IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF NORTH CAROLINA
SOUTHERN DIVISION
No. 7-01-CV-202-F1

aaiPHARMA INC.,

AMENDED COMPLAINT FOR
PATENT INFRINGEMENT

Plaintiff,
v.

BARR LABORATORIES, INC.,

PAR PHARMACEUTICAL, INC., DR.
REDDY’S LABORATORIES LTD.,
and REDDY-CHEMINOR, INC.

Jury trial demanded on all
issues so triable

St N S’ owme? ' Swmr wwt t m mr' wa’ wa’

Defendants.

Now comes Plaintiff, aaiPHARMA INC. (“aaiPHARMA?”), before a responsive
pleading has been served and pursuant to Rule 15 of the Federal Rules of Civil Procedure as a
matter of course, and hereby amends its Complaint by striking its original Complaint in its
entirety and substituting the following in lieu thereof:

Plaintiff aaiPHARMA as and for its Amended Complaint against Defendants, BARR
LABORATORIES, INC. (“BARR”), PAR PHARMACEUTICAL, INC. (“PAR”), DR.
REDDY’S LABORATORIES LTD. (“DR. REDDY’S”), and REDDY-CHEMINOR, INC.
(“CHEMINOR?), states:

1. aaiPHARMA is a corporation organized and existing under the laws of the State
of North Carolina, and maintains its principal office at 2320 Scientific Park Drive,
Wilmington, N.C., 28405.

2. BARR is a corporation organized and existing under the laws of the State of
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New York, and maintains its principal office at Two Quaker Road, Pomona, N.Y., 10970.

3. PAR is a corporation organized and existing under the laws of the State of New
Jersey, and maintains its principal office at One Ram Ridge Road, Spring Valley, N.Y.,
10977.

4. DR. REDDY’S is a company organized and existing under the laws of the
Republic of India, and maintains its principal office at 7-1-27 Ameerpet, Hyderabad 500 016,
India.

5. CHEMINOR is a corporation organized and existing under the laws of the State

of New Jersey, and maintains its principal office at 66 South Maple Avenue, Ridgewood, NJ

07450.

6. On information and belief, each of the Defendants is doing business within this
District.

7. This is an action for patent infringement under the Patent Laws of the United

States, 35 U.S.C., § 1 et seq. This is also an action for a declaratory judgment arising under
28 U.S.C. § 2201.

8. This Court has jurisdiction of this action under 28 U.S.C. §§ 1331 and 1338(a)
and has personal jurisdiction over each of the Defendants.

9, Venue is proper in this District under 28 U.S.C. §§ 1391 and 1400(b).

COUNT I
INFRINGEMENT OF U.S. PATENT NO. 6,310,250

10. On October 30, 2001, United States Patent No. 6,310,250, entitled “Form A of

Fluoxetine Hydrochloride” (“the ‘250 patent”) was duly and legally issued to aaiPHARMA, as

Case 7:01-cv-00202-F Document 2 Filed 11/06/01 Page 2 of 65



assignee, naming Grayson Walker Stowell and Robert R. Whittle, Ph.D. as inventors. (A
copy of the 250 patent is attached and incorporated as Exhibit “A”.) In short, this patent
covers a product with specific chemical and structural characteristics.

11.  aaiPHARMA has been the lawful owner of all right, title and interest in the ‘250
patent since its issuance.

12.  On information and belief, each of the Defendants has infringed one or more
claims of the ‘250 patent by making and using a product containing a form of fluoxetine
hydrochloride as claimed.

13.  On information and belief, each of the Defendants is currently selling a product
containing a form of fluoxetine hydrochloride as claimed.

14. aaiPHARMA has and will suffer damage by reason of each of the Defendants’
infringement of the ‘250 patent and will suffer additional damage unless each of the Defendants
is enjoined by this Court from continuing/initiating such acts in the future.

COUNT I
INFRINGEMENT OF U.S. PATENT NO. 6,310,251

15. On October 30, 2001, United States Patent No. 6,310,251, entitled “Form A of
Fluoxetine Hydrochloride” (“the ‘251 patent”) was duly and legally issued to aaiPHARMA, as
assignee, naming Grayson Walker Stowell and Robert R. Whittle, Ph.D. as inventors. (A
copy of the ‘251 patent is attached and incorporated as Exhibit “B”.) In short, this patent
covers a product with specific chemical and structural characteristics.

16. aaiPHARMA has been the lawful owner of all right, title and interest in the ‘251

patent since its issuance.
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17. On information and belief, each of the Defendants has infringed one or more
claims of the ‘251 patent by making and using a product containing a form of fluoxetine
hydrochloride as claimed.

18.  On information and belief, each of the Defendants is currently selling a product
containing a form of fluoxetine hydrochloride as claimed.

19. aaiPHARMA has and will suffer damage by reason of each of the Defendants’
infringement of the ‘251 patent and will suffer additional damage unless each of the Defendants

is enjoined by this Court from continuing/initiating such acts in the future.

COUNT III
INFRINGEMENT OF U.S. PATENT NO. 6,310,350

20. On November 6, 2001, United States Patent No. 6,313,350, entitled “Form A
of Fluoxetine Hydrochloride” (“the ‘350 patent”) was duly and legally issued to aaiPHARMA,
as assignee, naming Grayson Walker Stowell and Robert R. Whittle, Ph.D. as inventors. (A
copy of the ‘350 patent is attached and incorporated as Exhibit “C”.) In short, this patent
covers a product with specific chemical and structural characteristics.

21. aaiPHARMA has been the lawful owner of all right, title and interest in the ‘350
patent since its issuance.

22. On information and belief, each of the Defendants has infringed one or more
claims of the ‘350 patent by making and using a product containing a form of fluoxetine
hydrochloride as claimed.

23.  On information and belief, each of the Defendants is currently selling a product

containing a form of fluoxetine hydrochloride as claimed.
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24.  aaiPHARMA has and will suffer damage by reason of each of the Defendants’
infringement of the ‘350 patent and will suffer additional damage unless each of the Defendants

is enjoined by this Court from continuing/initiating such acts in the future.

WHEREFORE, Plaintiff, aaiPHARMA INC., prays the Court enter judgment in its
favor and against BARR LABORATORIES, INC., PAR PHARMACEUTICAL, INC., DR.
REDDY’S LABORATORIES LTD., and REDDY-CHEMINOR, INC., as follows:

a. In an amount sufficient to compensate plaintiff for the damages sustained by
reason of defendant’s acts of infringement;

b. Punitive damages and attorneys’ fees;
C. Finding and declaring that each Defendant’s product containing a form of

fluoxetine hydrochloride infringes one or more claims of the ‘250 patent and/or
the ‘251 patent and/or the ‘350 patent;

d. Enjoining each Defendant from making, using, or selling, its product containing
a form of fluoxetine of hydrochloride for the term of the ‘250, ‘251 and ‘350
patents; and

e. Such other and further relief as the Court deems just.

aaiPHARMA, INC.

Michael D. Kaminski

Gregory S. Norrod

Beth A. Burrous

George C. Best

FOLEY & LARDNER

3000 K St., N.W,
Washington, D.C. 20007-3005
(202) 672-5300

Fax: (202) 672-5399
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Al £ e

Alan E. Toll

N.C. Bar No. 12, 576

Stevens, McGhee, Morgan, Lennon & Toll L.L.P.
602 Market Street

P.O. Drawer 59

Wilmington, NC 28402

(910) 763-3666

Fax: (910) 251-9562

L.R. Counsel 2.04
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CERTIFICATE OF SERVICE

The undersigned certifies that a copy of the attached Amended Complaint has been served
upon the parties, pursuant to Rule 5 of the Rules of Civil Procedure and agreement of Counsel by
depositing a copy of the same in the United States Mail, first-class postage prepaid, addressed as
follows:

FLETCHER, RAY & SATTERFIELD, LLP
David Ray

130 N. Front Street, Suite 300

Wilmington, NC 28401

Phone: 251-9900

BUDD, LARNER, GROSS, ROSENBAUM, GREENBERG & SADE
Andrew Miller, Brian Moriarty

150 John F. Kennedy Pkwy., CN 1000

Short Hills, NJ 07078-0999

CROSSLEY, McINTOSH, PRIOR & COLLIER
Andrew Hanley (Via Pick-Up, per agreement)
2451 S. College Rd

Wilmington, NC 28412

CRANFILL, SUMNER & HARTZOG, LLP
Dan Hartzog

Gregory Brown

225 Hillsborough Street. Suite 300

Raleigh, NC 27611

FROMMER, LAWRENCE & HAUG, LLP
Edgar Haug, Daniel Brown

745 Fifth Avenue

New York, NY 10151

Via Federal Express

WINSTON & STRAWN
George Lombardi

James Hurst

Christine Siwik

35 West Wacker Drive
Chicago, IL 60601

Aai\barretal/1106cos.wpd
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Via Facsimile Transfer

PARKER, POE, ADAMS, & BERNSTEIN, LLP
Bob Spearman

First Union Capitol Center

150 Fayetteville St. Mall, Suite 1400

Raleigh, NC 27602

Fax: 919-834-4564

*\
This the G day of November, 2001.

STEVENS, MCGHEE, MORGAN, LENNON, & TOLL, L.L.P.

| £0

an E. Toll
Attorney for aaiPharma, Inc.
602 Market Street
P.O. Drawer 59
Wilmington, NC 28402
(910) 763-3666
Fax: (910) 251-9562
L.R. 2.04 Counsel

Aai\barretal/1106cos.wpd
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FORM A OF FLUOXETINE
HYDROCHLORIDE

The present invention is generally concerned with a
novel polymorphic form of fluoxetine bydrochloride, (t)-
N-methyl-3-phenyl-2-{a,a,a-trifluoro-p-tolyl)oxy]
propylamine hydrochloride, which is marketed by Dista
Products and Eli Lilly and Company (the “Inpovator”),
Indianapolis, Ind., under the trade name Prozac®. The
prescnt invention is further concerned with the preparation
and use of the polymorphic form of luoxetine hydrochloride
now desigonated Form A (“Form A”).

Polymorphic forms of the same drug substance (aiso
known as the active pharmaceutical ingredient or “API”), as
administered by itself or formulated as a drug product (also
known as the final or finished dosage form) are well known
in the pbarmaceutical art to affect, for example, the
solubility, stability, flowability, fractability, and compress-
ibility of drug substances and the safety and efficacy of drug
products, (see, e.g. Knapman, K. Modern Drug Discoveries,
March, 2000: 53). So critical are the potential effects of
different polymorphic forms in a single drug substance on
the safety and efficacy of the respective drug product(s) that
the United States Food and Drug Administration (the
“FDA") requires each drug substance manufacturer, in the
least, to control its synthetic processes such that the per-
centages of the vanous respective polymorphic forms, when
present, must be consistent amoog batches and within the
drug substance/product’s specification as approved by the
FDA

Left uacontrolled in synthetic processes, the percentage
of a given polymorph outside of an FDA approved specifi-
cation would repder the adulterated batches uafit for com-
mercial sale. Accordingly, the FDA requires full character-
ization of each drug substance used in each drug product
marketed in the United States, including the identification
and coatrol of polymorphic forms. The FDA further requires
robust synthetic process specifications and controls which
consistently produce the respective drug substance and drug
product.

Unfortunately, the detection of various polymorphic
forms of a single drug substance is pot always readily
discernable by pharmaceutical chemists. Such a drug sub-
stance would not be maoufactured with appropriate controls,
polentially leaving the atteodant safety and efficacy risks
unaddressed.

It bas been discovered that fluoxetine hydrochloride drug
substance, generally used o prepare Prozac® and poteatial
generic drugs thereto (fuoxetine hydrochloride API), has
not been fully or completely characterized. It has been
unexpectedly discovered that such fluoxetine hydrochloride
AP[ drug substance comprises at least three crystalline
forms, which occur at varying and uncontrolled ratios from
batch to batch. These three identified polymorphs have been
designated Form A, Form B, and Form C, correlated to the
relative proportion of cach polymorph in fluoxetine
hydrochloride, from greatest to least.

It has further been discovered that Form A can be
prepared in pure or essentially pure polymorphic form in
robust, controllable, synthetic processes.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an X-ray powder diffraction (XRD) pattern
for fluoxetine hydrochloride API (Lot 1).

FIG. 2 shows the corresponding differential scanning
calorimeter (DSC) thermogram for the fluoxctine hydro-
chloride APl sample represeated in the XRD pattern shown
in FIG. 1.
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FIG. 3 shows another XRD pattern for fluoxetine hydro-
chloride API (Lot 2).

FIG. 4 shows the DSC thermogram for the fluoxetine
bydrochloride APl sample represented in the XRD pattern
shown in FIG. 3.

FIG. 5 shows an XRD pattem for pure Form A of
fluoxetine hydrochloride prepared via the compression
method of preparation taught berein.

FIG. 6 shows the DSC thermogram for the Form A sample
represented in the XRD pattern shown in FIG. §.

FIG. 7 shows an XRD pattern for pure Form A of
fluoxetine hydrochloride prepared via the slurry method of
preparation taught berein.

FIG. 8 shows the DSC thermogram for the Form A sample
represeated in the XRD pattera shown in FIG. 7.

FIG. 9 shows an initial XRD pattern for amorphous
fluoxetine hydrochloride prepared via the method taught
berein.

F1G. 10 shows the initial DSC thermogram from the
smorphous fluoxetine hydrochloride sample represented in
the XRD patters shown in FIG. 9.

F1G. 11 shows a DSC thermogram for Forms A, D, and E,
which formed within three days after pure Form A of
fluoxetine hydrochloride was prepared via the recrystalliza-
tion method taught berein when stored at 40° C. and 75%
relative bumidity.

DETAILED DESCRIPTION OF THE
INVENTION

The existeace of the various polymorphic forms of flu-
oxetine hydrochloride can not be discerned from the crys-
tallographic literature. More particularly, literature
(Robertson, D. W.; Jones, N. D; Swartizendruber, J. K;
Yang, K S.; Wong, D.T. J. Med Chem. (1988), 31, 185)
reports the crystal structure of fluoxetine bydrochloride API
performed at Lilly Rescarch Laboratories. This article
details the crystal structure and parameters associated with
the structural analysis. The structure was solved in 2 pon-
standard setting (Pcab) of the standard Space Group Pbca
(#61) and refined to a final R of 0.074. We have indepen-
dently also solved the identical structure using the standard
sciting of Pbea (#61 ) and bave refined the structure 1o a final
R of 0.038. Generation of a simulated powder pattern from
the crystallographic data reveals a pattern similar to the
paticro that Lilly submitted to the International Center for
Diffraction Data (ICDD) for inclusion as file #36-1895 in its
powder diffraction database [Orthorhombic, Pcab, 10.457x
10.387x32.345 A). However, the ICDD database also lists a
second file (#44-1517) for fluoxetine hydrochloride. This
file was taken from diffraction data prescoted by Risley, D.;
Bopp, R. Anal Profiles Drug Subst., (1990), 19, and indexed
by the editor of ICDD [Orthorbombic, 10.448x14.797x
32329 A). When actual X-ray powder diffraction was
performed using a zero background sample mount on the
same crystalline material used for single crystal analysis, the
measured pattern was found to match ICDD file #44-1517.
The crystals were platelets and zero background sample
mounts can induce preferred onentations to a2 powder pat-
tern. To test this, the respective sample was lightly ground
to 1 more uniform size and shapc and front packed in an
aluminum sample well to produce a random distribution,
and reanalyzed by X-ray powder diffraction. The pattern
now matches #36-1895, consistent with the structural analy-
sis indicating that patterus #36-1895 and #44-1517 in the
ICDD database are the same crystalline phase and differ only
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by severe preferred orientation problems. Closer examina-
tioo of the two ICDD patterns show they exhibit extremely
similar “d" spaciogs and unit cell constants which differ only
in the b-axis length. Indexing of ICDD pattern #36-1895 was
based upon single crystal apalysis and pattern #44-1517 by
indexing from powder diffraction. Indexing (3-D data) from
powder diffraction data (2-D data) is considered inconsistent
at best, and in this casc, appears to bave problems. Based
upon the axial lengths of 10.457 and 10.387 A from #36-
1895, a special transformation exists. This type of transfor-
mation converts the axes to a C-centered cell by usiog the
diagooal of the orthogonal 2 and b axes, and would generate
a cell length of about 14.74 A for the diagonal (square root
of the sum of the squares of the a and b axes) which was
assigned 1o the b-axis. Therefore, the two patterns listed for
fluoxetine hydrochloride in the ICDD database are actually
the same, differing only in severe preferred oricntation.
Neither sample evean remotely suggests that multiple fluox-
ctine hydrochloride polymorphs exist. In fact, a combination
of apalytical tools were required to discover the existence of
multiple polymorphic forms of fluoxetine bydrochloride and
to confirm that Form A was successfully prepared in pure
and essentially pure form.

