
   

UNITED STATES DISTRICT COURT 
DISTRICT OF DELAWARE 

 

CEPHALON, INC. and 
TEVA SANTÉ S.A.S., 

 Plaintiffs, 

 v. 

UNIMARK REMEDIES LTD. 

Defendant.  

     C.A.  No.     
 
      DEMAND FOR JURY TRIAL 
      

COMPLAINT 

Plaintiffs Cephalon, Inc. (“Cephalon”) and Teva Santé S.A.S. (“Teva Santé”) bring this 

action for patent infringement against Defendant Unimark Remedies Ltd. (“Unimark”).  This is 

an action by Plaintiffs against Unimark for infringement of United States Patent No. 7,132,570 

(the “ʼ570 patent”).  This action arises out of Unimark’s filing of an Abbreviated New Drug 

Application (“ANDA”) seeking approval by the United States Food and Drug Administration 

(“FDA”) to sell generic versions of Nuvigil® (armodafinil), a prescription drug widely used to 

improve wakefulness in patients with excessive sleepiness associated with obstructive sleep 

apnea/hypopnea syndrome, narcolepsy, and shift work sleep disorder, prior to the expiration of 

the ’570 patent.   

THE PARTIES 

1. Cephalon, Inc. is a Delaware corporation having its corporate offices and 

principal place of business at 41 Moores Road, Frazer, Pennsylvania 19355.  Cephalon is 

engaged in the business of research, development, manufacture, and sale of pharmaceutical 

products throughout the world. 
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2. Teva Santé is a société par actions simplifiée organized and existing under the 

laws of France and has a principal place of business at 98 Rue Bellocier, 89100 Sens, France.  In 

2013, Teva Santé merged with and subsumed Cephalon France, which, prior to the merger, was a 

wholly-owned subsidiary of Cephalon, Inc.  

3. Upon information and belief, Unimark is a corporation organized and existing 

under the laws of India, with its principal place of business at Enterprise Center, 1st Floor, 

Orchid Lane, Nehru Road, Vile Parle (East), Mumbai 40099.  Upon information and belief, 

Unimark, directly or through its agents, is in the business of developing, manufacturing, 

packaging, and selling active pharmaceutical ingredients and pharmaceutical products for the 

United States market.  

JURISDICTION AND VENUE 

4. This action for patent infringement arises under 35 U.S.C. § 271. 

5. This Court has jurisdiction over the subject matter of this action pursuant to 28 

U.S.C. §§ 1331 and 1338(a). 

6. Venue is proper in this Judicial District under 28 U.S.C. § 1391 and 1400(b).  

7. This Court has personal jurisdiction over Unimark by virtue of, inter alia, the fact 

that Unimark has committed, aided, abetted, or contributed to, and/or participated in the tortious 

act of patent infringement, which has led to and/or will lead to foreseeable harm and injury to 

Plaintiffs, including Cephalon, a Delaware corporation. 

8. Upon information and belief, Unimark has engaged in and maintained systematic 

and continuous business contacts within the State of Delaware, and has purposefully availed 

itself of the benefits and protections of the laws of Delaware.   

9. Upon information and belief, Unimark has applied for FDA approval to market 
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and sell its generic armodafinil products throughout the United States, including in Delaware. 

10. Unimark, after submitting its ANDA to the FDA, mailed a Paragraph IV 

Certification notice letter to Cephalon, a Delaware corporation. 

11. Upon information and belief, upon FDA approval of Unimark’s ANDA, Unimark 

and/or its affiliates or agents will market and sell its generic armodafinil products in Delaware 

and will derive substantial revenue therefrom. 

12. Additionally, Unimark has been previously sued for patent infringement in this 

district and did not contest personal jurisdiction.  See Teijin Ltd. v. Unimark Remedies Ltd., C.A. 

No. 14-1370-SLR, D. I. 7.  Unimark has also purposefully availed itself of the rights and benefits 

of this Court by asserting counterclaims in lawsuits filed in this Court.  See id. 

