WO 03/ 099794 PCT/ US03/ 16404 1 SYNTHESI S OF DI ARYL PYRAZOLES BACKGROUND OF
THE | NVENTI ON The present invention generally relates to the preparation of
pyr azol eswolm/o9rpe enbodi nent, the present invention rel atP€I/1tS03/a64p4 0cess
for the formation of a 5 1-(4-sulfonyl phenyl)pyrazole fromthe
condensation of di ketones and hydrazines. Pyrazol es have been w dely
descri bed as pharnaceutical therapeutic lagents, including
anti-inflammatories and anti di abetics. In particular, [3-haloalkyl- 1

H- pyrazol e-1 -yl ] benzenes SYNHIRS R OMBIARYERYRAZDLES pot ent
antiinflamuatories without the side effects commonly associated with
previous 10 anti-inflanmnmtory agents. The preparation of pyrazoles fromthe
condensati on_of dlketones and h dra2|nes has previ ously been reported.

See, for BARK QR RHEINVENTIQN 418, 845, Eur opean Patent No.

Wight et al S'Té“ﬁﬁé en bl RN o Fephafn s IR0k T,

Fei d- Al | aFBneJemedimI&ntsme presBnt iA0Enttor( A&k to Bheoees®fdraHs forngtistveéra have
been criticized as not providing a scal able commercjal process. In WO

00/ 42821, Icl4spdiporyiphgnylgyeazoieEom th@d:om@asafm@é@lkemnetsr@qomecﬁaﬂaemn of
pyrazol es fromﬁaﬂﬁz&l@?%%%%’ idbR d’é%cﬁ%g%Sﬁa\fﬁﬁceHﬂI:alath%@pié%B ne and a
yrazol e e o the am de

hydr azi ne. The I'S pro uce as a solv sol vent
and i s thagentgliatledingrahtriadaymatblies add fantididbetips.o papatticarzt, [8shaloalkgl-
t ageousl y, however, the diketone is

roduce an, unsol vat yrazol e. sa
Psol ated ﬂ#BWrE{Z@? 'ﬁﬁ'ﬁ@ﬂwfpﬂﬁwg%g?% bGER NSRY @SRIRBE a multi - sol vent

2 ol a1 R AB i G SISl tects Boibs sl Bl P2, 2
al . d@scrlemél mflamahaibl'}eagervts step process for the prepar ation of pyrazoles

fromthe conde tion of 0 dr azj nes Int first step, a
di ketone is for pr@pa{q‘t@qq rﬁgﬁps?gm &eR SReR OJQE]‘@%}?&F@@ er in a

sui tabl e $9hyStes his bR&iSEIPBEes F&PortddIeSee, for example, European Patent
No. 418,845, European Patent No. 554,829, T. Nishiwaki, Bull. Chem. Soc.
Japan, 42, 3024-26 (1969); J. Wright et al., J. Med. Chem., 7, 102-5 (1963); and
15 R. Soliman and H. Feid-Allah, J. Pharm. Sci., 70, 602-5 (1980). These methods,
however, have been criticized as not providing a scalable commercial process.
In WO 00/42021, O’Shea et al. describe a two step process for the
preparation of pyrazoles from the condensation, in an amide solvent, of a

diketone and a hydrazine. The pyrazole is produced as a solvate of the amide

20 solvent and is then isolated and recrystallized from isopropanol and water to
produce an unsolvated pyrazole. Disadvantageously, however, the diketone is
isolated prior to the condensation reaction with hydrazine, a multi-solvent system
is used, more than one crystallization is required, and the payload is relatively
low.

25 In US Patent Nos. 5,892,053 and 5,910,597, Zhi et al. describe a scalable
two step process for the preparation of pyrazoles from the condensation of
diketones and hydrazines. In the first step, a diketone is formed by the treatment
of a ketone with base and ester in a suitable solvent. In the second step, the
diketone is solubilized in an aqueous alcohol and condensed with a hydrazine to

30 form the pyrazole product. This two step process has been used on a

commercial scale for the preparation of celecoxib (4-[5-(4-methylphenyl)-3-



di ketone is solubilized in an agueous al cohol and condensed with a
hydrazine to 30 formthe pyrazole product. This two step process has been
used on awoamamygpci al scal e for the preparation of cel ecoPCh/US03/16404
(4-[5-(4-nmet hyl phenyl)-3 WO 03/099794 PCT/ US03/16404 2 (trifluoronethyl)-1
H pyrazol e- 1-yl | benzenesul f onam de) sold under the trademark CELEBREX(r)
by Pharnmaci a Corporation as shown in th@ followi ng reaction: O O [00~]

+CF3 | _IK CEt THF, SSC 2.5 hr 4-Methylaceto- Ethyl trifluoro- Diketone
phenone a(ﬂﬁ,lﬂHO@M@hyl)N}HNHXFaZS@ZNNEbbﬁ@ne@u@ﬁname) soldHChdebtie trddéma2NOZS

his synt hEEEREXAY g Geek Sormeralion snsteniain Ihe foJoninar@asden b, about

2- 5 wt.% of regioisonmer and hydroxyregi oi sonmer -by-products are f(;( med
under 5 comrercial conditions. SO2NH2 SO2NH2 MN{-N N-N' CF3 OH
0 0 0 0" Na*
/U\ NaOMe/MeOH .
+ CFy OEt _——"THF . CF3
2.5h’r
4-Methylaceto- Bthyl trifluoro- .
phenim}el e avfet);t;n Hor Diketone _

Add:

SO,NH NHNH;
2 2
H,0, EtOH, ‘HCI
HCI, 65C, 1 hr
HaNO,S

4-Sulfamidophenyl Hydrazine
N——Q (4-SAPH) » HC1

- |
N CFs

Celecoxib

While this synthetic approach proceeds with high selectivity to celecoxib, about 2-

S wt.% of regioisomer and hydroxyregioisomer by-products are formed under
5 commercial conditions.

SO2NH;

regioisomer hydroxyregioisomer



CF3 regi oi soner hydroxyregi oi somer WO 03/099794 PCT/ US03/ 16404 3 The
regi oi somer and hydroxyregi oi soner by-products must be separated from

cel ecoxi bwores@oges i fication step to enable the cel ecoxib toTmESey/1q@w ity
requirenents. The separation is typically done through a crystallization
step in which celecoxib preferentially crystallizes while the regioisomer
and 5 hydroxyregi oi somer by-products pr&dom nantly remain in solution. The
celecoxib crystals are then renoved fromthe resultant slurry and

separated fr omThepegldlscmaer blyd hydrdiyfegiblsdméﬁbwmbdmstrﬁﬁétrbélwéarﬁf&i’m to
t hose ski IIed n th centrifugation or filtration. Under

comer ci al™ Ebﬁ%l?f:?ﬂﬁén ﬁs@ﬂ"ftc@t'aﬁtséep tor enatde the celpcpribdadneet pwity egi oi somer
|
nowever . i GLemeiss I Rt 1t Bk ABHB nrolh i oY eBI B E  o
t hr ough wdemlecmblpmafefrermallgejrymamms while the rédisisbirbrangr egi oi soner, and

| O} ncentrations of r tha about 1 %typically reqwre t wo
Crystal || DToRHERasoRien Byihsotiudls i XTSI N soUibe ke saiscon

crystal li zpist18 apél€iferf FeMoved bR th é@egﬁl% rlc'y ﬁ?s@bgﬁéé ico lrﬁﬂbﬁ‘tles
negati vel acts product throug put. A nal Ty,
crystalli ﬁmsgﬁdrllquwmrgim bEczhmmmsd(mmlrequobe iskittedris theiaetl ysérabgi zed and

i s not ed.from 1 iquid phase. SUMVARY OF THE | NVENTI ON Anpng the
vari ous a§§'it§lﬁ§ga(§'|°ntq{eﬁ€ %’?snt i nvention, therefore, is the 20 provision of

a process for Uhaep6@%&@&:@l&oﬁ&uﬂén@ﬁb@&h&kﬂbfel dfﬁl@é/f\ﬁ&%&?odb&sgeneral

and cel ecoxi b, in particular. Advantageously, ‘'t he regi of soner  ah
hydr Bkyr egegb¢1§@rm@r imselettivety formed everthydedxyregivisoorarerithiais ptrarblemdtlc

hydr oxyr e ferentially formed ov | oi soner ddition,
c)él ecoxi bﬂ@&@%ﬁ@[@gﬁt&%ﬁgﬁo}?%ﬁ;r lﬁg?égp{)allp(l S 'ﬁquQrﬁ?Rﬂr%thhYW singl e
di rect 25rygfansataﬁbhlfz@ﬁ 'c@lbofo'S(Wﬂh%lh% t@ﬁ&d&ﬂyr@@ﬂﬂé&hem affFeRidiSorfePr OCESS
that can be perforned with increased
concentrations of greater than about 1% typlcally require two crystallizations to
achieve desired celecoxib purity. The second crystallization adds time to the
15 manufacturing process and thus negatively impacts product throughput.
Additionally, a second crystallization reduces yield as some celecoxib remains

uncrystallized and is not recovered from the liquid phase.

SUMMARY OF THE INVENTION

Among the various aspects of the present invention, therefore, is the

20 provision of a process for the preparation of 3-haloalkyl-1H-pyrazoles, in general,
and celecoxib, in particular. Advantageously, the regioisomer and
hydroxyregicisomer are formed in relatively low concentrations and
hydroxyregioisomer is preferentially formed over regioisomer. In addition,
celecoxib may be isolated in relatively high purity and yield in a single direct

25 crystallization from the reaction product mixture in a process that can be
performed with increased payload.

Briefly, therefore, the present invention is directed to a process for the
preparation of a crystallized reaction product constituting at least about 98% by
weight of a 1-(4-sulfonylphenyl)pyrazole or a salt thereof by combining a source of

30 a 1,3-diketone or a salt thereof with a source of 4-sulfonylphenylhydrazine or a

salt thereof in a reaction mixture comprising a solvent system. The water content



Briefly, therefore, the present invention is directed to a process for the
preparation of a crystallized reaction product constituting at |east about
98% by wwwD@h9wH4 a 1- (4-sul fonyl phenyl ) pyrazol e or a sal PCrhsoyof40by
conbining a source of 30 a 1, 3-di ketone or a salt thereof with a source of
4-sul fonyl phenyl hydrazine or a salt thereof in a reaction m xture
conprising a solvent system The water dontent WO 03/099794 PCT/ US03/ 16404
4 of the 1, 3-di ketone source is |ess than about 30 equival ents of water per
equi val enof thie 1,3xikétoaemmeircdtsdeds thati deoutrdd basivaleats of waterpeP O R3 Rl

R2 the 4-sulfo i,hydrazinpe s the formula: . NHNH2 O=S=O | R5 5
and t he 199%'3’@@%Bﬁi%%ég‘?f)epyﬂ&%?&?\%d%ﬁ&%@%merﬁmﬂéwlaiRz RO R3 NN 0= =
| R5 WO 03/099794 PCT/ US03/ 16404 5 wherein R, is an ester or a hydrocar byl
substituted with one or no | ogens; R2 is hydrogen, alkyl, cyano,

hydr oxyal kyl , cycl oal kyl of al kyl sul fonyl; R3 is phenyl substituted with
one or nore of an al kyl al n, an ether, 5 an acid or an acid ester;
and Ry R4

Ra2

the 4-sulfonylphenylhydrazine has the formula:

NHNH,

O0=S=0

5 and the 1-(4-sulfonylphenyl)pyrazole has the formula:

R2 R4

\
Rj /N/N

O0=8S=0



R5 is nmethyl, am no or substituted am no. The present invention is also
directed to a process for the preparation of a crystallized reaction
product cwo9Bi09aTPd ng at | east about 98% by wei ght of a 1- @€¢T/US03/16404

sul f onyl phenyl ) pyrazole or a salt thereof in which a source of a

1, 3-di ketone or a 10 salt thereof is conbined with a source of a salt of
4-sul fonyi phenyl hydrazine in a reactiof mxture conprising a sol vent
system cont ai ni ng an organi c solvent, and where the salt of

4- sul f onyi phenwheyeindz; in@anhesteosa hybrdcarlyylisabstiteted @ithiohesed merg  of  at
| east 0.0E lrmlar The 1, 3-di ketone has the fornula: OO R3 R R2 15 the
4-sul fony Bf‘?gﬁ §’hydra2| ne has the formula: NHNH2 o=s=0 1 R5 and the

1- (4-sul fonyl pReNO\?d;%@@ﬁoémwh@%%ﬁ@qqﬁ eéya £?g%%§|§u%ﬁ S03/ 16404

6 R2 R dr ocar byl
substi t ut ed Wi Rh isopleny! smbs’etutetthg@me orRﬁoresohawdebg'era haloggh, are gtheo,
hydrqoxyal kﬁl ch cl oal k or al kyI sulfonyl; 5 R3 is phenyl substituted with
one ot nore a5 ¥AReR i‘?eﬂ ogen, an et her, an acid or an acid ester;

and R is methyl, amino or substituted amino.
The present invention is also directed to a process for the preparation of a
crystallized reaction product constituting at least about 98% by weight of a 1-(4-
sulfonylphenyl)pyrazole or a salt thereof in which a source of a 1,3-diketone or a
10 salt thereof is combined with a source of a salt of 4-sulfonylphenylhydrazine in a
reaction mixture comprising a solvent system containing an organic solvent, and
where the salt of 4-sulfonylphenylhydrazine has a solubility in the organic solvent
of at least 0.05 molar. The 1,3-diketone has the formula:

15 the 4-sulfonylphenylhydrazine has the formula:

NHNH,

QO=S=—=0

and the 1-(4-sulfonylphenyl)pyrazole has the formula:



R is nmethyl, am no or substituted am no. The present invention is also
directed to a process for the preparation of celecoxib

(4-[5- (4-wetobpdgibenyl ) - 3-(trifluoromethyl)-1 H pyrazol e- 1 PCTAIS03/16404

yl ] benzenesul f onam de) or the 4-fluorophenyl anal og of celecoxib (4-[5-(4-
fl uorophenyl)-3-(trifluoronethyl)-1 H pyrazol e-1-yl]benzenesul fonam de). In
this process, a 1,3-diketone source céobntaining a netal salt of

4- et hyl phenyl -1, 1, 1- trifluoro-2, 4-butanedione or a netal salt of
4-f|uorophenyl-l,l,l-trifluoR9-2,4R but anedi one and a base is conbined with
a source of a 4-sul fam dophen¥l 15 ‘fhydrazine halide salt additionally
conprising an acid selected fr, n\the group consisting of trifluoroacetic,
hexaf | uor ophosphori c, tetE@ orgRoric, trichloroacetic, difluoroacetic,
and dichloroacetic in a redcti o4 system contai ning an al cohol having at

| east 3 carbon atons. The 1,3-d|ketone source and 4-sul fam dophenyl

hydr azi ne halide salt thereby #g8gct to formcel ecoxib or the 4-fluorophenyl
anal og 20 of celecoxib. O hdg pjects and objects will be in part apparent
and in part pointed out her er. WO 03/099794 PCT/ US03/ 16404 7

DETAI LED DESCRI PTI ON OF THE PREPERRED EMBCDI MENTS The present invention
relates to an i nproved process for the preparation of 3-haloal kyl-1

H pyrazol es. More specifical by=S+0has been di scovered that 3- hal oal kyl -1
H pyrazol es can be produced in ﬁigh purity, with high relative payload 5
and throughput, and in a singIeR%rystaIIization step froman essentially
anhydrous single solvent system This process may be used, for exanple, to
i ncrease 3- haloal kyl-1 H pyrazole yield by up to about 25% increase batch
size by up to about 75% and reduce cycle tine by up to about 65% over
certain prior art processes. In addition, this process allows for the
preparat i on of yRelens R iiPaneetdricr alRydrobarbyt spibstinyledaigh opewhimdrecont ai n

| ess than about 2% nore preferably |less than about 1 % and nost

pr ef er abl ljalbgsns;t han about 0.5% by-product. In general, the process of the

present i nvent I'-?f I r%l/drg\é\gn,facffiyl?%%%r,'%%fo‘?&alkyl, cycloalky! or alkylsulfonyi;
5 R, is phenyl substituted with one or more of an alkyl, a halogen, an ether,

an acid or an acid ester; and

R, is methyl, amino or substituted amino.

