Process for the preparation of and crystalline fornms of optical enantioners
of nodafinil The invention relates to a process for obtaining crystalline
ferms of the s enantioners of nodafinil, and the crystalline forns which it
is possible to obtain according to this process. The invention also rel ates
to a new process for the preparation of optical enantiomers of podafinil
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form also known as () 10 2-(benzhgpﬁ1§d%wnmhi nyl ) acet am de or ()

2-[ (di - phenyl met hyl ) sul phinyl] acetam de, as a conpound havi ng properties
of stimulating the central nervous system US patent 4,927,855 describes the

two optical epgantjoners of nodafinil. NMre particularly jt describes the
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(-)-benzhydryl sul phinyl acetic acid (-)-benzhydryl sul phinylacetam de -1In

rel ation Rebenghysnishiphingl)aceismidgl erce) i2el(dicahenylmethyl)sulphinyl] acetamide,
as a compound having properties of stimulating the central nervous system.

US patent 4,927,855 describes the two optical enantiomers of modafinil.
More particularly it describes the laevorotatory enantiomer and its use as an
antidepressant or stimulant agent in the treatment of hypersomnia and disorders
15 associated with Alzheimer’'s disease. The process for the preparation of the two
optical enantiomers of modafinii from (£) modafinil acid or (+)-
benzhydrylsulphinylacetic acid described in this document is illustrated in the

following synthesis diagram:
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*In relation to (-)-benzhydrylsulphinylacetic acid



2 This process conprises carrying out resolution of the optical enantioners

of () nodafinil acid in a first stage via the formation of diastereoi soners

wi.-t h the optically active agent a-methyfbenzyl anine. The

(-)-a-nmet hyl benzyl am ne- (-)-benzhydryl sul phinyl acetate is then 5 converted

to (-)-benzhydryl sul phinylacetic acid by acid hydrolysis. The latter is

esterified in resence of dlneﬁwy sul hate d the con erted %? am de
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sol vat 5. these being descriptive of the absolute configuration.

In what follows the laevorotatory enantiomer of modafinil will be referred to
without distinction as the | or (-) enantiomer, and the dextrorotatory enantiomer
will for its part be referred to as the d or (+) enantiomer.

A process through which different crystalline forms of the optical

20 enantiomers of modafinil can be obtained has now been discovered. More
specifically the inventors have shown that the crystalline form obtained mainly
depends on the nature of the crystallisation solvent used.

For the purposes of this description the term “crystalline form” refers to
either a polymorphic form or a solvate, without distinction.

25 By "polymorphic form" is meant an organised structure involving only
molecules of the solute, having a characteristic crystalline signature.

The term "solvate" relates to an organised structure having a characteristic
crystalline signature which involves both molecules of solute and molecules of
solvent. Solvates having one molecule of solute for one molecule of solvent are

30 called true solvates.

Furthermore the inventors have shown that I-modafinil and d-modafinil

prepared according to the conditions described in US patent 4,177,290 are

obtained in the form of one polymorphic form described as form |, which



Furthernore the inventors have shown that |-nodafinil and d-nodafinil
prepared according to the conditions desgribed in US patent 4,177,290 are
obtained in the form of one pol ynorphic formdescribed as formIl, which 3
corresponds to the thernodynam cally nost stabl e pol ynorphic form under
normal tenperature and pressure conditions. Form| has the X-ray diffraction
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The crystalline forms of a given compound generally have physical,
10 pharmaceutical, physiological and biological properties which differ from each
other very sharply.

In this respect the crystalline forms of optically active modafinil, in particular
the polymorphic forms, are of interest in that they have different and
advantageous properties in comparison with form 1.

15 According to another aspect, a new process for the preparation of the

optical enantiomers of modafinil from (£)-modafinil acid has now been



advant ageous properties in conparison with form1. is According to another
aspect, a new process for the preparatiop of the optical enantioners of
nodafinil from ()-nodafinil acid has now been 4 discovered, and this
process can be used. to isolate each enantioner in yields and with an
optical purity which are markedly superior to those described in US patent
4, 927, 855 diskcBv@rdardndCti prdcerdv aar ageassd. taidule eadh epantiomer i essiigit i on
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- the yield is theoretically quantitative as a result of successive recycling of

15 the mother liquors,
- Purification of the crude enantiomer crystals is easy.
The invention therefore aims to provide a process of preparation for
crystalline forms of the enantiomers of modafinil.
The invention also aims to provide a new process for preparation of the
20 optical enantiomers of modafinil, and in particular the laevorotatory enantiomer of

modafinil.

e PROCESS FOR THE PREPARATION OF |-MODAFINIL POLYMORPHS

25 These objects and others are accomplished by this invention which relates
more particularly, in a first aspect, to a process for the preparation of crystalline
forms of the optical enantiomers of modafinil, comprising the following stages:

i)  dissolving one of the optical enantiomers of modafinil in a solvent
other than ethanol,

30 i) crystallising the said enantiomer of modafinil, and

i) recovering the crystalline form of the said enantiomer of modafinil

so obtained.



so ii) crystallising the said enantioner of nodafinil, and iii) recovering

the crystalline formof the said enantioner of nodafinil so obtained. 5
For the purposes of this invention, the Solvent used in stage i) of the
process, also referred to as the "recrystallisation solvent”, is a sol vent

capabl e of bringing about crystallisation of the said optical enantioner of
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curve of the said enantioner T (C) = f (enantioner concentration) at the
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15 In general the crystallisation in stage ii) comprises changing from the
monophase system to the two-phase system by varying the temperature and
concentration.

By way of a non-restrictive illustration of solvents which may be suitable for
the recrystallisation process according to the invention mention may in particular

20 be made of alcoholic solvents, carboxylic acid ester solvents, ether solvents,
chlorinated solvents, aromatic solvents, and lower aliphatic ketone solvents.
Other solvents are for example, carboxylic acid solvents, aprotic polar solvents,
alicyclic hydrocarbons, aliphatic hydrocarbons, carbonates, heteroaromatics and
water.

25 Among the alcoholic solvents mention may be made in particular of lower
alkyl alcohols such as methanol, ethanol, propanol, isopropanol, butanol,
isobutanol, 2-methyl-2-pentanol, 1,2-propanediol and t-amyl alcohol, with
methanol, propanol and isopropanol being particularly preferred.

Among solvents of the carboxylic acid ester type mention may be made in

30 particular of alkyl acetates such as methyl acetate, ethyl acetate, n-propyl
acetate, isopropyl acetate, n-butyl acetate and alkyl formates such as ethyl

formate, with ethyl acetate being particuiarly preferred.



met hanol , propanol and isopropanol being particularly preferred. Anong

sol vents of the carboxylic acid ester type nention may be nade in 30
particul ar of al kyl acetates such as nmethyl acetate, ethyl acetate, n-propyl
acetate, isopropyl acetate, n-butyl acetate and al kyl formates such as et hyl
formate, with ethyl acetate being particularly preferred. 6 Useful ether
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sol vents are solvents such as acetone, nethyleth Iketoge,
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As an example of a carboxylic acid solvent, mention may be made in
15 particular of acetic acid.
By way of an example of a heteroaromatic solvent, mention may be made in
particular of pyridine.
Examples of aprotic polar solvents are in particular acetonitrile, propionitrile,
4-methylmorpholine, N,N-dimethylacetamide, nitromethane, triethylamine, N-
20 methyl-pyrrolidone (NMP).
Examples of aliphatic hydrocarbons are in particular heptane, 2,2,4-
trimethylpentane.
Examples of alicyclic hydrocarbons are in particular cyclopentane,
cyclohexane.
25 Examples of carbonates are in particular alkyl carbonates such as dimethyl

carbonate.

According to a preferred embodiment of the process according to the

invention the crystallisation solvents are selected from acetone, methanol, 1-4

30 dioxan, ethyl acetate, mixtures of ortho, meta, para xylene, isopropanol,

n-propanol, dimethyl carbonate, tetrahydrofuran, chloroform and
methylethylketone, water and alcohol/H;0 mixtures.

Thus, crystaliine forms of the optical enantiomers of modafinil can be

obtained by recrystallisation of the enantiomers in particular solvents, where the



carbonate. According to a preferred enbodi mrent of the process according to
the invention the crystallisation solvents are selected from acet one,
nmet.hanol, 1-4 so dioxan, ethyl acetate, mxtures of ortho, neta, para

xyl ene, isopropanol, n-propanol, dinmethyl carbonate, tetrahydrofuran,

chl orof orm and net hyl et hyl ket one, water and al cohol /H20 m xtures. Thus,
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modaf i mi | stage d) &sabvaderiticahtsttoméprt the sybtatisttionditris reiweaver grdfexable to
additional quantity of the is said O{Qti cal enantioner is then added in
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15 said optical enantiomer is then added in fractions in such a way as to achieve
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saturation. Additional solvent may be added to ensure complete dissolution.
According to another embodiment the optical enantiomer of modafinil is
suspended in the solvent heated under reflux and an additional quantity of
solvent is then added in fractions so as to obtain a homogeneous solution and
20 thus achieve saturation.
The process of crystallisation of the optical enantiomer of modafinil in stage
i) may be accelerated using techniques known to those skilled in the art, namely
cooling of the solution, evaporation of some of the solvent, the addition of an
antisolvent or seeding the solution with crystals of optically active modafinil
25 having the same crystalline form as that desired. Most commonly the mixture is
stirred continually throughout the crystallisation process so as to obtain a
homogeneous suspension and rapid renewal of the mother liquor around each
crystallite.
The crystallisation process in the process according to the invention may be
30 carried out under thermodynamic or kinetic conditions.
For the purposes of this description, by “crystallisation under
thermodynamic conditions” is meant crystallisation performed under conditions in
which equilibrium is maintained between the homogeneous solution and the

saturated solution in the presence of crystals of |- or d-modafinil.



ii) may be accel erated using techni ques known to those skilled in the art,
nanely cooling of the solution, evaporagion of sonme of the solvent, the
additien of an antisolvent or seeding the solution with crystals of
optically active nmodafinil 25 having the sane crystalline formas that
desired. Most commonly the m xture is stirred continually throughout the
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thermodynamic or kinetic crystallisation are effected in this description by slow or
rapid cooling.

Of course any other technique of crystallisation such as evaporation of the
solvent or precipitation which would make it possible for kinetic and/or

20 thermodynamic conditions to obtain also falls within the scope of the process
according to the invention.

Thus according to a particular embodiment the crystallisation in stage ii)
may be performed by precipitation, possibly in the presence of seed crystals of
the desired crystal form.

25 The inventors have also shown that some solvents can give rise to different
crystalline forms, more specifically to polymorphic forms, according to whether
the crystallisation .is performed under kinetic or thermodynamic conditions.

According to a particularly advantageous embodiment crystallisation
comprises cooling of the solution obtained in stage i).

30 As applicable, in a first mode, cooling is rapid and generally corresponds to
quenching of the solution obtained in stage i) in a bath at a temperature at or
below 0°C such as a bath of ice water for a sufficient time to permit complete
crystallisation of the solution, or again cooling with a temperature gradient of for

example between - 1°C and - 5°C/min.



O course any other technique of crystallisation such as evaporation of the
sol vent or precipitation which would makg it possible for kinetic and/or 20
t her nodynami ¢ conditions to obtain also falls within the scope of the
process according to the invention. Thus according to a particular

enbodi nent the crystallisation in stage ii) may be perforned by

preci pi tati onpceaRigbtyy d Retbid pérabediferef cating i ¥pival f diis ddmeegetid ed
crystal form 25 The inventors have al so shown that some solvents can give
rise to dselutierin gereraly allpwad togioes fropbihe refleitempareiure of g sabephic
form, aceqrdingehBephGINEr ind I8LREKSE AckiedPbiAns kBoRGS [RAdE: padgpl neti ©
or thernmodynam c conditions. According to a particular advant agéou

enbodi menbetweagst-abl i°€ahiroand copPCAsia, sndimarg mefdrhblyscibse tor HIGied i n
stage i). 30 As applicable, in a first npde, cooling is rapid and generally
cor r espon@@ner@lly §awRdRianignireratise 96118t tvA0dbt ai ned in stage i) in a bath at
a tenperaturey, r j f Ci ent
time to perm ?@S%P%ﬁ%ﬁéyﬁ%w@g@ P%r?pg?n'? ﬂ{es’/%lgﬁ?sudﬁ?éo'ﬁ,g aggérgg‘ags lFlac{:Hoeol i ng
with a tempentdnmengicadnantbeomaiderin packicpareobtteneembinatiofs aveder/a&gbnen. 9
According to a, second enbodinment cooling is slow.,. In.this context the

sol ution ?%etge@?&véﬁ?ﬂ z?lﬂl‘m&?qt@néﬁ%qhaf‘glé‘ﬁ?tleﬁ’ea?eéﬁ 3pd erature of the
solvent to aghi I ik 1 i Ql Wi j ng
gradi ent pref g??ﬁmhé ggt vve'g'tr]lél-fs%ﬁﬁ Og?ﬁrr? %Bg%léc} @rﬁ%ﬁt?gﬁ %@néﬂg\ggém?gsgﬁﬂg‘ erably
cl ose o iso@at&using,consegtomalahéihodewnch asdiltratigreand aeotriffigid® t o 20C. Anong

T B Lol AR R RS SE e ESIE R oo

wat er/ acefpnfe iREAHON Fs”mén‘é"’ap?éﬂicul A aRIeeinesd 08hGaRy /MBidiotatdRet i C
acid/ water. Finally the crystalline ?o?ms of the optical enantiorrersﬁﬁf
nodaf i ni | ecamtidmer ofonodafindk ed usi ng conventi onal nethods such as filtration

e R B o p e SRR bl SRS A GRS o
usi ng jsheab@RMRIgbakiaprocedtpitd BIRMdphiEBEm: . Ni | .

In this respect it will be noted that in general each of the (I) and (d)
enantiomers of a given chemical compound yield crystalline forms, in particular
polymorphic forms, having powder X-ray diffraction spectra which are identical
when they are recrystallised under the same experimental conditions.

20 In this respect reference should be made in particular to the work of J.
Bernstein « Polymorphism in molecular crystals » 2002, University Press, Oxford,
UK, and the publication by G. Coquerel, Enantiomer, 2000; 5(5): 481-498,

Gordon and Breach Science Publishers.

fn this respect the dextrorotatory form, whose X-ray diffraction spectra for
25 the crystalline forms are identical to those of the laevorotatory form described

below and vice versa, forms part of the invention.

In what follows the polymorphic forms designated forms [, Il, Ill, IV and V
also cover the CRL 40982 forms |, II, lll, IV, V obtained from the laevorotatory
enantiomer and the CRL 40983 forms [, H, Ill, IV, V obtained from the

30 dextrorotatory enantiomer.



According to a particular enbodi nent the crystalline formobtained 15
according to this process is a polynDrphlc form In this respect it wll be
noted that in general each of the (1) and? (d) enantioners of a given

chem cal compound yield crystalline fornms, in particular polynorphic forns,
havi ng powder X—ray diffraction spectra which are identical when they are
recrystallise Fr the sanme experinental conditions. 20 In this respect
ref erence sho made in particular to the work of J. Bernstein c

Pol ynor phi sm i|A thll &bl ted pedorks usindP8olkdht\sRisdtéy fidhe asetdRel eftithnol UK,

and the publication by G Coquerel, Enantioner, 2000; 5(5): 481-498, ‘Gor don
and Br each1-$cd|§}ﬁ%'é ethwl ipsRtate andmixiLEes 6f 9eiho, tetadand meravaieis anst

whose X-r r r t| cal
to those oOf 1 e I%é@%ﬁ@cﬁg s?%v{/% n@@ %b%d%ﬁgév&lg% 6%?&/@”% E

part ofsth@®agaferhilon. In what follows the pol ynorphic forns de5| ghat ed
forms I, 11, Ili, 1Vand V also cover the CRL 40982 forns | [, 1V, V
obt ai ned f r om kePIOSES LSing 6ﬁ?lveéﬁ§ﬁ|?ictﬁ?ef"°'5'n@em?é"°@%at@098§ QQS’}OHWEFGF I,
s b SoRRIBE NG BEA R mERafSHERIOLRY O ERMNGIATPEna 19 SRan & 1 1
this cont ex cess using a solvent selecte rom acef one

1-4 di oxamrysiamsbtlmeiyartaw@mdonmg(ﬂea“dssta)the)at:hmsltmataf fonah par £ Ry 1460982 and a
st age of cr%@gal | isation by slow cooling leads to the acquisition of form!l
or CRL 57@0®&2 formI. The process using a solvent sel ected from nethanol,
wat er al co r ] R

et hano /vvaterwﬁg@haé?aééﬂe&ﬁo&%a"ybr@ 'S %fy%ﬁégﬁ@%pﬁvécoo |$1|‘6@B% c?s to
acqui si ti arsirgf nfednandl ard £Rtage0SB&ystadisation byOpracipiatiomthroaghitioe laeditiequal I y

preferred variant, of the i ntiqn, the process si ng net hanol and a stage
of crystaldfic® W@F‘?rlﬁﬁ%fﬁé‘f??%? ﬁ%”’l‘sﬁ?ﬁﬁﬁﬁﬁcﬁe"%ﬁﬂpﬂi on of cold water as

an antisolvent for nethanol leads to forml. Forml]l
Form i
15 According to another embodiment of the invention, the process using a

solvent in stage i) selected from isopropanol, ethyl acetate, n-propanol, or ethanol
denatured with toluene and a stage of crystallisation by rapid cooling leads to a
polymorphic form described as Form Il or CRL 40982 form II.
According to a variant of the process form |l can also be obtained by slow
20 cooling from isopropanol.
It may also be commented that the production of form Il from isopropanol

does not depend on the conditions of crystallisation (thermodynamic or kinetic).

Form Il

25 According to another variant of the process according to the invention the
solvent used in stage i) is acetone, and crystallfsation stage ii) comprises rapid
cooling, this apparently leading to acquisition of a polymorphic form described as
form 1l or CRL 40982 form .

30 Form IV
As a variant of the process according to the invention, the solvent used in
stage i) is selected from tetrahydrofuran, chioroform and methylethylketone, and
crystallisation stage ii) comprises slow cooling of the solution, as a result of which

a polymorphic form described as form [V or CRL 40982 form IV is obtained.



15 According to anot her enbodi nent of the invention, the process using a
solvent in stage i) selected fromisopropanol, ethyl acetate, n-propanol, or
et-hanol denatured with toluene and a stage of crystallisation by rapid
cooling leads to a polynorphic formdescribed as Formll or CRL 40982 form
1. According to a variant of the process formll can al so be obtained by

sl ow 20 cool Depending | spgt ophenaiatuted ohythal ssohentcaseent e t pratceshefor
production of formll fromisopropanol, does not depend on.the. conditions of
erystal | | SAVRTISAHER Bt APECEY SOPREOTEFS OfRBISRNTE GBD MG iRe dot e

anot her vgrd Aol ofidMvdieocess according to the invention the solvent used
in stage g I's acetone, and crystallisation stage ii) conprises rapid
cooling, this apparently |eading to acquisition of a polynorphic form
described as _form,Il or CRL 40982 formlIll. 30 FormIV As a variant of the
process accorgﬁﬁ@&o the invention, the solvent used in stage i) is

sel ected fromases nafnyui Of WeBrodddls0a @il MgafdtHER YRS & /bRt 13BE in
crystallisation stage ii) conprises slow cooling of the solution, as a
resul t of sigigiech isasptsicjebfom E-pentandoecanddatralydrofuian,vaod CRstaliEganf or m

IV is obtajned., it Dependin on_the nature.of the solven ed, the
process. 1 SPCReD, SRR RS AP Pe e B AL uhgmen R s 800 B oS can

gi ve riseif PHFhas PrexditcdfwhictPh pafiniditfic fom@ésbri¥edasdorarV abbeinddne
process according to the invention the solvent used in stage i) is selected
from 2W0pent anone and tetrahydrofuran, and crystallisation stage ii)
conprises slo fetel iI f aé‘ S ution in 2-pentanone and rapid cooling in
THF, as a res rphic formdescribed as formVis

obtai ned. 10TBuEEhBYbrddRy e tpirseUldaten D bditnen€ asir then thiehti@npakhés thar
enbodi nent of the invention, when the solvent used in stage i) is dinethyl
car bonat eselN@nt pged dn |staga ) éhdisestbykearbenate gud crystallisation consists of slow

cooling, a dimethyl carbonate (-)-modafinil solvate is obtained.
15

Acetic acid solvate

According to a particular embodiment of the invention, when the solvent
used in stage i) is acetic acid and crystallisation consists of a rapid or slow

cooling, an acetic acid solvate is obtained.

e POLYMORPHIC FORMS OF (-)-MODAFINIL

The invention also relates to the polymorphic form of the laevorotatory

25 enantiomer of modafinil described as CRL 40982 form Il, characterised in that it

produces an X-ray diffraction spectrum comprising intensity peaks for the

interplanar spacings: 11.33, 8.54, 7.57, 7.44, 4.56, 3.78, 3.71 A, the intensity

peaks corresponding to the interplanar spacings of 8.54, 7.57, 7.44, 456, 3.78,
3.71 A being particularly characteristic.

30 More specifically the X-ray diffraction spectrum below, in which d represents

the interplanar spacing and l/lo the relative intensity:



cool i ng,

sol vent

a di net hyl
acid solvate According to a particul ar enbodi nent of the invention,
is acetic acid and crystallisation consists of a

an acetic acid solvate is obtained. 20 POLYMORPH C

used in stage i)
rapid or slow cooling,

car bonat e

(-)-nodafinil solv

ate i s obtained.

15 Acetic

when t he

FORMS OF (-)-MODAFINIL The invention also relates to the pol ynorphic form of
the laevorotatory 25 enantiomer of nodafinil described as CRL 40982 form

1, charact elmdw diffracttonm—spectnum
conprising intensity peaks for t ?%F%ng spacings: 11.33, 8.54, 7.57,
7.44, 4.56, 1-723Th§ta7(lsle§reééze ntensi gyA) peaks correqum{;;ag to the
interplanar spacings of 8 5 (b7, 7 44 A 56 13 .78 3 71 A being
particul arly|charact®r.fstic. 30 More §p83ificallly the X-d4y diffraction
spectrum bel gw— Heh—t—+epfresentss—the—t+nterpranar—spactag—and | /10 the
relative intensity: Q;z CRL 40082 FORRIA 2 Thetla (degred) d (A) |1/10(%
11.6 11.33 54 15.4 B a4 58 17. 4 7. 5% @1 17.7 [7.44 34 4¢3.3 5.67 19 24.8
5.33 26 27.4 4.83 19 28.9 4.59 36 29.1 4.56 97 29.8 4.45 23 32.8 4.05
29 34.3 3.88 23 17.7 7.44 34

23.3 5.67 19

24.8 5.33 26

27.4 4.83 19

28.9 4.59 36

291 4.56 97

29.8 4.45 23

32.8 4.05 29

34.3 3.88 23

35.3 3.78 100

35.9 3.71 40

40.1 3.34 21

47.7 2.83 20

53.7 2.53 32

Diffractometer: Miniflex

Rigaku (Elexience)

The invention aiso relates to the polymorphic form of the laevorotatory

enantiomer of modafinil described as CRL 40982 form lll, characterised by an X-

ray diffraction spectrum incorporating intensity peaks at the following interplanar
spacings d: 13.40, 12.28, 8.54, 7.32, 6.17, 5.01, 4.10, 3.97, 3.42, 3.20 A, and the
interplanar spacings : 12.28, 8.54, 5.01, 4.10, 3.97, 3.42, 3.20 A corresponding to

the most characteristic intensity peaks.

10

In this context the invention relates more particularly to form Il of

(-)-modafinil which produces the following X-ray diffraction spectrum in which d

represents the interplanar spacing and l/lo the relative intensity:



35.3 3.78 100 35.9 3.71 40 40.1 3.34 21 47.7 2.83 20 53.7 2.53 32
Mniflex R gaku (El exiengg) The invention also relates to
t he pol.ynorphic formof the |aevorotatory 5 enantioner of nodafinil
described as CRL 40982 formllIlI,
spectrum incorporating intensi ty peaks at the follow ng interpl anar

D ffractoneter:

characterised by an X-

ray diffraction

and the interp

spaci ngs d: 13.40, 12.28, 8. 54CR1$G?9826F®RM5101 4.10, 3.97, 3.42, 3.20 A,
anar spacings - 12 1. 4 10 3 97 3142, 3.20 A
o 2 Thetanfgegressr act er i sCi Ac) i nten<| ty pé/éfké%)to In|this

correspondi ng t

()~ modat i mi | W ch pr Bouces Lo ol Rl X 1ol dif1r el on spebtrum in
which d represgnts thg ynterplanar SpPacdig and [I/10 thegrefative intensity:
13 CRL 40982 FORM |11 2 Theta (degrees) d (A) 9.8 13.40 40 10.7 12.28 39
15.4 8.54 100 [18.0 7.1%2433 21 4 6.17828 25.9|5.11 2610®6.4 5.01 87 29.6
421348 26 29.9 44426 18’)& 14 34 3,}35 4—319-—-0 32.43%. 10—+ 33.1 4.02

21.4 6.17 23

25.9 5.11 26

26.4 5.01 87

29.6 4.48 26

29.9 4.44 20

31.1 4.27 34

31.7 4.19 20

32.4 4.10 77

33.1 4.02 23

33.5 3.97 64

36.5 3.66 38

39.1 3.42 40

41.9 3.20 32

46.4 2.91 23

52.7 2.58 25

Diffractometer: Miniflex Rigaku (Elexience)

The invention also relates to the polymorphic form of the laevorotatory

enantiomer of modafinil described as CRL 40982 form 1V, characterised in that it

produces an X-ray diffraction spectrum comprising intensity peaks at the

interplanar spacings :

12.38; 8.58: 7.34; 6.16; 5.00; 4.48; 4.09; 3.66 A, the most

characteristic peaks corresponding to the interplanar spacings of 12.38; 8.58;

7.34; 5.

00; 4.09 A.

