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PROCESSES FOR THE PREPARATION OF LOPINAVIR AND ITS
INTERMEDIATE - (S)-TETRAHYDRO-0o-(1-METHYLETHYL)-2-OXO-1(2H)-
PYRIMIDINEACETIC ACID

5 Field of the Invention

The field of the invention relates to processes for the preparation of (S)-tetrahydro-
o-(1-methylethyl)-2-oxo-1(2H)-pyrimidineacetic acid or a salt thereof, and to use of this
compound as an intermediate for the preparation of compounds with antiviral activity. The
invention also relates to a process for the preparation of lopinavir, and pharmaceutical

10  compositions that include the lopinavir.

Background of the Invention

Chemically, lopinavir is [1S-[1R*,(R*),3R*,4R*]]-N-[4-[[(2,6-dimethyl-
phenoxy)acetylJamino]-3-hydroxy-5-phenyl-1-(phenylmethyl)pentyl]tetrahydro-o-(1-
methylethyl)-2-oxo-1(2H)-pyrimidineacetamide having the structural Formula L. It is

15  indicated in combination with other antiretroviral agents for the treatment of HIV-

O HsC CH,
CH, o o
P « L
NH ‘ N NH
_ OH o ‘\)
: Q

Formulal

infection.

(S)-tetrahydro-o-(1-methylethyl)-2-oxo-1(2H)-pyrimidineacetic acid of Formula I

20 is a useful intermediate in the preparation of lopinavir of Formula L

CONFIRMATION COPY
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U.S. Patent No. 5,914,332 discloses a process for the preparation of (S)-tétrahydro-
a-(1-methylethyl)-2-oxo-1(2H)-pyrimidine acetic acid by reacting L-valine with |

5 acrylonitrile and methyl chloroformate, followed by isolating the N-(2-cyanoethyl)-N-

(methoxycarbonyl)-L-valine intermediate which is then hydrogenéted over Raney-nickel

in the presence of alkaline earth metal hydroxide to get the required intermediate. The

overall yield obtained is about 25%.
The intermediate of formula II thus obtained is reacted with N-[(18,25,48)-4-
10 amino-1-benzyl-2-hydroxy-5-phenylpentyl]-2-(2,6-dimethylphenoxy)acetamide of
formula III, to get lopinavir of formula I.

CHg Ph
OH -

2

o
»
/%

CH,
Ph

Formula III

International (PCT) Publication No. WO 03/101971 discloses another method for

15 the preparation of compound of Formula II. L-valine is reacted with acrylonitrile to isolate

N-(2-cyanoethyl)-L-valine which on treatment with methylchloroformate, followed by
catalytic hydrogenation on Rhodium-charcoal, provides N-(3-aminopropyl)-N-

(methoxycarbonyl)-L-valine, which then is cyclized in the presence of alkaline earth metal

hydroxide to afford the title compound. The overall yield obtained is about 38%.

20
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Summary of the Invention

In one general aspect there is provided a process for preparing (S)-tetrahydro-a-(1-

methylethyl)-2-oxo-1(2H)-pyrimidineacetic acid of Formula II, or a salt thereof,

o m
N NH
HO \H/
o
HaC CHs
5 Formula II
The process includes:

a) reacting L-valine with acrylonitrile and alkyl chloroformate to form N-(2-

cyanoethyl)-N-(2-alkoxycarbonyl)-L-valine;

b) hydrogenating the product of step a) in the presence of a hydrogenating
10 catalyst and a base; and

c) cyclizing the product of step b) to get the (S)-tetrahydro-o-(1-methylethyl)-
2-oxo0-1(2H)-pyrimidineacetic acid of Formula II, or a salt thereof, wherein

all the process steps are carried out in situ.

The process may include further drying of the product obtained. The process may
15 include further converting the product obtained into lopinavir. The lopinavir may be made
into a finished dosage form with one or more pharmaceutically acceptable excipients and

administered to a patient in need of an anti-viral therapy.

