8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -1 POLYMORPHIC CRYSSERHHNBERRMGSOF
CELECOXIB Cross Reference to Related Applications 5 This Patent Application claims priority to U.S.
Provisional W&&ht23plication Ser. No. 60/169,856, filed December 9, 1999. P{E/USOR2IHE
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 medicamenBOHFHORPEAfoFRYH TRE HERFLRORMS x{AFe (FeECBX L Bihibitory
pharmaceutical agents and specifically relates to the novel Form | and Form Il crystalline forms of
celecoxib, methods of reparln these cr stalllne for s of celecoxib, pharmaceutlcal compositions
comprising these cry F I-faethodsdorthedreatment and/or prophylaxis
of cyclooxygemase-2- medu‘htesl dEmdﬁtmnsA@deDcdtsoodners,lmmtushrgmmmhmnst@ndeSorders
BACKGROUND OF THEINYENTIGIV Nymsiaue coropnds iavesiendoposd faying 30
therapeutically and/or prophylactically useful selective cyclooxygenase-2 in bltory effect, and have
been disclosed asha®fg ]aﬁﬁt?’ﬂbﬁ‘éaﬁ‘meﬁfc%%reventlon of specific cyclooxygenase-2 mediated
disorders or of such disorders in general. Among such compounds are a 35 large number of
substituted pyrazolyl

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



8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 benzenesulfonamides gssiepeERMERY 5005
Patent No. 5,760,068 to Talley et al., including for example the compound

4-[5-(4-metYPREMAIB- (trifluoromethyl)-IH- pyrazol-l-yllbenzenesulfonamide, BASOURI&AEE%0 herein 5
as celecoxib, and the compound 4-[5-(3-fluoro-4- methoxyphenyl)-3-difluoromethyl)-IH-pyrazol-I-
yl]lbenzenesulfonamide, also referred to herein as deraenxib. Celecoxib has the structure: CF3 (1) 10
and deracoxib has the structure: CF2H (1) Other compounds reported to have therapeutically and/or
prophylactically usefil seRresive EpElamiiRha’e- ¥ Mabit6y efectarfe sulmtititéd Noxazolyl 15

benzenesulfonamides g§ repartedintd 1S Katent Na.. 5,63%:3 (Gt falkeyetatatsluding for example
the compound 4-[5-methyl-3-phenylisoxazol-4- yllbenzenesulfonamjde, also referred to herein as

valdecoxib, which FSERRERL&ale B SEBTEMBER Y805 WO 01742525 PEFIO806/32760 -3 (11l Still
other compounds repostedlte haye ] therapsutisall\f andioi geophylasticakyfesefalisalectiverein

cyclooxygena§e-2 é@igi&rg Ceé@%qrea%@sgffggg ?@%ﬁgsglio[rybpgg%ug&aggggs as reported in
udi

U.S. Patent No. 5,474,995 to Ducharme et al., including for example the compound 3-phenyl-4-[4-
(methylsulfonyl)phBRyRSKvIRPETZ lore3 afsbirbfarain- hetein B3 i8cd%d! which has the structure:

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:



H3C\ /O O H3C 0 U.S. Patent No. 5,981,576 to Belley et al. discloses a furtheg sgrEsE{/IBER 2005
(methylsulfonyl)phenyl furanones said to be useful as cyclooxygenase-2 inhibitors, including
3-(1-cycloprdi®Ai&tixy)-5,5 15 dimethyl-4-[4-(methylsulfonyl)phenyl]-5H-furd$-PASyE/3HEG0
3-(1-cyclopropylethoxy)-5,5-dimethyl-4-[4- (methylsulfonyl)phenyl]-5H-furan-2-one. European Patent
Application No. 0 863 134 discloses the compound 2-(3%-difluorophenyl)-3-[4 20
(methylsulfonyl)phenyl]-2-cyclopenten-l-one said to be useful as a cyclooxygenase-2 inhibitor. 8
SEPTEMBER 2005 WO 01/42222 PCT/UB80/3£760 International Publication No. WO 99/55380
discloses, inter alia, a compound having the ct' Cr (V) said to be useful as a cyclooxygenase-2

practical difficulties in formulating such compoundsyeroral admdinistration, 10 particularly where early
onset of therapeutic effect is desired or required. lllustrativ S
effective oral administration to a subject has hithertg tamplicated by the unique physical and

chemical 15 properties of celecoxib, particularly i solubilit and factors associated with its crystal
structure, including cohesiveness, low bulk dens

(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.



compressibility. Celecoxib is unusually insoluble in aqueous media. Unformuied reEomiéRi2006
readily 20 dissolved and dispersed for rapid absorption in the gastrointestinal tract when administered
orally, for e¥dMpl&2Zapsule form. In addition, unformulated celecoxib, whicRATAER¥#9448
morphology that tends to form long cohesive needles, typically fuses into a 25 monolithic mass upon
compression in a tableting die. Even when blended with4other substances, the celecoxib crystals tend
to separate from the other substances and agglomerate together during mixing of the composition 8
SEPTEMBER 2005 WO 42222 peme 30818276025 kesultivg i@ ndRArkfd8®ly blended
composition CO”‘QMQEP&Q@%‘@@Ml?égeéﬂ%ggaée%Qﬁﬁgﬁﬁ%iﬁaﬂ‘ﬁd&feﬁ‘e it gliffieultto prepare
a pharmaceutical composition containing celecoxib that has the desired 5 blend uniformity. Further,
handling problems are encountered dqqg@g\thgopreparation of pharmaceutical compositions
comprising celecoxib. For example, the low Bulk degsity of celecoxib makes it difficult to process the
small quantities required during formulatior&%f th :-/ armaceutical compositions. Accordingly, a
pq{'ation of suitable
, particularly orally deliverable
dose units. 15 More generally, a need exists for orally delivgrable fprmulations of cyclooxygenase-2
inhibitory drugs of low water solubility including celeegxib, stsh fofmulations possessing one or more
of the following characteristics relative to unformpilated ¢elecoxib or 20 other celecoxib compositions:
(1) improved solubility;

HsC N (V)

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



(2) shorter disintegration time; (3) shorter dissolution time; (4) decreased tablﬁtg%bﬁlgwgéé% 05
increased tablet hardness; (6) improved wettability; (7) improved compressibility; (8) improved Po

properties oMM@#283d particulate solid compositions; 30 (9) improved physicBE EtHBM236he finished
composition; (10) reduced tablet or capsule size; (11) improved blend uniformity; (12) improved dose
uniformity; 8 SEPTEMBER 2005 WO 01/42222 PCT/US60/32760 -6 (13) improved control of weight
variation during encapsulation and/or tableting; (14) increased granule density for wet granulated
compositions; 5 (15FRedGdaPwhterde§GReHBALREMEY gPdrftilafsh; caBPReHtEed wet granulation

time; and (17) Redusad giyina dmentes wet granklatedy Bixyease faltiber, dFerecpdeisanespecial
need for orally 10 ggllvergble formulatlon%iof r%1yclocoix genase-2 inhibitory drur%; of Iog.wa r solubility

including celecoxib; SUth -fofMulatibnd Préviding § rgr%%iopgﬁ%?%‘?thaergf)lé—"utlcacéﬁ% than the

corresponding unfovmpatettdrags oorkrmivnifogmatations-of theseadrugs.sTa e eeentthdt 15 rapid
onset of therageut@glegmt {Ichria@%glﬁ harrpggglgggt,ic parpmete ﬁ%Q%glgigﬂ@aximum blood

serum concentration of the drug (Cmax) and a short time from oral administration to reach such
maximum blood s&RFREBRESRFAIIGHI TR NReRE RPAT 85i&alHedaigrmaceutical

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;



20 orally deliverable formulations of cyclooxygenase-2 inhibitory drugs of low gvaiep $eliilitRipeising
celecoxib, such formulations providing a greater Cmax and/or an earlier Tmax than the corresponding
unformulate} ditigRB2known formulations of these drugs. 25 As is indicated RGEHIEIRO/reatment
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 latute #RBRIERS WHHRIRE Baly Pdlic e Haiir bi 8hEPRY RipFIMY is desired

or required. 8 SEPTEMBER 2QQR-WR 0142222 RGE/IL304/3R16Q 1/ §uch formulations would

represent a significant advance in the treatment of ¢ clogcx genase-2 mediated conl?d:[[%)ns nd
disorders. Cyclooxygenase- )lnlﬁﬁl‘?&@ad?ﬁéi § 5L thaf alsSt IR EBRIG I water

are most conveniently formulatechirosdlidiparticulate form. The individual or-primary particles of the

drug can dispgrsed in a ”Hi‘éq Sgéi%i{ge%s ng gysmqr} gﬁrénlélaggr} q\;é:@ngq%ﬁglqrgg%qgl_to form

secondary 10 particles or gran at can be encapsulated to provide a capsule dosage form, or
compressed or molded td pPoviBEeauasIdt Hesage RmhL NehProtid PRocedBEs are known and used in

the art for preparing drug(foymuiatiens davingyariganyipatigler 15 sizegHaadestred range, or having a
desired mean particle size, or having a particle size distribution characterized by a parameter such as
D9o, which is defined herein er&l&(ﬁglga?rsmeasure of diameter having a

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.



value such that 90% by volume of particles in the 20 formulation, in the Iongesédér@ } éh
. . . 9€3, F 005
particles, are smaller than that diameter. For practical purposes a determination o ased on
90% by wei¥? PAthE22than by volume is generally suitable. For consistency wRaTHdWiXfi¢ations, the
terms 25 "microparticle” and "nanopatrticle” are defined herein as in U.S. Patent No. 5,384,124 to
Courteille et al., to refer to particles having respectively-& 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 R@CB, 38armpul atd pRACIaN. (s ePRIReaa diSscldBh S&RNE principles”.

However, U.S. Patgaihlec 8, 148,684kto: Livgrsidae ebal. diselosesanepadicalate goapegitions said
to provide "unexpectedéy high bioav 'I?gility" of 35 drugs, particularly drugs having low solubility in a 8
SEPTEMBER 2005%W lﬁﬁﬂﬁ‘fzfﬁ% w00 0 liquid medium such as water. International
Publication No. WO 93/26¢80 provides pharrdadokingtic tiaty frdmig sat. studydndigating a higher

apparent rate pf absoratien, fom gral adminisiraiigy, of.a napepaticulate (auerage ppagiidle size

240-300 nm) than from oral administration of a microparticulate (particle size range 20-30 mm)
dispersion of napr&ea NikFErol¥ pFocEust’ $6CpreparftibhbPagitdisattieitefMpositfdt’ of
therapeutic agentsiai@i $8 &naWno Typieali iResp4reqesses Use maehaica) reeans, such as milling
or grinding, to redugce %artlcle ize toa alnané)igesrﬁs tg%rll 1 mérlng range, or uprecgltate nano-sized

. 1S rsed. 1 1 m 1 SPpelnslon
particles from solution. fiastrative process%s are™qiscioSed thenfoﬁowmgpm vidUal references: U.S.

15 Patent No. 4,828,683 i Vibtanto & Fisshekhabagecigd tied. tatdurio S5;:¢45@84vo Liversidge et

al., US. 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



Patent No. 5,298,262 to Na & Rajagopalan, U.S. Patent No. 5,302,401 to Liveﬁg%%%t'\ﬁ%#%@
Patent No. 5,336,507 to Na & Rajagopalan, U.S. Patent No. 5,340,564 20 to Illig arpotdatr, %5

Patent No. 3Y$u@/#822%0 Na & Rajagopalan, U.S. Patent No. 5,352,459 to HolRE{BIUEPOGR76).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 etal., U.S. Patent No. 5,503,723 to Ruddy & Eickhoff, U.S. Patent No. 5,534,270 to De
Castro, U.S. Patent 38! 15 536 G080 05iHal 28 al AU S PatdRIRE 5 550180 t8ubierddgest al., U.S.

Patent No. 5,560,984 .torfeickhofh 8@ eb ab\d-5i dRate piNe 660,932 10 Bagsbhetfaloh).&. :Ratent No.
5,565,188 to Won% al., U.S. Patent No. 5,569,448 to Won%et al.égl.gs. Pfat%gt No. %571,536 to
n .S. Pa

et
Eickhoff et al., U.S® PAtent N6 5543783 Fo DEIRAS £E8RETR" Rht RIBSBHR0EYY to Ruddy

0, tent
etal., U.S. 8 SEPTEMBER 2005:WQ 01422201ROTASSGO/82T80 20 Patent iwe 5(585:10& © Ruddy et

al, U.S. Patery o882 14319 Wongd . & PARIY V93,591 45649 Fransafs £ SBId; S Patent
No. 5,662,883 to Bagchi et al., U.S. Patent No. 5,665,331 to Bagchi et al., U.S. Patent 5 No.

5,718,919 to Ruddy® RIPEAEOBT Pt SPA7EL B WACEnEAREE al OntdtnBHignal
Publication No. W& 83254 96nIntarnatigriad-Batblication No. WO 96/24336, International Publication

No. 98/35666. 10 SUMMﬁRY OF THE INVENTION _ According to the present invention, a poorly water
. umero . ocesses oY ,preparat n o . .
soluble selective cyclooxygenaseyzgm%btory compound “such as cejlecoxm, deracoxib, valdecoxib or

rofecoxib provides:ammppaapid ontatef therapesiic effest b Ugdrersioel btminigeation ofe
compo&ﬂonqgmpggggﬁhe 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.



compound, the compound exhibits pharmacokinetic properties leading to a gr [
serum concentration (Cmax) and/or a shorter time following the administratiogaé)gr%j;%m%% %’6’59

maximum (Wsksdy4R2&8 20 contemplated that a greater Cmax and/or a shorter TaTaX®03230ained 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 th@-longest dimension of the particles. 25

without being bound by theory, it is believed that the greater Cmax and/or the shorter Tmax result
from faster dissolRfresttheontpor®d ieh partRiedslye Rt réducedtoTesPemt n¥g.-Accordingly,

there is now providedsa phaumaceiitigahd0 eprapositianeeemytsing oneioranere-oratly geliverable
dose units, each comprising a selective cyclooxygenase-2 _inhibitor comgound of low water solubility

ina therapeuticall§ RF amdunit, VIRErSIAthE Tompoliid’ iEpres8nEinLoitd pahicids having a DO
particle size 8 SERT.EEVIBER- 2005 WO O1/48223BCTASSERZ2HA0 i) aflahout 0501 raakeit 200

mm, a sufficient pqrtion by [ f the particles em’g maller thap 1 to_prqvide a substantially
higher Cmax agtlndlg\froa' s%bg\f‘ggnfcijglﬁfyg s%grt(%ﬁg r% x%y corr%ﬁ:a%%sbntgvvi%'a?%]co?ﬁgrvﬁéé similar
composition wheréin $4BstAfalfycalW bt dmaparticlesaske larfek giarat ranathdtels sotgenided a

pharmaceutical cogposiitong §0mPiisig ane-Mate erally deliyarable-dese wajts, yeach comprising a
selective cyclooxygenase-2 inhibitory 10 compound of low water solubility in a therapeutically effective

amount, wherein tH& £6hpdfind I HRISRAE PR PHRERSA VT YDor?f4rickeze of about 0.01

to about 200 mm, and wherein about 25% to 100% by weight

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



of the particles are smaller than 1 mm. 15 The dose units comprising the Comg%g@?é&(k?ﬁiﬁoﬁﬁ
form of discrete solid articles such as tablets, pills, hard or soft capsules, lozenges, sachets or
pastilles; alt®A&fiiA@R22he composition can be in the form of a substantially hot&dgeye&aZoflowable
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 -obireating a medical condition or disorder in a
subject where treatment with 25 a cyclooxygenase-2 inhibitor is indicated, comprising orally
administering one ®f nfdredose uhits P aaééhhbog,i%nr@?‘th@in%ﬁﬁéﬁéﬁ@é oPRY¥iEd @MUY Such a

method is particulgrly;ygefulayhenedhg smedieale sonrdiion; osglisonder is ageoMpanieddHy acute pain.
30 The present invention(%lso embodies a nogei‘ll solid sftg;lte f§rm of cglfcoxib, Form | celecoxib. The
present invention Firthet SmBofiEShBMer 2id statd it SFee®RE%iBE F8rm Il celecoxib. Each of

these novel solid statestang includess3uivated CRystalliye formss 35 ponwoMatethand non-hydrated
crystalline fors. %@ﬁé’?ﬂé%%i%@%}é’% Ohgte22e Rl RA0L327 60, 1, Lhasenave! 295 fns of

celecoxib described in the present application |Eossess one or more of the above- describe
advantageous chePfich P HGIRS FropertrsdeMktirE a8 the 8Mer solid state forms 5 described

herein or otherwise disclosed:ie the ligredurer Aneties embngiprpai-ehibe puasemipentionon
comprises a novel crystalline form of celecoxib. For 1 E)}(f&g@%i one ebnibod'ment of thgspresent

. . . CO rigsin one r more ora vera e ose url
invention includes a %rm% cr)?staﬁ}ne?orm of CelBESK ; !
each comprising a 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.



