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ABSTRACT 

This invention relates to 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. 
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CARVEDILOL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of Us. patent 
application Ser. No. 12/148,070, Which is division of Us. 
patent application Ser. No. 11/217,643, ?led Aug. 31, 2005, 
Which is a division of Us. patent application Ser. No. 10/758, 
025, ?led Jan. 16, 2004, noW U.S. Pat. No. 7,056,942, Which 
is a division of Us. patent application Ser. No. 09/894,798, 
?led Jun. 28, 2001, noW U.S. Pat. No. 6,699,997, Which 
claims the bene?t of Us. Provisional Application Nos. 
60/214,356, ?led Jun. 28, 2000, and 60/246,358, ?ledNov. 7, 
2000, incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates to an improved process of 
preparing carvedilol, as Well as a neW crystalline hydrate and 
solvate and forms of carvedilol, processes for the manufac 
ture thereof, and pharmaceutical compositions thereof. 

BACKGROUND OF THE INVENTION 

[0003] Carvedilol is a nonselective [3-adrenergic blocking 
agent With (x1 blocking activity. Carvedilol, also knoWn as (1) 
1-(9H-carbaZol-4 -yloXy)-3 - [[2(2-methoxyphenoxy)ethyl] 
amino]-2-propanol, (CAS Registry No. 72956-09-3) has the 
structure of formula I. 

m2 

[0004] 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 nonselective [3-adrenergic activity of 
carvedilol is present in the S(—) enantiomer and the (x1 block 
ing activity is present in both the R(+) and S(—) enantiomers 
at equal potency. Both the racemate and stereoisomers may be 
obtained according to procedures Well knoWn in the art (EP B 
0127 099). 

Synthesis of Carvedilol 

[0005] Us. Pat. No. 4,503,067, Which is incorporated 
herein by reference, discloses a process of preparing 
carvedilol by the folloWing reaction: 
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m2 

m2 

in Which 4-(oxiran-2-ylmethoXy)-9H-carbaZole (formula II) 
is reacted With (2-(2-methoxyphenoxy)ethylamine (formula 
III) to form carvedilol (I). 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 a bis impu 
rity of the folloWing structure (formula IV): 

IV 

m2 

OH 

m2 

(See EP 918055.) 

[0006] In order to reduce the formation of the formula IV 
and to increase the yield of carvedilol, EP 918055 discloses 
using a benZyl protected form of the 2-(2-methoxyphenoxy) 
ethylamine (III). 

Carvedilol Polymorphs 

[0007] International application No. WO 99/05105, incor 
porated 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 
I and Form II, are reported to be monotropic and are distin 
guishable by their infrared, Raman and X-ray poWder diffrac 
tion spectra. No evidence is found in the literature about the 
existence of hydrated solvate states of carvedilol. 
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[0008] Polymorphism is the property of some molecules 
and molecular complexes to assume more than one crystalline 
form in the solid state. A single molecule 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 see G. M. Wall, Pharm Manuf 3, 
33 (1986); J. K. Haleblian and W. McCrone, .1. Pharm. Sci., 
58,911 (1969); and J. K. Haleblian, J. Pharm. Sci., 64, 1269 
(1975), all of Which are incorporated herein by reference. 
[0009] The existence and physical properties of different 
crystal forms can be determined by a variety of techniques 
such as X-ray diffraction spectroscopy, differential scanning 
calorimetry and infrared spectroscopy. Differences in the 
physical properties of different crystal forms result from the 
orientation and intermolecular interactions of adjacent mol 
ecules (complexes) in the bulk solid. Accordingly, polymor 
phs, hydrates and solvates are distinct solids sharing the same 
molecular formula yet having distinct advantageous and/or 
disadvantageous physical properties compared to other forms 
in the polymorph family. The existence and physical proper 
ties of polymorphs, hydrates and solvates is unpredictable. 
[0010] One of the most important physical properties of a 
pharmaceutical compound Which can form polymorphs, 
hydrates or solvates, is its solubility in aqueous solution, 
particularly the solubility in gastric juices of a patient. Other 
important properties relate to the ease of processing the form 
into pharmaceutical dosages, such as the tendency of a poW 
dered or granulated form to How and the surface properties 
that determine Whether crystals of the form Will adhere to 
each other When compacted into a tablet. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a process for prepar 
ing carvedilol comprising a step of reacting a compound of 
formula II, 4-(oxiran-2-ylmethoxy)-9H-carbaZole, 

