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IN THE UNITED STATES DISTRICT COURT
FOR THE SOUTHERN DISTRICT OF NEW YORK

SEPRACOR INC.,
Plaintiff,

V. Civil Action No.

ALPHAPHARM PTY. LTD. and MYLAN INC,,

Defendants.

(collectively, “Defendants™), hereby alleges as follows:
PARTIES

1. Plantiff Sepracor is a Delaware corporation having its principal place of
business at 84 Waterford Drive, Marlborough, MA 01752.

2. Upon information and belief, Defendant Alphapharm is an Australian
corporation having a place of business at Chase Building 2, 1 Wentworth Park Road, Glebe
NSW 2037, Australia. Upon information and belief,. Defendant Alphapharm derives substantial
revenue from interstate and/or international commerce. Upon information and belief, Defendant
Alphapharm has received FDA approval to sell drug products throughout the United States,
including into this judicial district. Upon information and belief, Defendant Alphapharm
conducts business in this judicial district. Upon information and belief, Defendant Alphapharm

manufactures, sells and/or markets generic drugs for sale and use throughout the United States,
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including in this judicial district. Upon information and belief, Defendant Alphapharm is a
wholly owned subsidiary of Mylan Australia Pty., Ltd., which is a wholly owned subsidiary of
Defendant Mylan. Upon information and belief, Defendant Alphapharm has previously
consented to personal jurisdiction in this Court.

3. Upon information and belief, Defendant Mylan is a corporation organized
under the laws of Pennsylvania having a place of business at 1500 Corporate Drive, Canonsburg,
PA 15317. Upon information and belief, Defendant Mylan, itself and through Defendant
Alphapharm, manufactures generic drugs for sale and use throughout the United States,
including in this judicial district. Upon information and belief, Defendant Mylan has a place of
business at 405 Lexington Ave, New York, NY 10174 and does business in this judicial district.

NATURE OF THE ACTION

4, This is a civil action for the infringement of United States Patent No.
6,864,257 (“the *257 patent”™), United States Patent No. 6,319,926 (“the '926 patent™), United
States Patent No. 6,444,673 (“the "673 patent”) and United States Patent No. 7,381,724 (“the
*724 patent”™). This action arises under the patent laws of the United States, 35 U.S.C. §§ 100 et
seq.

STATEMENT REGARDING PRIOR-FILED SUI'T

5. This is not the first-filed action involving Sepracor and Defendants, the
patents in suit, and the counts of patent infringement set forth below. Sépracor previously filed,
on March 20, 2009, an identical action seeking to enjein Alphapharm and Mylan (along with
nine other groups of defendants) from infringing the *257, *926, *673, and *724 patents in the
District of New Jersey, and that action has been assigned Civil Action No. 2:09-cv-01302 (“the
New Jersey action™). Defendants Alphapharm and Mylan have previously consented to personal

jurisdiction in the District of New Jersey and in the New Jersey action Mylan has now consented
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to personal jurisdiction. Judicial economy would be promoted, and Plaintiff Sepracor’s choice of
forum respected, if the claims related to Sepracor’s action for infringement of the 257, 926,
*673, and *724 patents against Alphapharm and Mylan are addressed in the New Jersey action.

6. Sepracor filed this action as a protective measure in order to avoid waiving
any rights under 21 U.S.C. and 35 U.S.C. Both before and after the New Jersey action was

| filed, Alphapharm and Mylan had refused to give consent to personal jurisdiction in New Jersey,

but Mylan has now consented to personal jurisdiction in its Answer in the New Jersey action.
Sepracor expects that personal jurisdiction will be maintained over Alphapharm (despite its
denial) in the District of New Jersey and that the action will proceed in that forum against all
defendants, in which case this second action would be unnecessary and voluntarily dismissed.

JURISDICTION AND VENUE

7. This Court has jurisdiction over the subject matter of this action pursuant
to 28 U.S.C. §§ 1331 and 1338(a). Venue is proper in this Court as to each Defendant pursuant
to 28 U.S.C. §§ 1391(b), (c) and/or (d) and 1400(b).

8. This Court has personal jurisdiction over each of Defendants by virtue of
the fact that, inter alia, each Defendant has committed, aided, abetted, contributed to and/or
participated in the commission of a tortious act of patent infringement that has led to foreseeable
harm and injury to Sepracor. This Court has personal jurisdiction over each of Defendants for
the additional reasons set forth above and below and for other reasons that will be presented to
the Court if such jurisdiction is challenged.

9. This Court has personal jurisdiction over Defendant Alphapharm.

10.  This Court has personal jurisdiction over Defendant Mylan.
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THE PATENTS

11.  OnMarch 8, 2005, the *257 patent, titled “Optically Active SH-
Pyrrolo[3,4-B] Pyrazine Derivative, Its Preparation and Pharmaceutical Compositions
Containing It,” was duly and legally issued to Sepracor as assignee. Since that time, Sepracor
has been, and continues to be, the sole owner of the 257 patent and the sole owner of the right to
sue and to recover for any infringement of that patent. A copy of the *257 patent is attached
hereto as Exhibit A,

12.  On September 3, 2002, the *673 patent, titled “Optically Active SH-
Pyrrolo[3,4-B] Pyrazine Detivative, Its Preparation and Pharmaceutical Compositions
Containing It,” was duly and legally issued to Sepracor as assignee. Since that time, Sepracor
has been, and continues\ to be, the sole owner of the *673 patent and the sole owner of the right to
sue and to recover for any infringement of that patent, A copy of the *673 patent is attached
hereto as Exhibit B.

13. On November 20, 2001, the "926 patent, titled “Optically Active SH-

* Pyrrolo[3,4-B] Pyrazine Derivative, Its Preparation and Pharmaceutical Compositions
Containing It,” was duly and legally issued to Sepracor as assignee. Since that time, Sepracor
has been, and continues to be, the sole owner of the *926 patent and the sole owner of the right to
sue and to recover for any infringement of that patent. A copy of the *926 patent is attached
hereto as Exhibit C. |

14. On June 3, 2008, the *724 patent, titled “Optically Active SH-Pyrrolo{3,4-
B] Pyrazine Derivative, Its Preparation and Pharmaceutical Compositions Containing Same,”
was duly and legally issued to Sepracor as assignee. Since that time, Sepracor has been, and

continues to be, the sole owner of the *724 patent and the sole owner of the right to sue and to
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recover for any infringement of that patent. A copy of the *724 patent is attached hereto as
Exhibit D.

ACTS GIVING RISE TO THIS ACTION

INFRINGEMENT OF THE *257 PATENT

COUNT I - INFRINGEMENT OF THE *257 PATENT BY DEFENDANTS

15. Sepracor re-alleges paragraphs 1-14 as if fully set forth herein.

16.  Upon information and belief, Defendants submitted ANDA No. 91-151 to
the FDA under § 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.8.C. § 355(1)).
ANDA No. 91-151 seeks the FDA approval necessary to engage in the commercial manufacture,
use and sale of generic tablets containing 1 mg, 2 mg or 3 mg of the active ingredient
eszopiclone prior to the expiration of the *257 patent. ANDA No. 91-151 specifically seeks
FDA approval to market a proposed generic version of Sepracor’s Lunesta® brand 1 mg, 2 mg
and 3 mg eszopiclone tablets prior to the expiration of the *257 patent.

17. ANDA No. 91-151 alleges under § 505()(2)(A)(vii)(IV) of the Federal
Food, Drug and Cosmetic Act that the claims of the 257 patent are invalid. Sepracor received
written notification of ANDA No. 91-151 and the § 505()(2}A)(vii)(IV) allegations on March
10, 2009.

18.  Defendants’ submission to the FDA of ANDA No. 91-151, including the
§ 505(G)2)(A)(vii)(IV) allegations, constitutes infringement of the "257 patent under 35 U.S.C.
§ 271(e}2XA).

19.  Alphapharm and Mylan are jointly and severally liable for any
infringement of the *257 patent. This is because, upon information and belief, Alphapharm and

Mylan actively and knowingly caused to be submitted, assisted with, participated in, contributed
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to and/or directed the submission of ANDA No. 91-151 and the § S05G)}2YAX(vii}IV)
allegations to the FDA.

20.  Defendants’ active and knowing participation in, contribution to, aiding,
abetting and/or inducement of the submission to the FDA of ANDA No. 91-151 and the
§ 505(G)(2)AYvii)(IV) allegations constitutes infringement of the "257 patent under 35 U.S.C.
§ 271()(2)(A). Defendants’ commercial manufacture, use, offer for sale, importation or sale of
its proposed generic versions of Sepracor’s Lunesta® brand products, or inducement of or
contribution to such conduct, would further infringe the *257 patent under 35 U.S.C. § 271(a),
(b) and/or (c).

