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ANTI CONVULSANT DERI VATI VES OF TOPI RAMATE Cross Reference to Rel ated
Application 5 This application clains the benefit of U S. Provisional
Appl i cation 60/451,863, filed on March 4, 2003, which is incorporated by
ref er encewbedsoenrszéon its entirety. 10 Field of the | peenishomnodshe present
invention relates to a one step process for the preparation of conpounds of
the formula (I) H 0% ,NRL X 0/ S~ R6 0 R3 5 R4 (1) wherein X, Rl, RS,
R4, R5 and R6 are as hereinafter 15 defined. The conmpounds of fornula (1)
are useful for the treatnent of epil epsy. Background of the Invention The
conpourfROGESSTFARTHEPREFARATION OFRAN VOLSANT REERIVATIYES RF TQPIRAMAEE n R1 i s
selected fromthe group consisting of hydrogen and Cl. 4al kyl and wherein X
R3, R4, R5 and R6 are as hereinafter defined, are known conpounds that have

been found to exhibit_anticonvul sant activity and_are 25 therefore useful in
the treatment of condffaThEeLGERNEE ERRI PSR APRELE2E AP ounds are di scl osed

in U Sg Patent We12QO4R18480: 5T 14540041R08RSF it of U. s.

Provisional Application 60/451,863, filed on March 4,
2003, which is incorporated by reference herein in its

entirety.

10 Field of the Invention

The present invention relates to a one step process
for the preparation of compounds of the formula (I)
o N
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o’ *b
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RS e )

\R1

wherein X, RY, R?®, R*, R® and R® are as hereinafter
15 defined. The compounds of formula (I) are usgeful for

the treatment of epilepsy.

Background of the Invention

The compounds of formula (I)
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wherein R' is selected from the group consisting of
hydrogen and C;,alkyl and wherein X, R®, R*, R® and R® are
as hereinafter defined, are known compounds that have
been found to exhibit anticonvulsant activity and are
25 therefore useful in the treatment of conditions such as

epilepsy. These compounds are disclosed in U.S, Patent



No. 4,582,916 and U. S. Patent No. 4,513,006, which also disclose processes
for the preparation of said conpounds; and which are hereby incorporated by
reference. 5 One process disclosed in the above referenced patents is a
process for the preparation of the compounds of formula (1) conprising
reacti ngwonod/eehel of the fornula RCH2OH with a chporosuwi4@sss e of the 10
formula G SO2NH2 or C SO2NHR1 in the presence of a base such as potassium
t - but oxi de or sodium hydride at a tenperature of about -20C to 25C and in a

sol vent such as_toluene, tetrahydrofuran or dinethylfornam de, where R is
a noi ety of\%hé’Pofnita ?rf‘#)u'ﬁ' é@t%t(ll\l‘f’) 4 -2 0 W%ﬁgg ﬁfﬁ‘aess has two

mej or di SadMaRL8gESpr&Ressdll SRAYaRbageeharihatn tdre Jaracess calls for a
conbi nati on of NaHpand DMF whi ch has an uncontrol |l abl e exothermand 20 is

t her ef ore FoMparndsl yars piluisity areshergby Biesdmgoratedaby, Chenical &

Engi neeri n%e:gg\é@ncéuly 12, 1982, page 5; and G Dewail, Chem cal &

Engi neeri ng WS, Sépt. 13, 1982. Anot her disadvantage is that the process
al so suses highly toxic and corrosive chlorosul fonyl 25 isocyanate (CSI) to
prepare the comercially unavail able, sulfanyl chlaride %S SO02NH2) . The CSI
is not only di PRECBFPCEYS WOi9EIRISEA, 1Betafis?OVfe ML SFERFEFt y and

corrosi vengsgenbyt 1 8l § pisePifabk8efl poapoRdyidd W1t @de suppliers. 2
compounds of formula (I) comprising reacting an alcohol
of the formula RCH,OH with a chlorosulfamate of the
10 formula C1SQ,NH, or ClSO,NHR' in the presence of a base

| such as potassium t-butoxide or sodium hydride at a

temperature of about -20°C to 25°C and in a solvent such
as toluene, tetrahydrofuran or dimethylformamide, where
R is a moiety of the formula (II)

X

15 R5 | R4

This process has two major disadvantages. One
disadvantage is that the process calls for a combination
of NaH and DMF which has an uncontrollable exotherm and

20 is therefore potentially explosive. See J. Buckley et
al., Chemical & Engineering News, July 12, 1982, page 5;
and G. DeWail, Chemical & Engineering News, Sept. 13,
1982. Another disadvantage is that the process also
uses highly toxic and corrosive chlorosulfonyl

25 isocyanate (CSI) to prepare the commercially unavailable
sulfamyl chloride (ClSO;NH;). The CSI is not only
difficult to work with, because of its toxicity and
corrosiveness, but also is available from only limited

suppliers.



WD 2004/ 078769 PCT/ US2004/ 006263 Anot her process for the preparation of
conpound of fornmula (1) disclosed in the above nentioned U S. Pat. No.
4,513,006 conprises reacting an al cohol of the 5 fornmula RCH2OH with

sul furyl chloride of the formula S02Cl12 in the presence of a base such as
triethyl 350 BReeisr6oPYr i di ne at a tenperature of about pe2@S000008%HE i N a

di ethyl ether or nethylene chloride solvent to produce a chlorosulfate of
the formul a RCH2OS2C12. The 10 chlorosul fate of the formul a RCH2OS2A 2 may
then be reacted with an am ne of the fornula RINH2 at a tenperature of
about -40C to 25C in a nethylene <chloride or acetonitrile solvent to

br oduce the comaaupgler ofy SAUIBIR the ThbSaPlOSeSUdAAg drethyl et her,

15 nmet hyl ene chloride and acetonitrile solvents produc relatively | ow

yi el ds of tflremdési (& @bsclrsflidn ohe &bowelmwer(iiaoned hiS.dPptocess di scl osed
in the two _paten 2 nti oned above conpris rreacting.the chlorosul fate
of formul ORCE2%§£2§§€?#?WQ§&P%%SrSPSE%B%s?@ %ﬁgﬁhq &F Wifh a netal azide
such gs sodicifuaai HEH}OH it ¥enEusyl hcliiorite! byl ene ebkeuide or
acetonitrile to yield an azidosulfate of the fornmul a RCH2ZOSG3BN3. The

azi dosul f at®:8k iia {thenPregaeed b a hescofPshngs ofriermtaniPenR&rein R is

hydr ogen, hy catalytic_hydrogenatio e dis ntage.M.th this process is
t hat expléé?&%%nﬁa§£o%c%ﬁmgékﬁ%uﬁgthingogﬁe‘%§¥ggocg%ﬁgbﬁhgl Al so, the
process cordiaithylasthgdi 61 anlhyaker el o30dé resisfaiimld erotavel ¥i ng the
reduction of the azide to the NH2 noiety. 3 WO 2004/ 078769

PCT/ U82004/Cé'@9‘£85111%F?a‘h%f‘?h%tfoélm.ﬂﬁnRFéQ?’,osg#% 7008 scl ose a process

10 chlorosulfate of the formula RCH,0S80,Cl, may then be

reacted with an amine of the formula R'NH, at a

temperature of about -40°C to 25°C in a methylene
chloride or acetonitrile solvent to produce the compound
of formula (I). This process utilizing diethyl ether,
15 methylene chloride and acetonitrile solvents produces
relatively low yields of the desired end product of

formula (I).

A third process disclosed in the two patents
20 mentioned above comprises reacting the chlorosulfate of
formula RCH,0S80,Cl, formed as previously described with a
\ metal azide such as sodium azide in a solvent such as
methylene chloride or acetonitrile to yield an
azidosulfate of the formula RCH,080;N;. The azidosulfate
25 is then reduced to the compound of formula I whefein R*
is hydrogen, by catalytic hydrogenation.
The disadvantage with this process is that
explosions may occur when handling the azide compounds.
Also, the process contains an additional chemical
30 transformation involving the reduction of the azide to

the NH, moiety.



for the preparation of compounds of fornula (1) which conprises reacting an
al cohol of the fornmula RCH2OH with sulfuryl chloride in the presence of a
base, in a 5 solvent selected fromthe group consisting of toluene, t-butyl
met hyl ether and tetrahydrofuran, to forma chlorosulfate internedi ate of
the for mila.Reieeo02Cl2.  The chlorosul fate of for mECI/FSMBAOBOSCL2 | s
reacted wth an amne of the fornula RINH2, in a solvent selected from 10
the group consisting of tetrahydrofuran, t-butyl methyl ether and | ower

al kanol (e.g. nethanol_or ethangl)_ to formthe cogpound of fornmula (1). One
di sadvant age ofM"{lW%nciﬁ%c?&§ i'slflh%{% ?’i‘?em'c?&r‘?pg&ﬁSlBﬁefBrPt{ﬁ%eﬁq) is

prepared i Bog H19d ChrdfDGASHn b7 wBAPpGInHd e frormliikeae) i grids carried out,
the solvent is renoved, the product is isolated, the isolated product is
re- di ssol veemphiges ettt ingl wenelaalol Heh theedorayleoREBAH tHED i nal

product. Thi.scr I . Jr S i r i isplation of a

sem - st abl ghi%gf%e%%la%qyaaﬁ algll ggg&%\%&&; r?t%glrén%g?gt’ e%A ditionally, this
process regoivest hawiHdtregl dfromulche pgeogwlaentistand offutdipdmee sol vent
recovery processes far recycling . or . dispos resul ti in a process which
is both cost Hﬁﬂf‘f‘%‘%&fl i siag‘g. t?%rql?ﬁfré’aflé“r’fa&bj &8t Q%Fm_t%e present
invention tQ1BrO¥hIEated QR rHeRRaPEOSLESENd FHorhe aPRERASSS,can, of the
conpounds of formula (1), a process which uses readily avall able

mat eri al s, Tognchoresilfarowt Wormole REBPEOGR oF Zearhedrwidt at es and/ or
D oduoes « AGeRAEe I Sty oL RO LB LT SaB R g 0uct o1
10 the group consisting of tetrahydrofuran, t-butyl methyl
ether and lower alkanol (e.g. methanol or ethanol) to
form the compound of formula (I).
One disadvantage of this process is that the
compound of formula (I) is prepared in a batch process
15 wherein the first reaction is carried out, the solvent
is removed, the product is isolated, the isolated
product is re-dissolved in a second solvent and then
reacted to form the final product. This results in a
process which requires isolation of a semi-stable,
20 thermally labile ROSO,Cl intermediate. Additionally,
this process requires handling of multiple solvents and
multiple solvent recovery processes for recycling or
disposal resulting in a process which is both cost and

labor intensive.

25
It is an object of the present invention to provide
a one step process for the preparation of the compounds
of formula (I), a process which uses readily available
materials, can be carried out without isolation of
30 intermediates and/or produces relative high yields,

thereby allowing for commercial production of the

compounds of formula (I).



Summary of the Invention The present invention is directed to a one-step
process for the preparation of the conpounds of formula 5 (1) H O S/NCR
R6 O~ 0 R3 5 R4 wherein X is selected fromCH2 or 0; RL is selected from
the group consisting of hydrogen 10 and Cl_4alkyl; R3, R4, R5 and R6 are
each i ndepepwgoistey sel ected from hydrogen or | ower aCitgiszoasnahe26shen X i s
CH2, R5 and R6 nmay be al kene groups joined to forma benzene ring and,
when X is 0, R3 and R4 and/or R5 and R6 together may 15 be a net hyl enedi oxy
group of the formula: R7 0 8 wherein R7 and RB are sane or different and
are hydrogen, lower alkyl or are alkyl and are joined to forma 20
cycl opentyl or cycl ohexyl @hﬁgar%;cgmﬂélmengl%Z NH2 X OH X 0 R6 R3
H2ZN-S-NH2 Re R3 11 OR5 769 PCTI US2004/ 006263

The present invention is directed to a one-step

process for the preparation of the compounds of formula

5 (I)
0 H
X /S
6 o\
R (@)
R3
5 4 (1)
R R
wherein
X is selected from CH; or 0:
R' is selected from the group consisting of hydrogen
10 and Ci-zalkyl;

R?®, R*, R® and R® are each independently selected
from hydrogen or lower alkyl and, when X is CH,, R® and
R® may be alkene groups joined to form a benzene ring
and, when X is 0, R?® and R* and/or R® and R® together may
15 be a methylenedioxy group of the formula:

X

R’ and R® are same or different and are hydrogen,

wherein

lower alkyl or are alkyl and are joined to form a

20 cyclopentyl or cyclohexyl ring;
comprising
SO,—NH,
X OH ﬁ X d
6 3 HoN—S—NH
R R S R®
1 >



reacting a conpound of formula (I1) wth sul furyl

sul f
10%

invention is further directed to a process for the preparation of a
conpoundw@f2ésrgigd a (la), NH2 ~O 0 O 10 al so knowrCHES20@0¢28at e,

di am de (al so known as

am de), at an elevated tenperature, in the presence of fromO to about
water, to yield the correspondi ng conpound of formula 5 M The present

conprising O SO2-NH2 11 0 OH H2ZNNS-NH2 0 0 (I la) (Is) reacting a conpound
ormula (lIla) (also known as 15 diacetone fructose or DAF) with sul furyl

di am de (al so knowﬁ%%gﬁgg%$%gggg) gy 'Lf% gﬁgsfﬁ%Eﬁntigﬁgrf, in the

of f

presence of frohtd"

of f

water, 10 Vi
or mul agf hm)de 20 TEe Kpiowmeat bEaVEamtide) i atf ant Beevdteécted to a

correspondi ng conpound

conpound

prepared according to any of the processes described herein. Illustrative

of the i nvERTPBFRTE Sy pilathEcREEFEAFe

W30 84 FB78%89t PEYF US2004/ 006263

COMPOSi 1 0PI s iith1d RART BBCEUEpGAInG AhBLAR B¢ g8ERLEL and a conpound

prepared according to any o

e processes déescri bed above. 5 An

illusgsrati did)of the invention is a

The present invention is further directed to a
process for the preparation of a compound of formula

(Ia),

10

o

#\O\\\‘.

) reacting a compound of formula (IIa) (also known as

(lla) (8)

15 diacetone fructose or DAF) with sulfuryl diamide (also
known as sulfamide), at an elevated temperature, in the
presence of from 0 to about 10% water, to yield the

corresponding compound of formula (Ia).
20 The present invention is further directed to a
compound prepared according to any of the processes

described herein.

