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POLYMORPHIC FORMS OF EFAVIRENZ AND PROCESSES FOR THEIR
PREPARATION

Field of the Invention

The present invention relates to novel polymorphic forms of efavirenz. The novel
polymorphic forms are designated as Forms a, B, v, 71, 2, ®, 8, N, O, and P of efavirenz.
The present invention further relates to an amorphous form of efavirenz. The invention
also relates to processes for the preparation and pharmaceutical compositions useful in the

treatment of HIV-1 infection with the novel polymorphic forms of efavirenz.

Background of the Invention

(45)-6-chloro-4-(cyclopropylethynyl)-4-(trifluoromethyl)-1,4-dihydro-2H-3,1-
benzoxazin-2-one; commonly known as efavirenz of Formula I is an HIV-1 specific, non-
nucleoside, reverse transcriptase inhibitor. Efavirenz in combination with other

antiretroviral agents is indicated for the treatment of HIV-1 infection.

FORMULA1

US Patent No. 5,519,021, WO 94/03440, and WO 95/20389 disclose the synthesis
of efavirenz. In addition, Tetrahedron Letters 36, 937-940 (1995); US Patent No.

5,698,741 and WO 96/37457 also provide various processes for the preparation of
efavirenz. US Patent No. 5,663,467 and WO 96/22955 discloses additional processes for

preparation of efavirenz.

US Patent No. 6,639,071 and US Patent No. 5,965,729 describe crystalline
polymorphic forms of efavirenz designated as Forms I, IT and ITl. The specification of the
‘071 Patent discloses that efavirenz previously crystallized from a heptane-tetrahydrofuran

CONFIRMATION COPY
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(THF) solvent system by a crystallization procedure requires the use of high temperatures
(about 90°C) to dissolve the final product. This process produces crystals by nucleation
during the cooling process. The crystals produced were Form II and converted to Form I
while drying under vacuum at 90°C. This crystallization provides minimal purification
and produced material with inconsistent physical properties. The final product slurry is

extremely difficult to mix and handle due to its high viscosity and heterogeneous nature.

US Patent No. 6,673,372 discloses polymorphic forms of efavirenz designated as

Form 2 and Form 5.

Summary of the Invention

In one general aspect there is provided a polymorphic Form a of efavirenz having
an X-ray powder diffraction (XRPD) pattern wherein characteristic 26 values are obtained
at 6.80, 12.76, 21.88 and 26.48. Embodiments of the polymorph may have one or more of
the following features. For example, Form o may further include characteristic 26 values
at 3.4, 11.96, 13.0, 13.16, 13.64, 14.36, 15.12, 15.92, 16.5, 17.2, 18.14, 19.06, 19.56,
19.84, 20.32, 20.70, 21.16, 22.22, 23.04, 23.50, 23.98, 24.34, 24.70, 24.86, 25.18, 25.76,
26.06, 27.52, 28.10, 28.88, 30.40, 31.04, 31.44, 32.32, 32.52, 32.90, 33.48, 34.46 and |
38.02.

In another general aspect there is provided a polymorphic Form B of efavirenz
having an XRPD pattern wherein characteristic 20 values are obtained at 11.18, 11.68,
20.98, and 27.38. Embodiments of the polymorph may have one or more of the following
features. For example, Form B may further include the characteristic 20 values at 10.24,
12.30, 15.20, 16.40, 17.60, 18.56, 19.08, 19.82, 20.34, 20.62, 21.36, 22.86, 23.52, 24.52,
24.78, 25.62,26.10, 26.78, 28.24, 28.64, 29.12, 31.04, 31.60, 33.10, 33.52, 34.54, 34.76,
35.56, 36.14, 36.58, 37.50, 38.30, 38.66, 39.54 and 39.68.

In another general aspect there is provided a polymorphic Form v of efavirenz
having an XRPD pattern wherein characteristic 26 values are obtained at 6.10, 18.44,
21.30, and 22.20. Embodiments of the polymorph may have one or more of the following
features. For example, Form y may further include the characteristic 20 values at 9.82,
10.98, 12.24, 12.68, 13.10, 14.16, 15.72, 16.20, 16.90, 18.0, 18.76, 19.22, 19.40, 19.78,
20.12, 20.70, 21.92, 23.20, 23.38, 24.12, 24.70, 25.04, 26.22, 26.58, 27.30, 27.96, 28.10,
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28.44, 28.54,29.02, 29.48, 30.82, 31.02, 31.58, 32.02, 32.46, 32.78, 32.94, 37.78 and
37.96.

In another general aspect there is provided a polymorphic Form 1 of efavirenz
having an XRPD pattern wherein characteristic 26 values are obtained at 6.14, 6.26, 21.24,
and 24.94. Embodiments of the polymorph may have one or more of the following
features. For example, Form y1 may further include characteristic 26 values at 10.50,
11.00, 12.28, 13.08, 13.26, 14.24, 15.30, 15.64, 16.68, 16.94, 17.90, 18.32, 18.54, 19.26,
19.70, 20.16, 21.98, 22.10, 22.32, 23.16, 24.56, 25.62, 26.06, 26.42, 27.26, 27.50, 28.18,
28.74,29.26, 29.62, 30.84, 31.64, 32.38, and 37.40.

In yet another general aspect there is provided a polymorphic Form 72 of efavirenz
having an XRPD pattern wherein characteristic 20 values are obtained at 21.18, 21.74,
22.04, and 31.64. Embodiments of the polymorph may have one or more of the following
features. For example, Form 42 may further include characteristic 26 values at 12.12,
12.38, 12.98, 13.16, 15.64, 16.90, 17.22, 18.14, 18.42, 18.76, 19.34, 19.48, 19.90, 20.06,
20.32, 23.08, 23.30, 23.98, 24.42, 24.60, 24.94, 25.34, 26.14, 26.36, 27.06, 27.30, 28.04,
28.38, 28.98, and 29.24.

In another general aspect there is provided a polymorphic Form o of efavirenz
having an XRPD pattern wherein characteristic 20 values are obtained at 9.98, 20.40,
22.66, and 28.12. Embodiments of the polymorph may have one or more of the following
features. For example, Form ® may further include characteristic 20 values at 4.98, 11.26,
11.64, 12.06, 14.88, 15.02, 16.64, 17.18, 17.54, 18.06, 18.66, 19.02, 19.72, 20.78, 21.18,
21.58,21.72, 22.10, 23.40, 23.86, 24.32, 24.74, 25.30, 25.82, 26.04, 26.42, 26.76, 27.60,
28.44,29.04, 29.82, 37.66, and 37.78.

