSociatedRdth:-2
osteoporosis. Contatdplatetheempodgitiens atenusefuldar riba treaimentef gertageaente)mesvauls

system dlsorders,isfllJcpua cortical denientlas mgltﬂmg 2.4 zheimer's gls§%§n% rkeurodegeneratlon,

C es partla T 1bition o ncil
and central nervous system dgmage reSlﬂﬁng Prom str(gke, Ischemia and trauma. ?ﬁé term

"treatment" in the preeéHtémtteRtl zheimer’s disease, vascular dementia,

10 multi-infarct dementia, pre-senile dementia, alcoholic
dementia, and senile dementia.

Compositions of the invention are especially useful
as anti-inflammatory agents, such as for the treatment
of arthritis, with the additional benefit of having

15 significantly less harmful side effects than
compositions of conventional nonsteroidal anti-
inflammatory drugs (NSAIDs).

Contemplated compositions are useful in the
treatment of allergic rhinitis, respiratory distress

20 syndrome, endotoxin shock syndrome, and liver disease.
Contemplated compositions are useful in the treatment of
pain, including but not limited to postoperative pain,
dental pain, muscular pain, and pain resulting from
cancer.

25 Contemplated compositions are useful for, but not
limited to, treating and preventing inflammation-related
cardiovascular disorders in a subject. Such
compositions are useful for treatment and prevention of
vascular diseases, coronary artery disease, aneurysm,

30 vascular rejection, arteriosclerosis, atherosclerosis
including cardiac transplant atherosclerosis, myocardial
infarction, embolism, stroke, thrombosis including
venous thrombosis, angina including unstable angina,
coronary plaque inflammation, bacterial-induced

35 inflammation including Chlamydia-induced inflammation,



includes partial or total inhibition of dementias, including Alzheimer's disease gvaggifaidgF8 M5y 50
multi-infarct dementia, pre-senile dementia, alcoholic dementia, and senile dementia. Compositions of
the inventioW&81&3@¥cially useful as anti-inflammatory agents, such as for thRGFEEIMEATBT arthritis,
with the additional benefit of having 15 significantly less harmful side effects than compositions of
conventional nonsteroidal anti- inflammatory drugs (NSA#Ds). Contemplated compositions are useful
in the treatment of allergic rhinitis, respiratory distress 20 syndrome, endotoxin shock syndrome, and

liver disease. Conféifjfidtetintdasssbitionslaanseiinn i fedtrfcmnaiaieintar@isiedt limited

to postoperative paintidestalpain MpsQlaRaa.andpaindesWERS {rogYy cghaeghk 2egContemplated
compositions are u,seflil for, but not limited to, treating and greventin%JianIammation-related

cardiovascular disorierS e SubRELEURY BompbYitiBHEars uSEt PRt Yreatment and prevention of
vascular diseases reorasatylatery diseasepapewygsme 30 Mastuld i reje etian] arteaessterosis,

atherosclerosiss inglygm iﬁrg@&ﬁ%péplagﬁ %I}ecrg:?gg@&i@ m;eojpagyﬁle'infgt}gyggig@bolism, stroke,
L ¢ ,

thrombosis including venous thrombosis, angina including Unstable angina, coronary plaque
inflammation, bacteHacREUESS 35 MiakvihBgoR HcRITIRS ChYahydadhducPhliamhidon, 8

SEPTEMBER 2006W¥/R @H#3323 PLHYSHPE2168:d4 iralkindyaed Hllemmatias@nebinflammation
associated with surgical grocedures such as vascular f)giLrafting inclu(gi%%corogagy artery bypass
soraers 1n"a

surgery, revascul Fatib ep?‘gg}?dhtf’eg TIHAG ARG optsty, late

subject. Compositions of the invention can be

10 administered to a subject in need of angiogenesis
inhibition. Such compositions are useful for the
treatment of neoplasia, including metastasis;
ophthalmological conditions such as corneal graft
rejection, ocular neovascularization, retinal

15 neovascularization including neovascularization
following injury or infection, diabetic retinopathy,
macular degeneration, retrolental fibroplasia and
neovascular glaucoma; ulcerative diseases such as
gastric ulcer; pathological, but non-malignant,

20 conditions such as hemangiomas, including infantile
hemangiomas, angiofibroma of the nasopharynx and
avascular necrosis of bone; and disorders of the female
reproductive system such as endometriosis.

Contemplated compositions are useful for the

25 prevention or treatment of benign and malignant
tumors/neoplasia including cancer, such as colorectal
cancer, brain cancer, bone cancer, epithelial
cell-derived neoplasia (epithelial carcinoma) such as
basal cell carcinoma, adenocarcinoma, gastrointestinal

30 cancer such as lip cancer, mouth cancer, esophageal
cancer, small bowel cancer and stomach cancer, colon
cancer, liver cancer, bladder cancer, pancreas cancer,
ovary cancer, cervical cancer, lung cancer, breast
cancer and skin cancer, such as squamous cell and basal

35 cell cancers, prostate cancer, renal cell carcinoma, and



5 stent placement, endarterectomy, or other invasive procedures involving artgri ‘ﬁé’ﬂﬁs@ﬁ

o o -~ P . 20P5
capillaries. Such compositions are useful for, but not limited to, the treatment of angiogenesis-related
disorders in¥OUHRER2 Compositions of the invention can be 10 administered PSEE8#)B827¢A need of
angiogenesis inhibition. Such compositions are useful for the treatment of neoplasia, including
metastasis; ophthalmological conditions such as corneatgraft rejection, ocular neovascularization,
retinal 15 neovascularization including neovascularization following injury or infection, diabetic
retinopathy, macutdritRigelerione patasi@statiisropriSieatd erbvhsdulad gl@édma; ulcerative

diseases such as gasthigdtieritpaiholagics). butponsmalignant 20 conditigns shel 88 iegiangiomas,
including infantile hemangiomas, angiofibroma of the nasopharynx and avascular necrosis of bone;

and disorders of tHefefife TBSRAYutHle Y &tefiParGIRe BRESMERICRR. R¥NtERPIsEEd- ¥ompositions
are useful for the 2sepferention ofdreataentefdiemgn and madignabt tumots/seepaginantlgding

caqcer,_such %5 col r\gg&al gancer, Ibr%ij; %?élé:gr,c%orp eca’ncggnefpli,tgggalcg%lclz-g%rliv%q, ne%plasia
(epithelial carcinoma) such as %asal cell carcinoma, ad]én(? arcinoma, gastromtestlna?J?: cancer such
as lip cancer, moufipesiRier, &3ophagbal CanEar snEfiHovRd LafeeYRIY StORRENCEMEEE colon

cancer, liver cances, Rladder-Gancer, RAICTERS FARGHEIc OVANRRICEECAMIGANCRN R JUNT £ARCET,
breast cancer and skin cancer, such as squamous cell and basal 35 cell cancers, prostate cancer,

renal cell carcinomZ® SRl FEEPTEMISER 2005 R BEA45595 B U0/ 3376 -25Bth&Rkhown

cancers that effectedpitbelia celled to treat the fibrosis which occurs with

10 radiation therapy. Such compositions can be used to
treat subjects having adenomatous polyps, including
those with familial adenomatous polyposis (FAP).
Additionally, such compositions can be used to prevent
polyps from forming in patients at risk of FAP.

15 Compositions of the present invention possess anti-
inflammatory, antipyretic and analgesic properties
similar or superior to those of compositions of
conventional nonsteroidal anti-inflammatory drugs.
Contemplated compositions also inhibit hormone-induced

20 uterine contractions and have potential anti-cancer
effects, but with a diminished ability to induce some of
the mechanism-based side effects of conventional NSAiDs.
In particular, compositions of the invention have
reduced potential for gastrointestinal toxicity and

25 gastrointestinal irritation including upper
gastrointestinal ulceration and bleeding, reduced
potential for renal side effects such as reduction in
renal function leading to fluid retention and
exacerbation of hypertension, reduced effect on bleeding

30 times including inhibition of platelet function, and
possibly a lessened ability to induce asthma attacks in
aspirin-sensitive asthmatic subjects, by comparison with
compositions of conventional NSAIDs.

Contemplated compositions are useful for the relief

35 of pain, fever and inflammation of a variety of



throughout the body. Neoplasias for which compositions of the invention are (® SEPPRISBER Z05
particularly useful are gastrointestinal cancer, Barrett's esophagus, 5 liver cancer, bladder cancer,
pancreas caMOeH/§23Ry cancer, prostate cancer, cervical cancer, lung cancerP(Jd80/8aHder and skin
cancer, such as squamous cell and basal cell cancers. Compositions of the invention can also be
used to treat the fibrosis which occurs with 10 radiation-#iserapy. Such compositions can be used to
treat subjects having adenomatous polyps, including those with familial adenomatous polyposis
(FAP). Additionall§ StibhteathgosiisHs Chirf e HEEYHS preveh® YilypsSBIA §6/ing in patients at risk

of FAP. 15 Composiiens i theiptesent Myentimpassassaiiie inflammatory mntipyeatic, and
analgesic properties_similar or ?#peiior t%thoie olflgorr? gﬁitions of conventional nonsteroidal

anti-inflammatory GrogE L SHdRplatey cERB6sTBRs AR InRBit Hor MR TRIGCad 20 uterine
contractions and hbheegatdrtial antthacdreeffesisabutswitnd dirnirashes, ability 3o iriduce some of the

mechanism-based,side effeqts of conuentional NSAIDs {n partigylar, camposifians, gk the dnvention

have reduced potential for gastrointestinal toxicity and 25 gastrointestinal ifritation including upper
gastrointestinal ulcRF&HM&AE bIRBH R FERIcEde pdehiial ot F638 el e @ 3tER A Féddction in

renal function leadifwguto find reteria sna exasermtphafhypeiensionsreduged €ffeghan bleeding
30 times including ir}lhjbitiog of Ialtilet function, and EQ?SSirtl)(l%/ %Ieesggﬂed 9gili(t_:)/dt&)ljnguce ?sthma
attacks in aspirin-%er?slllt]fvle Ssthitia i%%h%féc?sl%?/lc%mpgnson With con?pos?tlons of conventional
NSAIDs. Contempéaddd compositions eme Lssfedfor o eslief 138 6f paihifever ard inflamymation of a

Variety OfSSﬁPTﬁMﬁﬁBa%Q% transformations and metastatic tumor growth

and hence can be used in the treatment of cancer, such
as cancer of the colon. Contemplated compositions are
also of use in the treatment and/or prevention of
cyclooxygenase mediated proliferative disorders such as

15 may occur in diabetic retinopathy and tumor
angiogenesis.

Contemplated compositions inhibit prostanoid-
induced smooth muscle contraction by preventing the
synthesis of contractile prostanoids and hence can be of

20 use in the treatment of dysmenorrhea, premature labor,
asthma and eosinophil-related disorders. They also can
be of use in the treatment of Alzheimer’s disease, for
decreasing bone loss particularly in postmenopausal
women (i.e., treatment of osteoporosis), and for

25 treatment of glaucoma.

By virtue of their high cyclooxygenase-2 (COX-2)
inhibitory activity and/or their specificity for
inhibition of cyclooxygenase-2 over cyclooxygenase-1
(COX-1), compositions of the invention are useful as an

30 alternative to conventional NSAIDs, particularly where
such NSAIDs are contraindicated, for example in patients
with peptic ulcers, gastritis, regional enteritis,
ulcerative colitis, diverticulitis or with a recurrent
history of gastrointestinal lesions; gastrointestinal

35 Dbleeding, coagulation disorders including anemia such as



WO 01/42222 PCT/US00/32760 -26 conditions including rheumatic fever, symptejppassmsigiesyyih
influenza or other viral infections, common cold, low back and neck pain, dysmenorrhea, headache,
toothache, IBEBNSRAEY strains, myositis, 5 neuralgia, synovitis, arthritis, includfrA¥Wa2ted arthritis,
degenerative joint diseases (osteoarthritis), gout and ankylosing spondylitis, bursitis, burns, and
injuries following surgical and dental procedures. In adgdition, contemplated compositions inhibit
cellular 10 neoplastic transformations and metastatic tumor growth and hence can be used in the
treatment of cancetYBIRIT AEREAEELsRRT ol e TR hpfated cEpBEitiBhe &re “dso of use in the
treatment and/or pgevasitienof cyclansygenasedpediatad prolifesativendisosers suevas 15 may occur
in diabetic retinop%tn)é aglq tumor argi%%etnes'ksa ]g.ontergg a{%cé comgosigons inhibit Qreogtanoid-
induced smooth muScie contractisn: )} prevsen ngtHg syn esiS BHcshitractile prosfanmds and hence
can be of 20 use intgsctréatriant ob Gysinenorhea iremmatmelabor, asthyelamkeasnestat-lated
disorders. Thay alge,fap he,ekusainghe lieatmentobAlzheimens disease. Jam decieasingdone loss
particularly in postmenopausal women (i.e., treatment of osteoporosis), and for 25 treatment of
glaucoma. By virtu&df théi? highP&cl géh&se-218HX-3RInABItERY Lkivity BRdAR tREHEpecificity
for inhibition of cymlexygernsped syeicaytiaaxygenase-1, (6pX-Hocempesitions of the invention are
useful as an 30 alternativg fo fggv%rgiO@géNSﬁAQst %rticyllg]rrl gvhee& iscuc_icf @%AIDSS are
contraindicated, for exampfe in paﬁlents With peptic ulcers, gas rlﬁs, regional enpél?i%s, bicerative
colitis, diverticulitisodr Witle apeegedit invention are for the treatment of

10 rheumatoid arthritis and osteoarthritis, for pain

management generally (particularly post-oral surgery
pain, post-general surgery pain, post-orthopedic surgery
pain, and acute flares of osteocarthritis), the treatment
of Alzheimer’s disease, and colon cancer

15 chemoprevention.

By virtue of the rapid onset of therapeutic effect
exhibited by compositions of the invention,\these'
compositions have particular advantages over prior
formulations of cyclooxygenase-2 inhibitory compounds

20 for treatment of acute cyclooxygenase-2 mediated
disorders, especially for the relief of pain.

The present compositions can be used in combination
therapies with opioids and other analgesics, including
narcotic analgesics, Mu receptor antagonists, Kappa

25 receptor antagonists, non-narcotic (i.e. non-addictive)
analgesics, monamine uptake inhibitors, adenosine
regulating agents, cannabinoid derivatives, Substance P
antagonists, neurokinin-1 receptor antagonists and
sodium channel blockers, among others. Preferred

30 combination therapies comprise use of a composition of
the invention with compounds selected from morphine,
meperidine, codeine, pentazocine, buprenorphine,
butorphanol, dezocine, meptazinol, hydrocodone,
oxycodone, methadone, DuP-747, Dynorphine A, Enadoline,

35 RP-60180, HN-11608, E-2078, ICI-204448, acetaminophen



history of gastrointestinal lesions; gastrointestinal 35 bleeding, coagulation disgrg%rjg.lhllﬁ\l)@' %qgia
such as 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -27 hypoprothrombinemia, hemophilia
or other ble®he¢jl/£#3Blems; kidney disease; or in patients prior to surgery or Pafidedkiely
anticoagulants. A brief description of the potential utility of cyclooxygenase-2 5 inhibitors is given in an
article by John Vane, Nature, Vol. 367, pp. 215-216, 1984, and in an article in Drug News and
Perspectives, Vol. 7, pp. 501-512, 1994. Preferred uses for the pharmaceutical compositions of the
present invention dle¥5RHRIFERMent BF 2DMFMASHSH aRARBRG B8tedBTthRES for pain

management genefal\e(padtiqulamys pesinerahsurgesm Paift pogt-gaecrabgwrgesy pavppastiorthopedic
surgery pain, and gggg flares of o &epflrth};iﬁ)_, £he ggq o%lgggi%er'sﬂj%% and colon
ex

cancer 15 chemopreven?lséﬁl.l@y virtue of the rapid’onset of thefapéutic effect ibifed’by
compositions of the haverdioh, thesemedrmposidons havd pdrtiCtlar 2ridaritagesvek phoefsrmulations

of cyclooxygegasesznhibitosy cerppoLnds 20ps regtment of agute,cyclegxygenase-2 mediated
disorders, especially for the relief of pain. The present compositions can be used in combination
therapies with opioids an® oSt artigdsiCOMAdRAG N & cBRE 58 e&Es 2MA4BLeftbr &ntagonists,
Kappa 25 recepto-griagonigtre NeBaICalith(ipi nor-pddistivek anplge sics ] swonaine datake

inhibitors, adenosi g rse%fgctigg ifq:egtsaccggl%gi aoi:dederivati&%ss,i§ruetést%rllce Eeantagg@ists,
neurokinin-1 receptor antagonists and sodium ¢ annel%rfgckers, among others. Préferred 30

combination therapiés tohfirise iserofusesimpesitiolhbpve a desired daily dosage.

10 The daily dosage and frequency of administration, and
therefore the selection of appropriate dose unit,
depends on a variety of factors, including the age,
weight, sex and medical condition of the subject, and
the nature and severity of the condition or disorder,

15 and thus may vary widely.

In the case of celecoxib, a once-a-day or twice-a-
day administration regimen to provide the required daily
dosage of celecoxib exhibits improved efficacy relative
to other administration regimens, for compositions of-

20 the present invention. Accordingly, once-a-day or
twice-a-day oral administration of a composition of the
invention is preferred for providing therapeutically or
prophylactically effective inhibition of cyclooxygenase-
2 mediated disorders.

25 For the treatment of rheumatoid arthritis,
compositions of the invention can be used to provide a
daily dosage of celecoxib of about 50 mg to about 1000
mg, preferably about 100 mg to about 600 mg, more
preferably about 150 mg to about 500 mg, and still more

30 preferably about 175 to about 400, for example about 200
mg. The dosage can be once a day, twice a day, three
times a day, or more. For example, the dosage can be
200 mg bid. A daily dose of celecoxib of about 0.67 to
about 13.3 mg/kg body weight, preferably about 1.33 to

35 about 8.00 mg/kg body weight, more preferably about 2.00



the invention with compounds selected from morphine, meperidine, codeine ?ﬁﬁ%
buprenorphine, butorphanol, dezocine, meptazinol, hydrocodone, oxycodone, me oneEBu%’o%7
Dynorphine WOBH43Rne, 35 RP-60180, HN-11608, E-2078, ICI-204448, acetBGHilc9pEA780
SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -28 (paracetamol), propoxyphene, nalbuphine,
E-4018, filenadol, mirfentanil, amitriptyline, DuP-631, GP®-531, acadesine, AKI-1, AKI-2, GP-1683,
GP-3269, 4030W92, tramadol racemate and isolated (+) and (-) enantiomers, 5 AXC-3742, SNX-111,
ADL2-1294, CT-3, &hPEPBDID46 A &%@i%lp@&%awa%artﬂﬁﬂ%r%‘?ﬁddnﬂﬁ%e cyclooxygenase-2

inhibitor, for example&elacoxib, canoke selestedo agsoutmedate aﬁy/d@;slrﬁdd&e%ﬂ%@f
administration us c? to achieve a de red da%ygdp 10 Thg dall¥ dosage and frec]éjen
administration, and YhefSfSFERNE <3 e%‘t’ig pr%ﬁl SY UKt - d85endSol VALY Xf factors,
including the age, amghpxseaaedwhedlcaldemmuﬂjmfetﬁembfectcamomezn@udr@ﬁndlseverlty of the
condition or digordefy, 5 aNgh{us Ay VALY Wely=ln bepase ol arleseubea nCe:a Ay of fice-a-

day administration regimen to provide the required daily dosage of celecoxib exhibits improved
efficacy relative to"GihEr daFffisPRiorfRYimBsE i8F 26hY¥osSRENSBf 2Vt pR__NPRYeRfdN.

Accordingly, once ﬁcﬂﬂ)h@% &w&elasda)é ora] agsnipisyationf a@om{@sﬂ@@eqf&ﬁemnuentmls
preferred for prowdl the peutlc N PrRro hglactlcalb/ ffective inh bltlon of % f%mé)_[tgeegase 2

mediated disorder§. 25 For thentrea moenrfn f fHeumatoid ar rjtls compdéltlonsp € Invention can be

used to provide a Haily dosageatdaeiatexib bbabeors0 nafttocaiosit m@P0benefit from

10 administration of one 200 mg dose unit or two 100 mg
dose units twice a day.

For the treatment of osteocarthritis, compositions
of the invention can be used to provide a daily dosage
of celecoxib of about 50 mg to about 1000 mg, preferably

15 about 100 mg to about 600 mg, more preferably about 150
mg to about 500 mg, and still more preferably about 175
to about 400, for example about 200 mg. A daily dose of
celecoxib of about 0.67 to about 13.3 mg/kg body weight,
preferably about 1.33 to about 8.00 mg/kg body weight,

20 more preferably about 2.00 to about 6.67 mg/kg body
weight, and still more preferably about 2.33 to about
5.33 mg/kg body weight, for example about 2.67 mg/kg
body weight, is generally appropriate when administered
in a composition of the invention. The daily dose can

25 be administered in one to four doses per day, preferably
one or two doses per day. Administration of a
composition of the invention at the rate of one 100 mg
dose unit twice a day or of one 200 mg dose unit or two
100 mg dose units once a day is preferred.

