1 e )\

1240 I

dATE-DERkVATIVES OF PHARVACEUTI CALLY USEFUL ANTI CONVULSANT

SULFAVATES § BACKGROUND OF THE | NVENTI ON Sul famat es of vari ous
structlres, fncluding those derived from nonosaccharides, are described
J.* Med. Che 1987, 30, 880 and in U.S. 1 Patent No. 4,075,351. Certain of

t hese sul

fanpt es- are useful as pharnmaceuti cal agents. More recently,

sul famat es Wavi ng vari ous pharmaceutical activity in the areas of

epi.| epsy,
U.S. Patd
covered
exhi bi t

aucome, _pept ylcers, and male infertility gre described in
pﬂytmze DERIATIVES B8 BHARMABEUTIGALLYSMEEFdine compounds
N¥MW51§%bEAMME§n&te has not only been found to

partlcularly significant anticonvulsant activity in animls, but

al so appears to be useful in humans for the treatment of epilepsy (see
O .

Drugs' Fut

I n Europe

Whi |l e sul

‘JL .3 filed on 27th April 1993.
famat e conpounds of the type dlsclosed in U S Patent No.

& N
2Xa — L)

4,513,006 have been shown to exh|b|t useful biological activity when

adm ni st er ed
Accordi ngly,

novel

monosaccharides, are described in J. Med. Chem. 1987, 30, 880 and in U.S.

Patent No. 4,075,351. Certain of these sulfamates are useful as pharmaceutical

- agents. More recentiy, sulfamates having various pharmaceutical activit); in the

areas of epilepsy, glaucoma, peptic ulcers, and male infertility are described in
U.S. Patente No. 4,513,006, 4,459,601 and 4,792,569. One of the compounds
covered by U.S. Patent 4,513,006, topiramate, has not only been found to exhibit
paﬁicularly significant anticonvulsanf activity in animals, but also appears to be
useful in humans for the treatment of epilepsy (see Drugs Future, 1989, 14, 342).
Still other related sulfamates are disclosed in European Patent

Application No. 93303263.3 filed on 27th April 1993.

While sulfamate compounds of the type disclosed in U.S. Patent No.
4,513,006 have been shown to exhibit useful biological activity when administered

to mammals, improved activity is desirable.

Accordingly, it is one of the objects of the present invention to describe novel
derivatives of the sulfamate compounds of the type disclosed in U.S. No. 4,513,006
in which the sulfamate portion is masked by an imidate group that can be removed

ina physiological milieu to generate 'tﬁe__pafent drug (See J. Med. Chem. 1988,

X

ol cop

in

er related sul famates are di scl osed
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derivatives of the sul famat.e conmpounds of the type disclosed in U S. No.
4,513,006 in which the sulfanmate portion is masked by an imidate group

~ that can be renpved in a physiological nmlieu to generate the parent drug
(See J. Med. Chem 1988, 2 2 31,
2066). Such derivatives, known commonly as prodrugs, could afford inproved
bi ol ogi cal activity or properties upon admnistration to mammals.

SUMVARY"OF J-B06kYETicANierivatives t kritin b@ﬁﬂnoﬁlptu@,dprbhﬁxgsc oufd affbfa i‘i'ﬁ’ér@ved

derivatives of sulfamates, having the formula (

Rierr], R didlbgical activity & propeiticy apen a@ﬁnh@ﬁéﬂbﬁﬁ@lﬂﬂhh@s exhi bI t

anti convul sant activity upon conversion to the active agent. Such conpounds
are prodrugs for the active agent by virtue of their hydrolysis in vivo.
Derivatization of the antleplleptlc drug topiramate, and its congeners,
gives rise aRa d IENJIONat afford anticonvul sant activity
upon addini stration to a nannal and are thus useful for the treatnent of
epllepsy Such prodrugs may be superior to the parent conpound in their
absor pti on anditdiast bédnifound that bertaimimidate. dérivatives ob sulfamates; having the
useful for the treatnment of gl aucoma, peptic ulcers, hypertension,
congest i veforaala (Dai | ure and other types of edena. DETAI LED DESCRI PTI ON

OF THE | NVENTI ON More particularly, the present'invention is directed
to imdate derivatives of the follow ng fornula g %:
H,0S0,N=C(OR;)R,
! R
*~ oj"’ M
Ry

wherein R1, Rz, R3, R4 and X are as defined hereinafter exhibit anticonvuisant
activity upon conversion to the active agent. Such compounds are ;Srodrugs for the
active agent by virtue of their hydrolysis in vivo. Derivatization of the antiepileptic
drug topiramate, and its congeners, gives rise to these imidate pfodrugs that afford
anticonvulsant activity upon administration to a mammal, and are thus useful for the
treatment of epilepsy. Such prodrugs may be superior to the parent compound in
their absorption and distribution within mammals. These prodrugs may also be
useful for the treatment of glaucoma, peptic ulcers, hypertension, congestive heart

failure and other types of edema.
DETAILED DESCRIPTION OF E_INVENTION
More particularly, the pke_sent invention is directed to imidate derivatives of the

X~ Oj’ R

1
o) R, m

following formula (l):



[err] e 3 Rierr]
is CJerr]-Clerr] alkyl & Cerr]-Cerr] cycloal kyl. Rerr] is
hydrogen, Cerr]-Cerr], alkyl, Cerr]-Cerr] alkoxy, (err]-Cerr]

cycl oal kyl , or phenyl. R3 and are the sane or different and
are selected fromany of hydrogen, Cert]-Cer] alkyl, or are taken
together.to forma cycl opentyl or cyclohexyl ring. More preferably, R3 and

R4 are €&tther e § 2 Xis CRlerr]Rerr], where
- Rlerr] and R[elr-tr‘?l%%%iia&ﬁg%P%ﬁ#%q%%lbylénd are selected from any of
- hydrogen, (err]-(err] alkyl, or (Jerr]-(err] perfluoroalkyl, or are
- taken together to forma cyclopentyl or cyclohexyl ring; or Xis

S , . -
- S(Rierr])[err] (Fb # Hydregen, CHUC{E dikytr C} @é‘élkB&WN% g:o]%,yb\i%eﬂffem%[r epfrh;e]ny!.s

different and are sel’'ected fromeithéer oxygen or

- sel ected fromany of hydrogen, Cerr]-Clerr] alkyl, (err]-Cerr]

. perfluoroal kyl, arenesul fonyl, Cferr] to CJerr] al koxycarbonyl, or

- benzyl oxycar bor33 an@R4 arethey/satheror]difierenRaadrdre setected frofh any of hydrodeach
~of pand nis either zero or one, with the proviso that n and p are not

- both equal CpCrealaylaor ahetakemetogether té form a eailopantylaraycianexyl AngeMaereat ed
. when either n or &are equal to zero. More preferably, when X is

~ CR] er r] R] erprferably; R3 andiRgjaze efthar H or/Cy-ealkgk Cerr]-Cerr] al kyl and,
~when X is S(Rlerr])[err](Rerr])[err], Rerr] and R err] are both oxygen
and n and p equal one. As used herein al kyl and al koxy i ncl ude

iyl b opyl . X GoarBpp wrere Fis,and FeBie e Safte.of fgrentand ate Seladipsirgm

1~ ot hyl porRy| SLASagHR thy e Oy 4 DR IOIGAIkYIc 808 tekandoaiionsa foen
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or different and are selected from either oxygen or NRg, where Rg is selected from
any of hydrogen, C1-C4 alkyl, C1-C4 perfluoroalkyl, arenesulfonyl, C1 to C4
alkoxycarbonyl, or benzyloxycarbonyl. Preferably R7 and Rg are each O.

Each of.p and n is either zero or one, with the proviso that n and p are not
both equal to zero at the same time. A lone pair of electrons is designated when
either n or p are equal to zero. More preferably, when X is CRsRg, Rs and Rg are
hydrogen or C1-Cg3 alkyl and, when X is S(R7)a(Rs)p, R7 and Rg are both oxygen

and n and p equal one.

