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{57) Abstract: This invention

1400 4 encompasses the Form V polymorph
3 of Compound A of structural
1200 3 formula {A) which is usefal in the
treatment of cyclooxygenase-2
E mediated diseases. The invention
1000 encompasses certain pharmacentical
3 - compositions for treatment of
cyclooxygenase-2 mediated
£ a0 diseases comprising the Form V
3] g polymorph of Compound A. The
600 - invention also encompasses a
process for synthesizing the Form
1 V polymorph of Compound A.
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“Abstract: This invention enconpasses the FormV pol yrmrBQN E%gund A
of structural fornmula (A) which is useful in the treat iRt '?
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- wth international search report ning of each regul ar PCT
Gazette. 26 Novenber 2004 WD 01/92230 PCT/ US01/ 16566 TI %_%Eb%g%ﬁ_@ﬁ

| NVENTI ON SWOHILBPRP 3- (4 METHANESULFONYLPHENYL) - 6' NETHYL- [BCTBUSEIEMR! DI NYL
I N PURE CRYSTALLI NE FORM AND PROCESS FOR SYNTHESIS 5 BACKGRQJND OF THE

| NVENTI ON The present invention relates to the Form V pol ynorph of Conpound
A-having the chem cal structure shown below10-Conpound A as-well as a
process for synthesizing the FormV pol ynorph. Conpound A exists in five
pol ynor phi ¢ for F ”TEIEI 5 15 anor phous form and two hydrat ed -
forns. The conpound 7's sel ective cycl ooxygenase-2 (COX-2)

i nhi bitor, usefﬁjCH@ﬂR&-ﬁr(Mm&mm}M\TYmrﬁ’Lmn pain and

e 2% o ol %Wangt%%?émmﬁ@ﬁf@éﬁﬁﬁﬁﬁ i

UrS. Patent No. WS 9 granted on January 19, 1999 (Exanple 23), 20
whi ch is hebeby incorporated by reference in its entirety. A process for

maki ng Conpou . S. _Patent No. 6,040,319 granted on |
March 21, ZOOO%A%W@?Q% Nt ed by reference inits entirety.
The prosont | For M “mm"ﬂdh‘ém"m‘m‘i‘?%ﬁ?%%‘%e AR CoRLRSETS
11 or 1V or aré/mm &lgﬁ-lreycgg#& %}W 1‘?‘3 conpound A

NS

N/l\
o

10 . N° "CH;
Compound A

as well as a process for synthesizing the Form V polymorph.
Compound A exists in five polymorphic forms (Forms I-V), an
15  amorphous form and two hydrated forms. The compound is a potent and selective
cyclooxygenase-2 (COX-2) inhibitor, useful primarily in the treatment of
inflammation, pain and fever as well as other COX-2 mediated diseases, such as
described in PCT Publication Nos. WQ96/ 10012 and W096/16934. Compound A is
described in U.S. Patent No. 5,861,419 granted on January 19, 1999 (Bxample 23),
20  which is hereby incorporated by reference in its entirety. A process for making
Compound A is described in U.S. Patent No. 6,040,319 granted on March 21, 2000,
which is hereby incorporated by reference in its entirety. The present invention
unexpectedly provides for a novel, robust process for making a Form V polymorph of

compound A from any one of Forms I, II, I or IV or any mixture of polymorphs of
' 25 © compound A.



26 Novenber 2004 SUMVARY OF THE I NVENTION A first aspect ;@fofdpel Sp@Nt1 0N
provi des a pol ynorphic form of the conpound of formula A A which is

desi gnated Form V. An enbodiment may relate to the conmpound of forrmula A
which is may be useful in the treatnent of cycl ooxygenase-2 nedi ated

di seases. A second aspect of the invention provides a pharnaceuti cal
conpositi-on conpri sing a non-toxi c therapeutically effective anount -of a
pol ynor pHtBMMARY Q3F THE INVENBOMN and a pharnaceutical acceptable carrier.
An enbodi mant may relate to certain. pharnmaceuti cal corrp05|t|ons for the

-treat;nmen nase- 2

pol ynorp a@%rb%ﬁﬁﬁ%ﬁ Rﬁpﬁﬂa Sa%ﬁ%@'?l %ﬁfﬁzﬁ nvent | nhg‘?gflf&?nﬁm’ use of
“a non-toxic- therapeut ically effective anount of a polynorphic form as

defi ned above in the manufacture of a nedicament for _the treatnment of an
i nfl anmat ory di sease susceptible to treatnent withagrSkefttt eroi dal
anti-inflanmmatory agent. .A fourth aspect of thi ention provides a use -
of a non-toxic therapeutically effecti a polynmorphic form as
defined above in the manufacture of a nmed ca or the treatnent of a
cycl ooxygenase nedi at ed di sease advant agegousk ated by an active agent
t hat selectively inhibits cycl ooxygenase-2Nn ence to

cycl ooxygenase-1. A fifth aspect of the inventi ovi des a use of a
non-toxic therapeutically effective anmount of a0l y@bphic form as
defined above in the manufacture of a nedicanent for the treatnent of an
illness selected fromthe group consisti-ng of: g2 26 Novenber 2004

; - "

g whlch is designated Form V.

An embodiment may relate to the compound of formuia A whlch is may be useful in the

treatment of cyclooxygenase-2 mediated diseases.

A second aspect of the invention provides a phammaceutical composition comprising a
non-toxic therapeutically effective amount of a polymorp!nc form as defined above
and a phammaceuntical acceptable carrier. .1 An embodiment,
mav telate to certain. pharmaceutical compositions for the “{reatmient of
cyclooxygeuase-z mediated diseases comprising the Form V polymorph of
Compound A.

