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Modafinil (G 5H 5NO2S) of fornmula I, 2-(benzhydryl sul phinyl)- acetamde, is
a synthetic acetam de derivative possessi ng wakeful ness- 10 pronoting
activity, whose structure has been described in US patent 4,177,290 and
whose racem c form has received the approval of the registration
authorities for use in the treatnent of narcolepsy. i (/NH2 OO0 (I)

Exanpl e 1 (scheme 1) of US paHeiNFifyll SYNPIESISPROCESS i bes a 15 process
for preparing nodafinil whi ¢ conprises reacting benzhydrylthioacetic acid

with thionyl chloride in a first step. The acid chloride obtained is then
reacted with ammonia to give th r ' amde. Finally, in a

| ast step, the sul phur atom of ﬁ?ﬁgj Q?E%MQ?@ oxidized in the
presence of hydrog‘:&rﬂ?‘g%én?‘uﬂ‘éﬂhbﬁ i @irdcied ﬁ'%ﬁrdﬂé@@f&)ﬁp}ep%ﬂodﬁihﬁll SYCH

ne :, e SC HA 0 O H202 NHZ NHZ
5 having a defined granulometry.

BACKGROUND OF THE INVENTION
Modafinil (C1sH1sNO2S) of formula |, 2-(benzhydrylsulphinyl)-
acetamide, is a synthetic acetamide derivative possessing wakefulness-
10 promoting activity, whose structure has been described in US patent
4,177,290 and whose racemic form has received the approval of the

registration authorities for use in the treatment of narcolepsy.
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Example 1 (scheme 1) of US patent 4,177,290 (Lafon) describes a
15 process for  preparing modafinii  which  comprises reacting
benzhydrylthioacetic acid with thionyl chioride in a first step. The acid
chloride obtained is then reacted with ammonia to give the corresponding
acetamide. Finally, in a last step, the sulphur atom of this intermediate is

oxidized in the presence of hydroperoxide in acetic acid to give modafinil.
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WO 2004/ 101503 PCT/ 1B2004/ 001409 2 Schenme 1 The drawback of this process is
that the step of oxidizing the sul phur of the
2-[ (di phenyl net hyl )t hi o] acetanmi de internediate in the presence of hydrogen
peroxi de WO WMNME t to control and may lead to the forﬁﬁﬂlﬁwotwmé"%
sui phone by-product (I1) which is difficult to separate fromthe nodafinil.
I~ O""'YNH2 C OO0 (Il) Patent application WO 02/10125 (TEVA) describes a
process for preparing nodafinil which taked the sanme kind of approach. In
this 10 application, however, the step of oxidizing the sul phur of the
2-[ (di phenyl net hyl )t hi o] acetam de is carried out using hydrogen peroxide in
the presence of a mineral acid such as Pee®e 1 HCl 04 or H3PO4 and a |inear,
branched or cyclic f , ' | & 1hHY;r@N
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oxi dati on of the sul phur atom of benzhydrylthioacetic acid in the presence
of hydrogen peroxide takes place in the firgt step. The internedi ate
obtained is then converted to the nethyl r, i . e. methyl
di phenyl net hyl sul phi nyl - acetate (DMSAM), by reaction w th dinethyl
sul phate. Finally, after gaseous 25 ammuni alRa bggyp bubbled into a
met hanol i ¢ sol ution of DVBAM for one , tie Jeaction mixture is left in
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contact for four hours. The nodafinil
Patent application WO 02/10125 (TEVA) describes a process for
preparing modafinil which takes the same kind of approach. In this

10 application, however, the step of oxidizing the sulphur of the
2-[(diphenylmethyl)thiolacetamide is carried out using hydrogen peroxide in
the presence of a mineral acid such as H,SO,, HCIO, or H3PQ, and a linear,
branched or cyclic alcohol or a phase transfer catalyst, optionally in an inert
organic solvent.

15 According to the authors these conditions are particularly suitable for
the oxidation of sterically hindered sulphides such as modafinil and allow the
oxidation step to be controlled and in particular the formation of the sulphone
by-product (ll) to be avoided. _

Example 1a of US patent 4,177,290 (scheme 2) proposes a quite

20 different approach for the industrial-scale preparation of modafinil. Thus the
oxidation of the sulphur atom of benzhydrylthioacetic acid in the presence of
hydrogen peroxide takes place in the first step. The intermediate obtained is
then converted to the methyl ester, i.e. methy! diphenylmethylisulphinyl-
acetate (DMSAM), by reaction with dimethyl sulphate. Finally, after gaseous

25 ammonia has been bubbled into a methanolic solution of DMSAM for one
hour, the reaction mixture is left in contact for four hours. The modafinit thus

obtained is isolated and recrystaliized in two stages.



obtained is isolated and recrystallized in two stages. WO 2004/101503
PCT/ 1 B2004/ 001409 3 H2ZO2 OHOH S Y ACOHO OO Me2SO4 NH3 --f Ove NH2
NaHC03, 2&04561%0'” / OO0/ OO DMSAM Schene 2 Thi $caBReIR0i09
process, however, has drawbacks. In particular it 5 involves a plurality of
steps of recrystallization of the nodafinil obtained, and presents a

nmedi ocre yield. US patent 4,927,855 (Laf og) descri bes the synthesis of

| evorotary nodafinil by reaction of a 0.3 nol.L-1 solution of (-)-DVSAM

wi th anmonia at anbient tenperature. Follow ng recrystallization, however,
the levorotary 10 nodafinil is obtained with a nodest yield. Studies have
shown, noreover, thatythe particle size of theafdafinil has a great
influence on the phar ol ogi cal efficacy of t npound. Thus, according

af i nil particles induce an
2 | c@H effi-caew of | NpH, probably by
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the sai d applicat ~es# descri Pes pharmaceutic corosPtions conprising a
honobgeneous m xture of nodafinil particles of defined granulonmetry (mean (2
to 19m, nedian (2 to 60 pm). T 20 particles are obe_d after

grinding of the nodafinil prepar py t he

9,
(7=

Me,SO, NH,
—— OMe — = s NH2
NaHCO,, H,0 $ MeOH :
0O O o O

Scheme 2

This preparation process, however, has drawbacks. In particular it
5 involves a plurality of steps of recrystallization of the modafinil obtained, and
presents a mediocre yield.

US patent 4,927,855 (Lafon) describes the synthesis of levorotary
modafinil by reaction of a 0.3 mol.L™" solution of (-)-DMSAM with ammonia at
ambient temperature. Following recrystallization, however, the levorotary

10 modafinil is obtained with a modest yield.

Studies have shown, moreover, that the particle size of the modafinil
has a great influence on the pharmacological efficacy of the corhpound.

Thus, according to application WO 96/11001 (Cephalon), small
modafinil particles induce an increase in the pharmacological efficacy of

15 modafinil, probably by promoting its absorption as compared with larger
particles.

In that context the said application describes pharmaceutical
compositions comprising a homogeneous mixture of modafinil particles of
defined granulometry (mean (2 to 19.um), median (2 to 60 pym)). These

20 particles are obtained after grinding of the modafinil prepared by the
conventional methods, in order to reduce the size of the particles or
aggregates, followed by screening of the resultant particles to give a defined

particle size distribution.



conventional nethods, in order to reduce the size of the particles or
aggregates, followed by screening of the resultant particles to give a
defined particle size distribution. WO 2004/101503 PCT/ |1 B2004/ 001409 4
Fur t her now® 200€0085893c nodafinil can be obtained in differeal/IBWokNgo@I%pNiI C
forms or in the formof a mxture of these pol ynorphs, depending on the
operating conditions enployed (WO 02/10125 (TEVA)). Since the various

pol ynor phs of nodafinil may present very dafferent 5 physical,

phar maceuti cal, physiol ogi cal and biol ogical properties it is inportant to
have avail abl e a preparation process which allows one single polynorph to
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pol ynor phs of nodafinil. A further aimof the inventionis to furnish ¢
process whbch phiysicat phadagceiticalo pleysiblogicabdantd r boldgicahi propetties it is
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conposition, possess different crystalline network energi es and,

consequently, different sol UbiéliJMI\ﬁiRWO?-' .ﬂ_ligemvgms‘b i zation solvent.
10
One of the aims of the present invention is to provide a process
which allows modafinil to be obtained directly in the form of particles of
defined granulometry.
Another aim of the present invention is to furnish a process which
15 allows modafinil to be obtained in a single polymorph. This process makes it
possible in particular to obtain selectively different polymorphs of modafinil.
A further aim of the invention is to furnish a process which allows
modafinil to be obtained directly, without a subsequent purification step, in a
purity of more than 89.5% and with high yields.
20
DETAILED DESCRIPTION OF THE INVENTION

The existence has now been found of two polymorphs in the process

of crystallization of racemic modafinil. These two polymorphs, while being of

25 identical chemical composition, possess different crystalline network

energies and, consequently, different solubilities in a given crystallization
solvent.

More specifically it has been shown that one of the polymorphs has a

high nucleation frequency and therefore crystallizes first, for reasons of

30 kinetics. Under equilibrium conditions this kinetic polymorph tends to



More specifically it has been shown that one of the pol ynorphs has a high
nucl eation frequency and therefore crystallizes first, for reasons of 30

ki netics. 18 ilibriumconditions this kinetic pol ywagimhodsRbfhge t 0 WO
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In the course of studies aimed at optimizing the modafinil
manufacturing process, the inventors discovered operating conditions which
allow both the granulometry of the end product and its polymorphism to be
controlled and hence obviate the subsequent processing steps of the

15 synthesized modafinil.

Thus, by mastering the operating parameters employed during the
process the inventors have shown that it is possible to obtain modafinil
particles of well-defined polymorphism and size.

Specifically, there are three operating parameters which allow the

20 particle size distribution of the end product to be controlled, and these are:

- the concentration of the DMSAM used as reactant;

- the reaction temperature; and

- the stirring speed.

In practice, one of the three parameters, for example the

25 concentration of the DMSAM solution, is fixed in a first phase and the two
other parameters, i.e. the temperature and the stirring speed, are
predetermined as a function of the desired granulometry of the modafinil.

The particle size distribution in the sense of the present invention is
defined by the granulometric mean, median, mode, and profile.