Tn another general aspect there is provided a polymorphic Form & of efavirenz
having an XRPD pattern wherein characteristic 20 values are obtained at 7.18, 13.44,
22.94, and 26.02. Embodiments of the polymorph may have one or more of the following
features. For example, Form & may further include characteristic 20 values at 11.32,
12.12, 12.64, 13.04, 13.86, 14.44, 15.12, 15.44, 16.38, 17.00, 18.92, 19.56, 20.08, 20.58,
21.80,22.14, 23.92, 24.66, 25.42, 26.72, 27.32, 27.86, 28.02, 29.22, 29.96, 30.72, 31.74,
32.40, 32.74, and 39.06.
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In another general aspect there is provided an amorphous form of efavirenz. The
amorphous form of efavirenz may be used in a pharmaceutical composition with one or
more pharmaceutical agents and one or more additional therapeutic agents, and may be

administered for the treatment of an HIV-1 infection.

In yet another aspect there is provided a polymorphic Form O of efavirenz having
an XRPD pattern wherein characteristic 26 Value's are obtained at 13.16, 19.58, 20.86, and
25.38. Embodiments of the polymorph may have one or more of the following features.
For example, Form O may further include characteristic 20 values at 3.92, 7.88, 10.70,
11.20, 11.40, 12.04, 12.86, 13.80, 14.38, 15.08, 15.78, 16.46, 17.26, 17.46, 18.44, 20.20,
21.26, 21.50, 21.92, 22.14, 22.34, 22.96, 23.74, 24.58, 26.02, 26.48, 26.90, 27.24, 27.62,
27.86, 28.00, 28.64, and 28.96.

In another general aspect there is provided a polymorphic Form N of efavirenz
having an XRPD pattern wherein characteristic 20 values are obtained at 13.12, 18.40,
20.82, and 25.30. Embodiments of the polymorph may have one or more of the following
features. For example, Form N may further include characteristic 26 values at 3.9, 7.84,
10.66, 12.00, 12.80, 15.04, 15.74, 17.40, 19.54, 22.88, 23.68, 24.96, 25.96, 26.86, 27.16,
27.92 and 28.90.

In another general aspect there is provided a polymorphic Form P of efavirenz
having an XRPD pattern wherein characteristic 20 values are obtained at 13.12, 18.38,
20.80, and 25.28. Embodiments of the polymorph may have one or more of the following
features. For example, Form 8 may further include characteristic 20 values at 3.90, 7.84,
8.68, 10.66, 10.82, 11.22, 11.42, 12.00, 12.42, 12.78, 13.66, 14.30, 14.42, 15.04, 15.22,
15.74, 16.34, 16.58, 16.84, 17.40, 17.90, 18.56, 19.52, 21.46, 21.74, 22.18, 22.88, 23.82,
24,34, 24.66, 25.94, 26.20, 26.86, 27.14, 27.92, 28.44 and 28.88.

Tn another general aspect there is provided a pharmaceutical composition

comprising Forms o, B, ¥, Y1, ¥2, @, 8, N, O, or P of efavirenz. The pharmaceutical

composition may further include one or more pharmaceutically acceptable excipients. The
pharmaceutical composition may further include one or more additional therapeutic

agents.

In another general aspect there is provided a method of treating HIV-1 infections.

The method includes administering to a mammal in need thereof a pharmaceutical
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composition comprising the one or more polymorphic Forms a,, B, v, v1, 2, ®, 6, N, O or
P of efavirenz and one or more pharmaceutically acceptable excipients. The
pharmaceutical composition administered may further include one or more additional

therapeutic agents.

In another general aspect there is provided a process for preparation of
polymorphic Form o of efavirenz. The process includes dissolving efavirenz in a mixture
of one or more halogenated hydrocarbons and one or more hydrocarbon organic solvents
to form a solution; partially concentrating the solution; and isolating Form a of efavirenz

from the reaction mass thereof.

Embodiments of the process may include one or more of the following features.
For example, the one or more halogenated hydrocarbons may be dichloromethane, 1,1,1-
trichloroethane, tetrachloroethylene and trichloroethylene. The one or more hydrocarbon

organic solvents may be Cs.; alkane, petroleum ether and cycloalkane.

In another general aspect there is provided a process for the preparation of
polymorphic Form o of efavirenz. The process includes dissolving efavirenz in one or
more water miscible alkanols to form a solution; adding the solution to a mixture of one or
more water miscible alkanols and water to form a mixture; stirring the reaction mixture at
a temperature between 2°C and 10°C; and isolating Form o of efavirenz from the reaction

mass thereof.

Embodiments of the process may include one or more of the following features.
For example, the one or more water miscible alkanols may be methanol, ethanol, n-

propanol, isopropanol or mixtures thereof.

In another general aspect there is provided a process for the preparation of
polymorphic Form o of efavirenz. The process includes dissolving efavirenz in one or
more water miscible organic solvents to form a solution; treating the solution with a
mixture of water, one or more water miscible organic solvents and one or more agents for
lowering the freezing point of water to cause precipitation of a solid; treating the solid

with water; and isolating Form ® of efavirenz from the reaction mass thereof.

Embodiments of the process may include one or more of the following features.

For example, the one or more water miscible organic solvents may be methanol, ethanol,
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n-propanol and isopropanol. The one or more agents for lowering the freezing point of
water may be alkali metal salts or alkaline earth metal salts. For example, the alkali metal

salt may sodium chloride.

Tn another general aspect there is provided a process for the preparation of
polymorphic Form § of efavirenz. The process includes dissolving efavirenz in one or
more halogenated hydrocarbons to form a solution; adding the solution to a second organic
solvent including Cs.7 alkane, cycloalkane, petroleum ether; and isolating Form 6 of

efavirenz from the reaction mass thereof.

In another general aspect there is provided a process for preparation of amorphous
efavirenz. The process includes dissolving efavirenz in one or more organic solvents to
form a solution; recovering the solvent from the solution; and isolating amorphous

efavirenz from the reaction mass thereof.

In yet another general aspect there is provided a process for the preparation of
amorphous efavirenz. The process includes dissolving efavirenz in one or more water
miscible organic solvents to form a solution; adding the solution to a second solution of
one or more inorganic salts; and isolating amorphous efavirenz from the reaction mass

thereof.

In another general aspect there is provided a process for the preparation of Form O
of efavirenz. The process includes dissolving efavirenz in one or more water miscible
organic solvents to form a solution; removing the solvent from the solution to leave a
product; grinding the product between two surfaces; and isolating Form O of efavirenz

from the reaction mass thereof.

Embodiments of the process may include one or more of the following features.
For example, the one or more water miscible organic solvents may be methanol, ethanol,

isopropanol, acetonitrile, acetone, tetrahydrofuran and 1,4-dioxane.

In another general aspect there is provided a process for preparation of
polymorphic Form N of efavirenz. The process includes treating Form O of efavirenz

with water, and isolating Form N of efavirenz from the reaction mass thereof.

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

polymorphic Form N of efavirenz. The process includes mixing Form o of efavirenz with
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a catalytic quantity of Form N of efavirenz to form a mixture; drying the mixture under
vacuum for a sufficient time; and isolating Form N of efavirenz from the reaction mass

thereof.