As used herein alkyl and alkoxy fnclude straight and branched chains. For
example, alky! radicals include methyl, éthyl, propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, t-butyl, n-pentyl, 2-methyl-3-butyl, 1-methylbutyl, 2-methylbutyl,
neopentyl, n-hexyl, 1-methylpentyl and 3-methylpentyl. Perfluoroalkyl radicals are
defined as the previously described straight or branched chain alkyl radicals in
which all of the hydrogen atoms have beeh replaced with fluorine atoms; eg.,

trifluoromethyl, pentafluoroethyl, heptafluoropropyi, etc. Alkoxy radicals are oxygen



trifluoronmethyl, pentafluoroethyl, heptafluofopropyl, etc. Al koxy radicals
are oxygen it 4 ethers forned
fromthe previously described straight or branched chain al kyl groups.
Arenesul fonyl radicals include, for exanp phenyl sul f onyl ,

o-tol uenesul fonyl, mtoluenesul fonyl, 6Iuenesu|fony| ("Ts"),

1- napht hal enesul f onyl , 2-naphthalene- sulfonyl and

3ot et 1 g orRIbRL FOFBIAMAAIRY sesermed sbb S BAAUARORIA Akt wner
n equal s zegm, 4y equal s one and R8 is oxygen. Cyclic sulfates are _
desi gnat ed gﬁ%ﬁﬂ% equal s one, p equals one, R7 is oxygen and R err] is

oxygen. Cyclic imdosulfites are designated when n equals one, p equals
zero and R err] is NRerr] and al so when n equals zero and p equal s one and

Rierr] is NR erAtendsufiohyl radlicefs ini@d@sfoﬁhﬁaﬁ\?‘fé %ﬂ?éa I rb-RﬂH@hés&] gl P

equal s one, R7 is oxygen and R err] 1s NR er I"'so mh n n equals on

p equal s onm-toRienéduliopyl\FrichishdSulfonyProrae), 1- @pﬂxthalehelsmfdﬁ IU|2f-ﬁé;ﬂ‘$théreﬁ1e-

desi gnated when n equal s one, p equals one, R7 equals NR[err] and Rferr]

equal s NR[ esulfonyl, and 5-dimethylaminodtsnaphthzienesulionyl.on i ncl ude the various
i ndi vi dual anoners, diastereoners and enantioners as well as m xtures

t her eof . Conpounds nay exist in the [err]-D-fructopyranose and
[err]-L-fructopyranose absolute configurations. Preferably, the oxygens
connected to théy olie-sulfites ayeidesignated avhan naquals:ope.cp pauals zero, and Ry is
fructopyranose confi uratlon Such conpounds are included within the

defi ni ti on SXYGes and SPIW en n@ﬂ%é@eﬁreﬁﬁuaksr@q and Rgist xiaesh e ¥aliss

absol ute confjquratian
Sotu E sultles are esfg?xa e wpnen n equéls or]e, p equals one, R7 is oxygen and Rg is

oxygen. Cyclic imidosulfites are designated when n equals one, p equals zero and
R7 is NRg and also when n equals zero and p equals one and Rg is NRg. Cyclic
imidosulfates are designated when n equals one, p equals one, R7 is oxygen and
Rg is NRg and also when n equals one, p equals one, R7 is NR7 and Rg is oxygen.
Cyclic diimidosulfates are designated when n equals one, p equals one, R7 equals

NRg and Rg equals NRo.

The compounds of this invention include the various individual anomers,
diastereomers and enantiomers as well as mixtures thereof. Compounds may exist

in the B-D-fructopyranose and B-L-fructopyranose absolute configurations.
Preferably, the oxygens connected to the pyran ring in formula (1) are in the B-D-
fructopyranose configuration. Such compounds are included within the definition

of formula (1).

As used herein, the B-D-fructopyranose absolute configuration is defined as:

CH,0S0,N=C(OR,)R,

j()\of /i‘a



5 and the the [er—r] L-fruct opyranose absolute configuration is

defined as: [err] B The conpounds of fornmula (1) nay be
synt hesi zed by heating the correspondlng sul famate drug of Fornula (11)
with ortho ester or ortho carbonate ggents such as HC(Owe)[err],

(EtOf[err]C, PhC(OWe)[err] and MeC(OEt)3,Yused in substanti al
stoichionetric excess, at a tenperature of about 50-1 50[err]C, usually in
t he absence of a sol vent (al though inert solvents, such as tol uene,
dichloroethane 1, 2- dichlorobenzene and the |like can be used). As used

herein Et- fl}g}&ﬂﬂi’ﬁ L-frHcﬁgﬁr Nt S abollt Sfigutlo idefied ast hen i sol at ed

by standard nmet suc zatlon or chromat ogr aphy
(preferably in the absence of water to av0|d hydrol ysis of the imdate

group). [err] When X j CR@( 11 Rkhe correspondi ng
sul famate drug is represented bg t e é{r?grBQF'éf’(bR Fa (ITa): [err]

J R
¢
Ry

“The compounds of formula (1) may be synthesized by heating the
corresponding sulfamate drug of Formula (ll) with ortho ester or ortho carbonate
reagents such as HC(OMe)3, (EtO)4C, PhC(OMe)3 and MeC(OEt)s, used in
substantial stoichiometric excess, at a temperature of about 50-150°C, usually in
the absence of é solvent (although inert solvents, such as toluene, dichloroethane,
1,2-dichlorobenzene, and the like can be used). As used herein Et means ethyl
and Me means methyl. The product is then isolated by standard methods, such as
crystallization or chromatography (preferably in the absence of water to avoid

hydrolysis of the imidate group).

CH,O0SO,NH,
? o)
' R
X /k 3
Ry (1)

When X is CRsRg, the corresponding sulfamate drug is represénted by the

general formula (lla):

CH,0SO,NH,
RS\(?\ *Ra
Re Rq (lla)

wherein R3, R4, Rs, and Rg are as defined previously herein.



wherein Rerr], Rlerr], Rerr], and Rlerr] are as defined previously

herei n. 6 . Wen X is
S(Rlerr])[err] (R err])[err], the corresponding sulfanmate drug is
represented by the general forrrula (I''b)g [err] wherein R err],
Rlerr], Rerr], Rerr], nand p are as detined previously herein. The .

corrpound of the formula (l1a) nay be synthesized according to the

Do vor a e oVRER s S ARR! he Cordegptnfd Suhod®or Bl BbRLSY b,

may be synt the nmethods recited hereinafter. In the
first metho@ssdate%ﬁqialbﬁswﬁ Qibt)he formula (I111); [err] Is reacted with
- sul fanoyl chloride (formJIa CiSerr]NH err]), in the presence of a base

? j<
(Ra)p§s R3
~0
L34 R, (lib)

wherein R3, R4, R7, Rg, n and p are as defined previously herein.
The compound of the formula (lla) may be synthesized according to the
procedures recited in U.S. Patents No. 4,513,006, 4,582,416 which are

incorporated by reference herein.

The compounds of the formula (lib) may be synthesized by any of the methods

recited hereinafter.

In the first method, a compound of the formula (ll);

CH,OH
O
(aa),,\l,\ kaa (i
®d R,

is reacted with sulfamoyl chloride (formula CISO2NH2), in the presence of a base
such as potassium t-butoxide, sodium hydride, triethylamine, or pyridine at a
temperature of about —60 to about 25°C in an aprotic solvent such as toluene, ethyl
acetate, tetrahydrofuran, acetonitrile or dimethylformamide thereby producing the

compound of fofmula (llb). For example:



such as potassium[err]-butoxide, sodiumhydride, triethylanine, or -
pyridine at a tenperature of about -60 to about 25[err]C in an aprotic

sol vent such as toluene, ethyl acetate, tetrahydrofuran, acetonitrile or

di met hyl f or mani de t hereby produci ng the7conpound of formula (11b). For
exanpl e: 7 [err] In a second
nmet hod«:t o produce conpounds of formula (lI1b), a conmpound of formula (I11)
is reacted with sulfuryl chloride in the presence of pyridine or

triethylamne at €CHsDlt ure ofCI3Ddle - 60[err] to apoul LHiLSG,NH,N an
aprotic solv @s di et hyltrighylamineet hyl acetw m pr onet hane or
tol uene t a bafosul fate—of—tire f or ndka N-{[erk CH, The
chl or osul f age~g (

V) is s@UE"eguently regeresl wi thy-dknoni a, under
anhydrous ©onditions, aCHa tenperBfareRbf about O‘60[err] to a@dut 25 [err]C
in an aprotic solvent such as tetrahydrofuran, acetonitrile or

di chl oronet hane to produce a conpound of forrmula (l11b). For exanple:

In a second method to produce compounds of formula (lib), a compound of
formula (lll) is reacted with sulfuryl chloride in the presence of pyridine or
triethylamine at a temperature of about —60° to about 25°C in an aprotic solvent

-such as disthyl ether, ethyl acetate, dichloromethane or toluene to produce a

chlorosulfate of the formula (iV).

