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WD 2004/ 063149 PCT/ | B2004/ 000002 METHOD FOR PREPARI NG
METHYL 2- DI PHENYLMETHYLSULFI NYLACETATE The present

W(i)mnemmlmm relates to a novel nethod for prepaPCTEB2004/000002

methyl  2-d iphenyl methyl sul finyl acetate (MDVBA).

MDVBA i s disclosed as an |nterned|ate conpound in the
synthesis of 5 nodafinil also known as

2-[ (di phenyl net hyl ) sul finyl]acetam de. Mdafinil which
is a sgnidierbr meeimmictezTwivt, h2 \WalkeeNYt.OEDIvOQLF INYLACETATE
activity, is useful in the treatnent of narcol epsy,
anong ot her di sorders. The inventors have now

di scover a nov:tsf route for s nt hesi

NDMSA whi ¢ch
is appli P@Sgﬂ mentigpuslatesiio scapve ni%thOd for preparing methyl

A {\gipg/g@ e obtained in two or
fﬁﬂféﬁg?@%@ﬂ%bﬁﬁmgﬁ% bei ng char agt erized by high yields.
In an adMBMSa\‘ge&)dlscmadcasmuntetmedaatemmppoung ilhéhe synthesis of
carr out. in he sa soI vep .
faf =8 et e 2rad PheaiReuR sy bAceiaRide “Hetfal which is
a’lb%t@l@tlé '?a%eerﬁﬂ%r\hlth WYL dtin thtR/'it9Vlsd@séfUI in the treatment of

econoni cal and efficient ~method for preparing
eveslepay,ramang otharelisordees. achi eved by the present

i nventi which, relates to for epafr.i -

ot byl | 2N SNESR SebAYT S Rl @ ReuRhRFdEnE, supthesizing
MDA efhich2 i@ épﬁlxcﬁBI@Veﬁftﬁe aidustridieeafeydrol into

met hyl di phenyl net hyl t hi oacet at e andm&a) conversi on

of net h;/f ¥ﬁ9ﬂﬂ%§/{ e tMbbbis canebe iRed Hy | twp. or three steps,

' | by oxidation. 25 Schene

%ﬁ%ﬁér %’@s@tﬁgege er@ﬁ%(ﬁégsteps used in this nethod

: ()—| (I )InmrSad@Mageoms Snibd&iimett, tResBastehy tiay be carried out in

he Irrethlthloacetate l\/bthl

t ed§ §nj€q

rhﬁrgu he SAre sVt Wm%t [sofaing) the intermediate
coPRSEthds.

The aim of the present invention is to provide an economical and efficient
method for preparing MDMSA.

These aims and others are achieved by the present invention which
relates to a method for preparing methyl 2-diphenylmethylsufinylacetate
comprising the steps of:

(i) conversion of benzhydrol into methyldiphenylmethylthioacetate ;

and

(i) conversion of methyldiphenylmethylthioacetate into methyl-2-

diphenylmethylsulfinylacetate by oxidation.

Scheme 1 illustrates in general the steps used in this method :

O oy —2 S/\n/OMe (ii §/\n/0Me
O o) O 0O 0

Benzhydrol Methyldiphenylmethylthioacetate Methyl 2-diphenylmethylsulfinylacetate
(MDMTA) (MDMSA)

Scheme 1
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CONFI R(VATI ON COPY WO 2004/ 063149 PCT/ 1 B2004/ 000002 2
The reactions of steps (i) and (ii) used in this

woreiohoeB1a e carried out in an appropriate solReniB2004/000002

whi ch may be easily chosen by ,persons skilled in the
art, it being understood that an appropriate sol vent
denotes a solvent which is s nonreact|ve towards the

WP ARG T starcn L TGSl et it outin an

AsPFrepRate §<§lt/eﬁth®hicﬂt|’ha¥ HeoeétﬁerCﬁdééﬁﬁl by Bersons skilled in the art, it
solidification EOI nt of the solvent to the boiling

hringt Uoderstrods dhekran a@pgweateréatyenbrdemtet)ea ce@lverid which is

it RO o8 o PO 4L e Bebupsf Y b, =
thgpeaofior ¢atperiture @ormtd@redertasbn@gt@otsﬂeleSfdvsthq Llat’ﬂér to vary from
treatnent of the reaction ned preferr

lersolifitieation pait sbiheetaIvery taﬁheabptbﬂg poit|f dh Solwntmay
foil
gol l/e'ér\tw e\r/r\ftll cﬁ%ﬂ ﬁggﬁa‘@gé?%%edb P{:\% e?tft ? i gtr‘nﬁ(ture of several

sofearntd] the $cntveﬂ7t(s)i bemgttgienerallwtmoeermacdoed|rrgrtb|tbed:¢|oe of reaction
c solyvents,

I t ed I t t
S dsan oy Oereybhoaiantireaimon pLiedracin B arbng
the 01 'é)ptégéﬁe@eﬁﬂto\s*ﬁﬂ%ﬁt 15O 8h E'Qn &b@hb%b%ﬁthane

enzene ma e nentione partl cul ar.
AmongBy Nmyapbﬂluptrataareaad ovititaud Ilgutatlentcs‘ aprotic solventwhich may

P I0E 0w 8 msfALResuniBBaE B8 gy g fay be mentoned in

ﬂsyrﬁbeearaﬂanﬁéﬂeuegt)l@emeycér@h@t@ngolv@ﬁt@t atﬁ\ﬁ:iro@é\%oheé@wénts and
be mentioned. Sol vents such as diethyl ether,

Q@Ef%ﬁ@t@ﬁuﬁ an and di oxane are useful as et hereal

Separavry. B cbiGARReE 1 sl e < sPPARERT sichigromethane or

@lﬂ@tbbemtzenm;abemawttondemepdﬁmular isolated. In an
advant ageous enbodi nent, the .reaction ﬁi‘@ S areb(ﬁt
conduRIeRg; e ARPTOPAAE RERRLE SOMEE .t M3y b msntioned, for

HarfPi, bBhEEAE dbRERS and KHTorobenzene.

As examples of appropriate hydrocarbon solvents, cyclohexane, pentane

and hexane may be mentioned.

Solvents such as diethyl ether, tetrahydrofuran and dioxane are useful as
ethereal solvents.

Step (i) and (ii) may be conducted separately, notably in different solvents,
where each intermediate is independently isolated.

In an advantageous embodiment, the reaction steps are conducted in the

same reactor and without isolation of any intermediates.

STEP i)

In a preferred embodiment, the conversion of benzhydrol into methyl
diphenylmethylthioacetate comprises two steps of :
a1) conversion of benzhydrol into a benzhydryl carboxylate ; and
b1) conversion of benzhydryl carboxylate into methyl diphenylmethyl
thioacetate.
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benzhydrol into nethyl di phenyl nethylthioacetate

wevpneHes two steps of : al) conversion of bePzhE®1000002

into a benzhydryl carboxylate 5 and bl) conversion of
benzhydryl carboxylate into nethyl di phenyl nethyl

t hi oagetate. WO 2004/ 063149 PCT/ | B2004/ 000002 3
Schenmecheme |2 ilusizates in geprisbstepsala jadd ) used ipthisurethod :

inthis mpthod al) 1/ bl) OH O-R | S~-Ow

Benzhydr enzhydryl car box e O

Met hyl di ptyenyl net hyjt hi oacet 4 0ﬁll\/DMTA) §@heme 2

St €p OI-‘ n T 86 lR 7 ) S/\n/OMe
conprilses reacting benzhyd and "an acid anhydr 5

in the™presence of an inorgédnic acid and in an

appropriate solvent, preferably aprotic. In the ,
cont ext*8Fhe present FHRUEMIER*di chl or onret elydbieymethyiioacetate

particularly preferred for it dvant.ageous
properties of extraction, di Stfﬁcﬁ}ﬁrﬁ% at low io0

tenpeSpudy, its nonflammability, its chem cal
neutrality and its capacity to be easily recycled in
the dBrfnspreferrediesnbadiment, stemai hrpmprisée reasting benzhydrol and

i ] t: i n .lo . .
TR By i ABHREL G B ¥ noSdhie AL g, n, g appropriate
sdlvernt, Aferabheapitid. anhydri des for the purposes of the
pr esent descr{q%i on denote 15 eifher symretric

anhy dPi B contexd ifclien Bigasnt aveniion, Hicllaremathaneqiss particularly
[ h i f li i: 0s. :
gr;efé“r}’éd' r f8 ﬁgﬁéﬂﬁgﬁﬁus pﬁgﬁ%ﬂ\flﬁoc 'rc?g’)t/rﬁgﬂ , .d%fﬂ)l?@éfn at low

exanpl es of acid ydr e suita
iempsrature) its rewdlanthalilityo itshehemicahnieotralityhane itsagapacity to be

Sy aPP e Bt arirr BRRYSFede. " acet (¢ anhydri de
bei ngGeRsfaligU! the! YacidOamHRiriBer @fd the aprotic solvent are loaded
simultaneously into the reactor, at a temperature of about 20°C.