Embodiments of the process may include one or more of the following features.
For example, the drying may be carried out at a temperature of 10°C or less. The drying
may be carried out in a rotary evaporator and may be rotated at a speed of 10 to 100

revolutions per minute.

In another general aspect there is provided a process for the preparation of Form P
of efavirenz. The process includes dissolving efavirenz in one or more water miscible
organic solvents to form a solution; adding the solution to a mixture of Form N in water;

and isolating Form P of efavirenz from the reaction mass thereof.

Brief Description of the Drawings

Figure 1 is an XRPD of Form o of efavirenz.
Figure 2 is an DSC of Form o of efavirenz.
Figure 3 is an XRPD of Form P of efavirenz.
Figure 4 is a DSC of Form [ of efavirenz.
Figure 5 is an XRPD of Form y of efavirenz.
Figure 6 is a DSC of Form 7y of efavirenz.
Figure 7 is an XRPD of Form y1 of efavirenz.
Figure 8 is a DSC of Form y1 of efavirenz.
Figure 9 is an XRPD of Form y2 of efavirenz.
Figure 10 is a DSC of Form y2 of efavirenz.
Figure 11 is an XRPD of Form o of efavirenz.
Figure 12 is an XRPD of Form o of efavirenz.
Figure 13 is a DSC of Form  of efavirenz.

Figure 14 is an XRPD of Form § of efavirenz.
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Figure 15 is a DSC of Form § of efavirenz.

Figure 16 is an XRPD of amorphous form of efavirenz.
Figure 17 is an XRPD of Form O of efavirenz.

Figure 18 is an XRPD of Form N of efavirenz.

Figure 19 is an XRPD of Form N of efavirenz.

Figure 20 is a DSC of Form N of efavirenz.

Figure 21 is a FTIR of Form N of efavirenz.

Figure 22 is an XRPD of Form P of efavirenz.

Detailed Description of the Invention

The present invention relates to novel polymorphic forms of efavirenz. The novel
polymorphic forms are designated as Forms o, B, ¥, v1, 72, ®, 8, N, O, and P of efavirenz.
The present invention further relates to an amorphous form of efavirenz. The invention
also relates to processes for their preparation and their use in pharmaceutical compositions

useful in the treatment of HIV-1 infection.

The present invention provides the novel polymorphic Form o of efavirenz having
a typical XRPD pattern as depicted in Figure 1 of the accompanying drawing. The XRPD
of Form o shows characteristic 26 values at 3.4, 6.8, 11.96, 12.76, 13.0, 13.16, 13.64,
14.36, 15.12, 15.92, 16.5, 17.2, 18.14, 19.06, 19.56, 19.84, 20.32, 20.70, 21.16, 21.88,
22.22.23.04, 23.50, 23.98, 24.34, 24.70, 24.86, 25.18, 25.76, 26.06, 26.48, 27.52, 28.10,
28.88, 30.40, 31.04, 31.44, 32.32, 32.52, 32.90, 33.48, 34.46 and 38.02. The novel
polymorphic Form o has a characteristic differential scanning calorimetry (DSC)
thermogram as depicted in Figure 2 of the accompanying drawings. The DSC -
thermogram shows three characteristic endothermic peaks at 70°C - 85°C, 85°C - 95°C and
130°C - 145°C.

Also provided herein is a process for the preparation of the novel polymorphic
Form o of efavirenz. The process includes:
a) dissolving efavirenz in a mixture of one or more halogenated hydrocarbons
and one or more hydrocarbon organic solvents to form a solution;

b) partially concentrating the solution; and
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c) isolating Form a. of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
Efavirenz is first dissolved in a mixture of one or more halogenated hydrocarbons and one
or more hydrocarbon organic solvents. The one or more halogenated hydrocarbon
solvents may include dichloromethane, 1,1,1-trichloroethane, tetrachloroethylene and
trichloroethylene. The one or more hydrocarbon organic solvents may include Cs.; alkane,
petroleum ether and cycloalkane. The solution is partially concentrated under a vacuum.
The reaction mixture is stirred and the precipitated compound is filtered off to get Form o
of efavirenz having the characteristic XRPD (Figure 1) and DSC (Figure 2) patterns.

Also provided herein is a process for the preparation of novel polymorphic Form o
of efavirenz. The process includes:

a) treating efavirenz with one or more Cs.7 alkanes, petroleum ethers or Cs;

cycloalkane solvents; and

b) isolating Form o, of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is treated with one or more Cs.7 alkanes, petroleum ethers or Cs;
cycloalkane solvents. The reaction mixture is stirred at a lower temperature and the
precipitated compound is filtered off to get Form o of efavirenz having the characteristic

XRD (Figure 1) and DSC (Figure 2) patterns.

Also provided in the present invention is a novel polymorphic Form 8 of efavirenz
having typical XRPD pattern as depicted in Figure 3 of the accompanying drawing. The
XRPD of Form B shows characteristic 20 values at 10.24, 11.18, 11.68, 12.30, 15.20,
16.40, 17.60, 18.56, 19.08, 19.82, 20.34, 20.62, 20.98, 21.36, 22.86, 23.52, 24.52, 24.78,
25.62,26.10, 26.78, 27.38, 28.24, 28.64, 29.12, 31.04, 31.60, 33.10, 33.52, 34.54, 34.76,
35.56, 36.14, 36.58, 37.50, 38.30, 38.66, 39.54 and 39.68. The novel polymorphic form f3
has a characteristic DSC thermogram as depicted in Figure 4 of the accompanying

drawing. The DSC thermogram shows two characteristic endothermic peaks at 105°C -

" 110°C and at 135°C - 140°C.

Also provided herein is a process for the preparation of novel polymorphic Form 3

of efavirenz. The process includes:
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10
a) dissolving efavirenz in one or more water miscible organic solvents to form
a solution;
b) adding the solution to a mixture of one or more water miscible organic

solvents and water to form a mixture;
c) stirring the reaction mixture at a temperature of about 0°C or less; and
d) isolating Form B of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is first dissolved in one or more water miscible organic solvents to form a
solution. The solution is added to a mixture of one or more water miscible organic
solvents and water to form a mixture. The resultant mixture is stirred at a temperature of
about 0°C or less. The one or more water miscible organic solvents may include
methanol, ethanol, acetone, acetonitrile, dimethylsulfoxide, dimethylformamide and
dioxane. After complete precipitation of solids, the mass is filtered and the product
obtained is dried under vacuum at about 30°C - 35°C to get Form B of efavirenz having the

characteristic XRPD (Figure 3) and DSC (Figure 4) patterns.

