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The current invention provides an efficient process that allows for commercial
15 manufacture of modafinil. The present invention discloses a process in which
benzhydrylthiol is reacted with chloroacetamide to obtain the corresponding
benzhydrylthioacetamide.
A synthesis of modafinil has been described in U.S. Patent No. 4,177,290,
where benzhydrol was reacted with chloroacetic acid.
20 A related process for synthesizing the levorotatory isomer of modafinil is
disclosed in U.S. Pat. No. 4,927,855, issued May 22, 1990.
Processes for synthesizing modafinil derivatives are disclosed in U.S. Pat. No.
4,066,686, issued Jan. 3, 1978; U.S. Pat. No. 4,489,095, issued Dec. 18, 1984; U.S. Pat.
No. 5,719,168, issued Feb. 17, 1998; PCT Publication No. 01/15752; and U.S. Pat.
25 Appl. No. 10/014645.
Processes describing reaction of benzhydryl halides with 2-mercaptoacetates
were described in U.S. Pat. No. 5,571,825; U.S. Pat. No. 4,964,893; EP Pat. No. 0 528
172: and Chinese Journal of Medicinal Chemistry, 1999, 9, 132.
Processes for preparing modafinil have been described in PCT Publication No.
30 02/10125.
The present invention provides an efficient process for the preparation of

modafinil, which offers significant commercial advantages when preparing modafinil
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of reacting chloroacetam de with benzhydrylthiol to form

2- ( benzhydr ydisticy Pymeestialmidyentagen for thepreperatign pbgrodafinit pe aicamaersidhscalehe
benzhydrylthiol is formed by reacting benzhydrol with thiourea and a
suitable acid to forma S benzhydrylthiouroniumsalt, followed by reacting

t he S-benzhydryl t hi ouroni um SUTMMARYNOR FHEIINVENDION. The reaction steps
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DETAILED DESCRIPTION OF THE INVENTION
In one embodiment, the present invention provides a process of preparing

20 modafinil comprising the step of reacting chloroacetamide with benzhydrylthiol to form
2-(benzhydrylthiyl) acetamide. In a further aspect of the invention, the benzhydrylthiol
is formed by reacting benzhydrol with thiourea and a suitable acid to form a S-
benzhydrylthiouronium salt, followed by reacting the S-benzhydrylthiouronium salt |
with a suitable base. The reaction steps may conducted separately, where each

25 intermediate is independently isolated, or the reaction steps are conducted in the same
reaction vessel without isolation of any intermediates. A suitable acid can be
hydrobromic acid, hydrochloric or sulfuric acid. A suitable base can be a metal
hydroxide, and in particular, the metal hydroxide can be sodium hydroxide or
potassium hydroxide. Any or all of the reaction steps can be conducted in a solvent

30 system comprising water and an organic solvent selected from tetrahydrofuran, 1,2-
dimethoxyethane, MTBE, acetonitrile, chlorobenzene, ortho-dichlorobenzene, or

methylcyclohexane. The temperature can range from about 25°C to the refluxing



30 system conprising water and an organi c sol vent sel
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rom about 25C to the refluxing WO 03/098774 PCT/ US03/ 16379 -3 tenperature

of the solvent system and in particular, the tenperature.i
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acetam de; (4) oxidizing 2-(benzhydrylthiyl) acetam de with a suitable
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(about 1-10 foﬁﬁﬂéﬁ/ﬁgﬁ @lolt 0 benzhydrol and thiourea (about 1-10
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15 agent to form modafinil.
In certain aspects, the suitable acid is selected from either hydrobromic or
hydrochloric acid; and the suitable base is selected from potassium hydroxide or
sodium hydroxide; and the process steps are conducted using either a

water/tetrahydrofuran or a water/chlorobenzene solvent system. In other aspects, the

20 process comprises the steps of:
(1) adding an aqueous 48% hydrobromic acid solution (about 1-10

equivalents) to benzhydrol and thiourea (about 1-10 equivalents) at a temperature of
about 25-75°C, to form S-benzhydrylthiouronium salt;

2) adding an aqueous solution of potassium hydroxide (about 1-10

25 equivalents), at a temperature of about 25-75°C, to the S-benzhydrylthiouronium salt to
form the benzhydrylthiol;

3) combining chloroacetamide as either a powder, or in solution
with either water or a water/tetrahydrofuran mixture (about 1-10 equivalents) with the
benzhydrylthiol at a temperature of about 25-75°C to form 2-(benzhydrylthiyl)

30 acetamide.
In an additional aspect, the temperature for steps 1, 2, and 3 is from about 50-
75°C. In other aspects, the 2-(benzhydrylthiyl) acetamide is oxidized with a suitable
oxidizing agent selected from m-chloroperoxybenzoic acid, sodium periodate, or

hydrogen peroxide wherein the hydrogen peroxide may optionally be combined with an
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15 ? reacting cﬁoroaeetarmde (about 1.05-2 equivalents) in an

aqueous tetrahydrofuran solution, with the benzhydrylthiol at about 70°C, to form 2-
(benzhydrylthiyl) acetamide;
“) reacting the 2-(benzhydrylthiyl) acetamide with acetic acid

(about 2-5 equivalents) and a 30% aqueous hydrogen peroxide solution (about 1.2-2

20  equivalents) to form modafinil.

In yet another embodiment, the present invention provides for a process of
preparing modafinil comprising:
(1) reacting benzhydrol, thiourea (about 1-3 equivalents) and an
aqueous 48% HBr solution (about 1-3 equivalents) in aqueous chlorobenzene at about

25  70°C to form S-benzhydrylthiouronium salt;

(2) reacting the S-benzhydrylthiouronium salt with an aqueous
potassium hydroxide solution (about 2-5 equivalents) at about 70°C to form

benzhydrylthiol;
3) reacting chloroacetamide (about 1.05-2 equivalenté) in powder

30 form with the benzhydrylthiol at about 70°C, to form 2-(benzhydrylthiyl) acetamide;
(4)  reacting the 2-(benzhydrylthiyl) acetamide with acetic acid
(about 2-5 equivalents) and a 30% aqueous hydrogen peroxide solution (about 1.2-2

equivalents) to form modafinil.
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chl orobenze r\ﬁom%Ehlf)}di'ﬁhrtl‘iﬁ?ﬁP&l%f%omethane?lr)ftyl chloride, dlchlozgr?lethgrf; ne:
tetrachloroethylene, trichloroethylene, 1,1,1-trichloroethane, 1,1,2-trichloroethane, 1,1-
dichloroethane, 2-chloropropane, hexafluorobenzene, 1,2 4-trichlorobenzene, o-

720 dichlorobenzene, chlorobenzene, or fluorobenzene.