The acid anhydrides for the purposes of the present description denote
either symmetric anhydrides of monocarboxylic acids, mixed anhydrides, or cyclic
anhydrides of polycarboxylic acids.

By way of examples of acid anhydrides which may be suitable in step a1)
according to the invention, there may be mentioned in particular acetic anhydride,
butyric anhydride and propanoic anhydride, acetic anhydride being particularly
preferred.

The preferred reaction conditions are those which provide for the use of an
equimolar quantity of acid anhydride relative to the benzhydrol in the aprotic
solvent.

However, it is preferable to carry out the procedure in the presence of a
slight excess of acid anhydride. An excessively high excess may indeed induce
the formation of by-products in the subséquent steps of the method while an
excessively small quantity is capable of slowing the kinetics of the oxidation
reaction carried out in step (ii). Thus, the molar ratio of acid anhydride preferably
varies between 1 and 1.2, even better between 1 and 1.1, and is advantageously



10

15

20

25

30

The preferred reaction conditions are those which
provide for the use of an equinolar quantity of acid

w@ndwygaeilde rel ati ve to the benzhydrol in the apeDIB2004/000002

sol vent. However, it is preferable to carry out the
procedure in the presence of a 25 slight excess of
aci.d anhydri de. excessively hi gh excess may indeed

méua\émch WQFH%PQB@SP da e gpﬂrawaumlar ratiq 198 acidsahysgkide which
ﬁ%ﬁ@%]t%osgme {HE&EE? &? _ _ess! vely snal |
quan 0 s 0 ng

I'S ca e ki netics of the
oxi dd?netﬁerablyeahelmncedurei Bdcariedi dsutsmethe( présentBUst, a volume of

SRNGHeVaYIngEom 3.5 3pch Gues. Bieln I WePISsEncanef about 2
\Vcﬂuﬁ\@!arU Widst \@ngﬁ%%%cﬁédfglltﬂgw 38 @ﬁ/r %%%{)Jpgprofhotes the

corresponsto e optimum mofar rat
f@mnatlejmbf/the chrbokylate. nakes it possible to obtain a

out - T ASHRMG e B s P sernsd \aPERE & ik Darigh rigSiganic acid
lisedMslcloded fPormahydiBShloA® bRy drdbtofiie aEfde%eﬂﬁﬁsﬂfonc acid and

about 2 5 volunes. Under theésé conditions,
wlpfmncoamdr suighuriaBoigt being particularepreferrad IncpartJCulahm the form

" ?%yéﬂgeeo%s%%ﬁl]ﬂ[? ' ng to an equally preferred variant
of°

ganic acid wused is chosen from

hydr oeieferably, ahé Grobydlirebis stirfle@ud . in @hesreBBREs ©f ac hidantity of
and sul phuric acid, sul phuric acid being particularly
ipPegaiG cFid | FRngiNg ifEamaP.2n tonB.3 gnlar | eqwivalgntsorelative to -the

Wi‘}gﬁoﬁé\}éﬁbéﬁbrf%ﬁ @%M15t§b§;\5§18&§d“re is carried

resence o I nor ganl c acid

rangi/hg d rsafetjb @écautidh, 3hEDilnargam¢Haoa1 wtgeneeélwt inteoduged at a

t h hydrol, better, f 0.
efleratienotabou GEIH a8 o pouealInp GHOTERIG AT R reaction.

aci d T Qferﬂ\%hgdirld' i "fheRd @daét % stficléHiPek n@#éﬁﬁdr@fto allow a

about OC so aS to contro he exot herm city
sustigienibnrapith ecantiontgnietids, bat notctool ighisd ast tosavoid the formatlon of

UL P BTt B B S %y v
grots@irecdt Pfempdtaitire & Befivselt [5oasame RENE dé\Yén BEHEF betWeen -2°C

is particularly preferable to carry out the procedure
ad azt%ﬁ?fe@@tﬂiﬁéf tiom éime BNgimCirant45 sanutascte Déoues, preferably

.R‘%{B’éﬁﬁrﬁ hoktr. This introduction time indeed makes it possible to control the
exothermicity of the reaction and to limit the formation of by-products.

The benzhydrol is generally maintained at this temperature for a sufficient
contact time to obtain a complete reaction, but not too high in order to avoid the
degradation of the benzhydryl carboxylate. The expression “complete reaction”,
for the purposes of the present invention, is understood to mean a reaction
leading to the production of the derived product with a conversion rate greater
than 99.2%, and preferably greater than 99.5%. In general, a complete reaction is
obtained after a contact time of 2 hours.

The benzhydryl carboxylate obtained can be immediately used in the next
step, without intermediate isolation.

Step a1) can also be realized by any other appropriate method.

As an example, step al) can be realized by reacting benzhydrol with a
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20 and +2C for an introduction tinme ranging from 45
mnutes to 2 hours, preferably in about 1 hour. This

WO paoso6ciige i on time i ndeed nakes it possi bl e t oPCDMB2004/000002

the exothermcity of the reaciion and to limt the
formati on of by-products. The benzhydrol is generally
' this tenperature for a sufficient

rm:p?)t all ned a}

EYRPEEHC ??'ﬁeotrdﬁ%%ﬁ‘%ﬁn a conpl ete reaction, but not

too high in e r;)H gmaT%la h‘?cor%ﬁrg%%%ﬂfﬂj on of t he
car

benzhydryl expression

reaction", for td51e rﬁ@ﬁ&sgynd}hethdoqnzeaentorl nventl on,
i s understood to ne tion ading to the
production of the d '4 '”rff%'&'mﬁm% R€a %onver si on

rate greater than SB@%%n pRAzdNEf erably greater than
99.5% In general, a conplete reaction is obtained

a3 disclaseddntthetrefarercef FojitacSir and 30, Bhb. 6herh\Biicy lipn 1972, 45 :
t)_%i%ate obt ai ned can be i Mmedi ately used in the
ep, wWithout internediate isolation. Step al)

can al so he r&raddetiehdyinfddmBhBa6n MR ERESSLS iBBIJRCES described
As an exanple, step al) can be realized by reacting

benzhydr ol wulmStéamdl @i b6 Besd Tray/ CopooTheddetberlands, 1991 ;
carboxylic acj.gd,qJor instance : - 2-nethyl-butyric
acid in corrbl natlon wth : o SOCl12, pyridine, in

benz ey wayosf exarh@808tepra thi it alsors heiiged fre@c@n%%%rboxyhc
i n benzene, as disclosed in the reference u ita

3 st Forgipsfancenarrticoarid spghitim osak agislischoser mslmmgo‘i Justus

C [ c n Wt h pot assi um i odi de as
Lagg%lrbl ﬁ@g élh%Fth ﬁg?géﬁ?bg?'o Recl. Trav. Chim,

The I‘B}lt eyl anebsample%tepllm )1c5an 13150 By realzeef byex@atl)iﬁlr@l benzhydrol
st.ep a eal ize eact a carboxylic
78 EbeiioAoi Rulides 2 et Framplaiacey] Gpgds in Jag presence of

tﬁe |ER Add e ]
851 s 33§@r°§$9£yR%2&:§(g§1p 5! gthggr c@ﬁmuﬁhﬁbsooo, 16:1507

1@0& eal i zed by reacting benzhydrol

As an example, step a1) can also be realized by reacting benzhydrol with
acetic acid ethyl ester in the presence of Ti(OC,Hs) (Schnurrenberger P. and al.,
Helv. Chim. Acta, 1982, 65(4) : 1197-1201) ; or of iron (lll) perchlorate (ITP)
(Kumar B. and al., Indian J. Chem. Sect. B, 1993, 32(2) : 292-293) ; or of
Fe(ClO4)s, SiOz (Parmar and al., Synth. Commun., 1999, 29(1) : 139-144).

Step b1)

Step b1) can be performed by any appropriate method.

In a preferred embodiment, step b1) comprises bringing the solution
obtained in step a1) into contact with methyl thioglycolate.