A third aspect of the invention provides a use of a non-toxic therapeutically effective
amount of a polymorphic form as defined above in the manufacture of a medicament for
the treatment of an inflammatory disease susceptible to treatment with an non-stercidal .

anti-inflammatory agent.

‘A fourth aspect of the invention provides a use of a non-toxic therapeutically effective
amount of a polymorphic form as defined above in the manufacture of a medicament for the
treatment of a cyclooxygenase mediated disease advantageously treated by an acfive
agent that selectively inhibits cyclooxygenase-2 in preference to cyclooxygenase-1.

A fifth aspect of the invention provides a use of a non-toxic therapeutically effective
amount of a polymaorphic form as defined above in the manufacture of a medicament for

the treatment of an illness selected from the group consisting of:

-2



(a) rheumatic fever, (b) synptons-associated with influepzp.mpetspL Vvira
I nfections, comon cold, (c) |ow back and neck pain, (d) dysnenorrhea,
(e) headache, (1) toothache, (g) sprains and strains, (h) nyositis, {i}
neuralgia, (1) synovitis, (k) arthritis, including rheumatoid arthritis;
degenerative joint diseases (osteoarthritis), gout and ani cyl osi ng
—spondytitis; () bursitis; (m buns, (n) injuries,-and-(o) foltowm ng
surgi cal. and dental procedures A si xt h aspect of the invention provides a
process: for makd)ng ghemgatinfrepol ymor ph of  structural fornula A: A

conpri sing: Coggyi Ni BEnRRhIRTERIL With ilfiuertzh lor Sher vl R qﬁt

| sopropyl acetate; heating. to an el evated tenperature ess t han ébout 75C,
and cool i ng to(@ | olp¥tespendaedkire®™ o produce the Form V pol ynorph. -2a 26
Novenber 2004 Rfpl EFgfdaahdued| ON OF THE DRAW NGS

(e) headache,

® toothache,

(2) sprains and strains,
(_h)’ myositis,

(1) ncuralgia,
) = synovitis, :
: (k) arthritis, mcludmg rtieumatoid axthnus degeuemtwe joint diseases (ostcoarthntis),
gout and anlcylosing spondyhtts ' ?
) bussitis,

‘(m)  bums, _
{(n)  injuries, and . ‘ -
(0) fallowing surgical and dental procedures

A sixth aspect of the invention provides a process for making a Form V polymorph of

structural formula A:

comprising:

combining polymorph I, IL, IIl or IV of Compound A with isopropyl acetate; heating
to an elevated temperature less than about 75°C and cooling to a low temperature to
produce the Form V polymorph

-2a-



in which: The invention is described in connection with
drawings Fig.1l is the X-ray powder diffraction (XRPD) pa??@?%ﬁpgﬁgm Vv,
Fig. 2 is the XRPD pattern of Form1l;, Fig. 3 is the XRPD pattern of Form 11
Fig. 4 is the XRPD pattern of FormIll; Fig. 5is the XRPD pattern of Form
N, Fig. 6 is the XRPD pattern of the hem hydrate; and Fig. 7 is the XRPD
‘pattern-ofthe sesquihydrate: 26 Novenber 2004 WO 01/92230 PCT/USOL/ 16566
DETAI LED DESCRI PTI ON Thi s invention enconpasses the Form V pol ynor ph of
structural formula A° 5 A having the follow ng physical characteristics:
DSC extrapol ated onset nelting tenperature of 133.9C, DSC peak nelting
tenperature of 134.5C, and x-ray powder diffraction peak positions, Cu K

.al pha, of: 13.7 , 7. 58 57 50, 4.9, 4.8 4.7, 4.5, 4.2,

4.0, 3.9, 3.8, %@?@F@%@@Qﬁ@@%@%a and 2.8 angstrons. 10 An

.-embodi ment “of the invent i The irehtih EAE@iVedR HRRERR QJ'&[&@HB%&:& i

‘characterized aﬁlb‘t}&i;&lng an x-ray powder diffracti onnpz;ttern eg%&sglsnlgtsi on,
abou

Cu K al pha, at 13.7 angstrons. Wthin this enbodi nent of the
.invention is the FormV pﬁigm@hiﬁfay@mnvﬂewﬁﬁrd&ﬁbnmmE&@éxﬁ@f?@ﬂnﬁﬂvg as

having at |east one x-rayppoyd ' ' ttern peak position, Cu K
“.al pha, at about: 7.2, 15 095 e ST Blthdr? B AL £

'6.9,6.7,5.8,5.7,5.0, 4. 9, 4Fg 3 1ythe 3RBD patterg oBFemsNs, 3.7,3.6,3.4,3.3,3.1,3.0
2.9 Fig. 4 is the XRPD pattern of Form 10I;

Fig, 5 is the XRPD pattern of Form IV;

Fig. 6 is the XRPD pattem of the hemihydrate; and

Fig. 7 is the XRPD pattern of the sesquihydrate.