30 All particle size measurement (granulometry) techniques operate on

a large number of particles which make up what is called a “population”. The



ot her paraneters, i.e. the tenperature and the stirring speed, are
predeterm ned as a function of the desired granulonetry of the nodafinil.
The particle size distribution in the sense of the present invention is

defi ned byotznew/9imwaul onetric nean, nedi an, node, and pr orCT/E20@EP0A400
particle size neasurenent (granulonetry) techni ques operate on a large
nunber of particles which make up what is called a "population". The WO
2004/ 101503 PCT/ 1 B2004/ 001409 6 popul ati &n is divided into size classes (on
the abscissa) and their relative proportions are expressed as a frequency
(on the coordi nat eg. The term "granul onetric nean” in the sense of the
present descpopulption derdivided; info size elasse (AR ber absassBsand thei relativer abl e

5 nodafinil particle u ' Ly e nber of particles
nmeasur ed. For S'Ié&?é’m?rbs?g%o%% degge&rgésqﬂtf g%‘*yem&ggpi tpleeésc’%;r@ﬂ'ﬁg#by measur enent
to have dianeters r?ﬁ@eféﬁﬂe%‘gﬁaﬁﬁloﬁ%tﬂén mean™ iROthe sénd8 nNdhd0 preddret mean
di aneter would be 23.6 p.m e "granul onetric node" denotes the nost

frequent par t lesasiplionedenotesatthe suint ofcthe Ineasutadsizesoof dhanpieasurablet he

five particles ljisted ahove, the .. node 1d be, 20 m_,A distributi y
have a si rF;I e"}?Saﬁ"@rpEﬁl?l% aPép%ﬁ%%.g'X@%gr g%yngtpﬁ“t%ta&i Q%?’%Dt?ﬁrf’%ﬂ?%ﬁ has
a single grangleasBidd.C FoHeexamp@noiPddive Anfadurablet | partiBRES efsundd byo
granul onetric nodes is said to be binodal. 15 The "granul ometric median" in
the sense of measpressent todkave diameters respectiein of 20qurha3 anyi2BalrnB85dimnet er
for which the cunulative distrjbution value is 50% In other words this
signi fies tha@ndghm the meandiameteewopld be €3 phpul ati on neasured have a

Bopr oxi mat el y. 50% of ¢ narat el B, oAU e st AL £tfbs sizee
di anet er 19y eavaie timaRe distribatiomnF 6 exarhgle, fotefrienfide paticlex isiebcabdve, thie
five particles |listed above, the nedian dianmeter would be 20 m
mode would be 20 um. A distribution may have a single mode or several
modes. Accordingly, a distribution which has a single granulometric mode is
monomodal. A distribution possessing two granulometric modes is said to be
bimodal.

15 The “granulometric median” in the sense of the present description
corresponds to the equivalent diameter for which the cumulative distribution
value is 50%. In other words this signifies that 50% of the measurable
particle population measured have a particle diameter lower than the median
diameter defined and that approximately 50% of the measurable particle

20 population measured have a diameter greater than the median diameter
defined. For example, for the five particles listed above, the median diameter
would be 20 um.

In the sense of the present description the “granulometric profile”
relates to the distribution of the particle sizes as a function of their relative

25 proportion and allows the number of populations of particles to be defined.

The median measurement is generally considered as having greater
importance compared to the mode or mean values in that the median value
provides an indication of the distribution of the particles measured in a given
population.

30 In general terms, the inventors have shown that, for a given

concentration and at constant temperature, a high stirring speed promotes



In the sense of the present description the "granulonmetric profile” relates
to the distribution of the particle sizes as a function of their relative

25 proponkb9hisAdtsed! | ows the nunber of popul ations of paidyghes/desdde
defined. The nedi an nmeasurenent is generally considered as having greater

| nportance conpared to the node or nean values in that the nedi an val ue
provides an indication of the distributionp of the particles neasured in a
given population. 30 In general terns, the inventors have shown that, for a
given concentration and at constant tenperature, a high stirring speed
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profile of the nodafinil, to be controlled. 15 The object of the present
i nvention i s grasulsietdactprofilecandie higheoomde, which praypbe iaggompariediby an

particles_of defined and controll|ed granul ornetry and pol ynorphism
starti ngiproﬁpﬁﬁﬁﬁl'nige Qg%rHJ"H@FL”%m%Pf?é"t erm "having a defined

granul ometry”, whenrhdisipdentdrs ChaieNRe fA&t Hidndtidted | that NARdste AP ofighan
honbgeneous particle
temperature and stirring speed in the reaction of DMSAM with ammonia
allows the polymorphic transformation, in this case the conversion of form Il
to form |, and the granulometric profile of the modafinil, to be controlled.

15 The object of the present invention is therefore to provide a process
for preparing modafinil particles of defined and controlled granulometry and
polymorphism, starting from DMSAM.

As used herein, the term “having a defined granulometry”, when
used in reference to modafinil, is understood as an homogeneous particle

20  size distribution. While not necessarily a limitation but rather an indicator of
the consistency of the population measured, the ratio of median:mean:mode
would ideally be 1:1:1; hdwever, a ratio of median to mean of 1:3 to 1:0.3 is
acceptable, and a ratio of median to mode of 1:3 to 1:0.3 is acceptable.

More specifically, the invention ié directed to a process for preparing

25  modafinil which comprises the steps of :

a) preparing a solution of DMSAM in a solvent ;
b) contacting the solution obtained with NH; at a predetermined
temperature and under a predetermined stirring; and
c) isolating the modafinil formed,
30 wherein said temperature and said stirring are predetermined in order to

obtain said defined granulometry.



20 size distribution. Wile not necessarily a limtation but rather an
I ndi cator of the consistency of the popul ation neasured, the ratio of

medi an: . mode would ideally be 1:1:1 ; however, a | f jan to
mean of WIOSII?III@?% is acceptable, and a ratio of rredigﬁ%gmﬁﬁ’agﬁg# 1:3to

1:0.3 is acceptable. Mre specifically, the invention is directed to a
process for preparing 25 nodafinil which gonprises the steps of : a)
preparing a solution of DMBAMin a solvent ; b) contacting the solution
obtained with NH3 at a predeterm ned tenperature and under a predeterm ned
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gr anul ormet ry. ofMacePié/ medahi frsm/raEePieDMBAIN9 B The process of the

invention is directed preferably to theé)reparation of racem c nodafi nil
from racen ¢ DVSAMIhgleencentration af thenDMSAMesaimtipnexastsan drflusnse: eveithe

I nfl uence over_th anul.onetr f the f.Lni ained by this process.
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the nodafinil obtained. Converse the greater the concentration of the -
medi um t he noreatenhtheydiutior of the medivmarthai higherthe granuemetric mediamefi ce,
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solidifying. In this context, The solution o has a concentration of
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but not greater than that concentration, so as to prevent the reaction medium
solidifying.
In this context, the solution of DMSAM has a concentration of DMSAM
of between 1 and 1.25 mol L™.

15 The reaction of the process claimed herein is carried out in a suitable
solvent which may be readily selected by one skilled in the art, the suitable
solvent generally being any solvent which is substantially non reactive with
the starting materials, the intermediates and products at the temperature and
pressure at which the reaction is carried out.

20 The suitable solvent preferably better solubilises the reactants,
DMSAM and NH,, than modafinil.

Such solvents include notably polar protic solvents.
Suitable polar protic solvents include alcohols such as methanol,
ethanol, propanol, butanol, i-butyl alcohol, t-butyl alcohol, methoxyethanol,

25 ethoxyethano!, pentanol, neopentyl aicohol, t-pentyl alcohol, cyclohexanol,
ethylene glycol, propylene glycol, benzyl aicohol, phenol and glycerol,
methanol being preferred. ‘

“NH;", as used herein, may refer to gaseous or liguid ammonia,
ammonium hydroxide and, by extension, to any compound capable of

30 generating ammonia in the reaction mixture, gazeous ammonia being

preferred.



sol vent generally being any solvent which is substantially non reactive with
the starting materials, the internedi ates and products at the tenperature
and presaﬂgg at _which the reaction is carried out. 20 The suitable sol vent
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m nore prefera en 1 n practice, given the desired
granul onetry, ahdigstgAperature can be set prior to the stirring speed and
the stirring speed adapted accordingly, or 10 conversely. Thus, tenperature
and stirring speedifbpfactige: giMeinnthe: g@sweﬁ grrnyametry, e demperatyre: can be
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10 conversely. Thus, temperature and stirring speed both determine the

granulometry obtained.

The temperature may vary from room temperature up to the higher
temperature at which the formation of modafinil particles may still be
observed in the solvent. In that respect, the inventors have evidenced that, in

15 the given conditions of the reaction, there is a limit temperature above which
the solubility of modafinil becomes too high for aliowing particies formation. It
is understood that this limit depends notably on the nature of the solvent.

The temperature is chosen sufficiently high to promote the kinetic of
the reaction of DMSAM with NHs;, and not too high so that the modafinil has

20  a poor solubility in the solvent.

The temperature in step b) is preferably maintained between 15 and
85°C, more preferably between 20° and 30°C, and most preferably between
23° and 27°C.

It shouid be noted that the stirring speed appropriate to the realization

25 of the invention may vary in particular as a function of the geometry and size
of the reactor and of the type of stirring element.