13. Upon information and belief, Unimark’s systematic and continuous business 

contacts within Delaware render it at home in Delaware. 

14. Upon information and belief, this Court also has personal jurisdiction over 

Unimark under Federal Rule of Civil Procedure 4(k)(2). 

BACKGROUND 

15. Cephalon, Inc. is the holder of approved New Drug Application (“NDA”) No. 21-

875 for the use of Nuvigil® (armodafinil) tablets in 50 mg, 100 mg, 150 mg, 200 mg, and 250 

mg dosage strengths, as indicated to improve wakefulness in patients with excessive sleepiness 

associated with obstructive sleep apnea/hypopnea syndrome, narcolepsy, and shift work sleep 

disorder. 

16. The ’570 patents is listed in the FDA’s publication Approved Drug Products with 

Therapeutic Equivalence Evaluations (the “Orange Book”) with respect to Nuvigil®. 

17. The ’570 patent, entitled “Method for the Production of Crystalline Forms and 
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Crystalline Forms of Optical Enantiomers of Modafinil,” was duly and legally issued by the 

United States Patent and Trademark Office on November 7, 2006.  Teva Santé is the owner of 

the ’570 patent by assignment.  The ’570 patent will expire on December 18, 2023 and has 

pediatric exclusivity with the FDA through June 18, 2024.  A true and correct copy of the ’570 

patent is attached as Exhibit A. 

18. Unimark filed with the FDA an ANDA under 21 U.S.C. § 355(j) seeking approval 

to manufacture, use, offer for sale, sell in and import into the United States armodafinil tablets in 

50 mg, 150 mg, and 250 mg dosage strengths (“Unimark’s generic armodafinil products”) prior 

to the expiration of the ’570 patent.  The FDA assigned the Unimark ANDA the number 207665. 

19. Unimark filed with the FDA, pursuant to 21 U.S.C. § 355(j)(2)(A)(vii)(IV), a 

certification alleging that the claims of the ’570 patent are “invalid or unenforceable or will not 

be infringed by the manufacture, use or sale of” Unimark’s generic armodafinil products 

(“Unimark’s Paragraph IV Certification”).  Unimark notified Cephalon of this certification, in a 

letter dated December 19, 2014.  Cephalon received this letter on or about December 22, 2014.  

 

COUNT I FOR INFRINGEMENT OF THE ’570 PATENT 

20. The allegations of paragraphs 1-19 are realleged and incorporated herein by 

reference.  

21. The use of Unimark’s generic armodafinil products is covered by one or more 

claims of the ’570 patent.   

22. The commercial manufacture, use, offer for sale, sale, marketing, distribution, 

and/or importation of Unimark’s generic armodafinil products would infringe one or more claims 

of the ’570 patent.    
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23. Unimark has filed or caused to be filed ANDA No. 207665 with the FDA, 

seeking authorization to manufacture, import, market, use, offer for sale, and sell Unimark’s 

generic armodafinil products before the expiration of the ’570 patent.  On information and 

belief, Unimark also filed with the FDA, pursuant to 21 U.S.C. § 355(j)(2)(A)(vii)(IV), a 

certification alleging that the claims of the ’570 patent are invalid, unenforceable, or not 

infringed. 

24. By submitting ANDA No. 207665 a n d  i t s  P a r a g r a p h  I V  

C e r t i f i c a t i o n  under § 505(j) of the Federal Food, Drug, and Cosmetic Act for the 

purpose of obtaining approval to engage in the commercial manufacture, use, or sale of 

Unimark's  generic armodafinil products before the expiration of the ’570 patent, Unimark 

has infringed the ’570 patent under 35 U.S.C. § 271(e)(2). 

25. Upon information and belief, Unimark intends, soon after the FDA has 

approved the ANDA, to begin manufacturing, marketing, selling, and offering to sell 

Unimark’s  generic armodafinil products with a product insert that will direct physicians and 

patients in the use of Unimark’s generic armodafinil products. 