The present invention is also directed to a process for the preparation of
celecoxib (4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazole-1-

10 yllbenzenesulfonamide) or the 4-fluorophenyl analog of celecoxib (4-[5-(4-
fluorophenyl)-3-(trifluoromethyl)-1H-pyrazole-1 -yllbenzenesuifonamide). In this
process, a 1,3-diketone source containing a metal salt of 4-methylphenyl-1,1,1-
trifluoro-2,4-butanedione or a metal salt of 4-fluorophenyl-1,1 ,1-trifluoro-2,4-
butanedione and a base is combined with a source of a 4-sulfamidophenyl

15 hydrazine halide salt additionally comprising an acid selected from the group
consisting of trifluoroacetic, hexafluorophosphoric, tetrafluoroboric, trichloroacetic,
difluoroacetic, and dichloroacetic in a reaction system containing an alcohol
having at least 3 carbon atoms. The 1,3-diketone source and 4-sulfamidophenyl
hydrazine halide salt thereby react to form celecoxib or the 4-fluorophenyl analog

20 of celecoxib.

Other aspects and objects will be in part apparent and in part pointed out

hereinafter.



reactions thereby enabling high payl oad operations and increased throughput
I n existing manufacturing equi pnment resulting in significant comrerci al
advant agew0 038994#gh payl oad operati ons are especially advaoragedusobecause
| ess solvent is wused per unit of product produced accruing the dual
benefits of manufacturing cost and environnental burden reductions.
Addi ti onal environnental and safety adVantages nmay be realized because the
sol vent system conprises alcoholic solvents thereby elimnating the need
for solvents such as am des, 20 tetrahydrofuran (THF) and nethyl tert-butyl
et her (NWB : , l and_enV|ronnentaI concerns.
The proce! , 2 FREFE D EMBODIMENTS sed for the
reparation of :
Bregaration Tﬁﬁ&?@&%ﬂﬁFgﬁ#§mg%¥ﬁ§%§%§ﬁA@@ %€ﬁ¢ﬁﬁﬁsﬂ?q?g%”%3§%WPPcu|ar
R R 25 %awalkymH -plyrazZede SNOMO B @ﬁé&iﬂéalmlhasaﬁéetﬁd@éov&edwhgtr@ nR isa

Lo R RoPRORHy R bRirazaioRpan B BRGCRYdn BIGTup i, Wah G Igie payioad
al kylsul f@ﬁdltht%b RLi®andin '3381h fihlich S oMot 8sdddidhis dnhygiopgar by!
g ? e rgé’( ,, and R subs u at’ a

and is electropoSitive relat s ary _
substi t ut amjgle @rdsemh systatnt Fl'has pudress meayeble siskd pivy lexamiple,dodneehedizrent, R1,

i's alkox halo | kyl,,, ,or s bstit ically | ower

hal oal kyIy ﬂgyb ‘S’ﬁ %?'g\}aé(ru %?tPOUt%O'”C?Qﬁﬁ@rb%g RQI"O 10 | ower
cycl oal kyhpoliors,, ahé Yeduld Qpré tiffe BRLE 4 d %@q{ tuted at a
sﬁbst I tut abIOLtla posi tailjon %\ﬂ hél)gysdbset | tu OQBGF@S /OSO\F%} al S enbo I ment, R3

i s subst pragessesr Iruaddition, thist proceys biiew for, theprépaﬂdﬂenﬁf cebaopixiboand its

het Sfpar ylt-ﬂ\ﬁ%%ﬁwenyﬁ analog which contain less than about 2%, more preferably less

than about 1% and most preferably less than about 0.5% by-product.

In general, the process of the present invention allows for concentrated
reactions thereby enabling high payload operations and increased throughput in
existing manufacturing equipment resulting in significant commercial advantages.

15 High payload operations are especially advantageous because less solvent is
used per unit of product produced accruing the dual benefits of manufacturing
cost and environmental burden reductions. Additional environmental and safety
advantages may be realized because the solvent system comprises alcoholic
solvents thereby eliminating the need for solvents such as amides,

20 tetrahydrofuran (THF) and methyl tert-butyl ether (MTBE) which may raise
potential safety and environmental concerns.

The process of the present invention may advantageously be used for the
preparation of 3-haloalkyl-1H-pyrazoles, in general, and to the preparation of anti-
inflammatory compounds of Formula (1), in particular:

25 R (1)



substituents of the cycloal kyl, cycloal kenyl, aryl or heteroaryl nvieties
are selected fromhalo, alkylthio, alkylsulfonyl, cyano, nitro, hal oal kyl,
al kyl , hywowosppg7945 al kenyl , hydroxyal kyl, carboxyl, cycl ®@alrkRysh3/16404

al kyl am no, dial kyl am no, al koxycarbonyl, ami nocarbonyl, al koxy,

hal oal koxy, am nosul fonyl, heterocyclo and amno. In this enbodinent, R3
will typically be selected fromlower cycloal kyl, |ower cycl oal kenyl,
aryl, 5- or 6- nmenbered heteroaryl, and | ower heteroaryl, wherein R3 is
opti onal | wheueist i t uted at a substitutable position with one or nore 20

radi cal s sel ected from hal o, cyano itr dr oxyl , carboxyl, cycl oal kyl,
ani nocar bonyl , 1d§\grsug[sﬂsqt?cﬁ]p{), n?%&”@ﬂﬁ%&&%&%k@ I8cBlgetr mQﬂaéI\//e
al koxycar pgiayle to Rgwer hal oal kyl, | ower al koxy, |ower hydroxyal kyl, |ower

hal oal koxy, | ower al kyl am no, |ower N, N-dial kyl am no, 5- or 6-nenbered
het er ocycl o an®R.dsrhyidrogen, alkyt, isyaneniysttoxyalkyl, &cloalkyl] alylsatfoimlor halo;

LT R TR R B e e
di f1 uor ochélativer®s Ry:landli chl or of | uor onet hyl, difluoroethyl, difluoropropyl,

di chl oroethyl, or dichloropropyl, R2 is hydrogen, nethyl, ethyl, isopropyl,
tert-butyl, i Sabuegl substityted alasubstituiablepositibomith & substjtutest suoswl.f ony! |

| f |, I I l t I tyl, hyd :
by oxymet nyl | N6 SRy R Bk Gara@l Blpalky, orSUbSIURSFENL: ©"
phenyl - 4- esidallydowephaloalkyn R,k hyerdwed, Tiér alkd, byand Tewet hydiBRYAINI;
bi phenyl , cycl ohexyl, cycl or)entY , cycl oheptgll , . 1-cycl ohexenyl, " 2-
cycl Bhexel@yer eyclogttybHewenglkylsyifepy grhatersnd Ry isphemypesithstijited at a

- . 4 vl .
2. 5 i nyar anenutaeNbRsiiB s Sled et SBORY AR GBRI OB o 1 cenyr
i ndanyl , bobstityled @t Unstibstituted E{/)cloalkypmaélkehﬂnégnbrrh@terbahxpw”e@éimué,
benzothiogz n, ben%odioxolyl, enzodi oxanyl, pyridyl, thienyl, thiazolyl,
oxazol yl , éSfII‘antérO Ay gyelagikyl, gelealkenis ard oshieterearyl ynejgties afut ed at a

Chrss LSRR Pl Ao SR S o, e ARSI BIENRL o1

i soblf yl , alkenyl, hyétdxgalkyl, cartapgh\dycloali®l, Faikyiamir) Wialk@smnes, car boxyl,

T ooy anlkayearoBaYlcatsasBRg. alkoxy, hatoAkoRy, amitosulfonyl, hoterodyde
and amino. In this embodiment, R, will typically be selected from lower cycloalkyl,
lower cycloalkenyl, aryl, 5- or 6- membered heteroaryl, and lower heteroaryl,
wherein R; is optionally substituted at a substitutable position with one or more

20 radicals selected from halo, cyano, nitro, hydroxyl, carboxyl, cycloalkyl,
aminocarbonyl, lower alkylthio, lower alkyl, lower alkenyl, lower alkoxycarbonyl,
lower haloalkyl, lower alkoxy, lower hydroxyalkyl, lower haloalkoxy, lower N-
alkylamino, lower N,N-dialkylamino, 5- or 6-membered heterocyclo and amino.

In another embodiment, R, is fluoromethyl, difluoromethyl, trifluoromethy,

25 chloromethyl, dichloromethyl, trichloromethyl, pentafluoroethyl, heptafluoropropyl,
difluorochloromethyl, dichlorofluoromethyl, difluoroethyl, difluoropropyl,
dichloroethyl, or dichloropropyl, R, is hydrogen, methyl, ethyl, isopropyl, tert-butyl,

isobutyl, hexyl, cyano, fluoro, chloro, bromo, methylsulfonyl, ethylsulfonyl,
cyclopropyl, cyclopentyl, cyclobutyl, hydroxypropyl, or hydroxymethyl, and R, is

30 phenyl-4-aminosulfonyl or phenyl-4-methyisulfonyi. In this embodiment, R, is

phenyl, napthyl, biphenyl, cyclohexyl, cyclopentyl, cycloheptyl, 1-cyclohexenyl, 2-
cyclohexenyl, 3-cyclohexenyl, 4-cyclohexenyl, 1-cyclopentenyl, 4-cyclopentenyl,



| sobut oxycar bonyl , pentoxycarbonyl, am nocarbonyl, fl uoronethyl,

di fluoromethyl, 10 trifluoronethyl, chloronmethyl, dichioronethyl,
tri chl or owetoaghg79pent af | uoroet hyl,  heptafl uoropropyl, br ecwdishd/uanonmet hyl ,
di fl uorochl oromet hyl, dichl orofl uoronethyl, difluoroethyl, difluoropropyl,

di chi oroet hyl, dichloropropyl, hydroxyl, methoxy, mnethylenedi oxy, ethoxy,
propoxy, n-butoxy, am nosul fonyl, hydr@&xypropyl, hydroxyi sopropyl, .
hydr oxynet hyl, hydroxyethyl, trifluoromethoxy, 15 am no, N nethylam no,
N-et hyl arriheozoﬁwﬁtﬁﬁ-dihvdmﬂeﬂteftiryloﬂ ,zw,w-tlceﬁﬁhycar{my\bpmm?g,bénzutrlciemhy: agw tnol,
| peridin I.perazi nyl r phol i no, cl ohexyl, cycl opropyl, cyclobutyl,
glr IOni ![ ro. ¥@P@r'§$§"§/¥’ 'BéP%[kﬁ%SP%)nng",prﬁégma@M',%@naoewﬁaeﬁmhr@mwhct i on of
a diketo '@m@a BRI ( s ' . epl in
Reacti on Ibggé%%]herre F?’I) bgla ?v@&eg%ﬁ@h&@wemh??) ﬁﬁ%ﬁ(@%lﬂ %zﬁﬂ+ R4 -
NHNH2 R3 Ywyhor pyragpyRaviiezein(B) is(dptionathe sebstitited 8223 sidstitaiatleRdosition as
revigusly.defined. razol e be_forne in a reaction mxture
1I‘D or ma% by%étg]rﬂﬂ%?rn@()gg 5%@?%‘3 S%‘ﬁ%‘?&ﬁ?ﬁh@u?@) CE‘I‘PGO’;’@HI& cretiytigy G@;ﬂ?m
PCT/ US03/ ' | S r exanple, at a
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solvent in the presence of an acid'to formpyrazole (6) as depicte
10 trifluoromethyl, chloromethyl, dichloromethyl, trichloromethyl, pentaflucroethyl,
heptafluoropropyl, bromodifluoromethyl, diflucrochloromethyl,
dichlorofluoromethyl, difluoroethyl, difluoropropyl, dichloroethyl, dichloropropyl,
hydroxyl, methoxy, methylenedioxy, ethoxy, propoxy, n-butoxy, aminosulfonyl,
hydroxypropyl, hydroxyisopropyl, hydroxymethyl, hydroxyethyl, trifluoromethoxy,
15 amino, N-methylamino, N-ethylamino, N-ethyl-N-methylamino, N,N-
dimethylamino, N,N-diethylamino, piperidinyl, piperazinyl, morpholino, cyclohexyl,
cyclopropyl, cyclobutyl, or nitro.
Generally, pyrazole (1) is prepared by a condensation reaction of a
diketone (2) and a hydrazine (3) in a suitable solvent as depicted in Reaction

20 Scheme (I) below.

Reaction Scheme (I):
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wherein Ry, R,, R;, and R, are as previously defined. Pyrazole (1) may be formed
in a reaction mixture formed by combining a source of diketone (2) and a source



Reaction Schene (11) below Reaction Schene (11): RL R3 NNNHNH2 0 O

Al cohol ~~ + Acid R3 R 0=i=00=i=0 RS R5 10 (4) (5 (6) wherein R, and
R3 are aswpriewpoesl y defined, and R5 is nethyl, am no (- NPRY/USOZdast it uted
amno or a salt thereof. Preferably in this enbodinent, R 1is
trifluoronethyl, difluoromethyl, pentafluoroethyl or heptafluoropropyl, R3
is phenyl optionally substituted at al@ubstitutable position with one or
nore substituents 15 selected fromfluoro, chloro, brono, nethyl, ethyl,
met hoxy, ofeiyliegine (Btinyl sdiVent systérhyfor exginpleyral aRBperatrepf abaut 28°Q - NH2)
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yl ] benzenesul f onam de), sonetinmes hereinafter referred to as "cel ecoxi b and
WO 03/ 09SPYUICECT/ US03/ 16404 11 cel ecoxib analog.” In this enbodi ment, R
and R3 of dik 1 HiRefHE @) afBtHdrRhssY5) are cbridencedimeny!
respectively, qgﬁ%@g?aﬁ%ﬁ éz%ﬁe (5?% S rr@tdhyl o¥ ) am no. As depicted in
React i on Scdisotie ddivdnt ibehepresenketodae aciy tq torgvryraapledy agfepicted in

4- et hyl pheny] -1, 1, 1-tr,j or o- 2, 4- but anedi one) is condensed with a halide
salt of %eaém$éﬁraﬁﬁmeh§'9“hydr azine (8) ("4-SAPHHX" wherein X is a
halide) in an alcoholic solvent, preferably isopropanol, and in the

presence of an acid,
Reaction Scheme (ll):
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wherein R, and R, are as previously defined, and Ry is methyl, amino (-NH,),
substituted amino or a salt thereof. Preferably in this embodiment, R, is
trifluoromethyl, difluoromethyl, pentafluoroethyl or heptafluoropropyl, R, is phenyl
optionally substituted at a substitutable position with one or more substituents

15 selected from fluoro, chloro, bromo, methyl, ethyl, methoxy, methoxy, methylthio
and hydroxyl, and Ry is methyl, amino (-NH,) or a salt thereof. In this
embodiment, the acid is preferably a strong acid with a pKa of less than about 3.

