wo 2010/032259 A2 I T A0FO 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
25 March 2010 (25.03.2010)

2P0

(10) International Publication Number

WO 2010/032259 A2

International Patent Classification:
CO7D 265/18 (2006.01)

(51

(21) International Application Number:

PCT/IN2005/000307

(22) International Filing Date:

27 May 2009 (27.05.2009)
English
English

(25)
(26)
(30)

Filing Language:
Publication Language:

Priority Data:
1155/MUM/2008 30 May 2008 (30.05.2008)

Applicant (for all designated States except US): EM-
CURE PHARMACEUTICALS LIMITED [IN/IN];
Emcure House, T-184, M.LLD.C., Bhosari, Pune 411026
(IN).

IN
1

(72)
(73)

Inventors; and

Inventors/Applicants (for US only): GURJAR,
Mukund, Keshav [IN/IN]; Emcure Pharmaceuticals Lim-
ited, P-1, IT-BT Park, Phase-II, MIDC., Hinjwadi, Pune
411 057 (IN). DESHMUKH, Abdulrakheeb, Abdulsub-
han [IN/IN]; Emcure Pharmaceuticals Limited, P-1, IT-
BT Park, Phase-II, MIDC., Hinjwadi, Pune 411 057 (IN).
DESHMUKH, Sanjay, Shankar [IN/IN]; Emcure Phar-
maceuticals Limited, P-1, IT-BT Park, Phase-II, MIDC.,
Hinjwadi, Pune 411 057 (IN). MEHTA, Satish, Raman-
lal [IN/IN]; Emcure Pharmaceuticals Limited, P-1, IT-BT
Park, Phase-II, MIDC., Hinjwadi, Pune 411 057 (IN).

Agents: MAJUMDAR, Subhatosh et al.; S. Majumdar
& Co., 5, Harish Mukherjee Road, Kolkata 700 025 (IN).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))
Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: NOVEL PROCESS

(57) Abstract: A simple, cost-effective process for preparation of efavirenz of formula (I) comprising reacting a solution of 5-
chloro-a-(cyclopropylethynyl)-2-amino-a-trifluoromethyl) benzene methanol of formula (II) in an organic solvent with triphos-
gene in the presence of an inorganic base at a temperature range -5 °C to 25 °C, adding water and isolating compound of formula

(D).



10

15

20

WO 2010/032259 PCT/IN2009/000307

1
NOVEL PROCESS

FIELD OF THE INVENTION

The invention relates to a novel and simple, cost-effective process for the

preparation of a reverse transcriptase inhibitor.

BACKGROUND OF THE INVENTION
Acquired Immunodeficiency Syndrome (AIDS) is a fatal disease of the immune

system transmitted through blood especially by sexual contact or contaminated
needles and is presumed to be caused by the HIV virus, which is an RNA genetically

unigue retrovirus, having a gene not found to date in other retroviruses.

One of the many drugs found to be active against HIV virus is
efavirenz of formula (1), chemically known as (-)-6-Chloro-4-cyclopropyl-ethynyl-4-
trifluoromethyl-1,4-dihydro-2H-3.1-benzoxazin-2-one. Efavirenz marketed as Sustiva
is clinically active specifically against human immunodeficiency virus type 1 (HIV-1)
and is a non-nucleoside, reverse transcriptase inhibitor. The activity of Efavirenz is
mediated predominantly by non-competitive inhibition of HIV-1 RT without affecting

HIV-2 RT and human cellular DNA polymerases alpha, beta, gamma and delta.

e
o ¢
L
N/J§ o]
H

()

US 5,519,021 (assigned to Merck) discloses a method in which efavirenz (l) is
obtained by reaction of 2-(2-amino-5-chlorophenyl)-4-cyclopropyl-1,1,1-trifluoro-3-
butyn-2-ol of formula (Il) with a large excess of carbonyl diimidazole of formula (lll)

for obtaining the oxazinone ring.
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re 7 re 7
cl OH Carbonyl diimidazole (III) Cl 0
NH, THF / 55°C / 24 hours N/KO
H
(In) @