More specifically, form IV of (-)-modafinil is characterised in that it produces

the following X-ray diffraction spectrum in which d represents the interplanar



33.5 3.97 64 36.5 3.66 38 39.1 3.42 40 41.9 3.20 32 46.4 2.91 23 52.7
2.58 25 Diffractoneter: Mniflex Ri gakul4El exi ence) The invention also

rel ates to the polynorphic formof the |aevorotatory s enantiomer of
nodafinil described as CRL 40982 form |V, characterised in that it produces
an X-ray diffraction spectrumconprising intensity peaks at the interplanar
spaci ngs Spaginggndl/igghe reladive gntepsitycoDprigingdntensity peaks et e intrrp
characteriggg@ggeaks corresponding to the interplanar spacings of 12.38;

8. 58; 7.3 ; 57°00; 4.09 A fo Mire specifically, formIV of (-)-nodafinil is
characterised in that it produces the followng X-ray diffraction spectrum

in which d repre.sem-s—phe—mLeLpJ—a-na-F—LA——sﬂﬁau4+g—and—ULo—uqe—pal ative
intensity conpri §ilng i nt\ensji ty &Ekfc@??tﬁ% Mj'tvgrﬁpl anar spaci ngs CRL 40982
1007 23 10. 30 2 AACERRRGETN 7 54 U9 10 37 [6 16 I8 L 6n olea 13 1730
5.12 29 17.72 5.00 6053%9.12 4.64 1513 88.81 4./48 25 28

7.14 12.38 69

8.60 _ 10.27 23

1030 | . 858 100

12.04 7.34 49

14.37 6.16 24

15.65 5.66 11

17.30 5.12 29

17.72 5.00 60

19.12 464 15

19.81 4.48 25

20.82 4.26 10

21.24 4.18 12

21.70 4.09 51

23.28 3.82 9

24.30 3.66 30

25.18 3.53 9

26.02 3.42 21

27.13 3.28 9

27.90 3.20 15

Diffractometer : Siemens AG.

The invention also relates to the polymorphic form of the dextrorotatory
enantiomer of modafinil referred to as CRL 40983 form V, characterised in that it
produces an X-ray diffraction spectrum comprising intensity peaks at the
interplanar spacings 9.63, 5.23; 5.03, 4.74, 4.66, 4.22, 4.10, 3.77 (A).

10



20.82 4.26 10 21.24 4.18 12 21.70 4.09 51 23.28 3.82 9 24.30 3.66 30
25.18 3.53 9 26.02 3.42 21 27.13 3.28 9 27.90 3.20 15 Diffractometer

Si enens. AG. s The invention also relates to the pol ynorphic formof the
dextrorotatory enantioner of nodafinil referred to as CRL 40983 formV,
characterised in that it produces an X-ray diffraction spectrum conprising
intensity peaks at the |nterplanar spaC|ngs 9.63, 5.23; 5 03 4.74, 4.66,

4.22, 4.10, 3.77 | es) d (A) 1/10
(% 6.65 13.27 20  7.24 12.21 JRENY 10 38 8.51 19] 12.28 7.20 15
ig: gg 2: %g ég %g gg%tagd%reég 95 5. zds(;gzs I7. 6% 51H3 (%P0 18.69 4.74 51

6.65 13.27 22

7.24 12.21 5

9.17 9.63 51

10.38 | 8.51 19

12.28 7.20 15

14.33 T 6.17 14

15.81 5.60 4

16.95 523 68

17.64 5.03 100

18.69 4.74 51

19.03 4.66 58

20.06 4.42 3

21.06 4.22 91

21.67 410 64

22.39 3.97 17

23.61 3.77 55

24.64 3.61 8

25.40 3.50 13

26.21 3.40 20

26.95 3.31 18

Diffractometer : Bruker GADDS

5 The invention also relates to the dimethyl carbonate solvate of
(-)-modafinil, characterised by the following diffraction spectrum in which d

represents the interplanar spacing and l/lo the relative intensity :



21.06 4.22 91 21.67 4.10 64 22.39 3.97 17 23.61 3.77 55 24.64 3.61 8

25.40 3.50 13 26.21 3.40 20 26.95 3.31:148 Diffractoneter
car bonat e sol vat e of

The invention also relates to the dinethyl

(-)-nodafinil,

Br uker

GADDS 5

characterised by the following diffraction spectrumin which

d represents the interplanar spacing and I/1o the relative intensity 16

Di METHYL CARBONATE SOLVATE 2 Theta (degrees) d (A) 1/10 (%

9.12 9.69 29 9.#2

16.26 5.45 10 1
19.88 4.46 14 2

Diffractometer : Siemens AG.

7.17 12.31 38

I < \J U\J J.U

J.H'L

7.36 5. 10 ?WE%%W%TE %@X‘W—%EUS 19.1

;621 16
>4.639

9 3.78 22

T 20Mhdia tdediéestl 49 & 43AP5 2173 4. 0% @) 231
717 12.31 38
9.12 9.69 29
9.72 9.09 16
10.35 8.54 35
12.17 7.27 100
14.25 6.21 16
16.26 5.45 10
17.36 5.10 13
17.72 5.00 21
18.35 4.83 9
19.16 4.63 9
19.88 4.46 14
21.04 422 12
21.49 413 25
21.73 4.09 24
23.49 3.78 22
2455 3.62 35
25.24 3.53 8
26.05 3.42 9
26.88 3.32 7
27 .48 3.24 13
27.81 3.21 10
28.79 3.10 8

The invention also relates to the acetic acid solvate of the laevorotatory and

5 dextrorotatory enantiomers of modafinii which can be obtained by the

recrystallisation process according to the invention, characterised in that it

produces a X-ray diffraction spectrum comprising intensity peaks at the
interplanar spacings : 9.45 ; 7.15; 5.13 ; 4.15 ; 3.67 (A).



24.55 3.62 35 25.24 3.53 8 26.05 3.42 9 26.88 3.32 7 27.48 3.24 13

27.81 3.21 10 28.79 3.10 8 Diffractoneter

relates to the acetic acid solvate of the |laevorotatory and 5

dextrorotatory enantioners of nodafini

recrystallisatio

characte

it produces a X-

I~ 1.2

i nt er pl anar spaci
SOLVATE 2-Theta (

9.45 100 10.43 8.
5.13 28 17.82 4.

4.42 20 21.40 4.

degrEiE Jéér?%5 310 B 6214 50 SB % 5 4
48 6.656412. 3817 15 253014. 38 6. 16 155 16. 37
97 21 18 24 485 16 18 96 468 7 10 24 4
15 75 7.45. 55 3.194 2112.35 15
9.36 9.45 100
1043 8.48 6.5
12.38 715 25
14.38 6.16 15
16.37 5 41 8
17.29 513 28
17.82 497 21
18.24 486 16
18.96 468 7
19.24 461 5
20.09 442 20
21.40 415 75
22 55 3.94 21
2342 3.80 7
24.05 3.67 40
24.92 357 12
2521 3.53 9.5
26.15 3.40 11
26.78 3.33 8
26.99 3.30 6
58.43 314 13
28.79 3.10 14
59.63 3.01 7
30.03 297 4
32.33 277 9
33.13 270 7
3420 261 3
34.86 257 7
35.90 250 7

Si enens AG. The invention al so

whi ch can be obtai ned by the

process according to the jnvention

ray di ffractlﬁﬁEgﬂ;@(ﬁG@rSMTgl ng intensity

rised in that
peaks at the

17 ACETIC ACI D

2.35 15 9.36
5.41 8 17.29
16 20.09



23.42 3.80 7 24.25 3.67 40 24.92 3.57 12 25.21 3.53 9.5 26.15 3.40 11
26.78 3.33 8 26.99 3.30 6 28.43 3.14 13° 28.79 3.10 14 29.63 3.01 7
30.03 2.97 4 32.33 2.77 9 33.132.70 7 34.29 2.61 3 34.86 2.57 7 35.90
2.50 7 :s D ffractonetre : Bruker GADDS Accordi ng to anot her aspect, the

i nvention al se&el 0 or conversion froma first crystalline
FBLAIREL O ERURLERBR

formof one o € enan f-nodafinil to a 5 second crystalline form
which is different fromthe former, the said process conprising the stages

of : 1) suspending the crystalline formaof the said enantionmer of nodafinil
in a sol vent AEPYdingdevanethgr @sacel e dnyeniion aisa sdjatasniia Pierasy Ry of

sol vent s i I I ; i i i LN
part 1 oul at opoEe o £ AP EaNAS 10 5 PhORFRT: ERehidRer MBdalAl® 2" ) 4
i N suspenseocondtcrastadimee fartrunghich aswediffédean ftdra terdoemers dhe osritl eproeessur e
for a sufficient |ength ofﬁéirreto is permt total conversion of the
initial f&PMPIENGINSHtRGES Ry vary in particul ar

i) suspending the crystalline form of the said enantiomer of modafinil in a

solvent;

i) recovering the crystalline form obtained.

10

By way of solvents which may be suitable for this process mention may be
made in particular of acetonitrile.

In general the initial crystalline form is held in suspension at a temperature
lower than the homogenisation temperature for a sufficient length of time to

15 permit total conversion of the initial form. This period may vary in particular
according to the nature of the solvent, the initial crystalline form and the
temperature of the medium. Conventionally the crystaline form is held in
suspension for at least 24 hours at ambient temperature under atmospheric
pressure, most commonly for approximately 72 hours.

20 By way of illustration this process is implemented using (~)-modafinil.

In this context, according to a particular embodiment of the invention, the
process uses form | in acetonitrile in stage i), as a result of which an acetonitrile
solvate of (-)-modafinil is obtained.

By way of indication form | is held in suspension for several days, preferably

25 for 3 days at ambient temperature, at atmospheric pressure.

The invention aiso relates to the acetonitriie solute of
(-)-modafinii which can be obtained through the recrystailisation process
according to the invention. It is characterised by the following diffraction spectrum

in which d represents the interplanar spacing and I/lo the relative intensity :



according to the nature of the solvent, the initial crystalline formand the
tenperature of the nmedium Conventionally the crystalline formis held in
suspension for at |east 24 hours at anbi &t tenperature under atnospheric
pressure, nost comonly for approximately 72 hours. 20 By way of

illustration this process is inplenented using (-)-nodafinil. In this
context, according to a particul ar enbodi nent of the invention, the process
uses forml in acetonitrile in stage i), as a result of which an
acetonitrile so@rvate of (-)- TREETONTRILE SO TEED. By way of 1 ndication
forml is held iin suspension for several days.  preferably 25 for 3 days at
anbi ent t enper at ureTheda (dggresspheri c predgure. The i nvém{%bn al sp relates to
the acetonitril ¢sotut =7 lludclfi1 i1i7 whith—canmbepbtarmed] t hr ough t he
recrystallisati on proces accofdi ng t§‘ the invyention. Tt is characterised
by the foll ow ng di TTr@ggl on spectrum4i1a which d reprgsents the i nterpl anar
spacing and |/l the relative iptensity 19 ACHETONITRILE SO VATF 2 Theta
(degrees) d (A) {1/10 (P47 5.46 16.17 48.326. 25 14.14 95517.17 12|32 51 8.28
10.66 81 9.02 $-—+9—68—9-5+9-29-53—10-34-8-54- 53 1084815 63 11.33
7.80 79 12.47 7.09 538284 02 6|31 451068 20 5[83 35 45.76 5.6p 34 16.37
5.41 40 9.02 9.79 68

9.51 9.29 53

10.34 8.54 53

10.84 8.15 63

11.33 7.80 79

12.47 7.09 53

14.02 6.31 45

15.20 5.83 35

15.76 5.62 34

16.37 5.41 40

17.37 5.10 51

18.10 4.90 46

19.05 4.66 44

19.36 4.58 37

19.89 4.46 39

20.48 4,33 59

21.14 4.20 55

22.10 4.02 100

22.65 3.92 60

23.17 3.835 42

23.89 3.72 33

24,72 3.60 38

24.93 3.57 37

25.81 3.45 37

26.73 3.33 55




17.37 5.10 51 18.10 4.90 46 19.05 4.66 44 19.36 4.58 37 19.89 4.46 39
20.48 4.33 59 21.14 4.20 55 22.10 4.02,300 22.65 3.92 60 23.17 3.835 42
23.89 3.72 33 24.72 3.60 38 24.93 3.57 37 25.81 3.45 37 26.73 3.33 55 20
27.52 3.24 30 27.97 3.19 30 28.89 3.09 31 29.44 3.03 27 Diffractoneter
Siemens AG  PHARMACEUTI CAL COVPOSI TI ONS COVPRI SI NG POLYMORPHI C FORMS | 1,
111, IVand V OF (-)-NGBEINIL AND (+)3.08DAFINIL 5 RESBECTI VELY The
invention also nelates to pharmaceutical conpositions conprising the

pol yrmor phi ¢ forms CRL ?470@@2 formil, G’Rﬂ940982 form || 130 CRL 40982 form 1V
or CRL 40982 f or-mYv—of I rrodaf+t § o m A0983—formt+1, CRL 40983
formio Ill, CRL 4098?%%$m IV and 93983 formyV re?gectl vel y, possibly
in association[wth agpharmaceut cal I:y_ogccept apl e vehigl e. Thesge
conpositions may_be adm nistered orally, via the micosa (for exanple, the
nmucosa of DiffraceymeetenoSeemenndsy. st omach, intestines, rectum vagina

e PHARMACEUTICAL COMPOSITIONS COMPRISING POLYMORPHIC
FORMS I, Iil, IV and V OF (-)-MODAFINIL AND (+)-MODAFINIL
5 RESPECTIVELY

The invention also relates to pharmaceutical compositions comprising the
polymorphic forms CRL 40982 form I, CRL 40982 form Ill, CRL 40982 form IV or
CRL 40982 form V of (-)-modafinil and form CRL 40983 form I, CRL 40983 form

10 NI, CRL 40983 form IV and CRL 40983 form V respectively, possibly in
association with a pharmaceutically acceptable vehicle.

These compositions may be administered orally, via the mucosa (for
example, the mucosa of the eye, nose, lungs, stomach, intestines, rectum, vagina
or the wurinary apparatus) or parenterally (for example subcutaneously,

15 intradermally, intramuscularly, intravenously or intraperitoneally).

According to a preferred embodiment the pharmaceutical compositions
according to the invention are administered orally in the form of tablets, pills,
gelules or immediate release or controlled release granules, in the form of
powder, capsules, suspension of a liquid or in a gel or emulsion, or as a

20 lyophilisate, or preferably in the form of tablets, capsules, suspension in a liquid
or in a gel. The vehicle for administration may comprise one or more
pharmaceutically acceptable excipients which are likely to ensure stability of the
polymorphic forms (for example a suspension of a polymorph in an oil).

The pharmaceutical compositions according to the invention comprise the Il,

25 NI, IV or V polymorphic forms of (-)-modafinil and (+)-modafinil respectively,
possibly as mixtures of each other and/or with one or more pharmaceutically
acceptable excipients.

A solid composition for oral administration is prepared by adding one or

more excipients to the active ingredient, in particular a filler, and, if appropriate a



or the urinary apparatus) or parenterally (for exanple subcutaneously, 15
intradermal |y, intranmuscularly, intravenpusly or intraperitoneally).
According to a preferred enbodi ment the pharmaceutical conpositions
according to the invention are admnistered orally in the formof tablets,
pills, gelules or imediate release or controlled rel ease granules, in the
form of piodder ancexfolinting sgemerssildbricsnta a isyufagtant and aamyeemolsifiarul i on,

or as a 20 yophilisate,.or preferably in t form af tabl apsul es,
Suspenai oo PSR 2Rty el REo%n slbibas S ragleerlry . G iy
conpri se @N@urR’beRg ForrfEAFoRERIMpIE FtbYXhaesepbabltabesr ddipenies Whi ch are
likely to ensure stabi ||t¥lil0f the polynorphic forns (for exanple a

i

suspensi on of Exapplegnoebhlilersarineuds . lapgiesehsuriessst i mannitd messisareiiel;

Forme of prepafini YAe 8 GRfsaSkbles pr et ang Shell BB SRR ur e

of each opdtato eragdor with one or nore pharnmaceutically acceptable

excipients. A solid conposition for oral adm nistration is prepared by
addi ng one orExampleseofi Bindafss indude gelatine, edimg ti@greanth. imethxicsllblossr a

(111 Bl BRCRRLIRLe, S B ARAALERIGLE "OoRGEF pVMAD]| con

a surfact sifier, S I ser’ aurin g a’sugar
subst i t ut pyraglidanta@®\¢Pyroplbvitene, sdgdviddme, dexktam; eldxaim ocyclodertlirf @andeikanpl e
into the formof a table or capsule. Exanples of fillers include |actose,

sucr oslé, @eMaAtives soeh &g mydrexypropyldi-eyledextsRs based on cel l ul ose, such as

el ude gl at PRSPt PugRt SRPRCIR st B AiPalbMe” nsriah Al Fadhitl ose.
sodi um cagymrigrs hyl cel | ul ose, and/or polyvinyl pyrrolidone (PVP),
povi done, copovi done, dextran, dextrin, cyclodextrin and its 10 derivatives

such as hydr dx¥@nBles -qf31astel daedityingn.agerdsmineluds eagpar POWSSSi tmHnds in ncl ude
agont s 1 s SAaEE oL, BRCRRC! e B Be B R, A PR i e
i n thesf ogiAnadoai |, borneol and powdered
Examples of surfactants and emulsifiers include in particular polysorbate 20,
60, 80, sucroester (7-11-15), poloxamer 188, 407, PEF 300, 400 and sorbitan
stearate.
Examples of solubilising agents include miglyol 810, 812, glycerides and

20 their derivatives and propylene glycol.

Examples of exfoliating agents include, for example, polyvinyl pyrrolidone,
sodium carmellose or alginic acid or a salt of the latter such as sodium alginate.

Examples of lubricants include magnesium stearate, stearyl magnesium
fumarate, behenic acid and its derivatives.

25 The pharmaceutical compositions according to this invention may also
contain another crystalline form of (-)-modafinil or (+)-modafinil respectively, in
particular form | and/or another active ingredient or inactive ingredient as a
mixture with one or more other polymorphic forms of modafinil such as form lii,
form II, form IV and form V.

30 For the purposes of this invention the term “pharmaceutically acceptable
vehicle” covers solvents, dispersion media, antifungal and antibacterial agents,
isotonic agents and absorption-delaying agents. The use of such media anc
agents for pharmaceutically active substances is well known to those skilled in
the art.



15 ci nnanon. Exanpl es of surfactants and enulsifiers include in particular
pol ysorbate 20, 60, 80, sucroester (7-1%,15), poloxanmer 188, 407, PEF 300,
400 and sorbitan stearate. Exanples of solubilising agents include m glyol
810, 812, glycerides and 20 their derivatives and propyl ene glycol.
Exanpl es of exfoliating agents include, for exanple, polyvinyl pyrrolidone,
sodiumcarnel l ose or alginic acid or a salt of the latter such as sodi um
al gi nate. Exanples of l|ubricants include nagnesiun1stearate, steakﬁ%

luti cal

magnesi um f uBedn¥entipmhalsocrelaies tadie uss qidbe jatmsy ERL 38984 domndl
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a mxture w 0 or re other po rphic fornms of nodafinil such as
Form 1 Sor ot BS-rhes N eanac el TG B aSE shAedalion infagdd

i nvention t - i C j - nts,

di sper si OI}érﬂt@Si ‘z’{ev%%ﬁ}f%ﬁg@w?naﬁmaéﬁ? ioggct eria rpgaléﬁfté'sd? *r@wslg@éaﬁléécmgéﬁém?s and
absor pt i opadeuteri itopajbict Hypdtsemusa arid sypkrsominia ameatiegesneffetted by a
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(-)-nmodafinil and the fornms CRL 40983 formll, CRL 40983 formlll, L

40983 foor spMVicteNcERL ex@EEslie Sohunatenceyf exegssived soimmaleness associatey Wwith t he

manuf acture of a medication in ded for the prevention and/op tr.eatnpent of
R condi t | BATCLPRRA IS RTBAR TR &F SBfm ot Al IeTNalY | HEISR P St RALIRGRES sommi a
and hyper ggaisa: | Braldéicit of afHeeCEORbRY aissGaNGRYajrdt e aé@fhehyia TOhRRNRSS

anal gesics to relieve pain; sleep apnoeas, excessive sommolence associ ated
with a di disiddancbst imcpanicular eelertapasedisiurpancas gsspciated swithn obtaiast's
excessi ve _somal entgé‘ ence afioci ated w
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15 (ADHD); the condition of fatigue, in particular that associated with multiple
sclerosis and other degenerative diseases; depression, the depressive condition
associated with low exposure to sunlight, schizophrenia, rotating shift working,
time shifts; eating disturbances, in which modafinil acts as an appetite stimulant,
the stimulation of cognitive functions in low doses.
20

e PROCESS FOR THE PREPARATION OPTICALLY ACTIVE MODAFINIL

In accordance with another aspect the invention relates to a process for
preparation of the optical enantiomers of modafinil from (x) modafinil acid, the
25 said process comprising the following stages:
) separating the two optical enantiomers of () modafinil acid and
recovering at least one of the enantiomers,
ii) placing one of the two enantiomers obtained in contact with a lower
alkyl haloformate and an alcohol in the presence of a base,
30 iii) recovering the product obtained,
iv) converting the ester obtained in stage iii) into an amide,
V) recovering the product obtained in stage iv).
Preferably the lower alkyl haloformate is a lower alkyl chloroformate and,

better still, it comprises methyl chloroformate.



di sease; protection of the cerebral tissue against ischaem a, alertness
di sturbances, in particular alertness disfturbances associated with
Steinert's disease, attention disturbances, for exanple associated with
hyperactivity 15 (ADHD); the condition of fatigue, in particular that
associated wwth nmultiple sclerosis and other degenerative diseases;

depr essi on, t Advesiagesssly etheolowieri alkyl hAsfjoinzates, amand evhielk pospasictiar

l'i ght, hi h ' tati. hi ft ' ti hifts:..eati
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stinul at i eibdfinA QM bfe/ RsE UHGE tRAS the dir‘ﬁé‘tr@@%@ha’%odem% tHeRpiddess
PREPARATI ON OPTI CALLY ACTI VE MODAFINIL |n accordance with anot her aspect

the i nvenin the pébgta%étfsU§F4,];92b,|855egbli'z©;§qupllﬂé¢fﬁ_rcatb&i’t\?—ro)fieldlse T_cbgt peegess is
compr 1 o nie Rl arRisith ot R sadre AR Ky s tial P8R8 ot Penant ; orrer s

of () nodafi nprefeatsly ahe opsrafuerisngordudtiedsh peepschide enaii icfiihslari i)
pl acing one of the two enantioners obtained in contact with a |lower al kyl
hal of or mafleaBfifyy ehlovesHey hatoforpats agenkasen stagesiy, in3telafipy tpeerficaly ng t he

pr oduct O?Eﬂé‘%déﬁﬁﬁ a?ﬁnverti ng the ester obtained in stage iii) into an

am de, v) recoverling € product obtained in stage iv). Preferably the

| ower al kyl hglief seirtietiarly prefetredeto abé\drgahit asksy mure preficrabbehiteygest i |1,
it conprises nmethyl chloroformate. 23 Advantageously the | ower alkyl

hal of 00mat@RiaIRBMGSERi ch in particular nethyl chloroformate, used in this
process to briyQg.akou: i fi i £ af L ni of toxic
than the di rre}ta\%yfa Qﬁ#%H%pg @%@eﬁrfélc{)eb% n%@osr@% séé nr:nr%d?’hﬁerfj “rg?dlgrft%f us
4, 927, 855trigghyiangneqdisoptapylamineb eligthyinyetalldminel alisppoomasthys anfing hegef or e
easier to use and re suitable for industrial application. Preferably the
oper at i ondi%aétﬁYHlREng-éoO]PWQ% "eﬂﬁe@{a’@e of an equinolar quantity of |ower

al kyl “hal of or ppLe 20 R8SEIVERt 5895 'stagd ) 1sCA A allighaRiB AIEBhbY sudFhd Ve

nodafinil acid.
15 methanol, ethanol or propanol, methanol being particularly preferred.

According to a particular embodiment the .ester obtained from stage ii) is
crystallised by the addition of iced water.
Conversion of the ester to amide in stage iv) preferably consists of
ammonolysis, i.e. treatment with ammonia.
20 In this context it is generally preferably to work with an excess of ammonia.
According to a particularly advantageous variant of the invention, ammonia
is used in the form of gas. |
In a preferred embodiment the ammonolysis reaction is performed in a
polar solvent, preferably a protic solvent such as lower aliphatic alcohols, for
25 example in methanol or ethanol, methanol being particularly preferred.
The (+) or (-)modafinil acid ester in stage iii) and the (+) or (-)modafinil
respectively in stage iv) are recovered using conventional methods known to

those skilled in the art.

30 According to another aspect the invention relates to a process for the
preparation of optical enantiomers of modafinil comprising the following stages :
a. resolving the two optical enantiomers of (£) modafinil acid or salts of
the same according to a preferential crystallisation process,

b. converting the said isolated enantiomers into an amide,



It is particularly preferred to use organi c bases, nore preferably nitrogen-
io containing bases. As a particularly peeferred base nention nay be made in
particular of triethylamne, diisopropylam ne, diethylnethylan ne,

di i sopropyl et hyl am ne, 1,8- diazabicyclo[5.4.0]undec-7-ene (DBU).
Preferably the solvent used in stage ii) is a |ower aliphatic al cohol such
as is methanol, &t hegryeriog tb?@'mﬂ‘ﬁgln,ll emantiemer obtaimed.particul arly preferred.

Crystal | 1sed byCEReiile piePo abodiRRar Stads dh BeBR ot L S ) i ae
in stage iv) prefpnpbbiyvertng it saidfenantiomend b i loivep alkyl egerent Wi th
ammonia. 20 In this context it is generally preferably to work with an

excess of ammoni ab2) peRvertng e brodusheblengddn sfagrIPAhtrdgen @Midsr i ant of the
invention, amonia is used in the formof gas. In a preferred embodi ment
the ammonol ysis reaction is perforned in a polar solvent, preferably a

protic sol venAcsudingito bqaeticubrp bedfemred|enobadiment atage?b1pisacyrtiediout it hanol
or ethanol, nethanol being particularly preferred. The (+) or (-)nodafinil
aci d est efhg mrasenge Pl ) lodwd KW palpigmate,) ap drlePhf| a“‘#&é’@é?i YBAGr ithe st age
iv) are r%ﬁagbﬁgd%&%ocﬁfé‘(lﬁiﬂsi onal net hods known to those skilled in the
art. 30 According to another aspect the invention relates to a process for

t he preparat Aocoodingpta cal pemnianlarlyradyanfageodsf enmbodiment,i sitheg thle s

followi ng stages .. .a. resolving the t optical enantioners of nodaf i ni |
Lot o oft SERITeTGRd p e disenas: OF BIed ST ERRs oA R a1 s et 7
process, Bq) CBRYSHsksNgh HMmdRbisisS eLigh & Sés”‘éﬁﬂéli'gFév'b'“%I s HH # c
recovering %he%&a?i ni ( enant ﬁlgmar obt ai ned. Acc rdilnLgl; ?’o asgjrﬂejggsrsr ed
enbodi menwhidhatfee (@)-medafanif acides sepatated Sygqgueterentid]) crgstalisation givderisai d
enantioners into a |l.ower al kP(l est er, b22 coonverti ng the Pr oduct obtajned in
stage b1) 19 ap@veralhyieldegenesally of the order of 25%. Thus the'yield of the (-)-modafinil
enantiomer in particular obtained by this process is markedly greater than that
15 obtained in US patent 4,927 ,855.
The preferential crystallisation technique is a technique which is widely
used in laboratories and in industry.
This method is based on the aiternate crystallisation of two chiral
compounds referred to as R and S, forming a conglomerate in solvent A and over

20 a given temperature range DT. This means that within this temperature range any

mixture of the two antipodes in thermodynamic equilibrium with the solution
comprises two types of crystals each of which only contain molecules having the
same configuration, which may or may not incorporate solvent molecules
(solvates). The existence of such a conglomerate, without miscibility in the solid

25 state, is implicitly accepted in what follows, at least during the temperature range
DT and in the case of solvent A.

