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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

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,

ANDRX CORP.,

Defendant

COMPLAINT FOR DECLARATORY JUDGMENT

For their Complaint against Defendant Andrx Corp. (*Andrx™), Plaintiffs Teva
Pharmaceuﬁcal 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:

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, Istael.

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.
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3. On information and belief, Andrx is a corporation having places of business at

2915 Weston Road, Weston, Florida 33331 and 4955 Orange Drive, Davie, Florida 33314,
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.S.C. §§ 2201 and 2202.

6. This Court may declare the rights and other legal relations of the parties pursuant
to 28 U.8.C. §§ 2201 and 2202 because this is a case of actual controversy within the Court’s
jurisdiction.

7. The Court has personal jurisdiction over Andrx because of its systematic and
continuous 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) and (c).

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, inter alia, methods

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

2.
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hydrochloride. Two of these crystalline forms of sertraline hydrochloride are known as “Form
II” 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 Hydrochioride 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, inter 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 I 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 Il of Sertraline
Hydrochloride.” A copy of the "340 patent is attached as Exhibit [D].

15.  The 721 and 340 patents claim, infer alia, processes for the preparation of
sertraline hydrochloride Form L.

Plaintiffs’ Generic Exclusivity

16.  Sertraline hydrochloride is a pharmaceutical compound useful in the treatment of

depression. [t 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

3-



Case 2:07-cv-00244-WHW-MF Document 1 Filed 01/12/07 Page 4 of 37 PagelD: 58

United States that are manufactured by Teva Ltd.

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

18. Ivax 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 U.S.

19. Ivax’s ANDA was approved on June 30, 2006. Under § 355(3) 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. Thig exclusivity period expires after
February 6, 2007.

20. lvax 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.

Defendant’s Imminent Infringement of the Patents In Suit

21, On information and belief, Defendant has filed ANDA No. 076944 with the FDA,

seeking permission to market generic sertraline hydrochloride tablets in competition with

Plaintifis.
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22, Oninformation and belief, the FDA has tentatively approved Defendant’s ANDA,
and will issue final approval upon the expiration of Ivax’s exclusivity period.

23. On information and belief, Defendant plans and intends to import, manufacture,
use, sell and/or offer to sell in the United States its sertraline hydrochloride tablets immediately
upon receiving final FDA approval. On information and belief, Defendant plans and intends to
engage in these activities prior to the expiration of the patents in suit.

24, On information and belief, the sertraline hydrochloride API contained in
Defendant’s tablets 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, manufacture, use, sell
and/or offer to sell in the United States its sertraline hydrochloride tablets constitute imminent,
‘Shreatened acts of infringement under 35 U.S.C. § 271(g), which give rise to an actual
controversy over which this Court may exercise jurisdiction.

25. On information and belief, the sertraline hydrochloride API contained in
Defendant’s tablets is or will be Form Il or Form V. On information and belief, sertraline
hydrochloride Forms 1, IT and V are the only crystalline forms that are practical touse ina
pharmaceutical tablet. On information and belief, Form 1 is claimed by an unexpired U.S. patent
assigned to Pfizer Inc., and thus it is unlikely that Defendant will attempt to market products
containing that polymorph.

26.  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 the sertraline hydrochloride API in Defendant’s tablets, if Form V, is

-5
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or will be made by a process that infringes one or more of the claims of the 987 patent and/or the
*(073 patent.

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

28.  Plaintiffs have made a reasonable effort to determine the process by which the
sertraline hydrochloride API in Defendant’s tablets is or will be made. Currently, Plaintiffs are
unable to obtain from a public source, samples of Defendant’s tablets or any information
regarding the method used to manufacture the APl used therein. On January 4, 2007, Teva Ltd.
notified Defendant of the existence of the patents in suit and requested a description of the
manufacturing process used to make the APl in Defendant’s tablets, and a sample of Defendant’s
tablets and the APL. In order to protect the confidentiality of Defendant’s information, Teva Ltd.
offered to enter into a confidentiality agreement.

29.  Defendant has not responded to Teva Ltd.’s requests for information relating to its
manufacturing process despite Teva 1td.’s offering to review that material subject to a
confidentiality agreement. Defendant also has not provided any samples of its tablets or the APL

30. On information and belief, even if Plaintiffs had been able to obtain samples of
Defendant’s tablets from a public source or from Defendant, Plaintiffs are not aware of any
analytical technique or combination of techniques that could be used to definitively establish that
the sertraline hydrochloride in the tablets 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

-6-
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tablets infringe the patents in suit unless and until Defendant discloses to Plaintiffs the method by
which the sertraline hydrochloride API contained therein is or will be made. Analysis of any
samples, however, likely would have allowed Plaintiffs to determine which polymorphic form of
sertraline hydrochloride was used so as io narrow the number of patents that are asserted, or even
have led to nonassertion of these patents if neither Form il nor Form V was used.

31. 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.

32. On information and belief, Defendant’s infringement will be willful and
deliberate.
33.  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.

COUNT 1
DECLARATORY JUDGMENT OF PATENT INFRINGEMENT

34.  The allegations of paragraphs 1 to 33 are incorporated by reference as if fully set
forth herein.

35. The importation, manufacture, use, sale and/or offer to sell by the Defendant of its
sertraline hydrochloride tablets pursuant to ANDA No. 076944 will infringe one or more claims

of the 073, "987, 721 and/or 340 patents under 35 U.S.C. § 271.
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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’s infringement will be willful and that this is an
exceptional case under 35 U.S.C, § 285;

d. Permanently enjoining Defendant, its respective officers, agents, servants and
employees, and those persons in active concert or participation with any of them,
from infringing the "073, 987, "721 and "340 patents;

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

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

LITE DEPALMA GREENBERG & RIVAS, LLC

Allyn 7 Lite/ 2
Michael E. Patunas
Two Gateivay Center, 12th Floor
Newark, New Jersey 07102
Phone (973) 623-3000

Fax (973) 623-1190

Dated: January 12, 2007

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

.8-
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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 DXN.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, 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,, ef al. v. Genpharm Inc.

Teva Pharmaceutical Industries Ltd., et al. v, Invagen Pharmaceuticals Inc.
Teva Pharmaceutical Industries Ltd, et al v. Zydus-Cadila Healthcare, et al.
Teva Pharmaceutical Industries Ltd., et al. v. Lupin Limited, et al.