~-2b-



or 2.8 angstronms. An enbodi nent of the invention is the BormeopRoiggaor ph of
Compound A characterized as having a DSC extrapol ated onset nelting

t enper at ur V0 81922Bbut 133. 9C. 20 An enbodi ment of the i nverrgTorsoisessbe For m
V pol ynor ph of Conpound A characterized as having a DSC peak nelting
tenperature of about 134.5C. An enbodi nent of the invention is the FormYV
pol-ynorph of-—Conpound A havi-ng the aforesaid characteristics in -
substantially pure form 25 The invention' 'f enconpasses a pharnmaceuti cal
conposition qggpgp SHL) cﬂ@%rr; ic therapeutically effective anmount of a
Form V pol ynorph o C%E%qun 6:)‘[gnd a pharmaceutically acceptable carrier.
An enbodi nrent of the inv %Wﬁnm9%§&6ﬁdem0mﬁhmM -3 26
Novenber 2004 fEn@a/aA92230 PCT/ USO01/ 16566 inflammatory di sease susceptible
to treatnent with an non-steroidal anti-inflammatory agent conprising

adm nistering to a patient in need of such Lrealgmpiya non-toxic
therapeutical ly effective amount of a For g V6l yrfor ph of Conpound A

Anot her enbodi nent of the inventd,on encony sgs a nmet hod of 5 treating a
cycl ooxygenase nedi ated di sease . yge€ousty treated by an active agent
that selectively inhibits cycl ooxyg -2 in preference to

cycl ooxygenase-1 conprising adm ni 34,¢P™Rg-ta.a patient in need of such
treatment a non-toxic therapeutically ef [ect live amount of a FormV

pol ynmor ph of Conpound A <

5 A

' having the following physical characteristics: DSC extrapolated onset melting
temperature of 133.9°C, DSC peak melting temperature of 134.5°C, and x-ray powder
diffraction peak positions, Cu K alpha, of: 13.7,7.2,6.9,6.7,5.8, 5.7, 5.0,4.9, 4.8,
4.7,4.5,4.2,4.0,39,3.8,3.7,3.6,3.4,3.3,3.1, 3.0, 2.9 and 2.8 angstroms.

10 An embodiment of the invention is the Form V polymorph of
Compound A characterized as having an x-ray powder diffraction pattern peak
position, Cu X alpha, at about 13.7 angstroms. Within this embodiment of the
invention is the Form V polymorph of Compound A further characterized as having at
least one x-ray powder diffraction pattern peak position, Cu K alpha, at about: 7.2,

15 6.9,6.7,5.8,5.7,5.0,4.9,48,4.7,4.5,42,4.0,39,3.8,3.7,3.6,3.4,33,3.1,3.0,29
or 2.8 angstroms.

An embodiment of the invention is the Form V polymorph of
Compound A characterized as having a DSC extrapolated onset melting temperature
of about 133.9°C.

20 An embodiment of the invention is the Form V polymorph of
Compound A characterized as having a DSC peak melting temperature of about
134.5°C, ‘

An embodiment of the invention is the Form V polymorph of
Compound A having the aforesaid characteristics in substantially pure form.

25 The invention’also encompasses a pharmaceutical composition
comprising a non-toxic therapeutically effective amount of a Form V polymorph of
Compound A and a pharmaceutically acceptable carrier.

An embodiment of the invention encompasses a method of treating an



Anot her embodi ment of the invention enconpasses a met hod,d Qfyenb8 Jgpgat i ng
an illness selected fromthe group consisting of. (a) rheunmatic fever, (Db)
synpt ons as¥ONAEBA with influenza or other viral infecti onBCT/USEHA6S66 col d,
15 20 (c¢) low back and neck pain, (d) dysnenorrhea, (e) headache, (f)

t oot hache, (g) sprains and strains, (h) nyositis, (i) neuralgia, (7)
synovi tis, (k)-arthritis; incltuding rheumatoid arthritis; degenerative-
joint diseases (osteoarthritis), gout and ankyl osing spondylitis, 25 (1)
bursitis, (M ;2i8y : cdald Mk 5 .0 r.gical. .and dent al
‘procedures, compris %’%?ﬁaﬁ% g{%&?ﬁlgeattg g“’é@ﬁgg %ttﬁt%l:nﬁgﬁ%g%} mt‘ﬂ‘@ﬂ% nt
a non-toxic tRAEAPUIPPIIHAE pmiNistering toa patieniin nesd of sEd ireatmpnt a/momrfoRicof

COTDOUNS, A0S O g SFER Ty NS ggseal o {10,
"1, Il, Mor 1V of Another embodiment of the invention encompasses a method of
5  treating a cyclooxygenase mediated disease advantageously treated by an active agent
that selectively inhibits cyclooxygenase-2 in preference to cyclooxygenase-1
comprising administering to a patient in need of such treatment a non-toxic
therapentically effective amount of a Form V polymorph of Compound A.
_ Another embodiment of the invention encompasses a method for
10  treating an illness selected from the group consisting of:
(a) rheumatic fever,

(b)  symptoms associated with influenza or other viral infections,

commeon cold,
- {c) low back and neck pain,
15 ' (d) dysmenorrhea,
(e) headache,
§§] toothache,
(g)  sprains and strains,
th) myositis,
20 @) neuraigia,
§)] synovitis,

(k)  arthritis, including rheumatoid arthritis, degenerative joint
diseases (osteoarthritis), gout and ankylosing spondylitis, '

() bursitis,

25 (m) burms,

(n)  injuries, and

(0)  following surgical and dental procedures,
comprising administering to a patient in need of such treatment a non-toxic
therapeutically effective amount of a Form V polymorph of Compound A.

30 This invention also encompasses a novel process for making a Form V
polymozph of structural formula A comprising: combining polymorph I, I, Il or IV of
Compound A with isopropyl acetate; heating to an elevated temperature less than
about 75°C; and cooling to a low temperature to produce the Form V polymorph.