30 For the treatment of Alzheimer’s disease,
compositions of the invention can be used to provide a
daily dosage of celecoxib of about 50 mg to about 1000
mg, preferably about 100 mg to about 800 mg, more
preferably about 150 mg to about 600 mg, and still more

35 preferably about 175 to about 400, for example about 400



mg, preferably about 100 mg to about 600 mg, more preferably about 150 mgﬁtgggtg@g%ﬁ%oﬁ d
still more 30 preferably about 175 to about 400, for example about 200 mg. The dos ce

a day, twiceVee42Hxe times a day, or more. For example, the dosage can BETAZOMIGbA. A daily
dose of celecoxib of about 0.67 to about 13.3 mg/kg body weight, preferably about 1.33 to 35 about
8.00 mg/kg body weight, more preferably about 2.00 8 SEPTEMBER 2005 WO 01/42222 -29
PCT/USOO/32760 to about 6.67 mg/kg body weight, and still more preferably about 2.33 to about
5.33 mg/kg body iRIght, Fof@idiipRCisot 2. PRIGIkPbEdy Weighas ehérally™dpdphaerivhen
administered in a ¢asmpesitiopebtheiventeputhe daily desetanilbe administegetd saeitp four
doses per day, preferably one or two doses per.day.. Administration of a compagsitjan of the invention
at the rate of one ‘ﬁb%do?g ﬁﬁit%%eearggﬁ/l % ﬁrlé?elﬁte fc@raomct)gt ﬁa ien s,%’u@%om pé’tients may
benefit from 10 adhwdistratorpbftone 200 sig désenamie optved €08y ddseuits tdéceta day. For the

wreatment of osteogelis. sompagiions abie inention capdie usedin Brayisa. daily dosage of

celecoxib of about 50 mg to about 1000 mg, preferably 15 about 100 mg to about 600 mg, more
preferably about 186/ %@ tBABBut's8G Ry, ahtl SAMRERIIEIGRBE otR 125 "Shout 400, for
example about 20@ arg.rA daibrdase af gelesaxibfabont 867t abonickt3 sag/kg bady weight,
preferably about l.CfS.T atgjc])ué g.%oarng keg b .\rllvei%ht, 20dmorr1e grefegcacl)oly gbout O.g% lo abcr)ut 6.67
mg/kg body weigh f’%ngsn Pore pre erab?y about 2.33 16 abbut" 533 mgﬁgugo y Welgh?ﬁor
example about 2.6¥amg/ker bbey alelghtoizeyerierdivoaprepsatesyhataadministered

10 Administration of a composition of the invention at the
rate of one 200 mg dose unit or two 100 mg dose units
twice a day is preferred for most patients.

For the treatment of cancer, compositions of the
invention can be used to provide a daily dosage of

15 celecoxib of about 50 mg to about 1000 mg, preferably
about 100 mg to about 800 mg, more preferably about 150
mg to about 600 mg, and still more preferably about 175
to about 400, for example about 400 mg. A daily dose of
about 0.67 to about 13.3 mg/kg body weight, preferably

20 about 1.33 to about 10.67 mg/kg body weight, more
preferably about 2.00 to about 8.00 mg/kg body weight,
and still more preferably about 2.33 to about 5.33 mg/kg
body weight, for example about 5.33 mg/kg body weight,
is generally appropriate when administered in a

25 composition of the invention. The daily dose can be
administered in one to four doses per day, preferably
two doses per day. Administration of a composition of
the invention at the rate of one 200 mg dose unit or two
100 mg dose units twice a day is preferred for most

30 patients.

For pain management, compositions of the invention
can be used to provide a daily dosage of celecoxib of
about 50 mg to about 1000 mg, preferably about 100 mg to
about 600 mg, more preferably about 150 mg to about 500

35 mg, and still more preferably about 175 to about 400,



in a composition of the invention. The daily dose can 25 be administered in o%éﬁﬁ%gﬁﬁ
jomatin

r.day,
preferably one or two doses per day. Administration of a composition of the inven eﬁrgﬁéogf

one 100 mgWéb&42Ma2 twice a day or of one 200 mg dose unit or two 100 mgRIGEEIMIE Whce a day is
preferred. 30 For the treatment of Alzheimer's disease, compositions of the invention can be used to
provide a daily dosage of celecoxib of about 50 mg to ableut 1000 mg, preferably about 100 mg to

about 800 mg, more preferably about 150 mg to about 600 mg, and still more 35 preferably about 175
to about 400, for eX2mpRFaBEUL AP SE BER 26050 912922280 FEFE886/32760 mg.

A daily dose of abewdu€7 to ahouicl 3B sng/ka bosly myeight nsaferatly sthout d33ftemdieut 10.67
mg/kg body weight, more preferably about 2.Q0 19 about 8.0 /kg hody weight, and still more
preferably about 2. Ot%ES gbeét?’t 5t§g ar‘%g%& b%d%é?&é‘ %r%é;é%ﬁp%ée ég%t's. gfr%g/kg body weight,
is generally appropizeé evtenl adatieister@d fa conpositiontf ¢He ryektiolofhe wiadlgldbse can be

administered in ong 1 fauridoseser day. preferably one.or tyofpses perday. 10 Admigisigtion of a

composition of the invention at the raté of one 200 mg dose unit or two 100 rg%dose units twice a

day is preferred foPRIGSt BRASHRSE - F&ome SRRt fcet, -ComPkitichLa e WRvaRtion can be
used to provide a dajlyRosagelaf i Seealeeamdd atabaiad maroraboue1d0 iy, preferably about

100 mg to about 80% mg, more o%refetrag&){eabou‘tf %?19 .mg to Zﬂ%jt 00 mg, and sticllamork()a epreferably
about 175 to about , for examplé about 400 mg. A éqally 0Seé 0 éggﬂt%’g? t0 about 13.3 mg/kg
body weight, prefepaisignistered in one to four doses per day.

10 Administration of a composition of the invention at the
rate of one 50 mg dose unit four times a day, one 100 mg
dose unit or two 50 mg dose units twice a day or one 200
mg dose unit, two 100 mg dose units or four 50 mg dose
units once a day is preferred.

15 In general, a composition of the invention is
preferably administered at a dose and frequency suitable
to provide an average blood serum concentration of
celecoxib of at least about 100 ng/ml in a subject over
a period of about 24 hours after administration.

20 While the amount of celecoxib in compositions of
the invention preferably is in a range disclosed herein,
the compositions also may be useful for the
administration of an amount of celecoxib falling outside
the disclosed dosage ranges. For other selective

25 cyclooxygenase-2 inhibitors, appropriate doses can be
selected by reference to the patent literature cited
hereinabove.

Nanoparticles comprising or consisting essentially
of a selective cyclooxygenase-2 inhibitory compound of

30 low water solubility, such as celecoxib, deracoxib,
valdecoxib or rofecoxib, can be prepared according to
any process previously applied to the preparation of
other poorly water-soluble drugs in nanoparticulate
form. Suitable processes, without restriction, are

35 illustratively disclosed for such other drugs in above



20 about 1.33 to about 10.67 mg/kg body weight, more preferably about 2'00é05%?9f‘lt£§/|%%ﬁ1%/56%
body weight, and still more preferably about 2.33 to about 5.33 mg/kg body weight, for example about

5.33 mg/kg DU #2ght, is generally appropriate when administered in a 25 APE¥I%SA76f the
invention. The daily dose can be administered in one to four doses per day, preferably two doses per
day. Administration of a composition of the invention atihe rate of one 200 mg dose unit or two 100
mg dose units twice a day is preferred for most 30 patients. For pain management, compositions of the
invention can be sEEa8 flovide Bedaiyddiege of cBRcokbdof abdudtB0oRg tobd8 1860 mg,

preferably about 160 gty @out6aQ gng; fhoresprefasakly abost 32@ Mgyt akouHH0,3mmg, and still
more preferably about 175 to about 400, 8 SEPTEMBER 2005 WO 01/42222 -31 PCT/US00/32760 for

example about 206 m”g‘s. g ééiR/ dose’Srcetecoxi oft 4hotit 8.6 70 ubout 183 rﬁgﬁgngc?dfsﬁweight,
preferably about 1533 @3 alzaat,8.60 s3rka body eightt, Fise piefefib)y abouts?.06 @0 abbyt 6.67

mg/kg body nggh%] 55%%(1 gt%moge gréagerfg)gy algm#@ﬁ:i ﬁ%ab%ut%:iS kg Sb@y wgiggt, for
example about 2.67'mg/kg body weight, ‘is geherally appropriate when'a ml“nistéredBi’n a composition

of the invention. The 88y 8dSe can b85SadifhisterétBin.dr3to fouPddsekhder dayl 48 . Adinistration

of a composition o thesigyention at the grage 9f aRg 59 ma-foge vnitfadr tivesa-day; ege 100 mg
dose unit or two 50 mg dose ynits twice a_ day or one 200 mg dose unit, two 100 mﬁgﬁdose units or four

50 mg dose units DRSS By PRdfefrdll 1563 §8RePs % ciiApasifian bf the Flertdfis®3©

and WO 98/35666, the pertinent disclosure of all of
10 which is hereby incorporated by reference. One of
ordinary skill in the art will readily adapt the
processes therein described to the preparation of a
poorly water-soluble selective cyclooxygenase-2
inhibitor, for example celecoxib, deracoxib, valdecoxib
15 or rofecoxib, in nanoparticulate form.

Any excipients employed in a composition of the
invention can be solids or liquids or both. The
composition preferably contains about 1% to about 95%,
preferably about 10% to about 90%, more preferably about

20 25% to about 85%, and still more preferably about 30% to
about 80%, by weight of the selective cyclooxygenase-2
inhibitor, illustratively celecoxib. Compositions of
the invention containing excipients can be prepared by
any of the well known techniques of pharmacy that

25 comprise admixing the excipients with a drug or
therapeutic agent, except that in the present case the
drug or therapeutic agent, namely a selective
cyclooxygenase-2 inhibitor, is at least partially pre-
prepared, optionally together with one or more

30 excipients; in nanoparticulate form as indicated above.

A composition of the invention contains a desired
amount of a cyclooxygenase-2 inhibitor, illustratively
celecoxib, per dose unit and can be in the form of, for
example, a tablet, a pill, a hard or soft capsule, a

35 lozenge, a cachet, a dispensable powder, granules, a



preferably administered at a dose and frequency suitable to provide an aver %

concentration of celecoxib of at least about 100 ng/ml in a subject over a pear?go%%‘gg (ﬁ%g?hzg&)r%
after admini®tfhtitf222® While the amount of celecoxib in compositions of the RVEN8HI3AEferably is in
a range disclosed herein, the compositions also may be useful for the administration of an amount of
celecoxib falling outside the disclosed dosage ranges. B&r other selective 25 cyclooxygenase-2
inhibitors, appropriate doses can be selected by reference to the patent literature cited hereinabove.
Nanoparticles comPHigRRIGri@nsisiRgebiBAally? of & Felcttive EyeBExyridrase fRibitory
compound of 30 lewywaasalybilitys sucka as selespxib, dercicexiby ¥akdesaxib aruetecgxib, can be

d ding t : iousl lied to th tion of ot I ter-solubl
(g in nanopartESTRE AT Sl bLE R oLt et chon, B 36 T AVY Ehsclosed for
such other drugs idabeve8iSEP EEMBER 2085 WO HAR222PTIUS06B23B0uBR citéd ths.Patent
Nos.4,826,689,5,14 &?é‘&@é&@ée@@0&%%@391,5057u%ﬁ4%§6ééo?1%6cZo%c?’%é%%es.

5,354,560,5,384,124,5,429,824,5,510,118,5,518,738, _

5,503,723,5,534, 27085530508, 5dsvansp Sapmppay further comprise, for
55,560,932,5,565,388:0969,44%:. 5 H741930,2.5L3/83, Tablets, pills and the like
5,580,579,5,585,108,5,587,143,5,591,454,5,662,883, 5,665, %1,5 718,919 and 5,747,001, and
above-cited Internz‘?tt |(§$\laﬁﬁj%ﬁ§a oncrél%s. d) §§%§§8, 6%3@%851%1 EVSC@%%E?@G% the

pertir)ent disclosure of allwmﬁwmchmlhgl@byﬁﬂy@rpum@dtbymefrerén@bmef@frommg;@dskill in the
art will readily adapf the,, processes thesqin feserled i thelreRatiop N dexampie,

lozenges comprising the cyclooxygenase-2 inhibitor in a
flavored base, such as sucrose, and acacia or
tragacanth, and pastilles comprising the cyclocxygenase-
2 inhibitor in an inert base such as gelatin and

15 glycerin or sucrose and acacia.

Liquid dosage forms for oral administration include
pharmaceutically acceptable suspensions, syrups, and
elixirs containing inert diluents commonly used in the
art, such as water. Such compositions may also

20 comprise, for example, wetting agents, emulsifying and
suspending agents, and sweetening, flavoring, and
perfuming agents.

As indicated above, excipient-containing
compositions of the invention can be prepared by any

25 suitable method of pharmacy, which includes the step of
bringing into association the cyclooxygenase-2
inhibitor, at least partially in nanoparticulate form,
and the excipient(s). In general, such compositions are
prepared by uniformly and intimately admixing the

30 partially or wholly nanoparticulate cyclooxygenase-2
inhibitory compound (hereinafter sometimes referred to
as the “nanoparticulate compound”) with a liquid or
finely divided diluent, or both, and then, if necessary
or degired, encapsulating or shaping the product. For

35 example, a tablet can be prepared by compressing or



poorly water-soluble selective cyclooxygenase-2 inhibitor, for example celecoxib, deracoxib
valdecoxib 15 or rofecoxib, in nanoparticulate form. Any excipients employed o %'%%H':p% 2%
invention caN®&14817323 or liquids or both. The composition preferably contain®ebdi¥04/837 about
95%, preferably about 10% to about 90%, more preferably about 20 25% to about 85%, and still more
preferably about 30% to about 80%, by weight of the sel¢ctive cyclooxygenase-2 inhibitor,
illustratively celecoxib. Compositions of the invention containing excipients can be prepared by any of
the well known tecRRTftERDI PHEARSET tRE 28 iR élf'rni’%%‘?g m&?ﬁéﬁ@‘bﬁﬁ% drug or
therapeutic agent, @xagptithat indbgdqirasent.eash thedrug antheraprutipagants namely a selective
cycIooxygenase-Z&rclmbitor is %1 Igggl% rtsial(l}/ reg pre Iaée%,r%aéi naII& to egkéesr Wirtlh one or more 30

. ress sing, in a
excipients, in nanopa!rﬁ)cu?ate%orm asindicated above. A gompo& i0n of the mvention contains a
desired amount oba tyelodrygarriserEinhibitor sustiaivelyd celetbrid pectdosessusiband can be in

the form of, foy exgmple.,a @bl réﬁﬂhéélafg&ﬁ?i)ﬂscﬁﬁéu'@hé 32:R2pRge: A-cachel a dispensable
powder, granules, a 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -33 suspension, an elixir, a

liquid, or any othefSPRC S oRBER R abted ToFers AHniRistRBoRTsHaTs BdMPdSHon is preferably
made in the form efghscrete) Joskulinitisceach(eontaibingra: pedeienmined ameaunt bhthe 5
cyclooxygenase-2 inhihitor, such s tablets or capsules. The ral d fQr ay. further
comprise, for exam| &8?631‘?&@%83&%&} asﬁgégﬁlrﬁg a%%etﬁg (ﬁﬁ% 'adgﬁ?a(%%é cr%%%leggrsép%?éld with or
without coatings. Eenipdiong atelelinventian saitahlé fedbidapchine, the

10 nanoparticulate compound moistened with an inert liquid
diluent.

As noted above, compositions of the present
invention comprise a partially or wholly nanoparticulate
selective cyclooxygenase-2 inhibitory compound,

15 illustratively celecoxib, in a therapeutically or

< prophylactically effective amount per dose unit in
combination with one or more pharmaceutically acceptable
excipients appropriate for oral administration.
Compositions of the present invention preferably

20 comprise the nanoparticulate compound in a desired
amount admixed with one or more excipients selected from
the group consisting of pharmaceutically acceptable
diluents, disintegrants, binding agents, adhesives,
wetting agents, lubricants, and anti-adherent agents.

25 In addition, the nanoparticles themselves can optionally
contain one or more matrix polymers and/or surface
modifying agents as disclosed in several of the above-
cited references. More preferably, such compositions
are tableted or encapsulated for convenient

30 administration in the form of immediate release capsules
or tablets.

Through appropriate selection and combination of
excipients, compositions can be provided exhibiting
improved performance with respect to, among other

35 properties, efficacy, bicavailability, clearance time,



10 or sublingual administration include, for example, lozenges comprising the )gc!%olgﬁé%ﬁﬁ e-2%0
inhibitor in a flavored base, such as sucrose, and acacia or tragacanth, and §a fle ER,% ﬁ1e
cyclooxygeY48el1 A3 Ribitor in an inert base such as gelatin and 15 glycerin orPSe98/37d0acacia.
Liquid dosage forms for oral administration include pharmaceutically acceptable suspensions, syrups,
and elixirs containing inert diluents commonly used in t3& art, such as water. Such compositions may
also 20 comprise, for example, wetting agents, emulsiging and suspending agents, and sweetening,
flavoring, and perfirfiRg abE¥ts. PRMRAiEateH ATV eC ExEipikRtesARIMAG EHFdSions of the
invention can be prepased Ky any2brsutapleimethad ef pharpiasy i Waichdnelugdes dhesteprof bringing
into association the cg?ogxyg%enﬁfe-z inrﬂbitor, ﬁt least Cl[‘g%rtiall in nanqﬁparticulﬁte form, and the
excipient(s). In geRaral; 5uch ¥BHVEItBHE GFe Fotaparsd by Ufiforly SR hiRateR sdRiing the 30
partially or wholly mémopesadul giecyetookpggenaseaz iaRibitpnecdrapouat therdibrftersometimes

eferred to asqhe pangpacislale LomPAUEZ, i cpih o Snglliiged diens ggboth, and

then, if necessary or desired, encapsulating or shaping the product. For 35 example, a tablet can be

prepared by compRERRESLE S EPTEMBERD (EWAS U1 42920 sC TRISBI3E 760 ahfmolding a

powder or granulespd ispharapartistlate  eprmpeyad degethen xdb-one ahmpie: excipientere
Compressed tabIeEsh%an be rd%pared by . ompressing, in a alsgltable 'ilcéhlne,t%gee-flowmg

. gom osltion 1? o a ta F .
composition, suchasa s p r or granules, comprising the nanoparticuldte compound optionally

mixed with one or awrbbivedingn of excipients selected provides tablets that

10 can exhibit improvement, among other properties, in
dissolution and disintegration profiles, hardness,
crushing strength, and/or friability.

Compositions of the invention optionally comprise
one or more pharmaceutically acceptable diluents as

15 excipients. Suitable diluents include, either
individually or in combination, lactose USP; lactose
USP, anhydrous; lactose USP, spray dried; starch USP;
directly compressible starch; mannitol USP; sorbitol;
dextrose monohydrate; microcrystalline cellulose NF;

20 dibasic calcium phosphate dihydrate NF; sucrose-based
diluents; confectioner’s sugar; monobasic calcium
sulfate monohydrate; calcium sulfate dihydrate NF;
calcium lactate trihydrate granular NF; dextrates, NF
(e.g., Emdex); Celutab; dextrose (e.g., Cerelose);

25 inositol; hydrolyzed cereal solids such as the Maltrons
and Mor-Rex; amylose; Rexcel; powdered cellulose (e.g.,
Elcema); calcium carbonate; glycine; bentonite;
polyvinylpyrrolidone; and the like. Such diluents, if
present, constitute in total about 5% to about 99%,

30 preferably about 10% to about 85%, and more preferably
about 20% to about 80%, of the total weight of the
composition. The diluent or diluents selected
preferably exhibit suitable flow properties and, where

tablets are desired, compressibility.



agent(s), lubricant(s), inert diluent(s), wetting agent(s) and/or dispersing age (§}:-.' é@@%éé:an
be made by molding, in a suitable machine, the 10 nanoparticulate compound moistened with an inert
liquid dilueAYONIHBAEY above, compositions of the present invention compriskCA/ PR/ @r wholly
nanoparticulate selective cyclooxygenase-2 inhibitory compound, 15 illustratively celecoxib, in a
therapeutically or prophylactically effective amount per-8ese unit in combination with one or more

pharmaceutically acceptable excipients appropriate for oral administration. Compositions of the
present invention preferabfyZerssimpiise IeCRATEpEF ettt nssokhdlin2ede St @Fount admixed
with one or more exstpients saletiediFonnm thegeliR=consisting v ppauracatdicaly ageeptable
diluents, disintegrants,, binding agents, adhesives, weiting agents,.lubricants, and anti-adherent
agonts. 25 1n 2R e A ALt BEER S L TRy 2Rl Bhe o7 RO G i
polymers and/or sttfigceu seodifirgyageras asuwlisciosadinosevesd] of taabowe loitédseferences.