Also provided in the present invention is the novel polymorphic Form vy of
efavirenz having typical XRPD pattern as depicted in Figure 5 of the accompanying
drawing. The XRPD of Form y shows characteristic 20 values at 6.10, 9.82, 10.98, 12.24,
12.68, 13.10, 14.16, 15.72, 16.20, 16.90, 18.0, 18.44, 18.76, 19.22, 19.40, 19.78, 20.12,
20.70, 21.30, 21.92, 22.20, 23.20, 23.38, 24.12, 24.70, 25.04, 26.22, 26.58, 27.30, 27.96,
28.10, 28.44, 28.54, 29.02, 29.48, 30.82, 31.02, 31.58, 32.02, 32.46, 32.78, 32.94, 37.78
and 37.96. The novel polymorphic Form y has characteristic DSC thermogram as
depicted in Figure 6 of the accompanying drawing. The DSC thermogram shows two
characteristic endothermic peaks at 75°C - 95°C and at 120°C - 140°C.

Also provided is a process for the preparation of the novel polymorphic Form y of

efavirenz. The process includes:

a) dissolving efavirenz in one or more polar aprotic solvents to form a
solution;
b) adding the solution to a salt solution; and

c) isolating Form y of efavirenz from the reaction mass thereof.
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The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is first dissolved in one or more polar aprotic solvents to form a solution.
The solution is added to a salt solution. The resultant mass is stirred and filtered off. The
product obtained is dried under vacuum at about 35°C - 40°C to get Form y of efavirenz

having the characteristic XRPD (Figure 5) and DSC (Figure 6) patterns.

Also provided in the present invention is the novel polymorphic Form y1 of
efavirenz having typical XRPD pattern as depicted in Figure 7 of the accompanying
drawings. The XRPD of Form y1 shows characteristic 20 values at 6.14, 6.26, 10.50,
11.00, 12.28, 13.08, 13.26, 14.24, 15.30, 15.64, 16.68, 16.94, 17.90, 18.32, 18.54, 19.26,
19.70, 20.16, 21.24, 21.98, 22.10, 22.32, 23.16, 24.56, 24.94, 25.62, 26.06, 26.42, 27.26,
27.50, 28.18, 28.74, 29.26, 29.62, 30.84, 31.64, 32.38 and 37.40. The novel polymorphic
Form y1 has characteristic DSC thermogram as depicted in Figure 8 of the accompanying

drawings. The DSC thermogram shows one characteristic endothermic peak at 130°C -
142°C.

Also provided herein is a process for the preparation of novel polymorphic Form

v1 of efavirenz. The process includes:

a) dissolving efavirenz in one or more lower alkanols to form a solution;

b) adding the solution to a mixture of one or more lower alkanols and salt
solution;

c) stirring the resultant reaction mass for a period not exceeding 1 hour; and

d) isolating Form y1 of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is first dissolved in one or more lower alkanols to form a solution. The
solution is added to a mixture of one or more lower alkanols and water. The resultant
mass is stirred for a period not exceeding 1 hour followed by filtration. The sticky product
obtained gradually solidifies which is then dried under vacuum at about 30°C to get Form
v1 of efavirenz having the characteristic XRPD (Figure 7) and DSC (Figure 8) patterns.

Also provided in the present invention is the novel polymorphic Form y2 of
efavirenz having typical XRPD pattern as depicted in Figure 9 of the accompanying
drawings. The XRPD of Form y2 shows characteristic 20 values at 12.12, 12.38, 12.98,
13.16, 15.64, 16.90, 17.22, 18.14, 18.42, 18.76, 19.34, 19.48, 19.90, 20.06, 20.32, 21.18,
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21.74, 22.04, 23.08, 23.30, 23.98, 24.42, 24.60, 24.94, 25.34, 26.14, 26.36, 27.06, 27.30,
28.04, 28.38, 28.98, 29.24 and 31.64. The novel polymorphic Form o2 has characteristic
DSC thermogram as depicted in Figure 10 of the accompanying drawings. The DSC

thermogram shows one characteristic endothermic peak at 130°C - 140°C.

Also provided herein is a process for the preparation of novel polymorphic Form

v2 of efavirenz. The process includes:

a) dissolving efavirenz in one or more lower alkanols to form a solution;

b) adding the solution to a mixture of one or more lower alkanols and salt
solution;

c) stirring the resultant mass for a period over about 1.5 hours; and

d) isolating Form y2 of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is first dissolved in one or more lower alkanols. The solution is added to a
mixture of one or more lower alkanols and water. The resultant mass is stirred for a
period over about 1.5 hours and then filtered. The product obtained is dried under vacuum
at about 30°C - 35°C to get Form 2 of efavirenz having the characteristic XRPD (Figure
9) and DSC (Figure 10) patterns.

Also provided in the present invention is the novel polymorphic Form o of
efavirenz having typical XRPD pattern as depicted in Figure 11 of the accompanying
drawings. The XRPD of Form o shows characteristic 26 values at 4.98, 9.98, 11.26,
11.64, 12.06, 14.88, 15.02, 16.64, 17.18, 17.54, 18.06, 18.66, 19.02, 19.72, 20.40, 20.78,
21.18, 21.58, 21.72, 22.10, 22.66, 23.40, 23.86, 24.32, 24.74, 25.30, 25.82, 26.04, 26.42,
26.76, 27.60, 28.12, 28.44, 29.04, 29.82, 37.66 and 37.78. The novel polymorphic Form
® has characteristic DSC thermogram as depicted in Figure 13 of the accompanying
drawings The DSC thermogram shows two characteristic endothermic peaks at 92°C -
105°C and 135°C - 142°C.

Also provided herein is a process for the preparation of the novel polymorphic

Form o of efavirenz. The process includes:

a) dissolving efavirenz in one or more water miscible organic solvents to form

a solution;
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b) adding the solution to a mixture of one or more water miscible alkanols and
water to form a mixture;
c) stirring the reaction mixture at a temperature between about 2°C and about
10°C; and
d) isolating Form @ of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is first dissolved in one or more water miscible alkanols to form a solution.
The solution is added to a mixture of one or more water miscible alkanols and water to
form a mixture. The resultant mixture is stirred at a temperature about 2°C and about
10°C. After complete precipitation of the solids, the mass is filtered and the product
obtained is dried under vacuum at about 30°C -35°C to get Form o of efavirenz having the

characteristic XRPD (Figure 11) and DSC (Figure 13) patterns.

Also provided in the present invention is a process for the preparation of

polymorphic Form @ of efavirenz. The process includes:

a) dissolving efavirenz in one or more water miscible organic solvents to form
a solution;
b) treating the solution a mixture of water, one or more water miscible organic

solvents and one or more agents for lowering the freezing point of water to

precipitate out a solid;
c) treating the solid with water; and
d) isolating Form o of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is dissolved in one or more water miscible alkanols to form a solution. The
solution is added to a mixture of water, one or more water miscible organic solvents and
one or more agents for lowering the freezing point of water. The water miscible organic
solvents may include methanol, ethanol, n-propanol and isopropanol. The agent for
Jlowering the freezing point of water may be an alkali metal salt or an alkaline earth metal
salt. The resultant mixture is stirred at a temperature of about —10°C or less. After
complete precipitation of solids, the solid is filtered and treated with water at a

temperature between about 0°Cand about 10°C accompanied by stirring. The solid
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obtained is dried under vacuum to get Form o of efavirenz having the characteristic

XRPD (Figure 12).

