WO 2004/ 041836 PCT/ US2003/ 034107 CONTI NUOUS PROCESS FOR THE PREPARATI ON OF
FRUCTOPYRANOSE SULFANATE DERI VATI VES CROSS REFERENCE TO RELATED APPLI CATI ON
5 This application clains the benefit of U S. Provisional Application

- 60/ 422,558, filed on Cctober 31, 2002, which is incorporated by reference
herein in its entirety. 10 Field of the Invention The present invention
relates to a continuous process for the preparation of fructopyranose

sul famate  deobnosabsisses of the general formula (1) H CcPCINSROIORGTT X 0 R3
R4 (1) 15 wherein R, R3, R R5, R and X are as hereinafter defined.
Background of tdogTimuoesst procESU IFbanmie PrRafaiA@olcomErUdTopykhNd®® / N-RL  R6
0O RB 20 RS R4 (1) wherein Xis 0 or CH2 and R3, R4, RS and R6 are as
herei nafter defined, are knomsmﬁo@%lﬁﬁ? e been found to exhibit
anticonvul sant activity and are therefore useful in the treatnent of

(1:ond| tions such as 25 88645%%&&}385%C%EBE&E}?%%?CHH&OSEd in US. Pat.
5 This application claims the benefit of U. 8.
Provisional Application 60/422,558, filed on October 31,
2002, which is incorporated by reference herein in its

entirety.

10 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 1
0\\ N—R
X S
RS O 0
R3
R® R* M

15 wherein R, R®, R%*, R%, R® and X are as hereinafter

defined.

Background of the Invention

Sulfamates of the formula (I)

@) H 1
\\ /N’_R
X /S\\
O o
R3
20 R® R* )

wherein X is O or CH, and R}, R?®, R*, R® and R® are

RG

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

25 epilepsy. These compounds are disclosed in U.S. Pat.



WD 2004/ 041836 PCT/ US2003/034107 No. 4,582,916 and U. S. Pat. No. 4,513, 006,
whi ch also disclose processes for the preparation of said conpounds; and
whi ch are hereby incorporated by reference. 5 One process disclosed in the
above referenced patents is a process for the preparation of the conpounds
of formula (1) conprising reacting an alcohol of the fornmula RCH2OH with a
chl orosul famate of the 10 fornula C SO2NH2 or CLSO2NHR1 in the presence of a
base such awgyeésassbeim t - but oxi de or sodi um hydri de atrcauUsiesmpasat ure of
about -20C to 25C and in a solvent such as toluene, tetrahydrofuran or

di met hyl f or magbdes, yienes dhd v1.8.Mphe! Wf 4t BE3 foasquvBiéhldied R R3 (11) 15
R5 p4 This pr(f)icess has two maj or di sadvant ages, parti,gul arly for large

scal e synt hesP3SCt9Re PIPEH £52ge 'S RUFRETEREhP5cE8¢ % cal Is for a
conbi nati on 2QombolNatd ;aata OWH akhiaeB heselyn itBsasdragkeiable exothermand is
t herefore poteg%iall expl osive. See J. Buckley et al., Chemcal &
Engi neeri ng N& ?r?ﬂéﬁrlz, 1982, page 5; and G DeWiil, Chemical &
Engi neersng News, Sept. 13, 1982. Another disadvantage is that the process
al so 25 uses highly toxic and, .corrosive chlorosul fonyl isocyanate (CSI) to
prepare the comr%r?ealﬁrﬁcﬁﬁ%vdéi,slc&SF‘éd ’srhItflﬁnﬁ°%%lr82|¥ﬁ‘§nf?ﬂ?SOZNH2). Anot her
process for tpetgneparsabi prodissCdspoting prepardflidrofuthe (1) disclosed in the
above rﬂentl()n%gmééé%ng%E'formula (I) comprising reacting an alcohol
of the formula RCH,OH with a chlorosulfamate of the
10 formula ClSO,NH, or ClSO,NHR' in the presence of a base

such as potassium t-butoxide or sodium hydride at a
temperature of about -20°C to 25°C and in a solvent such
as toluene, tetrahydrofuran or dimethylforxrmamide, where
R is a moiety of the formula (II)
X
R6
R®
15 R5 R4

This process has two major disadvantages,
particularly for large scale synthesis. One
disadvantage is that the process calls for a combination

20 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

25 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

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



2 WD 2004/ 041836 PCT/ US2003/ 034107 No. 4,513,006 conprises reacting an

al cohol of the formula RCH2ZOH with sul furyl chloride of the formula SQ2d 2
in the presence of a base such as triethylamne or pyridine at a
tenperature of about -40C to 25Cin a 5 diethyl ether or nethylene chloride
solvent to produce a chlorosulfate of the fornmula RCH2OSQ2C . The

chlorosul fate of the fornula RCH2ZOSQ2Cl nay then be reacted with an am ne
of the fornuho fdddaidsat a tenperature of about -40C t ec2Sonswzsonet hyl ene
10 chloride or acetonitrile solvent to produce the conpound of forrmula (1).

This process bl ld z1ng o8k ebdiprigbhereacyghyh eedhibh 06f dgnaand acetonitrile
sol vents produces _relatively |low yields of the desired end product of
formula (I). IsrmutaRCHQ5 &eﬁgssﬂi}éw&seal?w%eft e EAWEWE8  nmenti oned
above conpri ses,d1gach itE bheseidOEsH! hade sdkh dortvileanRCEREEOM (fornmed as
previously described) with a nmetal azide such as sodium azide in a solvent
such as 20 neyEyiEme athpoksRergFute ombort| e24°6 {9 e3fCaia®i dosul fat e of

the formul a RGHROSPNBneThS, adctguhd alif orl ot S8R heduseg-ddehg conpound of
formula (1) wherein R 1s hydrogen, by catal ytic hﬁ%ogenatlon. 25 A

di sadvant age #hipresnifaseoelddis Sornata KFrdii6hs occur when handling

the azide conpRYRESsuIA2R, of Nhe BHOREES REQGIT, B RdYy addht benal chemi cal
transformation involving the reduction of the gzide to the NH2 nmoiety. 30

Maryanof f- et &Packef yith 3pAWee 8f sthoferaupr R8s 2% & the preparation of

compounds of ahgulal) or WHGR -G8UPHoSg8md GACK] RSk cabconol of the

10 chloride or acetonitrile solvent to produce the compound
of formula (I). This process utilizing diethyl ether,
methylene chloride and acetonitrile solvents produces
relatively low yields of the desired end product of
formula (I).

15

A third process disclosed in the two patents
mentioned above comprises reacting the chlorosulfate of
formula RCH,0S0,Cl (formed as previousiy described) with
a metal azide such as sodium azide in a solvent such as

20 methylene chloride or acetonitrile to yield an
azidosulfate of the formula RCH,0SO,N;. The azidosulfate
is then reduced to the compound of formula (I) wherein R}

is hydrogen, by catalytic hydrogenation.

25 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.

30 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;OH with

sulfuryl chloride in the presence of a base, in a



sul furyl chloride in the presence of a base, in a 3 WO 2004/ 041836

PCT/ US2003/ 034107 sol vent selected fromthe group consisting of toluene,
t-butyl nethyl ether and tetrahydrofuran, to forma chlorosulfate
“internediate of the fornmula RCH2OSQ2CI . In a second step, the chlorosulfate
of formula RCH2OSO2C is 5 reacted wwth an amne of the fornula RINH2, in a
sol vent selected fromthe group consisting of tetrahydrofuran, t-butyl

met hyl et her vanmbodiaysds al kanol (e.g. nmethanol or et hamrgrjustee3/43agmom t he
conmpound of forrmula (I). 10 One disadvantage of this process is that the
conpound of fesTREm (sb).ei:Secprferbarﬂeb ig‘to&pb&Bz&l‘hSﬁﬁﬁQESS tothenei,n the first
reaction is carri so ve i.S.r roduct is isolated,

t he isol at ed olflft(ﬁ EPE'IL 485 %% ﬁeﬁrﬁhg‘gﬁ%%'}f Iv%nfmé"h(? then reacted to
15 the final phmhustulfihesmmmbﬁsatm of phecﬁssnumlal athaseqcﬁ s egni sol ati on of

a sem -stable therr% %pl atbn CJZ_Lgate Pré‘ﬂa eRcﬁbs? an Ob] ect of

t he present i AVERT pro FF e 86t Thuots roce
preparat$on oteadtesd mm')oamané éHrithe ao(::tu)l,a VBHNH;h does m)]tvetmqw re changes

i n sol vent systfemstedf\/\/r%lrgrtgl H?e ronadl \/%Sl%\hlg%}\ﬁlql q__reé__rrﬁcgé Oaﬁu%a whi ch can be

carried out uRder sa Condi 10 ativel y high
yi el ds 25 andt%bntwmnreluhmlétmlrl emdflnweu:hellpaumiudtel gn roétkaar@ﬂearer anount

of materi al ng zﬂﬂ!l) i ”?oﬂﬁrthrée?%;gmt 086l a }Q’?Wh will allow for

production of a greater anount eriral 1'n smaller equipnment). 30
Summary of the Invention The present invention is directed to a continuous

process;por the pr&RAaLLERaiageOSPAUNAS pRbed & MY 8nbt)the

compound of formula (I) is prepared in a batch process
wherein the first reaction is carried out, the solvent
is removed, the product is isolated, the isolated solid
is re-dissolved in a second solvent and then reacted to
15 the final product. This results in a process which
requires isolation of a semi-stable, thermally labile

ROS0O,C1l intermediate.

It is an object of the present invention to provide

20 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

25 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 eguipment).

30 Summary of the Invention

The present invention is directed to a continuous

process for the preparation of compounds of formula (I)



4 WD 2004/041836 PCT/ US2003/034107 H 0% "-NRL R6 X O1 S\ORs (~) rR4
wherein X is selected fromCH2 or O; RL is selected fromthe group

consi sting of hydrogen 5 and Cl-4alkyl; R3, R4, R5 and R6 are each

i ndependently selected from hydrogen 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, R3 and R4 éar R5 and R6 together nmay 10 be a net hyl enedi oxy group of
the formul a: 84 wherein R7 and Re are same or SFFP8OGMBI8Nd are
hydrogen, |ower alkyl or are alkyl and are jOIned to forma 15 cycl opentyl
or cycl ohexyl ring; conprising SOQ2CI SCQCIZ = RER3 RS R4 RS
R4 (1V) (V) 20 (A reacting a SU|tany ngéi* d conmpound of  formul a
(I'V) with sul furyl chloride; én the pr an organi c or inorganic
base; R

R® R (1)
wherein
X is selected from CH, or O;
R' is selected from the group consisting of hydrogen
5 and Ci_zalkyl;
R®, R*, R® and R® are each independently selected
from hydrogen or lower alkyl and, when X is CHz, 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:

X

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

wherein

lower alkyl or are alkyl and are joined to form a

15 cyclopentyl or cyclohexyl ring;
comprising
X OH
R® R} + so,Cl, — R®
R® R*
(IV) V)
20 (A) reacting a suitably substituted compound of

formula (IV) with sulfuryl chloride;

in the presence of an organic or inorganic base;



5 WD 2004/ 041836 PCT/ US2003/034107 in a first organic solvent conprising at
| east one solvent selected froma cyclic ether, a straight or branched
chain dial kyl ether, an aromatic hydrocarbon, or a mxture of a cyclic,
straight or branched chain 5 dialkyl ether and an aromati c hydrocarbon
solvent; to formthe correspondi ng conpound of forrmula (V) SO2C S02 NHRL
XOX  OR6'~= 3 + R -NH2 R6_,-1-A X03 RS R4 (VM) " RS R4 (V) (I) 10 (B)
reacting the COHYINEf formula (V) with a suitably sBEEUSNH%HTConpound
of formula (VI); in a second organic solvent conprising at |east the

sol vent used in st&b ¥ ALTSEoCTHRTT RELEDHT COPBREPHRY GSnP6aRH BF fornula (1)
15 The presentgdiRugntddrRckagf Eférﬁl%[ LI EEtRGLO & stGRGhRUGHS process for

t he preparation of the _conpound ormJIa I1i1) ONlZ / ,0 O~ 00O
(111) 20 al so kra?aﬁh%schaaﬁ. iﬂaﬁ%.]ﬁél eéz Eﬁnﬁdhﬁéloﬁ? FOMHIFRSEFI N mherein X i s

0, Rl is hydragen, mBaardoR4aadg-RY: ,aptrRGhtabe LesitHeak@Raiwget her to form
6

5 dialkyl ether and an aromatic hydrocarbon solvent;

to form the corresponding compound of formula (V);

800! /SOZ—NHR1
X O X 0
R‘5/<:2[R3 + R'“—NH, ——» R6/<:2<:3
RS R* b RS R*
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)
(1
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