More preferably, syeh,gempgsitigns. a/e tabletad or.encapsylaied for convaniept 30 administration in

the form of immediate release capsules or tablets. Through appropriate selection and combination of

excipients, compoSitigRa et 88 Fromaed ExhmmirRf ffprdves pirotmanss fith r68Pe&o, among
other 35 properties; séficagy, binpyaiabilityrelaatance tivie, SaBERTEMBIRR 2805 WO 01/42222

PCT/USQQ/3276O.a%LSSitr"i‘E”it A goﬁn&'f‘“?%}’ qf ceillgc%%bs gnd cglrreiaecr. a eriai%cstaégtg, dissolution
profile, disintegration pro il an(ﬁor other pﬁarmaco INEtIC, cﬁer%lcajf:r% r
monohydrate, is particularly preferred. Lactose

10 typically provides compositions having suitable release
rates of the cyclooxygenase-2 inhibitor, stability, pre-
compression flowability, and/or drying properties at a
relatively low diluent cost. It provides a high density
substrate that aids densification during granulation

15 (where wet granulation is employed) and therefore
improves blend flow properties.

Compositions of the invention optionally comprise
one or more pharmaceutically acceptable disintegrants as
excipients, particularly for tablet formulations.

20 Suitable disintegrants include, either individually or
in combination, starches; sodium starch glycolate; clays
(such as Veegum HV); celluloses (such as purified
cellulose, methylcellulose, sodium
carboxymethylcellulose and carboxymethylcellulose);

25 alginates; pregelatinized corn starches (such as
National 1551 and National 1550); crospovidone USP NF;
and gums (such as agar, guar, locust bean, Karaya,
pectin, and tragacanth). Disintegrants may be added at
any suitable step during the preparation of the

30 composition, particularly prior to granulation or during

the lubrication step prior to compression.

disintegrants, if present, constitute in total about

Such

0.2% to about 30%, preferably about 0.2% to about 10%,

and more preferably about 0.2% to about 5%,

35 weight of the composition.

of the total



physical properties. The excipients preferably are 5 water-soluble or water di %réipwggﬁgbo
wetting properties to offset the low aqueous solubility and hydrophobicity of the Cyclooxygenase-
inhibitor. WReR R b mposition is formulated as a tablet, the combination ofP&X1HME3 768 |ected
provides tablets that 10 can exhibit improvement, among other properties, in dissolution and
disintegration profiles, hardness, crushing strength, anefor friability. Compositions of the invention
optionally comprise one or more pharmaceutically acceptable diluents as 15 excipients. Suitable

diluents include, either inCRAGGARHin MBI atfode BERL Rictet U'SP Hritbmdts; lactose
USP, spray dried; starch (ISR: tdicectly=pempre ssibkeistarsin awannitpl HS®; soitbitok edextrose
monohydrate; mictociystaling cellulass NE, 20 dliagsis, galgium, pesaal fiyate, ..
sucrose-based diluents; con ettioner's sugar; monobasic calcium su %te monoﬁydrate; calcium
sulfate dihydrate NIz edsigiaint lacere winydrate dranalaeF; textraed, RFi(Elg . MPERiex); Celutab;

dextrose (e.g.5 Cegglesgdr2d iNpsiphhydiplyrediceraasotids such asihe Malirans waddver-Rex;
amylose; Rexcel; powdered cellulose (e.g., Elcema); calcium carbonate; glycine; bentonite;

polyvinylpyrrolidon®’ afidt thé& il Sitd &iftient<S T BRAERE Cong it te 0Tl SB30EESs to about 99%,
30 preferably aboutdétr ieabautt8%%G ramah irore piefraiy ralioin2 0¢atmediidut 8086, dfdhe total

weight of the 00m88§1§1§@-ﬂ*1%9!}1%¥ ordliluents selectqd preferably exhibit suitable flow properties
and, where tablets are desired, compressibility. 8 SEPTEMBER 2005 WO 01/42222

PCT/US00/32760 -36 La&teseand hiierscridtaliRe cemyess igithepptionally comprise

10 one or more pharmaceutically acceptable binding agents
or adhesives as excipients, particularly for tablet
formulations. Such binding agents and adhesives
preferably impart sufficient cohesion to the powder
being tableted to allow for normal processing operations

15 such as sizing, lubrication, compression and packaging,
but still allow the tablet to disintegrate and the
composition to be absorbed upon ingestion. Suitable
binding agents and adhesives include, either
individually or in combination, acacia; tragacanth;

20 sucrose; gelatin; glucose; starch; cellulose materials
such as, but not limited to, methylcellulose and sodium
carboxymethylcellulose (e.g., Tylose); alginic acid and
salts of alginic acid; magnesium aluminum silicate;
polyethylene glycol; guar gum; polysaccharide acids;

25 bentonites; polyvinylpyrrolidone; polymethacrylates;
hydroxypropylmethylcellulose (HPMC) ;
hydroxypropylcellulose (Klucel); ethylcellulose
(Ethocel); pregelatinized starch (such as National 1511
and Starch 1500). Such binding agents and/or adhesives,

30 if present, constitute in total about 0.5% to about 25%,
preferably about 0.75% to about 15%, and more preferably
about 1% to about 10%, of the total weight of the
composition.

Polyvinylpyrrolidone is a preferred binding agent

35 used to impart cohesive properties to a powder blend of



|nd|V|du_aIIy or in combination, are prefgrred dlluer_1ts. Both diluents are cheml?%%%% ‘%BS
celecoxib. The use of extragranular microcrystalline cellulose 5 (that is, microcrystalline cellulose
added to a W& WH232%ated composition after the drying step) can be used to ReFrEYIRAT6hess (for
tablets) and/or disintegration time. Lactose, especially lactose monohydrate, is particularly preferred.
Lactose 10 typically provides compositions having suitab$e release rates of the cyclooxygenase-2
inhibitor, stability, pre- compression flowability, and/or drying properties at a relatively low diluent cost.

It provides a high d&siGY SHePErE it i déndifiddtfoPrd g GraREmtSH AL WARTE webr

granulation is emplayae) pad thereforecmriones plendflova praperties. Szasmpesitions of the invention

optionally comprise_one or more pharmaceutically acceptable_ disintegrants excipients, particularly
€ L S 016 SHETRBBPATS A, etharintRid AT or A cotiSRS

for tablet formulatiBAs. A7 o Hih combination,
starches; sodium starchegigtdlateablays (Gubhk asovedguat HVY;, celhdosesi(uchmasgurified cellulose,

methylcellulosg, SB‘PH!ﬁ‘eJPQHEBWH}%@‘JCQJ'Pé%s%%n%ﬁéﬁ?@xk%‘eg"ﬁ’k@{@'°§8¥a%5 Foinates,. £

pregelatinized corn starches (such as National 1551 and National 1550); crospovidone USP NF; and
gums (such as agaf*GuaPTBasst beaR, Kayay peerhPYrd fAd8Ca Y BisiRteyrafs MRy b8 added
at any suitable stefpeuting theqprepatariophike d0LoPMAS IO Passsiallyyias 0 granitatgon or
during the Iubricati%n ste &rior to com ressi%:% Suc& disin'ggra S, if1 resgnt go%stitgte in_total
about 0.2% to abgutsso%o, pr%?’eergb@/ra out 0:2% 16 Abotif T o?uan%rm reapPe era chat?ou(%]f).Z% to
about 5%, of the tdtaive5.weifhilofthexbmpositiond SnSEPTENMBER 200Besiveness to

10 the powder blend and facilitates the necessary binding
to form granules during wet granulation.

The cyclooxygenase-2 inhibitory compounds used in
the present invention, in particular celecoxib, are
largely insoluble in agueous solution. Accordingly,

15 compositions of the invention optionally but preferably
comprise one or more pharmaceutically acceptable wetting
agents as excipients. Such wetting agents are
preferably selected to maintain the cyclooxygenase-2
inhibitor in close association with water, a condition

20 that is believed to improve the relative biocavailability
of the composition. Suitable wetting agents include,
either individually or in combination, oleic acid;
glyceryl monostearate; sorbitan monooleate; sorbitan
monolaurate; triethanolamine oleate; polyoxyethylene

25 sorbitan monooleate; polyoxyethylene sorbitan
monolaurate; sodium oleate; and sodium lauryl sulfate.
Wetting agents that are anionic surfactants are
preferred. Such wetting agents, if present, constitute
in total about 0.25% to about 15%, preferably about 0.4%

30 to about 10%, and more preferably about 0.5% to about
5%, of the total weight of the composition.

Sodium lauryl sulfate is a preferred wetting agent.
Sodium lauryl sulfate, if present, constitutes about

0.25% to about 7%, more preferably about 0.4% to about



WO 01/42222 -37 PCT/USOO/32760 Croscarmellose sodium is a preferred disintegrant for tablet or
capsule disintegration, and, if present, preferably constitutes about 0.2% to aBoekE TdeMRER 2005
preferably aW@URIH22%2to about 6%, and still more 5 preferably about 0.2% to 6953 5Phe total
weight of the composition. Croscarmellose sodium confers superior intragranular disintegration
capabilities to compositions of the present invention. Céfipositions of the invention optionally
comprise 10 one or more pharmaceutically acceptable binding agents _or adhesives as excipients,
particularly for tabl&® fofRGafidris: SIRPI5inahE LReARldnd@RaHEsiles prefetRay impart Xhfficient
cohesion to the povider taeiag takdeigddoatiovwHer aermalgredessing operations 15 such as sizing,
lubrication, compression éngnﬁaCk%]%’s bggést{'_’lhaellow thee tdgsz)Iet to disinge and the .composition

rate
to be absorbed upon inges?lo °§iitable “bin ing age}ﬁlsv ant aaﬂesﬁegs% m%%udiel,/ eﬁﬁgpjfnld?\%dually or

in combination, acasig; ®agasareh PG sneose tgalatid; gl acsser seilpdle cellloseanaterials such as,
but not limitedsto, mathyisellyipsg andssadium, carboxymethylealiuloss e o ubrese), alginic acid and

salts of alginic acid; magnesium aluminum silicate; polyethylene glycal;.guar gum; pglysaccharide
acids; 25 bentonitBEHiATIpFABIFo R pORMTeth& IS 1RV X apy &Ryt Billulose (HPMC):;
hydroxypropylcellueseoiducaly;srethyltettidasel (Bitoaphtpregetatpizétdsta®dgsuch as National 1511

S 1500 SR Bl A e g gl st 0%
the total weight of &eid; hydrogenated vegetable oils (e.g., Sterotex);
10 talc; waxes; Stearowet; boric acid; sodium benzoate;
sodium acetate; sodium fumarate; sodium chloride; DL-
leucine; polyethylene glycols (e.g., Carbowax 4000 and
Carbowax 6000); sodium oleate; sodium lauryl sulfate;
and magnesium lauryl sulfate. Such lubricants, if
15 present, constitute in total about 0.1% to about 10%,
preferably about 0.2% to about 8%, and more preferably
about 0.25% to about 5%, of the total weight of the
composition.
Magnesium stearate is a preferred lubricant used,
20 for example, to reduce friction between the equipment

and granulated mixture during compression of tablet

formulations.

Other excipients (such as anti-adherent agents,
colorants, flavors, sweeteners and preservatives) are
25 known in the pharmaceutical art and can be included in
compositions of the invention. For example, iron oxide
can be added to the composition to provide a yellow
color.
In one embodiment of the present invention, the
30 composition is in the form of unit dose capsules or
tablets and comprises a partially or wholly
nanoparticulate selective cyclooxygenase-2 inhibitor,
illustratively celecoxib, in a desired amount together

with a binding agent. Such a composition preferably



composition. Polyvinylpyrrolidone is a preferred binding agent 35 used to impgarseasivies RIRRIGIES
to a powder blend of 8 SEPTEMBER 2005 WO 01/42222 -38 PCT/US0OO0/32760 the
cyclooxygeY¥d8dt4abitor and other excipients for granulation. Polyvinylpyrr8§&doB&0aBptesent,
preferably constitutes about 0.5% to about 10%, more preferably about 0.5% to about 7%, and still
more 5 preferably about 0.5% to about 5% of the total w#lght of the composition. Polyvinylpyrrolidone
viscosities up to about 20 cPs may be used although viscosities of about 6 cPs or lower are

preferred, particuldriF 2tk PP F5ver PONMIRT ol SReDHERGSEs E5HESV&sE18™0 the
powder blend and tacilitgtesitbe ceeessaryindiig dhdem granules dugngwetgtariilation. The
cyclooxygenase-2 jnhibi ompounds u n the inventiop,.in icular cel ih, are
largely insoluble in%&&%%éib%% %ggr%%g S,'lﬁ{(g%%%%ti\é% &gg the i%gr%l&)%gor%%%% )%' but
preferably comprig&8éne @prisrerpharmalemnt iy atespiable wehingCagefs BSd&ipients. Such

wetting agents arec grgferabbssejgeted 1o maaintain g, yGieaxygenase-dainmkier theloge aggociation
with water, a condition 20 that is believed to improveéhe relative bioavaila$bility of the composition.

Suitable wetting agéMtS iichid¥ Sitheradiviatanns ihué‘brgﬁiﬁﬁﬁ/c}n,solféi 2k glyceryl
monostearate; sorbitdrymionpbieate;csoibitare menclan@teidiiéthanokminenleate;guapaxyethylene

25 sorbitan monoolgate; pelyoxyeihylens sabitap, mpnplaurate; sodium oleate; and,sodium laury!
sulfate. Wetting agents that are anionic surfacCtants are preferred. Such wetting agents, if present,
constitute preferably, the composition comprises lactose

10 monohydrate and croscarmellose sodium. Even more
preferably, the composition further comprises one or
more of the carrier materials sodium lauryl sulfate,
magnesium stearate and microcrystalline cellulose.

Although unit dose capsule and tablet compositions

15 of the invention can be prepared, for example, by direct
encapsulation or direct compression, they preferably are
wet granulated prior to encapsulation or compression.
Wet granulation, among other effects, densifies milled
compositions resulting in improved flow properties,

20 improved compression characteristics and easier metering
or weight dispensing of the compositions for
encapsulation or tableting. The secondary particle size
resulting from granulation (i.e., granule size) is not
narrowly critical, it being important only that the

25 average granule size preferably is such as to allow for
convenient handling and processing and, for tablets, to
permit the formation of a directly compressible mixture
that forms pharmaceutically acceptable tablets.

The desired tap and bulk densities of the granules

30 are normally about 0.3 g/ml to about 1.0 g/ml.

Excipients for capsule and tablet compositions of
the invention preferably are selected to provide a
disintegration time of less than about 30 minutes,

preferably about 25 minutes or less, more preferably



in total about 0.25% to about 15%, preferably about 0.4% 30 to about 10%, a %dggg é}\ﬁé

bi 6§out

0.5% to about 5%, of the total weight of the composition. Sodium lauryl sulfate is a preferred wetting

agent. Sod\V@ 4¢P ulfate, if present, constitutes about 0.25% to about 7%PeTdve8&Ex&rhbly about
0.4% to about WO 01/42222 -39 8 SEPTEMBER 2005 PCT/USOO/32760 6%, and still more
preferably about 0.5 to about 5% of the total weight of the composition. Compositions of the invention
optionally comprise one or more pharmaceutically acceptable lubricants 5 and/or glidants as
excipients. Suitabl8'RiBtcants BRBIFYHidaktslifSlEde 28ithet HdividBameoPReESHdation, glyceryl

behapate (Compritgh888); 1$tea{ﬁt§19cggagﬁesy¢ryscaluum and sodium); stearic acid; hydrogenated

vegetable oils (e.g.,

acetate; sodium fumarate:

Sterote>§ 10t xes tearowet bog:aud 5%1 ium benzoate sodium
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and Carbowax 606@p1md|m@léa¢e,esmdlum Iawrylaelﬂfam;lénatmetgmsmmihmyﬂcémfate Such
lubricants, if 13 presgni FOnSHue INofAl ADaus 0476 1o A8RYHIY%o PLGTekabl abeu0,2% to about
ferab

8%, and more pre
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y about 0.25% to about’5%, of the total weight of the composition.
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convenlent with respect to handling, manufacture,
storage and ingestion may be employed. For 100 mg
tablets, hardness is preferably at least 4 kP, more
preferably at least about 5 kP, and still more
preferably at least about 6 kP. For 200 mg tablets,
hardness is preferably at least 7 kP, more preferably at
least about 9 kP, and still more preferably at least
about 11 kP. The mixture, however, is not to be
compressed to such a degree that there is subsequent
difficulty in achieving hydration when exposed to
gastric fluid.

For tablet formulations, tablet friability
preferably is less than about 1.0%, more preferably less
than 0.8%, and still more preferably less than about
0.5% in a standard test.

The present invention also ig directed to a
therapeutic method of treating a condition or disorder
where treatment with a cyclooxygenase-2 inhibitor is
indicated, the method comprising oral administration of
one or more dose units of a composition of the invention
to a subject in need thereof. The dosage regimen to
prevent, give relief from, or ameliorate the condition
or disorder preferably corresponds to the once-a-day or
twice-a-day treatments discussed above, but can be
modified in accordance with a variety of factors. These
include the type, age, weight, sex, diet, and medical

condition of the subject and the nature and severity of



compositions of the invention. For example, iron oxide can be added to the compesitien tgﬁoy' a
yellow color. In one embodiment of the present invention, the 30 composition is in the %rm of unit
dose capsuW®8il/4283ets and comprises a partially or wholly nanoparticulate RIAEHH/32760
cyclooxygenase-2 inhibitor, illustratively celecoxib, in a desired amount together with a binding agent.
Such a composition preferably 8 SEPTEMBER 2005 W@201/42222 PCT/US00/32760 -40 further
comprises one or more excipients selected from_the group consisting of pharmaceutically acceptable
diluents, disintegrdt€ BiAGREIRENts, WBtfng 5§EntEOSRF RIDFRIARSMGE Prérkiably, the
composition 5 compfisSes pae AaROREexcipieasISelested Fam thesgreapreomsistingref |aetose,

sodium lauryl sulfate, polyvinylpyrrolidone, croscarmellose sodium, magnesium stearate and
gﬁ%%sg §§%1p1ye go g. Pdrt% a%

microcrystalline ¢ more pre?éargﬁly,rﬁ%lénoenﬁl;%'osﬁﬁon comprises fACtose 10 monohydrate

and croscarmellose sodidiniEver moreagmetarablyfthe conyiesitiors fuftier tompfises oae or more of
the carrier magerials,spgiwdauryl-syliate, faonasiie sieakaterpmigregrystalline cellulose.

Although unit dose capsule and tablet compositions 15 of the invention can be prepared, for example,
by direct encapsufRfioh PN eSRpressiBht tidy pretérabRPdrea et gl 88 YoV i
encapsulation or cenyrassiag.e YVeatrglanulatcon,za5porg other effettsn densifigenulied Tompositions
resulting in improved flgw [:L)lré)(gertiesl,1 20 i@groved corgpraession .cggr%%:agseti}:ésraagp %aesei%rs mggaring or

weight dispensing %?]{helcr:lompo%ﬁong%a’r erafg%s%}%%on or%gglletlng. e secondary particle’size

resulting from grartgantorad.engrahglessize)genst until the condition or disorder

10 has been controlled or eliminated. Subjects undergoing
| treatment with a composition of the invention can be

routinely monitored by any of the methods well known in
the art to determine the effectiveness of therapy.
Continuous analysis of such data permits modification of

15 the treatment regimen during therapy so that optimally
effective amounts of the cyclooxygenase-2 inhibitor are
‘administered at any point in time, and so that the .
duration of treatment can be determined as well. In
this way, the treatment regimen/dosing schedule can be

20 rationally modified over the course of therapy so that
the lowest amount of the cyclooxygenase-2 inhibitor
exhibiting satisfactory effectiveness is administered,
and so that administration is continued only so long as
is necessary to successfully treat the condition or

25 disorder.

The present invention also is directed to methods
for the preparation of compositions comprising a poorly
water soluble selective cyclooxygenase-2 inhibitor,
illustratively celecoxib, partially or wholly in

30 nanoparticulate form in accordance with the invention.
More particularly, the invention is directed to methods
for preparing such compositions in the form of discrete
unit dose tablets or capsules, such that each tablet or
capsule contains an amount of the cyclooxygenase-2

35 inhibitor sufficient to provide rapid onset of



narrowly critical, it being important only that the 25 average granule size prefeggclﬁg)&rmg tgoabllapw
for convenient handling and processing and, for tablets, to permit the formati a I%EQ

compressibW AR 2that forms pharmaceutically acceptable tablets. The deSkddUi&)8/adbulk
densities of the granules 30 are normally about 0.3 g/ml to about 1.0 g/ml. Excipients for capsule and
tablet compositions of the invention preferably are seleetéd to provide a disintegration time of less
than about 30 minutes, preferably about 25 minutes or |ess, more preferably 8 SEPTEMBER 2005
WO 01/42222 PC TSRS 66742 iRt 20 GRsT dPIeSs RaTrditRBiepref&bly about 15
minutes or less. Ferrtablet fpsmplatiansn thienedmpletd etidipeaiinian affeunt sofficienidamake a

uniform batch of tablety s 5 sublected Lo fablefing i a conventional prodyction.scals (apletng
machine at normal compression pressuré (for example, appﬁ)/lng a force of about’l 0 about 50 kN

in a typical tabletingjafia): Arfy tablet hardrrest eddvendont ith exspestlte halpdiitg, Mhanafacture, 10

storage and ingestign,maykgemplayed,5er,100 Mg fabletss hardness is pesferably.atdeast 4 kP,
more preferably at least about 5 kP, and still more preferably at least about 6 kP. For 200 mg tablets,

hardness is preferaBfH e 7 kjFl,‘]rH(?rEr&'éf'e‘fﬁBM £ 45968% hout SR TRl o Sreferably
at least about 11 ki? eErermiXitiesiioi@ver,we togitabe lcompressertio sicihna tlagtesthatthere is
bsenuert ey g seheyon Bt ol M1en pes g g 20 Eg it fomulatons
employed to prepare tablet or capsule compositions of
10 the invention.
Wet granulation is a preferred method of preparing
pharmaceutical compositions of the present invention.
In the wet granulation process, any portion of the
cyclooxygenase-2 inhibitor that is not to be included in
15 nanoparticulate form (if desired, together with one or
more carrier materials) is initially milled or
micronized to a desired range of particle sizes greater
than 1 mm. Although various conventional mills or
grinders can be used, impact milling such as pin milling
20 of the drug provides improved blend uniformity to the
final composition relative to other types of milling.
Cooling of the material being milled, for example, using
liquid nitrogen, may be necessary during milling to
avoid heating the cyclooxygenase-2 inhibitor to
25 undesirable temperatures. The Dyg particle size during
this milling step is preferably reduced to less than
about 25 mm.
The milled or micronized cyclooxygenase-2
inhibitor, if any, is then blended with the desired
30 amount of the cyclooxygenase-2 inhibitor in
nanoparticulate form, prepared by any process known in
the art as indicated hereinabove to provide a partially
or wholly nanoparticulate cyclooxygenase-2 inhibitory
compound (“the nanoparticulate compound”).

