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LITE DEPALMA GREENBERG & RIVAS, LLC
Allyn Z. Lite

Michael E. Patunas

Two Gateway Center, 12th Floor

Newark, New Jersey 07102

(973) 623-3000

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

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

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

V.

DR. REDDY’S LABORATORIES, LTD. and
DR. REDDY’S LABORATORIES, INC.,

Defendants.

COMPLAINT FOR DECLARATORY JUDGMENT

For their Complaint against Defendants Dr. Reddy’s Laboratories, Ltd. and Dr. Reddy’s

Laboratories, Inc. (collectively, “Defendants™), Plaintiffs Teva Pharmaceutical Industries Ltd.

(“Teva Ltd.”) and Teva Pharmaceuticals USA, Inc. (“Teva USA; collectively, Plaintiffs”) allege

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

THE PARTIES

1. Teva Ltd. is a corporation organized under the laws of Israel, and maintains its

principal place of business at 5 Basel Street, Petah Tiqva 49131, Israel.
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2. Teva USA 1s a Delaware corporation with its principal place of business located
at 1090 Horsham Road, North Wales, Pennsylvania, 19454-1090. Teva USA is a wholly-owned
subsidiary of Teva Ltd.

3. On information and belief, Defendant Dr. Reddy’s Laboratories, Ltd. is an Indian
corporation based in Hyderabad, India and has a place of business at 200 Somerset Corporate
Boulevard, Bridgewater, New Jersey. On further information and belief, Defendant Dr. Reddy’s
Laboratories, Ltd. is engaged in the business of developing, manufacturing, and selling various
pharmaceutical products, many of which are sold in New Jersey.

4. On information and belief, Defendant Dr. Reddy’s Laboratories, Inc. is a New
Jersey corporation with its principal place of business located at 200 Somerset Corporate
Boulevard, Bridgewater, New Jersey. On further information and belief, Defendant Dr. Reddy’s
Laboratories, Inc. 1s engaged in the business of developing, manufacturing, and selling various
pharmaceutical products, many of which are sold in New Jersey.

NATURE OF THE ACTION

5. This is an action for patent infringement arising under the Patent Laws of the

United States, 35 U.S.C. § 1 et seq., and seeking injunctive relief under 35 U.S.C. §§ 281-283.
JURISDICTION AND VENUE

6. ‘This Court has subject matter jurisdiction over this controversy under 28 U.S.C.
§§ 1331 and 1338(a), and the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and 2202.

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

Jurisdiction.



Case 3:07-cv-02894-GEB -JJH Document1 Filed 06/21/07 Page 3 of 77 PagelD: 5

8. This Court has personal jurisdiction over Defendants because of, inter alia,
Defendants’ systematic, purposeful and continuous contacts in this District, Defendant Dr.
Reddy’s Laboratories, Inc.’s principal place of business in this District, and Defendant Dr.
Reddy’s Laboratories, Ltd.’s availment of the privilege of doing business in this District through
its subsidiary and agent Defendant Dr. Reddy’s Laboratories, Inc.

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

FACTUAL BACKGROUND
The Patents in Suit

10. Teva Ltd. is the owner of all right, title and interest in United States Patent Nos.
6,699,997 (“the ‘997 Patent”), 6,710,184 (“the *184 Patent™), 7,056,942 (“the “942 Patent™), and
7,126,008 (“the ‘008 Patent”; collectively, “the patents in suit”) relating to, infer alia, various
forms of a chemical compound known as carvedilol and processes for preparing various forms of
carvedilol. One polymorphic form of carvedilol is known as “Form IL.”

it The 997 Patent was duly and legally issued by the United States Patent and
Trademark Office (“PTO”) on March 2, 2004 for an invention entitled “Carvedilol.” A copy of
the ‘997 Patent is attached as Exhibit A.

12. The “008 Patent was duly and legally issued by the PTO on October 24, 2006 for
an invention entitled “Carvedilol.” A copy of the ‘008 Patent is attached as Exhibit B.

I3. The *997 and *008 Patents claim processes for preparing carvedilol.

143
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14, The ‘184 Patent was duly and legally issued by the PTO on March 23, 2004 for an
invention entitled “Crystalline Solids of Carvedilol and Processes for Their Preparation.” A
copy of the “184 Patent is attached as Exhibit C.

15. The 184 Patent claims processes for preparing carvedilol Form IIL

16. The ‘942 Patent was duly and legally issued by the PTO on June 6, 2006 for an
invention entitled “Carvedilol.” A copy of the ‘942 Patent is attached as Exhibit D.

i7. The ‘942 Patent claims, inter alia, a hydrate form of carvedilol hydrochloride.
GlaxoSmithKline’s Exclusivity

18.  Carvedilol is a pharmaceutical compound used in the treatment of congestive
heart failure. It is the active pharmaceutical ingredient (“API”) in the product sold by
GlaxoSmithKline (“GSK”) under the trade name COREG®. COREG® is included in the United
States Food and Drug Administration’s (“FDA™} list of “Approved Drug Products With
Therapeutic Equivalence Evaluations,” also known as the “Orange Book.”

19, The carvedilol compound is disclosed and claimed in U.S. Patent No. 4,503,067
(“the *067 Patent”™), which is owned by GSK. The ‘067 Patent is listed in the FDA’s Orange
Book in association with COREG®™. The *067 Patent expired on March 5, 2007.

20.  Pursuant to 21 U.S.C. § 355a, GlaxoSmithKline was awarded a six-month period
of pediatric exclusivity following the expiration of the *067 Patent. GlaxoSmithKline’s pediatric
exclusivity period extends from March 35, 2007 to September 5, 2007. Pursuant to this
exclusivity, the FDA cannot grant final approval to any Abbreviated New Drug Application
(“ANDA”) holders for carvedilol during that period. The FDA may grant final approval to

ANDA holders beginning immediately upon expiration of GSK’s pediatric exclusivity period.
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Defendants’ Imminent Infringement of the Patents in Suit—Defendants’ ANDA

21. On information and belief, Defendants submitted ANDA No. 76-649 to the FDA,
requesting approval to market a generic version of COREG™ in 3.125, 6.25, 12.5, and 25 mg
dosage strengths.

22. Defendants have received tentative approval of their ANDA from the FDA. On
information and belief, final approval of Defendants” ANDA is expected to be granted shortly
after the expiration of GSK’s pediatric exclusivity period on September 5, 2007. Once
Defendants receive final approval of their ANDA, Defendants will be able to market generic
carvedilol tablets in the United States.

23. Under the Hatch-Waxman Act, ANDA holders must provide detailed information
to the FDA about how the API to be used in their proposed generic products will be made.
ANDA holders may make the API themselves or, instead, may purchase the API from a supplier.

24. On information and belief, Defendants plan and intend to make carvedilol API
pursuant to a Drug Master File (“DMF”) they have submitted to the FDA, discussed in
paragraphs 29 through 37, or to purchase carvedilol API from a third party DMF holder, to use in
the manufacture of their proposed generic carvedilol tablets (“Defendant’s tablets™).

25. On information and belief, Defendants plan and intend to engage in the
commercial importation, manufacture, use, sale and/or offer for sale of generic carvedilol tablets
in the United States.

26.  Oninformation and belief, Defendants plan and intend to engage in the activities
described in paragraph 25 immediately upon receiving final approval of their ANDA from the

FDA, and said approval will occur shortly after GSK’s pediatric exclusivity period expires.
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27. On information and belief, Defendants plan and intend to engage in the activities
described in paragraph 25 prior to the expiration of the patents in suit.

28. On information and belief, Defendants” tablets will include carvedilol API that
infringes or will infringe one or more claims of the patents in suit, and/or that is or will be made
by a process that infringes one or more claims of the patents in suit. Accordingly, Defendants’
plans and intentions to make and sell carvedilol tablets in the United States constitute imminent,
threatened acts of infringement under 35 U.S.C. § 271, which give rise to an actual controversy
over which the Court may exercise jurisdiction.

Defendants’ Imminent Infringement of the Patents in Suit—Defendants’ DMF

29.  In addition to Defendants, there are several third party holders of ANDAs for
carvedilol that have received tentative approval from the FDA. Final approval is also expected
to be granted to these ANDA holders shortly after the expiration of GSK'’s pediatric exclusivity
period on September 5, 2007. Once each ANDA holder receives final approval, it may market
carvedilol tablets in the United States.

30.  As alleged above, under the Act, ANDA holders must provide detailed
information to the FDA about how the API to be used in their proposed generic products will be
made. ANDA holders may purchase API from a supplier instead of making API themselves.
ANDA filers who intend to purchase API from a given supplier may reference the API supplier’s
DMF in their ANDAs. Upon receiving an ANDA referencing a DMF, the FDA will separately
review the DMF as part of the ANDA approval process. Accordingly, the act of filing a DMF

indicates that the present intent of the DMF filer is to supply API in the United States.
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31. On information and belief, Defendants have filed DMF No. 16330 for carvedilol
API with the FDA.

32.  Oninformation and belief, Defendants plan and intend to use carvedilol API
themselves and/or to supply carvedilol API to one or more third party ANDA holder(s) with the
knowledge and intent that Defendants and/or the third party ANDA holder(s) will engage in the
commercial importation, manufacture, use, sale and/or offer for sale of generic carvedilol tablets
in the United States.

33.  On information and belief, Defendants plan and intend to use carvedilol APl
themselves and/or to supply carvedilol API to one or more third party ANDA holder(s) with the
knowledge and intent that Defendants and/or the third party ANDA holder(s) will engage in the
activities described in paragraph 32 immediately upon receiving final approval of the ANDA(s)
from the FDA, and that said approval will occur shortly after GSK’s pediatric exclusivity period
expires on September 5, 2007.

34.  On information and belief, Defendants plan and intend to use carvedilol API
themselves and/or to supply carvedilo! API to one or more third party ANDA holder(s) with the
knowledge and intent that Defendants and/or the third party ANDA holder(s) will engage in the
activities described in paragraph 32 prior to the expiration of the patents in suit.

- 35.. On. infor.matio.r.l.éz.zd be.lief, D.efer.ldé.nt.s pié..a.l.a.nd iniend tb i.mp;).rt c.ar.veciilo.l API
into the United States for its own use and/or sale to one or more third party ANDA holder(s).

36.  On information and belief, Defendants’ carvedilol API infringes or will infringe

one or more claims of the patents in suit, and/or is or will be made by a process that infringes one

or more claims of the patents in suit. Accordingly, Defendants’ plans and intentions to import
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and sell carvedilol API in the United States constitute imminent, threatened acts of infringement
under 35 U.S.C. § 271, which give rise to an actual controversy over which the Court may
exercise jurisdiction.

37. On information and belief, Defendants’ plans and intentions to use carvedilol API
themselves and/or to supply carvedilol API to one or more third party ANDA holder(s) outside
of the United States for incorporation into products that it knows will be imported and sold in the
United States constitutes imminent, threatened inducement of infringement under 35 U.S.C. §
271, which gives rise to an actual controversy over which this Court may exercise jurisdiction.
Plaintiffs’ Efforts to Obtain Information

38.  Plaintiffs have made a reasonable effort to determine the chemical composition of
Defendants’ carvedilol API and/or the carvedilol API to be used in Defendants’ tablets, as well
as the processes by which Defendants’ carvedilol API and/or the carvedilol APl to be used in
Defendants’ tablets is or will be made. On May 8, 2007, Teva USA notified Defendants of the
existence of the patents in suit and sought information allowing Plaintiffs to ascertain whether
Defendants’ API, Defendants’ tablets, and/or the API to be used in Defendants’ tablets falls
within the scope of one or more of the patents in suit, and/or whether Defendants’ API and/or the
API to be used in Defendants” tablets is made pursuant to a process that falls within the scope of
one or more of the patents iﬂ suit. In particular, Teva USA requested samples all carvedilol API
made pursuant to Defendants’ DMF, samples of the API to be used in Defendants’ tablets, and
samples of Defendants’ tablets, and a detailed description of all processes that will be used to
manufacture carvedilo]l API made pursuant to Defendants” DMF, the carvedilol API to be used in

Defendants’ tablets, and/or Defendants’ tablets. Teva USA offered to enter into a confidentiality
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agreement to protect the confidentiality of any information disclosed by Defendants. Pursuant to
this offer, Teva USA supplied a proposed confidentiality agreement to Defendants.

39. Defendants have not provided to Teva USA any samples or process descriptions,
despite Teva USA’s offer of confidentiality. Further, Plaintiffs have been unable to obtain
samples of Defendants’ AP, the API to be used in Defendants’ tablets, or Defendants’ tablets
from a public source.

40. Without the requested information, Plaintiffs are unable to determine whether
Defendants” API, the API to be used in Defendants’ tablets, and/or Defendants’ tablets infringe
one or more compounds claimed in the patents in suit, or whether the processes by which
Defendants® API, the API to be used in Defendants’ tablets, and/or Defendants’ tablets are made
infringe one or more methods claimed in the patents in suit. For this reason, Plaintiffs cannot
conclusively determine whether Defendants infringe each of the patents in suit unless and until
Defendants provides the requested samples and process descriptions.

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

42.  As adirect and proximate consequence of the planned and intended infringement
by Defendants, Plaintiffs will be injured in their business and property rights unless the

infringement is enjoined by the Court, and will suffer injury for which they are entitled to relief.
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COUNT 1

Declaratory Judgment of Patent Infringement

43. Plaintiffs repeat and reallege Paragraphs 1 through 42 of the Complaint as if fully
set forth herein.

44, On information and belief, the importation, manufacture, use, sale and/or offer for
sale by Defendants of their carvedilol API pursuant to DMF No. 16330 will infringe, either
literally or under the doctrine of equivalents, one or more claims of the ‘997, ‘184, ‘942, and/or
‘008 Patents, or will contribute to or induce such infringement, under 35 U.S8.C. § 271.

45, On information and belief, the importation, manufacture, use, sale and/or offer for
sale by Defendants of their carvedilol tablets pursuant to ANDA No. 76-649 will infringe, either
literally or under the doctrine of equivalents, one or more claims of the ‘997, *184, 942, and/or
‘008 Patents, or will contribute to or induce such infringement, under 35 U.S.C. § 271.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs Teva Ltd. and Teva USA respectfully request a judgment from

the Court:

1. Declaring that the 997, 184, ‘942, and ‘008 Patents are valid and enforceable;

2. Declaring that Defendants will infringe, either literally or under the doctrine of
equivalents, one or more claims of the *997, “184, ‘942, and/or *008 Patents, or will contribute to
or induce such infringement, under 35 U.S.C. § 271;

3. Declaring that Defendants’ infringement and inducement will be willful and that

this 1s an exceptional case under 35 U.S.C. § 285;

10
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4, Permanently enjoining Defendants, their officers, agents, servants and employees,
and those persons in active concert or participation with any of them, from infringing or inducing

the infringement of the ‘997, *184, ‘942, and “008 Patents;

5. Awarding Plaintiffs their attorneys’ fees, costs, and expenses; and
6. Awarding Plaintiffs such other relief that the Court deems proper, just and
equitable.

LITE DEPALMA GREENBERG & RIVAS, LLC

Dated: June 21, 2007 /s Michael E. Patunas
Allyn Z. Lite
Michael E. Patunas
Two Gateway Center, 12th Floor
Newark, New Jersey 07102
(973) 623-3000

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

11
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LOCAL CIVIL RULE 11.2 CERTIFICATION

Plaintiffs, by their attorneys, hereby certify that the matter in controversy is also the
subject of the following actions:
Caption Docket No.Court
Teva Pharmaceutical Indusiries Lid., et al. v. Ranbaxy Laboratories, Ltd., et al.  Filed on 6/21/07 D.N.J.
I hereby certify that the following statements made by me are true. T am aware that
if any of the foregoing statements made by me are willfully false, I am subject to

punishment.

Dated: June 21, 2007 /s/ Michael E. Patunas
Michael E. Patunas

12
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LITE DEPALMA GREENBERG & RIVAS, LLC
Allyn Z. Lite
Michael E. Patunas
- Two Gateway Center, 12th Floor
Newark, New Jersey 07102
(973) 623-3000

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

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

TEVA PI—IARMACEUTICAL INDUSTRIES
LTD. and TEVA PHARMACEUTICALS
USA, INC,,
Plaintiffs Civil Action No.

V.

DR. REDDY’S LABORATORIES, L'TD. and
DR. REDDY’S LABORATORIES, INC.,

Defendants.

RULE 7.1 STATEMENT
Pursuant to Rule 7.1(a) of the Federal Rules of Civil Procedure, Plaintiff Teva
Pharmaceuticals USA, Inc. hereby discloses that (1) the parent companies of Teva
Pharmaceuticals USA, Inc. are: Orvet UK Ltd., Teva Pharmaceuticals Europe (Holland) and
Teva Pharmaceutical Industries Ltd. (Israel); and (2) Teva Pharmaceutical Industries Ltd. is the
only publicly-traded company that owns — through the aforementioned chain — 10% or more of

Teva Pharmaceuticals USA, Inc.
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Plaintiff Teva Pharmaceutical Industries Ltd. hereby discloses that (1) it has no parent

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

Dated: June 21, 2007

LITE DEPALMA GREENBERG & RIVAS, LLC

/s/ Michael E. Patunas
Allyn Z. Lite
Michael E. Patunas
Two Gateway Center, 12th Floor
Newark, New Jersey 07102
(973) 623-3000

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

14
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US 6,699,997 B2

1
CARVEDILOL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the bepefit of U.S. provisional
applications Nos. 60/214,356, filed Jun. 28, 2000 and
60/246,358, filed Nov. 7, 2000, incorporated herein by
reference.

FIELD OF THE INVENTION

This invention relates 1o an improved process of preparing
carvedilol, as well as a new crystalline hydrate and solvate
and forms of carvedilol, processes for the manufacture
thereof, and pharmaceutical compositions thereof.

BACKGROUND OF THE INVENTION

Carvedilo] is a nopselective f-adrenergic blocking agemt
with ¢, blocking activity. Carvedilol, also known as (£)1-
(9H-carbazol-4-yloxy)-3{{2(2-methoxyphenoxy)ethyl]
amino}-2-propanol, (CAS Registry No. 72956-09-3) has the
structure of forsula 1.

Carvedilol has a chiral center and can exist either as
individual stereoisomers or in racemic form. Racemic
carvedilol is the active ingredient of COREG®, which is
indicated for the treatment of congestive heart failure and
hypertension. The nonseleciive fi-adrenergic activity of
carvedilol is present in the S{-) enamliomer and the o,
blocking activity is present in both the R(+) and 8{-)
enanitemers al equal potency. Both the racemate and stere-
oisemers may be obtained according to procedutes well
known in the ant (EP B 0127 069).

Synthesis of Carvediiol

U.S. Pat. Ne. 4,503,067, which is incorporated herein by
reference, discloses a process of preparing carvedio] by the
following reaction:

0/\<l)
QD

N HLCO
H
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in which 4-(oxiran-2-ylmethoxy)-9H-carbazole (formulza I})
is reacted with (2-(2-methoxyphenoxylethylamine (formuia
HE to form carvedilol (1). The above process produces a low
yield of carvedilel at least in part because in addition 10
carvedilol, the process leads to the production of a bis
impurity of the foliowing structure (formuia 1V):

(See EP 918055)

In order to reduce the formation of the formula IV and 1o
increase the yield of carvedilol, EP 918055 disclases using
a benzyi protected form of the 2-(2-methoxyphenoxy}
ethylamine (1),

Carvedilo]l Polymorphs

international application No, WO 99/05105, incorporated
herein by reference, discloses that carvedilo can be isolated
as two polymorphic forms, depending on the method of
preparation, The 1wo polymorphic forms, designated Form 1
and Form 11, are reporied 10 be monotropic and are distin-
guishable by their infrared, Raman and X-ray powder dif-
fraction specira. No evidence is found in the literature about
the existence of hydraled solvate states of carvedilol.

Polymorphism is the property of some molecules and
molecular complexes 1o assume more than one crystalline
form in the solid state. A single molecuie may give rise to a
variety of crystal forms {also called “polymorphs”,
“hydrates” or “solvates™) having distinct physical properties.
For a general review of polymorphs and the pharmaceutical
applications of polymorphs sce G. M. Wall, Pharm Manuj.
3, 33 {1986); J. K. Haleblian and W. McCrone, J. Pharm,
Sci., 58, 911 (1969); and 1. K. Haleblian, J. Pharm. Sci., 64,
1269 (1973), ali of which are incorporated berein by refer-
ence.

The existence and physical properties of different erystal
forms can be determined by a variety of technigues such as
X-ray diffraction spectroscopy, differential scanning calo-
rimetry and infrared spectroscopy. Differences in the physi-

5 cal propertics of different crystal forms resull from the

orientation and intermulecular interactions of adjacent mol
ceules (complexes) in the bulk solid. Accordirgly,
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polymorphs, hydrates and solvates are distinct solids sharing
the same melecular formula yet having distinct advanta-
geous apd/or disadvantageous physical properties compared
to other forms in the polymomph family. The existence and
physical propertics of polymorphs, kydrates and solvates is
unprediclable,

One of the most important physical properties of a phar-
maceutical compound which can form polymorphs, hydraies
or solvales, 15 its sojubility in aqueous solution, particularly
the solubility in gastric juices of a patient. Other important
properlies relate to lhe ease of processing the form inio
pharmaceutical dosages, such as the tendency of a powdered
or granulated form to flow and the surface propertics that
determine whether crystals of the form will adhere to each
other when compacled into a tablet.

SUMMARY OF THE INVENTION

The presen: invention provides a process for preparing
carvedilol comprising a step of reacting a compound of
formula H, 4-(oxiras-2-ylmethoxy)-9H-carbazole,

N
H

with & compound of formula I}, 2-(2-methoxyphenoxy)
cihylamine

Iy
P Y
BN

HyCO

wherein the compound of formula 111 is at a molar excess
aver the compound of formula 11

The present invention further provides crystalline
carvedilo] hydrale.

The present invention further provides crystalline
carvedilol.

The present invesilion {urther provides crystalline
carvedilol (methyl-ethyl-kelone) solvate.

The present invemtion further provides crystalline

carvedilol Term I characierized by an X-ray powder dif- 50

fraction pattern having peaks at aboul 8.420.2, 17.420.2, and
22.0£0.2 degrees two-theta.

The present invention further provides crystailine
carvedilol Form IV characlerized by an X-ray powder dif-

fractiop patiers having peaks at about 11.920.2, 14.220.2, 55

183202, 192202, 21.720.2, and 24.220.2 degrees two-
Lheta.

The presenl ipvention further provides crystalline
carvedilol {methyl-clhyl-kelone) solvate Form 'V character-
ized by an X-ray powder diffraction pattern having peaks at
about 4,1x0.2, 103202, and 10.720.2 degrees two-thela.