Using the procedure taught in Exampie 14 herein, Form
A of fluoxctine hydrochloride is characterized by the fol-
lowing single crystallographic parameters:

crystal dlass onborhombic
spacz group Pbea (#61)

2 (A) 103754 (€)
b (A) 10.4603 (2)
c(A 323412 (12)
v A" 15100 (3)

D ak (g/an®) 1.3

R R, 0.038, 0.038

X-ray powder diffraction is another tool typically avail-
able for the characterization of mixtures of polymorphs and
individual polymorphs of the same substance. However,
visual review of powder patterns for fiuoxetine hydrochlo-
ride API samples (FIGS. 1 and 3) are indistinguishable from
Form A powder patterns (FIGS. S and 7). When such powder
pattemns are expressed in terms of “d” spacings and relative
intensitics, only slight differences among samples are
obscrved (Table 1 below) and are attributable to the sample
beight packing within the sample holder (*d” spacings) and
preferred orientations (relative intensities).

TABLE 1

X-Ray Powder Diffraction

—Lot1API' _ Lot 2APE _ Compressiop?  Method Shury®

d(A) P 4 (A [ d4(A) r dihy ¢

15.68 w 16.12 m 15.89 w 1593 w
862 w 877 whiw 8.64 wivw 8.67 whw
663 wiw (%) vw 6.65 w 6.67 wivw
632 va 6.39 s 633 v 635 s
6.04 w 610 whw 6.04 m 6.06 w
536 Vs 5% v 5.36 s 537 wivs
491 w 4.94 vw 492 w 492 wivw
483 w 486 wiw 4.83 w 484 wivw
458 w 4.61 vw 4.60 m 462 whw
434 v 437 w 4.35 . 435 [}
424 m .27 w 428 m/s 426 w
402 3 4.04 3% 4.02 va 4.03 vs

35

45

55
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TABLE 1-continued

X-Ray Powder Diffraction

fe

Lot 1 AP Lot 2 AP Compression® _Method Slurry?
d(A) r d(h) P d (A) e d(d) r
3.89 wivw 39 wivw 390 w 390 wiw
an m/s an w 374 o/s 3.7 w
3.64 wirw 3.66 vw 3.64 w 3.65 wiw
357  whw 359 vw 38 m 358 wiw
350 m 353 w 3s1 m 35 w
34 w 348 vw 347 m 3.48 w
333 wiw 335 v 33 whw AH whw
3.26 vw 38 vw 327 vw 327 vw
317 m 3.19 w 318 m 3.18 w
3.07 mfw 309 miw 307 m/w 3.08 mw
286 W 288 w 287 vw 2.87 w
A vw 2.80 vw 7 vw 279 vw
2713 w 274 w 2.74 w 274 w
255 wivw 257 vw 256 wivw 2.56 vw
242 vw 243 vw 242 vw 2.42 vw

“Typical Auoxetine hydrochloride AP
3Form A of f ipe bydrochloride preparcd as taught hereinbelow.

3w = very weak; w = weak; m = moderals; s = strong; and ve = very
strong intensities.

Accordingly, x-ray powder diffraction serves as 2 useful
tool for confirming the presence of fluoxetine bydrochloride,
but is pot a useful tool for differentiating among the various
individual or mixtures of polymorphs of fiuoxetine hydro-
chloride. However, when used in combination with differ-
cntial scanning calorimetry (DSC}, x-ray powder diffraction
is used to confirm the presence of fluoxetine hydrochloride
(sce, c.g., Example 15), and DSC is used w confirm the
presence of Form A, in pure and essentially pure form, and
mixtures of fluoxetine bydrochloride polymorphs.

Using the appropriately precise DSC method set forth in
Example 12 berein, wherein the analysis is conducted at 2
maximum rate of 1° C. per minute, multiple levels of
polymorph Forms A, B, and C each are typically present in
fluoxetine hydrochloride API (FIGS. 2 and 4). When such
API is prepared via any one of the methods of the present
invention, recrystallization, slurry, and compression, and
analyzed using said DSC method, 2 single codotherm occur-
ring at a temperature range from about 155° C. to about 160°
C., and more preferably from about 157° C. to about 159°
C., confirms the prescnce of Form A of fluoxctine hydro-
chloride (FIGS. 6 and 8 for the compression and slurry
methods, respectively). Interestingly, when such DSC
method was used to analyze Form A prepared via such
recrystallization method and placed under accelerated sta-
bility conditions (40° C. and 75% relative humidity) for less
than one week, the presence of Form A was confirmed, but
two additional polymorphs of fluoxetine hydrochloride,
Forms D and E, were prepared (FIG. 11). Accordingly, the
slurry method for preparing pure and essentially pure Form
A is preferred, while the compression method is especially
preferred.

For additional confirmation of the presence of Form of
fluoxetine hydrochloride in pure form, single x-ray
crystallography, x-ray powder diffraction, and differcatial
scanning calorimetry can be used together.

Furthermore, x-ray powder diffraction aud differcotial
scanning calorimetry can be used to ideatify essentially pure
Form A. The powder patteru for essentially pure Form A is
consistent with those for fluoxetine bydrochloride API and
pure Form A as taught herein. However, essentially pure
Form A is further characterized by having at least two
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endotherms as determined by DSC run st 2 maximum rate of
1° C. per minute. Essentially pure Form A is defined by an
increase in Form A and decrease of other polymorphs of
fluoxetine bydrochloride compared to the starting material
when prepared, for example, as taught berein, but the
crystallization process is pot permitted to run to completion
which would form pure Form A. However, it is preferred that
the amount of fluoxetine hydrochloride polymorphs other
than Form A docs not exceed an amount greater than about
ten percent (w/w) and, more preferably, does not exceed an
amount greater than about five percent (w/w).

For the purpose of this invention, the term “pure” refers
1o Form A of fluoxetine hydrochloride being in a concen-
tration such that other fluoxetine polymorphs are present in
amounts generally below limits detectable by coaventiopal
techonology, particularly the Differential Scanning Calorim-
etry (DSC) method taught in Example 12 herein. Although
the present invention provides for pure and essentially pure
Form A of fluoxetine bydrochloride, it is particularly
preferred, of course, to climinate all of the other polymor-
phic impuritics to provide pure Form A of the present
ioveation.

Fluoxetine hydrochloride API can be prepared by a mul-
titude of processes known in the art (see, e.g., U.S. Pat. Nos.
4,314,081; 5,166,437, and 5,225,585). The compositions of
the preseat iaveantios are preferably prepared by using such
fluoxetine bydrochloride API as the starting material. The
recrystallization and shurry methods sct forth below can be
used as the final steps in many crystallization processes in
situ for the prepanation of fluoxetine hydrochloride, without
requiring a “recrystaliization” processes, resulting in the
preparation of Form A, preferably in purc and esseatially
pure form. Preferred methods for the preparation of Form A
are sct forth below, but are not intended to limit the scope of
the present inveation.

PREPARATION OF FORM A

I. Recrystallization Mcthod

Fluoxetine hydrochloride API is recrystallized (or crys-
tallized io situ, as the casc may be) into Form A by
dissolving such API in a suitable solvent in excess. Suitable
solveats are those which are capable of dissolving fluoxetine
hydrochloride so that a solution is formed, and include
solvents across various classes including, for example,
protic, aprotic, polar, and noa-polar. Alcobol-based sotvents
arc preferred and metbano! is especially preferred. The
resulting solution is filtered and permitted to recrystallize,
most preferably at a fixed temperature, by evaporatioa. The
temperature used for the evaporation step should be beld
constant at & temperature which permits the recrystallization
of the starting material to Form A. A temperature range from
about 0° C. to about 60° C. is preferred, while a temperature
range from about 15° C. to about 40° C. is more prefemed,
and about ambicnt temperature is most preferred. This
method has provided pure and essentially pure Form A of
fluoxetine hydrochloride depending upon whether this
recrystallization process is allowed to run to completion.
However, this method is the least preferred of the methods
taught berein. This method typically produces Form A,
which, due to the method used, may transform to at least two
more previously unidentified polymorphic forms of fuox-
etine hydrochloride, designated as Forms D and E.

I1. Slurry Method

Fluoxetine hydrochloride API is recrystallized (or crys-
tallized in situ, as the casc may be) into stable Form A by
adding such API 1o a suitable solvent until a slurry is formed.
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Suitable solvents are those which are capable of sufficiently
dissolving such AP!I to form a slurry and establish a dynamic
solubility equilibrium. Alcohol-based solvents are preferred
and metbanol is especially preferred. The resulting slurry is
stirred until Form A is in pure or essentially purc form, as
desired. Typically, the slurry is stirred for about two days
depending upon batch size and solvent used, preferably at
ambient temperature, and filtered. Most preferably, this
process is run at a fixed temperature. For the preparation of
pure Form A, it is preferred to allow this process (o run to
completion, as demonstrated by the preferred DSC method
taught herein. Acceptable temperature ranges arc thosc
which will permit the transformation of the starting material
to Form A, while a temperature range from about 0° C. to
about 60° C. is preferred, a temperature range from about
15° C. to about 40° C. is more preferred, and about ambient
temperature is most preferred.

1. Compression Method

Particularly surprising was the discovery that Form A of
fluoxetine bydrochloride can be prepared via compression.
Various pieces of equipment may be used during the prepa-
ration of pharmaceutical products to provide a pressure of
about 100 pounds per square inch (psi) to about 5000 psi, or
greater. Such equipment includes, for example, bydraulic
presses. Such equipment can provide sufficient pressure to
coavert the existing multiple polymorphic forms of fluox-
etine hydrochloride to stable, pure or essentially pure Form
Aby regulating the amount of pressure used in this method.
Preferably, at least about 100 psi is used. It is also preferred
10 use sufficient pressure without changing the other physi-
cal properties of Form A which are reasonably necessary for
preparation of the respective drug product. Confirmation of
the relative purity of Form A prepared by this process is also
confirmed using DSC.

Accordingly, the present invention provides, in part, pure
and essentially pure Form A of fluoxetine hydrochloride, and
methods for the preparation thereof. The present inveation
further provides methods for reducing, minimizing, and
climinating polymorphic contaminants (i.c., fluoxetine
hydrochloride Forms B and C), and inhibiting the formation
of otber polymorphic forms of Suoxetine hydrochloride (i.c.,
Forms D and E).

It was also unexpectedly discovered that amorphous fiu-
oxetine hydrochloride can be used as an intermediate for the
preparation of Form A of the present invention. The starting
material for this process, generally, is fluoxetine hydrochlo-
ride. Such starting material is heated to above the melting
point thereof, then slowly cooled to about ambient tempera-
ture. It is preferred to beat such starting material 1o just
beyond the melting point thereof (generally, just beyond
about 155° C. to about 160° C.) to avoid over heating such
starting material o the point that it decomposes in part or in
whole. The sample initially remains in the amorphous state,
as confirmed by x-ray powder diffraction, but recrystallized
into Form A following nucleation. Nucleation can actively
be induced (ic., physically disturbing the sample) or pas-
sively induced by the use of natural forces by permitting the
sample 10 be exposed 1o nucleation forces including, for
cxample, dust particles, vibration, or air currents.

Accordingly, the preseat invention further provides amor-
phous fluoxetine bydrochloride, generally useful as an inter-
mediate for the preparation of Form A of the present
invention, and methods for preparing such Form A there-
from.

The preseat invention further provides methods of using
Form A of fuoxetine hydrochloride, preferably in pure and
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cssentially pure form, for inhibiting serotonin uptake in
mammals comprising administering to 2 mammal requiring
increased neurotransmission of scrotonin an effective
amount of one or mote desired form(s) of fluoxetine hydro-
chloride of the present invention. Pure Form A is preferred.
Discase states requiring such inhibition of serotonin uptake
include, for e¢xample, depression, anxicty, alcoholism,
chronic pain, cating disorders such as, for example, obesity
aod bulimia, and smoking cessation,

For the most effective administration of novel Form A of
the present invention, it is preferred to prepare a pharma-
ceutica) formulation preferably in unit dose form, compris-
ing one or more of the active ingredicats of the present
invention and ooe or more pharmaceutically acceptable
carrier, dilueat, or excipient. As used herein, the term “active
ingredient” refers to any of the embodiments set forth
berein, particularly Form A of fluoxetine hydrochloride in
pure or esseatially pure form.

Such pbarmacecutical formulation may, without being
limited by the teachings set forth herein, include a solid form
of the present invention which is blended with at least one
pharmaceutically acceptable excipient, diluted by an excipi-
et or enclosed within such a carrier that can be in the form
of a capsule, sachet, tablet, buccal, lozeoge, paper, or other
container. When the excipicat serves as a dilueat, it may be
a solid, semi-solid, or liquid material which acts as a vehicle,
carrier, or medium for the active ingredient(s). Thus, the
formulations can be in the form of tablets, pills, powders,
elixirs, suspensions, emulsions, solutions, syrups, capsules
(such as, for example, soft and bard gelatin capsules),
suppositorics, sterile injectabk solutions, and sterile pack-
aged powders.

Examples of suitable excipients include, but are oot
limited to, starches, gum arabic, calcium silicate, microc-
rystalline cellulose, polyvinylpyrrolidone, cellulose, water,
syrup, and methyl cellulose. The formulations can addition-
ally include lubricating ageats such as, for example, talc,
magoesium stearate and mineral oil; wetting ageats; emul-
sifying and suspeoding ageats; preserving agents such as
methyl- and propyl-bydroxybenzoates; sweetening ageants;
or flavoring agents. Polyols, buffers, and inert fillers may
also be used. Examples of polyols ioclude, but are not
limited to: mannitol, sorbitol, xylitol, sucrose, maltose,
glucose, lactose, dextrose, and the like. Suitable buffers
cocompass, but are pot limited to, phosphate, citrate,
tartrate, succinate, and the like. Other inert fillers which may
be used encompass thosc which are known in the art and are
useful in the manufacture of various dosage forms. If
desired, the solid pharmaceutical compositiops may include
other componeats such as bulking agents and/or granulating
agents, and the like. The compositions of the inventioa can
be formulated so as to provide quick, sustained, controlied,
or delayed release of the active ingredicnt after administra-
tion to the paticat by cmploying procedures well known in
the ant.

