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NOVEL POLYMORPHS OF LOPINAVIR
FIELD OF THE INVENTION

The present invention provides a novel cyclohexane solvate form of

lopinavir, and a process for its preparation thereof. The present invention also

provides a novel desolvated crystailine form of lopinavir, process for its
preparation and to pharmaceutical composition containing it.
BACKGROUND OF THE INVENTION

Inhibitors of human immunodeficiency virus (HIV) protease have been

approved for use in the treatment of HIV infection for several years. A
particularly  effective HIV  protease inhibitor is (2S,3S,55)-2-(2,6-
dimethylphenoxyacetyl)amino-3-hydroxy-5-(2-1-tetrahydropyrimid-2-onyl)-3-
methylbutanoyl)amino-1,6-diphenylhexane, also known as Lopinavir. Lopinavir
is represented by the following structure.

H,C._ _CH
: : L0 CH,
e
N 0
) ] H
/K O | OH
N~ ~o H,C

'Lopinavir is known to have ability of inhibiting HIV protease and the HIV
infection. Lopinavir is particular effective for the inhibition of HIV protease and
for the inhibition of HIV infection when co administered with Ritonavir.

Lopinavir may be prepared using the procedures described in US Patent
No. 5,914,332. This patent also disclosed a process for the preparation of
amorphous lopinavir.

Pharmaceutical compositions comprising lopinavir or a pharmaceutically
acceptable salt thereof were disclosed in US Patent No. 5,914,332.

Polymorphism is defined as "the ability of a substance to exist as two or
more crystalline phases that have different arrangement and /or conformations

of the molecules in the crystal Lattice. Thus, in the strict sense, polymorphs are
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different crystalline forms of the same pure substance in which the molecules
have different arrangements and / or different configurations of the molecules".
Different polymorphs may differ in their physical properties such as melting
point, solubility, X-ray diffraction patterns, etc. Although those differences
disappear once the compound is dissolved, they can appreciably influence
pharmaceutically relevant properties of the solid form, such as handling
properties, dissolution rate and stability. Such properties can significantly
influence the processingﬁ, shelf life, and commercial acceptance of a polymorph.
It is therefore important to investigate all solid forms of a drug, including all
polymorphic forms, and to determine the stability, dissolution and flow properties
of each polymorphic form. Polymorphic forms of a compound can be
distinguished in the laboratory by analytical methods such as X-ray diffraction
(XRD), Differential Scanning Calorimetry (DSC) and Infrared spectrometry (IR).

Solvent medium and mode of crystallization play very important role in
obtaining a crystalline form over the other.

Lopinavir can exist in different polymorphic forms, which differ from each
other in terms of stability, physical properties, spectral data and methods of
preparation.

WO Patent Publication No. 2001/74787 (herein after referred to as the
‘787 paten publication) described various polymorphic forms of lopinavir and
processes for their preparation. The Publication described the formation of
several polymorphic forms of lopinavir, which were designated lopinavir crystal
form of Type | hydrated, Type | higher hydrated, Type Il isopropanol
hemisolvate, Type 1l isopropanol solvate, Type Il ethyl acetate hemisolvate,
Type II ethyl acetate solvate, Type Il chioroform hemisolvate, Type Ill ethyl
acetate solvated, Type Il desolvated and Type IV non-solvated.

According to the ‘787 patent publication, Type | hydrated crystal form of
lopinavir (characterized by an X-ray powder diffraction pattern having peaks
expressed as 20 at about 7.25, 8.53, 10.46, 11.05, 11.71, 14.76, 15.30, 16.67,
17.32, 19.10, 19.57, 21.24, 21.84 and 22.46 + 0.1 degrees) can be prepared by
crystallization of lopinavir from solution or suspension in water or from solutions
in mixtures of water and water miscible organic solvents such as methanol,
ethanol and acetonitrile.

