WD 03/ 006467 PCT/ US02/ 21016 NOVEL ANTI CONVULSANT DERI VATI VE SALTS Cross
Reference to Rel ated Application This application clains priority from

Uni ted StwDes/oo&eprovi sional application Serial No. 60/ 30®c3akotioed Jul y,
09, 2001, the contents of which are hereby incorporated by reference.
Field of the Invention 10 The present invention relates to novel

phar maceutical ly acceptable salts of anticonvul sant derivatives, processes
for preparation of andNOPRRr ANEEGONEAENSANT IO TVANSVE GRIaiThi ng said salts.
15 Background of the Invention U S. Patent No. 4,513,006, which is hereby
i ncorporated by reference, discloses a class of novel anti-epileptic
conpounds One of the%&d%HTnL4E¥énce to Related Application
2,3,4,5-bis-O(l-nethylethylidene)-(3-D-fructopyranose 20 sul famate, known
as topiramate, HEBI®eRPD HetRIHan 4 lainsn Préloriityalfron Fndted ﬁGﬁﬁﬁSepllepsy
Logbe ef fechide: Spon bl HARLIAR Iedny 1 B2 ERDANACLABY clfcbr caiyng simpl e
and conpl e par SeiZure and secondar | y ‘gen ized “Serzures

Faught, B. Jo9NVimEﬂ . cdriarmeyy 9 Ahilkél bee RBrkbp. iKrapporated E&edger,
R M Karim et al., Epilepsia, 36 ($S4) 33, (1995); S.K Sachdeo, R C.
Sachdeo, R ¥ETe¥&H4®: P. Limand G Pl edger, Epilepsia, 36 (S4) 33,

(1995)). U S. Patents No. 4,513,006, No. 5,242,942, and No. 5, 384, 327,

whi ch are hereby incorporated by reference, 30 di scl ose processes for the

preparation of these novel adﬂﬁﬂéh@ﬁe&h@aln&&pﬁ&gds. 1 WO 03/ 006467
PgT/U802/21016 f’ |ranatet|fn&g£r§ntl fatketed for he treatnment of
S|nple and conplex d% TTal - sefzure %pl EpSYy mn?% of VWi t hout secondary

gener al i zedpsgrrsestidalT gabcBeptabhe s&ivsand, ahbecbhi-tedabtat es and
Sweden and applications for
derivatives, processes for preparation of and

pharmaceutical compositions containing said salts.

15 Background of the Invention
U.S8. Patent No. 4,513,006, which is hereby

incorporated by reference, discloses a class of novel
anti-epileptic compounds. One of these compounds,
2,3,4,5-bis-0- (1-methylethylidene) -p-D-fructopyranose

20 sulfamate, known ag topiramate, has been demonstrated in
clinical trials of human epilepsy to be effective as
adjunctive therapy or as monotherapy in treating simple
and complex partial seizure and secondarily generalized
seilzures (E. Faught, B.J. Wilder, R.E. Ramsey, R.A. Reife,

25 L.D. Kramer, G.. Pledger, R.M. Karim, et al., Epilepsia,
36 (S4) 33, (1995); S.K. Sachdeo, R.C. Sachdeo, R.A.
Reife, P. Lim and G. Pledger, Epilepsia, 36 (S4) 33,
(1995)). U.S. Patents No. 4,513,006, No. 5,242,942, and
No. 5,384,327, which are hereby incorporated by reference,

30 disclose processes for the preparation of these novel

anti-epileptic compounds.



5 regul atory approval are presently pending in nunerous countries

t hroughout the world. Ehrenberg et al in U S. Patent No. 5,998, 380

di scl ose wbhapoeaeuti cal |l y acceptabl e derivatives of the POTfusht/owing
formula (A) 5 X CH20SO2NHR R R2 R4 R3 (A) wherein the substituents are a
described in U S. Patent No. 5,998,380. By pharnaceutically acceptable
derivative is neant any pharnaceutically acceptable ester 1is or salt of
such ester of thEcpbinpoandsisfctheefiviyuharké)edr fanytbeéheregompotinds whi ch

dm ni st ' t h i p] i S, bl e, of i, di di tl
i et | y) S BB L5ERUnGBF e ReoRbr Vol o CATUET S SPRRY nOF A FE act i ve |

net abol i te Qfthest dyecb@ELPf geBOrFharsaceyl baablyiaceephabheisaihs of the
conpounds of the fornmula (A) include those derived from pharnmaceutically

accept abl e, Finbagani ehandnstganfeabes dand afdedes esnd Erappiest bpnsufesbl e
acids inclu h | y b ] I j nkirj hloric, 25
fu%aric, ma %?%?Xgéggpégé#g?aglg%gl#?%%ngiyi%gﬁég?gcéﬁi%ﬁmegﬁéginic,

t ol uene- p- stbphonies thardaghoutackdi wortdtric, formc, benzoic, malonic,
napht hal ene- 2- sul phoni ¢ and benzenesul phonic acids. O her acids such as
oxalic acid, while not in thenselves pharmaceutically acceptable, may 30

be useful in thepprepacalion 91 $al s ysebstc-RE N3. WD 035098467
PCT/ US02/ 21016 intermediates i n obtaining conmpounds useful 1n the nethod

of the patefisghdsehpharpacennteativabtyenceepe aitrivetiveadditthba salts.

Salts derived.from appropri at ases include alkali 5 netal (e.g. sodium,
a?kaline eaf?%{%%%%? ?%?ﬁgi%ag%gsiun)

X CH,OSO,NHR'

R* R (A)
wherein the substituents are a described in U.S.
Patent No. 5,998,380. By pharmaceutically acceptable
derivative is meant any pharmaceutically acceptable ester

15 or salt of such ester of the compounds of the formula (A)
or any other compounds which upon administration to the
recipient is capable of providing (directly or indirectly)
a compound of the formula (A) or an anti-migraine active
metabolite or residue thereof.

20 Pharmaceutically acceptable salts of the compounds of
the formula (A) include those derived from
pharmaceutically acceptable, inorganic and organic acids
and bases. Examples of suitable acids include
hydrochloric, hydrobromic, sulfuric, nitric, perchloric,

25 fumaric, maleic, phosphoric, glycollic, lactic, salicylic,
succinic, toluene-p-sulphonic, tartaric, acetic, citric,
formic, benzoic, malonic, naphthalene-2-sulphonic and
benzenesulphonic acids. Other acids such as oxalic acid,
while not in themselves pharmaceutically acceptable, may

30 be useful in the preparation of salts useful as

2



amoni um and NR4 (where Ris Cl_4alkyl) salts. MElroy, S. L. in PCT
application WO 00/50020 disclose pharmaceutically acceptable salts of
conpoundswofo3/ot@e6t he foll owing fornula (B) R5 X CH20SO2NHRCTRZ02/RA1R3 ( B)
wherein the substituents are as described in PCT application WO 00/50020.
Pharmaceutically acceptable salts of the conpounds of the fornula (B)

i nclude, for 15 exanple, alkali netal salts, such as sodi um and potassi um
annoniun1sainserme@batkglannubhaMnisglCsmpdhadkyhaaﬁuhimnlthalmethod

trialk Iannn umsalis; tetra nlun1s and tr ham ne salts.
Hydrat os At ot s bebfun: setophe kbR oo aRIE o aLhe FOFRALAELE) Shrg &l so
i ncluded W thincid0Q thecscope of conpounds. Pharmaceutically acceptable

salts of the conpounds of fornula (B) can be prepared by reacting the
conpound of the 411-)"13ﬂu@@r{-B?dV\f-FﬁmaﬂpﬁﬁﬁpébﬁFﬁt bapggseian ufi@ca%a Bhg the

el 20 Dt olo | BRCleforLigat nn OO0 QIOEE G675 e

phar maceutic 6 94t opi ramate

specificati mnophmnanéuNRga(Whem@pisatxtle@Haﬂ)s gaictsde t hose
salt-form ng acids and bases which do 30 not substantially increase the
toxicity of the conmpound. 3 WD 03/006467 PCT/US02/ 21016 Some exanpl es of

sui tabl e salts imekuds, sakt sy of 141 peral p@QbQ§1§HCWOa§O ygpeghl oric,
hydr oi odi c, hydrobronlc phosphoric, metaphosphoric, nitric and sulfuric

acids, as @kftleasesphasmateotrjanltyasidepsabheasalart afi compeosnds, of5

ric, mal oi ¢, glkycol | uconi c, gulonic, succinic,
arg)/lsulfonlbjclé P OYO?%G%%SU #onlcgacids, and the like.

X CH,OSO,NHR'

R R® (B)
wherein the substituents are as described in PCT
application WO 00/50020. Pharmaceutically acceptable
salts of the compounds of the formula (B) include, for
15 example, alkali metal salts, such as sodium and potassium;
ammonium salts, monocalkylammmonium salts; dialkylammonium
salts; trialkylammonium salts; tetraalkylammonium salts;
and tromethamine salts. Hydrates and other solvates of
the compound of the formula (B) are also included within
20 the scope of compounds. |
Pharmaceutically acceptable salts of the compounds of
formula (B) can be prepared by reacting the compound of
the formula (B) with an appropriate base and recovering
the salt.
25
Dewey et al, in PCT application WO 00/07583 disclose
pharmaceutically acceptable salts of topiramate. As
defined in the specification, pharmaceutically acceptable
salts include those salt-forming acids and bases which do

30 not substantially increase the toxicity of the compound.

3



W now descri be novel salt fornms of anticonvul sant 10 derivatives,

i ncl udi ng novel salt forns of topiramate, which forns are suitable for use
in the prepasatdsen of pharnmaceutical formnul ations. SummaPgTafSor/hwie

I nvention 15 The present invention relates to novel salt fornms of a
conmpound of formula (1) HBC OO OSLO X -' H3ICOOONH 2 -/--CH3 H3C (1)
wherein the salts are forned at the sulfamate group of the conpound of
formula (1)SoRe e¢ermpblyst bé salitsbieesaldsf onpeddbysdilspl a€i mgnatalleast one

oY of or abl y. “¢HEE HI TR B¢ oY OFHEATBY o sprAEPAg dRe PHFAPBAGHEn ¢ he
sul famat e grleePpRbride GOAREHAEpRbrier Ml 8ritl hina28ud P 036006467 55
PCT/ US02/ 21016 I n an enbodinment, the present invention is directed to

novel salt ¥othsadfsebpfrafaptganiconpdadseehf apntipataria) MGELEFO 0 % O
Q' NH 2 m&%ﬁé,'m&fa%en%&ﬁ'siyéo%%?' B1kLhens8l t§qpg kormed at the

suffamate grou
succinic, arylsulfonic, eg. p-toluenesulfonic acids, and

the like.

We now describe novel salt forms of anticonvulsant
10 derivatives, including novel salt forms of topiramate,
which forms are suitable for use in the preparation of

pharmaceutical formulations.

Summary of the Invention

15 The present invention relates to novel salt forms of

a compound of formula (I)

HsCc_ © 0 o)
>< \ -0
H:C o 01\
O NH,
O
CHj
H3C (1)
wherein the salts are formed at the sulfamate group
of the compound of formula (I). Preferably the salts are
20 formed by displacing at least one hydrogen on the
sulfamate group of the compound of formula (I). More

preferably, the salts are formed by displacing one

hydrogen on the sulfamate group of the compound of formula
(1).

25



of the compound of fornmula (la). In an enbodi nent of the invention are

al kali nmetal 10 and nmagnesium salts of the conmpound of formula (1), forned
at the suwbanmo@syr oup of the conpound of fornula (1). Prefrarsabbyiét he
conmpound of forrmula (I) is the conpound of fornmula (la). 15 In an

enbodi ment of the invention is a sodiumsalt of the conmpound of fornmula
(I). I'n another enbodinent of the invention is a potassiumsalt of the
conpound of fornfhaan(¢eypbofdamentl | thaophesermbddivaahionf ishdikavertion is a
Iithiun1sa|£ Qﬁo%gf ggﬂgo%ngmgfo%o nuhaa&lﬁ. In gg%llu% a@o%he&u nbodi nent
of the invention is a nagngslun1sa rPof e g’conpouﬁa of Por nufa ??). In an
enbodi nent ofajhe invention is a sodiumsalt of topiramate (the conpound
of formula (la)). In another 25 enbodi nent of the invention is a potassium
salt of topiramate (the coﬁgqundcbt, a (lap). In still another

enbodi nent of the invention is lithium gal¢ of \toPiramate (the conpound
of fornmula (la)). In still oN 0064674 §f%?016 anot her

enbodi nent of the invention I°S a ifAgnesy |t~ of Niyopiramate (the
conmpound of forrmula (la)). 5 In an aspe®t, fhe presen% invention relates to
a process for preparing said salts of € gpound of  formula (1). In
anot her aspect, the present invention r@% tes to ? Brocess for preparing
said salts of topiramate (the conmpound formul a Fﬁa)). 10 In a further
aspect of the pregentihnyRALLAEE! EreNPYLhell YL BhLI BE1EQRTE-OLbEE sodi um
and potassiumsalts of topiramate, the conpound o or mul a ?I f. 5

I Il ustrativefotheheompwendi ofi Esrmuphalfateuti cal conposition conprising
any of the salts described above and a pharmaceutically acceptable
carrier.

In an embodiment of the invention are alkali metal
10 and magnesium salts of the compound of formula (I), formed
at the sulfamate group of the compound of formula (I).
Preferably, the compound of formula (I) is the compound of

formula (Ia).

15 In an embodiment of the invention is a sodium salt of
the compound of formula (I). In another embodiment of the
invention is a potassium salt of the compound of formula
(I). In still another embodiment of the invention is a
lithium salt of the compound of formula (I). In still

20 another embodiment of the invention is a magnesium salt of

the compound of formula (I).

In an embodiment of the invention is a sodium salt of

topiramate (the compound of formula (Ia)). In another
25 embodiment of the invention is a potassium salt of
topiramate (the compound of formula (Ia)). In still

another embodiment of the invention is a lithium salt of

topiramate (the compound of formula (Ia)). In still



Exemplifying the invention is a pharmaceutical 20 conposition nmade by

conbi ning any of the salts described above and a pharmaceutically

accept ablwomatwedser . An exanple of the invention is a proc@s3/usor2weki ng a
pharmaceutical conposition conprising conbining any of the 25 salts

descri bed above and a pharmaceutically acceptable carrier. Another exanple
of the invention is the use of any of the salts described herein in the

pr epar at i onandtlaeBlemeditaaent of otheér earénygiepi fepsynagneaismbgatt ©oh need
thereof. 6 WO 03/00646Z CT/ US02/ 2 Olf Deta%legltfﬁcription of the

| nvention ASCREEHRET e h'S uRPERIUBE hat wh S8 ™ ot edl®t he term "anti-sol vent”
shall refer to a solvent which does not 5 dissolve a specific substance and
is added to a solution of said substance to cause precipitation of said
substance. As used herein, the term"al kyl" whet her used alone 10 or as

part of a substifuye i al d bon chai ns.
Fo% exanpl e, aIk% %%d?% %gtfngﬁéggfﬁ%ééél#gg%%g?gnp$%%§€?§i%%S%opyl,
butyl, isobptytesssBorbptgbarindusyid pehtylofintdhé heohpdendUnf ess ot herw se

not ed, "Iomgé" m@en used with al nmeans a carbon chain, 15 conpositi on of

Kk
1-4 carbon Bﬁ%.aAEIhsedlﬂe?ﬁ?ﬁ?gﬁn?%g§05thE?ﬁﬁEEeﬁ%?Ed?nV%PFb ¥" shal

denote an OxypgRcELHSI ol gabeaks Of ot NSraboy¥engessiabgdirstoai ght or branched
chai n al kyl groups. For exanple, 20 nethoxy,” ethoxy, n-propoxy, sec-butoxy,

t - but oxy, ntopERyhaky abdetpemboked @Rl EssmethefWrse- noted, "lower" when
used with al koxy nmeans an oxygen ether radical of a carbon chain
conposition of 1-4 carbon atons. 25 The novel crystalline salts forns of
t he conmpound of 1fosnEhackéa)asbetheopresenprényent innenesenchaeacteri zed

novel crystalline forms of the sodium and potassium salts

of topiramate, the compound of formula (Ia).

15 Illustrative of the invention is a pharmaceutical
composition comprising any of the salts described above

and a pharmaceutically acceptable carrier.

Exemplifying the invention is a pharmaceutical
20 composition made by combining any of the saltgs described

above and a pharmaceutically acceptable carrier.

An example of the invention is a process for making a
pharmaceutical composition comprising combining any of the
25 salts described above and a pharmaceutically acceptable

carrier.

Another example of the invention is the use of any of
the salts described herein in the preparation of a
30 medicament for treating epilepsy, in a subject in need

thereof.



by their respective X-ray powder diffraction (XRD) patterns utilizing a
Phillips PWB710 based X-ray powder diffractoneter, using a |ong fine-focus
Cu Ka radwetooes480 source and the foll ow ng system condi t iPORAIS02/20016CuKa
radi ati on, 1.5406A, 40KV, 30mA b) Optics: 1/12 divergence slit 7 WO

03/ 006467 PCT/US02/ 21016 O0.2mmreceiving slit c) Xenon gas-filled
proportional detector d) Scan 2 to 3520 at a scan speed of 0.016320/sec
(step side 0.020 020) 5 e) Conventional Philips sanple hol der The present

invention is directed 19, noye Salts of . a conpoun ornula (),
preferably, novel salt ; novel

crystall'ine forngsofiséhendfesadi umagd pehassiiym aatba otntheegpnpound of
fornula (la); and processes for the preparation of salts of a conmpound of
formul a (1) aMairFelvarty, shaelnsodershrta splvansompbahdderst spiul a (1)
arg al kali gpLals,0r, r@g@smm saﬁggéncwsﬁal Bs20aBLliath HeLal,Rlofmanesi um
cation 15 displaces at Teast one rogen atom pre era | y one  hydrogen
atom on thefS@ai@namhspantéonootauhe poapbphtdaotonf ofEmabad(l). Mre
particul arl the salts are sodium potassium I|ithiumand magnesium salts
of a conpou%ﬂb%?an?%rnula (1), wherein a sodium potassium |ithiumor 20
magnesi um cation di spl aces at | east one hydrogen atom preferably one
hydrogen atom on the sulfamte portion of the conpound of formula (1). In
a preferred enbd@$ﬂ@%@dd¢e¥ﬁénpr%@@ntermvé@lkﬁh” wRethazs uea@oahdnef
ngnuIa (I)ofsaéggéﬁgngfugd88ﬂs£9 HEné £éu% i ?ud Ogral
present invention, TS a process par hg Pﬁ ?
conpound SBrmﬁcﬁanhhﬁbéh)chaDﬂprISFﬁg example, alkyl radlcals

%ts of a

include methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, t-butyl, pentyl and the like. Unless otherwise
noted, “lower” when used with alkyl means a carbon chain

15 composition of 1-4 carbon atoms.

As used herein, unless otherwise noted, “alkoxy” shall
denote an oxygen ether radical of the above described
straight or branched chain alkyl groups. For example,

20 methoxy, ethoxy, n-propoxy, sec-butoxy, t-butoxy, n-
hexyloxy and the like. Unless otherwise noted, “lower”
when used with alkoxy means an oxygen ether radical of a

carbon chain composition of 1-4 carbon atoms.