Also provided in the present invention is the novel polymorphic Form & of
efavirenz having typical XRPD pattern as depicted in Figure 14 of the accompanying
drawing. The XRPD of Form & shows characteristic 26 values at 7.18, 11.32, 12.12,
12.64,13.04, 13.44, 13.86, 14.44, 15.12, 15.44, 16.38, 17.00, 18.92, 19.56, 20.08, 20.58,
21.80, 22.14, 22.94, 23.92, 24.66, 25.42, 26.02, 26.72, 27.32, 27.86, 28.02, 29.22, 29.96,
30.72, 31.74, 32.40, 32.74 and 39.06. The novel polymorphic Form & has the
characteristic DSC thermogram as depicted in Figure 15 of the accompanying drawings.
The DSC thermogram shows two characteristic endothermic peaks at 85°C - 95°C and
135°C - 142°C.

Also provided herein is a process for the preparation of novel polymorphic Form 6

of efavirenz. The process includes:

a) dissolving efavirenz in one or more halogenated hydrocarbons to form a
solution;
b) adding the solution to a second organic solvent including one or more of

Cs.y alkane, cycloalkane, and petroleum ether; and
c) isolating Form 8 of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is first dissolved in one or more halogenated hydrocarbons including
dichloromethane, chloroform, ethylene dichloride, ethylene dibromide and mixtures
thereof. The solution is added to a second organic solvent including one or more of Cs.;
alkane, Cs; cycloalkane, and petroleum ether. The resultant mixture is stirred at a low
temperature of about -50°C to 15°C. The reaction mass can be partially concentrated to
about half of its volume to effect precipitation. Addition of seed of Form § of efavirenz
can also be effectively employed to improve the crystallization. After complete
precipitation of solids, the mass is filtered and the product obtained is dried under vacuum
to get Form & of efavirenz having the characteristic XRPD (Figure 14) and DSC (Figure
15) patterns.
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Also provided in the present invention is amorphous efavirenz having an XRPD
pattern as shown in Figure 16 of the accompanying drawings. The amorphous efavirenz

may be prepared by the following process:

a) dissolving efavirenz in one or more water miscible organic solvents to form
5 a solution;

b) adding the solution to a second solution of one or more inorganic salts; and

c) isolating amorphous efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.

The efavirenz is first dissolved in one or more organic solvents. The solution is added to a
10  second solution of one or more inorganic salts to form a mixture. The resultant mixture is

stirred at a temperature of about —50°C to 15°C. Optionally, the reaction mass may be

partially éoncentrated to about half of its volume under cooling to effect precipitation.

After complete precipitation of solids, the mass is filtered, washed and the product

obtained is dried to get amorphous efavirenz having the characteristic XRPD (Figure 16)
15  pattern.

The inorganic salt may include one or more of water soluble salts of magnesium,
potassium, calcium or sodium. Chloride salts of calcium, potassium and sodium may also

be used.

Also provided in the present invention is a process for the preparation of

20  amorphous efavirenz. The process includes:

a) dissolving efavirenz in one or more organic solvents to form a solution;
b) recovering the solvent from the solution; and
) isolating amorphous efavirenz from the mass thereof.

The efavirenz starting material is dissolved in one or more organic solvents and the
25  solution is concentrated optionally under a vacuum. The organic solvent may be
dichloromethane or methanol. The residue obtained is further dried and recovered to get

amorphous efavirenz.

Also provided in the present invention is the polymorphic Form O of efavirenz,

which exhibits a typical XRPD pattern as depicted in Figure 17 of the accompanying
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drawings. The XRPD of Form O of efavirenz shows characteristic 20 values at 3.92, 7 .88,
10.70, 11.20, 11.40, 12.04, 12.86, 13.16, 13.80, 14.38, 15.08, 15.78, 16.46, 17.26, 17.46,
18.44, 19.58, 20.20, 20.86, 21.26, 21.50, 21.92, 22.14, 22.34, 22.96, 23.74, 24.58, 25.38,
26.02, 26.48, 26.90, 27.24, 27.62, 27.86, 28.00, 28.64 and 28.96.

Also provided herein is a process for the preparation of Form O of efavirenz. The

process includes:

a) dissolving efavirenz in one or more water miscible organic solvents to form
a solution;
b) removing the solvent from the solution;

c) grinding the product obtained in step b) between two surfaces; and
d) isolating Form O of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
The efavirenz is dissolved in one or more water miscible organic solvents including
methanol, ethanol, isopropanol, acetonitrile, acetone, tetrahydrofuran and 1,4-dioxane or
mixtures thereof. The solvent may be removed from the resultant solution optionally
under vacuum and the product obtained is then subjected to grinding between two

surfaces, which can be further dried under vacuum to get Form O of efavirenz.

Also provided in the present invention is the polymorphic Form N of efavirenz.
The Form N of efavirenz exhibits a typical X-Ray Powder diffraction (XRPD) pattern as
depicted in Figure 18 of the accompanying drawing. The XRPD of Form N exhibits
characteristic 20 values at 7.84, 13.12, 15.04, 18.40, 19.54, 20.82, 25.30 and 25.96. Form
N of efavirenz is further characterized by a XRPD pattern comprising 26 values at 3.9,
7.84,10.66, 12.00, 12.80, 13.12, 15.04, 15.74, 17.40, 18.40, 19.54, 20.82, 22.88, 23.68,
24.96, 25.30, 25.96, 26.86, 27.16, 27.92 and 28.90. The Fourier Transform Infrared
(FTIR) spectrum of Form N of efavirenz in potassium bromide is depicted in Figure 21 of
the accompanying drawings. The novel polymorphic Form N has characteristic DSC
thermogram as depicted in Figure 20 of the accompanying drawings. The DSC
thermogram shows two characteristic endothermic peaks at 85°C - 100°C and 132°C -
144°C.
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Also provided herein is a process for the preparation of Form N of efavirenz. The

process includes:
a) treating Form O of efavirenz with water; and
b) isolating Form N of efavirenz from the reaction mass thereof.

Form O of Efavirenz is stirred in water at a low temperature for sufficient time to
produce Form N. The resultant mixture is filtered and dried optionally under vacuum to

get Form N of efavirenz having the characteristic XRPD (Figure 18) pattern.

Also provided in the present invention is a process for the preparation of

polymorphic Form N of efavirenz. The process includes:

a) mixing Form @ of efavirenz with a catalytic quantity of Form N of

efavirenz to form a mixture;
b) drying the mixture under a vacuum for sufficient time; and
c) isolating Form N of efavirenz from the reaction mass thereof.