Illustrative of the invention is a pharmaceutical



pharmaceutical conposition nade by m xing a pharnmaceutically acceptable
carrier and a conpound prepared according to any of the processes descri bed
above. 10 Illustrating the invention is a process for naking a
pharmaceutical conposition conprising m xing a pharnmaceutically acceptable
carrier apngmee8iggound prepared according to the preceassmd/ossari bed above.
15 Anot her exanple of the invention is the use of a conpound prepared
according to any of the processes described herein in the preparation of a
medi cament for treating epjlepsy. 20 Detail ed Description_of the Invention
In an enbodFWﬁﬁF16#°Ph%°EPE%§%ﬂ9i%vRQﬁFWBH?UFh%alE%ﬁﬁﬁ%ﬁﬁaGﬂefornula (1) is

t opi r amat e,c4-GRIPAHAda Of ofptund Yroael! 8ecPBi 2o w0y GFOcL” O 25 ()a)
As used herein, the terns "di acetoné fructose" and 7 WD 2004/ 078769

PCT/ US2004/i0062638es" DAFtribed |abmen di acet one- (3-D-fructose, a conpound of
formula (Ila) O ,,~CH AOL" 0O (lla) 5 As used herein, the term"al kyl",
whet her used al one

5 An illustration of the invention is a
pharmaceutical composition made by mixing a
pharmaceutically acceptable carrier and a compound
prepared according to any of the processes described
above.

10
Illustrating the invention is a process for making
a pharmaceutical composition comprising mixing a
pharmaceutically acceptable carrier and a compound
prepared according to the processes described above.
15
Another example of the invention is the use of a
compound prepared according to any of the processes
described herein in the preparation of a medicament for
treating epilepsy.
20

Detailed Description of the Invention

In an embodiment of the present invention, the
compound of formula (I) is topiramate, a compound of the

formula (Ia)

25

As used herein, the terms “diacetone fructose” and



or as part of a substituent group, shall include straight and branched
carbon chains. For exanple, alkyl groups include nethyl, ethyl, propyl,
i sopropyl, butyl, isopbutyl, sec-butyl, tert-butyl, pentyl, and the |iKke.
10 Unl ess otherw se noted, the term"lower"” when used with alkyl shall nean
carbon chleo togesmosi tions of one to four carbon at orsT/US®O4L®E3herein, the
notation "*" shall denote the 15 presence of a stereogenic center. As used
herein, the term"el evated tenperature” shall nmean a tenperature greater
t han about 90C, referably a tenperature greater than or equal to the 20
reflux tenp@AF uFBadl mean skiagehPnofPihdrieheseont FANRCYRE, OFore preferably
a tenperat t nge of about 90C to about 170C, nore preferably
still at aqg%gkggrgflag in the range of about 110C to about 160C, nore
preferably still at a tenperature i J of 25 about 120C to about
140C. As used hereln unl ess otheryi se Ydted, the term 8 WD 2004/ 078769
PCT/ US2004/ 006263 in t he pres@Hc @0 to about 10% water" shal
mean that the total nolar a of ¢ eregiLative to the nolar anount of
5

DAF is in the range of fromO to Cﬁbout (6 As used herein, the term
"aprotic organic solvent” shall nmean any onganic sol vent that does not
yield a proton under the reaction ¢dajdi ti ons. Suitable exanples include,
but are not linmted to, xylene (for exanple o 10 xyl ene, p-xylene, mxyl ene
or a mxture thereof) ethyl benzene, nesityl ene, tetrahydronaphthal ene,

pyridine, 1- methyl - ZzPNLroll dRonge b oli5S 4 BLNY &R T aone.
or as part of a substituent group, shall include straight
and branched carbon chains. For example, alkyl groups
include methyl, ethyl, propyl, isopropyl, butyl,
isopbutyl, sec-butyl, tert-butyl, pentyl, and the like.
10 Unless otherwise noted, the term “lower” when used with
alkyl shall mean carbon chain compositions of one to four

carbon atoms.

As used herein, the notation “*” shall denote the

15 presence of a stereogenic center.

Ag used herein, the term “elevated temperature”

) shall mean a temperature greater than about 90°C,
preferably a temperature greater than or equal to the

20 reflux temperature of the solvent of the reaction
mixture, more preferably a temperature in the range of
about 90°C to about 170°C, more preferably still at a
temperature in the range of about 110°C to about 160°C,
more preferably still at a temperature in the range of

25 about 120°C to about 140°C.

As used herein, unless otherwise noted, the term



benzonitrile, dinethylformmde, sulfolane, diphenyl .ether, and the I|ike.
15 The term "subject” as used herein, refers to an animal, preferably a
manmal , nore preferably a human, who is or has been the object of

treatnment, observation or experinment. 20 The term "therapeutically

ef f ect i vav@mmoaemg’eosas used herein, neans that anount POT/UaEN4/WE268onpound or
phar maceuti cal agent that elicits the biological or nedicinal response in a
ti ssue system animal or human 25 that is being sought by a researcher,

veterinaria, - dical doctor or other clinjcjan, i gh includes

al l evi ati on Bf “RePEFRPEOR® f‘%%todiggea gu{bri(g%ﬁs"fﬁ\‘,%é:r %Eﬁbig treated. 30 As
used herei Nred@hber Bhe COPPLBiddINY amduhbt 8AdRLk e OrENGARRASS a product
conprising the specified ingredients in the specified anounts, as well as

any 9 WO 200 OP82593aPeUSDPAHR06263 the otrede vk draedultes, directly or
L oL TR Al ons o e shec L {0 s e
conpoBinds of formula (1) have several stereogenic centers as denoted by the
asterisks bel ow. SOZ-&II—E eQ\/}I‘? RéGtBRS E@g %CI)% cO1°e skiJ | es% ivn pe art will
further recogni 28 PREE 29651 He PHolETes3BFOtHE vt SOVERE on nay be
used to shall mean any organic solvent that does not yield a
proton under the reaction conditions. Suitable examples
include, but are not limited to, xylene (for example o-
10 xylene, p-xylene, m-xylene or a mixture thereof), ethyl
benzene, mesitylene, tetrahydronaphthalene, pyridine, 1-
methyl-2-pyrrolidinone, toluene, 4-methyl-2-pentanone,
benzonitrile, dimethylformamide, sulfolane, diphenyl
. ether, and the like.
15‘
The term “subject” as used herein, refers to an
animal, preferably a mammal, more preferably a human, who
is or has been the object of treatment, observation or
experiment.
20
The term “therapeutically effective amount” as used
herein, means that amount of active compound or
pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human
25 that is being sought by a researcher, veterinarian,
medical doctor or other clinician, which includes

alleviation of the symptoms of the disease or disorder

being treatéd.‘

30 As used herein, the term “composition” is intended
to encompass a product comprising the specified

ingredients in the specified amounts, as well as any



prepare racem c m xtures of a conpound of the fornmula (1) or any of the

stereoi soners of a conpound of formula (I), by selection and substitution

of appropriate racemc mxtures or stereoisoners of the reagents. 15 The
present invention is directed to a one step process for the preparation of

a conpourwo afo4/0resul a (1) as outlined in Schene 1. @CEUR:20iAD626X OH R6 Rs
H2N-S-NH2 R6 X RO Rs R4 5 R4 20 Schene 1 Accordingly, a suitably

substituted conpound of formula (I1), a known conpound or conpound prepared
by 25 known nethods, is reacted with sulfuryl.diam.de (also known as

sul f ani de) ,PTRIUGD Wb (TR PCRLISSS0Y/ BB EIE TS e ffrrPH‘e sul furyl

di am de i s quefiehabbis PbLSERE spdtidi caMHGte &BlLrid R or equal to about

0.9 equivalents; nore preferabl’y in an anbunt in the range of about 1.5 to

about 3 equirediéaed; amewetpreferably 5 still in an amount equal to about 2

equi val ents; preferably in the presence of a non-aqueous organic base such

as an organic tertiary am ne such as pyridine, 4-picoline, isoquinoline,

di met Byl but yl amone, skil bedret iyt lsamaxapyi il tli necodirizedbuthdtpyhiedi ne, i m dazol e,
10 tributyl am ne, dingethyl benzy]am ne, and the |ike; or a non-aqueous

i nor gani ¢ FPONRER 9 Eé?ﬁﬁig AVRASBYRLAL NHEIPISE the |ike; nore

preferably,cdftdrlespr 8sedesd by thN@RtagusRsSHOIGANI C tertiary amne; nore
r ef er abl

p y SOZ-NHZ

One skilled in the art will further recognize that
10 the processes of the present invention may be used to
prepare racemic mixtures of a compound of the formula
(I) or any of the stereoisomers of a compound of formula
(I), by selection and substitution of appropriate
racemic mixtures or stereoisomers of the reagents.
15
The present invention is directed to a one step
process for the preparation of a compound of formula (I)
as outlined in Scheme 1.

S0,—NH,
X ,—OH % X —c

Y

R® R W

20

Scheme 1

Accordingly, a suitably substituted compound of
formula (II), a known compound or compound prepared by
25 known methods, is reacted with sulfuryl diamide (also

known as sulfamide),

10



still, in the presence of pyridine; 15 wherein the non-aqueous organic or
inorgani c base is preferably present in an anount greater than about 1
equi val ent; nore preferably, in an anount in the range of about 3 to about
6 equivalents; nore preferably still, in an anmount equal to about 4

equi val envg 2002078769 t he presence of from 0% to about »Q4pusadosnoce3pr ef er ably
fromOQ0%to about 5% water, nore preferably fromO0%to about 3% water;
preferably in an aprotic organic solvent such as xylene (for exanple

o- xyl ene, p-xyl ene, | ene 25 m xture thereoflgzy et hyl benzene,

0
mesi tyl ene, tet l”"é’l‘?‘f&ﬁﬁngﬁﬁt ﬁ‘é]ré‘h’éyl sYATdRe s 1Rt FRARL Pﬁﬁsreéll i di none,

tol uene, 4-fethylwdulenga89ner tRaNZANIGial erodip®ithyd for mam de, sul fol ane,
di phenyl ether, and the like; or a mxture of aprotic organic 30 solvents

such as di mmmmalgmhér mppﬁemwfera&gmym@ B8] asplent te e glangeade ni xed
xyl enes, and.t I X m xyl ene, a
11 WO 2004/97 ﬁ@&tpgﬁuggoéﬁ?‘g%g% %ﬂg")é%teﬁrtg t%%f%ggr&&abﬁgﬁhm cal grade

m xedsxyl engsillalineanatngehy, ednbel sol wioutnayedgeiselettsed from a
non-aqueous organi ¢ base such as an organi¢ tertiar am ne, fqr exanple,

pyridine, 4-pi cAEEIEraPIYqiRnble RECIFENEENT I BAR AR organic

4- di et hyl %&é@%rdhdlaﬂean‘lo%ga@i'é W B 1N Bri he Sadi9l £ dydikyhyl am ne,
di met hyl benzyl am ne, and t | i ke; preferably, a non- aqueous organic

tertiary am T cokdne pﬂé@@\dab@%’lne,pﬁlmmtmflbnt)ﬂa&lmm%t‘ivel y still, when the
conmpound. of Ir&’er 1%m1§5ggri81ﬁ§acietdﬂdlgtlggr%fﬁgnfl 1 a}zﬂol%on aqueous

or gam Cc base non- ueous or gani c
10 tributylamine, dimethylbenzylamine, and the like; or a

non-agqueous inorganic base such as K;CO;, KHCO;3, NayCOs,
NaHCO;, and the like; more preferably, in the presence of
a non-agueous organic tertiary amine; more preferably
still, in the presence of pyridine; '

15 wherein the non-aqueous organic or inorganic base
is preferably present in an amount greater than about 1
eqﬁivalent; more preferably, in an amount in the range
of about 3 to about 6 equivalents; more preferably
still, in an amount equal to about 4 equivalents;

20 in the presence of from 0% to about 10% water,
preferably from 0% to about 5% water, more preferably
from 0% to about 3% water;

preferably in an aprotic organic solvent such as
xylene (for example o-xylene, p-xylene, m-xylene or a

25 mixture thereof), ethyl benzene, mesitylene,
tetrahydronaphthalene, pyridine, l-methyl-2-
pyrrolidinone, toluene, 4-methyl-2-pentanone,
benzonitrile, dimethylformamide, sulfolane, diphenyl
ether, and the like; or a mixture of aprotic organic

30 solvents such as diphenyl ether:biphenyl,
xylene:toluene, technical grade mixed xylenes, and the

like; more preferably in o-xylene, p-xylene, m-xylene, a

11



solvent; at an elevated tenperature, preferably at a 15 tenperature in the
range of from about 90C to about 170C, nore preferably, at a tenperature in
the range of fromabout 110C to about 160C, nore preferably still at a
tenperature in the range of from about 120C to about 140C, 20 to yield the
cor r esponglo n@4/ongound of fornmula (1). Preferably, tro#/usenpasesd of fornul a
(I'') is reacted with sulfuryl diam de, according to the process outlined

in Schene 1 above, in the absence of any other al cohol 25 (i.e. an al cohol
ot her than the congound f formul a ,gl ﬁ,)% The ,corgound of formula (la) may
be prepar ed ¥4 BRFEERD Phe FraGE@LSbuTrdRMiFPSSewdfEes/ 12 WO

2004/078769 PCTLYSZPR4{ DAGAH3 (heSQ21MERE £ (HhdZNSEdd @xbhn 5O p _ plv~ p O

A (lIla) (I's) Scheme 2 Accordingly, a conpound of formula (l11a), a known 5
conpound almsm-kquenuasoviaitiet desd suchose DAR)garis tegddess with sul furyl

di am de (alsq _kno a f am Soawherein. the sul furyl .diamde is
preferably aﬂ}léléaén\tegri %xga’%#laerfo S?fl)léirlg%t’ efg-?h%%fjor}e’e é%élutlgogg]%%t 0.9

equi val ent JimEehglpuefbamine, 4 dmeatiplanihdpyhriianga-t0 of about 1.5 to
about 3 equival ents;  nore preferabl Sstill 1n an anount equal to about 2
equi val ent LUtYFPEFetaRey 1 4370 Y5 e SEARPBEBF2BIRRHN- aqueous or gani ¢ base such

as an or ganyiGc@t i bahyy Pthitee SURIH @8ePYikdl Noreferably, a non-
aqueous organic tertiary amine; more preferably,
pyridine;

10 alternatively still, when the compound of formula
(II) is reacted in the presence of a non-aqueous organic
base, the non-agqueous organic base may act as the
solvent;

at an elevated temperature,vpreferably at a

15 temperature in the range of from about 90°C to about
170°C; more preferably, at a temperature in the range of
from about 110°C to about 160°C; more preferably still at
a temperature in the range of from about 120°C to about
140°C;

20 to yield the corresponding compound of formula (I).

Preferably, the compound of formula (II) is reacted
with sulfuryl diamide, according to the process outlined
in Scheme 1 above, in the absence of any other alcohol
25 (i.e. an alcohol other than the compound of formula

(I1)).

The compound of formula (Ia) may be prepared

according to the process outlined in Scheme 2.