The reaction utilizes dry tetrahydrofuran as solvent and which has a tendency to
develop peroxides during storage. In order to obtain dry tetrahydrofuran free of
peroxides, purification and drying agents are required, and such process of
purification and drying adds on to the cost. As reported in the widely accepted
literature, Textbook of Practical Organic Chemistry — Vogel; 5" Edition, page 406-
407 discloses use of solid potassium hydroxide followed by refluxing over calcium
hydride or lithium aluminium hydride for drying tetrahydrofuran, which is not
advisable on a commercial scale due to the fire catching tendency and explosive
nature of the metallic hydrides. Also, the related note draws attention towards the
hazards of drying with respect to peroxides during purification. Further, the volume
of tetrahydrofuran utilized is also about 16 times of starting material, which is quite

exorbitant for commercial use.

The reaction is carried out at 55°C and takes about 24 hours for completion. Also,
the work up of the reaction involving distillation of tetrahydrofuran is quite risky and
dangerous due to the potential of tetrahydrofuran to develop peroxides. The residue
obtained after concentration is redissolved in ethyl acetate and partitioned with water
followed by re-extraction with ethyl acetate. The process also has an elaborate work
up method requiring aqueous washings with dilute acid, alkaline solution and brine
followed by separation of organic layer, drying over a drying agent and subsequent
distillations, which consumes lot of time and utility. Moreover during such washings,

there is a potential danger for formation of emulsion. This lowers the yield as in the
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case of US 5,519,021 to about 85%, thereby making the process unsuitable for

commercial purpose.

Therefore, US 5,519,021 suffers from various shortcomings such as:

1) Risk of using tetrahydrofuran, which is known to have an explosive nature
due to its tendency to develop peroxides on storage,

2) Requirement of stringent anhydrous conditions as dry tetrahydrofuran is
employed as solvent for the reaction,

3) Large volume of tetrahydrofuran is required,

4) Long reaction time reduces the efficiency of the reaction and also increases
the reactor occupancy,

5) Repeated washings with aqueous solvent such as dilute acid, alkaline
solution and brine increases the load on the effluent treatment plant,

6) Tendency to form emulsion during alkaline work up reduces the yield.

US 5,633,405 (assigned to Merck) discloses another process for obtaining an
efavirenz derivative of formula (VI) by reaction of the amino alcohol of formula (IV)
with phosgene utilizing a mixture of toluene and tetrahydrofuran as solvent and
triethyl amine as a base. The use of tetrahydrofuran as already mentionegi requires

an additional step of purification for removal of peroxides.

Product isolation involves quenching with cold water, followed by extraction with yet
another solvent like ethyl acetate. Based on the example, demulsification is carried
out with saturated brine solution. Breaking of an emulsion generally takes long time
and this affects the time cycle, reactor occupancy etc. Further washings of the
organic layer are carried out with citric acid solution followed by brine solution. The
organic layer thus obtained is dried over sodium sulphate and concentrated to give
brown oil, which is then recrystallized from a 5:1 mixture of hexane: ethyl acetate to

give the compound of formula (V1) in 85% vyield.
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a Lo K,CO,/ al F.Co-
OH Toluene + THF
NJ\\

f Phosgene (V) /f
F.C /// 7 Ceric ammonium 4/
O nitrate Cl F C /’O
o) > [ ;:I A
-101020°C/ 1.0 hour O
K@L H
OMe OMe

Iv) (V) @

There is an additional step of deprotection of the nitrogen atom in the oxazinone ring

of the compound of formula (V1) with a reagent like ceric ammonium nitrate to give

efavirenz, which was isolated by column chromatography.