The methyl thioglycolate is generally introduced in about 10 minutes at 0°C
but with no temperature restriction (it can then increase to about 9°C). The
reaction medium is then heated to a sufficiently high temperature to drive the
reaction kinetics, but not too high so as to avoid the formation of by-products.
Generally, the procedure is carried out at a temperature of between 15°C and
25°C, preferably between 18°C and 22°C, and contact 'is maintained at this
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acetyl chloride in the presence of triethylamne as

wole@sloenedl i n Roi zel B. and al., Chem Conmun. PCROE2004/000002

16: 1507- 1508. As an exanpl e, (istep al) can also be
realized by reacting benzhydro vvith acetic acid

ethyl ester in the presence of Ti( Gﬁ‘?
fesepgialrentasr gepufficieah dingg . to omﬁ"mecmp nieastion, with few by-

et BEPr Il 2 s, AEiRanly 180 Rl of 2 hous,

Sect . T& h9&Byl %pﬁényltfﬁd&:e?ﬁa) canorbef usé@( @A Odiep. (ii) without
Sl 02 Ermar nd al., Synth. Commun., 1999, 29(I):

39'%‘?@ O'h1) 25 Step bl) can be performed by any
approprl ate nmethod. In a preferred enbodi nent, step
bl) conprises bringing the solution obtained in step
al) i manatbett prefered bm’mdimént Btepai) y:ouipaises tWh astepes byl
t hi ogl ycol ate i.s e odu bou .
i e dotersign 8T Rebanvebol Bl Se i ie el oiic 26 |
can tpmn @é}pzﬁy ) o. a 0 .
medi ulbmgl sé(?ﬁ@ﬁﬁﬁga?gd to adsuf ??@!&Z ? aﬂ@ fito Methyl diphenyl
t enper at uhethylthipacetatehe reacti on ki net| cs, but not
too high so as to avoid the formation of by products.
Cenerally, the procedure is carried out at a
t enpeTieis wiethod idBlusesrRdIH séHine 83C, preferably
bet ween 18C and 22C, and contact ' is mmintained at
this WO 2004/063149 PCT/|1B2004/ 000002 6 tenperature
for a suffjcient tinme to obta|n conplete reaction,
with fe product s, geneyfor 2 to 3 hours,

[ ours. The nephyl

di phe iIcetate carr b S o8t ep ik OMe
i nter ate isolation. 5 anotlher preferred S/\g/
enbodi step i) corrprl es two steps of : a2)

conver sj f benzhydr into benzhydryl carbo
acid ; §%%y gonver si on g? “BENS b°’8'ré af"}/car boxy! i :R" tﬁ,\%ﬁ”fedylmemy“h'°a°etate
into met hyl diphenyl- nethylt hls@%@ge 10

Step a2)

Step a2) may be realized according to any appropriate method and notably
according to conditions disclosed in : Dahlbom O., Acta Chem. Scand., 1948, 2 :
856-858 ; Carceller E. et al., J. Med. Chem., 1993; 36 : 2984-2997 : Lisac S. et
al., J. Organomet. Chem . 1996, 507 : 215-220 ; Okarvi S. et al., J. Labelled
Compd. Radiopharm, 1997, 39 : 853-874 ; Patent Thomae GmbH DE 2812542,
1979, Chem. Abstract 1980 ; 92 ; 198165 ; Iskander, Y. et al., J. Chem. Soc.,
1961, 2397-2402.

In a particular embodiment, step a2) is realized by reacting benzhydrol
with thioacetic acid, in the presence of an organic or inorganic acid.

Preferably, the solvent is a protic solvent, more preferably a carboxylic
acid and notably acetic acid.

Inorganic or organic acid is preferably chosen among hydrochloric acid,

POCIs, trifluoroacetic acid, hydrobromic acid, o-phosphoric acid, sulphuric acid,
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This method is illustrated by schene 3 a2) q b2) q OH
SOH S* Ov i i OO0 Benzhydrol Benzhydryl carboxylic

wa@cedod/odbashyl di phenyl met hyl t hi oacet ate (MDMIA) PSUIEB0®/®0002

15 Step a2) Step a2) may be realized according to any
appropriate nethod and notably according to
condi tions_ disclosed in ; Dahlbom 0., Acta Chem

RO siand idflproacetic agig bging partigylagy pegferredet 4 . Jl.
d. 20
!\]A.E O gano abIQQ@% reg’élofgggéééggiﬂg ‘%ﬁﬁ’éaaéw Sa et

al . . Labelled Conpd. Radi opharm 1997, 39: 853-874

X Patgnt TBonae GnbH DE 2812542, 1979, Chem Abstract

1980 ) 198165 ; Iskander, Y. et al., J. Chem

Soc. (=TT [

Step azﬁe‘?ﬁéa"r'%ﬁ P2t 480 3R BEA S BEI RAOBY S Thethos knowr
ﬁbnbﬁmﬂkﬂsomSKMQdnmﬂﬁm@ﬁpresence of an organic or

inorganic acid. Preferably, the solvent is a protic

solvent, nore preferably a carboxylic acid and

not ablryaRebi padielr ehﬁwog@em: sPép (1) ERpAsES Wb | bﬁeps of :
preferably chosen among hy rochlorlc acid, POd

trif1 @8l oeeusrgonef the Rydioxisrarelip oébedzhyﬂrphm&cpadea‘ong group ;

2 b SNt ac el € SRS, WETet (R ar R Sicioheny:

preferredmetmtﬁfﬁo@mtg, the reaction is real i zed at
roomtenperature. Step b2) 5 Esterification reaction
of step b2) may be realized by any nmethods known from

the pehaap em&d'.gﬂgls;[atédﬂs¥§eﬁem{em anot her parti cul ar

enbodi step conprises two steps of

a3) b3) O
OH LG s/\[(OMe
O O 3

Benzhydrol Methyldiphenyimethylthioacetate
(MDMTA)

"LG" = leaving group
Scheme 4

Step a3)

The leaving group in step a3) means any group that can be removed
easily by a nucleophilic reactant. Leaving groups may be selected from the group
consisting of halogenes, such as chloro- and bromo- radicals, or sulfonyl groups
such as methanesulfonyl - or p-toluenesulfonyl- radicals.

Step a3) may be realized by any methods known from the person skilled in
the art.

As an example, hydroxyl group of benzhydrol may be converted into
chloro- or bromo- radical by reacting benzhydrol with thionyl choride or thionyl
bromide.

As an example, hydroxyl group of benzhydrol may be converted into
methanesulfonate group or into p-toluenesulfonate group by reacting benzhydrol

respectively with methanesulfonyl chloride or p-toluenesulfonyl chloride.
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a3) conversion of the hydroxyl group of benzhydro
into a leaving group ; 10 b3) conversion of the

W@bdoaiosdo pr oduct into nethyl di phenyl - PCT/IB2004/000002

met hyl t hi oacetate. This methody,is illustrated by
scheme 4 : a3) b3) OHI LG OM O Benzhydrol
Met hyl di phenyl nmet hyl t hi oacetate (MDMIA) "LG' =

| eavi ng group 15 Schenme 4 Step a3) The | eavi ng group

in st%mﬁggb)neans any group that can be renoved

easi |y Dy & nucl eophilic reactant. Leaving groups may

be selreatmefdrrarhembedimentp stepob3) isticazed abedrdienesconditions of
such as chloro- and brono- radicals, or sulfonyl

@Eﬁh% 20 such as met hanesul fonyl - or

by any SR PHLAET A0 RO A—ER by hP ofiet BPloetfets FEdhd”

art. As an exanple, hydroxyl group of benzhydrol nay

be converted int chloro-.or prono- radical b .

r eact GBI IR P oY | StEhdl FARPESCE HP8R{RY benzhydro
RhthbrfipiodiycdteCinasial ?Fes%@lé QfYa riE@RMR Odtalyst in a solvent, as
_benzhe/drol may be converted into methanesul fonate
iustiptask by aelerpe 6ol uenesul fonate group by reacting

benzhydrol respectively wi th nethanesul fopyl chloride

or p-tol uenesul fon chl ori de. WD 2004/0
PCT/ | B2004/ 000002

enbodi nent, step b3) is realized accordinglto .
condi tions of 5 Step b3)

realized by an appropri ate net o
Benzhydrol Methyldiphenylmethylthioacetate
(MDMTA)
Scheme 5

Preferably, the metallic catalyst is chosen from ZnCl,, ZnBrs, Znl,, Znl,
being particularly preferred.

Preferably, the solvent is chosen from aprotic solvents, more preferably
from halogenated solvent and particularly chlorinated solvents such as

dichloromethane, dichloroethane.