26. Upon information and belief, Unimark’s generic armodafinil products, when 

offered for sale, sold, and/or imported, and when used as directed, would be used in a manner 

that would directly infringe at least one of the claims of the ’570 patent under 35 U.S.C. § 

271(a), either literally or under the doctrine of equivalents. 

27. Upon FDA approval of Unimark’s ANDA No. 207665, Unimark will infringe 

the  ’570 patent, either literally or under the doctrine of equivalents, by making, using, 

offering to sell, selling, and/or importing Unimark's  generic armodafinil products in the 

United States, and by actively inducing infringement by others under 35 U.S.C. § 271(b). 
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28. Upon information and belief, Unimark will actively aid, abet, encourage, and 

induce others in the production, importation, sale, offer for sale, and use of Unimark’s generic 

armodafinil products. 

29. Upon information and belief, Unimark will actively participate in the 

production, importation, sale, offer for sale, and use of Unimark’s generic armodafinil 

products. 

30. Upon information and belief, the offer to sell, sale, and/or importation of 

Unimark’s generic armodafinil products would actively induce infringement under 35 U.S.C. § 

271(b) of at least one claim of the ’570 patent, either literally or under the doctrine of 

equivalents 

31. Upon information and belief, Unimark had knowledge of the ’570 patent and 

knows or should know that it will aid and abet another’s direct infringement of at least one of 

the claims of the ’570 patent, either literally or under the doctrine of equivalents. 

32. Upon information and belief, Unimark acted without a reasonable basis for 

believing that it would not be liable for infringing the ’570 patent, actively inducing infringement 

of the ’570 patent, and/or contributing to the infringement by others of the ’570 patent. 

33. Plaintiffs will be substantially and irreparably harmed by Unimark’s infringing 

activities unless the Court enjoins those activities.  Plaintiffs will have no adequate remedy at 

law if Unimark is not enjoined from the commercial manufacture, use, offer to sell, sale in, and 

importation into the United States of Unimark’s generic armodafinil products. 

34. Unimark’s activities render this case an exceptional one, and Plaintiffs are entitled 

to an award of reasonable attorney fees under 35 U.S.C. § 285. 
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PRAYER FOR RELIEF 

 WHEREFORE, Plaintiffs respectfully request the following relief: 

a. A declaration that, under 35 U.S.C. § 271(e)(2)(A), Unimark’s submission to 

the FDA of ANDA No. 207665 to obtain approval for the commercial manufacture, use, offer 

for sale, sale in, or importation into the United States of Unimark’s generic armodafinil 

products before the expiration of the ’570 patent was an act of infringement; 

b. A declaration that, under 35 U.S.C. §§ 271(e)(2)(A) and 271(b), Unimark’s 

active and knowing aiding and abetting of the submission to the FDA of ANDA No. 207665 

to obtain approval for the commercial manufacture, use, offer for sale, or sale in, or 

importation into the United States of Unimark’s generic armodafinil products before the 

expiration of the ’570 patent was an act of infringement;   

c. A declaration that Unimark would infringe one or more claims of the ’570 

patent under one or more of 35 U.S.C. §§ 271(a)-(c) by its manufacture, use, offering to sell, 

and sale in, and importation into the United States of Unimark’s generic armodafinil products 

prior to expiration of said patents-in-suit and any additional dates of exclusivity therefor; 

d. A permanent injunction pursuant to 35 U.S.C. §§ 271(e)(4)(B) and 283, 

enjoining Unimark, and all officers, agents, servants, employees, privies, and others acting 

for, on behalf of, or in concert with any of them from infringing any claims of the patents-in-

suit with Unimark's generic armodafinil products prior to the expiration date of the ’570 

patent, and any additional dates of exclusivity; 

e. A permanent injunction enjoining Unimark and all persons acting in concert 

with Unimark from seeking, obtaining, or maintaining approval of Unimark's ANDA No. 

