ANTI CONVUL SANT FRUCTOPYRANGCSE CYCLI C SULFI TES AND SULFATES BACKGROMRIcIatis
THE | NVENTI ON Sul famat e derivatives havi ng”useful pharmaceutical activity
in the areas of epilepsy, glaucoma, peptic ulcers and male infertility are
dj scl osed J n U S. Patent Nos. 4,075,351, 4,513,006, 4,591,601 and
4,792,569. “Most recently, a sulfamate derivative known as topiranmate was
dlscovere and is under devel opnent by Nei | ab, Inc. the assignee of the
present invention, for the treatnent of epilepsy. This sulfamate derivative
is disclosed in U S. Patent No. 4,513,006 and described in J. Med. Chem
1987, 30, ANTICONVULGAMNT cERUCTORYBANQSE i GYSLIGNSULRIFES | be novel
sul famat e gQP VSU' ?'Eq]h potent anticonvul sant activity. SUWMARY OF THE

| NVENTI ON rrpoun e following forrmula (I): [err] wherein [err] n and
p are as herein defined, possess anticonvul sant activity in nmammuals and are
t hus usef LBA'ngm)ltjmytopntrHE MVENTIONIer s such as epil epsy. Conpounds
of fornmula (1) are also useful for treating glaucoma or peptic ulcers. In
addi tion, conpounds of fornula (1) are diuretic, hence they are useful in
the treatnent Sufifamygterderiveitives havh@asefubphaanacémidauaetnﬁtydlnomher types of

phar maceutiraas of HRIBBEY. GiRGEaTay RERIEFicsnE <hR T lertiy Fe Biadased o

fornul a (lip Sd Ratentoliess 4075151, de5t 5006, 4,59) 60 cand ¢:792,568nv ul si ons,

peptic ulcers, dl aug:orra 2 hyperten3| on, congest | ve heart failure arfd
ot her types of edena, 5| n ounds ounds useful as o
i nter meé:oat es M@tﬂﬁﬁﬁﬁ g\-\@%m aﬁr‘]’e known B topiramate was

discovered and is under development by McNeilab, Inc. the assignee of the
present inventlon for the treatment of epilepsy. This sulfamate derivative is
disclosed in U.S. Patent No. 4,513,006 and described in J. Med. Chem.
1987, 30 880.

It is an aobject of the preseht invention to describe novel sulfamate
derivatives with potent anticonvulsant activity. '

SUMMARY OF THE INVENTION

Compounds of the following formula (I):

H,0SO,NR,R,
(Redpd 0j< Ra | v
(Rs)n//S\ Ry

wherein R1, R2, R3, R4, R5, Rg, n and p are as herein defined, possess
anticonvulsant activity in mammals and are thus useful in the treatment of
CNS disorders such as epilepsy. Compounds of formula (I) are also useful
for treating glaucoma or peptic ulcers. In addition, compounds of formula (1)
are diuretic, hence they are useful in the treatment of hypertension,
congestive heart failure and other types of edema. The present invention
comprises the compounds of formula (I), pharmaceutical compositions

. containing one or more of the compounds of formula (1) and methods for the
treatment or prevention of convuisions, peptic ulcers, glaucoma,
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formula (1) are also included in this invention. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON Conpounds of the present invention are represented by the
following formula (1): [err] wherein [err] and [err] are the sane or
different and are selected from hydrogen, [err] alkyl, [err] cycloal kyl,
allyl, benzyl, [err] perfluoroal kyl),2or are taken together with N to

r'eprteﬁent anypearter@romrcun@estwe heahefallireaasd b]g'fdr]t wbeédém eIy sv.:f& i’ind R4
are the sanme_or en err or
are taken ‘P‘HB@PH&# gfﬁ“&é%'ﬁ%k}%&&ﬁ%f@ﬁ Pd% ; ?Jﬂc&]oand
[err] may MWIaa(I};ar\eatso iticiudeddntthisridventiorsel ect ed from oxygen or NR7;
where R7 is selected fromhydrogen, [err] alkyl, [err] perfluoroalkyl,
arenesul fon LErr] al kox car bonyl or benzyl oxycarbonyl. Each of n and p
is either Eérfd\ [anEﬁﬁB TN IQF RHEd ﬁNélﬁbl’ both equal to zero at
the sane tine. A lone pair of electrons is designated when elther nor p
are equal to zero. r.e 3 As used herein aI |, ,al koxy and
per t & or cal Ky CORBRURES & A5 presem dnvantianale teRissRmofy beolowing: ky

radi cal s ifoetutie(lret hyl, ethyl, propyl, isopropyl, n-butyl, |sobutyl,
sec-butyl, t-butyl, n- pentyl, 2. met hyl -3- butyl, 1- met hyl butyI,

2- et hyl butyl, neopentyl, n-hexyl, 1- th#eagazt?}/l 3- net hyl pentyl and
n-octyl. Perfluoroal kyl radicals aye 1Re previ ously descri bed
straight or branched chain al ky r adi in which all of the hydrogen
atons have been repl aced vvﬁd’p L uo 3 e.g. trli(lb)uororret hyl ,

E{AI koxy radicals are oxygen
4s

pent af | uor oet hyl, hept afl uoy o |,
ethers formed from the preV| I y descrl be traight or branched

wherein R1 and R2 are the same or different and are selected from
hydrogen, C1-C12 alkyl, C3-C10 cycloalkyl, allyl, benzyl, CH2-(C{-C4
perfluoroalkyl), or are taken together with N to represeht an azido group; i.e.,
R1 and R2 represent N2; ' '

R3 and R4 are the same or different and are selected from hydrogen, C1-Cg
alkyl, or are taken together to form a tyclopentyl or cyclohexyl ring;

Rs and Rg may be the same or different and are selected from oxygen or
NR7; where R7 is selected from hydrogen, C1-C4 alkyl, C1-C4
perfluoroalkyl, arenesulfonyl, C1-C4 alkoxycarbony! or benzyloxycarbonyl.

Each of n and p is either zero or one, provided 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. For example:

N ' H,O0SO,NR,R, ' Hzc>so,,_Nn,r=z2
(RS)p > S,\ O} Rj designates (Rs) Ra

(RS)O . _ R4 ad’

Fa



chain al kyl groups. Arenesul fonyl radicals include, for exanple,

phenyl sul fonyl, o-toluenesul fonyl, mtoluenesul fonyl, p-tol uenesulfonyl
(abbreviated as "Ts"), 1-naphthal enesul fonyl, 2-naphthal enesul fonyl, and 5-
di met hyl am no- 1- napht hal enesul fonyl . Cyclic sulfites are designated when n
equal s one, p equals zero, and R5 is ygen and al so when n equals zero, p

e > ol o AR BB %"&ﬂ%ﬁ#&@aﬁﬁb yfiorBelkyf UMY bifionp 8Ra" caual s
i m dosul L i theanched dmmgnﬁwcexmmienalknhmdwai?mclqwemmhyﬂ ethyd, pnogyl, er Ir] i s
Lo sl af SPToPle BB o680 B0 D RAYE sy, ﬁﬂe%'@b'\‘?yﬂr]@ s
oxygen and Methylbuty, ?é’ﬁ?ﬂhYMWaF‘gBPWh’h 6@0&]‘3’"%‘9%" Mgdal s one, [err]
is [err] a'h%th?f;fehtylsar@(bi%fyl Pertlucrodikylradicslsiarbafefived &efiegnat ed when n

2?2?2&823w%wpﬂ%‘@oiafgr"Wﬁaeﬁ@%%‘ﬁrana@% i TR

AggeYv. Chetine hydrogenh atomg have beenFeplzaeediwitiufladrihe atdms} e.gdescri be Lhe t he
t t

ot fSct’u?esiﬁf@&?“@%ﬁoﬁﬂ@é@h&#ﬁﬂgﬂPP@f@éﬁéﬁ’gﬁ R ARDrS FaPa8 arb"e

f ruct opyr asxyges @thenssfosned m\xhem\dwsy angmczﬁbranc a (1) can

exi st in tlairPamkl Q&dg@tmﬂe%uﬁéﬁym&da!@n{cﬁrdd 1br ékambséoyr anose absol ute

f t bsal ut
gng : gﬂ?gt :pg'ﬁnﬂ@ Qf‘)'h«,gd Oi%e"esu"tﬁnylerm]m&?ﬁaeﬂ{éo@yheg{ enes ﬁ?ﬁﬁt lcJ)piranose
~ absol ute cqabbviastedes ‘f'Es")jef-napﬁttmﬁendseﬂfohyl?rzemmmadlmspﬁunﬁs anfl §-ornmul a -
(1) are thoga e AL Hifb-4 GaSnFBRH  fony!.

Cyclic sulfites are designated when n equals one, p equals zero, and
R5 is oxygen and also when n equals zero, p equals one and Rg is oxygen.
Cyclic sulfates are designated when n equals one, p equals one, Rs is
oxygen and Rg is oxygen. Cyclic imidosulfites are designated when n
equals one, p equals zero and Rs is NR7 and also when n equals zero and
p equals one and Rg is NR7. Cyclic imidosulfates are designated when n
equals one, p equals one, Rs is oxygen and Rg is NR7 and also when n
equals one, p equals one, Rs is NR7 and Rg is oxygen. Cyclic
diimidosulfates are designated when n equals one, p equals one, Rs5 equals
NR7 and Rg equals NR7.

The system of stereodescription developed by Cahn, Ingold and Prelog
and described in Angew. Chem. Int. Ed. Engl. 1966, 5, 385 is used herein to
describe the the absolute stereochemistry of stereogenic sulfur atoms. For
example, the structure of (R)-2,3-O-(1-methylethylidene)-4,5-O-sulfinyl-B-D-
fructopyranose sulfamate is shown below:

LH,0S0,NH,
o et
e
CH,
- . Compounds of formula () can exist in the B-D-fructopyranose and the

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



are in the [err]-D-fructopyranose absol ute configuration wherein; [err] and
[err] are as defined above; R3 and R4 are nethyl; [err] and [err] are
oxygen; n and p are equal to one. Particularly preferred conpounds of
formula (1) are those in the [err]-D-fructopyranose absol ute configuration
wherein; [err] and [err] are hydrogen or nmethyl; R3 and R4 are nethyl;
[err] and [err] are oxygen; n and p arg equal to one. Exanples of specific
conmpounds of fornula (1) are: -0

-nmet hyl et hyl i dene) -4, 5- G sul fon\é:’- err wﬁh?(?%%a"{?p?? anose sulfamate, i.e.
where the compound is |n t he [e T Df ogyranose absol ute configuration,
[err] and [err] are hydrogé‘?ﬁp*[f rr are nmethyl, [err] and [err]
are oxygen, and n and p are® ;

2, 3- 0O (1- et hyl et hyl i dene) - ﬁ 5‘?" Osul fonyl [Rérr] L-fruct opyranose sul f anat e,
I.e. where the conmpound is in the [err]-L-fructopyranose absol ute

conf | gur aandthelthé B-LANRtOBfrahose %bbuldll@ﬁﬁﬁf ?lﬁﬁt@ﬂds B@flﬂéé d§9t hyl, [err]
and [err] are oxygen, and n and p are equal to one; 2,3-0(1

-met hyl et hyl i dene) -4, 5-O sul fonyl -[err] -D-fruct opyranose net hyl sul fanat e,
i.e. where the corrpound is in the @$RMNHBPs anose absol ute
conflguratlon [err] is hydroge " "1- nmethyl, R3 and R4 are nethyl,
[err] and [err] are oxygen{Rey Rgqual to one; 2,3-0(1

-nmet hyl et hyl i dene) - 4, 5- Osulé‘F STO err] ruct opyranose butyI sul f anat e,
I.e. where the corrpound i s {e) he [err]- D fReuct opyranose absol ute »
configuration, [err] is hydrogen, R2 is n-butyl, R3 and R4 are nethyl,

[ et byt ot hy! | BETEFEy @ﬂ?%ﬂﬂqu[‘&'#? (5 79 s B0 tho cBrclirde Lo o
‘6. wher are irutheofRrimetonyranose abselulq configurationwharein: Risod Ra-are
| con gur agsYbfinkardbdovies H@’Qﬁémare[ Mefdyl; Rs %‘h@ﬁs aré okygéritth Bid p &remet hyl

o 0 eunlocena) Fadiesfadly BrabdrAmpOqhLR ot B Mbaye thessdn

the B-D-fructopyranose absolute configuration wherein; R{ and R2 are
hydrogen or methyl; R3 and R4 are methyl; R5 and Rg are oxygen; n and p
are equal to one. Examples of specific compounds of formula () are:

2,3-0-(1-methylethylidene)-4,5-O-suifonyl-B-D-fructopyranose
sulfamate, i.e. where the compound is in the B-D-fructopyranose
absolute configuration, R1 and R2 are hydrogen, R3 and R4 are methyl,
Rs and Rg are oxygen, and n and p are equal to one;

2,3-0O-(1-methylethylidene)-4,5-O-sulfonyl-B-L-fructopyranose
sulfamate, i.e. where the compound is in the B-L-fructopyranose
absolute configuration, R{ and R2 are hydrogen, R3 and R4 are methyl,
Rs and Rg are oxygen, and n and p are equal to one;

2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
methylsulfamate, i.e. where the compound is in the B-D-fructopyranose
absolute configuration, R4 is hydrogen, R2 is methyl, R3 and R4 are
methyl, R5 and Rg are oxygen, and n and p are equal to one;

2,3-O-(1-methylethylidene)-4,5-O-sulfonyl-p-D-fructopyranose
butylsulfamate, L.e. where the compound is in the B-D-fructopyranose
absolute configuration, R1 is hydrogen, R2 is n-butyl, R3 and R4 are
methyl, Rs and Rg are oxygen, and n and p are equal to one;



octylsulfamate, i.e. where the conmpound is in the [err]-D-fructopyranose
absol ute ‘configuration, [err] is hydrogen, [err] is n-octyl, R3 and R4 are
methyl, R5 and R6 are oxygen, and n and p are equal to one;

2,3-0 (1-net hyl et hylidene)-4,5-0Osul fonyl-[err]-D-fructopyranose 2-
propenyl sul farmate, i.e. where the conpgund is in the [err]-D

f t b ' L pR, i i Iyl
err] and Re 8 ol HyRRAGRY RGP 8- ooy B naiictiRRanede ! o' 2 2 e
to one; 2, 3- ogthylsutfameate,Hya. iwhete)tha compaund isiip the §-Pifruntopyranoger anose

h | et hyl s idspiwkonfi S5 id 8th
Frﬁggogra%o:;&ﬁa S lb;ogﬂgﬁraft}’d?ﬁﬁtfismz{{”,ﬂgéé &ngoﬂ%ﬁraﬁé rbrpls benzyl ,
R3 and R4 are "HEMI ,5[8.5'?%65%%0{%9??, n(%[‘?déﬁ!' 8A¥AIHOBMe:p are equal to
one; 2,3-0 (1l-nethylethylidene)-4,5-0Osulfonyl-[err]-Dfructopyranose
?ycl ?pr opyl's U_Iz.anﬁt(e,-m'etrwlet}hi_ylwene)he,swmnw-Bda-ifmotdp/rhﬂosé -D-

ruct opyr anose C | . |
cycl op%pyl \- @Qﬁﬁif%b%g;g%?%?gpﬁp%% '53" m%hggff@&%&&%{ﬁ@%eand p are
equal to one; ahsdlde(configuration, R1 is hydrogen, R2 is n-octyl, R3 and R4 are
-met hyl et hyl i y f i i f .
cyol obutyl Sul FRGaYY FE e T PO 6y a6h ducth o) SR 6P oney:

fruct opyranose_absol ute configuration, [err] js . hydrogen, R2 is cyclobutyl,
R3 and R4 are &t |1:mpmﬁ?thﬁ§em-$ﬁe0&w{9@ul-§ QIaposs @-equal to

one; 2, 3- O (1 propehylsaliamiateldies wibrete Sehipuund isdnthe B-Dr uct opyr anose
cycl ooctyl sul famate, i.e. %e the.co .ounﬁ i.s.in the Eﬁriéﬁ}
fruct opyranosé"‘ﬁgwwese Bﬁ?&PPSﬂ‘;‘ 2R ;18 W%‘?Qﬂb 2 1pa )Q- B?cl ooct yl,
[err] and [ er rgnchRe aretrgthyl,[R$ ahddRgl afs orygempangem andiplare equialitoar e equal
to one;

' one,

2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-p-D-fructopyranose
phenyimethylsulfamate; i.e. where the compound is in the §-D- -
fructopyranose absolute configuration, R1 is hydrogen, R2 is benzyl, R3
and R4 are methyl, Rs and Rg are oxygen, and n and p are equal to
one;

2,3-O-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
cyclopropyisulfamate, i.e. where the compound is in the B-D-
fructopyranose absolute configuration, R1 is hydrogen, R2is
cyclopropyl, R3 and R4 are methyl, Rs and Rg are oxygen, and n and p
are equal to one;

2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
cyclobutylsulfamate, i.e. where the compound is in the B-D-
fructopyranose absolute configuration, R1 is hydrogen, R2 is cyclobutyl,
R3 and R4 are methyl, R5 and Rg are oxygen, and n and p are equal to

one;

2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
cyclooctylsulfamate, i.e. where the compound is in the B-D-
fructopyranose absolute configuration, R1 is hydrogen, R2 is cyclooctyl,
R3 and R4 are methyl, R5 and Rg are oxygen, and n and p are equal to
one;



6 2,3-0(1-nethyl ethylidene)-4,5-Osulfonyl-[err]-D-fructopyranose (2,2, 2-

- trifluoroethyl)sulfamate, i.e. where the conpound is in the [err]-D

fruct opyranose absol ute configuration, [err] is hydrogen, [err] is 2,2, 2-
trifluoroethyl, R3 and R4 are nethyl, [err] and [err] are oxygen, and n and
p are equal to one;

