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For their Complaint against Defendants Cipla Ltd. (“Cipla™) and Byron Chemical Co.,

Inc. (“Byron™), Plaintiffs Teva Pharmaceutical Industries Ltd. (“Teva Ltd.”) and Teva

Pharmaceuticals USA, Inc. (“Teva USA™) allege as to their own acts, and on information and

belief as to the acts of others, as follows:
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THE PARTIES

1. TevaLtd. is a corporation organized under the laws of Israel, and maintains its
principal place of business at 5 Basel Street, Petah Tigva 49131, Israel.

2. Teva USA 15 a Delaware corporation with its principal place of business located at
1090 Horsham Road, North Wales, Pennsylvania, 19454-1090. Teva USA is a wholly-owned
subsidiary of Teva Lid.

3. On information and belief, Cipla is an entity organized and existing under the
laws of India, and maintains legal and administrative headquarters at 289 Bellasis Road, Mumbai
Central, Mumbai 400 008, India.

4, On information and belief, Cipla has entered into a string of supply contracts with
generic drug companies in the United States, and the bulk of Cipla’s export sales is derived from
the United States.

5. On information and belief, Byron is a New York corporation having a principal
place of business at 40-11 23rd Street, Long Island City, NY 11101.

6. On information and belief, Byron operates primarily as an importer of active
pharmaceutical ingredients, representing various international manufacturers and distributing
their products within the United States.

7. On information and beliet, Byron acts as Cipla’s United States regulatory and
sales agent. Cipla and Byron collectively will be referred to hereafter as “Defendants.”

NATURE OF THE ACTION
8. This is an action for patent infringement arising under the Patent Laws of the

United States, 35 U.S.C. § 1, et seq., and seeking damages and injunctive relief under 35 U.S.C.

R
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§§ 281-285.
JURISDICTION AND VENUE

9. This court has jurisdiction over the subject matter of this action pursuant to 28
U.5.C. §§ 1331 and 1338(a), and the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and 2202.

10.  This Court may declare the rights and other legal relations of the parties pursuant
to 28 U.S.C. §§ 2201 and 2202 because this is a case of actual controversy within the Court’s
jurisdiction.

11, The Court has personal jurisdiction over Cipla because of its continuous and
systematic contacts with the United States, including the state of New Jersey, by itself and
through 1ts regulatory and sales agent Byron.

12. The Court has personal jurisdiction over Byron because of its continuous and
systemaltic contacts with the state of New Jersey. On information and belief, Byron represents
various international manufacturers, imports active pharmaceutical ingredients, and distributes
products within the United States, including the state of New Jersey.

13. Venue is proper in this judicial district based on 28 U.S.C. § 1400 (b) and/or 28
U.S.C. § 1391 (b), (¢) and (d).

BACKGROUND
The Patents In Suit

4, Teva Litd. is the owner of all right, title and interest in United States Patent Nos.
6,600,073 (“the "073 patent”), 6,500,987 (“the 987 patent™), 6,495,721 (“the '721 patent™), and
6,897,340 (“the "340 patent”; collectively, “the patents in suit”) relating to, inter alia, methods

for manufacturing certain crystalline forms of a chemical compound known as sertraline

-3-
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hydrochloride. Two of these crystalline forms of sertraline hydrochloride are known as “Form
II” and “Form V.”

15, The 073 patent was duly and legally issued by the United States Patent and
Trademark Office ("PTO”) on July 29, 2003 for an invention entitled “Methods for Preparation
of Sertraline Hydrochloride Polymorphs.” A copy of the *073 patent is attached as Exhibit A.

16. ‘The *987 patent was duly and legally issued by the PTO on December 31, 2002
for an invention entitled “Sertraline Hydrochloride Polymorphs.” A copy of the *987 patent is
attached as Exhibit B.

17. Both the 073 patent and the *987 patent claim, inter alia, processes for
preparation of sertraline hydrochloride Form V.,

18. The °721 patent was duly and legally issued by the PTO on December 17, 2002
for an invention entitled “Sertraline Hydrochloride Form II and Methods For the Preparation
Thereof.” A copy of the "721 patent is attached as Exhibit C.

19. The "340 patent was duly and legally issued by the PTO on May 24, 2005 for an
invention entitled “Processes for Preparation of Polymorphic Form Il of Sertraline
Hydrochloride.” A copy of the *340 patent is attached as Exhibit D.

20. The *721 and "340 patents claim, inrer alia, processes for the preparation of
sertraline hydrochloride Form I

Plaintiffs’ Generic Exclusivity

21 Sertraline hydrochloride is a pharmaceutical compound useful in the treatment of

depression. It is the active pharmaceutical ingredient (“API”) in the product sold by Pfizer Inc.

under the trade name ZOLOFT. Teva USA sells generic sertraline hydrochloride tablets in the

-4
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United States that are manufactured by Teva Ltd.

22 Pursuant to the Food, Drug and Cosmetic Act, 21 1.5.C. § 301 et seq. (1994)
(“the Act”™), Teva USA filed Abbreviated New Drug Application (“ANDA”) No. 76-465 with the
United States Food & Drug Administration (“FDA”) for permission to market its generic
sertraline hydrochloride tablets in the United States.

23. Ivax Pharmaceuticals, Inc. (*Ivax™), a separate wholly-owned subsidiary of Teva
Lid., filed ANDA No. 75-719 with the FDA, also seeking permission to market generic sertraline
hydrochloride tablets in the United States.

24, Ivax’s ANDA was approved on June 30, 2006. Under § 355(j) of the Act, Ivax
obtained a limited period of exclusivity from the FDA for its generic sertraline products in the
United States. Pursuant to this exclusivity, the FDA will not approve any other ANDA, for
generic sertraline hydrochloride tablets for a period of 180 days from the date Ivax first
commercially marketed a product under its ANDA, This exclusivity period expires on February
6, 2007, i.e., the FDA may grant final approval to other ANDA holders beginning on February 7,
2007.

25.  Ivax has selectively waived its exclusivity period with respect to Teva USA’s
ANDA No. 76-465. Following this selective waiver, the FDA granted final approval to Teva’s
ANDA on August 11, 2006.

Defendants’ Imminent Infringement of the Patents In Suit

26.  Under the Act, ANDA holders must provide detailed information to the FDA

about how the APl to be used in their proposed generic products will be made. Suppliers of API

typically are reluctant to disclose confidential information about their manufacturing processes to

-5-
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their customers. Such API suppliers typically submit this confidential information directly to the
FDA in the form of a Drug Master File (“DMF”), which the FDA keeps on file. Customers of
the API supplier who file ANDAs may then reference the DMF in their ANDAs. Upon receiving
an ANDA referencing a DMF, the FDA will separately review the DMF as part of the ANDA
approval process. Accordingly, the act of filing a DMF indicates the present intent of the filer is
to supply API to at least one ANDA holder.

27. On information and belief, Cipla has filed three DMFs for sertraline hydrochloride
with the FDA, including DMF Nos. 18405, 17317, and 14437,

28.  Oninformation and belief, Cipla’s DMF No. 18405 is directed to Form |
seriraline hydrochloride, DMF No. 17317 is directed to Form I sertraline hydrochloride, and
DMF No. 14437 is directed to Form V sertraline hydrochloride.

29. Cipla currently supplies sertraline hydrochloride to Ivax. On information and
belief, Defendants plan and intend to supply sertraline hydrochloride API to one or more third
party ANDA holders, with the knowledge and intent that the third party ANDA holder(s) will
engage in the commercial importation, manufacture, use, sale and/or offer for sale of generic
sertraline hydrochloride tablets in the United States. Plaintiffs have made a reasonable effort to
determine the identity of the third party ANDA holder(s) that Defendants intend to supply.
Currently, Plaintiffs are unable to obtain from a public source any information regarding the
entities that Defendants intend to supply.

30.  Oninformation and belief, Defendants plan and intend to supply the third party
ANDA holder(s) with the knowledge and intent that the third party ANDA holder(s) will engage

in the activities described in paragraph 29 immediately upon receiving final approval of the

-6-
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ANDA(s) by the FDA, and that said approval will occur shortly after Ivax”s exclusivity period
expires. | |

31. On information and belief, Defendants plan and intend to supply the third party
ANDA holder(s) with the knowledge and intent that the third party ANDA holder(s) will engage
in the activities described in paragraph 29 prior to the expiration of the patents in suit.

32. On information and belief, Defendants plan and intend to import sertraline
hydrochloride into the United States for sale to third party ANDA holder(s).

33. On information and belief, Defendants’ sertraline hydrochloride AP is or will be
made by a process that iniringes one or more of the claims of the patents in suit. Accordingly,
Defendants’ plans and intentions to import and sell sertraline hydrochloride API in the United
States constitute imminent, threatened acts of infringement under 35 U.S.C. § 271{g), which give
rise to an actual controversy over which this Court may exercise jurisdiction.

34, On information and belief, Defendants’ plans and intentions to supply sertraline
hydrochloride AP to third party ANDA holder(s) outside of the United States for incorporation
into products that they know will be imported and sold in the United States constitute imminent,
threatened inducement of infringement under 35 U.S.C. §§ 271(b) and (g), which gives rise to an
actual controversy over which this Court may exercise jurisdiction.

33, On information and belief, Defendants’ sertraline hydrochloride API is Form II or
Form V. On information and belief, sertraline hydrochloride Forms I, I and V are the only
crystalline forms for which Cipla has submitted DMFs. On information and belief, Form 1 is

claimed by an unexpired United States patent assigned to Pfizer Inc., and thus it is unlikely that

Defendants will attempt to market AP containing that polymorph to customers intending to sell
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products in the United States.

36. On information and belief, Plaintiffs are not aware of any commercially viable
process to manufacture Form V sertraline hydrochloride that is not covered by one or more
claims of the "987 patent and/or the "073 patent. Thus, on information and belief, there is a
substantial likelihood that Defendants’ sertraline hydrochloride AP, if Form V, is or will be
made by a process that infringes one or more claims of the *987 patent and/or the *073 patent.

37.  Oninformation and belief, given the scope of Teva Ltd.’s patent rights to methods
of making Form II, there is a substantial likelihood that Defendants’ sertraline hydrochloride
APL, if Form I, is or will be made by a process that infringes one or more claims of the 721
patent and/or the ’340 patent.

38.  Cipla’s international patent publication number WO 2005/047229 A2, dated May
22, 2005, which sets forth proposed methods and examples for making Form V and proposed
methods and examples for making Form I1, further supports that Defendants® API, whether Form
Il or Form V, will be made by a process that infringes one or more claims of the patents in suit,

39.  Plaintiffs have made a reasonable effort to determine the process by which
Defendants’ sertraline hydrochloride AP is or will be made. Currently, Plaintiffs are unable to
obtain from a public source any information regarding the method used to manufacture
Defendants” APL. On November 22, 2006, Teva Lid. notified Defendants of the existence of the
patents in suit and requested a description of the manufacturing process used to by Defendants to
make the APL. In order to protect the confidentiality of Defendants’ information, Teva Ltd.

offered to enter into a confidentiality agreement.
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40. Defendants have not responded to Teva Ltd.’s requests for information relating to
their manufacturing process despite Teva Ltd.’s offer to review any material subject to a supplied
confidentiality agreement.

41.  Further, Plaintiffs have been unable to obtain from a public source samples of the
API Defendants are selling, or intend to sell, to the third party ANDA holder(s) they are
supplying or will supply. However, on information and belief, even if Plaintiffs had been able to
obtain samples of Defendants’ API from a public source, Plaintiffs are not aware of any
analytical technique or combination of techniques that could be used to definitively establish that
the API was made by one or more of the methods claimed in the patents in suit. For this reason,
Plaintiffs cannot conclusively determine whether Defendants’ AP infringes the patents in suit
unless and until Defendants disclose to Plaintiffs the method by which the API is made.

42, In the absence of a sufficient response from Defendants, Plaintiffs have no choice
but to resort to judicial process and the aid of discovery to obtain, under appropriate judicial
safeguards, the information required to confirm their beliefs as to infringement and to present to
the Court evidence that Defendants will infringe the patents in suit.

43, On information and belief, Defendants’ infringement will ﬁe willful and
deliberate.

44.  Asadirect and proximate consequence of the planned and intended infringement
by Defendants, Plaintiffs will be injured in their business and property rights unless the
infringement is enjoined by the Court, and will suffer injury and damages for which they are

entitled to relief.
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COUNT 1
DECLARATORY JUDGMENT OF PATENT INFRINGEMENT

45.  The allegations of paragraphs 1 to 44 are incorporated by reference as if fully set
forth herein.

46.  The importation, sale and/or offer to sell by the Defendants of their sertraline
hydrochloride API pursuant to DMF Nos. 18405, 17317, and 14437 will infringe one or more
claims of the 073, "987, "721 and/or *340 patents under 35 U.S.C. § 271.

COUNT 11
DECLARATORY JUDGMENT OF INDUCEMENT OF Patent Infringement

47. The allegations of paragraphs 1 to 44 are incorporated by reference as if fully set
forth herein.

48. The supply of sertraline hydrochloride AP pursuant to DMF No. 18405, 17317,
and 14437 by the Defendants to third party companies who will engage in the importation, sale
and/or offer to sell of products made with that API will induce the infringement of one or more
claims of the "073, "987, 721 and/or "340 patents under 35 U.S.C. § 271.

PRAYER FOR RELIEF
WHEREFORE, Plaintiffs pray for the entry of a judgment from this Court:
a. Declaring that the "073, 987, 721 and *340 patents are valid and enforceable;

b. Declaring that Defendants will infringe one or more claims of the *073, "987, *721
and/or "340 patents;

c. Declaring that Defendants will induce infringement of one or more claims of the
’073, 7987, 721 and/or "340 patents;

d. Declaring that Defendants’ infringement and inducement will be willful and that
this is an exceptional case under 35 U.S.C. § 285;

-10-
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e, Permanently enjoining Defendants, their respective officers, agents, servants and
employees, and those persons in active concert or participation with any of them,
from infringing or inducing the infringement of the 073, 987, 721 and ’340
patents;

f. Awarding Plaintiffs damages in accord with 35 U.S.C. § 284;

2. Awarding Plaintiffs their attorneys fees, costs and expenses; and
h. Awarding Plaintiffs such other and further relief as this Court may deem to be just
and proper.
LITE DEPALMA GREENBERG & RIVAS, LLC

7

Allyn Z. Lite / &7

Michael E. Patunas

Two Gateway Center, 12th Floor
Newark, New Jersey 07102
Phone (973) 623-3000

Fax (973) 623-1190

Dated: January 12, 2007

KENYON & KENYON LLP
Steven J. Lee

Robert V. Cerwinski

One Broadway

New York, NY 10004-1050
Phone (212) 425-7200

Fax (212) 425-5288

Attorneys _for Plaintiffs Teva Pharmaceutical
Industries Ltd and Teva Pharmaceuticals USA, Inc.,

-11-
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Plaintiffs, by their attorneys, hereby certify that the matter in controversy is also the

subject of the following action:

Teva Pharmaceutical Industries Lid, et al. v. Pliva Inc., Filed on 1/12/07 DN.I.

The following matters, of which this matter is one, are each being filed in the District of New Jersey on January

12, 2007. Each of the following matters is the subject of the same matter filed as Teva Pharmaceutical

Industries Lid., et al. v. Pliva Inc., and is related to it.

Caption

Teva Pharmaceutical Industries Ltd,, et al. v. Sandoz Inc.

Teva Pharmaceutical Industries Ltd, et al. v. Apotex, Inc., et al.

Teva Pharmaceutical Industries Lid., et al. v. Genpharm Inc.

Teva Pharmaceutical Industries Ltd., et al. v. Invagen Pharmaceuticals Inc.
Teva Pharmaceutical Industries Lid, et al. v, Zyvdus-Cadila Healtheare, et al,
Teva Pharmaceutical Industries Ltd., et al. v. Lupin Limited, et al.

Teva Pharmaceutical Industries Ltd., et al. v. Cipla Ltd., et ai.

Teva Pharmaceutical Industries Ltd., et al. v. Hetero Drugs Ltd.

Teva Pharmaceutical Industries Lid., et al. v. Andrx Corp.

Docket No. Court

Being filed on 1/12/07D.N.I.
Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.NJ.
Being filed on 1/12/07D.N.J,
Being filed on 1/12/07D.N.L

I hereby certify that the following statements made by me are true. I am aware that if any

of the foregoing statements made by me are wilfully false, I am subject to punishment.

i
Dated: January 12, 2007 /}é/%
£ oy
Allyn Z. L;y e

i
H
H

-12-
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LITE DEPALMA GREENBERG & RIVAS, LLC
Allyn 7. Lite .

Michael E. Patunas

Two Gateway Center, 12th Floor

Newark, New Jersey 07102

(973) 623-3000

Of Counsel:

KENYON & KENYON LLP
Steven J. Lee

Robert V. Cerwinski

One Broadway

New York, NY 10004-1050
Phone {212) 425-7200

Fax (212) 425-5288

Attorneys for Plaintiffs Teva Pharmaceutical
Indusiries Ltd and Teva Pharmaceuticals USA, Inc.

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

TEVA PHARMACEUTICAL INDUSTRIES

LTD. and TEVA PHARMACEUTICALS

USA, INC., : Civil Action No.
Plaintiffs,

V.

CIPLA LTD., AND BYRON CHEMICAL
CO., INC,,

Drefendants.

RULE 7.1 STATEMENT
Pursuant to Rule 7.1(a) of the Federal Rules of Civil Procedure, Plaintiff Teva

Pharmaceuticals USA, Inc. hereby discloses that (1) the parent companies of Teva
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Pharmaceuticals USA, Inc. are: Orvet UK Ltd., Teva Pharmaceuticals Europe (Holland) and
Teva Pharmaceutical Industries Ltd. (Israel); and (2) Teva Pharmaceutical Industries Ltd. is the
only publicly-traded company that owns — through the aforementioned chain ~ 10% or more of
Teva Pharmaceuticals USA, Inc.

Plaintiff Teva Pharmaceutical Industries Ltd. hereby discloses that (1) it has no parent
corporation; and (2) no publicly held corporation own 10% or more of its stock.

LITE DEPALMA GREENBERG & RIVAS, LLC

Dated: Januarv 12, 2007

Allyn Z. Lite /
Michael E. Patuf
Two Gateway Center, 12th Fioor
Newark, New Jersey 07102
Phone (973) 623-3000

Fax (973) 623-1190

KENYON & KENYON LLP
Steven I, Lee

Robert V. Cerwinski

One Broadway

New York, NY 10004-1050
Phone (212) 425-7200

Fax (212)425-5288

Attorneys for Plaintiffs Teva Pharmaceutical
Industries Lid and Teva Pharmaceuticals USA, Inc.
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EXHIBIT A
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(12) United States Patent

Document 1-1

A
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66

(i0) Patent No.: US 6,600,073 B1

Schwartz et al. 45y Date of Patent: Jul, 29, 2043
(54) METHODS FOR PREPARATION OF Ip 2000-26379 1/2000
SERTRALINE HYDROCHLORIDE WO WO 99/47486 9/1999
POLYMORPHS WO WOU1/90049 11/200t
(75) Inventors: Eduard Schwartz, Rechovot; Tamar OTHER PUBLICATIONS
Nidam‘, Ychud; Anita Liberman, G.M. Wall, “Pharmaceutical Applications of Drug Crystal
Tel-Aviv; Marloars Mendelovic, Studics”, Pharmaceutical Marufacturing, vol. 3, No. 2, pp.
Rechovot; Judith Arenhime, Rehovot; 3342, Feb. 1986
Claude Singer, Kfar Szha; Evgeni o ) . , .
. J.K. Haleblian and W, McCrone, “Pharmaceutical Applica-
Valdman, Petah Tikva, all of (IL) tions of Polymorphism” Journal of Pharmaceutical Sci-
{(73) Assignee: Teva Pharmaceutival Industries Lud,, ences, vol. 58, No. 8, pp. 911-929, Aug. 1969,
Petah Tigva (IL) J.K. Haleblian, “Characterization of Habits and Crystalline
' Muodification of Solids and Their Pharmaceutical Applica-
{*) Notice:  Subject to any disclaimer, the term of this tions”, Journal of Pharmaceutical Sciences, vol. 64, No. §,
' patent is extended or adjusted under 35 pp. 1269-1288, Jub. 1975,
U.S.C. 1534{b) by 0 days. Welch, et al., “Nonfriczlic Amtidepressant Agents Derived
from cis-and trans-I-Amine—f—aryltetralins”, Jowrnal of
{21} Appl. No.: 09/586,842 ﬁiedicinal Chemisiry, vol. 27, No. 11, pp. 1508-15135, Feb.
14, 1984,
{22} Filed: Jun. 5, 2000
Primary Examiner—-8amuel Baris
Related U.S. Application Data (74} Attorney, Agent, or Firm—FEenyon & Kenyon
(63) Contipustion-in-part of application No. 05/448,985, filed on 7 ABSTRACT
Nov. 24, 1999,
‘ 7 Novel methods for the preparstion of sertraline hyvdrochio-
{(31) Imt. C!, CmCé:gﬁ ride Forms III, V, VI, VI, VII, IX and X are disclosed.
(52) {i.S. Cl 1 - J ACOOfd]ﬁg to the present inventic}n, seriraline hydrociaioride
(58)  Mield of Search ..o 5647308 Form ITE may be produced by heating seriraline hydrochlo-
. Ref Cited ride Forms V and V1. Sertraline hydrochloride Forms V and
(56) lerences VI may be produced from either sertraline hydrochloride or
LS. PATENT DOCUMENTS sertraline base by crystailization. Sertraline hydrochioride
) Form VII may be produced by suspending sertraline chlo-
4536518 A 8/1985 Welch, Jr. et al. ride polymorph V in water, followed by filtration. Sertraline
508297 A 171992 Rraish hydrochloride Forms VIH and IX may be produced by
3,248,699 A 971993 Sysko of ul . .
463126 A 10}1995 Williams suspending sertraline base in water followed by acidification
573408 A 3/1998 Wilson cf al and filiration, Sertraline hydrochloride Form X may be
5:452:@54 B2 %002 Aronhime et al. produced by suspending sertraline hydrochloride in benzyl
alcohol with heating, followed by filtration.
FOREIGN PATENT DOCUMENTS
p 2000-26378 112000 25 Clalms, 16 Drawing Sheets
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U.S. Patent Jul. 29, 2003 Sheet 3 of 16 US 6,600,073 B1
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U.S. Patent Jul. 29, 2003 Sheet 5 of 16 US 6,600,073 B1
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METHODS FOR PREPARATION OF
- SERTRALINE HYDROCHLORIDE
POLYMORPHS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This applcation is a continsation-in-part of copending
application Ser. No. 09/448,985 filed Nov. 24, 1999, the
contents of which are jncorporated by reference.

FIELD OF THE INVENTION

The present invention relates to novel, reproducibie meth-
ods for the preparation of crystalline forms of seriraline
hydrochioride Forms III and V through X, as well as the
preparation of an amorphous form of sertraline hydrochio-
ride,

BACKGROUND OF THE INVENTION

Sertrafine hydrochloride, {15-cis)-4-(3,4 dichlorophenyl)-
1,2,3,4-tetrabhydro-N-methyi-l-naphthalenamine
hydrochloride, having the formula

NHCH;

O‘ "
(-

Ci

Cl

is approved, under the trademark Zolofi®, by the U.S. Food
and Drug Administration, for the treatment of depression,
obsessive-compulsive disorder and panic disorder.

U.S. Pat. No. 4,536,518 (“the '518 patent”) describes the
prepargiion of seriraline hydrochlorde with a melting point
of 243-245° (., by treating an ethyl acetate/ether solution of
the free base with gaseous hydrogen chloride. The solid state
properties of the sertraline hydrochloride so produced are
not otherwise disclosed.

According to U.S. Pat. No. 5,248,699 (“the '699 patent”),
the sertraline hydrochloride produced by the method of the
'518 patent has a crystalline form denominated “Form 117
The "699 patent discloses four other polymorphs 1, 111, TV,
and V, and characterizes them by single crystal x-ray
analysis, powder x-ray diffraction, infra-red spectroscopy,
and diffcrential scanning calorimetry. The 699 patent
reporis that Form 11 is produced by rapid crystallization of
seriraline hydrochloride from an organic solvent, including
isopropy! alechol, cthyl acetaie or hexanc, and gencrally
describes methods for making serraline hydrochloride
Forms I-V. According to this patent, the preferential forma-
tion of Forms L, H or IV in an acidic solution consisting of
isopropyl alcohol, bexane, aceione, methyl isobutyl ketone,
glacial acetic acid or, preferably, cthyl acetate, depends on
the rapidity of crysiallization. Form | is deseribed as heing
made by crystallizing sertraline hvdrochloride in an acidic
sulution using an orgaeic solvent such as those listed above.
The crystallization of Form 1 is camricd out at a temperaturce
from about 20° C. 1o about the solvent reflux temperature,
preferably from about 40° 1 60° C. The only method

peit]

kY

35

60
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described in this patent for making Forms Il and 1V is by the
rapid crystallization of sedraline hydrochlonide from an
prganic solvent such as these listed above, Slow crystalli-
zation or granulation of sertraline hydrochloride is said to
produce Form I Form I is described as being formed by
keating Forms 1, 11 or 1V 1o temperatures above about 180°
C. Granulating cither of Forms IL, IH or IV in any of the
solvents listed above at a temperature from about 40° C. to
60° (. is said 1o cause conversion to form | The only
method described in this patent for making Form V is by
sublimation of sertraline hydrochloride Form I at reduced
pressure and at a temperature from about 180-190° C.
However, in our hands attempls to repeat this procedure to
obtain Form V have been uasuccessful.

SUMMARY OF THE INVENTION

The present invention relales to a process for making
sertraline hydrechloride Form 'V comprising the steps of:
dissolving or suspending sertraline hydrochloride in a saijt-
able solvenl; removing the solvent; and drying o form
sertraline hydrochloride Form V.

The present invention also relates to a process for making
sertraline hydrochloride Form V comprising the steps of:
dissolving or suspending sertraline base in a solvent; adding
hydrogen chloride to the solvent 1o reduce the pH of the
solution or suspension; and isolating sertraline hydrochlo-
ride Form V from the solution or suspension.

The present invention also relates to a process for making
sertraline hydrochloride Form V comprising the step of
drying sertraline hydrochloride Form VIL

The present invention also relates to a process for making
sertraline hydrochloride Form V comprising the steps of:
dissolving or suspending sertralice hydrochloride in water;
adding a sufficient amount of hydrochloric acid or hydrogen
chloride to facilitate precipitation of sertraline hydrochlo-
ride; removing the water; and isolating sertraline hydrochlo-
ride Form V.

The present invention also relates to a process for making
sertraline hydrochloride Form VI comprising the steps of:
dissolving sertraline base in a solvent; adding hydrockioric
acid 1o the solvent; and isolating sertraline hydrochloride
Form VI without further drying.

The present invention also relates to 2 process for making
sertraline hydrochloride Form VI comprising the steps of:
dissolving or suspending sertraline hydeochloride in cthanol
or methanol; stirring for a time sufficient to induce the
transformation of seriraline hydrochloride to serlraline
hydrochloride Form VI; and isolating scriraline hydrochlo-
ride Form VI

‘The present invention also relates to a process for making
sertraline hydrochloride Form VIII comprising the steps of:
suspending sertraline base in water; adding hydrogen chlo-
ride to the water; and filirating the precipitate so obtained
without further drving.

The prescat invention also relates to a8 process for making
serraling hydrochloride Form VIII comprising the steps of:
suspending or dissolving sertraline hydrochloride ethanolate
Form VI or scriraline hydrochioride Form 1I in water or a
mixture of water and isopropyl aleohol; and isolating ser-
traline bydrochloride Form VIIL

The present invention alse relates to 2 process for making
serfraline hydrochloride Form I comprising the steps of:
heating sertraline hydrochloride Form V or Form Vito a
temperature sufficient, and for a time sufficient, to induce the
transformation of sertraline hydrochloride Form V or Form
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VI 1o sertraline bydrochloride Form III; and isolating ser-
wsline bydrochloride Form 1L

The present invention also relates to a process for making
amorphous sertraline hydrochloride comprising the steps of:
suspending or dissolving scriraline base in a mon-polar
organic solvent; adding gaseous hydrochloric acid; and
isolating amorphous sertraline hydrochloride.

BRIES DESCRIPTION OF THE DRAWINGS

HG. I is a characteristic X-ray powder diffraction spec-
trum of sertraline hydrochloride Form V,

FIG. 2 is a characteristic x-ray powdor diffraction spece
wrum of amorphous sertraline hydrochloride,

FIG. 3 is a charactoristic differential scanning calorimetric
{DSC) thermogram of sertraline hydrochloride Form V.

FIG. 4 is a characteristic infrared (IR) absorption spec-
trum of sertraline hydrochloride Form V.

FIG. § 15 a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form VI.

FIG. 6 is a characteristic x-ray powder difiraction spec-
trum of scriraline bydrochloride Form VIL

FIG. 7 is a characteristic x-ray powder dillraction spec-
trum of scriraline bydrochloride Form VIIL

FIG. 8 is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form 1X.

FIG. 9 is a characteristic differential scanning calorimetric
{DSC} thermogram of sertraline hydrochloride Form VIIE.

FIG. 19 is a characteristic differential scanning calotimet-
ric {DSC) thermogram of sertraling hydrochloride Form IX.

FIG. 11 is a characteristic infrared (IR) abscrption spec-
trum of serlealine hydrochloride Form VIEL

FIG. 12 is a characteristic infrared (IR} absorption spec-
trum of sertraline hydrochloride Form IX.

FIG. 13 is a characteristic differential scanming calorimet-
riv {DSC) thermogram of sertraline hydrochloride Form VL

FIG. 14 is a characieristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form X.

FEG. 15 is a characterislic infrared (IR) absarption spec-
trum of sertraline hydrochloride Form X.

FIG. 16 is u characteristic differential scanning calorimet-
ric {PDSC) thermogram of sertraline hydrochloride Form X.

DETAILED DESCRIFIION OF THE
INVENTION
Form V

‘Ihe present invention provides new processes for making
sertraline hydrochloride Form V from sertraline
hydrochloride, sertraline base or amorphous seriraline
hydrochloride. 'The methods provided in the present inven-
tion are more commercially practicable than the
sublimation~condensation method of U.S. Par. No. 5,248,
699, which we have not been able to reproduce. It has also
surprisingly been found that, by the present method, Form V
is formed even ai different crystaliization rates.

Where the present investion provides methods for the
conversion of scriraline hydrochloride to scriraline hydro-
chioride Form V, in one embodiment sertraline hydrochlo-
ride 1s combined with a solvent. Suitable solvents include
methanol, ethanol, 1-methoxy-2-propano], trichiorocthaoe,
water, and mixtures thereof. If a mixture of isopropyl
alcobiol and water 1s used, it is preferably an about 6:1
mixture. Preferably the solvent is mcthasol, cthanol, or
mixtures thereof, and most preferably the solvent is ethanol.
Sertraline hydrochloride Form V is then isolated by allowing
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the solution to cool. One preferred method is to rapidly cool
the solvent 1o 5° C. Another preferred method comprises
seeding the solution with sertraline hydrochloride T'orm V
crysials, followed by slow cooling to room temperature,
followed by fliration and drying.

Alternatively, Form V may be cbtained by forming a
solution or suspension of sertraline hydrochloride in a
suitable solvent and spray drying the solution or suspension.
Preferred solvents include water and water/alcohol mixtures.

The preseni invention also provides methods for the
conversion of sertraline hydrochloride to sertraline hydro-
chioride Form V wherein the solvate sertraline hydrachlo-
ride Form VI (described in more detail below) is an infer-
mediate. In this embodiment of the present invention,
sertraline hydrochloride is suspended or dissolved in either
methanol or ethanol or mixtres thereof thereby forming
sertraline hydrochloride Form VI. This intermediate sertra-
line hydrochloride Form VI is then dried, with or without &
separate isolation step, to romove all solvent and sertraline
hydrochloride Form V is isolated, Sertraline hydrochioride
Form V can also be prepared by suspending or dissolving
sertraline hydrochioride solvate Form V1 in water.

Sertraline hydrochloride Form V can also be prepared by
drying Form VII (described in more detail below). Ia this
cmbadiment of the present invention, sertraline hydrochlo-
ride Foren V is dried al 80° C. ovemnight thereby forming
sertraline hydrochloride Form V.

The present invention also provides methods for the
conversion of ssriraline hydrochloride to sertraline hydro-
chloride Form V wherein the sertraline hydrochloride Form
VI (described in more detail below) is an intcrmediate. In
this embodiment of the present invention, sertratine hydro-
¢hloride Form I is suspended or dissolved in water thereby
forming scriraline hydrochloride Form VIIL ‘This interme-
diate sertraline hydrochioride Form VIII is then dried, with
or withoul a separate isolation step, 0 emove all solvent
and sertraline hydrochloride Form V is isclated. Methods for
the preparation of seriraline hydrochloride Form 11 are
disclosed in copending applications serial Nos. 09/448,985
filed Nov. 24, 1999 and sttorney docket number 1662/49147,
filed May 22, 2000, the contents of which are hereby
incorporated by reference.

The present invention also provides methods for the
conversion of sertraline base to seriraline hydrochloride
Form V. In one such embodiment, sertraline base is added o
at least one solvent, and hydrogen chloride gas is bubbled
through the solution. Suitable solvenis include methanol,
ethanol, water, ethyl acetate, isopropyl alcohol, ether,
hexane, and toluene, and mixtures thereot. Alternatively, an
appropriate amount of hydrogen chloride gas dissolved in a
suitable solvent and then combined with the seriraline base
solution. As used herein, “hydrogen chloride™ includes both
gascous hydrogen chloride and aqueous hydrogen chloride
(i.e. hydrochloric acid). Sertraline hydrochloride Form V is
isolated by allowing precipitation to occur from about §° C.
to about 60° C. followed by filtration and drying. Preferred
solvenis include methancl, ethanol, hexane, isopropyl
alcohol, or mixtures thereof. In a variation of this method,
sertraline basc is added to a suitable solvent and the resulting
solution is added 10 a hydrochloric acid solution of pH 0-4,
preferably the pH of the solution is about 1,

Altemnatively, sertraline base is added to a solvent. The
solution is heated and conceatrated hydrochloric acid is
added. Water may also be added. The solvent may be
partially removed by distillation, Scrtraline hydrochloride
Form V is isolated by allowing the mixture to cool to room
lemperature and remain al room mperature overnight,
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foilowed by fliration and drying. Suitable solvents for use
in this methud include methanol, vihanol, waler, hexane,
isopropy] alcohol, and ethyl acetate, and mixtures thereof.

