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WD 2005/ 028428 PCT/ |1 B2004/ 003026 1 Process for
enanti osel ective synthesis of single enantioners of
wonaahesizs by asynmetric oxidation Technical fPet/tB200uz003026
present invention relates to a process for
enantioselective synthesis oflthe single enantioners

ot nor Progrut R ehFgtiode 8Pl SR Sifalzsnahsindot:

the invention a@ﬁnmaWnulawamﬁfétﬁbloinﬁéﬂbﬂﬁl\ms) of
formula (A), also known as 2-(benzhydryl sul phinyl)
ceta] or 2-[(di phenyl met hyl ) sul phi nyl ] acet am de,
hetic acetam de derivative wth wake
pr
F@%’bﬁi%rﬁﬂ"éﬁé@ﬁ r Esig? I?%'égfrlbgé% %n%%ﬂbgaébﬁvé)gynthesm of the
smgl,elél?iaa@@nem—lbr(ar) erlararbmaricama$rmclaedrfw@enf anodafil and other
st at I kéocp atom and thus exists as two optical
rLilog%r ygea EOMPRUNAS-oners. Modafinil in its racenic
form has been approved by the United States Food and
15 Dr ug Adm histration for use in the treatnment of
Backareurd ofthedipventionsand prigoead  associ ated with

i 855 i,s rel at 0 .
rmqg{a?l ni Fyeﬁ r’\?N@ﬁ@n @f E‘?[H‘LL%%% aﬁfs%lkin}gwnoastezﬂgbenzhydrylsulphmyl)
acdtamideot @i \2-[(siphenymsthiyhsulpisiayliacctaraiie, J&Pr £S 8y fhefd dacetamide
di sorders present in patients sufferlngfrom

derjadiMe With V@*%eegg@m@@g ARE¥GI the steUatuies apdceimthesis of which has
Tgs& |r§rF fe Dopiaf | are obtained by a
beéprocesrigjglaﬁf\/o %‘%”g chiral’ érthsoI uti on net hod, which
inmplies salt formation ac te of modafinic
acid, also called benzh himyl acetic acid,
with (-)-a-nethyl benzyl : Nal optlcally
pure am ne. The di astereoi sonprs obt af ned are then

separated and finally one o

di ast ereoi soners is 25 conv he optically
pure nDdafinic acid in a hydrdl ytic, or bond cleavage.

gg?%dén iy ﬁ@fe*e%%'é@{)cr 8%,'?%‘}3 g g{‘é@g@ﬁ# gtdﬁ a&;ﬁjﬁgﬁl exists as two

optlcablemrxersxndafen’amomerd

Modafinil in its racemic form has been approved by the United States Food and
Drug Administration for use in the treatment of excessive daytime sleepiness
associated with narcolepsy.

US Patent n° 4,927,855 is related to modafinil enantiomers and particularly to
the levorotary isomer and its use to treat depression and disorders present in patients
suffering from Alzheimer disease.

According to this document, these enantiomers of modafinil are obtained by a
process involving a chiral resolution method, which implies salt formation of the
racemate of modafinic acid, also called benzhydrylsulphinyl acetic acid, with
(-)-o-methylbenzylamine, a chiral, optically pure amine. The diastereoisomers
obtained are then separated and finally one of the separated diastereoisomers is
converted into the optically pure modafinic acid in a hydrolytic, or bond cleavage. The
levorotary isomer of modafinic acid is thus obtained with very poor yields of about

21 % from racemic modafinic acid.
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PCT/ 1 B2004/ 003026 2 Subsequently, the isol ated
wepasnesaper of nodafinic acid has to be furthePCT/IB2004/003026

processed by esterification and am dation steps,

before the single enantionmer ©f nodafinil can be

it el e 138 ERCRheMmEr &7, kBBRfnic;aRd; faf 40 be further

proaesskd dnal esﬂeaflmhomlnandil@rhmlt@n oftepdiebgfort dhef singlehenantiomer of
og r alternative ways of obtaining
moéﬁfz‘ﬁ ‘F%ﬂrg % pure modafinil, various
netils, Gtﬁbah%ﬁﬁﬁnlﬁréﬂ%’u&?@ E?§tdk1‘f§ ngé'\ﬁﬁ‘ﬁ'é’rﬁelarof cof about 6 % from

stoi chionmetric transition-meta
raceeue mogiaginigeaaid, dJ@dmﬂatbddm thettasid mﬁtbeqﬂeld&afteacprstmﬁr e

l. | p che oxi dat i n of .t
%l RO NS S Bl e, et
varibeig Hislal-catafaddaintioseleBlivdBxillatiolor é@%hlorh@g{g\fpa[@&tlon -metal-

1993, 203-226 Madescl aire M, Tetrahedron 1

progwted meymmetricotaastions wWere dgsambegoin. thePditdratiTe dnsprepare chiral

sur§ii B9 5P, ARt b ShpBhora B BholB gan 1. 5.

“CamdyntawlsqnﬁneﬂnMCﬂ;ymh@slﬁ’Et Djinsll alBeE tVCPNPNRYE York 1B98, 203-226

g_land such as diethyl tartrate, C2-symmetric
Ma&‘?’?ﬂl%'r%rM Wahadren c1934: r 42, 5659154<9l5karﬁ)‘10§tﬁrn@ J., Chem. Soc.

Perkintreghd! n'% SQQWZGWna@eZQ‘V s’a{: &VR%\#&&?Q@?‘: ?\e§C) Metal-

zirconiu | ex iral manga

catalprgd enantaxtsaledtlvemida’ubns anadieiaphatal cataiise xomplexklavith a chiral
s such as H202, tert-buty

|
“gaﬁ9€sen ?o%%f ddie *a’?ng?r{g’x gf'zo%?@?mfe Jigli: hotis Cs¥malric chiral
tnalRBhél@Mﬁé%ﬁérﬁlhﬁ’i(ﬂﬁ%&?ﬁﬂl@r@%S&-Q?ﬁgrbé@oﬁgéfg(ahgﬁn%me zirconium(1V)

chem cal oxidation of 'su
conyex ozhiral (ﬁalelm)emasgatma(llb csamnldaveszmrad)(seﬂelm)evw’rwmmaws complex

in tl%? ggﬁegméiéfnf%q%nox@?ﬁetﬁ%gpl%de Ot G ﬁgﬁf’c Irlma ng{gmde cumene
hydrepsdrexigd. ethedsvzded dn cﬁiralabxailﬁltl‘lﬁ@s I‘f?&)@ QW2B82n used in the

A-BC). As an exanple, thioethers can
Che%%ﬁ?é‘!qat@@quyﬁulﬁhl@ﬁszed both by bacter| a [e.g

CHIOME BEEkakl TheBHls (k8 dtynTbeflo v hirs @iws Ghemigals were

desatibedCiretabee Kt in 1Bi8Ransorhafioranih OrgHic Chemistry”, Springer Ed. 3™
Mortieralla 1sabellin

ed. (1§§|7me %%’ﬁ %gme&gﬁal @h@h(CfmesRey@mﬁpgmA -BC). As an
t

exal‘rf'iﬂ@le etHd Sﬁef%hgépggo\sél %ﬂ#ﬂ&ﬁ"&é&f Bgiic(:lize ?tﬂég& gzl%terla [e.g.

Cormﬁg acfefigrantegyur. (QGtaaH. Agralg Agiigl Blﬁlnemheh9851;985 ; 49:2229),

RhoP%: ggﬁ%s é&l;jlils a(%?%LIE-I eteettafelrll (%tp-l;eeﬁr]a[]et?r o19 9e t? 62159)?8;and fungi
[Helminthosporium sp., Mortieralla isabellina sp. (Holland HL. et al. Bioorg. Chem.
1983; 12:1)]. A large variety of aryl alkyl thioethers were oxidized to yield sulphoxides
with good to excellent optical purity [(Ohta H. et al. Agrig. Biol. Chem. 1985: 49:671:
Abushanab E. et al., Tetrahedron Lett. 1978; 19:3415; Holland HL. ef al. Can. J.
Chem. 1985 ; 63:1118)]. Mono-oxigenases and peroxidases are important class of
enzymes able to catalyse the oxidation of a variety of sulphides into sulphoxides

(Colonna 8. et al. Tetrahedron: Asymmetry 1993 ; 4:1981). The stereochemical
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30 Chem 1985 ; 63:1118)]. Mono-oxi genases and
peroxi dases are inportant class of enzynmes able to

wa@ anoaloysies t he oxi dation of a variety of sul phi BeBIB20042003026
sul phoxi des (Colonna S. et al. Tetrahedron: Asynmetry
1993 ; 4:1981). The stereoche?n cal WD 2005/ 028428

oo£5F FHBUDNAIAE Sac B b U PR, deranon v

sulphnblph;rtrdlettser ucture. As an other alternatlve of the
pure nethy

é%/ Irfﬁh?\{/jlag@g%ag V@s%&\n t?‘al | W@H‘érﬁﬁ%ﬁ%@h c oBtieallys pure methyl
ary(shﬁﬁ] W'aé&é@snﬂﬁ*hbﬁlgh' Qﬁéﬁlorﬁeﬁ@t@c %g>§§5‘gzgﬁﬁt8fﬁe8f by lipase-

correspondi ng racemate were SCri
cat@lgaea@ég@lumon ef thel cormespoakledy acehetit everd 38 d88cribed (Burgess K.

G i

d%lahpedabu’oééﬂ@tﬁﬂeaﬁﬂldéﬂow’f]léﬂ‘fo%i (d:r’i ta%?ﬁlﬂxetf’ ic/Sulphide oxidation
Deshpukh, Dunach, E. ; Kagan, H.
progggspassgeen dpyslppedlmKan@r@ll@&yvorKaﬂs t(Hltshem H’J; Besbmukh, M.,

Oufgh FYTRBLEhe 16 11 A oFayl LS00 SUORTBHEAETeo) 1n e
probgsir dperasyirhecttic Bofdpatisn ogfi @uﬁdmﬂasa%néulplﬁb%l@@s the oxidation is

I
perifRingl Feo8 ErLBib Shiahpogieyidss (TBRP)doatogiizing agent in the

preséndd 8t Sﬁé"]?sgfﬁvdl L &¥ea "BRi Al c?fﬁ&))'l& 6bt2cnrée %Bﬁogﬁggf’rﬁ4 / (+) or (-)

procedure sul phi de oxidation accor
dIetdﬂ(ﬁhtprtraieéwat%nﬁhesnolpreaitm‘m2n’g the chiral conplex at

¢ A bF AR Brokduh® BB X oaageatsingstos Kegan cesmprises
fwst?érefo?%g the Bﬁ?lrélrc,%’?@dléﬁ at %o%%hp@ﬂ%’tﬂe I?Vﬁ\’eggﬁél‘i’é( tARride before

he direct oxidation of a variet
adding el sulphide af heral thgloxidationi reestnmmtsoefrecqm abl207 Caintthe presence

an enantioneric excess (ee), in the

ofte:’r‘gheg/%w@gm%égo% can be achieved by this net hogl]lﬂ
l\/ﬁ‘heda okidatibh of akagitty anNuipRideal Kefabiy BP YISyl Sfbhides int
hof?ge roduct§1 mﬁ){d blé@oi)t al ned V\)/Irt (%# ﬂw bhides into

Opt@ﬂ' n??@é?eﬁ'é'@h%’ﬁ?? wibra%@ngnh@r@@nb@qceag (ee in the range of 80-
9096 Uptid H&ﬂé%@ﬁx‘f@ﬂn&h%erem size were subjected to

an asymmetric oxidation. For instance, when aryl

mddig| smﬂlfgﬂallgleé(aganeaedb¢@-0\toelebr’sorsvdd‘éat iR, sulphd@de products
met hyl sul phoxi des in

cougﬁ%g@%@ ?bigigglste?@é&lgglgleﬁgy@ t\when gsulphides bearing two
i o omrgn abp e salou et OETRE lg. ro
instamce, whan aryhnmetbyl s;.uplpxdesler\sarermﬂmwd tdosxielation, it was possible to
obtain the aryl methyl sulphoxides in an enantiomeric excess (ee) of more than 90 %.

Notably, cyclopropylphenyl sulphoxide is formed with 95 % ee by this method.

However, asymmetric oxidation of functionalized sulphides, notably those
bearing an ester function, was found to proceed with moderate enantioselectivity
under these conditions.

Thus, compounds bearing on the stereogenic center, i. e. the sulphur atom, an
alkyl moiety with an ester function close to the sulphur atom, such as

methylphenylthioacetate, ethylmethylthioacetate and methyimethylthiopropanoate,
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bearing an ester function, was found to proceed with
noder at e enanti osel ectivity wunder these conditions.

W@oFhem28 conpounds bearing on the stereogeni CPCEM2004/003026
i. e. the sul phur atom an aI kyl nmoiety with an ester
function close to the sul phur* atom such as

arelTepbitba vty b b GAfPEalea %Wiﬁo@%@ BHABABHA! Snd&iphur, 1986 ;

| met hyl t hi opriopanoat e
27,dE7r132004/ 003026 4 are reported with ee of only

637S %E‘ﬁ’ 5%5’5“%‘}(?&%3? |ayr>ﬂ 5 ihe 'BE{C%{SS‘H ggr 13{%2&%@1 function in
the suthenp elsitiomviof theé arRtdrlip R IoWBﬁ%ht?é]néﬁc e&B@sQE d‘%) and yield

position of the aryl group yi el ow enant1 oner
(50 z%@§sccml@a eyl tgnieypamaeubstiidel epmapsuadneer &1 %,oyrelde50 %) or to

e R SHER) LG VIR, (i S5, MEhn B oy B o

Sodq, P198&heh06,/B138-8193). J. A\Trh Chehm Sgct t 19%48; Oﬁot6he
-8193). nce, even en e substitue
8]['?8 %Zeam e e |3Hb§‘3t!z'@nt3t or thpr edphae awmadrffestrersrze the

pregéﬂtﬁat i#nak! 8stert nEﬁ {;éy’é‘gtp mg@é@m% (%/rg srongly affects the

i o enantlos
enaotwelelectmty oftes etsyremméttrs oRidatios.how t hat t he
e nti osel ct|V|t bFls process hig depends on

S5 S calsnadh BWa & bg ﬁﬁ@nmﬁﬂi@qttyﬁw ot yhisf praness highly
depéhb§tdrﬁ1tl$e McLure SRSE irots1H | o tHB“f foﬂglr f ?Hteolghggﬁate More

beari ng an ester function close to
spetificalie @dgatian of sulphides |bearrnQEarS|er$térann¢trorm<It1@se)ftotth@ sulphur

t s so far reported in the
glVel(ér]?tn%r g?ﬁﬁhq%%%}a/ﬂ%éfc at(]:hl gﬂbstrat es bearing an acetam de
oSiraitay, honel of tiel @iahtidséleetie/ rdddibRE sbal 'r’%)or?éa e literature

There have been attenpts to inprove
dealEriih puasiaiee IPERIIY A Fnstamiderey ansito acicbniiety atirectlp finked to the

BT i ¢ oxidation of sul phides. For exanple, Kagan
SUIPE% co- 20 workers (Zhao, S. ; Samuel O ; Kagan,

BTherEehamrbeenrattwms téiinp(cﬂ/b)thefﬁér?aﬁrt@%élébtr\fn ﬂrﬁmg/mg some

nti osel e t| vity of oxidation could be enhance
Con(ﬁn'g % RG 2R '%9&%&@?0‘%‘ gtlphifiase alerofexample, bifagbn and co-
d to e i
gL 2R Sosiael. R SRR, 45, ). 5105
5144)y Ficd ézatbther engn&mmctrvrtwmfd@xrdatrmrdmld/|bleCeﬁﬁaﬁ'ced by using

curn BT R BB B0 Y B v o v
thesenedditsy 16 not solve the problem of oxidation of sulphides bearing ester,
amide or carboxylic acid functions close to the sulphur atom.

Thus, the applicant obtained crude (-)-modafinil with a typical enantiomeric
excess of at most about 42 % with the above method using the conditions described
by Kagan H. B. (Organic Syntheses, John Wiley and Sons INC. ed.1993, vol. VilI,
464-467) (refer to Example 17, comparative Example 1 below).

H. Cotton and co-workers (Tetrahedron : Asymmetry 2000; 11, 3819-3825)
recently reported a synthesis of the (S)-enantiomer of omeprazole via asymmetric
oxidation of the corresponding prochiral sulphide. Omeprazole, also called
S-methoxy-2-[[(4-methoxy-3,5-d imethyl-2pyridinyl)methyl]-sulphinyl]-1H-benzimidazole
is represented by the following formula :
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excess of at nost about 42 %wth the above nethod
using the conditions described by Kagan H B.

W@ @vogarsdes Synt heses, John Wley and Sons | NC. edr/ig8@y/003026
vol. VIII, 464-467) (refer to Exanple 17, conparative
Exanple 1 below). H Cotton ahd co-wor kers
(Tetrahedron : Asymreter; 2000; 11, 3819-3825) 3o
recently reported.a s ntrhekﬁls of the (S)-enantioner of
onmeprazol e via asy o @Xlﬁatl of OtHe
cor respondi ng prochlral sulsb prazol e, also
cal l ed
5- met hoxy-2-[[ (4- rrethoxy 3, 5- i et yl - 2pyri di nyl) nmet hy
[']-sul phinyl]-1 H benzim dazcd*mg S represented by the

WO 2005/ 028428 5 OCH3 H3C OCH3 N H

PCT BSHORIG08 C2E1ARBaS IiovRse by<iianbin resdiatedaoioaiion with
cunéie AGRiapERskidy (EH r],? éﬂ%rﬁg (ﬁegogry(e%g:@ggigmﬁ I?artrate [(S,9)-(-)-

cunmené hydrop erOX|d
DETls, THe- {itanium @Dmﬂlex waB rFHEpar[e(dSnShe(pr)aseﬁ)Eé' bof theh Prochlral sulphide

and%c#ro@ﬂrjlrﬁ:ﬁc@rg | exgvprﬁ%pag}?ﬁg v e%&#@?mh’?ge qr,ggsgq%igﬁg@gn thenpresence of
N NacﬂifédeoWéﬂwWa%ﬁél Nﬁe eﬂéhf#@éélé’&lvﬁtgt Lhe @46/89\”&%6 )p%i@mgd by this

N, N- di i sopr opyl et hyl am ne. An ena osSel ecCti Vi
metbad wheress: Hienagary's tdriginal me¢thod, givee eedetebteemaJmér%c excess

a nodest enantioneric excess
Oft%{émé{é%ggﬁ?tg@ﬂc’? \(/SS % . According to the aut hors,
t h@cbfmh@v@ﬂ\eeﬁﬁﬁbﬂsoﬂfé ﬁﬁﬁr'o\’/é& Bén%tlé%iﬁla %‘ﬁﬁis s process applied

plied 10 to onmeprazole only is pr
to OfT}ﬁPr BEAse 'SOPFOBQEIM linkgd ol the qnfesencmt)benalgwdazple or imidazole

gro@bﬁgdr%bt 4§ 51%;341 lCWhﬁi%SI'S Eneer qﬁgegmbsifg E‘Héé "Sliphoxide.

Thewmithars! aiss suogstett dsime iioRatd o h
“when synt eg?f?n% ?ﬁ’f"ﬁaﬂgsuF'phﬁkf"%*ég“‘?'ﬁws?ﬁﬁ‘%"ﬁ%’f@?°“psW en
e

Syn%\l’gﬁ?ﬂ&,g ral jlpbexide i apymmeiee Swﬁiheslsessert i al | y
d I & h 15 su ,

N T

sulphitte ibearingdi subsdituentsricfazprexignatsly We canms éﬂ&scéhd)%qcludmg an

nt role in the asymetric
lmld%ﬁcalg i Ih orlst escribed to play an 1r¥1portant role in the asymmetric
induction.

Therefore, there is a need for an improved enantioselective process for the
manufacture of optically pure modafinil as well as other structurally related
sulphoxides, notably 2-(benzhydrylsulphinyl)acetic acid and 2-(benzhydrylsulphinyl)
alkyl acetate which overcomes the drawbacks of the prior art and, in particular, allows

high yields.