In another embodiment, the substituents of the diketone (4) and

hydrazine (5) are selected to yield celecoxib or the 4-fluorophenyl analog of

20 celecoxib (4-[5-(4-fluorophenyl)-3-(trifluoromethyl)-1H-pyrazole-1-
yllbenzenesulfonamide), sometimes hereinafter referred to as "celecoxib and



preferably trifluoroacetic acid ("TFA"), to form cel ecoxib. Reaction Schene
(r11): S2NH2 NHNH2 HX\ O O-Na+ / Alcohol ~ CF3 + Acid N\ CF3 NH2 10
(7) (8) cwbesosd’bt Di ket one fornmation has been descri bed PaTASOHId404 N Zhi ,

U S. Patent Nos. 5,892,053 and 5,910,597, both of which are incorporated
herein by reference. In one enbodi nent, diketone (2) is prepared by
treatnent of a ketone (9) with an estel1(10) and a base in a suitable

sol vent as depicted in Reaction Schene (1V) 15 below, and as described in
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cyclic or linear amde such as N-nethyl-pyrrolidone, an ether sSuch as THE
or preferably trifluoroacetic acid ("TFA"), to form celecoxib. -

Reaction Scheme (llI):
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Diketone formation has been described in detail in Zhi, U.S. Patent Nos.
5,892,053 and 5,910,597, both of which are incorporated herein by reference. In
one embodiment, diketone (2) is prepared by treatment of a ketone (9) with an
ester (10) and a base in a suitable solvent as depicted in Reaction Scheme (IV)
15 below, and as described in detail in Zhi, U.S. Patent Nos. 5,892,053 and
5,910,597.

Reaction Scheme (IV):
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MIBE, or a lower alcohol such as trifluoroethanol, propanol or butanol. In
one enbodi nent, the diketone is prepared in an al coholic solvent; for 10
exanpl e Iwass/osgeondary or tertiary al cohols such as i sopropusozi@ehol

i sobutyl al cohol or tert-butyl alcohol may be used. For exanple,

4-met hyl acet ophenone (4- MAP) or 4-fluoroacet ophenone and
ethyltrifluoroacetate (ETFA) may be red2ted in the presence of a strong
base in a solvent system conprised of an alcohol or m xed al cohols. As
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(4-MAP) or 4-fluoroacetophenone and ethyltrifluoroacetate (ETFA) may be
reacted in the presence of a strong base in a solvent system comprised of an
alcohol or mixed alcohols. As depicted Reaction Scheme (V), one equivalent of

15 4-MAP may be reacted with excess ETFA and sodium methoxide to generate the
diketone sodium salt. Sodium methoxide solvated with methanol is generally
preferred. An ETFA:4-MAP molar ratio of 1.01to0 1.5 s preferred, with a ratio of
about 1.3 being especially preferred. A sodium methoxide:4-MAP molar ratio of
1.01 to about 1.5 is preferred, with a ratio of about 1.2 being especially preferred.

20 The reaction is preferably conducted at a temperature less than the boiling point
of the solvent system, and most preferably at about 50°C. The water content in
the solvent system is preferably limited and may be, for example, less than about
0.1 w/w%. Isopropyl alcohol and tert-butyl alcohol are preferred solvents with

isopropyl alcohol being most preferred.

25 Reaction Scheme (V):
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It has been di scovered that by-product formation, for exanple regioisoner
and hydr oxyregi oi soner, can be significantly reduced by m nim zi ng di ketone
exposur e WO 0a9ep4 before it is reacted with hydrazine i n rhe/Bosiad4oal kyl -1
H pyrazole formation reaction. Stated differently, the reactivity of

di ketone with 10 water is believed to reduce selectivity for the formation
of 3-hal oal kyl -1 H pyrazole and incre&3e by-product selectivity. Wthout
bei ng bound by any particular theory and based on evidence to date, it
appears that the di ketone can potentially exist in three different
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speci es I'Ct'ed above to etone hydrate species.
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Keto- en0|an(darrlly(/jd/rgay}e%%iggﬁ[a?,)ca[g ti><ee gi%rr}ﬁicg%l); %oeuced by minimizing diketone
exposure to water before it is reacted with hydrazine in the 3-haloalkyl-1H-
pyrazole formation reaction. Stated differently, the reactivity of diketone with
10 water is believed to reduce selectivity for the formation of 3-haloalkyl-1H-pyrazole
and increase by-product selectivity. Without being bound by any particular theory
and based on evidence to date, it appears that the diketone can potentially exist

in three different tautomeric species, designated below as A, B and C:
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It further appears that water reacts with one of the carbons containing an oxygen
15 group (carbonyl or hydroxyl) of the species A, B or C depicted above to form a
diketone hydrate species. Moreover, it has been discovered that water will
preferentially react with the ketone bearing the more electronegative group. For
example, in the case where R, is hydrogen and R, is more electronegative than



5 The hydrate then essentially acts as a bl ocking group against the
reaction of hydrazine at the carbonyl center bearing the nore

el ectroneyetmBse7gr oup (R, in this exanple) which in turnParluses1@ohi gher
relative proportion of hydrazine to react at the nore electropositive
group (R3) thereby adversely affecting the qualitative integrity of the
prepared pyrazole. 10 In the case of cel4coxib and the cel ecoxib anal og, R
is CF3, R2 is hydrogen and R is 4-nethyl phenyl or 4-fluorophenyl, with
CF3 bei ng Rshwatryavill reacicalimesigaciusively atipe daebare bearing e F, egemsto of wat er,

a di keton erentially forng. t.he carbon bearing the CF3
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(4- sul fam dophenyl drazine, or "4-SAPH') reaction 15 site. This allows a
hi gher rel ative pro [ Ff the 4-SAPH to react wi®h theDHcar onyl center
bearing the nore el gctropasitive (phenyl) group to f
Exposure of the_dike f_aignierg@nt@mun s of

appreci abl e per#{éd of ffime pfYfor to the introdudion ofY4-SAHR to the
reaction systemtendshlgo negatively inpact the formatilon rate of cel ecoxib
and the 20 cel ecoxib ahal og and tends to lead to the fdlmation of greater
anounts of by- product. In general, therefore, mnimzing the anount of
water in the dj K tion |l eads tod.ncreased, selectivity for
formati on of cﬁégégﬁﬁlr)(agﬁﬁtﬁgfor@éeﬂsgcoxi b anal og H"é?@ﬂ?ﬁ'ﬁ@{?t%asi ng the
amount of generated by-product and resulting in a high purity product. 25
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di ketdne $BBVEratRdNER esstiglyadts ARaDIBGking ShouR Againstthe teactor of our ce
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i s cont rotHizexampley whisk int han allbwsta Bighér relativer prdpbeicmer hydrazigsaspl e, a
water to di k?tg e equi v?l nt ratio of zlbgut 0.5 in the diketone source may
be tol er al%RF OIS e OB INE SxekR {Rodherebyagversely affeeting the one added

over a pegiQfatfe ﬁ,@@qﬁt 19 tphe | ng upon the rate of 5 addition,
nol ar equéi.]val ent rat og gft%\/\gtgﬁ?%agﬁ?grgdne of about 2, 5 and 10 may be
10 In the case of celecoxib and the celecoxib analog, R, is CF,, R, is
hydrogen and R, is 4-methylphenyl or 4-fluorophenyl, with CF, being the most
electronegative group. Hence, in the presence of water, a diketone hydrate

preferentially forms at the carbon bearing the CF, group effectively blocking its
availability as a hydrazine (4-sulfamidophenyl hydrazine, or "4-SAPH") reaction

15 site. This allows a higher relative proportion of the 4-SAPH to react with the
carbonyl center bearing the more electropositive (phenyl) group to form by-
product. Exposure of the diketone to significant amounts of water for an
appreciable period of time prior to the introduction of 4-SAPH to the reaction
system tends to negatively impact the formation rate of celecoxib and the

20 celecoxib analog and tends to lead to the formation of greater amounts of by-
product. In general, therefore, minimizing the amount of water in the diketone
reactant solution leads to increased selectivity for formation of celecoxib and the
celecoxib analog thereby decreasing the amount of generated by-product and
resulting in a high purity product.

25 [n one embodiment, the molar equivalent ratio of water to diketone in the
diketone source and in mixtures formed by combining the diketone source with

the solvent system or other reaction mixiure components before the diketone is



acceptable for isothermal addition tenperatures of 35C, 45C and 55C,
respectively. In general, decreasing the rate of addition allows the system
to tol erapagrwat er water:di ketone ratios. For exanple, @CTASE/nabar
equivalent ratios of water to di ketone of about 10:1 and 50:1 may be
acceptabl e in one 10 enbodi nent provided the addition of hydrazine is
carried out over a period of 20 and 6f6m nutes, respectively.

Al ternatively, hydrazine at roomtenperature nay be added to di ketone and
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15 reaction. In this embodiment, a water:diketone equivalent ratio of about 2:1 may
be acceptable. Under commercial operating conditions, therefore, the water to
diketone molar equivalent ratio will typically be less than about 50:1, and more
typically less than about 30:1.

Based upon evidence obtained to date, it appears that water and hydrazine

20 competitively react with diketone, with reaction kinetics favoring pyrazole
formation over diketone hydration. Hence, although the water content in the
diketone source for the pyrazole formation reaction will typically be limited, the
hydrazine source for this reaction may contain significant water concentrations.
For example, in one embodiment in which a hydrazine source containing water is

25 added to an alcoholic diketone source solution, greater proportions of water may
be tolerated as the temperature of addition increases. For example, in one
embodiment a water:diketone molar equivalent ratio of about 1000:1 may be
tolerated for a 22°C isothermal addition of hydrazine to diketone followed by
heating to about 30°C to about 70°C for pyrazole formation. Alternatively,

30 hydrazine at room temperature may be added to diketone and water inan

adiabatic manner with the reaction temperature rising to about 30°C to about



In general, the ratio of by-product to celecoxib or the cel ecoxib anal og
appears to be related to the pKa of the acid used in the reaction m xture.
Kinetic WOIBMgH7es suggest that the rate of by-product foreaitSosia@ecr eases
as the acid strength increases while the rate of formation of cel ecoxib and
the celecoxib analog is relatively unaffected by acid strength. Based on
those studies it is believed, wthouti®ei ng bound to any particul ar

theory, %af: ads r%ﬁilﬁopé COMTDINRRICHT the iKEbhE ReBBYf heutralizationland the
proportional to the reactive systemacid concentration 10 while formation

of cel ecdweiabofrehation. cel ecoxi b anal og may be i ndependent of acid
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di kqpone \gRildHdremtiod ofeeldoakibzand the csletoxib ematdgomayiticnindependentras acid
Moreover, after the base has been neutral ZEQ(}B'ILQE one enbodi men(ﬁti t is

pr ef er r eccansentratien; Elanceothesielativie rabaodithe ionQf 81560 89 1% or ovi de
a 25 suffjigient r i | ' Ui LBREbKkBarEldG ur e.
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di ket one gembotrhieot) prefesed wdidminchudet TeA s kexafiuorophoapholc, | n the case of
cel ecoxi b and the cel ecoxi b ana

tetrafluoroborate, tric Ioroace%ig,%iﬂLijotroacetic, and dichloroacetic acids with TFA
being especially preferred.
Based upon experimental evidence obtained to date, it appears the acid

20 serves to maintain an acidic environment and solublize hydrazine in the reaction
mixture, thereby making it available for reaction with diketone. It also appears the
acid assures that the basic diketone solution is neutralized prior to reaction with
hydrazine. Moreover, after the base has been neutralized in one embodiment it is
preferred that the reaction system contain excess acid in order to provide a

25 sufficient rate of hydrazine dissolution into the reaction mixture. Typically, the pH
of the reaction mixture is maintained below about 2.5. Preferably, after base
neutralization, the reaction mixture contains from about 0.1 to about 3
equivalents, more preferably about 0.1 to about 2 equivalents, and still more
preferably about 0.1 to about 1 equivalent excess acid.