STEP ii)

Inventors have now settled oxidation conditions that allow interestingly to
control the conversion of methyldiphenylmethylthioacetate into methyl-2-
diphenylmethylsulfinylacetate, notably formation of by-products, yields and
kinetics of the reaction.

Various parameters used in step (ii) capable of influencing the efficiency of
the reaction may be optimized, such as the quantity of oxidizing agent introduced,
the dilution of the reaction medium, the reaction temperature, the contact time
and the acidity of the reaction medium.

Thus, in general, an excessively small quantity of oxidizing agent means

an incomplete reaction. Conversely, an excessively large excess promotes the
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I'n another preferred enbodi ment, step i) conprises
reacti ng benzhydrol w th nethylthioglycolate in the

w@e@smeig of a nmetallic catalyst in a sol vent, PEBIB2004/000002

illustrated by scheme 5: OH ELgYOVe i i O Benzhydr ol
Met hyl di phenyl net hyl t hi oacetate 10 (MDMIA) Schene 5
Preferably, the metallic catal yst is chosen from

eesionafghe dioxidized byrppodyst Wi siffoer ti cul arl y
Phrot P@e“aﬁéfﬁ'ﬁ'ﬁé‘%&?ﬁe°t?Z@?’“@X%”E“?”” ey Bendiale for the

smvlemhnn thede payt be nieatioped fih panrmuammbyﬁotassﬁm perBanganate,
hl oronet h di chl or pet han STEP ij) Inventors

RaTOT o AeEaa B wateny PRGNS 8 « Panddragen) poipde, tortbuty

I o] 0 rs
PR RERIPINE Mpho m RO RldRIE B O ol peroxide. being

pphisnidrlyesrafaread.f i nyl acetate, notably formati on of

by- pr pduct s ield ki.net.i cs t he re |on

Var | ollbH pusterbtirBodRient, o188 L peortasuibidcipnethane.

i nf | uaBebithg ttea PréfcplcaNembedimdmetHeCanliztYy H@éfntbt?sed in step (i)
optim zed, such as the quantity of oxi di zI ng agent

isriydsaaer @eroxide, iefasalhiin the form: ¢fea Bé%caquﬁoumoluhnn Indeed, a

ey, 6 1ok Fofbbisio o 3eh 1nan e Rijptos of the

mavtioni vel y smal | quantity of oxidizing agent neans

e react| on. Conver sel an excessi vel
Iagrlggj'iggg Igme[tm@ quentityo }{(m(y:hzugg agent is %ufﬁment it is

E@éﬂa@?}ﬁgt@ Qgﬁ}oggut %%&5@%&&? ﬂflthgfppe%s%)ﬁ'cg' é?da slight excess,

y-pro , one i-on
pbefeh'abimi@ thgqundasenmla afta nmjarbatls lmlf betweerf vanthe,

Lg;’:g‘ib #gg El&eaﬁéd@xem rrrg% ethg gﬁ%ﬁ%{h{%géoal{dlt?gn%nof step (i).
per OXTﬁésre%lé:ﬁbn afén'ib’é?éﬁﬁ@”cé’r?rlﬂﬁbé#‘?ce 4RE! kiKY of the oxidation
reaction. Thus, it is preferable that the temperature is between 28°C and 37°C,
the temperature range for which the reaction kinetics is particularly increased
taking into account the acidity of the medium.

Preferably, a reaction temperature of between 28°C and 32°C is preferred.
This temperature indeed makes it possible to have optimum control of the
method, in particular the stopping point beyond which superoxidation becomes
non-negligible.

The contact time in order to obtain a clean and complete reaction may vary
according to the scale of operation and also according to the quantity of inorganic
acid, in particular of sulfuric acid, present in the reaction medium at step b).

Preferably, the reaction is considered as being “complete” in step (i) when
the ratio Ry = nonoxidized derivative/(monooxidized + dioxidized + nonoxidized
derivative) < 0.5%.

The expression “clean” reaction is understood to mean, for the purposes of
the present description, a reaction in which the ratio R, = dioxidized
derivative/(monooxidized + dioxidized + nonoxidized derivative) < 0.5%.

The contact time necessary in order to obtain a clean and complete
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5 hydr operoxi de and m chl or oper oxybenzoi c aci d,
hydr ogen peroxi de being particularly preferred. In a

w@e@hesyied enbodi ment, step ii) is perfornmed iPCT/IB2004/000002

di chl oromet hane.  According tq,a preferred enbodi nent,
t he oxi dizing agent used in step (ii) is hydrogen
referably in the formof a 35% aqueous

%@Cﬁ?hgﬁay Rgiedermiped &Sln@\/@nVﬁﬂt"P@alcﬁ(@éﬁ§ah@ﬂhgms which make
A peddion. tc‘!“}hﬁhlt&a@héjg;?r{)? & LRemgi éét?}bt% t{}l %s HPLC (High-

reacti on. |orretr|c

Beifdimance ddmrid Giwoma‘ttbgnapbw IR {Infrared)r&f Nl\,ﬁbl(wubréar Magnetic
arr ou the procedure in the presence of a slight

g?é%ﬁ preferably in the presence of a nolar ratio

of banV‘g‘&ﬁbr&I el chnfact fimeMecR 'aFU H¥d %D']fffchfntq‘o:’?i%l’é’fh a clean and

results from'the operating con |t| ons o
qorepleteceadiiontie tgssrthan3é hansj prieferablydesé than oreédqus toB33 hours,

96 Berfdor 4101 c R dbilialan 28 BPSTRES (3eh as ' partioulr

dl@ﬁ@ﬁ?lﬁéﬂhﬁtﬁ@é&ﬁtldﬁ id, VAHC Grelalisr theA0 RBurs! B ?%}‘éf“a‘bw greater than

articularly increased taking into account
%lrc@%ﬁ')togﬁ Rawss.medi um 20 Preferably, a reaction

L empararar el it RIS SRR Bt e BSrEL it o adjust

thenthbcbﬁlm&elecmdr?dforldbt@mrrfg Qub@hpté’dé ehefith M the scale of

oi h be ong whj ch super oxi dati on becones
‘%&ﬁ"fa g@?' PEd.The contact tine in order to obtain a

cl earhﬁ%réggé’ln‘?ttﬁ fe@hi Xg&a@}égé’rﬁé %cg:lzﬁ]gﬁfegﬂ%%élgﬂ th&dium can

the scale o opera ion a accor _
npventhelgssahake drpgmslbdne tcas:gdl,flcamlypmfduwttharox!@fat@bl|réalétidh time.
aci d, besent n medi um at step

h
Pref e Wﬁli'éngr i%g’?lrlﬁ'ﬂ'%‘?ds ¢ 8RYithePw aaBYFEF&hﬁ@'S which makes it
PEERIIE etbeexﬂ)lﬁlrﬁtﬂﬂ@ lﬁhé)%)e\é’fé’d“ effele id gﬁélo (ﬁ% Jnorganic acid plays a

nonoxi di zed derivativ monooxi di ze
qadalysd EQIQ dt th@eme@bamlem) ok ogidation 3ty Thee omqmzlagsagmt By way of

| nder st. t o nean
SRR RSB SR Sh80F 4 Bo R0 St mermectat
oftthe HAS®; 1y@kiio foned fH the fhedfin, transferrln oxygen elthc?r directly to
deri vative/ (monooxi di zed + di oxi di zed + nono

the oxigkzahle ppacigs 5ok indiiecttydi ar eceeletatad dermation mfrperacetlc acid.
or der T%O%%@@H@tocgeﬁgfe%% AR Sr St (,300%(-,8 ORdh3a according

PCT/ |
to the invention, an additional quantity of inorganic acid, preferably of 0.02 to 0.3

molar equivalents, and more preferably of 0.05 to 0.15 molar equivalents is
added to the reaction medium in step b1), generally prior to the introduction of the
oxidizing agent. An acceleration of the reaction kinetics is then observed.

Advantageously, the contact time required which is sufficient to obtain a
complete and clean reaction in step (i) is considerably reduced and is generally
between 10 and 13 hours.