preferably a crystalline form having an X-ray powder diffraction pattern with pgaj¢srat S\pgER, 268sand
16.6 degrees two theta. 15 In another embodiment, the present invention provides a pharmaceutical
compositiont@Mint8ig a therapeutically-effective amount of the Form | crysR{ITHESRYB376P 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 effdctive 2GR bf FOHRS| BdleESXIE PPyt aNBEEF BRfisbdiMehti®he present invention

provides a methodefpreparingH0HB 4 Eelacoxibs semprising Gystalizagselegoxitsorea mixture 30

comprising celecoggsand.%ts%vegt, Whterein otﬂg ((::rli(strﬁlyicza&ior(_l1 1'15 pec)r]@ornileds%t a tlemperature above
the enantiotropic trAnSton 16 p%ré’fﬁ?e SPEGTY | CeTétoxib theré]t{y pro%ugingqiaorm | celecoxib. In still

another embodimeartotherpresent35liaveNtortprovive s hethebofigrepastg aferystalline 8
SEPTEMBERs200380, 0144222 PGHUSPORA{6P,;1 2 dowm of eelecaxibyvhatein the method

comprises heating_a solvate of celecoxib thereby producing Form | celecoxib. In another

embodiment, the plré§€ﬁ"15}ﬁ\‘ﬂé?ﬁion 5 provides a method of producing Form | celecoxib wherein the

method comprises milling or grinding Form 11l celecoxib thereby producing Form | celecoxib. In yet
another embodiment, theApr)lrgﬁ%netrimé?n tic?giment of the present 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



provides a method of producing Form | celecoxib 10 wherein the method comprisee i NNgt Phosing
a celecoxib solvate thereby producing Form | celecoxib. In another embodiment, the present
invention prxXfidsa2idethod of producing Form | celecoxib wherein the meth®§ EAHREe0melting
Form Il celecoxib 15 and cooling the melt thereby producing Form | celecoxib. In another
embodiment, the present invention provides a method 92producing Form | celecoxib wherein the
method comprises melting Form Il 20 celecoxib and cooling the melt thereby producing Form |

celecoxib. In anotHe EMIRFdimehERE prosBRe HRERtISH piovesd Mol G&iRgTFOm |

celecoxib whereingthgdnethed comprises @yRppratingrsobient #e8m 83 aocatesexily solution thereby
producing Form | celecoxib. Another embodiment of the present invention comprises a novel

crystalline form of G&G6RBEor example, one embodiment of the present invention 30 includes a
Form Il crystalline form oflcelecoxilne prefeiabiii aenstallihe formelsanng anvéerdyipowder diffraction

pattern with apeaﬁggg@%sm&n&ggé 1%7&&5%%39%0 theta, Another.emboediment of the present
invention 35 provides a pharmaceutical composition comprising a 8 SEPTEMBER 2005 WO 01/42222

PCT/US00/32760 YIS tRtapditR al\zEhectiveCambhSest tié th/RaIife Bk e d5pthe
pharmaceutically-acceptable ca%iey, adjivaptopdibant. iArotherambodimeni et e present invention

5[NOWdesawnemOdOf”%%myégrggggﬂg¥ggmbodiment, the present invention
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



cyclooxygenase-2-mediated condition or disorder in a subject, the method c ggxpg®@§iﬁi§t&5glg to
the subject a therapeutically-effective amount of Form Il celecoxib. 10 Yet another embodiment of the
present inveMfidH/4323%ides a method of preparing Form Il celecoxib comprisi®§ BRS8NI 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 Il celecoxib thereby producing
Form Il celecoxib. Yet another embodiment of the present invention provides a method of preparing a

crystalline form of CRfcRRRINAERI HeehERTIdL o pSEE e thgtd 20 SBKATE b d&iEcoxib thereby
producing Form Il £elecoxib. Anotkerambedimens ehtheqreseatlinyentionepeaides a method of
producing Form Il celecaxib Wh§rein thetmeth%i (iompl@ses milling or grinding Form 25 Il celecoxib
thereby producing Form 1P Eele@6XiBY Ahotliér embodiment of the present invention provides a
method of producing Fornbtelecoximbekemintheafietiiod conesises mitirepdrignnding a celecoxib

solvate thereby pr IngEQrm ILcalecoxik, S0 Stk anether,embpdipent;qf ghe present invention

provides a method of producing Form Il celecoxib wherein the method comprises melting Form |

celecoxib and codfif§ HROTHERRERshyPBBHRG FOrmOMEdibtsRinos SEFREMBER 2065 WO
01/42222 PCT/USERIB2460 ;14 1Yet maethed esthgsihenhef thammasert dnsamdionoprevigdes a method

ofmodumngFonnéL%%%%?q%\g %ngeutically—effective amount of Form II

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.



the method comprises melting Form IlI celecoxib and 5 cooling the melt theregsgérlgﬁiw%é:r\p dé
celecoxib. Another embodiment of the present invention provides a solid form of Celecoxi corgg 15ing

Form | cele®skid/a3¥d@2=orm |l celecoxib. Another embodiment of the present iR¢ENISN/3Wgftovides a
solid form of celecoxib comprising Form | celecoxib and Form Il celecoxib. Another embodiment of
the present invention provides a solid form of celecoxibldemprising Form Il celecoxib and Form 11|
celecoxib. 15 Another embodiment of the present invention provides a solid form of celecoxib
comprising Form | celecd’@, FotAtites|cBRibd aR8Formibl 1 Tdife doxis Sithe k- RGBS O this

invention will be ingpast; a@parent madro Qag mabried st hereiaaiter: 20 BRIEEIRESCRIPTION OF

THE DRAWINGS sz ér1_ d.erl?icts a comparison of experimental PXRD patterns between Form |
celecoxib (Figure Ia;?a FiXture of Form Il celecoxcib and Form Il celecoxib 25 (Figure Ib), and Form

Il celecoxib (Figurelie). rikighdepiviea tonmansoh betwEenthel R spettea ok Formridelecoxib, a
mixture of Forn 1l celacoxciband Farm IIL feleegyibyaad Foimd!! Feslecordd. 30 Bigo 3 depicts a

comparison of DSC thermograms scanned at 0.5C/minute for individual celecoxib Forms with overlay

(endotherms down). DESERIPHONSIPTHEPREFERRED BPHRRSOIMERTSH $EPTEMBER 2005
WO 01/42222 PCHUSHOARE 6 -d51The tesmn selective eyelraxygenase Zsinhpitesrar fselective

cyclooxygenase-2 Infylgitory ompoungd  DErEY el ecoxib.

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



means a compound that inhibits cyclooxygenase-2 to a therapeutically usefulgiggREEMBE RAR2CUH)
markedly 5 less inhibition of cyclooxygenase-1 than conventional nonsteroidal anti-inflammatory drugs
(NSAIDs). WO td/#a23300rly water soluble" or "of low water solubility" with resBEd{¥804/8¥lettive
cyclooxygenase-2 inhibitor herein means having a solubility in distilled 10 water at 25C lower than
about 10 g/l, preferably lower than about 1 g/l. 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 Tithetasith"slche Subjeet, WistRerdideaaRe -dgdritiorRbhfjosition is

swallowed. Thus "okl 1adnainistration’ inslugesrhucsaband, sulplingyal as wiell cas @sophagenh
administration. Absorption of the agent can occur i alrj% é)art or parts of the gas'::?intestinal 20 tract
B gTRT DR AGG > HEG A CISHORRE Tt "Rl deliverable"

including the mouth;
herein means suitafle rfap eval acklidigtraterfvA "sidygecteheteil o whichianthenapéueitlagent or 25

composition thereqfan he, adminisisred ipckisies s human atient of githes sex.and of.any age, and

also includes any nonhuman animal, particularly a domestic or companion animal, illustratively a cat,
dog or horse. TheP@Rft85se dait" BereiriehASBSOasY of & 18F phiiFAd&stical composition that

contains an amount of a theeapastia agesbnIhepraseNt 6asaHa selegtive gy cleaxygarase-2 inhibitor,
suitable for a single oyal administration to provide a therapeutic effect. Typically one dose unit, or a
! bhos s s

> BER 5605 WS Wila252 7P ETATSI01%57 oxygenase-:

small plurality (up fo
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



about 4) of dose units, provides a sufficient amount of the agent to result in thg desied aBess Jhes
term "present in solid particles" as applied to a selective cyclooxygenase-2 inhibitory compound
herein 5 enddh#pad3¥: compositions wherein the solid particles consist esserffalWW8fohe’e¢dmpound
and compositions where the solid particles comprise the compound in intimate mixture with one or
more other ingredients. These other ingredients can ineléde one or more 10 therapeutic agents other
than the selective cyclooxygenase-2 inhibitory compound and/or one or more pharmaceutically
acceptable excipiehRSThekermfeEprRn1HerEin MEANL 8RY stbstahéd c hehitsee tidrapéutic

agent, used as a caHierLyddbrvatucle dendalivery efirtharapewtc agandde a subject or added to a
pharmaceutical composition to imrﬁrov“e its hanglinc?gor stprage proper |es gr tospermitlor facilitate
formation of a dose unit of te E5HBoskibA SiRtb a Hiscrete Articld'suth 585 c&5suie Br tablet 20

St_JitabIe fo_r (_)ral admiaisﬂ_rati@ri.@x&tpﬁehtsooargmm; Dyiwdani bfiilostyatmrmasdingt eitation,
diluents, disintegrants. Hinding agentsna0hesiy 8 WeHing-agenfdubtiganis Lidants, sybstances

added to mask or counteract a disagreeable taste or odor, 25 flavors, dyes, fragrances, and
substances added38™FibvE appRarsmte bl e ESRPESHBARITRe fith '<oBBRMtiahMPREMogeneous”

with reference to gpbaenacrutical cempasitiar that conisises sevaeal ceamprenents means that the
components are sufficientlyé 30 mixed such th%} individual comgon%nts are not grgsen%as discrete
timate oth 1ern

L1110 1IMa ixture 1 one mor er. ngr .
layers and do not form concentration grad?’enrts within e COMpoSItion. The term puri f means the

chemical purity of Tetsoxittacoordingtedbavdrttioran HPLC asksayo3s The eenephase purity”
meanSthesqwjg@E%rapeutic 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. Excipients 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



8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 _17_ purity of celecoxi%\giﬁbnﬁ%mgé%am%
particular crystalline or amorphous form of the celecoxib as determined by the infrared spectroscopy
analytical nYeéhtdascribed herein. 5 The term "enantiotropic transition temBERAHHW/ Rilns the
temperature at which a thermodynamically stable polymorph changes from one form to another. For
example, for two polymorphs, Form A and Form B, below-the enantiotropic transition temperature,
Form A may be 10 the thermodynamically stable form, but above this temperature Form B may be the
thermodynamicallypstable? 6. MhRF phakn¥dedtichPEshFosiforfs RecrdirgtBthe present

invention comprise-e/e oh Mbia erally Emdeliasakletnse unfts chach dose sRitisoawrises a selective
cyclooxygenase-2 'r&it{gitor illuatnl%t\i%/e%ecel%chib it&a therageuticall efgerg:gxe amo tthat is

preferably about 10 mg to" %Béau 0mg. I]twﬁ%geund%%?god? fHar 3 erapeL&/icéLlfya 0 effective

amount of a selectivetdyrftbxggerasd2dinhésitetfor a subject is dependent inter alia on the body
weight of the subject. Wh@fpeth@ec%.;lo%ggﬁggg%go'%g@@i@f&gq%q%b aoglthe subjpct 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™FRIE 1686 niERRRER OG5 0t eBidsi: sérubt EoRee AR fedonsistent with
therapeutic effectiveagdss \Whaargntbesbigtiisyar adubhiusies da-darge aniwehee:g., afwrse),
achie\_/e_ment of sggh ak{)llno@ 30 serum %onc%ritratign&%f ,ceLeggIgbAargrlligey 19 I{Ieggir%edlog% units
containing a relatlve}fy gPea?ér amount ot Beletoxib,
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



Typical dose units in a composition of the invention contain about 10, 20, 25, %7 E@@%éﬁ%éé
125, 150, 175, 200, 250, 300, 350 or 400 mg of the 8 SEPTEMBER 2005 WO f

PCT/US00/39q 804#2Poxygenase-2 inhibitor, illustratively celecoxib. For an RMHMBTOR
therapeutically effective amount of celecoxib per dose unit in a composition of the present invention is
typically about 50 mg to about 400 5 mg. Especially prefefrred amounts of celecoxib per dose unit are
about 100 mg to about 200 mg, for example about 100 mg or about 200 mg. Compositions of the
present invention COfEAAUESRIEAGE TYCloBRYJeha’E-2 ihhididF HifttstizRivElyCro- €818%dRab, alone or in

intimate mixture witly 8Ng9r AR e EXCIRIGALS, N RareRastcWatesfoTm, ke £ drthevermmelsalid particles
of diameter less than 1 in theblongest dimension of.theaparticles. qu:e effec(gsf ogkpgarmacokinetic

.

properties of 15 réducig P TERSsiPS frofrthe mMistdparicit rangE AGteatSFthah 1M diameter) to
the nanoparticle rmesmmwwmdmmmm}m@b@latdmg o9 clagsabauigst Mecording
to the presentgdnveption, for selactive.cyslooxygenasesg hikitors pf low wateri30 slvbilys e

nanoparticulate compositions exhibit higher Cmax and/or shorter Tmax than microparticulate
compositions. In oH& EcimeRestthé (vatdioh© thER¥Sre2 fHe BsicehRbeBiARBIGRt BPMeharticles
that are nanoparticlesissgpflicieatseyropide andb substantially higher Cmax and/or a substantially

shorter Tmax by compar'gon withl% com ar%tiv&comgr)osition wherein substantia,lcl¥ {;\IIII of the particles

are larger than 1 mm. PrefDeIPgtc)’lf/ a (::Loorﬁposc? ion of this Sr%%%ain%élrﬁ%%tslao Sufficien percaéntage by

weight of nanopartictés -3¢ erowde acabsrmiaky Shoméritrmarrand mbve preferiabdly
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.



a sufficient percentage by weight of nanoparticles to provide both a substantigllg bRIhe VERRXDTS a
substantially shorter Tmax, than the comparative composition. 8 SEPTEMBER 2005 WO 01/42222
PCT/US00/39Q9 804232V hen administered orally to a fasting adult human, a 1B0FPHBEE it
preferably exhibits a Tmax of less than about 90 minutes, more preferably less than about 60 minutes
and preferably less than about 45 minutes, 5 and a Cma®-of at least about 100 ng/ml, more preferably

at least about 200 ng/ml. Typically a composition of the invention provides a blood serum
concentration of the seletfiF& cFIBdRgehase? iRkMitdY ofQ [BadteabdRSFAYHAN VAR BO minutes

of oral administratian;L 90 piefered £onOSItiENs Behigye,suckia Barceniration in fasllébde as 15
minutes. This early rise in blood serum . concentration is believed e associated with,.the  rapid
onset of therapeutt Sioct By el B CmEBS e et B LBt LB anBe
embodiment of thebifiventior, ¢ise sgefeative bytbkygdresse- 2 atibiedrolitstéativelyneeoxib, is

present in soligl pagiigles;having 3:D9Q pasticle sizsRfiabou OR/imabaut 200 whexgip about
25% to 100% by weight of the particles are 20 nanoparticles. Where the percentage by weight of
nanoparticles is reftivé§Aask, fRr¥xantid aBguf¥sv toVRIGH 596 SorefirREI5 e B0 farticle size

is about 0.01 to akeid 1QOv@Ent ivoredpreferdely aboul 041 e ahauicénmen st tiene preferably
about 0.01 to abOLg 25 40 mm, and even oregreferab{ley Qbou 0.01 10 abo%t 2@ . Particle size
(e]e) - 1nhipitor of a eastC

. }ile se ecEt:Lve CycC gen%s .
can vary continuously across hé nanaparticu and microparticulate range, or the composition can

have a bimodal or #rftiodfl partisle 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



size distribution, with one set of particles having a 30 D90 particle size less thgrsEPTEMBERQDES set
of particles having a D90 particle size substantially greater than 1 mm. It is generally preferred that at
least about B H2¥Right, and especially preferred that at least about 75% ROAAI§HY3dTdhe particles
are 35 nanoparticles. In one embodiment substantially all of 8 SEPTEMBER 2005 WO 01/42222
PCT/US00/32760 -20 the particles are smaller than 1 meg; i.e., the percentage by weight of
nanoparticles is 100% or close to 100%. Primary particles, generated for example by 5 milling or
grinding, or by prekipfaRe rdmlssiubere e8F Adgmnidiate tb MM séeéhdaryRRygregate particles.

The term "particle sizec a5 tisgd hependefrs (@ sizgarid hialongesidimensons ob pricnagsparticles,
unless the context de gs otherwise. 10 Considering only the nanoparticulate component of a
composition of thetiﬁvgjrﬁ(%ﬁ; average particle size is preferably about 0.1 to about 0.8 mm (about 100
to about 800 nm), more preferabbrabad Ol iccaboghe narh e@bbat 18& aampbeutd00 nm), and

preferably abqut 0 10,15,3001 Q4 fp(abouL 2000 bl AIDAIE) JNSRIFEEL et o

cyclooxygenase-2 inhibitor, illustratively celecoxib, can be in crystalline or amorphous form in the
nanoparticles. Pro€88séxJoi presieding riehopafiti e eendavaive 4amifg dF griRamnbiypieslly provide

the 20 drug in crystaline &anm, whereas peocesses thal invobée secipitationrisen sedutiontypically
provide the drug |£| am?%rgh us form. ngm%osi_tj%ns of tge ir}‘ﬂ%'tif-’n co‘_;rlnx[}(rlscelae Sselecti\ﬂ[(?e < _
cyclooxygenase-27in ibitST of 8% SFate $Biubifity” for 35 dxanipie €efetoxibCoptionally 16§&ther with
one or more the context demands 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



excipients selected from diluents, disintegrants, binding agents, wetting agentg &b RiFBERIS- JoEEe
embodiment, nanoparticles comprising the selective cyclooxygenase-2 inhibitor have a
surface-mod¥QiA43@23gent adsorbed on the surface thereof. In another embdWik{ERORAHEparticles 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-wietting agent. 35 Such a water-soluble diluent
or wetting agent assists in 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -21 the dispersion
and dissolution of tHeec\Ridoxggerase-2nRhibinF MhehiLBombosiien 6F PRI B Mg ested.