 ,—Q  CH,0S0,Cl
O O
(Re)p %:g:zz g (V)
e

(R7)q

The chlorosulfate of formula (IV) is subsequently reacted with ammonia, under
anhydrous conditions, at a temperature of about —-60° to about 25 °C in an aprotic
solvent such as tetrahydrofuran, acetonitrile or dichloromethane to produce a

compound of formula (llb). For example:

) 1) SO.Cl», pyridine,

Q. CH,OH " ethyl acetate, CH,OSO,NH,
0 | -40°C »RT o} 0
S N o e >
3 o)
d CH, g CHj

A third method to produce compounds of formula (lib) involves reacting a diol

O, CH,0SO,NH,
HO o
Ry (V)
HO o)
Ry

of the formula (V):



[err]

A third nethod to produce conpounds of fornmula (I1b)

I nvol ves reacting a diol of the fornmula (V): [err]
8 - with sulfuryl chloride in the presence of pyridine or triethylamne at

a tenperature of about -78[err] to about%25[err] Cin an aprotic sol vent

such as ethyl acetate, toluene, or dichl

ronet hane to produce the

bi s-chlgrosul fate of formula (V). [err] For exanple: [err]

with sulfuryl chloride in the presence of pyridine or triethylamine at a temperature of
about —78° to about 25°C in an aprotic soivent such as ethyl acetate, toluene, or

dichloromethane to produce the bis-chlorosulfate of formula (VI).

Q. CH,0SO,NH,

CIS(0),0 o
Rs Vi)
CIS(0),0
' 4
For example:
H,0SO,NH, sy‘r’iﬁfn'fe H,0SO,NH,
H CIS(O),
H oj< ot FiOAC CIS(0) j< o2re
o O
C,Hs -60 °C—»RT 2 CHs

Dechlorosulfation of the bis-chlorosulfate of formula (VI) with a weak base such as

NaHCO3 or pyridine in an alcohol such as methanol or ethanol at about —40° to

about 25°C yields cyclic sulfate compounds of the formula (llb). For example:

CIS(0) HaOSONH, NaHCO3 _ H,0S0,NH,
2 — T
. O/okCH3 CH3OH (§// S’\ oj<CH3 '

CIS(0),0
Q)2 CH, RT 4 CH,

A method to prepare cyclic sulfate and imidosulfate compounds of the formula
(llb) involves the oxidation of the corresponding cyclic sulfites or imidosulfites of the

formula (1) with RuCl3 and NalO4 according to the method of Sharpless et . in
Tetrahedron Lett.. 1989, 30, 655. For example:



Dechl orosul fation of the bis-chlorosulfate of formula (VI) with a weak base
such as NaHCO3 or pyridine in an al cohol such as nethanol or ethanol at
about -40[err] to about 25[err]C yields cyclic sulfate conpounds of the

formula (11b).

For exanple: [err] 9A nethod to prepare cyclic

sul fate and im dosul fate conpounds of the formula (11b) involves the
oxi dation @f the corresponding cyclic sulfites or imdosulfites of the

formula (1) with Rud
Sharpless et al. i ©

9 [err]

SHEOS®LNGL er 1 CGidi ng to the
‘*.o Lett h‘fgﬁ cg 655.

d (Vh CH, def i nwyl, 8R.ON, buene@ ) 1/\QCH;,
QO her strong oxg.ﬂé’n’t‘e su osgerr], p: b@?n.ﬂ{r;‘e-‘rar] di aR di ogrranes,
di perfl uoroal kyl di oxi rak¥s or al kyI per fl uoroaIT@yﬁJ d| oxi ranes Gfay al so

be used to aff didhetelTisss defined dsipetolsérasuifabyllon. For exanple: [err]

20

Other strong oxidants, such as OsO4, KMnOg, dialky! dioxiranes, diperfluoroalkyl
dioxiranes or alkylperfluoroalkyl dioxiranes may also be used to affect this

transformation. For example:

13

HZOSONH, HacX? crizosozr\m2
o HyC
CH o
Boc_NéS\ O)< 3 acetone, CH,Cl, // o O/k 3
CHy -=30°C »RT Boc CH,

(Where Boc is defined as #butoxycarbonyl)

Cyclic sulfate and imidosulfate compounds of formula ('Ilb) may aiso be

prepared from benzyl cyclic sulfites and imidosulfites of the formula (V).

O, CH,OCH,CgHs

o
(Rs)p\\g o)<R3 (Vi)
R4

(R7)// °

Oxidation of cyclic sulfites and imidosulfites of formula (VII) with RuO4 or other
strong oxidants produces the corresponding benzyl cyclic sulfates and
imidosulfates. Debenzylation of these benzyl cyclic sulfates and imidosulfates to

the corresponding cyclic sulfates and imidosulfates of the formula (111) can be

effected with hydrogen in the presence of a noble metal catalyst, such as Pd(OH)2
on carbon, in an alcoholic solvent such as ethanol or methano! at about 25° to

about 60°C. : -

For example:



(Where Boc is defined as [err]butoxycarbonyl) Cyclic sulfate and
I m dosul fate conpounds of formula (I11b) may al so be prepared from
benzyl cyclic sulfites and imdosulfites of the fornmula (VII). [err]

Oxi dation of cyclic sulfites and inmidosulfites of formula (VII) with

Rud err] or other strong oxi dant® produces the correspondi ng benzyl
cyclic sulfates and i m dosul fates. Debenzylation of these benzyl
cycli< sulfates and imdosulfates to t he corresponding cyclic sulfates
aﬂdlmdosulfates of theforrrula III) can be effected with hydrogen in
t he presence of nobl e net al "é? as Pd(OH) r on car bon,
| B an al cohol i E?ﬂC"gE s &bl thanol “s ]szglg[err] to 20
about 60[e : For exa Ie -
[err] | OJ(CHs " OQS\ j(CHs w0

7 2) Pd(OH)2, Hp V4 0

CH, EtOH, 50°C o] CH,

Conversion of the resulting compounds of the formula (lll) to the corresponding
compounds of formula (lib) may be accomplished as previously described herein.

Alternatively, benzyi cyclic sulfates and diimidosulfates of the formula (VII)
may be prepared by the treatment of diols of formula (VIll) with an excess of s:odium
hydride in tetrahydrofuran at room temperature followed by reaction with

sulfuryldiimidazole or NR7-substituted diimidosulfuryl fluorides, respectively.

H,OCH,CeHs
Ry (VIIh)

For example:
H sulfuryldiimidazole ~0
CH = ~d | _cH
H o/k ® NaH, THF, RT 058\ O)( ®
CH, cy CH,

~ Conversion of the benzyl cyclic sulfate and diimidosulfate compounds of the
formula (V) to the corresponding cyclic sulfate compounds of formula (lib) may be

accomplished as described in the preceding method.

) Cyclic sulfites and imidosulfites of formula (lIb) can also be prepared by the
reaction of diols of formula (V) with thionyl chloride or NR7-substituted imidothionyl
chlorides, respectively, under anhydrous conditions in aprotic solvents such as

diethyl ether, dioxane, tetrahydrofuran, or in toluene or dichloromethane at about



Conversion of the resulting conpounds of the fornmula (111) to the
correspondi ng conmpounds of fornula (I1ob) may be acconplished as

previ ously described herein. Al ternatively, benzyl cyclic sulfates and
diimdosul fates of the formula (VI1) nay4be prepared by the treatnent of
diols of fornmula (M 11) wth an excess of sodium hydride in
tetrahydrofuran at roomtenperature followed by reaction with

sul furyTdi | myges g ?b@ﬁt MND ecr lnnthtdmtﬁcﬁ[tqﬁecﬁre@éﬁ&sw 4 vayb, §uéh3§$ ﬁdme or

respectively. [err of exanple: [err Conver si on of
benzyl cycl triptapbfiiie F@degiahfp[é}osul fate conpounds of the fornula (VII) to
the corresponding cyclic sulfate conpounds of formula (I11b) may be
acconpl i shed as described in the precedi ng nethod. Cyclic sulfites
and i mdosulfites of f I an al so be prepar ction of
diols of fornula | eHgdr)\%ﬁ lﬁl orgdepor NR{eLr -suby ?‘?%Dts%ﬁﬁ
I m dot hi onyl chl ori de rsp cbhvely undaLaanhydr us\co dif?qﬂ§ I n aprotic
sol vents such as di 8 .3 di oxawmd.ﬁ@trawg ra 'r* t ol uene or
di chl or onet hane at out CH, THF -- CH,

.6°C

Similarly, benzyl cyclic sulfites and imidosulfites of the formula (VII) can be
prepared by the reaction of diols of the formula (VIIl) with thionyl chloride and NR7-
substituted diimidosulfate imidothionyl chloride, respectively, in ethereal solvents
such as diethyl. ether, dioxane, and tetrahydrofuran or in toluene or '
dichloromethane at about —40° to about 110 °C, with or without the presence of a

“ base, such as pyridine or triethylamine. Oxidative debenzylation with
N-bromosuccinimide according to the method of Binkley et al. in J. Org. Chem.
1990, 55, 378 provides the corresponding cyclic sulfites and imidosulfites of the
formula (lll). Conversion of these alcohols to the cyclic sulfite and imidosulfite

compounds of formula (llb) may be accomplished as previously described herein.