The process has the following disadvantages:

1

2)

3)

4)

Reaction is carried out with a binary solvent mixture of toluene and
tetrahydrofuran. Further, a third solvent like ethyl acetate is required for
extraction to give the crude product. Also, a fourth solvent like hexane in
combination with ethyl acetate is employed for purification of the product of
formula (V1). Utilization of four different solvents leads to manifold increase in
cost, raises the inventory of solvents and further also increases the load on
the effluent due to the use of a water-miscible solvent like tetrahydrofuran.
The specification itself acknowledges that emulsification is an inherent part of
the process. Isolation of any product from an emulsion is quite tedious and
cumbersome on an industrial scale, leading to loss in yield.

The product obtained after such a laborious work-up requires purification by
recrystallization.

Utilization of ceric ammonium nitrate in the final deprotection step to give
efavirenz (1) generates an enormous load on effluent treatment as it is quite
difficult to remove the heavy metal on a commercial scale. In short, the whole

process is quite long, thereby reducing the overali efficiency of the process.
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This process has also been disclosed in Journal of Organic Chemistry 1998, 63,
8536-8543 and Tetrahedron Letters 1995, 36, 8937-8940.

US 5,932,726 (assigned to DuPont) discloses a process for the preparation of
efavirenz of formula (1) by reaction of the efavirenz intermediate (1) with phosgene in
a solvent such as heptane, toluene and tetrahydrofuran or mixtures thereof. The
preferred solvent is a mixture of heptane and tetrahydrofuran. During the reaction, a
third solvent like methanol is added. After the reaction heptane is added and the
mixture partially concentrated. A mixture of heptane and tetrahydrofuran is added
and the resulting mixture washed with aqueous sodium bicarbonate solution
followed by water. The mixture was warmed to 50°C and diluted with heptane to

obtain the product.

VY

SV F,C 7
Cl al
OH Phosgene o
NH THF-heptane / methanol - N/&O

2 /-10 to 25°C / 2.3 hours N B

(i
)

The drawbacks of the process are:

1) Process requires three solvents, namely heptane, tetrahydrofuran and
methanol, Out of‘ these 3 solvents, tetrahydrofuran (65°C) and methanol
(65°C), have identical boiling points, therefore recovery of these solvents in a
pure form is quite difficult. Both these solvents are water-soluble; hence
recovery of these solvents based on their water solubility also is not possible,

2) The total volume of the solvents required for the reaction and before isolation
is about 12 times the batch size. Isolation of the product requires an
additional 9.0 times volume of a mixture of heptane and tetrahydrofuran.

Therefore, the total volume required is about 21 times the batch size, which is
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quite high for reactions to be carried out on a large scale, leading to
considerable cost escalation.

3) work-up involves distillation of tetrahydrofuran, which is very dangerous due
to its explosive nature associated with peroxide formation during storage,

4) work up involves washing with dilute alkali solution wherein there is a
tendency for emulsification, which is quiet tedious to remove on a commercial
scale. Emulsification reduces the yield and demuisification consumes lot of

time and energy on a large scale,

Therefore, the process disclosed in US 5,932,726 is quite costly and not feasible
due to the large amount of solvents, and is also lengthy, laborious, cumbersome for

industrial scale.

Synthesis 2000, 4, 479-495 and Journal of Organic Chemistry 1998, 63(23) 8536-
8543 also discloses a similar process for the preparation of the benzoxazinone ring

for the preparation of efavirenz of formula (1).