The present invention further provides carvedijof HCl
Hydrate characierized by an X-ray powder difiraction pal-
tern having peaks al about 6.520.2, 102202, 104=0.2,
13.820.2, 16.420.2 and 22.220.2 degrees two-theta.

The presenl invenlion funther provides a method for
preparing crystalline carvedilol Form I, comprising the steps

5
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of dissolving carvedilol in a solution by heating; heating the
solution until the crystalline carvedilol is completely dis-
solved; reducing the temperaiure of the sohstion; agitating
the solution for & period of tme; further reducing the
temperature of the sojution; further agitating the solution for
a period of time; and coliecting crystalline carvedilol Form
L

The present invention further provides z method for
preparing crystalline carvedilol Form H, comprising the
steps of forming a solution of carvedilo!l by dissolving
carvedilol ir a solvent; precipitating carvedilol Form I¥ by
cooling the solution; and, isolating crystalline carvedilol
Form I1

The present invention {urther provides a method for
preparing crystalline carvedifol Form 1I, comprising the
steps of forming a solution of carvedilo]l by dissolving
carvedilol in a sclvent mixture; precipitaiing carvedilol
Form 11 by cooling the solution to.about -20° C,; and,
isolating crystalline carvedilol Form 11

The presens invention further provides a method for
preparing crystalline carvedilol Form I, comprising the
steps of dissolving carvedilol in a solvent to form a solvent
solution; and, precipitating crystalling carvedilol Form 111
from the solvent solution using water as an anii-solvent.

The present invention further provides a method for
preparing crystalline carvedilol Form IH, comprising the
sieps of dissolving carvedilol in a solufion by heating;
cooling the solution mixture; and, collecting crystalline
carvedilel Form IH.

The present invention further provides a method for
preparing crystalline carvedilol Form IV, comprising the
steps of dissolving carvedilol in a soivent 1o form a solvent
solution; adding an anti-solvent o the solvent solution; and,
precipitaling erystaBline carvedilol Form TV from the solvent
solution.

The present inveniion further provides # method for
preparing crystalline carvedilol Formm V, comprising the
steps of dissolving carvedilol in a solvent to form a solvent
solution; and, precipitating and isolating crystalline
carvedilol Form V from the solvent solution.

The present invention further provides a method for
preparing crystailine carvediiol Form V, comprising the
steps of dissolving carvedilol in a solvent to form a solvent
solution; and, precipilaling and isolating crystalline
carvedilol Porm V from the solvent selution wherein the
precipitation step is performed by adding an anti-solvent,

BRIEF DESCRIPTION OF THE FIGURES

FIG, 1. shows the X-ray diffraction pattern of carvedilol
Form HI.

FIG. 2. shows the DTG thermal profile of carvedilol Form
itL.

FIG. 3. shows the X-ray diffraction pailern of carvedilol
Form 1V,

FIG. 4. shows the DTG thermal profile of carvedilol Form
v

F1G. 8. shows the X-ray diffraction pattern of carvedilol
Form V.

FIG. 6. shows the DTG thermal profile of carvediiol Form
V.

1G. 7. shows the X-ray diffraction patiern of carvediiol
HCL

DETAILED DESCRIPTION OF THE
INVENTION

As used herein, the term “carvedilol” includes hydrates
and solvates of carvedilol. The term “water content™ refers
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1o the content of water, based upon the Loss on Drying
method {the “LOD” method} as described in Pharmacopeia
Forum, Vol. 24, No. 1, p. 5438 (Janurary-February 1998},
the Karl Fisher assav for determining water contemt of
thermogravimetric analysis (TGA). The term “equivalenis
of water” means molar equivalents of waler. Al pereentages
herein are by weight unless otherwise indicated. Those
skilled in the art will also understand that the term
“anhydrous”, when used in reference to carvedilol, describes
carvedilol which is substantialiy free of water. One skilled in
the art will appreciate that the term “hemihydrate™, when
used in reference 1o carveditol, describes & crystalline mate-
rial having a waler conient of ahout 2.2% wiw. One skitled
in the art will appreciate that the term “hydrate”, in reference
10 carvedilol hydrechloride a crystalline material having 2
waler contenl of about or above 2% w/w. One skilled in the
art will also appreciate thal the term “solvate of methyl-
ethyl-ketone” refers to carvedilol in which solvent is con-
iained within the crysial jattice in goanltitics above 1%. One
skilled in the art will also appreciate that the ferm “solvale
of methyl-ethyl-ketone” which contains one mole of is
characierized by a methyl-cthyl-ketone content of abou

14% by weight. :

Hydrate and solvate forms of carvedilol are novel and
distinct from cach other in terms of their characieristic
powder X-ray difitaction patterns and their thermal profiles.

For the purposes of this specification, ambien! tempera-
ture is from about 20° C. to about 25° C.

Al powder X-ray diffraction patierns were obtained by
methods konown in the arl using a Philips X-ray powder
diffractometer. Copper radiation of A=1.3418 A was used.

Measurement of thermal apalysis are conducted for the
purpose of evaluating the physical and chemical changes
that may take place in a heated sample. Thermal reactions
can be endothermic {e.g., melting, boiling, sublimation,
vaporization, desolvation, solid-solid phase transitions,
chemical degradation, etc.) or exothermic (e.g.,
crystallization, oxidalive decomposilion, eic.) in pature.
Suck methodology has gained widespread use in the phar-
maceutical industry in characterization of polymorphism.
Thermal measurements have proven to be useful in the
characlerization of polymorphic systems. The most com-
monly applied techniques are thermogravimetry (TGA),
differential thermal analysis (DTA), and differential scan-
ping calorimeiry (DSC).

TFhe DTA and TGA curves presented herein were abtained
by melhods known in the art using a DTG Shimadzu model
DTG-50 {combined TGA and DTA). The weight of the
samples was about ¢ 1o about 13 mg. The samples were
scanned up to abowt 300° C. or above al a rate of 10° C./min.
Sampies were purged with pitrogen gas at a flow raie of 20
ml/min. Standard alumina crucibles covered hds with one
hole.

Thermogravimetry analysis (TGA) 5 a measure of the
thermally induced weight Joss of a malerial as a function of
the applied emperature. TGA is testricted to iransitions that
involve eilher a gain or a less of mass, and it is most
commonly used o study desolvation processes and com-
pound decomposilion,

Karl Fisher analysis, which is well known in the art, is
also used to determine the quantily of water In a sample.

As used herein, a selvent is any Hquid substance capablc
of dissolving carvedilol. As used herein, the term “andi-
solvenl” means & liguid in which a compouad is poorly
soluble. The addition of an anii-solvent to a solvent reduces
the solubility of a compound. As used herein a mixture of
solvents refers to a composition comprising ore than one
solveat.
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As used herein, the term “neat” condilions refers to
conditions of a reaction wherein the soivent of the reaction
is one of the reactanis.

Syathesis of Carvedilol

According to one embodiment, the present mvention s a
process for preparing carvedilol comprising 4 step of react-
ing a compound of formula II, 4{oxiran-2-ylmethoxy}-%H-
carbazole,

with a compound of formuia I, 24{2-methoxyphenoxy)
ethylamine

a1
O
HzN/\/
HACO

The pew procedure results in a higher yield of carvedilol
than has been reported in the prior art. ln addition, the
product of the new procedure is nearly free of bis impurities
and the reaction is more rapid.

Preferably, the compound of formula Il ks at a molar
excess over the compound of formula I1. The compound of
formula 1i1 and the compound of formula I are preferably
at a molar ratic from aboul 1.5:1 10 sboul 100:1. More
preferably, the compound of formula H1 and the compound
of formula If are at 2 molar ration from about 2.8:1 (e about
10:1, Most preferably, the compound of formula 111 and the
compound of formula II are at a molar ratic from about 2.8:1
to about 6:1.

in one embodiment of the present invention, the reacting

‘step is performed in a soivent. The solvent is preferably

selecied from the group consisting of toluene, xylene and
heptane. In an allernative embodiment, the reacting step is
performed in a soivenl mixture wherein the solvent mixture
comprises multiple selvenis. Preferably, a solvent of the
solvent mixture is selected from the group consisting of
ioluene, xylene and heptane.

The reacting step is preferably performed at a femperature
from about 25° C. and about 130° C. Mos: preferably, the
reacling step is performed at a temperature from aboul 60°
C. and about 120° C.

In an alerpative embodiment, the reacting step 15 per-
formed upder meat coaditions. The neai conditions may
oblained by meiting a solid form of the compound of
{ormula 1T (o form a liguid and, dissolviag the compound of
formula I in the higuid to form s reaction mixiure.

The reaction performed under neal condions may [urther
comprise a step of reducing the temperature of the reaction
mixture after dissolving the compeund of formula 11 The
temperature 15 preferably reduced o abow 70° C.

The reaction performed under neat conditions may further
comprise a step of adding an organic selveni: waler mixture
to the reaction mixture. The organic solvent is preferably
selected from the group consisling of ethyl acetate, methyl
isobutyi ketone, methyl ethy! Relone and butyl acetate.
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The reaction performed under neal conditions may further
comprise a step of adjusting the pI1 of the organic solvent-
swater mixture after it is added to the reaciion mixture. The
pH is preferably adjusted to less thar about pH 5. More
preferably, the pH is adjusted from about pH 3 to about pH
5

Optionally, the process further comprises the steps of
isolating carvediiol hydrochloride afier adjusting the pH,
and purifying carvedilol.

Carvedilol hydrechloride is optionally isolated as a
hydrate. Carvedilol HCI isolated as & hydrate typically has
an XRD peaks are found at about 6.5:0.2, 10.220.2,
10,4202, 142202, 14.720.2, 164202, 17.7+0.2, 20.0:0.2,
21.9+0.2, 25220.2 degrees to 2-theta.

The reaction preformed under neat conditions may further
eomprise steps of, isolaling carvedilol from the reaction
mixture after adjusting the pH, and purifying carvediiol.
Optionally, carvedilol may be-purified by methods well
known ip the arl. (Sec EP B 0127 099.)

Novel Methods for Preparing Crystailine Carvedilol Form [
and Form 11

One aspect of the present invention provides a method for
preparing crystalline carvedilol Form I, by dissoiving
carvedilel in a solven: until the crystaliine carvedilol is
completely dissolved, reducing the temperature of the solu-
lion and agitating the solution for a period of sime, further
reducing the temperature of the solution and agitating the
solution for a period of time and, coliecting crystalline
carvedilol Forms 1,

The dissolving step is optionally performed by heating the
solvent.

The dissolving step is optionally performed by heating
crystailing carvedilol at a temperature from about 50° C. 0
to about 60° C. for about 6 hours.

The dissolving step is optionally performed by suspend-
ing the crysialline carvedilo]l in ethyl acetate.

The dissofving step is optionally performed by heating the
solution 1o about 77° C.

The step of reducing the temperature of the solution is
optionally performed by cooling the solution 1o about 50° C.
in a time period of 15 min.

The step of agilating solution is optionally performed at
about 30° C. for about 48 hours.

The step of further reducing the temperature of the
solution is optionally performed by cooling the solution lo
about 10° C. in about 0.75 hours with agitation.

The step of further agitating the solution is oplionally
performed by stirring the suspension for more than 5 hours.
The step of further agitation may optionally be performed by
stirring the suspension for about 24 howrs.

The drying siep may be performed by heating erystalline
carvedilol at a temperature from zhout 50° C. 0 to about 60%
. for about 6 hours.

The suspending siep may be performed by suspending the
crystalline carvedilol in ethyl acetate.

‘The heating step may be performed by heating the solu-
tion to about 77° C.

Another aspect of the present invention provides a method
for preparing crystalline carvedilol Form 11, comprising the
sleps of forming a selution of carvedilol by dissobving
carvedilol in a selvent, precipitating carvedilol Form 1 by
cooling the solution, and isolating crystalline carvedilol
Form 11.

Optionally, the step of dissolving carvediiol is performed
at a lemperature from abeut 40° C. 1o about the boiling temp
of the solvent.

Optionally, the step of cooling the solution is performed
by reducing the temperature from about -20° C, to abowt
ambient temperature.
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Optionally, the soivent is selected from the group con-
sisting of methanol, absolule ethanol, 1-propamol,
isopropagcl, n-bulanol, ethylene glycol, butyl acetate, isobu-
tyl methyl ketone, dichloromethane, dichioroethane,
acetonitrile, acetone, isoamylaleohol, xylene and toluene.

Optionally, the precipitaled carvedilol Form T is isolated
bry filtration.

Another aspect of the present invention provides a method
for preparing crystalline carvedilol Form I, comprising the
steps of: forming a solution of carvediiol by dissolving
carvedilol in a solvent mixture, precipitaling carvedilol
Form 11 by cooling the sclufion to abouwt -20° C., and
isolating crystalline carvedilol Form 11,

Optionally, the carvedilof 1s dissolved in a solution at a
temperature from about 40° C. to about the boiling tem-
perature of the solvent. '

Optionally, the carvedilol Form 11 is isolated by filtration,

Optionally, the step of cooling the reaction is performed
by coeling the solution to a lemperature from about -20° C.
o ambieni femperature,

Optionally, the solvent mixture is selecied from the group
comsisling of acetone:cyclohexape,
chloroform:cyclohexane, dichloroethane:eyclohexane,
dichloromethape:cyclohexane, pyridine:cyclohexane,
tetrahydrofurape:cyclohexane, dioxane:cyclohexane,
acetone:hexane, chloroform:hexane, dichloroethane:hexane,
dichloromethane:hexane, tetrahydrofuran:hexane and etha-
noihexane.

Novel Carvedilol Polymorphs

in another aspect the present invention provides new
crystaline forms of carvedilol, designated Forms 1L IV, V
and processes for the manufacture thereof. Moreover, the
prescut inveatios provides a new hydrate form of carvedilol,
having water content of about 2% by weight and processes
tor their manufacture, In another embodiment, the present
inveniion provides new solvate forms of carvedijol, haviag
soivent content up to about 14% by weight, wherein the
sobvenl is methyl ethyl ketone, and processes for their
manufacture. These hydrate/solvate forms of carvedilol are
useful as intermediates for the synthesis of carvedilol drug
substances.

Procedures for Crystallizing Novel Forms of Carvedilol

The novei hydrates/solvates forms provided herein are
optionally formed by precipitating carvediiol as a crystallipe
solid from a solvent or a solvent mixture. It will be under-

5 stood by those of skill in the art, that other methods may also

be used to form the hydrate/solvates form disciosed herein.
Aliernatively ihe polymorphs may be formed by routine
madification of the procedures disclosed hercin.
Formation of Ceystafline Carvedilol Form I

One cmbodiment of the present invention provides a
method for preparing crystalline carvedilol Form 11}, which
comprises the steps of forming a solvent solution containing
carvedilol; and, precipitating crystalline carvedilol Form. 111
from the solvert soliion using water as an anti-solvent. The
invention provides for a dissolving step wherein water is
present in the solvent solution during the dissolving step.
The invention also provides for a precipilation siep wherein
water is added 1o (he soluion alter carvedilol is fully
dissoived in a solvent.

Optionaily, 10 form the solvenl soluiicn coplaining
carvedilol, carvedilol may be dissolved in a solvent at
elevated temperature. The preferred elevated temperature is
from abow 40 to about 90° C. Most preferably the elevated
lemperature is about 35° C. Alternatively, carvedilol may be
dissolved in a solveni at ambient temperature.

Another embodiment of the present invention provides,
forming the solvent soluilen coataining carvedilol, by dis-
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solving carvedilol in & solvent and inducing precipilation of
crystalline carvedilol Form I by the addition of sn apti-
solvenl. Solvents are opticnally selected from the group
which includes pyridine, dioxane, isopropanol and chloro-
form. Anti-solvesnts are optionally selected from the group
which includes water and hexane.

An aliernative embodiment of the present invention
provides, forming the solvent solution containing carvedilol
by disselving carvedilol in an organic sojvent and water and
precipitating crystalline carvedilol Form 1. s this embodi-
memt the organic solvent is opticnally an alcohol The
alcohol is preferably selected from the group consisting of
methanol and ethanol. Alternatively, the organic solvent may
be selected from the group of solvents consisting of
pyridine, dioxane, and ethyl acetate and tetrabvdrofurane.

An alternative embodiment of the present invention
provides, a method for preparing crystalline carvedilol Form
11, comprising the steps of: drying crystailie carvedilol at
elevated temperature, suspending cryslafline carvedilol in a
solution mixture, heating the solution mixture untii the
crystalline carvedilol is completely dissolved, cooling the
solution mixture, and collecting crystalline earvedilol Form
HI.

Optionally, the drying step may be performed by beating
crysialline carvedilod at a temperasure from about 50° C. 1o
abont 60° C. for about 6 hours.

Optionally, the suspending step may be performed by
suspending the crystalline carvediiol in a solution mixture of
ethyl acetaterwater {150:40).

Optionzlly, the heating step may be performed by healing
the selution mixture from aboutl 60 o shout 70° . with
apitation until the crystalline carvedilol is completely dis-
solved.

Optionally, the cooling step may be performed by cooling
the solution mixture to about to 10° C. for a period of about
3 houss with agitation.

Formation of Crystalline Carvedilol Form 1V

The present invention also provides a method for prepar-
ing crystalline carvedilol Form IV by forming a solvent
solution containing carvedilol and inducing precipilation of
crystailine carvedilol Form 1V by the addition of an “anti-
soivent”. In this embodiment, solvents are optionally
seiected from the group which includes methyi ethyl ketone,
and methyl sobutyl ketone. Anti-solvents are optionally
seiected from the growp which includes cvlcohexane and
heptane.

Optionally, 1o form crystaliine carvedilol Form IV
carvedilol may be dissolved in a solvent at from below

ambicnt temperature to elevated temperatures. The preferred

temperature is from about 10° to about 50° C. Most pref-
erably the ternperalure is ambien! lemperalure.
Formation of Crystalline Carvedilol Form V

The present invention also provides & method for prepar-

ing crystalline carvedilol Form V by forming a solvent ss

solution contsising carvedilel and inducing precipitatios of
erysialline carvedilol sobvate Form V by cooling or by
adding an anli-solvent. 1o this embodiment, the solvent is
optionally selected from the group which includes methyi
ethv] ketone. Anti-solvents are optionally selected from the
group which includes cylcohexane and hexane.

Optionally, to form crystalline carvedilol Form V the
carvedilol may be dissolved in a solveat solution at elevated
temperature. The preferred elevaled 1emperature is from
about 10 to about 80° C. Meost prefersbly the elevated
temperature is about 33° C. Ahernatively, carvedilol may be
dissolved in a solvent sohilion al smbient temperature.
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Novel Hydrate and Solvate Crystal Forms of Carvedilol

The present invention provides novel crystal forms of
carvedilol which will be designated as Forms HE, 1V and V,
as well as carvedilol HCI. These forms can be distinguished
from the prior art forms of carvedilol and from cach other by
characteristic powder X-ray diffraction patterns and thermal
profiles.

The differen: crystal forms may also be characterized by
their respective. solvation state. The most commonly
epcountered solvates among pharmaceuticals are those of
1:1 stoichiometry, Occasionally mixed solvate species are
encountered. When water or soivent is incorporated into the
crysiai lattice of & compound in stoichiometric proportions,
the molecular adduct or adducts formed are referred 1o as
hydrates or solvates.

Crystalline Carvedilol Form 11

Carvedilol Form 1II (“Form HI®) is chasacierized by an
X-ray diffraction pattern with peaks at about 8.4=072,
03202, 11.620.2, 13202, 13.520.2, 14.220.2, 153202,
15.820.2,17420.2, 18.4+0.2, 19.420.2, 20.6+0.2, 21,4202,
220202, 26.640.2 and 27.620.2 degrees two-theta. The
most characteristic peaks of Form 111 are at about 8.4x0.2,
17.420.2, and 22.0£0.2 degrees two-theta. The diffraction
patiern is reproduced in FIG. 1.

The DTG thermal profile of Form 1V is shows in FIG. 2.
The differential scanning calorimetry (DSC) thermal profile
of form I shows one melting peak around 100° C. (96°
C~110° C.), depending on the samples and on the particle
size. This meiting peak-is concomitant o a loss en drying of
about 2% as measured by thermal gravimetric analysis
{TGA}. The amount of waler in the sampic as determined by
Karl Fisher analysis is in good agreement with the vaiue
obtained from TGA, thus confirming that the loss on drying
is due to the dehydration of water, and indicating that this
maierial 1s a.

Crystalline Carvedilol Form [V

Carvedilol Form IV {“Form TV*) is characterized by an
X-ray diffraction patiern with peaks at aboul 131.920.2,
14.2202,15.720.2, 16,5202, 17.7+0.2, 18 3+0.2, 19202,
19.620.2,21.720.2,22 2202, 23.920.2, 24.2:0.2, 249202,
27.420.2 and 28.2x0.2 degrees two-theta. The most charac-
teristic peaks of Form TV are at about 11,5202, 14.2:02,
18.320.2, 19.220.2, 21.720.2, and 24.220.2 degrees two-
theta. The diffraction patiern is reproduced in F1G. 3.

The DTG thermal profile of Form I'V is shown in FIG. 4,
The DSC thermal profile of form IV shows one melting peak
a1 about 104° C.

Crystalline Carvedilol Form V

Carvedilol Form V (“Form V) is characlerized by an
X-ray diffraction paunern with peaks at about 4.120.2,
10.320.2,10.70.2, 11.520.2, 12.620.2, 14.020.2, 14,8202,
15.4x0.2,16.4+0.2, 16.820.2, 18.820.2, 20.820.2, 21.120.2,
21.6x0.2, and 25.4+0.2, degrees two-theta. The most char-
acterisiic peaks of Form IV are at about 4.120.2, 103202,
10.720.2 and 11.520.2 degrees two-theta. The diffraction
patiern is reproduced ip FIG. 8.

The DTG thermal profile of Form V is shown in FIG. 6.
The DSC thermal profile of Form V shows a2 solvent
desorption endotherm. at sbowt 67° C,, followed by a
recrystatlization event, and a melting peak at 115° C. The
desorption endotherm is concomitant 10 a loss on dryving of
aboul 14% as determined by TGA. This behavior is copsis.
teni with the loss of a molecule of MEK per moiecule of
carvedilol {lke calculated stoichiometric value of mono-
MEK 1= }5%!),

Carvedilol HCI Hydrate

Crystalline Carveditol HCl is characterized by an X-ray

diffraction pattern with peaks at about 6.520.2, 10.2:0.32,

30
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104202, 14.2:0.2, 14.720.2, 15.820.2, 16.420.2, 17.7:0.2,
20,020.2, 21.520.2,21.620.2, 22.220.2, 22 9202, 25.220.2,
253002, 27.220.2, 27,4202, 282202, 28.620.2, 29.620.2
degrees two theta. The most characieristic peaks of crystal-
line carvedilo] HCI are at aboul 65202, 10.2+0.2, 10.420.2,
15.8+0.2, 16.4202 and 22.2¢0.2 degrees two-theta. The
diffraction pattern is reproduced in FI1G. 7.