25 The novel crystalline salts forms of the compound of
formula (Ia) of the present invention were characterized
by their respective X-ray powder diffraction (XRD)
patterns utilizing a Phillips PW3710 based X-ray powder
diffractometer, using a long fine-focus Cu K, radiation

30 source and the following system conditions:

a)  CuKo radiation, 1.5406A, 40KV, 30mA

b) Optics: 1/12° divergence slit



a.) reacting the conpound of fornula (1) with an alkali netal hydride, an
al kali nmetal hydroxide, an alkali 8 WD 03/006467 PCT/US02/21016 neta

| ower al kwwiodegésan al kali netal amide, or if the alkali meTaiSo/siolé t hi um
alternatively with an alkyl [lithium and b.) precipitating the product. 5
More particularly, the conpound of fornula (1) is reacted wth an al kal
netal hydride, under anhydrous conditions; or wwth an al kali netal
hydroxi de; or with an al kal i ne@axmmom@¢ebvkmgi$kitpreferably under
anhydrous 10 cond tio nder anhydrous

m.d
conditions; in an orggﬁh%n %%Legfff%ﬁ Rﬁ%ﬁogﬁéoﬁ?iaﬁFgéﬁg?ﬁl is lithium
al ternati vel y wgh angalkyb Ebt§5“§'@) ai':'ngeécéﬂh¥ﬂé8&'s<ﬁf0@dbié9‘§9/s%ld the

product is precipitated to yield the corresponding al nmetal salt 15
I'n an enbodi ment of thecgpeseas bnyeotexy), is a process for preparing the
magnesi um sal ts of a conpound of fornula (1), conpr|5|ng a.) reacting the
coppound of fornela (FYNVERM enabh Fhighics wathehalidesxi de; under anhydr ous
conditions; and b.) precipitating the product. Mre particularly, the
conpound of formla (I') is reacted with a magnesi um | ower al koxi de, under
anhydrous 25 conﬂétpb@sentniamentgeniEssdhyeatedaﬁd hbeepr pdltt bs§ a
precipitated to yi ?fondlngfnagne5|un1salt I n_one enbodinent

| d
of the |nve%WWBﬂu?§ af s ﬂFﬂ %Bﬁﬁ%ﬁndHBVeioFﬁﬁFaf?¥Ts of a

Preferably, c4hsosedi oM §@:J:r§1u§9 otat henSQQPOHP?sQQlfLQﬁQ'Ukér{nE) ofStResal t
wherein a sodi'um cation displaces one of the hydrogen atons of t he

st f amat e ofodiencanpopddassifior salhs (PF. the compound of formula

(Ia) ; and processes for the preparation of salts of a
compound of formula (I). Particularly, the novel salts of
a compound of formula (I) are alkali metals or magnesium
salts, wherein an alkali metal or magnesium cation

15 displaces at least one hydrogen atom, preferably one
hydrogen atom, on the sulfamate portion of the compound of
formula (I). More particularly, the salts are sodium,
potassium, lithium and magnesium salts of a compound of
formula (I), wherein a sodium, potassium, lithium or

20 magnesium cation displaces at least one hydrogen atom,
preferably one hydrogen atom, on the sulfamate portion of

the compound of formula (I).

In a preferred embodiment of the present invention,
25 the compound of formula (I) is the compound of formula

(Ia).

In an embodiment of the present invention, is a
process for preparing the alkali metal salts of a compound
30 of formula (I), comprising
a.) reacting the compound of formula (I) with an

alkali metal hydride, an alkali metal hydroxide, an alkali



WO 03/ 006467 PCT/ US02/ 21016 Preferably, the sodiumsalt of the conpound of
formula (1) is a sodiumsalt of topiramate, the conpound of formula (la).
Pr ef er ablwp oslhaes46Ddi um salt of topiranmate is a 5 conpounacafushoerwm a (1)
HBC OO HBCOONH Na° O-~-CH3 H3C (Il) wherein a sodium cation

di spl aces one of the hydrogen atons of the sulfamateé of the conpound of
formula (la). 10 In a further enbodi nent of the present invention is a
process formgrzbaldwngrthekevtdeam salalbhla vempbuadide, 6ornhl ahel),
preferably tpopiramate,.a.co und of. formul a | a onprisjing a.) reacting
t he conpouﬁaﬂg?{¥oW%E?% %?)fg??ﬁu@oﬁ%5%¥3%£ﬁYﬁin&?tgogﬁuﬁikygroxide,

sodi um | owerighkex} dgn@r sodium ami de; in an organic solvent; or
alternatively when the conpound of forrmula (1) is reacted with sodium
hydr oxi de or sodPuln | BHREial kdkide FReaprodlebhol ; and 20 b.) precipitating
the product. Mre particularly, the conpound of formula (1) is reacted

wi th sodi um hydri de, under anhydrous conditions, in an inert organic
sol vent such as M¢¥e ELRDjictbéuene, the28cbpdyhdmefhybrether ({MIBE), and the

i ke, preferabl HF;, . and the product._i reci pitated. ternatively, the
conpound of MR taR aviry ve ¢ LeaPLortht eBar SR hyaRes, ARV RO b gani ¢
sol vent sucloi@eidi®ns; 18rSwi¥h 034 096KEY 1 Red L WB0R{d1Q:16de Et 80, wMIBEan et hyl

acet ate, isqfrqul acetate, nethanol
alkali metal lower alkoxide, preferably under anhydrous

10 conditionsg; or with an alkali metal amide, under anhydrous
condiﬁions; in an organic solvent; or when the alkali
metal is lithium altermatively with an alkyl lithium,
under anhydrous conditions; and the product is
precipitated to yield the corresponding alkali metal salt.

15

In an embodiment of the present invention, is a
process for preparing the magnesium salts of a compound of
formula (I), comprising

a.) reacting the compound of formula (I) with a

20 magnesium lower alkoxide; under anhydrous conditions; and

b.) precipitating the product.

More particularly, the compound of formula (I) is
reacted with a magnesium lower alkoxide, under anhydrous
25 conditions; in an organic solvent; and the product is

precipitated to yield the corresponding magnesium salt.

In one embodiment of the invention is a sodium salt
of a compound of formula (I). Preferably, the sodium salt
30 of the compound of formula (I) is a salt wherein a sodium
cation displaces one of the hydrogen atoms of the

sulfamate of the compound of formula (I).



ethanol, and the like; or in a mxture of organic solvents such as

nmet hanol / et hyl acetate, nethanol/isopropyl acetate, ethanol/ethyl acetate,
et hanol / iwopsomab7 acetate, 5 and the |ike; and the productCraspr/zwipit at ed.
Alternatively still, the conmpound of fornmula (I) is reacted with a sodium
1 ower al koxi de such as sodi um net hoxi de, sodi um et hoxi de, sodi um
propoxi de, sodiumt- butoxide, and the |like; preferably sodi um net hoxi de,
10 preferably ungeefanaglyousheonddivvonsaltnoéntbeganinpousdl 9€nt such as
THF, Et 20, BE, . eth acet ate..i sopropyl cetate, nethanol, ethanol, and
(e 1ike. oroFa il (PE R or g Eorbone PSRt R Bacfot hRoPPEPRYRdacet at e,
met hanol / i sepr ppyhudsetate, et hanol/ethyl acetate, is ethanol/isopropyl
acetate, and the like, preferably in a mxture of methanol/isopropyl
acetate; and t hePpebatiRPlYs CheeePpivat edlt APfeFABRLFIBRYSSEFIR, the
cogpound of ) £l a W th sodi um am de, under anhydrous
coﬁgitions,c%ﬁﬁgg%&aéfoFggﬂP%gsg¥§gnt such as THF, Et20, and the like; and
the product is precipitaﬁe@. T0R.,. S salt @roduct may be precipitated
with an anti-sol vent such®asMexahe, p&nt ane, Yhephane, 25 cycl ohexane, and
the like, preferably hexape,.preferably ~#N\a _r8duced tenperature in the
range of about 25 to abou 3C—20@w ANtet NMA y,ﬁ@?egggdiun1salt pr oduct
may be precipitated by evaporation ok thg sol vent. The sodi um sal t
product may be crystallized or recrygkaZfLé froman organi c sol vent such
as ethyl acetate, nethyl acetate, isqpropy cetate, and the like, 11 WO
03/ 006467 PCT/ US02/ 21016 or froma ni%ure of an alhol and an organic
solvent such as ﬂethanol/eta%lmace%ate,dnet anol/isoprgp%% ﬁcéetate,

et hanol /i sopr opyf "acetat 8, S8t hahof et Ay “ 3Rt 8rar e and " t He®| FkeroIen

preferably ftomsedbhythacetdafém@te of the compound of formula (Ia).

10 In a further embodiment of the present invention is a
process for preparing the sodium salt of a compound of
formula (I), preferably topiramate, a compound of formula
(Ia), comprising
a.) reacting the compound of formula (I) with sodium

15 hydride, sodium hydroxide, sodium lower alkoxide or

sodium amide; in an organic solvent; or alternatively
when the compound of formula (I) is reacted with
gsodium hydroxide or sodium lower alkoxide in an
alcohol; and

20 b.) precipitating the product.

More particularly, the compound of formula (I) is
reacted with sodium hydride, under anhydrous conditions,
in an inert organic solvent such as THF, Et,0, toluene, t-
25 butyl methyl ether (MTBE), and the like, preferably THF;
and the product is precipitated.
Alternatively, the compound of formula (I) is reacted

with sodium hydroxide, in an organic solvent such as THF,

10



5 i sopropyl acetate; optionally heating to fully dissolve the solid;
addi ng water, preferably in an anobunt equal to or greater than about 2
equi val erwe,03/00q467 pref erably in an anount equal to about PBTHISeyioval ent s,
nost preferably in an anpbunt equal to about 3 equivalents; and cooling. 10
Alternatively, the sodiumsalt product may be <crystallized or
recrystallized froman organic solvent such as ethyl acetate, nethyl

acetate, isopOpHTBioetaty/l agriatR |I%kPropy rameiaahe xtioeeharohn al cohol

and an OFgétE‘h&néf! VERE EH&hlﬁﬁeﬁeg??‘Eﬂ' é%@%ku%%?t Srgdfic splyent
met hanol /i sopropyl " acetate, ethanol/isopropyl acetate, et hanol /&t yF
acet ate, ansitheasikethpnel getbh)yy dcetmeehyhethasbayézopyobgating to fully

di ssolve the solid and the cool ing. 20 I n apother,  enbodi nent of the
ventlon 1€o3t8ht noat o L4rERSt D8ebahsunaEBRnpLl hEPReOPYL Preteran! y,

the potassimn gigdt 9ket hengorpoupdoglictor BUbaetlpitaragsalt wherein a
pot assi um cation di spl aces one hydrogen atom of he sul famate of the
conpound of forrdiernyteebreseribl ytheneoporundi am Sarmudh t(Ae déenpound

of formul 1), IS a.potassiymsa of topiranat he . compound of fornula
Clay Ohrof arsaetd GiBBLASSLUTLA% bulk LORRIAAR: Buchiits SORANT O
formul a (| apethsxbddepnpodidmnoéthoxitieéa &bllipm p2oPOx03E008467um t-

PCT/ US02/ 21016 H3C O OH3C Ow. 1:: .111 p~+ ONH K O-~-CH3 H3C (I11)
wherein a potER%tdm catfohl @i $pkaceBTBABIAVAY 0§BA 1B BAFBP*LAE sul famat e of
the conpound, Of £ 05Tl @ndR) anByhPods’ HHEASE 1 8AROME eRL ggggggcpresent
invention i's a process for preparing the potassiumsalt of a conpound of
solvent such as THF, Et,0, MTIBE, ethyl acetate, isopropyl
acetate, methanol, ethanol, and the like, or in a mixture
organic sgolventg such as methanol/ethyl acetate,
methanol/isopropyl acetate, ethanol/ethyl acetate,

15 ethanol/isopropyl acetate, and the like, preferably in a
mixture of methanol/isopropyl acetate; and the product is
precipitated.

Alternatively still, the compound of formula (I) is
reacted with sodium amide, under anhydrous conditions, in

20 an organic solvent such as THF, Et,0, and the like; and the

product is precipitated.

The sodium salt product may be precipitated with an
anti-solvent such as hexane, pentane, heptane,
25 cyclohexane, and the like, preferably hexane, preferably

at a reduced temperature in the range of about 25 to about

-20°C. Alternatively, the sodium salt product may be

precipitated by evaporation of the solvent.
30 The sodium salt product may be crystallized or

recrystallized from an organic solvent such as ethyl

acetate, methyl acetate, isopropyl acetate, and the like,

11



formula (1), preferably topiramate, a conpound of fornmula (la), conprising
a.) reacting the conpound of fornmula (I) with potassium 10 hydri de,

pot assi urwbydiesdbtle, potassi um | ower al koxi de or potassi BETASOAZL016 N an
organi c solvent or alternatively when the conpound of formula (I) is
Teacted with potassi um hydroxi de or potassium | ower al koxide, in an

al cohol; and 15 b.) precipitating the product. Mre particularly, the
conpound of ¥ of fieit a2 (P xEerer ehceBdahfPRoporBY spONPKYERLBeSOUMEBBE anhydr ous
condi tions, i &, angi t j o] uc J MI'BE

t ol uene, an%h?%e ?i@%? %@é?ggg Y; %ﬁﬁ?ggﬁa ?ﬁgﬁagggéﬁgég?gpggecipitated.

Al t er nat i vehgtetdiee coapbandl pi sbprovya &tteser eathedolviethypot assi um
hydroxi de, in_an organi ¢ solvent such as THF, _Et 20, E, ethyl acetate,

i sopr opyl d%%?%ﬁ%?eQSaﬂétﬁgﬁof}ﬁﬁthBﬁ%g?raﬁgbtﬁEOWiEEggEraFﬁta¥ﬁiQFure of
organi ¢ sol vesbsosyithaasc et hapgtiehhylvasehatl gqg tB'EEﬂ@'J!?' 6l sgpioBy!
acetate, ethanol/ethyl acetate, 13 WO 03/006467 PCT/US027 21016

et hanol / i soprepydlidet addinandaths, | pkefeppblyr anl §ni amguntakavhél tsuch as
et hanol ; and t r odu is_precipitated. -Alternativel il t he conmpound
of formula )gﬁ%gtggag%%% %ﬁ?ﬁgagpégggg?ﬁﬁ?ﬁgﬁeggg?k8¥?§érgé% as

pot assi um &moetthoxide]l potassutnsethexideal patassnustppepoxirdBlypohassi um
t-butoxide, and the like,_ preferably potassium ethoxide; preferably under
anhydrous cOMAPEPORE, SFR2ANECoPPARF c3 sBAVENEL8BER a@NFHROCEE DG, MTBE,

mgg hanol , ethanod; to2Rde 1 H&1 {1 KEhe OkolMuf ELIEU?EOQECQrQQQiBeSO|Vents such
as 10 net hanol /et hyl acetate, nethanol/isopropyl acetate,” ethanol/ethyl

acetate, eté¢raynotdlsopedpyr weermtealdhdedhéroni &, opgeheérabbyventet hanol ;
and the prqgggﬁ ég e9£§figéé€5€g; methyl acetate, isopropyl acetate,
and the like, or from a mixture of an alcohol and an
organic solvent such as methanol/ethyl acetate,
15 methanol/isopropyl acetate, ethanol/isopropyl acetate,

ethanol /ethyl acetate, and the like, preferably from ethyl
acetate; by heating to fully dissolve the solid and then

cooling.
20 In another embodiment of the invention is a potassium
salt of a compound of formula (I). Preferably, the

potassium salt of the compound of formula (I) is a salt
wherein a potassium cation displaces one hydrogen atom of
the sulfamate of the compound of formula (I)

25 Preferably, the potassium salt of the compound of
formula (I) is a potassium salt of topiramate, the
compound of formula (Ia).

Preferably, the potassium salt of topiramate, the

compound of formula (Ia), is a compound of formula (III)

12



Alternatively still, the conmpound of forrmula (I) is 15 reacted with

pot assi um am de, under anhydrous conditions, in an inert organic sol vent
such as TWwb,03806367 and the |ike; and the product is preciPpirtsireioldhe

pot assium salt product may be precipitated with 20 an anti-solvent such as
hexane, pentane, heptane, cyclohexane, and the |ike, preferably hexane,
preferably at a reduced tenperature in the range of about 25 to about
-20C. Alternatively, the pot@ssiQmm. roducty may be precipitated by

evaporation of the sol vent. he |pot a |un1sakt pr oduct may be
crystallized or recrystalli frd wb olvent such as et hyl
acetate, nethyl acetate, i rof a , +ethano| i sopropyl

al cohol, and the like, or froma 30 m ture of or anl solvents such as
met hanol / ethyl acetate, methanol/isof? tetate, ethanol/isopropyl
acetate, ethanol/ethyl actetate, and the!li 3pre any 14 WO 03/ 006467
PCT/ US02/ 21016 froma m xture of ethy 3§cetate/ne noI or ethanol, by

heating to fully Wﬂéféfﬁ n$§€sa #hﬂ nggoﬁogkéﬁ ?égor fﬁ§§¥§gggdlnent of

the invention is a of “a conpoun referably,
t he I|th|unatemj@fothéheubﬁam@uedoﬁftherﬁumgoﬁhd b8 Aosatlawieskin a
lithiumcation displaces one hydrogen atom of the sulfamate of the
conmpound of forrmula (I). Preferably, the lithiumsalt of the conpound of 10

fogmula (1) is aqﬁ'éhfﬁftﬁéiteﬁ%o&@ﬁéﬁ@”@iethéhﬁréQ&HQUﬂﬂveﬁéléﬁrﬂH|é (la).
Preferably, the lithiumsalt of topiramate is conpound of formula (1V)

H3C 0 O | pﬁp$ﬁﬁ;)€p()pr$paang the potassium salt of a compound of
formula (I), preferably topiramate, a compound of formula
(Ia) , comprising
a.) reacting the compound of formula (I) with potassium
10 hydride, potassium hydroxide, potassium lower
alkoxide or potassium amide, in an organic golvent or
alternatively when the compound of formula (I) is
reacted with potassium hydroxide or potassium lower

alkoxide, in an alcohol; and

15 b.) precipitating the product.

More particularly, the compound of formula (I) is
reacted with potassium hydride, under anhydrous
conditions, in an inert organic solvent such as THF, Et,0,

20 MTBE, toluene, and the like, preferably THF; and the
product is precipitated.

Alternatively, the compound of formula (I) is reacted
with potassium hydroxide, in an organic solvent such as
THF, Et,0, MTBE, ethyl acetate, isopropyl acetate,

25 methanol, ethanol, and the like, or in a mixture of
organic solvents such as methanol/ethyl acetate,

methanol /isopropyl acetate, ethanol/ethyl acetate,

13



+ O-~-CH3 H3C (1V) 15 wherein a lithiumcation displaces one hydrogen
atom of the sulfamate of the conpound of forrmula (la). In a further

enbodi merwvO®B/00d1e7 present invention is a process for prepamiusg/etoes | ithi um
salt of a conpound of 20 formula (1), preferably topiramte, a conpound of
formula (la), conprising a.) reacting the conmpound of formula (lI) with
lithium hydride, |ithium hydroxide, lithiumlower al koxide, alkyl lithium
or |ithiumeawl/iscprapghmncetdteemn®@stive hlker naréVergblheint de
conpound of_for a(l) is reacted with lithiumhydroxide or.lithium]|ower
SRES EC R LS L Sl MR T i R e S

03/ 006467 PCT/ USOR{ 240461 vdby esparl j cuhar ympdined conposreuds {oynusa (1) is
reacted with |ithium hydride, under anhydrous conditions, in an inert
organi ¢ sol%RARCRUCH &R THEOtEFSSOUM MIBEST itk SXide $HRle, 2prePerabl Yy THF;

and the prorﬁié#_g; ' recl.pi : atJ : of fornmula

(1) is reacte o}\kmf(%%' %%ﬁ%%%ﬁgd?%lﬁ%%gagi nb%tﬁé%%b%ﬁsgfs %g%tg’such as THF,
Et 20, MIBE,p@tdsydiacet dbetoxsdpr omyd tloet htlee, netdbonibl gt bavetsiand t he
like, or in m xt ure of orgba&ic sol vents .10 such gs met hanopl / et hyl
acetate, met OIS sAPropTT SIREET FMATP R FyrdhthrEfe, 10 a0

et hanol /i sopr oy c asst-dd@: s@d Adderdr Kepe oy efvarmabl wdtiieloantd014s1

conditions, and the product is precipitat ed. Alternativel y still, the
compound ofantdriig al iy, ier 15 3 dabredrad oh @rdanig upel varEs afkelxi @e such
as,lithium gﬁ%%@ I't'g@g hoxi i % hi 0X] ithiumt-
bt oxi de, an e&(j[}iZi ?S%I;lyipr%#erag % Iﬁ% earlmgin{]géd%g}ﬂ(ggw %%ggaté'
ethanol/ethyl acetate, ethanol/isopropyl acetate, and the
like, preferably in ethanol; and the product is
precipitated.
Alternatively still, the compound of formula (I) is
15 reacted with potassium amide, under anhydrous conditions,
in an inert organic solvent such as THF, Et,0, and the

like; and the product is precipitated.