Preferably both a watetisoluble diluant andanvalting agestrareHiesenten A epmpasition of the
invention can be a. substantially homogeneous flowable mass such articulate or granular solid
or a liquid, or it cariL’Bgei’ﬁttﬁga fornt Bfaé%?fé?ij r c?é%]sﬁcﬁﬂgst 8§§ssu(?§éla8f?aélcéﬂsu§§lc%g@élr%pﬁsing a
single dose unit. 1941t aicompasition thaeisar sabstantially homogeneous flowable mass, single dose
units are meagsurably rergovca&{lig ing a4 suitaple yalumetric ;measuyring gevice such as a spoon or

cup. Suitable flowable masses ihclude, but are not limited to, powders 15 and granules. Alternatively,

the flowable mass TaRbea stabéisiBATRIFREPeTYELIGS P2 MRt iRR 2olid particulate
phase dispersed inpadiguichiahase, qreterably BragueoLs phase. At lgasha pertionofdhs particulate

phase is nanoparticulat%. In gre arin%%ich 20 2 susgensign, use ofha wetting a %nt sucg as
polysorbate 80 or the ikEis ?é%@ o'be BENSfical. A& s%lsﬁeﬁsﬁorslugan 6& p(r:ea?j%re %f/ (fl’spersing

nanoparticulate ortablets 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



partially nanoparticulate cyclooxygenase-2 inhibitor in the liquid phase; alterngtieprtBRIBER 2005
cyclooxygenase-2 25 inhibitor, illustratively celecoxib, can be precipitated from solution in a solvent
such as an N€oht22@82eferably ethanol. The aqueous phase preferably compR§dsUa9aidtehle 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 razige of disorders mediated by
cyclooxygenase-2. Presently contemplated compositions are useful for, but not limited to, the
treatment of inflanrearcines sulsjact, 35 aararpartalgEsie focexamplben HreaEaERdntdf pain and 8

SEPTEMBER 200540,01/42222 BGHES00/32760 2 Jinadaches, andas anAntipyestic in the

treatment of fever. For example, such compositions are useful_to treat arthritic disorders, including
but not limited to rHEGRatGH S Cs ORI iFopathies gaas FHthmR: obidbhifrtis Systemic
lupus erythematostiseanth jttvedila atthitis iSuchsgoynggsitenscareoaiaa hisesul ig sl treatment of
asthma, bronchitis nstrual cramps, preterm.labar, tendanitis, bursitis, all -‘Eh% iEig
cytomegalovig;s in (Iag(}:%\lfqull1l:J égdptgssi%%%)alﬁc'%aﬁ]%ﬁl\/-ﬁ]n%%ogégl éé)o%?é‘?s%lé? Iugr%%)ago%er ai%gase
including hepatitis 2skin-yetaemidehditfonsrsuchsas  pSbaHsiS cBIeMid Lene, WF8ambge, burns and

dermatitis, and posfzQpaiative,inflammation-ineldings thal fakiowing pphiiamicssurgenswsh-as
cataract 15 surgery or refractive surgery. Contemplated compositions are yseful to treat,

gastrointestinal cOHcES stheERalARabry BERETedase: CrafTs tiSeads. HREFIS, imitable
bowel syndrome andumiceirat,ive:y@ﬁbe@@h&rﬂmjamdiarﬂapms'mdns_/areapoptos is

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,



20 useful in treating inflammation in such diseases as migraine headaches, pgrgttefitf LIRS 05
thyroiditis, aplastic anemia, Hodgkin's disease, sclerodoma, rheumatic fever, type | diabetes,
neuromusc¥? MAH@8dh disease including myasthenia gravis, white matter 25RGIEESW/RERIding
multiple sclerosis, sarcoidosis, nephrotic syndrome, Behcet's syndrome, polymyaositis, gingivitis,
nephritis, hypersensitivity, swelling occurring after injur2including brain edema, myocardial ischemia,
and the like. Contemplated compositions are 30 useful in the treatment of ophthalmic diseases, such
as retinitis, conjurfRditis *rARBFathRsto TREHS oBHER pRdtdptdbiR SRETF AL ifijur to the eye
tissue. Contemplatestearppesiians. arequsefenip the: dreatmepb af pulsyanasynflagwiationt sych as
that 35 associated, with \éir%l infec}ilgnso %ng: g)ﬁtg&frilbrgsig 18a§EPTEMBER 2005 WO 01/42222

atme

PCT/US00/32760 -25 and ity bone resorption stch ‘as ﬁwa\f assotigted With S&%%oer%rosis.
Contemplated contbositiolerare usefll fars trrotrédipsant @¢mertairecentrad hedong system disorders,

such as corticgl demenfiasacluding3 Alzheimers disgase.nawedegeneration, andicentral nervous

system damage resulting from stroke, ischemia and trauma. The term “treatment" in the present
“context includes FFFYV+ Ty MHIHiGRBPIEMERTYS. SHRRIIIPRIZABITES didE5SE VAaRcular
dementia, 10 multeinéaret-deimeantia, Tie-sesite, demesdiamalcoholic: demensiae aad seaite, despentia.

Compositions of thfn nyention are %apa%l%ly s(()agullas:,L Ialtpltl-lnlfléstlng)mato y <$1gltl=f,\lntsts.uch as for the

treatment of arthritis, with Te Rdditional benefit 0 aving ?Lg S|gnnrllcaon ly 658 hiarmrul side effects than
including Alzheimer’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,



compositions of conventional nonsteroidal anti- inflammatory drugs (NSAIDs).gCongerpRlaies®k 2005
compositions are useful in the treatment of allergic rhinitis, respiratory distress 20 syndrome,
endotoxin sM§2R¥4AdPome, and liver disease. Contemplated compositions ard(3&f§P¥32fAed treatment
of pain, including but not limited to postoperative pain, dental pain, muscular pain, and pain resulting
from cancer. 25 Contemplated compositions are usefultder, but not limited to, treating and preventing
inflammation-related cardiovascular disorders in a subject. Such compositions are useful for

treatment and prevErtidph ofngareathr didckapaasdonanpaderyHidcasea haobryafs aphrisedlar

rejection, arterioscleresis sathgiesciergsiscingluding cardiacisarsplant pihergselerasig; myocardial
infarction, embolism, stroke, thrombosis includingﬁve ous thrombosis, angina including unstable

angina, coronary pRGUE A MAECRBRAEETATATU fhfiahndatfofr including
Chlamydia-induced énflasamatiar, Za SEST BEMBE RROESWI 61142228 REIFUSOA32E60 29 viral

induced infla@mat@peggdéﬂfg%’gmgﬂgn agﬁg%ig@grg&@&wgicg&prggﬁ%geﬁwgg§§evascular grafting
, I Oy .

including coronary artery bypass surgery, revascularization procedures mcluding angioplasty, 5 stent
placement, endartBReRERARIFOREVAVHINE FroEeddres inviViRg areReS aRsind akd apillaries.

Such compositiongsgenuseiios iUt et limited dg.e thg treatmentof angiogengsisgalated disorders in
a subject. Compositions of the invention can be 10 administered toga]t S I
i

.bé'ect n need of angiogenesis
inhibition. Such cofposhtiond dPeseflt fH& FERRTE of R 8&‘3 hc?lfd%r% thetist3sis;

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



ophthalmological conditions such as corneal graft rejection, ocular neovasculagig@ppERﬁg@ o5
neovascularization including neovascularization following injury or infection, diabetic retinopathy,
macular ded¥RdAtP3A2 retrolental fibroplasia and neovascular glaucoma; ulceP&INVESIEENSEs such as
gastric ulcer; pathological, but non-malignant, 20 conditions such as hemangiomas, including infantile
hemangiomas, angiofiboroma of the nasopharynx and awascular necrosis of bone; and disorders of the
female reproductive system such as endometriosis. Contemplated compositions are useful for the 25
prevention or treatAfdpebf bavign arrnnalighdamatinfémebplribtinelliding ckks, such as

colorectal cancer, f#2iB ARS8k bone qanes. entibshialacalkderivad peaplasiadgpitheliak srginoma)
such as basal cell carcinoma, adengcarcinoma, gastrointestinal 30 cancer such as lip cancer, mouth

cancer, esophage&cditer ISR boRRI Bafcer AnHERBHALR CahiCePBoRAT EAREEr2f/ef cancer,

bladder cancer, pansteaslcancer,gagaycances cendtalcancet; Jumihearaet,” Breasbsiangersgnd skin
cancer, such ass Qus c%l nd b aI§ cell cancers, praostate cancer, renal cell carcinoma, and 8
SEPTEMBER 2005 WO TA05T POTIORRH TR0 56 b o REACS Riat SHALY epitholi

cells throughout tif@BEGY NévpRasias foraRRiER EompRsibAs lofahaGeventibinge ¢oh®iplated to be

particularly usefuliare gastreigipstinabercer: Bakgits £30pkagus, SdivesGaneris blagdder gancer,
pancreas cancetr, (%\j/%ary cancer, prostate cancer, cervical ¢ancer, Iung cancer, breast cancer and skin

cancer, such as s SEtarfPBa8EPcell CONERPS CIMBSsiBdns BRthENGEtoA &P Riso be

used to treat the fierbsts Whichoedutsowitlireat 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



10 radiation therapy. Such compositions can be used to treat subjects having @&ERPTEMBE RGPS,
including those with familial adenomatous polyposis (FAP). Additionally, such compositions can be
used to preVERIVBERES from forming in patients at risk of FAP. 15 CompositioR€ B/ édent
invention possess anti- inflammatory, antipyretic and analgesic properties similar or superior to those
of compositions of conventional nonsteroidal anti-inflarre$atory drugs. Contemplated compositions
also inhibit hormone-induced 20 uterine contractions and have potential anti-cancer effects, but with a
diminished ability t6Rdudel Stfie Bk Fehaniehmrsed sfdefects BRESHRhtional NSAIDs. In
particular, composiioss ©of shefvention hava reducedpotential forgastointastinal todety and 25
gastrointestinal irritation includé%g up]ger %astrointe%t[inal ceration agd bleedinlgﬂrleduced potential
for renal side effects NIt aS PediictivRn FaR&! fIRCHGH adRiH AUy FAIERTE 3R exacerbation of
hypertension, reduceddifeteon bieethirg B@ tinastadndingnidhibitioniofplateied furtction, and possibly

a lessened ability todnduge,asthma attacksin aspirin;sensitive agthmatic subjats, by camgparison with

compositions of conventional NSAIDs. Contemplated compositions are usetul for the relief 35 of pain,
fever and inflamm&iorFaiid V&rietd 4 BrSERFENB ER D055 MRS BT 2200 BEPRISEAZ#650 26

conditions includinggheumadc severl smpigms assgaiatetyithinfluenia or bther yirabingections,
common cold, low back and neck i, dysmenarthea, headaghe togthache sprains and strains,
myositis, 5 neuralgia, synovitis, Sk ritis, n‘?clu&fng%heumat%ld arthris, E)egeneréjtlve joint diseases
(osteoarthritis), addition, contemplated compositions inhibit cellular
10 neoplastic 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



gout and ankylosing spondylitis, bursitis, burns, and injuries following surgical grggteria) Brogesitiss-
In addition, contemplated compositions inhibit cellular 10 neoplastic transformations and metastatic
tumor growtlY B ce can be used in the treatment of cancer, such as carREVEPIABAG6ON.
Contemplated compositions are also of use in the treatment and/or prevention of cyclooxygenase
mediated proliferative disorders such as 15 may occur id7diabetic retinopathy and tumor
angiogenesis. Contemplated compositions inhibit prostanoid- induced smooth muscle contraction by
preventing the syfR¥BSRIR eBRfAGHE PRdtanSBRAd el e VanB 612 LSETH T treatment of
dysmenorrhea, preypatiredabor k agtiena and €asimppbit-relateshaisergess phtieyralse can be of use in
the treatment of Alszﬂgimerr's diseaseﬁ for gecrteggi%n bor}letlggs garticulag!g in po trggn pausal

women (i.e., treatment of o%té)orpo?gséf%na for reafment of g?éluc%rrlna. ‘By virtue of their high
cyclooxygenase-24€6¢2p tinlibitory dutivitpaneior iledir sppacificity forf ishibiionxaf ggcleerydgenase-2
over cyclooxygenasgerl {CQX-1).;conacaitions-0fthe invention e ussiuh agane30 alierpative to
conventional NSAIDs, particularly where such NSAIDs are contraindicated, for example in patients
with peptic uIcers,%%étriti%??egicﬁ%i efletitiel Ucerdtide cOMR, dReRTEURHS OFWRh HrdEHEnt history
of gastrointestinal lesiensa gastreintastivali Iz bleedsly, coagwation disesders indading anemia such
as 8 SEPTEMBER 2005 ¥V091/4262£2 PC'SI'/l%%Q:O@%EGO -27 hg%oeourgtiwcrorfbinemia hnggQilia or

other bleeding problems; ﬁanee)}:alsealslg;eor in patients &%a}%n surgery o pacf%ﬁ}t)sof%kmg

anticoagulants. A bifefthe present 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



description of the potential utility of cyclooxygenase-2 5 inhibitors is given in ag %r'%g?ﬁ@%%? é/(?dga
Nature, Vol. 367, pp. 215-216, 1994, and in an article in Drug News and Perspeciives, VoI. 7, pp.

501-512, 1999 B+ ed uses for the pharmaceutical compositions of the pré$ekV0&afigh are for
the treatment of 10 rheumatoid arthritis and osteoarthritis, for pain management generally (particularly
post-oral surgery pain, post-general surgery pain, post-&¥thopedic surgery pain, and acute flares of
osteoarthritis), the treatment of Alzheimer's disease, and colon cancer 15 chemogrevention. By virtue

of the rapid onset SPRERSREARRHect RXARSIEIHY S pSSHRIPSHR. inferflidhSthese compositions
have particular adyartagesiever priarr aimutations 0f Cyelopxygenase-Dinbii®ry, campeands 20 for

treatment of acute cggl{ggxx%enas%eﬁ ﬂediﬁ]tgg_giso(r;dﬁ_ri,ﬁfec@yg r6t51’e rﬂiﬁfo%é)f‘i,n' The present
compositions can B Us&8 M Combiriation erapiés with opioids and othér'analgesics, including
narcotic analgesicMuadodptopartagpaistsiKappalzi-edeptor amayohists cnemharsotic Si.e.

non-addictive); analgesigs.fHonafpne yptakgphibifors,adenosine Jggulating ggeats, cannabinoid
derivatives, Substance P _antagonists, neurokinin-1 receptor antagonists and sodium channel

blockers, among others. Pref@#&d 48 donisiR&forlthePaftle®edmpride Hee BFAmPdsifon of the
invention with compeands selesiecskom marpiia; omepesdinexaagaiae qeardazoaing, bigrenorphine,

butorphanol, dezogine, m tatzi I gydrocodone X codon%, rgg_trheagogg DuP-747, Dynorphine A,
Enadoline, 35 RP-%81§& ﬁﬁ%go% Eéfﬁfélﬂeﬂi%f;@%ce aminophen %%"I?B‘I:EI\/%%R 2005 WO
01/42222 PCT/US@O1B76et - ion used to achieve 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



(paracetamol), propoxyphene, nalbuphine, E-4018, filenadol, mirfentanil, amitgptyi IR/%D
GP-531, acadesine, AKI-1, AKI-2, GP-1683, GP-3269, 4030W92, tramadol ragc%%EiEan IFS%%?&?H)

and (-) enaOAEIS2R AXC-3742, SNX-111, ADL2-1294, CT-3, and CP-99992 CA/HS/¥U3ATHP containing
a particular amount of a cyclooxygenase-2 inhibitor, for example celecoxib, can be selected to
accommodate any desired frequency of administration-g&ed to achieve a desired daily dosage. 10

The daily dosage and frequency of administration, and therefore the selection of appropriate dose
unit, depends on &afEYHT f&ctbrs, HEIEnG BE aye 1 Wefght2sek &vd medR fondition of the

subject, and the ngitue arghseyesoRfdhe conditionasslisorden 31mgnotghusodaywaiywidely. In the
case of celecoxib, a once-a-day or twice-a- day_adminjstration regimen to provide the required daily
dosage of celecoxi‘%ogxheif){i?sf“ﬁipero@g& Eﬁc%cg ?elgﬁ\/ré(g{o%%ﬂwg r a%aen%iﬁ%ﬁatiér? rggelrrﬁ%%%?ﬁaf
compositions of 2Gtherueseattinventsn. Advordisglprenteta-day orrmees-aiday ol aimministration
of a compositign of the. ivegton is-preferkad fprayguiding theraneutically.are peophiflactically gffective
inhibition of cyclooxygenase- 2 mediated disorders. 25 For the treatment of rheumatoid arthritis,
compositions of thé fWerfioRanrusktito provitRrraRialy WRageE of ¥eleERBDRBBUEBY mg to

about 1000 mg, preiarablysabeltildo g ta aberb6ea tiginae praferablyalddnl S9umgre about

500 mg, and still more 30 %referabliloaéaout 155 to aboutt4(%gd for exarggle about %OQ rpgéghe dosage
can be once a dayjf?wi%e% da?ﬁ?hree times aogéey,%r%lmore. I]:SFef?ampPé, the goseag% can be 200 mg
bid. A daily dose of celepoxzib afabbend.$7 tbusbeurks. Batg/ky bedpaeidhanereidgrablyoabout 1.33 to