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

lopinavir of Formula I, or a pharmaceutically acceptable salt, ester or a prodrug thereof,
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The process includes:
a) reacting L-valine with acrylonitrile and alkyl chloroformate to form N-(2-
5 cyanoethyl)-N-(2-alkoxycarbonyl)-L-valine;

b) hydrogenating the product of step a) in the presence of a hydrogenating
catalyst and a base;
c) cyclizing the product of step b) to get (S)-tetrahydro- o -(1-methylethyl)-2-

ox0-1(2H)-pyrimidineacetic acid of Formula II or salt thereof; and

10 d) reacting the compound of Formula II with a compound of Formula III,
CH Ph
? OH :/
NH\/k/E\
O/\”/ 5 NH,
CHs 0 L
Ph
Formula III

to get lopinavir of Formula I, or a pharmaceutically acceptable salt, ester or
a prodrug thereof, wherein the process steps a), b) and c) are carried out in

15 Situ.

In another general aspect there is provided a pharmaceutical composition that
includes a therapeutically effective amount of lopinavir; and one or more pharmaceutically
acceptable carriers, excipients or diluents. The resulting pharmaceutical composition or

dosage form may be administered to a patient in need of an anti-viral therapy.
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The details of one or more embodiments of the invention are set forth in the
description below. Other features, objects and advantages of the invention will be apparent

from the description and claims.

Detailed Description of the Invention

The inventors have developed an efficient process for the preparation of (S)-
tetrahydro-a-(1-methylethyl)-2-oxo-1(2H)-pyrimidineacetic acid of Formula II. The
process involves reacting L-valine with acrylonitrile and alkyl chloroformate to form N-
(2-cyanoethyl)-N-(2-alkoxycarbonyl)-L-valine; hydrogenating in the presence of a
hydrogenating catalyst and a base; and cyclizing to get the (S)-tetrahydro-o-(1-
methylethyl)-2-oxo-1(2H)-pyrimidineacetic acid of Formula II or salt thereof, wherein all

the process steps are carried out in situ.

In general, L-valine may be added to water or an organic solvent and an alkali
metal salt or an alkaline earth metal salt, or a mixture thereof, at a temperature of from
about 0°C to about 60°C for about 0 to 1.5 hours. The reaction mixture may be stirred at a
temperature from about 0°C to about 60°C to get a clear solution. Acrylonitrile may be
added to the clear solution at a temperature of from about 0°C to about 10°C for about 0 to
1.5 hours. The resulting reaction mixture may be stirred at a temperature of from about
0°C to about 10 °C for about 2 to 10 hours and water may be added at the same

temperature.

The organic solvent, alkali metal salt, or alkaline earth metal salts which can be
used in the reaction are known to a person of ordinary skill in the art. Any organic solvents
can be used which are inert and do not change under the reaction conditions. Examples of
alkali metal salts include salts of lithium, sodium, or potassium. Examples of alkaline

earth metal salts include those of magnesium, calcium or barium.

Examples of alkyl groups of alkylchloroformate include methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, and the like.

The alkylchloroformate may be added at a temperature from about 0°C to about
60°C, for example from about 20°C to about 40°C. During the addition of
alkylchloroformate, the pH of the mixture may be maintained at about 8 to 12 with an

addition of an alkali metal salt or an alkaline earth metal salt over a period of 0.5 to 2
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hours. The reaction mixture may be stirred at a temperature from about 0°C to about 60°C

for about 2 to 30 hours at pH 8 to 12.

A suitable organic solvent may be added to the reaction mixture and it may be
cooled to about 0°C to about 40°C. The pH of the mixture may be adjusted to about 0 to 4
by addition of a mineral acid. The organic layer may be separated and concentrated under

reduced pressure to give N-(2-cyanoethyl)-N-(2-alkoxycarbonyl)-L-valine as oil.

The term suitable solvent includes any solvent which is immiscible or partially
miscible with water. Examples of such solvents include chlorinated hydrocarbons such as
methylene dichloride, chloroform, and dichloroethane; esters such as ethyl acetate and
isoproﬁyl acetate; ketones such as methylisobutylketone; hydrocarbons such as benzene,

toluene and hexane; and mixtures thereof.

The term mineral acid includes, but is not limited to, hydrochloric acid, sulphuric

acid, nitric acid, perchloric acid, hydroiodic acid, and hydrobromic acid.