O 

N 
H 

With a compound of formula III, 2-(2-methoxyphenoxy)ethy 
lamine 

O 
HZN /\/ 

III Wherein the compound of formula III is at a molar excess 
over the compound of formula II. 
[0012] The present invention further provides crystalline 
carvedilol hydrate. 
[0013] The present invention further provides crystalline 
carvedilol. 
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[0014] The present invention further provides crystalline 
carvedilol (methyl-ethyl-ketone) solvate. 
[0015] The present invention further provides crystalline 
carvedilol Form III characterized by an X-ray poWder diffrac 
tion pattern having peaks at about 8.4102, 17.4102, and 
22.0102 degrees tWo-theta. 
[0016] The present invention further provides crystalline 
carvedilol Form IV characteriZed by an X-ray poWder diffrac 
tion pattern having peaks at about 11.9102, 14210.2, 
18.3102, 19210.2, 21.7102, and 24210.2 degrees tWo 
theta. 
[0017] The present invention further provides crystalline 
carvedilol (methyl-ethyl-ketone) solvate Form V character 
iZed by an X-ray poWder diffraction pattern having peaks at 
about 4.1102, 10.3102, and 10.7102 degrees tWo-theta. 
[0018] The present invention further provides carvedilol 
HCl Hydrate characteriZed by an X-ray poWder diffraction 
pattern having peaks at about 6.5102, 10210.2, 10.4102, 
15.8102, 16.4102 and 22210.2 degrees tWo-theta. 
[0019] The present invention further provides a method for 
preparing crystalline carvedilol Form I, comprising the steps 
of dissolving carvedilol in a solution by heating; heating the 
solution until the crystalline carvedilol is completely dis 
solved; reducing the temperature of the solution; agitating 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. 
[0020] The present invention further provides a method for 
preparing crystalline carvedilol Form II, comprising the steps 
of forming a solution of carvedilol by dissolving carvedilol in 
a solvent; precipitating carvedilol Form II by cooling the 
solution; and, isolating crystalline carvedilol Form II. 
[0021] The present invention further provides a method for 
preparing crystalline carvedilol Form II, comprising the steps 
of forming a solution of carvedilol by dissolving carvedilol in 
a solvent mixture; precipitating carvedilol Form II by cooling 
the solution to about —200 C.; and, isolating crystalline 
carvedilol Form II. 

[0022] The present invention further provides a method for 
preparing crystalline carvedilol Form III, comprising the 
steps of dissolving carvedilol in a solvent to form a solvent 
solution; and, precipitating crystalline carvedilol Form III 
from the solvent solution using Water as an anti-solvent. 

[0023] The present invention further provides a method for 
preparing crystalline carvedilol Form III, comprising the 
steps of dissolving carvedilol in a solution by heating; cooling 
the solution mixture; and, collecting crystalline carvedilol 
Form III. 

[0024] The present invention further provides a method for 
preparing crystalline carvedilol Form IV, comprising the 
steps of dissolving carvedilol in a solvent to form a solvent 
solution; adding an anti-solvent to the solvent solution; and, 
precipitating crystalline carvedilol Form IV from the solvent 
solution. 

[0025] The present invention further provides a method for 
preparing crystalline carvedilol FormV, comprising the steps 
of dissolving carvedilol in a solvent to form a solvent solu 
tion; and, precipitating and isolating crystalline carvedilol 
Form V from the solvent solution. 

[0026] The present invention further provides a method for 
preparing crystalline carvedilol FormV, comprising the steps 
of dissolving carvedilol in a solvent to form a solvent solu 
tion; and, precipitating and isolating crystalline carvedilol 
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Form V from the solvent solution wherein the precipitation 
step is performed by adding an anti-solvent. 

BRIEF DESCRIPTION OF THE FIGURES 

[0027] FIG. 1. shoWs the X-ray diffraction pattern of 
carvedilol Form III. 
[0028] FIG. 2. shoWs the DTG thermal pro?le of carvedilol 
Form III. 
[0029] FIG. 3. shoWs the X-ray diffraction pattern of 
carvedilol Form IV. 
[0030] FIG. 4. shoWs the DTG thermal pro?le of carvedilol 
Form IV. 
[0031] FIG. 5. shoWs the X-ray diffraction pattern of 
carvedilol Form V. 
[0032] FIG. 6. shoWs the DTG thermal pro?le of carvedilol 
FormV. 
[0033] FIG. 7. shoWs the X-ray diffraction pattern of 
carvedilol HCl. 

DETAILED DESCRIPTION OF THE INVENTION 

[0034] As used herein, the term “carvedilol” includes 
hydrates and solvates of carvedilol. The term “Water content” 
refers to 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 skilled in the art 
Will also understand that the term “anhydrous”, When used in 
reference to carvedilol, describes carvedilol Which is substan 
tially free of Water. One skilled in the art Will appreciate that 
the term “hemihydrate”, When used in reference to carvedilol, 
describes a crystalline material 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 hydrochloride a 
crystalline material having a Water content of about or above 
2% W/W. One skilled in the art Will also appreciate that the 
term “solvate of methyl-ethyl-ketone” refers to carvedilol in 
Which solvent is contained Within the crystal lattice in quan 
tities above 1%. One skilled in the art Will also appreciate that 
the term “solvate of methyl-ethyl-ketone” Which contains one 
mole of is characterized by a methyl-ethyl-ketone content of 
about 14% by Weight. 
[0035] 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 pro?les. 
[0036] For the purposes of this speci?cation, ambient tem 
perature is from about 20° C. to about 25° C. 
[0037] All poWder X-ray diffraction patterns Were obtained 
by methods knoWn in the art using a Philips X-ray poWder 
diffractometer. Copper radiation of 7P1 .5418 A Was used. 
[0038] Measurement of thermal analysis 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, vaporiza 
tion, desolvation, solid-solid phase transitions, chemical deg 
radation, etc.) or exothermic (e.g., crystallization, oxidative 
decomposition, etc.) in nature. Such methodology has gained 
Widespread use in the pharmaceutical industry in character 
ization of polymorphism. Thermal measurements have 
proven to be useful in the characterization of polymorphic 
systems. The most commonly applied techniques are thermo 
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gravimetry (TGA), differential thermal analysis (DTA), and 
differential scanning calorimetry (DSC). 
[0039] The DTA and TGA curves presented herein Were 
obtained 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 to about 13 mg. The samples Were 
scanned up to about 300° C. or above at a rate of 10° C./min. 
Samples Were purged With nitrogen gas at a How rate of 20 
ml/min. Standard alumina crucibles covered lids With one 
hole. 
[0040] Thermogravimetry analysis (TGA) is a measure of 
the thermally induced Weight loss of a material as a function 
of the applied temperature. TGA is restricted to transitions 
that involve either a gain or a loss of mass, and it is most 
commonly used to study desolvation processes and com 
pound decomposition. 
[0041] Karl Fisher analysis, Which is Well knoWn in the art, 
is also used to determine the quantity of Water in a sample. 
[0042] 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-solvent to a solvent reduces 
the solubility of a compound. As used herein a mixture of 
solvents refers to a composition comprising more than one 
solvent. 
[0043] As used herein, the term “neat” conditions refers to 
conditions of a reaction Wherein the solvent of the reaction is 
one of the reactants. 

