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& (57) Abstract: Disclosed herein is a process for preparing an amorphous form of (28,3 S58S)- 2-(2,6-dimethylphenoxyacetyl)-
amiho-3-hydroxy-5-(2-(1-tetrahydropyrimid-2-only)- 3-methylbutanoyl)-amino-1,6-diphenyl hexane(l.opinavir), wherein lopinavir
is dissolved in a solvent system, followed by removal of solvent employing drying technique and isolating the resultant pure amor-
phous form. Further process comprises of heating/drying the lopinavir at higher temperature to melt the solid and form uniform
liquid, which is subjected to cooling arid drying to give amorphous lopinavir.
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Process For Preparing An Amorphous Form Oof (ZS?3S,SS)-2-(2,6-
Dimethylphenoxyacetyl)-Amino—3—Hydr0xy—5—(2-(1—Tetrahydropyrimid-2-0nly)-
3-Methylbutanoyl)-Amino-i;6-Diphenyl Hexane And Product Thereof
Field of the Invention

This invention, in general felates to the field of Human Immunodeficiency

Virus (HIV) protease inhibitor. More particularly, the present invention provides a
novel process for preparing ‘an amorphous form of (28,35,58)-2-(2,6-
dimeﬂlylphenoxyacetyl)-amino-3—hydréxy—S-(Z-(1-tetrahydropyrimid—2—only)—3-
methylbutanoyl)—amino-1,6-dipheﬁyl’ hexane .(Lopinavir) and product thereof.

| "Background of the Invention

Retroviruses are those viruses which utilize a ribonucleic acid (RNA)
intermediate and a RNA-dependent deoxfribonucleic acid (DNA) polymerase,
reverse transcriptase, during their 1ife cycle. Retroviruses include, but are not limited
to, the RNA viruses of the Retroviridae fan_lily, and also the DNA viruses of the
Hepadnavirus and Caulimovirus fainilieé.

Retroviruses cause a variety of disease states in Man, animals and plants.
Some of the more important retrdviruses form a pathological standpoint include
human immunodeficiency viruses (HIV-i and ‘HIV-2) which cause Acquired Immune
Deficiency Syndrome (AIDS) in fnan, hunan T-cell lymphotrophic viruses I, II, IV
and V, which cause human acute ceill leukemia. | '

Inhibitors of human iminunodeﬁciency virus (HIV) protease have been
approved for use in the treatment of HIV infection for several years. A particularly
effective and recently approved HIV pr&gase inhibitor is (2S,3S,5S5)-2-(2,6-
dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2-(1 -tetrahydropyrirﬁid-2-on1y)—3 -
methylbutanoyl)-amino-1,6-diphenyl hexane, also known as Lopinavir.

Lopinavir is known to have ability of inhibiting HIV protease and the HIV
infection. Lopinavir is particularly éffective fc‘)r. the inhibition of HIV protease and for
the inhibition of HIV infection when co administered with Ritonavir.

US 5,914,332 patent discloses a piibcesé for the preparation of lopinavir. This patent
also discloses a process for the preparation of gmorphous lopinavir, wherein lopinavir
is crystallized from different cgmbinationé 0€"§olvents such as mixture of ethanol and
water, isopropyl alcohol and water, acetone and water & acetonitrile and water to

obtain amorphous lopinavir.
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The lopinavir obtained by d;ing the solvent mixtures, disclosed in the product
patent have the contamination With crystalline polymeric forms. The product patent
suggests that, crystallization method gives rﬁixture of crystalline forms along with
amorphous form. It is difficult fé get the pure amorphous form by the solvent
crystallization as given in the prior art

Therefore, there is a need to pro‘{/ide a process for preparing an amorphous
form of lopinavir free of any contaminations.

Objects and Summary of the Invention

It is a principal object of tﬁe present invention to provide a novel process for
preparing a pure form of an arﬁdrphous (2S,3S,55)-2-(2,6-dimethylphenoxyacetyl)-
amino-3-hydroxy-5-(2-(1-tetrahydropyrimid-2-only)-3-methylbutanoyl)-amino-1,6-
dipheny! hexane (Lopinavir).

