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

Uoe Koell
TEVA PHARMACEUTICAL INDUSTRIES b i
LTD. and TEVA PHARMACEUTICALS USA,
INC,,
Plaintiffs,

Civil Action No.

V.

INVAGEN PHARMACEUTICALS INC.,
PERRIGO COMPANY, and L. PERRIGO CO.,

Defendants.

COMPLAINT FOR DECLARATORY JUDGMENT

For their Complaint against Defendants InvaGen Pharmaceuticals, Inc. (“InvaGen”),
Perrigo Company (“Perrigo”) and L. Perrigo Co. (“L. Perrigo”), 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:

THE PARTIES

1. 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 wifh 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, InvaGen is a New York corporation having a New
York State ID of 2980487 and a principal place of business at 7 Oser Avenue, Hauppauge, NY

11788.
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4. On information and belief, Perrigo is a Michigan corporation having a principal
place of business at 515 Eastern Avenue, Allegan, MI 49010.

5. On information and belief, Perrigo maintains locations at 1701 Bathgate Avenue,
Bronx, NY 10457 and 1625 Bathgate Avenue, Bronx, NY 10457.

6. On information and belief, Perrigo has entered into a partnership with InvaGen to
market and sell the products of ANDA No. 77-397.

7. On information and belief, L. Perrigo is a Michigan corporation and a wholly-
owned subsidiary of Perrigo.

8. On information and belief, L. Perrigo acts as the agent of Perrigo. InvaGen,
Perrigo, and L. Perrigo collectively will be referred to hereafter as “Defendants.”

NATURE OF THE ACTION

9. 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

10.  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.

11.  This Court may declare the rights and other legal relations of the parties pursuant
to 28 U.S.C. §§ 2201 and 2202 because this 1s a case of actual controversy within the Court’s
jurisdiction.

12. The Court has personal jurisdiction over InvaGen because it is a New York

corporation.
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13.  The Court has personal jurisdiction over Perrigo because of its presence in the
state of New York and its continuous and systematic contacts with the state of New York,
including those made through InvaGen.

14.  This Court has personal jurisdiction over L. Perrigo because of its presence in the
state of New York and its continuous and systematic contacts with the state of New York,
including those made through InvaGen.

15.  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

16. 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
hydrochloride. Two of these crystalline forms of sertraline hydrochloride are known as “Form
II” and “Form V.”

17.  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.

18. 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.
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19.  Both the *073 patent and the 987 patent claim, inter alia, processes for
preparation of sertraline hydrochloride Form V.

20. 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.

21.  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.

22.  The ’721 and ’340 patents claim, inter alia, processes for the preparation of
sertraline hydrochloride Form II.

Plaintiffs’ Generic Exclusivity

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

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

25.  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 United States.
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26.  Ivax’s ANDA was approved on June 30, 2006. Under § 355()) 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.

27.  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

28. On information and belief, Defendant InvaGen has filed ANDA No. 77-397 with
the FDA, seeking permission to market generic sertraline hydrochloride tablets in competition
with Plaintiffs.

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

30. On information and belief, Defendants plan and intend 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, Defendants plan and intend to
engage in these activities prior to the expiration of the patents in suit.

31.  Oninformation and belief, the sertraline hydrochloride API contained in
Defendants’ tablets is or will be made by a process that infringes one or more claims of the

patents in suit. Accordingly, Defendants’ plans and intentions to import, manufacture, use, sell
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and/or offer to sell in the United States their sertraline hydrochloride tablets 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.

32.  Oninformation and belief, the sertraline hydrochloride API contained in
Defendants’ tablets is or will be Form II or Form V. On information and belief, sertraline
hydrochloride Forms I, IT and V are the crystalline forms that are most likely to be used in a
pharmaceutical tablet. On information and belief, Form I is claimed by an unexpired United
States patent assigned to Pfizer Inc., and thus it is unlikely that Defendants will attempt to market
products containing that polymorph.

33. 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 the sertraline hydrochloride API in Defendants’ tablets, 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.