The potassium salt product may be precipitated with
20 an anti-solvent such as hexane, pentane, heptane,
cyclohexane, and the like, preferably hexane, preferably
at a reduced temperature in the range of about 25 to about
-20°C. Alternatively, the potassium salt product may be

precipitated by evaporation of the solvent.

25
The potassium salt product may be crystallized or
recrystallized from an organic solvent such as ethyl
acetate, methyl acetate, isopropyl acetate, methanol,
ethanol, isopropyl alcohol, and the like, or from a
30 mixture of organic solvents such as methanol/ethyl

acetate, methanol/isopropyl actetate, ethanol/isopropyl

acetate, ethanol/ethyl actetate, and the like, preferably

14



conditions, in an organic solvent such as THF, Et20, MIBE, nethanol,
ethanol, and the like, or in a mxture of 20 organic solvents such as

nmet hanol /wohglo@eet at e, et hanol /i sopropyl acetate, ethamolr/tsotiyioi@cet at e,
et hanol /i sopropyl acetate, and the like; and the product is precipitated.
Alternatively still, the conpound of formula (1) is 25 reacted with an

al kyl lithiumsuch as nethyl lithium ethyl lithium n-butyl lithium and
the like, pfederabhyxtnrpucylethyhi anetandémebhbndioas ethdinbilonby in an

inert organic solvent_such ags T Et 20, BE, and the.lLike; and the
product is ?%E%%?tg?eﬁgfgﬁ %ﬁ?%gig?iéé?ysgg? r,aF%eC88%68§nd of fornula
(I') is reacted with lithium am de, under anhydrous conditions, in 16 WO

03/ 006467 PCT/ US02/ 21016 an jnert organic_ solvent such as THF, Et20, and
the like; and the predber esbpdéweprtafebheThEVERERPOMLISaPt 1HFBAUR may be

precipitated, py o5 &@8@8&5{3”09“ £bPGu 9! Yf?t.-?kgféi?gw’? %H’@OQEFE% of the
invention is a nmagnesiu salt of a conpound o ormula“(1). Pre eragly,
the magnessahtsafttbé tbmpoonpoofAdfofmbidamila (k) ai sadtsahtré@nwherein a

magnesi um cati.on di spl aces _one. hydrogen atgm of the sulf te of the
o ound of LR e b S LR e SrG OE kAR ReeP Ut Pr ol hEhe commund of

formila (1)shBraniBONGsi uAk SabipefinbOBET 858kE1 at he) . conpound of fornul a
(la). 15 Preferably, the magnesiumsalt of topiranate is a conpound of

formula (V): HRBEPEROGDOD . tie\ OiCHBuncs@Lt SPExtheBCcomPounNs oRH O +2
10 formula (I) is a lithium salt of topiramate, the compound
of formula (Ia).
Preferably, the lithium salt of topiramate is a

compound of formula (IV)

H3C O//I:, o O
:>< W ¥¥¢O
H,C™ oW N, 0T .
O NH™ Li
O
£

Hs
HaC (V)

15 wherein a lithium cation displaces one hydrogen atom

of the sulfamate of the compound of formula (Ia).

In a further embodiment of the present invention is a
process for preparing the lithium salt of a compound of
20 formula (I), preferably topiramate, a compound of formula
(Ia), comprising
a.) reacting the compound of formula (I) with lithium
hydride, lithium hydroxide, lithium lower alkoxide,
alkyl lithium or lithium amide, in an organic solvent
25 or alternatively when the compound of formula (I) is
reacted with lithium hydroxide or lithium lower
alkoxide, in an alcohol; and

b.) precipitating the product.

15



O-CH3 My H3C O H3C CH3 (V) wherein a magnesi um cation displaces one

hydr ogen

atom of the sulfamate of two nol ecul es of the conpound of

formul a (wWa)os/obaen further enbodi ment of the present i nveRCIrarso2/s10a6
process for preparing a magnesiumsalt of a compound of fornula (1),
preferably topiramate, a conpound of forrmula 25 (la), conprising 17 WD

03/ 006467 PCT/ US02/ 21016 a.)

magnesi um | ower al koxi de; under anhydrous conditions; in an organic

sol vent; and b-)M§%§?#€£?gEhﬂgri e PﬁggﬁggpougdwgfefB?Ehhguu?agifdthe

conpound of fornmu

reacted w magnesi um | ower a

20

reacting the conpound of forrmula (1) with

e, such

as magnesi uneace¢dioni de, 1imaghesi bpdet Goxi dedemagnbgdunut- bohdxtdensand the

i ke, preferablx nqgnesiun1nethox
organi ¢ sol Vent™stit

nmet hanol
as nethanol/ethyl acetate, nethanof/isopropy

i de, under anh ous. 10 conditions,
e Tensaisene Breh aB YRk e B e R $10,

et hanpl ke Angre tBLabi keTHPL hﬂdatHEX%96§u$EtQégﬁﬂ%ﬁi§9F%€?§$
acetat e, e ano e Yy

acetate, ethanolficeprapyretret bhe, camdounhd @6 Fpkeulprdfeér asl yepated
et hanol ; apd.pr eei pl gt g, Lheq product. The, rmonestum.salt produgt,
an- antf-sor as €, heptane,

precipitated wt

ol'vent Suc exane, pentan

in an

MIBE,
such
I

may be
20

cycl ohexanegtand MTBE | idihypreadearabd y hexmresyprafetabd y methanseduced
tenperature in the range of about 25 to about -20C_ Alternatively, t

magnesi um s&FEAPPbduRE

nB)ebeikpr eBF pifat Wi By ESoPENGTERBISOFALVBREE

he
0 a

tgpperat ur egidn 4HenEBREEPJ < BROUL 20ct 9raboyt 208 /ALLELRRL Vel y still,

15

20

25

30

acetate, ethanol/ethyl acetate, ethanol/isopropyl acetate,
and the like; preferably under anhydrous conditions, and
the product is precipitated.

Alternatively still, the compound of formula (I) is
reacted with a lithium lower alkoxide such as lithium
methoxide, lithium ethoxide, lithium propoxide, lithium t-
butoxide, and the like; preferably under anhydrous
conditionsg, in an organic golvent such as THF, Et,0, MTBE,
methanol, ethanol, and the like, or in a mixture of
organic solvents such as methanol/ethyl acetate,
methanol/isopropyl acetate, ethanol/ethyl acetate,
ethanol/isopropyl acetate, and the like; and the product
is precipitated.

Alternatively still, the compound of formula (I) is
reacted with an alkyl lithium such as methyl lithium,
ethyl lithium, n-butyl lithium, and the like, preferably
n-butyl lithium; under anhydrous conditions, in an inert
organic solvent such as THF, Et,0, MTBE, and the like; and
the product is precipitated.

Alternatively still, the compound of formula (I) is

reacted with lithium amide, under anhydrous conditions, in

16



25 the magnesium salt product nmay be precipitated by evaporation of the
sol vent. The present invention further relates to novel «crystalline forns
of the cowpamamabset fornula (11) and the 30 conpound of f @cmisaz/gioid) and
anor phous forns of the conpound of fornula (11), the conmpound of formula
(r1r), 18 WO 03/006467 PCT/ US02/ 21016 the conmpound of formula (1V) and

t he conmpound of formula M In_an enbodiment of the present invention are
novel 5 cr§®tireTheoFSRAEC ofOHienk ofpeinds ofHF or i@ (319  thiorleike;
particul arl 0 nd. F : rphous Form Na4. Anorphous Form
Na4 of the %%ﬁp%%%gg%?g?gFng%gb%$%}p§€%t%§§ be characterized by its

physi cal appearance (foanmy solid) and the absence of narrow peaks in the
XRD (no XRD pattern), Amorphous Form Na4 may, be prepared by reacting the
5 compound of FBRmASERITT Selh SOOTGRE 1JaY R dBECs LA gl o Sorvent
angl preci pidathheathenpsoduet byi1tegating the solution with an
anti-solvent or by evaporating the solvent under reduced pressure. 20
Crystalline Form Nal of the conmpound of forrmula (I1) my be characterized

by its X-ray diffraction patter o i sing.the peaks: Table 1. X-Ray
D v acti on peakt b &arE Codingft Bhor ol by Rt Etct re AR POALT
Intensity ¢AngsdE oi) cddpodn®06f 1806062 100) 0 pPBB20aB1y¥968hd. 2 11. 390
7.7625 1.2 12.065 7.3297 22.4 12.690 6.9701 8.5 _13.530,6.5392 42.3
magnesium salt of the compound of formula (I) is a salt
10 wherein a magnesium cation displaces one hydrogen atom of
the sulfamate of the compound of formula (I).
Preferably, the magnesium salt of the compound of
formula (I) is a magnesium salt of topiramate, the
compound of formula (Ia).

15 Preferably, the magnesium salt of topiramate is a

compound of formula (V):

HyC_ Ol o o) 0 0 WO CH,
>< W /\\840 OQS// ~0 A, >< CH
H.C A\ \ 9) / iy,
0 0 N NH O © °
0 Mg*+? O
%CHS 9 H3C)r
H3C CH3

V)
wherein a magnesium cation displaces one hydrogen
atom of the sulfamate of two molecules of the compound of

20 formula (Ia).

In a further embodiment of the present invention is a
process for preparing a magnesium salt of a compound of
formula (I), preferably topiramate, a compound of formula

25 (Ia), comprising

17



13.655 6.4796 42.3 14.975 5.9113 12.6 16.120 5.4939 4.8 16.900 5.2421
0.9 19 WD 03/006467 PCT/US02/21016 17.510 5.0608 10.9 18.040 4.9133 56.3
18. 420 4.8028/04687 19. 065 4.6514 32.4 20.050 4.4250 8.7 PRO/URY2U10783
13.2 21.160 4.1953 2.7 21.710 4.0903 16.0 22.515 3.9458 17.0 23.600
3.7668 3.7 23.925 3.7164 11.3 24.445 3.6385 32.1 24.985 3.5611 1.7
25.665 3.4682 5.0 26.420 3.3708 7.8 27.315 3.2624 36.8 27.765 3.2105
18.0 28.26®.)3. 1654cting the. 7@BPauNG20£180gmule. (65 R10699a8nEsi8e. 870

2.8943 12.2 31. 5 2.8506 2.4 31.800 2,8117 7.3 2.805 2.7279 8.9
23088 3 Toes 7 BOWsS B18Ss%ads HhadR ainiaebul, dendts BB (B3R5 0 0

Nat of the conpouondanfcfeemikat(l bhd may be further characterized by its
X-ray diffraction
b precipitating the product.

More particularly, the compound of formula (I) is
reacted with a magnesium lower alkoxide, such as magnesium
methoxide, magnesium ethoxide, magnesium-t-butoxide, and
the like, preferably magnesium methoxide, under anhydrous

10 conditions, in an organic solvent such as ethyl acetate,
isopropyl acetate, THF, Et,0, MTBE, methanol, ethanol, and
the like, or in a mixture of organic solvents such as
methanol/ethyl acetate, methanol/isopropyl acetate,
ethanol/ethyl acetate, ethanol/isopropyl acetate, and the

15 like, preferably in methanol; and precipitating the

product.

The magnesium salt product may be precipitated with
an anti-solvent such as hexane, pentane, heptane,
20 cyclohexane, and the like, preferably hexane, preferably

at a reduced temperature in the range of about 25 to about
-20°C. Alternatively, the magnesium salt product may be
precipitated by cooling the solution to a temperature in
the range of about 0 to about -20°C. Alternatively still,

25 the magnesium salt product may be precipitated by

evaporation of the solvent.

The present invention further relates to novel
crystalline forms of the compound of formula (II) and the
30 compound of formula (III) and amorphous forms of the

compound of formula (II), the compound of formula (III),

18



pattern, conprising the major peaks: 5 Table 2: X-Ray Diffraction Peaks, Na
Salt, Form Nal Angle (20) d-spacing Relative Intensity (Angstrom (%
4.500 19.wD®3/044367 0 12. 065 7.3297 22.4 13.530 6.5392 42P8T/UK82/58% 6. 4796
42.3 14.975 5.9113 12.6 17.510 5.0608 10.9 18.040 4.9133 56.3 19.065
4.6514 32.4 20.745 4.2783 13.2 20 WD 03/006467 PCT/US02/21016 21.710
4.0903 16.0 22.515 3.9458 17.0 23.925 3.7164 11.3 24.445 3.6385 32.1

27. 315 3. 262He 36oBpo27d 765 Bo2dQba 1810) 28d28He3cdBpdund. 8f 2O6rWB5a3. 0021
12.9 30.872 g.8943 12.2 34.805 2.5755 18.2 Crystalline Form Nal nay be
prepared ac b ding to the process outlined above, reacting the conpound of
formula (la) wth sodium hydride, sodium hydroxide or sodiumlower 5

al koxi de, in an organic solvent or mxture thereof; optionally evaporating
the solvent to pFec#piewPedinent ppbdtbe; PBABCEEY 4 NHPNE2PAGABE novel

regrystall 'éd;ﬁ'?%éﬁrfxﬁe f’é%&“8f59ﬂ1¥68§>m§8ﬁﬂd?‘éfe?ﬁp¥lnu %E’t(i"I R %gropyl

acet at e, a mxture o rgani ¢ so ven SUC
met hanol / etpytthcel at by Bohanwhl ebhyll Faewt 842; and amorphous Form
Na4.
Amorphous Form Na4 of the compound of formula (II)
10 may be characterized by its physical appearance (foamy

solid) and the absence of narrow peaks in the XRD (no XRD

pattern) .

Amorphous Form Na4 may be prepared by reacting the
15 compound of formula (II) with sodium hydroxide, in an
organic solvent, and precipitating the product by treating
the solution with an anti-solvent or by evaporating the

solvent under reduced pressure.
20 Crystalline Form Nal of the compound of formula (II)
may be characterized by its X-ray diffraction pattern,

comprising the peaks:

Table 1: X-Ray Diffraction Peaks, Na Salt, Form Nal

Angle (°20) q—spacing Relative Intensity
(Angstrom) (%)
4.500 19.6206 100.0
9.020 9.7961 7.2
11.390 7.7625 1.2
12.065 7.3297 22 .4
12.690 6.9701 8.5
13.530 6.5392 42.3
13.655 6.4796 42.3
14 .975 5.9113 12.6
16.120 5.4938 4.8
16.900 5.2421 0.9
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met hanol /i sopropyl acetate, ethanol/isopropyl acetate, preferably

nmet hanol /i sopropyl acetate, optionally heating to fully dissolve the

sol id, amaotobesssatidi ng water, preferably in the anmount edqoalusom2wies great er
t han about 2 15 equivalents, nore preferably in an anount equal to about
3-5 equivalents, nost preferably in an anount equal to about 3
equi val ents, and cooling. Alternatively, crystalline Form Nat nmay be

prepared by subjectihg.amdr phqus fdr.0awE4 to el evated Iud dity 20
conditions. Crystpllimne.beom Ng2 of 4.twe3onpound of forsalza (1) may be
characterized by Jts Xarayodi ffiractiompaitern, conprigipg the pegks: 25
21 WD 03/ 006467 ITUibydbé$UJ.b |a0|4e 65145 Ray L)iT'frAacr—jizorg APeiifAs Na Salt,
16 5403 76" & bap s gstng o o g a SoR Y TRl (e 4 1
9.980 8.8559 2.5 .%q‘745ﬂﬁg' 42 éﬁ 11980 73815 7. 4~ ¥2 375 7 1468 11.1
13. 625 6.4938 71. q 13198805 8034 5% 49587 s05[ 50337 13-3_ 17 090 |4. 9268
15.6 18.460 4.80 14137199, 040 4. 652P900.0 | 19. 840 4% 14 11.4 |21.115
4.2042 29.5 22.515 3.9458 17.0

23.600 3.7668 3.7

23.925 3.7164 11.3

24 .445 3.6385 32.1

24.985 3.5611 1.7

25.665 3.4682 5.0

26.420 3.3708 7.8

27.315 3.2624 36.8

27.765 3.2105 18.0

28.260 3.1554 11.3

29.735 3.0021 12.9

30.065 2.9699 3.7

30.870 2.8943 12.2

31.355 2.8506 2.4

31.800 2.8117 7.3

32.805 2.7279 8.9

33.035 2.7094 7.0

33.640 2.6620 4.8

34.805 2.5755 18.2

Crystalline Form Nal of the compound of formula (II)
may be further characterized by its X-ray diffraction

pattern, comprising the major peaks:

Table 2: X-Ray Diffraction Peaks, Na Salt, Form Nal

Angle (°20) q-spacing Relative Intensity
(Angstrom) (%)
4.500 19.6206 100.0
12.065 7.3297 22 .4
13.530 6.5392 42 .3
13.655 6.4796 42 .3
14.975 5.9113 12.6
17.510 5.0608 10.9
18.040 4.9133 56.3
19.065 4.6514 32.4
20.745 4.2783 13.2
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21.240 4.1797 19.2 22.325 3.9790 12.2 22.835 3.8913 15.8 23.890 3.7217
9.8 25.040 3.5534 17.4 25.665 3.4682 35.7 27.305 3.2635 11.4 28.060
3.1774 7.0 0280860 3.0911 8.6 29.555 3.0200 7.3 30.495 PCIAB02/1D1¢
31.740 2.8169 15.0 32.450 2.7569 7.4 32.980 2.7138 10.1 33.980 2.6362
8.8 OCrystalline Form Na2 of the compound of fornmula (11) may be further
characterized by its X-ray diffraction 5 pattern conprising the najor

peaks:

Tabl e 4: X Ray2bi FlPactilon Pal903Na Sdlt, FormiWa® Angle (20)

d-spacing Relative | neenSiiby (JAngst3r-&58 9% 5.080 17. 3810 89.5 22 WO

03/ 006467 PCT/ USOR2/ 21931692%1. 545 7. 8R81e42. 6 |12.375 7.104688 11.1 13.625
6.4938 71.9 15.2B65 528034553.3 17.36Q%ds 0337 13.3 135090 4.9268(15.6
18. 460 4.8024 14.3 1970495476374 1Q0E,419- 840 4. 47143k A 21115 4. 2042

29.5 21.240 4.1797 1552755 3.2105 18.0
28.260 3.1554 11.3
29.735 3.0021 12.9
30.870 2.8943 12.2
34.805 2.5755 18.2

10

15

20

25

Crystalline Form Nal may be prepared according to the
process outlined above, reacting the compound of formula
(Ia) with sodium hydride, sodium hydroxide or sodium lower
alkoxide, in an organic solvent or mixture thereof;
optionally evaporating the solvent to precipitate the
product; and crystallizing or recrystallizing in an
organic solvent such as ethyl acetate, isopropyl acetate,
and the like or a mixture of organic solvents such as
methanol/ethyl acetate, ethanol/ethyl acetate,
methanol/isopropyl acetate, ethanol/isopropyl acetate,
preferably methanol/isopropyl acetate, optionally heating
to fully dissolve the solid, and then adding water,
preferably in the amount equal to or greater than about 2
equivalents, more preferably in an amount equal to about
3-5 equivalents, most preferably in an amount equal to
about 3 equivalents, and cooling.