WD 2004/ 041836 PCT/ US2003/ 034107 ~-O CH3 i 0OAcH3 . conprising Q2C1 OO
QU" O + S02C12 - "' O (Na) (Vva) 5 (Aa) reacting a conpound of fornula
(I'va) with sulfuryl chloride; in the presence of an organic or inorganic
base; in a first organic solvent conprising at |east one solvent selected
froma cyclic ether, a straight or 10 branched chain dial kyl ether, an
aromati ¢ hydrqQcarbon, or a mxture of a cyclic, straight or branched chain
di al kyl ether“@H&MQﬁsﬁ?onatic hydr ocar bon sol vent; to f8FRSNE/BHPT espondi ng
conmpound of forrmula (Va); S02C S02 NHRL OO O O-+" O+ NH3 - 01+"" O OO
1-O\° 0 15 (Va) (I11) (Ba) reactifgg eHzonpound of fornula (Va) with
ammoni a; in a second organi c sol vent| c rising at least the 20 solvent
used in step (A); to formthe correﬁb éﬁg conmpound of forrmula (111) 7 WO
2004/ 041836 PCT/ US2003/ 034107 The presentdinvention is further directed to
a conpound preparegmﬂﬁgg&gbng to any of the processes

S0C
O &—OH Q &0

S
&

ow + SO, Cly — > oW

o

(IVa) (Va)

5 (ha) 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
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);

—NHR!
SO;

15 (1)}
(Ba) reacting the compound of formula (Va) with
ammonia;
in a second organic solvent comprising at least the
20 solvent used in step (A);

to form the corresponding compound of formula

(II1).



described herein. 5 Illustrative of the invention is a pharnaceuti cal
conposition conprising a pharmaceutically acceptable carrier and a conpound
prepared according to any of the processes described above. 10 An
illustration of the invention is a pharnaceutical conposition made by

m xing a pharmaceutically acceptable carrier and a conpound prepared
according to any of the processes described above. 15 Illustrating the
invention is YOpWHEEEE for nmking a pharnaceutical comSFEIeM348npri si ng
m xing a pharmaceutically acceptable carrier and a conpound prepared
accordi ng to any ofhe prepenidswestdencty Bagter sigestedntr er exanpl e of the

invention is LRRLUSEI YreBar&P RGP RE BRALEY S€GHALRGLOsaNY Of - the
processes described herein in the preparation of a nedicanent for 25

treating epil &689rilrsst ereth Description of the Invention In an enbodi nent of
t he present invention, the second organic solvent (used in step (B)) is the
sane as 30 the first organic solvent (used in step (A)). In another

enbodi neht of the PHESERELIYR Gt iEHR, TRYRAMAPRSES & FRAFEACE Uit (used in
step (A)) andcbhgosesiond congaitihgs al ¥efimaceuseshlly skepptdle are both gl yne.
8 WD 2004/ 041836 PCT/ US2003/034107 As used herein, the term"reactor" shall
mean a conti nG3a5i¢RF0R, CPHRORKARPERAEES GREP LSt PRY & 85k  react or

(CSTR), a pl ugprbtevsseaeboribad ta@aRe. react or, and

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

15

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

20 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

25 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
30 the first organic solvent (used in step (A)). In another
embodiment of the pfesent invention, the first organic
solvent (used in step (A)) and the second organic solvent

(used in step (B)) are both glyme.



5 the Iike.

reactor.
reactor.

exanpl e,
i sobut yl,

possi bl e,

aral kyl ,

preferably fromone tot

Preferably, the continuous reactor is a continuous sti

rred tank

As used herein, the term"residence tine" shall nmean the average
anount of tinme a particle of reactant or 10 reactants spends withi

n the

As used herein, the term"al kyl" whether used alone or as part of
a substituent group, include straight and branched aIkyI chai ns.

al kyl

radi cal s 15 include nethyl, ethyl, opr o

For
butyl ,

prop S
sewolzot4PIs3e - but yl , pentyl and the |ike. %@E@sﬁ?ﬂ%?&{se not ed,
the term"”lower"” when used with alkyl shall nean a carbon chain conposition
of 1-4 ~carbon atons. 20 Wth reference to substituents, the term
"independent|y" megns,ddyateuben g’gé ecéIQpnrggl.g:ogi. Smohy n@gﬁsgl tuents is
such substituents may be the sane or different from each other.
25 When a par tdoBGiawous sapciar.” §apse¥ampledy qaatgnuousy(skyrred ey |

het er@akyba . ( ds'?ﬁ?] o YRy FBY RN ANE 0tohdY @eabbsSt | thant s,

aryl,

ree substituents, nore preferably fromone to two

30 subst Bt uentt$e Fﬁé%—peﬁaé?ﬂ%blé’el‘é‘éﬂé’ﬂ’nﬂ@%ﬁ‘-ﬁhée??@r 3f asubstituents. 9 WO
20041041836 PGHLUSRONR Q34164 tLhR t&Wbrsubj ect” as used herein,

an ani mal ,

the object of treatnent, observation or experinent. 5

10

15

20

25

30

As used herein, the term "residence time" shall mean
the average amount of time a particle of reactant or

reactants spends within the reactor.

As used herein, the term "alkyl” whether used alone
or as part of a substituent group, include straight and
branched alkyl chains. For example, alkyl radicals
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 composition of 1-4

carbon atoms.

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

same 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

subgtituents.

refers to

preferably a mammal, nost preferably a human, who is or has been



The term "therapeutically effective anmount” as used herein, neans that
anount of active conpound or pharnmaceutical agent that elicits the

bi ol ogi cal or nedicinal response in a tissue system aninal or hunman 10
that is being sought by a researcher, veterinarian, nedical doctor or other
clinician, which includes alleviation of the synptons of the disease or

di sorder being.treated. 15 As used herein, the term"conposition" is
intended to gﬁ@?)ol%ﬂg? a product conprising the specifiBelU§2M508d%ent s in
the specified anounts, as well as any product which results, directly or
indirectly, from T@enbeHatisgRIceT” PReuagbACrred: inedrEdi #Nt3® in the 20

speci fi ed amynime1,ABBE LMl i 08 SnatwBd, lrﬁbstth%géf&@bﬁg@tmﬁdan, pesticularly
t he Schenes and Exanples, are as, foll ows: or = acet one- p-D-fruct ose
chl or osul f at el@ T ME8UPESR ShesTrR ectcaht fHARSTE™ 6t i PEEHVRHAE PBact or DAF =
Di acet one- | 3- DrpdMelase DI PEA = Diisopropyl et hyl anmine DWW =

N, N- Di net hyl f ormam de GC = Gas Chronat ography gl ynme = Et hyl ene gl ycol

di met hyl® ether HPLC = High pressure |iquid chromatography 10 WO

2004/ 041836 PCT/ USR03LOR4khéraPpiBE ca1Mptditlect itditaylouft heds Seead Sul furyl
chlori de TEAh: Triethylam ne THE = Tetraghydrofura '

erein, means that amount of active compound or
pharmaceutical agent that elicits the biological or
medicinal response in a tissue system, animal or‘human
10 that is being sought by a researcher, wveterinarian,
medical doctor or other clinician, which includes
alleviation of the symptoms of the disease or disorder

being treated.

15 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

20 specified amounts.

Abbreviations used in the sgpecification,

particularly the Schemes and Examplesg, are as follows:

CS or =  Diacetone-B-D-fructose

chlorosulfate chlorosulfate

CSTR = Continuous stirred tank reactor

DAF =  Diacetone-B-D-fructose

DIPEA = Diisopropylethylamine

DMF =  N,N-Dimethylformamide

GC = Gas Chrowmatography

glyme = Ethylene glycol dimethyl ether

HPLC = High pressure liquid
chromatography

10



TPM = Topiramate The present invention is directed to a continuous process
for the preparation of a conpound of formula (I) HXONRL \O R6 0 R3
5 R4 (~) 5 wherein Xis selected fromCH2 or O; RL is selected fromthe
group consisting of hydrogen and Cl-4alkyl; R3, R4, R5 and R6 are each

i ndependently selected 10 from hydrogen or |ower alkyl and, when X is CH2,
R5 and R6 may be al kene groups joined to forma benzene ring and, when X
is 0, R3 and RO AHAHS R5 and R6 together may be a net BGIESREeH84Y7 gr oup of
the formula: R7 R8 0 15 wherein R and Re are the same or different and are
hydrogen, |ower MiBEy| or are aFkylMeibhdlateytoilnedhery form a cycl opentyl or

cycl ohexyl ring.g20 Mre particul aglyulDecicesgpt invention is directed to
a continuous process for the preparation of a conpound of formula (1) as

outlined in Schef 1. 11 WO 2004/ CRHgsByPOFMES2003/ 034107 Step (A : X OH
S02Cl X 0 Rs Rggpt S02C 2 --~_R6 ‘@crahydrofuran

TPM = Topiramate

The present invention is directed to a continuous

process for the preparation of a compound of formula (I)
H 1

X S
R® O/ \3

R® R 0
5 wherein
X is selected from CH, or O;
R' is selected from the group consisting of hydrogen
and Cisalkyl;
R}, R*, R® and R® are each independently selected
10 from hydrogen or lower alkyl and, when X is CH,, R® and
R® may be alkene groups joined to form a benzene ring
and, when X is O, R?® and R* and/or R®‘and R® together may
be a methylenedioxy group of the formula:
R’ o\;
Kos

R® O

15 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.
20 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



RS RARSR4 (IV) (V) Step (B) : S02CI S02 NHR X 0 X 0 R6 R3 + R1-NH2 R6
RB R5R4NORR 5 (V) (I) Schenme 1 Accordingly, in step (A), a suitably
substituted conpound of forrmula (IV), a known conpound or conpound 10
prepared by known net hods, and a base are dissolved in a first organic
solvent, and reacted with sulfuryl chloride; wherein the base is an

i norgani ¢ base such as Na2CO3, K2C03, NaHCO3 and the |like, or an organic
base 15 sucVA¥Y4BPti ary ani ne base such as pyri di neCTASHRBIMI% e
derivative, TEA, DI PEA, and the like; preferably an organic tertiary am ne
base, nore preferably pyridine; wherein, preferably the base does not react
with 20 the gegpownd of formula (I'V) or the sulfuryl chloride; wherein the
first organic solvent conprises at |east one solvent selected froma cyclic
et her, such as pyran, tetr drofuran, and the like; a straéj%?é' or

branched chai n di ?( he uch as glynme, MIBE, l'i ke; an
aromati ¢ hydr @& t suGD,.ep —2—We- 2004/ 04183% PGI/ US2003/ 034107

t ol uene, benzene, , and the like; or a Mxtwe cyclic, straight
or branched chai rpadi al

V) V)

Scheme 1
Accordingly, in step (A), a suitably substituted
compound of formula (IV), a known compound or compound
10 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
NazC03;, KpCO;, NaHCO;, and the like, or an organic base
) 15 such as a tertiary amine base such as pyridine, a
pyridine derivative, TEA, DIPEA, and the like;
preferably an organic tertiary amine bage, more
preferably pyridine;
wherein, preferably the base does not react with
20 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

25 the like; an aromatic hydrocarbon solvent such as

12



an aromati c hydrocarbon solvent; preferably the first organic sol vent
conprises at | east one solvent selected 5 froma cyclic or straight or
branched chain dial kyl ether such as THF, pyran, glynme, MIBE, and the |ike;
nore preferably the first organic solvent conprises at |east glyne; wherein
the sulfuryl chloride is preferably present 10 in an anmount greater than
about 0.9 nol es per nol e of the conpound of forrmula (1V); nore preferably,
the molar ral'P3%P4%¥¥e conpound of fornmula (1V) to thePSUVRHBPBI0TCHI or i de
is in the range of fromabout 1:0.9 to about_ 1:1.5; nore preferably still,
t he nol ar rat itelBeng heergerenpolhrdeof adb gl aikev)on ¢ PREEWHA Phryl chl ori de

is in the rangeyofid, etrabgut ok brlnéelReMtnlylaids1 wWhRELiMd he base is
preferably present in an_amount greater than about. 1 nolar equival ent of

the conpound &P 2FgPhiCal¥ivycarhohe spledriaBrsie¥aRd vinbhgr£4%8t o of the 20
conpound of frEuhac (dolvehe EdbIRse 415 1H08t Bhe ldARAE sE€THEedt 0 about
1:1.05; nore preferably still, the nolar iQ0 Q ]rcrpound of formul a

(1V) to Phe bdg8Mi ¥ THFLCn8T rEiige 95F ‘P’Fol?ﬁarél% G ﬁﬁalltng ig Yhout 1:1.20; nore
preferably stidthertfiecHmakararatgyaranl, §henegonpepnchmef the fitkewula (1V) to the
base is about 1:1.05; rein the tenperature of the reaction is
preferably mai"liF&i Wéécfeé\lggﬁgsgh‘? réﬁsgb‘g%a%ﬁ’c,so%‘?rét SSFBFEFEHIAT at about 0C
to about 20C, 1emst giefeerably at about 0C, 30 to forma sol ution containing
the corresponding wlclzorrgg)ougg of ]Btor m;l W@nd a %gteci git atrees%gltt he base
hydr ochl ori de sal t" % 6027041836 79520037 034167 Y P
10 in an amount greater than about 0.9 moles per mole of
the compound of formula (IV); more preferably, the molar
ratio of the compound of formula (IV) to the sulfuryl
chloride is in the range of from about 1:0.9 to about
1:1.5; more preferably still, the molar ratio of the
15 compound of formula (IV) to the sulfuryl chloride is in
the range of from about 1:1.0 to about 1:1.05;
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
20 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
25 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;
30 to form a solution containing the corresponding
compound of formula (V) and a precipitate of the base

hydrochloride salt.