US 6,147,210 (assigned to DuPont Pharmaceuticals) discloses a process in which
the desired benzoxazinone ring was obtained comprising reaction of compound of
formula (VI1) in toluene / hexane mixture utilizing n-butyl lithium as base. The
reaction was refluxed for 4 hours for completion of reaction. The product was
isolated by quenching with a mixture of 5% acetic acid and t-butyl methyl ether. The
organic layer was separated, washed twice with sodium chioride solution and
concentrated to get a residue from which the product was isolated by addition of

heptane.
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cl S
\@f\OH n-buty! lithium C'@f\o
NH Toluene-Hexane / /&

i 0-4°C; refluxing / 4 hours hl 0
tBOC quenching with acetic acid
and methyl t-butyl ether.
(VIN) )

This process has the following drawbacks:

1) The reaction requires about 5.5 times of a solvent mixture of toluene and
acetonitrile followed by 5 times volume the batch size each of 5% acetic acid
solution and methy! t-butyl ether. Also, an additional 5 times of a third solvent
like heptane is added during isolation of the product. Thus, the total volume of
solvent required is about 20 timeé the batch size, which reduces the batch
size, increases the time cycle for each batch run and reduces the efficiency of
the process.

2) Utilization of four solvents such as toluene, hexane, methyl tert-butyl ether
and heptane increases the inventory of solvents. Further, the use of methyl
tert-butyl ether as a solvent finds limited use due to environmental and health
concerns as it easily pollutes ground water. Successive washings with sodium
chloride solution during isolation of compound of formula (I) suggests that
there is a distinct possibility of emulsion formation during work up. All these
shortcomings dissuade the use of the above disclosed process for

preparation of efavirenz on an industrial scale.
Synthetic Communications 27(24), 4373-4384 (1997) also reports a similar process.
US 6,015,926 (assigned to Merck & Co) discloses a process for the preparation of

efavirenz by reaction of amino alcohol of formula (Il) with phosgene utilizing methy!

tert-buty! ether or toluene as solvent and aqueous potassium bicarbonate solution.
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After the reaction, the organic layer is separated and after brine washing the organic
layer is concentrated. Efavirenz of formula (1) is isolated after the addition of ethanol
or isopropanol to the residue. The crude efavirenz thus obtained is recrystallized

from a mixture of isopropano! and water.

o / - //f
NH, methyl tert-butyl ether / - N/go

ag. KHCO, / 25°C; H

(1) ()
Use of methyl tert-butyl ether is generally not preferred on a commercial scale due to
environmental hazards and health concerns. Further, the reaction and isolation of
efavirenz (1) requires solvents such as
i) toluene or methyl tert-butyl ether during reaction,
ii) ethanol or isopropanol during isolation and
iii) mixture of isopropanol and water during recrystallization of efavirenz (I).

The requirement of multiple solvents increases the inventory and increase the

process cost considerably.

US 6,114,569 (assigned to Merck) discloses a process in which the benzoxazinone
ring is formed by reaction of the carbamate derivative of an efavirenz intermediate of
formula (VIIl) in the presence of an aqueous solution of a base utilizing a solvent
from the group selected from methyl t-butyl ether, toluene, tetrahydrofuran,

acetonitrile, dimethyl acetamide, N-methylpyrrolidinone or mixtures thereof.
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cl FsC // i) ary! chloroformate F;C //
OH THF /0-25°C / 2 hours _ Cl o
NH ii) aqueous alkali - N/go
R=aryl 6 OR H
(Vi )

The reaction utilizes a high amount of solvent like tetrahydrofuran, upto 14 times the
batch size for the reaction. After the reaction the mixture is quenched with an
aqueous solution of a base (21 times), followed by addition of a second solvent like
methy! tert-butyl ether (14 times). After the alkaline treatment, the organic layer was
concentrated and the residue diluted with ethanol or isopropanol for isolation of the
impure product of formula (1), which is then recrystallized from a high dilution (about

110 times) of an aqueous solution of isopropanol or ethanol.

This process although not utilizing phosgene for the preparation of the
benzoxazinone ring has the following disadvantages:

i) requires a solvent dilution of upto 14 times of the batch size during the
reaction. Quenching is done with an additional 21 times batch size of an
aqueous solution of an inorganic base. A second solvent such as methyl
tert-butyl ether is added up to 14 times dilution. This raises the total
volume to about 50 times, which is highly exorbitantly for commercial
scale. Such high volumes drastically reduces the batch size,

ii) Distillation of such high volume of solvent during isolation increases the
time cycle for each batch run, consumes enormous amount of time,

energy such that the efficiency of the process gets phenomenally reduced,



5

10

15

20

25

WO 2010/032259 PCT/IN2009/000307

10

iii) The compound of formula (1) thus isolated with enormously high dilution of
solvent requires an additional recrystallization thus introducing an

additional step of purification and also raises the cost tremendously.