It is another object of the present invention to provide a process for preparing
an amorphous (2S,3S,5S)-2-(2,6:aimethylphenoxyacetyl)-amino-3-hydroxy—S-(2-(1-
tetrahydropyrimid-2-only)-3-methylbutanoyl)-amino-1,6-diphenyl hexane (Lopinavir)
having improved stability. ‘

It is the further object of the present invention to provide a process for
preparing an  amorphous (28,3 S,55)-2-(2,6-dimethylphenoxyacetyl)-amino-3-
hydroxy-5-(2-(1-tetrahydropyrimid-2-only)-3-methylbutanoyl)-amino-1,6-diphenyl
hexane (Lopinavir) in higher yield and better quality.

The above and other objects of the present invention are further attained and
supported by the following embodiments described herein. However, the scope of the
invention is not restricted to the described embodiments herein after.

In accordance with a preferred embodiment of the present invention, there is
provided a process for preparing an ami)rphous form of (2S,3S,55)-2-(2,6-
dimethylphenoxyacetyl)—amino—3Jhydroxy-S—(Z'-(l-tetrahydropyrimid-2-only)-3-
methylbutanoyl)-amino-1,6-diphenyl hexane comprises of dissolving the 2S,38,5S)-2~
(2, 6-dimethylpheno'xyacetyl)-aminp—3 —hydroxﬁz-S -(2-(1-tetrahydropyrimid-2-only)-3-
methylbutanoyl)—amirio-1,6-dipheﬁy1 hexane \in a solvent system, distilling out the
remaining solvent from the résulfant solution employing a drying technique and
isolating the pure amorphous form of (23,3S,5S)-2-(2,6-dhnethy1pheﬁoxyacetyl)-
amino-3-hydroxy-5-(2-(1 -tetrahydrdpyﬁmid;ﬁ-bnly)& ~methylbutanoyl)-amino-1,6-
diphenyl hexane, wherein the drying is performed employing spray drying, freeze

2.
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drying or thin film drying to obtain the resultant amorphous without any
contaminations.

In accordance with another preferred embodiment of the present invention,
there is provided a process for preparing an amorphous form of (28,38,55)-2-(2,6-
dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2-(1-tetrahydropyrimid-2-only)-3-
methylbutanoyl)-amino-1,6-diphenyl hexane.-" comprises of heating or drying the
(28,38,58)-2-(2,6-dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2-(1-
tetrahydropyrimid—Z—only)~3-methylbutanqylj—amino-1,6-dipheny1 hexane at high
temperature and reduced pressure, cooling the resultant solution and isolating the pure
amorphous form of (28,3S,5S)-2+(2,6-dimethylphenoxyacetyl)-amino-3-hydroxy-5-
(2-(1-tetrahydropyrimid-2-only)-3-methylbutanoyl)-amino-1,6-diphenyl hexane,
wherein the heating/drying is performed until melt of the solid (28,3S,58)-2-(2,6-
dimethylphenoxyacetyl)-amino-3 ll'lydroxy-S -(2-(1-tetrahydropyrimid-2-only)-3-
methylbutanoyl)-amino~1,6-diphe:1:?.1yl hexane to obtain pure amorphous form.

Brief Description of the Drawing:'

Further objects of the present invention together with additional features
contributing thereto and advantages accruing there from will be apparent from the

following description of preferred embodiments of the invention which are shown in

the accompariy'mg drawing figures, wherein:

Figure 1 is XRD pattern of lopinévir émorphpus form.
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Detailed Description of the Present Invention

While this specification corl;cludes with claims particularly pointing out and
distinctly claiming that, which is reéarded as the invention, it is anticipated that the
invention can be more readily understood through reading the following detailed
description of the invention and study of the included examples.

The present invention relaf,es to process for the preparation of amorphous
(28,38,58)-2-(2,6-dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2-(1-
tetrahydropyrimid-2-only)-3 ~methy1butanoyl)—aﬁlino-l ,0-diphenyl hexane
(Lopinavir), wherein lopinavir is dissolved in a solvent system, removing the solvent
to get lopinavir amorphous form with higher yield and improved quality.

The solvent system according to the present invention comprises an organic
solvent/s or a mixture of water and water miscible organic solvent/s or a mixture of
said organic solvent/s, water and water miscible organic solvent/s.