Two kinds of factors influence crystallisation of the optical antipodes, on the
one hand parameters associated with ternary heterogeneous equilibria and on
the other hand factors affecting the kinetics of crystallisation.

30 The parameters associated with ternary heterogeneous equilibria comprise:

- the positions of the crystallisation surfaces for the solid species which are

deposited at each temperature and more particularly the solubilities of the

stable and metastable phases, of the s(+) racemic mixture and the



According to a particularly preferred enbodi nent stage bl) is carried out in
the presence of a | ower al kyl hal of or mat an al cohol and, a base, under the
condi ti ons described previously. Accordifig to a particul arly advant ageous
enbodi nent, when bl) is io perforned in the presence of nethyl

chl oroformate, a base and an al cohol and cl1) conprises an ammonol ysis such

as described pr Smi;%tfésysﬁ#}mﬁ-)nh%@ﬁén & terMbé@iureh nt th&Patid bNddIupfitids | S
separated by preferential crystallisation gives rise to an overall yield

general ly of the=osdex/ sfr)25% Thus the yield of the (-)-nodafinil
enantiomer in particul ar tained by this process is rkedl reater than
that 15 obt af nblF FRE08hANE RN G WELISITHE GRBRIRRT (1 Solg SXalMSat i on
technique is a {RChRICEHMMNI BB irScdhie! Solvaisedinen ddaRer op/dteés aRd itRe
industry. This nethod 1s based on the alternate crystallisation of two

chi ral 5 conpoungslyrmefrehicedrietieasf bheaerysigllisedranilidg. a congl onerate in sol vent
A and over 2Q,a_.given_tenperature ran DI. ..Jhi.s nmeans that within this
tenperature rgnaég%{[ﬁgﬁ ﬂ?%r&_j?%%?ﬁ {(l{\ﬁ@(ﬁ aﬁcrﬁt@#ﬁghgg I U(?%Er nodynam ¢ _
equi libriumwitadidie sitbeidion tRONBEEBRS aydpdiateeswith ey Yodlds @reNedh Wwhich
only contain nol ecul es having the sanme configuration, which may or may not

i ncor porate sol @gcuies erhich sanpeiohs arasiified hheesxparsredenf such a

acceptod | vhab<EO SR Bididar B hRIAR A7 i B dirpatt ahRe i bisla 1
the cage of sol Mgtiire Aof TP skiveds e hatirerand riohuenestion Ystiplpursiak! efe of the
optical antipodes, on the one hand paraneters associated with ternary

het er ogeneous e8uPersBiuratiem@cadired He relelien tRdiaes the epemEfwet iange Ra,
ki netics of crystallisation. soTeIpara ters associated. wt tern%re/
il 8ati on

het er ogeneous el $RERT ane ramnes of stitringy e, &S iAdsPfiCienize P e Ys
surfaces for thg s "@ﬁ%PpCét s which are deposited at each tenperature and
nore particularly the solubiTities of the stable and netastabl e phases, of
t he s(+) racenilbese xttvor kindedoft faet®S disattly poflesncy #)e yiedd,- )he puribl af ithe t o
tenper fast ur Shagensdoé a(laneE ta'ng tﬁé ngéHC ic>|fi‘clt1é ggpa%?iségw)cépseggt)lons. The feasibility of
filtration also depends on the particle size spectrum and the habits of the
crystals, the viscosity of the suspension, the vapour pressure of the solvent, the
supersaturation of each of the antipodes and the possible presence of a true
racemate of a metastable nature. These choices may also affect the kinetics of
20  racemisation of the antipodes or degradation of the molecule.
For each combination comprising the pair of antipodes (R and S) and the
solvent (A), the factors affecting the kinetics are of a particular type.
Two preferred methods of crystallisation are mainly distinguished:
- conventional processes, described as SIPC, for "Seeded Isothermal
25 Preferential Crystallization" and their polythermic variants, and
- the process referred to as AS3PC, for "Auto-Seeded Polythermic
Programmed Preferential Crystallization".
In the AS3PC preferential crystallisation method which is referred to as
being auto-seeded, the system is placed under conditions such that it itself
30 generates its own seeds to produce the required enantiomer, while in the SIPC
method these seeds are introduced by seeding. The two types of processes are

described in greater detail below.



the extent of the stable and netastable domains for the solid solutions,
the racemate, the racem c solvate, the acki ve solvates and the 5

pol‘ynmor phic varieties of the crystallised solids. The factors acting on the
ki netics of crystallisation include : - factors internal to the crystals,
associated wth the bonds between nolecules, which cannot be nodified by

t he experi mentfar, morextimomabtidractmrcermhgc hesdutidie prode$sesd by prieéerential
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and particle size of the nuclei, the wall effect, etc. These two ki nds of
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preferred nethods of crystallisation are nmainly distinguished: -
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Preferent ol Oyt ol aald B Bied 114 ARG B A3 SoeBlferid®
Preferential Crystalmbaafinipacid dtma tdrepddite PhHef&T WRichahe defiiey IposatE on
met hod which is referred to as being auto-seeded, the systemis placed

under conditions sucdefinedt by ttheteldbles3zopeertraticers antistepuperataesTHY ligsoduce
the required enantionmer, while in the SIPC nethod these seeds are introduced
by seedi ng. The two wiflieshe@mqmopbass denmaie of tresditutbesdlutiongr eat er det ai |

bel ow. 152 6 b) rapidly cooling the solution prepared in stage a) initially at the

temperature Tp down to the temperature Tf ,

c) seeding the solution obtained in stage b) while cooling (i. e.

between T and Tf) or when cooling is complete (i. e. at TF) with

very pure seeds of the first enantiomer,
20 d) harvesting crystals of the first enantiomer,
e) adding the racemic mixture of crystals in the form of conglomerate
to the mother liquors resulting from the harvest performed in stage
d) and homogenising the new combination by heating to a

temperature Tp, so that the defining point E’ is symmetrical for E

25 with respect to the plane of the racemic mixture of the solvent,
antipode (<), antipode (+) system, the said point E’ lying within the
monophase domain of the dilute solution,

f) rapidly cooling the solution obtained in stage e), initially at

temperature Tp, down to temperature Tg.

30 g) seeding the solution obtained in stage f) with very pure seeds of the
second enantiomer,

h) harvesting the crystals of the second enantiomer,



For nore information concerning resolution processes by preferenti al
crystallisation by the AS3PC net hods reference may be nmade in particular to
the docunents by G Coquerel, M-N Petit and R Bouaziz, Patent EP 0720595
Bl, 1996, E. Ndzie,  P. rdinael, A -R. Schpofs and G Cogugere

Tetrahedron 5 Asymdiy ToGEeTBErHRUSgn BB of 2 CesaiomRTEIess! Custaliy .
M-N Petit, U "'el‘érsﬁﬂifﬂlgz frbn R @RGREICh&A0EstGmadRiiresRige INRIMH Yoth&t t er's,
2001, 4, 364-365. According to a particular enbodi ment, the process for
resol uti on of the ojsccalarchadrmmogenisingf the) newdadmbinatiani dy oreating $alas is a
seeded SIPC or S3P rocess,—the said prqocess conpri.sin f.0l 1L.Ng
stages : 10 a) horrnq&éﬁ?esraﬁ%n-r%fm & rotr?b?tﬁaﬁ %ﬁog%ti'oﬂ ﬁi&hﬁ%la@eth%@%ﬂi xture
of crystals inth (o) e 0 - ' enant i omer of

nodaf i )I’éli| acid at gth%eé&%@égﬁ%)ﬁ‘F\%%!n%fr?@%%mﬁ?lcieftrﬂgg Ele){n?tr%’ng point E, defined
by the vari abl es jcomrpeatingtstagesay b ecipdy,ad)ur) ehiTénd |)i tessubsetibemtiyt bistain
nonophase donain of the dilute solution,éég bgvrapidLg cooling the solution
prepared in stage aeitHptand themthe sreondeqfias e eoanHomsih to t he
tenperature T edi Rnsa(y i i i ; i ol i ng
(i. e. Dbet we[gﬁfe{'@cﬁﬁ qi"lf?‘g%rﬁw enegfgoqﬂi%ﬁg%g @%ﬂnﬁdétg ?Igscr?m%’?h%{ﬁ)a%& th
very pure"SP&isanf "S3IRCT resgiectinalyt tlertatier 2@ird) ahariass tof IRIPCr 35 teksrited t he

first enanti ,,.€) addi the racem c mxture of crystals in the form of
congl d%r@tiﬁqgféﬂ"\?)é Oﬁ‘df‘ﬁgﬁg desqlBi -resul ting from the harvest performed in

stage d) and Sk } i heating to a tenperature
TD, so that thllgl de ?g!l%ggfgl}%Eﬁyéos%gg?fmﬂrg%rlrﬁ%g:%?or E 25 with respect to
the plane of the-raCeniepreseritar theoternperatreventhe end ighoctgstalisatiamtangode (+)
system the said point E lying within the nonophase donain of the dilute
solution, f) rapi dlfitration, legateseingbe threerphstseadamainin stage e), initially at

omerature 10 douh b SOBSEANL o et SRR SO gRaf 2 ned

15 mixture,

- Tp represents the starting temperature at which the starting mixture

is a homogenous solution,
- antipode means an enantiomer.
Preferably the process for the resolution of these two optical enantiomers of
20 (¥)-modafinil acid or salts of these by preferential crystallisation is an AS3PC self-
seeded process, the said process comprising the following stages :
a) creating a combination comprising a racemic mixture of the crystals in the
form of a conglomerate of the first enantiomer of modafinil acid and
solvent, for which the defining point E, defined by the variables

25 concentration and temperature T, lie within the two-phase domain of the

enantiomer in excess, and is in equilibrium with the saturated solution,

b) applying a temperature cooling programming function to the two-phase
mixture prepared in stage a), this programming function being such that
the mother liquors remain slightly supersaturated, encouraging growth of

30 the enantiomer present in the form of crystals while preventing
spontaneous nucleation of the second enantiomer present in the solution,

c) throughout the time of crystal growth in stage b) adopting a rate of stirring

which increases slightly in relation to time so that it is at all times



h) harvesting the crystals of the second enantioner, i) adding the racemc
m xture in the formof a conglonmerate of crystals resulting fromthe
crystal. harvest nade in stage h) to the tfot her | i quors and honobgeni si ng the
new conbi nation by heating to a tenperature TD in order to obtain a
conposition identical to that of 5 the conbination having the initial

defining point j | ; j) to
subsequent |y o%@?‘ﬁm\? %gﬁﬁdr gﬁcﬁ{gg?kﬁo@mgﬁ t’geegf}orﬁhg%?nﬁnée{ V)A\’S ”%)ﬁgﬁw" rs.
Ref erence is ftrequgatdratiomdef t extbsesesllywdanget hefekarbyforbescr bimging t ladouas

"SI PC' and "S3PC' respectively, th? | gL t.er bgi ng, a vari ant of SIPC as
described to HACRfQiE ‘F‘dﬁ’?ﬂ%‘?” i $HTTIEIBN R 4350 19t BGRIEVER 2WAGTIOPENERYS, f or

the purposes of, 'r%idé{‘é(r?n?‘fré;%’r.eheﬁll b HeLRRMES | &rtﬁﬂﬁﬁ&@a'éﬁecrgétaﬂik@ end

of crystallisation an tration, located in the three-phase domain, - TL
represents theohthedfgsheérsattioorert enperature of the racemic 15 mxture, - TD

represents the starfing tenperature at which the starting mxture is a
honmogenous <8l U_?f"@ﬁ%mg ﬂ%ﬁ%@é@ﬁ@%@%ﬁ“@ﬁm%m. Preferably the process
for the r eSQJ)UEHBi'ﬂgQEe FAeHRici B CH stBRARhE FEHS ofh c&%lc(r)nefﬂ?é‘@cﬁ kg | acid

or salts of these by preferential crystallisation is an AS3PC self- seeded
process, the saiadhegr gess oaultingiframt the hanashi perfemagfsin: stapecdgarchg a

conbi nati on co ri.sint a racem.c m.xtyre of the cry t al li nTth .fO{mof a
congl omer at e oP 9iBS e e EMITIBAKON dp arteraprRtyTeAR RSN TooTyig e or
teperit ur e TeUME RkbAm o At stV gl kBB s§ e iy "
excess, and i spbint € Uis! syprimeriodl tBr tEhevignregpicedoStleUbizta obthepatymig a
tenperature cooling progranmmng function to the two-phase m xture Frepared

in stage a), tmgumsogr olgentu Aptipede hai ajipoder+i Rustem,HBe maicheeint Equor s
! oMy BRI SlERoSReRAAR Onerigiit Shaio i i
excess and in equilibrium with its saturated solution,

15 f) applying the same cooling programming function as in stage b) to the two-
phase mixture prepared in stage e) containing the second enantiomer so
that the mother liquors remain slightly supersaturated during crystallisation
in order to encourage growth of the enantiomer present in the form of
crystals while preventing spontaneous nucleation of the first enantiomer

20 present in the solution,

g) adopting a stirring speed which increases slightly in relation to time over
the entire time of crystal growth in stage f) so that it is at all times
sufficiently slow to encourage growth of the second enantiomer while
avoiding generation of excessively large shear forces giving rise to

25 uncontrolled nucleation, but sufficiently fast to obtain a homogeneous
suspension and rapid renewal of the mother liquor around each crystallite
of the second enantiomer,

h) harvesting crystals of the second enantiomer,

i) adding the racemic mixture of crystals in the form of conglomerate to the

30 mother liquors resulting from the crystal harvest performed in stage g) in
order to obtain a combination in which the composition is identical to that
of the initial combination E,

j) repeating stages a), b), c), d), e), f) g), h) and i) to obtain the first and then

the second of the two enantiomers successively.



spont aneous nucl eati on of the second enantionmer present in the solution, «c¢)
t hroughout the tine of crystal growh in2gtage b) adopting a rate of
stirring which increases slightly in relation to tinme so that it is at al
times 28 sufficiently slow to encourage growh of the first enantioner
whil e avoiding the generation of excessively |arge shear forces bringing
about uncontroll ed nucl eation but sufficiently fast to achieve a

Crystaltite ST ORRTORONRtr e REmsRes S, b oBuT EomO B A ohehe
first e”arﬁdn%%ém%& orﬁf@hﬁ'&af&@ JFéE '&"bFn i ?cg@h}n&thé%hé'récéﬁué Hﬁ){&?é m of a

congl oner a I quors resu t| ng arvest perforned in
stage d) dhdfirdiranagitiopertandrtbersolveht.nation to a tenperature threshold TB

during the 10 |rre neces 0 achieve th rm)dy am i um s t hat
the def?ning 3 LhhS rsehss Fastoringr o ihe Bieabon the Cheldn Shibent. ¢ he
racem c rgoa«iéhmsfower&é\ﬁnﬁ% wavkmglf%mee ufe JangRMAreRRAR el @sﬁt&wa the

sai d point lying wt ase domal n~of the secon ant i oner
whi ch i s iso aeiccatstairasithultanequslyi br i um with its saturated solution, 15 f)

appl ying the sane coqlin unctlon ge b) to t -
ARG N T e e TRl S M O
the nother [i qu?ﬁéta%?éﬂ?érhﬁ"é\ﬂﬁwré RHPRraRierahG during crystallisation in
order to encourage grow h of nantioner present in the formof crystals
whi | e poeventi- nglqspcmwhmt)ase sutficeemtly ccorwientrated ibus of downtisansity aad lpwesent

in the solution, aﬁ adopting a stirring speed which increases slightly in
relation to ti nY3BOHFPT&S%8™®@ntire time of crystal growh in stage f) so that

it is at all Lingg ab§éﬁéé6f§6‘I%}{ésn§'a‘h‘&’rb@eﬁf'§?éﬂérnage growth of the second
enantionmer while avoid eneration of excessively |arge shear forces

giving rise to MaMhWOcnftthel $@da1nedi thetseoare prasentifat iegudibtiugn findtthey arbt ai n a
honbgeneous susg 8@ and rﬁﬁ?{d renewal of the nother |iquor around each
crystallite fgve Yoner,

15 In stages (a) and (e) of the process according to the invention, the

temperature TR is higher than the temperature T| for homogenisation of the

quantity of racemic mixture present in the initial suspension, in that from the curve

for the change in THoMmOQ in relation to the excess of enantiomer and for a
constant concentration of the racemic mixture X|_ the said temperature TR is

20 defined in such a way that the mass of fine crystals of the first enantiomer from
stages (a) and (i) and the second enantiomer from stage (e), in equilibrium with
their saturated solutions, represent at most 50% and preferably between 25%
and 40% of the expected harvest.

In stages (b) and (f) of the process according to the invention, the function

25 for programming cooling from temperature Tg to Tg, appropriate to the
experimental assembly, is defined so as to:

- achieve slight supersaturation throughout the time for crystallisation of
the enantiomer present in the form of crystals at the start of each cycle,
this slight supersaturation giving rise to gentle growth and secondary

30 nucleation,

- achieve maximum supersaturation of the other enantiomer at TF without

primary nucleation,



h) harvesting crystals of the second enantioner, i) adding the racemc

m xture of crystals in the formof conglggerate to the 30 nother |iquors
resulting fromthe crystal harvest performed in stage g) in order to obtain
a conbination in which the conposition is identical to that of the initial
conbination E, j) repeating stages a), b), c), d), e), f) g), h) and i) to
obtain the fictsbpadidl 4 R8Fest BE cAREAY N Gtaddie(d) hE HNWhiRRBAfersaidigsporel V.
29 In what follows, for the purposes of this invention, THOMO shall nean

t he honpgeni sat ths racarmiermbdure and tie ProvisipnAfi vake-cippini staags @k andddni ¢

m xture, the fir epant |. [ an sol . T in stage (a) of the
process accordi Hgﬁ{eg 'fﬁ%sﬁ'tﬂggﬂﬁeﬁr%ﬁﬁe8%8?[%@%&0?'{:“%@5oI vent or solvents
and the wor ki ngfdctepenaétperini@mitaPagdetnisi¢iiagesh influstsdon thd¥up&eatfatiéh obt ai n
si mul t aneousl y: - antipodes which forma congl onerate and of which any

racemate icpapideasehdhe mixtures wwned Ra dhpefrHicianeyr ahgeliming, -and q@ford whi ch
are suffl %bﬁQé%qen%%”‘%g{:‘;hﬂw‘c‘?ﬂnbﬁro Fara Al Y'c%%ﬁﬁétﬁna%?ﬁp{eg\gg?e!@g% e >oUr e,

- the absence solv si s and'ratem sat’i on, S Solvates if

these arecptegetincat iequHith kiié procesd it lkayried eut. Hswverhhe tempatatareTg, 15 In
stages (a) and (e) of the process according to the invention, the

t enper at utlee $Bubditibs giiéne rdemicmixtwrepe refatior td terhperataepgaditsatiigoyve; t he
gquantity of racem c mxture present in the initial suspension, in that from
t he cur ve cufuer int tedatdnatogthel excrgond erantioimsrifon atepnstantesanesstratior wathe oner
and for_ a__constant cogentrafi onﬂ?gf th\i%riace 1 c m xtur f L the sai

terrperbot ur &°efBC gm%r% i 28 RS W ?}yt ppﬂgeﬂtag P PXRRITEP {al s of
the first ag?%% mer from stages (a) and (i) and the second enantioner from
stage (e), ilibriumwith their saturated solutions, represent at nost

50% and pr ef ereid YodipigeegraabmingAthclielo whichhe tiexpeetied |ihaih?a§mpelrétuﬁé ages
(b) and (f) of the process according to the invention, the function
with time, is determined in its part from T| to T by cooling of the solution of

concentration X|_ from T + 1°C to Tf, where Tg is lower than T = (THOMO -
15 TL), in order to obtain a stable saturated solution without primary nucleation while
permitting a double harvest of the initial enantiomer excess and the said cooling
programming function is determined in its part from Tg to T by extrapolation of

the same fuﬁction as established from T + 1°C to TF.
The process for the preferential crystallisation of (+)-modafinil acid or salts

20 of the same has other advantageous features alone or in combination such that :

in stages (a) and (i) the mass of fine crystals of the first enantiomer in

equilibrium with the saturated solution represents between approximately
25% and 40% of the expected harvest, 50% representing a maximum
fimit,
25 - in stage e) the mass of fine crystals of the second enantiomer in
equilibrium with its saturated solution represents between approximately
25% and 40% of the expected harvest, 50% representing a maximum
fimit, ,
- in stages (b) and (f) the heat released accompanying deposition of the
30 first enantiomer and the second enantiomer is incorporated into the
temperature programming function,

- in stages (e) and (i) compensatory additions of solvent are made,



25 for programm ng cooling fromtenperature TB to TF, appropriate to the
experinmental assenbly, is defined so as 1lo: - achieve slight supersaturation
t hroughout the tine for crystallisation of the enantionmer present in the
formof crystals at the start of each cycle, this slight supersaturation

SRR R N TSN
10 obtain a hapfstoroboffiRidbe | RiBhadRse(doRRtbd b WibENrakhaniagdli {1 on

of the racemc mxture a e provision of make-up I n stages and (i),
makes it possi baecdlerape thedmsbhaioopstagd,i suth &y grindald gnd kievirgg trestmaent

experinmental assenbly has an influence on e supersaturation, S, capacities
of "the i xt ur oo H {8 TSN W=UF PEPRHE) SoPPUEARPR B roim fomg AHdeth ReRence
the function prQséﬁgntg%eﬁﬁgééfseqomtpmsogéiﬁpb?&aam?tm@ crg;été@%aﬁ]agmes in

whi ch the process is carried out. However the tenperature’ TB,
sol ubi lities ofgemerating eniacgarsutfagecaiea foetrystalgrowth,enperature, and the

THOMO inrelati to the . f. t f , tant, .
concent rat i on” oft A&7 G SELATE (hiolas sisSaldorn ik @ts ot SHKEOr NSRubbendent
of the experi méﬁrﬁbari@éﬁ%'éﬁagé@&)_%\?ﬁ'('?ﬂg programm ng function, which is

Wi |

the function |inking tenperature me, is determined inits part from
TL to TF by choadditionto the hetdragensoust equirosmtdadairequired far dmpiEmentingC t o

TF, wh TF j h TL - (THOVMO 15 TO, in.ord in. bl
T oGt A Badessr B pabEalT) ad dled HbBESE, ekl Jfedire ©
harvest ofohdimaintai tdaMiclRBANttheMBHoIREC AsfctiBRd dte thaddl Zr80spawFic b6 oS ng

function is determned inits part fromTB to TL by extrapolation of the
same funcsplyantienaniioatsn eamebingtiom TL + 1 C to TF. The process for the

preferential grystallisation of - afini Ll _acid or L ts f sane
e ot hor  advARGGELS Rt Aok o, Soleatfbbadh: S8 furd g SIFE. T
stages (ap3pad ofi ASBRE PReGesdbsf isnabsdiMet af sdéHatlhey fdttfisiol epassibRmRY o n
equilibriumw th the saturated solution represents between approxinmately
15 mixture with an organic or mineral base, or with one or more solvents capable of
improving the solubility of the racemic mixture in ethanol.

As a variant, the solvent used in stage a) of the SIPC, S3PC or AS3PC
processes is 2-methoxyethanol or methanol, possibly mixed with an organic or
mineral base, and/or one or more solvents capable of improving the solubility of

20 the racemic mixture in ethanol.

According to a particularly advantageous embodiment the solvent used in

stage a) of the SIPC or AS3PC process is ethanol, 2-methoxyethanol or

methanol. For (x)-modafinil acid the filtration temperature Tg preferably lies

between 0°C and 40°C.
25 In the case of ethanol the temperature T preferably lies between 0°C and
25°C, and better still it is close to 18°C or 17°C.

In the case of 2-methoxyethanol or methanol, the temperature TF preferably

lies between 20°C and 35°C and in particular is close to 30°C.
Preferably the concentration of the racemic mixture in stage a) then lies
30 between 2 and 50 % by mass, more preferably between 2 and 30 % by mass,
and, better still, close to 5.96% by mass in the case of ethanol, 15.99 % in the

case of 2-methoxyethanol and 25.70 % in the case of methanol.



25% and 40% of the expected harvest, 50%representing a maximum limt, 25 -
in stage e) the mass of fine crystals of ;he second enantioner in
equilibriumwith its saturated sol ution represents between approxi mately
25% and 40% of the expected harvest, 50% representing a maxinmum limt, - in
stages (b) and (f) the heat rel eased acconpanyi ng deposition of the 30

first enanti omethiardntdxe itse aoost nticdladyprefesredthat ihey atattiondoexdess in
tenperature progranm ng function, - in st and conpensat OF]%/
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f | | rating a |arge ce
area for crysiakngismehang ssfib.étp?@@e%s(e@)the(te)np@ahgtuég)g-rgntzsg)t\égﬁ%r%@%JltE i on

the rate of stirring is high in conparison wth st

addi ti on GhidH eheSlaftirRpRIDRAHS iseal Wolm dd HeBud alotutiord WiehbeHds @n ¢diepafbhng |0
t he AS3PC process, the operations are al so sub{qect to adjustable kinetic
w1

conﬁt r ai lnﬁ@d thantgengraliv Nes hetwass BAgy andrd Cowheartbetsabernt s aindgeceive to
. i on A . . _

oo s B bR TR BRE 38 TASE 26t P! 8850 ER0h i BhE .

or dengt “Hﬁﬁ}ﬁﬁé@@c&cmﬁﬂ%?fd%%ﬁ)é%@sré‘blgéc%gﬁ%&(%y{ 7. 1858 AN 26 WGRANS éé%xlnﬂﬂll{?er al

base, or w one or nore so C i mpr ovi ng t he' sol y of
the racenbg quexiching.i n ethanol. As a variant, the solvent used in stage a)
of the SIPC, S3PC gor AS3PC processes s 2-nethgxyethangl or nethanaql,
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temperature Tg may in particular lie between 25°C and 50°C.