Alternatively, seriraline base may be combined with a
solvent selected [rom the group consisling of methanol,
cthanol and a mixture thereof. A saturaled solution of
hydrogen chloride gas in isopropyl alcohol is added to
induce formation of sertraline hydrochloride Form V. Ser-
traline hydrochloride Form V is isolated by allowing the
solution to stand at room temperature overnight, followed by
filtration and drying of the precipitate.

Form V may also be obtained by forming a suspension of
sertraline base and hydrochloric acid in water or & water/
ethanol mixture and spray drying the suspension. In this
embodiment of the present invention, the solution or sus-
pensicn of sertraline base and hydrochloric acid is sprayed
into a heated chamber. The temperature of the chamber is
such that the solvent is removed thus forming sertraline
hydrochloride Form V.

Sertraline base for use in the processes of the present
invention may be produced by dissolving sertraline mande-
lats in cthyl acetate followed by neutralization of the ser-
raline mandelate with agueous sodium hydroxide. The
organic phase is separated from the aqueous phase and dried
using magnesium sulfatc. The solvent is removed under
reduced pressure to produce seriraline base as an oil. Meth-
ods for making seriraline base are set forth in U.S. Pat. Nos,
4,536,518 and 5,248,699, the contents of which are mncor-
porated herein by reference.

Where the preseni invention provides methods for the
conversion of amorphous sertraline hydrochloride to sortra-
tine hydrochloride Form V, amorphous sertraline hydrochlo-
ride is kept in 2 ¢losed container, such as a bag, and warmed
to about 40° C. to shout 80° C. or is stored a1 room
temperatire for a period between a few hours and several
days dependingy, on the femperature.

‘the sertraline hydrochloride form V that results from
practicing the invention as exemplified herein can be char-
zcterized by its powder X-may diffraction pattern. FIG. 1 is
 representative pattern of sertraline hydrochloride Form V.
The principal peaks observed are at about 52°£0.2,
10.4°10.2, 11.0°x0.2, 14.3°£0.3, 16.5°20.2, 17.3°=0.2,
18.4°+0.2, 19.1°:0.2, 197°+0.2, 20.9°+0.2, 22.0°:0.2,
23.2°20.2, 23.6°x0.2, 25.5°£0.2, 26.0°20.2, and 29.1°20.2
degrees 2 thela,

‘Three experiments were performed in order to repeat the
procedure described in U.S. Pat, No. 5,248,699 for preparing
Form V by sublimation. Two experimenis were performed
by sublimating & sample of l'orm [ under 30 mm 1Ig vacuum

and temperature between 170-190° C. A third experiment 5

was performed by sublimating 2 sample of Form I under
high vacuum (8.1 mm Hg) and temperabire between
180-195° C.

The three samples of sertraiine hydrochloride prepared by

sublimation were analyzed by powder x-ray diffraction. In 5

all cases, the typical broed featureless pattem without sharp
peaks typical of amorphous materials was obtained. FIG. 2
is one such pattem.

In conclusion, sertraline hydrochloride could oot be
obtained by following the procedure set forth in US, Pas
No. 5,248,659 for preparing Form V by sublimation of Form
L

The IR spectrum of sertraline hydrochloride Form V
produced by the present process is characterized by the
following bands: 773 cm™, 822 om™, 1012 em™, 1032
cm™, 1054 ™, 1133 cm?, 1328 cm™, 1562 cm™?, and
1590 cm™?, as showa in FIG. 4.

25

30
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The sertraline hydrochloride Form V of the present pro-
cess is further characierized by the DSC thenmogram data,
for example, as disclosed in FIG. 3. 'The DSC thermogram
is characterized by a small endotherm (~3 Joule per gram)
al about 210° C., believed 10 be a solid-solid transformation
{based upon observation vnder a hot stage microscope) fo
Form IH, and 2 melting peak 251° C.

Form VI

Sertraline hydrochloride Form V1 is a solvated crystal
form of sertraline hydrochloride. Sertraline hydrochloride
Form VI may be an ethacolate, wherein ethanol is incorpo-
rated into the crystal structure of Form Vi, Alternatively,
sertraline hydrochloride Form VI may be a methanolate,
wherein methanol is incorporated into the crystal structure
of sertraline hydrochloride Form VI. Al sertraline hydro-
chloride Form VI solvates bave identical powder x-ray
diffraction patterns. Therefore, when referring 1o sertraline
hydrochlonde Form V1 all sertraline hydrochloride Form Vi
solvates, such as sertraline hydrochloride Form Vi ethano-
late and sertraline hydrochloride Form V1 methanolate, are
necessarily included.

To form the novel erystalline form sertraline hydrochla-
ride Form VI, sertraline base is added to the appropriate
solvent. Which solvent is appropriate will depend o which
solvatc is to be formed, c.g. cthancl (to form the cthanolate)
and methanol (to form the methanolate). Hydrogen chloride
gas is then bubbled through the solution, Serttalioe hydro-
chloride Form VI is isolated by allowing precipitation to
occur, followed by filtration. The DSC thermogtam of Form
VI crystallized from ethasol displays a desolvation peak at
95° €. {sce FIG. 13) and loses 11.2% weight (by TGA);
Form VI crystallized from methancl loses 8.3 % weight (by
TGA) upon desolvation. Form VI crystallized [rom ethanol
is an cthanolate, and more specifically is a monocthanolate.
Form VI crystallized from methanol is & methanolate, and
more specifically is a menomethasolate,

The present invention also provides new processes for
malding serfraline hydrochioride solvate Form V1 by reslurry
of other seriraline hydrochloride crystalline forms. In the
conversion of sertraline hydrochloride to sertraline hydro-
chloride ethanolate Form VI, seriraline hydrochloride is
dissolved in the appropriate solvent and sticred for aboul
18-36 hours; 24 hours is preferred. Sertraline hydrochloride
solvate Form V] is isolated by & suitable method, such as
filtration. Sertraline hydrochloride Forms I, IE, I IV, V and
X are suitable for use as starting materials in this process.

The sertraline bydrochioride Form VI so isolated is a
solvate and exhibits the powder x-ray diffraction patiern of
FiG. §, comprising peaks at 7.3°+0.2, 12.1%20.2, 12.7°£0.2,
14.0°+0.2, 15.6°£0.2, 17.6°£02, 20.1°20.2, 20.6°20.2,
21.9°£0.2, 22.7°20.2, 23.0°:0.2, 23.8°+0.2, 243202,
25.4°0.2, and 26.3°+0.2 degrees two-theta. Drying of the
precipitated sertratine hydrochloride Form VI at 50-60° C.
overnight yields sertraline hydrochloride Form V.

Form VI

1t has also been discovered that a new crystailine form of
sertraline hydrochlorice, designated Form VI, may be
obtained by suspending or dissolving Form V in water, and
filtrating the suspension after one day without further dry-
ing.

In another embodiment of the invention, sertraline hydro-
chloride Form VI is made from sertraline hydrochloride
Form VL Sertraline hydrochioride Form VI is dispersed in
water and the mixture is heated 1o facilitate the dissolution
of sertzaline hydrochloride Torm VI The solution may be
heated 1o between about 30° C. and about 90° C,, preferably
1o about 80° C. The pH is then lowered, preferably (o zbout
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pH 1, and the mixture is allowed to cool to room lemperature
and stirred uatil the reaction is complete. Preferably the
reaction is stirred for two bours at room temperatire. Ser-
traline hydrochloride Form VII is isolated by filtration and
washing with waler.

As shown in F1G. §, sertraline hydrochloride Form VIl is
characterized by two unique strong x-ray powder diffraction
peaks at 4.0°£0.2, and 20.0 degrees two-theta and medium
intensity peaks at 8.0°£0.2, 11.6°20.2, 12,0702, 13.8%20.2,
16,5%40.2, 22.8°+0.2, 24.1°20.2, 35.0°+02, 26.6°20.2,
30.7°20.2, 34.7°20.2 2 two-theta. The TGA curve shows a
loss on deying of about 45%.

Forms VIHI and IX

Additional new crystalline forms of sertraline
hydrochioride, Forms VIII and IX, have also been discov-
ered. Sertraline hydmochloride hydrate Form VI may be
produced by suspending sertraline base in water and heating,
followed by acidification and filtration. Form IX is obtained
by drving of Form VIII. Preferably the sertraline base is
suspended in water, the suspension heated to a ternperature
between about 30° C. and about 80° C. Hydrogen chloride
is added to reduce the pH, preferably to between about 1 to
about 4, and the resulting solution is cooled o room tom-
perature,

The present invention also provides new processes for
making sertraline hiydrochloride Torm VII from sertraline
hydrechloride ethanolate Form VI, In one embodiment of
the presenl iovention, a slurey of sectraline bydrochloride
cthanolate Form VI in water or a mixture of water and
isopropyl aleokol is stirred, preferably for about one hour,
The slurry is then filtered and washed with water and
sertraline hydrochloride hydrate Form VIIT is isolated.

The present invention also provides precesses of making
seriraline hydrochloride Form VI from seriraline hydro-
chioride Form 1L In the conversion of sertraling hydrochlo-
ride Form II to sertraline hvdrochloride Form VI, sertraline
hydrochloride Form 1T is suspended in water o & mixture of
water and isopropyl alcohol and stirred, preferably
overmight, and sertraline bydrochloride hydrate Form VIH is
isolated by filiration.

Sertraline hydrochloride Form ViIL is characterized by
x-ray powder diffraction peaks at 4.7°x0.2, 11.8°:0.2,
16.3%°£0.2, 17.8°20.2, 19.6°20.2, 23.2°20.2, 24.2°20.2,
25.1°20.2, and 26.0°+0.2 two-theta, as described in FIG. 7.

The DSC thermogram for Form VI is characterized by
u strong endotherm below 100° C., small endothermic and
exothermic events st about 220° C, and a melting peak at
247° C. as described in FIG. 9.

The TGA curve shows a loss on drying siep of aboul 20%
below 100° €.

The IR spectrum of Form VIN is characterized by the
following bands: 740 cm™, 779 cm™, 822 cm™, 887 o™,
915 em?, 1031 cm™, 1053 em™Y, 1110 em™, 1134 cm™,
1153 em™, 1217 em™, 1307 cm™, and 1377 cm™, as
deseribed in FIG. 11.

Sertralive hydrochloride Form IX is characterized by
x-ray powder diffraction pesks at 5.i°20.2, 14.2°20.2,
15.8°20.2, 16.8°£0.2, 19.2°x0.2, 19.7°:0.2, 22.4°:0.2,
232°£0.2, 25.3°20.2 and 26.1°20.2 two-theta, as described
in FIG. 8.

The IR spectrum of Form IX is characterized by the
following bands: 701 cm™?, 715 con™, 741 cm™, 758 cm™,
780em™L 8§16 em™Y, 823 em™Y, 1030 em™, 1053 cm™, 1078
em™Y, 1110 em™, 1204 cm™, 1217 em™*, 1307 cm™?, and
1350 cm™?, as described in FI1G, 12,

Form X

It has further been discovered that another crystalline

form of seriratine bydrochloride, denominated Form X oy

20

25

3%

a5

40

45

50

55

60

8

be obtained by suspending sertraline hydrochloride in ben-
2yl aleohol, and beating to facilitaie dissolution. The solu-
tion is cooled and the precipitate filtered, washed with
benzyl alcohol and dried, to yield seriraline hydrochloride
Form X.

The Form X produced in this manner is characterized by
a powder x-ray diffraction patiern having its principal peaks
at 15.0°20.2, 16.0° 16.5°20.2 17.0°x0.2, 18.1°x0.32,
21.0°+02, 22.4°x0.2, 24.5°20.2, 25.4%:0.2, 26.2°+02,
27.1°20.2, 28.4°£0.2, and 29.0°20.2 degrees two-theta as
described in FIG. 14.

The TR spectrum of Form X is characterized by the
following bands: 742 em™, 776 cm™, 806 cm™, 824 cm™?,
1002 em~2, 1017 em™, 1028 cm™?, 1060 cm™, 1079 cm™?,
1135 em™, 1218 cm™, 1314 em™, 1336 cm™?, and 1560
em™ as described in FIG, 15,

The DSC of Form X shows a small endotherm at about
190° C. followed by a melting endotherm at about 250° C.
(scc FIG. 16).

Form 1}

The present invention provides new processes for making
sertraline hydrochloride Form T from sertraline hydenchlo-
ride Forms V and VI. I the conversion of sertraline hydro-
chloride Form V to sertraline hydrochloride Form I, Form
V is heated to a temperature between about 150° €. and
about 180° C. for about 3 bours to about 2 days to induce the
formaticn of sertraline hydrochloride Form HI Healing for
24 hours is preferred. The reaction may be stirred. The
method of the present invention has the advantage of using
1o solvent.

Amorphous Sertraline Hydrochloride

In an embodiment of the present invention, amorphous
sertraline is made by dissolving seriralive hydrochloride in
water or a water/alcohol mixture aed drying the solution by
the spray dryer technique. Amorphous seriraline hydrochlo-
ride may also be made by sublimution of sertraline hydro-
chloride.

The amorphous sertraline hydrochloride produced by
methods of the presemt invention is characterized by a
powder x.ray diffraction pattern having the typical broad
featureless pattern without sharp peaks typical of amorphous
materials. FIG. 2 is one such patiern.

Pharmacentical Compositions Containing Sertraline Hydro-
chloride Pelymorphs

In sccordance with the present invention, these new
crystallice forms of sertraline hydrochloride and known
forms of sertraline hydrochloride prepared by the new
methods disclosed berein may be prepared as pharmaceuti-
cal compositions that are particularly usetul for the treat-
ment of depression, obsessive-compulsive disorder and
panic disorder. Such compositions comprise one of the new
crystalline forms of sertraline hydrechloride with pharma-
ceutically acceptable carriers and/or excipients known to
one of skill in the ast.

For example, these compositions may be prepared as
medicaments to be administered orally, parenterally,
rectally, transdermally, bucally, or nasally, Suitable forms
for oral administration include tablets, compressed o coated
pills, dragecs, sachets, hard or gelatin capsules, sub-lingnal
tablets, syrups and suspensions. Suitable forms of parenteral
administration include an agueous or ron-agqueous solution
or emulsion, while for rectal administration suitable forms
for administration include suppositories with hydrophilic or
hydrophobic vehicle. For topical administration the inven-
tion provides suitable transdermal delivery systems known
in the art, and for nasal delivery there are provided suitable
nerosol delivery systems known in the arl.
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Experimental

The powder X-ray diffraclion pattesns were oblained by
methods known in the art using a Philips X-ray powder
diffractometer, Goniometer model 1050/70 at & scanning
speed of 2° per minute, with a Cu radiation of 2=1.5418 §.

‘The differential scanming calorimeter thermograms were
obtained by methods known in the art using a DSC Mentler
821 Star®. The weight of the samples was less than 5 mg.
‘The temperature range of scans was 30° C~300° C. at 4 rate
of 10° C./min. Samples were purged with nifrogen gas at a
flow rate of 40 mi/min. Standard 40 gm aluminum crucibles
were used having lids with three small holes.

The infrared spectra were obtained by metheds known in
the art using 2 Perkin Elmer FT-IR Paragon 1000 spectrom-
eter. Samples were analyzed in Nujol mulls. Spectra were
obtained at 4 em™ resolition and 16 scans each.

EXAMPLES

The present invention will now be further explained in the
following examples. However, the present invention should
not be construed as limited thereby. Ope of ordinary skill in
the art will understand how to vary the exemplified prepa-
rations to obtain the desired results,

Example 1
Preparation of Sertraline Base

Sertraline mandelate (5 g} was stirred at room temperature
with 30 ml ethyl acetate. Aqueous sodium hydroxide was
added dropwise until the sertraline mandelate was com-
pletely neutralized. The phases were separated and the
organic phase was dried over MgS50, and filtered. The
solvent was removed under reduced pressure resulting ser-
traline base as an oif (3.2 g).

Example 2

Preparation of Sertraline Hydrochloride Form VI
and Form ¥V

Sertraline base (25 g} was dissolved in methanol (125
ml) 4l room temperature, The solution was acidified with
hydrogen chloride gas unul pll 1.5 was reached.
{Precipitation occurred during acidification.) The tempera-
lure Tose lo approximalely 40° C. The slurry was allowed 10
coo} to room temperature and stirred for about 2 hours. ‘The
solid was separated by filtration to give sertraline hydro-
chloride methanolate Form V1. Drying the product overnight
gave sertratine hydrochloride Form V.

Example 3

Preparation of Sertraline Hydrochloride Form VI
and Form V

Sertraline base (3.2 g) was dissolved in absolute ethanol
(32 mL) at room temperature and then hydrogen chloride
gas was bubbled in wotil pH 0.5 was reached. The tempera-
wre rose o 40° C. The slurry was allowed 1o cool to room
temperature and stirred for about 16 hours. The sold was
separated by filtration, and washed with ethanol (3x2 ml).
FIG. § sets forih the X-ray diffraction patiemn of the product
(seriraline hydrochloride ethanolate Form V1) so obfained.
Drying overnight at 50-60° C. of that product yielded 2.93
g (82%) of sertraline bydrochloride Form V.

Example 4

Preparation of Sertraline Hydrochloride Form V

Sertraline base (3 g) was dissolved in absoiute ethancl (15
mL) at room femperature, A saturated solution of hydrogen
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chioride in isopropyl alcohol was added dropwise to reach &
pH of 1.3, The resulting slurry was stirred al room lempera-
ture overnight. The solid was separated by filtration and
dried overnight at 50-60° C. yielding 2.75 g (81. 8%)
sertraline hydrochloride Form V.

Example 5

Preparation of Sertraline Hydrochloride Form V

Sertraline base (3 g) was dissclved in absolute ethanol
(15.5 mL) at reom temperainre and then the solution was
cooled to approximately 0° C. Hydrogen chloride gas was
bubbled untii pH 0.5 was reached. The temperature rose to
approximately 7° C. Precipitation occurred and the slurry

5 was stirred at about 10° . for 2 hours. The solid was

isolated by filtration, washed with cthanol and dried at
approximately S0° C. The dried material (2.87 g, yield
82.7%}) was seriraline hydrochloride Form V.

Example 6

Preparation of Sertraline Hydrochloride Form V

Seriraline base (3 ) was stirred with 35 mL water. The
shirry was heated at ~70° C. and, while maintaining this
temperature, concentrated hydrochloric acid was added ungil
pH 1 wus reached. During acidification, almost complete
dissolution was observed followed by precipitation. The
mixture was cooled to room temperature and stirred for 2
hours, The solid was isolaied by filtration, washed with
water and dried overnight at 50-60° C,, yiclding 3.23 ¢
(96%} sertraline hydrochloride Form V.

Example 7

Preparation of Sertraline Hydrochloride Form V

Sertraline base (3 g) was dissolved in 10 ml absolute
ethanol at 40° C. The solution was heated to 50-68° C. and
concentrated hydrochloric acid 32% (1.2 ml) was added
until pH ~1.3 was reached. Water (12 mE) was added. The
resulting clear solution was concentrated fo half its volume
and was allowed to cool naturally to room temperature. The
solid was isolated by filtration, washed with water and dried
overnight at 30-60° C., yielding 3.18 g (94.65%) sertraline

;s hydrochloride Form V.

Example 8
Preparation of Sertraline Hydrochloride Form V

Seriraline base (3.7 ) was dissolved in 18.3 mL absolule
cthanol and the solution was heated to 60° (. llydrogen
chloride gas was bubbled through the ethanol solution until
pH ~0.5 was reached. The mixture was cooled to room
temperature and the stirring was continued for 2 hours. The
solid obtained after filtration, washing with ethanol and
drying at 50° C. was seriraline hydrochloride Form V (3.16
g, yicid 76%).

Example 9
Preparation of Seriraline Hydrochloride Form V

Scrirahine free base was dissolved in ethanol absolute and
the solution was acidified with hydrogen chloride gas to
about pH 3. Precipitation occurs and the slurry was stirred
at room temperature for 2 hours. The rosulting solid was
filiered, washed with ethanol and dried to yicld sertraline
bydrochloride Form V.

Page 37 of 40



Case 2:07-cv-00240-WHW-RJH

Document 1-1

Filed 01/12/2007

US 6,600,073 B1

11
Example 10

Preparation of Sertraline Hydrochloride Form V

Seriraline free base (133 g) was dissolved in absolute
cthanol (60 mL} and was added dropwise over one hour o
ethano] (20 ml) containing hydrogen chloride (17.5 g) at
35° C. with precipitation. Afier 2 hoars, the solid was
filtrated, washed with ethanol and dried at about 80° C. to
yield sertraline hydrochloride Form V (12.9 g, yield 87%).

Example 11

Preparation of Sertraline Hydrochloride Form V

Anbydrous sertratine hydrochloride (2 g) was stirred with
14 mlL absolute cthanol and heated to reflux to obtain a clear
solation. The solution was seeded with sertraline hydrochlo-
rile Form V and cooled naturally 10 room lemperature.
Massive precipitation was observed at about 50° C. The
slurry was stirred at room temperatiure during 2 bours. The
solid was filiered, washed with sthanol (3 mL) and dried
overnight at 50-60° C. yielding 1.71 g (85.5%) of seriraline
hydrochloride Form V.

Example 12

Preparation of Sertraline Hydrochleride Form V

Seriraline hydrochloride ethanolate (Form VI) (40 g) in
400 mL water was heated to 80° C, and complete dissolution
was oblained. The pH was adjusted to approximately one
with hydrochloric acid and the solution was nalurally cooled
to room {emperature and stirred for 2 hours. The solid was
filtered and dried at 50° C. for approximately 16 hours,
yielding sertraline hydrochloride Form V.,

Example 13
Preparation of Sertraline Hydrochloride Form V

Sertraline hydrochloride ethasolate (Form VI) (2 g) was
mechanically stirred with cthanol (0.5 mi) at room tom-
perature for 40 hours. The resulting solid was sertraling
hydrochloride Form V.

Table 1 sets forth a2 summary of additional experiments
comducted generally following procedures described above.

TABLE 1
PREPARATION OF SERTRALINE HCE - FORM V

Tixp't Method of Crystatlization XRD Yield (%)
SERTRALINE BASE AS STARTING MATERIAL

A MethanolHCI gas v 787
B Methanol/HC] gas v 5%
€ MethanolAEC] aqueous v B7.8
D Ethanol/HCL gas v 80.9
£ Watet/HCI ayueous v 96
F  Hexanefisapropyl alcobol/HC) gas v 8.9
G MethanolHCH aqueous/watet v i
¥ Isopropyl aloohol/HCI agqueous/water v 78
1 EhanolIC! aquecusievaporation of sthanol v 961
T Ethyl scotate/HCE agueous/wolct/evaporasion of WV 96.3
othyl ncelate
K Ethanolisopropyl alcohe/HC! gas v g1
1. Methanoifisopropyi alcohol/HCE gns ¥ 824
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TABLE I-continued
PREP; ON OF SERTRALINE HCT - v
Exp’t Method of Crystaliization XRIy  Yield {%)

SERTRALINE HC AS STARTING MATERIAL

M Methano! (Form 1 and amorphous) v &0
N FEthanel {Form V) v 855
O Isopropyl alcoheliwater (Form V) v 28

PXRD = powder x-ray diffraction.

Example 14
Preparation of Sertraline Hydrochloride Form VII

1.003 g Seriraline hydrochloride Form V was stirred for
24 hours at room temperature in 20 mE. water (HPLC grade).
Ax the end of the stirring the mixture Tocked like a jelly
suspension. The suspension was Glirated and the compound
obtained was kept at cold conditions (4° () untif analyzed
by x-ray diffraction.

Exaraple 15

Preparation of Sertraline Hydrochloride Form VI
from Scrtraline Hydrochloride Torm VI

A solution of sertraline hydrochloride etharolate {Form
VI (40 g) ie water (400 ml) was heated at 80° C. and
complele dissolution of sertraline hydrochloride ethanolate
(Form V1) was obtained. The pH was adjusted to about 1 and
the solution was allowed o cool to room lemperature and
then stirred for 2 additional hours. The solid was isolated by
filtration and washed with water to yield sertraline hydro-
chioride Form VIL

Seriraline hydrochioride Form VI dried overnighs at 80°
C. forms sertraline hydrochloride Form V.

Example 16

Preparation of Sertraline Hydrochloride Forms VIII
and FX from Sertraline Base

Sertraline base (2.7 g) was suspended in 27 mL, of water.
This mixture was heated to 80° €. and treated with hydro-
chioric acid until about pH 1 was reached. A clear solution
was obtained, which on cooling gave a precipitate. After 2
hours stirring at room temperature the solid was isolated by
filration. This solid was characterized by powder x-ray
diffraction (sce FIG. 3, Form VI, Drying for 24 hours at
~50° C. yiclded 232 g (76.8%) of scrtraline bydrochloride
Form IX, characterized by powder x-ray diffraction, infra-
red absorption, differential scanning calorimetry, and thee-
rral gravimetric analysis as set forth above and depicted in
FIGS. 8, 10, and 12.

Example 17
Preparation of Sertraline Hydrochloride Form VIII

Sertraline hydrochloride ethanolate (Form V1) (40 g) was
stirred with water (80 ml) for 1 hour at room temperature.
The slurry was flirated and washed with water to yield
sertraline hydrochloride hydrate Form VI,

Example 18

Preparation of Sertraline Hydrochloride Form VI
from Sertraline Hydrochloride Form II

Sertraline hydrochloride Form 11 (0.4 g) and water (8

5 ml} were stirred at room temperature over night. The solid

was filtrated to yield sertraline hydrochloride hydrate Form
VIIL
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Example 19

Preparation of Sertraline Hydrochloride Form X

In a 0.1 liter three-necked bottom round flask equipped
with a mechznical stirrer, a condenser and 2 thermometer, 30
mL bensyl alcohol is added fo 10 g serfralice hydrochloride.
The suspension is heated to 100° C. when & clear solution is
cbtained. The solution is cooled 2 hours to 25° C. and the
precipitate is filtered and washed with benzyl aleohol. After
drving under vacutum at 80° C. for 24 hours, 6.2 g of
sertraline hydrochloride Form X is obtained (vield 62%).
The sertraline hydrochloride Form X was characterized by
powder x-ray diffraction and infrared absorption analysis as
set forth above and in FIG. 14 and FIG. 15,

Example 20

Preparation of Sertraline Hydrochloride Ethanolate
Form VI by Reslurry of Porm 1

Sertraline hydrochloride Form I{f g) and absolute ethanol
{20 mlL) were sticred at room temperature for 24 hours,
Filtration of the mixture yielded sertraline hydrochloride
ethanolate-Form VI

Example 21

Preparation of Serraline Hydrochloride Ethanolate
Form V1 by Reslurry of Form H

Seriraline hydrochloride Form 11 {1 g) and absolute etha-
nol {20 ml.) were stirred at room temperatire for 24 hours.
Filtration of the mixture yielded seriraline hydrochloride
ethanolate Form VI

Example 22

Preparation of Sertraline Hydrochloride Ethanolate
Form VI by Reslurry of Form V

Sertraline hydrochloride Form V {1 g) and ethanol abso-
lute (20 mi) were stirred at room emperature for 24 hrs,
Filtration of the mixture yielded seriraline hydrochloride
ethanolate Form VL

Bxample 23

Preparation of Amorphous Sertraline Hydrochloride

Seriraline free base (10 g) was dissolved in ethyl acetate
(690 mL). At room temperature, ether (690 mL) was added
to the sertraline ethyl acetate solution and the soiution was
acidified with HCl gas to about pH 0.5. The resulting
gelatinous suspension was stimed at room temperature over
night, Filtration and air drying of the suspension yielded
amorpbous seriraline hydrochloride {9.39 g, vield 83.8%).

Example 24

Preparation of Sertraline Hydrochloride Form I
from Form V

Sertraline hydrochloride Form V was heated at 130° C. in
a reacior under mechanical stirring for 24 hrs, The resulting
material obtained was scriraline hydrochlonde Form 11

Example 25
Preparation of Sertraline Hydrochloride Form 11
from Form VI

Sertraline hydrochloride form V1 was heated to 180° C.
for 24 hours. The dried material is sertraline hydrochloride
Form I
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Example 26

Preparation of Sertraline Hydrochloride Form HI
from Form V

Sertraline hydrochloride Form 'V was heated at a tem-
perature >180° . for 24 hours. The resulting material was
sertraline hydrochloride Form .

Example 27

Preparation of Amorphous Seriraline Hydrochloride

Sertraline hydrochloride Form V (10 g) was dissolved in
water (2L) and this solution was dried by the spray drver
techmique. The material obtained in this way is Sertraline
hydrochloride amorphous.

Example 28

Preparation of Amorphous Sertraline Hydrochloride
by Sublimation

Scrtraline hydrochloride Form I was sublimatced at
190-200° C,, at a vacuum of 30-0.1 mm Hg, using a
laboratory-type sublimator. The resulling material was
amorphous scriraline hydrochloride.

A similar procedure stasting from Form V also gave
amorphous sertraline hydrochloride.

Example 29

Preparation of Sertraline Hydrochloride Form V
from Amorphous Seriraline Hydrochloride

Sertraline hydrochloride amorphous was heated to 5(° C.
for 24 hours. The resulting product was sertraline hydro-
chloride Form V.

It should be understood that some modification, alteration
and substitution is anticipated apd expecied from those
skilled in the art without departing from the teachings of the
invention. Accordingly, it is appropriate that the following
claims be construed broadly and in 2 manner consistent with
the scope and spirit of the invention.

‘What is claimed is:

1. A process for making sertraline hydrochloride Form V
comprising the steps of:

(a) dissolving or suspending sertraline hydrochloride in a

suitable solven:;

(b} removing the solvent; and

(c} drying to form sertraline hydrochloride Form V.

2. The process of claim 1, wherein the solvent is selected
from the group consisting of methanol, ethanol, water,
1-methoxy-2-propanol, trichlorosthane, and isopropyl
gleohol, and mixtures thercof.

3. The process of claim 2, wherein the solvent is walter,

4. The process of claim 3, wherein the step of drying to
form sertraline hydrockloride Form V is achieved by spray
drying.

5. The process of claim 1, further comprising the step of
seeding the solution with sertraline hydrochloride Form V.

6. A process for making sertraline hydrochloride Form V
comprising the steps of:

(a) dissolving or suspending sertraline base in a solvent;

(b) adding bydrogen chloride gas 1o the solvent to reduce

the pH of the solution or suspension; and

{c) isclating sertraline hydrochloride Form V from the

sulution or suspension.
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7. The process of claim 6 wherein the pH of the solution
or suspension of seriraline base and hydrogen chbloride is
about { to about 4.

8. The process of claim 6 wherein the solvent is selected
from the group consisting of methanol, ethanol, water, ethyl
acetate, isopropyl alcohol, ether, hexane, and toluene, and
mixtures thereof.

9. The process of claim 8 wherein the solvent is ether.

1. The process of claim 8 wherein the solvent is water.

1. The process of claim 10 wherein the stiep of isolating
seriraline hydrochloride Form V is done by spray drying the
solution of SUSpension.

12, A process for making scriraline hydrechloride Form V
comprising the step of drying sertraline hydrochioride Form
VII at about 80° C.

13. A process for making sertraline hydrochloride Form V
comprising the steps of:

(a) dissolving or suspending sertraline hydrochloride in

water;

(b) adding & sufficient amount of hydrogen chloride to

facilitate precipitation of sertraline hydrochloride;

(c) removing the water; and

{d) isolating sertraline bydrochloride Form V.

14. A process for making sertraline hydrochloride Form
VI comprising the steps of:

{2) dissolving serlraline base in a solveny

{b) adding hydrogen chioride to the solvent; and

{c) isolating sertraline hydrochloride Form VI without

further drying.

15. The process of claim 14 wherein the isolation step
comprises precipitation of sertraline hydrochloride Form V1
followed by filtration.

14. The process of claim 14 wherein the solvent is at least

one solvent selecied from the group consisting of ethanol, ~

methanol, or mixtures of mothanol or ethano! with water.
17. A process for making seriraline hydrochloride Form
V1 comprising the steps of:

(a) suspending sertraline hydrochloride Form I, L or Vin
ethanol or methanol;

(b) stirring for a time sufficient to induce the ransforma-
tion of sertraline hydrochloride to sertralice hydrochlo-
ride Form V1; and

() isolating sertraline hydrochloride Form V1L

18. A process for making sertraline hydrochloride Form

VIl comprising the steps of:
(2) suspending sertraline base in water;
(b} adding hydrogen chloride to the water; and

18

30
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{c) filerating the precipitate so obtained without further

drying.

19, A process for making sertraline hydrochloride Form
VIII comprising the steps of:

(a3) suspending or dissolving sertrafine hydrochloride

ethanolate Form VI or sertraline hydrochloride Form II
n water or a mixture of water and isopropyl aleohol;
and

{b) isolating sertraline hydrochloride Form VIIL

20. A pracess for making sertraline hydrochloride Form
I comprising the steps of:

(a) heating sertraline hydrochlorids Form V or Form V1 to

a temperature sufficient, and for a tme sufficient, to
induce the transformation of sertraline hydrochloride
Porm V or Form V1 to sertraling bydrockloride Form
1L and

(b} isolating sertraline hydrochloride Form L

21. The process of claim 20 wherein the temperature is
between about 150° C. and about 180° C.

22, A process for making amorphous seriraline hydro-
chloride comprising the steps of

{2) suspending or dissolving sertraline base in a solveni

selected from the group consisting of ether, toluene and
t-butyl-methyl ether, and mixtures thercof;

(b) adding hydrogen chloride gas; and

(c) isofating amorphous sertraline hydrochioride.

