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Modafinil has a stereogenic center at the sulphur atom and thus exists as two

optical isomers, i. e. enantiomers.

Modafinil in its racemic form has been approved by the United States Food and

15 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.

20 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
(-)-a-methylbenzylamine, a chiral, optically pure amine. The diastereocisomers
obtained are then separated and finally one of the separated diastereoisomers is

25 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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oxidized b by bacteria [e.g Corynebacteri um equi (Onh H et al. Agrig.
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complex, chiral (salen) manganese(lll) complex, chiral (salen) vanadium(lV) complex
in the presence of various oxidants such as H20z2, tert-butyl hydroperoxide, cumene
hydroperoxide. Methods based on chiral oxaziridines have also been used in the
chemical oxidation of sulphides.

20 Some enzymatic methods for the asymmetric synthesis of fine chemicals were
described in Kaber K. in “Biotransformations in Organic Chemistry”, Springer Ed. 3™
ed. 1997 and reviewed by Fernandez |. et al. (Chem. Review 2002, A-BC). As an
example, thioethers can be asymmetrically oxidized both by bacteria [e.g.
Corynebacterium equi (Ohta H. ef al. Agrig. Biol. Chem. 1985 ; 49:2229),

25 Rhodococcus equi (Ohta H. et al Chem. Lett. 1989 ; 625)] 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.

30 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 S. et al. Tetrahedron: Asymmetry 1993 ; 4:1981). The stereochemical
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adding the sulphide. Then, the oxidation reaction is effected at -20°C in the presence
of tert-butyl hydroperoxide.

The direct oxidation of a variety of sulphides, notably for arylalkyl sulphides into
optically active sulphoxides, with an enantiomeric excess (ee), in the range of 80-

20 90%, can be achieved by this method.

More specifically, Kagan and co-workers reported that sulphoxide products
could be obtained with high enantioselectivity when sulphides bearing two
substituents of very different size were subjected to an asymmetric oxidation. For
instance, when aryl methyl sulphides were subjected to oxidation, it was possible to

25 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.

30 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 methylmethylthiopropanoate,
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Similarly, none of the enantioselective reactions so far reported in the literature
deals with substrates bearing an acetamide or acetic acid moiety directly linked to the
sulphur atom.
There have been attempts to improve the enantioselectivity by modifying some
conditions for asymmetric oxidation of sulphides. For example, Kagan and co-
20 workers (Zhao, S. ; Samuel O. ; Kagan, H. B., Tetrahedron 1987; 43, (21), 5135-
5144) found that the enantioselectivity of oxidation could be enhanced by using
cumene hydroperoxide instead of tert-butyl hydroperoxide (ee up to 96 %). However,
these conditions do not solve the problem of oxidation of sulphides bearing ester,
amide or carboxylic acid functions close to the sulphur atom.
25 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. VIII,
464-467) (refer to Example 17, comparative Example 1 below).
H. Cotton and co-workers (Tetrahedron : Asymmetry 2000; 11, 3819-3825)
30 recently reported a synthesis of the (S)-enantiomer of omeprazole via asymmetric
oxidation of the corresponding prochiral sulphide. Omeprazole, also -called
5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2pyridinyl)methyl]-sulphinyl}-1H-benzimidazole
is represented by the following formula :
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10 to omeprazole only is probably linked to the presence of benzimidazole or imidazole

group adjacent to sulphur, which steers the stereochemistry of formed sulphoxide.
The authors also suggested using this kind of functionality as directing groups when
synthesizing chiral sulphoxides in asymmetric synthesis.
Hence, this publication is essentially focused on omeprazole, a pro-chiral
15 sulphide bearing substituents of approximately the same size, and including an
imidazole group which is described to play an important 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
20 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

25 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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15 The process is simple with a one step reaction making the process suitable for

large scale production of enantiomeric compounds in a high yield and high
enantiomeric excess.

As a further advantage, this process implements low amounts of a titanium
compound as a catalyst which is environmentally hon-toxic and relatively low-cost.

20 Advantageously, modafinil can be obtained as a single enantiomer or in an
enantiomerically enriched form, more directly, without having to go through a chiral
resolution method of modafinic acid.

The invention also provides several processes for preparing modafinil as a
single enantiomer or in an enantiomerically enriched form. Advantageously, these

25 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

30 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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as starting material and nodafinil XiAghe-8nanti orér is obtained with high
yields. Detailed description of th8% nvention(C8@.l1t has been found that the
asymetric oxidation of nodafinil prec of S, in particular

di phenyl net hyl t hi oacetic acid, the afige d the gsters thereof could be
achieved with surprisingly high enantioseKectivity up to 99,5 % by effecting
the titaniumchiral conplex nediated reacfeon in the presence of a base. WO
2005/ 028428 @ﬁ%{%ﬁZOOM 003026 7 The invention relates to a nethod for
preparing a sul'phoxi de conpound of forrmula (I) either as a single

enant isoner or ¥ris aCNRaE@Xewhein X isRelethedifrbey, INR3Raa OH GRS, -NHNH2% i R2
wherein: 5 - Y_.is -CN -(‘é:O)X wherein X is selected from -NR3R4, -OH,

~OR5, - NHNH2; Ru Ria g and Rea are the samecorn differantanst ate selectad framdH abalo,

sel ected from f&, Ba{ Gyl (Co-Cs)alkenyl, (C2-Cs)alkynyl, (Cs-Cro)aryl, (Cs-Cio)heteroaryl,
-CN, -CF;, -NO; -OH, (Ci-Cs)alkoxy, -O(CH2)mNRsR;, -OC(=O)Rs,
-OC(=0O)NRgR7, -C(=0)ORj3, -C(=0)Rs, -O(CH2)mORs, -(CH2)mORs, -NRgRy,
10 -C(=O)NRgR7;
- Rs and R4 are the same or different and are each selected from H, (C1-Cs)
alkyl, hydroxy(C1-Cs)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 foorma 5to 7

membered N-heterocyclic group ;
15 - 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-Cs)alkyl, or Re and R7 may also be taken together with the N
atom through which Ré and R7 are linked to form a 5 to 7 membered
N-heterocyclic group ;

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

nis1,2or3;and

misfrom1,2,3,0r4;

comprising the steps of :

25 a) contacting a pro-chiral sulphide of formula (il)



(G -Cs)al kyl, (C2-Cs)al kenyl, (C2-Cs)al kynyl, (C6-Cio)aryl,

(C5-Ci o) heteroaryl, -CN, -CF - N2, - OH, (Cl Ca) al koxy, -Q CH2) MNR5R7,

-O=0 g, 20&42 NR6R7, -C(=0) OR8, -C(=O)R8, - O CH2) nRermobhisniere,

- NR6R7, we E)) R5R7; - R3 and R4 are the sane or different and are each
sel ected fromH (d - Oe) al kyl , hydroxyg G -Ce)al kyl, -NHOH or OH, or R3 and
R4 may al so be taken together with the N atomthrough which R3 and R4 are
linked to forma 5 to 7 nenbered het erocyclic group ; 15 - R5 represents
al kyl, cycl oal kyl, aral kyl, al karyl| aryl - Re and R7 are the sane or
dlfferent and sel ected from H (G- hydroxy(Q - Ce)al kyl , or Re

are linked to forma 5 to 7 menbered
represents H, alkyl, cycloal kyl, araRk pl karylgy or aryl; - nis 1, 2 or
3; and - mis froml 2, 3, or 4, cohpkising the steps of : 25 a)
contacting a pro-chiral suI phi de of formnul 3 (I') WD 2005/028428

PCT/ |1 B2004/ 008126in F31, RE{dmamga(\thﬁl)lhar‘éladuéﬁned?ﬁbmrel n R, R, Rla, Rea,
Y and n are as defined ab ve, with chiral g conRI ex, a base and
an oxi di zi ng“&@e%fnqtﬂ' %mrai.hgw@o e ase %ﬂx&?%mwg@ bin A8 OrgANIAg

t he obta f %ngg gﬁ‘?l formula (1). The rrethod allows to prepare

sul phoxi 0 ) with an enantioneric excess of generally nore

t han about 86Yisofatirgnthegbiaisky sulpreddde ofiformaste (Ipmeric  excess is of nore
than 80 % preferably of nore than 90 % nore preferably of nore

erocycllc group ; 20 - Re

The method allows to prepare sulphoxides of formula (I) with an enantiomeric
excess of generally more than about 80%. Advantageously, preferred enantiomeric
excess is of more than 80 %, preferably of more than 90 %, more preferably of more

10 than 95 %, and most preferably of 99 % and more.

The method allows also to prepare sulphoxides of formula (1) with a degree of
purity higher than 90 %, preferably of more than 98 %, more preferably superior to
99 %.

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

15 to enantiomer E2 can be calculated using the following equation :

(E1=E2) 149

0 1 1
Yo enantiomeric excess= (EI+E2) EZ)

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
20 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
25 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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t he chai n which may bdg 5 straight or branched. "Branched" neans tha e or

mor e al kylongcyclies cyclaakyhgroups hiydludetdyglopentyhr opsibhexyle cuclohepiyll ans dhe
| i near ali‘lé | chain. The alkyl may be substituted with one or nore
"cycl oal ﬁ/ group”. Exenplary al kyl groups include nethyl, ethyl, n-propyl,

el oal kyl e mRHR an Ayl orBup etein RKSPHGTY alSL 3l 2s hereln,
10 described. Preferred aralkyls contain a lower alkyl moiety. Exemplary aralkyl groups
15 include benzyl, 2-phenethyl and naphthalenemethyl.

“‘Aryl” means an aromatic monocyclic or multicyclic ring system of 6 to 10
carbon atoms. The aryl is optionally substituted with one or more “ring system
substituents” which may be the same or different, and are as defined herein.
Exemplary aryl groups include phenyl or naphthyl.

20 “Alkaryl” means an alkyl-aryl group, wherein the aryl and alkyl are as defined
herein. Exemplary alkaryl groups include tolyl.

“Halo” means an halogen atom and includes fluoro, chloro, bromo, or iodo.
Preferred are fluoro, chloro or bromo, and more preferred are fluoro or chloro.

‘Alkenyl” means an aliphatic hydrocarbon group containing a carbon-carbon

25 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,

30 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



i 0o carbon atonms, preferably of about 5 to about 10 carbon atons. Exenpl ary
nonocyclic cycl oal kyl groups include cyclopentyl, cycl ohexyl, cycl oheptyl
and the wokeesoréel kyl " nmeans an aryl -al kyl group wher eRGIT/EH2004410§926 and

al kyl are as herein described. Preferred aral kyls contain a | ower alkyl
moi ety. Exenplary aral kyl groups 15 in&l ude benzyl, 2-phenethyl and