PCT/IN2009/000083
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According to the ‘787 patent publication, Type | higher hydrated crystal
form of lopinavir (characterized by an X-ray powder diffraction pattern having
peaks expressed as 26 at about 3.89, 6.55, 7.76, 8.55, 9.70, 10.58, 14.76,
15.57, 18.30, 18.95 and 22.74 + 0.1 degrees) can be prepared by crystallization
of hydrated lopinavir from a warm solution in a mixture of water and ethanol,
followed by extended exposure to an elevated relative humidity environment.

According to the 787 patent publication, Type Ili ethyl acetate solvated
crystal form of lopinavir (characterized by an X-ray powder diffraction pattern
having peaks expressed as 20 at about 4.85, 6.52, 7.32, 12.82, 12.96, 16.49
and 19.31 + 0.1 degrees) can be prepared by slow addition of an heptane to a
heated solution of lopinavir in the ethyl acetate, thereby inducing crystallization
and then isolation by filtration.

According to the ‘787 patent publication, Type Il desolvated crystal form
of lopinavir (characterized by an X-ray powder diffraction pattern having peaks
expressed as 26 at about 4.85, 6.39, 7.32, 8.81, 12.20, 12.81, 14.77, 16.45 and
17.70 = 0.1 degrees, and the DSC thermogram having a melting endotherm with
onset at 95 deg C and peak at 98 deg C) can be prepared by crystallization from
acetonifrile.

According to the ‘787 patent publication, Type IV non-solvated crystal
form of lopinavir (characterized by an X-ray powder diffraction pattern having
peaks expressed as 206 at about 6.85, 9.14, 12.88, 15.09, 17.74, 18.01 and
18.53 £ 0.1 degrees, and the DSC thermogram having a melting endotherm with
onset at 117 deg C and peak at 122 deg C) can be prepared from acetonitrile by
slow cooling and slow evaporation of a saturated solution or by exposure of
amorphous lopinavir to an acetonitrile atmosphere.

WO Patent Publication No. 2009/004653 disclosed a process for
preparing an amorphous form of lopinauvir.

We have discovered a stable novel desolvated crystalline form of
lopinavir and cyclohexane solvate of lopinavir.

One object of the present invention is to provide a novel cyclohexane
solvate form of lopinavir and a process for preparing it.

According to another object of the present invention is to provide a novel
desolvated crystalline form of lopinavir and a process for preparing it.

PCT/IN2009/000083
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Still another object of the present invention is to provide pharmaceutical
composition of a novel desolvated crystalline form of lopinavir.
SUMMARY OF THE INVENTION
In accordance with one aspect of the present invention, there is provided

lopinavir cyclohexane solvate, characterized by peaks in the powder x-ray
diffraction spectrum having 26 angle positions at about 4.9, 7.4, 13.4, 14.6, 17.5,
18.9 and 23.8 + 0.2 degrees.
In accordance with another aspect of the present invention, there is
provided a process for preparing lopinavir cyclohexane solvate which comprises:
a) dissolving lopinavir in an organic solvent;
b) removing the solvent from the solution obtained in step (a) to obtain a
residue.
¢) slurrying the residue obtained in step (b) with cyclohexane solvent; and
d) isolating lopinavir cyclohexane solvate.

In accordance with another aspect of the present invention, there is
provided a novel desolvated crystalline form of lopinavir designated as form H1
characterized by peaks in the powder x-ray diffraction spectrum having 26 angle
positions at about 5.6, 8.6, 13.8, 14.3, 19.2 and 19.5 + 0.2 degrees.

In accordance with another aspect of the present invention, there is
provided a process for the preparation of llopinavir desolvated crystalline form
H1, which comprises heating lopinavir cyclohexane solvate at above 80 deg C.

‘ In accordance with another aspect of the present invention, there is

provided a pharmaceutical composition comprising lopinavir desolvated
crystalline form H1 and a pharmaceutically acceptable excipient.
DETAILED DESCRIPTION OF THE INVENTION

In accordance with one aspect of the present invention, there is provided

lopinavir cyclohexane solvate, characterized by peaks in the powder x-ray
diffraction spectrum having 20 angle positions at about 4.9, 7.4, 13.4, 14.6, 17.5,
18.9 and 23.8 + 0.2 degrees. The powdered x-ray diffractogram (PXRD) of
lopinavir cyclohexane solvate is shown in figure 1.

