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nodafinil 5 having a defined granul onetry. BACKGROUND
OF THE | NVENTI ON Modafinil (Cl5H1I5NO2S) of formula I,
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in US patent 4, 17MQDAFNI SMHITHEIASRROGESH has

recei ved the approval of the registration authorities
for use in the treatnment of narcolepsy. / Nzz~
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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
process for  preparing modafinii  which  comprises reacting
benzhydrylthioacetic acid with thionyl chloride 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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2 Schenme 1 The drawback of this process is that the
step of oxidizing the sul phur of the
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presence of hydrogen peroxide is difficult to control
and may lead to the formation of a 5 sul phone
by-product (11) which is difficault to separate from
the nodafinil. i cJI9NH2O0 O (I1) Patent application
WD 02/ 10125 (TEVA) describes a process for preparing
nodafinil which takes the sa8ehekierid of approach In
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organic solvent.

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
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. methyl diphenylmethylsulphinyl-
acetate (DMSAM), by reaction with dimethyl sulphate. Finally, after gaseous
ammonia has been bubbled into a methanolic soiution of DMSAM for one
hour, the reaction mixture is left in contact for four hours. The modafinil thus

obtained is isolated and recrystallized in two stages.
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particular it 5 involves a plurality of steps of
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presents a nmediocre yield. US patent 4,927,855 (Lafon)
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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
modafinil is obtained with a modest yield.

Studies have shown, moreover, that the patrticle 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
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 um)). These
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.
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the formof a mxture of these pol ynorphs, depending

on the operating conditions enployed (WO 02/ 10125
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invention is to furnish a process which all ows
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DESCRI PTI ON OF THE | NVENTI ON The exi stence has now
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f Orpc{s%ﬂasfg llnnsp:g\);ticular 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 99.5% and with high yields.
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
identical chemical composition, possess different crystaline 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

kinetics. Under equilibrium conditions this kinetic polymorph tends to
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is thernodynamically nore stable. It has al so been
found that the pol ynorphic transformation of the
kinetic formto the thermpdynaic formis acconpani ed
by a change in the 5 granulonetry of the nodafinil.
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recei ved the approval of the registration _1& .
authisticr fog®. to fhe; thermedyramiss fosmyigi aesoginasieqby a change in the
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t hanodafinils pplyswirphewhishobasii neceivedf thei lapppeval i of| e odgistration
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20 parti ¢h ettd Zgoghsat rdfbigticdies Ohimdte andopfipfkid the bRodafinil
controlled, and these are: - the concentration of the _
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two other paraneters, i.e. the tenperature and the
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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
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“granul onetric profile" relateS to the distribution

of paHiciepeppulatiendneasured have anpartiole dismeter lowegthan the median
diameter defined and that approximately 50% of the measurable particle
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
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.

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

concentration and at constant temperature, a high stirring speed promotes



25 proportion and allows the nunber of popul ations of
particles to be defined. The nedi an neasurenent is
w@enenalshy consi dered as having greater i nporPENTB2004/001409
conpared to the node or nmean values in that the nedian
value provides an indication of the distribution 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
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popul ati 68 wsed heseln, the teemi havingreddefinedregranuioneriry”, 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 ; however, 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 is 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 NH3 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.
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t egplvent geremlig 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 NHs;, 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  ethoxyethanol, pentanol, neopentyl alcohol, t-pentyl alcohol, cyclohexanol,
ethylene glycol, propylene glycol, benzyl alcohol, phenol and glycerol,
methanol being preferred.
“‘NH3", as used herein, may refer to gaseous or liquid ammonia,
ammonium hydroxide and, by extension, to any compound capable of
30 generating ammonia in the reaction mixture, gazeous ammonia being

preferred.
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te 15 Th terusﬁgoc?&%\f?hi@’qihﬁpdepends notably on the nature of the solvent.

The temperature is chosen sufficiently high to promote the kinetic of
the reaction of DMSAM with NH3, 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
65°C, more preferably between 20° and 30°C, and most preferably between
23° and 27°C.