Alternatively, crystalline Form Nal may be prepared
by subjecting amorphous form Na4 to elevated humidity

conditions.
Crystalline Form Na2 of the compound of formula (II)

may be characterized by its X-ray diffraction pattern,

comprising the peaks:

21



22.325 3.9790 12.2 22.835 3.8913 15.8 25.040 3.5534 17.4 25.665 3.4682
35.7 27.305 3.2635 11.4 30.495 2.9290 12.2 31.740 2.8169 15.0 32.980

2.7138 10wo o@og@bal | i ne Form Na2 nay be prepared by
crystalline Form Nat from an anhydrous
acet at e,

acet ate, nethyl
et hyl acetate,
crystalline forle
atri-hydrate, wh

5 isop

mﬁthout addi ti on of mater

ropyl acetate,

such as et

recr pemaishz/ziong t he
or gani ¢ sol vent,
and the |ike,
by heating and cooling. The

hyl

preferably

(1), specificall
Kar| - Fi scher neas

TABLE 5: KARL-FI S

Hydrate Form Na
WD 03/ 006467 PCT/

are novel crystal

particularly Form

K3 of the conpoun

appear ance (foany
XRD pattern). 10

w as Seditf,i & '_u ._-.c‘: m Nal is
ereas—the10-—erystatH f-orf he—conpot of rmul a
VARgLm KB20) o| & FoRPRGIPS e SraE ﬁ%ﬁewty
rements of we nh‘AI@/gﬁ\ WP) at listed i%) Table 5 {15
ER 42A#%FS, Na Sall®s 828Pm % Wt er Mead.- 5% Wat er Theor.
13.051382% 13 tril-’/hp@iddte Na2 1.649%9% non- hydrate 23
US02/2102% | n| anotthewooerbodi rent of t ke 7present inpvention
I ne §ogos of f[fhe gompaourd of [Tormula @I.hT), nore
Ki a@dgg@rn1Kz; angl. @ﬂgypnou; Form K3 55 Anorpnous Form
.] UI 1I10f5[4lél d (I i I) 7 [1@87)6 (.,IIJll acter I Lgé] é)y | Lb pll SI Ca|
DUI t U}98%Ilu the au?leg,fS of—rar+ow pcar>73 H—the—XR (no
12.375 7.1468 11.1
13.625 6.4938 71.9
15.255 5.8034 53.3
17.605 5.0337 13.3
17.990 4.9268 15.6
18.460 4.8024 14.3
19.040 4.6574 100.0
19.840 4.4714 11.4
21.115 4.2042 29.5
21.240 4.1797 19.2
22.325 3.9790 12.2
22.835 3.8913 15.8
23.890 3.7217 9.8
25.040 3.5534 17.4
25.665 3.4682 35.7
27.305 3.2635 11.4
28.060 3.1774 7.4
28.860 3.0911 8.6
29.555 3.0200 7.3
30.495 2.9290 12.2
31.740 2.8169 15.0
32.450 2.7569 7.4
32.980 2.7138 10.1
33.980 2.6362 8.8

Crystalline Form Na2 of the compound of formula (II)

may be further characterized by its X-ray diffraction

Table 4:

pattern,

X-Ray Diffraction Peaks,

comprising the major peaks:

Na Salt, Form Na2

Angle (°20)

d-spacing
(Angstrom)

Relative Intensity

(%)

5.080

17.3817

89.5
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Anor phous Form K3 may be prepared by reacting the conpound of forrmula (Ia)
w th potassium hydroxide, in an organic solvent, and precipitating the
product bwoO oaweqaeT ati ng the solvent. 15 Crystalline Form RCTafS02/bm1€onpound
of formula (I11) may be characterized by its X-ray diffraction pattern,
conprising the peaks: 20 Table 6: X-Ray Diffraction Peaks, K Salt, Form Kl
Angl e (20) d-spacing Relative Intensity (Angstrom (o) 4.975 17.7483 100.0

5.830 15.1472 43.13 7189%441. 1893 6756587940 8. 8914 174&.610. 460 8./4505 3.1
11.695 7.5608 4.1 1212/879.2077 4.6 .1228730 6.9483 2.31.43.115 6. 1452 2.7
13.560 6.5248 12.@ I# 12856. 2673 1glaok4 930 |5. 9290 35129 15. 245 5. 8072
27.2 15.835 5.59 T2 5 g 0% 7225_57T§%9§379”_QH_TV)
03/ 006467 PCT/ US 2/21p‘6 0%7 6455 5‘6}3}'2 17915 4.3;7} 1+7+3—18. 420
4.8128 2.8 18. 660—4—+514 19 060-4-65262-0-—19-355"4 5823 4§

17990 49268 15.6

18.460 4.8024 14.3

19.040 4.6574 100.0

19.840 4.4714 11.4

21.115 4.2042 29.5

21.240 4.1797 19.2

22.325 3.9790 12.2

22.835 3.8913 15.8

25.040 3.5534 17.4

25.665 3.4682 35.7

27.305 3.2635 11.4

30.495 2.9290 12.2

31.740 2.8169 15.0

32.980 2.7138 10.1

Crystalline Form Na2 may be prepared by
recrystallizing the crystalline Form Nal from an anhydrous
organic solvent, such as ethyl acetate, methyl acetate,

5 isopropyl acetate, and the like, preferably ethyl acetate,

without addition of water, by heating and cooling.

The crystalline form of the compound of formula (II),
specifically Form Nal is a tri-hydrate, whereas the
10 crystalline form of the compound of formula (II),
specifically Form Na2 is a non-hydrate, as determined by

[}

Karl-Fischer measurements of weight % water, as listed in

Table 5.
15 TABLE 5: KARL-FISCHER VALUES, Na Salts
Form % Water Meas. % Water Theor. Hydrate Form
Nal 13.0-14.2% 13% tri-hydrate
Na2 1.64% 0% non-hydrate
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19.960 4.4448 9.5 20.890 4.2490 50.6 21.510 4.1279 3.0 21.995 4.0379 4.0
23.475 3.7866 15.0 25.210 3.5298 35.6 25.755 3.4563 5.0 26.525 3.3577
6.5 27.2660308882 2.3 27.975 3.1869 5.2 28.605 3.1181 #CZ/USE92H83% 3. 0220
3.9 30.105 2.9661 18.4 30.290 2.9484 14.4 30.760 2.9044 4.7 31.265
2.8586 3.4 31.710 2.8195 4.4 32.630 2.7421 2.0 32.895 2.7206 2.9 33.810
2.6490 4.3 34.165 2.6223 7.2 Crystalline Form Kl of the conpound of
formula (111) nEy @BotherhembodamanteofzeuebyrESsnX-iayedtﬁbnaaréon

pattern, co r| i ng t eaks 5 Table 7; ffr [ eaks, K
Salt, Form :;n ?% E?b?ﬁ EWﬁgoE@Fa?lv8mP8P8ﬁ5|¥yE%fﬂH3 #gﬁf$

4.975 17.74ﬂ§ré0@aﬁt15u§§91§5Féﬁ%2Kﬁ3aﬁd Bo940k8 ;8944 3hobphddso68rh. 5248
12. 4 14.93%35.9290 31.2 15.245 5.8072 27.2 17.915 4.9473 17.3

Amorphous Form K3 of the compound of formula (III)
may be characterized by its physical appearance (foamy
solid) and the absence of narrow peaks in the XRD (no XRD
pattern) .

10

Amorphous Form K3 may be prepared by reacting the
compound of formula (Ia) with potassium hydroxide, in an
organic solvent, and precipitating the product by
evaporating the solvent.

15

Crystalline Form K1 of the compound of formula (III)

may be characterized by its X-ray diffraction pattern,

- comprising the peaks:

20 Table 6: X-Ray Diffraction Peaksgs, K Salt, Form K1
Angle (°20) q-spacing Relative Intensity
(Angstrom) %)
4.975 17.7483 100.0
5.830 15.1472 43.3
7.895 11.1893 6.5
9.940 8.89%14 17.6
10.460 8.4505 3.1
11.695 7.5608 4.1
12.270 7.2077 4.6
12.730 6.9483 2.2
13.115 6.7452 2.7,
13.560 6.5248 12.4
14.120 6.2673 1.1
14.930 5.9290 31.2
15.245 5.8072 27.2
15.835 5.5921 2.2
16.135 5.4888 1.5
17.225 5.1439 3.9
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20. 890 4.2490 50.6 23.475 3.7866 15.0 25 WO 03/006467 PCT/ US02/ 21016
25.210 3.5298 35.6 30.105 2.9661 18.4 30.290 2.9484 14.4 Crystalline Form
K2 of thewoaspound of forrmula (I11) nay be characteri zed POJ/USOF21616 ay
diffraction pattern, conprising the peaks: 5 Table 8: X-Ray Diffraction
Peaks, K Salt, FormK2 Angle (20) d-spacing Relative (Angstrom Intensity
(% 4.430 19.9304 _100.0 4.940 17.8739 8.1 5.785 15.2649 10.2 6.275

14.0739 11.9 7.020 1275649 18.9 758822%1.2749 4.4 9.43D 9.3711 16.4
9.915 8.9138 5.1 | 11. 8459757932 23.%.9123205 7. 2460 6. 17.82. 715 6. 9565 18.1
13.475 6.5658 24.4 13g8W506. 4095 2%. 81284.090 6.2805 1Ip.H 1I4.875|5.9508
17.9 15.220 5.81 8%cg A . i ) 6. 495
5.3698 22.2 16. 92058352, 15 ¢ 17,353,57105629-9 > 0

19.355 4.5823 4.5

15.960 4.4448 9.5

20.890 4.2490 50.6

21.510 4.1279 3.0

21.995 4.0379 4.0

23.475 3.7866 15.0

25.210 3.5298 35.6

25.755 3.4563 5.0

26.525 3.3577 6.5

27.265 3.2682 2.3

27.975 3.1869° 5.2

28.605 3.1181 4.2

29.535 3.0220 3.9

30.105 2.9661 18.4

30.290 2.9484 14.4

30.760 2.95044 4.7

31.265 2.8586 3.4

31.710 2.8195 4.4

32.630 2.7421 2.0

32.895 2.7206 2.9

33.810 2.6490 4.3

34.165 2.6223 7.2

Crystalline Form K1 of the compound of formula (III)
may be further characterized by its X-ray diffraction

pattern, comprising the major peaks:

Table 7: X-Ray Diffraction Peaks, K Salt, Form Kl

Angle (°20) q;spacing Relative Intensity
(Angstrom) (%)
4.975 17.7483 100.0
5.830 - 15.1472 43.3
9.940 8.8914 17.6
13.560 6.5248 12.4
14.930 5.9290 31.2
15.245 5.8072 27 .2
17.915 4.9473 17.3
20.890 4.2490 50.6
23.475 3.7866 15.0
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17.920 4.9459 22.9 18.495 4.7934 19.3 19.150 4.6309 18.7 19.795 4.4815
34.9 20.200 4.3925 50.1 20.780 4.2712 19.3 21.485 4.1326 13.2 21.975
4.0416 9.W0 02206320 3.9799 19.1 22.705 3.9132 18.7 23. 45PC3/UR8931014. 1
24.040 3.6989 22.0 26 WD 03/006467 PCT/US02/ 21016 24.720 3.5986 12.5
25.070 3.5492 13.7 25.555 3.4829 16.2 25.995 3.4249 18.9 26.570 3.3521
10.8 27.240 3.2712 21.1 27.865 3.1992 19.1 28 330 3 1477 14. 7 8. 860
3.0911 12.0 29.285 3R947p014.7 30388898.8934 15.1 3B5965 2.7976|14. 4
32.955 2.7158 9.6 343Q23802.6171 9.8.C6ydtallijne Form KB.@¢f the conpound of
formula (111) rmely beséuzdbher characteuriszed by| its X-ray.di ffractiaon
pattern, conprising the major peaks: 5 Table 9 X-Ray Diffraction Peaks, K

Salt, Form K2 Angle (20) d-spacing Relative (Angstrom Intensity g%
Crystalline Form K2 of the compound of formula (III

may be characterized by its X-ray diffraction pattern,

comprising the peaks:

Table 8: X-Ray Diffraction Peaks, K Salt, Form K2

Angle (°20) q-spacing Relative
(Angstrom) Intensity (%)
4.430 19.9304 100.0 !
4.940 17.8739 8.1
5.785 15.2649 10.2
6.275 14.07395 11.9
7.020 12.5819 18.9
7.835 11.2749 4.4
9.430 9.3711 16.4
9.915 8.9138 5.1
11.345 7.7832 23.5
12.205 7.2460 6.7
12.715 6.9565 18.1
13.475 6.5658 24 .4
13.805 6.4095 21.8
14.090 6.2805 15.5
14.875 5.9508 17.9
15.220 5.8167 12.4
15.505 5.7104 18.5
15.770 5.6150 23.8
16.495 5.3698 22.2
16.920 5.2359 15.6
17.355 5.1056 29.9
17.920 4.,9459 22.9
18.495 4.7934 19.3
19.150 4.6309 18.7
19.795 4.4815 34.9
20.200 4.,3925 50.1
20.780 4.2712 19.3
21.485 4.1326 13.2
21.975 4.0416 9.9
22.320 3.979% 18.1
22.705 3.9132 18.7
23.455 3.7898 11.1
24.040 3.6989 22.0
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4.430 19.9304 100.0 5.785 15.2649 10.2 6.275 14.0739 11.9 7.020 12.5819
18.9 9.430 9.3711 16.4 11.345 7.7932 23.5 12.715 6.9565 18.1 13.475

6. 5658 24W0 030B4805 6. 4095 21.8 14.090 6.2805 15.5 14. SPETAISOSO®147. 9
15. 220 5.8167 12.4 15.505 5.7104 18.5 15.770 5.6150 23.8 16.495 5. 3698
22.2 16.920 5.2359 15.6 17.355 5.1056 29.9 17.920 4.9459 22.9 18.495

4.7934 19.3 19.1

0 4 6309 18 7

19. 795 4. 4815

34.9 20.200 4.3

WO 03/ 006467 PCT/
4.0416 9.9 22.32
24.040 3.6989 22.
16.2 25.995 3.42

25 50.1 27

US02221028 20. 78034528 19.83 21.48%-%.1326 13.2 21.975
0 3.9%99709. 1| 22. A0%43220132 (18.7 2B34%5 3.7898 11.1
0 24572653.5986 12 .m82265. 070 3.549214327 25. 555 3. 4829
49 1859995 3.4249 18.9

26.570 3.3521 10.8

27.240 3.2712 21.1

27.865 3.1992 19.1

28.330 3.1477 14.7

28.860 3.0911 12.0

29.285 3.0472 14.7

30.880 2.8934 15.1

31.965 2.7976 14.4

32.955 2.7158 9.6

34.235 2.6171 9.6

Crystalline Form K2 of the compound of formula (III)

may be further characterized by its X-ray diffraction

pattern, comprising the major peaks:
5
Table 9: X-Ray Diffraction Peaks, K Salt, Form K2
Angle (°20) Q—spacing Relative
(Angstrom) Intensity (%)
4.430 15.9304 100.0
5.785 15.2649 10.2
6.275 14.0739% 11.9
7.020 12.5819 18.95
9.430 9.3711 16.4
11.345 7.7932 23.5
12.715 6.9565 18.1
13.475 6.5658 24 .4
13.805 6.4095 21.8
14.090 6.2805 15.5
14.875 5.9508 17.9
15.220 5.8167 12.4
15.505 5.7104 18.5
15.770 5.6150 23.8
16.495 5.3698 22.2
16.920 5.2359 15.6
17.355 5.1056 29.9
17.920 4.9459 22.9
18.495 4.7934 19.3
19.150 4.6309 18.7
192.795 4.4815 34.9
20.200 4.3925 50.1
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26.570 3.3521 10.8 27.240 3.2712 21.1 27.865 3.1992 19.1 28.330 3.1477
14.7 28.860 3.0911 12.0 29.285 3.0472 14.7 30.880 2.8934 15.1 31.965
2.7976 14W0 03804855 2. 7158 9.6 34.235 2.6171 9.6 Cryst al lPcmashyern&l and
Form K2 may be prepared by recrystallizing the anmorphous Form K3. More
particularly, crystalline FormKl may be prepared by recrystallizing 5
anor phous Form K3_from an organic solvent or nixture thereof preferably
an ethyl acetate/ethaPelV8ki xture Whér’di?n t hel per cent®n@t hanol {i s greater
than or equal to | aboii.58% by |heati4ng3&%d cool ing. Al3eZnatively,
crystalline Form K1l nay.be5prepared4ayw418 recystalliosziong anor phous Form
K3, crystalline Form&2.9p0 a m xtumre dafer eof ,| from ansorgani ¢ $ol vent such
as ethyl acetate] 1Sopropyl adet arg, ogphanol [ methanpg, yand the i ke, or
froma mxture thereogé gggh as e[némygg§uun yi dbfrgie, ettranol / et hyl
acetate, and the ihc24pggbC|at Y Lé ¢9aytu|| vol—by heat+ng—and cool i ng.
Crystal l i ne Form K2—+gy epar-ed_By__feerystal-H "".4*’ arprphodis For m K3
froman organic s Iun%% 7%p ure ﬁ%%ghf pfprnh-Z';n et hyl

acet at ef net hanol 8 Veb a8y A0aan7 PC13/ 5402 21016 mi xt$ e’ wherei t he
percent nethanol s |28s5bhan about 3-3%2%y heating ah@- 200l i ng.
Alternatively, criystakbiaesForm K2 may2d® prepared bylsrecrystalli zi ng

anor phous Form K3| fropsap7organi c sal.a&el 5 or m xture.ghereof | preferably
an et hyl acet at e/ et hanobso1 xt Ure whereip the percentyef hanol 1I|s greater

t han about 27.865

l
I
15
Xt

3.1992 19.1
28.330 3.1477 14.7
28.860 3.0911 12.0
29.285 3.0472 14.7
30.880 2.8934 15.1
31.965 2.7976 14.4
32.955 2.7158 9.6
34.235 2.6171 9.6

Crystalline Form K1 and Form K2 may be prepared by
recrystallizing the amorphous Form K3. More particularly,
crystalline Form K1 may be prepared by recrystallizing

5 amorphous Form K3 from an organic solvent or mixture
thereof, preferably an ethyl acetate/methanol mixture
wherein the percent methanol is greater than or equal to
about 5%, by heating and cooling.

Alternatively, crystalline Form K1 may be prepared by

10 recrystallizing amorphous Form K3, crystalline Form K2 or
a mixture thereof, from an organic solvent such as ethyl
acetate, isopropyl acetate, ethanol, methanol, and the
like, or from a mixture thereof, such as ethanol/isopropyl
acetate, ethanol/ethyl acetate, and the like, preferably

15 from ethanol, by heating and cooling.

Crystalline Form K2 may be prepared by
recrystallizing amorphous Form K3 from an organic solvent

or mixture thereof, preferably an ethyl acetate/methanol

28



50, by heating the m xture to evaporate excess nethanol, as neasured by an
increase in boiling tenperature to greater than about 70C and cooling. 10
Crystal | iwe BoodgwKL and Form K2 of the conpound of fornulPaT(Usbt210a6 e

non- hydrates, as determ ned by Karl- Fischer neasurenments of weight %
water, as listed in Table 10. 15 TABLE 10: KARL-FI SCHER VALUES, K SALTS
Form % Water Meas. % Water Theor. Hydrate Form K1 0.16% 0% non-hydrate K2
1. 09% 0% nonidydratehdne another penbedi meathahol hes ptesenthanvehoiion i s an
anmor phous formof the conpound of formula (IV), nore 20 particularly Form
Lii. Anor ph%tls %rlﬁﬁﬁin%fa?‘ﬂec%%%%%nd of formula (1V) may be
characterized byaltsSridysi&n), appRsF ANCend foam K30hd¢)bangréberabpsepce of
narrow peaks in the XRD (no XRD 25 pattern%. Anor phous Form Lit may be
prepared byrP@aEEFagl i pENT coRpERRAUDf FPBRNKP af TPR) ani PRORRL A Bpd Vi9dE oxi de
in.an organ t L th i thi i i 3/ 006467
PCH Uso2! 3100 a2 areim: sEr v Piter ey e ot i D AP L EEE me Pl

preci pit at i mbxtiree priostoein byheviapoecant one ofiasol veat gréacyet thant hleout

enbodi ment of t Yeml{l)resent invention is_ 5 an am)r%hous formof the conpound

h
of formula I PhorePtHBd ¢ PRI BHFYUESr WP MY2PARBF phetise®er Re MRt - t he

conpound ofs & ofml@r-dY)bPBin DEcpbALACILThLHi Y timpPPysheal cgroperties
(foamy solid) 10 and by the absence of narrow peaks in the XRD (no XRD

pattern). Amospthenstiaonnabit my°derpt eparleichdly reacting the
10
Crystalline Form Kl and Form K2 of the compound of
formula (III) are non-hydrates, as determined by Karl- .