In accordance With another aspect of the present invention, there is
provided a process for preparing lopinavir cyclohexane solvate which comprises:

a) dissolving lopinavir in an organic solvent;
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b) removing the solvent from the solution obtained in step (a) to obtain a
residue.

¢) slurrying the residue obtained in step (b) with cyciohexane solvent; and

d) isolating lopinavir cycloheaxne solvate.

The organic solvent used in step (a) is a solvent or mixture of solvents
selected from the group consisting of a chlorinated solvent, an alcoholic solvent
and a ketonic solvent. Preferable organic solvent is selected from
dichloromethane, methanol, ethanol and acetone, still more preferable organic
solvent is dichloromethane.

The distillation of the solvent may be carried out at atmospheric pressure
or at reduced pressure. The distillation may also preferably be carried out until
the solvent is almost completely distilled off.

The temperature at which slurrying is carried out is not critical and the
slurrying may conveniently be carried out at room temperature.

The isolation of lopinavir cyclohexane solvate may be performed by
conventional techniques such as centrifugation and filtration.

Lopinavir used in the process of the present invention may be in the form
of hydrated, non-solvated, amorphous, desolvated or solvated lopinavir. Thus,
for example, lopinavir amorphous form, lopinavir crystal form of type | hydrated,
lopinavir crystal form of type | higher hydrated, lopinavir crystal form of type i
ethyl acetate solvated, lopinavir crystal form of type 1l desolvated and lopinavir
crystal form of type IV non-solvated may be used.

It has surprisingly been found that steps (a) and (b) are also required for
obtaining lopinavir cyclohexane solvate.

In accordance with another aspect of the present invention, there is
provided a novel desolvated crystalline form of lopinavir designated as form H1
characterized by peaks in the powder x-ray diffraction spectrum having 26 angle
positions at about 5.6, 8.6, 13.8, 14.3, 19.2 and 19.5 + 0.2 degrees. The
powdered x-ray diffractogram (PXRD) of lopinavir desolvated crystalline form H1
is shown in figure 2.

Lopinavir desolvated crystalline form H1 of present invention is further
characterized by a Differential Scanning Calorimetry (DSC) thermogram as
shown in figure 3.

PCT/IN2009/000083
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The DSC thermogram of the lopinavir desolvated crystalline form H1
exhibits a melting small endotherm at about 111 deg C followed by a sharp
endotherm at about 115 deg C when differential scanning calorimetry is
performed with a scanning rate of 1 deg C per minute from 50 deg C to 150 deg
C. '

It has surprisingly been found that a novel lopinavir desolvated crystalline
form H1 can be obtained simply by heating the novel lopinavir cyclohexane
solvate. Thus, the novel lopinavir cyclohexane solvate constitutes useful
intermediate for preparing the novel lopinavir desolvated crystalline form H1.

In accordance with another aspect of the present invention, there is
provided a process for the preparation of lopinavir desolvated crystalline form
H1, which comprises heating lopinavir cyclohexane solvate at above 80 deg C.

Preferably heating may be performed at 80 deg C to 120 deg C. The
heating may be carried out until lopinavir cyclohexane solvate is completely
converted into lopinavir desolvated crystalline form H1.

In accordance with another aspect of the present invention, there is
provided a pharmaceutical composition comprising lopinavir desolvated
crystalline form H1 and a pharmaceutically acceptable excipient.

Preferable pharmaceutical composition of lopinavir desolvated crystalline
form H1 is an oral dosage form, comprising lopinavir desolvated crystalline form
H1.

BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is X-ray powder diffraction spectrum of lopinavir cyclohexane

solvate.

Figure 2 is X-ray powder diffraction spectrum of lopinavir desolvated
crystalline form H1.

Figure 3 is Differential scanning calorimetry (DSC) thermogram of
lopinavir desolvated crystalline form H1.