It should 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.
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solvent. The tenperature is chosen sufficiently high

to pronote the kinetic of the reaction of DVMBAM w th

NH3, and not too high so that tihe nodafinil has 20 a

poor solubility in the solvent. The tenperature in

step b) is preferably maintai ned between 15 and 65C,

nor e pr dhegrab partivetareEnmbadinend, HECstiming sped in step b) makes it

preferably between 23 and 27C, 1{ shoul d be noted . . )
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of the tBypevayf oftexamiptey ial erdentto obbtain Ibatehesr of onaddfmil with a -
approprjate for fhe rson skilled in the t .
> e upRyRge Madiat phGeRRRIS 210 b PbA WS/ solution close
eqyp RARIhtSTBhE%6 a térﬁgéthGrlé' ﬁff 28 CORith of Héggfdr%@ tygfe AE)GH 00 (De
[ e sca tion

mts of the apparatus and t e of oper
andiefrichh wittiess capacityr efr0olitez s, yequippednyith attbrexsbanched stirring
the, indjcations ovi ded by the present. invention. WO
2064955 6 1A P RIEB 0Hp SORRRIENE8 Wil HonavBR tpi & Biding Speed of
enipReNEBN Y 251dM 15 Fim 'BofP BRAeidblE § SO rph. makes it }
possible to obtain particles of nodafinil forml wth
10a granullheeimpellereatizer hesegdenptes oan stirting egement naving three

or Bt bl ek esgiad by dbe o Ao AERSGndsb parameters

gr amtrbaRint reginkdipawed hubfiergh =2 .81 AufbdrNg & 0.29; Nusselt
DVBAM sol ution close to saturation and for a

t el$pBpi@NL A 83025C with a reactor of type AE 100 (De

Dietrich i [ ty..0f j t e QL d Y t.h

2 Chr ol lidtlef AR, iR 2 KEdclor of Byoc® BHBRF (L Hazaro
15ty valyatiohe Laboratovy) Ihavinggiaveapadityaostoner lifhg aedor @f DMSAM

between 125 and 175 rpm nore preferably 150 rpm 10
Th§°|'~ﬁ‘BBI ‘F%%ﬁ‘e &8 F*F‘F’é?t'cﬁ’b?@d denattesrerature of 5 €| #nigmreferred to

Pg}SFB%té W/ig'l? a erﬁfgg ?Eée&"‘?&ﬁ@gé SréRAEREIS Ebg ﬁrﬁmb Ynbr&Cpreferably

oW ng Mensi Ss par ters 1ntur ent
r egbbepmp doiven batobes N rrodafiiil panticlesuntbese Hlarrmldmé@®ic median
Nu?ssgclatgveen 2 and 60 um.
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 NHs.

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 NHj 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

NHs;, means a dissolution of 95% to 100% of the amount of ammonia gas
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tenperature of 25C, it is preferred to operate with a
stirring speed ranging from30081to 400 rpm nore
preferably 350 rpm to give batches of nodafinil
particles whose granulonetric nmedian is between 2 and
60 ipnodutied] Ineore @rafdrainly acfupelbAkhars 98 Ynarad: trexbt \préferdbly superior
6, rmrg B}referably 3.2 to 5, and nost preferably
cl 483 8878 6 nol ar equi val ent of NH3. Cenerally, the

process lfaéorﬁgfe'ié 8idsOlutioMidt thdarpAYSa Wt‘é&cﬂ%ﬂ 'rﬁe&lﬁﬂw is liable

be introduced i n particular using conventional devic

white haselamvadvesse affecinomathenyietd oithiel redction and lom the purlty of the
reactl 0 di u It has additionally been 25 noted
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99¢%he boMUpluetstemlbﬁtsod:omamddt mbmreﬁ@termmedntdrﬂmerature and at