For example:
. H,OCH.CoHs 4y SOCI,, THE, 5°C CH,OH
o) - 0]
O/kCHa 2) N-bromosuccinimide é\ /kCHa
H _ o, H20 Z o)
CHy CHeCla. e o CH,

Still another method to prepare cyclic sulfates of formula (lIb) involves reaction

of a triol of the formula (IX):

H,OH

H
Oj<n3 (1X)
H -



-40[err]C to about 110 [err]C, with or without the presence of a base, such
as pyridine or triethylamne. For exanple: [err] Simlarly,
benzyl cyclic sulfites and i mdosulfites of the fornula (VI1) can be
prepared by the reaction of diols of the fornmula (VIII) wth thionyl

chl oride and NR7- substituted dil m dogul fate im dothionyl chloride,
respectively, in ethereal solvents such as diethyl ether, dioxane, and
tetrahydrofuran or in toluene or dichloronmethane at about -40[err] to
about 110 withrsylfOrylwhidriderasnedurbedtbiyeMartas ehaleinoCan. JhaBkems1@8R2,2680,pyri di ne
or triethylam ne. Oxidative debenzylation with N-bronosuccinimde according
to the metlB8d, Brarsapmotiegolyentsuch as gdietiyl gtharhethyl acatate, 1@ueBF9r provi des t he
correspondi ng cyclic sulfites and i dosy] fit of the formula (I11). =~
Conver o1 oRiaorpEyiEns G BRGS 8 Tisehiopeslt o eciomaa ¢ dosl 11 t o
conpounds of formula (11b) nmay be acconplished as previously described
herein. For exanple: [err] Still another nethod to prepare
cyclic sulfates of fornmula %I&B}z ' H Q3L on  of a triol of the

formula (I1X): [err] j<R X)
3
O

Ry

Dechlorosulfation of the tris-chlorosulfate with a base such as K2CO3,
NaHCO3 or pyridine at about —40° to about 25°C in an alcohol such as methanol
or ethanol gives a cyclic sulfate of formula (lll), which may be converted to the

corresponding compounds of formula (llb) as previously described herein. For

example:
H,0S0,CI CH,OH
CiS(0), _ K2CO3
: I
cis©o)d oj< oFs CH3OH %//s\ ot
CH, RT o CH,

The starting materials réquired to synthesize compounds of formula (llb) may
be prepared by methods known to those skilled in the art of organic synthesis. For
example, novel compounds of the formulas (ill) and (X) may be obtained by the
methods analogous to those described by Martin et al. in Can. J. Chem. 1982, 60,
1857. Novel diols of the formula (V) may be prepared by the procedures
analogous to those described by Maryanoff et al. in J. Med. Chem. 1987, 30, 880.
Triols of the formula (1X) may be obtained as described by the method of Wolfrom et
al. in J. Am. Chem. Soc. 1950, 72, 4544. Diols of the formula (Vill) may be
prepared by the method described by Zervas et al. in Chem. Ber. 1933, 66, 1698.
The requisite NR7-substituted imidothionyl chlorides and NR7-substituted
diimidosulfuryl fluorides may be prepared by the procedures analogous to those

described by Levchenko et al. in Zh. Org. Khim. 1979, 15, 2485 and Glemser et al.



12 with sulfuryl chloride as described by Martin et al. in Can. J. Chem
1982, 60, 1857, in an aprotic solvent such as diethyl ether, ethyl acetate,
tol uene or dichloromethane to produce a tri-s-chlorosulfate of the fornula:
(X): [err] Dechl orosul fation of the tris-chlorosulfate with a
base such as Klerr]CJerr], NaHCO3 orqygyridine at about -40[err] to about
25[err] Cin an al cohol such as nethanol or ethanol gives a cyclic sulfate
of fOLnuIa (111), which may be converted to the correspondi ng conpounds of
formila (n Angewas Oiea ilntu £dy Engh d880c119, M08 respdetivelgx a‘rmpl startingr2,3:4,5-

The starting materials required to synthesize cg&goun s of formula (11Db)

may be php @FMGW%%UQRBWW%GQ a0d 2.3/ 5-PiscOr(yelaalkylidensy-FoPyani ¢
th F | d th f |
Egnob'[e o TRy e g@?&ﬁf@%é%iﬂ& o4 2Sperted by Biedy, el e al i i

prepar ed%ﬁHHﬁBf@cﬁg? é‘gﬁ?fnﬁﬁogagﬁ %sltfrwggéﬁg.&ha %ﬁﬁ%ﬁ%ﬁgngff etal .

inJ. Med. Chem 1987, 30, 880. Triols of the formula (1X) may be obtained
as described by the method of Wl fromet al. inJ. Am Chem Soc. 1950, 72,

4544 D ol's pho dBmpbBhedlbiorifuld | ggﬁfé’péﬁcﬁl@ﬂg@s@ﬁu ¥ diigomiEast LHRnes | bed

by Zervas et al Chem Ber. The requisite
NR7- subsin marmdaisrinclouxhgdnuﬂaanshhc:haﬂmeyareshlf\lﬂ?aalvb&gm atleditheimioate f uryl

fluorides may be prepared by the procedures anal ogous to those described by
Levchenk@raup isl removedtin vivog . Thehanticonguigantiactivity 96 thensuleetrmompasinds| .

was determined using a standard "maximal electroshock test” (MES). In this test,

activity is indicated by a block of the toxic extensor seizure caused by application of

an electric shock to mice via corneal electrodes, as described by Swinyard et al. in

J. Pharmacol. Expt. Ther. 1952,106, 319, and recorded as % block. A more recent

description of current anticonvulsant drug screening is given by Swinyard in

Epilepsia 1978, 19, 409. The anticonvulsant activity of the compounds of this

invention tested according to the Swinyard 1952 method is shown in the following

Table 1.

In the test, albino male CRS-CD1 mice weighing between 18-25 g were used
in all experiments (obtained from Charles River). They were allowed food and
water ad libitum and were used only once. The electroshock apparatus and the

corneal electrodes were purchased from Wahlquist Instrument Company, Salt Lake

City, Utah.

Maximél electroshock seizures were induced by the delivery of a 60 Hertz
(Hz) current of 50 milliamps (mA) intensity to the mouse through corneal electrodes
for 0.2 seconds as originally described by Swinyard et al. (1952). This stimulus
intensity is 'approximately 4 to 6 times the current producing 100% tonic extensor
convulsions. During the validation of the MES test, the duration of the various
seizure components following maximal electroshock were measured as follows:

hindleg tonic flexion was measured from the time of the application of the stimulus



13 in Angew. Chem Int. Ed. Engl. 1980, 19, 408, respectively. The
starting 2,3:4,5- bis-O4al kylidene)-[err]-D-fructopyranoses and
2,3:4,5-bis-O (cycloal kylidene)-[err]-D- fructopyranoses nmay be prepared
by the nethod reported by Brady in Carbohydr. Res. 1970, 15, 35 or by the
procedure- described in US Patent 4,659, 88, The conpounds of formula
(). are_particularly useful as anticonvul sant agents in manmal s i ncl udi ng

emoved 11 be R ot GREbanTofBnb e, BAERYBn ST WhOE shF i Sof YRR By
o e \A1B AR AR i T8 o 8 Febh OG0 5E Rt idshued .
descrt bed ikt Behede hastto e ey bt Gefieed o B8 Tnat
e oo o, el Bk RTRSR hERERANMIFE 26 X oAQ HbiBlra Riythmig dgnic,
409. The ag%fmvgﬁdyrgﬁ%giéﬁ%ﬁ{gghﬁ THBANER dtfedchiseizdrécsim@pndrtst ed

accordi ng Is showmn in the tollowing Table I.

