_Case 1:08-cv-07611-BSJ Document1l  Filed 08/28/2008 Page 1 of 57

JUDGE JONES

08 Civ 7511-

UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF NEW YORK

TEVA PHARMACEUTICALS USA, INC,,

TEVA PHARMACEUTICAL
INDUSTRIES LTD.,

TEVA NEUROSCIENCE, INC.,
and

YEDA RESEARCH AND
DEVELOPMENT CO. LTD.,

Plaintiffs,
V.

SANDOZ, INC,,

SANDOZ INTERNATIONAL GMBH,

NOVARTIS AG,
and

MOMENTA PHARMACEUTICALS, INC.
Defendants.

Civil Action No.

COMPLAINT

Plaintiffs Teva Pharmaceuticals USA, Inc., Teva Pharmaceutical Industries Ltd., Teva

Neuroscience, Inc., and Yeda Research and Development Co. Ltd. (“Plaintiffs™), bring this

action for patent infringement, trade secret misappropriation, unfair competition and declaratory

judgment against Defendants Sandoz, Inc., Sandoz International GmbH, Novartis AG, and

Momenta Pharmaceuticals, Inc. (“Defendants”).
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THE PARTIES

{.  Teva Pharmaceuticals USA, Inc. (“Teva USA™) is a Delaware corporation with its
principal place of business at 1090 Horsham Road, North Wales, Pennsylvania 19454-1090.

2. Teva Pharmaceutical Industries Ltd. (“Teva Ltd.”) is an Israeli company with its
principal place of business at 5 Basel Street, P.0. Box 3190, Petah Tikva, 49131, Isracl.

3. Teva Neuroscience, Inc. (“Teva Neuroscience™), is 2 Delaware corporation with
its principal place of business at 901 E. 104th Street, Suite 900, Kansas City, MO 64131.

4. Yeda Research and Development Co. Ltd. (“Yeda™) markets and commercializes
new developments emerging from the laboratories of the Weizmann Institute of Science, and its
principal place of business is at P.O. Box 95, Rehovot, 76100, Israel.

5. Upon information and belief, Sandoz, Inc., is a Colorado corporation with its
principal place of business at 506 Carnegie Center, Suite 400, Princeton, NI 08540, and is a
wholly owned subsidiary of Novartis AG.

6.  Upon information and belief, Sandoz, Inc., is doing business in the State of New
York, including in this Judicial District. Sandoz, Inc., is registered to do business in New York,
has designated Corporate Service Company at 80 State Street, Albany, New York, 12207-2543
for receipt of service, and maintains a place of business at 227-15 N. Conduit Avenue, Laurelton,
New York 11413, Sandoz, Inc. bas engaged in continuous and systematic contacts with the State
of New York and purposefully availed itself of this forum by, among other things, making,
shipping, using, offering to sell or selling, or causing others to use, offer to seil, or sell,
pharmaceutical products in the State of New York including in this Judicial District and deriving

revenue from such activities, and by filing claims and counterclaims in this Judicial District.
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7. Upon information and belief, Sandoz International GmbH (“Sandoz
International”) is a German company with its principal place of business at Industriestrasse 25,
83607 Holzkirchen, Germany, and is a wholly owned subsidiary of Novartis AG. Upon
information and belief, Sandoz Interpational has engaged in continuous and systematic contacts
with the State of New York and purposefully availed itself to this forum by doing business,
directly or through its subsidiaries (including Sandoz, Inc.), including, among other things, by
making, shipping, using, offering to sell or selling, or causing others to use, offer to sell, or sell,
pharmaceutical products in the State of New York including in this Judicial District, and deriving
revenue from such activities.

8. Upon information and belief, Novartis AG is a Swiss company with its principal
place of business at Lichtestrasse 35, CH-4056 Basel, Switzerland. Upon information and belief,
Novartis AG has engaged in continuous and systematic contacts with the State of New York and
purposefully availed itself of this forum by doing business, directly or through its subsidiaries,
including, among other things, by making, shipping, using, offering to sell or selling, or causing
others to use, offer to sell, or sell, pharmaceutical products in the State of New York including in
this Judicial District and deriving revenue from such activities, and by filing claims in this
Judicial District.

9. Upon information and belief, Momenta Pharmaceuticals, Inc., (“Momenta”) is 2
Delaware corporation with its principal place of business at 675 West Kendall Street,
Cambridge, MA 02142. Upon information and belief, Momenta has engaged in continuous and
- systematic contacts with the State of New York and purposefully availed itself of this forum by
doing business, including, among other things, soliciting business in the State of New York,

including in this Judicial District.
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JURISDICTION

10.  This action for patent infringement arises under 35 U.S.C. § 271(e).

11.  This Court has jurisdiction over Counts I-VIII of this actien pursuant to 28US.C.
§8 1331 and 1338(a), and the Declaratory Judgment Act, 28 US.C. §§ 2201 and 2202.

12.  This Court has jurisdiction over Counts IX and X of this action pursuant to 28

U.S.C. §§ 1332, 1338(b), and 1367.

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

14,  This Court has personal jurisdiction over Sandoz, Inc., Sandoz International,
Novartis AG, and Momenta under the New York long-amm statute, N.Y.CP.LR. § 301, et seq.

BACKGROUND

15.  United States Patent No. 7,199,098 (“the *098 patent”), entitled “Copolymer-1
improvements in compositions of copolymers,” was duly and legally issued to Yeda by the
United States Patent and Trademark Office on April 3, 2007, and expires on May 24, 2014. A
frue and correct copy of the *098 patent is attached as Exhibit A. Since its date of issue, Yeda
has been and still is the owner of that patent.

16.  Teva Ltd. is the exclusive licensee of the *098 patent.

17.  United States Patent No. 6,939,539 (“the *539 patent”), entitled “Copolymer-1
improvements in compositions of copolymers,” was duly and legally issued to Yeda by the
United States Patent and Trademark Office on September 6, 2005, and expires on May 24,2014,
A true and correct copy of the *539 patent is attached as Exhibit B. Since its date of issue, Yeda
has been and still is the owner of that patent.

18.  Teva Lid. is the exclusive licensee of the *539 patent.
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19.  United States Patent No. 6,054,430 (“the *430 patent™), entitled “Copolymer-1
improvements in compositions of copolymers,” was duly and legally issued to Yeda by the
United States Patent and Trademark Office on April 25, 2000, and expires on May 24, 2014. A
true and correct copy of the 430 patent is attached as Exhibit C. Since its date of issue, Yeda
has been and still is the owner of that patent.

20. TevaLtd. is the exclusive licensee of the *430 patent.

21.  United States Patent No. 6,620,847 (“the *847 patent”), entitled “Copolymer-1
improvements in compositions of copolymers,” was duly and legally issued to Yeda by the
Unitéd States Patent and Trademark Office on September 16, 2003, and expires on May 24,
2014. A true and correct copy of the *B47 patent is attached as Exhibit D. Since its date of issue,
Yeda has been and still is the owner of that patent.

22.  Tevalid. is the exclusive licensee of the *847 patent,

93,  Plainfiffs researched, developed, applied for, obtained approval of, and market the
glatiramer acetate product known around the world as Copaxone®,

24.  Teva USA is the holder of a New Drug Application (“NDA”) number 02-0622
approved by the United States Food and Drug Administration (“FDA”) for the use of glatiramer
acetate, marketed as Copaxone®, for reducing the frequency of relapses in patients with
relapsing-remitting multiple sclerosis.

25.  Upon information and belief, Sandoz, Ine., filed with the FDA, in Rockville,
Maryland, an Abbreviated New Drug Application (“ANDA”) under 21 U.8.C. § 355(), to obtain
approval for glatiramer acetate, for injection, 20 mg/ml,, 1 mL pre-filled syringes, purported to
be generic to Teva USA’s Copaxone® (“Sandoz’s generic glatiramer acetate product”). Upon

information and belief, Sandoz, Inc., filed the ANDA, assigned ANDA No. 90-218 (“the Sandoz,
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Inc. ANDA), to obtain approval to market Sandoz’s generic glatiramer acetate product before the
expiration of the *098, *539, 430 and *847 patents (“the patents in suit”).

26. Upon information and belief, Sandoz, Inc. also filed with the FDA, pursuant to
21 US.C. § 355GH2)ANVIXIV), a certification alleging that the claims of the patents in suit are
invalid, unenforceable, and/or would not be infringed by the manufacture, use, importation, sale
or offer for sale of Sandoz’s generic glatiramer acetate product.

27.  Upon information and belief, Momenta worked in active concert and participation
with Sandoz, Inc. to manufacture Sandoz’s generic glatiramer acetate product and to prepare the
Sandoz, Inc. ANDA.

98.  Sandoz, Inc., caused to be sent to Teva USA, Teva Ltd., Teva Neutoscicnce
(collectively, “Teva™), and Yeda a letter (“the Notice Letter”), dated July 10, 2008, notifying
them that Sandoz, Inc., had filed an ANDA for glatimmer acetate and was providing information
to Teva pursuant to 21 U.S.C. § 355()(2)(B)(ii). Teva USA received the Notice Letter on or
about July 14, 2008; Teva Lid. received the Notice Letter on or about July 22, 2008; Teva
Neuroscience received the Notice Letter on or about July 14, 2008; and Yeda received the Notice
Letter on or about July 21, 2008,

SANDOZ, INC.’S FAILURE TO COMPLY WITH THE OFFER OF CONFIDENTIAL
ACCESS PROVISIONS OF 21 U.S.C § 335 (j)

29. T its Notice Letter, Sandoz, Inc., purported to offer Teva and Yeda confidential
diccess to portions of the Sandoz, Inc. ANDA for the purpose of determining whether to bring an-
action with respect to the patents in suit, among other patents listed in the Orange Book
(“Sandoz’s Offer of Confidential Access™).

30.  Sandoz’s Offer of Confidential Access, however, contained far stricter restrictions

as to persons entitled to aceess than would apply had a protective order been entered for the
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purpose of protecting trade secrets and other confidential business information. With respect to
outside counsel, Sandoz, Inc. limited access to only two designated attorneys at a single outside
law firm pot directly or indirectly involved in the prosecution of any patent applications relating
to glatiramer acetate and/or the regulatory approval of glatiramer acctate. In addition, Sandoz,
Inc. required as a condition for access that the two designated outside attorneys be specifically
identified and that they enter into an agreement that contains confidentiality and non-use
obligations.

31.  Sandoz, Inc. refused to remove these unduly restrictive provisions on outside
counsel despite Teva’s requests,

32, Sandoz, Inc. refused to provide access to relevant portions of the Sandoz, Inc.
ANDA, despite requests from Teva to do so and Teva’s willingness to agree to reasonable
restrictions on access to such information.

| 33.  Sandoz, Inc. also refused to provide access to the Drug Master File (“DMF™), if
any, relating to the active pharmaceutical ingredient (“API") in Sandoz’s generic glatiramer
acetate product. Sandoz, Inc. firther refused to provide samples of the API and Sandoz’s generic
glatiramer acetate product.

34,  Sandoz’s Offer of Confidential Access failed to satisfy the requirements of 21
U.S.C. §355GX5)CYDI)(ec) and 21 U.S.C. §355G)(SHCYOHID.

COUNT I FOR INFRINGEMENT OF UNITED STATES PATENT NO. 7,199,098

35.  The allegations of proceeding paragraphs 1-34 are realleged and incorporated
herein by reference.
36.  Under 35 US.C. § 271(e)(2)(A), Sandoz, Inc.’s, submission to the FDA of its

ANDA No. 90-218 to obtain approval for Sandoz’s generic glatiramer acetate product before the
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expiration of the 098 patent constitutes an act of infringement of the "098 patent, and if
approved, Sandoz, Inc.’s commercial manufacture, use, offer to sell, sale, or meortauon of
Sandoz’s generic glatiramer acetate product would infringe one or more claims of the (98 patent
under at least sections (a)-(c) of 35 U.S.C. § 271.

37.  Upon information and belief, Sandoz International, Novartis AG, and Momenta
have, under 35 U.S.C. § 271(b), acted in concert, actively supporting, participating in,
encouraging, and inducing Sandoz, Inc.’s, filing of ANDA No. 90-218 for glatiramer acetate,
and in the preparation‘to sell, in the United States, pharmaceutical products containing glatiramer
acetate.

COUNT II FOR INFRINGEMENT OF UNITED STATES PATENT NO. 6,939.539

38.  The allegations of paragraphs 1-37 are realleged and incorporated herein by
reference.

39.  Under 35 US.C. § 271(e)(2)(A), Sandoz, Inc.’s, submission to the FDA of its
ANDA No. 90-218 to obtain approval for Sandoz’s generic glatiramer acetate product before the
expiration of the *539 patent constitutes an act of infringement of the 539 patent, and if
approved, Sandoz, Inc.’s commercial manufacture, use, offer to sell, sale, or importation of
Sandoz’s generic glatiramer acetate product would infringe one or more claims of the 539 patent
under at least sections (2)-(c) of 35 U.S.C. § 271. |

40.  Upon information and belief, Sandoz International, Novartis AG, and Momenta
have, under 35 U.S.C. § 271(b), acted in concert, actively supporting, participating in,
encouraging, and inducing Sandoz, Inc.’s, filing of ANDA No. 90-218 for glatiramer acetate,
and in the preparation to sell, in the United States, pharmaceutical products containing glatiramer

acetate.
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41.  The allegations of paragraphs 1-40 are realleged and incorporated herein by

42.  Under 35 US.C. § 271(e}2)(A), Sandoz, Inc.’s, submission to the FDA of its
ANDA No. 90-218 to obtain approval for Sandoz’s generic glatiramer acetate product before the
expiration of the *430 patent constitutes an act of infringement of the *430 patent, and if
approved, Sandoz, Inc.’s commercial manufacture, use, offer to sell, sale, or importation of
Sandoz’s generic glatiramer acetate product would infringe one or more claims of the *430 patent.
under at least sections (a)-(c) of 35 U.S.C. § 271.