21.  Upon information and belief, Defendants were aware of the existence of
the *257 patent and were aware that filing of the ANDA and certification with respect to the "257
patent constituted an act of infringement of that patent.

22.  This case is an exceptional one and Sepracor is entitled to an award of its
reasonable attorney fees under 35 U.S.C. § 285.

23.  Sepracor will be irreparably harmed by Defendants’ infringing activities
unless those activities are enjoined by this Court. Sepracor does not have an adequate remedy at
law.

INFRINGEMENT OF THE 673 PATENT

COUNT I — INFRINGEMENT OF THE ’673 PATENT BY DEFENDANTS

24.  Sepracor re-alleges paragraphs 1-23 as if fully set forth herein.

25.  Upon information and belief, Defendants submitted ANDA No. 91-151 to
the FDA under § 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355(1)).
ANDA No. 91-151 seeks the FDA approval necessary to engage in the commercial manufacture,

use and sale of generic tablets containing 1 mg, 2 mg or 3 mg of the active ingredient
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eszopiclone prior to the expiration of the *673 patent. ANDA No. 91-151 specifically seeks
FDA approval to market a proposed generic version of Sepracor’s Lunesta® brand 1 mg, 2 mg
and 3 mg eszopiclone tablets prior to the expiration of the *673 patent.

26.  ANDA No. 91-151 alleges under § S05(G)(2)(A)(viD)(IV) of the Federal
Food, Drug and Cosmetic Act that the claims of the *673 patent are invalid. Sepracor received
written notification of ANDA No. 91-151 and the § S05()}2)(A)(vii)(IV) allegations on March
10, 2009.

27. Defendants’ submission to the FDA of ANDA No. 91-151, including the
§ 505(G)2)(A)(vii)(IV) allegations, constitutes infringement of the *673 patent under 35 U.S.C.

§ 271(e)2)(A).

28.  Alphapharm and Mylan are jointly and severally liable for any
infringement of the *673 patent. This is because, upon information and belief, Alphapharm and
Mylan actively and knowingly caused to be submitted, assisted with, participated in, contributed
to and/or directed the submission of ANDA No. 91-151 and the § SO5G)2MANvi)IV)
allegations to the FDA.

29.  Defendants’ active and knowing participation in, contribution to, aiding,
abetting and/or inducement of the submission of ANDA No. 91-151 and the
§ 505N AXVii)IV) allegations to the FDA constitutes infringement of the *673 patent under
35 U.S.C. § 271(e)(2)(A). Defendants’ commercial manufacture, use, offer for sale, importation
or sale of its proposed generic versions of Sepracor’s Lunesta® brand products, or inducement of
or contribution to such conduct, would further infringe the *673 patent under 35 U.8.C. § 271(a),

(b) and/or (c).
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30.  Upon information and belief, Defendants were aware of the existence of
the *673 patent and were aware that filing of the ANDA and certification with respect to the "673
patent constituted an act of infringement of that patent.

31, This case is an exceptional one and Sepracor is entitled to an award of its
reasonable attorney fees under 35 U.S.C. § 285.

32.  Sepracor will be irreparably harmed by Defendants’ infringing activities
unless those activities are enjoined by this Court. Sepracor does not have an adequate remedy at

law.

INFRINGEMENT OF THE 926 PATENT

COUNT IH- INFRINGEMENT OF THE 926 PATENT BY DEFENDANTS

33.  Sepracor re-alleges paragraphs 1-32 as if fully set forth herein.

34.  Upon information and belief, Defendants submitted ANDA No. 91-151 to
the FDA under § 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355(3)).
ANDA No. 91-151 seeks the FDA approval necessary to engage in the commercial manufacture,
use and sale of generic tablets containing 1 mg, 2 mg or 3 mg of the active ingredient
eszopiclone prior to the expiration of the *926 patent. ANDA No. 91-151 specifically seeks
FDA approval to market a proposed generic version of Sepracor’s Lunesta® brand 1 mg, 2 mg
and 3 mg eszopiclone tablets prior to the expiration of the *926 patent.

35. ANDA No. 91-151 alleges under § 505()(2}(A)vii)(IV) of the Federal
Food, Drug and Cosmetic Act that the claims of the *926 patent are invalid. Sepracor received
written notification of ANDA No. 91-151 and the § 505()(2)(A)vii)(1V) allegations on March

106, 2009.
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36.  Defendants’ submission to the FDA of ANDA No. 91-151, including the
§ S05(G)(2)AXvii)IV) allegations, constitutes infringement of the 926 patent under 35 U.S.C.

§ 271()2XA).

37.  Alphapharm and Mylan are jointly and severally liable for any
infringement of the *926 patent. This is because, upon information and belief, Alphapharm and
Mylan actively and knowingly caused to be submitted, assisted with, participated in, contributed
to and/or directed the submission of ANDA No. 91-151 and its § S05G)(2)(A)vi)(IV)
allegations to the FDA.

38; Defendants’ active and kno.wing participation in, contribution to, aiding,
abetting and/or inducement of the submission to the FDA of ANDA No. 91-151 and the
§ 505()R)(A)(Vii)(IV) allegations constitutes infringement of the 926 patent under 35 U.S.C.

§ 271(e)(2)(A). Defendants’ commercial manufacture, use, offer for sale, importation or sale of
its proposed generic versions of Sepracor’s Lunesta® brand products, or inducement of or
contribution to such conduct, would further infringe the *926 patent under 35 U.S.C. § 271(a),
(b) and/or (c).

39.  Upon information and belief, Defendants were aware of the existence of
the 926 patent and were aware that filing of the ANDA and certification with respect to the "926
patent constituted an act of infringement of that patent.

40.  This case is an exceptional one and Sepracor is entitled to an award of its
reasonable attorney fees under 35 U.S.C. § 285.

41.  Sepracor will be irreparably harmed by Defendants’ infringing activities
unless those activities are enjoined by this Court. Sepracor does not have an adequate remedy at

law.
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INFRINGEMENT OF THE 724 PATENT

COUNT IV — INFRINGEMENT OF THE 724 PATENT BY DEFENDANTS

42. Sepracor re-alleges paragraphs 1-41 as if fully set forth herein.

43.  Upon information and belief, Defendants submitted ANDA No. 91-151 to
the FDA under § 505(j) of the Federal Food, Drug and Cosmetic Act (21 U.S.C. § 355(i)).
ANDA No. 91-151 seeks the FDA approval necessary to engage in the commercial manufacture,
use and sale of generic tablets containing 1 mg, 2 mg or 3 mg of the active ingredient
eszopiclone prior to the expiration of the *724 patent. ANDA No. 91-151 specifically seeks
FDA approval to market a proposed generic version of Sepracor’s Lunesta” brand 1 mg, 2 mg
and 3 mg eszopiclone tablets prior to the expiration of the 7724 patent.

44,  ANDA No. 91-151 alleges under § 505()H(2)A)vii)(IV) of the Federal
Food, Drug and Cosmetic Act that the claims of the *724 patent are invalid. Sepracor received
written notification of ANDA No. 91-151 and the § 505(3)(2)(A)(vii)(IV) allegations on March
10, 2009.

45.  Defendants’ submission to the FDA of ANDA No. 91-151, including the
§ 505()(2)(AXvii)IV) allegations, constitutes infringement of the *724 patent under 35 U.S.C.
§ 271(e)2)(A).

46.  Alphapharm and Mylan are jointly and severally liable for any
infringement of the *724 patent. This is because, upon information and belief, Alphapharm and
Mylan actively and knowingly caused to be submitted, assisted with, participated in, contributed
to and/or directed the submission of ANDA No. 91-151 and the § S05G)(2)(A)vii)(IV)
allegations to the FDA.

47.  Defendants’ active and knowing participation in, contribution to, aiding,

abetting and/or inducement of the submission to the FDA of ANDA No. 91-151 and the

10
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§ S05()(2NAXvii}IV) allegations constitutes infringement of the *724 patent under 35 U.S.C.
§ 271(e)(2)(A). Defendants’ commercial manufacture, use, offef for sale, importation or sale of
its proposed generic versions of Sepracot’s Lunesta® brand products, or inducement of or
contribution to any such conduct, would further infringe the *724 patent under 35 U.S.C.
§ 271(a), (b) and/or (¢).

48.  Upon information and belief, Defendants were aware of the existence of
the *724 patent and were aware that filing of the ANDA and certification with respect to the *724
patent constituted an act of infringement of that patent.