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

35.  Plaintiffs have made a reasonable effort to determine the process by which the
sertraline hydrochloride API in Defendants’ tablets is or will be made. Currently, Plaintiffs are
unable to obtain from a public source samples of Defendants’ tablets or any information

regarding the method used to manufacture the API used therein. On January 4, 2007, Teva Ltd.
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notified InvaGen of the existence of the patents in suit and requested a description of the
manufacturing process used to make the APl in Defendants’ tablets, and a sample of Defendants’
tablets and the API. In order to protect the confidentiality of Defendants’ information, Teva Ltd.
offered to enter into a confidentiality agreement.

36.  Defendants have not responded to Teva Ltd.’s requests for information relating to
the manufacturing process for the API used in their tablets despite Teva Ltd.’s offer to review
any material subject to a confidentiality agreement. Defendants also have not provided any
samples of their tablets or the AP

37.  Oninformation and belief, even if Plaintiffs had been able to obtain samples of
Defendants’ tablets from a public source or from Defendants, 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 Defendants’
tablets infringe the patents in suit unless and until Defendants disclose 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 their polymorphic form,
which could have allowed Plaintiffs to narrow the number of asserted patents, or even have led
to nonassertion of patents if neither Form II nor Form V were found.

38.  Inthe 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.
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39.  On information and belief, Defendants’ infringement will be willful and
deliberate.
40.  As adirect 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.

COUNT 1
DECLARATORY JUDGMENT OF PATENT INFRINGEMENT

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

42.  The importation, manufacture, use, sale and/or offer to sell by the Defendants of
their sertraline hydrochloride tablets pursuant to ANDA No. 77-397 will infringe 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’ infringement will be willful and that this is an

exceptional case under 35 U.S.C. § 285;

d. Permanently enjoining Defendants, their 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
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g. Awarding Plaintiffs such other and further relief as this Court may deem to be just
and proper.

Respectfully submitted,

Dated: January _/_?:, 2007

“TeerFsq. (SL1043)
obert V. Cerwinksi, Esq. (RC8114)
KENYON & KENYON LLP
OneBroadway

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.
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EXHIBIT A
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T

a2 United States Patent 0) Patent No.:  US 6,600,073 Bl
Schwartz et al. 5) Date of Patent: Jul. 29, 2003
(54) METHODS FOR PREPARATION OF P 2000-26379 1/2000
SERTRALINE HYDROCHLORIDE WO WO 99/47486 971999
POLYMORPHS WO WO01/90049 11/2001

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

Nidam, Yehud; Anita Liberman, GM. Wall, “Pharmaceutical Applications of Drug Crystal

Tel-Aviv; Marioara Mendelovici, Studies”. Ph tical Marufacturi 1. 3. No. 2
Rechovot; Judith Aronhime, Rehovot; 3311_;55};’%‘ (;gmgg.ceu foar Manuiactuning, Vol 2, RO- £ PP

Claude Singer, Kfar Saba; Evgeni J.K. Haleblian and W. McCrone, “Pharmaceutical Appli
. X . . pplica-
Valdman, Petah Tikva, all of (IL) tions of Polymorphism” Journal of Pharmaceutical Sci-
(73) Assignee: Teva Pharmaceutical Industries Ltd., ences, vol. 58, No. 8, pp. 911-929, Aug. 1969.
Petah Tigva (IL) J.X. Haleblian, “Characterization of Habits and Crystalline
Modification of Solids and Their Pharmaceutical Applica-
(*) Notice:  Subject to any disclaimer, the term of this tions”, Journal of Pharmaceutical Sciences, vol. 64, No. 8,
patent is extended or adjusted under 35 pp. 1269-1288, Jul. 1975.

U.8.C. 154(b) by O days. Welch, et al., “Nontriczlic Antidepressant Agents Derived

from cis—and trans—I-Amino—4—aryletralins”, Journal of

(21) Appl. No.: 09/586,842 Medicinal Chemistry, vol. 27, No. 11, pp. 1508-1515, Feb.
14, 1984.