reaction diumis |iable tohve an_adverse, effect

on %epﬂﬁdg? mypeq haliriggc SPeRdan®r oA dime p?Hf?'PS?“Bf tq pallow the
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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 “complete 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.
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particul ar enbodi nent, the FOl ar solvent in step a) of

the prBHieestingiypthesriocass of thepinuertietbmakesdhpossikle toaptain a

b t.e ' , ~Leh bSiio g ,

> el BByl ok e 058y g fskdieagey fetoving
15 of steptejeen 4 h and 5 h in step b). 5 In this

particular variant, the DVMSAM solution is preferabl
cont acttgu arm d"S?@tafﬂﬂdalaseﬁrﬂJi'szﬁrW'%ﬁ &jthe 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.

In 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 um.

30 In one preferred embodiment, the predetermined stirring and
temperature are chosen such that particles of modafinil of form | of which at
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The process of the invention, illustrated in specific
fashion in the 5 foregoing text by the preparation of
wo 2amemvisoodafinil, nmay al so be applied to thECT/IB2004/001409
preparation of |evorotary nodafinil. The latter is
described in particular in US patent 4,927,855, and

has been identified as displayi'Ag the absol ute

co

nfiguration R In this context, the DMGAM i s

enployed in step a) inits Ievorotary enanti oneric

fo
ac

rm which may be prepar e EXAMBLES cular in 10
cordance wth US 4,927,855. The process of the

invention may al so be applied to the preparation of

dext r or otppara@aiidmkthddd t his context, the DVBAM i s
enployed In step a) in 1ts dextrorotary enanti omeri

form = whil@sendl @@tlomarpaw@mtﬁr Fecknean-goulter model L5100

ac
di

whi
re
pr
Ap
Be
in

cor dance t 927, invention is also
rected towrﬂog'n nffqo &étlﬁgﬁgbﬁ]ne% %’{/]Set hi s process, ,
i ch has bg2pastiviseizetatagdespl ay characteristic and

pr oduci bl $%§art| cle size distribution and inpurity
ofile. 82eniarso3 PCT/ | B2004/ 001409 14 EXAMPLES
par at u&@aqu?et hods Laser diffraction granul oneter,
ckman- Coul't nodel LS 100 : 5 - 0.4 pmto 800 pm
one analysis - 72 particle size classes - 126

de ectors used dr 10 |. MODAFI NI L SYNTHESI S PRCOCESS
W MiE A 55

pr
Ev

IL RYNTHESISRROGES WITHWMATRR 1: 1-litre scale
ocedure fredstAtg € reactor of type SIMILAR (Hazard
al uation Laboratory, 15 HEL) equi pped with an

inmpeller stirrer and a gas introduction tube was

ch
mL
an

ed vvitq I150 of 450 m of nethanol and 33
Eré%—b%ﬁeln— HE was stirred at 100 rpm
d 20CAf aujitdd reaétorst fPENSIMBLAR {Razard Evaluation Laboratory,
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 rom 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
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.

The moist product was then dried under vacuum at 45°C.

Yield = 89%, median = 34.1 ym.



35C to dissolve the solids. The sol ution was

subsequently stirred at 200 rpm for 10 mn, then
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tenperature for 20 mn. 46.8g of ammoni a were then
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rpm before finally being cooled to -10C and then

filtered over a frit of porosity 3. 25 The noi st

product was then Ekangsles2der5: \Effact of ampér@tureYi el d =
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Exanpl e 2: Standard (zero-point) experinment and

r efimxadyrie i IStand=hd Crerdipaiot) £xpérisieahand de@)odecibmbmt

were the same as those of exa p0|n
St oh 1 GOTAHRR, & VHENFAh ORI eid e Same &8 those of
t egpgrplaine, the cooling rate and the contact tine at

-10C were mui ntai ned constant during.the various
exper i ndmespoigt atcwhichdbe amamanist was injected| the jacket temperature,

ol o8 Talhali o6 "eontat g, & Sl Werk! maibliea constan

degluring the Qafiis lekpehindints asiht@athes@! parahftBig ihad little or no
medi an which was situated in the range 15-45 pm and