30 In general, 3-haloalkyl-1H-pyrazole and by-product formation rates tend to
vary with hydrazine concentration relative to diketone concentration in solution in
the reaction mixture. In the case of celecoxib and the celecoxib analog, it

appears the reaction order in 4-SAPH is not the same for the formation of



appears the reaction order in 4-SAPH is not the sanme for the formation of
WO 03/ 099794 PCT/ US03/ 16404 17 cel ecoxib versus the formation of

hydr oxyr eyoesseates . Wt hout being bound to any theory anaChasesia@m
experinental evidence to date, the celecoxib and cel ecoxib anal og
formati on reacti on appear to be approximately first order for 4- SAPH
concentration whereas the hydroxyregioitoner formation reaction appears 5
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allowed for pyrazole formation; for example, the solubilized ratio may exceed 2:1
during at least a portion of the reaction, most typically at the beginning or end of
the reactant addition sequence where a stoichiometric excess of hydrazine may
20 occur. In addition, in one embodiment, it is preferred that the concentration of
hydrazine in solution in the reaction mixture be maintained at less than about 8
weight percent, and more preferably less than about 5 weight percent.
The temperature of the reaction mixture also tends to have an impact upon
the relative formation of celecoxib and the celecoxib analog (or other pyrazole)
25 versus by-product. At reaction temperatures exceeding about 22°C, reaction
kinetics are favorable for pyrazole formation as compared to the competing
diketone hydration and the hydroxyregioisomer formation reaction resulting from
excess 4-SAPH in solution. Thus, reaction system tolerance for both water
concentration and solubilized molar equivalent ratio of hydrazine to diketone
30 increases as a function of reaction temperature. In one embodiment, therefore,
the pyrazole formation reaction temperature is preferably between about 35°C
and about 70°C, more preferably between about 45°C and about 65°C and still
more preferably between about 50°C and about 60°C.
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pyrazole by-product levels to less than about 1% and include, for example,
isopropyt alcohol, tert-butyl alcohol, and trifluoroethanol.
In addition to influencing the total amount of generated by-product, it has
further been determined that solvents may influence the relative amounts of
20 hydroxyregioisomer and regioisomer formed. Solvents which provide greater
ratios are generally favored over those that either do not influence the ratio or
decrease it because of the relative difficulty in separating regioisomer from
celecoxib. In other words, reaction conditions that favor the formation
hydroxyregioisomer as compared to regioisomer are preferred. It has been found
25 that lower alcohols composed of three or four carbons provide preferred celecoxib
to regioisomer ratios and may be used to generate celecoxib of high purity. In the
formation of celecoxib, therefore, the solvent is preferably is isopropyl alcohol,
tert-butyl alcohol, or trifluoroethanol, and most preferably isopropyl alcohol.
Many embodiments of the present invention are possible which take
30 advantage of the various effects of the components and conditions described
herein including, among others, the effect of water on by-product formation, the
effect of hydrazine concentration on the rates of pyrazole and by-product

formation, the effect of acid strength on the rates of pyrazole and by-product
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In a first embodiment, a 4-SAPH salt exhibiting low solubility in the reaction

solvent is added to an essentially non-aqueous diketone solution containing a
metal salt of a strong acid with a pKa of less than about 3. Alcohols are the
preferred solvent. In general, in this embodiment the 4-SAPH has a solubility in

20 the organic solvent used for the pyrazole formation reaction of at least about 0.05
molar (at the temperature of reaction). As a result, 4-SAPH may be solubilized
relatively rapidly upon salt exchange between the 4-SAPH salt and the strong
acid salt. The 4-SAPH dissolution rate may be rapid enough to exceed the
reaction rate with excess unreacted 4-SAPH in solution and elevated by-product

25 levels resulting. This condition may occur in well-mixed reaction vessels wherein
the reactants are present in essentially an ideal homogeneous mixture. The
condition is exacerbated in reaction vessels that exhibit less than ideal mixing
such as, for example: unbaffled reactors; where agitator speed, prop mixing
characteristics, prop location relative to the reactor bottom, etc. have not been

30 optimized to achieve adequate mixing; or a single-point 4-SAPH feed location. In
such cases either generalized or localized excess 4-SAPH concentration may
favor relatively large amounts of by-product formation. In this embodiment,

therefore, the 4-SAPH addition rate is preferably controlled by means to minimize



netal salt of a strong acid with a pKa of |ess than about 3. Al cohols are
the preferred solvent. In general, in this enbodi nent the 4-SAPH has a

sol ubi | i twoion/02094 he organi ¢ sol vent used for the pyrazol ecrarsostd4on
reaction of at |east about 0.05 nolar (at the tenperature of reaction). As
aresult, 4-SAPH may be solubilized relatively rapidly upon salt exchange
bet ween the 4-SAPH salt and the strong 2Gcid salt. The 4- SAPH di ssol ution
rate may bﬁcés"sm@/:em@wbomﬂoﬁxm@ytrﬁ@intermagtth@@omﬁl&ewrhbla%@;a%lémreact ed
4-SAPH in solution and el evat ed roduct | evel s resulting. This

condi t i onratgyofduiiazing tQ@IlKeiﬂmQIﬁ?Srtgaﬂtab@Ht ddssel s wherein the reactants

are present in ure. d|t|on i's
exacer bat ed m“fé%gg }3& %%@mgﬂf%§&§§%gﬁqf&ui§g% ?%(gf ﬂ’%ﬁfbﬁﬁ such
as, for eaarasbentlanyh«adrf-laqdeaswgcblvéﬁt sydene Aleohdis are ﬁf@gréfeﬁé@léomem ng
chara teristics, prop location relative to the reactor bottom etc. have

not bRen 4ANHisaAs¥th an alaahel solybilis areaten tirn@boyi Oé%mrearpm nt 4- SAPH

feed | oca | aly - SAPH
concent r afprorall BrerfEd it SRR Mo, S BF ok Hidh Shols Rt hEF B o
In this eﬂiabdr-@ﬂﬁH saltshefr reineral adldilseaﬂd Séﬁté ad@inio acids are eﬁeMIgfrﬁJlt ably

1 ze WO 03/099794 PCT/ US03/ 16404 20 excess

Z"EZL&' : ﬁg% Pi@gﬁggg qﬂpi@ gh9 ||Cg]ﬁPH95Pﬁ¢ iy this emiqdirpent. z%@r %ﬁrapleeauow Snt
h t,
ratio of eg@p@ﬁgﬁ@%ﬁﬁép@@g@;ﬁmn& Rif, dire, o RIGRRERBiGARP <! "

a sol ubl e to di ketone in esse

non- ”s(lqueoasetmdamdrs‘altsyﬁﬂeﬁAPH icaleoless dinan dﬁareﬂ gcﬁlebme,dmasd)miejpyl achhél-. SAPH
salts wit analc ol ubi l'it reater than about 0.05 . nolar are
gener al | y'tHaS G 8 %Vﬁtbéﬁt‘ﬂsz\%’ﬁﬁaﬁo SUBeSHANIARKS have preatas been

found 't hidardarifRid, G@Hoﬂapéompg{)if\{eamm@ SEOTPracARA iy Sadhd

general ly not sufficientl In alc or use Int
For exanpUse i ﬂmsaembodnbedt melwdethydregéri bexafludnyphaesghlade,i TFAphosphori c,

itri | d 10 ds f 4- SAP th
Gest rou SIEAIPTETRs RIS DayPic diliprpatsia a@@%@gwa Fiater P
4- SARA Sabélﬁgcécsp%m ?Jtréfé%da%(’!ﬁls'@ﬁ et'he Hi PHtsé?t SuBmtyar

! aC|

solubility inh alcoholic solvents. Pre err stron
may result in either generalized or localized excess 4-SAPH concentratlon hence

favoring a relatively large amount of by-product formation. The 4-SAPH salit
addition rate is thus preferably controlled to assure that excess 4-SAPH is not
present in solution, either in a localized or homogeneous excess concentration

20 thereby maintaining the solubilized molar equivalent ratio of hydrazine to diketone
less than about 2:1.

In a third embodiment, the 4-SAPH concentration in the reaction system is

controlled by in situ conversion of 4-SAPH or a 4-SAPH halide salt, which have a
solubility less than about 0.05 molar in the essentially non-aqueous solvent

25 system, to 4-SAPH-Acid salt which is readily soluble in said solvent system. In a
preferred approach for this embodiment, a halide salt of 4-SAPH (4-SAPH-HX) is
converted in situ in the reaction system to 4-SAPH-HY using a strong base
present in the alcoholic diketone solution and wherein H'Y" is a strong acid with a
pKa of less than about three (depicted below). Preferred acids for this purpose

30 include TFA, hexafluorophosphoric, tetrafluoroborate, trichloroacetic,
difluoroacetic, and dichloroacetic acids with TFA being especially preferred. The
concentration of 4-SAPH in solution is a function of, and therefore may be
controlled by, the amount of base added.



use in this enbodi nent include hydrogen hexafl uorophosphate, TFA,

tetrafl uoroborate, trichloroacetic, difluoroacetic, and dichloroacetic

aci ds wi tWoTBMm99795 bei ng especially preferred. In this enipodiusenigso4 he hi gh
4- SAPH salt solubility my result in either generalized or |ocalized
excess 4- SAPH concentration hence favoring a relatively |arge anmount of
by- product formation. The 4-SAPH salt 2dddition rate is thus preferably
controlled to assure that excess 4-SAPH is not present in solution, either
in a localized or honpgen exGess concentrati reby mai nt ai ni ng
the sol ubilized nol ar equﬁQHﬁ ?( rati o of hydrazﬁﬁgﬁgo%ketone | ess than
about 2:1. In a third enbqdi nent, the 4-SAPH congentration in the reaction
systemis controlled Iy SI Ltu conuBessi opn of SAPH. Qr . 4- SAPH hal i de
salt, which have a soI v 1d5s tha gout m)%é in the
essentially non-aqueous ent 25 sysfem to % SAPHACIid salt which is
readily soluble in said spl vent system In a preferred approach for this
enbodi nent, a halide sal tg@fng- SAPH (4- SAPHHX) i85 ggnverted in situ in the
reaction systemto 4- SAPHH\? e ng a strong base pr Pl in the al coholic

di ketone solution and wherein H+tY- is a strong acid with a pKa of |ess

t han about three (depicted below). Preferred acids for this purpose 30

i nclude TFA, hexafl uorophosphoric, tetrafluoroborate, trichloroacetic,

di fl uoroacetic |G .acl ds w F

preferred. TheTh@ng%(génst%ttgfﬁ%%?g#érﬁ @?A%Sﬂ,% P\r%ég ét@o?%O%ﬁfﬁgéah#&B?"y and

t her ef or eadmntb@eompmbhwfdnthe tplmamﬁ@mlbf Bthdiealrylaridayratfed)3h 099794
PCT/ US03/ 16404 21 NHN NHNH3 Y + Y- H+ Base )0 + Base+X- Al cohol
SceNH2  scaRieral. ih papicyiaslichigh Uy pF@%@@ﬁe phdisprsien.rhgveneryaed in Wewevel op

| oal kyl -
A O R P EoR L

di scudssi cambbdimers of dnel present @wention have been descrlbed herein in the context

of celecoxib and the celecoxib analog; it should be recognized, however, that
these disclosures are generally applicable to other pyrazoles and more
particularly to 3-haloalkyl-1H-pyrazoles.

In general, the present invention is directed to a process for the

10 preparation of a crystallized reaction product constituting at least about 98% by
weight of a 1-(4-sulfonylphenyl)pyrazole or a salt thereof by combining a source of
a 1,3-diketone or a salt thereof with a source of 4-sulfonylphenylhydrazine or a
salt thereof in a reaction mixture comprising a solvent system. In one
embodiment, the water content of the 1,3-diketone source preferably contains

15 less than about 50 equivalents, and preferably less than about 30 equivalents,
and still more preferably less than about 10 equivalents of water per equivalent of
1,3-diketone. In another embodiment, when the 1,3-diketone is present as a sal,
the water content of the 1,3 diketone source is preferably less than about 0.1
equivalents of water per equivalent of 1,3-diketone.

20 In one embodiment of the present invention, an alcoholic slurry of a 4-
SAPH free base is added to a diketone solution containing a catalytic amount of a
strong acid. In this embodiment, 4-SAPH is solubilized in situ upon addition to the
diketone. The pyrazole formation reaction rate is generally faster than the rate of
dissolution thereby maintaining the solubilized hydrazine:diketone molar ratio in

25 the preferred range. In this way the reaction kinetics are favorable for formation
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the {5 ee present in the 4-SAPH source although a water fo 4-SAPH equivalent ratio of up
to about 1000:1 may be present in some embodiments.

A reverse order of addition may also be done wherein the diketone
component is metered into the 4-SAPH component. In this scenario, the
solubilized 4-SAPH:diketone ratio may exceed 2:1 if the diketone is added at an

20 uncontrolled rate. In this embodiment, the diketone reactant is preferably
metered into the 4-SAPH component at a controlled rate by means known in the
art to maintain the solubilized 4-SAPH:diketone ratio in the preferred range.

In a second embodiment, an alcoholic slurry of a 4-SAPH salt with a
solubility of less than about 0.05 molar in the reactive solvent system is added to

25 a non-aqueous diketone solution containing the metal salt of acid that provides 4-
SAPH solubility in non-aqueous solvents. In this embodiment 4-SAPH dissolution
occurs as a salt-exchange reaction proceeds. For example, 4-SAPH may be
present as a mineral acid salt, such as the HClI salt, that is of limited solubility in
an alcoholic diketone solvent system, and the diketone solution may contain a

30 metal salt of TFA or hydrogen hexafluorophosphate, such as sodium TFA. As 4-
SAPH-HCI salt is added to the alcohalic diketone solution containing sodium TFA,
the HCl salt is exchanged with TFA thus solubilizing the 4-SAPH. It is preferred
to add the 4-SAPH component to the diketone at a controlled rate using methods
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addetD t o t he al cohoReactibh Schemes@Mluti on cont ai ni ng sodi um TFA, the HCI
salt is exchanged with TFA thus solubilizing the 4-SAPH. It is preferred
to add the 4-SAPH conponent to the diketone at a controlled rate using

met hods WD 03/ 099794 PCT/ US03/ 16404 23 known in the art to maintain the
sol ubi lized 4- SAPH: di ket oRgyyool ar ratio | ess thaRu,cr,con

Alcoho]
+ TFA

SO,NH, SO,NH,

NHNHpHCE ¥

SO,NH,

In the first route for 4-SAPH salt preparation (above), 4-SAPH free base is
reacted with TFA in the presence of alcohol to form 4-SAPH-TFA. In a second
route (above), 4-SAPH-HCI is reacted with a base and TFA in the presence of
15 alcohol to form 4-SAPH-TFA. The base is preferably sodium methoxide or
triethylamine and, in both routes, the alcohol is preferably isopropyl alcohol. In
either route prepared 4-SAPH-TFA may be isolated and collected by methods



about 2:1 and di sfavor by-product formation. In a third enbodi nent, a

4- SAPH salt having a solubility in non-aqueous solvent systens greater

t han abouwo®30®79pl ar is added to a neutral diketone 5 re®CTiusa3/s6a84 emt o
prepare celecoxib or the celecoxib analog. In a first step of this

enbodi nent the soluble 4-SAPH salt is prepared. Preferred salts include
TFA, hexafl uorophosphoric, tetrafluoroidfate, trichloroacetic,
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presence of al rphglecbad isspothAEINEbAImérnt, -SARHFTFA i9Hlged ahgee) |

4- SAPHHCI is reacted with a base and TFA in the presence of 15 al cohol to
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exanpl e, solvent strippin a slurry whi may then be collected

yi e
by sol i d- Praglice aaigemal Dba‘lq @@ﬁmﬁb@ﬁlak}g@vﬁ gither ﬁesar howevarhthesdfi | trati on

dded
fo the 5 BERShE i8sleReEs e Bl AR i BET L e e, The
4- SMUTFATIBiNiz fs icdALah st thelrbasiartmdltRy ahd ﬂ'lé%éB?WiaﬂhﬂaWthe 4-
Al ternatlveI% and preferably, prepared 4-SAPHTFA in solution nmay be

conbi ned drk@tcu]q(wlgh@zg@mqi@r tadio less than about 2:1. Liquid, solubilized 4-
SAPH-TFA may be added by techniques known to those in the art as previously

disclosed. Solid 4-SAPH-TFA may likewise be added by methods known to those
in the art such as by solid feeders with rate controlled by weight added per unit

—

15 time, or by other methods such as cascaded temperature control schemes as
previously disclosed.