35 Simultaneously or thereafter, the nanoparticulate



than 0.8%, and still more preferably less than about 0.5% in a standard test. '6[ m{ggﬁe%lqﬁ
also is directed to a 25 therapeutic method of treating a condition or disorder where treatment with a
cyclooxygeY¥a8dt4aibitor is indicated, the method comprising oral administrBG3H8P0EAEHr more
dose units of a composition of the invention to a subject in need thereof. The dosage regimen to 30
prevent, give relief from, or ameliorate 'the condition or-#isorder preferably corresponds to the
once-a-day or twice-a-day treatments discussed above, but can be modified in accordance with a
variety of factors. TIRsSCHfudeStHeligpessye, MdigRec3BR et And rhddiBalsiB>8dndition of the

subject and the nafire angdsevientyaebs SERTEEMBER 20050 08i#2222rRAT/USQG{32£6Q,142 the
disorder. Thus, the dosage regimen actlgll %mgloyed can vary Widel¥band .canltﬂgrlefore deviate from

the preferred dosageTEGinMeredet {8t AbsVe. Ritial feqinTant of a8ubject Suffering fom a 5

condition or disordexateietreatntdttwitaaecyrieoxygehdsei2 ingibitdreis indicdtetltan begin with
the dosages igdicaigd apgyg I eatrgent ilglggggltpglyiﬁo@meg%%%qeggﬁyegvler@op%rglqnofaseveral

weeks to several months or years until the condition or_disorder 10 has been controlled or eliminated.
Subjects undergoiﬁﬁytr&ﬁi‘ffg‘ﬁ’f With?eE E6iRpositieR bf tHelMvertdish 81 BRBLEREBYHR6nitored by any
of the methods weddsapwmria the ast knhdelerminertherafestiveness af therapy.( £ontinuous analysis

of such data permi&s modgicajt_jon o:S 1 theé?atmgriltnrggimen during ther h
|

therapy, so that.optimall
effective amounts of %%ncy%ﬂ)o%&ﬁ Ras& 2 MRibitorare ggmﬁ%s?tré}:gds tét”lr{ig)éé poi?ﬁ:’% ?lrjlr%étl aal d so that

the duration of treatreevtcarchee dweripimel agertl.(k) in this step, but

10 alternatively all or a portion of one or more of the
exciplients can be added in a later step. For example,
in tablet formulations where croscarmellose sodium is
employed as a disintegrant, it has been discovered that
addition of a portion of the croscarmellose sodium

15 during the blending step (providing intragranular
croscarmellose sodium) and addition of the remaining
portion after the drying step discussed below (providing
extragranular croscarmellose sodium) can improve
disintegration of the tablets produced. In this

20 situation, preferably about 60% to about 75% of the
croscarmellose sodium is added intragranularly and about
25% to about 40% of the croscarmellose sodium is added
extragranularly. Similarly, for tablet formulations it
has been discovered that addition of microcrystalline

25 cellulose after the drying step below (extragranular
microcrystalline cellulose) can improve compressibility
0of the granules and hardness of the tablets prepared
from the granules.

This blending step of the process preferably

30 comprises blending of nanoparticulate compound, lactose,
polyvinylpyrrolidone and croscarmellose sodium. It has
been discovered that blending times as short as three
minutes can provide a dry powder mixture having a
sufficiently uniform distribution of the cyclooxygenase-

35 2 inhibitor.



this way, the treatment regimen/dosing schedule can be 20 rationally modified over the course of
therapy so that the lowest amount of the cyclooxygenase-2 inhibitor exhibitiné SkifEARFR 2005
effectivenes¥ Ul dddistered, and so that administration is continued only so ®éAgUa804&2 dcessary to
successfully treat the condition or 25 disorder. The present invention also is directed to methods for
the preparation of compositions comprising a poorly watér soluble selective cyclooxygenase-2
inhibitor, illustratively celecoxib, partially or wholly in 30 nanoparticulate form in accordance with the
invention. More particulafi§ t@e inParftiorheirécRd o e otid tRF préparinguchddrihdtions in
the form of discrete henitdgsetaldris oncapsites ssuthdhat edchciablet D8 eApsweEOaINSAN
amount of the cyclo%ﬁgﬁe.nase-Z 35 inhit()jjtooréugfgcrhent t%grg\éigj:e rapid onetrofn%ﬁI%tPTcliEMBER 2005
WO 01/42222 -43 7 %?58/]329%5 Jﬂ(w)erapeutlc efféct as esclﬁbgdvﬁ%reiﬂagove, And preferably a
continuing therapewiis effeet. for Bbefier2hd4ehoigs tEach tadettorcapsaledbrefardblylcbatains

about 50 mg tg about 200 Mg, {518xapRle AbQLKEA Mg, Sakoy!L00:mg.05 aheut20¢ Big, of the

cyclooxygenase-2 _inhibitor, illustratively celecoxib. According to the present invention, wet
granulation, dry graR@fiort or TRt 85mpReiGT 8P s ultRdA méfh B RBR $2 eMPiYEd to
prepare tablet or capsulaecdmpasiionsfel the ienentnr: Weidrenulaiietus a prefeked method of
reparng phamageuic saTogat ol e pesgThINEnD o et gpples roces
over a period of time, or in several portions over a
10 period of time. The water preferably is added gradually
over a period of time. Alternatively, the wetting agent
can be added to the dry powder mixture and water then
can be added to the resulting mixture. An additional -
period of mixing after the water addition is complete is
15 preferred to ensure the uniform distribution of the
water in the mixture.

The wet granulated mixture preferably is then wet
milled, for example with a screening mill, to eliminate
large agglomerations of material that form as a by-

20 product of the wet granulation operation. If not
removed, these agglomerations would prolong the
subsequent fluidized bed drying operation and increase
the variation with respect to moisture control.

The wet granulated or wet milled mixture is then

25 dried, for example, in an oven or a fluidized bed dryer,
preferably a fluidized bed drier, to form dry granules.
If desired, the wet granulated mixture can be extruded
or spheronized prior to drying. For the drying process,
conditions such as inlet air temperature and drying time

30 are adjusted to achieve the desired moisture content for
the dry granules. It may be desirable to combine two or
more granulation sections for this drying step and
subsequent processing steps.

To the extent necessary, the dry granules are then

35 reduced in size in preparation for compression or



15 nanoparticulate form (if desired, together with one or more carrier material;) is initially milled or
micronized to a desired range of particle sizes greater than 1 mm. Although v r%EEEEMYéﬁ%RQPF?uns
or grinders W&hbed2332d, impact milling such as pin milling 20 of the drug proi§d£tipipiavedt blend
uniformity to the final composition relative to other types of milling. Cooling of the material being
milled, for example, using liquid nitrogen, may be necesgary during milling to avoid heating the
cyclooxygenase-2 inhibitor to 25 undesirable temperatures. The D90 particle size during this milling
step is preferably rRBGESFbLRES an JHODY 25 MM The PAlEd 6L AicdAR B DokGFenase-2
inhibitor, if any, is thgnhiarded with thexdesirath Bl-amewntsd thasyeeoxgenaseshishikitor in
nanoparticulate forlgn, Lpregar%efi y any process kTown An the art as indicated hereinabove to provide a
partially or wholly han8particulate &%Iloox?/g(earﬁlgsg-%elnhibitory compound ("the nanoparticulate
compound"). 35 Simultandosdly gh theteafter e nangpaticdlatesd 5&ERTEMBERR2CIG WO €1/42222
PCT/US00/32760 :A4 campound ighlended, dorexample in ahigh shea, mixetigranuigige planetary

mixer, twin-shell blender or sigma mixer, with one or more excipients, including excipients that have
been milled togethBR-HRR tRESWeTstoxiblsr &2 frEBeMIRIAE RanbparticlEReiFotAs Wiy Bbwder
mixture. Typically, #a0aneparticatei soRpOUDEUs blentied with:ontd oamOre ddueit®)ing
disintegrant(s) and/or bl@dln aPenga) ar%%,eopél ngll;i,vgn% or (%osrelﬁv%eé;bdré(%agggtésgﬁn this step, but

. agen e S rimaxr
10 alternatively all or & portlor?of)gne br more oOf the excipients can ed in a later sl?ep.yFor
example, particles within the granules are insufficient to

10 survive the shearing forces generated by the mixing
blades and granule size attrition rather than growth
occurs. Conversely, increasing the amount of water to
fully activate the binding agent allows cohesive forces
between the primary particles to survive the shearing

15 forces generated by the mixing blades and granule growth
rather than attrition occurs with increased mixing time
and/or water addition rate. Variation of the screen
size of the wet mill tends to have a greater impact on
the granule size than variation of the feed rate and/or

20 mill speed. ‘

The dry granules are then placed in a suitable
blender, such as a twin-shell blender, and optionally a
lubricant (such as magnesium stearate) and any
additional carrier materials are added (such as

25 extragranular microcrystalline cellulose and/or
extragranular croscarmellose sodium in certain tablet
formulations) to form a final blended mixture. Where
the diluents include microcrystalline cellulose, the
addition of a portion of the microcrystalline cellulose

30 during this step has been found to materially increase
granule compressibility and tablet hardness. However,
increasing the amount of magnesium stearate above about
1% to about 2% tends to decrease tablet hardness and

increase friability and dissolution time.



in tablet formulations where croscarmellose sodium is employed as a disinte%:%r% Itﬂ%ﬁ 005
discovered that addition of a portion of the croscarmellose sodium 15 during ﬁa %

(providing i3k croscarmellose sodium) and addition of the remainindGJoHgH/ ¥xtet the drying
step discussed below (providing extragranular croscarmellose sodium) can improve disintegration of
the tablets produced. In this 20 situation, preferably abe#it-60% to about 75% of the croscarmellose
sodium is added intragranularly and about 25% to about 40% of the croscarmellose sodium is added
extragranularly. Similarly ¥ tabférRimbkaBAsS® RAsbE& distotdR tRRFARGHdR 6P

microcrystalline 25(egllulase aftgsitbe sirvng step beloprexstiae@nuissnpieresyatallinescellulose) can
improve compress&kglkl;qe%f the rgfr%%%g and hacr{d_ness ftthgt rtl%PlﬁtaS Ipd[egglrsed from the granules. This

blending step of thé process 8 e (l:gr%prl‘évgsl endmg of nano%artlculllastér(l:%mpound, lactose,

polyvinylpyrrolidorecancberoseamistl csezadiumolt hag ) beerCdisveveredihdt Idomting sisesmas short

as three minyles eaiupiayide,a di ponrlet Buysefiadng gosulficionty yoilow disitioulion.f the
cyclooxygenase- 35 2 inhibitor. 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -45 Water,

preferably purifiedS¥eker id therbsddsdttoC @ik 85 WIS Rtk ture AhHtAB xRS Y 518n8&E for an
additional period obBmei tefriva weigsandategymidie opreterablaa neetting ageniris iagd, and this
5 is preferably firstfadded 0 thg V\éaQIEI’ an% mix%% fot_[ aé_ole%?nt 15 minutg%,ipreferggl at least 20

minutes, prior to aard?rﬁ[b fheWatet to the r(§/ p?owéler mixture. THe Water can bé added to the mixture

atoncedyadua“yranging from about 0 to about 5 mm, and speeds from

10 about 60,000 capsules per hour to about 130,000 capsules
per hour. Slug formation can be minimized or eliminated
by using the lowest compaction setting at which capsule
weight control can be maintained. Where coated tablets
are desired, conventional coating techniques known to

15 those of ordinary skill in the art can be employed.

This combination of unit operations produces
granules that are uniform in cyclooxygenase-2 inhibitor, -
illustratively celecoxib, content at the unit dose
level, that readily disintegrate, that flow with

200 sufficient ease so that weight variation can be reliably
controlled during capsule filling or tableting, and that
are dense enough in bulk so that the batch can be
processed in the selected equipmenﬁ and individual doses
fit into the specified capsules or tablet dies.

25 The present invention also is directed to use of
compositions of the invention in preparation of
medicaments useful in the treatment and/or prophylaxis
of cyclooxygenase-2 mediated conditions and disorders,
in particular such conditions and disorders where

30 rapid onset of therapeutic effect is desired or
required.

The present invention also embodies a novel solid
state form of celecoxib, Form I celecoxib. The present
invention further embodies another solid state form of

35 celecoxib, Form II celecoxib. Each of these novel



over a period of time, or in several portions over a 10 period of time. The wate %ﬁﬁ%@ﬁé@%
t e

gradually over a period of time. Alternatively, the wetting agent can be adde

mixture andWtdr44?@A can be added to the resulting mixture. An additional Fé&rioHS89/a%%ig after the
water addition is complete is 15 preferred to ensure the uniform distribution of the water in the
mixture. The wet granulated mixture preferably is then wét milled, for example with a screening mill, to

eliminate large agglomerations of material that form as a by 20 product of the wet granulation
operation. If not réfovel, theseadgromerdficinssidSsoithRAe Uk LATRIGRERDed drying

operation and incraase- d¢be vatalibnawih respask 4 axistuta-eeieal 1 Fhewesb granulated or wet milled
mixture is then 25 dried, for examp in an o%{egeOIea quid'%e PE)S(’e(glrdir er, preferably a fluidized bed

drier, to form dry grar?lﬁgs.nﬂ\ﬁ%swe&rfﬂ% we granul%?écdlmlx ure can eéie>l<tr}u ed or spheronized

prior to drying. Forthesiyihgarodassa tcoprditionsssieh ainlebnimemperdftutegnd ey time 30 are
adjusted to acnievgdbe degired misiHke,cgat ok the dry gRny)es- ILRay hedesirable to combine

two or more granulation sections for this drying step and subsequent processing steps. To the extent

necessary, the drnPHERERE:RE s BEEeuERd FSiz8 TR e iftatch R 2bfpr8%&6n or 8
SEPTEMBER 20058a46&-Q14a222 r46 R CIAUSEHBRT 6@ edtapdidatian. Zomeational particle size
reduction equipm nttseuch as oscillators or impact mills (such as Fitz mills) can be employed. A slight

decrease in granu & siz6 %gg%%én observed
In one embodiment of the invention, the solid
10 state form comprises Form I celecoxib. Without
limiting the invention, it is believed that Form I
celecoxib has higher solubility and a more rapid rate
of diésolution than Form III, because Form III is more
thermodynamically stable than Form I and because Form
15 ITIT has a lower free energy than Form I. A rapid rate
of dissolution 1s useful because increasing the rate
of dissolution of a drug typically increases its
bicavailability.
Form I celecoxib is a crystalline form of
20 celecoxib having an X-ray powder diffraction pattern
with peaks at about 5.5, 5.7, 7.2, and 16.6 degrees
two theta. Form I celecoxib has an X-ray powder
diffraction pattern substantially as shown in the top
trace in Figure la. Form I celecoxib has a melting
25 point of about 162.5°C to about 163°C, preferably
about 162.8°C. Form I celecoxib has a differential
scanning calorimetry endotherm maximum at about
163.3°C when scanned at 0.5°C/min as Figure 3. Form I
celecoxib is characterized by the IR spectrum shown in
30 Figure 2, with a peak between about 3250 and 3260 cm?,
and another between 3350 and 3360 cm'!, preferably the
peaks are at about 3256 cm™t and 3356 cm’},
respectively. The solid form of the present invention

has a phase purity of at least about 5% Form I

35 celecoxib, preferably at least about 10% Form I



5 as mixing time increases for mixtures containing lower water amounts. It is Q%&ﬁﬁg%w?b\ggere
the water concentration is too low to fully activate the binding agent employed, the cohesive forces

between thaXfditdadA22particles within the granules are insufficient to 10 survivé S8R forces
generated by the mixing blades and granule size attrition rather than growth occurs. Conversely,
increasing the amount of water to fully activate the bind#?g agent allows cohesive forces between the
primary particles to survive the shearing 15 forces generated by the mixing blades and granule growth
rather than attritiort 8¢ & 8%ith intBreaR eRTRkMEAY drd/doRafer daditibnaate. KRIALdN of the

screen size of thequatani:tends t-have agreatgr-immpacionythe-graaylesize dhan waration of the
feed rate and/or 20 mill speed. The dry granules are then Pce i[];? suitable blender, such as a

twin-shell blender, 2 bption&hy SOKDRcantEulT 5S n?éfgél)’le%ﬁ%? e&thte) EhE ariy Additional carrier
materials are addetb(suElms 26 extiagramilbr, microerystadiieredljosetand/or exiragetnular

croscarmellosg sogyg@lig %l%alin lahlet; farmulgtions) ﬁ&@f@r%ﬂ@@l lﬂg(}q%%rrgxture. Where the

diluents include microcrystalline cellulose, the addition of a portion of the microcrystalline cellulose 30
during this step haS'Heer¥BtAd 1d REFAF iRtre8sé OFantfe EskpressBRitEaAstablet hardness.

However, increasing the amneuy o 81agnesbm staarateabove alopbnk%da abgut 2% tends to
decrease tablet hardness and increilse friabilist,ggnd dissolution ti e.d8 V%IIEP EMBER 2005 WO

01/42222 -47 PCTIOSTEI35760 THis firal Blended Mixtuve 1e then ercapstfated OmPr 15€3
a therapeutically-effective amount of a solid form of

10 celecoxib and at least one pharmaceutically-acceptable
carrier, adjuvant or diluent, wherein the solid form
of celecoxib comprises at least 2% Form I celecoxib,
and preferably 10% Form I celecoxib, or more
preferably 50% Form I celecoxib, and still more

15 preferably 98% Form I celecoxib. In one preferred
embodiment, the solid form of celecoxib is
predominantly Form I celecoxib.

In yet another embodiment of the present
invention, a method is described of treating or

20 preventing a cyclooxygenase-2-mediated condition or
disorder in a subject, the method comprising
administering to a subject a therapeutically-effective
amount of Form I celecoxib. Preferably the
cyclooxygenase-2-mediated condition or disorder to be

25 treated or prevented is pain, inflammation, arthritis,
tumor growth, metastasis, or familial adenomatous
polyposis.