12



4-pi coline, isoquinoline, dinethylbutylamne, 4 15 di nmet hyl am nopyri di ne,
4-t-butyl pyridine, imdazole, tributylamne, dinethylbenzylam ne, and the
| i ke; or a non-aqueous inorganic base such as K2C03, KHCO3, Na2CCs,
NaHCO3, and the like; nore preferably, in the presence of a non-aqueous
or gani c twoteanws’@m ne; nore preferably 20 still, inPcraspesesasse of
pyridi ne; wherein the non-aqueous organic or inorganic base is preferably
present in an anmount greater than about 1 equivalent; nore preferably, in
an amount in the range of about 3 5o about 6 equival ents; ng e greferably
25 still, in an anp t.Eg&ﬂ' to aboyt 4 equivalents; _in thg é?@ nce of
wat e’ prigfNer-8btNHf r om 0% t 0 /& 5% wat er, nore
out 3% watgr; 13 WO 2094/078758«@®CT/ US2004/ 006263
gani ch ap xW\ e (for exanple
ene or a mxture th E§, e Qy&(ﬁénzene,
nesi tyl ene, ‘tetrahydronaphthal ene, pyridine, I-nethyl-2 5\pyrrolidinone,
t ol uene, 4-nethy|1@5pentanone, benzonitrile, dinethg)formam de, sulfolane,
di phenyl ether, and the like; or a mxture of aprotic organic solvents
such as di phenyl ether: bi phenyl, xylene:toluene, technical grade m xed
xyl enes, and the 10 like; nore pre¢kemhldy in o-xyl ene, p-xylene, mxylene,
a mxture thereol. 9ifgh §ondl Cotodliplieemexed Xy | presy, al teinal ively, the
sol vent may be selecte bma ﬁ%n-aqueous organi ¢ base such as an organi c
tertigry asommuridalexakpben @yrdidiaetond- prootose, (DaAOQuUiiwol i ne, 15
i oty DUt YL AP LT PRGB! 9086 dnbin P VRS, | m dazol e

from0%to about
preferably fiIO¥NWN\0% t
preferably injan
o- xyl ene, p- xjyTene,

wherein the sulfuryl diamide is preferably present
in an amount greater than or equal to about 0.9
equivalents; more preferably in an amount in the range
10 of about 1.5 to about 3 equivalents; more preferably
still in an amount equal to about 2 equivalents;
preferably in the presence of a non-aqueous organic
base such as an organic tertiary amine such as pyridine,
4-picoline, isoquinoline, dimethylbutylamine,\4—
15 dimethylaminopyridine, 4-t-butylpyridine, imidazole,
tributylamine, dimethylbenzylamine, and the like; or a
non-aqueous inorganic base such as -K;COs, KHCO3, Na,CO3,
NaHCO;, and the like; more preferably, in the presence of
a non-agueous organic tertiary amine; more preferably
20 still, in the presence of pyridine;
wherein the non-agueous organic or inorganic base
is preferably present in an amount greater than about 1
equivalent; more preferably, in an amount in the range
of about 3 to about 6 equivalents; more preferably
25 still, in an amount equal to about 4 equivalents;
in the presence of from 0% to about 10% water,
preferably from 0% to about 5% water, more preferably

from 0% to about 3% water;

13



di met hyl benzyl am ne, and the |like; preferably, a non- aqgueous organic
tertiary amne; nore preferably, pyridine; 20 alternatively still, when the
conmpound of forrmula (11) is reacted in the presence of a non-aqueous
organi ¢ base, the non-aqueous organic base may act as the solvent; at an

el evat ed wghnRhAbsr €, preferably at a 25 tenperat ure porushemsnenge of from
about 90C to about 170C, nore preferably, at a tenperature in the range of
from about 110C to about 160C, note preferably still at a tenperature in
the range of from about 120C to about, 140C, ;30 to yield the corresponding
conmpound of for AASESERRLY 1R42pRRERIAD PEEESPCTPUS MO YHE 563 Pref erabl y,

the conpoung,fnd ore@ axbhbal bSxyrafd e®-WyhBnaul fugyl o &4 de, according to
the process "~ outlined in Scheme 2 above, in the absence of any other
al cohol (i .wmixturealtdehrelofot hethyhadrengmnisgomgsabslenes fornula (11a)). Were

t he conpounqgggf}é %n%%§§%%;§532§§%#9JJQ?V?- agp§§§§§ one chiral (or

st ereogeni c Ingl'y exr s“enantioners. \Were the
conpousnds 1@y pasiselndney ebluehe, Civnadhylor-peatangesj c) centers, they may
additionally exist as diastereoners. It _is to_ be understood that all such

i soners andP#R3ATES Lene (dBRThYL EOWMRbSas S84 T/l aRe n $HePXEHpe of the
present i NVeRtd,On adliHRCHTREE, of OfTen Ofc e oo ¥stal Linerdar® 15 for the

conpounds may exi st as pol ynorphs and as such are Intended to be included
in the pressptvanheemuichnas Baphddyl igghersdiphefiylhe conpounds may form

solvates  w (f Walen (e reMdi i fYre GRVIANPIGR0LC S0 G S,
10 like; more preferably in o-xylene, p-xylene, m-xylene, a
mixture thereof or a technical grade mixed xylenes;
alternatively, the solvent may be selected from a
non-agueous organic base such as an organic tertiary
"amine, for example, pyridine, 4-picoline, isoquinoline,
15 "dimethylbutylamine, 4-dimethylaminopyridine, 4-t-
butylpyridine, imidazole, tributylamine,
dimethylbenzylamine, and the like; preferably, a non-
aqueous organic tertiary amine; more preferably,
pyridine;
20 alternatively still, when the compound of formula
(II}) is reacted in the presence of a non-aqueous organic
base, the non-aqueous organic base may act as the
solvent;

at an elevated temperature, preferably at a
25 temperéture in the range of from about 90°C to about
170°C; more preferably, at a temperature in the range of
from about 110°C to about 160°C; more preferably still at
a temperature in the range of from about 120°C to about
140°C;

30 to yield the corresponding compound of formula (Ia).
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and such solvates are also intended to be enconpassed 20 within the scope
of this invention. Wiere the processes for the preparation of the conpounds
according to the invention give rise to a mxture of stereoisoners, these

i soners may be separated 25 by conventional techniques such as preparative
chr omat ogwapbuy078Tése conpounds may be prepared in ra®eTUS2G0a/066R630r

i ndi vidual enantioners may be prepared either by enantiospecific synthesis
or by resol ution. The conmpounds may, for exanple be resolved into their 30
conponent enantlo ¥ standard tlggplgf ch as  the formation of

di ast ereoneric ErB ¥al th¢ o789 ﬂr% HptHi&l 13 active acid, such

as (-)-di- préa@t%@Y'vntﬂﬁsmgQ?ﬂ/&?ﬂ@% Pedtd ISP OAGebProdekgrtaric acid
a

and/or (+)-di-p-toluoyl-L-t ric acid followed by fractional
crystalli zaautdﬁn&ddlﬂeééh@ﬁﬂaﬂ oabO\(ﬁ, tife the cabgries Omeamfomﬁbaﬁds may al so

be resol ved, oy &oqgaglognoél @¥H3¥h%ﬁe§ﬂﬁréo &S, foll onwed 5 by

chr omat ogr ap |c Separafi on an rennva ira aux iary.

Al t er Bat i vetormullae (E@apdunds may be resolved wusing a chiral HPLC col um.
During any of the processes for preparation of the 10 conmpounds of the
present invention, it may be necessary. and/or desirable to protect

sensitive or reggh¥etBEOHBSpo@dRBE Chet BeegBhECUhESHICRRCORNRD. This may be
achi eved by nmeans of conven %lonal protectlng groups, such as those

descri bed iat Rregsécrheecit baps (vn Hreyaenenis) CHRT & 1 yheydmay, F. W M Oni e,

Pl enum Pr ess oﬂl%ﬁglgogm%ley%? 5118 GhePsC MUl SendTOLBELLYE O oupS 11

Organi c Syﬁ% esi' s pro ect ng groups may be
renoued at possEmeemnwendrsmbseqeieirtalst(@ge stasengembt hagsntdereywn fromthe art.

they may additionally exist as diastereomers. It is to
be understood that all such isomers and mixtures thereof
are encompassed within the scope of the present
invention. Furthermore, some of the crystalline forms
15 for the compounds may exist as polymorphs and as such
are intended to be included in the present invention.
In addition, some of the compounds may form solvates
with water (i.e., hydrates) or common organic solvents,
and such solvates are also intended to be encompassed

20 within the scope of this invention.

) Where the processes for the preparation of the

| compounds according to the invention give rise to a
mixture of stereoisomers, these isomers may be separated

25 by conventional techniques such as preparative
chromatography. The compounds may be prepared in
racemic form, or individual enantiomers may be prepared
either by enantiospecific synthesis or by resolution.
The compounds may, for example, be resolved into their

30 component enantiomers by standard techniques, such as
the formation of diastereomeric pairs by salt formation

with an optically active acid, such as (-)-di-p-toluoyl-

15



20 The foll ow ng exanpl es describe the invention in greater detail and are
intended to illustrate the invention, but not tolimt it. 25 Exanple A
Experimental Runs #101-116: A reactor was charged with DAF, sulfam de, base,
and solvent, as described in Table 1. Wile agitating, the reaction m xture
was heat ago anglodeded at the desired 30 tenperature anegciras2divecsssl ect ed
anmpunt of tinme (as listed in Table 2). For experinental runs 101, 102, 103,
the m xture 16 WD 2004/ 078769 PCT/ US2004/ 006263 was distilled at 41C,

under vacuum for 30, 35_and /20 m nutes, respectively. The reaction
m xt ures weteaEsaFed 261 oA PenpdrtaPatot Henl ekt Tadtadd <t Wede with about

50 nL of a fc'i_ilWeﬁQE?OE§aé\@Qﬁ|1aﬁ0|d&¥s@€lif‘9a9i§n%ﬁ@'f&déﬂﬁr%ft_iéﬂueous Na.CH
was used for experinental runs #101-108). The resulting basic product

sol ution west gt Exkpzbdsesi e eVMpguadasmirlabed (ke gresodfvedr by
crystallization, .the _pro sol ut.i 0 s filtere and .t.he t cake was 10
dried for g%rm gﬁOQGPEOdﬁ%%?ésriognb%&tc %5\9%5 rgrf%nrucgeesi(’pe%rjcilr%grv]"te | runs # 106

and 167) atbyhhitoma06guagieic seinabtiba yheél dehoprl asmitthepicbdual. The dry
product was analyzed by HPLC. 15 Experinental Runs # 117-139: A reactor was
charged wi tHBARATY Y| f AhFerenatiiady. &RE serpentds Jeyds mesedved Table 1.

Wil e agitaldingy 5 therheaghl@LJMukiure was heated and held for a period of
about 60 mnutées at the desired tenperature (as listed 20 in Table 2). After

cooling to roomtenperature, the

During any of the processes for preparation of the
10 compounds of the present invention, it may be necessary.
and/or desirable to protect sensitive or reactive groups
on any of the molecules concerned. This may be achieved
by means of conventional protecting groups, such as

those described in Protective Groups in Organic

15 Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973; and

T.W. Greene & P.G.M. Wuts, Protective Groups in Organic

Synthesis, John Wiley & Sons, 1991. The protecting
groups may be removed at a convenient subsequent stage

using methods known from the art.

20
The following examples describe the invention in
) greater detail and are intended to illustrate the
invention, but not to limit it.
25 Example Al
Experimental Runs #101-116:

A reactor was charged with DAF, sulfamide, base,
and solvent, as described in Table 1. While agitating,
the reaction mixture was heated and held at the desired

30 temperature and for the selected amount of time (as

listed in Table 2).

For experimental runs 101, 102, 103, the mixture

16



reaction m xture was extracted twice with about 75 nL of 1M aqueous NaCH
solution. The resulting basic product solution was neutralized using 6M
aqueous HCl1 solution. After crystallization, the product solution was 25
filtered, and the wet cake was dried for 16-20 hours (-24 hours for

experi rrem,@%) 1/617?26 0129, 134, 137 and -48 hours for eppewbmea6oatesr uns # 126,
128, 130, 1 f 6) at about 50C with vacuumto yield topiramte product.

Experinmental runs # 123, 125 and 135 were expected to 30 yield product, but
wer e abandoned due to difficulties during extraction or crystallization.
The dry prodisctdisiad ladadlyzeChy upREC, vdquiwd ZR048078369aRETZWS2004/ 006263
The above descri bed procedur were conpl eted according to the run
condi ti ons &g ‘He.SstégsPﬁc“TJa‘ﬁ%l and 2 below. Topiramate product was

produced in all Theexpaet DBt xRS &¥gepPtodbedi®€dadaove. Table 1 Run #
DAF Sul f am de Base Base Sol vent mxed 101 10.05 g 7. 43“84pyr| dine 12.14 g
xyl enes 3 BPeFFSNLey. Bhemprtrastefg tiviee beh rﬂ_boufﬁ><5€°d 02 80.0 g 7.39 g

R i e C R e
mmol 100 mNaoH xed used for experimental runs #101-108) The
resulting basic product solution was neutralized using
6M aqueous HCl solution. After crystallization, the
product solution was filtered, and the wet cake was
10 dried for between 16-20 hours (about 22 hours for
experimental runs # 106 and 107) at about 50°C under
vacuum to yield topiramate product. The dry product was

analyzed by HPLC.