In one preferred embodiment for the preparation of celecoxib or the
celecoxib analog, a metal salt of diketone in solution in a basic non-aqueous
solvent solution is added to low solubility 4-SAPH-salt slurried in a non-aqueous

20 solvent containing a strong acid that will form a 4-SAPH-salt with a solubility
exceeding about 0.05 molar by salt exchange in the presence the base.
Preferred low solubility 4-SAPH salts are formed from mineral acids, most
preferably HCI. Preferred strong acids are hydrogen hexafiuorophosphate, TFA,
trichloroacetic, dichloroacetic and difluoroacetic, with TFA most preferred. The

25 solvent is preferably an alcohol, most preferably isopropyi alcohol. In one
preferred embodiment depicted in Reaction Scheme (VII) below, diketone sodium
salt directly prepared by Reaction Scheme (V) or prepared by the reaction of the
base sodium methoxide with diketone is added to 4-SAPH-HCI and TFA to form
celecoxib.



produce cel ecoxib or the celecoxib analog. In either case, however, the 4-
SAPH TFA is preferably netered into the di ketone solution in a manner which
10 m ni mwe m3ng7ebncentration in the reaction m xture andPCharsebys4nmi nt ai n
the 4- SAPH di ketone solubilized nolar ratio | ess than about 2:1. Liquid,
sol ubilized 4- SAPHTFA may be added by techni ques known to those in the art
as previously disclosed. Solid 4-SAPHIZA may |i kewi se be added by net hods
known to thoseRéamtibhscﬁfetm@mt); as by solid feeders with rate controlled by
wei ght added per unit 15 tinme, or by other methods such as cascaded
tenperature control schenmes as previously disclosed. In one preferred
enbodi nent for the preparation of celecoxib or the celecoxib analog, a
metal salt of diketone in solution in adbasi@”Narf-aquepyg, sol vent solution
is added to low solubility 4-SAPHsalt sfjurripd in a nen-agueous 20 sol vent
containing a strong ﬁﬁ%? t hat w ~ A4S Fsalt ' ] solubility
exceedi ng about 0.9 r by sa Be pres t he base.
Preferred | ow solyRility 4-SAP g are formed from meehal aci ds, nost

preferably HC . rred strong afids are hydrogen hexaf| t]BNGp{nosphate,
(

TFA, trichiorog ,* di¥éhooroacertcand etic, wi/th JYFA nost
preferred. The 25881 vent is predleslwbBygsean al cohol, ppSipre QF;

i sopropyl al cohol.} In one preferred enbodi ment depi{ I n Reaction Schene
(VIl) below, diGet® sodium salt directly prepared React i on Schene (V)
or prepared by therl\lreaction of the base sodium nethoxide with diketone is
added to 4- SAPHHCINHd TFA to form cel ecoxib. WO 03/099794 PCT/ US03/ 16404
25 Reaction Schenme (VII): 0 O- Na } SOZNH2 NHNH~HCI CF3 N-N +TFA

Al cohol, Base / CF3

In this scheme, the diketone sodium salt in solution in isopropyl alcohol,
containing excess sodium methoxide base, is added to 4-SAPH-HCI that has
5 been slurried in TFA-acidified isopropyl alcohol. As the diketone is added the

sparingly soluble 4-SAPH-HCI is converted to readily soluble 4-SAPH-TFA in situ
and solubilized into the isopropyl alcohol as the basic diketone is added.
Advantageously, the rate of dissolution is generally less than the rate of reaction
such that solubilized 4-SAPH is quickly consumed in the reaction with the

10 diketone thereby maintaining the solubilized 4-SAPH:diketone ratio less than
about 2:1. Thus, the 4-SAPH concentration in the reaction system is controlled at
levels sufficiently low to selectively inhibit the by-product generation. The high
reaction rate enables the diketone to be added at a rapid rate to the 4-SAPH-HCI
slurry without associated elevated concentrations of 4-SAPH in solution. Hence

15 diketone addition to the reaction system need not be controlled or metered, rather
the addition rate is limited mainly by mass and heat transfer limitations. Thus the
diketone is generally added to 4-SAPH-HCI at a rate limited only by maintenance
of the moderately exothermic reaction system within the desired temperature
range. Typically however, diketone addition rate is constrained more by transfer

20 rate limitations than by high reaction temperature. The reaction is preferably
carried out at a temperature of about 0°C to about 70°C, more preferably about
10°C to about 65°C and most preferably about 20°C to about 60°C.



0=6=0 NH2 In this scheme, the diketone sodiumsalt in solution in
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15 purified product may be further subjected to additional purification procedures.

Based on experimental evidence to date, it appears that the
hydroxyregioisomer by-product will preferentially dehydrate to form the
regioisomer by-product in strongly acidic aqueous systems. Hence, strongly
acidic systems favor the regioisomer form. Disadvantageously, regioisomer is

20 more difficult to separate from celecoxib than is hydroxyregioisomer as a larger
portion of the regioisomer by-product crystallizes with the product from solution
than does hydroxyregiosiomer. It has been discovered that addition of base to
the reaction product mixture prior to the addition of water for celecoxib
crystallization tends to inhibit hydroxyregioisomer dehydration. Of the total by-

25 product formed in the condensation reaction, having at least a portion of the said
by-product in the hydroxyregioisomer form increases the efficiency of the
purification process and may yield celecoxib of the desired purity in one
crystallization.

In one embodiment, therefore, the crystallization sequence involves first

30 raising the reaction product mixture pH to a range of about 3 to about 9, typically
about 5 to about 7, and more typically about 5.5 to about 6.5 with a base,
preferably an aqueous sodium hydroxide solution of about 10% (w/w) to about

50% (w/w) concentration. The neutralized reaction product mixture is then heated



crystallization via cooling. Alternatively, if the solubility curve is
steep, the crude may sinply be dissolved at concentration approaching

sat urati owoas/ogaT9€l evated tenperature foll owed by cryst alPCirasps/oaoby
cooling. Generally, inpurities 10 preferentially remain in solution while

t he product crystallizes. The resulting solid product is then be collected
by, for exanple, filtration or centrifgéation wher eby excess not her |iquor
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condensation re lon, having at least a portion of the said by-product in
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to, centrifugation and filtration. The isolated celecoxib solid may then be further
purified by washing with alcohol, preferably isopropyl alcohol of about 50%
concentration in water, one or more times, and dried by any of a variety of
techniques known to those skilled in the art including, but not limited to, fluidized
20 bed drying, tray drying, filter-drying and blender-drying.
The overall process offers distinct advantages. First, the process of the
present invention advantageously produces a celecoxib payload of at least 10%
(w/w), more preferably 15% (w/w), and most preferably 20% (w/w). This result is
enabled, in part, by the discovery that reacting kinetics disfavor by-product
25 formation when the dissolved 4-SAPH concentration in the celecoxib formation
reactive system is minimized. As a result, greater concentrations of diketone may
be used while, at the same time, the dissolved 4-SAPH concentration may be
limited, thus minimizing by-product formation. Advantageously, therefore, the
process of the present invention may be practiced at a high payload while at the
30 same time produce material of high purity.
Second, by limiting the exposure of diketone to water in the absence of
hydrazine, diketone hydration may be minimized thereby minimizing by-product

generation. Moreover, by limiting the ratio of solubilized hydrazine:diketone in the



nost preferably about 55C to about 65C. Water is added to the heated,
neutral i zed reaction product while nmaintaining tenperature, to a final
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water in F&%ll?e%ﬁ@%ﬁdoc{elecomb preparation, and the preferred use of separate reaction
vessels for substantially water-intolerant diketone and water-tolerant celecoxib
enables reactor cleaning elimination that accrues the benefits of associated risk
20 and cost avoidance, environmental burden reduction and commercial advantage
through increased operational efficiency.

Fourth, the present process advantageously generates celecoxib of large
particle size compared to certain other processes. In general, the process of the
present invention may be used to generate celecoxib with an average particle size

25 of about 40 um to about 100 um. Smaller particle crystals may tend to pack on
solid-liquid separation equipment media such as filter or centrifuge screens and
cloths, and reduce the space between crystals. The result is an increase in
pressure drop across the media and an inhibition of liquid removal rate and
efficiency. Similarly, small particle size material can impair drying processes

30 through the tendency of the particles to adhere together and reduce available
particle surface area for drying. Finally, small particles are easily pneumatically
conveyed within the dryer and tend to migrate to and blind the dryer filter media,

such as bags or screens. Pressure drop increases as the media blinds, and the
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compared to other processes. In one embodiment of the present invention, the
crystallized celecoxib slurry of the inventive process contains methanol (contained
in the sodium methoxide base), increased water and decreased isopropanol
concentrations, and is at a relatively high temperature; all of which contribute to
20 reduced viscosity. Low viscosity enhances flow characteristics thus enabling
accelerated flow rates, more efficient solid-liquid separation, and higher payload

operation.

Definitions:
Where the term “alkyl” is used, either alone or with another term such as
25 “haloalkyl” and “alkylsulfonyl”, it embraces linear or branched radicals having one
to about twenty carbon atoms or, preferably, one to about twelve carbon atoms.
More preferred alkyl radicals are “lower alkyl” radicals having one to about ten
carbon atoms. Most preferred are lower alkyl radicals having one to about six
carbon atoms. Examples of such radicals include methyl, ethyl, n-propyl,
30 isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, iso-amyl, hexyl and the
like.
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Examples of such “lower alkoxycarbonyl” ester radicals include substituted or
unsubstituted methoxycarbonyl, ethoxycarbonyl, propoxycarbonyi, butoxycarbonyi
and hexyloxycarbonyl.

20 The term “aminocarbony!l” denotes an amide group of the formula -

C(=O)NH,

The terms “N-alkylamino” and “N,N-dialkylamino” denote amino groups
which have been substituted with one alkyl radical and with two alkyl radicals,
respectively. More preferred alkylamino radicals are “lower alkylamino” radicals

25 having one or two alkyl radicals of one to six carbon atoms, attached to a nitrogen
atom. Suitable “alkylamino” may be mono or dialkylamino such as N-
methylamino, N-ethylamino, N,N-dimethylamino, N,N-diethylamino or the like.

The term “alkylthio” embraces radicals containing a linear or branched alkyl
radical, or one to ten carbon atoms, attached to a divalent sulfur atom. An

30 example of “alkylthio” is methylthio, (CH,-S-).

The term “aryl”, alone or in combination, means a carbocyclic aromatic

system containing one, two or three rings wherein such rings may be attached



operation. Definitions: Were the term"alkyl" is used, either alone or
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nor e hal%&}aé& , such as fluoro, chloro or brono, to provide
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f1 uoropropoxy. The term "al kgﬁ{car bonyl " neans r adi.C cont aj,ni ng_an
al kgxy lraMDg@p[elfaEdeIHC@@lKYh el @ee |8W?66M&83®V ragicg H’%{lﬁﬁ??% a
car bonyl radic r r.a d y
o cal s HATBAR e dmplss ARt tRBAIRERY byciGReRE RcRbleAY
?r:a{(ﬁxycar@‘mwb e'l'ntﬁ,sf; IoheWI?@H&‘ibeiepM. substituted or wunsubstituted
oxycarbonyl , " et hoxycar bonyl ,
Y yThe term “ta){lectronegatlvep "mbang the Q&[W to b%%to(r)ﬁ(é/ f8Ga ?vné()l/
15 charged through the acquisition of electrons. For example, halogens have high

relative electronegativity. See, for example, Hawley, The Condensed Chemical

Dictionary, Tenth Edition (1981) at page 406.

The term “ester” includes alkylated carboxylic acids or their equivalents,
such as (RCO-imidazole).

20 The term “halo” means halogens such as fluorine, chlorine, bromine or
iodine atoms.

The term “haloalkyl” embraces radicals wherein any one or more of the
alkyl carbon atoms is substituted with halo as defined above. Specifically
embraced are monohaloalkyl radical, for one example, may have either an iodo,

25 bromo, chloro or fluoro atom within the radical. Dihalo and polyhaloalkyl radicals
may have two or more of the same halo atoms or a combination of different halo
radicals. “Lower haloalkyl” embraces radicals having 1-6 carbon atoms.
Examples of haloalkyl radicals include fluoromethyl, difluoromethyl,
trifluoromethyl, chloromethyl, dichloromethyl, trichloromethyl, pentafluoroethyl,

30 heptafluoropropyl, difluorochloromethyl, dichlorofluoromethyl, difluoroethyl,
difluoropropyl, dichloroethyl and dichloropropyl.

The term “heteroaryl” embraces unsaturated heterocyclic radicals.

Examples of unsaturated heterocyclic radicals, also termed heteroaryl radicals,
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oxadlazolyl, 1,3,4-oxadiazolyl, 1,2,5-oxadiazolyl, etc.] etc.; unsaturated

condensed heterocyclic group containing 1 to 2 oxygen atoms and 1 to 3 nitrogen

15 atoms [e.g., benzoxazolyl, benzoxadiazolyl, etc.]; unsaturated 5 to 6-membered
heteromonocyclic group containing 1 to 2 sulfur atoms and 1 to 3 nitrogen atoms,
for example, thiazolyl, thiadiazolyl, [e.g., 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl,
1,2,5-thiadiazolyl, etc.] etc.; unsaturated condensed heterocyclic group containing
1 to 2 sulfur atoms and 1 to 3 nitrogen atoms][ e.g., benzothiazolyl,

20 benzothiadiazolyl, etc.] and the like. The term also embraces radicals where
heterocyclic radicals are fused with aryl radicals. Examples of such fused bicyclic
radicals include benzofuran, benzothiophene, and the like. Said “heterocyclic
group” may have 1 to 3 substituents such as lower alkyl, hydroxy, oxo, amino and
lower alkylamino. Preferred heterocyclic radicals include five to ten membered

25 fused or unfused radicals. More preferred examples of heteroaryl radicals include
benzofuryl, 2,3-dihydrobenzofuryl, benzothienyl, indolyl, dihydroindolyl,
chromanyl, benzopyran, thiochromanyl, benzothiopyran, benzodioxolyl, pyridyl,
thienyl, thiazolyl, oxazolyl, furyl, and pyrazinyl.