Based on the foregoing, it is evident that prior art has the following drawbacks:

1) Requires anhydrous reaction condition. Further, utilization of solvents like
tetrahydrofuran, which are prone to develop peroxides on storage, requires
solvent purification for removing the peroxides.

2) Requires high dilution of solvents, which reduces the batch size, increases
the distillation time, eventually increasing the time cycle for each run, thereby
reducing the efficiency of the process.

3) Utilization of multiple solvents for obtaining compound of formula (1) increases
the solvent inventory reduces the possibility of obtaining a pure solvent for
reuse when boiling points are close. Use of multiple solvents also increases
the process cost considerably.

4) Emulsion formation during work up significantly reduces the yield or requires
enormous time for de-emulsification.

5) Efavirenz of formula (I) isolated after the cyclization requires an additional
step of purification for obtaining the desired form of the product.

6) Utilization of a reagent like ceric ammonium nitrate for deprotection of the
nitrogen atom in the oxazinone ring drastically increases the load on the

effluent treatment due to heavy metal contamination.

OBJECT OF THE INVENTION

An object of the invention is to provide a simple, efficient and cost-effective process

for the preparation of efavirenz of formula (l) without the utilization of multiple

organic solvents.
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Another object of the invention is to provide efavirenz of formula (l) having
pharmaceutically acceptable purity and with quantitative yield without an additional

step of purification.

Yet another object of the invention is to provide efavirenz of formula (1) by reducing
the solvent volume, processing time for each batch cycle and utilizing a simple work

up procedure for isolation of efavirenz of formula (I).

SUMMARY OF THE INVENTION
One aspect of the invention relates to a process for preparing efavirenz of formula (l)

comprising reaction of a compound of formula (i) with triphosgene in an organic

solvent, in the presence of a base, adding water and isolating compound of formula

).

Another aspect of the invention relates to a process for preparing efavirenz of
formula (I) comprising reaction of a compound of formula (Il) with triphosgene in an
organic solvent, in the presence of an agueous solution of an inorganic base, adding

water and isolating compound of formula (I).

DETAILED DESCRIPTION OF THE INVENTION

The present inventors after considering the deficiencies of prior art processes have

developed a simple cost-effective process, which has the following features:
1) Use of a single organic solvent for cyclization of the compound of formula (11)
to give a compound of formula (1), ‘
2) Absence of anhydrous or other stringent conditions like low' temperature for
completion of reaction and isolation of product,
3) Utilization of optimal amount of solvent during the reaction,
4) Does not require a reagent like ceric ammonium nitrate for obtaining efavirenz

of formula (1), thereby reducing the load considerably on the effluent,
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5) Obviates the necessity for having an additional step of purification after
isolation of compound of formula () from the reaction,
6) Absence of any extraction step or possibility of emulsion formation during

~ isolation.

The present invention relates to a novel process for the preparation of efavirenz of
formula (I) by a process comprising reaction of 5-chloro-a-(cyclopropy! ethynyl)-2-
amino-o-(trifluoromethyl)benzenemethanol of formula (ll) with triphosgene in an
organic solvent and in the presence of a base. After completion of the reaction, the
reaction was optionally neutralized with an aqueous alkali carbonate or bicarbonate
solution if required. Water was then added to the reaction mixture and the product
separating out was filtered and dried. The product of formula (l) was obtained in
quantitative yield with purity conforming to pharmacopeial specification. The product
zchus isolated did not require any further purification for preparing the desired form of

efavirenz (I).

