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This application clainms the benefit of U S.

% I Leat,Qn / I I
B e N I R SR R i e
inits entirety. SIOFMITE oERIATINZSNt i on The
present invention relates to a continuous process for
the preparation of fructopyranose sul famate
derivati vego®d Abergenes atofQeitdp (Aﬁpt*_rcgw%ﬁ INR
R6 0/ \OR3 R6 4 (~) 15 wherein R ,
and Xhdre aav@lh@aéqm tadra inge friliee dherBadkgragund of . the

amates of ¢ (¢ H )
B AR P B R 1o 0 e R S e 21,
280, Rivhikd, i84,irkorad-Reans Rrederriaafderidefi ned
are known compounds t hat have been found to exhibit

“E&Mvul sant activity and are therefore useful in
the treatnent of conditions such as

Field of the Invention

The present invention relates to a continuous
process for the preparation of fructopyranose sulfamate
derivatives of the general formula (I)

H
N—R’

O
N\,
X /S

RG

R® R* 0]
wherein R', R?®, R*, R®, R® and X are as hereinafter

defined.

Background of the Invention

Sulfamates of the formula (I)

H
Oy N—R!
X S
RS O %b
R3
R R? M

wherein X is O or CH, and R*, R*®, R*, R® and R® are
as hereinafter defined, are known compounds that have
been found to exhibit anticonvulsant activity and are
therefore useful in the treatment of conditions such as

epilepsy. These compounds are disclosed in U.S. Pat.
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wd 268041336 and U. S. Pat.

25 epil epsy. These conpounds are disclosed in U S.
Pat. 1 WD 2004/041836 PCT/ US2003/ 034107 No.

di scl ose processes for the preparation of said

NOMOWWIS | o 1N & hir ey arﬁdé}es@ose%we 2@‘% also

reference. 5 One process di ove
Fefalrast ek oqeatsest a1 ’thar];mﬁsssrafumroﬂ hef precipdhr at i on

cgmpthe%sdl IQJ]_{S#JV%%Q; for ]?f(ﬁ(ll?) co I'ISI n%reactlng

redflefeasad f amat e of the 10 formul a ClSOZNHZ or
ClS2NHR - in the presence of a base such as
pot assi umt - but oxi de or sodi um hydride at a

t e”p%r?é c%fssa%ﬁ}étézlo%%% 1Q ?t%% aarfgtdchv fsnge\hent such

as tolue e, tetra Sturan for mam

pﬁit@me:s R & @me@tsyf@:‘rtﬂi&a fpjfe“pﬁr&t(ﬂdrb of e R3 (1)
R Thi oce s ha two maj or di sadvant ages,
g}ptoiuﬁﬂ %y 6?““1 s&é%"&)rs’y‘%ﬁ%§e§ct®¥’@ an alcohol

cfil T FHRQA A &dHQ@f—I %H%hpéo(%ﬁi%rBél.ltL?aanEeaof the
conbi nati on 20 of and DVF whi has an
S14SLpNE: @@t%%l\ﬁﬁd lrlsthhepeéeEBCpoDémal hhky

Buck| .Chem cal.
SEfr%): %\?ex)%taé%gu‘gn t= %ﬁ%lﬁo%de évé’ﬁz sdrc)ialélgl Ejg’ycdqflﬁi% &t a
tlamwzla,t@éemfcahao&tEn@on@eEbnng@wﬁqd HPta dhvedP82uch
Anot her di sadvant ag is that the process aI so 25 uses

A5 FIRlyperexi & ke sinve ol otomyhiyddypirmains gtsyandteere
rROGR )% R 1RESPRIEE ¢ Re commer C|(<'.111J)y unavai |l abl e

X
RG
R* ()

R® R*

This process has two major disadvantages,
particularly for large scale synthesis. One
disadvantage is that the process calls for a combination
of NaH and DMF which has an uncontrollable exotherm and
is therefore potentially explosive. See J. Buckley et
al., Chemical & Engineering News, July 12, 1982, page 5;
and G. DeWail, Chemical & Engineering News, Sept. 13,
1982. Another disadvantage is that the process also
uses highly toxic and corrosive chlorosulfonyl
isocyanate (CSI) to prepare the commercially unavailable

sulfamyl chloride (ClSO,NH,).

Another process for the preparation of compounds of

formula (I) disclosed in the above mentioned U.S. Pat.

No. 4,513, 006, whi ch PCB©S2003/034107
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WO noolog1sabove nmenti oned U. S. Pat.

sul fanyl chloride (C SO2NH2) . Anot her process for the
preparation of conmpounds of 30 fornmula (1) disclosed

PCT/ US2003/ 034107 No. 4,513,006 conprises reacting an
N&.C Qh%ll 30,f0 Ot6h %on%@.ri@élsa I@gé%gﬂdmatrp r?gl.e@og'xf%rly Ioj’:C r1‘L_|h(t)ar i de

of the fornula 02C12 in the prese a base such
fermudise REHQHI wetbr supfuirdl nehdbradeenpetheufernfila

b - [ di.et hyl h h
SDRESE 12 OB e D A R T S L TheRe o
P 1@5%%2 ReHZOB R ELrafhee S %'ESJ%LH [ aly8Of ot BEod 0{% a

Cl may then be reacted wth an am ne of
dﬁ@mﬂmﬂhad%hNHQcatm@thyéeperamam&i@h ahdwentd@C tarodnCe a

a me | ene 10.chloride or._acetonitrile solvent to
céﬁ&ﬁ?&él%.ec Sr?pg&ﬁd fo&f“"ﬁ@r R aCe Pt Thi s*Process
cillidricshn & dice bty k hat FermulreRey,886,Eh! 4y dendde

acetonitrile solvents produces relatively |ow yields

repctisel wadity @3 amdngr edusheofformorlpuRaNKS Jat a5 A

third process disclosed,in the {wo patent nment i oned
tﬁsllg\r?g a%&‘f& i‘%e?hpélﬁct"flgg&t he %ﬁll;%rjdg AR 01 or nul a
cROAZBL Gl Glcatord £23 1M @W19dslY t#e3etibed) tHe! Romdound

met al azide such as sodiun1azide in-a sol vent such as
of0 fearmlieerid ) chl Bhilge pspcaset viltliiziac dipitélyd amher,

[ | _f f. the_f.0 2N3. _The
S e L s ey S R
redamivelfl LowhgtieldsRof kthehyedicdged, byl eabdhyti of
fh%drqgina ion. 25 A disadvantage with this process is
PFEEx ditdsi ons  may occur when handling the azide
conmpounds. Al so, the process contains an additiona

chem cal transformation
A third process disclosed in the two patents

mentioned above comprises reacting the chlorosulfate of
formula RCH,080,C1l (formed as previousiy described) with
a metal azide such as sodium azide in a solvent such as
methylene chloride or acetonitrile to yield an
azidosulfate of the formula RCH,080,N;. The azidosulfate
is then reduced to the compound of formula (I) wherein R

is hydrogen, by catalytic hydrogenation.

A disadvantage with this process is that explosions
may occur when handling the azide compounds. Also, the
process contains an additional chemical transformation

involving the reduction of the azide to the NH, moiety.

Maryanoff et al. in US 5,387,700 disclose a process
for the preparation of compounds of formula (I) which
comprises reacting an alcohol of the formula RCH,O0H with

sulfuryl chloride in the presence of a base, in a

2 WO 2004/ 0488B6S2003/034107
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i nvol ving the reduction of the azide to the NH2
nmoi ety. 30 Maryanoff et al. in US 5, 387,700 di scl ose a

w@er@amss3e f or the preparati on of conpounds of POT/IEI0A3/034107

(1), which conprises reacting an al cohol of the

agReHR f e ce
sggggﬂgage |EEEMEE3% 2%54%E%%gsgbg%}%uszgo%?og%%ggﬁg’
tstVEhthEhgdtedhéroﬁﬂdhéegrahpdaoﬁsmahhngooﬁowmlaene,
= but yl hyl. et her .an dr.of ur a
M AT A T e s B
alaecanae@eag stee. chh@r@BhQEQEé'B@tgoQﬁmﬁ@fﬁEh§OSO Cl is
RCH2OSO2C1 1s 5 reacted with an ami ne_of the formula

reefied with g9l eeane o8| sheeformpkrt RNHrou a solvent
= |
s%%%éFéhl@QoﬁLghgta?gﬁgrggﬂ%ﬁgtl 5y BEtXet§§kp§EP§h %%m

ower a ano et’hano
tthetgbdnpeuhglotthernmuhd (byjerl@lkaeocdi Yadyantaghanbl or

this ocess is that the np d of 'for la (1) is
bRl a et e Bt Ba reeusd Bl PerRuLhe @Yy o
reaction is carried out, the solvent 1is renpved, the

product is isolated, the isolated solid is
r e- dPssor¥eadvansagecohdtbbbyvpnpcane thekbpsathed to

a ct., Thi.S S
ciRpblfig bR SP RIS P A TRk BHEbR. 1, A BRBFR BriELrl
wREBER A1 thet érmedi akactlibni $sanaebjiedt ook ,t haepsesesht

i nvention to pr ovi 20 a.conti nyous proceis faor the

15r EFEPYEFon BF PH@guesnﬁﬁuﬁﬁgléFeﬁorFﬁﬁaléP atﬁﬂléﬁlld

16088 - B9k sbeYelr €nCHaREES NGl BoIILUENENGY $hEMB reWbtehl to
uses readily available mnmaterials, which can be

thar Eisdloprodngsr sEhes cemdiltEons, anbirokess! whpebduce
r?ﬁgﬁgégeh% HBQQO¥ISkdg %Smgngta%ﬁemhg%ermFg?Vahggmlfor

roduc ion of a greater ~anount
Rosb§c1|ﬂmt@fmedfa@éor space (i

It is an object of the present invention to provide
a continuous process for the preparation of the
compounds of formula (I), which does not require changes
in solvent systems, which uses readily available
materials, which can be carried out under safe
conditions, which will produce relatively high yields
and /or which will allow for the production of a greater
amount of material per unit time per reactor space (i.e
which will allow for production of a greater amount of

material in smaller equipment) .

Summary of the Invention

The present invention is directed to a continuous

process for the preparation of compounds of formula (I)



which will allow for production of a greater anmount of
material in smaller equipnent). 30 Summary of the

WO pwe/08i8e6) The present invention is directed tBCHUS2003/034107
conti nuous process for the preparati on of conpounds
of fornmula (1) 4 WO 2004/041836 PGj/US2003/034107 H
X 0%ZNR R6 0~\0 R3 R5 4 (O wpetlin Xis
selected from CH2 or O; is sekected fromthe group

consi sting of hydro (gr_&gltkyl ; R3, R4, RS
and R6 are eachR el eeted from hydrogen
or | ower al kyl and, X'RS CH2, R5 and R6 may be
al kene groups joined/to forma benzene ring and, when
X is 0, R3 and R4 aRd/ or FR£ and R6 tdYether may 10 be

a met hyl enedi oxy group of the formula: R7 0 '8 O
wher81$t R and R8 are sane or different and are
hydregen, ce1OMesqaFkyh o, e gl Kyl and are joined to
forma 15 cycl opentyl or cycl ohexyl ring;. conprisjng
02’ i% @ Ded b P D GRS GRS sting of hydroben

5 and Ci-salkyl;

R}, R*, R® and R® are each independently selected
from hydrogen or lower alkyl and, when X is CH,, R® and
R® may be alkene groups joined to form a benzene ring

and, when X is 0, R® and R* and/or R® and R° together may

10 be a methylenedioxy group of the formula:
R;<o - ;
R® O’%
wherein

R’ and R® are same or different and are hydrogen,
lower alkyl or are alkyl and are joined to form a

15 cyclopentyl or cyclohexyl ring;

comprising

(V) (V)

20 (A) reacting a suitably substituted compound of
formula (IV) with sulfuryl chloride;

in the presence of an organic or inorganic base;



R5 R4 RS R4
substi tuted conpound of

W@ bdoafoit 1386
base;

5 WD 2004/ 041836 PCT/ US2003/ 034107

(1v) (V) 20 (A) reacting a suitably

formula (I'V) with sul furyl

in the presence of an organi c or i nPCTHERAL003/034107
ina first

oFQERL ESEOYvEht | €8Rbr PBEn§OLYEDEast one

or gapyj ¢4 S?J_il@@t

sel ected froma cyclic ether, a straight or branched
soheémt dsse\l&tyd:e@t ﬁ:eqom ancmbmt ¢ehaydracakbehghtopra

BAHAS By UEhL B SPERLPT o1 oPLRIEEC e o

ot08 n?nlJ’d@uﬁ@%ﬁsﬁoﬁﬁbmgc(;Oﬁﬁﬁbjﬂghﬁf ot obguhahéd) chaSoRCl

S02-NHRL X OX OR6 R3 + RI-NH2 R6 R3 R5 R4 VI) R5

dRalkyy)ethgr 18ngBrnr eaetrhgct RECEBRPENRE BPLVERHY

(V) b Bofn SHL! BLYeSUBALLbY! EdnEOIRAUBE @Brtngnaulm,

(VI)7 in a second organi c sofvent  conprising at | east

the solvent used in step (A); to formthe

correspondi ng ¢o und of formula (I). 15 The present

invention is f &nﬁgr directed to a continuous pr §\IHR1

for Xpr atl on of the conpound of I 1)
0;~0 O ;. 3

R R R R

"'_NH2 — R6

(V1)

+

R RS

V) ()

10 (B) reacting the compound of formula (V) with a
suitably substituted compound of formula (VI);
in a second organic solvent comprising at least the
solvent used in step (A);
to form the corresponding compound of formula (I).
15
The present invention is further directed to a
continuous process for the preparation of the compound

of formula (III)

7LO\\Q )

20 also known as topiramate, a compound of formula (I)
wherein X is O, R® is hydrogen, R® and R* and R® and R®

are each taken together to form



OXW o~~ o (lii) 20 also known as topiramate, a

conpound of formula (1) wherein Xis 0, RL is
whyanogsse R3 and R4 and R5 and R6 are each tB&BENS2003/034107

together to form6 WO 2004/ 041836 PCT/ US2003/ 034107

-~-0 CH3 ~" O CH3 con‘pr'sbng s02C 0OOHO.~ OO0 +

S02C12 O OO (Iva) ( Eﬁ) reacting a conpound

of forrmula (IVa) with ul fAryl chloride; in the

presence of an organi c'rgﬁol n anic base; in a first

organi ¢ solvent conprising at I°dast one sol vent

selected froma cyclic ether, a straight or 10

bran%%%%r%:%lal di al kyl ether, an aromatic hydrocarbon,

or a mxture of a cyclic, straight or branched chain

di al kyl ethej—a0d gn_gyqmatic hydrocarbon sol veat

ﬁ%li ng c ;

formthe coyresp ompound of fornula (Ve ;
‘ @ O +0SQ:Clp—~+H30\ 11" ~0
(B eacting the conmpaund of¢
o) ni a; o 0

secl s
(Iva) (Va)

0- - (Jva) {
formul a @\)Wit

5 (Aa) reacting a compound of formula (IVa) with
gsulfuryl chloride;
in the presence of an organic or inorganic base;
in a first organic solvent comprising at least one
solvent selected from a cyclic ether, a straight or
10 branched chain dialkyl ether, an aromatic hydrocarbon,
or a mixture of a cyclic, straight or branched chain
dialkyl ether and an aromatic hydrocarbon solvent;

to form the corresponding compound of formula (Va);

1
/SOZCI . /soz——NHR

+ NH; ——> OW

%O\\\\‘

()

15
(Ba) reacting the compound of formula (Va) with
ammonia;
in a second organic solvent comprising at least the
20 solvent used in step (A4);

to form the corresponding compound of formula

(I11).
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in a second organic solvent conprising at |east the

20 solvent used in step (A); to formthe correspondi ng
wa@ormpoursds of formula (111) 7 WO 2004/ 041836 PCT/US2003/034107

PCT/ US2003/ 034107 The present invention is further

di r eg},£d,1-0-8 €OTROLAL BhePar edraReLr dipgctedany af

t he processes described herein. 5 Illustrative of the
compentifoprépareghacaucdingcab aBwnpbsFRPoORTEEREFPSI ng

a_pha ceutically acceptable carrier and a conpound
dﬁﬁgﬁéﬁgg g%ﬁ%?ﬁlng to any of the processes described

above. 10 An |IIustrat|on of the invention is a
phar maceuti cal n205|t|on made by n1X|ng
pharﬁﬁééﬁFF%EFV? Q cEB?aBP@eE§FPPeFSaﬁdP 2EBAFEHhdcal

cgggggg% gﬁcggegkmglgﬁg hQEmBB@uE588§§§e§c@@§%6b@%d

trat e invention is"a process for
camkipg aadphacumpeuhdcgkepawpdsaCCondcngptpsang eitxiche

har maceuti cal Ly acceptable carrier and a conpound
pﬁPEgﬁ?@ﬁ EESFag fig ?gogﬁy of the processes descri bed

20 above Anot her exanple of the invention is the use
of a nEound prepared according to any of the
procé@séé uaéséFﬂﬁédOﬁeFéﬁnlpﬁeﬁ &OBr éfafation of a

ggﬁh%QQEEECEQrcoﬁg %E@@Bhﬂ%aﬁ@' pﬁix19§ gi | ed

Scription of t nvention In n enbodi nent of the
ppaemanEutmmamlyoapcepEabéecoadroegaand sokvepoufdsed

p}gp%&%% SB)%raingh%osgg§ o the processes described

above.