In certain embodiments of the invention, the active
ingredient(s) may be made into the form of dosage units for
oral administration. The active ingredicnt(s) may be mixed
with a solid, pulverant cacrier such as, for example, lactose,
saccharose, sorbitol, mannitol, starch, amylopectin, cellu-
lose derivatives or gelatin, as well as with an antifriction
agent such as for example, magnesium steanate, calcium
stearate, and polycthylenc glycol waxes. The mixture is then
pressed into tablets or filled into capsules. If coated tablets,
capsules, or pulvules are desired, such tablets, capsules, or
pulvules may be coated with a concentrated solution of
sugar, which may contain gum arabic, gelatin, talc, titanium
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dioxide, or with a lacquer dissolved io the volatile organic
solvent or mixture of soivents. To this coating, various dyes
may be added in order to distinguish among tablets with
different active compounds or with different amounts of the
active compound present.

Soft gelatin capsules may be prepared in which capsules
contain a mixture of the active ingredient(s) and vegetable
oil or non-aqueous, water miscible materials such as, for
example, polycthylene glycol and the like. Hard gelatin
capsules may contain granules or powder of the active
ingredient in combination with a solid, pulverulent carrier,
such as, for example, lactose, saccharose, sorbitol, mannitol,
potato starch, corp starch, amylopectin, cellulose
derivatives, or gelatin.

Tablets for oral usc are typically prepared in the following
mananer, although other techniques may be employed. The
solid substances are geotly ground or sieved to a desired
particle size, and a binding agent is homogenized and
suspended in a suitable solvent. The active ingredient(s) and
auxiliary ageats are mixed with the binding agent solution.
The resulting mixture is moisteped to form a uniform
suspension. The moistening typicaliy causes the particles to
aggregate slightly, and the resulting mass is gently pressed
through 1 stainless stecl sieve having a desired size. The
layers of the mixture are then dried in controlied drying units
for a pre-determined lcngth of time to achieve a desired
particle size and consistency. The gramuks of the dried
mixture are geantly sieved lo remove any powder. To this
mixture, disintegrating, anti-friction, and anti-adhesive
agents are added. Finally, the mixture is pressed into tablets
using 2 machine with the appropriate punches and dies to
obtain the desired tablet size.

In the cvent that the above formulations are to be used for
parcateral administration, such a formulation typically com-
prises sterile, aqueous and pon-aqueous injection solutions
comprising onc or more active ingredients foc which prepa-
rations are preferably isotonic with the blood of the intended
recipicot. These preparations may confain anti-oxidaats,
buffers, bacteriostats, and solute; which render the formu-
lation isotonic with the blood of the intended recipient.
Aqueous and non-aqueous suspeasions may include sus-
pending ageants and thickening agents. The formulations
may be present in unit-dose or multi-dose containers, for
example, scaled ampules and vials. Extemporaneous injec-
tion solutions and suspensions may be prepared from sterile
powders, granules, and tablets of the kind previously
described.

Liquid preparatioas for oral sdministration are prepared in
the form of solutions, syrups, ar suspeasions with the latter
two forms containing, for example, active ingredient(s),
sugar, and a mixture of cthanol, water, glycerol, and propy-
lene glycol. If desired, such liquid preparations cogtain
coloring agents, flavoring agents, and saccharin. Thickening
agents such as carboxymethylcellulose may also be used.

As such, the phanmaceutical formulations of the present
invention are preferably prepared in a unit dosage form, each
dosage unit containing from about 5 mg to about 200 mg,
more usually from about 10 mg 10 about 40 mg of the active
ingredient(s). In liquid form, dosage unit cootains from
about 5 to about 200 mg, more usually about 10 mg to about
40 mg of active ingredieni(s). The term “unit dosage form”
refers to physically discrete units suitable as unitary dosages
for human subjects/paticats or other mammals, each unit
conlaining 2 predetermined quantity of active ingredient
calculated to produce the desired therapeutic cffect, in
association with preferably, at least one pharmaccutically
acceptable carrier, diluent, or excipicot.
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The following cxamples arc illustrative and are not
intended to limit the scope of the invention in any way.

FORMULATION 1

Hard gelatin 20 mg capsules are prepared using the
following ingredients:

Quantity
(mg/capeulc)
active ingrodient 20
eibanedionte
starch, dried 200
magaosiom steamte _&
Total 230

The above ingredients are mixed and filled into hard
gelatin capsules in 230 mg quantities.

FORMULATION 2
A 20 mg tablet is prepared using the ingredieats below:

Quastity
(ngrablet)
active ingredieal 20
cellulose, microcrystalline 400
silicos dioxide, fumed 10
searic acid 5
Total 435

The components are blended and compressed o form
tablets each weighing 435 mg.

FORMULATION 3

Tablets each containing 20 mg of active ingredicnt are
made as follows:

active ingredieat 20 mg
stazch 45 og
= celinlone S og
polyvinylpyrrolidone 4mg
(as 10% solntion io waler)

sodivm carboxymethyl starch 45 mg
magnesiom siearate 05 mg
tale 1mg
Total 110 mg

The active ingredicnt, starch and cellulose are passed
through a No. 45 mesh U.S. sicve and mixed thoroughly. the
solution of polyvinylpyrrolidooe is mixed with the resultant
powders which are then passed through a No. 14 mesh USS.
sicve, The granules so produced are dried at 50° C. and
passed through a No. 18 mesh U.S. sieve. The sodium
carboxymethyl starch, magnesium stearate and tale, previ-
ously passed through a No. 60 mesh U.S. sieve, are then
added to the granules which, after mixing, are compressed
on a tablet machine to yield tablets cach weighing 110 mg.

FORMULATION 4

Capsules cach containing 10 mg of medicameat arc made
as follows:

s

10
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10
active ingredieat 10 mg
starch 59 mg
microcrystalline cellulose 59 mg
magnesiom sicanute 2mg
Total 130 og

The active ingredient, cellulose, starch and magnesium
stearste are blended, passed through a No. 45 mesh U.S.
sicve, and filled into hard gelatin capsules in 130 mg
quantities.

FORMULATION 5

Suspensions cach containing 20 mg of medicament per §
m] dose are made as follows:

sctive ingredicat 20 mg
sodinm carboxymethyl cellulose S0 mg
syrup 125 ml
benzoic acid sokioa 0.10 ml
flevor q.v.

colot Qv

purified water 10 toal S ml

The medicament is passed through a No. 45 mesh U.S.
sicve and mixed with the sodium carboxymethyl cellulose
and syrup to form a smooth paste. The benzoic acid solution,
flavor and color are diluted with some of the water and
added, with stirring. Sufficieat water is then added to pro-
duce the required volume.

FORMULATION 6
An intravenous formulation may be prepared as follows:

active ingrodicat

The solution of the above ingredients is administered
intravenously at a rate of I ml per minute to a subject
suffering from depression.

The following examples arc intended to illustrate the
inveation, and are not to be construed as limiting the scope
of the present invention.

EXAMPLE 1

Form A Via the Recrystallization Method

To a 20 ml beaker containing 10 mL of methanol was
added an amount of fluoxetine hydrochloride API such that
the resulting suspension was at or bear the saturation point.
The suspension was then magnetically stirred for about 15
minutes and filtered through a 0.45 zm polytrifiuorocthylene
(“PTFE") filter. The resulting solution was allowed (o stand
undisturbed at ambient temperature until the solvent evapo-
rated (about 1 to 2 days). X-ray powder diffraction (XRD)
confirmed the end product is fluoxetine bydrochloride, and
differential scanning calorimetry (DSC) confirmed the pres-
ence of pure Forn A polymorph of fluoxetine hydrochloride.
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EXAMPLE 2

Form A Via the Recrystallization Method

The process set forth in Example 1 above was used, but
water rather than methanol was used as a solveat. XRD
confirmed the end product is fluoxetine hydrochloride, and
DSC confirmed the presence of pure Form A polymorph of
fluoxetine hydrochloride.

EXAMPLE 3

Form A Via the Recrystallization Method The process sct
forth in Example 1 above was used, but dimethylformamide
rather than methanol was used as a solvent. XRD confirmed
the end product is fluoxetine hydrochloride, and DSC con-
firmed the preseoce of pure Form A polymorph of fluoxetine
hydrochloride.

EXAMPLE 4

Form A Via the Sturry Method

To a 20 mL beaker containing 10 mL of methanol was
added sufficient fluoxetine hydrochloride API, in excess, to
form a slurry. The resulting slurry was magnetically stirred
for about 48 hours at ambieat temperature. The slurry was
fillered (using a 0.45 um PTFE filter) and the collected solid
material was dried under a vacuum at ambicnt lemperature
for about 4 bours. XRD coafirmed the end product is
fluoxetine bydrochloride, and DSC confirmed the presence
of purc Form A polymorph of fluoxetine bydrochloride.

EXAMPLE 5

Form A Via the Compression Method

A 100 mg sample of fluoxetine hydrochloride API was
placed i a dye and compressed by a Carver Press (Fred S.
Carver, Inc.; Meoomoaee Falls, Wis.) at about 100 psi to
obtain a pellet. The pellet was broken apart using a scalpel
and tested. XRD confirmed the end product is fluoxetine
hydrochloride, and DSC confirmed the presence of pure
Form A polymorph of fluoxetine hydrochloride.

EXAMPLES 6-9

Form A Via the Compression Method

Using the procedure set forth in Example 5 above, flu-
oxetine hydrochloride API samples were compressed at
1000, 2000, 4000, and 4500 psi. XRD confirmed that each
sample is fluoxetine hydrochloride, and DSC confirmed the
presence of pure Form A polymorph of fluoxetine hydro-
chloride.

EXAMPLE 10

Form A Via Amorphous Fluoxetine Hydrochloride

A sample of 50 mg of fluoxetine hydrochloride API was
heated by hot stage microscopy to 170° C. until the entire
sample cntered the “glass” phase. The sample was allowed
10 cool at ambieat temperature. XRD confirmed the resulting
fluoxctine bydrochloride is in amorpbous form, and mo
melting point was observed using DSC. Following
nucleation, XRD and DSC confirmed that the resulting
material is crystalline fluoxctive hydrochloride as Form A
thereof.

EXAMPLE 11

Differential Scanning Calorimetry for Fluoxetine Hydro-
chloride

Asample of about 10 mg was placed in a scaled aluminum
sample bolder and was beated from 30° C. to 180° C,, at 10°
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C. per minute under 2 40 mL per minute nitrogen purge,
using a Mettler-Toledo (Columbus, Ohio) DSC821“ differ-
cntial scanning calorimeter with Star® software package
(also from Metder-Toledo). Endotherms demonstrated the
prescoce of at least two polymorphs in fluoxetine hydro-
chloride APIl, designated Forms A and B of fluoxetine
hydrochloride API. However, the resolution was less than
desired, and the method set forth in Example 12 herein was
developed as a required method.

EXAMPLE 12

Differential Scanning Calorimetry for Fluoxetine Hydro-
chioride

The method described in Exampie 11 was used, except the
heating rate was changed from 10° C. per minute to a beating
rate of 1° C. per minute from 145° C. 10 175° C. The
improved resolution from use of this method resulted in the
obscrvation of at least three polymorphs of fluoxetine hydro-
chloride API, designated Forms A, B, and C fluoxetine
hydrochloride API.

EXAMPLE 13

Differeatial Scanning Calorimetry for Pure Form A of
Fluoxctine Hydrochlocide

The metbod used in Example 12 was used, except the
fluoxctine bydrochloride from Examples 2 and 3 were tested
rather than fluoxetine hydrochloride API. A single endot-
herm from about 155° C. w0 about 160° C. confirmed the
presence of a single fluoxetine hydrochioride polymorph,
ideotified as pure Form A via the method taught in Example
14

EXAMPLE 14

Determination of the Single Crystal Structure of Form A
of Fluoxctine Hydrochloride

Single Crystal X-Ray Diffraction was used to determine
the single crystal structure of Form A of fluoxetine bydro-
chloride. Without being bound to theory, it is believed that
a crystalline matenial diffracts X-rays due 1o the constructive
and destructive interference of the scattering of X-rays from
the atoms of the molecule within the crystal lattice. The
intensity and positions of the diffraction spots produced by
the crystal is capable of genenting structural information
aboul the locations of the atoms in the molecule of a crystal.

In this iostaoce, a single crystal of the material to be
examined is mounted at the end of 2 glass fiber. The erystal
is aligned in the diffractometer in a specific orientation. The
diffraction spots are measured, then the crystal is rotated to
the pext position. The above sequence is then repeated until
thousands of individual diffraction spots are measured and
recorded. The diffraction spots arc then analyzed and the
data phased to generate an clectron density map from which
1 molecular structure of the molecule is uniquely deter-
mined. The X-nuy diffraction data is gencrated using either
a Nonius CAD4 diffractometer or a Nonius Kappa CCD
diffractometer made commercially available by Nonius Cor-
poration of Delft, Netherlands. Pure Form A of fluoxetine
hydrochloride prepared in the methods taught herein is
characterized by the following single crystallization param-
cters:
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crysial cless orthorhombic
space groupe Pbea (#61)
2 (D) 103754 (4)
b (A) 10.4603 (2)
¢ (Ai 323412 (12)
v (A% 3510.0 (3)
d aake (g/em®) 1.3
RR, 0.038, 0.038

EXAMPLE 15

X-ray Powdcr Diffraction for Fluoxetine Hydrochloride

Asample of about 50 mg of fluoxetine hydrochloride was ?

placed on a zero-background sample plate and analyzed
using copper Ka Radiation (h=15418 A) from 2 to 40
degrees in 2-theta at 2.4 degrees per minute. A Siemecas
D500 automated diffractometer (Munich, Germany) with

MDI software (Livermore, Calif.) was used for the analysis 0

and processing of the data.

14

That which is claimed is:

1. Amorphous fluoxetine hydrochloride.

2. Fluoxetine hydrochloride consisting esscotially of
amorpbous fluoxetine hydrochloride.

3. A process for preparing amorphous fluoxetine bydro-
chloride comprising beating substantially crystalline fluox-
ctine hydrochloride past the melting point thereof until
melted fiuoxetine hydrochloride is formed, and cooling said
melted fiuoxetine bydrochloride under conditions which
yield said amorphous fluoxetine hydrochloride.

4. Amorpbous fluoxetine hydrochlaride when prepared by
the process according to claim 3.

5. A process for preparing Form A of fluoxetine hydro-
chloride comprising heating substantially crystalline fiuox-
ctine bydrochloride past the melting point thereof until
melied fluoxetine hydrochloride is formed, cooling said
melied fluoxetine hydrochloride under conditions which
yield amorphous fluoxetine hydrochloride, and nucleating
said amorphous fluoxetine hydrochloride to initiate trans-
formation to said Form A of fluoxetine hydrochloride.
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FORM A OF FLUOXETINE
HYDROCHLORIDE

The present invention is generally concerned with a
nove! polymorphic form of fluoxetine hydrochloride, (1)-
N-methyl-3-pheayl-2- [a,aa- triflucro-p-tolyl) oxy] propy-
lamine bydrochloride, which is marketed by Dista Products
aod Eli Lilly and Company (the “Innovator”), Indianapolis,
Ind., under the trade name Prozac®. The present invention
is further concerned with the preparation and use of the
polymorphic form of fluoxetine hydrochloride now desig-
nated Form A (“Form A”).

Polymorphic forms of the same drug substance (also
known as the active pharmaceutical ingredient or “AP1”), as
administered by itsclf or formulated as a drug product (also
known as the final or finished dosage form) are well known
in the pbarmaceutical art to affect, for example, the
solubility, stability, flowability, fractability, and compress-
ibility of drug substances and the safety and cfbicacy of drug
products, (see, ¢.g. Knapman, K. Modern Drug Discoveries,
March, 2000: 53). So critical are the poteatial effects of
different polymorphic forms in a single drug substance on
the safety and efficacy of the respective drug product(s) that
the United States Food and Drug Administration (the
“FDA") requires cach drug substance manufacture, in the
least, to contro} its syntbctic processes such that the per-
centages of the various respective polymorphic forms, when
prescot, must be consistcnt among batches and within the
drug substance/product’s specification as approved by the
FDA.