Synthesis of Carvedilol 

[0044] According to one embodiment, the present inven 
tion is a process for preparing carvedilol comprising a step of 
reacting a compound of formula II, 4-(oxiran-2-ylmethoxy) 
9H-carbazole, 

N 
H 

With a compound of formula III, 2-(2 -methoxyphenoxy)ethy 
lamine 

III 

O HZN/V 

The neW procedure results in a higher yield of carvedilol than 
has been reported in the prior art. In addition, the product of 
the neW procedure is nearly free of bis impurities and the 
reaction is more rapid. 
[0045] Preferably, the compound of formula III is at a molar 
excess over the compound of formula II. The compound of 
formula III and the compound of formula II are preferably at 
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a molar ratio from about 1.5:1 to about 100:1. More prefer 
ably, the compound of formula III and the compound of 
formula II are at a molar ration from about 2.8:1 to about 10: 1. 
Most preferably, the compound of formula III and the com 
pound of formula II are at a molar ratio from about 2.8:1 to 
about 6:1. 
[0046] In one embodiment of the present invention, the 
reacting step is performed in a solvent. The solvent is prefer 
ably selected from the group consisting of toluene, xylene and 
heptane. In an alternative embodiment, the reacting step is 
performed in a solvent mixture Wherein the solvent mixture 
comprises multiple solvents. Preferably, a solvent of the sol 
vent mixture is selected from the group consisting of toluene, 
xylene and heptane. 
[0047] The reacting step is preferably performed at a tem 
perature from about 25° C. and about 150° C. Most prefer 
ably, the reacting step is performed at a temperature from 
about 60° C. and about 120° C. 
[0048] In an alternative embodiment, the reacting step is 
performed under neat conditions. The neat conditions may 
obtained by melting a solid form of the compound of formula 
III to form a liquid and, dissolving the compound of formula 
II in the liquid to form a reaction mixture. 
[0049] The reaction performed under neat conditions may 
further comprise a step of reducing the temperature of the 
reaction mixture after dissolving the compound of formula II. 
The temperature is preferably reduced to about 70° C. 
[0050] The reaction performed under neat conditions may 
further comprise a step of adding an organic solvent: Water 
mixture to the reaction mixture. The organic solvent is pref 
erably selected from the group consisting of ethyl acetate, 
methyl isobutyl ketone, methyl ethyl ketone and butyl 
acetate. 

[0051] The reaction performed under neat conditions may 
further comprise a step of adjusting the pH of the organic 
solvent: Water mixture after it is added to 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 5. 
[0052] Optionally, the process further comprises the steps 
of isolating carvedilol hydrochloride after adjusting the pH, 
and purifying carvedilol. 
[0053] Carvedilol hydrochloride is optionally isolated as a 
hydrate. Carvedilol HCl isolated as a hydrate typically has an 
XRD peaks are found at about 6.5102, 10210.2, 10410.2, 
14.2102, 14.7102, 16.4102, 17.7102, 20010.2, 21.9102, 
25.2102 degrees to 2-theta. 
[0054] The reaction preformed under neat conditions may 
further comprise steps of, isolating carvedilol from the reac 
tion mixture after adjusting the pH, and purifying carvedilol. 
Optionally, carvedilol may be puri?ed by methods Well 
knoWn in the art. (See EP B 0127 099.) 