(22) Filed: Jun. 5, 2000
Primary Examiner—Samuel Barts

Related U.S. Application Data (74) Anorney, Agent, or Firm—Kenyon & Kenyon

(63) g(o)ztirzlgatigg-gin-part of application No. 09/448,985, filed on ) ABSTRACT
7 Novel methads for the preparation of sertraline hydrochlo-
gg glts (2] .............................................. C07C5§:/13{£ tide Forms IIL, V, VI, VII, VII, IX and X are disclosed.
8e Gl it : According to the present invention, sertraline hydrochloride
(58) Field of Search .......ccovceinivnciininnns 564/308 Form M1 may be pI’OdUCCd by hcating sertraline hydrochlo-
(56) References Cited ride Forms V and VI. Sertraline hydrochloride Forms V and
VI may be produced from either sertraline hydrochloride or
U.S. PATENT DOCUMENTS sertraline base by crystallization. Sertraline hydrochloride
Form VII may be produced by suspending seriraline chlo-
4,536,518 A 8/1985 Welch, Jr. et al. ride polymorph V in water, followed by filtration. Sertraline

5,082970 A 1/1992 Braish .
5248699 A 9/1993 Sysko et al. hydrochloride Forms VIII and IX may be produced by

5463126 A 10/1995 Williams suspending sertraline base in water followed by acidification
5:734j083 A 3/1998 Wilson et al. and filtration. Sertraline hydrochloride Form X may be
6,452,054 B2  9/2002 Aronhime et al. produced by suspending sertraline hydrochloride in benzyl

alcohol with heating, followed by filtration.
FOREIGN PATENT DOCUMENTS
Jp 2000-26378 1/2000 29 Claims, 16 Drawing Sheets
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US 6,600,073 Bl

1

METHODS FOR PREPARATION OF
SERTRALINE HYDROCHLORIDE
POLYMORPHS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-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 III and V through X, as well as the
preparation of an amorphous form of sertraline hydrochlo-
ride.

BACKGROUND OF THE INVENTION

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

NHCH;

(&}

a

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
preparation of sertraline hydrochloride with a melting point
of 243-245° C., by trealing an ethy! acetate/cther 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 I1.”
The *699 patent discloses four other polymorphs I, 11, IV,
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 11 is produced by rapid crystallization of
sertraline hydrochloride from an organic solvent, including
isopropyl alcohol, ethyl acetate or hexane, and generally
describes methods for making sertraline hydrochloride
Forms I-V. According to this patent, the preferential forma-
tion of Forms I, Il 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 I is described as being
made by crystallizing sertraline hydrochloride in an acidic
solution using an organic solvent such as those listed above.
The crystallization 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

20
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described in this patent for making Forms Il and IV is by the
rapid crystallization of sertraline hydrochloride from an
organic solvent such as those listed above. Slow crystalli-
zation or granulation of sertraline hydrochloride is said to
produce Form 1. Form 111 is described as being formed by
heating Forms I, I1 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. to
60° C. is said to cause conversion to Form I. 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 attempts to repeat this procedure to
obtain Form V have been unsuccessful.

SUMMARY OF THE INVENTION

The present invention relates to a process for making
sertraline hydrochloride Form V comprising the steps of:
dissolving or suspending sertraline hydrochloride in a suit-
able solvent; removing the solvent; and drying to 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 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 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 sertraline 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 hydrochloric
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 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 sertraline
hydrochloride Form VI; and isolating sertraline 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 filtrating the precipitate so obtained
without further drying.

The present invention also relates to a process for making
sertraline hydrochloride Form VIII comprising the steps of:
suspending or dissolving sertraline hydrochloride ethanolate
Form VI or sertraline hydrochloride Form II in water or a
mixture of water and isopropyl alcohol; and isolating ser-
traline hydrochloride Form VIII.

The present invention also relates to a process for making
sertraline hydrochloride Form III comprising the steps of:
heating sertraline hydrochloride Form V or Form VI to 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 hydrochloride Form III; and isolating ser-
traline hydrochloride Form IIL

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

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 sertraline hydrochloride Form V.

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

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

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

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

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

FIG. 10 is a characteristic differential scanning calorimet-
ric (DSC) thermogram of sertraline hydrochloride Form IX.

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

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

FIG. 13 is a characteristic differential scanning calorimet-
ric (DSC) thermogram of sertraline hydrochloride Form V1.

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 Form X.