Left uncontrolled in synthetic processes, the perceatage
of a given polymorph outside of an FDA approved specifi-
cation would reoder the adulterated batches unfit for com-
mercial sale. Accordingly, the FDA requires full character-
ization of each drug substance used in each drug product
marketed in the United States, including the identification
and control of polymorphic forms. The FDA further requires
robust synthetic process specifications and controls which
coasistently produce the respective drug substance and drug
product.

Unfortunately, the detection of various polymorphic
forms of a single drug substance is oot always readily
discerable by phanmaceutical chemists. Such a drug sub-
stance would pot be manufactured with appropriate controls,
potentially leaving tbe attendant safety and efficacy risks
unaddressed

It has been discovered that fluoxetine hydrochloride drug
substance, geoerally used to prepare Prozac® and potential
generic drugs thereto (Buoxetine hydrochloride API), has
not been fully or completely characterized. It has been
unexpectedly discovered that such fluoxetine hydrochloride
APl drug substance comprises at least three crystalline
forms, which occur at varying and uncootrolled ratios from
baich to batch. These three ideatificd polymorphs have been
designated Form A, Form B, and Form C, correlated to the
relative proportion of cach polymorph in fuoxetine
hydrochloride, from greatest 1o least.

It bas further been discovered that Form A can be

Apreparcd in pure or essentially pure polymorphic form in

robust, controllable, synthetic processes.
DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an X-ray powder diffraction (XRD) pattern
for fluoxetine hydrochloride API (Lot 1).

FIG. 2 shows the corresponding differential scanning
calorimeter (DSC) thermogram for the fluoxetine hydro-
chloride API sample represented in the XRD pattern shown
in FIG. 1.
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FIG. 3 shows another XRD pattemn for fluoxetine hydro-
chloride API (Lot 2).

FIG. 4 shows the DSC thermogram for the fluoxetine
hydrochloride API sample represented in the XRD patien
shown in FIG. 3.

FIG. § shows an XRD pattern for pure Form A of
fluoxetine hydrochloride prepared via the compression
method of preparation taught herein.

FIG. 6 shows the DSC thermogram for the Form A sample
represented in the XRD pattern shown in FIG. 8.

FIG. 7 shows an XRD pattern for purc Form A of
fluoxetine hydrochloride prepared via the shuty method of
preparation taught herein.

FIG. 8 shows the DSC thermogram for the Form A sample
represented in the XRD pattern shown in FIG. 7.

FIG. 9 shows an initial XRD pattern for amorphous
fluoxctine hydrochloride prepared via the method taught
herein.

FIG. 10 shows tbe initial DSC thermogram from the
amorphous fluoxctine hydrochloride sample represented in
the XRD pattern shown in FIG. 9.

FIG. 11 shows a DSC thermogram for Forms A, D, and E,
which formed within three days after purc Form A of
fluoxetine bydrochloride was prepared via the recrystalliza-
tion method taught herein when stored at 40° C. and 75%
relative bumidity.

DETAILED DESCRIPTION OF THE
INVENTION

The cxistence of the various polymorphic forms of flu-
oxeline hydrochloride can not be discerned from the crys-
tallographic literature. Morc particularly, literature
(Robertson, D. W.; Jones, N. D; Swartzendruber, J. K;
Yang, K. S.; Woag, D. T. J Med. Chem. (1988), 31, 185)
reports the crystal structure of fluoxetine hydrochloride API
performed at Lilly Rescarch Laboratorics. This article
details the crystal structure and parameters associated with
the structural analysis. The structurc was solved in a non-
standard sctting (Pcab) of the standard Space Group Pbca
(#61) and refined to a final R of 0.074. We have indepen-
dently also solved the identical structure using the standard
sctting of Pbca (#61) and have refined the structure 10 a final
R of 0.038. Generation of a simulated powdcr pattern from
the crystallographic data reveals a patiern similar to the
paticrn that Lilly submitted to the International Center for
Diffraction Data (ICDD) for inclusion as file #36-1895 in its
powder diffraction database [Orthorhombic, Peab, 10.457x
10.387x32.345A]. However, the ICDD databasc also lists 2
second file (#44-1517) for fluoxetine hydrochloride. This
file was taken from diffraction data presented by Risiey, D.;
Bopp, R. Anal Profiles Drug Subst.,(1990), 19, and indexed
by the editor of ICDD [Orthorhombic, 10.448x14.797x
32.329A) When actual X-ray powder diffraction was per-
formed using a zero background sample mount oa the same
crystalline material used for single crystal analysis, the
measured pattern was found to match ICDD file #44-1517.
The crystals were platelets and zero background sample
mounts can induce preferred oricntations to a powder pat-
tern. To test this, the respective sample was lightly ground
to a more uniform size and shape and front packed in an
alumioum sample well to produce a random distribution,
and reanalyzed by X-ray powder diffraction. The pattern
now matches #36-1895, consistent with the structural analy-
sis indicating that patierns #36-1895 and #44-1517 in the
ICDD database are the same crystalline phase and differ only
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by severe preferred oricntation problems. Closer examina-
tion of the two ICDD patterns show they exhibit extremely
similar “d” spacings and unit cell constants which differ only
in the b-axis length. Indexing of ICDD pattern #36-1895 was
based upon single crystal analysis and pattern #44-1517 by
indexing from powder diffraction. Indexing (3-D data) from
powder diffraction data (2-D data) is considered inconsistent
at best, and in this case, appears to have problems. Based
upon the axial lengths of 10.457 and 10.387A from #36-
1895, a special transformation exists. This type of transfor-
mation converts the axes to a C-centered cell by using the
diagonal of the orthogonal a and b axes, and would geoerate
a cell length of about 14.74A for the diagonal (square root
of the sum of the squares of the 2 and b axes) which was
assigned to the b-axis. Therefore, the two patterns listed for
fluoxetine hydrochloride in the ICDD database are actually
the same, differing only in severe preferred odentation.
Neither sample even remotely suggests that multiple fluox-
ctine hydrochloride polymocphs exist. In fact, a combination
of analytical tools were required to discover the existeace of
multiple polymorphic forms of fluoxetine hydrochloride and
to confirm that Form A was successfully prepared in pure
and esseatially pure form.

Using the procedure taught in Example 14 berein, Form
A of fluoxetine bydrochloride is characterized by the fol-
lowing single crystallographic paramecters:

crysial clasm ortbochombic
space groop Pbca (#61)

s (A) 103754 (4)
b (A) 10.4603 (2)
c(A 323412 (12)
V(A" 35100 (3)

D ak (gkam?) 131

R Ry 0,038, 0.033

X-ray powder diffraction is another tool typically avail-
able for the characterization of mixtures of polymorphs and
individual polymorphs of the same substance. Howewver,
visual review of powder patterns for fluoxetine hydrochlo-
tide API samples (FIGS. 1 and 3) are indistinguishable from
Form A powder patterns (FIGS. 5 and 7). Whea such powder
pattcras are expressed in terms of “d” spacings and relstive
intensitics, only slight differences among samples are
obscrved (Table 1 below) and are attributable to the sample
beight packing within the sample bolder (“d” spacings) and
preferred orieatations (relative intensities).

TABLE 1
X-Ray Powder Diffraction
—_— Sagple
_MIAR | _ LotZAP'  _Compremiop?  Method Slury®
d (A r d (A) r d(A) r dd) r
15.68 w 16.12 m 15.89 w 15.93 w
8.62 - 877 wivw 8.64 wive 8.67 whw
6.63 wivw &n vw 6.65 w 667 whw
6.32 v 639 s 633 sivs 6.35 ]
6.04 w 6.10 wivw 6.04 m 6.06 w
5.3 ovs 5.39 v 536 [ 537
491 w 494 vw 492 w 492 whw
4.83 w 486 wivw 483 w 484 wivw
4.58 w 4.61 vw 4.60 m 4.61 wivw
4.34 v 437 - 435 (] 438 s
424 m 427 w 425 m/s 4.26 w
4.02 H 4.04 A, ] 402 va 4.03 v
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TABLE 1-continued

X-Ray Powder Diffraction
Sample

Lot 1 AP Lot 2 APE Compreasion? | _Method Slurry?
ahy P dh P ek r d@R) P
38 whw 32 whw 390 w 390 wiw
an o/s n w 374 n/s 374 w
364 wivw 366 vw 3.64 w 3.65 wivw
s wivw 3.59 vw 3ss m 358 wiw
3.50 m 353 w 351 m 351 w
346 w 348 vw 347 m 348 w
333 wivw 338 vw 334 wivw 334 wivw
125 v 328 vw 327 vw 327 vw
ESYy) o 319 w 318 m 3.a8 w
307 mw 309 mfw 307 m/w o8 ovw
2.86 v 288 v 287 vw 287 vw
2’ vw 280 v 227 vw .19 vw
i1 w 274 w 2.74 w 274 w
255 wivw 257 vw 2.56 wivw 256 vw
242 w 243 vwr 242 vw 242 wvw

"Typicsl flucxetine hydrochloride API

*Form A of finoxetine bydrochloride prepared as taught hereinbelow.

vw = very weak;

w = weak;

m « moderte;

1 = strong; And

Vi = very strong intensities.

Accordingly, x-ray powder diffraction serves as a useful
too! for confirming the presence of fluoxetine bydrochloride,
but is not a useful too! for differentiating among the various
individual or mixtures of polymorphs of fluoxetine hydro-
chloride. However, when used in combination with differ-
entisl scanning calorimetry (DSC), x-ray powder diffraction
is used to confirm the presence of fluoxetine hydrochloride
(see, e.g., Example 15), and DSC is used to confirm the
presence of Form A, in pure and essentially pure form, and
mixtures of fluoxetine hydrochloride polymorphs.

Using the sppropriately precise DSC method set forth in
Example 12 herein, wherein the analysis is conducted at 2
maximum rate of 1* C. per minute, multiple levels of
polymorph Forms A, B, and C each are typically present in
fluoxetine hydrochloride API (FIGS. 2 and 4). When such
APl is prepared via any one of the methods of the present
inveation, recrystallization, slurry, and compression, and
analyzed using said DSC method, a singlc endotherm occur-
ring at a temperature range from about 155° C. to about 160°
C., and more preferably from about 157° C. to about 159°
C., confirms the presence of Form A of fluoxetine hydro-
chloride (FIGS. 6 and 8 for the compression and slurry
methods, respectively). Interestingly, when such DSC
method was used lo analyze Form A prepared via such

allization method and placed under accelerated sta-
bility conditions (40° C. and 75% relative humidity) for less
than one wecek, the presence of Form A was confirmed, but
two additional polymorphs of fluoxetine hydrochloride,
Forms D and E, were prepared (FIG. 11). Accordingly, the
shury method for preparing pure and essentially pure Form
A is preferred, while the compression method is especially
preferred.

Foc additional confirmation of the prescnce of Form of
fluoxetine hydrochloride in pure form, single x-ray
crystallography, x-ray powder diffraction, and differential
scanning calorimetry can be used together.

Furthermore, x-ray powder diffraction and differential
scanning calorimetry can be used to identify esseatially pure
Form A. The powder pattem for essentially pure Form A is
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consistent with those for fiuoxetine hydrochloride API and
pure Form A as taught hercin. However, cssentially pure
Form A is further characterized by baving at kast two
endotherms as determined by DSC run at a maximum rate of
1° C. per minute. Essentially pure Form A is defined by an
increase in Form A and decrease of other polymorphs of
fluoxetine hydrochloride compared to the starting material
when prepared, for example, as taught berein, but the
crystallization process is not permitted to run to completion
which would form pure Form A. However, it is preferred that
the amount of fluoxetine hydrochloride polymorphs other
than Form A does not exceed an amount greater than about
ten percent (w/w) and, more preferably, does not exceed an
amount greater than about five percent (w/w).

For the purpose of this inveation, the term “pure” refers
to Form A of fluoxetine hydrochloride being in a concen-
tration such that other fluoxctine polymorphs are present in
amounts generally below limits detectable by conventional
technology, particularly the Differcntial Scanaing Calorim-
etry (DSC) method taught in Example 12 herein. Although
the present invention provides for pure and essentially pure
Form A of fluoxetine bydrochloride, it is particularly
preferred, of course, to eliminate all of the other polymor-
phic impurities 0 provide pure Form A of the present
invention.

Fluoxetine bydrochloride API can be prepared by a mul-
titude of processes known in the art (sce, ¢.g., U.S. Pat. Nos.
4,314,081; 5,166,437; and 5,225,585). The compositions of
the preseat invention are preferably prepared by using such
fluoxetine hydrochloride APl ss the starting material. The
recrystaliization and slurry methods set forth below can be
used as the fina] steps in many crystallization processes in
situ for the preparation of fluoxetine hydrochlocide, without
requiring a “recrystallization™ processes, resulting in the
preparation of Form A, preferably in pure and esscntially
pure form. Preferred methods for the preparation of Form A
are set forth below, but are not intended to limit the scope of
the present invention.

Prepanation of Form A
L. Recrystllization Metbod.

Fluoxetine hydrochloride API is recrystaliized (oc crys-
tallized in siny, as the case may be) into Form A by
dissolving such APl in 1 suitable solvent in excess. Suitable
solvents are those which are capable of dissolving fluoxetine
hydrochloride so that a solution is formed, and include
solvents across various classes including, for cxample,
protic, aprotic, polar, and non-polar. Alcobol-based solvents
are preferred and methanol is especially preferred. The
resulting solution is filtered and permitted to recrystallize,
most preferably at a fixed temperature, by evaporation. The
lemperature used for the cvaporation step should be held
coastant at 2 temperature which permits the recrystallization
of the starting material to Form A. A temperature range from
about 0° C. to about 60° C. is preferred, while a temperature
range from about 15° C. to about 40° C. is more preferred,
and about ambient temperature is most preferred. This
method has provided pure and essentially pure Form A of
fluoxetine hydrochloride depending upon whether this
recrystallization process is allowed to run to completion.
However, this method is the least preferred of the methods
taught herein. This method typically produces Form A,
which, due to the method used, may transform to at least two
more previously unidentified polymorphic forms of fuox-
etine bydrochloride, designated as Forms D and E.

II. Sturry Method.

Fluoxctine hydrochloride API is recrystallized (or crys-

tallized in situ, as the casc may be) into stable Form A by

s

45

50

65

6

adding such API to 2 sujtable solvent until a slurry is formed.
Suitable solvents are those which are capable of sufficiently
dissolving such API to form a slurry and establish a dynamic
solubility equilibrium. Alcohol-based solveats are preferred
and methanol is especially preferred. The resulting slurry is
stirred until Form A is in pure or essentially pure form, as
desired. Typically, the slurry is stirred for about two days
depending upon batch size and solvent used, preferably at
ambicnt temperature, and filtered. Most preferably, this
process is run at a fixed temperature. For the preparation of
purc Form A, it is preferred to allow this process to run to
completion, as demonstrated by the preferred DSC method
taught herein. Acceptable tcmperature ranges are those
which will permit the transformation of the starting material
to Form A, while a temperature range from about 0° C. to
about 60° C. is preferred, a temperature range from sbout
15° C. to about 40° C. is more preferred, and about ambient
temperature is most preferred.

Il. Compression Method.