Syetem ophan Pregemed Ay IBRAps Yol 2851 CaBBRvSfS Mo i BRAE"One
or nore friddm@ fattene dyulsie towet ailkyMyretipsrasuche at heettyie etityl drf propghtare and

are as defined herein. Exenplary aryl &ryoups i ncl ude phenyl or naphthyl. 20
" Al kar y| sttaghed tayg binegn alkynyl chebupl hervalikyeyhgtae B13y barubsfitujed by cong or

hal ogen Tkl EAEFRIAY AR Srouty fishe SHLHIC stobviy, nBBvEyL 2830
fluore, shhetrglsutyylonrpentyiyl, Msptymyl edctyryeanardedynybro or chloro. Al kenyl "

means an aliphatic hydrocarbon group containing a carbon-carbon 25 double
bond and whi chAlkayybéneansiaghalit-Qrr SRt wheigimdhe alkys arakpols asoherein

t he chai ef er it Ln.
Br anc hedaeﬁg@ésae't 'ﬁgﬁ%@hée@?d%‘@“?%&‘g?ggﬁéﬁ Bafbo&uﬁéggﬂ%ﬁ.'t faP'sIgs Crlr{elhyé},ﬁd 'g{&r?yl or
propyl apgsferibhpched 2 ocarbbhngimslikethg! ciedial rExerhplady katkoty growss imslutie
substituted by one or nore halo or cyc|oal kyl dgrou . Exenpl ary al kenyl

gr oups : E@tb@w.@tﬂr@fw |n;prpwp9¢s)elrfynrppgz§y,m-lbuipéman hemgl%nyl - |
3- - 24 ; , -
oo P4 o TBion L IERER M AREE pnoB R mBEI R TR v 6"

car bon- cagkeibon atdrhs, iIKORBIcA Mhe b BBreéTBY theecarbonl 41Bnsoin theahgastdavsiage2 t o
8 carbon atons in the WD 2005/028428 PCT/|B2004/ 003026 10 chain. Preferred
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one o nBigtel Aot o U8 o 06 Dbt et bt B -BRAL 6 P Bl
nor e hal TheExetarbany’ midyyalgd by sunstitited! Bydenetdrymore “GRGRYSEm sbstithgnts”,
2-butynyl, 5 3-nethyl butynyl, n-pentynyl, heptynyl, octynyl and decynyl.
{5 ~ which may be the same or different, and are as defined herein: X nitrogen atom of
an heteroaryl may be a basic nitrogen atom and may also be optionally oxidized to
the corresponding N-oxide. Exemplary heteroaryl and substituted heteroaryl groups
include pyrazinyl, thienyl, isothiazolyl, oxazolyl, pyrazolyl, furazanyl, pyrrolyl, 1,2,4-
thiadiazolyl, pyridazinyl, quinoxalinyl, phthalazinyl, imidazo[1,2-a]pyridine,
20 imidazo[2,1-b]thiazolyl, benzofurazanyl, azaindolyl, benzimidazolyl, benzothienyl,
thienopyridyl, thienopyrimidyl, pyrrolopyridyl, imidazopyridyl, benzoazaindole,
1,2,4-triazinyl, benzthiazolyl, furanyl, imidazolyl, indolyl, indolizinyl, isoxazolyl,
isoquinolinyl, isothiazolyl, oxadiazolyl, pyrazinyl, pyridazinyl, pyrazolyl, pyridyl,
pyrimidinyl, pyrrolyl, quinazolinyl, quinolinyl, 1,3,4-thiadiazolyl, thiazolyl, thienyl and
25 triazolyl. Preferred heteroaryl groups include pyrazinyl, thienyl, pyridyl, pyrimidinyl,
isoxazolyl and isothiazolyl.
“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.
30 “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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11 sanme or different, and are as defined herein. Wien a second heteroel enent
sel ect ed In the case of X = OH, the sulphoxide of formula (I) may be obtained as a salt,

notably as an alkaline salt, such as a sodium, potassium, lithium salt or ammonium
salt or pharmaceutically acceptable salts.

20 ‘Pharmaceutically acceptable salts” means the relatively non-toxic, inorganic
and organic acid addition salts, and base addition salts, of compounds of the present
invention. These salts can be prepared in sifu during the final isolation and
purification of the compounds. In particular, acid addition salts can be prepared by
separately reacting the purified compound in its free base form with a suitable

25 organic or inorganic acid and isolating the salt thus formed. Exemplary acid addition
salts include the hydrobromide, hydrochloride, sulfate, 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,

30 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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dehydroabietylamine, = N-ethylpiperidine, benzylamine, tetramethylammonium,

tetraethylammonium, methylamine, dimethylamine, trimethylamine, ethylamine, basic
20 amino acids, e.g., lysine and arginine, and dicyclohexylamine, and the like.
As used herein, “between [...]-[...]" refers to an inclusive range.
According to a preferred aspect, R, Rz, R12 and Rz, are independently selected
from the group consisting of H and halo, halo being preferably F.
Preferably, one of Ry, R, and/or Rqa, R2a is H and the other one is F. The
25 fluorine atom may be located on the ortho, meta, para position, the para position
being preferred.
Preferably, n is 1.
Most preferably, the sulphoxides prepared by the novel process are sulphoxides
of formula (1) in which Y is CN or Y is —=C(=0)X.
30 Preferably, X is —NR3Rs, -OH, -ORs, more preferably —NR3;R; 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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environmental point of view, non-chlorinated solvents are preferred. In this regard,

ethyl acetate and toluene are particularly preferred.

20 Preparation of the metal chiral ligand complex

The metal chiral ligand 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.

25 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.

30 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 Cy-symmetric chiral diol or a Cz-symmetric



of formula (1) in which Yis CNor Yis -C(=OX 30 Preferably, X is -NR3R4,
-OH, -OR5, nore preferably -NR3R4 and nost preferably -NH2 or - NHOH.
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13 Most preferably, the sul phoxi de prepased by the novel nethod is
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i ndustrial point of view, as well as environnental i;)ect s. Suitable or ganl o

i s sol vefliSORIPRYHotariale obf-hedkzoprepylD-tarteats: &) qﬂélﬂtvb sfartesta o4 (-)-dibutyl-D-
acet oni tf(értr?te %ﬁat edu% ptygE!tQ}‘ﬂr&%eoF@)%feﬁBu |ﬁ 6t n{% &Gk, BRiEROYned

by one s edin e ar rom an i‘ronnen Vi ew,

non- chl oafengt)atletyl-L dattrate madi-ediethgd-tartratdi s regard et hyl acetate and
toluene are particularly preferred. 20 Preparation of the metal chiral
| i gand corrp|§’ fwr@dn@wal ligands alse gsﬁ\ud%&spﬁy@%npglcpv@ﬂar@ammﬁ notahly of
l'igand apy gg conmpound. The netal compound is preferably a titanium a
zi rconi um a vanadi um or a manganese conpound and nore preferably a
titani um conpound. 25 Thus, preferred net chiral ligand conpl exes are
notably titanium zirconium vanadi um or nganese chiral |igand conpl exes,
nore preferably a titaniumchiral R R

L, "

N
HO)\/
OH

R
wherein R is a lower alkyl or aryl, as for example methyl, t-butyl and phenyl.

Preferred chiral ligands also include Schiff base of general formula (2a) or (2b):
R R
__N> \N__
OH HO
R' R
15 (2a)
wherein R is the same and represents a lower alkyl or aryl, such as methyl or phenyl,
or are attached together to form a cycloalkyl group such as cyclohexyl; R’ is a lower

alkyl or alkoxy ;

(2b)
20 wherein R is a lower alkyl or NO; ;



| i gand conpl ex. The titanium conpound is generally a titanium (1V) conpound,
preferably a titanium (1V) al koxide, such as, in particular, titanium(I1V)
i sopr opoxy@aordfozguropoxi de. 30 The chiral ligand is a cROTAB28@A0NINA
capable of reacting with the titanium conpound. Such conpounds are
preferably chosen from hydroxy substituted conpounds, preferably having

nore t hap, one, hydr gx roup. Thus, the chiral ligand is preferably a chiral
al cohol ?ﬂsﬁ(ﬁ]b rd?‘(h@g-ogﬁﬁ‘r?gqri c chiral diol or a C3-symmetric WD 2005/ 028428

PCT/ M2004/ 00BRede StAfCHAdedl mhayifefm al BeirdiNigadt coreeles! witthd endtaR kRabRH &
unbranched al kyl al cohol, or an aromatic alcohol. Preferred chiral |igands

are bi naghitall(salen)yrtEtalcamplex. hydr obenzoin, esters of tartaric acid, such
+)-di al kyl -.L-tartrat -)-dial kyl - D-t art nat .5 ..

(5 a6 - otarpdideRided mstal b foaRa i s gt S dfinéicvigls o

(+) - dismeghyshnmétrcttfigikaneianing tRAATBRNUY) BokrpléXed, € s-§yrhntbtAt hidlkandlamineat e

or (-)-diethyl-D-tartrate, (+)- diisopropyl-L-tartrate or ]

(-) - di i ssipeapym- (V) aompdexss, (chiralii(saten) manganesst @l icomplexes ughpal (salen)

tartrat d.. -ditertbutyl-L-t t -)-dit -Dtart >
oot s PRBELIA SRR KBl e ekl Py Bt Ubdian o
10 Pref eChethi€dliSctietyl 200HA-BGs0 i ncl ude C3-symetric trial kanol am nes,
notably of formula (1) : OH L (R HON (1) R OH wherein Ris a |ower

al kyl or aryEspecialiyrprefesrgsl enetal rghiral tligandy coapexsiserare. titapium eehiead dinl r al
lNi g?]r_]]%aogclnrsn%leixrégla%%emggp He%er%%ﬁledigihy??anr%?el ’tit1.i:1(r%|ru'|’q\J l(ﬁ/)(czo?\)mp@;(eé.Zb ): Re<R-N
The stoichiometry of the metal chiral ligand complex may vary and is not critical
for the invention.
In particular, the ratio of the chiral ligand with respect to the metal compound
may vary from 1 to 4 equivalents and is preferably 2 equivalents.

15 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

20 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

25 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

30 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. e. the pro-



R 15 (2a) wherein Ris the sane and represents a |ower alkyl or aryl, such
as net hyl or phenyl or are attached together to forma cycl oal kyl group

such as c%g is a lower alkyl or alkoxy ; R Rcrhe2ddifodSordO (2b)
20 wherein I's a %ower al kyl or NOZ ; WD 2005/ 028428 PCT/|B2004/ 003026 15

R is a lower alkyl or al koxy. These Schkff bases may forma chiral |igand

conplex with the netal, known as chiral (sal e&ymet al conplex. Preferred
exanpl es ahiraheulphidets leadead gﬁ@dh@mmtmgeﬁebb gythensompongngs ysed forsthe

C3-symet ri L. no onpl exes, C3-symetric

trial kan&rgﬁ?@c’ﬁ?ﬁ? #\lﬁtﬁ#ﬁfﬁéigg%%@gp&ghi ral (sal en) manganese (I11)
conpl exes, chiigl reftidrenime Vv ahagisiméetay) chipalnliguad, coripkdt ydépersds dirs cthes ed
in Fernandez et al. , American Chemi cal Society, 2002, A-BC. Especially

pr ef erredemeaatum ral ligand conpl exes are titanium Chl ral diol to

I | I | Th
ator ot omet 1y Oped HE RN to e Wtk CreEAbT KGES HEHS et B Rana e
critical conplek® eawﬁﬁﬁepéndldh s tbapleatempdrgturetary afactiba tehér Thus, thend
with respect to tlge metal conmpound may vary from1l to 4 equivalents and is

pr ef er ablhjglereths \t@nsﬁtaiurelsthen |Callt%fom%1rr@écmft tirae pseflvarsalyadbeclowsr thee
wator, | Rl i Riidkh o cbofiondiBie " or Ssence of water n the metal
chiral i gandasgﬁpé@mgﬁl@r tahedn iglguaaye tefrperateranivhichehs tisedi hereii ndwns a
react |100n temperature between 20-70°C, preferably of about 40-60°C, most preferably of about
50-55°C, less than two hours are generally sufficient to form the metal chiral ligand
complex. As an example, at 55°C, the metal chiral ligand complex may be formed in
about 50 minutes. At a lower temperature, such as at 25°C, the metal chiral ligand
complex may be formed in about 24 hours.
15

Introduction of a base

The asymmetric oxidation according to the invention is carried out in the
presence of a base.
Indeed, the enantioselectivity of the reaction is surprisingly enhanced when a
20 base is present during oxidation. Enantioselectivities of more than 99 % may be thus
observed. The order of introduction of the base is not critical, provided that it is added
before the oxidizing agent. The base may be introduced before or after the pro-chiral
sulphide and, preferably after the metal chiral ligand complex is formed.
Preferably, the base is introduced after the metal chiral ligand complex is
25 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
30 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,



The amount of water involved in the nmetal chiral |igand conplex may vary
from 20 0.1 to 1 equivalent with respect to the titani ' In an
especi al WO Y&PB4ed enbodi nent, the anount of water rggsggﬂﬁggﬁg%§4 to 0.8
equivalent with respect to the metal cgmpound. The anmount of the netal
chiral ligand conplex used in the process is not critical. It has however
been foundfadbigntiagioys draingse kasls tbanri@thyamine] v, Nadiisopfopylethytasipect to
the pro-chiral sul phide, especially 0.05-0,30 equivalent, and