Still another embodiment of the invention is a
method of preparing Form I celecoxib wherein the

30 method comprises crystallizing Form I celecoxib from a
mixture of celecoxib and a solvent, wherein the
crystallization is performed at a temperature above
the enantiotropic transition temperature of Form I
celecoxib. Prior to the crystallization of Form I

35 celecoxib, the solvent may be seeded with a seed



(or, if tablets are to be prepared, compressed into tablets of the desired weigI%t g%%ltgr@%%%vzq@@
appropriately sized tooling). Conventional compression 5 and encapsulation t o}

those of ordMaW1/41&M2in the art can be employed. Suitable results are obtain@§ TOVYWERIMs by
employing bed heights ranging from about 20 mm to about 60 mm, compaction settings ranging from
about 0 to about 5 mm, and speeds from 10 about 60,000-capsules per hour to about 130,000
capsules per hour. Slug formation can be minimized or eliminated by using the lowest compaction
setting at which capSHRt Hvkight BREBI darfied fraiftahed SPHdreidthtéd tadbiiéts are desired,

conventional coatipg terhniquas lpvwbtanl T thase«d edinayi skill Hrthecarseambewm@oyed. This
combination of unit o ecgléions Produces %ranules thgt are uniform in cgclooxx%%n%se-%inmbitor,
tha 20

illustratively celecoxib, tontént AT e u |]f’ 8Se %l\%, thatFea |I§/rcﬁ5|% garlatte, oW With
sufficient ease so fhat weight varietioeoan beaekaliy rodntrollvd dering €bpyale ¥iligtor tableting, and

that are densg engugh in byl sp that the:hateh 50 benprosessed Jtheselecied gquipment and

individual doses fit into the specified capsules or tablet dies. 25 The present invention also is directed
to use of composHERE SFHRLMvEttioHEATrefRANON B WEAREMENTE GE&EI RRAE Freatment and/or

prophylaxis of cyalemxygenaserd nmediatedweorsitinnstanchdisorders,l énpartiallan sucho conditions and
disorders where 30 rapig onset of thra egéig effect:.L ig desired or required. The present invention also

. wel rce r . . . .
embodies a novel sali s’fat%‘?orm ofc ecomb?lgormYcelecoxm. The present invention further

embodies another solid sthe fomesrB5 dalesxis, Forisl| adkeosibr Eatiedf thesthovel 8
SEPTEMBERéKKEreparation of a crystalline form of celecoxib wherein

the method comprises heating a solvate of celecoxib
thereby producing Form I celecoxib. The solvate can
be heated for example, to a temperature of about 50°C
to about 160°C, preferably to a temperature of about

15 60°C to about 150°C, more preferably to a temperature
of about 70°C to about 140°C, still more preferably to
a temperature of about 80°C to about 130°C, yet more
preferably to a temperature of about 85°C to about
120°C, more preferably still to a temperature of about

20 90°C to about 110°C, and more preferably to a

© temperature of about 100°C. The heating can be

performed over any convenient period of time, for
example for more than about 1 minute, preferably for
more than about 5 minutes, more preferably for more

25 than about 60 minutes, still more preferably for about
2 hours and more preferably still for about 4 hours or
longer. Furthermore, this method may be performed at
any pressure, preferably below atmospheric pressure.
The solvate used in the present invention comprises

30 celecoxib and a solvent. For example, the solvent can
be an amide solvent. Useful amide solvents include
N,N-dimethylformamide, N,N-dimethylacetamide, 1-
methyl-2-pyrrolidinone, 1,3-dimethyl-3,4,5,6-
tetrahydro-2 (1H) -pyrimidinone, and 1,1,3,3-

35 tetramethylurea, or any mixture of these solvents. A



WO 01/42222 -48 PCT/USOO/32760 solid state forms includes solvated crystalline forms
non-solvated and non-hydrated crystalline forms. These novel forms of ceIec&%%%E%%ﬁ%%ﬂQS
present appMaflb23dksess one or more of the above 5 described advantage®8G3aémigi%and/or
physical properties relative to the other solid state forms described herein or otherwise disclosed in
the literature. In one embodiment of the invention, the sfilid 10 state form comprises Form | celecoxib.

Without limiting the invention, it is believed that Form I celecoxib has higher solubility and a more
rapid rate of dissoRERhSRARFornlNebécaselrdrns HPis FRcreanrioHyRamMical §etddi€¥han Form |

and because Formpie Hbasa lauek ke engray, thag mesenly A rapid rate; of dissolitionds useful

because increasin {rﬁéate of .dissolution of a dru E)a/‘picall increases its bioavailability. Form |
celecoxib is a crysfallin® fofTof b Eeietkib h&vin n%—?%‘ﬁﬁwﬁﬁ?éﬁgﬁl nSatETR Swith peaks at
about 5.5, 5.7, 7.2iand 1f&tdagre@s dwortbetad Foomd .celetokiblhasan Xerayopeidaerr diffraction

pattern substantially as,shQwn @f@gﬁgi}@(&%%%@%%mi Farm t?fﬁéoé@o@?é? melting 25 point of

about 162.5C to about 163C, pre y about .8C. Form | celecoxib has a differential scanning

calorimetry endotiehfffaaREnT atdsak 163BAMALRSERNISFSLGBEARIN as Figure 3. Form |
celecoxib is characterizedry thas IR, sRRCIHYRA SheWsrasgurs,2 avirafeak between about 3250

and 3260 om-1, and another between 3350 and 360,011, preferably e pegls ate at about 3256
cm-1 and 3356 cm=1, © g g
selected from the group consisting of N,N-

10 dimethylformamide, N,N-dimethylacetamide, l-methyl-2-
pyrrolidinone, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone, and 1,1,3,3-tetramethylurea, or any
mixture of these sclvents. A preferred solvent is
1,1,3,3-tetramethylurea. Another preferred solvent is

15 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone.
Still another preferred solvent is l-methyl-2-
pyvrrolidinone. Still another preferred solvent is
N,N-dimethylformamide. Still another preferred solvent
is N,N-dimethylacetamide.

20 The present invention is also directed to a
method of producing Form I celecoxib wherein the
method comprises milling or grinding Form IIT
celecoxib. A useful milling step can include for
example, wet milling or ball milling. A useful

25 grinding step can include for example, grinding or
shaking.

The present invention is also directed to a
method of producing Form I celecoxib wherein the
method comprises milling or grinding a celecoxib

30 solvate. A useful milling step can include for
example, wet milling or ball milling. A useful
grinding step can include for example, grinding or
shaking.

Another embodiment of the present invention is a

35 method of producing Form I celecoxib wherein the



respectively. The solid form of the present invention has a phase purity of at | %@?%%%%35
celecoxib, preferably at least about 10% Form | 8 SEPTEMBER 2005 WO 01 2 60
-49 celecoxWWOfibr@3Referably at least about 25% Form | celecoxib, still morePrEIEYI 74P least
about 50% Form | celecoxib, yet more preferably at least about 75% Form | celecoxib, more
preferably still at least 5 about 90%, and still more preferably having a substantially phase pure form
of Form I celecoxib. In another embodiment of the invention, a pharmaceutical composition is
provided which cofipkBest £apaia R MR BH FaRBuRtoleI6RPIBHM D CA8dBMY and at

least one pharmaceuticallyracoeptabie casriecadjuvgnterdiluent svbersii the solid form of celecoxib
comprises at least 2% Form | celecoxi, and preferaply 10% Form | celecoxib, ar more preferably
e b
S%If ]

50% Form | celecoxib, afd St Hidres BEbly 900 PP T E8ERIXIB M Bhe’ Srafefed
embodiment, the sotd fiordh of celeodkil isiprédaminanty Feonx ideledoxite m y&hanother

embodiment of the pregent inyention .a method is described of treating oy, 20 prgyenting a

cyclooxygenase-2-mediated condition or disorder’in a subject, the method comprising administering

to a subject a ther&RSUtitafy-eReciRl nidtfr 8PEoRY ¢ LereEaNinE Pr8fefalhp iR ox1b .-
cyclooxygenase-2-mediatggconeilinimer disaraet ixphe 25 tsgated @f pervestedis pain, inflammation,
arth_ritis, tumor grcI)nvg ,m tastlasiEb%ru famrilialEagerrrlloT_a(t:% S, go}l‘}/ OSiSheS}ig flrrllog}% embodiment of
the invention is a méetho oPpre%arlng Form I'celétoxib wt%ereci)n #?e w

method comprises evaporating solvent from a celecoxib

10 solution. For example the solvent can be an ether or
a hydrocarbon, or a mixture of an ether and a
hydrocarbon. Preferably the solvent comprises ethyl
acetate and heptane, preferably at a ratio of 15:85.
The present method can be performed at any pressure,

15 preferably below atmospheric pressure. The method can
be performed over a wide range of temperatures,
preferably at about 35°C.

In another embodiment of the invention, the solid
state form comprises Form II celecoxib. Without

20 limiting the invention, it is believed that Form II
celecoxib has higher solubility and a more rapid rate
of dissolution than Form III, because Form III is more
thermodynamically stable than Form II and because Form
III has a lower free energy than Form II. A rapid

25 rate of dissolution is useful because increasing the
rate of dissolution of a drug typically increases its
bicavailability.

Form II celecoxib has an X-ray powder diffraction
pattern with a peaks at about 10.3, 13.8, 17.7 degrees

30 two theta. A mixture of Form I and Form II has the
peaks as shown in the top trace in Figure 1lb. Form II
celecoxib has a melting point of about 161°C to about
162°C, preferably about 161.5°C. Form II celecoxib
has a differential scanning calorimetry endotherm

35 maximum at about 162.0°C when scanned at 0.5°C/min.



30 method comprises crystallizing Form | celecoxib from a mixture of celecoxga %ﬁﬁﬁﬁgﬁg ﬁbgrein
the crystallization is performed at a temperature above the enantiotropic tranSition t u

Form | cele®sk/4228r to the crystallization of Form | 35 celecoxib, the solveRGRAPHE3Z&AHed with a
seed 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -50 crystal of Form | celecoxib, resulting

in the production of Form | celecoxib with at least about% weight percent phase purity, preferably at

least about 10 weight percent phase purity, more preferably at 5 least about 25 weight percent phase
purity, more prefef Qi af leaSEABGRSEPWERHhEPRRENEDhESe Titiviey, R more preferably at

least about 90 weight wieicent phase putitye Themiasetitdavaniionds atsesgireusechtartie 10
preparation of a crystalline form of celecoxib rein t ethod comprises heating a splvate of
Colbeoni theroby SOTueAg For I Seh by, et CanE e FERch Y Shoi 18
temperature of abeutBE6G ¢0RBLUEYERC, prefdrablyttoabewipdréture vhabdutcks 60C:dkabout 150C,

more preferably to 3 teraperaiure -Qf ahout 705G Abos 44PC stilkore prefetably ta,atemperature
of about 80C to about 130C ?@t more preferably to a temperature of about 85C to about 120C, more

preferably still to aﬁEﬁfcp%ﬁi‘tfa of&h o RDHOFR P Bbdat®L FoETantim6 - frf&r=Bly B Yémperature
of about 100C. Thadeatipg caabebperfatmadaver amoaen\aiiert qerod Df dales dorsk Esample for

more than about 1 minute, preferahly for_more than about 5 minutes,mare preferably for more 25
than about 60 minzteeES, Iélt(ﬁ more S?é%gﬁa%@fo?%b%ﬁ? Szgh&?)rg%%dt‘;r%&egﬁr%%‘eé ly still for about 4

hours or celecoxib, yet still more preferably at least about
10 90%, and still more preferably having a substantially
phase pure form of Form II celecoxib.
In another embodiment of the invention, a
pharmaceutical composition is provided which comprises
a therapeutically-effective amount of a solid form of
15 celecoxib and at least one pharmaceutically-acceptable
carrier, adjuvant or diluent, wherein the solid form
of celecoxib comprises at least 2% Form II celecoxib,
and preferably 10% Form II celecoxib, or more
preferably 50% Form II celecoxib, still more
20 preferably 98% Form II celecoxib. In one preferred
embodiment, the solid form of celecoxib is
predominantly Form II celecoxib.
In yet another embodiment of the present
invention, a method is described of treating or
25 preventing a cyclooxygenase-2-mediated condition or
disorder in a subject, the method comprising
administering to a subject a therapeutically-effective
amount of Form II celecoxib. Preferably the
cyclooxygenase-2-mediated condition or disorder to be
30 treated or prevented is pain, inflammation, arthritis,
tumor growth, metastasis, or familial adenomatous
polyposis.
Still another embodiment of the invention is a
method of preparing Form II celecoxib from a mixture

35 comprising celecoxib and a solvent wherein the



longer. Furthermore, this method may be performed at any pressure, preferag%%g%%gr%%cg%%réc
s ~Fo

pressure. The solvate used in the present invention comprises 30 celecoxib a

example, thWediVddt2Ban be an amide solvent. Useful amide solvents includePCT/US00/32760
N,N-dimethylformamide, N,N-dimethylacetamide, 1- methyl-2-pyrrolidinone, 1,3-dimethyl-3,4,5,6-
tetrahydro-2(1H)-pyrimidinone, and 1,1,3,3 35 tetrametiAurea, or any mixture of these solvents. A 8
SEPTEMBER 2005 WO 01/42222 -51 PCT/USOO/32760 preferred solvent is 1,1,3,3-tetramethylurea.
Another preferred Solerf fstt ZdinfithyiS3, B ST R dfS: R1EFPYRHdHS e SEfiVahother
preferred solvent ishle methyl 2+ pyrrotiginone: Hidl ianotherypeiesiedn selveit Borm IT
N,N-dimethylformaggiggbgglzlign%@g]rf _ EH}referrecgd%o \{%rgé[ @erlﬁldi e:t:h i%%%?crﬂ‘p.e' Tpgisgévate can be
prepared by a process comprising mlxn‘Pé elecoxib With an amide solvent selected from the group
consisting of N,N TPdiriehyitarmaadidé zRIN-eimethyEeemardifec e kesyii 2. pyrhstidinone,

1,3-dimethyl-3;,4,5 SsteirahydiRa2(158- Bdmikingns; /nd lsLaB-tatipmethybred grany mixture of
these solvents. A preferred solvent is 1,1,3,3-tetramethylurea. Angther preferred solvent is 15
1,3-dimethyl-3,4,5 65 faRTdrR 2 ARF Y FitfdinbRe SRSl RIS prernl Ssvehttd 1-methyl-2-
pyrrolidinone. Still aadthespidiewddisoaent éa d; Nadbmethyiformaimude. Stdkaroibheppretesred solvent

et SRRl DBy ey 0 A g SRR o
phase purity, and more preferably at least about 25%
10 weight percent phase purity.

The present invention is also directed to the
preparation of a crystalline form of celecoxib wherein
the method involves heating a solvate of celecoxib
thereby producing Form II celecoxib. The solvate can

15 be heated for example, to a temperature of about 50°C
to about 160°C, preferably to a temperature of about
60°C to about 145°C, more preferably to a temperature
of about 70°C to about 140°C, still more preferably to
a temperature of about 80°C to about 140°C, yet more

20 preferably to a temperature of about 90°C to about
140°C, yet more preferably to a temperature of about
100°C to about 140°C, more preferably to a temperature
of about 110°C to about 140°C, more preferably still to
a temperature of about 120°C to about 140°C, more

25 preferably to a temperature of about 125°C to about
135°C, and more preferably still to a temperature of
about 130°C. The heating can be performed over any
convenient period of time, for example for more than
about 1 minute, preferably for more than about 5

30 minutes, preferably for more than about 60 minutes,
still more preferably for about 2 hours and preferably
for about 4 hours or longer. Furthermore, this method
may be performed at any pressure, preferably below
atmospheric pressure. The solvate used in the present

35 invention comprises celecoxib and a solvent. For



celecoxib. A useful milling step can include for example, wet milling or ball mi |g%pél_ &
1ec . € 1 . at My EX 095
grinding step can include for example, grinding or shaking. The present inventidis also directed 1o a

method of pY#d&i#dRorm | celecoxib wherein the method comprises milling BE§RAREME Beelecoxib
30 solvate. A useful milling step can include for example, wet milling or ball milling. A useful grinding
step can include for example, grinding or shaking. Another embodiment of the present invention is a
35 method of producing Form | celecoxib wherein the 8 SEPTEMBER 2005 WO 01/42222
PCT/US00/32760 SSERRlfd EQRpHSasifRfingrorRe! eIk irariPdosiing - thddmeftthereby

producing Form | cetecaxits Anptherembedinest 0f iheipiesentinyertieiisdae methyd of producing
Form | celecoxib wherein. the 5 methodﬁfomplrises rpleliing Form Ill_celecoxib an oling the melt
-met =

thereby producing orm haé SO HRE presen IMVention is also %jllre%fé%nt% 'a method of producing

Form | celecoxib whireintiyé - ethod, contsrisestandporatinigisofvent frond arcetecoxdndo solution.
For example the sqlventcan be ap gihengr g fydrocarban, o mixiue of anglberand a

hydrocarbon. Preferably the solvent comprises ethyl acetate and heptane, preferably at a ratio of
15:85. The preserithétRBETan & fGRIRParSh Srassti®, 15 rdfefably below atmospheric
pressure. The methed canchepedesnad oxerca Mede mangeafitempesdtiteas: preferably at about

\?;atﬁom another embodiment of the ivention. the 5qid, siatppr comprises £orm Il gelegoxib.
another preferred solvent is l-methyl-2-pyrrolidinone.

10 Still another preferred solvent is N,N-
dimethylformamide. Still another preferred solvent is
N,N-dimethylacetamide.

In another embodiment of the present invention,
wherein Form II celecoxib is prepared by heating a

15 solvate of celecoxib to produce Form II celecoxib, the
solvate is prepared by a process comprising mixing
celecoxib with an amide solvent selected from a group
consisting of N,N—dimethylfdrmamide, N, N-
dimethylacetamide, l-methyl-2-pyrrolidinone, 1,3-

20 dimethyl-3,4,5,6-tetrahydro-2(1lH)-pyrimidinone, and
1,1,3,3-tetramethylurea, or any mixture of these
solvents, preferably 1,1,3,3-tetramethylurea, more
preferably 1,3-dimethyl-3,4,5,6-tetrahydro-2 (1H) -
pyrimidinone, still more preferably l-methyl-2-

25 pyrrolidinone, yet more preferably N,N-
dimethylformamide, and preferably, N,N-
dimethylacetamide.

Another embodiment of the present invention is a
solid form of celecoxib comprised of Form I celecoxib

30 and Form II celecoxib.

Still another embodiment of the present invention
is a solid form of celecoxib comprising Form I

celecoxib and Form III celecoxib.



20 limiting the invention, it is believed that Form Il celecoxib has higher solubgi%%gqﬁwng%ﬁr%#é
rate of dissolution than Form Ill, because Form lIll is more thermodynamically stable than Form [l -and

because FoW® MW42332a lower free energy than Form Il. A rapid 25 rate of disSHRBIOK3A%Eful because
increasing the rate of dissolution of a drug typically increases its bioavailability. Form Il celecoxib has
an X-ray powder diffraction pattern with a peaks at abod$-10.3, 13.8, 17.7 degrees 30 two theta. A
mixture of Form | and Form Il has the peaks as shown in the top trace in Figure Ib. Form Il celecoxib
has a melting point of abdift & 2ol R e Nisteferaily EpOUPTEESEL FormiaPEdieBoxib has a

differential scanningscalod®etry endefnesm 3% Maxsnum alahodt 1628CGrwhan scanned at 0.5C/min.
8 SEPTEMBER 2005 WO 01%42223 -53 PCT/USOOﬁZ?GO Form Il celecoxib is expected to have
1d i

higher solubility af§ hf5r8ta JIHSh than FormtiiCEéReoxib. The solid form of the present
invention has a phase pu#ity bl atvleastalomit&eo Eupndivelatoxils, 5 breferabbeatleast about 10%

Form Il celecayib, mere referably af least Alpout 26% Form il selecoxin, stil mase referaply at least

about 50% Form Il celecoxib, yet more preferably at least about 75% Form 1l celecoxib, yet still more

preferably at least Bb6at 86 98594 andstn Mdre LR ab harty & StBsthhialfe pRESE phre form of

Form Il celecoxib. In anothge epbedunentieftba tiivention, a Iwraocedteal cespgsition is provided
which comprises a therapeutically-effective amount of a solid form.of 15 celecoxib.and at least one
pharmaceuticalIy-aI.%:eCt_é%?a%leokc p¥oéuc1ng gﬂorm 9& celiecox1% w%mereln ?he

method comprises milling or grinding Form IIT

10 celecoxib. A useful milling step can include for
example, wet milling or ball milling. A useful
grinding step can include for example, grinding or
shaking.

The present invention is also directed to a

15 method of producing Form I celecoxib wherein the
method comprises milling or grinding a celecoxib
solvate. A useful milling step can include for
example, wet milling or ball milling. A useful
grinding step can include for example, grinding or

20 shaking.

Another embodiment of the present invention is a
method of producing Form II celecoxib wherein the
method comprises melting Form I celecoxib and cooling
the melt thereby producing Form II celecoxib.

25 Another embodiment of the present invention is a
method of producing Form II celecoxib wherein the
method comprises melting Form III celecoxib and

cooling the melt thereby producing Form II celecoxib.

30 Form III celecoxib is produced by
crystallization of celecoxib from a solvent comprising
isopropancl and water (see for example U.S.

5,910,597).

35 Form III celecoxib has a complex differential



carrier, adjuvant or diluent, wherein the solid form of celecoxib comprises at | 9

celecoxib, and preferably 10% Form Il celecoxib, or more preferably 50% Forgrr?ﬁ‘gg’jeliio%‘%&sﬁﬁ%ore
20 preferabN9846+¥+32m Il celecoxib. In one preferred embodiment, the solid REAUSOEERIED XD is
predominantly Form Il celecoxib. In yet another embodiment of the present invention, a method is
described of treating or 25 preventing a cyclooxygenases2-mediated condition or disorder in a subject,
the method comprising administering to a subject a therapeutically-effective amount of Form I
celecoxib. Preferaiyane i coxygsras-rymadiatetrcbrichiorsdrtdiedrder ¥ BB 30pasted or
prTvented is ﬁ)lain, aﬁlamrsidzﬂ,iﬁr,thrt;f% tBIDF DRVERE maiacﬁtaﬁiﬁzoe@mi&@ﬁd@npmaltous .
polyposis. Still another embaodiment of the inventjgn is_a _method of preparing Form ]I celecoxib from a
mixture 35 comprid efé‘fggoﬁtg aﬁa%uébl\}egn Srefr? Teo§’ 5 Fpﬁglﬁﬁﬁﬁ% D1H4I22
PCT/US00/32760 £ erystallizatior ieperfdimechdt @ tdraperature apolelitie efarfiotmpiciransition
temperature of Form Ilagglggoﬁgéh%r@cby @rggh{cifg FormyIL cgleepxib Prgr to the crystallization of

Form Il celecoxib, the 5 solvent may be seeded with a seed crystal of Form Il celecoxib, resulting in
the production of ForRFMEIEEa%ils dvithat Fesdp ABod3m Wdighep&earntiphase purity, preferably at
least about 10% weight percent phase purity, and more preferably at least about 25% 10 weight
percent phase purity. The present invention is also directed to the preparation of a crystalline form of
celecoxib wherein

Characterization of Polymorphic Crystalline Forms of

10 Celecoxib

X-Ray Powder Diffraction (PXRD), Infrared
Absorption Spectroscopy (IR), and Differential Scanning
Calorimetry (DSC), as well as Raman Spectrogscopy were -

15 used to characterize Forms I and Forms II.