35 about 8.0Qgna/kghody weight; BIOre PreJREabhy 8opkt 48de 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
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weight, is g@¥eId223ppropriate when administered in a composition of the 5 PHERIIN3TTE daily dose
can 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 ra3te of one 100 mg dose unit twice a day is
preferred for most patients, but some patients may benefit from 10 administration of one 200 mg dose

unit or two 100 mg"¥ose Hinfls ddice PSSy FordROtbatindrt dtostdRithritis,- SoMPd&ifoRP @Y the
invention can be uged e provide-a slady tpsage of celeroxiboofahaut SQome 10 AUl HABRY,
preferably 15 about 100 mg to about 600.m ore preferahly apout 150 mg tq apout 500 mg, and still
more preferably at%voeu]t%hlrg’ t6 abSutt4o F?OI?A @ﬁa%p%%%gu%?(? mgg(.3 Aa%éﬂi/gdc()%ségcgf Iggléqégxib of
about 0.67 to abodrd®y3 wrlkdnbodpn@ight 1 pteferatsy pjedtel.88 1o abbot®.08 mg/kgdody weight,

20 more prefeyably ahout 2,09 0 Aot 62 4ygisg hody  weight.and stillmote 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 administeredIr 5L dMBsifthgthe idverRRCTAS HAIlFEBESREA P50 BEMinistered in one to

four doses per day qtgfeialy rane antw desesdaer tioyn Admitistation,eha iecampogitien of the

invention at the rate af.one_100 mg_dose ungrg{wice atda r of one 209 mgfdose gnit or two 100 mg
3 S ef)éng ne our oS

dose units once a 3)1/}§’p%?esr?e Y F6r the treatmen rherier's éllsease, comsgsiﬁgﬁs of the

invention can be uded to prsidar abdailycdesage dfwelatosibsofdiouda® mg to about 1000

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,



mg, preferably about 100 mg to about 800 mg, more preferably about 150 m%té’gg%%@%%g\%@gd

still more 35 preferably about 175 to about 400, for example about 400 8 SEP

01/42222 P OUB82232760 -30 mg. A daily dose of about 0.67 to about 13.3 RfgIKgSBea376Weight,
preferably 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 2.33te 5 about 5.33 mg/kg body weight, for
example about 5.33 mg/kg body weight, is generally appropriate when administered in a composition
of the invention. THOXMABRE TaRIB EdrisBrEd infbrittb f8ufasseLperc BaF IHEfdrab one or
two doses per dayat@Wdnuinistration ghawcompostianofithe omptiva adite rpieeaeanaa@0 mg dose

unit or two 100 mg_dose,_units, twice a g%a is preferred for mast patients. For the treatment of cancer,
compositions of the |?11\}é:n:|lo'n3éar$ Bed g&%op%fcf)@?dén g%ﬁy%d%gggg %%%E%(:élcer%%?% of about 50 mg to
about 1000 mg, prefesdislyadoutt@dungio dbobrsedmiyf; nore hratefislyladdvit ¥80 ahg to about

600 mg, and sfill mgrg peefegably abgutl L 4o a9yt 400, fer gxample,Ahatl ¢004ng ;A gaily. dose of
about 0.67 to about 13.3 mg/kg body weight, preferably 20 about 1.33 to about 10.67?;2% g body

weight, more preféP26ly dtet82H0 thAboRK BTHLF gAY ISy WBIGHIIAKE sBPHhor¥ pidiBrably about
2.33 to about 5.33 180/kenkaedyl weighbJeepxdmple abot Sa3buingikg bedyiweighd, is generally
appropriate when ad%iniste efloilq a %5 cggmosition of the invgggo%.aﬂle dgalyscéoseaca%ge

}’ ministration of a

administered in one070Ur dOSes per d%y, prler%gr%%ﬁll?v% doses per Ini

composition of thexfvenisitarer rite ohend 206 Py ddses aait EIWEa00 mg dose units twice a
day is preferrgf foRPiPShistration 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



30 patients. For pain management, compositions of the invention can be use%tg %05
dosage of celecoxib of about 50 mg to about 1000 mg, preferably about 100 mg to about 600 mg,
more prefer®MN&H322150 mg to about 500 35 mg, and still more preferably aBetitUbpe/3d/ehout 400, 8
SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -31 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
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appropriate when admigystered,inf, £oMPOGitionsofihg irwention. Bhe daipdose §ap besgdministered
in one to four doses per ?. 10 Administration of a composition of the invention at the rate of one 50

mg dose unit four fimas 42 a@o ong '1%)%4111612605(950%@& ¢4 50 %&E'stéLilJﬁits fwice & &%ﬁor one 200

mg dose unit, two $06 ¢13g dase ubirSoriaRY 60 g EHse 501 its andsa dayg (s prefesed.oB3 In general,
a compositionsof thge, lgle\)/gng% ils greg%@bin%Qmp‘i%tqu%a%a} d%?% e}%% gfé‘&‘e??%%'i:[%% ,to provide
0

an average blood serum ¢oncentration of “celécoxi at'least about ng/mlin a subject over a

period of about 24hov$d ahdPadrintstratibh8 20 WAk thedamonttdF keefoxitPintoinSdsitions of the

invention preferably ig #ta sange disglpged hereing the gampesitions alsomay beuseld for the
administration of an amount of celecoxib falling outside the disclosed dosagge ranges. For_qther

selective 25 cyclodXyoBhREE- > RAibItERAC Ap Stttk N8Ses &h Be /<etdcidd bl Feftténde tthe

patent literature citedd 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



hereinabove. Nanoparticles comprising or consisting essentially of a selectiv 2
inhibitory compound of 30 low water solubility, such as celecoxib, deracoxib,%a Eﬁ%@%ﬁ%@?&ib,
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water-soluble drugs in nanoparticulate form. Suitable processes, without restriction, are 35
illustratively disclosed for such other drugs in above 8 SBPTEMBER 2005 WO 01/42222
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5,354,560,5,384,124 5520834 5d b0 8d 8, 3%h1 administration. Such a
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98/35666, thepertinent disclosure atalbof 10, which is hershy,incorparatediy eferegge . Qag of

ordinary skill in the art will readily adapt the processes therein described to the preparation of a
poorly water-solubf&§8I8cireddy FRHEGEn 4SS irfhdftof ok BREMPRIEHAESKb fRracoxib,

valdecoxib 15 or refeeaxbein nanpparticiata demmt.Any extpients, eppioyed #ha cemrpasition of the
invention can be soléoclls. %q_ltjé or both. gge com osé! 'or‘l’ E%ﬂerabl c%/q“tgilgs acbout 10/%I tso_ abo_ut
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illustratively gglecqub. L@mpagitians ghihs fwepten SANAiniAg gxcipiegts ealg prepared by

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



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 age%t?l%ﬁ%"ﬁ%@l@&
cyclooxygeY¥a@dt4aibitor, is at least partially pre- prepared, optionally togethe¢ TAtHO#E276} more 30
excipients, in nanoparticulate form as indicated above. A composition of the invention contains a
desired amount of a cyclooxygenase-2 inhibitor, illustradely 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, 38 SEFT EM BRGS0 WE HIRS5 FET IS0 ARF 133 Skl h€ion, an elixir, a
liquid, or any otherciormotaaspnablysadapied for oralradninistiation eSuch acaamposition is preferably
made in the form Q{ dnilscr%tsesgas gfﬁs gacr&ggngienin%gﬁﬁa@g%tegmincegmarggggtiq the 5 a
cyclooxygenase-2 |rc1)h|8|1for, 0ch a8 vaniefs or capsule%. ese oranosag% forms n?a’y flirth@r
comprise, for exasipie; Holfering elgents. Tablers gilsland the likenpdditiohaly cavpl prspared with
or without coadings, dqRapositions-gtthedaventionsujtablefop hucealn 13 o sublinguabadministration

include, for example, Iozen%es comprising the cyclooxygenase-2 inhibitor in a flavored base, such as

sucrose, and acachPBP XA caRthl GRa bhti By BREcy o BRRNBEES Fhibitor in an inert

base such as gelatigand () glyteibrarsusrose andmeaciadk uihddsage fosms fagoral

administration inclyde pharmageytically acceplable sUspROSIoNs, syripsy adh qlirs sentaining inert
diluents commonly Used in the art, such as water. Stch compositions may also 20 comprise, for
example, wetting &feritedgnligifying@pdg, in a suitable machine, 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,



suspending agents, and sweetening, flavoring, and perfuming agents. As indi % E
excipient-containing compositions of the invention can be prepared by any 25&%% lﬁ ﬁ%ﬁ%@gpS

pharmacy, WHtHiHdides the step of bringing into association the cyclooxygd{aEESP0i#isitor, at
least partially in nanoparticulate form, and the excipient(s). In general, such compositions are
prepared by uniformly and intimately admixing the 30 paaially or wholly nanoparticulate
cyclooxygenase-2 inhibitory compound (hereinafter sometimes referred to as the "nanoparticulate
compound") with aSliitid & HivielycoiveRE titid AT Br Dbt *hBRSA N ABCkSARF R Besired,

encapsulating or shapiegihe prodictfrar, 3nexynple: adablet-ean be prepared tyggeepressing or 8
SEPTEMBER 2005 W. 1/422§ﬁ PCT/ SOO/B%ZJ‘G%-M liggldin a powder orgjtanul s, of the

nanoparticulate comBSaNG BYSHEF with die SHIRGRS S HERE" Tormprasssd taSst S be

prepared by compressaig; &l apsuitadie: inas hineThdres<fiowingroom posiioey, sbdly agze5 powder or
granules, comprising {he nanqpaytigulgte compound optippally mixgdwith pe.armarg pinding

agent(s), lubricant(s), inert diluent(s), wetting agent(s) and/or dispersing agent(s). Molded tablets can

be made by moldiRy, 3R &<titab P athifg Sthe e naR8p SHHLRRMESCHR heYstEREH with an inert
liquid diluent. As nojee abpYeicogosionsef the Preseatqerariiorncampriss agpartiallyreswholly
nanoparticulate selective cyclooxygenase-2 inhibitqry compound, 15 illustratively celecoxib, in a
therapeutically or %Eoeph(il?gﬁi?:ﬁﬁyggﬁélctﬁ/sé a%rﬁggﬁ%ap%?%gnsgsun?t ir% a@o{rﬁlg’lhaﬁg% with one or more
pharmaceutically ascewbtabdd ion 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.



excipients appropriate for oral administration. Compositions of the present in\éeggg}g,@fgﬁplyo%%
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modifying agents as disclosed in several of the above- cited references. More preferably, such
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compositions can he provided exhibiting improved performance with respect to, among other 35
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excipients preferably are 5 water-soluble or water dispersible and have wetting properties to offset the

low aqueous solutfiftf AR 2t opRBBIERY bR AlLidtixy§BRasE-¥ itbitdreWheéietheomposition

is formulated as a tatiel, the tepihiRaliaeiRxeiientsselacied provjdesdablets that 10 can exhibit

improvement, amogé; othe%r O%rnogggtioeg, 'Ln. dissoILEj_iontand disgléﬁj%rgg%rl Profq%% th(g;\sr’(;vlness, crushing
' y

strength, and/or fria |"T-‘|%yr.1 % rposmons of the invencfio%so%tiona comprise one or more

pharmaceutically ateepkipfdiigentd asparticularly 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. Such
disintegrants, if present, constitute in total about
0.2% to about 30%, preferably about 0.2% to about 10%,
and more preferably about 0.2% to about 5%, of the total

35 weight of the composition.



15 excipients. Suitable diluents include, either individually or in combination, ?%Eﬁiﬁﬁ%’é c%%@ag
USP, anhydrous; lactose USP, spray dried; starch USP; directly compressible starch; mannito P;
sorbitol; deXf8t433Aohydrate; microcrystalline cellulose NF; 20 dibasic calcR§ih/Bhtisptiale dihydrate
NF; sucrose-based diluents; confectioner's sugar; monobasic calcium sulfate monohydrate; calcium
sulfate dihydrate NF; calcium lactate trinydrate granulaNF; 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 RAAIRE t& 3 € ERAMAI cditiufn BALRERE Y Iythis: beRtfat
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weight of the composition. diluent or diluents selected preferably exhibit suitable flow properties
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PCT/US00/32760 r36&lcastasr |ndwpicrocsystalline caligase saithes Andividugdy 91 ineamghination, are
preferred diluents. Both diluents are, chemically compatible with celecoxib. The use of extragranular

microcrystalline cefililos8% GREES SthictS&ty staih @ TeRaBEE HHRdT8 & WE GPAHUTARd composition
after the drying step)can er usad te gnprovediardihiess(teadableirancigradisintegrationdime.

Lactose, especiall)ég%%ssei monohydrate, is @Q%Lg%r{y pieferred. Lactose 10 typically provides

compositions having suitable release rates of the cyclooxygenase-2 inhibitor, stability, pre-
compression flowability, &/ HPH®peficshg alnvention optionally 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



relatively low diluent cost- It provides a high density substrate that aids densificati r'%%
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granulation 15 (where wet granulation is employed) and therefore improves blend flow properties.

t
CompositioNsb9 424 vention optionally comprise one or more pharmaceuticZRT A8 FE6k
disintegrants as excipients, particularly for tablet formulations. 20 Suitable disintegrants include, either
individually or in combination, starches; sodium starch-g#ycolate; clays (such as Veegum HV);
celluloses (such as purified cellulose, methylcellulose, sodium carboxymethylcellulose and

carboxymethylcellid8e S lagrEEan pryelatifibedbrPistaicAes trth SXN&iGRF255PANd
National 1550); crespavideneidaP Nipo apd s {stieb BERgas, gudr, jpeuskbean, Karaya, pectin,

and tragacanth). Disinrj;re ra%trim%fy be added at arﬁlosugita(ﬁ)lesgte oduarl'&?g l;[he é)ﬁparﬁggg of the 30
composition, parti€tia gﬁﬁ % JraRTAGH 6F AuRRG Uthe Tubrcatidn St prior to’cdmpression. Such
disintegrants, if present cecaistiiute v totalCalicut t@. 28k twidb ik 3086,preferdBlyratioet 0.2% to about
10%, and moge preferably.ahau 23040 bout 5%, pbthe tosa) 8% weaht of1hq cpmpogiion -8
SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -37 Croscarmellose sodium is a preferred
disintegrant for tabla® of eEPSE BishitegratiohY ¥AaYit BrESEAL LA1eRs abR SRSttt ES aBButt® 2% to
about 10%, more gxefetalily aboudt thd% tv-abridd% 1anbsidhmotest psafeiatly aboutid2%o © about
5%, of the total wei%ht of thf comrposition. Cr scarmdellose sgdiunlcoqfers superigr ingagranular

U . it tor UShoShenLEFt s e partic Y about RES 0L o
d|S|ntegrat|0n capanl itiesto composlitions O e presén inventon. Co pOSItIOﬂS of theé invention
optionally comprisgéower . Polyvinylpyrrolidone provides cohesiveness 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



10 one or more pharmaceutically acceptable binding agents or adhesives as excipients, particularl
for tablet formulations. Such binding agents and adhesives preferably impart%@ﬁqpagﬁ RESH

the powder WeikY4MBPeted to allow for normal processing operations 15 such BEEEME3ATbication,
compression and packaging, but still allow the tablet to disintegrate and the composition to be
absorbed upon ingestion. Suitable binding agents and &éhesives include, either individually or in
combination, acacia; tragacanth; 20 sucrose; gelatin; glucose; starch; cellulose materials such as, but

not limited to, metiﬁ%celﬂﬁ%e%%o&lﬂﬁe CBARKS céhfde @:3., 9088 Hhyinit &fd and
salts of alginic acid; eagnresiimwpddgintine silicate; qalyeibyleaeglycol; guar gum; polysaccharide
acids; 25 bentonites; polyyinylpyrrolidone; palymethacrylates: hydroxypro ethylcellulose (HPMC);
hydroxypropylcellulose ( Scéﬁc;ysejfﬁ)}lgéﬁlgi r?éﬁo%é%;eﬁlrébgétiﬁﬁ)%gosﬁgﬁf(sﬁ}::oﬁlg% National 1511
and Starch 1500). Suehdinding ageherard/onadiseshies, @30dEprieabae corbitirantstal about 0.5%

to about 25% 5 prefgiably,aloit §,1n% ta abaut-13%eaRd morg preferakly 1afeaut I94 £ about 10%, of
the total weight of the_ composition. Polyvinylpyrrolidone is a preferred binding agent 35 used to

impart cohesive praBeEiRE t§ L P5RES BiBhd 3F8 SEPTERBERS6HE WA b4 22 BCT/US00/32760
_38_ the cyclooxygemndsiaad tnlvhitorgingcethell exeipientscior (@anplaiienlPalgeinylpyrrolidone, if

present, preferabl nstitutes gbout 0.5% 1o about 10%. mare .preferably, abaut 0.5% to about 7%,
and still more 5 prgfg:e)gbﬁ)? gégu?(&%%?oségﬁdt 5(%)/% %? the tbtﬁ%@ieiseﬁg)ﬁu%)e’cosﬁggsﬁﬁgn.
POWWnwpywomﬂnﬂ¥ﬁ§bmﬁmﬁimgﬁﬁated 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



about 20 cPs may be used although viscosities of about 6 cPs or lower are prgfegpeHdRiER3HO5
about 3 cPs or lower. Polyvinylpyrrolidone provides cohesiveness to 10 the powder blend and
facilitates th@&¢e322%y binding to form granules during wet granulation. ThePsyElodentise-2
inhibitory compounds used in the present invention, in particular celecoxib, are largely insoluble in
. aqueous solution. Accordingly, 15 compositions of the irffention optionally but preferably comprise
one or more pharmaceutically acceptable wetting agents as excipients. Such wettig%I agents are

t

preferably selected HF iafiftan R ChEBOXY TN a2k T I RibRECHRAGIE Sssteiatioh walter, a
conditiqn 20 that is:heli'em‘eddp imprm@hértgladﬁe p}mmﬂa@ﬁm/iohmbycmnmmﬁﬁnb}mitab.le wetting
agents include, ellher jdivduialy o1 combnaion. glsla Agl: Huesry maaesieRrIsLAgtblan
monooleate; sorbitan monolaurate; trieth nolamirie oleate; polyoxyethylene 25 sorbitan monooleate;
polyoxyethylene s@ibitah UpbheritEde; sdHUN GIESESEAR SodiuR fauPPIRRFEHS 1R tting agents that

are anionic susfactaptgares prefered csuehwetting-agenis dkpreseat: canstituisn inctptalahaus 0.25%
to about 15%, preferably about 0.4% 30 to about 10%, and more eferab%)éeabout 0.5% to about 5%,
of the total weight 8?&1%150%&95if?0%.]§’ocdﬁ?rﬁ?aur§f§tﬂg?e @agﬁ%‘eﬁ%& ftffrig agent. Sodium lauryl
sulfate, if present, podstituteglahact 1. 26%rte ,abotb &6 merelpreéerabliiabout fad9h ¢s about WO