15 By way of example, in the case of ethanol, when the enantiomer excess is

close to 11 % by mass temperature TR preferably lies between 25°C and 40°C, in

particular between 30.1°C and 36.2°C and more preferably close to 33.5°C or
31.5°C.
In the case of 2-methoxyethanol, when the enantiomer excess is close to

20 8% by mass temperature TR preferably lies between 35°C and 50°C, in particular
between 39.1°C and 47.9°C and more preferably close to 41°C.

In the case of methanol, when the enantiomer excess is close to 10% by
mass, temperature Tg preferably lies between 40°C and 55°C, in particular
between 45.1°C and 53.9 °C and more preferably close to 46.5°C.

25 It is most particularly preferred that cooling from Tg to TF in stage b) be
carried out in a time which is sufficiently long for the average mass of desired
enantiomer crystals harvested to be large, but sufficiently short to prevent the
other enantiomer from crystallising, thus obtaining a high optical purity, in
particular greater than 85 %. Cooling is generally monitored by polarimetry to

30 determine the right moment for filtration. Preferably cooling takes place between
50 and 70 minutes, better still, it takes 60 minutes when the solvent used is

ethanol.



According to a particularly advant ageoussenbodi nent the solvent used in
stage a) of the SIPC or AS3PC process is ethanol, 2-nethoxyethanol or

met hanol . For ()-nodafinil acid the filtration tenperature TF preferably
lies between OC and 40C. 25 In the case of ethanol the tenperature TF
preferably |iekikestiseeheOehgthof tt2S Qlatema abtgmperatunel TE far the IPEsAIIPASC or
17C. In the case of 2-nethoxyethanol or nethanol, the tenperature TF

pr ef er abl §nd|$IRCrroresseiB@rafaialisuificiently gasatitouliow a dargeomassf3de.
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the case of 2-nethoxyet han and 25.70 %in the case of nmethanol. 32 In

this cont &S @t?tarrgngrasmgb@ptwaiuwﬁy .y preferred that the enantiomer excess in

stage a) shoul 0 S 1 and
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et hanol , & %eskbetvmsl 15 and 60 cnisatess, p%mmmwa}oemammmmed. 10 % by mass in

the case o 5 nethanol. I'n the SIPC and S3PC processes the tenperature TO,
t he tenper at uAeparsonwkilield in e sttawitl iheagabiéxotad@siwharatermgﬁrrmm thel typé on,
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carried out in less than for exanple by quenching. According to a

pr ef er r ed 180iz0¢h 21@?11’pmf the AS3PC process the tenperature TB then lies
bet ween t he t TB.ma ticular

The in,pat.
e between 25tadaltiguEny 1o AR s e Eode o e e aaEA o EHBAEDY when
the enant heyReY it &ﬁe it§ lscqét@%et@pﬁb%l UnBytiomEss bf ARSTAhI! B H&ﬂ%%freth@bl y
i es between 25C and 40C, in particul ar between 30.1 C and 36.2C and nore
pr ef er abl \aeypociatery egasiroer, iB1yiBds which are very much greater than those
15 obtained by resolution using a chiral agent. The yields obtained are generally of
the order of 90 %, or even higher, in relation to the (+) or (-) optical enantiomer,

or of the order of 45 % or more in relation to the racemic mixture.
e AS3PC, SIPC AND S3PC METHODS
20

The AS3PC and SIPC methods mentioned above are described below.

Ternary heterogeneous equilibria: R and S antipodes, and solvent A

For example the work by J. E. Ricci (Ed. Dover Publication Inc. New York,
25 1966, The Phase Rule and Heterogeneous Equilibrium) deals with the general
case of heterogeneous equilibria in ternary systems. The description below will
be restricted to particular aspects of the ternary system, A (achiral solvent), R and
S (enantiomers which cannot be racemised in the temperature domain used),
which are necessary for an understanding of the various processes of preferential

30 crystallisation.
In order to show the special role of the solvent this ternary system will be

represented by a right prism having a cross-section which is a right-angled



In the case of 2-nethoxyethanol, when the enantioner excess is close to 20
8% by mass tenperature TB preferably |ies, between 35C and 50C, in particul ar
between 39.1 C and 47.9C and nore prefer%fbly close to 41 C. In the case of
met hanol , when the enantioner excess is close to 10% by nass, tenperature
TB preferably lies between 40C and 55C, in particular between 45.1C and
53.9 C an : ; { : i

o ef er  od Cha EE TG o N (b ppafatils isplottgd R A Sk RRIpeRHEA o |
whi ch i s the placeeitcbpcémtrafidnor t he average nmass of desired enantioner
crystals harvested to be large, but sufficienfly short to, preve th ot her
enant | omer 11 GReaRgisial Mesfied ogHIRM B YalAbiRy 08 the QROGSENERMEStr 1 AFT,
particul a 9 i i I i imetry
o 50 det S PR .2 RATACSaent B 8% OB b R e, R

pl ace bet okére dothamsl i/ Syminmetties!, wiletrespecitiolthe veartitalkelan€A-TSalit edhicthen t he
sol vent used |s ,ethapol. 33 ¢ 1 Likew se, the Leng of the plateau at
Cenper at UMERFISS e PHIEAY Heacing PR BB odbeaiploring, PEIiggns

suf i ci enhhye BEBAMAS F 48 f hatisCar il SbstiftiortSthiseseignt | omer crystals
to be harvested, but not too long so as to prevent the “other enantioner
from cryst al | + sthegomly phases aviich icrgstalisa het aresihegolrerzomstituests in 8 dgivers
obtaining a high optical,purity. According to,a preferred enmbodi nen{ the
Cength of the ¢ RABISTARL Brshnee, of TRCFES: RANRIENSAE RANMBEHRALT e
prefergbly aboutaddofiheripoddsperson skilled in the art will be able to
adjust the rate of stirring to the’%iépe of reactor used in SIPC S3PC or
AS3PC processes.migibildy hsftweadi ihet insiependentacenstitoents 0 zera rie theaselit t he
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The yil%l ds obt a%nnqﬁea{e%&ergﬁfrgl lra}/ng%f used the solubility of an antipode is not

influenced by the presence of the other in the solution (Meyerhoffer's law

is respected), which is reflected in the ratio having the value a = 2).

Representation of ternary equilibria as a function of temperature

20 Figure 1 shows the domains for the following phases :
- the monophase domain for the dilute solution (® = 1),
- the two crystallisation surfaces for the constituents bounding the two-
phase domains (® = 2).
the surface for deposition of the solvent is confined to the vicinity of A
25 because the melting point of this constituent is appreciably lower than
that of the other constituents, in accordance with the conditions
mentioned above.
- the three monovariant curves (® = 3) or eutectic valleys originating from
binary eutectic points,
30 - the ternary eutectic invariant at Te (® = 4), above which the three

constituents are crystallised.
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SI PC AND S3PC METHODS 20 The AS3PC and SI PC net hods
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in the tenperature range used the solubility of an antipode is not
TF S-SE-IF solution + crystals of S 2
TF IF-R-S solution + crystals of R and S 3
5
Isopleth cross-section RYT
Figure 3 shows the isopleth cross-section R-Y-T which is fundamental to an
understanding of crystallisation by the cooling of ternary solutions in
thermodynamic quasi-equilibrium. This cross-section is also necessary for
10 following non-equilibrium processes, SIPC, variants and AS3PC. This plane is the
geometric locus of the points fulfilling the relationship:
XA/ Xg = (1-Y) /'Y = constant, with Xp and Xg providing the fractions by
mass of solvent and antipodes S.
In Figure 3 it is possible to see :
15 - the monophase domain of the ternary solution,
- the liquidus for antipode R, this curve representing the intersection of
plane R-Y in Figure 2 with the crystallisation surface for that constituent.
This stable equilibrium curve originates at the melting point of antipode R
(not shown) and is bounded on the low temperature side by point L which
20 forms part of the ternary eutectic valley for the racemic mixtures. This

latter curve and the line of the conoid at T|_ (horizontal segment at T|)

are the boundary of the two-phase domain — saturated solution plus
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gm and Lm. The location of the second line Lm of the conoid for S in
relation to the metastable solubility curve for R, which is an extension of
EL, will be discussed below in relation to the relative position of F1 and F
in relation to the ratio of solubilities a,

15 - The ternary invariant at the temperature Te above which the three

crystallised constituents A, R and S lie.

Change on cooling and with thermodynamic guasi-equilibrium of the ternary

solutions having a slight excess of enantiomer

20
It is taken in what follows that the overall point for the system (i. e. the
point representing the overall composition of the mixture) lies on the vertical
passing through point E in Figures 2 and 3, and its precise position is defined by
its temperature (or level). Only the following temperature range is considered:
25 - Tp : temperature at which the starting mixture is a homogeneous

solution, and

- TF : temperature at the end of crystallisation and filtration, which lies in

the three phase domain.
This overall composition E corresponds to a racemic solution which is
30  slightly enriched by a mass M of the antipode R forming a total mass Mt (the
enantiomer excess R = S/ R + S generally lies between 4 % and 9 %).

Equilibrium conditions are obtained by very slow cooling and by seeding in the
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2, thus leaving the isopleth cross-section R-Y in Figure 3, crystals of R
15 and S are then deposited simultaneously and in equal quantities.
Resolution cannot be effected under equilibrium conditions at

temperatures below T} .

Change in the solution when resolving by conventional control in accordance

20 with the SIPC process

Crystallisation of the first antipode in excess

The previous solution E is homogenised at temperature Tp (Figures 4 and
5). In order to make it supersaturated it is cooled rapidly to temperature Tg

25  without any crystallisation occurring. This solution, which is not in
thermodynamic equilibrium, is then seeded with very pure seeds of the antipode
R having the same chirality as the antipode in excess. The isothermal
crystallisation of antipode R is established and the point representing the

solution moves within the cross-section R-Y-T from E to the level TF with which

30 it is first coterminous to F where filtration is rapidly performed. The mass of

antipode R recovered is 2M or again is equal to Mt (Xg - Xp / 1 - XF).



inrelation to the ratio of solubilities a, 15 - The ternary invariant at
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when the solution point is the same as F', the solution is filtered and
15 provides a mass 2M of antipode S,
- after a further addition of a mass 2M of racemic mixture and a further

heating to Tp a homogeneous solution is again obtained and its
representative point is the same as the initial point E at level Tp

- the rest of the process is merely a repeat of this cycle of operations.
20
Variants in the SIPC process
The literature (Amiard, G., 1956, Bull. Soc. Chim. Fr. 447, Collet, A,
Brienne, M. J., Jacques, J., 1980, Chemical reviews 80, 3, 215-30, Noguchi
Institute, 1968, patent GB 1 197 809) is based on the above general scheme; the

25 main modifications which have appeared in the literature are classified as follows:

a) Spontaneous primary nucleation of the antipode in excess

When (z)-threonine is separated (Amiard, G., 1956, Bull. Soc. Chim. Fr.

447), the primary nucleation of the antipode in excess occurs spontaneously
30 within the supersaturated homogeneous solution. This primary nucleation

occurs when point E representing the composition of the whole lies within

the three-phase domain and the solution is not stirred (Collet, A., Brienne,

M. J., Jacques, J., 1980, Chemical Reviews 80, 3, 215-30).



fromTL the solution point noves fromL to IF along the line of fixed

gradi ent containing the solutions of racem c conposition shown in Figure 2,
thus |l eaving the isopleth cross-section RY in Figure 3, crystals of R is
and S are then deposited sinultaneously and in equal quantities. Resol ution
cannot be effected under equilibriumconditions at tenperatures bel ow TL.
Change in the solution when resolving by conventional control in accordance
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These protocols will be grouped together under the same term "S3PC" for
"Seeded polythermic programmed preferential crystallization" although
temperature programming is not present or is limited to the second stage of
cooling.
20

Change in the solution point in the case of resolution by programmed control and

self-seeding in accordance with the AS3PC process according to the invention

In order to achieve a better comparison between conventional processes
25 and the AS3PC process the initial point E is chosen arbitrarily in Figures 6 and 7
to be the same as in the previous case; however, as will be apparent in the
examples which follow, the AS3PC process makes ft possible to take a point E
which is further away from the plane A-(RS)-T and therefore with a larger
enantiomer excess and thus improve the harvest of crystals in each operation.
30

Crystallisation of the first antipode in excess

At the start of the process, and contrary to conventional protocols, the

whole, crystals plus solution, is no longer homogeneous but is raised to the



EF (at the level TF), - when the solution point is the same as F', the
solution is filtered and is provides a amss 2M of antipode S, - after a
further. addition of a nmass 2M of racem c mxture and a further heating to
TD a honogeneous solution is again obtained and its representative point is
the sane as the initial point E at level TD, - the rest of the process is
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honbgeneous solution |l ocated in the 10 three-phase domain with seeds of the
sane chirality as the antipode in excess,

~-Crystallisation of the second antipode, cyclic nature of the operations

From point F, which corresponds to the above parent solution, there is a
15 move to point E, which is symmetrical for E with respect to the vertical plane A-
(RS)-T, by adding a mass 2M of the racemic mixture and heating to temperature

Tg. The enantiomer excess is then profited from to take up a position in the two-

phase domain containing the saturated solution and the crystals of the antipode
in excess. To begin with the racemic mixture added during the passage from F to

20 E (as from F' to E) will be ground and sieved so as to accelerate the stage of
dissolution of the two antipodes and more particularly the antipode of which there
is less, and thus permit the formation of a large number of crystals of the antipode
in excess which has the role of the seeds added in conventional processes.

The saturated solution S'g, which is symmetrical for Sg with respect to the

25 plane A-(RS)-T is subjected to the same cooling function. The crystals present
from the start of cooling grow and then take part in a double mechanism of
growth + secondary nucleation. As in the case of the first crystallisation no
seeding is therefore necessary.

During this time the point representing the solution moves along a curve

30 Sp'F' contained within the plane of the isopleth cross-section S-Y'-T which is

symmetrical with respect to the bisecting plane A-(RS)-T.
When the solution reaches the representative point located at F', filtration is

performed to harvest a mass 2M of ground and sieved racemic mixture followed



- cooling to TF. In sonme cases the latter stage is controlled by precise

t enperature programm ng (Noguchi Instituke, 1968, patent (B 1 197 809). 15
These protocols will be grouped together under the same term"S3PC' for
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and THOMO- Temperature T|_ is the temperature at which the racemic

15 mixture dissolves in the absence of any enantiomer excess in the

solution. Once T has been determined, the temperature THOMO

corresponds to the homogenisation temperature of the solution. It
depends on the starting enantiomer excess and the ratio a of the

solubilities of the racemic mixture and the antipode at T| . Knowledge of
20 the supersaturation capacities of the solutions between T| and TF is

also necessary, depending upon the cooling kinetic, the form of stirring,
the nature of the vessel and the particle size of the crystals of the
antipode in excess. To a first approximation, the time to the appearance
of crystals by primary nucleation in the homogeneous racemic solution L

25 cooled from a temperature slightly above T| using the same kinetics

yields an indication of the supersaturation capacity tolerated by the
conglomerate under these experimental conditions. This method of
operation has been taken into account in the examples.
d) Knowledge of the kinetics of dissolution of a known mass of racemic
30 mixture (of a given particle size) dispersed in the solution at temperature

Tg. A few tests will be sufficient to discover this time.



i 0 nucleation. Wien the point representing the solution reaches the point F,
filtration is perfornmed to recover a nmass 2M of crystals of antipode R

Crystaldisation of the second antipode, é¥clic nature of the operations From
point F, which corresponds to the above parent solution, there is a 15 nove
to point E, which is symmetrical for E wth respect to the vertical plane A
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crystals of the antipode in excess. To begin with the racem ¢ m xture added
during the passage fromF to 20 E (as fromF to E) will be ground and
sieved so as to accelerate the stag kssol ution of the two anti podes
and nore particularly the anti pode GF@ Ré there is less, and thus permt
the forsmation of a | arge nunber of crystals of the antipode in excess which
has the role of the seeds added in conventional processes. The saturated
solution S E, MAHE1is aRameRectiveaiew & thtenary sysiyBolventvhe antipgdedne
A-(RS)-T is_ subiected: t : ' IR0 I nt
fromthe stgﬁ % C%Onl ﬁ%ég%ojv@g%g&t% ﬁéet‘HPe?ain‘éﬁ“%Q)rs?é’] E|sr?T§ﬂd%%ﬁg§%@§n§8ﬁae%?§m of
growt h + senstitdany amdclceaipositionésofi the doubhs satdratdue sblutishsc(mehavariat i on
no seeding is therefore necessary. ing this tinme the point_representing
the sol ut FBYSSHVES HIWRAI80 s0PYe tf&{%@%'t‘e%g%ﬁbﬁﬁ%ewttrﬁ?ﬁ'n ﬁ@ng%ﬁé‘de"et he

i sopleth cross-secti.on S-Y -T which is O.synpetcical with respect to the
bi sect 10ng %Paﬁ’ee%e(%)t’-'aﬁe Weﬁ\@?fﬂae?&*{ﬁ ?‘BH‘CY Sty rtﬂﬁ‘gsﬁapr esentative point
| ocated at F', filtration is perfornmed to harvest a mass 2M of ground and

sieved racemc_mxture followed 41 by raising the tenperature to TB
yi el di ng the tiiguphase anprejastionainte tee planet dhepnasgirations ofithe eguilibhaati on of

h j f [ hi I f ' i el di
crystals 9P Mt pocs el & Tsprenied) ¥ e dne H TS efifin fipRs seon
| mpl ement Wo%hﬁlﬁ%%irﬁr@q%ﬁesents the composition of the initial mixture slightly

15 enriched in antipode R which will deposit this same antipode.

Figure 3 is the isopleth vertical cross-section RY in Figure 2 containing the
composition points for the antipode in excess and that of the initial solution E on

which the path of the solution point for a mixture of composition Xg at equilibrium
20 and on cooling is shown (as a bold line). For T < T|_ the solution point no longer

falls within this cross-section.

Figure 4 is a projection onto the concentrations plane of the path of the
solution point (as a bold line) during alternating resolution by isothermal control at

25 temperature TE and seeded in accordance with the SIPC method.

Figure 5 is the vertical isopleth cross-section containing the straight line RY
in Figure 4 and illustrating the path of the solution point (as a bold line) from E to

F during isothermal control (to TF) and seeded according to the SIPC method.

30
Figure 6 is a projection onto the concentrations plane of the path of the
solution point (as a bold line) when resolving by the self-seeded programmed

polythermal process (AS3PC).



a) The equi nolar m xture of optical antipodes produces a conglonerate (pure
anti podes or solvates) in the solvent used within the tenperature range TB
- TF; however the existence of a netastable 10 racemate is not a handi cap.

b) The nol ecul es which are to be resolved are stable in this solvent and in
the tenperature range used between TB and TF. c¢) It is necessary to

determ ne the tern ui libriumt eratures TL .and T » perature TL
s the tenper dTGPE Afs i YABALPREERTEsS FEofion CaPLABNGLEF Saaia, TR hbsence
of any engnfj B NCREStrathd tHe S4th F HNsol(6E pblinthias alrsaa lide) #6M Sgde the
tenperature THOMO corresponds to the honogeni sation tenperature of "the

sol ution. H tdurihgpeagsiutiont by shar belfgeededt prageamexed spolgtheringe paidessa of
the solubilitjes of the racem c mxture and the anti pode at TL. Know edge
of 20 the 2SGR&HRGIANEIN¥PNIILEE?3ies of the sol utions between TL and TF is
al so necessary, depending upon the cooling kinetic, the formof stirring,
the nature of the vessel and the particle size of the crystals of the

anti pode in exfigae 8Tz a projsdtiocnppn akienedriceniratibastplaretaf theepatpeérthace of
crystals by primary nucleation in the honbgeneous racem c solution L 25

cool ed fréﬁi‘g'of‘e?ﬁjér @suR Ui ligee dyriag seeclyiion divn etﬁ%'?'%ﬁ%e‘ﬁipff&’?@“e i elds

inder 1 noB8 o Ao PR Co AR e e o R nae Boon.

taken into account in the exanples. d) Know edge of the kinetics of

di ssolution of a known mass of racemc 30 mxture (of a given particle
si ze) i sper séd the lﬁﬁthegmahtqr@ﬁ-a@ctp@ﬁp@?chﬂwthm"U%tratéa/ inchesefigurepe

suffici ent,.t,Q Cghﬁ’g’%g%y‘;%a}%% ggpreéged églfr ﬁ‘éng Bglnﬁ%‘\%ut he exanpl es and

figures are provide non-- restrictiv stration of this
invention. FIGURES 5 Figure 1 is a perspective view of the ternary system
solvent A - antipode R ) i _
Figure 9 shows the powder X-ray diffraction spectrum obtained
corresponding to form Il of the laevorotatory enantiomer and dextrorotatory

15 enantiomer of modafinil respectively (Diffractometer : Miniflex Rigaku (Elexience).

Figure 10 shows the powder X-ray diffraction spectrum obtained
corresponding to form lll of the laevorotatory enantiomer and dextrorotatory
enantiomer of modafinil respectively (Diffractometer : Miniflex Rigaku (Elexience).

20

Figure 11 shows the powder X-ray diffraction spectrum obtained

corresponding to form IV of the laevorotatory enantiomer and dextrorotatory

enantiomer of modafinil respectively (Diffractometer : Siemens AG).

25 Figure 12 shows the powder X-ray diffraction spectrum obtained
corresponding to the dimethyl carbonate solvate of the laevorotatory enantiomer
and the dextrorotatory enantiomer of modafinil respectively (Diffractometer :
Siemens AG).

30 Figure 13 shows the powder X-ray diffraction spectrum obtained
corresponding to the acetonitrile solvate of the laevorotatory enantiomer and
dextrorotatory enantiomer of modafinil respectively (Diffractometer : Siemens
AG).



- antipode S, in relation to tenperature and crystallisation surfaces for
each constituent and conpositions of the4doubly saturated sol utions
(monovariant curves); this figure also shows the isotherns at tenperatures
Tp and TF and the io0 ternary eutectic plane at the tenperature Ts i ncl uding
four phases. Figure 2 is a projection onto the plane of concentrations of

t he equili bri aFigure Tj4arghows wedwders %ragpdifaatien i speeifumheohtpingdof t he

i sopleth cr - ti0 n ieh i S - c i tion of
the i ni t1 SO RRPORBES ogrer) s oEniRen B PrER e B Ry cT o ¢
thi s same (BiffrapedtsteF BrulkerBABDShe i sopleth vertical cross-section RY in
Figure 2 containing the conposition points for the antipode in excess and
that of the initial solution E on which the path of the solution point for
a mxture of c i tiO tyequl L bri un 1 1. coql i S (as a
ol d | he) . For R 4p s T choudee Kiral), Sitablof JRpeSany, SR

Ccr oss- sectdonrespbhdingetodhesacetiprayig¢esbivate ofitiee ldesonsiatoey enahtiomer pinarteeof t he
path of the solution point (as a bolag, line) during alternating resol ution
by i sot herdRroRjAtany| eRBNtioBeE hfpBIQRaind T§SPRRHYeKe RHTAGOREET darEeksli t h
the SIPC ABP(é Figure 5 is the vertical isopleth cross-section containing
the straight irZ'e RY in Figure 4 and illustrating the path of the solution
point (as a bold line) fromE to F during isothermal control (to TF) and

ded di to t | PC net hod. 30 Fj 6 .15, jecti to th
Concentt at {onst BHifme 167 Tt GFOVRE  SaRl: CAHARHAT: SoRS AN DGR ERe)
shen 1 eSolu gobish ers ohl- SRRASH-BY GBFATER e PRLYGRASER! SYAABRL( 4570

43 Figure e“vertica et h cross-section containing the straight
l'i ne RY i mekirgustatdBy aedantidrost raft mmuddfing peplectively hiffohatdbmeterpoi Brukexs a
bold |ine) '& f)gQSE to F during resolution by the self-seeded programed
pol yt her m&P Ié ess according to the invention (AS3PC). 5 Figure 8 is a
projection on the concentrations plane of the path of the solution point
(as a bold Iine) during resolution by the self-seeded progranmed

15

EXAMPLES

PREPARATION OF CRYSTALLINE FORMS OF THE
(-)-MODAFINIL ENANTIOMER AND THE (+)-MODAFINIL ENANTIOMER
20 RESPECTIVELY

GENERAL
The new crystalline forms of the enantiomers of modafinil have been
characterised respectively by powder X-ray diffraction épectroscopy, which
25 provides a unique digital signature characteristic of the crystalline form
investigated and can be used to distinguish it from amorphous enantiomers of
modafinil and any other crystalline form of modafinil enantiomers.
The X-ray diffraction data were measured:
- the D5005 system as an X-ray powder diffractometer (Siemens AG,
30 Karlsruhe, Germany, Eva 5.0 data analysis method), with nickel-
filtered copper radiation at A = 1,540 A (with an accelerator speed of
40 KV, tube current 40 mA) and rotation of the sample during

measurement (angle : 3 to 40° [2 theta] at a rate of 0.04° [2 theta].s



pol yt hermal process (AS3PC) and confirmng the relationship s() <2 - a. 10
Al the isothermal cross-sections and isgpleths illustrated in these figures
have conposition vari abl es expressed as fractions by mass. Figure 9 shows
the powder X-ray diffraction spectrum obtained corresponding to formll of
the | aevorotatory enanti omer and dextrorotatory 15 enantioner of nodafinil
respectively (Diffradhenstepr sizeMbeirlg éx043, qeriepalationxiobribe) samiplpiretrl@ shows
the powder X-ray diffyractiqgn sp (itr m obt ai ned corresponding to formlll of
the | aevorotatory &{S{W?B@Prﬁﬂga H’éﬁt rorotatory enantiomer of nodafinil

respectively (D ffracymipéer Ri?é&mi {EiexieRtdaksystéhexaengs) X-ra0 pb@dee 11
shows the powder X-ray diffraction spectrum obtained corresponding to form
|V of the | aevor ot ditiagtameaier iusing chismidexiediationaaoraccetiatarispeed @30

nodafinil respectivaly_ (Dffr efs . i 12 shows the
powder rgX— ray diffr i Sn{asbﬁeéﬁfr%ﬁfg%t% r%é %?S@@gﬁﬁfﬁb&%ﬁﬁg %‘i‘ hyl
carbonat e sol vate qheddirehagit gangiet 03 Yo S0aN2 iigs@l at anditd b€ 0dEset [2othetadt or y
enanti omer of nodafinil respectively (Diffractoneter Sienmens AG. 30 Figure

13 shows the powderS x- gy St fsize-themng hbct Preppesion wédhecsampieomth iy to

the acetonitrile s orotatory enantionmer and dextrorotatory
enant i oner of rrodafﬁ%%trgrr@gslp?g%ﬁié\'/tgq%é (Diffractoneter : Sienens AG. 44

Figure 14 shows t helgingwe GADD8Ysyditérhr @ ti Xunay peatden diffizictornetdr qBrulespondi ng
to formV of the | aevorotatory enantiomer of nodafinil (Diffractonmeter :
Brukerl0GADDS) . 5 Fitharetheriapgss endrpendiith @ «Jyi-gfars aied b Jetepos t3ndin

obtained corr eSDO%é&f&rﬁﬁ?g&?@ﬁ% S‘Pﬂalgteéﬁkigrf% \Héljfs:[. el R é%t\%%’ y

enanti omer and the rorota enant'i one nodafini |~ respectively
(Diffractonmeter : BraricemedGaDRSbiertGefripguatarel Gsmigo@aKpies Bopper ragdiatin
di ffracti on spectrum obt ai ned _ _
in the region of 2 theta angles between 3 and 42°. The diffraction
spectrum for each well is collected between two domains of the
15 value for the 2 theta angle (3° <2 Theta < 21° and 19° < 2 Theta <

42°) with an exposure time of between 50 and 250 seconds.