N-(2-cyanoethyl)-N-(2-alkoxycarbonyl)-L-valine may be dissolved in an organic
solvent followed by the addition of a hydrogenating catalyst and a base.

The hydrogenation catalysts are the customary hydrogenation catalysts known in
organic chemistry, such as transition metal compounds. Examples of transition metal
compounds include palladium compounds such as palladium/carbon and palladium
hydroxide, platinum compounds such as platinum oxide and platinum/carbon, ruthenium
compounds such as ruthenium oxide, thodium compounds such as rhodium/carbon and

nickel compounds such as Raney nickel.

Examples of bases which can be used in the hydrogenation reaction include, but

are not limited to, pyridine, ammonia, hydroxylamine, methylamine, and the like.

The hydrogenation reaction may be carried out at normal pressure, or at elevated
pressure depending on the choice of a catalyst. In general, it may be carried out at a
hydrogen pressure in the range from about 1 kg/cm2 to about 10 kg/cmz, for example at a

hydrogen pressure in the range from about 2 kg/cm” to about 6 kg/em®.

The hydrogenation temperature may be varied depending on the choice of a
catalyst and/or pressure employed. For example, the hydrogenation may be carried out at a

temperature range from about 20°C to about 120°C, or at a temperature range from about
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30°C to about 80°C. In particular, it may be carried out at a temperature range from about

35°C to about 65°C.

After completion of the hydrogenation reaction, the catalyst may be filtered off and
washed with a solvent. The filtrate may be concentrated under vacuum. The volume may
be reduced to between about half of the original volume and about one-fourth of volume.
Water may be added to the reduced filtrate residue and hydroxide of an alkali metal or an
alkaline earth metal may be added at a temperature of from about 0°C to about 60°C. The
mixture may be heated up to a reflux temperature for about 5 hours to about 12 hours till
the reaction is complete. The reaction mixture may be cooled to a temperature of from
about 0°C to about 40°C. It may be acidified with a'mineral acid to a pH of less than 2.
Sodium chloride may be added to the above mixture followed by the addition of a suitable
organic solvent. The mixture may be stirred at a temperature of from about 0°C to about
60°C for about 1 to 60 minutes. The organic layer may be separated and the aqueous layer
may be extracted with organic solvent. The organic layers may be combined and
evaporated under reduced pressure to get a solid. The solid may be suspended in organic
solvent and the suspension stirred at a temperature of from about 10°C to about 100°C.
The reaction mixture may be partially concentrated under reduced pressure. A further
quantity of the same or a different organic solvent may be added into the above mixture
and the suspended mixture may be stirred at a temperature of from about 10°C to about
100°C. It may be cooled down to about 5°C, stirred at the temperature of about 5 to 15°C
for 5 to 18 hours and then at about 0°C for about 1 to 5 hours. The white solid then should
be filtered, washed and dried.

The mineral acid which may be used includes hydrochloric acid, sulphuric acid,

nitric acid, perchloric acid, hydroiodic acid, hydrobromic acid.

The organic solvents which can be used in these reactions are known to a person of
ordinary skills in art. Suitable solvents are inert organic solvents which do not react under
the reaction conditions. Examples of such solvents include alcohols such as methanol,
ethanol, isopropanol and butanol; ketones such as acetone and methyl isobutyl ketone;
esters such as ethylacetate and isopropylacetate; chlorinated hydrocarbons such as
methylene chloride, ethylene dichloride and carbon tetrachloride; nitriles such as

acetonitrile and benzonitrile; dipolar aprotic solvents such as dimethylsulfoxide and
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dimethylformamide; alkyl ethers such as diethylether, diisopropylether and

dimethoxyethane; cyclic ethers such as dioxane and tetrahydrofuran, and mixtures thereof.

The inventors also have developed a process for the preparation of lopinavir of
Formula I or a pharmaceutically acceptable salt, ester or a prodrug thereof. The process
involves reacting L-valine with acrylonitrile and alkyl chloroformate to form N-(2-
cyanoethyl)-N-(2-alkoxycarbonyl)-L-valine; hydrogenating in presence of hydrogenating
catalyst and a base; cyclizing to get the (S)-tetrahydro-a-(1-methylethyl)-2-oxo-1(2H)-
pyrimidineacetic acid of Formula II or salt thereof; and reacting the compound of Formula
II with a compound of Formula III to get lopinavir of Formula I or a pharmaceutically
acceptable salt, ester or a prodrug thereof, wherein all the process steps for the preparation

of the compound of Formula II are carried out in situ.