Particularly surprising was the discovery that Form A of
fluoxetine hydrochloride can be prepared via compression.
Various picces of equipment may be used during the prepa-
ration of pharmaceutical products to provide a pressure of
about 100 pounds per square inch (psi) to 2bout 5000 psi, or
greater. Such equipment includes, for example, hydraulic
presscs. Such equipment can provide sufficient pressure to
convert the existing multiple polymorphic forms of fluox-
ctine hydrochloride to stable, pure or essentially pure Form
A by regulating the amount of pressure used in this metbod.
Preferably, at least about 100 psi is used. It is also preferred
to usc sufficient pressure without changing the other physi-
cal properties of Form A which are reasonably necessary for
Ppreparation of the respective drug product. Confirmation of
the relative purity of Form A prepared by this process is also
confirmed using DSC.

Accordingly, the present invention provides, in part, pure
and esseatially pure Form A of Ruoxetine hydrochloride, and
methods for the preparation thereof. The present inveation
further provides methods for reducing, minimiziog, and
climinating polymorphic cootaminants (i.c., fluoxetine
hydrochloride Forms B and C), and inhibiting the formation
of other polymorphic forms of fluoxetine hydrochloride (i.c.,
Forms D and E).

It was also unexpectedly discovered that amorpbous flu-
oxetine hydrochloride can be used as an intermediate for the
preparation of Form A of the present invention. The starting
material for this process, generally, is fluoxetine hydrochlo-
ride. Such starting material is beated to above the melting
point thereof, then slowly cooled to about ambient tempera-
ture. It is preferred to heat such starting materal to just
beyond the melting point thereof (generally, just beyond
about 155° C. to about 160° C.) to avoid over heating such
starting material to the point that it decomposes in part or in
whole. The sample initially remains in the amorphous state,
as coafirmed by x-ray powder diffraction, but recrystallized
into Form A following nucleation. Nucleation can actively
be induced (ie., physically disturbing the sample) or pas-
sively induced by the use of natural forces by permitting the
sample to be exposed to nucleation forces including, for
cxample, dust particles, vibratiog, or air currents.

Accordingly, the present invention further provides amor-
phous fuoxetine hydrochloride, geacrally useful as an inter-
mediate for the preparation of Form A of the present
invention, and metbods for preparing such Form A there-
froa.

The present invention further provides methods of using
Form A of fluoxetine hydrochloride, preferably in pure and
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essentially pure form, for inhibiting serotonin uptake in
mammals comprising administering to a8 mammal requiring
increased neurotransmission of serotonin an effective
amount of one or more desired form(s) of fluoxetine hydro-
chloride of the present invention. Pure Form A is preferred.
Discase states requiring such inhibition of serotonin uptake
include, for cxample, depression, anxiety, alcobolism,
chronic pain, cating disorders such as, for example, obesity
and bulimia, and smoking cessation.

For the most effective administration of novel Form A of
the preseot invention, it is preferred to prepare a pharma-
ceutical formulation preferably in unit dose form, compris-
ing onc or more of the active ingredients of the present
invention and onc or more pharmaceutically acceptable
carrier, dilueat, or excipicot. As used berein, the term “active
ingredient™ refers o any of the embodimeats set forth
berein, particularly Form A of fluoxetine hydrochloride in
pure or essentially pure form.

Such pharmaceutical formulation may, without being
limited by the teachings sct forth herein, include a solid form
of the prescat invention which is bleaded with at least one
pbarmaceutically acceptable excipicnt, diluted by an excipi-
ent or enclosed within such a carrier that can be in the form
of a capsule, sachet, tablet, buccal, lozenge, paper, or other
container. When the excipient scrves as a diluent, it may be
a solid, semi-solid, or liquid material which acts as a vehicle,
camrier, or medium for the active ingredient(s). Thus, the
formulations can be in the form of tablets, pills, powders,
clixirs, suspensions, emulsions, solutions, syrups, capsules
(such as, for example, soft and hard gelatin capsules),
suppaositorics, sterile injectable solutions, and sterile pack-
aged powders.

Examples of suitable excipicats include, but are not
limited to, starches, gum arabic, calcium silicate, microc-
rysulline cellulose, polyvinylpyrolidone, ccllulose, waler,
syrup, and methyl cellulose. The formulations can addition-
ally include lubricating ageats such as, for example, talc,
magpesium stearate and mineral oil; wetting ageats; emul-
sifying and suspending agents; preserving agents such as
methyl- and propyl-hydroxybenzoates; sweetening agealts;
or flavoring agents. Polyols, buffers, and inert fillers may
also be used. Examples of polyols include, but are not
limited to: mangitol, sorbitol, xylitol, sucrose, maltose,
glucose, lactose, dextrose, and the like. Suitable buffers
encompass, but are not limited to, phosphate, citrate,
tartrate, succinate, and the like. Other inert fillers which may
be used cocompass those which are known in the art and are
uscful in the manufacture of various dosage forms. If
desired, the solid pharmaceutical compositions may include
other componeats such as bulking agents and/or granulating
agents, and the like. The compositions of the inveation can
be formulated 5o as to provide quick, sustained, controlled,
or delayed release of the active ingredient afier administra-
tion to the patient by employing procedures well known in
the art.

In certzin embodiments of the invention, the active
ingredicnt(s) may be made into the form of dosage units for
orul administration. The active ingredieni(s) may be mixed
with a solid, pulverant carrier such as, for example, lactose,
saccharose, sorbitol, mannitol, starch, amylopectin, cellu-
lose derivatives or gelatin, as well as with an antifriction
agent such as for example, magnesium stearate, calcium
stearate, and polyethylene glycol waxes. The mixture is then
pressed into tablets or filled into capsules. If coated tablets,
capsules, or pulvulcs are desired, such tablets, capsulss, or
pulvules may be coated with a concentrated solution of
sugar, which may contain gum arabic, gelatin, tal, titanium
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dioxide, or with a lacquer dissolved in the volatile organic
solvent or mixture of solvents. To this coating, various dyes
may be added in order to distinguish among tablets with
different active compounds or with different amounts of the
active compound present.

Soft gelatin capsules may be prepared in which capsules
contain a mixture of the active ingredient(s) and vegetable
oil or non-aqueous, water miscible materials such as, for
cxample, polyethyleae glycol and the like. Hard gelatin
capsules may contain granules or powder of the active
ingredient in combination with a solid, pulverulent carrier,
such as, for example, lactose, saccharose, sorbitol, manaitol,
potato starch, corn starch, amylopectin, cellulose
derivatives, or gelatin,

Tablets for oral use are typically prepared in the following
manner, although otber techniques may be employed. The
solid substances are gently ground or sieved to a desired
particle size, and a binding agent is bomogenized and
suspended in a suitable sofvent. The active ingredient(s) and
auxiliary agents are mixed with the binding agent solution.
The resulting mixture is moistened to form a uniform
suspension. The moistening typically causes the particles to
aggregate slightly, and the resulting mass is gently pressed
through & stainless stecl sieve having a desired size. The
layers of the mixture are then dried in controlled drying units
for a pre-determined length of time to achicve a desired
particle size and consistency. The granuies of the dried
mixture are gently sieved to remove any powder. To this
mixture, disintegrating, anti-friction, and anti-adbesive
agents are added. Finally, the mixture is pressed into tablets
using & machine with the appropriate puaches aod dies to
obtain the desired tablet size.

In the eveat that the above formulations are to be used for
parenteral administration, such a formulation typically com-
prises sterile, aqueous and non-aqueous injection solutions
camprising one or more active ingredicnts for which prepa-
ratioas arc preferably isotonic with the blood of the intended
recipicat. These preparations may contain anti-oxidaats, -
buffers, bacteriostats, and solute; which render the formu-
lation isotonic with the blood of the intended recipient.
Aqueous and pon-aqueous suspensions may include sus-
peoding agents and thickening agents. The formulations
may be present in unit-dose or multi-dose containers, for
cxample, scaled ampules and vials. Extemporaneous injec-
tion solutions and suspeasions may be prepared from sterile
powders, graoules, and tablets of the kind previously
described.

Liquid preparations for oral administration are prepared in
the form of solutions, syrups, or suspeasions with the latter
two forms cootaining, for example, active ingredient(s),
sugar, and a mixture of ethanol, water, glycerol, and propy-
lenc glycol. If desired, such liquid preparations contain
coloring agents, flavoring agents, and saccharin. Thickening
agents such as carboxymethylcellulose may also be used.

As such, the pharmaaceutical formulations of the present
invention are preferably prepared in a unit dosage form, cach
dosage unit containing from sbout 5 mg to about 200 mg,
more usually from about 10 mg to about 40 mg of the active
ingredient(s). In liquid form, dosage unit cootaios from
about § 1o about 200 mg, more usually about 10 mg to about
40 mg of active ingredient(s). The term “unit dosage form”
refers o physically discrete units suitable as unitary dosages
for human subjects/patients or other mammals, each unit
containing a predetermined quantity of active ingredient
calculated to produce the desired tberapeutic effect, in
association with preferably, at least one pharmaceutically
acceptable carrier, diluent, or excipient.
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The following examples are illustrative and are oot
intended to limit the scope of the invention in any way.

Formulation 1

Hard gelatin 20 mg capsules are prepared using the
following ingredicnts:

Quantity
(mg/capsule)
active ingredient 20
ethanedioste
starch, dried 200
oagncsium slearate 10
Total 230

The above ingredicots are mixed and filled into hard
gelatin capsules in 230 mg quantities.

Formulatioa 2

A 20 mg tablet is prepared using the ingredients below:

Quantity
(mghable)
active ingredisat 20
cellulose, microcrystallioe 400
silicon diaxide, fumed 10
steasic scid s
Total 435

The components are blended and compressed to form
tablets each weighing 435 mg.

Formulatioa 3

Tablets each containing 20 mg of active ingredicnt are
made as follows:

active ingredient 20 mg
starch 45 mg
microcrystallise cellulose 35 mg
polyvigylpyrrolidone 4 mg
(as 10% solution in water)

sodium carboxymethyl starch 45 mg
magnesium stcamte 0.5 mg
talc 1mg
Total 110 mg

The active ingredicnt, starch and ccllulose are passed
through a No. 45 mesh U.S. sieve and mixed thoroughly. the
solution of polyvinylpyrrolidone is mixed with the resultant
powdcrs which are then passed through a No. 14 mesh U S.
sicve. The granules so produced are dried at 50° C. and
passed through a No. 18 mesh US. sicve., The sodium
carboxymethyl starch, magnesium stearate and talc, previ-
ously passed through a No. 60 mesh U.S. sieve, are then
added to the gragules which, after mixing, are compressed
on a tablet machine to yield tabiets cach weighing 110 mg.
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Formulation 4

Capsules cach containing 10 mg of medicament are made
as follows:

active ingredient 10 mg
starch 59 mg
microcrystallipe cellulose 59 mg
magnesium atcante 2og
Total 130 mg

The active ingredient, cellulose, starch and magnesium
stearate are bleoded, passed through a No. 45 mesh U.S.
sicve, and filled into hard gelatin capsules in 130 mg
quantitics.

Formulation 5

Suspeasions each containing 20 mg of medicameant per 5
m! dose are made as follows:

active ingredient 20 mg
sodium casboxymethyl celluloae 50 mg
syrap 128 ml
beazoic acid sohation 0.0 ml
favor q.v.

color Qv

purified water 1o total S ml

The medicament is passed through 2 No. 45 mesh US.
sieve and mixed with the sodium carboxymethyl cellulose
and syrup 1o form a smooth paste. The benzoic acid solution,
flavor and color are diluted with some of the water and
added, with stirring. Sufficient water is then added to pro-
duce the required volume.

Formulation 6
An intravenous formulation may be prepared as follows:

100 mg
1000 ml

active ingredieat
Isotoaic saline

The solution of the above ingredients is administered
intravenously at a ratc of 1 ml per minute to a subject
suffering from depression.

The following examples are intended to illustrate the
invention, and are not to be construed as limiting the scope
of the present invention.

Example 1

Form A via the recrystallization method. To a 20 mL
beaker containing 10 mL. of methanol was added an amount
of fluoxetine hydrochloride API such that the resulting
suspeasion was at or near the saturation point. The suspen-
sion was then magnetically stirred for about 15 minutes and
filtered through a 0.451 um polytrifluoroethyleae (“PTFE™)
filter. The resulting solution was allowed to stand undis-
turbed at ambient temperature until the solvent evaporated
(about 1 to 2 days). X-ray powder diffraction (XRD) con-
firmed the cnd product is fluoxetine hydrochloride, and
differential scanning calorimetry (DSC) confirmed the pres-
ence of pure Form A polymorph of fluoxetine hydrochloride.

Example 2

Form A via the recrystallization method. The process set
forth in Example 1 above was used, but water rather than
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methanol was used as a solvent. XRD confirmed the end
product is fluoxetine hydrochloride, and DSC confirmed the
prescoce of pure Form A polymorph of fluoxetine hydro-
chloride.

Example 3

Form A via the recrysullization method. The process set
forth in Example 1 above was used, but dimethylformamide
rather than methapol was used as a solvent. XRD confirmed
the cod product is fluoxetine hydrochloride, and DSC con-
firmed tbe presence of pure Form A polymorph of fluoxetine
hydrochloride.

Example 4

Form A via the shurry method. To a 20 mL beaker
containing 10 mL of methanol was added sufficient fluox-
ctine bydrochloride API, in excess, to form 2 slurry. The
resulting slurry was magnetically stirred for about 48 bours
at ambicot icmperature. The slurry was filtered (using 2 0.45
4 PTFE filter) and the collected solid material was dried
under a vacuum at ambient temperature for about 4 bours.
XRD confirmed the end product is fluoxetine hydrochloride,
and DSC confirmed the presence of pure Form A polymorph
of fluoxetine hydrochlonde.

Example 5

Form A via the compression method. A 100 mg sample of
fluoxetine hydrochloride APl was placed in a2 dye aod
compressed by a Carver Press (Fred S. Carver, Inc.; Meno-
monee Falls, Wis.) at about 100 psi to obtain a pellet. The
pellet was broken apart using a scalpel and tested. XRD
confirmed the end product is fluoxetine hydrochloride, and
DSC confirmed the presence of pure Form A polymorph of
fluoxetine hydrochloride.

Examples 6-9

Form A vis the compression method. Using the procedure
set forth in Example 5 above, fluoxetine hydrochloride AP1
samples were compressed at 1000, 2000, 4000, and 4500
psi. XRD confirmed that each sample is fluoxetine
hydrochloride, and DSC coafirmed the preseoce of pure
Form A polymorph of fiuoxetine hydrochloride.

Exampk 10

Form A via amorpbous fluoxetine hydrochloride. A
sample of 50 mg of fluoxetine hydrochloride APl was heated
by bot stage microscopy to 170° C. until the entire sample
eatered the “glass™ phase. The sampie was allowed to cool
at ambicat temperature. XRD confirmed the resulting fiu-
oxetine hydrochloride is in amorphous form, and no melting
point was observed using DSC. Following nucleation, XRD
and DSC confirmed that the resulting material is crystalline
fluoxetine hydrochloride as Form A thereof.

Example 11

Differential Scanning Calorimetry for fluoxetine hydro-
chloride. A sample of about 10 mg was placed in a sealed
aluminum sample holder and was heated from 30° C. 10 180°
C., a1 10° C. per minute under a 40 mL per minute nitrogen
purge, using a Mettler-Toledo (Columbus, Ohio) DSC821
differeatial scanning calorimeter with Star” software pack-
age (also from Metticr-Toledo). Endotberms demonstrated
the presence of at least two polymorphs in fluoxetine hydro-
chloride API, designated Forms A and B of fluoxetine
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hydrochloride API. However, the resolution was less than
desired, and the method set forth in Example 12 berein was
developed as a required method.

Example 12

Differcntial Scanning Calorimetry for fluoxetine hydro-
chloride. The method described in Example 11 was used,
except the heating rate was changed from 10° C. per minute
1o a heating rate of 1° C. per minute from 145° C. to 175°
C. The improved resolution from use of this method resulted
in the observation of at least three polymorphs of fluoxetine
hydrochloride AP, designated Forms A, B, and C fluoxetine
hydrochloride API.