23 The process of claim 2, wherein the solvent is
1-methoxy-2-propanol.

24. A process for making sertraline hydrochloride Form V
comprising the steps of :

(a) dissolving or suspending sertraline base in a solvent;

(b} adding hydrochloric acid to the solvent to reducs the

pH of the solution or suspension; and

{¢) isolating sertrzline hydrochloride Form V form the

solution or suspension.

25. The process of claim 24, wherein the pH of the
solution or suspension of sertraline base and hydrogen
chloride is abou: 0 to about 4.

26. The process of clim 24 wherein the solvent is
selected from the group consisting of methanol, ethanol,
waler, ethyl acetate, isopropyl alcoho!, ether, hexane, and
foluene, apd mixtures thereof,

27. The process of claim 26 wherein the solvent is ether,

28. The process of claim 26 wherein the solvent is water,

29. The process of claim 28 wherein the step of isolating
sertraline hydrocloride Form V is done by spray drying the
solution of suspension.

* % % ¥ ¥
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) ABSTRACT

The present invention is direcied to forms I1, 111, V, V1, VII,
VIEL IX and X of seriraline hydrochloride and novel meth-
ads for their preparation. According to the present invention,
seriraline hydrochloride polymorph Il may be preduced by
slurrying sertratine hydrockloride polymorph VI in aprotic
organic solvent. Sertraline hydrochloride polymorphic form
HI may be produced by heating sertraline hydrochloride
polymorphs V and V1. Sertraline hydrochioride forms V and
V1 may be produced from either sertraline hydrochloride or
sertraline base by crystallization. Sertraline hydrochloride
Form VII may be produced by suspending sertraline chlo-
ride polymorph V in waier, followed by filtration. Sertraline
hydrochloride Forms VIII and IX may be produced by
suspending seriraline base in water followed by acidification
and fliration. Sertraline hydrochloride Form X may be
produced by suspending scrtraline hydrochloride in benzyl
aleohol with beating, followed by flration.

89 Claims, 16 Drawing Sheets
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SERTRALINE HYDROCHLORIDE
POLYMORPHS

This applicalion is a provisional of No, 60/110,113 {iled
Nov. 27, 1998 and a provisional of No. 6(/125,172 filed
Mar. 19, 1999 and & provisional of No. 60/133,117 filed May
7, 1999 und a provisional ol No. 60/147,888 {iled Aug. 9,
1944,

FIELD OF THE INVENTION

‘The present invention relates to novel crystalline forms of
sertraline hydrochloride, (18-cis)-4-(3,4-dichlorophenyl)-1,
2,3,4-tefrahydro-N-melhyi-
1-paphthalenaminehydrochloride, demcminated Forms VI
through X, an amorphous form and novel, reproducible
methods for preparing them and for preparing previously
reported polymorphs IL I and V.

BACKGROUND OF THE INVENTION

Sertraline hydrochloride, (15-cis)4-(3,4 dichlorophenyl)-
1,2,3,4-tetrahydro-N-methyl-1.naphthalenamine
hydrochloride, having the formula

NHCH;

O‘ e
C

]

Ci

is approved, under the trademark Zolo[i®, by the U.S. Foud
and Drug Administration, for the treatment of depression,
obsessive-compulsive disorder and panic disorder.

1.8, Pat. No. 4,536,518 describes a synthesis of sertraline
hydrochloride. U.S. Pat. No. 5,248,699 describes five crys-
talline forms of sertraline hydrochloride, designated Form I,
Form [, Form III, Form IV and Form V.

U.S. Pat. No. 4,536,518 {“the *518 patent™) describes the
preparation of sertraline hydrochloride with a melting point
of 243-245° C. by treating an ethyl acetate/ether solution of
the free base with gaseous hydrogen chloride. The solid state
properties of the sertraline hydrochloride so produced are
not otherwise disclosed,

According to U.S. Pat. No._ 5,248,690 {“the "699 patent”),
the sertraline hydrochloride produced by the method of the
'518 patent has a crystalline form denominated “Form II".
The '699 patent discloses four other polymorphs I, 1H, IV,

and V, and characterizes them by single crystal x-ray |

analysis, powder x-ray diffraction, infra-red spectroscopy,
and differemtial scanning calorimetry, The 699 patent
reports that Form I is produced by rapid crystallization of
sertraline hydrochloride from an organic solvent, including
isopropyl aleohol, hexane, generally describes methods for
making sertraline hydrochioride Forms 1-V. According to
this patent, the preferential formation of Forms I, Il or IV in
an acidic solution consisting of isopropyl aleshol, hexane,
and acetone, methyl isobuty! ketone, glacial acetic acid, or
preferably, ¢thyl acetate depends on the rapidity of crystal-
lization. Form [ is described as being made by crystallizing
seriraline  hydrochloride in zn acidic solution using an
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organic solvent such as those listed above. The crystalliza-
tion of Form [ is carried out at a temperature from about 20°
C. to about the solvent reflux temperature, preferably from
about 40° to 60° C. The only method described in this patent
for malking Forms IT and IV is by the rapid crystallization of
sertraline hydrochloride from sn organic solvenl such as
those listed above, Slow crystallization or granulation of
sertraline hydrochloride will produce Form I Form III is
deseribed as being formed by heating Forms L I or [V w
temperatures above aboui 180° C. Granulating either of
Forms II, Hl or IV in isopropyl alcoho!, ethyl acetate, hexane
or any of the solvents Hsted sbove at a temperature from
about 407 to 60° C. causes conversion to Form 1. The only
method described in this patent for making Form V is by

5 sublimation of sertratine hydrochloride Form 1 at reduced

pressure and at 3 temperature from about 180-190° C. onto
a condenser. However, in our hands attempts to repeat this
precedure to obtain Form V have been unsuccessful,

SUMMARY OF THE INVENTION

It has now been discovered that sertraline hydrochloride
Form V can be formed by crystallization from various
solvents rather than by sublimation. The cxistence of now
crystal forms of sertraline hydrochloride, denominated
Forms VI, VI, VII, IX and %, and an amorphous of
sertraline hydrochloride have been discovered. Form VI is a
useful intermediate in the formation of previously reported
seriraline hydrochloride Forms I, I and V.

The present invention also relates to sertraline hydrochlo-
ride ethanolate and processes [or making sertraline hydro-
chloride cthanolate.

The preseat invention also relates 1o sertraline hydrochlo-
ride methanolate and processes for making sertraline hydro-
chioride methanolate.

The present invention also relates to seriraline hydrochlo-
ride solvate and processes for making sertraline hydrocklo-
ride solvate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a characteristic x-ray powder diffraction spec-
trum of serfraline hydrochloride Torm V.

FIG. 2 is a characteristic x-ray powder diffraction spec-
trum of amorphous sertraline hydrochloride Form V.

FIG. 3 is a characteristic differential scanning calorimetric
{DSC) thermogram of sertraline hydrochloride Form V.

FIG. 4 is a characteristic infrared (IR} absorption spec-
trum of serfraline hydrochloride Form V.

FIG. 5 is a characteristic x-ray powdcr diffraction spec-
trum of sertraline hydrochloride Form VL

FIG. 6 is a charactoristic x-ray powder diffraction spee-
trure of sertraline hydrochloride Form VII.

FIG. 7 is a characteristic x-ray powder diffraction spec-
trum of settraline hydrochloride Form VIIL

FIG. 8 is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form 1X.

FIG. 9 is a characteristic differential scanning calorimetric
(DSC) thermogram of sertraline hydrochloride Form VIIL

FIG. 16 is a characteristic differential scanning calorimet-
ric (NDSC) thermogram of seriraline hydrochloride Form X,

TIG. 11 is a characteristic infrared (IR} absorption spec-
trum of sertraline hydrochloride Form VIIL

FIG. 12 is a characteristic infrared (JR) absorption spec-
trum of sertraline hvdrochloride Form 1X,

FIG. 13 is a characteristic differential scanning calorimet-
tic (DSC) thermogram of sertraline hydrochloride Form V1.
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FIG. 14 is a characteristic x-ray powder diffraction spec-
trum of seriraline hydrochloride Form X

FIG. 18 is a characteristic infrared (IR} absorption spec-
trum of seriraline hydrochloride Form X,

FG. 16 is a characteristic differcntial scanning calorimet-
ric (DSC) thermogram of sertraline hydrochloride Form X.

DETAILED DESCRIPTION OF THE
INVENTION
Form V

The present invention provides new processes for making
sertraline hydrochloride Form V from sertraline
hydrochloride, sertraline base or amorphous sertraline
hydrochloride. The methods provided in the present inven-
tion are more commercially practicable than the
sublimation-condensation method of US. Pat. No. 5,248,
699, which we have not been able to reproduce. It has also
surprisingly been found that, by the present method, Form V
is formed even at different crystallization rates.

Where the present invention provides mothads for the
conversion of sertraline hydrochloride to sertraline hydro-
chioride Form V, sertraline bydrochloride is combined with
a solvent scleeted from the group consisting of methanol,
ethanel, 1-methoxy-2-propanol and a mixture of isopropyl
alcohel and water. IF 2 mixture of sopropyl aleohol and
waler is used, it is preferably an about &:1 mixture. Prefer-
ably the solvent is methanol or etharol, and mos! preferably
the solvenl is ethanol. Seriraline hydrochloride Form V is
isolated by allowing the solution fo cool One preferred
method is to rapidly cool the solvent to 5° . Another
preferred method comprises seeding the solution with ser-
traline hydrochloride Form V crystals, followed by slow
cooling 1o room temperature, followed by fitration and
drying. Sertraline hydrochloride Form V can also be pre-
pared by recrystallizing sertraline hydrochloride Form VI
{deseribed below) from waler.

The present invention also provides methods for the
conversion of sertraline hydrochloride Form I or 1T to
sertraline hydrochloride Torm V wherein the solvate sertra-
line hydrochloride Formn VI is an intermediate. In this
embodiment of the present inventios, sertraline hydrochlo-
ride Tiorm T and Torm 11 18 dissolved in either methanol or
ethanol thereby forming sertraline hydrochloride Form V1.
Where ethanol is the solvent, the sertraline hydrochloride
l'orm V1 is the cthanolate solvate, Where methanol is the
solvent, the sertraline hydrochloride Form VI is the metha-
nolale solvaie, This intermediate sertraline hydrochloride
Form V1 is then dried, with or without a separate isolation
siep, to remove all solvent and sertraline hydrochloride
Form V is isolated.

The present invention also provides methods for the
conversion of sertraline hydrochloride Form ¥} to sertraline
hydrochloride Form V wherein the sertraline hydrochloride
Form VII is an intermediate. In this embodiment of the

present invention, sertraline hydrochloride Form 11 is dis-

solved in water thereby forming sertraline hydrochloride
Form VIII This intermediate sertraline hydrochioride Form
VIII is then dried, with or without a separate isolation step,
to remove all solvent and sertraline hydrochloride Form Vis
isolated.

The present invention also provides methods for the
conversion of sertraline base to i sertraline hydrochloride
Form V, wherein seriraline base is added o al least one
solvent, and hydrogen chloride gas is bubbled through the
soiution. Preferred solvents include methanol, ethanol,
water, of mixtures of ethanol, methancl, isoprapyl aleohol,
hexane, ethyl acetate with each other or with water.
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Aliernatively, an appropriate amount of hydrogen chloride
gas dissolved in methanol, ethanoi, water, hexane, isopropyl
alcohol, ethyl acetate, or = mixture thereof is combined with
the sertraline base solution. Sertraline hydrochloride Torm V
is isolated by allowing precipitation to occur from about 0°
to about 60° C. followed by [iltration and drying. Prefersbly
the solvent is hexane, isoprapyl alcohol or a mixture thereof.
In another method, sertraline base is added 1o a solvent and
the resulling solutfor is added 0 a hydrochloric acid solu-
tion of pH (—4; preferably the pH of the solution is about 1.

Alternatively, sertraline base is added to a solvent selected
from the group comsisting of methanol, ethanol, water,
hexane, isopropyl alcohol, and ethyl acetate or a mixture
thereof, The solution is heated and concentrated hydrochlo-
ric acid is added. Water may also be added. Sertraline
bydrochloride Form V is isolated by allowing the mixture to
cool 1o room temperature and remain al room temperature
overnight, followed by filtration and drying,

Alernatively, seriraline base may be combined with a
solvent sclected from the group consisting of cthanol, ctha-
nol and water, ethyl acetate, and a mixmre of ethyl acetate
and water, The solution is heated to about 50-60° C. and
water is added. The solvent is partially remaved by distil-
lation, Sertraline hydrochloride Form V is isolated by allow-
ing the solution o cool lo rovm temperature, followsd by
filtration and drying at the precipitate.

Alematively, seriraline base may be combined with a
solvent selecled from (he group consisting ol methanol,
cthanol and a mixture thereof. A saturated schution of
bydrogen chioride gas in isopropyl alcohol is added
induce formation of sertratine hydrochloride Form V. Ser-
traline hydrochloride Form V is isolated by allowing the
solution to stand at room temperature overnight, followed by
filtration and drying of the precipitate.

Sertraline base for use in the processes of the present
invention may be produced by dissolving sertraline mandc-
late in ethyl acetate followed by neurralization of the ser-
traline mandelate with aqueous sodium hydroxide. The
organic phase is separated from the aqueous phase and dried
using magnesium sulfate. The solvert is removed under
reduced pressure to produce sertraline base as an oil. Meth-
nds for making seriraline base are set forth in U8, Pat. Nos.
4,536,518 and 5,248,699,

Where the present invention provides methods for the

5 conversion of amorphous sertraline hydrochloride to sertra-

line hydrochloride Form V, amorphous sertraline hydrochlo-
ride is kept in a closed container, such as a bag, and warmed
to about 40° C. to about 80° C. or is stored at room
temperature for & period between a few hours and several
days depending on the temperature.

The sertraline hydrochloride Form V that results from
practicing the invention as exemplified herein can be char-
acterized by its powder X-ray diffraction pattern. FIG. 1 is
a represeniative pattern of sertraline hydrochloride Form V.
The principal pcaks ohscrved arc at about 5.20°:0.2,
10.40°£0.2, 11.0°£0.2, 14.30°£0.2, 16.50°20.2, 17 30°20.2,
1840°£0.2, 19.7°£0.2, 20.9°+0.2, 22.0°:02, 23.2°202,
23.6°:0.2, 25.5°0.2, 26.0°+0.2, and 29.1°:0.2 degrees 2
theta.

Three experiments were performed in order Lo repeat the
procedure described in U.S. Pat. No. 5,248,699 for preparing
Form V by sublimation. Two experiments were performed
by sublimsating a sample of Form I uader 30 mm Hy vacuum
and temperature between 170-190° C. A third experiment
was performed by sublimating a sample of Form I under
high vacuum (0.1 mm Hg) and temperabure between
180-195° C.
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The three samples of sertraline hydrochloride prepared by
sublimation were analyzed by powder x-ray diffraction. In
all cases, the typical broad featurcless pattera without sharp
peaks fypical of amorphous materials was obtained. [IG. 2
is one such pattern.

In conclusion, sertraline hydrochloride could not be
obtained by {vllowing the procedure sel forth in US, Pal,
No. 5,248,699 for preparing Fores V by sublimation of Form
L

The IR spectrum of sertraline hydrochioride Form V
produced by the present process is characierized by the
following bands: 773 cm™?, 822 cm™, em™, 1012 cm™,
1032 em™, 1054 em ™, 1133 em™, 1328 cm™, 1562 em™,
and 1590 cm™, as shown in FIG. 4.

The sertraline hydrochloride Form V of the present pro-
cess Is further characterized by the DSC thermogram data,
for example, as disclosed in FIG. 3. The 138C thermogram
is characterized by a smalf endotherm {3 Joule per gram)
at aboud 210° C., believed 1o be a solid-selid transformation
{based upon observation under a hot stage microscope) to
Form 1] and & melting peak. Form III at 251° C.

Form VI

Sertraline hydrochloride Torm VI is a solvated crystal
form of sertraline hydrochloride. In the present invention,
seriraline hydrochlonide Form VI may be an ethanolate,
wherein ethanol is incorporated into the orystal structure of
Form VI. Alternatively, sertraline hydrochloride Form VI
may be a methanolate, wherein methanel is incorporated
into the crystal structure of sertraline hydrochloride Form
VI. All seriraline hydrochloride Form VI sojvates have
identicai powder x-ray diffraction patterns. Therefore, when
referrng to sertraling hydrochloride Form VI all sertraline
hydrochloride Form VI soivates such as, seriraline hydro-
chloride Form VI ethanolate and sertraline hydrochloride
Form VI methanolate, are necessarily included.

To form the novel crystalline form sertraline hydrochlo-
ride Form V1, seriraline base is added to absolute ethanol or
methancl. Hydrogen chloride gas is then bubbled through
the solution, Sertraline hydrochloride Form VI is isolated by
allowing precipitation to occur, followed by filtration. The
DSC thermogram of Form VI crystallized fram cthanot
displays a desolvation peak at 95° C. (see FIG. 13) and loses
11.2% weight (by TGA); Form VI crystallized from metha-
nol toses 8.3% weight (by TGA) upon desolvation; Parm VI
crystaltized from ethanol is an ethanolate, and more specifi-
cally is a monoethapolate. Form VI crystallized from metha-
nod is a methanolate, and more specifically is a monometha-
nolate,

The present invention zlso provides new processes for
making sertraline bydrochloride ethanolate Form VI by
resturry of Forms I, IF and V. In the conversion of sertraling
hydrochioride Form 1, [T, V to scrtraline hydrochloride
ethanolate Form VI, sertraline hydrochloride Form L il or V

is dissolved or suspended in ethanol or in methanol and -

stirred for about 18-36 hours, 24 hours is preferred. Sertra-
line hydrochloride ethanolate Form VI is isolated by filtra-
hon.

‘The sertraline hydrochloride Form VI so isolated exhibits
the powder x-ray dillraclion paticrn of FIG. 5, comprising
peaks at 7.30x0.2, 12.1°20.2, 12.7°20.2, 14.0°z0.2,
15.60°%0.2, 17.60°£0.2, 20.1°+0.2, 20.60°£0.2, 21.90°0.2,
22.70°£0.2, 23.0°x0.2, 23.8°20.2, 24.3°20.2, 25.4°20.2, und
26.3°£0.2 degrees two-theta. Sertraline hydrochloride Form
VI so obtained is a solvate. Drying of the precipitated
sertraline hydrochloride Form VI a1 50-60° C. overnight
yields sertraline hydrochloride Form V.
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Form VI

1t has also been discovered thal 4 new ervstalline [orm of
seriraline hydrochloride Form VII, may be oblained by
suspending Form V in waler, and filirating ihe suspension
after onc day without further drying.

In anoiber embodiment of the invention, seriraline hydro-
chloride Form VI is made from scrtrating hydrachloride
Furm VI. Seriraline hydrochloride Form VI is dispersed in
walcr and the mixture is heated to facilitate the dissolution
ol sertruline hydrochlodde Form VI The solution may be
heated to about 30° €. to 90° (., proforably to about R0® C.
The pH is then lowered, preferably o about pH 1 and the
mixture is allowed to cool to room femperature and stirred
until the reaclion is complete. Preferably the reaclion is
stirred for two howrs at room temporaturc. Sertraline bydro-
¢hloride Form VII is isoluled by Bltration amd washing with
walcr.

As shown in FIG. 6, sertraline bydrochloride Form Vi is
characterized by two unique sirong x-ray powder diffraction
peaks at 4.0°¢0.2, and 20.0 deyrees two-theta and medium
intensity peaks at 8.0°0.2, 11.6°+0.2, 12.0°+0.2, 13.8°20.2,
16.5%0.2, 22.8°20.2, 24.1°20.2, 25.0°20.2, 26.6°£0.2,
30.70°20.2, 34.7°20.2 2 two-theta. The TGA curve shows a
loss an drying of about 45%.

Forms VIO and IX

Additional pew crystallipe forms of sertraline
hydrochloride, Torms VI and IX, have also been discov-
ered. Sertraline hydrochloride hydrate Form VI may be
pruduced by suspunding sertraline base in water followed by
acidification and filtration, Form 1X is obtained by drying of
Form VII. Preferably the seriraline base is suspended in
water, heated 1o approximately 80° C., adding hydrochioric
acid 1o reduce the pH to about 1, and cooling the resulting
solution t0 room temperature,

The present invention alse provides mew processes for
making sertraline hydrochloride Form VII from sertraline
hydrochloride cthanolatc Form VI. In onc embodiment of
the present invemtion, a slurry of sertraline hydrochioride
sthanolate Form VI in waler s stirred, preferably for about
one hour, The sluarry is then filtered and washed with water
and sertraline hydrochloride hydrate Form VI is isolated.

The present invention also provides precesses of making
seriraline hydrochloride form VIIT from sertraline hydro-
chloride Form 1L In the conversion of sertraline hydrochlo-
ride Form II 10 sertraline kydrochioride Form VIII, sertraline
hydrochloride Porm 11 is suspended in water and stirred,
preferably stirred overnight and seriraline hydrochloride
hydrated Form VII is isolated by Eliration.

Sertraline hydrochloride Form VIII is characterized by
%-ray powder diffraction peaks at 4.7°20.2, 11.8°20.2,
16.3°20.2, 17.8°x0.2, 19.6°20.2, 23.2°20.2, 24.2°£0.2,
25.1°£0.2, and 26.0°+0.2 two-theta, as described in FIG. 7.

The DSC thermogram for Form VHI is characterized by
# strong endotherm below 100° C., small endothermic and
exothermic events at about 220° C. and a melting peak at
247° . as described in FIG. 9.

The TGA curve shows a loss on drying step of about 20%
below 100° C.

The IR spectrum of Form VIH is characterized by the
foliowing bands: 740 cm™?, 779 cm™, 822 cm, 887 cm™?,
915 e’ , 1031 e, 1053 ¢m™, 1110 em™*, 1134 cm?,
1153 emf, 1217 cm™, 1307 cm™, and 1377 om™!, as
described in FIG. 11.

Sertraline hydrochloride Form IX is characterized by
x-ray powder diffraction peaks at 5.1°20.2, 14.2°202,
15.8°40.2, 16.8°:0.2, 19.2°20.2, 19.7°x0.2, 22.4°20.2,
23.2°20.2, 25.3°+0.2 and 26.1°+0.2 two-theta, as described
in F1IG. 8.
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The IR spectrum of Form IX is characierized by the
following bands: 701 cm™?, 713 e ?, 741 cm™, 758 cm ™,
780 e, 816 cm™t, 823 cr™?, 1030 cm, 1053 cm™t, 1078
cm”), 1110 em™, 1204 em™, 1217 em™, 1307 em™, and
1350 cm™, as described in FIG. 12.

Form X

It has further been discovered that another crystalline
form of sertraline hydrochloride, denominated Form X, may
be oblained by suspending seriraline hydrochloride in bep-
zyl aleohol heating fo facilitate dissolution. The precipitate
is then filtered, washed with benzyl alcohol and dried, to
vield sertraline hydrochloride Form X.

The Form X produced in this manner is characterized by
a powder x-ray diffraction pattern having its principal pesks
at 15.0°20.2, 16.0°£0.2, 16.5°£0.2, 17.0°20.2, 18.1°20.2,
21.0°+02, 224°+0.2, 249°20.2, 25.4°202, 262°:0.7,
27.1°20.2, 28.4°20.2, and 29.0°+0.2 degrees two-theta as
described in FIG. 14,

The IR spectrum of Form X is characterized by the
following bands: 742 om™, 776 em 1, 806 om %, 824
cm “1, 1002 cm 3, 1017 em™Y, 1028 cm™, 1060 cm , 1079
cm 7Y 1135 cm %, 1218 cm”, 1314 cm?, 1336 cm™, and
1560 em? as deseribed in FEG, 185,

The DSC of Form X shows 2 small endotherm at about
160° C. [ullowed by a melting endotherm at about 250° C,,
(see TIG. 16).

Form I

The present inveniion provides new processes for making
sertraline hydrochloride Form I from sertraline hydrochlo-
ride Form VI by resiurry or granulation in organic solveats
at temperatures between 25-80° C,, followed by drying. The
methods provided in the present invention have advantages
over the rapid recrystallization method of U.S. Pat, No.
5,248,699, The method of the present invention does not
require complete dissolution of seriraline hydrochloride,
conirolling the rate of heating or cocling of & scrtraline
solution, or controlling the rate of crystallization, The
present method utilizes less solveat than the method of the
699 patent, since the sertraline hydrochloride starting mate-
rial need not be campletely dissolved.

In the conversion of sertraline hydrochloride Form VI o
sertraline hydrochloride Torm 11, sertraline hydrochloride
Form VI is combined with an aprotic organic solvent.
Suitable solvenis include acetone, t-butyl-methyl ether
(MTBL), cthyl acetate and cyclohexane., One preferved
method is to heal sertraline hydrochioride Form VI and
solvent, preferably MTBE, to reflux for one hour. The slurry
is cooled to room temperature and sertraline hydrochioride
Form Il is isolated by filtration. Another preferred method of
making sertraline hydrochloride Form Il comprises stirring
sertraline hydrochloride Form V1 and suitable solvent, pref-
erably acetone, at room temperature for 2 hours, followed by
filtration. About 1 fo about 10 volumes of solvent are
preferred, based on the weight of the sertraline hydrochlo-

ride siarting matcrial. Sec Examples 9 (3 volumcs of 55

solvent) and 10 (5 volumes of solvent) below. However,
smaller amounts of solveat will also effect the
transformation, albeit in some instances more slowly. The
reaction is carried cut for a time sufficient 1o converi the
Form VI to Form II. We have sol observed sny [urlber
conversion of Form H upon treatment under these conditions
for times longer than the minimum time necessary to effect
the transformation.

‘The present invention also provides new processes for
making sertraline hydrochloride Form H from sertraline
bydrockloride Form V by granulation. In the conversior: of
sertraline hydrochloride Form V to sertraline hydrochloride
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Form 11, sertralinc hydrochloride Form V is combined with
ethanol. The sertraline hydrochloride Form V ethano!l mix-
ture is sticred for at least a few hours to several days,
preferably about two days to induce the formation of ser-
traline hydrochloride Form II,

Sertraline hydrochledde Form I may also be made by
recrystallization of sertraline hydrochloride from suitable
solvents such as dimethyl formamide or cyclohexanol, Ser-
traline bydrochloride is dissolved by warming in the solvent
followed by cooling the solution at room temperature.
Sertraline Form 11 is isolated by filiration.

The present invention also provides a new process for
making sertraline hydrochloride Form I form sertraline
base, Sertraline base is dissolved in a suitable such as
acetone and the pH of the solution is lower by the addition
of a hydrogen chloride solution, such as isopropy! alcohol
and hydrogen chioride. The hydrogen chloride solution is
added to induce the formation of sertraline hydrochloride
Form II. Upon cooling of the mixture, for exampic to room
temperature, seriraline hydrochloride Form 1T is isolated by
filtration.

An experiment was performed in order to repeat the
procedure deseribed in 1.8, Pat. No. 4,536,518 for preparing
Form II. Sertraline base was dissolved in ethyl acetate, sther
wis added and the sohion was acidificd wilk hydrogen
chioride gas. The material oblained after filtration and air
drying was sertraline hydrochloride amorphous, not Form 11
as was expecled.

The present invention also provides new processes for
making a mixture of sertraline hydrochloride Form I and
sertraline hydrochioride Form V. In this embodiment of the
present invention, sertraline hydrochloride Form VI is
heated 1o induce the transformation of seriraline hydrochlo-
ride Form VI to a mixture of both sertraline hydrochloride
Form Il and sertraline hydrochloride Form V. In this embodi-
ment of the prosent invention, the heating of scriraline
hydrochicride Form VI may be done under reduced pressure
or atmospheric pressure.

Form H1

The present invention provides new processes for making
sertraline hydrochloride Pomm I from sertraline hydrochlo-
ride From V. In the conversion of sertraline hydrochloride
Form V 10 sertraline hydrochloride Form I, Form V is
heated 10 a temperature between about 150° to about 180° C.
for about 24 howrs to iaduce the formation of sertraline
hydrochloride Form HI. The reaction may be stired. The
method of the present invention has the advantage of using
no solvent.

The methods of the present invention also provides new
processes for making sertraline hydrochloride Form HI from
sertraline hydrochloride ethanolate Form VI by heating
sertraline hydrochloride Form VI at about 150° to sbout
180° C. for about 24 hours. The dried material is sertraline
hydrochloride Form IIL
Amorphous Scrtraline Hydrochloride

The present invention provides new processes for making
amorphous sertraline hydrochloride from sertealine hydeo-
chioride by sublimation or by precipitating, from a non-
polar solvent such as toluene, ether and t-butvl-methyl ether
seriraline base.

In an embodiment of the present invention, amorphous
sertraline is made by dissolving hydrochloride Form V in
walter and drying the solution by (he spray dryer lechnigue.
Amorphous seriraline hydrochloride may also be made by
subjimation of seriraline hydrochloride,

The amorphous sertraline hydrochloride produced by
methods of the present invention is characterized by a

Page 22 of 53



Case 2:07-cv-00240-WHW-RJH

Document 1-2

Filed 01/12/2007

US 6,500,987 Bl

9

powder x-ray diffraction pattern having the typical broad
[eatureless pattern withoul sharp peaks typicul of amorphous
materiais. FIG. 2 is onc such pattorn.

Pharmaceustical Compositions Condaining Sertraline Hydro-
chloride Polymorphs

In accordance with the present invention, these new
crystalline forms of sertraline hydrochlotide and known
forms of sertraline hydrochloride prepared by the new
methods disclosed herein may be prepared &s pharmaceuti-
cal compositions that are particularly useful for the trear-
ment of depression, obsessive~compulsive disorder and
panic disorder. Such compositions comprise onc of the new
crystalling forms of sertraline hydrochloride with pharma-
ceutically acceptable carriers and/or excipients known to
one of skill in the ari.

For example, these compositions may be prepared as
medicaments o be administered orally, parenterally,
rectally, transdermally, bucally, or nasally. Suitable forms
for oral adminisiration include 1ablets, compressed or coated
pills, dragees, sachets, bard or gelatin capsules, sub-lingual
tablets, syrups and suspensions. Suitable forms of parenteral
administration inchude an aqueous or non-aqueous solution
or emulsion, while for rectal administration suitable forms
for administration inclde suppositories with hydrophilic or
hydrophobic vehicle. For topical adminisiration the inven-
tion provides suitable transdermal delivery systems known
in the art, and for nasal delivery there arc provided suitable
agrosol delivery systems known in the art.

Experimental

The powder X-ray diffraction patterns were obtained by
methods known in the art using a Philips X-ray powder
diffractometer, Goniometer model 1050/70 at 2 scaoning
speed of 2° per minute, with a Cu radiation of h=1.5418 A,

The differential scanning calorimeter thermograms were
obtained by methods known in the art using a DSC Mettler
821 Swur®. The weight of the samples was less than 5 my.
The temperature range of scans was 30° C—300° C. at a rate
of 10° C/min. Samples were purged with nitrogen gas af a
fiow rale of 40 mL/min. Standard 40 34 slumioum crucibles
were used having lids with three small holes.

The infrared spectra were oblained by methods known in
the art using a Perkin Elmer FT-IR Paragon 1000 spectrom-
eter. Samples were analyzed in Mujol malls. Spectra were
cbiained at 4 cm™ resolution and 16 scans each.

EXAMPLES

The present invention will now be further explained in the
following examples. However, the present ipvention should
not be construed as Hmited thereby. One of ordinary skill in
the art will understand how to vary the exemplified prepa-
rations to obtain the desired results.

Example 1
Preparation of Serlraline Base

Sertraline mandelate (5 g) was stirred at room temperature

with 50 mL ethyl acetale. Aqueous sodiurn hydroxide was
added dropwise until the sertraline mandelale was com-
pletely neutralized. The phases were separated and the
organic phasec was dricd over Mg80, and filtored. The
solvent was removed under reduced pressure resulting ser-
traline base as an oil (3.2 g).

Example 2

Preparation of Sertraline Ilydrochloride Form VI
and Form V

Sertraline base (25 g) was dissolved in methanol (125
mL} at room temperature. The solution was acidified with
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hydrogen chioride until pH 1.5 was reached. (Precipitation
occurred during ackdification.) The tempersture rose o
approximately 40° C. The shury was allowed to cool o
oom temperature and stirred for about 2 hours. The solid
was separated by filtration to give sertraline hydrochloride
methanolate—FPorm VI, Drying (he product gvermight gave
sertraline hydrochloride Torm V.

Example 3

Preparation of Sertraline Ilydrochloride Form VI
and Form V

Seriraline base (3.2 g) was dissolved in absolute ethanol
(32 ml) at room temperature and then hydrogen chloride
gas was bubbled in until pH 0.5 was reached. The tempera-
ture rose to 40° C. The slurry was allowed to cool to room
temperalure and stirred for about 16 hours, The solid was
separgled by fAltration, and washed with ethanol (3x2 mL).
FIG. 5 sets forth the X-ray diffraction pattern of the product
(sertraline hydrochloride Form VI) so obtained. Drying
overnight at SU-60° C. of that product yields 2.95 g (82%)
of sertraline hydrochloride Form V.

Example 4

Preparation of Sertraline Hydrochloride Form V

Sertraline base (3 g) was dissolved in absolute ethanol (15
L) al room temperature, A saturzied solution of hydrogen
chioride in isopropyl alcobol was added dropwise to reach 2
pH of 1.3. The resulting slurry was siirred at room lempera-
ture overmighl. The solid was separated by filtration and
dried ovemight at S0-60% C. yielding 2.75 g (8L.8%) scr-
traline hydrochloride Form V.

Example §

Preparation of Sertraline Hydrochloride Form vV

Seriraline base (3 g) was dissolved in absolute ethanol
(155 mL) at room temperaiure and then the solution was
cooled to approximately (1° C, Hydrogen chloride gas was
bubbled until pH 0.5 was reached. The temperature rose to
approximately 7° C. Precipitation occurred and the slurry
was stirred at about 10° C. for 2 hours. The solid was
isolated by filtration, washed with ethanol and dried at
approximately 50° C. The dried material (2.87 g, vield
82.7%) was sertraline hydrochloride Form V.