The term “heterocyclo” embraces saturated, partially saturated and

30 unsaturated heteroatom-containing ring-shaped radicals, where the heteroatoms
may be selected from nitrogen, sulfur and oxygen. Examples of saturated
heterocyclic radicals include saturated 3 to 6-membered heteromonocylic group

containing 1 to 4 nitrogen atoms [e.g. pyrrolidinyl, imidazolidinyl, piperidino,
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6- meEper eﬂcﬂ%%%l?yﬁ?@;?&déik&l?alkenyl, cycloalkenyl, alkynyl, and aryl moieties
substituted with other aliphatic or cyclic hydrocarbon groups, such as alkaryl,
alkenaryl and alkynaryl.

The term “hydroxyalkyl” embraces linear or branched alkyl radicals having
one to about ten carbon atoms any one of which may be substituted with one or

20 more hydroxyl radicals. More preferred hydroxyalkyl radicals are “lower
hydroxyalkyl” radicals having one to six carbon atoms and one or more hydroxyl
radicals. Examples of such radicals include hydroxymethyl, hydroxyethyl,
hydroxypropyl, hydroxybutyl and hydroxyhexyl.

The term “aminosulfonyl” denotes a sulfonyl radical substituted with an

25 amine radical, forming a sulfonamide substituted with an amine radical, forming a
sulfonamide (-SO,NH,).

The term “sulfonyl”, whether used alone or linked to other terms such as
alkylsulfonyl, denotes respectively divalent radicals -SO,-. “Alkylsulfonyl”
embraces alkyl radicals attached to a sulfonyl radical, where alkyl is defined as

30 above. More preferred alkylsulfonyl radicals include methylsulfonyl, ethylsulfonyl

and propylsulfonyl.



10 group containing a sulfur atom for exanple, 2-thienyl, 3-thienyl, etc.;
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Exanpl es Sfipglessii®alC-DMEadlubdi. eHPLC analysis in all of the following examples was

done by the same method. Results are given in table 1a below.

15 Table 1a - Celecoxib Synthesis With Added Water
Time | Percent Percent Percent Percent Ratio of %Cele/
(min) | Celecoxib qurc_ny Regioisomer | Diketone | (%hydroxy+%regio)
regioisomer
10 80.2 0.33 0.25 11.7 138.3
32 89.7 0.82 0.77 3.94 56.4
20 65 92.6 1.17 0.81 1.44 46.7
165 |92.3 1.40 0.84 0.17 41.2
960 |94.2 2.03 0.86 N.D. 1 37.6

To a 100 mL Morion flask was charged 1.03g 4-SAPH and 20 mL THF. To
this slurry, under nitrogen at room temperature, was added 1g NaOMe (25 wi% in
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120 |94.9 O 62 0.07 N.D. 137.5
960 |96.0 0.64 0.06 N.D. 1371
Example 2

Effect of Acid on Celecoxib Formation

15 A 50 mL 3-neck Morton flask was fitted with a thermometer, a reflux
condenser and a nitrogen inlet. To this reactor was charged 25 mL isopropanol
and 1g (4.5 mmol) 4-SAPH-HCI, followed by the addition of 0.5 g triethylamine
(4.4 mmol) to free base the 4-SAPH. The reaction mixture was allowed to stir for
15 minutes at room temperature. To the resultant slurry was added 0.87g (9.2

20 mmol) chloroacetic acid. The mixture was allowed to stir at room temperature for
15 minutes. After this time period, 1g (4.3 mmol) diketone was added and the
reaction mixture was heated to 60 °C and held at this temperature for 2.5 hr. An
aliquot was taken and analyzed via HPLC. The reaction was repeated with each
of the following acids: acetic, dichloroacetic, trichoroacetic, and trifluoroacetic.



the present invention. This invention, therefore, should not be |imted to
any of the details in these exanples. Exanple 1 5 Conparison of Anhydrous
vs. Addedw@aBeeI7dn t he Cel ecoxib Synthesis Reaction To aPC@Si/1d¥bst on
flask was charged 1g 4- SAPHHCI and 20 nL THF. To this slurry, under
nitrogen at roomtenperature, was added 4.5 nL NaOH (1 M in HO to pH
11.2. The solution turned honogeneous. 3 ter 30 minutes the pH 10 of the
solution was adjusted to 0.9 with trifluoroacetic acid. At room
tenperature, 105 ngy diketone, in 10 nL THF, was added. Aliquots were taken
periodical ly aSomprratiea kesults are givasviadahied? balowized by HPLC on a 4.6 mm 5
m cron Supelco Supelcosil(r) LCDP colum. HPLC analysis in all of the
foll owi ng exanpl es was done by the sanme nethod. Results are given in table
1 a below. 15 Table 1 a - Celecoxib Synt hesis Wth Added Water Tine Percent
Percent Percent Percent Ratio of %Cele (mn) Cel ecoxi b Hydroxy

Regi oi somer Di ket one (9Rladokifecs @f;A@)d on@l@pgxrhaFonmaBonz 0.33 0.25 11.7
138.3 32 89.7 0.82 0.77 3.94 56.4 20 65 92.6 1.17 0.81 1.44 46.7 165 92.3
1.40 0.84 0.17 41.2 960 94 2 2.03 0.86 N.D. 37 6 To a 100 nL Morton flask

was charg 03g 4-S ng HF To ry, e 1 trogdn at
room t enpgr Rg'gjure :13 @ QMO}M l? Wg)gé/ 09‘#&3 ?ﬁl’,‘%/@é@ /|16404
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peri ogli ca TMcFﬂéracbﬂé re@_g'gl crggggoceeded and gpal yzed by HRLG.3 Results jare
Jrvenn DICthOI';aZetIC 1.29 [98.7 1.3 78.5
Chloroacetic 2.86 |95.3 4.7 20.2
Acetic 476 | 64.1 35.9 1.79
Example 3
10 Celecoxib Reaction Solvent Studies

A 100 mL 3-neck Morton flask was fitted with a reflux condenser, a
nitrogen inlet, a thermometer and a glass stopper. This setup was purged with
nitrogen for 15 min after which time 1 g (4.47 mmol) 4-SAPH-HCI and 25 mL
anhydrous methyl alcohol was charged to the flask. To the slurry was added 0.5

15 g (4.95 mmol) triethylamine at room temperature. After 15 minutes, 1 g (8.77
mmol) trifluoroacetic acid was added at room temperature. After 15 minutes at
room temperature, the reaction mixture was heated to 55 °C, 1 g solid diketone
(4.3 mmol) was added all at once followed by 5 mL methyl alcohol to wash the
addition funnel. Aliquots from the reaction mixture were taken and analyzed by

20 HPLC. Results in mole% by-product formed based on celecoxib at reaction
completion are show in table 3 below.

The reaction was repeated for the following solvents: Ethyl alcohol, n-
Propyl alcohol, i-Propyl alcohol, Trifluoroethanol, and t-Butyl alcohol.
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Example 4

10 Rate of Product Formation as a Function of Hydrazine Concentration
Into @ 100 mL Morton flask fitted with a reflux condenser, a nitrogen inlet

and a thermometer was weighed 67 mg 4-SAPH (free base, 0.36 mmol). To the
4-SAPH was added 15 mL isopropyl alcohol followed by 5 mL of a 0.36M TFA
stock solution (in isopropyl alcohol). The mixture was heated to 40°C with an oil
bath giving a homogeneous solution. At 40°C a 10 m! aliquot of a 0.036M 1,1,1-
trifluoro-4-(4'-methylphenyl)-2,4-butanedione (in isopropyl alcohol) diketone stock
solution, preheated to 40°C, was added all at once to the 4-SAPH mixture.
Aliquots were taken periodically (200 pl), quenched in 0.2M NaOH (in 55:45
acetonitrile:water), and cooled in ice. Analysis was carried out by HPLC and area

% values were converted to molar concentrations using standards. The results

15

20

using four different concentrations of 4-SAPH are given in table 4 below for the
initial rate of Celecoxib and Hydroxyregioisomer formation. The diketone

concentration for all four trials was 12 mmolar.
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Example 5
Concentration of 4-SAPH in Solution as a Function of Added Base

A 250 mL flask was charged with 11.3 g 4-SAPH-HCI (0.05 mol), 8.55 ¢
TFA (0.075 mol) and 100.0 mL isopropanol to form a slurry. This was allowed to
stir at room temperature for 30 min. To the 4-SAPH-HCI slurry was added
NaOMe with 100 pL aliquots taken periodically. Each aliquot was diluted

1:10,000 with isopropyl alcohol and analyzed by UV-vis spectroscopy for 4-SAPH

concentration. A summary of the results are given in Table 5a below.
The procedure was repeated at 55°C with the results reported in Table 5b below.
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for all four trials was 12 molar. WO 03/099794 PCT/ US03/ 16404 38 Table 4
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Table 5b
15 Concentration of 4-SAPH in Solution as a Function of Added Base
(at 55°C)
ml 25 wt% mol NaOMe added | [NaOMe] molar [4-SAPH] molar
NaOMe added
0 0 0 0.0113
20 1 0.00446 0.0442 0.0308
2 0.00893 0.0875 0.0403
4 0.0179 0.172 0.0600
6 0.0268 0.253 0.087
10 0.0446 0.406 0.160
25 14 0.0625 0.548 0.184




concentration. A summary of the results are given in Table 5a bel ow. The
procedure was repeated at 55C with the results reported in Table 5b bel ow
WO 03/ 099wW04H3PPTH4JS03/ 16404 39 Tabl e 5a Concentrati on of PETISAPMIG4M
Solution as a Function of Added Base (at Room Tenperature) m 25 wt % nol
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0.0176 2 0.009 0.088 0.0240 3 0.013 04@30 0.0464 4 0.018 0.172 0.0501 10
5 0.022 0.213 0.0650 7 0.031 0.292 0. 0876 10 0.045 0.406 0.136 14 0.062
0.548 0.169 Table 5b 15 Concentratiogn of 4-SAPH in Solution as a Function
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A 50 mL flask was charged with 200 mg hydroxyregioisomer of 89.8%
purity as determined by HPLC. 25 mL of a 50/50 (v/v) solution of isopropyl
5 alcohol and water were added. The pH was adjusted to 1.3 with hydrochloric
acid. The reaction mixture was stirred at room temperature for 16 hours and then
heated to 75 °C. Aliquots from the reaction mixture were taken and analyzed by
HPLC. Results in area% of hydroxyregioisomer and regioisomer are show in
table 6 below.

10 Table 6

Conversion of hydroxyregioisomer to regioisomer under acidic conditions

Temp (°C) Time Percent Percent OH- Percent
(hr) Celecoxib Regioisomer Regioisomer
Starting 0 3.73 89.8 6.4
Material
15 Room Temp 16 3.43 83.9 12.7
75 2 2.35 19.6 77.9
75 4 2.12 1.99 95.8
Example 7

Preparation of celecoxib with hydrazine reactant containing water

20 To a 250 mL reactor which had been purged with nitrogen and which had
been fitted with a mechanical stirrer and a chilled condenser was charged while
stirring, isopropyl alcohol (50.75g), ethyltrifluoroacetate (37.95g), sodium
methoxide (25% in methanol, 53.28g) and 4'-methylacetophenone (27.43g). The
reaction mixture was heated to 50-55°C and held for at least 2 hours. To a
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10 were then heated to 65°C and the pH was again adjusted to be within the range
of 3 to 9. Water (90g) was then added to the mixture over a time period of about
20 minutes while maintaining the temperature at about 65°C. The reaction
mixture was then cooled to about 20°C over a period of 12 to 14 hours to produce
celecoxib (62-65g) with less than 0.05% regio-isomer and undetectable

15 regioisomer.
Example 8
Preparation of celecoxib with anhydrous hydrazine reactant

To a 250 mL reactor which had been purged with nitrogen and which had
been fitted with a mechanical stirrer and a chilled condenser was charged while
20 stirring, isopropyl alcohol (50.75g), ethyltrifluoroacetate (37.95g), sodium
methoxide (25% in methanol, 53.28g) and 4'-methylacetophenone (27.43g). The
reaction mixture was heated to 50-55°C and held for at least 2 hours. To a
separate 1 L reactor which had been purged with nitrogen and fitted with a
mechanical stirrer and a chilled condenser, was charged 4-SAPH-HCI (45.96g),
25 isopropyl alcohol (101.2g) and trifluoroacetic acid (23.43g). The 4-SAPH-HCI was
heated to 50°C with agitation. At the completion of the 2 hour reaction period, the
contents of the first reactor was transferred to the second reactor containing the
4-SAPH-HCI over a period of at least five minutes and the reaction mixture was
then brought to 55°C and maintained at that temperature for at least 30 minutes.
30 The pH of the reaction mixture was then adjusted to be within the range of 3 to 9
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50-55C and held for at least 2 hours. To a separate | L reactor which had
been purged with nitrogen and fitted with a nechanical stirrer and a
chill ed condenser, was charged 4- SAExappleds. 96g), 25 isopropyl al cohol

(101.2g) and trifluoroacetic acid (23.43g). The 4-SAPH HCI was heated to
50C with agitation. At the conpletion of the 2 hour reaction period, the
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contal ni ng the | over a period of at least five mnutes and the
reaction m xture was then brought to 55C and nmi ntai ned at that

then ad; udoeoewnbaeagor fadult apecBmA R R FishanEY BRe BSos Teoa
42 nitrogen atmosphere, was added isopropyl alcohol (54.8g, 0.912 moles), ethyl
trifluoroacetate (38.0g, 0.267 moles) and 25% sodium methoxide in methanol
(53.3g, 0.246 moles). To the agitated reactor was added 4-methylacetophenone
15 (27.6g, 0.206 moles). The reaction mixture was heated to 50°C and maintained
for 2 hours. To a second (1 liter) reactor was added 4-sulphamidophenyl
hydrazine hydrochloride (46.0g, 0.206 moles), isopropyl alcohol (101.3g, 1.685
moles) and trifluoroacetic acid (11.7g, 0.103 moles) with stirring. The reaction
mixture was heated to approximately 45°C. Upon completion of the 2-hour
20 reaction period in the 250mL reactor, the contents was added to the second
reactor over approximately 10 minutes. The reaction mixture maintained at 55°C
for 30 minutes. The pH was adjusted with 50% aqueous sodium hydroxide to a
pH of 5-6. The reaction mixture was heated to 65°C and water was added (95g,
5.3 moles). The pH was again adjusted with 50% aqueous sodium hydroxide to a
25 value of 5-6. Water (90g, 5.0 moles) was added over 20 minutes while
maintaining the temperature at 65°C. The reaction mixture was then cooled over
9 hours to 20°C. The reaction mixture was filtered, washed twice with 50%
aqueous isopropyl alcohol and dried in a vacuum over for 16 hours to yield
celecoxib (65.6g) whose HPLC retention time was identical to that of authentic

30 celecoxib. Regio-isomer was not detected by HPLC.
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15 over ten minutes. The reaction mixture was cooled to 20°C over nine hours. The

slurry was filtered and washed twice with 50% (weight) aqueous isopropyl alcohol
(100g). The solid was dried in a vacuum oven for 16 hours to yield celecoxib
(67.2g) whose HPLC retention time was identical to that of authentic material.
Regio-isomer was not detected by HPLC.