43.  Upen information and belief, Sandoz Intérnational, Novartis AG, and Momenta
have, under 35 U.S.C. § 271(b), acted in concert, actively supporting, participating in,
encouraging, and inducing Sandoz, Inc.’s, filing of ANDA No. 90-218 for glatiramer acetate,
and in the preparation to sell, in the United States, pharmaceutical products containing glatiramer
acetate.

COUNT IV FOR INFRINGEMENT OF UNITED STATES PATENT NO. 6,620,847

44.  The allegations of paragraphs 1-43 are realleged and incorporated herein by

reference.

45.  Under 35 U.S.C. § 271(e)(2)(A), Sandoz, Inc.’s, submission to the FDA of its
ANDA No. 90-218 to obtain approval for Sandoz’s generic glatiramer acetate product before the
expiration of the 847 patent constitutes an act of infringement of the "847 patent, and if
approved, Sandoz, Inc.”s commercial manufacture, use, offer to sell, sale, or indportation of
Sandoz’s generic glatiramer acetate product would infringe one or more claims of the 847 patent

under at least sections (a)-(c) of 35 US.C. § 271.
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46.  Upon information and belief, Sandoz Interpational, Novartis AG, and Momenta
have, under 35 U.S.C. § 271(b), acted in concert, actively supporting, participating in,
encouraging, and inducing Sandoz, Tnc.’s, filing of ANDA No. 90-218 for glatiramer acetate,
and in the preparation to sell, in the United States, pharmaceutical products containing glatiramer

COUNT V FOR DECLARATORY JUDGMENT OF INFRINGEMENT
OF UNITED STATES PATENT NO. 7,199,098

47.  The allegations of paragraphs 1-46 are realleged and incorporated herein by
reference.

48,  Upon information and belief, Defendants plan to begin manufacturing, marketing,
selling, offering to sel! and/or importing Sandoz’s generic glatiramer acetate product soon after
FDA approval.

49.  Such conduct will constitute direct infringement of one or more claims of the 098
patent under 35 U.S.C. § 271(a), inducemest of infringement of the *098 patent under 35 U.S.C.
§ 271(b), and contributory infringement under 35 U.8.C. § 271(c).

50. Defendants® infringing patent activity complained of herein is imminent and will
begin foliowing FDA approval of the ANDA.

51.  As aresult of the foregoing facts, there is a real, substantiai, and continuing
justiciable controversy between Plaintiffs and Defendants as to liability for the infringement of
the *098 patent. Defendants” actions have created in Plaintiffs a reasonable apprehension of

ireparable har and loss resulting from Defendants’ threatened imminent actions.

10
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COUNT VI FOR DECLARATORY JUDGMENT OF INFRINGEMENT
OF UNITED STATES PATENT NO. 6,939,539

52.  The allegations of paragraphs 1-51 are realleged and incorporated herein by
reference.

53.  Upon information and belief, Defendants plan to begin manufzcturing, marketing,
selling, offering to sell and/or importing Sandoz’s generic glatiramer acetate product soon after
FDA approval.

s4.  Suchconduct will constitute direct infringement of one or more claims of the *539
patent under 35 U.S.C. § 271(a), inducement of infringement of the ’539 patent under 35 U.S.C.
§ 271(b), and contributory infringement under 35 U.S.C. § 271(c).

55.  Defendants’ infringing patent activity complained of herein is imminert and will
begin following FDA approval of the ANDA.

56.  Asaresult of the foregoing facts, there is a rel, substantial, and continuing
justiciable controversy between Plaintiffs and Defendants as to liability for the infringement of
the *S39 patent. Defendants’ actions have created in Plaintiffs a reasonable apprehension of
irreparable harm and loss resulting from Defendants’ threatened imminent actions.

COUNT VII FOR DECLARATORY JUDGMENT OF INFRINGEMENY
OF UNITED STATES PATENT NO. 6,054,430

57.  The allegations of paragraphs 1-56 are realleged and incorporated hereint by

reference.

58,  Upon information and belief, Defendants plan to begin manufacturinig, marketing,
selling, offering to sell and/or importing Sandoz’s generic glatiramer acetate product soon afier

FDA approval.

11
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50 Such conduct will constitute direct infringement of one or more claims of the *430
patent under 35 U.S.C. § 271(a), inducement of infringement of the "430 patent under 35 U.S.C.
§ 271(b), and contributory infringement under 35 U.S.C. § 271(c).

60. Defendants’ infringing patent activity complained of herein is imminent and will
begin following FDA approval of the ANDA.

61.  Asaresult of the foregoing facts, there is a real, substantial, and continuing
justiciable controversy between Plaintiffs and Defendants as to. liability for the infringement of

the *430 patent. Defendants” actions have created in Plaintiffs a reasonable apprehension of

irreparable harm and loss resulting from Defendants® threatened imminent actions.

63.  Upon information and belief, Defendants plan to begin manufacturing, marketing,
selling, offering to sell and/or importing Sandoz’s generic glatiramer acetate product soon after
FDA approval.

64.  Such conduct will constitute direct infringement of one or more claims of the °847
patent under 35 U.S.C. § 271(a), inducement of infringement of the *847 patent under 35 U.S.C.
§ 271(b), and contributory infringement under 35US.C. § 271(c).

65. Defendants’ infringing patent activity complained of herein is imminent and will
begin following FDA approval of the ANDA.

66.  Asaresult of the foregoing facts, there is a real, substantial, and continuing

justiciable controversy between Plaintiffs and Defendants as to liability for the infringement of

12
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the *847 patent. Defendants’ actions have created in Plaintiffs a reasonable apprehension of
jrreparable harm and loss resulting from Defendants’ threatened imminent actions.

COUNT IX FOR MISAPPROPRIATION OF TRADE SECRETS
(Asserted by Teva Ltd. Against Sandoz, Ine., Sandoz International, and Novartis AG)

67.  The allegations of paragraphs 1-66 ate realleged and incorporated herein by
reference.

68.  On or about May 7, 1997, Teva Ltd. entered into a Supply and Distribution
Agreement with Lek Pharmaceutical and Chemical Company d.d. (“Lek”), pursuant to which
Teva Ltd. appointed Lek as its exclusive distributor in certain spct;i:ﬁed countries for its
glatiramer acetate product (the “T eva-Lek Agreement”).

69.  Upon information and belief, Lek is, and has been, in the business of developing
and manufacturing pharmaceutical products, and opetates as a supply center for the markets of
Central and Eastern Europe, South Eastern Europe, and the Commonwealth of Independent
States.

90.  Pursuant to the terms of the Teva-Lek Agreement, Lek agreed on behalf of itself
and its affilintes, including entities controlling or under commeon control with Lek, to keep secret,
inter alia, all knowledge, data and information received from Teva Ltd. relating to the Teva-Lek
Agreement, and all information concerning Teva Ltd.’s glatiramer acetate product, for a period
of ten years following termination of the Teva-Lek Agreement. The Teva-Lek Agreement was
terminated on January 22, 2005.

71.  TevaLtd.’s trade secrets pertaining to its glatiramer acetate product were, and
continue to be, of significant economic value to Teva Ltd., and divulgence of its trade secrets to
competitors would subject Teva Ltd. to severe economic detriment. Thus, Teva Ltd. has taken,

and continues fo take, every precaution to prevent the disclosure of trade secrets pertaining to its

13
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glatiramer acetate product This information is not in the public domain and cannot be readily

72, In connection with the Teva-Lek Agreement, Teva Ltd. disclosed 1o Lek over a
period of several years extensive and highly confidential information concerning its glatiramer
acetate product, including, but not limited to, detailed information concerning its manufacturing
process and analytical testing methodology. Such confidential information concerning Teva

Ltd.’s glatiramer acetate product constitutes trade secrets owned by Teva Lid.

73. By April of 2002, Teva Ltd. had sent to Lek substantial parts of its European
Marketing Authorization Application containing thousands of pages of highly confidential
information concerning the manufacture and characterization of Copaxone®, Teva Ltd.’s brand
of glatiramir acetate, which gave a complete blueprint of how to characterize Copaxone®, and,
thus, a generic version of Copaxone®. These portions of the application contained numerous
and valuable trade secrets of Teva Ltd.

74,  Copaxone® is a very complex mixture of polypeptides that has not been
completely characterized. Copaxone® requires a consistent and well-controlled manufacturing
process and scientifically convincing and validated characterization tests to establish its
chemical, pharmacological, immunological, and biological activities. It has unique mechanisms
of action and unique pharmacologic characteristics which prevent the use of pharmacokinetic or
pharmacodynamic studies alone to establish comparable bioequivalence or bioavailability. Thus
Copaxone® is extremely difficult to duplicate, and the trade secrets provided by Teva Ltd. to
Lek would greatly facilitate the development of a generic version of Copaxone®.

75.  Upon information and belief, at the time Teva Ltd. provided its trade secrets to

Lek, Lek was a relatively small generic drag company operating principally in Eastern Europe,

14
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but“ﬁhjﬁnﬁbdnpcnﬁﬁnminthennﬁornmukeminvdﬁth%vaIJdﬂThvalﬁh&and]%wa
Neuroscience operated, including the United States.

76.  Upon information and belief, Novartis AG acquired Lek in November of 2002.
Novariis AG was at that time, and is today, one of the largest pharmaceutical companies in the
world, and was, and is, one of Teva Ltd.’s chief competitors both inside and outside of the
United States.

77. - Upon information and belief; since the acquisition of Lek, pharmaceutical
development and manufacturing strategy is freely shared and communicated by and between Lek
and Sandoz, Inc., Sandoz International and Novartis AG.

78.  Upon information and belief, Lek disclosed the trade secrets of Teva Ltd. referred
to in paragraphs 72 and 73 above to Sandoz, Inc., Sandoz International and Novartis AG without
the express or implied consent of Teva L.

79.  Upon information and belief, Sandoz, Inc., Sandoz International and Novartis AG
unlawfully caused Lek to disclose Teva Ltd."s trade secrets to them or to someone acting for
them or on their behalf, or to a third party which later disclosed the information to one of them.

80.  Upon information and belief, Sandoz, Inc.; Sandoz International and Novartis AG
used Teva Ltd.’s trade secrets to develop Sandoz’s generic glatiramer acetate product and.to
prepare and file the Sandoz, Inc. ANDA, without the express or implied consent.of Teva Lid.

81. Teva USA’s NDA for Copaxone® was first approved on December 20, 1996, and
an ANDA could have been filed as early-as December 20, 2000. However, on information and
belief, no ANDA was accepted for filing by the FDA until Sandoz filed its ANDA in December

2007.

15
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82.  Upon information and belief, Sandoz, Inc. was the first, and thus far the only,
company to file an ANDA for a generic glatiramir acetate product.

83.  Upon information and belief, Sandoz, Inc. was able to file its ANDA before any
of its generic pharmaceutical competitors because of the misappropriation of Teva Ltd.’s trade
secrets by Sandoz, Inc., Sandoz International and Novartis AG.

84.  Upon information and belief, at the time they received Teva Ltd.’s trade secrets,
and/or at the time use was made of these trade secrets, Sandoz, Inc., Sandoz Intemational and
Novartis AG knew or had reason to know that Lek and its affiliates owed a duty to Teva Ltd. to
maintain the secrecy of the confidential information and prevent any use or disclosure.

85. Upon information and belief, Sandoz, Inc., Sandoz International and Novartis AG
were aware of the Teva-Lek Agreement prior to and concurrently with the development of
Sandoz’s generic glatiramer acetate product and the preparation and filing of Sandoz, Inc.’s
ANDA.

86.  Upon information and belief, Sandoz, Inc., Sandoz International and Novartis AG
misappropriated such trade secrets of Teva Ltd. in breach of a confidential relationship.

87.  Upon information and belief, Sandoz, Inc., Sandoz International and Novartis AG
were unjustly eariched by their misappropriation of Teva Ltd.’s trade secrets.

88.  TevaLtd. has suffered, and will continue to suffer, damages as a result of Sandoz,
‘Inc.*s, Sandoz International’s and Novartis AG’s misappropriation of Teva Lid.’s trade secrets.

89.  Upon information and belief, Sandoz, Inc.s, Sandoz Interpational’s and Novartis

AG’s misappropriation of Teva Ltd.’s trade secrets was willful.

16
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»

COUNT X FOR UNFAIR COMPETITION

(Asserted by Teva Ltd. Against Sandoz, Inc., Sandoz Infernational, and Novartis AG)

90.

reference.

91.

The allegations of paragraphs 1-89 are realleged and incorporated herein by

The allegations of paragraphs 1-90 constitute, and state a cause of action for,

unfair competition by Sandoz, Inc., Sandoz Interpational and Novartis AG as contemplated by 28

US.C. § 1338(b).