St
pr ef er abfigethvi-ethalaging.al Egthanglaminesiang. y meg np%?ry’*blyowr‘{ah‘gg'ﬂsﬁ@rﬁ?yl'

conpl ex, . - e 0.05 equivalent may be used in the process
accor di n%tﬁy%mlﬂgﬁpﬁgéﬁt |ygénrﬁmv%'t h excellent results. The netal chiral |igand

conpl ex may e areRat of baset dddigy #stheaeacfior heixtus® shioaid hotr etcessd aldetiairor
before the pro-chiral sulphide is added to the reaction _vesinel . .Accordi ng
to oné praverbecpuseotdnakmifedt e mnaptiesrleetivitys of Hie readione i Particylgs Rn

or o w0 28087 Boaf RS Raal Q3o R FRRASES rebHRe o bR A Espociaf of e

react i onQ0esedl.5 keuivate ithend ongxt peeferablhg f 0f bto OtBeequivaleat,atasopravent toebe

chiral conplex are introduced. The reaction tine of the nmetal chiral |igand
conpl ex BEYAWRABEWS-t he tenperature. 5 Indeed, it has been found that the
reaction kinetics of the nmetal chiral ligand conplex appear to depend on

the couple tenperature and reaction time. Thus, the higher the tenperature,
t he lower th@xigasiohion time is. Inversely, the lower the tenperature, the
| onger the reaction tine is. As an exarrtgl e, .at an el evated tenperatu

whi ch as usedUTREsEG, nihieh Pracess, dasspePtafefuire, Mané v temperatyiest éPﬁBF@S of
about 40-£0€, é@%eseﬁ?éﬁ; BP' K?ﬁén ahod tco- fk%?g:’ ab eé%sérﬁi%? tf)""Bbﬂﬁr';”é g6éd
ormthe rral Irgan conpl ex. an

general ly sufficient to netal ¢
exanpl e, emdntis€lectibity.TEhialfeature & phrtigaladly dotapéstingraincbesuchriowdemperatwed 50

m nutes. At a ‘ovver tenperature, such as at 25C, the nmetal chiral |igand
conpl ex FRSpItR Iang reagtion st 24 hours. 15
15 The temperature will however be chosen such as to avoid decomposition of the

reactants and excessive reaction times.

In a preferred embodiment, the oxidizing agent is contacted with the sulphide,
the metal chiral ligand complex and the base at a temperature between 0-60°C,
preferably 15-40°C and more preferably at room temperature, that is between about

20 20-25°C.

A suitable oxidizing agent for the asymmetric oxidation may be a hydroperoxide,
preferably hydrogene peroxide, tert-butylhydroperoxide or cumene hydroperoxide,
and most preferably the Iatter.

The oxidizing agent is left in contact with the other reactants during a sufficient

25 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

30 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.



I ntroduction of a base The asymetric oxidation according to the invention
is carried out in the presence of a base. Indeed, the enantioselectivity of
t he reactworoosso2sspri si ngly enhanced when a 20 base i sPOF/E32904/00302G ng

oxi dation. Enantioselectivities of nore than 99 % may be thus observed. The
order of introduction of the base is not8critical, provided that it is added
before the oxidizing, agent,. . The base ma e introduce re. oL after the
pro-chiral ﬂl%ﬂ?ﬁﬂt 9&8’,"‘151"@ 29 I?/ﬂ&is%/é'?a‘? eﬂ'é'ﬁ’ﬁ‘%ng ?ﬁ%ﬁ/q Fogg?ﬁja%%tex
is for ”Eéﬁsﬁgﬁﬁ%r%ﬁdé ist géhetafepleterrad %‘ﬁ@%ﬁés?&éi@ﬂy pheferrell almetmtrial 0.8itgand
complex is 25 forned, and after the pro-chiral sulphide is added. In

anot her b.ﬂeeqaﬁvaienamwmmatnreferabl}oasfgeqslvalmtact ed with the metal chiral

| i gand conpl ex and the pro-chiral sul phide for few m nutes, preferably for
at least 3 mnutes before adding the oxidant in order to increase the

enant kosel ecg{*’ by According to a preferred enbodi ment of the invention, :
the base is Tntroduced at 30 the tenperature at which the oxidation
reaction is thesulghaxide farmeshduring the oxidation xedetiaromaydfpiselated accordisgbase
shoul d be soluble in the reaction mxture. Preferably, it is an organic
base, Sutgncodg/epgpnpﬂgliogﬁggregn amne. Especially suitable bases are am nes,
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triethylam ne, N, N-diisopropylethylanne, di met_hél - et hanol am ne, |
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respect to pro-chiral sulphide, especially of 0.05 to 0.5 equival ent and

nost  pr e¢RFENIZRdIN AN erganinoBaguRAUssAveNt thabtpindhertasired enaatiomer ageous. 10

such as. - 20RECQ Bl pniclfyaBiFRR0S ARG BEthe, Flertn. el NRGAGHEE .
good forms a precipitate that can be directly isolated by filtration and optionally washed
15 with water or an organic solvent such as ethyl acetate, toluene, ethanol, methylene
chloride. Advantageously, the precipitate is a crystalline and highly pure form. Thus,
advantageously, the method avoids cumbersome subsequent treatments mentioned

above.

20 Step ¢)

In accordance with a preferred embodiment, the method further comprises a
step c) 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

25 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

30 step c), Forms | and Il 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,



enantioselectivity. This feature is particularly interesting since such | ow
tenperatures result in long reaction tinmes. 15 The tenperature w |l however

be chosen S#@EA)&? 8to avoi d deconposition of the reactaptg/8ssbsPnessi ve
reacti on"{q o i preferred enbodi nent, the oxidizing agent is contacted
with the sul phide, the netal chiral |ifand conplex and the base at a

t enper at yre bet ween 0-60C referably 15-40C and nore, preferably at r.gom
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respect to iqhe Bﬁ enanti osel ectivity of the reaction. However, an excessive
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anount of oxidizirng agent o ss than 2 equivalents relative to the anmount
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be the process.

15 Thus, preferred crystallization solvents are alcoholic solvents, and mixtures of
organic solvents with water, more preferred are mixtures of organic solvents with
water, most preferred are organic solvent mixed with up to 40% water. Are
particularly preferred mixtures of organic solvents with up to 25% of water.

The product obtained in step b) if needed may also further be enantiomerically

20 enriched. Such methods are known in the art and include notably preferential
crystallization.

Thus in a particular embodiment 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

25 () 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.

30 An appropriate method for the preparation of lots of modafinil having bounded
defined particle diameter range is notably disclosed in WO 2004/006905.



crystallized in an organic or aqueous solvent to obtain the desired
enantioner. According to an advant ageous aspect of the invention, the

obt ai ned Wz‘ﬁ@:%‘isgfs forms a precipitate that can be di reg&lm&&g)oggo%l by

filtration ana optronally washed 1s with water or an organic sol vent such
as ethyl acetate, toluene, ethanol, nethylene chloride. Advantageously, the
precipitate is a crystalline and highly pure form Thus, advantageously,
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product and/or to produce a desired pol ynorphic formand/or to inprove the
25 enant i onefThe enardisners ohmodafinjetanid endhe iaster thenewfopbtaineashbyithe |abovewi t h
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di scl osedpaAsoraBrexanpl e, (-)-nodafinil obtained under formll may be
converted into forml by a crystallization 30 step c), Forns | and Il being
as defined i hhuwe HDEHCOGIBES. Withea rarticular iembodimenty ebters 20fr medadnic aeid

organi c salvents optiopally i dm xture wth ter. i.tabl e. organi c
solvent Br@Tongr fnay Benverted ifiecthe caresrondify iadafiyy Sagiiae y an
PCT/ | B20@ i@ feactidnt Rbfiblywite @nsAbiiant s, pol ar and aprotic solvents and
m xtures thereof, or mxture with water. Exanples of al cohols include

met halfol , et h@hek, Mmdaininacidimaypbe sonverted inde modafinilmut anol , 2

nmet hyl - 1- but anol nzyl alcohol . 5 Anong.the. chl orina 0 t

G chi or ot hane s Tating pf Fh GarooRuisaog NG ahy SERRRCMEEE such as.
net hyl et hyl ket opst, exaP@fleansineeadtich kit ad OltRvermakyPealdBRbi, e hredsmdty dfhe
et hers, tetrahydrofuran, dioxane, nay be nentioned. Other suitable solvents

can be readily dinethyisubfateylhenebtaited earrespondingester may then be transformed
by
15 - amidation of the resulting ester by any suitable method, notably in presence
of ammonia.
Such methods have been disclosed notably in US patent n° 4,927,855.
In accordance with another particular embodiment, the enantiomers of the
sulphoxide compounds of formula (I) wherein Y is CN may be converted into their
20 corresponding amide, that is a sulphoxide compound of formula (I) wherein Y is
C(=0)X, X being NH,.
This conversion may be realized by any suitable method known in the art.
Examples of such suitable methods are notably oxidation or hydrolysis of the nitrile
group, for instance, by catalytic phase transfer with peroxides or by basic or acid

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

R2a
ﬁ R2a
CN o 0
O Se, .. < l )k
Ria (CHy), [o] S< NH
—2 ~ Ria (CH,), 2
R1 Q or hydrolysis
R1
R2
(lc) R2

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

diphenylmethylsulphinylacetonitrile enantiomers, for example by oxidation with



10 Surprisingly, it has been found that the presence of water in the
crystallization solvent allows to reach an enhanced enanti oneri c excess and
purity. I"MO3eR$2$BH a crystallization step using an of§FABRZOUNIEHt / wat er
m xture produce a polynorphic forml aﬁd advant ageously allows to reduce

t he vol une of organic solvent utilized Tn the process. 15 Thus, preferred
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wat er, rajkaliner edralitians crrals@byaliect basicartaaidig dydidlysis.up to 40% water. Are
particularly preferred m xtures of organic solvents with up to 25% of water.
The product obtained in step b) if needed may al so further be
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D

met hod may further be cénvgrted into tRAeyromeirgsporkiig g de, that is
nodafini | enantiomer® s, in accordasletiomi th a part Ncul ar enbodi nent,
esters of nodafinic acid R2

10 (lla)

R2 (la)

Preparation of sulphides of formula (lI)

Sulphides of formula (ll) 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 (lib) wherein Y is C(=0)X and X is ORs.
R2a R2a

R2 R2
(Ilb) (lla)
The sulphide of formula (llb) may be prepared from an appropriately substituted

benzhydrol :



enantiomers may be converted into the corresponding nodafinil enantioners by
an amdation reaction, notably with ammoni a. 10 Hence, nodafinic acid may
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A 4

O]

wherein Y is C(=0 X, XRQe NH2. Thi s converrsi-&
sui tabl e met hod known in 't &8 Exanpl es of such 'gyi t abl e net hods are
not abl y oxi dati on or hydrol yS|§ of the nitrile group, for instance, by
catal ytic phase transfer with peroxi des or by basi!®) or acid 25 hydrolysis
wi th an appropriate inorganic base or acid in mld experinmental conditions.
RRa 0 RRa S CNO Rla (CH2)n S~ NH ~~) W (CHz)n z Rl or hydrolysis Rl
R2 (Ic) RZ2 Inl&gcordance withea pesfierred @nboﬂum@merthefsulpﬁnarbmsﬁformala um)ps épsr ed
from di pheny| met hyl sul phi nyl acetonitrile enantioners, for exanp|e

oxi dat | GFHIBNKR WhereiDsRo2das FeciResat 003624, so called dlphenwmefhy'th'o-

5 acetamide, which may be prepared from sulphide ester of formula (lIb), in which Rs is

alkyl, preferably (C4-Cys)alkyl, notably methyl, so called methyldiphenylmethylthio-
acetate (MDMTA).
Such sulphide ester of formula (llb) and notably MDMTA may be prepared from
benzhydrol.
10 In a preferred embodiment, MDMTA is prepared according to the method
comprising the steps of:
a1) 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
15 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:



21 hydrogen peroxide in the presence of tetrabutyl anmoni um hydrogen sul fate
in alkaline conditions or also by direct basic or acidic hydrolysis. In
accor danorovidsh2enet her enbodi nent, the nethod accordi ndGIHBRE/PHZENt i on 5
inplenents a sul phide of formula (11), wherein Y = (=0 X, X being NHCH,
which may be prepared according to anyBSU|tabIe met hod known in the art and
notably to the nethod disclosed in US 4,098,824. In accgrdance wi th anot her
enbodi e t he met hod accordigg~to the invention inpl lts a sul phi de of
wherein Y is C( and X is N\Hz. RRa Rz Rla~ S, (CH )~

"NHz 1o) R Qo) Nz ASyrmetPie @i R-_owydation [R2 10 5’

(la) Preparatijon of sul phides of f W:Ia(ll) Sul p 5~ ofsf'o (II) may
s i ‘ i s By of exanpl e,

grimula (l11a) may belkprepared fromthe correspondi ng sul phide

of formula (I Ib) wherein Yis C(=0 X and Xis ORS. R2a RRa S, NH2 Rla

~(CH2) " OP&ZREEe!(OH2) n Rl RbengRgdrzarboylaly) (11a) The ¥BM3Ai de of fornula

(I''b) may be prepared from an appropriately substituted benzhydrol:

NH, O Asymmetric Oxidation O
————— -

NH
2 NH
(7Y oA

(-) benzhydrylsulphinylacetamide
(+) benzhydrylsulphinylacetamide

diphenylmethylthicacetamide

Other routes for preparing diphenyimethylthioacetamide may be used.
5 By way of example, diphenylmethylthioacetamide, also called benzhydryl-
thioacetamide, may be prepared from benzhydrol according to a process comprising :
(1) 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 benzhydryithiol with chloroacetamide to form 2-

(benzhydrylthio)acetamide.

This process is illustrated by scheme 1.

NH,*X-
Ph OH . S——< Ph SH
\( 1. Acid Y Base Y
Ph 2. Thiourea Ph Ph
0]
Chloroacetamide Ph\(s\/hNH
2

Ph

15 Scheme 1



20 WD 2005/ 028428 PCT/ 1 B2004/ 003026 22 R2a R2a (CH2), ORS Rl / OH Rl R1
R2 Rz (1lb) 1In accordance with a preferred enbodi ment, the sul phide of

formul a (WoahedesdBe sul phide wherein R, R13, R2, R2a apeT/ts2004/6030%, SO
cal | ed di phenyl nethylthio- s acetam de, which rmay be prepared from sul phi de
ester of forrmula (11b), |n which RS is 24l kyl, preferably (G -C4)al kyI

not ably met hyl, so caII | di y thlth 0- _acetate )

sul phi de estg} the alema '?{e(l 'Bﬁeaw&‘%@\( n'ﬁ‘? b eprpé%ﬁ?r@gA fbryo
benzhydr Hel dtefls grodi ment , I\/DIVITA is prepared according to the
met hod Loﬁgr%?g#)nﬁ ege['fstepsgof al’) conversion of benzhydrol into

benzhydryl céb) hnnyéﬂlhg therhydrondyl grouy ef benzhydrolistzayemving geaupoxyl ate into

MDMTA. These nmay he effected by any appropriate nethod,

preferably F‘éﬁg}')&ltﬁ aﬂ’ig {‘)’ffj F}:{PE Her f or med according to the method

disclgsed in WO 20Q#/ Qﬁgqﬁl@ q é\ﬁ neifiPicacetBfifd, br] enantiomers may be
t ollo

prepared according to W ng reactl on steps: WD 2005/ 028428

PCT/ | B2004/ 003026- 3toChiky) dipienyiethylttbsnetate amchtherdindd diphenyiraetiylthio-
car boxyl ate NMDMIA N'él%eta%mt“ c Oxidation S,-yNHZ 09C NHZ

This method is illustrated by scheme 2

HS- CHZ-CONHZ
/\n/NH

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 methanesulphonyi- 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 chioride.

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

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



O O di phenyl met hyl t hi oacet am de () benzhydryl sul phi nyl acet am de (+)
benzhydryl sul phi nyl acetam de Qher routes for preparing

di phenyl meonkgdstas42acet ani de may be used. s By way of exdigl/B2004/003026

di phenyl net hyl t hi oacet am de, al so called benzhydryl- thioacetam de, may be

prepared from benzhydrol according to a25pr ocess conprising : (1) reacting
benzhydrol w i ichd i ; b d
S- benz hydry%i%oﬂ?@ﬁ%t%ﬂnégla?ﬁ?’ ?%ﬁgpg@l‘céﬁﬁggﬂ? ge %%?H&Mrﬁ tpﬁ?%%rreon%n? salt

w th a spiccebs eobmgsizingtifeostaps bb: benzhydryl thiol ; (3) reacting the

benzhydryl thiol w th chl oroagcetan d o form2- (benzhyd rylth io)aceta

i de. This procedgasting BPU%W‘%?'@H'“E9ﬁ@j§hl9iggfcij]§ﬂr'ié' tﬁe ‘?—%.S@gqppﬁ&%‘"ﬁtﬂc'

/' S--<" N Base S%}%Ph 2. Thiourea Ph Ph 0 Chioroacetam de Ph~S NHZ Ph 15
0

Schene 1 WO 20 28428 PCT/1B2004/003026 24 In the alternative,
di phenyl net hyd t heactireg dhedelkyjpheaymethyitiRidabgtatd eobtpirsek yethc @mpmogiangas he

steps of : (1) converting the hydroxyl group of benzhydrol into a |eaving
group ; (2) co'ﬁ\}%tlr?'ieﬁgbfﬁg‘%?éi ned product 5 - directly into
di phenyl met hyl thi oacet ani de,, or, - intg.al kyl di phenyl methylthj oacetate and
then into di pfenyl netwsyTtyfo- acet ani -@ his method is iIIuted by
schene 2 0
—— NH
O OH Lewis acid S/\ﬂ/ 2
o)
Benzhydrol Alkyldiphenylmethylthioacetate
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 :

s _COOR s\/U\
CI-CH,-COOR ~ NH, NH,
SH———» —

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.



| ~ HS-CHZCONH2 OH LG | S~NH2 Benzhydrol Di phenyl net hylthi oacetam de

HS-CHZ COOK NH3 O jIl , "OR LG.eaving group ~O0 R = alkyl io0o Schene 2
Under t haypooédo2sigavi ng group” is understood any group popiBION0EBe2¢ €MOVeEd
easily by a nucleophilic reactant. Leaving groups may be selected fromthe
group consisting of hal ogens, such as el oro- and brono- radicals, or

sul phonyl groups, 15 such as nethanesulphonyl or p- toluenesulphonyl

radi cal s, or!BBdracess isdiivsiraied pyschema step of this process may be
realized by a met hods known_fromthe person skilled in the art. As an
exanpl e, the oxyl group p enzhydrol may be cony ed intoahloro- or
bronmo- radica\ by reacti n% bepzhydrsk _wetwh thionyl c de or tlhionyl

bromi de. 20 As an exafpt the hydroxyl gpaeton @fydbsiszRydr O beaHgconvert ed
into nmeth anesufp a?group to p-toftuenesul phonat gl group by reacting
benzhydrol rgspectively with lesul phonyl chloride @
p-t ol uenesul p yl chloride. As a xanpl e, the hydroxyl \grgup of benzhydrol
may be convert®ed into an acetate radical by reacting benzhydrol with acetyl
chl oride or acetic anhydride. WO 200}? cRERA28 PCT/ 1 B2004/ 003026 25 As a
further alternative, diphenyl nmethylthioacetam de may be prepared by a

process conprising the steps of : - reacting benzhydr ol with
al kyl t hi ogly olatel t he presence of reacting the
Lyl i phanyReeRTHin Fh GReUR IoRsss, deReryimeiifostafie may B brebirs

by the process comprising the steps of :
(1) reacting benzhydrylthiol with a base, such as potassium hydroxide ;
(2) reacting the obtained product with a methylene halide ;
(3) reacting the obtained product with a cyanide salt ;
10 (4) oxidizing or hydrolyzing the obtained diphenylmethylthioacetonitrile into
diphenylmethylthioacetamide.
This route is illustrated by scheme 6 :

1) KOH ! \)J\
SH oxidation or hydrolysts

2) X-CH,-X

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 NHs.

This route is illustrated by scheme 7.



illustrated by schenme 3. QHSYOR O OH Lewis acid SSOR NH3 S~-NH2 O O
Benzhydrol Al kyl di phenyl net hyl t hi oacetate Schene 3 10 Preferably, the Lewi s
acid i s onoeos/som ZnCl 2, ZnBr2, zZnl2. Di phenyl net hyl tROTH280409826 nay

al so be prepared from benzhydrylthl ol. In that case,

di phenyl met hyl t hi oacet am de is prepared Zhy a process conprising the steps
of : (1) reacting benzhydrylthiol wth al kyl chl orgacetate, and, 115 (2)
reacting the obt@ ngd al kyl di phenyl net hyl t hi oacet with a nia. The
process is illus ed Ry sehgye PC: 0 s Mdpon | - Ctiz NH3 NHz SH
R= al kyl Scheme 4320 Afiottter possibility is to prepare NH,

di phenyl net hyl t hi oacetlam de by a process conprising the steps of : (1)
reacting benzhydrylt wi th chl oroacetonitrile, ang oxi di zing or

hydrol yzi ng the obt. g diphenylnethylthioacetonitr nt o

di phenyl net hyl t hi oa 2005/ 028428 PCT/1B20041003026 26 This
process is ill usl?ﬁ"ﬁrtylg‘ath’ﬂfg}“%e&“na . s\/CN O -CH2 CN oxidation or hydrolysis
S\ v x NH2 SH Schene 5 Scheme 7

Finally, diphenylmethylthioacetic acid may be prepared according to the route of
5 scheme 1 to 6 notably.

The invention is illustrated more in detail by the following examples.

EXAMPLES

Material and methods

Determination of the enantiomeric excess in the examples and comparative

examples

15
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
20 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
25 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]Jacetamide : 8.3 min.



s According to anot her process, diphenyl nethylthioacetam de nay be prepared
by the process conprising the steps of : (1) reacting benzhydrylthiol with a
base, such as potassium hydroxide ; (2) reacting the obtai ct with
a met hyl eNO 2081928828, (3) reacting the obtained product mf%h@%%ﬁ%ﬂ e salt ;
10 (4) oxidizing or hydrolyzing the obtajned di phenyl nethylthioacetonitrile

into diphenyl nethylthi oacetam de. This route is illustrated by schenme 6 SH
1) oxi dagt on or hydrolysis NHZ (%14CN \' I S2) X-CHZ X 3) NaCN X at X
bei ng hal ogen atons Schene 6 nal Iy, di phenyl net hylthi oacetam de nay be

prepared froRPHMAEHiaRAHH- (Zﬁﬂx‘bﬁd@m)c acid by the process conprising :
(1) reacti nggq%mg%er&wghtohboacetl c acid with an hal ogenati ng agent such
or

as thionyl carboxylic acid activating agent, and 20 (2)

reacting theEpkinti isegrapanducéthandleMii8. This route is illustrated by schene
7. WD 2005/ 028428 PCT/ | B2004/ 003026 27 sod2 NH3 S ZIJ1SZCOOH / | o NHz \

| \ Dfphenyl ﬁ‘@ﬂ"hﬁ ¢hindépiBt i ¢ aci d Schene 7 Finally, di phenyl nethylthioacetic
acid may bew éj‘ ﬁﬁlfngtotheroute of 5 schene 1 to 6 notably. The
|nvent|on|5| ate nore in detail by the follow ng exanpl es.

