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AMORPHOUS FORM OF VILAZODONE HYDROCHLORIDE AND PROCESS
FOR ITS PREPARATION
FIELD OF THE INVENTION

The invention relates to an amorphous form of Vilazodone‘ hydrochloride, and
to a process for the preparation of amorphous form of vilazodone hydrochloride. The

invention also relates to pharmaceutical compositions that include a therapeutically

‘effective amount of the amorphous form of vilazodone hydrochloride, and use of said

compositions for the treatment of major depressive disorder (MDD).
BACKGROUND OF THE INVENTION

The following discussion of the prior art is intended to present the invention in
an appropriate technical context and allow its significance to be properly appreciated.
Unless clearly indicated to the contrary, however, reference to any prior art in this
specification should be construed as an admission that such art is widely known or
forms part of common general knowledge in the field.

Vilazodone i.e. 1-[4--(5-cyanoindol—3-yl)butyl]-4-(2~carbamoyl-benzofuran—5¥y1)-
piperazine, and physiologically acceptable salts thereof, are disclosed in U.S. Patent
No. 5,532,241. PCT International Publication No. WO 00/72832 discloses use of
Vilazodone in treating certain medical disorders. |

U.S. Patent Nos. 7,834,020 B2 and 7,381,726 B2 disc_losé fifteen crystalline forms
of vilazodone hydrochloride designated as Form-I “th_rough Form-XV. They also
disclose an amorphous type Form-XVI, which is not a pﬁre amorphous form as it
contains characteristic two theta peaks pertaining to crystalline nature of the form.
Hence, the art does not provide a pu‘re amorphous form of vilazodone hydrochloride.

The present invention provides substantially pure amorphous form of
vilazodone hydrochloride having polymorphic purity greater than 99.9% with no
detectable amount of any crystalline forms.

Crystalline solids normally require a significant amount of energy for
dissolution due to their highly organized lattice like structures. For example, the
energy required for a drug molecule to escape from a crystal is more than from an
amorphous or a non-crystalline form. It is known that the amorphous forms in a

number of drugs exhibit different dissolution characteristics and in some cases
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different bioavailability pattemé compared to the crystalline form (Econno T., Chem.
Pharm. Bull., 1990; 38: 2003-2007). For some therapeutic indications, one bioavailability
pattern may be favoured over another.

Amorphous forms of some drugs exhibit much higher bioavailability than the
crystalline forms, which leads to the selection of the amorphous form as the final drug
substance for pharmaceutical dosage from development. Additionally, the aqueous
solubility of crystalline form is lower than of amorphous form in some drugs, which
may result in the difference in their in vivo bioavailability. Therefore, it is desirable to
have amorphous forms of drugs with high purity to meet the needs of regulatory
agencies and also highly reproducible process for their preparation.

In view of the above, it is also desirable to provide an efficient, economical and
eco-friendly process for the preparation of highly pure vilazodone hydrochloride in
amorphous form. |
OBJECTS OF THE INVENTION

It is an important object of the present invention to provide an amorphous
form of vilazodone hydrochloride.

Another object of the present invention is to provide substantially pure
amorphous form of vilazodone hydrochloride having high polymorphic purity.

It is another object of the present invention is to provide a process for
preparing the amorphous form of vilazodone hydrochlofide.

It is another object of the present invention to provide compositions
comprising the amorphbus form of vilazodone hydrochloride substantially free of one
or more of its corresponding impurities.

It is another object. of the present invention to provide a pharmaceutical

composition compriémg the stable amorphous form of vilazodone hydrochloride

~ together with one or more pharmaceutically acceptable carriers, excipients or diluents.

SUMMARY OF THE INVENTION
The above and other objects of the present invention are achieved by providing

an amorphous form of vilazodone hydrochloride of Formula (I).
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The amorphous form of vilazodone hydrochloride can have the X-ray powder

- diffraction as depicted in FIG.1 and the TGA graph as depicted in FIG.2.

The present invention also discloses a process for the preparation of the.
amorphous form of vilazodone hydrochloride.

The present invention discloses a subétantially pure amorphous form of
vilazodone hydrochloride having polymorphic purity greater than 90%. It can provide

the amorphous form of vilazodone hydrochloride having less than 10% of crystalline

-vilazodone hydrochloride, preferably less than 5%. It can also provide amorphous

form of vilazodone hydrochloride having less than 1% of cryétalline vilazodone

*hydrochloride, for example with no detectable amount of any crystalline forms.