Brief description of the invention

The present invention provides a novel process for enantioselective synthesis of
the single enantiomers of modafinil as well as other structurally related sulphoxides,
in which process a surprisingly high enantioselectivity along with a high yield is
obtained.
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Therefore, there is a need for an inproved
enanti osel ective process for the nmanufacture of
wopioso2d4ey pure nodafinil as well as other strect/iB2a04/003026
related 20 sul phoxi des, notably
2- (benzhydryl sul phinyl)aceticbacid and
2- plai cat at | Ver Gomes -
e T B L Eleop " Barcirt, RERA £ IR ST Ss oxicized
asyanmetisallfiigh & sivlgtes enBntierher s @ni gridntiomafricaN enriched form of the
I nvention The present invention provides a novel
Corbqsggggggr%ﬁp iosel ective synthesis of the single
o . _ | I _ _
ol LaeRn Hsd RS (@ ARk (PRl s 5¥ a single
enaiitigmesreiman @nentiemievically ahdolgedvform &ohi gie yoeledposding pro-chiral

i . 2005/.028428 PCT/ 1.82004/.00302 The . .
sulhE W hiolBurRR A Giotorsmiti f PLRR: g atsr dhan ?gaﬁ /5-99,8%.
ARSI RN gl
coup s, S SOMMAGP, 5 844, HERASIE undopoood o
desighatespdpbidag whichhexes eoxidation presantoa steseogeniviateser on the

B 665218102 01 e D 2 B9 e U0 e trus i

enanti oner or an €na

hereinerefmrectpas throghirabselphidals”. sul phide with high
[ vantagequsly with a purity greater than

Bg'ffﬁé/e%@ygg%ynﬁﬁ@"& pridioprProgpes @lpwalacsespHp dbesgompounds of
inte:'r‘;ﬁs_t%iﬁﬁj aheéﬁﬂé?mecjg?}i%ﬁ%@%ﬁﬁ&‘ﬁ@ri&%xcg%q'év%ﬁt 13! ggj?ggﬁnding pro-

Ich after oxi resent a stereogenic ce
chireheulpsidigshane funotionadizephii.deshdnay esigr,f amidegrcarboxylic acid or nitrile
St resgenic centers el sewhere are thus also 10 herein
SUbls{ﬁ' Fed to as "pro-chiral sul phides”. This novel

asHEBotESs BXsifle Q\ﬂtfpémﬁgﬂlrbgﬁnaﬁlﬁsﬁﬁi %1% BrBGess suitable for

conpounds of interest v extrene / gh _ _
largen gaaleo mepductione ©f senantéomeric t trempaundss pondi highprygeld and  high

j : I jdes are functionalized, i. e. have ester,
enag]pnb'é%?'c%gfzg%%(yl ic acid or nitrile substituents. 15

Tha priocies ddvaniage), éhld pioceseNmplRentseRa affbURKidi% titanium
the process suitable for |arge scale production of

comupaidiasna crtalVss Midehigsenviroamanjallynen-toximandhirg/atively low-cost.

e | o L u . yvant a t his. :

SRRy AT S LR LY 0, SMhgaor n o
enaatomedealyl getiched fim, snerey directive miglboly hQOiﬂgtt@_Xgé? tiddgh a chiral

rel.atively | ow cost. 20 Advantageously, nodafinil can
reS%%t'%%mog@ogagm'ﬁ@C@-enanti oner or in an

The invention also provides several processes for preparing modafinil as a

single enantiomer or in an enantiomerically enriched form. Advantageously, these
processes are limited to three steps or even less when using benzhydrol or
benzhydrylthiol as starting material and modafinil single enantiomer is obtained with
high yields.

Detailed description of the invention

It has been found that the asymmetric oxidation of modafinil precursors, in
particular diphenylmethylthioacetic acid, the amide and the esters thereof could be
achieved with surprisingly high enantioselectivity up to 99,5 % by effecting the

titanium chiral complex mediated reaction in the presence of a base.
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enantionmerically enriched form nore directly, wthout
having to go through a chiral resolution nmethod of

wore@ahesiee aci d. The invention al so provi des SPUBIE004/003026

processes for preparing nodafinil as a single
enantiomer or in an enantionefically enriched form

AP §Rag iRl Velafe'i%eﬁ)ea l%@ oo?&sﬁfezaaglﬁﬁzéy%ﬂr éﬁ&s@g compound of

t hree steps or even |ess en us

formulez(hyeithartasi abingte enantionray orih enierantiptherieady entithed form :

single enantioner is o ta| ned with high yields.

Det ai | ed description of pra_invention 30 It has been
found that the asymetri | daffi on of nodafinil
precursors, in particul eyl met byl t hi oacetic
acid, the am de and the Raaster t hef@tf, coul d be

achi eved W th surprisingly gh.enanti osel ectivity up
to 99,5 % by effecting thes n| um ceraI conpl ex
nmedi ated reaction in the preSencte of a base.

2005/ 028428 PCT/ 1 B2004/ 003026 7 RzThe invention reI ates

t QuiferBRt hod for preparing a sul phoxi de conpound of
formula (1) either as a single enantioner or in an

enant isoHEN| e@(#@))(ewrheﬂéiﬁd( *&@@mote@frohq L N%R\;\thbl-ﬂ-@)ﬂs -NHNH2:
ereln

Y -
CHi% é%ta g2 @prg%m "’P(Rélp@f SaUJ@S:Pr d'fﬂQBBnt > s@tecter figm H, halo,

fR2 0&0%0%2 kﬂr ?C%I&)%ggﬁ){lo ?éjI b%%?@; @enlﬁ’ gryf'eC% 1oﬂ1eteroaryl
(2 -Cb) al- Qﬁayl -NOg5 - @) a(@1-Cajalkexs}o)- mcﬁzgmm%, -OC(=O)Rs,

o&@)NR%( CERER %@&Qé(CHMRg(CHZ)mORS, ‘NRRy,

O(QBI@@{W%BR? (CH2) nmORS8, -NR6R7 C(=O NR6R7 ; R3
and R4 are the same or different and are each sel ected
f r oM3rN] Br-arethe gakye or Wifterentyaia am)ealchyéeleetbleCﬂ'd)mrH (C1-Ce)

t ak e r-with the
N i BRI B STPB. o REand R Bt 256 be taken
t o TogeteabeitedhdiNetori @fBGHh WHIEHPRB and R4 are linked to form a 5 to 7
membered N-heterocyclic group :

- Rs represents alkyl, cycloalkyl, aralkyl, alkaryl, or aryl ;

- Re and R7 are the same or different and selected from H, (C1-Ce) alkyl,
hydroxy(C1-Ce)alkyl, or Rs and R7 may also be taken together with the N
atom through which Re and R7 are linked to form a 5 to 7 membered
N-heterocyclic group ;

- Rsrepresents H, alkyl, cycloalkyl, aralkyl, alkaryl, or aryl;

- nis1,2o0r3;and

- misfrom1,2,3, 0r4:

comprising the steps of :

a) contacting a pro-chiral sulphide of formula (11)
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15 - RS represents al kyl, cycloalkyl, aralkyl,

al karyl, or aryl ; R6 and R7 are the sanme or different
wapessetsect ed fromH, (Cl-C6) al kyl, PCT/IB2004/003026

hydroxy(G -C6)al kyl, or R6 and R7 may al so be taken

together with the N atom thrbugh which R6 and R7 are

linked to forma 5 to 7rpgenbered N-heterocyclic group

; 20 - R8 represents H, 2 cycl oal kyl, aral kyl,

al karyl, or aryl; - nils and - mis from

§r3 ;
1, 2, 3, or 4 ; conprisiny the s\t\ggﬁ of : 25 a)
contacting a pro-chiral sul phlide Z1)"orrrula.(ll).V\D
2005/ 028428 R2a PCT/ | B2004/ 1@' 8 RZ2 wherein R, R,
Ria, Ra, Y and n are as detingd abové) with a netal
chiral ligand conplex, a base amd an oxi di zi ng agent

- ' 4.and optionally 5 b) isolating
¢ e PLRARER T R nd 57 E e e $80%Bne. e hod
alviitiwa rhetapcleiparigasd|dohgiégdes bake faana axidlzin 5&\1’:3@ 2n organic

enantigneric excess of generally nore than about
SOIY@rﬁé\ﬁ‘P $2H08aYY  preferred enantioneric excess is of

9 f than 90 % nore
m@r'a Iyﬁ;%foﬁta)irﬁéa | (lj‘?rﬂ%dneoé%%?)éﬁ?ngﬁnost preferably
of 99 % and nore. The nmethod allows also to prepare

i RePetiih s 6 Brefarbaiherads o Toman o i morenantiomerc
excs€ofigahbiallyURerd arl gbo&gg/@%'.:%(dv?gg@eg)#ﬁ&h preferred enantiomeric

enantiomers, enanti omeric excess OIEr
excess iseplampimthansta 8, arraferablyef nEdrecthant®0 ¥aincareadreférably of more

tharf 853 kst PR L A d MR amount. of B and &2
Cé‘lhehﬁeﬂﬁideallﬁwnédlsb)’focyh‘éﬁlgﬁge Eﬁlpﬁo((fdiegrbf fgﬁ'ﬁﬂcjlgr(@’é\ﬁﬁﬁ a degree of

Liquid Chromat ography) urity refers tot '
pur'@nﬁ@ﬁ?rma'} RE %gﬁfﬁgﬁébév of morgribarX8 flel moiey preferabhesuperior to

99 %.
For a pair of enantiomers, enantiomeric excess (ee) of enantiomer E1 in relation

to enantiomer E2 can be calculated using the following equation :

% enantiomeric exceSS:@xl 00
(E1+E2)

The relative amount of E1 and E2 can be determined by chiral HPLC (High
Performance Liquid Chromatography).

The purity refers to the amount of the enantiomers E1 and E2, relative to the
amount of other materials, which may notably, include by-products such as sulphone,
and the unreacted sulphide. The purity may be determined by HPLC as well.

As used herein, the term “about” refers to a range of values + 10% of the
specified value. For example, “about 20” includes + 10% of 20, or from 18 to 22.

As used herein, the term “a metal chiral ligand complex” refers to a complex
composed of a metal compound, a chiral ligand and, optionally, water.

The term “chiral ligand” is a group which includes at least one chiral center and
has an absolute configuration. A chiral ligand has a (+) or (-) rotation of plane

polarized light.
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20 anount of other materials, which may notably,

i ncl ude by-products such as sul phone, and the
waizoosazs4esl sul phi de. The purity may be det er mi PETTERP04/003026

HPLC as well. As used herein, the term"about"” refers

to a range of values 10% of fhe specified val ue. For

e"lﬁ"fﬁé%bovgta%gihit%w “élﬁ)ﬂl’ ans a]'\o 89% j acia%&{rgﬂogjpt\%hlch may

use rein erma
be stajght>or brahehed tmavmg:dntpl X caﬂ@matnmseld thé cﬂnah’etladeferred alkyl

| t Iy, wat Th
arof BT RBVELH tolh EMEGRAIoMEARAnGPBAR. whi ch i nel udes ai

| e@sivepBfkyP h‘néé‘hs 988&?1 f‘ﬁgoutnﬁ ar%Bnaa?éﬁ’lE% ?rz fham which may be

confi gurati on. chiral Tirgand has a
straightaer daachgsl. a"rBéan@im(ﬂr ineads | thghione\V POArs/ alkgmgfbups such as

T LBRE) DR Dbl AESE AR HR, it may bo

substitiaed hwitivrory ancihedk h‘@?:d:lﬁﬁlk&ll bRoup?. E&éﬁ?ﬂa@t ST 'g?oups include
chain. Preferred al roups have to 6 Car

metﬁ\yir%hylnntmapﬂhhpr@pyi Ilbb\!éthll buiyl,"t-tredying- musxbyhcyplmentylmethyl
20 bigbISR: BB P ME Rolafle AL o ThBRENRle i sitem of 3 0 10

carbom eawnkgll poefergidly sticdboag 5nis hsdouteti DY cafonPraddivk, Exemplary
to a linear al kyl chain. The al kyl nmay be

ttache y
mogegh Pt%MCé%P ¥t rouRE 1BElugsy eyokaqﬁﬂt)da|cn{9loh@xﬂupcycloheptyl and the
|,keExean ary al kyl groups include nethyl, ethyl,
rop I -propyl, n-butyl, i-butyl, t-butyl,

n- ﬁ‘émléyl mgama)penalyl a’ktyhgroup Weteualtlk@fldrylnamml@l are as herein

deshfbed MRt Sede Somerre diisr ShV BB SXEaBnGerd! groups
incloae penzat Q%en@ﬂ%'nﬂ%éph’ﬂﬁ’él@%éih?l cycl oal kyl groups

|qcluge cycl opentyl, cyclohexz cycl oheptyl and the
| i"Reyl ms@%ﬂnsmn ararmatic amormqyp <a|q<ynnugmq|p: vingr systerhef 6 to 10

It T YT N ——

subatlmllehtei” @hinhpsnayl e ﬁﬁé U@kﬁné%ﬂ)ﬂhﬁer@niph@rﬁt?té}é' aé‘n&’eﬂned herein.
napht hal enenet hyl . " means an aronatic nonocyclic

Exegpplaiy 2iyEgrqups 'P?'HQGW@WW@T&‘P@WS& 10 carbon at ons.
The iAWt mearfPLh Uil #gséi%ﬁbm%ﬁgn%é Eéer%%%@ r@élﬁ@raz? as defined

ring system substit
hereiinf Ezerplary atichrgr groaps dredlicetbiyler ei n.  Exenpl ary aryl

R e8P 5, Plogen, Alard 41 REIisH i, g, dramas or fodo.
Prefé@féd“@r% Tl Sbtlord=SEHIINTS, Yarid e/ brefbiPétPSird fiFdYE chioro.
“X\Ikenyl” means an aliphatic hydrocarbon group containing a carbon-carbon
double bond and which may be straight or branched having 2 to 8 carbon atoms in
the chain. Preferred alkenyl groups have 2 to 4 carbon atoms in the chain. Branched
means that one or more lower alkyl groups such as methyl, ethyl or propyl are
attached to a linear alkenyl chain. The alkenyl group may be substituted by one or
more halo or cycloalkyl group. Exemplary alkenyl groups include ethenyl, propenyl,
n-butenyl, i-butenyl, 3-methylbut-2-enyl, n-pentenyl, heptenyl, octenyl, cyclohexyl-
butenyl and decenyl.
“Alkynyl” means an aliphatic hydrocarbon group containing a carbon-carbon

triple bond and which may be straight or branched having 2 to 8 carbon atoms in the
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"Hal 0" neans an hal ogen atom and i ncl udes fl uoro,

chloro, brono, or iodo. Preferred are fluoro, chloro
W@rzoobmmms and more preferred are fluoro or chP@I/EB2004/003026

"Al kenyl " nmeans an aliphatic hydrocar bon group

contai ning a carbon-carbon 23%doubl e bond and whi ch

chdi®y Ij?éfe‘-‘rFécfiéHk%% Qﬁ@ﬂg@@l‘é {33 At Ldnks ﬁ?fl‘%ogweﬁ‘riow%ranched"

in the chain erre kenyl “groups have
megas dbat anener |m|or'ehle>\/\©|naalhyl droaps heukth meanmthyiabthme)ropropyl are

ot 4TSk LSRR THE B o 1S o b oo o
mofd kewy! Egémpl@ryf@lkyhﬂ %@(bhﬁé 'lﬁdlkﬁd‘éje% 9F‘i)ré‘[5yn JOf %ufif'f\gg 2-butynyl,

or cgcloalk group lary al groups inc

3-mathy ytynybﬂb@@ﬁymyl G@ptmnwuo@tmwl and@enmm 3I mﬁt hy:
but. I he teny oct e cl ohex
put ST nReBRE el oL RO el TREAIGEBES ® 25 herein
desloyibedc &rbferreagt @IMOX)P%WU@BTHW@ BtE@IcAfsbIF aoRMin th! dPﬂa% and more

nd and whi ch may be strai ght or branched having 2
Pfe%ra'a'wbgntoaﬁoﬁ@rh% ﬁmwztb@spbamz@@wansngmm include

e B P BB BRI e or ot o

I O\A?bietwolayyl” gre@Ang Sars amatic n‘&ﬂqbyti/clloecbhmultmycﬁé PPy sy of 5 to
ach The al Kynyl group

K h
10 B aemse 1 WhIcB T Sohere P! THRpaIbRRITomEbibe 49 System is/are

he‘téﬂok)(a'ﬂf?a(rheﬁf@)J Rﬁhél“ ‘iiHéW' EctbM NYbr é?(a?r%i@ybrt elHUt X%en or sulfur.
2-butynyl, 3-met hyl but ynyl , “n-pent
Prefﬁffqdqyng §m¢scm‘dmgylof the\rlhgwgtmmmahbmﬁ {@abgmt(m Ang atoms.

el EER Tl gl J i el Ty SragB»”raag%i%friqbgmgewsubstntuents"

whu@Hnmaghaerthewanémf auffe%uﬁf ahatdry a% &@ﬁrf’eoc @Lﬂ%gbﬂ atom of
the chajn. Exenplary al koxy groups incl u

an hetemayy! mayr%@xk}asw nfagesxgtommandtroay aﬂﬂujbbemttmglly bRidized to

e SEERRCORNY WARERS . AT b TBALSHS e e rous
includh cplyrmneylplthlﬁnylﬁlsmfthlaﬂﬂylc afxbﬁﬁlyﬁtpvfﬁzdﬂ?I gg%czfa'ngg pyrrolyl, 1,2 4-

/ tero el enent(s) other
th'aaéz @fa'w;?@{qe%wggerﬁwmw'@w or phtinalazinyl, pr dmidazel,2-a]pyridine,

|m|cFazBBZ ’g{ﬁjﬁ?iﬁ% r 'Ha%!f@%ﬁfslfrai#ﬁll r 'EL}% T;ﬂ»é%y:%%og/z tgnzo’thlenyl

thuesgmmdyﬂ ut édebqummdyilc rp;wmldpsyrmigl SymhldHZ(S yil.t UBBhZoazaindole,
and are as

1,2 égpwgglhhg?égﬁlazgnﬁl {TH ré%g{ﬁl@iy " aRdeiyl, e,u@;gplymy}raysoxazolyl
o S R AR o i
pyf'W&'@Y'o@NWO%n@U@ab@tnyf wquigolined, et Gaﬁ-jlmaaj;azulpls thlazonUdthlenyl and
tnazﬁr}{lgﬁfg@fy rre He?%?éwyl g c?LtéohsLlﬁ]Z?ucYe YRy %henﬁ ypyrldcy)/ll pyrimidinyl,
isoxazolyl and isothlazolyl

“Hydroxyalkyl” means a HO-alkyl- group wherein alkyl is as herein defined.
Preferred hydroxyalkyls contain lower alkyl. Exemplary hydroxyalkyl groups include
hydroxymethyl and 2-hydroxyethyl.

