Process for the preparation of and crystalline fornms of optical enantioners
of nodafinil The invention relates to a process for obtaining crystalline
forms of the 5 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 nodafinil
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as a compound having properties of stimulating the central nervous system.
us 'patent 4,927,855 describes the two opticél' 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 (£) modafinii acid or (1)-
benzhydrylsulphinylacetic acid described in this document is illustrated in the

following synthesis diagram:
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-in relation to (-)-benzhydryl sul phinylacetic acid This process conprises
carrying out resolution of the optical enantionmers of () nodafinil acid in
a first stage via the formation of diastereoi soners with the optically
active agent a-nethyl benzyl am ne. The

(-)-a-nmethyl benzyl am ne- (-)-benzhydryl sul phinyl acetate is then 5 converted
to (-)-benzhydryl sul phinylacetic acid by acid hydrolysis. The latter is
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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 molecuies 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 l-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 1-nodafinil and d-nodafinil
prepared according to the conditions described in US patent 4,177,290 are
obtained in the form of one pol ynorphic férm described as form1, which
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 pharmmaceutical, 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 (t)-modafinil acid has now been



15 According to another aspect, a new process for the preparation of the
optical enantioners of nodafinil from()-nodafinil acid has now been 4

di scovered, and this process can be used. 4to isol ate each enantionmer in
yields and with an optical purity which are markedly superior to those
described in US patent 4,927,855. In a particularly advantageous fashion a
process for resolution of the two s optical enantionmers of ()-nodafini
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- the yield is theoretically quantitative as a résult 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 I-MODAFINIL POLYMORPHS

25 These objects and others are accomplished by this invention which relates
more particularly, fn 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.



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 thg "recrystallisation solvent”, is a
sol vent capabl e of Dbringing about crystallisation of the said optical
enantiomer of nodafinil, preferably at atnospheric pressure. In other words

it conprises any solvent A s which with at | east one of the enantioners is
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crystallisatiaon in stage ii) conprises changing fromthe nobnophase system
to the twoprp?r?%é'ée system by varying the tenperature and concentration. By
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the recrystallisation. process according to the invention nention may in
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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 particularly preferred.



Anmong sol vents of the carboxylic acid ester type nmention may be made in Jo
particul ar of al kyl acetates such as net h%/l 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

recrystallisation solvents are diethylether, tetrahydrofuran (THF), dioxan,
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alicyclic hydr ggafllaigoné &dlvierRgrdre csdIvents Ytlchpastedetone, Ciyetiisthgketontd
Exanpl es of carbonates are in particul ar al kyl carbonates such as di nethyl
car bonat e. methylisobutylketone, butan-2-ane, cyclopentanone, isobutyimethylketone, 2-
pentanone, 3-pentanone.
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, 2,24-
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, chioroform  and
methylethylketone, water and alcohol/H,0 mixtures.

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

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



According to a preferred enbodi nent of the process according to the

i nvention the crystallisation solvents are selected from acetone, nethanol,
1-4 3o dioxan, ethyl acetate, m xtures of ortho, nmeta, para xyl ene,

i sopropanol, n-propanol, dinethyl carbonate, tetrahydrofuran, chloroform and
met hyl et hyl ket one, water and al cohol /H20 m xtures. Thus, crystalline forns
of the optical enantioners of nodafinil can be obtained by
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as to obtai n aAsoerstfgeiouonsolembadimenti theo optical ®pantiomesaofirmodafinil The
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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
ii) may be accelerated using techniques known ta 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
stired 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.



antisol vent or seeding the solution with crystals of optically active
nodafinil 25 having the sane crystalline formas that desired. Mst comonly
the mixture is stirred continually throu§hout the crystallisation process
so as to obtain a honbgeneous suspension and rapid renewal of the nother

|l i quor around each crystallite. The crystallisation process in the process
according to the invention may be 30, carried out under thernodynam c or
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15 By way of an illustrative and non-restrictive example these two types of

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 embadiment 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.



zo thernodynam c conditions to obtain also falls within the scope of the
process according to the invention. Thus according to a particul ar

enbodi ment the crystallisation in stage i9) nay be perforned by
precipitation, possibly in the presence of seed crystals of the desired
crystal form 25 The inventors have al so shown that sonme sol vents can give
rise to different crystalline forns, nore specifically to polynorphic
forms, accor difecardinghta Resecond embadimant seaalipg iss siowt.f By Hisl ¢adext thenetic
or thernod 1.C:C i L rdin [

erbod: mont SURPT i PO RIS Bowshia Al ohfir AL EHidtaty B e BORRKE Y | |

stage i). ambhshtagmbeestbieor itte dofitibatis odied withl a kgolisg Igradientpreigeber al |y
corresponds to quenching of the solution obtained in stage i) in a bath at
a t enper at ewesn of.1°bdnbnant <Qi8FCARINaaRh MPrerPretarafly @pse & —D-3UeMiBi ent
time to.perm | et ' ) o he solution, or again cooling
wth a Een%%%%?ﬁnggrﬁégiaenwgérg\tdg%%?g?a%p?é ctb‘et ween - 1 Cand - 5 mn. 9

According to aAsragrtHe erbfedigt:oombirationg of Solveate/antisdiversts ceodming tdthe
solution is generally allowed to cool fromthe reflux tenperature of the

sol vent t oiNvaRtipr merntioppaautg masge inariellat pbine sombiationgiwateHaeeioneng
gradient p t ! - 1: nore preferably
close to égé@%g%”atgg eéﬁ%@?'éﬂ’%? }J’(%m%ﬂ 89\}3%%’%%6?% %%r@%%qgflg to 20C. Anong

the preferred Epaty fied icepdallifie $oiie of Iharptical eenitioraecostimogafini cAs be
invention nmention may be nmade in particular of the conbinations

wat er | déet isatated ysisgsgnventienalaneiodssygh @s/filigation ang cralbugingt er, aceti c

aci d/water. Figall r 1o f t i At i .
rodatini & can B2 W bTE SRR etV Rnthe AtPfRs KE Rled et SRR o,
and cent rifougheginveBtioMais Ghofe NeArticEiatly i Phplementedisusiagi e tiaeverowsess of
preparation according to the invention is nore particularly inplenented

usi ng the eaawtigreenefongdafiibnti omer of nodafinil. According to a particul ar
gg}’;ﬂg?ﬁﬂf R ngﬁﬁa’r%}n%' "% T SLMAAR 2eRibdirtenfiRe" Uridalife’ Ton PHBERSS ' S 2
15 according to this process is a polymorphic form.

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.

In 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, lll, IV and V
also cover the CRL 40982 forms |, 11, lil, IV, V obtained from the laevorotatory
enantiomer and the CRL 40983 forms I, II, lil, IV, V obtained from the

30 dextrorotatory enantiomer.



In this respect it will be noted that in general each of the (1) and (d)
enantioners of a given chem cal conpound yield crystalline forns, in
particul ar polynorphic fornms, having powdgr X-ray diffraction spectra which
are identical when they are recrystallised under the sane experi nental
conditions. 20 In this respect reference should be made in particular to the
work of J. Bernstein c Polynorphismin nolecular crystals " 2002,
University Pregamxford, UK, and the publication by G Coquerel,

Enanti omer, 2000; 5(5): 481-498, Gordon and Breach Science Publishers. In
this respect t e thigxaanéest fioPIPCess wsingha solvrnt selested frap asatasse ethand.or

25 the crystall. f i tLe 0 h r r rm
doscr bed 5ol akaSVE 885 ie 57, fLrasool U6, Mletrind BRIR Sl dhd @

fol l ows thetdyd wieryshallisdtiymby desw goeling Idags® the htquisition df\foand of CRLsO
cover the CRL 40982 forns I, IIl, IIl, 1V, V obtained fromthe | aevorotatory
enant i onfer 48982tfREMERL 40983 forms I, 11, 111, IV, V obtained fromthe 30

dext 1 or ot at of y SRR ALELisickfa SBREA LolbBidk SRRl EHoY, YiiRr BF AREFRIYSIAI0

sol vent sel ecte f om acet ore, i oXan, ethyl” acetate an

m xtures ofmigtur8s, inebartuwbmpanethapbidngter andd a etisdralevatér, capgt al Istsge i sin by
slow cooling leads to the acquisition of forml or, CRL 5 40982 forml. The

process usioiyptallisation by @it coeting feadsnia Hsmarquigdioar ofoform ten &t Rin0882

m xt ur es, |€mg rticul ar nethanol/water and ethanol/water, and a stage of
crystallisa( iton by rapid cooling leads to the acquisition of forml or CRL

40982 form | . Aczoldingrtdiarbther eqedlipesrefarted Varigtedfethedaveritionatihe @roddse
i nvention, the process usi gga met hanol and a stage of crystallisation by
preci pi t at iusiNg medhameliansd astags ofcrysiallisglian Rt rECiRiation Hrougb the mdditien

Mvent i on, B0 Fale kBl piuRiRd s R B CC cd Trom T
i sopropanol, ethyl acetate, n-propanol, or ethanol
" Form Il
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 |l or CRL 40982 form II.
According to a variant of the process form Il can also be obtained by siow
20 cooling from isopropanol.
It ma'y also be commented that the production of form |l 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 crystaliisation stage ii) comprises rapid
cooling, this apparently leading to acquisition of a polymorphic form described as
form Il or CRL 40982 form lll.

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

a polymorphic form described as form IV or CRL 40982 form 1V is obtained.



denatured with toluene and a stage of crystallisation by rapid cooling | eads

to a polynorphic formdescribed as Form Il or CRL 40982 formlIl. According
to a variant of the process formIl can also be obtained by slow 20 cooling
fromisopropanol. It nay al so be comented that the production of formll

fromisopropanol does not depend on the conditions of crystallisation

(t her rodynam c.or ki.netic). Eorm ltl I 2\‘-} Aﬁcor di ng to a ottﬁer vari antf of the
process accordPﬁBeP‘a'thé‘ %R diEi OFY e osot GerfPVEEEAUSFH st 8e qr?cggs aftt one,
and cryst glebhadhligatisd agethel bpEeATPEhaRtomaRl &f MeakfiMl cahhigieaRiRer entithy

| eading to acquisition of a polynorphic formdescribed as formlIll or CRL
40982 f or rproductiGo ofspivateg. As a variant of the process according to the

i nvention, the solvent used in stage i) is selected fromtetrahydrofuran,
chl orof orm and net hyl et hyl ketone, and crystallisation stage ii) conprises
sl ow cogl i ng ofofh& solution, as a result of which a polynorphic form _
described as formTV or CRL 40982 formIV is obtained. 11 Dependi ng upon
the nature of Ahe yatiaphof theeprocehe gucecding tbaherigventionathe salvieoh usédtime

optical engntioners of dafinil _can give rj to t roducti on, of ..

bl vat es. 9oR8, 15 sEectehfoin e s tandne i Bk fattereRBatien on
the sol vendtaggqs ddinpdeéidsiow)cdoting aifahé asbiliticinZ2-pertardABear fapid cooling
tetrahydrofuran, and crystallisation stage ii) conprises slow cooling of

t he sol utiionThih, as peesaliohwhiohd palymprebist fony deserired-as derm f issobtainetd. whi ch

a polynmorphic formdescribed as formV is obtained. 10 D nethyl carbonate
sol vat d° Thus accor di ng to a particul ar enbodi nent of the invention, when the

sol vent used iniREAEchbonatdidBafdy! carbonate and crystallisation consists
of slow cool iﬂ‘g’%‘m nate (-)-nodafinil solvate is obtained. 15
v Thus according to a particular embodiment of the invention, when the '
solvent used in stage i) is dimethyl carbonate and 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, 4.56, 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 I/lo the relative intensity:



Acetic acid solvate According to a particul ar enbodi nent of the invention,
when the solvent wused in stage i) is acetic acid and crystallisation
consists of a rapid or slow cooling, an Hcetic acid solvate is obtained. 20
POLYMORPHI C FORMS OF (-)-MODAFINIL The invention also relates to the

pol ynorphic formof the |aevorotatory 25 enantioner of nodafinil described
as CRL 40982 formll, characterised in that it produces an X-ray
diffraction spectrumconprising intensity peaks for the interplanar

spacings: 11.33, 8.54, 7.57, 7.44GRA40082FORM - /1 A, the intensitly peaks
correspondingito the int ern] anar spacings of 8 54 7. 57, 7. .44 4 5§, 3.78,
3.71 A being pard Tbataaqugreaa)r adterl st|dc(A )30 Mor e| speci ﬂllc(a%l)y t he |X-ray
di ffracti on speet+um-below—A—w-ech—d & epresents—the—Rterptanar—spaci ng
and No the reljative fﬁ@nm ty 12 CRL 1@382 FO?I\/ II 2 Théga (degrees) d (A
1/10 (%9 11.6 11 33 P& f54z554 538 §44 7.57 g 44 347123.3 5.67
19 24.8 5.33(26 27.4 211 83 19 [28.9 4. 36 29. 1 4 56 9‘? 29.8 4.]45 23
32.8 4.05 29 [34.3 3.88423 35.3 3.78 1097 35.9 3|71 40 41

17.7 7.44 34

23.3 5.67 19

248 5.33 ’ 26

27.4 4.83 19

28.9 4.59 36

281 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 also relates to the polymorphic form of the laeVorotatory
5 enantiomer of modafinil described as CRL 40982 form lli, 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:



40.1 3.34 21 47.7 2.83 20 53.7 2.53 32 Diffractoneter:

M

ni fl ex Ri gaku

(El exi ence) The invention also relates to the pol ynorphic formof the

| aevorotatory 5
characteri sed by

peaks at the follow ng interplanar

6.17, 5.01, 4.10
8.54, 5.01, 4.10
characteristic iR
nore particul arl
X-ray diffractio
and I/1o the rel
(A 1/10 (99 9.
6.17 23 25.9 5.
34 31.7 4.19 20

enanti oner of nodafinil
an X-
spaci ngs d:

descri bed as CRL 40982 formlll,
ray diffraction spectrumincorporating intensity
13.40, 12.28, 8.54, 7.32,

3.97, 3.42, 3. 20 A,__and the interplanar spacings : 12.28,
3.97, 3.42, SQRLAOQ&E FeORNMAldi ng to t he nost
SIS © |Trt t context—the— AvERt or—+el at es
y ?ﬁ?ﬁ%gﬂ?eﬁf &g}l ni | whi ch #f18d ‘ées the fol | owi ng
T SpPect T T Whi cn d T_se%esents The T ni gy pranar |spaci ng
ative intensity: {13 CR 982 FARM 111 2 Theta (degrees) d
8 13.401@¢ 10.7112.28 392815.4 §.54 1003918.0 7.32 33 21.4
11 26 26 4 5 01187 29 6 4 48 26 29 .9 4 44 20 31.1 4.27
32.4 %540 77 33.1 4.85493 33.|5 3.97 8@0 36.5 3.66 38
18.0 7.32 33
21.4 6.17 23
25.9 5.11 26
26.4 5.01 87
29.6 448 26
29.9 4.44 20
31.1 4.27 34
31.7 419 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

5

enantiomer of modafinii described as CRL 40982 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; 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.

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

10

00: 4.09 A.

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



39.1 3.42 40 41.9 3.20 32 46,4 2.91 23 52.7 2.58 25 Diffractoneter:
Mniflex R gaku (El exience) The invention,also relates to the pol ynorphic
formof the |aevorotatory 5 enantiomer of nodafinil described as CRL 40982
formlV, characterised in that it produces an X-ray diffraction spectrum
conprising intensity peaks at the interplanar spacings : 12.38; 8.58; 7.34;
6.16; 5.00:5p4cthd arft DR thd-refatide iﬁt@ﬂsi@éémgﬁbiﬁ?dﬁie@m@lt?g'eékﬁﬁﬁlﬁe RRER ndi ng
to the interplanar spacings of 12.38; 8.58,; .34; 5.00; 4.09 A 10 Mre
speci fical Ispacih@sm |V of (-)-nodafinil is characterised in that it produces
the followng X-ray diffraction spectrumin which d represents the
interplanar 14 spacing and I/lo the relative intensity conprising intensity

peaks at the intefplanar spaci ngSRCABOFEEBRNORM TV 2 Theta (degrees) d (A)
1/10 (%9 6.37 13,88 26 7,14 12,38 69 8. .60 10.27 23 10.30 8:58 100 12.04
ver Tt 169 SR EErYRe BN S 1 WM S 00e0 w92
6.3 13.88 26
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 ~ 4.64 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, 466, 4.22, 410, 3.77 (A).

10



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 Diffractonetgr : Siemens AG 5 The invention
also relates to the polynorphic formof the dextrorotatory enantiorner of
nodafinil referred to as CRL 40983 formV, characterised in that it
produces an X-ray diffraction spectrumconprising intensity peaks at the

i nterplanar spacings 9.63, 5.23; 5.03, 4.74, 4.66, 4.22, 4.10, 3.77 (A). 10
15 CRL 40983 FORM V_2 Theta (degrees) d (A 1/lo (% 6.65 13.27 22 7.24

12.215 9.17 9.63[51 10.38 6. 51CRO 4GEHYBORMY 15 14.33 6.17 14 15.81
S04 1% S B R i o 2006
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
1433 | 617 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
2167 4.10 64
22.39 3.97 17
23.61 377 55
24.64 361 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 I/lo the relative intensity :



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 Diffractoneter : Bruker GARDS 5 The invention also relates to
t he di net hyl carbonate solvate of (-)-nodafinil, characterised by the
following diffraction spectrumin which d represents the interplanar
spacing and I/lo the relative intensity 16 DI METHYL CARBONATE SOLVATE 2
Theta (degrees) d (A 1/10 (%9 7.17 12.31 38 9.12 9.69 29 9.72 9.09 16
10.35 8.54 35 1217 7.27 100 14.25 6.21 16 1626 545 10 1736 5.10 13

17.72 5.00 21 18.35 4.83 PIMBTHYLLABBONAKE 8OWAEEI4 21.04 4. 22 12
21.49 4.13 25 2 Z"I‘het (:aeé?eeé)o A49—3: lacmé 24 “8R0 %) 24 3.53 8
717 12.31 38
9.12 9.69 29
9.72 9.09 16
10.35 8.54 35
12.17 7.27 | 100
B 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
19.16 463 9
19.88 4.46 14
21.04 422 12
21.49 413 25
2173 4.09 24
23.49 3.78 22
24.55 3.62 35
25.24 3.53 8
26.05 342 | 9
26.88 3.32 7
27.48 3.24 | 13
27.81 3.21 10
28.79 3.10 8

Diffractometer : Siemens AG.