Fischer measurements of weight % water, as listed in Table

10.
15
TABLE 10: KARL-FISCHER VALUES, K SALTS
Form % Water Meas. % Water Theor. Hydrate Form
K1 0.16% 0% non-hydrate
K2 1.09% 0% non-hydrate

In another embodiment of the present invention is an
amorphous form of the compound of formula (IV), more

20 particularly Form Lil.

Amorphous Form Lil of the compound of formula (IV)
may be characterized by its physical appearance (foamy
solid) and the absence of narrow peaks in the XRD (no XRD

25 pattern) .
Amorphous Form Lil may be prepared by reacting the

compound of formula (Ia) with lithium hydroxide in an

organic solvent or with an alkyl lithium in an inert
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conpound of forrmula (la) with a nmagnesium | ower al koxide, 15 in an organic
sol vent, and precipitating the product with an anti-solvent or by

evapor at iwgQ osloes4sDl vent under reduced pressure. As used [reraisn22mne term
"subject” shall refer to an 20 animal, preferably a manmal, nore
preferably a human, who 1is the object of treatnent, observation of
experinment. As used herein, the term"therapeutically effective anount”,
means that @FERmtC ofOHCENYcurdEpouRdydrors phadirnsensi cahdagent t hat
elicits the biological or,. nmedicinal respon iph.a tiss S em animal or
human thaizp%%ﬁ%éghéﬁg%ggﬁ?e raa?%%égfc g?ﬁgg% é??n%?i%%}véééfcal doct or
or other clinician, which includes alleviation of the synptons of the

di sease or disorder being treated. 30 The salts of the instant invention

may be adni ni st eFBdYSE PAOSHBF cRTOPAIAERE PheFRBf PAESERy 4BYSBELPBVEF such
that 30 \A%@%@@Pﬁlggugcﬁ%%f 2&1946@&119811&8‘3%9%!;&8&@? apeut j.gakly

effective. Optinmal dosages to be adm nistere e readily deternined by
t hose skil lpgriictherbytfomamdiadl| vary with the particular salt used, the

node of adm nistration, the strength of the 5 preparation, and the

advancenent of the disease condition. |In addition, factors associated with
the particular RabigRbudersemtmeat 66, thackudppanpabienbragea WO) ghky di et
and time of administration, will result in the need to adjust dosages. 10

The presentPd rikata @b T LEehrY ptiovi Hegshcabt hoarertiesedfPAgyepPlégdy in a
subject in 0 i o} .SES LNk SterLn n f e salts as
dggined hef%?%db$2@%§t %%%%g%t?gaﬁ?%féﬁfggggéeigngﬁﬁtgRéré?grggﬁy, for 15
treati ng epadepsyn) the salts are admnistered in a dosage range of about
10 to 650 ng/daily, nore preferably in the
Amorphous Form Mgl may be prepared by reacting the
compound of formula (Ia) with a magnesium lower alkoxide,
15 in an organic solvent, and precipitating the product with

an anti-solvent or by evaporating the solvent under

reduced pressure.

As uged herein, the term “subject” shall refer to an
20 animal, preferably a mammal, more preferably a human, who

is the object of treatment, observation of experiment.

As used herein, the term “therapeutically effective
amount”, means that amount of active compound or
25 pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or human 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 treated.
30
The salts of the instant invention may be administered

to a subject in need thereof at any dosage level such that
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range of about 16 to 325 ng/once or twice daily. The salts of the instant
i nvention may be 20 adm ni stered by any suitable nethod, as woul d be
apparent wom3ooaeskilled in the art. Mre particularly, tRreTasbt/sioiof the
conpound of forrmula (I) rmay be adm nistered by any parenteral nethod
including, but not limted to, via oral pul nonary, intraperitoneal (1p),
intramuscular (inm, 25 intravenous (iVv subcut aneous (sc), transdermal,

buccal , nas3®, 3BT nifuat e?ﬁﬂﬂ%ﬁlc%k%ﬁe%fQ%QEMX§g|nQP LBgLedospges
admi ni st ratign,e %ﬁm d%ea e, apRouRd 10f JRlal k! ijyems al so be

adm nistered dir to the nervous syste V|a intracerebra
intraventri @]ﬂihl¢d3ﬁmm¢ m,emmi/em]ﬂ: o wiitit rtheh@aat;cuharash$ter nal ,

i ntraspi nal an /. _or i r.out es .of adm ni tratl , {th or without
punp devi cedSSF¢ T | e r%jg ‘f‘v On'3% S33F00E Re PEPERPUSO2/ 21016
tost hose skbiégshraihdhe aid dhRtaBhdIER0LHT LedUeReKrast cadakpishration
that provides the desired therapeutic effect is suitable for use in the

i nst ant |nveﬁ@|@@dlEﬂqﬁyFﬁ%ﬁﬁ9¥$t&ﬁ?%ﬁ%ﬁ%ﬁkéGﬁ@bémec@ﬁﬁﬁépﬂﬂéﬁs of the
present invention, 6%$$é25£%§§%&ﬁ h@f%%ﬁ]%f deseribede tar

intimately nlxed W arnmece cdarrier ac ofdlng o conventlona
techniques,amﬂlttmecmﬁra&mln&atﬂaﬂ«bnz\Mﬂﬂi varsudtcy iaf ther meedependi ng on
the 10 form of preparation desired for adnm nistration, e.g., oral, by
suppositoryaéh % rented¥et - In preparing the conpositions in oral dosage
feym any of the usual pharnmaceutical nedia may be enpl oyed. Thus, for
liquid oral preparations, such as, for exanple, suspensions, 15 elixers
and sol utions, sﬂh@abréséatri@V@néh@naﬁdrtheésprbﬁéﬁaseawmﬁéhodgbﬁcoIs

o!lsZ al co §%g%t rﬁfg a en%s Sggiﬁg g%lﬁgedcghorln agents and the
i ke; for sO pre% |ons su for examnpl e, "powdérs, capsul es
and tabl etcsomprnii;abl edmﬁiseesiﬁgdaﬁgldbfl vﬁs Eattydesstiarehed, herein
in a therapeutically effective amount. Preferably, for
15 treating epilepsy, the salts are administered in a dosage
range of about 10 to 650 mg/daily, more preferably in the

range of about 16 to 325 mg/once or twice daily.

The salts of the instant invention may be

20 administered by any suitable method, as would be apparent
to one skilled in the art. More particularly, the salts
of the compound of formula (I) may be administered by any
parenteral method including, but not limited to, via oral,
pulmonary, intraperitoneal (ip), intramuscular (im),

25 intravenous (iv), subcutaneous (sc), transdermal, buccal,
nasal, sublingual, ocular, rectal and vaginal routes of
administration. The salts of the compound of formula (I)
may also be administered directly to the nervous system
via intracerebral, intraventricular,

30 intracerebroventricular, intrathecal, intracisternal,
intraspinal and / or peri-spinal routes of administration,

with or without pump devices. It will be readily apparent
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20 sugars, diluents, granul ating agents, |ubricants, binders,
disintegrating agents and the |ike. Because of their ease of

admi ni st reDioange4bBbl et s and capsul es represent the nost a&drarshagwous or al
dosage unit form in which case solid pharmaceutical carriers are
obviously enpl oyed. If 25 desired, tablets may be sugar coated or enteric
coated by standard techniques. Suppositories may be prepared, in which
cocoa butteuocbm¢@eb@kubbdda$natharaiérthﬁbranpadeﬂeeoalEreqhencgrofer wil |

usual ly co ise sterile ter, tho of her in dients, for exanple, for
bur posks ST S5 g SO R TESo0: Chor s Llef LEPERoeB) o bo

i ncluded. lgfectabl & suspPepBe ORSr MBYeal 80the PhePanedi hlen82oMO 03/ 006467
PCT/ US02/ 21016 which case, appropriate liquid carriers, suspending agents

and the |like may be enpl oyed. The pharnaceutical conpositions herein wll

contain, 5 per [ty p niection,
te%spoonful su5%%3??%?§P%ndh§H%h?rﬁggégé%%ggbgg%gaﬁg?ygﬁéb%%tt@%

active |ngrgxﬁs§mt heefiol bow dige exanpbes deéschée bealhe dasenibed in 10
greater detail and are intended to_illustrate the invention,_ but not to

limt it. BXORBHE are phrbiesd bRt Baf¢miXedr W k2 asp%ﬁwaﬁﬁ‘f—éci%ss 6 Ng) was

di ssol ved i@y THE A % OcHhding THE SOhUELOD-MAS QQéﬁﬁf &8, aphieg bath. To the
solution was then added 1N?pota35|un1butOX|de in E (2.5 nl) dropw se.

The sol uti orpweEestMay edhkora 30iae nvaniepy eef pf@Jam@ @aseﬂ@m@donmbe

preC|p|tate Vas filtered and 20 ace ac gven at 34C, to yield
t he potaSS|d%¥ sa.tpg%p?%rn1%5 daslﬁesoior aé&%ﬁb%%? £ ?%tass?uh18alt -

Form K2 25 J]Qplj’aﬁ@t@uléﬁoé)ﬂﬂarg ok. ParsmbtYaas ThSsoéy&ding the
compositions in oral dosage form, any of the usual
pharmaceutical media may be employed. Thus, for liquid
oral preparations, such as, for example, suspensions,

15 elixers and solutions, suitable carriers and additives
include water, glycols, oils, alcohols, flavoring agents,
preservative, coloring agents and the like; for solid oral
preparations such as, for example, powders, capsules and
tablets, suitable carriers and additives include starches,

20 sugars, diluents, granulating agents, lubricants, binders,
disgintegrating agents and the like. Because of their ease
of administration, tablets and capsules represent the most
advantageous oral dosage unit form, in which case solid
pharmaceutical carriers are obviously employed. If

25 desired, tablets may be sugar coated or enteric coated by
standard technigques. Suppositories may be prepared, in
which cocoa butter could be used as a carrier. For
parenterals, the carrier will usually comprise sterile
water, though other ingredients, for example, for purposes

30 guch as aiding solubility or for preservation, may be

included. Injectable suspensions may also be prepared in
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di ethyl ether (20 nL). The solution was chilled in an ice water bath under
N2. 1M potassiumtert-butoxide in THE ('2.95 nmL, 2.95 mmol) was the added
dr opwi se WO oBleas46s0l uti on. The solution was stirred for 3@cCmusozadia 30
precipitate was fornmed. The precipitate was filtered under N2, washed with
addi tional diethyl ether and dried 33 WO 03/006467 PCT/US02/21016 in a
vacuum oven at anbient tenperature to yield the potassiumsalt product as
Form K2, aswlaiohictasspl appr&XAMPLE BiguiPdt assiriierSal suspEodimé3adeptsamat e
(0.7512 g) wa(i1 %stgl]‘éed in tol uene }%15 mL). Potassi um hydroxi de (0.1440
g) was added Andt hetkSoraYiBn WHRISYFfred at 360 rpm A Dean Stark trap
was attached and the hot plate tenperature increased until the 10 tol uene
was a rapid reflux (at about 1850{. The solution was maintained at reflux
for 24 hours. ThEnedpgrwacersical | edmEosbtEens Beoaiy, wihéncenteéned. The
repai ni ng \ S ved by -eva i on j ter. h__set at
500 Sol (e ene e oy PR nes 7 alit Rral; Dabrued 10 EeReoho dihesre” 2
m.). To thetsatpbonbulpsstess hdded ahéxanesl {8, nEyomr &oliti ng to t he
formation of, a precipitate. The precipitate was collected by vacuum
filtration 3" neh@d i oh 3Fet V| 1RPReFIERB- 1), to yield the potassium
salt as Form K3, as a solid. The solid was 20 stored over P205. EXAMPLE 4
Sodi um Salt - Form Nal Sodium hydride (71.1 ng) (60% di spersion in m neral
25 0il) was rinsBee 3fol hewingtéxpuptanedandripeethanteveNRiforin30 min. A

[ f ' 00 di | ved.i ] dded
7 bpwi Sc. AT SRUTL| BRGSOV BFC ob ICEAOT Pahc b1 T405°RGY PRETHE (2 nl) vas

t hen added.irffent Sehptihen was SbiIigdci ftan i ce water bath under N2

EXAMPLE 1

Potassium Salt - Form K2

15 Topiramate (853.6 mg) was dissolved in THF (2.5 mL).
The solution was chilled in an ice bath. To the solution
was then added 1M potassium butoxide in THF (2.5 mL)
dropwise. The solution was stirred for 30 min. A
precipitate was formed. The precipitate was filtered and
20 placed in a vacuum oven at 34°C, to yield the potassium

salt as Form K2, as a solid.

EXAMPLE 2

Potassium Salt - Form K2

25 Topiramate (1.0007 g, 2.95 mmol) was dissolved in
diethyl ether (20 mL). The solution was chilled in an
ice water bath under N;. 1M potassium tert-butoxide in THF
(2.95 mL, 2.95 mmol) was the added dropwise to the
solution. The solution was stirred for 30 min and a

30 precipitate was formed. The precipitate was filtered

under N2, washed with additional diethyl ether and dried
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30 overnight. To the solution was added hexane (4 nL) and the solution was
again stirred overnight, resulting in the formation of a cloudy

preci pi t aWwe.030@esol uti on was 34 WO 03/ 006467 PCT/ US02/ 21@té/uspt/ziwed in a
refrigerator and then into a freezer overnight. The solution was renpoved
fromthe freezer and then stirred at anmbient tenperature for about 3
hours. The resulting precipitate was collected by vacuum5 filtration and
air dried tonydevacuhe sodnuatsahbiastFoempekaturasta gokild. tBXAVPLE 5

Sodium Salt_-. Form Na3_ 10 Sodium hydride (0Q,1076 g)_ (60% di rsion in
mneral oi¥Y %%%l?mngﬁﬁtm?fﬂdﬂgéa%ﬁsb?§@ %ﬁ) ﬁﬁdgrwﬁigeTﬁ8§g§per | ayer of
the solution was renoved with a dry pipette. The renaining hexanes were

evaporated by fast evaporation under N2 for about 1 hour. THE (2 nL) was
then added to 15 the sodi um hydri de EXRMPLE 3 the resulting slurry was

cogled in an ice water bath. l.yt.i o Qf. t ORI e (853.8 ng) in THE
(2.5 nm.) was added dropw se potalel alt e 3'de slurry. Hexanes (25
m.) were then adieditamatde (0 XFUReg) ressl diagoilnethenf ovbimakhen (06 a

precipitate._ 20 The precipitate was vacuumfiltered, shed with
addi ti onal e ane%o%gﬁs%% % 5%§ﬂ§?n 3'%%%9uﬁ$oW%ﬁ aégggcﬁn@thﬁbout 1 hr.

The resul tiggnsolod was St xedeti 4h db6t Pyh et RepcfA0sthlk apdpsppicated.
The solution was vacuumfiltered and 25 the precipitate dried in a vacuum

oven at 34Qthacked|andt ke shdt upd shet tempFormiNa3inagseassdl idtiEXBNVPLE 6
Sodi um Sal t_-_ Form Na4 30 Sod'un1£idri$e (507 ng%émgs rinsed 4 tines with
peht ane (10FAYSRRd"2Reh SFPLRHSTOUHr 2 hndRPUE RBOSth eranthe SRBHABN of

topi ramat e %§S5mginﬁgiﬂ$ﬁiééor@fiu%ﬁ§o£h§@ hours. The solution was
allowed to cool slowly, then filtered. The remaining
solvent was removed by roto-evaporation in a water bath
set at 30°C. Solids remaining in the flask were dissolved

15 in ethyl acetate (2 mL). To the solution was then added

hexanes (15 mL), resulting in the formation of a
precipitate. The precipitate was collected by vacuum
filtration and washed with diethyl ether (30 mL), to yield
the potagsgium salt as Form K3, as a solid. The solid was

20 stored over P,0s.

EXAMPLE 4
Sodium Salt -~ Form Nal

Sodium hydride (71.1 mg) (60% dispersion in mineral

25 oil) was rinsed 3 times with pentane and dried under N, for
30 min. A solution of topiramate (500 mg) dissolved in
THF (3 mL) was added dropwise. An additional solution of
topiramate (103 mg) in THF (2 mL) was then added. The
solution was stirred in an ice water bath under N,

30 overnight. To the solution was added hexane (4 mL) and
the solution was again stirred overnight, resulting in the

formation of a cloudy precipitate. The solution was
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35 WD 03/ 006467 PCT/ US02/ 21016 added to the sodium hydride and stirred at
room tenperature. The solution was cooled in a dry ice/isopropyl alcohol
bat h and wben/oeddbpwed to warmto roomtenperature. The s®CHUSON2WaE
filtered through an 5 0.2mnylon filter. The solution was then allowed to
stand under N2 stream overnight, to slowy evaporate the solvent. To the
resi due were added hexanes (15 nmlL). The resulting m xture was soni cated and
t he vessel BldesdstnaacheﬂrﬁgerahdncanﬁrEbépiiatbon 5tepzeduct THE (1 5
m.) was added 10 d t slurry.stirred_at a ? &gg fature an

Sthnd under SKEETO90" dagle” THLUFASH PR BrelPl FAPE GaE FesPrat, By
vacuum fi l ttl&éhoﬁt1ftéaeét3aﬁbﬂ€ﬁt%bﬂpebgﬁéﬂésf65 Bbpuand pbaeed for 6
hours in a vacuum oven at anbient tenperature, ield the sodiumsalt as
Form Na4, 1Bh@srasysfing Hfﬁ@cé@paamsWﬁsgﬁpwegt@dnéy\mvaﬁu&g\ate nortal and

pestle prio n Prep o] f t _Eo 4 20
Tobi ramat e (b 4 5C b Ana TRt ack L 2T i Tl et Ay pBCE A
tenperatureNalheastaeabéﬂdmﬁth 50% aqg NaOH (0.8g, 10 nmol). At the end of
addition, a clear solution was fornmed. The THE was evapor ated under
reduced pressure and the oily residue placed under vacuumto renove any 25
remai ni ng solvent or water. The prodpgimppened as a white foam an

anor phous solid. XRD-analysis confir a hat t he product was anor phous.
EXAMPLE 8 30 Preparation of S piramate (3.39g, 10

1) and 36 w0 BIOBHaEr RETRUSH2 15 §9d'<§§‘%ﬁ15i‘%x'r%%é§1§" 8424 ¢ oom

tenp. The edbhanovasasinsed with hexanes (30 mL) under N,. The upper

layer of the solution was removed with a dry pipétte. The
remaining hexanes were evaporated by fast evaporation
under N, for about 1 hour. THF (2 mL) was then added to
15 the sodium hydride slurry and the resulting slurry was
cooled in an ice water bath. A solution of topiramate
(853.8 mg) in THF (2.5 mL) was added dropwise to the cold
sodium hydride slurry. Hexanes (25 mL) were then added to
the mixture, resulting in the formation of a precipitate.
20 The precipitate was vacuum filtered, washed with
additional hexanes and then placed in a vacuum oven at 34°C
for about 1 hr.
The resulting solid was mixed with diethyl ether (40
mL) and sonicated. The golution was vacuum filtered and
25 the precipitate dried in a vacuum oven at 34°C, to yield

the sodium salt as Form Na3, as a solid.