X-Ray Powder Diffraction (PXRD)

The various crystalline forms of celecoxib can be
analyzed with either a Siemens D5000 Powder
20 Diffractometer or an Inel Multipurpose Diffractometer.
For the Siemens D5000 Powder Diffractometer, the raw
data can be measured for 2-theta values from 2° to 50°,
with steps of 0.02° and step periods of two seconds.
For the Inel Multipurpose Diffractometer, samples were
25 placed in an aluminum sample holder and raw data was
collected for 30 minutes at all two theta values
simultaneocusly.
As illustrated in Figure 1, the three forms were
easily distinguishable by PXRD. Using a Cu x-ray source

30 {({1.54 nm), the characteristic diffractions were observed
at 2-theta values of about 5.5°, 5.7° 7.2° and 16.6° for

Form I celecoxib and about 10.3°, 13.8° and 17.7° for

Form II celecoxib.



the method involves heating a solvate of celecoxib thereby producing Form Ig ﬁgja é’g 385@'@
can 15 be heated for example, to a temperature of about 50C to about 160C, p§ E?

temperaturéd AHdx260C to about 145C, more preferably to a temperature HGEHE§#78RT6tb about
140C, still more preferably to a temperature of about 80C to about 140C, yet more 20 preferably to a
temperature of about 90C to about 140C, yet more prefts-ably to a temperature of about 100C to
about 140C, more preferably to a temperature of about 110C to about 140C, more preferably still to a
temperature of about 120C to about 140C more 25 preferably to a temperature of about 125C to
about 135C, and fore pRsfeff , Ineraftte’odl abidut 130C. The heating can be performed
over any convenient perlod of time, for examplef r more than ab l}tl mjn ute referaply for more
than about 5 30 minutes, [&tery Fr ok thah a%%{%br%ﬁmﬁfé% il §re?er5 fX?oP bout 2
hours and preferabiynfos abuat4doursl@dorgér. @nyt@é&h@mamlﬁmathodmnay@eqﬂfmm at any
pressure, preferably helow, airospheric,pressure, 7 sghvate. used in the present 35 invention
comprises celecoxib and a solvent For 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -55
example, the solvéift kakhiBee® Amid&aehe SRRl (dMAddsoivaiRs imtadeR, Nrimeifsrmamide,
N,N- dimethylacetamigle; la@ely|-2rpaelidinoieudhidium pan and heated at

dimethyl-3,4,5,6-tetr y%/o 2(1H)-pyrimidi on d5 1 1 3 3- tetrameth lurea, or any ture of these
solvents. A preferrédag;o g ?L 3, SMte eéffzglﬁ%)a ]%\nojfher pre]aferre%le solven]i IS ‘f%!f( e

dimethyl-3,4,86- teﬁnahydt:d‘.-e(léﬂtpwmélmm@ Stk eandthertirefereadisviventiis the
14neﬂWL2py”0mMQQW%ng/decomposition endotherm.

Three polymorphic forms of celecoxib have been

identified. Polymorphic Form I celecoxib melted at
about 162.8 °C; Form II celecoxib melted at about 161.5

15 °C; and Form III celecoxib melted at about 160.8 °C. On
melting, Form III celecoxib has been observed to
partially recrystallize to Form II celecoxib or Form I
celecoxib.

Three polymorphic forms and solvateg of

20 N,N-dimethylacetamide (DMA) and N,N-dimethylformamide
(DMF) were identified. The physical properties and
distinguishing characteristics of the novel polymorphs

are shown in Table 1.

25 Table 1.

Melting AH Distinguishing Transitions*
Form | point (°C) (J/9)
IR Raman PXRD (2 theta)
3256 cm* NA 5.5°, 5.7°, 7.2°
I 162.8 72 3356 cm™ ! and 16.6°
10.3°, 13.8° and
TI** 161.5 <84 none 712 cm™t | 17.7°
ITI 160.8 91 - T T

* Characteristic transitions not observed for other forms.
** Pure samples of Form II celecoxib have not been produced.




10 Still another preferred solvent is N,N- dimethylformamide. Still another pre@ Kf# ﬁl
N,N-dimethylacetamide. In another embodiment of the present invention, Whereln Form eCOXIb IS
prepared byWe&#iHg22215 solvate of celecoxib to produce Form Il celecoxib, thRCERISeE320prepared by
a process comprising mixing celecoxib with an amide solvent selected from a group consisting of
N,N-dimethylformamide, N,N- dimethylacetamide, 1-me#ayl-2-pyrrolidinone, 1,3 20
dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone, and 1,1,3,3-tetramethylurea, or any mixture of these
solvents, preferably 1,1,3,3-tetramethylurea, more preferably 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone, still mj_)fegg@g@@&lg&g@ﬁ&%@SM@ﬁQ}H@agyye(t]jggr)e preferably N,N-
dimethylformamide, and eferably, dlmetg lacetamide. Another e dlm resent
invention is a solid form fg&lééoﬂﬁ“&@mﬁ?s %??85%5%5%05%% %8 é Ssqb Sill
another embodiment of #lepresiht inveRtiam i acselid dorxi bf @@Iethﬁblmmg?rpsesmgrﬁdmmgcelecoxib

and Form Il cglecgb,  SERTENBER 200540 (14232299 RETIISR0LI2760 vt anoihey

embodiment of the present invention Is a solid form of celecoxib comprising Form Il celecoxib and
Form 11l celecoxib.°Still yéteitier &ifBsdinehl obfetsredéntld nenfiGn &4 sBA fét of celecoxib

comprising Form kegleedxdbfaraxiwetecoxibiand Gorma |l calesexipl Shedargaantdnyention is also
directed to a

observed for Form III celecoxib. The complexity of this
transition, which is only observed at slow scan rates,

10 represents melting of Form III celecoxib, followed by
recrystallization to Form II celecoxib and subsequent
melting of Form II celecoxib. Considering only the
initial endothermic transition, Form III celecoxib melts
at 160.8 °C and has an endotherm maximum at 161.5 °C.

15 DSC detects low levels of Form I celecoxib in Form IIT

celecoxib.

Infrared Absorption Spectroscopy

IR distinguished Form I celecoxib from Form II

20 celecoxib and Form III celecoxib, (see Figure 2).

Without further elaboration, it is believed that
one skilled in the art can, using the preceding
description, utilize the present invention to its

25 fullest extent. The following preferred specific
embodiments are, therefore, to be construed as merely
illustrative, and not limitative of the remainder of

the disclosure in any way whatsoever.

30 Examples
The following examples contain detailed
descriptions of the methods of preparation of
crystalline Form I and Form II celecoxib described in
this application. These detailed descriptions fall

35 within the scope, and serve to exemplify the invention.



method of producing Form Il celecoxib wherein the method comprises milling rlgnm I ;‘;}f i(jl) 0
celecoxib. A useful milling step can include for example, wet milling or ball mlﬁ(ljr%;E A Use u'lg%nr}lrél) ég

step can indV@é@¥d2BRample, grinding or shaking. The present invention is al8§ H¥8e¢eda 15
method of producing Form | celecoxib wherein the method comprises milling or grinding a celecoxib
solvate. A useful milling step can include for example, vget milling or ball milling. A useful grinding
step can include for example, grinding or 20 shaking. Another embodiment of the present invention is
a method of prod s Fofr tedalech it Aheid Hea snethe dworssivesdnéliiig Form | celecoxib and
cooling the melt therely; progucing Borm HLelecoxit, 2o-mnather epodimentaithe present invention

is a method of producing.Form Il celecoxib wherein the methqod comprises melting Form Il celecoxib
and cooling the mER Hérehy HPEd REnd BErmi FPESe kit 50 RONEMF &8RcoxiB e pRIHuLEd by
crystallization of celeeoxily froai gisol\vent carprising tisopropane| and dederesse Cemnedampléd).S.
5,910,597). 35 Form llLcelecoxib has a campl 'f&e&entie}lﬁ SERTEMBER 2005 W 1/42222
PCT/US00/32760 1-JLrg’;lsec%a%nnclar%l gglgﬁr%eetrirplﬁegl%% trahsitionévﬁ%%g_sé\éﬁhged at 65(13 r%in, the melting
of Form Il celecoxnisebbsdrvad ed abbuessthacolidieed By Fortysalpaanr t8Fo¥asl celecoxib

and subsequent meltingafforimll s-atshesh 162 HCeironmdll cetecexiyis the thermodynamically

stable form of celecoxib.

Preparative Examples:

10
Example 1: Preparation of a DMA Solvate of Celecoxib (a
ratio of 1l:1 celecoxib-DMA)

Method A. In a round bottom flask, 4.84 g of

celecoxib were combined with approximately 125 mL of

15 DMA. The solvent was removed at reduced pressure and at
60 °C to induce crystallization. The dry solids were
collected on a filter. This process produced 5g of 1:1
solvate. As determined by TGA at 10 °C/min,

decomposition began at about 100 °C with a maximum at

20 about 148 °C, and a total weight loss of 17%.

Method B. In a 1 L beaker, 38.2 g of celecoxib was
placed in approximately 1000 mL of DMA with stirring.
The resulting solution was transferred to a 2 L beaker.

25 Approximately 400 mL of water was added to cause
crystallization. The crystals were isolated by
filtration. The wet yield was 5.44 g. Additional
crystal crops were generated by the addition of water to

the filtrate. TGA at 10 °C/min showed decomposition

30 beginning at about 100 °C with maximum at about 150 °C,

and with a total weight loss of 18% solvent.



Characterization of Polymorphic Crystalline Forms of 10 Celecoxib X-Ray PowdpiRifiases 45e:D).
Infrared Absorption Spectroscopy (IR), and Differential Scanning Calorimetry (DSC), as well as
Raman Spebibedidavere 15 used to characterize Forms | and Forms |l. X-RyTASAIE 'Dlffraction
(PXRD) The various crystalline forms of celecoxib can be analyzed with either a Siemens D5000
Powder 20 Diffractometer or an Inel Multipurpose Diffractometer. For the Siemens D5000 Powder
Diffractometer, the raw data can be measured for 2-theta values from 2 to 50, with steps of 0.02 and

step periods of twE¥SERNER. 3or tRE aRAFANESH pBSe DifMEIFRdER EANY S MRE 2B iNada in an

aluminum sample bgldes age raw data Vasosaliscia-hor 30 minutes at all two theta values
simultaneously. As illustrated in Figure 1, the three forms were easily distinguishable by PXRD. Using

a Cu x-ray source 30 (1.54 nm), the characteristic diffractions were observed at 2-theta values of

about 5.5, 5.7, 7.2 ndal @@yt E0IM 4 Letecaxinandibbaut 10.3, B¥8 @atekbb%inr &&em Il celecoxib.

8 SEPTEMBEB 20&)5 Wq 01/42222 -88 eItir%g/ ompgsition Tempelri\ture PCT/USOO0/32760 The
SSO v?d(fn 50 ml,. o . e ca%sFa %Flngt 1S

temperatures of meljflng and/or decomposition of 5 non-solvatédtelecoxib crystalline Torms were

determined using @CF&esirunidiits 2020 differe Attdl lscavwhihgicalgrimeer. feaet sempliettl -2 mg) was

placed in either a sgaled qramsealedaluminume gan.and heated h §-AGHRPUIE- £ o

Melting/decomposition ranges were defined 10 from the extrapolated onset to the maximum of the
evaporate to dryness. This process produced about 1.02

g. TGA at 10 °C/min showed two weight losses during
10 decomposition which began at about 75 °C and continued

with a second maximum at about 156 °C. Total weight

loss was 13.4%.

Working Examples:

15
Example 1: General Methods for Preparing Celecoxib

Form I

A. Preparation of Celecoxib Form I by Heating a
20 Celecoxib Solvate:

An open container of a celecoxib solvate was heated
in an oven at the lowest temperature at which
desolvation was observed. Briefly, 0.3 g of celecoxib-
DMA was heated in an oven at about 100°C for about 48

25 hours. The PXRD of the resulting sample showed
characteristic reflections due to celecoxib Form I
celecoxib as well as reflections of celecoxib-DMA; TGA
showed a 9.6% weight loss centered at about 147 °C,
indicating about 50% conversion to Form I.

30
B. Preparation of Celecoxib Form I by Evaporation:

A high purity sample of celecoxib was crystallized

from ethyl acetate-heptane solvent by evaporation.



melting/decomposition endotherm. Three polymorphic forms of celecoxib hay, ggg}%{%gffg% 0
Polymorphic Form | celecoxib melted at about 162.8 C; Form Il celecoxib melted at about % fS (0%

and Form [IN@ B melted at about 160.8 C. On melting, Form Il celecoxiBdiAEY988R6bserved to
partially recrystallize to Form Il celecoxib or Form | celecoxib. Three polymorphic forms and solvates

of 20 N,N-dimethylacetamide (DMA) and N,N-dimethylf@ganamide (DMF) were identified. The physical
properties and distinguishing characteristics of the novel polymorphs are shown in Table 1. 25 Table
1. MeltingAHDistingaktfgtranbfiofd* FormPeire i3/t IRRENAEDERD {2 Vifetd ) 3256 cmNA5.50,

5.7, 7.2 1162.8723356 6130 4616,10:31 43 B121)hH 163 5r80ngNL B2 MLy E PHAQB01———

Characteristic transitions not observed for other forms. ** Pure samples of Form Il ¢celecoxib have not
been produced. 8 3EPTEMBERBOEPWEDB142228 PETAS083260° 50 BiftefEhtiaf&canning
Calorimetry (DSC)J23C is Thed fa abarbsiayizelthd ¢d | yrearpheanformMs of cedechxis tFarm | celecoxib

s the higheStQ‘e'“”gréngME%%‘e%‘ %6r1238 oﬁ(ﬁﬁﬁgc?.“d%eéms%%“ um A 1633 Sod P!
celecoxib melfs at 161. and has an endotherm maximum at 162.0 C. A complex transition is
observed for Formabmete cdXilf CThendempiexityahthis tianiton, etvetisldnly absemedmd slow scan
rates, evaporated to dryness. This process produéed 8.6g
celecoxib Form I. Crystallizes were free of solvent, as
determined by TGA, and had the Form I PXRD pattern shown

10 in Figure la.

C. Preparation of Celecoxib Form I by Melting:
In general, celecoxib was placed in an open container

and was melted and then allowed to cool. In more

15 detail, a beaker containing celecoxib was heated on a
hot plate to 170°C and the celecoxib was allowed to
fully melt. Molten celecoxib was then poured on to a
watch glass and allowed to cool. By DSC, scanned at
0.5°C/min, the melt of Form I was observed at about

20 163°C. The melt of Form III, and the recrystallization

to Form II, and the melt of Form II, were also observed.

Example 2: General Methods for Preparing Celecoxib

Form II
25
A. Preparation of Celecoxib Form II by Heating a
Celecoxib Solvate:
1. Use of a DMA solvate.
30 In general, an open container of a celecoxib-DMA

solvate was heated in an oven near the peak temperature
at which desolvation was observed. Briefly, in an oven
at about 130 °C, 0.3 g of celecoxib-DMA was heated for
approximately 48 hours. The PXRD of the resulting



10 represents melting of Form 1l celecoxib, followed by recrystallization to Foggél&ﬁgl@%tﬁg%y)
subsequent melting of Form Il celecoxib. Considering only the initial endothermic transiton, Form' |l

celecoxib m¥&0H#2238.8 C and has an endotherm maximum at 161.5 C. 15 DEA/HSE8EZfdw levels of
Form | celecoxib in Form Ill celecoxib. Infrared Absorption Spectroscopy IR distinguished Form |
celecoxib from Form Il 20 celecoxib and Form Il celecassib, (see Figure 2). Without further
elaboration, it is believed that one skilled in the art can, using the preceding description, utilize the
present invention @awABfitlesiedte Ah FhedoRIWIRG Ireferbtespetifies eAb®ddirRents are, therefore,

to be construed as-peeRly Hysteativa, ard get liraitativesohibe remainder of the disclesure in any way
whatsoever. 30 Examples The following examples contain detailed descriptions of the methods of

preparation of cryEfiihelidrim P&Rd £brrf 1Bceleldiib dBseNBEd i HBRbPIiEIH. THese detailed
descriptions fall 35 within, the scope, and serve tQ e plifysthe invention. EPTEMBER 2005 WO
01/42222 PCT/US%%{ %@%%ggo%%%%eO@Jé%aeilted%esfc%i%fignsHz;réa rpl)(\r{esn[(leaﬁcgt{éL }f)%? iﬁgstrative purposes

only and are ot inténded &s a Testrigiarwed theseapesbithe devertioboll padscare byigveight and

temperatures are in degrees Centlgr?gg jE5runl SS other\{_y&see rlpldmgtetdr.1 The.celecoxib starting material

used in each of thE 7ol o%v]fng;i( é%g%p eswas: Cpréﬁgre%a}n accordance vﬁthnﬁ?ét.%@(io‘gg?. Preparative

Examples: 10 shown in Figure 1b.

2. Use of a DMF solvate.

10 In general, an open container of a celecoxib-DMF
solvate was heated in an oven near the peak temperature
at which desolvation was observed. Briefly, in an oven
at about 130 °C, approximately 0.2 g of celecoxib-DMF
was heated overnight. The PXRD of the resulting sample

15 showed characteristic reflections due to celecoxib
Form II as well as reflections of celecoxib Form III;
DSC at 0.5 °C/min showed a one melting endotherm with
onset at 161.5 °C and maximum at 161.8 °C and a small

endothermic transition with maximum at about 163.8 °C

20 (Form I); TGA showed no weight loss below 200 °C.

B. Preparation of Celecoxib Form II from Celecoxib Form
III, by Mechanical Conversion.
In general, celecoxib Form III was ground in a ball
25 mill. Briefly, using a wiggle-bug, celecoxib Form III
was ground at a maximum intensity for 30 seconds. The
resulting solids were a mixture of Form III and Form II

was determined by powder x-ray diffraction.

30 C. Preparation of Celecoxib Form II by Melting

Celecoxib was melted in a test tube at 170 °C using
an oil bath. A Teflon spatula was dipped into the

molten celecoxib, the spatula was removed, scraped, and



Example 1: Preparation of a DMA Solvate of Celecoxib (a ratio of 1:1 celecoﬁ%mgéﬂ#n a
round bottom flask, 4.84 g of celecoxib were combined with approximately 1 . The
solvent wasWéhiddePat reduced pressure and at 60 C to induce crystallizatioRCTREW§236fids were
collected on a filter. This process produced 5g of 1:1 solvate. As determined by TGA at 10 C/min,
decomposition began at about 100 C with a maximum a0 about 148 C, and a total weight loss of
17%. Method B. In a 1 L beaker, 38.2 g of celecoxib was placed in approximately 1000 mL of DMA
with stirring. The re3altiAg seftipphias rans@rrelto W2 L \beakee s AsprbRmi&@ely AJoemL of water

was added to cause-Lestalbaation. JheLrystalsweredselateddn, filthationg Themetyield awas 5.44 g.
Additional crystal rops were er%e%;ated by the addition of water to t}@eo filtrate. T%A a:%t(\)NC/m'n
showed decomposiiT 38 bagnning BT 7007 With maxintum &P abdftfsFES % Ofﬂ?é total
weight loss of 18%: balvente 8StERTBNBER 2005 WO 01/42222 PCT/US00/32760 -61 Example 2:
Preparation ofa DMF Solvate of Celecoxib (a ratio of 1:1 celecoxib-DMF) In a crystallizing dish, about
1 g of celecoxib was 5 dissolved in 50 mL of DMF. The crystallizing dish, covered with aluminum foil,
which was perforated with small holes, was placed in a hood and allowed to evaporate to dryness.
This process produced about 1.02 g. TGA at 10 C/min showed two weight losses during 10

decomposition which began at about 75 C and continued with a second maximum at about 156 C.
Total weight loss was 13.4%. Working Examples:



15 Example 1: General Methods for Preparing Celecoxib. Form | A. Preparation of Celecoxib Form |
by Heating a 20 Celecoxib Solvate: An open container of a celecoxib solvateSvaE REEMEER #P8%en
at the lowesW@fp23re at which desolvation was observed. Briefly, 0.3 g oPEAIASOMERTBIMA was
heated in an oven at about 100C for about 48 25 hours. The PXRD of the resulting sample showed
characteristic reflections due to celecoxib Form | celecassib as well as reflections of celecoxib-DMA;
TGA showed a 9.6% weight loss centered at about 147 C, indicating about 50% conversion to Form
|. 30 B. PreparatioWNBAT eIt OXIARMER | B§ Evaporation: A high purity sample of celecoxib was
crystallized from ethyl acetate-heptane solvent by evaporation. 8 SEPTEMBER 2005 WO 01/42222

-62 PCT/USOO0/32760 Celecoxib 16.03 g) was purified byE%geparative ”iléﬁig chromatography using
15/85 (viv)ethyl acetate/heptahel GRE al1 55 it 2o hRe (8 Hhh §d) o6 /6% Hem silica gel. The
fractions eluded between 270 mL and 900 mL 5 were collected and combined. The solvent was

removed at about 35 C under yacuum to i ce crystallizat] nd ev rated to dryness. This
process produg)ced 8.6¢ ggl’ec%éﬁ) Forny %%?yé{éﬁizésg%nergﬁer;beﬁoafls%lvfe?ﬁagsl%tear%%%d by TGA,
and had the Form ¥ @XRPpdterndsiofure dibiiarFigateteriC Wrebartiohof 8eledoxils Form | by

Melting: In generak; cglecgxib was placgd in gn #pgofoataingr,andyas,melted and then allowed to
cool. In more
3. The crystalline form of Claim 1 having an X-
10 ray powder diffraction pattern substantially as shown'

in the top trace in Figure la.

