woO 2005/023763 A1 |0 000000 0 000 0O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

17 March 2005 (17.03.2005)

(10) International Publication Number

WO 2005/023763 Al

(51) International Patent Classification’:
A61K 31/4015, A61P 25/08

CO07D 207/27,

(21) International Application Number:
PCT/IB2004/002850

(22) International Filing Date:
2 September 2004 (02.09.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

1108/DEL/2003 5 September 2003 (05.09.2003) IN

(71) Applicant (for all designated States except US): RAN-
BAXY LABORATORIES LIMITED [IN/IN]; 19, Nehru
Place, New Delhi, Delhi 110 019 (IN).

(72) Inventors; and

(75) Inventors/Applicants (for US only): KUMAR, Yatendra
[IN/IN]; U-26/5, Phase - III, DLF Qutab Enclave, Gur-
gaon, Haryana 122001 (IN). PRASAD, Mohan [IN/IN];
House No. P-3/3, Phase - II, DLF Qutab Enclave, Gurgaon,
Haryana 122001 (IN). SINGH, Kaptan [IN/IN]; Flat No.
B-02, Saket Enclave, Rajendra Nagar, Sahibabad, Ghazi-
abad, Uttar Pradesh 201005 (IN). DHINGRA, Surender,
Kumar [IN/IN]; C-4E/8/44, Janak Puri, New Delhi, Delhi
110058 (IN).

(74) Common Representative: RANBAXY LABORATO-
RIES LIMITED; c/o DESHMUKH, Jay, R., 600 College
Road East, Suite 2100, Princeton, NJ 08540 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: PROCESS FOR THE PREPARATION OF PURE LEVETIRACETAM

(57) Abstract: The invention relates to processes for the preparation of pure levetiracetam. The invention also relates to pharma-

ceutical compositions that include the pure levetiracetam.



10

15

20

25

30

WO 2005/023763 PCT/1B2004/002850

PROCESS FOR THE PREPARATION
OF PURE LEVETIRACETAM

Field of the Invention

The field of the invention relates to processes for the preparation of pure
levetiracetam. The invention also relates to pharmaceutical compositions that include

the pure levetiracetam.

Background of the Invention

Chemically, levetiracetam is (S)-alpha-ethyl-2-oxo-1-pyrrolidineacetamide
and is known from U.S. Patent No. 4,943,639. Levetiracetam is used as a protective
agent for the treatment and prevention of hypoxic and ischemic type aggressions of

the central nervous system. It is also effective in the treatment of epilepsy.

U.S. Patent No. 4,943,639 discloses the preparation of levetiracetam by
reacting (S)-alpha-ethyl-2-oxo-1-pyrrolidineacetic acid successively with
alkylhaloformate and with ammonia. (S)-alpha-ethyl-2-oxo-1-pyrrolidineacetic acid,
in turn was obtained by the chemical resolution of racemic (¥)-alpha-ethyl-2-oxo-1-
pyrrolidineacetic acid. U.S. Patent Nos. 6,107,492 and 6,124,473 describe the
preparation of levetiracetam by optical resolution of the racemic mixture of alpha-

ethyl-2-oxo-1-pyrrolidineacetamide through simulated mobile bed chromatography

‘or preparative high performance liquid chromatography. WO 01/64637 discloses the

preparation of levetiracetam by asymmetric hydrogenation of (Z) or (E)-2-(2-
oxotetrahydro-1H-1-pyrrolyl)-2-butenamide, using a chiral catalyst.

Summary of the Invention

In one aspect there is provided a process for preparing pure levetiracetam
having optical purity more than 99.5%. The process includes obtaining a solution of
crude levetiracetam in one or more solvents; removing undissolved material; and
recovering the pure levetiracetam having optical purity more than 99.5% from the

solution thereof by the removal of the solvent.

The solvent may be one or more of ketone, nitrile, hydrocarbon, chlorinated
hydrocarbon, éther, cyclic ether or mixtures thereof. The ketone may include one or more
of acetone, methyl ethyl ketone and methyl isobutyl ketone. The nitrile may include
acetonitrile. The hydrocarbon may include toluene. The chlorinated hydrocarbon may

include one or more of methylene chloride and ethylene dichloride. The ether may include

CONFIRMATION COPY
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one or more of diethyl ether and diisopropyl ether. The cyclic ether may include dioxane
and tetrahydrofuran. Removing the solvent may include one or more of distillation,
distillation under vacuum, filtration, filtration under vacuum, evaporation, decantation and

centrifugation.
The process may include further drying of the product obtained.