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).
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4 4. 61564 20. 09| 4. 42 503021, 40| 4. 15 755 2§U5§
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12.38 7.15 25
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16.37 5.41 8
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17.82 497 21

18.24 4.86 16

18.96 4.68 7
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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 78 30.03 2.97 4 32.33 2.77 9
33.13 2.70 7 34.29 2.61 3 34.86 2.57 7 35.90 2.50 7i8 Diffractonetre :
Bruker GADDS According to another aspect, the invention also relates to a
process for conversion froma first crystalline formof one of the

enanti oners of Diffcestomitret BrakesGASYNd crystalline formwhich is different
fromthe fornmer, the said process conprising the stages of: i) suspending
the crystalline formof the said enantioner of nodafinil in a solvent; ii)

recovering the gdcppdiag! fonanbiieh spieat, nae. invéRtiGly A8y relatedty entpForddsc formay
be suitable for this process nention nmay be nade in Fartlcul ar of

acet oni t ri leonversigrefremaR firstecrysiatlingl foan € oae| ofibe ipere pimadafing fe @si on

fengt h of 1R oy Rting 16 i EoAeaftolroh: iREETbY: ' Bhi s
period may agaipridify B $fagekaf;. according to the nature of the solvent, the

initial crystalline formand the tenperature of the medium Conventionally
the crystal | ind) f euspesdingl thei ¢rystalline form of the said enantiomer of modafinil in a

solvent;
iy 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 crystalline 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 also relates to the acetonitrle solute of
(-)-modafinil which can be obtained through the recrystallisation 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 :
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8.28 10.66 81

9.02 9.79 68

9.51 9.29 53

10.34 854 53

10.84 8.15 63

11.33 7.80 79

12.47 7.09 53

14.02 6.31 45
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COVPCSI TI ONS COWPRI SI NG POLYMORPHIC  FORMS |1, 111, 1V and V OF

(-) - MODAFI NI L AND—&-'—)*%?—NH_ 5—RESPE i‘v’EL%’ Fe—tnverttonm—atso rel ates
to pharmaceutical{ conp ons cgnpri si ﬁ& pol yrmrpﬁ‘%tz forms |[CRL 40982
formll, CRL 40982 TormyBF, CRL (40982 gqrgero CRC 82 Torm V of

(-)-modafinil and form CRL 40983 form11. CRL 40983 formio Ill, [CRL 40983

formlV and CRL 40983 f28.80V respectiveByO possibly in 2bsociatijon with a
phar maceuti cal | y :\r\r\nni able-vehicle—These CORPOS Lt i-ons R be—admn ni st er ed

rTreoT

orally, via the fucosa ¢94f exanpl e, tRAO3mcosalof the %K/e nose, | ungs,
;;Sgﬁfgr al ﬁ)ﬁ %?mgﬁnﬁg@hﬁmggougi yf “clgl : Inlt rédgrﬁ;i fl;fb) o
intranuscul arly, intravenously or intraperitoneally).
e PHARMACEUTICAL COMPOSITIONS COMPRISING POLYMORPHIC
FORMS I, Ill, 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 Il, CRL 40983 form

10 Ill, 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 urinary 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 |l

25 I, 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



According to a preferred enbodi nent the pharmaceutical conpositions
according to the invention are adm nistered orally in the formof tablets,
pills, gelules or inmediate release or cdntrolled rel ease granules, in the
formof powder, capsules, suspension of a liquid or in a gel or emulsion,
or as a 20 lyophilisate, or preferably in the formof tablets, capsules,
suspension in aliquid  aor in a gel. The vehicle for admnnistratiop m
conpri se oh@g% %r@xg%'ﬁgpﬁaéﬂﬁ?gc%l 'F?rl%ﬁfgerﬁ a?t}fréacg i Nened ﬁﬁiuéﬁiﬁ%rr eg
[1kely to ghahfigert! Atdibinng adeht 2 RAUGHTUBRNifILE 6. kRS MR Quith the
suspensi on of a pol ynorph i n oil). “The pharmaceutical conpositions
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addi ng one" o nore exclipients to the active ingredient, 1n particular a

filler, angdotatd stapginopriate a 21 binder, an exfoliating agent, a lubricant,
a surfactant d an emul_sjfier, i]liser, a colourjng agent sugar
r

.a . sol uhi ]
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15 cinnamon.

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 ill,
form Il, 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 and
agents for pharmaceutically active substances is well known to those skilled in
the art.



60, 80, sucroester (7-11-15), poloxaner 188, 407, PEF 300, 400 and sorbitan
stearate. Exanples of solubilising agents_jnclude mglyol 810, 812,

gl ycerides and 20 their derivatives and propyl ene gl ycol. Exanpl es of
exfoliating agents include, for exanple, polyvinyl pyrrolidone, sodium
carnellose or alginic acid or a salt of the latter such as sodi um al gi nate.
Exanpl es of |ubricants include magnesium stearate, stearyl magnesi um
fumarate, behenic acid and its derivatives. 25 The pharnmaceuti cal
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absor pt i onfaethe piryeatjentand/qnhkeatseerifof 4, epndition selacted Fganhypergeomnia, in
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1, CRL 40%3ackptrantdd by abrphlifBandigesits Yo calieUBLpaitOsidep @pmo¥asf excessive
(-)-nmodafinil and the fornms CRL 40983 formll, CRL 40983 formlll, CRL
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di sturbances, in particular alertness disturbances associated wth
St ei ner 5 s (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

» 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 () modafinil abid, the
25 said process comprising the following stages:
i) separating the two optical enantiomers of (x) 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 i) 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 chioroformate and,

better still, it comprises methyl chioroformate.



di sease, attention disturbances, for exanple associated with hyperactivity
is (ADHD); the condition of fatigue, in pgrtrcular that associated with

mul tiple sclerosis and other degeneratrvé di seases; depression, the
depressive condition associated with |ow exposure to sunlight,

schi zophr eni a, rotating shift working, time shifts; eating disturbances, in

whi ch nodafini lp h hO frﬁ‘d@@}rtrve
functions in | ow uglg %ﬁa%ﬁ@&gﬁ%&@ CP@F’&AE‘L%E]ACT I VE
MODAFI NI L methgbcblodaﬁwaata tusedniot tres mspess ta heingnateaiiti the esterifestivo of
process for reparation of the pt| t|o f mpdafinil from ()
nodaf i ni | cﬁa "Fh%c'd 25e éeaﬁscfoﬁ @Es W‘ﬁge BSF?W%@ ﬁ'%é’égcesig

separating; ﬁh@;t&@e enamloms ;qrgaﬁg chr\géleﬁ‘[o@raﬁet’fe# iRfd<d el prb8EQVRr i g

at | east ohe ing one o two enant i omers
obt ai ned i therefdr@ctasierttb Laelamdemorabkryablheid)rorhdustaaleamptrd:aaonaI cohol in the

presence of a 1?3 30 i) overr n the rod ct obt ai ned,, iV) conv rting
the ester obt ar & "?H'yst%epﬂq o 8 evPr?%?erq ngN t Hau! uct
obt ai ned | e l; r

al kyl chl o to LY%VFIJP éﬁﬁleﬁ?gt&gﬁ? é@t%%%rlrﬂgrél sd?1 h’r)rﬁer?hgra&r%lql or gP o%t e.

23 Advant agawsmcydaﬂrel domer al kyl hal of or mat es, anong whr ch in particular
met hyl chl or of or mat e, ed in_thi rocess to bri ng about e esterification
of rodaf i ni | deiRIPAMEUFEY PTRITR (haRe: G BASER TSI IR B AR BeR 1
the pro S%on’teﬂnfn eogepsor art US 4,927,855, giving equivalent or better

yi el ds. he process 1s '5 therefore easier to use and nore suitable for
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Preferably the solvent used in stage ii) is a lower aliphatic alcohol such as
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 alcohoils, 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,



As a particularly preferred base nention nmay be nmade in particul ar of
triethylam ne, diisopropylam ne, diethylnethylam ne, diisopropylethyl am ne,
1, 8- di azabi cycl o[ 5. 4. 0] undec- 7-ene (DBU)2* Preferably the sol vent used in
stage ii) is a lower aliphatic al cohol such as is methanol, ethanol or
propanol, nethanol being particularly preferred. According to a particul ar
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converting the said isolated enanti rs,.into an amde, 24 _c._regcovering
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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 alternate 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



conditions described previously. According to a particularly advant ageous
enbodi nent, when bl) is io perforned in the presence of nethyl

chl orof ormate, a base and an al cohol and 7501) conpri ses an anmonol ysi s such
as described previously, this process in “which the ()-nodafinil acid is
separated by preferential crystallisation gives rise to an overall yield
generally of the order of 25% Thus the yield of the (-)-nodafini
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optical antipodes, on the one hand gar aneters associated with ter narK
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nore particularly the solubilities of the stable and netastabl e phases, of

the s(+) racen cthe gpedantdnafeerds stimng teemasstand-paticle sive bettad hasiet,0
tenperature, and the ratio of solubilities a =S () / S(+) - the extent of
the stable and ntavwelgfiecidiai ns for the solid solutions, the racenate,

the racem c sol YgLes fWF ks ¥E rRoNaLIRStR "L Bfice the yield, the purity of the

15 phases obtained and the conduct of the separation operations. 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.



5 polynorphic varieties of the crystallised solids. The factors acting on
the kinetics of crystallisation include - factors internal to the crystals,
associated with the bonds between nol ecuttes, which cannot be nodified by

t he experinenter, - external factors which can be nodified by the
experinmenter; these are the io0o nature of the solvent, the nature and
concentration of inpurities, the supersaturation acquired in relation to
time, the tenpeoatroeee riafaymabivn conheersjige desplitinanpeacessest by r preferaniial mass
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each conbi nation conprising the pair of antipodes (R and S) and the solvent
(A), the fact ofecerting to ray parécutlamembeadiraest, otheapmoess dar deselution vivthe

referred net hods of. crystal,ljsatjan.are, nai,nly di.stinguisheq: -
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by seeding. The two types of processes are cribed I n greater detal

bel ow. 26 For nore | ' [ BRI i
preferential crystal P?Eg%clﬂrgé gi/é ?ﬁgsﬁggP%&‘n%ﬁ%glgﬁrﬁue?ééﬁggﬁg? gZD’mla'%Se in

particular to the  wijthin the monophase domain of the dilute solution,
15 b) rapidly cooling the solution prepared in stage a) initially at the
temperature Tp down to the temperature T,
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 TF,

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,
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optical enantioners of ? nodafinil acid or its salts is a seeded SIPC or

S3PC process, the s@stltingoiess the wiystai harveslentasle sustageshhie dhe methgy

nthe form of a conliaierans BmpAERpBsHe. Ak FEMincr WiGnPring ™3 G o
a tenperature T0, f olerpdraRureirdafdrients obkal aleompiediiop didntion it oAbl es
concentration and tenperature , lies wthin the nonophase domain of the

dilute golution, is the ¢cambitagiondevinpthehnitiabdefiniog ppirdEred i n stage a)
initially at the _tenperature TD down to the tepperature TF , c) seeding the
sol uti on obt ai ned ]l nrfeRealBIHtages s Rod) idsrge)( bz andubmeﬂeeéﬂw obtajn

or.when cooling is cmg)ﬂ“%{ Saéitheﬁthfée%_{ﬂdt%’F.etﬁ?mlﬁeerﬂén?iﬂﬁ?eé.eeds of the first

enantiomer, 20 d) harvesting crysta irst enantioner, e) adding the

racem c m xt ur Refdrencey 8 fregquently headeotorthelsecdaoginetesds by desctibiagrtheimeas
liquors resulting fromthe harvest perfornmed in stage d) honogeni si ng

{ . 1) and .
the new condiPfatanth P3P ke sesprrtivelva the datisshaing @ vasland Pt IFC apdessribed ng
point E_ i m} i f M+ respect to the plane of the racemc
m xturgoofﬁ}ﬁ%t SO r\LE/Heén‘rtadn 'ngh il%jp%%gwt'{)?', anti pode (+) system the said point
E' lying withiniWeat flowehfsenhd pumpdsesfoftthie isvdntion, sol ution, f) rapidly
cooling the solution_obtained in stage e), initially at tenperature TO,
down to tenperature TF FePrgyeBisethichdemperaiereuef dheodndidfearysiallinatiga and with

ver ure seeds of the second enantioper, h) harvesting the crystals of the

- TL represents the homogenisation temperature of the racemic
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 (3)-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 Tp, 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



i) adding the racemc mxture in the formof a conglonerate of crystals
resulting fromthe crystal harvest made in stage h) to the nother |iquors
and honogeni sing the new conbi nation by heating to a tenperature Tp in
order to obtain a conposition identical to that of 5 the conbination having
the initial defining point E, j) repeating stages a), b), c), d), e), f), h)y
and j) to subsequently obtain the first and then the second of the two
enant i OITers. Re%efﬁemyismw tegneatiagengmevth of theefist ewantiemieo adileyawbidiog i bi ng
themas "SIPC' and "S3PC' respectivel the latter bging a variant of SIPC
as described 18§ n98BeEIPN} tr%ceéﬁ'véw t REIeH a1 TO5FES | RMRARE 14w,

for the purpose%ngémrrmeg QU(‘,‘I%Eflerbut suiffi fe‘ﬁg\ffg@métie \{]éa@%bﬂ{dgeeﬁgéhs.the

end of crystallisation an tration, In ree- pha onai n, -
TL represents tlsesbmmgeahdaraprdnrarewaircﬁttm eathet hguoraareund eddh oriystallite, -

TD represents th? ?rtln erature at which the starting mxture is a
honogendus sol u irst gt 'means an enantioner. Preferably the process
for the resol rs of 20 ()-nodafinil acid
or salts of t ese égtmélﬁﬁée Q&Wafbﬁﬂg&?tﬁ%ﬂé@%ﬁrﬁ%ﬁ is an AS3PC sel f- seeded

process, the e)aladidpfgjbhes’acmlmmlﬂuregof beystats inatherfgrmtaigesomrgiomeeatei toghe

conblnatlon conprising a racem ¢ mxture of the crystals . in the formof a
congl oner at e of ”ﬂ‘ﬁgef q'ﬂHPrSerﬁﬁﬂﬂlfBQreéOB‘f heavest PREPEMSAdN SRR ‘g

whi ch the defi ”'q’?ﬁigﬁ‘% {Pﬁ ﬁewdé‘édwﬂﬁ%hﬁ-‘ﬁ ttoh t4RHple ?z?r}.n?é tﬁr%s%’ibc?ggﬁahhgr{hé”d

tenperature TB n the two-phase OITB.I n t he enant

excess, ;and 1 s i LHBEddSARY %&hkh}ettherrﬁéawa%.e%qmlw R0 thht Whéfﬁlﬁ%are

tenperature cooling programm ng function to the two-phase mxture pre
in stage a), thipindr Bgsasyinmetficalctarok wéh mgspecthta tiee plahe ofoﬁ"nleeradelnquors

bresent i n the’ FORTG D8 SaNEnAATIDBRdeATTheRe ChorveliBote R PaEGN of
the second enantjiRgRfiti ¥5€ Hvolghddd® ddRlai bPthe second enantiomer which is in
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 crystais 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.



c) throughout the time of crystal growh in stage b) adopting a rate of
stirring which increases slightly in relaggon to tine 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 uncontrolled nucleation but sufficiently fast to achieve a
honogeneous suspension and rapid renewal of the nother |iquor around each
crystallite 5 of the first enantionmer, d) harvesting the crystals of the
first enantiomdn, wbat falidiwsy fohtherpwpases of thisirverttionr Vsiaie Bhall meanthe of a
conglonerate to the nother liquors resulting fromthe harvest perfornmed in
stage d) antbmbgénigatign tta@pﬁm@mhﬁaaqmmnagoa coamsising theeracendis HoixdUres

during the to tine necessar 0 hi eve thernmodynam ¢ equilibrium so that
the defini _n@e ftﬁﬁlﬁ %‘Ea’ﬁ“’ﬂ“éf %m%q\é%ﬂ% for Ewith respect to the plane of the
racem c sm xt urpgud o st @9bf & prosBéd BEEErding to it inpeston(the eisiEe s thée

said point EE lying within the two-phase domain of the second enanti oner
whi ch i s i nsolesmiearssaiv@ntsranstiiel wekingriempeiaiure range e defings i sWeh ajway)

appl yi ng the sanpe olLir mng function as in stage b) to the two-
phase m xt u?o_eafirt%ﬁifﬂh Si“ﬁ”@%’i%ge‘%&n contai ning the second enantioner so that
the nother |iquorgnfigsid wHitto iy 5 ¢pRGIDAaats ethdduf iWiicl ramt shtematd oo i n

order to encourage growth of the enantioner present in the formof crystals
whi | e preventi ng mebastahledndhe weriiag ternperatuteeranigest enanti oner 20 present

in the salution, adopting a stirring spee i,ch Jincreases slight in
ol attontto time GHTS Whicar?, SUToehP sPREFHIAG Bl B T REEo B bt o
it is at all timegapsidrestgrat!y slow to encourage growth of the second

enantioner while avoiding generation of excessively |arge shear forces
gi ving rise to 25thenasenas ¢fadivalysisand sacernisatienf ficiently fast to obtain a

honbgeneous suspensi.on rapid r wal of the nother .|.iguor around each
Crystaliite of  REBull shdne e EiReRs afe eteme srylediis ot ey eBony
enanti omer, resolvable enantiomers.

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

temperature Tg 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 THoMmQ in relation to the excess of enantiomer and for a
constant concentration of the racemic mixture X| the said temperature Tg 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 Tf, appropriate to the

- 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 Tr without

primary nucleation,



i) adding the racem c mxture of crystals in the formof conglonerate to the
30 nother liquors resulting fromthe crystal harvest perforned in stage Q)
in order to obtain a conmbination in which the conposition is identical to
that of the initial conmbination 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
enantionmers successively. 29 1In what follows, for the purposes of this

i nvention, THOVOhtaial & hasestidicryiaisgiensteges ¢d) aedib) whighe afier addition of
conmbi nation co ising the.racem Xt ure e first.enanti opmr t he
colvent. s Thus e tepemis tufO6F HrieTe bidkBion, bE Biaker® 6 e Reatf O he
choice of the sphxedit p@gsiggg Mepdrforathe GiseruBbid BgclicaMper at ure range are
defined in such a way so as to obtain sinultaneously:” - antipodes which

f orm a congl orBrfactee\any espernimiestal asgemblehes an influense o5 thiel saipersatheati@aor ki ng
tenperature range, 10.- liquors which_are,sufficiently. concentrated but of
| ow vi scosiaRrclg (buine, JpiTes, st afl “ui HaRBt o RUER o rPY Esata
racem sat 'c%hseguéﬁé’é" tHe YuREtidhepogtarmhfgg | Eodlifgs enaste b es®ipPtedt to the
equilibriumand they are resolvabl'e enantioners. 15 In stages (a) and (e)
of the proursmsiancasdimghich thieepronessis carried mait. Hewpeeathe termeernaturei gher
than the tenperature TL for honogenisation of the quantity of racemc

m xture prtbeaiubilitieshel theiraramic MbgEres inoiglation torHamparatwe endthe/dHOMO t he
change in THOMD in relation to the excess of enantionmer and for a constant
concent r atGuHe i relaton de dhe e€xgess of enRntiomer &4 q) corHaRt sPDFeNtMatiqnsobine

defined,i : t hat i : f fl -n%}ﬁg\ti oner

from g? agr}eaég% argl‘r%g.}’r& ?iaﬁhé]ﬁngﬁég/%%dwgﬁ%%%%% rngn?i'?geg]eé){p%', ' n

equi libri ng%)s\glnlig‘l their saturated solutions, represent at nost 50% and

preferably bet weé'n 25% and 40% of the expected harvest. In stages (b) and

(f) of the proTassoaiingpdogrgmmingtfancimore vihicmis thbduhctiart linking mperature

rogranm ng cooling fromtenperature. TB to TE ropriate to the

prod v%ith time, i% determltnercrjpin ﬁ‘s part from ﬁ'l_ to T abIO co lEng o? the sopution of
concentration X|_ from T|_ + 1°C to Tf, where TF 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 function as established from T|_+ 1°C to TE.