WHEREFORE, Plaintiffs demand judgment against Defendants as follows:

@
(b)

©
@)

®

declaring that the *098 patent is valid and enforceable;
declaring that Defendants have infringed one or more claims of the *098 patent by

the filing of ANDA No. 90-218 and would infringe one or more of the claims of

the *098 patent by the threatened acts of importation, manufacture, use, offering

to sell and sale of Sandoz's generic glatiramer acetate product prior to the

expiration of said patent;
declaring that the *539 patent is valid and enforceable;

declaring that Defendants have infringed one or more claims of the *539 patent by

‘the filing of ANDA No. 90-218 and would infringe one or more of the claims of

the 7539 patent by the threatened acts of importation, manufacture, use, offering
to sell and sale of Sandoz’s generic glatiramer acetate product prior to the
expiration of said patent;

declaring that the *430 patent is valid and enforceable;

declaring that Defendants have infringed one or more claims of the *430 patent by
the filing of ANDA No. 90-218 and would infringe one or more of the claims of

the *430 patent by the threatened scts of importation, manufacture, use, offering

17
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@

)

®

0

®

®

(m)

to sell and sale of Sandoz’s generic glatiramer acetate product prior to the
expiration of said patent;

declaring that the *847 patent is valid and enforceable;

declaring that Defendants have infringed one or more claims of the 847 patent by
the filing of ANDA. No. 90-218 and would Me one or more of the claims of
the *847 patent by the threatened acts of importation, manufacture, use, offering
to sell and sale of Sandoz’s generic glatiramer acetate product prior to the
expiration of said patent;

ordering that the effective date of the approval of Sandoz’s generic glatiramer
acetate product shall not be before the date of expiration of the patents in suit, in
accordance with 35 U.S.C. § 271 (e_.)(4_)(A);

enjoining Defendants from the commercial manufacture, use, offer to sell, sale, or

 importation of Sandoz’s generic glatiramer acetate product, in accordance with

35 US.C. § 271(eX4)(B);

awarding Plaintiffs damages or other monetary relief in accordance with

35 US.C. § 271(e)(4XC) to compensate Plaintiffs for any and all commercial
manufacture, use, offer to sell, sale, or importation of Sandoz's generic glatiramer
acetate product prior to the expiration of the patents in suit;

declaring this to be an exceptional case and awarding Plaintiffs attorney’s fees
under 35 U.S.C. §§ 285 and 271(e)(4);

in the event that Sandoz, Inc. obtains final approval for Sandoz’s generic
glatiramer acetate product prior to judgment being entered in this action,

enjoining, including preliminarily enjoining, Defendants from the commercial

18
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manufacture, use, offer to sell, sale, or importation of Sandoz’s generic glatiramer
acetate product in the U.S. before the date of expiration of the patents in suit in

accordance with 35 U.8.C. § 283;

(n)  Entering judgment for Teva Ltd. on Counts IX and X of this Complaint;

(6)  Ordering Sandoz, Inc. to withdraw its ANDA No. 90-218;

(p)  Entering preliminary and permanent judgment enjoining Sandoz, Inc., Sandoz
International, Novartis AG and Momenta from (&) using or disclosing Teva Ld.'s
confidential information or (b) using, for any purp()SE, any patt of, or any
information contained in, or developed for, ANDA No. 90-21 8, which was based
in whole or in part on Teva Ltd’s confidential information;

(@ Awarding Teva Ltd. monetary and exemplary damages, together with interest, to
compensate it for Sandoz, Inc.’s, Sandoz International’s and Novartis AG’s
misappropriation of Teva Ltd.’s trade secrets; and

()  Awarding Plainfiffs any further and additional relief s this Court deems just and
propet.

Dated: August 28, 2008 Respe

By: : '
Steven J. Leel
Elizabeth J. Holland
KENYON & KENYONLLP
One Broadway
New York, NY 10004-1050
Phone (212) 425-7200
Fax (212) 425-5288

Counsel for Plaintiffs

Teva Pharmaceuticals USA

Teva Pharmaceutical Industries Ltd.

Teva Neuroscience, Inc.

Yeda Research and Development Co. Ltd.
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Nicholas Groombridge

Patricia Young

‘WEIL GOTSHAL & MANGES LLP
767 Fifth Avenue

New York, NY 10153

Phone (212) 310-8000

Fax (212) 310-8007

Counsel for Plamtiff
Yeda Research and Development Co. Lid.
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I
COPOLYMER-1 IMPROVEMENTS IN
COMPOSITIONS OF COPOLYMERS

This applicaticn iz a confimustion spplication of U.S. Ser.
Mo. 10/615865, filed Jul. 10, 2003, now UI.S. Pat. No.
6,939,539, which is 4 contignation of application U3, Ser,
No. 10/014,477, filed Dec. 14, 2001, mow US. Pat. No.
6,520,847, which is-a continuation of application Ser. No.
09/510,466, fled Feb. 22, 2000, now US. Pat. No. 6362,
161, which i5 a contimusition of US, Sex. No, 09/032,334
filed Feb. 27, 1598, now US. Pet. No. 5,048,398, which is
a contimustion of U.S. Ser. No. 08/447,146, filed May 22,
1995, now LS, Pst. Ne. 5,800,808, which isa continuation-
in-pert of U.S. Sex. No, 08/344,248, filed Nov. 23, 1994, now
abandoned, which is-a continustion of U.S. Ser. No: 08/248,
037, filed May 24, 1994, now alsndoned,

BACKGROUND OF THE INVENTION

Copolymer-1 is a synthétic polypeptide analog of myelin
basic protein (MBP), which is 8 nataral componeit of the
myelin sheaih. 3t has been saggesied ac & potentia] thera-
peatic agent for mnltiple sclerosis (Bur. 1. Immmunal. [1971]
1:242; and J, Newrcl. Sci. [1577] 31:433). All references
cited herein sre hersby incorporated by reference in their
entirety. Intevest in copolymer-1 &g an immnnothecapy for
multiple sclerosis stems from observatipas first mads in the
1950's that myelin components such as MBP prevent or

EAE is a disense resembling multiple sclerosis thist can be:
-1 was -developed by Drs. Sels, Arnon, and
It was shown o seppress EAE (Ber ). Inmmol. [1971)
1:242; 11.S. Par. No. 3,849,550). More recently, copolymer-1
was shown to'be benefictal for patients with the exscerbat-
ing-temitting form of multiple sclerosis (N. Engl.-1. Med.
[1987] 317:408). Patients trestadl with daily injectians of
in thieir disability status than the contro} paticnts.
Copolymer-1 is a mixture of palypeptides composed of
alarine; gluamic acid, lysine, and tyrosine in a molar ratic
of spproximately 6:2:5:1, respectively. Tt is synthesized by
ucts with zverege molecular weighits of 23,000 daltons (U.S.
Pat, No. 3,849,550).
_ hi;mobjwtofthe_puaﬂinmﬁmto_widem
Jmproved camposition of copolymes-1.

SUMMARY OF THE INVENTION
The present invention rélites 1t a-composition of copoly-

mer-] substantislly free of species of copolymer-1 hiving 4
molecular weight of over 40 kilodations (KDa).

The fivention further relates 1o s copolymes-1 having

over 75% of its molar fraction within the molecular weight
runge from sbout 2 KDa to abont 20 KDa

In‘addition, 1he invention relates 1o a copolymer-1 having
an aversge molerular weight of about 4 to about 8.6 KDe,

Moreover, the inventicn relates 10-a phacmiscertical com- -

position and a method for the treatment of multiple sclerosis,
‘using the sbove-fiscussed copolymer-1.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 displays the mdlecular weight distribution of three
“batches of copolymier-1, showing the propoition of species

4
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e
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with molecular weight above 40 KDa. FIG. 2 shows gixnilar
data relating to. thie molar fraction.
DETAILED DESCRIPTICN OF THE
INVENTICON

The present invention relates o 2 sompesition of copoly-
mer-1 substantially free of species of copolymer-1 having a
mplecular waight of over 40 kilodaliony (KDa). Prefarhly,
the composition contains less thae 5% of species of copoly-
mey-] having a molecoler weight of 40 KDa or mere. More
preferatly, ilis, composition conteins Jess than 2.5% of
species of copalymer-1 having & molecular weight of 40
KDz, ar mare.

The invention further relstes to a copolymer-I having
ovex 75% of its molac fraction within the molecnlar weight
range from about 2 KDa to about 20 KDa.

In additian, the invention relates to.4 copolymer-1 having
an average molecular weight of sbotit 4 o about 3.6 KDa.
In particular, the mvention relates 10 a copolymer-1 having
an average molicular weight of about 410 sbout 8 KDa and
a copolyraer-1 having an avesage molecilar weight of about
.25 0 about 8.4 KDa.

; -1, according to the present invention; may be.

. prepared: by methdds known in the art, for example, the

process disclosed in T1.S. Pat. 3,849,550, wherein the N-car-
boxyanhydrides of tyrosine, alatine, y-benzy] glotamats and
B-N-triffuonc-acetyllysine ars polymerised at mwbieat tom-
The deblocking of the y-carboxyl group.of the glutamic acid
is effected by hydrogen bromide in glacial aceti scid and i
followed by the removal of the trifluoroacétyl grotips from
the lysine residnes by 1M piperidine. For the purposes of the
application, the terms “ambient temperstane™ and “room
temperature” should he understodd to mean a temperature
ranging from sbout 20 to sbount 26° C.

The copolymier-1 witk the required molecular weight
profils ran bo obisined cither by owethods known per se.
Soch methods inchde chromatography of ¢opolymer-1 cop-
taining high melecular weight species and collecting the
mymaﬂchy&olymtamth:hghmobcuhrwnght
species with subsequent purification by dialysis or vltrdil-
tration. A furthér method 1o obigin copolymer-1 with the
desired moleculer weight profile is By preparing the desired
‘spécies while the amino acids rre still protected and then
obtsin the comrect species directly tpon rémoving the pro-
tection. The compositions of the present mvention may be
formmlated by comventional methode known in the art.
Preferzbly, the composition is lyophilized and formed into
an ageous sofution suitable for sub-cutarecns imjection.
Aherpatively, copolymer-1 reay be formnlated in any of the
fnnns_k;:pwninlhe.mforprmrinaonl,memLor
rects) formulations of peptide drogs.

‘Typically, copolymer-1 is administered daily to patients
suffering, fram multiple sclerosia at a dosage of 20 mg:

The favention will be exemplified but zot necesssrily
limited by the following Examples.

‘EXAMPLE 1

Chromatographic method of preparation of low-toxicity
copolymer-1 Two baiches of copolymer-1 were prepared
aceording to the metbods known in the ert, forexample, U.S.
Pat. No. 3,849,550,

-One batch was then subjecied to chromatographic sepa-
ration, ac described below,
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A colvmn for gel filtration, FRACTOGEL TSK HWS3
{60026 me) was prepared in a Superformance 26 Merck

Cartridge according to the manufacturer’s instructions, The

was ] with 0.2M aminonium acetete buffer pH
5.0.30 m copolymer-1 samples (20 mi/ml, in 0.2M ammo-
ninm cetate pH 5.0) were joaded on e column and
fractions were caflectsd every 10 minines, A fraction having
an averape molecular weight of 7-8 KDa was isolated
between 120130 mimtes (Batch A).

Molecalar Weight Anzlysis _

UV sbeorbanee at 275 nm was detormined in a UVIKON
810, ometer were diluted w0 obtaina UV
ghsorhance lower than 1 Absorption Unit. The molecular
distribution of the 2 batches was determined on & calibwated
gel filimtion column (Superose 12).

Copolymer-] batch A was found to heve an avemge
mhcﬂ!arureigb:d?ASKDa.Z.S%od'mishmmda
molecular weight above 32 KDa, but no copolymer-1 spe-
cies present in thig Batch had & molecular weight of over 40
KDsa.

The other batch of copolymenr-1 which was not subjected
to chromatography, had an average molecular weight of 12
KDa_ 2.5% of the baich had & melecular weight above 42
KDa and 5% of the total copolymiers-] species in this hatch
had a molecolar weight of over 40 KDa.