As an example.
- Retention time for the (-)-2-[(diphenyl)methylsulphinyllacetamide : 27.2 min.
- Retention time for the (+)-2-[(diphenyl)methylsulphinyljacetamide :14.6 min.
10
Determination of the purity in the examples and comparative examples

The purity value in each example is defined as the ratio of the amount of
enantiomers obtained afier filtration with respect to the total amount of products

15 present. Studied impurities measured were mainly the unchanged parent compound
(pro-chiral sulphide) and the sulphone resuiting from an over oxidation during the
process, potential degradation products, intermediates of the synthesis of the pro-

chiral sulphide.

20 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 pm)
Oven temperature: 25°C
25 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 A = 230 nm (column Zorbax RX C8) 220 nm (column Zorbax
30 Eclipse XDB C8)

As an example (column Zorbax RX C8):
- Retention time for the 2-[(diphenyl)methylsulphinyljacetamide : 8.8 min.



EXAMPLES 10 Material and nethods Determ nation of the enantioneric excess
in the exanples and conparative exanples 15 The enantioneric excess val ue
i n each axenpisghyen above gives an indication of the RE/IB2OMOINBOUNt S Of
each enantioner obtained. The value is defined- as the difference between
the relative percentages for the two en&htiomers. The enantiomeric

i gn_per f or manceREIequPh (B S8 ar LpRPelipret FnkfaR@ias: LG8 Conai ti ons
t Colum: AGP (1REwhtiBnmime fdtithe ﬂ(él’ph@ﬁnwﬁé&tywmhdﬂﬂ]débmtje :Skpdb wmin.,
acetate + 0.5% n-butanol 25 Fl ow m n Wavel ength: DAD A. = 230 nm

As an exanple: - Retention tine for the

(-)-2-[(@' Q@@g%%@&ﬂésul phi nyl ]acetamde : 6.5 mn. - Retention tinme for
the (+)- f t hyl sul phi nyl Jacetam de : 8.3 min. W 2005/028428
PCT/ | B2004/ 003026 28 or, Columm: chiral pak AS (250x4.6 mm Oven
tenperature: 40C El uent: isopropanol / ethanol 85/15 5 Flow. 0.45 m/mn

Wavel engt h: Aspmmetrigsynthesisof{He2-(diphendmeatid)sulphinylacetamaide
(-)-2-[(di phenyl) et hyl sul phi nyl]acetam' de : 27.2 min. - Retention tinme for

the (+)-2-[(di phenyl) net hyl sul phinyl]acetam de :14.6 mn.
General procedure for examples 1to 16 :

Diphenylmethylthioacetamide (7.70 g ; 0.03 mol ; 1.0 eq) was dissolved in the

10 solvent (77 mL ; 10 vol.). To the solution were added (S,S)-(-)-diethyl-tartrate (1.23 g;

0.006 mol; 0.2 eq) and titanium (IV) tetraisopropoxide (0.85 g ; 0.88 mL ; 0.003 mol,

0.1 eq) and water (27 pL minus the sum of water present in reactants and solvent

already introduced ; 0.0015 mol ; 0.05 eq) at 55°C. In these conditions, the resulting

chiral titanium complex has the stoichiometry (DET/Ti(OiPr)s/H,O : 2/1/0.5) and

15 corresponds to 0.1 eq with respect to diphenylmethylthioacetamide. Stirring was
maintained at 55°C during 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).

20 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.
25

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

30 diphenylmethylthioacetamide was varied from 0.05 to 0.3 equivalent, the
stoichiometry of the chiral titanium complex DET/Ti(O-iPr)s/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.



10 Determ nation of the purity in the exanples and conparative exanples The
purity value in each exanple is defined as the ratio of the anpunt of

enantioners obtained after filtration with respect to t
product s W@300502&28t . St udied inpurities neasured were
parent conpound (pro-chiral
over oxidation during the

proce

ss, potent

i al

et 5

sul phide) agg the sul phone resulting froman
degradati on products,

nt of
changed .

internedi ates of the synthesis of the pro- chiral sul phide. 20 The purity of

t he obt 1L phoxi de has—been determ-ned by Hi-gh—Perforrmance—Liguid
Chr onat j)glEéﬁWy ( Hrteojury F@ERPIEXE | ol PEAIE ng |coeli i ons: Pegium{| zo RX| C8
(150x4. 6_nm_ 5prauiphide deauivatent) psd (166X 4 md%b _pm| Oy die)
tenperaturel 25C 25 EOBM1: A = wat €03+ 0.|1 9005 f lluore®8ei i c {aci 888 =
nitrileflacetate + 0.1 %¢trifluoroaceticadi ' dient—of 90%A-to
100% B {n 2 nijnutes OA%N 1 n | ni 8-8Rvellen®H6 DAD x >=9830 nm (88 Um
Zor bax Rx—-E&3—220 “m{{)ccd HHm—Zerpax—3o—EaHpse—XBB—E€8) é\a ah exarf&'éc

(col um| Zorbax |RX C8).'1- /*F‘Qetenti on O far t?g >

2- [ (di plrenyj)methytsuRmiEAYT acetampd 878 I’T§ D WO 20@’ 28428
PCT/ 1 B2004/ 003026 Zgbw%ﬁ;tenti on tifne forl the 3 954

2-[ (di pherey|3 sraftidndiobresdsam de :11.8 min. - Retention tinme for the

2-[ (di phenyl ) et hyl sul phonyl ] acetam de ; 10.5 mn. EXAMPLES 1 to 16 5
Asymretric synthesis of (-)-2-(di phenyPBBthyl)sul phinyl acetanide General
procedure for exanples 1 to 16: Di phenyl nethylthi oacetam de (7.70 g ; 0.03
nol 1.0 eq) was dissolved in the io solvent (77 nL ; 10 vol.). To the

sol utison wer agsriméRisS) td 4) itk ehimtiosktisctiviey wvasled@l®mr superior to 92 %, and
increased up to more than 99.5 with the amount of titanium chiral ligand complex
involved in the reaction mixture. The purity was superior to 99% except for the lowest
ratio titanium chiral ligand complex/ diphenylmethylthioacetamide. Yields were

superior or equal to 88.4 %.

10
Example 2 : Influence of the amount of water on the enantioselectivity and the purity
of the asymmetric oxidation
In this experiment, the amount of water was varied with respect to the titanium
15 tetraisopropoxide from 0 to 1 equivalent, all other parameters being as defined in the
above general procedure. Notably, the ratio of the titanium chiral ligand complex was
maintained at 0.1 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 > 99 92
3 0.8 94 > 99 88
4 1 91 99.5 90
20 E.e. = enantiomeric excess ; - = Not determined

Table 2



0.006 mol; 0.2 eq) and titanium (1V) tetrai sopropoxide (0.85 g ; 0.88 nL ;
0.003 nol; 0.1 eq) and water (27 L mnus the sum of water present in

react ant waendsezs4sent  al ready i ntroduced ; 0.0015 nol PCHIBH04EY302¢ 55C. |In
t hese conditions, the resulting chiral titaniumconplex has the

stoi chi onetry (DET/Ti (Q Pr)4/H20 : 2/1Pb.5) and 15 corresponds to 0.1 eq

W th respect di I “éi\ﬂl J t am I L ng San "BHaLel t 55C
during 50 mTrll'Letggs.rg%ﬁ{%rslﬁgoo |ﬁgé€§ﬁ§o%mosl g’ﬁpéﬁ a‘é’é{reg ?%Cﬁm Wer%taacg’gcejtg%to

t he ni xtanaatiodélestivityopl thet redatiohn@h(8, B2 besDehantibseléctMi@snwere @chievgld and
cunene hydroperoxide (4.55 g ; 5.0 nL ; 0.03 nol ; 1 eq). 20 Affer

cont act WRETH @R af@oabbgfg waterhésad comerised hegwees ) fiansd 8-& %@%@b&i&%@m
filtrati I Lo ; SdJTE e rdsuaied rga Wi th
t he con&%[hpgﬁ%’ t%?%i@'g%#&?@'%@g%durrééblg,;{nmg@%éﬁg paerﬁ;rre et(r?sﬂa fiffty

i ndi cat egiperiot abkggallio BBY% andhiginpietisl(88% nfd2%6)werebbtaimeed: ati o of the
titaniumchiral conplex with respect to the diphenvl nethylthioacetam de on
the enantioselectivity and the purity of the asymetric oxidation In this
experi I. af 4.0 he ti | ueachi QNP e e 30
di phen;%élggi'ﬂ e. hé B S 'sR)e_? . 3 tf’ew

st oi chi queity vf tHe ad\enmbtricabxitiatieni um conpl ex DET/ Ti (O i Pr)4/water : 2/1/0.4
being naintained constant, all the others paraneters being as defined in

t he above general procedure. Experinments were performed in toluene. WO
20051028428 ARCTépB2aD4n QaIB628, eRperitnents WietarperforowmtbirexariGsakelvEnts. theurity

RS S LB B ot e S 3 °3 S et S 1
92 95. 57 95gfiyE ¥ = CHANERPTET T EXEEES(%) Purity (%) Yield (%)

1 Toluene 99.4 99.7 80

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
15 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%.

20

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

25 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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These re&@- t'ser@%%rﬂ%ﬁl‘ceﬁ% anount of water had an effect on the

enantiosel ectivity of the reaction. Thyge 4he best enantioselectivities were
achi eved when an anount of water used conprised between 0.4 and 0.8
equi valent. On the opposi te t he enanti osel ecti vity drops notably in the

absence of \A@Bﬁaﬁnﬁéﬂp r! tx qtlgsroa erior or e t.o 99% ?‘@gd |t$§yl_gel ds (88%

929 were d Yiglds y&iee ?'“?H@Snr &“ol vent on
the enanti osgl g6lladddte? MgHdiCendiitidsklechiitibs >269MYB4dd fovidr Bald<(73.5 %-

79.2 %) were obtained with triethylamine and diisopropylethylamine. On the opposite,

in the presence of diisopropylethylamine and triethylamine lower enantioselectivities
(93-94 %) but higher yields (around 90.3 %-92 %) were observed in toluene.

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

10 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 asymmetric oxidation

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

diphenylmethylthioacetamide.

Entry Base Amount of Solvents |E.e.(%)| Purity Yiel” |
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 >99.5 79.2

5 Triethylamine 0.2 ethylacetate 94.3 >99.8 78.6
E.e. = enantiomeric excess

Table 5

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

was weak (66% — 74 % range).
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10 catalyst and the base increased the enantiomeric excess by about 5%. As an
example the enantiomeric excess increased from 94.1% (no contact time) to 99.5 %

(contact time of 3 minutes).

Example 6 : Influence of the temperature of formation of the titanium chiral ligand

15 complex on the enantioselectivity and the purity of the asymmetric oxidation

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

20 enantioselectivity and the purity obtained were compared.

Entry Temperature E.e. (%) Purity (%) Yield (%)
(C)
1 25 65.6 > 99 63.5
2 50 >99.5 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
25 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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1 10 87.5 >995 79.7
2 30 91 99.5 79.2
3 50 99 >99.5 79.2

E.e. = enantiomeric excess
Table 7

A time of formation of 50 minutes is necessary and sufficient to obtain an

15 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.

20
Entry Temperature (°C) Time E.e. (%) | Purity ( %) | Yield (%)
1 25 50 min 65.6 > 99 63.5
2 25 1hr 78.4 99.1 72.0
3 25 3 hrs 86.4 994 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
10
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
15 (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

20 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.



defined in the above general procedure. 10 Entry Time (mnutes) E. e. (%
Purity (% Yield (%9 1 10 87.5 > 99.5 79.7 2 30 91 99.5 79.2 3 50 99 >
99.5 79. 2 b Bsomeyianti omeric excess Table 7 A tinme of penfiBbde@Mesdbs 5O

m nutes i S necessary and sufficient to obtain an 15 enantioselectivity
close to superior to 99 %as well as a pgrity superior or equal to 99.5 %
As reported in table 8 showing the results of experinents perfornmed at 25C,
a prolonged reaction tine of at least 24 howrs was required to formthe
titani um chi r&ntry| i gdirae dovwputes) andE: 8- E6hi ey ePHMBECkr | enantields@ect i Vi ty.
20 Entry Tenperature (S —FmeEt—(AHgurty—< 9/@ gi et m n
65.6 > 99 63.512 25{1 hr 78.4 99|1 72. 3 2b 3>hr9s 86. 1 99.47 1.6 4 P5 8
hrs 89.6 99.0 75.8 |5 254pF hrs 92.2589.& 74]/6 692 24| hrs 94427 97.0 85.5
E.e. = enantionericlexcess Tablel8 WO 2005/028428 PCT/ 1 B2004/003026 35
Exanpl e E.e. ¥ ehantiomeriobxcess 1 tEp@Q@Huvas diluted dn ethyliacetater eacti on on the
enantioselectivity and the purity of zhgl a,,sq/n’metri c oxidation The oxidation
step, corresponding to the introducti A6t he oxi di zi ng agent, was 5
carried out at a tenperature selected fromOC to 55C in ethyl acetate as
solvent, the other paranmeters being as defined in the above general
procedure. The addition time of the oxidizing agent did not have a significant influence on

the enantioselectivity or the purity.