2,3- 0 (1- et hybej. @Lh ?ﬁ‘é} m%re%éﬁmhgnégﬂ@%gif@@yﬂﬁ Brﬁuafsggr%}hbg_a%ez 2-

di met hyl sul f amat’e frpoun

fruct opyranose 'KB%PQWU\SB“#'F‘Q@ a4 yhere the compoupd isintheBti | R3 and R4
are nethyl, [efgbt r?@s@assameg@mﬂg%ﬂdmh 4l rs)h?drﬁg@ﬁUR? s@ope; 2,3-0(1

e e, Lg?ﬁﬁmﬁﬁuﬁ S LhaHAAlErAng BB S Bt oat p e =™ ©

configuration, p[g@réqmdolaae@re ethyl, R3 and R4 are methyl, [err] and R6
are oxygen, and n and p are equal to one; 2,3-0(1

-nmethylethylid r t osul fate, i.e.
wher eyt he zom%ﬁ?ﬁs%%?%m@m’f %ffjr%g fféw&%{eraagggfﬂfde&conf i guration,
[err] and [err Himethylsufemateghe.nwherg the eorepwmd isgiarthefB-Pormul a (1) to
;regrgieng nan arru%fbadnygéﬁ&sérzéswutée?rgl%ﬁgﬁmﬁ Ry hna mrwéthyr[ #3 dn@nd [err]
) 351 Er daianell B Ao adp kvEehs and BB SQURHARS, | o
where the conmpound is in the [err]-D-fructopyranose absol ute configuration,
[err] and [err 3G (Tyethgiethylidene)- wﬂbeﬁomylaﬁ-a-rracﬂmpyraﬁse s oxygen, R6

absol ut e st or eSneBian e, i) wiiarBiE ool isdn s %gl?%kw%é?af%n?rea”d e
- et hyl et hyl i dabeplute soafigurationyR1 [and R2 @re ethyl dig amdd34 aseimathyl &5 i . e.
where the corrp?rﬁaq:‘é%,;é r%ggggn[%d}, dad ‘é?é%aﬁéﬁﬁo?ﬁe .absol ute confi gurat I on,

[err] and [err] are 4 are nme R5|salone pair of
T R £ Rl 5 R T
- et hyl propyl i deridostifate)ieviwheny thé eompolntiris ¢ they ﬁMtwtopyranose

absolute confrguratron, R1{ and R2 are taken together with the nitrogen

of formula (1) to represent an azido (N3) group, R3 and R4 are methyl,

Rs and Rg are oxygen, and n and p are equal to one;

(S)-2,3-0-(1-methylethylidene)-4,5-O-sulfinyl-B-D-fructopyranose
sulfamate, i.e. where the compound is in the B-D-fructopyranose
absolute configuration, R1 and R2 are hydrogen, R3 and R4 are methyl,
R5 is oxygen, Rg is a lone pair of electrons, n.is equal to one, p is equal
to zero, and the absolute stereochemistry at the sulfite sulfur is (S);

(R)-2,3-0-(1-methylethylidene)-4,5-O-sulfinyl-B-D-fructopyranose
sulfamate, i.e. where the compound is in the B-D-fructopyranose
absolute configuration, R1 and R2 are hydrogen, R3 and R4 are methyl,
Rs is a lone pair of electrons, Rg is oxygen, n is equal to zero, pis
equal to one, and the absolute stereochemistry at the sulfite sulfur is

| (R);

2,3-0O-(1-ethylpropylidene)-4,5-O-sulfonyl-8-D-fructopyranose
sulfamate, i.e. where the compound is in the B-D-fructopyranose
absolute configuration, Ry and R2 are hydrogen, R3 and R4 are ethyl,
Rs and Rg are oxygen, and n and p are equal to one;



o

sul famate, i.e. where the conpound is in the [err]-D-fructopyranose
absolute configuration, [erf] and [err] are hydrogen, R3 and R4 are ethyl,

[err] and [err] are oxygen, and n and p are equal to one; 7 2,3-0(1
-nmet hyl et hyl'i dene) -4, 5- O- [ N- (4- et hyl benzenesul fonyl )
I m dosul finyl]- [err] D-fruct opyranose ul famate, i.e. where the conpound is

hycrogen, - [ er reSee TRVIGTYIRE é’w%e?&?\?r&ﬁgeﬁrb epasSitasl e o
el ectrons, n rmdqswlrnylda-ﬁolaérquopwaaqselsutfanm,d e. amemnhewqmpcqnd

t ol uenesul fonyl (
_methyl et hylid ene)ghiﬂgbéﬂ\ﬁ{g ganos% 8‘H§ee ﬁggfd lfl’atlop R1 and R2 are

i mi dosul fonyl ] 3{@99?‘3{58@5@: mﬂfﬁﬁéﬁi@ygﬁ&@rMBE 6'%3 lopr Pairgle conpound is

in the [err] - Qubek6hE Y I9EQ3E toomel plis eeaf {odzerdl bR RERrp-] and [err] are
hydrogen, R3 and R4 are nethyl, [err] Is [err] is oxygen, nis equal to

one, pis equamléﬁﬂ,ﬁs‘&m)’h? i s p-tol uenesul fonyl ;
2, 3- O (cycl ohexyl i dene)-4,5-0Osul fonyl -[err]- D fruct opyranose sul famate,

ef Wherte t he2 @eOpauméthyethylitiore)- eJﬁ-D—ﬂN—(4-n1:&thptbeazeaesmhﬂrgﬁlpte

con i guration, en
Loget her wi th '{:‘51'? BEAIGH R Bt oRifyraboss Sfamets) L. Wifere $h coftffou

cycl ohexane riiggn tlpeBrw-farmopﬁanpsera@sgwg@ﬁnfugtrr@tlnnaﬁd @ﬂdaﬂe @&§ual to one;
(S)-4,5- O[N( Z; rf ”Zb%ﬂ@ﬂﬁ@f&?ﬁéthgﬂﬂf)rbrmq?sﬂb% B)d(d;er? rBis@dukl to

nethylethylrde ruct opyr andose su . where the conpound
isinthe [err$0 @ﬁioém%mf’lye&?ﬁf’ Qﬁﬁatron [err] and R2 are

hydrogen, R3 and R4 are rrethyl [err] is [err] is.a lone pair of electrons,
n is equal to 28e0-feyclohex Wd!ene)-«sro-suﬂbn EBD-fructopyrandsen glifamate,t he

Shar maceut | calt @*‘éﬁ%@éﬁé&n@éﬁr@% fiapd-o- ﬁrré%&*%rcia% B s ope o
thi s inventi oncenfiguration.dti and Raare hydeagen, Ra and R4 are taken together
with carbon to which they are both bonded to represent a cyclohexane
ring, Rs and Rg are oxygen, and n and p are equal to one;

(S)-4,5-O-[N-(1,1-dimethylethoxycarbonyl)imidosulfinyl]-2,3- O-(1-
methylethylidene)-B-D-fructopyranose sulfamate, i.e. where the
compound is in the B-D-fructopyranose absolute configuration, R1 and
R2 are hydrogen, R3 and R4 are methyl, Rs is NR7, Rg is a lone pair of
electrons, n is equal to one, p is equal to zero, R7 is +-butoxycarbonyl,
and the absolute stereochemistry at the imidosulfite sulfur is (S);

and the pharmaceutically acceptable salts thereof.

Included within the scope of this invention are the various individual
anomers, diastereomers and enantiomers as well as mixtures thereof.
Such compounds are included within the definition of formula (f). In

' éddition, the compounds of this invention aiso include any pharmaceutically

acceptable salts, for example, alkali metal salts, such as sodium and
potassium; ammonium salts; monoalkylammonium salts; dialkylammonium
salts; trialkylammonium salts; tetraalkylammonium salts; and tromethamine
salts. Hydrates and other solvates of the compound of the formula (1) are
included within the scope of this invention.

The compounds of the formula (l) may be synthesized by the following
general methods:



anoners, diastereoners and enantioners as well as m xtures thereof. Such
conpounds are included within the definition of formula (I). In addition,
“the conmpounds of this invention also include any pharnaceutically
acceptable salts, for exanple, alkali metal salts, such as sodi um and

pot assi um ammoni um sal ts; nonoal-kyl anmoni um sal ts; dial kyl anmoni um sal ts;
trial kylammoni um salts; tetraal kyl ammoni ym salts; and tronetham ne salts.
Hydrat es "and ot her sol vates of the conpoldnd of the-formula (I) are included
wi t hi n the schytbedirst methddy\aecompaound bétheciopmuleddl)pf the fornmula (1) may be
synt hesi zed by the foll owi ng general nethods: 8 In the first nethod, a
conpound of the formula(ll); [err] is eqﬁgﬁﬂimﬁth a sul fanoyl chloride of
the forrmula [err], where [err] and 1”& defined above, in the presence

of a base such as potassiumt-b qj%i@gm hé,gri de, triethylam ne, or
pyridine at a tenperature of® to ut [err] in an aprotic
sol vent such as tol uene, et tml fac& ate, Ofe ahydrof uran, acetonitrile or
di et hyl f or mam de t her eby pro?}ﬁuci ng the conffound of formula (1). For

exanple: [err] Conpounds of the fornmula (I) where [err] .or [err] are alkyl

formita (1) @%&?“%ﬁ?@*@ﬁ?ﬂéﬁ“‘?@?@#‘ﬁ*r@fdéfﬂa" DS e,

formula ( e I um<’potassi um

t et r anet hihdfi@ Areas defiped ahaye; Buthe RIESBNRG Oh Al bageguah 85 potassium net hyl
i odi de or 4, ' dqa%e : I ey ' t ch a

It et Irahydr SP ﬁw&%&e’gdrge@'ﬂq?ysu b%}%@%ﬂﬁ@?,ﬁ%f%l%? %g%t'gg‘\ p;etraglr%{??rrpe?gt ur esof
about | er APOUE-40 4:beut)2B &G in an-apralic sgivant suehigs toluens, ethyl

acetate, tetrahydrofuran, acetonitrile or dimethylformamide thereby
producing the compound of formula (I). For example:

H,OH - CISOpNH2 ' CH,0SO,NH,
triethylamine o
o\jsl\ o CHs DMF CSS’\ CH,.
& CHy. ~20°C —RT 4 CHy

Compounds of the formula (1) where R1 or R2 are alkyl groups may also
be prepared by the alkylation of a sulfamate salt of the formula (l); i.e., where
either R{ or R2 is sodium, potassium, tetramethylammonium, etc. with
reactive alkylating agents, such as methyl iodide or benzyl bromide, under
anhydrous conditions in a solvent such as tetrahydrofuran, dimethylsulfoxide
or dimethylformamide at a temperature of about —40° to about 110 °C. For

example: | _ |
CH,OSO,NH - CH,OSO.NMe,
?Q(oz 272 4y NaH, THF, 5°C ?/Q ermET
078\0 o)( CHs 2) CHgl, THF, reflux C§//S\o CH,

- In a third method to produce compounds of formula (1), a compound of
formula (ll) 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 diethy! ether, ethyl acetate, dichloromethane or toluene to
produce a chlorosulfate of the formula (lll).



In a third nethod to produce conpounds of formula (1), a conpound of
formula (I1) is reacted with sulfuryl chloride in the presence of pyridine
or triethylamine at a tenperature of about [err] to about 25 [err] in an
aprotic solvent such as diethyl ether, ethyl acetate, dichloromethane or
toluene to produce a chlorosulfate of ighe formula (FI1). 9 [err] The
chlorosul fate of formula (111) is se §bcireacted with an am ne of the
formula [err], wherein [err] apd ar € as” descri bed above, under
anhydrous conditions at a h%np aRout [erqq)to about 25 [err] in
an aprotic sol vent such adfe $a ~3acetonitrile or dichloronethane
to produce a conpound of fgggil a~(1). orR§xaane: H[err] A fourth nmethod
to produce conpounds of formula (lI) involves reacting a diol of the formula
(IV): [err] with sulfuryl chloride in the presence of pyridine or

tri et hyl anTe chlorGsul RIS %ﬁﬁtﬂa‘(ﬂ%d?é’euﬁséﬁ%dél t@age%%ﬁ%n[é‘rﬁfr{sﬁw an

aprotic sqlvent su s . ethyl acefate 0 , ,O oronet hane to
produce tﬁb‘*ﬁ?@%’ﬂ%ﬁ@@hﬁﬁ'&ef&fn r3hd 52(47??5[%?%" ed ghgve, Uadsf e

10 [err] ResHydeows sbhditions atia fehfpdrature vf aboat-60¢ o abolito2seCan@d) with a
weak base gorotic solvent such as tetrahydrofuran, acetonitrile or dichloromethane to

produce a compound of formula (l). For example:
. H
1) SOClz, pyridine, :

/
H2O0H ethyl acetate, Hz0SO,N
o j( -40°C » RT o V
- CH
04/3\(3 o) 0//3\ oj( ’

CH,
2) cyclopropylamine
CH, THF CH,

A fourth method to produce compounds of formula (l) involves reacting
a diol of the formula (IV): - :

H,0SO,NR,R,
Rs (V)

with sulfuryl chloride in the presence of pyridine or triethylamine at a
temperature of about —78° to about 25 °C in an aprotic solvent such as ethyl
acetate, toluene, or dichloromethane to produce the bis-chlorosulfate of
formula (V).

H,OSO,NR;R,

CIS(O), |
D
CIS(O),

R,



such as NaHCO3 or pyridine in an al cohol such as nethanol or ethanol at
about [err] to about 25 [err] yields cyclic sulfate conpounds of the
formula (1). For exanple: [err] A nmethod to prepare cyclic sulfate and

i m dosul fate conpounds of the fornula (1) involves the oxidation of the
corresponding cyclic sulfites or imdosulfites of the formula (1) with
[err] and [Foridkafisier ding to the nethod qfy Sharpless et al. in Tetrahedron
Lett. 1989, 30, 655. For exanple: [err] Oher strong oxidants, such as
[err], dialkyl dioxiranes, diperfl gé; al kyl di oxiranes or
al.kyl perfl uor o: I-lg@S@fN‘rQs may be used to t CHLEOSO,NH,
-t ransf or math ample: [err Py, re BoCIS(®),
t - but oxycar bon |<:2 | fate ag $ dosulfate c und Q%Hfornula ()
may al so be par om enzyl sul fi oy ites of the
formula (M). [err]qa,dsdatlon cyC|c sulfltes and im @gdal fites of
formula (VI) with [err] or other strong oxidants produces the corresponding
benzyl cycljc,sulfates and indosyl fat benz io, of these benzyl
cyclic sul 446 ka!]tf?tfﬁ’ljegmefnh’ﬁéé#‘?@s?ﬁ%‘ec‘ge P@Hé@}l)ﬁ’& pveak base ates and
i m dosul f asasha@s maucca@ on Ipyriding) incamaleehefl $uch as méthanblyolr ethenol at t he

2 conol 1 ¢ 2bPyERFOSIATRbAe 7 Gt Y ltete eedinel brafR ol Bulll. o0

[err]. For Fex®@xpmple] err] Conversion of the resulting compounds of the
formula (11) to the correspondi ng conpounds of formula (1) may be
acconpl i shed as prexvigus

OSO,NH H.OSO,NH
2 2N 2 2NMa
CIS(0),0 OJ< s CrieOr %/S’\O O)<CH3
)2 CH RT . & CH,

A method to prepare cyblic sulfate and imidosulfate compounds of the
formula (1) involves the oxidation of the corresponding cyclic sulfites or
imidosulfites of the-formula (1) with RuCi3 and NalO4 according to the -

method of Sharpless et al. in Tetrahedron Lett. 1989, 30, 655. For example:

RuCls, NalO 4 _ O\ _CH2080NH,
CCla, CHsCN, H20 0\73’\0 |_CH,
Ts-N CH;

Other strong oxidants, such as OsO4, KMnQj4, dialkyl dioxiranes,
diperfluoroalkyl dioxiranes or alkylperfluoroalkyl dioxiranes may also be
used to effect this transformation. For example:

H,OSO,NH, Hs°><? | HoOSO,NH,
o HC O o
CH - CcH
PN O/k e acetone, CH.Ch (is\ O)< 3
BocN CHy ~30°C »RT  Boc-N CH,

{where Boc is definad as +butoxycarbonyl)

) Cyclic sulfate and imidosulfate compounds of formula (I) may also be
prepared from benzyl cyclic sulfites and imidosulfites of the formula (VI).



described herein. Alternatively, benzyl cyclic sulfates and diim dosul fates
of the formula (V) may be prepared by the treatnent of diols of fornula
(VIl) with an excess of sodium hydride in tetrahydrofuran at room
tenperature followed by reaction with sul furyldiim dazole or [err]
di i m dosul furyl fluorides, respectively. [err] 12 For exanple: [err]
Conversi on of the benzyl cyclic sulfate amd diim dosul fate conpounds of the
formula (VI) to the correspondi ng ,cygl i ty compounds of fornula (1)
may be acconplished as descri bed g ég?r%edgi@%%g met hod. Cyclic sulfites
and imdosulfites of for i o%g preparwlaby the reaction of

X S

)
diols of formula (I111) w H’*"o or NR7-Stdbstituted
i m dot hi onyl chlorides, rggpeCti er anhydrous conditions in aprotic
sol vents such as diethyl et &r-, di oxane, t‘etrahydrofuran, or in toluene or
di chl oronet hane at about [err] to about 110 [err], with or w thout the
presence odafsitof é){b}ib SiHitey andl iffdeuliths OfF fornfiia V1) Witk Rexsyete: [err]
Simlarly, benzyl cycljc sulfites and i m dosulfites of tr],e faormula (VI) can
be prepar e@H8r StrRNG exidanisproduges the Sprregronding henzyl pygiic sultates aady |
Cthlhori df O.Edeaﬁtuﬁutw. L“’“béﬁzy'?‘ﬂ]@*f’bf‘t“ﬁﬁ' begmypcydm sﬂl?i@@?hBVeljy, in _
et hereal soglven uc, s di‘e et her .. di ne nd. f et rahydrofuran or in
ol vene or TG BrtERIR A Sorteshoging Sric Sl and I oBLIRISE 6 e o

wi t hout t héonpmdadl}eanbeceftecied withchydregen in thenpresenceioftzhpdblgimetal

Oxi dati ve %?gt j i mg,?lg LR A7 i i hod of
Bi nkl ey et @g n}’%ﬁ‘&%ﬁ@%@ﬁ%@%@ nggﬁ%ﬁg@ﬂéﬂt%c@%% g@ﬁ@ﬁgi ng
cyclic sul orimethanel atrﬁbm&a?ito@out 80 °C.