EXAMPLE 6
Sodium Salt - Form Na4
30 Sodium hydride (507 mg) was rinsed 4 times with
pentane (10 mL) and then allowed to dry under a N, stream.

A solution of topiramate (3.5 g) in THF (10 mL) was then
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evaporated, the residue dissolved in t-butyl nethyl ether (100 nL) and
treated with H2O (- 0.49g), resulting in the formation of a crystalline
solid. Thwodslidemas collected 5 by filtration and air-driPed/us82/9®1é n two

crops). The solid was suspended in ethyl acetate (30 nlL) and heated, | ust
enough to dissolve the solid without | oosing any water. The sol ution was
filtered quickly through a small cotton plug and allowed to stand at room

t enper at ur eadd@e 410 phedeactdiuvmybydrlidzedndustoveedabbutro@® nmin. The solid
was collected by filtratjipon, shed with a small . amunt of ethyl acetate
and air-dri%%mp?%?g?r?m¢@?§§ §§?9912?23951§O%;%QPEE g argparation_of Sodi um
Salt Form Nate Bogbppbpydr b060085%a0n538d 2ReAMRE ) owas suspgefledoin  THE

(100 m.) at room tenperature. Topiramate (6.78g, 20 nnDIL was added
portion-w s€°¢® FREPILIPEAS onThat SphEt PoNetasSof LABdrefoRnraugBapiy cl ear

sobution wag $Qradon Ther 8Pl utigd uBS Libhered BHLAKLY1LALAUER A SiR!
cotton plug "an e was evaporateg under reduced préssuré. e

resi due wasundlssdlly ext renmetdwd raogitat ecd Ml o))y amebpetete fhe)solRfent .
solution was_al ]l owed to_stand at rqo 65 tenperature where the product
started to c??s?%?lF?%lﬂﬂ?,wefﬁeﬁdgﬁg} 8X?ﬂg§n(?5emﬁéth.T?ﬁergﬁPFHlﬁﬁs

col lected byixfhtdrabsoBonyeshed WhihtBestBELBNMRYRLOEBEPYheaCebate and
air-dried. Water (WM% by KF): 13.5% 37 WD 03/ 006467 PCT/ US02/21016

EXAVMPLE 10 Prépee apreonipitIpdtunmpSabrofoem NaTHENd1Nat mB) Teper agaed (13. 56
Srp .ol ) NS L o5ele9 L0, TEGy L120pTLbyl LRSI BIper Ly fen r eated
was for med. saed TiHd@asNevEporat@d,sinderhg ethmeltt ing precipitate was
collected by vacuum filtration, rinsed 3 times with
hexanes (5 mL) and placed for 6 hours in a vacuum oven at
ambient temperature, to yield the sodium salt as Form Na4,
15 as a solid. The sold was lightly ground with agate mortal

and pestle prior to testing.

EXAMPLE 7
Preparation of Sodium Salt Form Na4

20 Topiramate (3.4 g, 10 mmol) was dissolved in THF (40
mL) at room temperature, then treated with 50% ag NaOH
(0.8g, 10 mmol). At the end of addition, a clear solution
was formed. The THF was evaporated under reduced pressure
and the oily residue placed under vacuum to remove any

25 remaining solvent or water. The product formed as a white
foam, an amorphous solid. XRD-analysis confirmed that the

product was amorphous.

EXAMPLE 8

30 Preparation of Sodium Salt Form Nal
Topiramate (3.39g, 10 mmol) in THF (50 mL) was

treated with sodium ethoxide (21wt%, 3.24g, 10 mmol) and
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pressure and the residue was dissolved in ethyl acetate 10 (150 nlL). Water
(about 2 g) was added to the solution wth stirring. The product started
to cryst awbiozeo@et soon after. The m xture was all owed t @CTtiEsNZ2@16 r oom
tenperature for 15 min, then cooled in an ice-bath to about 5C. The
product, as Form Nat, was collected by 15 filtration, washed wth ethyl
acetate and air-dried. Water (Wt % by KF) : 13.58% Recrystallization to
Prepare Forphéaixtusanphe stithedprodoetm(Begp. 7. Zhamethanas waxed 20

wi th ethyl acetate 0 nL) and. heated on t eam bat unt olid

di ssol ved. THEPH3Y %bl‘il}il% oh=Wa% o ls??JrY%ﬁﬁ ghd&ﬁgg?‘l HB%L egt and at
room t enper at ¢l €mr,) dept@eléseédcw@haﬂﬂo zed UigRs @eit enpoid dind he

m xture was further cooled in an ice bath. The solid was 25 col | ected by

f| | tration BpamatiRRedofhi @ hcepseiebihge sebidt e Thaosaljdt Wes aptldaeted to
geld the pggdggtfgtfgﬁ agvﬁf% 1 §49%\n{ﬁb%w§chg g Si s MPLE 11 30
f t Form ium

Prepar ation tassi um Pot as r oXI e (8 0. 66qg, 10
nmol ) was s$oliddvas rsleepe\nmdad(ﬁﬂ atl)lyhtaa:@’omeel(merml.uranﬁogeahed, with 38

WO 03/ 006467 PCT/ Uso02/ 2101 to i ramate éiﬁé g rmg % sol i ds

di ssol ved i HHEE FRWIR nbe 31559 V%oﬁ}%n’f’ %5168’1‘5 d ﬁﬁﬂﬁraméduced
pressure. Thgc&esi dpige WaS1GE 880! ¥ed fDl@éPé!Ji §GetRi¢ {BPough)aandayat er
(0.4g) and allowed to stand. The solution was then cooled in an ice-bath,

a white sol¢eteeysphindiard abmwecrheOs%ta@dv@‘S tobhetempebyturet r athen,

hed w t nggp Lhyl e ir-dried t wt%by
?: 1. 7% h%}%o%é{/g%%y% ie%%(éa ion> %‘%Ff& %12%?%@1 aTlf F%ﬁm go‘f’a@m um
hydrOXIde (ESVhedcdd 32y 0f 1 POratDdb), Wesshed with a small amount of

ethyl acetate and air-dried.

Water (wt% by KF): 14.2%.

15 EXAMPLE 9

Preparation of Sodium Salt Form Nal

Sodium hydride (95%, 0.51g, 20 mmol) was suspended in

THEF (100 mL) at room temperature. Topiramate (6.78g, 20
mmol) was added portion-wise to the suspension. At the

20 end of addition, a nearly clear solution was formed. The
solution was filtered quickly through a small cotton plug
and the THF was evaporated under reduced pressure. The
residue was dissolved in ethyl acetate (50 mL) and water
(1g) . The solution was allowed to stand at room

25 temperature where the product started to crystallize out,
then cooled in an ice-bath. The solid was collected by
filtration, washed with a small amount of ethyl acetate
and air-dried.

Water (wt% by KF): 13.5%.
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di ssolved in H20 (2 nL) at roomtenperature. Topiramate (6.78 g, 20 mmol)
in ethyl acetate (75 nL) was added to 15 the KOH and the m xture stirred at
room t enpwpasio@ét o yield a clear solution. The sol vent wra3/sSoapolI@t ed
under reduced pressure, the residue was re-dissolved in ethyl acetate
{150 nm.) and allowed to stand. The solution was then cooled in an
ice-bath, a white solid crystallized 20 out. The solid was col |l ected by
filtration, washed with ethyl acetate and air-dried. Water (wt % by KF)
0.24% Recrystallization: 25 A sanple of the product (2g, 5.3 mol) was
suspended in ethyl acetate (50 nL) and nethanol (5 nL) and the m xture
heated on a steam bath until the solgxhmbrasaloved. Heating was continued to
evaporate sonme of the nethanol and t he resultlng solutlon was allowed to
stand at room 30 tBrgeasabien gRoSedium cEyEog] 2dapdi Nad g white

solLid, which was et ( by KF)

: (%. 23% 39 v\o%‘%%%%ﬁ%ggpg? u%% %gam@‘%l\}ﬂi[i‘ﬁ ?%E%Pé\.?%?a o)rfﬁ%?‘

Pot assi um S&lL20Fokn Ki rBomaSSmPHKHEHtebuhenldeeéthulW1IHF50%anWNhDHwas 5
e st T9etb T bl B GoA BT B BBt eboforvons
was evapor aygd HHEREd. redwﬁedm@eﬁagrev T%Qrfah_%dr eshdye diggeaived in ethyl

acetate (150 nL) and nethanol (20 e solution was 10 heated to
evapor at e sBﬁéséﬂrﬁhénﬁethanﬁﬁsédhé w@ﬁldmgSO@UﬁdtlWa§t®b§ea¢edat@ rise

from64 to g@g% mﬂpe sohg#gg &aﬂgﬁt Fegreg %oaah ra atB%r%8 %Ethe pr oduct

crystalllze out.’ The so col i on d°Wi t h
et hyl acetaWEthndtﬂrriﬂgLedThéSpwaaabt(mta%tbﬁ KB) cry@t34%ize out

soon after. The mixture was allowed to stand at room

temperature for 15 min, then cooled in an ice-bath to

about 5°C. The product, as Form Nal, was collected by
15 filtration, washed with ethyl acetate and air-dried.

Water (wt% by KF): 13.58%

Recrystallization to Prepare Form Na2:
A sample of the product (3 g, 7.2 mmol) was mixed
20 with ethyl acetate (50 mL) and heated on a steam bath
until the solid dissolved. The hazy solution was hot-
filtered and then allowed to stand at room temperature.
The product crystallized out as a white solid; the mixture
was further cooled in an ice bath. The solid was
25 collected by filtration and rinsed with cold ethyl acetate
(10 mL) then air-dried to yield the product as Form Na2.
Water 1.64 wt% by KF analysis

EXAMPLE 11

30 Preparation of Potassium Salt Form K1

Potassium hydroxide (85%, 0.66g, 10 mmol) was stirred

in ethanol (50 mL) at room temperature together with
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The filtrate was concentrated and allowed to stand at roomtenperature to
yield a second crop. EXAMPLE 14 20 Preparation of Potassium Salt Form K1
and K2 PapDag®da4nT hydroxi de (85% 7.26 g, 110 mmol ) was addedsozation®om
tenperature to a solution of topiramate (39 g, 115 nmmol) in THE (250 nli)
-and net hanol (50 nmL). The reaction mxture was stirred at roomtenperature
for 30 mn, until 25 all of the KOH had dissolved to yield a clear
solution. Thpizehaenst (Aas%egvaplr amed)undad lr edlded ﬁﬁessﬂwedamd the oily
residue (51.2g) was, mxed wth eth acet at e t hanol (15 i)
and then hehf g mbﬂugegfeaxﬁgaﬁﬁﬁ ﬁg YPEsFdaE E@ggﬁt%ﬁ' FEEESF d, then
conpl etely girssalived t @hd0rpkehdeavwekean sgahybidgonn The lyaob@@taﬁewa%oal | owned
to cool to roomtenperature, seeded with a few crystals of K-salt and
left to stafbl) aBnPoBALEENSEr 480r 8aN6y el APYRE. trphétza@dv\o @@ﬁogeletzlon

PCI/ US02/ 21 [ coll b ltra d

aggtate andgégrtgg#egog@éd ?élgﬁFggﬁ1é??hés%ah?gPng%ﬁqgl E&E@ ﬁﬁﬁ

wat er : 0.16&&5.Th@hé|bblaﬁewmascbéaéedeﬁobyeﬂmieramabnofwhhaednwhhanal (bp
rose from 64C ﬁ? 75C and % otal volume was reduced to 300 nL). The

sol uti on wa€Matf oREGULEE StaRGRYat 2FE56ATEeAPEr AtaT &6 about | h, a hard
white solid pregipii-aigdsapg was.bfoken down before filtration. The 10
solid was rinsed with ethyl acetate and air-dried, to yield K2 as a solid.
The solid initially behaved as a hygroscopic naterlal (becane sticky)
before it was air- dried; after dryi re no hygroscopic
properties. Karl-Fischer %w water:=I. EXAMPLE 15 Preparation of
Pot assi um Salt For m K3prx&phnaagioi b§droxadei (15%alt3rd-f, k200 Mol ) was

Potassium hydroxide (85%, 0.1.32 g, 20 mmol) was

dissolved in HyO (2 mL) at room temperature. Topiramate
(6.78 g, 20 mmol) in ethyl acetate (75 mL) was added to

15 the KOH and the mixture stirred at room temperature to
yield a clear solution. The solvent was evaporated under
reduced pressure, the residue was re-dissolved in ethyl
acetate (150 mL) and allowed to stand. The solution was
then cooled in an ice-bath, a white solid crystallized

20 out. The solid was collected by filtration, washed with
ethyl acetate and air-dried.

Water (wt% by KF): 0.24%.

Recrystallization:

25 A sample of the product (2g, 5.3 mmol) was suspended
in ethyl acetate (50 mL) and methanol (5 mL) and the
mixture heated on a steam bath until the solid dissolved.

Heating was continued to evaporate some of the methanol
and the resulting solution was allowed to stand at room

30 temperature. The product crystallized out as a white
solid, which was collected by filtration and air-dried.

Water (wt%, by KF): 0.23%.
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di ssolved in water (25 nL) and added at roomtenperature 20 to a sol ution
of topiramate (68.6 g, 202 mml) in THE (500 nlL), then stirred at room
t enper at We 0Boo6480D mi n. The solvent was evaporated under PCFAISOBRI0PE eSSuUr e
to yield a foany solid (80.9 g). XRD analysis confirned the solid was
-anor phous. 25 EXAMPLE 16 Preparation of Lithium Salt FormLit n-Butyl
lithium (10 nL of 2M solution in cycl ohexane, 20 mmpl) was added slowy to
a solution of topiramate 30 (7.0 g, 20.6 mml) in THE (50 nlL) at about
25-35C. The solvent was evaporatedgéégﬁég§§gyced pressure to yield a 41
WO 03/ 006467 PCT/ US02/ 21016 f oany, ow, anorphous solid. XRD
anal ysis confirmed thergphtdties 880PHbaESiulAVPLEFdmSKEr epar ati on of
Magnesi um Salt Form Mgt  Magnesjum turnings (0.24g 10 mat i n nmet hanol
(100 nlL) were h%%?%%sbﬁmat§F§aﬁPB§¥hdﬁnﬂgM tReTHE  dB8sBMPEY. WaFopi r amat e
(6578g, 20 S,a .t =B .d sgl uti eate n a
stgan1bath ?ggégbggtaSQQEﬂFagﬂeﬁglggggg%ggéFoq}86%1?én%grgﬁg%z.ﬁﬁngHgontact
with water Was mhyoadédth&8heiszblhiventtwasedvaporavedtenderatataced pressure
and the residuidfurt er driﬁd under vgcuungat roonltengerature t8 a
constant weYgitd FoCyFefdSPhBELBPodutt®a8CaVRATFt ¥FoSHFPaRBFFROHEISS i d.
XRD anal ysi sedBc6@nbi-eBBdrEngngothd vas;ater BhausiveEXANPLER}S Preparation
of Sodium Salt Form Nal Topiramate (50 g, 0.147 nol) was dissolved in 20
i sopropyl ageehdke(60B0n}) apadt meshadon {R030%0 NaOCHS splufdéphawek (28.5
M. Tne 1160 yslLavesolutlen ¥BReNER! Efe ALch8hbLYX (EReIL3hLLgSOme of the
solvent (an azeotrope o

point was observed to rise from 64 to 70°C). The solution

was allowed to stand, a part of the product crystallized
~out. The solid was collected by filtration, washed with
ethyl acetate and air-dried.
15 Water (wt% by KF): 0.24%
The filtrate was concentrated and allowed to stand at

room temperature to yield a second crop.

EXAMPLE 14

20 Preparation of Potassium Salt Form K1 and K2

Potassium hydroxide (85%, 7.26 g, 110 mmol) was added
at room temperature to a solution of topiramate (39 g, 115
mmol) in THF (250 mL) and methanol (50 mL). The reaction
mixture was stirred at room temperature for 30 min, until
25 all of the KOH had dissolved to yield a clear solution.
The solvent was evaporated under reduced pressure and the
oily residue (51.2g) was mixed with ethyl acetate (300 mL)
and methanol (15 mL) and then heated on a steam bath. The
residue became a white solid, then completely dissolved to
30 yield a clear solution. The solution was allowed to cool
to room temperature, seeded with a few crystals of K-salt

and left to stand at room temperature overnight. The
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met hanol /i sopropyl acetate, 70.2/29.8, bp. 64C) till the tenperature in
the flask was observed to reach 85C. The 25 reaction m xture was then

cool ed t owelwewoe48D- 25C. The reaction m xture was filtereacCrhsougticCel ite
(to renove any insoluble residue) and rinsed with isopropyl acetate (60
-mL). The solution was then heated to 50C. To the solution was added water
(7.9 M) over 1 mn. The product 30 was allowed to crystallize at about

20- 25C oversdfhd . wagheosbécdedaby cbilecheitlohy wakhedt wonh wabhigéd with 42 WO

03/006467 PCT/ US02/ 21016, i sopropyl acetate (50 pl) and dried_in a vacuum
oven conta?ﬁ??%£% B ab?"éﬁ?%&'a%03ﬁt?$§rFé£W.K%atgﬁ ?ME@?%?'KF)Z 13% 5
EXAVMPLE 19 Prepagati oni 96nSedeugr SphteFor o Nak Topiramate (50g, 0.147 nol)
was dissolved in isopropyl acetate (367 m) (2.5L/nmol). Sodi um net hoxi de

30% in methanol (27.2 m, leq.) was added at room 10 tenperature. The

m xture was stir ! n_ fi d ahout, 22- 25C. The
fiFtrate was thé%ﬁﬁeg¥£%r&?%ng§%;H%%%%? E% %%%SggeBS%tmgg %H%n added and
the crystatdtzandbn(begansaf feomseedtngo ThecnaxsiutRewastatoobedmdown to

about 22-25C over .30 $1n, t hen further 15 cooled down with ice-water to
about 0- 5C. IR CPre’ pFreat ROWHY) fi | TRF BOOREICRa¥AB 2 W PHER BRI BpFRd

acetate (508l dodf- SakhBPLYuRBdrGEI £HoAL §ﬁC:HnH§£dV@ﬁYHQ]s?Yang 18h. 20
EXAMPLE 20 Recrystallization of Potassium Salt Form KI  Solid potassi um

salt of topP¥eripetieedgand wastlhrekeh dewnpbefavephittfatrienk? Fhd K3) was
cagPerser 0oy SANGDR. £ 800aThL S A0S MLaLULe ves estg b bpuling, 2s
Celite and yheldi k2 use sasoTidiut edThe® 8olid initially behaved as a
hygroscopic material (became sticky) before it was air-
dried; after drying there were no hygroscopic properties.
Karl-Fischer % wt water: 1.09%
15
EXAMPLE 15
Preparation of Potassium Salt Form K3
Potassium hydroxide (85%, 13.2 g, 200 mmol) was
dissolved in water (25 mL) and added at room temperature
20 to a solution of topiramate (68.6 g, 202 mmol) in THF (500
mL), then stirred at room temperature for 10 min. The
solvent was evaporated under reduced pressure to yield a

foamy solid (80.9 g). XRD analysis confirmed the solid

was amorphous.