207665 until the expiration date of the ’570 patent, and any additional dates of exclusivity;  
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f. An order pursuant to 35 U.S.C. § 271(e)(4)(A) providing that the effective date of 

any FDA approval of Unimark ANDA No. 207665 seeking approval to manufacture, use, offer 

for sale, sell in and import into the United States armodafinil tablets in 50 mg, 150 mg, and 250 

mg dosage strengths, or any product or compound the use of which infringes the ’570 patent, 

shall be a date that is not earlier than the expiration of the ’570 patent; 

g. A declaration that Unimark has no legal or equitable defense to Cephalon’s 

allegations of infringement; 

h. A judgment that this is an exceptional case and awarding Plaintiffs attorneys’ fees 

under 35 U.S.C. § 285; 

i. An award of Plaintiffs’ reasonable costs and expenses in this action; and 

j. An award of any further and additional relief to Plaintiffs as this Court deems just 

and proper. 

 
Dated:  February 2, 2015 FISH & RICHARDSON P.C. 

By: /s/ Douglas E. McCann 
 Douglas E. McCann (#3852) 

222 Delaware Avenue, 17th Floor 
Wilmington, DE 19801 
(302) 652-5070 
dmccann@fr.com 
 

Attorneys for Plaintiffs 
CEPHALON, INC. and 
TEVA SANTÉ S.A.S. 
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US 7,132,570 B2 
1 

METHOD FOR THE PRODUCTION OF 
CRYSTALLINE FORMS AND CRYSTALLINE 
FORMS OF OPTICAL ENANTIOMERS OF 

MODAFINIL 

The invention relates to a process for obtaining crystalline 
forms of the enantiomers of moda?nil, and the crystalline 
forms Which it is possible to obtain according to this process. 

The invention also relates to a neW process for the 
preparation of optical enantiomers of moda?nil from (1) 
moda?nil acid. 

U.S. Pat. No. 4,177,290 describes moda?nil in racemic 
form, also knoWn as (1) 2-(benZhydrylsulphinyl)acetamide 
or (1) 2-[(di-phenylmethyl)sulphinyl] acetamide, as a com 
pound having properties of stimulating the central nervous 
system. 

U.S. Pat. No. 4,927,855 describes the tWo optical enan 
tiomers of moda?nil. More particularly it describes the 
laevorotatory enantiomer and its use as an antidepressant or 
stimulant agent in the treatment of hypersomnia and disor 
ders associated With AlZheimer’s disease. The process for 
the preparation of the tWo optical enantiomers of moda?nil 
from (1) moda?nil acid or (:)-benZhydrylsulphinylacetic 
acid described in this document is illustrated in the folloW 
ing synthesis diagram: 

(6 O 
8% — —0t—meth lbenz lamine OH () y y 

Yield: 42% 

( y?) benzhydrylsulphinylacetic acid 

0 0 
H 
s 

on, HZN H2O, H30+ 
Yield: 100% 

(—)-ot-methylbenzylarnine-(—)-benzhydrylsulphinyl acetate 

0 O 1) Me2SO4, Na2CO3 
ii Water 
3 Yield : 85% 

OH 
2) NH3 (5;) 

alcohol 
Yield I 32 % 

(—)—benzhydrylsulphinylacetic acid 

0 o 

s 

NH; 

(-)—benzhydrylsulphinylacetamide 
*In relation to (-)-benzhydrylsulphinylacetic acid 

10 

25 

35 

45 

55 

65 

2 
This process comprises carrying out resolution of the 

optical enantiomers of (1) moda?nil acid in a ?rst stage via 
the formation of diastereoisomers With the optically active 
agent ot-methylbenzylamine. 
The (—)-(x-methylbenZylamine-(—)-benZhydrylsulphinyl 

acetate is then converted to (—)-benZhydrylsulphinylacetic 
acid by acid hydrolysis. The latter is esteri?ed in the 
presence of dimethyl sulphate and then converted to amide 
in the presence of ammonia (gas). The (—) or I (laevorota 
tory) enantiomer of moda?nil is obtained through this pro 
cess With an overall yield of 5.7% in relation to the (1) 
moda?nil acid, calculated on the basis of the yields corre 
sponding to each stage. 
The term “enantiomer” refers to stereoisomer molecules 