The DTG thermal profile of carvedilol HCI shows two
endothermic peaks. A peak at 118° C. is 2 dehydration peak.
Asecond peak endothermic peak at 135° C. is due 1o melting
of the sample. LOD for this sample is 3.5%. The Water
content of this sample as measured by Karl-Fisher analysis
is 3.7%. Thus the Karl-Fisher analysis is in agreement with
LOD vaiue, and confinm the presence of hydrate in this
sample. The expected valug for carvedilol HCl monohydrate
is 3.9%

A Pharmaceutical Composition Containing Carvedilol

According 1o another aspeci, the present invention relates
to a pharmaceutical composition comprising one or more of
the novel ¢rystal forms of carvedilol disclosed herein and at
least one pharmaceutically acceptable excipient. Such phar-
macentical comnpositions may be administered fo a mamma-
lian patient in 2 dosage form.

The dosage forms may comain one or more of the novel
forms of carvedilol or, aliernatively, may comiain one or
more of the novel forms of carvedilol as pant of a compa-
sition. Whether administered in pure formm or in a
composition, the carvedilol form{s) may be in the form of a
powder, granules, aggregates or any other solid form. The
compositions of the present invention include compositions
for tableting. Tableting compositicns may have few or many
components depending upon the tableting method used, the
release rate desired and other factors. For example, compo-
sitions of the present invention may contain diluenis such as
celiulose-derived materials like powdered cellulose, micro-
crystalline cellulose, microfine cellulose, methyl cellulose,
cthyl cellulose, hydroxyethyl cellulose, hydroxypropyl
cellulose, hydroxypropylmethyl cellulose, carboxymethyl
cellulose salts and other substifuted and unsubstituted cel-
Iuloses; starch; pregelatinized starch; inorganic diluents
such calcinm carbonate and calciam diphosphate and other
diluents known 10 one of ordinary skitl in the arl. Yet other
suitzbie diluents include waxes, sugars {e.g. lactose) and
sugar alcohols like mannitol and sorbitol, acrylate polymers
and copolymers, as weil as peciin, dextrin and geiatin.

Other excipients contemnplated by the present invention
include bipders, such as acacia gum, pregelatinized starch,
sodium alginate, glucose and other binders used in wet and
dry granulation and direct compression lableting processes;

disintegrants such as sodium starch glyeelate, crospovidotic, s

low-substituted hydroxypropyl celiviose and others; lubri-
cants like magpesium and calcium stearate and sodium
stearyl fumarate; favorings; sweseleners, preservatives;
pharmaceutically acceptable dyes and glidants such as sili-
con dioxide.

Bosage forms may be adapted for admiristration o the
patient by oral, buccal, parenteral, ophthalmic, rectal and
transdermal roules. Oral dosage forms include tablets, pills,
capsules, troches, sachets, suspensions, powders, lozenges,
¢lixirs and the Hke. The novel [orms of carvedilol disclosed
herein also may be admimistered as supposilorics, oph-
thalmic ointments and suspensions, and parenteral
suspensions, which are admimistered by other routes. The
most preferred route of administration of the carvediio}
forms of the present invention is oral.

Capsule dosages will coatain the solid composition within
a capsule which may be coated with gelatin. Tablets and

20
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powders may also be coated with an enteric coating. The
enteric~coated powder forms may have costings comprising
phthatic acid cellulose acetate, hydroxypropylmethy] celtu-
lose phthalate, polyvieyl alcohol phihalate,
carboxymethylethyleellulose, a copolymer of styrene and
maleic acid, a copolymer of methacrylic acid and methyl
methacrylate, and like materials, and if desired, they may be
empioyed with suitable plasticizers and/or extending agents.
A coated tabjet mav have a coating on the surface of the
tablet or may be a 1ablel comprising a powder or granules
with ao enteric-coaling.

‘The currently marketed form of carvedilol is available as
3 3,125 mpg, 2 6.25 mg, a 12.5 mg, and a 25 mg tablet which
includes the following inactive ingredients: colloidal silicon
dioxide, crospovidone, hydroxypropyl methylcellulose,
laciose, magnesium stearate, polyethylene giycol, polysor-
bate 80, povidone, sucrose, and titanium dioxide.

The fupction and advantage of these and other embodi-
ments of the present invention will be more fully understood
from the examples below. The following examples are
mtended 10 itlustrate the benefits of the present invention,
but do not exemplify the full scope of the invention.

EXAMPLES

Example 1

Preparation of Carvedilol in Neal Conditions

2+(2-Methoxyphenoxy)ethylamine (I} (4.89 g) was
heated to about 100° C., after which 4-(oxiran-2-
ylmethoxy)-9H-carbazole (I} (3.31 g) was added portion-
wise. After approximately 20 minutes, the reaction mixture
was cooled to about 70° ., after which water (25 ml} and
ethyl aceiate (15 mi) were added. The pH of the two-phase
mixture was then adjusted to 3 with 2 N hydrochloric acid.
The solid that formed, Carvedilol hydrochloride hydrate, is
filtered, washed with water (20 mf) followed with ethylac-
etate (15 ml). The resulling material is reslurried in cthy-
lacetate (50 ml) and water {20 ml) containing 5% Sodium
carbonate until the pH reached 7.5. The organic phase was
separated and dried over sodivm suifate. The dried solution
was concenirated to a turbid solution and cooled overnight
to aboul 4° C. Precipitated carvedilol was isolated by
filteration and crystaliized from isopropanol.

Example 2
Preparation of Carvedilel in Neat Conditions
2-(2-Methoxyphenoxy)ethylamine (1I) (4.89 g) was
heated to aboui 100° C., after which 4-(oxiran-2-
yimethoxy)-9H-carbazele (H) (3.31 g) was added portion-

“wise. Aller approximately 20 minules, the reaction mixture

was cooled to about 70° €, aller which water (25 ml) and
ethyl acetale (15 mi) were added. The pH of the two-phase
mixture was then adjusted to 5 with 2 N hydrochioric acid.
The solid that formed, Carvedilel hydrochloride hydrate, is
filtered, washed with water (20 ml) followed with ethylac-
gtate {15 mh).

The resulting material is reslurried in ethylacetate (50 ml)
and water (20 ml}) containing 5% Sodium carbonate until the
pH reached 7.5, The organic phase was separated and dried
over sodium sullate. The dried solution was concentrated 1o
a turbid solotion and cooled overnight to show 4° C.
Precipitated carvedilol was isolated by filteration and ¢rys-
tallized from methanol.

Example 3
Process for Preparing Form | of Carvedilol
Crystalline carvedilol is prepared according 10 the proce-
dure in Example 3. The crystalline material is then dried at
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50-60° C. for 6 hours. The dried crystalline carvediloi (220
g carvedilol) is dissolved in 2200 m! Ehtyl Acelate. The
ethyl acetate solution is heated with agitation 1o 77° C. umil
the solid is completly dissolved. The ethyl acetate solution
was then cooled with agilation to about 50° C. in a lime
period of 15 min. The cocled solution was stirred for 48
hours. The solution was then cooled 1o 10° C. in 0.75 hours
with agitation. Afler stirring the suspension for additional 24
howrs, the product was filtered. Pure Crystalline carvedilol
Form | {170 g) was obtained.

Example 4

Preparation of Crystalline Carvedilol Form I1

Crystalline carvedilol Form 11 is formed by crystallizing
carvedilol from the solvents listed in Table 1. Carvedilol is
crystatlized by forming a soluticn of carvidilol beated Lo
reach a clear solution, usuaily close to the solvent boiling
temperature, The solution is then cooled fo ambient fem-
perature and the precipitate is filtered to yield Carvedilol for
1L

TABLE I

Solveni Ralie of Selvens (mi):Carvedilot {g)
Methano! 11
Ethano! abs. iz
1-propancl 14
Isopropancl 13
n-Bulanol 11
Ethylen glycol 13
Ethyl-aceiale it
Hutyl Acetate 12
isobutyl methl 12
ketone

Dichiomomethane 2
Dichiorocthane 23
Acetoritile 50
Acetone 3

Example >

Preparation of Crystailine Carvedilol Form 11 by Filtration at
-20° C

Crystalline carvediiol Form Il is formed by crystaliizing
carvedilol from the solvents Hsted in Table I1. Carvedilol is
crystallized by forming a solution of carvidilo} heated to
about the solvesnt boiling temperaiure. The solution 1s then
cooled 10 ~20° C,, the precipitate s filiered and dried to yield
Carvedilol Form 11

TABLE 1l

Ratio of Solvent
{ml):Curveditol ()

Solvent |Please Confirm Usits)
fscamyialcohol 50
Toleene 3
Nyiene 51

Example 6

Preparation of Crystalline Carvedilol Form 1 in Solvent
Mixlures

Crystalline carvedilol Form 11 is formed by crystalizing
carvedilel from the mixfure of solvents listed in Table 111
Carvedilol is crystallized by forming a sclution of carvidilol
heated 1o form a clear solution, usuaily close to the boiling
temperature of the mixture of solvent. The solutios is then
cooled to ambient temperature and filtered. The crystals are
collected by fillration and dried to yeld Carvedilol form I,
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TABLE IH
Ratio Solvent
{ml):Carvedilo} (g}
Solvents {Plecase Confirm
Solvent ralio Units}
Acetone:Cyclohexane 4.8 230
Chioroform:Cyciohexane 1:3 130
Dichloroethiane cvclohexane 1.8 142
Dichloromethane:Cyclobexane 1:1.7 80
Pyridine:Cyclohexane 1:35 45
Tetrahydrofurane Cyclohexane 125 53
Dioxane:Cyclobexane 123 0
Acetome:Hexane 12 235
Chloroform:hexane 115 87
Dichloroethane:Hexane 1:1.2 59
Dichloromethane:hexane 116 o
Tetrahydrofuran:Hexane 13 Y
Ethznol:Hexane 1:5.8 145
Example 7

Preparation of Crystalline Carvedilol Form HI

Carvedilol {4 g) was dissolved in 45 mL of a mixture of
96% Eibanol and 4% waler by heating the mixture upder
stirring in 2 55° C. water bath. The solution was cooled and
left at room temperature without stirring {or about 14 hours,
the crystals were fillered through a buchner funnel, rinsed
twice with about 10 mi cold {(4° C.) 96% ethanol, and dried
in a desiccator at room temperature (connected 10 air pump)
until constant weight 1o yicld carvedilol Form 111

Example 8
Preparation of Crysialline Carvedilol Form 11

Carvedilol (4 g) was dissolved in 195 mL mixture of
water/methanol (is a ratio 1:3 respectively) by heating the
mixture under stirring in 55° C. water bath. The solution
cooled to ambieat temperature and lefl at ambient sempera-
ture without stirring for about 15 h, the crystals were filtered
through a buchoer and-dried in a desiccator at room tem-
perature (connected 10 air pump) until constant weight o
vield carvedilol Form 11

Example ¢

Preparation of Crystaltine Carvedilol Form 11

Carvedilol (4 g) was dissolved in 39 ml pyridine by
stirring at room temperature. 70 mL of water was then added
dropwise until erystallization began. The sojution was lefl at
room temperature without stirring for about 80 b, then the
crystals were filicred through a buchmer and dried is a
desiccator at room temperature (connected to air pump) until
constart weight to yield Carvedilol Form 1.

Example 10

Preparatior of Crystalline Carvedilol Form i

Carvedilol {4 g) was dissolved in 76 mL dioxane at room
temperature, and 110 mL of water were added in portions of
about 10 ml 1o the stirred solution. The resulting solution
was left al room temperatsze withoul stirring for about 15 &,
then the crystalline precipitate which bad tormed was fil-
tered through a buchner funeel and dried in desiccator at
room temperajure {(connected to air pump) untl constant
weight (0 vield Carvedilol Torm 11 in a mixwre with
Carvedilel Form 11
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Example 11

Preparation of Crystailine Carvedilol Form I

Carvedilol {4 g) was dissolved in 267 mL dioxane/water
in the ratio 1:1.4 respectively by heating the mixture under
stirring at 55° C. water bath. The resulting solution was left
at room temperature without stirring for about 15 h then the
crystals were filtered through a buchper tunne} and dried in
a desiccator (connected 10 air pump) until constant weight Lo
vield Carvedilol Form 1l in a mixture with Carvedilo} Form
1.

Example 12
Preparation of Crystalline Carvedilel Form I
Carvedilol (4 g) was dissolved in 180 ml, Hexane/IPA in
a ratio 1:1 by heating the mixture under stirring a1 55° C.
waler bath. The soiution was allowed 1o sit at room tem-
perature without stirring for about 15 h, then the resulting
crystals were filtered through a buchner furnel and dried in

a desiecator {connected o alr pump) al room lemperature o

until constant weight to yvield Carvedilol Form I11.

Exampie 13

Process for Preparing Form HI of Carvedilol

Carvedilol (40 g} was dissoived in 150 mi of ethanol and
40 m! water. The selution was heated with agitation o
60-70° C. unti} the solid material was compietely dissolved.
The solution is then cocled with agitation 10 10° C. over 2
period of 3 hours. Afier sturing the suspension for an
additional 2.75 hours, the product is filtered, Pure Carvedilo
Form 1 (35 g) was obained.

Example 14

Preparation of Crystalline Carvedilol Form IV

Carvedilol (1 g) was dissolved in 35 ml methyl ethy]
ketone by stirring at room temperature, and 202 mL cyclo-
hexane was added dropwise. The solution was iefl al room
iemperaiure without siirring for about 15 b, then the result-
ing crystals were filtered through a buchner funae! and dried
in & desiceator al room temperature (connecied to air pump)
unti} constant weight 10 vield carvedilol Form I'V.

Exampie 15

Preparstion of Crystalline Carvedilol Form vV

Carvedilol (1 g) was dissolved in 70 mL methy} ethyl
ketone by stirring at room temperature, and 138 ml hexane
were added dropwise. The solution was lefl at room lem-
perature witheut stirring for about 15 h, then the resulting
crystals were filtered through a buchper funnel and dried in
a desiccalor at room lemperature (connecied o air pump)
until constant weight to yield carvediio! Form V.

Example 16

Preparation of Crystaliine Carvedijol Form V

Carvedilol (2 g) was dissolved in 45 mL methyl ethyl
ketone by heating the mixture vnder stirring at 35° C. waler
bath, then the solution was cooled and feft at room tempera-
ture without stirring for about 14 hours, the crystals were
filtered through a buchner funnel and dried in a desiceator at
room lemperature {connected 10 air pump) until constant
welght 10 yield carvedilel Form V.

What is claimed is:

1. A process for prepasing carvedilol comprising a step of
reacting & compound of formula 11, 4-(oxiran-2-vlmethoxy)-
GH-carbazole,
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with 2 compound of formula I, 2+(2-methoxyphenoxy)
ethylamine

o]

IIt

o
HgN/\/

wherein the compound of foromla I and the compound of
formula H are at a molar ratio of from about 2.8:1 1o about
161,

2. The process of claim 1, wherein the compound of
forpula I and the compound of formuiz i are at a molar
ratio from about 2.8:1 to abouwt 6:1.

3. The process of claim 1, wherein the reacting step is
performed 1n a solvent.

4. The process of claim 3, wherein the solvent is selected
from the group consisting of toluene, xylene and heptane.

5, The provess of claim 1, wherein the reacting step is
performed in 2 solven! mixture wherein the solvent mixture
comprises multiple solvents.

&. The process of clairn 5, wherein a solvent of the solvent

3 mixiure is selected from the group coonsisting of toluene,

xylene and heptlane.

7. The process of ¢laim 1, wherein the reacting step is
performed at a temperature from about 25° C. to abowt 150°
C.

8. The process of claim 1, wherein the reacting step is
performed a1 a temperature from about 60° C. 10 about 120°
C.

9. Fhe process of claim 1, wherein the reacting slep is
performed under neat conditions.

10. The process of claim 9, wherein the neat conditions
are oblained by meliing @ solid form of the compouad of
formuda 11 o form 2 Hguid and, dissolving the compound of
fermula 11 in the liquid 1o form a reaction mixture.

11. The process of claim 9, further comprising a step of
reducing the femperature of the reaction mixture after dis-
solving the compound of formula 11,

12. Fhe process of claim 11, wherein the temperature is
reduced 1o sbout 70° C.

13. 'Fhe process of claim 9, further comprising a step of

5 adding an organic solvent: water mixture to the reaction

mixiure.

14. The process of claim 13, wherein the organic solvens
is selected [rom the group consisting of ethy} acetate, butyl
acelate and methyl ethyi kelone.

15. The process of claim 13, further comprising a step of
adjusting the pll of the organic solvent: water mixture 10 the
reaction mixture after the organic solvent: water mixlure is
added to the reaction mixture.

16. The process of claim 15, wherein the pH is adjusted
to less thag about pH 3.

17. The process of claim 15, wherein the pH is adjusted
from aboul pH 3 1o abeut pH 5.
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18. The process of claim 9, further comprising steps of: 19. The process of claim 18, wherein carvedilol hydro-
a} isolating carvedifol hydrochloride after adjusting the chloride is a hydrate.

pH, and
b} purifying carvedilel. ¥ R ox s %
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1
CARVEDILOL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of applica-
tion Ser. No. 09/804,798 filed Jun. 28, 2001, now U5, Pat.
No. 6,699,957, and claims the benefit of U.S. provisional
application Ser. No. 60/349,310, filed Jan. 15, 2002, which
is incorporated herein by reference.

FIELD OF THE INVENTION

This invention refates 10 an improved process of preparing
carvedilol, as well as a new crystalline hydrate and solvate
and forms of carvediiol, processes for the manufacture
thereof, and pharmaceutical compositions thereof,

BACKGROUND OF THE INVENTION

Carvediloi is # nonselective fi-adrenergic blocking agemt
with a, blocking activity. Carvedilel, alse known as (=)
1-{9H-carbazol-4-yloxy)3-[{2(2-methaxyphenoxylethyl]
amino}-2-propanol, {CAS Regisiry No. 72956-09-3} has the
structure of formula L

Carvedilo] has a chiral center and can exist either as
individual stereoisomers or in racemic form. Racemic
carvedilol is (he active ingrediem of COREG®:, which is
indicated for the treatment of congestive heart failure and
hypertension, The nonselective f-adrenergic activity of
carvedilol is present in the S(-) enantiomer and the «,
biocking activity is present in both the R{+) and 8(-)
enaatiomers at equal potency. Both the racemate and stere-
oisomers may be obtamed according to procedures well
known in the art (EP B G127 0993,

Svathesis of Carvedilo]

1.8, Pat. No. 4,503,067, which is incorporated herein by
reference. discloses a process of preparing carvedifol by the
foliowing reactioa:

3
10
i3
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~continued

Lo

in which 4-(oxiran-2-ylmethoxy)-8H-carbazole (formula 1)
is reacted with (2-(Z-methoxyphenoxy)ethylamine (formula
HI) to form carvedilol (). The above process produces a low
yield of carvedilol at least in part because in addition to
carvedilol, the process leads to the production of & bis
impurity of the following structure (formula IV):

Qe

o H:CO
O O E
N
H

(See EP 918055)

In order to reduce the formation of the formula 1V and to
increase the yield of carvedilol, EP 918053 discioses using
a benzyi protected form of the 2-(2-methoxyphenoxy)jethy-
lamine (131). '

/\\/O

H5CO

v

Carvedilol Pelymorphs

International application No. WO 99/05105, incorporated
herein by reference, discloses that carvedilol can be isoiated
as two polymorphic forms, depending an the method of
preparation. The two polymorphic forms, designated Form 1
and Form 11, are reported to be monotropic and are distin-
guishable by their infrared. Raman and X-ray powder dif-
fraction spectra. No evidence is found in the Literature about
the existence of hydrated solvate states of carvedilol.

Polvmorphism is the property of some molecules and
molecular complexes to assume more then one crystalline
form in the solid state. A single molecule may give rise to a
variety of crystal forms {(also colled “polvmorphs,”
“hydrates, » or “solvates™) having distinct physical proper-
ties, {For a general review of polymorphs and the pharma-
ceutical applications of polymorphs see G. M. Wall, Pharm

o Manuf, 3] For a general review of polvmorphs and the

pharmacentical applications of polymorphs see Pharm
Manuf., 3, 33 (1986); 1. K. Haleblian and W. McCrone, J.
Pharm. Sei., 38, 911{1569), and 1. K. Haleblian. J. Pharm.
Sci.. 64,1269 (1975). ali of which are incorporated herein by

5 rekerence.

The existence and physical properties of different crystal
forms can be determined by a variety of techniques such as
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X-ray dififraction spectroscopy, differential scanning calo-
rimetry and infrared spectroscopy. Differences in the physi-
cal properties of different crystal forms result from the
onentation and intermcelecular interactions of adjacent mol-
ecules (compiexes) in the bulk sofid. Accordingly, polymor-
phs, hydrates and solvates are distinct solids sharing the
same molecular formula yet having distinct advantageous
andfor disadvantageous physical properties compared 10
other forms in the polymorph family. The existence and
physical properties of polymorphs, hvdrates and solvates is
unpredictable.

One of the most important physical properties of a phar-
maceutical compound which can form polymorphs, hydrates
or solvates, is ils solubility in ayueous solution, particularly
the solubility in gastric juices of a patient. Other important
properties relate to the case of processing the form imte
pharmaceutical dosages, such as the tendency of a powdered
or granulated form to flow and the surface properties that
determine whether crystals of the form will adhere to each
other when compacted into a 1ablet.

SUMMARY OF THE INVENTION
The present invention provides a process for preparing

carvedilol comprisiog a step of reacting a compound of
formula I1, 4-{oxiran-2-ylmethoxy)-9H-carbazole,

I

e
Qi

with a compound of formula 111, 2-(2-methoxyphenoxy}
ethylanune

m
o
o N

HiCO

wherein the compound of formula 117 15 at a molar excess S

over the compound of formula I1.

The present invention further provides crysialline
carvedilol hydrate.

The present invenlion
carvedilol.

The presemt invention further provides crysialline
carvedilol (mathyl-ethyl-ketene} solvate.

The present invention further provides  crystsiline
carvedilol Form 111 characterized by an X-ray powder dif-
{fraction pattern having peaks atabout 8.420.2, 17.420.2, and
22.020.2 degrees two-theta.

The present invention further provides crystailine
carvedilol Form 1V characterized by an X-rav powder dif-
{raction pattern having peaks at about 11,9202, 14.2+0.2.
18.320.2, 152202, 21.720.2, and 24.2x0.2 degrees two-
theta.

further provides  crystalline

kY
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The present invention further provides crysialline
carvedilo] {methyi-ethyl-ketone) solvate Form V character-
ized by an X-ray powder diffraction pattern having peaks at
about 4.1+0.2, 10320.2, and 10.720.2 degrees two-theta.