01/42222 -39 8 SERTEMBER 2005 RCTAIS00/32760 6% and sl mare preferatly,about 0.5 to about
5% of the total weight of the composition. Compositions of the invention optionally comprise
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



one or more pharmaceutically acceptable lubricants 5 and/or glidants as excipg %W%gg@nts
and/or glidants include, either individually or in combination, glyceryl behapateelgI omprito ;

stearates (NYE@R&4RA23?, calcium, and sodium); stearic acid; hydrogenated vegB¢leslIg2(e .,
Sterotex); 10 talc; waxes; Stearowet; boric acid; sodium benzoate; sodium acetate; sodium fumarate;
sodium chloride; DL- leucine; polyethylene glycols (e.g.;4Carbowax 4000 and Carbowax 6000);
sodium oleate; sodium lauryl sulfate; and magnesium lauryl sulfate. Such lubricants, if 15 present,
constitute in total &HeRE0.198 tSABYHEFORY &@%?ablﬁ%ﬁoﬁttéé% RPEISo R B34S &P Mbre preferably
about 0.25% to abgubb%, obtheitatal weight of dke .composition. Magnesium stearate is a preferred
lubricant used, 20 for example, t reduc;‘%fricti? between thE equipment _and %r{anulated mixture

) CBHePEIpENS T B Hge

during compression of tabI8F fSritt&tio Gctt 38Rt HaHeréh agen%f Edlorants,
flavors, sweetenersmodrpreserfdtiveisyare 26 knokhe ia the pharmadeutical arf anglchetse insluded in

compositions of the ipyeniipn Far.example «qn oxige, can he added g the,camposiligp to provide a

yellow color. In one embodiment of the presentiinvention, the 30 composition is in the form of unit
dose capsules or &t ardRbRATFREsIRFARARY BF WABIAANGPARERaRLSEeBRSSUTe

cyclooxygenase-2 [mtykitesxdisiralivelyselacexi if atlesired agmaint tageter ikl hindgy agent.
Such a compositio]rgbprgﬁr%bl)é 8 SEP‘{E]&/IS%%R t2005 Vgg)e(;l_nggl%, Pg;’éggg%?;azr?ggégfg further
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comprises one or more exumeﬁ% seafect rom g

convenient with respect to handling, manufacture,

10 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

15 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.

20 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

25 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

30 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

35 condition of the subject and the nature and severity of



the group consisting of pharmaceutically acceptable diluents, disintegrants, b@@g&ggﬁ&&/@ﬁgﬁg
agents and lubricants. More preferably, the composition 5 comprises one or more excipients selected
from the grolP Uo3&Xing of lactose, sodium lauryl sulfate, polyvinylpyrrolidoRETW84¢aHeeIlose
sodium, magnesium stearate and microcrystalline cellulose. Still more preferably, the composition
comprises lactose 10 monohydrate and croscarmellose-4bdium. Even more preferably, the
composition further comprises one or more of the carrier materials sodium lauryl sulfate, magnesium
stearate and micrdeRfstaliife Eemilose TAOughitiiCRFRIG JRE Bd tasT& Ghpositions 15 of the

invention can be peefisregciar exampias PpyJlicesl weneapsudation e dikgeteonapressaion, theympreferably
are wet granulateglj?rior to&gc}:falpes(ﬁlaéion or comepression. S\!g%t an atigg,o%rgong other effects,

. . [S3 dosage I ens .TO .
densifies milled compogﬁons resultingin |ﬁ1prove%llﬁ‘ow propertles,rz improved compression

characteristics and easiefmetdrirly tor eeigtardispehsingsofihe conmposfifonstfor anempsulation or
tableting. The secondagy PaFIcIe sizg: esHiing g aanylation b9, grapHlessize) is not narrowly

critical, it being important only that the 25 average granule sijze preferably is such as to allow for

convenient handlifg/ @ ProfERRmgeamd, FHABRES o 1gertitthedbRHata P2 arBeiNA Edmpressible
mixture that formsphargmacepdsalinhdcceptaide sddets. Thedestediap asd Hutkederisities of the
granules 30 are ”8[{{}%'{3/ %té%jtaos /@!etsosaabrout %VO glrr_cltl. Exrcilp(xji%ntg tfo,(s %%%Sru"i ag% t bslet'i
compositions of the ivention preFeraer are selected to pro@i%le a dismtegratlonatlme of less than
about 30 minutes, Sgrefatablymaygut 2 5aRinviess s (854, ortdysrefmabiy/ e SEPTE MBERIZBDS5 \WO

01/42222 PCH/USQQB2480n 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



-41 about 20 minutes or less, and still more preferably about 15 minutes or less, Eor ﬂ%t
formulations, the complete mixture in an amount sufficient to make a uniform %a%ﬁ%jf% &5@0@5
subjected tdXQIEHEPIN a conventional production scale tableting machine at R6IE8EATHPessioNn
pressure (for example, applying a force of about 1 kN to about 50 kN in a typical tableting die). Any
tablet hardness convenient with respect to handling, médufacture, 10 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 pReerRAy bt RasE&S6 6RP AeSHIPR BBt NRRITVEss Afteferably at least 7
kP, more preferablyras i&denstakout Ok ranthsiillinetepreferablytt feast ahautsldokiR. Tiee mixture,

however, is not to pe cgmpressed to ucg_ba degree that there is subsequent _difficulty in.achieving
hydration when exESse%tcg %%Eﬁib fluélél < ﬁgﬁaﬁet%nﬁ&gﬁ&% tgﬁ%#ef?ig ?ﬂ ))’ p(?}éfrén%gﬁ]? Ts less
than about 1.0%, mbrasrebérably [bss ahan ©.8%0and stilf moreprafedablyaless thad abeut 0.5% in a

standard test. sThe g sRNTIBENLONAISQ IS Aikeciedh 1o 25Jherapeutic melhad .gEHgaling a condition
or disorder where treatment with a cyclooxygenase-z inhibitor is_ indicated, the method comprising

oral administration'dfdhe bPFnore HbYE Wiits b & lobrTsdSisiidfthe ifver it RPa 58bjektin need
thereof. The dosage-eegimenin-38rrevent, giwe relieiritdm cdoamelinrategtheraohalttionn oo disorder
preferably correspgg%% g:otthe once-a—da¥ or twice-gédaé/ut eatments, ceiig,ﬁ%%ssedc%tr)lo%eé but can be

modified in accordance with & v: r{e‘%&% actors. These include the type, age, weight, sex, diet, and
medical 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



35 condition of the subject and the nature and severity of 8 SEPTEMBER 200@%&99&“@% 05
PCT/US00/32760 -42 the disorder. Thus, the dosage regimen actually employedcanvary ch?eqy and

can therefolWQ&Vi#2%rom the preferred dosage regimens set forth above. InKaI{Es4MEH00f a
subject suffering from a 5 condition or disorder where treatment with a cyclooxygenase-2 inhibitor is
indicated can begin with the dosages indicated above.-#eatment is generally continued as

necessary over a period of several weeks to several months or years until the condition or disorder 10
has been controlleg¥iAiIfated. BlBReR‘und&goraiRatnedt vitHd eBmPlasRbn of the invention

can be routinely mgoniered;by.any of dhe methedswel knowain the antteidetermineibe effestiveness
of therapy. Continuous analysis of such data permits modification of 15 the trea&mgnt regimen during
therapy so that opfimally* éiEeive alfodhtS BRthe ey iooxy§anases hibitor are “admiistered at any
point in time, and so<thip iren deirdffertofteeanicpesambeldederrriged asmvelk tin thizgewvay, the

treatment regimen/dosing,schedule gan bg 20ratipnally medified,ayer the equise of thergpy, sq tha

the lowest amount of the cyclooxygenase-2 inhibitor exhibiting satisfactory effectiveness is
administered, and’So/tHa®WeaRTNBHETOTF R contifBiéd dhiYso oG RARCRECESSGH B Siccessiully
treat the condition esmpdlisides Thespi@santhinyentioiealse isndirectad 1o siatheds for the

preparation of compositions comprising a rl ater soluble selective cyclooxygenase-2.inhibitor,
illustratively celecéi;}bs,lp%tft?gﬁlaé& \/\?ﬁ’glIya‘lrr?%or%ar\%lp%ét}cnﬁat%%gpng?ns cc%lr angﬁ \gvﬁﬁrfﬁe% |lr?</éntion.
More particularly, thesneentiopris direttetho megbdsés) 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.



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 su é&ﬁTEM§58e2t%%$d
onset of 8 S¥PPEMBER 2005 WO 01/42222 PCT/US00/32760 _g3_ therapef{cTéif8t3agslescribed
hereinabove, and preferably a continuing therapeutic effect for about 12 to 24 hours. Each tablet or
capsule preferably contains about 50 mg to about 200 #fg, for example about 50 mg, 5 about 100 mg
or about 200 mg, of the cyclooxygenase-2 inhibitor, illustratively celecoxib. According to the present
invention, wet granulatio’&r¢grarRFSTRrG dife B ohH2<siBA WP enchpsafioh &€an be
employed to preparadalaetoreansele eanpositonsaf dR¢he invantion: We samdaticvis apreferred
method of preparing, CEJharmac?]utlcal gg@pggﬂ_gns of the prgsent mvg@&on. In th_eL ?\(\{:;Et Cgranulatlon

process, any portion of tth%eogi"/‘c ogfy%enase- infIbItor that 1S Aot to be incllioed in enanoparticulate

form (if desired, togétienwneth orrerf engrb karderweatering) oitially snile¢dr  raieforiibddto a
desired rangeof padicle-gizes graajers han 1 mmeAltheugh xarigus-conyertinnaldaills oF grinders can

be used, impact milling such_as pin milling 20 of the drug provides improved blend uniformity to the
final composition réR&5& td Bt eSof MMREETCEINPAN theFdteddl BEIRG hfiffed BEr-Eample,
using liquid nitroges, @may hegnegessarydiingamitling ©raveichikating ke ayelooxymenase-2 inhibitor

025 desrabl TmEreMIES IS DRIl sre g 1Sl o gy rodved o
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



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 ferdia E%&Rﬁée a
partially or Wedlii4a2Roparticulate cyclooxygenase-2 inhibitory compound ("tREHASOKarietlate
compound”). 35 Simultaneously or thereafter, the nanoparticulate 8 SEPTEMBER 2005 WO 01/42222
PCT/US00/32760 -44 compound is blended, for examplééin a high shear mixer/granulator, planetary
mixer, twin-shell blender or sigma mixer, with one or more excipients, including excipients that have
been milled togeth8PFRRIHE 5 tcbRdtoxil:-GF e reSBAtinRAE haRdFartiees, fronnta Uy powder

mixture. Typically, theinaneparticilate gempesnd is blended withgne-er mpre dilueri€s), as
disintegrant(s) and/ar bindin ent(s) and, optionally, .one or more wetting agent(s) in this step, but
10 alternatively alld%%tézponr‘ﬁgf (s?e or?g%r %%re%?gwoé)%%ipients can be added in a later step. For
example, in tablet formulatierisigherederosearseellusesoaium ¢s shigloyetabadiisinistpanted has
been discovered that gdditio of a portion-ofdhe sroscarmelioss sadium,1h during dhe Bipoging step
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step discussed beB#-@FoRBiAY SRt ragrafulhf cRgRaEfdseSshdidiaf c4R fRfroveS diéiit&dration of

the tablets producesbria éhis 29sibiatior, preterably anout 60% teahoiuk686 ehtep Lrestagmellose
sodium is added mtragé%nularp\ﬁband glbo%lﬁ,l 25% If%o abouet 4@3/ of tshqocroscarrrln ose sodium is added

I A 5’1[
extragranularly. Sifa Y, for EabT Formuations it has been discovered that agt oy of oY

microcrystalline 25eafiufoskesiter i dryind steprisalodgexragrahprfficient 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.



microcrystalline cellulose) can improve compressibility of the granules and h?%&iﬂﬁ&@%@%
prepared from the granules. This blending step of the process preferably 30 compri i
nanoparticulif2dedBdund, lactose, polyvinylpyrrolidone and croscarmellose BE#UM3388 been
discovered that blending times as short as three minutes can provide a dry powder mixture having a
sufficiently uniform distribution of the cyclooxygenase- 3§52 inhibitor. 8 SEPTEMBER 2005 WO

01/42222 PCT/US00/32760 -45 Water, %referabl purified water, is then added to the dry powder
mixture and the mixture i$Blehdéddra ANpERYE Bf tihet ReOrRrE ARty ed mixture.

Preferably a wettingragent £s used,eang thiseS tspreseabfistaddedhingheyvatar and sixed for at
least 15 minutes, pre atél at Jeast 20 minutes, prior to adding the water to the.dry powder mixture.
Releraply atjeast 2040 p adding e w

a, O e 1red we rdness.. using. :
The water can be & tife mixttiré 8CONEe, grad’l?a y over a peno&oi’;tlme, orin several portions

over a 10 period oatimpeoPie avxéypreiaradlytisabited hrad Gy everi@pediod ofitimes Altematively,
the wetting agent cag bepdded tpthe sty pawdge mbduradudwatey thegcanze gddediig the

resulting mixture. An additional period of mixing after the water addition is complete is 15 preferred to

ensure the uniforn?8istrbuiiBn Prth @ satefh e RRRFBYFRe wet didfPad RRIAEHréErably is

then wet milled, faysxaimpia wWihra sefeenngsmitly teelnivaie Jatgecaggidgrrations of tiagerial that
form as a by 20 prgduct of the we granul%tion %pergti%. If not remove%,.these agglomerations would
Y Oom ﬁbaut &na‘l O aoou awm coméaac 10on se ings
prolong the subsequent fluidizeéd bed dryihg operation and iricreas
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 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



the variation with respect to moisture control. The wet granulated or wet milleérgi%%%@éﬁiﬁ 5
dried, for example, in an oven or a fluidized bed dryer, preferably a fluidized bed drier; 9/
granules. Wedit&d22khe wet granulated mixture can be extruded or spheroniP4dRi$8p/83@hying. 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 granulés. It may be desirable to combine two or

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

necessary, the dryS§rantiedtE thdiP B5 et Y A 8iz8 9t PRdRafdv iRy 2bMFEsSBH BT 8
SEPTEMBER 20050oMVQ 814222 RGEH HoR0/B2460 t4GieacapstialiDim €onyentonal particle size
reduction equipm?tﬁtessuechn%s %ﬁcil?t(%rnslsorcggpgg&r&i:llosx(l cgggcliig%rgglslgag bee employed. A slight
decrease in granule size has been obsenved 5 as MmIXing timé increases for mixﬁJres containing lower
water amounts. It Brspertiesierllithativhere theswaes coreepralioris tob |¢weo ffyvactivate the

binding agentemployed.ithe £ohgsia faices hetwaen the primar) partigigswithin the granules are
insufficient to 10 survive the shearing forces generated by the mixing blades and granule size attrition
rather than growthpBE’B?rEFé@ﬁvé?%gl@f:ﬂw\é?ee&‘?ndjh’?e Qréaﬁﬁt SRdRr &-3h% QHRTe the binding
agent allows cohesiwe derteadbetacenthe prictary paiticle sitossurvivedha sheardng 15 forces
generated by the iﬁ('r‘leqrgl Ldl%se 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 siZétteimeyagraiod bhend feell raeantyvention, 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