13



I'n an enbodi ment of the present invention, the first organic solvent (used
in Step (A)) is selected fromthe group consisting of a cyclic ether, such
as pyran, tetrahydrofuran, and the |like; a straight or 5 branched chain

di al kyl ether such as glyne, MIBE, and the like; an aromatic hydrocarbon
sol vent such as toluene, benzene, xylene, and the like; or a mxture of a
cyclic, straight or branched chain dialkyl ether and an aromatic

hydr ocar bon sBPI¥AP41838r ef erably, the first 10 organi c sBEVEROHIED in step
(A)) is selected froma cyclic or straight or branched dial kyl ether such
as THF, pyran, gl¥pmen piBEingnt cheths PEesppl dpiedtdrabl $he the first

organi ¢ sol vent r{us8dahRcSEER ) Jubsd Glny BRep 1B)))N idnsebodigrent of the
present invention, the first organic solvent (used in Step (A)) is selected
from the groupreBridisGFAYP ofoneidFdPe cofetthEYClif @tgrghfucldradhr anched chain

di al kyl ether pyagd, aRtbAPEEdGurahy d4RE HHRONI RO e HrraBE b the first
organi c solvent 20 is other _than _tetrahydrofuran or t-butyl nethyl ether.

In an enbodi mBAEnGHed FBapR e YilnGEReT Gichsed T VAR, ¥EBEheé®M%action is run

such that the tgenpd)daaf atefid8dilcd hyftdfardadd séBrdiaseucHi asolved in the first
organi c 25 sol vint, aé)e reacted with neat su{furyl chloride, b

conti nuousl y fEEUFHYy SREZFRAcRIFTE r EBSntHiH °F EhB¥CEH&nd of formul a
(1'V) and the hasgcHicssetyeiighth drh®rahthel chafmndicalkgilvenhearswhda second

reaction stream containing the.sulfuryl .chlgQride into conti nuous 30
reactor, pref&rabfyrart lf’ﬁ.gr?%arfr?& ﬁ%#‘yeélr‘%bod?ﬁeet?\ % Y’tﬁlée &8s

present invention,
t he sul fiaryl clthenidesdlsenti fssd/dd svteg h@) Sabe wwlganied Sobwent as that used

to 14 VO 2004/c91€1‘§§%rpglrgjnsg}gtp%ro%%%gghed dialkyl ether such as
THF, pyran, glyme, MTBE, and the like, more preferably

the first organic solvent (used in step (A)) is glyme.

15 In an embodiment of the present invention, the
first organic solvent (used in Step (A)) is selected
from the group consgisting of a cyclic ether, a straiéht
or branched chain dialkyl ether, and an aromatic
hydrocarbon solvent; wherein the first organic¢ solvent

20 is other than tetrahydrofuran or t-butyl methyl ether.

In an embodiment of the present invention, step (3)

of the reaction is run such that the compound of formula
(IV) and the base, dissolved in the first organic

25 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

30 reactor, preferably a CSTR. In another embodiment of
the present invention, the sulfuryl chloride is

digsolved in the same organic solvent as that used to

14



di ssol ve the conmpound of formula (1V) and the base (i.e. the first organic
solvent). Preferably, the solution containing the conpound of 5 formula (V)
and the precipitate of the base hydrochloride salt is filtered, according
to known nethods, to renove the precipitate. Preferably, the solution

cont ai ning the conpound of 10 fornula (V) is concentrated by known batch or
continuous nethods, for exanple by evaporation of the solvent (such as by
falling filmSP2VBUES: i | m evaporation), or by vacuum BEE¥SPB4GN, ¢ o
yield a concentrate of the conpound of fornula (\Q:. I n an enbodi ment of the
15 present in¥eAEPHTE thRecoBPRHIORICEHPFEILT AGVY Rk SRBobA®E bf-Sfornula (V)

i's concentrat et §i }8S$rHRANC Wo10aHR) .t 0o about half the original mass of
the solution. In another enbodi nent of the present invention, the solution

cont ai ning the conpound of formula (V) is 20 concentrated to an oil. Werein

the conpound of fopfaHeably) tife IRAGEESh dWnthigi@Altde tbapoadws 1
equi val ent of sul fur chl.oride, the, solution cqntaining the conpound of 25

y) :
formula V) i LopmetaraBi ¢rdorlie RYESERYCaLR O6r R PASE  known batch or
conti nuous netyadochixpriden¥eltid gadter@houbcdPibmf tookuowh mass. Wherein
t he conmpound of gocﬁrrul a gl\% is.reacted ., 30 with about 1 equival ent of
sul furyl chl ofE§8°9F hd© EEPOYT S BRESIRR Ry t he conpound of formula (V) is
.preferably concentrated, according to known batch or 15 WD 2004/ 041836
i 0
PCT/ US2003/ 034107, cONti,y0us (PtAd: 1 10 JSIRYE: A (h228bnB00M J3O% O
10 formula (V) is concentrated by known batch or continuous
methods, for example by evaporation of the solvent (such
as by falling film or wiped film evaporation), or by
vacuum distillation, to yield a concentrate of the
compound of formula (V). In an embodiment of the
15 present invention, the solution containing the compound
of formula (V) is concentrated to less than or equal to
about half the original mass of the solution. In
another embodiment of the present invention, the
solution containing the compound of formula (V) is

20 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

25 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
30 with about 1 equivalent of sulfuryl chloride, the
solution containing the compound of formula (V) is

. preferably concentrated, according to known batch or

15



In an enbodi nent of the present invention, the 5 solution containing the
conpound of fornmula (V) is treated to renove volatiles. Suitable treatnents
include, but are not limted to, vacuumdistillation, concentration,
stripping, passing through activated carbon or other absorbent, and the

| i ke. 10 The concentrate of the conpound of forrmula (V) is dissolved in a
second or gani t conprising at |east the solvent used in step (A
(i.e. the fi r"g?%a S’{alﬁl c solvent), preferably conpri si rFé:Tgfsqué@Pé’c‘”one 15
solvent selected froma cyclic ether, such as pyran, _tetrahydrofuran, and
the like: a SEPBHEHOUS efhackhEl TSR a8 26388 2bPHEr2QWAf as gl yne, MIBE,
and the |ike; soser®y @gBEI ¢ hydrocarbon sol vent such as tol uene, benzene,

xyl ene, and the like; or a mxture of a cyclic, 20 straight or branched
chain dial kyl ether and an aromatic hydrocarbon solvent. Preferably, the
concentrate of then ecanpasdinehtl 6f NBHeA pie¥pents idiveatiyed e t he sane organic
sol vent used in ste 5 Pr ef er gbl t he_concentrate of the
compound® of FBJrYﬁH %’Qg"t"i‘?ud’igs 5B veIHOG™ ??nfﬁr%i‘s(y hti% of the sol vent
to the conpoungesfed @bmibmove/jollatihes r asgetable fereatadopd 2: 1 to about

10: 1, nore prefe ratio f t he sol ven the conpound of
formula (V) of® %%ucgedoBPQGaﬁ % }i“gjr%e réaX?cf%uﬁ“ gﬁig‘{éh%f?tlrorﬁjse in step
(B), hereinaf tencemfratied, ts:tzaspth@, tddssd ngedictdugh astiesmd cont ai ni ng t he

conpound of fg clniao(rV))t %S(Sa\g(gorggn 041 QﬁgqqkléSZOOBI 034107 In step (B,
t he conpound o? Sui'tably substituted conpound

of formwa (VI), a
The concentrate of the compound of formula (V) is
disgolved in a second organic solvent comprising at
least the solvent used in step (A) (i.e. the first
organic solvent), preferably comprising at least one
15 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 the like;
an aromatic hydrocarbon solvent such as toluene,
benzene, xylene, and the like; or a mixture of a cyclic,
20 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.

25 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

30 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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known

second organi c solvent conprises at

conpound or conpound prepared by known nethods, in a second organic
sol vent conprising at least the 5 solvent used in step (A);

cyclic ether, such as pyran, tetrahydrofuran, and the lik

branched chai n di al kyl

€,

wherein the

| east one solvent selected froma

a straight or

et her such as glynme, MIBE, and 10 the like; an

aromati ¢ hydrocarbon sol vent such as toluene, benzene, xylene, and the
like; or a mi XPHUOHE® 3 cyclic, straight or branched cREIHS2348497 et her
and an aromatic hydrocarbon solvent; preferably the secon
conpri ses at | east Innetepl Bent theelcompewnd B femmalaydi ésoFeattesi ght or
branched di al kyhnhebhghi sl s@SsthidGeelYESHbouallY BB tVhBEa 20¢h the |ike; nore
preferably the second organi c sol vent conprises at | east
preferably stidiownt FRMRAEWN AT ofYEPUEdsPTeRATed P¥ ERwvrs BRERadsSt he fir st
organi c solvent; nppe; 2Ldmaf 85 it sbitdnt tRfpsesnny @r ganke€ el vent is
wherei n_the conmpound of fornmula (VI) is preferably present in an
amount gPeat erSUNERt aBRRA 1P FAbtRrAléqui val ent of the conpound of fornula

gl yne,;

(V); nore

reacti

500 more profBRAEFER T AR G aBolt oeot BV fEho

still

atroaboutth20Tikd7 D a2004f {4 hYdroLaHdiS20030B LR as

d

gl

or gani ¢ sol vent

ynme; nore

pr ef er aQh¥reih@naDbédordd@bir§aRic tdaveappedmptiekbsfotr nul a 25 (V1) to
t he conpound of fornula ( IS reatsr t han or
preferably stii1925tt ABS i Aent r2gis5 68 §

conmpound of

equal to about 2:1; nore
F G My6Lhd Thor FFa 3V1) to the
ferraml, atédaty@irabatdn ,5ahd vherdike ;t Hestreiip@rabur e of the

-30C to about

Cfn

re preferably

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 comprises at least one solvent selected

15 from a cyclic or straight or branched dialkyl ether such

.as THF, pyran, glyme, MTBE, and the like; more

preferably the second organic solvent comprises at least

glyme; more preferably still, the second organic solvent

is the same as the first organic solvent; more

20 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

25 (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

30 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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to forma solution of the conpound of fornula (1) and a precipitate. Wen
the conmpound of formula (VI) is amonia gas, 5 the ammonia gas is
preferably fed into the reactor at a controlled pressure or flow rate, nore
preferably, at a pressure in the range of |less than or equal to about 30

psia, nore preferably still, at a pressure in a range of about 15 psia to
about 20 psi aW nor e Qreferabl y still, 10 at a pressure of about 19 psia. In
an enbodi ment VOP'¥AE3Yr esent invention, the second or gBER/ES28G/0¥Nt (used in

step-(B)) is selected fromthe group consisting of a cyclic ether, such as
15 pyran, tetrahydiofigrana aekrtipe of Kée gospeungleE spr™pYaaridhed chain

di al kyl ether ggch A%dbyYfBee MIBE, and the like; an aromatic hydrocarbon
sol vent such as toluene, benzene, xylene, and the like; or a mxture of a
cyclic, straight or branched chain dial kyl ether and 20 an aromatic

hydrocarbon sol venjherPr@betambotndt BE £8GRNE (V) 0aR amachveifas(used in step
(B)) is selected froma cyc|ic or straight or branched chain dial kyl ether

such as®THF, tB§ramongidy gas MrdEefghtPhéer kBto flife TeprEteAdbPy the second
organi ¢ sol veabnttsEIEd Brekeprd By) f180 da%egl ¥6E= grefapaBIpoditmant of the

present invention, the second organjc solvent (used in Ste B)) is

sel ected froRrER&YGT dﬁ‘ptESnE?Ihgﬁ %g 795 OFBI P eé?‘ﬁ'gr Foaaﬁé‘?"&aigaht 30 or
branched chai psilapldode erbeerasly aniny ot aCpréydirecanbanragjevetit; wherein
t he second organic |vent, is other than tetrah of uran_or. .t-butyl nethyl
ether. 18 V\D%gﬁbﬁlgflﬁ?éé Eﬁ%ogé/%ﬂowr’?rp% c?trﬁ‘géye%lol i‘ment of the

pr esent ibnvenkkoa, ptdmsure of about 19 psia.