The present invention further provides carvedilol HCI
Hydrate characterized by an X-ray powder diffraction pat-
tern having peaks at about 6.5x0.2, 10.220.2, 10.420.2,
15.8+0.2,16.420.2 and 22.220.2 degrees two-theta.

The present invention further provides a method for
preparing crystalline carvedilo] Form I, comprising the steps
of dissolving carvediiol in a solution by heating; heating the
solution untii the crystalline carvedilol 14 completely dis-
solved; reducing the temperature of the solution; apiating
the solution for a period of time; further reducing the
temperature of the solution; further agitating the solution for
a period of time; and collecting crystalline carvedilol Form
I

The present invention further provides a method for
preparing crysialline carvedilol Form I, comprising the
steps of forming a solution of carvedilol by dissolving
carvedilol in a solvent; precipitating carvedilol Form 11 by
cooling the solution: and, isolating crystalline carvedilo
Form II. :

The presenl invention further provides a method for
preparing crysialline carvedilol Form H, comprising the
steps of forming a solution of carvedilol by dissolving
carvedilol in a solvent mixture; precipitating carvedilol
Form 11 by ecoling the solution 1o about —20° C.; and,
1solating crystaliine carvediiol Form i1

The present invention further provides a method for
preparing crystailine carvedilol Form 1, comprising the
steps of dissolving carvedilol in a solvent t¢ form a solvent
solution; and, precipitating crystalline carvedilol Form 11
from the solvent solution using water as an anti-solvent.

The present invention further provides a method for
preparing crysialline carvedilol Form III, comprising the
steps of dissolving carvedilel in a solution by heating;
cooling the solution muxture; and, collecting crystalline
carvedilel Form 111

The presest invention further provides a method for
preparing crysialline carvedilol Form 1V, comprising the
sieps of dissolving carvedilol in a solvent 1o form 2 solvent
sohstion; adding an anti-solvent to the soivent solution; and,
precipitating crystalline carvedilol Form IV from the solvent
sokution.

The present invention further provides a method for
preparing crystailine carvedilol Form V., comprising the
steps of dissolving carvedilo] in a selvent to form & solvent
solution: and, precipitating and  isolating crystalline
carvedilol Form V from the solvent solution.

The present invention further provides a method for
preparing crystailine carvedilel Form V. comprising the
steps of dissolving carvedilol in a selvent to form a solvent
solution; and, precipilating and isclating  crystalline
carvedilol Form V from the solvent solution wherein the
precipitation step is performed by addisg &n anti-solvent.

BRIEF DESCRIPTION OF THE FIGURES

F1G. 1. shows the X-ray diffraction patters of carvediiol
Form ik

FIG. 2. shows the DTG thermal profile of carvediiol Form
1iL

F1G. 3. shows (he Xeray diflruction pattern of sarvediiol
Form 1V.

F1G. 4. shows the DTG thermal profile of carvediiol Form
v,
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FIG. 5. shows the X-ray diffraction pattern of carvedilol
Fomm V.

FIG. 6. shows the DTG thennati profiie of carvedilol Ferm
V.

FIG. 7. shows the X-ray diffraction pattern of carvedilo]
HCH

DETAILED DESCRIPTION OF THE
INVENTION

As used herein, the term “carvedilol” includes hydrates
and solvates of carvedilol. The term “water content” refers
1o the content of water, based upon the Loss on Drying
method {the “LOD" method} as described in Pharmacopeia
Forum, Vol. 24, No. 1, p. 5438 (January-February 1998}, the
Karl Fisher assay for determining water content or thermo-
gravimetric analysis (TGA). The term “equivalents of
water” means molar equivalents of water. All percentages
herein are by weight unless otherwise indicated. Those
skitied in the art will also understand that the term “anhy-

drous™, when used in reference to carvediiol, describes

carvedilol which is substantially free of water. QOne skilled in
the art will appreciate that the term “hemihydrate”, when
used in reference to carvedilol, describes a ¢rystalline mate-
rial having a water content of about 2.2% w/w, One skilled
in the art will appreciate that the term “hydrate™ in reference
to carvedilol hydrachierde a crystalline material having a
waler content of about or above 2% w/w. One skilled in the
art will also appreciate that the termn “solvale of methyl-
ethyl-ketone” refers to carvedilol in which solvent is con-
tained within the crystal lattice in quantities above 1%. One
skilled in the art will also appreciate that the term “solvate
of methyl-ethyi-ketone” which contains one mole of is
characterized by a methyl-ethyl-ketone content of about
14% by weight.

Hydrate and solvale forms of carvedilol are novel and
distinct from each other in terms of their chamacteristic
powder X-ray diffraction patterns and their thermal profiles.

For the purposes of this specification, ambjent tempera-
ture is from about 20° C. to about 25° C.

All powder X-ray difiraction patterns were obtained by
methods known in the art using a Philips X-ray powder
diffractometer. Copper radiation of A=1.5418 A was used.

Measurement of thermal analysis are conducted for the
purpose of evaluating the physical and chemical chapges
that may take place in a heated sample. Thernmal reactions
can be endothermic {e.g. meling, boiling. sublimation,
vaponization, desolvation, solid-solid phase trassitions,
chemical degradation, etc.) or excthermic (e.g.. crysialliza-

tion, oxidative decomposition, etc.) in nature. Such meth- s

adology has gained widespread use in the pharmacentical
industry in characterization of polymorphism. Thermal mea-
surements have proven to be usefu! in the characterization of
polymeorphic systems. The most commonly apphied tech-

niques are thermogravimetry (1GA), differemial thermal s

analysis (DTA), and differential scenning  calorimetry
(DSC).

The DTA and TGA curves presented herein were obiained
by methods known in the art using a DTG Shimadzu model
DTG-50 (combined TGA and DTA). The weight of the
samples was about 9 {o abowl 13 mg. The samples were
scanned up to about 300° C. or above af a rate of 10° C/min.
Samples were purged with nitrogen gas al a fow mite of 20
mb/min. Stsndard alumina crucibles covered lids with ose
hole.

Thermogravimetry analysis {TGA) 15 a measure of the
thermaily induced weight Joss of a material as a function of
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the applied temperature. TGA is restricted to transitions that
involve either a gain or a joss of mass, and it is most
commonly used io study desolvatior processes and com-
pound decomposition.

Karl Fisher analysis, which is well known in the art, is
alse used 1o determine the quantity of water in a sample.

As used herein, a solvent is any liquid substance capable
of dissolving carvedilol. As used herein, the term “anti-
solvent” means a liquid in which a compound is poorly
soluble. The addition of an anti-sclvent to 2 solvent reduces
the solubility of a compound. As used herein a mixture of
solvents refers 1o a composition comprising more than one
solvent.

As uvsed herein, the term “neat™ conditions refers to
conditions of a reaction wherein the solvent of the reaction
15 one of the reaclants.

Synthesis of Carvedilol

According to one embodiment, the present invention is a
process for preparing carvediiol comprising a step of react-
ing a compound of formula 11, 4-(oxiran-2-ylmethoxy)-9H-
carbazole,

i

Qe

with a compound of formwda III, 2-{2-methoxyphenoxy)
ethylamine

It
/\/ :
HaN :

HalCO

The new procedure results in a higher yield of carvedilol
than has been reported in the prior art. ln addition, the
product of the new procedure is nearly free of bis impurities
and the reaction is more rapid.

Preferably, the compound of formuia i1 is at a molar
excess over the compound of formula 1I. The compound of
formuia 11 and the compound of formula 11 are preferably
at a molar ratic from zboul 1.5:1 w abowt 100:1. Mare
preferably, the compound of fermala i) and the compouad
of formula 1 are at a molar ration from about 2.8:1 1o about
10:1. Most preferably, the compound of formuda IH and the
compound of formuia il are at a molar ratio from about 2.8:1
o about 6:1.

In one embodiment of the presem invention, the reacting
siep is performed in a solvent. The solvent is preferably
selected from the group consisting of eluene, Xylene and
hepiane. In an alternative embodiment, the reacting step is
performed in a solvent mixnire wherein the solvent mixture
comprises multiple solvents. Preferably, a solvent of the
solvent mixture is selected from the group consisting of
toluene, xylene and heptane.
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The reacting step is preferably performed at s temperature
from about 25% C. and about 150° C. Mosl preferubly, the
reacting step is performed at a temperature from about 60°
C. and about 120° C.

In an alternative embodiment, the reacting step is per-
formed under neat conditions. The peat conditions may
obtained by melting a solid form of the compound of
formula I11 to form a liquid and, dissoiving the compound of
formula 11 in the liguid to form a reaction mixture.

The reaction performed under neat conditions may further
comprise a step of reducing the temperalure of the reaction
mixtare after dissolving the compound of formula 11, The
temperature is prefersbly reduced to about 70° C.

The reactien performed under neat conditions may further
comprise a step of adding as organic solvent: water mixture
to the reaction mixture. The organic sclvent is preferably
selected from the group consisting of ethyl acetate, methyl
isobutyl ketone, metkyl ethyl ketone and buty] acetate,

The reaction performed under neat conditions may Tarther
comprise a step of adjusting the pH of the organic solvent:
waler mixture after it is added fo the reaction mixture. The
pH is preferably adjusted to less than about pH 5. More
preferably, the pH is adjusted from about pH 3 to about pH
<

Opticnally, the process further comprises the sieps of
isolating carvedilol hydrochloride afier adjusting the pH.
and punfying carvedilol.

Carvedilo]l hydrochloride is optionally isolated as =z
hydrate. Carvedilol HCI isolated as a hydrate typically has

an XRD peaks are found a1 abowr 6.520.2, 10.2+0.2, 3

10.420.2, 14,2202, 147202, 16420.2, 17.720.2, 20,0202,
21.9x0.2, 25.220.2 degrees to 2-theia.

‘The reaction preformed under neai conditions may further
comprise steps of, isoiating carvedilol from the reaction
mixture afler adjusting the pH, and purifving carvedilol.
Optionally, carvedilol may be purified by methods well
known in the art. (See BEP B 0127 055.)

Novel Methods for Preparing Crystalline Carvedilol Form ]
and Form 11

One aspect of the present invemion provides a methog tor
preparing crystalline carvedilol Form 1, by dissolving
carvedilol in a solvent uniil the crysialline carvedilo] is
completely dissolved, reducing the temperature of the solu-
tion and agitating the sclution for a period of time, further
reducing the temperature of the solution and agitating the
sojption for s period of time and, collecting crvstalline
carvedilol Form 1L

‘The dissolving step is optionally perfonned by heating the
sofvent,

The dissolving step is optionally performed by heating,
crystalline carvedilol at a temperature from about 50° C. to
about 60° C. for about 6 howrs.

The dissolving step s oplivnally perfonmed by suspend-
ing the crystalline carvedilol in ethyl acerate.

The dissolving step is optionally performed by heating the
solution 10 about 77° C.

The step of reducing the temperature of the solution is
optionally performed by coolmg the solution to abom 50° C.
in 2 time perod of 15 min.

The step of agitating solution is optionaily performed at
about 50° C. for abearnt 48 hours.

The step of further reducing the lemperature of the
sulution is optionally performed by cooling the solution
about 10° C. in aboul .73 hours with agitation.

The step of further agitating the sohution is optionally
performed by stiring the suspension for more than 5 hours.
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The step of further agitation may optionally be performed by
stirring the suspensioa for about 24 hours.

The drying step may be performed by heating crystalline
carvedilol at a temperature from about 50° C. to about 60°
C. for about 6 hours.

The suspending step may be performed by suspending the
crystalline carvedilol in ethy] acetate.

The heating step may be performed by heating the solu-
tion to about 77° C.

Another aspect of the present invention provides a method
for preparing crystalline carvedilo] Form I}, comprising the
steps of forming a solution of carvedilol by dissolving
carvedilol in a solvent, precipitating carvedilol Form IT by
cooling the solution, and isolating crystalline carvedilol
Form 11. ’

Optionally, the step of dissolving carvedilo] is performed
at a temperature from about 40° C. 10 sabowt the botling temp
of the solvent.

Optionally, the step of cooling the solution is performed
by reducing the temperature from abowt —20° C. to about
ambient temperature.

Optionally, the solvent is selected from the group con-
sisting of methanol, absoinie ethanol, 1-propanol, isopro-
panel, n-bwtanel, ethyvlene glycol, butyl acetate, isobutyl
methy! kelone, dichloromethane, dichioroethape, aceioni-
trile, acetone, isoamylaleohol, xylene and toluene.

Optionally, the precipitated carvedilol Form 1 is isolated
by fiitration.

Another aspect of the present invention provides a method
Tor preparing crystalline carvedilol Form 11, comprising the
steps of: forming a solution of carvedilol by dissolving
carvedilol in a solvent mixture, precipitating carvedilol
Form 11 by cooling the solution to abowt -20° ., and
isolating crvsialline carvedilo] Form 11, '

Optionally, the carvedilol is dissoived in a sohstion at a
temperature from about 40° C. to abow the boiling tem-
perature of the solvent. :

Optionally, the carvedilo] Form 11 is isolated by filtration.

Oprionally, the step of cooling the reaction is performed
by cooling the solution to a temperature from about ~20° C.
o ambien! lemperature.

Optionally, the solvent mixture is selected from the group
consisting of aceione:cyclohexane, chloroform:cyciohex-
ane, dichioroethane:cyclohexane, dichioromethane:cyclo-
hexane, pyridineicyclohexane, tetrahydrofuran:cycichex-
ane, dioxane:cvelohexane, acetonehexane, chloroform:
hexane, dichioroethane:hexane, dichioromethane:hexane,
tetrahydrofuran:hexane and ethanol:hexane.

Novel Carvediiol Polymorphs

In another aspect the present invention provides new
crystaliine forms of carvedilel, designated Forms 111, IV, vV
and processes for the manufacture thereof. Moreover, the
present invenlion provides a new hydrate form of carvedilol,
having water conient of about 2% by weight and processes
for their manufacture, In another embodiment, the present
invention provides new solvate forms of carvedilol, having
solveni content up 10 about 14% by weight, wherein the
solveni is methy]l ethyl ketone, and processes for their
manuiacture. These hvdrate/solvate forms of carvedilol are
usefid as intermediates for the synthesis of carvedilol drug
substances.

Procedures for Crystailizing Novei Forms of Carvedilol
The novel hydrates/solvates forms provided herein are

3 aoptionally formed by precipitating carvediiol as a crystalline

solid frem a solvent or a solvent mixtare, It will be under-
stood by those of skill in the art, that other methods may also
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be used 1o form the hydrate/solvates form disclosed herein.
Altematively the polymorphs may be formed by routine
meodification of the procedures disclosed herein.

Formation of Crystaliine Carvediiol Ferm I

One embodiment of the present jnvention provides a
method for preparing crystalline carvedilol Form 111, which
comprises the steps of forming a solvent solution containing
earvedilol; and, precipitating crystaliine carvedilol Form 11}
from the solvent solution using water as an anti-soivent. The
invention provides for a dissolving step wherein water is
present in the solvent solution during the dissolving step.
‘The invention also provides for a precipiiation step wherein
water is added to the solution after carvedilol is fully
dissolved in a solvent.

Optionally, to form the solvent sclution containing
carvedilol, carvedilol may be dissolved in a solvent at
elevated temperature. The preferred elevated temperature is
from about 40 to abowt 50° C. Most preferably the elevated
temperature is aboul 53° C. Alternatively, carvedilol may be
dissolved in a sclvent at ambien? femperature.

Another embodiment of the present invention provides,
forming the solvent solution containing carvedilol, by dis-
selving carvedilol in a solvent and inducing precipitation of
crystailine carvedilol Form 111 by the addition of an anti-
solvent. Solvents are optionally selected from the group
which inciudes pyridine, dioxane, isopropanol and chioro-
form. Anti-solvents are optionally selected from the group
which includes water and hexane,

An aliemative embodiment of the present invention pro-
vides, forming the solvent solution comaining carvedilo] by
dissolving carvedilol in an organic solvent and water and
precipitating crysialline carvedilol Form i1, In this embodi-
ment the organic solvent is optionally an alcchol. The
alcohol is preferably selected from the group consisting of
methanoi and ethanol. Alternatively, the organic solvent may
be selected from the group of solvents consisting of pyri-
dine, dioxane, and ethyi acetate and fetrahydrofuran.

An altemative embodiment of the present invention pro-
vides, a method for preparing crystatiine carvediio] Form II1,
comprising the steps of: drying crystalline carvedilo] at
elevated temperature, suspending crysialine carvedilol in 2
sohution mixture, heating the selution mixture untl the
crystailine carvedilol is completely dissolved. cooling the
solution mixture, and collecting crystalline carvedifol Form
HI

Optionally, the drying step may be performed by heating
crystalline carvedilol at a temperature from about 50° C. 1o
abowt 60° C. for about 6 howrs.

Optionally, the suspending step may be performed by 3

suspending the crystaliine carvedilod in 2 solution mixture of
ethyl acetaterwater (350:40).

Optionalty. the heating step mav be performed by heating
the solution mixture from about 60 to abowm 70° C. with

agitation until the crystalline carvedilol is completely dis- 3

solved.

Optionally, the cooling slep may be performed by cooling
the sclution mixtere to about to 10° C. for 2 period of about
3 bours with agitation.

Formation of Crystalline Carvedilol Form IV,

‘The present invention also provides a method for prepar-
ing crystalline carvediol Form IV by forming a solvent
soluticn containing carvedilol and inducing precipitation of
crysialline carvedilol Form 1V by the addition of an “anti-
solvent”™. In this embodiment, sclvenis are optionally
selected from the group which includes methy] ethy] ketone,
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and methy] isobutyl ketone, Anti-solvents are optionally
selected from the group which includes cylcohexane and
heptane.

Optionally, to form crystalline carvedilol Fomm IV
carvedilol may be dissolved in a solvent at from below
ambient temperature to elevated temperatures. The preferred
temperature is from about 10° to about 50° C. Maost pref-
erably the temperature is ambient lemperatire.

Formation of Crystalline Carvedilol Form V.

The present invention also provides 2 method for prepar-
ing crystalline carvedilol Form V by forming a soivent
solution containing carveditol and inducing precipitaton of
crystalline carvedilol solvate Form V by cooling or by
adding an anti-solvent. In this embodiment, the sclvent is
optionally selected from the group which includes methyl
ethyl ketone. Anti-solvents are optionally selected from the
group which includes cylcohexane and hexane.

Optionally, to form crystalline carvedilol Form V the
carvedilol may be dissolved in a solvent solution at elevated
temperature. The preferred elevated temperature is from
about 10 to about B0® C. Most preferably the elevated
temperature is about 55° C. Alternatively, carvediiol may be
dissolved in a solvent solution at ambient tempersture.

Novel Hydrate and Solvate Crystal Forms of Carvedilo]

The present invention provides novel crystal forms of
carvedilol which will be designated as Forms 111, IV and V,
as well as carvedilol HCI. These forms can be distinguished
from the prior art forms of carvedilol and from each other by
characteristic powder X-ray diffraction patterns and thermal
profiles,

The different crystal forms may also be characterized by
their respective solvation siate. The mwost commonly
encountered solvates among pharmaceuticals are those of
1:1 stoichiometry. Occasionally mixed solvate species are
encouniered. When water or solvent is incorporated into the
crystal lattice of a compound in stoichiometric proportions,
the molecular adduct or adducts formed are referred 1o as
hydrates or sclvates.

Cryslalline Carvedilo] Forn 11

Carvedilol Form I} ("Form I117) is characterized by an
X-ray difftaction pattern with peaks at about 8.420.2,
93202, 11.620.2, 13.220.2, 13.5£0.2, 14.220.2, 153202,
15.8:0.2,17420.2, 18.420.2, 19.420.2, 20.6x0.2, 21.420.2,
22.0=0.2, 26.520.2 and 27.6x0.2 degrees two-theta, The
mast characteristic peaks of' Form LIl are at about 8.420.2,
17.420.2, and 22.020.2 degrees two-theta. The diffraction
pattern is reproduced i FI1G. 1.

The DTG thermal profile of Form 1V is shown in FIG. 2.
The differential scanning calorimetry {DSC} thermai profile
of Form HI shows one melting peak arcond 100°_C.
{96° _C.-110°_C.). depending on the samples and on the
particle size. This melting pedk is concomitani 10 2 loss on
drying of shout 2% as measured by thermal gravimetric
analysis (TGA). The amount of water in the sample as
determined by Karl Fisher analysis is in good agreement
with the value obtained from TGA. thus confirming that the
less on drying is due to the dehivdration of water, and
indicating that this material is a hemihydrate.

Crystalline Carvedilol Form 1V

Carvedilel Form 1V {“Form IV"} is characterized by an
X-ray diffraction pattern with peaks at abowt 11.920.2,
14.220.2, 15.720.2, 16.520.2. 17.720.2, 18.320.2, 19.2+0.2.

30306202, 21.70.2, 22.220.2, 23.920.2, 24 220.2, 249202,

27.4x0.2 and 28 2x0.2 degrees two-theta. The most charac-
teristic peaks of Form IV are at about 11.920.2, 14.2£0.2,
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183202, 19.2+0.2, 21.7+0.2, and 24.220.2 degrees two-
thetz. The diffraction pattern is reproduced in FiG. 3.
The 1XTG thermal profite of Form 1V is shown in FIG. 4.
The DSC thermal profile of Form TV shows one melting
peak at abow 104° C.

Crysialline Carvedilol Form V

Carvedilol Form V ("Form V™) is characterized by an
X-ray diffraction pattern with peaks at about 4.1£0.2,
103202, 10.7£0.2, 11.520.2, 12.620.2, 14.0£0.2, 14,8202,
15.4x0.2, 164202, 168202, 18.8+0.2, 20.820.2, 21.120.2,
21.620.2, and 25.4+0.2, degrees two-theta. The most char-
acteristic peaks of Form IV are at about 4.1£20.2, 10.30.2,
10.7+0.2 and 11.520.2 degrees two-theta: The diffraction
pattern is repreduced in FiG. 8.

The DTG therma! profile of Farm V is shown in FIG. 6.
The DSC thermal profile of Form V shows a solvent
desorption endothenn al sbout 67°_C., followed by a recrys-
tallization event, and a melting peak at 115°_C. The des-

orption endotherm is concomitam o a loss on drying of

aboui 14% as determined by TGA. This behavior is consis-
tent with the Joss of a molecule of MEK per molecule of
carvedilol (the caiculated stoichiometric value of mono-
MEK is 15%).