Example 13

Differential Scanning Calorimetry for pure Form A of
fluoxetine hydrochloride. The method used in Example 12
was used, except the fluoxetine bydrochloride from
Examples 2 and 3 were tested rather than fluoxetine hydro-
chloride API. A single endotherm from about 155° C. w
about 160° C. confirmed the prescace of a single fluoxctine
hydrochloride polymorph, identified as pure Form A via the
method taught in Example 14.

Example 14

Determination of the single crystal structure of Form A of
fluoxetine hydrochloride. Single Crystal X-Ray Diffraction
was used to determioe the single crystal structure of Form A
of fluoxetine hydrochloride. Without being bound (o theory,
it is believed that a crystalline material diffracts X-rays due
1o the constructive and destructive interference of the scat-
tering of X-rays from the atoms of the molecuk within the
crystal lattice. The intensity and positions of the diffraction
spots produced by the crystal is capable of generating
structunal information about the locations of the atoms in the
molecule of a crystal.

In this instance, a single crystal of the material to be
examined is mounted at the end of a glass fiber. The crystal
is aligned in the diffractometer in a specific orientation. The
diffiraction spots are measurced, then the crystal is rotated o
the next position. The above scquence is then repeated uatil
thousands of individual diffraction spots are measured and
recorded. The diffraction spots are then acalyzed and the
data phased to generate an electron density map from which
a molecular structure of the molecule is uniquely deter-
mined. The X-ray diffraction data is generated using either
a Nonius CAD4 diffractometer or a Nonius Kappa CCD
difiractometer made commercially available by Nonius Cor-
poration of Delft, Netherlands. Pure Form A of fluoxctine
bydrochloride prepared in the methbods taught berein is
characterized by the following single crystallization param-
cters:

aysial clans othochombic

space groups Pbea (#61)

1 (A) 103754 (4)

b (A) 10.4603 (2)

c(A 323412 (12)

v (2’) 3510.0 (3)

d alc (g/em’) 1.3

R, Ry 0.038, 0.038
Example 15

X-nay Powder Diffraction for fiuoxetine hydrochloride. A
sample of about 50 mg of fluoxctine hydrochloride was
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placed on a zero-background sample plate aod analyzed
using copper Ko Radiation (A=1.5418A) from 2 to 40
degrees in 2-theta at 2.4 degrees per minute. A Siemens
D500 automated diffractometer (Munich, Germany) with
MDI software (Livermore, Calif.) was used for the analysis
and processing of the data.

That which is claimed is:

1. A process for preparing Form A of fluoxetine hydro-
chloride in pure form comprising crystallizing said Form A
by providing sufficient compression to convert fluoxetine
bydrochloride to said Form A of fluoxetine hydrochloride.

2. A process for preparing Form A of fluoxetine bydro-
chlonde in pure form whercin said Form A is characterized
by having an x-ray powder diffraction paltem consistent
with fluoxetine hydrochloride, and further characterized by
having a single endothcrm as determined by differcatial
scanning calorimetry rua at a maximum rate of 1° C. per
minute, said process comprising crystallizing said Form A
by providing sufficicnt compression 1o coavert fluoxetine
hydrochloride to said Form A of fluoxetine hydrochlaride.

3. Aprocess according to claim 2 wherein said single DSC
endotherm occurs in the temperature range from about 155°
C. 10 about 160° C.

4. A process acoording to claim 2 wherein said single DSC
endotberm occurs in the temperature range from about 157°
C. to about 159* C.

5. A process for preparing Form A of fluoxetine bydro-
chioride in pure form wherein said Form A is characienzed
by the following single crystallographic parameters:

crystal cass orthorbombic
spece group Poca (#61)

2 (A) 103754 (4)
b (A) 10.4603 (2)
c(A 323412 (12)
v (A 35100 (3)

d alk (grem®) 131

R, Ry 0.038, 0.038,

said process comprising crystallizing said Form A by pro-
viding sufficieat compression o convert fluoxetine hydro-
chloride to said Form A of fluoxetine hydrochloride.

6. A process acoording to claim § wherein said Form A of
fiuoxetine bydrochloride is further characterized by baving
an x-ray powder diffraction paticrn coasisteat with fluoxet-
ine hydrochloride, and further characterized by baviog a
single endotherm as determined by differential scanning
calorimetry run at a maximum rate of 1° C. per minute.

7. Aprocess according to claim 6 wherein said single DSC
endotherm occurs in the temperature range from about 155°
C. to about 160° C.

8. A process according to claim 6 wherein said single DSC
endotherm occurs in the range from about 157° C. to about
159° C. '

9. A process for preparing Form A of fluoxetine hydro-
chloride in essentially pure form comprising crystallizing
said Form A by providing sufficient compression to convert
fluoxetine hydrochloride to said Form A of fluoxetine hydro-
chloride.

10. A process for preparing Form A of fiuoxetine hydro-
chloride whercin said Form A is characterized by having an
x-ray powder diffraction pattern cousistent with fluoxetine
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hydrochloride, and further characterized by having at least
two endotherms as determined by differential scanning
calorimetry run at a maximum rate of 1° C. per minute,
provided thai the amount of fluoxetine bydrochloride poly-
morphs other than Form A do¢s not exceed an amount
greater than about 10 percent (w/w), said process comprising
crystalliziog said Form A by providing sufficient compres-
sion to convert fluoxetine hydrochloride to said Form A of
fluoxetine hydrochloride.

11. A process according to claim 10 wherein the peak of
said DSC endotherms occurs in the temperature range from
about 155° C. to about 160° C.

12. A process according to claim 10 wherein said Form A
of fluoxetine hydrochloride is further characterized by the
following crystaliographic parameters:

crystal class osthorhombic
space group Pbca (#61)

a (A) 103754 (4)
b (A) 10.4603 (2)
c(A) 323412 (12)
Vv (A%} 3510.0 (3)

d aakc (gfenr’) 131

R Ry 0.038, 0.038.

13. A process according to claim 12 wherein the peak of
said DSC endotberms occurs in the temperature range from
about 155° C. to about 160° C.

14. A process for preparing Form A of fluoxetine hydro-
chloride wherein said Form A is characterized by baving an
x-tay powder diffraction pattern coasistent with fluoxetine
hydrochlonide, and further characterized by having at least
two cpdotherms as determined by differcatial scanning
calorimetry run at 2 maximum rate of 1* C. per minute,
provided that the amount of fluoxetine hydrochloride poly-
morpbs other than Form A does not exceed an amount
greater than about S percent (w/w), said process comprising
crystallizing said Form A by providing sufficicnt compres-
sion to coavert flucxetive bydrochloride to said Form A of
fluoxetine hydrochloride.

15. A process according to claim 14 wherein the peak of
said DSC endotherms occurs in the temperature range from
about 155° C. 1o about 160° C.

16. A process according to claim 14 wherein said Form A
of fluoxctine hydrochloride is further characterized by the

following crystallographic parameters:
crystal class orthochombic
specs group Phca (#61)
2 () 103754 (4)
b (A) 10.4603 (2)
¢ (A 323412 (12)
V(A% 35100 (3)
d ak (giem?’) 1.31
R R, 0.038, 0.038,

17. A process according to claim 16 wherein the peak of
said DSC endotherms occurs in the temperature range from
about 155° C. o about 160° C.
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FORM A OF FLUOXETINE
HYDROCHLORIDE

The present invention is generally concemed with a
novel polymorphic form of fluoxetine hydrochloride, (+)-
N-methyl-3-phenyl-2{aac-trifluoro-p-tolyl) oxy] propy-
lamine hydrochloride, which is marketed by Dista Products
and Eli Lilly and Company (the “Innovator”), Indianapolis,
Ind. under the trade name Prozac®. The present invention is
further concerned with the preparation and usc of the
polymorphic form of fluoxetine hydrochloride now desig-
nated Form A (“Form A”).

Polymorphic forms of the same drug substance (also
known as the active pharmaceutical ingredient or “API”), as
administered by itself or formulated as a drug product (also
known as the final or finished dosage form) are well known
in the pharmaceutical art to affect, for example, the
solubility, stability, flowability, fractability, and compress-
ibility of drug substances and the safety and efficacy of drug
products, (see, ¢.g. Knapman, K Modern Drug Discoveries,
March 2000: 53). So critical are the potential effects of
different polymorphic forms in a single drug substance on
the safety and efficacy of the respective drug product(s) that
the United States Food and Drug Administration (the
“FDA”) requires cach drug substance manufacturer, in the
Jeast, to control its synthetic processes such that the per-
centages of the various respective polymorphic forms, when
present, must be consistent among batches and within the
drug substance/product’s specification as approved by the
FDA.

Left uncontrolled in synthetic processes, the percentage
of a given polymorph outside of an FDA approved specifi-
cation would render the adulterated batches unfit for com-
mercial sale. Accordingly, the FDA requires full character-
ization of each drug substance used in each drug product
marketed in the United States, including the identification
and control of polymorphic forms. The FDA further requires
robust synthetic process specifications and controls which
consistently produce the respective drug substance and drug
product.

_ Unfortunately, the detection of various polymorphic
forms of a single drug substance is not always readily
discernable by pharmaceutical chemists. Such a drug sub-
stance would not be manufactured with appropriate controls,
potcatially lcaving the attendant safety and cfficacy risks
unaddressed.

It has been discovered that fluoxetine hydrochloride drug
substance, gencrally used to prepare Prozac® and potential
generic drugs thereto (fluoxetine hydrochloride API), has
not been fully or completely characterized. [t has been
unecxpectedly discovered that such fluoxetine hydrochloride
APl drug substance comprises at least three crystalline
forms, which occur at varying and uncontrolled ratios from
batch to batch. These three identified polymorphs have been
designated Form A, Form B, and Fonm C, correlated to the
relative proportion of each polymorph in fluoxetine
hydrochloride, from greatest to least.

It has further been discovered that Form A can be
prepared in pure or essentially pure polymorphic form in
robust, controllable, synthetic proccsses.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an X-ray powder diffraction (XRD) pattern
for fluoxetine hydrochloride API (Lot 1).

HG. 2 shows the corresponding differential scanning
calorimeter (DSC) thermogram for the fluoxetine hydro-
chloride API sample represented in the XRD pattern shown
in FIG. 1.
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FIG. 3 shows another XRD pattern for fluoxetine hydro-
chloride API (Lot 2).

FIG. 4 shows the DSC thermogram for the fluoxetine
hydrochloride API sample represented in the XRD pattern
shown in FIG. 3.

FIG. § shows an XRD pattem for pure Form A of
fluoxetine hydrochloride prepared via the compression
method of preparation taught herein.

FIG. 6 shows the DSC thermogram for the Form A sarmple
represented in the XRD pattern shown in FIG. §.

FIG. 7 shows an XRD pattem for pure Form A of
fluoxetine hydrochloride prepared via the slurry method of
preparation taught herein.

FIG. 8 shows the DSC thermogram for the Form A sample
represeated in the XRD pattera shown in FIG. 7.

FIG. 9 shows an initial XRD pattern for amorphous
fluoxetine hydrochloride prepared via the method taught
herein.

FIG. 10 shows the initial DSC thermogram from the
amorphous fluoxetine hydrochloride sample represented in
the XRD pattern shown in FIG. 9.

FIG. 11 shows a DSC thermogram for Forms A, D, and E,
which formed within three days after pure Form A of
fluoxetine hydrochloride was prepared via the recrystalliza-
tion method taught herein when stored at 40° C. and 75%
relative humidity.

DETAILED DESCRIPTION OF THE
INVENTION

The existence of the various polymorphic forms of flu-
oxetine hydrochloride can not be discerned from the crys-
tallographic literature. More particularly, literature
(Roberison, D. W.; Jones, N. D.; Swartzendruber, J. K;
Yang, K. S.; Wong, D. T. J. Med. Chem. (1988), 31, 185)
reports the crystal structure of fluoxetine hydrochloride API
performed at Lilly Research Laboratories. This article
details the crystal structure and parameters associated with
the structural analysis. The structure was solved in a non-
standard setting (Pcab) of the standard Space Group Pbca
(#61) and refined to a final R of 0.074. We have indepen-
dently also solved the identical structure using the standard
setting of Pbcs (#61) and have refined the structure to a final
R of 0.038. Generation of a simulated powder pattern from
the crystallographic data reveals a pattern similar to the
pattern that Lilly submitted to the International Center for
Diffraction Data (ICDD) for inclusion as file #36-1895 in its
powder diffraction database [Orthorhombic, Pcab, 10.457x
10.387x32.345 A]. Howevor, the ICDD databasc also lists a
second file (#44-1517) for fluoxetine hydrochloride. This
file was taken from diffraction data presented by Risley, D.;
Bopp, R. Anal. Profiles Drug Subst., (1990), 19, and indexed
by the editor of ICDD [Orthorhombic, 10.448x14.797x
32329 A) When actual X-ray powder diffraction was
performed using & zero background sample mount on the
same crystalline material used for single crystal analysis, the
measured pattern was found to match ICDD file #44-1517.
The crystals were platelets and zero background sample
mounis can induce preferred orientations to a powder pat-
tern. To test this, the respective sample was lightly ground
to a more uniform size and shape and front packed in an
aluminum sample well to produce a random distribution,
and reanalyzed by X-ray powder diffraction. The pattern
now matches #36-1895, consistent with the structural analy-
sis indicating that patterns #361895 and #44-1517 in the
ICDD database are the same crystalline phase and differ only

s
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by severe preferred orientation problems. Closer examina-
tion of the two ICDD patterns show they exhibit extremely
similar “d” spacings and unit cell constants which differ only
in the b-axis length. Indexing of ICDD pattern #36-1895 was

based upon single crystal analysis and pattern #44-1517 by 5

indexing from powder diffraction. Indexing (3-D data) from
powder diffraction data (2-D data) is considered inconsistent
at best, and in this case, appears to have problems. Based
upon the axial lengths of 10.457 and 10.387 A from #36-
1895, a special transformation exists. This type of transfor-
mation converts the axes to a C-centered ocll by using the
diagonal of the orthogonal a and b axes, and would gencrate
a cell length of about 14.74 A for the disganal (square root
of the sum of the squares of the a and b axes) which was
assigned to the b-axis. Therefore, the two patterns listed for
fluoxetine hydrochloride in the ICDD database are actually
the same, differing only in severe prefemmed orientation.
Neither sample even remotely suggests that multiple fluox-
ctine hydrochloride polymorphs exist. In fact, a combination

of analytical tools were required to discover the existence of 20

mulliple polymorphic forms of fluoxetine hydrochloride and
to confirm that Form A was successfully prepared in pure
and essentially pure form.

Using the procedure taught in Example 14 herein, Form
A of fluoxetine hydrochloride is characterized by the fol-
lowing single crystallographic parameters:

crystal class orthorthombic
spacc group Pbea (#61)
a(A) 10.3754 (4)
b(A) 10.4603 (2)
c((? 323412 (12)
V(A% 35100 (3)
D aale (g/em”) 131

0.038, 0.038

X-ray powder diffraction is another tool typically avail-
able for the characterization of mixtures of polymorphs and
individual polymorphs of the same substance. However,
visual review of powder patterns for fluoxetine hydrochlo-
ride API samples (FIGS. 1 and 3) are indistinguishable from
Form A powder patterns (FIGS. 5 and 7). When such powder
patterns are expressed in terms of “d” spacings and relative
intensitics, only slight differences among samples arc
observed (Tabk 1 below) and are attributable to the sample
height packing within the sample holder (“d” spacings) and
preferred orientations (relative intensities).

