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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
3 April 2008 (03.04.2008) PCT WO 2008/037760 Al

(51) International Patent Classification: (74) Agent: BARLOCCI, Anna; ZBM Patents, S.L., Balmes,
C07D 473/16 (2006.01) 114 4°, E-08008 Barcelona (ES).

(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,

PCT/EP2007/060249 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,

(22) International Filing Date: ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
27 September 2007 (27.09.2007) 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,
(25) Filing Language: English MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,

PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
(26) Publication Language: English TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

ZM, ZW
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every

06121459.9 28 September 2006 (28.09.2006) EP kind of regional protection available): ARIPO (BW, GH,
60/847,979 28 September 2006 (28.09.2006) US GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
(71) Applicant (for all designated States except US): ESTEVE European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

QUIMICA, S.A. [ES/ES] ; Av. Mare de Deu de Montserrat, FR, GB, GR, HU, IE, IS, IT, LT,LU, LV,MC, MT, NL, PL,
12, E-08024 Barcelona (ES). PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,

GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
(72) Inventors; and
(75) Inventors/Applicants (for US only): MEDRANO Declaration under Rule 4.17:

RUPEREZ, Jorge [ES/ES]; Av. Mare de Deu de — as to applicant's entitlement to applyfor and be granted a

Montserrat, 12, E-08024 Barcelona (ES). CAMPON patent (Rule 4.17(U))

PARDO, Julio [ES/ES]; Av. Mare de Deu de Montserrat, Published:
12, E-08024 Barcelona (ES). ELIAS RIUS, Laia [ES/ES]; — with international search report
Av. Mare de Deu de Montserrat, 12, E-08024 Barcelona — before the expiration of the time limit for amending the
(ES). BERENGUER MAIMO, Ramon [ES/ES]; Av. claims and to be republished in the event of receipt of
Mare de Deu de Montserrat, 12, E-08024 Barcelona (ES). amendments

(54) Title: PROCESS FOR THE PREPARATION OF ABACAVIR

(57) Abstract: Process for removal of the amino protective
group of a N-acylated {(lS,4R)-4- [2-amino-6-(cyclopropy-
lamino)-9H-purin-9-yl]-cyclopent-2-enyl}methanol of formula
(II) where R = H or a (C1-C4)-alkyl, using an inorganic base in
a mixture of water and alcohol, to yield abacavir or its salts. The
process proceeds very fast and the product can be obtained in high
yield and purity.



Process for the preparation of abacavir

The invention refers to a process for the preparation of an active

pharmaceutical ingredient known as abacavir. The process is based on the

removal of the protective group of N-2-acyl abacavir using specific basic

conditions.

BACKGROUND ART

Abacavir, is the International Nonproprietary Name (INN) of {(1 S,4R)-4-[2-

amino-6-(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2-enyl}methanol, and

CAS No. 136470-78-5. Abacavir sulfate is a potent selective inhibitor of HIV-1

and HIV-2, and can be used in the treatment of human immunodeficiency

virus (HIV) infection.

The structure of abacavir hemisulfate salt corresponds to formula (I):

(I)

EP 434450-A discloses certain 9-substituted-2-aminopuhnes including

abacavir and its salts, methods for their preparation, and pharmaceutical

compositions using these compounds.

Different preparation processes of abacavir are known in the art. In some of

them abacavir is obtained starting from an appropriate pyrimidine compound,

coupling it with a sugar analogue residue, followed by a cyclisation to form

the imidazole ring and a final introduction of the cyclopropylamino group at



the 6 position of the purine ring. Pyrimidine compounds which have been

identified as being useful as intermediates of said preparation processes

include N-2-acylated abacavir intermediates such as N-{6-

(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-2-enyl]-9H-purin-

2-yl}acetamide or N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-

(hydroxymethyl)cyclopent-2-enyl]-9H-purin-2-yl}isobutyramide. The removal

of the amino protective group of these compounds using acidic conditions is

known in the art. According to Example 28 of EP 434450-A, the amino

protective group of the N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-

(hydroxymethyl)cyclopent-2-enyl]-9H-purin-2-yl}isobutyramide is removed by

stirring with 1N hydrochloric acid for 2 days at room temperature. The

abacavir base, after adjusting the pH to 7.0 and evaporation of the solvent, is

finally isolated by trituration and chromatography. Then, it is transformed by

reaction with an acid to the corresponding salt of abacavir. The main

disadvantages of this method are: (i) the use of a strongly corrosive mineral

acid to remove the amino protective group; (ii) the need of a high dilution rate;

(iii) a long reaction time to complete the reaction; (iv) the need of isolating the

free abacavir; and (v) a complicated chromatographic purification process.