“N-heterocyclic group” means a non-aromatic saturated monocyclic system of
5 to 7 ring members comprising one nitrogen atom and which can contain a second
heteroelement such as nitrogen, oxygen and sulphur. The heterocyclyl may be

optionally substituted by one or more “ring system substituents” which may be the
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t hi adi azol yl, pyridazinyl, quinoxalinyl, phthalazinyl,

i m dazo[ 1, 2-a] pyridine, 20 imdazo[ 2, 1-b]thiazolyl,
whemnzotssemzanyl , azai ndol yl, benzi m dazolyl, PCT/IB2004/003026

benzot hi enyl , thlenopyrldyl thlenopyrlnldyl

pyrrol opyridyl, |n1dazopyr|d¢ﬂ benzoazai ndol e,

sanlre g’r A réﬁtﬁgﬂ?f Iare I%grbgffﬁ'ea%réq W%@Q%@coﬁgbgﬂeﬁ?é%ﬁent selected

i zinyl, 1soxazo soqui
froma)nlltnogenloy la, suptauth ool Uslprepgmtalmmhbtero?lerrm Iolﬂ]zﬂe N- heterocycllc
I n ro
orcét 251kt Y Ay RS s b Bt iing N-ovide, S-oxide o

S, S-fiosie! Y IPrefdicRnNy N- ﬁé‘t{é &g/ché' h%l m@HI gker rpefﬁlendyl, dy pyrrolidinyl,

het eroaryl groups I pyr azi enyl,
pipeiaziny, qurphollnwbomwoltye fikel it HNMmbycllc group is optlonally

A 7 U Tk N

I
iRt sl SOt D TSl i

or rgPRURRIOgRAALNS. (FHIE aﬁSothﬁts statent pasehlasoplsmyli ct
& ¥ o
2 o, SVsinm, RBpdubieAl: THERE' LB aREPAET sftipfEe or non-

arosatib aagnsystegsn mdms{lgen ofnH, zu%n@hu(a -Ghalkpet @({I)Qgéfdllyényl (Co-
titute one or nore
Codllndn(Gabsorite r@é;“m%p@fo . HoNt 6 Po-HB65 - B25.48B-Ca)alkoxy,

_O(B$? Lﬁ\gﬁdﬁggﬁ glgg en a SECgﬁgﬁ{ fere_O Phﬁ}é’hﬁ‘gs ECF?‘%)CB _NRR,

-C(OMMRR’, ntC=EYER canoh—@t(#@)er\/\mtemlnl R m‘rdeﬁénatre Iﬂhlaﬁ(yl cycloalkyl
eI errent of

ara%x{, a |% Ay i f?éaﬁ'te(;e ﬁ%%@ t@lgb’gﬁdﬁqwgﬁ n(feand R’ may also

be t%k@ﬁltﬁ@etﬁér wﬁn thel l\Pé’doW?thrBU@ﬁ SoHiss R'\érﬂFR‘ééFé:Mﬂiéocto fo[rm ab5to7
group 1 ncludes piperidyl, pyrrolidinyl pi pera

me'ﬁﬁﬁﬁﬂ%'thﬁ}ﬂBmCﬁﬁw gmeepl i ke. The N-heterocyclic group is

RS Bh o1 X280 WS B 0 R16 b Y S S0 s,

notahlp sisi drvalkating raltudecK as-L4paiuky! po‘cégﬁurﬁ?rI ‘Ri)h?tﬁrﬁ'salt or ammonium
optionally substituted with one 'or nore hal ogen

saltgr pharmaceuticady ereertabla salifent par achi or ophenyl . "Ring
Sysbﬁgﬂn%é’&%&.béﬁﬁafiéept%%” él'téb%éérti'ggli% é%%‘ ?eﬁlgﬁrld%ﬁt @) ic, dnorganic

aromatic or no Aromatic ring
andH;rglaalkxaCIc( audioBh abky, and Bas€Apdltivarsdits, 6f@ompounds of the present

|, -CN,
invel g kﬁ’h%g sg% %%g%rgpé%@%osgf td%or\%rq}ép@ final isolation and

punﬂ&ﬁ(mpbﬁhe %CF(’@'M%Q 8%Wd er or s gane greeoared by
sepafatcalykgaa,ctlng'dheapwyﬁed camaiduﬂd iralileafrgé lmisealfofﬂm thlf @r suitable

oradE B NFaTE L S et D LS fenln 368 acition
salt@nmctlitie @i h!/dlfd)‘bﬁ?&nidé fiyjfdéhiSridé dulfate, bisulfate, phosphate, nitrate,
acetate, oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate,
lactate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate,
mesylate, glucoheptonate, lactiobionate, sulphamates, malonates, salicylates,
propionates,  methylene-bis-b-hydroxynaphthoates,  gentisates, isethionates,
di-p-toluoyltartrates, methane-sulphonates, ethanesulphonates, benzene-
sulphonates, p-toluenesulphonates, cyclohexylsulphamates and quinateslauryl-

sulphonate salts, and the like (see, for example, S. M. Berge, et al., «<Pharmaceutical
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menbered N-heterocyclic group. In the case of X = OH,
t he sul phoxide of formula (1) may be obtained as a
wa@ al05/028420t abl y as an al kaline salt, such as aPeDUB200m/003026
potassium |ithiumsalt or ammonium salt or
phar maceutical |y acceptable dalts. 20

Salt> >hqr ?Mt ial b6 aCLepL @8y \?@H‘l d”g&"é%tgg herein by reference.

relative non-:t oxi ¢, I nor ganl

Basel didditiom MItsSsaandlsbasbe peepdrednbys addparatefly aeaBing dse purified
ion., These salts can _be prepared

0 i nvent
CO'E‘FPPWF { 'fﬁ@?'ﬁgfof '?h A:3Uitakls GropBIe AnBOTGRARN Prea@ngrisolating the
saltothub TerreedPRYES! S ddltdnPedfs lﬁHhéé h%ﬁhgcgﬁilﬁj &/%C@? ébze metal and

can be prepared by separately act| n e’ purl
am'@@nﬁﬁitﬁmslﬂl ble anetab saliadnclfide rthwsddltanspot&dsllwnZEaICIum barium,

it 2 il At A Bt The B anEppigeS m satts are
pref@ffﬂcb*ﬁmfabl’@ mbtsgé”r@@fﬁdéé' Q@dltlélﬂ'gaﬂbeareb'p%ﬂafréﬁefrom metal bases
phate, nitrate, acetate, oxal ate, valerat

Wh'@'ﬂ e'&@lé'depQPWﬂhtfé'dﬂ@lﬁeaﬁOﬁMﬂ hydiexide, potasgien hydrOXIde calcium
hydf&ﬂ&?itaiu gﬂl@gfﬁ% xh {Itﬁgl?% I’?\{%{;Bﬁ%jﬁylrg@gnea%yhy&rgmde zinc

hydgmm@hﬁmmmaemnbmmm SaltssaitePPiRIpares froff b€ Svhich have
ﬁs | ates, .30 prop%onat
su fFé?Wfﬁv I iP fomn R sirBleysll ADH pazfeEably eludaathese amines which are

fredu%ﬂw'u@@étlﬁ%edlginap cﬁé’t‘nwese?{ahﬁé‘toﬁhelr lqw, toxicity and acceptability

met hane- sui phonat es onat es
for smqm@ﬂiatlm pEXanMyBSLbasbonadthBon salts include the ammonia,

et e At Nt es ediine] obSBearpiotiine, aiitBBRgahale, NN-

d|be‘;ﬂzyletlﬁrlté’i;igcﬂ;mi]rﬁlfifé-'tpI glﬁlgrdﬂspgﬁéﬁé/ Oai%ﬁ?a% 1 i 93%}6&%9302@1 benzyl-

phensthyiarBingor adiethyiemisien bplpeazmesnc éns(h)‘Bimxymemyl) anmlnomethane

g ARPALES RABTER, R ST Shenarine

dehgzd.gmmezylamm@,or gardthylbipefdmed | BOhAlamhd, he tet%hbtr{;}&ﬁmomum
nmed. Base addition salts |Include pharnmaceuti cal

Iy
tetr%%@ﬁﬁ%@@u%trﬁﬂhé{l?dn'Beamhxdamf@, tbmiethybamines efitylamine, basic

et 8 AU, IRASTI AL B
s Oai uaadahm‘gpof lastgudaemn [s.aHk s]I agfers o ai ﬁfdltﬁikée ]gng@bl ? I
ts are prepar rom neta
bgﬂégr ’I%i: %ﬁsﬁerﬁ% [ﬁlﬁtl 5 3%1 ﬁ%ﬂgﬂ?dgn e%gdgmﬁn@&e@easdeaﬁy selected
fronpﬂ‘teaér%'ubrﬂdi%%rtlﬁé'dﬁ-l ggélh%ly%lwgﬁg?:r%r%@g%m num

droxi de, Iithium hydroxi de, magn r oxi de,
z refelablyy anexdfdBs, BuianstidreRasi Re isableand dhei othes arissis F. The

red from.a h haye sufficjent
o€ BHFORE b ararBd, b fos S4B, ete. At spaie). the mgse positon
be|rigrm@£eraga nes which are frequently used in nedicinal
chem stry because of their lowtoxicity and

abefpraly. n isyl.

Most preferably, the sulphoxides prepared by the novel process are sulphoxides
of formula (1) in which Y is CN or Y is ~C(=O)X.

Preferably, X is —=NR3R4, -OH, -ORj more preferably —NR3R; and most
preferably —NH, or -NHOH.

Preferably, Rs is alkyl or aralkyl. Preferred Rs group includes notably methyl,
ethyl, i-propyl, benzyl and tolyl.
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for nedical use. Exenplary base addition salts include

the ammoni a, ethyl enedi am ne, N-nethyl-glucam ne,
WO g@isesd2@r gi ni ne, ornithine, choline, N N 15PCT/IB2004/003026

di benzyl et hyl enedi am ne, chl oroprocai ne, _

di et hanol ami ne, procaine, N-bBénzyl- phenethyl ani ne,

di e

e Thb Rl e TEhBede prpeared by he.noyel, Methishisy fodafini
whigly gépgbpends td thetsplhrxids offiobreniay(lpwhereinapisen &y Re, R1, and Ra,

are F LBy GRSV = MBer Bt hyl ammoni um - met hyl am he,

diAeUBgHanERE, trhbdatriy |a’t“’ﬂ”n%ls@tdéme&mdrﬁhermeﬁryls%@phmylacetrc

am no acids, e.g., lysine and arginine
acrdah rﬁf@r%mmrmnwnda@fdomelar ()kehersinussd! HRr, 60 Rya and Ry are H
and. & WeeN [...]-[...]" refers to an inclusive range.
ccordi'ng to a preferred aspect, Rl, R2, R9a and R2a
arﬂe useteherite in ‘estr| F ehedhfinid aout r@ew R cBRIPOURE IR Sbrmula (1),
al o, hal o bei ng preferabl . Preferably,
Wh%ﬁ'@ rbfsgl 1,18, BnaiPod Ras are d X i$+8Rs. t he ot her one
is F. The 25 fluorine atommay be |ocated on the
ortho, neta, para position, the para position being
pS¢ealed. Preferably, nis 1. Mst preferably, the

= d PR BAHG S ToRO B o ur AToAMIS solven. Surpsisingly, the
solveft Tt a@@s?érﬁfaﬂcﬁftthe er?én'tréselgﬁ‘%ﬁg/’ ?f' tgél\?_y&dﬁ%n %Eéﬁdmg to the

preferably -NR3 and nost
rnveptr@ne]'amsplvems may lenog be)rchasen lth. re@pet[:telbrsadtaﬂlé @thdrtibns from

o B30 ol Iy Sk Gyt Dol g™
solvBﬁ&rc srcahdtablyt thiichiel @ﬂ@/* h@@taﬂa‘ Q@ﬁ‘éWdr@Yurbheaﬁ&Bﬁﬁrrle acetone and

nmet hod i s, nodafi ni corresponds to

metgﬂe%&b,quédq,qand @ramheare@pl)ly d@tﬁfrmmed byrcmelsklmad rrRI:h,e &laFrom an
envrﬁﬂﬂggﬁ% cﬁ \ﬂlg\gl ggbacm&g,a?%% S9 \1eé1(5s are preferred LIln ?hrs regard,

ethyl dbeﬂa@ghdﬁplhehear@banbtb Wﬁtpréferr%daCl d*, refers to the
compound of formula (1), erernnrsl R1, R2 Ri a
and R2a are H and X is OR As used herein, an "ester

?Pr Fibh o tRChBal CRIE] R Gofg@ROUNd of formul a

erern n i nd R2a are H and X
i he opstal ohirst bgars) complex is prepared from a chiral ligand and a metal

compound.

The metal compound is preferably a titanium, a zirconium, a vanadium or a
manganese compound and more preferably a titanium compound.

Thus, preferred metal chiral ligand complexes are notably titanium, zirconium,
vanadium or manganese chiral ligand complexes, more preferably a titanium chiral
ligand complex.

The titanium compound is generally a titanium (IV) compound, preferably a
titanium (IV) alkoxide, such as, in particular, titanium (1V) isopropoxide or propoxide.

The chiral ligand is a chiral compound capable of reacting with the titanium
compound. Such compounds are preferably chosen from hydroxy substituted
compounds, preferably having more than one hydroxy group. Thus, the chiral ligand
is preferably a chiral alcohol, such as a Ca-symmetric chiral diol or a Cs-symmetric
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The oxidation reaction is carried out in an organic

solvent. Surprisingly, the solvent is not as
we@swsrs4as8 for the en antioselectivity of the PCT/IB2004/003026

oxi dation, according to the | nvention. The sol vent

may hence be chosen with respgéct to suitable

t S [ r

P onanurel ol iy echingBol % Blorkhetla BoVBlcppol o an
arogredicradectsily t ol uene, et hyI acet ate, tetrahydrofuran,

SRR ot S B el S A0, ctors o
tartaﬂc eBid, ' @nBr izl (ﬁyidiﬁlk)ﬂfL—téirﬁé\fe - (?—‘legfkw@tt%ﬁjtra nt greferably

lvents are preferred. 1n this regar

(+)- gK@ﬂ(bﬂ)QﬂélﬁleL'ﬁﬂUai%lrQr doaifCy-CoradtybDrtedtrate0 lﬁm’rabtyr gt)-dimethyl-L-

tart t%;nd _g_rg "%IEt@]P;ﬂp ré%g?@j'dﬁé%gﬂ: lg%(agﬁﬁfealorlé)dg'ﬁgwéﬁ%tadﬂate (+)-

diisoptoplyl-L<artrate od (-)-Hiisopripyl-DetarpstNG-) o ity e 24 ¥kt oA (-)-dibutyl-D-

t1t d
tartia o P i s LofEtaieal i eribaiy-Dhiaconpolrapectly preferred

are-fh}‘l&eﬂ@ﬂ sierisd E{Fﬁltﬂ—d%tﬂ‘l%%-té&rg?e”d conpl exes are
titanium z vanadi um or nmanganese
ctitretarred ghiral liganps eales inciude QarsyhenetbicytrialkanbRimiHes, notably of

r i gand conpl ex. The titani um conpound is
forrré@ éﬁi\i ly a titanium (1V) conmpound, preferably a

titanium (1V) al koxi de, such asy in particular,
titanium (1V) isopropoxide or propoxide. 30 The
chiral ligand is a chiralrR compourd capabl e of reacting
with the titani um conpoupd. fuch conpounds are
preferably chosen frofydroxy SubStItl(LF ed conpounds,
preferably having nore than ong_hydroxy ‘group. Thus,
the chiral ligand is prefer&blyOd chiral al cohol,

s & A I RER K S -

Prefeniedathiiall tighveds aley ifdudis s&nm@bs@ro@}w PABRAUR (@A} or (2b):

al cohol, or an aromatic al cohol eferred chira
| i gands are bi naphtol, mandgl insR aci d, hydrobenzoin,

esters of tartaric aci uch

(+)-dial kyl-L-tartr or (-)-dialkyDtartrate,
preferably 5 (+)- al ko brate or

(-)-di (G -C4)al kyl - rtrate, notablky (+)-dinethyl-

tartrate or (-)-dinethyk-D-tartrate,
(+)-diethyl-L-tartrate or (- )( gl ethyl-D-tartrate, (+)-
di i sopropyl -L-tartrate or (-)-diisopropyl-D-tartrate,

whe(eih Riisttireydante tad reptesents 4 1gweti dikyjlor 2By, $@6H a8 hestBcor phenyl,

itertb L-tartrat
or aE %tt fgeec{ {c@%@%r te fopig gyéoalkglpgg@pgﬁuyhFﬁ»se@mlcpl*@j(yl, R’ is a lower
alkyl or alkoxy ;

wherein R is a lower alkyl or NO; ;
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are (+)-diethyl-L-tartrate and (-)-diethyl-D-tartrate.

10 Preferred chiral ligands also include C3-synmetric
wo pooaloksaeol am nes, notably of forrmula (1) : QPCRIB2004/003026
HO.-~~NR()—|Where|n Ris a lower alkyl or aryl, as

for exanple methyl, t-butyl &fd phenyl. Preferred

o |ncI ude Schiff base of general
?Ir[%uﬁ)eglal@??%lkﬁ% R> 15 R (2a) wherein Ris the

saﬂmmﬁchnﬁmeeseenhay forhoaeshiral Kyand comipydx with Ghe afetal, known as

mF or are attached together to forma
chir é%%l“) % ﬁ}?l%ch as cycl ohexyl; R ils a Iovvler

| . _ » .

g g o s AT A o o r
C3-smmetrain: !hy'alkmolajmmﬁrtan‘[hnes(h/)mm;bléf(@as@ﬁsymynémc I‘maikanolamlne
s SO SRRl ol 05 et Gl (sl
van@bidrﬂl(l\ll) @@ﬁﬁ)l&@é‘f)'rﬁﬁ y 3h8sEAHiSHATRY irl (FéithrH&efret al, American

ria

mretric t kanolam ne titanium (IV) conpl exes,

ChQ,"B aReiety, 2002i AHR@nol ani ne  zirconi um (1V)

SRRy, PR RER R OB SRoirle s, PR G R sepiral diol
congplexdnard mast e fesdishe dictiyl drtratRINIEA ] 3%%;@%3

Saci ety 2002, A-BC. Especially preferred netal chiral
i oichipimetre of theemetal ghirahlidanio eemplieyimay yary and is not critical

and nost preferably diethyl tartrate
forﬁ%tqg{r,ﬁ&ﬁ?nﬁ(l conpl exes. The stoichionetry of the

e a:iarhrtularalthdﬂrg’a@@f tloevehizal ligandv it r@specistonthie metal compound
maf \r/f':lrtylfC om 1 to 4 equivalents and is preferably 2 equivalents.

In accordance with a preferred aspect of the invention, the preparation of the
metal chiral complex further comprises water. Indeed, it has been found that the
presence of water in the metal chiral ligand complex further improves the
enantioselectivity of the reaction.

The amount of water involved in the metal chiral ligand complex may vary from
0.1 to 1 equivalent with respect to the titanium compound. In an especially preferred
embodiment, the amount of water ranges from 0.4 to 0.8 equivalent with respect to
the metal compound.

The amount of the metal chiral ligand complex used in the process is not
critical. It has however been found advantageous to use less than 0.50 equivalent
with respect to the pro-chiral sulphide, especially 0.05-0.30 equivalent, and most
preferably 0.1-0.30 equivalent. Surprisingly, even very low amounts of complex, such
as for instance 0.05 equivalent may be used in the process according to the invention
with excellent results.

The metal chiral ligand complex may be prepared in the presence of the
pro-chiral sulphide or before the pro-chiral sulphide is added to the reaction vessel.