49.  This case is an exceptional one and Sepracor is entitled to an award of its
reasonable attorney fees under 35 U.S.C. § 285.

50.  Sepracor will be irreparably harmed by Defendants® infringing activities
unless those activities are enjoined by this Court. Sepracor does not have an adequate remedy at

law.

11
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PRAYER FOR RELIEF

WHEREFORE, Plaintiff Sepracor requests that:

A. A Judgment be entered declaring that Defendants Alphapharm and

Mylan have infringed the *257, *673, 926, and *724 patents by submitting the aforesaid ANDA;

B. An Order be issued pursuant to 35 U.S.C. § 271(e)(4)(A) that the
effective date of approval of Defendants” ANDA identified in this Complaint be a date that is not
earlier than the expiration dates of the *257 patent, *673 patent, *926 patent and 724 patent, or
any later expiration of exclusivity for the *257 patent, 673 patent, *926 patent or *724 patent to

which Plaintiff is or becomes entitled;

C. An Order be issued that Defendants Alphapharm and Mylan, their
officers, agents, servants and employees, and those persons in active concert or participation with
any of them, are preliminarily and permanently enjoined from commercially manufacturing,
using, offering for sale, importing or selling the proposed generic versions of Sepracor’s
Lunesta® brand products identified in this Complaint, and any other product that infringes or
induceé or contributes to the infringement of the *257, *673, *926 and *724 patents, prior to the
expiration of the *257, 673, 926 and 724 patents, including any extensions to which Plaintiff is

or becomes entitled;

D. Sepracor be awarded monetary relief if any Defendant
commercially manufactures, uses, offers for sale, or sells a generic version of Sepracor’s
Lunesta® brand product, or any other product that infringes or induces or coniributes to the

infringement of the *257, 673, 926 or *724 patent, within the United States prior to the

12
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expiration of those patents, including any extensions, and that any such monetary relief be

awarded to Sepracor with prejudgment interest;

E. A Judgment be entered against each Defendant that this case is
exceptional and that Sepracor is entitled to its reasonable attorney fees, costs and expenses that it

incurs prosecuting this action as to that Defendant; and

F. Sepracor be awarded such other and further relief as this Court

deems just and proper.

Dated: April 22, 2009 ectfullCz submitted,

e

Joseph M. O’Malley, Jr.

Bruce M. Wexler

Pavid M. Conca

Eric W. Dittmann

PAUL, HASTINGS, JANOFSKY & WALKER LLP
75 East 55th Street

New York, NY 10022

(212) 318-6000

Attorneys for Plaintiff Sepracor Inc.

LEGAL_US_E # 833033095

13
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Exhibit A
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1
OPTICALLY ACTIVE 5H-PYRROLO[3,4-B]
PYRAZINE DERIVATIVE, ITS
PREPARATION AND PHARMACEUTICAL
COMPOSITIONS CONTAINING IT

This is a divisional of Application Ser. No. 09/722,438,
filed Nov. 28, 2004, now U.S. Pat. No. 6,444,673 which is
& continuation of Application Ser. No. 09/124,651, filed Jul.
20, 1998, now U.S. Pat. No. 6,319,926, which is a continn-
ation of Application 'Ser. No. 08/493,946, filed Jun. 3, 1995
(abandoned), which is a continuation of Application Ser. No.
08/342,794, filed Nov. 21, 1994 (abandoned), which is a
continnation of Application Ser. No. 08/232,313, filed Apr.
25, 1954 (abandoned), which is a contimeation of Applica-
tion Ser. No. 08/109,863, filed Ang. 20, 1993 (abandoned),
which is a continuation of Application Ser. No. 08/034,199,
filed Mar. 19, 1993 (abandoned), whick is a contimation of

15

Application Ser. No. 07/821,662, filed Jan. 16, 1992

(abandoned), the disclosures of which are imcorporated
herein by reference.

In French Patent FR 72/00,505, published under number
2,166,314, a description was given, in particular, of 6-{5-
chloro-2-pyridyD)-5-[(4-methyl-1-piperazinyl)
carbonylexy]-7-0x0-6,7-dihydro-5H-pyrrolo[3,4-b]
pyrazine, also known by the name of zopicione, which is a
noteworthy hypnotic product.

As aresulf of the presence of an asymmetric carbon alom
at the 5-position of the SH-pyrrolo[3,4-b]-pyrazine ring-
system, zopiclone must be considered, iz racemic form, to
consist of a strictly equimolecular mixtore of the laevoro-
tatory and dextrorotatory forms.

It has now been foued, and this forms the subject of the
present invention, that the dextrorotatory isomer of zopi-
clone possesses properties which are not obvious in the Hght
of those of racemic zopicloae.

The subject of the presenf invention is hence the dex-
trorotatory isomer of zopiclone, its preparation and pharma-
ceutical compositions containing it. In a racemic product, it
is known that, often, one of the two enantiomers is active
and that an eshancement of the toxicity may be linked to this
activity, the other enantiomer being both markedly less
active or inactive and less toxic, For such products, the gain
in activity does pot compensate for the drawbacks due to an
ephanced toxicity.

In the case of zopiclone, it was found, surprisingly and
unexpectedly, nof only that the dexirorotatory isomer is
approximately twice as active as the racemate while baving
2 lower toxicity thaz that of the racemate, but that the
laevorotatory isomer is both 2lmost inactive and more foxic
than the racemate.

For example, when administered orally to mice, zopi-
clone possesses a toxicity (LD 0) in the region of 850
mg/kg, whereas the dextrorotalory isomer has a toxicity in
the region of 1.5 g/kg and the laevorotatory isomer possesses
an LD0 of between 300 and 900 me/kg,

In animeals, the dextrorotatory isomer of zopiclone dis-
plays bypnotic, sedative, anxiolytic, muscle-relaxant and
anticonvulsant properties.

From the staadpoint of the poteacy of action in the main
tests demonstrating the tranquillising and hyprotic activity
of zopiclone, such as the test of affinity for central benzo-
diazepine receplor sifes-according to the technigue of J. C.
Blanchard and L. Julou, J. of Newrochemistry, 40, 601
(1983) based on the work of Squires and Braestrup, Nature,
266, 732-734 {1977}, or the test of antagonist aclivity with
respect to pentetrazol-induced convulsions according (o the
technique of Evereit and Richards, J. Pharmacol., 81, 402
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{1944}, or in the writhiag reflex test in mice according io the
tecknique of Zbinden and Randal, Advances in Pharmacol-
ogy 5, 213-291 (1967}, the dextrorotatory isomer is approxi-
mately twice as active whereas the lagvorotalory isomer is
almost inactive.

According to the ipvention, the dextrorotatory isomer of
zopiclone may be prepared from the corresponding racemate
according 1o ihe usual methods, such as chiral-phase
chromatography, resolution of an optically active sait, ste-
reoselective enzymatic catalysis by means of an appropriate
microorganism, or asyminetric synthesis.

More especially, the dextrorotatory isomer of zopiciope
may be obtaived by resoition of zopiclone by means of an
optically active acid, working in an appropriate orgagic
solvent.

As an optically active acid which is especially suitable,
D{+)-0,0'"-dibenzoyltartaric acid may be mentioned.

Generally, the reaction is performed in an organic solvent
chosen from halogenated aliphatic hydrocarbons such as
dichloromethane and nifriles suech 2s acetonitrile, taken
alone or mixed.

By working in this manner, the salt of the dextrorotatory
isomer precipitates and the lagvorotatory isomer is extracted
from the mother lquors of crystailisation.

The dextrorotatory isomer of zopiclone is displaced from
its salt by means of a base such as sodium hydroxide,

The dextrorotatory isomer of zopiclone is useful in
humans for the freatment of states due 1o a dysfunction of the
central nervous system.

The dexirorotatory isomer of zopiclone is, e.g., useful as
a hypnosedative, tranquiltiser, muscle relaxant and anticon-
vulsant.

However, the dextrorotatory iscmer of zopiclone is more
especially useful in man as a hypnotic.

Since it acts on the various parameters of sleep, the
dexfrorotatory isomer of zopiclone increases sleeptime and
improves sleep quality, and decreases the number of epi-
sodes of waking at night and of early morning awakening.

The present iovention relates 1o pharmaceutical compo-
sitions containing the dextrorotatory isomer of zopiclone or
one of its pharmaceutically acceptable salts, in the pure state
or in the presence of a diluent or a coating. These compo-
sitions may be employed orally, rectally or parenterally.