It will therefore be appropriate for the person skilled in the art to
determine the stirring speed as a function of the equipment employed
(particularly as a function of the limits of the apparatus and the scale of

30 operation) and of the desired granulometry, taking into account the

indications provided by the present invention.



observed in the solvent. In that respect, the inventors have evidenced that,
in 15 the given conditions of the reaction, there is alimt tenperature
above which the solubility of nodafinil becones too high for allow ng
particl esvbaooyabisns. It is understood that this |imt demBdecsotadly on
the nature of the solvent. The tenperature is chosen sufficiently high to
pronote the kinetic of the reaction of DMBAMw th NH3, and not too high so
that the nodafinil has 20 a poor solubilidy in the solvent. The tenperature
in step b) is preferably maintained between 15 and 65C, nore preferably

bet ween 20 and 30C, and nost preferably between 23 and 27C. It should be

noted that the stijy bR parciflatembarirnaht the dtindng epeedahi step RZHneiketht
invention may vary in particular as a function of the geonetry and size of

the reactor apessiilettoeobtaipeparticlesi of magadini femp .| with @ Qlaﬂlﬂ@'ﬂﬁfﬂﬁ megkian
appropriate for the r 0 ne the stirring
speed as a fuﬁ@gln@nf g&’ ?f?esgh@ dﬁ&ﬁ p'é‘?&rg’%@ ﬁo}n B%?qeagtﬂn&rl y as a function
of the limts of thg I@PHfaxampadid rdec Qautémsaat@ﬁesaéﬂ Aiodafimil With tahe
desired granulometry, taking into account the indicati onsl\gr ovi ded by the

present i ﬁvengnaonlomﬂnz(mddlaoxﬁ(metweﬁn|23aﬂd)600m114w a DMSAMaelutiantdlese ar

par i ol 65 of RaAMIENN S BT B eITReTalihe ShaPosatin & BRAPLAT E%shéﬁn@@adfﬂ% 2 to

60 pm nore I i

obt ai n batchggégfdﬁo%g}?rﬁphw thméé I|E)r@rsaguﬁ t\"(?(ria‘lpltche%ne I an peggg\%@g}]ﬁgi and
60 m for a mfsmum(dfuhéompelletstypet cpreferenm wilhbargivéroto @ stimipgr speedkobf 25C
with a reactaor of ty iﬁgaéDe D|etr év;f h a capacity of 100 litres,
equi pped wit tPeéW?ﬁF'e T mwr&{e epllye!0 ®M he i npeller type,
preferen will b \ r f HEhd 4 m

nor e pre?grabl y 121(-)@é lﬁfbeigr 'éﬁ]ﬁelr ﬁé'%ggréagﬁér (r%erstI ere en%tggs a qlldriﬁré;g

el emrent havi ngahbhes Wthh is charactenzed by the following dimensionless parameters
in turbulent regime: power number Np = 0.5; flow number Nq = 0.29; Nusselt
constant A = 0.36.
in another example, with a reactor of type Simular (HEL. Hazard
15 Evaluation Laboratory) having a capacity of one litre and for a DMSAM
solution close to saturation and for a temperature of 25°C, it is preferred to
operate with a stirring speed ranging from 300 to 400 rpm, more preferably
350 rpm, to give batches of modafinil particles whose granulometric median
is between 2 and 60 pm.
20 The solution of DMSAM is contacted with 3 to 6, more preferably 3.2
to 5, and most preferably close to 3.6 molar equivalent of NH3;.

Generally, the process is carried out with gaseous ammonia. This can
be introduced in particular using conventional devices which allow the
ammonia to be bubbled into the reaction medium. It has additionally been

25 noted that, in the absence of mechanical stirring, bubbling alone does not
have any effect on the granulometry of the modafinil.

The NHs is introduced into the solution in step b) over a time sufficient
to obtain a complete dissolution of NH3, preferably of between 2 h and 6 h,
more preferably of between 3 h and 4.5 h.

30 As used herein, a “complete dissolution”, when used in reference to

NHas, means a dissolution of 95% to 100% of the amount of ammonia gas



branches which is characterized by the foll ow ng di nensionl ess paraneters
i n turbulent reginme: power nunber Np = 0.5; flow nunber Ng = 0.29; Nusselt

const ant >0(- I n another exanple, with a reactor ofpctpyigSooRofisbsr (HEL:
Hazar d fgogg(gflﬁgto?on Laboratory) having a capacity of one litre and for a

DMSAM sol ution close to saturation and for a tenperature of 25C, it is
preferred to operate with a stirring spegd ranging from 300 to 400 rpm
nore preferably 350 rpm to give batches of nodafinil particles whose
granul ometric nedian is between 2 and 60 pm 20 The solution of DMSAMi s

[0 3.6 ol ar BERRcheEimOR: SiftBol Adbdiqt fhan i85 oS BlerBi EtRkof, 5"

gaseous ammonihan 988, S can be introduced in particular using conventional
devices which allow the amonia to be bubbled into the reaction medium It
has additional |y Hecompletedisselution of the ammoaissiertbe reactien medival is dabler i ng,

bubbl i ng al one ,does_not = have a fect ,on . the granul opetry of th

modat i nil TG NG LSRR Aseh Ot Hield AL faon Arel Bp e Burky'BLing e
sufficient tgroghtrdstamegonp! ete dissolution of NH3, preferably_of between 2
h and 6 h, nore preferably of between 3 h and 4.5 h 30 As used herein, a
"conpl et e di ssol utModafinilisethensebtained isf farenitle in partigidar withna raorersedaut i on
of 95%to 100% of, th .armug[ﬂ ot,. amo i'af'rpqlas WO 2(%.04/ I’J[01§03. P t/ I Bzoaﬁl 001409
11 i nt r oducedraReIEiric; BG4S | TOE MPYRTIIL Ao SRNSRANYLRE [RORIEHAf] his
superior th e rHi m ' i ammonia in the reaction
mediumis |i Zﬂt’)bllggc{%pomﬂ?\?gpg}ﬁbg%é\?erse tagf%‘;tggthfggéteﬁyé yield of the reaction and
on the purity of tTe mopessduwdt thebtisverdion Weteforei allows tthen potparatienl ofh f or m

Imlaly oiptni Eﬁ;} :rﬁg!ﬁ%qi%}gtlad&%ﬁw I| in 8ra|gtigzﬂla?.mt ric profile. The nodafi nil
In one preferred embodiment, following the introduction of the NHs,
the solution in step b) is contacted at the predetermined temperature and at
the predetermined stirring speed, for a time sufficient to allow the
polymorphic transformation from form Il to form 1.

15 It is preferred to employ a contact time of between 8 h and 12 h.

The median is then lower in value than that obtained at the end of
introduction of NHj.

The process of the invention therefore allows the preparation of
modafinil form .

20 in a preferred variant, the solution obtained after step b) is further
maintained at a temperature lower than the temperature of step b),
preferably between -20°C and 0°C, for a period sufficient to obtain complete
crystallization of modafinil, and preferably of from 1 h to 4 h.

As used herein, a “compiete crystallization” means when used in

25 reference to modafinil, a crystallization of 85% to 100% of the amount of
modafinil formed in solution, more preferably superior than 90% and most
preferably superior than 92%.

The modafinil particles are advantageously isolated from the solution
by filtration in step c) and then are generally subjected to a drying step,

30 preferably at a temperature of between 40 and 50°C.

This process may also be implemented in the presence of water.



pol ynmor phic form by proceeding to step c) directly. The process of the

I nvention therefore allows the preparation of 10 nodafinil formlll,
nononodal in particular. In one preferred enbodi nent, follow ng the

i ntroductworzoof1013@ NH3, the solution in step b) is contGEIEE0440140pe
predeterm ned tenperature and at the predetermned stirring speed, for a
tinme sufficient to allow the polynorphic transformation fromformlll to
forml. 15 It is preferred to enploy a cottact tinme of between 8 h and 12 h.
The median is then lower in value than that obtained at the end of

i ntroduction of NH3. The process of the invention therefore allows the

preparation of nopaid, i bnksantitula? @mbbdimenefthe palanvsslvent in stéye aj of tHe on
obtained after step b) is further nmmintained at a tenperature |ower than
t he tenper at UPCE3S COMPTings watel Pseterably frepneda 200 bynrlume ofmater peri od

sufficient to obtgin,co t tallizat 0 f LA ably
of froml hto 4 ﬂf‘ SQES ggbg@ﬁepg ?@"%'A gﬁﬁﬁﬂ@?& I!‘rtérgﬂ% #‘F“zjg?rl] %&gr%’egﬁg when
used in 25 rglefsrablyftbetweend Riand Rha ¥fpb). i zation of 85%to 100% of the
amount of nodafinil formed in solution; nore preferably superior than 90%

and nost Spr ef er adnythisupatticulartvasiang e OMSAMEaiution ispafefewbls cantacted
advant ageousl y..i sqQl ated from t.he sol utipn by filtration in step ¢c) and then
are generall y‘x%gﬁgﬁti_ﬂ‘qﬁr %q‘df¥9'ieﬁ'g°ﬂ“lé'§; 30 preferably at a tenperature of
bet ween 40 and 50@pddifically’ WESmBLtafirs Carlel theTRitiviiRy ispéednof i pesarice of
wat er. WD 2004/ 101503 PCT/ | B2004/ 001409 12 Thus, in one particul ar

enbodi ment , tmedipol ain ssiepel) ihavet ep muchf mare sensiéives iDlugndeseen wHeer

preferably from 5I to ZO%bcﬁ Vol ﬁ,}ma of wat er. I%rthis context, the NH3 is
i ntroduced i n9'@NHIREELHE (REAAN Iy e Bragess With walsfapb v of between 4 h and 5 h

in step bp. Advantageously, the process of the invention allows the granulometric
profile of the modafinil obtained to be controlled by way of a mastered
polymorphic transformation.

interestingly, the process of the invention makes it possible to obtain a
single polymorph without the need to carry out a recrystallization following

15 stepc). |

Thus, the form Il obtained as an intermediate at the outcome of
step b) may either be isolated directly or maintained in contact with ammonia
for a period sufficient to give form |, which is then isolated.

Advantageously, the process of the invention makes it possible to

20  obtain, without any subsequent step of either grinding or screening, particles
having controlled granulometric medians, depending on the operating
conditions employed.

It is possible, of course, to carry out a subsequent grinding step in
order to reduce still further the size of the particles obtained by the process

25 of the invention and thus to obtain nanometer-sized particles.

Iin particular, the process allows the simple and straightforward
preparation of batches of particles of modafinil form | which have specific
granulometric medians, preferably of between 2 and 60 um, in particular
between 15 and 45 pm.