In anothér embodiment of the present invention there is provided an
amorphous form of vilazodone hydrochloride having water content of from about
0.5% to about 10% wt/wt.

In another embodiment of the present invention there is provided a process for
the preparaﬁon éf the amorphous form of vilazodone hydrochloride. The process
includes providing a solution of vilazodone hydrochloride in one or more solvents;
and recovering the amorphous\ form of vilazodone hydrochloridé from the solution
thereof by the removal of the solvent. |

Removing the solvent may include one or more of distillation, distillation
under vacuum, evaporation, spray drying, freeze drying, filtration, decantation, and
centrifugation. The amorphous form of vilazodone hydrochloride may be recovered
from the sdlution by spray drying. Alternatively, the vilazodone hydrochloride in an
amorphous form may be recovered from the soiution by freeze drying. The process
may inclﬁde further forming the pfoduct so obtained into a finished dosage form.

The amorphous form of vilazodone hydrochloride can also be recovered from

the solution by adding a suitable anti-solvent resulting in the precipitation of the
' 3
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amorphous form and removing the solvent therefrom by filtration, decantation or
centrifugation. The anti-solvent may be selected from a group of solvents in which
vilazodone hydrochloride is insoluble or poorly soluble or partially soluble and is
known to a persbn of ordinary skill in the art.

In another embodiment of the present invention there is provided an
amorphous form of vilazodone hydrochloride, substantially free ffém residual organic
solvents.

In yet another embodiment of the present invention there is provided a stable
amorphous form of vilazodone hydrochloride thereof, which is stable during storage
and drying. |

In a further embodiment of the present invention there are provided storage
and packaging conditions for the amorphous form of vilazodone hydrochloride.

In further "embodiment of the present invention there is provided an
amorphous form of vilazodone hydrochloride having particle size distribution
wherein the 1th volume percentile particle size (D10) is less than about 50 pum, the
50th volume percentile particle size (D50) is less than about 200 pum, the 90th volume
percentile particle size (D90) is less than about 400 pum, or any combination thereof.

In another embodiment of the present invention there is provided an
amorphous form of vilazodone hydrochloride having particle size in terms of d95, is
preferably less than about 100 microns, more preferably less than about 50 microns
and most preferably less than about 30 microns. As used throughout the disclosure,
the term d95 means that 95% of the particles (based on volume) are smaller than or
equal to the indicated size.

In another aspect there is provided a process for the preparation of the

- amorphous form of vilazodone hydrochloride having particle size in terms of D95 less

than about 100 microns.

In another embodiment of the present invention there is provided an
amorphous form of vilazodone hydrochldride having purity of greater than about
95%, or greater than about 98%, or greater than about 99%, or greater than about
99.5%, or greater than about 99.8%, or greater than about 99.9%, as determined by

using high performance liquid chromatography (HPLC).
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In another embodiment of the present invention, there are provided
compositions comprisihg amorphous form of vilazodone hydrochloride substantially
free of one or more of its corresponding impurities as measured by HPLC.

In another embodiment of the present invention, there is provided a
pharmaceutical composition comprising the stable amorphous form of vilazodone
hydrochloride together with one or more pharmaceutically acceptable carriers,
excipients or diluents.

In a further embodiment of the present invention there is provided a
pharmaceutical composition comprising the stabilized amorphous solid dispersion of
vilazodone hydrochloride together with one or more pharmaceutically‘ acceptable
carriers, optionally with one or more pharmaceutically acceptable excipients.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

FIG.1. shows X-ray diffractogram (XRD) of amorphous form of vilazodone
hydfochloride.

FIG.2. shows thermal gravimetric analysis (TGA) of amorphous form of
vilazodone hydrochloride.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the terms “suspending”, “slurrying” and “triturating” are
interchangeable, and refer to a process carried out in a heterogeneous mixture wheré
complete dissolution does not occur. Also, heating the suspension or slurry can result
in a homogenous mixture where complete or paftial dissolution occurs at an elevated
temperature or ambient temperature.

The term “elevated temperature” used herein means heating the reaction

‘mixture, either heterogeneous or homogeneous, at a temperature from about 35°C to

boiling point of solvent, for example from about 35°C to about 100°C. The term
“ambient temperature” used herein means slurrying the reaction mixture, either
heterogenéous or homogeneous, at a temperature from about 10°C to about 35°C of
solvent.