4. The crystalline form of Claim 1 having a
melting range from about 160°C to about 164°C.
15
5. The crystalline form of Claim 1 having a

melting range from about 162°C to about 163°C.

6. The crystalline form of Claim 5 having a

20 melting point of about 162.8°C.

7. The crystalline form of Claim 5 having a
differential scanning calorimetry endotherm maximum
from about 160.0°C to about 164.0°C.

25
8. The crystalline form of Claim 5 having an

endotherm maximum at about 163.3°C.

9. The crystalline form of Claim 8 further having

30 a melting range from about 160°C to about 164°C.

10. The crystalline form of Claim 9 having a

melting point of about 162.8°C.



15 detail, a beaker containing celecoxib was heated on a hot plate to 170C and tEd le ,%
allowed to fully melt. Molten celecoxib was then poured on to a watch glass E § Bi\%&@% cét\gbﬁéy

DSC, scann®@ at/8B&/min, the melt of Form | was observed at about 20 163ECTREWX 6ff Form 111,
and the recrystallization to Form Il, and the melt of Form Il, were also observed. Example 2: General
Methods for Preparing Celecoxib Form 1l 25 A. Preparatéon of Celecoxib Form Il by Heating a
Celecoxib Solvate: 1. Use of a DMA solvate. 30 In general, an open container of a celecoxib-DMA
solvate was heated in an bvenHedr fHerséad tehmserbfir® ffwkieh HesdvRAdH Rasbserved. Briefly,

in an oven at aboutnf3h& 0. 39petealasoxipAVANMRS bealedifor appruipatelys 48 fwurs. The
PXRD of the resultin lE?ltSE3F§T MBER 2005 WO 01/42222 PCT/US00/32760 -63 sample showed

characteristic reflegtions dué to’ celecoxib Form Il as well as reflections of celecoxib Form I1l; DSC at
0.5 C/min showed a single melting endotherm with onset at 161.4 C and maximum at 5 161.9 C; TGA

showed no wejght loss belgw 200.C.. qu{é(-@ﬂff@ﬁtie@ Q@Heﬁnlofl,}ggmgggﬁ was shown in

Figure Ib. 2. Use of a DMF solvate. 10 In general, an open container of a celecoxib-DMF _solvate was
heated in an oven FR&F ek alPRATIEIBUFE It MER dRsBfakorf fva@MeEnee Brigfly, in an oven
at about 130 C, approximately 0.2 g of celecoxib-DMF was heated overnight. The PXRD of the
resuling sample 15 showed chapacteristic refieetions,dye 19.6e18694D. 1 having an

Infrared Spectrum which has a peak at about 3350 to

10 about 3360 cm™t.

14. The crystalline form of Claim 13 having an

Infrared Spectrum which has a peak at about 3356 cm™.

15 15. The crystalline form of Claim 1 having an
Infrared Spectrum which has peaks at about 3256 cm™*
and about 3356 cm™!, and having a melting point of

about 162.8°C.

20 16. The crystalline form of Claim 1 having a

phase purity of at least about 5% Form I celecoxib.

17. The crystalline form of Claim 1 having a
phase purity of at least about 10% Form I celecoxib.
25
18. The crystalline form of Claim 1 having a

phase purity of at least about 25% Form I celecoxib.

19. The crystalline form of Claim 1 having a

30 phase purity of at least about 50% Form I celecoxib.

20. The crystalline form of Claim 1 having a

phase purity of at least about 75% Form I celecoxib.



Form Il as well as reflections of celecoxib Form IlI; DSC at 0.5 C/min showed a one melting
endotherm with onset at 161.5 C and maximum at 161.8 C and a small endgts&RTENMBER@DOEh
maximum at about 163.8 C 20 (Form I); TGA showed no weight loss below 200 C. B. Preparation of
Celecoxib Form Il from Celecoxib Form |Ill, by Mechanical Conversion. In general, celecoxib Form Il
was groundW®41¥8A225 mill. Briefly, using a wigglé?bug, celecoxib Form 11l WRGTGisuwat7sd a
maximum intensity for 30 seconds. The resulting solids were a mixture of Form Ill and Form Il was
determined by powder x-ray diffraction. 30 C. Preparation of Celecoxib Form Il by Melting Celecoxib
was melted in a test tube at 170 C using_an oil bath. A Teflon spatula was dipped into the molten
celecoxib, the spafila Was Femovet: Serapdt CAnt 8 SEP TEMRER BBOR\IEY 149555 64
PCT/USOOY32%6G R_tdARY E6NBIsTroft tRexdpatula were collected. The dried solids were a mixture
of Form Il and Form Ill as determined by powder x-ray. DSC at 10C/min also showed the presence

of Forny 1. 5 8 SEREEMBER 2005 W01 0d /488221681 R(nl VRS2 GOMNHA: L3:GLAIMED IS: 1. A

Form | crysﬁlgiigg I)ergg ¢f celecoxih. 5 2. .Lhe crystalline form of Claim 1 having an X- ray powder
diffraction pattern with peaks at about 5.5, 5.7, 7.2, or 16.6 degrees two theta. 3. The crystalline form

of Claim 1 having an X-
23. A pharmaceutical composition comprising a therapeutically-

effective amount of the crystalline form of any one of Claims 2 to 22
10 and at least one pharmaceutically-acceptable carrier, adjuvant or

diluent.

24, The composition of Claim 23 wherein the celecoxib comprises
at least 2% Form I celecoxib.
15
25. The composition of Claim 23 wherein the celecoxib comprises

at least 10% Form I celecoxib.

26. The composition of Claim 23 wherein the celecoxib comprises

20 at least 98% Form I celecoxib.

27. The composition of Claim 23 wherein the celecoxib comprises

at least 98% Form I celecoxib.

25 28. The composition of Claim 23 wherein the celecoxib is

predominantly Form I celecoxib.

29. The use of a therapeutically-effective amount of Form I
celecoxib for the preparation of a medicament for treating or
30 preventing a cyclooxygenase-2-mediated condition or disorder in a

subject.

30. The use of Claim 29 wherein the condition or disorder is
pain.
35



10 ray powder diffraction pattern substantially as shown in the top trace in Figure la. 4. The
crystalline form of Claim 1 having a melting range from about 160C to about 164C. 15 5. The
crystalline form of Claim 1 having a melting range from about 162C to abou818BETEMBER Z6fline
form of Claim 5 having a 20 melting point of about 162.8C. 7. The crystalline form of Claim 5 having
a differentilN@OHA2AY calorimetry endotherm max#aum from about 160.0C RCANiS00/AB%10OC. 25 8.
The crystalline form of Claim 5 having an endotherm maximum at about 163.3C. 9. The crystalline
form of Claim 8 further having 30 a melting range from about 160C to about 164C. 10. The
crystalline form of Claim 9 having a melting point of about 162.8C. 8 SEPTEMBER 2005 WO
01/42222 -66 PCT/USO0/32760 11. The crystalline form of Claim 1 having an Infrared Spectrum
which has a peak at aboét 325018 o9t 326061 wBer2if Haerystaliineoforen of Claim 11 having
an InfrareddSgecteun svhicti frasmaipeak at about 3256 cm-1. 13. The crystalline form of Claim 1
havingsan Infrared Spectrum which has a peak at about 3350 to 10 about 3360 cm-1. 14. The

crystalline form of Claim 13 having an Inffracr?d.s%ctr m Whi(‘tqlhas a.peak at about 3356 cm-1. 15
15. The crystalline form of Claim 1 ﬁasl\e/inog an allr{?rareg%ﬁgé?rumew'f"ﬁgﬁﬁ%gnpé)arlks at about 3256 cm
1 disorder is arthritis.

33. The use of Claim 29 wherein the condition or

10 disorder is tumor growth.

34, The use of Claim 29 wherein the condition or

disorder is metastasis.

15 35. The use of Claim 29 wherein the conditibn or

disorder is familial adenomatous polyposis.

36. A method of preparing Form I celecoxib comprising
crystallizing celecoxib from a mixture comprising celecoxib and a
20 solvent, wherein the crystallization is performed at a temperature
above the enantiotropic transition temperature of Form I celecoxib

thereby producing Form I celecoxib.

37. The method of Claim 36 further comprisihg seeding the
25 solvent with a seed crystal of Form I celecoxib prior to the

crystallization.

38. The method of Claim 36 wherein the Form I celecoxib
thereby produced has at least about 5 weight percent phase purity.
30
39. The method of Claim 36 wherein the Form I celecoxib

thereby produced has at least about 10 weight percent phaSe purity.



and about 3356 cm-1, and having a melting point of about 162.8C. 20 16. Ti%eé‘@ﬁaﬁlm%é%rﬂ%
Claim 1 having a phase purity of at least about 5% Form | celecoxib. 17. The crystalline Torm of Claim

1 having a PHa8E43&R Ry of at least about 10% Form | celecoxib. 25 18. The cryStHMPW3A¢) of Claim 1
having a phase purity of at least about 25% Form | celecoxib. 19. The crystalline form of Claim 1
having a 30 phase purity of at least about 50% Form | céfecoxib. 20. The crystalline form of Claim 1
having a phase purity of at least about 75% Form | celecoxib. 8 SEPTEMBER 2005 WO 01/42222 -
67 PCT/US00/32760 21.4the &ystanpie¥ern of Clditi T habirg e pRase pbfty TR |&ast about 90%

Form | celecoxib. %22 <Eh crystalinatoymnidared havinga subsiantiahswhase pure form of Form
| celecoxib. 23. A pharmaceutical compz&ition cor’rgprising a therapeutically- effective amount of the

crystalline form of ‘gﬁ)}% & FTI&ME2 197 %18 Hhd &Y least one pharmaceutically-acceptable carrier,
adjuvant or diluent. 24. The composition of Claim 23 wherein the celecoxib comprises at least 2%

Form | celeco>§ib. 15 25. The CQ\WQQE@QH&&%@”’C%%M%@n&ﬁ%f@%‘ioﬁiﬂéoﬂﬁrﬁ?% at least 10%

Form | celecoxib. 26. The composition of Claim 23 wherein the celecoxib comprises 20 at least 98%
Form | celecoxib. ZEIHECORpSGETEY CREADE G RAT IR cdigéSib 2BRIpHsES at least 98%
Form | celecoxib. 2228hthe eexensitiph£H& £lagmr-23 wherein the celecoxib is predominantly Form |

celecoxib.
42. The method of Claim 36 wherein the Form I
10 celecoxib thereby produced has at least about 25
weight percent phase purity.

43. A method of preparing a crystalline form of
celecoxib wherein the method comprises heating a
15 solvate of celecoxib thereby producing Form I

celecoxib.

44 . The method of Claim 43 in which the solvate
is heated to a temperature of about 50°C to about
20 1e60°C.

45. The method of Claim 43 in which the solvate

is heated to a temperature of about 60°C to about

150°C.
25
46. The method of Claim 43 in which the solvate
is heated to a temperature of about 70°C to about
140°C.
30 47. The method of Claim 43 in which the solvate

is heated to a temperature of about 80°C to about

130°C.



29. 'I_'he use of a ther_apeutlcalIy-effect_lve amount of Form | celeco>_<|b for thedé)_@ggtﬁg_% 2005
medicament for treating or 30 preventing a cyclooxygenase-2-mediated condition or disorder in a
subject. 30. WA URBF Claim 29 wherein the condition or disorder is pain. 35 8GEFSPFRABER 2005 5
WO 01/42222 - 68 PCT/US00/32760 31. The use of Claim 29 wherein the condition or disorder is
inflammation. 32. The use of Claim 29 wherein the condttion or disorder is arthritis. 33. The use of
Claim 29 wherein the condition or 10 disorder is tumor growth. 34. The use of Claim 29 wherein the
condition or disorder is nfetastibie. 15 B80¢he lise lst Mait? 29 W HeréiplthékenaribMatedisorder is

familial adenomatqus pRivResis. 39. A wethnd afprepanry Fesnd cekeoxik,camerising crystallizing
celecoxib from a mixtuge comprising celecoxib and a 20 solvent, wherein the crystallization is
performed at a ten}&eora?ure above the enantiotropic transition temperature of Form | celecoxib
thereby producing Form | celecoxib. 37. The method of Claim 36 further comprising seeding the 25

solvent with aseed crystg| é)f F Irggﬁggéibo@ri(&rltgitﬁe &rygtgll%ﬁg% 38,d hEJT@%'PQ of Claim 36

wherein the Form | celecoxib thereby produced has at least about 5 W(()-:‘lght percent phase purity. 30
39. The method ofiGlaltfBbSthereirthEFRATPisIECoE tABRbY ptBducé® haBeitfeast about 10

weight percent phaseppurity.

50. The method of Claim 43 in which the solvate

10 is heated to a temperature of about 100°C.

51. The method of Claim 43 wherein the solvate 1is

heated for more than about 1 minute.

15 52. The method of Claim 43 wherein the solvate is

heated for more than about 5 minutes.

53. The method of Claim 43 wherein the solvate is
heated for more than about 60 minutes.
20
54. The method of Claim 43 wherein the solvate is

heated for more than about 2 hours.

55. The method of Claim 43 wherein the solvate is

25 heated for about 4 hours or longer.

56. The method of any one of Claims 43-55 wherein

the heating is performed below atmospheric pressure.

30 57. The method of Claim 56 wherein the solvate of

celecoxib comprises celecoxib and an amide solvent.

58. The method of Claim 57 wherein the amide
solvent is selected from the group consisting of N,N-

35 dimethylformamide, N,N-dimethylacetamide, l-methyl-2-



8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -69 40. The method of§:§£a.f@%v§§§i%0tgg
Form | celecoxib thereby produced has at least about 50 weight percent phase purity- . The
method of OMMA18BRherein the Form | celecoxib thereby produced has at leR§{TABIKY IFFoqveight
percent phase purity. 42. The method of Claim 36 wherein the Form | 10 celecoxib thereby produced
has at least about 25 weight percent phase purity. 43. A7/method of preparing a crystalline form of

celecoxib wherein the method comprises heating a 15 solvate of celecoxib thereby producing Form |
celecoxib. 44. TheRWe®Y st Tlame 43 In whithgesolvate 4s hebtderora ferperaturéd about 50C to

about 20 160C. 45, Fhermethed af Glan 43 in whichithe solwatejs heated to a temperature of about
60C to about 150C. 25 46. The method of Claim 43 in which the solvate is heated to a temperature of

about 70C to about 140C. 30 47. The method of Claim 43 in which the solvate is heated to a
temperature of about 80Gt. althug 18dG o8l SEP TEMBRRSB)05WAS 812222 -FARET/USO0/32760

48. The meth%d ofsgmléfg in g"'l&%‘h%ﬁ%\é%ﬂ%ﬁﬁé%&’eﬁ temperature of about 85C to about

60. The method of Claim 58, wherein the amide

solvent is N,N-dimethylacetamide.

10 61. The method of Claim 58, wherein the amide

solvent is l-methyl-2-pyrrolidinone.

62. The method of Claim 58, wherein the amide
solvent is 1,3-dimethyl-3,4,5,6-tetrahydro-2 (1H) -

15 pyrimidinone.

63. The method of Claim 58, wherein the amide

solvent is 1,1,3,3-tetramethylurea.

20 64. The method of Claim 58 wherein the solvate of
celecoxib is prepared by a process comprising mixing
celecoxib with an amide solvent selected from a group
consisting of N,N-dimethylformamide, N,N-
dimethylacetamide, l-methyl-2-pyrrolidinone, 1,3-

25 dimethyl-3,4,5,6-tetrahydro-2 (1lH) -pyrimidinone and
1,1,3,3-tetramethylurea.

65. The method according to Claim 64 wherein the
amide solvent is N,N-dimethylformamide.
30
66. The method according to Claim 64 wherein the

amide solvent is, N,N-dimethylacetamide.

67. The method according to Claim 64 wherein the

35 amide solvent is l-methyl-2-pyrrolidinone.



1200C. 5 49. The method of Claim 43 in which the solvate is heated to a tergpgfatiie\pgaipeyhHgecC to
about 110C. 50. The method of Claim 43 in which the solvate 10 is heated to a temperature of about
100C. 51. TROWERPZ of Claim 43 wherein the solvate is heated for more thaR@b&a¥33vefute. 15 52.
The method of Claim 43 wherein the solvate is heated for more than about 5 minutes. 53. The method
of Claim 43 wherein the solvate is heated for more thanabout 60 minutes. 20 54. The method of Claim
43 wherein the solvate is heated for more than about 2 hours. 55. The method of Claim 43 wherein the
solvate is 25 heated for about 4 hours or longer. 56. The method of any one of Claims 43-55 wherein

the heating is performed gglowraimosPPRAE PARSSUIFRH3YS Lol ke etharhof &laim 56 wherein the
solvate of celecoxib comprises celecoxib and an amide solvent. 58. The meg&(}?ﬁg of Claim 57 wherein
the amide solventalg‘ﬁgf’ec?éﬂlffgﬁltthé%r&ué 6@&&&%&‘&,7\% 38 dim&fmyfiarah e,
N,N-dimethylacetainidie,) Hoyethpid 8rsFRTEMBER 2005 WO 01/42222 -71 PCT/US00/32760
pyrrolidinone, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)- pyrimidinone and 1,1,3,3-tetramethylurea. 59.
The method of Claim 58, wherein the amide 5 solvent is N,N-dimethylformamide. 60. The method of

Claim 58, wherein the anfife SOnerite-RIddRfRERTEkatarkrRIeC1061. ThePhehsdDdf Elgim 58,

wherein the amidéamide solvent is 1,1,3,3-tetramethylurea.

70. A method of producing Form I celecoxib
10 wherein the method comprises milling or grinding Form

III celecoxib thereby producing Form I celecoxib.

71. The method of Claim 70 comprising milling
Form III celecoxib.
15
72. The method of Claim 71 wherein the milling is

wet milling.

73. The method of Claim 71 wherein the milling is
20 ball milling.

74 . The method of Claim 70 comprising grinding

Form III celecoxib.

25 75. The method of Claim 74 wherein the grinding
is performed by shaking.

76. A method of producing Form I celecoxib
wherein the method comprises milling or grinding a

30 celecoxib solvate thereby producing Form I celecoxib.

77. The method of Claim 76 comprising milling a

celecoxib solvate.



solvent is 1-methyl-2-pyrrolidinone. 62. The method of Claim 58, wherein the
1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)- 15 pyrimidinone. 63. The method of C
amide solvaY@&lH#2223 3-tetramethylurea. 20 64. The method of Claim 58 wheR€iF¥Re0s8RAdte of

celecoxib is prepared by a process comprising mixing celecoxib with an amide solvent selected from a
group consisting of N,N-dimethylformamide, N,N- dimefflylacetamide, 1-methyl-2-pyrrolidinone, 1,3 25

dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone and 1,1,3,3-tetramethylurea. 65. The method

according to Claim 64 whéfeinThe RSNt f R dime iy RERAEmIdee 3066 1@ méthod

according to Clainwe4 whelgindhe amide solvent is, N,N-dimethylacetamide. 67. The method

according to Claim 64 wherein the 35 amide solvent is 1-methyl-2-pyrrolidinone. 8 SEPTEMBER 2005
WO 01/42222 PCT/US00/32760 -72 68. The method according to Claim 64 wherein the amide solvent
is 1,3-dimethyl-3,4,5,6-teff@hydrbe2fie¢-bhpdinnidindhal s 607 Thhemethod Heeomlidd to1Claim 64
wherein the amide, selyeptisil; 1,3,3-tetramethylurea. 70. A method of producing Form | celecoxib 10

wherein the method comprises milling or grinding Form 11l celecoxib thereby producing Form |
celecoxib. 71. The method of Claim 70 comprising milling Form Il celecoxib. 15

10

15

20

25

30

80. The method of Claim 76 comprising grinding a

celecoxib solvate.

81. The method of Claim 80 wherein the grinding

is performed by shaking.

82. A method of producing Form I celecoxib
wherein the method comprises melting Form II celecoxib
and cooling the melt thereby producing Form I

celecoxib.

83. A method of producing Form I celecoxib
wherein the method comprises melting Form III
celecoxib and cooling the melt thereby producing Form

I celecoxib.