30 In one preferred embodiment, the predetermined stirring and

temperature are chosen such that particles of modafinil of form | of which at



51n this particular variant, the DMSAM solution is preferably contacted
wth 5 to 5.5 nolar equivalent of NH3. Specifically, the tenperature and the

stirring wpees@iseshe reaction nmediumin step b) have gpdghodiRoeseENSi tive
i nfluence on the granulonetric nedian in the process with water. 10

Advant ageousl y, the process of the invention allows the granul onetric
profile of the nodafinil obtained to be ntroll ed by way of a nastered
pol ynor phic transformation. Interestingly, the process of the invention
makes it possible to obtain a single polynorph without the need to carry

out a recrystalli ion foll.own 15 . step.c). Thus, .t formll]|. obtained
as an inter né%?%t@q}athqvﬁeao({]?@&té Igs t%?%gsbémnﬁ}qﬁ??théﬁbbréa‘fesaldd?@(?tter
directly or ' Inedoi n Sy i Hhoa iAdi i f G to
give forml, %Srgﬁni ?j?ﬁ[e}?l I so?g{eea\él. bgéovgﬁyggaggérﬁété at‘%? %oh%@c%%tjs Mo ’ %hréte

i nvention nmaksslated inatep B).e to 20 obtain, w thout any subsequent step of
either grinding or_screening, particles having controlled ?ranulqnetric

medi ans, dependi nd 'en Pracesspof dhenigvertinny; tivstatedin spegific) fashiondasthe e, of

course, tg c t q i ndj en. i Teo! still
Furtner t e dpedofié e B2RETHRRarrlpt iberlyElinbBanfl dfiby hd B fipiR

i nvention ando tha!préparatibRiof learemwy AfodafinfidThenattér issdescribedin patticular t he
process allows the si r{pl e and strai ghtforward reparati on of batches of

particles of inbdtfapatent 4.92M855andnhasbeesjdentified agrdinplipyingt the cabsalitens
preferably of 2na I rdd r. 15 d_d4a5 30
In one pref ercrogﬁé%%ggai ﬁeﬁ'ﬁjtﬁggg}b‘%‘géﬁgrwsﬁ gﬁtp\r@@né' S%@n%g?%ﬁ@re are
chosen such téarotasy t é6asGorAEridOfbam, Nivhichl rhay "bé prepdred hirtpaitlgp4inl 01503
PCT/ | B2004/ 001409 13 | east 50% have a dianeter |ess than 45 m at |east 80%
have a dil@netaseordance with US 4,927 855.
The process of the invention may also be applied to the preparation of
dextrorotary modafinil. In this context, the DMSAM is employed in step a) in
its dextrorotary enantiomeric form, which may be prepared in particular in
accordance with US 4,927,855.
15 The invention is also directed to modafinil obtainable by this process,
which has been showed to display characteristic and reproducible particle

size distribution and impurity profile.



| ess than 110 m and at | east 95% have a dianeter |ess than 220 m are
isolated in step c¢). The process of the invention, illustrated in specific
fashion in the 5 foregoing text by the -preparation of racem c nmodafinil,
may al so WO 2BHMIWS to the preparation of |evorotary modafPRMOME | atter
is described in particular in US patent 4,927,855, and has been identified
as displaying the absolute configuration § In this context, the DMSAM i s
enployed in step a) inits levorotary endhti omeric form which nay be
prepared in particular in 10 accordance with US 4,927,855. The process of
the invention may al so be applied to ation of dextrorotary
nodafinil. In this context, the DIVBANE&-@%M in step a) in its
dextrorotary enantionmeric form which nay be prepared in particular in
accordance with US 4,927,855. 15 The invention is also directed to nodafinil
obtai nable by this aregs andimetholdas been showed to display characteristic
and reproduci ble particle, size distributign and ipgpuyit r of il WO

2004/ 101503 PCT/ 1B2bdagndfifiasiion glanylamsters B%ﬁ%ﬂbﬁ"a&gﬁft%%wﬁﬁf {ﬁgdﬁoq_aser

di ffractiqgn granul onetgy, n- I LS 100 : 5 - - 0.4 pmto
800 pmi n%on'e anal ysi s(?'f1 “ﬁ?%gp?i“gfgyé%‘é;gn%gses - 126 detectors used dry
10 |. MODAFI NI L SYNTHER! pafficlieSizsclakses WATER A, 1-LI TRE SCALE Exanpl e 1:
1-litre scale procedure A 1-litre reactor of type SIMJAR (Hazard Eval uation
Laboratory, 15 HEL) etRfiglestatfth an inpeller stirrer and a gas

i ntroduction tube WESed dry

10 |. MODAFINIL SYNTHESIS PROCESS WITH WATER
A. 1-LITRE SCALE

Example 1: 1-itre scale procedure
A 1-litre reactor of type SIMULAR (Hazard Evaluation Laboratory,
15 HEL) equipped with an impeller stirrer and a gas introduction tube was
charged with 150 g of DMSAM, 450 ml of methanol and 33 mL of water. The
suspension was stirred at 100 rpm and 20°C for 10 min and then heated to
35°C to dissolve the solids. The solution was subsequently stirred at 200 rpm
for 10 min, then cooled to 25°C and stirred at 350 rpm and at this
20 temperature for 20 min.

46.8g of ammonia were then introduced over 4.5 h at 25°C.

The reaction medium was left in contact for 10 h at 25°C with stirring
at 350 rpm before finally being cooled to —10°C and then filtered over a frit of
porosity 3.

25 The moist product was then dried under vacuum at 45°C.
Yield = 89%, median = 34.1 um.



charged with 150 g of DVBAM 450 ml of nethanol and 33 nL of water. The
suspension was stirred at 100 rpmand 20C for 10 mn and then heated to 35C
to di sso the solids. The solution was subsequently stj , rpm

for 10 mk‘y,z‘{"#(i?P 4ooI ed to 25C and stirred at 350 rpm a%l&‘iéﬁfh()ﬂﬁl)%1a9go
tenperature for 20 min. 46.8g of ammoni a were then introduced over 4.5 h at
25C. The reaction nmediumwas left in cont1§ct for 10 h at 25C with stirring
at 350 rpm before finally being cooled to”-10C and then filtered over a frit
of porosity 3. 25 The npist product was then dried under vacuum at 45C.

Yield = 89% nedian = 34.1 ém 3004é_£&5q3 ;P! CTl | 8%004/ 001409 15 Exanpl es
2 to 5. Effect of tenperat m : nul ometry Exanpl e
2: Standard (zero-point) expghd § SR aratslidiktyy 5 Conditions of
standard experinment were the—me—a'siﬁ%{e—v@—gmwgﬁﬁn 1. The point at which
the ammonia was i njected, the jacket tenperature, the cooling rate and the
contact tine at -10C were maintained constant .durin he vari ous

experi ment s, EXOMRIE 14 IANGA{E 4 2@F0-PAINE SXNETINE U=l 3 #l uence on
controllipg the grm-mtr a) hgsi z Agst gpekar

experi rren? was destred 1N of ganh%?dg? |nr|n§é tl?\%ﬁ?é gféan_u oreretar§i o rrediq)afn

whi ch was si texatfgdeiin t he range 15-45 pmand thus to constitute a zero

poi nt of conparisqgn for the subsequent experiments. This search then

cul minates in the e PORl AGWBishdNEi apgIonia was iniestad, dhe jaches tampegatyre: 25c,
- stirring Sﬂ‘?@%o%ﬁ’nﬁ ARy aﬁﬂ”@he’c P'tithe &r_qﬁfdetwg% thitdingd onstantUnder
t hese conditions thegranul onetrrc nedi an obt ai ned, was

during the various experiments, since these parameters had little or no

10 influence on controlling the granulometry of the modafinil synthesized.

A standard experiment was desired in order to obtain a final
granulometric median which was situated in the range 15-45 pm and thus to
constitute a zero point of comparison for the subsequent experiments.

This search then culminates in the following conditions:

15 - reaction temperature T = 25°C,
- stirring speed SS = 350 rpm,
- ammonia introduction time t = 4.5 h.

Under these conditions the granulometric median obtained, G, was
34 uym.

20 This standard experiment was then repeated in order to assess its
reproducibility: that was, three experiments conducted at T = 25°C (including
2 experiments with regulation via the temperature of the mass and one
experiment with regulation via the jacket temperature), SS = 350 rpm, and
t=4.5h.

25 Identical results were obtained within a 3 um band and with similar

granulometric profiles.

. Temperature | Granulometric 0 o
Experiment regulation median G 95% C.F. Yo <220 pm
H980503 Mass 34.14 ym 0-171 98.1
HS80504 Jacket 34.09 ym 0-174 98.3
H980505 Mass 31,31 ym 0-160 98.9

CF : Confidence interval represented.



34 pm 20 This standard experinment was then repeated in order to assess its
reproduci bility: that was, three experinents conducted at T = 25C (i ncluding
2 experinments with regulation via the tenperature of the mass and one

exper i mrenWOMPH1418QPul ati on via the jacket tenperature), BETABBBEOOIHNH and t
= 4.5 h. 25 Identical results were obtained within a 3 pmband and with
simlar granulonmetric profiles. Tenperatgre G anulonetric o Experinent
regulation nedian G95 /o C F. % <220 pm HI980503 Mass 34.14 pm 0-171 98.1
H980504 Jacket 34.09 pm 0-174 98.3 HI980505 Mass 31,31 pm 0-160 98.9 CF :

condi {1 0ne. ther o1 OV ESFLsPURRE, THERIP orertreelcIng CEpAe? Eeriieht, 1°°°

used as a basiHich @buRhbe Q@S TP BasiEMfor Ay esivmpaksdn.t Yhefreptdaudilsiltytafon
system (apparatus + synthesis) was al so assured. Furthernore, these

experi nent s dkerserationt syustemdappamtus 41 synihesislewan @lse agsurase Fasthensiors of
tenperature in this process. St er the crystall, o) t S
Lheref ore nothesq PRREIMEDE debonsfiatecine Mdbi BY thé FoRA.GE s Bl gy
of the eféerfQém?brétmewm 1€ Poddsst hasienf afthe lcry@taliivafio® éxbthetrfdasf or
its influence on the particle size distribution to be assessed. Two val ues

si tuat ed on &herrtarediod eriticalfaethesfinal graouametrc resstitst andar d experi nent were
sel ected, the other paranmeters being kept at their standard val ue. The
results obtained were as follows: 15 Experinment Speed SS Median G Mean 95%
CF. %< 220 pm

Example 3: Study of the effect of stirring' speed

10 This parameter was varied in order for its influence on the particle size
distribution to be assessed. Two values situated on either side of the value
found in the standard experiment were selected, the other parameters being
kept at their standard value.