15 Experimental Runs # 117-139:

A reactor was charged with DAF, sulfamide, base,
and solvent, as described in Table 1. While agitating,
the reaction mixture was heated and held for a period of
about 60 minutes at the desired temperature (as listed

20  in Table 2). After cooling to room temperature, the
reaction mixture was extracted twice with about 75 mL of

) 1M aqueous NaOH solution. The resulting basic product

J solution was neutralized using 6M aqueous HC1l solution.
After crystallization, the product solution was

25 filtered, and the wet cake was dried for 16-20 hours
(~24 hours for experimental runs 129, 134, 137 and ~48
hours for experimental runs # 126, 128, 130, 131, 136)
at about 50°C with vacuum to yield topiramate product.
Experimental runs # 123, 125 and 135 were expected to

30 yield product, but were abandoned due to difficulties
during extraction or crystallization. The dry product

was analyzed by HPLC.
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104 10.0 g 7.43 g pyridine 12.34 g xyl enes
100 m. 105 10.01 g 7.39 g pyridine 12.17 g m xed xyl enes

mmol 153. 86 anol
38. 47 mol

76. 9 mmol

12. 15 g Xy 20£687688. 47 ol
7.38 g 4-picoline 12.54 g ene

157. 4 mmol
77.42 ol
38. 50 mol

153. 6 mmmol

109 14.98 g 11.08 g pyridine 18.33 g xyl enes

mol

112 10.03 g 7.3

ridine

38. 43 mol

76. 8 mmol

57.56 mmol
150 nL 0 110 9.99 g 7.39 g Pyridine 12.14 g xyl ene
PCTI US2004/ 006263 38. 39 mmol

7.31 g Pyridinegﬂé.%ébgbxag

76.9 mol 153. 48 ol
3 osE B s one i BT

Topiramate product was produced in all

77.32 mol
38. 47 mol
101 mL mxed 106 10.01 g 7.39 g pyridine 12.45 g xyl enes
101 mL mxed 107 10.01 g 7.44 g pyridine

S1poiyusiesddeys 108 10.02 g
134.65 mmol 50 mL m xed
115. 3 mol
18 WD 2004/ 078769
99 nL 0- 111 10.04 ¢

d48 mol

.9 mol

5 experimental runs except as noted above.
Table 1

Run # DAF Sulfamide Base Base Solvent
. mixed

101 10.05 g 7.43 g pyridine 12.14 g
xylenes
38.62 mmol 77.32 mmol 153.48 mmol | 100 mL
L mixed

102 10.0 g 7.39 g pyridine 12.16 g
xylenes
38.43 mmol 76.9 mmol 153.73 mmol | 100 mL
e mixed

103 10.0'g 7.33 g pyridine 12.18 g
Xylenes
38.43 mmol 76.27 mmol 153.98 mmol | 100 mL
. mixed

104 10.0 g 7.43 g pyridine 12.34 g
xylenes
38.43 mmol 77.32 mmol 156.01 mol | 100 mbL
. . . | mixed

105 10.01 g 7.39 g pyridine 12.17 g
xylenes
38.47 mmol 76.9 mmol 153.86 mmol | 101 mL
. mixed

106 10.01 g 7.39 g pyridine 12.45 g
) xylenes
38.47 mmol 76.9 mmol 157.4 mmol | 101 mL
mixed
107 10.01 g 7.44 g pyridine 12.15 g xylenes
38.47 mmol 77.42 mmol 153.6 mmol 51 mbL
mesityl

108 10.02 g 7.38 g 4-picoline 12.54 g ene
38.50 mmol 76.8 mmol 134.65 mmol | 50 mL
mixed
109 14.98 g 11.08 g pyridine 18.33 g Xylenes
57.56 mmol 115.3 mmol 231.73 mmol | 150 mL
O-

110 9.99 g 7.39 g Pyridine 12.14 g xylene

18

156. 01 nol

100 niL O-
154. 49 mmol
100 nL 0- Bt3o1difg go 7t mpurPyondiineohl. 22 istdderda TaBLBOlmand 76. 9 nmol
154. 49 nnnb ggoaL




0- 114 9.98 g 7.38 g Pyridine 12.25 g xylene 38.35 mol 76. mmol 154. 87
nmmol 100 nL O0- 115 10.02 g. 7.36 g pyridine 12.4 g xylene 38.5 mmol 76.59
mol 156.76 mol 99 M. 0- 116 10.0 g 7.36 g Pyridine 12.16 g xylene 38.43
mmol 76.59 mmol 153.73 mmol 100 niL 0- 117 29.92 g 22.31 g Pyridine 36.52 ¢
xyl ene Md2@%osmodl 232.15 mol 461. 49 mmol 302 nli OPCTAB2000BSH3g 22. 3 ¢
Pyridine 36.68 g xylene .115.51 mmol 232.05 mmol 463.72 mmol 150 nL 1:1 O-
xylene: 4 picolin 119 30. 07 g 22.34 g 4-picoline 42.48 g e 115.55 mol

45614 mrel—150 1202002 o 22 292 A Duridinae 2
gl ene 115]4 o) 2358 5 gl 46745 lool. 79 L= 18 W 2bod, 74760
PCTI US2004/ 006263 0 121 30. 04 g 22.23 g Pyridijne 36.55 9| xyQ-eng¢ 115.44
mol  231. 32 |[mipl 462,007, grml 49.9, gL 1a}2rlagne98 0122418 0| Ryrdndiine 36.37 g
none 115. 09—moll 2308 ol 459, 123-30:02-g-22 34ig—4-pilcoline 42.91
g none 11536 mmpPt2H" nﬁﬁl°7éﬁ°% nol 153728 ‘mmol | F00
0-
112 10.03 g 7.39 g Pyridine 12.22 g xylene
38.54 mmol 76.9 mmol 154 .49 mmol | 100 mL
o-
113 10.02 g 7.39 g Pyridine 12.22 g xylene
. 38.50 mmol 76.9 mmol 154.49 mmol | 100 mk
O-
114 |- 9.98 g 7.38 g Pyridine 12.25 g xXylene
7 38.35 mmol 76.8 mmol 154.87 mmol § 100 mL
O-
115 10.02 g 7.36 g pyridine 12.4 g xylene
© 38.5 mmol 76.59 mmol 156.76 mmol | 99 mL
O-
116 10.0 g 7.36 g Pyridine 12.16 g xylene |-
38.43 mmol 76.59 mmol 153.73 mmol | 100 mDL
O~
117 29.92 g 22.31 g Pyridine 36.52 g Xylene
114.98 mmol | 232.15 mmol 461.49 mmol | 302 mL
O-
118 30.06 g 22.3 g Pyridine 36.68 g xylene
) .115.51 mmol |232.05 mmol 463.72 mmol | 150 mL
1:1 O-
xylene:
4-
picolin
119 30.07 g 22.34 g 4-picoline 42.48 g e
115.55 mmol | 232.47 mmol 456.14 mmol | 150 mL
O-
120 30.03 g 22.22 g Pyridine 36.58 g Xylene
115.4 mmol | 231.22 mmol 462 .45 mmol 75 mh
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I so- 124 30.09 g 22.24 g quinoline 58.11 g none 115.63 muvol 231.43 nmmol
449.91 mmol tetrahy dro- naphtha 125 30.01 g 22.18 g 4-picoline 42.92 ¢

| ene 115.32 nmol 230.8 nmol 460.86 mmol 40 nL tetrahy dro- naphtha 126
30.01 g 22.17 g 4-picoline 42.8 g lene 115.32 mmol 230.7 mmol 459.57 nmol 41
mL  tetrahy00do76 Net hy- naphtha 127 29.99 g 22. 34 pgThustopk/emnisne 59. 95 ¢

| ene 115.24 mmol 232.47 mol 757.9 mol 40 nmL tetrahy dro- naphtha 128
30.02 g 22.22 g pyridine 36.56 g lene 115.36 mml 231.22 nmmol 462.2 nmmol 40

nL 20 WO 2004/.078769 PCT/US2004/006263 dipheny 120 2995 g 22 32 g
pyridine 36,445 g {1 ether 115.09 mmol (232.26 myol 460. 81 mol” 41 niL di pheny
130 30.02 g |222B4] g ¥-p4 @ol i{ne243308 ¢ Rvedher | 136.B6I9MmpkyE32.47 mmol
462. 04 rmol 40501312999y 22-{24 g 4-pifcotime—42-924—g Xy ene
115.44 mmol | 231.32 mmol 462.07 mmol [40.0 mL
122 29.98 g 22.18 g pyridine 36.37 g none
115.09 mmol | 230.8 mmol 459.8 mmol
123 30.02 g 22.34 g 4-picoline 42.91 g none
115.36 mmol | 232.47 mmol 460.75 mmol
iso-
124 30.09 g 22.24 ¢ quinoline 58.11 g none
115.63 mmol | 231.43 mmol 449.91 mmol
tetrahyl
dro-
naphtha
125 30.01 g 22.18 g |4-picoline 42.92 g lene
115.32 mmol | 230.8 mmol 460.86 mmol | 40 mL
tetrahy
dro-
naphtha
126 |* 30.01 g 22.17 g 4-picoline 42.8 g lene
115.32 mmol | 230.7 mmol 459.57 mmol | 41 mL
) ' tetrahy
dro-
dimethy- naphtha
127 29.99 g 22.34 g |butyl-amine 59.95 g lene
115.24 mmol | 232.47 mmol 757.9 mmol 40 mL
tetrahy
dro-
naphtha
128 30.02 g 22.22 g pyridine 36.56 g lene
115.36 mmol | 231.22 mmol 462.2 mmol 40 mL

20



115. 24 nmmol

36.12 g xyl ene

231.43 mol 461.08 mmol 40 nL 0 132 30.03 g 22.5 g pyri | dine
115.4 mol 234.31 mol 456.64 mmol 40 mL iso-. 0 133 10.04

g 7.38 g quinoline 20.05 g xylene 38.58 mmol 76.8 mmol 155.23 mmol 50 nlL
4-t-butyl- 0 134 30.05 g 22.21 g pyridine 62.3 g xylene 115.47 mmol 231.11

mrol 460.w6 20mots7¢l0 nL i so- di pheny 135 30.08 g 22. #eTgugeinoahkéne 59.65 g 1
ether 115.59 mmol 233.61 nol 461.83 mmol 40.5 nL 0 136 60.08 g 44.28 ¢
4-picoline 85.91 g xylene 230.87 nmml 460.77 mml 922.47 mmol 75 ni 0 137
59.99 g 44.44g Pyridine 73 04 g xylene 230 53 mmol 462 43 pmol 923. 39 mol
75 mL  4-t-RQutyl-[ 0 138 30.04 g 22.5 ¢ pyriding 46.66 g x;‘i“é’ﬁ%nYLzl WO
2004/ 078769 |PCI¥ US200469G66263 2Table 2 Buridindi/me 36némy Teéhprhd) 101 - 65
128- 140 102-60—185-136—10365132=136—1046G—138-139—106566134- 137 106
65 130-136 |107 60,1245 133 (138 Nofnqvai l abl e 130140 noy | 41 mo
dipheny
130 30.02 g 22.34 g 4-picoline 43.03 g 1 ether
115.36 mmol | 232.47 mmol 462.04 mmol [40.5 mL
0-
131 29.99 g 22.24 g 4-picoline 42.94 g xylene
115.24 mmol | 231.43 mmol 461.08 mmol | 40 mL
O-
132 30.03 g 22.5 g pyriéine 36.12 g xylene
115.4 mmol | 234.31 mmol 456.64 mmol { 40 ml
iso- . 0-
133 10.04 g 7.38 g quinoline 20.05 g xylene
38.58 mmol 76.8 mmol 155.23 mmol | 50 mL
4-t-butyl- uo—
134 30.05 g 22.21 g pyridine 62.3 g! Xxylene
115.47 mmol | 231.11 mmol 460.76 mmol | 40 mL
iso- dipheny
135 30.08 g 22.45 g quinoline 59.65 g 1 ether
. 115.59 mmol | 233.61 mol 461.83 mmol {40.5 mL
) 5=
136 60.08 g 44.28 g 4-picoline 85.91 g xylene
'230.87 mmol | 460.77 mmol 922.47 mmol | 75 mL
O-
137 59.99 g 44.44 g Pyridine 73.04 g Xylene
230.53 mmol | 462.43 mmol 923.39 mmol | 75 mL
4-t-butyl- 0-
138 30.04 g 22.5 g pyridine 46.66 g Xylene

21



109 80 99-114 110 55 133-135 111 45 130-133 112 50 130-134 113 60
135-137 114 60 134-136 115 62 133-137 116 60 134-135 117 62 135-139 118
60 134-136 119 62 141-146 120 62 130-135 121 60 131-133 122 69 132-134

123 60 150-156 124 62 142-144 125 62 153-157

126 55 130-140 127 60

109- 112 WRR0BDH78E&7- 141 22 WO 2004/ 078769 PCTI US2004¢ X260 /006280 58 139- 145
130 67 136-140 131 62 134-144 132 60 130-138 133.60 140-135 134 64
133-132 135 57 130-134 136 64 130-138 137 60 130-132 138 34 130-149 139

41 25-120

Table 2
Run # Time (min) Temp. (°C)
101 ~65 128-140
102 60 135-136
103 65 132-136
104 60 138-139
105 60 134-137
106 65 130-136
\ 107 60 124-133
| 108 Not available 130-140
109 80 58-114
110 55 133-135
111 45 130-133
112 50 130-134
113 60 135-137
114 60 134-136
115 62 133-137
116 60 134-135
117 62 135-139
\ 118 60 134-136
) 119 62 141-146
120 62 130-135
121 60 131-133
122 69 132-134
123 60 150-156
124 62 142-144
125 62 153-157
126 55 130-140
127 60 109-112
128 61 137-141
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Exanpl e A2 EX

ti me, and

perimental Ru

ns #140-147; Pyridi

ne Base;

t opi

Ei ght experinents
were performed to evaluate 5 conbi ned effects of sol vent vol une,
reaction tenperature on one-step synthesis of
starting with diacetone fructose (DAF).

reaction
ramat e,

DAF was conbi ned with sul fam de,

pyri di ne wododsls76910 chosen vol une of o0-xyl ene sol verdc{usdooaossést s as |isted

in Table 3) in

alliter

round- bottonmed fl ask. The
subnerged in a pre-heated oi

bath at the chosen external

charged fl

t enper at ur e,

ask was t hen
and

the reaction mxture agitated and heated to the chosen 15 reaction
t enperature, ere L29was held for ti8e chosen| tinmé3Belébe the flask was
renoved fromt ot path—ant—cooted—to—+oomrtenperatttre—The reaction
m xture was tjhen e%?qacted tw ce w?ph 1M NaCPi(?S%Egbg?§ions‘. The aqueous
extracts were jconbi ned and [neutralized with 6M 20 H&4d-1941 ndute product
crystallizati The producdt precipitated asian oil in all cases. The oil
was 23 WO 2004 0787882 PCT/ US2004/ 006963 agit at ed d38rhBght t becone
filterable cryatarsl3§hc resut-ting sotds—wete dléga‘f fer—vacuum for 16-18
hrs at 50C. The dried product was anal yzed by HPLC. "Fol'Towi ng the above
procedure the eightlsxperiwgnts 5 ware perfofned weghiexperi prent al
conditions as [Listed in T4 LALL _experinental runs yiel ded
topi ramate product.1¥able 3 Pyridi ®¢ Base Run # DAPOSLBfani de Base
o- Xyl ene 140 B070I7g,22724 g 36560 75 Mo 1157 323pkg —#3 Mol 462. 2
nmol
137 60 130-132
138 34 130-1459
" 139 41 25-120
Example A2
Experimental Runs #140-147; Pyridine Base:
Eight experiments were performed to evaluate
5 combined effects of solvent volume, reaction time, and
reaction temperature on one-step synthesis of
topiramate, starting with diacetone fructose (DAF).
DAF was combined with sulfamide, pyridine and the
10 chosen volume of o-xylene solvent (in amounts as listed
) in Table 3) in a 1 liter round-bottomed flask. The
charged flask was then submerged in a pre-heated oil
bath at the chosen external temperature, and the
reaction mixture agitated and heated to the chosen
15 reaction temperature, where it was held for the chosen
time before the flask was removed from the oil bath and
cooled to room temperature. The reaction mixture was
then extracted twice with 1M NaOH (75mL portions). The
agueous extracts were combined and neutralized with éM
20 HCl to induce product crystallization. The product

precipitated as an oil in all cases. The oil was
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141 30.03 g 22.37 g 36.78 g 75.5 M. 115.4 mmol 232.78 mol 464.98 mol 142

30.01 g 22.58 g 36.5 9 75.5 nL 115.32 mmol 234.96 mmol 461. 44 mmol 143
30.12 g 22.44 g 36.68 9 75 nL 115.74 mmol 233.51 mmol 463.72 nmol 144 30 g
22.34 g 36.88 g 40 nL 115.28 mol 232.47 mmol 466. 25 mmol 145 30.05 g 22.31

g 36.51 gwﬁgmﬂkﬂn&QS 47 mmol 232.15 mmol 461. 57 mmol 6%&,B§;g,22 24 ¢
36.6 g 40 nL 115.4 nmol 231.43 mmol 462. 71 mol 147 é 5 34 g 36.61 g
40 nL  115.55 nmol 232.47 nmol 462.83 nmol 10 Table 4 Run # Tine (mn) Tenp

(O 140 60 130.0-133.4 141 30 130.0-132.7 142 60 130.0-134.3 143 30

130. 0- 134. 7ag12c4atm 2964N09'87 6 FEAWS2604- 608053 crivita3@ -130he- 130. 3 145 60
130. 0- 134. & 4 0 }§§ | ¢,A3 Experinmental
Runs #148- 1 ﬁ% %%téﬁglg?é@%%§ ééés %%F%g gg%er #%ﬁig%agge Eérforned to
eval uate t hst 5)°m:0nblrheddeié@cp:sod)jctbaae aqalyaé@ri@s HRI€action tenperature

and reaction tine ﬁ one-step iﬁnthe5|sdpf togl te usi %
4-tert-butyl pyr F@AEVARE CRarIBRG WroFedure th efght experltents
5 were performed with experimental conditions as listed in

Table 3 and 4 below. All experimental runs yielded

topiramate product.