Thus, despite the teaching of this prior art document, the research of new

deprotection processes of a N-acylated {(1 S,4R)-4-[2-amino-6-

(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2-enyl}methanol is still an active

field, since the industrial exploitation of the known process is difficult, as it

has pointed out above. Thus, the provision of a new process for the removal

of the amino protective group of a N-acylated {(1 S,4R)-4-[2-amino-6-

(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2-enyl}methanol is desirable.

SUMMARY OF THE INVENTION

Inventors have found that the removal of the amino protective group of a N-2-

acylated {(1 S,4R)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-cyclopent-

2-enyl}methanol using a base in a mixture of water and alcohol proceeds very

fast and the product can be obtained in a high yield and with a high purity

since there is no significance formation of by-products compared with the

method known in the art.

Thus, the present invention refers to the provison of a process for the



preparation of abacavir of formula (I), or pharmaceutically acceptable salts

thereof, or solvates thereof, comprising reacting a compound of formula (II)

with an inorganic base in a mixture of (d-C 6)-alcohol and water, where R is H

or a (Ci-C 4)-alkyl radical.

(I) (II)

Among the striking advantageous features of the process of the present

invention, the following can be mentioned: (i) the hydrolysis carried out in said

basic conditions is more efficient; (ii) shorter reaction times are required,

since the reaction conditions of the process of the invention allow to perform

the hydrolysis at higher temperatures; (iii) lower formation of impurities; in the

reaction conditions of the present invention the hydrolysis takes place with a

low formation of by-products even at high temperatures, on the contrary,

when acidic conditions are used, a fast degradation of the product is

observed upon warming ; (iv) the reaction volumes are optimized given that

the hydrolysis can be carried out at high concentrations; (vi) it takes place

without racemization; (vii) the abacavir or its salts are easyly isolated and

purified; and (vii) high yields are obtained.

DETAILED DESCRIPTION OF THE INVENTION

As described above, abacavir can be obtained by hydrolysis in basic

conditions from compound of formula (II) using an inorganic base. In

preferred embodiments compounds of formula (II) are those where R is H,

methyl or isopropyl. In a more preferred embodiment the compound of

formula (II) is N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-



(hydroxynnethylJcyclopent^-enyll- H-puπn^-ylJisobutyrannide (compound of

formula (II) where R = isopropyl).

Preferably, the base is an alkaline metal hydroxide such as lithium, sodium or

potassium hydroxide. The most preferred alkaline metal hydroxide is sodium

hydroxide. Preferably, the amount of inorganic base is comprised between 0.1

and 10 mol of base per mol of starting material of formula (II). More

preferably, the amount of base is comprised between 1 and 5 mol of base per

mol of starting material.

The hydrolysis is carried out in a mixture of water and an alcohol such as

ethanol, n-propanol, isopropanol, n-butanol, isobutanol or t-butanol.

Preferably, the solvent system is a mixture of isopropanol and water. Usually

the amount of solvent is comprised between 1 and 15 ml/g of starting

material. Preferably, between 2 and 10 ml/g. Likewise, the amount of water is

usually comprised between 1- 15 ml/g of starting material. Preferably between

1 and 10 ml/g.

The reaction is preferably carried out at a temperature comprised between

room temperature and the reflux temperature of the solvent used. In a

preferred embodiment, the reaction is carried out at a temperature comprised

between 50 0C and the reflux temperature of the mixture. Thus, it is

advantageous since surprisingly the reaction time is tremendously reduced at

these temperatures while no significance by-products formation is observed.

In a more preferred embodiment, the reaction is carried out at the reflux

temperature of the mixture.

The abacavir can be isolated from the reaction medium as a pharmaceutically

acceptable salt, preferably the hemisulfate salt, by separating the aqueous

phase and precipitating the salt of abacavir from the organic phase by

addition of the appropriate amount of the corresponding pharmaceutically

acceptable acid. Optionally, a second solvent can be added before

separation of the aqueous phase. Examples of suitable solvents include (C2-

C8) aliphatic ethers such as ethyl ether, isopropyl ether, tert-butylmethyl

ether, di-n-butyl ether or tetrahydrofuran, (C6-C8)-aromatic hydrocarbons such

as toluene or xylene, or chlorine-containing solvents such as chloroform or

methylene chloride. Optionally, the organic phase can be washed with



aqueous sodium hydroxide or with an aqueous solution of another inorganic

base before the addition of the pharmaceutically acceptable acid. Higher

yields may be obtained when the salt of abacavir is isolated from a solvent in

an anhydrous medium. For instance, the water can be removed by azeotropic

distillation or by evaporation to dryness and then adding the appropriate

solvent to precipitate the salt of abacavir.