Novel Methods for Preparing Crystalline Carvedilol Form I 
and Form II 

[0055] One aspect of the present invention provides a 
method for preparing crystalline carvedilol Form I, by dis 
solving carvedilol in a solvent until the crystalline carvedilol 
is completely dissolved, reducing the temperature of the solu 
tion and agitating the solution for a period of time, further 
reducing the temperature of the solution and agitating the 
solution for a period of time and, collecting crystalline 
carvedilol Form I. 
[0056] The dissolving step is optionally performed by heat 
ing the solvent. 
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[0057] The dissolving step is optionally performed by heat 
ing crystalline carvedilol at a temperature from about 50° C. 
0 to about 60° C. for about 6 hours. 
[0058] The dissolving step is optionally performed by sus 
pending the crystalline carvedilol in ethyl acetate. 
[0059] The dissolving step is optionally performed by heat 
ing the solution to about 77° C. 
[0060] The step of reducing the temperature of the solution 
is optionally performed by cooling the solution to about 50° 
C. in a time period of 15 min. 
[0061] The step of agitating solution is optionally per 
formed at about 50° C. for about 48 hours. 
[0062] The step of further reducing the temperature of the 
solution is optionally performed by cooling the solution to 
about 10° C. in about 0.75 hours With agitation. 
[0063] The step of further agitating the solution is option 
ally performed by stirring the suspension for more than 5 
hours. The step of further agitation may optionally be per 
formed by stirring the suspension for about 24 hours. 
[0064] The drying step may be performed by heating crys 
talline carvedilol at a temperature from about 50° C. 0 to 
about 60° C. for about 6 hours. 
[0065] The suspending step may be performed by suspend 
ing the crystalline carvedilol in ethyl acetate. 
[0066] The heating step may be performed by heating the 
solution to about 77° C. 
[0067] Another aspect of the present invention provides a 
method for preparing crystalline carvedilol Form II, compris 
ing the steps of forming a solution of carvedilol by dissolving 
carvedilol in a solvent, precipitating carvedilol Form II by 
cooling the solution, and isolating crystalline carvedilol Form 
II. 
[0068] Optionally, the step of dissolving carvedilol is per 
formed at a temperature from about 40° C. to about the 
boiling temp of the solvent. 
[0069] Optionally, the step of cooling the solution is per 
formed by reducing the temperature from about —20° C. to 
about ambient temperature. 
[0070] Optionally, the solvent is selected from the group 
consisting of methanol, absolute ethanol, 1-propanol, isopro 
panol, n-butanol, ethylene glycol, butyl acetate, isobutyl 
methyl ketone, dichloromethane, dichloroethane, acetoni 
trile, acetone, isoamylalcohol, xylene and toluene. 
[0071] Optionally, the precipitated carvedilol Form II is 
isolated by ?ltration. 
[0072] Another aspect of the present invention provides a 
method for preparing crystalline carvedilol Form II, compris 
ing the steps of: forming a solution of carvedilol by dissolving 
carvedilol in a solvent mixture, precipitating carvedilol Form 
II by cooling the solution to about —20° C., and isolating 
crystalline carvedilol Form II. 
[0073] Optionally, the carvedilol is dissolved in a solution 
at a temperature from about 40° C. to about the boiling tem 
perature of the solvent. 
[0074] Optionally, the carvedilol Form II is isolated by 
?ltration. 
[0075] Optionally, the step of cooling the reaction is per 
formed by cooling the solution to a temperature from about 
—20° C. to ambient temperature. 
[0076] Optionally, the solvent mixture is selected from the 
group consisting of acetone: cyclohexane, chloroform: cyclo 
hexane, dichloroethane: cyclohexane, dichloromethane: 
cyclohexane, pyridine: cyclohexane, tetrahydrofurane: 
cyclohexane, dioxane: cyclohexane, acetone: hexane, chlo 
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reform: hexane, dichloroethane: hexane, dichloromethane: 
hexane, tetrahydrofuran: hexane and ethanol: hexane. 

Novel Carvedilol Polymorphs 

[0077] In another aspect the present invention provides neW 
crystalline forms of carvedilol, designated Forms III, IV, V 
and processes for the manufacture thereof. Moreover, the 
present invention provides a neW hydrate form of carvedilol, 
having Water content of about 2% by Weight and processes for 
their manufacture. In another embodiment, the present inven 
tion provides neW solvate forms of carvedilol, having solvent 
content up to about 14% by Weight, Wherein the solvent is 
methyl ethyl ketone, and processes for their manufacture. 
These hydrate/solvate forms of carvedilol are useful as inter 
mediates for the synthesis of carvedilol drug substances. 

Procedures for CrystalliZing Novel Forms of Carvedilol 

[0078] The novel hydrates/solvates forms provided herein 
are optionally formed by precipitating carvedilol as a crystal 
line solid from a solvent or a solvent mixture. It Will be 
understood by those of skill in the art, that other methods may 
also be used to form the hydrate/solvates form disclosed 
herein. Alternatively the polymorphs may be formed by rou 
tine modi?cation of the procedures disclosed herein. 

Formation of Crystalline Carvedilol Form III. 

[0079] One embodiment of the present invention provides a 
method for preparing crystalline carvedilol Form III, Which 
comprises the steps of forming a solvent solution containing 
carvedilol; and, precipitating crystalline carvedilol Form III 
from the solvent solution 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 precipitation step Wherein Water 
is added to the solution after carvedilol is fully dissolved in a 
solvent. 
[0080] Optionally, to form the solvent solution containing 
carvedilol, carvedilol may be dissolved in a solvent at 
elevated temperature. The preferred elevated temperature is 
from about 40 to about 90-C. Most preferably the elevated 
temperature is about 55° C. Alternatively, carvedilol may be 
dissolved in a solvent at ambient temperature. 
[0081] Another embodiment of the present invention pro 
vides, forming the solvent solution containing carvedilol, by 
dissolving carvedilol in a solvent and inducing precipitation 
of crystalline carvedilol Form III by the addition of an anti 
solvent. Solvents are optionally selected from the group 
Which includes pyridine, dioxane, isopropanol and chloro 
form. Anti-solvents are optionally selected from the group 
Which includes Water and hexane. 
[0082] An alternative embodiment of the present invention 
provides, forming the solvent solution containing carvedilol 
by dissolving carvedilol in an organic solvent and Water and 
precipitating crystalline carvedilol Form III. In this embodi 
ment the organic solvent is optionally 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 tetrahydrofurane. 
[0083] An alternative embodiment of the present invention 
provides, a method for preparing crystalline carvedilol Form 
III, comprising the steps of: drying crystalline carvedilol at 
elevated temperature, suspending crystalline carvedilol in a 
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solution mixture, heating the solution mixture until the crys 
talline carvedilol is completely dissolved, cooling the solu 
tion mixture, and collecting crystalline carvedilol Form III. 
[0084] Optionally, 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. 