According to one preferred embodiment, the preparation of the metal chiral

ligand complex is performed in the presence of the pro-chiral sulphide, i. . the pro-
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for the invention. In particular, the ratio of the
chiral ligand with respect to the netal conpound may
wo a00§/088428n 1 t o 4 equi val ents and i s preferabl pCRIB2004/003026
equi valents. 15 In accordance with a preferred aspect
of the invention, the prepardfion of the netal chiral

oG L bRSC BEA 68, sl BERFS nd EpFBBfEleca o e

prebagstiot onh‘mbhhtalfwmpb'lek aramtmeegetine  en
a i oselectivity of the reaction. The anount of water
v@éct'WtW@en@ﬂcth%HﬂPW chigaindigansmrenplexy degepds on the
tenfﬂe?ﬁ?urc—,zo 0.1 to 1 equivalent with respect to the
titani um conpound. In an especially preferred
enbddedeibthast heerafound thaft thatreactien gartits Qrﬁtﬁeémtetal @h@al ligand

| ent th t ot the netal conpound,
coril APPGR {6 deRETITTe e SPURIEJSRIPSESHER GE 6aatiom ige Thus, the

higREC§RS SempeRilire, Cihiet l&/@ér tHd r@é‘étld?\o‘ﬁ?d’éerls bﬁﬁ/@réce%nﬂwe lower the

advant ageous to use less than 0.50 equi val ent
tempespiaee, the |Qﬂwr{bh©r@ntlpaltlmeliqghl de, especially

o 3% s St 28 L piny RS B9Bhe i MR 3, €0 Jrein means 2

tenfp@mﬂu%beﬁwéh 269 Of’Qf prefeiaBRCSf bl 40060°G re6dt p’FBﬁérQl?ly of about
n the process according to the invention

50- éﬁ&q l:e(%ﬁtthare%@ hourspee genarallyrsutigieni @aimmcﬂaﬁpm@tal mﬁryal ligand

h
corlpB BE S B A g op oo
abddteSO gdutteanAlvadewer terApeitdieNguth a3ngt 5 etheadetal chiral ligand

odi ment. the ar ation of the netal chiral Ii gand
con& A INesyY l?%fcﬁgﬁdo‘ﬁ Ut B4theeIr$r esence of the pro-chiral
sul phide, i. e. the pro WD 2005/ 028428

PCT/ 1 B2004/ 003026 16 chiral sulphide is |oaded into
t Hetrodiationof avkasel before the conponents used for the

aration.of the chira ex are introduced.  The
" i .aéxm(“%co?mﬁﬂ%omcgpr@ﬁﬁ Bt Javntogm egried out in the
preg@mgﬁa Basdé he tenperature. 5 Indeed, it has been
found that the reaction kinetics of the met al chiral

| ilgderr, tbergnantioaplestivityt of the ceattion lshmrpwpglg enhanced when a

oo RSEAI 1 B A e, b 8B Yoy e s

obsknwat. Tekyordenef introguctidieof thermreds Woe crifidi®, provel thieit is added
tion tinme is. As an exanple, at an el evat ed
bef?féw%éroaﬁddmeg agert T hi base Mayepe ntrarkigsd heforgcor after the pro-chiral

sulﬁfﬁ&%%&ét%%rgg&% ﬁ? %rargfa?fnﬁéﬁé’ ¥nPlexfR8imed.

nost
Preferably, the base is mtroduced after the metal chiral ligand complex is

formed, and after the pro-chiral sulphide is added.

In another preferred embodiment, the base is contacted with the metal chiral
ligand complex and the pro-chiral sulphide for few minutes, preferably for at least 3
minutes before adding the oxidant in order to increase the enantioselectivity.

According to a preferred embodiment of the invention, the base is introduced at
the temperature at which the oxidation reaction is carried out, hereafter called
“oxidation temperature”.

The base should be soluble in the reaction mixture. Preferably, it is an organic

base, such as for instance an amine. Especially suitable bases are amines,
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50-55C, less than two hours are generally sufficient

to formthe netal chiral ligand conplex. As an
wex@apbs?s at 55C, the netal chiral |igand conpP@rIBzAY4/003026

be formed in about 50 m nut es. At a | owner

tenperature, such as at 25C, ¥he metal chiral |igand

e b ahou - .

P e o PR e st e 2e ity HRihe;  Ndigopropyiethylamine,
dlrrmtlm)dﬂha@lamlmme tnetham’oiammnes and[ r nmttomireﬂerabline N,N-diisopropyl-

res % I ndeed, the enantiosel ectivi ty of
eth?’ﬁ@'?%&@ ﬁt?‘ly NiBepri si ngly enhanced when a 20 base

| STHY 8RNt 99baBE fRtedabithRs - re%ﬂ%rﬁt Hng&l‘fr{Feg{dL}{d tn'o?%?(%ed a certain
nore than 99 % rg?é be t hus erve he order

valyeyt l@Qﬁﬂ}tﬁlei brinay affest H&enastlos@ﬂeatlmty iaf¢he rpactiorded partlcular an

amb ¥ ekt S BBTE d sfihet fperprbrehsyiafide, Pecialy o

0. 05 lild) [ﬂ‘ﬂi éqmmﬂsnt rirefl @ioabpiefebbEl oft1¢ 158 2legeiValatt, héQ%Men to be
n%e x is formed. Preferably, the base is introducéd
ad vgp

QUse netal chiral ligand conplex is 25 forned,
and after the pro-chiral sul phide is added. In anot her
preferred enbodi nent, the base is contacted with the
rTE@)adatubnral l'i gand conpl ex and the pro-chiral

r., few m nut preferably for at |east 3

m PB%'”BE!OJPE BERACSY Eﬁ%s Rf dgALIre ey diow ttempgeatuegse such as
-2011(|5'e a@naagbr@é&l GR1 IR ,%3‘\%1 aﬁec%g\hdgg% Oa8 BE%I‘?HI obtain a good

nbodi nent of the | ntion ase i s 1ntroduce
ena@@%ﬂ@ﬂ“ﬂh’pa ihigt feaduret iswhiriidularheinteredting simceearhi low temperatures

i t. hereafter called "oxidation
res&?'g[?p't‘-?ﬁg{%?‘éﬁ"“ ¥8Shase shoul d be sol ubl e in the
r et feibarhitire WAl hBwaker BB chosén siieh a8 tefe%\’bl de %58$ition of the

such as for instance an am ne. Especially suita
reagianissang exeafsiasieapion tioB/s028428 PCT/ | B2004/ 003026 17

R bRt SR, B o Rl ek i RERAE i tre suprice
the tmetel fehiral digane complerosid Hebasabitya t‘énh!ré?éttﬁ@ﬂiéiﬂ)ébn 0-60°C,

fe fhv g] ne and triethyl am ne. The anount of base ad
prefealivd Sl G a0 Foke B @OERG AlIraRm (SRBekiUEE, éf@attlauhetween about

20-y#lue, because it may affect the enantioselectivity of
the reaction. In particular, an anount of |ess than

0 Ass itpliley aklelrzungvaglan’rfes ﬂte:asw'omptrm olidatidn sidytid 8@ydroperoxide,
|vaI ent and nost

pref%r%ﬁ Cr% ég%qe d)e_[O)E'GeO t@‘t gH SirepRroxides Opcsiene dygeoperoxide,

and most preferably the latter.

The oxidizing agent is left in contact with the other reactants during a sufficient
period to achieve satisfactory conversion rate, but not too long in order not to affect
the purity and the enantioselectivity of the product obtained.

In a preferred embodiment, the oxidizing agent is left in contact with the other
reactants during about 30 minutes to 3 hours.

The amount of the oxidizing agent is not critical with respect to the
enantioselectivity of the reaction. However, an excessive amount of oxidizing agent

may affect the purity of the product obtained by favouring the formation of sulphone.
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advant ageous. 10 Oxidation Surprisingly, the process

does not require very |ow tenperatures such as -20C,
wa@soodessies bed by Kagan and co-workers as essenpCEIB2GH003026

obtain a good enantioselectivity. This feature is

particularly interesting sind® such | ow tenperatures

nevbomofe ERAGARE boRPubl B3 2087 2 BavARRE s, the amount
of sulphidé ematitiand generallepesrefed arideas espacihilyrprefefrd @amount is 0.8 to
preferred enbodi ment, the oxidizing agent is contacted

1.2 Gapiyaiands apdgReiganrefarally e gOuMalaml | i gand conpl ex
and the base at a tenperature between 0-60C,
preferably 15-40C and nore preferably at room
t Stppikat ure, that is between about 20 20-25C. A

oot BRI GYERL OB Ut BRERLY JoRGB LGN e oiated according

to Cgﬁ{,&xﬂ,aﬁal pk&ddaubey vl hydroperoxi de or cunene
ydroperOX| de, and nost preferably the latter. The

oXihdiisz mgdagmlbem IB theflttenamreorlineaa:eacvfmmmwkterem’r&yr be treated with

e )
gel e6ARINIAGIM&tal §élfse¢hls ddimabb titerstfl off Rid thoroughly washed with an
enantiosel ectivity of the product obtained. In

orggyrigseivesd. Ehpiiatemay beexsactedwithy aagyganﬁcgsqlm It may also be

ey 028 o e PR ERGAA D B ASKh o Bptomer
I sz\daotdmgltblamaédwmdgdo@sm@ct of tH@mv@ﬁh@ﬂ the obtained sulphoxide
antioselectivity of the reaction. However,

formas, AeREGRIAIFINAR OBt bexdlisgatlynigolateshby fHiation et optienally washed
wnthpWE{éryoroént &aérﬁf:%ﬁ%ht gg\gi‘f%o%pgggé%é@rtbﬂl%n%hgthanol methylene

formation hone
chlopge/ lﬂweﬂtdgm&@l&ﬁthelﬁre@pl’mwuma @ystalindi amdpigalyepliredbrm. Thus,

| ess thap uival ents rel ve to the anmount . of
ad"éﬁﬁs%gﬁPHé Vaﬁt?ed %t'éo‘{g@}ﬁ%'ﬂal%m ré@'é\er Yipsgayenhtreatments mentioned
abogspecially preferred anount is 0.8 to 1.2 equivalents

and nore preferably 1.0 equivalent. 5 Step b) The

sulphOX|de formed during the oxidation reaction may be

[ d according to conventional procedures. Thus,

a ribed inthe literature, the reaction m xture

My deeotdfrieeditiid BrefdBb8rerAbodieHiUHIPetREd Yiitther comprises a
hydr oxi de sol ution, which results in the formation of
stepac) of crystallization of the isolated product obtained in step b).

Such crystallization step may be useful to improve the purity of the isolated
product and/or to produce a desired polymorphic form and/or to improve the
enantiomeric excess of the targeted enantiomer and/or to obtain lots with a specific
particle size.

In this regard, it can be made reference to WO 2004/060858 in which
polymorphic forms of modafinil enantiomers were disclosed. As an example,
(-)-modafinil obtained under form Il may be converted into form | by a crystallization
step ¢), Forms | and |l being as defined in WO 2004/060858.

The crystallization may be carried out in organic solvents optionally in admixture

with water. Suitable organic solvent are notably alcohols, ketones, esters, ethers,
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lo gel containing netal salts. This gel may be
filtered off and thoroughly washed with an organic

waolosersd28 The filtrate may be extracted with aprCDIRPROW@®3026
solvent. It may al so be crysgallized in an organic or
aqueous solvent to obtain the”’desired enantioner.

chléwnated isoents, aibl@0add bRERRUSOIRSHRE ZhdThixtdes itﬁ%%{&?,ic@ﬁn ixture with

t he obtained sul phoxide forns a precipitate
waigs. directly isolated by filtration and optionally

| ; ' t ch as
LR S e SRR e SBbasH oo alconl
tertAdvtamdia enethlyly1-bubendl) IbshAyil bloBol. s a crystal line and

hi ghl ure form Thus, advantageously, the nethod
aATato g*aﬁrﬁalpﬁaﬁieds‘iﬂi\é@aaemhkor@neﬂmnegnme heiroertibned.

| referred

cnang dhe ReFcR) SEBIARE TheRURRullorbné 2SR, sycphexanone
may begoentionest i on of the isol ated product bobt ai Pe;:l |tn

t b Such crystallization step may be usefu 0

?@88@%8 ﬂ?’itéﬁa@Ydrpﬁﬁaps%'Pﬁ may B@mntWor to

i [ QR andhor..t0_i: V,
e o EuRalfe SOl RO 8 (ol ARRMARE L orl R fifg,ant
arrprisinglyoBthasnbeen sound that theeuesence gfawaterlie thé zeystallization

ot FIBESHBHRR AN eFehG, RBraienee o P Rae st b @aribmiln addition, a
crystaliivatioonstep using &h o4 R%ESolviént MhaferAiBkFe produce a gglymorphic
rTg-)-gndfinil obt ai ned under form Il may be convert N _
form liag fqgf\l/@niaggpuglycalm%tq reditdedhe ®lurse @f oryaniEsoiwent utilized in

bei ng as defined in WO 2004/060858. The
thec%ts?t%gl lization nmay be carried out in organic solvents

optusnprefgrred cagstalizatien solvichtsrateehicofblid 8BhBnR M Mixtures of
ket ones, esters, ethers,

| | cohol s,
OrQR‘S/%%@E@%’%@Q&?@?ﬁgwm@mwmrofnammic solvents with
I d i \Y m Xt ures.,
vt B o, RSP Rl A1k L4 S worr e
partjosdarlyde efasterhmittyirest cbfaargianicmbdumﬂtsnwgh IL@Q@{ZHS’){{; lof walter.
Z:Tglg R)gbdu%tt (%%W%H:Iﬁ gsg%gp”bi Hfﬁ%‘c&ly l:gll_@y\upté%{] g,’lrfherebnez )e/nantiomerically
enriched)| Suehek#itRIsTaYe biend@Ntihofd arl:AEHHginknﬁﬁk%gébgg&rgferential

acet one, nethyl et hyl ketone, 2 pentanone, cyc
crysiglzaliennent i oned. Among the ethers, tetrahydrof uran,

drRY@ifa P RS SRBLLRRSS of the invention, the method further comprises
a step of preferential crystallization for improving the enantiomeric excess.

Such a method of optical resolution by preferential crystallization of
(¥) modafinic acid has been disclosed in the French patent application
WO 2004/060858.

The obtained enantiomer may further be processed to produce lots with a
specific particle size. Conventional methods as milling, sieving, micronization,
comminution, separation by weight or by density are known by those skilled in the art.
An appropriate method for the preparation of lots of modafinil having bounded
defined particle diameter range is notably disclosed in WO 2004/006905.
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O her suitable solvents can be readily determ ned by
one skilled in the art. 10 Surprisingly, it has been

wo cus@284b@t t he presence of water in the PCT/IB2004/003026
crystallization solvent allows to reach an enhanced
enantioneric excess and puri®y. In addition, a

cryst ' i t ] . rqanj c.s [ wat . .
o, BobhPAEEL oG8, URRAIAE RRSRRl eSSl PR Shnerein s
—~C(e®)Ansag 00 is NOHI drodss t-ORgdveg hdeovobtes info tHelrabbesponding
solvent utilized in the process., 15 Thus, preferred
amigley thah iy  shnhexidssterapeuncapiformeland veeredn dentNHzand

m r j Ve j t :
AR el SEGSaARLER] b1 b Bereditfgined b the above
methatemaynistheprizd epneetted intor thencarresgoneliig ramidd, whathis modafinil
up to 40% water. Are particularly preferred m xtures
ENEGHIoBES3ni ¢ sol vents with up to 25% of water. The
PITORIEC tin OUcRrdattbd Witht &bdMiculhr RERARAMERY & Tof"'h&@finic acid
be enantionerically 20 enriched. Such nmethods are
enagtiomers may beaganvgnadiiniol theecorcrspioinging afastafinilieaiantiomers by an

Nols ,.zation. . Th in a particular enbodi nent of
am@ﬁﬁgrﬁ ﬁ%ﬁﬁﬁoﬂgpﬂ%wﬁ@mo?' rther conprises a step of
PrHErRIee Riddifintd A6t dhdy B@tbAVerted intdRicAfiRg biyhe

enanti oneri ¢ excess. Such a nethod of optical
r esolegteréisalion gf Ereeahexdic agiq Sungtiondu amnseitablesngthiod such as,

nodafei ni di 0 j E t ent

TSP Sl 55 SRR B0 HAG, EIR, B e o
may fdimethgisudfaterdeesistathetiacgprespondingatstemiriay then be transformed
specific particle size. Conventional nethods as

ml | ibb{g, si eving, mcronization, conmnution,

separ@tinef ' ] : b :

Skl | TR BT W, sl eertRnahl uRtle KRGy KoleBRZR presence
pr epaf atimoniaf | ot s of nodafinil havi ng bounded

B e bR BT ghes @ Dl b Rt Sh 833 6%
20Gn TheoRdadidd e %n@fhér?@arﬁ?bl@ﬂ%ﬁ@(@@digﬁmplﬂiﬁ‘éiserPJntiomers of the

formula (1), wherein Y and X1s -OHor X

sulghoxidereompayinge afdaveulaeld) whetein heis Cdbmrays pencdmugried into their

corfiRbiinbinide, Baf 5, 2" SHHBHERERENBR R ol nd tpiagrein Y is
C(=O)K, Xeiiig NHy eof obtained by the above 5 nethod may
further be converted into the correspondi ng am de,

t HAYS [CONMBISIIN MNAY ben kanlizedehys anyrsiitable, ragthwddkpewn in the art.

Exafhpl8s df RAth! Glitadle ﬁ@ﬂ%ﬁsr?ﬂ%t no ?E}P{})ﬂdQ{ioﬁ“&qq{B}d%ﬁsiggf She nitrile
enantioners nmay be converfed in € correspondr ng
grommdai iinstaneaaby i cat@lytic iphaaa transfer with peroxides or by basic or acid

hydrolysis with an appropriate inorganic base or acid in mild experimental conditions.
R2a

G (I? R2a
CN 0O 0
S - [ /[k
Ria (CHy), [o] S< NH
—- » Rila (CH,), z
R1 Q or hydrolysis
R1
R2
R2

(Io)
(I2)
Thus, the desired enantiomer of modafinii may be prepared from

diphenylmethylsulphinylacetonitrile enantiomers, for example by oxidation with



am dation reaction, notably with ammonia. 10 Hence,

nodafinic acid nay be converted into nodafinil by : -
wesaospegsegat i on of the carboxylic acid functi oPChyB2aom003026

sui tabl e met hod such as, for exanple, by reaction

with a | ower al kyl alcohol, #h presence of

o B2 L TR ) ol e
alkalipeldnditdne sirelisdlyy dh&cﬁbﬂﬁ@bf acidrs inattolysiet ably in

presence of anmoni a. Such nethods have been di scl osed
notably in US patent n 4,927,855. In accordance with

\ °of the '

2 shSErRcs i oBeb ARt s RARA BB e iventon

5 impleayeris & solpbideedf fortrula {H), rwh@@irc of pe@p@wﬁ r)gben‘ingHOH which

may B8 pspbefbe SoCaiaadonto BURHITIe TRethoer K1 eyt and notably to
theh@éthbaaﬂ;cméeanﬁ Uity 241t hod known in the art.

anpl es of such suitable methods are notably
o>lm @scorslanoce V\h’%lamt?sl‘ embbodirhentnthe meathod aoccprdlrfgoto the invention

. nce t1c ase tra

imelsE S B ghigh B Eonpis (T el 5. Ok Bk BPGs o
I norgani ¢ base or acid in m | d experirzent al
conditi dM® R2a Ra 0 R2 [o] (CH2)n H2 R
hydr ol ysi R (1 a) T,aﬁe t he deS| red tio'rlrer of
modaf i ni | bes re f r oniC] S ) NH
di phenylret hyl Sul ptﬂHmI a 'é?tonl triTe enantl oners, fbr
exanpl e by oxigs
PCT/ | B2004/ 90
presence oR'f

lo (lla) R2 (la)

Preparation of sulphides of formula (1)

Sulphides of formula (Il) may be prepared by any suitable method known in the
art.
15 By way of example, sulphides of formula (lla) may be prepared from the
corresponding sulphide of formula (llb) wherein Y is C(=0)X and X is ORs.

R2a R2a
i P i
G S BY SN /U\NH2
R1a (CH,). OR,—/™ R1a (CH,),
R1 Q R1 Q
R2 R2

(Ib) (la)
The sulphide of formula (llb) may be prepared from an appropriately substituted
benzhydrol :
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15

al kaline conditions or also by direct basic or acidic
hydrol ysis. I n accordance with another enbodi nent, the
woretioes4according to the invention 5 inplenmenP&T/aB2004/003026

sul phide of fornmula (11), wherein Y = C(=0 X, X being
NHOH, whi ch may be prepared décording to any suitable

met hod known in the art and notaRby to the nethod

di scl osed RAPUS 4,098, 824. In accorgance wi th anot her
enbodi nent met hod according t e | nvent L%Er

!