Table 3
Pyridine Base
) | Run # DAF Sulfamide Base o-Xylene
140 30.01 g 22.24 g 36.56 g 75 mL
115.32 mmol 231.43 mmol 462.2 mmol
141 30.03 g 22.37 g 36.78 g 75.5 mh
115.4 mmol 232.78 mmol 464 .98 mmol
142 30.01 g 22.58 g 36.5 g 75.5 mL
115.32 mmol 234.96 mmol 461.44 mmol
143 30.12 g 22.44 g 36.68 g 75 mhL
115.74 mmol 233.51 mmol 463.72 mmol
144 30 g 22.34 g 36.88 g 40 mbL
115.28 mmol 232.47 mmol 466 .25 mmol
145 30.05 g 22.31 g 36.51 g 40 mL
115.47 mmol 232.15 mmol 461.57 mmol
| 146 30.03 g 22.24 g 36.6 g 40 mL
115.4 mmol 231.43 mmol 462.71 mmol
147 30.07 g 22.34 g 36.61 g 40 mL
115.55 mmol 232,47 mmol 462.83 mmol
10
Table 4
Run # Time (min) Temp (°C)
1490 60 130.0-133.4
141 30 130.0-132.7
142 60 130.0-134.3
143 30 130.0-134.7
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di acetone fructose (DAF). DAF was conbined with sul famde, 4-tert 10

butyl pyridine (in anobunts as listed in Table 4) and 40 nlL o-xylene in a 500
mL round-bottomed flask. The reaction m xture was agitated and heated to
the chosen reaction tenperature in an oil bath over about 19-23 mn. The
reacti on woisowogr¢pas mai ntai ned at the chosen 15 reaglcrassdoeieessat ure for
the chosen tinme, and then cooled rapidly to 25C. The reaction m xture was
extracted twice with 1M NaCH (75nL portions). The aqueous extracts were
conbi ned and neutralized using 6MHC1 ta induce product crystallization. The
product 20 precipitjated4gs an oil 3°n all ca%%ﬂs O'\WOGB was agitated

overnight to become—n.4 rabie—crystats: Fry: jy were dried under
vacuum for 16-18 hrls at § The ri ed pro uct Gb ?nal zed by HPLC.

Fol | owi ng the above| pr Q@gdurc, t he sl ne experigmei2 .25 re performed with
experinmental conditfions as listed in_ Table 5 and 6 helow. Al experinental
runs yi el ded topirjamatté7proguct . 385 WO 2004307 BZES -PCT/ US2004/ 006263 Tabl e
5 4-t-butyl pyridi ne—Base Rumm # DAF—Sutamnide e 148 30.16 g 22.42
g 47.07 g 40 M. 115.9 mmol 231.4 mDl1 348.1 ol 149 30.20 g 22.21 g 15.67
g 40 mL 116.05 nmol 231.1 mvl 1BSaplend3 150 30.12 g 22.16 9 47.03 g 40 nL

ﬁ#gi72gg?£ 301: nngl ﬁﬁﬁ?s #EHH fg%l %OBgﬁygpyrlginéJéggelg g 40 m. 116.2

Nine experiments were performed to evaluate the
5 combined effects of base equivalents, reaction
temperature and reaction time on one-step synthesis of
topiramate using 4-tert-butylpyridine and starting with
diacetone fructose (DAF). '
DAF was combined with sulfamide, 4-tert-

10 butylpyridine (in amounts as listed in Table 4) and 40
mL o-Xylene in a 500 mL round-bottomed flask. The
reaction mixture was agitated and heated to the chosen
reaction temperature in an oil bath over about 19-23
min. The reaction mixture was maintained at the chosen

15 reaction temperature for the chosen time, and then
cooled rapidly to 25°C. The reaction mixture was
extracted twice with 1M NaOH (75mL portions). The

) aqueous extracts were combined and neutralized using eM
HCl to induce product crystallization. The product

20 precipitated as an oil in all cases, which was agitated
overnight to become filterable crystals. The crystals
were dried under vacuum for 16-18 hrs at 50°C. The
dried product was analyzed by HPLC.

Following the above procedure the nine experiments

25 were performed with experimental conditions as listed in
Table 5 and 6 below. All experimental runs yielded

topiramate product.

25



152 30.10 g 22.75 g 46.76 g 40 nL 115.7 rmol

30.03 g 22.42 g 15.76 g 40 M. 115.4 mmol
22.24 g 46.83 g 40 nL 116.2 mmol

46.85 g 40 nL 115.9 nmol
40 nL 11®06Gomnmd7¢231. 5 mol

148 44 130.0-150.5

130. 1-146. 6

152 29

15 110.1-117.4 156
Example A4 Multiple

and base on
Experi nment a
experinment a
#157, 158,
10 transfer
anmount s as

236.8 mmol 345.8 mmpl 153
233.3 mol 116.6 mmol 154 30.23 g
231.5 mol 346.4 nol 155 30.15 g 22.49 g
234.1 mol 346. nmol 156 30.08 g 22.24 g 15.60 g
115. 4 mmol Tabl e 6 Run #chiggodmvéags Tenp (O

149 60 110.0-126.6 150 60 110.0-129.0 151 28
130.0-151.6 153 15 130.0-141.5 154 30 130.1-143.4 155
30 110.1-113.7_ 26 MD 2004/ 078769 PCT/ US2004/ 006263

26

experinents we 5to evaluate the effect
e one Step procmbﬁmpyglagneoggggarauun of [Dpi ra
conditions 5 were as Tables 7 and wi-t-h
Run #dcedur €% or t hp |ﬂﬂf@? ﬁal runsaé§edeschB@3eﬂ%
1608 164- 16635DAF anf sul2f.eanigde (i n ammngs as$ i4n wab
ed—t e hesehosgy Sove Tangthe——<ho
lste |n%hle 7) br é°f hen
149 30.20 g 22.21 g 15.67 g 40 mL
116.05 mmol 231.1 mmol 115.9 mmol
150 30.12 g 22.16 g 47.03 g 40 mL
115.7 mmol 230.6 mmol 347.8 mmol
151 30.23 ¢ 22.12 g 31.19 g 40 mL
116.2 mmol 230.2 mmol 231.7 mmol
152 30.10 g 22.75 g 46.76 g 40 mL
115.7 mmol 236.8 mmol 345.8 mmol
153 30.03 g 22.42 g 15.76 g 40 mL
115.4 mmol 233.3 mmol 116.6 mmol
, 154 30.23 g 22.24 g 46.83 g 40 mL
116.2 mmol 231.5 mmol 346.4 mol
155 30.15 g 22.49 g 46.85 g 40 mL
115.9 mmol 234.1 mmol 346. mmol
156 30.08 g 22.24 g 15.60 g 40 mbL
115.6 mmol 231.5 mmol 115.4 mmol
Table 6
Run # Time (min) Temp (°C)
148 44 130.0-150.5
149 60 110.0-126.6
150 60 110.0-129.0
151 28 130.1-146.6
152 29 130.0-151.6
153 15 130.0-141.5
154 30 130.1-143.4
155 15 110.1-117.4
156 30 110.1-113.7

of sol vent
te.

ow. Run
e 8) were
base (in



added to the DAF/sul fam de m xture. The reaction, mxture was then agitated
and heated, with the reaction mxture maintained at the sel ected
tenperature (see 15 Table 8) for the selected tine (see Table 8), after
which time the upper |ayer was sanpled and anal yzed by HPLC. Run

#159, 188-w88¢04/813749AF, sul fam de, o-xylene and the spegifhissfsaspesnt of the
chosen base (see Tables 7 and 8) were transferred i into a SOOML

round- bottoned flask. The reaction m xture was then agitated and heat ed,
with the m xture naintained at the chosen tenperature for the chosen tine
25 (see Table 8) with an oil bat hExapple @4ction mixture was renoved from

the hot oil, coglh?g#?ea%}%l‘%%{rgg{ps gﬂgggeg?ﬁug @&%Ci&aq:%nt tracted twice with
onsy. r

1M NaOH (75 nmiL por € aqueous extracts were conbi ned and
neut r al i zecdkfifeichgobMsbiClehp ardle@epoaduhe Gife categt alddceatsi ddr The resul ting

solids were dried under vacuumfor 16-18_hrs at 50C. The dried product was
anal yzed b}}}QPEé?PﬁafaW%O‘éﬁ/Wf@@aﬁeT/ USSR tRIEPE3 CORGH CAPEE- 163 DAF,

sul'f agi de, i 6@l i DBt e@Nth tg EROSeBNA0k Y eRith (dipATRidMg1as in Table 7 and
8) were transferred into a 5 250nL round-bottoned flask. The fl ask was

| ower ed i ntaxocgdheasefoni theatpdiariduale ringt ag edersinidtesd betlowhe sel ect ed
hol ding tenperature for the selected reaction tinme (see Table 8). The
reaction m xture was then cooled to roomtenperature and extracted tw ce
with 1M 10 ReOH1675nL5ppr16ons)e4-Mes :aqueous extracts were neutralized with
6M HC1 and t hen_mai nt 3i nefl at, rooJy te.nBer at ure, overni ght) to all ow product
; DAF and sulfamide (in amounts as in Table 8) were
to crystallize.
10 transferred to a test tube. The chosen solvent and the
chosen base (in amounts as listed in Table 7) were then
added to the DAF/sulfamide mixture. The reaction
mixture was then agitated and heated, with the reaction
mixture maintained at the selected temperature (see
15 Table 8) for the selected time (see Table 8), after
which time the upper layer was sampled and analyzed by

HPLC.

Run #159,188-198:

20 DAF, sulfamide, o-xylene and the specified amount
of the chosen base (see Tables 7 and 8) were transferred

; into a 500mL round-bottomed flask. The reaction mixture
was then agitated and heated, with the mixture
maintained at the chosen temperature for the chosen time

25 (see Table 8) with an oil bath. The reaction mixture
was removed from the hot o0il, cooled to about room
temperature and then extracted twice with 1M NaOH (75 mL
portions). The aqueous extracts were combined and
neutralized using 6M HCl to induce product

30 crystallization. The resulting solids were dried under
vacuum for 16-18 hrs at 50°C. The dried product was
analyzed by HPLC.
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The resulting crystalline solids were filtered and dried for 16-18 hrs in a
vacuum oven at 50C. The product was 15 then analyzed by HPLC. Note:

Al t hough product was expected in run #162, the product did not crystallize
and was therefore not analyzed; the product fromrun 4163 was a sticky
solid. 20obww7ie7- 172: The sel ected sol vent in the pgehsedoddosagzount (see
Table 7) was transferred to a 125 nL test tube along pyridine (in anpunts
as in Table 7) and the resulting solution heated to the chosen tenperature.
A pre- ' 25 weighed m xture of DAF and sulfam de (in ambunts as in Table 8)
was then added along with transfer washes of solvent (about 2 nlL). The
reacti on mginigeenaseggitated at the chosen tenperature for the chosen tine
(see Table 8) at which time the upper |layer was sanpled (sone 30 m xtures
formed a snul |, DA&nk svéomdde ayerpicnid ngnapyd ethe bghaddRirC soigend 2004/ 078769
PCT/ US2004/ P06 n_#173 F | f am.de ridine and jm. xyl enes (in
anounts as Pllnst%l &%@E%Tgﬁl 88 ?é%ln%sg)an\?\l}era 2 ?’?g%stf]garr}séfcf rtroednééﬁgoa L

r oundsbot t oxmehIf kaskdi-boat pmed hebdsd ( THECE1aski haddidwerBde iheact i on m xture
was agitated at the ,selected reactiaon tenperature for 90 mns. The flask

was renoved MEarecheidi Pabht Andnidhe M XtESPdaattdesd alsdd® to distill about

229 of |1 quidl oram hBeas fact bfferdiudaiirer The LRGN JHadkies Was extract ed

with three 10 portions (9 OnmL, and I OmL) of D.35M NaCH. IN HO (50m)

was added twimehe saguésbdeerl r acthe Teasipnngikbure heas drhemti on of an oil.
The m xture, yas Aglt %891 QL FANGIL TN BG e PLL LA, dd LRLAPLE crystals. The

10 NaOH (75mL portions). The aqueous extracts were
neutralized with 6M HCl and then maintained at room
temperature overnight to allow product to crystallize.
The resulting crystalline solids were filtered and dried
for 16-18 hrs in a vacuum oven at 50°C. The product was

15 then analyzed by HPLC.

Note: Although product was expected in run #1162,
the product did not crystallize and was therefore not

analyzed; the product from run #163 was a sticky solid.