Suitable aromatic solvents include, but are not limited to, benzene, toluene,
ethylbenzene, xylene, chlorobenzene, dichlorobenzene, trichlorobenzene, nitrobenzene,
benzonitrile, anisole, or pyridine.

Suitable hydrocarbon solvents include, but are not limited to cyclohexane,

25 pentane, hexane, cycloheptane, methylcyclohexane, heptane, octane, indane, nonane,
and can include the appropriate aromatic solvents, such as benzene, toluene,
ethylbenzene, m-, o-, or p-xylene, etc. |

Suitable ether solvents include, but are not limited to diethyl ether, t-butyl
methyl ether (“MTBE”), 1,2-dimethoxyethane, 1,3-dioxane, 1,4-dioxane, furan,

30 tetrahydrofuran (“THF”), or anisole.

Suitable polar protic solvents include, but are not limited to methanol, ethanol,
propanol, butanol, butanol, i-butyl alcohol, t-butyl alcohol, methoxyethanol,

ethoxyethanol, pentanol, neo-pentyl alcohol, t-pentyl alcohol, cyclohexanol, ethylene

glycol, propylene glycol, benzyl alcohol, phenol, and glycerol.
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tertiary alkoxides, such as tert-butoxide; barium, calcium and magnesium hydroxides;
ammonium hydroxide; and organic nitrogen bases, such as tetrabutyl ammonium

20 hydroxide, pyridine, p1per1d1ne piperazine, morpholine, as well as organic amines such
as methyl amine, dimethyl amine, ethyl amine, diethyl amine, triethyl amme
diisopropyl amine, butyl amine, aniline, benzyl amine, etc.

Suitable oxidizing agents include hydrogen peroxide, m-chloroperoxybenzoic
acid (“m-CPBA”), NalOs, t-BuOCI, Ca(OCl),, NaClO, NaOCl, HNOs3, K5S5,0s, Oz,

25  acylnitrates, sodium perborate, alkyl- and acyl peroxides, such as benzoyl peroxide; and
hydroperoxides, such as t-butylhydroperoxide.

The present invention is contemplated to be practiced on at least a multigram
scale, kilogram scale, multikilogram scale, or industrial scale. Multigram scale, as used
herein, is preferably the scale wherein at Jeast one starting material is present in 10

30 grams or more, more preferably at least 50 grams or more, even more preferably at least
100 grams or more. Multikilogram scale, as used herein, is intended to mean the scale
wherein more than one kilogram of at least one starting material is used. Industrial

scale as used herein is intended to mean a scale which is other than a laboratory scale
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[0l he _S
Chloroacetamide P"‘\(S\/U\NH2 —_— P \r \/\kNHQ
Ph Ph
10 In Step 1, the alcohol group of the benzhydrol is converted into a readily

cleavable leaving group, preferably by addition of an acid. The resultant compound is
reacted with thiourea to form the corresponding S-benzhydrylthiouronium salt, wherein
the X is the counterion from the corresponding acid.
In one embodiment, the benzhydrol is combined with an suitable amount of
15 thiourea and an suitable acid in a suitable solvent. The benzhydrol can be combined
with the thiourea, followed by addition of the acid, or the thiourea can be combined
with the acid, followed by addition of the benzhydrol. It is desirable to add at least one
equivalent of acid to allow the reaction to go to completion. The amount of acid can be
from about 1 to 10 equivalents, with about 1-3 equivalents being preferred, and about
20 1.2 equivalents being more preferred. Similarly, it is desirable to add at least one

equivalent of the thiourea to allow the reaction to go to completion. The amount of
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The reaction temperature can range from room temperature to the reflux of the
solvent system. Preferably, the reaction mixture is warmed, from about 60-70°C.

20 The reaction time is one that results in a maximal conversion of the starting
materials to the desired product, and can range from about 1-24 h, preferably from
about 1-5 h, and more preferably for about 3 h. The reaction can be monitored by
standard methodologies, such as by TLC, HPLC and 'H NMR analyses. The reaction is
considered complete when the analysis indicates a maximum amount of the desired

25  product in comparison to the starting materials and by-products.

For example, in Step 1, benzhydrol can be combined with thiourea and about
489% HBr, and the reaction mixture is heated to about 60-70°C and stirred until the
reaction is complete. The reaction mixture can be directly used in the next step without
work-up or purification, or the reaction mixture can be cooled to room temperature Or

30 placed on an ice bath to precipitate S-benzhydrylthiouronium bromide, which can be

filtered and washed and purified, if desired, for the next step.

In Steps 2 and 3, the S-benzhydrylthiouronium bromide formed in step 1 is
converted to the corresponding thiol, and then reacted with chloroacetamide to form 2-

(benzhydrylthiyl) acetamide. For example, the thiourea can be converted to the thiol by
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powder, or an aqueous, organic, or partially aqueous solution, with an additional

20 organic solvent, such as tetrahydrofuran. It is desirable to add at least one equivalent of
chloroacetamide to allow the reaction to go to completion. The amount of
chloroacetamide can be from about 1 to 10 equivalents, with a slight excess (about 1.05
— 2.0 mol excess) being preferred, and about 1.2 equivalents being more preferred. The
reaction mixture is then stirred at the elevated temperature (typically about 70-80°C,

25 although in some cases, up to about 100-110°C) for an appropriate amount of time until
the reaction is complete. The reaction mixture can then be cooled, and additional water
may be added, and the aqueous layer is separated from the organic layer. The water
layer can then be washed with an suitable organic solvent, and the organic extractions
can be combined with the organic layer. The organic portion can be worked up and a

30 crude product isolated for use in the next step, or it can be directly used in the next step.