TABLE 1
X-Ray Powder Difftaction

Lot 1APT  __Jot2AP' = Compiossion® Mothod Slurry®
ddy r dAQ r b r dA P
15.68 w 1612 m 15.89 w 1593 w
8.62 w 877 whw 864 wivw 867 wiw
6.63 wivw 6.71 vw 6.65 w 667 wivw
632 vs 6.39 [ 6.33 W 635 s
6.04 w 6.10 wiw 604 m 606 w
5.36 ms 539 w $.36 . 537 ww
491 w 494 v 492 w 492 whw
4.83 w 486 whw 4.83 w 484 wivw
4.58 w 461 vw 4.60 m 462 wiw
4.34 vs 437 w 435 s 435 [
4.24 m 427 w 425 n/s 426 w
4.02 s 404 ] 402 ve 403 Vi

4
TABLE 1-contimied
X-Ray Powder Diffraction
Sample
Lot 1 AP Lot 2 AP Compression> _Method Slurry?
ddh P dd P 4db P dA P
38 whw 392 whw 390 w 390 whiw
10 372 mk 377 w 374 m/s 374 w
364 whw 3.66 w 364 w 365 whw
3.57 wivw 3.59 w 358 m 358 whw
3.50 m 353 w 351 m 351 w
3.46 w 348 w 347 m 348 w
333 wivw 33s w 3.34 wivw 334 wivw
15 3.26 vw 3.28 w 3.27 vw 327 vw
317 m 319 w 3.18 m 318 w
3.07 m/w 3.09 mw 3.07 m/w 308 mw
.86 vw 288 w 2.87 v 2.87 W
27 vw 2.80 w 2.719 vw 279 vw
2.73 w 274 w 2.74 w 274 w
255 wivw 257 vw 256 wivw 256 vw
242 vw 243 vw 2.42 vw 242 wvw
“Typical fluoxetine hydrochloride API
2Form A of flucxctine hydrochloride prepared as taught hereinbelow
Svw = very weak;
W = woak;

25 m = modente;

& = strong; and

v8 = vory sirong intensities.

Accordingly, x-ray powder diffraction scrves as a uscful tool
for ing the presence of fluoxctine hydrochloride, but

0 is not a useful tool for differentiating among the various

individual or mixtures of polymorphs of fluoxetine hydro-
chioride. However, when used in combination with differ-
cntial scanning calorimetry (DSC), x-ray powder diffraction
is used to confirm the presence of fluoxetine hydrochloride

35 (see, c.g., Example 15), and DSC is used to confirm the

presence of Form A, in pure and essentially pure form, and
mixtures of fluoxetine hydrochloride polymorphs.

Using the appropriately precise DSC method set forth in
Example 12 herein, whercin the analysis is conducted at a

40 maximum rate of 1° C. per minute, multiple levels of

polymorph Forms A, B, and C each are typically present in
finoxetine hydrochloride API (FIGS. 2 and 4). When such
API is prepared via any one of the methods of the present
invention, recrystallization, slurry, and compression, and

45 analyzed using said DSC method, a single endotherm occur-

ring at a temperature range from about 155° C. to about 160°
C., and more preferably from about 157° C. to about 159°
C., confirms the presence of Form A of fluoxetine hydro-
chloride (FIGS. 6 and 8 for the compression and slurry

so methods, respectively). Interestingly, when such DSC

method was used 10 analyze Form A prepared via such
recrystallization method and placed under accelerated sta-
bility conditions (40° C. and 75% relative humidity) for less
than onc week, the presence of Form A was confirmed, but

ss two additional polymorphs of fluoxctine hydrochloride,

Forms D and E, were prepared (FIG. 11). Accordingly, the
shurry method for preparing pure and essentially pure Form
A is preferred, while the compression method is especially
preferred.

60  For additional confirmation of the presence of Form of

fluoxetine hydrochloride in pure form, single x-ray
crystallography, x-ray powder diffraction, and differential
scanning calorimetry can be used together.

Furthermore, x-ray powder diffraction and differential

65 scanning calorimetry can be used to identify essentially pure

Form A. The powder pattern for essentially pure Form A is
consistent with those for fluoxetine hydrochloride API and

-
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purc Form A as taught herein. However, essentially pure
Form A is further characterized by having at lcast two
endotherms as determined by DSC run at a maximum rate of
1° C. per minute. Essentially pure Form A is defined by an
increase in Form A and decrease of other polymorphs of
fluoxetine hydrochloride compared to the starting material
when prepared, for example, as taught herein, but the
crystallization process is not permitted to run to completion
which would form pure Form A. However, it is preferred that
the amount of fluoxetine hydrochloride polymorphs other
than Form A does not exceed an amount greater than about
ten percent (w/w) and, more preferably, does not exceed an
amount greater than about five percent (w/w).

For the purpose of this invention, the term “pure” refers
to Form A of fluoxetine hydrochloride being in a concen-
tration such that other fluoxetine polymorphs are present in
amounts generally below limits detectable by conventional
technology, particularly the Differential Scanning Calorim-
ctry (DSC) method taught in Example 12 herein. Although
the present invention provides for pure and essentially pure
Form A of fluoxetine hydrochloride, it is particularly
preferred, of course, to eliminate all of the other polymor-
phic impurities to provide pure Form A of the present
invention.

Fluoxetine hydrochloride API can be prepared by a mul-
titude of processes known in the art (sce, ¢.g., U.S. Pat. Nos.
4,314,081; 5,166,437; and 5,225,585). The compositions of
the present invention are preferably prepared by using such
fluoxetine hydrochloride API as the starting material. The
recrystallization and slurry methods set forth below can be
used as the final steps in many crystallization processes in
situ for the preparation of fluoxetine hydrochloride, without
requiring a “recrystallization” processes, resulting in the
preparation of Form A, preferably in pure and essentially
pure form. Preferred methods for the preparation of Form A
are set forth below, but are not intended to limit the scope of
the present invention.

Preparation of Form A

I. Recrystallization Method. Fluoxetine hydrochloride
AP is recrystallized (or cryatallized in situ, as the case may
be) into Form A by dissolving such AP1 in a suitable solveat
in excess. Suitable solvents are those which are capable of
dissolving fluoxetine hydrochloride so that a solution is
formed, and include solvents across various classes
including, for example, protic, aprotic, polar, and non-polar.
Alcohol-based solvents are preferred and methanol is espe-
cially preferred. The resulting solution is filtered and per-
mitted to recrystallize, most preferably at a fixed
temperature, by cvaporation. The temperature used for the
cvaporation stcp should be held constant at a temperature
which permits the recrystallization of the starting material to
Form A. A temperature range from about 0° C. to about 60°
C. is preferred, while a temperature range from about 15° C.
to about 40° C. is more preforred, and about ambient
temperature is most preferred. This method has provided
purc and csscatially pure Form A of fluoxetine hydrochlo-
ride depending upon whether this recrystallization process is
allowed to run to completion. However, this method is the
least preferred of the methods taught herein. This method
typically produces Form A, which, due to the method used,
may transform to at least two more previously unidentified
polymorphic forms of fluoxetine hydrochloride, designated
as Forms D and E.

II. Slurry Method. Fluoxetine hydrochloride API is
recrystallized (or crystallized in situ, as the case may be) into
stable Form A by adding such AP1 to a snitable solvent until
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a shury is formed. Suitable solvents are those which are
capable of sufficicntly dissolving such API to form a slurry
and establish a dynamic solubility equilibrium. Alcohol-
based solvents are preferred and methanol is especially
preferred. The resulting slurcy is stirred until Form A is in
pure or essentially pure form, as desired. Typically, the
shurry is stirred for about two days depending upon batch
size and solvent used, preferably at ambient temperature,
and filtered. Most preferably, this process is run at a fixed
temperature. For the preparation of pure Form A, it is
preferred to allow this process to run to completion, as
demonstrated by the preferred DSC method taught herein.
Acceptable temperature ranges are those which will permit
the transformation of the starting material to Form A, while
a temperature range from about 0° C. o about 60° C. is
preferred, a temperature range from about 15° C. to about
40° C. is more preferred, and about ambient temperature is
most preferred.

III. Compression Method. Particularly surprising was the
discovery that Form A of fluoxetine hydrochloride can be
prepared via compression. Various picces of equipment may
be used during the preparation of pharmaceutical products to
provide a pressure of about 100 pounds per square inch (psi)
to about 5000 psi, or greater. Such equipment includes, for
example, hydraulic presses. Such equipment can provide
sufficient pressure 1o convert the existing multiple polymor-
phic forms of fluoxetine hydrochloride to stable, pure or
essentially pure Form A by regulating the amount of pres-
sure used in this method. Preferably, at least about 100 psi
is used. It is also preferred to use sufficient pressure without
changing the other physical properties of Form A which are
reasonably necessary for preparation of the respective drug
product. Confirmation of the relative purity of Form A
propared by this process is also confirmed using DSC.

Accordingly, the present invention provides, in part, pure
and essentialty pure Form A of fluoxetine hydrochloride, and
methods for the preparation thercof. The present invention
further provides methods for reducing, minimizing, and
climinating polymorphic contaminants (i.c., fluoxetine
hydrochloride Forms B and C), and inhibiting the formation
of other polymorphic forms of fluoxetine hydrochloride (i.c.,
Forms D and E).

It was also unexpectedly discovered that amorphous flu-
oxetine bydrochloride can be used as an intermediate for the
preparation of Form A of the present invention. The starting
material for this process, generally, is fluoxetine hydrochlo-
ride. Such starting material is heated to above the meking
point thereof, then slowly cooled to about ambicent tempera-
ture. It is preferred to heat such starting material to just
beyond the melting point thereof (generally, just beyond
about 155° C. to about 160° C.) to avaid over heating such
starting material to the point that it decomposes in part or in
whole. The sample initially remains in the amorphous state,
as confirmed by x-ray powder diffraction, but recrystallized
into Form A following nucleation. Nucleation can actively
be induced (ic., physically disturbing the sample) or pas-
sively induced by the use of natural forces by permitting the
sample to be exposed to nucleation forces including, for
example, dust particles, vibration, or air currents.

Accordingly, the present invention further provides amor-
phous fluoxetine hydrochloride, gencrally uscful as an inter-
mediate for the preparation of Form A of the present
invention, and methods for preparing such Form A there-
from.

The preseat invention further provides methods of using
Form A of fluoxetine hydrochloride, preferably in pure and

Case 7:01-cv-00202-F Document 2 Filed 11/06/01 Page 61 of 65




US 6,313,350 B1

7

essentially pure form, for inhibiting serotonin uptake in
mammals comprising administering to a mammal requiring
increased ncurotransmission of serotonin an effective
amount of onc or more desired form(s) of fluoxetine hydro-
chloride of the present invention. Pure Form A is preferred.
Discasc states requiring such inhibition of serotonin uptake
include, for example, depression, anxiety, alcoholism,
chronic pain, eating disorders such as, for example, obesity
and bulimia, and smoking cessation.

For the most effective administration of novel Form A of
the present invention, it is preferred to prepare a pharma-
ceutical formulation preferably in unit dose form, compris-
ing one or more of the active ingredients of the present
invention and one or more pharmaceutically acceptable
carrier, diluent, or excipient. As used herein, the term “active
ingredient” refers to any of the embodiments set forth
herein, particularly Form A of fluoxetine hydrochloride in
pure or essentially pure form.

Such pharmaceutical formulation may, without being
limited by the teachings set forth herein, include a solid form
of the present invention which is blended with at least one
pharmaceutically acceptable excipient, diluted by an excipi-
ent or enclosed within such a carrier that can be in the form
of a capsule, sachet, tablet, buccal, lozenge, paper, or other
container. When the excipient serves as a diluent, it may be
a solid, semi-solid, or liquid material which acts as a vehicle,
carricr, or medium for the active ingredieni(s). Thus, the
formulations can be in the form of tablets, pills, powders,
elixirs, suspensions, emulsions, solutions, syrups, capsules
(such as, for cxample, soft and bard gelatin capsuks),
suppositories, sterile injectable solutions, and sterile pack-
aged powders.

Examples of suitable excipients include, but are not
limited to, starches, gum arabic, calcium silicate, microc-
rystaliine cellulose, polyvinylpymolidone, cellulose, water,
syrup, and methyl cellulose. The formulations can addition-
ally include lubricating agents such as, for example, talc,
magnesium stearate and mineral oil; wetting agents; emul-
sifying and suspending agents; prescrving agents such as
methyl-and propyl-hydroxybenzoates; sweetening agents;
or flavoring agents. Polyols, buffers, and inert fillers may
also be used. Exampks of polyols include, but arc not
limited to: mannitol, sorbitol, xylitol, sucrose, mallosc,
glucose, lactose, dextrose, and the like. Suitable buffers
cncompass, but arc not limited to, phosphate, citrate,
tartrate, succinate, and the Like. Other inert fillers which may
be used encompass those which are known in the art and are
uscful in the manufacture of various dossge forms. If
desired, the solid pharmaceutical compositions may inchide
other components such as bulking agents and/or granulating
agents, and the like. The compositions of the invention can
be formulated so as to provide quick, sustained, controlled,
or delayed release of the active ingredient afler administra-
tion to the patient by employing procedures well known in
the art.

In certain embodiments of the invention, the active
ingredient(s) may be made into the form of dosage units for
oral administration. The active ingredient(s) may be mixed
with a solid, pulverant carrier such as, for example, lactose,
saccharose, sorbitol, mannitol, starch, amylopectin, cellu-
lose derivatives or gelatin, as well as with an antifriction
agent such as for example, magnesium stearate, calcium
stearate, and polycthylene glycol waxes. The mixture is then
pressed iato tablets or filled into capsules. If coated tablets,
capsules, or pulvules are desired, such tablets, capsukes, or
pulvules may be coated with a concentrated solution of
sugar, which may contain gum arabic, gelatin, tak, titanium
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dioxide, or with a lacquer dissolved in the volatile organic
solvent or mixture of solvents. To this coating, various dyes
may be added in order to distinguish among tablets with
different active compounds or with different amounts of the
active compound present.

Soft gelatin capsules may be prepared in which capsules
contain a mixture of the active ingredient(s) and vegetable
oil or non-aqueous, water miscible materials such as, for
example, polyethylene glycol and the like. Hard gelatin
capsulcs may contain granules or powder of the active
ingredient in combination with a solid, pulverulent carrier,
such as, for example, lactose, saccharose, sorbitol, mannitol,
potato starch, corn starch, amylopectin, ccllulose
derivatives, or gelatin.

Tablets for oral use are typically prepared in the following
manner, although other techniques may be employed. The
solid substances are gently ground or sieved to a desired
particle size, and a binding agent is homogenized and
suspended in a suitable solvent. The active ingredient(s) and
auxiliary agents are mixed with the binding agent solution.
The resulting mixture is moistened lo form a uniform
suspension. The moistening typically causes the particles to
aggregate slightly, and the resulting mass is gently pressed
through a stainless steel sicve having a desired size. The
layers of the mixture are then dried in controlled drying units
for a pre-determined length of time to achieve a desired
particle size and consistency. The gramiles of the dried
mixture are gently sieved to remove any powder. To this
mixture, disintegrating, anti-friction, and anti-adhesive
agents are added. Finally, the mixture is pressed into tablets
using a machine with the appropriate punches and dies to
obtain the desired tablet size.

In the event that the above formulations are to be used for
parenteral administration, such a formulation typically com-
prises sterile, aqueous and nonaqueous injection solutions
comprising onc or more active ingredients for which prepa-
rations are preferably isotonic with the blood of the intended
recipient. These preparations may contain anti-oxidants,
buffers, bacteriostats, and solute; which render the formu-
lation isotonic with the blood of the intended recipicnt.
Aqueous and non-aqueous suspensions may include sus-
pending agents and thickening agents. The formulations
may be present in unit-dose or multi-dose coatainers, for
cxample, scaled ampules and vials. Extemporaneous injec-
tion solutions and suspensions may be prepared from sterile
powders, granules, and tablets of the kind previously
described.