The hemisulfate salt of {(1 S,4R)-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-

yl]-cyclopent-2-enyl}methanol means the salt formed between {(1 S,4R)-{4-[2-

amino-6-(cyclopropylamino)-9H-purin-9-yl]-cyclopent-2-enyl}methanol and

sulfuric acid in a stoichiometric ratio of 2:1 .

Alternatively, abacavir can be isolated from the reaction medium as a free

base by crystallization. A change of solvent may be carried out to perform the

crystallization. Suitable crystallization solvent system is, for instance,

(C2-C6)-alcohols such as ethanol, n-propanol, isopropanol, n-butanol,

isobutanol or tert-butanol, (C3-C9)-ketones such as acetone,

methyl isobutyl ketone, or methylethylketone, (C2-C8) aliphatic ethers such as

ethyl ether, isopropyl ether, tert-butylmethyl ether, di-n-butyl ether or

tetrahydrofuran, (C2-Ci 0)-esters such as ethyl acetate, acetonitrile, or mixtures

thereof. Preferred solvent systems are acetone, acetonitrile, ethyl acetate,

isopropanol or mixtures of isopropanol/tert-butyl methyl ether. Optionally, the

organic phase can be washed with aqueous sodium hydroxide or with an

aqueous solution of other inorganic base before crystallizing the abacavir as

free base.

Abacavir can also be isolated from the reaction medium as a free base by

optionally adding a solvent selected from (C2-C8)-aliphatic ethers and

(C6-C8)-aromatic hydrocarbons, separating the aqueous phase, optionally

removing the remaining water, and crystallyzing the abacavir of formula (I) as

free base in an appropriate solvent system. Preferably, the crystallizing

solvent system is selected from those mentioned above. Optionally, the

organic phase can be washed with aqueous sodium hydroxide or with an

aqueous solution of other inorganic base before crystallizing the abacavir as

free base.

When a pharmaceutically acceptable salt is desired, it can also be obtained



from the abacavir base by treatment with the corresponding acid. A preferred

salt is the hemisulfate salt of abacavir.

The most adequate conditions for carrying out said process vary depending

on the parameters considered by an expert in the art, such as, for example,

the concentration of the reaction mixture, the temperature, the solvent used

during the reaction and the isolation of the product, and the like. These can

be readily determined by said skilled person in the art with the help of the

teachings of the examples given in this description.

Throughout the description and claims the word "comprise" and variations of

the word, are not intended to exclude other technical features, additives,

components, or steps. The abstract of this application is incorporated herein

as reference. Additional objects, advantages and features of the invention will

become apparent to those skilled in the art upon examination of the

description or may be learned by practice of the invention. The following

examples are provided by way of illustration, and they are not intended to be

limiting of the present invention.

EXAMPLES

Example 1: Preparation of abacavir hemisulfate

N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-2-enyl]-9H-

purin-2-yl}isobutyramide (6.56 g, 18.40 mmol) was slurried in a mixture of

isopropanol (32.8 ml) and 10% solution of NaOH (36.1 ml, 92.0 mmol). The

mixture was refluxed for 1 h . The resulting solution was cooled to 20-25 0C

and tert-butyl methyl ether (32.8 ml) was added. The layers were separated

and H2SO4 96% (0.61 ml, 11.03 mmol) was added dropwise to the organic

layer. This mixture was cooled to 0-5 0C and the resulting slurry filtered off.

The solid was dried under vacuum at 40 0C. Abacavir hemisulfate (5.98 g,

97%) was obtained as a white powder.

Example 2 : Preparation of abacavir hemisulfate

N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-2-enyl]-9H-

purin-2-yl}isobutyramide (6.56 g, 18.40 mmol) was slurried in a mixture of



isopropanol (32.8 ml) and 10% solution of NaOH (36.1 ml, 92.0 mmol). The

mixture was refluxed for 1 h . The resulting solution was cooled to 20-25 0C

and toluene (32.8 ml) was added. The layers were separated and H2SO4 96%

(0.61 ml, 11.03 mmol) was added dropwise to the organic layer. This mixture

was cooled to 0-5 0C and the resulting slurry filtered off. The solid was dried

under vacuum at 40 0C. Abacavir hemisulfate (5.42 g, 88%) was obtained as

a white powder.

Example 3 : Preparation of abacavir hemisulfate

To a solution of N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)

cyclopent-2-enyl]-9H-purin-2-yl}isobutyramide ( 1 .0 g, 2.80 mmol) in

isopropanol ( 10 ml) a 10% solution of NaOH (5.5 ml, 14.03 mmol) was added.