The starting compounds such as Form o and Form N of efavirenz can be prepared
by the methods provided in the present invention. Form o of efavirenz is nﬁxed with
catalytic quantity of Form N of efavirenz. The mixture is placed in a flask and a vacuum
is applied to the mixture for sufficient time to effect the formation of Form N. The
vacuum can be applied so as to obtain a pressure of 5 mmHg or less. The process can also
be accompanied by the rotation of the flask. The flask can be rotated at a speed of 10 to
100 revolutions per minute. The process is carried out at a temperature of about 10°C or
less. Further drying is optionally carried out under vacuum at 30°C to 45°C. Form N of
efavirenz having characteristic XRPD (Figure 19) pattern is isolated from the reaction

mass.

Also provided in the present invention is polymorphic Form P of efavirenz having
the typical XRPD pattern as depicted in Figure 22 of the accompanying drawing. The
XRPD of Form P of efavirenz shows characteristic 20 values at 8.6 and 24.66. The
polymorphic Form P is further characterized by an XRPD pattern comprising 26 values at
3.90, 7.84, 8.68, 10.66, 10.82, 11.22, 11.42, 12.00, 12.42, 12.78, 13.12, 13.66, 14.30,
14.42,15.04, 15.22, 15.74, 16.34, 16.58, 16.84, 17.40, 17.90, 18.38, 18.56, 19.52, 20.80,
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21.46,21.74,22.18,22.88, 23.82, 24.34, 24.66, 25.28, 25.94, 26.20, 26.86, 27.14, 27.92,
28.44 and 28.88.

Also provided herein is a process for the preparation of Form P of efavirenz. The

process includes:

a) dissolving efavirenz in one or more water miscible organic solvents to form

a solution;
b) adding the solution to a mixture of Form N in water; and
c) isolating Form P of efavirenz from the reaction mass thereof.

The efavirenz starting material may be prepared by any method known in the art.
A solution of efavirenz may be prepared in one or more water miscible organic solvents
including methanol, ethanol, isopropanol, acetonitrile, acetone, tetrahydrofuran, 1,4-
dioxane, and mixtures thereof. The solution is then added to a mixture of Form N in

water. The precipitated solids are filtered and dried suitably to get Form P of efavirenz. -

Also provided in the present invention are pharmaceutical compositions of Forms
o, ([3, y,wyl, Y2, ®, 0, N, O and P of efavirenz. The pharmaceutical compositions may

include one or more pharmaceutically acceptable excipients.

Also provided in the present invention are methods of treating HIV-1 infections.
The method includes administering to a mammal in need thereof a therapeutically
effective amount of one or more of polymorphic Forms a, B, v, 1, 72, ®, 8, N, O and P of

efavirenz.

Powder XRPD of the samples were determined by using X-Ray Diffractometer,
Rigaku Corporation, RU-H3R, Goniometer CN2155A3, X-Ray tube with Cu target anode,
Divergence slits 1 0, Receiving slit 0.15mm, Scatter slit 1°, Power: 40 KV, 100 mA,
Scanning speed: 2 deg/min step: 0.02 deg, Wavelength: 1.5406 A.

FT-IR of the samples were determined by using as the instrument a Perkin
Elmer,16 PC, SCAN: 16scans, 4.0 cm'l, according to the USP 25, general test methods
page 1920, infrared absorption spectrum by potassium bromide pellet method.

DSC thermograms were recorded using DSC821 e, Mettler Toledo, Sample
weight: 3-5 mg, Temperature range: 50-350°C, Heating rate: 20°C/min, Nitrogen 80.0

mL/min, Number of holes in the crucible: 1.
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EXAMPLE 1

PREPAR%}TION OF FORM o OF EFAVIRENZ

Efavirenz (1.0 gm) was dissolved in dichloromethane (4 ml) and hexane (50 ml)
was added to the solution obtained. 25 ml of the reaction mixture was evaporated under
vacuum at 40°C and 5 ml under vacuum at 25°C. The reaction mixture was stirred for 10

minutes and the precipitated compound was filtered off to get the title compound.
Yield: 0.53 gm
EXAMPLE 2
PREPARATION OF FORM o OF EFAVIRENZ

Efavirenz (5.0 gm) was dissolved in cyclohexane by heating to 5 5°C. The solution
was cooled to 45°C and was seeded with Form o.. The solution was further cooled to 25°C
and again seeded with Form .. The resultant mass was stirred at 7°C for 20 minutes and
filtered to get the title compound.

Yield: 3.5 gm
EXAMPLE 3
PREPARATION OF FORM B OF EFAVIRENZ |

Efavirenz (5 gm) was dissolved in methanol (5 ml) under stirring. This solution
was added drop-wise into a pre-cooled mixture of water (150 ml) and methanol (15 ml)
while maintaining the temperature below -6°C. The resultant mass was stirred at -5 °C for
about 3 hours and the separated solids were filtered. The solids were dried in a vacuum

oven at a temperature of 30° to 35°C for 6 hours to get the title compound.
Yield: 4.2 gm
EXAMPLE 4
PREPARATION OF FORM y OF EFAVIRENZ

Efavirenz (1.0 gm) was dissolved in N,N-dimethylformamide (1.0 ml) under
stirring. This solution was added drop-wise into a sodium chloride solution (15%) at

25°C. The resultant mass was stirred at the same temperature for about 5 hours and the
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separated solid was filtered and washed with water. The solid was dried in a vacuum oven

at a temperature of 35°Cto 40°C for 2 hours to get the title compound.
Yield: 0.7 gm
EXAMPLE 5
PREPARATION OF FORM y; OF EFAVIRENZ

Efavirenz (1.0 gm) was dissolved in methanol (1.0 ml) under stirring. This
solution was added drop-wise into a pre-cooled mixture of 15% sodium chloride in water
(30 ml) and methanol (3 ml) while maintaining the temperature below -8°C. The resultant
mass was stirred at -5°C for about 10 minutes followed by filtration and washing with
water. The sticky compound solidified after 2 hours was dried in vacuum oven at 30°C for

6 hrs to get the title compound.
Yield: 0.8 gm
EXAMPLE 6
PREPARATION OF FORM Y, OF EFAVIRENZ

Efavirenz (1.0 gm) was dissolved in methanol (1.0 ml) under stirring. This
solution was added drop-wise into a pre-cooled mixture of 15% sodium chloride in water
(30 ml) and methanol (3 ml) while maintaining the temperature below -8°C. The resultant
mass was stirred at -8°C to 5°C for about 3 hours followed by filtration and washing with
water. The solid was dried in a vacuum oven at a temperature of 30°Cto 35°C for 6 hours

to get the title compound.
Yield: 0.82 gm
EXAMPLE 7
PREPARATION OF FORM o OF EFAVIRENZ

Efavirenz (10.0 gm) was dissolved in methanol (10.0 ml) under stirring. This
solution was added drop-wise into a pre-cooled mixture of water (150 ml) and methanol
(15 ml) while maintaining the temperature below -6°C. The resultant mass was stirred at
2°C to 3°C for about 3 hours and the separated solid was filtered. The solid was dried in a

vacuum oven at a temperature of 30°Cto 35°C for 6 hours to get the title compound.