The results obtained were as follows:

15
Experiment Speed SS Median G Mean 95% C.F. % < 220 pm
Standard 350 33.18 55 - 60.1 0to160-174 | 98.1-98.9
H980502 300 49.12 81.48 0t0231.8 94.4
H980601 400 28.18 47.5 0to 140.3 99.4
CF : Confidence interval.
These results ‘showed that the stirring speed had a considerable
influence on the particle size distribution of the product obtained. The higher
20 the speed, the lower the granulometric median. The particle size curve then
showed a second, smaller population beyond 60 um.
Conversely, a lower stirring speed promoted the formation of large
particles.
Iincreasing the stirring speed therefore made it easier to obtain a low
25 and uniform particle size.
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m._ Standar

As before, two experiments were carried out by varying the value of

this factor on either side of its standard value, while keeping all of the other

parameters the same.

The results obtained were as follows:

Experiment Temp_?_rature Median G Mean 95% C.F. | % <220pm
Standard 25 33.18 55-60.1 Cto160-174 | 98.1-98.9
H980506 23 33.04 50.69 0to 139.8 99.8
H980507 27 42.64 69.71 0to 191.4 97.3

CF : Confidence interval.

At 23°C, although the value of the median was close to that obtained

at 25°C, the granulometric profile was different. the second population

beyond 60 ym was more attenuated, so making the distribution more

Gaussian.

Conversely, the results obtained at 27°C featured both a higher

granulometric median and a much larger second population.

Reducing the reaction temperature therefore made it easier to obtain

a low and uniform patrticle size.

for

25 .33. 18




H980506 23 33.04 50.69 0 to 139.8 99.8 HI980507 27 42.64 69.71 0 to 191.4
97.3 15 CF : Confidence interval. At 23C, although the value of the nedian
was close to that obtained at 25C, the granulonetric profile was different:
t he secon¥OpROpHitasddon beyond 60 pm was nore attenuat ed, PEDIBRIRY/A0G400he
distribution nore 20 Gaussian. Conversely, the results obtained at 270C
featured both a higher granulonetric nedian and a nuch | arger second
popul ati on. Reducing the reaction tenperat&ire therefore nade it easier to
obtain a low and uniform particle size. WO 2004/ 101503 PCT/1B2004/ 001409
18 Exanpl e 5: Conbi nation of the effects The above experinments showed that
the increase Exambte 5§t Combiwmation ef thereffdctee decrease in the reaction
tenperature were two favourable paraneters, in isolation, for qgbtaining

particles of |ow sfbe ahyeupxresiments shawad Hati the. INgrRaseotm NG glifnng @ece of
these two pargiet fs QL-bhge fifathe %QEH%rﬁFFérﬁmger%fluﬂeh%?%g%d“#av%‘?{ﬂzable

studi ed. For 1This purpose a | ast experi § “conduc under

fol | ow ng congarahmsters, -inr esttaticn) fornpbtairing epdrticleg36f low0 sizesaindr uniforsmeed
SS = 400 rpm - ammonia introduction-time t = 4.5 h. The curve obtained
showed thé foMipBliUligNChar acteristics: - median = 32.92 pm - nean = 42.11
pm 15 - S5 F. =0rp108. Ao “inflliéRP 57 Wesd v 2pbiatherd 26n it "t | on

was highly uniform
granulometry of the modafinil was studied. For this purpose a last experiment

was conducted under the following conditions:
- reaction temperature T = 23°C,
10 - stirring speed SS =400 rpm,
- ammonia introduction time t = 4.5 h.
The curve obtained showed the following characteristics:
- median = 32.92 ym,
- mean =42.11 um,
15 - 95%C.F.=0to 106.6 pm,
- % <220 ym = 100.
The particle size distribution was highly uniform and the median is

very satisfactory.

20 Conclusions:

These experiments demonstrated two critical operating parameters

and their effects, namely:
- the reaction temperature T: decreasing it allows a low and
uniform particle size to be obtained,
25 - the stirring speed SS: increasing it allows a low and uniform
particle size to be obtained.

These two parameters vary in isolation or combination to give batches
of uniformly low, medium or high specific particle size. By way of example,
batches whose median is between 2 and 60 um, 60 and 120 um, 120 and

30 200 um, 200 and 300 um, 300 and 500 um, 500 and 700 um, 700 and 900

um can be prepared in this way.



very satisfactory. 20 Concl usions: These experinents denonstrated two
critical operating paraneters and their effects, nanely: - the reaction

t enper at W@ 2do410R65€asing it allows a low and uniform WﬁﬂBﬁ(}O@/oﬂﬁ@ to be
obtained, 25 - the stirring speed SS: increasing it allows a |low and uniform
particle size to be obtained. These two paraneters vary in isolation or
conbi nation to give batches of uniformy,, ow, nediumor high specific
particle size. By way of exanple, batches whose nedian is between 2 and 60
m 60 and 120 m 120 and 30 200 m 200 and 300 m 300 and 500 m 500 and 700
m 700 and 900 m can be prepared in this way. W 20041101503

PCT/ 1 B2004/ 001409 19 B. 100-LI TRE SCALE Exanple 6: 100-litre scale
procedure 5 t reactor of type AE 100 (De Dietrich) with a
capacity of B Hgbﬂ'lqﬁ%ﬁng pped with an inpeller stirrer (De Dietrich) and
a gas introduction pipe, was charged with 15 kg of DMSAM 45 litres of

nmet hanol and. 33 ‘\'he suspension was stirred at 100 rpm and 20C
for 10 mn &6 =l oxssol ve the solids. The sol ution was

stitred Bt 15h f%nPf'?dﬁﬁ%ﬁ%*?%%%EﬁBgI@Pe]@% (05" PIefRB) it 8 caplachier |\
then introduc@d dtres, eduipped WRK. anhénpelkst lsnnene(@mrﬂ)mH)eéhdl a gast act

for 10 h at 25C with stirring at 150 rpmbefore finally being cooI ed to
-10C, and msntfmtnenamn%dwaﬁophaigeemth fibekg af PMSBM, (45 liteesopf methangly

ot hanol . TSnLEh PEAME. R ulpndioh Had SRS YRABYTHRI A3 G0 CYoPHE -

87% nedi an
min and then heated to 35°C to dissolve the solids. The solution was

10 subsequently stirred at 150 rpm for 15 min, then cooled to 25°C and stirred
at 150 rpm at this temperature for 30 min.
4.68 kg of ammonia were then introduced over 4.5 h at 25°C.
The reaction medium was left in contact for 10 h at 25°C with stirring
at 150 rpm before finally being cooled to -10°C, and was then drained and
15 clarified with 20 litres of ice-cold methanol.
The moist product was then dried under vacuum at 45°C.
Yield = 87%, median = 46.6 ym.

Examples 7 to 9: Study of the operating parameters

20
Example 7: Standard experiment (zero point) and reproducibility
In order to assess the reproducibility of the process on the pilot scale,
three experiments were carried out under identical conditions, which were
defined as “standard” for the remainder of the study:
25 - T=25°C,
- S8=150 rpm,
- t=45h,
- regulation via the temperature of the mass,
- D=12m’h.

30 The results obtained were as follows:



Exanples 7 to 9: Study of the operating paraneters 20 Exanple 7: Standard
experinment (zero point) and reproducibility In order to assess the
reproducibility of the process on the pilot scale, three experinents were
carried eud 200adersos dentical conditions, which were defincadBasps/gtandar d”

for the remainder of the study: 25 - T = 25C, - SS = 150 rpm -t = 4.5 h,
- regulation via the tenperature of the mass, - D = 12 nB/h. 30 The results
obtai ned were as follows: WO 20041101503 2CT/ | B2004/ 001409 20 Experi nent
Granul onetric Nunber of Most well- nmedi an popul ati ons defi ned node P980907
46.6 pm 2 27.6 pm P981003 51.2 pm 2 22.28 pm P981004 49.9 pm 2 22.28 pm
Thi s gave t he oW n defl ni t iGranwdmetrist andar Numbpeof nent , Meostiwell- basi s
of the cal cul ate WHW Vst andar d rd&dian pm 2| 24 gopufatibhe reprd@dh@dbnbbétJ of

the process on theggobet scalle (1@geymwas [therefare veri|fie@yespmce the
resul ts obtalned were honpgenegus. _These conditions v
standard expgri nefP8MTh sefved &3-2#Masis(for aBy conpgri s&h2PHM he
remai nder of. [The Hggd§os 10 EXanpl §g& ppt Udy|of  thezeffect |of ﬁﬁg hpg‘peed
In order to verify the siqnlflcance l# thislparaneter, experinen

conducted at two different stirring speeds: 100 rpm and 150 rpm (standard

val ue). The ot her ranet ers e .hel t hej st andar,d val
) ﬂﬁs gave the \?elfowmg éjeﬂeﬁltlon o) a s%an ard exper#nent on the

basis of the calculated means:
Standard 49.2 ym 2 24 pm

5 The reproducibility of the process on the pilot scale (100 L) was
therefore verified, since the results obtained were homogeneous. These
conditions represented the standard experiment which served as a basis for

any comparison in the remainder of the study.

10 Example 8: Study of the effect of stirring speed

In order to verify the significance of this parameter, experiments were
conducted at two different stirring speeds: 100 rpm and 150 rpm (standard
value). The other parameters were held at their standard value.