FIG. 16 is a characteristic differential 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 U.S. Pat. No. 5,248,

699, which we have not been able to reproduce. It has also 3

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 sertraline hydrochloride to sertraline hydro-
chloride Form V, in one embodiment sertraline hydrochlo-
ride is combined with a solvent. Suitable solvents include
methanol, ethanol, 1-methoxy-2-propanol, trichloroethane,
waler, and mixtures thereof. If a mixture of isopropyl
alcohol and water is used, it is preferably an about 6:1
mixture, Preferably the solvent is methanol, ethanol, 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 to 5° C. Another preferred method comprises
seeding the solution with sertraline hydrochloride Form V
crystals, followed by slow cooling to room temperature,
followed by filtration and drying.

Alternatively, Form 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 invention also provides methods for the
conversion of sertraline 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 hydrochioride is suspended or dissolved in either
methanol or ethanol or mixtures thereof thereby forming
sertraline hydrochloride Form VI. This intermediate sertra-
line hydrochloride Form VI is then dried, with or without a
separale isolation step, to remove all solvent and sertraline
hydrochloride Form V is isolated. Sertraline hydrochloride
Form V can also be prepared by suspending or dissolving
sertraline 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, sertraline 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 hydrochloride Form
VHI (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 sertraline hydrochloride Form VIIL This interme-
diate sertraline hydrochloride Form VIII is then dried, with
or without a separate isolation step, to remove all solvent
and sertraline hydrochloride Form V is isolated. Methods for
the preparation of sertraline hydrochloride Form 11 are
disclosed in copending applications serial Nos. 09/448,985
filed Nov. 24, 1999 and attorney docket number 1662/49107,
filed May 22, 2000, the contents of which are hereby
incorporated by reference.

The present invention also provides methods for the
conversion of seriraline base to sertraline hydrochloride
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 alcohol, ether,
hexane, and toluene, and mixtures thereof. Alternatively, an
appropriate amount of hydrogen chloride gas dissolved in a
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 to oceur from about 0° C.
to about 60° C. followed by filtration and drying. Preferred
solvents include methanol, ethanol, hexane, isopropy!
alcohol, or mixtures thereof. In a variation of this method,
sertraline base is added to a suitable solvent and the resulting
solution is added to a hydrochloric acid solution of pH 0-4;
preferably the pH of the solution is about 1.

Alternatively, sertraline 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. Sertraline hydrochloride
Form V is isolated by allowing the mixture to cool to room
temperature and remain at room temperature overnight,
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followed by filtration and drying. Suitable solvents for use
in this method include methanol, ethanol, water, hexane,
isopropy! alcohol, and ethyl acetate, and mixtures thereof.

Alternatively, sertraline basc may be combined with a
solvent selected from the group consisting of methanol,
ethanol and a mixture thereof. A saturated 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 1o 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 a water/
ethanol mixture and spray drying the suspension. In this
embodiment of the present invention, the solution or sus-
pension of sertraline base and hydrochloric acid is sprayed
into a heated chamber. The temperature of the chamber is
such thal 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-
late in ethyl acetate followed by neutralization of the ser-
traline mandelate with aqueous sodium hydroxide. The
organic phase is separated from the aqueous phase and dried
using magnesium sulfate. The solvent is removed under
reduced pressure to produce sertraline base as an oil. Meth-
ods for making sertraline base are set forth 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 3

conversion of amorphous sertraline hydrochloride to sertra-
line bydrochloride 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 a 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 hercin 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 arc at about 5.2°+0.2,
10.4°+0.2, 11.0°+0.2, 14.3°:0.2, 16.5°x0.2, 17.3°x0.2,
18.4°20.2, 19.1°20.2, 19.7°:0.2, 20.9°x0.2, 22.0°:0.2,
23.2°#0.2, 23.6°x0.2, 25.5°0.2, 26.0°+0.2, and 29.1°+0.2
degrees 2 theta.

Three experiments were performed in order to repeat Lhe
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 under 30 mm Hg 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 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 pattern without sharp
peaks typical of amorphous materials was obtained. FIG. 2
is one such pattern.