(S)-tetrahydro-o~(1-methylethyl)-2-oxo-1(2H)-pyrimidineacetic acid of Formula II
obtained in the first aspect of the invention is converted into an acid chloride (for example,
the acid chloride prepared by reaction of the carboxylic acid with thionyl chloride), and
dissolved in dimethyl formamide. To this, a stirred solution of a compound of formula III

and imidazole in ethyl acetate at 0°C is added to obtain lopinavir.

As may be seen from the examples that follow, by using or following the processes
of the present invention the (S)-tetrahydro-o~(1-methylethyl)-2-oxo-1(2H) -
pyrimidineacetic acid may be obtained in an overall yield of about 65%, i.e., in a yield
higher than that obtained by working according to the process described in U.S. Patent No.
5,914,332 and PCT application WO 03/101971.

The present invention is further illustrated by the following examples which are
provided merely to be exemplary of the invention and should not be construed in a manner
that limits the scope of the invention. Certain modifications and equivalents will be

apparent to those skilled in the art and are intended to be included within the scope of the

present invention.

Example 1: N-(2-cyanoethyl)-N-(2-methoxycarbonyl)-L-valine

L-valine (50 g) was added portion wise into a mixture of water (100 ml) and potassium

hydroxide (28 g) at 20-25°C during 15-20 minutes. The reaction mixture was stirred at 20-
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25°C for 30 minutes to get a clear solution which is cooled to about 0°C. Acrylonitrile
(24.5 g) was added to the clear solution at 0 to +5°C over about 20 minutes. The resulting
reaction mixture was stirred at 0 to +5°C for S hours and then water (125 ml) was added at
this temperature. Methylchloroformate (79.5 g) was added slowly to the resultant mass at
20-25°C while maintaining the pH of the mixture from about 9.5 to 10.5 by addition of
30% sodium hydroxide over a period of 1 hour. The mixture was stirred at 20-25°C for 15
hours at pH 9.5-10.5. Methylene chloride (120 ml) was added into the mixture and it was
cooled to 10°C. Concentrated hydrochloric acid (100 ml) was added to adjust its pH to
1.0-1.5. The organic layer was separated and the aqueous layer was extracted with
methylene chloride (2 X 120 ml). The combined organic layer was concentrated under

reduced pressure to provide the title compound as a thick oil.

Yield: 83 g

Example 2: (S)-Tetrahydro-o-(1-methylethyl)-2-0x0-1(2h)-pyrimidineacetic acid

N-(2-cyanoethyl)-N-(2-methoxycarbonyl)-L-valine (20.5 g) was dissolved in methanol (70
ml) followed by addition of Raney-Nickel (50% wet, 16 g) and aqueous ammonia (70 ml).
The mixture was hydrogenated under pressure 4 kg/cm2 at 50°C for about 4-5 hours till
completion of reaction. After cooling the reaction mixture to room temperature, the
catalyst was filtered and washed with methanol (80 ml). The combined filtrate was
concentrated under vacuum to 1/4th of initial volume at a temperature not exceeding 50°C
to obtain a residue. Water (100 ml) was added to the residue followed by addition of
sodium hydroxide (6.6 g) at 20-25°C. The mixture was refluxed for 7-8 hours till reaction
completion. The reaction mixture was cooled to 10-15°C and then acidified with
concentrated hydrochloric acid (about 17 ml) to pH less than 1.5. Sodium chloride (40 g)
was added into the above mixture followed by addition of methylene chloride (80 ml). The
mixture was stirred at 20-25°C for 10-15 minutes. The organic layer was separated and the
aqueous layer was extracted with methylene chloride (2 x 80 ml). The combined organic
layers were evaporated completely under reduced pressure to get an off white solid. Ethyl
acetate (80 ml) was added to the solid so obtained, and the mass was stirred at 50-55°C for

25-30 minutes. The reaction mass was concentrated under reduced pressure until three-
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fourths of the initial volume at a temperature not exceeding 45°C and isopropanol (2 ml)
was added into the resultant mass. The mixture was stirred at 50-55°C for 3-4 hours and
then cooled to 5°C, and further stirred at 5-10°C for 12 hours and then at 0°C for 3 hours.
The white solid so obtained was filtered and washed with ethylacetate (10 ml) at room
temperature. The solid was dried at 45-50°C under vacuum for 12 hours to get the title

compound.