X-ray powder diffraction spectrum was measured on a bruker axs D8
advance X-ray powder diffractometer having a copper-Ka radiation.
Approximately 1gm of sample was gently flattered on a sample holder and
scanned from 2 to 50 degrees two-theta, at 0.03 degrees to theta per step and a
step of 0.5 seconds. The sample was simply placed on the sample holder. The
sample was rotated at 30 rpm at a voltage 40 KV and current 35 mA.

PCT/IN2009/000083
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DSC (Differential Scanning Calorimetry) measurements were performed
with a DSC Q10 (TA Instruments, Inc.). About 3 mg of the powder was placed in
an open aluminum pan and it was crimped with an aluminum lid. The crimped
sample was then placed in the DSC cell opposite to empty aluminum pan (as
reference) and the sample was scanned at 1 deg C/min from 50 deg C to 150
deg C.

The invention will now be further described by the following examples,
which are illustrative rather than limiting.

Examples
Example 1

Thiony! chloride (18 mi) was added to the mixture of 2S-(1-tetrahydro-
pyrimid-2-onyl)-3-methylbutanoic acid (25 gm), tetrahydrofuran (370 ml) and
dimethylformamide (2 ml) at 0 — 10 deg C and the mass was stirred for 1 hour
15 minutes. The mass was subjected to distillation under reduced pressure to
remove excess thionyl chloride, n-heptane (45 ml) was added to the residue
obtained and the solvent was distilled off. The reaction mass was slurried in
dimethylformamide (105 ml). (2S,3S,5S)-2-(2,6-dimethylphenoxyacetyl)amino-3-
hydroxy-5-amino-1,6-diphenylhexane (41 gm), imidazole (25 gm) and 4-
(dimethylamino)pyridine (1.5 gm) were dissolved in ethyl acetate (420 ml). To
the solution was added above slurried product at 0 — 10 deg C. The reaction
mass was maintained for 14 hours and then ethyl acetate (165 ml) and water
(250 ml) were added. The layers were separated, water (250 mi) was added to
the organic layer and the pH was adjusted to 2.0 — 3.0 with dilute hydrochloric
acid (6N HCI). The layers were separated, the organic layer was washed with
aqueous sodium bicarbonate and then with water. The ethyl acetate was
distilled off from the mass. The reaction mass was dissolved in ethyl acetate (80
ml) and n-heptane (80 ml) was added to the solution. The separated solid was
stirred with ethyl acetate (290 ml) for 8 hours, filtered and dried the solid to
obtain 33 gm of lopinavir ethyl acetate solvate.

Example 2

Lopinavir ethyl acetate solvate (5 gm) obtained as in example 1 was
dissolved in dichloromethane (50 ml), methylenedichloride layer was dried over
sodium sulfate and distilled off the solvent under vacuum at 45 deg C to obtain
residue. Cyclohexane (20 ml) was added to the residue, distilled off the solvent
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and the residue was collected. The residue obtained was taken in cyclohexane
(40 ml), stirred for 60 hours at 20 — 25 deg C, filtered, washed the solid with
cyclohexane (10 ml) and dried at 55 — 60 deg C for 3 hours to obtain 5 gm of
lopinavir cyclohexane solvate. .
Example 3

Lopinavir ethyl acetate solvate (5 gm) obtained as in example 1 was
dissolved in acetone (45 ml), acetone layer was dried over sodium sulfate and
distilled off the solvent under vacuum af 45 deg C to obtain residue.
Cyclohexane (20 ml) was added to the residue, distilled off the solvent and the