Illustrating the invention is a process for making
a pharmaceutical composition comprising mixing a
pharmaceutically acceptable carrier and a compound
prepared according to any of the processes described

above.

Another example of the invention is the use of a
compound prepared according to any of the processes
described herein in the preparation of a medicament for

treating epilepsy.

Detailed Description of the Invention

In an embodiment of the present invention, the
second organic solvent (used in step (B)) is the same as
the first organic solvent (used in step (A)). In another
embodiment of the present invention, the first organic
solvent (used in step (A)) and the second organic solvent

(used in step (B)) are both glyme.
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30 the first organic solvent (used in step (A)). In

anot her enbodi nent of the present invention, the first
wo0@anigse sol vent (used in step (A)) and the $€FArRA003/034107

organic solvent (used in step (B)) are both glyne. 8

WD 2004/ 041836 PCT/ US2003/ 034107 As used herein, the

term"reactor" shall mean a continuous reactor, for

exanmplse ugedoheiralnusthei texw tamketoracttorl( CBER) 2 a

I fl ow reactor, tower reactor, .and 5t lLi ke.
Briterstr, FRRtCE s frnstan B don @it drere ek
rehictoed (C8MK) [ eachDiig FABowseshdese) i ddied aedictor, and
"residence _tinme" shall nean the average anoynt of
thiend igepar Preferaply eabtantos I e QY dperds
MCLRCSEearLar oAt pogdiderein, the term ‘alkyl®

et her used alone or as part of a substituent group,
i nclude straight and branched al kyl chains. For
exanpl e, alkyl radicals 15 inglude nmethyl, ethyl,
o opE SFEHpPERFLE phbs| CorP BT RSt e iy [EFal] mean
thebeb¥lragBeBhplin@ngs t Bemé | Kepartid BS ORISRt ed,
the term”lower" when used with alkyl shall nean a

reacenteharanesnposhinobhefraadtorar bon atons. 20 Wth
reference to substituents, the term "independently”
means that when nore than one of such substituents is
possiad esesublereibst ithiee ttesmmeyy lky I’ herhesdee arsed alone

different fromeach qther. 25 Wen ,a particuylar, group
S 2L S5 Pt U CP8 g ReT P AL g AL ey
IeLRIRA Wiky 1t Rék i0UP FoPRLRaYA ONQ IR I icals
substituents, preferably from one

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

alkyl shall mean a carbon chain composgition of 1-4

carbon atoms.

With reference to substituents, the term
*independently” means that when more than one of such
subgstituents i1s possible, such substituents may be the

game or different from each other.

When a particular group is "substituted" (e.g.,
alkyl, phenyl, aryl, aralkyl, heteroaryl), that group
may have one or more substituents, preferably from one
to three substituents, more preferably from one to two
substituents, independently selected from the list of

gsubstituents.
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30 substituents, independently selected fromthe |ist
wo@bRoo4mulssd i t uents. 9 WO 2004/ 041836 PCT/ US2003POB¥I163/034107
The tern1"subject" as used herein, refers to an
ani &, " a"ReLePhef SLADLY @ humran,
rﬁ'|lés tger asS%b éﬁ%t %gwglsgct of et r eat ment ,
amb@ar Vatdeflerablyexpennmeht . mssTherefenably a human, who
"therapeutically effe s used er
S HO STkt OBYSBEL P e CEORPBERA ofbeervatic b
e%éﬁ?fﬁgﬁﬂﬂ'cal agent that elicits the biological or
I cinal response in a tissue system animal or human
10 that is being sought by a researcher, veterinarian,
medi oct qf, Qbher ¢l ' ch LGt wdgs d
a||é§?%uF%ﬁP t e §V%ﬁ€%%39;%k?%gtggée§§g or dlsd?%%r
hdyed 119, trﬁéiﬁi@d:halﬁ aABunsedrhareine tbmpbenqh or
conp05|t|on is intended_ to encg g ﬁ ﬁuct
PRIFRTET HF & h @9spde ithpéd e LiRgFEdF Bfit ?109 S5petifi ed

RS 3% anyigRRAWGLLvAlL CAniasul &8, human
|rect%§ or |n§%?ect y,lfronl gonblnatlons of the

tB@@Clélbﬁhmgmﬁaugh§nﬁ&'@nrﬁﬁ@azghgﬁecWﬁt@Hlﬁﬂﬁhﬁ@5

brevi ati ons used.in the fi n cularly
et eatite A e LR R U L
aDi aeeionen (S RHd usipsensciforbeutiiatesehbor dssbfdee

CSTR = Continuous stirred tank reactor DAF =
by ag et 6PREEB- D-fruct ose DI PEA = Dii sopropyl et hyl ani ne

Q&,

As used herein, the term “composition” is intended
to encompass a product comprising the specified
ingredients in the specified amounts, as well as any
product which results, directly or indirectly, from
combinations of the specified ingredients in the

gpecified amounts.

Abbreviations used in the specification,

particularly the Schemes and Examples, are as follows:

CS or =  Diacetone-B-D-£fructose

chlorosulfate chlorosulfate

CSTR = Continuous stirred tank reactor

DAF = Diacetone-P-D-fructose

DIPEA = Diisopropylethylamine

DMF = N, N-Dimethylformamide

GC = Gas Chromatography

glyme = Ethylene glycol dimethyl ether

HPLC = High pressure liquid
chromatography

10
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process for th

DMF = N, N-Di net hyl formam de GC = Gas Chromat ogr aphy
glyme = Ethyl ene glycol dinethyl ether HPLC = High
chr omat ogr aphy 10 WO 2004/ 0488B6S2003/034107
PCT/ US2003/ 034107 MIBE = Methyl -t-butyl ether SC =

S ryl chloride_ TEf.znifLet ' HE =

Tg %ghydrofuran TPNFQe$8g?rgn§¥g§$Lg€E?gsent

i geention is direetedsudfargdonthhovide process for the
preparati on of a conmpgund, of . formula (I) HX S NRL
OTERG 0\ 0 R3 R574 (%fle%gXMF‘éFﬁ X is selected from
CHgor O; Rl is selec@g@rggg blEerghoup consi sting of
hydrogen and C _4al kyl ; , R4, R5 and R6 are each

i A@¥pendent |y sel ect edoPLgamagm hydr ogen or | ower

al kyl and, when X is CH2, R5 and R6 may be al kene
groups joined to forma benzene ring and, when X is
0, RBhangr&4enndinvembicnnts Réitegeefietonaycobeinuous

hyl enedi :
et hylepedioxy group of ; the formla o Rlal e BoSuia (1)

H 1
0\\ _N—R
X S
RS O/ %b
R3
RS R* )

wherein

X is selected from CH, or O;

R! is selected from the group consisting of hydrogen
and Ci.zalkyl;

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

R’ o\; o
K
R® O/?‘?

wherein

R’ and R® are the same or different and are
hydrogen, lower alkyl or are alkyl and are joined to

form a cyclopentyl or cyclohexyl ring.
More particularly, the present invention is

directed to a continuous process for the preparation of

a compound of formula (I) as outlined in Scheme 1.

11
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15 wherein R7 and R8 are the same or different and are
hydr ogen, |ower al kyl or are alkyl and are joined to
wo eoortoausas/cl opentyl or cycl ohexyl ring. 20 MorBCT/US2003/034107
particularly, the present invention is directed to a
conti nuous process for the preparation of a conpound
of formula (1) as outlined in Schene 1. 11 WO
S2604(MYU1836 PCT/ US2003/ 034107 Step (A) S02C X OH X
ORSO2CI2 R R3B RS RA RS R4 (IV) (V) Step (B) |
S2C _S02- NHR Ol XOR6 3 + RL-NH2 R6 R3 R5F§§(?\f8
(I Schene 1 Accordingly,'
Jtute Lppound-of f a (I a
ound or cgﬁ%ound 10 preﬁ%red by oW
ﬁa a base are dissolved in a organlc
solrent d reacted with sul furyl chRdride; Rfvher ei n
the ba?ﬁgls an inorganic base such as Na2C08, K2C03,
nd the |i ke, or an organic base

=

Step (B):

SO,Cl S0,—NHR'
/ /

0

+ R'“—NH,

(VD)

Scheme 1

Accordingly, in step (A), a suitably substituted
compound of formula (IV), a known compound or compound
prepared by known methods, and a base are dissolved in a
first organic solvent, and reacted with sulfuryl
chloride;

wherein the base is an inorganic base such as
Na,CO;, K,CO;, NaHCO;, and the like, or an organic base
such as a tertiary amine base such as pyridine, a
pyridine derivative, TEA, DIPEA, and the like;
preferably an organic tertiary amine base, more
preferably pyridine;

wherein, preferably the base does not react with
the compound of formula (IV) or the sulfuryl chloride;

wherein the first organic solvent comprises at
least one solvent selected from a cyclic ether, such as
pyran, tetrahydrofuran, and the like; a straight or
branched chain dialkyl ether such as glyme, MTBE, and

the like; an aromatic hydrocarbon solvent such as
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15 such as a tertiary am ne base such as pyridine, a

pyridine derivative, TEA, DI PEA, and the |iKke;
w@e@iosmbé y an organic tertiary am ne base, noPET/US2003/034107

preferably pyridine; wherein, preferably the base does

ac COgRQUARe Of 5 kOt MYl-aa (W)Wt @fet bE
t@ﬁ%?%%&lE%ﬁ%%ﬁ?dégyiaﬁ%rein theefi%st orgaﬁic solvint
acoyplisessataighst oonbrauthedt chefncdédlkybnebheycing

t her, h t hydr of d L Ke;
a5 SrorChe BrorePhrERn b EhuANY b SFFEERapRl chdcst LEE
oBh¥AE: MBFenendorpribes!| ikeleastabagakolveydr seasboad

sol vent such as 12 WO 2004/041836 PCT/ US20Q3/ 034107
fronueneychifizehiestkpiahe, ornBraneherikehasp dlatkvir e

a [ ai r he ai [ yhigther
<Sha? §1°h, S3,THE7| Shall REPRETCraRe' Bl iyhintpe
mbrespredegably shkvéntstoapgases ablieast comprigkeseat
selected 5 froma cyclic or straight or branched chain
lgpaFk§tYM8ther such as THF, pyran, glyme, MIBE, and

the | hKeeinMehe BLEFELGD ¥hiBeiBkr sk pre@Birabsgl peakent
conprises at |east glyne; wherein the sul furyl

ichkor hdeuns prepspablyapr ebent 016 Malgs meBufele of
reater than ab ; S e
tgF ngﬁﬁPgé(P%)?gkmglg W??Z{a@§§§”?%%f%2ab&9, %ngﬁngr

nore pre e nolar” ratio of
rbheocefpeuadcefnpbandubd Cb¥jnuie t(AF)subf thpel sudfiuoyilde

is in _the range, of fron1ago#% 1:0,9 Eo ahout 1:%.5£

ChepEipeef&r B YRSt FAPISt A Py 2PSHE0 16f -Ph& 18700
169mRouRd af SherrHba1(l Vit e, t Beesubhury-aghborifdenks
in the range of fromabout 1:1.0 to about 1:1.05;

cotipreid tiie fhaswlis (FVef spabhy praduatyli shdprifsude in
eJEC28Ge" BN AR LbTPh 20 . BAYLY 3B 4 1Llg compound

wherein the base is preferably present in an amount
greater than about 1 molar equivalent of the compound of
formula (IV); more preferably, the molar ratio of the
compound of formula (IV) to the base is greater than or
equal to about 1:1.05; more preferably still, the molar
ratio of the compound of formula {IV) to the base is in
the range of from about 1:1.05 to about 1:1.20; more
preferably still, the molar ratio of the compound of
formula (IV) to the base is about 1:1.05;

wherein the temperature of the reaction is
preferably maintained at less than about 50°C, more
preferably at about 0°C to about 20°C, most preferably at
about 0°C;

to form a solution containing the corresponding

compound of formula (V) and a precipitate of the base

hydrochloride salt.
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formula (1V); nore preferably, the nolar ratio of the
20 conpound of fornmula (1V) to the base is greater

wo ban/oers3e equal to about 1:1.05; nore preferabbP@r/Es200$/934107
the nmolar ratio of the conpound of formula (1V) to

the pas i%g_B@dlrErQﬁtr@fg€h8f$fég&@b%eﬂtioﬁ5 tRe

about ™ 1: nor e referab still, the mol ar ratio
fbfstrmrg@mp©uadlmén25(taeduia &P B) I hesbaseeftsed

about. 1: wherej n the te ture action
fram 5?%f%¥%%?ycﬂﬁ?ﬁ?gFﬂ%d°5 %gf%ﬁa%ta%oUtgg%% g%’mre
pPreherabtya d@@@ﬁkaﬁC3éﬂdabﬁétliﬁé3 aostrateherably

at  about 0 30 to form a sol ution contalnlng t he
bcan¢b@@o©@ah@ dtahlspinatBerf evail as (W yHRd YIEE, and

8605+ Banasd Beahobs0oaantns o R EnEod eini®or ¢ e

t@lﬁéﬁ@t beneshépnxylbeef i aad bhgahmke$obventm@a53de|nf
Step.(A)) is selected, fro he rou St i

ac?EP?écetﬁEFalnghoﬁsbrﬁng%é Fﬁhga?ggﬁ kﬂgﬁdaPﬁe

ah'5§om§t§érﬁ&&?&cgkbénbéémggﬁg Ch@k@f@kébKY' ehbBefirst
such as glyne, MIBE, and the |ike; an aromatic

ohgdnocasbbressdl veaedsashsasp (B) behs, SBRREERE, TkpMere,

the i [ r t ,ar
GRikhga KhEaShroel PHURuth, alotigh  BenBty slohl a0
THFdrpyﬂahpng$9héenMTBEneéadabhy,1tke f most pOedegabily
solvent (used in ste

( is selected f a_cyclic

the §#F§Fgﬁ?98918rﬁﬁ&ﬁ@&tdﬁH?EQIlBtﬁ%FpsdéE?;§s ?éﬁ?e'
pyran, glyme, MIBE, and the |like, nmore preferably the

first organic solvent (used in step (A)) is glynme. 15

I n amnenhodmhfedtlm@fntt bé phespresenveArVERTtithe ther st

flr%%nbgggghgeg%l% (use%t?ﬁ g@%& i)§eE%CEQQected}
from the group consisting of a cyclic ether, a straight
or branched chain dialkyl ether, and an aromatic
hydrocarbon solvent; wherein the first organic solvent

is other than tetrahydrofuran or t-butyl methyl ether.