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
limit,
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
limit,
- 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,



experinmental assenbly, is defined so as to: - achieve slight supersaturation
t hroughout the tine for crystallisation o,f1 the enantioner present in the
formof crystals at the start of each cycle this slight supersaturation
giving rise to gentle growth and secondary "so nucl eat i on, - achi eve maxi num
supersaturation of the other enantioner at TF without primary nucleation,

30 - obtain 3 Nrgssse o GEYSHAl ) L FRESESLE) oPBEL (lonthl AIGEL B e

addition of the race re a |S|on e-up I'n stages (e)

and (i), nakes fotmpo$scdrgiotmerater bddedth»er@panb;emmds toy pliorc dfdatment foact
every experinental assenbly has an influence on the su%ar saturation
capacities of tHRE ?tﬁﬁ? disgalulipp stage, suEhAsAENdipg aid sieving, tr@ﬁH"‘ﬁ%"

consequence the f, 'ﬁ L&%ugaqgémplgasﬁ,gg&bpﬁugyﬁé bﬁa@ﬂéﬁg dddet these

ci rcunstances in the process wever the tehperature
TB, the sol ubi Itréaterentd beimg alec éor therpuxposeeof providiag ifine drystalsmapableuo®e, and
the THOMO curve in relation tor%ﬁhe exc ss of (—r\nanti oner for a constant

concentration ofgqr}?éali"ﬂﬂ AJBIe SUTtACR qea WLCQL(F@ OFMEel ves whol Iy | ndependent

The funct] on 11 Nt ToRporahand P e BRind BsebRgbATTRenR BEChARis HAF R £ 2o

TL to TF by cooldomgpaisdrwits stagesoe) ahd (goncentration XL from TL + 1C to TF,
where TF is lower than TL - (THOMO 15 TQO, in order to obtain a stable
saturated sol ufiasiditign kothe B?taﬁ%gﬁgmm@w"mﬁwmaﬁ% reqdrad fof imglememing e

fanet: dh 1 Teagig rBocBRey the Bbe BHRE ad  Bud S B op e, S 0

functidh i 'CCa&¥F nf nRT extrap

same functégnst@mtespabidutdmdyd the otadling+fuhclioh0 ahld. tHdse RIre cgRRiffcoto tdweh
preferentlal crystallisation of ()-nodafinil acid or salts 20 of the sane

has ot her epedaeT caMRkiBatiall.one or in conbination such that : - in
e (o oy T B e e i YRS,
25% and 4088PC bheAS3PEChastdiaey eist absdliter eprdxrittiady ethdrvki puskibly in a
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 (+)-modafinil acid the filtration temperature Tg preferably lies
between 0°C and 40°C.
25 In the case of ethanol the temperature Tg 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 Tg 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.



limt, 25 - in stage e) the mass of fine crystals of the second enanti oner
in equilibriumwith its saturated solution represents between approxi mately
25% and 40% of the expected harvest, 50% rBépresenting a maximum limt, - in
stages (b) and (f) the heat rel eased acconpanying deposition of the first
enanti omer and the second enantioner is incorporated into the 30
tenperature programm ng function, - in stages (e) and (i) conpensatory
additions of sdl \V’éﬁtcoa?@d ifelg gnostiparticulariy pigfesredahat the eaartiqmer exeessi ife

crystal s of e ] i i d; L

subj ect ed toa}g%r "lﬂora? r egte?@eé&)é%g 1 g@%?@eég{@?ﬁ%qﬁp%gfgﬁﬁﬁ ?&gfég%"mgﬁgﬁ as
grindi ng anRg %imyvmags, anddat@ntstill\tidbe tid tIn &6 oyndasairetheocageaotethbnol, 8 %

| yophilisation, before being added; these s treat nent s bei ng, al so for the
pur pose of bfr B\@sai ifgthei Aase f s¢-mefhexyribaroland donde fivi mpss ekt caseralce
area for cwgtb?b gr owt h, - in stages (a), (e) and (i) involving dissolution,
the rate of"® ?l'ng is high in conparison with stages (c) and (g). In

addi tion to thén hieé SIPgeare B3RO Wrbtesdagnhdaemperatiire €T f the teMpperamntiatg to
t he AS3PC process, the operations are al so subject to adjustable kinetic

const r ai nt syhigrathe startind ynixtaee ioal horgodemedusasulution] ddpenesasrecopeitfationt o
each sol vent/enantioner conbination. According to one enbodi nent th
sol vent us@ddithesiganeraly lies ﬁg"’@?@%,s %@P@L & g’ﬂ%ﬁ%eﬁ‘a&@%ts'é§"l rdesief-ut e
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base, or with one nore solvents abl e i mproving the solu

th i oI idnsi . | | e
er acgﬂp&dﬂsogiggs% ddmshEPls: préferdbKAédrAed out}ﬁﬁle%@ tH&rﬁ‘?ngﬁf?férne cani g a)

of the or AS3PC processes’ is 2-net hoxyet hano met ha
possi bl y mbyepienichingan organi c or mnineral base, and/or one or nore solvents

I foi [ h | ubi Li f- 20.th ' ' i hanol .
capable of 1Py o niing "% °2' Dreferied “emboaiment 'of the” ABIBY" brodess ha
temperature Tg then lies between the temperatures T| and THOMO. The
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 Tg 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 advantageous enbodi nent the solvent used in
stage a) of the SIPC or AS3PC process is & hanol, 2-nethoxyethanol or
nmet hanol . For ()-nodafinil acid the filtration tenperature TF preferably
lies between OC and 40C. 25 In the case of ethanol the tenperature TF

preferably lies between 0C and 25C and better still_ it is close to 18C or
17C. I n the caskikewiss, tee tengjte ohtheoplateaihat teamesrature d rt fombiee &iidCe AS3PC
preferably 1ies between 20C and 35C and in particular is close to 30C
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et hanol, 8 % - met hoxyét hianol nmass in

the case off ligsmRitWaenl15 amd 60 eniflifee, prafeEbRCabbocE® Asutese tenperature TD,
the tenperature at which the starting m xture is a honbgeneous sol ution,

depends on condgiérsehiskilleddamthd beiwitheeealdé Ity adjuess thetate of sBbingnid heGypdien
the solvent is under reflux. The coolin fromte_n%erature_ Tp to TF 1s_very
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bet ween t h¢50 empe230 tores TL and THOMO. The tenperature TB may in particul ar

lie between 25C and 50C. is By way of exanple, in the case_ of ethanol, when
the enanti omer NeRcRayECHlarly 4isetid reanner thess athodsfpuptarantialesysiadsation| v
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preferably
laevorotatory enantiomer, in yields 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 lies between 35C and 50C, in particul ar
between 39.1 C and 47.9C and nore preferabdy close to 41 C. In the case of
nmet 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 and nore preferably close to 46.5C. 25 It is nost particularly
preferred umCednmtrlamgle‘ e mhich the temperatiradeploftedeon aamaxissperpendiaular toi ne
which is ngfl il ent{t%o ﬁ'{ [ the average mass of desired enantioner
crystals h Bt P 3‘3 but sufficiently short to prevent the other
enantiomer fronrdd jazt #dtithe mgemﬁ&uwaﬁhé Fhnahes qomrmvw&hsﬁd.orﬁéfsl tnf AHR
particul ar greater than 85 % Coolling is generally nonitored by polarimetry
to 30 det ersmlutehtyhe a acftital isoivent, dtor, aré liderdicabhas mn@medibimt cepresangtatiakes
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|l ength of the te p JFrddefsatée ;d@f@?
preferably about r%gé m&‘és ggg?sonrdskl gdgpﬁs e ariSg th magllﬁethfo
adj ust tde rate (n‘asetofrtheagtlp@deé)e type of reactor used in SIPC, S3PC or
AS3PC processes. i ndicatian, for 10 litre,r actor t he
Spoed ot whi oh i hEVSRLYPRRERT the dHEReTIS b ranDLiRE s 2856 g S5 Ipm
In a particularly, eful manner these nethods of preferential
crystallisation Také it possible to isolate the optical enantioners of
nmodafinil, in parthesolvant hiae a inettingrmsiat whighds appreviatly lowerythahdhat\bi the ar e
very nmuch greater than those is obtained by resolution using a chiral agent.
The yi el ds obt ai rEHiPREESgeneral Iy of the order of 90 % or even higher, in

relatiopsto the () tbmbePRhte 3an§82dPLTRE  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 (P = 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.



or of the order of 45 %or nore in relation to the racemc m xture. AS3PC,
SI PC AND S3PC METHODS 20 The AS3PC and 3kPC net hods nentioned above are
descri bed bel ow. Ternary heterogeneous equilibria: R and S antipodes, and
sol vent A For exanple the work by J.- E. Ricci (Ed. Dover Publication Inc.
New York, 25 1966, The Phase Rul e and Het erogeneous Equilibrium deals with
the general GagereoR RebaEOgeReAidetimposelr faahidh tthENtWy iSotBerNEl clbss-
description below will be restricted to particular aspects of the ternary
system A sestions &f theteraaty) displaygd inSigwgahet dikAsduli oM eaaiemperratyeeni sed
in the tenperature domain used ich are necessary far an understandi ng
of the vaﬁﬁ@&@%ﬁ%@é‘e@owﬁﬁpﬁfwmm%ms a§@'6§fﬁ9*§|tl\4?§%ﬁl¢§ﬁ!0w-n order to
show t he special role of the solvent this ternary systemw || be

represented by a right prismhaving a cross-section which is a right-angled
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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 Xa 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
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



is respected), which is reflected in the ratio having the value a = 2).
Representation of ternary equilibria as a _function of tenperature 20 Figure

1 shows the domains for the foll ow ng pha§’és . - the nonophase domain for
the dilute solution (CO= 1), - the two crystallisation surfaces for the
constituents bounding the two- phase domains (0 = the surface for

deposition of the Ive t he
mel ti ng point of cﬂﬁq ,[If%%ﬂgs "ﬁgéb%ruilgg%'@ tﬁ}&%ﬁ”h{%ﬁ %%Hgfﬁ@paﬁ

ot her consti tuents%lublﬁy&ﬁﬁ@é e rhd drfipod@ RIwhici om@rmhet@@eéblabmt@re -
the three nonovariant curves ((D = 3) or eutectic valleys originating from

bi nary eutectic peashed lines). the ternary eutectic invariant at Te (0 = 4),

2 super i mposed 1 0R CopeC e ATEb s TR SEBEs st dRERRrn IR 1
di spl ayed in Fi gyondindt bdanded gtftheAbpeanrcthd RoNEIRAIUIR of ke ebABRT fBR | ON
consists of four domains as detailed in the table below. Tenperature Domai n

boundary Nature @&nd gethshhetemiby fenies obthe duvariapt terraphaytesticrplane and

larystal s of R 21t it bvdhp e T oh B e ey reigti ta anihdsS R s
solution + crystahg ligk H@.@Iﬁ%e’ic@staﬂi‘saﬁon §Efacelf6r anfipcﬁjedsl WhRhsi®buhdsPthel TF
R- SF - IF solution + crystals of R 2 | F solution + cr stals

of S2 TF IF - Rwo-ghassi demain at theytopa gat@fatead@wtunanlus crysiplseohS.
cross- S?Ct hon RYT, domain is bounded in its lower part by the lines of the two conoids for S :
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 «,

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

- Tg : 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



Figure 3 shows the isopleth cross-section R Y-T which is fundanental to an
under st andi ng of crystallisation by the cooling of ternary solutions in

t her nodynam ¢ quasi-equilibrium This crosé-section is al so necessary for io
foll owi ng non-equilibriumprocesses, SIPC, variants and AS3PC. This plane is
the geonetric locus of the poi nts Fulfilli ng the rel ationshi p: XA | XS =

(1-Y) I Y =_C wnth [0 i-ng t ctiaons ss_.of

Sol vent and SEH sBaes) Wqh, s BiPel pdhCE desbby B Migths 8dcé o iaaiR
nmonophase dQyrra teik (’éHé%e% ﬁhé‘é’é(ﬁ)%oalﬁé)' srasent dtRydilitiirdus for antipode R
this curve representing e intersection of plane RY in Figure 2 with the
crystal | i sationAdihe atzaertlmg)tempatatur(aﬁpﬂh@énmtlonmmmgeneeausqafhe|fghlowmgcur ve
originates at the nelting point of antipode R (not shown) and is bounded on
the | ow t emPde fbseevediiasUpgessiPmenCopingh 20 forns part of the ternary

eutectic, val | ey (oIR8 B TbBIER APHE o T EipRiy 51 280 abne o

the conoid at TL or| Zzon ary

two- phase domain é&hﬁﬂ Z)QJr‘crjt%B{)e§bﬂ5th§§oIdH|M2tcﬁJurg?ﬁ r Snti Cﬁ&deeﬁt ki

into the underlylngt ree- omal n through a rve for the

sane anti pode R uifidm lpzomtf Eaatme\tﬁtt‘équm@atbup@nt (Ld aitteal themeeinleth loposs-
t hr ee- phase donmain: crystals of T and S, plus saturated solution. This 5
domai n i s boundedeation ReYt Appbint LhmdssM pbntystals ihin efuilibeumonith datucates,

d at the bott the I, f i j antt tecti | d
onthe 1ert by tReUoRIS G Mt Re, XLJ 5i %) FolhEnALartespRetsipi thede s
- the line KL pf the..cr stalllsatlon su florI nt| ode?m@ct‘bbound.sthe
t wo- phaé‘é domai n e&x@npﬂ@ { 860e5%8{§ﬁe§[t r‘éeo'ln ﬁ 3R “31°u”s 21 SSISSERi s

10 domai n is boungese FBmtéE Eerwrbsbdnd ethel é&ﬁpeéutxbhe érY@P1 «mgmedr; for S

gmand Lm The |ocation of the second line Lmof the conoid in
relation to the femaskathe ss:dutmm pptny roovesefroer LRio Whi alnngsthanhmtoérfa(edn of
EL, will be discussed belowin relation to the relative position of F1 and F
in relation to tlgsadignt eonpinikg the Feiutiers gf racemic composition shown in Figure

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 Ty .

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 - Xp).



15 - The ternary invariant at the tenperature Te above which the three
crystallised constituents A, R and S lie. ;¢hange on cooling and with

t her nodynam ¢ quasi-equilibriumof the ternary solutions having a slight
excess of enantionmer 20 It is taken in what follows that the overall point
for the system(i. e. the point representing the overall conposition of the

mxture) |ies qiybiafisedibhidiMe sl Astigdye0 légBIi@Qid?ttheEob 8rdticgdres 2 and 3,
and its precisé position I s define y 11s tenperature (or JTevel). Only the
fol | owi ng t enpdihet abeve dugdamentabapethiioadthussgaverpise toeanseiutionr & elnnomcgh
the starting, mxture i h eneous lution,.and. - TF : erature at
the end of By SPEPPT 55 Bn 0HBSr Foas 2Bk ot barnics Phee eaual FTRFRE i o
dormai n. Thla%tiﬁ&@é&bbo@@r@ag%halr@satiﬁg GQi " rARMRPRAS t’émp%rétgﬁfgﬁr-fa%rﬁé?@ﬁbm ch

is 30 slightly enriched by a mass” M of the anti pode mng a total nass

M (the s erghiticnEr whidteRSsyrthmefrichl RrE Withersspakt 3o tHeeserbiedsiane ARSI 9
% . Equilibriumconditions are obtained by very slow cooling and by seeding
in the 31 d»loptpipadsdns)prapess Mmaking,/émassipieitatobtained massg2Mhef antipede S

cqu 11 br 1wl RSl AR, (P BT O IBSHS o o hERtelbrelain he

fol | owl ng takifis Phegiavasiand. THCROHEWINGOBETations kg theh perfdntidainl dexfidree: of the
anti pode R alone, fromTHOMO to TL, at the sane time the solution POI nt

noves on the sol ubflutiep Euwbishfisrhamegeiirpusrat temperatwer Fpnispishcoglesk ta evel
THOMO to point L within the isopleth cross- section RY. At point L, mass M
of crysi@ls R i n-'é‘E]JhPPbri umw th saturated solution is given by M (XE -

XL/ 1 - XL) = Mand corresponds to the 10 enanti I excess esent ip the
LI el saluts on St WHBNBR, REre,Retis chaniBpde S e Growth of Bhin ghipods

correspond to th ig;?gE?%itg% ?ﬁgwttrﬁgﬁsjenﬁiﬂg?m%%(oggﬁon onf th@drizdrt&! §84MERPN

poi nt noves from I ne
E'F' (at the level TE),

- 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 (x)-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).



gradi ent containing the solutions of racem c conposition shown in Figure 2,
thus leaving the isopleth cross-section RRY in Figure 3, crystals of R is
and S are then deposited sinultaneously aBd 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
20 with the SIPC process Crystallisation of the first antipode in excess The
previ ous solution E is honbgenised at tenperature Tp (Figures 4 and 5). In

order to make ;Ptgt%%oﬁéi%%atc%%"hé (S§P6 oled rapidly to tenperature TF 25

Wi t hout any cr ti-on¥occur h| s solution, which is not in

t her nodynanmi ¢ g@ig prdtbtoins tise tdrrenrrmeetﬂeduenﬂw fyeny inuhe Kteedsreo{Nsdechi
anti pode R having the sane ch 1& as the antipode in excess. The
P

i sot hermal  cr yRat@yte; éﬁ@ﬁoﬁatﬁ”taﬁ% 96 8RY) whesy the Prasess akifters homsiIRE.
represe t' ng t ﬁr%%}é'td@%re%egsb EQI‘\ Thé Bt ogéﬂﬁés fetd' Bt 'ﬁeyer:[heléggtﬁeto

the | ev TF wi i ch rst coter m nod ration is

rapi dly perform@wﬁ@eomman(m‘roa@nmeg)mlebéhdemﬁédred |s 2M or again is equal
toM (XE- XF/ 1 - XF} 38 Crystallisation of the second anti pode,

cyclicity of theCcopligof #im homodeaneees sahdanrdrral Togerataroperatiie hyé%t@. se
to a solution F enr| ched vshéh anti pode S. By adding a mass 2M of racem c
m xture (equal t d Lthtabev anti pode recovered) and heating this mxture

to t t TD h 5 E' which t f E
W th T espect to SREUNGr Of e guamsaRreied) emadensgus: selitonrecaeloin dhemki ng

it possiple to Olﬂﬁlﬁb'brﬁaégiaén%m WithEBddRO&kEtha sitk! chifstig) fas%é%n'ﬁ?ode in

represent ed by symretrical novenment of the above in reldtion hi's nmedi an
pl ane. The fol | oexogssperations are then performed in sequence: - solution

E whichis h ture T t copled t th
eedod w th vory GBI dRcli: O SGHHY FBtRS G JaHs Ceulit: eontigledzhy mgbesS”

di splaces the OBt LORLESSILEA TRYIR Rt hle 1885 FORA' cB°9TEY
809).

15
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

Chanage 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 it 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



- 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 nass 2M
of racemc mxture and a further heating#o Tp a honpgeneous 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 nerely a repeat of this
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nodi fi cati eafutivn @E havel thepelsiedE) aré Itieer‘efdrerraituhe sarre frbﬁsthe‘ sttt efsthe
follows: a) Spontaneous primary nucleation of the antipode in excess Wen

() -t hr eoni meocesss ephe atnedplidse anisture. is $058ctelutd .a Poogratimed tEmperddte, the
primary nucl eat| on_of the antipopde in. excess occurs. s taneously 30 within
t he supet sdeOHGHAY funatioRewibom tg‘@l %ﬁ‘?ﬁ rﬁesedp?ryﬁtéﬂsypﬂ‘ﬁlpgﬁitl 'SRTe’AHNg when

poi nt E 1 eppesanliidg oée'%%hﬁggpa\oﬁijﬁl'eoéﬁf éJﬁalﬁ’Q&'\ﬁlg#lhé@F"‘bltaWenR B which

t hr ee- phase domal n” an e sol ution not stirre Br'i enne,
J., Jacque et f i 6?& 7). AR c’tﬂ} adjusted kiretics,
----- 39 b?iegeggis@gﬂel ng é:%o |§§Mngv\ﬁ: -?hl S prot ocoeCtllys tJ geonemﬁolct

f requent | y growthd of thehendnticemert cwetaqs\lmglmdcess lagsuist at ¢he B808, crystallisaticB 1
197 809) wgen the rocresst dlfr erssfrﬁgr 5I The (r) are, di ferencea

bet ween t hdNBR RIOGFIUNG i IPWArdS, & SiFY f}%?é'ﬁegeg TR F‘P‘%U\)i Rt ARrBAYYoad

lines cap gfab %qvfav,w f(\)NﬁQn the Fsmﬂéﬁeseﬁuﬁmwmeg%e toft Ffrmt?&tgﬂ to a

t enper at ur above TF, - seeding of the supersaturate
honpgeneouss petfaitmech td tm:atJerda mass @& oflgystalsesf-gmtipsde BRomai n wi t h seeds of the
sanme 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
tenperature programm ng (Noguchi Institute, 1968, patent GB 1 197 809). 15
These protocols will be grouped together hder the same term "S3PC" for
"Seeded pol ytherm c programred preferential crystallization" although
tenperature programmng is not present or is Iim'ted to the second stage of

ling. 2Q Ch th t int f | uti by
o ogr aned BRI 1B emesTAiuEe A0 o 8 dbe dRRGAa8e MTHEE AGHA: SHRGss

according to tltlgg invention In order to achieve a better conparison between
convent i on&dY B tdsses 25 and the AS3PC process the initial point Eis
chosen ar bi trarChitinuationgef e Brateds Consitdof rEse SBTE tHs dyble BEoperitiopys
case; however, as will be apparent in the exanples which follow, the AS3PC
process nekiglding opystaisafantpodaii and Soaliemetelyshi ch is further away from the
pl ane A—{ RS)-T and therefore with a |larger enantioner excess and thus

i nprove the harvest of crystals in each operation. 30 Crystallisation of the
first anti pode Ndte8¥&§Ssomitidritefos irfblenntih eh® ABIFG prégskscontrary to
conventi onal protocofs the whole, crystals plus solution, is no |onger
hormogeneous butd)i s rd’f@edeﬂulmhlémomxttﬁﬁpe@fat opticaip. amtrodas t Psdunsisut Aon i s

exampl 6 Rin {1 gubanspmerte paIk R Rpautt ot A vaB T ILUREEh Reh CuBEERAInthE" e
whol e (E) are thetghpemtord rahge Sae TEOMoWesesithet exibtenbe ofPhoetsstadige
t wo- phase m xture is subjected to a programed tenperature 5 reduction

functiom w thout traeerad@ isirol aoharsdieap.crystal s. The point representing the
sol ution describes a_curve SEF, contained within the plane R-Y-T, which

depends on t he Bi net ild® grolegdes mietriagRite be) respivad éfﬁ stable yin dbisaalvant
Ki t w h t th tart,
Crystal i sati on agh e SRBCIATR rhi e beale BN TRAGTRLLT ron of ot owt b

plus secondary It is necessary to determine the ternary equilibrium temperatures T|_

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 o of the
solubilities of the racemic mixture and the antipode at T| . Knowledge of
20 the supersaturation capacities of the solutions between T| and T is
also necessary, depending upon the coolihg 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
Crystal lisation of the second antipode, cyglic nature of the operations From
point F, which corresponds to the above parent solution, there is a is nove
to point E, which is symmetrical for E wth respect to the vertical plane A
(RS)-T, by adding a mass 2M of the racem c m xture and heating to

tenperature Ty Wiat RileWsi beeexaxnpleESand fighess Bredfprdvded ymwiag dbBlkkenom- a
position in the two- 8hase domai n containing the saturated solution and the

crystal s ofesthstiggtliusiration phthis rwestiomo begin with the racemc nixture added
during the passage fromF to 20 E (as fromF to E) will be ground and
sieved so as to accelerate the stage of dissolution of the two anti podes
and nore particularly the anti pode of F\bURES here is less, and thus permt
the formation of a |large nunber of crystals of the antipode in excess which
has the Yole of the seeds added in conventional processes. The saturated

solution S E, j iS. S ieal . . i r .