FsC / i) Triphosgene / organic solvent / F,C //
cl OH aqueous inorganic base; Cl
-5 to 25°C / 2 hours 0O
NH, iiy aqueous alkali; pH7 - N/go
iii) Addition of water H
(i) u ()

In a specific embodiment, 5-chloro-a-(cyclopropylethynyl)-2-amino-o-(trifluoromethyl)

benzene methanol of formula (I) was added to an organic solvent.

The organic solvent was selected from the group comprising of ethers, nitriles,

ketones, efc.
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The organic solvent was selected from the group comprising of acetonitrile,
propionitrile, butyronitrile, acetone, ethyl methyl ketone, THF and 1,2-dimethoxy

ethane.
The organic solvent was preferably acetonitrile, acetone or 1,2-dimethoxy ethane.

The solvent added was between 1.0 volume and 3.0 volumes per gram of compound

of formula (I1).

Triphosgene of formula (V) dissolved in the same organic solvent was added
gradually to the mixture containing compound of formula (Il). This step was carried
out at a temperature ranging from -5 to +25°C. Triphosgene as compared to
phosgene gas was a crystalline solid and was very easy to handle on an industrial

scale.

The base used was inorganic base and was selected from carbonates or.
bicarbonates of alkali or alkaline earth metal preferably, the carbonates or
bicarbonates of alkali or alkaline earth metal particularly, sodium carbonate,
potassium carbonate, sodium bicarbonate or potassium bicarbonate preferably

sodium bicarbonate.

After completion of reaction in the same temperature range, the mixture was
optionally neutralized with an aqueous solution of an inorganic base. The inorganic
base was selected from sodium carbonate, potassium carbonate, sodium

bicarbonate or potassium bicarbonate.

Water was then added to the reaction mixture. The compound of formula (1)

separating out was filtered, washed with water and dried.
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Efavirenz of formula (I) was isolated in quantitative yield and was found to conform

to pharmacopeial specification.

Efavirenz of formula (1) thus isolated, did not require any further recrystallizations or

purification for obtaining the desired purity of Efavirenz of formula (l).

Efavirenz of formula (I) had X-ray diffraction (28) values and Differential Scanning

Calorimetry data conforming to Form | of Efavirenz of formula (1).

It will be evident to those skilled in the art that the invention is not limited to the
details of the foregoing illustrative examples and that the present invention may be
embodied in other specific forms without departing from the essential attributes
thereof, and it is therefore desired that the present embodiments and examples be
considered in all respects as illustrative and not restrictive, reference being made to
the appended claims, rather than to the foregoing description, and all changes which
come within the meaning and range of equivalency of the claims are therefore

intended to be embraced therein.

EXAMPLES

Example 1

(8)-5-Chloro-a-(cyclopropylethynyl)-2-amino-a-(trifluoromethyl) benzene methanol
(100gms; 0.345 moles) was added to acetonitrile (100ml) in a 1000 m! flask, under
continuous purging of nitrogen. Sodium bicarbonate (42.30 gms) dissolved in water
(200 ml) was added to the flask at 25 to 30°C and the mixture was cooled to -10°C.
Triphosgene was dissolved in acetonitrile (50 gms; 0.168 moles in 200 ml of
acetonitrile) was added to the reaction mixture between -10 and -5°C. The reaction
mixture was stirred for 1 hour at -10 to -5°C and was further stirred at 20-25°C till
completion of reaction as monitored by HPLC. The reaction mixture was optionally

neutralized with dilute sodium carbonate solution. Water (150ml) was gradually
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added to the reaction mixture at room temperature. The mixture was cooled to 10°C
to 15°C and filtered. The wet cake was washed with DM water (400 ml) and dried
under vacuum. |

Yield: 106 gms.

% Yield: 97.25.

Purity: 99.72%.