In an embodiment of the present invention, step (A)
of the reaction is run such that the compound of formula
(IV) and the base, dissolved in the first organic
solvent, are reacted with neat sulfuryl chloride, by
continuously feeding one reaction stream containing the
compound of formula (IV) and the base dissolved in the
first organic solvent and a second reaction stream
containing the sulfuryl chloride into a continuous
reactor, preferably a CSTR. In another embodiment of
the present invention, the sulfuryl chloride is

dissolved in the same organic solvent as that used to
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fromthe group consisting of a cyclic ether, a

straight or branched chain dial kyl ether, and an
w@e@amiises hydr ocar bon sol vent; wherein the fiP&I/US2003/034107

organi c solvent 20 is other than tetrahydrofuran or
atzDUiyl ORL hé‘&mﬁé 68 ofl Eoﬁmuﬁgb@@lweaﬁdoﬁhghsaeée%@nte

I'nvention, (A) of the reaction is run such that

thhefmnapounganineohubat)(IV) and the base, dissolved

in the first organic 25 solvent, are reacted wth neat

sul furyl chloride, by continuously feeding one

reachi-8R=85HERM €RAL abNiBgohheoncaimoHgdthe tompuliad of
(1'V) and the base dissolved in the first organic
fooiydat (KhdeadsbbenBreeapitahesPfehhf B8Ffai ning the

gLfHBX%FEBEO%gﬁg agtelﬁtg eh'nﬁgugr§9ngeeetghown

era n-anot er e I men

métﬁsdﬁt tﬁveemooe,thbepﬁabﬁpnyhtehlor|de is dissolved
in the sane organic solvent as that used to 14 WO
2004/ 041836 PCT/ US2003/ 034107 di ssol ve the conpound

of feraubasbhy) and Lheubase tbn€ainihg EhesktodbPBRIGC of
sol vent). Preferably, the solution containing the

fo@mpéandvbf1850bnﬁﬁnt§aFvﬁ kiid kpRwnpPaErpi P&t €08t HHeus
RERCas"YILRCHLORLIE BY) LapolbklBheds 26EOLENNB.LO (such
mﬁﬁ’/n ve ﬁe

o re precipitate. Preferably,
abhbysﬁbmunﬁg ﬁammabmlmgpéﬂefddmpeua@omhtlb@)fopauby

trated k bat ch t
THELHBISLOTG1 L8k aRBr o 1By YaPHoParPOR SO ERE O3 Voit

cotpeinaas eb¥ ofRlh kN vl i1 mer -w peokii hdnev aForaid on) ,
or by vacuumdistillation, to yield a concentrate of

pregentonpyent iof, f@bﬁuﬁ@1FVFonlﬁO@ﬁaéﬁB@@'ﬁ&% cofpcREd
5 res nt vent| |ut.i0R cant.aini ng. 1 to
iﬁ é;vnf or mJI f&b %a%%gotrl{‘center at egl etsetsé%}
a@bu%Qhaﬂft@he original mass of the solutlon In
another embodiment of the present invention, the
solution containing the compound of formula (V) is

concentrated to an oil.

Wherein the compound of formula (IV) is reacted
with greater than about 1 equivalent of sulfuryl
chloride, the solution containing the compound of
formula (V) is preferably concentrated, according to
known batch or continuous method, to remove at least

about 70% of solvent mass.

Wherein the compound of formula (IV) is reacted
with about 1 equivalent of sulfuryl chloride, the
gsolution containing the compound of formula (V) is

preferably concentrated, according to known batch or
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about half the original mass of the solution. In
anot her enbodi nent of the present invention, the
W@ oduisB6 cont ai ni ng the conmpound of fornul a (ROT/US2088034107
concentrated to an oil. \Werein the conpound of
céﬁﬁﬂﬂhﬁué'aé 8dreQGtEQmo%étQtQEQQEEraEBéB abgub sl
equi'val en suffuryl chloride, the solution
sobneatninagst he conpound of 25 fornmula (V) is
preferably concentrated, according to known batch or
conti nuous nethod, to renove at |east about 70% of
sol vent sassbodhRest Not heneopperadt of nrenauba, (tHb i's
reacted 30 with about 1 equival ent of sulfu
sehubnpaeconhelns@guth@nCQ@nPHnﬁuﬁé ﬁﬁémééﬁpéﬁxdléf

KRB DA chenP e BV LT 004 04 1806 PRI US3005] 034507

1ﬁamhdauob&tnatéoﬂottmlmenedetat veastimaBoati208%:abn,
solvent nass. In an enbodi nent of

he esent
CPRGBREFBIOThet L5 BBLAT! OROEONTH! FIRG B heSeoBBlRE of

LoppUl ar(Minks abksabedtt oah@mewe vekatiles. Suitable
treatments include, but are not limted to, vacuum

distillation, concentration, stripping, passing

L ough @ agtivated, ccagben or oﬁgaaadae§ogggphgoan%>t9%

ik 0“THe®t concentrate 6f °t conpoun rmul a
dfi¥kolseddinsal ¥edoht arseadndsoiganccceopvésting at

conprising at |east the solve t ed in (A
lepsg, threSpilvent BRgInie S5PPerf ﬁr@fng glgS%

ord rbS%Bgv@ht eaﬁ%e?@%a%&ysgbwﬁ%ﬁs§ﬁ egtedebt®Mode
cyclic ether, such as pyran, tetrahydrofuran, and the
sbilkenta seilrabght fopmbpanykédc ether,” such as pyran,
tetrahydrofuran, and the like; a stralght or branched
chain dialkyl ether such as glyme, MTBE, and the like;
an aromatic hydrocarbon solvent such as toluene,
benzene, xylene, and the like; or a mixture of a cyclic,

straight or branched chain dialkyl ether and an aromatic

hydrocarbon solvent. Preferably, the concentrate of the

compound of formula (V) is dissolved in the same organic

solvent used in step (A) above.

Preferably, the concentrate of the compound of
formula (V) is dissolved to a final mass ratio of the
solvent to the compound of formula (V) in the range of
from about 2:1 to about 10:1, more preferably to a mass
ratio of the solvent to the compound of formula (V) of
about 6:1, to yield a reaction stream for use in step
(B), hereinafter referred to as the third reaction

stream, containing the compound of formula (V).
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chai n dial kyl ether such as glynme, MIBE, and the I|ike;
an aromati c hydrocarbon sol vent such as tol uene,

whemwzomsic xyl ene, and the |ike; or a m xture 0OPCHUS2003/034107

cyclic, 20 straight or branched chai n dial kyl ether
and r sQkv efera
Concgﬁt?gggak?yfhgﬁg 88@% ad Qk gekmufﬁ (95 QEYreEBQed

formula (V)
wﬂthsalBadtablyheubangtotgéncompsuhdenf ﬁsemuiﬁ §Vep, a

above. Pr ef er abl t he conce te of t
kBB aBAEEERAs B rpaoowAae; bR EpSRRRvaY RhSuRi pkbfods. .
rati 9n0f theongob¥8ahitosbecnonpetpeigingongullaaty) the
in the range of fromabout 2:1 to about 10:1, npre

spleentabegdt énasheBs (Atatio of the solvent to the

compoHageeh LRLMY géoﬁaoogéaggcageggeﬁt cohBribebdag

reac}” 10 ream use herernafter
leeber bad tolasntheelbitddr €aotni encysfiieastheont srhngs

t he conpound f formul a 2004/ 04183
PPEFPUSS 63RO f@?urﬁﬂ's?ég)Féf LLKE 7 cBnbhRGIBF ©F

piaheuka EﬁhthdﬁsﬁﬁyﬁdethB aushi babbyyaebsiirbat ednd
compound of formula (VlI), a known conmpound or

tbenpokad pnepap@atby hﬁdﬁﬁcﬁﬁbﬁ§d§01vﬁn§ §éébnas
anl C 0 nt C in a S
togg Pﬁj g&ﬁehé gFﬁe S% §H or a %E&%ﬂ%e of

dPn SEE) erein econ érganlc sol vent
aC@?Q&u&eSs&kalbﬁasbrOBEaﬂchEdnbhﬁ&hedhadkyﬂo&thecyahﬂc
et her, such_ as yran, rah dr of ur.an, tbﬁe I|ke

ap SEPEPGHC WdrBFéﬁPHEdSE’ AR ca. &Fﬁfreréio FEgS™

ogbﬁﬂgc @%@5en%n@o%9rﬁgéslb%ele%%tabﬁga%bgvgh@r@@Qé@@@d
sol vent such as toluene, benzene, xylene, and the

fkpmea orvcd iwi ptrusgrefighy @ycbm@n0§ﬁﬂadgﬁﬂkﬁﬁ BrtasEheygch
<5502, Syl ARG, Ml REOTRLLC L gpachon
p%@&%&b%&@'&he|%é&bndnergehﬁen%o&abamtedmprlses at least
glyme; more preferably still, the second organic solvent
is the same as the first organic solvent; more
preferably still, the second organic solvent is glyme;
wherein the compound of formula (VI) is preferably
present in an amount greater than about 1 molar
equivalent of the compound of formula (V); more
preferably, the molar ratio of the compound of formula
(VI) to the compound of formula (V) is greater than or
equal to about 2:1; more preferably still, the molar
ratio of the compound of formula (VI) to the compound of

formula (V) is about 5:1;

wherein the temperature .of the reaction is
preferably maintained in the range of about -30°C to
about 50°C, more preferably in the range of about 0°C to

about 30°C, more preferably still at about 20°C;
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15 froma cyclic or straight or branched di al kyl ether
such as THF, pyran, glynme, MIBE, and the |like; nore

we@iosmbé y t he second organi c sol vent conpri SBGT/E82003/034107

| east glyme; nore preferably still, the second
or gani Cféﬁhv,—;n% 114651 416 S AR aéorﬁﬁ@uﬁaréf PEERALE (T)
sol vent; nore preferably still, the second organic

arsblovemtecspgtye; wherein the conpound of formula
(M) is preferably present in an anount greater than
about 1 nolar equivalent of the conmpound of fornula

(V); ww@ﬁeth@r@6@¢@@$d ,of heormhBa (@1)01@famm@n£@n@@mnd
of formula 25 to the conmpound of fornmula (

the e@mrecpnma@a@r is eléﬂﬁl%ﬂfelf@bja’b dointonphe E%GF%%WE/ a
! l a a
TR B e 18 P rofet o

piéesera ihethenpenge use béss hehapaoti equad 80 about 30
preferably naint ined in éhe range _of about_ - 30

P%b%utm%ﬁ%ipﬁﬁﬁﬁr %Ye?%b} |%ttﬁeprﬁﬁﬁgr%fl%b%uFaﬂ%?t%f

a13beut 1 30Cs 1 A0EE Rh&her 2| Ye$hi | hodt pbeEEr20G, 47iVD,
2004/041 36 PCT/ US2003/ 034107 to form a sol ution of

at he poapsund of &bewul b9 (P§iand a precipitate. Wien
the conpound of fornmula (VI) is ammonia gas, 5 the
ammonia gas is preferably fed into the reactor at a
cont[ﬁlhﬁdeﬁbé&$ﬂéﬁt0®ffthm/pﬂéBennDievpneﬁenabtye at
a pressure.in the ran | ess_tha

;
saBeut eagaﬁépaSOﬁﬁ?%tp?gﬁéﬁabeSE?P|RB9§te u%FéSSE?S

fk@matﬁénﬁﬁoﬁ _c@ﬁgﬂétiﬁgpéfaat@yé@@@tegﬁe9$léucHUég
preferab ata pressure of about 19 psia.
p¥naan eaboahmdmpfuranheapdeébﬁt1nh@en@|éﬁra#ﬁbt 8&cond

bragaﬁeg Sﬁgggnhlgfﬁyf eEhéEeBugﬁ)Ls §l§ﬁE?CM%QE, and

the like; an aromatic hydrocarbon solvent such as
toluene, benzene, xylene, and the like; or a mixture of
a cyclic, straight or branched chain dialkyl ether and
an aromatic hydrocarbon solvent. Preferably, the second
organic solvent (used in step (B)) is selected from a
cyclic or straight or branched chain dialkyl ether such
as THF, pyran, glyme, MTBE, and the like, more
preferably the second organic solvent (used in step (B))

is glyme.

In an embodiment of the present invention, the
second organic solvent (used in Step (B)) is selected
from the group consisting of a cyclic ether, a straight
or branched chain dialkyl ether and an aromatic
hydrocarbon solvent; wherein the second organic solvent

igs other than tetrahydrofuran or t-butyl methyl ether.
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fromthe group consisting of a cyclic ether, such as
15 pyran, tetrahydrofuran, and the like; a straight or
whre@aoksads chai n di al kyl ether such as gl ynme, MGEUSZN3034107
the |ike; an aromatic hydrocarbon sol vent such as
tO' UER CanIEREENEmbOY | GOR éﬁdtﬁgepkégsntoan@eﬂuwr €the
a cyc straight or branched chain dialkyl et her
sendn@OoagaamonablvehydKosadbon soeEpenB) )Pﬂemgrabﬁﬁ the

= LFeRt CRPRoRPaeLEbCIRL BF &t 1 BRGhE 6P COPERENLE chai n

«@1aLky) ether such as THF, pyran, glyne, MIBE, and
the like, nore preferably the second organic sol vent
(used in step (B)) 25 is glyne. In an enbodi nent of

the g%%%gg%big ?&Eogolﬁ Eone§88FglﬂEﬂ%ntﬁesebﬁﬁeﬁnd of

(use i S select romthe group
feomnglst i(my ahdathycbreeéphéatealstfaﬂghreﬁObgrknown

branched chain dialﬁél et her ? g an aronmatic
waiRPEEar BBnTEBPYENFEeWRERELRIERESsecond or gani ¢

solvent is other than tetrahydrofuran or t-butyl
met hyl ether. 18 WD 2004/ 041836 PCT/ US2003/ 034107 1In
anotﬁeraenﬁmbpdém@nﬁfOﬁhéhsré@@ﬁﬂtPﬁVeth§nPrPﬁ§SS for

econd_or i e onpr S
ﬁﬁeprsgﬁven O%sé %n@épéBEﬁg b? §E9&u&§)xlgsggokggnﬁg
tﬁelweﬁtﬁnuBuBret&m&bﬁytahkersabubmen(CSERaDnlng t he

conpound of for a and t e recipitate

P OLRERB Yoy kRIS b EhbHE S ERGGG tDfe SprAOERrEatdTe
140¢ha an erbedirrent abotiRe1i AveRt i oprelrieapngcessebornr)
the preparation of a conpound of formula (1) is run in

iswousostichubbis tstiher s¢sidarceesdmer 7 tHERgpcond CSTR

is about 3 hours. Preferably, step (B) is run such that
the third reaction stream and the compound of formula

(VI) are introduced above surface into the CSTR.

The present invention is further directed to a
continuous process for the preparation of a compound of
formula (III), also known as Topiramate, as outlined in
Scheme 2.