I mpl ements a s oH of formul a 3
(=0 X andR¥ais NI2. Rea H2 Rea B'211 0 |on%“2§((§'ﬁb)

Nl-12 2 ~ Rl a ASymetric oxydation f lla) R2 R2
Preparati on ofq W p i des of fornul aR{+) Bul phi des of
formula (11) may B 2 nmet hod

S Igzrepared by any sui taln

known in the art. 15 By way of exanpl e sul phi des of
formula (l1a) may be prepared fromthe Lbé)rrespondi ng
sul phide of forrmula (I1b) wherein Yis C(=0OX and X is

OR5. RRa 0 it, Rlav T -(CH)n ORS R R2
In accordance with a preferred embodiment, the sulphide of formula (lla) is the

sulphide wherein R4, R4a, Rz, Rz are H, n is 1, so called diphenylmethylthio-
acetamide, which may be prepared from sulphide ester of formula (lIb), in which Rs is
alkyl, preferably (C1-Cg)alkyl, notably methyl, so called methyldiphenylmethylthio-
acetate (MDMTA).

Such sulphide ester of formula (Ilb) and notably MDMTA may be prepared from
benzhydrol.

In a preferred embodiment, MDMTA is prepared according to the method
comprising the steps of:

al) conversion of benzhydrol into benzhydryl carboxylate, and

b1) conversion of benzhydryl carboxylate into MDMTA.

These steps a1) and b1) may be effected by any appropriate method, preferably
steps al) and b1) are performed according to the method disclosed in WO
2004/063149.

As an example, modafinil enantiomers may be prepared according to the

following reaction steps:



The sul phide of forrmula (11b) may be prepared from an
appropriately substituted benzhydrol : 20 WO
WQ@(ﬁEIOQ)Q88428 PCT/ 1 B2004/ 003026 22 OH R2 0 1 RR@r/mB2004/003026
-(CH2) 11 ORS R R2 In accordance with a preferred
embodi nent, the sul phide of Rdrmula (Ila) is the
sul phi de V\hereln Rl, Ra, R2, RRa are H nis
31 | ed di phenyl net h io 5 acetam de, which
'_E from sul phi ester of formula (Ilb
5 Fs—atkyl, p H

A). Such sul phi de ‘
bl y MDMTA may be prepared from benzhydrol. 10 In
referred enbodi nent, MDMIA is prepared according to
bef’ﬁg( thod conpr PEPHEM FEayiiBs of : al) cHPMEAsi on of
benzhydrol into benzhydryl carboxylate, and bl)
conversi on of benzhy car boxyl ate i nto MDMIA. These

stepsNdL) and bl) ma p effected b ny_appropria
RS steps al )%‘S’H'\c{f"%i‘)yo’ﬁ%@ erfo

nmet hod, preferably
according to the Re
As an exanpl e, @ |n|5 ant?omsrs may be pr
according to the ol | ow n@ reacti on steps: W

2005/ 028428 23 benzhydrol NH3 NH2
diphenylmethylthioacetamide

() benzhydrylsulphinylacetamide
(+) benzhydrylsulphinylacetamide

Other routes for preparing diphenylmethylthioacetamide may be used.
5 By way of example, diphenylmethylthioacetamide, also called benzhydryl-
thioacetamide, may be prepared from benzhydrol according to a process comprising :
(M reacting benzhydrol with a suitable acid and thiourea to form a

S-benzhydrylthiouronium salt ;

(2) reacting the S-benzhydrylthiouronium salt with a suitable base to form
10 benzhydrylthiol ;
(3) reacting the benzhydrylthiol with chloroacetamide to form 2-

(benzhydrylthio)acetamide.
This process is illustrated by scheme 1.
NH,*X-

. Ph S—< Ph
PhYOH 1. Acid Y NH Base YSH
—— 2 —_—
Ph 2. Thiourea Ph Ph
0]
Chloroacetamide Ph S\/lk
Y
Ph

15 Scheme 1



PCT/ 1 B2004/ 003026 MDMTA Asymretri c Oxi dati on
di phenyl net hyl t hi oacetam i de Ot her routes for
w@e@parssegy di phenyl met hyl t hi oacet am de nmay be PSEIB2084/003026
By way of exanple, diphenyl nethylthi oacetam de, al so
cal | ed benzhydryl - thioacetarftde, may be prepared from

d s
reacEﬁé@| tenz ydr ?Wﬂgui ?%%?tge&g%r drﬁ'ag b?h J;ei'réd by the
protenss‘mn*rpasm@ﬂhmswpﬁsobfyl t hi ouroni um sal t ; (2) bIr eagtl ng
- I
t 4Tt GRReTRd ey VTP RY SPUD & BEnetalot i & eaing rotp
bepy @dmﬂ.ﬁ@tﬁé oM‘aHéoC;Wo%eﬁcet am de to form 2-

(benzhydryl hi o) acetanm de. This process is illustrated
5 by scherredllectlyhntocﬂlpmenwlmeslhy?thlmm(de) or,

b hyd J | phi nyl Lde . (+ . . :
penzhyar yEtriNl AprEGEbiahihieadiate andiren infe ipppymethyithio-
Chl or oacej@dthfiedsH3 benzhydryl carboxylate Ph Ph O Ph

S Y NH2 Ph OCH3
This method is illustrated by scheme 2:

HS-CH, CONH2
/\[rNH
Benzhydrol Diphenylmethylthioacetamide
HS-CH,-COOR
NH,

OR
S/\ﬂ/
"LG" = leaving group O 0

R = alkyl
10 Scheme 2

Under the terms “leaving group” is understood any group that can be removed
easily by a nucleophilic reactant. Leaving groups may be selected from the group
consisting of halogens, such as chloro- and bromo- radicals, or sulphonyl groups,

15 such as methanesulphonyl- or p-toluenesulphonyl- radicals, or acetate radicals.

The first step of this process may be realized by any methods known from the
person skilled in the art.

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

20 As an example, the hydroxyl group of benzhydrol may be converted into
methanesulphonate group or into p-toluenesulphonate group by reacting benzhydrol
respectively with methanesulphonyl chloride or p-toluenesulphonyl chloride.

As an example, the hydroxyl group of benzhydrol may be converted into an

acetate radical by reacting benzhydrol with acetyl chloride or acetic anhydride.



15 Schenme | WD 2005/ 028428 5 PCT/ | B2004/ 003026 24 In

the alternative, diphenyl nethylthioacetam de may be
w@e@saersds by t he process conprising the stepsPof/1B20§¢41003026

converting the hydroxyl group of benzhydrol into a

| eaving group ; (2) convertihg the obtained product -

SASE ffrel SrcthaReT BT ARREBRfGe flay be'fbfared by a
prodefsrl,ﬂ"la?*p\pnaggyheistaps afcet am de. Tgl sI nﬁlhgog is
r nz ro
D pﬁzm‘:&fgerﬁﬁy@vg% é\ﬂérﬁllﬁﬁ W¥@tatean the RrpseRee §F 8Ugwis acid
HS- CgiqCONH2 R = al kyl 10 Schenme 2 Under the terns

"l eavi ng group” is understood any group that can be
5 r eroveshctingsihey atigyldiphenyimefiyilthicacetset abtainddavithngmmonia, as

grou na ect fromthe group consisting of
hal O@Eﬂra){%(ggﬁ S&be'@ﬁ ro- and brono- radicals, or
IionyI graoupspor 15 such as et hanesul phonyl - or

enestfphapyl - radicalg, ¢or acetate radicals
s¥F ' step of tthis process &y be realized by any
et hods known fromthe persagn Skl|6|§d in the art.
ex&@hbl e, bdvés dsiddr oxy| upsﬂbenzhwj-rsol P
nverted into chloro- br ono- padi cal by r
benzhydrol with thionyl chloride or thionyl brom de.

n exanple, t roup, of benzhydrol may
égnzﬁhoﬁerted into Imf’l éhenﬁrﬂ%{tbﬁ%ﬂaacfgt ®group or into

p-t ol uenesul phonate group by reacting benzhydrol
Scheme 3

10 Preferably, the Lewis acid is chosen from ZnCl,, ZnBr», Znls.
Diphenylmethylthioacetamide may also be prepared from benzhydrylthiol.
In that case, diphenylmethylthioacetamide is prepared by a process comprising
the steps of :
(1) reacting benzhydrylthiol with alkylchloroacetate, and,
15 (2) reacting the obtained alkyldiphenylmethylthioacetate with ammonia.
The process is illustrated by scheme 4 :

O O O i
s _GOOR SQJ\
C-CH,-COOR ~ NH, NH,
SH— > —_
O o O O

Scheme 4

20 Another possibility is to prepare diphenylmethylthioacetamide by a process
comprising the steps of :
(1) reacting benzhydrylthiol with chloroacetonitrile, and
(2) oxidizing or hydrolyzing the obtained diphenylmethylthioacetonitrile into
diphenylmethylthioacetamide.



respectively with nethanesul phonyl chloride or

p-t ol uenesul phonyl chloride. As an exanple, the
whyasoxsas gr oup of benzhydrol nmay be convert edPCTMRER0€47003026

acetate radical by reacting benzhydrol. with acetyl

chloride or acetic anhydride?6 WD 2005/ 028428

R eRee R THRT R8RS Br'dEy "be pr cpar od by a

e steps of : - reacting

Iustrated by sch
| phenyl m et hyi t
ably, the Lewws acid is chosen from ZnC3
ZnBr2 Znl12. Di phenyl net hyl t hi oacet ani de may al so be
prepared from benzhydryl t Bcheme & that case,
di phenyl net hyl t hi oacetam de is prepared by a process
conprising the steps of : (1) reacting
5 bexvebitlny tb Mirthey bfbc@bgﬂi@hbﬂzmﬁ’é}ﬁylﬂﬁ@acéﬁﬂldé%e{yzbe prepared
reacting the obtai ned al kyl di phenyl net hyl t hi oacet ate
by thﬁtnﬁo%ﬁmrﬁpnsmg\@%ﬁ@?é@i is illustrated by scheme 4

gac%B%qulth@g\@@ efstey slhl(é‘llﬁgg p§¥ées&|,p@|hw oxide ;

d|(ma¢t|n@tﬁwbbiblmbmbdutﬂw;tma raethyteresisalideonpr i si ng
! Qg) reacP Ing the obtained product with a cyanide salt :

10 (4) oxidizing or hydrolyzing the obtained diphenylmethylthioacetonitrile into
diphenylmethylthioacetamide.
This route is illustrated by scheme 6 :

O ‘ O i
S CN S\/U\
1) KOH ~TT _ NH
SH oxidation or hydrolysis
2) X-CH,-X'
O 3) NaCN

X et X' being halogen atoms

Scheme 6
15
Finally, diphenylmethylthioacetamide may be prepared from diphenylmethyl-
thioacetic acid by the process comprising :
(1) reacting diphenylmethylthioacetic acid with an halogenating agent such
as thionyl chloride or a carboxylic acid activating agent, and
20 (2) reacting the obtained product with NH;.

This route is illustrated by scheme 7.



(1) reacting benzhydrylthiol wth chloroacetonitrile,

and (2) oxidizing or hydrolyzing the obtained
wal2@hensabsret hyl t hi oacetonitrile into PCT/IB2004/003026

di phenyl met hyl t hi oacet ami de. WO 2005/ 028428 26 This

process is illustrated by scRéme 5. SH O -CH2-CN CN

oxi dati gn or hydrolysis Schene 5 0 H2 5 _According to

anot het” process, di phenyl net hyl t hi oacs de may Be

prepa by & he qyopce$SCiconpriMing t eps.sof (1)

reacting berizhydrylthiol with a base, such 3 NH,

pot assi um hydroxide ; (2) reacting the obtained

pr oduct net hyl ene halide ; (3) read

obt ai ned proguct with a cyanide salt ; 10

OXIdI%meWQQMHMQQQ&%ZIng t he obtai ned

di phenyl net hyl thi oacetonitrile into

di phenyl met hyl t hi oacet am Beheffe 8 route is illustrated

by scheme 6 0 1) KOH SH 2) X-CH2-X 3) NaCN X et X

being halogen atons Schene 6 15 "'-'~~NH2 Finally,

i ey A REELBENC BT B PHEPAEE cebRithg to the route of
Schennpiﬂaﬁngﬂauyl)reacting diphenylnethylthloacetlc acid

WI'Ithe %veﬁt;f‘clano%(alwgsttlraqu 3 c?rre]tln %léfall by the following examples.

EXAMPLES

Material and methods

Determination of the enantiomeric excess in the examples and comparative

examples

The enantiomeric excess value in each example given above gives an
indication of the relative amounts of each enantiomer obtained. The value is defined
as the difference between the relative percentages for the two enantiomers.

The enantiomeric composition of the obtained sulphoxide has been determined
by chiral High Performance Liquid Chromatography (HPLC under the following
conditions :

Column: AGP (150x4.0 mm; 5um)

Oven temperature: 40°C

Eluent: sodium acetate + 0.5% n-butanol

Flow: 0.9 ml/min

Wavelength: DAD A =230 nm

As an example:
- Retention time for the (-)-2-[(diphenyl)methylsulphinylJacetamide : 6.5 min.
- Retention time for the (+)-2-[(diphenyl)methylsulphinyl]lacetamide : 8.3 min.
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as thionyl chloride or a carboxylic acid activating
agent, and 20(2)reacting the obtained product with
wORBS5/08¥3T8 | B2004/ 003026 This route is illustraPemigepo4/003026
scheme 7. WD 2005/028428 27 SOCl2 NH3 0 H2
Di phenyl net hyl t hi oacetic aci dScherme 7 Finally,
di phenyl net hyl t hi oacetic acid may be prepared
according to the route of 5 scheme 1 to 6 notably.
THeolumre chiralpak S (250s#rGamed) nore in detail by the

foll ow ng ex | es,. EXAMPLES 10 Material and net hods

Dgﬁ‘éqnmeﬁ'g??réﬁﬂ‘gij@ﬁ;e enanti omeric excess in the

eXNPhie soprsh HRIMPafRIn0Y 85/18xanpl es 15 The enantioneric

excess value in each exanple given above gives an

|erI¢Wa®44(5nﬂUmll‘t he rel ative anounts of each enanti omer
T lue is defined as the difference

bet %@%HQW(%E?% i ve percentages for the two

kaéﬁﬂ@ The enanti oneric conposition of the

obt ai ned sul phoxi de has been determ ned 20 by chiral

H gh Retepdemimedor iheu-u2 deirhirnvdmeibys ulphmytiageiasride ha7.2 min.

foI I Lo L IS, . g S5pm). :
1880t B b1 QB R BB AT DBt 14 0 i
n- but anol 25 Flow. 0.9 m/mn Wvel ength: DAE 2, =
: t f t
r30in{P ne o exa Rtent i obgr'aratlngrexamepie&n o

or,

The purity value in each example is defined as the ratio of the amount of
enantiomers obtained after filtration with respect to the total amount of products
present. Studied impurities measured were mainly the unchanged parent compound
(pro-chiral sulphide) and the sulphone resulting from an over oxidation during the
process, potential degradation products, intermediates of the synthesis of the pro-
chiral sulphide.

The purity of the obtained sulphoxide has been determined by High
Performance Liquid Chromatography (HPLC) under the following conditions:
Column: Zorbax RX C8 (150x4.6 mm; 5um) or Zorbax Eclipse XDB C8 (150x4.6
mm; 5 um)
Oven temperature: 25°C
Eluent: A = water + 0.1% trifluoroacetic acid
B = nitrile acetate + 0.1% trifluoroacetic acid
with a gradient of 90% A to 100% B in 20 minutes
Flow: 1 ml/min
Wavelength: DAD % = 230 nm (column Zorbax RX C8) 220 nm (column Zorbax
Eclipse XDB C8)

As an example (column Zorbax RX C8):

- Retention time for the 2-[(diphenyl)methylsulphinyljacetamide : 8.8 min.



10

15

20

25

30

- Retention tinme for the

(+)-2-[(di phenyl) et hyl sul phinyl]acetamde : 8.3 mn.
weIsBReO4/ 003026 WO 2005/ 028428 28 or, PCT/IB2004/003026

PCT/ |1 B2004/ 003026 Col umtm: chi raI pak AS (250x4. 6 m)

Oven tenperature: 40C El uent:2’ sopropanol / ethanol

85/ 15 Réteﬁt tlm(e @é%&n%’(ﬂﬁ&%lﬂmoﬁ@tﬂ‘deAﬁ BMmin.

exanpl e: tent

(-) - 2Réteénpoe tiyrie imttthrylZ&{(dlpmm)mahyhalmhdeyl]aﬂamldﬁ M0.5 min.

- Retention tinme for the

(+)-2-[(di phenyl) et hyl sul phi nyl ] acetam de :14.6 m n.
EXAMEermegi on of the purity in the exanples and

conparative exanples The purity value in each exanple
is deflned as the ratlo of the anmount of enantioners

neasured were mainly the unchanged parent conpound
(pro-chiral sul phide) and the sul phone resulting from
arCenera/ B@C@dﬁr%@f@e(ﬁﬂb@%ﬁefo Briocess, potenti al

d%@ﬂgﬁ\g@tmﬂ Hego EfﬁisngLr | {@eg}’(}{eﬁ FisSolved in the

solaita7 ned. 540 Wbbxl'gzegmolbtﬁa@m\n@ei atdedes, Sy Hhisthy - tartrate (1.23
unader

0098 QP e o mod im0 imiscasopse @@ q 186 ; 0.003 mol;

0150, St hvaflr (5 BEFyibfis (B R Fotbr BREGERP in a8y ™hnd solvent

alretadyflhtnodmr&mlet 0©046irdoB; 6.05i éd[)l atesFCetimtieese ébrildlﬂ/ens the resulting
rifl uoroacetic a]m dwth gradi ent _of 90% A

Ch"@l‘ YU GompRlex maswthe %thmqm%éDEMI(plP@a@w —2/1/0 5) and
cor?e%%oﬂﬂ% (1800 W”@qzﬂtﬁ%s%c@t% PR MYMEERIHTACERIRNRE. Stfring was

pse XDB
malntalned at 55°C dunng 50 minutes.

After cooling to room temperature (25°C), were added to the mixture
diisopropylethylamine (0.39 g; 0.52 mL; 0.003 mol; 0.1 eq) and cumene
hydroperoxide (4.55 g ; 5.0 mL ; 0.03 mol ; 1.0 eq).

After contacting during about an hour, the formed precipitate is isolated by

filtration.

All the following experiments were performed in accordance with the conditions

of the general procedure, by modifying parameters as indicated in tables 1-17.

Example 1 : Influence of the ratio of the titanium chiral complex with respect to the

diphenylmethylthioacetamide on the enantioselectivity and the purity of the

asymmetric oxidation

In this experiment, the ratio of the titanium chiral complex with respect to the
diphenylmethylthioacetamide was varied from 0.05 to 0.3 equivalent, the
stoichiometry of the chiral titanium complex DET/Ti(O-iPr)y/water: 2/1/0.4 being
maintained constant, all the others parameters being as defined in the above general

procedure. Experiments were performed in toluene.
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As an exanple (colum Zorbax RX C8): - Retention tine

for the 2-[(di phenyl) nethyl sul phinyl]acetam de : 8.8
wWOorevs/0¥¥22005/ 028428 PCT/ | B2004/ 003026 29 - ReCEIH2001003026

time for the 2-[(di phenyl) net hylth| o] acetam de :11.8

mn. - Retention time for th

2-[ (di phenyl ) net hyl sul phonyl ] acetam de: 10.5 m n.