AR T s subf laPe s PRSPEKAR vigh oiherbiky SRESH aoReh0R 7 SRiPedER
fromthe staghtipbd€o®! imge@tion taneniperatirakend arystalisatich shfaceeclornésdn of
grom h + secondary nucleation. As in the case of the first crystallisation

nﬁ seledi ngonstitugst eang ccomerasitinnsy of hei deuiini saturated t&ﬂéutmwrrml@weéém; i n%
?bsﬁpfét  croclRcRuf ga0E e5Ks B8 iSbwemit PrRBraey TAARETR AN HE 1"
oot ed e ary SRR land SFthe Bhciotthe 38 A ARERG Tob e P Tuna and
sieved racem c mxture followed 41 by raising the tenperature to TB

yi el ding the two-phase m xture at the startin equi lipbrium Continuation of
the process conkide 2o 2 pfragtiangontri thelane ohropprittionsof theaauilyyia at

crystal s of- antjpede : S condi_t.i QL
T ent i s RES 88 e 28 £ reiaialibn, of NERESEY heTRBbtell 83ed Bhction e
produces apry on which point E represents 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 TF 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).



congl onerate (pure anti podes or solvates) in the solvent used within the
tenperature range TB - TF; however the existence of a netastable 10
racemate i s not a handi cap. b) The nol eculses which are to be resol ved are
stable in this solvent and in the tenperature range used between TB and TF.
c) It is necessary to deternmne the ternary equilibriumtenperatures TL and
THOMO. Tenperature TL is the tenperature at which the racemc is mxture

di ssol ves i n t hEigabs &ris ¢hevedioal soaleth orass- mduess:qrmamh@ thel sitaigiht, lirenB¥ TL

ﬂﬁiogiﬁ?sgf%?mqrs%@viﬂ@ﬁﬁgﬁﬁgeﬁﬁégéﬁﬁf?oowfﬁﬁrp%i e be) fom sy
i xtur e and {90 [poon B R Selishaedt bR %hi!**%ﬁp@wf i gfpess

capaci ti es gcotdifg $OtHE ineBAtIOS{MEBRCYL and TF is al so necessary, depending
upon the cooling %I netic, the formoft stirring, the nature of the vessel

and the particle size of the crystals of the antipode in excess. To a first

appr oxi mati on, to ation
"t he. homogeneERDT £ PLORGRRDS 135 Condrufbhsnp BBl s HR YT EL 1 v
above TL usighgidrhpoim@iBs ld Beld Bife) dlirtigdesalutioRdh e @elfdfecid®d programmed
supersaturation capacity tolerated by the conglonerate under these

exper i ment glolytbarhal posesTAE3RED) Aod confirmaipg tiae irelatinashipeéh) « 2kem i nto
account in the exanples. d) Know edge of the kinetics of dissolution of a
known mass of racemc 30 mxture (of a given particle size) dispersed in

E Elessgl ?Téé ' 02 ZatAIE] ﬂﬁ%cﬁﬁé’fn@al J%SﬁéeEﬁahé 88k %swb;néﬁmu%%féoc i Hhedd f.guiésover

at follows the exanples and tigures are provid
of a non- rlesfercahpostion vadablesiexpresised lasdractivantbyomassl GURES 5 Figure 1 is
a perspective view of the ternary systemsolvent A - antipode R - antipode
S, inrelation to tenperature and crystallisation surfaces for each

Figure 9 shows the powder X-ray diffraction spectrum obtained
corresponding to form |I of the laevorotatory enantiomer and dextrorotatory

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

Figure 10 shows the powder X-ray diffraction spectrum obtained
corresponding to form Ill 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 [V 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).



constituent and conpositions of the doubly saturated sol utions (nonovari ant
curves); this figure also shows the isot he4rms at tenperatures Tp and TF and
the to ternary eutectic plane at the tenpérature Te including four phases.
Figure 2 is a projection onto the plane of concentrations of the equilibria
at To and TF, as well as a representation of the line of the isopleth
Cross-section - i C i n ept.s,,t Siati| f i tial
mixture slightl %u?é; ﬁ“ﬁri%‘hﬁﬁé i *nhegn??ﬁé R Eﬁﬂ%eﬂﬁﬁ’déﬁ%g?ﬁ h%’gﬁlsdaege
anti pode. Faespolding tive fosmpl ¥t lofvehe i dadvorotasery s estantiont®Y iof Fngdafail2
containing th conposi tion poipts for the antipode in excess and that of
the initi a|(%f§1agtqr6 e Uk%ﬁéﬁh&)e path of the solution point for a

m xture of conposition XE at equilibrium 20 and on cooling is shown (as a
bold Iine). For T < TL the solution point no longer falls within this
cross-segtion. Figuuee 146 i shawer theecpowdeonXaayhalifiactiont rspectrom pbbfammeal t he
path of the solution point (as a bold line) during alternating resolution
by i sot her rRATeRSPRNANY & thepaceticnaeid SolMate Pt the ipavesetatrry ienantismedrrnd thet h
the SIPC ne - ELaur b e bcal i cr, = ' Cc i ni ng
t he straigh é;ﬁ'f&ﬁ%{gk%v ?HQE#%W%E ﬁygﬁ%aiffﬁ'i”ué%%@kglyt f‘gﬁgg?ﬁ?%%@?h'e%;g u'?i on
point (as aGADDB) ine) fromE to F during isothermal control (to TO and
seeded according to the SIPC nmethod. 30 Figure 6 is a projection onto the
concentrations plane of the path of the solution point (as a bold |ine)
when respl vi ng e | £ d p d..,Pol: I S 3 ) .
43 Fi gE@e 7 ispil%utégvgr%tei %:rz]a :g:sg?ﬁ eP ﬁﬂégggg?rggcﬁ%%&%ﬁ?ﬁp%?ﬁgﬁfh%sfséﬁr%zdlcght
line RY in ddresgpondirgndoi tHeusini@phogs t foempaf nthef lddverstataryi enamivrier (% a
bold line) fromSE to F during resolution by the self-seeded programed
pol yt her nal dgxteretatoryaenantiomert of tRedafiiile iesractivalyz pojffragtomelar e dBrukera
proj ection @RH)Q?) concentrations plane of the path of the solution point
(as a bold Ti during resolution by the self-seeded progranmed

pol yt hermal process (AS3PC) and confirmng the relationship s() < 2 - a.

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 spectroscopy, 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”



10 Al the isothermal cross-sections and isopleths illustrated in these
figures have conposition variables expressed as fractions by nass. Figure 9
shows the powder X-ray diffraction spectr‘ﬁ?m obtained corresponding to form
Il of the laevorotatory enanti omer and dextrorotatory 15 enantioner of
nmodafinil respectively (Diffractoneter : Mniflex R gaku (El exience). Figure

10 shows the powder {X-ray diffraction rumobtai ne orresponding to
formlll of the | aevorth'teaf’t&py Sﬁahﬁ'%ﬁgﬁldﬂﬁggﬁ’f{?{‘o{) ttg'%ysar&qg%tvlw of
nodafini | respecti veirgferEhtidl'rieneamirgr : Mniflex Rigaku (El exience). 20

Figure 11 shows the powder X-ray diffraction spectrum obtained
correspondi ng t+o foran Minifext fRigalgey Orlexigneely sysdemi od&er aandK-oRkt PeWEeat ory

B o e e el BEF YV Ko RO AELAE B e AR o
correspgndi ng to thei geiubd capehorAt 5 SOA VAP refatibReot aigy A=phHEOHYring
enantioner and the dextrorotatory enantioner of nodafinil respectively

(Diffractoneter Si aneasuramentiengiegus do £9° {Adheta] e ap@ieief 00l theta]

diffraction spectrum.obfai ned corresponding to the acetgnitrile solvate of
the | aevorotatory er?antﬁ GmetCR My dﬁlﬁggg t’a?ﬁ?rp?r%mihtq?oﬁ)@r S8R d‘%'#? il

respectively (D ffragbfifRh®dl oricpitaig)s AG. 44 Figure 14 shows the powder
X-ray diffraction spectrum obtained corresponding to formV of the
| aevor ot at ory enant ildsing afCADOSF system aiaf Xrray powseasrdiffreBtoketer GERDDSr, 5

Fi gure 15 shows the powder X-r diffraction spectr obt ai ne
corresp8nding to t héﬁﬁ\é\@é@%@éssm}ﬁpsd_o‘f”t 4 ‘35%%?5&%@%%% Ybr and
the dextrorotatory eiansedPBrthefarnaiad bMplatdsafieobi wels THe dhdipséomier
Bruker GADDS). 10 Figure 16 shows the powder X-ray diffraction” spectrum
obt ai ned corr espondiettprmed at amhienhienperature osinghe ukaprgrooppeoradiation
enanti omer and
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
. Example 1 :
a) Enantiomer | of modafinil was dissolved in polar solvents:

methanél, absolute ethanol, absolute ethanol containing 3% of



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 OMER 20 RESPECTI VELY GENERAL The new
crystalline forms of the enantioners of nodafinil have been characterised
respectively by powder X-ray diffraction spectroscopy, which 25 provides a
uni que digital signat unreatehaath@m@rdemtwedfwméoluey%dﬁ%)r@d @ﬂﬁialﬁms3%gat ed

and can be used to disti.ngui f e fLnil
and any other crystall ﬂfe%\‘a&ém %‘ n&‘}c%’g%ﬁaﬁrﬁa)egngﬁﬂlﬂ)gmi&ﬁhé fxrpgy%e%‘l’”
diffraction data were rgagitiond detdirdiROpIsystem as an X-ray powder
diffractoneter (Sienens AG 30 Karlsruhe, Germany, Eva 5.0 data anal ysis
met hod), with nickel- filtered copper radiation at A = 1,540 A (with an
accel erator speed ﬁlf 40 KV, tube current 40 mA) and rotation of the sanple
during measur ement P:L;?ngle : 3to 400 [2 theta] at a rate of 0.04 [2
theta].s" 45 thg step Kageferng 0 %anﬂf)ﬁ@far‘%!uﬁ‘é QFst?&tsa”pT‘ﬁeYMtﬁ a
preferenti al orléntatlon). a Mniflex RaHH eX|an ) system ag an X-ray
powder diffractaneter usi ng chrom um r |at| on, an a cel erat or speed of 30

5 KV, a t ube cur rtent 5—mA—and—rptaten tTLIC Satrplte—dur | Ag—hReasurenent
(angle : 3 to 80 MeHhﬁQPE] at aratp ofo 3;?05 2 the%ép 1, thd St ep |si ze
being 0.1, prepar sanpte—w refergpgial—orientagion).
.Usi ng a GADDS sys?@r#!ahtg et@é‘rfoelly powder ?g?fractomst g?S(Br ukgdr, 10 the

Net her | ands), equixRRIUM éthaBolC+ Isl% St ar mrea p> detegor an equepped |[f or
the analysis of plgategep th 96 wells. The anal yses were

Ethanol denatured with 5 70 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 |-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%.



performed at anbi ent tenperature using CuKal pha copper radiation in the
region of 2 theta angles between 3 and 42,, The diffraction spectrum for
each well is collected between two domains of the is value for the 2 theta
angle (3 5 2 Theta <_ 21 and 19 <_ 2 Theta 42) with an exposure time of
bet ween 50 and 250 seconds. OF course the intensity values can vary in
relation to sa i I tthe  NE G To (PR g Fi g nts.
The 2 theta mggnﬁgpn%ﬁﬁggbgﬁgghgﬁ Cogr(?ﬁa e%?@ﬁgav ?i at | g’r?@ Iglgsgécitg%rgd
wi t h t he neaguisitiog of astidentcel X-rayodifftectionspesppomdi ng peaks can vary from
0.04to 0.2 according to the equipnent. Al so a person skilled in the art

w || appreciate- having avail able the interplanar spacings which constitute

essential _data i §f.n i i erplanar spacings are

cal cul ated usi E;(Q %é A Belleelenkic i?ndr{a)tltheta = nX, in which d 25 =

t he i nt er pl anaa) 4pgadfn@)-tA)dafinil-wadhadded ebenghhobiméthancloppe heateld atriden,

theta = the angle of rotatign of the crystal (in degrees)]. when this
PA%J@I

r el at i onshigfluxsuriiiithe (r)emodatiihpaseeompletsiy gissopgs [RaGLeR rRegyie Was 30
-) - MODAFI : - L VEL Y. - _a). i | of
ﬁmzjafi ni | \%LASF'@#\%%%TQ ewﬁ%%aﬁgﬁﬁ%g% @-ﬁan(ﬁe,ﬁggg@'aﬁgﬁé%kgﬁﬁﬁ °

absol ut e etbatimiousnfai himinudseeti then fiketed onesintered glesa(Noed). W itér sbiidi uene

(2.59% and, contai ni ng 3% of water, and water .under _reflux under the

exper i nent folated ywas fded tasteld faamil of fasnedafinisideatfiad pydts ¥<ay diffrastiony of
Vol une gf i od-modafinil (mM) % Methanol 8.37 < 50 63 Absolute
et hanolﬂ)7. ggée{tﬁg‘thfe%Aggo?'ute ethanol + 3% 5 70 54 of water Ethanol
denatured with 5 70 56

b) The same experimental conditions applied to (+)-modafinil 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 mi 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 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.



t ol uene+ 3% of water Water 5 400 88 After rapid cooling by quenching in a
water and ice bath for 30 mnutes the nediumwas filtered and then dried in
a stove at 35C. The crystallised product 4has identified by its powder X-ray
diffraction spectrumas being the polynorph of to forml of the

| -enantionmer of nodafinil. b) Enantioner d of nodafinil (555 g), treated
under the sanme experinental conditions as exanple lain a m xture of ethanol
denatured with toluene (2 L) and water (0.1 L), crystallised in polynorphic
forml as |dent|f|ed by its powder X—ray IS dlffractlon spectrumwth a
yield of 91 % Exgrepielbe Re frong & ¢ gia aad parg x

daf i ni ded . o6t (2Q \ Kk | ask
) e & nﬁaéigﬁf 8P 3 i fred L 2R, it pRes xv["ﬁ%%em%% T
heat ed undersygl| sk Hhe E%@al QA8 ¥EAbe 085Sbi (Naflolisfinfhernstiasd ab

approximately 56C unti | -)-nodafini|l was corrp etely dissolved. The

sol uti ors mﬁuaweesatumlbedsmlowvyamprcandeﬂ by afmagnai®@ han(3QH roow). inehwhole
stirring. There ct| ter d.the solid obtain S

dri ed 1oy EReoREt it e <y, bkt [ el g & oo b Siaigen 8

di ffracti onggpeghitgowyi 18| ds@%hewslmstabtm@dm frSRId BRYiRbr&Pafliski ons
applied to (+)-nodafinil led to the acquisition of an identical X-ray

di f f r act i orangipdentifiad as beingrfprre | Dy itR¥aay diffitlicuspestrimoXietdl6dnol 5 a) 1 ¢
of (-)-nmodafinil was added to 7 ml of nethanol and heated under refl ux
until the (-)-nodafinil was conpletely di ssol ved. The reaction m'xture was

preci pitated bé) adding 6 m of water at he suspension was sti
continudusly f& THherisamie expErmestals PW@P@@F @ﬁpbednt@r@d rgpa«::}&mtﬂ@ﬂ ts)theThe

14 o AR P S B o LT
conditions applied to (+)-nodafinil led to the acquisition of an identical

X-ray diffraction spectrum
. 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 ml) 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

. Example 8 : from other polymorphic forms
a) CRL 40982 form IV (0.5 g) and CRL 40982 form Hl (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 lll (0.5 g) in

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



15 Exanple 4 : Recrystallisation from nmethanol (2nd exanple) a) 2.5 g of
(-)-nodafinil were added to 90 ml of nethanol and heated under reflux until
the (-)-nmodafinil was conpletely dissolved? The clear solution was added to
200 mM of water at 1 C and kept stirred for 10 mn. The reaction mxture
was filtered and the recovered solid was dried to yi eId forml of

-) - nodaf i ni | tif di ff t 78%
b)) The came expbinsaPapoEaes (e Lube a6y GoadPRRt X R difacliod
acqui si ti ogpabtrgph. i dentical X-ray diffraction spectrum 25 Example 5 :

Recrystalllsatlon from 1-4 di oxan a) 20 m_ of 1-4 dioxan were placed in a 50
mL flask and placed under reflux. 2 g of (-)-nodafinil were added i n order

to achi eve sat |on rin a,nagnetic 300 n.
The whot & vae. dhotisuss BbEHE5RERMRT(GRE LS Bef i EaTe, Contiiors Vol
cool i ng gr 3fs @BMePfesufts ¢ M n down to 30 20C. The crystals obtained were
filtered on sintered glass and identified as being forml by its X-ray
diffraction spectrum Yield 51 % b) The sane experinental conditions
applied to (+)- dafirbi_l Ied t t, e]l aF isition of an identical X-ray
diffractid sp fro oM rystallisation froma mxture of
ortho, meta and,pgr f (o} ° ra
xyl ene were pI g?gf()aébég%gﬁ)e g?ﬁa&% of d%?%ég ﬁ%%tfeerd {roteng @e%gsgang%@a
(-)-nodafi mdnvmﬁeé laktbdaadvmte scﬂlchmielndafxed saatbmraag (-modafinit farm Wayg |t]srpmded by
a magneti c %0 q%gg e whol e was cool ed after total dissolution of
the (-)1%o "f"i“h radiNgSRE SN ng gradient of -0.5C/ min down to 15C. The
crystals obtained were filtered on sintered glass and identified as being
forml by its X-ray diffraction spectrum Yield 26% 10 b) The same
ex erinental congiTheoose apt)-ebdatin( (¢ RiotkE83Niundeethe satrieecorditions léd fon  of
identical X-ray diffraction spectrum Exanple 7 : Recrystallisation from
et hyl acet 408 SIMELRSURS- of et hyl acetate were placed in a 250 nL flask and
pl aced under 1s reflux; 2 g of (-)-nodafinil were added in order to achieve
saturation; stirring was provided by a magnetic bar (300 rpm. The whole
was coohged af t efxdraplal 10 : from monodimethyl carbonate solvate