In the testrggtagai(vgtgl With Shé-RanfeslprévivtisWereporied heTeaescH et . ifl PRSI

all experi talned from Charles "River). They were all owed food and

wat er ad | ifigtuThaeRd 9585, £16/ST07.0The corheal diberedes vers-tonkav po thatusalmed
t he corneal electrodes were purchased from Wahl qui st | nstrunent Conpany,

Salt Lake cﬁuﬂdbeldgﬁed to the elddirodas! toakedute asdrtality.s Hithis procedurs isrfdlicwddby
. the delivery of a Hertz (Hz) current of 50 mllianps (md) intensity to

t he nouse trhonalify shoutdalwayisdue lessdban #0% iR cenicelmiceasThus, @tran elgctroshock

described by Swinyard et al. (1952). This stimulus intensity is .

appr oxi mat tignulus of 60tHzvedD mAvand 0:2 secendsiduratign; theerderiaf copvelsiver

convul sions. During the validation of the S_teFt . tPe_ dU{ at{_)on of the

vari ous components and the percentage of control animals displaying the behaviors
should be as follows: tonic flexion (100%), tonic extension (100%) and clonus

(100%) with less than 40% mortality.

~ For testing compounds, the abolition of the tonic extensor component was the
endpoint. Animals were dosed orally (PO) with either vehicle or test drug and at a
specified time were given a maximal electric shock through corneal electrodes
blotted with saline (as described above). A minimum of 10 animals were used per
g'roup and the percentage of animals in the group without tonic hindlimb extension

recorded. Determination of ED5q values (that dose of drug inhibiting 50% of the

tonic extensor seizures) is shown below in Table 1.



sei zure conponents foll ow ng maxi mal el ectroshock were neasured as foll ows:
hi ndl eg tonic flexion was neasured fromthe tinme of the application of the
sti mul us 14 to the time of
onset of hindleg tonic extension (i.e mﬂgn t he hi ndl egs devi ate by greater
than an angle of 90[err] fromthe torso hi ndl eg toni c extensor was
measured fromthe time of extensor thrust to the onset of generalized
clonus,’and term nal clonus uy ed af I pe ianni ng to the end of

bi | at er al rhythmc clonic jer : : ecorded. The
duration of each seizure conponent agreed well with the values previously
reported by Tedeschi et al. in J. Pharmacol. Expt. Ther. 1955,116, 107. The

corneal el ectrodes were concave so aé)%@é{] g )I?e applied to the
el ectrodes to reduce nortality, §f%l | oned, nortality
Thus, at an el ectroshock

d gkatlon the order of convul sive
. conponents and the percentage of%cont ] p’I mal s di spl ayi ng the behavi ors
should be as follows: tonic flexion (100%, 3tonic extension (100% and
clonus (100% with less than 40% nortality. For testing conpounds,
the abolition of the tonic extensor conponent was the endpoint. Aninals
were dosedorally (PQ wt i ther wehicle or drug a pecified
time were E&?éﬂpiermghal Zﬁéctri c“shock thr o@ﬁggor neal Qﬂgg r@cés?@'l'%ﬂeed
with saline (as described above). A m ni mum{(mg/RE, gnionkl s %eBtock al Hdr
group and the percentage of aninmals in the group without tonic hindlinb

extensi on fecorded. B erniPati BMeR2 ED err] Qies (that dosé0% drug
i nhibiting 50% of the tonic extensor seizures) is shown below in Table I.

15 2 Et ™8LE $MeacTI vi TY DA [err] 50%
3 Me H CMe2 75 60%
4 Et H CMe2 75 60%
5 Me OMe CMe2 300 80%
6 Et OBt CMe2 1300 40%
7 Me Ph SO2 75 100%
8 Me Me SO2 75 90%

Me is methyl, Et is ethyl and Ph is Phenyl

For treating epilepsy, a compound of formula (l)-may be employed at a daily
dosage in the range of about 10 to 2000 mg, usually in 1 to 4 divided doses, for an
average aduit human. This translates to about 0.2 - 50 mg/kg/day. A unit dose

would contain about 5 to 500 mg of the active ingredient.

In general, compounds of formula (1) may be used in treating epilepsy in
mammals including humans in a manner similar to that used for phenytoin.
Medical aspects of the treatment of epilepsy are described in greater detail by Rall

and Schleifer in Goodman and Gilman's The Pharmacological Basis of



Example Rlerr] Rl err] X dose MES Test (m ce)

(nmg/ kg, p.o.) % Block at 4 h 1 - Me Ph Cve[err] 300
70% 2 ' Et Me CMe[err} 75 50% 3

M °H CMe[err] 75 60% 4 Et H

Cwvel[ err] 75 6% 5 Me Ove Cwe[err]

300 80% 6 Et OEt CMe[err] 300

40% 7., Me Ph Sgerr] 75 100% 8

Me Me Tirhpsdtics, 8th ed.; GoodmaibGilman, A.; Rall, T. W.9Rfés, AeSi;Saykrhi), Edst; i s

et hyl and Ph is Phenyl For treating epilepsy, a conpound of formula

(1) may [RergamiooyRrassit Newd¥iorky 189@;aeR486-46Re r ange of about 10 to 2000 ny,
usually in 1 to 4 divided doses, for an average adult human. This
translates to about 0.2 - 50 ng/kg/day. A unit dose would contain about 5

to 500 ny of Theeoafidunds ionrai£ (1) preferably e ainfsiéreddrmmetordsofd formul a
(I') may be used in treating epilepsy in manmals including humans in a

manner sipharmaceuticahaompssitiofi.or Tep peapareitine phBrnacdutiaalpearngosifiorishef thissat nent
of epilepsy are described in greater detail by Rall and Schleifer in
Goodnan anrenrtionn@ne or mase sHiamateotegpreundsekiosmyla (1) are intimately admixed

16 . . . . . .
with a pharmaceutical carrier according to conventional pharmaceutical

compounding techniques, which carrier may take a wide variety of forms
depending on the form of preparation desired for administration, e.g., oral, by
suppository, or parenteral. In preparing the compositions in oral dosége form, any
of the usual pharmaceutical media may be employed. Thus, for liquid oral
preparations, such as, for example, suspensions, elixirs and solutions, suitable
carriers and additives include oils, flavoring agents, presen)atives, coloring agents
and the like; for solid oral preparations such as, for example, powders, capsules
and tablets, suitablé carriers and additives include starches, sugars, diluents,
granulating agents, lubricants, binders, disintegrating agents and the like.
Because of their ease in administration, tablets and capsules represent the most
advantageous oral dosage unit form, in which case solid pharmaceutical carriers
are obviously employed. If desired, tablets may be sugar coated or enteric coated
by standard techniques. Suppositories may be prepared, in which case cocoa
butter CO;JId be used as the carrier. For parenterals, the carrier will usually
comprise an oil, though other ingredients, for purposes such as aiding solubility or
for preservation, may be included. Injectable suspensions may also be prepared, in
which case appropriate liquid carriers, suspending agents and the like may be

employed.

It is especially advantageous to formulate the aforementioned
pharmaceutical compositions in unit dosage form for ease of administration and

uniformity of dosage. The term "unit dosage form” as used in the specification and



Therapeutics, 8th ed.; Goodman Glman, A ; Rall, T. W; Nes, A S
Taylor, P., Eds.; Pergannn Press: New York, 1990; pp 436-462. The
conpounds of formula (1) preferably are adm nistered in the formof a
pharmaceutical conposition. To prepare t pharmaceutical conpositions of
this invention, one or nore sul famate conpounds of fornula (1) are
|nt4nately adn1xed with a pharmaceutical carrier according to conventi onal

Do oy ot FRMENEANIS (RISt ler iyt B Yurffsdhol o uni
adni ni strat jgmqi rﬁnga’po kern?ﬁeé‘ﬂﬂ@ﬂﬂfyt é{?the g q}‘é‘ﬁtﬁ SAbulal 1 Icgf&mcgqhbhe

COﬂpOSItIOﬂS In or sage 1orm-" any ar nace

may be enpl eagfbd ﬁmtépeuﬁzf efféél”ihclaéébélatfehg\f)ﬁﬁ M we%”ﬁ%@ﬁdadcéﬂca%&%' re,

suspensi ons, I XIrs and solutions, suitable carriérs an t1ves I nclude
oil's, flavoring agents, preservatives, coloring agents and the |ike; for

lid I f wd I
abl ete, sul tap B8 ¢ h%?rﬁaééi? Mcam%%ft%%"ﬁeferm@ ooy bt cosgae B, ©.0.