25
EXAMPLE 16
Preparation of Lithium Salt Form Lil
n-Butyl lithium (10 mL of 2M solution in cyclohexane,
20 mmol) was added slowly to a solution of topiramate
30 (7.0 g, 20.6 mmol) in THF (50 mL) at about 25-35°C. The

solvent was evaporated under reduced pressure to yield a
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final volunme of 360 nL with additional ethanol. The clear solution was
seeded, while hot, with a few crystals of FormK1l solid and allowed to
stand at womnio@nperature 30 wi thout external cooling. AsPChasspRwié on
started to cool, the solid product crystallized out slowy. The
erystallization flask was kept in a refrigerator overni ght 43 WD 03/ 006467
PCT/ US02/ 21016 and the cold m xture was filtered to isolate the solid
product. Théoemyst alighheysadll.ow, wasoripheoee woflidcol &RDetelmadgisist hen with

di ethyl ether and t en air-dri.ed. The filtrate was concentrated to about
150 nL and angFFg d P& §PAAT XPSr 6B PR Erature for 2 days. The
resulting solid was collected by filtration, rinsed wwith cold ethanol and
then air-dried. XRD-pattern showed Form K1. 10 EXAMPLE 21 Preparation of
Pot assi um Salt Form K1 Topiramate EEMEE 14B3 nmol ) was suspended in

et hanol (500 nmL). To t ] X1 LA I thoxide in

et Eanol (24% 168 g, Aé}%ér?f% -C Wik ﬁ{g@ Fotd ol di ssol ved by
the end of addi tMegmétbtiml tuvalinge {(0504al)0 whem)nihi aktbeystal(liopati on
resulted in ? aste-like solid. The n%xt re was heated %ﬁntlﬁ on a steam
bath until T bEEEFelEREFE. CRedt PR aFEleHnt&&nttPﬁué‘f@ S£HYE%l ate with
stirring untbpiabhapl tBe788,50bi drbay dhssakved cTheHRoligSakelign das
filtered through Celite and rinsed wth hot ethanol (50 m.). The solution
was agai n héatedien dodl hegted Por m stebmabatiolfgri elvouTthé sdiut icbrerwas
seeded with o a while_hot, ,then allowed. stand at room
tgﬁperaturecggigégﬁﬁiéﬁ?& #%QPFFSE fas £081 §URC nwﬁgg ngﬁxngSZh and
the solid wasotakfiect #debyolvkhtatvhenevipersekddundsr fedseedw th col d

et hanol (100 nL), then with diethyl ether, and then air-dried. The solid
was furt herPyeFagrenand the residue further dried under vacuum at

room temperature to a constant weight, to yield the
product as a white foamy amorphous solid. XRD analysis

15 confirmed the sgolid was amorphous.

EXAMPLE 18
Preparation of Sodium Salt Form Nal
Topiramate (50 g, 0.147 mol) was dissolved in
20 isopropyl acetate (600 mL) and treated with 30% NaOCH; in
methanol (28.5 mL). The light yellow solution was heated
at reflux to distill some of the solvent (an azeotrope of
methanol/isopropyl acetate, 70.2/29.8, bp. 64°C) till the
temperature in the flask was observed to reach 85°C. The
25 reaction mixture was then cooled to about 20-25°C. The
reaction mixture was filtered through Celite (to remove
any insoluble residue) and rinsed with isopropyl acetate
(60 mL). The solution was then heated to 50°C. To the
solution was added water (7.9 ml) over 1 min. The product
30 was allowed to crystallize at about 20-25°C overnight.

The solid was collected by filtration, washed with
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a vacuum oven at about 40-50C overnight. The XRD pattern 30 showed Form
Kl. Water (wt % by KF) : 0.14% 44 WO 03/006467 PCT/US02/ 21016 The
filtrate wavsooreentrated to about 200 nmL. The sol uti on wasTAlShpW6 t O
stand at roomtenperature to yield a second crop of FormKl. 5 EXAVPLE 22
Maxi mal El ectroshock (MES) Seizure Test Anticonvul sant activity was
determ ned using the MES test as described by Sw nyard EA, Wodhead JH,
Wiite HS, Fsarkdpyl MRetxiperihenmhbl aededtied, iguanvatigatovan and 10
eval uation of anticonvulsants. _.ln Levy R | .,.eds. Antiepileptic
Drugs. 3rd SN NrEk: PRAY Rt PYRssT 355%%?é5f?62? h this procedure, a
60-Hz al ternatingaesrr epts (ByCcer) 15199. M, rats 150 mA) was delivered for
0.2 sec through corneal electrodes by an apparatus that is capabl e of
precisely regulating current intensity and duration. The concave side of

the el ectrode (2mm di ameter for nicggﬁgéngggdianeter for rats) was pl aced

on each cornea. The 20 current reli ces, in all rodents, a single

convul si ve epi sode t hatpPreysdarieion asf aSadigpon®at+ Foira Nainb tonic
ext ensi on. Innediatel%mbefore | acement o{ corngal elec%rodes, a drop of
Hi €per

saline (an el ecttoPyEaerar (SR onbt L7 tHe teRebYeehtcurrent and
t hat reduce§sé§%$ halidigse W@é?pﬁﬁpe@29@L?ﬁ@fi?|e§é&9§ﬁ-m§@ﬁ§ﬁi§e“ere

restrai ned by hand during this procedure and released imedi ately after
stinmul ati om@% permethapskr (a7idnmbf itée.) coavubddend ahrvaghout its entire

catrse. %0, TSAFELSaTPOU0S, L COLLeOREIL 10 X5MLGLE B0 pheted to
(Test conpofHtk ®fed 45 about 22-25°C. The filtrate was then heated
to 35°C. Water (8 ml, 3 eq.) was then added and the
crystallization began after seeding. The mixture was
cooled down to about 22-25°C over 30 min, then further
15 cooled down with ice-water to about 0-5°C. The
precipitate was filtered off, washed with isopropyl
acetate (50 ml) (0.35L/mol) and dried at 35°C under vacuum

during 18h.

20 ‘ EXAMPLE 20

Recrystallization of Potassium Salt Form K1

Solid potassium salt of topiramate (66 g; a mixture
of two polymorphic forms K2 and K3) was suspended in
ethanol (250 mL) and the mixture was heated to boiling

25 until all of the solid dissolved. The hot solution was
filtered through Celite and the mixture was diluted to a
final volume of 360 mL with additional ethanol. The clear
solution was seeded, while hot, with a few crystals of
Form K1 solid and allowed to stand at room temperature

30 without external cooling. As the solution started to
cool, the solid product crystallized out slowly. The

crystallization flask was kept in a refrigerator overnight
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WD 03/ 006467 PCT/ USO02/ 21016 vehicle may alternatively be adm nistered via
i ntraperitoneal, intravenous, subcutaneous or intranuscular route of

adm ni st reDioeno6Bubsequent |y, el ectrical stimulation wagcadrsomwiered to
the rodents at 5 a tine corresponding to the suspected tinme of peak
.activity of the test conmpound. The test was conplete when the entire
course of the convul sion had been observed (typically, less than 1 mnute
after el ectandathestohdl mikonye wad fbdearsdweceishéatenhbdi abely

eut hani zed 10 Q carbgﬁ dioxige _ithaIat'oalé1 AbolLtiog of hhe iind-1inb
toni c extendof %% oneht oY Sthd %%?zﬁ?%l WaPakehSEs VhE eﬁagéint for this
test. Absesgkabl | hiBesOWpOReat ct Rl catdrt Bal thent gst-gowpqund 15 has

the ability to prevent_ the spread of seizure discharge through neura
ti ssue. The ED50TRal fidleFataevaaseoreapbuntedwas sheukaledl shedndose

reguired to t i | i ni G- n of
NE%—inducedag%?gﬁéegﬁnggggd %?b¥%%8r%%%ﬁ%%ggég%eggggg g%%ﬁle&gg t he

pot assi um sadétubfitopsohidt eaét belleonpdubd Hilteamiba, (Fahsedasithsted in
rats accordinf to _the abo&g Erocedurg,_dgsiqggorallg. Cal cul at ed ED50

val ue was TRt@rHFr2ECt n2RtoteePataf edhie<ur ehBREB2EESER| APPREI2ECHR] 8. 1
ng/ kg at 2 fpurs post dosing. Form Kl of the potassiumsalt of topiramate
(the compound of forrmula (la)) was tested in mce according to the above
procedure, dosing orally and IP with calculated ED50 results as follows:
30 Dosing orally EDSO @2 hrs = 40.@ P£ 2I;Eosi ng |P ED50 @2 hrs = 26.8
ng?kg Dosing IV ED50 @5 nmins = 417%%&%gg%g—ﬂ6 WO 03/ 006467 PCT/ US02/ 21016
Form Nat of the sodi urpsepirafidwpf Pwtessdile Salt Form K1

Topiramate (163.8g, 483 mmol) was suspended in

ethanol (500 mL). To the mixture wasg then added potassium
ethoxide in ethanol (24%, 168 g, 479 mmol). Nearly all

15 the topiramate dissolved by the end of addition (total
volume ~750 mL). The initial crystallization resulted in
a paste-like solid. The mixture was heated gently on a
steam bath until it became fluid. Heating was then
continued on a hot plate with stirring until all of the

20 solid had dissolved. The hot solution was filtered
through Celite and rinsed with hot ethanol (50 mL). The
gsolution was again heated to boiling to form a clear
solution. The solution was seeded with Form K1 crystals
while hot, then allowed to stand at room temperature

25 overnight. The flask was cooled in an ice bath for 2h and
the solid was collected by filtration. The solid was
rinsed with cold ethanol (100 mL), then with diethyl
ether, and then air-dried. The solid was further dried in
a vacuum oven at about 40-50°C overnight. The XRD pattern

30 showed Form K1.