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 II) 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.



di ssolution of the (-)-nodafinil using a cooling gradient of -0.5C/ mn down
to 20C. The crystals obtained were filtered on sintered glass and
identified as being forml by its X-ray g{hffractlon spectrum Yield 66% 20
b) (+)-nodafinil (3 g) was dissolved in e acetate (100 m) under refl ux.
After cooling by quenching in a water and ice bath for 30 mnutes, the
medium was filtered and then dried in a stove at 50C under vacuum The
crystallised prod?%g) ALE identified by its powder X-ray diffraction
spectrum as bei ng pol ynorph of forml of (+4)-nodafinil. 25 Exanple 8 :
from ot her palSemmmhi c fornms a)l GRLarP®? flovoiumé ¢sdveg)t |andY@RE 40982 form
I]Ic 5055 gzj %/i el ded form| by helahb@gﬁmp(g}ooc Furﬁ ernore thetygure fgr][n I O
of (-)-nodafi prepared byglaKki Ng M Xture of gg-) - af i ni
forml (0.5 Eté%gﬁ%@?ﬁll (0.5 9) gn formIII (8% i acgigone 20 m)
for a sufficiesdprbpamolt 0 achi eMe conmgl ete clonver sii¢p (3 days). 699 1In the
two procedurgs form| was identlified by its powder X-ray diffraction
spectrum b)FUI'féfoﬂgéobf (+) - modaf i ni7l3§ CRL 40983) e‘lﬁnder the saf® conditions
yielded 5t e resylts: anplb —fromacetpnitrite—sotygte—a) 1 g of
acetonitrile ESR t'e ofal?hzj?tur afini I5 heated to 1 for § hou§§ converted
into a white |sathi BldedrNid iogd as being (-)-nodafinil formil by its powder

io X-ray difflraction spectrum Ib) The use of (+)-modafinill (CRI 40983) under
the same conditions led to the same results. 15 Exarrple 10 : from

di net hyl t | vat 1 f th t b | vat
of (- - moaat i ni PRBRIMEDY SreBbhiTe tace niRE Toh (e DRl I D) ATEe 081 d
identified Eﬁ)?ﬁf ais( ﬁl)té da&g rﬂhén dfn@amnl abitolé Sat r|n><eééw eletahﬁ?&ﬁénon

spectrum he use nmodafinil (CRL 40983) under the
condi ti ons precsedwe the crystalllsed product was identified by its powder X-ray diffraction

spectrum as being the form Il polymorph (CRL 40982 form ll) of the l-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 Il (CRL

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

15 @ Example 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
[l polymorph (CRL 40982 form Il) of the |-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.



the sane results. EXAMPLES 11 TO 12 : PREPARATION OF FORM I I (CRL 40982 25
FCRMII)G:()MZDAFINILAND(CRL40983§:O?MII)CJ:(+) MODAFI NI L
RESPECTI VELY Exanpl e 11 through rapid cooI ing a) Mddafinil enantiomer | was
di ssol ved under reflux in the solvents: ethyl 3o acetate, isopropanol,

n- propanol and et hanol denatured with toluene (2.5%, according to the

exper | ment al cond{ ¢gaygt oy cpREpATERTION OSPORIANIRCRISsbIEAECRIAN) LY O

Vol ume of sol vent

| sopropanol 8 110 6QF R)}-MODPARGNIL7TABS ESRIZEG09EBHEORM didn@Fful+edGDEGINU. Wit h
toluene (2.5 % Afhmm qguenching in a water and ice bath for 30

m nutes, the nedi d and then dried in a stove at 35C. In each
experinental 5 procedure the crystallised product was identified by its
powder X-ray diffraction spectrumas being the formll polynorph (CRL 40982
formll)y of thExémgmmEDMOWQbonm&bhnééetom)é The d enanti oner of nodafi nil

(3.02 g) was dissolved in 10 |sopr3$)anol under refI ux and then
cool ed by quené)nTh%'Pﬁaat"\?@?épfﬁ?ﬂijqﬂ@& (b & Wasgtissavediunger sef UP‘l'Ptg&'@Hofand

(' “rocar s A CEH, BRaf g BMind SO Enst R 4 U o g LaBEREosaERe T
i dentifi edtHey mécﬁumowderﬂtéredyanidftﬁeacdnemh irs pestovemat B35° CExmlce,/siélhseday

cooling from i sopropanol m{% 100 nL of isopropanol was placed in a 250 nL
f1 ask whi cRragast plegddentifigeyy itsaqwderairday Aidinaddion %@eqthmr?éoeﬁmwme R

addet S8 20 S AETAT LR MAEED okl spas St Fred using a megreti

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 lll) 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 Example 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 (-)-nodafinil the solution was slowy cooled to 20C at a cooling
gradient of 20 -0.5C/ mn. The crystals obtained were filtered on sintered
gl ass. The crystallised product was iden%in ed by its powder X-ray
diffracti on spectrumas being the form I1” pol ynorph (CRL 40982 forml11) of
the I-enantionmer of nodafinil. Yield 42% b) The sanme experi nent al
conditions applied to (+)-nmodafinil led to the 25 acquisition of an

i denti cal [ of PIRERREIAY: ORM
111 (CRL 4 Tt iib e B i M ?E%%TH%%LC%%@ o |‘:1|QN)V6:PFJKE
(+) - MODAFI RD1C. %m@wlsvﬁbtamed menerfiltereti3on snb;ersd@\bas@md @nﬁuflemaadmlme a)
The | enanH of m)d (5 r?%/a af‘s c%l ved under reflux in 90 m of
acet one. Af1-810gafihil Jorp bMdSb‘gp“ﬁ‘?#é HERGHACUONGREATUThG i ce bat h for 30

m nutes the nmediumwas filtered and then dried in a stove at 35C

crystallised tp)raaacsam@sexmﬁﬂemaécp%dlthr@ apRliesk to(# ipnagafinil e &hthe
spectrum a t | -enanti oner of nodafinil.
Yield 6 %Scﬁﬁélﬁ]ﬁn Oggr?égéﬁ%cérl ?(ne f}PA %le&%gﬁg appl ied to (+)-nodafinil |ed
to the acquisition of an identi cal X-ray diffraction spectrum 15 EXAMPLES
14 TO 16: PREPARATION OF FORM |V (CRL 40982 FORM I V) OF (-)-MODAFI NI L AND
(CRL 40983 FORM Lk . Exanpl e 14 :
Recrystal | i satToOm 1 ' C oroformwas placed in a
50 nL flask ang0 haat@‘dtetmdydrofmrahl WAsS ;ilaﬁecg m)b 50 )mibdidski whichwae redded] so

as to achieve saturation; stirri ovi ded by a, magnetic bar (300
rprr) The WhdPeraflx. 419 fﬁ %ﬂﬂbwtaérac{) L0 agiteANiRYSRABIaligny stiming

fin CH T tals
obt ai nall waes oy el afaBhett Bar (Mo Firol TREDWAS a8 SR, oolifa REE

modaf i ni | faralmhlséblbyomtoittmwmodéﬂmwm faf cautihy gradipat bf LOG® (Dbmn'ﬁh@owmm
experimental conditions a lied to %+ )-nodafinil led to the gw sition of

an identicaf’ 3(~T%§/CEMSH|$& 3iped wese fiftarad amsintsresglassiand 'q%‘élf? 1381 BeiRGt i on
from et hy} ethwddei38f IV by its powder X-ray diffraction spectrum.

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/mi) 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 pL of solvent) at ambient temperature. The muilti-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.



a) 100 nL of nethyl et hyl ketone was placed in a 250 nL flask and heat ed
under reflux. 2 g of (-)-nodafinil were added so as to achi eve saturation;
stirring was provided by a magnetic bar ¢300 Rpn). The whole was slowy
cool ed after 52 total dissolution of the (-)-nodafinil at a cooling
gradient of -0.5C/ mn down to 20C The crystals obtained were filtered on
sintered gl ass and |dent|f|ed as be| (- -m)dafinil formIV by its powder
X-ray diffmacti Gxxagpuetlri; : R OB 2 RO RE cond|t|ons applied to
(+)- rmdaflnll Ied

bt rum Rot8aNl SpysTa et Bt tefaﬂa?%%'q BB oS i ind AbRRtH"

tetrahydr OchhéﬁloH@SaEb@éeSy' BpBlyPQ mowleédqmw(chowe@/rhmt@ﬁld HOWRg T ekl ux.
1 g of (-)-nodafinil was added So as to achieve saturation; stirrin i 0 was

provi ded byempetajuest at3Haifon BhourpHe crvﬁt@lwr@ identifiedanl beiog di-ranedafisil

t ot al dlsslut ni | t of -0.5C/mn
down to?° V@F@Tﬂbpg?’go%%w%ﬁé vyigr Ir%éﬁgﬁ tﬁﬁ‘s%ﬁ%gﬂﬂ" gl ass and

i dentifi ed as being (-)-nodafinil formlV by its powder X-ray diffraction
spectrum 15 : EXAVPLES 17 AND 17 B : PREPARATION OF FORM V (CRL 40982 FORM
V) OF (+) - MODAFIEXampieD 7(K°RReé¢088alidetidM from téfraliydrofeBAFTNFY. RESPECTI VELY
Qperating procedure for exanmples 17 and 17 b 20 A nethanol solution of the d
enanti oner of FodeARANI crystalliggd fomad HRi Bt ra¢rardancs ewith, e weperaingt e

o v ous oBMTEASC SbeVachl ARk °adld 9Eboigh) B o0 ST BBHPHEIARG Ao
t enper ajgir egempbeatord &t 39€Ifbr PlhaLESTHE EystEs ved ldéritﬁie@aiﬁbelﬁPQ@ h-rbeddFidi) and
each sealed well contained a total volunme of 50 pL. 25 The ate was heat ed

to an i nitifemm MVel@iRlk 40888 ferm &0 Owilistprvederefmpay gt ra@tlorgsmqtr@m of 4.8C/ min.
After 30 mnutes the plate was cooled slowy (- 0.6C/ mn) or rapidly (-

300C/mn) until a final tenperature of 3C was achieved, and it was then
held at that final tenperature for a mninmumof 1 hour or a maxi mnum of 48

hours. The sol vent was evaporat ed under vacuum (nitrogen atnosphere) and the
30 crystallised pfrodaXAMRBAESNAByJEH 19 : PREPARATION OF (-)-MODAFINIL

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 ied to the
acquisition of an identical X-ray diffraction spectrum.
30

o 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



53 Exanple 17 : Recrystallisation from 2-propanone d-nodafi nil

crystallised from 2-propanone in accordance with the operating conditions
above by applying slow cooling (- 0.6C/ m A} and hol ding the tenperature at
3C for 1 hour. The crystals were identified as being (+)-nodafinil 5 formV
(CRL 40983 formV) by its powder X-ray diffraction spectrum Exanple 17 b :

Recrystallisatiaon frao etrahydrofucan.(T d-nodafinil crystallised from
THE in acc@tcaélr?i}éll%spwa&%ebyo ST | acgcérﬁglﬁ' %?oﬁgw oﬁ?”ﬁ?pgﬁé?@itﬁ’gar ﬁH?d
cooling (- s3Rafd ﬁhoaw]g?él@tdlahidmet ofe1-1 addraieerad Bemgathe3acdtohitdichsdNate The
crystals were identifTied as being (+)-nodafinil formV (CRL 40983 formYV)
by its powdé(-)-xnecdafindityfitseewder gy diffractiexapsetrgn ¥ 2%.: PREPARATI ON OF
(-)-MODAFINIL is SOLVATES AND OF (+)-MODAFINIL Exanple 18 : Preparation of
t he di net hyl carbonate solvate of (-)-nodafinil a) 20 m of dinethyl
carbonate wer eppdgRd shfe? etpBfimenlal "EsHRfifidHs applied rt6f wlﬁ'ﬁédafﬂiﬁécﬁ%tth@”

m xture was stirred for 10 mnutes until the (-)-nodafinil 20 conpletely

di ssol ved. athuisiivnuefiamideaticaloorayidiéirastion gpestmai.ni n) down to 10C with
stirring. The reaction m xture was then filtered through sintered glass (No.
3). Analysis of the dinethyl carbonate solvate of nodafinil yielded a nmass

of appr oxl MebolppRe 36 SbAiddriiod bPReAQURhRPSoRian to 110G The =
st oi chi onetr ar po therefore 1-1. This is
therefore a tra¢ Boimataf, d 2% I-chedafinil everassispergiedhe dicetic adid dar Monmas
sol vat e of é - nodafi

il by it: wd X- diff i ) ield
58% by 100 &SRS Sn RIPEH IR, BPNRYEGR | SHIENUGRED B (15 Ph) (VRIS - hEo t he

acquisitio i i b LET i r : e: :
Prepar at i o%r%?allﬁ%eﬂﬂﬁﬁ%&mah ixf@%go \?gt %&gs?tér?@) %ﬁoﬁggf %? ?rgsse(ﬁjr( t;g?zgl gﬁ@?l
pol ynor phi defmperatureodf 60jC rardBGhusingea ¢erapsraturde gradientacfed Wyintini Aéef 80 3

days at 20C.. The solid recovered was identifjied as an 54 acetonjtrile.
sol vate by “%nlﬂ'{'}? @me?%m was cﬂ%e\l%%m\’)’gf g G Jr&%ﬂbﬁﬂ@?'é'& (agpbﬂm'n) until

a final temperature of 3°C was obtained, and was then held at this final

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)v 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

e Conditions associated with the equilibria




solvate having a stoichionetry of 1-1, identified as being the acetonitrile
solvate of (-)-nodafinil by its powder X-ray diffraction spectrum Yield
92% 5 b) The sane experinental conditionsdapplied to (+)-nodafinil led to
the acquisition of an identical X-ray diffraction spectrum EXAMPLE 20 :
Preparation of the acetic acid solvate a) 75 ng of d or 1-nodafinil were
suspended in aceti CO?Ci,d in.Mnimax. 1o reactgrs in order to achieve a
concentration of 15 HR'UM%HWW%)@W@ ne | 1isation medium which
was constantly stirred, was raised to an initial tenperature of 60C or 80C
using a tenperature Hent af e S T —Aft 30 ARITES AT di um was
G%ﬁ;&k}%ﬂygga dly ( 0000 200" 7> 306

cooled slowy (- O. 00d'mn) until | afingl tenperature

of 3C was obtained, LbiRy ayhe.gsglg%gl at thizspfihal4 15 tempegatiure for a
m ni mum of 1 hour ar_a maximim of 48 haourls  Under thesel experiinent al

conditions the acetic acid solvate was obtained and identified by its
powder X-ray diffractian spectrum R) The sar er,i tal,.congjtjons
gpﬂi edtjto (+) -'n}[)d;ﬂﬁ‘ﬂp'pty!gfh?(9”@1@2‘32%":’89&_[11”&9% %r;g:‘céba r?tifbﬁt“lcyfcé X- ][az/ )
iffraction spectr i Br 0 eatgﬁ{ . of (-
and of g(+)-rmdafi ni O@ﬁ% SO vé%gt |6f (?@')%égitlla?@?-'r%daf/f'm p?ﬁ?%?%égb?%

exanpl e 20 was converted 25 into the anorphous form by heating at 120C for
3 hours. The powder X-ray diffraction spectrumobtained is shown in Figure
16. EXAMPIES £hangelo THeRsoLWih eRatiomer SrEsss Ri([aceonip xturgd (SRIVERRENTI AL
CRYSTALLI SATI ON Usi ng t he AS3PC hod i n ethanol Condi tions associ at ed
with the equil i"BF§RAICTHIXtuSY) ﬁifﬂ-g’fg& 5COPR@Mt aceni ¢ mi xture in ethanol :
Tenperature (C) 10.0 20.0 30.0 Solubility by mass (%9 3.0 4.1 5. 96,
Solubility of the pure (+)-antipode = 1.99 %at 20C, ratio a =2.06 5 -

Coor di nat es of }Eﬂaﬁtiomer émesentration @ (b. 96 98.94enpey@oure 1130C

THomo (°C) TL=30| 324 34.5 36.3

10
. Conditions associated with the kinetics

By adjusting TR 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.

Z= [i%?—O)](i)wnstant =Z = [i(%@]nmm = %
Temperature Tg1 = 33.5°C and T2 = 31.5°C.
20 Temperature TF = 17°C.
Cooling function = T = f(t)
Temperature (°C) 33.5 17 17
t (min) 0 60 | T Filtration

Type | cooling function



Change in THOMO with enanti oner excess = (racemc mxture / (solvent +
racem c mxture)) = 5.96 % = constant Enanti onmer excess 0 3.94 7.66 11.1
THOMO (C) TL = 30 32.4 34.5 36.3 10 Condi}ions associated with the kinetics
By adjusting TB to be closer to TL approximately 40 % of the final harvest
in the formof fine crystals can be thus obtained at the start of the
experinent, and then only 60 % of the expected final mass has to be
produced. This Ope'ﬂﬂngérétﬁrelfcgasyjo Gargy [out{yhen thepZ ragio is
sufficiently high (equal to o reater than 0.8 per |percentage enanti omner
excess). In the case(noh)modafinil acid, drystial|6&atijonhFijgaggRrri ed out
correctly. d(THOMOL Ad(THOMD) 5 Z = [1}(t)constant =iZ = [ ]Tlconstant =
de.e de.e 9 Tenperature TB, = 33.5C and TB2 = 31.5C. 20 Tenperature TF =
17C. Cooling function = T = f(tJYrehradipafenqtiop 33.5 17 17 t (nin) 0 60 T
Filtration Type | cooling function 25 :56 Tenperature (C) 31.5 17 17 t
(mn) 060 TFiltration Type Il cooling function s In the two cases in
point, fromTBl1 or TB2 the cooling function is a linear segnent: T, = 33.5
- 0.275 & (Typén lthe T®o <a3&s 5n -pdni24oe7 B oy p822the dadlingvieuhctign as pl loeaau at
17C.

segment:
T4=33.5-0.2751t(Type l)
T,=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 |nitial conditions

Enantiomer excess = 11%
15

Mass of solvent Mass (1) (9) Mass (+) (9) Cooling function
38.38 2.43 0.3 Type 1

Duration of the plateau at Tg4 or Tgz = 30 minutes.

Stirring speed =200 rpm

e Resdults
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 %



10 Exanple 22 : Resolution of (+)-nodafinil acid by the AS3PC nethod at the
35 cc scale in ethanol Initial conditions Enantionmer excess = 11 % 15
Mass of solvent Mass () (g) Mass (+) (g) €boling function 38.38 2.43 0.3
Type 1 Duration of the plateau at TB, or TB2 = 30 mnutes. Stirring speed
=200 rpm 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 20 - Mean mass of the crystals of the pure
anti pode =_0. 6§ Yol i '%ltﬁ 2

Resol uti on®of ' i A —e—cno-—%}e-cc in
ethanol Initi gbalgcuﬂfd;ao o) ghémnl al enantionmer excess = 11 % Mass of
solvent Mass () (g) Mass (+) (g) Cooling function 511 32.42 3.99 Type |
Stirring speed iniff@ocarngtitions

5 Initial enantiomer excess = 11 %
Mass of solvent Mass (+) (g) Mass (+) (g) 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 ¢ |nitial conditions

Initial enantiomer excess = 11.1 %

Mass of solvent Mass () (g) Mass (+) (g) Cooling function
1874 118.4 14.84 Type |
e Results
20
No. Mass of the pure Optical purity (%)
antipode

Q)

1 32.1 (+) 89.1

2 32.3 (-) 90.3
32.5 (+) 91.2




Results No. Mass of the pure antipode Optical purity (%9 ) 1 8.41 (+) 89.4
2 8.69 (-) 90.7 3 8.57 (+) 89.8 10 - Mean nass of the crystals of the pure
anti pode = 8.55 g - Average optical purity = 89.63% Exanple 24 :

Resol ution of () nodafinil acid by the AS3PC nethod on a 2 litre scale in
ethanol 15 Initial conditions Initial enantioner excess = 11.1 % Mass of
solvent Mass () (g) Mass (+) (g) Cooling function 1874 118.4 14 84 Type |
Results 20 No. Nhass of 4he pure OpticdR.%urity [% art 8% dde 1 32.1 (+)
89.1 2 32.3 (-) 90.3 3 32.5 (+} 91.2 58 4329 89 7 5331 (+) 90.3

6 32.7 (-) 90.7 |7 32.9 §+) 90 - Nbgéénjass of he cr(y?59gi3s of he pure

anti pode = 32.6 - /-\ve'édge optircat %Zsfy =9073 %WTDT‘E_‘ZS :
Resol ution of () |nodafinil acid|by the 3PC on a 10 |it1re scal e in ethanol
Initial conditions 7 32.9 (+) 90.6

- 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 (1) (9) Mass (+) (g) Cooling function
6481 408 51.32 Type | or
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 H
5 (+) 1351 90.6 83 Il
6 (-) 1345 91.2 82 f
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

o 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 | or Il io Stirring speed = 200 rpm

t hroughout the procedure using an Inpelleg noving stirrer. Results No.