ers

and the | i Dk apatle SI5BHE, nigglirs RaSanphlt B BopBten BEF G  THE e b o
phar maceut f%ﬁrﬁﬁéﬁ'?ﬁ% vai pRceR %félegﬂﬁf@q@‘iféﬁ s pfdBul Lo b e
sugar coat % ’iﬁ‘é é&tn?é)ﬁ@‘?&gaﬁ éﬁ&?&'i‘ﬁ% %ﬁ&nﬂahgiég@ rga&%o%é’fdoegggay be

pr epar ed, case coc er coul e use e carrier

parenterals &@eﬁmda;s&vyr.ba it 98 ?égec?ﬂré?hént?ﬂ% tRnfSth

|ngred|ents or purposes such Ity or eservatlon

may be i nclggiegity bhtiRetandifion beney freaftd, raawmlescbrﬁﬁom'i@aérr@demplby@a' ch case
appropriate I|qU|d carriers, suspending agents and the |ike may be

enpl oyed. Determindtion 6f @mnﬂonﬁdésag@éwemaqmﬂu@lar sitiationisaivighinltBe skill of the
af orenenti oned pharnmaceuti cal conpositions in unit dosage formfor ease of

adm ni stratartn and uniformty of dosage. The term "unit dosage form as
used in the specification and
17 clains herein refers to physically discrete units suitable as unit

dosages, each  unit containing a predeterm ned quantity of active |ngred|ent
cal culated to pigupesentinvesdippamllinesr bplascabed vétn refarencedsi theifokowing
t he requi reéixgnh'a erégceut i cal carrier.

EXAMPLE 1: 2,3:4,5-Bis-O-(1-methylethylidene)-B-D-fructopyranose
N-(phenylmethoxymethylidene)sulfamate

A mixture of topiramate (3.39 g, 10 mmol), prepared by the process disclosed
in U. S. Patent No. 4,513,006 and J. Med. Chem. 1987, 30, 880, and 3 mL of
PhC(OMe)3 was heated at 120-125°C for 8 h. The.material was chromatographed

~on a column of silica gel with ethyl acetate/hexanes (1:2) to give the product as a
white foam that was homogeneous by TLC. Solvent was removed and the resin
crystallized on standing, and it was recrystallized from ethyl acetate/hexanes to
afford colorless prisms, mp 111-112 °C. Anal. Caled for C2oH27NOgS: C, 52.51;
H, 5.95; N, 3.06. Found: C, 52.45; H, 5.96, N, 3.06.



The pharmaceutical conpositions herein will contain, per dosage unit, e.g.,
tabl et, capsule, powder, injection, teaspoonful, suppository and the |iKke.
The -conpositions will be administrated in anobunts as previously described
herein with regard to the active ingredient and to the condition being
treated. The dosages, however, may be va@ied dependi ng upon the requirenent
of the patient, the severity of the condition being treated, and the
conpound hei ng enpl oyed. Determ nation of optinmum dosages for a particul ar
situation isgdAMPOE! Be 5)8:4 )5-BisI01¢1 ahéthylethyliderie)-prDefittopgvandsen wil |

now be described W Th T efjqreamfddythifidedle) Suitatdtsanpl es: EXAMPLE 1:
2,3.4,5-Bis-O (1-nethyl ethyliden€)-[érr]-Dfructopyranose

N- ( phenyl met hoxymet hyl i dene) sul f amat e A m xture of topiramate (3.39
g, 10 nmol), predabadretof topimnmate 289 g)i prepareddisiim Examgle Pandhmine.
4,513,006 and J. Med. Chem 1987, 30, 880, and 3 nL of PhC&%t)S was heat ed
at 120- 125] eMeQ{OES wastheataskatifafiey f0ar haathe $areRia Wa§ CapFRIMatesHO R SVRim of
silica gel with, ethyl acetatelhexane , i t A ahite
oam that waSTHRSHERLAEBTE EysPEe Sreg et Dbt S s Soihg AL Sl el ot
crystallized | Ayt ochichhé hiftie t6 A tedt W

acet ate/ hexaﬁggl ?%é%g@%?gn%;ﬁoﬂgltg S p)tplgsg’rl;s np 111- f_lz [err] C.s Anal . Cal cd
for d err] H aombbéheous]oy TC. Salveit wasireriowds tolgiveda tiick ¢adartess spup3hads5; H,

5.96, N, 3.06. _ _ , 18  EXAMPLE
2: 2, 3: 4, 5- Berystgliized patstgnding:y it wasrsyverized fo pwhita powgder thgbwas -

or epar e as. PROSSRTILE bty Bhke-o7 onelidbind S G SRRRTIRETO &7 .

h. The sanpl g g2y, §ABC FBLAGIEC U7 65;H, /68! N, 3.45.

EXAMPLE 3: 2,3:4,5-Bis-O-(1-methylethylidene)-p-D-fructopyranose
N-(methoxymethylidene)sulfamate

@ A mixture of topiramate (3.39 g) prepared as in Example 1 and 10 mL of

HC(OMe)3 was heated at reflux for 30 h. The sample was conce'ntrated to a syrup,
which was chromatographed on a Waters Prep HPLC on a column of silica gel with
ethyl acetate/hexanes (1:3) to give the product as a thick colorless syrup that was
hydrolytically unstable and homogeneous by GLC. Anal. Calcd for
C14H23N0gS+0.125 CH2Cl2: C, 43.28; H, 5.98; N, 3.57. Found: C, 43.18; H, 5.98,
N, 3.50.: |

EXAMPLE 4: 2,3:4,5-Bis-O-(1-methylethylidene)-B-D-fructopyranose
N-(ethoxymethylidene)sulfamate

A mixture of topiramate (3.39 g) prepared as in Example 1 and 8 mL of
HC(OEt)3 (with one drop of glacial acetic acid) was heated at reflux for 18 h. The
sample was concentrated to a syrup, which was chromatographed on a Waters
Prep HPLC on a column of silica gel with ethyl acetate/hexanes (1:4) to give the
product as a light tan syrup that was hydrolytically unstable. Anal. Calcd for
C15H25N0OgS: C, 45.56; H, 6.37; N, 3.54. Found: C, 45.26; H, 6.17, N, 3.46.



whi ch was chromat ogr aphed on a Waters Prep HPLC on a columm of silica gel
with ethyl acetate/ hexanes (1:3) to give the product as a white foamthat
was honpgeneous. by TLC. Sol vent was renoved to give a-thick colorless syrup
that crystallized on standing. It was pulverized to a white powder that was -
honogeneous by TLC., np 56-57 [err]C Anal. Calcd for (Jerr]l]Herr]NJerr]S:
C, 46.93; H,  6.65; N, 3.42. Found: C}947.05; H, 6.68, N, 3.45. EXAMPLE
3. 2,3:4,5-Bis-O(1-nethylethylldene)-[err]-D-fructopyranose

N ( met-hoxynet hyl i dene) sul f anmat e A mxture of topiramate (3.39 Q)
prepared as in Exanple 1 and 10 nmL of HC(OWe) 3 was heated at reflux for 30
h. The saEXAMPBE Son2gi5xBid-Oe(lamsathybethylideme)f<Dductopys5aRpEed on a
Waters Prep HPLC on aNe@immethaxyanethylidehe)sulfiamateyl acet at e/ hexanes
(1:3) to give the product as a thick colorless syrup that was

hydrol ytically unstabl e and honogeneous by G.C. Anal . Calcd fo

Clerr]Herr] quﬂnqe@fdppqmms(ﬁ% g} Plepared as in Examples;5 HE QIICQQMNA, 3. 57.
Found: C, 43.18; H, 5.98, N 3.50. EXAIVPLE[ 4:

2, 3: 4, 5- Bwo drops okslasial acatic aeidnand PAME opxylpaes Weye heated at reflux for 8 h.
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tan syrup that was olytically unstable. Anal. Calcd for
q er r] H eaftdrel avhite TrySals4 mps5623-#25 6C37Anall, Calcd4or CosHasNO 1085 C2e13.79; 6. 17,
N, 3. 46. _ 19

H, 6.12; N, 3.40. Found: C, 43.75; H, 5.96, N, 3.43.