10 t hirfluepce @sreantrialiing the graaulppiatty foth@ mﬁfbafur@(ﬁynmﬁs'zenb
fﬁbsequ ntstgﬁ(&%' g‘;péﬁme}qp §eaé§%qu[ t‘|ﬁno &Jérmtga%)sgalh Na final
e-followng conditrons: - feac enperature T

gbdnhulemetrio n'nled@nswheﬂ WS sitdatedripthe fan‘g”emﬁ% Mm and thus to
|ntroduct| on tine = 4.5 h. Under these conditions
t hEORFIHHIR J A8 P@nh%mqnpamw fesdhe slibspauent expafimepts.

Thi s st gRacdh eX RS ERMiInYRS it BRYFIGRAR &shdifford:der to

assess Its

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 ym.
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=45h.
25 ldentical results were obtained within a 3 ym band and with similar

granulometric profiles.

Temperature

Granulometric

1 0, 0,
Experiment requlation median G 95% C.F. % <220 ym
H980503 Mass 34.14 ym 0-171 98.1
H980504 Jacket 34.09 um 0-174 98.3
H980505 Mass 31,31 um 0-160 98.9

CF : Confidence interval represented.
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reproduci bility: that was, three experinents conducted

at T = 25C (including 2 experinents with regul ation

ex perPCTIEB2N04/001409
with regulation via the jacket tenperature), SS = 350
rpm and t=4.5 h. 25 ldentic results were obtained
wthin a 3 pmband and with simlar granulonetric

profi | es. Experinent Tenperature G anul onetric 95%

O LiES MBnglE! AL R e ABsGHERC R0 S5 5P exddriment

Wﬁr@ﬂ%d\ﬁkﬁﬁe%séﬂl aBna GatROfP &y cdphpariésmf Themeproducibility of
i nterval represented. WO 2004/ 101503 PCT/ | B2004/ 001409

16therfegetianpyRtemom@ppanite ropnthess o wan isp apsuredanyghgrmore,
e . e k1Sa TR

coNEE} EBkrmiRts BefiiiiaR REARY B BF e cfbicRYf the control
Syt emferatune dn ublsmmmeshets\asbery\m ti ooystalinatiah exotherm was
Furthernore, _these experinents d nonstrated the m nor

r dherefere mt critisat ré'i‘eFH%' QfBHE"PH]e"SCEﬁs‘i"en'perature in

this process: nastery of the crystallization exotherm

was therefore not critical for the final

granul onetric result. Exanple 3: Study of the effect

of Exdrhplei 31 Gtade e thideffbitof ptiramedpeedias varied in

order for its influence on the cl.e,siz

Ll
di st ri bUii$ BArABelsE wassyariedin °r r {Pél‘téégﬂlé‘?’i%?’éﬁ’%ﬂamc‘e size
e'dlé‘t‘?buﬁbﬁj% Bk éé@‘aﬁs‘ééhu?wo Eﬁuét@@ S @fAaf glde of the value
perinent were selected, the ot par amet ers bei ng
ke‘ptmdtln thesstandbech daperimehtieererkelectesl, lthe ofiraparaheters being
Experi nent Speed SS Medi an G Mean

f ol
mﬁ%%aitha%ﬁa\é\gﬁfdp\fﬁﬁ“%t andard 350 33.18 55 - 60.1 0 to

160 - lﬁ{’er%%uﬂtsb%mﬂed%@%@%om 49.12 81.48 0 to
231.8 94.4

Experiment Speed SS Median G Mean 95% C.F. % <220 um
Standard 350 33.18 55 - 60.1 Oto160-174 98.1-98.9
H980502 300 49.12 81.48 0t0231.8 94.4
H980601 400 28.18 47.5 0 to 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
the speed, the lower the granulometric median. The particle size curve then
showed a second, smaller population beyond 60 pm.