For example:
1) RuO4 NalO4
CHzOCH205H5 CC|4. CHsCN, H 20 CHon
_ .5C
| CH - Oyl CH
A oj< 0 2PdOH2H: SN ’

Conversion of the resulting compounds of the formula (1) to the
corresponding compounds of formula (I) may be accomplished as previously
described herein. -

Alternatively, benzyl cyclic sulfates and diimidosulfates of the formula
(V1) may be prepared by the treatment of diols of formula (VII) with an excess
of sodium hydride in tetrahydrofuran at room temperature followed by
reaction with sulfuryldiimidazole or NR7-substituted diimidosulfury! fluorides,

respectively.
H,OCH,CeHs
H .
Oj<R3 (Vi)
H .
4

R,



of the formula (11). Conversion of these al cohols to the cyclic sulfite and
I mdosulfite conpounds of fornmula (1) may be acconplished as previously
descri bed herein. For exanple: 13 [err] Still another method to prepare
cyclic sulfates of formula (I) involves reaction of a triol of the formula
(VIT1): Jerr] with sulfuryl chloride as described by Martin et al. in Can. .
J. Chem 1982, 60, 1857, in an aprotic sol@ent such as diethyl ether, ethyl
acetate, tbBbuexample:di chl oronethane to- produce a tris-chlorosulfate of the
formula (1 X): [err] Dechlorosulfation of the tris-chlorosulfate with a base

such as [err], r] I gi at about [err] to abo rr
al cohol su X P 'ﬂ%ﬂé%rc ng hangunu lERaie cycl | c sul fate %#&'S(I 1),
whi ch may é;jgeqt:o t he corresggn§| ng_conp f 1) as

¢ ed n. For e;g,gma,l,@- ferr] Ssi i al s
requi red to Synt he ﬁorrpounds o] forrru?a () m%fb prep e met hods
known to those skilled |?1 the art of organic synthesis. For exarrp%l , hovel
“conpounds of the formulas (11) and (I X) nmay be obtai ned by the nethods

?22'7090“3& Saich BPRIS bofey THCe! g*gf‘e% imidbetiiito ompRaftis b8 oo
anal ogous WE%M?&%&Q FeEESPYNGRY ﬁ'&?g te co unds 8t formula (1) may

be accomplrshed as described in the precedrng method

>

~ Cyclic sulfites and imidosulfites of formula (1) can also be prepared by
the reaction of diols of formula (Il1) with thionyl chloride or NR7-substituted
imidothiony! chlorides, respectively, under anhydrous conditions in aprotic
solvents such as diethyl! ether, dioxane, tetrahydrofuran, or in toluene or
dichloromethane at about —40°C to about 110 °C, with or without the
presence of a base, such as pyridine or triethylamine. For example:

HzosozNHz SOCh H,OSO,NH,
H, pyridine CH,
THF

CH, 5°C CH,

_Similarly. benzyl cyclic sulfites and imidosulfites of the formula (V1) can
be prepared by the reaction of diols of the formula (V1) with thionyl chioride
or NR7-substituted 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 debenzyiation 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 (Il). Conversion of these alcohols to the cyclic sulfite and
imidosulfite compounds of formula (l) may be accomplished as previously
described herein. For example:



al. inJ. Med. Chem 1987, 30, 880. Triols of the formula (VI) may be

obt ai ned as described by the nmethod of Wl fromet al. in J. Am Chem Soc.
1950, 72, 4544. Diols of the forrmula (VII) may be prepared by the nethod:
descri bed by Zervas et al. in Chem Ber. 1933, 66,1698. The requisite
NR7-substituted i m dothionyl chlorides and [err] diimdosul furyl fluorides
may be prepared b th?hgrocedures anal ogod8 to those descri bed by Levchenko

et al. in zh CHIRMY, 19 sBdGoHRNg emser et al.

Int. Ed. E , 09 408, respecfively' The gtartin
2,3:4,5-bis- o Q&ly - [ err] - & RibrsitdeBddinkv@ses and < bi §-CH,
(cycl oaI Kyl i

r - D-fruct opyres@ses,omy be prep -y t he~Tet hod
reported by Brady in C&fohydr. Res. 1970, 15, 35 orp%? t he proced@r“b

described in US Patent 4,659,809. Pharnaceutically acceptable salts of the
conpounds of formula (1) can be prepared by reacting the sul famate of
formula (1) with the appropriate base and recovering the salt. For exanple:

[err] \ACﬁnpopndStltbfanbﬂmrfmethddam prepare g}'d:lic:)sul(amé of Fd!‘)ndulé ‘ﬂ'))i%\ﬂ{ihl_bfd | X) h
[err] ergéeﬂ?t{o?'lréf]a ﬁg@t%ﬁ]ﬁ}uggwmg as previously describe or the

conpounds or mula e'proviso that R3 and R4 can not 15
both be nethyl at the sanme tinme for conpounds of the formulas (11) and (1X)
and when [err] and [err] are both % &OH or conpounds of the fornul a
(1V). Conpounds of the fornul H® 1)y, (1V), (M) and (1 X) as
defined here are useful as inter tes prewun& conpounds of the
formula (1) and are included iny ntlon The conpounds of fornula
(1) are particularly useful as anticonvulBant agents in mammals including -
“humans. The anticonvul sant activity of the

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, toluene or
dichloromethane to produce a tris-chlorosulfate of the formula (1X):

H,080,Cl
CIS(O),
Oj<na ()
CIS(O), -

Dechlorosuifation of the tris-chlorosulfate with a base such as K2COg3,
NaHCO3 or pyridine, at about —40° to about 25 °C in an alcohol such as
methanol or ethanol gives a cyclic sulfate of formula (), which may be
converted to the corresponding compounds of formula (1) as previously
described herein. For example:

H,0S0,Cl H,0H
CIS(0), o
CIS(O, oj< o CHsoH %/’ o) oj< e
(O CH, o CHg

The starting materials required to syntheéize compounds of formula (l)
may be prepared by methods known to those skilled in the art of organic
synthesis. For example, novel compounds of the formulas (l1) and (IX) 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 (IV) may be
prepared by the procedures analogous to those described by Maryanoff et



subj ect conpounds was determ ned using a standard "maxi mal el ectroshock
test" (MES). In this test, activity is indicated by a block of the toxic
ext ensor seizure caused by application of an electric shock to mce via
corneal electrodes, as described by Swinyard et al. in J. Pharmacol. Expt.
Ther. 1952,106, 319, and recorded as %blg‘i:k. A nore recent description of
current anticonvul sant drug screening_is ven by Sw pyard in Epilepsia
1978, 19, aom J-Wédaﬁﬁﬁﬁbﬂ&ﬂ7s§ﬁt 88@+ F&Mwoﬂhetfﬁéﬂe%&hmteﬁ this
ol T owi ng S B B B o e b1 o L4 e T ot ween
18-25 ¢ vve"r%&séi.“iéﬁqal ls'oé?(EE{”en@ﬁWypa( g%@ﬁg@aﬁrgﬂagfgﬁyﬁﬁé%é}gg? They
were al | ovewbchibed mynZenaseet aldin ChamuBenti932,r 86, K688. ofhg requisite The
el ectrosh ; iido Rﬂ'\;f ' Rgdgmi h om
Wahl qui stqﬁﬁg%lmtggdnﬁar}b, aﬁﬁmﬁgEg%ﬁE’, Utaé.mul\/%gwrrgﬁiaglggg?%shock
sei zur es viuoridesdney depraepased by therprogedures @nalegous ta-3haserdesaribed 5o
mllianps ' ' nerg. it afs, eae%eahd Elefisepeeal. fivr 0. 2
seconds asém‘é%:ﬁrgawb%é‘crf%egr K%?%% ?t al... &1% This stli mul us
i nt ensi ty ABgeWpEdRMhdt B0. £ BJQQv reSReciNeYpr 5‘%’8"300% tonic
ext ensor c2B8v4|6shieB-(alRylidere):p+D-frattopgranosesfarich2,IES-bissO; the duration
of the varj o+ | | wer e
measur ed ACIPRERIBENR- R ahBreg MePod Brogied e iRl P10
t he appl i cripoctedddy Bradyin Garbohyds. Res. 1978, 6§, 3hoeby dhe procediget oni ¢
ext ensi on ‘%5 'be%ﬂ%%rpat@h{]qlw Ggviate by greater than an angle of [err]
s(’?ors, hi ndleg ' ?

fromthe t toni t exiensor was neasured fromthe time of
extensor thrust to the onset of generalized clonus, and term nal clonus was

measur ed frompRanResiuliehig abeeptablecsaltsPbt el cmpalindswt forimula (1pean
jerking. Mortalit

| d. . The,d Of h .
component lae;,pé%eagﬁé}'ﬁ!sw%@?igeﬁgg%ﬂgwt%ff’gwﬁ{@%;(m‘]'ﬂﬁbﬂfeggpﬁf?%#'é rgchi et

base and recovering the salt. For example:

HOSONH, oy CH,0SO,NH- Na*
‘%//s\ 'oj<CH3 THF,5°C Oxg CHy
o

L C
g 0
° CHa 4 CH,

Compounds of the formulas (11}, (I1t), (IV), (V), (V1) and (IX):

CH,OH - CH,080,Cl Y H,OSO,NR; R,
(Relgsd Oj("s (Ra.,;é\ Ry " Ra
R, Ry

Y R (Re)
an (i) v)

H,OSO,NR CH,OCH,CgH H,0S0,Cl
CIS(O)20§:}Z LOSO:NRR, ?5:(}( 2CeHs . 2
Ry (GRES | -Ra Ry
eSS SN oS e D et
V) (V1) (IX)

wherein R1, R2, R3, R4, R5, Re, n and p are defined as previously described
for the compounds of formula (1); with the proviso that R3 and R4 can not



16 al. in J. Pharmacol. Expt. Ther. 1955,116, 107. The corneal el ectrodes
were concave so that saline could be applied to the electrodes to reduce
mortality. If this procedure is followed, nortality should al ways be | ess
than 40% in control mce. Thus, at an el ectroshock stimulus of 60 Hz, 50 mA
and 0.2 seconds duration, the order of convul sive conponents and the
percentage of control aninals displaying fthe behavi ors shoul d be as

foll ows: "tisgthdd h@mw &t tHe) S&tne tirmsifer Corhposnds ol theGimale (¢) apdg1X)100%)

toni o oxt A PEH TR 2te bk nidibRior SeRRLNAds of ﬁ%@?@aﬁ%k% V(PO
\rlrma ';( Ih mii t he(Bon:plounds obtha tormulasifli)afit), 41V)a(\Gp £¢l) andd1X) asedefined geneenng (as
S 45 A0 lolrio AR G0283lo bl AtE S e ldrhlutih hrahre?

descri bed a re-use
per cent agdneludediinghis inMeptien.gr oup wi t hout tonic hindlinb extensi on
recorded. Determ nation of [err] val ues (that dose of drug inhibiting 50%

of the tonic t ensor selzur hown el W in Table |.. TABLE |
ANTI CONVUL SA PPeUNER oA qlf ( arlmsse ul as antigonvulsant

dosage  agents invhfamatdls (rmmmg mfm@sanvhe anticonvulsant activity of the ( o/ kg,

. Fg . :% Bl %ﬁ%c;t k‘[g"'és r]|dsawa§ ‘%‘S&@n&d l&%% standard rF'a);lgual 80 3

H el{aehros}hock test" (MES). 1in this test, activity is indigcatet! by a blocklof the

[18r r] toxic exteﬁ%r seizure caused by &Bthr’atlon ?f n blectric shock {efirce via

100 7 corngegl electrodes,as gpscnbed by Svmyard et al. in J. Pharmagot, Expt. H
8en2y| Ther. 1982,1706, 319, and recordéDad % block Afrhore recent eesbiticmoy | gé

of curren% anjt%onvulsant t'i'rug screenmgy % gIVgIII ¥)y Swmyarg 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 L.

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 Wahiquist
Instrument Company, Salt Lake City, Utah. '

Maximal 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 thé stimulus to the time of onset
of hindleg tonic extension (i.e. when the hindlegs deviate by greater than an
angle of 90° from the torso), hindleg tonic extensor was measured from the
time of extensor thrust to the onset of generalized clonus, and terminal
clonus was measured from the beginning to the end of bilateral rhythmic
clonic jerkihg. Mortality was also recorded. The duration of each seizure
component agreed well with the values previously reported by Tedeschi et



11 H ' cycl ooctyl 75 30 12 _ H

CH2CF3 10 40 17 13 CH3 CH3 .

10 70 [err] Ts = p-toluenesul fonyl. For treating epil epsy, a
conpound of forrmula (I) rmay be enployed at a daily dosage in the range of
about 1 0 ng to about 2000 ng, usually in to 4 divided dosages, for an
average adult human.. A unit dosage woul d*®ont ai n about 2.5 ng to about 500

LT!SJegf | tnhteréélgftn:.yn G\Dhémmbleﬂ‘kpt ITheg e85l 16 ctOhoThdcorhedloslectradgs )vvemlx1 |b2r
to that us‘@d’cﬁxg sﬁﬁlbﬁggéhé 8@@@%88@%52@@&&%88@?% en C{Eamta ep?yjl epsy
are descr ilbthis iproggdiaeds fallavedd, mgrtatity ishantd dwaysitieclessthan dditain and
G lman's TW?I‘EIH@W" gxg' EP%Q %?ﬁtﬁs%cl&ﬁﬁ%ﬂ%'éfé@HzSSb RA- ano@@dmﬂn

G | man,

TN, B dononds cuustion imeaiden s comyIBE RTORSSS ARCLNE BerGe BB
gastric ang cﬁﬁﬁfo‘l’"a‘hirﬁal%célsyl'a%hgam@ Béhsvicresshotdd be dgifollbwst rtealcrent  of

Betivity dleon (R dadie eension | 1oRHTEARA oAb 0% iltlesp g

pyl or us- | i gp@canortalityt est descri bed by Shay et al. in Gastroenterol. 1954,
26, 906. In this net hod mal e Charl es River Sprague- Dawl ey derived rats

wei ghi ng 150-300 granms were deprived of food but not water for 18-24 hours
prior to use. Fentestingsompownesdtheaboelionraf 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 group and the percentage of animals in the group
without tonic hindlimb extension recorded. Determination of ED5p values
(that dose of drug inhibiting 50% of the tonic extensor seizures) is shown
below in Table I. '

TABLE |I. ANTICONVULSANT ACTIVITY DATA
Q H,OSO,NR,R,
0
e
~CHg

Compound R1 R2 dosage MES Test (mouse)
of Example _ (mg/kg, PO) % Block or EDsg at 4 hr

1 H H : EDsq = 6.3 mgkg

2 L-isomer of Example 1 75 80

3 H CHa 10 100

4 H C4Hg ' 35 100

5 H CoHs 10 100

6 H octyl 75 100

7 H " alyl 10 70

8 H benzyl 75 100

9 H cyclopropyl 10 ' 90

10 H cyclobutyl 10 90

11 " H cyclooctyl 75 30

12 H CH2CF3 10 ' 40



experinment, however. The rats were weighed, lightly anesthetized with ether
and the pylorus ligated according to the nethod of Shay et al., supra. The
treatment- or vehicle control was then adm nistered intraperitoneally (IP)
or ofally (PO . Wien adm nistered by the IP route the adm nistration was
done 30 m nutes before ligation. \Wen agrﬁri nistered by the PO route, the
admnistratio mas-dong rior t |gati (about 1/2 to 3 hou?s before).
Rats were houStd two p H cage ant'Ssacrificed th carbon diox?%e 3 hours
after ligatiomM Their €gldgrachs \QQHs removed, n'onsed and contepts enptied
into-a graduajged centrifuge_ j g_ 2._ The tubes centrifuged, éﬁe vol unme of
gastric juice was recorded, afd any sanples o ously contanlﬁ ed by
feces, food or bl ood were elinmnated. A1 nL aliquot of gastric juice was
titrated with 0.1 N Na LHYISTNM, 0- 7. 4. The vol une of gastric juice
secreted, the acid qgrdentr n, and the product of the volune tines the
concentratioms i . 1?mhhe, t of acid ggcreted, were nggsured. The
total acid output (yalcu d by multiplying the volune of gastric
juices collected Yimes the hydr@den i on concentration (anount of NaOH added
to a sanple to reach a pH of 7.0-7.4) and dividing that value by 10. The

nmean val ue of the total da@'ﬁ#ﬁz Q a control group of rats was then
subtracted fromthe nes E M2t otal acid output for the group of

rats tested at_th s(,é _ e."Yrhat val ue was then di vided by the nean val ue
of total aci d17'out%s\f s K| gr oup an8%t he resul ti ng Blnber was
mul tiplied by 100 ovid

rcent I nhi bition value, which values are

reported in Table Il. The ‘PO va u% was determined statistically as the dose
at which a 50% i nhibition would be realized. 19 TABLE 1l - GASTRIC
ANTI SECRETORY ACTI VI TY,

r'lcmzescgnﬂzl nhi biti on

0““0
18 %//s,\o‘ Oj<c2H5 75 . 100
o CzH; : .
’ ,CH20802NH2
19 - 03( 300
h CH . 80
S 3 _
’al .
& LH,0S0,NH, '
Outn Oi 300 75
CHa . ’
,/S\
Ts = p-toluenesuifonyl.

For treating epilepsy, a compound of formula (1) may be employed at a
daily dosage in the range of about 10 mg to about 2000 mg, usually in 1 to 4
divided dosages, for an average adult human.. A unit dosage would contain
about 2.5 mg to about 500 mg of the active ingredient.