As used herein, the terms “obtaining” means isolating the amorphous form of
vilazodone hydrochloride by way of filtration, filtration under vacuum, centrifugation,

decantation and the like. The product obtained may be further or additionally dried to
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achieve the desired moisture values. For example, the product may be dried in a tray
drier, dried under vacuum and/or in a Fluid Bed Drier. |

As used herein, the term “storage stable” includes the amorphous form of
vilazodone hydrochloride after exposure to a relative humidity of 75% at 40°C or
relative humidity of 60% at 25°C, for a period of at least three months shows no
change in the polymorphic form by X-ray powder diffraction. “Suitable solvent”
means a single or a combination of two or more solvents.

As used herein, the term “substantially pure amorphous form” of vilazodone
hydrochloride represents polymorphic purity of amorphous form of vilazodone
hydrochloride greater than 90%. The amorphous form may not show any detectable
amount of any other crystalline forms as determined. by using X-ray powder
diffraction pattern (XRD).

The present invention discloses an amorphous form of vilazodone
hydrochloride having purity of greater than about 95%, or greater than about 98%, or
greater than about 99%, or greater than about 99.5%, or greater than about 99.8%, or
greater than about 99.9%, as determined wusing high performance liquid
chromatography (HPLC).

In one aspect there is provided an amorphous form of vilazodone
hydrochloride. In another aspect there is provided a substantially pure amorphous
form of vilazodone hydrochloride. |

| In another aspect, there is provided a process for the preparation of the

amorphous form of vilazodone hydrochloride thereof without simultaneous formation
of crystalline forms or which will enable the conversion of crystalline forms into the
amorphous from. |

In one aspect there is provided a process for preparation of the amorphous form of
vilazodone hydrochloride, the process comprises the steps of:
a) providing a solution of vilazodone hydrochloride in one or more solvents; and
b) recovering the amorphous form of vilazodone hydrochloride from the solution
thereof by the removal of the solvents.

Suitable solvents that may be used include but are not limited to water;

alcohols such as methanol, ethanol, isopropanol, 2-propanol, 1-butanol, t-butyl
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~ alcohol, 1-pentanol, 2-pentanol, amyl alcohol, ethylene glycol, glycerol and the like;

ketones such as acetone, butanone, 2-pentanone, 3-pentanone, methyl butyl ketone,
méthyl isobutyl ketone, and the like; esters such as ethyl formate, methy] acetate, ethyl
acetate, propyl acetate, t-butyl acetate, isobutyl acetate, hydrocarbons like toluene,
xylene, methylene dichloride, ethylene dichloride, chlorobenzene, and the like, nitriles
like acetonitrile, ethers like-diethyl ether, diisopropyl ether, t-butyl methyl ether,
dibutyl ether, tetrahydrofuran, 1,4-dioxane, 2-methoxy ethanol, polar aprotic solvents
like N,N-dimethylformamide, N,N-dimethyl acetamide, N-methylpyrrolidone,
pyridine, dimethylsulfoxide, sulfolane, formamide, acetamide, propanamide, pyridine
and the like; and mixtures thereof.

The amorphous form of the vilazodone hydrochloride may be recovered from
the solution by removing the solvent. Suitable techniques which may be used for the
removal of solvent include using a rotational distillation device such as a Buchi
Rotavapor, spray drying, agitated thin film dyring (“ATFD”), freeze drying
(lyophilization), and the like or any other suitable technique.

The present invention discloses a process for the preparation of amorphous form
of vilazodone hydrochloride, which includes one or more of the following steps:
a) providing a solution of vilazodone hydrochloride in one or more solvents;

b) adding a suitable anti-solvent; and

c) isolating the amorphous form of vilazodone hydrochloride.

The solution of vilazodone hydrochloride can be obtained by the known

methods that include direct use of a reaction mixture containing vilazodone

‘hydrochloride that is obtained in the course of its synthesis, or dissolving vilazodone

hydrochloride in a suitable solvent or mixture of solvents.