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, such as

15 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

20 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, MIBE, and the like, more
preferably the second organic solvent (used in step (B))

25 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

30 or branched chain dialkyl ether and an aromatic
hydrocarbon solvent; wherein the second organic solvent

is other than tetrahydrofuran or t-butyl methyl ether.
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second organic solvent (used in step (B)) conprises the solvent used in
step (A (i.e. the first organic solvent). 5 Preferably, the solution
contai ning the compound of forrmula (1) and the precipitate is filtered by
known nethods, to renove the precipitate. 10 in an enbodi nent of the
invention, the process for the preparation of a conpound of fornula (1) is
run in two continuous stirred tank reactors (CSTRs). Preferably, step (A
is run such t WA20@{4I836%si dence time in the first CSTR PSTHBEW(034M0hour .
Preferably, step (B) 15 is run such that the residence tine in the second
CSTR is about 3 héuranotyhexf emhpdimenst ep {IR) prssenp igwehtipat thehe third

reaction strean-aad SNR R OT (uEeE MY &ebViR) Ar&mp2tkadugrd above
surface into the CSTR™ 20. The present invention is further directed to a

conti nuous pr cEd¥snt oisqchdnppeplr gt)i di-of tHecddpdurRFBmicfornula (111), al so
known as Topi ryigtge) as outlined in Scheme 2. Step (As): S02C1 OoU" O +
SOC z z - pawO 25 (Iva) (Va) Step (Ba): 19 WD 20041041836
PCT/ US20331034107 S2Ci S02 N2 OO OO Op,,. + NH3 Olu"~O

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

methods, to remove the precipitate.

10 In an embodiment of the invention, the process for
the preparation of a compound of formula (I) is run in
two continuous stirred tank reacfors (CSTRs) .

" Preferably, step (A) is run such that the residence time
in the first CSTR is about 1 hour. Preferably, step (B)

15 is run such that the residence time in the second 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.

20. 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 (Ra):

25

Step (Ba):

19



(va) (11l1) Schenme 2 Accordingly, in step (As), a conmpound of fornmula 5
(I'va), a conpound al so known as di acetone fructose (DAF), and a base are
dissolved in a first organic solvent, and reacted with sul furyl chloride;
wherein the base is an inorganic base such as Na2CO3, K2CO3, NaHCO3, and
the Iike, or an organic base 10 such as a tertiary am ne base such as
pyridine, a pyridine derivative, TEA, DI PEA, and the like; preferably an
organi c terti¥PYOO4MIB} base, nore preferably pyridi ne; PGRES2e08/341035r ef er abl y
the base does not react with 15 the conpound of formula (1Va) or the

sul furyl chloride; wherein t8e0lirst organic solvent conprSOps—idt; | east one
sol vent selected fr @y‘e-lo c ether, such as pyr ,Otet-Fahydrofuran and
the like;, a strahgt S ancha¢4§ha4—n-—d+aecl kylswe&her as glyme, MIBE,
and 20 the |ike; [an\arqimat hydr ocar bon sol vent S\ t ol uene, benzene,
xyl ene, and th?‘\k@é; 0 oajﬁxture of a cych\/g,\ X rai or branched chain
di al kyl ether amd an aromatic hydrocarbon solhent; pretenably the first
organi ¢ sol vent conprvages at | east one sol vent sel edtlied 25 froma cyclic or
strai ght or branched chain dialkyl ether such as THF, pyran, glyme, MIBE,
and the like; nore preferably the f}] st organl c solvent conprises at |east
glynme; nore preferably still, the f 55 anlc solvent is glyne; 20 WO
2004/ 041836 PCT/ USR&Qi’u’cﬁ&éiﬁ7 iR mAat)he aSubipdyld il Gbiaeld s preferably

present |5n an &@Dk’”t ro?n%gggdtg?so lrolgév'lrg aos %1acet:egn£%rrugglage of

(DAF), 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,C0Os;, K;CO3, NaHCO;, and the like, or an organic base
10 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
15 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
20 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 sclvent; preferably the first
organic solvent comprises at least one solvent sélected
25 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;

20



the conpound of fornula (l1Va); nore preferably, the nolar ratio of the
conpound of fornmula (l1Va) to the 5 sulfuryl chloride is in the range of from
about 1:0.9 to about 1:1.5; nore preferably still, the nolar ratio of the
conmpound of forrmula (IVa) to the sulfuryl chloride is in the range of from
about 1:1.0 to about 1:1.05; wherein the base is preferably present in an
anount 10 greater than about 1 nolar equivalent relative to the conpound
of formula (1VQR4AHE¥E preferably, the nolar ratio of PERULMNIHOMT of
formula (1Va) to the base is greater than or equal to about 1:1.05; nore
preferably, the nwhereimathe eflivrylcohpoune 48 Prefanaplyl vagsard t he 15 base

s in the rangs, of LigmeaBoubeds 1l LR8DAY ndids Ly RAE P ef erably

still, the nolar ratio o npound of fornula (1Va) to the base is
about 1:1.05; thghep@pouncheft épperla UA¥abf moye prekenadivistheeferably

mai ntai ned at J@8ss Lhan, 3Rovhe SQmpdRBC.R % B ST Bl &l aReut OC to about
20C, nost preferably at about 0C to forma solution containing the

cor r espofdi ng swWdhpplirdhlerifer il i (thg) ranae &fpfeet picatte 16P - H® base

hydrochl ori de S@Juk- 12b.d;NmdRe 1B, afilhhecns aaendr iaveptéon, the first
organi c solvent (used in Step (Aa)) is selected from_the_group consisting
of a cyclic etHh® cosprpdyof gw%ea t@Vpanritdeufahivaid chheridke; a straight

or 30 branchedi£hai pndiraing¥l ot Fesm Swelit as: 1dloy B8, abdBE.1:ands; t he |ike; an
aromati ¢ hydrocarbon sol vent such as toluene, benzene, %‘I ene, and the

like; or a m xture"Bfreip &he| Pese st Rrgherail YhPAARERY n2BPHkyl et her

and 21 1o greater than about 1 molar equivalent relative to the
compound of formula (IVa); more preferably, the molar
ratio of the compound of formula (IVa) to the base is
greater than or equal to about 1:1.05; more preferably,
the molar ratio of the compound of formula (IVa) to the
15 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 (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
20 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.

25
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
30 branched chain dialkyl ether such as glyme, MTBE, and

the like; an aromatic hydrocarbon solwvent 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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WO 2004/ 041836 PCT/ US2003/034107 an aromatic hydrocarbon sol vent.
Preferably, the first organic solvent (used in step (As)) is selected from
a cyclic or straight or branched chain dial kyl ether such as THF, pyran,
glyme, MIBE, and the like; nore 5 preferably the first organic solvent (used
in step (As)) is glyne. In an enbodi nent of the present invention, the
first organic_solvent (used in Step (As)) is selected 10 fromthe group
consi sting of V243X et her, a straight or branched chBGTUSIAPINT et her and
an aromatic hydrocarbon sol vent; wherein the first organic solvent is

ot her than t eenahyeradfigr lndepcarbient §plvastthy| Peefrnablys the diiréfbodi nent of

the present i i ol h tq j &g&h t hat the
conmpound of P%?%UJ[%Q}(OII\%% pa(nlgé'?%légb%%?d(ﬁgzgl%/Sg&e:l%cft' g I rsta organic
sol vent syst esvakic reactedivhl Pmbasnchad ¢hpin HRldvildethey s6ht i nuousl y

feedi ng one regaciiPn RtheamnydhLonrdkNiHn the comowgdeof formula (1Va) and
the base dissolved in the Tirst organic solvent systemand a second

reacti onS st r eRkrEemivhichg fHestsorearis sHVerRt des€chis atedn®ehlious react or,
preferably a G3TRivhd. another embodi ment of the present invention, the 25
sul furyl chloride 1s dissolved in the same organic solvent system as that
used to dissolve the conmpound of fornula (IVa) and the base (i.e. the first

organic solvent).18QPeabsdaint ofhens Yrdbba LRAINRIEIBhNGRdIE conpound of
formula (Va) and the precipitate of the base hydrochlorjide salt is

filtered, accrdPhIBRAoTAI VSRt HHE8d i SFERDIAR P heSpPELEPi%at e. 22

10 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.

15 In an embodiment of the present invention, step
(Aa) of the reaction is run such that the‘compound of
formula (IVa) and the base dissolved in the first
organic solvent system are reacted with neat sulfuryl
chloride; by continuously feeding one reaction stream

20 containing the compound of formula (IVa) and the base
dissolved in the first organic solvent system and a
second reaction stream containing the sulfuryl chloride
into a continuous reactor, preferably a CSTR. In
another embodiment of the present invention, the

25 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) .

30 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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WD 2004/ 041836 PCT/ US2003/ 034107 Preferably, the solution containing the
conpound of fornmula (Va) is concentrated by known batch or continuous

nmet hods, for exanple by evaporation of the 5 solvent (such as by falling
filmor w ped filmevaporation), or by vacuumdistillation, to yield a
concentrate of the conpound of fornula (Va). In an enbodi nent of the
present invention, the solution containing the conpound of fornmula (Va) is
concentrat ed YO ®PY#E¥s t han or equal to about half t hePEFPEM4P41MRSS of
the solution. In another enbodi nent of the present invention, the solution
contai ning the conmpound of formula (Va) is concentrated to an oil. 15

Wherei n the conpoupge Qfrab@fy Ml CbYaltibs dRRatfthg Wheh cohfalRl ochan about 1
equi val ent of sulfuryl chloride, the solution containing the conmpound of
e

formul a (Va) ifOTPRER efV@d S ceprasmtrated PyakesraivaF o °Tknown batch or

conti nuous Metddadintdud &RBMEIR! A02askam) ARQUEVLEVERTicB0bT efHe MBSS. VWherein
the conmpound of _formul a is reacted _ wth about iwequi val ent of

| Va) . ¢ )
sul furyl 2chl ofPd¥ent heFUBop % FaddAPEi FiiTy OF N8 RSShfddfd of fornula (Va) is
25 preferably &epeeatidd)gdor AGE Afadulf dDsU6N0WRibAL cfd §tiel@oant i nuous net hod,
to renove at | east about 20% of solvent_mass._In %3 en‘godi ment of the
present i nventPBReNEFRFe 8 LBt HIBIUBERhi T A hEHonpdindP of formul a (Va)
is treated t@mbeabDvénty@fathé ascesBuict ahventtibaat thntsluthehude, but are not
limted to vacuumdistillation, 2 004/.041836 PCT/ US2003/.034107
concentrati on,cogF?f‘bJp‘?%gtPep‘é%@?‘?’rﬁ%t %\?ogﬁT%& ](g%t)t et Uonggntrared

10 to less than or equal to about half the original mass of
the solution. In another embodiment of the present
invention, the solution containing the compound of

formula (Va) is concentrated to an oil.

15 Wherein the compound of formula (IVa) is reacted
with greater than 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

20 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

25 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
30 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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carbon or other absorbent, and the |ike. The concentrate of the conpound of
formula (Va) is 5 dissolved in a second organi c solvent conprising at

| east the solvent used in step (Aa), preferably conprising at |east one

sol vent selected froma cyclic ether, such as pyran, tetrahydrofuran, and
the like; a straight or branched chain dial kyl ether such as glyne, 10
MIBE, and the like: an aromatic hydrocarbon solvent such as toluene,
benzene, xyl eRQ@20UNH8he |ike: or a mixture of a cycli BCT/ESPGHBHT of
branched chain dial kyl ether and an aromatic hydrocarbon sol vent.
Preferably, tKencerfcdriorat et6PRiRE. coOMFIdadEBFOYBT RGtavesad is di ssol ved 15

in the sane oigapbs sPOloteRl sMsRAveAt stam thAd) 1above. Preferably, the
concentrate of the conpound of forrmula (Va) is dissolved to a final nass

ratio of the solvent to the compound of fornula (Va) in the range of 20

fromabout 2:1 to ahoWontentrat®icE BhEf&mpRlYdt Of aFdssa (W) asof the
solvent to the conpound of fornula about 6: 1, %I eld a reaction

stream fdr us&iFAOLYRD 1 BaPeoonst é’lréé‘?’c"ersorlé(FBFr%ﬂ“Hr&séggt e third reaction
stream cont ailkiaBg tﬂn@ &ﬂ%ﬁﬂﬂdséﬂf 1&0@1% a(A(aVa)preﬁé'rabmystep (Ba), the
conmpound of forml a ﬁ react ed ngo eforef erabl anmoni a gas;
in a second orcg?ﬁ‘ﬁﬁ‘:s‘sr&ﬁ \?én SRS £ V%Tt e ?t?c?] T8 PvENT Jl):'sed in step
(Aa); 30 vvher@trhei-h&m&ﬂc(ala;dp@f@a,nitétss)ﬂlyotemfueeﬁprar&eahat111I:@;asi one sol vent
selected from clic e ch_as et rah ofur and the |ike;
a straight or %5?3’;/1 létheod"é% ﬁh%‘?éihﬁflf‘ % su%}ﬁe]és%g‘y , and 24 WO
2004/ 041836 PETBES2&03B/t0410Ke; an aromatic hydrocarbon solvent such

.as toluene, benzene, Xxylene, 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 (Va) is dissolved

15 in the same organic solvent used in step (Aa) above.