EXAMPLE 2

Toxicity Analysis
A: In Viva _ _

"Three hatches of copolymer-1 having an average moleci-
lar weight of 7.3 and 8.4 KDa (less than 2.5% copolymer-1
speciesuvumKDa)midzzKDa{mnmﬁms%mpnly-
mer-1 species over 40 KDs) were subjected 1o the oxicity
mdm’bqihabw.luethSmioemusedineach

Copolymer-1 was. dissolved in distilled water 0 yicld &
solution of 2 mg/m} of the active ingredient. Each mouvse
weas injected with 0.5 m] of the test solution into the Intersl

fail vein. Mice were chetrved for moptality and relevart °

clinical signs over.a 48 howr peried. Ubservations were
recorded 10 minutes, 24 bours and 48 hours post-injection.
If, at the end of 48 hyuts, all the animals were alive and 5o
advmsignshad.beﬂnbuv&d.ﬂﬂ:ﬂubatnhw&dsf
ignarted “rion-foxic™. If, however, one or more of the mice
« died or had shown sdverse signs, then the batch was
The batches with the average molecnlar weight of 7.3 and
.8.4KDawmbnthd'=s‘ismled“mW.Minﬂm
‘batch with the average moleonlar weight of 22 KDa, 3 cnt
of 5 mice had died at the end of 48 howurs, and it was
consequently designated “toxic™.
B: In Vitro
RBL—Degranulation Test
1. lntroduction
Histamigs (or sercionin) release from basophdle is an in
philic Teokemia cell Yine (RBL-2H;) was developed and
charscterized #s a highly sensitive, wiform, easy to main-
tain in cuftare and reproducible system (E, L. Basurmian, C,

L

15

20

-4

Jsersky, M. G. Petrino and R. P Sirnganian. Eor. J. Lol
13, 317 (1981)). The physiological stimmhus for bistamine:
TpE molecules, resuting in the Latter’s cross-linking and the
consequent triggering of an jntricats biochemical cascade,
gers, degramnlation can be inducsd by different xon-IgE-
synthetic polymers, e.. polylysine {R. P. Siraganian. Trends
in Phamacological Sciences, October 432 (1983)). The
RBL degranuhition testis, therefors, nsed in order to screen
onit thoze batches of copolymer-] which svoke substantial
degranulation and thus might elicit undesirable local and/or
systemic gide effects.

11 Principle of the Test Method:

Ret Basophilic Letkemia cells (RBL-2F,), are losded
with [°H]sesotwsin, followed by incubation with 100 pg of
the capolymer-1 o be tested, Batches of copolymer-1 which
inip the meditm. The dicactivity in the medium is connted
by a scintillation counter and the total radiolsbeled sevotonin
incorperated rto the cells is determined i the pelleted ceik.
Percent degranulation is calculated as the percentage of
sercionin released out of the total incorporstad.

TI1. Resutts

Four batches of copolymer-1, with aversge molecular
weighthe’twemﬁ,ZSO-l#,SOmemalymdfotboﬂi%of
degremlsion of RBL’s. Results arc summarized in the
following table.

Avermge % of specicy wikh % Serolonin
MW, (Dabioas} MW, ovr 40 Tl Reicses
6,250 <25 124
7,300 @5 21.0
13000 S 659
14,500 »5 513

As can be secn, when tie % of high molecular weight
species is low («2.5); the % release of sercionin, indicative
of toxicity, is low, and vice versa.

EXAMFLE 3

Preparation of Triffuoroacetyl-Copolymer1

Protected copolymer-1 is prepared 2 described by Teitel-

benm et al. Box I. Mmoo, Vol 1 p. 242 (1971} fem the

_ drides of tyrozine (18 g), alanine (50 g),
y-benzyl (35 @) and tiifincroacetyllysine (83 &)
dissolved in 3.5 litets of dioxans.

The polymerization process is initiated by the addition of
0.01-0.02% disthylamine, The reaction mixture is stirred at
ronm temperatare for 24 bours and thes pored into 10 liters
water. The product (peotected copolymer-1) s filtered,
washed with water and dried. The removal of the gamma-
b‘enzylblockinggmupsﬁ‘omlheghmmatemﬁdmiscnuied
out by tresfing the protexted copolymer-1 with 33% kpdro-
bromie acid in glacial acetic acid at room temperature for
6-12 hours with stirring, The product is potred into excess
water, Gltered, washed snd dried, yiskiing the triflnoro-
acetyl-copolymer-1.
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EXAMPLE 4 8. The composition of slaim 1, wherein less thun 2.5%.0f
the copolymers in the mixture have & molecular weight
P@ arati ion. anﬂn' ema::uqu qul'jrmarl abwedﬂkl)a.

Pltrlet:tud:upo}ynxr-l is prepared as described by Teited- 9. The composition of claim 8, whezein the mixture has an

banm et al Eor. J. Immun. Vol. 1 p. 242 {1971} fiom the ~ average molecnlar weight of 7000 D2+2000 Da.

N-carboxysinhydrides of tyrosine (18 g), alsnine (50 g,
<-benzyl gltamate (35 g) and trifleoroacetyliysine (33 g)
dissolved @ 3.5 liters of dioxane.

Tha'pqumeﬁ_mﬁmpmmss-isi:ﬁﬁatedbyﬂnaddiﬁonof
0.01-0.02% diethylamine. The reaction mixture is wtirred at
room temperature for 24-hors and then peured jnto 10 liters
water, The product (protected copolymer-1) is. fitesed,

Protected copolymer-1 is treated with 33% HBr in acetic
-acid which reioves the omega benzyl protesting group from
the 5-carboxylate of the ghiamsate residoe and cleaves the
polymer to mmaller polypeptides, The time needed for
obtaining copolymer-1 of molecular weight 7,000+2,000 Ba
tected copolymer-1. At temperatures of between 26-28° C.
a test resction i on every batch at different time
periods for example, from 10-50 honrs.
small scale reactions are calculsted and & curve of molecolar
weightlspinltﬁmeis'mm&mcneadudfnruﬁahﬂng
molacular-weight 7,00062,000 Da is calculated from: the
working 8t 26° C. the time period is 17 hours. The product
ia poured imto excess watet, filtered, washed and dried,
yieiding the triflooroacetyl-copolymes-1.

Preparation of Low-toxicity Copolymer-1

20 g of triftaoroacetyl-copolymer-1 are dispersed in 1 liter
of water to which 100 g piperidine are added. The mixture
iz stirred for 24 hours.at room tempernture and filtered. The
solution of crude copolymer-1 is distribited into dislysis
bags and dialyzed at 10°-20° C: against waier il a pH=8
is attained. It is tien dislyzied against shont 0.3% acetic acid
and again water vt a pH=5.5-6.0 is obtained. This solu-
tion is then comcentrated and lyopkilized to dryness.

The jnvention claimed is:

1. A copolymer-1 composition comprising:a mixture of
copolymers of alagine; glutamic acid, Yysine snd tyrosine,
the copolymer specics in the mixtre being non-unifomm
with respect to molecular weight &nd sequence, wherein
over 75% of the copolymers i the mixture, on 2 molar
frmition basis, have a molecular weight in the range of 2 kDa
to 20 kDa and less than 5% of the copolymers have a
molecular weight above 40 kDe, and wherein the composi-
tion s svitable for treating multiple sclerosis.

2. "The composition of ¢laim 1, wheredn the mixmre hag.a
average molecular weight of 7000 Da=2000 Da.

3. The composition of ciaim 1, wherein the mixture hias an
aversge molecular weight of 4 t 8.6 kDa.

4, The composition of claim 1, wherein the mixtore has ant
average molecular weight of 6.25 10 8.4 KDa.

&, The composition of ¢laim 1, wherein the mixtore hes an:
sverage molecular weight of 4 1o 8 kDa.

§. The cemposition of claim 1, wherein thie mixture liss #n
sverage molecular weight of 7 to 8 kDa.

7. The cotposition of chaim 1, whetein the mixtore has a
molecular weight distribution as depicted in FIG. 1 for the
mixture with an averege molecular weight of 7.7 kDa.

10. The composition of claim 3, wherein the mixture has
an fvermge molecular weight of 4 to 8.6 kDa.
11. The composition of claim B; whersin the mixture Lns

10 40 sverage molecolar weight of 6.2 § to 8.4 kDa.

12, The comiposition of claim 8, wherein the mixture has
an gverage molecnlar weight of 4 to BXDa

3. The composition of claim 8, wherein the mixture has
an average molecular weight of 7 1o 8 kDw. .

14, The cianposition of claim 8, wherein the mixture has
1 molecnlar weight distribation a2 depicted in FIG. 1 forthe
ibxture with an average molecutar weight of 7.7 kDa,

15. A process for preparing a copolymer-]1 composition

5, Baving an average malecular weight of 4 to sbout 8.6 kDa

polymerizing -a mixture of m N-carboxyanitydride of
fyrosing, an N-catboxyanbydride of alanine, y-benzyl
glutamate and trifluorvacetyllysine. in.a molar ratio of
1:5:2:4 to form & mixture of protected polypepitides;
depeotecting the protected polypepiides to form a mixtire
.of unprotected polypeptides; and
isclsting a copolymer-1 composition of unprotected
polypeptides composed of ghitamic acid, lysine, ala-
mine and tyrosine, wherein, the-copolymier-1 composi-
fion has an average molecular weight of 4 109 kDa,
16. The process of cleim 15, wherein the copalymer-1
composition has an sverage molecular weight of £.25 to 8.4
Idindaltons.

17. A copolymer]l composition having an avetage
malecalar weight of sbout 440 about 8.6 kDu preparsble by
a process comprising:

Wmerizing 8 mi of @ Necarboxyarhydride of
tyrosine, an N-carboxyanbiydride of alinine, y-bentyl
glitamate and trifnoroacetyliysine in a molar satio of
1:5:2:4 to form a mixture of protected polypeptides;

"of vprosected polypepfides; 20

isolating & mixtoreof mnprotected polypeptides composad
of ghatamic erid, lysine, slanine and tyrosine, wherein
the mixture has an gverage molecutar weight of 4 i0. 9
ki,

18. The composifien of claim 17, wherein the mixtore has

% g average molecular weight of 6.25 to B4 kilodaltons.

ty‘m,’ ) ! B
weight of 4 to-about 8.6 kilndaltons, wherein the midure of

* polypeptides is. non-upiform with respect fo molecular

-weight and sequence, and wherein the composition exhibits
Tower toxicity than a copolymer-1 composition having an
average molecular weight greater than sbout 3.6 Klodaltons.
20 The composition of claim 19, wherzin tie mixtere has
m dverage molecular weight of 6.25 10 8.4 kilodaltons.

. & & 0 W
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COPOLYMER-1 IMPROVEMENTS IN
COMPOSITIONS OF COPOLYMERS

This application isa continuation of spplication U.S. Ser.
No. 10/014,477 filed Dec. 14, 2001 gow US. Pat. Nbo.
6,620,847, which is a contimuation of application Ser. No.
09/510,466, filed Peb. 22, 2000, now U.S. Par, No. 6,362,
161, which i a contimuation of US. Ser. No, 09/032,334
filed Feb. 27, 1998, now 1.8, Pat. No- 6,048,898, which is
a contimuaticn of U.S. Ser, No. 08/447,146, filed May 22,
IM,WU.S.MNG.S'Mwﬁnhisnmnﬁmiﬁm-
in-part of U.S. Ser. No. 08/344,248, iled Nov. 23, 1994, now
abmshned,whiilhl'mnﬁnuﬂinuofus;sen No. OB/248,
037, filed May 24, 1994, oow abandoned.,

BACKGROUND OF THE INVENTION

Copolytmer-1 is s syntlietic polypeptide analog of myckin
basic prot (hmnwhichisamnmlcomponem:nflhe_
myelin sheath. It has been soggested 25 a potentisl thers-
punicwﬁ:rmnhiplesdm‘om's(ﬁullmnnd.DWI]
1:242; and 1. Newrol, Sci. [1977) 31:433). All references
dmdhﬂﬁnmh:mbyinmrppnﬁbyrduenuium
cotirely. Inicrest in copolymer-1 asan immunotherapy for
mﬂﬁphslﬂedaﬂemsﬁummm&tﬂmﬂ-inm
1950's that myelin componcnis sach as MBP prevent ar

EAR is a disease resembling multiple sclerosis that can be
o noed i srsceplible animisk

Copolymser-1 was developed by Drs. Sels, Amon, and
their co-workers 3t the Weizmam Enstitute (Rebiovot, Iscael).
It was shown to suppress EAE (Ea I Immumol. [1971]
1:242: U S, Pal. No. 3,849,550). More recently, copolymer-1
was shown o be beneficial for patients with the
cxacerbating-remitting form of amltiple schertsis (N. Engl
3. Med. [1987) 317:408). Patients treatcd with daily injec-
tions of copolymer-1 bad fewer exacerbations and smaller
sncreases in their disability status than tbe conirol patients.

Cbpolymer-lisanimnfpplypcpﬁdsaoompmedof
nhﬁm-g}mmicadd,lyﬁm.!ﬂﬂtymﬁminamhrmﬁo
of approximately 6:2:5:1, respectively. It is synthiesized by
nets with average molscular weights of 23,000 daltons (U.S.
Pat. No. 3,849,550).

It is an object of the present invention to provide an
impiraved compositicn of copolymer-1.

SUMMARY OF THE INVENTION
The prestnt invention relates to & composition of

copolymer-1 substantially fres of specics of: copolymer-1
having a molecalsr weight of over 40 kilodaltons (KDz).

The invention further relates to & sopolymer-1 hiaving,

over 75% of it molar fraction within the molecular weight
parige from sbout 2 KDa 1o about 20 KDa

In addition, the invention relates 10 a copotymer-1 having
an average tolecular weight of about 4 to.sbout 3.6 KD4.

Moreovet, lhe invention relates to & phanmaceutical eom-
pnsiﬁuﬂamdimﬁihﬂdﬁkﬁ:’:uumﬁmumplemwk,
using the above-discussed eopolymer-1. '

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 displays the molccular weight distoibution of thiee
baiches of copalymer-1, showing the proportion of species
with melecular weight above 40 KDx.

F1G. 2 shows similar data relating to the eolar fraction.