In another general aspect additional/second solvent may be added to residue
obtained after removal of the solvent and it may be cooled before filtration to obtain better

yields of the pure levetiracetam.

Examples of additional/second solvent include esters such as ethyl acetate,
isobutyl acetate and isopropyl acetate; hydrocarbons such as hexane, cyclohexane,
toluene and heptane; lower alkyl ethers such as diethyl ether, diisopropyl ether and

mixtures thereof.

The process may produce the pure levetiracetam having optical purity more than
99.5%. In particular, it may produce the pure levetiracetam having optical purity more
than 99.8%.

In another aspect there is provided a pharmaceutical composition that includes a
therapeutically effective amount of pure levetiracetam having optical purity more than

99.5%; and one or more pharmaceutically acceptable carriers, excipients or diluents.

The details of one or more embodiments of the inventions are set forth in the
description below. Other features, objects and advantages of the inventions will be

apparent from the description and claims.

Detailed Description of the Invention

The inventors have developed a process for the preparation of pure levetiracetam,
by obtaining a solution of crude levetiracetam in one or more solvents; removing
undissolved material; and recovering the pure levetiracetam having optical purity more
than 99.5% from the solution thereof by the removal of the solvent. The inventors also
have developed pharmaceutical compositions that contain the pure levetiracetam having
optical purity more than 99.5% for example, more than 99.8%, in admixture with one or

more solid or liquid pharmaceutical diluents, carriers, and/or excipients.
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The levetiracetam may be prepared by the methods known in the literature. In
particular, it may be prepared using the reactions and techniques described in U.S. Patent

No. 4,943,639; PCT patent application WO 01/64637; and British patent GB 2225322.

The term “crude levetiracetam” includes levetiracetam having optical purity

of not less than 90%.

In general, the solution of crude levetiracetam may be obtained by dissolving
crude levetiracetam in a suitable solvent. Alternatively, such a solution may be
obtained directly from a reaction in which levetiracetam is formed. The solvent
containing crude levetiracetam may be heated to obtain a solution. It can be heated
from about 30°C to about reflux temperature of the solvent used, for example from
about 30°C to about 100°C.

The term “obtaining” includes dissolving, slurrying, stirring or a combination

thereof.

The pure levetiracetam may be recovered from the solution by a technique which
includes, for example, distillation, distillation under vacuum, filtration, filtration under

vacuum, evaporation, decantation, and centrifugation.

The term “suitable solvent” includes any solvent or solvent mixture in which
crude levetiracetam is soluble, including, for example, ketone, nitrile, hydrocarbon,

chlorinated hydrocarbon and mixtures thereof.

A suitable ketone includes one or more of acetone, methyl ethyl ketone and methyl
isobutyl ketone. Examples of nitrile include acetonitrile. Examples of hydrocarbon include
toluene and examples of chlorinated hydrocarbons include one or more of methylene
chloride and ethylene dichloride. Examples of ethers include solvents such as diethyl ether
and diisopropyl ether and cyclic ethers such as dioxane, tetrahydrofuran. Mixtures of all of

these solvents are also contemplated.

The undissolved material may be removed by a technique which includes

filtration, filtration under vacuum, centrifugation, and decantation.

In general, after removing the undissolved material, the resulting solution
may be cooled before recovering the pure levetiracetam. The solution may also be

concentrated before cooling. Additional or second solvent may be added to residue
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obtained after concentration and it may be cooled before filtration to obtain better

yields of the pure levetiracetam.

Examples of additional/second solvent include esters such as ethyl acetate,
isobutyl acetate and isopropyl acetate; hydrocarbons such as hexane, cyclohexane,
toluene and heptane; lower alkyl ethers such as diethyl ether, diisopropyl ether and

mixtures thereof,

The present invention is further illustrated by the following examples which are
provided merely to be exemplary of the invention and do not limit the scope of the
invention. Certain modifications and equivalents will be apparent to those skilled in

the art and are intended to be included within the scope of the present invention,

Example 1: Preparation of pure levetiracetam

Crude levetiracetam (123g, optical purity ~ 96.00%) was mixed with acetone
(2800ml) and stirred at ambient temperature for 60 minutes. The undissolved
material was then filtered through hyflo bed and washed with acetone (200ml). The
filtrate and washings were combined and concentrated under vacuum at 35 to 40°C
to about 240ml of the volume. To the resulting slurry, ethyl acetate (480ml) was
charged and stirred for 20 minutes at ambient temperature. The solid so obtained was
filtered and washed with ethyl acetate (100ml). It was dried under vacuum at 40 to
45°C till loss on drying was less than 0.5% to give the pure product.