In Step 4, the 2-(benzhydrylthiyl) acetamide is oxidized with an suitable
oxidizing agent in an suitable solvent to generate modafinil. A suitable oxidizing agent
is one which oxidizes the sulfide group of the 2-(benzhydrylthiyl) acetamide to the

sulfoxide, with minimal overoxidation to the sulfone. The oxidation step can be carried
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20 warming to about 50-60°C. Following addition of the hydrogen peroxide, the reaction
mixture is stirred until the desired amount of oxidation is obtained. The reaction
mixture can be cooled, and may also be quenched by the addition of a quenching agent,
such as bisulfite. Alternatively, m-CPBA can be slowly added to a cooled solution of
2-(benzhydrylthiyl) acetamide (preferably about -15°C to -25°C). The reaction mixture

75 can be stirred at the cool temperature until the reaction is complete, and worked up by
conventional techniques.

The product can be isolated by methods well-known in the art, such as by
precipitation, or by extraction. The product can be purified by means well-known in
the art, such as by recrystallization or chromatography. Typical recrystallization

30 solvents include methanol, and methanol/water solutions.

It is recognized that the product of the present invention, modafinil, may exist in
enantiomeric forms. It is recognized that enantiomers of pharmaceutical agents may
have different biological and pharmacological activity based on the particular

configuration of the atoms involved, and that one enantiomer may be more useful in



Lew s acid. For exanple, in step 4, acetic acid can be add

_ : : ed to the
reaction vessel, followed by slow addition of hydrogen peroxide. The
anount ofwewsetyw7aci d can be 10 fromabout 1 to 10 equi valPemiusp3/wi3th about
2-5 equival ents being preferred, and abaut 2.5-3.5 equival ents bei ng nor e

preferred. It is desirable to add at | east o ui.val ent
per oxi de t otredtingw rosdieiaal IBWC@)WOQ(P]‘@I GipFe? rtfp qﬁsﬂgzkenoé%@ﬁl)ydr l?[{u% yl)

acetam de ! & biePRIEARRNHBECR UL & fikhifie a‘ﬁh%aﬁﬁ@mhldﬁﬂyfbwmgmuplar oxi de
FPh°dSPrght

can be add@(ﬂ)d XCess rom about 2to 2
equi val ent s h
care taken p@hvifeal %ﬁarﬂﬂolnmm QR)?—rrmiaﬂxai amh(S()frnQda\énﬁuctaﬁld‘a@lléFﬂgt?@) by he )

correspondi ng sul fone. Addition t
reaction m genyeatioral Eghnidnesi4 RO g‘?ﬁlﬁﬁgi I)fgg&"tsc%‘% qg%da%gﬁlé%&e\ﬁ(ﬁlsa?lﬁggg%gfr tege

tS“Ch sol went Saé{u%ﬁle&da‘?ldtxﬁfx‘hﬁ@s}’ﬁ%%f’fcﬁﬂl palBIMAOSles@tt ieatione. The reaction
enperatdre range fromroomtenperature to the reflux of the_sol vent

sytsL emI PL ;af <23 (r) abligis V\Ieﬁé(nba/aotl therarnhiow by igoliate apuisalhy agtiys W%@W&@fﬁ%t e, or
Wi slig war m ng to about .50- 60C. FII
per oxi de. t REeGHEHEEPBAmeR LRI o8t 1 e L o Al Rt ahd s Y oF 29°"

oxi dation i g, Qbt Ak REHechiltfict RASH Blthe ﬁithIuUh@ eaolubien opcicenic fands,me
oL A e g b st e ol
Y

Al t ernati velrwerm;mam aodchipd chamitggrapite dOiest AeRIH| B §8F‘qun?)eﬁs

2- (benzh drylt cetam d r ef
it ur e 5. Carpnitodentiy eqpestaty HEE TRt pahis wHRR hipd; ERiebuiaTuuiceB L on
fgg}f’;?teg b;?ﬁre : hgl‘e‘iﬂréﬁlanw pueQRYATErh@E abnstiead theqaedutionhe rpcremﬁt@tb}’c an be

ds well-known in th t
ext L acti gn ri¢thogsrsodues: dirast Hiéfefﬁrl;ﬁlﬁlfqel’égglwat%ga@&sﬁ‘ﬂg tl%‘ﬁfﬁﬁﬁl er?%%hé:r ? " by
such as by re stalliz t|on
30" 50l vent s St AR o AR ‘f’&ﬁfgﬁ%ﬁ?*@Etydéﬁfg%%ﬁ%?.*’%%@%‘%’?“’?E”‘m@é' .
recogni zed tt%tenﬁllitﬁnﬂérge}w@uae@épmed by elsastetemmemstaﬂmatlnnd‘&lﬂlphgpnefﬁb}y exi st

in enantiomeric forms. It is recognized t enantlo
agents nhy lhaﬁ)/léeScﬂeﬂﬁ@néﬁtthﬁoﬁaéq’rB@Pc‘i‘éih aé‘rft?“ﬁglh RHEGFSSIT ﬁfe@l IIF%\Q/(?}E] {iﬁ%gggte:jcgln

Lhe part ! oul o B hB e e Aaslips W&W%ee(gﬁﬂtly bietscpiraied by

enant i oner e use 99774 PCT/US03/ 16379  -11 treating
a nedi ci nal dr?ﬂhlﬁ@itldhﬂD@a/s&rredﬂm‘looctmﬂalhzarmh ic whdedy yeadyon indessridisagfp ysing a

be. used as steMyingiagany (o GRTEHETHBRGr SPATES HBAARTIS iy r e SR Gt ni )
can be isol ""rtngr(ljdeli1 ¥ acid, phenoxy propionic acid, hydratopic acid, brucine, quinine, ephedrine,
20 .alpha.-methylbenzylamine, amphetamine, deoxyehedrine, and N-methyl D-glucamine,
etc. Once separated by, for example, fractional crystallization, or more commonly,
chromatography, the diastereomers are re-converted back into the corresponding
enantiomers, which are now optically pure. Useful methods of resolving and recovering
specific stereoisomers described in Eliel, E. L.; Wilen, S.H. Stereochemistry of Organic
25 Compounds; Wiley: New York, 1994, and Jacques, J, et al. Enantiomers, Racemates,

and Resolutions; Wiley: New York, 1981, each incorporated by reference herein in

their entireties.