Example 6

Preparation of Sertraline Hydrochloride Form V

Sertraline base (3 g) was stirred with 35 ml. water. ‘LThe
shurry was hested at ~70° C. and, while maintaining this
temperature, concentrated hydrochloric acid was added until
pH 1 was reached. During acidification, almost complete
dissolution was observed followed by precipitation. The
mixture was cooled to room temperature and stirred for 2
bours. The solid was isolated by filtration, washed with
water and dried ovemnight at 50-60° C,, yielding 3.23 ¢
(96%) sertraline hydrochioride Form V.

Example 7

Preparation of Sertraline Hydrochloride Form V

Sertraline base (3 g) was dissolved in 10 mL absolute
ethanol at 40° C. The solution was heated to 50°—60° C, and

Page 23 of 53



Case 2:07-cv-00240-WHW-RJH

Document 1-2

Filed 01/12/2007

US 6,500,987 B1

11

concontrated hydrochloric acid 32% (1.2 ml) was added
until pH 1.3 was reached. Water (12 mL)} was added. The
resulting clear solution was concentrated to half its volume
and was allowed to cool naturally to room temperature. The
solid was isolated by filiration, washed with water and dried
overnight al 50-60° C., yielding 3.18 1 {94.65%) seriraline
hydrochloride Torm V.

Hxample 8
Preparation of Seriraline Hydrochloride Form V

Sertraline base (3.7 g) was dissolved in 18.5 mL. absolute
ethanol and the solution was heated 1o 60° C. Hydrogen
chioride gas was bubbled through the cthanol solution until
pH -0.5 was reached. The mixture was oooled to room
temperature and the siirring was costinued for 2 hours. The
solid obtained after filtration, washing with cthanol and
drying at 50° C. was seriraline hydrochloride Form V (3.16
&, yield T6%).

Exampie 9
Preparation of Sertraline Hydrochloride Form V

Seriraline free base was dissolved in ethanol absolute and
the solution was scidified with hydrogen chioride gas to
about pH 3. Precipitation ocours and the slurry was stirred
st room femperature for 2 hours. The resulling solid was
filtered, washed with ethanol and dried to yield sertraline
hydrochlotide Form V.

Example 10 _
Preparation of Sertraline Hydrochloride Form V

Sertraline free base (13.3 g) was dissolved in absolute
cthanol {60 mL) apd was added dropwise over one bour to
cthann! (20 ml.) containing hydrogen chloride gas (17.5 g)
at 33° C. After 2 bours, the solid was filtrated, washed with
ethanol and dried at abowl 80° C. 1o yield seriraline hydro-
chionde Form V(12.9 gr., vicld 87%).

Examplc 11

Preparation of Sertraline Hydrochloride Form V

Anhydrous sertraline hydrochloride (2 g) was stirred with
14 mk. absolute ethanol and keated to reflux to obtain a clear
sulution. The solution was seeded with sertraline hydrochio-
ride Torm V and cooled naturally to room temperature.
Massive precipitation was observed at about 50° C. The
slurry was stirred at room temperature during 2 houss. The
solid was filtered, washed with ethanol (3 mL) and dried
overnight at 50-60° C, yiclding 1.71 g (85.5%) of sertraline
hydrockieride Form V.

Example 12
Preparation of Seriraline Hydrochleoride Form V

Sertraline hydrochloride ethanolate (Form VI) (40 ) in ~

400 ml water was heated o 88° (. and complete dissolution
was obtained The pH was adjusted to spproximately one
with hydrochloric acid and the solution was naturally cooled
to rocm temperature and stirred for 2 hours. The solid was
filtered and dried at 50° C. for approximately 16 hours,
vielding sertrakine hydrochloride Form V.

Example 13
Preparation of Sertralize Hydrochloride Form V

Sertraline hydrochloride ethanolate (Form VI) (2 g) was
mechanically stirred with ethanol (0. 5 mL) st room tem-
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perature for 40 houwrs. The resulting solid was sertraline
kydrockloride Form V.

Tebie I sets forth a summary of additional experiments
conducted generally following procedures described above,

TABLE 1

PREPARATION OF SERTRALINE HCL-FORM V
SERTRALINE BASE AS STARTING MATERIAL

Yield
Fxp'l Melhod ol Crystailizasion XRD (%)
A Moethanol/HCE gas v 78.7
B Methanol/HC! gas v 59
C Methanol/HC aqueous v 87.8
D Ethanol/HCi gas v 209
E  Water/HC agueous v 96
F  Hexane/lsopropy] alaochal/HCl gas v 89.9
G Metianol/HC! aqueous/water v 80
H  Isopropyl alcohol/HCE aquesusfwales v 78
E Fthanol/HCE aquecus/evaporation of ethanel A2 o6t
I Ethyl acctate/fICI aquecus/water/evaporation v 96.1
of ethyl acstate
K Tthavolisoprepy] alcoholHCL gas v 81.8
L. Methanel/isopropyl alcoholAICE gas v 824
SERTRALINE HCI AS STARTING MATERIAL
M Methanel (Form [ aad amorphous) ¥ 63
N Hthazol (Form V} ¥ 85.5
O Isopropyi alcoholfwater {Form V) v P23
PXRD=powder x-ray diffraction.

Example 14
Preparation of Sertraline 1Iydrochloride Form VII

1.003 g Sertraline bydrechloride Form V was stirred for
24 hours af room temperature in 20 mL water (HPLC gradc).
At the end of the stirriag the mixture looked like a jelly
suspension, The suspension was filtrated end the compound
obtained was kept at cold conditions (4° .} until analyzed
by x-ray diffraction.

Example 15

Preparation of Sertraline !lydrochloride Form Vil
from Sertraline Hydrochloride Form VI

A sotution of scriraline hydrochloride cthanolate (Form
V1) {40 g) in water (400 ml) was heated at 80° C. and
complete dissolution of sertraline hydrochloride ethanolate
{Form VI) was obtained. The plI was admsted to about 1 and
the solution was allowed to cool to room temperature and
then stirred for 2 additional hours. The solid was isolated by
filtration and washed with waler to yield sertraline hydro-
chloride Form VIL

Example 16

Preparation of Sertraline Hydrochloride Forms VIII
and IX

Sertraline base (2.7 g) was suspended in 27 mL of water.
This mixture was beated to 80° C. and treated with hydro-
chloric acid until about pIl 1 was reached. A clear solution
was obiained which on cooling gave a precipitate. After 2
hours stirming at room temperature the sold was isolated by
filtration. This sohd was characferized by powder x-ray
diffraction (see FIG. 7). Drying for 24 hours at ~50° C.
yiekded 2.32 ¢ (76.8%) of serraline hydrochloride Form 1X,
characterized by powder x-ray diffraction, infra-red
absorption, differential scanning calorimetry, and thermal
gravimetric analysis as set forth above and depicted in FIGS.
8,16, and 12,
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Examplc 17

Preparation of Sertraline Hydrochloride Form VIIE

Sertralive hydrochloride ethanolate (Form Vi) {40 g) was
stirred with water (80 ml) for T hour at room temperaturc.
The slurry was filrated and washed with water to yield
sertraline hydrochloride hydrate—Form VIIL

Example 18

Preparation of Sertraline Hydrochloride Form VIII
from Sertraline Hydrochloride Form I

Sertraline hydrochloride Form 11 (0.4 g) and water (8
ml) were stirred at room temperature over night. The solid
was [lirated w yield seriraline hvdrochloride hydrale Form
VIH.

Example 19

Preparation of Sertraline Hydrochloride Form I
From Form VI

A sturry of sertraling hydrochloride Form VI (50 g) and
-butyl-methyl-sther (150 ml) were hested to reflux and the
reflux was continued for 1 hour. The shurty was then allowed
to cool to room temperature and fliered. The solid was
washed with -butyl-methyl-ether (50 ml) and dried in &
reactor under vacuum of 30 mm Hg with stirring. The dried
solid so obstained is sertraline hydrochloride Form I (38.26
g: yield 86.7%).

Example 20

Preparation of Sertraline Hydrochloride Form H
from Form VI

Sertraline hydrochloride Form VI {23 g} was stirred with
acetone (250 mi) at room temperature for 2 hours. The solid
material was filtered and washed twice with aceloge (25 ml).
The wet solid was dried in a vacuum agitated drier to afford
sertraline hydrochloride Form 11 (20.09 g: yicld 98.6%).

Example 21

Preparation of Polymorph II by Granulation of V

Sertraline hydrochloride Form 'V (2 g) and absolute etha-
ool (0.5 ml) were stirred in rotavapor at room temperature
for 2 days. At the end of two days, the material contained
sortraline hydrochioride Form 1T

Example 22

Preparation of Polymorph 11 by Drying of the
Seriraline Hydrochloride Form VI

Sertraline hydrochloride ethanolate-Form VI was dred at
105° C. under vacuum (<10 mm Hg) over 24 hours. The
resulting dried material was Sertraline hydrochloride Form
H mixed with sertraline hydrochloride Form V,

Example 23

Preparation of Sertraline Hydrochloride Form [}

Sertraline base (3 g) was dissolved in acetone (10 mL).
Isupropanol containing hydrogen chloride (20 ml) was
added fo the solution until the pH is ~2. The stirring was
continued over night at room temperature, The resulting
solid was filtrated, washed with acetone and dried to yield
sertraline hydrochloride Form I (2.01 gr., yield 77.6%).

10

25

30

35

43

50

60

14
Examplc 24

Preparation of Sertraline Hydrochloride Form Ii

Sertraline hydrachloride l'orm V (10 gr) was suspended
iz dimethylformamide (DMF) (30 mL). The heating was
started and at about 70° C. a clear solution is oblained, The
solution was cooled to reom temperature and the solid was
filtered. After drying at 80° C. for 24 hrs. Sertraline hydro-
chloride Form 1F was obiained (6.6 gr.,yield 66%).

Example 25

Preparation of Sertraline Hydrochloride Form X

In a 0.1 Hter three-necked bottom round flask equipped
with a mechanical stirrer, a condenser and a thermomaeter, 30
mi. benzyl alcobol is added to 10 g sertraline hydrochloride.
The suspension is hested 1o 100° C, when a clear solution is
obtained. The solution is cooled 2 hours o 25° . and the
precipitate is filtered and washed with benzyl alcohol. After
drying under vacuum at 80° C, for 24 hours, 6.2 g of
sertraline hydrochloride polymorph X is obtained (yield
62%). The seriraline bydrochloride Form X was character-
ized by powder x-ray diffraction and isfrared absorption
analysis as set forth above and in FIG. 14 arnd FIG. 15,

Example 26

Preparation of Scriraline Hydrochloride Ethanolate
Form VI by Reslurry of Form 1

Sertraline hydrochloride Form I{1 g) and absolute ethanol
(20 ml) were stirred at room temperature for 24 hours,
Filtration of the mixture yielded sertraline hydrochloride
cthanolate-Form VI

Example 27

Preparation of Sertraline Hydrochloride Ethanolate
Form VEby Reslerry of Form 1

Seriraline hydrochloride Form I (1 g) and absolute etha-
nal (20 ml.) were stirred at room temperature for 24 hours,
Fiitration of the mixture yielded sertraline hydrochloride
ethanolate Form VI.

Examplc 28

Preparation of Sertraline Hydrochloride Ethanolate-
Form Vi-by Reslurry of Form V

Seriraline hydrochloride Form V (1 gr) and eibano!
absolute (20 mL.) were stirred at room temperature for 24
brs. Filiration of the mixture yielded sertraline hydrochlo-
ride ethanolate Form VI

Example 29

Preparation of Amorphous Sertraline Hydrochloride

Scriraline frec basc (10 g) was dissolved in cthyl acctate
(690 m1). At room temperature, ether (690 ml) was added
to the seriraline eihyl acetale solulion and the solution was
acidificd with HCI gas 10 about pH 0.5. The resulting
gelatinous suspension was stirred at room temperamre over
might. Filirgtion and air drying of the suspension yiekled
amorphous seriraline hydrochloride (9.39 gr., yield 83.8%).

Example 30
Preparaticn of Sertraline Hydrochloride Form IH
from Form V

Sertraline hydrochioride Form V was heated a1 150° C.in
a reactor under mechanical stirring for 24 hrs. The resulting
material obtained was sertraline hydrochloride Form TH.
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Example 31

Preparation of Sertraline Hydrochloride from 111
from Form Vi

Seriraline hydrochloride form VI was heated to 180° C.
for 24 hours. The dried material is Sertraline hydrochloride
Form [,

Example 32

Preparation of Sertraline Hydrochloride Form III
from Form V

Sertraline hydrochloride Form V was heated at a tem-
perature £180° C. for 24 hours. The resulting material was
Sertraline hydrochloride Form Iii.

Example 33

Preparation of Amorphous Sertraline Hydrochloride

Sertraline hydrochloride Form V (10 g) was dissolved in
water (2 L) and this solution was dricd by the spray dryer
technique. ‘The material obiained in this way is Seriraline
hydrochloride amorphous.

Example 34

Preparation of Amorphous Sertraline Hydrochloride
by Sublimetion

Sertraline hydrochloride Form 1 was sublimated af
190-200° C,, at a vacuum of 30-0.1 mm Ilg, using a
laboratory—type sublimator, The resulting material was
amorphous seriraline hydrochloride.

A similar procedure starting from Form V also gave
amerphous sertraline hydrochloride.

Example 35

Preparation of Sertraline Hydrochioride Form V
from Amorphous Sertraline

Sertraline hydrochloride amorphous was heated to 80° C.
[or 24 hours. The resalling product was seriraline hydro-
chlorids Form V.

Examplc 36

Preparation of Sertraline Hydrochloride Amorphous
by Precipitation from Toluene

Sertraline base (5.8 gr) was dissolved in toluene (200
mL). HCl gas was bubbled (about pH 1.5) through the
solution. A gel is formed. Filtration and drying at 50° C. for
16 hours gives amorphous sertraline hydrochloride (6.61
e

U shoukd be understoed thal some modification, alteration
and substitution is anticipated end expected from thosc
skilled in the art without departing from the teachings of the
invention. Acvordingly, it is approprizte (hat the lollowing
claims be construed broadly and in a manner consistent with
the scope and spirit of the invention,

What i claimed is:

1. A process for making sertraline hydrochloride Form V
comprising the steps of:

(a) dissolving sertraline hydrochloride in a suitable sol-

vent;

(b} removing the solvent; and
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{c) drying to form sertraline hydrochloride Form V.

2. The process of claim 1, wherein the solvent is selected
from the group consisting of methanol, sthanol, water,
1-methoxy-2-propanod, and, isopropyl alcoho! and mixtures
thereof.

3. The process of claim 2 wherein Lhe solvent is methanol.

4. The process of claim 2 wherein the solvent is sthanol.

5. The process of claim 2 wherein the solvent is a mixture
ol isopropy! aleohol and waley,

6. The process of claim 1, further comprising the steps of
seeding the solution with sertraline hydrochloride Form V.

7. The process of claim I wherein the serraline hydro-
chiaride of step (a) is sertraline hydrochloride Form L

8. The process of claim 1 wherein the sertraline hydro-
chloride of step (a) is sertraline hydrochloride Form VI

9. The process of claim 1 wherein the sertraline hydro-
chioride of step (a) is sertraline hydrochloride Form VII.

10. The process of claim 1 wherein the sertraline hydro-
chioride of step (a) is sertraline hydeochloride Form VIIIL

H. The process of claim 1 whercin the scrtraline hydro-
chloride of step (a) is sertraline hydrochloride Form IX.

12. A process for making sertraline hydrochloride Form V
comprising the steps of:

(a) dissolving or suspending sertraline base in a solvent,

(b) adding hydrogen chloride or hydrochloric acid to

reduce the pH of the solution or suspension; and

(c} isolating sortraline hydrochloride Form V.

13. The process of claim 12 wherein the pH of the solution
or suspeasion of sertraline base and hydrogen chloride or
hydrochloric acid in a solvent is shout 0 to about 4.

14, The process of claim 12 wherein the solvent is
selecied [rom the group consisting of methanol, ethanof,
water, ethyl acetate, isopropyl alcohol, hexane, and ioluene,
and mixtures thereof,

15. The process of claim 14 wherein the solvent is
methanol,

16. The process of claim 14 wherein the solvent is
ethanol.

17. The process of clairn 14 wherein the solvent is water,

18. The process of claim 14 wherein the solvent is a
mixture of hexane and isopropyl alcohol,

19. The process of claim 14 wherein
mixture of isopropyl alcoho] and water.

20. The process of claim 14 wherein
mixture of ethanel and water.

21, The process of claim 14 wherein
mixture of ethyl acetate and water.

22, The process of claim 14 wherein
mixture of ethanol and isoprapyl alcohol.

23. The process of claim 14 wherein the solvent is &
mixture of methanol and isupropyl aleohol.

24. A process for making sertraline hydrochloride Form V
comprising the step of drying sertraline hydrochloride etha-
nolate Form VL

25, A process for making seriraline hydrochloride Form V
comprising the step of drying sertraline hydrochloride Form
VIL

26. A process for making seriraline hydrochloride Form V
comprising the siep of drying sertraline hydrochloride
hydrate Form VI

27 A process for making sertraline hydrochloride Form V'
comprising the steps of:

(a) suspending or dissolving sertraline hydrockloride in a

soivent selected form the group consisting of sthanol,
methanol and water and mixtures thereof; and

(b} isolating sertraline hydrochloride Form V.

the solvent is a
the solvent is a
the solvent is a

the solvent is 2
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28. A process for making scriraline hydrochloride Form V
comprising the steps of:

(a} dissolving sertraline hydrochloride Form VI in water;

{b) adding a sufficient amount of hydrochloric acid or
hydrogen chloride to facilifate precipitation of serira-
line hydrochioride Form V,

(¢) removing the water; and

(d) isolating scrtraline hydrochloride Form V.

28. A process for making sertraline hydrochloride Form V
comprising the steps of:

(a) heating amorphous serraline hydrochloride for a time
sufficient to effect the transformation to sertraline
hydrochloride Form V; and

(b} isolating sertraline hydrochloride Form V.

30. The process of claim 29 wherein amorphous sertraline
hydrochloride is heated 10 a temperature up to about 80° C,

31. Sertraline hydrochloride Form VL

32. Sertraline hydrochloride Form VI ethanolate.

33. Sertraline hydrochloride Form VI methanolate.

34. Sertraline hydrochloride Form VI, which is charac-
torized by an x-ray powder diffraction pattern comprising
peaks at about 7.3°20.2, 12.1°£0.2, 12.7°+0.2, 22.0°20.2,
22.9°20.2, 23.2°20.2, 24.0°20.2, and 24.5°20.2 degrees
two-theta.

35. Apharmaceutical composition comprising a therapeu-
tivally eflfective amount of sertraline bydrochloride Form VI
and a pharmaceutically acceptable carrier.

36. A process for making sertraline hydrochleride Form
V¥ comprising the steps oft

(a) dissolving sertraline base In a solvent;

(b) adding hydrogen chloride gas to the solution; and

(c) isolating sertraline hydrochloride Form VI without
further drying.

37. The process of claim 36 wherein the isolation step
comprises precipitation of sertraline hydrochloride Form V1
followed by filtration.

38. The process of ¢laim 36 wherein the solvent is ethanol
or methanol.

39. The product of the process of claim 36.

40. A process for making sertraline hydrochloride Form
V1 comyprisieg the steps of:

(&) dissolving or suspending sertraline hydrochloride in

cthanol or methanol;

(b) stirring for a time sufficien: to induce the iransforma-
tion of sertraline hydrochloride to sertraline hydrochio-
ride Form VI; and

{c) isolating sertraline hydrochloride Form Vi,

41. The process of claim 40 wherein the sertraline hydro-
chloride of step (a) is Form L

42. The process of claim 40 wherein the sertraline bydro-
chioride of step (a) is Form II.

43, The process of claim 40 wherein the sertraline hydro-
chlornde of step {a} is Form V.

44, Sertraline hydrochloride Form VIL

45, A pharmaceutical composition comprising a therapeu-
tically effective amount of sectraline hydrochloride Form
V11, and a pharmaccutically accepiable carricr.

46. A process for making sertraline hydrochlotide Form
VII comprising the steps of:

() suspending sertraline hydrochloride Form V in water;

and

(b) filtering the suspension without drying.

47. The product of the process of claim 40.

48. A process for making sertraline hydrochloride Form
VH comprising the steps off
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{a) dissolving scrtraline hydrochloride cthanolate Form
VI in water such that the sertraline hydrochlorde Form
VI is converted to sertzaline hydrochloride Form VII

(b) filtering the sertraline hydrochloride Form VII; and

(c) washing the filtered seriraline hydrochloride Form VII
with water.
49, A process for making sertraline hydrochloride Form
VII comprising the steps of:
{a) dissolving sertraline hydrochloride ethanolate Form
V1 in water;

(b} heating the solution 1o facilifate dissolution of sertra-
Hue hydrechloride Form VI; and

{c) isolating sertraline hydrochloride Iorm VIE without

drying.

50. The process of claim 49 comprising the additional step
of Jowering the pH to facilitate precipitation of sertraline
hydrochloride Form V.

51. Sertraline hydrochloride Form VI, which is charac-
terized by an x-ray powder diffraction pattern comprising
the peaks at ahout 4.0°20.2, 8.0°:0.2, 11.6°2£0.2, 12.0°£0.2,
13.8°20.2, 16.5°20.2, 20.0°£0.2, 22.8°+0.2, 24.1°:0.2,
25.0°:0.2, 26.62°0.2, 30.7°20.2, 34.7°£0.2 2 two-thcta.

52, Sertraline hydrochloride hydrate Form VIII.

53. Sertraline hydrochloride Form VI, which is charac-
terized by an x-ray powder diffraction peticrn comprising
peaks at about 4.7°+0.2, 16.3%20.2, 17.8°+0.2, 19.6°20.2,
23.2°20.2, 24.2°20.2, 25.1°20.2, and 26.0°£0.2 two-thets,

54. A pharmaceutical composition comprising a therapeu-
tically effective amount of sertraline hydrochloride Form
VI, and a pharmaceutically acceptable carrier.

55. A process for making sertraline hyvdrochloride Form
VIH comprising the steps of;

{a) suspending sertraline base in water;

(b} adding hydrochloric acid; and

(<) filtrating the precipitate so obtained without further

ying.

56. The product of the process of claim 55,

57. A process for making sertraline hydrochloride Form
VII comprising the steps of:

(2) suspending or dissolving sertraline hydrochloride

cthanalate Form VI in water; and

(b) isolating seriraline hydrochloride Form VI

58. A pracess for making sertraline hydrochloride Torm
VIII comprising the steps of:

(a) suspending or dissolving sertraline hydrochloride

Form I in water; and

(b) isolating sertraline hydrochloride Form VIIL

59, Scrtraline hydrochloride Form IX.

60. Sertraline hydrochloride Form IX, which is charac-
terized by an x-ray powder diffraction pattern comprisiog
peaks at about 5.1°202, 14.2°+0.2, 15.8°20.2, 16.8°20.2,
19.2°20.2, 19.7°%0.2, 22.4°20.2, 23.2°+0.2, 25.3°20.2 and
26.1°£0.2 two-theta.

61. A pharmaceutical composition comprising a therapeu-
tically effective amount of sertraline hydrochloride Form IX,
amd a phammaceutically accepluble carrier.

62. A process for making sertraline hydrochloride Form
IX comprising the steps of:

{a) suspending sertealine base in water;

(b) adding hydrochloric acid such that 2 precipitate is

formed;

(c) filtrating the precipitate; and

(d) drying the precipitate.
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63. The product of the process of claim 62.

64. A process for making sertraline hydrochloride Form
IX comprising the step of drying sertraline hydrochloride
Torm VHI and isolating sertraline hydrochloride form [X.

65, A process for making sertraline hydrochioride Form X
comprising the steps of:

(2) suspending sertraline hydrochloride in benzyl alcohol;

{(b) heating the suspension to facitate dissolution;

(<) cooling the solution such that a precipitate is formed;

(d) heating the solution to about 80° C.; and

(¢) isolating sertraline hydrochloride Form X,

66. The process of claim 65 whereln the sertraline hydro-
chloride Form X is isolated by filiration and washing with
benzyl alcohel and heating.

&7. The product of the process of claim 65.

68, Sertraline hydrochloride Form X.

69. Seriraline hydrochloride Form X which is character-
ized by an x-ray powder diffraction pattern comprising
peaks at about 15.0°:0.2, 16.0°20.2, 16.5°20.2, 17.0°:(.2,
18.1°20.2, 21.0°:0.2, 22.4°£0.2, 24.9°20.2, 25.4°20.2,
26.2°x02, 27.1°20.2, 284°+0.2, and 29.0°+0.2 degrees
two-theta.

70. A pharmaceutical composition comprising a therapeu-
lically effective amount of seriraline hydrochlodde Form X,
and a pharmaceuticaily acceptable carrier.

71. Aprocess for making Form I comprising the steps of:

{a) heating sertraline hydrochloride Form V for a time
sufficient fo induce the wansformation of sertraline
hydrochloride Form V to sertraline hydrochloride Form
IIL; and

{b) isolating sertraline hydrochloride Form II.

72. The process of claim 71 wherein serfraline hydrochlo-

ride Form V is heated i about 150° (. to about 180° C,

73. A process for making sertraline hydrochloride Form

1 comprising the steps of:

{a) heating seriraline hydrochloride Form VI for 2 time
sufficient to induce the transformation of sertraline
hydrochloride Form VI to sertraline hydrechloride
Form III; and

{b} isolating sertraline hydrochloride Form [H.

74. The process of claim 73 wherein sertraline hydrochio-

ride is heated to about 180° C.

75. A process {or making amorphous sertraline hydro-

chioride comprising the steps oft
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(a) suspending or dissolving sorfraline hase in a non-polar

organic solvent;

{b) adding gaseous hydrochloric acid; and

{c) and isolating amorphons scriraline hydrochloride.

76. The process of claim 75 wherein the solvent is
selected from the group consisting of elher, toluene and
t-butyl-methyl ether.

77. A process for making amorphous sertraline hydro-
chloride comprising the steps of

(a} spray drying of sertraline hydrochloride; and

(b} isolating amorphous sertraline hydrochloride.

78. Amorphous sertraline hydrochlonde, which is chare
acterized by the x-ray diffraction patiern substastially as
depicted in FIG. 2.

79. Sertraline hydrochloride ethanolate.

8. Sertraline hydrochloridc methanolate,

81. Amethod for the treatment of depression, comprising
the step of administering 10 a human subject in need of such
treatment the pharmaceutical composition of claim 35.

82. A method for the ireatment of depression, comprising
the step of administering o a human subject in need of such
treatment the pharmaceutical composition of claim 45,

83. Amethod for the treatment of depression, comprising
the step of administering to a humag subject in need of such
treatment the pharmaceutical eomposition of claim 54,

84, Amethod for the treatment of depression, comprising
the step of administering to 1 human subject in need of such
treatment the pharmaceutical composition of claim 61.

85. A method for the treatment of depression, comprising
the step of administering to a human subject in need of such
treatment the pharmacentical composition of claim 70.

86. A process for preparing amorphous sertraline hydro-
chloride comprising sublimating sertraline hydrochloride to
obtain a sublimate, and recovering the sublimate as amor-
phous seriraline hydrochloride.

87. The process of claim 86, wherein the sertraline
hydrochloride sublimated is Form { or V.,

BE. A process for preparing amorphous sertraline hydro-
chloride comprising spray drying an aqueous solution of
sertraline hydrochloride,

89, The process of claim B8, wherein the sertraline
hydrochloride that is spray dried is Form V.

% % % %
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SERTRALINE HYDROCHLORIDE FORM I
AND METHODS FOR THE PREPARATION
THEREQF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of provisional appli-
cation Sertal No. 60/182,159, filed Feb, 14, 200, and is a
continuation-in-part of application Ser. No. 09/448,985,
filed Nov. 24, 1999, which claims the benefit of provisional
application No. 60/147 888, filed Aug, 9, 1999. The contents
of cach of these applications are incorporated herein by
reference.

FIELD OF THE INVENTION

‘the present invention relates 10 a novel crysialiine form
of sertraline hydrochloride, and reproducible methods for its
preparation.

BACKGROUND OF THE INVENTION

Sertraline hydrochloride, (15-cis)-4-(3,4dichlorophenyl)-
1,2,3,4-teirahydro-N-methyl-1-naphthaleramine
hydrochloride, having the formula

NHCH;

Ci

C1

is approved, under the trademark Zolofi®, by the U.S. Food
and Drug Admunisiration, for the treatment of depression,
obsessive-compulsive disorder and panic disorder.

U.S. Pat. No. 4,536,518 {*the 518 patent”™) describes the
preparation of sertraline hydrochloride with a melting point
of 243~245° C. by treating an ethy! acetate/ether solution of
the free base with gascous hydrogen chioride. The solid state
properties of the sertraline hydrochloride so produced are
not otherwise disclosed.

U.S. Pat. No. 5,734,083 describes the preparation of 2
form of sertraline hydrochloride denominated polymorph
“T1.”

According to U.S, Pat. No., 5,248,699 (“the 699 patent™),
the sertraline hydrochloride produced by the method of the
’518 patent has a crystalline form denominated “Form IL”
The '699 patent discloses four other peivmorphs of sertra-
line hydrochlonde designated Forms I, 111, TV, and V, and
characterizes them by single crystal x-ray analysis, powder
x-ray diffraction, in{ra-red spectroscopy, and differential
scanning calorimetry. The *699 patent reports that Form Il is
produced by rapid crystallization of sertraline hydrochioride
from ap organic soivent, including isopropyl alcohol, ethyl
acclate or hexane, and gencrally describes methods for
makiag sertraline hydrochloride Forms I-V. According o
this patent, the preferential formation of Forms I, H or IV in
an acidic solution consisting of isopropyl alcohol, hexane,
acetone, methyl isobutyl ketone, glacial acetic acid or,
preferably, ethyi acetate, depends on the rapidity of crystal-
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lization, The only method described in this patent for
making Forms i and 1V is by the rapid crystallization of
seriraline hydrochioride from an organic solvent such as
those listed above.

The experimental procedure for the preparation of sertra-
line hydrochloride described In the 518 pateni, was
repeated in the laboratory. According to the '699 patent, the
’518 procedure produces sertraline hydrochioride Form .
Four experiments were performed according to the descrip-
tion in the ‘518 patent. By following ihe procedures
described in the "699 patent for preparation of sertraline
hydrochloride Form I, we were unable to oblain sertraline
hydrochloride Form 1E. Thus there remains z need for
reproducible methods for the preparation of sertraline hydro-
chleride Form 11

SUMMARY OF THE INVENTION

The present invention relades to a process for making
sertraline hydrochloride Form I comprising the steps of
dissalving sertraline base or sertraline mandelate in an
organic solvent to form a solution; adding hydrogen chioride
to the solution; heating the solution to a temperaturc
between aboul room lemperature and about reflux for a time
sufficient to induce the formation of sertraline hydrochloride
Form IE and isolating sertraline hydrochloride Form 11

The present invention also relates to a process for makiag
sertraline hydrochloride Form I comprisiag the steps of
dissolving sertraiine hvdrochloride in dimethylformamide,
cyclohexanol, aceione or a mixture therecf heating the
solution for a time sufficient to effect transformation to
sertraline bydrochloride Form II and isolating sertraline
hydrochioride Form I1.

The present invention further relates to a process for
making sertraline hydrochloride Form 1l comprising the
steps of granulating sertraline hydrochloride Formm V in
ethanol or methanol; and stirring the mixture of seriraline

5 hydrochloride Form V and ethanol or methanol for a time

sufficient 1o induce transformation to scriraline hydrochlo-
ride Form {1

The present invention still further rejates to a process for
making a mixture of serfraline hydrochloride Form 11 and
Form V comprising the steps of heating sertraline hydro-
chloride ethanolate Form VI at up to 1 atmosphere pressure;
and isolating a mixture of sertraline hydrochloride Form 1L
apd Form V.

The present invention still further relates to a process for
making seriraline hydrochloride Form I comprising the
steps of suspending a water or solvent adduct of sertraline
hydrochloride in a solvent selected from the group consist-
ing of acetone, t-butyl-methy] ether, ¢yclohexane, n-butanol,
and cthyl acetate such that a slurry is formed, for a time
sufficient to effect transformation to sertraline hydrochioride
Form II; and filtering the slurry fo isolate sertraline hydro-
chloride Form II.

The present invention still further relates to sertraline
hydrochloride Form 11, characterized by an x-ray powder
diffraction patiern comprising peaks at about 5.5, 11.0, 12.5,
13.2,14.7,16.4,17.3,18.1,19.1, 20.5,21.9,22.8, 23.8, 24.5,
259, 27.5, and 280 degrees two thels; pharmaceutical
compositions for the treatment of depression comprising
seriraline hydrochioride Form I together with a pharma-
ceutically accepiable carrier, and a method for trealing
depression comprising the siep of administering to a subject
in need of such treatment a therapeutically effective amount
of the such a pharmaceutical composition,

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a characieristic x-ray powder diffraction spec-
trum of sertraline hydrochloride prepared by the methods of
U.S. Pat. No. 4,536,518,
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FIG. 2 is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride prepared by the methods of
U.S. Pat. No. 5,248,659.

FIG. 3 is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochioride Forra 1 prepared by the
methods of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION
Form I from Sertraline Base or Sertraline Mandelate

The present invention provides new processes for making
sertraline hydrochloride Form I from sertraline base or
sertraline mandelate. Sertraline base may be made by meth-
ods known in the art, including the methods of the 518
patent. Seriraline base is disselved in a suitable soivent,
Suitable solvents include ethyl acetate, acetone, t-methyl-
butyl ether, isopropyl alcohol, a-butanol, t-buianoi, iso-
butanol, hexane, and cvelohexane, and mixtures thereof The
pH of the sertraline base solution is lowered by the addition
of hydrogen chloride, which may result in a temperature
increase. As used herein, “hydrogen chloride” includes both
gaseous hydrogen chloride and aqueous hydrogen chloride
(ie. hydrochloric acid). Hydrogen chloride also may be
added as 2 solution with an organic solvent, such as a
solution of isopropyl alcohol and hydrogen chloride,
n-butanal and hydrogen chloride, acetone and hydrogen
chloride, or the like. The solution of sertraline base or
sertraline mandelate in the solvent is heated to a temperature
between about room temperature and the reflux temperature
of the solvent and mainiained af that teraperature for a period
of time sufficient to effect the tfransformation to sertraline
hydrochloride Form IL Preferably the solution is heated to
a temperature between about 45° C. and the reflux tempera-
ture of the solveni. Most preferably the solution is heated Lo
at or about the reflux temperature of the solvent. Upon
cooling of the mixture, for example t0 room temperature,
sertraline hydrochioride Form 11 is isolated by filiration.