Water (wt% by KF): 0.14%
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conpound of forrmula (la)) was tested in rats according to the above
procedure, dosing orally. Calcul ated ED50 value 5 was determned in as 4.8
ng/ kg at Wohoue@epost dosi ng. Form Nal of the sodi um sal t pefi/uSoperadrat e
(the conmpound of forrmula (la)) was tested in mce according to the above
procedure, dosing IP with calculated ED50 results as follows: 10 Dosing I P
ED50 @30 mns = 45.44 ng/kg Dosing |V ED50 @5 mns = 46.18 ng/ kg Wile
t he foregoi ng sp8oef Ethtirahet washesnthetrptiedcipl ebout £he pEeselmhe
invention, wih_exanples ovided 15 for, the purppse of illustrati.on,. it
will be undef ?Ebﬂngﬁﬁ? a?%gwﬁaag?i§ga8? £ erBﬂWegFWBﬁrgﬁEGﬁpggs¥§e3§1 of
the usual yagéadbha@nsropdapt abi-@ngiand/ or nodifications as conme within the
scope of the following clains and their equivalents. 47 WD 03/ 006467
PCT/ US02/ 21016 W Claim 1. A salt of a conpound of forrmula (I) H3C OOO
~~~S ~00Q0 NH H3ICOD2 O+CH3 ) osherein the salt of the
conpound of formula (1) is 5 forne | fanate group. 2. A salt as
in daim1l, wherein tMeximaboBhecofoflooak| eMEE] ) Sésztippi Tagate. 10 3. A
salt as in Caiml _mherein an al kali netal gr :ﬁ&gne%;unxcation di spl aces
ptagmitpe

one hydrogen at ofitbt CPREY Eﬁ?FaﬁﬁFéVlEY_ﬁ?§a : HPAPY, thReMEPn the
salt of thecdst co8PQuBEr9beb0bPULRhYArESER, SRELEALAE! buof whopLr agat e.

Franklin MR. Experimental selection, quantification, and

10 evaluation of anticonvulsants. In Levy RH, et al., eds.

xr

Antiepileptic Drugs. 3™ ed. New York: Raven Press,

1989:85-102.

In this procedure, a 60-Hz alternating current (mice
15 50 mA, rats 150 mA) was delivered for 0.2 sec through
corneal electrodes by an apparatus that is capable of
precisely regulating current intensity and duration. The
concave side of the electrode (2mm diameter for mice;
4.0mm diameter for rats) was placed on each cornea. The
20 current reliably produces, in all rodents, a single
convulsive episode that includes, as a component, hind
limb tonic extension. Immediately before placement of
corneal electrodes, a drop of saline (an electrolyte that
promotes the dispersion of the current and that reduces
25 lethalities) was placed on each electrode. Rodents were
restrained by hand during this procedure and released
immediately after stimulation to permit observation of the

convulsion throughout its entire course.
30 The test compound or corresponding vehicle was

administered to overnight fasted rodents by the oral

(gavage) route of administration. (Test compound or
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5. Asalt as in Cdaim4, of the formula (I1) HBCOn-.... OO H3C O O NH
Na O ~ CH3 H3C (U 20 6. Asalt as in CQaimb5, characterized essentially
by the fwbloambdag? X-ray diffraction pattern: Angle (20) drspasongioRel ative
Intensity (Angstronm) (% 4.500 19.6206 100.0 9.020 9.7961 7.2 48 WO
.03/ 006467 PCT/ US02/21016 11.390 7.7625 1.2 12.065 7.3297 22.4 12.690
6.9701 8.5 13.530 6.5392 42.3 13.655 6.4796 42.3 14.975 5.9113 12.6

16. 120 5. 4988hicBe 18y98DtEr2d4Rively be728mAn5:50608d1018 18. 040 4.9133
56.3 18.420 4.8128.%.9 %9.06? 4.6514 32.4 2%.050 4.4250 8.7 20.745
4.2783 13. 25 HEH1 4088 215 TBTCHYS,. GHHSUEEIEOU529515 3. 9458 17.0

53-7600 3. 76ﬁ8t§axﬁus@§18£5r8u?é66f1&d§in2étﬂ»é5i3n6$85s&Bséqu%ﬁtQ% 3.5611

electrical stimulation was administered to the rodents at
5 a time corresponding to the suspected time of peak
activity of the test compound. The test was complete when
the entire course of the convulsion had been observed
(typically, less than 1 minute after electrical
stimulation), and rodents were then immediately euthanized

10 by carbon dioxide inhalation.

Abolition of the hind-limb tonic extensor component
of the seizure was taken as the endpoint for thisg test.
Absence of this component indicated that the test compound
15 has the ability to prevent the spread of seizure discharge
through neural tissue. The EDso value of the test compound
was the calculated dose required to block the hind limb
tonic-extensor component of the MES-induced seizure in 50%

of the rodents tested.

20

Form K1 of the potassium salt of topiramate (the
compound of formula (Ia)) was tested in rats according to
the above procedure, dosing orally. Calculated EDs, value
was determined in two separate measurements as 3.lmg/kg

25 and 8.1 mg/kg at 2 hours post dosing.

Form K1 of the potassium salt of topiramate (the
compound of formula (Ia)) was tested in mice according to
the above procedure, dosing orally and IP with calculated
EDso results as follows:

30 Dosing orally EDso @ 2 hrs = 40.6 mg/kg

Doging IP EDsp @ 2 hrs = 26.8 mg/kg

Doging IV EDsp @ 5 mins = 41.51 mg/kg
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25.665 3.4682 5.0 26.420 3.3708 7.8 27.315 3.2624 36.8 27.765 3.2105
18.0 28.260 3.1554 11.3 29.735 3.0021 12.9 30.065 2.9699 3.7 30.870
2.8943 12wP 0380a4855 2.8506 2.4 31.800 2.8117 7.3 32.805PRTARED2010
33.035 2.7094 7.0 33.640 2.6620 4.8 34.805 2.5755 18.2 7. A salt as in
Caim5, characterized essentially by the following X-ray diffraction
pattern: Angle (20) d-spacing Relative Intensity (Angstron) ( o) 4.500
19. 6206 100.0 12.065 7.3297 22.4 13.530 6.5392 42.3 13.655 6.4796 42.3

14.975 5.9113 12.6 4 3/006467. PCT/ US02/ 21016, 17.510 0608 10.9
18. 040 4.9133 56E%rm11§§g\g%94€1%%1§10§5% 5350795 HODYET 552 (B] 710 4 0003
16.0 22. 5180@p84e8 37 . forwdd192513) ¥ 164s liedteddiA4PaBs638803ding 24 315
3.2624 36.8 27.765 3.2105 18.0

the above procedure, dosing orally. Calculated EDs, value

5 was determined in as 4.8 mg/kg at 2 hours post dosing.
Form Nal of the sodium salt of topiramate (the

compound of formula (Ia)) was tested in mice according to

the above procedure, dosing IP with calculated EDsq results

as follows:

10 Dosing IP EDgp @ 30 mins = 45.44 wmg/kg
Dosing IV EDso @ 5 mins = 46.18 mg/kg

While the foregoing specification teaches the
principles of the present invention, with examples provided
15 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 claimg and their equivalents.
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28.260 3.1554 11.3 29.735 3.0021 12.9 30.870 2.8943 12.2 34.805 2.5755
18.2 8. Asalt as in CQaimb5, characterized essentially by the follow ng
X-ray di fwpasho@n? pattern: Angle (20) d-spacing Rel ative Porarss?/2yie
(Angstrom) (% 4.450 19.8409 7.6 5.080 17.3817 89.5 8.025 11.0084 3.7
.8.805 10.0348 4.1 9.980 8.8559 2.5 11.545 7.6587 42.6 11.980 7.3815 7.4
12.375 7.1468 11.1 13.625 6.4938 71.9 15.255 5.8034 53.3 17.605 5.0337
13.3 17.9%e4CD2BR: 15.6 18.460 4.8024 14.3 19.040 4.6574 100.0 19.840
4.4714 11.4 21ﬂ£15 4.20@2 29.5 21d249 .179{ 12 g 22.325 3.9790 12.2
22.835 3.8913 15-8°203 8507 3°YBRIT O 2EOFUT 3. EEB4 17.4 25.665 3. 4682
35.7 27.305 3.2635 11.4 2%.3860 O l7IA 4 28.860 3.0911 8.6 29.555

@
3.0200 7.3 50 >< \\Séo
O NH,
O
TLCH3
wherein the salt of the compound of formula (I) is
5 formed at the sulfamate group.
2. A salt as in Claim 1, wherein the compound of formula

(I) is topiramate.

10 3. A salt as in Claim 1, wherein an alkali metal or

magnesium cation displaces one hydrogen atom of the

sulfamate.
4., A salt ag in Claim 1, wherein the salt of the
15 compound of formula (I) is a sodium salt of topiramate.
5. A salt asg in Claim 4, of the formula (II)
H,C_ O,
HsC e
© Na*
(1
20 6. A salt as in Claim 5, characterized essentially by
the following X-ray diffraction pattern:
Angle (°20) d-spacing Relative Intensity
(Angstrom) (%)
4.500 19.6206 100.0
9.020 9.7961 7.2

48



WD 03/ 006467 PCT/ US02/ 21016 30.495 2.9290 12.2 31.740 2.8169 15.0 32.450
2.7569 7.4 32.980 2.7138 10.1 33.980 2.6362 8.8 9. Asalt as in CaimS§5,

char act erwpaed/oessenti al |y by
Angl e (20) d-spacing Relative Intensity

the follow ng X-ray diffractPcanspattoes n:

(Angstrom) (% 5.080 17.3817 89.5

11.545 7.6587 42.6 12.375 7.1468 11.1 13.625 6.4938 71.9 15.255 5.8034
53.3 17.605 5.0337 13.3 17.990 4.9268 15.6 18.460 4.8024 14.3 19.040

4,6574 100.0 19.1840 414334 11.|4 21..762%4. 2042 29.5 21.240 4.1797
22.325 3.9790 12.2 22288553.8913 15..82925. 040 3.5534 kb4 25.665
35.7 27.305 3.2635 11545980. 495 2. ¥29G012. 2 |31. 740 2. 8189 150 3
2]; 7]}38 1?. 1(|s) 10."A"spitsgg rnjcral @'5,39\Qherei ntie saft, of the T
0 ormul a I sfa omgatt—of —t ramate—1i—A H—as
10, of the formul@ (Vﬁggﬁc Q-6 kfé;"t W’ S 2%
19785 9113 12.6
16.120 5.4939 4.8
16.900 5.2421 0.9
17.510 5.0608 10.9
18.040 4.9133 56.3
18.420 4.8128 2.9
19.065 4.6514 32.4
20.050 4.4250 8.7
20.745 4.2783 13.2
21.160 4.1953 2.7
21.710 4.0903 16.0
22.515 3.9458 17.0
23.600 3.7668 3.7
23.925 3.7164 11.3
24 .445 3.6385 32.1
24 .985 3.5611 1.7
25.665 3.4682 5.0
26.420 3.3708 7.8
27.315 3.2624 36.8
27.765 3.2105 18.0
28.260 3.1554 11.3
29.735 3.0021 12.9
30.065 2.9699% 3.7
30.870 2.8943 12.2
31.355 2.8506 2.4
31.800 2.8117 7.3
32.805 2.7279 8.9
33.035 2.7094 7.0
33.640 2.6620 4.8
34.805 2.5755 18.2
7. A salt as in Claim 5, characterized essentially by

the following X-ray diffraction pattern:

Angle (°20) da- spacing Relative Intensity
(Angstrom) (%)
4.500 19.6206 100.0
12.065 7.3297 22.4
13.530 6.5392 42 .3
13.655 6.4796 42 .3
14.975 5.9113 12.6

49

19.2
3.4682
2.980
npound

Cl aim



H3C 1 OONH K+ O~ CH3 H3C (Ill) 51 WO 03/006467 PCT/USO02/21016 12. A
salt as in Caim1ll, characterized essentially by the follow ng X-ray

di ffractiwoopaod4er n: Angl e (20) d-spacing Rel ative | ntensiPCY/USOZeI®$4 r om

(%9 4.975 17.7483 100.0 5.830 15.1472 43.3 7.895 11.1893 6.5 9.940
8.8914 17.6 10.460 8.4505 3.1 11.695 7.5608 4.1 12.270 7.2077 4.6

12.730 6.9483 2.2 13.115 6.7452 2.7 13.560 6.5248 12.4 14.120 6.2673 1.1

14. 930 5.9290 31.2 15728%05,8Q72 25.26085. 835 5.5921 2.@.916. 135 5. 4888
1.5 17.225 5.143P 3.98.0406451(5. 0224 94328 17.915 4.948% 13/. 3 18. 420
4.8128 2.8 18.660 4.751458.9 [19.060 &&16526 21 0 19.3%» 4, 5823 475 19.960
4.4448 9.5 20.890 472499,80. 6 21. 51041279 370 13.2

21.710 4.0903 16.0

22.515 3.9458 17.0

23.925 3.7164 11.3

24 .445 3.6385 32.1

27.315 3.2624 36.8

27.765 3.2105 18.0

28.260 3.1554 11.3

29.735 3.0021 12.9

30.870 2.8943 12.2

34.805 2.5755 18.2

8. A salt as in Claim 5, characterized essentially by

the following X-ray diffraction pattern:

Angle (°20) q-spacing Relative Intensity
(Angstrom) (%)
4.450 19.8409 7.6
5.080 17.3817 89.5
8.025 11.0084 3.7
8.805 10.0348 4.1
9.980 8.85509 2.5
11.545 7.6587 42.6
11.980 7.3815 7.4
12.375 7.1468 11.1
13.625 6.4938 71.9
15.255 5.8034 53.3
17.605 5.0337 13.3
17.990 4.9268 15.6
18.460 4.8024 14.3
15.040 4.6574 100.0
19.840 4.4714 11.4
21.115 4.2042 29.5
21.240 4.1797 19.2
22.325 3.9790 12.2
22.835 3.8913 15.8
23.890 3.7217 9.8
25.040 3.5534 17.4
25.665 3.4682 35.7
27.305 3.2635 11.4
28.060 3.1774 7.4
28.860 3.0911 8.6
29.555 3.0200 7.3

50



21.995 4.0379 4.0 23.475 3.7866 15.0 25.210 3.5298 35.6 25.755 3.4563
5.0 26.525 3.3577 6.5 27.265 3.2682 2.3 27.975 3.1869 5.2 28.605 3.1181
4.2 29.58603/000380 3.9 30.105 2.9661 18.4 30.290 2.9484pPtC4/U502/301460
2.9044 4.7 31.265 2.8586 3.4 31.710 2.8195 4.4 32.630 2.7421 2.0 52 WO
03/ 006467 PCT/US02/ 21016 32.895 2.7206 2.9 33.810 2.6490 4.3 34.165
2.6223 7.2 13. A salt as in Caim1ll, characterized essentially by the
following X-ray di ffraet&en patitern2.A2$l0e (26) d-spacilzg2Rel ative
Intensity (Angstrom3{%a404.975 172748%9100.0 5.830 1%.0472 43.3]| 9.940
8.8914 17.6 13.5p60 635248012. 14936 ¢ 9290 31. 2 157245 5.8072(27.2
17.915 4.9473 17. 3 285 8§9,4. 2490 5Q. 61343 475 3. 7866 15 25:21073. 5298
35.6 30.105 2.966% 1§34§éo > €360 5.5

9. A salt as in Claim 5, characterized essentially by

the following X-ray diffraction pattern:

Angle (°20) q-spacing Relative Intensity
(Angstrom) (%)
5.080 17.3817 89.5
11.545 7.6587 42 .6
12.375 7.1468 11.1
13.625 6.4938 71.9
15.255 5.8034 53.3
17.605 5.0337 13.3
17.990 4.9268 15.6
18.460 4.8024 14.3
19.040 4.6574 100.0
19.840 4.4714 11.4
21.115 4.2042 29.5
21.240 4.1727 19.2
22.325 3.9780 12.2
22 .835 3.8913 15.8
25.040 3.5534 17.4
25.665 3.4682 35.7
27.305 3.2635 11.4
30.495 2.9290 12.2
31.740 2.8169 15.0
32.980 2.7138 10.1
5 10. A galt as in Claim 1, wherein the salt of the

compound of formula (I) is a potassium salt of topiramate.

11. A salt as in Claim 10, of the formula (III)

Hs,C. Qo

HaC o
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30.290 2.9484 14.4 5 14. A salt as in Caim1l, characterized essentially
by the followng X-ray diffraction pattern: Angle (28) d-spacing Rel ative
(Angstromyoloamesasity (%9 4.430 19.9304 100.0 4.940 17. 8P8I/UB04210%6 785
15.2649 10.2 6.275 14.0739 11.9 7.020 12.5819 18.9 7.835 11.2749 4.4
9.430 9.3711 16.4 9.915 8.9138 5.1 11.345 7.7932 23.5 12.205 7.2460 6.7
12.715 6.9565 18.1 13.475 6.5658 24.4 13.805 6.4095 21.8 14.090 6.2805
15.5 14.875 5.9508 17.9 15.220 5 8167 12.4 15.505 5.7104 18.5 15.770
5. 6150 23. 8 16 495 gt3698 22C§ 03 006467 PCTéUSO%/Z% ? g 920
5.2359 15.6°217. 858255 1886 29C 63107 6204799585522 85585141 7834710. 3

19.150 4. 6308 18011 owdnd I0- Aa8d5r BAa8t180. gROL4ra925 50.1 20. 780 4. 2712
19.3 21.485 4.1326 13 2

Angle (°20) q—spacing Relative Intensity
(Angstrom) (%)
4.975 17.7483 100.0
5.830 15.1472 43 .3
7.895 11.1893 6.5
9.940 8.8914 17.6
10.460 8.4505 3.1
11.6895 7.5608 4.1
12.270 7.2077 4.6
12.730 6.9483 2.2
13.115 6.7452 2.7
13.560 6.5248 12.4
14.120 6.2673 1.1
14.930 5.9290 31.2
15.245 5.8072 27.2
15.835 5.5921 2.2
16.135 5.4888 1.5
17.225 5.1439 3.9
17.645 5.0224 7.2
17.915 4.9473 17.3
18.420 4.8128 2.8
18.660 4.7514 3.9
12.060 4.6526 2.0
19.355 4.5823 4.5
19.960 4.4448 9.5
20.890 4.2490 50.6
21.510 4.,1279 3.0
21.995 4.037% 4.0
23.475 3.7866 15.0
25.210 3.52098 35.6
25.755 3.4563 5.0
26.525 3.3577 6.5
27.265 3.2682 2.3
27.975 3.1869 5.2
28.605 3.1181 4.2
29.535 3.0220 3.9
30.105 2.9661 18.4
30.290 2.95484 14.4
30.760 2.5044 4.7
31.265 2.8586 3.4
31.710 2.8195 4.4
32.630 2.7421 2.0
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21.975 4.0416 9.9 22.320 3.9799 19.1 22.705 3.9132 18.7 23.455 3.7898
11.1 24.040 3.6989 22.0 24.720 3.5986 12.5 25.070 3.5492 13.7 25.555
3.4829 16wWD 030664805 3.4249 18.9 26.570 3.3521 10.8 27.220T31S8710121. 1
27.865 3.1992 19.1 28.330 3.1477 14.7 28.860 3.0911 12.0 29.285 3.0472
14.7 30.880 2.8934 15.1 31.965 2.7976 14.4 32.955 2.7158 9.6 34.235
2.6171 9.6 15. A salt as in Caim1ll, characte

ri zed essentially by

following X-ray diffrazt$ehn pattern2.Magle (20

) d-spacihgoRel ative

(Angstrom Intensfity ¥%s1d. 43(

D 19. 9364 95000. 0

5. 785 1542649 10.2

14. 0739 11.9 7.020 33 5839 18.
T—137475 6.50

12. 715 6. 9565 18.

9 943959, 3711

15.5 14.875 5.9508 17.9 15.220 5.8167 12.4

13. A salt as in Claim 11, characterized essentially by

16. 4 117345 7. 793

the following X-ray diffraction pattern:

Angle (°20) q—spacing Relative Intensity
(Angstrom) %)
4.975 17.7483 100.0
5.830 15.1472 43.3
9.940 8.8914 17.6
13.560 6.5248 12.4
14.930 5.92590 31.2
15.245 5.8072 27.2
17.915 4.9473 17.3
20.890 4.2490 50.6
23.475 3.7866 15.0
25.210 3.5298 35.6
30.105 2.9661 18.4
30.290 2.9484 14.4
5 14. A salt as in Claim 11, characterized essentially by

the following X-ray diffraction pattern:

Angle (°26) q~spacing Relative
(Angstrom) Intensity (%)
4.430 19.9304 100.0
4.940 17.8739 8.1
5.785 15.2649 10.2
6.275 14.0739 11.9
7.020 12.5819 18.9
7.835 11.2749 4.4
9.430 9.3711 16.4
9.915 8.9138 5.1
11.345 7.7932 23.5
12.205 7.2460 6.7
12.715 6.9565 18.1
13.475 6.5658 24 .4
13.805 6.4095 21.8
14.090 6.2805 15.5
14.875 5.9508 17.9
15.220 5.8167 12.4
15.505 5.7104 18.5
15.770 5.6150 23.8
16.495 5.3698 22.2
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54 WO 03/006467 PCT/US02/21016 15.505 5.7104 18.5 15.770 5.6150 23.8
16.920 5.2359 15.6 17.355 5.1056 29.9 17.920 4.9459

16. 495 5.3698 22.2

22.9 18.W033406A684
4.3925 50.1 20.780

22.320 3.9799 19.1

'22.0 24.720 3.5986

19.3 19.150 4.6309 18.7 19.795 4. 48P6TA%0921020. 200

4.2712 19.3 21.485 4.1326 13.2 21.975 4.0416 9.9
22.705 3.9132 18.7 23.455 3.7898 11.1 24.040 3.6989

12.5 25.070 3.5492 13.7

3.4249 18.9 26.570 318522010. 8

28.330 3.1477 14.Y

as in Caiml, whererpgtigssart

lithiumsalt of toprramete,

25.555 3.4829 16.2 25.995

80 2.8934
6. A salt
is a

27. 240338927121 21.1 2%.865 3.1992 19.1

28.786653. 0911 125 iow®. 285| 3. 047228497 30.

15.1 31.965 2. 7976 1474 9292. 95b 2.245@4996 3¢. 235 ?QQ%é} 9.6

or the;qoLpnmpound or 1 Q@Hgl a (1)
4.6309 18.7
19.795 4.4815 34.9
20.200 4.3925 50.1
20.780 4.2712 19.3
21.485 4.1326 13.2
21.975 4.0416 9.9
22.320 3.9799 19.1
22.705 3.9132 18.7
23.455 3.7898 11.1
24.040 3.6989 22.0
24.720 3.5986 12.5
25.070 3.5492 13.7
25.555 3.4829 16.2
25.995 3.4249 18.9
26.570 3.3521 10.8
27.240 3.2712 21.1
27.865 3.1952 19.1
28.330 3.1477 14.7
28.860 3.0911 12.0
29.285 3.0472 14.7
30.880 2.8934 i5.1
31.965 2.7976 14 .4
32.955 2.7158 9.6
34.235 2.6171 9.6

15. A salt as in Claim 11, characterized essentially by

the following X-ray diffraction pattern:

Angle (°20) d-spacing Relative
(Angstrom) Intensity (%)
4.430 19.9304 100.0
5.785 15.2649 10.2
6.275 14.0739 11.9
7.020 12.5819 18.9
9.430 9.3711 16.4
11.345 7.7932 23.5
12.715 6.9565 18.1
13.475 6.5658 24 .4
13.805 6.4095 21.8
14.090 6.2805 15.5
14.875 5.98508 17.9
15.220 5.8167 12.4
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5 17. A salt as in Caiml6,
O CH3 H3C (1V)
salt as iwWO@Babawl, wherein the salt of the

ci- 0O ONH Li+

nagnesiun1sa|t of

(V) cx:

of

t opi ramat e.

SO1110CH3 ONH NH O+2 O-CH3 My H3C O

the formula (1V) HBC din,. 0 0 H3C OW
55 WO 03/ 006467 PCT/ US02/21016 18. A
conmpound of fPormsoA210g is a
19. Asalt as in Claim18, of the fornula
--~ H3C CH3 5 (V)

20. A pharnaceutlcal conposition conprising a salt of Cdaimi1 and a
pharmaceutical ly dcceﬁﬁaﬁaé carfier.510124. A phar nacéét-iScal codp05|t|on
prepared by conbiningl®.=at of Catmlsand ajpharma@eutsi cal |y faccept abl e
carrier. 22. A process .fsars mak| ng as pheggmceuti cal compesition |15
conpri si ng conbi niing a gsaXp Of aimy Lysdh a [pharmageus cally accept abl e
carrier. 23. A pr(L65i7I%%EprepdrlHg5df0§éKdll nE[ai §@|b OT a —jconpound of
formul a (|) conpr I-st ||%_RL;§2 ccactrng—a, copound f—F-ot Illéz 9\|) HCO0 OO0 \S
1. * OO0 Q0 NH H3C
.495 4.7934 19.3

19.150 4.6309 18.7

19.795 4.4815 34.9

20.200 4.3925 50.1

20.780 4.2712 19.3

21.485 4.1326 13.2

21.975 4.0416 9.9

22.320 3.9799 19.1

22.705 3.9132 18.7

23.455 3.7898 11.1

24.040 3.6989 22.0

24.720 3.5986 12.5

25.070 3.5492 13.7

25.555 3.4829 16.2

25.995 3.4249 18.9

26.570 3.3521 10.8

27.240 3.2712 21.1

27.865 3.1992 19.1

28.330 3.1477 14.7

28.860 3.0911 12.0

29.285 3.0472 14.7

30.880 2.8934 15.1

31.965 2.7976 14 .4

32.955 2.7158 9.6

34.235 2.6171 9.6

16.

compound of formula (I)

5 17.

HsC

H3C><

A salt as in Claim 1,

A salt as in Claim 16,

O//I:.

wherein the salt of the

is a lithium salt of topiramate.

of the formula (IV)

0
\\\\\\ \\ /O
W\ \
O 0 NH Li*
O
CH,
H,C (IV)
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O+tCH3 H3C (1) wth an alkali netal hydride under anhydrous condition, an
al kali netal hydroxide, an alkali netal 56 WO 03/006467 PCT/ US02/ 21016
| ower al kwwiodwoas7 an al kali netal am de under anhydrous ®cmdiSoz/zresg in an
organi c solvent; and precipitating the product. s 24. A process as in
-Claim 23, wherein the alkali netal hydride is sodiumhydride, the alkali
nmetal hydroxide is sodium hydroxide, the alkali nmetal |ower al koxide is
sodi um | owet8 al kbxialkt orsthe @lkahilnevhéramdeheésssodi am theide. 10 25. A
process as in d ai e. al kal i netal ide s _patassium
vari do, ¢ HESTRENT Fo STCRYLF okt he' S € TorHEst UM RYGF ok b PP RERa kal
nmetal | ower alkoxide is potassiumlower al koxide or the alkali nmetal am de
is 15 potassium ami de. 26. A process for preparing a lithiumsalt of a
conpound o}2f ornusal 138 cHRAPFI3iAgl e eaefi BgcafesmpodandVof formula (1) H3C
Op O HCOOC NH2 C+CH3 20 H3C (1) wth Iithiumhiydri under
anhydr ous cohldCti g4 um hy@roxi de, litffumlo ahkOxXNdeCHa Kyl
l'ithium under apMuydr ti oﬁ%;&@ i _rp/d,g aniydr ous
condi tions, HICAN Bhg | \k@j/ and 25 precrort eupf od@H, 27. A
process for prepari'ng a fagnesi um sH~ of aNHconpoQnd formula (1)
conpri sing +2 e)

© CH, Mg HsC

5 (V)

20. A pharmaceutical composition comprising a salt of
Claim 1 and a pharmaceutically acceptable carrier.

10
21. A pharmaceutical composition prepared by combining a

gsalt of Claim 1 and a pharmaceutically acceptable carrier.

22. A process for making a pharmaceutical composition
15 comprising combining a salt of Claim 1 with a

pharmaceutically acceptable carrier.

23. A process for preparing an alkali metal salt of a
compound of formula (I) comprising

20 reacting a compound of formula (I)

H3C><
H,C

H30 (1)
with an alkali metal hydride under anhydrous

condition, an alkali metal hydroxide, an alkali metal
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57 WD 03/ 006467 PCT/ US02/ 21016 reacting a conpound of formula (1) H3C O O
O H3BC XOOQO NH 3 OCH3 H3C (1) with a nmagnesi um | ower al koxi de, under
anhydr ouswoO®efah4s7T ons, in an organi c solvent; and precipi Pamriusg2/ttoes 5
product. 28. A process as in Caim23, wherein the conpound of formula (1)
is a topiramate. 29. A process as in Caim24, wherein the conmpound of 10
formula (1) is topiramate. 30. A process as in Claim?25, wherein the
conpound of loFernaleokiyiei ort opi pakaté. mstalAapideessdas ianh@ﬁabm%,
wherein the_co und_ of mul L), i ramate. 15.32 A Ss as in
Qo m 27, WRERRE R PRE" RS ind aF i FoP AV BREr) P PERTT Bakrs Mg tie

product.

5 24. A process as in Claim 23, wherein the alkali metal
hydride is sodium hydride, the alkali metal hydroxide is
sodium'hydroxide, the alkali metal lower alkoxide is

godium lower alkoxide or the alkali metal amide is sodium

amide.
10
25. A process as in Claim 23, wherein the alkali metal
hydride is potassium hydride, the alkali metal hydroxide
is potassium hydroxide, the alkali metal lower alkoxide is
potassium lower alkoxide or the alkali metal amide is
15 potassium amide.
26. A process for preparing a lithium salt of a compound
of formula (I) comprising
reacting a compound of formula (I)
HyCc_ O o)
X
HsC” o o’S
O NH2
© CHj
20 H3C ()
with lithium hydride under anhydrous conditions,
lithium hydroxide, lithium lower alkoxide, alkyl lithium
under anhydrous conditions or lithium amide under
anhydrous conditions, in an oxrganic solvent; and
25 precipitating the product.

27. A process for preparing a magnesium salt of a

compound of formula (I) comprising
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reacting a compound of formula (I)

H3C O O

0
o)
~7LCH3

HeC

O
\ O

H3C><o o~

NH,

(N

PCT/US02/21016

with a magnesium lower alkoxide, under anhydrous

conditions,
product.
28. A process

formula (I) is

29. A process
formula (I) is
30. A process

formula (I) is
31. A process
formula (I) is
32. A process

formula (I) is

as in Claim 23, wherein
a topiramate.

as in Claim 24, wherein
topiramate. -

as in Claim 25, wherein
topiramate.

as in Claim 26, wherein
topiramate.

as in Claim 27, wherein

topiramate.
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