84. A method of producing Form I celecoxib
wherein the method comprises evaporating solvent from
a celecoxib solution thereby producing Form I

celecoxib.

85. The method of Claim 84 wherein the solvent is
selected from the group consisting of an ether and a

hydrocarbon.

86. The method of Claim 84 wherein the solvent

comprises an ether and a hydrocarbon.

fﬁ%éﬂ%iﬁgos
aim 58, wherein the



72. The method of Claim 71 wherein the milling is wet milling. 73. The metho@gﬁﬁ%géﬁgﬁﬁ
the milling is 20 ball milling. 74. The method of Claim 70 comprising grinding 5
75. The melNOPHHERAM 74 wherein the grinding is performed by shaking. 76PATHEREE6# producing
Form | celecoxib wherein the method comprises milling or grinding a 30 celecoxib solvate thereby
producing Form | celecoxib. 77. The method of Claim 76€omprising milling a celecoxib solvate. 8
SEPTEMBER 2005 WO 01/42222 PCT/USQ0/32760 -73 78. The method of Claim 77 wherein the
milling is wet milling. 79.%he MBHIASRAGin? 77 WHierBin‘theVhANGHE 5B&I AFHNG 80. The method
of Claim 76 compristnggtirding &t helecaxibtsotatentD Beptheamethod of Claim 80 wherein the
grinding is performed by shaking. 82. A method of producing Form | celecoxib wherein the method
comprises melting Form Il celecoxib 15 and cooling the melt thereby producing Form | celecoxib. 83.
A method of producing Fé&®n | €8lecagibhgferin thedatifol edapadas seingT ot 111 20 celecoxib

and cooling the melt-thesely Rredueing FRIBY dpelecpxib, B4aAraethedHf psesdining 5ol | celecoxib
wherein the method comprises evaporating solvent from 25 a celecoxib solution thereby producing

Form |
89. The method of Claim 84 wherein the

evaporation is performed below atmospheric pressure.

10 90. The method of Claim 84 wherein the
evaporation is performed at a temperature of about

35°C.

91. A Form II crystalline form of celecoxib.
15
92. The crystalline form of Claim 91 having an X-
ray powder diffraction pattern with a peak at about
10.3, 13.8 or 17.7 degrees two theta.

20 93. The crystalline form of Claim 91 having an X-
ray powder diffraction pattern substantially as shown

in Figure la.

94. The crystalline form of Claim 91 having a
25 melting range from about 159°C to about 164°C.

95. The crystalline form of Claim 91 having a
melting range from about 161°C to about 163°C.

30 96. The crystalline form of Claim 95 having a
melting point of about 161.5°C.

97. The crystalline form of Claim 95 having a
differential scanning calorimetry endotherm maximum

35 from about 160.0°C to about 164.0°C.



celecoxib. 85. The method of Claim 84 wherein the solvent is selected from t 183 an
ether and a 30 hydrocarbon. 86. The method of Claim 84 wherein the solven[%c?r%ﬁ%g%%%tzg%nd
a hydrocarb¥i® @4ReTEMBER 2005 WO 01/42222 -74 PCT/USO0/32760 8R.CIHESHERWE of Claim
86 wherein the solvent comprises ethyl acetate and heptane. 88. The method of Claim 87 wherein the
ethyl 5 acetate and the heptane are at a ratio of about 1%585. 89. The method of Claim 84 wherein the
evaporation is performed below atmospheric pressure. 10 90. The method of Claim 84 wherein the
evaporation is performed at a temperature of about 350C. 91. A Form Il crystalline form of celecoxib.

15 92. The crystalline formgf Glain 81 hawinaiam &- ray-powderdifraction patteimyith a peak at
about 10.3, 13.8 Oé%‘lgg degge,es two theta, 20 93. The crystalline form of Claim 91, having an X- ray

powder diffraction FH SOBstAial§ HREHARC T BigPE 1hY o £ AR 85T Mo b aim 91
having a 25 meltirgrrangelftf@mn @bout 159C to about 164C. 95. The crystalline form of Claim 91
having a melting range from about 161C to about 163C. 30 96. The crystalline form of Claim 95
having a melting point of about 161.5C. 97. The crystalline form of Claim 95 having a differential
scanning calorimetry end®therffagimiiralline form of Claim 98 further

having a melting range from about 160°C to about

l63°cC.
100. of

melting point of about 161.5°C.

10 The crystalline form Claim 99 having a

101.
phase purity of at least about

The crystalline form Claim 91 having a

[S1e]
o°  th

Form ITI celecoxib.
15

of
10%

91
1T

102. The crystalline form Claim having a

phase purity of at least about Form celecoxib.
91

IT

of Claim having a

25%

103. The crystalline form

20 phase purity of at least about Form celecoxib.

25

30

35

104. The crystalline form
phase purity of at least about
105. The crystalline form
phase purity of at least about
106. The crystalline form

phase purity of at least about

107.

of Claim

50% Form

of Claim

75% Form

of Claim

90% Form

91
IT

91
II

91
IT

having a

celecoxib.

having a

celecoxib.

having a

celecoxib.

The crystalline form of Claim 91 having a

substantially phase pure form of Form II celecoxib.

108.

A pharmaceutical composition comprising a

therapeutically-effective amount of the crystalline



35 from about 160.0C to about 164.0C. 8 SEPTEMBER 2005 WO 01/42222 PCB/SE60/ERMBER7Z005
98. The crystalline form of Claim 95 having a differential scanning calorimetry endotherm maximum
at about 162.0C. 5 99. The crystalline form of Claim 98 further having a melting range from about
160C to about 163C. 10 100. The crystalline form of Claim 99 having a melting point of about
161.5C. 10WapE4ggatalline form of Claim 91 havitfgra phase purity of at lea®CaiB2sdorm I
celecoxib. 15 102. The crystalline form of Claim 91 having a phase purity of at least about 10% Form
Il celecoxib. 103. The crystalline form of Claim 91 having a 20 phase purity of at least about 25%
Form Il celecoxib. 104. The crystalline form of Claim 91 having a phase purity of at least about 50%

Form I celefc?é%b?fzéffé’og.’l"‘l‘ﬁ cry@ttfind ot Y Cidind1 1Rasih Pae pirageassiiy st deast about
75% Form RYERENEB. 906 1The efjsteieddrit BfeGaim 91 having a phase purity of at least about
90% Form Il celecoxib. 30 107. The crystalline form of Claim 91 having a substantially phase pure

form ofsForm Il celegoxibrt08oAphariaacettical ;GO MROSHION COMPLISIAgA 3D,

therapeutically-effective amoupt of tpgrlgrﬁtaclgggchslgPTEMBER 2005 WO 01/42222 -76
PCT/USOO/BZ%O form of any one of Claims 91 to 107 and at least one pharmaceutically-

110. The composition of Claim 108 wherein the celecoxib
comprises at least 10% Form II.
10
111. The composition of Claim 108 wherein the celecoxib

comprises at least 50% Form II.

112. The composition of Claim 108 wherein the celecoxib

15 comprises at least 98% Form II.

113. The composition of Claim 108 wherein the celecoxib is

predominantly Form II celecoxib.

20 114. The use of a therapeutically-effective amount of Form II
celecoxib for the preparation of a medicament for treating or
preventing a cyclooxygenase-2-mediated condition or disorder in a

subject.

25
115. The use of Claim 114 wherein the condition or disorder is

pain.

116. The use of Claim 114 wherein the condition or disorder is

30 inflammation.

117. The use of Claim 114 wherein the condition or disorder is

arthritis.

35



acceptable carrier, adjuvant or diluent. 5 109. The composition of Claim 108 wheresnSE® TEIRIREKR 2005
comprises at least 2% Form Il celecoxib. 110. The composition of Claim 108 wherein the celecoxib
comprises at least 10% Form Il. 10 111. The composition of Claim 108 wherein the celecoxib
comprises at least 50% Form Il. 112. The composition of Claim 108 wherein the celecoxib 15
comprises AYRK408H Form II. 113. The compositfon of Claim 108 wherein theTeesooaxibois
predominantly Form Il celecoxib. 20 114. The use of a therapeutically-effective amount of Form I
celecoxib for the preparation of a medicament for treating or preventing a
cyclooxygenase-2-mediated condition or disorder in a subject. 25 115. The use of Claim 114 wherein
the condition or diddfder TEPART LPLCTHE UEE o REESAT 1918 FRBFEIH. e TordRRASSF digorder is 30
inflammatio™P¥79991&use of Claim 114 wherein the condition or disorder is arthritis. 35 8
SEPTEMBER 2005 WO 01/42222 -77 PCT/US00/32760 118. The use of Claim 114 wherein the

conditign or disordenis tBosQr Yt 2:kl 91 Thasse 9f Glaimldd whersinghe candition or disorder
is metastaggtag&g.s@p use of Claim 114 wherein the condition or disorder is familial adenomatous
polyposis. 10 121. A method of preparing Form Il celecoxib comprising

120. The use of Claim 114 wherein the condition or disorder is
familial adenomatous polyposis.
10
121. A method of preparing Form II celecoxib comprising
crystallizing celecoxib from a mixture comprising celecoxib and a
solvent, wherein the crystallization is performed at a temperature
above the enantiotropic transition temperature of Form II celecoxib

15 thereby producing Form II celecoxib.

122. The method of Claim 121 further comprising seeding the
solvent with a seed crystal of Form II celecoxib prior to the
crystallization.

20

123. The method of Claim 121 wherein the Form II celecoxib

thereby produced has at least about 5 weight percent phase purity.

124. The method of Claim 121 wherein the Form II celecoxib
25 thereby produced has at least about 10 weight percent phase purity.

125. The method of Claim 121 wherein the Form II celecoxib
thereby produced has at least about 25 weight percent phase purity.



crystallizing celecoxib from a mixture comprising celecoxib and a solvent, whgegipHE\aStakigaton is
performed at a temperature above the enantiotropic transition temperature of Form Il celecoxib 15
thereby proMRig+E¥¥m Il celecoxib. 122. The method of Claim 121 further coR§griEig/&etling the
solvent with a seed crystal of Form Il celecoxib prior to the crystallization. 20 123. The method of
Claim 121 wherein the Form Il celecoxib thereby produzgd has at least about 5 weight percent phase
purity. 124. The method of Claim 121 wherein the Form Il celecoxib 25 thereby produced has at least

about 10 weight percent pidse puty eI Oherhethiriisr Glaint2 2T SifersiRethBEEPmMIT celecoxib

thereby produced bas atlsasbakoid2Ewelght patceat Rhasepuritya8 SERHHMBER 2005 WO
01/42222 PCT/US00/32760 -78 126, The method of Claim 36 wherein the Form Il celecoxib thereby

produced has at 1€58t ISR HEtSh Bt EEPHatEDurity. 5 127. The method of Claim 36 wherein
the Form Il celecoxib thereby produced has at least about 90 weight percent phase purity. 128. A

method of preparing a crysialling-formaf, 0 celacaxib,whersin fhepethpd gamprises heating a

celecoxib solvate thereby producing Form Il celecoxib. 129. The method of Claim 128 in which the
solvate is heated f6°a ¥ifApeRattRTHHR AL FIC IS dbdEt % 166€S E36LPNe nitthod of Claim 128

in which the solvaige isgiaated t@-adempreaidretiemmapout 60C to about 145C . 20 131. The method
of Claim 128 in which the solvate is heated to a temperature from about 70C to about

128. A method of preparing a crystalline form of
10 celecoxib wherein the method comprises heating a

celecoxib solvate thereby producing Form II celecoxib.

129. The method of Claim 128 in which the solvate
is heated to a temperature from about 50°C to about

15 160°C.

130. The method of Claim 128 in which the solvate

is heated to a temperature from about 60°C to about

145°C.
20
131. The method of Claim 128 in which the solvate
is heated to a temperature from about 70°C to about
140°c.
25 132. The method of Claim'128 in which the solvate

is heated to a temperature from about 80°C to about

140°C.

133. The method of Claim 128 in which the solvate
30 is heated to a temperature from about 90°C to about
140°C.

134. The method of Claim 128 in which the solvate
is heated to a temperature from about 100°C to about

35 140°C.



140C. 25 132. The method of Claim 128 in which the solvate is heated to a temperature from about
80C to about 140C . 133. The method of Claim 128 in which the solvate 30 & REREEMPER 2005
temperaturé¥fi/&334t 90C to about 140C. 134. The method of Claim 128 inPhERMHE ESlvate is
heated to a temperature from about 100C to about 35 140C. 8 SEPTEMBER 2005 WO 01/42222
PCT/US00/32760 -79 135. The method of Claim 128 in-®hich the solvate is heated to a temperature
from about 110C to about 140C. 5 136. The method of Claim 128 in which the solvate is heated to a
temperature from about 120C to about 140C. 10 137. The method of Claim 128 in which the solvate

is heated to a temperature from eheutb2{e &0 alpout1 43aC1 288 i HheymethodelClagmd28d4n which
the solvate 15 is h.ear:%d to a temperature of about 130%. 139. The mefjtgoq, of Clai%}H128 wherein the
solvate is heated f&°mofé tizh ot 15RiRES 220 40 S8 i of-Claitn 28 @R8N the solvate
is heated for more td&T@bout 5 minutes. 141. The method of Claim 128 wherein the solvate is heated
for more than 5’;\bout 60 minutes. 25 142. The method of Claim 128 wherein the solvate is heated for

more than about 2 hours. 143. The method of Claim 128 wherein the solvate
136. The method of Claim 128 in which the solvate

is heated to a temperature from about 120°C to about

140°C.

10 137. The method of Claim 128 in which the solvate
is heated to a temperature from about 125°C to about
135°C.

138. The method of Claim 128 in which the solvate

15 is heated to a temperature of about 130°C.

139. The method of Claim 128 wherein the solvate

is heated for more than about 1 minute.

20 140. The method of Claim 128 wherein the solvate

is heated for more than about 5 minutes.

141. The method of Claim 128 wherein the solvate
is heated for more than about 60 minutes.
25
142. The method of Claim 128 wherein the solvate

is heated for more than about 2 hours.

143. The method of Claim 128 wherein the solvate

30 is heated for about 4 hours or longer.

144. The method of any one of Claims 128-143
wherein the heating is performed below atmospheric
pressure.

35



30 is heated for about 4 hours or longer. 144. The method of any one of Clair&/% gp{eé%igéhe
heating is performed below atmospheric pressure. 35 8 SEPTEMBER 2005 1/ ?

PCT/USOOY892P43283 145. The method of Claim 128 wherein the celecoxib £6I¥4{800GATpYises
celecoxib and an amide solvent. 5 146. The method of Claim 145 wherein the amide solvent is
selected from the group consisting of N,N- dimethylform#mide, N,N-dimethylacetamide, 1-methyl-2-
pyrrolidinone, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)- pyrimidinone and 1,1,3,3-tetramethylurea. 10
147. The method of Clainr426. Wherdit itesmide ShiveRt 24, NBRFEHYIfHEamide. 148. The
method of Claim 1461 eheteib theramides 16sabvent 43 Nofddimethytacetaimistie. 49Jd€he method of
Claim 146, Whereigcgli%gg]cide solvent is 1-methyl-2-pyrrolidinone. 20 150. The method of Claim 146,
wherein the amide” solvent’is 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)- pyrimidinone. 151. The method of
Claim 146, wherein the solvent 25 is 1,1,3,3-tetramethylurea. 152. The method of Claim 145 wherein

the celecoxibssolvate is pgreparefily aPLPCRESHONANSIRY MiXing ealegexilk with g amide solvent
selected from a 30 group consisting of N,N-dimethylformamide, N,N- dimethylacetamide,

1-methyl-2-pyrrolifiRdNEE3 L FinftthioE 8% & FParyafo ST yiRRdmOnEgh Pt N/ N-

1,1,3,3-tetramethydlireathyl formamide, N,N-dimethylacetamide, l-methyl-2-
pyrrolidinone, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-
pyrimidinone and 1,1, 3,3-tetramethylurea.
10
147. The method of Claim 146, wherein the amide

solvent is N,N-dimethylformamide.

148. The method of Claim 146, wherein the amide

15 solvent is N,N-dimethylacetamide.

149. The method of Claim 146, wherein the amide

solvent is l-methyl-2-pyrrolidinone.

20 150. The method of Claim 146, wherein the amide
solvent is 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H) -

pyrimidinone.

151. The method of Claim 146, wherein the solvent
25 is 1,1,3,3-tetramethylurea.

152. The method of Claim 145 wherein the
celecoxib solvate is prepared by a process comprising
mixing celecoxib with an amide solvent selected from a

30 group consisting of N,N-dimethylformamide, N,N-
dimethylacetamide, 1l-methyl-2-pyrrolidinone, 1,3-
dimethyl-3,4,5, 6-tetrahydro-2 (1H) -pyrimidinone and
1,1,3,3-tetramethylurea.



8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -81- 153. The methocsase@rding HER!3iHha 52
wherein the amide solvent is N,N-dimethylformamide. 154. The method according to Claim 152
wherein 5 tMOMidé23olvent is N,N-dimethylacetamide. 155. The method accBtditetLran 152
wherein the amide solvent is 1-methyl-2-pyrrolidinone. 10 156. The method according to Claim 152
wherein the amide solvent is, 1,3-dimethyl-3,4,5,6-tetraBydro- 2(1H)-pyrimidinone. 157. The method
according to Claim 152 wherein 15 the solvent is 1,1,3,3-tetramethylurea. 158. A solid form of
celecoxib comprising ForfP 3 eeBRBxMBHHIPPoRT Al Pefbicastibt 200G A doiié fBRAME ERlecoxib

comprising Form keglecexdliandforanit celecpxib. 460 Arsplid detmaei gelecoxib comprising Form I
celecoxib and Form Il celecoxib. 25 161. A solid form of celecoxib comprising Form | celecoxib, Form
Il celecoxib, and Form 11l celecoxib. 30 162. A method of producing Form Il celecoxib wherein the

method comprises millinglérdgririttveyg Rebholl catecoxdl therdloy prhodiminbbRominémeletoxib. 163. The

method of Clajm 162 comprising.milling, 35;Eor i ealpeato WO 0142222 -82 8 SEPTEMBER
2005 PCT/USOO0/32760 164. The method of Claim 163 wherein the milling is wet milling.

155. The method according to Claim 152 wherein

the amide solvent is l-methyl-2-pyrrolidinone.

10 156. The method according to Claim 152 wherein
the amide solvent is, 1,3-dimethyl-3,4,5,6-tetrahydro-
2 (1H) -pyrimidinone.

157. The method according to Claim 152 wherein
15 the solvent is 1,1,3,3-tetramethylurea.

158. A so0lid form of celecoxib comprising Form

I celecoxib and Form II celecoxib.

20 159. A so0lid form of celecoxib comprising Form

I celecoxib and Form III celecoxib.

160. A solid form of celecoxib comprising Form

IT celecoxib and Form III celecoxib.

25
161. A solid form of celecoxib comprising Form
I celecoxib, Form II celecoxib, and Form III
celecoxib.
30 162. A method of producing Form II celecoxib

wherein the method comprises milling or grinding Form

IIT celecoxib thereby producing Form II celecoxib.

163. The method of Claim 162 comprising milling

35 Form III celecoxib.



5 165. The method of Claim 163 wherein the milling is ball milling. 166. The method of Claim 162
comprising grinding Form Il celecoxib. 10 167. The method of Claim 166 whér@iﬁ%ﬁﬁm%g 2005
performed BYQHRRG2 168. A method of producing Form Il celecoxib 15 wheRGTARINEI66d
comprises milling or grinding a celecoxib solvate thereby producing Form Il celecoxib. 169. The
method of Claim 168 comprising milling a celecoxib solgate. 20 170. The method of Claim 169
wherein milling is wet milling. 171. The method of Claim 169 wherein milling is 25 ball milling. 172.
The method of Claim 168 comprising grinding a celecoxib solvate. 30 173. The method of Claim 172

wherein the grinding is pegarmeg, by sbaking. L#4.cA methad of pradueing kera fretecexib wherein
the method comprises melting Form | celecoxib 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760

-83 and cooling thé méltthe ducing Form Il celecoxib. 175. A method of producing Form I
celecoxib 5 wherein the method comprises melting Form 11l celecoxib and cooling the melt thereby

[woduungfawgwllceECOfgg. The method of Claim 163 wherein the milling
is ball milling.

166. The method of Claim 162 comprising grinding
Form IITI celecoxib.
10
167. The method of Claim 166 wherein grinding is
performed by shaking.

168. A method of producing Form II celecoxib
15 wherein the method comprises milling or grinding a

celecoxib solvate thereby producing Form II celecoxib.

169. The method of Claim 168 comprising milling a
celecoxib solvate.
20
170. The method of Claim 169 wherein milling is

wet milling.

171. The method of Claim 169 wherein milling is
25 ball milling.

172. The method of Claim 168 comprising grinding

a celecoxib solvate.

30 173. The method of Claim 172 wherein the grinding
is performed by shaking.

174. A method of producing Form II celecoxib

wherein the method comprises melting Form I celecoxib



8 SEPTEMBER 2005
WO 01/42222 PCT/US00/32760

-83-

and cooling the melt thereby producing Form II

celecoxib.

175. A method of producing Form II celecoxib
5 wherein the method comprises melting Form III
celecoxib and cooling the melt thereby producing Form

IT celecoxib.