In conclusion, sertraline hydrochloride could not be
obtained by following the procedure set forth in U.S. Pat.
No. 5,248,699 for preparing Form V by sublimation of Form
I

The IR spectrum of sertraline hydrochloride Form V
produced by the present process is characterized by the
following bands: 773 cm™, 822 em™, 1012 cm™, 1032
cm™?, 1054 cm™, 1133 cm™, 1328 cm™, 1562 cm™, and
1590 cm™?, as shown in FIG. 4.
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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 DSC thermogram
is characterized by a small endotherm (~3 Joule per gram)
at about 210° C., believed to be a solid-solid transformation
(based upon observation under a hot stage microscope) to
Form I, 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 structure of Form V1. 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 to sertraline
hydrochloride Form VI all sertraline hydrochloride Form VI
solvates, such as sertraline 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
solvate is 1o be formed, e.g. ethanol (to form the ethanolate)
and methanol {to form the methanolate). Hydrogen chloride
gas is then bubbled through the solution. Sertraline hydro-
chloride Form VI is isolated by allowing precipitation to
oceur, followed by filtration. The DSC thermogram of Form
VI crystallized from ethanol displays a desolvation peak at
95° C. (see FIG. 13) and loses 11.2% weight (by TGA);
Form VI crystallized from methanol loses 8.3 % weight (by
TGA) upon desolvation. Form VI crystailized from ethanol
is an ethanolate, and more specifically is a monoethanolate.
Form VI crystallized from methanol is a methanolate, and
more specifically is a monomethanolate.

The present invention also provides new processes for
making sertraline hydrochloride solvate Form VI by 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 V1 is isolated by a suitable method, such as
filtration. Sertraline hydrochloride Forms I, II, T TV, 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. 5, comprising peaks at 7.3°£0.2, 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°+0.2,
21.9°x0.2, 22,7°x0.2, 23.0°£0.2, 23.8°:0.2, 24,3°x0.2,
25.4°+0.2, and 26.3°x0.2 degrees two-theta. Drying of the
precipitated sertraline hydrochloride Form VI at 50-60° C.
overnight yields sertraline hydrochloride Form V.

Form VII

It has also been discovered that a new crystalline form of
sertraline hydrochloride, designated Form VII, 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 VII is made from sertraline ‘hydrochloride
Form VI. Sertraline hydrochloride Form VI is dispersed in
water and the mixture is heated to facilitate the dissolution
of sertraline hydrochloride Form VI. The solution may be
heated to between about 30° C. and about 90° C.,, preferably
to about 80° C. The pH is then lowered, preferably to about
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pH 1, and the mixture is allowed to cool to room temperature
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 filtration and
washing with water.

As shown in FIG. 6, 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°x0.2, 12.0°x0.2, 13.8°:0.2,
16.59£0.2, 22.8°£0.2, 24.1°£0.2, 25.0°£0.2, 26.6°x0.2,
30.7°+0.2, 34.7°£0.2 2 two-theta. The TGA curve shows &
loss on drying of about 45%.

Forms VIII and IX

Additional new crystalline forms of sertraline
hydrochloride, Forms VIII and IX, have also been discov-
ered. Sertraline hydrochloride hydrate Form VIII may be
produced by suspending sertraline base in water and heating,
followed by acidification and filtration. Form IX is obtained
by drying of Form VIIL 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 resulting solution is cooled to room tem-
perature,

The present invention also provides new processes for
making sertraline hydrochloride Form VIII from seriraline
hydrochloride ethanolate Form VI, In one embodiment of
the present invention, a slurry of sertraline hydrochloride
ethanolate Form VI in water or a mixture of water and
isopropyl alcohol is stirred, preferably for about one hour.

The slurry is then filiered and washed with water and 3

sertraline hydrochloride hydrate Form VIII is isolated.

The present invention also provides precesses of making
sertraline hydrochloride Form VIII from sertraline hydro-
chloride Form I1. In the conversion of sertraline hydrochlo-
ride Form 11 to sertraline hydrochloride Form VIII, sertraline
hydrochloride Form 11 is suspended in water or a mixture of
water and isopropyl alcohol and stirred, preferably
overnight, and sertraline hydrochloride hydrate Form VI is
isolated by filtration.

Sertraline hydrochloride Form VIII is characterized by
x-ray powder diffraction peaks at 4.7°x0.2, 11.8°+0.2,
16.3°0.2, 17.8°£0.2, 19.6°+0.2, 23.2°:0.2, 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 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 loss on drying step of about 20%
below 100° C.