EXAMPLES 1 to 16 5 Asymmetric synthesis of

Eqtry - 2- Tdapiuempbmpidr/| | sulSphieny| pceEaei dg GePerig) Yield
pr oceduiphideo(epiaiphtps | (nicle)l6: (%) (%) (%)

B phenyl metdhgbtiht oacetamggz (7. 70 y 5 0.[03 = 10
eq) s dissolved in the io soq Vgir?t& 77 rrLg‘;glgl% 88.4

Vol . ). To thé5Klol uti on wder.e6 added 93.6 > 99 89.7
}-diethyl-tartrate (1.23 g 0 006 mol; 0.2

{S’ = '( 7
g’q and tltcbﬁpﬂm (IV) tetOr@S?sopr op&a de (0. %9@ 0. 88 92

faVaYae! ] MmN cHm

gl.fL \,A@;Jerugrde é |n r ;;étd;]llﬁ‘s nd veF - :’QE: ;;jl; ‘““'"'954

E.el atgra@gtieseric c88dd nol ; 0.05 eq) at 55C. Tn thes
conditions, the resulting chiral titanium conplex has

the stoichi ometry (DET/Ti (Gabfe4/H20 : 2/1/0.5) and 15
corresponds to 0.1 eq with respect to
di phenyl et hyl t hi oacetami de. Stirring was naintai ned

atln BxPedments) 130 47itheleAantid¥eladtivip Wds"@qud! dr&Perior to 92 %, and
ng(grature (25C), were added to the m xture
'“Crﬁlaﬁ SR mrﬁyllhé‘ﬁh $5(witls dheyanmow ¢fL titapiuno Thirel figand complex

i B8 pGHEPERELA fd r 5 REoBy B e s

rati@o’uiianiuhhecﬁim nighr eompiddt diphenylemtayigtlodyetamide.  Yields were

tratlo the follow ng experinents were
supsgpm tﬂ%lgc%cfldance with the conditions of the

gener al procedure by nodi fyi ng paraneters as
indicated in tables 1-17. 25 Exanple 1 : Influence of
Exantiele 2t Influsnice (of the ammiuntrot vater orc thepeeantivsisectieitpeat the purity

Oftlﬁ %Hﬁ g‘l ghen%hrret hyl t hi oacet am de on the
and the purity of the asymetric
oxidation In this experinment, the ratio of the
tltanl um chiral conplex with respect to the 30

di 'bﬁ@ﬁ)ﬂxﬁ@f'ﬁlﬂrﬁ,hﬂ‘@a@@@@hﬁ efevgies was vasied withh respécttto the titanium
totrglecbrBHGKE .0 W MRS G ek eBfamafers e 5 fgfined in the

abomalgeherm qntoc@mteanroxamy Ithe heti®bhihestitaAlaehRaSligRId"Ebmplex was
fs J r{e% n the above general
maintaine equivalent with” respect to the diphenylmethylthioacetamide.

Experiments were performed in toluene.

Entry Amount of water E.e. Purity Yield
(equivalent) (%) (%) (%)
1 0 80 - 90.3
2 0.4 93 > 09 92
3 0.8 94 > 99 88
4 1 91 99.5 90
E.e. = enantiomeric excess ; - = Not determined

Table 2
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2005/ 028428 30 PCT/1B2004/ 003026 EntryTitani um
wa@eowplozsdss Scal e E. e. Purity Yield sul phide  PCT/IB2004/003026

(equivalent)(nmole)(%9 (% 10.30/10.03> 99.5> 99.588.4

20. 15/ 10. 0693. 6> 9989. 7 30. 167 10. 0993> 9992

40y 1 . [ ss, T

[t dog i Shonea: gy e AERER! L VistEr UM L on the
enaad:maéIeoth/upE‘theoreetotJOHZTﬂ(usalh@ begtcém&ﬁela@tn‘nﬁeﬂwe?e achieved

than 99.5 with the anmpunt of titaniumchiral lig

whenh&p) aéiaouvhgff)watea Ysed: FRMP PERVes Ot @andfh@ %ﬂmeﬂ@nt On the
S r X I [

op }@ftgmlt'ﬁ%éc | ngel%?t;@é deggbts BBfe}Hl Gn' MeE3bseh@ ' water. A purity
SUperlphenWWt’cby@lQ%aodmerelﬂis (88Pet 82%)avare obigired.or or

equal to 88.4 % 10 Exanple 2 : Influence of the

anount of water on the enantioselectivity and the
ExaPhiplety : 18udne® FSMBTRtlICoPHI3bIVER: bR th@'e‘ﬁantloselectlw’tv and the

experi ment, the anount of water was varied Wt
purlﬁ\beﬁtheraswmma’mcromcmimm 15 tetrai sopropoxi de from 0

to 1 equivalent, all other paranmeters being as defined

neral procedure. Notably, the ratio of

th b
FPRGIHC I ARIE o, SARFANITHS NP PRESTTAR M aTIRLS Salvents, the
conglltlérr]lgﬁiéll n%tlﬂ%\% trﬁé L8 iR ﬁ’?ﬁpgﬁévé Q%iper rocedure,

I oacet Phents Sier e
pmiry or med i rSeleéniene. 20 EE.ee. (%0)enant i Pty @o)excessYleld (%)
T et e Tabl e 2 ey Anpunt g aterE—e-5
2 Ethyl Acetate 99.5 99.7 73.5
3 Methylene Chloride 98 98.8 61
4 Acetonitril 99.3 98.8 70.2
5 Tetrahydrofuran 99.7 99.6 50.7
6 Acetone 99.6 99.2 45.8

E.e. = enantiomeric excess
Table 3

In all experiments, the sulphoxide amide was obtained with a high
enantioselectivity (E.e. equal or superior to 99%) as well as with a high purity (purity
equal or superior to 98.8 %), except when methylene chloride is used as solvent. In
this experimental condition the enantioselectivity was slightly lower being,

nevertheless, equal to 98%.

Example 4 : Influence of the nature of the base on the enantioselectivity and the

purity of the asymmetric oxidation

The bases N,N-diisopropylethylamine and triethylamine were compared with
regard to the enantioselectivity, the purity and the yield obtained either in toluene or
in ethyl acetate as solvent. The other parameters were maintained as defined in the

general procedure.
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equa
The purity level was similar in both solvents (superior to 99 % or 99.5 %) when

the two bases were added to the reaction medium.

Example 5 : Influence of the amount of base on the enantioselectivity and the purity

of the asymmeiric oxidation

The ratio of base was varied from 0 to 0.2 equivalent with regard to

diphenylmethylthioacetamide.

Entry Base Amount of Solvents |E.e. (%) | Purity Yield
base (eq) (%) (%)
1 - - toluene 66 > 99 86
2 - - ethylacetate 74 > 99 70
3 Diisopropylethylamine 0.1 toluene 93 > 99 92
4 Triethylamine 0.1 ethylacetate 99 >09.5 79.2
5 Triethylamine 0.2 ethylacetate 94.3 >99.8 78.6
E.e. = enantiomeric excess
Table 5

In the absence of base, the reaction rate was slow and the enantioselectivity

was weak (66% — 74 % range).
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The titanium chiral ligand complex DET/Ti/H,O (2/1/0.5) was prepared at a
temperature selected in the 25°C to 70°C range according to the above described
procedure, the solvent used in the experiments being ethyl acetate. The

enantioselectivity and the purity obtained were compared.

Entry Tempoerature E. e (%) Purity (%) Yield (%)
1 (2C5)) 65.6 > 99 63.5
2 50 >09.5 99.9 69.6
3 55 99 >99.5 79.2
4 60 >99.5 99.9 73
5 70 99.7 99.8 62

E.e. = enantiomeric excess
Table 6

The preparation of the titanium chiral ligand complex at 25°C during 50 minutes

results in a lower enantioselectivity. At higher temperature 50°C-70°C, a highly
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enantioselectivity close to superior to 99 % as well as a purity superior or equal to
99.5 %.

As reported in table 8 showing the results of experiments performed at 25°C, a
prolonged reaction time of at least 24 hours was required to form the titanium chiral

ligand complex and to achieve a better enantioselectivity.

Entry Temperature (°C) Time E.e. (%) | Purity (%) | Yield (%)
1 25 50 min 65.6 > 99 63.5
2 25 1 hr 78.4 99.1 72.0
3 25 3 hrs 86.4 99.4 74.6
4 25 8 hrs 89.6 99.0 75.8
5 25 14 hrs 92.2 99.5 74.6
6 25 24 hrs 94.2 97.0 85.5

E.e. = enantiomeric excess
Table 8
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Table 9

All experimental conditions lead to high enantiomeric excesses and high
purities, in the 94.3% - 99.7 % range and in the 97.8 % - 99.7% range, respectively.

At a temperature of 55°C, the enantiomeric excess was decreased slightly by
about 5 % from 99.5 % to 94.3 %. The sulphoxide was produced with a higher yield
(81.8 %) but with a slightly lower purity (97.8 %).

Example 9 : Influence of the addition time of the oxidizing agent on the

enantioselectivity and the purity of the asymmetric oxidation

The impact of addition time of the oxidizing agent on the enantioselectivity of
the reaction was tested. Thus, cumene hydroperoxide (CuOOH) was added upon
either 5 or 40 minutes (in this assay, the oxidant was diluted in ethylacetate), the
other parameters being as defined in the above general procedure and the reaction
performed in ethyl acetate.
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Entry Chiral ligand Solvent E. e. (%) | Purity (%) | Yield (%)

1 (S,S)-(-)-DET ethyl acetate 99 >99.5 79.2

2 (S,S)-(-)-DET toluene >09.5 >09.5 88.4

3 (R,R)-(+)-DET toluene 98.6 >99.5 98.5

4 (S,S)-(-)-DIT ethyl acetate 92.5 99.2 73.9
E.e. = enantiomeric excess ; DET = diethyl tartrate; DIT = Diisopropyl tartrate

Table 11

In the experimental conditions selected, an enantioselectivity equal to 92.5% or
in the 98 - >99.5 % range and a purity in the 99.2 - >99.5 % range were obtained
when using diethyltartrate or diisopropyl tartrate as chiral ligands.

Example 11 : Influence of the order and of the temperature of introduction of

reagents on the enantioselectivity and the purity of the asymmetric oxidation

The following experiments were performed in ethyl acetate. Quantities used

were as defined in the general protocol above.




10

15

performed in ethyl acetate. 25 WO 2005/028428 36
PCT/ 1 B2004/ 003026 EntryTinme (mnutes)E. e. (YN Purity
W@ Hoxioes4ds (%9 1599>99. 579. 2 240*>99. 899. 564. 7 BL'EIB2604/003026

enanti oneri c excess ;

acet at e.

Table 10 5 The addﬁ?ion ti me of the

* CuOOH was diluted in ethyl

En't(];% UI LI I

"RAUERE il

o‘él

C

Jﬁ’dn 'b‘i’éfe“r An & éra’t fant
S e Y.

Exan

e g

I nf Il,lé'ﬁc

e oR /fThe

nathlr'é o

fﬂhéc

hl_@aT I

|@h’ﬁc

hao ach

nthe

Purity

%

Yield
%

enl
1OX
SO

EaE

\/&ﬂ‘le

l ot 1 st +
'op St/ 4k

assayed,

AT
t B®°0t h

/o ANAaNnA

ersqar 4

hbhao il
orlﬁéﬂghi

=N

M0 s

e

2erag

md§4he

as

99,7

67,2

ggé

i

)
1( 3 2$)°€(

Sty

) DETet h

yI 5cet a

Ty

t ¢30°99.

TR

HOC2

yehg5e

99,8

78,9

b
cetareop

rli + hvl
\w § | »

ARG

. 599. 273

artrat -

RileT?
9 g6ce.

DLT =

= 01ent

I Cnl’\r

5 QQ ¢ 8
>9%(3.:N$58.

SRS,
| BeCI G

vl t ar

S -
20CESS

trata

DP¥&t hy

PQ?

77,6

41| BELh
enarggegs

D 5 04

T4y
el egodQvity

Fanae and

ent 4P /co
esgee !

a nllrlf

ndﬁél on
L o5®2. 5

Iinf

rJ

s Ed e
%20°C |
e 99 2

t &GP
n20hec

>00 §H

64,2

OJof wi
SPCO

nfl ue

iTHEHDadhin

oyI 50@tr

ce of th

en a8/ ng
at &s0as C

order
ef

dﬁgﬂhy
hi zaC |
nd—of

I rg
| gEangs.

et
i 20he

Lowin

pur o of

TRk 1}

edBrt s
t Bpr@sy

0 _experinments. wer

¥ he
MmEseCi O

perfd

hd oS

@g-dat

rned in

k at H5/ ]

20°€xz
cp_gr_afur

69,0

i apedhe
et hvl

oSNt

68,4

ARG It
btxpeol

> J (&
abgye W

p5 Hir/e
D 2905/ 0

o Etdbf
2 84428

nedA i n
50°C

t ebFYer
20°C

77,5

8 DET/
20°C

SA/20°C

Ti(OiP), /
50°C

HO /
50°C

EtsN /
50°C

CHP/
20°C

78,1

E.e. = enantiomeric excess; DET = (§,S)-(-)diethyl tartrate;
Ti(OiPr),4 = titaniumtetraisopropoxide ; SA = sulphide amide; Et;N = triethylamine;
CHP= cumene hydroperoxide.

Table 12

The reagents introduction order and temperature influenced only slightly the
enantioselectivity (98.6-99.6 % range) and the purity (99.4-99.8% range) of the
asymmetric oxidation of the sulphide amide studied, provided that the triethylamine
was added before the oxidant.

Example 12 : Influence of the contact time of the oxidant in the reaction mixture

on the enantioselectivity and the purity of the asymmetric oxidation

The experiment was performed according to the general procedure in ethyl
acetate as solvent. The contact time between the oxidant and the reaction mixture

was studied at room temperature.
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The global yield of the reaction was 76.8 %. The contact time between the

pratdedBre i n et hyl

oxidant and other reagents weakly influence the enantioselectivity of the reaction

which is slightly decreased with time although remaining acceptable (> to 94 %).

The purity remains high (increasing from 99.66 % to 99.85 %) with time. The

levels of sulphone amide increased slightly from 0.04% to 0.1 % over a 48 hour
period while the sulphide amide decreased from 0.28 % to 0.1 % with time. The best

ratios of enantioselectivity over purity were obtained within 3 hours post the oxidant

introduction in the reaction mixture.

Example 13: Influence of the guantity of oxidant on the enantioselectivity and

the purity of the asymmetric oxidation

In the general experimental procedure defined above, the quantity of oxidant

was varied between 0.9 and 2 equivalents with respect to the quantity of sulphide

amide taken as 1 equivalent. The solvent used was ethyl acetate.
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I nfluence of the quantity of oxidant on

washight ibedng equalor supgrior torko.g i frtzedmrlt)hwa@slylghms well, being, in

| ) t peri.nental . pr. dus.e
perfSVR SRR b By Ayl SRS TR BIBGE W respect o tre
sulgredaveeiidd (9 eqnﬁlaﬁer?mbvéﬁb@@é@ inthehreaesaeatixtuee. the 1 equivalent of
quantity of sul
oxidant, the percentage of sulphone detected was as low as 0.02 %. The amount of

sulphide was below the detection limit for 1.1 to 2 equivalents of oxidant.

Example 14: Influence of the quantity of chiral ligand on the enantioselectivity

and the purity of the asymmetric oxidation

In the general experimental protocol defined above, the quantity of chiral ligand
[(S,5)-(-)diethyl tartrate] was varied between 1 and 2 equivalents with respect to the
quantity of titanium isopropoxide taken as 1 equivalent in the chiral ligand titanium

complex. The solvent used was ethyl acetate.

Entry DET/TiiH20 e. (%) Purity (%) Yield (%)
1 2/1/05 99.4 99.7 714
2 15/1/05 948 99.7 76.9
3 171705 69.4 ; ;

E.e.= enantiomeric excess; DET=[(S,S)-(-)diethyl tartrate; Ti = titaniumisopropoxide;
- = not determined
Table 15
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am de taken as 1 equivalent. The sol vent used was
ethyl acetate. WO 2005/028428 39 PCT/ | B2004/003026
WERSHPEBIBOH /| Ee %Purity %Bul phone Sul phi de Yi B¢ TIB2004/003026
sul phi de am deam de %am de %% 10.9 /
199. 298. 880. 080. 9172. 8 21/ 1999699. 880. 020. 1072 31.1 /
1 9 X ., = .
crant ol ose 8 oo TRneE oS o8 Al dpgguperior to
99 % wetezebiabed forat chirbh byand itahiuRe cohidex stmichiemetry in the 1.5/1/0.5
4 showed that the en anti oselectivity of the
-ZIﬁ@g%%a ¥' was hi gh, being equal or superior to 99.2 %
The purity was high as well, being, in particular,
equal to 99.87 % when 1 and 1.1 equival ent of oxidant
wikxamele J&: Reproducibility af iie deymamedeic pidatjan vedation)
were added in the reaction m xture. For | equival ent
of oxidant, the percentage of sul phone detected was
ag Heorepasd (cibifty%f thlecasymruBiricobxid aliors Weadtidheoie RBh&WImethy-
. the detection limt for 1.1 to 2 equivalents of
thiogCFaRNES a5 deip

iptthe| ganeanalpretesol @heve s psgessed repeatedly in
' j ' I Vi and the
fourShiate pHRpnells I ST AR ERIRAER SoMEt The gener al

experinmental protocol defined above, the quantity of
i i-aand—I(S-S) - VYdiethyl tartratel was varied

AP~ | et It .
be ERE¥n 1uaﬁda'ﬁ%éqbi Paribht%) i tJHlpigged: Suphane | Yield (%)
uantity |of titani ymisopropagx t N 1. 0
qqui valent in the ghiral | iqa)r%ﬁtaﬁt 3?‘?€5um3ﬁ‘¢%e @ex The
sol Vlent used9@&s et/hyl 984t atle. EntO y DET/ Ti0/g420E. e.173_3

Dy (04 12/1/0 509 499 771 4 21 .51/

{ OA I IR {0A i ol A 0599 499 7
/\C/)V 294, 8)539.\ 7598:63 31/ 1/39-880. 4.~ 9O .= cRd% | oreri o4

excess: DET=GE% S)-{(-)gy #gNvI[ Taptyzat & T g5 739
titani umisopropoxide; - = ngt determ ned
4 99.6 99.88 0.10 0.02 72
E.e. = enantiomeric excess
Table 16

As shown in table 16, the reproducibility of the results is high. The
enantioselectivity was repeatedly found superior or equal to 99.6 % and the purity
superior or equal to 99.8 %. The levels of impurities were very low with only
measurable levels of the sulphone amide in the 0.02-0.09 % range and of the
remaining parent compound sulphide amide in the 0.05-0.13 % range. Search for
other impurities as for example the corresponding sulphide acid or ester or their

sulphone derivatives was unsuccessful.

Example 16: Influence of the structure of pro-chiral sulphide derivatives on the

enantioselectivity and the purity of the asymmetric oxidation

The following pro-chiral sulphide derivatives were assayed in the experimental

conditions as defined in the general procedure above and ethyl acetate as solvent.
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Tabl e 15 WO 2005/ 028428 PCT/ 1 B2004/ 003026 40 An
enantioselectivity close to 95 % or higher than 99 %
wanesazqaes i ty superior to 99 % were obtained fBCT/EB2004/003026

chiral ligand titanium conplex stoichionmetry in the
1.5/1/0.5 - 2/1/0.5 range. 3'Exanple 15:
Reproducibir ity of theasymmetric oxrdationreaction

r epr oduci tric oxidat|ion .
E-Hﬂ ction of t?ééooémﬁgﬁyfpﬂ&%é%m%w%acet am cegr?s% Converosmn
def| ned—i-n—t-he g° eral proto above was agsessed| rate (%)

repeatedly in our_separate experl ments in |ethyl
acet at eRit8ed 551 spIRéat| R E. 8. | ena¥tiomgric exdess

+.