In a preferred variation of this method, the solution of
sertraline base or seriraline mandelate in: a solvent is heated
to the reflux temperature of the solvent. The mixture is
refluxed for a time sufficient to effect the wansformation ©
sertraline hydrochioride Forms 11 Preferably the mixture is
refluxed for about 1 10 4 hours.

Numerous experiments were performed in an attempt to
repeat the procedure described in U.S. Pat. No. 4,536,518
for preparing Form [l wherein sertraline base was dissolved
in ethyl acetate, ether was added and the selution was
acidified with gaseous hydrogen chioride. The material
oblained afler filtration and air drying was sertraline hydro-

chloride amorphous, not Form I} as was expected. These s

experiments are set forth in Examples 13-16 below.

The x-ray powder diffraction graphs for the products of
each of these experiments are equivalent, containing peaks
at 110, 12.0, 15.4, 16.2, 22.4, 22.9 degree two-theta (See
FIG. 1 for a representative example). FIG. 1 does not contain
the typical peaks of sertraline Bydrochloride Form H, indi-
cating an absence of sertraline hydrochloride Form I in
those samples. Thus, none of these experiments, which
follow the procedure described in the "518 patent for prepa-
ration of sertraline hydrochloride Form M, leads 1o sertraline
hydrochloride Form 1.

The '699 patent provides experimental procedures for
preparation of sertraline hydrochloride. The “699 patent
does not provide experimental procedure for preparation of
sertraline bydrochloride Form I, but it is mentioned that
sertealine hydrochloride Form I may be prepared by “rapid
crystallization” from the same solvents,
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The procedure of the *699 patent was repeated in an
atternpt to prepare sertraline hydrochloride form 11 from
cthyl acetate. In a trial of the methods according to the *699
patent: An aqueous solution of sodium hydroxide, 10%, was
added to a shuery of seriraline mandelate crystals (44.6 g) in
ethyl acetate {290 mL), until complete dissolution, The
organic phase was separated and the agueous phase was
extracted with ethyi acetate (280 mL) and combined with the
organic phase. The resulting organic solution was washed
with water (5x100 mL) then with brine (100 ml) and
concentrated on a rotavapor to a volume of 356 mE. The
concentrated solutior was cooled o 58° C. and seeded with
sertraline bydrochloride Form {f. Concentrated hydrochloric
acid {32%, 8.1 mb.) was added to this solution. The solution
was then rapidly cooled to 30° C. over 5 minutes, A heavy
gel was obtained and the stirring was continued overnight.
The solid was filtrated, washed with ethyl acetate and dried
at 50° C. The dried solid, sertraline hydrochloride, was not
sertraline hydrochleride Form I, as shown by the x-ray
diffraction pattern of FIG. 2.

By following the procedures described i the "699 patent
for preparation of sertraline hydrochloride Form II, we did
not obtain seriraline hydrochioride Form II. It is thus appar-
ent that neither the "699 patent por the "518 patent disclose
a useful method for the preparation of sertraline hydrochlo-
ride Form I1.

Form II from Sertraline Hydrochloride

The present invention also provides new processes for
making sertraline hydrochloride Form II from sertraline
hydrochleride Form V by granulation. In the conversion of
sertraline hydrochloride Form V to sertraline hydrochloride
Form I, serirzline hydrochloride Form V is combined with
a small amount of ethanol or methanol. The mixture of
sertraline hydrochlotide Form V and ethanol or methanol is
stirrect for al least a period of at feast a few hours, up o
several days, preferably about two days, to induce the
transformation of Form V to Form If. Sertraline hydrochlo-
ride Form II is then isolated by filtration.

The present invention also provides new processes for
making sertraline hydrochloride Form Il by recrystallization
of sertraline hydrochloride under heating conditions. In the
conversion of sertraline hydrochloride 10 seriraline hydro-
chloride Form 1, sertraline hydrochloride is disselved in a
suifable organic solvent. The sclution is then heated for a
time sufficient to effect transformation to seriraline hydro-
chloride Form II. Suitable solvents include
dimethylformamide, cyclobexanol and acctone. Dimethyl-
formamide is preferred. The suspension may be heated to a
temperature hetween about 70° C. and 120° C. Sertraline
bydrochloride Form U is then isolated by filtration.

The present invention provides new processes for making
sertraline hydrochloride Form 11 from sertraline hiydrochlo-
ride Form VI, Form VI or Ferm VIH by reslurry in organic
solvents at temperatures between 25-80° C, followed by
drying. Sertraline hydrochloride Form VI may be made
following the methods of Examples 2 and 3. Sertraline
hydrechioride Form VI is a water adduct and may be made
by the methods of Examples 19 and 20. Sertraline hydro-
chloride Form VIH may be made by the methods of
Examples 17 and 18. The methods provided in the present
invention have advantages over the rapid recrystallization
method of UK. Pat. No. 5,248,609, The mcthod of the
present invention does not require complele dissolution of
sertraline hydrochloride, controlling the rate of heating or
cooling of a seriraline solution, or controlling the rate of
crystatlization. The present method uillizes less solvent than
the method of the "699 patent, since the seriraling hydro-
chloride starting material need not be completely dissolved,
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In the conversion of seriraline hydrochloride Form VI,
Form V11 or Form VIII fo sertraline hydrochloride Form I,
zccording to the present invention, seriraline hydrochloride
Form VI, Form VII water adduct, or Form VI is combined
with an aprotic organic solvent to form a slurry. Suitabie
solvents include n-butanol, acetone, t-butyl-methyl ether
{MTBE), cthyl aceiate and cyclohexanec. The conversion
may take place al room temperature, but preferably the
sertraline hydrochloride Form Vi, Form VI water adduct, or
VI and solven! are heated o temperatures between 25° C.
and 80° C. About 1 to about 10 velumes of solvent are
preferred, based on the weight of the sertraline hydrochlo-
ride starting material. See Examples 8 {3 volumes of
solven?) and 9 (5 volumes of solvent) below. Smaller
amounats of soivent will also effect the rransformation, albeit
in some instances more slowly. The reaction is carried out
for a time sufficient to convert the Form VI, Form VI or
Form VI to Form V1. We have not observed any further
conversion of Form II upon treatment under these conditions
for times longer than the minimum time necessary to effect
the transformation. ]

The present invention also provides new processes for
making a mixture of sertraline hyvdrochloride Form II and
sertraline hydrachloride Form V. In this embadiment of the
present invention, serlraline hydrochloride Form VI is
heated to isduce the transformation of sertraline hydrochlo-
ride Form VI to a mixture of both sertraline hydrochloride
Form 1} and sertraline hydrochloride Form V. In this embodi-
ment of the present invention, the heating of sertraline
hvdrochloride Form VI may be dene wader reduced pressure
or atmospheric pressure,

Pharmaceutical Compositions Containing Sertraline Hydro-
chiloride Polymorphs

Is accordance with the present invention, seriraline
aiydrochloride Form 11 as prepared by the new methods
disclosed herein may be used in pharmaceutical composi-
tions that are particularly uscful for the treatment of
depression, obesity, chemical dependencies or addictions,
premature ejaculation, obsessive-compulsive disorder and
panic disorder, Such compositions comprise at least one of
the new crystalline forms of sertrabine hydrochioride with
pharmaceutically acceptable carriers and/or excipients
kaown 1o cne of skill in the art.

For example, these compositions may be prepared as
medicaments to be administered orally, parenterally,
rectally, transdermally, bucally, or nasally. Suitable forms
for oral administration include tablets, compressed or coated
pills, dragees, sachets, hard or gelatin capsules, sub-lingual
tablets, syrups and suspensions. Suilable forms of parenteral
adminisiration include an aqueous or nop-agueous solution
or emulsion, while for rectal administration suitable forms
for administration include suppositories with hvdrophilic or
hydrophobic vehicle. For lopical administration the nven-
tion provides suitable transdermal delivery systems knowa
in the art, and for nasal delivery there are provided suitable
agroso! delivery systems known in the art.

Suitable nen-loxic pharmaceutically acceptable carriers
and/or excipients will be apparent to thase skilled in the art
of pharmaceutical formulation, and are discussed in detail in
the tet entitted Remingion’s Pharmacewical Science, 17
edition (1985}, the contents of which are incorporated herein
by reference. Obviously, the choice of suitable carriers will
depend on the exact mature of the particular dosage form,
e.g. for a liquid dosage form, whether the composition is to
be formulated inte a solution, suspension, gel, etc, or for a
solid dosage form, whether the composition is fo be formu-
lated into a tablet, capsule, caplet or other solid form, and
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whether the dosage form is to be an immediaie- or
controlied-release product.
Experimental Details

The powder X-ray diffraction patterns were obtained by
methods known in the art using a Philips X-ray powder
diffractometer, Goniometer model 1050/70 at a scannin
speed of 2° per minute, with a Cu radiation of A=1.5418

EXAMPLES

The present invention will now be further explained in the
following examples. However, the presént invention should
not be construed as limited thereby. One of ordinary skill in
the art will understand how to vary the exemplified prepa-
rations fo obtain the desired results,

Example 1

Preparation of Sertraline Base

Sertraline mandelate was prepared according to prace-
dures in U.S. Pat, No. 3,248,699, Sertraline mandelate (5 g)
was stirred at room lemperature with 50 mL ethyl acetate.
Agqueous sodivm hydroxide was added dropwise until the
sertraline mandelate was completely neutralized, The phases
were separated and the organic phase was dried over Mg80,
and filtered. The solvent was removed under reduced pres-
sure resulting sertzaline base as an oil (3.2 g).

Example 2
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Preparation of Sertraline Hydrochloride Ethanolate
Form VI by Reslurry of Form I

Sertraline hydrochloride Form I(1 g} and absolute ethanol
€20 ml.) were stirred al room temperature for 24 hours.
Filtration of the mixture yielded sertraline hydrochloride
ethanolate Form VI

Example 3

Preparation of Seriraline Hydrochloride Ethanolate
Form VI by Reslurry of Form V

Sertraline hydrochloride Form V (1 g) and ethanol abso-
lute {20 mL} were stirred at room temperature for 24 hrs.
Filtration of the mixture yiclded sertraline hydrochloride
cthanolate Form VI

Example 4

Preparation: of Sertraline Hydrochloride Form I

Sertraline base (3 g) was dissolved in acetone (10 mlL).
Isopropanol containing hydrogen chieride (20 mL) was
added to the solution until the pH is ~2. The stirring was
coptinued overnight at room temperature. The resuliing
solid was filtered, washed with acetone and dried to yield
sertraline hydrochloride Form TE (2.61 g, yield 77.6%).

Example 5

Preparation of Sertraline Hydrochlonde Form 11 in
n-Butanoi

HCI {g) was bubbled through a solution of sertraline base
(33 g) in n-butanol (264 mL). The temperature rose to ahout
45° C. A gel-like solid was formed. The addition of HCl {g)
was continued until pH 0.5 was reached. Then the stirring
was continued al room temperature for 2.5 h. During the
stirring the solid became a fine crystatline solid. The solid
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was filtered, washed with n-butanol (2x10 mL}) and dried at
80° C. for 24 h. The product is seriraline hydrochloride Form
H. 'The x-ray powder diffraction spectrum obtained s FIG.
3

Example 6

Preparation of Sertraline Hydrochloride Fore I1

Sentraline hydrochloride Form V (10 g) was suspended in
dimethylformamide (DMF) (30 ml). Heating was started
and at about 70° C. a clear solution is obtained, The solution
was cooled to room temperature and the solid was filtered,
After drying at 80° C. for 24 hrs., sertralioe bydrochioride
Form Il was obtained (6.6 g, yield 66%).

Example 7

Preparation of Sertraline Hydrochloride Form II by
Granulation of Form V

Sertralipe hydrochloride Form V (2 g) and absolute etha-
nol (0.5 mL.) were stirred in a rotavapor at room temperature
for 2 days. At the end of two days, the material contained
sertraline hydrochloride Form 1.

Example 8

Preparation of Sertraline Hydrochloride Form 11
from Form VI

A slurry of sertraline hydrochloride Form VI (50 g} and
t-butyl-methyl ether (150 mb) were heated to reflux and the
reflux was continued for 1 hour. The slurey was then aliowed
to cool to room temperature and filtered. The solid was
washed wilh t-butyl-methyl ether (50 ml.} and dried in a
reactor under vacuum of 30 mm Hg with stirving. The dried
solid so oblained is sertraline hydrochloride Form 1§ (38.26
g yield 86.7%).

Example 9

Preparation of Sertraline Hydrochloride Form 1]
from Form Vi

Sertraline hydrochloride Form VI {25 g) was stirred with
acetone (250 mL) at room fernperature for 2 hours. The solid
material was filtered and washed twice with zcetone {25
mb). The wet solid was dried in a vacunm agilated drier to
afford serfraline hydrochleride Form Il (20.09 g vield
98.6%).

Example 10
Preparaiion of Sertraline Hydrochloride Form 11 and Sertra-
line Hydrochlonide Form V by Drying Form VI
Sertraline hydrochoride ethanolate Form VI was dried at
105° C. under vacuum {<10 mm Hg) over 24 hours. The
resulting dried material was sertraline hydrochloride Form IT
mixed with seriraline hydrochloride Form V.

Example 11

Preparation of Sertraline Hydrochloride Form I from Ser-
traline Mandelate in n-Butanol

Sertraline mandelate (20 g) and nbutancl were stirred at
room femperature. The mixture was acidified with hydrogen
chioride until pH 0 was reached. During the acidification the
temperature of the reaction mixture rose to ~50° C. After the
natural cooling 10 room temperature, the mixture was stirred
at room temperature for two hours. The solid was filtrated,
washed with n-butanol and dried at 80° C. to afford sertra-
line hydrochloride Form II (9.02 g).
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Example 12

Preparation of Sertraline Hydrochloride Form |
from Sertraline Hydrochloride Forms VI
Sertraline hydrochloride Form VIH (13 g) was heated in
acetone {130 mL) at reflux for 1 hour. The slurry was than
cooled fo room temperature and the solid was filtrated and
washed with acetone (2x10 mL). After drying sertraline
bydrochioride Form II was obtained (7.9 g).

Example 13

A=n agueous sodium hydroxide solution, 109, was added
drop-wise to a shurry of sertraline mandelate crystals (10 g)
in ethyl acetate (650 mL), until complete dissolution was
obtained (25 mL). After separation of the phases, the organic
phase was washed with water (300 mL) and then dried with
MgS0,. The organic solution was diluted with ether (650
mL) and gaseous hydrochloric acid was bubbled through the
solution until pH 1.3 was reached. The addition of hydrogen
chloride resulted in a temperature increase to about 30° C.
The resulting shurry of sertraline was stirred at room tem-
perature overnight. The solid was then isolated by filtration,
washed twice with ether (2x20 mL)) and air dried. The dried
solid, sertraline hyvdrochloride, was not sertratine hydrochlo-
nde Form I, as shown n FIG. 1.

Example 14

An aqueous sodivm hydroxide solution, 10%, was added
drop-wise (o0 a slurry of sertraline mandelate crystais (15 g}
in ethyl acetase (810 mL), until complete dissolution was
obtained (35 mlL). The organic and aqueous phases were
separated and, the organic phase was dried over MgSO,, The
organic solution was then diluted with ether (820 ml) and
gascous hydrogen chloride (2.36 g, 2 eq.) was bubbled
through the solution untii pH 1.5 was reached. The tem-
perature was about 25° C, The shury was stirred at room
temperature overnight, The solid was fittrated, washed with
ether (2x15 ml.) and air-dried. The dried solid, sertraline
hydrochloride, was not sertraline hydrochloride Form .

Example 15

An aqueous sodium hydroxide solution, 10%, was added
drop-wise to a shurry of sertraline mandelate crystals (15 g)
in ethyl acetate (810 mi), until complete dissolution was
obtained, The organic and agueous phases were separated
and the organic phase was dried over MgSQ, and diluted
with an equal volume of cther (820 mL}. Gaseous hydro-
chloric acid (4.82 g) was bubbled through the solution until
pH 1 was reached. The slurry was stirred at room tompera-
ture overnight, The solid was filtrated, washed with cther
(2x15 ml) and air-dried. The dried solid, seriraline
hydrochloride, was not sertraline hydrochloride Form 11

Example 16

An agueous sodium hvdroxide solution, 10%, was added
drop-wise to a slurry of sertraline mandelate erystals (15 g)
in ethyl acetate (810 mL), uniil compicte dissolution is
obtained. The phases were separated and the organic phase
was dried over MgS8O, and dilsted with an equal volume of
ether (820 mL). Gaseous hydrogen chloride was slowly
bubbled through the solution {over about 3 hours) until pH
1.5 was reached. The slurry was stirred at roomn temperature
over night, The dried solid, sertraline hydrochloride, was not
sertraline hydrochloride Form L

Example 17
Preparation of Sertraline Hydrochloride Form VIIY

Sertraline base (2.7 g) was suspended in 27 mL of water.
This mixture was beated 10 80° C. and treated with hydro-
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chioric acid uatil about pH 1 was reached. A clear solution
was obtained which on cooling gave a precipitate. After 2
hours stirring at room temperature the solid was isolated by
filiration. This solid was characterized by powder x-ray
diffraction and found to be sertraline hvdrochloride Form
VIl

Example 18

Preparation of Sertraline Hydrochloride Form VI

Sertraline hydrochloride ethanolate (Form VI (40 g) was
stirred with water (80 mE) for 1 hour at reom temperature.
The shurry was filtrated and washed with water to yield
serfraline hydrochloride hydrate Form VIL

Example 19

Preparation of Sertraline Hydrochloride Form VII

Sertraline hydrochloride Form V (1.003 g) was stirred for
24 hours at room temperaivre in 20 mb waler {HPLC grade).
At the end of the stirring the mixture looked Like a jelly
suspension. The suspension was filtrated and the compound
obtained was kept at cold conditions (4° C.) until analyzed
by x.ray diffraction,

Example 20

Preparation of Sertraline Hydrochloride Form VII
from Form VI '

A solution of sertraline hydrochloride ethanolate (Form
VI} (40 g) in water (400 mL) was heated at 80° C. and
complete dissolution of sertraline bydrochloride ethanclate
(Form VI} was obtained, The pH was adjusted to about 1 and
the solution was allowed to cool to room temperature and
then stitred for 2 additional bours, The solid was isolated by
filtration and washed with waler 1o vield sertraline hydro-
chioride Form VIL

Although certain presently preferred embodiments of the
invenilon have been described herein, it will be apparent to
those skied in the art 1o which the inveation pertains thal
variations and modifications of the described embodiments
may be made without departing from the spirit and scope of
the invention. Accordingly, it is intended that the invention
be limited only to the extent required by the appended claims
and the applicable mies of law.

What is ¢laimed is:

1. A process for making seriraline hydrochioride Form 11
comyprising the steps of:

{a) dissolving sertraline base or seriraline mandelate in an

organic solvent to form a solution;

{b) adding hydrogen chloride to the solution;

(c) heating the solution to a temperature between about
room temperature and aboui refiux for a time sufficient
to induce the formation of sertraline hydrochioride
Form II; and

(d) isolating sertraline hydrochloride Form H.

2. The process of claim 1 wherein the solvent is selected
form the group censisting of ethyl acetate, acetone, hexane,
t-butyi-methyl ether, isopropyl aleokhol, n-butanol, t-butanol,
iso-butanel, and cyclohexane, and mixtures thereof.

3. The process of claim 2 wherein the preferred solvent is
t-butyi-methyl ether.

4. The process of claim 2 wherein the preferred solvent is
n-butanol.

5. The process of claim I wherein the hydrogen chloride
18 added as gascous hvdrogen chloride.

6. The process ol ¢laim I wherein the hydrogen chloride
is added as a solution of hydregen chloride.
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7. The process of claim 6 wherein the solution of hydro-
gen chloride is selecled from the group consisting of iso-
propyl alcehol and hydeogen chloride, acetone and hydrogen
chloride, and n-butanol and hydrogen chioride.

8. The process of ¢laim 1 wherein the solution is heated
to the reflux temperature of the solvent.

9. A process for making sertraline hydrochloride Form 1
comprisiag the steps of:

(a) dissolving sertraline hydrochloride in a solvent
selected from the group consisting of
dimethytformamide, cyclohexanol, acetone and mix-
tures thereof;

(b) heating the solution for a time sufficient to effect
transformation to sertraline hydrochioride Form II; and

(c) isolating sertraline hvdrochloride Form I1.
16. A process for making seriraline hydrochioride Form I}
comprising the steps of:

(a) granulating sertraline hydrochloride Form V in ethanol
or methanol; and

(b) stirring the mixture of sertraline hydrochloride Form
V and elhanol or methanol for a time sufficient to
induce transformation to seriraline hydrochloride Form
Ir.

11. A process for making serfraline hydrochloride Form II

comprisipg the steps of:

(a) suspending a water or solvent adduct of sertraline
hydrochloride in a solvent selected from the grouwp
consisting of acetone, L-butyl-methyl ether,
cyclohexane, n-butanol, and ethyl acetate, such that a
slurry is formed, lor a time sufficient o effect trans-
formation to sertraline hydrochioride Form 1I; and

(b) filtering the slurry to isolaie sertraline hydrochloride
Form 11.

12. The process of claim 11 wherein the process takes
place at a lemperature belween abowt 25° C, and about 120°
C.

13. The process of claim 1f wherein the process takes
place under reflux conditions.

14. The process of claim 11 in which the sertraline
hydrochleride is suspended in about 1 to about 10 volumes
of organic solvent,

15. The process of claim 11 wherein the solvent is
t-butyl-methyl-ether,

16. The process of claim Bl wherein the solvent is
acelone.

17. The process of claim 11 wherein the solvent is ethyl
acetate.

18, The process of claim 11 wherein the solvent is
n-butanol.

19, The process of claim 11 wherein the sertraline hydro-
chloride water or solvate adduct is sertraline hydrochloride
Form VL

20, The process of claim 11 wherein the sertraline hydro-
chloride waler or solvaie adduct is sertraline hydrochloride
Form VI,

21. The process of claim 11 whersin the seriraline hydro-
chloride water or solvaie adduct s sertraline hydrochloride
Form VL

22. A process for making a mixture of sertraline hydro-
chloride Form I and Form V comprising the steps of:

() heating sertraline hydrochloride ethanolate Form VI at
up to 1 atmosphere pressure; and

(b) isolating a mixture of sertraline hydrochloride Form 1
and Form V.
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PROCESSES FOR PREPARATION OF
POLYMORPHIC FORM II OF SERTRALINE
HYDROCHLORIDE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the bepefit under 35 U.S.C. §119
(<) of provisional application Ser. No. 60/376,787, filed Apr.
29, 2002 which is incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates lo the solid state chemistry
of sertraline hydrochloride.

BACKGROUND OF THE INVENTION

Sertraline hydrochloride, (1S-cis)-4-{3,4 dichlorophenyl}-
1,2,3,4-tetrahydro-N-methyl-1-naphthaienamine
hydrochloride, having the formula:

NHCH;

Cl

Cl

is approved, under the trademark Zoloft®, by the U.S. Food
and Dmug Admiristration, as a serotonin re-uptake inhibitor
for the weatment of depression, obsessive-compulsive
disorder, panic disorder and post-traumatic disorder. In the
solid stale, sertraline hydrochloride exists in various crys-
talline forms having different physical properties.

The present invention relates 1o the solid state physical
properties, 1.e., polvmorphism, of sertraline hydrochloride.
These propertics may be influenced by controlliag the
conditions under which sertraline hydrochloride is obtained
in sofid form. Solid state physical properties include, for
example, the flowability of the milled solid. Flowabitity
affects the ease with which the material is handled during
processing inte a pharmaceutical product. When particles of
the powdered compound do not flow past each other easily,
a formulation specialist must iake that fact into account
when developing a tablet or capsule formulation, which may
necessitate the use of glidants such as colloidal silicon
dioxide, talc, starch or tribasic caleium phosphate.

Another important soiid state property of a pharmaceuti-
cal compound is its rate of dissolution in aqueous fluid. The
rate of dissolution of an active ingredient in & patient’s
stomach fluid may have therapeutic consequences because it
imposes an upper limii on the rate al which an orally-
administered active ingredient may rcach the bloodstream.
The rate of dissolution is also a consideration in formulating
syrups, elixirs and other liquid redicaments. The solid state
form of a compound may also affect its behavior on com-
paction and its storage stability.

These practical physical characteristics are influenced by
the conformation and orientation of moleceles in the unit
cell, which defines a particular polymorphic form of 2
substance. The polymorphic form may give rise to thermal
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behavior different from that of the amorphous material or
another polymeorphic form. Thermal behavior is measured in
the laboratory by such technigues as capillary melting point,
thermogravimetric analysis (TGA) and differential scanning
calorimetry (DSC), and may be used to distinguish some
polymorphic forms from others. A particular polymorphic
form may also give rise o distinet properties that may be
delectable by powder X-ray diffraction, solid state ©*C NMR
spectrometry and infrared spectrometry.

A solid form (polymorph) of sertraline hydrochloride is
disclosed for example in WO 01/90049, which is directed i
amorphous form of sertraline hydrochloride. The sold state
chemistry of sertraline hydrochloride is also disclosed in JP
0026378 and JP 0026379, According to the English abstract
of JP 0026379, “a sertraline free base is dissolved in a
solvent (e.g. an ester-based organic solvent such as ethyl
acciate, butyl acetate or the like or a ketone-based organic
solvent such as acetone, methyl isobutyl ketone or the like)
or a sertraline organic acid salt is suspended in a solvent, and
hydrochloric acid or hydrogen chloride is introduced into the
solution or suspension preferably at a room temperature or
the reflux temperature of the solvent to give sertraline
hydrochloride crystal of metastable form. The amount of the
hydrochloric acid or hydrogen chloride used is preferably
1.0-5.0 mol based on 1.0 mol of the sertraline free base or
tke organic sail.”

U.S. Pat. No. 4,536,518, incorporated herein by reference,
describes a synthesis of sertraline hydrochloride, U.S. Pat.
No. 5,248,699, incorporated herein by reference, describes
five crystalling forms of sertraline hydrochloride, designated
Form [, Form II, Form HI, Form IV and Form V. These and
additional forms of sertraline hydrochloride are also dis-
closed in U.S. Pat. Nos. 6,452,054, 6,495,721 and 6,500,
987, incorporated herein by reference.

U.S. Pat. No. 4,536,518 (“the *518 patent”) describes the
preparation of sertraline hydrochloride with a melting point
of 243-245° C. by treating an ethy! acetate/ether solution of
the free base with gaseous hydrogen chloride, The solid state
properties of the sertraline hvdrochloride so produced are
not otherwise disclosed.

According to U.S. Pat. No. 5,248,699 (“the "699 patent™),
the sertraline hydrochloride produced by the method of the
’518 patent has a crystalline form denominated “Form 117,
The method described in the *699 patent for making Forms
I and IV is by the rapid crystallization of sertraline hydro-
chloride from an organic solvent, An actual example is not
provided.

The 699 patent discloses that Forms I, 111, IV and V are
metastable, and that granulation of Forms I, [II or IV in
isopropyl alcohol, ethy! acetate, hexane at a temperature of
40° to 60° C. causes conversion to Form L,

The preparation of sertraline hydrochloride Form 1 is also
disclosed in WO 01/32601. In Examples 9-12, sertraline
hydrochloride Form Il is prepared from a maximum of 50
grams of sertraline free base in solution. The specification
further discleses regarding Form I “Sertraline hydrochlo-
ride polymorphic form H may be formed from a solution of
seriraline free amine with some seeding crystals of form {1
before the addition of a solution of hydrogen chloride; or
from a stirred suspension of sertraline hydrochloride poly-
morphic form V with some sceding crystals of sertraline
hydrochioride polymorphic form H; or by drying a sertraline
hydrochloride alcohol solvate at temperatures from about ¢
te 30° C. in high vacvum (<I mbar), or from stirred

5 suspensions of sertraline hydrochloride polymorphic form

CSClL, CSC2 or T1 with some seeding crystals of sertraline
hydrochloride polymorphic form I Furthermore, Seriratine
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hydrochleride polymorphic form Il may be formed accord-
ing 1o a process, wherein a solution of sertraline free amine
is seeded with some crystais of polvmorphic form IT aad a
solution of hydrogen chloride is added.”

WO 02/0968359, also discloses processes for preparation
of sertraline hydrochioride Form IL In the examples, ser-
traline hydrochloride is prepared from 2 maximum of 40
grams of sertraline mandelate salt; after obtaining a solution
of the free base in isopropanol, hyvdrogen chloride in ethyl

acetate is added at a controlled rate to obtain the hydrochlo- 1

ride salt.

There is a need in the art for preparation of sertraline
hydrochloride Form I substantially free of other polymor-
phic forms of sertraline hydrochloride, particularly on an
industrial scaie.

SUMMARY OF THE INVENTICN

in one aspect, the present invention provides a reproduc-
ible process for preparatios of sertraline hydrochloride Form
H substantially free of crystalline sertraline hydrochloride
Form I comprising the steps of providing a solution of
sertraline base, or a solution or slurry of seriraline
mandelate, in an organic solvent, contacting the solution or
the slurry with a flow of gaseous hydrogen chioride at a
suitable rate at 2 temperature within the range of from about
30° C. to about 60° C., during which time seriraline hydro-
chloride Form II forms, whercin the temperature is kept
subsiantially constant during the gas flow, and filtering the
sertraline hAydrochloride Form II af a temperature of from
about 30° C. 10 about 60° C. to obtain sertraline hydrochlo-
rice Form 1T substantially free of sertraline hydrochloride
Form L

In another aspect, the present invention provides a repro-
ducible process for preparation of sertraline hydrochloride
Form H substantially free of seriraline hydrochloride Forra
I on an industrial scale comprising the steps of contacling a
solution of sertraline base or a solution or slurry of sertraline
mandelate in an organic solvent at a temperature within the
range of about 30° C. to about 60° C. with a flow of gaseous
hydrogen chioride to form sertraline hydrochloride Form 11,
and filtering the sertraline hydrochloride at a suitable fem-
perature lo obtain sertraline hydrochloride Form Il contain-
ing less than about 1% sertraline hyvdrochioride Form 1
{wt/wt sertraline hydrochloride), wherein the temperature is
kept substantially constant during the gas fow.

In another aspect, the present invention provides for &
reproducible process for preparing serlraline hydrochloride
Form H substantially free of sertraline hydrochloride Form
1 on an industrial scale comprising contacting a solution of
sertraline base in a (5 to a C, alcohol at a temperature within
the range of from about 30° C. to about 60° C. with a How
of gaseous hydrogen chioride for about ¥ hour to about 2
hours to obiain a shurry of sertraline hvdrochloride, and
filiering the slurry 1o obtain a sertraline hydrochloride Form
1T with less than about 1% seriraline hydrochloride Form 1
(wi/wt seritraline hydrochloride Form I/sertraline
hydrochloride), wherein the temperature is kept substan-
tiaily constant during the gas How and the filtering steps.

In another aspect, the present invention provides for an
industrial scale sized batch of crystalline sertraline hydro-
chloride Form 1I for preparation of a pharmaceutical oral
dosage form of sertraline hydrochloride on an industrial
scale, wherein the batch does not substantially convert to
sertraline hydrochloride Form | when exposed to a tempera-
ture of about 40° C. and a relative humidity of about 75% for
at lcast zbout 2 months. Preferably the conversion is less
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than about 1% weight of sertraline hydrochloride Form 1 to
seriraline hydrochloride, more preferabiy the conversion is
less than about 0.5% weight of sertraline hydrochloride
Form I to sertraline hydrochloride, and most preferably the
conversion is less than about 0.1% weight of seriralipe
hydrochloride Form 1 fo seriraline hvdrochleride.
Preferably, the batch size is al least abowt 1 Kg, more
preferably ar least about 10 Kg. (measured after drying for
a few hours at elevated temperature, such as that carried out
in Example 5).

In another aspect, the present invention provides for an
oral pharmaceutical dosage form prepared from an industrial
scale sized batch of crystalline sertraline hydrochloride
Form {1, wherein the sertraline hydrochloride Form I in the
oral pharmaceutical dosage form does not substantially
convert over {ime o Form | when exposed to a temperature
of about 46° C. and a relative humidity of about 75%.
Preferably, the conversion is less than abouwt 5% weight of
seriraline hydrochloride Form | to sertraline hydrochloride
after at least about 6 months of storage, more preferably the
conversion is less than about 1% weight of seriraline hydro-
chioride Form | to sertraline hydrochloride after at least
about 3 months of storage, and most preferably the conver-
sion is less than about 1% weight of sertralive hiydrochloride
Form I to sertraline hydrochlonide after at least about 1
month of storage.

In another aspect, the present invention provides for an
industrial scale sized batch of crystalline sertraline hydro-
chloride Form I for preparation of a pharmaceutical oral
dosage form of sertraline hydrochloride, whereia the batch
is substantiaily free of sertraline hydrochlonide Form I as an
impurity. Preferably, the impurity is less than about 1%
weight sertraline hydrochloride Form I as a wt/wt percent-
age 1o sertraline hydrochloride, more preferably the impurity
is less than about 0.5%, and most preferably the impurity is
less than about 0.1%.

In amother aspect, the present invention provides for a
tablet comprised of sertraline hydrochloride and the follow-
ng excipients, in weight 10 weight percentages, wherein the
tablet is prepared from an industrial sized batch of sertraline
hydrochloride Form 11 substantially free of sertraline hydro-
chioride Form }: about 20% to about 35% sertraline hydro-
chloride Form II, about 25% to about 40% lactose
monohydrate, about 5% to abowl 12% croscarmeliose
sodinm NI, about 1% to about 3% povidone, about 20% to
about 40% microcrystalline celulose and about 8.5% to
about 2.5% magnesium stearate; and methods of adminis-
tration to inhibit serofonin re-uptake.