The results obtained were as follows:

15 .
. . Number of
Experiment Speed SS Median G populations
Standard 150 49.2 ym 2
P980906 100 119.3 pm 2
The effect of this parameter on the granulometry of the end product
was identical to that demonstrated at the 1-litre scale: increasing the stirring
speed made it easier to obtain a lower median.
20

Example 9: Study of the effect of reaction temperature

The reaction temperature was demonstrated to effect the results on

the laboratory scale. In order to verify it on the pilot scale, three experiments



The results obtained were as follows: 15 1 | Median G Nunber of Experinent
Speed SS popul ations Standard 150 49.2 pm 2 P980906 100 119.3 pm 2 The

ef fect of LS nmeter on the granulonetry of the end ol
identicapvpghﬁﬁgg%gennnstrated at the 1-litre scale: inggggggﬁéﬂpﬁ@§stirring
speed nade it easier to obtain a |ower nedian. 20 Exanple 9: Study of the
effect of reaction tenperature The reactb n tenperature was denonstrated to
effect the results on the |aboratory scale. In order to verify it on the
pil ot scale, three experinents WO 2004/ 101-903 PCT/1B2004/ 001409 21 were

conducted by varying the, value.of .this factpr gither. side of i1s, standard
Value. i1 oMerrEaEreBE ARk s aHe RS Bl R oL Stendie
resul ts obtaiar@ WR'd? tRe oi@r'%étiWh&ér%éh VRIpt tiex§genent Tenperature
T Median G % < 220 pm popul ations “defi ned node P980908 23 48.9 1 47.2 99.1
P981006 24 52.9 2 The i@salls dbtainechwerelagfoltsve 2 24 89.8 P981001 26 70.1 2

24 81.5 5 These results were identical to those obtained on the |aboratory
scale (1 litre): increasing the reaction tenperature gave rise to the

growt h of a["Second pgpulation of I ar ger | PNuriber &S [T Most wallsgquentty, an
i ncrease in |t Beperiment | Temperature T | Median G ) ~ % <220 uym | .
populations | défined mode
P980908 23 48.9 1 47.2 99.1
P981006 24 52.9 2 22.8 90.3
Standard 25 49.2 _ 2 24 89.8
P981001 26 70.1 2 24 81.5
)

These results were identical to those obtained on the laboratory scale
(1 litre): increasing the reaction temperature gave rise to the growth of a
second population of larger particles and, consequently, an increase in the
value of the median.

10 Conversely, a lower reaction temperature (T < 24°C) made it possible
to obtain a more uniform granulometric profile. The granulometric mode,
however, was then higher, which could have consequences for the median
(where there was a possibility of increase since the median and the mode
merge in the case of a perfectly Gaussian profile).

15 In any case, in order to obtain a granulometric median in accordance
with the specifications it would be necessary to raise the stirring speed to
175 rpm.

As in the preceding example, on this pilot scale, the granulometry
depended on the initial definition of two parameters: temperature and stirring

20 speed. Batches of finished product with specific and uniformly low, medium
or high particle size whose mean or median was centred on a value between

the limits 1 pum and 1 mm could be obtained.

Example 10: Additional study on the crystallization

25 in order to complete the study on the control of the particle size
distribution of the end product and in order to gain a better understanding of



val ue of the nedian. 10 Conversely, a |l ower reaction tenperature (T < 24C)
made it possible to obtain a nore uniformgranulonetric profile. The

granul onetri c node, however, was then higher, which could have consequences
for the nW@0H/100ere there was a possibility of increaBETABNEHOMIKY nedi an
and the node nerge in the case of a perfectly Gaussian profile). 15 In any
case, in order to obtain a granulonetric dian in accordance wth the
specifications it would be necessary to raise the stirring speed to 175
rom As in the preceding exanple, on this pilot scale, the granulonetry
depended ont e initial defipnition o raneters: tenperatuyre

Stirring 20 a8 cugstaaindpBenamngh dVBMBRL B ! FrockSr FRERlRS hihesr my
| ow, medi um Qéa&icﬁﬂ‘rﬁ th'v@ré'téﬂeH‘*Hlﬁﬁ afoQs éﬂg@hﬁiéanTﬁé%r@é?n s

val ue between theh%ats m and 1m*ncdorﬁld be obtai ned. Exa o

Addi ti onal sttakidn eithehat mwendldflthatexoﬂ\aﬁ'l producter by me:omsltaihzamcbre(and.ldy on
the control of, the I cle-si ri of t duct and in
order to gai MdeRss Rg%hﬁ&e’f’% %(ﬁ”ﬁ %)fd" 908‘3 Yo 9 @Qn&.?f @QOEWWEOQ 22
the crystalli 4Me @ma‘n S tbhe
reaction rredlliorinéwe taﬂ n dgéhdn@w\%g%ﬁ%gqgi?g?l ﬁn@ﬂtagﬁ yrvezggﬂsgct as,

ei ther at t heaeiule size aralgsistandrtongcrydtatiie bpalybis byr)y-xa)astaitamgm (and
i ndexed (EX)) or at the end of the 10 hours of contact with ammonia, 5
i solation and drying (and indexed EP for end product), were subjected to a
particle sizZeanalysis angt to @ crystattipe anat ySiS by KNGmBestat tering.

Nunmber No. [Entfry TC S Mode_ Nedi gn [MhsaeOf nNesdian- | ("Npah (M 6M (M pu-
morph | atidh¥ (1 PFEEY07 EX 95| 45h) 21@,,,% 14@,&) 144. @mi 111 popu- ggﬁﬁ

t aken

lations
1 | P980907 EX 25 150 | 2116 143.9 144.4 1 i
2 |P980907 EP 25 150 | 27.61* 46.65 69.94 2 I
3 | P980908 EX 23 150 | 170.8 147.7 138.3 1 ]
4 1P980908 EP 23 150 | 47.19* 48.91 61.42 1 |
5 (P981001 EX 26 150 | 2356 | 2221 2154 1 . i
6 |P981001 EP 26 150 24* 70.13 111.5 2 I
7 {P981002 EX 25 150 | 211.6 193.1 188.8 1 I
8 [P981002 EP 25 150 | 22.3* 68.06 101.9 2 |
9 [P981003 EX 25 150 | 262.3 2431 233.3 1 n
10 {P981003 EP 25 150 | 22.28* 51.23 101.2 2 I
11 | P981004 EX 25 150 | 291.9 255.1 2486.0 1 i
12 | P981004 EP 25 150 | 22.3* 49.93 99.54 2 |
13 [ P981005 EX 25 150 | 190.1 180.3 176.5 1 1]}
14 | P981005 EP 25 150 | 22.3* 48.56 94.80 2 I
15 | P981006 EX 24 150 | 190.1 178.1 . 173.3 1 i
16 (P981006 EP { 24 | 150 | 22.8* 52.87 90.03 2 !
17 |P981007EX | 25 | 150 | 190.1 189.9 183.9 1 ]
2

18 {P981007EP | 25 | 150 | 22.3* | 46.90 98.63 |

* Most well-defined mode
10
These results showed that, at the end of the introduction of ammonia,
which corresponds in fact to the end of the exotherm produced by the

crystallization of the modafinil, the samples were characterized by:



2 P980907 EP 25 150 27.61' 46.65 69.94 2 1 3 P980908 EX 23 150 170.8 147.7
138.3 1 111 4 P980908 EP 23 150 47.10° 48.91 61.42 1 | 5 P981001 EX 26 150
235. 6 22 4.1 111 6 P981001 EP 26 150 24* 70.13 P981002
EX 25 153”@%%&%”5@ 01188.8 1 111 8 P981002 EP 25 150 %§%§§2§§h8%%%01 9 2

9 P981003 EX 25 150 262.3 243.1 233.3 1 111 10 P981003 EP 25 150 22. 28
51.23 101.2 2 1 11 P981004 EX 25 150 291.9 255.1 246.0 1 111 12 P981004 EP
25 150 22.3* 49.93 99.54 2 | 13 P981005 28X 25 150 190.1 180.3 176.5 1 |1

14 P981005 EP 25 150 22.3* 48.56 94.80 2 | 15 P981006 EX 24 150 100.1 178.1

173.3 1 111 16 P981006 EP 24 150 22.8 52.87 90. D3 2 1 17 P981007 EX 25
150 190.1 189. 9 183. 3 hgh granulpgneigig Toode myreaterthan 4703tms6. 90 98. 63 2 |

Most wel | -defined no 'S, s showed that, at the end of the

i ntroduction of arhm%i%g‘jg?e &ﬁﬁ@ﬁ“é’g éj'lé(iponds in fact to the end of the

exot herm produced byatéiﬂ leC I hZ%FI l)Oltofes Bbﬁduﬁgd@élthbl k.riem% $6p| s were
characterized by: WO 200 /101503 PCT/ | 2004/0 1409 23 - a

granul onetri c node, G\Odaf@li than 170 m - a single popul atlon and - a
si ngl e polynorph ( orres 1,0 t he kinetic for f|n|I 5
The sanpl 8s corres ?8‘_”( HH%pﬂngﬁ@Pd\Bé?@U%mﬁ’%z?ﬁé - a
much | ower granul Qmeg H&hﬂ&ﬂé@é}aﬁﬁlﬁﬂwé{ﬁ} medfih (<60 pm) ; and

- a single polymorph | which in fact corresponds to the

thermodynamic form of modafinil.
It was verified, moreover, that the polymorph obtained at the end of
10 the 10 hours of contact with ammonia was indeed identical to that of the end
product EP.

Complementary analyses:

A complementary aﬁalysis, to distinguish the particles and the
15 agglomerates present in the samples, was carried out on the powders
P981003/EX, P981003/02 (10 h contact) and P981003/PF.
e In the sample P981003/EX all the particles are larger than 63 um.
The analysis indicated form lil.
e For the samples P981003/02 and P981003/PF, two analyses were
20 carried out: 4
- on the fraction smaller than 40 uym (theoretically devoid of
agglomerates), and
- on the fraction larger than 40 pm (theoretically containing
a large proportion of aggiomerates).
25 The results showed that two fractions had the same crystaliine
structure and that there were no agglomerates.
Sample P981004/EX was also assayed for traces of solvents in order
to verify if the crystalline form [il had come about as the result of the
appearance of a solvate or hydrate.