Conversely, a lower stirring speed promoted the formation of large
particies.

Increasing the stirring speed therefore made it easier to obtain a low

and uniform particle size.
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Hll

CUI‘VGS and supersat uration curves of
t9HHMRY , and epppefsabfatine guB@sh of modafinil in

10 As before,

t wo

experiments wer€ carried out by varying the val ue of
t hi s f acteffeadonethelgrowth kinetids oft thesirpstdhyr fdrmatue,

whi | e keeping all

of the ot her

paraneters the sane.

The results obtained were as follows: Experinent

Tenper ahdibefdfedingd &p@ﬁﬁfén?é%’e?e car
Standard 25 33.18 55

- 60.10t

6roéq: oﬁ%yp\g%qlng thg value of

HIBG5etaroregitbar sidecd its stendsm @alne, &hileik@epdig IV of the other

42pa§‘ém6e?ér§]th8 sta?nel.gl' 497.3

The results obtained were as follows:

Experiment Temp.errat”re Median G Mean 95% CF. | %<220um
Standard 25 33.18 55-60.1 |0to160-174| 98.1—08.9
H980506 23 33.04 50.69 0to 139.8 99.8
H980507 27 4264 69.71 Oto 1914 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 um 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 particle size.
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Conversely, t

he results obtaind¥ at 27C featured both

a higher granulonetric median and a ruch | arger
second popul ati on. Reducing the reaction tenperature
t héxehple SmEdebitatiarsobtheteffesdté ain  a | ow and uni form

parti cl size. WO 2004/ 101503 P | B2004/ 001409 ,. 18 .. .
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100 to 106.6 pm Stiringspeste8rd408 RMarticl e size
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The curve obtained showed the following characteristics:

median = 32.92 pm,

mean =42.11 um,

95% C.F. = 0to 106.6 um,
% <220 um = 100.

The particle size distribution was highly uniform and the median is

very satisfactory.

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,
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 pm, 60 and 120 um, 120 and
200 pum, 200 and 300 um, 300 and 500 pm, 500 and 700 um, 700 and 900

um can be prepared in this way.
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100- LI TRE SCALE Exanple 6: 100-litre scale procedure 5
A pBixafipie 6ah @0lirecicate pfocedpes AE 100 (De Dietrich)
with a capacity of 100 litre [ i
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10 . nsubsequahtiy\atired. st h%rpma‘or THhrain, dben iconladetn aﬁncw@@d stirred

ef cont,act for 10 h C.with stirrin at 150
ﬁ#ﬂéﬁé%‘ ?t%ﬁ'a?ﬂﬁv‘pﬁé?ﬁ‘fée ?%o:ﬁ;ﬁ]"?o -10C, andgvvas t hen
dr ai ned4@¥lkg dbamhidriia veste thém irddduckd @vepd.5 Ifi%tt o6Pd.
_ net hanol . The noi st (ﬁroduct was then dried unde

vacuum ahe@@gtlon{mg UM \ga%efhgupqﬁagt fos 16 brﬁt 25 C with stirring
ExamE8Sph befote fmall{betlg tB6IAPR’ Alo-BY aR8" RIEHRES draifled 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 pm.

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, '
- 8S=150rpm,
- t=45h,
- regulation via the temperature of the mass,
- D=12m%h.

30 The results obtained were as follows:
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any comparison in the remainder of the study.

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:

Experiment Speed SS Median G Numbe_r of
populations
Standard 150 49.2 ym 2
P980906 100 119.3 uym 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.

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




Experi ment Speed SS Medi an G Nunmber of popul ations
Standard 150 49.2 pm 2 P980906 100 119.3 pm 2 The
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end product was identical to that denonstrated at the
1-litre scale: increasing the stirring speed nmade it

easier to obtain a | ower nedi &f. 20 Exanple 9: Study

of the effect of reaction tenperature The reaction
tenperature was denonstrated to effect the results on
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kept the sane. The results obtained were as foll ows:
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increase inlthe value of the Imedian 10 Converselly a

| ower reaction tenperature (T < 24C) nade it possible

to obt %?% P@s[@a%érfe%gﬁtﬂ:ra??&h?&%t5ﬂ>t%|n%rdo&l| ltI‘?e la-B%?atory scale

granul o
(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.