5

10

an

2
' DETAILED DESCRIPTION OF THE
INVENTION

The present invention releies to & composition of
copolymer-1. sbstantizlly free of speciss of copolymer-1
having a moclecular weight of over 40 kilodaitons (KDa).
Preferably, the composition contains less han 5% of species
of copolymer-1, having a malecular weight of 40 KDa ar
more. More prefersbly, the ition contains less than
2.5% of specics of copolymer-1 kaving a molocular weight
of 40 KDa, or more.

The iavention further relates to a copolymer-1 having
over 75% of its molar fraction within the molecular wright
range from about 2 XDa 10.sbovt 20 KDa,

In adition, the invention rlsles to 2 copolymer-1 baying
averape molocular weight of sbout 4 to about 8.6 KDs.
hparﬁeﬂu.themmﬁbnmhmmawpolymr-l having -
an averags molecular weight of abeut 4 to about 8 KDa avd
a copolymer-1 baving ap average molscular weight of about
625 to about 8.4 XDa.

Copolymer-1, accarding 10 fhe prescrl invention, may be
prepared by methods known in the azt, for example, the
process disclosed in U.S. Pat. No. 3,849,550, wherrin the
N-carboxyanhydrides of tyrosine, alanine, y-benzyl
ghutamate and E-N-trifiunro-acctyllysioe are polymerised at

i ire. i ydrons dioxane. with diethry-

Iriftuoroacetyl groups from the lysine residnes by 1M pip-
cridine. For the purposes of the spplication, the terms
wambient temperature” 2ad “room temperature”™ should be
m%dcwmm:mmmﬂnghg&m..mmm

composition is Iyophilized apd formed ito
Abternatively, copolymoer-1 mey be formulated in iny of the
forms know in the art Enr__prapndngonl.msnkbuoul,qr
Typically, copolymer-1 s admimisiered daily 10 patients
suﬁeringﬁnmmuhiphsdmndsnadmgeufmmg-
“The invention will be exemplified but not pecessarily
limited by the following Examples.
EXAMPLE 1
Chromatographic Meiiod of Prepantion of Low-Toxiity
Copolymer-1 _
Two batches of copolymer-1 wers preparcd scoonding o
the methods knows in the art, for example, U.S. Pat. No.
3,849,550.
One batch
. iom. 35

it
Prefenably, the

was then subjecied 10 chromatographic

column was
was injécted for total volume
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was ecquilibrated with £.2M amnonium acetsls buifer pH 11. Principk of the Test Method
-Sp.aomloopalﬂnu—l,-nmpks(ﬁqmg?ml, in 0.2M ammno- Rat ir: Lonkemia cells (RBLA2HL), are Joaded
fractions weee collected cvery 10 nimites. A fruction haviag the copolymer-1 fo be testod. Baiches of -1 which
an averige mlecular wei ht of 7-8 KDa was isolaied | jnduce pon-specific degramilifion, rléass Jserctonin
between 120130 minutes (Batch A). into the medium, The radiceitivity in the medium is counted
mvb:dnwmalxm _ ... ... byasistillation counter and the total radiclabsled serotonin
absorbance. at 275 nm was detenmined ina UVIKON  iacorporated into the cells is determined in the pelleted cells,
810 . MWWW&MaW Porern degramlation i calcalated s tho percentags of
distributio '_ndﬂ:ﬁZb&Mmdﬂﬂmﬁﬁdbﬂluﬁkﬂd 10 ﬁmnm]:mdm-ofﬂmbulmmm
gel filtation column (Superose 12). “Your batches: of copolymer-1, with average mojscular

Copolymer-1 batch A was found to have an average
molecutar weight of 7-8 KDa. 2.5% of this batch bad 2
smolecular weight sbove 32 KPa, bul n6 copolymer-1 spe-
ci:gprmmuinihhbalchhad-amdecnhxmightofmm

Kba.

e other batoh of capolyimer-1 which was not subjected
bchmmlogmpby.hdmwmm}wuhrmjghtoﬂz
KDa. 2.5% of the batch had & moleeular weight above 42
KDz and 5% of the tolal copolymer-1. species in this batch
bad 1 maleculsr weight of over 40 KDa.

EXAMPLE 2
Tosicity Aol
Az In Vivo

Thres batches of copolymer-1 baving an averge molecu-
hrwcightoi.?.SnndB.éKDﬁ(h_ssthmz.S%wpolymer-l
speciés over 40 KDa) and 22 KDy (moee than 5%
copolymer-1 species aver 40 KD3) were subjecied o the
mﬂyw-mm.hewhmsmhmmd
in each experimental grovp.

Method _

(hpglym—lmsdismlwdindisﬁﬂedmmﬁelda
sointion of m] of ihe active & fcat. Each mouse

Z mghnl
-wa.smpcudwil.ho,Sml_ofﬂnMsomhn into the lateral
1 for

adverse signs
ignmd“non-mic”.lﬂhgm:,oneu:moreofﬂmmim
bad died or had shown adverse signs, then the baich was
b 1 “exic”

The batéhes with the average molecalar weight of 7.3 and
designated “non-toxic™, whereas in the

batch with the average molocular weight of 22 KDa, 3 ot
of § mics had dicd at the énd of 48 hours, ind it was

1. Intvoduction
Histamine (or serotonin) relcase from basophile is an in

system (E. L. Basurnian, C.
Isersky, M. G. Petrinc and R, P, Siraganian. Eur. J. Jmuzpol.
11, 317 (1981)). The physiclogical stimulus for histamines
release iovolves binding of the antigen 1o membe
conscqueat triggering of a0
Beside these physiological,
trigpers, deg uth can be induced by different non-IgE-
mediated simuli, Among these are. varions peplides. and
synthetic polymers, 6.2, polylysine (R. P. Siraguniap. Trends
in Pharmacolegical Sciences, October 432 (1983). The
RBL degramiation sl Is, thercfore, used in order t scrsen
oul those batches of copolymer-1 which evoke substantial
dcgnnuhlionmdlhum@udidlm&uimbkbu],mdhr
systemic side effects.

immunoglobulin-mediated

mbrane-bound
resulting in the laiter's cioss-linking and the

13

49

45

. 0.01-0.02% disthylamine.

betwesn §,250-14,500 were aalyzed for both % of
withmnbmlgrwcighl_w‘qr_wlﬂhmdﬁor
£ RBL's. Resulls are swmmarized in the

the specics

ﬁ:m i g_;.abb

Aveogs % of speaics with % Sciolotin
MW, (Delits} MW, over 43-KDa Releue
6,250 as 154
1300 <25 10
13,000 »5 669
24,505. ¥ §7.8

As can be scen, when the % of high molecnjar weight
specics is low (<2.5), the % roicase of serotonin, indicative
of toxicity, is iow, and vice vemss,

EXAMPLE 3
Preparation of Trifluoroacetyl-Copolymer-1

Protcted copolymer-1 is prepated as degeribed by Teilel-
haumetal.Enr._J.lmmm;%;l.lp.%2fl97]:)fmmth=
N-catboxyanhydrides of tyrosine (18 g), alanine (50 %
y-benzyl 1o (35 g) and trithwornacatyllysine (83
dissoived in 3.5 Liters of dioxane.

The polymerization process s initiated by the addition of
0.01-0.02% dietdiylamine. The redction mixture is stirred at
mmmpmmﬁx%mmmmmmmﬁlﬁs
odoct (protecied copolywer-1) is filtered,
washed with water and dried. The removal of the gamma-
bmylblodnnggrmpsfmmﬂnglnammmdumemed
out by treating ihe protecied copolymer-1 with 33% hydro-
temperature for

‘bromic acid I glacial acclic acid at room

‘§~12 bours with stirring. The product is poured injo excess
water, filtered, washed and dried, yiclding the

triflnoroacetyl-copolymer- .

N
issolved in 3.5 Liters of dicxxve.

The polymerization process is initiated by the addition-of
The reaction mixture is stirred at
oom temperatare for 24 bours.and then poured into 10 likers
watct, The product {protected copolymer-1) is fillcred,

Wwﬂm—lkm&dwﬂh%%ﬂ&hwﬁﬁc
acid which removes the omega benzyl protecting group from
the 5.carhoxylate of the glutamate residue and cleaves the
polymér to smaller polypeptides. The time needed for
abtaining copolymer-1 of molecular weight 7,000+2,000 Da
tected copolymer-1. Al temperatures of betwesn 20-28° C.
;m‘rqadi:misper&:rmd'oumybuchudi&rcmﬁm
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The resilis conesming the molecular weights of Liese fraclion basis, heve & mojecular weight in 2 rnge of about
soall scale reactions ate calculifed and 2 cuive of molecular 2 kilodalions 1o about 20 kilodalions.
wﬁgbl'ngninstﬁmc-isd(m'lheﬁmewedtdfmoblﬁning 14. ‘The pharmacentical compasition of claim 12, wherein
mohmﬂnwcigiﬂ?,woﬂ,lmnaisulmhudﬁomme Iess than 59 of the polypeptides of the mixturs, oo 2 molar
curve, aid performed on lusger saals reaction. On average, ' 5 fraction basis, have a mulecular weight of over 40 kilodal-
woﬂiﬂgﬂ%‘cﬂwﬁmepuiodisﬂhom’rhcpmw " toms
i poured into excess water, filtered, washed -and dried, 15. The; scutical composition of claim 14, wherein
yielding. the trifizoroacetyl-copolymer-1. ) over 75% of the polypeptides of the mixture, on 2 taplar
i ion of Low-loxicity Copolymes-1 fraction basis, have a molecular weight in a mnge of about
20 g of riffucroac -copatymer-1 are dispersod in 1 Yiter ,, 2 kilodallons 1o-shout 20 Klodalioss.
of water Io which 100 g piperidine. arc added. Fhe mixture 16. The pharmacentical composition of claim 15, wherein
i5 stirsed for 24 hours a1 room temperature and filbered, The hemkmm_mmmhuﬂnwmofﬁgsmu
solution of crude copolymes-1 is distributed into dialysis.  kilodalions. ) o o
baigs and dialyzed af. 0°221)° C. agaimst water wntil 2 pH=8 17-The:ph.mnaccu1\cllwmpmnmnoichim12,wlum
;s sttained. 1t is then dislyzed agaiost shout 0.3% acetic acid the mixture has an averags molecular weight of about 4 1o
and again water until 2 pH=55-6.0 is vbtained. This sole- 1% about 8.6 kilodaltons. )
tien #s [hen concenirated and Iyophilized 16 dryness. ls-m-ghumuﬁsnﬁwmmpmiﬁpnuf:;hﬁnlz.whmin
What is claimed is; the mixhire has an average molocular weight of about 3 to

1. A copalymer-1 compsition compeising a mixture of
polypeptides composed of ghitamic acid, lysine, alanios and
tyrosin’a;wheminthcmi:tmehsmwetagemohqﬂ:r
wcigmoiabmllllnsbmlgkﬂpdalims.ww&nﬂn
mixture of polypeptides is nen-uniform with respect 1o
molecular weight and sequenos, aid wherein the composi-
fion §s suitable for Ureating nmbtiple sclerosis.

1.munmposiﬁmofclaim1,wltminm75%afﬂn
pnlypaptidesof_lhanﬁxum,onamohrﬁﬁmbuh.hw
:mbmluwdglﬂint:mgeofamz-kﬂodmonsmabom
20 klodalicns.

3. The.composition of cluim 1, wherein less tham 5% of
ﬂ:epulypcpﬁﬂcsofih:m‘mhm,t:nl_mnlqﬁadiwbasiq.
Bave 2 molecular weight of over 40 kilodaltons,

4, "The compositior of chim 3, whorein aver 75% of the
polypepﬁdﬁuflh#nﬁxhuq_ongmnhrﬁuﬁonbm's, have
amnhmﬂuweiglninlmnfhbmlikﬂodahmsmabum
20 kilodalions, _

%, The composition of claim 4, wherein the mixture has an
avesage moleenlar weight of 6.25 10 8.4 kilodaltons.

S.Themposiﬁmofdaiml.whewhmemixmnhum
average moleculsr weight of about 4 to sbout 8.6 kilodal-

tons.
T,ThemmpnﬁlimofciahL_mminmcmmt.-hum
gt molecnlar weight of abaut 5 1o sbout ¢ kilodaltors.
8. The composition of claim 1, wheieip less than 2.5% of
th:poiyp:pﬁdasoftbc:mi:hue,mimnhrfncﬁmbasis,
kave & moleenlar weight of over 40 ;

¥ilodeltops.
L Thsmmonofdm 8, wherein over 75% of the

. des of the mixture, on a molar fraction basis, have
amnhmhrwi'glnina'rmg’e'ufwzmodnhm.bnhom
26 xilodalions.

10. The conmosition of clzim 9, wherein the: mixture has

an aversge molecular weight of 6.25 to B4 kilodaltons.

ILMmmpdsitinnof;daiml.whuﬁnthctheh:s

» molscular weight distribution subsiantially as depicted in
the curves of FIG. 1 or FIG. 2 in which the average
mojecular weight is sbout 7.7 kDa. _

12. A pharmaceutical composition comprising:

» dose (herapoutically effective to troat multiple sclerosis
of » copolymer-1 -composition, whercin the
copolymer-1 composition comprises. a wmixture of
polypeptides composed of ghitimic: acid, lysipe, ala-
nipe zod tyrosine, whemin the mixturs bas ap average
melecular weight of about 4 1o about § kilodalions,
whercin the mizture of polypeptides is non-uniform
withmpedtomohmhrweigh and ‘sequence; and

» pharmacculically acceptible excipieat.