20 Example 11

Preparation of 4-[5-(4-Fluorophenyl)-3-trifluoromethyl-

1H-pyrazol-1-yl]benzenesulfonamide

To a 500mL reactor fitted with a mechanical stirrer and maintained under a
nitrogen atmosphere, was added isopropyl alcohol (29.3g, 0.516 moles),

25 ethyltrifluoroacetate (27.2g, 0.191 moles) and 25% sodium methoxide in
methanol (37.5g, 0.173 moles). To the agitated reactor was added 4-
fluoroacetophenone (20.0g, 0.144 moles). The reaction mixture was heated to
55°C and maintained for 2.25 hours. To a second (1 liter) reactor was added 4-
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by the resgtthereddithe pProcsseicREVHSE%r a salt thereof with a

4-sul f onyl phe%hmefg{ ﬁgll-%%lfeﬁylﬁﬂgﬁ;klsépgfé‘ﬁﬂ@%f‘ al gt thepedfencthieqaadiion of @

conprising a solv stem tion mxture being fornmed, by _.
conbi ni ngt 3-diketone avfa sdlethirasfdivikie adheulionyiehanylimsiragne of aswlttheregf iBhe 4

| f i ph | hyd | h f d ' )
Doy 0 et S s TRt Pl e
combi Nl NGy Bmihninky 419606181 fL SadikbloReidiafithyrier, sxotrm dithere the
ce or solv

1, 3-di ket one sour ent systemis conbined with the
4- sul f onysyifomyipheyyiazrawns onsak thereohiand thesslvani sysiensunerginelt heof  wat er

per equivalent of 1,3-diketone or salt [t.her [: 2:l solid
reaction bﬁo@k@@“@oﬁﬂ%‘i’%?ﬁg?ﬁf@”@r Z‘S-) ‘@Wpﬁgﬁ BRIAT ?Cowg;?gr}ﬂe@hg?hg sal t
thereof, §RomERRe/RAfES WithThe sehvdnt Ehstedr bdfols tisal f3adiketunensdyrpgoazol e, or
salt thereof, constituting at |east about 98% by weight of the saolid
reactd on golueicsystathds epmbined with the 4-sulfonylphenylhydrazine source contain

less than 30 equivalents of water per equivalent of 1,3-diketone or salt thereof,

and

crystalizing a solid reaction product containing the 1-(4-
sulfonylphenyl)pyrazole, or a salt thereof, from the reaction mixture, the 1-(4-
15 sulfonylphenyl)pyrazole, or salt thereof, constituting at least about 98% by weight
of the solid reaction product, wherein

the 1,3-diketone has the formula:

the 4-sulfonylphenylhydrazine has the formula:

NHNH,

QO=—=8—0



the 1, 3-di ketone has the formrula: O OR3 R R2 the

4-sul f onyl phenyl hydrazine has the formula: NHNH2 | \ O=S=0 | RS WO
03/ 099794WB@3029808/ 16404 46 the 1-(4-sul fonyl phenyl) pyrazorashass4vhe
formula: R2Z R R3\N N 0=SOIl R5 R is an ester or a hydrocar byl
substituted wth one or nore halogens; 5 R2 is hydrogen, alkyl, cyano,
hydr oxyal kyl , cycl oal kyl or alkylsulfonﬁﬁ; R3 i s phenyl substituted with
one or nore of an alkyl, a halogen, an ether, an acid or an acid ester;
and R is nethyl, amno or substituted am no. 2. The process of claim1l
wherei n said 4-sul fonyl phenyl hydrazine is present in the

4- sul f onyl phenyl hydrazi ne source in the formof a free base, the

1, 3-di ketone source additionally conprises an acid having a pKa of |ess
than about 3, thad-(4reulioryyiphemt)pyeazotrinas trenfbriama:ni xt ure formed by
conmbining it with 5 the acid contains |ess than about 30 equival ents of
wat er per equivalent of 1,3- diketone or salt thereof.

R, is an ester or a hydrocarbyl substituted with one or more halogens;
5 R, is hydrogen, alkyl, cyano, hydroxyalkyl, cycloalkyl or alkylsulfonyl;
Rs is phenyl substituted with one or more of an alkyl, a halogen, an ether
an acid or an acid ester; and

)

R, is methyl, amino or substituted amino.

2. The process of claim 1 wherein said 4-sulfonylphenylhydrazine is
present in the 4-sulfonylphenylhydrazine source in the form of a free base, the
1,3-diketone source additionally comprises an acid having a pKa of less than
about 3, and the 1,3-diketone source and any mixture formed by combining it with

5 the acid contains less than about 30 equivalents of water per equivalent of 1,3-
diketone or salt thereof.



WO 03/ 099794 PCT/ US03/ 16404 47 3. The process of claim2 wherein the acid
Is selected fromthe group consisting of trifluoroacetic,

hexaf | uorwphespteri c, tetrafl uoroboric, trichloroacetic, Pdrfusapraaceti c,
and di chl oroacetic. 4. The process of claim2 wherein the

4- sul f onyl phenyl hydrazi ne source is added to the 1, 3-di ketone source to
formthe reaction nmixture. 5. The procedd of claim| wherein said

4- sul f onyl pheny3.hYHearooess of ¢aigs2Whdrirt the tid i SQ8vieRTRIM |tﬁ%§F&\ﬁ]ne .
source as a fiﬁ?e base_or a mineral acid salt, the 4-sulfonylph&nyl'hydrazine
source addf@ns %?QIQ?tE!ﬂHﬂfP?%EC-G\@X@ﬂuﬁ‘@@bpsp@rm}@@Ir@f@mroaoﬂmttscidbmmﬁc, per

equi val entgiffiorbassi razine free base or
d or‘ﬂ)laﬁé'ﬂlé,% &EHI&%%%‘?I'&.

4- sul f onyl phenyl hydrazi ne m ne acid salt, the 1, 3-di ket one source
additionally conprises an acid, and any m xture fornmed by conbining the

1, 3-di ket one sozt:r_j;ﬁ with the acid contains |ess than about 30 equival ents
of water per edhi VAP&RPCess af claig Raheieindhe 4rsulfanyiphemihasirazise sthesepisocess

of claim %d@é‘%lrl%itﬁetﬁ@-dﬁ%e‘{&ﬁé Qgéﬁ!c@%%hmfﬁé d@ﬁarpgl%ﬁgrﬁl acid salt is the

hydrochl oride salt and the acid i's a mneral acl acid selected from
the group consisting of trifluoroacetic, hexafl uorophosphoric,

tetrafl uoroborigc,trichlorogcetic j{fl_uoroacetic, and di chl oroacetic. 7.
The process of I AihPECGRRSY qT,aI{rh’gw e§&iNf onyl phenyl hydr azi ne source is

added to the 1,s3idikiPRIoREHI - I 400,144 r :
process of claim1l V\/nere?rﬁ)ﬁt hgﬁgd'tggﬁeg%;ﬂr%%%%ﬁ%%ﬁa%lfr?gﬂps%eg'ylggg%% t he
4- sul f ony|spHESE/ ahAdres bage osaumineralsicid salt,t having a solubility in the
sol vent system f4l%e®§)tn)§1n a OHt 0.05 nolar,.5 the 1, 3-di ketone source
additional |y C&ﬁ%l‘r Yiphenyyprazing seyregpogiionally qogmrisgsiumnia abputgr oup
consi 5ti ng000 dduifdIbRsQFRIEF peh8ddl L Il ' Lc,
trichl oroaceti cc,[ di fl uor oacet Ip(e: cetﬁﬂdélgﬁ’(f:ﬁﬂp%%gggrgy(lt)ﬁe?nyghgﬁrra%ne%éé’BQéé
or 4-sulfonylphenylhydrazine mineral acid sal,
the 1,3-diketone source additionally comprises an acid, and
any mixture formed by combining the 1,3-diketone source with the acid
contains less than about 30 equivalents of water per equivalent of 1,3-diketone or

10 salt thereof.

6. The process of claim 5 wherein the 4-sulfonylphenylhydrazine mineral
acid salt is the hydrochloride salt and the acid is a mineral acid or an acid
selected from the group consisting of trifluoroacetic, hexafluorophosphoric,
tetrafluoroboric, trichloroacetic, diflucroacetic, and dichloroacetic.

7. The process of claim 5 wherein the 4-sulfonylphenylhydrazine source is
added to the 1,3-diketone source to form the reaction mixture.

8. The process of claim 1 wherein
the 4-sulfonylphenylhydrazine is present in the 4-sulfonylphenylhydrazine
source as a salt having a solubility in the solvent system of less than about 0.05
molar,
5 the 1,3-diketone source additionally comprises the metal salt of an acid
selected from the group consisting of trifluoroacetic, hexafluorophosphoric,
tetrafluoroboric, trichloroacetic, difluoroacetic, and dichloroacetic, and



WO 03/ 099794 PCT/ US03/ 16404 48 any m xture which may be formed by
conbining the 1, 3-di ketone source wth the netal salt of the acid contains
| ess t harwB®3meprpval ents of water per equival ent of 1, 3- @CHaiSosies40+ sal t
thereof. 9. The process of claim8 wherein the 4-sul fonyi phenyl hydrazi ne
salt is the hydrochloride salt. 10. Thg process of claim8 wherein the

4- sul f onyi phenyl hydrazi ne source is ad 8d to the 1, 3-di ket one source. 11.
The process of anyamistaresbicbimay he farmsed by opmbiringl the dr 2ikedons sogicesent i n

t he 4-sulfo henyi,hydr azi ne source. as a salt,having a.solubjility in the
o vent sy HLHRTeA Satat R BRRERiEing To Rl SN aeRus Bt Beleroet ' ¢ ol
11 wher ei neduigaléntsef f,8kdtbREWr RYAtlA&eBe is the salt of an acid selected
fromthe group consisting of trifluoroacetic, hexafl uorophosphoric,

tetrafl uoroboric, trichioroacetic, difluoroacetic, and dichloroacetic. 13.

added o the 1.5 SHAGRE Aot & oA ARER A AR S nd 2

4- sul f onylpjorootioNgls 8aitne is present in the 4-sul fonyl phenyi hydrazine
source as a salt having a solubility in the solvent systemof |ess than
about 0.05 nolar, 5 the 4-sul fonyl phenyl hydrazi ne source additi onal

orasent in the sl O phvess EiThitle WiRSehRE ARtinvbndbybrazfis SELBRE 1 2

sour ce addgtaddedlid yhedrPpdikeesheasdase. and any m xture fornmed by conbining
the 1, 3-di ketone source with the solvent systemor the base contains 10
| ess than 0.1 equivalents of water per equivalent of 1,3-diketone or salt

thereof. WO 03/PP974 FCHNNUARPWhetdin the 4-sulfonylphenylhydrazine is

present in the 4-sulfonylphenylhydrazine source as a salt having a solubility in the

solvent system of greater than about 0.05 molar.

12. The process of claim 11 wherein the 4-sulfonylphenylhydrazine is the
salt of an acid selected from the group consisting of trifluoroacetic,
hexafluorophosphoric, tetrafluoroboric, trichloroacetic, difluoroacetic, and
dichloroacetic.

13. The process of claim 12 wherein the 4-sulfonylphenylhydrazine source

is added to the 1,3-diketone source.

14. The process of claim 1 wherein
the 4-sulfonylphenylhydrazine is present in the 4-sulfonylphenylhydrazine
source as a salt having a solubility in the solvent system of less than about 0.05
molar,
5 the 4-sulfonylphenylhydrazine source additional comprises an acid having
a pKa of less than about 3,
the 1,3-diketone is present in the 1,3-diketone source as a metal salt, and
the 1,3-diketone source additionally comprises a base and any mixture formed by
combining the 1,3-diketone source with the solvent system or the base contains
10 less than 0.1 equivalents of water per equivalent of 1,3-diketone or salt thereof.



15. The process of claim 14 wherein the 4-sul fonyl phenyi hydrazine salt is

a mneral acid salt, and the acid is selected fromthe group consisting of
trifl uor owoasiogg79hexaf | uor ophosphoric, tetrafluoroboric, tcraisor@ecetic,

di fl uoroacetic, and dichloroacetic. 16. The process of claim 15 wherein the
4-sul fonyl phenyi hydrazine salt is the hydrochloride salt. 17. The process
of claim 14 wherein the base is sodi umdfet hoxi de. 18. The process of claim

14 wherei n the1s, $nheipreteuseofaisint ¢4 wheadimettietdsulfdrylphenylhydrazine salt is

4-sul f onyl phenyi hydrazi ne source, 19. A process for the preparation of a

1- ( 4- sul fanngisagid) 8l and|the @cidis S@Eﬁqteg Pﬁf&ﬂégﬁ 9EY® (SIS Honpri si ng
formng 1-.£4-sul fany : ; e reaction of a
1, 3-di ke'éLt |ﬂ§oro%;écgﬂ§,a¢%ﬂﬂét%0ﬁ%§f§ hg’at%grgﬂ%&?}) bgbg-ﬁrgﬁﬁrg%elt%enyl hydr azi ne
in a 5 regifltb@acatixtandcdichlopoasstity a sol vent system contai ning an organic
solvent, the salt of the 4-sulfonyi hydrazine having a solubility in the
organi c solvent of at least 0.05Mat the tenperature of the reaction, and

crystalizing a} §°hhd (Hrg@éés! OclBP48Gih&rem Mied-8aiféMBpHedythydrazine salt is

sul f onyl phenyl ) pyraz , or a salt thereof, fromthe reaction m xture, the
1- (4 10 stheflopirbeiiongd salfr azol e, or salt thereof, constituting at |east
about 98% by weight of the solid reaction product, wherein the

1, 3-di ketone has the formula: O O R32 R the 4-sul fonyl phenyi hydrazi ne has

the o=s=0 for iyl ghelprobst A3nY 99 {MerBinl thHdIoHelis Eediurh@nethoxide.