Yield: 14.1 g

Example 3: (28, 38, 58)-2-(2.6-dimethylphenoxyacetyl)amino-3-hydroxy-5-[2s-(1-
tetrahydro-pyrimid-2-onyl)-3-methylbutanoyl]amino-1, 6-diphenylhexane

Step 1: Preparation of 2S-(1-tetrahydro-pyrimid-2-onyl)-3-methyl butanoyl chloride.

Thionyl chloride (1.56 g) was added to a cooled (0°C) and stirred suspension of 28-(1-
tetrahydro-pyrimid-2-onyl)-3-methyl butanoic acid, (2.1 g) in tetrahydrofuran (42 ml), at 0
to +5°C over 5 minutes. The reaction mixture was warmed to room temperature (20-25°C)

and stirred for 1.5 hours. The solution became homogeneous on warming to room

~ temperature. The reaction mixture was concentrated to dryness under reduced pressure.

The excess thionyl chloride was further removed azeotropically with heptane (2 X 20 ml).
The residue was dissolved in dimethyl formamide (15 ml) at 35-40°C, and cooled to room

temperature.

Step 2: (25,3S,5S)-2-(2,6-dimethylphenoxyacetyl)amino-3-hydroxy-5-[2s-(1-
tetrahydro-pyrimid-2-onyl)-3-methylbutanoyl]amino-1,6-diphenylhexane

Imidazole (2.1 g) in ethyl acetate (50 ml) was added to a stirred solution of N-[(18S,285,4S)-
4-amino-1-benzyl-2-hydroxy-5-phenylpentyl]-2-(2,6-dimethylphenoxy)acetamide (4.2 g),
at room temperature (20-25°C). The mixture was cooled to 0°C. To the cold reaction
mixture, the suspension of acid chloride in dimethyl formamide (obtained from Step 1 of
Example 3) was slowly added at 0 to 5°C during 30 minutes. The reaction mixture was
stirred at 0 to 5°C for next 30 minutes, and then warmed to room temperature (20-25°C)

and stirred at room temperature (20-25°C) for 12 hours. The reaction mixture was again
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cooled to 10°C and quenched with aqueous hydrochloric acid (100 ml, 0.2N) at 10-15°C.
Ethyl acetate (50 ml) was added into the mixture and stirred at room temperature (20 to
25°C) for 30 minutes. The layers were separated and the organic layer was washed with
aqueous sodium bicarbonate (50 ml, 5% w/v) followed by washing with water (2 X 50
ml). The solvent was evaporated under reduced pressure to get crude material as an off-
white solid. The solid so obtained was dissolved in ethyl acetate (28 ml) at 45-50°C and
then heptane (28 ml) was slowly added at 50-45°C. The resulting clear solution was
slowly allowed to cool to room temperature and stirred at room temperature for 12 hours.
A white solid, precipitated out from the solution was filtered and washed with 1:1 mixture
of ethyl acetate and heptane (5 ml). It was dried under vacuum at 50-60°C for 12 hours to

get the title compound as a white solid.

Yield:3.5¢g

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 intended to be included within the scope of the present invention. For example,
the compounds described herein can be formulated into dosage forms that are suitable for
administering to patients in need of the compound for treating a medical condition for
which the compound is indicated, approved, or otherwise beneficial. Specifically, the
lopinavir made according to the above processes can be formulated into a tablet, capsule,
injectable solution, etc. along with one or more pharmaceutically acceptable excipients

and administered to a patient in need of an anti-viral treatment.
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CLAIMS:

1. A process for the preparation of (S)-tetrahydro-a-(1-methylethyl)-2-oxo-1(2H)-

pyrimidineacetic acid of Formula II,

o m
N NH
" T
(0]
CH,

HaC
Formula II
the process comprising:
a) reacting L-valine with acrylonitrile and alkyl chloroformate to form N-(2-

cyanoethyl)-N-(2-alkoxycarbonyl)-L-valine;

b) hydrogenating the product of step a) in the presence of a hydrogenating

catalyst and a base; and

c) cyclizing the product of step b) to get (S)-tetrahydro-a-(1-methylethyl)-2-
oxo-1(2H)-pyrimidineacetic acid of Formula II, or a salt thereof, wherein

all the process steps are carried out in situ.