Examples

The following examples are meant to be illustrative of the present invention.
30 These examples are presented to exemplify the invention, and are not intended, nor are

they to be construed, to limit the scope of the invention.



conventional techniques if so desired. The racenate of nodafinil

individual R and S 5 enantioners and m xtures thereof form part1of t he
present iwoeabpom It is well known in the art how to isolraraisepidscal |y
active enantioners. The specific enanti-trers of nodafinil can be resol ved
froma racemc mxture and recovered by techniques known in the art, such
as resol uti &xaple bcenmic forns, normal, reverse-phase, and chiral 1

chromat ogr aphy. B 186k, SRRA @ bbRfhyRfol £5500 & MeSSmbY, 11dubhilcrdndghiapies,

especially liquid chromatography, “is wdely used. Industrial ne
i phy, / : t hgds f
the prepar at(ipao f 0.p26 mok izl equinelents) omtstrahydrefurand wiaes 6112 PR 2ormt a‘%@%‘r&? (ras

by methods such as: direc ef erent i r | i za4 | i i

of the di st adderen sapebus i HRBieE (.23 afif Pefinlsy bERyaEiYhR b 1En ' o0
d! erentd alym‘ﬁ?p%ﬂf)@.t Afne AR adBtAMDIR reackivl neR@Rd isdlres tey°(heABephnat ed by
i astereoner crystallization, which generally 15 invoI%{‘grs reaction of the
¥ 8¢ HA

; a(r:n e Q?'L (raevm;)}ski(rj@tg ?ﬁDPGahb yrqmiurf; infermepdinte Was BYqrelyaed B Yol AR 0 form
i_ast er.eoneric. }
rystall zatd POt derp Bt o e B il 7 S A gy fertGRAESL SSlb

industrial sgalg UsieRd 5% stiBESRVIOG, dg6acetimided26.67d, 6,28 -
aci d, ta.rtafq‘ep_ ac?‘d,e“mal e?tc a%i d, %ara]}gel i f:etaci[nﬂéa %ng% @amqihibgnisul ggiogl ‘
hyflr ﬁt opi c ﬂ&qudf,aldnta)(m m@trmmr@fm@ng@ﬁéﬁp{myg? }Zgﬁutlon st RRRON 5 ARl &

. al pha. - net be . am n he i , i

ool veanite. Ahgrbh Vet M p R RICl Al A ARE A Gl AGwn R 50T el

crystallizaty . _
re-convert edgtfgg’é%(q’-ras B Sed OTHEIB WY aquebusmtograpmoved raddhasaek@omeET 4 ar e

( ‘into the correspondin nant . '
gfte |r gg! |y puwas agasfefthedMQ‘iﬁG@‘éf(g‘f'-@é@I’ 8?9@%’& 2%&%3@#@9&%%{&%&? :)\(/:v
ol soner escri . | i@l A - pheide
Organic 25 *%85?%3?%8&%29% (ﬁgv?; Iglgro kj%lng)%%zt ggﬁéﬁﬁﬂgg) ﬁgfﬂsﬁ et ilbwfm
Enant i omer s, fRRCANBL BB stirrgsliiResmtion honsre Wi egpledNedO¥emrd vwetg (208bh
incorporated by reference hereinin their e tido fies.. lji:txaﬁgl ’ b
f ol | owi ndSexwaphddsdarldie Fesyientsysgeasion |“{j’§§";”§?f?€7te fOVteﬁ]elgpf eser??sspleﬂveﬁtwiagn.

30 These exapnpl Stef il i ; i .
: ol iR BS EtEast PasBEE Withividtert Bl diatedtyield mogiafind (47 .
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i nvention. WD QA%)0I8E thdeGTdd808 /B Pugfied hp recEystatipzasion in Msthangl, :
benzhydrol (35.00 g, 0.188 nol, 1 equivalent) aﬁq;b:tp hi our ea spensi on of

Example 2:
A suspension of benzhydrol (200.00 g, 1.075 mol, 1 equivalent) and thiourea

20 (99.4 g, 1.293 mol, 1.20 equivalents) in monochlorobenzene/water (477 ml/300.5 ml)
was heated at 70°C. An aqueous 48% HBr solution (145 ml, 1.29 mol, 1.2 equivalents)
was then added over a 5 min period. After 3 h stirring at 70°C, the uronium
intermediate was hydrolyzed by addition of an aqueous 9.3N potassium hydroxide
solution (321.7 ml, 2.825 mol, 2.63 equivalents) over 2 50 min period. After 1.5 h

25 stirring at 70°C, chloroacetamide (152.3 g, 1.612 mol, 1.5 equivalents) in powder form
was added for over a 15 min period. After 30 min stirring at 70°C, the reaction mixture
was cooled down to 55°C and the stirring was stopped. The lower aqueous phase was
removed, and water (600 ml) was added to the reactor. The reaction mixture was again
stirred for 45 min. The lower aqueous phase was then removed. Acetic acid (173.3 ml,

30  3.000 mol, 2.79 equivalents) was added. Hydrogen peroxide 30% (175.4 ml, 1.718
mol, 1.6 equivalents) was slowly added for 80 min. After 50 minutes of stirring at

55°C, the reaction mixture was quenched with an aqueous sodium bisulfite solution

(275 g). The lower aqueous phase was removed and the reaction mixture was cooled 0-



(17.40 g, 0.226 nol, 1.20 equivalents) in tetrahydrofuran/water (35.5
m/52.5 mM), was added an aqueous 48% HBr solution (25.3 m, 0.226 nol,
1.2 equi vabaawgy77over a 10 5 min period. During the additipem/USosies3reacti on
m xture is heated to 70C. After 3 h stri3ing at 70C, the uronium

i nternedi ate was hydrol yzed by ition.of an, ag . t ium
hydr oxi de séft WOG@ST‘%’PPZE@? 'ﬁl@d%ﬁy as a%g%%toe%hl??@l%g%%gfggégrupé; @?m n
period. Aft Libh | FARGed, 6id BeeaEE WarwdshddA6ith water an@82 nol
1.5 equiva?éﬁﬂg?sﬁﬂﬁgh?gkggﬁggrofuran/mater 80 mM /79 m) iﬁ?#ﬁi(ﬂl S