Step (Aa):

ow

Step (Ba):

(IVa)
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Preferably, step (A) is run such that the residence
time in the first CSTRis about 1 hour. Preferably,

waet@p/0§B¥6 15 i s run such that the residence tiPEI/US2005a34107

second CSTR is about 3 hours. Preferably, step (B) is

run such that thephird reaction streamand the go, —NH,

conmpound @f foruul (VI') are introduced ve_s Ftacte
i nto ﬂ‘}R 0. The present inventiop is\&rter
di o®thed t corft Mipus—process f a\'the pr ation

of [a of formula (111), alsjo kmp
?‘ﬁrb\émﬂt e,oagg((ijtl ined in Schene st :
S02CI 0 --OHO® OO+ S02C12 0 25 Na) (vVa) Step
(Ba) : (2)WD 2004/041836 PCT/ US2003/03410{i) SC2Cl
S02-NH2 O ;-p 0 p 0~11" O+ NH31 3 O OO (Va)
(I11) Scheme 2 Accordingly, in step (Aa), a conpound
(cj)f formul af 5 (1vVa), a doissnd al so known as
lacgtone .t r 0s¢ Al d S al n
a fl‘ggfj org ﬁ‘i% o) \(‘/Sgn é%g reactgglg 5tghgf %%E}ﬁ??
(ehbor i decombenadn alke baseni ssadibnetgaeri €ridasessuch

as Na2C(C3, K2CaO3, the |
(PAgd, and a base are gg%%olve in a %ﬁ%st or%g organ|c

solvent, and reacted with sulfuryl chloride;

wherein the base ig an inorganic base such as
Na,CO;, K,CO;, NaHCO;, and the like, or an organic base
such as a tertiary amine base such as pyridine, a
pyridine derivative, TEA, DIPEA, and the like;
preferably an organic tertiary amine base, more
preferably pyridine;

wherein, preferably the base does not react with
the compound of formula (IVa) or the sulfuryl chloride;

wherein the first organic solvent comprises at
least one solvent selected from a cyclic ether, such as
pyran, tetrahydrofuran, and the like; a straight or
branched chain dialkyl ether such as glyme, MTBE, and
the like; an aromatic hydrocarbon solvent such as
toluene, benzene, xylene, and the like; or a mixture of
a cyclic, straight or branched chain dialkyl ether and
an aromatic hydrocarbon solvent; preferably the first
organic solvent comprises at least one solvent sélected
from a cyclic or straight or branched chain dialkyl
ether such as THF, pyran, glyme, MIBE, and the like;
more preferably the first organic solvent comprises at
least glyme; more preferably still, the first organic
solvent is glyme;
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10 such as a tertiary am ne base such as pyridine, a
pyridine derivative, TEA, DI PEA, and the |iKke;

w@e@iosmbé y an organic tertiary am ne base, noPET/US2003/034107

preferably pyridine; wherein, preferably the base does

not [eackiW the éélgg%yqaﬁﬁggﬁgdgfi%obgékéxﬁbY§?pﬁ%sent

the sulfuryl chloride; erein the first organic
igobwenmounhpgirseseat theasebous SoPvapiesecpest alier oh a

clic ether, _such a n,. tetrahydrof uran t he
t %kSPmBOBPEaPEhEOEF‘uiB’r ARl g‘ﬁgienp%%g%ff;b%&’hg?l%such
md3 a8l Y81 oMEBELhandodpdud lofk €orailar dieia)C to the
gﬁdrocarbon sol vent such_as toluene, benzene, xylene,
sgddure rhiteride asnilg fhe sRNIg Ofcifrem $PRAitgHt: loP tO

ranche haj [ a r [ ;
B otarben. SoTveRt oreraraby Tho Tor b o aatiie ©f
thel vempocadpbifs éeratullee dSiVadnéos aheestulSelrodt ethl2gide

frama_cyclic or straight or hranched chain dial
i HEr CEGLReROSTRE. SpoTRPblty f L ATBE, HRtht Ho 1 10
nor eypeetenabhy bhedl iifs threiraanihg vS hréekin tC GAPIHrS escaint

| east gI%ﬁe; nmore preferably still, the first organic
ggslarent thengppet 20 MADa20 GAVGH 8836 LPCHLBSANER tTR 4157
rei e ryl lar i | r-ef y t,dn
B P BUr e (VST BT s B e
alte oc @fp atied cotmpbamdl et (HovajulanuI&apr efoertdls ypasehd s

nol ar ratio of the conpound of fornula (I1Va) tao the.5
IRy FOER GF gad 00 (i arge “0f if P%r’ﬁea@dﬁﬁofeﬁag’.]é( '
e W bl RIihakl Bbstaddmulhe 1ml)aro the

ratio of the conpound of formula (IVa) to the
aglef disy inclvher irg@gs F fndie absvge 1ol -OPorhahaut: 1. 0

]_tzcl .%Q)Qu‘ino]r:el ﬁ)_or%;fe %rl%} rgttlri%. ,b%%% im%l%rre fx%.rtﬁ% Yof the
preserit I'n an anoun
compound of formula (IVa) to the base is about 1:1.05;

wherein the temperature of the reaction is
preferably maintained at less than about 50°C, more
preferably at about 0°C to about 20°C, most preferably at
about 0°C;

to form a solution containing the corresponding

compound of formula (Va) and a precipitate of the base

hydrochloride salt.

In an embodiment of the present invention, the
first organic solvent (used in Step (Aa)) is selected
from the group consisting of a cyclic ether, such as
pyran, tetrahydrofuran, and the like; a straight or
branched chain dialkyl ether such as glyme, MTBE, and
the like; an aromatic hydrocarbon solvent such as
toluene, benzene, xylene, and the like; or a mixture of

a cyclic, straight or branched chain dialkyl ether and
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10 greater than about 1 nolar equivalent relative to
the conmpound of formula (1Va); nore preferably, the

woreioai4188@t i o of the conpound of fornula (IVa)PCDUS1063/034107

base is greater than or equal to about 1:1.05; nore

aﬁé?%%ﬁ%@%%b%X&PSCQP$@ﬁ 58t {anef tPEeEQPHeng E%e first

fo the 15 base Is in the range of from

oagantclsdld&nt o(abedt inlstep0(Aabl eipr etbeabed Srpmhl a

the nolar ratjo of th co und of forml Va
CYRéiBaSE FETabILt 3?185%?Cg§ﬁeF§?ﬁntﬂéa?gﬁgeggFﬁ%eggfh
a&h@Hﬁ,eaggéké?ﬂ, '§1gﬂh§f epeBky FRENtREnedkat hess than
about 50C, nore 20 preferably at about OC to about
peeferabsy phef Biustyonganapogpluentt dupsenia 86FEL i(BR))
;6on aiging the correspondi ng conpound of fornula (Va)
Znd mefecipitate of the base hydrochloride salt. 25
In an enbodi ment of the present invention, the first

organi ¢ solvent (used in Ste Aa .S selected . from
the gPoap EeBRSFENFRY 6f EhSyBFééeé%héPYeE ¢RMas the

fE¥E§norgghﬁéh¥9i9EHEaQu8éadihhgtbkaAaQ)Sﬁéakﬁhbc@éd30
ranched chain dial kyl ether such as glyme, MIBE, and
frbe Ehkegranparonatstihgdedcar b¥Alé6| fERETrsuehs¥aight

t ol uene enzene, X ne, t I Lke; i Xture
O5f r&“&?@BiS,a%Prgﬁéﬁgygregggﬁcﬁgg %Ea?ﬁgﬁﬁgﬁE§I et her
hedeo2i r¥on20044 841 33GhREELAHS2HE3£AR4L03rganiar eritient
_hydrocar bon sol vent. Preferabl¥, tge first .organic
1§oPFERE EHEBJCPRTEPYPTOANYPT STsErBEE¥: PG S&yElic
or straight or branched chain dial kyl ether such as
THF, pyran, glyne, MIBE, and the like;, nore 5

pr ef @nabhy etmhedfimest ofg&liec pEeiceaht 1pysad 1om sEESP

(géﬁ)%f the reaction is run such that the'compound of
formula (IVa) and the basge dissolved in the first
organic solvent system are reacted with neat sulfuryl
chloride; by continuously feeding one reaction stream
containing the compound of formula (IVa) and the base
dissolved in the first organic solvent system and a
gsecond reaction stream containing the sulfuryl chloride
into a continuous reactor, preferably a CSTR. In
another embodiment of the present invention, the
sulfuryl chloride is dissolved in the same organic
solvent system as that used to dissolve the compound of
formula (IVa) and the base (i.e. the first organic

solvent) .

Preferably, the solution containing the compound of
formula (Va) and the precipitate of the base
hydrochloride salt is filtered, according to known

methods, to remove the precipitate.
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is glyme. In an enbodi nent of the present invention,

the first organic solvent (used in Step (Aa)) is
w@edogotsds 10 fromthe group consisting of a cRCI/U82003/034107

ether, a straight or branched chain dial kyl ether and

an aromati c hydrocarbon solvent; wherein the first

organic solvent 1is other than tetrahydrofuran or

t - bubyéfamthly, etiersolstion aporhdbdip@nthef cofpround of

t o J ti t i i
e BEERET YA ht Rt ar ARy nhr e REFCALEP Lo base
cdhssRhyed hachbesfiF6t eRa@ahe Copobvepdbraysdenvfr ehe

reacted with neat sulfuryl _chloride; by continuously
s¢bedinhig (Bneh raadey obe ki +8anf 20 coRt Ui RPRgE+H® conmpound

0L é?éﬁyéﬁ? (1yp) bimga&gﬁmbé§§tigi§§9&\f ede b nyt Begfir st
OFRanT ¢ 8ol Vent systemand a second reaction stream
contéatnang dhetlsal fomydbundl of i Germithao (daceont TRudDs

reactor, preferably a CSTR _In, _.another enbodi nent of
TR breREhoE | FHerETBReTE e B RE P or DRe AT R T HEE s
c@hesohyRd tRet BSmSEHRAOsFaRbEMuSE! (oAl systenraatihatd

used to dissolve the conpound of  formula, (lVa) and
tohkepasehen, er e@eati Eat abpghnialisbhoenroinpl mass of

Pre L the_s ' ] e f
-BhrhErEein, | hEa Rt o0 SAPLRLELAD Hhccgerpounine
ihydnocbhor tde salttienftbhernedingctbedetagrooniknodin

nmet hods, to renove the precipitate. .22 WO 2004/ 041836
fP@TP%%Zé@QYO%ﬁ1@9nCEPEFgF§§ © Phe® grution cont ai ni ng

t he conpound of fornmula (Va) is concentrated by known

batch or continuous methods, for exangle by
evapBheredn shet pempsusd| eEnforsuén 4$VBY £& FPAGEEA m

w?%h“%@%gték'ghan about 1 equivalent of sulfuryl
chloride, the solution containing the compound of
formula (Va) is preferably concentrated, according to
known batch or continuous method, to remove at least

about 70% of solvent mass.

Wherein the compound of formula (IVa) is reacted
with about 1 equivalent of sulfuryl chloride, the
solution containing the compound of formula (Va) is
preferably concentrated, according to known batch or
continuous method, to remove at least about 20% of

solvent mass.

In an embodiment of the present invention, the
solution containing the compound of formula (Va) is
treated to remove volatiles. Suitable treatments

include, but are not limited to vacuum distillation,
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evaporation), or by vacuumdistillation, to yield a
concentrate of the conpound of fornula (Va). In an

wenivadisent of the present invention, the sol uPCDIS2003/034107
cont ai ni ng the conmpound of fornula (Va) is

ncent 1 t e f

cct%ﬁ e ori %ﬁgﬁq ’ n%t-éiég%éf&‘?h ef)%%? %{1? oﬁl'.:ﬂﬁlljﬁég n%?ﬁﬁaﬁé‘&

carbodi oendtloért Aespriesent andvenei bhket he sol ution
contai ning the conpound of forrmula (Va) is
concentrated to an oil. 15 Werein the conpound of

forngha &bNadntsat&ast ethe Webhipgtigat 6F tbamudho(val is
equi val ent of sulfuryl chloride, the solution

dipmebvadngnt AeSeerPOUPEoFRLC f BPYIFRT (GAYPF$SpRef dFabl y
j t b ti
1%%%%5%$£?%89Veﬁ908£3&nQn O ngﬁgbfaggggg?agg? i nuous

renove at | east vent
comssisiMer et nlehst conposntivenit f sebatbedl Vapmi 8 cpatied

w th about 1 equival ent of. sul furyl chlori h
cthttt COnChoRE PR, | Mot SonptnntEeny ornt Eevhifee 35
sPreighabby senaentaatreinagcal#iynget Reknaubhbakcylome,

contTnuous method, to renove at | east about 20% of
MEBEYeandnibe. Likeanaenbbenabhe bydrpeappegefplvent such

invention, th s ign t aj pi he.co :
oV iOaSRyapIRzer, SEVLkheY 08,24 BonpeoomRpund oL
ofrgatyents, kbnchiidbt butbasechetl thaiheditbkyaceuher

distillation, Zg &D 2004/0418@6 PCT/U?ZO%B/O 4107
apdneBneFRTRPEAC BYAFBRRAGO pESSYRY t hr baghSaEPT Vat EB®
c6REBAR-QEObREEnAbEBREENha 8RAEbRRULEKGVaThEs dissolved

concentrate of the conpound of fornula (Va) is 5

idi tbel vedei pragaséeordlveganiecdolpefEcPoPR) sRREVEL
| east the solvent used in step (Aa), preferably
Preferably, the concentrate of the compound of
formula (Va) is dissolved to a final mass ratio of the
solvent to the compound of formula (Va) in the range of
from about 2:1 to about 10:1, more preferably to a mass
ratio of the solvent to the compound of formula (Va) of
about 6:1, to yield é reaction stream for use in step
(Ba), hereinafter referred to as the third reaction

stream, containing the compound of formula (Va).

In step (Ba), the compound of formula (Va) is
reacted with ammonia, preferably ammonia gas;

in a second organic solvent comprising at least the
solvent used in step (A&a);

wherein the second organic solvent comprises at
least one solvent selected from a cyclic ether, such as
pyran, tetrahydrofuran, and the like; a straight or

branched chain dialkyl ether such as glyme, MIBE, and
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conprising at | east one solvent selected froma cyclic

et her, such as pyran, tetrahydrofuran, and the like; a
W@ reoaiogisse or branched chain di al kyl ether suchrP@sUS2003/034107

glyme, 10 MIBE, and the like; an aromatic hydrocarbon

t 8|YE@é SgﬁharéﬁaEQEuﬁ?&roggfggﬁesoIVEﬁBesu@Hdaéhe
or a mxture of“a cyclic, straight or branched

t@hmemedlbéhyénethsyleaﬂd @mdatbﬁallbehyéro@ambﬁhure of

sol v efer I cO nt r at

= ofre bl SEEoayRrsoh bEgroRet 1ehe i, filuit s F O TR 4
aﬁOéfgﬁétﬂéeﬂyﬁﬂo§é@§oﬁA©élﬁ§ﬁM? prEEéfabaylyhetbecond

concentrate of the conpound of formula [

Oﬁg@Eb¢v%@1V©n§ ﬂPWﬁFlﬁﬁésaFalﬁ@stOFﬁeSOQH?VEkFe@ﬁcFﬁ@
npou e 0 bout

eESPE BlpSue Bbr Y Eaeat ol hPEp PR o A R

et hersshwrnast tHFhepgoapougtyné , f MTBEl aafdarhef 1ikbout

| t t f '
P SPRAEFERDLE! EPFofCrOPdsOFHERL il P LY BREL FONCCAPF Baht

léQEEaéﬂkﬁg .t hereoppayrdapliyf gt muba ﬁﬁé)seaBano3§aﬁ1c
(Ba e conpound of fornula (Va) is reacted wth
Sahwantalsptéﬁesamﬁyaﬁnﬁbﬁl§l§ﬁ§ orgagiseE6RYCHEGaRPES

solven conpr.ksi ng..at I eddl P
SO ool B e S VR R
at WBaﬁélnnEhsobvﬁbhlaehscpedférabﬂa @Veme@tennean

such as ran, tetr

dr of d.th
a@PPaFgﬂree eTh CRACH &8 ﬂ‘ ur?affk%&ué%’ an%ué’ﬁ Fbe
cgh¥gﬁndNE@Efo§ﬂ@l%4(W@ 20%6&Q4%§§@e9€5ﬂ9$2QQ%/&54&97

; an aronmatic hydrocar on sol vent such as
rodlioené, tb@n@@n@ﬂlﬁyﬁ@néheaﬁ@mpﬁénﬁi@@ formylg gl els

ggﬁaterc¥%ghpor q%aghEooﬁbgh@n%hﬁd RPN JiF Ky ¢t her
still, the molar ratio of the ammonia to the compound of
formula (Va) is about 5:1;

wherein the temperature of the reaction is
preferably maintained in the range of about -30°C to
about 50°C, more preferably in the range of about 0°C to

about 30°C, more preferably still at about 20°C;
to form a solution of the compound of formula (III)

and a precipitate.