Example 2

(S)-5-Chloro-a-(cyclopropylethynyl)-2-amino-a-(trifluoromethyl) benzene methanol
(10gms; 0.034moles) was added to acetone (10 ml) in a 250 ml flask, with nitrogen
purging. Sodium bicarbonate (4.3 gms; 0.05moles) dissolved in water (20 ml) was
added to the flask at 25 to 30°C and the mixture was cooled to -10°C. Triphosgene
dissolved in acetone (5 gms; 0.016 moles in 20 ml of acetone) and was added o the
reaction mixture between -10 and -5°C. The reaction mixture was stirred for 1 hour
at -10 to -5°C and further, stirred at 20-25°C till completion of reaction as monitored
by HPLC. The reaction mixture was neutralized with sodium bicarbonate solution.
Reaction mixture was filtered through 0.2 micron filter and was washed with 5 ml
Acetone. Water (80ml) was then gradually added to the reéction mixture at room
temperature. The mixture was cooled to 10°C to 15°C, and the product of formula (1)
was filtered. The wet cake was washed with DM water (40 ml) and dried under
vacuum.

Yield: 10.5 gms.

% Yield: 1.05% (w/w)

Purity: 99.84 %.

Example 3
(8)-5-Chloro-a-(cyclopropylethynyl)-2-amino-a-(trifluoromethyl) benzene methanol (5
gms; 0.017moles) was added to tetrahydrofuran (5ml) in a 250 ml flask, under

continuous purging of nitrogen. Sodium bicarbonate (2.11 gms; 0.025 moles)
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dissolved in water (10 ml) was added to the flask at 25 to 30°C and the mixture was
cooled to -10°C. Triphosgene was dissolved in tetrahydrofuran (2.5gms; 0.008 moles
in 10ml of Tetrahydrofuran) and added to the reaction mixture between -10 and -5°C.
The reaction mixture was stirred for 1 hour at -10 to -5°C and further, stirred at 20-
25°C till completion of reaction as monitored by HPLC. The reaction mixture was
neutralized with dilute sodium bicarbonate solution. Reaction mixture was filtered
through 0.2 micron filter and was washed with 2.5ml tetrahydrofuran. Water (65ml)
was gradually added to the reaction mixture at room temperature. The mixture was
cooled to 0°C to 5°C, and filtered. The wet cake was washed with DM water (40 ml)
and dried under vacuum.

Yield: 5.1 gms.

% Yield: 1.02% (w/w).

Purity: 99.67 %.

Example 4

(S)-5-Chloro-a-(cyclopropylethynyl)-2-amino-a-(trifluoromethyl) benzene methanol
(10 gms; 0.034moles) was added to 1,2-Dimethoxy ethane (10ml) in a 250 ml flask,
under continuous purging of nitrogen. Sodium bicarbonate (3.6 gms; 0.042moles)
dissolved in water (20 ml) was added to the flask at 25 to 30°C and the mixture
cooled to -10°C. Triphosgene dissolved in 1,2-dimethoxy ethane (5 gms; 0.016
moles in 20 ml of 1,2-dimethoxy ethane) and added to the reaction mixture between
-10 and -5°C. The reaction mixture was stirred for 1 hour at -10 to -5°C and further
stirred at 20-25°C till completion of reaction as monitored by HPLC. The reaction
mixture was neutralized with sodium carbonate solution (3 gms in 15 ml DM water).
Reaction mixture was filtered through 0.2 micron filter and washed with 1,2-
Dimethoxy ethane (5ml). Water (80ml) was gradually added to the reaction mixture
at room temperature. The mixture was cooled to 10°C to 15°C, and filtered. The wet
cake was washed with DM water (40 ml) and dried under vacuum.

Yield: 9.9 gms.
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% Yield: 99.00% (w/w).
Purity: 99.08 %.