{7 -oxdPE i was

added over Fmpnttilorob8nzhtemdiriedse yiekd mgdafiniGo. 7tg glabab ¥

cool ed down to 55C and th stirring was. s : ous phase
was renoved93éhﬁt%%eTP%@@§FBﬁx%$§4ﬁ%épuﬁ%%f%g%?ﬂmglngégﬁ?%ggﬁﬁgiaqid (34.7
m, 0.60% mol, 3.2 £ K@ik e ¥BFilREHR ate Mitticogenchpega ind enBifea(i8ss 4 ni
0.376 nol”, 2 equivalents) was slowy added over 30 mn, Agter 1 h.t ¢
stirring, theyieantdeio thé smbedimeals of 81! iBrention 26 toyh ARG OB AR S A5 \was
added. The resultant spensk o j ~ I e of iR suspensi on
was then fﬁhqgwg&ﬂghinH8w§$¥ﬂ8$%g§&%%&%%%“&%E%F&g¥§f?éan dried to yield
modafinil (4{y&tifn. 80.4% . The crude nodafinil was purified by
recrystallization in nmethanol. Exanple 2: A suspension of benzhydrol
(200.00 g, 1.075 nol, 1 equivalent) and thiourea 20 (99.4 g, 1.293 nol,

1. 20 equival ents) in nonochl orobenzene/water (477 m/300.5 m) was heated
at 70C. An aqueous 48% HBr solution (145 m, 1.29 nol, 1.2 equivalents)

was then added over a 5 min period. After 3 h stirring at 70C, the uronium
i nternedi ate was hydrol yzed by addition of an aqueous 9. 3N potassi um
hydroxi de solution (321.7 m, 2.825 nol, 2.63 equivalents) over a 50 mn
period. After 1.5 h 25 stirring at 70C, chloroacetam de (152.3 g, 1.612
nol, 1.5 equivalents) in powder form was added for over a 15 mn period.
After 30 min stirring at 70C, the reaction mxture was cooled down to 55C
and the stirring was stopped. The | ower aqueous phase was renoved, and
water (600 m) was added to the reactor. The reaction m xture was again
stirred for 45 mn. The | ower aqueous phase was then renoved. Acetic acid
(173.3 n, 30 3.000 nol, 2.79 equival ents) was added. Hydrogen peroxi de 30%
(175.4 m, 1.718 nol, 1.6 equivalents) was slowy added for 80 mn. After
50 mnutes of stirring at 55C, the reaction m xture was quenched with an
aqueous sodium bisulfite solution (275 g). The | ower aqueous phase was
renmoved and the reaction mxture was cooled 0 WO 03/099774 PCT/ US03/ 16379



-13 5C. Monochl or obenzene (386 g) was added to dilute the reaction m xture.
The resultant suspension was then filtered, and the solid was washed with
wat er anadwormnerM or obenzene, and dried to yield nodafi ni PCTANE3/76309 gl obal
yield 69.3% strength 93.9 w.% . The cr4dde nodafinil was purified by
recrystallization in nmethanol. 5 As those skilled in the art wl|

appr eci at e, WiIAGTISUSLAANHERISand nodi ficati ons may be made to the

enbodi ments of the invention w thout departing fromthe spirit of the
invention. It is intended that all such variations fall within the scope of
the invention. YO 03/A0897#k4 oPEEPLSARMDEENE] conlplisingHAT steB OCIRFED 1S 1. A

process of preparing nodafinil conprisi the ste M ctl
chl or oacet aphlaeaggtatmidsamizhhenapydmit ol EQ}%%B%?&?H%}B@H; y fgﬁe:‘%m“fﬁg?) acet ani de.
2. A process of preparing nodafinil conprising the steps of reacting 5

chl oroacetam de with benzhydrylthiol to form 2-(benzhydrylthiyl) acetam de,
and oxi di zi ng 22( benzhyacssstofipyeppring modafinibcomprisitgethg sisPe 8578FURT ai m 1,

and a suit asmersisraniar vk heechatSHERS 1 Myt ERROIGRIRALE A 8, o' £ °°
reacting th?r‘ia%ﬂ%ﬁ%ﬂ&ﬂ%&?ﬁh?ﬁ“)%wﬁ&@t 10 with a suitable base. 4. The

process of € steps are conducted in the sane reaction
vessel w thout isolation of any internediates. 5. The process of claim 3,

wherein the suitable se is a t.al . hydroxi claimb5,
3 g%%nh}ﬂ \%{lger%lé égeebenégycg}ﬂﬁopfs%ﬁﬁeﬁi Qf

wherei n the netal® hydro%iRiecss° F OXI pot assi um Hydr oxi de.
7. The pfoc%éécﬁﬁgbeﬁﬁiymo’i,wimmm dnhe saithblabtid tacoreh 4 §- hydr obr oni ¢ aci d,
hydrochl ori ¢ or Sulfuric acid. 8. The process of_claim.3, wherein tpe
reactions arentgrdylttiestonnmsaiofollened byyeacdng Ry PrEhygr A oiRY sal
organi ¢ sol ve_r}% se{ %gt ed fromtetrahydrofuran, 1,2 20 di net hoxyet hane,
MIBE, ackd onVifh # PU@b§ P8P ohenzene, ort ho-di chi or obenzene, or
met hyl cycl ohexane.

4. The process of claim 3, wherein the steps are conducted in the same

reaction vessel without isolation of any intermediates.

5. The process of claim 3, wherein the suitable base is a metal hydroxide.

6. The process of claim 5, wherein the metal hydroxide is sodium

15 hydroxide or potassium hydroxide.

7. The process of claim 3, wherein the suitable acid is hydrobromic acid,

hydrochloric or sulfuric acid.

8. The process of claim 3, wherein the reactions are conducted in a solvent
system comprising water and an organic solvent selected from tetrahydrofuran, 1,2-

20 dimethoxyethane, MTBE, acetonitrile, chlorobenzene, ortho-dichlorobenzene, or

methylcyclohexane.

9. The process of claim 8, wherein the temperature is from about 25°C to

the refluxing temperature of the solvent system.