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

Sertraline hydrochloride Form IX is characterized by
x-ray powder diffraction peaks at 5.1°:0.2, 14.2°x0.2,
15.8°£0.2, 16.8°£0.2, 19.2°£0.2, 19.7°£0.2, 22.4°x0.2,
23.2°+0.2, 25.3°+0.2 and 26.1°+0.2 two-theta, as described
in FIG. 8.

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

Form X

1t has further been discovered that another crystalline

form of sertraline hydrochloride, denominated Form X may

e

5

%)
[=)

65

8

be oblained by suspending sertraline hydrochloride in ben-
zyl alcohol, and heating to facilitate dissolution. The solu-
tion is cooled and the precipitate filtered, washed with
benzyl alcohol and dried, to yicld sertraline hydrochloride
Form X.

The Form X produced in this manaer is characterized by
a powder x-ray diffraction pattern having its principal peaks
at 15.0°x0.2, 16.0° 16.5°:0.2 17.0°x0.2, 18.1°+0.2,
21.0°+02, 22.4°x0.2, 24.9°:02, 254°£0.2, 26.2°x0.2,
27.1°+0.2, 28.4°x0.2, 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 cm™, 776 cm™, 806 cm™, 824 cm™,
1002 cm™?, 1017 cm™, 1028 cm™, 1060 cm™, 1079 cm™?,
1135 cm™, 1218 em™, 1314 cm™, 1336 cm™, and 1560
cm™* as described in FIG. 18,

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

Form Il

The present invention provides new processes for making
sertraline hydrochloride Form III from sertraline hydrochlo-
ride Forms V and VI, In the conversion of sertraline hydro-
chloride Form V to sertraline hydrochloride Form 111, 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 sertraline hydrochloride Form III. Heating for
24 hours is preferred. The reaction may be stirred, The
method of the present invention has the advantage of using
no solvent.

Amorphous Sertraline Hydrochloride

Io an cmbodiment of the present invention, amorphous
sertraline is made by dissolving sertraline hydrochloride in
water or a water/alcohol mixture and drying the solution by
the spray dryer technique. Amorphous sertraline hydrochlo-
ride may also be made by sublimation of sertraline hydro-
chioride.

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

Pharmaceutical Compositions Containing Sertraline Hydro-
chloride Polymorphs

In accordance with the present invention, these new
crystalline forms of sertraline hydrochloride and known
forms of sertraline hydrochloride prepared by the new
methods disclosed herein may be prepared as pharmaceuti-
cal compositions that are particularly useful for the treat-
ment of depression, obsessive-compulsive disorder and
panic disorder. Such compositions comprise one of the new
crystalline forms of sertraline hydrochloride with pharma-
ceutically acceptable carriers and/or excipients known to
one 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
tablels, syrups and suspensions. Suilable forms of parenteral
administration include an aqueous or non-aqueous 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
aerosol delivery systems known in the art.
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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 a scanning
speed of 2° per minute, with a Cu radiation of 2=1.5418 §.

The differential scanning calorimeter thermograms were
obtained by methods known in the art using a DSC Meltler
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 ym aluminum crucibles
were used having lids 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 analyzed 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 limited thereby. One of ordinary skill in
the art will understand how 1o 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 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-
traline base as an oil (3.2 g).

Example 2

Preparation of Sertraline Hydrochloride Form VI
and Form V

Sertraline base (25 g) was dissolved in methanol (125
mL) at room temperature. The solution was acidified with
hydrogen chloride gas until pH 1.5 was reached.
(Precipitation occurred during acidification.) The tempera-
ture rose to approximately 40° C. The slurry was allowed 1o
cool to room temperature and stirred for about 2 hours. The
solid was separated by filtration to give sertraline hydro-
chloride methanolate Form VL. Drying the product overnight
gave sertraline 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 until pH 0.5 was reached. The tempera-
ture rose to 40° C. The slurry was allowed to cool to room
temperature and stirred for about 16 hours. The solid was
separated by filtration, and washed with ethanol (3x2 mL).
FIG. 5 sets forth the X-ray diffraction pattern of the product
(sertraline hydrochloride ethanolate Form VI) so obtained.
Drying overnight at 50-60° C. of that product yielded 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 ¢thanol (15
mL) at room temperature. A saturated solution of hydrogen
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chloride in isopropy! alcohol was added dropwise to reach a
pH of 1.3. The resulting slurry was stirred at room tempera-
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 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 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, yield
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. The
slurry was heated 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
hours. The solid was isolated by filtration, washed with
water and dried overnight at 50-60° C,, yiclding 3.23 g
(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 50-60° C. and
concentrated 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 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 g) was dissolved in 18.5 mL absolute
ethanol and the solution was heated to 60° C. Hydrogen
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 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 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 resulting solid was
filtered, washed with ¢thanol and dried to yicld sertraline
hydrochloride Form V.
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Example 10