Advantageously, the introduction of the inorganic acid in two portions
makes it possible to reduce the acidity of the reaction medium in steps a1) and

b1) and therefore to limit the formation of by-products.
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10 reaction may be determ ned using conventi onal
anal yti cal techniques which nake it possible to

wOorRinerl4d he progress of the reaction, such aspEPIB2004/000002

(H gh- Performance Liquid Chronatography), IR

(I'nfrared) or NMR (Nucl ear Magnetic Resonance). 5 In
general, the contact tine necessary and sufficient to
obt ai RTER(Ban and conplete reaction is |less than 35

|
hour s f t 3 [S. .. SO .
hou in SIEHRE Ot R SRUBLo R R ffentpiPoompries
paradditibreal step pbfeiiy resdveyinghiheaneithy 2dighengiehedih@dilfifiylacetate
tHE%r}%eZdO hours, preferably greater than or equal to 25

10 O course, it is within the capability of
persons skilled in the art to adjust the contact tine

necesFaeyisoftiondiofi theNMBMSAMEreieR] fiﬁaﬁbbonii)atcamﬁe carried out
e

scal e of operation considered. An increase in

gaeerding/toaAny e@vgatirealdpethodrknome iceperspos skied imtheaart.

never ' sLRi LgRLEicantly reduce
t he OEF%SF?%%’%EE\Q?M%& ?SI |§§I_a ?e&lgy%ﬁﬁétﬁénw shing to be
| i mi t @Hetarganic piwsssyareatheyipcdrhbinied awd ebne@itefted tunder reduced

Bossi ble t eael ain this unexpected effect is that the
PSSy RretgEplyl ;ﬁtéf@”wer%@f%P&Q G.ole in the mechani sm

; . . > ¢
oxanmpl S0l {2 paRicidrafiaRf 9 SBlventlé diSfielto dnmess.
t hat Aheguotichmiaytlze padfied @ccofdind o HAgGRethaueknewn to persons
f djnt di t . [ ith
SR 4o 47560 e b bR RHGh op BBt r ect 1
o2 cor ADSSENT 3 flppRiclel! flbGini 2SR 6y compfiSe a step of
dsesiouysiatisatiomgf thedlDMSAnvent i on, an addi ti onal

ti ' j. i.d f er,abl f 0.02 t .
aunnt v Sl AP eI b0 F rBiodof il resnt

desaiptieayisvahdarsoddsto MEded &gstaiEzation of ities naﬁs{pfdtﬁmzéd product
step bl), generally prior to the introduction of the

oaussd BY Ahggaddjien of mppseriatersalyenis opraferble ghosem in particular

' i i b V; t nt act.
FoREHaa, SRR SN ABSP bt Uit RRILAS scpropy
acetpteebeing partididany pesdetréedn in step (ii) is
consiﬁe abl requ ed an rs enerally . hetween 10 and )
13 holly &S LR aélé%m alizaton spivgtds ilgodcadhatter substantial

A6 OF theapfbtics ot Por ti ons
Advantageously, this direct crystallization makes it possible to purify the
crude product immediately in the remainder of the method and thus to dispense

with an isolation step and a more costly subsequent retreatment step.

In a particularly preferred embodiment, the method comprises the steps of:
i) al) converting benzhydrol into a benzhydryl carboxylate by
reacting benzhydrol and an acid anhydride in the presence
of an inorganic acid and in an appropriate aprotic solvent ;
b1) converting the benzhydryl carboxylate into methyl
diphenylmethylthioacetate by bringing the above solution
into contact with methyl thioglycolate;

i) converting the diphenylmethylthioacetate into methyl 2-
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30 nmakes it possible to reduce the acidity of the
reaction nediumin steps al) and bl) and therefore to

wo povitoeine f or mati on of by-products. WO 2004/ OBGIW/IE2004/000002

PCT/ | B2004/ 000002 11 STEP (i{,i) In a further
enbodi nent, the nethod according to the invention
conprises an additional step of iii) recovering the

met hyl 2- dﬂm@ﬁylmeiévlﬁylf@wapem@ e diinging phey akaye solution into
The isol at} V\@@ in step (iii) can be
carried out&l?tg\@g:\c’)vEt an hy cogventl onal nethod

known to pand@lpaoadilly;l ed in the art. Preferably, the

VDVBA l i sol at ed ext ctl 0 The organi c pha
are thB' cEFAVRERY '%% @ﬁ?“P ?Bﬂ"ﬁﬂﬂgU|f'@W@6@@te btained.

Pr essufrRis dhBbamttis ﬁihsﬁ‘at*e%'ﬁ%ﬁé&{e‘ﬁﬁﬁ gof 70C.
According to a particular variant e ‘solvent is

ed to dryness. The product nay beypurified
ng t1ocarb\gkyhmd’and/dkd@mm®)po per so skilled in
t he a t sucharmdicsapemtyst al | i zati on or chrongt ograpm

dii ) néf;)/l thioglycolate

|zat|on of the
DBA. The expression "direct crystatiization", for
t Fenghdroboses of the present descr Bptzhydmi caibsxylate
understood to nmean a crystallization of the
noncrystal lized oduct caused by the addition gf
appropriate sol ts, preferably d¢osen in par
from et hanol , anol, et hyl—acetate—+seprop
acetate and telue Lempropyl 20 acetate bel
parti cul arl eferr In this context, thg
crystal lizatren sol véht is introduced after

subst ant i al rermva of the aprotic solvent,.
Advan ﬁ&%& Vnetrtylmlogce&afer ect crystallizati oj\ﬂ BZdéoh?n(ylmethylsulflnylacetate

possible to purify the crude product ime ately in
the remai nder of the nmethod and thus to dispense 25
with an isol ation step and Schamie6cost |y subsequent
retreatnent step. In a particularly preferred

enbodi ment, the nethod conprises the steps of:

Advantageously, the MDMSA is obtained in three successive steps, each

being characterized by high yields.

Furthermore, these three steps may be carried out in the same reactor and
the same solvent, without isolating the intermediate compounds.

Advantageously, the formation of undesirable by-products is limited and
controlled according to this method, which makes it possible to dispense with
subsequent reprocessing steps.

Finally, according to another advantageous aspect, this method makes it
possible to reduce the costs of manufacturing MDMSA, in particular because of
its ease of use, and its high productivity and reproducibility.

The present invention also aims at the MDMSA obtained by the method of

the invention and particularly by the method implementing :
i) al) converting benzhydrol into a benzhydryl carboxylate by
reacting benzhydrol and an acid anhydride in the presence of



10

i) al) converting benzhydrol into a benzhydryl
carboxyl ate by reacting benzhydrol and an acid

w@ndoygaeilde in the presence 30 of an inorgani c BCT/IB2a6uA00002

in an appropriate aprotic solvgnt ; Dbl) converting

t he benzhydryl carboxylate into nethyl

di phenyl nmet hyl t hi gacetate by bringi ng the_ above

solution into ﬁﬁl'ﬂoci%mﬁ/iqqu?@‘i’ Hy RN eRPERRArAde Raredic salyent ;

' i | taj ' hyl . 2
90 5004/ 003 e EomRria Ty bRhIAGYR' CcdrBbRyBE Mihte’  methyl

di Ioh:e_nyl met Pyl sdiph':enwtrrmibyzlﬁﬁcmdejatbabwpiim‘@ng hﬁ? @@Védsolution into
solution into contact. w oxj di zing agent ; an
optionally ; iifgn ?&W%W%@ﬂgh@gh‘éﬂ@?; _

2- di pheny| ggivadisy! T iy ! %Eﬁéﬁ;ﬁm‘éﬁn@ﬁﬂgﬂ%‘%ﬁta@amﬂa@yl methyl  2-

enbodiment is illustrated by sche

aci d anhyddipbenylrethgsulfinylapetate dys bringimg @évetboye solution into
t hi ogl ycol HOR31.1]~ 2 nor gani ¢ acid

Benzhydr o|g%§ﬂ%%'? an 08%4'618%9)&{‘*9’ 101 SOVe C /Ove O O

0 Met hyl damdepsiomaihyl t hi oacet ate Met hyl

2-di phenyl net hyl sul finyl acetate VDMTA) ( VNDVSA)

Schelfe 6 1ECAYRERG tremethy ,2-dlnl@en\x§bmemylwl inylacetate obtained.
three successive steps, each being characterized by

hi gh yields. Furthernore, these three steps may be

carri Bk puesent ihventivnnie dlsadirectedntd a the@T8r pRIPERIRG. modafinil
wi t hqut i sol ating the internedi ate conpounds.