[0085] Optionally, the suspending step may be performed 
by suspending the crystalline carvedilol in a solution mixture 
of ethyl acetate:Water (150140). 
[0086] Optionally, the heating step may be performed by 
heating the solution mixture from about 60 to about 70° C. 
With agitation until the crystalline carvedilol is completely 
dissolved. 

[0087] Optionally, the cooling step may be performed by 
cooling the solution mixture to about to 10° C. for a period of 
about 3 hours With agitation. 

Formation of Crystalline Carvedilol Form IV. 

[0088] The present invention also provides a method for 
preparing crystalline carvedilol Form IV by forming a solvent 
solution containing carvedilol and inducing precipitation of 
crystalline carvedilol Form IV by the addition of an “anti 
solvent”. In this embodiment, solvents are optionally selected 
from the group Which includes methyl ethyl ketone, and 
methyl isobutyl ketone. Anti-solvents are optionally selected 
from the group Which includes cyclohexane and heptane. 
[0089] Optionally, to form crystalline carvedilol Form IV 
carvedilol may be dissolved in a solvent at from beloW ambi 
ent temperature to elevated temperatures. The preferred tem 
perature is from about 100 to about 50° C. Mo st preferably the 
temperature is ambient temperature. 

Formation of Crystalline Carvedilol Form V. 

[0090] The present invention also provides a method for 
preparing crystalline carvedilol FormV by forming a solvent 
solution containing carvedilol and inducing precipitation of 
crystalline carvedilol solvate FormV by cooling or by adding 
an anti-solvent. In this embodiment, the solvent is optionally 
selected from the group Which includes methyl ethyl ketone. 
Anti-solvents are optionally selected from the group Which 
includes cyclohexane and hexane. 
[0091] 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 80° C. Most preferably the elevated 
temperature is about 55° C. Alternatively, carvedilol may be 
dissolved in a solvent solution at ambient temperature. 

Novel Hydrate and Solvate Crystal Forms of Carvedilol 

[0092] The present invention provides novel crystal forms 
of carvedilol Which Will be designated as Forms III, IV andV, 
as Well as carvedilol HCl. 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 
pro?les. 
[0093] The different crystal forms may also be character 
iZed by their respective solvation state. The most commonly 
encountered solvates among pharmaceuticals are those of 1:1 
stoichiometry. Occasionally mixed solvate species are 
encountered. When Water or solvent is incorporated into the 
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crystal lattice of a compound in stoichiometric proportions, 
the molecular adduct or adducts formed are referred to as 
hydrates or solvates. 

Crystalline Carvedilol Form III 

[0094] Carvedilol Form III (“Form III”) is characterized by 
an X-ray diffraction pattern With peaks at about 8.4102, 
9310.2, 11.6102, 13.2102, 13.5102, 14.2102, 15310.2, 
15.8102, 17.4102, 18.4102, 19.4102, 20.6102, 21.4102, 
22.0102, 26.5102 and 27.6102 degrees tWo-theta. The most 
characteristic peaks of Form III are at about 8.4102, 17.410. 
2, and 22.0102 degrees tWo-theta. The diffraction pattern is 
reproduced in FIG. 1. 
[0095] The DTG thermal pro?le of Form IV is shoWn in 
FIG. 2. The differential scanning calorimetry (DSC) thermal 
pro?le of form III shoWs one melting peak around 1000 C. 
(96° C.-100° C.), depending on the samples and on the par 
ticle size. This melting peak is concomitant to a loss on drying 
of about 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 con?rming that the loss on drying is 
due to the dehydration of Water, and indicating that this mate 
rial is a. 

Crystalline Carvedilol Form IV 

[0096] Carvedilol Form IV (“Form IV”) is characterized by 
an X-ray diffraction pattern With peaks at about 11.9102, 
14.2102, 15.7102, 16.5102, 17.7102, 18310.2, 19.2102, 
19.6102, 21.7102, 22210.2, 23.9102, 24210.2, 24.9102, 
27.4102 and 28.2102 degrees tWo-theta. The most charac 
teristic peaks of Form IV are at about 11.9102, 14.2102, 
18310.2, 19.2102, 21.7102, and 24.2102 degrees tWo 
theta. The diffraction pattern is reproduced in FIG. 3. 
[0097] The DTG thermal pro?le of Form IV is shoWn in 
FIG. 4. The DSC thermal pro?le of form IV shoWs one 
melting peak at about 104° C. 