18. The process of claim 14 wherein the 1,3-diketone source is added to

the 4-sulfonylphenylhydrazine source.

19. A process for the preparation of a 1-(4-sulfonylphenyl)pyrazole or a
salt thereof, the process comprising
forming 1-(4-sulfonylphenyl)pyrazole or a salt thereof by the reaction of a
1,3-diketone or a salt thereof with a salt of a 4-sulfonylphenylhydrazine ina
5 reaction mixture comprising a solvent system containing an organic solvent, the
salt of the 4-sulfonylhydrazine having a solubility in the organic solvent of at least
0.05M at the temperature of the reaction, and
crystalizing a solid reaction product containing the 1-(4-
sulfonylphenyl)pyrazole, or a salt thereof, from the reaction mixture, the 1-(4-
10 sulfonylphenyl)pyrazole, or salt thereof, constituting at least about 98% by weight
of the solid reaction product, wherein
the 1,3-diketone has the formula:

o) )

&%ﬁz

R

the 4-sulfonylphenylhydrazine has the

o0—s=—0 formula:

Rs



t he 1-(4-sul fonyl phenyl)pyrazole has the formula: R2Z R R3 NN 0= -0 1
R5 R, is an ester or a hydrocarbyl substituted with one or nore hal ogens;
5 R2 is hworegeat94 al kyl , cyano, hydroxyal kyl, cycl oal kyl @craiskyi@w f onyl ;
R3 is phenyl substituted with one or nore of an al kyl, a hal ogen, an ether,
an acid or an acid ester; and R5 is nethyl, amno or substituted am no. 20.
The process of claim 19 wherein the sol wnt system conprises less than 30
equi val ents of water per equivalent of 1,3-diketone. 21. The process of
claim 19 wherein the organic solvent is an alcohol having at |east 3
carbon atonms. 22. The process of claim21 wherein the organic solvent is

i sopropanol . WD 03/099794 PCT/ US03/ 16404 51 23. The process of claim19
wherein the organic solvent is isopropanol and the solvent systemon a

vol une basis is predom nantly isopropanol, tert- butanol or
trifluoroethanol. 24. The process of claim 19 wherein the

4-sul fonyl phenyl hydrazine is the salt of an acid selected fromthe group
consisting of trifluoroacetic, hexafluorophosphoric, tetrafl uoroboric,
trichloroacetic, difluoroacetic, and dichloroacetic. 25. The process of

cl ai m 19 wher eithetth@-aulfanyiphenyhpyragoly dasitienforinsila:he  salt of an acid

sel ected fromthe group consisting of trifluoroacetic,

hexaf | uor ophosphori c, tetraflgproboric, trichl oroacetic, difluoroacetic,
and dichloroacetic, and the b&gani &¢solvent is an al cohol having at |east

3 carbon 5 atons. I—\(
R3 /N

N

=8=0

R, Is an ester or a hydrocarbyl substituted with one or more halogens;
5 R, is hydrogen, alkyl, cyano, hydroxyalkyl, cycloalkyl or alkylsulfony!;
R; is phenyl substituted with one or more of an alkyl, a halogen, an ether,
an acid or an acid ester; and

Ry is methyl, amino or substituted amino.

20. The process of claim 19 wherein the solvent system comprises less
than 30 equivalents of water per equivalent of 1,3-diketone.

21. The process of claim 19 wherein the organic solvent is an alcohol
having at least 3 carbon atoms.

22. The process of claim 21 wherein the organic solvent is isopropanol.



26. The process of clains 1, 2, 5 8, 11, 14 or 19 wherein R, is Cl-4

hal oal kyl, R2 is hydrogen or C,_4 alkyl, R3 is phenyl substituted with C1 4
al kyl or wbaBogeems and R5 is nmethyl or am no. 27. The pro®e3asos/1@bai m 26
wherein R, is halonmethyl, R2 is hydrogen, R3 is phenyl substituted with
met hyl or hal ogen, and R5 is am no. 28. The process of claim 27 wherein R,
is nono-, di- or trihalonethyl and R3341s phenyl substituted with nethyl or

fluoro. 29. Thespmpeasscess 6f alalm2® wherei thet drganic solvent is isopropanol
1- (4-sul fonyl phenyl ) pyrazole is . , .
(4-[5- (4- aedihe p@lyap{) Systemtqn 8IVeSHBAbeRIR! I piredominantly isopropanol, tert-

l(_l_Afp)[/gaﬁzl SF%L%&&%%OG%H%%&??PUS%mat(:)LyI )-1 H pyrazole-1 yl]

benzenesul fonam de). 30. The process of clainms 1, 2, 5, 8, 11, 14 or 19

wherein the solvent systemconprises one or nore alcohols. W) 03/ 099794
PCT/ US03/ 16404245 hgproeass pf eladgs! Sovhere ?ﬂ%s %’MPRGMEV%FWH? B§st em

conprises__ji : ] ation of

(-5 ( a. el REPRRBK, pReGRa omfie ofolls ERERRIASr fiAoRSRRACS

H pyrazol ﬁeitamjderh@mmw, tetrafluoded orim, trichi¢roacatid, I diftuarpaeeljd, and
3-(trifluoronethyl)-1 H pyrazol e-1-yl ] benzenesul fonam de), the process
conpri si né'qh&[@@i?@ﬂj;-a 1, 3-di ketone and a 4-sul fam dophenyl hydrazi ne hal i de
salt in a 5 reaction mxture conprising a solvent system containing an

al cohol having at |east 3 carbon atons, the 1, 3-di ketone being a netal
salt of 4-met hpbphdreyprotess bf claimnf1Uehered thevdisaifedylphenyhydrazineds thel t  of
4-f | uor ophenyl - 1,%@14 ri {ﬁlcﬁgo_ % 4- but anedj.one tl;ﬂhe re%giti on m xture being
formed by SatebrRiasy selestadiEomkinepuRr copsiRing AEITILOLRARSTS of ¢ he

4-sul fam ' ' fpi icBfic, siiverdhcdfc, et em said

1, 3-di ket g%ggguowurbgﬂggﬁm(?genta Idydjg?)%'itg?rﬂg@g base and the 4-

sul f am dopliehiyroabgiit, sandnbererpadie sovant ivan alcaielihavivgAtigastengdPenng an
acid _selected fromthe group consisting of trifluoroacetic,

hexaf Puor 8phoric, tetrafluoroboric, trichloroacetic, difluoroacetic,
and di chl oroacetic, and

26. The process of claims 1, 2, 5, 8, 11, 14 or 19 wherein R, is C,,
haloalkyl, R, is hydrogen or C,, alkyl, R, is phenyl substituted with C,, alkyl or

halogen; and R, is methyl or amino.

27. The process of claim 26 wherein R, is halomethyl, R, is hydrogen, R,

is phenyl substituted with methyl or halogen, and R; is amino.

28. The process of claim 27 wherein R, is mono-, di- or trihalomethyl and

R, is phenyl substituted with methyl or fluoro.

29. The process of claim 28 wherein the 1-(4-sulfonylphenyl)pyrazole is
(4-[5-(4-methylphenyl)-3~(trifluoromethyl)-1H-pyrazole-1 -yl]benzenesulfonamide)
or (4-[5-(4-fluorophenyl)-3-(trifluoromethyl)-1H-pyrazole-1-

yllbenzenesulfonamide).

30. The process of claims 1, 2, 5, 8, 11, 14 or 19 wherein the solvent

system comprises one or more alcohols.



crystalizing a solid reaction product containing the

(4-[5-(4-nethyl phenyl)- 15 3-(trifluoromethyl)-

H pyr azolwob3gpd7benzenesul f onam de) or (4-[5-(4- PCT/US03/16404

fl uorophenyl)-3-(trifluoronethyl)-1 H pyrazol e-1-yl]benzenesul f onam de)
fromthe reaction mxture, the

(4-[5- (4-nethyl phenyl )-3-(trifluoronethy?)-1 H pyrazol e-1-

yl ] benzenesul fo&amTue)procewe{aamgt)lmr@mﬁ@;éo)ve?m(styétefnh wehpmRElRY! ) - 1
H pyrazol e- (}A benﬁ Gesul fonam de) constituting at | east about 98% by
3narabyl AEohe

wei ght of reaction product. 33. The process of claim32
wherein the 4-sul fam dophenyl hydrazine halide salt is the hydrochloride
salt and the netal salt of 4-nethyl phenyl-1,1,1- trifluoro-2,4-butanedi one

or 4-fl uorophen3?.- A proceds farrthé Ipuaparaﬁomﬂbm Em@ti'tnmﬁ/lpﬁeﬁy@@{ sodi grSn S‘?'lhte
t is trifluoroacetic.
ocese biaTEranes IR el tulberenasutonamiehsk e T
e
o) ocess of LREOronSRURIE ptEBgt yIHERHCTURERAIdd), RDHIRLEED Sonhyshy

4-sul f onyl phenWﬁ?hm@alha-Chkﬂioneanﬂ?a 4Eh&apﬂdn1ﬂ'&ahl gDEy@ﬂaalnBShéhde]éhlﬂhrelﬁgl g
duct talize a process conp

() ad ust EAGTH MRS PO PREBIGA Solupt RGN BingaA AIcBNOLbaeg 3t Lo about

9 with -2 lbé@tes ool ABhI4S el 1 IRk td‘h‘é t?%ﬁ%f%&rrﬁﬁ{di'%%ﬁ%‘f 4Cr%gp{5;)| é}gfrlﬁ?“d

salts; béwgll ssol vi ng substanti a a e solid sa

adj ust ed rte oh4- bﬁtan@dl@neforsa metebsalbqf bfldoraphsaybt , 1t b-tdflupo<Bat r at i on

oy it PP bl ARt ik RS
to about Qjmmheaa Baskse ?ﬁgﬁ@-?lﬁ@hggpgﬁg)g gHP.aaiugﬁ h% ﬁﬂaﬁrﬁéﬂ gt#%(g\r/]?ﬁt step
ggz)u%OSS tﬁ&ggﬁé,c%ézg%&e@@ne gowiceragiditfanally sompising aﬂualse avfd theep (d) to a
range of %ﬁﬁhl&&%en?/l hydrazine halide salt source additionally comprising an acid
selected from the group consisting of trifluoroacetic, hexafluorophosphoric,
tetrafluoroboric, trichloroacetic, difluoroacetic, and dichloroacetic, and
crystalizing a solid reaction product containing the (4-[5-(4-methylphenyl)-

15 3-(trifluoromethyl)-1H-pyrazole-1 -yllbenzenesulfonamide) or (4-[5-(4-
fluorophenyl)-3-(trifluoromethyl)-1H-pyrazole-1 -yllbenzenesulfonamide) from the
reaction mixture, the (4-[5-(4-methylphenyl)-3-(trifluoromethyl)-1H-pyrazole-1-
yllbenzenesulfonamide) or (4-[5~(4-fluorophenyl)-3-(trifluoromethyi)-1H-pyrazole-
1-yllbenzenesulfonamide) constituting at least about 98% by weight of the solid

20 reaction product.

33. The process of claim 32 wherein the 4-sulfamidophenyl hydrazine
halide salt is the hydrochloride salt and the metal salt of 4-methylphenyl-1,1,1-

trifluoro-2,4-butanedione or 4-flucrophenyl-1,1,1-trifluoro-2,4-butanedione is the
sodium salt.

34. The process of claim 32 wherein the acid is trifluoroacetic.

35. The process of claim 32 wherein the base is sodium methoxide and
the solvent system comprises isopropy! alcohol.



about 30C over |ess than about 2 hours to crystallize fromthe reaction

m xture a reaction product containing the 1-(4-sulfonyl phenyl)pyrazol e or
salt therwofo3/04%94{f) isolating the 1-(4-sulfonyl phenyl) pyrazaises/omosal t

t hereof of step (e); and (g) drying the 1-(4-sulfonyl phenyl)pyrazole or
salt thereof of step (f). 38. The process of claim 37 wherein the

1- (4-sul fonyl phenyl) pyrazole or sal te%nereof conpri ses |ess than about 1
wei ght pe ][ celnt 360 gwiermbcesqdf clrim &3 whareirtheahd-dikgionesnusee iszadderhi®
process of clai 7 erein the average 1-(4- sul fonyl phenyl razol

sal t t_herﬁl?f’?"SHE]9§Y|BY‘\Q§YIE)§C’riag'ne?b'iﬂﬂrc?tg pm 50 about 1)(;0Io pmy Lgy Thg ;é)}og:ass
of claim37 wherein the weight percent of the crystallized

1- (4-sul fonyl phenyl ) pyrazole, or salt thereof, is greater than about 10
per cent . 37. The process of claims 1, 19 or 32 wherein the solid reaction proé)uct is

crystalized by a process comprising:
(a) adjusting the pH of the reaction mixture to a range of about 3 to about 9
with a base, said adjusted reaction mixture further comprising solid salts;

5 (b) dissolving substantially all of the solid salts in the adjusted reaction
mixture of step (a) by adding water to a concentration in the range of about 15
volume percent to about 30 volume percent;

(c) adjusting the pH of the reaction mixture of step (b) to a range of about 3
to about 9 with a base;
10 (d) adding water to the reaction mixture of step (c) to a final concentration
in the range of about 25 volume percent to about 50 volume percent;
(e) cooling the reaction mixture of step (d) to a range of about 10°C to
about 30°C over less than about 2 hours to crystallize from the reaction mixture a
reaction product containing the 1-(4-sulfonylphenyl)pyrazole or salt thereof;
15 (f) isolating the 1-(4-sulfonylphenyl)pyrazole or salt thereof of step (e); and
(g) drying the 1-(4-sulfonylphenyl)pyrazole or salt thereof of step (f).

38. The process of claim 37 wherein the 1-(4-sulfonylphenyl) pyrazole or
salt thereof comprises less than about 1 weight percent combined

hydroxyregioisomer and regioisomer.

39. The process of claim 37 wherein the average 1-(4-
sulfonylphenyl)pyrazole, or salt thereof, crystal size is about 40 ym to about 100
pm.

40. The process of claim 37 wherein the weight percent of the crystallized
1-(4-sulfonylphenyl)pyrazole, or salt thereof, is greater than about 10 percent.