YQPRH$IAgdBRISISPS Qe formation of undesirabl e
by- prodygts | &rveibfd &Mdpenzhydrol into  methyldiphenylmethylthio-
acetate ; and
(i) conversion of methyldiphenylmethylthioacetate into methyl-2-
diphenylmethylisulfinylacetate by oxidation.
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15 controlled according to this method, which nmakes it
possi bl e to dispense with subsequent reprocessing

wWGat@pm631F nal | y, accordi ng to anot her advant ageCrrEB2004/000002

aspect, this nmethod nmekes it ossi bl e to reduce the
costs of manufacturing MDVBA, in particular because of
its ease of use, and its high_productivity and
reproduci bility. 20 The pres@makﬁﬁl on al so ains at
the MDMBA obtai ned by the nethod of the invention and
particularly by the nmethod inplenenting : i) al)
conveExamplédénz [Syaitiedsis of MDMSAinerisboeastymealates py
reacti ng benzhydrol and an acid anhydride in the
presence of WO 2004/ 063149 PCT/1B2004/ 000002 13 an
[ norggpg_gﬂmw%nan appropriate aprotic solvent ;
bl ) conhverting zhydryl carboxylate into nethyl
di phei08.3eg Htl @5 nmuedc 4108t eqhpf lace’mglamgyﬂh@e 'czbevdaluted in 370 ml of
0 tlonlnto Wlt math t hj pgl ycol at e; .
ARl etaten gt B e ol Ob e R choEd 1g & & 2°C before
IFﬁFdﬂanlné 2.8 I"@f'%( oBBs BYibRUkE 'aEPél' ?&L‘ﬁﬁcﬂ{ i D% | bf]gb&gt 10 minutes.
t he ab eso ution into contact w an_ oxi dr zi
Aﬁehtstlrrlrwwcﬂoropbouhanl mInUtESI N842cgvér inmgl, t1thmHi|fhbénzhydro| are

[ hen Irreth sul fi cetate obtained. _10 The

é’gﬁ‘?d hPEFHAMSNAY é élFrs Giin B0 i 45 tBinytee (Hheurgastion medium is
ﬁfafﬁﬂarn'eaqn EBARLck fdr 2 hOQEPIASEmbBRaBlEPS of + (1)
conversion o enzhy rol
met hyl di phenyl rret hyl t hi o- acet ate ; and 15 (ii)

f . hy

convey.si,0 pacetate into
nmet hy X by oxi dati on.

Sy
WO 20@(‘% @653@14@2 Redi '1%%0%/ cﬂ‘q{q%l th%lglycolate are introduced at 0°C +

2°C, and then the reaction mixture is heated to 20°C =+ 2°C and kept in contact for

2 hours at this temperature.

c) Methyl 2-diphenylmethylsulfinylacetate (MDMSA)
The reaction medium is heated to 30°C + 2°C, and 100.5 + 0.5 g of a 35%

hydrogen peroxide solution are added. The progress of the oxidation reaction is

monitored by HPLC. After 25 hours of contact, the reaction is complete (R1 and
R2 < 0.5%).

d) Recovery of MDMSA
150 ml of distilled water are stirred. A 25% aqueous ammonia solution is

added so as to bring the pH to 8. The aqueous organic phases are separated,
and the aqueous phase is extracted with 2 x 100 ml of dichloromethane. The
organic phases are then combined and concentrated under reduced pressure at
a temperature of 70°C. The concentrate obtained crystallizes to give, after

grinding, a white powder with a yield of 98.0 + 0.5%.
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EXAMPLES Exanple 1. - Synthesis of NMDVSA on the
| aboratory scale (0:5 1) 5 a) Benzhydryl acetate

wae@4863y4¢ 1. 05 nol; 1.05 eq) of acetic anhydri PET/E2604/000002

diluted in 370 m of dichl or get hane at 20C. The
solution obtained is cooled to' 0 2C before

introducing 2.8 m_ of _a 96% sul phuric acid solution in
a ti meXgm anda. mi Ayntbesis oAMIBMSE op @i pitpt Soalea160t)
10 mnutes, 184.2 g (1 nmol, 1 eq) of benzhydrol are to
i ntroduced in portions at 0C 2Cin 60 15 ninutes.
The r Exatipten 2nSynihesissof cmpstalized®DVSAcont act for 2

hours at_this tenperature. b) Methyl
di phefl ?%ﬂ%ﬁé&%@%ate (NDMIA) 108.3 g (1.02 nol ;
1502 Aqameﬁoﬂ%? @éleﬂ& *an?lghbi&é"(étﬁ RY; eg4, B%BPL*FQQ @c})ziggnethylene

and then the reaction ' m xture 1's hedte

Qlﬂoadel (#ept |S|p1epana!daalt 20°@ + 2‘Ch¢!u96%a$ulbhuﬂc acid solution (225 ml;

e erature. Met 2- di phenyl net hyl sul fi nyl acetate
Jl\) .Gnea} @ében @‘i’)éﬁédvltih@ strringeaafedQ wvebtionsMinaatio°C + 5°C

0, [ de sol utian
10 g o811 BB o Y RS B8 80 B FBrosuced a
ot Q‘@dn biy2 51RloGrs. Af H@freécﬁloh%mu@f sCﬁﬁF&PTor & M@ntact time of 2
reaction is conplete (RL and R2 5% . d) Recovery

ROUTSDVBA 25 150 nl of distilled vvater are stirred. A
25% aqueous ammoni a solution is added so as to bring
the pH to 8. The aqueous organi c phases are separat ed,

and the I\&etheldmheﬂmﬂmth\ﬂth&)dde@éIEQMDMTA)Z x 100 m of
di chl or onet hane. ganl c phases are then conbi ned

and cMﬁE!%ih'@9|¥§0|aFﬁj@ 81 8828 rpekd# eqkis intioduced at 0°C +2°C

DRI Dt Buse, TheyeRCliod BIER hiBudRhG P2 tempegature of 20°C +

oA ke %t@hl}éltér‘r@)e@étu%f& a Qoﬁf’é’ct Yf@ie?gpé/ I%ﬁ%“\%nth a stirring of
PCT/ | B2004/ 000002 15 Exanpl es } esis o

oBHicasfninet scal e (100 1) Exanpl e 2: Synt hesi s
of crystallized MDVSA a) Benzhydryl acetate

c) Methyl 2-diphenylmethylsulfinylacetate (MDMSA)

The reaction mixture is then brought to 30°C before introducing sulphuric

acid (450 ml; 8.1 mol; 0.1 eq) with stirring (100 revolutions/min), in about 5 to 10
minutes. A 35% hydrogen peroxide solution (8.19 kg; 84.3 mol; 1.035 eq) is then
introduced at 30°C + 2°C in 1 hour. The contact time is determined by monitoring
the reaction by HPLC (cf. Table 1).

d) Recovery of MDMSA

The mixture is cooled to 20°C + 2°C and then 20 | of water are introduced.

After neutralizing the reaction medium by adding a sufficient quantity of NH,OH
so that 8 < pH < 9, the aqueous and organic phases are separated and the
aqueous phase extracted twice with 10 | of methylene chloride. The chlorinated
phases are washed with 10 | of water.

The solvent is distilled under atmospheric pressure and then under
reduced pressure, at a jacket temperature of 70°C. When the distillation is



5 A solution of acetic anhydride (8.73 kg; 85.5 nol;

1.05 eq) in nethylene chloride (40 1) is prepared at
WQO@4/0@3349 A 96% sul phuric acid solution (225 nPCT/IBR04/000002

mol; 0.05 eq) is then added wifh a stirring of 100

revolutlons/n1n at 0C 5C |n 5 to 10 m nutes. The

benzhydr ol is then introduced

; k nol
gpm » BEPIOPYA . a%gtqtgdﬂ@ V?hé’er 'éd%tqdéﬁdn%d ifie whole is cooled to

ﬁ“gheﬁgiefagfﬂéi“?ﬁ%ﬁ id TRy el Ry C PR Idipined.
(8.81 kg; 82.9 nol; 1.02 eq) is introduced at 0C 2C
28" Pt e VM B Sl poccs
bernRs by s hthdd Fiakt 1 1d ﬁﬁt@b (@ hours with a

stirring of 100 revolutions Met hyl 2-d
[ phenyl et hyI sul finyl acet at e (I\/DI\/BA) The reacti on

raterht in Chafnra |n+rnr~||r~|nn

UL )\l Ul ? Hn% ,FII =avy

Sudlphur iC t'd% d\FP 8 Formmaton ofMOiMsAd) wif he of the Yield
sti rri*HgYy ”i?f@a voI u'i"P%TfS/ mn), in about 5 t pfinighed product
m nut ége AHBBYGehy dinteg griPpe fojx i denesoll utHPa@ % 8] 19 K, %