For purposes of this Specification, the term ‘elevated temperature’

85 means any temperature above room temperature but less than about 75°C, as high as

4-



Conpound A with isopropyl acetate; heating to an el evate SR e less
than about 75C, and cooling to a |l ow tenperature to pro%u&e t%é'a%gg%'mv

pol ynor ph. WO018283poses of this Specification, the term  elmvEwsnd/16566
tenperature’ 35 neans any tenperature above roomtenperature but |ess than
about 75C, as high as -4 26 Novenber 2004 WD 01/92230 PCT/ US01/ 16566 about

- 35-70C;~ preferably- about-50-65C. ~Room-tenperature-is-about-20C.- Theterm
"l ow tenperature' neans any tenperature below the el evated tenperature',
as |ow as abo,(&g

. 3 ref erab about 10-20C. Pol ynorphic
forns of Corrpou#39%\395‘69’%6%’5%@&35@#? ﬁfﬂ?&@%ﬁ@“&?é‘ ab?“?%(éﬁ:t-i Ced as
Form | (onset fmrilowt temperatpe’ mhSHs Zny @niperanpe bilom the ‘eldrated tefpetfiure’, 4507 M | |

(onset of neltj %guﬁgﬁﬁg&aﬁélﬁﬁ&’ﬁ&ab%ﬁ 5?—5@";(?1' I[ (onset of nelting

m p. 133.2C, pea ] onse ing mp.133.72
0.04C, peak mp. 134.5 FBolywprphicforas of GorpométA,dor preposengf this inverlida, &€,

Phe. i nvent i on Shemm e rom ] (E’ﬁ%f%‘%%§§“€%ﬁp-22?-?%‘§i%ﬁé9&é‘o o 705 T280h of
Cormpound A whi ﬁ?lmf piet ofTBriRe Wel 12%461G Pragmimn &3 1-59G), FormpBI (omsetieli. A
fs ubset of thi smelingah pEI83.220; pEARkaE $EE34.4°TH) WA (MRsdroF me}ﬁngﬁﬁ{%{gﬁ Pheby
iltration. An %HXE)%% nt 35 Bq_e h%%ghwon L\P t he ?ro ess for rfraking a Form
V15 pol ynor phodf %81}?1 3RS omg VPRt @ F@f?d&&%ﬂrﬂ&ﬁsceﬂfélit
40-75C.  Anot hexp.d S8 )rdfurmo throwgh Viwendnhgdrois t he process for making a
o o P, o CoTRRIR A Byl G TR T
- , the Form V polymorph of Compound A which further comprises isolating the Form V
polymorph. A subset of this embodiment encompasses isolating the Form V
polymorph by filtration.
‘ An embodiment of the invention is the process for making a Form V
15  polymorph of Compound A wherein the elevated temperature is about 40-75°C,
' Another embodiment of the invention is the process for making a Form V polymorph
of Compound A wherein the elevated temperature is about 50-65°C.
An embodiment of the invention is the process for making a Form V
polymorph of Compound A wherein the low temperature is about 0~30°C. Another
20  embodiment of the invention is the process for making a Form V polymorph of
Compound A wherein the low temperature is about 10-20°C.,
Another embodiment of the invention is the process for making a Form
V polymorph of Compound A wherein the elevated temperature is about 50-65°C and
the low temperature is about 10-20°C.
25 The invention will now be illustrated by the following non-limiting
examples:



pol ynmor ph of Conmpound A wherein the |ow tenperature is %zvgfbg 04 ANOt her
20 embodi nept of the invention is the process for making a Form V pol ynorph
of Conpound”RYPRPLin the | ow tenperature i s about 10-20C. BGFSPHA6566
enbodi nent of the invention is the process for making a Form V pol ynorph
of Conpound A wherein the elevated tenperature is about 50-65C and the |ow
- tenperature-i-s-about ~10--20C.~ 25 The i nventi on w1t -now be iltustrated by
the following non-limting exanples: 26 Novenber 2004 WO 01/92230

PCT/ US01/ 16566 PREPARATI VE EXA e[ggga erial Conpound A was
made in accordance with U S. Ngg]@@ W@APREPARATF{)/E EXAMPLE B
FORM | X Form || was obt afifeartps &%%CDWPWMMMam@m@MhM S.
accordance w tPatRNe®0431we Exanple A fromethyl acetate. Differential
Scanning Calorinetry showed an extrapol ated onset of nelting at about
130C, and a peak 10 nelting point of about 131 C. PREPARATI VE EXAMPLE C
FORM |V Foim |V was prepared by BREPAJ YEREXAME ERanpl e A (550.0g, 1.54
15 nmol) and toluene (4.0 L) and heating Ci@vlgt:xture to 32.6C to cause

di ssolution. The solution was cool ed t and Form 1V crystallized.

The mi xture was then Form II was obtained by crystallizing Compound A obtained in

accordance with Preparative Example A from ethyl acetate. Differential Scanning
Calorimetry showed an extrapolated onset of melting at about 130°C, and a peak
10  melting point of about 131°C.