20 Run #167-172:
The selected solvent in the selected amount (see

Table 7) was transferred to a 125 mL test tube along

~——

pyridine (in amounts as in Table 7) and the resulting
solution heated to the chosen temperature. A pre-

25 weighed mixture of DAF and sulfamide (in amounts as in
Table 8) was then added along with transfer washes of
solvent (about 2 mL). The reaction mixture was agitated
at the chosen temperature for the chosen time (see Table
8) at which time the upper layer was sampled (some

30 mixtures formed a small, dark second layer) and analyzed

by HPLC.
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crystals were collected by filtration, washed with 15 water, and dried in a
vacuum oven for 16 hrs at 50C. The product was then anal yzed by HPLC

anal ysis. Run #174-180: DAF, sulfam de, pyridine and the chosen solvent (in
20 amounts as listed in Tables 7 and 8) were transferred to a 500 m

round- botwonwdnfsieésk. The reaction m xture was then maidsasRdosasyd heated in
an oil bath to the target tenperature. The reaction m xture was naintai ned
at about the target tenperature (listed in Table. 8) for the 25 sel ected
time (see Table 8;', renoved fromthe hot oil and cooled to about room
terrperaturé‘.unl'ﬁl? e reaction mxture was then added water (100nL) water

and/ or ot her S%h?“?”&ﬁlé%ﬁé gjgélsyldl}lﬁ@angrmﬂggd rff#}égrie%? (ggl vent) as

needed, to achi eve’a heterogen m Xt ure consi st two clear liquid
| ayers. GCammainysi aswhsstédniperdbdesed and dbthetayeransi2are® 2604/ 078769

PCT/ US2004/ 0 3 __Run# 181-183 DAE, sulfamde, 4-tert-bytylpyridine, and
the sel ect"’b?}%égl W&nfo%?%%%lﬁﬂﬂegggaﬁksfﬁdaiIﬁr%" faey qr% %) wer e
transgerreditiopath00 the rpoieb ot taredrel Rek. adiddteed eacthen mxture was
then placed in oil bath and agitated while heating at the sel ected reaction

t enper at ur SFGCLEAeTSRFEEPRICYIATACYEE F8B| 80 8)inThe TheeddeFbn nixture was
then all Omﬁ%st EeﬁBtht Pr&R A Re LEMPELRLULRS (RHE f@?lc N hré'[aft Héﬁd""as then
10 wtht e two clear I1I

extracted e appropriate solvents to yi quid layers
(For run 18&b tdietekirabouomZplofedtisuidr Eroat ehe (dRBmion and m xed xyl enes

25 m); for, 182_t h tracti, | vent t oL d
hothansl | (BELES " oFhE CFeASH ThaH ST R bR B SEOF YRS M LR Rbcr

10 portions (90mL, 30mL, and 10mL) of 0.35M NaOH. 1N HC1l
(50mL) was added to the aqueous extracts, resulting in
the formation of an oil. The mixture was agitated to
transform the oil into filterable crystals. The
crystals were collected by filtration, washed with

15 water, and dried in a vacuum.oven for 16 hrs at 50°C.

The product was then analyzed by HPLC analysis.

Run #174-180:
DAF, sulfamide, pyridine and the chosen solvent (in
20 amounts as listed in Tables 7 and 8) were transferred to
a 500 ml round-bottomed flask. The reaction mixture was
then agitated and heated in an oil bath to the target
temperature. The reaction mixture was maintained at
about the target temperature (listed in Table 8) for the
25 selectedltime (see Table 8), removed from the hot oil
and cooled to about room temperature. To the reaction
mixture was then added water (100mL) water and/or other
solvents (MeOH, 0.5M NaOH, or the reaction solvent) as
needed, to achieve a heterogeneous mixture consisting of
30 two clear liquid layers. GC analysis was then performed

on both layers.
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15 (100nL)). GC analysis was perforned on liquid sanples fromboth | ayers.
Run #184 DAF, sul fam de, dinethyl butylamne and 1,2, 3,4- 20

t et rahydronapt hal ene (in anounts as listed in Tables 7 and 8) were
transferred into a 250nL round-bottoned j flask. The flask was placed in a
heat ed oiwobalih7s7¢9136C) and the m xture agitated whilpeTheojoso@28t t he

sel ected tenperature for the selected tinme (see Table 25 8). The reaction
m xture was cool ed to about room tenperature and then extracted twice with
1M NaCOH (75nL grtions). The aqueous extracts were neutralized using 6M
HCl and agili"é’t#egs?‘b?"e%hrs to allow crystallization. The crystals were

col lected by filphgat 'ﬂfétﬁgdé,heﬁt@'ﬂtegu§91}{)§°fi@ﬂ9é{t anf ke 45 ninin a
vacuum oven at 52C. The product was then tested by HPLC anal ysis. 30 WO
2004/ 07876FREELE82604ra06263 MennEE88s 18Ysppd, iy (T4ftaieisdd, andoqui nol i ne and

t he chosen sol vent i n.amount.s as _lLi.sted_in bles 7 8) were
transferre tgegezgﬁgﬂff?%ﬂ%%- Oot grcr)gd Iléglﬁr}g%l%&:?"?eégggiag ‘m xture was

t hen pl acedrien radcoi bnbat bt arel waagithahedl wbéd eihestl ngtat ahle sel ect ed
reaction tenperature for the selected tine (see Table 8). The reaction
ni xt ure wastdidated vhispobeatigmatetper seleetedntPadicitext racted twice with

1M NaCH (7%\%3%§:h993£0r19hg N&1aeaUS 1R [SEL STHEIE djeut rali zed with 6M

HC1L and a to stand-at roomtenperature for several days to
facilitate mracttiahl niztuve. wahdheany efldbwedete codl ot esbonby filtration and

then dried About--L0-18N 5l & MABKIRLRUED Bho Hn Therked Product ves
10 with the appropriate solvents to yield two clear liquid
| layers (For run 181 the extraction solvents were water
(125mL) and mixed xylenes (25 mL); for run 182 the
extraction solvents were water (150mL) and methanol
(25mL) ; for run 183 the extraction solvent was 0.3M NaCH
15 (100mL)). GC analysis was performed on liquid samples

from both layers.

Run #184
DAF, sulfamide, dimethylbutylamine and 1,2,3,4-

20 tetrahydronapthalene (in amounts as listed in Tables 7
and 8) were transferred into a 250mL round-bottomed
flask. The flask was placed in a heated oil bath
(136°C) and the mixture agitated while heating at the
selected temperature for the selected time (see Table
25 8). The reaction mixture was cooled to about room

temperature and then extracted twice with 1M NaOH (75mL

portions). The aqueous extracts were neutralized using

6M HCl and agitated for 2hrs to allow crystallization.

The crystals were collected by filtration and then dried
30 for about 17 hrs 45 min in a vacuum oven at 52°C. The

product was then tested by HPLC analysis.
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Note: All experinental runs yielded topiramate product except as noted
herein. An enul sion was observed to formduring the extraction of
Experimental Run #187 and al t hough topiramate product was expected, 20 no
product was coll ected. The product collected from Experinmental Runs #187,
191, 194 wocod@7srems expected to be topiramate, but pedudialyees. Tables 7
and 6 below list the run conditions for 25 the experinental procedures
descri bed above. Except as noted above, all experinental runs yiel ded

t opi ramat e product Table 7 Sol vent Run# Base Base (g) Solvent (mL) 157
| mi dazol e RW1#p8Ry1®he 15.1 31 WO 2004/ 078769 PCTI US2004/ 006263

4 (DI et hy| am nghe 158, pyEisice dollsReirhenend S st bykam nc) 150

pyridine 42.08 o- Xyl ene ene 4-Pi col i ne
42. 48 o- Xyl(mmeamﬁﬁntieasahysitr@d J:GQTAbPesoTHami@) Q&rreapt hal ene 40 163

o Prcol e 43,03 Baheny| Ellensd0. 5 I8k Qb dine 1,38 poxylens 19 165
Pyridsne 1./6acRYbhOmigtRPEewdd theS pRyEedi e dn Ik ITHa4enandd 4- Methyl -
agitated while heating at the selected reaction
temperature for the selected time (see Table 8). The
reaction mixture was cooled to about room temperature
and then extracted twice with 1M NaOH (75mL portions).
10 The aqueous extracts were neutralized with 6M HCl and
allowed to stand at room temperature for several days to
facilitate crystallization. The crystals were collected
by filtration and then dried about 16-18hrs in a vacuum
oven at 50°C. The dried product was analyzed by HPLC
15 analysis.
Note: All experimental runs yielded topiramate
product except as noted herein. An emulsion was
observed to form during the extraction of Experimental
Run #187 and although topiramate product was expected,
20 no product was collected. The product collected from
Experimental Runs #187, 191, 194 and 197 was expected to

be topiramate, but not analyzed.

Tables 7 and 8 below list the run conditions for
25 the experimental procedures described above. Except as

noted above, all experimental runs yielded topiramate

product.
Table 7
Solvent
Runi Base Base (g) Solvent (mL)
157 Imidazole 1.01 p-Xylene 15.1
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169 Pyridine 1.15 pentanone 15 170 Pyridine 1.15 Benzonitrile 15 171
Pyridine 1.15 p-Xylene 15.1 172 Pyridine 1.17 D nethyl-formamde 15 173
Pyridine 17.29 m xed xylenes 300 174 Pyridine 18.23 Mesitylene 150 175
Pyridine 18.22 o- Xyl ene 150 Tetranethylene 176 Pyridi ne 18.22 sul fone 150

177 Pyri divoeood87s2@ Bi phenyl

150g Tetrahydro 178 Pyr ipgitag:ded0e263napt hal ene

150 179 Pyridine 18.23 D phenyl Ether 151 3:1 biphenyl 180 Pyridine 12.17
Et her: Bi phenyl 100.04g 4-tert 181 Butyl pyridine 31.17 m xed xyl enes 150
4-tert- 4-tert- 182 Butylpyridine ---- vipyridine 75 4-tert 183
But yl pyri dijne Jd: Bimaeeilepinehe] 100 32 WD 2004/ 078769 PET/ US2004/ 006263
Tet rahydr o [184 |Di nephyidibeyl am ne 59795 papt hakenee40 185 16soquilnol i ne
58. 11_ [ soq Aot i;lr'j“ et 1am'noq€-}; | DUL{Ui frot-fre 2_6. 85—o /\(y etre—50—187
I soqui nol i ne 59. 6?15 pWenny ther 40.5 ]88 Tri butyl ani he 85.49 ¢- Xyl ene 40
Di met hyl 189'5Benzy| &F¥r82. 33| 0- X¢1%ne 40 DKEt®9l dodecyl 4490 ani ne 98. 42
0- Xyl ene 40 160 4-Picoline 1.38 p-Xylene 15
161 4-Picoline 42.48 o-Xylene 150
Tetrahydro-
162 4-Picoline 42.92 - napthalene 40
163 4-Picoline 43.03 ~ Diphenyl Ether 40.5
164 2,6-Lutidine 1.55 p-Xylene 15
165 pyridine 1.15 ' p-Xylene 15
\ 166 Pyridine 14.7 pyridine 15
/ 1-Methyl-2-
167 pPyridine 1.17 pyrrolidinone 15
168 Pyridine 1.14 Toluene 15
‘ 4-Methyl-2-
169 Pyridine 1.15 pentanone 15
170 Pyridine 1.15 Benzonitrile 15
171 Pyridine 1.15 p-Xylene 15.1
172 Pyridine 1.17 Dimethyl-formamide 15
173 Pyridine 17.29 mixed xylenes 300
174 Pyridine 18.23 Mesitylene 150
175 Pyridine 18.22 o-Xylene 150
Tetramethylene
176 Pyridine 18.22 sulfone 150
) 177 Pyridine 18.22 Biphenyl 150g
Tetrahydro-
. 178 Pyridine 18.20 napthalene 150
| 179 pyridine 18.23 Diphenyl Ether 151
3:1 Diphenyl
180 Pyridine 12.17 Ether: Biphenyl 100.04g
4-tert-
181 Butylpyridine 31.17 mixed xylenes 150
4-tert- 4-tert-
182 Butylpyridine -——- Butylpyridine 75
4-tert-
183 Butylpyridine 20.78 mesitylene 100
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191 Hexadecyl am ne 83.62 o-Xylene 40 inethyltetradecyl 192 am ne 111.22

o- Xyl ene 40 D net hyl hexadecyl 193 am ne 124. 30 o- Xyl ene 40

D net hyl oct adecyl 194 amine 137.13 o-Xylene 40 195 norpholine 30. 30

0- Xyl ene 40 196 pyrrolidine 25.74 o-Xylene 40 197 urea 20.29 o- Xyl ene 40
198 (nonewo-2004/0t876%y| ene 40 Table 8 Target Run # DARdIg)s20dbécass de (g) Tinme
(mn) Tenmp (C) 157 0.76 0.84 30 115 158 0.74 0.84 30 115 159 30.21 22.21
30 130 160 0.76 0.84 30 115 161 30.07 22.34 62 140 162 30.01 22.18 62 150
163 30.02 22 34 67 140 164 0. 75 0.84 30115 165 0 76 84 30 115 166 0.74

0.84 30 115 167 0.73 0.83 31 15 168 0| 75 6 8HYSP-115| 33 WD 2004/ 078769
PCTI US2004 1008 2{®3me thg Doy Yamie 84 30.9515 | 170ndpcidflefe85 BO 146 171 0.77 0.85
30 115 172-0-76—6r83-R0-H— 17335502 192699430
185 1sogquindl fne 5811 fsoqutnoline | --------
186 isoquinoline 20.05 o-Xylene 50
187 isoquinoline 59.65 Diphenyl Ether 40.5
188 Tributylamine 85.49 o-Xylene 40
Dimethyl-
189 benzylamine 62.33 o-Xylene 40
Dimethyldodecyl-
190 . amine 98.42 o-Xylene 40
191 Hexadecylamine 83.62 o-Xylene 40
Dimethyltetradecyl-
! 192 amine 111,22 o-Xylene 40
Dimethylhexadecyl-
193 amine 124.30 o-Xylene 40
Dimethyloctadecyl-
194 amine 137.13 o-Xylene 40
195 morpholine 30.30 o-Xylene 40
196 pyrrolidine 25.74 o-Xylene 40
157 urea 20.29 o-Xylene 40
198 (none) --- o-Xylene 40
Table 8
Target
Run # DAF (g) Sulfamide (g) Time (min) [Temp (C)
) 157 0.76 0.84 30 115
158 0.74 0.84 30 115
159 30.21 22.21 30 130
160 0.76 0.84 30 115
161 30.07 22.34 62 140
162 30.01 22.18 62 150
163 30.02 22.34 67 140
164 0.75 0.84 30 115
165 0.76 0.84 30 115
166 0.74 0.84 30 115
167 0.73 0.83 31 115
168 0.75 0.85 30 115
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174 15.02 11.08 60 130 175 15.05 11.07 60 130 176 15.01 11.08 60 130 177
15.04 11.08 60 130 178 15.02 11.08 60 130 179 15.03 11.07 60 130 180
10.03 7.38 60 140 181 15.03 11.08 60 130 182 7.49 5.53 60 130 183 10 7.38
60 150 184 29.99 22.34 60 110 185 30.09 22.24 62 140 186 10.04 7.38 60

140 187 W0.20B/0226A5 57 130 188 30.05 22.31 30 130 p&%y

BhhaRR2e2. 22 30 140

190 30.17 22.26 30 130 191 30.09 22.04 30 130 192 30.1 22.21 30 130 193
30.11 22.28 30 130 194 30.18 22.33 30 130 195 30.06 22.26 30 130 196

30.01 22.26 30 130__197 30.13 2

32 30 130

A5 Topiramate
i nvention. List
Tabl es 9 and 1

2004/ 078769 PC]

the present invention.

s 1p? epar ed-Hccof di ng%t# the proceds of| £hke

€d1hel OV abe7eEXPEr 1 NENLed S pilocedur es [ onig hd

whi-ch—Foll-ow-H-st—detgi--ed—gxperirenrtpl—tons
I US5004] 008263 Exper ient 2: | - >° ad
172 0.76 0.83 30 115
173 15.02 19.46 90 130
174 15.02 11.08 60 130
175 15.05 11.07 60 130
176 15.01 11.08 60 130
177 15.04 11.08 60 130
178 15.02 11.08 60 130
179 15.03 11.07 60 130
180 10.03 7.38 60 140
181 15.03 11.08 60 130
182 7.49 5.53 60 130
183 10 7.38 60 150
184 29.99 22.34 60 110
185 30.09 22.24 62 140
186 10.04 7.38 60 140
187 30.08 22.45 57 130
188 30.05 22.31 30 130
189 30.03 . 22.22 30 140
190 30.17 22.26 30 130
191 30.09 22.04 30 130
192 30.1 22.21 30 130
193 30.11 22.28 30 130
194 30.18 22.33 30 130
195 30.06 22.26 30 130
196 30.01 22.26 30 130
197 30.13 22.32 30 130
198 30.02 22.16 30 130

Example A5

198 30.02 22 16 30 130 Exanple

resent
experi nments.
itions. 34 WD

Topiramate was prepared according to the process of

procedures for the experiments.

follow list detailed experimental conditions.