In another aspect, the present invention provides for an
industrial scale sized batch of sertraline hydrochloride Form
I prepared by a reproducible process on an industrial scale
free of XRPD peaks at 14.1, 15.0, 183, 15.7, 21.2 and
26.320.2 degrees two theia

In another aspect, the present invention provides an
industrial sized batch of crystalline sertraline hydrochloride
characterized by ap X-ray powder diffraction 7232 pattern
with peaks at 5.4, 10.8, 14.6, 16.3, 18.1, 19.0, 20.3, 21.8,
24.4 and 27.3+0.2 degrees two thefa, with the said pattern
being free of peaks between the region 15.0 to 16.0 degrees
two theta, i.e., having substantially the 15.0 to 16.0 degrees
two theta region depicted in FIG. 1. Preferably, the patiern
is free of peaks a1 15.0, 15.3 and 15.7+0.2 degrees two Lheta,
more preferably also free of peaks at 21.2 and 26.3202
degrees two theta, and most preferably also free of a peak at
14,1202 degrees two theta,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an x-ray powder diffraction patlern of seriraline
hydrochioride Forrn I substantially free of sertraline hydro-
chloride Form 1.
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FIG. 2 is an x-ray powder diffraction pattern of sertraline
hydrochioride Form 1.

FIG. 3 is an x-ray powder diffraction pattern comparing
the pattern of sertraline hydrochloride Form 1, Form II and
Form II containing about 2% Form 1.

DETAILED DESCRIPTION OF THE
INVENTION
Percentages of sertraline hydrochloride Form 1 and Form

IT are in respect to ali forms of seriraline hydrochloride

combined.

The present invention provides a pure and/or stable crys-
talline sertraline hydrochlonide Form Il in a batch and
pharmaceutical formulations prepared from such batch, and
reproducible processes for such batch, preferably on an
industrial scale. The lerm “batch”, which is used to refer to
a pharmaceutical bulk preparation, preferably on an indus-
trial scale, such as that dlustrated in Example 5, means “A
specific quantity of a dmug of uniform specified qualily
produced according fo a single manufacturing order during
the same cycle of mapufacture.” (Apsel, H et zl,, Pharma-
ceutical Dosage Forms and Drug Delivery Systems, 77 Ed.,
Page 144). The term “pure” means sertraline hydrochloride
Form 11 substantially free of sertraline hydrochloride Form
1. The term “reproducible process” means a process that
produces a product of a specified quality on a consistent
basis.

The batch size for industrial scale is preferably at least
about 0.5 Kg, more preferably at least about 1 Kg (10 fiter
batch volume), and most preferably at least about 10 Kg
{100 liter batch volume). Example 5 iilusirates such an
industrial process, which prepares sertraline hydrochloride
in a batch haviag about 20 Kg of sertraline hydrochloride.

The batch of crystalline sertraline hydrochioride Form 11
prepared is substantially free of other crystalline forms of
sertraline hydrochloride, particularly crystalline Form I of
sertraline hydrochloride. The batch of the pure seriraline
hydrochloride Form IT preferably has a level of Form 1 of
less than about 1%, more preferrably less than about 0.5%
and most preferrably less than about 0L1% wiw (% of
sertraline hydrochloride Form Isertraline hydrochloride).
FIG. 1 is an X-Ray powder diffraction (“XRPD™) pattern
which substantially depicts such pure sample of sertraline
hydrochloride Form L

A suitable method for determining the presence of crystal
Form [ of seriraline hydrochloride in sertraline hydrochlo-
ride crvstal Form II is analysis of an XRPD patiern. The
XRPD pattern of sertraline hydrochloride From I (FIG. 2) is
charazcterized by peaks at 7.1, 12.7, 14.1, 15.0, 15.3, 15.7,
20.9,21.2, 23.5 and 26.320.2 degrecs two theta. The XRPD
of pure sertraline hydrochloride Form II (FIG, 1) is charac.
terized by peaks at 5.4, 10.8, 14.6, 16.3, 18.1, 19.0, 20.3,
21.8, 24.4 and 27.3+0.2 degrees two theta.

Determination of presence of sertraline hydrochloride
Form [ in sertraline bydrochloride Form Il may be made by
analysis for the presence of various peaks associated with
Form {, particularly at 14.1, 20.9, 21.2 and 26.320.2 degrees
two theta and the region 1516 degrees two theta. Preferred
peaks for deteciion include 15.0, 153, 157, 21.2 and
26.320.2 degrees two theta. Under routine analytical con-
ditions the level of detection of seriraline hydrochioride
Form | in sertraline hydrochloride Form I is about 0.1%
wi/wi.

The indusirial sized baich of sertraline hydrochloride
Form H of the present invention preferably does not sub-
stantially convert over time to Form [, preferably before
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formulation, upon slorage at about 40° C. and aboutr 75%
relative humidity. The conversion does not oceur for at least
about 1-2 weeks, more preferably for at least about 1-2
months, and most preferably for at least about 3—4 months,
into sertraline hydrochloride Form 1. The conversion is
preferably less than 1%, more preferrably less than about
0.5% and most preferrably less than sbout 0.1% wiw (% of
sertraline hydrochloride Form I/sertraline hydrochloride).

The present invention also provides indusirial scale pro-
cesses (as well as on the lab scale) for crystallizing a highly
pure and/or stable sertraline hydrochloride Form . By
controHing the process and engineering paramelers, sertra-
line hydrochloride may be crystallized in pure Form I on a
consistent basis, even on an industrial scale.

Sertraline hydrochlonide Form Il of (he present invention
is produced by contacling sertraling base in a suitable
solvent with hydrogen chloride gas at a temperature range of
about 30° C. to about 60° C., more preferably at a tempera-
tre of from about 30° C. w about 50° (., even more
preferably of abowt 30° C. to about 45° C., and most
preferably of about 40° C. o about 45° (. Salts, such as
serfraline mandelate may also be used as a starting material.
A solution or a slurry may be used with the process of the
present invention, though the base is highly soluble in
solvents such as n-butanol, making usc of a solution pref-
erable with the base.

Suitable solvents arc those that altow for erystallization of
sertraline hydrochloride Form {{ substantially free of sertra-
fine hydrochloride Form 1. Examples of such solvents for
preparation of Form II are disclosed in U8, Pat. Nos.
6,495,721 and 6,500,987, incorporated herein by reference.
Examples of such selvenis inclnde cyclobexane,
isopropanol, n-propanol, 2-butanol, t-butanol, i-bulanol,
n-butanol {also known as 1-butanol), ethyl acetate, acetone,
hexane, t-butyl-methyl ether, DMF, and mixwres thereof,
particularly mixtures of n-butanol and DMF. From 1he above
C, o C, alcohols, a preferred aleohol is n-butancl.

A process criteriz for crystallization of sertraline hydro-
chloride pure Form II is the stability of the temperature
during crystal formation of pure Form II. Once a desired
temperature is achieved, the tempersature is substantially
maintaiged, ie. withit zbout £5° C, in the specified range
{See c.g. Example 5). The £5° C. allowance does not 1ake
the process out of the recited temperature range (See e.g.
Example 5).

The process is carried out by adding hydrogen chloride
gas 1o the solution. Preferably, the gas flow is relatively fast,
but a gas flow that is too fast may cause operational
problems. One problem is rapid precipitation, which may
cause difficulty in stirring. Chemical purity or polymorphic
purity may also be adversely affected by a very fast gas flow.

The optimal amount of gas flow is dependent on the scale
of the process. Preferably, the gas flow is of about 4 to about
6 grams of gaseous hydrogen chioride per hour per about 25
grams of sertraline base. Based on this guidance, one of skill
in the art would appreciate the proper amount of gas flow
when sertraline mandelate or another salt is used as a starting
material.

In a laboratory scale (about 1 liter reactor) or production
{industrial} scale (about 100 to abow 630 liter reactors (ie.
a batch volume in this size range is prepared; The batch
volume for industrial scale may be smaller, for exampie at
least about 5/10 liters, which would give product of about at
least about 0.5/1 Kg respectively), the duration of the gas
flow is preferably less than about 2 hours, more preferably
about 1 hour. When the gas flow lasts for long durations,
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traces of sertralive hydrochloride Form I inconsistently
appear in small amounts (2-3% weight of sertraline hydro-
chleride Form 1 to sertraline hydrochloride). The gas flow is
preferably for the duration of about % hour 1o sbout 2 bours,
more preferably of about %4 hour to about 1% hour, and most
preferably for about 1 hour. One of skill in the art appreciates
that the optimal duration of the gas flow and the flow rate are
dependent on the specifics of a bubbling process, such as the
size of the bubbles.

The pH of the resulting slurry may be used 1o momnitor the
gas flow. The gas flow is preferably stopped when reaching
a pH of less than about 1.0, more preferably when reaching
a pH of at least about 0.5.

The substaniially pure Form IT may the be recovered from
the slurry by techniques well known in the art. In a particu-
larly preferred embodiment, sertrzline hydrochloride Form
11 is recovered by filtration. The temperature during filtration
is preferably maintained from-about 30° C. to about 60° C,,
more preferably about 30° C. to about 50° C., even more
preferably from about 30° C./35° C. to abowi 45° C. and
most preferably at a temperature of from about 40° C, to
about 45° C. (about the same range as the HC1 addition
siep). The temperature is preferably the same as that during
the HC1 addition, and more preferably the temperature is
kept substantiafly constant from the beginaing of the HCI
addition o the end of the filtration step. (Sec e.g. Example
5)

Sertraline hydrochloride Form II is kinetically stable
when crystallized as a highly pure sertraline hydrochioride
Form 1. The highiy pure sertraline hydrochloride Form i1 is
stable during storage under stress conditions for at least
about 2 wecks, more preferably for at least about 1-2
months, even more preferably for at least about 3 months
and most preferrably for at least about 6 months. In contrast,
sertraline hydrochloride Form II that contains frace amounts
of sertraline bydrochloride Form I (at least about 1% w/w of
sertraline hydrochloride Form I/sertraline hydrochloride) is
not stable during storage under such stress condition.

‘Without being bound by theory, it is believed that the level
of purity presently achieved in the highly pure sertraline
hydrochloride Form II imparts the polymorph with stability.
It is believed that an unstable composition of seriraline
hydrochloride Form I contains trace amounts of sertraline
hydrochloride Form I, the presence of which facilitates the
conversion of sertraline hydrochloride Form 11 to sertraline
aydrochloride Form I, perhaps by providing a seed for
crystailization.

The present invention alse provides a pharmaceutical
formulation, particularly oral dosage forms such as tablets
containing fine crystals of highly pure sertraline hydrochlo-
ride Form IL The active ingredient of the formulation,
sertraline hydrochloride Form I1, does not substantially
convert into sertraline hydrochloride Form 1. Hence it is
possible to formulate unit dosages such as tablets that are
siable during storage.

Storage of a tablet containing highly pure sertraline
hydrochloride Form I at about 40° C. aad about 75%
reiative humidity, for at least about 1-2 weeks, more pref-
erably from about 1-2 months and most preferably for at
least about 3-4 months does not show any significant
conversiog 10 other pelymorphic forms of sertraline
hydrochloride, especially the stable Form 1. Preferably, less
than about 5%, more preferably, less than about 3% and
most preferably, less than about 1% of the seriraline hydro-
chioride Form II in a tabiet convents to poiymorphic Form 1
of sertraline hydrockloride following storage of the tablet.
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The detection of sertraline hydrochioride Form I in a phar-
maceutical formulation, fo the extent of about 1% w/w (%
of sertraline hydrochloride Form I/sertraline hydrochloride),
may be accomplished by use of x-ray powder diffraction.

As in bulk sertraline hydrochloride Form Ii, the X-ray
powder diffraction pattern of pure sertraline hydrochloride
tablet does not show a subsiantial polymorphic change to
Form L

Pharmaceutical compositions of the present invention
contain highly pure seriraline hydrochloride Form 1. In
addition to the aclive ingredient(s), the pharmaceutical com-
positions of the present invention may contain ene or more
excipients. Excipients are added to the composition for a
variety of purposes,

Diluents increase the bulk of a solid pharmaceutical
composition, and may make a pharmaceutical dosage form
containing the composition easier for the patient and care
giver to handle. Diluents for solid comypositions include, for
example, microcrystalline cellulose {e.g. Avicel®),
microfine cellulose, lactose, slarch, pregelatinized starch,
caleium carbonate, calcium sulfate, sugar, dextrates, dextrin,
dextrose, dibasic calcium phosphate dihydrate, tribasic ¢al-
cium phosphate, kaolin, magnesium carbonate, magnesium
oxide, maltedextrin, mannitol, polymethacrylates (e.g.
Eudragit®), potassium chioride, powdered ceilulose,
sodium chioride, sorbitol and taic.

Solid pharmaceutical compositions that are compacted
nto a dosage form, such as a tablet, may include excipicnts
whose functions include helping to bind the active ingredi-
ent and other excipients together after compression. Binders
for solid pharmaceutical compositions include acacia, alg-
inic acid, carbomer {e.g. carbopol), carboxymethylcellulose
sochium, dextrin, ethyl cellulose, gelatin, guar gum, hydro-
genaied vegetable oil, hydroxyethyl cellulose, hydroxypro-
pyl cellulose {e.g. Klucel®), hydroxypropyl methyl cellu-
lose (e.g. Methocel®), liquid glucese, magnesium
aluminum silicate, maliodextrin, methylcellulose,
polymethacrylates, povidone {e.g. Kollidon®, Plasdone®),
pregelatinized starch, sodium alginate and starch.

The dissolution rate of a compacted solid pharmaceutical
composition in the patient’s stormach may be increased by
the addition of a disintegrant io the composition. Disinte-
grants include alginic acid, carboxymethylceilulose calcium,
carboxymethylcellulose sodium (e.g. Ac-Di-Sol®,
Primellose®, colioidal silicon dioxide, croscarmellose
sodium, crospovidone {e.g. Kollidon®, Polyplasdone®),
guar gum, magnesium aluminum silicate, methy! cellulose,
microcrystailine celluiose, polacrilin potassium, powdered
cellulose, pregelatinized starch, sodium alginate, sodium
starch glycolaie (c.g. Explotab®) and starch.

Glidants may be added to improve the flowability of a
non-compacted sclid composition and to improve the accu-
racy of dosing. Excipients that may function as glidants
include colloidal silicon dioxide, magnestum (trisilicate,
powdered celinlose, starch, talc and wibasic calcium phos-
phate.

When a dosage form such as a tablet is made by the
compaction of a powdered composition, the composition is
subjected to pressure from a punch and dye. Some excipients
and active ingredients have a tendency to adhere 1o the
surfaces of the punch and dye, which may cause the product
to have pitting and other surface irregularities. A lubricant
may be added to the composition to reduce adhesion and
ease the release of the product from the dye. Lubricants
include magnesium stearate, calcium stearate, glyceryl
monostearate, glyceryl palmitostearate, hydrogenated castor
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oil, hydrogenated vegetable oil, mineral oil, polysthylene
glycol, sodium benzoate, sodium lauryl sulfzte, sodinm
stearyl fumarate, stearic acid, talc and zinc stearate.

Flavoring agents and flavor enhancers make the dosage
form morc palatable to the patient. Common favoriag
agents and flavor enhancers for pharmaceutical products that
may be included in the composition of the present invention
include maltol, vanilkin, cthy! vanillin, menthol, citric acid,
fumarc acid, ethyi maltol and tanaric acid.

Solid and liquid composilions may zlso be dyed using any
pharmaceulically acceptable colorant to improve their
appearance andfor facilitate patient identification of the
product and unit dosage level,

in liquid pharmaceutical compositions of the present
invention, sertraline hydrochlonide amd any other solid
excipients are dissolved or suspended in a liquid carrier such
as water, vegetable ofl, alcohol, pelyethylene glycol, pro-
pvlene glycol or glycerin.

Liguid pharmaceutical compositions may conlain emul-
sifying agenis to disperse uniformly throughout the compo-
sition an active ingredien! or otber excipient that is not
soluble in the liquid carrier. Emulsifying agents that may be
useful in liguid compositions of the present invention
inchude, for example, gelatin, egg yolk, casein, cholesterol,
acacia, tragacanth, chondrus, pectin, methyl cellulose,
carbomer, cetostearyl aleohol and cetyl aleohol.

Liquid pharmaceutical compositions of the present inven-
tion mnay also contain a viscosity emhancing agent to
improve the mouth-feel of the product and/or coat the lining
of the gastrointestinal tract. Such agents include acacia,
alginic acid bentonite, carbomer, carboxymethylcelluiose
calcium or sodium, cetostearyl alcohol, methyi cellulose,
cthyicellulose, gelatin gnar gum, hydroxyethyl cellulose,
hydroxypropyl cellulose, hydroxypropyl methyl cellulose,
maltodexirin, polyvinyl alcohol, povidone, propylene

carbonate, propylene giycol alginate, sodium alginate, -

sodium starch glycolate, starch tragacanth and xanthar gum.

Sweetening agenls such as sorbitol, saccharin, sodivm
saccharin, sucrose, aspartame, fructose, manmtol and invert
sugar may be added to improve the taste.

Preservatives and chelating agenis such as alcohol,
sodium benzoate, butylated hydroxy toluene, butylated
hydroxyanisole and ethylenediamine tetraacetic acid may be
added at levels safe for ingestion to improve storage stabii-
ity.

According to the present invention, a liguid composition
may also contain a buffer such as guconic acid, lactic acid,
citric acid or acetic acid, sodium guconaie, sodium lactale,
sodium citrate or sodinm acetate.

Selection of excipients and the amounts used may be
readily determined by the formulation scientist based upon
experience and consideration of standard procedures and
reference works in the field,

The solid compositions of the present invention include
powders, granulates, aggregates and compacied composi-
tions. The dosages include dosages suiteble for oral, buccal,
rectal, parenteral (including subcutanecous, intramuscular,
andl iatravenous), inhalant and ophthalmic administration.
Although the most suitable administration in zny given case
will depend on the nature and severity of the condition being
treated, the most preferred route of the present invention is
oral. The dosages may be conveniently presented in unit
dosage form and prepared by any of the methods weli-
known in the pharmaceutical atis.

Dosage forms include solid dosage forms like tablets,
powders, capsules, suppositories, sachets, troches and
losenges, as well as liquid syrups, suspensions and clixirs.
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The dosage form of the present invention may be a
capsule containing the composition, preferably a powdered
or granulated solid composition of the inveation, within
either a hard or sofl shell. The shell may be made from
gelatin and optionally contain a plasticizer such as glycerin
and sorbitol, and an opacifying agent or colorant.

The active ingredient and excipients may be formulated
into compositions and dosage forms according to methods
known in the art.

A composition for tableting or capsule filling may be
prepared by wet grapulation. In wet granulation, some or all
of the active ingredients and excipients in powder form are
blended and then further mixed in the presence of a liguid,
typieally water, that causes the powders to climp into
granules. The granuiate is screened and/for milled, dried and
then screened and/or milled to the desired particle size. The
granulate may then be tableted, or other excipients may be
added prior to tableting, such as a glidant and/or a lubricant.

A lableting composition may be prepared conventionally
by dry blending. For example, the blended composition of
the actives and excipients may be compacted into a slug or
a sheet and then comminuted into compacted granules. The
compacled granules may subsequently be compressed into a
tablet.

As an alternative 1o dry granulation, 2 blended composi-
tion may be compressed directly mio a compacted dosage
form using direct compression techniques. Direct compres-
sion produces a more uniform tablet without granules.
Excipients that are particularly well suited for direct com-
pression tableting include microcrystalline cellulose, spray
dried lactese, dicalciumn phosphate dibydrate and colloidal
silica. The proper use of these and other excipients in direct
compression tableting is known fo these in the arl with
experience and skill in particular formulation chatlenges of
direct compression tableting.

A capsule filing of the present invention may comprise
any of the aforementioned blends and granulates that were
described with reference 1o tableting, however, they are not
subjected to a final tableting step.

Preferably, the pharmacentical formulations of the present
invention are solid dosage forms in the form of a tabiet for
the oral administration of seriraline hydrochloride. The
highly pure sertraline hydrochloride Form 11 used for pre-
paring a tablet may be in the form of fine crystals.
Preferably, the fine crystals have a particle size distribution
such that 106% of the particles are below 200 microns, more
preferably below 100 microns and most preferably below
about 50 microns.

Methods known in the art, as described above, may be
used to prepare tablets of sertraline hydrochloride Form Il
Highly pure sertraline hydrochloride Form II tablets may be
prepared for instance by mixing the active ingredient, ser-
traline hydrochloride pure Form II, with 4 combination of
excipients including, lactose, povidone, microcrystalline
cellulose and croscarmellose sodium. Purified water may be
added to the powder mixiure of sertraline modification
and excipients, The mixture may be then dried until only
trace amounts of fluid remain in the granulaie as residual
moisture. Preferabiy, the mixture is dried to a loss on drying
(*LOD™ no more than (“NMT") about 0.5 to about 3%. The
granulate may be then sieved, and magnesium stearate may
be added to the milled granulate. The final blend of sertraline
modification II, excipients and magnesium siearate is com-
pressed into tablets and may be film coated, preferably with
Opadry® (Colorcon, Westpoint Pa.). According to
Colorcon, Opadry® is & one-step custornized coating system
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that combines polymer, plasticizer, and if desired, a pigment Example 2
in dry concentrate. Table 1 shows suitable ranges of active
ingredients and excipients (weight %) and the preferred
arnourntts for the present pharmaceutical formulations.

¢ Stability of highty pure bulk sertraline hvdrochloride Form I and tablet

3
TABLE 1 Polymorph Content of
sertraline bydrochloride Polymorph Content of Length of
Range of % in tublet bulk sertraline hydrochloride  Storage
composition  Preferred %
Material (wiw) composition Function 467 C., 73% RH 40° C., 753% RH
LU ymorphic Form detected  Polymorphic Form detected
High purity sertraline 20-35% 28.0 Active {T or If) {for i
modification B ingredient I+ 1= te @
Lactose Monohydrate 2540 320 Filler H I 1 month
Croscarmetiose Sodium NF 5-12 104 Disintegrant n It 2 menths
Povidone USP (PVF K-3h 1-3 2.4 Binder — —_ 3 menths
Microerystaliing Cellulose NF 20440 26.6 Filier and 15 e It & months
{Avicel PH 102) disintegrant v
Purified water USP - - Granulation =The presence of Form 1 was below the detection level in Examples 2-4.
processing The detection level for the tablet was less than about 1% weight of
solvent sertraling bydrochloride Form 1 to the weight of sertraline hydrochloride,
Magaesinm Stearate NF 0325 1.0 Lubricant aad in the bulk less thap about 0.1%.
23
*CGiranulation processing solvent only (dried to achieve moisture content of 0 Example 3

LOD-NMT about 0.5-1.5%).

In accordance with the present invention, the pbarmacew 2 Stability of highly pure bulk seriraline nvdrochloride Form Il and toblet

tical formulations of the present invention are usefw! for Polymorph Conteat of

inhibiting the re-uptake of serotenin, thus resulting in an seriraline hydrochloride Polymorph Content of Length of
increased Ievel of serotonin. An increased level of serolonin in tablet bulk sertraline hydrochloride  Storage
alleviates symptoms of psychiatric disorders such as depres- 40° C.. 75% RH 40° C., 75% RH

ston. The oral pharmaceutical dosage forms of the present 38 Polymorphic Form detected  Polymormhic Form detected

invention preferably contain of about 20 mg to about 100 mg {or 1 {[or i}
. ; . . i} It t=0
of the base equivalent of seriraline hydrochloride, with I I 1 moath
ahout 25 mg, about 50 mg and about 160 mg {ableis being I I 2 moaths
preferred. — — 3 moaths
33 e I & months

Instrumentation Used: Example 4
X-Ray powder diffraction data was obtained by using a
SCINTAG powder X-Ray diffractometer model X'TRA *
equipped with a solid state delector. Copper radiation of Stability of highly pure bulk sertraline hvdrochioride Form I 2nd tablet
1.5418 A was used. The diffractometer was equipped with a
round aluminum sample holder with round zero background

Polymorph Content of

. st -, g sertraline hydrochloride Polymorph Content of Length of
guariz plate having a cavity of 25(diameter)*0.5(depth) mrm. 15 in tablet bulk sertraline hydrochloride  Storage
40% C, 75% RH 40° C., 75% RH
.y Polymorphic Form detected  Polymorphic Form detected
EXAMPLES {dor 1D (f or I
H H t=0
H i 1 month

30 I H 2 months

Example 1 - e 2 months

P — H 6 months

e . . Example 5
Stability of bulk sertraline hvdrochloride Form I and tablel . " . . . .
S . - 55 Preparation of Pure Sertraline Hydrochloride Form 11 in Lot
Polymorph Content of (Industrial) Scale
sertraline hydrochioride Polymarph Content of Length of Sertraline base (27 ky) obtained directly from synthesis
in tablet bulk sertraline hydrochlorids  Storage was dissolved in 105 kg of n-butanol. The soluilon was
" : o o

40° C., 5% RH 40" C, 75% RE o treated for 1 hour Witb 1 kg carbon at 40° C.—45° C,, filtered
Polymorphic Form detected  Polymomphic Form detected and washed with 25 kg n-i)utam_}l. The solution was reheated
dor ) (I or Iy to 40° C.—45° C. and the achieved temperature was kept
> 1 (<1%) > 1 (<1%) b=0 constant during the gas flow and fitration. Hydrogen chlo-
W1 (2%) =T {<1%) ¥ monih ride gas was added at the rate of 4.5-5 kg/br for the duration

H > (<3%) I>1(2% 2 months f18h til pH 0.5 or les cached. Immediate]
It > £ (3%) H = I (2% 3 months 0 our until pH 0.5 or less \Zas r(.ac; ed. Immediately
— > T (4%) 4 monns 65 after, the sluery was filtered at 40° C.-45° C. The cake was

washed with 25 kg of n-butanel, and dried for about 4 hours
at 80° C. The vicld was 70% {21.2 Kg).



i

Case 2:07-cv-00240-WHW-RJH

Document 1-2

Filed 01/12/2007

US 6,897,340 B2

13

Example 0

Preparation of Pure Sertraline Hydrochloride Form [ in Lab
Scale

Sertraline base {26 g) obtained directiy from the synthesis
was dissolved in n-butano] (6 volumes) (140 mi). The
solution was treated for 1 hour with 1.1 g carbon at 40°
C.—45° C., filtered and washed with 12 cc n-bulanol, The
solution was reheated to 40° C~43° C. and the temperature
achieved was kept constant during the gas flow and fltra-
tion. Hydrogen chloride gas was added at the rate of 4-6 g/hr
for the duration of 1 bour until pH 0.5 or less was reached.
Immediately after, the slurry was filtered at 40° C.—45° C.
The cake was washed with 30 mi of n-butanol, and dried for
about 4 hours at 86° C.

Example 7
Preparation of Sertraline Hydrochloride in n-BuOH at 70°
C.
Sertraline base {30 g} in n-BuOH (240 ml) was heated 10

50° C. HCl(g) was bubbled 10 the solution and the tem-

perature rose to 70° C.; when the pH reached 1.5, precipi-
tation was observed (the temperature was 68° C. More HC1
was purged through the slurry (the temperature was 65° C.).
After the pH reached 0.5, the mixture was cooled to room
temperature and a solid was filtrered and washed with
n-BuOH. After drying, a mixiure of sertraline hydrochloride
form I and form I was obtained (26,41 g).

Example 8
Preparation of Sertraline Hydrochloride in n-BeOH by Fil-
tration at 10° C.

Sertraline base (30 g) was dissolved in 2-BuOH(240 ml)
and HCI () was bubbled through the solution, The tem-
perature rose (0 45° C. The reaction mixture turned to a gelly
like mixture, which then became a shurry. The slurry was
cooled to 10° C. and a solid was filtered, and washed with
n-BuOH. After drying, a mixture of sertraline hydrochloride
form I and T was obtained (25.9 g).

Exampie 9

Preparation of Sertraline Hydrochlotide Form II in n-BuOH
from Sertraline Mandelate

Sertraline mandelate (20 g) in 0-BuOH (408 ml) was
heated 10 60° C. A slurry was obtaired. HC1 (g) was bubbled
through the mixture and compleic dissolution was observed.
When the solution pH was ~0.5, the solution was cooled and
seeded with sertraline hvdrochionide Form I, The reaction
mixture was srirred at room lemperaiure over night and a
solid was filtered and washed with n-BuOH. The sclid was
dried to afford sertraline hydrochloride Form 11 (7.21 g).

Having thus desecribed the invention with reference 1o
particular preferred embodiments and illustrative examples,
those in the art may appreciate modifications o the inven-
tion as described and iliustrated that do not depart from the
spirit and scope of the invention as disclosed in the speci-

fication. The Examples are set forth o aid in undersianding s

the invention bul are not intended to, and should not be
construed to, limi its scope in any way. The examples do not
include detailed descriptions of conventional methods. Such
methods are well known fo those of ordinary skill in the art
and are described in numerous publications. Polymorphism
in Pharmaceutical Solids, Drugs and the Pharmaceutical
Sciences, Volume 95 may be used as a guidance. All
references and priority documents meationed herein are
incorpeorated by reference in their eatirety.

What is claimed is:

1. A reproducible process for preparation of sertraline
hydrochloride Form 1l comprising the steps of:
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a) providing a solution of sertraline base, or a solution or

slurry of sertraline mandelale, in ac organic solvent;

b) contacting the solution or the slurry with a fow of

gaseous hydrogen chloride at a temperature within the
range of from about 30° C o about 60° C., during
which time sertraline hydrochlorde Form I forms,
wherein the temperature is kept substantially constant
during the gas flow; and

¢) fltering the sertraline hydrochloride Form I at a

temperature of from about 30° C. 1w about 60° C. o
obtain sertraline hydrochloride Form Il containing less
than about 1% sertraline hydrochloride Form 1 as
measured wit/wt sertraline hydrochloride Form
I/sertraline hydrochloride,

2. The process of claim 1, wherein the solvent is an
aleohol.

3. 'The process of claim 2, wherein the ajcohol is a C; or
2 C, alcohol, or mixtures thereof.

4. The process of claim 3, wherein the aleehol is
n-butanol.

8. The process of claim 1, whereln the solvent is selected
from ihe group consisting of cyclohexane, ethyl acetate,
acetone, hexane, (-buiyi-methyl ether, DMFE, and mixtures
thereof.

6. The process of claim I, wherein the solution of sertra-
line basc is provided.

7. The process of claim 6, wherein the gas flows af a rate
of about 4 to about 6 grams of gaseous hydrogen chicride
per hour per about 25 grams of sertraline base.

8. The process of claim 1, wherein the temperature during
the gas flow is about 30° C. to about 50° C.

9. The process of claim 8, wherein the lemperature is
abowt 35° C. to about 50° C.

10. The process of claim 9, wherein the temperature is
about 40° C. 1o about 45° C.

11. The process of claim 1, wherein the gas How is
stopped when reaching a pH of less than about 1.

12. The process of claim 1, wherein the temperature is
kept substantially constant during the gas flow and the
filtering steps.

13. The process of claim 1}, wherein the gas flow is
stopped in less than about 2 hours,

14. The process of claim 1, wherein the amount of
sertraline hydrochloride Form is less than about 0.5%.

15. The process of claim 14, wherein the amount of
sertraline hydrochloride Form  is less than about 0.1%.

16. The process of claim 1, wherein the process results in
at least about (1.5 kg of sertraline bydrochloride Form I after
the filtering step.

17. The process of claim 16, wherein at least about 1 Kg
of sertraline hydrochloride Form 11 is obtained afier the
filtering step.

18. The process of claim 17, wherein at least about 10 Kg
of sertraline hydrochloride Form 1] is obtained afler the
fileering step.

19. The process of claim 16, wherein at least about a 100
fiter solution is provided.

20. A reproducible process for preparation of seriraline
hydrochloride Form I comprising the steps of conlacting a
sohstion of seriraline base, or a solution or slurry of sertra-
Hine mandelate in an organic solvent, at a temperature within
the range of zbout 30° C. w0 aboul 60° C. with 2 flow of
gaseous hydrogen chlonide 1o form sertraline hydrochloride
Form I, and filiering the sertraline hydrochioride to obtain
sertrafine hydrochloride Form 11 containing less than about
1% seriraline hydrochloride Form I (wt/wt sertraline
hydrochloride), wherein the temperature is kept substan-
tially constant during the gas flow,
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21. The precess of claim 20, wherein the solution of
serfraline base is used.

22. The process of claim 21, wherein the gas flows at a
rale of about 4 1o about 6 grams of gaseous hydrogen
chloride per hour per about 23 grams of sertraline base.

23. The process of claims 20, wherein the solvent is an
aleohol.

24, The process of claim 23, wherein the alcohol is & C,
or a C, alcohol, or mixtures thereof.

25. The process of claim 24, wherein the alcchol is
n-butanol. .

26. The process of claim 20, wherein the solvent is
seiected from the group consisting of cyclohexane, ethyl
acefate, acetone, hexane, t-butyl-methyl ether, DMF, and
mixtures thereof. )

27. The process of claim 20, wherein the temperature is
about 30° C. to about 50° C. during the gas flow,

28. The process of claim 27, wherein the temperature is
about 30° C. {0 about 45° C.

29, The process of claim 28, wherein the temperature is 2

about 40° C. 1o about 45° C.

30. The process of claim 20, wherein the filtering is
carried out at a temperature of from about 30° C, to about
60° C.

31. The process of claim 28, wherein the temperature is
kept substantially constant during the gas flow and the
filtering step.

32. The process of claim 20, wherein at least about 1 Kg
of serfraline hydrochloride Form IE is obtained after the
filtering step.

25
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33, The process of claim 32, wherein at least about 10 Kg
of serfraline hydrochloride Form II is obtained afier the
filtering step.

34. The process of claim 20, wherein at least about a 100
liter solution is prepared.

35, Areproducible process for preparing sertraline hydro-
chloride Form 1l comprising contacting a solution of sertra-
line base in a C; 1o a C, alcohol at a temperature within the
range of from about 30° C. fo about 60° C. with a flow of
gaseous hydrogen chloride for about ¥ hour to about 2 hours
to obtain a slurry of sertraline hydrochioride, and filtering
the slurry to obtain seriraline hvdrochioride Form I with
less than aboul 1% seriraline hydrochioride Form I (wifwit
sertraline hydrochloride Form Ifsertraline hvdrochloride),
wherein the temperature is kept substantizlly constant during
the gas flow and the filtering steps.