13. The pharmaceutical composition of claim 12, whercin

over 75% otﬂ:épolypnpﬁhufmc-mixmm.mi molar

20

i

ag

thereof the ;

thereof the-

ebont 9 kilodaltons. _

19. The poratical composition of claim 12, wherein
Iess than 2.5% of the polypeplides of (he mixture, on & molar
fraction basis, have a molecuiar weight of over 40 kilodal-
tons.

20. The pharmacoutical composition of claim 19, wherein
over 75% of the polypeptides of the mixute, on 2 molar
fraction basis, have a molecular weight in a range of about
2 kilodzlions w0 showt 20 kilodaltors.

21 The ica] connposition of claim 20, wherein
thsmixtumhummgpmbmiuw:igbt.ofﬁ&ihﬂ&

22, The p ical composition of clsim 12, wherein

 The pharmaceutic : I - 4
the mixture hiasa molecular weight distribution sibstantially
15 depicted in the curves of FIG. 1 or FIG. 2 in which the

aversge malecular weight is sbont 7.7 ¥Da. _

E.Amthndﬁ:rlreaﬁngipuimtmﬁuiug&ommul&p}n
teroe i 1o a patical in noed
herea the pharmaceutical compasition of claim 13.

pharmace |
24. A roethod for treating a patisnt suffering from multiple
silerosis comprising adwinistering 1o a patient in nesd
25, A method for treating 2 patient suffering from multipls
scle‘msisoemprisingadminishring__[naplﬁ:m_inuwd
1 h;ﬁmﬁﬁﬂlmmpos'ﬂiondfdlimllk _
26. A method for treating a patient suffering from multiple
i comprisiog administering o a patent in meed
pharmaceatical ition of claim 15.
27..A metbod for treating a patiest suffering from multiple
sclerosis. comprising administering to a_pationt in peed
thereof the phanmacentical ition of claim 16.
H.Ammdfqtmuingtp.ﬁ@msnﬂuing&un-mﬁple
thereof the pharmaceutical composition of daim 17.
29. Amethod for treating a patient suffering fram multiple
i prising adoinistering 1o a paiient in nesd
. rmaceutical composition of claine 18.
30. Ameth udﬁnﬂrulms & paticot ient suffering frem mmitiple

sdmwmprhns;dmmaﬁ:gm;-paﬁml.inneod
thereof Lhs tical composition of claim 19.

31. Amelhod for troaling a patient suffering from multiple
_scletosis comprising admiistering to & tient in necd
thereof the pharmacentical composition of claim 20.

332, Amethod for freating & patient suffering from multiple
scleresis ising adminislering lo 2 patient in. need
thereof the pharmacentical composition of claim 21

B.Am’ﬂ:ndform:ﬁng:wﬁemmfmﬁ:gﬁammﬂﬁple
sd@roﬁscnmrﬂﬁng.adminmﬁugmapaﬁmtinnmd
thereof the phammaccutical compuosition of claim 22,

x * = & *
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JON W.DUDAS
Diirector af the Unised Stases Patent and Trademark Offfice




Case 1:08-cv-07611-BSJ Document1  Filed 08/28/2008 Page 41 of 57

Exhibit C



Case 1:08-cv-07611-BSJ Document1l  Filed 08/28/2008
INERIEEEENAN I
USO06054430A
United States Patent (9 1 Patent Number: 6,054,430
Konfino et al. @51 Date of Patent: Apr. 25, 2000
{54) COPOLYMER-1 IMPROVEMENTS IN [51] Imt. CL7 - AS1K 31/78S; AGIK 38/16
COMPOSITIONS OF COPOLYMERS 521 US.CL .o S/ 42477817, swm
75] Inventors: Blh:rmmﬁm. Ramat Gan; Michael
(5] In g R Y t [58] Field of Search _....... 514/903,12; 424;78 zs
Arnon, Rehovo
Relrovot; Ruth halel [se) Reflerences Clied
[73] Assignco: Yeds Research and Development Co, FOREIGN PATENT DOCUMENTS
144, Rebovot, Tsrael 9531990 1171995 WIFO.

(21] Appl. No.: 09/032,647
[2] Fled:  Feh.27,1998

Related U.S. Applicatim Daia

1541 mmnﬁwﬁummnu,myn,lm,m
an,m,m,mmmmsm-m-pm
067344,248, Nov. 23, 1994, sbandoned, s 1

Mo,
ommmhunoiqvghm  GA/248,037, Mty24,1994

14~
124
10-

% ofthe &7
total mass

Primary Examiner—Peter F. Eulkosky
Arorney, Agers, or Firm—Ecnyon & Kenyon

[57] ABSTRACT
'I‘hepmsenlmvenﬁonrelatesmmxmpmwd cotaposition of
copolymer-1 comprising copolymer 1subs!muallyﬁeea£

spmeshnmg:mohnﬂuwghlofmrdﬂkﬂmhhnm.

6 Clalms; I Drawing Sheets

AVERAGE
MOLECULAR WEIGHT (kDa)

200003000040000500006000070000

Molecular Weight

Page 42 of 57



Page 43 of 57

Filed 08/28/2008

Document 1

Case 1:08-cv-07611-BSJ

6,054,430

Sheet 1 of 2

Apr. 25, 2000

U.S. Patent

bep Jejnosjon
ooﬁon. 8@8 . oowom . oom@. o%cm . oowow_. oomow.

L ——
.lll-lnl..l
S
-
e

(eq) LHOIIM HYINOTTON
AOVHIAY

-9
| gsew |ejo}
g 9YlJO %

0l

-

<l

md



Page 44 of 57

Filed 08/28/2008

Document 1

Case 1:08-cv-07611-BSJ

6,054,430

Sheet 2 of 2

Apr. 25,2000

U.S. Patent

WBiopn Jejnos|oN
0000. 00009 000OS 0000 00QCE 000CZ 00004

¢ 'Oid

(e@¥) LHDIIM HYINOFTON
JOVHIAV

.Lm Ao\ov
uojjoeld
- JEJON




Case 1:08-cv-07611-BSJ  Document1  Filed 08/28/2008
6,054,430
1 2 _
COPOLYMER-1 IMPROVEMENTS IN Preferably, the composition contains loss than 5% of species

COMPOSITIONS OF COPOLYMERS

“This application i & divisional of US. Scr. No. 08/447,
144, filed on May 22, 1995, now U.S. Fat. No. 5,800,808
which is § contimiktion-in-part of U5, Ser. No. 08/344,248,
Sled Nov: 73, 1994, abaridoned which is a contiouation of
US. Scr. No: 08/248,037, filed May 24, 1994 abandoned.

BACKGROUND OF THE INVENTION

Copolymear-1 is a synihetic polypoptide. analog of myelin
basic protein (MBP), which is & satwral componeat of the
myelin sheath. It has been suggesied 28 a polential thera-
peatic agent for maltiple scleresis (Bar. . Emmungl. [1971]
1:242; aod J. Newrol. Sci [1977] 31:433). All refercnces
cited herein arc bereby incorporated by reference in their
entirety. Inferest in copolymer-1 a& an immunotherapy for
muktiple sclerosis stems from observations first marle in the
1950°s thet myelin components such s MBP prevent or
arrast experimental sutoimimane encephalomyelifis {EAE).
EAE i5 a discase restpbling multipk sclerosis that can be
induced in suscepiible animals.

Copolymer-1 was developed by Dis. Sela, Amon, and
their co-workers at the Weizmaon Institute (Rekovat, Lscacl).
1t was shown 10 suppress EAE (Bur. J. Immunol. [1971]
1:242; U.5. Pat. No. 3,849,550), More recently, copolymer-1
was. shown to be beneficidl for patients with the
1. Med. [1987] 317:408). Paticats treated with daily imjec-
tions of copolymer-1 had fower exacerbations and smaller
fncreases in their disibility status than the control paticats,

Copolymer-1 is & mixture of polypeptidss cormposed of
nhﬁn;,ghﬂmic-aﬁ.lyﬁm,mitymiulmolnmﬁa
of approximately 6:2:5:1, respoctively. )t is synbesized by
chemically polymerizing the four smino scids forming prod-
ni1s with mmmanm.mms.
Pat. No. 3,849,550).

I is a0 object of the present invention In provide an
improved composition of copolymer-1.

SUMMARYOF THE INVENTION

The prescnt invention rclales to 2 composition of
copolymer-1 substantially- free of species of copolymer-1
having a molecular weight of over 40 kiladaltans (KD).

“The. invention: further relass (o a copolymer-1 having
-over 75% of its. molar fraction withia the molecilar weight
_range from sbont 2 KDa to:about 20 KDa

o addition, the invention relaies to a copolymer-1 having
an aversge molecular weight of about 4 1o about 8.6 KDs.

Moregver, thie invention relates lo a pharmacedtical com-
poﬁunmdameihadﬁjrﬂs-mmofmnlﬁpkm,
txing the sbove-discussed copolymes-1,

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 displays the moleculsr weight distribution of three
bnchaofmpohrm-l,éhmﬁngtbepmpeﬂionofm
with moleciitar weight. sbove 40 KDa.

FIG. 2 shows similar-data relating to the molsr fracticn.

DETAILED DESCRIFTION OF THE
INVENTION

The present invention relates 10 a composition of

copolymer-1 substantially free of species of copolymer-1
having a moleculsr weight of aver 40 kilodstons (KDs).

5

kL]

a5

sb

65

of copolymer-1 having a molecular wright of 4C KDa or
more. More preferably, the compesition contains Jess than

2.5% of species of copolymer-1 having 3 miolecular weight

‘of 40 KD, or more.

‘fbe invention further rclates to 3 copolymier-1 having.
aver 75% of its molar fraction within the molecular weight
range fiom about 2 KDa to about 20 KDa.

In sddition, the invention relates to & copolymer-] having
an average mokeoular weight of sbout 4 to.shout 8.6 KDa.
In pasticular, the invention relates 1o a copolymer-1 having
an avcrage molecular weight of about 4 to about 8 KDa and
a copolymer-1 having an sversge molocular weight of abont
6.25 to:aboul 8.4 KDa.
anolyml.mdingmlhcpmminuﬁim.mnybe
prepared by methods knowa io the art, for example, the
process disclosed in US, Pat, No. 3,849,550, wheeein the
N-catboxyashydrides of Lytesine, alaminc, y-bouzyl
ghatamate and E-N-triffuoro-aoetyllysine are polymerised at
ainbient temperaiure in achydrous dioxans with diethy-
lamioe as mitiaor, The deblocking of the. y-carboxyl gronp
of the glutamic acid i cffected by hydrogen bromide in
glacial acntic scid and i followed by the removal of the
Iriflucesacety] groups from the lysine reiidues by 1M pip-
cridine. For the purposes of the application, the terms
“ymbicnt temperstore” and “rom temperature” shoald be

mpg from about 20 to

Jersiond 16 mean a tenperature
about 26° C.

‘The ‘copelymer-1 with the requinsd molecular weight
profik; can be oblained cither by methiods: known per 8.
Such mothods include chromatography of copolymer-1 cod-
fractions withont the undesined species ar by partial acid or
enzymﬁnhydmlysinoremﬂ:ehighmhudnwﬁgm
q:edswithmbseqmtpmiﬁmﬁnnby'diﬂyﬁsmnlmﬂ-
traticn. A further method to obtain copolymer-1 with the
desired molecular weight profile is by preparing ibe desived
obtain the correct specics directly upon removing the pro-
tection, The compositions of the present inveption may be
formulated by couventions] methods known in the arl
Preforably, the composition is. 1yophilized and formed into
an solution suitable for sub-cutxneous injection.
Altemstively, copolymer-1 may be formulated in any of the
forms known ix the art for preparing oral, nassl, buceal, or
rectal formmulstions of peptide drugs. '

Typically, copalymer-1 is administered daily to paticns
suffering from multiple scleroéis &t a dosage of 20 wg.

The invention will be excmplified but ool necessarily
Limited by the following Examples.

_ EXAMFPLE 1

Chromatographic Metbod of Preparativn of Low-Toxicity
Copolymsr-1

Two baiches of copolymer-1 were prepared o
wemquskmwnin'meid.forcxamplegU.S.Pu.Nu.
3,849,550.

One batch was then subjected to chromatographic

A columa for gel fitration, FRACTOGEL TSK HWSS
(m.m)wlspmpamdinaSup_erfmmmzﬁMu&
cartridge according 1o the mawufactarer’s instructions. The
column was equilibrated with witer and wcetone solntion
was equilibrated with 0.2M -ammoniom acstate baffer pH
5.0 30 m] copolymer-1 ssmples (20 mg/m, in 9.2M smme-
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nium kcstate pH 5.0) were loadad oa the. cofumn and I1. Principle of the Test Method

Fractions were collected every 10 minutes. A fraction having Ral Basorhilic Lenkemis cells (RBL-2H;), are loaded
an molecalar weight of 7-8 KDa was isolated  with [*H}serotonin, followed by incubation with 100 ug of
between 120~130 minutes (Baich A). the copolymer-1 to be tested. Batehes of copolymoer-1 which
Meleculsr Weigh! Analysis 5 indnce nofrspecific degremilation, selease [*H}- i

UV absorbancs at 275 nm was delermined in a UVIKON

gmﬂmmmn&mﬂsmﬁhwﬂbobuhnw
b “lower than 1 Absoxptios Unil. The molecular

distribution of the 2 batches wes determined oo & calibrated

gel fltration colunm (Superose 12).