Of course the intensity values can vary in relation to sample preparation, the
assembly and the measuring instruments. The 2 theta measurement can also be

20 affected by variations associated with the measuring instruments, so the
corresponding peaks can vary from + 0.04°to £ 0.2° according to the equipment.
Also a person skilled in the art will appreciate having available the interplanar
spacings which constitute essential data for diffraction spectra. The interplanar
spacings are calculated using Bragg’s relationship [(2d sin theta = nA, in which d

25 = the interplanar spacing (A), A = the wavelength of the copper radiation, theta =

the angle of rotation of the crystal (in degrees)] when this relationship is satisfied.

“ EXAMPLES 1 TO 10 : PREPARATION OF FORM | OF

30 (-)-MODAFINIL AND (+)-MODAFINIL RESPECTIVELY
e Example 1 :
a) Enantiomer | of modafinili was dissolved in polar solvents:

methané!, absolute ethanol, absolute ethanol containing 3% of



corresponding to the anmorphous formof the |aevorotatory enantioner and
dextrorotatory enantioner of nodafinil respectively (D ffractoneter : Bruker
GADDS). 15 EXAMPLES PREPARATI ON OF CRYSTALLI NE FORMS OF THE (-)- MODAFI NI L
ENANTI OVER AND THE (+) - MODAFI NI L ENANTI OVER 20 RESPECTI VELY GENERAL The new
crystalline fornms of tfeenanindRhatGbdRitatolbhe (RE%)PeRD contfinngt 3% sed
respectively by powder X-ray diffraction spectroscopy, which 25 provides a
uni que digital signat ®feWsil agndr ingterc Widarnéewy stndari et experimasiali gat ed
and any other cryst al FoABREBs SR TAR [ "enant | omer s, The . ray
diffraction data were neasured: the D5005 system as an X-ray powder
diffractometer (Sienens AG 30 Karlsruhe, Germany, Eva 5.0 data anal ysis
nmet hod)5, with nickaPe tiltered copper radiation at A = 1,540 A (with an

accel erator speedof 4 KY; tube gy A0 TA) ’ o o (41e Sanpl e
during neasurernent (azr%lh}eg%;t 3to 4%;;%{@ %lf;)a\(&gp@gf%o?%&gf 0(?45%
theta].s" 45 the step size being 0. agg aratio f the|sanpl € with a
preferential orile i }

Nt aLpongﬁ_a__M_nLLLex_ﬁ%akg (Elexience)—systemas—an{X-ray
powder dif f r act|gtharolusi ng chron um&38i atj on, ahd8ccel erlat or &heed |of 30
5 KV, a tube cur i the rpe—dyrtng—eEastrenent
(angle : 3 to 8C!i%°{iﬁ§te§iaw arate of"0.05 [2 chﬁ’i]. S1, tfﬁeéjstep si ze
being 0.1, prepapgisofie Ethdmse sapl e wgh a | prefergntial arienisfion)|.
Usi ng a GADDS syg}wgt@ls a X-ray powder diffractometer (Bruker, 10 the

Net her | ands), edg EREES agntaitlurgd"wi'm =St arg ared —det %t or—and 56
toluene+ 3% of water

Water 5 > 400 88

After rapid cooling by quenching in a water and ice bath for 30 minutes the
medium was filtered and then dried in a stove at 35°C. The crystallised product
was identified by its powder X-ray diffraction spectrum as being the polymorph of

10 form | of the l-enantiomer of modafinil.

b) Enantiomer d of modafinil (555 g), treated under the same experimental
conditions as example 1a in a mixture of ethanol denatured with toluene (2 L) and
water (0.1 L), crystallised in polymorphic form | as identified by its powder X-ray

15 diffraction spectrum with a yield of 91 %.

° Example 2 : Recrystallisation from acetone

a) 2 g of (-)-modafinil were suspended in acetone (20 ml) in a three-necked

flask fitted with a condenser, a thermometer and a stirrer. The mixture was

20 heated under reflux. The reaction mixture was stirred for 30 minutes at
approximately 56°C until the (-)-modafinil was completely dissolved. The solution
was then cooled slowly at a rate of -0.5°C/min to 10°C with stirring. The reaction
mixture was filtered, and the solid obtained was dried to yield the | form of (-)-

modafinil identified by its X-ray diffraction spectrum. Yield 62%.



equi pped for the analysis of plates with 96 wells. The anal yses were
performed at anbient tenperature using ctikai pha copper radiation in the
region 'of 2 theta angles between 3 and 42. The diffraction spectrumfor
each well is collected between two domains of the 15 value for the 2 theta

betvoen 50”anfl agb sams sePlreHisTrech RS ApdiRd ' (Ui BRITNEK W ©

rel ation weqsisitibhef phagantidal 0Grayt diffractissepbliruand the nmeasuring instrunents.
The 2 theta nmeasurenent can also be 20 affected by variations associ ated

with the neasuring instrunents, so the correspondi ng peaks can vary from

0.04to Q.2 a G ilé1§'tF9ec§ af H{i BFn'me{'N Q@ person skilled in the art

wi |l appreci ag—hgwngﬂmw ar spacings which constitute

essentizl data) flog ofi (-j-handdfionl waeeadded tOhe rmnbemnmkthnasl asg acates urder

cal cul at ed usi nr% Bragi "s relationship [(2d sin theta = %Bin which d 25 =
i

the int er pEfaantd 3he i(ngneagfintrwas garapigiale disseivedh T ienEeacHpp aRiXELLE; Wa$ on,

theta = : at i f tad~ (i . i
ol at i onshisieed L AAYAL' 0"l oL IBS! 4 o) TheBRRRHOR UE el o
3]9 (-Zj-fNL'Déﬁti_ 4 NdusAdd_%r(T)nidlm_ Ehﬂl:theREﬁileEéthb\dEiihﬁdE?dr’gibfss INo. Bl)l). TFTeaBEiril@rrelr |
of nodafinil was dissolved. i ol ar _sol vents: . methanol sol ute ethanol,
absol ut e %PI‘?J%@IWQ?O 'is‘%‘ij AP Ngelgofgﬁ‘f' ?47@ (Smgcéafgsmlepﬁgﬁgqed gédfét%g“rréﬂ d\m?r?ﬁt"?'bl uene
(2.5%_)10angp QAR iews38. of water, and water under reflux under the

experinental  conditions detailed in Table 1. 5 Table 1 Solvent Quantity of
Vol unme of solvent Yield I-nmodafinil (mM) % Methanol 8.37 < 50 63 Absolute

ethanol 7.85 %%ﬁ'hSeGSar%%SOelxgteﬁmee%t]aafncoolndﬁio%? gpglcl)edIS 10 &f)-nlnl\olac}a?lrnil led to the

acquisition of an identical X-ray diffraction spectrum.

15 o Example 4 : Recrystallisation from methanol (2™ example)

a) 2.5 g of (-)-modafinil were added to 90 ml of methanol and heated under
reflux until the (-)-modafinil was completely dissolved. The clear solution was
added to 200 ml of water at 1°C and kept stirred for 10 min. The reaction mixture
was filtered and the recovered solid was dried to yield form | of (-)-modafinil

20 identified by its X-ray diffraction spectrum. Yield 78%.

b) The same experimental conditions applied to (+)-modafinil led to the

acquisition of an identical X-ray diffraction spectrum.

25 e Example 5 : Recrystallisation from 1-4 dioxan

a) 20 mL of 1-4 dioxan were placed in a 50 mL flask and placed under
reflux. 2 g of (-)-modafinil were added in order to achieve saturation; stirring was
provided by a magnetic bar (300 rpm). The whole was cooled after total
dissolution of the (-)-modafinil using a cooling gradient of -0.5°C/min down to

30 20°C. The crystals obtained were filtered on sintered glass and identified as being

form | by its X-ray diffraction spectrum. Yield 51%.

b) The same experimental conditions applied to (+)-modafinil led to the

acquisition of an identical X-ray diffraction spectrum.



Et hanol denatured with 5 70 56 toluene+ 3% of water Water 5 400 88 After
rapid cooling by quenching in a water andgice bath for 30 m nutes the

medi umwas filtered and then dried in a stove at 35C. The crystallised
product was identified by its powder X-ray diffraction spectrum as being
the polynorph of io forml of the I-enantionmer of nodafinil. b) Enantioner
d of nodafinil (555 g), treated under the sane experinental conditions as
exanple la in a m xture of ethanol denatured with toluene (2 L) and water
(0.1 L), «rystealamsied | Resrobiaizalbh ¢ron® &ifiktuas of dethibi frictd dnd pdra xplamder
X-ray 15 dlffractlon spectrumwth a yreld of 91 % Example 2 :
Recryst al | i satd) o8& Hﬂnpg@emﬁér%))f prigopmeta)anghaara mylengewers parasdiedai n

acetone (%Oarﬂr']% h£'s Ia‘h'&éﬁ?aa%ﬁchﬁger fLARK (f)'StQOQ%XAQt ea@aﬁ P%@e%dc)i(éd e

t her nonet ér e m Xture was er r1ef

reaction radqtex/reesama&t@hl Sﬂ‘rﬁdgfw?és Bfbvidetlbga radgeetiy ioxr (B0eioy;n)>GGeumiole t he
(-)-nodafinil was conpletely dissolved. The solution was then cooled slowy

at a rate Vs ceolsdyafiar total dirsaliitian ef the (Hrgnodafisil rusing iroPEOliNgx@r@adienheas
fil d d
modati o CRest ShpoPRsR e Wials) e aientinlicied, o et bk,

The sane angadentfiddaas belmglfbrmnsbyatao}(uayidtﬁnaaﬁt@nspmmfumlYlelce%%o t he
acquisition of an identical X-ray diffraction spectrum Exanpl e 3 :
Recrystallisation fromnethanol 5 a) 1 g of (-)-nodafinil was added to 7 m
of nmet hanol and heated under reflux until the (-)-nodafinil was conpletely
di ssol Wed. Thé) réwxsaoe exrelmenialsconstitaispapatied! tey(tadapdafirgl 1ad @ thater at

1C. The s 1 mnute and then filtered
on sint eréc%feﬁ[%k% f\l@?d%'hé#ﬁgrégﬁﬁé&t@oﬁ% r&m\/\/as dried to yield form| of
(-)-rmdaflnll identified by its X-ray diffraction to spectrum Yield 55%
b) The sane experinental conditions applied to (+)-nodafinil led to the

. Example 7 : Recrystallisation from ethyl acetate

a) 100 mL of ethyl acetate were placed in a 250 mL flask and placed under

15 reflux; 2 g of (-)-modafinil were added in order to achieve saturation; stirring was

provided by a magnetic bar (300 rpm). The whole was cooled after total

dissolution of the (-)-modafinil using a cooling gradient of -0.5°C/min down to

20°C. The crystals obtained were filtered on sintered glass and identified as being
form | by its X-ray diffraction spectrum. Yield 66%.

20 b) (+)-modafinil (3 g) was dissolved in ethyl acetate (100 mi) under reflux.
After cooling by quenching in a water and ice bath for 30 minutes, the medium
was filtered and then dried in a stove at 50°C under vacuum. The crystallised
product was identified by its powder X-ray diffraction spectrum as being the
polymorph of form | of (+)-modafinil. '

25

o Example 8 : from other polymorphic forms
a) CRL 40982 form IV (0.5 g) and CRL 40982 form 1l (0.5 g) yielded form |
by heating to 100°C.

Furthermore the pure form | of (-)-modafinil can be prepared by taking up a

30 mixture of (-)-modafinil form | (0.5 g) and form Il (0.5 g) and form Il (0.5 g) in

acetone (20 ml) for a sufficient time to achieve complete conversion (3 days).



acquisition of an identical X-ray diffraction spectrum 15 Exanmple 4 :
Recrystal lisation from nethanol (2nd example) a) 2.5 g of (-)-nodafinil were
added to 90 ml of nmethanol and heated under reflux until the (-)-nodafinil
was conpletely dissolved. The clear solution was added to 200 m of water
at 1 C and kept stirred for 10 mn. The reaction mxture was filtered and
the recover ed s dhe dwogrodedwestiorilewas fideniifieddiy (s )pavedrit Krrigly difitaction
|dent|f|eg ?X s X-ray diffraction spectrum Yield 78% b) The sane

experi nmen R t(% ditions applied to (+)-nodafinil led to the acquisition of
an identical X-ray di ffracti on spectrum 25 Exarrpl e 5 : Recrystallisation
from1l-4 dioxan_a) 20 oxan were placed in a 50 nL flask and

pl aced under by diheuyee Qf @')ﬂf‘o‘éaf)ﬂ'h&%k-|49933)v\}émq,ﬂréﬂéeiﬁmﬁ congitionsyiglgadeve
saturatSI o] S%Hergegg s provided by a magnetic bar (300 rpm. The whole
was cool e er to di ssolution of the (-)-nodafinil using a cooling
gradient of -0.5C/ mn down to 30 20C. The crystals obtained were filtered on

sintered glass and identified as being forml by its X-ray diffraction
spect rum® Yi elExasplg 9y)frompacetonitris gelyaleent al conditions applied to

(+)-nodafinil g t u (o] n
spectrum 48 éggrr%fl ég%opfﬁagc%@{é%ﬂe ﬁf gg{@ ﬂﬁg%n%agé&mtét ff?% (g?&](()rétaﬁ)drg

and Para xghestedintd & white afolid identifisdeaobeimyt dqpmowfmlla'odnndls;altmdowdfermere
placed in_a dﬁ% nm_ flask and placed under reflux. 0.5 g of (-)-nodafinil
ver e afded-fay difragliaN SPECYEMur ati on; stirring was provided by a magnetic bar
(300 rpm). The whol e was cool ed after total dissolution of the (-)-nodafinil
using a cooling gradient of -0.5C mn dow to 15C. The crystal s obtained
were fil ter ed o Thientser efd(+gtrasdafirin(CRII40988) edderstheesargefaomaitionsyledtts X-r ay
diffracti ectrum Yield 26% 10 b) The sanme experinmental conditions
applied t ?‘-ﬁ Meg&sHiSi| 1ed to the acquisition of an identical X-ray
diffraction spectrum Exanple 7 : Recrystallisation fromethyl acetate a)
100 nL of ethyl acetate were placed in a 250 nL flask and placed under 15
refluxis 3 g oExampleddaffiom moveydimatioédaibonatedeslvaie achi eve saturati on;

stirring was
d a) 1 g of the monodimethyl carbonate solvate of (-)-modafinil heated to

110°C for 16 hours converted into a white solid identified as being (-)-modafinil

form | by its powder X-ray diffraction spectrum.

20 b) The use of (+)-modafinil (CRL 40983) under the same conditions led to

the same results.

% EXAMPLES 11 TO 12 : PREPARATION OF FORM Il (CRL 40982
25 FORM 1) OF (-)-MODAFINIL AND (CRL 40983 FORM II) OF (+)-
MODAFINIL RESPECTIVELY

° Example 11 through rapid cooling

a) Modafinil enantiomer | was dissolved under reflux in the solvents: ethyl
30 acetate, isopropanol, n-propanol and ethanol denatured with toluene (2.5%),

according to the experimental conditions detailed in Table 2.



provi ded by a magnetic bar (300 rpm). The whole was cool ed after total

di ssolution of the (-)-nodafinil using a cooling gradient of -0.5C mn down
to. 20G. The crystals obtained were filtéted on sintered glass and
identified as being forml by its X-ray diffraction spectrum Yield 66% 20
b) (+)-nodafinil (3 g) was dissolved in ethyl acetate (100 m ) under refl ux.
After cooling by f%ﬁng:i ng in a water and ice bath for 30 mnutes, the
medium was filte ©&nd then dried in a stove at 50C under vacuum The

crystal | i sedgoRigp@uct was 1 dent I&S&tith B! [[SvOMEesf shivery | di T ¥ 1aagt 1 on
spectrum as |bei ng the pol ynor Hnuﬁéafm&lr l| of (+@,T-"5mdafi nil. @5 Exanple 8 :
) 0982

from ot her pgl rphic—fornms——a) fornrt 05y —andz£RE40982 form
1 (0.5 Q) )ﬁérf{yéégg¥%§ml by he;ﬁr%’ to 100C. F%% her nor e th% pure|forml

of (-)-nodaf igydrogamoibe prepared bygtaking up a 189 m xtuyre ogg(-) - podafi nil
forml (0.5|g) and formlIl (015 g) and formIll (Q 5 ¢g) in acetone|(20 m)
for a suffichepippanae to achi eve c6®d ete [conver &on (3 days)7049 |n the

t wo procedurWs —genttHed—byt+ts—powder—Xray diffract+on
spectrum b) Yse d erlalyr-eﬁtdafi nPl ( CRL 40983)%10under {he s¥e conditions
yielded 5 t@ghssnenee®® tp. |Exanple 9 : [fromacetonitrile solvateja) 1 g
of acetonitiile solvate of (-)-mndafinil Heated to 100C for 8 hours
converted into a white solid identified as being (-)-nodafinil forml by its
powder to X-r diffraction spectrum_b) .The use of .(+) - finil (CRL
70583) under  t REebaRe BB AERETREAM: 2 Wathe BntinBertad b T BinRles i 1o -
f rom nonogidmrimyvas afilkeaatshds Herntifed)in la Gtofe HE35TCNAAi gl hhgkpEambaRAt €
solvate of (-)-nmodafinil heated to 110C for 16 hours converted into a white

sol i d isdeRtacedee ke sy siglliseq -produdtiwas iderdified bibytsinowdsswireay Xitfrgption
diffracti SBe&PLﬁ%tésuﬂéing the form Il polymorph (CRL 40982 form II) of the |-enantiomer

of modafinil.

b) The d enantiomer of modafinil (3.02 g) was dissolved in 100 ml of

10 isopropanol under reflux and then cooled by quenching in a water and ice bath for
30 minutes, filtered and dried under vacuum in a stove at 50°C. Under these
experimental conditions (+)-modafinil crystallised into polymorphic form 1l (CRL

40983 form lI) identified by its powder X-ray diffraction spectrum.

15 e Exampie 12 : by cooling from isopropanol

a) 100 mL of isopropanol was placed in a 250 mL flask which was placed
under reflux and then 3 g of (-)-modafinil were added so as to achieve saturation,
the mixture was stirred using a magnetic bar (300 rpm). After total dissolution of
the (-)-modafinil the solution was slowly cooled to 20°C at a cooling gradient of

20 -0.5°C/min. The crystals obtained were filtered on sintered glass. The crystallised
product was identified by its powder X-ray diffraction spectrum as being the form
Il polymorph (CRL 40982 form Il) of the I-enantiomer of modafinil. Yield 42%.

b) The same experimental conditions applied to (+)-modafinil led to the

25 acquisition of an identical X-ray diffraction spectrum.



20 b) The use of (+)-nodafinil (CRL 40983) under the sane conditions led to
the sane results. EXAMPLES 11 TO 12 : PREPARATION OF FORM I | (CRL 40982 25
FORM Il-) OF (-)-MODAFINIL AND (CRL 40983 FORM I1) OF (+)- MODAFINIL
RESPECTI VELY Exanple 11 thr ough r api d cooling a) Mdafinil enantiomer | was
di ssol ved under gefhix . S 36 :

n- propanol and et hairo ' ] ]

experi nental condi OFO[‘}E}M!@D@(HIN(H_ WND'@DRE @Q%OFO'I%MIIH) DFSOH)\M@IDKEJBIMU ty of
Vol une of solvent Yield dafinil (g) (m Ethyl acetate 6.33 385 53

| sopropanol 8 110 é@%ﬂ%l 7.85 65 70 Ethanol denatured 5 80 54 wth
toluene (2.5 %9 After cooling by quenching in a water and ice bath for 30

m nutes, the nediumwas filtered and then dried in a stove at 35C. In each
experimnent al Exapipde é8urby dibw aoojist ddonm aeetopeoduct was identified by its

wd X- di t t bei f [ | . CRL 40982
Pormi 1) of "t A TEQeaaITGHEY of ROGI MBS Mas§issRked wdbh e vOman B hha i ni |
(3.02 g) ‘%@tdﬂesﬁ%\"?gplﬂrbojo%ﬂ?rﬂgnguend a?ﬁé’?\ﬁdﬁéf‘%hd‘?&@%étﬁﬁfr'%xmﬁ’{meé. hen

cool ed by quenching in a wate Ice mnutes, filtered and
dri ed undéhe vaedlum wasaflli;eal@deaad Hee6. diiedlen a st abXGFEA. nEme arystalliskd | ons

+) - nodafi ni | ol hic formll CRL 40983 formll)

dent 1§ edraget i, BRalied by ds vl Ry ATpeian SHECTEN a8ERES Eg 10T by
cool i ng, fq gl wa laced in a 250 nL
flaslk \%hi (l:'(rplgbwgs Fg@ggehaﬁﬁ%@%oﬂﬁggfagh@q%@n 39 ofs(p) rmda:‘l nil were

added so as to achl eve saturation,

b) The same experimental conditions applied to (+)-modafinil led to the

acquisition of an identical X-ray diffraction spectrum.

15  EXAMPLES 14 TO 16 : PREPARATION OF FORM IV (CRL 40982
FORM 1V) OF (-)-MODAFINIL AND (CRL 40983 FORM lil) OF (+)-
MODAFINIL RESPECTIVELY

. Example 14 : Recrystallisation from chloroform

20 a) 20 mL of chloroform was placed in a 50 mL flask and heated under
reflux. 1.5 g of (-)-modafinil were added so as to achieve saturation; stirring was
provided by a magnetic bar (300 rpm). The whole was slowly cooled after total
dissolution of the (-)-modafinil at a cooling gradient of -0.5°C/min down to 20°C.
The crystals obtained were filtered on sintered glass and identified as being (-)-

25 modafinil form IV by its powder X-ray diffraction spectrum.

b) The same experimental conditions applied to (+)-modafinil led to the

acquisition of an identical X-ray diffraction spectrum.

30 e Exampie 15 : Recrystallisation from methylethylketone

a) 100 mL of methylethylketone was placed in a 250 mL flask and heated
under reflux. 2 g of (-}-modafinil were added so as to achieve saturation; stirring

was provided by a magnetic bar (300 Rpm). The whole was slowly cooled after



the m xture was stirred using a nmagnetic bar (300 rpn). After total

di ssolution of the (-)-nodafinil the solution was slowy cooled to 20C at a
cooling,gradient of 20 -0.5C/ min. The crystals obtained were filtered on
sintered glass. The crystallised product was identified by its powder X-ray
diffraction spectrum as bei ng the form 11 polynorph (CRL 40982 formII) of

the | -ena in | d 42% The sa I 1 nent

Condi 11 onPtapAREElHioR gt eriouebAN i Eaoinasi s cefonths 4 BN cfou o

i denti cal a i EXANVE 2NRAL ORM
111 (CRL %gg%zwﬁ%ﬁﬁ%swg%%“é%?&%%%l AND %@R{é Al FORI\/lelglg e

(+) - MODAF[NimoddRIESREET Il Vbl tsSpovikempiray tffraction spemivuemol i ng from acet one a)
The | enantionmer of nodafinil (5 g) was dissolved under reflux in 90 m of
acetone. Afteb) el dameokkperiragnial estmiiititmsi applictater(+pntbdafipilbledhtd diie 30
mnutes the nmediumwas filtered and then dried in a stove at 35C. The
cryst al’l i 3equispicpdi@n idastical &ntayr diEftrabipnispectieMder X-ray diffraction
spectrum as being the form 1o IIl polynmorph of |-enantionmer of nodafinil.
Yield 61 % b) The same experinmental conditions applied to (+)-nodafinil Ied

to the acquisition fraction spectrum 15 A
EXAMPLES® 14 TE&@L@% RN IRt apyQroiHgn
(-) - MODAFI NI LzéNRL(ﬂetéﬂgééfuerinbé' = §+)e 5 /R Ly RERRFST Nkt

s2 FORM IV) OF
Exanple 14 : Recrystallisatio romc oro orm 20 a) 20 nlL of chl orof orm was
pl aced i nund&0reflux [1ag lof dr)embeafirdwan detdedr & laxo alch!ﬁe\@ eatL(rat)Gnmsimrﬁmgn I

dded h ded
ﬁﬁﬁe(gléoewa%fpr%?wt@%vﬁﬁﬁﬁééegﬁ b SRR diecines: wrS THUYGHRRRORET the
(-) - odaf i gia] atofbeRok 9 SRS Bk 2edHhgigtaliBANcl %0 20min 1y Stal s

obt ai ned were tere nt ered gl ass and ntitired as being (-)-
nmodaf i ni | 108C nTh&/chystals snbtmmetdewe)(e fiigredi ér smb&redrglaﬁ}ne@md udantifigd ﬁsebesmagre

experi nen di.tion |ed d to the acquisition of
o ent | ExmSeRy Ty s sk n T actioh speckiu. ]

15 + EXAMPLES 17 AND 17 B : PREPARATION OF FORM V
(CRL 40982 FORM V) OF (+)-MODAFINIL AND (CRL 40983 FORM
V) OF (+)-MODAFINIL RESPECTIVELY

. Operating procedure for examples 17 and 17 b

20 A methanol solution of the d enantiomer of modafinil (150 mg/ml) was
distributed over a 96-well plate and then the methanol was evaporated under
slight vacuum before adding 25 ul of various solvents (concentration = 3.75
mg/25 L of solvent) at ambient temperature. The multi-well plates were made of
stainless steel (316 L) and each sealed well contained a total volume of 50 pL.