20 mill speed. The dry granules are then placed in a suitable blender, such ag %E/Bq,-é Ié)rkeggsé,
and optionally a lubricant (such as magnesium stearate) and any additional carrier materials are
added (sucV&288R&agranular microcrystalline cellulose and/or extragranulB¢ BloYWaiellose
sodium in certain tablet formulations) to form a final blended mixture. Where the diluents include
microcrystalline cellulose, the addition of a portion of thedmicrocrystalline cellulose 30 during this step
has been found to materially increase granule compressibility and tablet hardness. However,
increasing the amGifk@f Pdighe S Stadf gl aveYalitut LBR16 abettytehds @& Heérease tablet

hardness and increaseddabilly angdidisselstian tiper@ SERATEMBER2QQ5 M3 0d /42222
PCT/US00/32760 _47 This ;gal blended mixture is then e%c%g%#ated (ori, if tablet% are to be
i

prepared, compredstfinto TAIERGFtRe dSired Ve AR &sQUsing SApproprately sized

tooling). Conventicha} c8rmpressiare 3 encherizcapsolatopechenmplskykrwinl fo thbseé efskdinary skill in
the art can besemplayed. %t@pleag?éug% ang qp&qig_eg{%rf@fgﬂ@ @awggyygug bed heights ranging

from about 20 mm to about 60 mm, compaction settings ranging ffom about 0 to about 5 mm, and

speeds from 10 aboiP B0 BOBIGHLYIdNFETh RN & ab S FEOFP ERpIuIES 1RFHOHR. - Slug formation

can be minimized or eliminateg) dyHsingfsdlanmesheowpacian seithag at whichscapsule weight
control can be maintained. Where coated tablets_are desired, con er}itiongl c%atincgntechniques known
to 15 those of ordiﬁa@r&ﬂﬁ%utﬁé%?t can be %ﬁnlp‘folyoer(lj. Thi& eaibinatior 5TCunitcope?gt}g’nessproduces
granules that are unifohmarinpyciodrpgenasefX mhtbitog, 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



illustratively celecoxib, content at the unit dose level, that readily disintegrate, ﬂ%ﬁg with %03 5
sufficient ease so that weight variation can be reliably controlled during capsuie n‘@%\{lt:mi 98 and
that are deNs@ &n83&h in bulk so that the batch can be processed in the seleR¢ddUEgiATént 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 obfomedicaments useful in the treatment and/or
prophylaxis of cyclooxygenase-2 mediated conditions and disorders, in particular such conditions and
disorders where 3G ¥3pddhsefofihsrpeufit Efeekisiieshed o tietmirdd. TR present invention also
embodies a novel selidstatedarm of pelegoxibceora beelecaiibnThe present iaventorsfurther
embodies another soli%ﬁs&ate form of 35 celecoxib .Ftorm I cel coxikt?)l Eacrtl_ oﬁthesg nqvel §
SEPTEMBER 2008481 01/A5555 P HO300/32 60 s i Sthe omsinclidas sovatsd crystalline
forms, non-solvatéd awe renthyekatedrdry sthiine forrs. tYheswneval ferhes-eldefeedxib described in
the present applicatign Pogsess-0ne; of,moLe, of e ahoyve HAgses quantagsous chemical and/or

physical properties relative to the other solid state forms described herein or otherwise disclosed in
the literature. In oRE ShFIRRHENEST thederfBAttheSolite 18R taR B FRENDTRES Form | celecoxib.
Without limiting thedmuentionaitds believeddbatFeire f qaededoxiabhag bigher ablubititypand a more
rapid rate of dissoluetif&ltpan Form Ig, B%cause FornH}l'is more thermodynamically stable than Form |

W ercen ase url
and because Form P p

The present invention is also directed to the

10 preparation 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



15 Il has a lower free energy than Form |. A rapid rate of dissolution is useful because increasing the
rate of dissolution of a drug typically increases its bioavailability. Form | ceIe&ﬁE%TgM%ﬁl' rm
of 20 celecdX® WAAMY an X-ray powder diffraction pattern with peaks at abouPETRUSN¥37760 and 16.6
degrees two theta. Form | celecoxib has an X-ray powder diffraction pattern substantially as shown in
the top trace in Figure la. Form | celecoxib has a melting125 point of about 162.5C to about 163C,
preferably about 162.8C. Form | celecoxib has a differential scanning calorimetry endotherm
maximum at about163 8 wHen atagndd 460 5Cmin ds FRitFaBe FokhUYrEslecoib &t acterized

by the IR spectrunpshagun ine30 Eigure2: With a pealybrtwvagrabout 3250 ansk32608,emdl. and
another between 33?@#%“ 3360cm 1, referabl¥ (ftrﬁef‘h peaks are at about 3256 cm-1 and 3356 cm 1,
i

respectively. The solidfomeBF HEISHREREInver B BIhfY OF APRaSPANSsI 5% Form 135
celecoxib, preferalily al least Alydut21-094 Fovinildd S&RT EMBE R1200WGh81/42222 3@ EMS00/32760

49 celecoxib, more preetably at pagt ARUIRA6 FAUNLL, alecoub, st mpis pigferably at least

about 50% Form | celecoxib, yet more preferably at least about 75% Form | celecoxib, more
preferably still at I6268 BEBOH 9904 VAR stIFMIrd prefBRBRYHAGSE arst@stantially phase pure form

of Form I celecoxib. In angibeembadineni:ofthe pweptierdd whagnaeelticas composition is
provided which com(grises ather%gef(?ulically-eﬁfective. mounhcj)f a solid,f(grm of 10 celecoxib and at
& carhi& '

least one pharmac% rﬂlgérlfy?&&%p ,%%?Jf/“a t B etit, Wherah ﬁ\%léfo?i%tform

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



of celecoxib comprises at least 2% Form | celecoxib, and preferably 10% Fogégglieﬁ@% r&%e
preferably 50% Form | celecoxib, and still more 15 preferably 98% Form | celecoxib. | & ed

embodimen¥ thel4dkform of celecoxib is predominantly Form | celecoxib. InP¢8t B 9REI0
embodiment of the present invention, a method is described of treating or 20 preventing a
cyclooxygenase-2-mediated condition or disorder in a sthject, the method comprising administering
to a subject a therapeutically-effective amount of Form | celecoxib. Preferably the .
cyclooxygenase-2ddia doctetiot 6 MSdrtePt BeYB tidated be pravEnted S 5 iAfi8mmation,

arthritis, tumor gray8, metastasis rfamiial ddenamatelis polypesis. Still mnother embodiment of
the invention is a method of pregarin Fo(rin I celeco%(ibt\pllherein the 30 methoqi comp'rise%crystallizing
Form | celecoxib from a ﬁﬁﬁ&tnl'é il T (PR ThieR aSoIverrt, \ﬁﬁgrse?ﬁq%el%?@%?a lizationis performed at

a temperature abowe tihednahtiptropicdiansitiorreniberatles okEbrwhesetécoxith€Prior to the

crystallization of Faim 1,35 celsaoxibs the salventiyardesepdedwitha seed 8:55PTEMBER 2005
WO 01/42222 PCT/US00/32760 -50 crystal of Form | celecoxib, resulting in the production of Form |

celecoxib with at 1220 4bBEt 5 hReRt bereBRESREOFRHY Chreteipkat e &8 LK 1o weight
percent phase purity, morgnerefarablrat Sileashaldaif 2bavaigBbperceatplaasecpurity, more

preferably at least gboyt, 30 Wit REICSTA PBSE P AL S Doy, Bielergbya least about 80
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.



The present invention is also directed to the 10 preparation of a crystalline forré; g&éﬁlmégééggqén
the method comprises heating a solvate of celecoxib thereby producing Form : c9 ate
can be heat¥f #H23&mple, to a temperature of about 50C to about 160C, prBfekAY0ERZ0
temperature of about 15 60C to about 150C, more preferably to a temperature of about 70C to about
140C, still more preferably to a temperature of about 863G to about 130C, yet more preferably to a
temperature of about 85C to about 120C, more preferably still to a temperature of about 20 90C to
about 110C, and MiGr&préferS6iy 6 A< idmpdratiresst BBout 208eVend kel can be performed

over any conveniegbpeardd otimentor mexampledosmais fumuaiei luniuteqnaferably for more
than about 5 minutes, more ﬂéefe bly for.mare ?%%lagfak%%t 60 minutes, isglxlfgcgecprefgr%bly for
ours o

about 2 hours ancfrenoeré:%)r(e erably gtilﬁ%%%\ ou r ?or%%?.sl‘—eﬁlr eérmore, this méthod may be

performed at any pressase wefeidbly b€lovt afrmespherieqpressifreF dtre solvate bsedHnthe present
invention comprisgs 3¢ celesexib andia salvent, 5Qf exampie, the selverhcan, bean amide solvent.

Useful amide solvents include “N,N-dimethylformamide, I}I,N-dimet%acetamide,_ 1- )
methyl-2-pyrrolidifdhef $228imetAyi-3L #3556 RESRYdroX 1EG ) riftdifheSaittP 1, $5 15!
tetramethylurea, onapy nixisfe obihege solveais A QISERTENBER 2005 We0H43R28 ,

PCT/US00/32760 -5e]tpreferred sol ent Lg 1 1,3t3-£eetra etgglu&%a.ﬁ@otggr Igr%ffrre_d solvent is

1,3-dimethyl-3,4,5}{3-tet%%§/8r095? I?Iﬁpyr}r%id?none. till another pref?—:-rredr solvent is
1-methyl-2-pyrrolidigdss Stilkandtiedr prefeklednsrsplpars i xakdimathyeaasnide 8till another

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



preferred solvent is N,N-dimethylacetamide. The solvate can be prepared by prising
mixing celecoxib with an amide solvent selected from the group consisting of %Eﬁﬂggﬂ é%%
dimethylfor¥dMitié228N-dimethylacetamide, 1-methyl-2- pyrrolidinone, PCT/US00/32760
1,3-dimethyl-3,4,5,6-tetrahydro-2(IH)- pyrimidinone, and 1,1,3,3-tetramethylurea, or any mixture of
these solvents. A preferred solvent is 1,1,3,3-tetramethyfarea. Another preferred solvent is 15

1,3-dimethyl-3,4,5,6-tetrahydro-2(IH)-pyrimidinone. Still another preferred solvent is 1-methyl-2-
pyrrolidinone. Still GR¥HEP breféfbd WivEht RERERTHRFR R oPmARTERS St dfotRB M@ ferred solvent
is N,N-dimethylacetamiden 20t ke prgseat inwaentdn iscalsa dirpetedttase nedthsd ohpmrucing Form |

celecoxib wherein thod ¢ rises milling or.qri d#Q 9[ orm 1. celecoxih. A useful milling step
can include for exé%%%ﬁégmiﬁﬁgr& alPr%ﬁl#\ugC.rJAq{é;efu 53 gﬁn&ﬁﬁes%?ﬁc ébgﬁ inc?ﬁr&éoﬁr)r example,
grinding or shakingoTh&presers iakhiion s arofirdteddold methedwsf Hraddiékey Form | celecoxib

wherein the ngethed eg@pHses pitliag or gxpdingia selacoda 30solate A yisett pilling step can
include for example, wet milling or ball milling. A useful grinding step can include for example,

grinding or shakingE ARG BmUTimeRtBEhe breSehtnARtohISE 35 Mi&hBd bt producing Form |
celecoxib wherein ¢led 8 SEETEMBHER 2003 84010144222 BETHdI00/32360 62 thethadieomprises

melting Form II celgGoxib.and Gooking . ihe Melt thergy pLodyeing 5oL e51C0x By cent
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



Another embodiment of the present invention is a method of producing Forméd%er__l i gg‘sr%b?e 5
method comprises melting Form Il celecoxib and cooling the melt thereby producing Formt |
celecoxib. Y@ PréxBat invention is also directed to a method of producing FORQTVE&N8E3%B wherein
the 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 &id 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 [#&8&RéC15 E)gée?ébﬁ)‘)’ BEbw & d¥phehic Hrdsitirs Ofeeethod €&+ e performed

over a wide range ghterapeyaluresi prefarbhcat aaBhie dhpnethenmibogjmentef the invention,
the solid state for .com&}r%iést Form I §elec?>§ib. Withoug 20 limiting the inventiop, if is believed that
Form Il celecoxib éé“%lg r%%%%ﬂﬁ')} fd amore r%ld ratB” 6f dissotation than Form 111, because
Form Ill is more thérmeidiymamically stabte dtarebydnr d-@hdlbe cavseiFordi fibhas adower free energy

than Form II. A rapid 25Jate efdissqlutian is useful becayse ingreasing ther ratgof dissolution of a
drug typically increases its bioavailabilité. Form 1l celecoxib has an X-raé/ powder diffraction pattern

* with a peaks at abS@LMFEBLE3.821P; &88 FPhiSiMetd A hidture 8FForm | and Form 11 has the

peaks as shown indbetam&arg imFgure Inmormdt getecoxity bas adnelting poit of about 161C to
b2 differential scanning ca orimetry

about 162C, prefe(gp{{g&lgo% }6]4,1.5% O%)Emtllrgﬂe%@g_ i}%ﬁ@_ [
endotherm 35 maximum atabout 162:0C when scanned at 0-5CAIN. 8" SEPTEMBER O
01/42222 PCT/USBO2IIed 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.



-53 Form Il celecoxib is expected to have higher solubility and more rapid dis@%%@?ég@?g@%&
celecoxib. The solid form of the present invention has a phase purity of at least about 5% Form'l

celecoxib, S\WAtEHERBY at least about 10% Form Il celecoxib, more preferablyRETEE0EBHY 25%
Form Il celecoxib, still more preferably at least about 50% Form 1l celecoxib, yet more preferably at
least about 75% Form Il celecoxib, yet still more preferafdy at least about 10 90%, and still more
preferably having a substantially phase pure form of Form Il celecoxib. In another embodiment of the

invention, a pharmaceutié&ltcarrgddiesn BprodidRahiet comprises seiMerdpeifithipRffective

amount of a solid fogm0f dS1calecaxihand atlepstere phashaeaitically-aseaptable carrier, adjuvant
or diluent, wherein thi solid for celecoxib_comprises at .I%ast 2% Form Il celecoxib, and

m o
preferably 10% Forfm 1FEQEE5XiBIS h8Rpreterably 5092 Form 11 celecoxib, still more 20 preferably
98% Form Il celecoxib. InSdmiel preferrecirerhbedinmmnibatiensetid farin oheelpcmdleis: predominantly

Form I celecayib. Inyetanaiherembodigient of the:prepent. Investion, @ sipthad isdesssad of

treating or 25 preventing a cyclooxygenase-2-mediated condition or disorder in a subject, the method
comprising administ ROX $BbjeELE thekapSaicefigetecine diihtbf Formlfcarsdsxib.

Preferably the cyclooxygenase2asediatedheeiditiomon disandes tabesdlscated ag prevented is pain,
immaton s W% 194y Isestor & Blasteroniaus prpass, Sl anther
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



35 comprising celecoxib and a solvent wherein the 8 SEPTEMBER 2005 WOé) 2%%\4
PCT/US00/32760 -54 crystallization is performed at a temperature above theenantio roplc Bansmon
temperaturéd? FU#A33? celecoxib thereby producing Form Il celecoxib. Prior tBAR&§#YSIHY ation of
Form Il celecoxib, the 5 solvent may be seeded with a seed crystal of Form Il celecoxib, resulting in
the production of Form Il celecoxib with at least about 5% weight percent phase purity, preferably at
least about 10% weight percent phase purity, and more preferably at least about 25% 10 weight
percent phase purfbfTHEL P seAt PveResS dlsd Bitecte 8165 reparatiBR ot a<Fy&tafifle form of

celecoxib wherein ghegnetoginMolves beating arsoivate pbealeexib thesrbypredusing Form Il
celecoxib. The solvate can 15 be heated for gx ple lap.n éo rature of about %C to about 160C,
Botit 145¢ ‘§

preferably to a tenfBRFATVE Bf 8o dBYE t& t1 rERr &5y 10 & tBmpaAttire® B about
70C to about 1400;cstiHmmreImet&ablycmlaatem@erauheemilabnut 8eC tambootf14¥Cyel nore 20
preferably to a temperatyge, of @%@uto%gc te.ghgut; 140C, yetmgte preferably to a temperature of
about 100C to about 140C, more preferably to a temperature of about 110C to about 140C, more
preferably still to éfé%ﬁﬁ%ﬁﬁé%?%é&h’l%@?&ﬁb QEIMOE, (RErEZDBidterably to a temperature of
about 125C to about 135C, and more preferably still to a temperature of about 130C. 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 abouirZah@deaniNeisabWE 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.



for about 4 hours or longer. Furthermore, this method may be performed at mngjgmfé@@ﬁly
below atmospheric pressure. The solvate used in the present 35 invention c i da
solvent. FOrY8@BSEATRRMBER 2005 WO 01/42222 PCT/US00/32760 -55 exame TI{HE0GEEAt 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-tetrahydi-2(IH)-pyrimidinone, and 5
1,1,3,3-tetramethylurea, or any mixture of these solvents. A preferred solvent is 1,1,3,3-

another preferred : AradfidingriE Hi-another preferred solvent is N,N-
dimethylformamide. Still %nother referred solventés N Nt-dimethxl etamjde. In anaother embadiment
of the present invention, WHer&RESHRACERE0Rb RPtEpAIEd By e%l{irrlgeacfgl BSRAfe SFceiécoxib to
produce Formsll celecoxsb lthe tsalvatelis prepared st plotess commmisinganixinte telaconrixdvith an
amide solvent selecled:fom agroup, conyisiing o b dimetuliamamide, ML digethylacetamide.
1-methyl-2-pyrrolidinone, 1,3 20 dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone, and
1,1,3,3-tetramethyfit 2 réfghemixturdestinESE b ehts, pridfelabiy 1, P3a-rtrakmetRHERSE more
preferably 1,3-dimathyt31e3,6detralydraiaid Hia pyrimigingsien Sithanake peefaraply 1-methyl-2 25
pyrrolidinone, yet Wog%g[r nﬁerr%?@/eN’N' d?gtl’%hzémamlde, and.preferablgég,N- dlm%g%%gl%tgmlde.