30 The results observed were as follows:



- a single polymorph I which in fact corresponds to the thernodynamc form
of nodafinil. It was verified, noreover, that the pol ynorph obtained at the
end of 10 the 10 hours of contact with ammonia was i ndeed identical to that
of the enwO mo¢duses EP. Conpl enentary anal yses: A conpl eperhBiops@nadysi s, to
di stinguish the particles and the 15 agglonerates present in the sanples,
was carried out on the powders P981003/EX, P981003/02 (10 h contact) and
P981003/ PF. I n the sanple P981003/ EX al l24 he particles are |arger than 63
pm The analysis indicated formlll. For the sanples P981003/02 and
P981003/ PF, two anal yses were 20 carried out: - on the fraction snaller

than 40 pm (theor ¢ti CaWa‘t’er%HfEn@ of aggl qﬁm@g g9 and |- on the fraction

| arger than 40 pm Qnit A ge_praportion of
aggl onerates). 25 that Q\M)"/tfmtlons had the sane
crystalline struc ere—were—no—aggtonerates. Sanpl e

P981004/ EX was al so assayed for traces of solvents in order to verify if

the crystalline fiHgm bl &mﬁemowg@é@uab@%\édﬁeinr Khig! tar@i¥§|§lea||@p@@afr@ce of
a solvate or hydrate. 30 The results observed were as f

2004/ 101503 fn@wttm’@@ﬂ/aoeql&e@d o hydrated dJorm datbep remzsed nd he mrnarrpdsll lltont ent
0:14 %n1mTl’b cont ent (fjl ur es Obtglﬁﬁ?d |tn % nal%s'kit IIo he
hypot hesi s JHOS% VR{'EGPEPIR dtroat:“e&nfs? { "r"@f LREB.S T %I@/r PB 1]
observedsgcorgiggponded to a crystalline structure intrinsic to the product
The results obtained at the 100-litre scale provide qualitative
confirmation of all the results obtained at the laboratory scale (1 L).

C. 2500-LITRE SCALE
10

Example 11: 2500-litre scale
A reactor of type BE 2500 (De Dietrich) with a capacity of 2500 litres,
equipped with an impeller stirrer and a gas introduction pipe, was charged
with 250 kg of DMSAM, 750 litres of methanol and 55 litres of water. The
15 suspension was stirred at 100 rpm and 20°C for 10 min and then heated to

35°C to dissolve the solids. The solution was subsequently stirred at 100 rpm
for 35 min, then cooled to 25°C and stirred at 100 rpm at this temperature for
30 min.

78 kg of ammonia were then introduced over 4.5 h at 25°C.

20 The reaction medium was left in contact for 10 h at 25°C with stirring
at 100 rpm before finally being cooled to -10°C, and then was drained and
clarified with 40 litres of ice-cold methanol.

The moist product was then dried under vacuum at 45°C.
Yield = 89.5%, median = 27 ym.
25



5 alone. The results obtained at the 100-litre scale provide qualitative
confirmation of all the results obtained at the |aboratory scale (1 L). C
2500-LIT / 5040 Exanple 11: 2500-litre scale A rea BE 2500
(De Diet ;%W\’}\ﬁw}a capacity of 2500 litres, equi ppedgﬁylﬁ%gﬁkyﬁg‘%

stirrer and a gas introduction pipe, was charged wi th 250 kg of DIVBAM 750
litres of methanol and 55 litres of wates. The 15 suspension was stirred at
100 rpm and 20C for 10 min and then heated to 35C to dissolve the solids.
The sol ution was subsequently stirred at 100 rpm for 35 mn, then cooled to
25C and sti 1y absArd@YRPAEAS PROCESS AIRRIAWEREd O | 30 min. 78 kg of ammnia
were then introduced over 4. at 25C. 20 The reaction nmediumwas left in
contact for 1. h1at|'ri25673m& h stl rring at 100 rpm before finally being
cooled to -10C, and then was drained and clarified with 40 litres of
ice-col d methanol. The noist product was then dried under vacuum at 45C.
Yield 89. § 0 : -_“ rtacetfdre004/ 101503 PCT/ 1 B2004/ 001409 25 1.
MODAFI NI L SYN e FTHOOT WATER A, 1- LI TRE SCALE Exanple 12: -
1-litre Scal e prdcediitre- ajtémbtédtlremtdrooﬁttwb r&leARof(Hawd BviidatiBn( Hazar d

I d h | 1 d
i oduct | o DOHEN yEém@mC&m Wza%“ PEISHEEReT A 320 iMEIUREPRano!
The  suspensipn yas e 28 "bmﬁaosng%éomm ABfhdrRnTheat ed to
lllve e SO e SO

35C to disso |on was subsequently stirred at 200 rpm
suspension was stirred at 200 rpm and 20°C for 10 min and then heated to

35°C to dissolve the solids. The solution was subsequently stirred at 200 rpm
10 for 15 min, then cooled to 25°C and stirred at 350 rpm and at this
temperature for 30 min.
50.9 g of ammonia were then introduced over 3 h 10 min at 25°C.
The reaction medium was left in contact for 10 h at 25°C with stirring
at 350 rpm before finally being cooled to —10°C and then filtered over a frit of
15 porosity 3.
The moist product was then dried under vacuum at 45°C.
Yield = 94.9%, median = 33.9 ym.
Advantageously it was possible to work with only 3.6 equivalents (and
not 4.0) of NH3;, added at the same flow rate, while retaining a granulometric
20 median and a granulometric profile which were in accordance with

specification.

B. 100-litre scale

25 Example 13: 100-litre scale procedure
A reactor of type AE 100 (De Dietrich) with a capacity of 100 litres,
equipped with an impeller stirrer (De Dietrich) and a gas introduction pipe,
was charged with 24 kg of DMSAM and 72litres of methanol. The
suspension was stirred at 150 rpm and 20°C for 10 min and then heated to

30 35°C to dissolve the solids. The solution was subsequently stirred at 150 rpm



10 for 15 mn, then cooled to 25C and stirred at 350 rpmand at this
tenperature for 30 mn. 50.9 g of anmonia were then introduced over 3 h 10
mn at 25C. The reaction nmediumwas left in contact for 10 h at 25C with
stirring wari®s01¥9pm before finally being cool ed to - 10PGHIB200WIFHP]| t er ed
over a frit of 15 porosity 3. The noi st product was then dried under vacuum
at 45C. Yield = 94.9% nedian = 33.9 pm Advantageously it was possible to
work with only 3.6 equivalents (and not264.0) of NH3, added at the sanme fl ow
rate, while retaining a granulonmetric 20 nedian and a granulonetric profile
whi ch were in accordance with specification. B. 100-litre scale 25 Exanple
13: 100-1i t rfer $6ahim, thierc edoled té 2528carad stifed upd SOFPADSL thisctdbhsératwrd)foni th a
capacity of 100 | itres, equi pped with an inpeller stirrer (De Dietrich) and
a gas introdiftMimn pipe, was charged with 24 kg of DMBAM and 72 litres of

neat ed 1o 30 350 10 K QAP ete et npdicb B AR 3 W e ene 1y
Stirred at 150 r prAARAON HAURNR WASTIHBROHIGHRAN0 afatfwclﬁ.tmgurr.ﬁgwen

cooled to 25C and stirred at 150 rpmat this t enperature for 5.1 k
of anmmonba V@rtoQ mm bﬁ@fﬁ)ﬁﬂ@@dbgmw@lﬂd 10 -H0rCaandzthenTwas r@ameﬂcaﬂdredl um

was left in stlrrlng 5 at 150rpmbefore
finally bei ncggrr}t@gf\gﬂi"%rg Ijt%f’cf)ta fénm?tt dral ned and clarified with 20
litres of ice- Colﬂmérﬁwrwbduathﬁaérmeﬂdm&dhéérv&&dﬂ%%m@f’ced under vacuum

at 45C. Yield = 91.6% nedian = 34.4 pm 10 Exanple 14: Effect of stirring
speed Yield = 91.6%, median = 344 pm.

10 Example 14: Effect of stirring speed

Five experiments were carried out, three of them in accordance with

the protocol conditions (stirring speed at 150 rpm; 3.6 eq. NH3 in 3 vol.

MeOH).
S (rpm) Median (um) Mean (um)
P010702 EP 150 36.13 54.94
P010703 EP 150 34.41 57.51
P010706 EP 175 28.49 52.79
P010705 EP 125 39.34 88.99
P010704 150 24 .55 49.23
15
The experiments carried out with the stirring speeds of 125 and
175 rpm showed that the slower stirring speed of 125 rpm results in a
granulometric median which, although higher than that obtained at 150 rpm,
was nevertheless still in-accordance with specification.
20 Little or no difference, on the other hand, was observed at 175 or

150 rpm.
These experiments satisfied the acceptance criteria, namely:
- a yield greater than 90%;
- a granulometry: 15 /45 pm & polymorph |; and
25 - a DMSAM content of less than 0.3%.



Fi ve experinments were carried out, three of themin accordance with the
protocol conditions (stirring speed at 150 rpm 3.6 eq. NH3 in 3 vol.

an (gm) Mean (m) P010702 EP 150 36.1 4 PO 0703 EP
150 34. 416@?%%4{%@810706 EP 175 28.49 52.79 P010705 EP ‘?‘é’g"d@g"%@‘

P010704 150 24.55 49.23 15 The experinments carried out with the sti rr| ng
speeds of 125 and 175 rpm showed that the slower stirring speed of 125 rpm
results in a granulonetric nedi an whi ch2,7 al t hough hi gher than that obtained

at 150 rpm was nevertheless still in accordance with specification. 20
Little or no difference, on the other hand, was observed at 175 or 150 rpm
These experi nert-s2 é%ﬂiltgeussaet he acceptance criteria, nanely: - ayield

greater than 90% - a granulonetry: 15 / 45 pm & polynorph I; and 25 - a
DMSAM content of | ess than 0.3% WD 2004/101503 PCT/ |1 B2004/ 001409 27 C.
2500- i tre sEzamplextdpPmcelurer ocedure A react or of type BE 2500 (De

Dietrich) with asﬁapamty of 2500 _litres, equi_pped with an _inpeller
stirrer and a ga |rﬁ??t86@(f,ttYRﬁlBﬁ %@00\(\98 Q!ﬁH!cﬁédV'ﬂ‘v\PtqapéGGYl@@ ép bitlsAM and

1500 litres i nli C for
10 mn an5§ tﬁ% eat rlﬁ.l la @'@glg?% I Ssoag\é\gﬁaﬁe'hygpﬁgtlgﬁﬂ%g SO utl %irjpe%o
subsequent | ywithi 500kl aff DMSAMnmﬁ@mS% lmnes ot hesthanolo Bk tsuspatsiamdvaas i rred

at 100 rpmat this tenperature for 30
stirred at 100 rpm and 20°C for 10 mm and then heated to 35°C to dissolve

the solids. The solution was subsequently stirred at 100 rpm for 35 min, then

cooled to 25°C and stirred at 100 rpm at this temperature for 30 min.
10 106 kg of ammonia were then introduced over 3 h 10 min at 25°C.
The reaction medium was left in contact for 10 h at 25°C with stirring
at 100 rpm before finally being cooled to -10°C, and then was drained and
clarified with 80 litres of ice-cold methanol.
The moist product was then dried under vacuum at 45°C.