Mass of the pure Optical purity Cycle length Cooling antipode (% function
1 (+) 121.9 90.5 103 2 (-) 121.1 92.2 104 1 3 (+) 137.6 91.3'83 11 4 (-)
134.7 90.8 84 11 5 (+) 135.1 90.6 83 11 6 (-) 134.591.2 82 Il 15 - Mean
mass of the crystals of the pure antipode = 130.8 g - Average optical purity
= 89.9 % Usi ng [T fenfietBfarg®tidiod i n 2-neyhoxyet barpl Joomdi|t 1 amy associ at ed
with the equililbria 20 - Solubility of the racenic mixturelin
2- met hoxyet hanal Sdhgilitydypoass (fop (C) 104 2D.0830.0 43.9 |[Sollfbiljty by
mass (% 7.4 8 1435 %SOlhunllLT of Lh%pur (:) allllpGﬂC:“ﬂrgluat 20C .
ratio a = 2.53 Coordinates of point L = Concentration : 16 % tenperature :
39.4 C 5 Change i |W X drac Co, I re /
(solvent + racemg m X rgkg&p&%a(a aﬂﬂ@écri]é;t gﬁ?os a%t?o%eﬂro exczégg 0 4% 6% 8%

THOVO (C) TL = 39 @éo#find®sld potdnplGorentraties ol8t%otenapertjurend® 4 ACI aci d

i n 2-net hoxvet hanol by the AS3PC nethod on a 10 litre scale
5

. 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 e Example 26 : Resolution of (+)-modafinil acid in 2-methoxyethanol by the

AS3PC method on a 10 litre scale

¢ 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
e Results
No. Mass of the pure Optical purity (%)
antipode
(9)
1 269.86 (+) 100
2 300 (-) 97
3 348.68 (+) 100
4 369.2 (-) 99.97




Initial conditions Enantioner excess = 10% Initial tenperature TB: 41 C
is Filtration tenperature Tr: 30C Linear tenperature gradient from41l Cto
30Cin 1 hour Mass of solvent Mass () Masgy(+) (g) 8000g 1523 132 Stirring
speed =200 rpm 20 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 60 5
413.97 (+) 100 6 453.2 (-) 95.5 7 423.8 (+) 98 8 456 (-) 99.7 9 494.6

(+) 99.3 10 4854 (-) W0 11 517 (+)40R9712 487.97 () W0 9 13 471.24 (+)
99.5 - Mean nmss|of the crystalg of the pure antilpode = 422 4 g - Average
optical purity =|98.2 %8 Using |the AS36&2met hod|in meth@Ad Cdndi ti ons
associated with t t3+br HabtH by of—theTracem egExttrein
met hanol : 4238 (¥) 98

8 456 (-) 99.7

9 4946 (+) 99.3

10 4854 (-) 100

11 517 (+) 92

12 487.97 (-) 95.9

13 471.24 (+) 99.5

- Mean mass of the crystals of the pure antipode = 422.4 g
- Average optical purity = 98.2 %

5 Using the AS3PC method in methanol

¢ Conditions associated with the equilibria

- Solubility of the racemic mixture in methanol:

Temperature (°C) 10.0 20.0 30.0 40.0
Solubility by mass (%) 7.4 9.7 13.9 25.7
10 - Solubility of the pure (+) antipode = 4.9 % at 20°C . ratio oo = 2.53

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

J Change in THoMO With enantiomer excess = (racemic mixture / (solvent +

racemic mixture)) = 25.7 % = constant
15

Enantiomer excess 0 4% 6% 8% 10%

THomo (°C) T =45| 50 52 53 54




Tenperature (C) 10.0 20.0 30.0 40.0 Solubility by mass (% 7.4 9.7 13.9
25.7 10 - Solubility of the pure (+) antipode = 4.9 %at 20C . ratio a =
2.53 Coordinates of point L = Concentratfbn : 25.6 % tenperature : 46.5C
Change in THOMO with enanti oner excess = (racemc mxture / (solvent +
racemc m'xture)) = 25.7 % = constant 15 Enantionmer excess 0 4% 6% 8% 10%
THOMO (C) TL 45 50 52 53 54 61 Exanple 27 : Resolution of ()-nodafinil
acid by the ASSPC nmethod on a 1 litre scale in nethanol Experl ment al

condi tiong 2EH ;
Filtration t&mpe y 0 0 i S fC to
18C for 1 hoyre swafés.nqﬁeﬁgln\@ent I\/ass () (g) Mass (+) (9) 14509 501. 5 55.7
10 Stirring speed =230 rpm Results Mass of the pure No. antipode Opti cal
purity (% 1o 1&xperimentalozonditiops. 9 (-) 78.2 3 137.1 (+) 72.7 4 125.5 (-)

84.1 5 95 9 ‘En)an?omerexc ss-1Q)% 88.6 7.87.0 (+) 85

Initial temperature Tg : 46.5°C

Filtration temperature Tr: 30°C

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

Mass of solvent Mass (+) (g) Mass (+) (9)
1450g 5015 557

10

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 (-) 1347
15 139.2 (+) 1285
16 159.4 (-) 127.5




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 62 17 114.0 (+
180.6 (+) 99.3 20 114.2 (-) 110.9 21 123.1 (+) 120.6 22 118.4

111.5 18 123.4 (-) 120.9 19

(-) 115.0

23 140.1 (+) 135.9 24 186.2 (-) 118.6 25 157.1 (+) 106.8 26 121.2 (-)

rystals of
ing the
(see AS3PC
met hod on

102.2 27 126.5 (p—122: ?7 281666 (-)T.]A% vt anﬁlti Lne
the pure antipode|= 108 g - Average optical purjlity —@7 A)S Ugi
SIPC method in ethanol A{®nditiohs assegdated with the)epadibrig
met hod) Exanple R8 - Resolutionlof () nodafinil|l acid by the SIPC
a2 litre scale pith seting at|the eABO&f coolfing i f+28Rahol 10
conditions Initia CIIQIILQOJII’UI €XTESS —ﬂ,izo 70 (_) 110.9

21 123.1 (+) 120.6

22 118.4 (-) 115.0

23 140.1 (+) 135.9

24 186.2 (-) 118.6

25 1571 (+) 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)

Initial

o 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 (%) (g) Mass (+) (g) 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



Tenperature at which the starting m xture is a honogeneous sol ution

40C. Mass of solvent Mass () (g) Mass (+) _(g) Cooling function

14.84 20 mn from40C to

TF before adding the seeds
time
t hr oughout

17C = seeding
= 0 mnutes
= fastest possible cooling by quenching 63 Stirring speed

Mass o

f seeds=l % -

Tp =
1874 118.4

tnperature 15 - Tine (pl ateau) at
Crystallisation

200 rpm

Vass o 1t HalgeD SRR ¢ ?Oﬁﬁbﬁ?ﬁ%”@iﬂq T BlroBRlY Ufingoh rfelsSiiehie, s

(-) 90.7 &irdr.3 (+) 91.4 4 31.

of the crystals of the pure antipode =

91 % Exanple 29 : Resol ution of

iolitre scale %th
excess :' 11.%14

2
31.28 ¢
() -nodafinil

(-) 90.9 5 31.6

(+) 91.5 5 -

- Average opti cal
acid by the S3PC nethod on a 2
seedi ng during cooling in ethanol
§s of solvent Mass () (g) Mass (+) (g) Cooling function

Initial

Mean nass
purity =

enant i oner

1874 118.4 14.84

N -
-

29C

20 mNbTom 40T NigssldfthbPure SEE DKL PUPBS Aol
antipode
(9)
] 30.9 (+) 90.4
5 315 (-) 90.7
3 31.3 (+)91.4
4 31.2 (-) 90.9
5 31.6 (+) 91.5

- Average optical purity = 91 %

Mean mass of the crystals of the pure antipode = 31.28 g

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 () (9) Mass (+) (9) Cooling function
1874 118.4 14.84 20 min from 40°C
to 17°C

15

Seed mass = 1%

Seeding temperature = 29°C

Crystallisation time = the fastest possible cooling by quenching

Stirring speed = 200 rpm throughout the procedure using an Impeller® mobile
stirrer.
20
¢ Results
No. Mass Optical purity (%)
before purification
1 25.2 (+) 84.5




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

I npel ler(r) nobile stirrer. 20 Results ®¥o. Mass Optical purity (% before
purification 1 25.2 (+) 84.564 2 24.9 (-) 85.6 3 25.6 (+) 84.6 4 25.2
(-) 85.3 5 24.9 (+) 85.8 Mean nmass of the crystals of the pure antipode =

25.2 g Average pﬁ{—n—ea-l—gauﬁ—&—y—z 85254 5—EXAMREES360-—F0-32——CG0ONVERSI ON OF
THE OPTI CAL ENANTI OVERE OF MODAFI Ni L HEPD TO ALKYL E&TER-hi s stage is
illustrated through The ise of (-)nodagsgil acid.  10( 'es 30 to 31 :

Esterification of _(-)-nodafiniljacid Exanple 30: in the presence of
di met hyl sul phate|{3.3 litdes of acetone?25@.6 litrjes of (@53, 349 g of Na2CO3

(3.29 noles), 15451 g of (-)-podafinil_acid (1 64 nmoles) were-placed in a
10 litre flask ahd heat& to athieve #8f ux. Then 330HM5-8f di net hyl
sul phate (3.29 notesywere run Tt over —tal-f—amhour—Reftox—was conti nued

for one hour and then it was allowed to cool to anbient tenperature in 20

hours. The medi um wadeahemagzosfithd coystale of tife soredhniisede ©2652 gl | i sation was
20 imedi ate and after 3 hours additional stirring filtration yielded a

white precipitate viWeiRIeLPtiGAlMERY FB%2 M tres of water.

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

This stage is illustrated through the use of (-ymodafinil 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;COj3 (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

. 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 ml of methyl chloroformate



This product was taken up again in 6 litres of water and again filtered. The
preci pitate was dried under vacuumat 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 chloroformate 100 g of (-)-nodafinil acid (0.36 nole) and 21.6 m of
triethytamne (0.36 nole) were added to 450 m of nethanol. 30 m of nethyl
chloroformate 65 0.36 nole) were progressively poured onto the solution

obt ai ned after 0.3fi gsoleltwere girogiessialyt popeed i orjownte safutiond obtained eafters

m nut es increasing Qronw%ﬁc tB 35C (release of C02). This was stirred for 2
hours and pour 8FSBIMIONSTBGSAle + water 5 (500 g / 500 m). The ester
crystal lised oubgoyghhelasiddreed HutasVbrdry infieuls. hcteaing Jkdth 2T teacned.
(Yield = 90.1 %. 10" Exanple 32 : Amonol ysis of the alkyl ester of

optical |y drei¢ase ab8&k).nThis weas atiredor 2thasss endnpauredodntadriigdiced water

t ol uene, 0'§Q6i9%$® oh water and 425.1 g of nethyl ester (1.474 noles) were
pl aced i é Bift WEubl e j acket reactor. The tenperature was raised to 30C
and bubbling of TagmBaster dppstalligad outl aftBRifitbANG dHl HRjiRg tRNBEY f Wter WA
operation lasted 1 hour and 45 mnutes and the mass of amoni a i ntroduced
was 200 g. optained.ng was maintained for 21 hours 30 ninutes, and then it was
cooled with the tenpergture being set to 0OC. The nmediumwas then filtered on
No. 3 sintered gﬂg§£Péﬁglg7&b 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. &xanvas 3t Ametbnohisis bf dhe el |estet obropticalhe attive anodafingl wer e
pool ed and recrystallised in 1.83 litres of ethanol 25 denatured with

tol uene. Hot fi@Cld ation yielded a filtrate which when cool ed yi el ded

1.63 litres of methanol denatured with toluene, 0.1 litres of water and 425.1

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 %.



a product which was filtered and dried under vacuum at 30C. 162.2 g of a
white product was obtained. Second crystallisation 30 These 162.2 g were
m xed with 810 m of ethanol denatured with toluene and heated under refl ux
to achi eve conplete 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 t(Blr@aptﬂr'rsttics 163C. 5 EXAMPLES 33 TO 34 : CRYSTALLI NE
STRUCTURES EXx . Stru f afi.ni|l acid 10 Modafinil crystals
wer e obt ai ned 1?}?8%?8@@[08‘{% Tﬁ%g@’higé ony 'ﬂén?tg'?InBQA ng characteristics:
Hexagonal P31 oyelidd Fgﬁmeﬂqaggnupon the enantionmer, the nodafilil is
therefore a conglonerate, a = 9.55, b=9.55, c= 13. 14A 15 - a = 90,000, =
90, 000, sy = 120,000 The dlffractl on intensities were neasured using an
automati ¢ SMART APEX (Brucker) diffractoneter at 20C. The structure was
resol ved using the set of Saintplus, Sadabs, Shel xs software packages. 20
The unusual nature of EhipPpetisy TQV:J‘I#JPCR‘?’S‘T*)!@_L‘]&%SWLR?TURESWQ&”' c

nol ecul es nust be errpha5| sed. The pattern repeats three tinmes in the crystal
| attice, so again Z = 1. The nolecules are |linked together by hydrogen
bonds via the acid and s I hOXId ./t may be comented that the
strongest ?ntefs ds) wap around the ternary

hel i cal ,axi s aMBBQfﬁIP&ﬁMéR/@rE%'@HQ& ‘From ééétbh@”Tﬁls phase has the following

characteristics:

- Hexagonal P34 or P3; depending upon the enantiomer, the modafilil
is therefore a conglomerate,
- a=955b=955c=13.14 A
15 - a = 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°



Exanple 34 : Structure of (-) and (+)-nodafinil formI| The crystalline
structure of (+)-nodafinil forml, identified as being identical to that of
(-)-nmodafinil forml, was determ ned. It fhs t he foll ow ng properties 30 -
Crystalline system = nonoclinic, Spatial group = P21 a = 5.6938, b =
26.5024, c= 9.3346 A P = 105.970 67 The diffraction intensities were

CoAr NG 1. pr oo 108 FfBIRL e IR werS Dportiot iThY ) LIRS MR T aeX ©

enant i oner Brtkefifvacttinete£8MROIGI Ng the fol l owing stages: i) dissolving
one of the optical enantioners of nodafinil in a solvent other than

ethanol, ii) crystallising the enantioner of nodafinil, 1ii) recovering the
crystalline formof the enantiomer of nodafinil so obtained. 2. Process
according to claiml1, in which the nodafinil enantioner is the

| aevorotatory enantioner. 3. Process according to claim11, in which the
nodafinil enantiomer is the dextrorotatory enantioner. 4. Process according
to any one of clainms 1 to 3, in which the crystalline form obtained is a
pol ynmorphic form 5. Process according to any one of clains 1 to 4, in which
crystallisation is perfornmed under kinetic or thernodynam c conditions. 6.
Preparation process according to claim5, in which crystallisation is
performed by precipitation, possibly in the presence of seeds of crystals of
the desired crystalline form 7. Preparation process according to claimb5,
in which crystallisation consists



of cooling the solution obtained in stage i). 8. Process according to claim
7, in which cooling is slow. 9. Process according to claim7, in which
cooling is fast. 69 10. Process accordiygng to clainms 4 and 8, in which the
solvent used in stage i) is selected fromacetone, 1-4 dioxan, ethyl
acetate, ortho, nmeta or para xylene, or a mxture of ortho, neta and/or
para xyl ene, and the pol ynorphic for@QL$dMSpbt ai ned is then described as Form
. 11. Process according to clainms 4 and 9, in which the solvent used in
stage i) is selected fromnethanol, water or al cohol/water m xtures, the
crystallige fo I i rd 0, i
accor di ngqto Cf’é@cég@if&gﬁ)@é@é,ﬁ:ﬁgnmiégﬁst? 'ﬁgs@wgnﬁﬂge%éﬁ'sﬁé‘ga (ng%z
i sopr opanfiadafinitr carapdding ¢hidrsdllondied stagesr et hanol denatured with tol uene,
the pol ynorphic form so obtained being described as Forml1Il. 13. Process
accor di ng td) cl aidigsavigare, ofi the\gptical emantissnersaf medafinihinsa gglveny othes
i sopropanol, the tﬁ?hy%)%’%c]l c formso obtained being described as FormI1.
14. Process accor ge laims 4 and 9, in which the solvent used in stage
i) is acetaqpe, tdigstafisiHiPtheerantiohiare? niddadinied being described as Form
I1'l1. 15. Process according to clains 4 and 8, 1n which the solvent used in
stage i) i diksel geceverindrtheecrystalireffarmanof dheoeoaatiomeneethynedafinilk ebone,
t he pol ynor phic %tﬁrm s0 obt ai ned bei ng described as FormI1V. 16. Process
according to any 8 &d'claims 1to 3, in which the crystalline form
obtained is a solvate of the optical enantiomers of nodafinil. 17. Process
according to clains 8 and 16, in which the solvent used in stage i) 1is
di met hyl @ar boRavegsst hecardingate ckaimolbt én wéhicth dhagnddatinil lemantismends dheet hyl
carbonate solvate of the optical enantionmers of nodafinil. 18. Pol ynorphic
f or m of t@"l%%@&%@@&ﬁ?”@f'the dextrorotatory enantiomer of nodafinil
described as Form 11, characterised in that it produces an X-ray
diffraction spectrumconprising intensity peaks at the interplanar spacings
8.54, B.57, Prodess acewdirg) 1@ cladmz1, (mwhigld 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

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.

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.

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



19. Pol ynorphic formaccording to claim 18, characterised in that it
produces an X-ray diffraction spectrumconprising intensity peaks at the
i nterplanar spacings : 11.33, 8.54, 7.5/, 7.44, 5.67, 5.33, 4.83, 4.59,
4.56, 4.45, 4.05; 3.88, 3.78, 3.71, 3.34, 2.83, 2.53 (A). 20. Pol ynorphic
formof the |aevorotatory or the dextrorotatory enantionmer of nodafinil
descri bed Hs Fdiroteésd acodrdimactoeclaisesi4iand 8ain whichrtbdisoheerduskdriaystage i)

di ffraction spectyum conpri si .ntensity peaks at. the interplangr spacings
15 55°"5. 98 soloin Hamanstanay ] Aigxa, sl SEcte) OHBP JHEL POPRIEEBIS Olg | 5

cl ai m 20, J et i WimrP r J i.0 trum
conpri si ngé:ir}ﬁ?(gﬁ%i {)\;/%g@gksr}n%{éa?ﬁ\'ghrnPg%?&g%gﬁn%%%ctﬁﬁggb&ﬁﬁogﬁﬁ%, fbl@?% ,

8. 54, 7. 3X%btéingd . is thehldeseribed ab bom #. 60, 4.48, 4.44, 4.27, 4.19, 4.10,

4.02, 3.97, 3.83, 3.66, 3.54, 3.42, 3.20, 2.91, 2.58 (A). 22. Pol ynorphic
formof the |aevorotatory or the dextrorotatory enantionmer of nodafinil

d i bed F j ' ti Rt :
die1cS 1(‘: ; :act(:a i oﬂﬁspg:@%ér%’ ggpn%??g %bllﬁﬁﬁse'ﬁg @%‘é‘%ﬁ?%‘?‘ﬂ # ﬁéﬁ\(%?qu&r anasrta%%zgci ngs

12. 38, 8. 58,selecldd flordnethaftl, (water 28.alddHolmmatehntixiuessn taecaydialimet forel ai m
22, characterised in that it produces an X-ray diffraction spectrum
conpri si ngthﬁﬂ@@ﬁﬂﬁ@bﬁéwseﬁﬁ%?ﬁé\si fFerar bl anar ~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. Polynorphic formof the

| aevorotatpry oproklss aessrditrtinis anaitd Doewhih thetstivémt bselteprstaged) as
FormV, characterised in that it produces an X-ray diffraction spectrum

conpri si ngsiiserrepangl, pepliopaapl, tatbyli agetatel emethanehsiengturedesith telugse, theos,
4.74, 4.66, 4.22..4.10. 3. (A) . 25, Pal. rphic fqrmaccording to claim
24, char ac?‘@}’ﬁngé‘ﬂ"? FP%&? 05?@&%(3 88@@&63%%;8@%9&%[” ﬂr action spectrum
conprising intensity peaks at the 71 interplanar spacings :13.27, 12.21,

9.63, 8.51, 7.20, 6.17, 5.60, 5.23, 5.03, 4.74, 4.66, 4.42, 4.22, 4.10,
3.97, 3.7713.3. dArocess@ccarding taclims A4) a8, M wisidhythecsolventaised il stage ibf t he

| aevorotatory or th ext r.or ot at.or, enanti.oner of dafinil -~characterised
in that it's %’qﬂieegg&aﬁ\%q%@o&ﬁl?@ﬁa fsgrq%alngg being J8s&ibed as FSMA'IR

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 Il

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

obtained is a solvate of the optical enantiomers of modafinil.