10.  The process of claim 9, wherein the temperature is from about 25-75°C.



9. The process of claim8, wherein the tenperature is from

the refluxing tenperature of the sol vent gsstem 10. The prggggts (2)1‘SCCIt gi m
9, wher eiwotobeIt7enrperature i s from about 25-75C. WO 03/ 099TTAIS03/16379

PCT/ US03/ 16379 -15 11. A process of prepdring nodafinil, conprising: (1)
reacting benzhydrol with a suitable aci daﬁﬁﬂ thiourea to forma S-

benzhydr yl t hi our odi- um 4 &Fqcess 2PreREERETRRf SRRy dr yI t hi our oni um sal t

with a suitable base t S £ o Z}mgg(; i eli id gachi t -
benzhydrylthiol with c ?or oagéedtyé’ﬁﬁb&ge to 11}(%)1?% %1taF£ﬁ;%ydr§}?ﬁ?a;P$omaS

g)(zieéia;r} 23; g%bgﬁmrgk}?g%n%??ﬁ?ydr ygt hi2yl ) acetamde with a suitable
. tte . . e pr S . L i
t he sui table acid is s@ ectr@_ﬁaf“rg&h? §T]bteﬁé?ydrﬁgﬁ?%8&§fﬁﬁ %ltgxpltk%g]%lomg oarsi)/l\}.(fztfar o
ﬁc:jd, andSt hﬁgﬁlﬂeﬁf@dﬁlﬁlﬁ? is selected from potassium hydroxide or sodium
ydroxi de7 and the process steps are conducted using either a
\S/?E)er/tet;ah?/drof urlan 6) a mc@g/tbhbmzdm@wﬂb%“@@lqhgﬁ?a@%@léﬁo tpgm 20
cess of cl ai , erein:. 15 (1) an aqueous 48% hydrobrom c acid
solbutl on (ab@&?%ﬁiﬂm\fgbﬁ‘?%ﬁ’t s) is added to benzhydrol and thiourea
(S about 1-10 equival ent &) at oRdiZRPeeatiideyldiylbeaamdls-wibt sitiableorxidizing
- benzhydryl t hi ouroni um'salt; (2) an aqueous sol ution of potassium
hydr oxi de ( afgent tolfotid mashalinilal ents) is added, at a tenperature of about
25-75C, to the S 20 benzhydrylthiouroniumsalt to formthe benzhydrylthiol;
(3) chloroacetam de as either a powder, or in solution with either water ’
or a wat qp/ t et r ahyslr of wraprogbastoficRihalowherbinlte sujtiblahad issselacteddenm e
with the benzhydrylthiol at a ten erature.o{) bout 25-7 to forrﬂ
tZéﬁrgenzPydr yhydrpiopmic arlydipshderic aoid;jand the,gitg ]63@%68155? € ﬁeggmlioms\?\sher? ein the
perature for steps 1. 2, - 3.1 fr oy
clarm 11, hBrapRoEREs Sy ER R RS RL s ge ibtcbsinEbnbrocess of
water/tetrahydrofuran or a water/chlorobenzene solvent system.

13.  The process of claim 11, wherein:

15 ¢)) an aqueous 48% hydrobromic acid solution (about 1-10
equivalents) is added to benzhydrol and thiourea (about 1-10 equivalents) at a
temperature of about 25-75°C, to form S-benzhydrylthiouronium salt;

2) an aqueous solution of potassium hydroxide (about 1-10
equivalents) is added, at a temperature of about 25-75°C, to the S-

20 benzhydrylthiouronium salt to form the benzhydrylthiol,

3 chloroacetamide as either a powder, or in solution with either
water or a water/tetrahydrofuran mixture (about 1-10 equivalents) is combined with the

benzhydrylthiol at a temperature of about 25-75°C to form 2-(benzhydrylthiyl)

acetamide.
25 14. The process of claim 11, wherein the temperature for steps 1, 2, and 3 is
from about 50-75°C.

15.  The process of claim 11, wherein the 2-(benzhydrylthiyl) acetamide is
oxidized with an oxidizing agent selected from m-chloroperoxybenzoic acid, sodium
periodate, or hydrogen peroxide wherein the hydrogen peroxide may optionally be

30 combined with an acid selected from hydrochloric or acetic acid.



oxi di zed with an oxidizing agent sel ected from m chl oroperoxybenzoi c aci d,
sodi um periodate, or hydrogen peroxi de wherein the hydrogen peroxi de may
opt i onal I'wola/0207€onmbi ned with an acid sel ected from hydr @chluso3/e6309 acetic
acid. WD 03/099774 PCT/US03/16379 -16 146- The process of claim 15, wherein

a 30% sol uti on of hydrogen peroxi de ahout, 1- i val i i hed
with 2-(benzhydr yli6: Ki ny)ge Biefgqsaﬁf %léma}.é ‘g‘Fé?lPé 3@?‘?6 gﬁuté‘f“ g{ﬁ}?}n%%e?ft%%a%f
about 25- 75&'&1)01%'1&%%@16\%{1%8%c&ﬁbﬁ%@%@ﬁbeﬂﬂﬁﬂ_ B1thi 1 Godparida Al kesticakid

- nodafini | i'n the sane reacti on chanmber w thout isolation

of any i ntergradémp@sture dffaboht 5-08%Ss of preparing nodafinil conprising: (1)
reacti ng benzhydrol, thiourea (about 1-3 equivalents) and an aqueous 48%
HBr solution (about 1-3 equival ents) in agueous tetrahydrofuran at about

70C to form S benzhydryd i, 0l QP 38! Wherdd theprepaation ofmokiafinil is
S-benzhydryl t hi ouﬁc?)ni u?rqléséjlot wi th an aqueous p%)t assi um hydr oxi de sol ution

(about 2-§ esgiduakent i samhe adzotion Fo@iteo Wibow ispanohiy| IRKRIBFA2ES) reacti ng
chl oroacet am de (about 1.05-2 equivalents) in an aqueous tetrahydrofuran
solution, with the benzhydrylthiol at about 70C, to form 2- 15

(benzhydryl thiyl ) @cet amdass bftprepanit mbfinfiecotptismyzhydryl thiyl) acetani de
with acetic acid (about 2-5 equival ent SL and a 30%hf ueous h?/slrogen

peroxi de sol ution (abo(l) 1.fagtingleanzhydrehthiputes (FOPH] -REGUPRIF) Gan A
process of preparin afini |l conprising. ¢ j benghy e Mout

t hi our ea (ab®iheCYs éggéjﬂﬁéﬁll'g}ﬂns(f (;:Eé %éndhg\éaé]%lgsgd% ﬂ%ﬁaﬁgﬂg%l ution (about
1-3 equival eaﬂ@tdﬂarﬁmﬁy&mtﬂb@ﬂmm&&t;at about 70C to form
S-benzhydryl thi ouronium salt; (2) reacting tﬁe. S benzhg/lg%tht hiao#éo @i um sal t
with an dfueous potas€Dum FeegHin&k e -BAZIY Gy HhieYIRHm 54 Jivalents) at

about 70C to form 2 enz L0l -~ (3 i h gpa@eetonm de (about
1. 05- 2 equi VQP@W%T?‘P'%O%C@/g?‘}goglg!ri%u\,;mztshéqtuﬁga%%z% ﬁ;@d}yl t hi ol at abOl(.lt 70C,

to form 2- (bepgiydrhidy yl) acetani de;
3 reacting chloroacetamide (about 1.05-2 equivalents) in an

aqueous tetrahydrofuran solution, with the benzhydrylthiol at about 70°C, to form 2-

15 (benzhydrylthiyl) acetamide;
4) reacting the 2-(benzhydrylfhiyl) acetamide with acetic acid

(about 2-5 equivalents) and a 30% aqueous hydrogen peroxide solution (about 1.2-2

equivalents) to form modafinil.