Suitable solvents may include but are not limited to water; alcohols éuch as
methanol, ethanol, isopropanol, 2-propanol, 1-butanol, t—butyl alcohol, 1-pentanol, 2-
pentanol, amy]l alcohol, ethylene glycol, glycerol and the like; ketones such as acetone,
butanone, 2-pentanone, 3-pentanone, methyl butyl ketone, methyl isobutyl ketone,

and the like; esters such as ethyl formate, méthyl acetate, ethyl acetate, propyl acetate,

-t-butyl acetate, isobutyl ‘acetate, hydrocarbons like toluene, xylene, methylene

dichloride, ethylene dichloride, Chlo:obenzene, and the like, nitriles like acetonitrile,
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ethers like diethyl ether, diisopropyl ether, t-butyl methy! ether, dibutyl ether,
tetrahydrofuran, 1,4-dioxane, 2-methoxyethanol, polar aprotic solvents like N,N-
dimethylformamide, N,N-diméthylacetamide, N-methylpyrrolidone, = pyridine,
dimethylsulfoxide, sulfolane; formamide, acetamide, propanamide, pyridine, and the |
like; and mixtures thereof.

Suitable anti-solvents may include one or more of hydrocarbons like hexanes,
n-heptane, n-pentane, cyclohexane, methylcyclohexane and the like; aromatic
hydrocarbons like toluene, xylene, chlorobenzene, ethylbenzene and the like; ethers
like diethyl ether, diisopropyl ether, t-butyl methyl ether, dibutyl ether,
tetrahydrofuran, 1,4-dioxane, 2-methoxyethanol, and the like. |

The amorphous form of vilazodone hydrochloride may be isolated by
removing the solvents. Suitable techniques which may 'be used for the removal of
solvent include using a rotatio_nal distillation device such as a Buchi Rotavapof, spray
drying, agitated thin film drying (“ATFD"), freeze drying (lyophilization), and the like
or any other suitable technique. -

In particular, the solvent may be removed by a spray drying technique. The
technique includes spray drying a solution of vilazodone hydrochloride and involves
the spray drying of feed stock, which is prepared as mentioned below. The feedstock
may ibe dozed into the spray-drying instrument jISL Mini Spray-drier LSD-48 and
spray drying may be carried out under the following parameters. The feedstock for

spray drying may be a clear solution or in dispersion form.

Sr. No | Parameters Conditions
a) Feed pump 10-50 rpm
b) Inlet temperature . | 35°-80°C
) Outlet temperature A 30°-60°C
d) Aspirator rate . 1000-1500 rpm

e) Vacuum for conveying the dry product | 30-120 mm of Hg

f) Hot air supply - 2-4 Kg/cm?

g Atomizer Speed: 40,000-100,000 rpm
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In another preferred embodiment, the spray drying of vilazodone
hydrochloride may be performed by a) maintaining the feed rate of the feed stock at 50
- 250 ml/hr, preferably 100-200 ml/hr; b) maintaining thé inlet temperature in the range |
of 35°C - 80°C, preferably, 50°C-70 °C; ¢) maintaining the aspirator rate between 1000-
1500 rpm, preferably 1200-1400 rpm; d) maintaining the outlet temperature in the
range of 30°C to 60° C, preferably, 40°C to 50°C; e) maintaining air flow at 2-4 Kg/cm,
preferably 2 Kg/cm; f) maintaining Atomizer speed between- 20,000-100,000 rpm,
preferably, 40,000-50,000 rpm, and; g) maintaining the vacuum at 30-120 mm of Hg,
preferably 50-80 mm of Hg. |

The feed stock of vilazodone hydrochloride was conveniently prepared by
dissolving a wet cake of vilazodone hydrochloride in a solvent selected from the
group of solvents, for example acetone, Ci4 alcohol, Czs acetate, acetonitrile,
methylene dichloride, water or mixture thereof; most preferably water, methanol,
ethanol, acetone, ethyl acetate, methylene dichloride, water-methanol or water-
ethanol, water-acetone are suitable solvent used or such solvents that evaporate easily
to afford dry product, most preferably acetone, methanol, ethanol, ethyl acetate or
mixtures of the above.

In another aspect there is provided the amorphous form of vilazodone
hydrochloride having water content from about 0.5% to about 10% wt/wt.

In another aspect there is provided the amorphous form of vilazodone
hydrochloride is substantially free from of residual organic solvents.