34

Listed below are experimental

Tables 9 and 10 which



DAF, sul fam de, pyridine, and o-xylene in amobunts as listed in Table 9

bel ow were charged to a 1-liter 5 reactor. The reactor was heated to a

j acket renperature of about 155C and nmaintained at that tenperature for 30
m nutes. The reactor was cooled to 60C and distillation was started under
vacuum wwwbhoodiomtiéd | ati on  continued until there was peayuseemions2ésy |iquid to
10 distill. 1M NaCH was added to separate the reaction mxture into |ayers.
The bottom aqueous |ayer was drained and transferred to a separatory
funnel. 1M NaOH was added to separate the layers further. Again, the

| ower, aqueous | ayer was drained and transferred to a 15 clean reactor. 6M
HC1 was ad dAmeeut ral i ze solution to pH 7. The product crystallized, was
filtered, an then dried to yield topiramate. Experinments 3-8, L9-21: 20
DAF, sul fam de, D3t guAdamadd, opxyddime i andnoukysenasin iawamtsn Table 9

bel ow were charged to_a l;kiter eactor. The reactor ..heated and hel d at
the sel ectaesdaltl%%ﬁ& &tnqubll‘LSrgf%%O"gé'{e%& é:gaﬁgeré %%eae l\’lﬂ'—g%tee%alo), t hen
cool ed rapifhactdcr .65CheOreacteon! s heatedmt3d5aWascla@p! tatberatsitlet i ng in the
distillation of sone anount of organic liquids. The tenperature during

di stillati o?f EROYIlEPaCnERpRR iR RsCakn §haE ctemperakrurg K91 138 i on, some
amount (0 t.0; 2QQ 4 | lilel L8868} or Ofa NaId16lar e gbeenghd of IMto 3.5M was

added to split 30 the reaction mxture into two separabl e phases, organic
on top and @kfptedistdenbyaeostaited botdeanmvaggusousi tiaydist Mdsitdioai ned and

(n ricD)  veeotiul Shadt EhBFe 8 b deMRiBRRY, BIERE 5 7. "The product
crystal | i zedhi stpidn .neutr ahDHEaEONadAES to separate the reaction
mixture into layers. The bottom, agueous layer was
drained and transferred to a separatory funnel. 1M NaOH
was added to separate the layers further. Again, the
lower, aqueous layer was drained and transferred to a
15 clean reactor. 6M HCl was added to neutralize solution

to pH 7. The product crystallized, was filtered, and
then dried to yield topiramate.

Experiments 3-8, 19-21:

20 DAF, sulfamide, pyridine, and o-xylene in amounts
as listed in Table 9 below were charged to a 1l-liter

; reactor. The reactor was heated and held at the

| selected temperature for 4the selected time (see Table
10), then cooled rapidly to 65°C. Once cooled, vacuum

25 was applied, resulting in the distillation of some
amount of organic liquids. The temperature during
distillation was maintained between 55°C and 75°C.
After distillation, some amount (0 to 200 milliliters)
of NaOH (from strength of 1M to 3.5M) was added to split

30 the reaction mixture into two separable phases, organic
on top and aqueous on bottom. The bottom, aqueous layer

was drained and transferred to a clean reactor. Acid
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filtered and then dried to yield topiramate. 5 Experinent 9: DAF, sulfam de,
pyridine, and o-xylene in the anounts as listed in Table 9 bel ow were
charged to a 1- |.iter reactor. The reactor was heated to the sel ected
tenperature. The reactor was held at the maxi num 10 tenperature for the

sel ect ed woonlo7ote tine (see Tables 9 and 10) and t harrGRM@es6api dly to
65C. Once cool ed, vacuumwas applied, resulting in the distiilation of
soneof the organic liquids. The tenperature during distillation was

mai nt ai ned between 55C and 75C. 15 After distillation, 3.5M NaCH was added
to split thEsM HSAdt WA AAREAre i MR HAkd 28e bBP aBPRC IS dLX 3 gaPc on  t op

and aqueou PPty bffﬂﬁ o&Et bak} RRCE S oh@} &t r 40, A R ed,gnd

transferre to a react or.. reactor was then spiked vvlth pyri di ne
(40 m). Acfxilt(e&MdZ@nHICﬂ:)lewa@rmtﬂeda tydeddutppiramattehe reaction mxture to
about pH 7. The product crystallized upon neutralization and was then
filtered and dried to yield topiramate. 25 Experinents 10, 15-17: DAF,

sul f agi de, mygdrdintt 833d o-Xylene in anmounts as listed in Table 9 bel ow
were charged to a 1-liter reactor. The reactor was heated to the sel ected
tenperat ure. Th@AFeaSlbLanide hap¥r glinene a86| eckBlem® ierkl ature for the

sel ect ed ti g 30e JLAbE8ed AICAle AB1LhONeE00kRtdPIvl Y b0 65C. Once

cool ed, 3 vvasa edto plit the reaction m re into two 36 WO
2004/ 07876 L RECH WS2@844006268 rempzurabilas pha!;eé torganiselarttedp and aqueous

on bottom The ottom ueous_| ayer i ned and. transferred to a
cl ean react'oF™P Cﬁfﬁr angg%eﬁ?a%?r %"fﬁpﬁ%zg g the akimd

10 temperature for the selected amount of time (see Tables
} 9 and 10) and then cooled rapidly to 65°C. Once cooled,
vacuum was applied, resulting in the distiilation of
someof the organic liquids. The temperature during
distillation was maintained between 55°C and 75°C.

15 After distillation, 3.5M NaOH was a@ded to split the
reaction mixture into two separable phases, organic on
top and aqueous on bottom. The bottom, aqueous layer
was drained end transferred to a clean reactor. The
reactor was then spiked with pyridine (40 mL). Acid (6M

20 HCl) was added to neutralize the reaction mixture to

| about pH 7. The product crystallized upon

| neutralization and was then filtered and dried to yield

/ topiramate.

25 Experiments 10, 15-17: !

DAF, sulfamide, pyridine, and o-xXylene in amounts
as listed in Table 9 below were charged to a 1l-liter
reactor. The reactor was heated to the selected
temperature. The reactor was held at the selected

30 temperature for the selected time (see Tables 9 and 10)
and then cooled rapidly to 65°C. Once cooled, 3.5M NaOH

was added to split the reaction mixture into two
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distill off aqueous liquid. Acid (6M HCl) was added to 5 neutralize the
reaction mxture to about pH 7. if product did not crystallize after
neutralization, additional water was added: for Experinent #15 350nL water
was added; for experinents #16 390 nL water was added; for Experinent #17
120 nmL wawer200¢s8Taeided. When 10 the product had crystedtuseoosdss was
filtered and dried to yield topiramate. Experinent 11: DAF, sulfam de,
pyridine, and o-xylene in anounts 15 as listed in Table 9 bel ow were

charged to a 1-liter _reactor. The reactor s heated to.the selected
t enper at ur eSSPRAAPLE PPRFES RPEF At U 1 Fﬁg BRI HHEPee Tabl es 9

and 10) and thendaQhtdakapbdlyldPer GRfs dPA60e0Dh@hrahid N was added to

split the 20 reaction m xture into two separabl e phases, organic on top and
aqueous on bota orhedth&@ebetetm WREHIuRNdyept wase RRRYa &1fd transferred to

a clean rea LV h re | i,ed, | £ i e
Gt an g 11135%%“?9“?%%%%%%@ | iAgﬁi%d.(%@h%éf)zg%étéo;%vd\aésa I ed 1o 25
60C, &nd acheuif:MiHE] xheaseadtlbon truixierter alol 2botthepH reactifon m xture to pH

7. The reactor _was cooled to 1.5C and then water.  was added until crystals

formed. THREPRHduA L PPSt SFYFLRH BRI T REHCFM1%3%PSnd dried to yield

t opi ranat e. . 39i RN RRLs #as 14aaddV- R1d Exbl-andge, 15 Fomnt s as listed in
Table 9 37 WD 2004/ 078769 PCT/ US2004/ 00626 bel ow were charged to a

1-liter reat?Rr WRfe addgdt of Or veXPeIcilast st #16h298 ellectadePRt &fffer at ure. The
reactor was,qhehd Al E8.3hest 681§ MRPTA! Uatel Oad NEIESK) ECHRZ L T e

10 the product had crystallized, it was filtered and dried

to yield topiramate.

Experiment 11:
DAF, sulfamide, pyridine, and o-xylene in amounts
15 as listed in Table 9 below were charged to a l-liter
reactor. The reactor was heated to the selected
temperature, held at this temperature for the selected
time (see Tables 9 and 10) and then cooled rapidly to
65°C. Once cooled, 3.5M NaOH was added to split the
20 reaction mixture into two separable phases, organic on
top and aqueous on bottom. The bottom, aqueous layer
was drained and transferred to a clean reactor. Vacuum
and heat were applied, resulting in the distillation of
gome of the agqueous liquid. The reactor was heated to
25 60°C, and acid (6M HCl) was added to neutralize the
reaction mixture to pH 7. The reactor was cooled to
1.5°C and then water was added until crystals formed.
The product crystallized and was then filtered and dried
to yield topiramate.
30
Experiments 12-14:

DAF and sulfamide, in amounts as listed in Table 9
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(see Tables 9 and 10) and then cooled rapidly to about 5 room tenperature.
Once cool ed, 3.5M NaOH was added to split the reaction' mxture into two
separ abl e phases, organic on top and aqueous on bottom The bottom

aqueous | ayer was drained and transferred to a clean reactor. Acid (6M HC1)
was addedwbaomatarésl i ze t he 10 reaction m xture to almaruqbds/bos2dhe product
crystallized upon neutralization and was then filtered and dried to yield
topi ramate. Experinment 18: 15 DAF, sul fam de, pyridine, and o-xylene in

amounts as, |jsted in TJable .9 belo re charged to 1-liter reactor. The
react or wasb?nje%‘”f NP4 PREIES) E‘&t%dﬂ mﬁiﬁﬁer"”&?ﬁf%?'Th@%e’éﬁ%@%s held at the

sel ected toaPpefadlE thotnkhgesetesd etbridetlisee Tahkesefcehd wHd 20 and
t hen cool ed rﬁﬁ)l dly to 65C. Once cooled, 3.5M NaOH was added to split the

reaction nikeld &t rithe BRdecsepakampergitsedororfansel eptedpt i aqueous on
bottom  The Dot ehsa@“%‘t?lﬁslb?yg d‘é‘%%rgrcgz'gﬂgﬂ 92?%&%??% eéﬂcﬁg:h to a clean

reactor. Vacuuman eat were appll I'sti abou alf of the
aqueoss | i qubehn tBweratnmeni ngnaquentissds,ol3uttMoNa@Hswals aadidel arod t ransf erred
to a beaker. GM HC1 (60 m,) was added. to the cleaned, reactor. Reaction

m xt ure andSRt ttlgk?nsfleaé"ﬁll%lm%\ﬁ?‘éred]&téjd et §ePAEAPLARE?SED nmai ntai n about

pH 7. Wt ero3gavias addesd badi BgUESus rostiRitdtomat | @Re BbELHhoduct
crystallized and was then filtered and dried to yield topiramate. 38 WO

2004/ 07876 92@PERUISAG0Er0veS6dranee ranriirapgfepned §@| @ apd @R and pyri di ne,

in amounts ps,bist edadity Tl ficd) DELOUARLR 16"ALARHa1 9,8 dadi ter Teactor.

10 reaction mixture to about pH 7. The product
) crystallized upon neutralization and was then filtered

and dried to yield topiramate.

Experiment 18: !