Example 10 : Influence of the nature of the chiral ligand on the enantioselectivity

and the purity of the asymmetric oxidation

10
Table 11 reports chiral ligands and the solvents assayed, the other parameters

being as defined in the above general procedure.

Entry Chiral ligand Solvent E. e. (%) | Purity (%) | Yield (%)
1 (S,S)-(-)-DET ethyl acetate 99 >00.5 79.2
2 (S,S)-(-)-DET toluene >09.5 >99.5 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
15 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

25 were as defined in the general protocol above.
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1 0C99.7 99.7 52.6 2 10C 99.5
99.7 65.0 3 20C 99.5 99.8 73.9 4 25C 99 > 99.5 79.2 5 55C 94.3 97.8 81.8
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10

15

E.e. = enantiomeric excess; DET = (S,S)-(-)diethyl tartrate;

Ti(OiPr)4 =

CHP= cumene hydroperoxide.

Table 12

titaniumtetraisopropoxide ; SA = sulphide amide; Et3N = triethylamine;

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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Table 13

The global yield of the reaction was 76.8 %. The contact time between the
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
10 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

15
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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5 Results reported in table 14 showed that the enantioselectivity of the reaction
was high, 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 equivalent of oxidant with respect to the
sulphide amide (1 equivalent) were added in the reaction mixture. For 1 equivalent of
oxidant, the percentage of sulphone detected was as low as 0.02 %. The amount of

10 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

15 In the general experimental protocol defined above, the quantity of chiral ligand
[(S,S)-(-)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/Ti/H20 E.e (%) Purity (%) Yield (%)
1 2/1/05 994 99.7 714
2 1.5/1/05 94.8 99.7 76.9
3 1/1705 69.4 - -

20 E.e.= enantiomeric excess; DET=[(S,S)-(-)diethyl tartrate; Ti = titaniumisopropoxide;
= not determined
Table 15



4 3 hrs 98.8 99.78 0.06 0.15 5 4 hrs 97.0 99.73 0.07 0.16 6 5 hrs 96.4
99.83 0.07 0.09 7 6 hrs 96.8 99.82 0.07 0.09 8 20.5 hrs 95.5 99.77 0.10
0.12 9 ¢ boSoa$ 99.85 0.08 0.07 10 48 hrs 94.2 99. oTABID4008B6 E.e. =
enanti onmeric excess Table 13 The gl obal yield of the reaction was 76.8 %
The contact tinme between the 5 oxidant40and ot her reagents weakly influence

the enantiosgl ectiyvit f.the react| i,ch.is j ght | WM h
e ait houdih Paralraiettiy Hasaeos % op el thantd find o HERESRBEHLS

(i ncr eagyong, WeRTHBIRE] #rtDciifal igafie titdribnt tomplekgtoichfinedtsy il theld BI0S

am de increased slightly fromO0.04%to 0.1 %over a 48 hour period while

t he sul plA/4.2range.decr eased fromo0.28 %to 0.1 %wth time. The best i0
rati os of enantioselectivity over purity were obtained within 3 hours post
the oxidant introduction in the reaction mxture. Exanple 13: Influence of

the quanti tE@m@éi@@rﬂe@adwsmmbghﬁﬁéﬁw SMdatish rddégourity of the
asymretric oOXidatron n e general éxperinental procedure defined above,
the quantity of oxidant was varied between 0.9 and 2 equivalents with
respect to the guantity.of hi . de. n 1 equl yal )
sol vent used &%Phyﬁ%ﬂﬁéPi%&aé%%ﬁ% %ﬁ@%'éﬁé@ﬁb%%w%&ﬁﬁh ry
CUOCH | thpatefimidbyaddSiined @ theSyensiall @rotoebHabeve Misigssarbed répeatedip mm de
%% 1 0.9/ 1 99.2 98.88 0.08 0.91 72.8 2 1/1 99.6 99.88 0.02 0.10 72 3

1.1 / 1 foor separatsyerparimenis in ety agefgte ugedmsolyenty. 70 <DL 67. 8
10

Entry E.e. (%) Purity (%) | Sulphide Sulphone | Yield (%)
amide (%) | amide (%)
1 99.6 99.84 0.10 0.05 73.3
2 99.6 99.86 0.05 0.09 74
3 99.6 99.79 0.13 0.05 73.9
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

15 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

20 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

25 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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Results indicated that the protocol may be applied to the compounds, giving a
good enantioselectivity as high as 92 % - 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. VIIl, 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



Entry E.e. (% Purity (% Sul phide Sul phone Yield (%9 amde (%9 amde (% 1
99.6 99.84 0.10 0.05 73.3 2 99.6 99.86 0.05 0.09 74 3 99.6 99.79 0.13 0.05
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~shown in %&?@W&?zﬁohe reproducibility of the results i s%ﬁi%é‘ﬁ 8310%5

enantiosel ectivity was repeatedly foundgsuperior or equal to 99.6 % and the
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aqueous solution of chlorhydric acid 4N (pH = 1). The precipitate formed is filtered on

10 a fritted glass, rinsed with water and then dried in vacuo at 35°C.

Comparative Example 1 :

Enantioselectivity of asymmetric oxidation of sulphides of formula (II) with n = 1
according to X = -NH,. -OCH3, -OH

15
The above general procedure 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 % Converosion 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

20 Table 18

Comparative Example 2 :

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

of diphenylmethylthioacetic acid

25
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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descri bed above: ne & ocedure 15 qdd)atl on G%\fé? E)g'er%ll[ﬂ%) accor dance

wi th the net hod 1OX! ddan—et—al Qﬂﬂfu— ~Sy-ht .e)sec Jahn Wl ey and
Sons INC. ed., 1993; voll. Viil, |464- 4670 water (0.27 m_3o 015 ol , 1.0 eq)
was added dropw seat gum Lenptrouure SGZUL) tQ a sol om of
diethyltartrate (DET) (6.19 g, Q.03 nol; 2.0 -eqg) and titanium (IV)

i sopropoxide (4.6 g, 4443 ni, Q.015 rmﬁo 1.0 eq) in 128 nL of gnhydrous 20
met hyl ene chloride, _under nitroden Stirring wad maintained untill the yellow

sol ution becanme hompgeneous (30 nin) af@bleH@ sul phide (0.03 nol, 2.0 eq)
was added. The WD 2005/ 028428 PCT/ |1 B2004/ 003026 42 solution was cooled to
-30C and | ef n. contact for 50 m utes at 0C. Then, ne hydro I‘OXI de
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t he fid t eanatiosalectivity oﬁmmmﬂdnngcwdmgetostbew{awnceepm@edurmd As an
exanpl e, when the suiphoxide of diphenyl nethylthioacetic acid was
generated, the conpound was extracted wwth 3 x 100 nL of an aqueous
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clarcel, aci y a ion of 150 nL of an aqueous solutlon of
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fritted gl t d t he d t 35C. Co t
Banpl e EranisslediRy of iealiBy ern% SR Gehlc 56 S oommarative
formyja (I1) with n =1 accordl ng to X = -NH2, -OCH3 -CH

The above general procedure for comparative examples was applied to
diphenylmethylthioacetic acid by varying the stoichiometry of the chiral titanium
complex (S,S)-(-)-DET/Ti/H20.

(S,S)-(-)-DET/ Ti/ Ee (%) Conversion rate
H,O (%)
2/1 1 50 92
2/1/0 0 97
4/11/0 0 97
15 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,



15 The above general procedure for conparative exanples was applied to

di phenyl net hyl t hi oacet am de, net hyl di phenyl net hyl t hi oacetate or

di phenyl - joacetic acid as sul phide, and by usin } ) R) - DET
or (S,9 %@%%r sor DET Ee % Conversion rate Bofluh3tBidafbo

D phenyl met hyl t hi oacetam de (R R)-(+)-Dl' 42 90

Met hyl di phenyl met hyl t hi oacetate (R R)-(+)-DET_ 10 40

Di phenyl et hyi t t@ eReqifi @oqufperfRym(Oéhmawmer, Di phenyl et hyl t hi oacetic
acid (S, ?M?-)-DET 50 83 20 Table 18 Conparative Exanple 2: Influence of
the amouft%8f oxi di zi ng agent on the enantioselectivity of oxidation of

di phenvl net hyy 4dhievs athigheedégrie dhgurith Oyaeavaigimpuniiesias ead examphpahat i ve
exanpl es was applied to di phenyl methylthi oacetic acid by varying the anount

of cuneniditia)@ropbirakswehidedihdior the suph@iEval ents. WO 2005/ 028428

PCT/ 1 B2004/ 093026 n 9 Sj t [ i % 1
50 855 5 a0 85 Uspd; hegAtR SnE ik, £ MRHNDRefsd B 11d/ tofRFb i forki ot

oxi di zi ng)-auRiHfindldistiesePinEW R 200410698580Nnver si on rate of sul phide into

sul phoxi de but does not inprove the 5 enantioselectivity of the reaction,

according to the Kagan's procedure. Conparative Exanple 3: Influence of the

st oi chi onet r¥ ig)é;ﬁié'l@?.ti taniumchiral conplex on the enantioselectivity of

oxi dati on of met hyl t hi oacetic acid
A suspension of (-)-modafinil enantiomerically enriched (5 g; 0.018 mole) and

10 ethanol 95% (20 to 25 mL,; 4 to 5 volumes) was reflux under stirring for 5 minutes.
The solution obtained was cooled first to room temperature (25°C) 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 L.



10 The above gener al

procedure for conparative exanples was applied to

di phenyl net hyl t hi oacetic acid by varying the stoichionetry of the chiral

titani umweesuplese2€ S, S) - (-) - DET/ Ti / H20.
Conversion rate

H20 (

7

2/ 1/1509

20 The water is necessary to obtain an

Kagan' s

exanpl es of op

Pr @og

ad

onal

hig: 1g=XA

re-wor ked processes

(S, S)-(-)-DET / PTI/IB2(0d/0030p6

2/1 /0097 4/1/0 0 97
nanti osel ectivity,
MPLES 18 to 24 20 Exanples 18 to 23 correspond to
that may be applied to the

crystalli zedlwatallmaﬂdncbf resoradafigil ferantionericallymenricbed owaslapedarmaed in

i sol ate
enri che

ansrToranPR: foBh and st TS Bu8E)

44 - a %IH&’(QP&&’(HH&@&Q&%@H% EkBfpidagt i oner,

an enantio

OPBAYES 79"

and/ or to achi eve a

ge 3?0 26

AR "1

hi gher degree of purity by renoving inpurities as, as exanple, the initi
pro-chifal syl phide and/or the sdmhahe s As used hereafteﬁﬂn&he forns I,
and |V referrto-—the—polyrorphireForns i b.r di-sel-ased 41O
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enriched (5 ¢g; 0.018 nole) and idet NeaRiddedn (20 to 25 midd t PamideOlu
was refljux umnder stirning for |5 én@'rﬁ%tes ! %?Z(N ution pbtai ned Ngslcogl Z:
first ta roomtenperature (25¢3 afe) then kept att 4C for | (W) 2 hours. The
cryst al lHzedisul-phoxide—ywas—Htereduphder—vacupum—washed
THF/H20 T~ 942 1.10 1.90 99.8 ND 0.40
(95/5)
2 | THF/H20 94.8 0.12 0.1 99.4 ND 0.10
(95/5)
3 | Acetone/ 94.8 0.06 0.24 98.2 ND 0.30
H20
(95/5)
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
10 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
15 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 :

771%

15 Tabl e
according to the



with cold ethanol (95% and dried under vacuumin an oven at 40C. Results

are reported in table 21. 15 Initial Final Entry E.e. (%9 Purity (%
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95.4 99.9 - 97.2 99.8 6 96.8 99.5 1 98.Q99.7 E.e. = enantioneric excess
not determ ned Table 21 As shown in ta%l e 21, the enantioneric excess was

i ncreased by crystallization- 20 in an ethanol /H20 (95/5) m xture. Such

treatnents | ead tO (-)mitdafi nil polynorphic form 1. WRa?005/ 028428
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Table 23

5 In the above described experimental conditions, the added crystallization step
increased the enantiomeric excess and the global percent of purity, while decreasing
the levels of sulphone formed as well as the remaining untreated pro-chiral sulphide

amide levels.