Liquid preparations for oral administration are prepared in
the form of solutions, syrups, or suspensions with the latter
two forms containing, for example, active ingredient(s),
sugar, and a mixturc of cthanol, water, glycerol, and propy-
lene glycol. If desired, such liquid preparations contain
coloring agents, flavoring agents, and saccharin. Thickening
agents such as carboxymecthylccllulose may also be used.

As such, the pharmaceutical formulations of the present
invention are proferably prepared in a unit dosage form, each
dosage unit containing from about 5 mg to about 200 mg,
more usually from about 10 mg to about 40 mg of the active
ingredicnt(s). In liquid form, dosage unit contains from
about 5 to about 200 mg, more usually about 10 mg to about
40 mg of active ingredieni(s). The term “unit dosage form”
refers to physically discrete units suitable as unitary dosages
for human subjects/patients or other mammals, each unit
containing a predetermined quantity of active ingredient
calculated to producc the desired therapeutic effect, in
association with preferably, at least one pharmaceutically
acceptable carrier, diluent, or excipient.
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The following examples are illustrative and are not
intended to limit the scope of the invention in any way.

FORMULATION 1

Hard gelatin 20 mg capsules are prepared using the
following ingredients:

Quantity
(mg/capauic)
active ingredicnt 0
ethanedioate
starch, dried 200
magnesium steamte 10
Total 230

The sbove ingredients are mixed and fllled into hard
gelatin capsules in 230 mg quantities.

FORMULATION 2
A 20 mg tablet is prepared using the ingredients below:

Quantity
(mgable)
active ingredient 0
celiulose, microcrystalline 400
silicon dioxide, fumed 10
stearic acid 5
Total 435

The components are blended and compressed to form
tablets cach weighing 435 mg.

FORMULATION 3

Tablets cach containing 20 mg of active ingredicnt arc
made as follows:

active ingrodicat 20 mg
starch 45 mg
microcrystalline cellulosc 35 mg
polyvinylpyrrolidone 4 mg
(as 10% solution in water)

sodium carboxymethyl starch 45 mg
magnosinm steante 0.5 mg
wle 1 mg
Total 110 mg

The active ingredient, starch and ccllulosc are passed
through a No. 45 mesh U.S. sieve and mixed thoroughly.
The solution of polyvinylpyrrolidone is mixed with the
resultant powders which are then passed through a No. 14
mesh US. sicve. The granules so produced are dried at 50°
C. aod passed through a No. 18 mesh U.S. sieve. The sodium
carboxymethyl starch, magnesium stcarate and takc, previ-
ously passed through a No. 60 mesh U.S, sieve, arc then
added to the granules which, after mixing, are compressed
on a tablet machine to yield tablets each weighing 110 mg.

FORMULATION 4

Capsules each containing 10 mg of medicament are made
as follows:

5
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active ingredient 10 mg
starch 59 mg
microcrystalline celiulose S mg
magnesium sicante 2mg
Tota! 130 mg

The active ingredient, cellulose, starch and magnesium
stearate are blended, passed through a No. 45 mesh US.
sieve, and filled into hard gelatin capsules in 130 mg
quantities.

FORMULATION 5

Suspensions each containing 20 mg of medicament per 5
ml dose are made as follows:

active ingredient 20 mg
sodium carboxymethyl celtulose 50 mg
syrup 1.25 ml
benzoic acid solution 0.10 ml
flavor q.v.

color q.v.

purified water to total 5 ml

The medicament is passed through a No. 45 mesh U.S.
sieve and mixed with the sodium carboxymethyl cellulose
and syrup to form a smooth paste. The benzoic acid solution,
flavor and color are diluted with some of the water and
added, with stirring. Sufficient water is then added (o pro-
duce the required volume.

FORMULATION 6
An intravenous formulation may be prepared as follows:

active ingrediont 100 mg
isotonic saline 1000 ml

The solntion of the above ingredients is administered
intravenously at a rate of 1 ml per minute to a subject
suffering from depression.

The following cxamples are intended to illustrate the
invention, and are not to be construed as limiting the scope
of the present invention.

EXAMPLE 1

Form A via the recrystallization method. To a 20mL
beaker containing 10mL of methanol was added an amount
of fluoxctine hydrochloride API such that the resulting
suspension was at or near the saturation point. The suspen-
sion was then magnetically stirred for about 15 minutes and
filtered through a 045 zzm polytrifiuorocthylene (“PTFE”)
filter. The resulting solution was allowed to stand undis-
turbed at ambient temperature until the solvent evaporated
(about 1 to 2 days). X-ray powder diffraction (XRD) con-
firmed the end product is fluoxetine hydrochloride, and
differential scanning calorimetry (DSC) confirmed the pres-
ence of purc Form A polymorph of fluoxetine hydrochloride.

EXAMPLE 2

Form A via the recrystallization method. The process set
forth in Example 1 above was used, but water rather than
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methanol was used as a solvent. XRD confirmed the end
product is fluoxetine hydrochloride, and DSC confirmed the
presence of pure Form A polymorph of fluoxetine hydro-
chloride.

EXAMPLE 3

Form A via the recrystallization method. The process set
forth in Example 1 above was used, but dimethylformamide
rather than methanol was used as a solvent. XRD confirmed
the end product is fluoxetine hydrochloride, and DSC con-
firmed the presence of pure Form A polymorph of fluoxetine
hydrochloride.

EXAMPLE 4

Form A via the slurry method. To a 20mL beaker con-
taining 10mL of methanol was sdded sufficient fluoxetine
hydrochloride API, in excess, to form a slurry. The resulting
slurry was magnetically stirred for about 48 bours at ambient
temperature. The slurry was filtcred (using 2 0.45 ym PTFE
filter) and the collected solid material was dried under a
vacuum at ambient temperature for about 4 hours. XRD
confirmed the end product is fluoxetine hydrochloride, and
DSC confirmed the presence of pure Form A polymorph of
fluoxetine hydrochloride.

EXAMPLE 5

Form A via the compression method. A 100mg sample of
fluoxetine hydrochloride APl was placed in a dye and
compressed by a Carver Press (Fred S. Carver, Inc.; Meno-
monee Falls, Wis.) at about 100 psi to oblain a pellet. The
pellet was broken apart using a scalpel and tested. XRD
confirmed the end product is fluoxetine hydrochloride, and
DSC confirmed the presence of pure Form A polymorph of
fluoxetine hydrochloride.

EXAMPLES 69

Form A via the compression method. Using the procedure
set forth in Example 5 above, fluoxetine hydrochloride API
samples were compressed at 1000, 2000, 4000, and 4500
psi. XRD confirmed that each sample is fluoxetine
hydrochlotide, and DSC confirmed the presence of pure
Form A polymorph of fluoxetine hydrochloride,

EXAMPLE 10

Form A via amorphous fluoxetine hydrochloride. A
sample of 50 mg of fluoxetine hydrochloride API was heated
by hot stage microscopy to 170° C. until the entire sample
entered the “glass” phase. The sample was allowed to cool
at ambient temperature. XRD confirmed the resulting flu-
oxetine hydrochloride is in amorphous form, and no melting
point was observed using DSC. Following nucleation, XRD
and DSC confirmed that the resulting material is crystalline
fluoxetine hydrochloride as Form A thercof.

EXAMPLE 11

Differential Scanning Calorimetry for fluoxetine hydro-
chloride. A sample of about 10mg was placed in a scaled
aluminum sample holder and was heated from 30° C. to 180°
C., at 10° C. per minute under a 40mL. per minute nitrogen
purge, using a Mettler-Toledo (Columbus, Ohio) DSC821*
differential scanning calorimeter with Star* sofiware pack-
age (also from Mettler-Toledo). Endotherms demonstrated
the presence of at least two polymorphs in fluoxetine hydro-
chloride API, designated Forms A and B of fluoxetine
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hydrachloride API. However, the resolution was less than
desired, and the method sct forth in Example 12 herein was
developed as a required method.

EXAMPLE 12

Differential Scanning Calorimetry for fluoxetine hydro-
chloride. The method described in Example 11 was used,
except the heating rate was changed from 10° C. per minute
to a heating rate of 1° C. per minuie from 145° C. to 175°
C. The improved resolution from use of this method resulted
in the observation of at least three polymorpbs of fluoxctine
hydrochloride AP, designated Forms A, B, and C fluoxetine
hydrochloride AP

EXAMPLE 13

Differential Scanning Calorimetry for pure Form A of
fluoxetine hydrochloride. The method used in Example 12
was used, except the fluoxetine hydrochloride from
Examples 2 and 3 were tested rather than fluoxetine hydro-
chloride API. A single endothenn from about 155° C. to
about 160° C. confirmed the presence of a single fluoxctine
hydrochloride polymorph, identified as pure Form A via the
method taught in Example 14.

EXAMPLE 14

Determination of the single crystal structure of Form A of
fluoxetine bydrochloride. Single Crystal X-Ray Diffraction
was used to determine the single crystal structure of Form A
of fluoxetine hydrochloride. Without being bound to theory,
it is believed that a crystalline material diffracts X-rays due
to the constructive and destructive interference of the scat-
tering of X-rays from the atoms of the molecule within the
crystal lattice. The intensity and positions of the diffraction
spots produced by the crystal is capable of generating
structural information about the locations of the atoms in the
molecule of a crystal.

In this instance, a single crystal of the material to be
examined is mounted at the end of a glass fiber. The crystal
is aligned in the diffractometer in a specific orientation. The
diffraction spois are measured, then the crystal is rotated to
the next position. The above sequence is then repeated until
thousands of individual diffraction spots are measured and
recorded. The diffraction spots are then analyzed and the
data phased to generate an electron density map from which
a molecular structure of the molecule is uniquely deter-
mined. The X-ray diffraction data is generated using cither
a Nonius CAD4 diffractometer or a Nonius Kappa CCD
diffractometer made commercially available by Nonius Cor-
ponation of Delft, Nctherlands. Pure Form A of fluoxetine
hydrochloride prepared in the methods taught herein is
characterized by the following single crystallization param-
eters:

orystal clas orthorhombic

space groups Pboa (“1)

»A) 103754 (4)

b(A) 10.4603 (2)

a(12 323412 (12)

V(A% 35100 ©3)

d ale (glem®) 131

R Ry 0.038, 0.038
EXAMPLE 15

X-ny Powder Diffraction for fluoxetine hydrochloride. A
sampk of about 50 mg of fluoxetine bydrochloride was

-
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placed on a zero-background sample plate and analyzed
using copper Ka Radiation (A=1.5418 A) from 2 to 40
degrees in 2-theta at 2.4 degrees per minute. A Siemens
D500 automated diffractometer (Munich, Gennany) with
MDI software (Livermore, Calif.) was used for the analysis
and processing of the data.

What is claimed is:

1. A process for preparing Form A of fluoxetine hydro-
chioride in pure form comprising crystallizing saikl Form A
from a slurry having fluoxetine hydrochloride in a solvent
under conditions that yield said Form A of fluoxetine hydro-
chloride.

2. A process for preparing Form A of fluoxetine hydro-
chloride in pure form wherein said Form A is characterized
by having an x-ray powder diffraction pattern consistent
with fluoxetine hydrochloride, and further characterized by
having a single endotherm as determined by differential
scanning calorimetry run at 2 maximum rate of 1° C. per
minute, said process comprising crystallizing said Form A
from a slurry having fluoxetine hydrochloride in a solvent
under conditions that yield said Form A of fluoxetine hydro-
chloride.

3. Aprocess according to claim 2 wherein said single DSC
endotherm occurs in the iemperature range from about 155°
C. to about 160° C.

4. A process according to claim 2 wherein said single DSC
endotherm occurs in the temperature range from about 157°
C. to about 159° C.

5. A process for preparing Form A of fluoxetine hydro-
chloride in pure form wherein said Form A is characterized
by the following single crystallographic parameters:

crystal class orthorhombic
#pace group Pbea (#61)
a(A) 103754 (4)
bA) 104603 (2)
oA 323412 (12)
v&) 35100 (3)

d calc (g/cm®) 1.31

R, Ry 0.038, 0.038

said process comprising crystallizing said Form A from a
shirry having fluoxetine ride in a solvent under
counditions that yield said Form A of fluoxetine hydrochlo-
ride.

6. A process according to claim § wherein said Form A of
fluoxetine hydrochloride is further characterized by having
an x-ray powder diffraction pattern consistent with fluoxet-
ine hydrochloride, and further characterized by having a
single endotherm as determined by differential scanning
calorimetry ran at a maximum rate of 1° C. per minute.

7. A process according to claim 6 wherein said single DSC
endotherm occurs in the temperature range from about 155°
C. to about 160° C.

8. A process according to claim 6 wherein said single DSC
endotherm occurs in the range from about 157° C. to about
159° C.

9. A process for preparing Form A of fluoxetine hydro-
chloride in essentially pure form comprising crystallizing

said Form A from a slurry having fluoxetine hydrochloride 60

in a solvent under conditions that yicld said Form A of
fluoxetine hydrochloride.

10. A process for preparing Form A of fluoxetine hydro-
chloride wherein said Form A is characterized by having an
x-ray powder diffraction pattern consistent with fluoxetine
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hydrochloride, and further characterized by having at least
two cndotherms as determined by differential scanning
calorimetry rmun at a maximum rate of 1° C. per minute,
provided that the amount of fluoxetine hydrochloride poly-
morphs other than Form A does not exceed an amount
greater than about 10 percent (w/w), said process comprising
crystallizing said Form A from a slurry having fluoxetine
hydrochloride in a solvent under conditions that yield said
Form A of fluoxetine hydrochloride.

11. A process according to claim 10 wherein the peak of
said DSC endotherms occurs in the temperature range from
about 155° C. to about 160° C.

12. A process according to claim 10 wherein said Form A
of fluoxetine hydrochloride is further characterized by the
following crystallographic parameters:

crystal class orthorhombic
pace group Phea (#61)
s(A) 103754 (4)
(A 10.4603 (2)
c(/y 323412 (12)
V(A) 35100 (3)

d cale (ghem®) 131

R, Ry 0.038, 0.038.

13. A process according to claim 12 wherein the peak of
said DSC endotherms occurs in the temperature range from
about 155° C. to about 160° C.

14. A process for preparing Form A of fluoxetine hydro-
chloride wherein said Form A is charactetized by having an
x-ray powder diffraction pattern consistent with fluoxetine
hydrochloride, and further characterized by having at least
two endotherms as determined by differential scanning
calorimetry run at a maximum rate of 1° C. per minute,
provided that the amount of fluoxetine hydrochloride poly-
morphs other than Form A does not exceed an amount
greater than about 5 percent (w/w), said process comprising
crystallizing said Form A from a slurry having fluoxetine
hydrochloride in a solvent under conditions that yield said
Form A of fluoxctine hydrochloride.

15. A process according to claim 14 wherein the peak of
said DSC endotherms occurs in the temperature range from
about 155° C. 1o about 160° C. A

16. A procoss according to claim 14 wherein said Form A
of fluoxetine hydrochloride is further characterized by the

following crystallographic parameters:
crystal class orthorhombic
space group Phea (#61)
oA 10.3754 (4)
b(A) 104603 (2)
o 323412 (12)
VAY» 35100 (3)
d calke (g/em®) 131
R, Ry 0038, 0.038.

17. A process according to claim 16 whercin the peak of
said DSC endotherms occurs in the temperature range from
about 155° C. to about 160° C.

~e
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