Carvedilol HCI Hydmle

Crystalline Carvediiol HCI is characterized by an X-ray
diffraction pattern with peaks at about 6.5£0.2, 10.210.2,
10.420.2, 14.2:0.2, 14.720.2, 15.820.2, 16.420.2, 17.720.2,
20.020.2, 21.520.2, 21 920.2, 22 220.2, 22.920.2, 25.2x0.2,
253202, 272202, 27.420.2, 28.220.2, 28.620.2, 29.620.2
degrees two theta. The most characteristic peaks of crystal-
tine carvedilol HCl are at about 6.520.2, 10.2+0.2, 10.4+0.2.
15.8+0.2,16.420.2 and 22.220.2 deprees two-theta. The dif-
{fraction pattern is reproduced in FIG. 7.

The DTG thermal profile of carvedilol HCI shows two
endothermic peaks. Apeak a1 118° Clis a dehydralion peak.
A second peak endothermic peak al 135° C. is due 10 meling,
of the sample. LOD for this sample is 3.5%. The Waier
comtent of this sample as measured by Karl-Fisher analvsis
15 3.7%. Thus the Karl-Fisher analysis is in agreement with
LOD value, and confirm the presence of hydrate in this
sampie. The expected value for carvedilol HCI monohydrate
is 3.9%

A Pharmaceutical Composition Containing Carvedilol

Accarding to another aspect, the present invention relates
to @ pharmacentical composition comprising one or more of
the novel crysta] forms of carvedilol disclosed herein and at
least one pharmaca.uncaiiy acceptable excipient. Such phar-
maceulical compositions may be administered to a mamma-
lian patient in a dosage form.

The dosage fopms may coentain one or mare of the novel
forms of carvedilel or, alternatively, may contain one or
maore of the novel forms of carvedilol as part of a compo-
sition. Whether adminisiered in pure form or in 2 compo-
sition. the carvediiel form(s) may be in the form of a powder,
pranules. aggregates or any other solid form. The composi-
tions of the present invention include compositions for
1ableting. Tableting compositions may have few or many
components depending vpon the tableting method used, the
release rate desired and other factors. For example, compo-
sitiens of the present invention may contain dilueats such as
ceflulose-derived materials like powdered cellulose, micro-
crystatline cellufose, microfine cellujose. methyl cellulose,
ethyl cellulose, hydroxyethy! cellulose, hydroxypropyl cel-
lulose, hydroxypropyimethy] cellulose, carboxymethyl cel-
Inlese salts and other substituted and unsubstituted cellulo-
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ses; starch; pregelatinized starch; inorganic diluents such
calcium carbonate and calcium diphosphate and other dilu-
ents known to one of ordinary skill in the art. Yet other
suitable diluents iaclude waxes, sugars (e.g. lactose) and
sugar alcohols like mannitol and sorbitol, acrylate polymers
and copolymers, as well as pectin, dextrin and gelatin.

Other excipients contemplated by the present invention
include binders, such as acacia gum, pregelatinized starch,
sodium alginate, ghicose and other binders used in wet and
dry granulation and direct compression tableting processes;
disintegrants such as scdium starch glycolate, crospovidone,
low-substitnted hydroxypropy! celluiose and others; ubri-
cants like magnesium and calcium stearste and sodium
stearyl fumarate; flavorings; sweeteners; preservatives;
pharmaceutically acceptable dyes and glidants such as sili-
con dioxide.

Dosage forms may be adapied for administration to the
patient by oral, buccal, parenteral, ophthalmic, rectal and
transdermal routes. Oral dosage forms include tablets, pills,
capsules, troches, sachets, suspensions, powders, lozenges,
elixirs and the like. The novel forms of carvedilol disciosed
herein also may be administered as supposilories, oph-
thalmic ointments and suspensions, and parenleral suspen-
sions, which are administered by other routes. The most

3 preferred route of administration of the carvedilol forms of

the present invention is oral.

Capsule dosages will contain the solid composition within
a capsule which may be coated with gelatin. Tablets and
powders may also be coated with an enteric coating. The
enteric-coated powder forms may have coatings comprising
phihalic acid ceflulose acetate, hydroxypropylmethyl cellu-
lose phthalate, polyvinyl aleoho! phthalate, carboxymethyi-
ethyicellulose, a copolymer of styrene and maleic acid, a
copolymer of methacrylic acid and methy| methacrylate, and
like maierials, and if desired, they may be employed with
suitable plasticizers and/or extending agents. A coated tablet
may have a coating on the surface of the tablet or may be 2
tablet comprising a powder or granules with an enteric-
coating.

The currently marketed form of carvedilo] is available as
a3.125 mg, a 6.25 mg, a 12.5 mg, and a 25 mg tablet which
includes the following inactive ingredients: colloidal silicon
dioxide, crospovidone, hydroxypropyl methyliceliujose, lac-
lose, magnesium stearate, pelyetirylene glveol, polysorbate
80, povidone, sucrose, and litlanium dioxide.

The function and advantage of these and other embodi-
ments of the present invention will be more fully understood
from the examples below. The following examples are
intended to illustrate the benefits of the present invention,
but do not exemplify the fuli scope of the invention.

EXAMPLES

Example 1

Preparation of Carvedilol in Neat Conditions.
2-(2-Mcthoxyphenoxy)ethylamine (II) {4.89 g) was
hented te agbout 100° C., after which 4-(oxiran-2-yl-
methoxy -9H-carbazole (11) (3.31 ) was added portioawise,
After approximately 20 minutes, the reaction miture was
cooled 1o about 70° C., after which water (25 mI) and ethy]
acetale {15 ml) were added. The pli of the two-phase
mmxture was then adjusted to 5 with 2 N hvdrochloric acid.

s The solid that jormed, Carvediiol hydrochloride hydrate, is

fillered, washed with water (20 ml) followed with ethyl
acelate (15 ml}
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The resulting material is reshurried ia ethylacetate (50ml.)
and water (20rnl.) coniaining 5% sedium carbonate unti] the
pH reached 7.5. The organic phase was separated and dried
aver sodium sulfate. The dried schition was concentrated to
a turbid solution and cooled overnight to about 4°_C.
Precipitated carvedilol was isclated by filiration and crys-
tallized from isopropanoi.

Bxample 2

Preparation of Carvedilol in Neat Conditions.

2-(2-Methoxyphenoxy)ethylamine (III} (4.89 g} was
heasted 0 about 100° C., after which 4-(oxiran-2-yi-
methoxy)-9H-carbazole (I1) {3.31 g} was added portionwise.
After approximately 20 minotes, the reaction mixture was
eooled o about 70° C., after which water (25 ml) and ethyl
acetate (15 ml) were added. The pH of the two-phase
mixture was then adjusted to 5 with 2 N hydrochloric acid.
The solid that formed, Carvedilol hydrochloride hydmte, is
filtered, washed with water (20 ml) followed with ethyl
acetate {15 mi).

‘The resulting material is reshuried in ethyl_acetate
(50mL) and water (20mL) containing 5% sodium carbonate
until the pH reached 7.5. The organic phase was separated
and dried over sodium sulfate. The dried solution was
concentrated to a frbid solution and cooled overnight to
showt 4°_C. Precipiated carvedilol was isolated by filration
and crystallized from methanol.

Exampie 3

Process for Preparing Form 1 of Carvedilol

The dried crystalline carvedilol (220 g carvedilol} is
dissolved in 2200 ml ethyl acetate. The ethyl] acetate
solution is heated with agitation to 77°_C. until the solid is

th
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completely dissclved. The ethyl acetate solution was then -

cooled with agitation to about 30°_C. in atime period of 15

minutes. The cooled solution was stirred for 48 hours. The -

solution was then cooled to 10°_. ., 0.75 hours with
agilation. After stiring the suspension for additional 24
hours, the product was filtered. Pure Crystalline carvedilol
Form T (170 g) was obtained.

Example 4

Preparation of Crystalline Carvedilol Form 11

Crystaliine carvedilol Form 11 is formed by crystallizing
carvedilol from the solvents histed in Table I. Carvedilo] is
crystallized by forming a solution of carvedilo] heated to
reach a clear solution, usvaliy close fo the sobvent boiling
temperature. The solution is then cooled to ambient tem-
perature and the precipitate is filtered to yield carvedilo]
Form 1.

TABLE 1
Solven! Ratio of Solvent imL}:Carvedilal (g}
Metimael 11
Ethane} abs. 12
1-Propanoi 14
sopropanol 13
n-Butanc i
Fithylen Givend 13
Fthyl-Acetate 111
Burvi Acetate 13
1soburyl Methl 13

40

43

73
[

55

&0
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TABLE l-continued

Solvent Ratio of Solvent (mL):Carvedilof (g)
Ketone

Dichloromethane 12

Dichlorocthane 23

Acelopitile 50

Acetone 23

BExample 5

Preparation of Crystaliine Carvedilo] Fonm 11 by Filtration at
-20° C,

Crystalline carvedilol Form H is formed by crystallizing
carvedilo] from the solvents listed in Table 11, Carvedilel is
crystailized by forming a solution of carvediloi heated to
about the solvent boiling temperature. The sohtion is then
cooled to -20°_C., the precipitate is flitered and dried to
yield carvedilol Form 11

TABLE 11
Solvent Ratie of Solvent (mLyCarvedilol (g}
Isoamylalcohol S0
Toluene 53
Kyiene 51

Exampie 6

Preparation of Crystailine Carvedilol Form H in Sojvent
Mixtures

Crystalline carvedilo! Form 11 is formed by crysaliizing
carvedilol from the mixtre of solvents listed in Table 111
Carvedilol is crystallized by-forming a solution of carvedilol
heated to form a clear solution, usually close to the boiling
tempersture of the mixture of solvent, The sohntion is then
cooled to ambient temperature and filtered. The crystals are
coliected by filtration and'dried to vield carvedilol Form 11,

TABLE 111
Ratio Solvenr
{miyCarvedibol (g}
{Please
. Solvents Confirm
Sojvent ratio Units}
Acetone:Cyclohexane 4R 230
Chioroform:Cyclohexane i3 130
Dichioroethane:cyclohexane 125 142
Dichioromethanc:Cvelohexanc 117 S0
Pyridine:Cyclohexane 153 43
Fetrahydrelursne :Cvelohexane 1225 53
Dioxane:Cyclohexanc 1:23 70
Acetore:Hexane 1:2 235
Chierofornuhesase 1S 87
Dichloroethane:Hexane 1.2 89
Dichioromethane hexane t:.e El
Terubydrofuras Hexsne 13 49
Ethancl:Hexane 138 145

Example 7

5 Preparation of Crystalline Carvedilo]l Form 111

Carvedilod (4 g} was dissalved m 45 mL of a mixture of
%6% Ethanol and 4% water by heating the mixture under
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stirring in a 55° C. water bath, The solution was cocled and
Jeft at room temperature without stirring for sbowt 14 hours,
the crvstals were filtered through a buchner funnel, rinsed
twice with about 10 mi celd {4° (.} 96% ethanol, and dried
in a desiccator at room temperatuse (connected 10 air pump)
until constant weight to yield carveditel Form 111

Example 8

Preparation of Crystalline Carvedilol Form II1.

Carvedilal (4_g) was dissolved in 195_ml, mixture of
water/methanol {in a ratio 1:3 respectively) by heating the
mixiure under stirring in 35°_C. water bath. The solution
cooled to smbient temperature and lefi al ambient tempera-
wre without stirring for about 15 hours, the crystals were
filterzd through a buchper funnel and dried in 2 desiceator at
room temperature {connecied to air pump) until constant
weight 1o yield carvedilol Form 11,

Example 9

Preparation of Crystalline Carvedifcl Form 1.
Carvedilol (4_g} was dissolved in 39_ml pyridine by

stirring at room temperature. 76 mL of water was then added

dropwise until crystaliization began. The solution was lefit at
room temperature without stirring for about 80 hours, then
the erystals were filtered through & buchaer funnel and dried
in a desiccator at room temperature (connected to air pump)
until constanl weight to yield carvedilo! Form 111

Example 10

Preparation of Crystalline Carvedilol Form 11

Carvedilol (4 g) was dissolved in 76 mL dioxane at room
temperature, and 110 mL of water were added in portions of
about 10 mL 1o the stirred solution. The resuling solution
was lefl a1 room témperature withow stirring for abowmt 15 h,
then the crvstalline precipitate which had formed was fil-
tered through a buchner funnel and dried in desiccator at
room temperature {(connected to alr pump) until constant
weight 1o yield Carvedilol Form 111 in a mixture with
Carvediiol Form 11.

Exampie 11

Preparation of Crystalline Carvedilol Form 11

Carvedilol (4 g) was dissolved in 267 mi. dioxaneAvater
in the raio 1:1.4 respectively by heating the mixture under
stirring at 55° C. water bath. The resulting sclution was Jeft
at room temperatere without stirring for zbowt 15 h then the
crystais were filtered through a buchner funnel and dried in
a desiceator (connected 1o air pump) umil constant weight o
vield Carvedilol Form 111 in a mixture with Carvedilol Form
1.

Example 12

Preparation of Crysialline Carvedilol Form 11

Carvediicl (4 g} was dissolved 1 180 mi. Hexane/IPA in
a ratio 1:1 by heating the mixture under stirring a1 5% €.
waler bath. The soiution was allowed to sit at room tem-
perature without stirring for about 15 h. then the resulting
crystals were filtered through a buchner funnel and dried in
a desiccator (connected 10 air pump) al room temperature
until constant weight to vield Carvedilo]l Form 11

A
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Example 13

Process for Preparing Form IH of Carvedilel

Carvedilo] (40 g) was dissolved in 150 mi of ethanol and
40 m] water. The solution was heated with agitation to
60--70° C. until the solid material was completely dissolved.
The solution is then cooled with agitation 1o 10° C. over a
period of 3 hours. After stirring the suspension for an
additional 2.75 hours, the product is filtered. Pure Carvedilol
Form 111 (35 g) was obtained.

Example 14

Preparation of Crystalline Carvediiol Form 1V.

Carvedilol (1 g} was dissolved in 35 mL methy! ethyl
ketone by stirring at room temperature, and 202 mL. cvclo-
hexane was added dropwise. The solution was left at room
iemperature withowt stirring for about 15 h, then the result-
ing crystals were filtered through a buchner funnel and dried
in a desiccator at room femperature (connecied o air pump)
unil constam weight 10 yield carvedilel Form IV,

Example 13

Preparation of Crystaliine Carvedilol Form V.

Carvedilol {1 g) was dissolved in 70 mL methyl ethyl
ketone by stirring at roor temperature, and 138 mL hexane
were added dropwise. The solution was left at room tem-
perature without stirring for about 15 b, then the resulting
crystals were filtered throngh a buchner funnel and dijed in
a desiccator al room lemperature (connected to air pimp)
until constant weight to vield carvedilol Form V.

Example 16

Preparation of Crystatline Carvedilol Form V.

Carvedilol (2 2) was disselved in 45 mi. methyl ethyl
ketone by heating the mixture under stirring at 55° C. water
bath, then the solution was cooled and left at room tempera-
wrre without stirnng for about 14 houwrs, the crystals were
filtered through a buchner funnel and dried in a desiceator at
roos lemperature (connected to air pump) until constant

© weight to yield carvedilo] Ferm V. - -

35

[

65

What 1s clanned is:

1. A pracess for preparing carvedilol comprising a step of
reacting a compound of formula 11, 4-(oxiran-2-yimethoxy)-
SH-carbazole,

with a compound of formula 11}, 2-{2-methoxyphenoxy)
cthylamine
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3. The process of claim 1, wherein the reacting step is
performed under neat conditions.

I 4. The process of claim 3, wherein the neat conditions are
obtained by melting a solid form: of the compound of
formula 11} to form a liquid and dissolving the compourd of
formula 11 in the liquid 1o form a reaction mixtare.

5. The process of claim 2, wherein the reacting step is
perfermed under neat conditions.

6. The process of claim 3, wherein the neat conditions are
wherein the compound of formula 111 is at a molar excess !¢ obtained by melting a solid form of the compound of
over the compound of formuia il formula 1 to form a liquid and dissolving the compound of

2. The process of claim I, wherein the compound of  formula I in the liquid 10 form a reaction mixture,
formuia 1] and the compound of formula 11 are at a molar
ratio from about 1.5:1 to about 100:1. % ¥ ¥ %

.

o
N N

H3CO
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CRYSTALLINE SOLIDS OF CARVEDILOL
AND PROCESSES FOR THEIR
PREPARATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. provisional
application Serial No. 60/349,310, filed Jan. 15, 2002, which
is incarporated herein by reference.

FIELD OF THE INVENTION

This invention retates 10 a novel crystalline solid of
carvedilol or a solvate thereof, to processes for its
preparation, 10 compoesilions containing it and 1o its use in
medicine. This invention further relales lo a novel process
for preparing crystalline carvedilol Form 1.

BACKGROUND OF THE INVENTION

Carvedilol, (£)-1-(Carbazol-4-yloxy}-3-[]2-{o-
methoxyphenoxy) ethyllamino]-2-propanol, is a nonselec-
tive PB-adrenergic blocker with «,-blocking activity.
Carvedilol is a racemic mixture having the following struc-
tural formula:

OCH3

Carvedilot (1)

Carvedilol is the active ingredient of COREG®, which is
indicated for the treatment of congestive heart failure and for
the management of hyperiension. Since carvedilol is a
multiple~action drug, its beta-blocking activity affects the
response 10 cerlaip nerve impulses in parts of the body. As
a result, beta-blockers decrease the heart’s need for bioed
and oxygen by reducing its worklead. Carvedilo] is also
known 1o be a vasodilator resulting primarily from alpha-
adrenoceptor blockade. The multiple actions of carvedilol
are responsible for the amibypertensive ¢fficacy of the drug
and for its effectiveness in managing congeslive hears fail-
ure.

International application No. WO 9905105 (the "105
application) discloses that carvedilol can be isolaicd I two
polymorphic forms, depending on the method of prepara-
tiog. The twe polymorphic forms, designated Form § and

Form 11, are reporied to be monotropic and are distinguish- |

able by their infrared, Raman and powder X-ray diffraction
{PXRD) specira. No evidence is found in the Literature about
the existence of solvate forms of carvediol,

in Example 1 of the “105 application, Form T was gen-
erated by dissolving crude carvedilol in methanol, heating
the solution, cooling the solulion, and stirring the selution
for a time sufficient to produce Form 1. Form I was
aenerated by recrystallizing Form 1 in 2-propanol.

The present inveniion relales to the solid state physical
properties of carvedilol. These properties can be influenced
by controlling the conditions under which carvedilol is
obtained in solid form. Solid state physical properties
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inchade, for example, the Howability of the milled solid.
Flowazbility affects the ease with which the material is
handled dusing processing into a2 pharmaceuiical product.
When particies of the powdered compound do not flow past
gach other easily, # formulation specialist must take that Lact
into account in developing a tablet or capsule foromuiation,
which may necessitate the use of glidants such as colloidal
silicon dioxide, tale, starch or tribasic calcium phosphate.

Amnather important solid state property of a pharmaceuli-
cal compound is its rate of dissclution in aqueous fluid. The
rate of dissolulion of an active ingredient in a patient’s
stomach fluid can have therapeuwtic consequences since it
imposes an upper limit on the rate at which an orally-
administered active ingredient cap reach the patient’s biood-
streamn. The rate of dissolution is also a consideration in
formulating syrups, elixirs and other lguid medicaments.
The solid state form of a compound may also affect its
behavior on compaction and its storage stability.

These practical physical characteristics are influenced by
the conformation and orientation of molecuies in the unit
cell, which defines a particular polymorphic form of a
substance. The polymorphic form may give rise to thermal
behavior different from that of the amorphous matenal or
another polymorphic form. Thermal behavior is measured in
the laboratory by such technigues as capillary melting point,
thermogravimetric analysis (TGA) and differential scanning
calorimetric {DSC) and can be used 1o distinguish some
polymorphic forms from others. A particular polymorphic
form may also give rise o distinci speciroscopic properties
that may be detectable by powder X-ray erysialiography,
solid state 1*C NMR spectrometry and infrared spectrom-
etry.

The present invention also relates to solvates of
carvedilol. When a substance crystallizes out of sclution, it
may trap molecules of solvent at regular intervals in the
crystal latiice. Solvation also affects wiititarian physical
properties of the solid state like flowability and dissolution
rate. -

One of the most important physical properties of a phar-
maceuiical compound,- which can form polymorphs or
solvates, is its solubility in aqueous solution, particularly the
solubility in gastric juices of a patienl. Other imporant
properties relate to the ease of processing the form inlo
pharmaceutical dosages, such as the tendency of a powdered
or granuiated form 1o flow and the surface properties that
determine whether crystals of the form will adhere to cach
other when compacied into a lablei,

The discovery of new polymorphic forms and solvates of
a pharmaceutically usefu] compound provides a new oppor-
tunity to improve the performance characteristics of a phar-
maceutical product. 1t enfarges the repertoire of materials
that a formulation scientist has available for designing, for
example, a pharmaceutical dosage form of a drug with a
largeted release profile or other desired characteristic. A new
polymaorphic form and solvate of carveditol has been dis-
covered.

SUMMARY OF THE INVENTION

tn ope aspect, the presend inveantion provides a crysialline
solid of carvediiol or a selvaie thereaf characierized by data
selecied from the group consisting of a PXRD paitern with
peaks al about 6.5, 7.3, 16.0, and 30.520.2 degrees two-
theta, a PXRD pattern with peaks at about 5.8, 10.7, 11.1,
11.5, 13.3, 13.7, 168, 17.7, 18.5, and 23.020.2 degrees
wo-theta, a DSC thermogram with eadothermic peaks al
about 74° C. and 112° C., and a FTIR specirum with peaks
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at abowt 613, 740, 994, 1125 1228, 1257, 1441, 1508, 1737,
2840, 3281, 3389, and 3470 cm'. Said solid crystalline
form denotes Form V1

In another aspect, the present inventios provides a process
for preparing a crystalline solid of carvedilol or 2 solvate
thereof having at least one characteristic of Form VI (such
as the PXRD peaks andjor FTIR peaks, and/or DSC peaks
disciosed herein). In accordance with the process, carvedilo]
i comtacted with etbyl acetate lo form a solution. The
solutior: is cooled and oplivmally seeded with carvedilod
lorm 1I. The solution can be stimed under high velocity
agitation to form a suspension, which then can be cooled
under high velocity agitation.

In yel another aspect, the present invention provides a
process for preparing a crystalline selid of carvedilol Form
H, including the steps of heating crystalline carvediiol
having al leas! one characteristic of Form VI until the
crystatling carvediiol is dry, mixing carvediiol Form II with
the dry crystalline carvedilol, and storing the mixture for a
holding tme sufficient to transform the dry crystalline
carvedilol into Form 11,

BRIEF DESCRIPTION OF THE FIGURES

FI1G. 1 is a PXRE paltern for carvedilo] Form VI
FIG. 2 1s a FTIR spectrum for carvedilol Form VI,
F1G. 3 is a DSC thermogram for carvediiol Form V1.
G, 4 is a DTG thermogram for carvedilol Form VI,

DETALILED DESCRIPTION OF THE
INVENTION

In one aspect, the present imvention provides a movel
erystalline solid of carvedilol or a solvate thereol, designated
Form V1. Carvedilol solvate Form V1 is characterized by a
PXRID pattern (FIG. 1) with peaks at abowt 6.5, 7.3, 16.0,
and 30.520.2 degrees two-lhetz. Further PXRD peaks were
observed at about 3.8, 10.7,11.1,11.5,13.1,13.7, 16.8,17.7,
18.5, and 23.020.2 degrees two-theta.