Preparation of Sertraline Hydrochloride Form V

Sertraline free base (13.3 g) was dissolved in absolute
ethanol (60 mL) and was added dropwise over one hour to
ethanol (20 mL) containing hydrogen chloride (17.5 g) at
35° C. with precipitation. After 2 hours, 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

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 naturally to room temperature.
Massive precipitation was observed at about 50° C. The
slurry was stirred at room temperature during 2 hours. The
solid was filtered, washed with ethanol (3 mL) and dried
overnight at 50-60° C. yielding 1.71 g (85.5%) of sertraline
hydrochloride Form V.

Example 12

Preparation of Sertraline Hydrochloride Form V

Sertraline hydrochloride ethanolate (Form VI) (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 solution was naturally cooled
to 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
mechanically stirred with ethanol (0.5 mL) at room tem-
perature for 40 bours. The resulting solid was sertraline
hydrochloride Form V.

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

TABLE 1

PREPARATION OF SERTRALINE HCL - FORM V

Exp't Method of Crystallization XRD  Yield (%)

SERTRALINE BASE AS STARTING MATERIAL

A Methanol/HCI gas v 8.7
B Methanol/HCI gas v 69
C  Methanol/HCI aqueous A% 87.8
D Ethanol/HCI gas v 809
E  Water/HCl aqueous v 96
F  Hexance/Isopropyl alcohol/HCI gas v 899
G Methanol/HCI aqueous/water v 89
H Isopropyl alcohol/HCI aqueous/water v 78
I Ethanol/HCI aqueous/evaporation of ethanol v 96.1
I Ethyl acetate/HCl aqueous/water/evaporation of  V 96.1
cthyl acetate
K Ethanol/isopropy! alcohol/HCI gas v 818
L Methanol/isopropyl alcohol/HCI gas v 82.4
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TABLE 1-continued

PREPARATION OF SERTRALINE HCI - FORM V

Exp't Method of Crystallization XRD  Yield (%)

SERTRALINE HCl AS STARTING MATERIAL

M Methano!l (Form I and amorphous) v 60
N Ethanol (Form V) v 85.5
O Isopropyl alcohol/water (Form V) v 28

PARD = powder x-ray diffraction.

Example 14
Preparation of Sertraline Hydrochloride Form VII

1.003 g Sertraline hydrochloride Form V was stirred for
24 hours at room temperature in 20 mL 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 at cold conditions (4° C.) until analyzed
by x-ray diffraction.

Example 15

Preparation of Sertraline Hydrochloride Form VII
from Sertraline Hydrochloride 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 hydrochloride ethanolate
(Form VI) was obtained. The pH was adjusted 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 water to yield sertraline hydro-
chloride Form VIL

Sertraline hydrochloride Form VII dried overnight at 80°
C. forms sertraline hydrochloride Form V.

Example 16

Preparation of Sertraline Hydrochloride Forms VI
and IX from Sertraline Base

Sertraline base (2.7 g) was suspended in 27 mL of water.
This mixture was heated to 80° C. 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
filtration. This solid was characlerized by powder x-ray
diffraction (see FIG. 3, Form VIII). Drying for 24 hours at
~50° C. yielded 2.32 g (76.8%) of sertraline hydrochloride
Form IX, characterized by powder x-ray diffraction, infra-
red absorption, differential scanning calorimetry, and ther-
mal gravimetric analysis as set forth above and depicted in
FIGS. 8, 10, and 12.