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 of the optical enantiomers of modafinil.

18.  Polymorphic form of the laevorotatory or the dextrorotatory enantiomer of
modafinil described as Form |l, characterised in that it produces an X-ray
diffraction spectrum comprising intensity peaks at the interplanar spacings : 8.54,
7.57,7.44,4.56,3.78, 3.71 (A).



spectrum conprising intensity peaks at the interplanar spacings : 12. 31,
9.69, 9.09, 8.54, 7.27, 6.21, 5.45, 5.10, 5.00, 4.83, 4.63, 4.46, 4.22,
4.13, 4.09, 3.78, 3.62, 3.53, 3.42, 3./2, 3.24, 3.21, 3.10 (A). 27. Process
of conversion of a first crystalline formof one of the enantiomers of
nodafinil into a second crystalline formof the said enantioner which is
different fromthe first, the said process conprising the follow ng stages :
i) suspending the said first crystalline formof the said nodafinil

enanti onerl9% n &elyperdys fameasedrding to elatn i1i8) chatasierisedyin Hatdhpepdisesnd

crystalli f Q i c 28 o] . oy ¢l t i I I t he
enanti one%%uggw sﬁﬁﬁfﬁgﬁoﬂ%qvﬁﬁ . E%Br'%ﬁgc@g%ﬁ%gcg)?gkgga (thﬂgl !’iﬁ?ﬁ%ﬁi n

whi ch t he_sbb&mEsQWﬁBQJ 8isae 7{8y m 45 56716133, 4383, £60c2BH, 49! 41059 3t88,cl ai m
29, in which the solvent used in stage 1i) is acetonitrile, as a result of
whi ch an &&8.ch71r3.84, 283v3ta3 (A. obtai ned. 31. Acetonitrile solvate of the
(-)-nodafinil or (+)-nodafinil enantioner, characterised in that it
produces an X-ray diffraction spectrumconprising intensity peaks at the

i nterpl anan. Sp@‘ﬂlﬁﬁég}'hiclﬁarﬂr?of ife kbvordtdtory or 1Re @extrBrotdtory - etfanti®niet. of 8. 15,
7.80, 7.09, 6.31,75.83, 5.62, 5.41, 510, 4.90, 4.66, 4.58, 4.46, 4.33,
4.20, 4.0modafed des@imd ;s7PorB. 80, cliammzterisedsin tha3jt pradyces3angX-rayoo,

ooar 1 oS GRSt TR st SRb hedplan SRR o
optical engnsg ;1B Ss Bff 410MBARf i3md (Bci d and recovering at |east one of the

enantioners, 1i) placing one of the two enantioners obtained in contact with
a lower alkyl haloformate in the presence of al cohol or an organi c base,
iii) recovering the product obtained, iVv nverting.the. ester,. obtained into
an' i de. 21v) " PauDeRG i SErIANE tBelm 20k ShAradieed i) Mt Phrdiess
accor di ng 4P Xet4) Mifdactibh ¥pectiurh NEoMphishg" IMéfsityS prakeVat thkK Yiterplanar
spacings : 13.40, 12.28, 8.54, 7.32, 6.17, 5.11, 5.01, 4.65, 4.60, 4.48, 4.44, 427,

4.19,4.10, 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
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 it produces

) 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
modafinil described as 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, 410, 3.77 (A).

25. Polymorphic form according to claim 24, characterised in that in

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



chloroformate. 34. Process according to claim33, in which the | ower alkyl
chloroformate is nethyl chloroformate. 35. Process according to any one of
clainms 32 to 34, in which the base used;jin stage ii) is selected from
triethylam ne, diisopropylam ne, diethylnmethylamne, or DBU. 36. Process
according to any one of clainms 32 to 35, in which the solvent used in stage
ii) is a inmmlaah'r wpudlngﬁl aamm 12321 P163¢ 8:51,a7.20; 6.17, 660an\5.23,e5.08, cl ai ns
32 to 36, .in he sol vent nstaelv%élsalwer al i phatic

al cohol 34: 4Pr4&%§s4%vc‘og?d4ﬂ8 §§7a|3y77or$e61)f Aai 08§3t1d in which

resolution of the optical enantioners of ()-nodafinil acid in stage i) is
carried out through a preferential crystallisation process. 39. Process

accor di ng260 cDammh% cdrbondtec Bolviate pufoties Saeforotiotyv iongtheheetworotatalry cal
enanti oners of modafinil acid or the salts _of the sane |s a seeded
process, ?Hé"%ﬂ‘af of Jeedafinibriilaractegsesdn ropt MW@@&@ T3y %ﬁﬁﬁ%. si ng

2'; ygt tafarsrp gpé%twerﬁfc;gﬁ]s[? 'Smt%nﬁ%ﬁ&mé ?l‘rﬁlg aC|r(1g F%%ﬁ{aand séf | n "t he

form of cersgl gray s, 5i4%; 50, 00, hes3slef. 63 /0196, p00221 4.1 deD| 8@, B}62; 13653,
concentration_and_tenperat ur vari ables TD lies in the nonophase domai n of
the dil ut 84oP3ei a4 31 r3a y cooling the solution prepared in stage a)
initially at the tenperature TD down to tenperature TF, c) seeding the
solution in stage b) during or at the end of cooling (TF) wth very pure

seeds of Rfe fProdessnefntdrveesion df ahfirst esystaiting fernt o ohel of thé driamtibiress
enantioner, e) addi ng[ the racem c m xture of cr%/stal s in the form of

congl oner 8f anoggfinihén ﬁn@h%@cqndq&af%ahh@%dpfmng the nsaif cemrntinsaer e ried in
™ i sucﬁﬂg m"@@ B Tt o PrOCAE ity e fBlYsiages : | emperature

suspending the said first crystalline form of the said modafinil
enantiomer in an appropriate solvent, and

ii) recovering the said second crystalline form obtained.

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

modafinil.
29. Process according to claim 28, in which the first crystalline form is Form |.

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

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

31.  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,
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 (A).

32. Process for the preparation of optically active modafinil from modafinil acid,

comprising the following stages :



symmetrical for Ewith respect to the plane of the racemc m xture of the
sol vent, (-)-antipode, (+)-antipode system the said point E being |ocated
in the nonophase domain of the dilute splution, f) rapidly cooling the
solution obtained in stage e), initially at the tenperature TD, down to the
tenperature TF, g) seeding the solution obtained in stage f) using very pure

seeds of thejseceosshrafiagt iHemMRvo BptidA" ¥REATIGHEeR YTt flySmebiafifie £4¢oakd
enantioner, i) adding the racemic mxture in the form'of a conglonerate of
crystals to the resoNering iatjleast oneofithe egarfitiamershe crystal harvests

f d in.st h d i Si .th inati heat i t
perforred 1t S8R R PRI S ST B AL P, 2
conbi nation havi ik Galbfdiriatd irfelEl SHe8EnRObTIcBhol dr 4IPBRAiOBagsa0es 2), D),

c), d, e), f), h nd j) I1n order to obtain the irst Tand then the second
of the two eniipt i ceoevering tseipoeket obtairkl, Process according to claim 38, in
whi ch the process of selﬁarati on o tical enantioners of

the, .t
()-nodafini| H¢i dCeRvest Qéh%?St?ﬁé’L?é'Péj WC\;\%FO Bidential crystallisationis a
sel f - seeded A%?Pq(ggoggﬁggth% PF‘ocﬁﬁ't gbféri%tiaﬁﬁstﬁggﬁ\@i sing the follow ng stages
. a r

74 a) creating a co n on conprising t cemc mxture of crystals
of the first enantiomer of nodafinil acid and solvent, in the form of
congl onmerate, _for which the defining point E defined by the concentration
and t enpePat uPESRSS; AEASdiNgE0; ¢lai 34 4 Which e thadoioraste ifoAdoes Il
enant i O”erchip’r"of%frﬁﬁﬁes and is in equilibriumwth its saturated sol ution, b)
applying a tunction for programm ng cooling fromthe tenperature of the
t wo- phase mi xture prepared in stage a), the said programm ng function being
such that the nother liquors remain slightly supersaturated encouraging
growt h of 3dhe Bresrssoatsordingstenelaim Ihdnrwhighdhecleyer alkylglofoimatedst i ng
spont aneo'}‘ﬁetﬂﬂcéh?(?rtoifoc%atgf the second enantioner present in the solution,

35. Process according to any one of claims 32 to 34, in which the base used in
stage ii) is selected from triethylamine, diisopropylamine, diethylmethylamine, or
DBU.

36. Process according to any one of claims 32 to 35, in which the solvent used

in stage ii) is a lower aliphatic alcohol.

37. Process according to any one of claims 32 to 36, in which the solvent used

in stage iv) is a lower aliphatic alcohol

38. Process according to any one of claims 32 to 37, in which resolution of the
optical enantiomers of (+)-modafinil acid in stage i) is carried out through a

preferential crystallisation process.

39. Process according to claim 38, 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



c) adopting a stirring speed which increases slightly over tine throughout
the period of crystal growh in stage b) in such a way that the stirring
speed is at all tinmes sufficiently slow to encourage growh of the first
enanti omer while preventing the generation of excessively |large shear
forces giving rise to uncontrolled nucleation and sufficiently fast to

produce a honpgeneqyy S3ISERNSE I ferRflof Gdtdlorherideior Whith eheTaEfM@hg Ipomrtor
about each crystallite of the first enantioner, d) harvesting crystals of

the first enanti onerk definediby fige chacenrttationcand janoperaddrecyariabdess Tprlieshie f or m
of conglonerate to the nother liquors resulting fromthe harvest perforned
in stage d) and brithginepaphasgsonaainsf tze fiwersdldianenper at ure pl ateau TB

for the tine nec i . ] LLLhrium. tu.Lhe
detining point £5) epEkoBitty 318, SNGHOR;HRBHE B b8! aL M. Hitbre
racem c m xtures of te?dm%rétgfe/ﬂ?btdov(mio tmparatee 1(F+')-anti pode system the
said point E being located wthin the two-phase domain of the second

enantionmer in excepseeslirdy the ssluiidn by stagevid)tduringsosat theaéedl of ebolingd(TE)f )
appl ying the sanme cooling progranm ng function as in stage b) to the two-
phase m xture prepaneith varysiuagesecells ob tiieafirst egabtienegcond enanti onmer in such
a way that the nother I%squors remain sljghtly su%ersaturated during

crystal lisation sé) d&aﬁ’ t@@_rcéb%taﬁr‘éfvwﬁﬁb?t%@é‘ BRWhti omer present in the
form of crystal's wiidgifh SHEMIdCSARARIUSSONCL et RilnPbr ERfaibhichite

enanti omer presen sol ut1 on, a stirring eed whi ch

i ncreases slightly aeethetmother liyaogh@sultingefrp@rthecharest petfadnediin gtaget h i n
stage f) in such a way that at all tinmes it is sufficiently slowto
encour age growt h of hénsediaogsnisingothe IRW| EOMBIRAtIANM PYhrating fg a

excessively | arge sq%g{aﬁ‘rg@gngﬁginiﬁgégg%ﬁé)owé&sg{%qO{Her cgéfﬁ%rd;wéﬁaté,og, and

sufficiently fast to ensi on and renewal of

the mother |iquor arwﬁﬁﬁ%ﬁ‘f&@%tﬂ'éﬁ%ﬁe@ﬁhé BRRFGARE 5BaMd Aiklre &

harvesting crystals e second enan
the solvent, (-)-antipode, (+)-antipode system, the said point E’

being located in the monophase domain of the dilute solution,
f) rapidly cooling the solution obtained in stage e), initially at the

temperature Tp, down to the temperature Tf

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

h) harvesting crystals of the second enantiomer,

i) adding the racemic mixture in the form of a conglomerate of crystals
to the mother liquors resulting from the crystal harvests performed
in stage h) and homogenising the new combination heating to a

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

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

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

40. Process according to claim 38, 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 :



i) adding the racem c mxture of crystals in the formof conglonerate to the
nother liquors resulting fromthe crystal harvest perfornmed in stage g) in
order to obtain a conbination whose composition 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 first and then the second of the two enantioners in

successi on. A1 ordiRea SARREAN SohfrRlY (et PacefBARIGE! SPEShIE bthe N

stage a) chol'c vent or ts an e working tenperature
range are defi fiest énansiooter af medafed aoid Bad sobiemt| in dhe dorsh pf conglotrigratées

f or i | te and of which te i tastable.within th
wor ki ng. t emper &ttur¥FHngae defiflgaoPeihEe elieds f e RNy EbAtiSh: Faffed but

of |ow viscosi wm?ggaltvéeowaw B4 TR 65 J8ESed - in! e ARDEMNRLTdorRAiMObY The and

racem sation, - s ity of the Solvates If these are present at

equi i bri um angnbRfi¥mepifexdedsihd RimealiibABAT With &s ARt BSItiod2. Process
according to any one of clains 40 to 41, characterised in that in stages

(a) and (e) bempelyingieefufiBtios foi ghegraminging teamling £tam é¢hgltemperatwemjdhesat i on

of the quantity of racem. ¢ m xture present in the injtial suspepsian, and
" that Trom  FESHIARE FURUGE, BIeRarediinci s DRI PEbSATIHTEG LN
enanti omer exc n r C t o] r ab ok 1 ! XL
the said tenpe?%t%ge%itg%}jeﬁﬁeﬂalfhr?qsﬂgﬁaﬁas %I;fé{tﬁ%a%hq}ﬂy%@ﬁ?ﬁﬁtﬁg
crystals of tleacburafinggewithafeheianastiames p(egerdil the joremdf tiystade wild
enantionmer in sta\?e 65‘(2 76 . in equi I"br_i um w.th therigL sat urated sol yt.i ons
represents at mERYCNt spRNtapeeys NysleatigR: aklie aptRsk FRADEPTIED HIE 0% of
t he expected h‘%ﬁé/@ﬁﬁ.ltioﬂs' Process according to any one of clainms 40 to 42,
characterised in that 1h stages (b) and (f) the progranm ng function for
cool i ng the temiepthygrestiBny cpEEd vaiph ipreades $lightlly revee ipee threaghodut the
assenbl age is defined in su rh a way as t - achieve slight supersaturation

t hr oughout t he RsERARS grystal é%hdﬂ istage P)gi;ﬁ‘ ich aavaynthat thmetirmpgesraad Sn t he

formof crystalg 4f times sufficiently slow to encourage growth of the first enantiomer
while preventing the generation of excessively large shear forces giving
rise to uncontrolled nucleation and sufficiently fast to produce a
homogeneous suspension and rapid renewal of the mother liquor about
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

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,

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

enantiomer present in the solution,



the start of each cycle, this slight supersaturation bringing about gentle
grow h and secondary nucl eation, - achi eve nmaxi mum supersaturation of the
ot her enantionmer at TF wi thout primary,.nucleation, - obtaining a harvest of
crystals in stages (d) and (h) which after addition of the racem c m xture
and making-up in stages (e) and (i), nekes it possible for the operations

to be cyel i cgl adbindaoRRA%y 3666 Wiikth rierehisnaiighily HIRF BRietiagghat thaat the

cooling program ng function is deternined f its part from F by
cool i ng of the pegod Laflanysteﬂlnecgfowm irastage fXlin fSwuchqarway thaCat @lhtrmesrrt i®ei ng
bel ow TL - H(J\/ﬁ) I ntorder to obtalr\_él abl e saturated solu $

wi t hout pri maryY \Giandly; FI(S’W QETRURISWIRY ™ &f SERAG AP W H tial

enanti oner  excegsidyl ?é‘néﬂ&ﬁﬁ t%&ceﬁv& C‘P&bb“%h@%@%&ﬁﬁ‘s“%rﬁw@ﬁ@“éﬁbdts

determned for its partU from B to extrapol ati on of thé sane function
as determ ned funoonffdlled bhuCeator, Fand&ufﬁmen’d&,esﬁasidooamlege tap hanyogemeous

I 40 to 44, ch t d t hat t ty b d th
ﬁeglt mrSeI easg aél:'ﬁﬁ%'%risﬁﬁg‘r Icf%(é!fjslfqnqw &f tgﬁén&ﬁpgrou %ﬁ’g’ Eﬁ:% @E@Y Hn'éesegond
enantiomer is 'o'f‘ﬂ%é’é’écﬁ{oeé’?éd}fo?nérhe cooling programmng function.

0

Process according to any ms 40 to 45, characterised in that in-stages
(e) and (i) lshdmar\msgm‘rysalsmnhezseeomhéeanhnméﬁ Process according to any

f cl 40 t , ¢ch t t t
the 11 ne. oryBt M8y iheLEERie FxtuBe S GVEHS POl foim ot coaigietbddneun oh
are added. ver e GRERIS.BR! AL ROMCRE, SYRIF FRbd Defoilea 11 SB6EY i,

accel erating the di ss ut| on st such s grin and si evi ng,

with ult rasound)rd@vl@sotﬁauparcbnﬂdnndawphﬁhbseabmpbsntm isRdentiss tathat ofithg t o
any one of clains 40 to 47, characterised in that in stages (a), (e) and

(i), the sti rrl"ﬂiﬁasﬁ?%@@”?tjo“ Fereased. 49. Process according to any one of

2. mot hoxyet HindPP et oE DR ) B oot B ST MR g8 oBAf S g Ky FERT 1,

t he tenperat ur Qhé’ Eebd)mds obttie@@eflantiomers in succession.

41.  Process according to claim 40, characterised in that in stage a) choice of
the solvent or solvents and the working temperature range are defined in such a
way as to have simuitaneously:
- 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,
- 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.

42. Process according to any one of claims 40 to 41, characterised in that in

stages (a) and (e) temperature Tg 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 THopMmO in relation to
the enantiomer excess and for a constant concentration of racemic mixture X|_
the said temperature Tp is defined in such a way that the mass of fine crystals of

the first enantiomer in stages (a) and (i) and the second enantiomer in stage (e)



and 40C. 51. Process according to either of clainms 49 or 50, in which the
concentration of the racemic mxture in stage a) |lies between 2 and 50 % by
mass. 52. Process according to any one gf clainms 49 to 51, in which the
enanti omer excess in stage a) lies between 1 and 50 % by nass. 53. Process
according to claim52, in which the tenperature TB |ies between 25C and
50C. 54. I campslibrascowithniheio satyrabed sdlutidres meprssends 58t mostwhioéh dnd at i on

of the tenperature plateau TB |.ies t wee 5_and 60 min., 55. Process for
ot epar at | GIETGTANBETeT AP RRERAE A Do L ANTAAT AN SBREIERNARIESY he 1 of | owi ng
stages : a) separating the two optical enantioners of ()-nodafinil acid or
salts of the sane through a preferential crystallisation process as defined
i n clains 436 teréeessbaccondingrtbiany dhe of alaimsnéth to d2erchbcacierised dethat di
recovering the npdafinil enantioner @g\t ai n?d. 7‘3%6 Sg. Process aﬁ_cor Lng to
cl ai m 55, S{agefrpe Rngt@deemnroganyaing kiacken orLaakng teedgawperafyye dantPel ki on of

e 2o SRR T o B S htss BBl SR BTl Poocit,

the polymorphic 101 gfieyve( - Eﬁdgﬁdaﬁﬁﬁ@r’saﬂﬁaﬁgn (*thrdﬂcgqlﬁ)fuit”iqhe dg%ﬁb{i begras

Formll, in association wt pharmaceuti cally acceptable vehicle. 58.
Phar maceut i cal conpesystalbsatoonpf tte egantiempo pyeserihin cthieoformobf clysjalsadaf i ni |

S mcent a1y ac U AU i Coa i iR nd bout
deseri bed_as Form | Gena Sl hecdrder RBlbh, 0 Dt i ol 1y accept abl e
vehicle. 60. Pharimeaehigveamagimmosstipersaitoator of rthet dtbep @namtiopiar catf O m of
() without primary nucleation,
- obtaining a harvest of crystals in stages (d) and (h) which after
addition of the racemic mixture and making-up in stages (e) and (i),

makes it possible for the operations to be cyclical.