EXAMPLE 6: 2,3:4,5-Bis-O-(1-methylethylidene)-3-D-fructopyranose
N-(disethoxymethylidene)sulfamate

A mixture of topiramate (3.39 g) prepared as in Example 1, 5 mL of C(OEt)4,
two drops of glacial acetic acid, and 20 mL of xylenes was heated at reflux for 12 h.
The sample was concentrated to a syrup, which was chromatographed on a Waters
Prep HPLC on a column of silica ge! with ethyl acetate/hexanes (1:3) to give the
product as a colorless viscous syrup. Anal. Calcd for C17H29N010S+0.1 H20: C,
46.27; H, 6.67; N, 3.17. Found: C, 45.93; H, 6.48, N, 3.08.

EXAMPLE 7: 2,3-0-(1-Methylethylidene)-4,5-O-sulfonyl-B-D-
fructopyranose N-(Phenylmethoxymethylidene)
sulfamate

A mixture of 2,3-O-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
sulfamate (2.0 g) and 3.3 g of PhC(OMe)3 was heated at 120 °C for 8 h. The
material was chromatographed on a column of silica gel with ethyl acetate/hexanes

(30:70) to give the product as a white foam that was homogeneous by TLC. Anal

Calcd for C17H21NO11S2: C, 42.59; H, 4.41; N, 2.92, S, 13.37. Found: C, 42.54;

H, 4.27, N, 3.04; S, 13.88. The 2,3-0-(1-



EXAMPLE 5: 2,3:4,5-Bis-O (1-nmethyl ethylidene)-[err]-Dfructopyranose

N- (di met hoxynet hyl i dene) sul f amat e A mxture of topiramate (3.39 Q)
prepared as in Exanple 1, 5 nL of C(Owe)4, two drops of glacial acetic
acid, and 20 nL of xylenes were heated at reflux for 8 h. The sanple was -
concentrated to a syrup, which was chromatographed on a Waters Prep HPLC on
a colum of silica gel wth ethyl ace%?te/hexanes (1:2) to give the product
as an oil that crystallized. Recrystallization from ether/nethanol (95:5)
afforded white crystals, np 123-125 [err]C. Anal. Calcd for

Cherr] H eﬁ\%@@ﬁ?ﬁd@ﬂ;&%ﬂ%sﬁ%nyl-ﬁD-@m%py%no%e%faﬁ%‘t’é‘ tsedhefeindbbve™

5.96, N, 3.43.

2, 3: 4, 5- Bygs Prépare@ B \biidviy| i dene) -[err] -D-fruct opyranose
N- (di set hoxynet hyl i dene) sul f amat e A mxture of topiramate (3.39 Q)

prepared as in Exanple 1, 5 nL of C(OEt)4, two drops of glacial acetic
acid, and 20 nmL of xylenes was heated at reflux for 12 h. The sanple was
concent r at ed A 8 Lathgsga-ngckeglask wrssequippedwith eamiecbanieal stiiet,er s Prep HPLC on

N a1 IO
5 o8, chgpdftaadse Shifigicie ol fig, 167, MonkES Bambtie i vt aqeterf 8
fruct Opyrlé)gﬁfiﬁfpﬁ‘kﬁfé‘@ﬁ BE6. 200 & hYhistHARflre was heated at reflux vt/ iffg®

A m xture

2, 3- O ( 1-ureidmdrgdring et eblufioh afdudofedto -GDGPU\]viﬂDaferﬁeﬁﬁdﬂSl%PQﬁ@I eghf amat e
(2.0 g and 3.3 g of PhC(OWe)[err] was heated at 120 [err]C for 8 h. The
mat eri al Swifurglehioriceo@6 00360 molr was raddedl dsopwise oyet 45imin ab+0/to -50

acet at e/ hexanes (30:7 to give the product as a white foamthat was

homogeneoksWhile ﬂ'_"d'!!‘QM%)QPT argone al henresttiagrvyhiteciurkwag stifrep &t r 0 te -5 2. 59; .H,
3 3h0. (1. 101 iR bkt R fGPY'HY, ana nited throubh Clife! THY fifatd Wadextiatnd The
sequentially with saturated aqueous NaCl, 1N HCI, saturated aqueous NaHCO3
(twice), saturated agueous NaCl, dried over anhydrous MgSO4, filtered through
Celite and concentrated in vacuo at 40 °C. to furnish 85.6 g (103 %) of 4,5-bis-O-
chlorosulfonyl-2,3-0-(1-methylethylidene)-B-D-fructopyranose sulfamate as a white
crystalline solid, which was used without further purification. An analytical sample
was purified by column chromatography (CH2Clo/ethyl acetate; 95:5 v/iv on silica

gel), mp 119 - 121 °C. (decomp.).

A solution of 4,5-br‘s-O-chlorosulfonyl-2,3-0(1-méthylethylidene)-B-D-
fructopyranose sulfamate (83.1 g, 0.167 mol) in 418 mL of methanol was combined
with NaHCO3 (84.2 g, 1.00 mol) at RT in a 2 L three-necked flask equipped with a
mechanical stirrer and an argon inlet. This mixture was stirred at RT under argon
for 18 hr, filtered through Célite and concentrated in vacuo at 40 °C. The residue
was dissolived in ethyl acetate anc_j extracted twice with saturated aqueous NaCl,
dried over anhydrous MgSOy4, filtered through Celite and concentrated in vacuo at
40 °C. to afford 58.3 g (98%) of product as an oil which crystallized on standing.
This material was chromatographed on silica gel eluting with CH2Clo/ethyl acetate

(9:1 viv on silica gel) to furnish 36.6 g (53%) of product. The chromatographed



20 nmethyl ethylidene)-4,5-Osul fonyl-[err]-D-fructopyranose sul famate used
her ei nabove was prepared as follows: - A 3.L three-necked fl ask was -
equi pped with a mechanical stirrer, thernoneter, . addition funnel, and an
argon inlet. 2,3-Q(1-Methylethylidene)-[err]-D fructopyranose sul fanmate
(50.0 g, 0.167 nol) was conbined with hyl acetate (1.7 L) and pyridine
(31.7 g, 0.401 nol). This m xture was ated at reflux while stirring

under argon to effect solution and cooled to -60 [err]C with a dry

(¥ opw oo BPR 6368 0 5pd ko arfed s Aol RDREET SBHER e
T for 2 Merestinfodit Eole dibidd f°ad micRithvaleh odideand alonelitel 1"

ti i t HCC3
(rui o). - roofystling 8 & oG IheeamtD, Wife crybidls Mhoro FASHACENA AEHBRHAYIR
E %guog/;] g?f 3&%_:1&!72@?&'0 Yaen! fridredith Rvatdf dAd Hrietilinlvicubet 40°°¢ (1 8h$to v J
chl or osul Bm&g of pré2(3L-Ort-metkylbihiylidene)-4 /5 O-$ulforiyl-Bad-fructepyrancsel f anat e

as a white crystalline solid, which was used wi thout further purification.

An anal yt sulfamateyme 168s1 414G {deabny. ) ol p#hh=e1@8Bfafcog 1 h\CHADBRL Anal.hy|
acetate; 95:5 v/v on silica gel), np 119- 121 [err]C. (deconp.). A

sol uti on Otalcd, forCeH N0} B0y 200Y] H2438DN, B.8&:t Fpuadh3,i30:0¢) H[ 4:36; N)-
fruct opyranose sul famate (83.1 g, 0.167 nol) in 418 nL of nethanol was
conmbi ned 3i80h NaHCO3 (84.2 g, 1.00 nol) at RT in a 2 L three-necked flask
equi pped with a nmechanical stirrer.and an argon inlet. This m xture was
stirred at RT under argon for 18 hr, filtered through Celite and

concent r atEXIAMPIEC80 218-060(1-Metlkylethylidened)+4,8:0-siuHoriylef-Da et hyl

acetate and extracted ﬁ'ubt?&%y\féﬁb§ét N-gMeihasyethylitieHe)stliatflaty er
r

anhydrous MgSO4, filtered through Celite and concentrated in vacuo at

A mixture of 2,3-O-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
sulfamate (2.0 g) prepared as in Example 7 and 10 mL of MeC(OMe)3 was heated
at 90 °C for 3.5 h. The sample was concehtrated to a syrup, which was
chromatographed on a Waters Prep HPLC on a column of silica gel with ethyl
acetate/hexanes (1:4) to give the product as an oil that crystallized on standing to a
white solid, mp 89-92 °C. Anal. Calcd for C12H19NO11S2: C, 34.53; H, 4.59; N,
3.36; S, 15.36. Found: C, 34.58; H, 4.54, N, 3.41; S, 15.44.