According to the present invention, the organic solvent/s is selected from
methanol, ethanol, isopropyl alcohol, écetone, tetrahydrofuran, dioxane, methyl ethyl
ketone, dimethyl formamide, diniethyl acetamide or dimethy! sulfoxide or mixture
thereof. Lopinavir is dissolved in a solvent to get clear solution, which is subjected to
spray drying or other suitable dryiﬁg technique to get lopinavir amorphous form.

According to the present invention, the water miscible organic solvent/s is
selected from methanol, ethanol, isopropyl aléohol, acetone, tetrahydrofuran, dioxane,

dimethyl formamide, dimethyl acetamide or dimethyl sulfoxide or mixture thereof.

Lopinavir is dissolved in a mixture of water and water miscible organic solvent to get

a clear solution, optionally the clear solution is treated with carbon and filtered to get
a clear filtrate, which is subjectetll to spray drying or other suitable drying technique to
get lopinavir amorphous form Wlth better yield and improved quality as compared to
the prior art.

Lopinavir, according to the\a process of the present invention can be dissolved
in an organic solvent, mixture ‘of water and water miscible solvents or mixtures
thereof to get a clear solution. The remaining solvent is distilled out by employing the
different types of drying techniques like spray drying, freeze drying or thin film
drying to give amorphous lopinavir, Further, the solvent distillation can be optionally

performed under reduced pressﬁre. _
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Another embodiment of the present invention relates to a novel process for the
preparation of lopinavir amorphg,ﬁsf form, wherein lopinavir is heated -at high
temperature to melt the solid follovi(ed by cooling and drying to lopinavir amorphpus
form with higher yield. ‘

A process for preparing lopinavir amorphous form comprises of heating at
high temperature and reduced.pres’éure, cooling and drying the resultant solution and
isolating the pure amorphous forﬁ, -wherein the temperature used for heating is in the
range of 75-100°C. The temperature used for drying is in the range of 60-80° C and
the resultant solution is cooled up to :.thc temperature between 20-40°C.

According to the present_{:'.‘inventkion, lopinavir is heated/dried to higher
temperature to melt the solid to fofrél thé uniform liquid, which is subjected to cooling
and drying to give lopinavir amofﬁ‘hous form.

Another aspect of the presenf invention is a process for the preparation of
amorphous lopinavir, wherein lopinavir is subjected to drying at higher temperature,
optionally under vacuum followéd by cooling and isolation to give amorphous
lopinavir.

The following non-limiting examples illustrate specific embodiments of the
present invention. They are, not iriténded to be limiting the scope of present invention
in any way.

Example-1

Lopinavir (crude) 45 gm (0.071 moles) is dissolved in 135 ml of ethanol at 40-
45° C and the solution is filtered. The filtered: solution is spray dried at a feed rate of
180-720 ml/hr while drying with nitrogen at a flow rate of 350-750 lts/hr to get 35 gm
pure amorphous lopinavir. V'

- Example-2

Lopinavir (crude) 45 gm (0.071 moles) is dissolved in 90 ml of methanol at
25-30° C and the solution is filtered. The filtered solution is spray dried at a feed rate
of 180-720 ml/hr while drying with nitrogen at flow rate of 350-750 Its/hr to get 38
gm pure amorphous lopinavir. .

. ' Example-3

Lopinavir (crude) 45 gm (0.071 moles) is dissolved in 90 ml acetone at 25-30°

C and the solution is filtered. The ﬁl”gered solution is spray dried at a feed rate of 180-
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720 ml/hr while drying with nitrogen at a flow rate of 350-750 lts/hr to get 40 gm
pure amorphous lopinavir.
Example-4

Lopinavir (crude) 45 gm (0.071 moles) is dissolved in 160 ml isopropyl
alcohol at 25-30° C and the solution.is filtered. The filtered solution is spray dried at a
feed rate of 180-720 ml/hr while dr';ying with nifrogen at a flow rate of 350-750 lts/hr
to get 35 gm pure amorphous lopinéjvir.

Example:5

Lopinavir (500gm) is heated to 90° C;rﬁaintained at 90° C under vacuum, then
it is cooled to 30-35° C under vacuum. The solid resultant obtained is milled to get the
powder form. Powder form is then .,dried under vacuum at 90° C, further cooled to 30-
35% C under vacuum to give amorpﬁous lopinavir.