36. The process of claim 35, wherein the temperature i
from abont 35° C. 1o about 50° C.

37. The process of claim 35, wherein the alcohol is
n-butanol.

38. The process of claim 35, wherein at least about 1 Kg
of sertraline hydrochloride Ferm I is obiained after the
fillering step.

39. The process of claim 1, 20 or 35, wherein at tempera-
ture is about 30° C. to about 45° C.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,897,340 B2 Page1of 2
DATED : May 24, 2005
INVENTOR(S) : Ronen Borochovilch el al,

It is certified that error appears in the above-identified patent and that said Letters Patent is
hersby corrected as shown below:

Title page,
Item [57], ABSTRACT,
Line 2, change “substantilly” to -- substantiafly --.

Column 4
Line 55, remove “7232”,

Column 3§
Lines 39 and 40, change “preferrably” 1o -- preferably --.

Column 6,
Lines 6 and 7, change “preferrably” to -- preferably --.

Column 7,
Line 35, change “preferrably” to -- preferably -,

Column 9

Line 47, change “guconic” to -- gluconic --.
Line 48, change “goconate” o -- gluconate --,
Line 67, change “losenges” to -~ lozenges --.

Column 13,

Line 25, change “filtrered” to -- filtered --.
Line 33, change “gelly” to -- jelly --.

Line 47, change “srired” to -- stirred --,

Column 14
Line 43, change “Form” to -- Form | .
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INVENTOR(S) : Roner Borochoviteh et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Column 16
Line 26, change “wherein at temperature” to -- wherein the temperature --.

Signed and Sealed this

Third Day of January, 2006

JON W. DUDAS
Director of the United States Patent and Trademark Office
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AO 440 (Rev 1/90) Summons in a Civil Action

United States District Court

DISTRICT OF NEW JERSEY
SUMMONS IN A CIVIL ACTION

TEVA PHARMACEUTICAL INDUSTRIES LTD.
and TEVA PHARMACEUTICALS USA, INC,, Civil Action No.:

Plaintiffs,
V.

CIPLA LTD., AND BYRON CHEMICAL
CO., INC,,

Defendants.
TO: {Name Address of Defendant)

Byron Chemical Co.
40-11 23rd Street
Long Island City, NY 11101

YOU ARE HEREBY SUMMONED and required to file with the Clerk of this Court
and serve upon

PLAINTIFE'S ATTORNEY (name and address)

Allyn Z. Lite, Esq.

Michael E. Patunas, Esq.

Lite DePalma Greenberg & Rivas, LLC
Two Gateway Center, 12" Floor
Newark, NJ 07102

an answer to the complaint which is herewith served upon you, within 20
days after service of this summons upon you, exclusive of the day of service. If you
fail to do so, judgment by default will be taken against you for the relief demanded
in the complaint.

CLERK DATE

BY DEPUTY CLERK
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LITE DEPALMA GREENBERG & RIVAS, LLC
Allyn Z. Lite

Michael E. Patunas

Two Gateway Center, 12th Floor

Newark, New Jersey 07102

(973) 623-3000 -

Of Counsel:

KENYON & KENYONLLP
Steven I. Lee

Robert V. Cerwinski

One Broadway

New York, NY 10004-1050
Phone (212) 425-7200

Fax (212) 425-5288

Attorneys for Plaintiffs Teva Pharmaceutical
Industries Ltd. and Teva Pharmaceuticals USA, Inc.

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

TEVA PHARMACEUTICAL INDUSTRIES
LTD. and TEVA PHARMACEUTICALS :
USA, INC,, : Civil Action No.
Plaintiffs,
v,

HETERO DRUGS LTD.,

Defendants.

COMPLAINT FOR DECLARATORY JUDGMENT
For their Complaint against Defendant Hetero Drugs Lid. (“Hetero™), Plaintiffs Teva
Pharmaceutical Industries Ltd. (“Teva Ltd.”) and Teva Pharmaceuticals USA, Inc. (*Teva USA™)

allege as to their own acts, and on information and belief as to the acts of others, as follows:
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THE PARTIES

I. Teva Ltd. is a corporation organized under the laws of Israel, and maintains its
principal place of business at 5 Basel Street, Petah Tiqva 49131, Israel.

2. Teva USA is a Delaware corporation with its principal place of business located at
1090 Horsham Road, North Wales, Pennsylvania, 19454-1090. Teva USA is a wholly-owned
subsidiary of Teva Ltd.

3. On information and belief, Hetero is an Indian corporation having a principal
place of business at Hetero House, H. No. 8-3-166/7/1, Erragadda, Hyderabad-50018 AP India.

NATURE OF THE ACTION

4, This is an action for patent infringement arising under the Patent Laws of the
United States, 35 U.S.C. § 1, et seq., and seeking damages and injunctive relief under 35 U.S.C.
§§ 281-285.

JURISDICTION AND VENUE

5. This court has jurisdiction over the subject matter of this action pursuant to 28
U.S.C. §§ 1331 and 1338(a), and the Declaratory Judgment Act, 28 U.5.C. §§ 2201 and 2202.

6. This Court may declare the rights and other legal relations of the parties pursuant
to 28 U.S.C. §& 2201 and 2202 because this is a case of actual controversy within the Court’s
jurisdiction.

7. The Court has personal jurisdiction over Hetero because of its continuous and
systematic contacts with the state of New Jersey.

8. Venue is proper in this judicial district based on 28 U.S.C. § 1400 (b) and/or 28

U.S.C. § 1391 (b). (c), and (d).
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BACKGROUND
The Patents In Suit

9. Teva Ltd. is the owner of all right, title and interest in United States Patent Nos.
6,600,073 (“the 073 patent”), 6,500,987 (“the "987 patent™), 6,495,721 (“the 721 patent”), and
6,897,340 (“the *340 patent”; collectively, “the patents in suit™) relating to, infer alia, methods
for manufacturing certain crystalline forms of a chemical compound known as sertraline
hydrochloride. Two of these crystalline forms of sertraline hydrochloride are known as “Form
H” and “Form V.”

10.  The *073 patent was duly and legally issued by the United States Patent and
Trademark Office ("PTO”) on July 29, 2003 for an invention entitled “Methods for Preparation
of Sertraline Hydrochloride Polymorphs.” A copy of the *073 patent is attached as Exhibit A,

11.  The 987 patent was duly and legally issued by the PTO on December 31, 2002
for an invention entitled “Sertraline Hydrochloride Polymorphs.” A copy of the "987 patent is
attached as Exhibit B.

12. Both the 073 patent and the 987 patent claim, infer alia, processes for
preparation of sertraline hydrochloride Form V.

13, The *721 patent was duly and legally issued by the PTO on December 17, 2002
for an invention entitled “Sertraline Hydrochloride Form 11 and Methods For the Preparation
Thereof.” A copy of the 721 patent is attached as Exhibit C.

14, The ’340 patent was duly and legally issued by the PTO on May 24, 2005 for an
invention entitled “Processes for Preparation of Polymorphic Form II of Sertraline

Hydrochloride.” A copy of the "340 patent is attached as Exhibit D.
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15. The *721 and ’340 patents claim, inter alia, processes for the preparation of
sertraline hydrochloride Form I1.

Plaintiffs’ Generic Exclusivity

16. Sertraline hydrochloride is a pharmaceutical compound useful in the treatment of
depression. It is the active phamaceutical ingredient (“API”) in the product sold by Pfizer Inc.
under the trade name ZOLOFT. Teva USA sells genefic sertraline hydrochloride tablets in the
United States that are manufactured by Teva Ltd.

17. Pursuant to the Food, Drug and Cosmetic Act, 21 U.S.C. § 301 ef seq. (1994)
(“the Act”), Teva USA filed Abbreviated New Drug Application (*“ANDA”)} No. 76-465 with the
United States Food & Drug Administration (“FDA™) for permission to market its generic
sertraline hydrochloride tablets in the United States.

18.  lvax Pharmaceuticals, Inc. (“Ivax™), a separate wholly-owned subsidiary of Teva
Ltd., filed ANDA No. 75-719 with the FDA, also seeking permission to market generic sertraline
hydrochloride tablets in the United States.

19. Ivax’s ANDA was approved on June 30, 2006. Under § 355(j) of the Act, Ivax
obtained a limited period of exclusivity from the FDA for its generic sertraline products in the
United States. Pursuant to this exclusivity, the FDA will not approve any other ANDA for
generic sertraline hydrochloride tablets for a period of 180 days from the date Ivax first
commercially marketed a product under its ANDA. This exclusivity period expires on February
6, 2007, i.e., the FDA may grant final approval to other ANDA holders beginning on February 7,

2007.
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20.  Ivax has selectively waived its exclusivity period with respect to Teva USA’s
ANDA on August 11, 2006,

Defendant’s Imminent Infringement of the Patents In Suit

21. Under the Act, ANDA holders must provide detailed information to the FDA
about how the API to be used in their proposed generic products will be made. Suppliers of API
typically are reluctant to disclose confidential information about their manufacturing processes to
their customers. Such API suppliers typically submit this confidential information directly to the
FDA in the form of a Drug Master File (“DMF"), which the FDA keeps on file. Customers of
the API supplier who file ANDAs may then reference the DMF in their ANDAs. Upon receiving
an ANDA referencing a DMF, the FDA will separately review the DMF as part of the ANDA
approval process. Accordingly, the act of filing a DMF indicates the present intent of the filer is
to supply API to at least one ANDA holder.

22. On information and belief, Defendant has filed DMF No. 15731 for sertraline
hydrochloride API with the FDA.

23.  Oninformation and belief, Defendant plans and intends to supply sertraline
hydrochloride API to one or more third party ANDA holders, with the knowledge and intent that
the third party ANDA holder(s) will engage in the commercial importation, manufacture, use,
sale and/or offer for sale of generic sertraline hydrochloride tablets in the United States.

Plaintiffs have made a reasonable effort to determine the identity of third party ANDA holder(s)
that Defendant intends to supply. Currently, Plaintiffs are unable to obtain from a public source

any information regarding the entities that Defendant intends to supply.

-5.
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24. On information and belief, Defendant plans and intends to supply the third party
in the activities described in paragraph 23 immediately upon receiving final approval of the
ANDA(s) by the FDA, and that said approval will occur shortly after Ivax’s exclusivity period
expires.

25, On information and belief, Defendant plans and intends to supply the third party
ANDA holder(s) with the knowledge and intent that the third party ANDA holder(s) will engage
in the activities described in paragraph 23 prior to the expiration of the patents in suit.

26. On information and belief, Defendant plans and inteﬁds to import sertraline
hydrochloride into the United States for sale to third party ANDA holder(s).

27. On information and belief, Defendant’s sertraline hydrochloride API is or will be
made by a process that infringes one or more of the claims of the patents in suit. Accordingly,
Defendant’s plans and intentions to import and sell sertraline hydrochloride API in the United
States constitute imminent, threatened acts of infringement under 35 U.S.C. § 271(g), which give
rise to an actual controversy over which this Court may exercise jurisdiction.

28. On information and belief, Defendant’s plans and intentions to supply sertraline
hydrochloride API to third party ANDA holder(s) outside of the United States for incorporation
into products that it knows will be imported and sold in the United States constitute imminent,
threatened inducement of infringement under 35 U.S.C. §§ 271(b) and (g), which gives rise to an
actual controversy over which this Court may exercise jurisdiction.

29.  Oninformation and belief, Defendant’s sertraline hydrochloride AP is Form If or

Form V. On information and belief, sertraline hydrochloride Forms I, Il and V are the only

G-
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crystalline forms that are most likely to be used in a pharmaceutical tablet. On information and
belief, Form 1 is claimed by an unexpired United States patent assigned to Pfizer Inc., and thus it
is unlikely that Defendant will attempt to market API containing that polymorph to customers
intending to sell products in the United States.

30.  Oninformation and belief, Plaintiffs are not aware of any commercially viable
process to manufacture Form V sertraline hydrochloride that is not covered by one or more
claims of the 987 patent and/or the "073 patent. Thus, on information and belief, there is a
substantial likelihood that Defendant’s sertraline hydrochloride API, if Form V. is or will be
made by a process that infringes one or more claims of the 987 patent and/or the 073 patent.

31. On information and belief, given the scope of Teva Ltd.’s patent rights to methods
of making Form I, there is a substantial likelihood that Defendant’s sertraline hydrochloride
APIL, if Form H, is or will be made by a process that infringes one or more claims of the '721
patent and/or the *340 patent.

32.  Plaintiffs have made a reasonable effort to determine the process by which
Defendant’s sertraline hydrochloride API is or will be made. Currently, Plaintiffs are unable to
obtain from a public source any information regarding the method used to manufacture
Defendant’s APL. On November 30, 2006, Teva Ltd. notified Defendant of the existence of the
patents in suit and requested a description of the manufacturing process used by Defendant to
make the APL In order to protect the confidentiality of Defendant’s information, Teva Ltd.
offered to enter into a confidentiality agreement.

33.  Defendant has not responded to Teva Ltd."s requests for information relating to its

manufacturing process despite Teva Ltd.’s offer to review any material subject to a supplied

-
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confidentiality agreement.

34, Further, Plaintiffs have been unable to obtain from a public source samples of the
AP1 Defendants are selling, or intend to sell, to the third party ANDA holder(s) they are
supplying or will supply. However, on information and belief, even Plaintiffs had been able to
obtain samples of Defendants’ API from a public source, Plaintiffs are not aware of any
analytical technique or combination of techniques that could be used to definitively establish that
the API was made by one or more of the methods claimed in the patents in suit. For this reason,
Plaintiffs cannot conclusively determine whether Defendant’s API infringes the patents in suit
unless and until Defendant discloses to Plaintiffs the method by which the API is made.

35. in the absence of a sufficient response from Defendant, Plaintiffs have no choice
but to resort to judicial process and the aid of discovery to obtain, under appropriate judicial
safeguards, the information required to confirm their beliefs as to infringement and to present to
the Court evidence that Defendant will infringe the patents in suit.

36.  On information and belief, Defendant’s infringement will be willful and
deliberate.

37.  Asadirect and proximate consequence of the planned and intended infringement
by Defendant, Plaintiffs will be injured in their business and property rights unless the
infringement is enjoined by the Court, and will suffer injury and damages for which they are

entitled to relief.
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COUNT 1
DECLARATORY JUDGMENT OF PATENT INFRINGEMENT

38.  The allegations of paragraphs 1 to 37 are incorporated by reference as if fully set
forth herein.

39.  The importation, sale and/or offer to sel} by the Defendant of its sertraline
hydrochloride API pursuant to DMF No. 15731 will infringe one or more claims of the *073,
987, "721 and/or 340 patents under 35 US.C. § 271.

COUNT 11
DECLARATORY JUDGMENT OF INDUCEMENT OF PATENT INFRINGEMENT

40.  The allegations of paragraphs 1 to 37 are incorporated by reference as if fully set
forth herein.

41.  The supply of sertraline hydrochloride API pursuant to DMF No. 15731 by the
Defendant to companies who will engage in the importation, sale and/or offer to sell of products
made with that API will induce the infringement of one or more claims of the 073, "987, *721
and/or 340 patents 35 U.S.C. § 271.

PRAYER FOR RELIEF
WHEREFORE, Plaintiffs pray for the entry of a judgment from this Court;
a. Declaring that the "073, *987, *721 and "340 patents are valid and enforceable;

b. Declaring that Defendant will infringe one or more claims of the *073, "987, *721
and/or "340 patents;

c. Declaring that Defendant will induce infringement of one or more claims of the
073, 7987, *721 and/or 340 patents;

d. Declaring that Defendant’s infringement and inducement will be willful and that
this is an exceptional case under 35 U.S.C. § 285;
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e. Permanently enjoining Defendant, its respective officers, agents, servants and
employees, and those persons in active concert or participation with any of them,
from infringing or inducing the infringement of the "073, '987, *721 and *340
patents;

f. Awarding Plaintiffs damages in accord with 35 U.S.C. § 284,

2. Awarding Plaintiffs their attorneys fees, costs and expenses; and
h, Awarding Plaintiffs such other and further relief as this Court may deem to be just
and proper.

LITE DEP}LMA GREENBERG & RIVAS, LLC
;.{q

/

Dated: January 12, 2007 // A
Allyn Z. Lite/* ™~
Michael E Aatunas
Two Gateway Center, 12th Floor
Newark, New Jersey 07102
Phone (973) 623-3000
Fax (973) 623-1190

KENYON & KENYONLLP
Steven J. Lee

Robert V. Cerwinski

One Broadway

New York, NY 10004-1050
Phone {(212) 425-7200

Fax (212) 425-5288

Attorneys for Plaintiffs Teva Pharmaceutical
Industries Ltd. and Teva Pharmaceuticals US4, Inc.

-10-
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LOCAL CIVIL RULE 11.2 CERTIFICATION

Plaintiffs, by their attorneys, hereby certify that the matter in controversy is also the
subject of the following action:
Teva Pharmaceutical Industries Ltd., et al. v. Pliva Inc., Filed on 1/12/07 DN.J.
The following matters, of which this matter is one, are each being filed in the District of New Jersey on January
12, 2007. Each of the following matters is the subject of the same matter filed as Teva Pharmaceutical

Industries Ltd., ef al. v. Pliva Inc., and is related to it.

Caption Docket No. Court
Teva Pharmaceutical Indusiries Lid., et al. v. Sandoz Inc. Being filed on 1/12/07D.N.J.
Teva Pharmaceutical Industries Ltd., et al. v. Apotex, Inc., et al. Being filed on 1/12/07D.N.J.
Teva Pharmaceutical Industries Lid., et al. v. Genpharm Inc. Being filed on 1/12/07D.N.J.
Teva Pharmaceutical Industries Ltd., et al. v. Invagen Pharmaceuticals Inc. Being filed on 1/12/07D.N.J.
Teva Pharmaceutical Industries Ltd., et al. v. Zydus-Cadila Healthcare, et al. Being filed on 1/12/07D.N.1.
Teva Pharmaceutical Industries Lid., et al. v. Lupin Limited, et al. Being filed on 1/12/07D.NLJ.
Teva Pharmaceutical Industries Ltd., et al. v. Cipla Ltd., et al. Being filed on 1/12/07D.N.J.
Teva Pharmaceutical Industries Ltd., et al. v. Hetero Drugs Lid, Being filed on 1/12/07D.N.J.
Teva Pharmaceutical Industries Ltd., et al. v. Andrx Corp. Being filed on 1/12/07D.N.J.

T hereby certify that the following statements made by me are true. T am aware that if any

of the foregoing statements made by me are wilfully false, I am subject to punishment.

Dated: January 12, 2007 f 75

Allyn Z. Lid &~

.11~
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LITE DEPALMA GREENBERG & RIVAS, LLC
Allyn Z. Lite

Michael E. Patunas

Two Gateway Center, 12th Floor

Newark, New Jersey 07102

(973) 623-3000

Of Counsel:

KENYON & KENYON LLP
Steven J. Lee

Robert V. Cerwinski

One Broadway

New York, NY 10004-1030
Phone (212) 425-7200

Fax (212) 425-5288

Attorneys for Plaintiffs Teva Pharmaceutical
Industries Ltd. and Teva Pharmaceuticals USA, Inc.

Filed 01/12/2007

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

TEVA PHARMACEUTICAL INDUSTRIES
LTD. and TEVA PHARMACEUTICALS

USA, INC., . Civil Action No.

Plaintiffs,
V.
HETERO DRUGS LTD.,

Defendants.

RULE 7.1 STATEMENT

Page 12 of 39

Pursuant to Rule 7.1(a) of the Federal Rules of Civil Procedure, Plaintiff Teva

Pharmaceuticals USA, Inc. hereby discloses that (1) the parent companies of Teva

Pharmaceuticals USA, In¢. are: Orvet UK Ltd., Teva Pharmaceuticals Europe (Holland) and

-12-
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Teva Pharmaceutical Industries Lid. {Israel); and (2) Teva Pharmaceutical Industries Lid. is the
only publicly-traded company that owns — through the aforementioned chain — 10% or more of
Teva Pharmaceuticals USA| Inc.

Plaintiff Teva Pharmaceutical Industries Lid. hereby discloses that (1) it has no parent

corporation; and (2) no publicly held corporation own 10% or more of its stock.

LITE DEPALMA GREENBERG & RIVAS, L1.C

Dated: January 12, 2007 1
Allyn Z. Lige /™
Michael B Patunas
Two Gaieﬁ;ay Center, 12th Floor
Newark, New Jersey 07102
Phone (973) 623-3000
Fax (973) 623-1190

KENYON & KENYON LLP
Steven J. Lee

Robert V. Cerwinski

One Broadway

New York, NY 10004-1050
Phone (212) 425-7200

Fax (212) 425-5288

Attorneys for Plaintiffs Teva Pharmaceutical
Industries Ltd and Teva Pharmaceuticals US4, Inc.
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EXHIBIT A
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US 6,600,073 B1
Jul. 29, 2003

(10) Patent No.:
45) Date of Patent:

(54

(75)
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(22
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(31)
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(58)
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Subject to any discluimer, the term of this
patent is extended or adjusted under 33
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BN ABSTRACT

Novel methods for the preparulion of sertralise hydrochlo-
ride Porms HI, V, VI, VI, V1§, IX and X are disclosed.
According to the present invention, sertraline hydrochioride
Form {II may be produced by heating seriraline hydrochlo-
ride Forms V and V1. Seriraline hydrochloznide Forms 'V and
V1 may be produced from either sertraline hydrochloride or
sertraline base by crvstallization. Sertraline hydrochioride
lForm VI1 may be produced by suspending sertraline chlo-
ride polymorph V in water, followed by filiration. Sertraline
hydrochtoride Forms VIII and IX may be produced by
suspending sertraline base in water followed by acidification
and filiration. Sertraline hydrochloride Form X may be
produced by suspending sertraline hydrochloride in benzyl
alcohotl with heating, followed by filtration.

29 Claimos, 16 Drawing Sheets
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METHODS FOR PREPARATION OF
- SERTRALINE HYDROCHLORIDE
POLYMORPHS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continwation-in-part of copending
application Ser. No. 09/448,985 filed Nov. 24, 1999, the
contents of which are incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to novel, reproducible meth-
ods for the preparation of crystalline forms of sertraline
hydrochloride Forms IH and V through X, as well as the
preparation of an amorphous form of sertraline hydrochlo-
ride.

BACKGROUND OF THE INVENTION

Sertraline hvdrochloride, (1S-cis}-4-(3,4 dichlerophenyl)- 2

1,2,3,4-tetrahydro-N-methyl-1-naphthalenamine
hydrochloride, having the formula

NHCH;

O‘ w
(]

i

Cl

is approved, under the trademark Zolofi®, by the U.S. Food
and Drug Administration, for the treatment of depression,
obsessive-compuisive disorder and panic disorder.

U.S. Pat. No. 4,536,518 (“the '518 pateat™) describes the
preparation of sertraline hydrochioride with & melling puint
of 243-245° ., by treating an ethyl acetate/ether solution of
the free base with gaseous hydrogen chioride. The solid state
properties of the seriraline hydrochloride so produced are
not otherwise disclosed.

According to U.S. Pat. No. 5,248,699 (“the "699 patent™),
the sertraline hydrochloride produced by the method of the
’518 patent has a crystalline form denominated “Form II.”

The *699 patem discioses four other polymorphs T, 111, 1V, 3

and V, and characterizes them by single crystal x-ray
analysis, powder x-ray diffraction, infra-red spectroscopy,
and differential scanning calorimetry. The *699 patent
reports that Form I is produced by rapid crvstallization of

seriraline hydrochlorde from an organic solvent, including 5

isopropyl alcahol, cthyl acetate or hexane, and generally
describes methods for making senraline hydrochloride
Forms I-V. According to this paten, the preferential forma-
ton of Forms I, T or IV in an acidic solution consisting of
isopropy! alcohol, hexane, acetone, methyl isobutyl ketone,
glacial acetic acid or, preferably, ethyl acetate, depends on
the rapidity of crystallization. Form | is described as heing
made by crystallizing sertraline hydrochioride in an acidic
solution using an organic solveat such as those listed above,
The crystallization of Form 1 is carried out at a temperaturc
from about 20° C. 10 2bout the solvent reflux temperature,
preferably from aboul 40° to 60° C. The only method
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described in this patent for making Forms I and IV is by the
rapid crystallzation of sertralise hydrochloride from an
organic solvent such as those listed above. Siow crystalli-
zation or granulation of sertraline hydrochloride is said to
produce Form 1. Form 1T is described as being formed by
heating Forms [, 11 or IV to temperatures above about 180°
C. Granulating either of Forms II, III or IV in any of the
solvents listed above at a temperature from about 40° C. 1o
60° C. is said to cause cooversion to l'orm 1. The onmly
method described in this patent for making Farm V is by
sublimation of sertraline hydrochloride Form I at reduced
pressure and at a temperature from about 180-190° C.
However, in our hands attempis to repeal this procedure to
obtain Form V have been unsuccessful.

SUMMARY OF THE INVENTION

The present invention relates 10 a process for making
seriraline hydrochioride Form V comprising the stops of
dissolving or suspending sertraline hydrochloride in a suit-
able solvent; removing the solvent; and drving to form
sertraline hydrochloride Form V.

The present invention alsc relates 1o a process for making
sertraline hydrochioride Form V comprising the steps of:
dissolving or suspending sertraline base in 2 solvent; adding
hydrogen chleride to the solvent to reduce the pH of the
solution or suspension; and isolating sertraline hydrochlo-
ride Form V from the solution or suspension,

The present invention also relates 1o a process for making
sertraline hydrochloride Form V comprising the step of
drying seriraline hydrochioride Form VII

The present invention also relafes to a process for making
sertraline hydrochloride Form V comprising the steps of:
dissolving or suspeading sertraline hydrochloride in water;
adding a sutficient amovnt of hydrochloric acid or kydrogen
chicride to facilitate precipitation of sertraline hydrochlo-
ridle; removing the water; and isolating ser(raling hydrochlo-
ride Form V.

The present invention also relates to a process for making
seriraline hydrochloride Form VI comprising the steps of:
dissolving sertraline base in a solvent; adding hydrochioric
acid to the solvent; and isolating sertraline hydrochloride
Form VI without further drying.

The present invention also relates to a process for making
sertraline hydrochloride Form V1 comprising the steps of:
dissotving or suspending sertraline hydrochloride in ethano}
or methanol; stirring for a time sufficient to induce the
transformation of sertraline hydrochloride 1o sertraline
hydrochloride Torm VI; and isolating scriraline hydrochlo-
ride Form VL

"The present invention also relates to a process for making
sertraline hydrochloride Form VIH comprising the steps of:
suspending seriraline base in water; adding hydrogen chlo-
ride to the waler; and filtrating the precipitale so obtained
without further drying.

The present invention also relates to a process for making
sertraline hydrochloride Form VI comprising the steps of;
suspending or dissolving sertraline hydrochloride ethanolate
Form VI or sertraline hydrochloride Form H in water or a
mixture of water and isopropyl alcohol; and isolating ser-
traline hydrochloride Form VIIL i

The present invention also relates to a process for making
sertraline hydrochloride Form I comprising the steps of:

5 heating seriraling hydrochioride Form V or Form VIito a

temperature sufficiens, and for a time sufficient, 10 induce the
trans{omstion of sertraline hydrochloride Form V or Form
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VI to sertraline hydrochloride Form I1f; and isolating ser-
raline bydrochloride Form HI.

The present invention also relates to a process for muking
amorphous sertraline hydrochloride comprising the steps of:
suspending or dissolving sertraline base in a2 non-polar
arganic solvent; adding gasecus hydrochloric acid; and
isolating amorphous seriraline hydrochloride.

BRI DESCRIPTION OF THLE DRAWINGS

FIG. | is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form V.

FI(i. 2 is a characteristic x-tay powder difitaction spec-
trum of amorphous sertraline hydrochloride.

FIG. 3 is a characteristic differential scanning calorimetric
{DSC) thermogram of serraline kydrochloride Form 'V,

TIG. 4 is a charactexistic infrared (IR) absorption spec-
trum of sertraline hydrochloride Form V.

FIG. 8 is a characteristic x~-ray powder diffraction spec-
trum of sertraline hydrochloride Form V1.

FIG. 6 is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form Vil

FIG. 7 is a characteristic x-ray powder difitaction spec-
trum of sertraline hydrochloride Form VIIL

FIG. 8 is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form 1X.

FIG. ¥ is a characteristic differential scanning calorimetric
{DSC} thermogram of sertraline hydrochlonide Form VIHL

FIG. 10 is & characteristic differential scanning calorimet-
ric {DSC) thermogram of sertraline hydrochloride Form IX.

FIG. 11 is a characteristic infrared (IR} absorption spec-
lrum of sertraline hydrochloride Form VIIL

FIG, 12 is a characteristic infrared (IR} absorption spec- ;

wrum of sertraline hydrochloride Form IX.

FIG, 13 is & characteristic differential scanning calorimest-
ric {PSC) thermogram of sertratine bydrochloride Form VL

FIG. 14 is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form X.

FIG. 15 is a characteristic infrared (IR} absorption spec-
trum of sertraline hydrochloride ¥orm X.

FIG. 16 is a characteristic differcntial scanning calorimet-
ric {DSC) thermogram of sertraline hydrochloride Form X,

DETAILED DESCRIPTION OF THE
INVENTION
Form V

The present invention provides new processes for making
sertrabine hydrochloride Form V from sertraline
hydrochloride, sertraline base or amorphous sertraline
hydrochloride. ‘The methods provided in the present inven-
tion are more commercially practicable than the
sublimation-condensation method of LS. Par. No. 5,248,
699, which we have not been able to reproduce. It has also
surprisingly been found shat, by the present method, Form V
is formed even at different crystallization rates.

Where the present investion provides methods for the
conversion of scriraline hydrochloride to scrtraline hydro-
chloride Form V, in one embodiment sertraline hydrochlo-
ride is combined with a solvent. Suitable solvents include
methanod, ethanol, 1-methoxy-2-propanol, trichlorocthane,
water, and mixwures thereof I a mixture of isopropyl
alcohiol and water is used, il is preferably an about 6:1
mixture. Preferably the solvent is mcthanol, cthanol, or
mixtures thereof, and most preferably the solvent is ethanol.
Sertraline hydrochloride Form V is then isolated by alfowing
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the solution 1o cool. One preferred methed is to rapidly cool
the solvent 1o 5% C. Another preferred method comprises
seeding the solution with sertraline hydrochloride I'orm V
crystals, followed by slow cocling to room temperature,
followed by filtration and drying.

Alterpatively, Yorm V may be obtained by forming a
solution or suspension of sertraline hydrochloride in a
suitable solvent and spray drying the solution or suspension.
Preferred solvents include water and water/alcohol mixtures,

The present imvention aiso provides methods for the
conversion of seriraline hydrochloride to sertraline hydro-
chloride Form V wherein the solvate sertraline hydrochlo-
ride Form VI (described in more detail below) is an inter-
mediate. In this embodiment of the present invention,
sertraline hydrochloride is suspended or dissolved in either
methanol or ethanol or mixtures thereof thereby forming
sertraline hydrochloride Form V1. This intermediate sertra-
lee bydrochloside Form VI is then dried, with or without a
scparaie isofation step, to remove all solvent and scrtraline
hydrochloride Form V is isolated. Sertraline hydrochlonide
Form 'V can also be prepared by suspending or dissolving
seriraling hydrochloride solvate Form VI in water.

Sertraline hydrochloride Form V can also be prepared by
drying Form VII {described in more detail below). In this
embodiment of the present invention, scrtraline hydrochio-
ride Form V is dried a1 80° C. overnight thereby forming
sertralive hydrochloride Form V.

The present invention also provides methods for the
conversion of sertraline hydrochloride fo seriraline hydro-
chloride Form V wherein the sertraline hydrochloride Form
VITT {described in more detail below) is an intermediate. In
this embodiment of the present invention, sertraline hydro-
chloride Form 11 is suspended or dissolved in water thereby
forming scrtraline hydrochloride Form VII. This intermc-
diate sertraline hydrochloride Forss VI is then dried, with
or without a separate isolation step, o remove all solvent
and sertraline hydrochloride Form Vis isolated. Methods for
the preparation of sertraline hydrochloride Form H are
disclosed in copending applications serial Nos. (9/448,985
fed Nov. 24, 1999 and attorney docket number 1662/49107,
filed May 22, 2000, the contents of which are hereby
icorporated by reference.

The present invention also provides methods for the
copversion of seriraline base to sertraline hydrochloride
Form V. In one such embodiment, sertraline base #s added 1o
al least one solvent, and hydrogen chloride gas is bubbled
through the solution. Suitable solvents include methanol,
ethanol, water, ethyl acetate, isopropyl alcohol, ether,
hexane, and tolusne, and mixtures thereof. Alternatively, an
appropriate amount of hydrogen chloride gas dissolved in 2
suitable solvent and then combined with the sertraline base
solution. As used herein, “hydrogen chloride” includes both
gaseous hydrogen chloride and aqueous hydrogen chloride
(i.e. hydrochloric acid). Sertraline hydrochloride Form V is
isolated by allowing precipitation fo occur from about 0° (7,
to about 60° C. followed by fltration and drying. Preferred
solvents include methancl, ethanol, hexanme, isopropyl
alcohol, or mixtures thereof, In a vaciation of this method,
sertraline base is added to a suitable solvent and the resulting
solution is added 10 a hydrochloric acid solution of pH 0-4;
preferably the pH of the solution is about 1.

Alternatively, seriraline base is added to a solvent. The
solution is heated and concentrated hydrochloric acid is
added. Water may also be added. The solvent may be
partially removed by distillation. Scrtraline hydrochloride
Form V is isclated by allowing the mixture to cool to room
temperature and remain al room wmperature overoight,
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followed by filtration and drying. Suitabie solveats for use

- in his method -include methanol, elbapol, water, hexane,

isopropyl alcohol, and ethyl acetate, and mixtures thereat.

Alternatively, seriraline base may be combined with a
solvent selected from the group consisling of methunol,
ethanol and a mixture thereof, A safurated solution of
hydrogen chloride gas in isopropyl aleohal is added to
induce formation of sertraline hydrochloride Form V. Ser-
traline hydrochloride Form V is isolated by aliowing the
solution to stand at room temperzture overnight, followed by
filtration and drying of the precipitate.