PREPARATIVE EXAMPLE C
FORM IV
Form IV was prepared by mixing Preparative Example A (550.0g, 1.54
15  mol) and toluene (4.0 L) and heating the mixture to 32.6°C to cause dissolution. The
solution was cooled to 16.5°C and Form IV crystallized. The mixture was then
- cooled to 0°C over 1 hr. n-Heptane (7.0L) was added over 2 hr and the mixture was
filtered. The cake was washed with 3:1 n-heptane/toluene (3.0L) and dried to give the
product (521.0 g) as a granular solid.
20 '
PREPARATIVE EXAMPIED
HEMIHYDRATE
A solution of Preparative Example A (65 g) in 1 L of water wet toluene
was heated to 60°C and then cooled to ambient temperature. The hemihydrate form
25  crystallized and was isolated by filtration. The solids were dried at ambient
temperature under vacuum to give ~ 30 g of a colorless crystals.



cooled to OC over 1 hr. n-Heptane (7.0L) was added over Z.fr and {he

m xture was filtered. The cake was washed with 3:1 n- hep?ane ol uene (10L)
and dried t\WOgiNR30he product (521.0 g) as a granul ar sol i BCT/@1/16566
PREPARATI VE EXAMPLE D HEM HYDRATE A sol ution of Preparative Exanple A (65
g) in1L of water wet toluene was heated to 60C and then cooled to

by filtration. The solids were dried at anbient tenperature under vacuumto
give 30 g of a colorless crystal @W WO 01/92230

PCT/ US01/ 16566 PREPARATI VE EXAMP ﬁ%gm hydr at e -of
Preparative Exanple D was heated to 90CHORM Ilvacuum oven for 12 hours and
cool ed down in the vacuu : ' Faorm M pal r ph. . EREPARATI VE
EXAMPLE G AMORPHOUS The%%%ﬂ%g?@faﬁrﬁ%?ﬂwgﬁéﬁ?ﬁ%%@%ﬁ& Pett o

heati ng the 10VEEHER ovgnfenlyd muspandedoled dovaripitee @ctiomalver & givetheidotm Hi
terrperatures(apayglo@}put 135C) under nitrogen, followed by quench cooling

to roomtenperature under a dry atnosphere. 15 PREPARATI VE EXAMPLE H
M XTURE OF PCLYMORPHS

PREPARATIVE EXAMPLE G
AMORPHOUS
The Iamorphous form of compound A was obtained by heating the
10 Form IV from Preparative Example C to above its melting temperature (above about

135°C) under nitrogen, followed by quench cooling to room temperature under a dry
- atmosphere.

PREPARATIVE EXAMPLE H
15 MIXTURE OF POLYMORPHS
Compound 1 was synthesized in accordance with Preparative Exarnple
1 of U. S. Pat. No. 6,040,319. Compound 2 was synthesized in accordance with
Examople 1 of U. S. Pat. No. 6,040,319,

MeO,8
NM92+
| 1. HOAe, TFA, THF
ci
+ KOBu + PFe
l S | 2. NH4OH, reflux
P NM92
Me™ N
1 2

20

To a slurry of Compound 1 (1.10 kg) in tetrahydrofuran (THF) (2.5 L)
at 0 °C was added potassium tert-butoxide (2.47 L). The resulting mixture was

-



Veni

S. Pat. No. 6,040,319. Conpound 2 was synthesized in accordance Wi
Exanpl e | oWO$19830Pat . No. 6,040,319. + KOG Bu + OL NVe2 | BOT®Sikmsds.
HOAc, TFA, THE 1 PFs 2 2. NHAOH, reflux To a slurry of Conmpound 1(1.10 kg)
in tetrahydrofuran (THF) (2.5 L) at 0 C was added potassiumtert-butoxide
(2.47 L).-The resulting m xture was =7 26 Novenber 2004 WO 01/92230 -
PCT/ US01/ 16566 transferred to a slurry of Conpognd 2 (1. I19 kg) i ][1 TBFt at
anbi ent tenper . dhe .slur was_ transferre a solution of acetic
“acid (1.5 L) - Bt (O shiontt Conifup 2(@?12%%5 f 'gé%@; amblent {pmpesgEe nikait ed
amoni um hydr oxluoy Wak tS@steredvrsa soution afradetictderl (fnyL}!dfr?. tﬁﬂuéﬁ&d&dﬁ?&-acfﬁhe
~reaction mxtu : Gh[ﬁfl Rhases were.cyt . . e S
concent rat ed a&’ggtf_of TR ég:é)é &' i S.W%H%‘Hygv&deﬁégﬁ%&%ﬁﬁ
aqueous sodi umitpyaixe derafgxi dhe tealionmixinreares cobled andtheqphtsestvede tw, Thé L.
5  THF layer was concentrated and toluene was added. The toluene Iayer was washed "
with aqueous sodjum hydroxide followed by water and then concentrated to ~ 6 L.
Acetone was added and a solution of p-toluenesulfonic acid (pTSA) (0. 73 kg)in
acetone was added and batch was filtered. The filter cake was washed with
toluene/acetone and the solid dried in vacuo to give 1.80 kg of Compound 3 in ~ 90 %
10 isolated yield as-an off white solid. )
To a mixture of toluene, water and Compound 3 (1.80 kg) was added
aqueous ammonia (1 equiv.). The phases were cut and the toluene layer was washed
with water. The mixfure was filtered through SOLKAFLOC and the filtrate was
concentrated to a saturated solution and then cooled to ambient temperature and n-
15  heptane was added. The solid was isolated by filtration, washed with toluene/n-

heptane and then dried in vacuo to give Preparative Example H as an off-white solid.

Compound 1 was synt hesized in accordance with Prepar ativg6 an’BIereZOP% of U.