15 Yield = 91%, median = 23 uym.



10 106 kg of anmmonia were then introduced over 3 h 10 mn at 25C The
reaction nediumwas left in contact for 10 h at 25C with stirring at 100

rpm bef ' Jy being cooled to -10C, and then was draine d clarified
W th 80%‘?3@3@@3’#’% ce-col d nethanol. The noi st product R@&zﬁ"é‘%’%ﬂi‘?"?ed under
vacuum at 45C. 15 Yield = 91 % nedian = 23 pm WD 2004/101503

PCT/ | B2004/ 001409 28 CLAIMS 1. Process for preparing nodafinil having a
defined granul onmetry wherein the rati @8of median to nean is of 1:3 to 1:0.3
and nedian to node is of 1:3 to 1:0.3 which conprises the steps of: 5 a)
preparing a solution of DMBAMin a solvent ; b) contacting the solution

obtained with NH3 at a predeterni nedCLAMPer at ure and under a predetermni ned

stirring; and ch i|§ol at i Qfg the nmodafinil forned, wherein said tenperature
and sai d stirring 2AP5eHT QEt RERAHRY Medafinjkrhaving By dafingdn gsanuiometry ned

granul ome iwherdin R PSS! EaRNTD MedrPisdr Aok SR rfle g 1 HOHBENE o > 2

protic polar solvent. 15 3. Process according to C
sol vent i s 1ahtoal:@chwhich comprisesdss stepsf:di ng to clai m 3, wherein the sol vent

is methanol. 5. Process _acc%%éiﬂ)g t? &%@14 where{n t he sol ution of DVBAM
has a 20 concefr RFOARMNDH uRpROf b, AR 8AMeRt o5 npl L-1. 6. Process
according to anyyo : egad O, eRfl.n ein
step b) igs hel db?)e[kg\?ergécq[yatﬁé %@@I@Whﬁo%@s@ cg{r E#&é§%@§rﬁ$ﬁ%ane of

the precedi ng clemperatureant uridee a predeterminsdstirringt andng speed in step b)
I's chosen such that the nodafinil _isolated in step c¢) has a granulonetric
nmedi an of bet we&h 2salalingghgmodafinifermed.y bet ween 15 and 45 pm

wherein said temperature and said stirring are predetermined in order to

10  obtain said defined granulometry.

2. Process according to claim 1, wherein the solvent is a protic polar

solvent.
15 3. Process according to claim 2, wherein the solvent is an alcohol.
4. Process according to claim 3, wherein the solvent is methanol.

5. Process according to claim 4, wherein the solution of DMSAM has a
20  concentration of DMSAM of between 1 and 1.25 mol L.

6. Process according to any one of the preceding claims, wherein the
temperature in step b) is held between 15 and 65°C.

25 7. Process according to any one of the preceding claims, wherein the
predetermined stirring speed in step b) is chosen such that the modafinil
isolated in step ¢) has a granulometric median of between 2 and 60 pm,
preferably between 15 and 45 ym.

30 8. Process according to any of the preceding claims, wherein in step
b), the solution of DMSAM is contacted with 3 to 6 molar equivalent of NHs.



30 B. Process according to any of the preceding clains, whereinin step b),
the solution of DVSAMis contacted with 3 to 6 nolar equival ent of NH3. WO

2004/ 1015?32@?5“5% 00_4/ 001409 29 9. Process according %%gﬁh?@rwﬁ%??herei n,

in ste e solution of DMSAMis contacted with 3.

equi val ent of NH3. 5 10. Process according to any of the preceding clains,
wherein, in step b), the NH3 is introdgged into the solution over a
sufficient time to obtain a conplete dissolution of NH3. 11. Process
according to claim 10, wherein, in step b), the NH3 is 10 introduced into
the solution over a tine of between 2 h and 6 h. 12. Process according to
Claim1ll, wherein, in step b), the NH3 is introduced into the solution over
a tinme of betweeS. Priocassl atcbrding 16 cldim & wmeinadn(stteb by the salutioh ohe

precedi ng cl wherein, in siep the solution_ s, contacted after the
i ntroduct i o MgRM@ tgniasisd ‘%‘t"tg%t%f&{)% melaEeguMaietdiNHn al | ow t he

pol ynorphic transformation of formlll to forml. 14. Process according to
claim 13, wherein the contact tine is 20 between 8 and 12 h. 15. Process

accordi ng to any10f Prbeess aceutding tolamyraf theipreeeding lotaimsp wierein, ubtsw'pned
after step g& is further maintajned at a tenperature_ | ower than t

predet er m n&¢ enElsd8 UREOBRCag Ko fhe solution; byer 3 Fufh w@n@mﬁdoo«abtalm a 25

conpl ete cr f| nil. 16. Process according to claim 15,
wherein the@&@%ﬂ%@%#@n 'ﬁéto er > maintained at a tenperature | ower than the

tenperature of step b) for atime of froml1l hto 4 h. 30 WD 2004/ 101503
PCT/ | B2004/ 001409 30 17. Process according to clains 15 and 16, wherein the
temperature is Bdt fegesgmEscartingde claim 10, wherein, in step b), the NH3 is

10 infroduced into the solution over a time of between 2 h and 6 h.

12. Process according to Claim 11, wherein, in step b), the NH; is
introduced into the solution over a time of between 3 h and 4.5 h.

15 13. Process according to any of the preceding claims, wherein, in step
b), the solution is contacted after the introduction of the NH3 for a contact
time sufficient to allow the polymorphic transformation of form il to form 1.

14. Process according to claim 13, wherein the contact time is
20 between 8 and 12 h.

15. Process according to any of the preceding claims, wherein the
solution obtained after step b) is further maintained at a temperature iower
than the predetermined temperature of step b) for a time sufficient to obtain

25 complete crystallization of modafinil.

16. Process according to claim 15, wherein the solution is further
maintained at a temperature lower than the temperature of step b) for a time
offrom1 hto4h.

30



18. Process according to any of the preceding clains, wherein the 5
nodafinil is isolated in step ¢c) by filtration. 19. Process according to any
of the preceding clains, wherein the solvent in step a) conprises water. 10
20. Procew® Wo4mmdi3ng to claim 19, wherein the solvent ceotaBiwefobREPd 5% to
20% by volume of water. 21. Process according to any of clains 19 or 20,
wherein the NH3 is introduced into the solution in step b) over a tine of
between 4 h and 5 h. 15 22. Process accoP®ling to any of claims 19 to 21,
wherein, in step b), the solution of DMSAMis contacted with 5 to 5.5 nol ar
equi val ent of NH3. 23. Process according to any of the preceding clains,
whi ch does not i ntV7uBeocessecasopsding Itpzclaims: 16tand 46t wheseiapthe) temperature
Process according to yCof dtdzx precedi ng cl ai ns, which does not include a
grinding step EF"ST?Qp an ? Process according to any of the preceding
clainms, wherein the 25 predeterm ned tenperature and stirring speed are
chosen such that particles of nodafinil forml of which at least: - 50%
have a di aneter 018] &sscadsaacetidingnto any. of tad praceding aaiarset wheoéinl thes t han
110 ;.L and -_95% ha . di anmet er | ess than 220 m 30 are isolated in
step c) msV\AD @86@7‘&8%@9&%@/’1 He66: %(5(@&9@0”-31 26. Process according to any
of clains 1 to 12 and 15 to 24, wherein the nodafinil isolated in step c)
is nodafinil formlIll. 5 27. Process according to any of clainms 1 to 24,
wher ei n the nodaf19i Process ateatding td gmycof tise ipveedding |claiovsn whebéin tRheocess
according to any .of clai 1 to 24, wherein nodafinil wth a granulonetric
medi an of bet IR SISR AN COMPHSEES WIS ated in step c).

10 20. Process according to claim 19, wherein the solvent contains from

5% to 20% by volume of water.

21. Process according to any of claims 19 or 20, wherein the NH; is
introduced into the solution in step b) over a time of between 4 h and 5 h.

15 22. Process according to any of claims 19 to 21, wherein, in step b),
the solution of DMSAM is contacted with 5 to 5.5 molar equivalent of NHs.

23. Process according to any of the preceding claims, which does not
include a recrystallization step after step c).
20
24. Process according to any of the preceding claims, which does not
include a grinding step after step c).

25. Process according to any of the preceding claims, wherein the
25 predetermined temperature and stirring speed are chosen such that particles
of modafinil form | of which at least:
-  50% have a diameter of less than 45 ym, and
- 80% have a diameter of less than 110 um, and
- 95% have a diameter of less than 220 um,

30 are isolated in step ¢).
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10 29. Process according to claim1, wherein the |evorotary enantionmer of
DVBAM i s enployed in step a). 30. Process according to claim1, wherein the

dext ror‘(’)vtoazro%)/meor;?or;t ionmer 15 of DMBAM i s enployed in StggT)?);2004/001409

31

26. Process according to any of claims 1 to 12 and 15 to 24, wherein
the modafinil isolated in step c¢) is modafinil form Hil.

5 27. Process according to any of claims 1 to 24, wherein the modafinil
isolated in step c) is modafinil form 1.

28. Process according to any of claims 1 to 24, wherein modafinil with
a granulometric median of between 1 um and 1 mm is isolated in step c).
10

29. Process according to claim 1, wherein the levorotary enantiomer
of DMSAM is employed in step a).

30. Process according to claim 1, wherein the dextrorotary enantiomer
15 of DMSAM is employed in step a).