Example 17

Preparation of Sertraline Hydrochloride Form V11

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

Example 18
Preparation of Sertraline Hydrochloride Form VIII
from Sertraline Hydrochloride Form II

Sertraline hydrochloride Form 11 (0.4 g) and water (8
mL) were stirred at room temperature over night. The solid
was filtrated to yield sertraline hydrochloride hydrate Form
VHL
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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, a condenser and a thermometer, 30 5

mL benzyl alcohol is added to 10 g sertraline hydrochloride.
The suspension is heated to 100° C. when a clear solution is
obtained. The solution is cooled 2 hours to 25° C. 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 Form X is obtained (yield 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 Form I

Sertraline hydrochloride Form I (1 g) and absolute ethanol
(20 mL) were stitred 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 II (1 g) and absolute etha-
nol (20 mL) 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

Sertraline hydrochloride Form V (1 g) and ethanol abso-
Iute (20 ml) were stirred at room temperature for 24 hrs.
Filiration of the mixture yiclded sertraline hydrochloride
cthanolate Form VI.

Example 23

Preparation of Amorphous Sertraline Hydrochloride

Sertraline 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 solution was
acidified with HCl gas to about pH 0.5. The resulting
gelatinous suspension was stirred al room temperature over
night. Filtration and air drying of the suspension yielded
amorphous sertraline hydrochloride (9.39 g, yield 83.8%).

Example 24

Preparation of Sertraline Hydrochloride Form IIT
from Form V

Sertraline hydrochloride Form V was heated at 150° C. in
a reactor under mechanical stirring for 24 hrs. The resulting
malerial obtained was sertraline hydrochloride Fonm 111,

Example 25

Preparation of Sertraline Hydrochloride Form III
from Form VI

Sertraline hydrochloride form VI was heated to 180° C.

for 24 hours. The dried material is sertraline hydrochloride
Form 1.

15

20

30

35

40

45

55

60

65

14
Example 26

Preparation of Sertraline Hydrochloride Form 11
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 27

Preparation of Amorphous Sertraline Hydrochloride

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

Example 28

Preparation of Amorphous Sertraline Hydrochloride
by Sublimation

Sertraline hydrochloride Form | was sublimated at
190-200° C., at a vacuum of 30-0.1 mm Hg, using a
Iaboratory-type sublimator. The resulting material was
amorphous sertraline hydrochloride.

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

Example 29

Preparation of Sertraline Hydrochloride Form V
from Amorphous Sertraline Hydrochloride

Sertraline hydrochloride amorphous was heated to 80° 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 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 hydrochloride 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, 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 hydrochloride 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 solution or suspension; and

(¢) isolating sertraline hydrochloride Form V [rom the

solution or suspension.
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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 0 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.

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

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

12. A process for making sertraline hydrochloride Form V
comprising the step of drying sertraline hydrochloride 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 a sufficient 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 ,

VI comprising the steps of:

(2) dissolving sertraline base in a solvent;

(b) adding hydrogen chloride to the solvent; and

() isolating sertraline hydrochloride Form VI without
further drying.

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

16. The process of claim 14 wherein the solvent is at least
one solvent selected from the group consisting of ethanol,
methanol, or mixtures of methanol or ethanol with water.

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

() suspending sertraline hydrochloride Form I, IT or V in

ethanol or methanol;

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

(¢) isolating sertraline hydrochloride Form VI.

18. A process for making sertraline hydrochloride Form
VIII comprising the steps of:

(2) suspending sertraline base in water;

(b) adding hydrogen chloride to the water; and

30

45

16

(c) filtrating the precipitate so obtained without further
drying.

19. A process for making sertraline hydrochloride Form

VIII comprising the steps of:

(a) suspending or dissolving sertraline hydrochloride
ethanolate Form VI or sertraline hydrochloride Form II
in water or a mixture of water and isopropy! alcohol;
and

(b) isolating sertraline hydrochloride Form VIIL

20. A process for making sertraline hydrochloride Form
111 comprising the steps of:

(&) heating sertraline hydrochloride Form V or Form VI to

a temperature sufficient, and for a time sufficient, to
induce the transformation of sertraline hydrochloride
Form V or Form VI to sertraline hydrochloride Form
111, and

(b) isolating sertraline hydrochloride Form III.

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:

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

(b) adding hydrogen chloride gas; and

() isolating amorphous sertraline hydrochloride.

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 reduce the
pH of the solution or suspension; and

(c) isolating sertraline 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 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 acetate, isopropy! 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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