As pharmacentically acceptable salts, salts of inorganic
acids (such as hydrochlorides, sulphates, nitrates,
phosphates) or organic acids (such as the acetates,
propionates, succinates, benzoates, fumarates, tartrates,
theophyllineacetates, salicylates, phenolphthalinates, meth-
ylenebis (B-hydroxynaphthoates), or of substitution deriva-
tives of these acids, may be mentioned.

As solid compositions for oral administration, tablets,
pills, powders or granules may be used. In these
compositions, the active product according to the ipvention
is mixed witk one or more inert diluents such as sucrose,
lactose or starch. These compositions can also comprise
substances other than diluents, e.g. a Iubricant such as
maguesium stearate.

As Yquid corapositions for oral administration, solutions,
suspensions, syrups, elixirs and phacmaceutically acceptable
emulsions, containing inert dilnents such as water or Bquid
paraffin, may be used. These compositions can also comprise
substances other than diluents, e.g. wetting, sweetening or
flavouring products.

The compositions for parenteral adrministration can be
suspensions, emulsions or aguecus or non-aqueous, sterile
solutions. As a solvent or vehicle, propylene glycol, poly-
ethylene glycol, vegetable oils, especially olive oil, and
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injectable organic esters, e.g, ethyl oleate, may be employed.
These compositions can contain adjuvanis, especially
wetting, emulsifying and dispersing agents. The sterilisation
may be carried out in several ways, ¢.g. using a bacterio-
logical filter, by incorporating sterilising agents in the
composition, by irradiation or by heating. They may be
prepared in the form of sterile compositions which can be
dissolved at the time of use in sterile water or any other
sterile injectable medium.

The compositions for rectal administration are supposi-
tories which can contain, aparl from the activé product,
excipients such as cocoa butter.

I human therapy, the doses depend on the effect sought
and the treatment perod; taken orally, they are generally
between 2.5 and 15 mg per day for an adult,

The examples which follow, given without implied
liritation, illustrate the present invention.

EXAMPLE 1

A solution of zopiclone (23.28 g; 0.06 mol) in dichlo-
romethane (300 cc) is added fo z solution of D(+)-0,0-
dibenzoyltartaric acid in the form of & monohydrate (22.56
g: 0.06 mol} in dichloromethane (300 cc). The reaction
mixiure is concentrated to dryness under reduced pressure.
The crude salt obtained is recrystallised in acetonitsile (2000
cc) to give, in a 46% yield, a crystallised product (21.3 g),
m.p. 160-165° C. (with decomposition), the optical rofation
of which is [@],?"=83° (c=0.5; acetone).

The product obtained is dissolved in dichioromethane
(180 cc) under reflux. Acetonilrile (200 cc) is added and the
mixture js left standing for 1 hour at a tempersture of 5° C.
The crystailised product obtained is recrystallised again
under the same conditions. A crystallised salt {(16.5 2}, m.p.
160-165° C. (witk decomposition), the optical rotation of
which is [@],""=102° (c=0.5; acetone), is thereby obtained
in a 36% yield.

The salt thereby obtained is dissolved in water (125 cc) in
the presence of dichloromethane {125 c¢). The mixture is
alkalinised to p¥ 11 by slowly adding 2N agueous sodium
hydroxide solution. After setthing has taken place, the aque-
ous phase is separated and extracted twice with dichlo-
romethane. The combined organic phases are washed with
water and then diied over magnesinm sulphate. After
filtration, evaporation of the solvent and recrystallisation of
the product obtained in acetonitrile (80 cc), the dextrorota-
tory isomer (5.4 g) of zopiclone, m.p. 206.5° C., the optical
totation of which is [a]p*"=135%3° {e=1.0; acetone), is
obtained in a 23% yield.

The mother lquors of crystallisation of the salt of zopi-
cione with D{(+)-0,0"-dibenzoyltariaric acid are’ concen-
trated to dryness under reduced pressuze 1o give a salt (22.05
g) the optical rotation of which is [a]y,*=-21° {(c=0.2;
acetone).

The salt thereby obtaired is dissolved in water (125 cc) in
the presence of dichioromethane (125 ¢c). The mixture is
alkalinised to pH 11 by slowly adding 2N agueous sodium
hydroxide solution. After settling has taken place, the aque-
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ous phase is separated and extracted twice with dichle-
romethane, The combined organic phases are washed with
water and then dried over magnesium sulphate. After filtra-
tion and evaporation of the solvent, the crystallised solid
obtained (8.45 g) is recrystallised in acefonifrile
{successively 100, 50 and 45 cc). The laevorotatory isomner
(3.13 g) of zopiclone, m.p. 206.9° C,, the optical rotation of
whick is [e]p™"=~133°3° {c=1.0; acetone), is thereby
obtained in a 13.9% yield.

EXAMPLE 2

Tablets containing 3 mg of active product and haviog the
following composition are prepared according to the usual
techoique:

dextrarotatory isomer of zopiclone 0003 g
starch 0.100 g
precipitated silica 0035 g
magnesium stearate 005 g

What is claimed is:

1. A method of inducing an effect selected from the group
consisting of a hypnotic effect, a sedative effect and a
tranquilizing effect, in 2 human in need of said induction,
comprising administering to the human an effective quantity
of 6-(5-ckloro-2-pyridyl)-5-[(4-methyl-1.piperazinyl)
carbonyloxy-7-0x0-6,7-dihydro-5H-pyrrolo[3,4-b]
pyrazine, or a pharmaceulically acceplable salt thereof, in
the form of its dextrorotatory isomer and essentially free of
its levorotatory isomer.

2. The method according 1o claim 1, wherein said admin-
istering step comprises administering a pharmaceutical com-
position comprising an effective amount of said 6-{5-chloro-
2-pyridyi)-3-[(4-methyl-1-piperazinyl)-carbonyloxy]-7-
oxo-6,7-dihydro-5H-pyrrolo{3,4-blpyrazine, or a
pharmaceutically acceptable salt thereof, in the form of its
dextrorotatory isomer and essentially free of its levorotatory
isomer, and a pharmaceutically acceplable carrer.

3. The method according to claim 1, wherein the phar-
maceutically accepiable salt is a salt of 2 mineral acid, or 2
substituted derivative thereof, selected from the group con-
sisting of hydrochlorides, sulfates, nitrates, and phosphates.

4. The method according to claim 1, wherein the phar-
maceutically acceptable salt is a salt of an organic acid, or
a substituted derivative thereof, selected from the group
consisting of acetates, propionales, succinates, benzoates,
femarates, tartrates, theophyilineacetates, salicylates, and
phenolphthalinates.

5. The method according to clair 1, wherein the effective
quantity is from about 2.5 mg to zbout 15 mg per day.

6. The method according to claim 2,wherein the pharena-
ceutically acceptable carrier comprises a diluent.

7. The method according lo claim 2 wherein the compo-
sition is administered orally, rectally or parenterally.

PR T
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OPTICALLY ACTIVE 5H-PYRROLO[3,4-B]
PYRAZINE DERIVATIVE, ITS
PREPARATION AND PHARMACEUTICAL
COMPOSITIONS CONTAINING IT

This is a continuation of application Sex. No. 09/124,651,
filed Jul. 28, 1998, whick is 2 contisuation of Ser. No.
08/493,946, filed Jun. 23, 1995 (abandoned), which is a
continuation of Ser. No. 08/342,794, filed Nov. 21, 19%4
(abaandoped), which is a continuation of Ser. No. 08/232,
313, filed Apr. 25, 1994 (abandoned), which is 2 contipua-
tion of Ser. No. 08/10%,863, filed Aug. 20, 1993
(abandoned), which is a contimuation of Ser. No. 08/034,
199, filed Mar. 19, 1993 (abandoned), which is a confinu-
ation of Ser. No. 07/821,662, filed Jam. 16, 1992
{abandoned), the disclosurs of which is incorporated berein
by reference.

In French Patent FR 72/00,505, published under number
2,166,314, 2 description was given, in particular, of 6-(5-
chloro-2-pyridyl}-5-[(4-methyl-1-piperazinyi}
carbonyloxyl-7-0x0-6,7-dihydro-5H-pyrrolo[3,4-b]
pyrazine, also known by the name of zopiclone, which is a
poteworthy bypnotic product.

As aresult of the presence of an asymrmetric carbon atom
at the 5-position of the SH-pyrrolo(3,4-b)-pyrazine ring-
system, zopicione must be considered, in racemic form, to
consist of a strictly equimolecular mixture of the laevoro-
tatory and dextrorotatory forms.

Tt has pow been found, and this forms the subject of the
present invention, that the dextrorotatory isomer of zopi-
clone possesses properties which are not obvious in the light
of those of racemic zopiclone.