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

20 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 a reaction stream for use in step
(Ba), hereinafter referred to as the third reaction

- stream, containing the compound of formula (Va).

25
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 (RAa);
30 wherein the second organic solvent comprises at

Jeast 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
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the |like; an aromatic hydrocarbon sol vent such as tol uene, benzene, xylene,
and the like; or a mxture of a cyclic, straight or branched chain dialkyl
ether and an aromatic hydrocarbon solvent; preferably the second 5 organic
sol vent conprises at |east one solvent selected froma cyclic or straight
or branched chain dial kyl ether such as THF, pyran, glyne, MIBE, and the
like; nore preferably t he second organi c solvent conprises at |east glyne;
nmor e preferaﬁwg 204011836 { he second organic 10 sol vent i sSPEHES203881Ys t he
first organic solvent; nore preferably still, the second organic solvent is
glyme;  wher efFhet Hkein@Bnpgomat isr BYeFedstpopr eakvaAnt Fush amount greater than

about 1 nol ar +g@kérdl @Rhzehe | NG 1e00MAUNENET 1 {108 MYra a( MBsurDLe preferably,
the molar 15 ratio of the anmonia to the corrpound of fornmula (Va) is

greater than 8rC¥etid: £65rabdht o prapghed ghaterdANYLseri¢r aHe nolar ratio

of the amoni ant Qrdie iCORPEHEEhMon E6TVEHLE pVajeraH19D0HE Scbnawherein the
tenperature of the reaction is 20 preferabl mai ntai ned in the range of

about -3BC t 0°THRRIR S hor I RIELEr2hINFrh PRe FHVGRt 0P HTE6E 0C to  about

30C, nore pr effebﬁbé)b)ﬁ:ﬂllbl oatsﬁmghtwﬁbxtaacﬁ@drarmmoaualm of the conpound
of formula (I

precipitate. ref rabI nia gas is fed
into the reacteﬁ%‘ aﬁucﬁl éénﬁﬁ%i I%’&aﬁre% Bﬁ d%;\?dr %98 qggr)e preferably at
a pressure i nmbbe pﬁmabﬂﬂ €S stel&aﬁdo:srgaﬂual sbDvergabeuvinpdisgasiag, nore

preferably still,  _at a pressure i nge_ of from about. 15 to about 20
psia, more  prePSF SBPeGt RS Bl 2e3P1 13030 P Ry Garatlic' .
10 solvent is the same as the first organic solvent; more

preferably still, the second organic solvent is glyme;
wherein the ammonia is preferably present in an
amount greater than about 1 molar equivalent of the
compound of formula (Va); more preferably, the molar
15 ratio of the ammonia to the compound of formula (Va) is
greater than or equal to about 2:1; more preferably
still, the molar ratio of the ammonia to the compound of
formula (Va) is about 5:1;
wherein the temperature of the reaction is
20 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.

25
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
30 the range of from about 15 to about 20 psia, more

preferably still, at a pressure of about 19 psia.
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WD 2004/ 041836 PCT/ US2003/034107 In an enbodi nent of the present invention,
the second organic solvent (used in step (Ba)) is selected fromthe group
consisting of a cyclic ether, such as pyran, tetrahydrofuran, and the |ike;
a straight or 5 branched chain dial kyl ether such as glyme, MIBE, and the

| i ke; an aromatic hydrocarbon sol vent such as toluene, benzene, xylene, and
the like; or g mxture of a cyclic, straight or branched chai n dial kyl

ether and an "2*8HIP¥ nhydrocarbon sol vent. Preferably, PEHESBBOMY 10
organi c solvent (used in step (Ba)) is selected froma cyclic or straight
or branched chai n th @k gmbeheents gEhthe Pregent pirvantigny nghe MTBE, and t he

li ke, nmore prRbeh@lingadnie secaiut queadic sekyelta))Use@dsbleddRp (Ba)) is

glyme. 15 In an enbodi nent of the present invention, the second organic

sol vent (used fFAMSERS GEBHP) CPRSEH @t &Y 2 fWEhLE h%tkgﬁrouﬁuﬁlarﬁ sting of a

ﬁygl ic eLher, p?rahraiegﬁfam hy_ﬂi:ofhﬁﬁdirghaddgﬂfé nideal kyéltx&tiaae_@md ﬁn arﬁmati c 20
ydrocar bon soql vent; erein,the second organic solvent _is ofher than

t et r ahydrof ur F2BrRge sl Hé’[‘ﬂwl ?Fﬁ%’?.sm?‘naﬁn% e EMBBdidEht of the

present i nventdhenlikdie a3 apbfladl@aiydeostvsankol uew dsuechskep (Ba)) conpri ses
the 25 sol ver%t 1used ibn szt eg (Aﬁ i.e.dtt e gi.%sg or ani,c seol \éent).
Preferably, tHE55PUt i 0N ZEBNt af 't A2 C Gk’ o1 % BYAEEEE OFI 1) and the
precipitate i s bytlaredthpikhovwsr HB@naeédetaint didapivethée gadeci pitate. In
an enbodi ment of _the .i.nvention, .the ocess tor_ 1t reparation of a
Comound of 1 PAF AT PGSR SBLRE  BPbreld f! ERETA
10 organic solvent (used in step (Ba)) is selected from a
cyclic or straight or branched chain dialkyl ether such
as THF, pyran, glyme, MIBE, and the like, more
preferably the second organic solvent (used in step
(Ba)) is glyme.
i5
In an embodiment of the present invention, the
second organic golvent (used in Step (Ba)) is selected
from the group consisting of a cyclic ether, a straight
or branched chain dialkyl ether and an aromatic
20 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
25 solvent used in step (Ra) (i.e. the first organic

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

30 methods, to remove the precipitate.

| In an embodiment of the invention, the process for

the preparation of a compound of formula (III) is run in
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WO 2004/ 041836 PCT/ US2003/034107 two continuous stirred tank reactors
(CSTRs). Preferably, step (Aa) is run such that the residence tinme in the
first CSTR is about 1 hour. Preferably, step (Ba) is run such that the
residence time in the 5 second CSTR is about 3 hours. Preferably, step (Ba)
is run such that the third reaction stream and anmoni a are introduced
above surface into the CSTR One skilled in the art will recognize that any
of 10 the prYORYBLBYL t he present invention may be usBETAROBHPAr e
racem ¢ mxtures of a conpound of the formula QI%;For any of the

st er eoi soner s W0 gorokpEWEdsbirIest gk reaotorpy (SBFR®ti on and substitution

of appropri at e JracLsiF, @té%)U_r(@a?)_ Ofs $herfRIsSeRBE st Ahggegagents. 15 VWere
t he conpounds according to this invention have at |east one chiral center,

they nmay accortiMegly thexifdrshsCeHaris shetts.l WREFe tHrefesapdl¥inds possess two

or nore chirals@nies)s.id hay 58%h addict tRnaldsy aexésStt A% 4@ dhastereonmers. |t
is to be understood that all such isoners and nm xtures thereof are

enconpas$ed witaroRIt FEIR dEopROBE I MOUBP esdmetendBhY i gitePFriPthevhore, some of

the crystallinad ets® diat the €RIMDWRLSCIBY Rxksh & RpRlWARIHHAS and as such
are intended to be_.included in 25 the present_invention. In addition, sone

of the conpourtiEofaseY VEoPYEEARE WIER &FTRi.e., hydrates) or common
organi ¢ solvents, and such solvates are also intended to be enconpassed
within the scope of this iﬁgventi on

.30 Were the,processes for the
preparation of the®®¢dipddfds acEdt dthg trl‘?goﬁﬂbg%t%@rs? §¥e®tise to a

10 the processes of the present invention may be used to
prepare racemic mixtures of a compound of the formula
(I) or any of the stereoisomers of a compound of formula
(I), by selection and substitution of appropriate
racemic mixtures or stereoisomers of the reagents.

15

Where the compounds according to this invention

have at least one chiral center, they may accordingly
exist as enantiomers. Where the compounds possess two
or more chiral centers, they may additionally exist as

20 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

25 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.

30

Where the processges 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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m xture of stereoisoners, these isoners may be separated 27 WD 2004/ 041836
PCT/ US2003/ 034107 by conventional techni qgues such as preparative

chromat ography. The conpounds nmay be prepared in racem c form or individual
enantionmers nay be prepared either by enanti ospecific synthesis or by
resolution. 5 The conpounds may, for exanple, be resolved into their
conponent enantioners by standard techni ques, such as the formation of

di ast er eoner i ¥ORYMPE8Yy " salt formation with an optical PGI/BR0BH#INCI d, such
as (-)-di-p-toluoyl- Dtartaric acid and/or (+)-di-p-toluoyl-L-tartaric acid
10 fol | onwed byyfeuvenshetak ipshalientdush andrepgeaetveion of the free

base. The conggy&ggtoggxpg}soﬁg EERPOURE RYy SPRpLPEg Ofy di astereoneric

esters or am des chr omat ogr aphi ¢ Separation and renoval of the
chiral auxi| FAF§micAEPERNAY \Félldy?'LVlti‘h%l EERpbiLeRr snEpY blee respared 15 using a

chiral HPLC calghdl: pUEHRG: RINpeRhi £ 8 RItAEESS & b rBEEP@ @ on of the
conpounds of the present invention, it my be necessary and/or desirable to

prot ect 3ensi FPFeCIPOMBIR TN §P6uﬁ§a‘m}eonb%n5ﬁ‘°6’f1"?ﬁelﬁﬂ’ dd®i&s concer ned.

This may be aeBigyetht bB¥amPaierel b OsEidar-anedcHNigLeSs| | gcyaeUpPs, such as
t hose described I n Protectlve Grou;r)s in Organic. Chem str%/_n ed. J.F. W
McOmi e, Pl enufPPrETatign £f gigsteregmeziceRalse PYGSRLt ViR atBPHt ect i ve

G oups in O gaitk b oPyntaEs) Sa,ctiobnade ,€¥uéh SNY-) 1891p-th1vicptot ect i ng
groups may be_renpbved at a.conveni ubsequent. sta usln t hods known
P om the art. DTREETLoRF i B! 0 dhor EOBDRsLr RYEHRT I A0t 30 gr eat or
detail amd ar €olbhdwentieg f£oaddilcmallr atestidlaizatiantandnredetiermtiono |imt it.

of the free base. The compounds may also be resolved by
formation of diastereomeric esters or amides, followed
by chromatographic separation and removal of the chiral
auxiliary. Alternatively, the compounds may be resolved

i5 using a chiral HPLC column.

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

20 on any of the molecules concerned. This may be achieved
by means of conventional protecting groups, suéh 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

25 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

30 greater detail and are intended to illustrate the

invention, but not to limit it.
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28 WD 2004/ 041836 PCT/ US2003/ 034107 Exanple 1 Preparation of

Di acetone--D-fructose chlorosulfate (CS) Continuous Process A DAF stock

sol ution was prepared by weighing out 5 diacetone--fructose (DAF) (911.0 g)
into a one gallon glass bottle. To the solids were added glynme (2113.5 g,
2450 mL) and pyridine (290.7 g, 297 nL) and the solution was stirred to
conpl ete dissolution of the DAF. Additional stock solution was nmade as
necessary. 1YO0RMW#09418%6cr Er| eneyer flask was filled witRCTHR0S084K sol ution
(936.8 g, 987.2 nlL) and placed on a top | oading balance. A piston punp was
configured to punp the solution intEaderdactor. 15 Into a separate

flat-bott bad.l i d i 72.2 g,
102‘- 3 (r)ﬂ_) Og‘qndoézl 48 i i%f\’\@iacx.\@d %h- = §f':|:1IcH:ro%!e : SQQfQ*@g) (c.(s]) o ngg £1 ask

was then placed on a top | oadi néenfdinouse Brpfegs second pi ston punp was set
up to pump the SC intgy Ligei 20 1#36h s HIEREEAEHY W3gN IS Al NUOUS StirTed

glass reactor wth a four-necked head a si de “over port at
appr oxi mat el y dibheeflehé {fefriemede (AAR) t (Wgen padintut k&l bzé ngpld dnack- pressure

bubbl er was applied tq.the 25 reactor. The material, in ctor fromthe
previ ous exp&rinen O%f'de%%r%engﬁef‘%s c""oeﬁ:teaf"%%g?)c.a ﬁé’ﬂﬁngjg{%ogCS and 0. 08j
ot her uni dent i2ksedmivataard alyridie dR90 0N puizP7f ak) tanel EGewaslgtiant ed at a
feed rate of 2.2 g.per. mn, en the SC reached the actor, 30 the piston
punp for the DAF g?%)]%(edsgf)u??%e\}\:/gsg% %chtuetdon SF' di° D!

Additional stock solution was made as necessary.

10
A 1-liter Erlemeyer flask was filled with DAF stock
solution (936.8 g, 987.2 mL) and placed on a top loading
balance. A piston pump was configured to pump the
solution into the reactor.