According to a further embodiment, vilazodone hydrochloride can be spray
dried by dissolving or suspending or slurring in suitable solvent or solvent-water
system to get amorphous form. In the present invention feed stock of Vilazodone
Hydrochloride in water, solvent or aqueous solvent system is spray-dried. Thus obtain
spry-dried compound is in amorphous form, this fact is again confirmed by the X-ray
powder diffractogram of spray-dried vilazodone hydrochloride. |

In a preferred embodiment of the invention, weighed quantity of vilazodone
hydrochloride is dissolved in 2-10 volumes of chosen solvent, preferably 4-5 volumes
solvent af 25°C to 30°C. The content is stirred for 30 minutes at 25°C to 30°C. The

content is filtered through Hyflosupercell, and filtrate is spray dried under following
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conditions. The obtained powder is further driéd at 40°C for 12 - 16 hours under

vacuum to afford the stable amorphous form of vilazodone hydrochloride.

The present invention proVides a process for the preparation of the amorphous
form of vilazodone hydrochloride, substantially free from residual organic solvents.
The process includes: |
a) providing vilazodone hydrochloride having less than 10% residual organic

solvent;‘

b) triturating vilazodone hydrochloride in water, or contacting vilazodone
hydrochloride with humid air in a fluidized bed drier, or drying vilazodone
hydrochloride under reduced pressure of less than about 30 mmHg at less than
60°C;

¢) optionally micronizing vilazodone hydrochloride; and

d) drying the product obtain in step c) to obtain the amorphous form of vilazodone

: hydrochloride substantially free of residual organic solvents.

In another aspect the invention provides the amorphous form of vilazodone

- hydrochloride having particle size distributions wherein the 10th volume percentile

particle size (D10) is less than about 50 um, the 50th volume percentile particle size
(D50) is less than about 200 pm, or the 90th volume percentile particle size (D90) is less
than about 400 pm, or any combination therepf.‘ | :

In anothef aspect there is provided the amorphous form of vilazodone
hydrochloride having particle size in terms of d95, is preferably less than about 100
microns, more preferably less than about 50 microns and most preferably less than
about 30 microns. As used throughout the disclosure, the term d95 means that 95% of
the particles (based on volume) are smaller than or equaI to the iﬁdicated size.

In another aspect there is provided a process for preparing amorphous form of
vilazodone hydrochloride having particle size in terms of d95 less than about 100
microns.

In anothef aspect there is provided a process for preparing amorpﬁoﬁs
vilazodone hydrochloride having particle size in terms of d95 less than about 100
microns, comprising the steps of; | |
(a) milling amorphous vila;zodone hydrochloride,

10
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(b) slurrying micronized vilazodone hydrochloride in one or more organic solvents to
form a solution;
(c) isolating amorphous form of vilazodone hydrochloride having particle size in

terms of d95 less than about 100 microns.

The milling off vilazodone hydrochloride in step (a) is performed with feeding

pressure of about 3 kg and grinding pressure of about 4 kg.

The suitable solvent for step (b) is selected from group consisting of Cas
ketones, water, N-methylpyrrolidone, C:s amides, halo-substituted Ce.12 aromatic
hydrocarbons, propylene glycol, dimethyl sulfoxide, dimethyl carbonate, Cis alkyl
alcohols, acetonitrile Cas alkyl acetates, cellosolve, dimethyl carbonate, polyethylene
glycol methyl ether and Czs ethers.

In another aspect, there is provided a stable amorphous form of vilazodone
hydrochloride, which is stable during storage and drying.

The stable amorphous form of vilazodone hydrochloride, is stored under
nitrogen atmosphere and packed in a ’double polythene bag tied with a thread,
keeping primary packing containing amorphous vilazodone hydrochloride or salts
thereof inside a black color polyethylene bag containing oxygen busters and sealing it,
placing above the double polyethYlene bag inside a triple laminated bag optionally
containing oxygen busters and sealing it, and placing fhe sealed friple laminated bag
inside a closed high density polyethylene (HDPE) container and storing in controlled
environment chamber at about 25°C and/or 40°C.

In another aspect, the present invention provides the amorphous form of
vilazodone hydrochloride of formula (I) having purity of greater than about 90%, or
greater than about 95%, or greater than about 98%, or greater than about 99%, or
greater than about 99.5%, or greater than about 99.8%, or greater than about 99.9%, as
determined using high pefformance liquid chromatography (HPLC).