Preferably, the ammonia gas is fed into the reactor
at a controlled pressure or flow rate, more preferably
at a pressure in the range of less than or equal to
about 30 psia, more preferably still, at a pressure in
the range of from about 15 to about 20 psia, more

preferably still, at a pressure of about 19 psia.
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an aromati c hydrocarbon sol vent; preferably the second
5 organi c solvent conprises at | east one sol vent

w@edogotsads froma cyclic or straight or branchedr/ohzns034107

di al kyl ether such as THF, pyran, glyme, MIBE, and
the ikep o {Sﬁllﬂéﬁrﬁeéﬁbiﬂetﬂu‘ﬁeé@ﬁ@”%@éﬂ@ﬂbﬁ sghyent
conprises at least glyne; nore preferably still, the
sé@@@@dong@anccsolﬁesblW@ﬁedlsnthéegaﬁﬁah itHeselegted
ani ¢ sol vent referabl y.stil he 0
Forhanis SOPUENEOPETHEYRE. Sarbr eTHl Ehe SRRt Siod 58
ppfgﬁer@@i;yaﬁ?a%ﬁhraﬂ agnd aphent i gegakestirhaghabont 1
nol ar equi val ent of the conpound of fornula (Va);
bn@mghﬁdeﬁb@abl9laﬂh¥1nﬁth?rl§uF§tP§ giyPRe ¥ARBni a0¢o
he ound A Q& equa
R T R e G R R BT
toluthe, ahanBEﬁet0xymeneonpndndhefllkernnkaa(maytuge of
about ' 5:1; wherein thﬁ eratHre of %?E gea goni
aZGYE?éFerﬁBF§1ﬁHFnP§| sanrRetheRrARg 86 <Y §O&p§o
aﬁbg%mé{?&?c AphecBeebehabbyviAtt hepramgeaniiyabete BEcbad
about 30C, nore preferably still at about 20C_to form
oagsoliat Bohvefitt HusednmpouABenf (Ba) huiigd ErLeFtegdndram a
§ CIpltas%ra %htr% e%@QhXhehh?hgqﬂpﬁhglﬂ b%hE?dsuch
AtoCt Re reaéear a control pressure or flow
agaTHF npyeanrebeyablyMTaE aapdeSharéikﬁ tm@reange of

| ess than or equal about 30.psi a, pref rably
DSEEPFADLY Shfr S6SGPE PROSO.PhECIIRGE df SFPoRraBGEE 15
(69) §bgut ;2QRsia, nmore preferably still, at a

pressure o about 19 psia. 25 WD 2004/041836

PCT/ US2003/ 034107 I n an enbodi nent of the present
Inve%%'%%’ ! edlment of the present invention, the
second organic solvent (used in Step (Ba)) is selected
from the group consisting of a cyclic ether, a straight
or branched chain dialkyl ether and an aromatic
hydrocarbon solvent; wherein the second organic solvent

is other than tetrahydrofuran or t-butyl methyl ether.

In another embodiment of the present invention, the
second organic solvent (used in step (Ba)) comprises the
solvent used in step (RAa) (i.e. the first organic

solvent) .
Preferably, the solution containing the compound of
formula (III) and the precipitate is filtered by known

methods, to remove the precipitate.

j In an embodiment of the invention, the process for

the preparation of a compound of formula (III) is run in
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second organic solvent (used in step (Ba)) is selected
fromthe group consisting of a cyclic ether, such as

w@yooan4188et r ahydr of uran, and the |ike; a straiBi/usz005034107

branched chain dial kyl ether such as glynme, MIBE, and
%gec$ﬁ§fm éﬁsaéeﬂ?LéQ EXQROféég@Br§O|@S@Rs$UCh as

ol Uene, benzene, xyl'ene, and ike; or a mixture
Pnéfeaabyyl|steptKAaghtsorubrancheﬂh@hathedraﬁk?ﬁn@@her

e3BE oA 'T0° oF bR cCRAT VAR “paLBaT 08T ep (BOFPoFELY

séébe@ﬁsﬂ Iéoﬁtﬁ sﬁMﬁ'tﬁa@rtﬁérﬂéghaeﬁbebtaméhed ehai n
di al kyl ether such as THF, pyran, %ne MIBE, an

SEhenduR%TRnbﬁeabguéféra@uySEhePgéééﬁa 6YgaﬁF@PséP@gn%S
pussgchntﬁ%gptth lrﬁsrggngonlé Qaﬁnaﬁﬁbgﬂhgﬁﬁh ke
Fresen |nven secon organi ¢ sol vent
ihUSedutédS&préBeﬁifasesehéotEue €EOR.t he group
consisting of a cyclic ether, a straight or branched
chai n dial kyl ether and an aromatic 20 hydrocarbon
sol vept; swheteilnihhenseaendy@l gapkeogak venthaks adyher
than tetrahydrofuran or t-butyl nmethyl ether. In
thmophereeabadpiehhcobrerenpr é5ERNtiRPeRRYORE PRED tO

SEFRSOS.PABERLS, RELYGRL urog LopatphlBe) Lycomorines

use first

(@ngamri enysoekvene) stRreberabkys bﬁeascbmpp@ndcoﬁtépmmn@a
t he compound of fornuhgﬁ%lll .and the recgpi%ate IS

<ﬁoptéweae%9CRﬁ8%nan SGETIPE PENGYE™T

Berl Pl hdkeurkd ar erkediTeBhet bLite thlverbigentst.he
process for the preparation of a conpound of fornula

(I'rr) is runin 26 WO 2004/ 041836 PCT/US2003/ 034107

Where the compounds according to this invention
have at least one chiral center, they may accordingly
exigt as enantiomers. Where the compounds possess two
or more chiral centers, they may additionally exist as
diastereomers. It is to be understood that all such
isomers and mixtures thereof are encompassed within the
scope of the present invention. Furthermore, some of
the crystalline forms for the compounds may exist as
polymorphs and as such are intended to be included in
the present invention. In addition, some of the
compounds may form solvates with water (i.e., hydrates)
or common organic solvents, and such solvates are also
intended to be encompassed within the scope of this

invention.
Where the processes for the preparation of the

compounds according to the invention give rise to a

mixture of stereoisomers, these isomers may be separated
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two continuous stirred tank reactors (CSTRs).
Preferably, step (Aa) is run such that the residence

WO 20v8/0ir83¢ he first CSTR is about 1 hour. PrefePebUg2003/034107
step (Ba) is run such that the residence tine in the 5

R ef Ba) is
un sugﬁgiﬁat the t éhégn%ébh deT kS var Spep (Ba)

reacti on stream and anmmoni a
cthmaudgnam&qcedTﬁbmvepm@mm@@@ maiy doe HerasTred Gie

skil]ed.in the art.w recognize tha
Rty Thand et oMb P Eess BV 8 pigphdea
e DERDANS, I AR LodPh b LF 8 @&nﬂq@@ﬂ@%mdbpfré@@mmml a
(I') or "any of the stereoisoners of a conmpound

Th&@rmm@pureds; 1d, sEPBCEXIRPEAd %‘Elb’é‘?ﬁ“?]d‘t’(?%nl%?g their
cSRRESBIL Aliard AGRLLG B XLULES 08 SLELROGAORE! Sulh &Be

gen conpounds according to t
thavesthot ohave @iaéﬁeséoma31chpaarscbmtealttﬁeymﬁﬁyon

accordingly exist as enantioners. Were the coggyundf_

Wb%%s%%s°@§kpa%ﬁyn%?%l¥ﬁ|?ﬁ?dceﬁ?ﬁ?sastﬁey FriyP~

%kﬁé?f@léal§xé§&/§§ 29)) dhaspet60a8y 5 - tharﬁatﬂcb&c1d
erstood that all such isoners and m xtures thereof
falb©ea@dhpa§3@@tmpmh1ncrﬁéta%ééﬁétb@ntﬁ@dpF@géﬂFratlon

% ng Furéherfﬁéeco nag mgg afé%sﬁélkégglbganﬁy

npounds nay eX| ynor phs and as such
f@fﬁatmbﬁndﬁddi@sbereﬁméﬂdedesneQE bheapidsent followed

invention. In addition, sone of .the oun may .
bY OF AFSBRATESD A PhERBRER L Phe 2o g AT 8] SFoF REobRaL
aﬁ&ggﬂhfy30|Kf@é?na@ﬂgeiycht§@|M@&ﬁéuﬁ&@ Ab§Obel BeeBUOdd
to be enconpassed within the scope of this invention.

us8@nwher ehihalpHEBbEssesufmpr the preparation of the
conmpounds according to the invention give rise to a

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

those described in Protective Groups in Organic

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

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

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

using methods known from the art.
The following examples describe the invention in

greater detail and are intended to illustrate the

invention, but not to limit it.
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m xture of stereoisoners, these isoners may be
separated 27 WD 2004/ 041836 PCT/ US2003/ 034107 by

we@eoennentss®nal techni ques such as preparative PCT/US2003/034107

chr omat ogr aphy. The conpounds may be prepared in

racem c form or indivighghsehanti oners may be

prepared either by enaﬁTTg%DﬁtTfic synthesis or by
ri-epakution of Phacesopeufdp-fmyctbee chiopbeulfiete (CS)

resolved into their contnent enanti oners by standard
t echni ques, such aSOBERABUPYSIRELERSS! di astereoneric

pai r S 0 ' ' ' | Yo BERIiNG out
ot & DhmpBLhe} (JTRE RS el O RpLE B e SN
d{ddedbno-pofv@ytodet avARY i comTid P fwtdomesndygallon
fractional crystallization and regeneration ?f t he
giaee batkbleTheTeorpourdsiffyvargolfeeredbyed pyl3-> 9
e} f._di e [ st am gde f
2550 R bnar S P b ATE e clTP 0t T o ao bl of g peot avesn
w&hi galirradxtbdi asyplét e ednasolVetyont heé chapbBdHds nmay be
resol ved_15 usjn chiral HPLC.columm. During any of
A@ﬁétbPaéés§E§C#O$O€V5bﬁ?aW?8nm3?etﬁg n%%ﬁ%%ﬁﬁgs of the
present invention, it nay be necessary and/or
desirable to protect sensitive or reactive, rougs 20
on ahylolithe Evleweves &baskrwad. LFhiednyjthePAF stock
achieved ns 0 ntjgqn tegtin r ;
SB ke (P8 L GocsPl bed h Brot BLEFYa Gotpacpn aing
bélgasec Ehehssbnypurd. wdsFcWhfigOred, t8l pnum Phess,
1973; and T.W Geene & PG M Wits, Protective
selBEpST ANEPgRAPCT98°EPht hesis, John W ey & Sons,
19911 ,¥Re sPEebgehi BF1E0UBSE tBRY LBE 15 a6D¥d st was
conveni ent subsequent stage using nmethods known from
WehshadtsuiﬁeryélpbwpﬁgdéxgﬁﬁpeélagsérgbelpﬁegiW@énﬁpén

ehf £32s0" 62LC ARk AL 0 sRERRLRLANICEREOsE! bURLEIhEng

flask was then placed on a top loading balance and a

second piston pump was set up to pump the SC into the
reactor.

The reactor was a continuous stirred glass reactor
with a four-necked head and a side overflow port at
approximately the 1-liter level. A nitrogen pad
utilizing a back-pressure bubbler was applied to the
reactor. The material in the reactor from the previous
experiment was determined to contain 0.3% DAF, 99.7% CS
and 0.08% other unidentified material. |

The piston pump for the SC was started at a feed
rate of 2.2 g per min. When the SC reached the reactor,
the piston pump for the DAF stock solution was started

at a feed rate of 15.2 g per min.
The reactor cooling system was set at -15°C in an

attempt to maintain the reaction temperature near 0°C
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i nvention, but not to limt it. 28 WO 2004/ 041836
PCT/ US2003/ 034107 Exanple 1 Preparation of

wh@eessse- (3- D-fructose chlorosulfate (CS) (oUil/UR2008/634107

Process A DAF stock solution was prepared by weighing

dQPEngStHéagghQQ@ 68" £BHCE@§@tQQﬁF)a(%é% Qrg}ukBt @nathe

one [ ass bottle. To the sol |ds wer e added
rghyaeof214305C gto 2B5P O sardpyasiat] .ne TH2OGehd 012 Kb s

m.) and the solution was stirred to conplete
sHisE6PUBLoAO8f TPRe DAF. Additional stock sol ution was

”adeTgé %%%%Er%asl uft éohhﬁﬁﬁo§%h§”%$§r fg@%ﬁoﬂa§f

fille stoc sol ution
sandnpKaaeﬁoumsa wwphlbhdlﬁg abdl@AEeStACblgpéntEQWpfeed
was conflgureg RFEP sol ut.i on_i to t he %gg%to
YESFNPG TS SERLAPRLE aﬁsbaﬁﬁblﬁrffs& ik ﬁa PPESKTRES IS
waekglhedasubf woyk tekl astde i68Crat 42 a2dgché03ufpnl) and
the flask was i Mmedi ately stoppered. The SC cont ai ni ng

seLhdkomasdistefl keeladRtaitoperdadri§sShal ahce rafddgnce
tgggomt 'ﬁJ ' QRPUIB R RES WR1LALBRER the aﬁgubcnbget he)

reac e reactor was a continuous stirred gl ass
hbeact or mnth a four-necked head and a si de overfl ow

port ap roximately the 1-1i e A n|tr g

pad Tgtel el lélgbgi RSk ¥8Sur& &E@lde:ﬁo\}ﬁ%yapﬁll g‘ %?‘(?
pbeudd rs%%taw £ilheeat ahbakhen ERapceatkar tbr em the on
preV|ous experinment was determned to contain 0.3%

aDAPLagy. PMACSTaand Ui08vRothéeTuicdeneinsd ingteritar
tgggegg%%%% %&ﬁ%b%%& %B@ sC Eaghsgﬁaaggtagfacégcgntrated
oil was transferred to a glass bottle and placed in a
freezer at -20°C for storage.

The product stream from the reactor was also
sampled hourly and analyzed via GC with results as

listed in Table 1, below:

Table 1: Product Stream Contents

Time % CS % DAF
1 hr 99.2 0.8
2 hr 99.5 0.5
3 hr 99.6 0.4
4 hr 99.7 0.3
5 hr 99.8 0.2
6 hr 99.8 0.2
7 hr 99.8 0.2
Example 2

Preparation of Topiramate (TPM) Continuous Process
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rate of 2.2 g per mn. Wen the SC reached the
reactor, 30 the piston punp for the DAF stock

waeldbisee was started at a feed rate of 15.2 gPEBRUSIN034107
The reactor cooling systemwas set at -15C in an

at t enpt Lptal g, thesr | n;m%%é@ﬂé@wm%ﬁ Gnh
29 %%%%?%%@%S%%%O duri ng %he cr(l)%)r see
oilf pieparadtaoninaEtanpks at urlesy | diishel viaaggen oflyme O
to +5. 0C was achj eved. _The reactor ir 400
a e P eaR Hh b hakd ?Enfc%rﬁt(?%u%%s%%%ﬁé ag%g’??o S of
S BSYEN (Fhe holr §i1 W4 1e t heg SGrandr&Abves ockomotuéi on
feed reservoirs replenished as required. Bal ance

fr@ﬁmﬁngéwhgéﬁeibséast%ﬁ@ﬁﬁ@tbﬁtﬁﬁﬁﬂt¥693r5?e§V%%@ t he
d%%éﬁ?@éf%iéﬁ?ﬁgﬁ&}gﬁ%ﬁg?%otgawgfﬂ'Qoffsgmr@éﬁﬁergbﬁre.

nce e reactor was cal culated at
BOUt'S ongs (1insdQ bous.a Thelieeri Brhgmeéyaskihask with
repl aced hourly

| , Wth the groggcé gtrg§n1filter d and
POReHORYapbr L ¥ESt 0 GHYBRI R 289Pdt 5Py CBGaPGFATSF with
r@: Y@t egoparh gt i fRd AdafcibeNBEr aipnesof gabout The
40C. " Each aliquot of concentrated 15 oil was
solansderved wmoxedghvast podtfelbagepl hesauph a 3fekfer

t -2 for .storage, -The.pro f 3
oPaaitorPans At ot BatolEifholl ey SRE0AM, EOTKIOR aos
s¥bth Be3uttisnag2sbisted)in Table 1, below 20 Table 1:

Product Stream Contents Time % CS % DAF 1 hr 99.2 0.8
2 hr 99.5 0.5

A 2-liter stainless steel reactor with overflow
port at about the 1.5 liter level was isolated from a 20
liter stainless steel product receiver. The product
receiver was evacuated to a vacuum of 30” Hg using a

water aspirator.
The reactor cooling system was set to 16.5°C and was

thereafter adjusted in stages to a final setting of 13°c

to maintain the interior reaction temperature between

17.9°C and 19.9°C during the course of the reaction. The
reactor was stirred at 700 rpm.