In general, compounds of formula (I) may be used in tréating 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 Therapeutics, 8th ed.; Goodman Gilman, A.; Rall,



For treating peptic ulcers, a conmpound of formula (lI) may be enployed at a
daily dosage in the range of about 40 ng to about 4000 ng, usually in 1 to
4 divided dosages, for an average adult human. A unit dosage would contain
~about 10 ng to about 1000 ng of the active ingredient. Conpounds of formula
(I') are also inhibitors of carbonic anhydrase, and as such, are useful in
the treatment of glaucoma. Such activityg may be determ ned by mass

spect r omet TYWIsNits, tAhes.{fawbr,tm,caas.q%_rgmanIP}@és:bNelWaﬁ@n 980gpfror ster in
J. Appl. Pﬂﬁ I@r?e 1983, 55, 1293. Specifically, this assay was conducted by
first killi 6’ mal e rats and then renoving their livers. Their livers
were placed in a cold physiological saline solution. The |iver tissue was

bromore i s SampPLAGSic BRAUBIAR clnbif bt dnliSecibfoadtBny Bnd L° .
t hen washethusrarg ussfdl isdheeeatent phpeptie ulpessiin manyaeals; includingn of -

o ot et oNiENSS THY GasicantiSoercniviy 1 I baAoLRS BhoWelinTabik! v can
56 T o Cllwvde. dBieiines by 1he pyRneHiGatott &t fest de3RhREgHY Sha s bl Moo
at ) 20 [ Gastroentérol. 41.951!|t1<2_6:®96. 46 thisawmethod, ImaleCharies River8pragoé- |
Focor -t neDRMY Geryed PR wbiBnifh Foo-aDdorli wBRE BRRAVEY of 1diF biEhet O
The conti nwater foed 824 heuars priortadisesWatenwgs withheld dutingtieis record of the
const ancy éigéﬁ}ﬁeﬁﬁlﬁmé\}&. MEREEHLS Wt Walghéd Night %J&h%ﬂnﬁ leghdpss 44

heter and 8843 BYlows HoRe! aororaBdodbe saelhgd St ShaY Sl SvpeRy Ahe. An &

gl ass chanfpgatmaent! dr vetidlendsntiod wes thencddrinitéredintrapentreallp(@P)oon, was

used for conlyTRY}® WRER SRy by e B folt8 1R 2aMiinistration was done
30 minutes before ligation. When administered by the PO route, the
administration was done prior to ligation (about 1/2 to 3 hours before). Rats
were housed two per cage and sacrificed with carbon dioxide 3 hours after

~ligation. Their stomachs were removed, rinsed, and contents emptied into a
graduated centrifuge tube. The tubes were centrifuged, the volume of |
gastric juice was recorded, and any sa}nples obviously contaminated by
feces, food or blood were eliminated. A 1 mL aliquot of gastric juice was
titrated with 0.1N NaOH to a pH of 7.0-7.4. The volume of gastric juice
secreted, the acid concentration, and the product of the volume times the
concentration, i.e. the total amount of acid secreted, were measured. The
total acid output was calculated by multiplying the volume of gastric juices
collected times the hydrogen ion concentration (amount of NaOH added to a
sample to reach a pH of 7.0-7.4) and dividing that value by 10. The mean
value of the total acid output for a control group of rats was then subtracted
from the mean value of the total acid output for the group of rats tested at the
same dose. That value was then divided by the mean value of total acid
output for the control group and the resulting number was multiplied by 100
to provide a Percent Inhibition value, which values are reported in Table II.
~ The PO value was determined statistically as the dose at which a 50%

inhibition would be realized. :



of [err] (mass 44) and [err] (mass 46) dissolved in aqueous bicarbonate
buffer. The ion source of the mass spectroneter (Consolidated El ectronics,
Pasadena, CA, nodel 21-601 A) was separated fromthe reaction mxture by a
thin Tefl on menbrane supported by a sintered glass disc. The pH was
constantly nonitored by a conbination glass pH el ectrode (Radi oneter nodel
gK 2641 C). The tenperature of the chanbger was regulated at [err] by
circul ating wat ey ABIRUQD -a GASTRIC TANTIEERCRETORYE ACTIVFrentire system
to a change of [err] partial pressure in the reaction m xture, including
m xing tinme and mass spectroneter nenory, was t-hree seconds. To determ ne
t he carboni ¢ anhydrase inhibition viGH,OSO.NRR; of nml e rat hepatocyte
suspensi on was added to the reaptilon ci er containing 3 nL of incubation

medi um whi ch was adj usted t 79 rised of 118 nM Nadl, 4.7 nM
KCl, 1.2 mM[err], 1.2 nM[erZ 2. 4
et hyl enebi s(oxyet hyl enenitril0)tetraaceti Lheci d (EGTA), 5 nM gl ucose, and
25 mM[err] in water. The [err] was prepared by the exchange reaction of
unl abel ed bi carbonate (Fisher Scientific) and water enrpgroest Wwhkibitflorb%0
[err] (Bio- Feampewnd ®fori es). The carboni ¢ anhydrase i rndfi Dotal aeicaOutptitt y of
a test conpouR¥@mPl&y concBitration of R250 [ erfQuigas det(@PPimg/ig or BDsdXt ure
of the incubation mediumand a solution of the test conpound in

NN- di et hyl f or mam de. The, conpound of Exanmple 1, i.e. 2,3-0(1

- et hyl et hyl i dene) -4, 5- O Hsul fonyl -[eft]-D-fr&& opyr ano&P50 a1 040aft%k, was

t est eﬂ for cargonic ,anh%/dr-la]se I nhi beyclopropysi ngp t hi s ass?y o]n 3¢b/§rijp';)e;jl mgl e
rate hepatocyt,es at 37 [e[r], pH 7.4, .10 25 agueous [err % | abel | ed .
with 180). Nta)?iqrral i nhi bi E'i on of al chf?@‘p"ﬁocﬂ\% car boni c anhfg%hse was
observed for t1% conpound-of-- - -Ne-Exanple 1 8 a concentrati9f of 250
[err]; 1.e. a significant acceleration of the -

CH,0SO,NH,
O ?...«- . | '
21 & ; IP 27%
al oj() ’

For treating peptic ulcers, a compound of formula (l) may be employed
at a daily dosage in the range of about 40 mg to about 4000 mg, usually in 1
to 4 divided dosages, for an average adult human. A unit dosage would
contain-about 10 mg to about 1000 mg of the active ingredient.

Compounds of formula () are also inhibitors of carbonic anhydrase,
and as such, are useful in the treatment of glaucoma. Such activity may be
determined by mass spectrometry using the 180-exchange technique
described by Dodgson and Forster in J. Appl. Physiol. 1983, 55, 1293.
Specifically, this assay was conducted by first killing the male rats and then
removing their livers. Their livers were placed in a cold physiological saline
solution. The liver tissue was then minced with scissors and shaken in a
protolytic enzyme solution to promote disassociation of the hepatocytes.
The dissociated hepatocytes were then washed in a cold saline solution and
used for determination of carbonic anhydrase activity.

The carbonic anhydrasé inhibition activity can be detected by an
acceleration of the rate of disappearance of C160180 (mass 46) from the
reaction mixture, which contained 180-labeled 256 mM aqueous NaHCO3 at



rate of di sappearance of [err] fromthe reaction m xture was observed.

Evi dence for the inhibition of carbonic anhydrase by conpounds of the
formula (1) can al so be obtained by a diuresis study, such as described by
A. Weiner in Goodnman and G | man's The Pharmacol ogi cal Basis of
Therapeutics, 8th ed.; Goodman Glman, A ; Rall, T. W; Nes, A S ;
Taylor, P., Eds.; Perganon Press: Newigo% 1990; pp 716-718. An increase
in urine a280G,pH Y-ﬁc%bﬁﬁaaﬁ%ﬂe\neﬁhfé @i} Qcdacseasespeeause®bke and urine

out put pr %@%ﬁ?ﬂuiwmé ¢6p ﬁwiiﬁﬁkﬁé}ﬂ_me AiHsPetrafiuter #@8 detlid bi tion
activity. e star rats awaq a wei gha of k2 O-SOO%Yg- were dosed orally
(PO and HEGSHdthe:Mas§«db peaK and|the Mmass#4 prak S S\RY asure of fluid
ih nt ake andsgdonde. Glil'li@ubntir\ﬂﬂiwrdaﬂbakef medmassrdg#mawgweweom&m:sed at 24OI
ours versus cont 0 ri J i N, WaS.neasur e
at 4 and fz?cﬂgﬁpt{r\?e?%ﬁ,ﬁgé‘gﬁﬁ@f mﬁm%g‘%@sﬂ e{iWhB@tch}bg lW‘#@h"fare t he
aver age ofthbimassidédpdak isaeey sepsitivetb pHL olhe pHTefithe mediunTwasdeadt a
i ndicate t I f
i ani 11 carlg) RS niclef EAdNIsRE BcchORRE MO Mmats 4Bk Brtchdian
al kal i ni t yinteyvals. di ng i ndirect evidence of useful carbonic anhydrase
I nhibition. Such data is also an indication of the useful ness of the

conpounds of fornula (1) as diuretjcs in the tre nt .of hypertension,
conbesti ve hedkh Sraldipds SRambehoulth ppeBings Tt SRHade SHASRERS N of
sui tabl e dipgagion, wis ased forccaminodas invass Spedtrapiiotometrid megs erémeﬁi Ioln a][\d
congesti ve [ YeAS e : N1 SKI 0}
the art. o{‘é;é{;gr%ﬁ k#ﬁgs ?gfaﬁ{igﬁﬁ@pl?@e({v\?ésgng@@#ﬁ'lggﬁh@ﬁﬁuggﬁgl aucoma and
car boni ¢ abicgrbonate buffehi Therion soueseof thedmiags Specwometer (Caonsolidatesher i can
Jour nal of 8 - fingl aucoma, a
conpound o?%ﬁuﬂ%gwﬁgg&ﬁéé’ geA' a nqeﬁﬁ%ét %drﬂ;@ ‘I%’ﬁgtstgﬁs%éﬁpgf°@tgg by oral or
par ent er al reaction mixture by a'thin Teflon membrane supported by a sintered glass

disc. The pH was constantly monitored by a combination glass pH electrode

(Radiometer model gK 2641C). The temperature of the chamber was

regulated at 25°C by circulating water through a jacket, The response time

of the entire system to a change of CO2 partial pressure in the reaction

mixture, including mixing time and mass spectrometer memory, was three

seconds.

To determine the carbonic anhydrase inhibition activity, 0.1 mL of male
rat hepatocyte suspension was added to the reaction chamber containing 3
mL of incubation medium, which was adjusted to pH 7.4 and comprised of
118 mM NaCl, 4.7 mM KCI, 1.2 mM KH2PO4, 1.2 mM MgSO4, 2.4 mM
ethylenebis(oxyethylenenitrilb)tetraacetic acid (EGTA), 5 mM glucose, and
25 mM 180-labeled NaHCOg in water. The 180-labeled NaHCO3 was
prepared by the exchange reaction of unlabeled bicarbonate (Fisher
Scientific) and water enriched with 1.6% H2180 (Bio-Rad Laboratories).
The carbonic anhydrase inhibition activity of a test compound at a ,
concentration of 250 uM was determined on a mixture of the incubation
medium and a solution of the test compound in N,N-dimethylformamide.

The compound of Example 1, i.e. 2,3-0-(1-methylethylidene)-4,5-O-
sulfonyl-B-D-fructopyranose sulfamate, was tested for carbonic anhydrase

inhibition using this assay on disrupted male rate hepatocytes at 37 °C, pH
7.4, in 25 mM aqueous NaHCO3 (1% labelled with 180). Maximal inhibition

of all hepatocyte carbonic anhydrase was observed for the compound of



routes as described below. Alternatively, the conpounds of the formula (I)
may be adm nistered topically in the eye, for exanple, in a mneral oil 40
sol ution or suspension, or aqueous suspension. The conpounds of the 23
formula (1) would be adm nistered, topically in the eye or systemcally, in
a daily dosage of about 0.4 ng to about 750 ng per day for an average adult
human, with the dosage being adm nistergd about 1 to 4 tinmes per day. A

uni t dos agéxampledi abatconceatration @f 2509:Mpi.ex o signifisantrgceslerationanftthee

ot of o TS PTABBPRHEIAl GPOCED fith HhGREERt udlfe B GhbriEd 10 (he

conpositions of this invention, one or nore sulfanmate corrpounds of formul a

(1) are inti mﬁ] aé(né’éi e&ﬁe iHhibllich %bl'ﬁrﬂaﬁfé“%drfy@ra@b&h rﬁcﬁ.ﬁﬁs"éﬂﬁ el 0

conventi onal arnace i'cal conpou tec cafr|§; may take

a wide varfpémylaoﬂ) £an @m@@&@@'ﬁ gd by a gresis sy, WGBM?W"&Q %8d for
23% glsﬂ Irgweﬂ:ibnr :grgogﬁfa%;an@amné acgshg?vrgz]mw . gﬁs&%c"é nJr ga‘ epﬁ; Enng ?725
be enpl oye erapauytics, Lﬁ gpgn ﬁ@%‘é r ' A6 e, |
suspensi OFP., Eis. ) Pergantoh Poéss:i New, Yorki UBQOEpparlsmlras Andnerédseurvtls) i ncl ude
agent 5 ghﬁﬁ:ﬁ’ﬁéammﬁf aooraRaiRa AT 4 ihObaR8 A ateb IfISRE WAH IR, (0 7' 1O
powder s, caytput pso\adels aadhdirect mdlqaabn@fmrbomcsaruwdraammhlblagn| ncl ude

h I
starches, a% VS M \Hﬁé’tﬁ? r%tgrq%%wéqaéBec -3b9*§ %?é‘Hése@bF&lW S,

d|S|ntegr I Ng~a ents an t gl r, ease

adni ni st r atA@hand hwused ingages thah alo égﬂﬂuﬁﬁgtwgtmﬁﬁ%‘gﬁt%{dms or al
dosage uni Ky &nd ufinetowt utcamwpﬂntakepand uFine Wutpat! wese mheasuredetobvi ously

ctandard t24 RRRER ¥SISuS GG H?éee%nqﬁ*%&ﬁpﬁﬁﬁaﬁ%qﬁfq Gl 588, Cocoa

butter coumeéasaredati4 and 24 hours versus control. The results of this study, which
are the average of five animals, are reported below in Table lll. These data
indicate that selected examples of compounds of the formula (I} significantly
increase water intake, urine output as well as urine alkalinity, providing
indirect evidence of useful carbonic anhydraée inhibition. Such data is -also
an indication of the usefulness of the corhpounds of formula (l) as diuretics in
the treatment of hypertension, congestive heart failure and other types of
edema. The determination of suitable dosages for such compounds for the
treatment of hypertension and congestive heart failure and other types of
edema is within the skill of the art.




as the carrier. For parenterals, the carrier will usually conprise sterile
wat er, though other ingredients, for purposes such as aiding solubility or
for preservation, may be included. I|njectable suspensions may al so be
prepared, in which case appropriate liquid carriers, suspending agents and
the like may be enployed. It is especi22ly advantageous to fornul ate the
af orenent i oned phar maceutl'FABl(E)nﬂEm tRah Piuresisi Datiwsage formfor ease of
adm nistration and uniformty of dosage. The term "unit dosage form' as
used in the specification and clainms herein refers to physically discrete
units suitable as unit dosages, each unit containing a predeterm ned
gquantity of active ingredient calc e(ﬁlﬂéﬁ)smznamee the desired therapeutic
effect in association with the oe i arnmaceutical carrier. 24 The
phar maceuti cal conpositions Rerei R B n, per dosage unit, e.g.,
tabl et, capsule, powder, injecy te onful, suppository and the like.
The conpositions wll be admi @i st rat ed in @H;)unts as previously described
herein with regard to the active ingredient and to the condition being
treated. The dosages, however, may be varied dependi ng upon the requirenent
of the patjent, the severity of the condition bein treated, and the
compound b¥P °é'r't‘ﬁ'| oyed. Determ nahl on of ﬁﬁt ag%)"sagesuﬂoe a particular
si tuation | t.hi nl_.};he ski hl of m/k 5\: Tl the 8 owi MYtREanp| HEingnd
throughout péﬁem 1 cati off?t he 8 U s @R abbr dWLAt | onsPHr e
used: g (grans); nL (mlliliters); L (Ilters) mn (mnutes); hr (hours);
nmol (ol es); W/v (vdd ume toHvol uneB;3 DVF (4\, N- di ret-hyl f or v de) ; glgp20
(diethyl ethyl); EtQAc (ethyl acetate); NBg (N-br succi g gi de) ;
(tetrahydrofuran); RT (roomtenperature); B% l@ etc. (%151 chem7-c5|§l
synbols for the elenents); Calcd. (calcul ated) [err] (specific rotation

measured at 2% [errHwi th T8 nanoagter light ); .c.. —-- 9.02
' 24 23.6 28.8 6.78

5 H C2Hs5 1.2 4 ceee eaen 9.03

24 15.8 19.9 6.41

9 H cyclopropyl 2.5 4 9.02

24 27.8 . 33.2 7.26

13 CH3 . CH3 2.1 4 —ees ———— 8.93

24 21 23.2 6.81

control 4 sae- ee-- 6.98

24 156.0 17.6 6.43

‘ Average of five animals.