15 Into a separate flat-bottom boiling flask was
weighed sulfuryl chloride (SC) (172.2 g, 103.8 mL) and
the flask was immediately stoppered. The SC containing
flask was then placed on a top loading balance and a
second piston pump was set up to pump the SC into the

20 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

25 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,

30 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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at a feed rate of 15.2 g per mn. The reactor cooling systemwas set at -15C
in an attenpt to maintain the reaction tenperature near 0C 29 WO

2004/ 041836 PCT/ US2003/ 034107 during the course of the reaction; a
tenperature in the range of +4.0C to +5.0C was achi eved. The reactor was
stirred at 400 rpm The reactor was run continuously for a period of 5 seven
(7) hours, with the SC and DAF stock solution feed reservoirs replenished
as required. BPYeEI0eadi ngs were used to nonitor addPETBRIBAIMEY and t he
punp settings adjusted to maintain feed rates. The residence tinme within
the reactor WSS TEREciiratcoyrae ebdlie spRCYiOR/ ROtPERATatTRE tRddISing fl ask

was replaced BQUELYosWd fhobhg B BHGLSEERAMIA.! t ered andoLhens evapor at ed

to an oil on a rotary evaporator with a water bath naintained at a
t enper at ure ofstabsed aOGOOExPH- al i quot of concentrated 15 oil was

transferred to a g&gésr&g]tto&ewggdm&' a6RG bR 1yl ESRZL LRl 0g 2L for storage.

The product streamfromthe reactor was also Sanpled hourly and anal yzed
via GC wht h r esiyens (35 haqursy ewitin thebfe and RAFofEogtp spabkeon: fqmdduct Stream

Contents TinguCoolePARp1dnlindP o Pefuired) B9 eadihs99.6 0.4 4 hr
99.7 0.3 5 hr 99.8 0.2

were used to monitor addition rates and the pump

settings adjusted to maintain feed rates. The residence

time within the reactor was calculated at about one (1)
10 hour.

The receiving flask was replaced hourly, with the
product stream filtered and then evaporated to an oil on
a rotary evaporator with a water bath maintained at a
temperature of about 40°C. Each aliquot of concentrated

15 0il 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:

20

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

30



6 hr 99.8 0.2 7 hr 99.8 0.2 Exanple 2 Preparation of Topiramate (TPM
Conti nuous Process 30 WD 2004/041836 PCT/ US2003/034107 CS feed sol ution
was prepared by reconstituting the oil prepared as in Exanple 1, by
dissolving in glyme to a final concentration of 1 gmCSto 5.8 gns glyne as
follows. The CS oil (376.1 g) was renoved fromthe 5 freezer (where it was
stored between runs to avoid deconposition) and allowed to warmto room
temperature. “ARMEE%%s rinsed into a 4-liter ErleneyePCTUsRRA#10T

portions of glynme. dynme was added to the desired ratio, for a total glyne
addition of 2181.3%° gffied TREULEPTs YPHt PEAPARES RY XERFNSTCHLUREPS ifhCer ed t hr ough

a 934-AH gl assif phesakdd ber i Rackanpilagl Nidyd qY868LMAnd Any Bt &dCS st ock
solution (2523.2.g). A 2-liter stainless steel reactor wth overflow 15 port

at about the B 5iPe} cFoncantrabhd ool s9BES 8P a8 A IIYBF 2% ai nl ess st eel

product recei vidllodBe prRdust oil e@EEVErgWatkseyahtwd®Erbma ehyacuum of 30" Hg
using a water_as irafor. The reactor (goolin systemwas set to 16.5C and

was 20 ther edFEEFSGd}RATED 1F 7T £585°F PSEYEFRal 2t AYCdF 13C to maintain
the interior rRachbesitieeaat i etnes wari/t8C el thpeCatiurd .Nng t he course
of the reaction, T reactor was stirred at 700 rpm _The enti,re reactor
system was presofr Ege‘ﬁast d:l%SthnthaZ‘lb]g]itger( f;f?‘i@?}%r \ﬂlﬁﬁka‘ﬂh‘i}'ﬂrous anmoni a.
During the _rq:a:_crt:ttons rafh,glyive . ansiymeawssd sadeiedt taoudus|desaddéd under pressure
control, maintalning:a system PLASRYLEalEVSl 027 2181.33 gme. The
10 solution was mixed well and filtered through a 934-AH
glass-fiber filter pad using mild vacuum, to yield a CS

stock solution (2523.2 g).

A 2-liter stainless steel reactor with overflow
15 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 wasg set to 16.5°C and was

20 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

25 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

30 (16.2 psia) to 2.5 psig (17.2 psia).

The CS 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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between 2 psig (17 psia) and 3 psig (18 psia) The neasured ammoni a pressure
was in the range of 1.5 prig 30 (16.2 psia) to 2.5 psia (17.2 psia). The CS
feed solution was wei ghed before and after use. The reservoir containing
the CS feed solution was placed on a top |oading bal ance and a stream of
nitrogen 31 WD 2004/041936 PCT/US2003/034107 was nai ntai ned at the surface
of the liquid, The CS feed solution was continuously added to the reactor
via a piston"BAO48%a rate of about 7.1 g per min. AsPEHFB30HINeed

sol ution was needed, it was Erepared as 5 previously described and the
reservoir replvefi BRERE21TPHe 2F ollied GUThage rafn teent 1 Eiictis| YRedfS si xt een (16)

hours, with Ovekhl Q¥LRaldreGhedchit inlBusl Y dRkr €6 iNeheac8: vEle Overflow
was nonitored by HPLC for conposition, .including anount of product

(Topi ramat e), 2 POSEARD AN THALDAFAEBENTPBt Gs! AnPafdint BF ™JFeher

byproducts, wdshreesuddlutasnl wes atkedBaTal ad, pbepoed kabl e 2: Product

Stream Contents Tine % Topi raga%e % CS % DAF % O her, 1 gr 94.1 4.6 1.2 0.1

> hr 94,5 4. 3PEeyipusly siaarraheq andythe [PepervoT L TeRIGTEESE 3 3 0.3 5 hr

89.8 7.1 3.0 0.1 Phéirrdetdri/wads 2evh QofkinliduslP0i&r Gikt2er (ue) 8 hr 91.5

6.3 2.0 0.2 %hr 91.7 .6.3 1.f§00.2 10 Q{ i92.’}Lx 6.0d1.7 0.2 .11 hr 92.1 6.1
n the uct re

1.6 0. 2 ours, with overflow collect pro ceiver
can. The overflow was monitored by HPLC for
composition, including amount of product (Topiramate),

10 amount of DAF, amount of CS, and amount of “other”

byproducts, with results as listed in Table 2, below.

Table 2: Product Stream 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 r
6 hr 90.4 7.2 2.4 0.0
7 hr 90:9 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 92.1 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
15 After 16 hours, the reactor was turned off and the

product receiver can was allowed to sit under ammonia
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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 15 After 16 hours, the reactor
was turned off and the product receiver can was allowed to sit under
amonia 32 WO 2004/ 041836 PCT/ US2003/ 034107 pressure of about 2.0 prig (17
psia) for about 8 hours. The product receiver can was then vented to allow
nost of the ammnia to escape. The product slurry was filtered in a Buchner
5 funnel. TheV o448 8ere siurried in the Buchner funnefCTURY34HH ned

t horoughly with two nearly equal portions of fresh glyne (total weight
172.2 g). The FFPERFe Pt eBALEM L FFignélpmsdact T A Er 8chASSd washi ngs

wei ghed 6321. 8 e phodirtt Rec¥etamkanofiayashadventédizol@inewahad 194. 6 gns.
The filtered rsfgu%i on was evaporated to an oil on a rotary evaporator with
a water bath rffi ffQi PP 5° ¢GRS rature of 40C to yield crude Topiramate.
15 GC anal ysis of frhe melduttosludrt vas pf Odisaedr o \Bichnatt er si xteen (16)

hours reaction_ti showed a,.mgi xture _of 1.1 Ar 9% DAF, 8.0 Area % CS, 90.6
A om0 TBM andiBeE A e Golidh Sate” siruieg 361 £ ARinea FORA i the
product recei werd d2dimdd ehosbuglelen with) twm uresril g aequadn poiritomndfabout 8
hours st andi showed a i xture .of .0 e %Bﬁf, . 98.5 Area % TPM
and 0.6 Area % ueﬁEn%V)\%}? (ée)t(gﬁa‘ﬁ/lﬁfhg (1)?2’g1§%éon entfslri%F%tgﬁe product receiver
after filtraticomtshoswest dhe prodwitofreteivedr @an%abi\Fyashdngs
weighed 6321.8 g, while the wetcake of washed solids
10 weighed 194.6 gms.
The filtered solution was evaporated to an oil on a

rotary evaporator with a water bath maintained at a

temperature of 40°C to yield crude Topiramate.

15 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 golution in the product receiver

20 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

25 CS, 97.9 Area % TPM and 0.5 Area % unknowns.

Example 3

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

Continuous Process

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

utilizing a back-pressure bubbler. The reactor was
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25 CS, 97.9 Area % TPM and 0.5 Area % unknowns. Exanple 3 Preparation of

Di acetone-B-D-fructose chlorosul fate (CS) Continuous Process 30 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 33 WO 2004/ 041836

PCT/ US2003/ 034107 cooled wth an indirect glycol cooling system Prior to
the start of YR@MMAHEW nent, the material in the react oPCT/URRE034MM7yzed by
GC. The starting reactor conpositions for conpleted runs were as summari zed
in Table 3. %odapfevidh SnaindiygcRegtyerl Conponrd tsy@teRUN#PIIGX 304 5 6 7 %
CS 99.0 996 65000 30cRe Wfhr el HrlPfadodi f 4rdeflo2rdadiod 0.6 0.4 %
"Other” 00 0 0 O. 1-1iter Erl enmeyer flask was filled wth DAF
stock sol uti oﬁ'afspﬁ@?)bﬂ@d BE Qféscﬁ'ﬂﬁﬁeétﬁlﬁlmaﬁﬁ?‘ét%) cergosipioRgs pl aced on a
top | oadi ng balancempAdalast@is R WBSsurmRRhLgar & M®1RUSP the solution into
the reactor. Sulfuryl chloride (SC) was weighed into a separate flat- bottom
boiling Plask. The flask containing the sulfuryl chloride was stoppered and

then placed on a top | oREi1B03 ! BHhakdNs Reabts£ WRBoBLEISN PUMP Was configured
to punp the SCinto theETeactor Agifarton was started at about 400 rpm

and the pistpRim for tHe 3C had stlarBed af the Hesfiréd feel |rate. Wen
the SC reachefigT&& reactor,| §d1& PoSTHT JWRP| 97.9 | 99.6 | 99.4 | 99.6

% DAF 1.0 0.4 5.4 2.1 0.3 0.6 0.4

% “Othexr” 0 0 0 0 0.1 0 0

A l-liter Erlenmeyer flask was filled with DAF

stock solution (prepared as described in Example 1) and

10 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

15 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

20 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

25 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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20 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
overfl owed continuously to a product receiver that was 25 enptied as needed.
Bal ance readings were used to nonitor addition rates and the punp settings
adjusted to nmmintain feed rates. Qperating conditions, including the

cal cul ated r eXREWPO4EE dence tines, were as summari zecPGTASINBIHIN  pel ow.
34 WD 2004/ 041836 PCT/ US2003/ 034107 Table 4: Reactor Operating Conditions
Run # 1 2 3456 7 Mle Ratio S02C 2: DAF 1.05 0.94 0.93 1.01 1.00 1.00
0.99 Mle Ratio Pyridi neiabAE 4 QfeaJ;tQE dpd¥atingScdndd®ibn@5 1. 05 Mle Ratio

Gyn’e DAF 2. 2 32 2 32 2 37 64 Punp rate (ol m \ Gyne: DAF
7.61 7.62 14Ren1¥ 2 13 4 13.4 13.14 P&rrp rate|(d¥ min)®sdech2: paR 114 1.02
2.02 2.17 1. .Mé,_g Bdtio 1D Reaction [femp (O -T -2 j 40 {14 30] Res| dence
Time (bra) 2. 01.01.01.001.0{1.0 The reacto

was ijsanpl ed hoFrIy and
t he sanpl es §°aﬂ%ﬂ *PREJ for con}tjerpc5 h§ - | OTR2 | Aofit 4 %Poopje@t Br°%t  each
condition an@ichBERAEBII LI NG reactor| cont ent near  gonpl €t on pof {he
cont i nuous cperatlon are su rized|in Table|5, below

Pyridine:DAF 1.05/1.0511.05(1.05(1.05}1.05)1.05
Mole Ratio
Glyme:DAF 2.3212.3212.3212.3214.64|4.641]4.64

Pump rate {(g/min)

Glyme:DAF 7.61|7.62|15.4|15.2|13.4|13.4 13.4‘

Pump rate (g/min)
80,C1;: DAF 1.14{1.02}2.02(2.17{1.17]1.17{1.15

Reaction Temp (°C) -1 -2 2 4 0 14 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
5 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.