The entire reactor system was pressurized to about
2 psig (17 psia) with anhydrous ammonia. During the
reaction run, the ammonia was continuously added under
pressure control, maintaining a system pressure level of
between 2 psig (17 psia) and 3 psig (18 psia). The
measured ammonia pressure was in the range of 1.5 psig
(16.2 psia) to 2.5 psig (17.2 psia).

The Cg feed solution was weighed before and after
use. The reservoir containing the CS feed solution was

placed on a top loading balance and a stream of nitrogen
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3 hr 99.6 0.4 4 hr 99.7 0.3 5 hr 99.8 0.2 6 hr 99.8

0.2 7 hr 99.8 0.2 Exanple 2 Preparation of

WibHi0#/8dt83e (TPM) Conti nuous Process 30 WO 200 9dd860034107
PCT/ US2003/ 034107 CS feed sol uti on vvas pr epar ed by

wRE RSintathag dhe-pil sprepat 69k asy,

dissolving in glyne to a final concent at i on ol? 1 gm
t2d el & e Whyneoasinjolsonsadddre 05 ohe (&F6:dr gyia

fromthe5f e it was, stored
vvéétggr:EP UneP +3° avot d %b %\? WD%)g AR dMdned s grore
G‘/mrﬂﬁéd) galom 1 eAPes et eied Ther G yasrépised 4010 a
4-1iter Erlenmeyer flask wi t h portions of glynme. dyne

A7 it C@F%%?él@%lﬁ*r&j trl'eﬁ i sqIBroEr el eyl giped.

ddi
\Fj\l/el : tT{;]kH‘d 1%? I%ee%d rough a 91&9,&%%%}%% %\ﬁgererfl Flt6e)r

hyatrausiwig: hoi dmler/ialmmmolﬂceqne&i dira O stadketsofetdd Brer
252 iter stainless égeel reactor w th

Sk £ | ﬁvep%ﬁo"étwaa%d?ﬂmtweﬁ v iHERC | was
dcﬁ@oastlaﬂldrt oM g B Ad tBfoEtaidy %ﬁ%&ﬁ@ﬁ' ﬂg%%}ﬁate)

recei ver The product receiver was evacuat ed to a
Sf B yhastthgefa CSvatasrd a?smtrrdl @ ““ghewact or

JAG Sy stenyas. Set her eaf t er
adj ust edt%/n ‘Aglt@agesestngltaé %sﬁ%f’s@ oafbjl%é’ f%elow'
mai ntain the interior reaction terrperature bet ween

17.9C and 19_9C. du |n t e course of the reaction. The
reactor was ream Contents

Time % Topiramate |% CS % DAF % Other
1 hr 94.1 4.6 1.2 0.1
2 hr 94.2 4.3 1.4 0.1
3 hr 91.5 6.2 2.1 0.2
4 hr 89.5 6.9 3.3 0.3
5 hr 89.8 7.1 3.0 0.1
6 hr 90.4 7.2 2.4 0.0
7 hr 9029 6.8 2.2 0.1
8 hr 91.5 6.3 2.0 0.2
9 hr 91.7 6.3 1.8 0.2
10 hr 92.1 6.0 1.7 0.2
11 hr 82.1 6.1 1.6 0.2
12 hr 91.7 6.6 1.4 0.3
13 hr 90.8 7.8 1.3 0.1
14 hr 91.1 7.5 1.2 0.2
15 hr 91.6 6.8 1.1 0.5
16 hr 90.6 8.0 1.1 0.3

After 16 hours, the reactor was turned off and the

product receiver can was allowed to sit under ammonia
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The entire reactor systemwas pressurized to about 25
2 psig (17 psia) wth anhydrous amonia. During the

wPogaet/(40886r un, t he amoni a was conti nuously adeed/usaesrz41o7

pressure control, naintaini ng a system pressure | evel

Sfeshgtarsn a5 & (7508 a)1 ANk 3PSt & (é@mgé @quJPse.

measur ed amoni a pressure was i'n the range o psi g
30hg I Hypsl el s g grdd iepsiented heo GEl Ieednost

[,uti on was. hed bhefore and after use. The
?%stglrevoa}r?m%m mg"r‘%ensgcﬁ%% CS feed solution was pl aced

on a TP gaatlidly Talane eyancr & dreamofa iisggen 31
WD 2004/ 041836 PCT/ US2003/ 034107 was mai ntai ned at
Fnalyr f e gTokis |etR Blumel b inddie Bugherr wiignnel

td t
SRRl AR, O A Moy S RS or
frodalt |girynms(trcs:aﬂedae1ghw\as72pr2rga)red THee 5 prtevtadis| y
descri bed vVoi r re eni shed The, reactor
SEE Sfudie @?%rres?%&v ) Rh JREIRGS h
wlegﬁerdavmzorl 1 SN & henPRRsSid QSRI WS he® b1 e
overfl ow was nonitored by HPLC for conposition,

et ﬁl994arﬁolﬁmsof pr oduct (Topiramate), 10 amount
of
bypré%’ucts rteh resrﬁts ag”"‘gloéjst egora o @

Tl wy 2vaRraaducir Stirtdam Gortteanttsath mm:%t'l’ammercﬂrmi & %

CS % DAF % COther 1 hr 94,1 4.6 1.2 0.1 2 hr 94.2 4.3
temparature gf ¢O°§ so2vieidocgude Reprdgagagey 3.3 0.3

5 hr 89.8 7.1 3.0 0.1 6 hr 90.4 7.2 2.4 0.0

GC analysis of the solution in the product receiver
after sixteen (16) hours reaction time showed a mixture
of 1.1 Area % DAF, 8.0 Area % CS, 90.6 Area % TPM and
0.3 Area % unknowns.

GC analysis of the solution in the product receiver
after sixteen (16) hours reaction time and about 8 hours
standing showed a mixture of 0.9 Area % DAF, no CS, 98.5
Area % TPM and 0.6 Area % unknowns.

GC analysis of the contents of the product receiver

after filtration showed a mixture of 1.7 Area % DAF, no

CS, 97.% Area % TPM and 0.5 Area % unknowns.

Example 3

Preparation of Diacetone-B-D-fructose chlorosulfate (CS)

Continuous Process

The reactor used was a continuously stirred glass
reactor with a four-necked head, a side overflow port at
approximately the 1-liter level, and a nitrogen pad

utilizing a back-pressure bubbler. The reactor was
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7 hr 90.9 6.8 2.2 0.1 8 hr 91.

56.32.00.2 9 hr
91.7 6.3 1.8 0.2 10 hr 92.1 6.0 1.7

0.2 11 hr 92.1

WO.20041048838. 2 12 hr 91.7 6.6 1.4 0.3 13 hr 90.p8TAISB003/034107

1.3 0.1 14 hr 91.1 7.5 1.2 0.2 15 hr 91.6 6.8 1.1
RAed Gilth 9B 8rBi@elrl HRhD C%Loﬁlg.glgit@yg%% Plor to

reactor was turned off and the recel ver can
tias sdlardbwed thes expemderndnminiieca ma32r'\We 12064/t 8B ctor

PCT/ US2003/.0341 pressure of. about 2.0 psi 17,
B8 RSO s hoUrE SRR G Be T ede RIS e
fidierom@lieedd eualsl @Wrisls Rimnlha RAERK &t L£3cape.
The product slurry was filtered in a Buchner 5 funnel.

The solids were slurried in the Buchner funnel and

drai ned ! RORAMONY SO RISALLY 8GHBLoRRILY 0TS Of
fresh gly ed

Ron#tents of the mroduthre'eiier cém and svashi ngs 7
weighed 63218 g whjle thF—meLche_QL_mache solids
30 TRei ghed 194, gbg_Prs. IPhé fPrtEred’s8l ubPok WS -4 | 99-6

EVBRPT ared 1o am of 1T Ot A [TOLATY ZVAPOTEIDT T WiTd g
wat er _bath maijntai neld at a| tenperaturle of 4pCtio

$i epthertide Topi ramafe.0 15| GO angl y&i s| af.1he sl ution

i tha neadiict! r a~al hyar a2fFtar ci vt aant (16) ours
\WAV AW pwN Y \ A | A o7 \J- =4

n
LINLEL B L I A S S o GCTT oI /xAcrTTTt

reaction tinme showed a m xture of 1.1 Area % DAF, 8.0
Ar ea p%01C3; £ 29 ErAteme¥elPiant As3 FA18R (YA NSNS .

stock solution (prepared as described in Example 1) and

roorT

was placed on a top loading balance. A piston pump was
configured to pump the solution into the reactor.
Sulfuryl chloride (SC) was weighed into a separate flat-
bottom boiling flask. The flask containing the sulfuryl
chloride was stoppered and then placed on a top loading
balance. A second piston pump was configured to pump
the SC into the reactor.

Agitation was started at about 400 rpm, and the
piston pump for the SC was started at the desired feed
rate. When the SC reached the reactor, the piston pump
for the DAF stock solution was started at the desired
rate. The reactor was run continuously for a set period
of hours, with the SC and DAF stock solutions feed
reservoirs replenished as required. The reactor product
overflowed continuously to a product receiver that was
emptied as needed. Balance readings were used to
monitor addition rates and the pump settings adjusted to
maintain feed rates. Operating conditions, including
the calculated reactor residence times, were as

summarized in Table 4, below.
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GC anal ysis of the solution in the product receiver

20 after sixteen (16) hours reaction tinme and about 8
wphaue0418bandi ng showed a m xture of 0.9 Area HcDAS2003®34107

CS, 98.5 Area % TPM and 0.6 Area % unknowns. GC

anal ysis of the contents of the product receiver

after filtration showed a m xture of 1.7 Area % DAF,

no 25 CS, M@}ﬁwtm@ac%@mms

""'"l’“l e—3—+ epatatot of cetone o Pb-frruetese
Rué"hloﬁgorosulfate (CS) L(llion in ous oc é 30 The rea@tor 7
MJISEERaEDS a continyousTy [stirred glass reactor{with A

f our - necked head, |a side overfl ow Sgort at
S%Sézb&%ﬁatel y the 143 ¢r0 1% el0,- 93nd1 a0hi|t¥ dYen pdd | 0.99

(68

t a back=pressutre—bubbter—The—reactorwas—3
M% Mb&é41836 PCT/ US2003/ 0341107 cjool ed |wi th an
Pyiridiiractoag ycol CﬂQﬂ.JG@ sy.si=my . Bsijor. ¢ | 1w stiants ph.os

e material n_thel reactlor  was

M%%I%Pz"’éd’ by GC THe stafting feactor compositidns fof

draled TUns Vene, ag, SRy geda iy Table ke 12 B

) .64
Starting Reactagr Camjposition Run# 1 7

D

PL'@S aate dY/&i). 6 (97.9 99.6 99.4 99.6 % DAF 1/0 0.4
5.4 2.1.0.3 0.6 014 09 her | 010.00.1200|A
Glyms 53@# Er | enneyer ?1§;Lq =ilgl'é1d W th |BAF ¢ stlgerk | 13-4 |

P W@ | ared as descrl PEd T n [EXanplfe I) and I
was pl aced on a tap | oadi ng bal ance. A pi|ston punp was

S%Gﬂaﬁf%@?ed to puny Jtlrﬂe4$dl-@t2 h@ -0At (02 t hé rledct pd.-17 | 1.15

oM\ N A A ~la P | M P = oo at o
Re%[gd:tlorf/ Te‘fr{f)' U(IochC \o_\,f waa_zvvc gllzeu T O ¢ agpa allz 30
Residence Time
(hrs) 2.0 2.0 1.0 1.0 1.0 1.0 1.0

The reactor was sampled hourly and the samples
analyzed for content by GC. The hours of operation at
each condition and the resulting reactor content near
completion of the continuous operation are summarized in

Table 5, below.

Table 5: Operating Time & Reactor Contents

Run # 1 2 3 4 5 6 7

Hrs of operation 5 5 5 | 5 4 5 | 3

% C8 99.3 [ 94.1 |1 91.5 |1 99.5 | 99.598.8 | 95.9

% DAF 0.7 5.9 8.5 0.5 0.5 1.2 4.1

% “Other” 0 0 0 0 0 0 0
Example 4

Preparation of Topiramate (TPM) Continuous Process
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bottom boiling flask. The flask containing the
sul furyl chloride was stoppered and then placed on a

w0 o4loemaé ng 15 bal ance. A second pi ston punp MEBUS2003/034107
configured to punp the SCinto the reactor. Agitation

Was §%%rE%thEuéggu&eéQQo&pWbsaﬁgZ%EEEeQi%E%&nﬂ%@% for

the SC was started at the desire rate. When the

s8€efleprhedutrhe reeatbor witthe api stverrfpowp PROLf Gt tEliroUDAF

tock solution was started _at. the_desi.r ate. .The
SBadrsr MAS T ARV | HHSuSEy P Aoeat VBe: 5 SoPd"
1heers stutihhekBe sBeecan @A usteotlnkql Utthensecbeedr was
reservoirs replenished as required. The reactor

cpragdctvithy epf Fefédeetn By Geds Opoldng FYEREEY tecei ver
nhl3ka49s 28 eERbbed asneeded Bakance LeAdingR ekt
used to nonitor addition rates an he punp settings
dadjimst éthet coummenbdi thiececacaties.. operati g the start
ondi ti ons, .i ncl udi t he cal.cyl ated reactor

Sresi eﬁ&‘é’%ﬁﬁ@%‘?lm&?‘g g8t edimtarty &4 Pfe?‘gkloé" From the
ek W34 W0 2A0A 041836, RET/ALS2 093603410 de L Eaklig1ch:
Reactor (perating Conditions Run 1234567 Mle
CRaties tS02Eng: BARTLI1I0S Feg4tPOITONPYELIL 10051 WFSD. 99

10 - Ldine: DAl . 1.05 1.05 1.05 1.05 1.05
S%%%Idel%?%%i% f?'r‘rez%ﬁkﬁgg. 32 2.32 2.32 2.32 4.64
4.64 4.64 Punp rate (g/mn) Gyne:DAF 7.61 7.62 15.4
I oEabin & Feactor Sonbeny al GRS Sdertned:

Run # 10 11 12 13 14 15 16
% TOP 77.5188.2191.9(83.0}96.6|92.2|955.0
% CS 0 0 0 0 0 0 0
% DAF 23.3(11.7| 6.3 |15.1| 3.2 7.0 4.8
Run # 17 18 19 20 21 22

% TOP 89.1|85.4185.7|96.0|89.881.7

% CS 0 0 0 0 0 0

% DAF 10.3|114.5(14.3} 2.6 9.6 |17.8

At the start of the experiment, the product
receiver was evacuated and the entire reactor system was
pressurized to the target pressure with anhydrous
ammonia gas. With the exception of Run #10, the ammonia
was added above surface. A reservoir containing CS
gsolution, prepared as described in Example 2, was placed
on a top loading balance and blanketed (inerted) with
nitrogen. A piston pump was configured to pump the CS
solution continuously into the reactor. With the
exception of Run #10 and #11, the CS solution was added

to the reactor above surface.
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Reaction Temp (C) -1 -2 2 4 0 14 30 Residence Tine
(hrs) 2.0 2.0 1.0 1.0 1.0 1.0 1.0 The reactor was
wezapleis3hour | y and the sanples 5 anal yzed f or pcontsesi/o34107
by GC. The hours of operation at each condition and
the reauldidigd QRAGEPIE HONURN cd1 &A1 1P Rl ogtfpétéciteat
conti nuous operation are sumarized 1 n Tabl
the darder Tasice @tererPartmqrgLaleess &RadtuerusContashiesl
Rup # 1 2 3456 Hrsofoeratl 5453 %
S0 SF P PRSI S e G e Tatghe @reasye-

A Gddbdr brddhck HBhardd Q:CQ'thLIQlCQlSQ.yO texaml e 4
PreBar ation of Topiramte (TP Cont i nuous Process 35

[TRPESYEIPCTASSINDE (54 fred Bl uWomtl masugieeded,
| .
LRt Rach g P LA DY SRS

Chheligrigthect iredeidiery wase a:aZtO:—uJJatieei staaitidre s ssitdralce
1_1|ar essure tank. The react V%’n oled with an
T r NG ISABRIEESG g'iiaskt (L 'Or‘ft'ai n the

tenperature near the target ed tenperature during the
course of the reaction. Prior to the start of the
10 exper i mentfablige 7ip RegicHo @nelxeatr@gctc@ndﬁrtémnﬁqe