The subject of the present invention is bence the dex-
trorotatory 1somer of zopiclope, its preparation and pharma-
ceutical compositions containing i, In a racemic product, it
is known that, offen, one of the two enantiomers is active
and that an enhancerment of the toxicity may be linked to this
activity, the other epantiomer being both markedly less
active or inactive and less toxic. For such products, the gain
in activity does not compensate for the drawbacks due to an
enhanced toxicity.

In the case of zopiclone, it was found, surprisingly and
unexpectedly, not onfy that the dextrorotatory isomer is
approximately twice as active as the racemate while having
a lower toxicity than that of the racemate, bui that the
laevorotatory isomer is both almost inactive and more toxic
than the racemate,

For example, when administered orally to mice, zopi-
clone possesses a toxicity (LD.0) in the region of 850
mg/kg, whereas the dextrorotatory isomer has a toxicity in
the region of 1.5 gfke and the laevorotatory isomer possesses
an LDO of between 300 and 500 mg/kg.

Tn animals, the dextrorotatory isomer of zopiclone dis-
plays hypnotic, sedative, anxiolytic, muscle-relaxant and
anticonvulsant properties.

From the standpoint of the potency of action in the main
tests dernonsirating the tranquillising and hypnotic activity
of zopiclone, such as the test of affinity for central benzo-
diazepine receptor sites according to the technique of J. C.
Bianchard and L. Julou, J. of Neurochemistry, 40, 601
(1983) based on the work of Squires and Braestrup, Nature,
266, 732~734 (1977), or the test of anlagonist activity with
respect to pentetrazol-induced convalsions according to the
technique of Everett and Richards, J. Pharmacol., 81, 402
(1944), or in the writhing reflex test in mice according to the
technique of Zhinden and Randall, Advances iz Pharmacol-
ogy 5,213-291 (1967, the dextrorotatory isomer is approxi-
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2

malely twice as active whereas fhe laevorotatory isomer s
almost inactive.

Aceording 1o the invention, the dextrorotatory isomer of
zopickone may be prepared from the comesponding racemate
according to the usual methods, such as chiral-phase
chromatography, resolution of an optically active salt, ste-
reoselective enzymatic catalysis by means of an appropriate
microorganism, or asymmeiric synthesis.

More especially, the dextrorotatory isomer of zopiclone
may be obtained by resolution of zopiclone by means of an
optically active acid, working in an appropriate organic
solvent.

As an optically active acid which is especially suitable,
D(+)-0,0"dibenzoyliartaric acid may be mentioned.

Generally, the reaction is performed iz an organic solvent
chosen from halogenated aliphatic bydrocarbouns such as
dichioromethane and nitriles such as acetonitrile, taken
alone or mixed.

By working in this manper, the salt of the dextrorotatory
isomer precipitates and the laevorotatory isomer is extracted
from the mother liquors of erystallisation,

The dextrorotatory isomer of zopiclone is displaced from
its salt by means of a base such as sodium hydroxide,

The dextrorolatory isomer of zopiclope is useful in
humans for the treatment of states due 10 a dysfunction of the
central nervous system.

The dextrorotatory isomer of zopiclone is, e.g., useful as
a hypnosedative, tranguilliser, muscle relaxant and anticon-
vuisant,

Howeves, the dexsrorotatory isomer of zopiclone is mote
especially useful in man as a hypaotic.

Since it acts on the various parameters of sleep, the
dextrorotatory isomer of zopiclone increases sleeptime and
improves sleep quality, and decreases the number of epi-
sodes of waking at night and of early morming awakening.

The present investion relates to pharmaceutical compo-
sitions containing the dextrorotatory isomer of zopiclove or
one of its pharmacentically acceptable salls, in the pure state
or in the presence of a diluent or a coating. These compo-
sitions may be employed orally, rectally or parenterally.

As pharmaceutically acceptable salts, salts of inorganic
acids (such as hydrochlorides, sulphales, nitrates,
phosphates) or organic acids (such as the acetzales,
propionates, succinates, benzoates, fumarates, farirates,
theophyllineacetates, salicylates, phenoclphthalinates,
methylenebis(f-hydroxynaphthoates), or of substitution
derivatives of these acids, may be mentioned.

As solid compositions for oral administration, fablets,
pills, powders or granules may be used. In these
compositions, the active product according to the invention
is mixed with one or more inert diluents such as sucrose,
lactose or starch. These compositions can also comprise
substances other than diluents, e.g. a lubricant such as
magnesium stearate.

As liguid compositions for oral administration, solutions,
suspensions, syrups, elixirs and pharmaceutically acceptable
emnidsions, containing inert diluents such as water or liquid
paraffin, may be used. These compositions can also comprise
substances other than diluents, e.g. wetting, sweetening or
flavouring products.

The compositions for parenteral administration can be
suspensions, emulsions or aqueous or non-agqueous, sterile
solutions. As a solvent or vehicle, propylene glycol, poly-
ethylene glycol, vegetable oils, especially olive oil. and
injectable organic esters, ¢.g. ethyl oleate, may be employed.
These compositions can contain adjuvants, sspecially
wetling, emulsifying and dispersing agents. The sterilisation
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may be carrfed ot in several ways, e.g. using & baclerio-
logical filter, by incorporating sterilising agents in the
composition, by imadiation or by heating. They may be
prepared. in the form of sterile compositions which can be
dissolved at the time of use in slerile water or any other
sterile injectable medium.

The compositions for rectal administration are supposi-
tories which can contain, apart from the active product,
excipients such as cocoa butter.

Iz buman therapy, the doses depend on the effect sought
and the treatment perod; taken orally, they are generally
between 2.5 and 15 myg per day for an adult.

The examples which follow, givea without implied
limitation, illustrate the present inveation.

EXAMPLE 1

A soluticn of zopiclone (23.28 g; 0.06 mol} i dichlo-
romethane (300 cc) is added 10 a solution of D(+)-0Q,0-
dibenzoyltartaric acid in the form of a monohydrate (22.56
g; 0.06 mol) in dichloromethane {300 cc). The reaction
mixture is concentrated {o dryness under reduced pressure,
The crude salt obtained is recrystallised in acetonitsle (2000
cc) to give, in a 46% yield, a crystallised product (21.3 g),
m.p. 160-165° C. (with decomposition), the optical rotation
of which is o], 2=83"(e=0.5; acetone).

The product obtained is dissolved in dichloromethane
(180 cc) under reflux. Acctonitrile (200 cc) is added and the
mixture is left standing for 1 hour at a temperature of 5° C.
The crystallised product obtained is recrystallised again
under the same conditions. A crysfallised salt {16.5 g), m.p.
160-165° C. (with decomposition), the optical rotation of
which is fo],,=102° (c=0.5; acetone), is thereby obtained
in a 36% yield.

The salt thereby obtained is dissolved in water (125 cc) in
ihe presence of dichloromethane (125 ¢c). The mixture is
alkalinised to pH 11 by slowly adding 2N agueous sodium
hydroxide solution. After settling bas taken place, the ague-
ous phase is separated and exfracted twice with dichlo-
romethane. The combined organic phases are washed with
water and then dried over magnesium sulphate. After
filtration, evaporation of the solvent and recrystallisation of
the product obtaiped in acetonitrile {80 cc), the dextrorota-
tory isomer (5.4 g) of zopiclane, m.p. 206.5° C., the optical
rotation of which is [@],?%=135%£3° (c=1.0; acetone), is
obtained in a 23% yield.

The mother liguors of crystallisation of the salt of zopi-
clone with D{+)-0,0"dibenzoyliartaric acid are concen-
trated to dryness under reduced pressure to give a salt (22.05
g) the optical rotation of which is [a],*=—21° (¢=0.2;
acefone).

The salt thereby obtained is dissolved in water {125 cc) in
the presence of dichloromethane (125 cc). The mixture is
alkalinised to pH 11 by slowly adding 2N aqueous sodium
hydroxide solution. After settling has taken place, the aque-
ous phase is separated and extracted twice with dichlo-
romethape. The combined organic phases are washed with
water and then dried over magpesium sulphate. After fltra-
tion and evaporation of the solvent, the crystallised solid
obtained (8.45 g) is recrystallised in acetonitrile
{successively 100, 50 and 45 cc). The laevorotalory isomer
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{3.13 g) of zopiclone, m.p. 206.9° C,, the optical rotation of
which is [e],**=—133°+3° (¢=1.0; aceione), is thereby
obtained in & 13.9% yield.