25 The plate was heated to an initial temperature of 60°C with a temperature
gradient of 4.8°C/min. After 30 minutes the plate was cooled slowly (- 0.6°C/min)
or rapidly (- 300°C/min) until a final temperature of 3°C was achieved, and it was
then held at that final temperature for a minimum of 1 hour or a maximum of 48
hours. The solvent was evaporated under vacuum (nitrogen atmosphere) and the

30 crystallised product was analysed.



so Exanple 15 : Recrystallisation from nethyl ethyl ketone a) 100 nL of

net hyl et hyl ketone was placed in a 250 nL_flask and heated wunder reflux. 2 g
of . (-)-nodafinil were added so as to achieve saturation; stirring was

provi ded by a magnetic bar (300 Rpm). The whole was slowy cooled after 52
total dissolution of the (-)-nodafinil at a cooling gradient of -0.5C/ mn
down to 0oC. al I i n sintered glass and

i dentifi es as g lé{ﬁ? ._F§e taliSatior o o4 eoowder X-ray diffraction
spectrum b) dhaodafimil expeiliseentram 2-@nohdnaresirmactdrddnde wth) theooiedrating | ed
to the 5 acquisition of an identical X-ray diffra%iqn spectrum Exanple
16 : Recr ¢oPAKIPNE aBPBYE f P n@RRlYINGh MO GRARI2E- rA-OdF/MiB} raf LG iNRas

pl aced in f i e Eqd i g~ 05y (s afinil
hes added SEPREts SORGAT EopUPoIREAYERIs NerPTadrite e thifl R
magnet it am YIQRLIRAOPS3 Tdren Whbl dis\pasvddr omay diffedctidnadpeetrutrot al  di ssol uti on
of the (-)-nodafinil with a cooling gradient of -0.5C mn dowm to 10C The

(-)-nodafinil pecirum 15

EXAI\/PLES I7 ANX .!: PREPARAF ‘A'l..“e' AR #n’.‘ 2N H.Ir - » \/) O:

(+) - MODAFI NI L gANBHARAL 49983iseERMonY) THF (ih) -ddebntd el RESPIEeT! é/;!fér‘étin?
Qperating procedure for éxanples 17 and 17 b 20 A nethanol solution of the d
enant i omrecooditinnslagbone Kyl Hppiyingn napichscoalingt (4 BN08G/roingr ard Jdieeldirld theat e

and then the nethanol evaporated under slight..vacuum.before addi ng 25 |
of Var]oouiergma Wtesat(.%ﬁi%{ﬁ 35‘(‘5'3%6:”5?‘% Wﬁﬁ? i‘%r}i'lf_'egfasg?ﬁ'v%ﬁﬂ'%ddag'ﬁgi ent
tenper at Ukgm VNERULOO8IRdrin B?%Wd%r')@-ﬁ@y@ﬂ‘fra&ioﬁ' eegsnsteel (316 L) and
each seal ed well contained a total volunme of° 50 pL. 25 The pl ate was heated
to an initial tenperature of 60C with a tenperature gradient of 4.8C m n.
After 30 mnutes the plate was cooled slowy (- 0.6C/ mn) or rapidly (-
300C¢ min) until a final tenperature of 3C was achieved, and it was then

hel d at that fingl phemPLERUregf g0 a9 i PREPARATION OF ?;)W@UI&F'NI[ 48
hours. The sol vent "was evapor at ed under vacuum (nitrogen atnosphere) and the

15 SOLVATES AND OF (+)-MODAFINIL

° Example 18 : Preparation of the dimethyl carbonate solvate of (-)-modafinil

a) 20 ml of dimethyl carbonate were added to 2 g of (-)-modafinil and

refluxed. The reaction mixture was stirred for 10 minutes until the (-)-modafinil

20 completely dissolved. The solution was cooled slowly (-0.5°C/min) down to 10°C

with stirring. The reaction mixture was then filtered through sintered glass (No. 3).

Analysis of the dimethyl carbonate solvate of modafinil yielded a mass of

approximately 24 % starting from around 50°C down to 110°C. The stoichiometry

of the dimethyl carbonate solvate is therefore 1-1. This is therefore a true solvate,

25 identified as being the dimethyl carbonate solvate of (-)-modafinil by its powder X-
ray diffraction spectrum. Yield 88%.

b) The same experimental conditions applied to (+)-modafinil led to the

acquisition of an identical X-ray diffraction spectrum.

° Example 19 : Preparation of the acetonitrile solvate of (-)-modafinil

a) Crystals of polymorphic form | of (-)-modafinil were suspended in

acetonitrile for 3 days at 20°C. The solid recovered was identified as an



30 crystallised product was anal ysed. 53 Exanple 17 : Recrystallisation
from 2-propanone d-nodafinil crystallised,from 2-propanone in accordance
with the operating conditions above by applying slow cooling (- 0.6C nin)
and holding the tenperature at 3C for 1 hour. The crystals were identified
as being (+)-nodafinil 5 formV (CRL 40983 formV) by its powder X-ray

di ffracti erethffiled 4BlvatéXHMU-eayl GiffractiGiecThet Sbilaacbespoded abr ahyde of uran
(THF) d-nodafinil crystallised from  THF in accordance with the operating

condi t i onSolets savngam ptaicmgmedyi of tdolideniified s0beingi the agriomibildiselvatee o

t enper at ur n. L. h T, r - [.depti§ i as being

(+) - nodaf Ioﬁﬁ-ﬁ&n?@fhﬂ&yﬁﬁ&&ﬂg@ﬁggpﬁﬁ%&m&%%cgr%ﬂv\g%ﬁ %%ay diffraction
spectrum EXAMPLES 18 TO 19 : PREPARATION OF (-)-MODAFINIL 15 SOLVATES AND
OF (+)-MODAFINIL Exanple 18 : Preparation of the dinmethyl carbonate solvate
of (-)-hodafi k) ITheapame grpefimgnirteanditianshappliad dere)saerafinloleg ¢ dhe
(-)-nodafinil. ref. . d 1 e was stirred for 10 m nutes
until the a(@hg‘u-sﬁ@ga?fiaﬁ} IPHQ@&’%&%&@%&I&&%&%{C@EQ{ The sol ution was cool ed
slowy (-0.5C/mn) dowmn to 10C wth stirring. The reaction m xture was then
filtered through sintered glass (No. 3). Analysis of the dinethyl carbonate
sol vat e of ' 20,1 Brg - ly 24 % starting from

soivate is tnd)drortd Bria o BeBefit Wb Huee bl aRetd 2o s WA e s
bei ng ihe rghdtBishit draepapakehieeé Vat@meknfraliomosfatbned (eigHtaoRMERr THe ray

diffraction spectrum Yield 88% b) The same experinental conditions applied
to (+)- nogarstailisationd meslivme whieguivas tasistattlyastira@ntwasaraiged g anf mitigdt i on

Oy odat PR ARRNERGG o5 BEET TSR0 Arethel AR GR A A R AR a0
suspended miRutedctBt oneditin Wab @ooRkdigipwiyat 08°C/mileos@ipidly (£800°€/atn Vil

identified as an 54 ) ]
a final temperature of 3°C was obtained, and was then held at this final

cetig geithseInates

15 temperature for a minimum of 1 hour or a maximum of 48 hours. Under these
experimental conditions the acetic acid solvate was obtained and identified by its
powder X-ray diffraction spectrum.

b) The same experimental conditions applied to (+)-modafinil led to the

20 acquisition of an identical X-ray diffraction spectrum.

. Example 21 : Preparation of the amorphous form of (-) and

of (+)-modafinil

The solvate of (-) or (+)-modafinil obtained in example 20 was converted
25 into the amorphous form by heating at 120°C for 3 hours. The powder X-ray

diffraction spectrum obtained is shown in Figure 16.

< EXAMPLES 22 TO 29 : RESOLUTION OF (+)-MODAFINIL ACID BY
30 PREFERENTIAL CRYSTALLISATION

Using the AS3PC method in ethanol

¢  Conditions associated with the equilibria



acetonitrile solvate by X-ray diffraction. The sol vate corresponded to a
true solvate having a stoichionetry of JJ.:l, identified as being the
acetonitrile solvate of (-)-nodafinil by its powder X-ray diffraction
spectrum Yield 92% 5 b) The sane experinental conditions applied to
(+)-nodafinil led to the acquisition of an identical X-ray diffraction
spectrum  EXAVPLEZ it %fSW@Fa?éérﬂe naktr& 6 gﬁ%tnio‘i:. acid solvate a) 75 ng of d
or 1-nodafinil were suspended in acetic acid in Mnimax {0 reactors in
order to achieve a concentration of 15 % (wei ght/volune). The

crystal | i sation medTempesaiued (VB)s const ant1@g.0st|i reed) wa0tGi sed to an

initial tenperat e of 60C or 80C Using gradient of 3C/ mn.
After 30 minutes |t REIURIHY bvMAass Eobl ed (sl oWl y |( - 40_.160 niod®.on rapidly (-

300C¢/ mn) until afimat—tenperatureof —3Cwasobtarnmed,—and—was t hen held
at this final is tenperature for a mninmumof 1 hour or a maxi num of 48
hours. Under thesgoliR§Idf i pate GoRMtibbees 1.89 ReRCCattid gebved e was
obtained and identified by its powder X-ray diffraction spectrum b) The
sanme experi ment al Coondinatesne§ poipl i e Cansepiptiand &I . teeperatutehe30240
acquisition of an identical X-ray diffraction spectrum Exanple 21 :
Preparation of the anorphous formof (-) and of (+)-nodafinil The solvate
of (-) or¢(+) G%@E'iﬁ'f @R}g@'vﬂﬁﬂehéht@ﬁ@éﬂ)éﬁe%g ﬂ%c@ﬁné’%i&ﬁ@e / 4S0lvBhO+t he
anor phous form by heatlfFln 120C for 3 hours. The powder X-ray diffraction
spect r um obt airf&hicSnix + 8. d6 g eod&anEXAMPLES 22 TO 29 : RESOLUTI ON OF
()-MODAFI NI L ACI D BY 30 PREFERENTI AL CRYSTALLI SATI ON Usi ng the AS3PC net hod
in ethanol Conditions associated with the equilibria 55 Solubility of the

racem c m xtureeimgethangt——Tenperature (S T16 0, 20638 Sptubi ity by
mass (% 3.0 4%%‘?@?‘,& ‘%S’Fﬁf)i lity of tﬁ)e erg"?’ﬁ)-am'lggode fIJ11 99 % at 20C,
ratio a =2.06 [Tyomo (°C) TL=30| 324 34.5 36.3

10
. Conditions associated with the kinetics

By adjusting Tg to be closer to T|_ approximately 40 % of the final harvest in

the form of fine crystals can be thus obtained at the start of the experiment, and
then only 60 % of the expected final mass has to be produced. This operation is

15 easy to carry out when the Z ratio is sufficiently high (equal to or greater than 0.8
per percentage enantiomer excess).

In the case of modafinil acid, crystallisation is carried out correctly.

7= [i(—z—%@]@)mm =Z = [fz-%%@]TLconstmt = %
Temperature Tgy = 33.5°C and T, = 31.5°C.
20 Temperature T = 17°C.
Cooling function = T = f(t)
Temperature (°C) 33.5 17 17
t (min) 0 60 | T Filtration

Type | cooling function



5 - Coordinates of point L = Concentration : 5.96 % tenperature : 30C
Change in THOMO wnth enanti oner excess = %racem c mxture / (solvent +
racenmic mixture)) = 5.96 % = constant EnafAti omer excess 0 3.94 7.66 11.1
THOMO (C) TL = 30 32.4 34.5 36.3 10 Conditions associated with the

ki netics By adjusting TB to be cl oser to TL approximately 40 % of the final
harvest in the fotmof—tine y stal-s—egn-bethus—ohtaineg—at—t he start of
t he experi nent, argemtpl‘?é?utuf)% }: % pf l:ﬂh% expeﬁed final’ masg has to be
produced. This opef@ghingn 1S 15 easy [o carry, OUGOV\he”Ttéﬂﬂgr ﬁ patio is
sufficiently high (equal to or greater than [0.8 per| p rcantagde enanti omer
excess). In the case of nodafinil acid, crystallisation is carried out
correctly. d(THOMO) d(THOMO 5 T¥pe l[cddiingdusttent = Z = [ ] TLconstant =
de.e de.e 9 Tenperature TBI = 33.5C and TB2 = 31.5C. 20 Tenperature TF =
17C. Cooling function =T = f(t) Tenperature (C) 33.5 17 17t (mn) 0 60 T
Filtration Type | cooling function 25 56 Tenperature (C 31.5 17 17 t
(min) O0s 60 T Hhlthe avbwasedVpediht, daohi TR bumTeL te Sodimgt funictive i< asigRarn
point, from TB1 or TB2 the cooling function is a linear segnent: T1 = 33.5
©0.275 t SEEPHOL) T2 = 31.5 - 0.24167 t (Type 2)

T4=33.5-0.275t (Type I)
T2=31.5-0.24167 t (Type 2)
followed by a plateau at 17°C.

10
. Example 22 : Resolution of (+)-modafinil acid by the AS3PC method at the

35 cc scale in ethanol

e Initial conditions

Enantiomer excess = 11%
15

Mass of solvent Mass (£) (g) Mass (+) (9) Cooling function

38.38 2.43 0.3 Type 1

Duration of the plateau at Tgy or Tgz = 30 minutes.

Stirring speed =200 rpm

e Results
No. Mass of the pure Optical purity (%)
antipode
(@)

1 0.61 (+) 90.7
2 0.65 (-) 89.4
3 0.68 (+) 90.5
4 0.64 (-) 90.6
5 0.65 (+) 88.8
6 0.72 (-)91.5
7 0.71 (+) 92.8

- Mean mass of the crystals of the pure antipode = 0.66 g
- Average optical purity = 90.6 %



followed by a plateau at 17C. 10 Exanple 22 : Resolution of ()-nodafini
acid by the AS3PC nethod at the 35 cc sgale in ethanol Initial conditions
Enanti oner excess = 11 % 15 Mass of solvent Mass () (g) Mass (+) (9Q)
Cooling function 38.38 2.43 0.3 Type 1 Duration of the plateau at Ts, or
TB2 = 30 mnutes. Stirring speed =200 rpm Results No. Mass of the pure
Optical purity (%9 antipode 1 0.61 (+) 90.7 2 0.65 (-) 89.4 3 0.68 (+)
90.5 4 0.64 (-) 90.6 5 0.65 (+) 88 8 6.0.72 (-) 91. 0.7 (+) 92.8 20
- Mean mads oEXER®le 23 Resolionind (girmodatinilacid b e XwdPagsl 8pti cal
purity = 90.6 i@gﬂgg 58% Resol ution of ()- nDdaflnll acid by the
AS3PC net hod Ség@ fnet OIc in ethanol Initial conditions 5 Initia
enant i omer exc@sfiaFcobdifioriss of sol vent Mass () (g) Mass (+) (g) Cooling
function 511 32.42 3.99 Type |

5

Initial enantiomer excess = 11 %

Mass of solvent Mass (£) (9) Mass (+) (9) Cooling function
511 32.42 3.99 Type |
Stirring speed = 200 rpm
e Results
No. Mass of the pure antipode | Optical purity (%)
@)
1 8.41 (+) 89.4
2 8.69 (-) 90.7
3 8.57 (+) 89.8
10 - Mean mass of the crystals of the pure antipode =8.55 g

- Average optical purity = 89.63%

. Example 24 : Resolution of (+) modafinil acid by the AS3PC method on a 2

litre scale in ethanol

15 e |nitial conditions

Initial enantiomer excess = 11.1 %

Mass of solvent Mass (%) (g) Mass (+) (g9) Cooling function

1874 118.4 14.84 Type |
e Results
20
No. Mass of the pure Optical purity (%)
antipode
(9)
1 32.1 (+) 89.1
2 32.3 (-) 90.3

3 325 (+) 912




Stirring speed = 200 rpm Results No. Mass of the pure antipode Optical
purity (%9 1 8.41 (+) 89.4 2 8.69 (-) 96,7 3 8.57 (+) 89.8 10 - Mean nass
of+the-crystals of the pure antipode = 8. 855 g - Average optical purity =
89.63% Exanple 24 : Resolution of () nodafinil acid by the AS3PC nmet hod on

a2 litre scale in ethanol 15 Initial conditions Initial enantioner excess
= 11.1 % Mass off solvery Mass ) (g9) Bess (+) (p) Coa)lgm'ffunct on 1874
118.4 14.84 Type_l Results 20 Mass of the pure ptical purity (%

anti pode 1 32.1 (+) 8951 2 32. 3 (-) 86.3 3 32,5 (+)(+)9302 58 @4 32.9 (-)
89.7 5 33.1 (+)—9 6—32—F 4329 H 6 Mean—mass of the
crystals of the pure arﬁul pode 32 6 827- Average opt c%q7pur|ty = 90.3 %5

Exanpl e 25 : Regolutiomyof () TodarT Nikp @ci d by| The AF3gEeson a 10 litre
scale in ethanol__lnitial conditions

- Mean mass of the crystals of the pure antipode = 32.6 g

- Average optical purity = 90.3 %

5 e Example 25 : Resolution of (+) modafinil acid by the AS3PC on a 10 litre

scale in ethanol

e |[nitial conditions

Initial enantiomer excess = 11.7%

Mass of solvent Mass (+) (9) Mass (+) (9) Cooling function
6481 408 51.32 Type lor Il
10 Stirring speed = 200 rpm throughout the procedure using an Impeller® moving
stirrer.
* Results
No. Mass of the pure | Optical purity | Cycle length Cooling
antipode (%) function
(@)
1 (+) 121.9 90.5 103 |
2 (<) 1211 92.2 104 I
3 (+) 137.6 91.3 83 I
4 (-) 134.7 90.8 84 I
5 (+) 135.1 90.6 83 [l
6 (-) 134.5 91.2 82 [l
15 - Mean mass of the crystals of the pure antipode = 130.8 g

- Average optical purity = 89.9 %

Using the AS3PC method in 2-methoxyethanol

e Conditions associated with the equilibria

20 - Solubility of the racemic mixture in 2-methoxyethanol:



Initial enantioner excess = 11.7% Mass of solvent Mass () (g) Mass (+) (Q)
Cooling function 6481 408 51.32 Type | aor Il i0o Stirring speed = 200 rpm

t hr oughout the procedure using an Inpellé noving stirrer. Results No.
Mass of the pure Optical purity Cycle length Cooling antipode (% function
(g) 1 (+) 121.9 90.5 103 I 2 (-) 121.1 92.2 104 1 3 (+) 137.6 91.3 83 |

4 (-) 134.7 90.8 84 11 5 (+) 135 190.6 83 11 6 (-) 134.5 91.2 82 11 15 -

Mean mass of tpae—erystal-s the—pti ntipode—=—1360-B-—g—TAyetrage optical
purity = 89.9 %liﬂ“:{l af (A@\%PC msthodqlbnd 2- rrgton%xvet@aﬁol 4 nditions
associated wthh Scﬂgmﬁgkm} MRk 930 - Boluai ity of theiggcem cign xture in
2- met hoxyet hanil Tenperature (C) 10.0 20.0 3010 40 0 | Solubility by
mass (% 7.4813516 Solublllty of the pure(+) anti pode = 4 % at 20C .

ti = 2.53 t % t
36.4°C" 5~ Change HIHRBR PHECIATERUR “chebec il Cr RIBEE hivt ure |

(sol vent + racenichdilnhidsedr Ooomtl@ Gn&REkiBAL BNt fat%cwwcél% 6% 8%
THOMD (C) TL = 39 44 46 48 1 Exanple 26 : Resolution o )-modafinil acid

in 2-met hoxyet hanol by the

. Change in THoMO with enantiomer excess = (racemic mixture / (solvent +

racemic mixture)) = 16 % = constant

Enantiomer excess 0 4% 6% 8%
THomo (°C) TL =39 44 46 48
10 o Example 26 : Resolution of (+)-modafinil acid in 2-methoxyethanol by the

AS3PC method on a 10 litre scale

e Initial conditions
Enantiomer excess = 10%
Initial temperature Tg : 41°C

15 Filtration temperature Tg: 30°C

Linear temperature gradient from 41°C to 30°C in 1 hour

Mass of solvent Mass (+) (g) Mass (+) (9)
8000g 1523 132

Stirring speed =200 rpm

20
o Results
No. Mass of the pure Optical purity (%)
antipode
(@)
1 269.86 (+) 100
2 300 (-) 97
3 348.68 (+) 100
4 369.2 (-) 99.97




AS3PC nethod on a 10 litre scale .

Initial

condi ti ons

Enanti oner excess

10% Initial tenperature TB : 41 C 15 Fi gotration tenperature TF: 30C Linear
tenmperature gradient from41l Cto 30C in"1 hour

Mass (+) (9)

348.68 (+) 100
423.8 (+) 98 8
92 12 487.97 (
the pure anti po
AS3PC nethod in

8000g 1523 132 Stirring speed =200 r
the pure Optical purity (%

Mass of sol vent Mass () (9)

) 95.96 13 471

24 (+)43825 -

Wti cal
ii t i ons?4&8oci at e

Ve

an nmasgs) @8.5t he c
urty-——-08.2 05 Using the

met hand| Cong 4 wit (P28 eaui I
8 456 (-) 99.7
9 4946 (+) 99.3
10 485.4 (-) 100
11 517 (+) 92
12 487.97 ) 959
13 47104 (+) 99.5

- Mean mass of the crystals of the pure antipode =422.4 g

- Average optical purity = 98.2 %

Using the AS3PC method in methanol

Conditions associated with the equilibria

Solubility of the racemic mixture in methanol:

pm 20 Results No. Mss of

-) 95.5 7

antipode 1 269.86 (+) 100 2 300 (-) 97 3
436972 (=) 99797 6041?}%I?T@?—t?T"IgQ71§*¢53TZ’( )
456 (-) 99.7 9 494.6 (+) 99.3 | 10 485! ?-1710

D 11 517 (+)

ystal s of

bria

Temperature (°C)

10.0

20.0

30.0

40.0

Solubility by mass (%)

74

9.7

13.9

25.7

10 -

Solubility of the pure (+) antipode = 4.9 % at 20°C . ratio o = 2.53

Coordinates of point L = Concentration : 25.6 %. temperature : 46.5°C

. Change in THomoO With enantiomer excess = (racemic mixture / (solvent +

racemic mixture)) = 25.7 % = constant

15

Enantiomer excess

4%

6% 8%

10%

THowmo (°C)

TL =45 50

52 53

54




Solubility of the racem c m xture in methanol:

30.0 40.0 Solubility by mass (%9 7.4 9.%;13.9 25.7 10 -
pure (+) antipode
Concentration :
enanti oner excess

10% Initial
Tenperature

Resul ts Mass of the

90.9 (-§ 78.
(-) 88.6

10

25.6 %

= 4.9

%‘f‘é f?wth‘n ‘fhé'ﬂ%l

*em—”"'h"rrear
Mass () (g) WasExpetimdrgtpl cdrthtighs501. 5 55. 7

% at 20C .
tenperature :
(racemic mxture / (solvent +
% = constant 15 Enantl OMEer excess 0 4% 6% 8% 10%

ratio a =
46.5C

pure No. antl pode Opti cal
Enantipgierexceps 721070 4

125.5

Initial temperature Tg : 46.5°C

Filtration temperature Tg: 30°C

purity (%9
5 (-) 84.1

Tenperature (C) 10.0 20.0
Solubility of the

2.53 Coordinates of point L
Change in THOMO wit h
racem c mxture))

THCJ\/D (O TL

46 5C Flltratlon terrperature TF :
from39.4C to 18C for

1 hour

Temperature gradient : linear from 39.4°C to 18°C for 1 hour

Mass of solvent

Mass (£) (9)

Mass (+) (9)

1450¢g

501.5

55.7

Stirring speed =230 rpm

¢ Results

Mass of the pure
No. antipode Optical purity (%)
(9)
1 107.1 (+) 99.7
2 90.9 (-) 78.2
3 137.1 (+) 72.7
4 125.5 (-) 84.1
5 95.9 (+) 94.0
6 91.6 (-) 88.6
7 87.0 (+) 85.7
8 92.2 (-) 88.1
9 107.0 (+) 104.2
10 130.6 (-) 120.7
11 159.9 (+) 111.0
12 123.3 (-) 113.8
13 133.0 (+) 130.3
14 143.0 (-) 134.7
15 139.2 (+) 128.5
16 159.4 (-) 127.5

45 50 52 53
rret hod on a

Mass of sol vent
to Stirring speed =230 rp
1 107.1 (+) 99.7 2
5 95.9 (+) 94.0




7 87.0 (+) 85.7 8 92.2 (-) 88.1 9 107.0 (+) 104.2 10 130.6 (-) 120.7 11
159.9 (+) 111.0 12 123.3 (-) 113.8 13 &33.0 (+) 130.3 14 143.0 (-) 134.7
15-139.2 (+) 128.5 16 159.4 (-) 127.5 62 17 114.0 (+) 111.5 18 123.4 (-)
120.9 19 180.6 (+) 99.3 20 114.2 (-) 110.9 21 123.1 (+) 120.6 22 118.4

(-) 115.0 23 1401 (+) 135 9 24 186 2 (-) 11 25 157 1 (+) 106.8 26
121.2 (-) 102.2 |27 126TB (+) 1p2.5 284.906. 6 (|- ) 990@‘théan 1ss of the
crystal s of the pure—antgpode—=r168—7g Average opt rityi= 87.5 %5
Usi ng the SIPC net hod ilT]s et hano &?% |40ns associ at(égj%%?h the equilibria
(see AS3PC net hod) Exarple 28 Resohg@_eon of |() nodafppid acid by the SIPC
nmethod on a 2 ||tre scale with! seeding at the lend of cooling in ethanol 10
Initial conditions 20 174.2 (-) 110.9

21 123.1 (+) 120.6

22 118.4 (-) 115.0

23 140.1 (+) 135.9

24 186.2 (-)118.6

25 157.1 (+) 106.8

26 121.2 (-) 102.2

27 126.5 (+) 122.5

28 106.6 (-) 99.0

- Mean mass of the crystals of the pure antipode = 108 g
- Average optical purity = 87.5 %