1 H - q | HE N A T £
IdUIe 16—AsTshown i tapte—t y lﬁF repgrodocrior Ty [0l
n

H;e resulits|is,hi ::]h. The Hio eaﬁaltigésbggcgi X(I) f’ﬁ%é\ﬁle ~ 100

peat edl'y tound superipr or|e

purity supefior of equa to P9.8 % The Ievelrs of

igrpur it ygs yweger ver ow i th enlly pgBRAUrahl gd gvel s
of the gﬁfmone am m. in whe OqOZ-O 09 O/Zrarqggdaﬁd of 99

t he emai nj ng pafent cpnpound sul phide amde in the
@ 05-0. 18 % range| darchHf or 1otheCONAPHY i t|i egs.4S |f or ~ 97

exanmple thelcorrespondipng sulphide acid or gster od
their| 20 sul phong deriyatives was unsuccessful.
a)

Bkanpl e H6: |1 dfll upnd? of the| sfir ucCYNECHPhpro-cBBral  ~ 97
sutphi-de—dertvatiyes—onrtheenmanttoset ecti‘ily atd

the purity of thel asymmetrjc| oxi dation EntryE

4 put ity (99 Sdi phi d& sul Phop o 1vilel d ani|de 92 ~ 94

(Y9am de (% 199. 699. 840. IPPp@573. 3
299. 699. 860. 050. 0974 399. 699. 790. 130. 0573. 9
499. 699 880. 100. 0272 25 The foI I ovm ng pro chiral

wer.e t exper i ment .
o SHARuheE SndRale Cnl Wik FRE1SeRERY T apP bt eorBguas. giving a
gocanénghtidelS6tRitQt & afigls CAy Mt -% - 99.6 % in most cases and a good
conversion rate in the 94% - 100% range. In addition a crystallization step may be

applied to the isolated end product of the reaction in order to increase the

enantiomeric conversion and/or the purity of the desired enantiomer.

Example 17 :

Example 17 corresponds to the comparative Examples 1 to 3. The general

procedure used to prepare sulphoxides was as described above:

General Procedure

Oxidation of sulphide in accordance with the method described by Kagan et al.
Organic Syntheses, John Wiley and Sons INC. ed., 1993 ; vol. VIII, 464-467.

Water (0.27 mL, 0.015 mol, 1.0 eq) was added dropwise at room temperature
(20°C) to a solution of diethyltartrate (DET) (6.19 g, 0.03 mol, 2.0 eq) and titanium
(IV) isopropoxide (4.26 g, 4.43 mL, 0.015 mol, 1.0 eq) in 125 mL of anhydrous
methylene chloride, under nitrogen. Stirring was maintained until the yellow solution

became homogeneous (30 min) and the sulphide (0.03 mol, 2.0 eq) was added. The
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WD 2005/ 028428 41 PCT/1B2004/ 003026 EntryPro-chiral
sul phi de derivativesE. e. % onversion rate (%
wRraRNERa:2NY 1HHHHLCONH299. 6- 100 PCT/IB2004/003026
24- F4' - FHH1CONH292. 599 3HHHHLCONHCH396. 4- 97
AHHHHLCONHCH2Ph- 93- 97 5HHHMICN- 92-94 Table 17
[ echnb h 0
sl W sslied o 0r Goind B ey RELSC TGRS, 8 s360°C. Then,

cundingthyaiso@raiide @569 Y610mIps03aask2.@ed) Wagtmﬂieﬁl and the mixture
conversion rate _in the 94% - 100% range, In addition
&fd and the

waschspita| ﬁﬁz%tfpbﬂ%h%s mifjeribis Hme, iOetnls of WALSTWeles2
solugeﬂ Ooiesq Alirih§a K 88CThe éd]ur?lhﬁﬁé flfthédnté %ﬁﬁ@elta{?ﬁi the filtrate

|oner|c conver si on an urit
workied i upe ddepeanting nar . théxsuiphexide : oldi!alri‘edanﬁbean?example when the

to t t Ex 1.t
sulchRHRa DY SPOERU A IBRRERC 3 S b 8b car Rl e Dis dompound was
extrQ@t%@lrM?ﬁ% b mICeNgh aelqu%b%e§i|5!’t.|tifbn15f QgC@tQOC@ I\)‘Bf The aqueous

I phide in accordance wth the nmethod describ
phaxasgaver@t callectedy fiiered @y mlareskeaciditieeh by Ia@lyllt@lmmsaﬁ@ mL of an

aqugo%sl goﬁgpnlo? cgldé'ﬁyéhfs?a§é{é:§h{e(ﬁg~ éw-}@% pét?mpg%tﬁ]formc%' is filtered on
a frlftéa’gﬁe[s%t Hh§ed (Aﬁt‘ﬂ@latbpaﬁd %W&hé’@lrpﬁacgjcﬁtalﬂﬂwﬁf trate
, 2.0 eq) and titanium (1V)
|sopropOX|de (4 26 g, 4 43 nm., 0.015 nol, 1.0 eq) in
1 > i o{iva dr u§_20 met hyl ene chl ori de, under

n geft ' was naeintained until the yellow
s@n@ht@é\elemﬁw AYFBEtRie BIed iR of SUIptHEags oh orplig i ARith n = 1
(0. 03 nol eq) was added. The WD 2005/ 028428

P . -@8HsotQlli on was cool ed to -30C and

left in contact for 50 m nutes at -30C. Then, cunene
hydr operoxide (4.57 g, 5.0 nL, 0.03 nol, 2.0 eq) was
adted abodet hensaiatt proeedure for comparative examples was applied to

diphenylmethylthioacetamide, methyldiphenylmethylthioacetate or diphenylmethyl-
thioacetic acid as sulphide, and by using either (R,R)-DET or (S,S)-DET.

Precursor DET Ee % Converfion rate
Diphenylmethylthioacetamide (R,R)-(+)-DET 42 (9/6)
Methyldiphenylmethylthioacetate | (R,R)-(+)-DET 10 40
Diphenylmethylthioacetic acid (R,R)-(+)-DET 50 70
Diphenylmethylthioacetic acid (S, S)-(-)-DET 50 83

Table 18

Comparative Example 2 :

Influence of the amount of oxidizing agent on the enantioselectivity of oxidation

of diphenylmethylthioacetic acid

The above general procedure for comparative examples was applied to
diphenylmethylthioacetic acid by varying the amount of cumene hydroperoxide from 1

to 4 equivalents.
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was kept at -25C for 15 hours. After this tinme, 5 nL

of water were added, and the solution was stirred
waleoosoge42s h 30. The nediumwas filtered on cl apCEIB2atM#003026

the filtrate 5 worked up dependlng on the sul phoxi de

obt ai ned. As an exanpl e, whe®the sul phoxi de of

di phemytmerh gacetic a & S QETETAL \(]lersl.ollj‘ rate
o a b AL G5 £, 1, O 1100 T e

IVy U\,UU
col | ect ed, fthered on cl arcép aci dlfled byg%ddltlor
of 150 nL of @N aquepus solgpion of [chiorhyggic acig
4N (pH.=_1)., The precipitate forned ils filtered on i|o
a frifted gl abs, rinsed wi thS@ater and then @fied in

Evamml o 1

vacuo -at—35C—Conparative

Enanti osel ectivity of asyrmer?q’?@ 1(9)0 dati on of
sul phides of formula (11) with n =1 according to X =
- N indrehte ofqﬁelgm-gﬂﬁlta&oﬁfe Q%ﬂ{?iiﬁb R %8 enhance the
conparatlve exanpl es was applied to
convergiemy Iratet hefl t bulphiviet amtale sulphoxide but does not improve the

t hyl dj.p thIth t at i ph | met h
enaTiPRHEEL T SinG ety prrdant i ey AN G EEeRute
(R R -DET or (S,S)-DET. PrecursorDETEe % Conver sion

rate (% Di phenyl net hyl t hi oacetam de(R, R)-(+)-DET4290
MeEombaiatine ixamnled t hi oacet at e(R R) - (+) - DET1040
R)= ( +) - DET5

SFeHd ,azocamplex on the

enahbbele&ﬁluwwmiomf@tm@ﬂmathvlltnfda@@ﬂ@acﬂf the
anount of oxidi zi ng agent on the enantioselectivity of

oxi dation of diphenylnethylthioacetic acid 25 The

SURNE AR S BRSSKER P SOALE, SXITBHET YIS oot o

diphéreylmethyithicatetic ramit By daoyirg othied stdichiométryt 6f 4he chiral titanium

P | B2004 2

corSul VAlSnS, Y0 2005/ 028428 43 PCT/ | B2004/ 003026
(S,5)-(-)-DET / Ti/ Ee (%) Conversion rate

ng (%)

27171 50 e

2/1/0 0 97

47170 3 =

Table 20

The water is necessary to obtain an enantioselectivity, according to the Kagan’s

procedure.

EXAMPLES 18 to 24

Examples 18 to 23 correspond to examples of optional re-worked processes
that may be applied to the crystallized end product resulting from the asymmetric
oxidation and isolated by filtration in order either to obtain:

- an enantiomerically enriched form of the targeted enantiomer,



Cunmene Ee (9% Conversion rate Hydroperoxide (eq)%

15083 25092 45097 Table 19 The increase of the anount
w@boosloes4exi di zi ng agent all ows to enhance the PCT/IB2004/003026

conversion rate of sul phide into sul phoxi de but does

not inmprove the 5 enantiosefectivity of the reaction,

accorgigagghg ﬁppﬁg&?%w&mmf%@eHéﬁﬁorﬁeﬁpaf ative

Exanp nce of the stoichiometry of the
andi{ort ani um chiral conplex on the enantioselectivity of

oxi dati on OE' %i hen Irre}h L.t hi oacetic acid.10 The
ABR ENIsYR T BISNST GRS & PURY DY FERINNG, MRS 23 amexample, the
initi@Rfrol&fral SuipRiddhaRyoreidwidrdneacetic acid by varying

the stoichionetry of the chiral titanium conplex
5 ( yssysed )hapeattan, / thgoforns, )l @nyl- BETefer o theEpolymorphic forms of

- PRI B BP Moo dooBoB, " ecessary (o obtain an
enanti osel ectivity, according to the Kagan's

procedure. EXAVMPLES 18 to 24 20 Exanples 18 to 23
-to exanpl es of optional re-worked processes

c

| DRy SRR B, BVl SRRl 82 e and

10 ethdnolf99%r(20itor2s migr4lés Sevdlivaes) washreflux undeastirring for 5 minutes.
The:gcgﬂ{k!prgggiatiﬁg(li lvyasegcgclalgg ?i?stftgrromor%f tetntn]gerg’?Jrg(e(%ggC) and then kept at
4°C for 1 or 2 hours. The crystallized sulphoxide was filtered under vacuum, washed
with cold ethanol (95%) and dried under vacuum in an oven at 40°C. Results are
reported in table 21.

15

Initial Final
Entry | E.e. (%) |Purity (%) | Polymor- E.e. (%) Purity (%) | Polymor-
phic Form phic Form
1 93.0 - - 98.6 - -
2 91.6 - - 99.1 - -
3 94.0 - - 98.4 99.5 I
4 98.8 99.4 Il 99.0 99.6 I
5 95.4 99.9 - 97.2 99.8 I
6 96.8 99.5 I 98.0 99.7 !
E.e. = enantiomeric excess; - : not determined
Table 21

As shown in table 21, the enantiomeric excess was increased by crystallization
20 in an ethanol /H20 (95/5) mixture. Such treatments lead to (-)-modafinil polymorphic

form I.
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WO 2005/ 028428 PCT/ |1 B2004/ 003026 44 - a specific

pol ynor phic formof the enantioner, and/or to achieve
wa2dusgbses degree of purity by removing inpurit PEFIERS04/003026

as exanple, the initial pro-%piral sul phi de and/or the

suphone. 5 As used hereafter,“the forms I, Il and IV

r gheimple 1dre pol ynmorphic forms of (-)-nodafinil

di scTosed 1 n WO 2004/ 060858. Exanple 18: A suspension _

ofCrystallimedani af |(-)enadafivhwnantibmerically cémithedl gyasOpetfdrmed in

| nqQl 95% (20 5 w4.to 5 .
et BloByLES, BV8l AnnaBro00P, Ihch B Mk acoorips to the
expefmdntalrcapiitnseidsvalsed MERSMblg $8. t0 room tenperature
(25C) and then kept at  AC far 1 ar 2 hours. The

ystallized sul phoxi diii@s filtered under vacuufinal

Ba-adaer (WY W NIN]

Cr
Statt— W t e enet ol 958 —ant—dried-yades—vacutn
En%’?ﬁ a%ggl\?\ewﬁ a?ﬁd%) Rgﬂﬁﬂ'%éargmpﬁgﬂgrt%t?' (%) { appighile | Sulphone
15| Initial Fi nal Entfry&ngide ( %drhitiet(¥6)(|%9 Pol ymor -adkide | amide (%)
(AQPurity (99 Pol ynor - pohic Ror nphi ¢ 'Horm 193.|0- - 98. 6- 1
291. 6--99. 1} - 394. 0- - 9§70499.|5 498. 899. 41 1 99. 099. 66)

595 7 81696, §89- 51988897 EE% =
1enanti omsPiu: ég%ct'ﬂ%ss; -1'ﬁ§ot deﬁe‘ i ngd 9 e?ol e ZlNRs 0.40
shpw(9b6fb)t apl e 21, the enant|i omeric gxcess was

Hacreased-by-—crvstal lizatio 20 in n_ethanal /H20

2 95W/H;Qt”ur O4.&ch 1943t mant O-Méad |t 0984 - nodalilPni | 0.10
po yr@gp\j}i c| forml|. WD 2005/ 028428 45

3 Acetone/ 94.8 0.06 0.24 98.2 ND 0.30
H20
(95/5)
E.e. = enantiomeric excess; ND : not detectable
Table 22

Results reported in table 22 show an increase of the enantiomeric excess as
well as a decrease of the pro-chiral sulphide amide below the detection limit. The

quantity of sulphone amide was decreased as well.

Example 20:
A suspension of (-)-modafinil enantiomerically enriched (12.15 g; 0.044 moles)

and THF (122 mL) was slowly heated under stirring until dissolution is complete and
then refluxed. The solution was cooled at a controlled rate of -0.5°C/min to 0°C and
kept at this temperature for 45 minutes. The crystallized sulphoxide was filtered and
dried at 40°C under vacuum. Results are reported in table 23.

Yield : 77.1%
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PCT/ 1 B2004/ 003026 Exanple 19: Crystallization of
(-)-nodafinil enantionerically enriched was perforned

WO 0os/0es4e@hydr of uran/ H20 (95/5) and acet one / HOT/(E25045)03026
m xtures according to the experinental conditions
described in Exanple 18. 5 E#e. = enantioneric excess;
ND : not detectable Table 22 Results reported in

tablte22 thHYﬁaTl” Tncreaseof 1the end_nii Unerr_iih EXCESS
as well as d decrease of the pro-chiral sul p%l de

E.am deubs! o\8ulpieoret lecSiulphidel ME.e. THRrity © Suidhbhéy | ofSulphide
0suI phoone am de was |decreased as wel Io. Exampl e %O: A
(%Juspel¥al onadg (%e) yoaatide (%) e_n(a/ﬁ)(i of®) i ¢ca@Nigeelte) ¢chaepide (%)

-

oo(7t2l 48 59 | O gl TTOTES) o FTdTHE f 128 FH-)™ V5 BT OWY () 1
heat ed 'under stirrijng unti1l dissolution|[is conplete

E.eandnadfiorhbetexeddsuxed. The sol ution was cool ed at a
controlled rate of -0.5C/ nin tqo OC and kept at this
tenperature for 45 m nut esTabf%g"”cryst allized
sul phoxi de was filtered and dried at 40C under
vacuum Results are reported in table 23. Yield :

7 1R8¢ kbove aleBcribéd ExpesiBentad oBditions, the added crystallization step

lncréggefgﬁ.{l'%géﬁﬁrggn% %n%e%e(%%ér?@ t%uel gﬁgti)a epse%grbtoo epuall'm ,dﬁr‘?‘l@ ggcreasing

the felel W%ﬂhgﬂe S SPEY s My (e‘?ﬁéiﬁ?ng untreated pro-chiral sulphide
2THE/ H2094. 80. 120. 1199. 4NDO. 10 (95/5)

amidadayede/ 94. 80. 060. 2498. 2NDO. 30 H20 (95/5) WO
2005/ 028428 46 PCT/1B2004/ 003026 Initial Final E.e.

Example 21:

To a 250 mL flask containing 180mL of dichloromethane, (-)-modafinil
enantiomerically enriched (10 g; 0.036 mole) form Il was added. The mixture was
heated to reflux and stirred until a solution was obtained. 125mL of solvent were
condensed in a dean-stark extension. The remaining suspension was cooled to room
temperature and then placed in an ice-water bath for 1 hour. The crystallized
sulphoxide was filtered off and dried at 40°C under vacuum.

Yield : 84.6%.

Initial Final

E.e. | Purity | Sulphone Sulphide | E.e. | Purity | Sulphone Sulphide
(%) (%) | amide (%) | amide (%) | (%) | (%) | amide (%) | amide (%)

99.2 | 98.50 0.25 0.28 100 | 99.71 0.03 0.02

E.e. = enantiomeric excess
Table 24
In the above described experimental conditions, the crystallization step
increased the purity level. The sulphone amide and the pro-chiral sulphide amide
levels were decreased after this additional treatment. The final sulphoxide was

crystallized as the polymorphic form IV.
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Purity Sul phone Sul phide E.e. Purity Sul phone Sul phi de
(% (%amde (Y9amde (N (% (%amde (% anide (%
w@20020884200. 250. 2810099. 710. 050. 01 E. e. = enanPCDIBE20042003026
excess Table 23 5 In the above descri bed experinment al
conditions, the added crystalflization step increased
“E%ca onmeri c excess and the gl obal percent of
m‘rﬁé}fﬂ—-% | e decreasing the levels of sul phone
fomdsp@wsm lof Q-‘}-nﬁdi@fnﬁr@rlahtmmdm%\ﬂ?Qirmdhéd C(‘Icfy 036 mole) in
sul phide anmide | evels. 10 Exanple 21: To a 250
acef%’félﬂ@ ¢k hwag hP@(tﬁﬁ_UBftodieﬂHX SiNgRE SHEE, (350 rpm) until complete
n I r
dlss&)%l%tgfpgﬁénn] :tljl1e sSFﬂlﬂBg W&d&ﬂ@d %éfxcfgr %tcgmggte( é@a‘?% ég[rgﬁ’%nd stirred
(350 gpinifomadostt 1 hoed The chystalkzadusilphoxide was dilted. off and dried at
°é25 of solvent were condensed in a dean-stark
40 V8fU"Fhe remai ning suspension was cool ed to room
y,elas dgoesperature and then placed in an ice-water bath:

for 1 hour. The crystallized sul phoxide was filtered
off and dr| ed at 40C under vacuum Y| eI d : 84 6%

Dy H ol hn M| \
IIIIl.Ia'II_IIIa I_UIll.y \JUIPIIUIIC \.)UH |J||| T |U||||.

sul phone Sul']éﬁ'ﬁ'de (% (% ami d& (% ami de (%(E/B‘@% ami de’

E.67 apudg, [ “Bulphone | Sulphide | E.e. [ Purity | Sulphone | Sulphide
%) | (%) | amide (%) | amide (%) | (%) | (%) | amide (%) | amide (%)

99.2 | 98.50 0.25 0.28 100 | 99.90 0.02 0.03

E.e. = enantiomeric excess
Table 25

The (-)-diphenymethylsulphinylacetamide was obtained with a 100%
enantiomeric excess and the sulphone amide and the pro-chiral sulphide amide

levels were decreased after the additional crystallization treatment.

Example 23
A suspension of (-)-modafinil enantiomerically enriched (10 g; 0.036 mole) in

ethyl acetate (150mL) was heated to reflux under stirring (350 rpm). Then methanol
(25 mL) was added to achieve complete dissolution. Then, the solution was cooled to
0°C at a rate of -0.5°C/min and stirred (350 rpm) for 45 minutes. The crystallized
sulphoxide was filtered off and dried at 40°C under vacuum.

Yield : 38%.