84. 3 ol ; [ To985 Ea2ni § tda@M | | THopodUTEg =t 3PC p2legizn 88
1 hour. The contjact tijne is [determ ned pg 1|to% 61%
f

the|react|on by HPLC (lcf. Table 1). 25> d}>Retove
MDMBA The| ni xturle is dool ed fto ¥BC (20 2R t hen 20 I
of water pre intjroduced. After neut r & ¥045ng| t he
reacti on pedi um by addi ng a [suffsci entTgpant|ty of
NH4(]—I so| that 8 he aquepusg apg of gani c

aqgueols nhaqp xtracted
cHigt i fle. TTH® chl oPir¥8fed | 864
| of wat &=0.3%he| solSv=eii
i c pressure and [ herragder

_Inf" \ Ao

HaVal ar. cQanar
AT

'Jlu~\, T
te\n(e\?\?ﬂth i; I

30 phases| are wa
IS distil%ed und
I

reduces € e, &t geRet—teppetatwre—of en
the|disti]lat:on i?v%%&/ 063149 PCT/ 52004/ 08’0883 %01
16 _¢onplete isdpropyll acetdte (1.8/voi:%2 |I) 503
atided And tARSB wHol B i ¢ @86l &d 5 -[LOC =M ter dpaParng| 90.0
and| dryi ng under| vacuum at 45C, NDMBAsi=%.1ebtlai n@d.o.3
Table 1: \Yield and quality adf g MOVBA and |of the
I nt ermedijat e prqducts _
$=0.17
8h T=23
§=0.22
oh T=16
S =0.14
10h T=115
$=03
11h T=06
S =0.38
11h30 T=03
$=0.38

D = MDMSA S = Sulphone T=MDMTA

These results demonstrate that the production of benzhydryl acetate and
of MDMTA can be reproducible.
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5 obtained by this nmethod for trials | to 4 (step
(ii). Formation of Formation of HPLC of the Trial

wo-orameilan of MDVBA Yield benzhydryl acetate ROMB2004/000002

finished product Tine HPLC % Tj,me HPLC % Ti me HPLC % %
% 1 2h 98.9 2 h 98.5 10h T =1 D= 99.7 88 S=0.3
$=0.3_11h T=0.7 S =0.35 11 h30 T = 0.3 S=0.4 2 2h
99. 3 eggfrﬁatioﬁ pHYDMSA dakegylace i 414630 mis aad. repreglucibly

Tl 2 ooy e P Bl i
@onformBy <Ry 26d Ry 0.5% % hdh d yieldtoftheDradr d700RN T =

2.3 S=0.22 9h T=1.6 S =0.14 10h T =1.15 S =0.3
11h 7T=0.6 S =0.38 11 h30 T = 0.3 S =0.38

Example 3: Synthesis of crude MDMSA
a) Benzhydryl acetate

A solution of acetic anhydride (8.73 kg; 85.5 mol; 1.05 eq) in methylene
chloride (401) is prepared at 20°C. A 96% sulphuric acid solution (225 ml;
4.1 mol; 0.05 eq) is then added with a stirring of 100 revolutions/min, at 0°C + 5°C
in 5 to 10 minutes. The benzhydrol (15 kg; 8.4 mol, 1 eq) is then introduced at
0°C £ 2°C in 1.25 hours. The reaction mixture is stirred for a contact time of 2

hours.

b) Methyl diphenyimethylthioacetate (MDMTA)
Methyl thioglycolate (8.81 kg; 82.9 mol; 1.02 eq) is introduced at 0°C in

about 10 minutes. The reaction mixture is brought to the temperature of 20°C +

2°C and kept at this temperature for a contact time of 2 hours, with stirring of 100

revolutions/min.

¢) Methyl 2-diphenylmethyisulfinylacetate (MDMSA)

Once the reaction mixture has been brought to 30°C + 2°C, a 35%

hydrogen peroxide solution (8.19 kg; 84.3 mol; 1.035 eq) is introduced with
stirring (100 revolutions/min) in 1 hour. The contact time is determined by
monitoring the reaction by HPLC (cf. Table 2).

d) Recovery of MDMSA

The mixture is cooled to 20°C and then 20 | of water are introduced. After

neutralizing the reaction medium by adding a sufficient quantity of NH,OH so that
8 < pH < 9, the aqueous and organic phases are separated and the aqueous
phase extracted twice with 10 | of methylene chloride. The chlorinated phases are
washed with 10 | of water.

The solvent is distilled to dryness under atmospheric pressure and then
under reduced pressure at a jacket temperature of 70°C in a Moritz® turbosphere.
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D = MDMSA S = Sul phone T = MDMIA 10 These results

denonstrate that the production of benzhydryl acetate
w@re4/06514WDMIA can be reproduci bl e. W 2004/ 06BAEHEB2004/000002

PCT/ 1 B2004/ 000002 17 The forpation of MDMBA takes

place in 11 h 30 min and reproducibly gives, after

crystallization fromisopropyl acetate, a final

product which is in conformty (Rl and R2 < 0.5%,

i i &l : . 0, - .
BAR Z N B R itini ot o PRl Bemeciate products
footnidls Sramaf 6 aceti ¢ anhydride (8.73 kg; 85.5 nol; 1.05
eq) in nethylene <chloride (40 1) is prepared at 20C.
A 96% sul phuric acid solution (225 m; 4.1 nol; 0.05
o | Pt forenry o | v
r o i nut es. e ie
bpn7k&ﬁbﬁpﬁ%%f§a 80@“@ 1l eq) is then i %%ggéogm

at gcTmec iWPLe %26 Tiwur|dPLS el r B&etilodPhE & ufe i %
std rried2f or] a%9sont aeb t|i ms.2of| 2 35hoyr sT=hp Met Imd99.12 97.2
di phenyl netjhyl t hi pacet gte (MOMIA) 15 Metbyl S =044
thioglycolate (8.81 kg;| 82.9 ol ; 1.|102 eq) ifs .04
intraduced jat QC ahout 10 M nutes.  The pac‘ﬁi on
n&tyre? s brSfght €6 the®fenperdt urle GI0Y0ogq DBDt%hd | 97
kept |at thils tenperaturie for ja contactStpae jpof 2=04
hourg, with stirrjng ofl 100 {revol utiions/min. 29=0k
Methyie 2=t rphenytrethylsut+nrytacet ate (IVBVBA—Enee
the reaction m xture has been brought to 30C 2C, a
B554IPkAGr ogen peroxi de sol ution (8.19 kg; 84.3 nol;
T=0®WMTRgq) is introduced with stirring (100
revolutions/mn) in 1 hour. The contact tine is
determ ned by nonitoring the reaction by HPLC (cf.
Tabl I ] ]

cool crs SN SR R e Slerl BT Rarrbetiahyigh agotate and
AMBRMTAnean belrepiodgicite reacti on nmedi um by adding a

suff 'ﬂeeQ{epqgla 8>t<i'dg%foﬁ) fof '%H*rﬁ ?ecguqlacets a contact time of about 33-35
hours and gives an MDMSA product which is in conformity (R and Rz < 0.5%),
with good yields (of the order of 97%).
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8 < pH < 9, the aqueous and organic phases are
separated and the aqueous 30 phase extracted tw ce

wowaoh/odn49 of nethyl ene chloride. The chl ori naP@r1B2004/000002

phases are washed with 10 | of, water. The solvent is
distilled to dryness under atnobspheric pressure and
then under reduced pressure at a jacket tenperature
of 70Cin a Mritz(r) turbo&iHMS WO 2004/ 063149
PCT/ 1 B2004/ 000002 18 Table 2: Yield and quality of
the finished product and of the internedi ate products

for trilal s Bedinot 6fcﬁorpnelpiaoingofmEﬂfleHQi-diEhéﬁylH%tﬁ%/@lﬁlfinylacetate

é' | Formation of MDMSA Yield benzhydryl acetate
kﬁ@b&\l A FPrORERING Be siaPs®Te HPLC % Ti me HPLC % Ti e
HPLC % %96 5 6 2B 9 T =03 D= 90 .
oy 5 5 Wy Sodetsiof 2Br “hehzipdiol Tnfd;°ptggdiprbAyimethyitnio
= 0.17 D = 99acetefe;8d 0.4 S = 0.4 TZO.hZ 5hD = r|\]/D|\/BA
S = Sul ne = MDMTA. These, results w that the
stepsuml‘O Hﬁornﬁ?ﬁ“@ﬁs'Bf‘ B @ﬁ%dm%%hﬁ§§yﬁaﬁéc?%e o‘rto methyl-2-
VDMTA b | Il of oxidation o

can be éli%lﬁéﬁﬂ%t@*l@uliﬁﬁzl%g?l‘agﬁo

MDMTA requires a contact t about 33-35 hours
and gi ves an MDMBA product which is in conformty (Rl

and R2,< 0pH9 i .000 |elds (.of the order, of .