19. A process of preparing modafinil comprising:
20 (1)  reacting benzhydrol, thiourea (about 1-3 equivalents) and an
aqueous 48% HBr solution (about 1-3 equivalents) in aqueous chlorobenzene at about

70°C to form S-benzhydrylthiouronium salt;

2) reacting the S-benzhydrylthiouronium salt with an aqueous
potassium hydroxide solution (about 2-5 equivalents) at about 70°C to form
25 benzhydrylthiol;
3) reacting chloroacetamide (about 1.05-2 equivalents) in powder
form with the benzhydrylthiol at about 70°C, to form 2-(benzhydrylthiyl) acetamide;
(4)  reacting the 2-(benzhydrylthiyl) acetamide with acetic acid
(about 2-5 equivalents) and a 30% aqueous hydrogen peroxide solution (about 1.2-2

30 equivalents) to form modafinil.



(4) reacting the 2-(benzhydrylthiyl) acetam de with acetic acid (about 2-5
equi val ents) and a 30% aqueous hydrogen peroxi de solution (about 1.2-2 30
equi val erwe)o3we7for m nodafinil. WO 03/ 099774 PCT/ US03/ 163PRT/USAY16302 The
process of claim2 further conprising thda7steps of reacting

chl oroacetam de with benzhydrylthi ol to form 2-(benzhydrylthiyl) acetam de,
oxi di zi ng  2- ( beréfhydriie PiogEsy Oéﬁlé{%ﬁif%hetrSOWP%P%%a%{W%Qf,reaanl )‘;i sol ati ng
(R)-nodafinil, fr g i hdry&hii yacathndi &, bRiizing
conpri si ng: 3r0§%%@%§1@§ﬁéﬁ@f%lﬁn%@ ﬁorgﬁ gﬁiget%%b?e y.aciiayuc?r‘a and thiourea to
forma S- benghweydriltiiphrosthmidesalform pjlafirehend isglating (R)-modafinil from
S-benzhydrylthiouroniumsalt with a suitable base to form benzhydrylthiol;
10 (3) reactmﬁ@aft%]e benzhydrylthiol with chloroacetam de to form 2-
(benzhydryl thiyl) acetam de; (4) oxidizing 2-(benzhydrylthiyl) acetam de
with a suitable oxidizing agent to formnodafinil; and (5) isolating

(R) - modaf gni | fro2i.nod&hé piocess Db cladm 1THerthar se@HESHE: prepari ng of claim 18

further conprising: (1) .reacting benzhydro ' J 7 -

equi val ents) and an aé@eou?aﬁ%&W@%&J‘ﬁlﬂ%ﬁ%%g%g%?&%%@gg%rv&a efg{lg)asi n

aqueous tet r@é}%ﬂ&%@gﬁi@ﬁr(ﬁﬁmﬁgﬁgt 70C to form S-benzhydryl thi ouroni um sal t;
the” S

(2) reacting enzhydryl thiouroniumsalt wth an aqueous . ot assi um
hydr oxi de sol ution (ab@t 2r@c@wthg&k@ngydra}thlammurqe%t ngl?]aépmzb(?e Pase 5

benzhydryl thiol; (3 cting chl oroacetam de (about 1.05-2 equivalents) in
an aqueous %%F‘r%%ﬁ%?@?% solution, with the benzhydrylthiol at about

70C, to figrm 2- (benzhygiryl thictihg thebehaiyidedthidsvifghlomacdtamigletidéorm 2-
2-(benzhydrylthiyl) acetamide with acetic acid (about 2-5 equival ents) and
a 30% aqueouehghidogériy eedinifis: sol uti on (about 1.2-2 equivalents) to form

modafinil; and (4)  oxidizing 2-(benzhydrylthiyl) acetamide with a suitable oxidizing

agent to form modafinil; and

5) isolating (R)-modafinil from modafinil.

15 . 22.  The process of preparing of claim 18 further comprising:
(1)  reacting benzhydrol, thiourea (about 1-3 equivalents) and an
aqueous 48% HBr solution (about 1-3 equivalents) in aqueous tetrahydrofuran at about

70°C to form S-benzhydrylthiouronium salt;

2) reacting the S-benzhydrylthiouronium salt with an aqueous
20 potassium hydroxide solution (about 2-5 equivalents) at about 70°C to form

benzhydrylthiol;

3 reacting chloroacetamide (about 1.05-2 equivalents) in an

aqueous tetrahydrofuran solution, with the benzhydrylthiol at about 70°C, to form 2-

(benzhydrylthiyl) acetamide;
25 (4)  reacting the 2-(benzhydrylthiyl) acetamide with acetic acid

(about 2-5 equivalents) and a 30% aqueous hydrogen peroxide solution (about 1.2-2

equivalents) to form modafinil; and

5 isolating (R)-modafinil from modafinil.