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).

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

the limits 1 um and 1 mm could be obtained.

Example 10: Additional study on the crystallization

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
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8 |P981002 EP 25 150 | 22.3* 68.06 101.9

9 | P981003 EX 25 150 | 262.3 2431 233.3 il

10 | P981003 EP 25 150 | 22.28* 51.23 101.2

11 | P981004 EX 25 150 | 291.9 255.1 246.0 i

12 | P981004 EP 25 150 22.3* 49.93 99.54

13 | P981005 EX 25 150 | 190.1 180.3 176.5 i

14 | P981005 EP 25 150 | 22.3* 48.56 94.80

15 | P981006 EX 24 150 | 190.1 178.1 . 173.3 i

16 (P981006 EP | 24 | 150 | 22.8* | 52.87 90.03

17 |P981007 EX | 25 | 150 | 190.1 189.9 183.9 ]

N =2l N =] N =] N 2 N =N

18 |P981007 EP | 25 | 150 | 22.3* | 46.90 98.63

* Most weli-defined mode

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:
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Complementary analyses:

A complementary analysis, to distinguish the particles and the
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 ym.

The analysis indicated form lll.
e For the samples P981003/02 and P981003/PF, two analyses were
carried out: ,
- on the fraction smaller than 40 um (theoretically devoid of
agglomerates), and
- on the fraction larger than 40 um (theoretically containing
a large proportion of agglomerates).

The results showed that two fractions had the same crystalline
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 Ill had come about as the result of the
appearance of a solvate or hydrate.

The results observed were as follows:
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CRY | raicture intrinsic to the product 5

an%ée(?d I'Ijgggrséélu ts obtained at the 100-litre scale

provide qualitative confirmation of all the results

ORLahRRS1 R 240t 89B5A 7Y seale (1 L),
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
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.

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.
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a gas introduction pipe, was charged wth 250 kg of
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The 15 suspension was stirred?at 100 rpm and 20C for
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35. MOPAFiNIe RYNGRSEHPRRCESSAVAHAUEWATERD at 100 rpm at
t hi r for 30 mn. 78 kg of ammonia were
the%"i ﬁ%ﬁ%ed’ over 4.5 h at 25C. 20 The reaction
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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
median and a granulometric profile which were in accordance with

specification.

B. 100-litre scale

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 72 litres of methanol. The
suspension was stirred at 150 rpm and 20°C for 10 min and then heated to

35°C to dissolve the solids. The solution was subsequently stirred at 150 rpm
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conditions (stirring speed at 150 rpm 3.6 eq. NH3 in

3 vol. MOH.

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

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.

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 ym & polymorph |; and

- a DMSAM content of less than 0.3%.
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di fference, on the other hand, was observed at 175 or
150 rpm These experi nments satisfied the acceptance
crd (12,120 a yield greater than 90% - a
Exerinid 15 ; ue45 pm & polynorph |I; and 25 - a
DVBAM @ordaeidr afftype BE 2680 (De3Dietrith) mmamﬁmﬁy of 2500 litres,
PCT/ | B2004/.001409 litre, scal
5 PrEARRGRWI (R TR oSy StRs T 2,850 M REICBH 2 1B Wa cijarged
avﬁﬁf@@bt &f D%E@RM 'ahﬂe%OO fr&S1 S PRGRaHL MRS suspension was

l'er Stirrer and a gas I ntroduction pipe,
ciszblrrgdcat 140 tprsEmdk20°6F favinwiamaditben heateddo @5 C to dissolve