0o

rous—experiment—wygs Eng yZed Py tQ #4 et |||15c 1016
content. The starting rejactior [conposi fTons were
Masawmiatzed i n Tabl ¢ 6 blel ow. [Tabl e| 6: Rdact or
Contents at Start peri ment Rup # 10 11 12 13 14
Glygne (€S oi 2 5.8 4.3 [8.7| 5.8]5.8] 5.8

% DAF in CS

U(D

solution 7.0 2.3 3.3 3.0 1.8 1.3 1.1

CS solution Feed

Rate (g/min) 7.4 V7.0 | 7.4 { 7.3 | 7.1 | 7.2 | 7.7

NH; pressure at

reactor (psia) 30 28 17 17 4 5 17

Agitator speed ‘
(rpm) 350 300 720 715 680 686 688

Reactor Temp (°C) 0 20 19 18 19 0 19

Residence time

(hr) 3.0 3.1 | 3.1 3.0 3.0 3.0 | 2.8

Run # 17 18 19 20 21 22

Mass Ratio

Glyme:CS oil 5.8 2.9 2.9 5.8 5.8 | 5.8

% DAF in CS
solution 2.1 1.5 2.0 1.0 1.0 5-6

CS solution Feed

Rate (g/min) 7.2 7.7 7.7 4.2 4.2 4.3

NH; pressure at 30 18 4 17 18 30
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% TOP 77.5 88.2 91.9 83.0 96.6 92.2 950 CS 0000 O
00 %DAF 23.3 11.7 6.3 15.1 3.2 7.0 4.8 Run # 17 18
wQA 9200204836 22 % TOP 89.1 85.4 85.7 96.0 89. 8 81rCT/U%20C8034107
000000 %DAF 10.3 14.5 14.3 2.6 9.6 17.8 At the
reskabi q% Gg experiment ;- thie produdt I5 [ecei Ver wag
evacuat 3 and the jentire reacfor system was
Agptassur ispeedt 0 t he targe¢t pressure (with anhydrious
a nia gas. Wth |the_exc i p Run #10 hie
(rﬁﬁggnia was added gﬁgve gg%fagggyﬁ #EQEIV%ﬁé 722
Y Soljuti on,| prepar ds s¢ribed i
Reé§2%3|g%%% §gg)place%920 gﬁ a tgg Ioé%?n Hglancggand
RebBliaekeked imenerted) wth nityogen.| A piston punp was
configured to punp the ¢S so|ution continuousiy into
(brhe reactor. Wth [t Be O exdedt | o Bf| Rud #19-and #P1,
the—€S—sotutiom was—added—t0 the reactor above
surface. 36 WD 2004/ 041836 PCT/ US2003/ 034107 The
pi ston punp for the CS solution was started at the
targe% feed rate. Annngia was cont&nﬁoggl¥ adde th
underPfr EEEGFRT cHAPFEREEoVaPNEATTREHe "PRF §&t 21 ©
sBhB38H 8nalhedr eaet ebnbeadust, over f rawedoaest bauous!y
to the 5 product receiver. As nore CS feed sol ution
5 opasahéededt epchwasngitparedngs thesEPEHE8iNE ERAAPPE
chi SRE! ALLIO ARAALELANS e LAC! UALGLBECBLEULRLBH were
reactor residence I'me, were sunmarized inh Table 7,
abebowmalQ z&dblie TabReaét obeDper.ati ng Conditi ons Run #
10 11 12 13 14 15 16 Mass Ratio

Table 8: Operating Time and Reactor Contents

Run 10 11 12 13 14 15 16

Operating time

(hrs) 6 7 6 9 9 5 8
% Topiramate 72.9 | 83.0 | 77.9 | 82.2 | 77.0 | 84.9 | 90.6
% CS 0.1 1.9 4.0 6.0 17.3 | 10.0 5.3
% DAF 25.3 | 15.0 | 16.2 9.9 5.1 4.6 4.0
Run 17 18 19 20 21 22

Operating time

(hrs) 9 6 8 15 10 15

% Topiramate 84.0 | 75.6 | 73.2 | 87.5 | 89.8 | 84.6

% CS 1.7 7.4 16.7 3.0 6.3 1.5

% DAF 14.2 15.4 9.6 8.9 3.1 13.1
10

Example 5 - Effect of Solvent Removal
STEP A: Preparation of Diacetone Fructose Chlorosulfate
using a Stoichiometric Amount of S0,Cl:
A 5000 mL 3-neck round spherical flask was fitted

15 with mechanical stirrer, thermometer and an addition
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.85.85.8 %DAF in CS
.3 1.1 CS solution Feed
WRai084/04836i n) 7.4 7. .1 7.2 7.7 NH3 pues063034107
at reactor (psia) 30 28 1 7 4 5 17 Agitator speed
fupng 1 366n386: 42015 £8P $86:688¢ Bf@%géﬂsg@ré@tg
20 19 18 19 0 19 Residence tine (h
%VBd% @nslnﬁrm wmqspfl%rqg 2@@1(@5 Miss3 RaTimoles) ,

so%yutl on 2. 1 1%“%%]%%1€ 0 %E-;%'éc%’ s%(r iIB?lf?—%ngwere

. . . at
HEE bt el e
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The mixture was stirred at 0°C for an additional 15
minutes, after which time the bath was removed and the
mixture warmed to room temperature. The contents were
sampled and analyzed by GC.

Analysis: 1.19 % DAF, 98.78 % CS

The mixture was vacuum filtered to remove the
pyridine hydrochloride solids. The CS solution (2835 g)
was transferred to a bottle, tightly capped and stored

at - 20°C until used in Step B.

Step B: Preparation of CS Solution for Conversion to

Topiramate

The solution prepared as in Step A above (130 g)
was evaporated in vacuo, in a 250 mL round bottom flask
Oon a rotary evaporator and 40°C water bath, until 20% of
the solvent was removed.

Following concentration, the flask contents were
diluted to the original 130g with fresh glyme, mixed,
vacuum filtered, and kept under nitrogen until used in

Step C.

Step C: Conversion of CS Solution to Topiramate

A clean, dry 300 mL stirred Parr reactor (31688)

was purged with nitrogen, then evacuated and isolated.
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content near conpletion of the continuous operation
were as summarized in Table 8, below Table 8:

wap@natisag Ti ne and Reactor Contents Run 10 11PARUSB03/d34107

15 16 Operating time (hrs) 6 76 9 958 %

. 9 3W 7 erxr n OV &
rf8Bh’ 8T9YE 18700Fowds [(rinbfetxld 208, Pn8DyBsstl Gonich

w8s9b5idfdy6ré-8vaRuatéd. 18The 20izrez2wg@setutriag phnend

hrs 9 6 8 15 10 15 0 mat e 84.0 75,

the. 8Vahen wapcargsririzedonytl ahacdls s%5BaRE 7,85:8.
A5wét8r6b§tﬂ Fad t3ed wlbnExaapkeohs- off fieet agf needed
Sol vent Renoval STEP A: Preparation of Diacetone
tE;mg&ggg%ﬁgtgegguhtageS aiiagoagSﬂékéﬁF6n9h¥T@9Mm®wnthe
0 neck r.oun eri a S,
rPREELan B5TAREN naBRARECLEeay EEPEr SoeRe Priing: SRsHa AR
pﬁﬁﬁ'&b@@ a%%u%012§§4hgﬁ%§36tB€E/H@&QQ%GO%ﬁlaadltuaﬁan 2

cohnected to a | ow pressure nltrogen source to
hpuewi de abounens-avhosphdéee. 2 DAFLG 826mgni3. nfeaamEs)

glyme (1915 and pyridine (263. s) _we

addeah?orﬁﬁé%PFag?n5ﬁ8t§t %dVEFU§%cfﬂ8% ggglgpergmove
NfLSBOLYE | ORe Jh§a£|§§i<t%@§e09§é§9zéa Bysatt and ice

m xture to an internal tenperature of about OC

Sul f anpllyeshisor i @e5( 42PA8,9203017 #dMes) was added over

4 hours while maintaining the reaction tenperature at
oC

Example 6 - Effect of Solvent Removal

STEP A: Preparation of Diacetone Fructose Chlorosulfate

using 5% Excess Amount of S0,Cl,

A 5000 mL 3-neck round spherical flask was fitted
with mechanical stirrer, thermometer and an addition
funnel connected to a low pressure nitrogen source to
provide an inert atmosphere. DAF (825 g, 3.17 moles),
glyme (1915 g) and pyridine (263.5 g, 3.33 moles) were
added to the flask and stirred at 25°C to complete
dissolution. The flask was cooled in a salt and ice
mixture to an internal temperature of about 0°C.
Sulfuryl chloride (449.5 g, 3.33 moles) was added over 4
hours while maintaining the reaction temperature at 0°C.

The mixture was stirred at 0°C for an additional 15
minutes, after which time the bath was removed and the
mixture warmed to room temperature. The contents were
sampled and analyzed by GC.

Analysis: 0.23 % DAF, 99.72 % CS

The mixture was vacuum filtered to remove the

pyridine hydrochloride solids. The CS solution (2859 g)
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worRootou83cvar med to room t enper at ure.

The m xture was stirred at OC for an additional 15 10
m nutes, after which tinme the bath was renoved and the
The cont ePCEUSENE034107
sanpl ed and anal yzed by GC. Analysis: 1.19 % DAF,

Wi 48 2RLFR e d NG, M PN S aS MAGUUM ééﬂc#&i &thd Stored
renmove the pyridine hydrochl oride soli'ds. The CS
aolutdicdr (2833 alkedvds torapsBerred to a bottle,
tightly capped and stored at - 20C until used in Step
B. 20 Step B: Preparation of CS Solution for

S & S d o IO TSFBES JNE, SQIALEON RSLAM LRSS N

Step—Aabove ( 1307 Q)  WaS evaporated 11T vacuo, T a
Lo rematind bottom flask on a rotary evaporator and

40C water _bath, until 20%.of '25 th |
o e o i AR AR e | T e Ve
ey e C?)divJatH ety 4ot dAee @riginalud,30th W tdsd res hrgladre,

m xe vacuum filtered, and kept under nitrogen until
hegabn £l eBtkeprC.a 3otSigp GSrapcoratersiaon of 0°CSwadleut banh,

tq .Top ra e Aclean, dry 300 nL stirred Parr reactor
U(rg-fts-gsg%%% e Vrth 1% rSgE e hen evacuat ed and
i sol aiad.owi3Ry 7004 AAE36 REH US2003/ Q3O 5 Riash

|l yme (87 g) was ;ransferred into the vessel which
d%alélttﬁd é19 \Chee-avkginaled. 3 Othavisth riegswvesl ymg naelxad,

Y , , T ¢
S R (85 AR S S A A L R

Jegdetl 5 to maintain the contents at about 15-20C

t hroughout the reaction period. The CS feed from Step

B was added vi a
Step C: Conversion of CS Solution to Topiramate

A clean, dry 300 mL stirred Parr reactor (316SS)
was purged with nitrogen, then evacuated and isolated.
Fresh glyme (87 g) was transferred into the vessel which
was briefly re-evacuated. The stirrer was turned on and
the system was pressurized with ammonia to about 2 psig.

A water bath was used with additions of ice as needed
to maintain the cbntents at about 15- 20°C throughout the
reaction period. The CS feed from Step B was added via
pump over about 1.25 hours, then stirred an additional 2
hours at about 15-20°C under 2 psig ammonia pressure.

The reactor contents were vacuum filtered to remove
NH,Cl and the clear filtrate analyzed by GC.

Analysis: 8.1% DAF, 90.0% TPM

While the foregoing specification teaches the
principles of the present invention, with examples
provided for the purpose of illustration, it will be

understood that the practice of the invention encompasses
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punp over about 1.25 hours, then stirred an additiona
2 hours at about 15-20C under 2 psig ammoni a
w@e@3sursae The reactor contents were vacuum f i PCEUSZ0E/@34107
renmove 10 NHACL and the clear filtrate analyzed by
S 0. - Effect

U T LR ST SRR Prararat O of i Ze et one
madﬂﬂumaalﬁhboassquat@1tm5nu3hagsé@pdimﬁéSShdvﬁnmﬁowmhg

Q2C12 A 5000, nlL 3- nec& round spherical flask was

Fhamsg anfli FReAEcRgHi€ate8EFrrer, thernoneter and an
addltlon funnel connected to a | ow pressure nitrogen
source to provide an inert atnosphere. DAF (825 g,
3.17 noles), 20 glynme (1915 g) and pyridine (263.5 g,
3.33 noles) were added to the flask and stirred at
25C to conplete dissolution. The flask was cooled in
a salt and ice mxture to an internal tenperature of
about 0C. Sulfuryl chloride (449.5 g, 3.33 noles) was
added over 4 25 hours while maintaining the reaction
tenperature at 0C. The m xture was stirred at 0OC for
an additional 15 mnutes, after which tine the bath
was renmoved and the mxture warnmed to room
tenperature. The contents were sanpled and anal yzed
by GC. 30 Analysis: 0.23 % DAF, 99.72 % CS The m xture

~was vacuumfiltered to renove the pyridine

hydrochl ori de solids. The CS solution (2859 g) 40 WO
2004/ 041836 PCT/ US2003/ 034107 was transferred to a
bottle, tightly capped and stored at - 20C until used
in Step B. Step B: Preparation of CS Sol ution for
Conversion to 5 Topiranmate
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A portion of the solution prepared in Step B above

(130 g) was evaporated in vacuo, in a 250 nL round
woabudaissbask on a rotary evaporator and 40C WRU®NS2003/034107

bath, until 70% of the solvent was renoved. 10
ﬁ%ié%%&ﬁf concentration, the flask contents were
o the original 130g with fresh glyne, m xed,

Vacuuin donttieness grbdeeps fmderhdi pragen tidn lofised in
Step C. .15 Ste , version of CS Solution to

GI?TEE? %t%fﬁg%%@gr‘?cg? 300 nL stirred Parr reactor
(316SS) was purged with nitrogen, tpen evacuated and

i solated. Fresh glyne (87 Q) t\pog§lerred into the
vessel which was brief re-evackat ed. The stirrer

was turned on and, 20 he i pressurized wth
ammoni a to aboutR ' water b®th was used with
additions of ice as n R3 maintain the contents

at about 15- 20C thrgfighoNt, the reaction period. The

CS feed from Step BRas added via puflp over about

1.25 q%%g then stirred an additional 2 25 hours at
about" %H%:under 2 psig ammoni a pressure.  The

reactxori € dlendtsedveleon aauuimdd d;t ered to renove NHACL
and the clear filtrate analyzed by GC. Analysis: 8.1%
DAF, %0 i6vSPRRES6AWETPE ttllﬁl@ ﬂ&Pé‘@oFﬁ@Séﬁééiﬂﬂ edt yrlrogen
deaches, jqu principles of the present invention, with
exanples prOV|ded for t he purpose of |IIustrat|on it
will Be RindeT strsb®’t hae ehehpriadependehtillye siefheertsidon

BRI Do el ot gt RS by Cra, © and

Iﬁbdb&i@%taQRénaSgQ@ﬂpsWUbhh@dIhé S@QQEaOEehE%ne ring

following clainms and their eqw val ents,
and, whernl X is O, R’ and R* and/or R®> and R® together may

be a methylenedioxy group of the formula:
R;<o\5g’_
R® O’%
wherein
R’ and R® are same or different and are hydrogen,

lower alkyl or are alkyl and are joined to form a

cyclopentyl or cyclohexyl ring;

comprising

43



10

15

20

25

5 42 WD 2004/ 041836 PCT/ US2003/034107 W Caim 1. A

conti nuous process for the preparation of a conpound
wobockosrssé a (1) H X SANR R6 ¢ \0 R3 R5 4P(T/PS2083/034107

wherein X is selected fromCH2 or 0; Rl is selected

fromtihe Si.St:i X
L R A e G B e
foromley diiogewich |lsodguratilkydhland,deshen X is CH2, RS

and R6 be al kene gro oi.ned to forma benzene
i ng LThrthe IEFORIS 46 o GRARTHA /GO HE T BeSe

t ogetihera MBsth @ 3B EHERRHORLMEOWI Rf dth€east one
formula;: R7 R8 O 15 wherein R7 and R8 are sane or

sdilvesye e lavt eat £reyHEogaielid Gderal Iy (sterighe Syl
re.jQined f.q.f0orm cl r

S M R RIS i Rharle, LR E e,

3 a RoxRAidd I a cyclic, straight or branched chain

dialkyl ether and an aromatic hydrocarbon solvent;

to form the corresponding compound of formula (V) ;

S0,Cl SO,—NHR'
/ /

+ R'—NH, ———> R®
(V)

(V)

(B) reacting the compound of formula (V) with a
suitably substituted compound of formula (VI);

in a second organic solvent comprising at least the
solvent used in step (A);

to form the corresponding compound of formula (I).