EXAMPLE 1
FORM V OF 5-CHLORO-3-(4-METHANESULFONYLPHENYL)-6’-METHYL-
20 [2,3’IBIPYRIDINYL
A mixture of Preparative Example H and isopropyl acetate (IPAC) was
heated at 55 °C. The suspension was cooled to ambient temperature and the solids
were isolated by filtration. The solids were washed with IPAC and dried in vacuo to

give the Form V polymorph (1.1 kg) as a colorless solid in ~ 87 % yield.
25 '

1H NMR (400 MHz CDC13) § 8.69 (d, 1H, J=2.3 Hz), 8.36 (3, 1H, J=2.2 Hz), 7.88

(d, 2H, J=8.4 Hz), 7.72 (4, 1H, J=2.3 Hz), 7.54 (dd, 1H, J7=:8.0 Hz, J2=2.3 Hz), 7.38

(d, 2H, J=8.5 Hz), 7.07 (d, 1H, J=8.0 Hz), 3.06 (s, 3H), 2.51 (s, 3H); 13C NMR (100

MHz CDCI3) 8 1584, 152.2, 149.7, 148.3, 143.7, 140.1, 137.9, 137.2, 135.18. 131.1,
30  130.0, 130.3, 127.8, 122.7, 44.4, 24.1.

CHARACTERIZATION OF POLYMORPHS

The polymorphic forms of compound A were characterized using the
following procedures.
35



Acet one was added and a sol ution of p-toluenesulfonic aC%QNéPeR%@Z(&g' 73 kg)
in acetone was added and batch was filtered. The filter“Cake wWas shed
with toluen®QUé23e and the solid dried in vacuo to give 1PSOUR/16566
Compound 3 in - 90 % 10 isolated yield as an off white solid. To a m xture
of toluene, water and Conpound 3 (1.80 kg) was added aqueous ammnia (1
“equiv. ) The-phases were-cut -and-the toluene-layer was-washed - wth water.
The m xture was filtered through SOLKAFLOC and the filtrate was

concentrated t& f,59 | Uty 4 nd,.then cool ed to anbi ent tenperature
and n 15 hept ane 23 by OHtIJaiéll—a%v’%ﬂ%ol ated by filtration, washed

wi'th tol uéne/ n- heptane mx—mmamm%WetemoMaaa@uﬁmggthﬁipE’M’ﬂmpcaﬁdeye Exanpl e

H as an off-mmf&agﬁiﬂeggru%yg C . .

5- CHLORO- 3- ( 4- SU Fg\IYL PHEONYL) - %‘fﬁi’ﬁﬁﬁﬁa\{a@gﬁ%-%}e&ﬁlﬁ’m the XRRPur e of
PreparativeﬁlaExé’ﬁ"!f)lf caions dos Kame S M b ead ¥ asiwelleys thehemihpdmedndt 55 C. The
suspensi on #as sesgoibgdratofonfill The pdak FBGLER ' : i sol at ed
by filtration. The solids were V\I/z’ashgg Wi t%ﬁg@g&%ﬁa@%ﬁ%&%m&ﬁigﬁéio gi ve
the FormV polynorph (1.1 kg) as a colorless solid in - 87 %yield. 25 IH
NVR (400 MHz CDC13) 6 8.69 (d, 1H, J=2.3 Hz), 8.36 (3, 1H, J=2.2 Hz), 7.88
(d, 21L J=8.4 Hz), 7.72 (d, 1H, J=2.3 Hz), 7.54 (dd,1H, Ji=8.0 Hz, J2=2.3
Hz), 7.38 (d, 2H, .1=8.5 Hz), 7.07 (d, 11-L J=8.0 Hz), 3.06 (s, 3H), 2.51
(s, 3H); 13C NWMR (100 M1z CDC13) S 15 8.4, 152.2, 149.7, 148.3, 143.7,
140.1, 137.9, 137.2, - 135.18. 131.1, 30 130.0, 130.3, 127.8, 122.7, 44.4,
24.1. CHARACTERI ZATI ON .OF POLYMORPHS The pol ynorphic fornms of conpound A
were characterized using the follow ng procedures.




35 -8 26 Novenber 2004 WD 01/92230 PCT/ US01/ 16566 X 'R'zéaﬁyiﬁﬁ%egofo raction
Pattern Analysis The X-ray patterns were collected using a PhilTps APD
powder di WOt er utilizing copper K -al pha radi ati onspcifashassksbel ow
lists the XRPD peak |ocations for Forms I, I, IIl, IV and V as well as
the hem hydrate and 5 sesqui hydrate forns. The peak positions are expressed

t~, Vem - " Sesqu -; pzaq"b ornmdrateh dral ~; si
12.616. 110. 810. 413.710.912. 7 9. 19. 48. 2. '§f£5§10'610'2
7.58.36.95.46.96.2.8.0 7.26.86.45. 26. 75:8P. . 85. 36.25.05.85.67.5
5. 75. 2. 5. 74. 75X78y Bowdr DNiffFactibn DispabingTo tallifdPh8Ses GA Riflefiond BanBstroms)
4.64.54.64. 04. Forff 4| Fott B4| ForBfTIY; PoredlV | Eotm V | ibemi~ i Sesqui-
s 5 fiydrate [ hydrate,;d]
12.6 16.1 10.3 104 13.7 10.9 12.7
9.1 9.4 82 5.9 7.2 10.6 10.2
7.5 8.3 6.9 5.4 6.9 6.2 8.0
7.2 6.8 6.4 5.2 6.7 5.8 7.7
6.8 5.3 6.2 5.0 5.8 5.6 7.5
5.7 52 5.7 4.7 5.7 5.5 6.3
5.4 5.1 5.4 4.6 5.0 5.3 6.0
4.9 4.8 5.0 4.1 4.9 5.0 5.8
4.6 45 4.6 4.0 4.8 4.6 5.4
4.4 4.3 4.5 3.9 4.7 4.4 5.1
4.2 4.1 4.1 3.8 4.5 4.2 4.8
4.1 3.9 3.9 3.6 4.2 4.1 4.5
3.9 3.8 3.8 3.3 4.0 4.0 4.2
3.8 3.6 3.7 3.1 3.9 3.8 4.1
3.7 3.5 3.5 3.0 3.8 3.6 4.0
3.4 34 3.3 3.7 3.4 3.9
3.1 3.2 3.2 3.6 3.2 3.7
3.0 3.1 ' 3.4 3.1 3.5
2.8 3.3 3.4
3.1 3.3
3.0 3.1
2.9
2.8