The present invention also discloses compositions comprising the amorphous
vilazodone hydrochloride substantially free of one or more of its corresponding
impurities as measured by HPLC.

In another aspect, there is provided amorphous vilazodone or salts thereof

having particle size distributions wherein the 10th volume percentile particle size
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(D10) is less than about 50 um, the 50th volume percentile particle size (D50) is less
than about 200 um, or the 90th volume percentile particle size (D90) is less than about
400 pum, or any combination thereof.
Powder X-ray Diffraction of amorphous form of vilazodone hydrochloride can
be obtained under following conditions.
(i) Characterization by Powder X-ray Diffraction
The X-ray powder diffraction spectrum was measured under the following

experimental conditions:

Instrument : X-Ray Diffractometer, D/Max-2200/PC Make: Rigaku, Japan.
X- Ray ' Cu/40kv/40mA |

Diverging : 10

Scattering Slit : 10

Receiving Slit :0.15 mm

Monochromator RS: 0.8 mm

Counter : Scintillation Counter
Scan Mode : Continuous
Scan Speed : 3.0000 / Min

Sampling Width ~ :0.020

Scan Axes : Two Theta / Theta
Scan Range : 2.0000 to 40.0000
Theta Offset : 0.0000

- In another aspect vilazodone hydrochloride used as the starting material can be
prepared by known methods reported in prior art i.e. by using the process as per US
Patent No. 5,532,241.

In another aspect, thére are provided pharmaceutical composiﬁons comprising
a therapeutically effective amount of amorphous vilazodone hydrochloride
substantially free from crystalline form, and one or more pharrﬁaceutical_ly acceptable
carriers, excipiénts or diluents. |

The invention also encompasses pharmaceutical compositions comprising
vilazodone or salts thereof ‘of the invention. As used herein, the term "pharmaceutical

compositions” or “pharmaceutical formulations” include tablets, pills, powders,

12



10

15

20 -

WO 2012/131706 PCT/IN2012/000182

liquids, suspensions, emulsions, granules, capsules, suppositories, or injection
preparations. ‘

Pharmaceutical compositions containing the vilazodone hydrochloride of the
invention may be prepared by using diluents or excipients such as fillers, bulking
agents,. binders, wetting agents, disintegrating agents, surface active agents, and
lubricants. Various modes of administration of the pharmaceutical compositions of the
invention can be selected depending on the therapeutic purpose, for example tablets,
pills, powders, liquids, suspensions, emulsions, granules, capsules, suppositories, or
injection preparations.

Having described the invention with reference to certain preferred
embodiments, other embodiments will become apparenf to one skilled in the art from
consideration of the specification.

The process for preparation of amorphous form of vilazodone hydrochloride is
demonstrated in examples illustrated below. These examples are illustrative and
therefore should not be construed as limitation of the scopé of invention.

EXAMPLE-1:

Preparation of Amorphous form of Vilazodone Hydrochloride

25.0 g of vilazodone hydrochloride was dissolved in 250.0 mL of THF-water mixture at

25°C to 30°C. The mixture was stirred for 30 minutes at 25°C to 30°C and 1.0 g charcoal
was added and stirred for 30 minutes. The content was filtered through Hyﬂosupercel
and the Hyflosupercel pad was washed with 50.0 mL acetone. The filtrate was
concentrated under vacuum below 45°C followed by spray drying in JISL Mini Spray
Drier LSD-48 under the conditions mentioned below. The product was collected from

cyclone and dried at 40°C + 5°C under vacuum.

Sr. No Parameters _ Conditions
a) Feed pump T30 rpm
b) Inlet temperature 60°C
V) | Outlet temperafure . 40°C
d) Aspirator rate 1300 rpm
e) Vacuum for conveying the dry product 80 mm of Hg
h) Hot air supply ‘ | 2 Kg/cm?
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The spray-dried vilazodone hydrochloride was amorphous in nature as
characterized by X-ray diffraction pattern (FIG. 1).
EXAMPLE-2:

Preparation Qf Amorphous form of Vilazodone Hydrochloride

10 g of Vilazodone Hydrochloride was dissolved in 125 mL methanol and heated ét
65°C and 100 ml n-hepténe was added and stirred for 2-3 hours. The resulﬁng
suspension was filtered and dried in air. The obtained solid was amorphous
vilazodone hydrochloride having X-ray diffraction pattern as shown in FIG. 1.
EXAMPLE-3:

Preparation of Amorphous form of Vilazodone Hydrochloride

10 g of Vilazodone Hydrochloride (water content of about 10%) was dried in a Fluid
Bed Drier at 45°C for 2 days resulted in amorphous vilazodone hydrochloride having
water content less than 5% wt/wt. The obtained amorphous vilazodone hydrochloride
was having X-ray diffraction pattern as shown in FIG. 1.