Carvedilol solvate Form VI produces a FTIR spectrum
(FIG. 2} with characteristic absorption bands at about 513,
740, 994, 1125, 1228, 1257, 1441, 1508, 1737, 2840, 3281,
3389, and 3470 cm™'. Further FTIR peaks were observed al
about 720, 1100, 1286, 1454, 1589, 2911, and 2935 cm™.

Carvedilo] solvate Form VI produces a XSC thermogram
{FIG. 3) showing two endothermic peaks: the main endol-
bermic peak was observed at about 74° C. and a minor
endotherm {dH=0.7}¢) was observed at 112° C.

Carvedilol selvate Form VI produces a Differential Thes-
mat Gravimetry (DFG) thermogram (FIG. 4) showing a
weight loss step in the temperature range of 35-104° C. of
about 13%. This value is equal 10 the expected value
corresponding to two molecules of ethyl acetate per three
molecules of carvedilol.

The waler conlent of carvedilol solvate Form VI was
tested by Karl-Fisher titration, which showed it 1o be free of
waler.

In another aspect, the preseal invention provides a novel
process for preparing a crystalling solid of carvediiol or a
salvale thereel, involving the steps of contacting carvedilol
with ethyl acetate to form a solution, cooling the solution
optionally under agitation. Preferably, the starting carvedilol
is dry. The solution can optionally be seeded with carvedilol
Form }l. The solutior ¢an be stirred under high velocity
agitation to form & suspension, which then can be cooled
under high velocity agitation. The product oblained by this
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process has at least one characteristic of Form Vi, and can
be separated from the ethyl acelate by conventional means
such as filiration. The product can also be dred.

Preferably, the mixture of ethyl acetale and dry carvedilol
is heated t0 a temperature in the range of about 65° to about
80° C., most preferably in the range of about 70° 10 about
77° C. 1o form a solution. Thereafter, preferably, the tem-
perature of the solation is reduced 1o between about 40° 10
about 55° C., most preferably between about 46° 1o about
50° C.

When the solution is seeded with carvedilol Form II, the
seeded sclution is stirred at a temperature in the range of
about 46° C. to about 50° C. for a holding time sufficient to
precipitate Form V1. A holding time of about 30 minutes

* under high velocity agitation (al least 260 rpm) is typically

sufficieni. Thereafler, the temperature of the suspension is
preferably cooled 1o about 10° C. for a holding time,
preferably about 3 hours under high velocity agitation. The
cooled suspension should be stirred for about 30 minutes.

In another aspect, the present invention provides a process
for preparing a crystallive solid of carvedilol Form 11,
including the steps of heating crystalline carvediiol having at
least one characieristic of Formy VI untit the crystalline
carvedilol is dry, mixing carvedifol Form 11 with the dry
crystalline carvedilol, and storing the mixture for a holding
ime sufficient to transform the dry crystalline carvedilol into
Form 11

Preferably, crysialline carvedilo] baving at least one char-
aczeristic of Form V1 is beated to a temperate in the range of
about 50° 1o about 60° C., and most preferably to about 55°
C. The heating step can be preformed at atmospheric pres-
sure or under reduced pressure. Preferably, the pressure is
aboul 60 mm Hg, and more preferably about 30 mm Hg.
Crystalline carvedilol having a: least one characteristic of
Form VI is typically dry after about 16 hours of heating.

Dry crystalline carvedilol having at least one character-
istic of Form V1 is mixed with carvedilol Form Il and stored
for a holding time sufficient 1o transform the dry crystalline
carvedilol into Form 11, A holding time of from abowt 1 week
10 aboul 2 weeks is typically sufficient. Carvedilol Form 1
can also be present.

Carvedilo] Forrm VI can be milled into a powder and used
in a pharmaceutical prodoct or physically modified such as

5 by granulation to produce Jarger granules of carvedilol Form

V1. Carvedilol Form V1 can also be used to prepare a liquid
pharmaceutical product by dissolving or dispersing it in a
liquid medium such as water, glycerin, vegetable 0il and the
like as discussed in greater detail below,

Carvedilol Form V] is useful for tresting patients with
congesiive hearl failure and byperniensien and for producing
a hypotensive effect in mammals, including heman patients.
Carvedilol Form V1 can be formulated into & varety of
compositions for administration 1o humans and mammals.

Pharmaceutical compositions of the present invention
comtain carvedilol Form V1, optionaily in mixture with other
crwstalline forms andfor other active ingredients such as
hydrochlorothiazide. In addition o the active ingredient(s),
the pharmaceutical compositions of the present invention
can conlain one or more excipients. Excipients arc added to
the composition for a variety of purposes.

Diluents increase the bulk of a solid pharmaceutical
composilion and can make 2 pharmaceutical dosage form
containing the composition ¢asier for the patiem and car-
egiver 0 handle. Diluents for solid compositions include, for
example, microcrystaliine ceilulose (e.g. Avicel®),
microfine celluiose, lactose, starch, pregelatinized starch,
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calcium carbonate, calcium sulfate, sugar, dexirates, dextrin,
dextrose, dibasic calcium phosphate dihydrate, tribasic cal-
cium phosphate, kaolin, magnesium carbonate, magnesium
oxide, maltodextrin, mapniitol, polymethacrylates (e.g.
Eudragii®), potassivm chloride, powdered cellulose,
sodium chloride, sorbito] and {alc,

Solid pharmaceutical compositions that are compacted
into a dosage form like a tablet can include excipients whose
functions include helping to bind the active ingredient and
other excipients {ogether after compression. Binders for
solid pharmaceutical compositions include acacia, alginic
acid, carbomer {e.g. carbopol), carboxvmethylcellulose
sodium, dexirin, ethyl celiulose, gelatin, guar gum, hydro-
genaled vegetable oil, hydraxyethy! cellulose, hydroxvpro-
pyl cellulose (e.g. Klucel®), hydroxypropyl methyl cellu-
lose (e.g. Methocel®), liquid glucose, magnesium
aluminum silicate, maltodextrin, methyleellulose,
polymethacrylates, povidone {e.g. Kollidon®, Plasdone®),
pregelatinized starch, sodium alginate and starch.

The dissolution rate of a compacied solid pharmaceutical
compasition in the patient’s stomach can be increased by the
addition of a disintegrant to the composition. Dhisintegranls
inciude alginic acid, carboxymethyleellulose calcivm, car-
boxymethylcelulose sodium (e.g. Ac-Di-Sol®,
Primellose®), colloidal silicon dioxide, croscarmellose
sodium, crospovidone {¢.g. Kollidon®, Polyplasdone®},
guar gum, magnesium aluminum silicate, methy! cellulose,
microcrystalline cellulose, polacrilin potassium, powdered
celiulose, pregelatinized starch, sodium alginate, sodium
starch glycolate {e.g. Explotab®) and starch,

Glidants can be added to improve the flow properties of
son-compacted solid composition and improve (he accuracy
of dosing. Excipients that can function as glidants include
cofloidal silicon dioxide, magnesium trisilicate, powdered
cellukose, starch, tale and tribasic calcium phosphate.

When a dosage form such as a tablet is made by com-
paction of a powdered composition, the composition is
subjected {0 pressure from 2 punch and dye. Some excipients
and aclive ingredients have a2 wendency to adhere to the
surfaces of the punch and dye, which can cause the product
to have pitting and other surface irregularities. A fubricant
can be added to the composition to reduce adhesion and case
release of the product form the dve. Lubricants include
magnesinm stearale, calcium stearate, giveeryl
meonostearate, glyeeryl palmitostearate, hydrogenated castor
oil, hydrogenated vegetable oil, mineral oil, polyethylene
glycol, sodium benzoale, sodium lawryl sulfate, sodum
stearyl fumarate, stearic acid, tale and zinc sicarale.

Flavoring agents and flavor enhancers. make. the. dosage.
form more palatable to the patient. Common flavoring
agents and flavor enhancers for pharmaceutical products that
ean be included in the composition of the present invention
include maltol, vanifiin, ethyl vanillin, menthol, cilris acid,
Tursaric acid, cthyl maliol, and tartaric acid.

Solid and ligurl compoesitions can also be dyed using any
pharmaceutically acceptable colorast 1o improve their
appearance and/or facititate patient identification of the
product and unit dosage level.

In liguid pharmaceutical compositions of ihe present
inventios, carveditol Form VI and any other solid excipients
are dissolved or suspended in a Hquid carrier such as water,
vegetabie oil, alcohol, polyethyiene glycol, propylene giycol
or glycerin.

Liguid pharmaceutical compositions can conlain emulsi-
fying agents 10 disperse uniformly throughout the compo-
sition an active ingredient or other excipient thal is not
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solubie in the liguid carrer. Emulsifying agents that can be
useful in liguid compositions of the present invention
include, for example, pelatin, egg yolk, casein, cholesterol,
acacia, iragacanth, chondrus, pectin, methyl cellulose,
carbomer, cetostearyl alcohol and celvl alcohol.

Liquid pharmaceutical compositions of the present inven-
tion can also contain a viscosity-enhancing agent lo improve
the mouth-feel of the product and/or coat the kining of the
gastrointestinal tract. Such agents include acacia, alginic
acid benlonite, carbomer, carboxymetbyicellulose calcium
or sodium, cetostearvl alcohol, methyl cellulose,
ethyleellulose, gelatin guar gum, hydroxyethyl cellulose,
hydroxypropyl celiulose, hydroxypropyl methy! cellulose,
maitodexirin, polyvinyl alcohol, povidone, propyiene
carbonate, propylene glycol alginate, sodinm alginate,
sodivm starch glycolate, starch tragacanth and xanthan gum.

Sweetening agenis such as sorbitol, saccharin, sodium
saccharin, sucrose, aspartame, fructose, mannitol and jnvert
sugar can be added fo improve the taste.

Preservatives. and chelating agents such as aicohol,
sodium benzoate, butylated hydroxy toluene, butvlated
hydroxyanisole and ethylencdiemine tetraacetic acid can be
added al fevels safe for ingestion te improve storage stabil-
ity.

A liquid composition according 1o the present invention
can alsc contain a buffer such as guconic acid, lactic acid,
citric acid or acetic acid, sodium guconate, sodium lactate,
sodium citrate or sodium acetate,

Selection of excipients and the amounts to use can be
readily determined by the formulation scientist based upon
experience and consideration of standard procedures and
reference works in the field.

The solid compositions of the present invention include
powders, granulates, aggregales and compacted composi-
Hons.

Carvedilol Form V1 can be administered for treatment of
congestive heart failure and bypertension by any means that
delivers the active ingredient(s) to the site of the body where
beta-blocking activity exeris a therapeutic effect on ihe
patient. For example, administration can be oral, buccal,
parenteral (including -subewtaneous, intramuscular, and
intravenous) rectal, inhalant and ophthalmic. Although the
most suitable route in any given case will depead on the
nature and severity of the condition being treated, the most
preferred roule of the present invention is oral. Carvedilol
Form VI can be conveniently administered 1o a paticat in
oral unit dosage form and preparcd by any of the methods
well-known in_the pharmaceutical arts. Dosage forms
melude solid dosage forms like iablets, powders, capsules,
sachets, troches and lozenges as well as liguid syrups,
suspenstons and elixirs,

The aclive ingredieni(s) and excipients can be formulated
into compositions and dosage forms accordiag to methods
known in the ar,

A composition for tableting or capsule fiing can be
prepared by wel granulation. In wet grapulation some or all
of the active ingredients and excipients in powder form are
blended aad then further mixed in the presence of a liquid,
typically water, that causes the powders (o clump up into
gramuies. The granvlate is screened and/or milled, dried and
then screened and/or milled to the desired particle size. The
granulale can then be tableted or other excipients can be
added prior to tableting such as a plidant and or Jubricani.

A tableting composition van be prepared conventionally
by dry blending. For instance, the blended composition of
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the actives and excipients can be compacted into a shug or a
sheet and then comminuted into compacted grapules. The
compacied granules can be compressed subsequently into a
tablet.

As an alternative (o dry granulation, a blended composi-
tion can be compressed directly into 2 compacied dosage
form using direcl compression technigues. Direct compres-
sion produces a more uniform tablet without granules.
Excipients that are pardcularly well suited to direct com-
pression tableting include microcrystalline cellulose, spray
dried lactose, dicalcjum phosphale dihydrate and coHoidal
silica. The proper use of these and other excipients in direct
compression tableting is known to those in the art with
experience and skill in particular formulation challenges of
direct compression tableting.

A capsule filling of the present invention can comprise
any of the aforementioned biends and granulates that were
described with reference to tableting, only they are not
subjected to a final tableting step.

Yet more particularly, a lablet can, for exampie, be
formulated by blending and directly compressing the com-
position in a 1ablet machine.

A capsule can, for exampie, be prepared by filling half of
a pelatin capsule with the above tablet composition and
capping it with the other half of the gelatin capsule.

A simple parenteral soluiion for imjection can, for
example, be preparsd by combining carvedilol Form VI,
steriie propylene glycoi, and sterile water and sealing the
composition in a sierile vial under sterile conditions.

Capsules, tablets and lozenges and other unit dosage
forms preferably contain a dosage level of aboui 1 mg to
about 100 mg of carvedilol Form Vi,

The following examples are piven for the pumpose of
illustrating the present iovention and shall not be construed
as limiting the scope or spirit of the invention.

EXAMPLES
General

The powder X-ray diffraction patterns were obtained by
methods known in the art using @ SCINTAG powder X-ray
diffractometer mode} X'TRA, variable goniometer, equipped
wilh a solid-stale detector. Copper radiation of h=1.35418 A
was used. The scanning parameters included: measurement
range: 2-40 degrees Iwo-thela; continuous scas; rate: 3
degrecs/minuie.

The thermogravimetric curves were obtained by methods
known iz the art asing & Mettler Toledo DSC821°% The
weight of the samples was about 3-5 mg. The temperature
range was from about 30° C. 1o at least 250° C,, a1 the rate
of 10° C./minute.

The thermogravimetric curves were also obtained by

methods knows in the art using & Shimadzu DTG-50. The 5

temperature range was from aboul 30° C. io at least 230° C,,
at ke rate of 10° Co/minute. Samples were purged with
nitrogen gas at a flow rate of 20 mi/min.
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The FTIR spectra were obtained by methods known in the
arl, such as diffuse reBectance, wsing 2 Perkin-Elmer, Spec-
trum One FIIR Spectrometer. The scanning parameters
were as follows: range: 4000-400 cm™, 16 scans, resol-
tion: 4.0 cm™2.

Example 1

Carvedilol Form V1

Dry carvedilol (7 Kg) was added to ethyl acetate {70 L)
and heated to about 70-77° C. under agitation. After com-
plete dissolation, the solution was cooled 10 about 46-50° C.
under agitation. The solution was then seeded wilh
carvedilol Form H and stirred al a temperature of abowl
46-50° C. for about 30 minutes under high velocity agilation
{at Jeast 260 rpm). The resulting suspension was cooled to a
temperature of about 10° C. over a period of 3 hours under
high velocity agitation. The suspension was stirred for an
addition 30 minutes and ther filtered to obtain carvedilol
Form VL

Example 2

Carvedilol Formm H

Three trays conlaining carvedilol Form Vi {1 Kg per tray)
were inserted into a vacuum oven, heated 1o about 55° (.
under vacuum of 30 mm Hg and dried for about 16 hours.
Immediately after drying, the polymorphic content of the
dried sample was a mixture of Form V1 and Form 11, After
slorage at room lemperature for about 4 weeks, a mixture of
Form I, Form 11 and Form VI were found.

What is claimed is:
1. A process for preparing & crystalline solid of carvedilol
Form 11 comprising the sleps of:

heating crystalline carvedilo] or a solvate thereof charac-
terized by data selected from the group consisting of a
PXRI> patiern with peaks at about 6.5, 7.3, 16.0, and
30.520.2 degrees two-theta; a DSC thermogram with-
endothermic peaks at about 74° C. and 112° C; and a
FTIR spectrum with peaks at aboul 613, 740, 994,
1125,1228, 1257, 1441, 1508, 1737, 2840, 3281, 3389,
and 3470 crm™* uotil the crystalline carvedilol is dry,
wmixing carvedilol Form II with the dry crystalline
carvedilol, and storing the mixture for 2 holding time
sufficient to transform the dry crystaliine carvedilol into
Form 11
2. The prodeéss of claim 1, wherein the crystalline
carvedilo] is heated 1o a temperature of from about 30° C. to
about 60° C.
3. The process of claim 2 -wherein the heating step is
performed weder reduced pressure.
4. The process of claim 3 wherein the pressure is at about
30 mm Hg.



Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 61 of 77 PagelD: 63

Exhibit D

E
X
H
I
B
1
T

D




Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 62 of 77 PagelD: 64

AR R

United States Patent

(12) ¢0) Patent No.: US 7,056,942 B2
Hildesheim et al. 45) Date of Patent; Jun. 6, 2006
(549) CARVEDILOL FOREIGN PATENT DOCUMENTS
. f . . EP 0127 G99 A 12/1984
(75) Inventors: Jean Hiit.iesheim, Maz.kf:rel Batya (IL_}, el 0127098 BI 51987
Sergey Finogueev, Qumiriat Arbaa (IL); Ep 0918 055 511999
Judith Aronhime, Rechovot (}L):. WO WO 99/05165 2/1999
Ben-Zion Dolitzky, Petack Tikva (iL); i -
Shoshana Ben-Valid, Sderot (IL): Itan OTHER PUBLICATIONS
Keor, Shoham (I1) Chen €t al, “Synthesis and Crystal Structure of Carvedilol”
. ) A . Jiegou Huaxue, vol. 17, No. 5, Sep. 1998. pp 325-328.*
(73) Assipnee: Teva Pharmaceutical Industries Ltd., G.M.- Wall, “Pharmaceutical Applications of Drug Crystal
Petah Tigva {IL) Studies”, Pharmaceutical Manufacturing, vol. 3, No. 2, pp.
. ; tealal : 33-42, Feb. 1986.
{*} Notice: Subject 10 any disclaimer, the term of this " : w . .
patent is extended or adjusted under 35 J‘,K. Haleblian and W }\ic{jmne, Pharmaceutical Apphcg-
U.S.C. 154(b) by 153 days. tions of Polymorphism”, Journal of Pharmaceutical Sci-
- ences, vol. 38, No. &, pp. 911-929, Jul. 1669,
LK. Haleblian, “Characterization of Habits and Crystalline
b No.: 10/758,025 . . ? X . . b
(21)  Appl. No Modification of Solids and Their Pharmaceutical Applica-
(22) Filed: Jan. 16, 2004 Hons", Journal of Phammaceuiical Sciences, vol. 64, No. 8,
Prior Peblication Dt pp. 1269-1288, Jul. 1975.

(65) rror Tublication Data Pharmacopeial Forum, vol. 24, No. I, pp. 5438-5441,
U8 2004/0152757 Al Aug. 5, 2004 Jan.—Feb. 1998,

_— Senderoff et al., “Synthesis of the Enantiomers and Three
Related U.S. Application Data Racemic Metabolites of Carvedilol Labeled to High Specific
L I Activity With Tritivm™, Joursal of Labeled Compounds and

62} Division of application No. 09/894,798, filed on Jun. 28, . ;

(62) 2001, now Pal. No. 6,699,997, Radiopharmaceuticals, Dec. 1993, vol. 33, No. 12, pp.

{(60) Provisional application No. 60:214,356, filed on Jua. 28, 1091-1103. ‘

2000, and provisional appiication No. $0/246,358, filed on Chen, Wei-Min et al. “Synthesis and Crysial Structure of
Nov. 7, 2000. Carvedilol” Jiegou Huaxue, vol. 17, No. 5, Sep. 1998, pp.
325-328 {abstract included).

(51) Int. ClL Carey, Francis A. et al. “Advanced Organic Chemistry™
Ca7p 209/82 (2006.01) Third Edition, Part A: Structure and Mechanisms; Plenum
AGIK 31/463 (20006.01) Press, pp. 232-239.

* cited by examiner
(52) U8, Cl oo 5147411, 548444 Primary Examiner—Kamal A. Saeed
: Assistant Examiner—Janet L Coppins
(58) Tield of Classification Search ... 548/440,  (74) Attorney. Agent. or Firm—Kenyon & Kenyon
548/444; 514/411 {57 ABSTRACT
See application file for compieie search history.
This invention relates (o an improved process of preparing

(56) References Cited carvedilol, as well as a new crystalline hydrate and solvate

1.S. PATENT DOCUMENTS and forms of carvedil{ﬁ, ?F()Cesstis‘ »fﬂr the mzi‘nufacmre
sthereef, and pharmaceutical compositions thereof,
4,503,067 A Y1985 Wiedemana et al,

5,071,868 A 1275991 Leinent

Tites 0B LLIOSH kS Fhiag A .
Sete: DIZZSI0L XF132 Siep 1 D407 <nt Tiws: §.0m0

.
b - 49 9% (e Cept. hen maws 3 3,95 Dagiwha.

8 Claims, 7 Drawing Sheets

10: NV LLIOT4 In Shdey W

e

o
wen.

ames

a0

|
wnenl

LkJ‘g

e e

U M.nf \JLM\:M\IL .