2. The process according to claim 1, wherein the alkyl group of alkyl chloroformate
is selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, sec-butyl, t-butyl or n-pentyl.

3. The process according to claim 1, wherein the hydrogenating catalyst comprises

one or more of palladium on carbon, palladium acetate, palladium chloride, Raney nickel,

platinum oxide, platinum chloride, ruthenium and rhodium.

4. The process according to claim 3, wherein the hydrogenating catalyst is Raney
nickel.
5. The process according to claim 1, wherein the base comprises one or more of

pyridine, ammonia, hydroxylamine, and methylamine.

6. The process according to claim 5, wherein the base is methanolic ammonia or

aqueous ammonia.
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7. The process according to claim 1, wherein the hydrogenation reaction is performed

at a pressure of from about 2 kg/cm” to about 6 kg/cm’.

8. The process according to claim 1, wherein the hydrogenation reaction is performed

at a temperature of from about 35°C to about 65°C.

5 9. A process for the preparation of lopinavir of Formula I, or a pharmaceutically

acceptable salt, ester or a prodrug thereof,

O HaC CH,
CH, 0 0
Pt «
NH ‘ N NH
OH o K)
: Q

Formula I
the process comprising:

10 a) reacting L-valine with acrylonitrile and alkyl chloroformate to form N-(2-
cyanoethyl)-N-(2-alkoxycarbonyl)-L-valine;

b) hydrogenating the product of step a) in the presence of a hydrogenating

catalyst and a base;

c) cyclizing the product of step b) to get (S)-tetrahydro- a -(1-methylethyl)-2-

15 oxo-1(2H)-pyrimidineacetic acid of Formula II, or a salt thereof; and
o m
N NH
HO \”/
o
HsC CH,
Formula II

d) reacting the compound of Formula IT with a compound of Formula III,
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CH Ph
: OH :/
2 NH\/k/.\
o/\”/ 3 NH,
CH, 0 E\Ph
Formula III

to get lopinavir of Formula I, or a pharmaceutically acceptable salt, ester or
a prodrug thereof, wherein the process steps a), b) and c) are carried out in

5 situ.

10.  The process according to claim 9, wherein the alkyl group of alkyl chloroformate

is selected from the group consisting of methyl, ethyl, n-propyl, isopropyl, n-butyl,

isobutyl, sec-butyl, t-butyl or n-pentyl.

11.  The process according to claim 9, wherein the hydrogenating catalyst comprises
10 one or more of palladium on carbon, palladium acetate, palladium chloride, Raney nickel,

platinum oxide, platinum chloride, ruthenium and rhodium.

12.  The process according to claim 11, wherein the hydrogenating catalyst is Raney

nickel.

13.  The process according to claim 10, wherein the base comprises one or more of

15  pyridine, ammonia, hydroxylamine, and methylamine.

14.  The process according to claim 13, wherein the base is methanolic ammonia or

aqueous ammonia.

15.  The process according to claim 9, wherein the hydrogenation reaction is performed

at a pressure of from about 2 kg/cm’ to about 6 kg/em?.

20 16.  The process according to claim 9, wherein the hydrogenation reaction is performed

at a temperature of from about 35°C to about 65°C.

17.  The process of claim 9, further comprising forming the product into a finished
dosage form.
18.  The process of claim 17, further comprising administering the finished dosage

25  form to a patient in need of an anti-viral therapy.
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19. A pharmaceutical composition comprising a therapeutically effective amount of
lopinavir, or a pharmaceutically acceptable salt, ester or a prodrug thereof obtained by the
process of claim 9; and one or more pharmaceutically acceptable carriers, excipients or

diluents.
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