Yield: 9.10 gm
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EXAMPLE 8
PREPARATION OF FORM o OF EFAVIRENZ

A solution of efavirenz (49.17 gm) in methanol (300 ml) was prepared and a
mixture of sodium chloride (150 gm), methanol (150 ml) and water (1250 ml) at a
temperature of —14°C was added over a period of 10 minutes. The resulting solution was
stirred at —16°C to —20°C for 2 hours, filtered and washed with cold water (1000 ml, 3°C to
5°C). The solid obtained was made into slurry with cold water (1250 ml, 3°C to 5°C) and
stirred for 15 minutes. The solid was filtered and washed again with cold water (50 ml,

3°C to 5°C) to obtain the title compound.
Yield: 48.5 gm
EXAMPLE 9
PREPARATION OF FORM 8 OF EFAVIRENZ

To a solution of efavirenz (3.0 gm) in dichloromethane (12 ml) n-hexane (150 ml)
was added. The resulting mass was cooled to 4°C in ice water bath for 5 minutes.
Without heating the mixture, 75 ml of solvent was recovered from the reaction mixture
under vacuum (45 mm), during which period the compound precipitated was filtered to get

the title compound.
Yield: 2.5 gm
EXAMPLE 10
PREPARATION OF FORM & OF EFAVIRENZ

A solution of efavirenz (1.0 gm) in dichloromethane (1.0 ml) was added drop-wise
to a pre-cooled (-10°C) mixture of n-pentane (10 ml) and n-hexane (17 ml). The mixture
was stirred for 1 hour at -10°C and filtered to get the title compound.

Yield: 0.85 gm
EXAMPLE 11
PREPARATION OF FORM & OF EFAVIRENZ

Form & seed (0.1 gm) was added to a pre-cooled n-pentane (60 ml) at -15°C
followed by the addition of a solution of efavirenz (3 gm) in dichloromethane (3 ml). The
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mass was cooled further to -40°C, stirred for 45 minutes at -40°C to -35°C and filtered to
get the title compound.

Yield: 2.8 gm
EXAMPLE 12
PREPARATION OF AMORPHOUS EFAVIRENZ

A mixture of efavirenz (4.0 gm) in methanol (12 ml) was added to a solution of
calcium chloride (18.0 gm), water (120 ml) and methanol (24 ml) cooled to about —18°C.
The resultant mixture was stirred at -23°C to -20°C for 2 hours and filtered. The product

was washed with water and dried at room temperature to get the title compound.
Yield: 3.6 gm
EXAMPLE 13
PREPARATION OF AMORPHOUS EFAVIRENZ

A mixture of efavirenz (4.0 gm) in methanol (16 ml) was added to a solution of
sodium chloride (15% in water) at about -5°C. The resultant mixture was cooled to about -
20°C and stirred for 2.5 hours. The separated product was filtered, washed with water and
dried in vacuum desiccator at room temperature for 24 hours and further dried at 40°C for

24 hours to get the title compound.
Yield: 3.75 gm
EXAMPLE 14
PREPARATION OF AMORPHOUS EFAVIRENZ

Efavirenz (5 gm) was dissolved in methanol (50 ml), the solvent was recovered
under vacuum, and the resultant residue was kept under vacuum for further 1 to 2 hours at
40°C. The product was removed and dried at 25°C under vacuum to get the title

compound.

Yield: 3 gm
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EXAMPLE 15
PREPARATION OF AMORPHOUS EFAVIRENZ

Efavirenz (5 gm) was dissolved in dichloromethane (50 ml) and the solvent was
recovered under vacuum. The resultant residue was kept under vacuum for a further 1 fo 2
hours at 40°C. The product was removed and dried at 25°C under vacuum to gét the title

compound.
Yield: 4.3 gm
EXAMPLE 16
PREPARATION OF FORM O OF EFAVIRENZ

Efavirenz (20 gm) was dissolved in methanol (200 ml) at 25°C. Methanol was
recovered completely from the resulting solution under vacuum at 38°C. The product
obtained was further dried under vacuum at 25°C for 15 hours. The resulting material was

ground further to obtain the title compound.
Yield: 8 gm
EXAMPLE 17
PREPARATION OF FORM N OF EFAVIRENZ

Form O of efavirenz (1.0 gm) as prepared by Example 1 was stirred in water (20
ml) at 10°C for 1.5 hours. The resultant mixture was filtered and dried at 40°C under

vacuum for 15 hours to obtain the title compound.
Yield: 0.2 gm
EXAMPLE 18
PREPARATION OF FORM N OF EFAVIRENZ

A mixture of Form o (48 gm) and Form N (10.1 gm) of efavirenz was loaded in a
2 L rotary evaporator flask and 4 Teflon coated magnetic beads were added. A high
vacuum (0 to 2 mmHg) was applied to the rotary evaporator and the evaporator flask was
dipped into ice water bath at 0°C to 2°C. The rotary evaporator flask was rotated at 20
rpm for 5 minutes and the speed was increased to 60 to 80 rpm. The rotation at 60 to 80

rpm under vacuum was continued for 5 hours at 0°C to 2°C. The solid was isolated from
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the walls of the flask and kept in vacuum oven at 38°C for 15 hours to get the title

compound.
Yield: 52.5 gm
PREPARATION OF FORM P OF EFAVIRENZ

Form N of efavirenz (0.2 gm) was added to water (40 ml) at 1°C and stirred for 2
minutes. Efavirenz (1.0 gm) in methanol (5.0 ml) was added to the above mixture over a
period of 25 minutes. The mixture obtained was further stirred for 30 minutes at 0° to

10 C, filtered and dried at 25°C under vacuum for 15 hours to get the title compound.

While the present invention has been described in terms of its specific
embodiments, certain modifications and equivalents will be apparent to those skilled in the
art and are included within the scope of the present invention. For example, the various
novel polymorphic Forms a, B, ¥, Y1, ¥2, ®, 8, N, O, and P of efavirenz, and the
amorphous form of efavirenz may be combined with one or more pharmaceutical
excipients and carriers to form a dosage form suitable for administration to a patient in
need thereof, such as a patient in need of treatment of an HIV-1 infection. The dosage
form may be any conventionally used dosage form, such as a tablet, capsule, injection,
intravenous, inhalation, powder, dispersible tablet, etc. As efavirenz is commonly
administered with addition therapeutic agents, the dosage forms of these novel
polymorphic forms of efavirenz may further include one or more additional therapeutic

agents suitable for the treatment of an HIV-1 infection.
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We Claim:

1.

A polymorphic Form o of efavirenz having a XRPD pattern wherein characteristic

20 values are obtained at 6.80, 12.76, 21.88 and 26.43.