Example 5

(8)-5-Chloro-a-(cyclopropylethynyl)-2-amino-a-(trifluoromethyl) benzene methanol
(10gms; 0.034moles) was added to propionitrile (10ml) in a 250 ml flask, under
continuous purging of nitrogen. Sodium bicarbonate (3.62 gms; 0.043 moles)
dissolved in water (20 ml) was added to the flask at 25 to 30°C and the mixture
cooled to -10°C. Triphosgene was dissolved in acetone (5 gms; 0.016 moles in 20 m
of acetone) and added to the reaction mixture between -10 and -5°C. The reaction
mixture was stirred for 1 hour at -10 to -5°C and further stirred at 20-25°C f{ill
completion of reaction as monitored by HPLC. Reaction mixture was filtered through
0.2 micron filter and washed with acetone (5ML) followed by gradual addition of
water (80ml) to the reaction mixture at room temperature. The mixture was cooled to
10°C to 15°C, and the product filtered. The wet cake was washed with DM water (40
mi) and dried under vacuum.

Yield: 10.0 gms.

% Yield: 1.0% (w/w).

Purity: 99.66 %.

Exam|ple 6:

(8)-5-Chloro-a-(cyclopropylethynyl)-2-amino-a-(trifluoromethyl) benzene methanol
(10gms; 0.034moles) was added to butyronitrile (10ml) in a 250 ml flask, under
continuous purging of nitrogen. Sodium bicarbonate (3.44 gms; 0.05moles)
dissolved in water (20 ml) was added to the flask at 25 to 30°C and the mixture
cooled to -10°C. Triphosgene was dissolved in butyronitrile (5 gms; 0.016 moles in
20 ml of butyronitrile) and added to the reaction mixture between -10 and -5°C. The
reaction mixture was stirred for 1 hour at -10 to -5°C and further stirred at 20-25°C till

completion of reaction as monitored by HPLC. Reaction mixture was filtered through
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0.2 micron filter and wash with 5ml butyronitrile. Water (80ml) was gradually added
to the reaction mixture at room temperature. The mixture was cooled to 0°C to 5°C,
stirred for 1 hr and filtered. The wet cake was washed with DM water (60 ml) and
dried under vacuum 85 to 90 °C.

Yield: 10.5 gms.

% Yield: 1.05% (w/w).

Purity: 99.78 %.
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CLAIMS

1. A cost-effective process for preparing efavirenz of formula (I) comprising reaction

of a compound of formula (II) with triphosgene in an organic solvent, in the
presence of a base, neutralizing the reaction mixture, adding water and isolating

compound of formula (1)

FsC / i) Triphosgene / organic solvent / F,C //
cl OH agueous inorganic base; cl
-5 10 25°C / 2 hours o)
NH, ii) aqueous alkali; pH 7 N/go
H

i) Addition of water

(I (1

. A process as claimed in claim 1 wherein the organic solvent is selected from the

group comprising of ethers, nitriles, and ketones.

. A process as claimed in claim 1 and 2 wherein the organic solvent is selected

from acetone, propionitrile, acetonitrile, tetrahydrofuran and 1,2-dimethoxy

ethane.

. A process as claimed in claim 3, wherein the organic solvent is preferably

acetonitrile, acetone and 1,2-dimethoxyethane.

. A process as claimed in claim 1 wherein the volume of solvent added is in the

range of 1.0 volume to 3.0 volumes per gram of compound of formula (1I).

. A process as claimed in claim 1 wherein the base is an inorganic base and is

selected from the group comprising of carbonates or bicarbonates of alkali or

alkaline earth metal.
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7. A process as claimed in claim 1 and 6 wherein the carbonates or bicarbonates of
alkali or alkaline earth metal is selected from sodium carbonate, potassium

carbonate, sodium bicarbonate or potassium bicarbonate.

5 8. A process as claimed in claim 6, wherein the preferred carbonates or
bicarbonates of alkali or alkaline earth metal is sodium bicarbonate or potassium

bicarbonate.

9. A process for preparation of compound of formula (1) substantially as described

10 in aforementioned Examples 1 to 6.
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