2. The process as in Claim 1, wherein the organic or
inorganic base is an organic base.

Y
3. The process as in Claim 2, wherein the organic base

is pyridine.

4., The process as in Claim 1, wherein the first
organic solvent comprises at least one solvent selected
the group consisting of a cyclic ether, a straight or

branched chain dialkyl ether, an aromatic hydrocarbon
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(1Vv) (V) 43 WO 2004/ 041836 PCT/ US2003/ 034107 (A
reacting asuitably substituted conpound of fornula

wOMu/oaisBh sul furyl chloride; in the presence BET@S2003/034107

organic or inorganic base in a first organic sol vent

St et L Sé\%%i L RN S o [ ifhched

cdtehiet d:asnliaybrmtthe:r hsymii cmarabamatm laydir st arrleoofs@l vent .
cyclic, straight or branched chain dialkyl ether and
an aromati c hydrocarbon solvent; to formthe

€01 I egRONGHNge £OMROUR c@lfalfnﬂ)réﬁwvﬂqéféln ik SR

S02-NHRL "X p X O"4 R6 R3 + RI-NH2 R6 R3 R5 R4 (VI)

RRyFRic (39ly(ent ¢@priesas ingdiel € orpoendofa farmdght
sui t abl b tit ed conmpound of formula

(R/Ikiraricgﬁed c:'jst%l'l‘—’sle%oCi(nl o Slan? 3‘ $ol vent conprising at

| east the solvent used in step (A) ; to formthe

correspondi ng conpound of fornmula (1), 2. The process

&s i TG RFRASSHURT eith Ctlt?é“‘br%'aﬁ’i’l'teléﬁln 2ehs ricrigni

J_l@%ﬁ) S U -RLgan 3. The process as in Caim?2,
wheréin t he orgaﬁ%éﬁagge is pyridine. 25 4. The

process as in Claim 1 vvherei n the first organic

t ri ses_at, St, | vent ect
T oup i TS o i Qe o RS e G v
dmaneihed ohabreshad ki 8t hﬁrroura;n Freed + o Hrdraeartban, o

moles per mole of the compound of formula (IV).

8. The process as in Claim 1, wherein the base is
present in an amount greater than about 1 molar

equivalent of the compound of formula (IV).

9. The process as in Claim 8, wherein the molar ratio
of the compound of formula (IV) to the base is at least

about 1:1.05.

10. The process as in Claim 1, wherein the temperature

of the reaction in Step (A) is less than about 50°C.

11. The process as in Claim 1, wherein the second

organic solvent is glyme.
12. The process as in Claim 1, wherein the compound of

formula (VI) is present in an amount greater than about

1 molar equivalent of the compound of formula (V).
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44 WD 2004/ 041836 PCT/ US2003/ 034107 solvent and a
m xture of a cyclic, straight or branched chain

wdielsloyis3et her and an aromati ¢ hydrocar bon sol pents2003034107

The process as in Claim4, wherein the first 5 organic
v 1 SESs ic. ether r.ai ;
r'ang]ﬂ‘ﬁe% C a(%éﬁéﬁiaa kl:}?lcde]t en? .1h%’. %%ﬁ%%c%g%qg%lﬁ ratio
dfd aihm Scomrewed nof hieofmulsst (VI )gand ctlse| vanmboursd ghf ne.

0 7.. Th rocess as in aiml, wherein the sulfuryl
%?ﬁr%’r]iade&(s 17 Rente3st zﬁ%%tﬁﬁlgr eater than about

0.9 noles per nole of the conpound of formula (1V).

15 8. The process as in Caiml, wherein the base is
It escihe ipregessmamtingr@aion ¥ harheboin themniempound of

i ept_of.th ound, aof, formula. (1M .-9, .The
LR O O EnfAIRO WG Ynd MIIRLALL M ecy WS cne

tdw toanpouing wfedoumalef (dBHutd aLd hestmse is at | east
about 1:1.05. 10. The process as in Caim1l, wherein
the tenmperature of the reaction in Step (A) is |less

than ghoYl,y Q0Gss Zs Ll B PrOCERTASIh N1 aiéﬂlﬂerature
wherein the second organic solvent is glyne. 12. The
Q@ ddes sreact yortl i rAtlep WiPr eis ithetlvompongel @f £330
forrruIaO(VI is present in an amount greater than
afisith — a?‘b%‘gﬁi%lcent of the conpound of fornula
(V). 45 WD 2004/ 041836 PCT/ US2003/ 034107 13. The
process as in Claim 12, wherein the nolar ratio of
tthe cBmpaurmekeds fag nud £l 1o whereonpowndofpound of

formula (V) is formed in a solution comprising the

compound of formula (V) and the first organic solvent.

17. The process as in Claim 16, wherein the sulfuryl
chloride is reacted in amount equal to about 1
equivalent relative to the compound of formula (IV),
further comprising concentrating the solution comprising
the compound of formula (V) and the first organic
solvent to remove at least about 20% of the solvent

mass. .

18. The process as in Claim 16, wherein the sulfuryl
chloride is reacted in amount greater than about 1
equivalent relative to the compound of formula (IV),
further comprising concentrating the solution comprising
the compound of formula (V) and the first organic

solvent to remove at least 70% of the solvent mass.

46



10

15

20

25

formula (V) is at |least about 2:1. 5 14. The process
as in Caim1l1, wherein the conpound of fornmula (VI)

wo0mmsié a and the ammonia is fed into the rpPacawSzooan34107

a pressure of about 19 psia. 15. The process as in

13 al Mrle PASLELD ddod PRIl e el Bl gl eaLtipn
in Step (B) Is In the range of from about - to
Gorantsd; 1116 . tihes pnociess asnpni €l ag ntle adrgr@imd tdi

0 nd, of formula_, is formed in a solution ,
SOMRAID 0 (W TP AR o O V%) S L
first organic solvent. 17. The process as in Caim

16, wherein the sulfuryl chloride is reacted in
Hhounthedrigpce s asbutn Claggui Val efitrlesatqenpisinge
ofelyisle f g (I 0 t [.S4 N
concewaﬁ%g&%%% 0 uc:él)m nlecsonr‘lr[g} i%?%gg&%éed%%n%oufnodr gila
for mid (N ikt herddmist aplgasntc tsaremdite tvapIremives .

at | east about 20% of the solvent mass.. 25 18. The
process as in Claim16, wherein the sulfuryl chloride

418, 1 efrd abh-d e Ut grEal AN 1 hamahowt deoeaulyval.git
relative to the conpound of fornula (1V), “further

Serpr 1B e orr@ntrut iy 3 eorblnudwh sorpreditrank t he
:&§#995$d of formula (V) and the first organic 30
ent’

solv to renove at | east 70% of the solvent nass.

46 WD 2004/ 041836 PCT/ US2003/ 034107 19. The process
as in Caim16, further_ conprising concentrating the
ol uth FPTRMG RITPAIRE HIRSTEHPDILO i mAZPIans Aid
dihgfirst organic solvent to an oil. 5 20. The process
as in Caim116, further conprising treating the

sol ution conprising the conpound of formula (V) and

§§¥5fﬂrﬁﬁaé%éﬁgﬂé&é§¥‘Gg%pééﬁéf%ﬁ“ﬁ%a§¥fgﬂﬂﬁ*%
pharmaceutically acceptable carrier and the compound of

Claim 22.

24 . A pharmaceutical composition made by mixing a
pharmaceutically acceptable carrier and the compound of

Claim 22.
25. A process for making a pharmaceutical composgition
comprising mixing a pharmaceutically acceptable carrier

and the compound of Claim 22.

26. A continuous process for the preparation of a

compound of formula (III)
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21. The process as in Qaim1l, wherein step (A) and 10
step (B) are each run in a continuous stirred tank

WO e@aers3c 22. A conpound prepared accordi ng t oP€T®ES2003/034107
process of Claim1. 15 23. A pharnaceuti cal
conposi tion conprising a phar rracgét_cﬂy y acceptabl e
carrier and the conpound Cl ai'm 22 24. A
phar maceut i cal conposjtio ﬁﬁ?}l@oby m xi ng a
pharmaceutical |y gme r| er and t he conpound
of Cdaim22. 25. [A pNocegs fqr making a
phar maceut i cal ositio onprising mxing a
pharmaceutical ly acc@pt abl Pcalkrier and the compound
of Claim22. 26. A contaﬁ uous process for the
preparation of a of formula (111) 47 WD
2004/ %%%)Eﬁ% ;PE /U82003/ 034107 SO2-NH2 0 -O Ow. O O
(III) onprising S02CI 0-OHOO0"1'1. O+ S02C2 O

OA- 0-- (Iva) (Va) 5 (Aa) reacting a conpound of SO,CI
formul a W 0] \\\\O/

o O+ SO0 ———> oM CZ‘O
o Vot o

(Aa) reacting a compound of formula (IVa) with
sulfuryl chloride;

in the presence of an organic or inorganic base;

in a first organic solvent comprising at least one
solvent selected from a cyclic ether, a straight or
branched chain dialkyl ether, an aromatic hydrocarbon,
or a mixture of a cyclic, straight or branched chain
dialkyl ether and an aromatic hydrocarbon solvent;

to form the corresponding compound of formula (Va);

/SOQCI /SOQ—NH2

(Ba) reacting the compound of formula (Va) with
ammonia;
in a second organic solvent comprising at least the

solvent used in step (&) ;
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sul furyl chloride; in the presence of an organic or
inorganic base; in a first organic solvent conprising

wa@rokoasss one sol vent selected froma cyclic BCHE82008034107

strai ght or 10 branched chain dial kyl ether, an

ar ongt Cfoip(rpr%&"eaé% e Q{n&iﬂg gcﬂr[ﬁ%% 2 i1 2

stralg t or bran arn er and an
@Ianmti ¢ hydrocarbon solvent; to formthe
correspondi ng conpound of fornula (Va); S02-NH2 O
S2C QO O+ NB O 0-- 15 (Va) (I11) (Ba) reacting

dhe copdfs ey M 1M oMt RhaEmNittie |dirgﬁan1c or
second organi c sol vent conpr|S|ng at | east the

igwingamiusedd s eep quEEniss bAB2.004/ 041836
PCT/ US2003/ 034107 to formthe correspondi ng conpound
of formula (II1l1). 27. The process as in Caim 26,
2mher efife S gaRsC i0r Clainm@ganiedease tte araqgani C
base., 28. The process as in Caim27, wherein the

i PYRASE es pyridine. 10 29. The process as in
Claim 26, wherein the first organic solvent conprises
at | east one solvent selected fromthe group
2onsiBtd mgqﬁesas @gc ldire Céltaherr 269, s@haaqegtm thyy fieaiched

chaln di al ether an ar hydr ocar. sol-vent

R R e LA i T s
from the group consisting of a cyclic ether, a straight
or branched chain dialkyl ether, an aromatic hydrocarbon
gsolvent and a mixture of a cyclic, straight or branched

chain dialkyl ether and an aromatic hydrocarbon solvent.

30. The process as in Claim 29, wherein the first
organic sgolvent comprises a cyclic ether or a straight

or branched chain dialkyl ether.

31. The process as in Claim 30, wherein the first

organic solvent is glyme.

32. The process as in Claim 26 wherein the sulfuryl
chloride is present in an amount greater than about 0.9

moles per mole of the compound of formula (IVa).
33. The process as in Claim 26, wherein the base is

present in an amount greater than about 1 molar

equivalent of the compound of formula (IVa).
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15 chain dial kyl ether and an aromatic hydrocarbon
solvent. 30. The process as in Claim?29, wherein the

WO 20031041866 gani ¢ sol vent conprises a cyclic et hPeT/082083/034107

straight or branched chain dial kyl ether. 20 31. The

roc i 1. .30, er ej . St r ' .
0 Bl B U M 4 g rario
ofhertel redrpewsid foff ordulehl @Vede tics fiteederde iis &gt least
anmount gyeater than about 0.9 noles per nole of the

drid -8 fornula (1Vva). 33. The process as in C ai m

26, wherein the base is present in an anount greater
t han about' 1 nol ar 30 equi val ent of the conmpound of
For milhe @rewess 46 IO IDGA/0 L1836/ RCHIUS 003/ 8gIgature

34. The process as in Caim33, wherein the nolar .
Gttt RIHET dihsthfP o arr?orwlﬁsl VRen GRPE & E i s

at least about 1:1.05. 5 35. The process as in Caim
26, wherein the tenperature of the reaction in Step
JeAa) Tre IpessasTmamaboutCE0@ 266 .wikre i ddes sseaptid

G aim 26, .wherei.n the second organic solvent is

%ﬁ%ﬁﬁic:ﬁfyyfntﬂﬁ§ 6?&6%%3 as in Caim?26, wherein the

amonia is present in an anount greater than about 1
nol ar  equi val ent of the conpound of fornula (Va). 15
BB, THhe process &° i Gaim F5, WS (e mregnia 1s

1Oy Ofy ¢ a@{H{H{H t&y e appound,of; fgfmita (Va)
éé?%u Ié3§$§a out 223. 39. The process as in Claim
611 wehiema o farisniconmsodetl oR20Edmwla hé/aleact or at a
pressure of about 19 psi a.

38. The process as in Claim 37, wherein the molar ratio
of the ammonia to the compound of formula (Va) is at

least about 2:1.

39. The process as in Claim 26, wherein ammonia is fed

into the reactor at a pressure of about 19 psia.

40. The process as in Claim 26, wherein the temperature

of the reaction in Step (Ba) i1g in the range of from

about -30 to about 50°C.

41. The process as in Claim 26, wherein the compound of
formula (Va) is formed in a solution comprising the

compound of formula (Va) and the first organic solvent.

42. The process as in Claim 41, wherein the sulfuryl
chloride is reacted in amount equal to about 1
equivalent relative to the compound of formula (IVa),

further comprising concentrating the solution comprising
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40. The process as in Claim26, wherein the

tenperature of the reaction in Step (Ba) is in the
wo age41886 from about -30 to about 50C. 25 41.Pdhes2003/034107

process as in Claim26, wherein the conmpound of
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the sulfuryl <chloride is reacted in anount equal to

1 equivalent relative to the conpound of
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process as in Claim4l, further conprising
concentrating the solution conprising the conpound of
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step (Bb) is 20 run in a continuous stirred tank
if?ctfgé process as in Claim 41, further comprising
treating the solution comprising the compound of formula
(Va) and the first organic solvent to remove volatiles.

46, The process as in Claim 26, wherein step (Bb) is

run in a continuous stirred tank reactor.

47. The process as in Claim 26, wherein step (Aa) and
gstep (Ba) are each run in a continuous stirred tank

reactor.

48. A compound prepared according to the process of

Claim 26.
49. A pharmaceutical composition comprising a

pharmaceutically acceptable carrier and the compound of

Claim 48.
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47. The process as in Caim26, wherein step (Aa) and
step (Ba) are each run in a continuous stirred tank
reactor. 25 48. A conpound prepared according to the
process of Caim26. 49. A pharmaceutical conposition
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ceptable carrier and the conpound of Claim48. 5

caf‘l‘% ocess for maki ng a pharnaceutical conposition
conprising mxing a pharmaceutically acceptable

carrier and the conpound of Cl aim48. 52
51. A process for making a pharmaceutical composition

compriging mixing a pharmaceutically acceptable carrier

and the compound of Claim 48.
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