Teva Pharmaceutical Industries Ltd, et al. v. Cipla Lid., et al.
Teva Pharmaceutical Industries Lid,, et al. v. Hetero Drugs Lid.
Teva Pharmaceutical Industries Ltd., et al. v. Andrx Carp.

Docket No. Court

Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.N.JL.
Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.N.J.
Being filed on 1/12A07D.N.JL.
Being filed on 1/12/07D.N.L
Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.N.J.
Being filed on 1/12/07D.N.J.

I hereby certify that the following statements made by me are true. 1am aware that if any

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

Dated: January 12, 2007

e

/

/.
Allyn Z. L/i}é
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LITE DEPALMA GREENBERG & RIVAS, LLC
Aliyn Z. Lite

Michael E. Patunas

Two Gateway Center, 12th Floor

Newark, New Jersey 07102

(973) 623-3000

Attorneys for Plaintiffs Teva Pharmaceutical
Industries Lid and Teva Pharmaceuticals UUSA, 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,

ANDRX CORP,,

Defendants.

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
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.

-10-



Case 2:07-cv-00244-WHW-MF Document 1 Filed 01/12/07 Page 11 of 37 PagelD: 65

Plaintiff Teva Pharmaceutical Industries Ltd. hereby discloses that (1) 1t has no parent

corporation; and (2) no publicly held corporation own 10% or more of its stock.

LITE DEPALMA: GREENBE

i

AllynZ.Lite  // %
Michael E. Patunas

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

Fax (973) 623-1150

G & RIVAS, LLC

Dated: Januvary 12, 2007

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

-11-
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EXHIBIT A
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R0 0 AR

US
a2 United States Patent (10) Patent No.: US 6,600,073 B1
Schwartz et al. 45) Date of Patent: Jul. 29, 2003
(54) METHODS FOR PREPARATION OF P 2000-26379 1/2000
SERTRALINE HYDROCHLORIDE WO WO 99/47486 9/1999
POLYMORPHS wo WO001/9004% 1172001

(75} Inventors: Eduard Schwartz, Rechovot; Tamar OTHER PUBLICATIONS

Nidam, ‘_{‘;h“"d*" Anita Liberman, GM. Wall, “Pharmaceutical Applications of Dirug Crystal
Tel-Aviv; Marloara Mendelovicl, Studies”, Pharmaceutical Manufacturing, vol. 3, No, 2, pp.
Rechovot;, Judith Aronhime, Rehovot; 3342, Feb. 1086

Claude Singer, Kfar Szha; Evgeni e .

Valdman, Petah Tikva, all of (IL) I.K. IHaleblian and W. McCrmne, “Pharmacewtical Applica-

tions of Polymorphism™ Jowrnal of Pharmacentical Sci-

(73) Assignee: Teva Pharmaceutical Industries Led,, ences, voi. 58, No. 8, pp. 911-929, Aug. 1969.

Petah Tigva (IL) J.X., Haleblian, “Characierization of Habits and Crystalline
Modification of Sokds and Their Pharmaceuntical Applica-
{*) Notice: Subject to any disclzimer, the term of this tons”, Journal of Pharmacentical Sciences, vol. 64, No. 8,
patent is extended or adjusted vnder 35 pp. 1269-1288, Jul. 1975,
US.C. 154(b} by 0 days. Welch, et al., “Nontriczlic Antidepressant Agents Derived
from cis—and frans—I-Amino—d-aryltetralins”, Journal of
{21} Appl. No.: 09/586,842 Medigz‘nal Chemisiry, vol. 27, No. 11, pp. 1508-1515, Feb,
14, 1584,

{22) Filed: Jun. 5, 2000

Primary Examiner—8amuel Barts

Related U.S. Application Data (74) Attorney, Agent, or Firm--Kenyon & Kenyon

{63} Continvation-in-part of application No. (9/448,985, filed on 57 ABSTRACT
Nov. 24, 1999, !

7 Novel methods for the preparation of sertealice hydrochlo-

(‘:? II;:tS (31 Cmcé:g& ride Forms 11, V, VI, VI, VI, IX and X are disclosed.

(52) A According to the present invention, sertraline hydrochloride

ride Forms V and V1. Seriraline hydrochforide Forms V and

(56) References Clted VI may be produced from either sertratine kydrochioride or

U.S. PATENT DOCUMENTS seriraline base by crystallization. Sertraline hydrochloride

) l'orm VIi may be produced by suspending sertraline chlo-

4536518 A 871985 Welch, Jr. et al. ride polymorph V in water, followed by filtration. Sertraline

5082970 A 1/1992 Braish o . ) ,
5248699 A 9/1993 Sysko el dl, hydrochloride Forms VII and IX may be produced by

< 101995 Willi suspending seriraline base in water followed by dcidification
;’;gi’é% i ig}wgs Wzlsl::! i: al. and fillration. Sertraline hydrochloride Form X may be
6452054 B2 0/2002 Aroshime et al. preduced by suspending sertraline hydrochloride in benzyl

alcohol with heating, followed by fliration.
FOREIGN PATENT DOCUMENTS

Ip 2000-26378 172000 29 Cluims, 16 Drawing Sheets
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US 6,600,073 B1

1
METHODS FOR PREPARATION OF
SERTRALINE HYDROCHLORIDE
POLYMORPHS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuaton-in-part of copending
application Ser. No. 00/448,985 filed Nov. 24, 1999, the
coatenis of which are iscorporaled by reference.

FIELD OF THE INVENTION

The present invention relates to movel, reproducible meth-
ods for the preparation of crystalline forms of sertraline
hydrochloride Forms II and V through X, as well as the
preparation of an emorphous form of sertraline hydrochlo-
ride.