Which are non-superimposable mirror images of each other. 
Enantiomers are typically designated using either (+) and (—) 
or (d) and (1), Which indicates optical rotating poWer in the 
chiral centre. 

Stereoisomerism may also be denoted by either (D) or (L) 
or by (R) and (S), these being descriptive of the absolute 
con?guration. 

In What folloWs the laevorotatory enantiomer of moda?nil 
Will be referred to Without distinction as the l or (—) 
enantiomer, and the dextrorotatory enantiomer Will for its 
part be referred to as the d or (+) enantiomer. 
A process through Which different crystalline forms of the 

optical enantiomers of moda?nil can be obtained has noW 
been discovered. More speci?cally the inventors have 
shoWn that the crystalline form obtained mainly depends on 
the nature of the crystallisation solvent used. 

For the purposes of this description the term “crystalline 
form” refers to either a polymorphic form or a solvate, 
Without distinction. 
By “polymorphic form” is meant an organised structure 

involving only molecules of the solute, having a character 
istic crystalline signature. 
The term “solvate” relates to an organised structure hav 

ing a characteristic crystalline signature Which involves both 
molecules of solute and molecules of solvent. Solvates 
having one molecule of solute for one molecule of solvent 
are called true solvates. 

Furthermore the inventors have shoWn that l-moda?nil 
and d-moda?nil prepared according to the conditions 
described in Us. Pat. No. 4,177,290 are obtained in the form 
of one polymorphic form described as form 1, Which corre 
sponds to the thermodynamically most stable polymorphic 
form under normal temperature and pressure conditions. 
Form 1 has the X-ray diffraction spectrum beloW in Which 

d represents the interplanar spacing and the ratio (l/lo) the 
relative intensity. 

CRL 40982 FORM I 

2 Theta (degrees) d (A) I/lo (%) 

9.8 13.40 32 
15.4 8.54 87 
20.8 6.34 24 
26.4 5.01 14 
28.3 4.68 19 
28.7 4.62 16 
29.9 4.44 45 
31.1 4.27 100 
31.6 4.20 23 
32 4.15 14 
33.1 4.02 78 
33.4 3.98 84 

Case 1:15-cv-00117-UNA   Document 1   Filed 02/02/15   Page 26 of 47 PageID #: 26



US 
3 

-continued 

CRL 40982 FORM I 

2 Theta (degrees) d (A) I/Io (%) 

34.1 3.90 16 
35.1 3.80 15 
39 3.43 22 

Diffractometer: Mini?ex Rigaku (Elexience) 

The crystalline forms of a given compound generally have 
physical, pharmaceutical, physiological and biological prop 
erties Which differ from each other very sharply. 

In this respect the crystalline forms of optically active 
moda?nil, in particular the polymorphic forms, are of inter 
est in that they have different and advantageous properties in 
comparison With form I. 

According to another aspect, a neW process for the 
preparation of the optical enantiomers of moda?nil from 
(:)-moda?nil acid has noW been discovered, and this pro 
cess can be used to isolate each enantiomer in yields and 
With an optical purity Which are markedly superior to those 
described in U.S. Pat. No. 4,927,855. 

In a particularly advantageous fashion a process for 
resolution of the tWo optical enantiomers of (:)-moda?nil 
acid by preferential crystallisation, Which is advantageously 
applicable to the preparation scale, has noW been developed. 