EXAMPLE-4:

Preparation of Amorphous form of Vilazodone Hydrochloride
10 g of Vilazodone Hydrochloride (residﬁal organic solvent of about 10%) was dried in
a vacuum ftray dryer at about 60°C under pressure of less than 30 mm/Hg for a period
of 24 hours resulted in amorphous vilazodone hydrochloride The obtained amorphous
form of vilazodone hydrochloride was having X-ray diffraction pattern as shown in
FIG. 1.

While the invention has beeﬁ described in terms of its specific embodiments,
certain modifications and equivalents will be apparent to those skilled in the art and

are intended to be included within the scope of the invention.
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We claim;

1.

1.

12.

An amorphous form of vilazodone hydrochloride of Formula (1).

O._CONH,
] I
0 N
NCW@
|
N - .HCI

H

Formula aJ

The amgrphous form of vilazodone hydrochloride as claimed in claim 1, wherein
the vilazodone hydrochloride has the X-ray powder diffraction (XRD) pattern
substantially as depicted in FIG.1. | | »

The amorphous form of vilazodone hydrochloride as claimed in claim 1, wherein
the vilazodone hydrochloride has the thermal gravimetric analysis (TGA)
substantially as depicted in FIG.2.

The amorphous form of vilazodone hydrobhloride as claimed in claim 1 having
water coﬁtent of from about 0.5% to about 10% wt/wt.

The amorphous form of vilazodone hydrochloride as claimed in claim 1 which is
’sﬁbstantially free from residual organic solvents.

The amorphous form of vilazodone hydrochloride as claimed in claim 1 having a
particle size in terms of d95 less than about 100 microns.

A substantially pure amorphous form of vilazodone hydrochloride.

The amorphous form of vilazodone hydrochloride as claimed in claim 7 which is
substantially free of crystalline forms of vilazodone hydrochloride.

The amorphous form of vilazodone hydrochloride as claimed in claim 7 having
less than 10% of Crystalime vilazodone hydrochloride.

The amorphous form of vilazodone hydrochloride as claimed in claim 9 having
less than 5% of crystalline vilazodone hydrochloride. |
The amorphous form of Vilazodoﬁe hydrochloride as claimed in claim 10 having |

less than 1% of crystalline vilazodone hydrochloride.

. Storage stable amorphous form of vilazodone hydrochloride.
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13.

14.

15.

16.

17.

18.

19.

20.

21,

The stable amorphous form of vilazodone hydrochloride as claimed in claim 12,

wherein the vilazodone hydrochloride has no change in the XRD pattern after

storage for three months at 40°C and 75% relative humidity or at 25°C and 60%

relative humidity.

A process for the preparation of the -amorphous form of vilazodone

hydrochloride, the process comprising:

(a) providing a solution of vilazodone hydrochloride in one or more solvents;

and

(b) recovering the 'amorphous form of vilazodone hydrochloride from the
solution thereof by the removal of the solvent

The process as claimed in claim 14, wherein the solvent comprises one or more of

water, alcohols, ketones, esters, hydrocarbons, nitriles, ethers, polar aprotic

solvents, or mixtures thereof.

The process as claimed in claim 15, wherein the alcohol comprises one or more of

methanol, ethanol, isopropanol, 2-propanol, 1-butanol, t-butyl alcohol, 1-

pentanol, 2-pentanol, amyl alcohol, ethylene glycol, and glycerol.

The process as claimed in claim 15, wherein the ketone comprises one or more of

~ acetone, butanone, 2-pentanone, 3-pentanone, methyl butyl ketone, and methyl

isobutyl ketone.

The process as claimed in claim 15, wherein the ester comprises one or more of
ethyl formate, methyl aceta‘te, ethyl acetate, propyl acetate, t-butyl acetate, and
isobutyl acetate. | |

The process as claimed in claim 15, wherein the hydrocarbon comprises one or
more of toluene, xylene, methylene dichloride, ethylene dichloride, and
chlorobenzene.