The relationship between the treatment of. glaucoma and carbonic
anhydrase inhibition is described by Stein et al. in the American Journal of
Ophthalmology 1983, 95, 222. For the treatment of glaucoma, a compound
of formula (I) may be administered systemically, e.g. by oral or parenteral
routes as described below. Alternatively, the compounds of the formula (l)
may be administered topically in the eye, for example, in a mineral oil 40
solution or suspension, or aqueous suspension. The compounds of the



(concentration in granms per 100 nmL); np (nelting point); deconp.
(deconposition); TLC (thin |ayer chromatography); and Celite[err] (filter
agent). Al nelting points are corrected. EXAMPLE 1:

2.3-0 (1-Methyl ethylidene)-4.5-Osulfonyl-[err]-D fructopyranose

Sul famate. A 3 L three-necked flask 3&s eqw pped with a nechanical stirrer,
t her norret éormudd {l)twouldfberadministededtopicatiy in tHeceye dr SySQefriically, in a

vas. sono yal B5aae S abopt bA iR ARE R0 e RerH for gy \%fg%%ﬂﬁﬁih?‘é”
m xture whgmamméth the desage glaﬁmmistewa@bamm& toad dioves perdéyecA sol ution
(45, 67, Bl psate woil chcktnaift o, g ROBBARCTRY ol ine MY orep” O

whi | e stlmgfﬁ lQMder argon. The resulting white slurry was stirred at -60
to -50 [err] for 1 hr, then at RT for 2 hr, and filtered through

Cers L7 i T s G A0 BRI 1 bRorBl 5 bttt g ech oy =
dried ovea mdmthcmmchb&m obitioher ol ptép(sareghe @Hartrelceutitalassmsesigens 1 at ed
in vacuo

4,5-Dbi s- O%i ﬁgﬂ%@%ﬂtk&§ﬁe¥%§% g‘i@'ﬂkﬂ %&ﬂ?ﬁ%‘gég fo[rg}ql? (Ibar? ruct opyranose
sul f amat e irtimatehhatdmixed stith & ipharmacedticalidattiemascordimd) 1oi ¢drventibnat her
ot oo ARSI Sy AL B e . 121
[err] (deaygnp y) of {args| depangirg on the orm of preparatlon desired for

4, 5- bi s- Oag |ﬁfsﬂ%ﬁbh08§7 &rab @é&pfﬁslme&mrbﬁ@?so |he;5rh@a§g9ftﬁé'0t opyranose .
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( 8SOMRPS rzfomnm QF 9& PN ARY OF e deu Maceuisa dReFiBped with a
nmechani calmay berempleyedarmisy for liqun@bral“ﬁrepamtmhsr@amas sfor exafhpié, RT under
argon for 48 Bhsioht! sf%ifahll' AL sLk&bE" ddrri8A k8 15 B ude

water, glycols, oils, alcohols, flavoring agents, preservatives, coloring agents

and the like; for solid oral preparations such as, for example, powders,

. capsules and tablets, suitable carriers and-additives include starchés,

sugars, diluents, granulating agents, lubricants, binders, disintegrating

agents and the like. Because of their ease in administration, tablets and

capsules represent the most advantagedus 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 could be used

as the carrier. For parenterals, the carrier will usually comprise sterile water,

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 claims herein refers to physically discrete units suitable as
unit dosages, each unit containing a predetermined quantity of active
ingredient calculated to produce the desired therapeutic effect in association
with the required pharmaceutical carrier.



> o

in vacuo at 40 [err]. The residue was dissolved in Et CAc and extracted
twce with saturated agqueous NaC, dried over anhydrous MgSO4, filtered
through Celite[err] and concentrated in vacuo at 40 [err] to afford 59.3 g
(98% of product as an oil which crystallized on standing. This materi al

ified b | hr orpat h¢4 il | . el ut ith, 9:1
v/v) to fur niThe phaBTECeuicy @W herain, Wil gpatain; r_‘iﬁrﬁ%atvs”e(%@{fér )
a ol o oty G R A R G IR B ed v 1.
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err H :

305 (1. ThEihsabRsy hifiedar, dndly B e depending upon the requirement of
sul f amat ethenpatisss, theisesrity of dae eapdifionkeing treajed; gndthecompaund err]) .

2”%'65 CN3<:1' ggggf ! : DEterAfindfon &t oftirhBm dbsagdtBior Ropadicular 30. 01; H,

. 8U, LE 2: .
2,3-0-(1- S@W@Wﬂm‘ﬂéﬁﬁ)&kﬂl of the afl-f onyl-[err]-L-fructopyranose Sul famate.
2,3-0 (1-Methyl ethylidene)-[err]-L-fructopyranose 1-sul famate was prepared
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2. 3- O (1- Wepéuifie rétatiod eneasuted-aD28.1C with 5§Enahemeter light ); c
(concentration in grams per 100 mL); mp (melting point); decomp.
{(decomposition); TLC (thin layer chromatography); and Celite® (filter agent).
All melting points are corrected.

EXAMPLE 1: -O-(1-Methylethylidene)-4,5-O-sulfonyi-B-D-
: fructopyranose Sulfamate.

A 3 L three-necked flask was equipped with a mechanical stirrer,
thermometer, addition funnel, and an argon inlet. 2,3-0O-(1-
Methylethylidene)-B-D-fructopyranose 1-sulfamate (50.0 g, 0.167 mol) was
combined with EtOAc (1.7 L) and pyridine (31.7 g, 0.401 mol). This mixture
was heated at reflux while stirring under argon to effect solution and cooled
to —60 °C with a dry icefisopropanol bath. Sulfuryl chloride (49.6 g, 0.370
mol) was added dropwise over 45 min at —60 to —50 °C while stirring under
argon. The resulting white slurry was stirred at —60 to —50 °C for 1 hr, then
at RT for 2 hr, and filtered through Celite®. Thé filtrate was extracted
sequentially with saturated aqueous NaCl, 1N HCI, saturated aqueous
NaHCO3 (twice), saturated aqueous NaCl, dried over anhydrous MgSOa4,
filtered through Celite® and concentrated in vacuo at 40 °C to furnish 85.6 g
(100 %) of 4,5-bis-O-chlorosulfonyl-2,3-O-(1-methylethylidene)-p-D-
fructopyranose sulfamate as a white crystalline solid, which was used
without further purification. An analytical sample was purified by column



fructopyranose Methylsulfamate. A 1 L three-necked flask containing a
solution of sulfuryl chloride (17.1 g, 0.127 nol) in 100 nL of dry toluene
was equi pped with a nmechanical stirrer, thernoneter, addition funnel, and
an argon inlet and cooled to -60 [err]. A solution of

2,3-0 (1-net hyl et hylidene)-4,5-0 suldspnyl -[err]-D fructopyranose (29.8 g
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in 422 L of b uene s added dropwi se to the sulfuryl chloride solution
over 45 mié&l3 60 [err] while stirring vigorously under argon.
After 2 hr at -55 to -60 [err], the reaction was filtered through a pad of
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give 31.4 g of pure 2 3-0-(1- methylethyhdene) -(0-4,5-sulfonyl-B-D-

fructopyranose sulfamate, mp 139-141 °C (decomp.); [c]D25 =

—28.8° (¢ = 1.17, CH30H). Anal. Calcd. for CaH15N0O10S2: C, 29.92; H,

4.18: N, 3.88. Found: C, 30.01; H, 4.36; N, 3.80.

EXAMPLE 2: 2.3-O-(1-Methylethylidene)-4.5-O-sulfonyi-8-L-fructopyranose
Sulfamate. :

2,3-O-(1-Methylethylidene)-p-L-fructopyranose 1-sulfamate was
prepared from L-fructose using the same procedure described for the D-
isomer (J. Med. Chem. 1987, 30, 880) mp = 124-127 °C (decomp.); [¢)D25
= —26.4° (¢ = 0.83, CH30H). The 2,3-O-(1-methylethylidene)--L-
fructopyranose 1-sulfamate thus obtained was converted to the title
compound using the procedure described above for Example 1 (i.e. the D-
isomer) to provide 1.19 g of 2,3-O-(1-methylethylidene)-4 ,5-O-sulfonyl-B-L-
fructopyranose sulfamate, mp 128-129 °C (decomp.); [0lD25 = +27.1° (c =
1.18, CH30H). Anal. Calcd. for CgH{15NO10S2: C, 29.92; H, 4.18; N, 3.88;
S, 17.75. Found: C, 30.07; H, 4.18; N, 3.83; S, 17.62.

EXAMPLE 3: 2.3-0-(1 -Methvlethviidene)-4.5-O-sulfonyl-8-D-




27 EXAMPLE 4: 2.3-0O (1-Methylethylidene)-4.5-Osulfonyl-[err]-D

fruct opyranose Butyl sul famate. 2,3-0 (1

- Met hyl et hyl i dehe)-4,5-0O sul fonyl -[err]-D-fructopyranose chl orosul fate
(2.49 g, 0.0065 nol), prepared as described in Exanple 3, was dissolved in
33 nL of THF, cooled to [err] via an i g bath and treated w th anhydrous
nbutylamne(5 77 9, ff RifanBse euBamate.ng under argon. Fifteen

m nutes after the addition, the ice bath was removed and the reaction was
stirred at RT for 4 hr, concentrated i n vacuo, and purified by colum
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chromatography on silica gel eluting with CH2Cl2 to provide 28.9 g (72%) of

2,3-0O-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose chlorosulfate

as a white crystalline solid. An analytical sample was recrystallized from

anhydrous ethanol; mp 93-95 °C; [a]p25 = —35.4° (c = 0.86, CH30H). Anal.

Calcd. for CgH13ClO010S2: C, 28.39; H, 3.44; Cl, 9.31; S, 16.84. Found: C,

28.53; H, 3.46; Cl, 9.17; S, 16.98.

The 2,3-0-(1-methylethylidene)-4,5-O-sulfonyi-B-D-fructopyranose
chlorosulfate thus obtained (2.48 g, 0.0065 mol) was dissolved in 33 mL of
THF and cooled to 5 °C while stirring under argon. Excess anhydrous
methylamine was bubbled through the solution over 30 min while
maintaining the temperature between 5 and 10 °C. After 30 min, the
reaction was filtered through a pad of Celite®, concentrated in vacuo and
the residue was chromatographed on silica gel eluting with hexane/EtOAc
(85:15 v/v) to furnish 2.21 g (80%) of 2,3-O-(1-methylethylidene)-4,5-O-
sulfonyl-p-D-fructopyranose methylsulfamate as clear hard glass; [o]p2° =
—25.3° (c = 1.00, CH30H). Anal. Calcd. for C{gH17NO10S2: C, 32.00; H,
4.56: N, 3.73. Found: C, 32.30; H, 4.54; N, 3.83.



2,3-0-(1-nethyl ethylidene)-4,5-Osulfonyl-[err]-Dfructopyranose
chlorosulfate (1.88 g, 0.0049 nol) in the sane manner as described in
Exanpl e 4 and chromat ographed on silica gel eluting with [err] (4:1 v/v) to

provide 1.11 g (48% of 2,3-O (1-nethyl ethylidene)-4,5-0-sulfonyl-[err]-D
fruct opyranose_octyl sul f 0317' =

= 1.00, [err]. 28
Anal . Cal EA(AMBLE[%” {1.Methylethyide ulfonghB-0s 2 90: s, 13. 29
Found: C, 43.64; H Gn&8opMands8dB k3¢ . EXAMPLE 7: 2.3-0-(1
- Met hyl et hyl i dene) -4.°5-O-sultonyT-[err]- ruct opyr anose :
2- Propenyl sul famat e. Excess anhydrous allylamne (1.35 g, 0.0236 nol) was
reacted with 2,3308(1:Methyietlidendpdc§-CtsoliamyB-Defnyttopgrariosd- f r uct opyr anose
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Exanpl e 4 and '

EXAMPLE 5: -0-(1- I.h' ne)-4.5- lfonyl-B-D-
I Ethvisulfamate.

Excess anhydrous ethylamine was reacted with 2,3-O-(1-
methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose chiorosulfate (2.54 g,
0.0066 mol) in the same manner as described in Example 3 and
chromatographed on silica gel eluting with hexane/EtOAc (4:1 v/v) to provide
2.30 g (89%) of 2,3-O-(1-methylethylidene)-4,5- O-sulfonyl-3-D-
fructopyranose ethylsulfamate as a hard glass; [a]D25 = —23.6° (c = 1.00,
CH3OH). Anal. Calcd. for C11H19NO10S2 « 0.2 EtOAc: C, 34.82; H, 5.10;
N, 3.44. Found: C, 35.04;H, 4.84; N, 3.13.

EXAMPLE 6: 2.3-O-(1-Methylethylidene)-4.5-O-sulfonyl-B-D-

fructopyranose Octylsulfamate .

Excess anhydrous octylamine (2.46 mL, 0,0148 mol) was reacted with
2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose chlorosulfate
(1.88 g, 0.0049 mol) in the same manner as described in Example 4 and
chromatographed on silica gel eluting with CH2CI2/EtOAc (4:1 viv) to
provide 1.11 g (48%) of 2,3-O-(1-methylethylidene)-4,5- O-sulfonyl-$-D-
fructopyranose octylsulfamate as an oil; [@]D2° = —17.1° (¢ = 1.00, CH30H).



purified by colum chromatography on silica gel eluting w th hexane/ Et CAc
(7:3 v/v) to provide 1.73 g (72% of 2,3-0O (1-nethylethylidene)-4,5-0

sul fonyl -[err]-D-fructopyranose phenyl net hyl sul fanate as a white foam
[err] [err] (c = 1.00, [err]. Anal. Calcd. for [err] C, 42.57, H 4.69; N,
3.10; S, 14.20. Found: C, .42 .77. H 4.98. N, 14. 26. EXAMPLE 9:
2.3-0 (1- réﬂ F&'r@qpa%aﬁm@wgarpo%@ﬁsrg} 4§>33r?rhc,€t%wlaa89e .

Cycl opropyrstzlgf Fomhe; Cuzed; HPOXY; M) 028, opg.epy! amine (0.90 g, 0.0172
nol) was reacted with
2,3-0 (1-nmet hyl et hyl i dene) - 4 5- Osulfonyl [err] Dfructopyranose
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2. 3- O (-1- Mard yeerystallizeshiometbanoliwates (§11. Y¥) iq provide 15t5op(55%) o 2,3-

Cycl ooct yl gu{1f-areahyethylidene)-4,5-O-sulfonyl-B-D-fructopyranose 2-
propenylsulfamate as a white crystalline solid; mp 75-77 °C; [¢]D25 = -31.1°
(c=1.00, CH30H). Anal. Calcd. for C12H1gNO10S2: C, 35.91 H, 4.77; N,
3.49; S, 15.97 Found: C, 35.98; H, 4.75; N, 3.49; S, 16.05.

EXAMPLE 8: 2.3-0-(1-Methylethvlidene)-4.5-O-sulfonyl-8-D-
fructopyranose Phenylmethylsulfamate.

Excess anhydrous benzylamine (1.69 g, 0.0158 mol) was reacted with
2,3-0-(1-methylethylidene)-4,5- O-sulfonyl-B-D-fructopyranose chiorosulfate
(2.00 g, 0.0053 mol) in the same manner as described in Example 4 and
purified by column chromatography on silica gel eluting with hexane/EtOAc
(7:3 viV) to provide 1 73 g (72%) of 2,3-O-(1-methylethylidene)-4,5-O-
sulfonyl-B-D-fructopyranose phenylmethylsulfamate as a white foam; [a]p25
= —22.8° (c = 1.00, CH30H). Anal. Calcd. for C1gH21NO10S2: C, 42.57; H,
4.69; N, 3.10; S, 14.20. Found: C, 42.77; H, 4.68; N, 3.15; S, 14.26.

EXAMPLE 9: 2.3-O-(1-Methvlethylidene)-4,5-O-sulfonyl--D-
fructopvranose Cyclopropvisulfamate.

Excess anhydrous cyclopropylamine (0.90 g, 0.0172 mol) was reacted
with 2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
chlorosulfate (2.00 g, 0.0053 mol) in the same manner as described in
Example 4 to give 0.95 g (45%) of 2,3-O-(1-methylethylidene)-4,5-O-



Excess anhydrous cycl ooctylamne (3.01 g, 0.0236 nol) was reacted with
2,3-0 (1-nmethyl et hylidene)-4,5-0sul fonyl --Dfructopyranose chl orosul fate
(3.00 g, 0.0079 nol) in the same manner as described in Exanple 4 to give
2.10 g (57% of 2,3-O(1-nethylethylidene)-4,5-0C

sul fonyl -[err]-D-fructopyranose cyclgpctyl sul famate as a white foam after
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crystalline solid after chromatography on SI 1 | ca gel el ut| ng with
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EXAMPLE 11: 2,3-0-(1-Methylethylidene)-4.5- lf nyl-B-D-

f ran I¢ Isulfamate. -

Excess anhydrous cyclooctylamine (3.01 g, 0.0236 mol) was reacted
with 2,3-O-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
chlorosulfate (3.00 g, 0.0079 mol) in the same manner as described in
Example 4 to give 2.10 g (57%) of 2,3-O-(1-methylethylidene)-4,5-O-
sulfonyl-B-D-fructopyranose cyclooctylsulfamate as a white foam after
chromatography on silica gel eluting with hexane/EtOAc (7:3 v/v); [@]D25 =
-23.5° (¢ = 1.00, CH30H). Anal. Caled. for C17H2gNO10S2: C, 43.40; H,
6.00; N, 2.98; S, 13.63. Found: C, 43.40; H, 6.13; N, 3.01; S, 13.72.