BACKGROUND OF THE INVENTION

Sertraline hydrochlotide, (18-cis)-4-(3,4 dichlorophenyl)-
1,2,3,4-1etrahydro-N-methyl-l-naphthalenamine
hydrochioride, having the formula

NHCH;

(

&

Cl

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

U.S. Pat. No. 4,536,518 (“the ‘518 patent™) describes the
preparation of sertraline hydrochloride with 2 meling point
of 243--245° C_, by treating an ethyl acelate/ether solution of
the frec 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 seriraline hydrochloride produced by the method of the
'518 patent has a crystallive form denominated “Form 11.”
The *699 patent discloses four other polymerphs I, 111, TV,
and V, and characterizes them by single crystal x-ray
analysis, powder x-ray diffraction, infra-red spectroscopy,
and diffcrential scannming calorimetry. The *699 patent
reports that Form II is produced by rapid crystallization of
sertraline hydrochloride from an organic solvent, including
isopropyl alcahol, cthyl acctate or hexane, and gencrally
describes methods for making seniraline hydrochloride
Forms I~V. According to this patest, the preferential forma-
tion of Forms 1, I or IV in an acidic solution consisting of
isopropyl aleohol, hexane, acetone, methyl isobutyl ketone,
glacial acetic acid or, preferably, ethyl acetate, depends on
the rapidity of crysiallization. Form 1 is described as heing
made by crystallizing sertraling hydrochloride in an acidic
sulution using an organic solvent such s those listed above.
The crystaitization of Iorm 1 is carried out at a temperature
from about 20° C. 10 about the solvent reflux temperature,
preferably from about 40° w 60° C. The only method
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described in this patent for making Forms I1 and IV is by the
rapid crystaflization of sertraline hydrochloride from ao
organic solveat such as those listed above. Slow crystalli-
zation or granulation of sertraline hydrochloride is said to
produce Form 1. Form 1T is descobed as. being formed by
heating Forms §, [} or IV o temperatures above about 180°
C. Granulating either of Forms I, Il or IV in any of the
solvents listed above at a remperature from about 40° . 1o
60° C. is said to cause conversion to Form | The only
methad described in this patent for making Form V is by
sublimation of sertraline hydrochloride Form ! at reduced
pressure and at a temperature from about 180-190° (.
However, in our hands attempts to repeat this procedure o
obtain Form V have been unsuccessful.

SUMMARY OF THE INVENTION

The present invention relates to a process for making
sertraline hydrochioride Form V comprising the steps of:
dissolving or suspending sertraline hydrochloride in a suit-
able solvent; removing the solvent; and drying o form
sertraline hydrochloride Form V,

The present invention also relates to 2 process for making
sertraline hydrochloride Form 'V comprising the steps of:
dissoiving or suspending sertraline base in a solvent; adding
kydroges chloride to the solvent 10 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
seriraline hydrochloride Form V comprising the steps of:
dissolving or suspending sertraline hydrochloride in water;
adding a suflicient amount of hydrochloric acid or hydrogen
chloride to facilitate precipitation of sertraline hydrochlo-
ride; removing the water; and isolating seriraline hydrochlo-
ride Form V.

The present invention also relates 10 a process for making
sertraline hydrochloride Form VI comprising the steps of:
dissolving sertraline base in a solvent; adding hydrochloric
acid to the solvent; and isolaiing sertraline hydrochloride
Form VI without further drying,

The present invention also relates to a process for making
sertraline hydrochloride Form VI comprising the steps of:
dissolving or suspending sertraline hydrochloride in ethanol
or methanol; stirring for a time sufficient to induce the
transformation of sertraline hydrochloride to serfraline
hydrochloride Form VI; and isolating sertraline hydeochlo-
ride Form VL i

The present invention also relates 10 a process for making
sertraline hydrochloride Form VIII comprising the steps of:
suspending sertraline base in water; adding hydrogen chlo-
ride {0 the water; and fillrating the precipifate so obtained
without further drying.

The present invention also relates 1o & process for making
sertraline hydrochloride Form VI comprising the steps of:
suspending or dissolving sertraline hydrochloride ethsnolate
Form VI or sertraline hydrochloride Form 1 in water or a
mixture of water and isopropyl alcobol; and isolating ser-
traline hydrochloride Form VIIL

The present invention also relates 1o & process for making
sertraline hydrochloride Form IIT comprising the steps of:

5 beating sertraline hydrochloride Form V or Form Vito 2

temperatuze sufficient, and for a time sufficient, 1o induce the
transformation of sertraline hydrochloride Form V or Form
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V1 1o sertraline hydrochloride Form III; and isolating ser-
wraline hydrochloride Form 11

The present invention also relates to a process for making
amaorphous sertraline hydrochloride comprising the steps oft
suspending or dissolving sertraline base in a noz-polar
organic solvent; adding gasecus hydrochloric acid; and
isolating amorphous sertraline hvdrochloride.

BRIES DESCRIPTION OF THLE DRAWINGS

FIG. 1 is a characteristic X-ray powder diffraction spec-
trum of sertraling hydrochloride Form V.

FIG. 2 is & characteristic x-ray powder diffraction spee-
wum of amorphous sertraline hydrochloride.

FIG. 31s a characteristic differcatial scanning calorimetric
(DSC) thermogram of seriraline hydrochloride Form V.

I1G. 4 is a characteristic infrared (IR} absorption spec-
trurn of sertraline hydrochloride Form V.

FiG. 8 is a characterissic x-ray powder diffraction spec-
yrum of sertraline hydrochloride Form VL

FIG. 6 is a characteristic x-ray powder diffraction spec-
trum of sertraline hydrochloride Form VIL

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

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

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

FIG. 10 is a characteristic differential scamning calorimet-
riv (DSC) thermopram of sertraline hydrochloride Form IX.

FIG. 11 is a characteristic infrared (IR) absorption spec-
rurm of sertraline hydrochloride Form VIIL

FIG. 12 is a characteristic infrared {ER) absorption spec-
rum of sertraline hydrochloride Form ¥X,

FIG. 13 is a characteristic differential scanning calorimet-
riw (DSC) thermogram of sertraline hydrochloride Form VI

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

FIG. 15 is a characteristic infrared (IR} absorption spec-
trum of sertraline hydrochloride Form X.

FIG. 16 is a characteristic differential scanaing 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 seriraline
hydrockioride. 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 at different crystallization rates.

Where the present invention provides methods for the
conversion of seriraline hydrochloride {o scriraline hydro-
¢hioride Form V, in one embodiment sertraline hydrochlo-
ride is combined with a solvent. Suitable solveats include
methanol, ethanol, 1-methoxy-2-propanol, trichlorocthane,
water, and mixtures thereof. If a mixture of isopropyl
alcohol and water s used, it is preferably as about 6:1
mixture. Preferably tho solvent is mothanol, 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. Cne preferred method is to rapidly cool
the solvent to 5° C. Another preferred method comprises
sceding the solution with sertraline hydrochloride I'orm V
crystals, followed by slow cooling to room tempersture,
followed by fillration and drying.