10 Example 21:
To a 250 mL flask containing 180mL of dichloromethane, (-)-modafinil

enantiomerically enriched (10 g; 0.036 mole) form |l 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
15 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
20 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 V.

25



3 Acetone/ 94.8 0.06 0.24 98.2 ND 0.30 H20 (95/5)

excess:; ND :

not detectable

i ncrease of the enantioneric excess as

sul phi de WRS/BE#¥w t he detection linit.

was decreased as well.
enantionerically enriched (12.15

L ostirring untll

S 2

sl owl y heat egy

Exanpl e 20 A su

o¥s

wel |

The

nol es)

5 Ee =
Tabl e 22 Results reported in table 22 show an
as a decrease
to quanti]fgfT
ension of (-)-nodafini
and THE (122 nlL) was
dlssolution is conplete and 15 then
0. 0C

refluxed. Thé solufion was cooled at a controlled rate of

ot oot A eIspemBmoL-Lasiafing anandomercalle cevipbed (1D LB 96 sRek) i vas

8 dBvosaiish SifiG (RRPEATRMR Sobfee

filtered a
Yield :

A TR e A

enanti oneri c

Boobdlfog

Purity Sarlls(eb/?ﬂensqrhehl iR %I@noﬁ’wastébcfwa RHQE éiubnbtedef -0.89C/0ih @d grréd)

am de (%

(9 amde (%

am de

(9 99.2 98.50 0

25 0.28 100 99.71 0.05

0.01 SE. @50=rpmnfnr avasti ©theuc dhe qraystallizesi sulphoxide wae filleraskeffiansdried at

experi me
enant i onf

| evel s ofrjsyl Boosg. forned as wel |
am de | evel s.
dichloronethane

sul phi de

ba(t ugﬁnd' Li

ons,

the added crystallization step

i ncreased the

8E¥§C‘é¥m the gl obal percent of purity, while decreasing

( ) nmodaf i ni |

as the remaining untreated pro-chiral
io Exanple 21: To a 250 nL flask containing 180 of
enantionerically enrlched (10 g; 0.036 nole)

forml | pwas

GUUC\I

sol uti on was obt ai ned

IIIClr]ﬁ%L UI C VVQO

nL of sol vent

mcat

Q.-
b

E.e.
(%)

Purity
(%)

Sulphone

amide (%)

Sulphide
amide (%)

Purity
(%)

Sulphone

amide (%)

Sulphide

amide (%)

99.2

98.50

0.25

0.28

99.90

0.02

0.03

ro-chiral
ne am de

E.e. = enantiomeric excess

10 Table 25

100%
enantiomeric excess and the sulphone amide and the pro-chiral sulphide amide

The (-)-diphenymethylsulphinylacetamide was obtained with a

levels were decreased after the additional crystallization treatment.
15
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
20 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



condensed in a dean-stark extension. The remai ning suspension was cooled to
room 15 tenperature and then placed in an ice-water bath for 1 hour. The

crystalli )hoxi de was filtered off and dried at 4 , um
Yield : 8%%@4&}#‘??& Final E.e. Purity Sul phone Sul ph&ggﬁg.g@{“%%ty

Sul phone Sul phide (% (% amde (% amyde (99 (9 (%9 amde (% amde (9
99.2 98.50 0.25 0.28 100 99.71 0.03 0.02 E.e. = enantioneric excess 20

Tabl e 24 | n Aserepooied itietable 26 tiex peystalization stepdint ethys acetate ands nadthaamelt i on

step increased the purity |eyel. The sul phone anjde and the pro-chiral
sul phi demidtife decezated thel sulphope armidesand the ra-chiial $4lghide pimidk JEYRIS byne
final su | 8§ o | 1ized as the polynorphic formIV. 25 WO
2005/ OZSQQ%&leI@%Sﬁ?%%%G 47 Exanple 22: A suspension of (-)-nodafinil
enantionerically enriched (10 g; 0.036 nole) in acetonitrile (100nL) was
heated up to_refl ux_under stirrj 350 r ntil conpl ete dissolution.
Then, 5t he so&auﬂ%gyame@@ ?gdp‘g@('%e%y'&g}*yﬁl@foaﬁ@%%%ﬁ n and stirred 5
(350 rpm fo 3 i hg x4 mﬁ@ ilate and
dried at 40% un eér \%g(t:]gig%d Qﬂgl%xﬁ@g%&%ﬁﬁﬁfﬁﬁl 9&.’%‘; .Jecft'bhugﬁéywag
Sul phoneclsailgeldi sathEmesthydiphenyBoétbiytinieatetatdi (160g( 1) eqeivakemt)d and¥gmethadd (%)
(% (% anide (%, amide (% ., 99.2 98.50 0.25_0.28 100 99.90 0.02 Q.03_, E. e.
= enant i ! i'ﬁe_Ee)&:é’soéumﬁg)rz%I o tﬂﬁ'@?f??ufei ﬂﬂ'@nm&’i?l ‘é’apph?ﬂtﬁdaggt gﬁicge
vwas obt appGfoMia (¥ dqiifA¥hts) was introduced within 3 hours, and the mixture contacted at
10 35°C for 16 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 filiered 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,

15 2H, H arom), 6.53 (s, 1H, NH,), 6.22 (s, 1H, NH,), 5.18 (s, 1H, CH), 3.07 (s, 2H,
CHy).



enanti onmeri c excess and the sul phone am de and the pro-chiral sul phide am de
| evel s were decreased after the additional crystallization treatnment. 15
Exanpl e 23 A suspension of (-)-nodafinil enantionerically enriched (10 g;

0. 036 nol eVQ WO5/EBIAB| acetate (150nm) was heated to ref Pé?’fﬁﬁq%":‘@fi rring
(350 rpm). Then nethanol (25 nmL) was agded to achi eve conpl ete di ssol ution.
Then, the solution was cooled to 20 OC at a rate of -0.5C/ mn and stirred
(350 rpm for 45 minutes. The crystaldlism$é sul phoxide was filtered off and
dried at 40C under vacuum Yield : 38% Initial Final E. e. Purity Sul phone
Sul phide E.e. Purity Sul phone Sulphide (% (% amde (%9 amde (%9 (¥ (%
amde (% amgde (% Agﬁetﬂo@ﬁarﬁﬁ%&r% Qs@ﬁh&&d@c%&?&n@oﬂfbrﬁu@(l dither as
enanti oneric excess Table 26 25 WD 2005/ 028428 PCT/|B2004/ 003026 48 As
reported in taingleenantipmerajdn an enastioresrically gnrighed fym 'acet at e and net hanol
m xture decreased the sul phone am,de and the pro-chiral sul phide am de

| evel s by 84 and 89 % respectively BExanpl e 24: Synthesis of the

di phenyl net hyl t hi oacet anmi de A react quig)ped Wi g(h an inpeller stirrer and
a gas introduction tube was charget~w ty rk’eggldi phenyl met hyl t hi oacet ate
(100g; 1 equival ent) and methanol (300 ; 3 %’31urres) at room tenperature.
The m xture was heated to 35C. Amopi @ equi val ents) was i ntroduced
within 3 hours, and the nixture contacledlat io 35C for 16 hours before
addi ng 3 equi val ents of anmmonia. Wen th ﬁzeacti on was conpl eted, the

m xture’ was cool ed to 25C and wat er (90 m ;" 0.9 volune) added. The m xture
was filtered wherani ed under vacuum Yield: 83 %

- Yis —CN, —=C(=0)X wherein X is selected from, -NR3R4, -OH, -OR5, -NHNH2;
- R1, R1a, R2 and R2a are the same or different and are selected from H, halo,
(C1-Cs)alkyl, (C2-Cs)alkenyl, (C2-Cs)alkynyl, (Cg-C1g)aryl, (Cs-Cig)heteroaryl,

10 -CN, -CFs, -NO, -OH, (C1-Cs)alkoxy, -O(CH2)mNRsR7;, -OC(=O)Rs,
-C(=O)OR3, -C(=O)R3, -OC(=O)NR5R7, -O(CHz)mORB, -(CHz)mORa, -NR5R7,
-C(=0)NR5R7 ;

- R3 and R4 are the same or different and are each selected from H, (C1-Cs)
alkyl, hydroxy(C1-Cs)alkyl, -NHOH or -OH, or R3 and R4 may also be taken
15 together with the N atom through which R3 and R4 are linked to forma 5to 7
membered N-heterocyclic group ;
- Rs represents alkyl, cycloalkyl, aralkyi, alkaryl, or aryl ;
- Rs and R7 are the same or different and selected from H, (C1-Cs) alkyl,
hydroxy(C1-Cs)alkyl, or Re6 and R7 may also be taken together with the N
20 atom through which Ré and R7 are linked to form a 5 to 7 membered
N-heterocyclic group ;
- Rs represents H, alkyl, cycloalkyl, aralkyl, alkaryl, or aryl;
- nis1,2o0r3;and
- misfrom1,2,3,0r4;
25
comprising the steps of :

a) contacting a pro-chiral sulphide of formula (ll)



1H NWR (CDCl 3, 400MHz) : 6 H 7.41 (d, 4H, H aron), 7.32 (t, 4H, H arom,
7.25 (t, 15 2H H arorr) 6.53 (s, I H NH2), 6.22 (s, 1H, NHZ), 5.18 (s,

1H, CH), 3.07 : CH2) . WD 2005/ 028428 PCT/ 182004/ g@“ﬁg CLAI I\/IS 1.
A met hod W92 /@B‘é?q ng a sui phoxi de conpound of fornul & 3‘? REE o

single enantiomer or in an enantionmerigglly enriched form: R2a / 6 ' Y Rla
(cH2)" /| R (~) 5 R2 wherein: - Yis -CN, -C(=0O X wherein X is selected
from -NR3R4, -OH, -OR5, -NHNH2; R=_Rl, Ria, R2 and R2a are the sane or
different and are selected fromH, (C1-C8)al kyl, (C2-C8)al kenyl,
(C2-C8)al kynyl, (C6-Clo)aryl, (C5- Sroaryly, 10 -CN, -CF3, -NO2, -OH,
(C1l-C8) al koxy, -Q(CH2) MNR6R7, -OCR=O) R8| -@0) OR5, -C(=0)Re, -0OC(=0 NR6R?,
-Q(CH2) MOR6, -(CH2)nOR8, -NR6R7, -C(= R6R7 ; - Rs and R4 are the sane or
different and are each sel ected from 1- C6)an al kyl, hydroxy(Cl-Ce)al kyl,
-NHOH or -OH, or R3 and R4 may al so be en |s together with the N atom

t hrough which R3 and R4 are linked to forma 5 to 7 nenbered N heterocyclic
group ; - Rs whaseisftnRe, &1ak|§2 Y@f@lmawel@qdef&\edlabpve al karyl , or aryl ; - Re

o PR al AP bR 88 e Ao TP B K,
at om t hr ough sshienh; Redapttbrmlyare Ilnked to forma 5 to 7 rrenbered

2‘[ Eg';)e”rocycl d:;sﬁrlgtm)g the obtalnegg 1%?18)?.53 onorr%lul(ayel)’. cycloalkyl, aralkyl,

2. The method according to claim 1, wherein Y is —C(=0)X.

3. The method according to claim 1 or 2, wherein Ry, Ry, Rya and Ry,
10 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
15 NH2 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.