EXAMPLE 12: 2.3-0-(1-Methylethvlidene)-4.5- Ifonyl-B-D-
rano 2.2-Trifluoroethyl)sulfam

Excess anhydrous 2,2,2-trifluoroethylamine (3.12 g, 0.0315 mol) was
reacted with 2,3-O-(1-methylethylidene)-4,5- O-sulfonyl-B-D-fructopyranose
chlorosulfate (2.00 g, 0.0053 mol) in the same manner as described for
Example 4 to give 1.83 g (79%) of 2,3-0-(1-methylethylidene)-4,5-O-
sulfonyl-B-D-fructopyranose (2,2,2- trifluoroethyl)sulfamate as a clear

crystalline solid after chromatography on silica gel eluting with
hexane/EtOAC (7:3 viv); mp 125-127 °C; [o]D2° = —24.3° (¢ = 1.00, CH30H).



added. The reaction m xture was heated to reflux for 1 hour, concentrated
I n vacuo, acidified wwth ca. 20 nL of 1 NHO, diluted with saturated
aqueous NaCl and extracted three tinmes with Et OAc. The conbi ned Et CAc
extracts were extracted twice with aqueous 0.1 N[err], twice with
saturated agueous NaHCOB3, twi ce wi tIBOGaturated aqueous NaCl, dried over
anhydr oudnaySealeds fari@t Hd16hsN0yeSee| Ct 29.80¢ H, 8f4;d 2461 SBatl 0. n vacuo to

furni sh f d I t d erial was recrystallized from 50
m_ of [e?:ro]%g?g:Gg’)s?gubﬁbgi%g%%&&gs’(s%g%' of 2,3-0 (1 -nethylethylidene)-

4,5-Osul fonyl-[err]-Dfructopyranose dinethyl sul famate; np 109-111 [err];
[err] (cBXAMPLE {3r 2 3-O-thMethUetiogli - W®_R3; H 4.92; N,

3.60; S, 16.47. Foung: 34.20; H 4.87; N 3.55; 5, 16.55. EXAMPLE 14:
2.3- 0 (1- Met hyl et hyl MMMW D- fructopyranose

D et hyl sul famate. Excess anhydrous NN-diethylamne (1.73 g, 0.0236 nol) was
reacted with

2, 3- O ( 1- met RYPHMIYAEERLE0Z 81l dispareion; £.130, 9.0383 mellowgs sxiaeted
chl or osuthrgedimes edthyanbydrons EtpO) white undes argonysaspended ied0rmbed i n
Exanpl e ' 8 - 2y le. 158
sul f onyl ﬁ e?-rl.?:- %)69 #8?’%(%%én(&)_%ggilic%{ﬁﬁﬁﬁ?gwpgxégaéxﬁ]g@goayééﬁaf ter
chr onmat odustARYTaRcse suamgla (i4. Rxamplait: 3.0R gafL0a30mol)(Was adted ;as er r |
[err] (casdlidfortibAnide at'v2C oveH R¥mih WhilleStirdir n H , N 3. 36
S, 15.36 Foltjﬂg? 6 | é?. 39; H o 55 n:lll\l 3.'3[,? 39 g"qgggp%&wéﬁé'% 2.3-0-(1
it by oTWGIGGRT, eYOI4Tidn SeasPH FisessdPRpTisthane 5. 4B mbn8 S8 3mooNas f ai o
S%I O (1- :mdbdl eTHe/réabﬁna)migdﬂ&eCwlasl heated td @flukfor 1 Ww?,oébi'rc;%'hﬂ%x?ed iri 3
cnl orosu s OR , al. sS.descripedq I n anpl e o, was
conbi ned J\#@'ﬁ' éﬁH@%ﬂ%ﬁgR 8‘!‘ ?él'ﬂg ‘%d"g@?’g- &'Eﬂﬁ‘i&ﬂ&#}‘@ ﬁgf@”ﬁl?uéf anhydr ous
: NaCl and extracted three times with EtOAc. The combined EtOAc extracts

were extracted twice with aqueous 0.1N Na2S203, twice with saturated

aqueous NaHCOg3, twice with saturated aqueous NaCl, dried over

anhydrous MgSOy4, filtered through Celite® and concentrated in vacuo to

furnish 2.10 g of crud_e product. This material was recrystallized from 50 mL

of EtOH/H20 (2:3) to provide 1.78 g (55%) of 2,3-O-(1-methylethylidene)-

4,5-O-sulfonyl-B-D-fructopyranose dimethylsulfamate; mp 109-111 °C;

[]D22 = —25.3° (¢ = 1.00, CH3OH). Anal. Caled. for C11H1gNO10S2: C,

33.93; H, 4.92; N, 3.60; S, 16.47. Found: C, 34.20; H, 4.87; N, 3.55; S,

16.55.

EXAMPLE 14: 2,3-O-(1-Methylethylidene)-4.5-O-sulfonyl--D-

Excess anhydrous N, N-diethylamine (1.73 g, 0.0236 mol) was reacted
with 2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
chlorosulfate (3.00 g, 0.0079 mol) in the same manner as described in
Example 4 to give 1.55 g (47%) of 2,3-O-(1-methylethylidene)-4,5-O-
sulfonyl-B-D-fructopyranose diethylsulfamate as a white foam after
chromatography on silica gel eluting with hexane/EtOAc (7:3 viv); [a]D25 =
~26.3° (c = 1.00, CH3OH). Anal. Calcd. for C13H23NO10S2: C, 37.40; H,
5.55; N, 3.36; S, 15.36. Found: C, 37.39; H, 5.55; N, 3.33; S, 15.41.

EXAMPLE 15: 2,3-0O-(1-Methvlethylidene)-4,5- O-sulfonyl-3-D-

r i ]



acetonitrile while stirring under argon. Sodium azide (0.68 g, 0.0105 nol)
was added and the reaction m xture was stirred under argon at RT for 18
hours. The crude reaction m xture was filtered through Celite[err],
concentrated in vacuo, and purified by chromatography on silica gel eluting
wi t h hexane/ Et CAc (4 1 v/iv) to provide 1.76 g (87% of 2,3-0O(1-

net hyl et hyl i dene) 4,5-0O sul fonyl -[err] Pfruct opyranose azi dosulfate as a

| | Calcd. f C, 28.76; H,
clear g1 ass: L8 Elvkinetienbied %ﬂ%mym Dinitopyianose Hhlorssutiates,
EXAMPLE 162, 0§)g 00052 fno"l) Prebardcrad Mbb R MPERaRpRe '8 WAk confBihed -
fructopyr an r&t
2,3-0(1- l\)é’f VHWV%BXES"”?. (@%gn%wwpo["é?ﬁ]mbqfrmémﬂsanose (6.00 g,
0.0193 nol acammtdiembilqsurring dhderagfonanBydiuem azideq0EE leEAfne (O

dded r opttEs oo A R Féacofiing B gy hgﬁgéﬁbbgﬁﬁ gog Stwer o the
reac'éll on lrrhm‘ll[a: eThﬁsmdmrmgm rmmmd?asmuemmrmgh rﬁeﬁmo The re5|r (rjije

i SSo ,
twi ce wit h*‘?'i?%"?a#%?% ol ShA R0y EoMdiasRy ‘?Ii%%%%?%ﬁﬁ Fed
t hrough CeWithdexapp/E %ﬂ.cfémtparewdeﬁ Zﬁgu(mf/d gfix8d04150 g (95% of a
2.1:1 di asmmemyudene)mwmmwm B-D}-ractdp ?B)noséméstﬂfat

The 1 i vi QESF: (025 R0 AP 2ol O SHRM el BRed 31 sé‘r’rf;? ?EZJ 'y pure
form by chCohiy p0S201C,28.78:2H 9231586 Ny 10R8;\8, 1 16. 86 Foahlt @24.971 v/ V).
The fracti ang f@%a{%é? g?sg ast er eluting (S)-isoner were conbi ned and

concentrat ed 4.05 g of (S)-2,3-0-(1-nethylethylidene)-1-0O
phenyl met hyl - 4, 5- Osulflnyl [err]- Dfructopyranose as a white crystalline

solid; np E&'I’MPEEW@ he R-isomer

were conbi ned and CORCERTTared In vacua Sens K = -2,3-0(1 -
met hyl et hyl i dene) - 1- O Bk PR8I IZMEIE [err] D-fruct opyranose as
a clear oil. The

(9)-2,3-0 (1- nphy 6t fi tﬁﬂsw,d%na RPBIBHe RS Mty a%D Frictbyrahosk (6/d
g, 0.0193 mol) was dissolved in 75 mL of anhydrous dioxane and heated to
reflux while stirring under argon. Thionyl chloride (28 mL, 0.384 mol) was
added dropwise over 10 min to the refluxing solution. After 15 min, the
reaction mixture was cooled to RT and concentrated in vacuo. The residue
was dissolved in EtOAc and extracted twice with saturated aqueous
NaHCOg3, twice with saturated aqueous NaCl, dried over anhydrous
MgSO0y, filtered through Celite®, and concentrated in vacuo to yield 6.50 g
(95%) of a 2.1:1 diastereomeric mixture of the (S) and (R) isomers of 2,3-O--
(1-methylethylidene)-1-O-phenyimethyl-4,5-O-sulfiny!-B-D-fructopyranose.
‘The individual (S) and (R) diastereomers were isolated in isomerically pure
form by chromatography on silica gel eluting with hexane/EtOAc (9:1 viv).
The fractions containing the faster eluting (S)-isomer were combined and
concentrated in vacuo to give 4.05 g of (5)-2,3-O-(1-methylethylidene)-1-O-
phenylmethyl-4,5-O-sulfinyl-B-D-fructopyranose as a white crystalline solid;
mp 92-94 °C. Similarly, the fractions containing the R-isomer were
combined and concentrated in vacuo to give 1.93 g of (R)-2,3-O-(1-
methylethylidene)-1-O-phenylmethyl-4,5-O-sulfinyl-B-D-fructopyranose as a
clear oil.

The (S)-2,3-0O-(1-methylethylidene)-1-O-phenylmethyl-4,5- O-sulfinyi-B-
D-fructopyranose thus obtained (3.99 g, 0.112 mol) was dissolved in 560 mL



D-fruct opyranose thus obtained (3.99 g, 0.112 nol) was dissolved in 560 nL
32 of CH2CI 2 that had been previously saturated with water. N

Br onmosucci nimde (1.99 g, 0.0112 m)l) was added and the resulting solution
was degassed with nitrogen over 60 nyH. The solution was cooled to 5 [err]

and the I ?@ngggﬁ%t'r{amé{ Fb\)%ﬁéﬂ{ éatlé&ewa\mh watendgscent flood |ight

exc SS C ohexene (7 nlL) and basified with
triethyl arBl’ﬂmC(SLJOSB’"que (g8 Q,éhgi dmalhwas ard e resullingio, partially

di ssol ved d dé%@&qumﬁnfdgleheém smmgfrhseé.dlwreWah cobied filtrate

was concent rat Ed I n vacua _ and I’eSIﬁg urif {m

chr omat ogﬂ@&]ﬁ(ﬁﬁ‘dsﬁhlel reactien V@%Waﬁ‘bat Wit"[€r1r5?’ ‘{’@“Z"Qﬁ SFSn’g leRd 2. 43 ¢

(81% of ht for 15 mmhquenched with excess clohexene (7 mL) and basified with

(5) -2 3 O el A5 b 6 ehuLd BShcb e ko B 2° 2

( S) - 2, 3- Odidsoiweddin 200 ywhL & EXDAS, dndfilteretithsdugheCelite®. f'i'helﬁﬁgateavassl ed( 2.29
g, 0.0086 e dissolved in

anhydr ous %&ﬁ% ﬁﬁ'géqu% ﬁ]éezifétsgdl{&/@&m@f%a%ﬁ r W under . ar gon.

Sul f anoy| aftibmatograpby 4 gilice gebskting| withhexanelEd2Q@<(3:2 vivl tel give 243 portion

dth t
and the T gl %oggsz,meﬁ]@léﬁﬂnﬁé{h§|bﬂwnﬂem{ -2 8-0-§Jifinyes-O-%udtopytafogeact i on

was extra ] HCl,“twi'ce with saturatéed aqueous NaHCCB tw ce
with saturag 8€le&@il. dried over anhydrous MySH4, filtered t hr ough
Celite[err] and concentrated in vacuo to give 2.43 g of crude product as a

o e T B TSRBT O g TABbhERA% L Afy PPl AaYss ot nanc!
sul finyl - [{&29 gPof0088 oo}y thussebtainedaand trietbylaming (4 eb)swetd dissolvedi d; np
N 06, © dlayiffycods BYOACEE! mi f 45k adofecF iy ~SClAtie s‘éﬁmféjmg& EXAVPLE 17:
(R -2, 3- oqrgomatﬁwamnyl chieride (8.45 @-0.058 fyel) was gdded as a solid in one

portion and the reaction was allowed to slowly warm to RT over 18 hr. The

reaction was extracted twice with 3N HCI, twice with saturated aqueous

NaHCO3, twice with saturated NaCl, dried over anhydrops MgSO4, filtered

through Celite® and concentrated in vacuo to give 2.43 g of crude product

as a tan solid. This material was recrystallized from 5 mL of anhydrous

ethanol to provide 1.20 g (40%) of (5)-2,3-O-(1-methylethylidene)-4,5-O-

sulfinyl-B-D-fructopyranose sulfamate as a white crystalline solid; mp 151.5-

153.5 °C; [oJD25 = ~14.9° (¢ = 1.00, CH30H). Anal. Calcd. for

CgH15NOgS2: C, 31.30; H, 4.38; N, 4.06; S, 18.57. Found: C, 31.48; H,

4.39; N, 4.08; S, 18.46.

EXAMPLE 17:

The (A)-2,3-O-(1-methylethylidene)-1-O-phenylmethyl-4,5-O-sulfinyl-f-
D-fructopyranose (4.33 g, 0.0122 mol) that was prepared and isolated as
described in Example 16 was oxidatively debenzylated with N-
bromosuccinimide (2.17 g, 0.0122 mol) in the same manner described for
Example 16, i.e. the (S)-isomer, to provide 1.09 g (34%) of (R)-2,3-O-(1-
methylethylidene)-4,5-0-sulfinyl-ﬁ-D-fructopyranose as a clear oil. Similarly,
this material was reacted with sulfamoyl chloride (2.86 g, 0.0248 mol) and
recrystallized from ethanol in the same manner described in Example 16 to



fruct opyranose Sul famate. The

(R -2,3-0(1-net hyl et hyl i dene) - 1- O phenyl net hyl -4,5-O-sul finyl-[err]-

D fruct opyranose (4.33 g, 0.0122 nol) that was prepared and isol ated as
described in Exanple 16 was oxidative ¥ debenzyl ated with N

b I BlA3 : 0 : 0! | bed f

Bcanp o 16TisH V.23 g ¢ §Rr 2300 AamEet s RR B oIS £ 57 5 | 5°5 o7 1.
net hyl et hyfruciopyyannse sulfarnatengs a[whitg crystaliime splid;ampsi®7a$9%1°C| ear oi | .
Simlarly, i R5al ° ' I leri de. (2.86 g,

OI. (r)n24gr rr)tl)l dé%‘?\@?j c] gstﬁrﬁ?gegegfl'%@épﬁggﬁ){i %‘ﬁ?@g%@@ﬁge%nﬁeﬁ desc?i bed in
Exanpl e 16¢ gﬁ unidh39; He438sN, 4.06; S, 18.57. Found: C, 31.55; H,

(R) -2, 3- O glampt, yigidyiggene) -4, 5-O-sul finyl -[err]-D- fructopyranose
sulfamate as a white crystalline solid; np 197-199 [err], deconp; [err] (c
= 1.00, [err]. Anal. Calcd. for [err]: C 31.30; H 4.38;, N, 4.06; S,
18.57. FouBXAMPLEN 852 340-0 -Ethyibtopdlide 4 518-QffofeKAMBLE 18: 2.3-0 (1

- Et hyl propyl i dene)-4.5; O-sul fonyl - ker.r] - fruct opyranose Sul f amat e.

D Fructose (100.0 g, O ded in 3-pentanone (2.3 L, 1.127
nol) and heated to 40 [err] and concd [err] (60 nL) was added dropw se over

20 mn. T fd ) f it . i | ed
£ om 40 [grea]t IDUlEde R0 §) b¥os BBNAFES SLeBenddifinl SHEnaRond B 520, ¢ o
and conceni (i&7e@ol)ard baateditod0 &Gianstcored H2SQ4 (BAML) was addedd ext r act ed
3 tines W dihdWidelover SR mWAR-IY findRes ae Iy RIS B rddthiph Wit

t
e IO B e ol o S
whi ch was NAOH iand dohcepitiated ¢ vasms.0Tharbeidoe wad ditdtedakitis WAt gndvi t h

2'? ﬁilnglr E;%éﬁgé%ﬁﬁ{eft%@%% . Brﬁhézgg@ln%é %2&‘2%@5 VB solid; np
46- 48 washed twice with water, dried over anhydrous Na2SQ4, filtered through

' Celite® and concentrated in vacuo to give 18.5 g (11%) of product as a

brown cil, which was purified by column chromatography on silica gel

eluting with hexane/EtOAc (6:1 V) to give 2,3:4,5-bis-O-(1-
ethylpropylidene)-B-D-fructopyranose as a white crystalline solid; mp 46-48

°C; [0]D25 = ~36.6° (¢ = 1.00, CH30H). Anal. Calcd. for C1gH280¢: C,

60.74; H, 8.92. Found: C, 60.77; H, 8.93.

2,3:4,5-Bis-O-(1-Ethylpropylidene)-p-D-fructopyranose (17.19 g, 0.0541

mol) was combined with pyridine (5.13 g, 0.0649 mol) and dissolved in 73

. mL of dry toluene. This solution was added dropwise over 15 min at =20 °C
to a vigorously stirred solution of sulfuryl chloride (8.75 g, 0.0649 mol) in 75
mL of dry toluene. After the addition, the reaction was allowed to slowly
warm to RT over 3 hr, and diluted with water. The toluene layer was
extracted 3 times with 10% aqueous citric acid, three times with saturated
adueous NaHCOg3, twice with saturated aqueous NaCl, dried over
anhydrous Na2S0y4, filtered through Celite® and concentrated in vacuo to
afford 25.4 g of crude 2,3:4,5-bis-O-(1-ethylpropylidene)-B-D-fructopyranose
chlorosulfate. This crude chlorosulfate was dissolved in dry THF (300 mL)
and placed in a vigorously stirred autoclave under 30 psig of anhydrous
ammonia over 18 hr. The reaction was filtered through Celite® and '
concentrated in vacuo. The residue was purified by column chromatography
on silica gel eluting with hexane/EtOAc (3:1 v/v) to give 2,3:4,5-bis-O-(1-



[err] (c = 1.00, [err]. Anal. Calcd. for [err]: C 60.74; H 8.92. Found:

C, 60.77; H, 8.93. .
2,3:4,5-Bis-0O(1-Ethyl propylidene)-[err]-D-fructopyranose (17.19 g, 0.0541

nmol ) was conbined with pyridine (5. 18tg, 0.0649 nol) and dissolved in 73 nL

of dry tolmmroﬂyud:erw)l D-froctopgrandee Gulfaniae 36 @V:Rarar ngo Mofh2820 [err]

to a vigoro Yy Sti o] f . 0649 nol)
in 75 nL of :7 «Eﬁltéﬁeoﬁpﬂcﬁgj‘ {‘ln%l Qséx‘?‘{ L*BHWSE‘ 4%3% Iovved to

sl owly warmepNRs €S, 8311 Foand: ©,148.86: Mi 7.81 Wt 8151 Ewswl uene | ayer was
extracted 3 tinmes with 10% aqueous citric aC|d fhreé tines with saturated

aqueous [err], twice wth saturated aqueous NaCI dried over anhydrous
[err], filter e&lat4q5fBig+O¢é+Ethy[psopylicbrme)@ebefmntopym“e sutfanmateo afford

25.4 f . - DSz Jd D-

chi or osul 158 o1 0. RS B IR OE B, BRI 43 G001t
and pl acedacidifigdwitfol 8danl: of 6N aquem bl avhileustitdng ngreuglyofAfteTWdr ous
ammoni a oviple rbBclibn weeco61a8 tb BP0Ae ipH m%%éﬁiiéeqsgw??'w& N%

concentrated,in vacuo. The resi due was purlf to%lr aphy on

silica gelard the aguepys layar was satratedwith Nagl. t@egwas@ltmgslayeaweseou-
34 et hyl pregpdrattenand ties ehubois mersaém@cté@lzfmapé it itls TR, ?Mgu

S ééqéﬁm.sg&x@? e&% g@?@@les@f“r‘%oh@g&s gsquitersd nstishes oo (1
- Et hél pr oWéhté@ahd[cmc}enfvatedm vagueanthe resndﬁemaep(lﬂﬁbfﬁ @ol&nﬁ3§5ﬁ r1n§|4) "
| SSO P\QS&;
\(I)V?SGN agueous %Paﬁ fsl rr| ﬁ%ﬁgﬁgfﬁd&?@g@"ﬁ',@% ‘?ki:io @5& i on was
f:ool ed to %-5269 85‘21%9 Iﬁ?é%g’évgkeﬁggﬁwgﬁ%e)p&;ﬂm@mm1Ma{mﬁeaqgegﬁs
ayer was gap = +3Dg°18 ong ws%ﬁar %CP%@ ed an e
iracts veis éﬁmém %ﬁﬁé? Wob2sS. A 29 counio orf0.4s: H,

6.50; N, 4.12; S, 9.66.