528 U VAR 6 B §P e ¥, e

S(Hdoﬂfd toT3B> CSahd!b{iP8d 4908 l#bﬁﬁétltﬁ@ttbmp"efratfuf@ fored0 fm
rpomfor 35 mn, then cooled to 25C and stirred at

10 rpm at 106ikg @feammomia.w@rqa remgiotreddced gveng hk‘bO pyin at 25 C

anmoni a., we 0 0)
S IS St Y BBl 1 g gede Efitn stimng
254¢ 160 fpns befdrenihaligt beiRg dopredoes ofGd, iamal therbeiasgdrained and
cooled to -10C, and then was drai ned 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 ym.



clarified with 80 litres of ice-cold nethanol. The
nmoi st product was then dried under vacuum at 45C. 15
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PCT/ 1 B2004/ 001409 28 CLAIM5S 1. Process for preparing
nodafinil having a defined granulonetry which

conprises the steps of: 5 a) pgeparing a sol ution of

DMSAM in a solvent ; b) contacting the solution

obtained with NH3 at a predeterm ned tenperature and
under a predeterm ned stirr¢cigMsnd c) isolating the
nmodafinil forned, wherein said tenperature and said
stirring are predeternmined in order to 10 obtain said
defi ne r - Pr aa i g '

wher of - tCges B Prepérnd ABEIT RO Babfnd Rrdhdiometry

Pt soraprisegithegsteps dfai m 2, wherein the soI vent i's
an al cohol. 4. Process accor to c m 3, wherein
the soP¥erfreparingarmafigion @DMgﬁg%aé@b’&”@lr ng to claim

4, whep, irbo%?&t@%DﬂEéAﬁbo@f nOYBAMA L Svifh "H'q)az at a predetermlned

concentration o betvveen 1 and
6. Pr oterapermatererahdhgnder apredeternmihed IsGrrmgeca@dl ng

cl ai ns,  wherej.n e ature in step b) is held

bet weef) 155%1?1&"%&@ "%Fa%?&? B%s according to any one
OEVHéF&npéﬁéet@H}%rﬁhﬁé@nd WaRY §tlﬁ|nbh§re Fﬁ@d’eﬁbﬁhmé@ﬁﬁ\ order to
stirring speed in step b) is chosén such that the

mobitdin said definsldagrapulometnep c) has a granul onetric

medi an of between 2 and 60 pm preferably between 15
and 45 pm 30 8. Process according to any of the

pr ecedpn@rédetisnBecotimgeionclaifn 3t iberdih, thte%mituélapam& polar
DMSAM i s contacted with 3 to 6 nolar equival ent of

Nisglvewd 2004/ 101503 PCT/ | B2004/ 001409 29

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

5. Process according to claim 4, wherein the solution of DMSAM has a
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.

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 c) has a granulometric median of between 2 and 60 pm,

preferably between 15 and 45 pm.

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.



9. Process according to claim8, wherein, in step b),
the solution of DVMSAMis contacted with 3.2 and 5

wodoanosegli val ent of NH3. 5 10. Process accor dP@miB2004/001409
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any of the preceding clains, wherein, in step b), the
NH3 is introduced into the sq%ytion 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
time of betmeen 2 h and 6 h. 12. Process according to
daim &?@ésebﬂcor’d {cBlaln 8, t\nﬁer@‘ﬁ l'nssteRrE ) Qﬁé“‘s%ﬂmon of
into t solution ove a tine of between 3 :
hDMSAms dentated vathch? dinddd mlmmwvalehboﬁﬂﬁeedl ng
clainms, wherein, in step b), the solutionis
contacted after the introduction of the NH3 for a

contacyg pidissddofdifgto taﬁ af iﬁé/\pief&dﬂ? YEPRSRiGerein, in step
transformation of formll| oforml Process

abpothei N tis infredusedaintarther selhtion ©ves @ sefficientdimes to phtain a
bet we 8. angd .; 5. Process according to any of
tﬁgmﬁfeggéjﬁ%ﬁgniq%a&n%%v\her ein the solution obtained

after step b) is further naintained at a tenperature

| ower than the predeterm ned tenperature of st %g bﬁ
for a flmPrecess @icéﬁﬁdlrt%tcbl@{aamn10,zwh@6%b 4 step e NH; is