This process for the resolution of (:)-moda?nil acid has 
many advantages: 

it avoids the use of a costly chiral intermediate Whose 
further preparation involves losses Which are rarely less 
than 10% (De Min., M., Levy, G. and MichWater J. -C., 
1988, J. Chem. Phys. 85, 603419), 

the tWo enantiomers are obtained directly, contrary to the 
method Which makes use of conventional resolution 
through the formation of diastereoisomer salts, 

the yield is theoretically quantitative as a result of suc 
cessive recycling of the mother liquors, 

Puri?cation of the crude enantiomer crystals is easy. 
The invention therefore aims to provide a process of 

preparation for crystalline forms of the enantiomers of 
moda?nil. 

The invention also aims to provide a neW process for 
preparation of the optical enantiomers of moda?nil, and in 
particular the laevorotatory enantiomer of moda?nil. 

Process for the Preparation of l-Moda?nil Polymorphs 
These objects and others are accomplished by this inven 

tion Which relates more particularly, in a ?rst aspect, to a 
process for the preparation of crystalline forms of the optical 
enantiomers of moda?nil, comprising the folloWing stages: 

i) dissolving one of the optical enantiomers of moda?nil 
in a solvent other than ethanol, 

ii) crystallising the said enantiomer of moda?nil, and 
iii) recovering the crystalline form of the said enantiomer 

of moda?nil so obtained. 

For the purposes of this invention, the solvent used in 
stage i) of the process, also referred to as the “recrystalli 
sation solvent”, is a solvent capable of bringing about 
crystallisation of the said optical enantiomer of moda?nil, 
preferably at atmospheric pressure. In other Words it com 
prises any solvent A Which With at least one of the enanti 
omers is capable of forming at a given pressure 

in a ?rst temperature and concentration domain, a 
monophase system comprising at least one of the 
enantiomers in dilute solution in solvent A, 
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in a second temperature and concentration domain Which 
is not the same as the former, a second tWo-phase 
system comprising crystals of the said enantiomer in 
the presence of saturated solution, 

the tWo domains being separated from each other by the 
solubility curve of the said enantiomer T (° C.):f 
(enantiomer concentration) at the pressure considered. 

In general the crystallisation in stage ii) comprises chang 
ing from the monophase system to the tWo-phase system by 
varying the temperature and concentration. 
By Way of a non-restrictive illustration of solvents Which 

may be suitable for the recrystallisation process according to 
the invention mention may in particular be made of alco 
holic solvents, carboxylic acid ester solvents, ether solvents, 
chlorinated solvents, aromatic solvents, and loWer aliphatic 
ketone solvents. Other solvents are for example, carboxylic 
acid solvents, aprotic polar solvents, alicyclic hydrocarbons, 
aliphatic hydrocarbons, carbonates, heteroaromatics and 
Water. 

Among the alcoholic solvents mention may be made in 
particular of loWer alkyl alcohols such as methanol, ethanol, 
propanol, isopropanol, butanol, isobutanol, 2-methyl-2-pen 
tanol, 1,2-propanediol and t-amyl alcohol, With methanol, 
propanol and isopropanol being particularly preferred. 
Among solvents of the carboxylic acid ester type mention 

may be made in particular of alkyl acetates such as methyl 
acetate, ethyl acetate, n-propyl acetate, isopropyl acetate, 
n-butyl acetate and alkyl formates such as ethyl forrnate, 
With ethyl acetate being particularly preferred. 

Useful ether recrystallisation solvents are diethylether, 
tetrahydrofuran (THF), dioxan, dibutylether, isopropyl 
ether, t-butylmethylether and tetrahydropyran, With tetrahy 
drofuran being particularly preferred. 
Among the chlorinated solvents mention may be made of 

chlorinated hydrocarbons, in particular chloroform, 1,2 
dichloroethane, dichloromethane and chlorinated aromatics 
such as chlorobenZene. 

As examples of aromatic solvents mention may be made 
of ortho, meta, and para xylene or a mixture of ortho, meta 
and para xylene, methoxybenZene, nitrobenZene, tri?uoro 
toluene and toluene, With ortho, meta and para xylene being 
particularly preferred. 