2,3-0O-(1-Ethylpropylidene)-B-D-fructopyranose 1-sulfamate (1.82 g,
0.0056 mol) and pyridine (1.06 mL, 0.0134 mol) were dissolved in EtOAc (55
mL) and reacted with sulfuryl chloride (1.65 g, 0.0122 mol) as described for
Example 1 to provide the corresponding bis-chlorosulfate. Analogous
dechlorosulfation of this bis-chlorosulfate with NaHCOg3 (2.67 g, 0.0318 mol)
in methanol (16 mL) followed by purification by preparative TLC on silica gel
eluting with EtaO/hexane (7:3 v/v) provided 0.79 g of 2,3-O-(1-
ethylpropylidene)-4,5-O-sulfonyl-B-D-fructopyranose sulfamate as a white
crystalline solid; mp 130-133 °C; [0]p25 = -23.1° (¢ = 1.17, CH30H). Anal.
Caled. for C11H19NO10S2: C, 33.93; H, 4.92; N, 3.60; S, 16.47. Found: C
34.21; H, 4.95; N, 3.54; S, 16.29.



Celite[err] and concentrated in vacuo. The residue was purified by colum
chromat ography on silica gel eluting with [err] (3:2 v/v) to give 2.53 g
(21% of 2,3-O (1l-ethylpropylidene)-[err]-Dfructopyranose 1-sul famate as a
clear syrup; [err] (c = 1.00, [err]). Awml. Calcd. for [err]: C, 40.36; H,
6.47, N, 4EXAMPBLE99/92 F=01f1d (hviid -4 6-00N-M4- 4.12; S, 9.66.
2,3-O(1-Ethyl propylid il - 3

0.0056 nol) and pyri di , 2 O T I - MO YRR QRE
mL) and reacted w th s8uifgmadtechl-oride (1.65 g, 0.0122 nol) as descri bed
for Exanple 1 to provide the correspondi ng bis-chlorosul fate. Anal ogous
dechl orosul fation of this bis-chlorosulfate with NaHCO3 (2.67 g, 0.0318
nol ) in net hanbe as@utien of 813-Ereldmethylethylideae)-BrDMuciopysanase ve TLC on
silica gel ' | ' I

et hyl pr opy?@?eﬁ%{ggg\%@ @ sb y%dcﬁnﬁa)ﬁgﬂ -Bﬂfﬁ\&&g?eg%%s%ﬁq %gﬁg@%;%f’ a
white crys€mde e(pst@ﬂuene&uyomsﬁmdetw )ﬂ]thqrmf 4.t o= 011294 mal} in 12@nal .

ga'gg_d- Nf Ogn%Leéf dry &nf%ne%ﬁoﬁvbisééa%”%v@q PO miftwhife dirringigstously 34- 21, H

;S 16. 35 EXAMPLE 2-19'
2.3-0 (1- Mgpégq Clie B0 i'ﬁmggaqnogl U2 %ﬁ@ﬂg to slowly warm to RT over 2 hr and
gglt B%/: gﬁng%sssu_b‘s@qmbhﬂmcdﬁ‘ ' euhtfratiw :}nfafwol -'njé ragides warnesfiotsl _amaf ]geén;?ea
(100 g oodachio i Genliel Ay BGR NapEla 4 HEERBAMTEIGAS. e O
N- (p- t ol uebasicldquegisilayeowas @xiracted two thoré limes with EtO20) amdithei n 120 ni

of dry bené&ﬁ@gﬂé@m@me aXtraetd Mefd eRirabtelSyith Batiihicd ir%jéd l$"QalcE9s,0us! ¥
under argon., e reaction was all (il 0 slowly warm t over 2 Nr and
was subseqiidge With satated,aguedys &\éﬁroé“ﬁe"?reéfl"@ﬂémﬂﬁ g %8“33’ quenched
with satur grgdghCERE® AldicoRcendatedtinariced Wrhb rE&idde wdd dissolved in

200 mL of boiling CH2Clo/EtOAc (19:1 viv) and p-toluenesulfonamide

precipitated from the solution on cooling to RT. The p-toluenesulfonamide

was isolated by filtration and the filtrate was purified by column

chromatography on silica gel eluting with CH2CI2/EtOAc (19:1 viv) to give

© 9.35 g (56%) of 2,3-O-(1-methylethylidene)-4,5-O-[N-(4-

methylbenzenesulfonyl)imidosulfinyl]-B-D-fructopyranose sulfamate as a

white foam; mp 68-73 °C; [oJD2° = +23.3° (¢ = 1.00, CH3OH). Anal. Calcd.

for C1gH22N2010S3: C, 38.55; H, 4.45; N, 5.64; S, 19.29. Found: C,

38.52; H, 4.57; N, 5.38; S, 19.07.

EXAMPLE 20: 2.3-O-(1-Methylethylidene)-4.5- O-[N-(4-
methylbenzenesulfonvllimidosulfonyl]-B-D-fructopyranose

Sulfamate.

2,3-O-(1-Methylethylidene)-4,5- O-[N-{4-methylbenzenesulfonyl)
imidosulfinyl]-B-D-fructopyranose sulfamate (3.10 g, 0.0062 mol) was
dissolved in 19 mL of CH3CN and diluted with 19 mL of CCl4. Water (28
mL) was added and this mixture was cooled to 5 °C while stirring vigorously
with a mechanical stirrer. Sodium periodate (2.92 g, 0.0136 mol) was added
followed by a catalytic amount of RuCl3-H20 (0.0300 g, 0.00015 mol). The
reaction was allowed to warm to RT over 20 hr and diluted with 150 mL of
EtOAc. The layers were separated and the aqueous layer was extracted two
more times with EtOAc. The combined EtOAc extracts were washed twice
with saturated aqueous NaCl, dried over anhydrous MgSOQa4, filtered through



basi ¢ aqueous | ayer was extracted two nore tines with Et OAc, and the

conbi ned Et OAc extracts were extracted wth saturated aqueous NaHCO3, tw ce
with saturated aqueous NaCl, dried over anhydrous [err], filtered through
Celite[err] and concentrat ed in vacugg The residue was di ssol ved in 200 niL

of "boi | i nglifd® land'Ssricetitiated i vacie! Uﬁi@?éﬁldwwas JsurifiedChp i@l from the

i1t oRnTRloRepy o siies g iihd FARHCIBRRAS (73 'S%astsﬁra%n silica

gel el uti @HaCkh fitered thraogh Gelite®tamdycancenhti@bed, irf BSét)o to give 0.72 g
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|mdosulf|7yéi- err]-D-fructopyranose_sul (3. 0. 0062 mol) was
di ssol ved 1i/rB6eoFayn fc[@r7r§4dg-d46§5”t§d1wstﬁ 17ﬁm_ of [err] Water (28 ni)
was added and this mxture was cooled to 5 [err] while stirring vigorously
with a WW@Fi | ' was added
f ol | owed afn - 2SR Sieelliule
reacti on was all owed tQulfsmatet o RT over 20 hr and drluted wrth 150 mL of
Et CAc. The | ayers were separated and the aqueous | ayer was extracted two
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and dissolved in 150 mL of dry toluene. This solution was added dropwise

over 20 min at-20 °Cto a vigorously stirred solution of sulfuryl chioride

(8.75 g, 0.0649 mol) in 150 mL of dry toluene. After the addition, the reaction

was allowed to slowly warm to RT over 4 hr, and diluted with water. The

toluene layer was extracted 3 times with 10% aqueous citric acid, three

times with saturated aqueous NaHCOg3, twice with saturated aqueous NaCl,

dried over anhydrous MgSQOy4, filtered through Celite® and concentrated in

vacuo to afford 33.1 g of crude 2,3:4,5-bis-O-(cyclohexylidene)-§-D-

fructopyranose chlorosulfate. This crude chlorosulfate was dissolved in 132

mL of dry THF and placed in a vigorously stirred autoclave under 30 psig of

anhydrous ammonia over 18 hr. The reaction was filtered through Celite®

and concentrated in vacuo. The residue was purified by column

chromatography on silica gel eluting with hexane/EtOAc (7:3 viv) to give

2,3:4,5-bis-O-(cyclohexylidene)-B-D-fructopyranose sulfamate compound

with EtOAc (7:1) as a hard white foam; [a]p25 = -31.7° (¢ = 1.00, CH3OH).

Anal. Calcd. for C18H29N0gS+0.14 EtOAc: C, 51.62; H, 7.03; N, 3.24; S,

7.42. Found: C, 51.58; H, 7.02; N, 3.30; S, 7.70.

2,3:4,5-Bis-O-(Cyclohexylidene)-p-D-fructopyranose sulfamate (20.37
g, 0.0486 mol) was dissolved in THF (408 mL), acidified with 204 mL of 6N
aqueous HC! and heated at 47-50 °C for § hr while stirring vigorously. The

reaction was cooled to 5 °C, the pH was cautiously adjusted to pH 7 with
Na2CO3 and the aqueous layer was saturated with NaCl. The resuiting

layers were separated and the aqueous layer was extracted 3 more times



chromat ography on silica gel eluting with Et2Q hexane (4:1 v/v), dissolved
in[err], filtered through Celite[err] and concentrated in vacuo to give
0.72 g (23% of 2,3-O-(1-nethylethylidene)-4,5-O[N(4-
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20 m n at 1= é{ﬂfa{mat@]agavmne fpamously stirred solution of sulfuryl chloride

(8.75 g, 0.0649 nol) in 150 nL of dry toluene. After the addition, the
reaction was allowed to slowly warmto RT over 4 hr, and diluted with

wat er. The toE;B}&(Gxa@ehemﬂﬂ%@%&fé@tgpwa@@&v&’ﬁwfa._m%%kﬁ@%lﬂs citric

Zahgou;hr &6éﬁ%w '{q%yrous ?err Wr’ed&l?{s *‘i é%qﬂ\t&f‘err] and

concent r atEt@Ac(6%mi) and reactadjwat; sulfyrychiorided1.33 mL, 0.0165 mol) in
2,3.4,5-b t Thi
2, 3:4. 5 Difia Sufel MAREAd dedlib Q%Fbxgmaléq%%vw s eigndliqt e, This

d haced
vi gor ousl| wl&thf@w'éﬁiﬁoo*W@ggﬂﬁQPCB@"%%‘-F'&L %fﬁh%}d?’é@ pte WU r 18 hr.
The  r eact iNsH@RD3 (3,75, T10448 uljirCiathariah(69 mblfollowee by puicationyacuo.

The, resi de uas bt SRl 6] UG AR SRR/ RRORL (P SUAF! @1 Ut no
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Vc“af n dEt ngaﬁ A-izcgibj mgb éhivgge 123 rg(w%s bf é%a G(by%%he&grdddeguﬁam -
51.58; H, O—suﬁonw BD4nyctopyranose su famate as a white crys éllme sohd mp

g 84365 B:(gg), @%gdemes‘i (@éﬂlﬁ@@ﬁgmﬂmeOGalcdufdrgrmte (20 37 g,
aqueousnﬁ 13%9&@& ? éﬁggkﬁ grr]’ md’%ﬁﬁr% 3:6,‘4'14? ¢ g6\§%g r’ousl y.

The 4.81; N, 3.45; S, 15.87.

EXAMPLE 22: -4.5-0O-[N-(1.1-Di imi Ifinyl}-2.3-

N,N-Dichloro- t-butylcarbamate (10.0 g, 0.0537 mol) was combined with
sulfur (1.72 g, 0.0537 mol) and tetrabutylammomum bromide (1.73 g, 0.0054
mol) in 50 mL of anhydrous benzene. The resulting suspension was heated
at 40 °C for 2 hr while stirring vigorously under argon. After cooling to RT,
the resulting solution of crude N-(t-butoxycarbonyl)imidothionyl chloride was
transferred, while under argon, to an addition funnel and added dropwise at -
5 °C over 15 min to a vigorously stirred solution of 2,3-O-(1-
methylethylidene)-B-D-fructopyranose 1-sulfamate (5.19 g, 0.0173 mol) and
anhydrous pyridine (4.60 mL, 0.0568 mol) in 173 mL of anhydrous THF. The
reaction was stirred at 5 °C for 3 hr, filtered through Celite® and
concentrated in vacuo. The crude residue was dissolved in EtOAc and
extracted twice with saturated aqueous NaHCO3, twice with saturated
aqueous NaCl, dried over anhydrous MgSOg, filtered through Celite® and
concentrated in vacuo. The residue was purified by column chromatography
on silica gel eluting with hexane/EtOAc (7:3 v/v) and recrystallized from 25



reaction was cooled to 5 [err], the pH was cautiously adjusted to pH 7 with
[err] and the aqueous |ayer was saturated with NaCl. The resulting |ayers
wer e separated and the aqueous | ayer was extracted 3 nore tines 37 with
THF. The conbi ned THF extracts were drggd over anhydrous MySO4, filtered

o i e et e s oo
2.85.g (17%’“6?3"%‘Et ?@99%{%&@? H@i%@?pj‘ ifgRekB-0- - sul f amat e
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(2.33 g, 0.00 ed nmol ),

di ssol ved ©nt Eggé ﬁt?%eﬁﬁ%’egé\%{ ﬁg QM&% ﬁ@? dg ?

0. 0165 nol H, i5044:19, &aoes;mnme Bounti:sCr B8:0%; H)15.45:3N18.861St 94360Vi de t he
correspondi ng bi s-chl orosul fate. Anal ogous dechl orosul fation of this

bi s-chl orosul fate with NaHCO3 (3.76 g, 0.0448 nol) in nmethanol (69 nli)

foll owed by purification by columm chromatography on silica gel with
hexane/ Et OAc (7:3 v/v) provided 1.42 g of product, which was recrystallized
from20 nL of [err] (1:1 v/v) to provide 1.21 g (44% of

2,3-0 (cycl ohexylidene)-4,5- O sulfonyl-[err]-Dfructopyranose sul famate as
a white crystalline solid; np 139-141 [err] (c = 1.00, [err]). Anal. Calcd.
for [err]: C 35.91; H 4.77; N, 3.49; S, 15.97. Found: C, 36.08; H, 4.81;
N, 3.45;.S, 15.87. EXAMPLE 22:
(S)-4.5-O[N-(1, 1- D net hyl et hoxycar bonyl )i m dosul finyl]-2. 3-

O (1-nmethylethylidene)-[err]-D-fructopyranose Sul famate.

N, N-Di chl oro-t-butyl carbamate (10.0 g, 0.0537 nol) was conbined with sul fur
(1.72 g, 0.0537 nol) and tetrabutyl anmoni um brom de (1.73 g, 0.0054 nol) in
50 nL of anhydrous benzene. The resulting suspension was heated at 40 [err]
for 2 hr while stirring vigorously under argon. After cooling to RT



the resulting solution of crude N (t-butoxycarbonyl)i m dothionyl chloride
was transferred, while under argon, to an addi ttan—funnet—and—added

dropwi se at 5 [err] over 15 mn to a vigorously stirred sol ution of
2,3-0(1- nethylethylidene)-[err]- Dfructopyrano w' “mmﬂml 19 g,
0.0173 mol WeGLAMydrous pyridine (4.60 ni,

anhydrous THF. The reaction was stirred2at 5 [err] for "3 fir fthered
through Celite[err] and concentrated in vacuo. The crude resi due was

di ssol ved Hn EA@mnpmhdanffcﬂmLmi(lpw ce with saturated aqueous NaHCO3, tw ce
with saturated aqueous NaCl, dried over anhydrous [err], filtered through
Celite[err] and concentrat ed I n vacuo.,. The resi due was purlfled by col um
chromat ography on silica gel eluti t HhOPRNRF0Ac (7:3 v/v) and
recrystallized from25 38 nL

s ethanol to yield 2.11 g (27%
of (S)-4,5-O[N-(1,1 di rretr(ﬁh)e @%na
I mdosul finyl]-2,3-O(1-neth )ﬁ I den err]-D fructopyranose sul famate
as a white crystalline sol i o 5)np 175-176 [Ra]; [err] [@r] (c = 1.00,
[err]). Anal. Calcd. for [err]: C, 37.83; H 5.44; N, 6.30; S, 14.43.

F d: C 38.05;, H. 45: 6.36:. S, _14.3 VE CLAI
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are sel ected fgroup;

wherein R3 and R4 are the same or different and are selected from
hydrogen, C1-Cg alkyl, or are taken together to form a cyclopentyl or
cyclohexyl ring;

Rs and Rg may be the same or different and are selected from oxygen or NR7;
wherein R7 is selected from hydrogen, C1-C4 alkyl, C1-C4 perfluoroalkyl,
arenesulfonyl, C1-C4 alkoxycarbonyl or benzyloxycarbonyl;

wherein n equals zero or one and p equals zero or one, provided that n
and p are not both equal to zero at the same time;

and a pharmaceutically acceptable salt thereof.