. . 1 .  Me 1 ecompositlon ran were
Another embodiment™of the present invention' P

10 from the extrapolated onset to the maximum of the

IS
Sl

melting/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 cmt and 16.6°
10.3°, 13.8° and
II** 161.5 <84 none 712 Cm_l 17.70
11T 160.8 91 - T T
* Characteristic transitions not observed for other forms.
** Pure samples of Form II celecoxib have not been produced.




solid form of celecoxib comprised of Form | celecoxib 30 and Form 22 celecoyi ' r
. prisea of . . -© F&; 31200
embodiment of the present invention is a solid form of celecoxib comprising Form'| celecox

Form 1l cel8¥@XB4BBEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -56 Bt/ EHiv&160
embodiment of the present invention is a solid form of celecoxib comprising Form Il celecoxib and
Form 11l celecoxib. Still yet another embodiment of the present 5 invention is a solid form of celecoxib
comprising Form | celecoxib, Form Il celecoxib and Form Il celecoxib. The present invention is also
directed to a method of producing Form Il celecoxib wherein the method comprises milling or grinding

Form 111 10 celecoybsAdisefid naillingstep £ag ingluda-fare@mpleswet milling or ball milling. A useful
grinding step can include for example, mdmg or shaklr%%hThe’#h?esent inventi gn. is aJso directed to a

15 method of producing Foth R SATRS 1R IRSEE RN &r grindifiy a
celecoxib solvate o& useflbmilling step Earrmcludesibe axaiiple swebhmillmgbelsall mdlng.Ayuseful

grinding step an igghids orerarmplps grindig of:20,shakingnsiberembedimental the pregent

invention is a method of producing Form Il celecoxib wherein the method comprises melting Form |

celecoxib and coofity thé fiahk therdiSLsetriEngiEy RS 2Eletbiib> 25 Ak i fibédiment of the
present invention israa stetbed ohpraduenkicorns 3 aelecoxib whetsin the: methad compises melting

Form 11l celecoxib . :
abserved 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.



cooling the melt thereby producing Form Il celecoxib. 30 Form Il celecoxib is gr, % M 5
crystallization of celecoxib from a solvent comprising isopropanol and water (See for exampf‘()e %Pg
5,910,597). W9 PH#A?IA celecoxib has a complex differential 8 SEPTEMBER 2BO%/V§09/82762222
PCT/US00/32760 -57 scanning calorimetry melting transition. When scanned at 0.5C/min, the melting
of Form Ill celecoxib is observed at about 160.8C followsed by recrystallization to Form Il celecoxib
and subsequent melting of Form Il 5 at about 162.0C. Form Ill celecoxib is the thermodynamically
stable form of cele€bgiBeCHlataridrizhtion ©? PONmMOmphiECH StlhFeRbRfAs BP10 Celecoxib X-Ray
Powder Diffractions(PXRR): Jtared Abserplian Spegtraseory: (R h and:bifferential Seamning
Calorimetry (DSC), as well as, Raman Spectroscopy were 15 used to characterize Forms | and Forms
II. X-Ray Powder Biftr4ctioh (PRRIOPTHE GarfsiP &y ShllihBSorhy SRESRBoxib thh B Bhilyzed with
either a Siemens RB50MRowderyAB Diffractometeraratr dizel Mltipurpdsg Batractmetegr &dethe
Siemens D50Q0 P r. Diffractometer, the ra canpem red for 2- s from 2 to
50, with step;g of 088{; gaﬁ% s?ggl Sg%l séofl t%\’/lvcfc}véeacon%é. For ﬁﬁegf%}?e ﬁ%ﬁt?&uré%%?g%l%{ectometer,

samples were 25 plad&s iredn BRAINGM Saeble MbldérantahhouEBbdy <R &ed ¥erS30 minutes at

all two theta values, sipiitapequsiy Aslustrieddn Eiguse 4, thythyee forms were easily
distinguishable by PXRD. Using a Cu x-ray source 30 (1.54 nm), the characteristic diffractions were

observed
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.



at 2-theta values of about 5.5, 5.7, 7.2 and 16.6 for Form | celecoxib and abyisEh3Eh3pgah9 dgis7
for Form Il celecoxib. 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -58
Melting/Decd9d4iRiBA Temperature The temperatures of melting and/or dec®bFdsHB323605
non-solvated celecoxib crystalline forms were determined using a TA Instruments 2920 differential
scanning calorimeter. Each sample (1-2 mg) was placediin either a sealed or unsealed aluminum pan

and heated at 0.5C/minute. Melting/decomposition ranges were defined to from the extrapolated
onset to the maxinfifAeRlife HieliRgarasdbdStorndoMEFmSshratsolpidfstieseridof(@elecoxib

have been identifigd cR@lygerahie Forndcsiagudnprelted at about 162.8 C; Form Il celecoxib
melted at about 161.5 15 C; and Form Il celecoxib melted at about 160.8 C. On melting, Form Il

celecoxib has been observed to partially recrystallize to Form Il celecoxib or Form | celecoxib. Three
polymorphic formsmndsalygies &1 20 N Nydidieihylasetantida (QMA] and IvAbstitmethyléormamide

(DMF) were identified. T hysical properties.a ?ﬁFdiSti uishing characteristics gt the novel
polymorphs gsree sﬁ%ﬁﬁ #ﬁ%ﬁe]f Z%O?a%e S.fl\j?e m'gAﬁngestiﬁégﬁgﬁi%gﬁlrgrl@ﬁor%*s drmPoint
(C)(J/g) IRRamanRXReEr@Iheta) 32585wniNAB. 55 6174 7. ¥iigh8 F2E3 560 dismtlels . &1th3, 13.8 and
”“1615<84n0”62%%QE-%%EZS, 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 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.



111160.891--- --- --- [I * Characteristic transitions not observed for other forms. ** E & rm
A s

Il celecoxib have not been produced. 8 SEPTEMBER 2005 WO 01/42222 P

Differential 3AKi#3g2Zalorimetry (DSC) DSC is used to characterize the polyMoF#$0%S?ne8 of
celecoxib. Form | celecoxib is the highest melting 5 polymorph at 162.8 C with an endotherm
maximum at 163.3 C. Form Il celecoxib melts at 161.5 Gand has an endotherm maximum at 162.0 C.
A complex transition is observed for Form Il celecoxib. The complexity of this transition, which is only
observed at slow seaheamrsiLo¥epSeats makingws Foked|eelavoxita fallovrl By Faésystallization

to Form Il celecoxibanshsiRseasgAL, Melting of o Il Geleoxih Honsidaring-onk e dritial

endothermic transition, Form |ll celecoxib melts_ at 160.8 C and has an endotherm maximum at 161.5

C. 15 DSC detectof Bveiz brEBrmAdtolkin®rdfh ff teftotih: rdtEl AbLOASiDN
Spectroscopy IR digtihguishird Foradttelecoxdl frdedFarat ke celecoxib antiFemo [lntelecoxib,

(see Figure 2)s Withoutfutthey glabogation, itis pelieved thag,one.sijlied i @S?r%%%x‘;‘éﬁ‘gaﬂée
preceding description, utilize the present invention to its 25 fullest extent. The following preferred
specific embodimetswre thetefarederhereansiruedasimérely ittustratve 1 anc noblimaative of the

remainder of the diglosurein any Way Yhalsgeves, 30 BXANRIES oroquced 8.6
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



The following examples contain detailed descriptions of the methods of prepatati r I%t
Form | and Form Il celecoxib described in this application. These detailed de?f#&%ﬁ%%%{%g W|§|5n

the scope, aMA 8@ exemplify the invention. 8 SEPTEMBER 2005 WO 01P£28P500/32760
PCT/US00/32760 -60 These detailed descriptions are presented for illustrative purposes only and are
not intended as a restriction on the scope of the inventien. All parts are by weight and temperatures
are in degrees Centigrade 5 unless otherwise indicated. The celecoxib starting material used in each
of the following exaaipresewas grefardakinacesitepicevitel1s BoO59 7dRfepapative Examples: 10

Example 1: Preparatipn f 2iBMA-Slvate ofCelecaxipda ratioof dibaeleggxibOMA) Mathod A. In a
round bottom flask, 4.84 g of celecoxib were combined with approximately 125 mL of 15 DMA. The

solvent was removERKat rédiicedpresatirddartd # /60-C 1Bhipdesk arystalizhBoRStiid B8 solids were
collected on a filter, This process produce f1:1_solya etermin y.TGA at 10 C/min,
decomposition beéeé{ln&gt%gh%ﬁﬁ 1‘65%‘ Wolﬁ%gate%rga%(:;mt%r%%dtxz&l%%tg 148 élla%r?ap aat-gtal weight loss of
17%. Method 8. Ini& 1 19béakemr3B. X of eelenoxiwaiat pladcetsinmppeoximhate§yL008hal of DMA
with stirring. The resuléig sol_urtg)n vgi%sftrr%nsfgr.rgg to o Ie_ bneakgr. ZhS A%proEmaete‘l,yamo mL of water
was added to cau?eo‘”(’:rys aflization. The cr?sﬁal}s Were isolated 6)y fﬁtréetion}zf e'wet y|§1d was 5.44 g.
Additional crystal stopgwére germratediyy-the addition of water to the filtrate. TGA at 10 C/min
showed decomposition

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



30 beginning at about 100 C with maximum at about 150 C, and with a total \%%gﬁ@ﬁ%@%g
solvent. 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -61 Example27Pre o) OEMF
Solvate of C¥REHXAB A ratio of 1:1 celecoxib-DMF) In a crystallizing dish, aboBE€T/H8PB8ME€Boxib 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 -e¥aporate 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 coRfifuéd ifith &2édeitd AEIMbRFatrEivUt 186 Crtacddighit $65s WaS 13.4%.

Working Examplesilbdaxamppleds GanerabMathods:fer Brepasing Gelegoxib roeim T Az Psgparation of
Celecoxib Form | by Heating a 20 Celecoxib Solvate: An gpen container of a celecoxib solvate was
e Tomes! (B Erat BiCumh s chTaea .

heated in an over & the I M pRPITFE atWhich - dedoivatioh wis oh8erRed BRe) 9%Y of
celecoxib- DMA was beptedsrancoven dtcdmoul 100C for about 48 25 hours. The PXRD of the
resulting sample showed characteristic reflections due to celecoxib Form | 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 | by Evaporation: A high purity
sample of celecoxib was crystallized from ethyl acetate-heptane solvent by evaporation.



8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -62 Celecoxib 16.03 g) was purified b
preparative liquid chromatography using 15/85 (v/v)ethyl acetate/heptane a S\ %@/&9915
(50.8 mm idW&f URB22mcm silica gel. The fractions eluded between 270 mL ddr9g®MI2780vere
collected and combined. The solvent was removed at about 35 C under vacuum to induce
crystallization and evaporated to dryness. This processgroduced 8.6g celecoxib Form I. Crystallizes
were free of solvent, as determined by TGA, and had the Form | PXRD pattern shown 10 in Figure la.
C. Preparation of G&a80xX5 FeRAIMEDVIERiNg: 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 170C and the celecoxib was allowed to fully melt. Molten celecoxib was then poured
on to a watch glass and &ltoved ®F&bdi. By DEE ldckhfed 2 ™. 8E/fiml G5 ER of Form | was
observed at about 20 163C. The melt of Form Ill, and the recrystallization to Form I, and the melt of
Form I, were also observed. Jﬁﬁam le 2: GET(:-:-Lraé I\/JL_eC;[Qods fﬁ)rﬁfgparirlg gel;acoxibalglom{lll 25 A.
Preparation of Celecoxib Form Fby %%ﬁﬁg a'Celecoxib Solvate™1Use of'd BMAESIVate. 30 In
general, an open conYaipemster celeEdxbDMAn splbteewas Wastedirainsoveh réarthe peak

temperature at whiclsdesolvation was gpseryed. Bagthy da ap,Qyepnatabout 130 C, 0.3 g of
celecoxib-DMA was heated for approximately 48 hours. The PXRD of the resulting 8 SEPTEMBER
2005

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.



WO 01/42222 PCT/US00/32760 -63- sample showed characteristic reflection %EF;T E%%x#?g%:m
Il as well as reflections of celecoxib Form IlI; DSC at 0.5 C/min showed a sin} el F@ o

with onset aWVOP/4222And maximum at 5 161.9 C; TGA showed no weight los®EEBHFERTE. The
powder x-ray diffraction pattern of the mixture was shown in Figure Ib. 2. Use of a DMF solvate. 10 In
general, an open container of a celecoxib-DMF solvate-a§as 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 wds héRed ovéfrtight The FeRD Fih€ teskiting SatpRA 5 8howed

characteristic reflectignssdueitsgrlecaxin korm-H asanelhap eeflectiensisbealegdb Fesm Ill; DSC at
0.5 C/min showed %Done &tl&g ecnd_qtherm with onset at 161.5 C and maximum at 161.8 C and a
r

small endothermi&fansition withaximum 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 l1ll, by Mechanical Conversion.

In general, celgcoxib Forq\j Il %grgy%g in a-bgll. 2% mill. Briefhy, é[lls_mglaiw}l%}q-gggaﬁelecoxib Form

Il was ground at a maximum intensity for 30 seconds. The resulting solids were a mixture of Form I

and Form Il was deRdrhAhEd by DRWeerR-rah it abfich. BPEa b rétarlrstist CéeEos®B 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 éh%i,?laetula was e Toved,tscra edf agga%%EfTEMBER 2005 WO

01/42222 PCT/US00/3275 crystalline 'form o Raving 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.



the dried solids from the spatula were collected. The dried solids were a mixture of Form Il and Form
lll as determined by powder x-ray. DSC at 10C/min also showed the preserg SBPFEWMBERSD 005
SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -65 WHAT IS CLAIMED IS: 1, A Form |
crystalline form of celecoxib. 5 2. The crystalline form of Claim 1 having an X- ray powder diffraction
pattern with"f@8k4282%about 5.5, 5.7, 7.2, or 16.6 dégrees two theta. 3. The cBSTAIR0e/I2r6n 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 1600C to about 1640C. 15 5. The

crystalline form of Clairqull havirggl%_melltsing range from about 1620C to about 1631C. 6. The
crystalline form of Claim's REVTG 2 20 MEMingf potAt Br A 2678859 . Bt Bryafafihe form of

Claim 5 havifitba Hefereffisl S¥ahdirtpearstifetry endotherm maximum from about 160.00C to
about 164.00C. 25 8. The crystalline form of Claim 5 having an endotherm maximum at about

163.30€. 9. The cyystallinesfarpyafaClake 8durthar baying: 3Ra:melting rangedram about 1600C to

about 1640G, 10. OJJ}% crystallineform.of Clajm, 9;,having a melting point of about 162.80C. 8
SEPTEMBER 2005 WO 01/42222 PCT/US00/32760

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



-66 11. The crystalline form of Claim 1 having an Infrared Spectrum which has a peak at about 3250
to about 3260 cm-1. 5 12. The crystalline form of Claim 11 having an Infrared Spectrum which has a
peak at about 3256 cm 1. 13. The crystalline form of Claim 1 having an Infré&fssESiédwBRvAPPhas
a peak at about 3350 to 10 about 3360 cm-1. 14. The crystalline form of Claim 13 having an Infrared
Spectrum WHRB1H3223 peak at about 3356 cm 1. 4148 45. The crystalline form dfaTiaisnoB17a0ing an
Infrared Spectrum which has peaks at about 3256 cm -1 and about 3356 cm 1, and having a melting
point of about 162.8C. 20 16. The crystalline form of Claim 1 having a phase purity of at least about
5% Form | celecoxib. 17. The crystalline form of Claim 1 having a phase purity of at least about 10%
Form | celecoxib. 25 18. The crystalline form of Claim 1 having a phase purity of at least about 25%
Form | celecoxib. 19. Thélcrystdhmederefof Bitin? 1 Whshedra 36 phast pimityoof at least about 50%
Form | celedbxdlsd@0. iEherdrystadiiedorm of Claim 1 having a phase purity of at least about 75%
Form I gelecoxib. 8 SEPTEMBER 2005 WO 01/42222 - 67 PCT/US00/32760 21. The crystalline form
of claim 1 having a phase,purity,of at. least about 90% Form | celecoxib. 5 22. The crystalline form of
Claim 1 havi,nsq a sub,star%tziéllly_)fr_heaéleS eplfr% %rarﬁmo gg%?ﬁﬁeé&e%xiﬁ?%%t,&oﬁhgFmaceutical
compositioR Comprising &tHErapsutically- effective amount of the crystalline form of any one of
Claims 2 to 22

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.



10 and at least one pharmaceutically-acceptable carrier, adjuvant or diluent. g B‘Eﬂ%of
Claim 23 wherein the celecoxib comprises at least 2% Form | celecoxib. 15 Z5. lI:' e composition of
Claim 23 wieeet/#a222%elecoxib comprises at least 10% Form | celecoxib. 26.PKHEE®APGsRkion of
Claim 23 wherein the celecoxib comprises 20 at least 98% Form | celecoxib. 27. The composition of
Claim 23 wherein the celecoxib comprises at least 98%6Form | celecoxib. 25 28. The composition of
Claim 23 wherein the celecoxib is predominantly Form | celecoxib. 29. The use of a
therapeutically-effective ahfourkist FefRhogeleéosib ddithé prepaatidh of ASnE@ERMENt for treating

or 30 preventing a&ycloex¥aenases2-arsdiaied £endiion0y disordenkta Hubject 530. The use of
Claim 29 wherein the., cc;ﬁ?dltlon or dlsord?ga ain. 35 8 SEPTEMBER 2005 5 WO 01/42222 -68
i

PCT/US00/32760 ¥ P uBEHF BilinP P& e condition or disorder is inflammation. 32. The
use of Claim 29 wherein the condition or disorder is arthritis. 33. The use of Claim 29 wherein the

condition or 19 disorder igfumey, groythy, 34. ‘The u$g of clym A9wherein e eqnditiop or disorder is

metastasis. 15 35. The use of Claim 29 wherein the condition or disorder is familial adenomatous
polyposis. celecoxib thereby produced has at least about 90

weight percent phase purity.