C Iffeclcebife A8, it Bar B dme bP beREEE 9 AR BT N0 1O

erei e so utron 1s her ~mai nt'ai ned
at a tenperature Iovver than the tenperature of step b)
for atinme offroml hto4h 30 04/ 10150
PCT/ | BA80Breeasspgccaiding to §lajpnd P g §GP dDaithhg NHs is

1%3%3%:;%? éneeh%%dhﬂdheo\;e?gggﬁgéw 'b%twéén Bei wega. 5 ROC

Process accor to any of the preceding
clains, wherein the 5 nodafinil is isolated in step

C) byfll ration. ocess  gccording to_an t h

pr ecedﬂ??gh‘i‘?%ﬁsr?sac%%'l“gltﬂ by, & 1 PlrsRae, Sl \g?erem in step

C @YPfHeS §81utiBh 88 -contacted after the introduction of the NH3 for a contact
time sufficient to allow the polymorphic transformation of form Hl to form |.

14. Process according to claim 13, wherein the contact time is

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 lower
than the predetermined temperature of step b) for a time sufficient to obtain

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
offrom1htodh.



10 20. Process according to claim19, wherein the
sol vent contains from 5%to 20% by vol une of water.

wQ@104fe1Beess according to any of clainms 19 or PROI/IB2004/001409
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wherein the NH3 is introduced into the solution in
step b) over a tine of between 4 h and 5 h. 15 22.
Process according to any of cPlns 19 to 21, wherein,
in step b), the solution of DMSAMis contacted with 5

to 5.5 nolar equivalent of NH3. kA _23. Process .accordin
to any 13t Rraeesy aseifing o eames Tarand, ! Og@e@p%ﬁﬁg?m&rature
a. {aldde ' tep after step c). 20 24.
Pf%géﬁéeiggrﬁﬁﬁgoo c§§any of the preceding cl ai s,

whi ch does not include a grinding step after step c).

25. Process according,.to any of _the precedi ng_cl ai .
wher ei nl& Harocess @088&‘%9 P Ay oEihe r;§§ﬁ§<§ngncgalgqq, r\&ﬁﬁrgm the
S 18 G 8 Wb E6\ filatibhc! es of nodafinil

fg’rq(?n fﬁ@]ﬁs\?ﬁﬁéﬁaa{t féebast: ! 50% have a di aneter of

|l ess than 45 m and - 80% have a dianeter of |ess

h 11 d - 95%h di . . .
a0 15 s e BB, B ol b e e
P@H\}e%@q}péfegoa;)%dpr%%saﬁateﬂ ocess according to any of

an

claims 1 to1l 15 to 24, wherein the nodafinil
isolated in step c¢) is nodafinil formM 5 27. Process

di ' . 4 ' .
rodat | Y. ProgBR aer Bl BEpaich AL gl st qontains from
2859, 6 00es by aonmeiohgater. any of clainms 1 to 24,

wherein nodafinil with a granulonetric nedi an of
between 1 mand 1 nmis isolated in step c). 10 29.

Proces r.di ol ai Qi .
R T
Priggegscat mes thengolutiors Iresteph) ovee adime of betvesarn rhoard $ h.
enant i oner

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).

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
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 um, and
- 80% have a diameter of less than 110 um, and
- 95% have a diameter of less than 220 um,

are isolated in step c).



15 of DMSAM i s enployed in step a). 31. A nodafinil
obt ai nabl e by the process according to any of the
w@emaerdisozyy cl ai s. PCT/IB2004/001409
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26. Process according to any of claims 1 to 12 and 15 to 24, wherein
the modafinil isolated in step c) is modafinil form Iil.

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 pm and 1 mfn 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).

31. A modafinil obtainable by the process according to any of the

preceding claims.