EXAMPLE 2

Tablets containing 3 mg of active product and having the
following composition are prepared according to the usual
techoique:

dextrorotatory isomer of zopiclone G003 g
starch 0.100 g
precipitated silica 0.035 g
magresium stearale 0.005 g

What is claimed is: 3

1. 6-{5-chloro~-2-pyridyl)-5-{(4-methyl-1-piperazinyl)
carbonyloxy]-7-ox0-6,7-dibydro-5H-pyrrolo[3,4-b]
pyrazine, or a pharmaceutically acceptable salt thereof, in
the form of its dextrorotatory isomer and essentially free of
its levorotatory isomer.

2. A pharmaceutical composition comprising an effective
amount of the dextrorotatory isomer, essentially free of the
levorotatory isomer of 6-(5-chioro-2-pyridyl)-5-[{4-methyl-
1-piperazinyl)-carbosyloxy]-7-ox0-6,7-dihydro-5H-pyrmrolo
[3,4-blpyrazine, or a pharmaceutlically acceptable salt
thereof, and a pharmaceutically acceptable carrier.

3. The compound zcecording to claim 1, wherein the
pharmaceuticaily acceptable salt is a salt of a mineral acid,
or a substitated derivative thereof, selected from the group
consisting of hydrochlorides, suifates, aitrates, and phos-
phates.

4. The compound according to claim 1, wherein the
pharmaceutically acceptable salt is a salt of 2n organic acid,
or a substituted derivative thereof, sclected from the group
consisting of acetates, propicnates, succinates, benzoates,
fumarates, tarfrates, theophyllineacetates, salicylates, and
phenclphthalinates.

5. The pharmacentical composition according o claim 2,
wherein the phammaceutically acceptable salt is 2 salt of 2
mineral acid, or a substituted derivative thereof, selected
from the group consisting of hydrochlorides, suifales,
pitrates, and phosphates.

6. The phazmacentical composition according fo claim 2,
wherein the pharmaceutically acceptable salt is a salt of an
organic acid, or a substitufed derivative thereof, selected
from the group consisting of acetales, propicrates,
succinates, benzoates, fumarates, lartrates,
theophyllineacetates, salicylates, and pbenolphthalinates.

7. The pharmacentical composition according to claim 2,
wherein the therapeutically effeclive amount of 6-(5-chloro-
2-pyridyl)-5-{{4-methyl-1-piperazinyl)-carbonyloxy]-7-
oxa-6,7-dihydro-SH-pyrrolo[3,4-blpyrazine, or a pharma-
ceutically acceplable salt thereof, is from about 2.5 mg to
abou! 13 mg.

8. The pharmaceutically composition according fo claim
2, wherein the pharmaceutically acceptable carrier com-
prises a diluent. .
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OPTICALLY ACTIVE SH-PYRROLOI3, 4-B]
PYRAZINE DERIVATIVE, ITS
PREPARATION AND PHARMACEUTICAL
COMPOSITIONS CONTAINING TF

5
This is a continvation of application Ser. No. 08/493,946,

filed Jun. 23, 1995, now abandoned, which is a continuation
application of Ser. No.: (08/342,794, filed Nov. 21, 1994,
now abandoned, which is 2 continuation application of Ser.
No.: 08/232,313, filed Apr. 25, 1994, now abandoned, which
is a continuation application of Ser. No.: 08/109,863, filed
Ang, 20, 1993, now abandoned, which is a continuation
application of Ser. No.: 08/034,199, filed Mar, 19, 1993, now
abandoned, which is 2 continuation application of Ser. No.:
07/821,662, filed Jan. 16, 1992, now abandoned, which are
incorporated herein by reference.

In French Patent FR 72/00,505, published wnder number
2,166,314, a description was given, in particular, of 6-(5-
chloro-2-pyridyl)-5-[(4-methyl-1-piperazinyl)
carbonyloxy J-7-0x0-6,7-dihydro-5 H-pyrrolo [3,4-b]
pyrazipe, also known by the name of zopiclone, which is a
noteworthy hypnotic prodact.

As aresult of the presence of an asymmetric carbon atom
at the S-position of the 5 H-pyrrolof3,4-b]-pyrazine ring-
systern, zopiclone must be considered, in racemic form, to
consist of a sirictly equimolecular mixture of the laevoro-
tatory and dextrorotatory forms.

It has now been found, and this forms the subject of the
present invention, that the dextrorotatery isomer of zopi-
clone possesses properties which are not obvious in the light
of those of racemic zopiclone.

The subject of the presest iavention is hence the dex-
trorotatory isomer of zopiclone, its preparation and pharma-
centical compositions containing it. In a racemic product, it
is known thaf, ofien, one of the two epantiomers is aciive
and that ap enhancement of the toxicity may be linked to this
activity, the other enantiomer being both markedly less
aclive or inactive and less toxic. For such producis, the gain
in activity does not compensate for the drawbacks due 10 an
enhanced toxicity.

In the case of zopiclone, it was found, surprisingly and
ugexpeciedly, not oply that the dextrorotatory iscmer is
approximately twice 28 aclive as the racemate while having
a lower loxicity than that of the racemale, but that the
laevorotatory isomer is both almost inactive and more toxic
than the racemale,

For example, when administered orally to mice, zopi-
clone possesses a toxicity (LD,1) in the region of 850
mg/kg, whereas the dextrorotatory isomer has a foxicity in
the region of 1.5 g/kg and the laevorotatory isomer possesses
ar LD;1 of between 300 and 900 mg/kg.

In animals, the dextrorotatory isomer of zopiclone dis-
plays hypmotic, sedative, anxiolytic, muscle-relaxant and
anticonvilsant properties.

From the standpoint of the potency of action in the main
tesis demonstrating the tranguillising and hypuotic activity
of zopiclone, such as the test of affinity for central benzo-
diazepine receptor sites according to the technigue of J. C.
Blanchard and L. Julou, J. of Neurochemistry, 40, 601
{1983) based on the work of Squires and Braestrup, Nature,
266, 732-734 (1977), or the test of antagonisl activily with
respect 1o pentetrazolinduced convulsions according fo the
technique of Everett and Richards, J. Pharmacel., 81, 402
(1944), or in the writhing refiex test in mice according 1o the
technique of Zbinden and Randall, Advances in Pharmacol-
ogy 5, 213-291 (1967), the dextrorotatory isomer is approxi-
mately twice as active whereas the laevorotatory isomer is
almost inactive.
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According to the iavention, the dextrorotatory isomer of
zopiclone may be prepared from the corzesponding racemate
according 1o the usual methods, such as chiral-phase
chromatography, resofution of an optically active salt, ste-
reoselective enzymatic catalysis by means of an appropriate
rricroorganisu:, or asymmetric synthesis.

More especially, the dextrorotatory isomer of zopiclone
may be obtained by resolution of zopiclone by means of an
optically active acid, working in an appropriaic orgeaic
soivent.

As an optically active acid which is especially suitable,
D(+)-0,0'-dibenzovitariaric acid may be mentioned.

Generally, the reaction is performed in ar organic solvent
chosen from halognenated zliphatic hydrocarbons such as
dichloromethane and nitrites such as acetomifrile, taken
alone or mixed.

By working in this manner, the salt of the dextrorotatory
isomer precipitates and the laevorotatory isomer is exiracted
from the mother liquors of crystailisation.

The dextrerotatory isomer of zopiclone is displaced from
its s2lt by means of a base such as sodium hydroxide.

The dextrorotatory isomer of zopiclome is useful in
kumans for the treatment of states dve 1o a dysfuaction of the
ceniral nervous system.

The dextrorotatory isomer of zopicione is, e.g., useful as
a hypnosedative, iranquilliser, muscle relaxant and anticon-
vulsant.

However, the dextrorotatory isomer of zopiclone is more
especially useful in man as a hypnotic.

Since it acts on the various parameters of sieep, the
dextrorotatory isomer of zopiclone increases sieeptie and
improves sleep quality, and decreases the number of epi-
sodes of waking at night and of eardy morming awakening.

The present invention relates to pharmacentical compo-
sitions contaiming the dextrorotatory isomer of zopiclone or
one of its pharmaceutically acceptable salis, in the pure state
or in the presence of a diluent or a coating. These compo-
sitions may be employed orally, rectally or parenterally.

As pharmaceutically acceptable salis, salts of inorganic
acids (such as hydrochlorides, sulphates, nitrates,
phosphates) or organic acids {such as the acetates,
propionates, succinates, benzoates, fumarates, tarirates,
theophyllineacetates, salicylaies, phenolphthalinates, meth-
ylepebis (8-hydroxynaphthoates), or of substitution deriva-
tives of these acids, may be mentioned.