Useful ketone solvents are solvents such as acetone, 
methylethylketone, methylisobutylketone, butan-2-one, 
cyclopentanone, isobutylmethylketone, 2-pentanone, 3-pen 
tanone. 

As an example of a carboxylic acid solvent, mention may 
be made in particular of acetic acid. 
By Way of an example of a heteroaromatic solvent, 

mention may be made in particular of pyridine. 
Examples of aprotic polar solvents are in particular aceto 

nitrile, propionitrile, 4-methylmorpholine, N,N-dimethylac 
etamide, nitromethane, triethylamine, N-methyl-pyrrolidone 
(NMP). 
Examples of aliphatic hydrocarbons are in particular 

heptane, 2,2,4-trimethylpentane. 
Examples of alicyclic hydrocarbons are in particular 

cyclopentane, cyclohexane. 
Examples of carbonates are in particular alkyl carbonates 

such as dimethyl carbonate. 
According to a preferred embodiment of the process 

according to the invention the crystallisation solvents are 
selected from acetone, methanol, 144 dioxan, ethyl acetate, 
mixtures of ortho, meta, para xylene, isopropanol, n-pro 
panol, dimethyl carbonate, tetrahydrofuran, chloroform and 
methylethylketone, Water and alcohol/H2O mixtures. 
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Thus, crystalline forms of the optical enantiomers of 
moda?nil can be obtained by recrystallisation of the enan 
tiomers in particular solvents, Where the nature and possibly 
the conditions of crystallisation mainly determine the type of 
crystalline form obtained. 

Through its interaction With functional groups and elec 
tron-attracting or electron-donor substituents the recrystal 
lisation solvent can in fact encourage certain molecular 
arrangements Which give rise to a particular crystalline form 
under given crystallisation conditions. 

Generally the recrystallisation solvent used in stage i) is 
heated, in particular under re?ux, until the optical enanti 
omer of moda?nil is completely dissolved in the solvent. 
Although the concentration of the optical enantiomer of 
moda?nil in stage i) is not a critical factor for the crystal 
lisation, it is hoWever preferable to Work in the presence of 
a concentration of optical enantiomer of moda?nil Which is 
close to the saturation concentration in the recrystallisation 
solvent in question. 

According to one embodiment the optical enantiomer of 
moda?nil is dissolved by heating the solvent under re?ux 
and an additional quantity of the said optical enantiomer is 
then added in fractions in such a Way as to achieve satura 
tion. Additional solvent may be added to ensure complete 
dissolution. 

According to another embodiment the optical enantiomer 
of moda?nil is suspended in the solvent heated under re?ux 
and an additional quantity of solvent is then added in 
fractions so as to obtain a homogeneous solution and thus 
achieve saturation. 

The process of crystallisation of the optical enantiomer of 
moda?nil in stage ii) may be accelerated using techniques 
knoWn to those skilled in the art, namely cooling of the 
solution, evaporation of some of the solvent, the addition of 
an antisolvent or seeding the solution With crystals of 
optically active moda?nil having the same crystalline form 
as that desired. Most commonly the mixture is stirred 
continually throughout the crystallisation process so as to 
obtain a homogeneous suspension and rapid reneWal of the 
mother liquor around each crystallite. 

The crystallisation process in the process according to the 
invention may be carried out under thermodynamic or 
kinetic conditions. 

For the purposes of this description, by “crystallisation 
under thermodynamic conditions” is meant crystallisation 
performed under conditions in Which equilibrium is main 
tained betWeen the homogeneous solution and the saturated 
solution in the presence of crystals of l- or d-moda?nil. 
By Way of example, a thermodynamic crystallisation may 

be performed by sloWly cooling the solution obtained in 
stage i), typically by alloWing the solution to cool to ambient 
temperature or by applying a rate of cooling or a cooling 
gradient Which is preferably less than or equal to 0.750 
C./min, more preferably to 06° C./min and more preferably 
to 0.50 C./min. 