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

The present invention also provides methods for the
conversion of seriraline hydrochloride to sertraline bydro-
chloride Form V wherein the solvate sertraline hydrochio-
ride Form VI (described in more dotail below) is an inter-
mediate. In this embodiment of the present invention,
sertraline hydrochloride is suspended or dissolved in cither
methanol or ethanol or mixtures thereof thereby forming
sertraline hydrochloride Form VI. This intermediate sertra-
lice hydrochloride Form VI is then dried, with or without a
separate isolation step, to remove all soivent and seriraline
hydrochloride Form V is isolated. Seriraline hydrochloride
Form V caz also be prepared by suspending or dissolving
sertraline hydrochloride solvate Form V1 in water.

Serraline hydrochloride Form V can also be prepared by
drying Form VI {described in more detail below). In this
cmbodiment of the present inveation, scriraline hydrochlo-
ride Form V is dried at 80° C. overnight thereby forming
sertraline hydrochloride Form V.

The present invention also provides methods for the
conversion of sertraline hydrochloride to sertraline hydro-
chloride Form V wherein the sertraline hydrochioride Foem
VIH (described in more detail below] is an intermediate. In
this embodiment of the present invention, sertraline hydro-
chioride Form I is suspended or dissolved in water thereby
forming scrtraline hydrochloride Form VII, This interme-
diate sertraline hydrochioride Form VIII is then dried, with
or withoul a separate isolation step, 0 remove all solvent
and sertraline hydrockloride Form V is isolated. Methods for
the preparation of sertraline hydrochloride Form I are
disclosed in copending applications serial Nus. (9/448,985
filed Nov. 24, 1999 and attorney docket aumber 1662/49107,
filed May 22, 2000, the contents of which are hereby
incorporated by refercace.

‘The present invention also provides methods for the
conversion of sertraline base to seriraline hydrochloride

5 Form V. In one such embodiment, sertraline base is added to

at least one solvent, and hydrogen chloride gas is bubbled
through the solution. Suitable solvents include methanol,
ethanol, water, ethyl acetate, isopropyl aleohol, ether,
bexane, and toluene, and mixtures thereot. Alternatively, an
appropriate amount of hydrogen chloride gas dissolved in a
suitable solvent and then combined with the sertraline base
solufion. As used herein, “hydrogen chloride” includes both
gascous bydrogen chloride and agueous hydrogen chloride
(i.e. hydrochlorie acid). Sertraline hydrochioride Form V is
isolated by allowing precipitation to occur from about 0° C.
1o about 60° C. followed by filiration and drying. Preferred
solvents include methanol, ethanol, hexane, isopropyl
aleohol, or mixtures thereof. In a variation of this method,
sertraline basc is added to a suitable solvent and the resulting
solution is added o a hydrochloric acid solution of pH 0-4;
preferably the pH of the solution is about 1.
Alternatively, sertraline base is added o 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. Sertraline hydrochloride
Form V is isclated by allowing the mixture 1¢ ¢ool to room
temperature apd remain al room lemperaiure overnight,
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followed by filtration and drying. Suitable solvents for use
in this method include metbanol, ethanol, waler, hexane,
isopropyl alcohol, and ethyl acetate, and mixtures thereof

Alternatively, seriraline base may be combined with a
solvent selected [rom the group consisting of methanol,
ethanol and a mixture thereof A satwrated solution of
hydrogen chloride gas in isopropyl alechol is added to
induee formation of sertraline hydrochloride Form V. Ser-
traline hydrochloride Form V is isolated by allowing the
sojution to stand at room temperziure 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/
ethanol mixture and spray drying the suspension. In this
embodiment of the present invention, the solutior or sus-
pension 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
hydrochlonide Form V.

Sertraline base for use in the processes of the present
mmvention may be produced by dissolving sertraline mande-
fate in ethyl acctaic followed by neutralization of the scr-
traline mandelate with aqueous sodium hydroxide. The
crggasic phase is separated trom the aqueous phase and dried
using megnesinm suffatc. The solvent is removed under
reduced pressure to produce sertraline base as an oil. Meth-
ads {or making sertraline base are set orth in U.8. Pat. Nos.
4,536,518 and 5,248,699, the contents of which are incor-
porated hersin by reference.

Where the present invention provides methods for the
conversion of amorphous scriratine hydrochionde fo scrtra-
line hydrochloride Form V, amorphous sertraline hydrochio-
ride is kept in 2 closed container, such as a bug, and warmed
to about 40° C. to about B0 (. or is storod at room
temperature for a period between a few hours and several
days depending on the femperalure.

‘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 representative pattern of sertraline hydrochloride Form V.
The principal peaks observed are at about 5.2°x0.2,
10.4°20.2, 11.0°20.2, 14.3°x0.2, 16.5°20.2, 17.3°%0.2,
18.4°+0.2, 19.1°+0.2, 19.7°:0.2, 20.9°=0.2, 22.0°x0.2,
23.2°202, 23.6°20.2, 25.5°£0.2, 26.0°+0.2, ard 29.1°x0.2
degrees 2 theta,

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 experiments were performed
hy sublimating a sample of Form § wader 30 mum [g vacuum
and temperature between 170-190° €. A third experiment
was performed by sublimating a sample of Form | under
high vacoum (0.1 mm Hg) and temperatuze between
180-195° C.

The three samples of sertraline hydrochloride prepared by
sublimation were analyzed by powder x-ray diffraction. In
all cases, the 1ypical broad featureless pattern without sharp
peaks typical of amorphous materials was obtained. FIG. 2
is voe such pattern.

In conclusion, sertraline hydrochloride could not be
obtained by following the procedure set forth in U.S. Pai
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™, 8§22 em™), 1012 em™, 1032
cm™?, 1054 em?, 1133 cm™?, 1328 em™?, 1562 cm™, and
1590 cm™, as shows in FIG. 4.
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The sertraline hydrochloride Form V of the present pro-
cess is further characlerized by the DSC themmogram data,
for example, as disclosed in FIG. 3. The DSC thermogram
is characterized by a small endotherm (~3 Joule per gram)
a1 about 210° C,, beleved to be a solid-solid transformation
{based vpon observation wader a hot stage microscope} to
Form III, and a melting peak 251° C.