As solid composition s for oral administration, tablets,
pills, powders or granules may be used. In these
compositions, the active product according to the invention
is mixed with one or more inert diluenis such as sucrose,
jactose or starch. These compositions can also comprise
substances other than diluemts, e.g. a lubricant such as
magpesium stearafe,

As tiguid compositions for oral administration, solutions,
suspensions, syrups, elixirs and pharmaceutically acceptable
emulsicns, containing inert diluents such as water or liguid
paraffin, may be used, These compositions can also comprise
substances other than diluents, e.g. wetling, sweetening or
flavouring products.

The compositions for parenteral administzation can be
suspensions, emulsions or agueous Of Ton-agueous, sterile
solutions. As a solvent or vehicle, propylene glycol, poly-
ethylene glycol, vegetable oils, especially olive oil, and
injectable organic esters, e.g. ¢thyl oleate, may be emaployed.
These compositions can confain adjuvants, especially
welling, emulsifyfog and dispersing agents. The steritisation
may be carried out in several ways, ¢.g. using a bacterio-
logical filter, by incorporating sterilising agents in the
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cormposition, by imadiation or by heating. They may be
prepared iz the form of sterile compositions which can be
dissolved at the time of vse in sterile water or any other
sterile injectable medium.

The compositions for rectal administration are supposi-
tories which can confain, apart from the active product,
excipients such as cocoa butter,

I human therapy, the doses depend on the effect sought
and the treatment period; taken orally, they are generally
between 2.5 and 15 mg per day for an adult.

The examples which follow, given without implied
limitation, iilustrate the present invention.

EXAMPLE 1

A solution of zopicione (23.28 g; 0.06 mol} in dichlo-
romethane (300 ¢c) is added to a solution of D(+)-0,0'-
dibenzoyliartaric acid in the form of a monohydrate (22.56
g 0.06 mol) in dichloromethane (300 cc). The reaction
mixture is concentrated to dryness under reduced pressure.
The crude salt obtained is recrystailised in acetonitrile (2000
cc) (o give, in 4 46 % yield, a crystallised product (21.3 g),
m.p. 160-165° C, (wilh decomposition), the optical rotation
of which is [a],**=83° C. (& =0.5; acetone).

The product obtained is dissolved in dichiorometbane
(180 cc) under reflux. Acetonitrile {200 cc) is added and the
mixture is left standing for 1 hour at a temperature of 5° C.
The crystallised product obtained is recrystallised again
under the same conditions. A crystallised salt (16.5 g), m.p.
160-165° C. (with decomposition), the optical rotation of
which is [o]5 "=102° (c=0.5; acetone), is Lhereby obtained
in a 36 % yield.

The salt thereby obtained is dissolved in water (125 cc) in
the presence of dichloromethane (125 cc). The mixture is
alkalinised to pH 11 by slowly addiog 2 N aqueous sodium
kydroxide solution. After settling has taken place, the ague-
ous phase is separated and cxtracted twice with dichlo-
romethane. The combined organic phases are washed with
water and then dried over magmestum sulpbate. After
filtration, evaporation of the solvent and recrystallisation of
the product obtaized in acetonitrile (80 cc), the dextrorota-

ic

25

36

35

4
tory isomer {5.4 g) of zopicione, m.p. 206.5° C., the optical
rotation of which is [&],7%=135°+3° (c=1.0; aceione), is
obtained in a 23% yield.

The mother liguors of crystallisation of the salt of zopi-
clope with D(+)-0,0'-dibenzoyltartaric acid are concen-
frated o dryness under reduced pressure to give a salt (22.05
g) the opticel rotation of which is [0],*%=—21 ° (e=0.2;
acetone).

The salt thereby obiained is dissolved in water (125 cc) in
the presence of dichloromethane (125 cc). The mixture is
alkatinised to pH 11 by slowly adding 2 N agueous sodium
hydroxide solution. After setfling has taken place, the ague-
ous phase is separaled and extracted twice with dichle-
romethane. The combined organic phases are washed with
water and then dried over magnesinm sulphate. After filtra-
tion and evaporation of the solvent, the crystallised solid
obtained (8.45 g) is recrystallised in acetonitrils
(suceessively 100, 50 and 45 cc). The laevorotatory isomer
(3.13 g) of zopiclone, m.p. 206.9° C., the optical rofation of
which is [0];*%=~133°£3% (c=1.0; acelene), is thereby
obtaiped 1 2 13.9% yield.

EXAMPLE 2

Tablets containing 3 mg of active product and having the
following composition are prepared according to the usual
technigque:

dextrorotatory isomer of zopiclone . . . 0.003 g

starch . .. 0.100 g

precipitated silica . . . 0.035 g

magnesium stearate , . . 0.005 g

What is claimed is:

1. A method for improving sleep guality or time compris-
ing the step of administering an effective guantity of 6-(5-
chloro-2-pyridyl})-5-{(4-methyi-1l-piperazinyl)
carbonyloxy]-7-ox0-6,7-dikydro-5SH-pyrrolof3,4-b]
pyrazine, or a pharmacentically acceptable salt thereof, in
the form of its dextrorotatory isomer and essentially free of
its levorotatory isomer, to @ human,

LI T T
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OPTICALLY ACTIVE
SH-PYRROLO{3.4-B]PYRAZINE
DERIVATIVE, ITS PREPARATION AND
PHARMACEUTICAL COMPOSITIONS
CONTAINING SAME

CROSS RERERENCE TO RELATED
APPLICATIONS

This application i a coatinuation of application Ser. No.
10/951,844, filed Sep. 28, 2004, now U.S. Pat. No. 7,125,
874, which is a continuation of application Ser. No. 10/200,
510, filed Jul. 23, 2002, now U.S. Pat, No. 6,864,257, which
is a divisional of application Ser. No. 09/722,438, filed Nov.
28, 2000, now U.8, Pat. No. 6,444,673, which is a continu-
ation of application Ser. No. 09/124,651, filed Jul. 29, 1998,
now U.8. Pat. WNo. 6,319,926, which is a continuation of
application Ser. No. 08/493,945, filed Jun. 23, 1995 (aban-
doned), which 15 a continuation of application Ser. No.
08/342,794, filed Nov. 21, 1994 (abandoned), which is a
continuation of application Ser. No. 08/232,313, filed Apr.
25, 1994 (abandoned), which is 2 continuation of application
Ser. No. 08/109,863, filed Avg. 20, 1993 (abandoned),
whick is a continuation of application Ser. No. 08/034,199,
filed Mar. 19, 1993 (abandoned), which is a continuation of
application Ser. No. 07/821,662, filed Jan. 16, 1992 (aban-
doned). 1J.5. Ser. No. 07/821,662 claimed the priority of
French application 91 00490, filed Jan. 17, 1991. The entire
contents of each of the prior applications are incorporated
herein by reference.

In French Patent FR 72/00,505, published nnder number
2,166,314, a description was given, in particular, of 6-(5-
chloro-2-pyridyD)-5-[(4-methyl-1-piperaziny})carbony-
loxy]-7-ox0-6,7-dihydro-5H-pyrrolo[3,4-b]pyrazine, also
known by the name of zopiclone, which is a noteworthy
hypnotic product.

As aresult of the presence of an asymmetric carbon atom
at the S-position of the SH-pyrrolo[3.4-b}-pyrazine ring-
system, zopiclone must be considered, in racemic form, to
consist of a strictly equimelecular mixture of the laevoro-
tatory and dextrorotatory forms.

It has now been found, and this forms the subject of the
present invention, that the dextrorotatory isomer of zopi-
clone possesses properties which are not obvious in the light
of those of meemic zopiclone.

The subject of the present invention is hence the dex-
trorotatory isomer of zopiclone, its preparation and pharma-
ceutical compeositions containing it. In a racemic product, it
is known that, often, one of the two enanfiomers is active
and that an enhancement of the toxicity may be linked to this
activity, the other enantiomer being both markedly less
active or inactive aud less toxic. For such products, the gain
in activity does not compensate for the drawbacks due to an
enhanced foxicity.

In the case of zopiclone, it was found, surprisingly and
unexpectedly, not only that the dextrorotatory isomer is
approximately twice as active as the racemate while baving
a lower toxicity than that of the racemate, but that the
laevorotatory isomer is both almost inactive apd more toxic
than ihe racemate.

For example, when administered orally to mice, zopicione
possesses a toxicity (LDs0) in the region of 850 mg/ks,
whereas the dextrorotatory isomer has a toxicily i the
region of 1.5 g/kg and the lasvorotatory isorner possesses an
LDg0 of between 300 and 900 mp/kg.
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In animals, the dextrorotatory isorner of zopiclone dis-
plays hypnotic, sedative, amxiolytic, mmscie-relaxant and
anticonvulsant propetties.