The XPRD pattern for Form V is shown in Figure 1. XRPD patterns
5  for Forms I-IV are shown in Figures 2-5. XRPD patterns for the two hydrate forms

are shown in Figures 6 and 7. The peak positions are expressed in degrees (2 theta) in
the plots.

Differential Scanning Calorimetry (DSC)

10 DSC was carried out using a TA Instruments DSC 2910 instrument at a
heating rate of 1°C/min under;a nitrogen atmosphere in an open pan. The
extrapolated onset temperatures, T, and enthalpy of fusion, AH, observed for the
melting endotherms are shown in Table 2 for Forms I, It, IIT, IV and V.

-10-



4.24.14.13.84.54.24.8 4.13.93.93.64.24.14.5 3. 93. 83. 83. 345 Q4 Dde004
3.83.63.73.13.93.84.1 3.73.53.53.03.83.64.0 3.43.43.33.73.43.9

3.13.23.23. 99 @®H2203. 03. 13.43.13.5 2.83.33.4 3.13.3 3.03.1 chuRnBisIdse XPRD
pattern for FormV is shown in Figure 1. XRPD patterns 5 for Forms I-1V
are shown in Figures 2-5. XRPD patterns for the two hydrate forns are shown
in the plots. 10 PCT/US01116566 TABLE 1 X-ray Powder Diffraction D spacing
for Crystalline Phases in Reflections (a]n ns) Differential Scanning

Cal orinmetry(DSC DSC was carried out usi4 A | nstrunments DSC 2910

‘instrument at sExtzpelatedgneltingtenfpeGire ohset i nglahﬂbeDMimﬁéﬁfﬂﬁ@!ﬁBSCn an
open pan. The ext rapol at ed 09§ﬁb1&:ﬁﬂﬂ%iégaﬁﬁ§nu 2 oAl dg ent hal py of fusion,
dH, observed for the

"Polymorphic:form ~4F, (°CY -, " | Enthalpy of fusion, Mg, 7' .. .
Form I 135.74+0.2 729%20

Form I 129.6

Form IIT 133.2

Form IV 133.72+0.04 769+14

Form V ' 133.9 84.8

-11-



mel ting endotherns are shown in Table 2 for Forms |, |1, 2d lidvembd 208 V. 26
Novenber 2004 WO 01/92230 PCT/ US01/ 16566 TABLE 2 Extrapol ated nelting

" tenperature onset, T and Ent hal py of Fusion obtained by DSC at 1C nin in
an open pan under nitrogen 5 p o n ipfiic form ""<: o. fb~} , Enthal py of
fusion, J/gV¢0U¥5M% 1135.7 0.272.9 2.0 Form 11129.6 For mPCOEBBY/B566

‘Form V133:720:-0476. 9 1. 4 -FormV133: 984.: 8 26 Novenber2004-WD 01192230 WHAT
IS CLAIMED | S: PCTI USO1/ 16566 A pol ynorphic form of the conpound of fornula
A. A which is designated Form V. 10 15 2. The pol ynorphic formaccording to
Claim| characterized as having a d-spacing determ ned by x-ray powder
diffraction, Gyufiw@isahpapabpagout 13.7 angstrons. | The pol ynorphic form
according to Claim?2 further characterized as

1. ‘A.polymorphic form of the cbmpo-und of formula A:

. whichis designated Form V.
2. The polymorphic form according to Claim 1 characterized as having
a d-spacing determined by x-ray powder diffraction, Cu X alpha, of about 13.7 angstroms.

3. The polymorphic form according to Claim 2 further characterized as

15 having at least one additional d-spacing determined by x-ray powder diffraction

pattern peak position, Cu K alpha, of about: 7.2, 6.9,6.7,5.8,5.7,5.0, 4.9, 4.8, 4.7,
4.5,4.2,40,3.9,3.8,3.7,3.6,3.4,3.3,3.1,3.0,29 or 2.8 angstroms.

. 4. The polymorphic form according to Claim 1 chaxactéri_ied as
20  having 2 DSC extrapolated onset melting temperature of about 133.9°C. '

5. The polymorphic form according to Claim 1 characterized as
having a DSC peak melting temperature of about 134.5°C.,

25 _ 6. The polymorphic form according to Claim 1 in substantially
pure form. .