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.



36. A method of preparing Form | celecoxib comprising crystallizing celecoxig g rlg;\.IaErl'\r)lié
e ; : stallizin % 2005
comprising celecoxib and a 20 solvent, wherein the crystallization is performed at a temperature
above the eWAhUiB#3RTC transition temperature of Form | celecoxib thereby prE§IGBGY |
celecoxib. 37. The method of Claim 36 further comprising seeding the 25 solvent with a seed crystal
of Form | celecoxib prior to the crystallization. 38. The m@thod of Claim 36 wherein the Form |
celecoxib thereby produced has at least about 5 weight percent phase purity. 30 39. The method of
Claim 36 wherein the ForfiBl- c&l&coite thereyfprodaéad Rds abledbi sbo i Wweibe percent phase

purity. 8 SEPTEMBER005-WQ 81/4222R RETAISA0/32760,59:4% e methedat Claim 36 wherein
the Form | celecoxib thereby produced has at least about 50 weight percent phase purity. 5 41. The

method of Claim 38%%hé&rein the Form | celecoxib thereby produced has at least about 90 weight
percent phase purity. 42. The method of Claim 36 wherein the Form | 10 celecoxib thereby produced

has at least aQout 25 Weiq@t.pelrﬁ%nm(%nggy.&?aﬁlmghqqlo(ﬂ?@ﬁri@glg Xq_tggigg form of

celecoxib wherein the method comprises heating a 15 solvate of celechib thereby producing Form |
celecoxib. 44. Thelfiethod tF € &ith 23 FeRPRIAFE D \Vae 3B MehtetPiE a tempRRittire of about 50C to
about 20 160C. 45; The-method of Claim 43 in which the solvate is heated to a temperature of about
60C to about 150C.

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-



25 46. The method of Claim 43 in which the solvate is heated to a temperaturg Q%ﬁ%é%&t?gaégut
140C. 30 47. The method of Claim 43 in which the solvate is heated to a temperature of abou to

about 1300V€ SERIZMBER 2005 WO 01/42222 PCT/US00/32760 -70 48. TRETASMHoBR BOClaim 43
in which the solvate is heated to a temperature of about 85C to about 120C. 5 49. The method of
Claim 43 in which the solvate is heated to a temperaturelof about 90C to about 110C. 50. The

method of Claim 43 in which the solvate 10 is heated to a temperature of about 100C. 51. The method
of Claim 43 wherepMhtssbhdita ¢ keatéd JordmBRE thahabobit 1. rhinted W rThelrhbthod of Claim

43 wherein the solygteiis heatrehior mere than abgutl minwesnyd-ykhesmethod 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 B8 lorgiee. 56 Tiednethodlef anyche ofelaans 485 wiherdn the heating is

performed beI9w agrg%ggecri%greﬁlsw_ed%ge@h}jfgd?ﬁmgég 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

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.



35 dimethylformamide, N,N-dimethylacetamide, 1-methyl-2 8 SEPTEMBER %Ogép\,?l%éﬁ%%&s
PCT/US00/32760 -71- pyrrolidinone, 1,3-dimethyl-3,4,5,6-tetrahydro-2(IH)- pyrimidinone and
1,1,3,3-tetraM A2, 59. The method of Claim 58, wherein the amide 5 soRf(&HUM0/32760
N,N-dimethylformamide. 60. The method of Claim 58, wherein the amide solvent is
N,N-dimethylacetamide. 10 61. The method of Claim 587awherein the amide solvent is
1-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 solventis 1,1,3,3-tairamelbyleas 29 64 dheimnethad,oiGlaim S8avhereinsthe salvate of
celecoxib is prepared, by a process comprising mixing. celecoxjb itg an amide splvent selected from a
group. consisting 6PN REdHFatTRmamnide - BEhyate a8 ERIGRIYS Frolidinone, 13- 26
dimethyl-3,4,5,6-te2ratiyilree2¢it)igiimidimone 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 whefeinthe 354hek sa¢edsnemethydadyirdidin®Rer8 SEETEMBER 2005
WO 01/42222 PCHWRMW/32M0R1TE 68 Theimethndwacesding g Glaigr64 wherein the

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.



amide solvent is 1,3-dimethyl-3,4,5,6-tetrahydro- 2(1H)-pyrimidinone. 5 69. Tg%fglgﬁl?g@%@gﬂjag to
Claim 64 wherein the amide solventis 1,1,3,3-tetramethylurea. 70. A method of producing Form

celecoxib toWéhete2he method comprises milling or grinding Form 111 celecobirtH&iB37ptoducing
Form | celecoxib. 71. The method of Claim 70 comprising milling Form Il celecoxib. 15 72. The
method of Claim 71 wherein the milling is wet milling. 733-The method of Claim 71 wherein the milling
is 20 ball milling. 74. The method of Claim 70 comprising grinding Form Ill celecoxib. 25 75. The
method of Claim 74 wheréff theRgifafHd 9§ pedofmed By zﬂamhs.r%m Fh8d bf pRfEuEihg Form |
celecoxib whereindge method:c@mprises milling or grinding a 30 celecoxib solvate thereby producing
Form | celecoxib. 77. The method of Claim 76 comprising milling a celecoxib solvate. 8 SEPTEMBER
2005 WO 01/42222 PCT/US00/32760 -73 78. The method of Claim 77 wherein the milling is wet
milling. 79. The method of Elaifhe7 wicheid thé niiflingtis B/balhwitirig: 89 helnéthed cf<laim 76
comprising grinding g celecoxipgplvate. 10 81. The method of Claim 80 wherein the grinding is
performed by shaking.

80. The method of Claim 76 comprising grinding a

celecoxib solvate.

10 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
15 and cooling the melt thereby producing Form I

celecoxib.

83. 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.

84. A method of producing Form I celecoxib
wherein the method comprises evaporating solvent from
25 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

30 hydrocarbon.

86. The method of Claim 84 wherein the solvent

comprises an ether and a hydrocarbon.



82. A method of producing Form | celecoxib wherein the method comprises g?gggr%%h?b%?xm
product

15 and cooling the melt thereby producing Form | celecoxib. 83. A method o

celecoxib WHMErgIH#IAE method comprises melting Form 11l 20 celecoxib and c#EIkGIH3ATek thereby
producing Form | celecoxib. 84. A method of producing Form | celecoxib wherein the method
comprises evaporating solvent from 25 a celecoxib solufitn thereby producing Form | celecoxib. 85.
The method of Claim 84 wherein the solvent is selected from the group consisting of an ether and a
30 hydrocarbon. 86. The frlethddt8f BRiMCsh Rhefeift e ESVERETEAPEES afi eti&Hnd a
hydrocarbon. 8 SERMHIVBESR2@ARMWO HA&2222 REH/ /3R é60 -74 87. The method 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 15:85. 89. The method of Claim 84 wherein the
evaporation is performed®eloWatmbspierit frésSureimo 80. Therratolt CI&iRY84 wherein the

evaporation issperforned @t ademperiurRgtabRUta3a0G 9% A-feim Ibgrysisdine fosm 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-
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.



ray powder diffraction pattern substantially as shown in Figure 1a. 94. The cry@ﬁi_iperﬁqggﬁgéﬁg 91
having a 25 melting range from about 159C to about 164C. 95. The crystalline form of Claim 91
having a m¥jH3a¥e from about 161C to about 163C. 30 96. The crystallin@€aYhPef/ 2l 95
having a melting point of about 161.5C. 97. The crystalline form of Claim 95 having a differential
scanning calorimetry endotherm maximum 35 from abetst 160.0C to about 164.0C. 8 SEPTEMBER
2005 WO 01/42222 PCT/US00/32760 -75 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 kangerfrem aboyt 160G 4@ abeut, 168C¢ 19 1909 Fhe Lrystalline form of Claim
99 having a melting, pqint of ahout 161.5C..101. Tk;e cr%stalline form of Claim 91 havi%%a é)hase
purity of at least ag%ﬁ 55 EdHh AT cESEOXIB™5 $62 CFAE Eiytalfis BT BRF 81 HaviHy a phase
purity of at least aledna 0% E2rrd9ICcelecoxib. 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 Il celecoxib. 25 105. The crystalline form of Claim 91 having a
phase purity of at least afcut 7586 FerMdtediddsdh LroB: ThE &ystallin@ ot BERS&im 91 having a

having a melting range from about 160°C to about

l163°C.

10 100. The crystalline form of Claim 99 having a
melting point of about 161.5°C.

101. The crystalline form Claim 91 having a

[S1e]
o°  th

phase purity of at least about Form II celecoxib.
15
102. The crystalline form of Claim 91 having a

phase purity of at least about 10% Form II celecoxib.

103. The crystalline form of Claim 91 having a

20 phase purity of at least about 25% Form II celecoxib.

104. The crystalline form of Claim 91 having a

phase purity of at least about 50% Form II celecoxib.

25 105. The crystalline form of Claim 91 having a

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

106. The crystalline form of Claim 91 having a
phase purity of at least about 90% Form II celecoxib.

30
107. The crystalline form of Claim 91 having a

substantially phase pure form of Form II celecoxib.

108. A pharmaceutical composition comprising a

35 therapeutically-effective amount of the crystalline



phase purity of at least about 90% Form Il celecoxib. 30 107. The crystalline forrs SEAARMEERZ0G5
a substantially phase pure form of Form Il celecoxib. 108. A pharmaceutical composition comprising
a 35 therapeutically-effective amount of the crystalline 8 SEPTEMBER 2005 WO 01/42222 - 76
PCT/US00/32760 form of any one of Claims 91 to 107 and at least one pharmaceutically- acceptable
carrier, adj@M@#22uent. 5 109. The compositiefiéaf Claim 108 wherein the PERUSOII32060Mprises 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 at least 98%

Form II. 113° ﬁeogo%lﬁo%?ﬁqﬁfofsﬁéf?ﬁ P08 WHETRIRAMA R EelEaSKilPTE BREABATGHARR Eorm 11
celecoxib. ZOSRAaHR BRE 6F% tHeFRPBRticallydélfeetive amount of Form Il celecoxib for the
preparation of a medicament for treating or preventing a cyclooxygenase-2-mediated condition or

disordey in a subjees.. 25r%5:JipR 4438 &f Glaim Lild wherginthe carditign Qrdisorder is pain. 116.
The use of §JHBM&§ g@qréeaigtth&cpggg&ti% L Pjsordg( is 30 inflammation. 117. The use of Claim

) y - coxi
114 wherein the condition or disorder is arthritis. 35 8 SEPTEMBER 2005
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



WO 01/42222 -77 PCT/US00/32760 118. The use of Claim 114 wherein the condit®8BPTEMBER2005
tumor growth. 5 119. The use of Claim 114 wherein the condition or disorder is metastasis. 120. The
use of Claim 114 wherein the condition or disorder is familial adenomatous polyposis. 10 121. A
method of preparing Form Il celecoxib comprising crystallizing celecoxib from a mixture comprising
celecoxib aMP143Pant, wherein the crystallizatie?is performed at a tempera&orasstosyréhe
enantiotropic transition temperature of Form Il celecoxib 15 thereby producing Form Il celecoxib. 122.
The method of Claim 121 further comprising seeding the solvent with a seed crystal of Form I
celecoxib prior to the crystallization. 20 123. The method of Claim 121 wherein the Form Il celecoxib
thereby produced Has at 182st b8t Siight heRERBhERR FRRAYT 19U oFhEiARIIRT BT Claim 121
wherein the"P8ti JFeeiécoxib 25 thereby produced has at least about 10 weight percent phase
purity. 125. The method of Claim 121 wherein the Form Il celecoxib thereby produced has at least

about 25 weight pergent ahase Pty d SEPLEMBER 2002 WR101{42222 RCI/MS00/32760 -78
126. The method of Claim 36 wherein the Form Il celecoxib thereby produced has at least about 50

weight percent phase purity. 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 crystalline
form of 10 celecok# whereintierhethvincbpriseschediitg epndition 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.



celecoxib solvate thereby producing Form Il celecoxib. 129. The method of Claip p2& \RREHCBIHE
solvate is heated to a temperature from about 50C to about 15 160C. 130. The method of Claim 128
in which theV¥810Ht#8223 heated to a temperature from about 60C to about 1458CT205¢®327phe method
of Claim 128 in which the solvate is heated to a temperature from about 70C to about 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 is heated to a temperature from about

90C to about 140C. 134.18fe mEltdistEriM ARG hMHCE thevdmvablisTeaté® ¥atdmperature

from about 100C te ébeub:3501 40Ke W, 01/A8d42 <60 BIERTENEER 2082 eCEHIS00/32760 135.
The method of Claim 128 in which the s%vate IS heated to a temperature from about 110C to about

140C. 5 136. The Hetbt oPERIA2ERMTR He Soivate 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 frpm about 125€ toghout A3pG 138 dhe;methgd af Glain, 128 in which the solvate

celecoxib thereby produced has at least about 90

weight percent phase purity.

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.



15 is heated to a temperature of about 130C. 139. The method of Claim 128 wherein the solvate is
heated for more than about 1 minute. 20 140. The method of Claim 128 wheréir Eel SNBER 2ABated
for more tha@Bbu#E2B2ninutes. 141. The method of Claim 128 wherein the soRa#EGSME3TEH 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 8 SEPTEMBER 2005 WO 01/42222 PCT/US00/32760 -80 145. The

method of Claim 128 whergin theneelge@iil golvate-qemprigesscalgcqub and anamisieyselvent. 5
146. The method of C:ﬁ;m 145 wherein the amide solvent is selected from the grou% consisting of
e$$ #gﬁ;c to about

N,N- dimethylformai iRy 5EERMS U= metiyi™- PR dlidi

1,3-dimethyl-3,4,5 B4tetahydro-2(IH)- 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 1-methy:-2epyridiRlimsie28 150, §ha iethed of Tt th6, MaseremlifetEnide

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



solvent is 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)- pyrimidinone. 151. The met@%g%ﬁ:%&?zﬁl rein
the solvent 25 is 1,1,3,3-tetramethylurea. 152. The method of Claim 145 wherein the ™ celecoxi

solvate is pWEAIE#B32a process comprising mixing celecoxib with an amide FSIFEHREEHEd from a
30 group consisting of N,N-dimethylformamide, N,N- dimethylacetamide, 1-methyl-2-pyrrolidinone, 1,3-
dimethyl-3,4,5,6-tetrahydro-2(iH)-pyrimidinone and 1,1;8)3-tetramethylurea. 8 SEPTEMBER 2005
WO 01/42222 PCT/US00/32760 -81- 153. The method according to Claim 152 wherein the amide
solvent is N,N-dimethylforfiamidea 5 Fhatn&thold HetBrdtid td"BRAR 1525 hRerein 5 the amide
solvent is N,N-dime#hdacetdmides 165 £ Ehe meibad ascarding-ioxGlainmid2amheneindghe amide
solvent is l-methyIS-Z-lp rrrcl)tl__idinone. 10 156. The method according to Claim 152 wherein the amide
solvent is, 1,3-dimeﬁ1y % ,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 solid form of celecoxib comprising Form

| celecoxib angl Form |l celggoxig20 1a9+A $olid ferim, of.celacoxih somprsing iy dgelecoxib and
Form Il celecoxib. 160. A solid form_of celecoxib con%%rising Form Il celecoxib and Form Il celecoxib.

25 161. A solid foriPoVERIECcaxb E5hPRERY FHAT | LRRPRBURoARMFISIESED, SHnd e drm 111

celecoxib. 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.
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.



30 162. A method of producing Form Il celecoxib wherein the method comprigesdpiig BES HeH
Form 11l celecoxib thereby producing Form Il celecoxib. 163. The method of Claim 162 comprising
milling 35 PEA1#B&Rcoxib. 8 SEPTEMBER 2005 WO 01/42222 PCT/US07S276¥90827¢64. The
method of Claim 163 wherein the milling is wet milling. 5 165. The method of Claim 163 wherein the
milling is ball milling. 166. The method of Claim 162 cosiprising grinding Form Ill celecoxib. 10 167.
The method of Claim 166 wherein grinding is performed by shaking. 168. A method of producing
Form Il celecoxib 15 whekéih-thEtfethDbterhREec ARG dryrintiigia tefecokprsoivate thereby

producing Form Il eglecaxihatbofiRa-method af Glaimd&8spnayisiagiling 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 Clainl 322 \itiezeinethb gplindinge Isiperdorbre By shaking. Wik vemethod of

producing Form Il celecgxib swherein the methed m@@g%qﬁq@fg@gt%%%gqelecoxib 8 SEPTEMBER
2005 WO 01/42222 PCT/U SI 111/32760 '

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.



-83 and cooling the melt thereby producing Form Il celecoxib. 175. A method of roducing Form Il
celecoxib 5 wherein the method comprises melting Form 1l celecoxib and coBli EW@M Ffﬁ@r%@?
producing F@P1HERAR coxib. PCT/US00/32760

-82-

164. The method of Claim 163 wherein the milling

is wet milling.

5 165. 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.