40 C. to afford 59.3 g (98% of product as an oil which crystallized on
standing. This material swas chromatographed on silica gel eluting with
CH2Cl 2/set hyl acetate (9:1 v/v on silica gel) to furnish 36.6 g (53% of
product. The chromat ogr aphed

21 product (36.6 g) was dissolved in anl%?drous—e{—haﬂel—ﬁ—e%m——vel—urre = 150
rr}_l) flcrl_%eredthroulggh Celite, diluted to 350 nL 'i Iﬂr" and

al | one o] .err]C. The result}mlllmn nﬂ] wer e
washed vvlth{"ggfélglsdg ?ﬁ@%?‘éet hanol /water (1:1) ntw 8 h svater and
dried in vacuo at 40 [err]C (18 h) to give 31.4 g of pure

2,3-0 (1-methyl et hylidene)-4,5-Csul fonyl-[err]-D-fructopyranose sul famate,
mp 139-141 jerrg ﬁgﬁqm Jthel r -28.8 (¢ = 1.17, CHerr]OH Anal.
Cal cd. for Qerr]elgl re Elafetpﬁ fasiﬂl? (I)]:C 29.92; H, 4.18; N, 3.88. Found: C,
3001H436N380 EXAIVPLE8

2,3-0 (1-Methyl ethylidene)-4,5- O sul fongHds0,N=E0R,)R,

fruct opyranose N (Met hoxyet hylideng) sN/f anat e A m xture of

2,3-0 (1-nethyl et hyl i dene) -4, 5- F[err] D-fruct opyranose sul famate
(2 0 g) prepared as in Exarrple)L d 3of MeC(fpMe) [err] was heated at
90 [err]C for 3.5'h. The sanple was conc@&ptrated to a syrup, which was
chromat ographed on a Waters Prep HPLC on a columm of silica gel with ethyl
acet at e/ hexanes (1:4) to give the product as an oil that crystallized on
standlngtoav\hltes err

C[err]H[err]NqVéh?"FS[ rlfse@)dgafrgm PV"&%BQ 1Na"?¥FaB&3§E101§Y@@alk¥bund C,
34.58; H, 4.54, N, 3.41; S, 15.44.

22 WHAT I'S CLAIMED I S:

wherein Rz is selected from any of H, C4-C1¢ alkyl, C1-Cg alkoxy, C3-C1o

cycloalkyl, or phenyl;

wherein R3 and R4 are the same or different and are selected from any of H,

C4-Cg alkyl, or are taken together'to form a cyclopentyl or cyclohexyl ring;

wherein X is CRsRg, wherein Rs and Rg are the same or different and are
selected from any of H.- C1-Cg alkyl, C1-C4 perfluoroalkyl, or are taken
together to form a cyclopentyl or cyclohexyl ring; or X is S(R7)n (Rg)p, wherein
- R7 and Rg are the same or different and are selected from either oxygen or
NRg, where Rg is selected from any of hydrogen, C1-C4 alkyl, C1-C4
perfluoroalkyl, arenesulfonyl, lower alkoxycarbonyl, or benzyloxycarbonyl,

and

wherein n = zero or one and p = zero or one with the proviso that n and p can
not both be equal to zero at the same time; and a pharmaceutically acceptable

5 salt thereof.

2. The compound of claim 1, wherein Rz and Ry are either H or C1-C2 alkyl.



1. "A compound of the formula (1): [err]” wherein Rlerr] is
selected fromany of (Jerr]-Cerr] alkyl or (Jerr]-(err] cycloalkyl;

wherein R err] is selected fromany of H (err]-C ~ .
Cerr]-Cerr] alkoxy, (err]-Cerr] cycl oal kyl e”!"ﬂ"ﬂl"""l,”“"'
wheretn R3 and R4 are the sane or differegg and are sel éctéd from any of H,
Cherr]-Cerr] alkyl, or are taken together to forma cycl opentyl or

cycl ohexyl ring; wherein X is CR5R6, wherein R5 and R6 are the sane
or different and /8 compousd &St ed1EiRM 2y vﬂfeﬂ'éirC[R{]r&n&?[ R%f]iral Kydth
Cerr]-Cerr] perfluoroalpkyl, or are taken together to forma

cycl opentyl dﬁ‘e*cl?/l‘,)rohexyl ring; or Xis S(Rerr])[err](Rerr])[err],
¥\herein ] Rlerr] and Rlerr] are the same or different and are sel ected
rom ei t her oxygen, or re wher rnl . | gct Aj . Of
hydrogen, ClefY]- ngmePRVQH%[ 3%'}'] Paefle?rfﬁﬁallnspér |%U§I10a| eﬁefl'ﬂ e
ar enesul f ohy|GRJRgwendaRkand Rparel eidtheye ik ydroGic&p byl . and
wherein n = zero or one and p = zero or one with the.proviso that n and p
can not both be equal to zero at the same tinme; and a

phar maceuti caéf!y Ebheesapioand of sgl@ifthet eoherein RehandnBeudBeoPhi m
1, wherein R[xf?é*éllyf.nd Rlerr] are either Hor (err]-Cerr] alkyl.

10 6. The compound of any one of claims 1 to 3, wherein X is
S(R;),(Rg)p and n and p each equal one.

7. The compound of claim 6, wherein R, and R; are both

oxygen.

15
8. The compound of claim 6, wherein R, and R; are both NR,.
9. The compound of any one of claims 1 to 3, wherein X is
S(R;),(Rg)p and n is zero and p is equal to one.

20

10. The compound of claim 2, wherein R, is oxygen.
11. The compound of claim 10, wherein R; is NR,.
25 12.:The compound of claim 8 or claim 10, wherein Rg=H.

13. The compound of any one of claims 1 to 12, wherein R, is
methyl.

30 14. The compound of claim 13, wherein R, is phenyl,
hydrogen, methoxy or methyl.

15. The compound of any one of claims 1 to 12, wherein R, is
ethyl.

35
16. The compound of claim 15, wherein R, is hydrogen, methyl

or ethoxy.



23 3. The conpound of clainms 2, wherein Rlerr] and Rlerr] are both
met hyl . 4. The conpound of any one of cl a|wx |s

CRlerr]Rerr] and Rerr] and R err] are either H or
5. The conpound of claim4, wherein R err] and R[ {l! mnl rret hyI
10 6. The conpound of any one of clains 1 to 3, wh

S(Rlerrl)[err](Rerr])[err] and n and p each equal one - . The
conpound of claim®6, wherein Rlerr] and R[e#4] are both oxygen 15
8. The conmpound of claim®6, wherein R[err] and Rlerr] are both NR[err].
9. The conpound of any one of cl ains wher ei n IS

S(Rlerr])[err] @ -erd] )I{l'@r]?“}a%#f’q]s f@“@%lﬁq sfgauaFrFBtoﬂg epilepsy,

The conpound ofcdpiiBihg V\flﬁ!éebﬂomBBuha @/ 0y one ofllcldhss conpeurks oin
claim 10, wherein claim 8,0r

Clai m 10 wher SPTEY Jen viEH & bharnaRaucifal cabPoRRy PaRe B (P nEY

- to 12, wherei n demyaynd deing peElseint in therapeutically effective amount.
5
18. The pharmaceutical composition of claim 17, wherein the

compound is present in an amount sufficient to treat

convulsions in animals.



30 1&! The conpound of-. claim 13, wherein R2 is phenyl,

hydr ogen, met hoxy or nethyl. .15.- The conpound of any one of clains 1
to 12,« Wwherein Rerr] is ethyl. 35 16. The compound of claim 15,
wherein R2 is hydrogen, nethyl . or et hoxy.

24 17. A pharnmaceutical conposition for treating epilepsy conprising the
conpound. of any one of clainms 1 to 16 in conbination with a
pharnaé%utiqally acceptabl e carrier, the conpound being present in

t herapeutically effective anount. 18. The pharnmaceutical conposition of
claim 17, wherein the conpound is present-2s3 an anount sufficient to treat

convul sions in ani mal s.

IMIDATE DERIVATIVES OF PHARMACEUTICALLY USEFUL
~ ANTICONVULSANT SULFAMATES

Imidate derivatives of sulfamates having the following formula (l):

H,0SO,N==C(OR)R,

/ R .
%~ oj’ 3 m

R,

wherein R1, R2, R3, R4 and X are as herein defined have been found to be useful
prodrug and exhibit anticonvulsant activity when converted to the active agent
upon administration to a mammal and are thus useful in the treatment of conditions
such as epilepsy. Further, the present invention encompasses pharmaceutical
compositions containing a compound of formula (l) as well as methods for their

use.
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