5 Using the SIPC method in ethanol
Conditions associated with the equilibria (see AS3PC method)

. Example 28 : Resolution of (+) modafinil acid by the SIPC method on a 2

litre scale with seeding at the end of cooling in ethanol

10
¢ |nitial conditions

Initial enantiomer excess = 11.8 %

Temperature at which the starting mixture is a homogeneous solution

Tp =40°C.
Mass of solvent | Mass (%) (9) Mass (+) (9) Cooling function
1874 118.4 14.84 20 min from 40°C to
17°C = seeding
temperature
15 - Time (plateau) at TF before adding the seeds = 0 minutes

Mass of seeds = 1%

- Crystallisation time = fastest possible cooling by quenching



Initial enantioner excess = 11.8 % Tenperature at which the starting m xture
i s a honogeneous solution Tp = 40C. Mass3of solvent Mass () (g) Mass (+)
(g) Cooling function 1874 118.4 14.84 20 min from40Cto 17C = seeding
tenperature 15 - Tine (plateau) at TF before adding the seeds = 0 m nutes -
Mass of seeds = 1% - Crystallisation time = fastest possible cooling by
quenchi ng SEgingispeed rr 20papth thrR0ghophithdé poecgtvine using pnolrekielles®ugionide an

I mpel ler(r) nmpobile stirrer. Results No. Mass of the pure Optical purity
(9 antipbdE™ 1 30.9 (+)90,4 2 31.5 (-) 90.7 3 31.3 (+) 91.4 4 31.2 (-)
90.9 5 31.6 (+) 91.5 5 - Mean mass of the crystals of the pure antipode =
31.28 g - Average optical purity = 91 % Exanple 29 : Resol ution of

() - nrodaf i ni I°a(ﬁ&$uﬂi§ the S3PC rrethod on a 2 tolitre scale with seeding

R e e ﬁ A SRS
from40C to 17C¢ 15 - Seedi ng fenper@l 29G

1 30.9 (+)90.4

2 31.5 (-) 90.7

3 31.3 (+)91.4

4 31.2 (-) 90.9

5 31.6 (+) 91.5

- Mean mass of the crystals of the pure antipode = 31.28 g
- Average optical purity = 91 %

° Example 29 : Resolution of (+)-modafinil acid by the S3PC method on a 2

10 litre scale with seeding during cooling in ethanol

- Initial enantiomer excess :'11.14 %

Mass of solvent Mass (1) (9) Mass (+) (g) Cooling function
1874 118.4 14.84 20 min from 40°C
to 17°C
15 - Seeding temperature = 29°C

- Seed mass =1%
- Crystallisation time = the fastest possible cooling by quenching
Stirring speed = 200 rpm throughout the procedure using an Impeller® mobile

stirrer.

e Results

No. Mass Optical purity (%)
before purification
1 25.2 (+) 84.5




- Seed mass = 1% - Crystallisation tinme = the fastest possible cooling by
quenching Stirring speed = 200 rpm throughout the procedure using an

I mpel ler(r) nmobile stirrer. 20 Results No. Mass Optical purity (% before
purification 1 25.2 (+) 84.5 64 2 24.9 (-) 85.6 3 25.6 (+) 84.6 4 25.2
(-) 85.3 5 24.9 (+) 85.8 Mean mass of the crystals of the pure antipode =
25.2 g Average |optical2purity|= 85. 224,9EXAMPLES 30 T@&Q(SCO\I\/ERSI ON OF THE
OPTI CAL  ENANTI GVERS—-OF-MobARHNH—ACHD-TO ALKYL Eu.._.\ stage i S
illustrated through t he’ use of (- )m)dg5 aci d. )E%rﬁpl es B0 to 31 :
Esterification of (-)-mpdafini acid 25@<arrp| e Q0: |Q)tg‘5$3presence of

di met hVl sul phate_3.3 litres of [acetone, 0.6 litres of water, 349 g of Na2CO3
(3.29 noles), 15 451 of (-)+{nodafi B&IO acid (1. 64 (b8P were/ placed in a
10 litre fl ask and-heated—to—-achieve—+efthe—Fren—330—w—of—diret hyl

sul phate (3.29 noles) were run in over half an hour. Reflux was continued
for one hour and t t ?Wéjf I at erature in 20
hours. The nedi um Vﬁ\ggaphng%‘@ssgﬁpg afscbfocﬁg pl%é)g ﬁﬂé(;:)df C%%/%?gl | i sati on was
20 i medi at e and afAeeragetopiicsl purdy £ 8mal%stirring filtration yielded a
white precipitate which was washed in 6 litres of water. This product was
taken up again in 6 litres of water and again filtered. The

5

% EXAMPLES 30 TO 32 : CONVERSION OF THE OPTICAL
ENANTIOMERS OF MODAFINIL ACID TO ALKYL ESTER

This stage is illustrated through the use of (-)modafinil acid.
10

Examples 30 to 31 : Esterification of (-)-modafinil acid

. Example 30: in the presence of dimethylsulphate
3.3 litres of acetone, 0.6 litres of water, 349 g of Na,CO; (3.29 moles),

15 451 g of (-)-modafinil acid (1.64 moles) were placed in a 10 litre flask and heated

to achieve reflux. Then 330 ml of dimethyl sulphate (3.29 moles) were run in over
half an hour. Reflux was continued for one hour and then it was allowed to cool to
ambient temperature in 20 hours.

The medium was then poured on to 6.6 kg of ice. Crystallisation was

20 immediate and after 3 hours additional stirring filtration yielded a white precipitate
which was washed in 6 litres of water.

This product was taken up again in 6 litres of water and again filtered. The
precipitate was dried under vacuum at 35°C and in this way 436.3 g of methyl
ester were obtained (Yield = 92.3 %).

25
o Example 31 : in the presence of methyl chioroformate
100 g of (-)-modafinil acid (0.36 mole) and 21.6 mi of triethylamine (0.36

mole) were added to 450 ml of methanol. 30 mi of methyl chioroformate




precipitate was dried under _vacuum at 35C and in this way 436.3 g of nethyl
-ester were obtained (Yield = 92.3 %. 25, Exanple 31 : in the presence of
met hyl "chl orof ormate 100 g of (-)- m)daflnll acid (0.36 nole) and 21.6 m of
triethylamne (0.36 nole) were added to 450 ml of nethanol. 30 m of nethyl
chloroformate 65 0.36 nole) were progressively poured onto the solution

obt ai ned aft ep.3alirle) uvéen ppbg t’éb@lvé?« bouRlrdng thes seritibhedb@ified \eter 15

m nut es |ncreaS| ngﬁfrom 28C to 35C (release of C02). This was stirred for 2
hours and poufisgobitios githegaltce + water 5 (500 g / 500 m). The ester
crystallised o t f in o gAgS t@ai ned.
(Ve a = a0, 1 spuridh s canied o FRE GF Kl “nprehsiia fithi 285t 33°C
optical | y(r@dﬂds‘eeofﬂnd}gf i This waacstitrdd 6& 2 ihbusanﬂ prrirbanmto q‘lﬁledtlw edwatetr h

t ol uene, llitres of water and 425.1 g of nmethyl ester (1.474 noles) were
pl aced i n(@ﬁglllwpénaoubl e jacket reactor. The tenperature was raised to 30C
and bubbling o r’)’@% W To JR ¥ e
operation Iastggér@%%? an lll%ﬁ(gwﬁuté@%@hﬁq@%nangw%f%é E?taeléF(ﬁtvr\%%uced
was 200 gobftined.i ng was maintai ned for 21 hours 30 minutes, and then it was
cooled with th tggpg 1tgre being set to OC. The nediumwas then filtered on
No. 3 sintered EYQ - %9: 2 g was obtained strai ght away, together with a
filtrate which was evaporated to dryness. 20 The residue was taken up in
1.2 litres of ethanol denatured with toluene and after filtration a second
anmount 100f «308 E&ampla32obttaenmedolyBisr of the widvaldsierati optiddlly aekveamudafisil wer e
pool ed and recrystallised in 1.83 litres of ethanol 25 denatured with

t ol uene. Hot ration yielded a filtrate which when cool ed yielded a

product whi chqasjittdd bef@thaHl ddhbfffed VBT tof@nE B, 2litrdQCf Waitér and £i5.# white

g of methyl ester (1.474 moles) were placed in a 4 litre double jacket reactor.

The temperature was raised to 30°C and bubbling of ammonia was begun

15 maintaining this temperature. The operation lasted 1 hour and 45 minutes and the

mass of ammonia introduced was 200 g. Stirring was maintained for 21 hours 30
minutes, and then it was cooled with the temperature being set to 0°C.

The medium was then filtered on No.3 sintered glass and 57.2 g was

obtained straight away, together with a filtrate which was evaporated to dryness.

20 The residue was taken up in 1.2 litres of ethanol denatured with toluene and after

filtration a second amount of 308.6 g was obtained.

First crystallisation :
The two amounts were pooled and recrystallised in 1.83 litres of ethanol
25 denatured with toluene. Hot filtration yielded a filtrate which when cooled yielded
a product which was filtered and dried under vacuum at 30°C. 162.2 g of a white

product was obtained.

Second crystallisation :

30 These 162.2 g were mixed with 810 ml of ethanol denatured with toluene
and heated under reflux to achieve complete dissolution. This was then allowed
to crystallise by cooling with ice and then filtered through No. 4 sintered glass and
dried under vacuum at 30°C. 147.3 g (-)-modafinil (CRL 40982) was obtained.

Yield = 36.6 %.



product was obtai ned. Second crystallisation 30 These 162.2 g were m xed
with 810 m of ethanol denatured with totuene and heated under reflux to
achi eve conpl ete dissolution. This was then allowed to crystallise by
cooling with ice and then filtered through No. 4 sintered glass and dried
under vacuum at 30C. 147.3 g (-)-nodafinil (CRL 40982) was obtained. Yield
= 36.6 % 66 Characteristics: Rotation power = - 18.6 (4.9% solution in

met hanol )  Mel EhRRSidics= 163C. 5 EXAMPLES 33 TO 34: CRYSTALLI NE STRUCTURES
Exanple 33 : Structure 01§ nodafinil acid 10 Mbdafinil crystals were obtained
from acet one. Rbiadiophseerras 18ie(4. 9% sohiticy inchethesodr i stics: Hexagonal P31
or P32 dependi &%gu on .tg_e_z ggaeti oner, the nodafilil is therefore a

congl onerate, NESEPYIG=553:513 144" 15 - a = 90,000, (3 = 90,000, y =

120, 00Q The diffraction intensities were neasured using an automati c SMART
APEX (Brucker) diffractoneter at 20C. The structure was resol ved using the
set of Saintplus, Sadabs, Shelxs software packages. 20 The unusual nature

of this spatial groypd E f.chi i must be

enphasi sed. The patteﬁm gg&?fﬁ&e%&?ﬁ&?féﬁﬂ&(ﬁt?@qlﬂkgﬁl ce, SO again
Z =1, The nolecules are linked together by hydrogen bonds via the acid and
sul phoxide groups. It may be comented that the strongest interactions (the

hydrogen 25 bbramplend3p Shiuctind afineodadiniacid hel i cal axis al ong the
?gsﬁrg{@g? ?L?P%@@ﬂfplf gfyts%eﬂg were ob'%i%gg Ifr%m%céto%ter tlsu;ralgas(?g hgé }heapoqlowing

characteristics:

- Hexagonal P34 or P3; depending upon the enantiomer, the modafilil
is therefore a conglomerate,
- a=9.55b=9.55c=13.14 A
15 - o = 90,000, B = 90,000, y = 120,000°
The diffraction intensities were measured using an automatic SMART APEX
(Brucker) diffractometer at 20°C.
The structure was resolved using the set of Saintplus, Sadabs, Shelxs
software packages.
20 The unusual nature of this spatial group in the case of chiral organic
molecules must be emphasised.
The pattern repeats three times in the crystal lattice, so again Z = 1. The
molecules are linked together by hydrogen bonds via the acid and sulphoxide
groups. It may be commented that the strongest interactions (the hydrogen

25 bonds) wrap around the ternary helical axis along the crystallographic direction z.

. Example 34 : Structure of (-) and (+)-modafinil form |

The crystalline structure of (+)-modafinil form |, identified as being identical
to that of (-)-modafinil form |, was determined. It has the following properties :
30 - Crystalline system = monoclinic,
- Spatial group = P24
- a=5.6938, b =26.5024, c= 9.3346 A
- g =105.970°



The crystalline structure of (+)-nodafinil forml, identified as being
identical to that of (-)-nodafinil form,l, was determ ned. It has the

foll ow-ng properties so Crystalline system= nonoclinic, Spatial group =
P21 a = 5.6938, b = 26.5024, c= 9.3346 A 13 = 105.970 67 The diffraction
intensities were neasured using an automati c SMART APEX ( Brucker)

di f f r act omet eThadiffZ8¥Bon68tencktdsNrerelmeBs0R@S il P BnRIGOMHEI SMART APEXt al | i ne
forms of the optical enantioners of nodafinil, conprising the follow ng
stages : (Byuekessdiffasigmetry a8f2Q°ke optical enantioners of nmodafinil in a
solvent other 5 than ethanol, ii) crystallising the enantioner of
nodafinil, iii) recovering the crystalline formof the enantiomer of
nodafinil so obtained, io 2. Process according to claiml1, in which the
nodafinil enantiomer is the |aevorotatory enantionmer. 3. Process according
toclaim1, in which the nodafinil enantioner is the dextrorotatory
enantioner. 15 4. Process according to any one of clainms 1 to 3, in which
the crystalline form obtained is a polynorphic form 5. Process according
to any one of clains 1 to 4, in which crystallisation is 20 performed under
kinetic or thernodynam c conditions. 6. Preparation process according to
claim5, in which crystallisation is perforned by precipitation, possibly
in the presence of seeds of crystals of the desired crystalline form 25



7. Preparation process according to claim5, in which crystallisation
consists of cooling the solution obtaingd in stage i). 8. Process according
to-claim7, in which cooling is slow 30 9. Process according to claim7,
in which cooling is fast. 69 10. Process according to clainms 4 and 8, in
whi ch the solvent used in stage i) 1is selected fromacetone, 1-4 dioxan,
ethyl acetate, ortho, neta or para xgieamas or a mxture of ortho, neta
and/ or para xylene, and the pol ynorphic formso obtained is then described
as Form |11. 5 1Arocessdes preeyetion wj arystallineferms @idhe optisalvanantiemerss of vent

used in s 1) 1S S e r nol, water or al cohol/water
m xt ur es,&?ﬁgﬂw’f@?ﬁﬁh@ﬁ%&%wﬁﬁﬁgéggai ned bei ng described as Forml. io
12. Process jaccordiéstivihg opleadfthe 4ptibal charitionvdrs off riduafiadliv @ndoluseidother st age
i) is isopropanol, n-propanol, ethyl acetate or ethanol denatured with
tol uené, the polthadEfROlf orm so obtai ned being described as Form1l. 13.
Process accetrdin | al i i.Gh.the solvent used in stage i)
isis isoprg?)ano%,r{]%ﬁ@g%gﬁ@ﬁ;érn%ﬂﬂ%r%l%Fﬂ]"ﬁgyag@{l’ai ned bei ng described as Form
1. 14. Prodigss aecovetimyg the cystalimed famd & the shartioridre of oinvelafiniisssl in
stage i) is acetone, the polynorphic formso obtained being described as
FormIll. 20 15. 9bt@Peds according to clains 4 and 8, in which the sol vent
used in stage i) is selected fromtetrahydrofuran, chloroform
met hyl et hyl ket one, the polynmorphic form so obtained being described as Form
| V. 160 P2.ocesBrooeseradsmyding nylaimet,oin alhigmshel nadadinili enamtioshet e the
crystalline form 25 obtained is a solvate. 17. Process according to clains
8 and 16, lapKorgiatory ERANEYNEENt used in stage i) is dinethyl carbonate, the
sol vate so obtained being described as the dinethyl carbonate solvate. 10
18. Pol ynorphic formof the | aevorotatory or the dextrorotatory enantiomner
of

3. Process according to claim 1, in which the modafinil enantiomer is the

dextrorotatory enantiomer.

4. Process according to any one of claims 1 to 3, in which the crystalline form

obtained is a polymorphic form.

5. Process according to any one of claims 1 to 4, in which crystallisation is

20 performed under kinetic or thermodynamic conditions.

6. Preparation process according to claim 5, in which crystallisation is
performed by precipitation, possibly in the presence of seeds of crystals of the

desired crystalline form.

25
7. Preparation process according to claim 5, in which crystallisation consists
of cooling the solution obtained in stage i).
8. Process according to claim 7, in which cooling is slow.

30

9. Process according to claim 7, in which cooling is fast.



nodafinil described as Formll, characterised in that it produces an X-ray
70 diffraction spectrumconprising intefsity peaks at the interplanar
spacings : 8.54, 7.57, 7.44, 4.56, 3.78, 3.71 (A). 19. Pol ynorphic form
according to claim 18, characterised in that it produces s an X-ray

diffraction spectrum conprjsing intensity peaks at the interplanar spacings
11. 33, dUs4, Proegss aceprding tgrclaimss4 and §3n whigh the sglyeni uged in sgage 3. gs,

3.78, 3. 7} (Fodfhy Rofihcond {Btiolh, iR SRDERS S SILE! ol el BRUAL Qfrat ory

or the dextrorotatory enanti'omer o to 'no scr rm' Tl
char act er ias etxiune t dfabrthb, pnetduaed/canpatar aylendj fandadhé quolgmeaqthianfocmnpei si ng

intensity aks at the interplanar spacings 12.28, 8.54, 5.01, 4.10, 3.97,
3.20 (A). @E@'”%I’Sym?f‘pqﬁs@”gsarﬂs UBtding to claim?20, characterised in that

in produces t5 an X-ray diffraction spectrumconprising intensity peaks at
the interplanar spacings : 13.40, 12.28, 8.54, 7.32, 6.17, 5.11, 5.01,

4.65, 4.601.4. Pocessqaccordpg, to claings 4 AndQ), ia . viich 3h@Bohven8Bsed .iBGiage 54,
3.42, 3.20, 2.9 . 58 . 22. Polymorphic formof the |aevorot.atqry or the
dext ror ot i SPFCHath foR mesthandt st S Dyt teess the SEhiAL doom

char act er i@t obtaindtbeing dtiseflbe@asForarray diffraction spectrum conprising
intensity peaks at the Interplanar spacings 12.38, 8.58, 7.34, 5.00, 4.09

(A). 23. Polynorphic formaccording to claim 22, characterised in that in

"nier pltandr. puergaCiorndat' Ggnie S O RS 1o Sol g SRl g REBESH E 1 56°
5.00, 4. 645 isbp#Spand, Alprodand) o) SceBtddr dhafiol delaurddl #ith tohidib, the 20

(A). 24. Polyrmorphic formof the |aevorotatory or the dextrorotatory

enant i omePOBMOrPHiGedaEf sheptainaskbeing depeiked as o8 it produces an X-ray
diffraction spectrum conprising intensity peaks at the interplanar spacings
9.63, 5.23, 5.03, 4.74, 4.66, 4.22, 4.10, 3.77 (A). 71 25. D nethyl

car bonat e %ol % e

f the | t at the dext t i f
Todar i ni | 1ohaFABPETS SERPIHRG Rear s Bragtds WHOR e OlErY (et TBaage |

15 is isopropanol, the polymorphic form so obtained being described as Form .

14.  Process according to claims 4 and 9, in which the solvent used in stage i)

is acetone, the polymorphic form so obtained being described as Form lil.

20 15. Process according to claims 4 and 8, in which the solvent used in stage i)
is selected from tetrahydrofuran, chloroform, methylethylketone, the polymorphic

form so obtained being described as Form IV.

16.  Process according to any one of claims 1 to 3, in which the crystalline form

25 obtained is a solvate.

17.  Process according to claims 8 and 16, in which the solvent used in stage i)
is dimethyl carbonate, the solvate so obtained being described as the dimethyl

carbonate solvate.

18.  Polymorphic form of the laevorotatory or the dextrorotatory enantiomer of

modafinil described as Form |l, characterised in that it produces an X-ray



spectrum conprising intensity peaks at the interplanar spacings : 12. 31,
9.69, 9.09, 8.54, 7.27, 6.21, 5.45, 5. 16y 5.00, 4.83, 4.63, 4.46, 4.22,
4.13, 4.09, 3.78, 3.62, 3.53, 5 3.42, 3.32, 3.24, 3.21, 3.10 (A). 26.
Process of conversion of a first crystalline formof one of the enantioners
of nodafinil into a second crystalline formof the said enantioner which is
di f f er ent diffraptiarhepédtrurn cormpisiyg mtensity esaks @hihe dntegplanar $padings ng. =t ages
10 i) sus i t sali i-r.stacrystalline formof the said nodafini
enantione?ﬁﬁﬂ72%¢é€§§bgyga§gﬁ§%pvent, and ii) recovering the said second
crystalline forn1obtained 27. Process according to claim26, in which the
enantloner used is (-)- 15 nodafinil Process according to claim 27, in

whi ch t he 16 rstPOMWP iq fare pesarding 'ﬁooﬁ?'ﬁ'm 18, gbarW%r&e%l MIPFRFAUCES ¢l ai m
28, in mhl h S nid esul t
of whi ch aﬁ :ﬁ:% oni r‘éE{‘ é[tljtugnlés&ﬂ ”élh @?er?gt(} E(%n% ﬂl}% mt&%laﬁarr

the (-)-megatingsl: 1qr3:6+652rpd&1’7l m.44 emamﬁcmem 83 cchagaatm i4s45%] 4.05t B8, i t
produces an_ X-r iffraction spectrumconprising intensity peaks at the

i nt er pl ana¥’ %p%fl %4.2§§. 3:p3 @a 14, 25 12.32, 10.66, 9.79, 9.29, 8.54,
8.15, 7.80, 7.09, 6.31, 5.83, 5.62, 5.41, 5.10, 4.90, 4.66, 4.58, 4.46,
4.33, 4.20, 4.02, 3.92, 3.835, 3.72, 3.60, 3.57; 3.45, 3.33, 3.24, 3.19,

3. 09, 3.0320.31PoRmoarpdic favm bhtheplaeparadatoon oothe piextratdtatoag enaationaafafni |

two. optt A1OUATE: FE3EIEco S OB | HAT G BehrE o BB M8 o okaBYone. of
the, enant LREfon Idobol A o e niehen) WeoRB2a iAgehBbnal Nathdiyont act

with alo t he ence of alco ani c
base, 72 1Rid8, 8r@4;c51@fn41@013197p8c2ﬂ1(a5t) obt ai ned, iv) converting the ester
obtained into an am de, Vv) recovering the pr oduct obtained in stage iv). 5
32. Process according to claim31, in which the halofornmate is a | ower alkyl

21.  Polymorphic form according to claim 20, characterised in that in produces

15 an X-ray diffraction spectrum comprising intensity peaks at the interplanar
spacings : 13.40, 12.28, 8.54, 7.32, 6.17, 5.11, 5.01, 4.65, 4.60, 4.48, 4.44, 4.27,
419, 4.10, 4.02, 3.97, 3.83, 3.66, 3.54, 3.42, 3.20, 2.91, 2.58 (A).

22. Polymorphic form of the laevorotatory or the dextrorotatory enantiomer of

20 modafinil described as Form |V, characterised in that it produces an X-ray
diffraction spectrum comprising intensity peaks at the interplanar spacings :
12.38, 8.58, 7.34, 5.00, 4.09 (A).

23.  Polymorphic form according to claim 22, characterised in that in produces

25 an X-ray diffraction spectrum comprising intensity peaks at the interplanar
spacings : 13.88, 12.38, 10.27; 8.58, 7.34, 6.16, 5.660, 5.120, 5.00, 4.64, 4.48,
4.26,4.18, 4.09, 3.82, 3.66, 3.53, 3.42, 3.28, 3.20 (A).

24.  Polymorphic form of the laevorotatory or the dextrorotatory enantiomer of

30 modafinil, characterised in that it produces an X-ray diffraction spectrum
comprising intensity peaks at the interplanar spacings 9.63, 5.23, 5.03, 4.74,
466, 4.22,4.10, 3.77 (A).



chlorof ormate. 33. Process according to claim32, in which the | ower alkyl
chloroformate is nethyl chloroformate. 10 34. Process according to any one
of-clairnms 31 to 33, in which the base used in stage ii) is selected from
triethylam ne, diisopropylam ne, diethylnmethylamne, DBU 15 35. Process
according to any one of clains 31 to 34, in which the solvent used in stage

1) 1 a bower DRhb#Rldafodtiddenebivall RfietrRbldeviRsRng! or 3e Begtsrstaphcor ding

to any one of claim 31 5, In which the solvent used in stafg_glv is a
| ower al |@m@mtmmarr obmdafpmlefcbaeaﬁtgmm hartbat it 20rog8uceprart essaycifadiion t o

o () - moash P gorprishadfiepsty B L T57 kil olihef pbtiiosa 4 b ol

crystallisat] pre7p6@aessts, 83038,00P1408% SB6H 0446, H.20 4.03,4.808.38, 3i62, 8fE3ch t he
process of resolving the two . optical enantionmers of () nodafinil acid or
the saPts>6f $Hé 34 ?18310§§\%ded process, the said process conprising the
follow ng stages : a) honopgenising at a tenperature TD a conbi nati on
conprising the racemc mxture of crystals of the first enantiomer of
modaf i ni | 2&ci dPr@®sarmd cooversimn of atfirst Exystallofe toomgbiooee aif éhe femantibiners t he

defining int E. defined the co ntratlo nd te erature var| bl.es TD
es i n’ BhETRATSTALE Fibohdp SeIRITR 1fare Solh B ool i ng
the sol utalﬁeré}{ﬁ%%mt %ﬁé%%lcﬁbrdd@sE'c%Hﬁfxsﬁ{g ﬁwB%FI&Mh@rs%gé@ Tp down to
tenperature TF, c) seed ing the solution In stage b) during-or at the end of

cooling (TF) I)WI t hsuspepdng éheeedi dirstt Imeys‘talhm ferantaf other | said dinoldafiniest i ng

the crystals of the first enantlomerr f% a} tn% (ﬁ]he racem c m xture of
crystals in the fo?ﬂ?'btfon?:%ﬁ 1R PR S T liquors resulting from

the harvest pgyfor F&‘évéfh@ﬂﬁggald second crystalline form obtained.