Form VI

Sertraline hydrochloride Form Vi is 2 solvated crystal
form of sertraline hydrochloride. Sertraline hydrochloride
Form VI may be an ethanolate, wherein etbanol 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, All sertraline hydro-
chloride Form VI solvates have identical powder x-ray
diffraction patterns. Therefore, when referring o sertraline
hydrochloride Form VI all sertraline hydrochloride Form VI
sobvates, such as scriraline hydrochloride Form VI ethano-
late and sertraline hydrochloride Form VI methanolate, are
necessarily included,

To form the novel crystalline form sertraline hydrochlo-
ride Form VI, sertraline base is added to the appropriate
solvent. Which solvent is appropriate will depend on which
selvale is to be formed, ¢.g. ethanol {to form the cthanclate)
and methanol (to form the methanolate). Hydrogen chioride
gas is then bubblked through the solution. Sertraline bydro-
chloride Form VI is isolated by allowing precipitation to
occur, followed by filiration. The DSC thermogram of Form
V1 crystallized from ethanol displays a desolvation pesk at
95° C. (sec FIG. 13) and loses 11.2% weight (by TGA);
Form VI erystallized from methano] loses 8.3 % weight (by
TGA) upon desolvation. Form VI erystallized [rom ethanol
is an cthanolatc, and more specificaily is a monoethanolate.
Form VI crystallized from methano] is 2 methanolate, and
more specifically is a monomethanolate,

The presemt invention alse provides new processes for
making sertraline hydrochloride solvate Form VIby reslurry
of other sertraline hydrochloride crystalline forms. In the
conversion of sertraline hydrochloride to sertraline hydro-
chloride ethanolate Form VI, sertraline hydrochloride is
dissolved in the appropriate solvent and stirred for about
18-36 hours; 24 hours is preferred. Sertraline hydrochloride
solvate Form VI is isolated by a suitable method, such as
Gliration. Sertraline hydrochloride Forms I, I, I IV, V and
X are suifable for use as starting maferials in this process.

The sertraline hydrochloride Form VI so isolated is a
sotvate and exhibits the powder x-ray diffraction patiern of
L1G. §, comprising peaks at 7.3°20.2, 12.1°0.2, 12.7°:0.2,
14.0°202, 15.6°20.2, 17.6%°:0.2, 20.1°50.2, 20.6°+0.2,
219202, 22.7°:0.2, 23.0°£0.2, 23.8°20.2, 24.3°20.2,
25.4°0.2, and 26.3°20.2 degrees two-thetz. Drying of the
precipitated scriraline hydrochloride Form VI at 50-60° C.
overnight yields sertraline hydrochloride Form V.

Form VII

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

In another embodiment of the invention, sertraline hydro-
chioride Form VI is made from sertraline hydrochloride
Form V1. Sertraline hydrochloride Form VI is dispersed in
water and the mixture is heated w0 facilitate the dissolution
of sertratinc hydrochloride Form VI. The soltion may be
keated 10 between about 30° C, and about 90° C., preferably
to aboul 80° C. The pH is then fowered, preflorably to about
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pH 1, and the mixture is allowed to conl to room temperatare
and stirred until the reaction is complete, Preferably the
reaction is stirred for two hours at room temperature. Ser-
traline hydrochloride Form VII is isolated by Hliration and
washing with waler.

As shown in FIG. 6, sertraline hydrochloride Form VI is
characierized by two unique strong ¥-ray powder diffraction
peaks at 4.0°20.2, and 20.0 degrees two-theta and medivm
ntensity peaks at 8.0°+0.2, 11.6°+0.2, 12.0°20.2, 13.8°£0.2,
16.5%0.2, 22.8°x0.2, 24.1°+0.2, 25.0°202, 26.6°x0.2,
30.7°£0.2, 34.7°£0.2 2 two-theta. The TGA curve shows a
loss on drying of about 45%.

Forms VII and IX

Additional aew crystalline forms of sertraline
hydrochloride, Forrms VIH and TX, have also been discov-
ered. Sertraline hydrochloride kydrate Form VHI may be
produced by suspending sertraline base in water and heating,
followed by acidification and filtration. Form 1X is obtained
by drving of Form VIIL. Preferably the sertraline base is
suspended in water, the suspension beated to a temperature
between about 30° C. and about 80° C, Hydrogen chloride
is added to reduce the pH, preferably to between about I to
about 4, and the resuiting solution is cooled to room tem-
perature.

The present invention also provides new processes for
making scriratine hydrochloride Form VI from seriraline
hydrochioride ethanolate Form VI In one embodiment of
the present inveation, a slurry of serraline hydrockloride
cthanolate Form VI in water or a mixmre of water and
isopropyl alcohol is stirred, preferably for about one hour,
The slurry is then filiered and washed with water and
seriraline hydrochlnride hydrate Form VIIT is solated.

The present invention also provides precesses of making
seriraline hydrochloride Form VHI from seriraline hydro-
chloride Form I1. In the conversion of sertraline hydrochio-

ride Form H to sertraline hvdrochloride Form VIII, sertraline 3

hydrochlogide Form I is suspended in water or a mixture of
water and isopropyl alcohol and stirred, preferably
overnight, and sertraline hydrochloride hydraie Form VIIlis
isclated by filtration.

Sertraline hydrochloride Form VHL is characterized by
x-ray powder diffraction peaks at 4.7°x0.2, 11.8°:0.2,
16.3°20.2, 17.8°20.2, 19.6°20.2, 23.2°x0.2, 24.2°:0.2,
25.1%20.2, and 26,0°20.2 two-theta, as described in FIG. 7.

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

The TGA curve shows a foss on drying siep of about 20%
below 100° (.

The IR spectrum of Form VI is characterized by the
following bands: 740 cm™, 77% cm™?, 822 cm™, 887 em™,
415 em™, 1031 em™, 1053 cm™, 1110 cor™?, 1134 cm™,
1153 cm™, 1217 em™, 1307 cm™, and 1377 em™, as
described in FIG. 11.

Sertralive hydrochloride Form IX is characterized by
x-ray powder diffraction peaks at 5.1°£0.2, 14.2°:0.2,
15.8°20.2, 16.8°20.2, 19.2°20.2, 19.7°20.2, 22.4°20.2,
23.2°20.2, 25.3°20.2 and 26.1°+0.2 two-theta, as described
in FIG. 8.

The IR spectrum of Form IX is characterized by the
following baads: 701 cm™, 715 cm™?, 741 cm™, 758 cm™,
780 cm™L, 816 cm™, 823 em?, 1030 em™, 1053 em™*, 1078
cm™, 1110 cm™?, 1204 em™?, 1217 cm™}, 1307 em™, and
1350 cm™Y, as described in FIG. 12.