Copolymer-1 batch A was found o have an average
lecalar weight of 7-8 KDa 2.5% of this batch had 2

moleclar weight above 32 KDa, bat 0o copolymer-1 spe-

cies present in fhds batch had 2 molecular weight of over 40

KDaz.

The other batch of copolymer-1 which was ot subjected
1o chromatography, had 4n avérage moleculyr weight of 12
KDa. 25% of the baich had a molécular weight zbove 42
KDa and 5% of the total copolymer-1 species in thi baich
had a molecular weight of over 48 KDa.

_ EXAMPLE 2
Toxici ,
A: In Vivo
‘Three batches of copolyimer-1 having an average molecu-

lar weight of 7.3 and 8.4 KDa (less than 2.5% copolymer-1
species over 40 KDa) and 22 KDa (more than 5%
copolymer-1 - species ove mﬂ}a)msnb}ecwdtutbe
in esch experimental group.

Method .

Copolyingr-1 was dissolved in distilled water o yicld
solution of 2 mg/m of the active ingredieot, Each mouse
was igjected With 0.5 ml of the fost solution into the Interal
1ail voin, Mics wers obmcrved for mortality and relevant
ciinical signs over a 48 hour period. Cbasrvalions were
yecorded 10 mitmies, 24 hours apd 43 bours post-injoction.
IE, at the end of 48 hours, o1l the animals were alive and 1o
ignated “non-toxic™, If, however, one of more of the mice
isd died or bad shown adverse signs, then the balch was

] Moxic™.

The batches with the average molecular weight of 7.3 and
8.4 KD weie both designated “nop-toxic”, whereas in the
batch with the average molcealar weight of 22 KDa, 3 ot
of S mice had died at the end of 48 hours, and il was
consequently designated “toxic”.

B InViro
RBL-—Degrmuulation Test

L. Introduction

Histamine (o smrotonin) release from basophile is an in
vitro mode] for immediate mpeqsitivity: The Ral Baso-
phili Leukomis cell s (RBL-2H,) was developsd and
chemciorized a5 # bighly seositive, unifors, sasy o main-
ttin in culture and reprodinzhle systexs (E. L. Basumisa, €,
Iscrsky, M. G. Petrino and R. Pt Sirsganian. Eor. J. Jomsnol,
11, 317 (1961)). The physiclogical stimulus for histumine
release fqvolves binding of the antigen 1o membrane-bousd
TgE mokeules, resulting in the inticr*s croes-linking and the
consequent Iriggering of an iotricats. biochemical cascade.
Beside. these physiological, imirmpoglobulin-mediated
triggers, degramulation can be indhioed by different pon-IgE-
synthefic polymers, <,g. polylysine (R. P. Siraganian. Trends
in ical Sciences, Ociober 432 (1983)). The
RBYL degramulation iest is, therefore, msed in order to soroe
out those batches of copolymer-1 which evbke substantisl
degranulation and thus might clicil vadesirable Jocal and/or

io

13

b

3

50

&

into the medinm. The radivactivity in the medium is connted
bya'sdﬂﬂhﬁqnmtermdlhcmhludiohbekdmwin
i into the cells is detormined io the péieted cells.
Percenl degranulation is calculaed as the pareentage of
sexotonin teleased .out of the total incorporated.

. Results

Four baiches of copolymer-1, with svérage molecular
weight betweer 6,250-14,500 were analyzed for both % of
the species with molesular weight over 40 XDa and for
degranulstion of RBL'5. Results are summatized in the
following tible.

Aveage % of speciec with % Serinais
MW, (Dajtoas) MW, over 40 EDw Relepse
5250 <5 124
7,300 <5 no
33,000 -2 559
14,500 »5 618

As can bo seen, when the % of high molccular weight
species i low (<2.5), the % release of serotosin, indicative
of wxyicity, is Jow, and vice vemsa.

EXAMPLE 3
Preparation of Triftaoroscetyl-Copalymer-1

Protected copolymer-1 is prepared a8 described by Teitel-
bawm et 2. Bur. J. lnmun. Vol I p. 242 (1971) from the
N-carboxyanhydrides of tyrosine (18 g), alanins (S0 g),
y-benzyl phitamaie (35 g) and trifluoroacetyllysine: (83 k)
dissolved in 3.5 liters of dioxanc.

The polymerization pracess is initiaed by tke sddition of
0.03-0.02% distirylaine, The reaction mixture is stirred at
room temperature for 24 honrs and then poured into 10 litess
watcr, ‘The product (protected copolymer-1). is filtared,
washed with water and dricd. The removal of the gapma-
benzyl blocking groups from the ghiamate residue s carried
out by treating the protected copolymer-1 with 33% hydro-
bromic seid in glacial acetic acid 31 room temperature for
£-12 bouss with stiring. The product is poured into sxcess
water, filtered, washed apd dricd, yielding ihe
trifleorcacstyl-copelymer-1.

EXAMPLE 4
Prepanition of Trifluoroacetyl-Copolymer-1
Protectid 1 i3 prepired as deseribed by Teitel-

baum &1 al. Fur. I Immua, Vol. 1 p. 242 (1971) o the
N:carboryanhydrides of tyrsine (18¢), alanine (S0 g),
T-benzyl glulamatc (35 g) and triffuorcacetyllysine (33 £}
dissolved in 3.5 litess of dioxane,

The polymerization process is initisted by the addition of
0.01-0.02% di¢thylamine. The reaction mixture is stined al
mtcmpcnﬁmfu%hommdﬂunmdinmlomﬂs
water. The product (protected ‘copojymer-1) & fillered,
washed with water and dried,

Protected copolymer-1 is treated with 33% HBr in acetic
acid which removes the emegu benzyl protécting group from
the 5-carboxylate of the glutamate residue and cleaves the
polymer to smaller polypeptides. The time secded for
obtaining copolymer-1 of mptecular weight 7,000+2,000 M
depends on Lhe.reaction temperature and the size of pro-
tected copolynsr-1. Al temperatures of berween 2028 C.
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 test reacsion is performed on cvery baich st differant time

periods for example, from 10-50 bours, Thc results con-
are calcalaied nd a curve of molecular weight sgaimd time
is drawn. The time necded for obtaining molecular weight
7.000£2,000 Da is calcalated from the corve and performed
onhrge:snalemcﬁnn.m'am:ge,mﬁngu%?.c.me
time period is 17 bours. The procduct is poured inlo oxcess
water, filtercd, washed and dried, yielding the

30 g of trifluoroscetyl-copolymer-1.are dispersed in ) lier
qfw;h;rmwhidnlmgpipuidimmnddsd.mm:e
1¢ stitred for 24 bours at reor temperature and filiered, The
solution of crude copolymer-1 is distriltaned into dialysis
“pags and dislyzed at 10°-20° C. against waler until a pH=8
is attained. It is thien dinlyzed against about 0.3% acefic acid
sod again water until a pHe5.5-6.0 is ohtained. This soln-
tion s then concentrated il 1yophilized to. dryness.

1. Copolymiec-1 having over 75% of it molsr frsction

within the molecular weight range from sbont 2 kDa to
about 20kDa; prepired by a procsss comprising the steps of:
reacting protected copalymer-1 with hydrobromic acid to
form riffuoroacetyl copolymer-1 haviag over 75% of
fiom about 2 kDa 10 about 20 kDa, whercin said

¢ 16-50 bours at & termp

6

reaction takes phoe for a time and at a iemperatare
treating seid triftuoroacetyl copolymer-1 baving over 75%

‘of its molar fraction withia the molecular weight raage

from about 2 kDa to about 20 kDs with aguecus

miperidine sofution 1o fovm copolymer-1 having, over

75% of its molar fraction within the molecaler weight

fange from sboat 2ZkDz to aboot 2A&Da. i
2. 'The copolymer-1 of clsim 1 wherein ssid protected

1 is reacted with pdrobromic acid for about
of aboui 20-28° C.

3. The copolymer-1 of claim 1, whersin said protected
sipolymer-1 is reacted with hydrobromic acid for shout 17
houTs at a temperatiire of about 26° C,

i ¥l copolymer-1 Lisvi ; over 75% of its

4 i
15 moler fraction within the molecnlar weight ringe from about

3 kDa to about 20 kD, produccd by a process comprising:
the steps of feacting potecied copalymer-] with bydmbro-
mk:icﬂlﬁrlﬁmud'llumpmpndﬂnmﬁwdby
test reaction.

5. The wrifnocoacety] copolymer-1 of claim 4 wherein
said protscted copolymer-1 is reactid with hydrobromic acid
for about 10-50 hours at a lemptraturs of sbowt 20-28° C.

6. The trifnoroscetyl copolymer-1 of claim S wherein
saidprotected copolymer-1 is reacted with hydrobromic acid

25 for about 17 howrs af a emperature of shout 26° C.
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1 2
COPOLYMER-1 IMPROVEMENTS IN haviog a molscular weight of over 48 kilodalons (KDa).
COMPOSITIONS OF COPOLYMERS Preferably, the composifion contains Jess than 5% of species
of copolymer-1 baving & molécular weight of 40 KDa or
This is a contivnation of Sor. No.  more. Mo preferably, the composition contains kss than

QY/SI0 A6, fied Feb, 22, 2000, now US. Pat. No. 6,362,
163, which is 3 contiouation of US. Ser. No. 09/032,334
filed Feb, 27, 1998, now US. Pat. No. 6,048,898, which is
ammnonofU.S.Ser.Nn OB/447,146, fled May 22,
1995, now U1.S. Pat. No. 5,800,808, which is a continaation:
m—panufUS.SuNo 08/344,248, filed Nov. 23, 1994, now
sbaniloned, which is 2 continnation of U.S. Sez No. 08/248,
037, filed May 24, 1994, now abandomed.
BACKGROUND OF THE INVENTION
Copolymer-1 is a synthetic polypeptide snilog of myelin
basic protein (MBP), which is & namral component of the
mynhnshul.b.lthasbwnsumsled as a poiential thera-
egeat for mmltiple sclerosis (Eus. J. Immunol. [1571]
1:242; and J. Newrol. Sci. [1977] 31:433). All references
ciled herein are hemby incorporated by rofercnce in their
entirety, Inierest in copolymes-1 as an inmunotherapy for
muaiple sclerosis stems from chacavatioas first made in the
195(!s thar myelin components such as MBF prevent or
aresl experimental sutoimmune encaphalomyekbilis (EAE).
EAE is a disease resembling multiple sclerosis that cen be
induoid in susceptible animats,
Copolymer—i wae developed by Drs, S¢la, Amon, and
their co-workers at the Weizmann Institute Israel).
It was shown 1o suppress EAE (B I rmml.[um]
1:242; 1.S. Pat. No. 3,849,550). More recently, copolymer-1
was shown to be beneflcisl for patieais with the
emmmmmﬁnmofmﬂnplssdzmmm
1. Med. [1987] 317:408). Patients treated with daily injec-
tions of copalymer-1 had fewer exacerbations snd smaller
increases in their disabilify states than the cintrol patients,
Copolymer-1 is 4 mixture: of polypeptides compased of
alanine, phramic acid, lysioe, and tyrosine in a molar ratio
of approximately 6:2:5:1, réspectively. Tl is. synthesized by
chemically polymerizing the fonr amine acids forming prod-

ucts with average molsenlar weights of 23,000 daltons (U.S.

Pat. No. 3,349,550).
It is #n object of the presemt imveniion to provide an
improved contposition of copolymer-1.
SUMMARY OF THE INVENTION

The present invention relates to a composition of
coptilymer-1 substantially froe of species of copalymer-1
having a molecular weigh! of over 40 kilodaltons (KDa).

The invention further mclates o 2 copolymer-1 having
over 75% of its molar fraction within the molecular weight
range from abont 2 KDa to about 20 KDa

In addilion, the invention relates to a copolymer-1 having
an average molecular weight of about 4 to about 8.6 KDa,

Moreover, the iovention reintes fo 4 pharmaceitical com-
position and a method for the. treatment of multiple sclecosis,
using the sbove-discussed copolymer-1.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 displays he molecular woight distribution of thrve
batches of copolymer-1, showing the propoition of species
with molscular weight above 40 KDa. FIG. 2 shows similar
dlita relating o the molar fction.

DETAILED DESCRIFTION OF THE
INVENTION

The present iavention relates to & composition of
copolymer-1 substemislly Gee of spedics of copolymer-1

n

25

35

45

30

55

2.5% of species of copolymer-1 baving a molecular weight
of 40 KDa, or more.

The. invention farther relaies 1o 2 copolymer-1 having
omﬁ%ofﬁmmmmmmw
w&mmzmmmmm

In addition, the inveation relates o a er-1

having
am average molecnlar weight of sbout 4.to about B.6 KDa;

In particular, the invention relates to a-copolymes-]1 having
anavangnmlemlzwmghidabwl‘lm:bmamm

a copolymer-1 having an average molecular weight of about
625wnbnm84!ﬂ)n.