10 Table 5: Operating Time & Reactor Contents
Run # 1 2 3 4 5 6 | 7
Hra of operation 5 5 5 5 4 5 | 3
% Cs 99.3 194.1(91.5|99.5|99.5([98.8|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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10 Table 5: Operating Tine & Reactor Contents Run # 1 2 3 456 7 Hrs of
operation 5555453 %CS 99.3 94.1 91.5 99.5 99.5 98.8 95.9 % DAF 0.7
5,9850.50.51.24.1 %"OQher" 0000O0O0O0 Exanple 4 Preparation of
Topiramate (TPM Conti nuous Process 35 WD 2004/041836 PCT/ US2003/ 034107
The continuous reactor was a 2-liter stainless steel pressure reactor with
an overflow port at about the 1.5 liter |level. The product receiver was a
20- liter stalAPR¥Epeq pressure tank. The reactor S TSNP RY Wi t h an

i ndirect glycol cooling systemto nmaintain the tenperature near the
targeted tenperat uFe® PHEIRYPTHEREEPE Y 2t Rel 1T fF8A7LBFF or to the start

of the experi Bk phessiberéadtdmwibe dreaskoridw @orthat @bew ous experi nent
was anal yzed by GC tq det eim' rHIe 10 contgt. The starting reactor
conposi ti ons el-3 Fi 285 n FE6I B euYeFORFibI"8562 #¥act or Contents
at Start of ExpeernstdinlBys #te) bledduds thékl5 Tie r¥aEEBr wasb 88.2 91.9
83.0 96.9 92.2 98% %pfgs 0 %59.0 0 0.0 9% DAF, 23.3 %.7 6.3 15.1 3.2 7.0 4.8
Run # 17°18 1§°96°91"3 gRTEps g&ct GaYPREPIGW FYEEE 82.7 %CcS 0000 0
0 % DAF 10. 3mh4n5a1114.t31e2t6m19e1€at1ﬂ:38néhr tdre sgagette@f tehpeexiperd nent, the
product 15 recgiver was gvagyaled and.Lhe gNti 18 1,36t QheSysLgM was

of the experiment, the material in the reactor from the

previous experiment was analyzed by GC to determine

10 content. The starting reactor compositions were

summarized in Table 6, below.

Table 6: Reactor Contents at Start of Experiment

Run # 10 | 11 | 12 [ 13 | 14 | 15 | 16
% TOP 77.5(88.2[91.9[83.0[96.6 |92.2 [95.0
% 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(85.4 (85.7]96.0|89.8|81.7

% CS 0 0 0 0 0 o |

% DAF 10.3 [14.5[14.3| 2.6 | 9.6 |17.8

At the start of the experiment, the product

15 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 regervoir containing CS
solution, prepared as described in Example 2, was placed

20 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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pressurized to the target pressure with anhydrous ammonia gas. Wth the
exception of Run #10, the ammonia was added above surface. A reservoir
containing CS solution, prepared as described in Exanple 2, was placed 20
on a top | oading bal ance and bl anketed (inerted) with nitrogen. A piston
punp was configured to punp the CS solution continuously into the reactor.
Wth the exce tion of Run #10 and #11, the CS solution was added to the
reactor aboveVSaPHAHES 36 WO 2004/ 041836 PCT/ US2003/ 034RGFFUS260383487st on punp
for the CS solution was started at the target feed rate. Ammopni a was

conti nuously addedTherkigtopreadurfercbhe rel scd uhiphiv@isn stAEtedrafet pressure.

The reactor prt@l@ueargéfterffeegwe&étonmaﬁi@I@est CohthEnuRl @dHgded €cei ver. As
nore CS feed solution was needed, it was Eared as described in Exanpl e

2. Operating Wﬁ§ﬁ6|?¥?ﬁﬁ¥relﬁ%@ﬁﬁﬂlnéotﬁél¥ﬁﬁ%?u B¢ RIS PERSFESG dence  ti ne,

were sumari zegheNrdadldtr pro@edtoWvel@1dndd e:oztlmlqr toPehat i ng Condi tions
Run # 10 11 12 13 14 15 16 Mass Ratio Qyne:CS oi] 2.9 5.8 4.3 8.7 5.8 5.8

5.8 % DAF in~&8 ’sISFqu?‘iﬁ’rV?rO sy merg @S edeS’il%tlf’nlwaésng%‘il ‘i on Feed Rate
(g/mn) 7.4 7.i% ¥%ad grepated ds BebcfibBRBipmEaspIe At ©paekoind psia) 30 28 17

174517 ALaor speed (150, 390,300, 120, L5, 890 458 S85,pact o1 Tem

time, were summarized in Table 7, below.

10 Table 7: Reactor Operating Conditions
Run # 10 11 12 13 14 15 16

Mass Ratio
Glyme:CS oil 2.9 5.8 4.3 8.7 5.8 5.8 5.8
% DAF in CS

solution 7.0 2.3 3.3 3.0 1.8 1.3 1.1

CS solution Feed

Rate (g/min) 7.4 7.0 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 13.1 ]| 3.0 3.0 3.0 | 2.8

Run # 17 18 19 20 21 22

Mass Ratio

Glyme:CS oil 5.8 2.9 1 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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Residence tine (hr) 3.0 3.1 3.1 3.0 3.03.02.8 Run # 17 18 F2. 20 21 22
Mass Ratio Ayne:CS oil 5.8 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/mn) 7.2 7.7 7.7 4.2 4.2 4.3 NH3
pressure at 30 18 4 17 18 30 37 WD 20041041836 PCT/ US2003/ 034107 reactor
(psia) Agitator speed (rpm 703 697 732 690 720 722 Reactor Tenp (C) 19 19
20 18 0 19 %ézg%“&tlme (hr) 3.0 2.9 2.95.15.25.0 The reactor

contents were P& hour y and the sanples anal yzed RURYRORNY by GC.
The hours of ch—condition—and—theresultingreactor

content near| 3E6fPPEL IRt t he|cont il nuous operdationd werd as |sunmefized in
Tabl e 8, bel{mgitdabkesgedOperaling Ti me and Reactor] Contlents [Run 10 11 12 13

14 15 16 Ogegating time (hrs) |6 7 6 9 9|58 |%Joniramdte 729 83,0 77.9
82.2°77.0 34 6P, & v6cs 0.1 16| 0 T4 %%9(_@?5;9[)2&525_3 15.0 16. 2
9.9 5.1 4.6 |[hdactBenNrdnfp 18c)l9 20,3124, gpat|i ng t/i ng

Residence time

(hr) 3.0} 2.9 2.9} 5.1 | 5.2 5.0

The reactor contents were sampled hourly and the
gsamples analyzed for content by GC. The hours of
5 operation at each condition and the resulting reactor
 content near completion of the continuous operation were

as summarized in Table 8, below.

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 |1 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 1 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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(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 Exanple 5 - Effect of
Sol vent Renpval STEP A: Preparation of Diacetone Fructose Chlorosulfate
using a Stoichionetric Amount of SOQ2CI 2 A 5000 nmL 3-neck round spheri cal
flask was fitted 15 with nechanical stirrer, thernoneter and an addition

38 WO 2004/ 041836 PCT/ US2003/034107 funnel connected to a | ow pressure

ni trogen sourt@2P¥*¥fovi de an inert atnosphere. DAF (%“5?°°§9§1P7nol es),

glyme (1915 g) and, pyridine_ (263. , 3.33 noles) were added to the flask
and stirred atvsseg t%’rﬂ’ﬁﬁﬁﬁgt‘éo 5 EP%S%‘F‘??[SIUER mﬁl’)eoﬁnaﬂi’uﬁﬁ% %ooled in a salt

and ice m xtgievide ath iifket nAimdsphpes at wng ¢82RbHUB .AC. molmd)f,uryl chlori de
(427.9 g, 3.17_nole s.added over 4 ,hours whjle maintaining the reaction
t enper at ur e a?lﬁ'@f Hlsﬂ_gaﬁi)x?ﬁ‘?é’y\fé 8% ?zrsg’d%ag'o%fjof“ogﬁsgd‘&ﬁrtei onal 15 10
m nutes, aftergwbiClo tiiee £t Bsk katdh svasrdenRvede@nd bbfpldiexture warnmed to
roomteg\erature. The contents _were sanpled and anal yzed by GC. Anal ysis:

1.19 % DAY, 9gisgodpteen.s Fhe Hiaskures gRelededtin® 193litePBE 198 renove t he

pyri di ne hyar gablord s, Sal idsertiie: Cosplublkons (A3 e was transferred to
a bottle, tightly capped and stored at - 20C until used in Step B. 20 Step

B: Preparati ofudfure Sdilgriién f477-Cotivet silomoles) Tos raAad eoVRre 4sol uti on
prepared as i @10§£‘Spw 1]%b9n\é§.n(:§'1%9in%) the reaction temperature at 0°C.

The mixture was stirred at 0°C for an additional 15
19 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

15 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.

20 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
on a rotary evaporator and 40°C water bath, until 20% of
25 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.

30

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.
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was evaporated in vacuo, in a 250 nL round bottomflask on a rotary
evaporator and 40C water bath, until 20% of 25 the solvent was renoved.

Fol | owi ng concentration, the flask contents were diluted to the original
130g with fresh glyme, mxed, vacuumfiltered, and kept under nitrogen
until used in Step C 30 Step C. Conversion of CS Solution to Topiramate A
clean, dry 300 nL stirred Parr reactor (316SS) was purged with nitrogen,

t hen evacuat 80 ZWH41%6| at ed. 39 WO 2004/ 041836 PCT/ USHSTEHBHIWY? Fresh
glyme (87 g) was transferred into the vessel which was briefly

re- evacuat ed. FTeeh gfliymeed8We® waenbtprnfezngd iHe £t ¥assfls WpieBsuri zed with
ammoni a to abopl ©BrRF1G- r& MRAREEEAL N MRS USBLe Myl BELAdd QRSaQE 1Ce as
needed 5 to maintain fhe contents at about 15-20C throughout the reaction
peri od. The CtEheeBFHaOHRAStRIPBURASCAdHER FMEONFuKRe 8hevt 2b®FLJ1. 25 hours,
then stirred ap ggdid iaRal wds J2QHN Fie QU odd-A0CHNEEmezdRal g anmoni a
pressure. The reactor contents were vacuumfiltered to renmove 10 NH4C and
the cleaP fil tranainhadingibe ¢sntEats fpfalapous: 19 H°% apusdoud YBeaPM Exanpl e 6
- Effect of S S ' rati fp DLac uct ose

Chl or osul f at e%éfg%%ﬁggéoa/?zx%sein%ﬁ%ﬁhs% 2B Eagog%&gﬁp{vg?neck round
spherical fl| a®kmpe@vey bedt 1i2thhavepariiheal ssitredkan pAdivmrele? and an
addition fun 0 _ ok O ressure ni to provide an
inert at rmsphggg?gtﬁgea%ggg %9 %) é?ﬂlrf{; reg ?éﬁ%mgh{?%gg@%e%ug)g'and pyri di ne
(263.5 g, 3.33 nol B nseceor contents were vacuum filtered to remove

10 NH,Cl and the clear filtrate analyzed by GC.
Analysis: 9.5 % DAF, 90.0 % TPM

¥

Example 6 - Effect of Solvent Removal

STEP A: Preparation of Diacetone Fructose Chlorosulfate

15 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),

20 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

25 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.

30 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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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
mai ntai ning the reaction tenperature at 0C. The m xture was stirred at 0C
for an additional 15 mnutes, after which tine the bath was renoved and the
m xture warnmed to roomtenperature. The contents were sanpled and anal yzed
by GC. 30 AnadYQ20p4041836 23 o5 DAF, 99.72 % CS The mi xtureP\ﬁa‘g‘gi‘P%?}dei | tered
to remove the pyridine hydrochloride solids. The CS solution (2859 g) 40
WD 20041041836aRCrHrusSAFe3eg342e 07 bavadet righedtdyr eaPr]s @angofEexed tightly
capped and stared ato~ untid .us in Step B. Step B: Preparation of CS
Sol ution for C%nve?éicorlll%?og;l 'Estéldoﬁildr gﬁ%ée%'A portion of the solution prepared
in Step B above (130 g) was evaporated in vacuo, in a 250 nL round bottom

flask on a rolgy gyaRALALEIBRLAYE Bl SlichAbh: cdiliddeZ0%e! Lhe ol vent
was renoved. TOTT, re diluted to
the original Wf resh glyme, mxed, vacuumfiltered, and kept under
nitrogen until used ch‘.rti%%B&Qh&%o%h@Ponr@BQ}é@&Siz?%t% §)Sa1§9}é1t' on to

Topiramate A clean, dry stirred Parr reactor (31655) was purged with
nitrogen, then(l@Paglafat sypgoraeedtiadvacy.edir gl 7 W8royghdwas transferred

into the Vesset{ot‘é@!ncﬂaéﬁ@%nbé! %%a’r\k{ %ﬁ&%&%{%&eg dTllﬁ’Cs%LééPrba%§ turned on
and 20 the systemwas pressurize th anmonia to abou psi g.
until 70% of the solvent was removed.
10 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.