Crystalline Carvedilol Form V 

[0098] Carvedilol Form V (“Form V”) is characterized by 
an X-ray diffraction pattern With peaks at about 4.1102, 
10310.2, 10.7102, 11.5102, 12.6102, 14.0102, 14.8102, 
15.4102, 16.4102, 16.8102, 18.8102, 20.8102, 21.1102, 
21.6102, and 25.4102, degrees tWo-theta. The most charac 
teristic peaks of Form IV are at about 4.1102, 10310.2, 
10.7102 and 11.5102 degrees tWo-theta. The diffraction 
pattern is reproduced in FIG. 5. 
[0099] The DTG thermal pro?le of FormV is shoWn in FIG. 
6. The DSC thermal pro?le of Form V shoWs a solvent des 
orption endotherm. at about 67° C., folloWed by a recrystal 
lization event, and a melting peak at 15° C. The desorption 
endotherm is concomitant to a loss on drying of about 14% as 
determined by TGA. This behavior is consistent With the loss 
of a molecule of MEK per molecule of carvedilol (the calcu 
lated stoichiometric value of mono-MEK is 15%). 

Carvedilol HCl Hydrate 

[0100] Crystalline Carvedilol HCl is characterized by an 
X-ray diffraction pattern With peaks at about 6.5102, 10.210. 
2, 10.4102, 14.2102, 14.7102, 15.8102, 16.4102, 17.710. 
2, 20.0102, 21.5102, 21.9102, 22210.2, 22.9102, 25.210. 
2, 25310.2, 27210.2, 27.4102, 28210.2, 28.6102, 
29.6102 degrees tWo theta. The most characteristic peaks of 
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crystalline carvedilol HCl are at about 6.5102, 10.2102, 
10.4102, 15.8102, 16.4102 and 22.2102 degrees tWo 
theta. The diffraction pattern is reproduced in FIG. 7. 
[0101] The DTG thermal pro?le of carvedilol HCl shoWs 
tWo endothermic peaks. A peak at 118° C. is a dehydration 
peak. A second peak endothermic peak at 135° C. is due to 
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 agree 
ment With LOD value, and con?rm the presence of hydrate in 
this sample. The expected value for carvedilol HCl monohy 
drate is 3.9% 

A Pharmaceutical Composition Containing Carvedilol 

[0102] According to another aspect, the present invention 
relates to a pharmaceutical composition comprising one or 
more of the novel crystal forms of carvedilol disclosed herein 
and at least one pharmaceutically acceptable excipient. Such 
pharmaceutical compositions may be administered to a mam 
malian patient in a dosage form. 
[0103] The dosage forms may contain one or more of the 
novel forms of carvedilol or, alternatively, may contain one or 
more of the novel forms of carvedilol as part of a composition. 
Whether administered in pure form 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. Tablet 
ing compositions may have feW or many components depend 
ing upon the tableting method used, the release rate desired 
and other factors. For example, compositions of the present 
invention may contain diluents such as cellulose-derived 
materials like poWdered cellulose, microcrystalline cellulose, 
micro?ne cellulose, methyl cellulose, ethyl cellulose, 
hydroxyethyl cellulose, hydroxypropyl cellulose, hydrox 
ypropylmethyl cellulose, carboxymethyl cellulose salts and 
other substituted and unsubstituted celluloses; starch; prege 
latinized starch; inorganic diluents such calcium carbonate 
and calcium diphosphate and other diluents knoWn to one of 
ordinary skill in the art. Yet other suitable diluents include 
Waxes, sugars (e.g. lactose) and sugar alcohols like mannitol 
and sorbitol, acrylate polymers and copolymers, as Well as 
pectin, dextrin and gelatin. 
[01 04] Other excipients contemplated by the present inven 
tion include binders, such as acacia gum, pregelatinized 
starch, sodium alginate, glucose and other binders used in Wet 
and dry granulation and direct compression tableting pro 
cesses; disintegrants such as sodium starch glycolate, 
crospovidone, loW-substituted hydroxypropyl cellulose and 
others; lubricants like magnesium and calcium stearate and 
sodium stearyl fumarate; ?avorings; sWeeteners; preserva 
tives; pharmaceutically acceptable dyes and glidants such as 
silicon dioxide. 
[0105] Dosage forms may be adapted for administration to 
the patient by oral, buccal, parenteral, ophthalmic, rectal and 
transderrnal routes. Oral dosage forms include tablets, pills, 
capsules, troches, sachets, suspensions, poWders, lozenges, 
elixirs and the like. The novel forms of carvedilol disclosed 
herein also may be administered as suppositories, ophthalmic 
ointments 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. 
[0106] Capsule dosages Will contain the solid composition 
Within a capsule Which may be coated With gelatin. Tablets 
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and powders may also be coated With an enteric coating. The 
enteric-coated powder forms may have coatings comprising 
phthalic acid cellulose acetate, hydroxypropylmethyl cellu 
lose phthalate, polyvinyl alcohol phthalate, carboxymethyl 
ethylcellulose, 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 
tablet comprising a poWder or granules With an enteric-coat 
mg. 
[0107] The currently marketed form of carvedilol is avail 
able as a 3.125 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 methylcellu 
lose, lactose, magnesium stearate, polyethylene glycol, 
polysorbate 80, povidone, sucrose, and titanium dioxide. 
[0108] The function and advantage of these and other 
embodiments of the present invention Will be more fully 
understood from the examples beloW. The folloWing 
examples are intended to illustrate the bene?ts of the present 
invention, but do not exemplify the full scope of the invention. 