7. A pharmaceutical composition comprising a non-toxic
the_:rapeutica]ly effective amount of a polymorphic form according toClaim 1 and a

-12-



having at |east one additional d-spacing determ ned by X26ﬁ¥veﬂ%\é@'ﬁfo4
diffraction pattern peak position, Cu K al pha, of about: 7. 6.7,
5.8, 5.7, 5.0, 4.9, 4.8, 4.7, 4.5, 42 4.0, 3.9, 3.8, 37 36 34 3.3,
3.1, 3.0, 2.9 or 2. 8 angstrons. 4. The pol ynor phic formaccordl ng to Caim
I char a@bﬁfrlaz&ﬂcam_fmcc ibaxtietg a DSC extrapol ated onset nelti ng terrper ature
of about-133:90C. 5. ~The polynorphic form-according to Caimi-

characterized as having a DSC peak nelting tenperature of about 134. 50C.

25 6. The polgynor phl C form 66 st $10a ! RonGibxic therhPbufitddSt SRIHA la¥ouRURE o Or M
- 7. A pharpace 1| 5|t| . conprising. a non-toxic therapeutlcéilly
effecti ¥ yﬁ’ﬂﬁ?gm 06‘1‘1—3&9‘15 Fgaﬁi"c 1 % the @F‘H?r‘i’éatﬁle@mfm forand a - i 26
Nov efrbe ket o@h@{nﬂ&ﬁ@h%iyc‘(ﬁdehs\é sa&slﬂiateétbhé‘auﬁ@dt WitBlan ngn-st 1oaal i B arfimatory
non-t oxi c therapeutlcaljy effective amount of a polynorphic form - :
accordi ﬁ%‘m ‘to- daimdaim1l in the manufacture. of a medicanent for the
treatnent of an inflammatory di sease susceptible to treatnment with an
non-steroi dal anti-inflanmatory agent. 9. The use of a non-toxic
t herapeutically effective amount of a 10 pol ynorphic formaccording to

Caiml in the manufact urFhohisedf FEGH-SRATHRtapbRicallGrebfiRaaMr9f 2
cycid)ox enas&cgedl at eq di s(ga,se advant ageousl y treated by an active agent

t ha CEPPRL oA pE o (om 1hig Mrgumylagture of g medicpmens forathe freatment of a
cycl ooxmmamése HRdibd dithge AtventRicod] i,"t%teti 0¥ b adti¥6 haReinhd eRbdWiyahligit | ve

, hount oi olvgog c form according to.Caiml in the manufacture of a
redi can®ffto% fie 1t 6t REHP cptloanyesipierless sel ected fromthe group

.consi sting of

15
10. The use of a non-toxic_themggu;igally effective amount of a polvmorphic form
according to Claim 1 in the manufacture of a medicament for the treatment of- .
an illness selected from the group consisting of:
(a) rheumatic fever, | '
20 )} symptoms associated with influenza or other viral infections, common cold,
(©) low back and neck pain,
(d) dysmenorrhea,
{e) headache,
§3] toothache,
25 (2 sprains and strains,

(b))  myositis,

(i) neuralgia,

()  synovitis,

&) arthritis, mcludmg rhieumatoid arthritis, degcneranve joint diseases (osteoarthritis),
30  gout and anleylosing spondylitis,

{)] bursitis,

(m)  bums,

{n) injuries, and

(0) following surgical and dental procedures
35
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(a) 20 (b) (c) (k) rheumatic fever, synptoms-associated,ptRpBfidegnza or
other viral_infections, comon cold, |ow back and neck pai n, 3ysmenorrhea,
headache, WO8ARéhe, sprains and strains, nyositis, neurBCHUSH1/16566
synovitis, arthritis, including rheumatoid arthritis, degenerative joint
di seases (osteoarthritis), 30 gout and anl cyl osing spondylitis, (1)
procedures 35 13 26 November 2004 WO 01/92230 fornula A: 5

11. A process for making a Form V polymorph of structural

OSO2CH3
RN

—

N

formula A:

|
B

o
N~ “CH,

comprising:

10 | combining polymorph I, II, IIT or IV of Compound A with isopropyl acetate;
heating to an elevated temperature less than about 75°C'; and
cooling to a low temperature to produce the Form V polymorph.

15

12.  The process according to Claim 11 further comprising isolating
the Form V polymorph.

13.  The process according to Claim 12 wherein isolating the Form
20  V polymorph is by filtration.

14.  The process according to Claim 11 wherein the elevated
teraperature is about 35-70°C.

25 15.  The process according to Claim 14 wherein the elevated
temperature is about 50-65°C.



PCT/ USO1/ 16566 11. A process for making a Form V pol ynor f ural A
conprising: 10 conbining polynmorph I, U 11l or IV of Cg%gher@%,&%ht h

i sopropyl awettapzzsoheating to an el evated tenperature |ess gpdgos@anets 75C
and cooling to a low tenperature to produce the FormV pol ynorph. 15 12.
The process according to Claim11l further conprising isolating the FormV

-~ polynmorph. ~13:~The-process -accordi-ng to C aim 12 wherein isolating-the-Form
20 V polynorph is by filtration. 14. The process according to Claim 1l
wherein the elevated tepperafure is abouf 35-70C. 25 15. The process
according to O ai m 14 whetei n-3HECASRIFORENS trAgian A whersimthgdowt 50- 65C. 26
Novenber 2004 t4Dpekhee X3DoR@F303D1/ 16566 16. The process according to Claim
11 wherein the low tenperature is about 0--30C. _ 17. The process
according to Claim 16 wherein the low 5 tenperature is about 10-20C. 18.
THe process accordi ng t ol ai Thelprogise reordingto Elapn 46 edherciethedswat ure i s

about 50- 6%C agghpbhfurt QVbbeMERGire is about 10-20C

18.  The process according to Claim 11 wherein the elevated
temperature is about 50-65°C and the low temperature is about 10-20°C.
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