15 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
was8 briefly re-evacuated. The stirrer was turned on and
20 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
25 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

30 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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A water bath was used with additions of ice as needed to nmamintain the
contents at about 15- 20C throughout the reaction period. The CS feed from
Step B was added via punp over about 1.25 hours, then stirred an additi onal
2 25 hours at about 15-20C under 2 psig amoni a pressure. The reactor
contents were vacuumfiltered to renove NH4C and the clear filtrate

anal yzed by GC. Analysis: 8.1% DAF, 90.0% TPM 30 Wil e the fore:aoi ng

speci ficati onVP&RUHEt he principles of the present i REHPYHFWth

exanpl es provided for the purpose of illustration, it will be understood
that the pract3ideodfthehaspal simbighientofgaRasions o/ 041041836

PCT/ US2003/ 0344d¥h righd iRk hEecdipUahcNA LAkl Qibpe adaplatiansy g/ or .
nodi fications as cone within the scope of the following clains and their
equi val ents. S mHgeany Fhair 2quEVELRRYSuous process for the preparation of a
conpound of fornmula (1) gg X% R6 R OL~\O RS wherein X is selected
fromCH2 or O; RL is selected fromthe group consisting of hydrogen and Cl_
4al kyl ; R3, R4, R5 and R6 are each i ndependently sel ected from hydrogen 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, R3 and R4 and/or
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R5 and R6 together may be a net hyl enedi oxy group of the formula: R7 ~ R3 O
wherein R7 and R6 are sane or different and are hydrogen, |ower al kyl or
are alkyl and are joined to forma cycl opentyl or cyclohexyl ring;
conprising WX CRiimsolCi R R SOCI RSR~ (MgbhbRL RSR (A reacting a
suitably substituted conpound of fornula (1V) with sulfuryl chloride; in

the presence of an organic or inorganic base; in a first organic sol vent;
to formthelcoarespandicg qompessd ot floe mpiepddtioandf 43chmpeend xf0 +
R -NH2 -- J526 R3 RSB4 (VM (M) /S02-NHR x 0 R R R6 7
ormula (
0
X §§/§_—w
e
B R? 0 \\O
R? R
wherein

X is selected from CH; or O;

R' is selected from the group consisting of hydrogen and Ci-
salkyl;

R®, RY, R® and R® are each independently selected from hydrogen or
lower alkyl and, when X is CH,, R’ and RGmay 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
X
B N

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
P4 OH
+ SO;C[; —
6 3
R R s0.Cl
RS R* X o
awy
R Y
RS R
(\J]

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

in the presence of an organic or inorganic base;

in a first organic solvent;

to form the corresponding compound of formula (V); and
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(1) (B) continuously reacting the conpound of fornmula (V) with a suitably
substituted conpound of fornmula (VI); in a second organic solvent; wherein
the first organic sol vepftand the second organic solvent are each glynme; to
formthe corre rdi agoconpound of formula (1). 2. The process as in claim
i C or inoRgaNi,C-—Base is an organic base. 3. The process
as in claimZ \whefermd the organic base is pyridine. 4. The process as in
claim1l1, whereyn tNaie sulfuryl chloride is present in an anount greater than
about 0.9 nol 8 per‘nole of the conpound of formula (1V). 5. The process as
inclaim1, wher®in the base is™resent in an anount greater than about 1
mol ar equival ent of the conmpound of foffT™&™®(1V). 6. The process as in
claimb5, wherein the nolar ratioe—&f conmpound of forrmula (IV) to the
base is at |east about 1:1.05, . YThe process as in claim1l, wherein the
tenperature of the reactio”iN StepRA) is |less than about 500 C. 44 8. The
process as in claim1, wherein/the\conpound of formula (VI) is present in
an anmount greater than about X nol& equival ent of the conpound of fornula
(V). 9. The process as in claim®, wherein the nolar ratio of the conpound
of formula (VI) to the conpound of formula (V) is at |east about 2:1. 10.
The process(Bis dantclngiomsly whereingttiee compownd of formula (YVIY¥itls ammoni a
and the ammpnia.i-s fed in e Les .of about 19 psia. 11.
The pr ocesss%lstallbnlycIséll%r‘?’ltfft%\%gr 8§Iﬁg§%§&toggnp%rra &ge%gﬁ s:t’ he

in a second organic solvent;

wherein the first organic solvent and the second organic solvent
are each glyme;

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.

3. The process as in claim 2, wherein the organic base is

pyridine.

4. The process as in claim 1, wherein the sulfuryl chloride is
present in an amount greater than about 0.9 moles per mole of the

compound of formula (IV).
5. 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).

6. The process as in claim 5, wherein the molar ratio of the

compound of formula (IV) to the base is at least about 1:1.05.

7. The process as in claim 1, wherein the temperature of the

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

44



reaction in Step (B) is in the range of fromabout -30 to about 500 C 12.
The process as in claiml1, wherein the conpound of forrmula (V) is fornmed in
a solution conprising the conmpound of formula (V) and the first organic
solvent. 13. The process as in claim12, wherein the sulfuryl chloride is

reacted in nt eual to about. 1. e ent. relative to_the und of
fornul a (|\§ r RS CESnpri %Pnﬁlcﬁrﬁcent ﬁéetreﬁél {he CSBPEFPEnCE ﬁ%‘%ﬁg}%g t he
conpound of (for m4 c’pr(e\s’)enandnt he émdSLSrtt FeaddrC thahvabbutolreabye at | east
about 20% of the sol ve t .14, r s as in claim12, wherein the
sul furyl chf8Hdeend © g?eﬁo?‘ﬂoﬁ% %r %é"r aan about 1 equival ent
relative to the corrpound of formula (1V), further conprising concentrating

the solution conprising the compound of formula (V) and the first organic
sol vent to §ertife PALCELSPS70% 61 2tMe® sORAIRI MEss. Me3arTRathp orbss s in

claim 12, -fay Iﬁ;hﬁfmc%rfprflosmnmacw@ﬁnﬁé A DG onfddRirsO byt IF8RMGRAPLY flﬂg dihe
conmpound of formula (V) and the first organic solvent to an oi 45 16. The

process as }epl @beut22:flurt her conprising treating the solution conprising
t he conpound of fornula (V) and the first organic solvent to renove

vol atiles. 17. The process as in claiml1l, wherein step (A) and step (B) are

each run inl@. o ipreaessstisr isdctank I eadteoreinl@heAcoopbiindoos fwwoess for

the prepar ajy on of Beo9mound Phe LALME {140 300! 08 Theed 9%

pressure of about 19 psia.

11. The process as in claim 1, wherein the temperature of the
reaction in Step (B) is in the range of from about -30 to about

50° C.

12. The process as in claim 1, wherein the compound of formula
(V) is formed in a solution comprising the compound of formula

(V) and the first organic solvent.

13. The process as in claim 12, 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.

14. The process as in claim 12, 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.
15. The process as in claim 12, further comprising concentrating

the solution comprising the compound of formula (V) and the first

organic solvent to an oil.
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\,1 osoci, ~0 o /S02CI va) (Ve) (Aa) reacting a conpound of fornula (IVa)
with sulfuryl chloride; in the presence of an organic or inorganic base; in
a first organi c solvent; to formthe correspondi ng conpound of formula (Va);
and /sol e'1®0 THUproceps. abHSn- d-léMn)lso fu)f&,herOcOﬁpQJ_srn@nt];eAtflr(gl Idh)e (Ba)
reacting the conmpound of formula %%?vmt 1 in a second organic

sol vent ; V\A‘%?]éitﬁotnhéjof‘iprrétﬂiigg’éh?cc %H{ Ognéotrﬁ‘é §e(§8hda%‘ﬁg‘é}h‘? didsitvent
are each gl yeEn itc0 sfakBhtheoCeenhesponsh g iegpound of formula (111). 46 19.
The process as in claim 18, wherein the organic or inorganic base is an
organi ¢ base. 20. The process as in claim19, wherein the organic base is
pyridine. 2l; The proeess as if claimils vm?ﬁreghnsttgﬁ %HBfHﬁéﬂs@&L o7 )d& es
present in an anount greater than about 0.9 noles per nole of corrpound
of fornul a §8R)run Ay aTReNsipEeys %l*sllil”rﬁQ:Itaiinﬁﬁ stacmér ein the base is
present in an

18. A continuous process for the preparation of a compound of

formula (III)

am

(Va)
(Aa) reacting a compound of formula (IVa) with sulfuryl chloride;
in the presence of an organic or inorganic base;
in a first organic solvent;

to form the corresponding compound of formula (Va); and
/30201

am

(Ba) reacting the compound of formula (Va) with ammonia;

in a second organic solvent;

wherein the first organic solvent and the second organic solvent
are each glyme;

to form the corresponding compound of formula (III).
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anount greater than about 1 nolar equival ent of the conpound of formula
(I'va). 23. The process as in claim?22, wherein the nolar ratio of the
conmpound of forrmula (lva) to the base is at |east about 1:1.05. 24. The
process as ig. ctid midsestherseiim thaihenmperaien e oftHhergaeaet benihbrec
(Aa) is less than about 50 C. 25. The process as in claim 18, wherein the
ammoni a is PieSelt 3h O H DM gr eat er than about 1 nol ar equival ent of
the conpound of forrmula (Va). 26. The process as in claim25, wherein the
nolar ratio of the ammonia to the conpound of fornmula (Va) is at |east
about 2:1. 297 THHPRGETSL%dN ﬁlépam?asvh%@%iweamﬁmq bapgdifnto the
reactor at gypressare of about 19 psia. 28. The process as in claim 18,
wherein the ¥enperature of the reaction in Step (Ba) is in the range of
fromabout -30 to about 50 C. 29. The process as in claim18, wherein the

conpound of ,for dMa), s fior N1 8 i q}ﬁo iSin ound of

formula ( aﬁ“aﬂ?élét e %elagrssta%orlgagglsovaeﬁ}?é.yéélif% : %lerr gegs:g?gg?g% %:I aim

29, wher ei nptéeesul furan aiduwrt deceserr eheh ezgbout dhdumto legualert moaboaf tihe

equi val ent relatiwg éf %he d of fornmula (l1Vva), further conprising
sof u

co n
concentrati(ﬁ%mt)?fén ?%ﬁ?%?ogggggrng t he conpound of fornula (Va) and the

first organic solvent to renove at |east about 20% of the solvent nass.
31. The process as in claim?29, wherein the sulfuryl chloride is reacted in

amount greater than about 1 egg%¥ﬁlent relative to the conpound of fornmula
(1va), furthér TRAPIIGHY Gh 2tTngSt hehe ot utiivh RaGfpriss PRGSERE 1n an

conmpound of afehAtl grdMedr atthrd R® it $t mo P& Hadk i Bl eNts ff @ HeeBYBoahdl §8ST
70% of the solvent mass. 32. The process as in claim?29, further conprising

concentrati A§rmehe §bYaki on conprising the conpound of fornula (Va) and the

23. The process as in claim 22, wherein the molar ratio of the

compound of formula (Iva) to the base is at least about 1:1.05.

24, The process as in claim 18, wherein the temperature of the

reaction in Step (RAa) is less than about 50° C.

25. The process as in claim 18, wherein the ammonia is present in
an amount greater than about 1 molar equivalent of the compound

of formula (Va).

26. The process as in claim 25, wherein the molar ratio of the

ammonia to the compound of formula (Va) is at least about 2:1.

27. The process as in claim 18, wherein ammonia is fed into the

reactor at a pressure of about 19 psia.

28. The process as in claim 18, wherein the temperature of the
reaction in Step (Ba) is in the range of from about -30 to about

50° C.

29, The process as in claim 18, wherein the compound of formula
(Va) is formed in a solution comprising the compound of formula

(Va) and the first organic solvent.
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first organic solvent to an oil. 33. The process as in claim29, further
conprising treating the solution conprising the conpound of fornula (Va)
and the first organic solvent to renove volatiles. 34. The process as in
claim 18, wherein step (Bb) is run in a continuous stlrred tank reactor.

35. The proggsspas 1y clal m18y, WHSLRT 9oSten. (AA) AN SR -(BALn18L 206200
run in a continuous stirre tank react or
reacted in amount equal to about 1 equivalent relative to the
compound of formula (IVa), further comprising concentrating the
solution comprising the compound of formula (Va) and the first

organic solvent to remove at least about 20% of the solvent mass.

31. The process as in claim 29, wherein the sulfuryl chloride is
reacted in amount greater than about 1 equivalent relative to the
compound of formula (IVa), further comprising concentrating the
solution comprising the compound of formula (Va) and the first

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

32. The process as in claim 29, further comprising concentrating
the solution comprising the compound of formula (Va) and the

first organic solvent to an oil.
33. The process as in claim 29, further comprising treating the
solution comprising the compound of formula (Va) and the first

organic solvent to remove volatiles.

34. The process as in claim 18, wherein step (Bb) is run in a

continuous stirred tank reactor.

35. The process as in claim 18, wherein step (Aa) and step (Ba)

are each run in a continuous stirred tank reactor.
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