23.  The process of claim 19 further comprising:



(5) isolating (R)-nodafinil fromnodafinil. 23. The process of claim19
further conprising: WO 03/099774 PCT/US03/16379 -18 (1) reacting
benzhydr ovp oslepwos ea (about 1-3 equivalents) and an aque®us/Us8%/4dIBr

sol ution (about 1-3 equivalents) in aquem&s chl orobenzene at about 70C to

form S-benzhydryl t hi ouroni um sal t ct
salt with an aqueous &) potrgggmg,lﬁe fd{p%t @ulg%l a‘%c?uce;rlfs_’( gcﬁg\fﬁ Xrgr)énﬁry our oni um

equi val ent s) §éOU?§§ou?%?_§%@?%‘q ggﬁ)[}ht P?@ﬁﬁ%ﬁ’l@ﬂﬂsj il élﬂueo&s%ldrﬁl@éhfzbﬂftgat about

chl or oacet arfid gui va in powder formwth the
benzhydryl t loeC t@forﬁbb%bnzﬁ@@xyltﬂlmufrmnmzal(tbenzhydr ylthiyl) acetan de; (4)

reactlng the 2-(b hydryl h
caui val ont sy and s 30dhauesiiy Bt Soerard aeO B SR apeh Aty >
equi val eng s) ftté%s';& }E@d?&gaé 'sélhﬂmn @BQut(zfi% el SOt 4t MOAfoi foith fr om

modafi ni |~ rocess of claim2 further conprisin
g the steps of
reacting chiearipakgtidaoi; de with benzhydryl thiol to form 2- (benzhygryl thiyl)

acetam de, oxidizing benzh i

and 150l ating (S moddFini 11oAr5h hbt e (BEE s SSabRal AR |

further comfigivigr thé %Eni}@lﬂﬁ}llﬂhml abgibah yor@lio Wﬁﬂ’aﬁbﬁﬁlhyﬁpmlﬁy]afacdalam

thiourea to forma S benz | t hi our oni um sal t (. actin

?éfenzhy?rylthlouronlEﬁ%salKﬂmﬁmﬁha249@?@5@@“5@@@“?@““&%WH§B@ﬁ%ﬁgﬁiyIthlo
reactjng nz

(benzhydtd] tﬁ#’?‘rt) SERME %‘é)t ‘%3%%%‘%%8@%%%& #5@?5‘?‘# %%Fﬂb%gtclétz ani de

with a suitaf@aBitsitd fhteh mdBafagkahdt o form modafinil; and (5) isolating

(S)-nmodafinil fromnodafinil. 26. The roce s of %#@garlng of claim 18

further conprising: (1§3r ea@@laﬁggb%hmm% TOHPY (about 1-3
equi val ents) and an

24.  The process of claim 2 further comprising the steps of reacting
chloroacetamide with benzhydrylthiol to form 2-(benzhydrylthiyl) acetamide, oxidizing
15 2-(benzhydrylthiyl) acetamide to form modafinil, and isolating (S)-modafinil from

modafinil.

25.  The process of claim 11 further comprising;
(D) reacting benzhydrol with a suitable acid and thiourea to form a S-
benzhydrylthiouronium salt;
20 2) reacting the S-benzhydrylthiouronium salt with a suitable base to
form benzhydrylthiol;
3) reacting the benzhydrylthiol with chloroacetamide to form 2-
(benzhydrylthiyl) acetamide;
4) oxidizing 2-(benzhydrylthiyl) acetamide with a suitable oxidizing
25  agent to form modafinil; and

(5) isolating (S)-modafinil from modafinil.

26.  The process of preparing of claim 18 further comprising:
(D) reacting benzhydrol, thiourea (about 1-3 equivalents) and an
aqueous 48% HBr solution (about 1-3 equivalents) in aqueous tetrahydrofuran at about

30 70°C to form S-benzhydrylthiouronium salt;



aqueous 48% HBr sol ution (about 1-3 equival ents) in aqueous tetrahydrofuran
at about 30 70C to form S-benzhydrylthiouroniumsalt; WO 03/099774

PCT/ US03/W0338997749 (2) reacting the S-benzhydrylthi our oniPamEsas/i63rs t h an
aqueous potassi um hydroxide sol ution (about 2-5 equival ents) at about 70C
to form benzhydrylthigl; (3) reacting chl oroacetam de (about 1.05-2

equi val ents) in an 5 a&lﬁeou’éea?té’tgr‘gﬁ§§FBF}®Fdé}ﬁltf§8‘llrﬁP’iu§h§aIW{ﬂha‘ﬂ Reous

benzhydryl t hj@hesfifm ﬁﬁ&’d&id@Qﬁ.utif)?(Jﬁaﬁmg.‘eg&%%ﬁygﬁéﬂoﬁmob@tgff&?;g am de; (4)

reacting the 2-(benzhydrylthiy acetanide wth acetic aci bout 2-5
equi val ent s) bambydyBiiod;aqueous hydrogen peroxi de sol uti on (about 1.2-2

equi val ents) to form afinil; a 10 (5)..isqlati S)-nmpodafinil from
modafinil. 27. The pr&gessmﬁ?m@ &?Wi@{%r%‘fi’f’ @Puhhﬂgﬁ(e&)‘lhvg‘?“(%n facti ng
benzhydr ok, jdHeos BRa RRSMbankofitRf U MR RSk h RRARDI at ABKROMSCAB Yo BD-

solution (about 1-3 eduivalents) in aqueous chlorobenzene at about 70C to
f or m S- benzhipdnzliydhilduylpagetamidel t ; 15 (2) reacting the

S- benzhydryl t hi ouroniumsalt with, a ueous t assi um hydroxi de.sol ution
(about 2-5 equival ent s@)at %?B%/ﬁﬂghf%g’@%‘zﬁgmth@ n%cﬁ%ﬂ}’ggf Yvﬁg(?f%(ﬂc(%f}dgr eacti ng
chl or oacet anfaggut(ab egilivdleRsy shdeBO¥ ah st hydﬂ&ﬁ&w&i@kidge keltiondbut he-2
benzhydryl thi ol at about 70C, to form 2-(benzhydrylthiyl) acetam de; 20

(4) reacti ngequhelentyie fomry@edafimi: yhd acetamide with acetic acid (about 2-5

cqui val on?) to form nbdar R piig RS IER PR AR, Dht T from
nmodafinil .
27.  The process of claim 19 further comprising:
€)) reacting benzhydrol, thiourea (about 1-3 equivalents) and an
aqueous 48% HBr solution (about 1-3 equivalents) in aqueous chlorobenzene at about
70°C to form S-benzhydrylthiouronium salt;

15 (2) reacting the S-benzhydrylthiouronium salt with an aqueous
potassium hydroxide solution (about 2-5 equivalents) at about 70°C to form
benzhydrylthiol;

3) reacting chloroacetamide (about 1.05-2 equivalents) in powder
form with the benzhydrylthiol at about 70°C, to form 2-(benzhydrylthiyl) acetamide;

20 4) reacting the 2-(benzhydrylthiyl) acetamide with acetic acid
(about 2-5 equivalents) and a 30% aqueous hydrogen peroxide solution (about 1.2-2
equivalents) to form modafinil; and

(5) isolating (S)-modafinil from modafinil.