P wa

W it ma e e
e



Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 63 of 77 PagelD:

U.S. Patent Jun.6,2006  Sheet 1 of 7 US 7,056,942 B2

*1Thets

a
Fy
%ﬁ -3
i3 ;.
: .
& s
8 3
! -
=) @
" ) X
9 &
- =
s et e T St -
= e — .
’é%
t

M i d

T

ooinis/s

65



Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 64 of 77 PagelD: 66

U.S. Patent Jun. 6, 2006 Sheet 2 of 7 US 7,056,942 B2

min

METTLER TOLEDO STAR® Systen

120 140
L i
40 50

100
i

80
4
Flgure 2

60
|
10

40
I
Physical R&D Teva: Shlomo

‘axo




Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 65 of 77 PagelD: 67

U.S. Patent Jun. 6, 2006 Sheet 3 of 7 US 7,056,942 B2
g
.  F
3 3
B f
g -9
2 % f
i =2
-
g 1 :
- g

"""!;_'rr'""z‘o

oountn'y
14004
.
1200
oo
$00-
400~
400+
3
i
2004
o



Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 66 of 77 PagelD: 68

U.S. Patent Jun. 6,2006 Sheet 4 of 7 US 7,056,942 B2

min

120 140
H i
50
METTLER TOLEDO STAR* System

40

100
i
30

Flaure &

60
1
10 20

40
1
Physical R&D Teva: Shlomo

Aaxa




Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 67 of 77 PagelD: 69

U.S. Patent Jun. 6, 2006 Sheet 5 of 7 US 7,056,942 B2

INIS wop: 2377 MER Y
GMC.2dmg/min etep 0.0S deg
%

S

Flgure 5

oty
1300
1000



Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 68 of 77 PagelD: 70

U.S. Patent Jun. 6, 2006 Sheet 6 of 7 US 7,056,942 B2

min

METTLER TOLEDO STAR Systes

140
!
50

120
l

100
P
30 {0

Figure &

20

40
{
Physical R&D Teva: Shlomo

Aaxo



Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 69 of 77 PagelD: 71

US 7,056,942 B2

Sheet 7 of 7

Jun, 6, 2006

U.S. Patent

beg

(LD 14 o.mn o,Nﬂ c.mn 0

RUUNUUN A T

1 i

{ 2andyy

?!\(?J\(CS(

i?éz

1]
L

o

@

WAk ruju/bea QoTE ¢ eamu URPE “FUED (Beq) 0O OF - 0Q'Z iwbuwy
"OBE 000°T 'ewyl 3ud 08070 ¢ delg  ZYieT 10/6%Z/90 relwg
DHe Sepgg uT ¥Z0y1T A¥D :aI ‘' Ous Swpge M1 pZOYL1  TDH AHT (TR

"00B1
T aoitT
o9z

[ 000%

ove

1114

Wﬁcuv
Woawe
Wooom
%ooqm
Woamm
Wcoww

| QU89

Q00L
945



Case 3:07-cv-02894-GEB -JJH Document 1 Filed 06/21/07 Page 70 of 77 PagelD: 72

US 7,056,942 B2

1
CARVEDILOL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional application of application
Ser. No. 09/894,798 filed Jun. 28, 2001, now 11.S, Pat. No.
6,699,997 and claims the benefit of U.S. provisional appli-
cation Ser. No. 60/349,310, filed Jan, 15, 2002, which is
incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to an improved process of preparing
carvedilol, as well as a new crystalline hydrate and solvate
and forms of carvediiol, processes for the manufacture
thereof, and pharmaceutical compositions thereof.

BACKGROUND OF THE INVENTION

16

20

Carvedilol is & nonselective fi-adrenergic blocking agent -

with a, blocking activity. Carvedilol, alsc known as (z)
1-(9H-carbazol-4-¥loxy}-3-{{2(2-methoxyphenoxy Jethyl ]
amino}-2-propanol, (CAS Registry No. 72956-09-3) has the
structure of formula 1.

H:C0

Carvedilo]l has a chiral center and can exisi either as
individunal stereoisomers or ir racemic form. Racemic
carvedilo} is the active ingredient of COREG®, which is
indicated for the treatment of congestive heart failare and
hypertension. The nonselective B-adrenergic activity of
carvedilol is present in the S{-) enantiomer and the a,
blocking activity is present in both the R{+} and S(-)
enantiomers at equal potency. Both the racemate and stere-
oisamers may be obtained according 1o procedures well
known in the art {EP B 0127 099).

Synthesis of Carvedilol

1.8, Pat. No. 4,503,067, which is incorporated herein by °

reference, discloses & process of preparing carvedilol by the
following reaction:
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~continued

Cri

i

N

HCO

in which 4-(oxiran-2-ylmethoxy)-SH-carbazole (formula 1}
is reacted with (2-{2-methoxyphenoxy)ethyiamine (formula
IiE) 1o form carvedilol (1). The above process produces a low
yield of carvedilol al least in parl because in addition to
carvedilol, the process leads to the production of a bis
impurity of the following structure (formula IV):

QST

HzCO
o
O O .
i

{See EP 018055.)

In order to reduce the formation of the formuia IV ard to
increase the yield of carvedilol, EP 918055 discloses using
a benzyl protected form of the 2-(2-methoxyphenoxy)
ethylamine (11}

Carvedilol Pelymorphs :

Imernational application No, WO 99/05105, incorporated
herein by reference, discloses that carvedilol can be isolated
as two polymorphic forms, depending on the method of
preparation. The two polymorphic forms, designated Form |
and Form 11, are reported to be monotropic and are distin-
guishable by their infrared, Raman and X-ray powder dif-
fraction spectra. No evidence is found in the literature about
the existence of hydrated sofvate states of carvedilol.

Polymorphism is the property of some molecules and
melecular complexes (0 assume more than one crystalline
form in the solid state. A single molecule may give rise to a
vartety of crystal forms {also called “polymorphs.”
“hydrates.” or “solvates™} having distinct physical proper-
ties. For a general review of polymorphs and the pharma-
centical applications of polymorphs see Pharm Mamd, 3,
33 {1986); J. K. Haleblian and W. McCrone, J, Pharm. Sci..
38,911 {1969); and 1. K. Haleblian, J. Pharm. Sci., 64, 1269
{19735), all of which are incorporated hesin by reference.

The existence and physical properties of different erystal
forms can be determined by a variety of techniques such as
X-ray diffraction spectroseopy, differestial scanning calo-
rimetry and injrared spectroscopy. Diflerences in the physi-
cal properties of different crvsial forms result from the
orientation and intermolecular interactions of adjacent mol-
gcules {compiexes} in the bulk solid. Accordingly.
polymarphs, hydrates and solvates are distinct solids sharing
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the same molecular fornmla yet having distinet advanta-
geous and/or disadvantageous physical properties compared
to other forms in the polymorph family. The existence and
physical properties of polymorphs, hydrmtes and solvates is
unprediciable.

One of the most imporiant physical properties of a phar-
maceutical compound which can form polymorphs, hydrates
or solvates, is its solubility in agueous solution, particularly
the solubility in gastric juices of a patient. Gther important
properties relate 1o the ease of processing the form into
pharmaceutical dosages, such as 1he tendency of a powdered
or gramilated form to flow and the surface properties that
determine whether crystals of the form will adhere o0 each
other when compacted into 2 tablet.

SUMMARY OF THE INVENTION

‘The present ivention provides a process for preparing
carvedilel comprising a step of reacting a compound of
formula 11, 4-(oxiran-2-yimethoxy}-9H-carbazole,

<
i)

with a compound of formula 111, 2-(2-methoxyphenoxy)
ethylamine

111
/\\/O
HpN

HCQ

wherein the compound of formula III is at 8 molar excess
aver the compound of formula 11,

The present invention further provides
carvedilol hydrate.

The present invention further provides
carvedilol,

The presemt nvention further provides
carvedilol (methyl-ethyl-ketone} solvaie,
" The present invention further provides

crystalline
crystalline
crystaliine

crystalline

carvedilol Form 1 characterized by an X-ray powder dif~ =

{raction pattern having peaks at abomt 8.420.2, 17.420.2, and
22.0£0.2 degrees two-theta.

The present invention further provides crystalline
carvedilol Form IV characterized by an X-ray powder dif-

fraction pattern having peaks a1 about 11.920.2, 14.220.2, :

18.3x0.2, 19.220.2, 21.7£0.2, and 24.2=0.2 degrees two-
theia.

The present imvention further provides crystaliine
carvedilol (methyl-ethyl-ketone) solvate Form V character-
jzed by an X-ray powder diffraction patiern having peaks at
about 4.120.2, 10.320.2, and 10.7+0.2 degrees two-theta.

The present invention further provides carvediiol HCI
Hydrate characterized by an X-ray powder diflraction pat-
tern having peaks at about 6.5x0.2, 10.220.2, 104202,
15.820.2.16.420.2 and 22.2240.2 degrees two-theta.

Fhe present invention further provides a method for
preparing crystalline carvedilol Form 1, comprising the steps
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of dissolving carvediiol in a solution by heating; heating the
solution until the crystalbine carvedilol is completely dis-
solved: reducing the temperature of the solution; agitating
the solution for a period of fime; further reducing the
temperature of the solution; further agitating the solution for
a period of time; and collecting crystalline carvediiol Form
I8

The present invention further provides a method for
preparing crystaliine carvedilol Form 11, comprising the
steps of forming a solution of carvedilo] by dissolving
carvedilol in 2 solvent; precipitating carvedilol Form II by
cooling the solution; and, isclsting crystalline carvedilol
Form II.

The present invention further provides a method for
preparing crystaiiine carvedilol Formi {I, comprising the
steps of forming a solution of carvedilo]l by dissolving
carvedilol in a solvent mixture; precipitating carvedilo]
Form 1l by cooling the solution to about -20° C.; and,
isolating crystalline carvedilo] Form I1.

The present invention further provides a method for
preparing crystalline carvedilo} Form 1il, comprising the
steps of dissolving carvedilo! in a solvent to form a solvent
solution; and, precipitating crystalline carvedilol Form I
from the solvent solution using water as an anti-solvent.

The present invention further provides a method for
preparing crystalline carvedilol Formy 11, comprising the
steps of dissolving carvediio] in a solution by heating;
cooling the solution mixture; and, collecting crystalline
carvedilol Form 1L

The present invention further provides a method for
prepariug orystalline carvedilol Form 1V, comprising the
steps of dissolving carvedilol in a solvent to form a solvent
solution; adding an anti-solvent to the solvent solution; and,
precipitating crystailine carvedilol Form IV from the solvent
selution.

The present invention further provides a method for
preparing crysialline carvedilol Form V, comprising the
steps of dissclving carvedilol in a solvent 1o form a solvent
solution; and, precipitating and isolating crystalline
carvedilol Form V from the solvent solution.

The present invention further provides a method for
preparing crysiatline carvedilol Form V., comprising the
steps of dissolving carvedilol in a salvent to form-a solvent
solution; and, precipitating and isclating crystalline
carvedilol Form V from the solvent solution wherein the
precipitation step is performed by adding an anti-solvent.

BRIEF DESCRIPTION OF THE FIGURES

- ¥1G. ¥, shows the X-ray diffraction pattern of earvedilol
Form II1. .

FIG. 2. shows the DTG thermal profile of carvedilol Form
1 :

FIG. 3. shows the X-ray diffraction pattern of carvedilol
Form IV,

FiG. 4. shows the DTG thenmal profile of carvedilol Form
IV,

FiG. 5. shows the X-ray diffraction pattern of carvedilo}
Form V.

F1G. 6. shows the DTG thermal profile of carvedio! Form
V.

FIG. 7. shows the X-rav diffraction pattern of carvedilol

HCL
" DETAH.ED DESCRIPTION OF THE
INVENTION

As used herein, the term “carvedilol” includes hydrates

and solvates of carvedilol. The term “water content™ refers
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to the content of water, based upon the Loss on Drying
method (the “LOIY” methed) as described in Pharmacopeia
Foram, Vol. 24, No. 1, p. 5438 {January-February 1998), the
Kar! Fisher assay for determining wazer content or thermo-
gravimetric analysis (TGA). The tenn “equivalents of
water” means molar equivalents of water, All percentages
herein are by weight unless otherwise indicated. Those
skilled in the art will also understand that the term
“anhydrous”, when used in reference to carvedilol, describes
carvedilol which is substantially free of water. One skilled in
the art will appreciate (bat the termn “hemuhydrate”, when
used in reference to carvedilol, describes a crystalline mate-
rial having a water content of about 2.2% wiw. One skiiled
in the art wili appreciate that the term “hydrate”.in reference
te carvedilol hydrochloride a crystalline material having a
water content of about or above 2% w/w. One skilled in the
art will aiso appreciate that the term “solvate of methyl-
ethyl-ketone™ refers to carvedilol in which solvent is con-
tained within the crystal lattice in quantities above 1%. One
skilled in the art will also appreciate that the term “solvate
of methyl-ethyl-ketone™ which contains one mele of is
characterized by a methyl-ethyl-ketone content of about
14% by weight,

Hydrate and solvate forms of carvedilol are novel and
distinct from each other in terms of their characteristic

powder X-ray diffraction patterns and their thermal profiles. »

For the purposes of this specification, ambient tempera-
ture is from about 20° C. to about 25° C.

Al powder X-ray diffraction patlerns were obtained by
methods known in the art using a Fhilips X-ray powder
diffractometer. Copper radiation of A=1.5418 A was used.

Measurement of thermal anaiysis are conducted for the
purpose of evaluating the physical and chemical changes
that may take place in a heated sample. Thermal reactions
can be endothermic (e.g., melting, boiling, sublimation,
vaporization, desclvation, solid-solid phase transitions,
chemical degradation, etc.) or exothermic (e.g.,
crystallization, oxidative decomposition, elc.) in nature.
Such methodology has gained widespread use in the phar-
maceuntical industry in characterization of polymorphism.
Thermal measurements have proven to be useful in the
characterization of polymorphic systems. The most com-
monly applied techniques are themmogravimetry {TGA),
differential thermal analysis (DTA), and differential scan-
ning calorimetry {{X8C).

The DTA and TGA curves presented herein were obtained
by methods known in the art using a DTG Shimadzn model
DTG-50 (combined TGA and DTA). The weight of the
samples was about 9 1o sbomt 13 mg. The samples were
scanmed up 1o about 300° Cor above i a rate of 10° C./mvn:
Samples were purged with nitrogen gas at a flow rate of 20
ml/min. Sitandard alumina crucibles covered hids with one
hole.

Thermogravimetry analvsis {TGA) 15 s measure of the
thermally induced weight loss of 2 material as a function of

the applied temperature. TGA is restricted to transitions that .

involve either a gain or a loss of mass, and 11 is most
commonly used to study desolvation processes and com-
pound decomposition.

Kari Fisher analysis, which is well known in the arl, is
alse used 1o determine the quamity of waier in 8 sample.

As used herein, a solvent is any liquid substance capable
of dissolving carveditol. As used herein, the term “antj-
solvent” means & fiquid in which a compoud is poorty
soluble. The addition of an anti-soivent 1o a sofvent reduces
the solubility of a compound. As used herein a mixture of
solvents refers to a composition comprising more than one
solveat,
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As used herein, the term “nest” conditions refers to
conditions of a reaction wherein the soivent of the reaction
is one of the reactants.

Synthesis of Carvedilol

According 10 one embodiment, the present invention is a
process for preparing carvedilol comprising a step of react-
ing a compound of formula 11, 4-{oxiran-2-yimethoxy)-GFH-
carbazole, ‘

I

with a compound of formula 11, 2-(2-methoxyphenoxy)
ethylamine

IIE
,/\/O
- H;N

Hyed

The new procedure resulis in a higher yield of carvedilol
than has been reported in the prior art. In addition, the
praduct of the new procedure is nearly free of bis impurities
and the reaction is more rapid.

Preferably, the compound of formula 11 is at a molar
excess over the compound of formula 13 The compound of
formula 11l and the compound of formula 11 are preferably
at a molar mtio {from abowt 1.5:1 to abowt 10¢(:1. More
preferably. the compound of formula 111 and the compound
of formula 1] are at a molar ration from about 2.8:1 to about
10:1. Most preferably, the compound of formula 117 and the
compound of formuia 11 are at a molar ratio from about 2.8:1
to about &1, -

In one embodiment of the present invention, fhe reacting
step is performed in a solvent. The solvent is preferably
seiected from the proup consisting of toluene, xylene and
beptane. In an altemative embodiment, the reacting step is
performed i a solvent mixture wherein the solvem mixture
comprises multipie solvents. Preferably, a solvent of the
solvent mixture is selected from the group consisting of
tolnene, xylene and heptane.

The reacting step is preferably performed at a temperature
from aboui 23° C. and about 150° C. Most preferably, the
reacting step is performed at a temperature from about 60°
C. and about 120° C.

In an ahternative embodiment, the reacting step is per-
formed under neat conditions, The neat conditions may
oblained by melting a solid form of the compound of
formula 11T 1o form a liquid snd, dissolving the compound of
formuia 11 in the liguid to form a reaction mixtore,

The reaction performed under neat conditions may further
compyise a siep of reducing the temperature of the reaction
mixture afier dissolving the compound of fonmula 11, The
temperatuze is preferably reduced 1o about 70° C.

"Fhe reaction performed under neat conditions may further
comprise a step of adding an organic solveni: water mixture
to the reaction mixfure. The organic solvent is preferably
sefected from the group consisting of ethyl acetate, methyl
isobuty} ketone, methyl ethy] ketone and buty] acetate.
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The reaction performed under neat conditions may further
comprise z step of adjusting the pH of the organic solvent:
water mixmare after it is added to the reaction mixture. The
pH is preferably adjusted fo less than about pHd 5. More
preferably, the pH is adjusted from about pH 3 to about pH
5

Optionally, the process further comprises the steps of
isolating carvedilol hydrochloride after adjusting the pH.
and purifying carvedilol.

Carvedilol hydrochloride is optionally isolated as a
hydrate. Carvedilol HCl isolated as a hydrate typically has
an XRD peaks are found at abowt 6.520.2, 10.220.2,
10420.2, 14.220.2, 14.720.2, 16.420.2, 17.7=0.2, 20.0£0.2,
21.6+0.2, 25.2£0.2 degrees 1o 2-theta.

The reaction preformed under neat conditions may further
comprise steps of, isolating carvedilol from the reaction
mixture after adivusting the pH, and purifying carvedilol.
Optionally, carvedilol may be purified by methods well
known in the art. {See EP B 0127 099.)

Novel Methods for Preparing Crystalline Carvedilol Form 1
and Form 11 :

One aspect of the present invention provides a method for
preparing crystalline carvedilol Form 1, by dissalving
carvediiol in a solvent until the crystalline carvediiol is
completely dissolved, reducing the temperature of the solu-
tion and agitating the solution for & period of time, firther
reducing the temperatare of the sclution and agitating the
solution for a period of time and, collecling crystalline
carvediiol Form L

The dissolving step is optionally performed by heating the
solvent.

Fthe dissolving step is opticnaily performed by heating
crystalline carvedilol at a temperature from about 50° C. to
about 60° C. for about 6 hours.

The dissolving step is optionaly performed by suspend-
ing the crystalline carvediiol in ethyl acetate.

The dissalving step is optionally performed by heating the
solution to about 77° C.

The step of reducing the temperature of the solution is
optionally performed by cooling the sclution to about 50° C.
in a time period of [5 min.

The step of agitaling solution is oplionaliy performed ai
aboant 50° C. for aboul 48 hours.

The step of further reducing the temperature of the
solution is optionally performed by cooling the solution to
about 10° C. in zbout 0.75 hours with agitation.

The step of further agitating the solution is optionally
performed by stirring the suspension for more than 5 kours.
The step of further agiation may optionally be performed by
stirring the suspension for about 24 hours.

The drying step may be pérforined by heating cristalling -
carvedilel at a temperatare from about 50° C. to about 60° s

C. for about 6 hours.

The suspending step may be performed by suspending the
crystalline carvedilel in ethyl acetate.

The hesting step may be performed by heating the solu-
tien to about 77° C,

Another aspect of the present invention provides a method
for preparing crystalline carvedilol Form IL comprising the
steps of forming a solutiop of carvedilod by dissolving
carvedijot in a solvent, precipitating carvedilol Form 11 by
ceoling the solution, and isolating crystaliine carvedilol
Form 1L

Optionatly. the step of dissolving carvedilol is performed
at a temperature from about 40° C. to about the boiling temp
of the soivent.

Optionaily, the step of cooling the selution s performed
by reducing the temperature from abowi -20° C. 10 about
ambient temperature.

-
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Optionally, the solvent is selected from the group con-
sisting of methsnel, absolute ethanol, 1-propanocl,
isopropanol, n-butapol, ethylene glycol, butyl acetate, isobu-
iy} methy! ketone. dichloromethane, dichloroethane,
acetonitrile, acetone, isoamylzalcohol, Xylene and toluene.

Optionatly, the precipitated carvedilol Form I is isolated
by fltration.

Anather aspect of the present invention provides a method
for preparing erystalline carvedilol Form 11, comprising the
steps of: forming a solution of carvedilol by dissolving
carvedilol in a solvent mixlure, precipitating carvedilol
Form 11 by cooling the solution 1 about -20° C., and
isolating crystalline carvedilol Form IL

Optionally, the carvedilol is dissolved in a solution at a
temperature from aboul 40° C. to about the boiling tem-

> perature of the solvent.

Optionally. the carvedilol Form 11 is isolated by filtration.

Optionally, the step of cooling the reaction is performed
by cocking the solution to s temperature from abowt -20° C.
to ambient temperature.

Optionally, the solvent mixture is selecied from the group
consisting of acetone:cyclohexane,
chloroform:cyclohexane, dickloroethane:cyclohexane,
dichloromethane:cyciohexane, pyridine:cyclohexane,
tetrahydrofuran:cyclohexane, dioxane:cyclohexane,
acetone:hexane, chloroform:hexane, dichioroethane:hexane,
dichloromethane:hexane, tetrahydrofuranthexane and etha-
nol:hexane,

Novel Carvedilol Polymorphs

In another aspect the present invention provides new
crystalline forms of carvedilol, designated Forms i1, IV, V
and processes for the manufacture thereof. Moreover, the
present invention provides a new hydrate form of carvediiol,
having water conten! of about 2% by weight and processes
for their manufacture, In ancther embodiment, the present
invention provides new solvate forms of carvedilod, having
solvent content up w0 about 14% by weight, wherein the
soivent is methyl ethyl ketone, and processes for their
manufacture. These hydrate/solvate forms of carvedilol are
usefu} as intermexdiates for the synthesis of carvedilol drug
subslances.

Procedures for Crysiatlizing Novel Forms of Carvedilo]

The novel hydrates/solvates forms provided herein are
optionaily formed by precipitating carvedilo] as a crystalline
solid from a solvemt or a sobvem mixture. It will be under-
stood by those of skili in the ant, that other methods may also
be used 1o form the hydrate/solvates form disclosed berein.
Alternatively the polymorphs may be formed by routine
modification of the procedures disclosed herein,
Formation of Crysialline Carvedilol Form 111

One embodiment of the present invention provides a
method for preparing crystalline carvedilol Form [, which
comprises the steps of forming a solvest solution coniaining
carvedio]; and, precipitating crysialline carvedilol Form 11
from the solvent solulion using water as an anli-soivent. The
invention provides for & dissolving step wherein water is
present in the solvent solution during the dissolving step.
The invention also pravides for a precipitation step wherein
water is added 1o the solution after carvedilol is fully
dissolved in a solvent.

Optionally, 10 form the solvemt solution containing
carvedilol, carvedilol may be dissolved in a sclvent at
¢levated temperature. The preferred elevated temperature is
from about 48 1o about 90° C. Most preferably the elevated
temperature is about 35° C. Alternatively, carvediloi may be
dissolved in a solvent at ambient temiperature.