From the standpoint of the potency of action in the main
tests demonstrating the tranguillising and hypnotic activity
of zopiclone, such s the test of affinity for central benzo-
diazepine receptor sites according to the techuique of J. C.
Bilanchard and L. Julow, J. of Neurochemistry, 40, 601
(1983) based on the work of Squires and Braesfrup, Nature,
266, 732-734 (1977), or the test of antagonist activity with
respect fo pentetrazol-induced convulsions according to the
technique of Everett and Richards, J. Phamaacol,, 81, 402
(1944), or in the writhing reflex test in mice according to the
techrigue of Zbinden and Rardall, Advances in Pharmacol-
ogy 5, 213-281 (1967), the dexirorotatory isomer is approxi-
mately twice as active whereas the laevorotatory isomer is
almost inactive.

According to the invention, the dextrorotatory isomer of
zopiclone may be prepared from the corresponding racemate
according to the usval methods, such as chiral-phase chro-
matography, resolution of an optically active salt, sfereose-
lective enzymatic catalysis by means of an appropriste
microorganism, or asyuumelric synthesis.

More especiaily, the dextrorotatory iscmer of zopiclone
may be obtained by resolution of zopiclone by means of ap
optically active acid, working in an approptiate orpanic
solvent.

Asg an opticaily active acid which is especiaily suitable,
D(+)-0,0"-dibenzoylartaric acid may be mentioned.

Generally, the resction is performed in an organic solvent
chosen from halogenated aliphatic hydrocarbons such as
dichloromethane and nitrites such as acetonitrile, taken
alone or mixed.

By working in this manner, the sait of the dextrorotatory
isamer precipitates and the laeverotatory isomer is extracted
from the raother Hquors of crystallisation.

The dextrorctatory isomer of zopiclone is displaced from
its salt by means of a base such as sodivm hydroxide,

The dextrorotatory isomer of zopiclone is wusefu] in
humans for the treatment of states due fo a dysfunetion of the
central pervous system.

The dextrorotatory isomer of zopicione is, e.g,, useful as
a hypnosedative, tranqguilliser, muscle relaxant and anticon-
vulisant.

However, the dextrorofatory isomer of zopiclone is more
especially useful in man as a hypnotic.

Since it acts on the various parameters of sleep, the
dextrorotatory isomer of zopiclone increases sleeptime and
improves sleep quality, and decreases the number of epi-
sodes of waking at night and of early morning awakening,

The present invention relates to pharmaceutical compo-
sitions containing the dextrorotatory isomer of zopiclone or
one of its pharmaceutically acceptable salts, in the pure state
or in the presence of a diluent or a coating. These compo-
sitions may be empleyed orally, rectally or parenterally.

As pharinaceutically acceptable salts, salts of inorganic
acids (such as hydrochlorides, sulphates, nitrates, phos-
phates) or organic acids (such as the acetales, propionates,
succinates, benzoates, fumarafes, fartrates, theophyliineac-
etates, salicylates, phenolphthalinates, methylenebis (B-hy-
droxynaphthoates), or of substitution derivatives of these
acids, may be menticned.

As solid compositions for oral administration, tablets,
pills, powders or granules may be used. In these composi-
tions, the active produst according to the invention is mixed
with one or more inert diluents such as sucrose, lactose or
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starch. These compositions can also comprise substances
other than diluents, e.g. 2 lubricant such as magnesiom
stearate,

As liguid compositions for oral administration, solutions,
suspensions, syrups, elixirs and pharmaceutically acceptable
emmlsions, containing inert diluents such as water or liquid
paraffin, may beused. These compositions can also comprise
substances other than diluents, e.g. wetting, sweetening or
flavouring products.

The composifions for parenteral administration can be
suspensions, emulsions or aqueous or non-agueous, sterile
solutions. As a solvent or vehicle, propylene glveol, poly-
ethylene glycol, vegetable oils, especially olive oil, and
injectable organic esters, e.g. ethyl oleate, may be employed.
These compositions can contain adjuvants, especially wet-
ting, emulsifying and dispersing agents. The sterilisation
may be carried out in several ways, e.g. using a bacterio-
logicai filter, by incorporafing sterilising agents in the com-
positior, by irradiation or by heating, They may be prepared
in the form of sterile compositions which can be dissolved
at the time of use in sterile waler or any other sienle
injectable medivm.

The compositions for rectal admindstration are supposi-
tories which can contain, apart from the active product,
excipients such as cocoa butter.

In human therapy, the doses depend on the effect sought
and the treatment perod; taken orally, they are generally
between 2.5 and 15 mg per day for an adult.

The examples which follow, given without implied limi-
tation, flustrate the present invention.

EXAMPLE 1

A solution of zopiclone (23.28 g; 0.06 mol) in dichlo-
romethane {300 ec) is added to a solufion of D(+)-0,0-
dibenzoyltartaric acid in the form of a monchydrate (22.56
g, 0.06 mol) in dichloromethane (300 c¢c). The reaction
mixture is concentrated fo dryness under reduced pressure.
The crude salt obtained s recrystailised in acetonitrile {2600
cc) to give, in a 46% yield, a crystallised product (21.3 g),
m.p. 160-165° C. (with decomposition), the optical rotation
of which is {a],**=83® {c=0.5; acetone).

The product obtained is dissolved in dichloromethane
(180 cc) under refiux. Acetonitrile (200 cc) is added and the
mixture is left standing for 1 hour at a temperature of 5° C.
The crystallised product obtained is recrystallised apain
under the same conditions, A crystailised salt {16.5 g}, m.p.
160-165° C. (with decomposition), the optical rotation of
which is [al,*°=102° (c=0.5; acetone), i5 thereby obiained
in a 36% yield.

The salt therely obtained is dissolved in water {125 cc}in
the presence of dichloromethane {125 cc). The mixture is
alkalinised to pH 11 by slowly adding 2N aguecus sodium
hydroxide solution. After seftfing has taken place, the aque-
ous phase is separated and extracted twice with dichlo-
romethane. The combined organic phases are washed with
water and then dried over magnesiun snlphate. After filtra-
tion, evaporation of the solvent and recrystallisation of the
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product obtained in acetonitrile {80 cc}, the dextrorotatory
isomer (5.4 g} of zopiclone, m.p. 206.5° C.,, the optical
rotation of which is [a],*=135°%3° (c=1.0; acetone), is
obtained iz a 23% yield.

The mother liguors of crystallisation of the salt of zopi-
clone with D(+)}-0,0 -dibenzoyltartaric acid are concen-
trated to dryness under reduced pressure to give a salt {22.05
g) the optical rotation of which is [a]y 0=-21° (e=0.2;
acetone).

The salt thereby obtained is dissolved in water (125 cc) in
the presence of dichlorometbane (125 cc). The mixture is
alkalinised to pH 11 by slowly adding 2N aqueous sodivm
hydroxide solution. After settling has taken place, the aque-
oms phase is separated and extracted twice with dichlo-
romethane. The combined organic phases are washed with
water and then dried over magnesium sulphate. After filtra-
tion and evaporation of the solvent, the crystailised solid
obtained (8.45 g) is recrystallised in acetonitrile (succes-
sively 100, 50 and 43 cc). The laevorotatory isomer (3.13 g)
of zopiclone, m.p. 206.9° C., the optical rotation of which is
0] =—133°3° (¢=1.0; acetone), is thereby obtaized in a
13.9% yield.

EXAMPLE 2
Tablets containing 3 mg of active product and haviag the

following composition are prepared according to the usual
techaique:

dextrorotatory isomer 0.003 g
of zopiclone

starch 0.100 g
precipitated silica 0.035 g
maguesiorm stearate 0.005 g

The invention claimed is:

1. A mixmre of isomers of 6-{5-chloro-2-pyridyil-5~[{4~
methyl-1-piperazinylcarbonyl-oxy]-7-ox0-6,7-dihydro-
5H-pymrole[3,4-b]pyrazine, wherein the mixture has an opti-
cal rotation fo]5*° of 135°+3° when measured at 1.0 g/100
ml in acetone.

2. A pharmaceutical composition comprising the mixture
of claim 1 and ope or more pharmeaceutically acceptable
diluents, coatings, lubricants, wetfing products, sweetening
products, flavouring produets, solvents, vehicles or adju-
VRS,

3. The pharmuacentical composition of claim 2 that is i
the form of a tablet, pill, powder or granule.

4. The pharmaceutical composition of claim 2 that 15 in
the form of a tablet.

3. A method of inducing an effect selected from the group
consisting of 2 hypnotic effect, a sedative effect and a
tranquilizing effect, comprising administering to a human in
need thereof an effective amount of the mixture of claim 1.
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