Copolymer-1, sccording (o the present iavention, may be
prepared by methods known in the art, for cxample, the
process disclnsed in U.S. Pat, No. 3,849,550, wherein the
N-carboxyanhydrides of tyrosine, alamine, y-benzyl

ghntamise and E-N-triflnor-scetyllysing are polymerised at

ambient iemperature in mhydroks dioxane with disthy-
hmiueummdebb&ngnfth:yparbmlgmup
of the glutamic acid is cifected by hydrogen bromide i
glacial acefic acid and is followed by the removal of the
trifiuoroacetyl groups from the Iysine residues by IM pip-
‘eridine. For lhs purposes of the applicalion, the kmms
“smbignt temperatire” and “room temperatyre” should be
undersiood 1o mean s temperature rngig from about 20 o
about 26* C.

The copolymer-1 with the molecular woight
profile cas be ehiained cither by mulhndskmwnpcrse.
Swhmathodsmdudachm&ogrq:hydmpnimlmn-
taining high molecular weight species and collecting the
fractions without the undcsired species or by partial acid or
cazymatic bydiolysis 10 remove the high moleculsr weight
specics with subsequent pwrification by dialysis or ulirafil-
tration. A farther method to obtain copolymés-1 with the
desired molecular weight profile is by préparing the desired
obtain the sorzect specics directly vpon removing the pro-
tection. mmmpmmmnfmepmmsnﬁmmqbe
formulated by conventional methods known in the art.
Preferably; the composition is lyophilized and formed mto
a0 agueons sohutin suitable for sub-cutancovs injechion.
Altemnatively, copolymer-1 muy be formulated in any. of the
forms known in the art for preparing oral, nasal, buccal, or
rectal Foromlations of peptidé drugs.

Typically, copolymer-1 is administered daily 1o patients
suffering from pmltiple sclerosis at a ‘dosage of 20mg.

The ipvention will be exemplified but pol pecessarily
Yorited by the following Exarmmles.

EXAMPLE 1

Chromatographic method of preparation of low-oxicity
copolymer-1 Two batches of copolymer-1 were proparcd
acoording te the methods known in the art, for cxample, US.
Pal. No. 3,849,550

One baich was then subjected to chromatographic
separstion, as described below.

A column for ge) filtration, FRACTOGEL TSK HWSS
(50026 ) was prepared in a Superformance 26 Morck
cartridge according to the manufacturer’s instructions. The.
coligm was equilibratcd with watér snd acetope sollion
was jnjecied for total volome -detexmination. The column
was equilibrated with 0.2M ammonium acetate buffer pH
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5.0 30 ml copotymer-1 samples (20} mg/ml, in 0.2M ammoa-
ninm acetate pH 50) were loaded on the column and
fractions wers collecicd every 10 mimniss, A fraction hiaving
an average molecular weight of 7-8 KD was isolated
botween 120-130 mimites (Batch A)

UV shsorbance at 275 men was-detenmined in 8 UVIKON
§10 spectropholomeler. Sumples were diluted 1o chiain 2 UV
shsorbance lower than 1 AbsSuption Unit. The molecular
distribution of the 2 butches was determined on & calibraied
gel filtration column (Stperose 12).

Copolymer-1 baich A was found to bave an sworage
molecular weight of 7-8 KDa. 2.5% of this Batch had 2
moleculsr weight above 32 KI'a, but no copelymer-1 spe-
ci#s present in this batch had a malecular weight of over 40
KDz,

The other batch of copolymer-1 which was-pol subjected
16 chiomatography, had an average molecnlir weipht of 12
KDa. 2.5% of the batch had .a moleculsr weight above 42

KDa ard 5% of the total copolymer-1 species in this batch

had a molecular weight of over 40 KD,
EXAMPLE 2

Toxicity Analsi

A: In Vive

Three batches of copolymer-1 having an sverage molecalsr
weight of 7.3 and 8.4 KDa (Jess than 2.5% copolymer-1
species over 40 KDa) and 22 KDa {moré lban 5%
capolymer-1 species gver 40 KDa) were sabjecied o the
toxicity test described below. In cack case S mice were used
in each cxperimental group.
Method
-1 was dissolved i distitled water 1o yield 2

solution of 2 mgAnl of the active gredient. Each mousc
was.injecied with 0.5 mil of the test solution into the lators]
1ail vein. Mice were cbaerved for mortality and relevant
¢linical signe over a 48 hour perind, Obscrvalions wers
recorded 10 mimtes, 24 hours and 48 hours post-injection.
If, 2t the ciad of 48 hours, a1l the animals were alive and 10
advorse signs had been observed, then the baich was des-
ignated “non-toxic™. I, however, one or more-of the mice
hid died or had shown adverse signs, then the batch was

The batches with the average moloculsr weigtit of 7.3 and
‘8.4 KDa were both designated “non-ioxic”, whereas in ihe
hatch with the average molecular weight of 22 KDa, 3 onl
of 5 mice had died at the end of 48 hows, and it wis
-consequent]y designated “toxic”.

Histamine (or serotonin) micase from basophile is 2n in
philic Leukemia cclt line (RBL-2H,) was developrd nd
chigracterized as 2 highly sensitive, uniform, casy to maio-
1ain jp cufture and roproducible system (E, 1. Basumiag, C.
lsersky, M. G. Petrino and R. P, Siraganisn, Bar. J. Immunol.
11, 317 (1981)). The physiclogical stimulus for histamine
releanc involves binding of the apligen to membrane-hound
1gE malecules, msulting in the latter's cross-linking and the

Beside these physiological, jmmnmoglobulin-mediated
miggers, degranniation can be indpced by different non-IgE-
syathetic polymers, ¢.g. polylysine (R- P. Sirsganian. Trends

in Pharmacological Scicaces, October 432 (1983)). The -

RBL degramulation fest is, therefiore, used in order 1o scroon
.oul those basches of copolymer-1 which evoke substantial
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Jepramilation and thes might eficit nndesirable local 20d/or

systemic side cffects.

1L Principls of the Tost Method

Rat Basophilic Leunkemia cclls (RBL-2H,), xmo loaded
with ["H}-serotoin, followed by incubation with 100 g of
the copolymer-1 to be.iested. Batches of copolymer-1 whch
indece mop-specific degraoulation, rekease [°H i
into the medinm. The radioactivity i the medium is ocunted
by 2 scintillation counter xnd the total adiclabeled serotonin.

incorporated into the.colls is determined in the pelisted cells.

Percent & jont i calculated as the percentage of
serotonia teicased out of the total incorporated.
IL Regults

Four baiches of copolymier-1, with average molecular
weight between 6,250-14,500 were antlyzed for both % of
the spesies with moleculsr weight over 40 XDa »and for
degrapnlation of RBL's, Results are stmmariyed in the
followmg table,

Awvezge %.of species with % Serolonin
MW, (Daltoaz) MW, ovar 40 KD Releasc
6,250 <25 TZ4
7300 2.5 210
13400 o8 659
4,500 =5 6578

AS cad be scan, when the %. of high molscular weight
specics is fow (<2.5), thie % relcase of serolonin, indicatve
of toxicity, is low, and vice verss.
) EXAMPLE 3

Preparation of Triluoroacetyl-Copolymer-1 _

Protecicd copolymer-1 is prepared as described by Teitel-
baum ¢t al Ear. J. Tmoun, VoL, 1 p. 242 (1971) from the-
N ides of tywsine (I8 g), almine (50 g),
y-benzyl ghitamate (35 g) and rithworoacctyllysine (83 g)

dissolved in 3.5 titers of dioxane.

“The polymerization proouss is initiated by. the addition of
0.01-0.02% dicthylamine, The reaction mixiure is stirced at
wiicr, The podoct (protocted copolymer-1) & filtersd,
washed with water and dried. The removal of the gamma-
benzyl blocking groups from the gintamate rosidue is carried
it by treating the protecied copolymer-1 with 33% hydro-
bromic acid in glacial scetic acid at room. temperators for
6-12 houzs with sliming. The product is poured into excess
water, filtered, washed and dried, yitlding the
riflnoroscetyl-copolymer-1.

_ ~ EXAMPLE4
Preparation of Triflueoroacetyl-Copalymer-1

Protecied copolymer-1 is prapared as described by Tritel-
bamn ¢l al Euc J. Imenm. Vol, 1 p. 242 (1971) from the
Ncarboxyanhydrides of tyrosioe (18 g), alanine (0 2,
T-benzy! glutamiate (35 ) and trifinoroacetyllysine (83 2)
dissalvid in 3.5 liters of ditorane. _

The polymerization procoss is initiated by the-addition of
0.01-0.02% diethylaming. The reaction mixture is stirred at
Foomm temyperature for 24 hours and ihen poured into 10 liters
water. The product (prolecied copolymer-1) is fltercd,
washed with water apd dried.

Protecicd copolymir-1 is: tréated with 33% HBr in acetic
arid which removes the cinega benzyl protecting growp from
the 5-carboxylate of the plutamate msidue and clesves the
polymer -to smafler polypeptides. The- time needed for
obtaiming copotymer-1 of molecular weight 7.00042,000 Da
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depends on the. reaction teayperatere and the size of pro-
tected copolymer-1. Al ismperatures of botween 20-28° C.
a lest reaction is performed on every batch at differem time
periods for cxample, from 10-50 hours.

The resulls concerming the molecular weights of these
small scale reactions are calonfated and a curve of molecular
weight against time s drawn. The time needed for obtaining
mol:cular'wmght?,mOzZ,maDa:suhlamdﬁomthc
curve aod p ‘on larger scale reaction. On average,

wmkmgntZﬁ'C the time period is 17 houss. The produet

is poured imto excess water, filtered, washed and drisd,
yleldmglhemﬁummctyl—mpalyml
Preparation of Low-Toxicity Copolymer-1

20 g of wifluoroacetyl -copolyrner-1 are dispersed in 1 liter
of water 16 which 100 g piperidine are’ added. The mixture
nmedforzébmummnmwﬁ}mm
solution of crude copolymer-] is distdbmted into dialysis
bags and didlyzed at 10°-20° C. against waiter until a pH=-8
mmmd.lt:sthmd;ﬂymdagmﬂabomﬂsfﬁmucmd

and aguin water uotll a pHa55-6.0 is obleined. This solu- :

ﬁonisﬂ:eﬂmn‘oenuﬂedandlyuphﬂimd 1o dryness,

Whal is-cleimed is:

1. Capolymer-1 having a molamhrwczghtofnbaut'ho
about 9 kilodiltons, made by & process comprising:.

Ireiting triftnorciacetyl copolymer-1 with aqueous piperi-

die to form & solution of copolymer-1; and

purifying copolymer-1, théreby. producing copolymer-1

baving & moleculir weight of sboat 4 to shout 9
kilodaltons.

2. Copolymcr—_lmdeby!hep_rowssofdaim 1, wherein
the process further comprises reacting protected
copolymer-1 with hydrobromic acid lo. form triftuoroacetyl
copolymer-1.

5

30

6

3. Copaloymer-1 made by the process of claim 2, wherein
the hydrobeonic acid comprises about 33% hydrogen bro-
mide jo scotic asid. '

4. Copolymer-1 made by the process of clsim 2, wherein
the process furthér comprises polymerizing
N-carboxyanhydride derivatives te form protected
copolymer-1.

5. Copolymér-1 made by the process of claim 4, wherein
the polymerizing siep comprises providing a dicthylamine

6. Copoloymer-1 made by (he process of dlaim 1, wherein
the procese: farther comprises sdding acetic acid. sabsegquent
10 the treating step.

7. Copoloymoes- lmadebylhcpmoeasofcluml.wbemn
the purfying siep comprises filiration.

8. A wethod of manufacturing trifiuoroacetyl copalymeor-1
baving a predetermined moleailer weight profile, compris-
ing the stcps of:

selecting 2 predetcimined molecular weight profike, and

then

reacting protected copolymer-1 with hydrobrommic acid at

about 26° C. for a time predetermined by test reaction
to provide trifivoroacety] copolymer-1 having the pre-
determined malecular weight profile.

9. The method of chim 7, fariber comprising a step of
treating the trifiuoroacely] copnloymer-1 having the prode-
wirmined molecular weight profile with aqueous peperidine
solution 1o form copolymer-l having the predetenmined
molecular weight profile.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,620,847 B2 Pegelof 1
DATED : September 16, 2003
INVENTOR(S) :Konfinoetal.

It is cartifiod that error appears in the aliove-identified patent and that sald Letters Patent is

hereby comactad as shown below:

Title pa em [54 _plumn

Title, change “COPOLYMER 1 Il\mROVEMENTS" to — COPOLYMER-1:
IMPROVEMENTS --

Line 5, change “flied” to — filed —.

Column -

Lines 56 and 57, “chromatographic .. copolymer-1 .......... * place on separate ine as
subheading for Example 1.

Column 3,

Line 23, change “Analgis” to -- Analysis —

Column 4,

Line 37, change “tritluoroacetyiiysine” to — trifluoroacetyllysine -

Columm 6

Lines 1, 12 and 15, change “Copoloymer™ to — Copolymer —
Line 16, change “purfying” lo - purifying —

Line 28, change “copoloymer™ to — copolymer -

Line 29, change “peperidine” to - piperidine —

Signed and Sealed this

Ninth Day of November, 2004

JON W. DUDAS _
Direcior of the United States Patent and Trademirk Office