20
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
25 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.



-nis 1l 2o0or 3; and - mis from1, 2, 3, or 4, 25 conprising the steps
of : a) contacting a pro-chiral sul phide of formula (I1) WO 2005/028428

PCT/ 1B2004/ 003026 50 Rea 'Y R a (CH2)" R (lIl) R2 wherein Rl, R2, Rl a,
Rea, Y andW® #p¥028428defi ned above, with a netal chiral PFHHRO4O8HBt ex, a
base and an oxi di zi ng agent in an or ganglc solvent ; and optionally 5 b)

i sol ating the obtained sul phoxide of fornula (I). 2. The nethod according to
claim11, wheredn Y iTFhe Ghethol Xaccdrdifidi¢o robdind, avheveidi the neetall ehiral lligand 2,
wherein R, R2, a and R2a , tg represent H. 4. The t hod accordin 0 any
of the precedf?fP P‘a‘?n‘H,epaWéir\é{ﬁ'h On{)‘ﬂseqi‘.'val@.t C’Afh"éatﬁét"ﬁﬁljr%?@%féhﬁ P5Elny of
the precedi ngcehpbiied. Wherein X is 15 N-12 or NHOH 6. The nethod
according to any of the preceding clains, wherein the netal chiral |igand
complex is a titanium zirconium nanganese or vanadium chiral |igand
conplex, 20 744The ot di i , s i t : hgal

| i gand 3 conpl g>1< i's gwt’??g%@g% %:#B%I‘é ?? %!?ﬂhn}cgnvﬁ’ﬁg%#éﬁb ‘Fﬁga%@ﬁ%dﬁggﬂor di ng
to claim7, whemplex ispreparedl withD a0.8 leqyivatent of avat@swith tragpesinto the metal

dial kyltartrate conplex. 9. The nethod according to any of the preceding
cl ai ms, wher eFﬂmPﬂg'Pd'

12. The method according to any of the preceding claims, wherein the
10 base is a tertiary amine.
13. The method according to claim 12, wherein the tertiary amine is

diisopropylethylamine or triethylamine.

15 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
20 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.

25
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
30 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.



metal chiral conplex is prepared froma netal conpound, a chiral |igand and
wat er. WD 2005/ 028428 PCT/1B2004/ 003026 51 10. The nethod according to

claim9, wherein the netal chiral ligand conplex is pre}Bared with 0.1-1
equi val entW@2005e2838 with respect to the metal conpoun§CTABAR4Y003RE met hod
according to claim 10, wherein the metg] chiral ligand conplex is prepared

with 0.4-0.8 equivalent of water with respect to the nmetal conpound. 12.
The net hod a@gor di nghéqnatmy)doécd)hbng)rtemmg%Mm'erm'n thaemefah chiral ligamdbase i s

a tertiary am ne. 13. The d acc rdin 12, wherein the tertiary
anine is di |°§81ﬂj%'§lpé‘?‘?ﬁfﬁger# ﬁgeraper lfrgttﬁ’@f’ ﬁé%%gg 14. The nethod
according to any of the preceding clains, wherein step a) is perforrred in
presence of 0.05-0.5 equival ent of base Wi th respect to th sul e.

The met hod acdor di nahﬁdnétf@ﬂn@@fdlmlé? any et e piecedinges! F'G?ﬁ*réﬂh?r lnt 20
presenge of glxgdlilﬁ %Pg,nfaﬂ;’&]\fﬁécﬁéﬁ with tHéss%i el Bﬂ%l"ﬁ SR CoRlex0 any

of the precedi ng c I'n step a) Is ﬁer?orne in t e presence of

0. 05-0. 5 equianal thatasé athéempdaraturelbetwéeri 068Md. conplex with respect to the
sul phide. 25 17. The net hod accordi ng to claim 16, wherein step a) is
performed in the presence of 0.1-0.3 equivalent of the netal chiral |igand

Cﬁrml ox. 18. lz’@hﬁ ”Ell'ﬂh@dméﬂgﬂr dccﬂlﬂd“hg tonylamh 21h3~ﬁéreﬂﬁdlm9xﬂimgmg§m(srel n

t he metal chira and conplex is ared at a tenpe e_bet ween
20-70C. 19. Teatapied ¥t 3@8&%9%6 ttbednaaﬂncﬁtﬁa W?é‘ﬁe??f“?'gg ar@t*iﬁe lee

| i gand corrplrggn.”gng,@%@,reed at a tenperature between 40-60C. WO 2005/ 028428
PCT/ 1B2004/ 003026

23. The method according to any of the preceding claims, wherein the
oxidizing agent is hydrogen peroxide, tert-butyl hydroperoxide or cumene
hydroperoxide.

15
24, The method according to claim 23, wherein the oxidizing agent is
cumene hydroperoxide.

25. The method according to any of the preceding claims, wherein the
20 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).

25
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
30 alcohol.
29, The method according to any of claims 27 or 28, wherein the water

represents up to 40% by volume of the mixture.



20. The nethod according to claim19, wherein the netal chiral |igand
conplex is prepared at a tenperature between 50-55C. 21. The net hod
according to any of the preceding clains, wherein the 5 oxidizi ng agent is
cont act ed WO:2005038428 | phi de, the nmetal chiral |igand coffpl/BR044MH%% he base
at a tenperature between 0-60C. 22. Thegnmet hod according to claim 21,
wherein the oxidizing agent is contacted with the sul phide, the netal
chiral |igand3@onpl ekheamaethbe dzasrdirg to tctaimo26n wheysdn dhelrarystalizatiimeisnmat hod
according to any of. .the sgrleceidi ng clainms, wherein the oxidizing agent is
hydrogen per oRiedRIentidl FYIIKAUON dr oper oxi de or cumene hydroper oxi de. 15 24.
The nmet hod according to claim 23, wherein the oxidizing agent is cunene
hydr oper oxi de. 25. The met hod according to any of the preceding clajins

f )
wherein the 3b obtaTh%m%mqaﬁemrd@gitga@Vroé@{a¥rv8i1st%ﬁed Gip 80,/ whereinoh. 26.
Th t hod i : i oV, Bt h t hod
further® conpr g stbricicberf ol s AR B EOMR antelelO: 1° i

't zat product obtained in step
b). 25 27. The method according to claim 26, wherein the crystallization is

accor di ng to &ai m o116 futbef ReRirdPE 1§ sty “Folbho e Sbnage Bl 5”
The net hod acobfoetnhala (1)ds aydafihiccdatd.ms 27 or 28, wherein the water

represents up to 40% by volume of the m xture. WD 2005/ 028428
PCT/ 1 B2004/ 003026 53 30. The method according to claim 26, wherein the

crystahjizatigs is aTh@h@‘tl%&B%%@gigﬁrtU%Fa%é B7 & i32Nwhith fulther 8&hpasesareor di ng

to any of clains | to 4 and 6 wherein Y

subsequent steps of converting X = -OH of the sulphoxide of formula (I) into X =
-NH,.

34. The method according to claim 33, which comprises the steps of :
15 a) esterification of the carboxylic acid function ; and
b) amidation of the resulting ester.

35. The method according to any of claims 1 to 4 and 6 to 30, wherein Y of
the sulphoxide compound of formula (l) is —C(=O)X and X is ORs, Rs being as
20 defined in claim 1.

36. The method according to claim 35, wherein the sulphoxide compound
of formula (1) is an ester of modafinic acid.

25 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 = -ORs of the
30 sulphoxide compound of formula (I) is converted into X = -NH, by an amidation
reaction.



5 of the sul phoxide conmpound of forrmula (I) is -C(=O X and X is -OH 32. The
nmet hod according to claim3l, wherein the sul phoxide conpound of fornula
(1) is nodafinic acid. 10 33. The nethod according to clains 31 or 32, which
further coWgr086%9842Be subsequent steps of converting XPCI/IE94(p3024,q

sul phoxi de of formula (1) into X = -N42. 34. The nethod according to claim
33, which conprises the steps of : is a) esterification of the carboxylic
aci d function39. and e methtat acoordihg thvany ef olaimsd, 8s4 éo 303whef#ire Yftthed
according to an‘ﬁ{] i ll nd 6 to 30, wherein Y of the sul phoxide
conpound of fBY ?P?foirrg'uaéi”f)wand Xis OR5, R5 being as 20 defined in
claim1. 36. The nethod according to claim 35, wherein the sul phoxide

conmpound of formula (1) is an ester of po afIBWE acid. 25 37. The nethod

according to 48y of EneMmethasbagrordiag tqelatm 3Puw rfurt*&fr%m%r%stﬂw’es@%ﬁ of
convertyng X fy th u f tpg;rhﬁl I X==
TN 5b e A o Coralt ndf e UpHeR Bl eOoelna | OF RS ) e S0

sul phoxi de coff®@MNHonf fornula (1) is converted into X = -NH2 by an

am dation reaction. WO 2005/ 028428 PCT/1B2004/ 003026 54 39. The met hod
according to any of clainms 1, 3, 4 to 30, wherein Y of the sul phoxide of
formula (1) i41CN. 4Phe mmd:mdiagmcldlmgm whetein Yh=8GN igdabnVerfedr intoe¥

conprises the s conyerti Y e sul phoxi de conmpound of
formula (1) i nt(to( ED)QI" ?IDQ‘))‘{% '.‘oﬁB.gdr?Wé'S%tth%gﬁ‘gg@HPdl ng to claim 40,
whereifgpY = CN is converted into Y C(=O NH2 by oxi dation or hydrolysis of

the CN group. 10 42. The net hod accordl ng to claim40 or 41, wherein
42, The method according to claim 40 or 41, wherein

diphenylmethylsulphinylacetonitrile is converted into modafinil.

43. The method according to claim 5, wherein the sulphide of formula (lla)
15 in which X = -NH, is prepared from a sulphide of formula (llb) wherein X=-ORs5
NH
1a *NoHy, OR - R1a I
R1 R1
(IIb) Ila)

R4, R1a, Rz, R2a, Rs and n being as defined in claim 1.

44, The method according to claim 43, wherein Ry, Ria, Rz, Rz are H, nis 1
20 and Rs is alkyl.

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

25 46. The method according to any of claims 44 or 45, wherein the compound
of formula (lIb) is prepared from benzhydrol.



di phenyl net hyl sul phi nyl acetonitrile is converted into nodafinil. 43. The

met hod according to claimb5, wherein the sul phide of formula (Ila) isin
which X = -NH2 is prepared froma sul phide of forrmula (lib) wherein X=-0OR5
R2a R2a O \W@pR00f@128S. ~(CH2)n ORS Rla (Cl-2)" 2 R1 ~ RPCGRIBESVOBII6L) (] a)
R, Ra, R2, R28, R5 and n being as defined in claim1. 44. The net hod
according to claim43, wherein Rl, Ria, , RRa are H nis 1 20 and R5 is
al kyl . 45. The4Tret hdltheimmmaﬂ agcordingl @i claifdt 45\Mvﬂ'reté|n theeMEMTA Us dprebafeat mul a

(I''b) is nethy d| met hy|.t hi oacet at e 25 46. The net hod
according to a Kﬁéﬁ’ F?Lb%h‘ &‘9% 'é"ﬁ ‘F' ASteRsRlound of formula (1ib)
s prepared framdpnaiuish of bendydRPRIOBSERRETAIDBORME, 84a026 55 47. The
met hod accordlng to claim45, erein th wgprepared from benzhydro

by the method RDrAonversien efkenzhyemyl @arboxyéaty "at@era i#en of benzhydrol into

benzhydryl carboxylate, and bl) conversion of benzhydryl carboxylate into
A