~ residue was collected. The residue obtained was taken in cyclohexane (35 ml),

stirred for 60 hours at 20 — 25 deg C, filtered, washed the solid with cyclohexane
(10 ml) and dried at 55 — 60 deg C for 3 hours to obtain 4.8 gm of lopinavir
cyclohexane solvate.
Example 4
Lopinavir (10 gm) was dissolved in dichloromethane (90 ml),
methylenedichloride layer was dried over sodium sulfate and distilled off the
solvent under vacuum at 45 deg C to obtain residue. To the residue was added
cyclohexane (50 ml), distilled off the solvent and the residue was collected. The
residue obtained was taken in cyclohexane (70 ml), stirred for 60 hours at 20 —
25 deg C, filtered, washed the solid with cyclohexane (20 ml) and dried at 55 —
60 deg C for 4 hours to obtain 9.5 gm of lopinavir cyclohexane solvate.
Example 5
Lopinavir cyclohexane solvate (5 gm) obtained as in example 2 was
heated at 90 deg C for 15 hours to obtain 4.2 gm of lopinavir desolvated
crystalline form H1.
Example 6
Lopinavir cyclohexane solvate (5 gm) obtained as in example 2 was
heated at 100 deg C for 10 hours to obtain 4.3 gm of iopinavir desolvated
crystalline form H1.

PCT/IN2009/000083
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We claim:

1. A lopinavir cyclohexane solvate, characterized by an X-ray powder
diffractogram having peaks expressed as 20 angle positions at about 4.9,
7.4,13.4, 14.6, 17.5, 18.9 and 23.8 % 0.2 degrees.

2. A lopinavir cyclohexane solvate, characterized by an x-ray powder
diffractogram as shown in figure 1.

3. A process for the preparation of lopinavir cyclohexane solvate as defined in
claim 1, which comprises:

a. dissolving lopinavir in an organic solvent;

b.  removing the solvent from the solution obtained in step (a) to obtain
aresidue.

c. slurrying the residue obtained in step (b) with cyclohexane solvent;
and

d. isolating lopinavir cyclohexane solvate.

4. The process as claimed in claim 3, wherein the solvent used in step (a) is a
solvent or mixture of solvents selected from a chlorinated solvent, an
alcoholic solvent and a ketonic solvent.

5. The process as claimed in claim 4, wherein the organic solvent used in step
(a) is selected from dichloromethane, methanol, ethanol and acetone.

6. The process as claimed in claim 4, wherein the organic solvent used in step
(a) is dichloromethane.

7. The process as claimed in claim 3, wherein the slurring in step (c) is carried
out at room temperature.

8.. The process as claimed in claim 3, wherein the lopinavir used is in the form
of hydrated, non-solvated, amorphous, desolvated or solvated lopinavir.

9. The process as claimed in claim 8, wherein the lopinavir used is in the form
of lopinavir amorphous form, lopinavir crystal form of type | hydrated,
lopinavir crystal form of type | higher hydrated, lopinavir crystal forrﬁ of type
lll ethyl acetate solvated, lopinavir crystal form of type lll desolvated and
lopinavir crystal form of type IV non-solvated.

10. A lopinavir desolvated crystalline form H1, characterized by an X-ray powder
diffractogram having peaks expressed as 20 angle positions at about 5.6,
8.6, 13.8, 14.3, 19.2 and 19.5 £ 0.2 degrees.
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A lopinavir desolvated crystalline form H1, characterized by an x-ray powder
diffractogram as shown in figure 2.

The lopinavir desolvated crystalline form H1 as claimed in claim 10, wherein
the lopinavir desolvated crystalline form H1 is further characterized by a
differential scanning calorimetry thermogram as shown in figure 3.

The process as claimed in claim 12, wherein the lopinavir desolvated
crystalline form H1 having a melting small endotherm at about 111 deg C
followed by a sharp endotherm at about 115 deg C.

A process for the preparation of lopinavir desolvated crystalline form H1 as
defined in claim 10, which comprises heating lopinavir cyclohexane solvate
at above 80 deg C.

The process as claimed in claim 14, wherein the heating is carried out at
about 80 deg C to 120 deg C.

A pharmaceutical composition comprising lopinavir desolvated crystalline
form H1 of claim 10 and a pharmaceutically acceptable excipient.

The pharmaceutical composition as claimed in claim 16, wherein the
pharmaceutical composition of lopinavir desolvated crystalline form H1 is an
oral dosage form.

The pharmaceutical composition as claimed in claim 17, wherein the oral
pharmaceutical dosage forms is a tablet, a solution or a capsule.
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