- Example-6

Lopinavir hydrate (50gm) is dried at 80° C under vacuum and then cooled to
30-35° C under vacuum. The sqﬁd product is milled to get the powder form.
Powdered product thus obtained is dried further under vacuum at 80° C and then
cooled to 30-35° C under vacuum ’;‘0,"g'1ve amorphous lopinavir.

While this invention has %een described in detail with reference to certain
preferred embodiments, it should be appreciated that. the present invention is not
limited to those precise embodimenfs. Rather, in view of the present disclosure, which
describes the current best mode ‘f(;f:practicin'g the invention, many modifications and
variations would present themselireg to those skilled in the art without departing from

the scope and spirit of this inventich.
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We Claim:
1. A process for preparing an amorphous form of (28,35,58)-2-(2,6-
dimethylphenoxyacetyl)-amino-3 -hy,aroxy-S —;(2-(1 -tetrahydropyrimid-2-only)-3-
methylbutanoyl)—amino-l,6-dipheny‘i hexa.nel comprising:
a) dissolving the 28,3S;5S)-2-(2,6-dimethylphenoxyacetyl)-amino-3-hydroxy-
5-(2-(1-tetrahydropyrimid-2-only)-3-methylbutanoyl)-amino-1,6-diphenyl
hexane in a solvent system;
b) distilling out the remaining solvent from the resultant solution employing a
drying technique selected from spray drying, freeze drying or thin film drying;
and
c) isolating the pure amorphous form of (28,35,55)-2-(2,6-
dimethylphenoxyacetyl)—arrﬁno-3 -hydroxy-5-(2-(1-tetrahydropyrimid-2-only)-
3-methylbutanoyl)-amino-1 ,6—diphenyl’ ilexane.
2. The process according to claim 1, Wi‘lerein the solvent system comprises ‘an
organic solvent/s or a mixture of water an'é_l.water miscible organic solvent/s or a
mixture of said organic solvent/s, water and-water miscible organic solvent/s.
3. The process according to éla}im 2, wherein the organic solvent is selected from
methanol, ethanol, isopropyl alcohol, acetone, tetrahydrofuran, dioxane, methyl ethyl
ketone, dimethyl formamide or dimiethylacetaﬁﬁde or mixture thereof.
4. The process according to claim 2, wherein the water miscible organic solvent
is selected from methanol, ethanol, isoprépyl alcohol, acetone, tetrahydrofuran,
dioxane, dimethyl formamide, dimethyl acetamide or dimethyl sulfoxide or mixtures
thereof,
5. The process according to claim 1, wherein the distillation of the solvent is
carried out optionally under reduceé pressure,:'
6. A process for prepa;in’g an amorphous form of (2S,3S,55)-2-(2,6~
dimethylphenoxyacetyl)-amino-3-hydroxy-5-(2-(1-tetrahydropyrimid-2-only)-3-
methylbutanoyl)-amino-1,6-diphenyl hexane comprising: '
a) heating the (2S,3S,58)-2-(2,6-dimethylphenoxyacetyl)-amino-3-hydroxy-5-
(2-(1-tetrahydropyrimid-z-dnly)-3-me;chylbutanoyl)-amino-1,6-diphenyl
hexane at high tempéraﬁue and reduced pressure;

b) cooling and drying the resultant solution; and
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c) isolating the pure -amorphous form of (28,38,58)-2-(2,6~
dimethylphenoxyacetyl)—amino-3-hyd’réiiy-S—(Z-(l-tetrahydropyrimid-z-only)-
3-methylbutanoyl)-amino-1,6-diphenyl hexane.

7. The process according to claim 6, wherein the temperature used for heating is
in the range of 75-100° C.
8. The process according to claim 6, wherein the drying is carried out at a

temperature range of 60-80° C.

9. The process according to claim 6, wherein the resultant solution is cooled up
to the temperature 20-40° C.

10.  The process according to claim 6, wherein the process is optionally carried out
under vacuum. '

11.  The process according to claim 6, wherein the heating is performed until
melting of the solid (28,3S,SS){42;(2,6-dimethylphenoxyacetyl)-amino-3-hydroxy:—S-
(2—(1-tetrahydropyrimid—Z-only)—S&ﬁethylbutaﬁhoyl}amino-1,6—diphenyl hexane to

form a uniform liquid.
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