Form X

It has further been discovered that another crystalline

[orm of sertraline hydrochloride, denominated Form X may
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be obtained by suspending sertzaline hydrochloride in ben-
zyl aleohol, and heating o favilitawe dissolution, The solu-
tion is coojed and the precipitate filtered, washed with
benzyl alcobol and dried, to yield sertraline hydrochloride
Form X.

‘Ihe Porm X preduced in this manner is characterized by
a powder x-ray diffraction patiern having its principal peaks
al 15.0°+0.2, 16.0° 16.5°x0.2 17.0°20.2, 18.1°x0.2,
21.0°20.2, 22.4°£0.2, 24.0°202, 25.4°+0.2, 26.2%10).2,
27.1°20.2, 28.4°%0.2, and 29.0°+0.2 depgrees two-theta as
described in FIG. 14.

The IR spectrum of Form X is characterized by the
following bands: 742 em™, 776 cm™, 806 cm™, 824 cmr™?,
1002 e, 1017 em™, 1028 em™, 1060 em~?, 1079 cm™?,
1135 em™, 1218 em™, 1314 cm™, 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 11

The present invention provides new processes for making
sertraline hydrochloride Forrn 11T from sertraline hydrochio-
ride Forms V and VL. In the conversion of sertraline hydro-
chlozide Form V to seriraline hydrochioride Form III, Form
V is heated to a temperature between about 150° C. and
about 180° C. for about 3 hours to about 2 days to induce the
formation of seriraline hydrochloride Form 111, Heating for
24 hours is preferred. The reaction may be stirred. The
method of the present invention has the advantage of using
60 solvent.

Amorphous Sertraline Hydrochloride

In an embodiment of the present invention, amorphous
sertraline Is made by dissolving sertraline hydrochloride in
water or 3 water/alcohol mixture and drying the solution by
the spray dryer technigue. Amorphous sertraline hydrochlo-
tide may also be made by sublimativn of sertraline hydro-
chloride.

The amorphous sertraline hydrochloride produced by
methods of the present inventios 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 pattern.

Pharmacentical Compositions Containing Sertraline Hlydro-
chloride Polymorphs

In accordance with the present investion, these new
crystalline forms of sertraline hydrochioride and knmown
forms of seriraline hydrochloride prepared by the new
methods disclosed herein may be prepared as pharmaceuti-
cal compositions that are particularly usefu! for the ireat-
ment of depression, obsessive-compulsive disorder and
panic disorder. Such compositions comprise one of the new
crystalline forms of sertraline hydrochloride with pharma-
coutically acceptable carrers andfor excipicnts known to
one of skill in the art.

Yor example, these compositions may be prepared as
medicaments to be administered orally, parenterally,
rectally, transdermally, bucally, or nasally. Suitable forms
tor oral administration include tablets, compressed of coated
pills, dragees, sachets, hard or gelatin capsules, sub-lingual
tablets, syrups and suspensions. Suitable forms of parenteral
administration include an aqueous or ron-aqueous solution
or emulsion, while for rectal administration suitable forms
for administration include suppositories with hydrophilic or
hydrophobic vehicle. For topical administration the inven-

5 tion provides suftable transdermal delivery sysicms known

in the art, and for nasal delivery there are provided snitable
zerosol delivery systoms knowa o the art,
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Experimental

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

‘the differential scanning 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. at a rate
of 10° C/min. Samples were purged with nitrogen gas at a
flow rate of 40 mL/min. Standard 40 #m aluminum crucibles
were used having lids with three small holes.

The infrared spectra were oblained by methods known in
the art using a Perkin Elmer FFIR Paragon 1000 spectrom-
eter. Samples were analvzed 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 Hmited thereby. One of ordinary skill in
the art witl understand how fo vary the exemplified prepa-
rations 10 obtain the desired results.

Example 1
Preparation of Seriraline 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 peutralized. The phases were scparated and the
organic phase was dried over MgSO, and filtered. The
solveny was removed under reduced pressure resulting ser-
iraline base as an oil (3.2 g).

Example 2

Preparation of Sertraline Hydrochloride Form VI
and Form V

Sertraline base (25 g) was dissclved in methanol (125
ml) at room temperature. The solution was acidified with
hydrogen chloride gas until pli 1.5 was reached,
(Precipitetion occurred during acidification.) The tempera-
ture rose 1o approximately 40° C. The shurry was allowed Lo
coot o room temperature and stired for about 2 hours, "The
solid wes separated by filration to give seriraline hydro-
chioride methanolate Form VI, Drying the product overnight
gave sertraline hydrochloride Form V.

Example 3

Preparation of Sertraline Hydrochioride Form VI
and Form V

Sertraline base {3.2 g} was dissolved in absolute ethanol
{32 ml) at room femperature and then hydrogen chloride
gas was bubbled in until pH 0.5 was reached. The tempera-
ture rose o 40° C, The slurry was allowed fo cool to room
temperature and stirred for about 16 hours. The solid was
separated by filtration, and washed with ethamol (3x2 mL}.
FIG. 5 sets forth the X-ray diffraction pattemn of the product
{sertraline hydrochloride ethanolate Form V1) so obtained.
Drying overnight at 50-60° C. of that product yielded 2.95
¢ {829} of senralive hydrochloride Form V.

Example 4
Preparation of Sertraline Hydrochioride Form V

Sertraline base (3 g) was dissolved in absolute ethanol {15
mL) at room emperature. A saturated solution of hydrogen
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chloride in isopropy! alcohol was added dropwise to reach &
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%)
seriraking hydrochioride Form V.

Example 5

Preparation of Sertraline Hydrochloride Form V

Seriraline base (3 g) was dissolved in absolute ethanol
(15.5 mL} at 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 1ose to
approximately 7° C. Precipitation occurred and the slurry
was stirred at about 10° C. for 2 hours. The solid was
isolated by filiration, washed with ethanol and dried at
approximately 50° C. The dried material (2.87 g, yield
82.7%) was sertraline hydrochioride Form V.

Examplc 6

Preparation of Sertraline Hydrochloride Form V

Seriraline base (3 g) was stirred with 35 ml. water, The
slurry was heated at ~70° C. and, while maintaining this
temperaiure, concenirated hydrochloric acid was added until
pH 1 was reached. During acidification, aimost complele
dissolution was observed followed by precipitation. The
mixture was cooled o room temperature and stirred for 2
hours. The solid was isolated by filtration, washed with
water and dried overnight at 50-60° C, yieKling 323 g
{96%) sertraline hydrochloride Form V.