97% . 9D 2%%@%?%@%%@/%3% /300‘602}*"0%9 e (s comprises  the

following steps : .

al) conversion of benzhydrol to benzhydrol carboxylate in an
appropriate solvent ;

b1) conversion of the benzhydrol carboxylate to methyl

diphenylmethylthioacetate.

3. Method according to claim 2, in which the step (a1) comprises reacting
benzhydrol and an acid anhydride in the presence of an inorganic acid and in an
appropriate solvent.

4. Method according to claim 3, in which the solvent is an aprotic solvent.

5. Method according to claim 4, in which the aprotic solvent is chosen
from chlorinated solvents, aromatic solvents, hydrocarbon solvents and ethereal

solvents.

6. Method according to claim 5, in which the aprotic solvent is chosen
from chlorinated solvents.

7. Method according to claim 6, in which the solvent is dichloromethane.
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1. Method for preparing nethyl
2-di phenyl net hyl sul finyl acetate (NMDMSA) conpri si ng

wo b@4mtaps of : 5 (i) conversion of benzhydr ol PCTIB2004/000002

met hyl di phenyl net hyl t hi o- acetgte ; and (ii)

conversi on of methyl di phenyl methyl t hi oacetate into

nmet hyl - 2- d i phenyl net hyl sul fi nyl acetate. 10 2. Mt hod

accor dBndvethod| aq:qﬁrd_mg. e‘/i) RAY cons tafpclaims Solpri, sisswhigh the acid

BERHCT G SRR, P SER ShaRag, pRASF I whfide and butyri

bmmyatmﬂe/erS| on of the benzhydrol carboxylate to nethyl
15 di phenyl net hyl t hi oacetate. 3. Method according to
claim2, in which the step (al) conprises reacting

benzhbdrl\ﬁéthéﬂda@ébr&ﬁﬁdtoaﬁlémﬂrBd% ih &h r§c°l§ &?ﬁi_d%nis acetic

i norgani ¢ aci d and appropri‘ate sol'ven
aphydrideaccording to claim3, in which the solvent is
an aprotic solvent. 5. Method according to claim4,
in which the aprotic solvent is chosen from

chl or Hparah&®a¥eHdfng & Qﬁ?tdn‘é §P&I¥1ﬂ?§ 8 I\}gr%dig%ﬁf&ﬁocﬂe inorganic

sol vents and et hereal™ 25 solvents.
aeidds ghagen drom Aydnoshlorie agd diutyﬂruaaejdr otphospbbrieacid and sulfuric
asen fromchlorinated solvents. 30 7. Mt hod
according to claim®6, in which the solvent is
di chl or omret hane. WD 2004/ 063149 PCT/ | B2004/ 000002 20
8. Method according to any one of clains 3 to 7, in
whi chﬂh&ﬂeéh@@ acaprijng tailain thoewhicholeaiperganic acid is sulfuric
g& ydri de, propanoic anhydride and butyric anhydride.
. Method according to claim8, in which the acid
anhydride is acetic anhydride.

12. Method according to any one of claims 3 to 11, in which the quantity of
inorganic acid used is from 0.02 to 0.3 molar equivalents relative to the
benzhydrol.

13. Method according to any one of claims 3 to 12, in which the reaction
temperature in step a) is between —5°C and +5°C.

14. Method according to claim 2 to 13, in which step b1) comprises

bringing the solution obtained in step a) into contact with methyl thioglycolate.

15. Method according to claim 14, in which the contact time used in step
b1) is between 2 and 3 hours.

16. Method according to claim 14 to 15, in which the contact temperature
used in step b1) is between 15°C and 25°C.

17. Method according to any one of the preceding claims, in which the

oxidizing agent is chosen from oxone, potassium permanganate, sodium
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10. Method according to any one of clainms 3 to 9, in
which the inorganic acid is chosen from hydrochloric

wa@eood/o6iawe yri ¢ aci d, o-phosphoric acid and sul PCF/IR2004/690002

acid. 11. Method according to glaim210, in which the
inorganic acid is sulfuric acid. 15 12. Method
according to any one of clains 3 to 11, in which the

8aegrrpenatss pef%ﬁle@awc@ achyrreged pesoxiderted:-matyk ydvoperoxide and
) ative to the benzhydrol. 13.
%Eﬁfer@@%@%@ﬁ%ﬁ%&ény one of clainms 3 to 12, in’

which the reaction 20 tenperature in step a) is

between -5C and +5C, 14. Method according to claim2

t o 13 18 Majped Aceqrdmante)claiphpf i weahich the gidizingegent is hydrogen
? On obtained in step a) into contact w th nethyl

hi og ycoI ate. 25 15. Method according to claim14, in

whi ch the contact tinme used in step bl) is betvveen 2

and 3 s 6. Method according.to claimi14 to
in V\hl@hm?\tgoéoﬁ?%@”ﬂeﬁ’p@ 'f”ur"@g i, dgjch they E)bd’l%?”l geroxide is

BEHuE fthoformNdt 2355 atflieb(s Maltypd according to any

one of the preceding clains, in which the oxidizing
agent is chosen from oxone, potassium pernmanganate,

sodi u 04/ 063149 PCT/ | B2004/,000002 . ) .

per ca%vﬁ‘%g ¢ (FEERI 1R 40 AT ORE (Pfy@’reoa'@ﬁeé lales, in which the
bRitizimy bybnt 1y d.rs@a & QNI HRo@Rbf 1%C’nh Qﬁ&a?éﬁeﬁv&%ﬂ% oi ¢
acid. 18. Method according to claim1l he

OX|d|2|ng agent is hydrogen 5 peroxide. 19. N@thod

accorg étﬂo rﬁg t{;rbaﬁ%gﬁ/g é{h@gzér%rgg e %fm‘%om which the

%hctlwbtthm@eeamm mhl S1€p (i) ieBrtveeen 28°C Aad@recedi ng
clainms, in which the OX|d|2|ng agent is used in an

anount of 1 to 1.1 nolar equivalent. 21. Method

?CCOfQQnWétHo@rB’CCBFEﬁné’ftot% RreasHdS & 34 ™ WillcMMUr Baditional

quantity of inorganic acid is added in step (ii).

23. Method according to claim 22, in which the additional quantity of
inorganic acid is from 0.02 to 0.3 molar equivalents.

24. Method according to either of claims 22 and 23, in which the contact
time in step (ii) is between 10 and 13 hours.

25. Method according to any one of the preceding claims, which comprises
an additional step (iii) recovering the methyl 2-diphenyl-methylsulfinylacetate
obtained.

26. Method according to claim 25, in which step (i) comprises a distillation
of the solvent to dryness.

27. Method according to any one of claims 25 to 26, in which step (iii)

comprises a step of direct crystallization.



reaction tenperature in step (ii) is between 28C and
37C. 15 22. Method according to one of clains 3 to 21,

WO pooafoslo an additional quantity of inorgani cCPEIBR0042000002
added in step (ii). 23. N@thoq%according to claim 22,
in which the additional quantity of 20 inorganic acid
is fromO0.02 to 0.3 nolar equivalents. 24. Method
according to either of clains 22 and 23, in which the

cont a ' [ (i )i t. n.,1Q and 13 hours. .
25" 25 250 RS dRa bt delnh ol VBot Tl SutligR sotvent s
chesem frowhinegtharwipstharsl, ethyl adstatd, dsvdropyiedtetateiand toluene.
recovering the nmethyl 2-diphenyl-nethylsulfinylacetate

obt ai ned. 26. Method according to claim25, in which

step by i ' I Ll lat i.on . ' t .

o dr §eMegRiGERRng € b, i dunich B SifeRRLNFE Sotvent i

Hopropy@@cetatewhi ch step (iii) conprises a step of

direct crystallization. W 2004/ 063149

PCT/ | B2004/ 000002 22 28. Method according to claim

27, i BowiaRolihsecrinb abl dfRboheNo fle’ Blcel Nin whi

from met hanolo, et hanlo?,qbe%mlt()hgc%fﬁee,Sﬂgl'cselg@rgo%%%g’ in which the

auetaasivenstepso e warriesl 28t ivehbeoshrae creadtargwitibout! ®otation of the

2 In.which the crystallization solvent is isopropyl

Hﬁ%gg?@gﬁéﬁanBPW%ﬁ according to any one of the

preceding clainms, in which the successive steps are

carried out in the same reactor w thout isolation of

the B3 i Meshogdfart eorepafitgunmodainil Reripsigingorpreparing  MDMSA
' kNl l,aconpri si ng preparing MDVBA
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accor 1 to 30.