Initial Final

E.e. | Purity | Sulphone Sulphide | E.e. | Purity | Sulphone Sulphide
(%) (%) | amide (%) | amide (%) | (%) | (%) | amide (%) | amide (%)

99.2 | 98.50 0.25 0.28 99.8 | 99.54 0.04 0.03

E.e. = enantiomeric excess
" Table 26
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99. 298. 500. 250. 2810099. 710. 030. 02 E.e. = enantioneric

excess 20 Table 24 In the above described experi nental
wa@oeovdios4es, the crystallization step i ncreasedr/iBee04/003026

purity | evel. The sul phone am de and the pro-chiral

sul phide anmide |levels were ffecreased after this

addi r t [
S e 6828 i BT BB A8 ftere and methar
MixRu0O TPt l=h'é $UQbh o2 QoA G 2thebx@nghiral 22iphide amide levels by
sus eg3| on of (-)-nodafinil enantionerically enriched
84 qneh39) o.0eBBRCtMSe) in  acetonitrile (100nL) was heat ed
up to reflux under stirring (350 rpm) until conplete
di ssolution. Then, the solution was cooled to OC at a
r ExaMeQ Swmesimfdhetdipheexylrﬁemgﬁlﬁioam@anﬁm about 1
%hecr Illedsul OX|devvasf|Ite 98 gEI
LRACLer egqHieP slirger. apdy & @as intro uctlon ube was
F hi
chafg@d Wﬁeh’gﬁbgﬁipﬁen?%ét%l;ﬁéégi% g i C?O { d&J(utﬁ/eﬁentZ%hde Ymethanol
(30Q %lgmc’de/odt%xe@p azgwwmdemratsn@oﬁbegwtum R0z23 Ewe@teek to 35°C.

A O YAy P oA Bouie. e top iy entacted at
35°@ féPAB hours before adding 3 equivalents of ammonia. When the reaction was
completed, the mixture was cooled to 25°C and water (90 ml; 0.9 volume) added.
The mixture was filtered and dried under vacuum.

Yield: 83 %

'H-NMR (CDCls, 400MHz) : 8 H 7.41 (d, 4H, H arom), 7.32 (t, 4H, H arom), 7.25 (t,
2H, H arom), 6.53 (s, 1H, NH,), 6.22 (s, 1H, NHy), 5.18 (s, 1H, CH), 3.07 (s, 2H,
CHy).
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enanti oneric excess and the sul phone am de and the
pro-chiral sul phide am de |evels were decreased after

wo b@saekdeg i onal crystallization treatnment. 15 BXEIFR@1/003026

23 A suspension of (-)-nodafinil enantionerically
enriched (10 g; 0.036 nole) #h ethyl acetate (150nl)
was heated to refl ux underCEAIil\)iéi ng (350 rpm. Then

nmet hanol (25 nlL) was added"to achi eve conpl ete

di ssolution. Then, the solution was cooled to 20 OC at
arate of -0.5C mn and stirred (350 rpm for 45 .
nilnut es. Arethed for prerarisg a sulppryideromRRUT ot forarladf)either as
a . i . N . Y] : 0, .

By pEnaRiofRE o B eMARtH b chrinlforn: oy
Sul phone Sul phide (% Rami de (YYamde (% (9 (% am de
(%9 amde (9% 99.298.500. 2899. 899. 540.040.03 E.e. =
enantioneric excess Tabllg 26 2 S\ 20054 028428

PCT/ 1 B2004/ 003026 48 Ag..J[fepoited @dmz)t/abl e 26, the
crystallization step in ethyl lacetaté&"and met hanol

m xture decreased the sul phé¢he [am de and t he

pro-chiral sul phide am de |é& by g% and 89 %
respectively. 5 Exanple 24: Synkghesis of the

di phenyl met hyl t hi oacet am de A reactor equipped with an

i Wherei®; stirrer and a gas introduction tube was

CheS O o R RIPRAL SO PASHARE, OBk
t empr |1urR2 andRoaerd theesame dradiffectnt andSdfe selected from H, halo,
(C1-Cs)alkyl, (C2-Cs)alkenyl, (C2-Cs)alkynyl, (Cs-C1o)aryl, (Cs-C1o)heteroaryl,
-CN, -CF3, -NO;, -OH, (C1-Cs)alkoxy, -O(CH2)mNRgsR;, -OC(=O)Rs,
-C(=0)ORg, -C(=0)Rs, -OC(=O)NRsR7, -O(CH2)mORs, -(CH2)mORs, -NRgRy,
-C(=O)NReR7;
- R3 and R4 are the same or different and are each selected from H, (C1-Cs)
alkyl, hydroxy(C1-Cse)alkyl, -NHOH or -OH, or R3 and R4 may also be taken
together with the N atom through which R3 and R4 are linked to forma 5 to 7

membered N-heterocyclic group ;

- Rs5 represents alkyl, cycloalkyl, aralkyl, alkaryl, or aryl ;

- Re and R7 are the same or different and selected from H, (C1-Cs) alkyl,
hydroxy(C1-Ce)alkyl, or Re and R7 may also be taken together with the N
atom through which Re and R7 are linked to form a 5 to 7 membered
N-heterocyclic group ;

- Rs represents H, alkyl, cycloalkyl, aralkyl, alkaryl, or aryl;

nis1,2or3;and

misfrom 1,2, 3,or4;

comprising the steps of :

a) contacting a pro-chiral sulphide of formula (lI)
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Ammoni a (7 equival ents) was introduced within 3 hours,
and the m xture contacted at io 35C for 16 hours

whedosnes4agidi ng 3 equi val ents of ammoni a. When PEEIB2004/003026

reaction was conpleted, the m xture was cooled to 25C
and water (90 nmi; 0.9 volunefladded. The nixture was
filtered and dried undeg, vacuum Yield: 83 % 1H NWR
(CDC13, 400MHz) : b H 7.4 d, 4H Haronm, 7.32 (t,
4H, H arom, 7.25 (t, , Iéaron) 6.53 (s, 1H,
NH2), 6.22 (s, 1H NH2) . & 18(¥~ 1H-CH), 3.07 (s,

2H, CH2). WD 2005/ 0284'518 PCT) | B280%5003026 49 CLAI MS
1. A nethod for prepari ngLa phoxi de conpound of
formula (1) either as a § hghé enantflbmer or in an
enantlorrerlcally enriched formr: Rea O | I S~ iY R a

vw‘{\g}eé? n'[?r]3<1 Féo 158%? )%la'f‘ b%fg %F@i(?ﬁikﬂsed_%ﬁve_ 8&;0) ?<NHNH2;

ijthRé %etazclﬂﬂaﬁ I|8§ﬁd Fofngieg éBEEe Ahd Hrf 6)@8&% ?g%}]t;lf‘.ean organic

selected fromH, “halo, "(CI-C8)alkyl, (C2-C8)a
( GRveB} aalkg'nptlQnallyG d o) aryI (C5 G o) heter oaryl

- Bscisty the%g.gf%}éh%ﬂq%g fﬁ,%%&)ﬁg)( o) i R,

-Q(CH2) nOR8, -(CH2)nmOR8, -NR6R7, -C(=0O NR6R7; - R3

and R4 are the sane or different and are each sel ected

frlom H, (Ibe-rogthodageprdingyie ciaig Giwhessia Xig ~CEPEH or

-OH, or R3 and R4 nmay al so be taken together with the

N at om t hrough which R3 and R4 are |linked to forma 5

t @. 7 neniiteedhethdbtaecoaing ito daioud or 2, wherein Ry Rz, Ry and Rz,

represent H.

4, The method according to any of the preceding claims, wherein n is 1.
5. The method according to any of the preceding claims, wherein X is
NH, or NHOH.

6. The method according to any of the preceding claims, wherein the

metal chiral ligand complex is a titanium, zirconium, manganese or vanadium

chiral ligand complex.

7. The method according to claim 6, wherein the metal chiral ligand

complex is a titanium chiral ligand complex.

8. The method according to claim 7, wherein the metal chiral ligand is a

titanium dialkyltartrate complex.

9. The method according to any of the preceding claims, wherein the
metal chiral complex is prepared from a metal compound, a chiral ligand and

water.
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R5 represents al kyl, cycloal kyl, aral kyl, al karyl, or
aryl ; R6 and R7 are the sane or different and

waedsorsds from H, (C -C6) al kyl, hydroxy(Cl- G8QuIBep)4/003026

or R6 and R7 may al so be taken together with the N 20

25 atom t hrough which R6 and°R7 are linked to forma

N-het er oc i up- r.ep S |, . .
cy;llg)l' oal k)}lx%! g?%tﬁé%?ccglr@ﬁgytﬁ Elg;ﬁﬁg,yﬂﬁer%hr%el,mejaloghl?l ligand
; canmplex iis preparet], wkh 081-1oequivalent of watermagtherbspect to the metal
conprising the steps of : a) contacting a pro-chiral
s@Pan%dof formula (11) WD 2005/ 028428

PCT/ 1 B2004/ 003026 50 Rea R2 wherein Rl, R2, R a, R2a,

Y and n are as defined above, with a netal chiral

| ildand cds exgthad acserdingl tarclairi di0ziwheraipeitie inmetah chiral ligand

oisPabGe < Bl o BB B Fp ophalgtdni rgheel o the metal
agefipbupd.to claim1, wherein Y is -C(=0 X 3. The

nmet hod according to claiml1l or 2, wherein Rl, R2, Rl
and R2a 10 represent H 4. The nethod according to

a of t i ' erel ' 5...The .
mtnod acdst Hgod ek ANCHENE Bredertg Haih’ wherein the
wheseiiwaXertiary Amitg.- 12 or NHOH 6. The net hod

according to any of the preceding clains, wherein the

netal chiral ligand conplex is a titanium zirconium
ganes [ hiral |ld.ga . .
TSEE SR AN S i, AL ey amine i

c ldiiis @ ropiy pdimdamirseTpi Eiethiydaraingi t ani um chiral |i gand

conpl ex.
14. The method according to any of the preceding claims, wherein step a)
is performed in presence of 0.05-0.5 equivalent of base with respect to the

sulphide.

15. The method according to claim 14, wherein step a) is performed in the

presence of 0.1 to 0.3 equivalent of base.

16. The method according to any of the preceding claims, wherein step a)
is performed in the presence of 0.05-0.5 equivalent of the metal chiral ligand

complex with respect to the sulphide.

17. The method according to claim 16, wherein step a) is performed in the

presence of 0.1-0.3 equivalent of the metal chiral ligand complex.

18. The method according to any of the preceding claims, wherein the

metal chiral ligand complex is prepared at a temperature between 20-70°C.

19. The method according to claim 18, wherein the metal chiral ligand

complex is prepared at a temperature between 40-60°C.
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8. The nmethod according to claim 7, wherein the netal
chiral ligand is a 25 titaniumdialkyltartrate

wa@oeopsloesd2s 9. The net hod according to any of theCT/IB2004/003026

preceding clains, wherein the mnetal chiral conplex is
prepared froma netal conpourdd, a chiral |igand and

Waier - I ¢ . .
i OROYRABR GBI 700 SR AP B vl gand
| iapamplex copnelpared at ptappemilrel ddtweeh-5D-85@.val ent of

water with respect to the netal conpound. 5 11. The

nmet hod according to claim 10, wherein the netal chiral

ligand  co@hfthdd ScBRARE do riyh of tHe Grec&fitg \CRiRR! i
water with respect to th¢§n%t arfwocon%gﬂn%. Ililg The’ ierein the
mepdidiging cagendiism gontactady with thaesuylphidedthegmetadiamiral ligand complex

et hEe s gt aldy RebEenfBstn the tertiary
amne is diisopropylethylam ne or triethylamne. 15

14, The nethod according to any of the preceding _
v 8igthad ggecayding dopelaiar Abdwhargin d¢bereddiging agent is

clZd ns,

0. j '

2B S 1 S0hufle Tl R E D551 PArbl anc e base a
wireomi tengieeptueg. i s perfornmed in the 20 presence of

0.1 to 0.3 equivalent of base. 16. The nethod

according to any of the preceding clains, wherein step

a isp FEash i %B 0504 : .
e?qzl?i'val eﬁzﬁegf thed %é:%g@"&??a I ngr}léd) pqg%ér%'l?%f IavlvlmtS h wherein the
r exshizing t agertieisshyqiogde. p@®xite, fEncbutgt hpdropecaxids rghd cumene
tl% @I aim lgé wherein step a) is performed in the

p SERELO8P®0. 1- 0. 3 equi val ent of the netal chiral

i gand conpl ex. 18. The nmet hod according to any of the
precedi ng clains, wherein the 30 netal chiral |igand

c@dpl ex ildepmathaed dcgording dapdaimn 2% Wherwieihemxidizing agent is
19, .1 ording to claim 18, wherein the
%ugqéh;%hmpﬁ’%og

met ira d conplex is prepared at a
t enper at ure between 40-60C. WO 2005/ 028428

PCT/ | B20Q4/ 003026 )
. The method according to any of the preceding claims, wherein the

obtained sulphoxide is directly isolated by filtration.

26. The method according to any of the preceding claims, wherein the
method further comprises a step of crystallization of the product obtained in

step b).

27. The method according to claim 26, wherein the crystallization is

carried out in a mixture of an organic solvent with water.

28. The method according to claim 27, wherein the organic solvent is an
alcohol.
29. The method according to any of claims 27 or 28, wherein the water

represents up to 40% by volume of the mixture.
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52 20. The nmethod according to claim19, wherein the
metal chiral ligand conplex is prepared at a

wo esppoesltir e bet ween 50-55C. 21. The net hod ackOT/iB20g#/003026

to any of the preceding clains, wherein the 5
oxi di zi ng agent is contacted>hith the sul phide, the

| chi . N
toBer at U e Bt e GREBRE o, Oy 2 B T008 cvrtaipgtion s
clpefer@dtial whestaliizatidre oxi di zi ng agent is contacted
with the sul phide, the netal chiral |igand conpl ex and
the base at 10 roomtenperature. 23. The nethod
acgoordin : cedi e
el 21 nar o TRMad ebIRIR BPET) BRaEirk T BRH% B S0Pwherein ¥
hyad rtlm@eukphodmleaumtnmrr&hef fomdiaqpds exd(d©)X 1551d2>413 JO&l.
met hod according to claim23, wherein the oxidizing
agent is cunene hydroperoxide. 25. The nethod
aceor di NrHeORMo® bt bty BCASII1 ClvAkFBin trYé1 §[1ﬁ5'h6xfd*éecompound
20 obtai ned sul phoxide 1s directly isolated
f iaf fermnylal) i@odafisiowsgithod according to any of t he
precedi ng clains, wherein the nethod further
conprises a step of crystallization of the product

olgzai ned The metiedd Atcordmgdé. cidifs Irebhag, ﬂﬁﬁ:ﬁfﬂ‘iﬁﬁ@r b@mprlses the
claim 26, wherein the crystallization is carried

i BURSanIyenirsieRy ohgoreing & 3 dPHaithesstiiphaiderof fgeﬂufﬁw(é) into X =

mg ppd according to claim27, wherein the organic
solvént is an 30 al cohol . 29. The net hod according to
any of claims 27 or 28, wherein the water represents
% vo] une of the m xtur WO 2005/ 028428
/|B§%@ cosdingdo o GRPBHEPH e steps of :

cI ai m 2§, eg{@ﬁﬁé‘éﬂbﬁ {)‘ﬁl dé?ﬁ&!yl:%?@icl _Ifﬂﬂc’ﬂlo?n 8and

preferential cryst zati on met hod accor di ng
to any h)faltfildiatlm of the rasudtinp ésten 30, wherein Y 5 of
t he sul phoxi de conpound of formula (1) is -C(=0 X and
Xis -OH
35. The method according to any of claims 1 to 4 and 6 to 30, wherein Y of

the sulphoxide compound of formula (I) is —C(=0)X and X is ORs, Rs being as

defined in claim 1.

36. The method according to claim 35, wherein the sulphoxide compound

of formula (1) is an ester of modafinic acid.

37. The method according to any of claims 35 or 36, which further
comprises the step of converting X = -ORs of the sulphoxide compound of
formula (1) into X = -NH..

38. The method according to claim 37, wherein X = -ORgz of the
sulphoxide compound of formula (l) is converted into X = -NH, by an amidation

reaction.
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32. The nethod according to claim 31, wherein the
sul phoxi de conmpound of forrmula (1) is nodafinic acid.

wda000382847he et hod according to clainms 31 or 32CT/M20E4003026

further conprises the subseguent steps of converting
X = -H of the sul phoxide of *$ornula (1) into X =

- . 34T P r 3 c :

corrprl ses htgf}glest e Qgccg'&ﬁ'@ tgé@)&%l?erl fi gadt" |t(¥)\§bbp'hteﬁ%n Y of the
cau!hﬁ)cydda:ofa‘orrduraqm)uslm and b) am dation of the

resulting ester. 35. The rret hod according to any of

claims 1 to 4 and 6 to 30, wherein Y of the

syphoxi %&tﬂ@ﬂﬁﬂ‘é’c&frdlﬁ@r’t%ﬁeﬁm@g wisich %rﬂ@%oﬂ%’ns@s'tﬁe step of
OR5, R5 being as defined 1n claim1l

meohyErtage r & @Ntof ¢heni sblBEOXige ec@MpOtIE qufqum»ta d@) into Y =
Qf(%eﬂg@ of formula (1) is an ester of nodafinic

acid. 237. The method according to any of clainms 35

or 36, which further conprises the step of converting

X = -OR5 _of the sul phoxi de conpound of fornula (1)
| r’ﬂﬂo X = TheHpethog acaeeding e stpirctd hergin b =<CHiisncgnyerted into Y

ound of
for nul dg)l\iﬁz) b¥ éﬁggﬁ{)/%tp ﬁ&d%&&éjéfﬁgmfré ‘an am dati on
reacti on. WO 2005/ 028428 PCT/ | B2004/ 003026 54 39. The

met hod a rdln to any of clains 1, 3, 4 to 30,
V\h4@r ei n ho§u| p%ﬁ?)@f@@g of 1 or RIAIA (140 sOToN, 4140, Wherein

conprl gﬂfg %ﬁg@%ﬁ%?étegﬁgghﬁgﬁ%mﬁb @WB@ f?litr'he

sul phoxi de compound of formula (1) into Y = C(=0) NH2.

3, e TRE RS TNg (o inh oy haleitdbe SiRgids of ormula (la)

hyiel WplidrsX s -OfHJ B rEDbATHIM é&lﬁ%deﬂ?%r‘ﬂﬁlﬁ?ﬁb) wherein X=-ORs
according to claim40 or 41, wher

di phenylraet hyI sul phi nyl acetonitri I e'?%a converted into

modafinil . The met hod according t aims5, O
wherein t}h de of formula (Ila |@M|MH
-NH2 is jig Jph-de=ofRfaormulja ((CHp),

wher ei n
R1

RO R2
(Ib) (lla)

R4, Ria, Rz, Raa, Rs and n being as defined in claim 1.

44, The method according to claim 43, wherein Ry, Rqa, R2, Roa are H, nis 1
and Rs is alkyl.

45, The method according to claim 44, wherein the compound of formula
(Ilb) is methyldiphenylmethylthioacetate (MVDMTA).

46. The method according to any of claims 44 or 45, wherein the compound

of formula (lIb) is prepared from benzhydrol.
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02R (Ilb) (Ila) R, Ra, R, Ra, R5 and n being
as defined in claiml. R2 44. The nethod according to

waeb@soesi3s wherein RL, R a, R2, R2a are H n iBCWIB2B®/003026

and R5 is alkyl. 45. The nethod according to claim 44,
wherein the conpound of form#a (IIb) is

e iod andaripgt, 4ocenyae afin My ChEMDUA is prepared
t hfeormdrgregdrol df the mmathad coiplising theepgsedr f rom
benﬁ drol .. WD_2005/ 028428 PCT/IBZOO4/003026 55 47.
YsEsiar 6 banaydrel iplobenzpgdryhkarkaxylaieandnrA i s
t th
R frersibf Y BRI Bl D BTG =1 o the
benzhydryl carboxylate and bl) conversion of

hydryl car | at A 5 48. A co und o
YR eBmpolpa fuihyia shoBiahed foattegiogpss i dam 1
49. (-) benzhydryl sul phi nyl acet am de obtai ned fromthe
process of claim 1. 1050.(+)

" bedkhyldr Benahygrvlsniphioylesetameide iobtdained fiomothet procpss cbskim 1.

of claim1.

50. (+) benzhydrylsulphinylacetamide obtained from the process of claim 1.