27. Process according to claim 26, in which the enantiomer used is (-)-
15 - modafinil.

28. Process according to claim 27, in which the first crystalline form is form |.

29. Process according to claim 28, in which the solvent used in stage ii) is

20 acetonitrile, as a result of which an acetonitrile solvate is obtained.

30.  Acetonitrile solvate of the (-)-modafinil or (+)-modafinil enantiomer,
characterised in that it produces an X-ray diffraction spectrum comprising
intensity peaks at the interplanar spacings @ 16.17, 14.14,

25 12.32, 10.66, 9.79, 9.29, 8.54, 8.15, 7.80, 7.09, 6.31, 5.83, 5.62, 5.41, 5.10, 4.90,
4.66, 4.58, 4.46, 4.33, 4.20, 4.02, 3.92, 3.835, 3.72, 3.60, 3.57; 3.45, 3.33, 3.24,
3.19, 3.09, 3.03.

31.  Process for the preparation of optically active modafinil from modafinil acid,
30 comprising the following stages :
i) separating the two optical enantiomers of ()-modafinil acid and
recovering at least one of the enantiomers,
i)  placing one of the two enantiomers obtained in contact with a lower

alkyl haloformate in the presence of alcohol or an organic base,



d) and honogeni sing the new conbi nation by heating to a tenperature TO, in
such a way that the defining point E i1s710 symetrical for E with respect
to'the 'pl ane of the racemic m xture of the solvent, (-)-antipode,
(+)-antipode system the said point E being |ocated in the nonophase
domai n of the dilute solution, f) rapidly cooling the solution obtained in
stage e), initial repoaztermgéhepmwt abi@irediD, down to the tenperature TF is Q)

seeding the soluti iL,ned in e in ery pure seeds of the
second enanti é)r)re 8%5 rﬁé&&%%??ﬁéoé%da% gﬁﬁrﬁ'éjesecond enantioner, i)

addi ng the ragem ﬁ‘ed’ﬁvéhh@@h@ Brddiet beranad ircstagel)onerate of cr ystal s to the
not her liquors resulting fromthe crystal harvests performed 20 in stage h)

and honogeni sing the new conbination heating to a tenperature Tp to obtain a

COMposi.ti Q?I ‘r’]"PIDF&é.si %Slcgﬂﬁfn;a#o &18ind t})a}t "gt al’élléip‘?h%q@éfe%?%n hQVﬂ%}% f%]Eylh) and

initial ng porn repeating

j) 1n ordehlotsfoahbtd.n the first and then the second of the two enantioners
in succession. 25 39. Process according to claim37, in which the process of
separation of the two optical enantioners of ()-nodafinil acid or salts of

the same By praf&LLut halordink yﬁgé\hm | t'IRQNHIEhathé%x‘?veé%‘ﬁ%%hﬁﬁ%?&n?ét@%“

the sai d process conprising oW ng sta creating a
conbi nat i mtl&yirqblﬂorsfmglathe racem c mxture of crystals of the first
enanti omer of nodafinil acid and solvent, in the formof conglonerate, for
whi ch ¥he def| ning point E defined by the concentration and 74 tenperature

vari abl essgB | prdenatasdriing i shyenBRAREARTR] B 98, pich AR HbABRfeddIexcess

and is |n eCIUI rrumwt ts s urat sol ut1on, unction

for progratagend) ¢ocldleget roomt trethyarpereat aiursmpocbpylamma, whiethiydrsetylaimine
prepared mtage a), the said programmng function 5 being such that the
not her E’ s remain slightly supersaturated

15 35. Process according to any one of claims 31 to 34, in which the solvent used

in stage ii) is a lower aliphatic alcohol, preferably methanol.

36. Process according to any one of claims 31 to 35, in which the solvent used
in stage iv) is a lower aliphatic alcohol, preferably methanol.

20
37. Process according to any one of claims 31 to 36, in which resolution of the
optical enantiomers of (x)-modafinil acid in stage i) is carried out through a

preferential crystallisation process.

25 38. Process according to claim 37, in which the process of resolving the two
optical enantiomers of () modafinil acid or the salts of the same is a seeded
process, the said process comprising the following stages :

a) homogenising at a temperature Tp a combination comprising the
racemic mixture of crystals of the first enantiomer of modafinil acid

30 and solvent in the form of conglomerate, for which the defining point

E defined by the concentration and temperature variables Tp lies in

the monophase domain of the dilute solution,



encouragi ng growm h of the enantionmer present in the formof crystals while
preventi ng spontaneous nucl eation, of the second enantioner present in the
solution, c¢) adopting a stirring speed which increases slightly over tine
t hroughout the 10 period of crystal growmh in stage b) in such a way that
the stirring speed is at all tines sufficiently slow to encourage growh of
the first enanti dyerapidifi teolpredkeatsalgfiarheremaredain ctagd g xingsdlyval yhe ar ge

shear forces giving, rise.,.touncontrolled nucleation and sufficiently fast
to produce a honngm%‘?@t%rﬁsﬁéﬁ@’lw@ntoéﬁ@pﬁé HEF ' Enewal of the mother |iquor

of the i1t onarft: seesnoayeoitRy bietieEBERLRLE atthe SRR CHEF  .°

form of congl oner at ﬁ/)itﬁQ/eW%uré@éQ&r ofﬂh@‘métser{é?ﬁ _rﬁéﬁ‘_g fromthe harvest

performed in stage and” "bringing the new conbination to a tenperature
plateas TB for th hamestig tiee esstaly of thesfst enantidreenodynani ¢ equi | i brium so

that the defini i Nt ' tri f Ewgth t toth |
Lhat the def im0 oL dre IS & ohinl bt SRS bl e
the said point E bgi g nidi6at RSl rbbmtihd froh1vene hakred aofmel ihheagecond

enantiomer in excess and in equilibriumWwth its saturated solution, 25 f)
appl yi ng the sane cdplamd) poogganising thenceworcaxgbinationaby beating t te a wo-

D Nay That the’ mot e PYRIES R UG gt 205eA68: Araria befrg € "
crystallisation so g 0.ROOUF BUGOLANLE: Bl LNS, EOOOMRE AL B3GIe LR L he

form of crystals whilte preventing sp neous cléation o rst

enantioner present fHe tsbivett] ybiptipoded, ddomitiptgien sybicnt| e SaREGOMt Eh
i ncreases slightly over time throughout the period of crystalline growh in
stage f) in such a keidtlagatesiindne manepsase dpmair of the dilfespluiosw t o

e 0o, ar ot b P B ESARG R8I cBblin€ iR <RYR' 8] "HikRYCEE e

excessively large’s
temperature Tp, down to the temperature TF

15 g) seeding the solution obtained in stage f) using very pure seeds of
the second enantiomer,
h) harvesting crystals of the second enantiomer,
[) adding the racemic mixture in the form of a conglomerate of crystals
to the mother liquors resulting from the crystal harvests performed
20 in stage h) and homogenising the new combination heating to a

temperature T to obtain a composition which is identical to that of
the combination having the initial defining point E,

j) repeating stages a), b), ¢), d), e), f), h) and j) in order to obtain the

first and then the second of the two enantiomers in succession.

25
39. Process according to claim 37, in which the process of separation of the
two optical enantiomers of (+)-modafinil acid or salts of the same by preferential
crystallisation is a self-seeded AS3PC process, the said process comprising the
following stages :

30 a) creating a combination comprising the racemic mixture of crystals of the

first enantiomer of modafinil acid and solvent, in the form of conglomerate,

for which the defining point E defined by the concentration and



uncontrol l ed nucl eation, and sufficiently fast to achi eve a honbgeneous
suspension and rapid renewal of the noth€ér |iquor around each crystallite
of. the.second enantioner, s h) harvesting crystals of the second enantioner,
i) adding the racem c mxture of crystals in the formof conglonerate to the

not her |iquors j ' C t vgst rf.Qr Ln. st in
order to abt o PeEHE nealehnts Bl Bedtad T ofiRl (REELRBECHPTRLT AT (e
initial conbi i : j ! RS : . f , h
and i) to obt ﬁérﬁﬁé\%rﬂﬂx%ﬂc}gﬁ%%ﬁﬁgﬁirﬂt Lgﬁsecor\{\ﬁ%hollté)%%tg?%t\ﬁg@eﬂrlug%i'orrzsrg)i n )
successi on. bdOapmiyioges surctoor thrrgrogmaneiningrc8dling frarmathes térsperaturet bhithe n

ange af e dof | REIPTFS TRNCES MiEPasy Ik SBon Ao A BIOBEYI0 ToaHd bodes

formng a CO”%élHBr%h@ha‘ﬂlﬁ’atOfthéhin‘F&héPYchﬁ%%”Pérﬁairﬁsl@ﬁ?l?séaﬂ%@a‘fﬁrb{&d‘ the
wor ki ng tenperature range, - liquors which are sufficiently concentrated but

of | ow vi scosi @ycaunaging growdip ofitheperardiomer Pesent incthatfoem of cofstalsiwiuleysi s
and racem sati on, - .St abi | H{}/ of t‘{r;?? stol vaz ﬁ if these arteﬂ%rresent fat

equi | i bri um and SVRRBYNY ZPENIAISANE PEHFRIGN: & S P a8 e 'O P22 Bl ocess
according to afme INgigH, clains 39 to 40, characterised in that in 25 stages
(a) and (e) tenperature TB is higher than tenperature TL for honopgeni sation
of the quant)t3demtingaz stiirthanspeas whighdseieases sligatly aver tme tb@yg@ﬁy? #e and

enant Brer _oxceglS st o BRI FLHEbE BN aEkurhd Ba) BB hfthd Soetd B .
the said tenpes@hitineBsufficaitiynsiewi 1o ensduragdeyoivitioftthe firesenaihtidrnee
crystals of 30 the first enantioner in stages (a) and (i) and the second

enantioner in Whig@rentinonthegenemticnnefvexeessivgly laraewshacs fomasugiviigs
he expected hiTelt . dodtipyRes flekasn ECROgrtn P ol RARR: 0 o
41, characterih@tlogenéd@d suBpension and rapid renewal of the mother liquor about
15 each crystallite of the first enantiomer,
d) harvesting crystals of the first enantiomer,
e) adding the racemic mixture of crystals in the form of conglomerate to the
mother liquors resulting from the harvest performed in stage d) and

bringing the new combination to a temperature plateau Tg for the time

20 necessary to achieve thermodynamic equilibrium so that the defining point
E’ is symmetrical for E with respect to the plane of the racemic mixtures of
the solvent, (-)-antipode, (+)-antipode system, the said point E' being
located within the two-phase domain of the second enantiomer in excess
and in equilibrium with its saturated solution,

25 f) applying the same cooling programming function as in stage b) to the two-
phase mixture prepared in stage e) containing the second enantiomer in
such a way that the mother liquors remain slightly supersaturated during
crystallisation so as to encourage growth of the enantiomer present in the
form of crystals while preventing spontaneous nucleation of the first

30 enantiomer present in the solution,

g) adopting a stirring speed which increases slightly over time throughout the
period of crystalline growth in stage f) in such a way that at all times it is

sufficiently slow to encourage growth of the second enantiomer while



stages (b) and (f) the programm ng function for cooling the tenperature TB
to TF appropriate for the experinental dssenbl age is defined in such a way
as to: -+ achieve slight supersaturation throughout the period for 5
crystallisation of the enantioner present in the formof crystals at the

start of each C%{g’ﬁggt@gﬁg%tfnghteﬁggﬂé @l Oé}\é%rr @@ng @%é{n%gggéufhe

grow h and seco achi X1 Ui supersatur

ot her enanti on&inodhtrbfed wwdctuaﬂbnp@ndawﬁnﬁnenﬂyfaésm adfleve abthanmbdigneduzar vest
of crystals in stages (d) and (h) which after addition of the racenic

m xture and rralé%@eﬂﬁ'oﬂrﬁrg @jlé r?'@w%lrﬁf tDP)mOth@ﬁlﬂ%or @r%ﬁgsf?%ﬁrécﬂtﬁ*a ltitge
operations to cess according to claim42, characterised
in that the cogﬁltﬁégéliéﬁa enﬁrﬁhaonrﬁélﬁg function is determined for its part from
TL to T¥ by kpdidragstofg ¢ripstalssol theisecondl enantiemer.ati on XL fromTL + 1 C to

TF, TF being, bel ow TL. - (THOMO . - n order to _obtain a stable ur at ed
o ut 1 on i tho@IHNG fE (AGRAOEdHRIER < ofmﬁtéfsdmmfﬁgﬂagfjdmm'%mﬁa@%@t t he
initial enanti QnBhePAfEdR ?ék‘éntlr@T Ot tHehErgs%@'Hér\%%‘? Jjeli'ﬂm%aguh fM“Ct' on
is determned for its part fromTB to TL by 20 extrapolation o samne
function as detardei teedbfairoencbmbinatiah wose. coﬂrtposli’tmmesdetakmairtmthgt obﬂ‘@ny one
of claims 39 to 43 ter sed inthat in the tw stages (b) and (f) the
heat rel ease ad'&'gﬂ{)‘é‘?ﬂ)s sition of the first enantiomer and the second
enant i gyrer 'ﬁ irepesfHeY §ia@@s'd7 B),tcb‘,eds)cggﬂfbgg h)%and?f) @8 bBtHEmH Mee fikstdidPhendS.
Process according to any ailnms 39 t'o 44, ‘characterised in that in stages
(e) and (i) shdheagesnd)fofﬁtﬁMmenam'@nmdémspccwlarﬁ. Process according to
any one of clainms 39 to 45, characterised in that in stages (a), (e) and
(i) the fine crystals of racemc mxture in the formof conglonerate, which
are addedgoner eppeicRikeadi@idlfg kO AR dHathtieased it thalih @tage’ a) chegieemt
accel erating the dissolution stage, such as grinding and sievi ng, treatnment
wi th ul t r dsesntvemtwesobentmand dhe Woolihglteeweratre mgepa@cée&n@ctmsdcmg to

any. one, o, 4L B 3% bindiunetiglact o7 sed 1 that in

antipodes forming a conglomerate and of which any racemate is
metastable within the working temperature range,
- liquors which are sufficiently concentrated but of low viscosity and
low vapour pressure,
20 - the absence of solvolysis and racemisation,
- stability of the solvates if these are present at equilibrium and they

are in the form of separable enantiomers.

41, ‘Process according to any one of claims 39 to 40, characterised in that in

25 stages (a) and (e) temperature Tpg is higher than temperature T for

homogenisation of the quantity of racemic mixture present in the initial

suspension, and in that from the curve for the variation of THopmO in relation to
the enantiomer excess and for a constant concentration of racemic mixture X
the said temperature TR is defined in such a way that the mass of fine crystals of

30 the first enantiomer in stages (a) and (i) and the second enantiomer in stage (e)
in equilibrium with their saturated solutions represents at most 50% and

preferably between approximately 25% and 40% of the expected harvest.



5 stages (a), (e) and (i), the stirring speed is increased. 48. Process
according to any one of clains 38 or 39 40 47, in which the solvent wused in
stage a) is ethanol, 2-nethoxyethanol or nmethanol. to 49. Process according
to claim48, in which the tenperature TF |ies between 0 and 40C 50.
Process according to either of clains 48 or 49, in which the concentration
of the ra¢2m cProcessrazcordisg ageny)ore ef chehvedhta24andna@ctérisgdnmstdiat kb 51.

di f cl which th
xcess | ?;‘Séééazt?&i tc?-fi%%?c?@%mrﬁunékﬁ'ﬁ@?‘pg %owoeaag%ﬁén%p@%e@r <Padedii ng to
claimb51, in r}é er at re TB E)I bgtﬁee 20 25C and ?OC 53.
Process a%‘?:‘%ﬂoaf'ﬂ% ft°5 %?x émS'P (':Fﬁ?% ggel ?Wﬁ?ﬁ%ﬂv‘fﬁ}?%ﬁ Dn of the

tenperature pl at eaugdiield essiipt WwegipelSatanrdior0 MrdugRBub4 thér as&rRsd f dbr

preparation of one of the enantiomers of nodafinil conprising the follow ng
st ages Sa) separ at i ngrystadlisalionoyt iheagnarigmeropigsenbin the demafal mrystals at or

n crains 35 1o 5o, a0 B of e Bl K ot biherbABhalth BrEREF BBuEeC) "

recovering the rmda@gmué gwmﬁtar@r@rco@aggn ﬁt&ﬂeat?&l 55. Pr ocess accor di ng to
claim54, in which stage b) is carried out in t WO st ages: bl) conversion of

the sai d enanti omer a¢hiE¥e dNAYHEIM aﬁWFS%B"taé'Pn ofhthe @mﬁfeemam@mweabr dduct
obtained in stage Wﬁ to an am de. 56. Pharmaceuti cal conposition
conpri si ng the pol yYBRoH R”WBWnWﬁ'eat(O”) modafinil or of (+)-nodafinil,

descrijged as form ( t ¢ tfh)awh
phar rra?eutl cally ac%ﬂé%{néﬂt‘) e vehi Cﬁ"t‘ed')fogrg'sgaji' %E‘h%;? : Zﬂ)tela‘g{g g\p,rplggi ?F(e)rn
conpri sing the pol yaddipbn of floe nacgmic mixture and making-up in stages (e) and (i),

makes it possible for the operations to be cyclical.

43. Process according to claim 42, characterised in that the cooling

15 programming function is determined for its part from T| to Tg by cooling of the
solution of concentration X|_ from T|_ + 1°C to Tf, TF being below T|_ - (THOMO
— TL), in order to obtain a stable saturated solution without primary nucleation

while allowing a double harvest of the initial enantiomer excess and in that the

said cooling programming function is determined for its part from Tg to T|_ by

20 extrapolation of the same function as determined from T|_+ 1°C to TF.

44. Process according to any one of claims 39 to 43, characterised in that in
the two stages (b) and (f) the heat release accompanying deposition of the first
enantiomer and the second enantiomer is incorporated into the cooling

25 programming function.

45.  Process according to any of claims 39 to 44, characterised in that in stages

(e) and (i) shortages of solvent are made up.

30 46. Process according to any one of claims 39 to 45, characterised in that in
stages (a), (e) and (i) the fine crystals of racemic mixture in the form of

conglomerate, which are added, were before being introduced subjected to prior



(-)-nodafinil or of (+)-nodafinil, described as form(lIll), in association
if appropriate with a pharmaceutically Z7ccept abl e vehicle. 58.

Phar naoceuti cal conposition conprising the polynorphic formof 15
(-)-nmodafinil or of (+)-nodafinil, described as form(lV), in association if
appropriate with a pharnmaceutically acceptable vehicle. 59. Pharnaceuti cal
conposi ti risj y pc f of ) = Nall r ;
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Wi th a di sease, obstructive sl eep apnoeas, narcol epsy, sonmnol ence,

excessi ve sommol ence, excessive sonmmol ence associ ated wi th narcol epsy;

di sturbanggs obrddiRsREbidihg REEHYWhe U HUAMSBEEr 85 tFATKIMAARhIngIsBRRMe: 30
protection of the cerebral Tissue agalnst ischaem a, alertness disturbances,
in partiocsedin stageta)ds strdinst,(2-betbeg/eftzzwt canegthanoh St ei nert' s di sease,
attention disturbances, for exanple associated with hyperactivity (ADHD),
the condition of 79 fatigue, in particular that associated with nultiple
scl erogji s48nd i i h HePleRssd they; QrednV

condi ?lﬁ)ondfg'ssogféz}?ésa é\%ﬁ??ﬁ%ﬁ C@ggt%?z%g)hsunl I gﬁférgghéﬁi%lb%?g%l a, an(;t ating
shift workndtore. shifts; eating disturbances in which nodafinil acts as an
appetite stinmulant, the stinmulation of s cognitive functions in | ow doses.
61. Use of the polynorphic formof (-)-nodafinil or of (+)-nodafinil,

the_pr everP! onP S1eEse AsspRink 6 R oL ElthS 48 ofe R PBRFip coskrlgter o'
i ncl udi ngof theP@icbhrid! hidttutedin stagBal) e bBXASES 2 rEaNES @R b yR@dssommi a i n

patients affected by a cancer treated w th norphine analgesics to relieve
pai n; ®l eep apnoeas, excessive somol ence associated with a di sease,

obstruct| 5. sl E?ooce%enaoc%%%ina%ce\?'llye&%/ of 23IME |4%nt%e50, in which the enantiomer

excess in stage a) lies between 1 and 50 % by mass.

52. Process according to claim 51, in which the temperature TR lies between

20 25°C and 50°C.

53.  Process according to any one of claims 48 to 52, in which duration of the

temperature plateau Tg lies between 15 and 60 min.

25 54. Process for preparation of one of the enantiomers of modafinil comprising
the following stages :
a) separating the two optical enantiomers of (+)-modafinil acid or salts
of the same through a preferential crystallisation process as defined
in claims 35 to 53,
30 b) converting the said enantiomer to an amide,

c) recovering the modafinil enantiomer obtained.



excessi ve sommol ence, excessive sommol ence associ ated wi th narcol epsy;

di sturbances of the central nervous syst®m such as Parkinson's disease; 15
prot ection of the cerebral tissue against ischaem a, al ertness disturbances,
in particular alertness disturbances associated with Steinert's disease,
attention_disturbances, for exanple associated with hyperactivity (ADHD),
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acts as an appetite stinulant, the stinulation of cognitive functions in
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(+)-nodafinil, described 25 as formlV for the manufacture of a
pharmaceutical intended for the prevention or treatnment of a disease
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di sturbances of the central nervous system such as Parkinson's disease;
protection of the cerebral tissue against ischaem a, al ertness disturbances,
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attention disturbances, for exanple associated with hyperactivity (ADHD),
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shift work, tine shifts; eating disturbances in which nodafinil acts as an
appetite stinulant, the stinmulation of 5 cognitive functions in | ow doses.
63. Use 038.t hePparimeaveufibalc tompositiofqi- ) compladingni Ither pdlytnorphicdaformi | of
described as faormV far the manufacture of a pharmaceutical intended for
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59. Pharmaceutical composition comprising the polymorphic form of (-)-
modafinil or of (+)-modafinil, described as form (V), in association if appropriate

20 with a pharmaceutically acceptable vehicle.

60. Use of the polymorphic form of (-)-modafinil or of (+)-modafinil, described
as form |l for the manufacture of a pharmaceutical intended for the prevention or
treatment of a disease selected from hypersomnia, including in particular
25 idiopathic hypersomnia and hypersomnia in patients affected by a cancer treated
with morphine anaigesics to relieve pain; sleep apnoeas, excessive somnolence
associated with a disease, obstructive sleep apnoeas, narcolepsy, somnolence,
excessive somnolence, excessive somnolence associated with narcolepsy;
disturbances of the central nervous system such as Parkinson's disease;
30 protection of the cerebral tissue against ischaemia, alertness disturbances, in
particular alertness disturbances associated with Steinert's disease, attention

disturbances, for example associated with hyperactivity (ADHD), the condition of



wi th norphi ne analgesics to relieve pain; sleep apnoeas, excessive

sommol ence associated with a di sease, ébstructive sleep apnoeas,

nar col epsy, somol ence, excessive somol ence, excessive somol ence

associ ated wth narcol epsy; 15 di sturbances of the central nervous system

h Ki ' ' - t ect,i th bral ti i nst
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associ ated with hyperactivity (ADHD), the condition of fatigue, in
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to sunlig izophrenia, rotat1ing s shi
di st ursbapegsitive furutions miaY Hosés.act s as an appetite stinulant, the

stinmulation of cognitive functions in |ow doses.
61. Use of the polymorphic form of (-)-modafinil or of (+)-modafinil, described
as form |l for the manufacture of a pharmaceutical intended for the prevention or
freatment of a disease selected from hypersomnia, including in particular
10 idiopathic hypersomnia and hypersomnia in patients affected by a cancer treated
with morphine analgesics to relieve pain; sleep apnoeas, excessive somnolence
associated with a disease, obstructive sleep apnoeas, narcolepsy, somnolence,
excessive somnolence, excessive somnolence associated with narcolepsy;
disturbances of the central nervous system such as Parkinson’'s disease;
15 protection of the cerebral tissue against ischaemia, alertness disturbances, in
particular alertness disturbances associated with Steinert's disease, attention
disturbances, for example associated with hyperactivity (ADHD), the condition of
fatigue, in particular that associated with multiple sclerosis and other
degenerative diseases; depression, the depressive condition associated with low
20 exposure to sunlight, schizophrenia, rotating shift work, time shifts; eating
disturbances in which modafinil acts as an appetite stimulant, the stimulation of

cognitive functions in low doses

62. Use of the polymorphic form of (-)-modafinil or of (+)-modafinil, described
25 as form IV for the manufacture of a pharmaceutical intended for the prevention or
treatment of a disease selected from hypersomnia, including in particular
idiopathic hypersomnia and hypersomnia in patients affected by a cancer treated
with morphine analgesics to relieve pain; sleep apnoeas, excessive somnolence
associated with a disease, obstructive sleep apnoeas, narcolepsy, somnolence,
30 excessive somnolence, excessive somnolence associated with narcolepsy;
disturbances of the central nervous system such as Parkinson's disease;
protection of the cerebral tissue against ischaemia, alertness disturbances, in
particular alertness disturbances associated with Steinert's disease, attention

disturbances, for example associated with hyperactivity (ADHD), the condition of
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fatigue, in particular that associated with multiple sclerosis and other
degenerative diseases; depression, the depressive condition associated with low
exposure to sunlight, schizophrenia, rotating shift work, fime shifts; eating
disturbances in which modafinil acts as an appetite stimulant, the stimulation of

cognitive functions in low doses.

63. Use of the polymorphic form of (-)-modafinil or of (+)-modafinil, described
as form V for the manufacture of a pharmaceutical intended for the prevention or
treatment of a disease selected from hypersomnia, including in particular
idiopathic hypersomnia and hypersomnia in patients affected by a cancer treated
with morphine analgesics to relieve pain; sleep apnoeas, excessive somnolence
associated with a disease, obstructive sleep apnoeas, narcolepsy, somnolence,
excessive somnolence, excessive somnolence associated with narcolepsy;
disturbances of the central nervous system such as Parkinson's disease;
protection of the cerebral tissue against ischaemia, alertness disturbances, in
particular alertness disturbances associated with Steinert's disease, attention
disturbances, for example associated with hyperactivity (ADHD), the condition of
fatigue, in particular that associated with multiple sclerosis and other
degenerative diseases; depression, the depressive condition associated with low
exposure to sunlight, schizophrenia, rotating shift work, time shifts; eating
disturbances in which modafinil acts as an appetite stimulant, the stimulation of

cognitive functions in low doses.