The process as claimed in claim 15, wherein the ether comprises one or more of
diethyl ether, diisopropyl ether, t-butyl methyl ether, dibutyl ether,
tetrahydrofuran (THF), 1,4-dioxane, and 2-methoxyethanol. .

The process as claimed in claim 15, wherein the polar aprotic solvent comprises

~one or more of N,N-dimethylformamide, N,N-dimethylacetamide, N-
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22,

23.

24,

25.

26.

27.

28.

29.

30.

31

methylpyrrolidone, pyridine, dimethylsulfoxide, sulfolane, formamide,
acetamide, propanamide, and pyridine.

The process as claimed in claim 14, wherein the removing the solvent comprises
one or more of distillation, distillation under vacuum, evaporation, spray drying,
freeze drying, filtration, decantation, and centrifugation.

The process as claimed in claim 14, wherein the vilazodone hydrochloride in an
amorphous form is recovered from the solution by spray drying.

The process as claimed in claim 14, wherein the vilazodone hydrochloride in an
amorphous form is recovered from the solution by freeze drying.

A process for the preparation of amorphous form of vilazodone hydrochloride,
the process comprising:

(a) providing a solution of vilazodone hydrochloride in one or more solvents;

(b) adding a suitable anti-solvent; and

(c) isolating the amorphous form of vilazodone hydrochloride.

The process as claimed in claim 25, wherein the solvent comprises one or more of
water, alcohols, ketones, esters, hydrocarbons, nitriles, ethers, polar aprotic
solvents, or mixtures thereof.

The process as claimed in claim 25, ‘wherein the anti-solvent comprises one or
more of hydrocarbons, aromatic hydrocarbons, ethers, or mixtures thereof.

The process as claimed in claim 27, wherein the hydrocarbon comprises one or

more of hexanes, n-heptane, n-pentane, cyclohexane, and methylcyclohexane.

_The process as claimed in claim 27, wherein the aromatic hydrocarbon comprises

one or more of toluene, xylene, chlorobenzene, and ethylbenzene.

The process as claimed in claim 27, wherein the ether comprises one or more of
diethyl | ether, diisopropyl ether, t-butyl methyl ether, dibutyl ether,
tetrahydrofuran, 1,4-dioxane, and 2-methoxyethanol.

A process for the preparation of amorphous vilazodone hydrochloride having a
particle size in terms of d95 less than about 100 microns, the process comprising:
(a) milling amorphous vilazodone hydrochloride;

(b) slurrying the milled vilazodone hydrochloride in one or more ofganic

solvents to form a solution;
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32.

33.

34.

35,

36.

37.

38,

(c) isolating the amorphous vilazodone hydrochloride having particle size in
terms of d95 less than about 100 microns.

The process as claimed in claim 31, wherein the milling is performed with a

feéding pressure of about 3 kg and a grinding pressure of about 4 kg.

The process as claimed in claim 31, wherein the solvent comprises is selected one

or more of Css ketones, water, N-methylpyrrolidone, Css amides, halo-

substituted Ce12 aromatic hydrocarbons, propylene glycol, dimethyl sulfoxide,

dimethyl carbonate, Cis alkyl alcohols, acetonitrile Cz¢ alkyl acetates, cellosolve,
dimethyl carbonate, polyethylene glycol methyl ether and Czsethers.

The process as claimed in claim 31, wherein the amorphous vilazodone
hydrochloride has a polymorphic purity of greater than 99.9% having the X-ray
powder diffraction (XRD) pattern substantially as depicted in FIG.1.

A pharmaceutical composftion comprising a therapeutically effective amount of
an amorphous form of vilazodone hydrochloride and one or more
pharmaceutically acceptable carriers, excipients, or diluents.

A pharmaceutical composition comprising a therapeutically effective amount of
an amorphous., form of vilazodone hydrochloride in substantially pure
amorphous form having particle size in terms of d95 less than about 100 microns
and one or more pharmaceutically acceptable carriers, excipients, or diluents.
Use of an amorphous form of vilazodone hydrochloride for the treatment of
major depressive disorders.

A method of treatment of major depressive disorders comprising administering a

suitable dose of an amorphous form of vilazodone hydrochloride to a subject.
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