EXAMPLES 

Example 1 

Preparation of Carvedilol in Neat Conditions 

[0109] 2-(2-Methoxyphenoxy)ethylamine (Ill) (4.89 g) 
Was heated to about 100° C., after Which 4-(oxiran-2-yl 
methoxy)-9H-carbaZole (H) (3.31 g) Was added portionWise. 
After approximately 20 minutes, the reaction mixture Was 
cooled to 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 hydrate, is ?ltered, 
Washed With Water (20 ml) folloWed With ethylacetate (15 
ml). 
[0110] 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 sulfate. The dried solution Was concen 
trated to a turbid solution and cooled overnight to about 40 C. 
Precipitated carvedilol Was isolated by ?ltration and crystal 
liZed from isopropanol. 

Example 2 

Preparation of Carvedilol in Neat Conditions 

[0111] 2-(2-Methoxyphenoxy)ethylamine (Ill) (4.89 g) 
Was heated to about 100° C., after Which 4-(oxiran-2-yl 
methoxy)-9H-carbaZole (H) (3.31 g) Was added portionWise. 
After approximately 20 minutes, the reaction mixture Was 
cooled to 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 hydrate, is ?ltered, 
Washed With Water (20 ml) folloWed With ethylacetate (15 
ml). 
[0112] 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 sulfate. The dried solution Was concen 
trated to a turbid solution and cooled overnight to about 40 C. 
Precipitated carvedilol Was isolated by ?ltration and crystal 
liZed from methanol. 
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Example 3 

Process for Preparing Form I of Carvedilol 

[0113] Crystalline carvedilol is prepared according to the 
procedure in Example 3. The crystalline material is then dried 
at 50-60° C. for 6 hours. 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 completely dissolved. The ethyl acetate solution Was 
then cooled With agitation to about 50° C. in a time period of 
15 min. The cooled solution Was stirred for 48 hours. The 
solution Was then cooled to 10° C. in 0.75 hours With agita 
tion. After stirring the suspension for additional 24 hours, the 
product Was ?ltered. Pure Crystalline carvedilol Form I (170 
g) Was obtained. 

Example 4 

Preparation of Crystalline Carvedilol Form H 

[0114] Crystalline carvedilol Form H is formed by crystal 
liZing carvedilol from the solvents listed in Table I. Carvedilol 
is crystalliZed by forming a solution of carvidilol heated to 
reach a clear solution, usually close to the solvent boiling 
temperature. The solution is then cooled to ambient tempera 
ture and the precipitate is ?ltered to yield Carvedilol for 11. 

TABLE I 

Solvent Ratio of Solvent (ml):Carvedilol (g) 

Methanol 11 
Ethanol abs. 12 
l-propanol 14 
Isopropanol 13 
n-Butanol 11 
Ethylen glycol 13 
Ethyl-acetate 10 
Butyl Acetate 12 
isobutyl methl 12 
ketone 
Dichloromethane 12 
Dichloroethane 25 
Acetonitile 50 
Acetone 25 

Example 5 

Preparation of Crystalline Carvedilol Form H by 
Filtration at —20° C. 

[0115] Crystalline carvedilol Form H is formed by crystal 
liZing carvedilol from the solvents listed in Table II. 
Carvedilol is crystalliZed by forming a solution of carvidilol 
heated to about the solvent boiling temperature. The solution 
is then cooled to —20° C., the precipitate is ?ltered and dried 
to yield Carvedilol Form 11. 

TABLE II 

Ratio of Solvent (ml)l:5 
Solvent Carvedilol (g) 

Isoamylalcohol 50 
Toluene 53 
Xylene 51 
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Example 6 

Preparation of Crystalline Carvedilol Form II in Sol 
vent Mixtures 

[0116] Crystalline carvedilol Form II is formed by crystal 
liZing carvedilol from the mixture of solvents listed in Table 
III. Carvedilol is crystallized by forming a solution of carvi 
dilol heated to form a clear solution, usually close to the 
boiling temperature of the mixture of solvent. The solution is 
then cooled to ambient temperature and ?ltered. The crystals 
are collected by ?ltration and dried to yield Carvedilol form 
II. 

TABLE III 

Ratio Solvent 
Solvents (ml):Carvedilol 

Solvent ratio (g) 

Acetone:Cyclohexane 1:4. 8 230 
Chloroform:Cyclohexane 1:3 130 
Dichloroethane:cyclohexane 1:25 142 
Dichloromethane:Cyclohexa.ne 1:1.7 90 
Pyridine:Cyclohexane 1 :3.5 45 
Tetrahydrofurane:Cyclohexane 1 :2.5 53 
Dioxane:Cyclohexane 1:23 70 
Acetone:Hexane 1:2 235 
Chloroform:hexane 1:1.5 87 
Dichloroethane:Hexane 1:1.2 89 
Dichloromethane:hexane 1:1.6 90 
TetrahydrofuramHexane 1 :3 49 
Ethanol:Hexane 1:38 145 

Example 7 

Preparation of Crystalline Carvedilol Form III 

[0117] 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 stirring for about 14 hours, 
the crystals Were ?ltered through a buchner funnel, rinsed 
tWice With about 10 ml cold (4° C.) 96% ethanol, and dried in 
a desiccator at room temperature (connected to air pump) 
until constant Weight to yield carvedilol Form III. 