Form V may also be obtained by forming a suspension of
sertraline base and hydrochloric acid in water or a water/
ethano] mixture and spray drying the suspension. In this
embodiment of the present invention, the solution or sus-
pension of sertraline base and hydrochioric acid is sprayed
imo a heated chamber. The temperature of the chamber is
such that the solvent is removed thus forming sertraline
ftydrochloride Form V.

Sertraline base for use in the processes of the present
invention may be produced by dissolving sertraline mande-
late in cthyl acetate followed by ncutralization of the scr-
traline mandelate with aqueous sodium hydroxide. The
organic phase is separated from the agueous phase and dried
using magnesivm salfate, The solvent is removed under
reduced pressure to produce sertraline base as an oil. Meth-
ods for making sertraline base are set [orth in U.S. Pat. Nos.
4,536,518 and 5,248,699, the contents of which are incor-
porated herein by reference.

Where the present invention provides methods for the
conversion of amorphous sertraline hydrochloride to serira-
line hydrochloride Form V, amorphous sertraline hydrochlo-
ride is kept it 4 closed container, such as a bag, and warmed
to about 40° C. to ahopt BO® C. or is stored at room
temperature for & period betweea a few hours and several
days depending on the lemperature,

‘The sertraline hydrochloride Form V that results from
practicing the invention as exemplified herein can be char-
aclerized by its powder X-1zy diffraction pattern. FIG. 1 is
& representative pattern of sertraline hydrochloride Form V.
The principal peaks observed are at about 5.2°:0.2,
1047202, 11.0°£0.2, 14.3%°20.2, 16.5°:0.2, 17.3°:0.2,
18.4°x0.2, 19.1°20.2, 19.7°:0.2, 20.9°:0.2, 22.0°+0.2,
23.2°20.2, 23.6°2£0.2, 25.5°20.2, 26.0°20.2, and 29.1°+0.2
degrees 2 theta.

‘Three experimenis were performed in order to repeat the
procedure described in U.S. Pat. No. 5,248,699 for preparing
Form V by sublimation. Two experiments were performed
by sublimating a sample of Form I uader 30 mm g vacuum
and temperature between 170-190° C. A third experiment
was performed by sublimating 2 sample of Form I under
high vacoum (0.1 mm Hg) and temperature between
180-195° C.

The three samples of sertraline hydrochloride prepared by
sublimation were analyzed by powder x-ray diffraction. In
all cases, the typical broad featureless pattera without sharp
peaks typical of amorphous materials was oblained. FIG. 2
is one such patiern.

In conclusion, scriraline hydrochloride couki oot be
obtained by following the procedure set forth in U.S. Pat,
No. 5,248,699 for preparing Form V by sublimation of Form
L

The IR spectrum of sertraline hydrochloride Form V
produced by the present process is characterized by the
following bands: 773 em™, 822 em™', 1012 em™, 1032
em™, 1054 cm™?, 1133 em™, 1328 cm™?, 1562 cm™, and
1590 em™, as shown in FIG. 4.
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The sertraline hydrochloride Form V of the present pro-

vess is further characierized by the DSC thermogram data, -

for example, as disclosed in FIG. 3. The DSC thermogram
is characterized by a small endothermm (~3 Joule per gram}
al about 210° C., believed lo be a solid-sold transformation
(based upon observation under a hot stage microscope} to
Form 11, and a melting peak 251° C.

Form VI

Sertraline hydrochloride Form VI is a solvated crystal
form of sertraline hydrochloride. Sertraline hydrochloride
Form VI may be an ethanolate, wherein ethanol is incorpo-
rated into the crystal structire of YForm VI. Alternatively,
sertraline hydrochloride Form VI may be a methanolate,
wherein methanol is incorporated into the crystal structure
of sertraline hydrochloride Form V1. All sertraline hydro-
chloride Form VI solvates bave identical powder x-ray
diffraction patterns. Therefore, when referring to sertraline
frydrochleride Form VI all sertraline hydrochloride Form VI
solvates, such as seriraline hydrochloride Form VI ¢thano-
late and sertratine hydrochloride Form VI methanolate, are
oecessardy included.

To form the novel crystalline form sertratine hydrochlo-
ride Form VI, sertraline base is added to the appropriate
solvent. Which solvent is appropriate will depend or which
sobvate is to be formed, ¢.g. ethanol (to form the cthanolalc)
and methanol (to form the methanolate). Hydrogen chioride
gas is then bubbled through the solution. Sertraline hydco-
chloride Form VI is isolated by allowing precipitation to
occur, followed by filtration. The DSC thermogram of Form
VI crystallized from ethanol displays a desolvation peak at
957 C. {see FIG. 13) and loses 11.2% weight (by TGA),
Form V1 crystallized from methanol loses 8.3 % weight (by
TGA) upon desolvation. Form VI crystallized {rom ethano]
is an ethanolate, and more specifically is a monoothanolate.
Form VI crystallized from methanol is 2 methanolate, and
more specifically is a monomethanolate.

The preseni invention also provides new processes for
making sertraline hydrochloride solvate Form VIby reslurry
of other serfraline hydrochloride crystalline forms. In the
coaversion of sertraline hydrechloride 1o sertraline hydro-
chloride ethanolate Form VI, sertraline hydrochloride is
dissolved in the appropriate solvent and stirred for aboul
18-36 hours; 24 hours is preferred. Sertraline hydrochioride
solvate Form VI is isolated by a suitable meshod, such as
filtration. Serirakine hydrochioride Forms L IL [T IV, V and
X are suitable for use as starting materials in this process.

The sertraline hydrochloride Form VI so isolated is a
solvate and exhibits the powder x-ray diffraction pattern of
FIG. §, comprising peaks at 7.3°20.2, 12.1°:0.2, 12.7°0.2,
14.0°:0.2, 15.6°£0.2, 17.6%:0.2, 20.1°:0.2, 20.6°x0.2,
21.9°£0.2, 227°20.2, 23.0°20.2, 23.8°:0.2, 24.3°20.2,
25.4°+0.2, and 26.3°£0 2 degrees two-theta. Drying of the
precipitated sertraline hydrochloride Form VI at 50-60° C,
overnight vields sertraline hydrochloride Form V.

Form VII

It has also been discovered that a new crystalline form of
sertraline hydrochloride, designated Form VI, may be
obtained by suspending or dissolving Form V in water, and
filtrating the suspension after cne day without further dry-
ing.

In another embodiment of the invention, sertraline hydro-
chlaride Form VH is made from sedraline hydrochloride
Form V1. Sertraline hydrochloride Form VI is dispersed in
water and the mixture is heated to facilitate the dissolution
of sertratine hydrochloride Form VI The solution may bo
heated 1o between about 30° C. and about 90° C., preferably
to aboul 86° C, The pH is then lowered, prelerably Lo about
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pH i, and the mixture is allowed 10 cool 10 room temperature
and stirred until the reaction s complete, Preforably the
reaction is stirred for two hours at room temperature, Ser-
wraline hydrochloride Form VII is isolated by filtration and
washing with water,

As shown in F1G. 6, sertraline hydrochloride Form VH is
characterized by two unique strong x-ray powder diffraction
peaks at 4.0°20.2, and 20.0 degrees two-theta and medium
intensity peaks at 8.0°20.2, 11.6°x0.2, 12.0°x0.2, 13.8%£0.2,
16.5%x61.2, 22.8°+0.2, 24.1°=0.2, 25.0°20.2, 26.6°<0.2,
30.7°:0.2, 34.7°20.2 2 wwo-theta, The TGA curve shows a
loss on deying of sbout 45%.

Forms VIII and [X

Additional new crystalline forms of sertraline
hydrochloride, Forms VI and IX, have also been discav-
ered. Sertraline hydrochloride hydrate Form VI may be
produced by suspending sertraline base in water and heating,
followed by acidification and filtration, Form IX is obtained
by drving of Form VIIH. Preferably the sertraline base is
suspended in water, the suspension heated to a temperature
between about 30° C. and about 80° C. Hydrogen chloride
is added to reduce the pH, preferably to between about 1 to
about 4, and the resilting solution is cooled to room tem-
perature.

The present invention also provides new processes for
making scriraline hydrochloride Torm VI from seriraline
hydrochlorde ethanolate Form V1. In one embodiment of
lhe present invention, a slurry of serraline hydrochloride
othannlate Form VI in water or a mixture of water and
isopropyl ateohol is stirred, preferably for about one hour,

The shury is then filtered and washed with water and 3

scrtraline hydrochloride hydrate Form VI is isolated.
The present invention also provides precesses of making

sertraline hydrochloride Form VIIE from sertraline hydro-

chioride Form . In the conversion of sertraline hydrochlo-

ride Form II o sertraline hydrochloride Form VIIL, seriraline 3

hydrochloride Form 11 is suspended in water or 2 mixture of
water and isopropyl alcohol and stirred, preferably
overpight, and sertraline hydrochloride hydrate Form Vil is
isolated by Olrration.

Sertraline hydrochloride Form VI is characterized by
x-ray powder diffraction peaks at 4.7°:0.2, 11.8°202,
16.3°20.2, 17.8°x0.2, 19.6°£0.2, 23.2°20.2, 24.2°:0.2,
25.1%¢1.2, and 26.0°+0.2 two-theta, as described in I'IG. 7.

The DSC thermogram for Form VIII is characterized by
4 swong endotherm below 100° C., small endothermic and
exothermic events at about 220° C. and & melting peak at
247° C. as described in FIG. 9.

The TGA curve shows a loss on drying siep of about 20%
below 100° C.

The {R spectrum of Form VIII is characterized by the
following bands: 740 com™, 779 cm™*, 822 em™, 887 em ™,
G915 em™?, 1031 em™, 1053 em™, 1110 cm™, 1134 em™,
1153 cm™, 1217 em™, 1307 cm™, and 1377 cm™, as
described in FIG. 11.

Sertraling hydrochioride Form IX is characterized by s

x-ray powder diffraction peaks at 5.1°20.2, 14.2°:0.2,
15.8°20.2, 16.8°20.2, 19.2°=0.2, 19.7°20.2, 22.4°20.2,
23.2°20.2, 25.3°20.2 and 26.1°20.2 two-thela, as described
in FIG. 8.

The IR spectrum of Form IX is characierized by the
following bands: 701 cm™, 715 em™, 741 e, 758 cm™,
780 cm™, 816 cm™, 823 em~%, 1030em™, 1053 cm™2, 1078
em™, 1110 coy™t, 1204 cm™?, 1217 eml, 1307 cm™, and
1350 cm™}, as described in FIG. 12,

Form X

It has further been discovered that another crystalline

form of sertraline hydrochloride, denominated Form X may
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be obtained by suspending sertraline hydrochloride in ben-
vyl aleobol, and beating 1o facilitate dissofetion. The solu-
tion is cooled and the precipitate filtered, washed with
benzyl alcohol and dried, to yieid sertraline hydrochloride
Form X.

The Form X produced in this manner is characterized by
a powder x-ray diffraction pattern having its principal peaks
at 15.0°£0.2, 16.0° 16.5°=0.2 17.0°+0.2, 18.1°x0.2,
210°40.2, 22.4°:0.2, 24.9°:02, 25.4°20.2, 26.2°20.2,
27.1°+02, 28.4°£0.2, and 29.0°+0.2 degrees two-lhela as
described in FIG. 14.

The IR spectrum of Form X is characierized by the
following bands: 742 cm ™2, 776 cm™, 806 cm™, 824 cm™?,
1002 cm™, 1017 em™, 1028 cm™, 1060 cm™?, 1079 cm™?,
1135 em™, 1218 em™, 1314 cm™Y, 1336 cm™, and 1560
cm™ as described in FIG. 15.

The DSC of Form X shows a small endotherm at about
190° C. followed by a melting endotherm at about 250° C.
(sec FIG. 16).

Form i

The present invention provides new processes for making
sertraline hydrochloride Form I from sertraline hydrochlo-
ride Forms V and VI, In the coaversion of sertraline hydro-
chloride Form V to sertraline hydrochloride Form HI, Fonm
V is heated to 2 temporature between about 150° C. and
about 180° C. for about 3 hours to about 2 days to induce the
formation of senraline hydrochloride Form IH. Heating for
24 hours is preferred. The reaction may be stirred, The
method of the present invention has the advantage of using
ro solvent,

Amorphous Sertraline Hydrochloride

In an embodiment of the present invention, amorphous
sertraline is made by dissolviag sertralioe hydrochlonde in
water or a water/alcchal mixture and drying the solution by
the spray dryer technique. Amorphous sertraline hydrochlo-
ride may also be made by sublimation of serlraline hydro-
chioride,

The amorphous sertraline hydrochloride produced by
methods of the presemt invention is characterized by a
powder x-ray diffraction pattern having the typical broad
featureless pattern without sharp peaks typical of amorphous
waterials, FIG, 2 is one such pattern,

Pharmaceutical Compositions Containing Sertraline Hydro-
chloride Polvmorphs

In accordance with the presenl investion, these new
crystalline forms of sertraline hydrochioride snd known
forms of sertraline hydrochioride prepared by the nmew
methods disclosed herein may be prepared as pharmaceuti-
cal compasitions that are particnlarly usetul for the rreat-
men: of depression, obsessive-compulsive disorder and
panic diserder. Such compositions comprise one of the new
crystalline forms of sertraline hydrochloride with pharma-
ceutically acceptable carricrs and/or excipients known to
one of skili in the art.

For example, these compositions may be prepared as
medicaments to be administered orally, parenterally,
rectally, transdermally, bucally, or nasally. Suitable forms
for oral administration include tablets, compressed or coated
pills, dragecs, sachets, hard or gelatin capsules, sub-lingual
tablets, syrups and suspensions, Suitable forms of parenteral
administration include an aqueous or non-agueous solution
or emulsion, while for rectal administration suitable forms
for administration include suppositories with hydrophilic or
hydrophobic vehicle. For topical admigistration the inveg-
tion provides suitable transdermal delivery sysiems known
in the art, and for nasal delivery there are provided suitable
aerosol delivery systems known in the arl.
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Experimental

The powder X-ray diffraction patterns were oblained by
methods known i the art using a Philips X-ray powder
diffractometer, Goniometer model 1050/70 at a scapning
speed of 2° per minute, with a Cu radiation of A=1.5418 §.

‘|he differential scanniag calorimeter thermograms were
obtained by methods known in the art using a DSC Mettler
821 Star®. The weight of the samples was less than 5 mg.
'The temperature range of scans was 30° C.-300° C. atarate
of 10° C/min. Samples were purged with nitrogen gas at a
flow rate of 40 mE/min. Standard 40 gm 2iuminum crucibles
were used having Hds with three small holes,

The infrared spectra were obtained by methods known in
the art using a Perkin Elmer FT-IR Paragon 1000 spectrom-
eter. Samples were analyvzed in Nujol mulls. Spectra were
obtained at 4 cm™? resolution and 16 scans each.

EXAMPLES

The present invention will now be further explained in the
following examples. However, the present invention should
not be construed as imited thereby. One of ordinary skill in
the art will understand how to vary the cxemplified prepa-
rations 10 obtain the desired resulis.

Example 1
Preparation of Serfraline Base

Sertraline mandelate (5 g) was stirred at room temperature
with 50 ml. ethyl acetate. Aqueous sodium hydroxide was
added dropwise until the sertraline mandelate was com-
pletely neutralized. The phases were separated and the
organic phase was dried over MgSO, and filtered. The
solvent was removed under reduced pressure resulting ser-
waline base as an o0il (3.2 g).

Example 2

Preparation of Scriraline Hydrochloride Form VI
and Form V

Sertraline base (25 g) was dissolved in methanol (125
mL) at room temperature. The solation was acidified with
hydrogen chloride gas until plf 1.5 was reached,
(Precipitation occurred during acidification.) The tempera-
wre rose {0 approximately 40° C. The slurry was allowed o
cool o room temperature and stirred for about 2 hours. 'The
solid was separated by filtration to give sertraline hydro-
chioride methanolate Form V1. Drying the product overnight
gave sertraline hydrochloride Form V,

Examplc 3

Preparation of Sertraline Hydrochloride Form VI
and Form V

Sertraline base (3.2 g) was dissolved in absolute ethanol
{32 ml.} at room temperature and then hydrogen chloride
gas was bubbled in until pH 0.5 was reached. The tempera-
ture rose 10 40° C. The slurry was allowed 10 cool to room
temperature and stirred for about 16 hours. The salid was
separated by filtration, and washed with ethanol (3x2 mi).
FIG. § sets forth the X-ray diffraction patiern of the product
{sertraline hydrochloride ¢thanolate Form Vi) so obtained.
Dreying overnight at 50-60° C. of that product yielded 2.95
¢ {82%) of sertraline hydrochloride Form V.

Example 4
Preparation of Sertraline Hydrochloride Form V

Sertraline base (3 g) was dissolved in absolute ethanol (15
mL} al room lemperature. A saturated sclution of bydrogen
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chloride in isopropyl alcohol was added dropwise 1o reach 2
pH of 1.3. The resulting slurry was stirred at room: lempera-
ture overnight. The solid was separated by filtration and
dried overnight at 50-60° C. yielding 2.75 g (81. 8%)
seriraline hydrochloride Form V.

Example 5

Preparation of Sertraline Hydrochloride Torm V

Sertraline base {3 g) was dissolved in absolute ethanol
(15.5 mL) al room temperature and then the solution was
cooled to approximately 0° C. Hydrogen chloride gas was
bubbled until pH 0.5 was reached. The temperature rose to
approximaiely 7° C. Precipilation occurred and the slumry
was stirred at about 10° O, for 2 hours, The sokd was
isolated by filiration, washed with ethanol and dried at
approximaiely 50° C. The dried material (2.87 g, yield
82.79%) was sertraline Bydrochloride Form V.

Example 6

Preparation of Seriraline Hydrochloride Form V

Sertraline base (3 g) was stirred with 35 ml. water. The
shiry was heated at ~70° (. and, while maintaining this
temperature, concentrated hydrochloric acid was added until
pH 1 was reached. During avidification, almost complete
dissolution was observed followed by precipitation. The
mixiure was cooled to room temperature and stirred for 2
hours. The solid was isolated by filtration, washed with
water and dried overnight at 50-60° (., vielding 323 g
(96%} sertraline hydrochioride Form V.

Example 7
Preparation of Sertraline Hydrochloride Form V

Sertraline base (3 g) was dissolved in 10 mL absolute
ethanol at 40° C. The solution was heated to 50-60° C. and
coneentrated hydeochloric acid 32% (1.2 mL) was added
until pH ~1.3 was reached, Water (12 mL} was added. The
resulling clear solution was concentrated to half its volume
and was allowed to cool naturatly w room temperature. The
solid was isolated by filtration, washed with water and dried
overpight at 50-60° C., yielding 3.18 g (94.63%) sertraline
hydrochioride Form V.

Example 8
Preparation of Seriraline Hydrochloride Form V

Sertraline base (3.7 ¢) was dissolved in.18.5 ml. absolute
ethanol and the solution was heated to 60° C. Hydrogen
¢hloride gas was bubbled through the ethanol solution until
pH ~0.5 was reached. The mixture was cooled 1o room
temperature and the stirring was contineed for 2 hours, The
sofid obtained after filtration, washing with ethanol and
drying at 50° C. was sertraline hydrochioride Form V (3.16
g, yield 76%).

Example 9
Preparation of Sertraline Hydrochloride Form V

Sertratine free base was dissolved in cthano! absolute and
the solution was acidified with hydrogen chloride gas to
about pIl 3. Precipitation occurs and the shurry was stired
at toom temperature for 2 hours. The resulting solid was
filtered, washed with ethanol and dried to yield sertraline
hydrochloride Form V.
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Example 10

Preparation of Sertraline Hydrochloride Form V

Seriraline free base (13.3 g} was dissolved in absolute
cthanaol (60 mL) and was added dropwise over one hour to
gthanol (20 mL) containing hydrogen chloride (17.5 g) at
35° C. with precipitation. Affer 2 hours, the solid was
filtrated, washed with ethanol and dried at about 80° C. to
yield sertraline hydrochioride Form V (12.9 g, yield 87%).

Example 11

Preparation of Sertraline Hydrochloride Form V

Anhydrous sertraline hydrochloride (2 g) was stirred with
14 ml. absolute ethanol and heated to reflux to obtain a clear
solution. The solution was seeded with sertraline hydrochlo-
ride Form V and cooled maturally o room lemperature,
Massive precipitation was observed at about 50° C. The
slurry was stirred at room temperature during 2 hours, The
solid was filiered, washed with ethanol (3 mL) and dried
overnight at 50-60° C, yielding 1.71 g (85.5%) of seriraline
hydrochloride Form V.

Example 12

Preparation of Sertraline Hydrochloride Form V

Sertraline hydrochloride ethanolate (Form VI) (40 g) in
400 mE water was heated to 80° . and complete dissolution
was obtained. The pH was adjusted to approximately one
with hydrochlioric acid and the solution was naturally cooled
o ronm femperature and stirred for 2 hours. The solid was
filtered and dried at 50° C. for approximately 16 hours,
yielding sertraline hydrochloride Form V.,

Example 13

Preparation of Sertraline Hydrochloride Form V

Sertraline hydrochloride ethanolate (Form VI) (2 g) was
mechanically stired with cthanel (0.5 ml) at room tom-
perature for 40 hours. The resulting solid was sertraline
hydrockloride Form V.

Table 1 sets forth a summary of additional experiments
conducted generalty following procedures deseribed above,

TABLE 1
PREPARATION OF SERTRALING HCL - FORM ¥
Fxp’t Methad of Crystallization XRD  Yield (%)
SERTRALINE BASE AS STARTING MATERIAL
A Methanol/HCI gas v 787
B Methanol/HCT pas v 49
€ Methano¥y/HCI aqueous v B7.8
D Ethanol/HCl gas v 0.6
B Waier/HCI agueons v 96
P Hexane/isoprapyl alcobol/HC! gas v §9.9
G Methavo/HC) aquecuswater v a9
F Isopropy! aloohol/TIC) aquecusiwater v 78
1 EtheoolMIC aqueous/evaperation of sthanct v 96.1
J  Ethyl sccinte/HC! aqueovs/water/evaporation of W 96.1
cthyl acetate
K tithanolfisopropyl aicohol/HCE gns v 81.%
L Methanoifisopropyt alcohol/HCT gus v 324

25
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TABLE i-continued

PREY, QN QF 5] NE HCE - FORM V

Exp't Method of Crystaltization XRD  Yield (%)

SERTRALINE HC AS STARTING MATERIATL

M Methano! {Form § and amomphous} v 60
N Ethanol (Form V) v 855
O Isopropyl alcchol/water {Form V) v 28

PXRD = powder x-1ay diffraction.

fixample 14
Preparation of Sertraline Hydrochloride Form VI

1003 g Sertraline hydrochloride Form V was stirred for
24 hours at room temperature in 20 mL water (HPLC grade).
At the end of the stiming the mixture looked like a jelly
suspension. The suspension was filtrated and the compound
obtained was kept at cold conditions (4° C.) until analyzed
by x-ray diffraction.

Example 15

Preparation of Sertraline Hydrochloride Form VI
from Scriraline Hydrochloride Form VI

A solution of sertraline hydrochloride ethanclate (Form
VI (40 g) in water (400 mL} was heated at 80° C. and
complete dissolution of sertraline hydrochloride ethanolate
(Form V) was obtained. The pH was adjusted 1o about 1 and
the solution was allowed v vool @ room emperstuee and
then stirred for 2 additional hours. The solid was isolated by
filtration and washed with water to yield sertraline hydro-
chloride Form V1.

Sernraline hydrochloride Form VI dried overnight at 8G°
C. forms sertraline hydrochloride Forme V.

Example 16

Preparation of Sertraline Hydrochioride Forms VI
and IX from Sertraline Base

Seriraline basc (2.7 g) was suspended in 27 ml. of water,
This mixture was heated to 80° . and treated with hydro-
chloric acid until about pH 1 was reached. A clear solution
was obtained, which on cooling gave a precipitate. Aller 2
hours stirring at room temperature the solid was isolated by
filration. This solid was characterized by powder x-ray
diffraction {see FIG. 3, Form VII). Drying for 24 hours at
~50° €. yielded 2.32 g (76.8%) of scriraline hydrochloride
Form IX, characterized by powder x-ray diffraction, infra-
red abscrption, differential scanning calorimetry, and ther-
mal gravimetric analysiz as sct forth above and depicted in
FIGS. 8, 106, and 12.

Example 17
Preparation of Sertraline Hydrochloride Form VI

Sertraline hydrochloride ethanclate (Form VI) (40 g) was
stirred with water (80 ml.) for 1 hour at room lemperatuze.
The slurry was filirated and washed with water to yield
sertraline hydrochloride hydrate Form VIIL

Example 18

Preparation of Sertraline Hydrochloride Form Vil
from Seriraline Hydrochloride Form 11

Sertraline hydrochloride Form 11 (0.4 g) and water (8

5 ml) woere stirred at room temperature over night. The solid

was filirated to yield sertraline hydrochioride hydrate Form
VIL
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Example 19

Preparation of Sertraline Hydrochloride Form X
In a 0.1 liter three-necked bottom round flask equipped

with a mechanical stirrer, & condenser and a thermometer, 30 5

ml. benzyl alcohol is added to 10 g sertraline hydrochloride.
The suspension is heated 1o 100° C. when a clear solution fs
obtained. The sclution is cooled 2 hours to 25° C. and the
precipitate is fillered and washed with benzyl alcohol, After
drying under vacuum at 80° C. for 24 hours, 6.2 g of
sertraline hydrochloride Form X is obtained (yield 62%).
The seriratine hydrochloride Form X was characterized by
powder x-ray diffraction and infrared sbsorption analysis as
set forth above and in FIG. 14 and FIG. 15,

Example 20

Preparation of Sertraline Hydrochloride Ethanolate
Form VI by Resturry of Form I

Sertraline bvdrochloride Form { (1 g) and absolute ethanol
{20 ml) were stirred at room temperature for 24 hours.
Filtration of the mixture yiclded sertraline hydrochloride
ethanolate-Form VI,

Example 21

Preparation of Sertraline Hydrochloride Ethanolate
Form VI by Reslurry of Form 11

Sertraline hydrochloride Form I {1 g) and absolute ctha-
a0l {20 m1.) were stirred at room temperature for 24 hours.
Filtration of the mixture yielded seriraline hydrochloride
ethanolate Form VL

Example 22

Preparation of Sertraline Hydrochloride Ethanolate
Form VI by Reslurry of Form V

Sertraline hydrochloride Form V (1 g) and ethanol abso-
luie {20 mE) were stirred at room temperature for 24 hrs.
Filtration of the mixture yielded sertraline hydrochloride
ethanolate Form VL

[ixample 23

Preparation of Amorphous Sertraline Hydrochloride

Sertraline free base (10 ) was dissolved in ethyl acetate
(690 mL). At room temperature, ether (690 ml.) was added
to the seniraline ethyl acetate solution and the solution was
acidified with HC] gas to about pH 0.5. The resulting
gelatinous suspension was stirred at rcom temperature over
night. Filtration and air drying of the suspension yielded
amorphous sertraline hydrochloride (9.39 g, vield 83.8%).

Example 24
Preparation of Sertraline Hydrochloride Form HI
from Form V

Sertraline hydrochloride Form V was heated at 150° C. in
a reactor under mechanical stiring for 24 hrs. The resulting
material obtained was scrtraline hydrochloride Form 181

Example 25
Preparation of Sertraline Hydrochloride Form 11}
from Form Vi

Sertraline hydrochloride form VI was heated fo 180° C.
for 24 hours. The dried material is sertraline hydrochloride
Form HL
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Example 26

Preparation of Sertraline Hydrochloride Form HI
from Form V

Senraline hydrochionde Form V was beated at a tem-
perature >180° (. for 24 hours. The resulting material was
sertraline hydrochloride Form III.

Example 27

Preparation of Amorphous Sertraline Hydrochloride

Sertraline hydrochloride Form V (10 g) was dissolved in
water (21} and this solution was dried by the spray dryver
technique. The material obtained in this way is Sertraline
hydrochioride amorphous.

Example 28

Preparation of Amorphous Sertraline Hydrochloride
by Sublirsation

Sertraline hydrochloride Torm I was sublimated at
196-200° C., at a vacuum of 30-0.1 mm Hg, using a
lsboratory-type sublimalor. The resulling material wag
amarphouns sertraline hydrochloride.

A similar procedure starting from Form V also gave
amorphous sertzaline hydrochloride.

Example 29

Preparation of Sertraline Hydrochloride Form V
from Amorphous Sertraline Hydrochloride

Sertrabine hydrochioride amorphous was heated to 8(°
for 24 hours. The resulting product was sertraline hydro-
¢hloride Form V.

It should be understood that some modification, alteration
and substitetion is anticipated and expected from those
skilled in the art without departing from the teachings of the
invention. Accordingly, it is appropriate that the following
claims be construed broadly and in a manner consistent with
the scope and spirit of the invention.

‘What is claimed is:

1. A process for making sertraline hydrochioride Form V
comprising the steps of;

(a) dissolving or suspending sertraline hydrochloride in a

suitable solvent;

(b) removing the solvent; and

(c) drying to form sertraline hydrochloride Form V.

2. The process of claim 1, wherein the solvent is selected
from the group consisting of methanol, ethanol, water,
1-methoxy-2-propanol, trichlorosthane, and isopropyl
alcohol, and mixtures thereof.

3. The process of claim 2, wherein the solvent is water.

4. The process of claim 3, wherein the step of dryiag to
form sertraline hydrochicride Form V is achieved by spray
drving.

5. The process of claim 1, further comprising the step of
seeding the solution with sertraline hydrochloride Form V,

6. A process for making sertraline hydrochlodde Form V
comprising the steps of:

(a) dissolving or suspending seriraline base in a solvent;

(b) adding hydrogen chloride gas 1o the solvent to reduce

the pH of the solution or suspension; and

(<) isolating sertraline hydrochloride Form V from the

solulion or suspension.
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7. The process of claim 6 wherein the pH of the solution
ot suspeasion of sertraling base and hydrogen chloride is
about O to about 4,

8. The process of claim 6 wherein the solvent is selected
from the group consisting of methanol, ethagel, water, ethyl
acetate, isopropyl alcohol, ether, hexsee, and taluene, and
mixtures thereof.

9, The process of claim 8 wherein the solven: is sther.

10. The process of claim 8 wherein the solvent is water.

H. The process of claim 10 wherein the step of isolating
serwaline hydrochloride Form V is done by spray drying the
solution or suspension.

12. A process for making sertraline hydrochlonde Form V
comprising the siep of drying sertraline hydrochloride Form
V11 at about 80° C.

13, A process for making seriraline hydrochioride Form V
comprising the steps of:

() dissolving or suspending sertraline hydeochloride in

water;

(b) adding a safficient amount of hydrogen chloride to
facilitate precipitation of sertraline hydrochloride;

{c) removing the water; and

{d) isolating sertraline hydrochloride Form V.

14. A process for making sertraline hydrochloride Form
V1 comprising the steps of:

() dissolving seriraline base in a solvent;

{b) adding hydrogen chioride to the solvent; and

(c) isolating sertraline hydrochloride Form VI without
further drying.

15. The process of claim 14 wherein the isolation step
comprises precipitation of sertraline hydrochloride Horm V1
followed by filtration.

16. The process of ¢laim 14 wherein the solvent is at least
one solvent selected from the group consisting of ethano},
methapol, or mixtures of meothanol or cthanol with water.

17. A process for making sertraline hydrochloride Form
VI comprising the steps of:

{a) suspending sertraline hydrochloride Form I, [ or V in

ethanol or methanol;

{b) stirring for a time sufficient to induce the transforma-
tion of sertraline hydrochloride (o sertratine hydrochlo-
ride Porm VE and

{¢) isolating sertraeline hydrochloride Form VI

18. A process for making sertraline hydrochloride Form
VHI comprising the steps of

(2) suspending sertraline base in water;

{b) adding hydrogen chloride to the water; and

bt
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(c) filtrating the precipitate so obuained without further

yiig

19. A process for making sertraline hvdrochloride Form
Vil comprising the steps of:

{#) suspending or dissolving sertraline hydrochloride
ethanolate Form VI or sertraline hydrochloride Form 11
in water or a mixture of water and isopropyl alcohol;
and

(b} isolating seniraline hydrochloride Form VIL

2. A process for making serfraline hydrochloride Form
I comprising the steps of

(a) heating sertraline hydrochloride Form V or Form Vito
& temperature sufficient, and for & time sufficient, to
imduce the transformation of sertraline hydrochloride
Torm V or Form VI to sertraline hydrochloride Foem
iH; and

(b) isolating sertraline hydrochloride Form IIL

21. The process of claim 20 wherein the temperature is
between about 150° C. and about 180° C.

22. A process for making amorphous sertraline hydro-
chioride comprising the steps of:

(a) suspending or dissolving sertraline base in a solvent
selected from the group consisting of ether, toluene and
t-hutyl-methyl ether, and mixtures thereof;

(b} adding hydrogen chloride gas; and

(c} isolating amorphous sertraline bydrochioride.

23. The process of claim 2, wherein the solvent is
1-methoxy-2-propanol.

24 A process for making sertraline hydrochloride Form 'V
comprising the steps of :

(a) dissolving or suspending secrtraline base in a solvenr;

(b} adding hydrochloric acid to the solvent to reduce the
pH of the solution ur suspension; and

(c) isvlating sertraline hydrochloride Form V form the
solution or suspension.

25, The process of claim 24, wherein the pH of the
solution or suspension of seriraline base and hydrogen
chloride is about 0 to about 4.

26, The process of claim 24 wherein the solvent is
selected from the group consisting of methanol, ethanol,
water, ethyl acelate, isopropyl alcohol, ether, hexane, and
toluene, and mixtures thereof.

27. The process of claim 26 wherein the solvent is ether.

28. The process of claim 26 wherein the solvent is water,

29. The process of claim 28 wherein the step of isolating
sertraline hydrocloride Form V is done by spray drying the
solution or suspension.

* * ¥ ¥ %
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