Example 7

Preparation of Seriraline 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
concentrated hydrochloric acid 32% (1.2 mL) was added
until pH ~1.3 was reached. Water (12 mi) was added. The
resulting clear solution was concentrated to half its volume
and was allowed to cool nafurally 10 room temperature, The
solid was isolated by fltration, washed with water and dried
overaight at 50-60° C., yielding 3.18 g (94.65%) sertraline
hydrochloride Form V.

Example 8
Preparation of Sertraline Hydrochloride Form V

Sertraline base (3.7 ) was dissalved in 18.5 mL absolute
ethanol and the sohition was heated to 60° O, Hydrogen
chloride gas was bubbled through the ethanol solution until
pH ~0.5 was reached. The mixture was cooled {0 room
temperature and the stirring was continued for 2 hours. The
solid obtained after filtration, washing with ethanol and
drying at 50° C. was sertraline hydrochloride Form V (3.16
g, yield 76%).

Example 9
Preparation of Sertraline Hydrochloride Form V

Sertraline free base was dissolved in ethanol absolute and
the sohution was acidified with hydrogen chloride gas to
about pH 3. Precipitation occurs and the shurry was stirred

5 a1 room temporature for 2 hours. The resulting solid was

filtered, washed with ethanol and dried to vield sertraline
hydrochloride Form V.
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Exampie 10

Preparation of Sertraline Hydrochloride Form V

Seriraline free base (133 g) was dissolved in absolute
ethanoi (60 mL) and was added dropwise over one hour te
ethanol (20 mL) containing hydrogen chloride (7.5 g) at
35° C. with precipitation. After 2 hours, the solid was
filtrated, washed with ethanol and dried at about 83° C. to
yield sertraline hydrochloride Form V (12.9 g, yicld 87%).

Example 11

Preparation of Sertraline Hydrochioride Form V

Anhydrous sertealine hydrochloride (2 i) was stirred wilh
14 mL absoluie ethanol and beated to reflux to obtain a clear
solution. The solution was seeded with sertraline hydrochlo-
ridle Form V and cooled naturally to room iemperasiure,
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 sertraline
bydrochloride Form V.

Example 12

Preparation of Sertraline Hydrochloride Form V

Sertraline hydrochloride ethanolate (Form V1) (40 g) in
400 mL. water was heated to 80° C. and complete dissolution
was obtained. The pH was adjusted to approximately one
with hydrochloric acid and the solation was naturally cooled
1o room temperature 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
rechanically stired with cthanol (0.5 ml) at room fom-
perature for 40 hours. The resulting solid was sertraline
hydrochloride Form V,

Table 1 sets forth 2 summary of additional experiments
conducted generally following procedures described above.

TABLE 1

PREP; NOFS NEHCL - FORM V.

Tixp’t Method of Crystallization XRD Yield ¢%)

SERTRALINE BASE AS STARTING MATERIAL

A Metharol/HC gas v 78.7
B Methanol/HCl gas v 59
¢ Methanol/HC] aquenus v ’r1e
D Fthanol/HCL gas v 80.9
B Whier/HCL agueous v 4
E Hexang/Taopropy] aleohol/HC) gas v 8.9
G Matkacol/HCI agueousiwalel v 89
3 Isopropyl alcohalTICI aqueous/water v 78
[ EthanolA¥CI squeous/evaporation of cthanol v 96.1
¥ Ethyl scctate/HCl sgucousfwator/cvaporation of YV 96.1
cthyt aceiate
K Ethanoljisopropyt aleohol/HC! gas v 818
L Methanelisopropyl alcohol/HCE gos v 224
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TABLE l-continued

FREPARATION OF SERTRALINE HCL - FORM V
Exp’t Method of Crystellization

XRD  Yisld (%)

SERTRAIINE H(I AS STARTING MATERIAL

M Methanol {Form [ and amorphous) v 60
N Ethanol (Form V} v 858
O Isopropyl alcoholfwater (Form V) v 28

PXRI} = powder x-ray diffreetinn,

Example 14
Preparation of Sertraline Hydrochloride Form VII

1,003 g Seriraline hydrochloride Form V was stirred for
24 hcurs a4 room femperatute in 20 mE water (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 2t cold conditions (4° C.) until analyzed
by x-ray diffrzction.

Example 15

Preparation of Seriraline Hydrochloride Form VII
from Scriraline Hydrochloride Form VI

A solution of sertraline hydrochloride ethanolate (Form
VI) (40 g} in water (400 mL} was heated al 80° C. aml
complete dissolution of sertraline hydrochloride ethanolate
(Form VIywas obtained. The pH was adjusted to about 1 and
the solution was allowed 0 cool to reom lemperaivre and
then stirred for 2 additional bours. The solid was isolated by
filtration and washed with water 1o yield sertraline hydro-
chioride Form VIL

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

Bxample 16

Preparation of Seriraline Hydrochloride Forms VIII
and IX 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 oblained, which on cooling pave a precipitate, After 2
hours stirring at room temperajure the solid was isolated by
filiration. This solid was charscterized by powder x-ray
diffraction {see FIG. 3, Form VIII). Drying for 24 hours at
~50° C. yiclded 2.32 g (76.8%) of scriraline hydrochloride
Form IX, characterized by powder x-ray diffraction, infra-
red absorption, differential scanning calorimetry, and ther-
mal gravimetric analysis as sct forth above and depicted in
FIGS. 8, 18, and 12.

Lxample 17
Preparztion of Sertraline Hydrochleride Form VIIT
Sertraline hydrochloride ethanolate (Form V1) {40 g) was
stirred with water (80 ml) for 1 hour al room temperature.