The polymorphic form of claim 1, further comprising the characteristic 20 values
at 3.4, 11.96, 13.0, 13.16, 13.64, 14.36, 15.12, 15.92, 16.5, 17.2, 18.14, 19.06,
19.56, 19.84, 20.32, 20.70, 21.16, 22.22, 23.04, 23.50, 23.98, 24.34, 24.70, 24.86,
25.18, 25.76, 26.06, 27.52, 28.10, 28.88, 30.40, 31.04, 31.44, 32.32, 32.52, 32.90,
33.48, 34.46 and 38.02.

A polymorphic Form § of efavirenz having a XRPD pattern wherein characteristic
20 values are obtained at 11.18, 11.68, 20.98, and 27.38.

The polymorphic form of claim 3, further comprising the characteristic 26 values
at 10.24, 12.30, 15.20, 16.40, 17.60, 18.56, 19.08, 19.82, 20.34, 20.62, 21.36,
22.86, 23.52, 24.52, 24.78, 25.62, 26.10, 26.78, 28.24, 28.64, 29.12, 31.04, 31.60,
33.10, 33.52, 34.54, 34.76, 35.56, 36.14, 36.58, 37.50, 38.30, 38.66, 39.54 and
39.68.

A polymorphic Form v of efavirenz having a XRPD pattern wherein characteristic
20 values are obtained at 6.10, 18.44, 21.30, and 22.20.

The polymorphic form of claim 5, further comprising the characteristic 26 values
at 9.82, 10.98, 12.24, 12.68, 13.10, 14.16, 15.72, 16.20, 16.90, 18.0, 18.76, 19.22,
19.40, 19.78, 20.12, 20.70, 21.92, 23.20, 23.38, 24.12, 24.70, 25.04, 26.22, 26.58,
27.30, 27.96, 28.10, 28.44, 28.54, 29.02, 29.48, 30.82, 31.02, 31.58, 32.02, 32.46,
32.78,32.94, 37.78 and 37.96.

A polymorphic Form y1 of efavirenz having a XRPD pattern wherein
characteristic 20 values are obtained at 6.14, 6.26, 21.24, and 24.94.

The polymorphic form of claim 7, further comprising the characteristic 26 values
at 10.50, 11.00, 12.28, 13.08, 13.26, 14.24, 15.30, 15.64, 16.68, 16.94, 17.90,
18.32, 18.54, 19.26, 19.70, 20.16, 21.98, 22.10, 22.32, 23.16, 24.56, 25.62, 26.06,
26.42, 27.26, 27.50, 28.18, 28.74, 29.26, 29.62, 30.84, 31.64, 32.38 and 37.40.
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A polymorphic Form 72 of efavirenz having a XRPD pattern wherein
characteristic 20 values are obtained at 21.18, 21.74, 22.04, and 31.64.

The polymorphic form of claim 9, further comprising the characteristic 20 values
at 12.12, 12.38, 12.98, 13.16, 15.64, 16.90, 17.22, 18.14, 18.42, 18.76, 19.34,
19.48, 19.90, 20.06, 20.32, 23.08, 23.30, 23.98, 24.42, 24.60, 24.94, 25.34, 26.14,
26.36, 27.06, 27.30, 28.04, 28.38, 28.98, and 29.24.

A polymorphic Form o of efavirenz having a XRPD pattern wherein characteristic

20 values are obtained at 9.98, 20.40, 22.66, and 28.12.

The polymorphic form of claim 11, further comprising the characteristic 26 values
at 4.98, 11.26, 11.64, 12.06, 14.88, 15.02, 16.64, 17.18, 17.54, 18.06, 18.66, 19.02,
19.72,20.78,21.18, 21.58, 21.72, 22.10, 23.40, 23.86, 24.32, 24.74, 25.30, 25.82,
26.04, 26.42, 26.76, 27.60, 28.44, 29.04, 29.82, 37.66 and 37.78.

A polymorphic Form § of efavirenz having a XRPD pattern wherein characteristic

20 values are obtained at 7.18, 13.44, 22.94, and 26.02.

The polymorphic form of claim 13, further comprising the characteristic 20 values
at 11.32,12.12, 12.64, 13.04, 13.86, 14.44, 15.12, 15.44, 16.38, 17.00, 18.92,
19.56, 20.08, 20.58, 21.80, 22.14, 23.92, 24.66, 25.42, 26.72, 27.32, 27.86, 28.02,
29.22,29.96, 30.72, 31.74, 32.40, 32.74 and 39.06.

Amorphous efavirenz.

A polymorphic Form O of efavirenz having a XRPD pattern wherein characteristic

26 values are obtained at 13.16, 19.58, 20.86, and 25.38.

The polymorphic form of claim 16, further comprising the characteristic 20 values
at 3.92, 7.88, 10.70, 11.20, 11.40, 12.04, 12.86, 13.80, 14.38, 15.08, 15.78, 16.46,
17.26, 17.46, 18.44, 20.20, 21.26, 21.50, 21.92, 22.14, 22.34, 22.96, 23.74, 24.58,
26.02, 26.48, 26.90, 27.24, 27.62, 27.86, 28.00, 28.64 and 28.96.

A polymorphic Form N of efavirenz having a XRPD pattern wherein characteristic
20 values are obtained at 13.12, 18.40, 20.82, and 25.30.
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20.

21.

22.

23,

24,

25.

27

The polymorphic form of claim 18, further comprising the characteristic 20 values
at 3.9, 7.84, 10.66, 12.00, 12.80, 15.04, 15.74, 17.40, 19.54, 22.88, 23.68, 24.96,
25.96, 26.86, 27.16, 27.92 and 28.90.

A polymorphic Form P of efavirenz having a XRPD pattern wherein characteristic
20 values are obtained at 13.12, 18.38, 20.80, and 25.28.

The polymorphic form of claim 20, further comprising the characteristic 20 values
at 3.90, 7.84, 8.68, 10.66, 10.82, 11.22, 11.42, 12.00, 12.42, 12.78, 13.66, 14.30,
14.42,15.04, 15.22, 15.74, 16.34, 16.58, 16.84, 17.40, 17.90, 18.56, 19.52, 21.46,
21.74,22.18, 22.88, 23.82, 24.34, 24.66, 25.94, 26.20, 26.86, 27.14, 27.92, 28.44
and 28.88.

A pharmaceutical composition comprising one or more of Forms
o, B, 7, v1, 72, @, 8, N, O or P of efavirenz, and one or more pharmaceutically

acceptable excipients.

The pharmaceutical composition of claim 22, wherein the pharmaceutical agent

further comprises one or more additional therapeutic agents.

A method of treating HIV-1 infections, the method comprising administering to a
mammal in need thereof a pharmaceutical composition comprising one or more
polymorphic Forms a, B, 7, 1, ¥2, ®, 8, N, O or P of efavirenz and one or more

pharmaceutically acceptable excipients.

The method of claim 24, wherein the method further comprises administering one

or more additional therapeutic agents with the efavirenz.
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