15 DAF, sulfamide, pyridine, and o-xylene in amounts
as listed in Table 9 below were charged to a 1l-liter
reactor. The reactor was heated to the selected
temperature. The reactor was held at the selected
temperature for the selected time (see Tables 9 and 10)

20 and then cooled rapidly to 65°C. Once cooled, 3.5M NaCOH
was added to split the reaction mixture into two

| separable phases, organic on top and aqueous on bottom.
The bottom, agqueous layer was drained and transferred
to a clean reactor. Vacuum and heat were applied to

25 distill off about half of the aqueocus liquid. The
remaining aqueous solution was drained and transferred
to a beaker. 6M HCl (60 mL) was added to the cleaned
reactor. Reaction mixture and additional 6M HCl were
dosed into the reactor to maintain about pH 7. Water

30 was added to induce crystallization. The product
crystallized and was then filtered and dried to yield

topiramate.
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5 reactor was heated to the selected tenperature. The reactor was held at
the selected tenperature for the selected tinme (see Tables 9 and 10) and
then cooled rapidly. Once cooled to 22C, 3.5M NaCH was added to split the
reaction mxture into separable phases. Three 10 fifths of the aqueous | ayer
was drai nedead7gresansferred to a clean reactor. Aci ddraigédadis2ssas t hen
added to neutralize the reaction mxture to about pH 7. Water 100 nlL was
added to the reaction mxture'. The product crystallized, and was then
filtered and dried to yield 15 topiramate. Table 9 DAF Suit am de Pyri di ne
Jacket (gins) (gins) (gins) O-xylene Tenp Run# (mmols) (mols) (mols)
(M) (O 2 Himett2G936. 50 40.0 155 115.17 231.63 461.44 3 100.01 73.86
121.40 134.0 145 384.31 768.57 1534.77 4 99.98 73.85 121.78 134.0 145
384.20 768. 47 153%F.,5Pudfapddedand. pyritineg2 in3dmounys agguist®d313. 84 1540. 08

T340 145 SBATHS0 HOT 8 8T o b3 L5 100 Sede 1 Gg 0g

754. 68 1535rdactiy WAs20e4t£6d 876t RCTHd 12264/ 66nR63at@rd 00.THe 73. 50 12. 11

134.0 145 384.31 764.8
reactor was

e%SBé%Othe gselected temperature for the
selected time (see Tables 9 and 10) and then cooled
rapidly. Once cooled to 22°C, 3.5M NaOH was added to
split the reaction mixture into separable phases. Three
10 fifths of the aqueous layer was drained and transferred

to a clean reactor. Acid (6M HCl) was then added to
neutralize the reaction mixture to about pH 7. Water
100 mL was added to the reaction mixture. The product

crystallized, and was then filtered and dried to yield

15 topiramate.
Table 9
DAF Sulfamide Pyridine Jacket
(gms) (gms) (gms) O-xylene Temp
| Run# (mmols) (mmols) (mmols) (mL:) (°c)
2 29.97 22.26 36.50 40.0 155
115.17 231.63 461 .44
3 100.01 73.86 121.40 134.0 145
384.31 768.57 1534.77
4 99.98 73.85 121.78 134.0 145
384.20 768.47 1539.57
5 100.04 78.21 121.82 133.0 145
384.43 813.84 1540.08
6 99.98 73.80 121.49 132.5 145
384.20 767.95 1535.590
7 99.99 73.93 121.66 134.0 145
384.24 769.30 1538.05
8 99.94 72.52 121.43 132.0 145
384,04 754.63 1535.15
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10 100.01 73.86 121.84 132.0 145 384.31 768.57 1540.33 11 100.07 73.89

121. 23 132.0 145 384.54 768.89 1532.62 12 100.01 73.87 0.00 0.0 145 384.31
768.68 0.00 13 100.02 73.72 0.00 0.0 145 384.35 767.12 0.00 14 100.10 73.74
0.00 0.0 145 384.66 767.33 0.00 15 99.97 73.79 121.81 133.0 145 384.16
767. 85 158026003/088669100. 12 73. 94 121. 49 134.0 145 384.PrA/USG4/Md6268535. 90 17
99.99 73.60 121.49 n/r n/r 384.24 765.87 1535.90 18 99.99 73.88 122.00
135.0 145 384.24 768.78 1542.35 19 100 04 73.45 121.74 0.0 145 384.43

764. 31 1539.06—20-160-00-73-8712143 A—384—28-768-68-1535. 15 21
99.95 73.45 |121. 12 138°01145] 384-0% 7e>4 éi Ys531] 23FaBl e |10 Ru # Rxn Ti me
(mn) Rxn Tgnp. (C) 32430 13(0-1344.83 3() 1833185 |4 45 1304136 5 45 130-134
6 43 130- 134—46 WO (_LUHLUVIO 169 -}%Cdré US:‘OO%{@Q@ZG; 1320 745
384.31 768.57 1540.33
11 100.07 73.89 121.23 132.0 145
384.54 768.89 1532.62
12 100.01 73.87 0.00 0.0 145
384.31 768.68 0.00
13 100.02 73.72 0.00 0.0 145
384.35 767.12 0.00 .
14 100.10 73.74 0.00 0.0 145
j 384.66 767.33 0.00
15 99.97 73.79 121.81 133.0 7 145
. 384.16 767.85 1539.95
16 . 100.12 73.94 121.49 134.0 145
384.74 769.41 1535.90
17 99.99 73.60 121.49 n/r n/r
384.24 765.87 1535.90
18 | 99.99 73.88 122.00 135.0 145
384.24 768.78 1542.35
19 . 100.04 73.45 121.74 0.0 145
384.43 764.31 . 1539.06
20 100.00 73.87 121.43 134.0 n/r
384.28 768.68. 1535.15
? 21 99.95 73.45 121.12 132.0 145
384.08 764.31 1531.23
Table 10
Run # Rxn Time (min) Rxn Temp. (°C)
2 30 130-134
3 30 130-135
4 45 130-136
5 45 130-134
6 43 130-134
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7 45 130-134 8 45 130-135 9 48 130-133 10 45 130-134 11 57 130-134 12
60 130-142 13 45 130-143 14 44 130-142 15 45 130-133 16 45 130-134 17
45 130-n/r 18 45 130-134 19 45 130-133 20 n/r 130 n/r 21 45 130 n/r n/r
indicates that no full tenperature range or reaction tinme was recorded.
Exanpl e AFORDIMOAEIGhe fructose (DAF) (780 kg; 780kg, BAicUs2004B0@6nd 2) ,
pyridine (950.6 kg; 950.0 kg) and xylenes (1950 L; 1950 L) were mxed in a
tank and the solution was transferred to a reactor with sulfamde (575 kg;

575 kg) . The mxtutre—was—heated—t6—128-133C-va—SstepwSse eating. Mire
specifically, the m Xture|lwas heat®d from 10| 30 tﬁ3%5%?4n 80| m nutes, then
from65 to 95C iin 60g" m nute€s, follewed by heatrngzfIpig 95 tp 113C in 60
m nutes and 113[{to 125C ih 85 mnutes. The reactor jacket tenperature was
raised in 5Cincrenefits tp heat té& batch tp 12813183 d»ver BO m nutes and
then held at 15 t-he—terpefaturetor—30-—m-nAutes—Fre—+reacttom m xture was
then cooled at a rat® of BOC per hbar to 40C] To '139-14% 2004/ 078769
PCT/U82004/0062?5 11 57 130-134

12 60 130-142

13 45 130-143

14 44 130-142

15 45 130-133

\ 16 45 130-134

17 45 130-n/r

18 45 130-134

19 45 130-133

20 n/r 130 n/xr

21 45 130 n/xr

n/r indicates that no full temperature range or
reaction time was recorded.
Example A6
Diacetone fructose (DAF) (780 kg; 780kg, Batch 1
5 and 2), pyridine (950.6 kg; 950.0 kg) and xylenes (1950
L; 1950 L) were mixed in a tank and the solution was
transferred to a reactor with sulfamide (575 kg; 575
kg) . The mixture was heated to 128-133°C via stepwise
heating. More specifically, the mixture was heated from
10 30 to 65°C in 80 minutes, then from 65 to 95°C in 60
minutes, followed by heating from 95 to 113°C in 60
minutes and 113 to 125°C in 85 minutes. The reactor
jacket temperature was raised in 5°C increments to heat
the batch to 128-133°C over 30 minutes and then held at
15 the temperature for 30 minutes. The reaction mixture

was then cooled at a rate of 30°C per hour to 40°C. To
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the m xture was then added purified water (1243L; 1240L) . The m xture was
cooled to 20C before 50% NaOH (436 kg; 437 kg) solution was added. Organic
and aqueous |ayers (product |ayers) were separated and the 5 aqueous | ayer
was filtered and transferred to another reactor. The organic |ayer was

di scar dedwoRemiofs7eed wat er (1400L; 1400L) was added treTiUse00aqeses3us m xt ure
and residual organics (pyridine and xylene) and water were distilled off
under vacuum The distillation was 10 stopped after distilling a known

volune (784 .L; 784 L). dacial ic.acid.(214.5 , . 224.4 kg) was added
to neutral 7% PREES H?Foﬁh?% "’lpclﬁ?c‘:‘%t Wﬁé%ﬁegt ﬁ?’téeﬁvatlg?s‘}g ed wth topiramte
seeds (1.0 giorh 0 kgl ARLcYRS wROIRMDIEA 8- 260¢ BFoyst 3bkimgofrhe crude
topiramate. The crude, 15 wet topiramate (730 kg; 803.8 kg wet yield) was

centri f uged{4a€d kgol KEat kd) H¥lltelarhavalsordgedng Spewiid catd on t eaches the
principles of the present ,inventian, wth exanples 20.pravided for the
pur pose of FIHEEE Q‘F?’Sﬁ?’ i(?r 1I“:ft gedyt?ﬁﬁ&grg?g%gg?%ﬁati%a&ag ce of the

i nventi on efpemaseyerakvhs of ilherdds bald varhatepnsd wBslaicthieens and/ or
nodi fications as cone within the scope of the following clains and their

equi val ent stea-or2 WBN20QBIRYET GRYRCTMO520087 006363 BNriGigdm 1. A process
for the preparati@Qnogh;a150PPWHsL HaaeOtBut Ae (Adudbud midiRle * X G O R

and residual organics (pyridine and xylene) and water
were distilled off under vacuum. The distillation was

10 stopped after distilling a known volume (784 L; 784 L).

/ Glacial acetic acid (214.5 kg; 224.4 kg) was added to
neutralize the solution to pH 7. The mixture was seeded
with topiramate seeds (1.0 kg;'l.o kg) and was cooled to
0-5°C to crystallize the crude topiramate. The crude,

15 wet topiramate (730 kg; 803.8 kg wet yield) was

centrifuged and collected.

While the foregoing specification teaches the
principles of the present invention, with examples
20 provided for the purpose of illustration, it will be
understood that the practice of the invention encompasses
) all of the usual variations, adaptations and/or
modifications as come within the scope of the following
claims and their equivalents.

25
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R3 5 R4 (1)

5 wherein Xis selected fromCH2 or O; RL is selected fromthe

group consisting of hydrogen and Cl 4alkyl; R3, R4, R5 and R6 are each
independently selected 10 from hydrogen or |ower al'’kyl and, when X is CH2,
R5 and R6 nay be al kene groups joined to forma benzene ring and, when X

is 0, R3
the formul a:
hydr ogen, |

g/or R5 and R6 together may be a WitlsShembssy 9roup of
R7 R8 04 15 wherein R7 and RB are sggg orgg ?erent and are
ower aIkyI or are alkyl and are joined to forma cyclopentyl or

cycl ohexyl ring; conprising O 502-NH2 X OH X Rs R3 HZNNS-NH2 Rs R3 11 O
Rs R4 (11) ﬁé:@&;ﬂli 20 reacting a conpound of forrmula (I11) with sul furyl

an e qggg u p #\D 2004/ 078769
PCT/U82004/6062 féon1% %E ?§f83£32¥§? §P%§ﬂ§§n dnyﬁg)correspondlng
conmpound of fbemalda(X) ). 2. The process of Caim1, wherein the conpound of

di am de,

formula (11)

is di acetone fructose.

0 H
X P
o\
R® 0
R3
RS " )
5 wherein
X is selected from CH; or Qi
R' is selected from the group consisting of hydrogen
and C;-galkyl; f
R}, R*, R® and R® are each independently selected
10 from hydrogen or lower alkyl and, when X is CH,, R® and
R® may be alkene groups joined to form a benzene ring
and, when X is O, R® and R* and/or R® and R® together may
be a methylenedioxy group of the formula:
R’ o\g
R® O’%
15 wherein {
R” and R® are same or different and are hydrogen,
lower alkyl or are alkyl and are joined to form a
cyclopentyl or cyclchexyl ring;
comprising
0 /SOZ—NHZ
X o HoN g NH X O
6 3 2N—9—NH3
R R él) RB R3
R5 4 (”) - ! . (I)
20 R R

reacting a compound of formula (II) with sulfuryl

diamide, at an elevated temperature, in the presence of
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3. The process of Claim2, wherein the conpound of formula (lI1) is reacted
with sulfuryl diamde in an aprotic organic solvent. 4.. A process for the
preparation of a conmpound of formula (la) NH2 QAS / O 00\ (Ia)
conprisin , 0 S02-NH2 H2N-S-NH2 0 OO0 OO0 (I acting a
conpound gy@%g@uﬂkﬁéﬂ (Ita) wwth sulfuryl diamde, at an lJ(Iar)eI\J/sgazb c?o? efrperature
in the presence of fromO to about 10% water, to yield the correspondi ng
conmpound of forrmula (la). 44 WD 2004/ 078769 PCTI US20041006263 5 The process
of Caim4  fwdereito tdizowulfak wateti ancdeyisl@r esentotfe @poddDukat great er

t han about 0 9 qu1 efg 6. ('Zli'ﬂe process of Claim5 , wherein the

sul furyl  di &k i%gr i amount equal to about 1.5 to about 3
equi val ents. 7. The process of Claim4, wherein the the conpound of fornula
(I'ta) is reacted with sulfuryl diamde in an aprotic organic solvent. 8.
The process »f CEtenprocsgrerdd lshia dpr whereinr Yaai compdvedtof s a

non- agueous P&q&rﬂg plals)e ls9 dl‘lgéee Qrac :sf%cgf CI aim8, wherein the non-aqueous

3. The process of Claim 2, wherein the compound of
formula (II) is reacted with sulfuryl diamide in an

aprotic organic solvent.

4. A process for the preparation of a compound of

formula (Ia)

reacting a compound of formula (IIa) with sulfuryl.
diamide, at an elevated temperature, in the presence of
from 0 to about 10% wéter, to yield the corresponding

compound of formula (Ia).
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organi c base is pyridine. 10. The process of claim4 , wherein the el evated
tenperature is in the range of from about 90C to about 170C. 11. The
process of Claim4 , wherein the conmpound of fornula (lIla) is reacted with
sul furyl diamde in the presence of fromO to about 3% water. 45

WO 2004/078769 PCT/US2004/006263

5. The process of Claim 4 , wherein the sulfuryl
diamide is present in an amount greater than about 0.9

equivalents.

6. The process of Claim 5 , wherein the sulfuryl
diamide is present in an amount equal to about 1.5 to

about 3 equivalents.

7. The process of Claim 4, wherein the
the compound of formula (IIa) is reacted with sulfuryl "

diamide in an aprotic organic solvent.

8. The process of Claim 7 , wherein the aprotic

organic solvent is a non-agueous organic base.

9. The process of Claim 8 , wherein the non-aqueous

organic base is pyridine.

10. The process of Claim 4 , wherein the elevated
temperature is in the range of from about 90°C to about

170°C.
11. The process of Claim 4 , wherein the compound of

formula (IIa) is reacted with sulfuryl diamide in the

presence of from 0 to about 3% water.
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