44, Process according to claim 43, characterised in that the cooling

programming function is determined for its part from T|_ to T 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

extrapolation of the same function as determined from T|_+ 1°C to TF.

45. Process according to any one of claims 40 to 44, 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

programming function.

46. Process according to any of claims 40 to 45, characterised in that in stages
(e) and (i) shortages of solvent are made up.
47. Process according to any one of claims 40 to 46, characterised in that in

stages (a), (e) and (i) the fine crystals of racemic mixture in the form of



nodafinil or of (+)-nodafinil, described as FormV, in association with a
phar maceutical ly acceptable vehicle. 61. Use of the pol ynorphic form of
(-)-nodafinil or of (+)-nodafinil, descwi bed as Formll for the manufacture
of a pharmaceutical intended for the prevention or treatnent of a disease
sel ected from hypersomia, including in particular idiopathic hypersomia
and hyper goAglotdrated avhientase aldtied! aerdYefore Bedey irtrrRiced suljédtedaoiione

anal gesics to relieve pain; sleep apnoeas, excessive somol ence associated
with a di deateenbisscelesating the edissalvtior astagnarss6hegsy grindingoRafc sieving,

G ot ur ban BRI ERER W EERS RS B BRERRRTRLE Par i noon' s ai seace:
protection of the cerebral tissue against ischaem a, al ertness disturbances,

in particular alertness disturbances associated wth Steinert's disease,
attenti on48di sfupeesscaccording toxammyp pae £f firimst 49 t9id7h diasretadsediin hatADHD) |

the conditjion of, fati N i t hat sociated with nmultiple
scl er osi Stsgq%eso(@p],e('e?ahgggn@;aﬁtf?@ﬁé aﬁgé‘ggse'b?%&ggﬁmsi on, the depressive
condition associated with low 79 exposure to sunlight, schizophrenia,

rotating shift work, tine shifts; eating disturbances in which nodafinil
acts as ar9appé&rocessadanntingttp anyeornst ofmldims 3% oo#0 todBnin whicht inecsaleent i n

| ow doses. 62.. e of th ol yagorphic formof (-)-nodafinil or of

(D) ot 3R in slege aMs P B riepRvetBaRdi: athaBEs ur o of n
pharmaceutical intended for the prevention or treatnment of a disease

sel ected from hypersomia, including in particular idiopathic hypersomia
and hyper $&mi #rocegmacandimgdbiataimed9 by which tieeternperatee Tmiies bebvedn Oe
anal gesics to relieve pain; sleep apnoeas, excessive somol ence associ ated
with a di #98s#0°Cebstructive sl eep apnoeas, narcol epsy, somol ence,

excessi ve somol ence, excessive somol ence associ ated with narcol epsy;
di sturbances of the central nervous system such as Parkinson's disease;

protectiorgof tHi8cES 86Ny RS&ithaddFidiins! 4% bRS0 fh WHIEH tHEESnEkRFatidpances,
in particular alertness disturbances associated with Steinert's disease,

at t ent i on ofdiha tagemaisceixture on stagena)l lesdwetweentZeandb0 Vo thypeasst i vity (ADHD),
the condition of fatigue, in particular that associated with nmultiple
sclerosis and ot her

52. Process according to any one of claims 49 to 51, in which the enantiomer

excess in stage a) lies between 1 and 50 % by mass.

53. Process according to claim 52, in which the temperature Tpg lies between

25°C and 50°C.

54. Process according to any one of claims 49 to 53, in which duration of the

temperature plateau Tp lies between 15 and 60 min.

55. 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 36 to 54,
b) converting the said enantiomer to an amide,

c) recovering the modafinil enantiomer obtained.



degenerative di seases; depression, the depressive condition associated with
| ow exposure to sunlight, schizophrenia, rotating shift work, tinme shifts;
eating disturbances in which nodafinilsgacts as an appetite stinmulant, the
stinmulation of cognitive functions in |ow doses 63. Use of the pol ynorphic
formof (-)-nmodafinil or of (+)-nodafinil, described as FormlV for the
nmanuf act ursé. of Paogdss aacending &b dlaitre’3&edn fvahich retage enjeist camiedoout medvorent  of
a di sease ga el ected from hypersomia, including in particular idiopathic
hyper somiS$#%id hypersomia in patients affected by a cancer treated wth

mor phi ne_anal gesi g3y baniioer tRisid ShERRIARTARRS loWeiCaRYl etesomol ence

associated with a sease obstructive sleep apnoeas, narcolepsy,

somol ence, excedl) aenwtmgItleslpa)dtmtobbasmetblrssiagelbdr)ct@aamnﬂeat ed with

nar col epsy; disturbances of the central nervous system such as Parkinson's
di sease; protection of the cerebral ti ssue agai nst ischaem a, alertness

ol nerengie:  PharBbbifichi® o AnEELfGTS iR the_ RRARLANEC, Mol of

Steinert's di sease i on urbanc r exa ed wth

hyper act i (Htryiod&fiiDor (bﬂ1¢+)Cm0dBflmDndQ§Cﬂbceﬂt BgURormnllpan t assdcitionhadiith a
associ at ed WI th multiple sclerosis and other degenerative diseases;

depr essi o, wmaca@m@wwgp@&lﬁwhl@w associated with low 80 exposure to
sunlight, schizophrenia, rotating shift work, time shifts; eating

di sturbances in which nodafinil acts as an appeti te stiml ant, the

stinul ati @8.of Prepgrickuticalf udsrhposition N dopiprihses thé4. quihlé héopal yafor phi c
formof (-)-nodafinil or of (+)-nodafinil, described pd{ﬁ FormV for the

manuf act ur(@-pedafipher rﬁcéﬂrm@daﬂmht@eﬁfé@eﬂoaStE@rmrlélvent asspcition métht Aent  of
a di sease I including in particular idiopathic
hyper sormip}%éﬁ%ﬁ%%'@%?égabié)g%@?&ts affected by a cancer treated wth
nor phi ne anal gesics to relieve pain; sleep apnoeas, excessive somol ence

associ at ecs9uM t IPrarpiaseatical obsrhpositione cregisiggpnaeas, pdlamnospisipsform  of
sommol ence, excessive somol ence, excessive sommol ence associated with

nar col epsy(-)-madafinjl 19arefe & )omodatinik edescaibedeas Jier 3yl dim aseIriatiorParit Ason' s
d! sease; c&{a%ﬁ%hﬁ&@f CICFE é @i?:l ti ssue agai nst ischaem a, alertness
, icul"ar arer

di sturbances, I'n " par ness di sturbances associated with
Steinert's disease, attention

60. Pharmaceutical composition comprising the polymorphic form of (-)-
modafinil or of (+)-modafinil, described as Form V, in association with a

pharmaceutically acceptable vehicle.

61. Use of the polymorphic form of (-)-modafinil or of (+)-modafinil, described
as Form || 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



di sturbances, for exanple associated with hyperactivity (ADHD), the
condition of fatigue, in particular that associated with nultiple sclerosis
and ot her degenerative diseases; depression, the depressive condition
associated with ow exposure to sunlight, schizophrenia, rotating shift
work, time shifts; eating disturbances in which nodafinil acts as an
appetite sxposurento surdight,i sthiaoplnendf, ratatymg tshift fuwonict itioves shifts;owatinges.

65. Acetic,acid | vate qof the (-)-nodafinil or, (+)-nodafinil,. ti ,
char act er FSSORRSER I Wb FAHASBL 4TS 252 2BPPHte ST HANG DB FERIEB 1 1 g
I nt ensi tygggﬁiﬁge%nédaﬁsgmsﬁ Abagar spacings: 9.45, 7.15, 5.13, 4.15,

3.67(A). etic acl vate of the (-)-nodafinil or (+)-nodafinil
enantionmer, characterised in that it produces an X-ray diffraction spectrum

conprisin intensity peaks at .the interplanar spacjings: 13.30, 12.35, 9.45,
8.48, 7.1%2. ¢! ,°f5%@19§ﬁﬂ9§?h'9,?@fﬂ? 031?96!10‘1%(813', MP%&*%"EP&Q?”%.%F” edy,
3.80, 3.6 : 4 3 ) phi c

f or m of t%g I?OI)ézrlr% ca)lfﬁ'rﬁ ?%8}] pa(sl%enod%%i’h %?rpag%%‘tﬁq[all gﬁwr;téﬁdéé‘égrsngel Bﬁé?eégg gn

anor phous of areatment cdf aagisbasedetected foymt hgpersoneds, Bicludingpni parigulaeat i ng
the acid acetic, solvate as defined in clains 65 and 66 at 120C for 3 hours.
68. An amifipRahic hyeraempia and hypersesyye 4t sajents aftsated bytacancer teepladi oner

of nodafi njd. . ceut | ca Sdit i Sl y or
dext  or ot AT RZehif RGBSR 0, Aty ERERT Niters BphBRRE  SlckeR SRvbRIEEY
phar maceutdssatibiedadithd di¥easexobpiredtive. sléfp apnoaasohatadlepsy;, semnolence,
dextrorotatory enantiomer of nodafinil in a polynorphic form described as

Form |, tIRXEepyYRIuSBNAIEHSREXCRSENE SaNTTalenas AssOsEied umitho MATFAIERYY;
intensity t [.Qt nay acl . 8.84, 4. - A) .
71. The | aaié\?g'lrb}tng%? gf tb%egé&@r E‘P&%&oﬁygﬁ‘%nﬁ@“@?s o%gm'%é)?%ni ﬁsgg%%or di ng
to cl ai m Hotewtien edfnthieheeredlal iyl agaipsMmigohadhiias aferivsdedisiirbanyes, in
diffraction spectrum further conprising intensity peaks at the .
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

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



i nterplanar spacings: 13.40, 6.34; 5.01, 4.68, 4.62, 4.44, 4.20, 4.15, 3.90,
3.80, 3.43 (A). 72. A laevoratory or a dextrorotatory enantioner of
nodafinil in a polynorphic form descrggped as Form 1, that produces a
powder X-ray diffraction spectrumconprising reflections at 15.4, 31.1,
33.1 and 33.4 degrees 26. 73. The laevoratory or the dextrorotatory
enant i omerexpbsuneddd i surlightc sohidoplyreinia, c retating 2shifthevoek,n tine  ghifty;m@aihge f orm
produces a, powder X- ray diffraction spectrumfurther conprising reflections
bt 9.8, 20isurbaRces in yigh medafiniacts asAn gpPeste simuylangsine SUMUBHORE ces
29. 74. AoBgﬁftiUBCfG tio‘?@'in?&?ﬂ%%gi on conprising a | aevoratory or a

of o

dextrorotatOry enanti oner afinil according to clains 70 to 73 with
pharmaceutically acceptabl e excipients. 82 75. A pharmaceutical conposition

consi sti n%qessenti ally of a |aevaratory or a dextrorotatory enantiomner

f
of modaf i adlssr o g pelymeyphiadosn of Ké-medgﬁim’sorref {9-medafighgdssariped

phat eceutdeabint vaf R AR pS6I 4 bRarfoe BB R R adlof 1€ Bl intion or

(-)-nodafinil- polynor

phar maceuttiezinefp ngfosi tdistaseo spldcied ofrémFdiypetsopmiigdnelndig (in) partiwdigdri ni |
or a Form_|_ polynorph of (+)-nodafinil according to clains 76 and 77 al ong
wi t h phar ridiepathic Bypsrsapwéh aagypessampnianp patients affemied hyca ganeay treated

conposi ti c 2Nt | y of F. I r =) - inil

or 5 For mitEARREREHhSRI et nhucabPhiongBlad T isile Sor TR e
76 and 77 ssabiated Withpd dligeaselbbsRutiversieeptagrorasenatdulgpsys - scPinolénes,ocess
for preparing a Form | polynmorph of (-)-nodafinil or a Form | pol ynorph of

(+) - nodaf igXCESSBAPBPRINAENCRe eXaassivef somnqlenss dasapciated| withornaseolepsy;

(07 oSt gl 6RO SBE n 50 (iR PRI Phokdh
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.

65. Acetic acid solvate of the (-)-modafinil or (+)-modafinil enantiomer,
characterised in that it produces an X-ray diffraction spectrum comprising
intensity peaks at the interplanar spacings: 9.45, 7.15, 5.13, 4.15, 3.67(A).

66. Acetic acid solvate of the (-)-modafinil or (+)-modafinil enantiomer,
characterised in that it produces an X-ray diffraction spectrum comprising
intensity peaks at the interplanar spacings:13.30, 12.35, 9.45, 8.48, 7.15,
6.16, 5.41, 5.13, 4.97, 4.86, 4.68, 4.61, 4.42, 4.15, 3.94, 3.80, 3.67, 3.57, 3.53,
3.40, 3.33, 3.30, 3.14, 3.10 (A).

67. Polymorphic form of the (-)-modafinil or (+)-modafinil enantiomer,

described as an amorphous form, which may be obtained by the process



c) filtering the crystals; d) drying the crystals; and e) obtaining the
crystals of said Form |1 polynorph of (-)-nodafinil or said Form | polynorph
of (+)-nodafinil wherein the solvent ofgstep (a) is selected fromwater,
absol ute et hanol, absolute ethanol plus 3% water (v/v), and ethanol
denaturated plus 3% water (vlv, based on the total volume of ethanol and

tol uene) . cdmprisiagoheatitg RRE ¥erd Bbefic solvatefad defiieddh ichaim65aind 66 at

(+)-nmodafinil, described as an anorphous form according to any of clains
67 or 68, 1207C fond hatst act ure of a pharmaceutical intended for the
prevention or 83 treatnent of a disease selected from hypersomi a,
including in particular idiopathic hypersomia and hypersomia in patients

affected Igg, a WC@,&\qrbhsase%d{g{mrﬁﬁrml fife aRRVeRatory ot dRXtRtOtIRIg:

sl eep apnoeas, excessive sormol ence associated with a di sease, obstructive
sl eep apnedantiomer ebmgsiafinisonrmol ence, excessive sonmmol ence, excessive
sommol ence associ ated with narcol epsy; disturbances of the central nervous
system such as Parkinson's disease; protection of the cerebral tissue

agai nst i gghagm pharhfiddirial di EHpBaRic. dompaAsing ular Iavsratess or
di sturbances associated with Steinert's disease, attention disturbances,
f or exanpldextmgotatosny ezhantiomey fr eadafinil acoordbing thclaimmB® iasn6dfwitht i gue,

in particular that, associated with . .multiple sclerosis and ot her

degener at i%rmaé’@é'é@éi'y %ﬁ%gke&ﬁc'f’@tﬁepr essi ve condition associated with
| ow exposure to sunlight, schizophrenia, rotating shift work, tinme shifts;
eating disturbances in which nodafinil acts as an appetite stinulant, the
stimul ati ai9.of A clagupbratoeyf oncai dextronotatoryd cremntic@dfer Usf miodalffimilpdhyaor phi c
formof (-)-nodafinil_or of (+)-npdafinil, scribed as Form |, cordi ng
Lo any. of RANNAIPRE (87 deSsHRGRL a8 ERiThde dhat ArogugRs: AmeBWdeE k18 ended
for the preHRidt Ik ey . di S dafr h AN

i ncl udi ng (ﬁn pgic%}?cﬁlpae%iﬁf'opatrﬂpggu%/pier?tgg?ﬁﬁyaeém ysiergﬁém%‘gfé[r patients

af f ect ed Ispazingsic@54; 427, 402,398 (A).

71. The laevoratory or the dextrorotatory enantiomer of modafinil
according to claim 70 , wherein the polymorphic form produces a powder X-
ray diffraction spectrum further comprising intensity peaks at the
interplanar spacings: 13.40, 6.34; 5.01, 4.68, 4.62, 4.44, 4.20, 4.15, 3.90, 3.80,
3.43 (A).

72. A laevoratory or a dextrorotatory enantiomer of modafinil in a
polymorphic form, described as Form |, that produces a powder X-ray
diffraction spectrum comprising reflections at 15.4, 31.1, 33.1 and 33.4
degrees 26.

73. The laevoratory or the dextrorotatory enantiomer of modafinil
according to claim 72, wherein the polymorphic form produces a powder X-
ray diffraction spectrum further comprising reflections at 9.8, 20.8, 26.4,
28.3, 28.7, 29.9, 31.6, 32, 34.1, 35.1 and 39 degrees 26.

74. A pharmaceutical composition comprising a laevoratory or a
dextrorotatory enantiomer of modafinil according to claims 70 to 73 with

pharmaceutically acceptable excipients.



nor phi ne anal gesics to relieve pain; sleep apnoeas, excessive sommol ence
associ ated with a di sease, obstructive sl eep apnoeas, narcol epsy,
somol ence, excessive somol ence, excesgi ve sommol ence associated wth
nar col epsy; disturbances of the central nervous system such as Parkinson's
di sease; protection of the cerebral tissue against ischaem a, alertness
di sturbances, in particular alertness disturbances associated with
Steinert's disease, attention disturbances, for exanple assocjated with
hyperacti vi%y @phaymacauticahepmpesiten consisting egsphtially of & laeygratory
associ ate ' ] 1§ I Q8] : ' S ;

br éﬁhérbec f olJoli’él'.%rzcllene.sln8|l%[rﬁe|""B?I n%@fﬁnii%%\%%?ﬂﬁfdoyf aﬂg Give OF 'the

depr essi on, epressi ve con I On assocClI at exposure to

sunlight, claighé 0B 3nalong withtphgrnsddduiticatlykacdeptabihexéipierest i ng
di sturbances in which nodafinil acts as an appetite stinulant, the
stimulation of cognitive functions in |ow doses.

76. A Form | polymorph of (-)-modafinil.

77. A Form | polymorph of (+)-modafinil.

78. A pharmaceutical composition comprising a Form | polymorph of (-)-
modafinil or a Form | polymorph of (+)-modafinil according to claims 76 and

77 along with pharmaceutically acceptable excipients.

79. A pharmaceutical composition consisting essentially of a Form |
polymorph of (-)-modafinil or a Form | polymorph of (+)-modafinil according
to any one of the claims 76 and 77 along with pharmaceutically acceptable

excipients.

80. A process for preparing a Form | polymorph of (-)-modafinil or a Form
| polymorph of (+)-modafinil comprising the steps of:

a) providing a solution of (-)-modafinil or of (+)-modafinil dissolved in a hot
solvent;

b) rapidly cooling the solution from step (a) to produce crystals;

c) filtering the crystals;

d) drying the crystals; and

e) obtaining the crystals of said Form | polymorph of (-)-modafinil or said
Form | polymorph of (+)-modafinil wherein the solvent of step (a) is selected
from water, absolute ethanol, absolute ethanol plus 3% water (v/v), and
ethanol denaturated plus 3% water (v/v, based on the total volume of

ethanol and toluene).

81. Use of the polymorphic form of (-)-modafinil or of (+)-modafinil,
described as an amorphous form, according to any of claims 67 or 68, for

the manufacture of a pharmaceutical intended for the prevention or



83

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

coghnitive functions in low doses.

82. Use of the polymorphic form of (-)-modafinil or of (+)-modafinil,
described as Form |, according to any of claims 70 to 73, 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.