Example 8 

Preparation of Crystalline Carvedilol Form III 

[0118] Carvedilol (4 g) Was dissolved in 195 mL mixture of 
Water/methanol (in a ratio 1:3 respectively) by heating the 
mixture under stirring in 55° C. Water bath. The solution 
cooled to ambient temperature and left at ambient tempera 
ture Without stirring for about 15 h, the crystals Were ?ltered 
through a buchner and dried in a desiccator at room tempera 
ture (connected to air pump) until constant Weight to yield 
carvedilol Form III. 

Example 9 

Preparation of Crystalline Carvedilol Form III 

[0119] Carvedilol (4 g) Was dissolved in 39 mL pyridine by 
stirring at room temperature. 70 mL of Water Was then added 
dropWise until crystallization began. The solution Was left at 
room temperature Without stirring for about 80 h, then the 
crystals Were ?ltered through a buchner and dried in a desic 
cator at room temperature (connected to air pump) until con 
stant Weight to yield Carvedilol Form III. 
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Example 10 

Preparation of Crystalline Carvedilol Form III 

[0120] Carvedilol (4 g) Was dissolved in 76 mL dioxane at 
room temperature, and 110 mL of Water Were added in por 
tions of about 10 mL to the stirred solution. The resulting 
solution Was left at room temperature Without stirring for 
about 15 h, then the crystalline precipitate Which had formed 
Was ?ltered through a buchner funnel and dried in desiccator 
at room temperature (connected to air pump) until constant 
Weight to yield Carvedilol Form III in a mixture With 
Carvedilol Form II. 

Example 11 

Preparation of Crystalline Carvedilol Form III 

[0121] 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 ?ltered through a buchner funnel and dried 
in a desiccator (connected to air pump) until constant Weight 
to yield Carvedilol Form III in a mixture With Carvedilol 
Form II. 

Example 12 

Preparation of Crystalline Carvedilol Form III 

[0122] Carvedilol (4 g) Was dissolved in 180 ml, Hexane/ 
IPA in a ratio 1:1 by heating the mixture under stirring at 55° 
C. Water bath. The solution Was alloWed to sit at room tem 
perature Without stirring for about 15 h, then the resulting 
crystals Were ?ltered through a buchner funnel and dried in a 
desiccator (connected to air pump) at room temperature until 
constant Weight to yield Carvedilol Form III. 

Example 13 
Process for Preparing Form III of Carvedilol 

[0123] Carvedilol (40 g) Was dissolved in 150 ml of ethanol 
and 40 ml 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 to 10° C. over a 
period of 3 hours. After stirring the suspension for an addi 
tional 2.75 hours, the product is ?ltered. Pure Carvedilol 
Form III (35 g) Was obtained. 

Example 14 

Preparation of Crystalline Carvedilol Form IV 

[0124] Carvedilol (1 g) Was dissolved in 35 mL methyl 
ethyl ketone by stirring at room temperature, and 202 mL 
cyclohexane Was added dropWise. The solution Was left at 
room temperature Without stirring for about 15 h, then the 
resulting crystals Were ?ltered through a buchner funnel and 
dried in a desiccator at room temperature (connected to air 
pump) until constant Weight to yield carvedilol Form IV. 

Example 15 

Preparation of Crystalline Carvedilol Form V 

[0125] Carvedilol (1 g) Was dissolved in 70 mL methyl 
ethyl ketone by stirring at room temperature, and 138 mL 
hexane Were added dropWise. The solution Was left at room 
temperature Without stirring for about 15 h, then the resulting 
crystals Were ?ltered through a buchner funnel and dried in a 
desiccator at room temperature (connected to air pump) until 
constant Weight to yield carvedilol Form V. 
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Example 16 
Preparation of Crystalline Carvedilol Form V 

[0126] Carvedilol (2 g) Was dissolved in 45 mL methyl 
ethyl ketone by heating the mixture under stirring at 55° C. 
Water bath, then the solution Was cooled and left at room 
temperature Without stirring for about 14 hours, the crystals 
Were ?ltered through a buchner funnel and dried in a desic 
cator at room temperature (connected to air pump) until con 
stant Weight to yield carvedilol Form V. 
What is claimed is: 
1. Crystalline carvedilol hemihydrate Form 111. 
2. The crystalline carvedilol hemihydrate of claim 1, char 

acteriZed by an X-ray poWder diffraction pattern having 
peaks at about 8.4102, 17.4102, and 22010.2 degrees tWo 
theta. 
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3. The carvedilol hemihydrate of claim 2, further charac 
teriZed by an X-ray poWder diffraction pattern having peaks at 
about 9.3102, 11.6102, 13210.2, 13510.2, 14210.2, 
15310.2, 15810.2, 18410.2, 19.4102, 20.6102, 21410.2, 
26510.2 and 27.610.2 degrees tWo-theta. 

4. A method for treating a patient suffering from congestive 
heart failure by administering a therapeutically effective 
amount of crystalline carvedilol hemihydrate Form 111. 

5. A method for treating a patient suffering from hyperten 
sion by administering a therapeutically effective amount of 
crystalline carvedilol hemihydrate Form 111. 

* * * * * 