By “crystallisation performed under kinetic conditions” 
for the purposes of this description is meant a crystallisation 
in Which equilibrium betWeen the homogeneous solution 
and the saturated solution in the presence of crystals of d- or 
l-moda?nil is suddenly displaced toWards the latter tWo 
phase domain, i.e. toWards the formation of crystals. 
By Way of illustration, a crystallisation Which is said to be 

kinetic can be performed in particular by rapid cooling, for 
example by implementing a cooling gradient of 3000 C./min, 
or by precipitation through the addition of an antisolvent to 
the solution obtained in stage i). 
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By Way of an illustrative and non-restrictive example 

these tWo types of thermodynamic or kinetic crystallisation 
are effected in this description by sloW or rapid cooling. 
Of course any other technique of crystallisation such as 

evaporation of the solvent or precipitation Which Would 
make it possible for kinetic and/or thermodynamic condi 
tions to obtain also falls Within the scope of the process 
according to the invention. 

Thus according to a particular embodiment the crystalli 
sation in stage ii) may be performed by precipitation, 
possibly in the presence of seed crystals of the desired 
crystal form. 
The inventors have also shoWn that some solvents can 

give rise to different crystalline forms, more speci?cally to 
polymorphic forms, according to Whether the crystallisation 
is performed under kinetic or thermodynamic conditions. 

According to a particularly advantageous embodiment 
crystallisation comprises cooling of the solution obtained in 
stage i). 
As applicable, in a ?rst mode, cooling is rapid and 

generally corresponds to quenching of the solution obtained 
in stage i) in a bath at a temperature at or beloW 0° C. such 
as a bath of ice Water for a su?icient time to permit complete 
crystallisation of the solution, or again cooling With a 
temperature gradient of for example between —1 ° C. and —50 
C./min. 

According to a second embodiment cooling is sloW. In 
this context the solution is generally alloWed to cool from 
the re?ux temperature of the solvent to ambient temperature 
or the solution is cooled With a cooling gradient preferably 
between —0.10 C./min and —0.8° C./min, and more prefer 
ably close to —0.50 C./min, generally doWn to a temperature 
of 15° to 200 C. 
Among the preferred combinations of solvents/antisol 

vents according to the invention mention may be made in 
particular of the combinations Water/acetone, acetonitrile/ 
Water, ethanol/Water, methanol/Water, acetic acid/Water. 

Finally the crystalline forms of the optical enantiomers of 
moda?nil can be isolated using conventional methods such 
as ?ltration and centrifuging. 
By Way of a non-restrictive illustration the process of 

preparation according to the invention is more particularly 
implemented using the laevorotatory enantiomer of moda? 
nil. 

According to a particular embodiment the crystalline form 
obtained according to this process is a polymorphic form. 

In this respect it Will be noted that in general each of the 
(l) and (d) enantiomers of a given chemical compound yield 
crystalline forms, in particular polymorphic forms, having 
poWder X-ray diffraction spectra Which are identical When 
they are recrystallised under the same experimental condi 
tions. 

In this respect reference should be made in particular to 
the Work of J. Bernstein <<Polymorphism in molecular 
crystals>> 2002, University Press, Oxford, UK, and the 
publication by G. Coquerel, Enantiomer, 2000; 5(5): 
48li498, Gordon and Breach Science Publishers. 

In this respect the dextrorotatory form, Whose X-ray 
diffraction spectra for the crystalline forms are identical to 
those of the laevorotatory form described beloW and vice 
versa, forms part of the invention. 

In What folloWs the polymorphic forms designated forms 
I, II, III, IV and V also cover the CRL 40982 forms I, II, III, 
IV, V obtained from the laevorotatory enantiomer and the 
CRL 40983 forms I, II, III, IV, V obtained from the dex 
trorotatory enantiomer. 
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