2. The compound of Claim 1, wherein said compounds are in the B-D-
fructopyranose absolute configuration.

3. The compound of Claim 1, wherein said compounds are in the B-L-
fructopyranose absolute configuration.

4. The compound of any one of Claims 1 to 3, wherein Rg and Rg
are oxygen.

5. The compound of any one of Claims 1 to 4, wherein n and p
are equal to one.

6. The compound of any one of Claims 1 to 5, wherein R;

is hydrogen.



hydrogen, [err] alkyl, or are taken together to forma—cyetepentyl or
cycl ohexyl ring; R5 and R6 may be the sane or dlfferegt and are sel ected

from oxygen or NR7; wherein R7 is selected from hydro '”m""”m"ml’

[err] perfluoroal kyI arenesul fonyl, [err] al koxycar
benzyl oxycay | bonyl ; V\herel n n equals ze4® or one and p equal $ z8&ro® or* one,
provi ded t hat 'Rh%mbnmtanedrmt Gl im equavhé ve oI B, a&n&hﬁ SAPE ﬁ%:l géﬁlg a
pharmaceutically acceptable salt thereof. 2. The conpound of

wherein sd.d rlef { apose absol ute
configurati onclq{g) The cl%wo%ixﬂf (ché %nf &g %r))efn %a?d % fpotRd®3are in

the [err] frucat opyr te confi gurat iQn. 4. conpound of any
one of O &.ns betqpmpoumépéﬂlalpbmvhsmn R andaka&pn@ngea or medybonpound

of any one of g Aflaié)eéeh Wehyi RsarfRglaraloxygeHand PaRdp ae  The
conmpound of any one Clains 1 to 5 wherein [eff] is hydrogen. 40 The

conpound of CEGUA 8 OQBerein [err] and [err] are hydrogen 8. The conpound
of any one of clains 1 to 7, wherein [err] and R4 are nethyl. 9. The

conmpound of im1l where| err r are h dro or hyl, R3 and
R4 are eachf- °mP@PP?58 ?’8} WEPEJ ﬁ@lﬁ‘eﬁogﬁﬂ Hd% lg?bq%ﬁl to
one. 10. The g@mm@ﬂ@mih@bmup dons&ét&'f of) sai d corrpounds of formula (1)
are selected fromthe group consisting of 2,3-0 (1 _

-methyl et hyl T ¢eaqd f.mathyfethiifiene) £5! b-sitbhyEp BRI R anose

sulfamate;

2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-L-fructopyranose
sulfamate;

2,3-O-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
methylsulfamate; :

2,3-0-(1 -methylethylidene)-4,5-O-sulfonyI-B_-D-fructopyranose
butyisulfamate;

2,3-O-(1-methylethylidene)-4,5- O-sulfonyl-B-D-fructopyranose
ethylsulfamate;

2,3-0-(1 -methylethylidene)-4,5—O—sulfonyl-B-D-fructopyranose
octylsulfamate;

2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose 2-
propenylsulfamate;

2,3-O-(1-methylethylidene)-4,5- O-sulfonyi-B-D-fructopyranose
phenylmethylsuliamate;

2,3-O-(1-methylethylidene}-4,5-O-sulfonyl-B-D-fructopyranose
cyclopropylsulfamate;

2,3-0-(1-methylethylidene)-4,5-O-sulfonyl-B-D-fructopyranose
cyclobutylsulfamate;



sul famate; 2,3-0(1

-nmet hyl et hyl i dene)-4,5-Osul fonyl-[err]-L- fru at e
2,3-0 (1 -nethyl ethylidene)-4,5-0sul fonyl - a‘mmmamm mFge

met hyl sul famate; 2,3-0 (1

-met hyl et hyl i dene)-4,5-0O sul fonyl-[err]-Dfruct opyranose butyI sul f amat e;
2,3-0 (1 -nethyl ethyl | dene) -4, 5- O sul f%‘nyl -[err]-D-fructopyranose

et hyl.sul f amat &,39041 anethylethylidene)-4,5-O-sulfonyl-p-D- -fructopyranose

-met hyl et hyl i gﬁgﬁ%ﬁ&lg ﬁ I fonyl [err]-D-fructopyranose octyl sul fanate;
2,3-0-(1-neth " @%‘ 5 O sulfonyl-[err]-D-fructopyranose 2-
propenyl sul famate; 2,3-0

-met hyl et hyl i M(l-meth)delhyhdgnex 4,5 O-suifonyd<PePyirastopgranose (2,2,2-

pPrgtnKIylrrgE P\z: fgéﬂ@%ﬁ%ﬂ%@fﬁ%ﬁﬁﬁn -[err]-D-fr uct opyr anose

cycl opropyl sul famate; .2, 3- O

et hyl et hyl | @eBeP=(d- rsethxdathydidynel é/5-0-sulfenyd+foPyiractopyranose

cycl obut yl sul 3-0- (1
-methyl et hyl i éenett)ﬁ)gsg %ﬁ‘]at%‘f ‘onyl -[err]-D-fructopyranose
cycl ooct yl sul

f
2, 3-0 (1- et hy‘%a%t(hgﬁrms#&x'emwdénghﬁfﬁs@ﬁu‘[ﬁéwhﬁ -D-fruclopypanestse (2, 2, 2-

trlfluoroethyl éﬂ*,?q"?
2,3-0(1- m::thc?i ene 4 5- O-sul fonyl - [err] D-fruct opyranose
di et hyl sul fa

2,3-0 (1- met h;éﬂ ét%(ﬂ.@@W‘emﬁd@‘%ﬁf%@'ﬁu&f@w‘]ﬁ -B-frudlonypsnesmse
di et hyI sul f amgdRdosuliate;

(S)_-2,3- O-(1-m ethyle"thylidene)-4,S-Osulfinyl-B-D-fmctopyranose
sulfamate; |

(R)-2,3- O—(1 methylethyhdene)-4 5-O-sulfinyl-B- D-fructopyranose
sulfamate;

2,3- O-(1-ethy|propylldene)—4 5- O—sulfonyl-p -D-fructopyranose
sulfamate;

2 3-0—(1-methylethyhdene) -4 5-O-[N-(4-methylbenzenesulfonyl)
imidosulfinyl}-B- D-fructopyranose sulfamate

2,3—0-(1-methylethylldene)-4.5-0—[N—(4-methylbenzenesulfonyl)
imidosulfonyl]-B-D_-frpctopyranose sulfamate;

2,3-O-(cyclohexylidéne)-4,5—O-sulfonyl-B—D-fructopyranose sulfamate;

(S)-4,5-O-[N-(1,1-dimethylethoxycarbonyl)imidosulfinyi]-2,3-O-(1-
methylethylidene)-B-D-fructopyrancse sulfamate;

and the pharmaceutically acceptable salts thereof.

11. The compound of Claim 10 wherein said compound is 2,3-0-(1-
methylethylidene)-4,5- O-sulfonyl-8-D-fructopyranose sulfamate, and
the pharmaceutically acceptable salts thereof.



2,3-0(1 -methylethylidene)-4,5-0Osul fonyl-[err]- t>fructopyraﬁ§§€“

azi dosul fate; (S)-2,3-0-(1
-nmet hyl et hyl i dene) -4, 5- O-sul fi nyl - [err] D fruct OHWHHM,EI"JH{I jﬂi
(R-2,3-0(1 -nethyl ethylidene)-4, C}sulflnyl [etr]eDifructop
sulfanate 2,3-0(1

-ethylpropylidene)-4,5-C}squonyI-[err] B2f ruct opyranose sul famat e;

2,3-0 (1 -neqpyl et by iﬂ@iﬁaée&tﬂ:éi\l'(éoﬁ?bbihbeﬂzeem&ﬁl(iré”'Wﬁor the
|n1dosulf|ny anmat e;

D f
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|n1dosulfonybnapemmh-Dﬁypartgnsrmm$eosuéﬂematsuch as congestive heart
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wher ei'n sald npound 1S 2
met hyl et hyl | aéﬁefompsue}ds @ Soymular (L) pasr fecdspdanbsanyupnanafeclaimst he
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conposition effective for the treatnent or prevention of: convul sions;

peptic ul cer &2 §P§ﬁbona hypertensi on; or edenma such as congestive heart
failure, conprising an anmount effective for the prevention or treatnent of :

convul si ons; _pepti G,ul cers | aucoma;, h Si on; denma uc
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' of formula (I) is present in a unit dosage amount of about

2.5 milligrams to about 500 milligrams.

14, The pharmaceﬁtical composition of Claim 12 for use in
treating or preventing peptic ulcers, wherein said compound
of formula (I) is present in a unit dosage amount of about
10 milligrams to about 1000 milligrams.

15. The pharmaceutical composition of Claim 12 for use in
treating or preventing glaucomé, wherein said compound of
formula (I) is present in a unit dosage amount of about 0.1
milligrams to about 750 milligrams.

16. The compound of any one of Claims 1 to 11 for use in
treating or preventing: convulsions; peptic ulcers;
glaucoma; hypertension; or edema such as congestive heart
failure.

17. A compound of the formula (II):

CH,OH
(Relex g Oj<n3 (II)
A~
(Rs)n ) R4

wherein R, and R, are the same or different and afe selected
from hydrogen, C,-C, alkyl, or are taken together to form a



carrier. 13. The pharnmaceutical conposition of Claim12 for use in
treating or preventing convul sions, wherein sai agimul a (1) 1s
present in a unit dosage anmobunt of about 2.5 m ﬂlﬂmmﬂ’mﬂ 500
mlligrams. 14. The pharnmaceutical conposition+*ofcClalm ®r use in
treating or preventing peptic ulcers, wherein said conpound of forrmula (I)

Is present in a unit dosage anount of algut 10 mlligranms to about 1000
mlligrans. <d¥clopdieypher neyelohedyl coinppsiwitin thk pravisb2that Rserdd

or ccent i dum o haHo B nstAELchE Be"RERET AR Lo about 750

mlligranms. 16. The conpound of any one of Clains 1 to 11 for use in

treating or venti ng. convul si gns; __peptic_ ulcers; glaucong,
hyper t ensi orﬁh%glelge#a %ﬂ%ﬁlﬁs “850gett i 98ehe§ﬁ Paflpds 12?“ 8Xc SRfound
of the formpro¥ided fhat]nvued g @XRS nartd bedhaequalietsagerorati fierLnie and
are sel ect edt:f:ﬁé’m hydrogen, [err] alkyl, or are taken together to forma
43 cycl opentylT of cyclohexyl ring; with the proviso that R3 and [err] both -
can not be nmethyl at the sanme tine; wherein n equals zero or one and p
equal s zero o] | ged t a p t Jbot fhnequ zgro at the
sanme tine; a%dmag!reﬁﬂ}/e?fg] %n [%rr]aggre gi%/ég}gno%r %Pf],%hvﬁ%ger eﬁperlrs]' is
' selected from hydrogen, C,-C, alkyl, ¢,-C, perfluoroakyl,

arenesulfonyl, lower alkoxycarbonyl or benzyloxycarbonyl.

18. A compound of the formula (III):

CH,080,C!
(Rs)ﬁé\ Oj<ﬂs _ (III)
(Rs)n// R4

wherein R, ‘'and R, are the same or different and are selected
from hydrogen, C,-C, alkyl, or are taken together to form a
cyclopentyl or cyclohexyl ring;

wherein n equals zero or one ax}d P equals 2zero or one,
‘provided that n and p are not both equal to zero at the same
time;

and wher_ein Ry and Ry are oxygen or NR.,, where R, is
selected from hydrogen, C,-C, alkyl, C,-C, perfluoroalkyl,
arenesillfonyl, lower alkoxycarbonyl, or benzyloxycarbonyl.

19. A compound of Claim 27 wherein said compound of the
formula (IXII) is 2,3-0-(methylethy1'idene)—4,5-0-su1fony1-p-
D-fructopyranose chlorgsulfate.



sel ected from hydrogen, [err] alkyl, [err] perfluoroakyl, arenesulfonyl,

| oner al koxycar bonyl or benzyl oxycarbonyl. 18. the formul a
(T14): [err] wherein [err] and [err] are the sla“mH mm‘eu;m’and are

sel ected from hydrogen, [err] alkyl, or are takendogethersto:forma

cycl opentyl or cyclohexyl ring; wherein n equals zero or one and p equals
zero'or one, provided that n and p are not both equal to zero at the sane
time; and wherein [err] and [err] are ox#gen or [err] where [err] is

sel ected frg@;hydrogp Jéhé\ I@ﬁg f%ony% pﬁg&iuoroalkyl, ar enesul f onyl

| ower al kox rbo oxycar A compound of C aim 27
wherei n said conpound of the fornula (III) S _

2,3-0-(net hyl et hyl i dene)-4,5 U|k&@$ [R,] - D-fructopyranose
chlorosulfate 44 20: W f fornula (Iv%: [err] wherein
[err] and [err] are the’ sanme\or /di quent and are sel é&¥ed from any of
hydr ogen, [err] al kyl, [erﬁ ‘cy yﬁ; allyl, benzyl, [err]

perfluoroal kyl), or are taken togethRy with the N to represent an azido
group; and wherein [err}antferr]--are the same or different and are

sel ect ed frwmdr)edjm nanfieRr; | aré kthe sAmerer tdalféiextergetalmi are telmcked

Chn not b Bt %"’hé’fﬁiﬂ' sfm%mmuﬁaa% BT 6 B e o agn,

benzyl CH, (C,-C, perfluoroalkyl), or are taken together

with the N to represent an azido group;

and wherein R3 and R, are the same or different and are
selected from hydrogen, C,-C, alkyl, or are taken together
to form a cyclopentyl or cyclohexyl ring; with the proviso
that R, and R, both can not be methyl at the same time when
R, and R, are both hydrogen.

21. The compound of Claim 29, wherein said compound of
formula (IV) is 4 ,5-bis~0-chlorosulfonyl-2,3-0-(1-
methylethylidene)-g-D-fructopyranose sulfamate.

22. A compound of the formula (V):
: H,OSO,NR4R2
CIS(O)(
Oj(‘a (V)
CIS(O), R
4

wherein R, and R, are the same or different and are selected
from any of hydrogen, C,-C,, alkyl, C3~Clo<cycloalkyl, allyl,
benzyl, CH,(C,-C, perfluoroalkyl), or are taken with the N
to represent an azido group;

and wﬁerein R, and R, are the same or different and are
selected from hydrogen, C,-Cg alkyl, or are taken together
to form a cylcopentyl or cyclohexyl ring.



21. The compound of O aim 29, wherein said conpound..of. _formula____(1V)
is. 4,5-bis-0Ochlorosul fonyl-2,3-0-(1-

met hyl et hyl i dene)-[err]-D-fructopyranose sul famat e. f the
formula (V): [err] wherein [err] and [err] are the saﬁ“lmmﬂml‘gﬂw']ﬂlﬁ

are selected fromany of hydrogen, [err] alkyl, [err] tyclod kyl, saltyl,
benzyl, [err] perfluoroalkyl), or are gaken mﬁth the Nto represent an

azi do group;agnd w@eegmp&dﬁd]ofughé(¥5ﬁm@q£ {¥e) same or different and are
sel ected from hydrogen, "[err] alkyl, or are taken together to forma

cyl copentyl or cycl ohexyl ring. 5 g,?, OCH% ,gsorrpound of the fornmula (VI):
[err] wherein [err] and [err] _ar fferent and are sel ected
from hydrogen, [err] alk¥l éogether to forn1a cycl opentyl or
cycl ohexyl ring; wherein % zero [err]{¥F) [err] designates
a lone pair of electrons; uahs zero or one and p equals zero or
one, provided that n_andjh_éLe_bQI both efjual. to. zero at the sane tine; and
wherein [err] and [err] are oxygen or [err] where [err] is selected from
hydr ogen, Cledrah.hyR ﬁacn Eard [ther salrdeybr ameneﬁuhi-_oana akeZeélected

al koxycar bon Io carb npound. of Cl ai m 32,
wher ei n sald¥58ﬂg§ d '0?%u 5 %S*yl or are gaken together to form'a
2,3-C>(1-netbybmbpghty&nQr4aydﬁnndxy1lndng; :

wherein when n or p equals zero Rg or R, designates a lone

pair of electrons;

wherein n equals zero or one and p equals zero or one,
provided that n and p are bot both equal to zero at the same
time; .

and wherein Rg and R, are oxygen or NR.,, where R5 is
selected from hydrogen, C,-C, alkyl, C,-C, perfluoroalkyl,
arenesulfonyl, lower alkoxycarbonyl, and benzyloxycarbonyl.

24. The compound of Claim 32, wherein said compound of
formula (VI) is 2,3-0-(l-methylethylidene)-O-phenylmethyl-

4,5-0-sulfonyl-g-D-frutopyranose.

25. A compound of the formula (IX):

) - H,080,Cl
' CIS(0), :
R
CIS(O), oj< 3 (IX)
. . R,

whefein Rs and R, are the same or different and are selected .
from any of hydrogen, C,-Cgz, or are taken together to form

a cyclopentyl or cyclohexyl ring; with the proviso that R,
and R, both can not be methyl at the same time. N



4,5-Osul fonyl-[err]-Dfrutopyranose. 25. A conpound of the fornmula (1X):
[err] wherein [err] and [err] are the sane or different and are sel ected
fromany of hydrogen, [err], or are taken together to forma cyclopentyl or
cycl ohexyl ring; with the proviso that R and [err] both can not be nethyl

at the sane tine.
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ABSTRACT OF THE DISCLOSURE

ANTICONVULSANT FRUCTOPYRANOSE CYCLIC SULFITES AND SULFATES

Compounds of the general formula (l):

H,0SO,NR,R,
(Rs)p §S’\ Oj<R3 (l)
(Rs)n// R, .

wherein R4, R2, R3, R4, R5, Re, n and p are as herein defined: exhibit
anticonvulsant activity and are thus useful in the treatment of conditions such
as epilepsy. Compounds of this class are also useful for the treatment of
glaucoma and peptic ulcers. Furthermore, pharmaceutical compositions
containing a compound of formula () as well as methods for their use and

\ novel intermediates are disclosed.
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