The slurry was filirated and washed with waler to yield
sertraline hydrochloride hydrate Form VIIL

Example 18
Preparation of Sertraline Hydrochloride Form VHI
from Sertraline Hydrochloride Porm 11

Sertraline hydrochloride Form 11 (0.4 g) and water (8
mE.) were stirred at room femperature over night. The solid
was filtrated 10 yield sertraline hydrochloride hydrate Form
VIIL
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Example 19

Preparation of Sertraline Hydrochloride Form X

Iz a 0.1 liter three-necked bottom round flask equipped
with 2 mechanical stirrer, a condenser and a thermometer, 30
mL beneyi alcohol is added to 10 g sertraline hydrochioride.
The suspension is heated to 100° C, when a clear solution is
obtained. The salution is cooled 2 hours to 25° C. and the
precipitate 1s filtered and washed with benzyl aleohol. After
drying under vacuum at 80° C. for 24 hours, 6.2 g of
sertraline hydrochloride Form X is obtained {yicld 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,

Exarnple 20

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

Sertraline hydrochloride Form I (1 g} and absoluie ethanol
{20 ml) were stirred at room temperature for 24 hours.
Filtration of the mixtere yiclded sertraline hydrochloride
cthanoiate-Form VL

Example 21

Preparation of Sertraline Hydrochloride Ethanolate
Form VI by Reslurry of Form 11

Sertraline hydrochloride Form H (I g) and absolute ¢tha-
nol (20 mi.) were stirred at room temperature for 24 hours.
Filtration of the mixture yielded sertraline hydrochloride
ethanolate Form VI,

Example 22

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

Seriraline hydrochloride Form V {1 g) and ethancl abso-
lute (20 mE) were stirred at room temperature for 24 hrs,
Filtration of the mixture yielded seriraline hydrochioride
ethanolate Form V1.

Example 23

Preparation of Amorphous Sertraline Hydrochloride

Seriraline free base (10 g) was dissolved in ethyl acetate
{690 mL). At room temperature, sther (690 mL) was added
1o the sertraline ethyl acetate solution and the sclution was
acidified with HCI gas to about pH 0.5. The resulting
gelatinous suspension was stirred at room temperature over
night. Filtration and air drying of the suspension yielded
amorphous seriraline hydrochloride (9.39 g, yield 83.8%).

Example 24

Preparation of Sertraline Hydrochleride Form 11
from Form V

Sertraline hydrochloride Form V was heated at 156° C. in
a reactor under mechanical skirring for 24 tirs. The resuiting
material obtained was scriraline bydrochlonde Form lif.

Example 25

Preparation of Sertraline Hydrochloride Form 111
from Form Vi

Sertraline hydrochloride form VI was heated to 180° C.
for 24 hours. The dricd material is sertraline hydrochioride
Form 1II.
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Example 26

Preparation of Sertraline Hydrochloride Form HI
from Form V

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

Example 27

Preparation of Amorphous Sertraline Hydrochloride

Serraline hydrochloride Form V (10 g) was dissolved in
water {21} and this solation was dried by the spray drver
technigue. The material obtained in this way is Sertraline
hydrochioride amorphous.

Example 28

Preparation of Amorphous Seriraline Hydrochloride
by Sublimation

Sertraline hydrochloride Form I was sublimafed at
190-200° C., at a vacuum of 30-0.1 mm Hg, using a
lsboratory-type sublimaior, The resulting material was
amorphous sertraline hydrochioride.

A similar procedure starting from Form V alsoe gave
amorphous sertraline hydrochloride.

Example 29

Preparation of Sertraline Hydrochloride Form V
from Amorphous Seriraline Hydrochloride

Sertraline hydrochloride amorphous was heated to 80° C.
for 24 ours. The resulting product was sertraline hydro-
chloride Form V.

It should be undersiood that some modification, slteration
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 igvention.

Whal is claimed is:

1. A process for making seriraline hydrochloride Form V
comprisiag 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 comsistog of methanol, ethanol, water,
1-methoxy-2-propanol, trichlorocthane, 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 drying to
form sertraline hydrochloride 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 hvdrochloride Form V
comprising the steps of:

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

{b) adding hydrogen chloride gas to the solvent to reduce

the pH of the wolution or suspension; and

(c) isolating sertraline hydrochloride Form V from the

solution or suspeosion.
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7. The process of claim 6 wherein the pH of the solution
or suspension of sertraline base and hydrogen chloride is
about G to about 4.

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

9. The process of ¢laim 8 wherein the solvent is ether.

14. 'The process of claim B wherein the solvent is water.

11. The process of cleim 10 wherein the step of isolating
serwraline hydrochloride Form V is done by spray drying the
solution or suspension.

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

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

(a) dissolving or suspending scrtraline hydrochioride in

waleT;

(b} adding a sufficicnt amount of hydrogen chloride to
facilitate precipitation of sertraline hydrochioride;

(c) removing the water; and

{d) isolating sertraline hydrechleride Form V.

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

(4} dissolviny seriraline base in a solvent;

(b) adding hydrogen chloride to the solvent; and

{c) isolating sertraline hydrochloride Form VI without
further drving.

18, The process of claim 14 wherein the isolation step
comprises precipitaztion of sertraline hydrochloride Form Vi
followed by filtration.

14. The process of ¢laim 14 wherein the solvent is at least
one soivent sclected from the group consisting of ethanol,
methanol, or mixtures of methanol or cthanol with water.

17. A process for making seriraline hydrochloride Form
VI comprising the sieps oft

{a) suspending sertraline hydrochloride Form I, lor Vin
ethanot or methanol;

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

{¢) isulating seriraline hydrochloride Form VI

18. A process tor making sertraline hydrochloride Form
VI comprising the steps of:

{a) suspending seriraline base in water;

(b} adding hydrogen chloride to the water; and
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(c) filtrating the precipitate so obtaiced without further
drying.

19. A process for making sertraline hydrochioride Fom

VIII comprising the steps of;

(2) suspending or dissolving sertraline hydrochloride
ethanclate Form VI or sertraline hydrochloride Form If
i water or a mixture of water and isopropyl aleohol;
and

(b} isolating sertraline hydrochloride Form VIH,

20. A process for making seriraline hydrochloride Form
I} comprising the steps of:

(a) heating sertraline hydrochloride Foem V or Form Vi to

a temperatuze sufficient, and for a time sufficient, to
induce the transformation of sertraline kydrochloride
‘orm V or Yorm V1 lo serfraline hydrochloride Form
1i1; and

(b} isolating sertraline hydrochloride Form FII.

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-
chloride comprising the steps of:

(a) suspending or dissolving sertraline base in a solvent
selected from the group consisting of ether, toluene and
i-butyl-methyl ether, and mixtures thercof;

{b) adding hydrogen chloride gas; and

(c) isolating amorphous scriraline hydrochloride.

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

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

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

{b) adding hydrochloric acid to the solvent to reduce the
pH of the solution or suspension; and

(¢) isolating sertralioe hydrochloride Form V form the
selution or suspension,

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

26. The process of claim 24 wherein the solvent is
selected from the group consisting of methanol, ethanol,
water, ethyl acetate, isopropyl alcohol, ether, hexane, and
tolucne, and mixteres thereof.

27. The process of claim 26 wherein the solvent is cther.

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

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