Yield: 108g
Chromatographic purity = 99.99%
Optical purity = 99.95%

Example 2: Preparation of pure levetiracetam

Crude levetiracetam (100g, optical purity ~ 98.48%) was mixed with acetone
(2300ml) and stirred at ambient temperature for 60 minutes. The undissolved
material was then filtered through hyflo bed and washed with acetone (160ml). The
filtrate and washings were combined and concentrated under vacuum at 35 to 40°C
to about 200ml. Ethyl acetate (200ml) was then charged into the resulting slurry and
stirred for 20 minutes at ambient temperature. The solid so obtained was filtered and
washed with ethyl acetate (400ml). The wet solid product was dried under vacuum at

40 to 45°C till loss on drying was less than 0.5% to give the pure product.
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Yield: 87¢g
Chromatographic purity = 99.99%
Optical purity = 99.95%

Example 3: Preparation of pure levetiracetam

Crude levetiracetam (36g, optical purity ~ 96.00%) was mixed with acetone
(216ml) and refluxed at 56-57°C. The undissolved material was then filtered
through hyflo bed and washed with acetone (200ml). The filtrate and washings were
combined and cooled to 25°C. The resulting slurry was further stirred for about 1
hour at the same temperature. The solid so obtained was filtered and washed with
acetone (18ml). It was dried under vacuum at 40 to 45°C till loss on drying was less

than 0.5% to give the pure product.
Yield: 25.2¢g

Chromatographic purity = 99.79%
Optical purity = 99.84%

While the present invention has been described in terms of its specific

embodiments, certain modifications and equivalents will be apparent to those skilled in the

art and are included within the scope of the present invention.
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We claim:

1.

10.

11.

A process for the preparation of pure levetiracetam having optical purity

more than 99.5%, the process comprising;
obtaining a solution of crude levetiracetam in one or more solvents;
removing undissolved material; and

recovering the pure levetiracetam from the solution thereof by the removal of

the solvent.

The process of claim 1, wherein the solvent comprises one or more of
ketone,nitrile, hydrocarbon, chlorinated hydrocarbon, ether, cyclic ether or

mixtures thereof,

The process of claim 2, wherein the ketone comprises one or more of

acetone, methyl ethyl ketone and methyl isobutyl ketone.
The process of claim 2, wherein the nitrile is acetonitrile.
The process of claim 2, wherein the hydrocarbon is toluene.

The process of claim 2, wherein the chlorinated hydrocarbon comprises one

or more of methylene chloride and ethylene dichloride.

The process of claim 2, wherein the ether comprises one or more of diethyl

ether and diisopropyl ether.

The process of claim 2, wherein the cyclic ether comprises one or more of

dioxane and tetrahydrofuran.

The process of claim 1, wherein removing the undissolved material
comprises one or more of filtration, filtration under vacuum, decantation and

centrifugation.

The process of claim 1, wherein removing the solvent comprises one or more
of distillation, distillation under vacuum, evaporation, filtration, filtration

under vacuum, decantation and centrifugation.

The process of claim 10, wherein removing the solvent comprises one or

more of distillation and distillation under vacuum.
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12. The process of claim 11 further comprising adding second solvent after

removing the solvent.

13. The process of claim 12, wherein the second solvent comprises one or more

of esters, hydrocarbons, ethers and mixtures thereof.

14. The process of claim 13, wherein the ester comprises one or more of ethyl

acetate, isobutyl acetate and isopropyl acetate.

15.  The process of claim 13, wherein the hydrocarbon comprises one or more of

hexane, cyclohexane, toluene, heptane, and octane.

16.  The process of claim 13, wherein the ether comprises one or more of diethyl

ether, diisopropyl ether.

17.  The process of claim 10, wherein removing the solvent comprises one or

more of filtration, filtration under vacuum and centrifugation.

18. The process of claim 17 further comprising cooling before removing the

solvent.

19. The process of claim 1 further comprising additional drying of the product

obtained.

20.  The process of claim 1 further comprising forming the product obtained into

a finished dosage form.

21. Pure levetiracetam having optical purity more than 99.5% prepared by the
prep

process of claim 1.

22.  Pure levetiracetam having optical purity 99.8% or more prepared by the

process of claim 1.

23. A pharmaceutical composition comprising a therapeutically effective amount
of the pure levetiracetam obtained by the process of claim 1; and one or more

pharmaceutically acceptable carriers, excipients or diluents.
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