Another embodiment of the presen: invention provides,
forming the solvent solution containing carvedilel, by dis-
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solving carvedilol in a solvent and inducing precipitation of
crystalline carvediiol Form HI by the addition of an any-
solvent, Soivents are optionally selected from the growp
which includes pyridine, dioxane, isopropanol and chloro-
fortn. Anti-solvents are optionally selected from the growp
which includes water and hexane.

An alternative embodiment of the present invention
provides, forming the solvent sohition containing carvedilol
by dissolving carvedilol in an organic solvenl and water and
precipilating crystailine carvedilel Form HI. In this embodi-
ment the organic solvent is opiopally ao slcohol. The
alcoho] is preferably selected from the group consisting of
methanol and ethanol, Alternatively, the organic solvent may
be selected from the group of solvents consisting of
pyridine, dioxane, and ethy] acetate and tetrahydrofuran.

An alternative embodiment of the present imvention
provides, a method for preparing crystaliine carvedilol Form
1il, comprising the steps of: drying crystalline carvedilol at
elevated temperature, suspending crystalline carvedilol in a
solution mixture, heating the solution mixture uati the
crystalline carvedilol is completely dissolved, cooling the
sofution mixture, and collecting crvstalline carvedilol Form
HL

Optionally, the drying step may be performed by heating

erystalline carvediiol a1 a temperature from about 50° C. 10 2

about §0° C. for about 6 hours.

Optionally, the suspending step may be performed by
suspending the crystalline carvedilol in a solution mixture of
ethyl acetate: water (130:40}.

Optionally, the heating step may be performed by heating .

the sohution mixture from about 60 to about 70° (. with
agitation until the crystalline carvedilol is completely dis-
solved.

Optionally, the cocling step may be performed by cooling
the solution mixture to about 10 10° C. for a period of about
3 hours with agitation.

Formation of Crystalline Carvedilel Form TV

The present invention also provides a method for prepar-
ing crystailine carvedilol Form IV by forming a solvent
solution ¢ontaining carvedilol and inducing precipiiation of
erystalline carvedilol Form 1V by the addition of an “anti-
solvent”™, In this embodiment, solvents are optionaily
selected from the group which includes methyl ethyl ketone,
and methy! isobutyl ketone. Anti-solvents are optionally
selected from the group which includes cylcchexane and
heptane.

Optionaliy, 1 form crystalline carvedilo]l Form 1V
carvedilol may be dissolved in a solvent at from below
ambient temperatire (0 elevated temperatures. The preferred

temperatare is from abont 10° w0 about 50° C. Most pref- s

erably the temperature is ambient lemperature.
Formation of Crystailine Carvedilel Form V

The present invention also provides a method for prepar-
ing crysialline carvedilol Form V by forming a solvent
solution containing carvedilol and inducing precipitation of
crystailine carvedilel solvate Fozm V by cooling or by
adding an anti-solvent. In this embodiment, the solvent is
optionally selected from the group which includes methyl
ethy] ketone. Anti-solvems are optionally selecied from the
group which includes cyleohexane and hexane.

Optionzlly, 10 form crystalline carvedilol Form V the
carvedilol may be dissolved in a soivent solution ot elevated
temperature. The preferred elevaied temperature is from
about 10 to abowt 80° . Most preferably the elevated
tempesature is about 35° C. Allernatively, carvedilol may be
dissolved in a soivent solution at ambient temperature.
Novel Hydrate and Selvate Crystal Forms of Carvedilol

o
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The present invention provides novel crystal forms of
carvedilol which will be designated as Forms 111, IV and V,
as well as carvedilol HCI, These forms can be distinpuished
from the prier art forins of carvedilol and from each other by
characteristic powder X-ray diffraction patterns and thermal
profiles.

The different crystal forms may also be characterized by
their respective solfvation state. The most commonly
encountered solvales among pharmaceuticals are those of
1:1 stoichiometry. QOccasionally mixed solvaie species are
encountered. When water or solvent is incorporated inle the
crystal latiice of & compound in stoichiometric proportions,
the molecular adduct or adducts formed are referred to as
hydrates or selvates.

Crystalline Carvedilol Form Iii

Carvedilol Form 111 (*Form 111"} is characterized by an
X-ray diffraction pattern with peaks at about B.420.2,
93202, 11.620.2, 13.2202, 13.5:0.2, 14.2x0.2, 15.320.2,
15.8+0.2,17.420.2, 18.420.2, 19.4+0.2, 20.6=0.2, 21 4202,
22.0£0.2, 26.520.2 and 27.620.2 degrees two-theta. The
most characteristic peaks of Form 1 are at asbout 84202,
17.4£0.2, and 22.0+0.2 degrees two-theta. The diffraction
pattern is reproduced in FIG. 1.

The DTG thermal profile of Form 1V is shown in FIG. 2.
The differential scanning caiorimetry {DSC) thermal profiie
of Form 11 shows one melting peak around 100° C. (96°
C.-110° C.}, depending on the samples and on the particle
size. This melting peak Is concomitant 1o a joss on drying of
about 2% as measured by thenmal gravimetric analysis
(T'GA). The amount of water in the sample as determined by
Karl Fisher apalysis is in good agreement with the value
obtained from TGA, thus confirming that the loss on drying
is due to the dehydration of water, and indicating that this
material is a hemihydrate.

Crystalline Carvedilol Form IV

Carvedilol Form IV (*Tonn IV™) is characterized by an
X-ray diffraction pattern with peaks at about 11.92032,
14.220.2,15.720.2, 16.520.2, 17.720.2, 183202, 192202,
19.620.2, 21.720.2, 22.220.2, 23.920.2, 24.2x0.2, 24.920.2,
27.420.2 and 28.220.2 degrees two-theta, The most charac-
teristic peaks of Form V. are a1 about 11.920.2, 14.220.2,
18.320.2, 19.220.2, 21.720.2, and 24.2x0.2 degrees two-
theta. The diffraction pattern is reproduced in FIG. 3.

The DTG thennal profite of Form 1V is shown in FIG. 4.
The DSC thermal profile of Form [V shows cne melting
peak at about 104° C,

Crystalline Carvedilol Form V
Carvedilol Form V (“Form V™) is characterized by an

© K-ray diffraction pattern with peaks at about 4.1%0.2,

at

10.320.2, 100.70.2, 11.520.2, 12.620.2, 14.020.2, 14 8+0.2,
154202, 16,4202, 16.820.2, 18.8+0.2, 20.8+0.2, 21.120.2,
21.620.2, and 25.420.2, degrees two-theta. The most char-
acteristic peaks of Form IV are at about 4.120.2, 10.320.2,
10.720.2 and 11.520.2 degrees two-thets. The diffraction

s pattern 18 reproduced in FIG. 5.

The DTG thermal profike of Form V is shown in FIG. 6.
The DSC thermai prefile of Form V shows a solven:
desorption endothenmn at about 67° C., followed by a recrys-
tallization event. and a melting peak at 115° C. The desorp-
tion endotherm is concomitant 1o a loss on drying of about
14% as determined by TG A, This behavior is consistent with
the Joss of a molecule of MEK per molecule of carvedilol
{the caiculated stoichiometric value of mono-MEK 15 15%).
Carvedilol HC] Hydrate

Crystalline Carvedilol 1Cl is characterized by an X-ray
diffraction patiern with peaks at about 6.520.2, 102202,
10,4202, 142202, 147202, 158202, 16.420.2, 177202,
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20,020.2, 21.520.2, 21.920.2, 22.2+0.2, 22.920.2,25.220.2,
253202, 27.220.2, 274202, 28.220.2, 28.620.2, 29.620.2
degrees two theta. The most characteristic peaks of crystal-
iine carvedilol HCT are at abourt 6.520.2, 10.220.2, 10.420.2,
15.8+0.2,16.420.2 and 22.2+0.2 degrees two-theta. The dif-
fraction pattern is reproduced in FIG, 7.

The DTG thermal profile of carvedilo] HCI shows two
endothermic peaks. A peak at 118° C. is a dehydration peak.
A second peak endothermic pesk al 135° C. is due 1o melting
of the sample, LOD for this sample is 3.5%. The Water
content of this sample as measured by Kazl-Fisher analysis
is 3.7%. Thus the Karl-Fisher analysis is in agreement with
LOD value, and confirm the presence of hydrate in this
sample. The expected value for carvedilol HCl monehydrate
is 3.5%

A Pharmaceutical Composition Containing Carvedilol

According to another aspect, the present invention relates
0 a pharmaceutical composition comprising one or more of
the novel crystal forms of carvedilo! disclosed herein and at
least one pharmacentically accepiable excipient. Such phar-
maceutical compositions may be administered to a mamma-
lian patient in a dosage form.

The dosage forms may contain one or more of the novel
forms of carvedilol or, alematively, may contain one or
more of the povel forms of carvedilol as part of a compo-
sition. Whether administered in pure form or in a
composition, the carvedilel form{s} may be in the form of a
powder, granules, aggregates or any other solid form. The
compositions of the present invention include compositions
for tableting. Tableting compositions may have few or many
companents depending upon the tableting method used, the
retease rate desired and other factors. For example, compo-
sitions of the present invention may contain diluents such as
cellulose-derived matenials like powdered cellulese, micro-
crystalline cellulose, microfine cellulose, methyl cellulose,
ethyl cellulose, hydroxyethyl ceilulose, hydroxypropyl
cellulose, hydroxypropyimethyl celiulose, carboxymethyl
cellulose salts and other substituied and unsubstituted cel-
luloses; starch; pregelatinized starch: inorganic diluents
such calcium carbonate and calcium diphesphate and other
diluents known to one of ordinary skill in the art. Yet other
suitable diluents include waxes, sugars {c.g. laciose) and
sugar alcohols ke mannitol and sorbitol, acrvlate polymers
and copotymers, as well as pectin, dextrin and gelatin.

Other excipients conlempiated by the present invention
include binders, such as acacia gum, pregelatinized starch,
sodium alginate, glicose and other binders used in wet and
dry granulation and direct compression tableling processes;
disintegrants such as sodium starch glycelate, crospovidone,

jow-substituted hydroxypropyl cellulose and others; Jubri- sc

cants like magnesium and calcium stearate and sodium
stearyl Tumarate: flavorings: sweeteners; preservatives;
pharmaceutically acceplable dyes and glidants such as sihi-
con dioxide.

Posage forms may be adapted for administration to the
patient by oral, buccal, parenieral. ophithalmic, recial and
transdermal routes. Oral dosage forms include tablets, pills,
capsules. troches, sachets, suspensions, powders, lozenges,
elixirs and the like. The novei forms of carvedilol disciosed
herein also may be administered as suppositories, oph-
thalmic ocintmesnts and suspensions, and parenteral
suspensions, which are administered by other routes. The
most preferred route of administration of the carvedilol
forms of the present invention is oral.

Capsuie dosapes will contain the solid composiion within
a capsule which may be coated with gelatin. Tablets and
powders may alse be coated with an enteric coating. The

29

12

enteric-coated powder forms may have coatings comprising
phthalic acid celluiose acetate, hydroxypropylmethyl cellu-
iose phthalate, polyviny] alcohol phthalate,
carboxymethylethylcellulose, a copolymer of styrene and
maleic acid, a copolymer of methacrylic acid and methyl
methacrylate, and like materials, and if desired, they may be
employed with suitable plasticizers and/or extending agents.
A coated tablet may have a coating on the surface of the
tablet or may be a {ablet comprising a powder or granules
with an enteric-coating.

The currenily marketed form of carvedilel is available as
a3.125 mg, a 6.25 mg, a 12.5 mg, and a 25 mg tablet which
includes the following inactive ingredients: colloidal siticon
dioxide, crospovidone, hydroxypropyl methylcellulose,
lactose, magnesium stearate, polyethylene glycol, polysor-
bate 80, povidone, sucrose, and fitanium dioxide.

The function and advantage of these and other embodi-
ments of the present invention wiii be more fully understood
from the examples below. The following exampies are
intended w0 illusirate the benefits of the present invention,
but do not exemplify the full scope of the invention.

EXAMPLES
Example 1
Preparation of Carvediiol in Neat Conditions

2-(2-Methoxyphenoxyjethylamine (111} {4.89 g} was
heated to about 100° C., after which 4-(oxiran-2-
ylmethoxy}-9H-carbazele (I1) (3.3} g) was added portion-
wise. Afier approximately 20 minutes, the reaction mixture
was cooled 1o about 70° C., afier which water (25 ml) and
ethyl acetate (15 ml) were added. The pH of the two-phase
mixture was then adiusted to 5 with 2 N hydrochloric acid.
The solid that formed, Carvedilo] hydrochloride hydrate, is
filtered, washed with water (20 ml) followed with ethylac-
etate {15 ml}.

The resulting material is reslurried in ethylacetate (50
mi.) and water (20 ml.) containing 5% sodium carbonate
uniil the pH reached 7.5, The organic phase was separated
and dried over sodium sulfate. The dried solution was
concentrated 10 a wrbid sohiion and cooled overnight o
about 4° C. Precipitated carvedilol was isolated by filtration
and crystallized from isopropanol.

Example 2

Preparation of Carvediiol in Neat Conditions

2-(2-Methoxyphenoxylethylamine (111} (4.89 g) was
heated 1o about 300° C., after which 4-{oxiran-2-

‘yimethoxy)-9H-carbazole (H} (3.31 g) was added portion-

. wise. Afier approximately 20 niinmtes, the reaction mixture
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was cooled 10 about 70° C., after which water (25 mi) and
cthyl acetate (15 ml) were added. The pH of the two-phase
mixture was then adjusted to 5 with 2 N hydrochloric acid.
The solid that formed, Carvedilol hydrochloride hydrate, is
filtered, washed with water {20 mi) followed with ethylac-
etate {15 ml).

The resulting material is reslurried in ethyl acetate (30
mL) and water {20 mL) coataining 3% sodium carbonate
unti} the pH reached 7.5. The organic phase was separated
and dned over sodinm sulfate. The dried sohstion was
coneentrated o @ wrhid solution and cooled overnight 10
about 4° C. Precipitaled carvediiol was isolated by fHtration
and crystaliized from methanol.

Example 3
Process for Preparing Form: | of Carvedilol

The dried crystalline carvedilol (220 g carvedilol) is
dissolved in 2200 ml ethyl acetate. The ethyl acetate
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solution is heated with agitation to 77° C. unti] the solid is
completely dissolved. The ethyl acetate solution was then
cooled with agitation 1o about 30° C. in a time period of 13
minutes. The cooled solution was stirred for 48 hours. The
solution was then cooled to 10° C. in 0.75 hours with
agitation. After stirring the suspession for additional 24
hours, the product was filtered. Pure Crystalline carvedilo]
Form 1 (170 g) was obtained.

Example 4

Prepearation of Crystalline Carvedilo! Form 1]

Crystalline carvedilol Form 11 is formed by crystallizing
carvedilol from the soivents listed in Table I Carvedilol is
crystallized by forming a solation of carvedilol heated 1o
reach a clear sohttion, usually close to the solvent boiling
temperature, The solution is then cooled to ambient tem-
perature and the precipitate is filered 1o yield carvedilo]
Form II.

TABLI 1

Solvent Ratio of Solvent {mL):Carvedilol (g}
Methanal 11
Ethanal abs. 12
1-Propsanol 14
isopropanol 13
n-Batanc| 1
Ethylene Giyeol 13
Ethyl-Acetaze 0
Butyl Acetate 12
isobutyl Methyl 12
Ketone

Bichloromethuse i2
Bichioroethsne 25
Acetonitile 30
Acetone 25

Example 3

Preparation of Crystalline Carvedilol Form 11 by
Filtration at —=20° (.

Crystalline carvedilol Form 1T is formed by crystallizing
carvedilol from the solvents listed in Table 11, Carvedilot is
crystallized by forming a solution of carvedilo] beated w0
about the solvent boiling lemperature. The solution is then
cooted to ~20° C., the precipitate is fitered and dried to yield
carvediiol Form 1L

TABLE 1}
Ratio of Solvent (mi}:
Soivent Carvedilol {g)
isoamyialcohol At
Toluene 33
Xviene 31
Example 6

Preparation of Crystalline Carvedilol Form 11 in
Solvent Mixtures

Crystalhine carvedilol Form 11 is formed by crystallizing
carvedilol from the mixture of solvems listed in Table 111,
Carvedilol is crystailized by forming a selution of carvediiod
heated 10 form a clear solution, usaally close to the boiling
temperature of the mixture of solvent. The solution is then

w
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cooled to ambient temperature and filtered. The crystals are
coflected by filtration and dried to yield carvedilol Form 11

TABLE 11}
Ratio Solvent
(mm):
Carvedilol (g)
[Please
Sofvents Confinn
Solvent ratic Usits}
Acetone: 1:4.8 23
Cyclohexane
Chloroform: 1:3 136
Cyclohexane :
Drichloroethane: 123 142
cyclohexane
Dichloromethane: 1:1.7 9
Cycloherane ’
Pyridine: 1:3.5 45
Cyclohexane
TFetrahydrofurane: 1:25 53
Cyclohexane
Dioxane: 1:2.3 73
Cyclohexane
Acetone:Hexane 1:2 235
Chleroform: 1:1.5 87
hexane
Dichloroethnne: 112 9
- Hexane |
Dichloromethane: 1:1.6 90
hexane
“Tetrahydrofuran: 1:3 49
Hexane
Ethagol:Hexane 1:3.8 145

Exaiple 7

Prepamation of Crystaliine Carvedilo} Farm 131

Carvedilol {4 g) was dissolved in 45 mL of a mixture of
96% Ethanol and 4% water by heating the mixture under
stirring in a 55° C. water bath. The solution was cooled and
left at room temperature without stirsing for about 14 hours,
the crystals were filtered through a buchner funnel, tinsed
{wice with about 10 mi cold {4° C.) 96% ethanol, and dried
in a desiccator at room lemperature {conmected to air pump)
until constam weight 10 yield carvediiol Form N1

Example 8

Preparation of Crystaf]ine Carvediio] Form 11}

Carvedilol {4 p) was dissolved in 195 mL mixture of
water/methanol {in a ratio 1:3 respectively) by heating the
mixzure under stirring in 55° C. water bath. The solutiop
cooled 1o ambient temperature and left at ambient tempera-
ture without stirring for about 13 hours, the crvstals were
filtered through a buchner funne and dried in a desiceator at
reem lemperature (connected, to air pump) until constant
weight to yield carvedilol Form 111,

Exampie &

Prepamtion of Crystalline Carvediiol Form 111

Carvedilol (4 g} was dissolved in 39 mlL pyridine by
stirring at roors temperature. 70 ml of water was then added
dropwise until crystallization began. The solution was lefl at
room temperature without stirring for about 80 hours. then
the crystals were filiered through a buchner funnel and dried
in a desiccator at room temperature (connected to air pump)
until constant weight 1o yield carvedilo] Form 1L
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Example 10

Preparation of Crystalline Carvedilol Form 11

Carvedilo] (4 g) was dissolved in 76 ml. dioxane at room
temperature, and 110 mL of water were added in portions of
about 10 ml fo the stirred solution. The resulting solation
was left at room temperature without stirring for about 15 h,
then the crystalline precipitate which had formed was fii-
tered through a buchner funne] and dried in desiceator at
room temperature (connected to air pump) until constant
weight to yield Carvedilol Form HI in a mixture with
Carvedilo] Form 11

Example 11

Preparation of Crysialline Carveditol Form 1H

Carvedilol {4 g) was dissolved in 267 mi. dioxane/water
in the ratio 1:1.4 respectively by heating the mixture under
stirring at 35° C. water bath. The resulting solution was left
at room lemperature without stirring for about 15 h then the
crysials were filtered through & buchner funnel and dried in
a desiceator {connected fo air pump) until constant weight to
vield Carvediioi FForm 111 in a mixture with Carvedilol Form
1L

Example 12

Preparation of Crystalline Carvedilol Form 111

Carvedilol (4 g) was dissolved in 180 ml, Hexane/IPA in
a ratie 1:1 by heating the mixture under stiring st 55° C.
water bath. The solution was sllowed to sit at room tem-
perature without stirming for about 15 ), then the resulting
crystals were fillered through a buchner funnet and dried in
a desiceator {connected o air pmunp}) at room temperature
unti] constant weight to vield Carvedilol Form HI.

Example 13

Process for Preparing Form 111 of Carvedilol

Carvedilol (40 g} was dissolved in 1530 mi of ethanol and
40 mi water, The solution was heated with apitation 10
60-70° C. until the solid material was compietely disselved.
The solution is then cooled with agitation 10 10° C. over a
period of 3 hours. Afier stirring the suspension for an
additional 2.75 hours, the product is filtered. Pure Carvedilol
Form TH (35 g) was oblained.
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Example 14

Preparation of Crystalline Carvedilol Form IV

Carvedilol {1 g) was dissolved in 35 ml. methy} ethyl
ketone by stirming at room temperare, and 202 ml cyclo-
hexane was added dropwise. The solution was left at room
temperzature without stirring for about 15 b, then the result-
ing crystals were filtered through a buchner funnel and dried
in a desiceator at room temperature (connected 1o air pamp)
until copstant weight fo yield carvedilol Form TV.

Exampie 15

Preparation of Crystaline Carvedilol Form V

Carvedilol (1 g) was dissolved in 70 mi. methy] ethyl
ketone by stirring at room temperature, and 138 ml. hexane
were added dropwise. The solution was Jeft at room tem-
perature without stirring for about 15 h, then the resulting
crystals were filtered through a buchner funnel and dried in
a desiccator al room temperature (connected to air pump)
until constant weight to yield carvedilol Form V.

Example 16

Preparation of Crystalline Carvedilol Form V

Carvedilol (2 g) was dissolved in 45 mi methy] ethyl
ketone by heating the mixture under stirnng at 55° C. water
bath, then the sclution was cooled and left at room tempera-
ture without surring {or about 14 hours, the crystals were
filtered through a buchner funnel and dried in a desiceator at
room temperature (connected o air pump) until constant
weight 10 yield carvediiol Form V.

What is claimed is:

1. Carvedilol HCI Hydrate.

2. The carvedilol of claim 1 wherein the carvedilol HCl
hydrate is crystailine.

3. The crystalline carvedilol of claim 2 characterized by
an X-ray powder diffraction pattern having peaks at about
6.520.2, 10.2+0.2, 10.420.2, 15.8x0.2,16.420.2 and
22.220.2 degrees two-theta.

4. The crystailine carvedilol of claim 3, further charac-
terized by an X-ray powder diffraction pattern having peaks
at about 14.220.2, 14,720.2, 164202, 17.720.2, 20.0=0.2,
21.5x0.2,21.920.2, 22.920.2, 25.220.2, 253202, 272202,
27.420.2, 28.220.2, 28.6x0.2, 29.620.2 degrees two theta.

5. The crystalline carvedilol of claim 2 characterized by a
walter content of about 3.5% by weight.
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