The mixture was refluxed for 1 h . The resulting solution was cooled to 20-25
0C and the aqueous layer was separated. H2SO4 96% (0.07 ml, 1.22 mmol)

was added dropwise to the organic layer. The mixture was concentrated to

half volume and the salts were filtered off. To the obtained solution, H2SO4

96% (0.07 ml, 1.22 mmol) was added dropwise and cooled to 0-5 0C. The

solid was filtered off and dried under vacuum at 40 0C. Abacavir hemisulfate

(0.56 g, 60%) was obtained as a white powder.

Example 4 : Preparation of abacavir hemisulfate

N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-2-enyl]-9H-

purin-2-yl}isobutyramide (5.0 g, 14.03 mmol) was slurried in a mixture of

isopropanol (25 ml) and 10% solution of NaOH (27.5 ml, 70.1 mmol). The

mixture was refluxed for 1 h . The resulting solution was cooled to 20-25 0C

and the aqueous solution was discarded. The organic layer was concentrated

to dryness isopropanol ( 10 ml) was added and further concentrated to

dryness two times. To this residue, isopropanol (25 ml) was added and the

salts were filtered off. To the obtained solution, H2SO4 96% (0.39 ml, 7.0

mmol) was added dropwise. This mixture was cooled to 0-5 0C and the

resulting slurry filtered off. The solid was dried under vacuum at 40 0C.

Abacavir hemisulfate (3.7 g, 79%) was obtained as a white powder.

Example 5 : Preparation of abacavir hemis ulfate



A mixture of N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-

2-enyl]-9H-purin-2-yl}isobutyramide (10 g, 28 mmol), isopropanol ( 100 ml)

and 10% solution of NaOH ( 16.8 ml, 42 mmol) was refluxed for 1 h . The

resulting solution was cooled to 20-25 0C and washed several times with 25%

solution of NaOH ( 10 ml). The wet organic layer was neutralized to pH 7.0-7.5

with 17% hydrochloric acid and it was concentrated to dryness under vacuum.

The residue was taken in isopropanol ( 100 ml) and the salts were filtered off.

To the filtrate, H2SO4 96% (0.78 ml, 14.0 mmol) was added dropwise. This

mixture was cooled to 0-5 0C and the precipitated was filtered and dried under

vacuum at 40 0C to afford 15.0 g (80%) of abacavir hemisulfate as a white

powder.

Example 6 : Preparation of abacavir

N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-2-enyl]-9H-

purin-2-yl}isobutyramide ( 1 .0 g, 2.80 mmol) was slurried in a mixture of

isopropanol (2 ml) and 10% solution of NaOH ( 1 . 1 ml, 2.80 mmol). The

mixture was refluxed for 1 h . The resulting solution was cooled to 20-25 0C

and tert-butyl methyl ether (2 ml) was added. The aqueous layer was

discarded, the organic phase was cooled to 0-5 0C and the resulting slurry

filtered off. The solid was dried under vacuum at 40 0C. Abacavir (0.62 g,

77%) was obtained as a white powder.

Example 7 : Preparation of abacavir

N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-2-enyl]-9H-

purin-2-yl}isobutyramide ( 1 .25 g, 3.51 mmol) was slurried in a mixture of

isopropanol (2.5 ml) and 10% solution of NaOH ( 1 .37 ml, 3.51 mmol). The

mixture was refluxed for 1 h and concentrated to dryness. The residue was

crystallized in acetone. Abacavir (0.47 g, 47%) was obtained as a white

powder.

Example 8 : Preparation of abacavir

N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-2-enyl]-9H-

purin-2-yl}isobutyramide ( 1 .25 g, 3.51 mmol) was slurried in a mixture of

isopropanol (2.5 ml) and 10% solution of NaOH ( 1 .37 ml, 3.51 mmol). The



mixture was refluxed for 1 h and concentrated to dryness. The residue was

crystallized in acetonitrile. Abacavir (0.43 g, 43%) was obtained as a white

powder.

Example 9 : Preparation of abacavir

A mixture of N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-

2-enyl]-9H-purin-2-yl}isobutyramide (10 g, 28 mmol), isopropanol ( 100 ml)

and 10% solution of NaOH ( 16.8 ml, 42 mmol) was refluxed for 1 h . The

resulting solution was cooled to 20-25 0C and washed several times with 25%

solution of NaOH ( 10 ml). The wet organic layer was neutralized to pH 7.0-7.5

with 17% hydrochloric acid and it was concentrated to dryness under vacuum.

The residue was crystallized in ethyl acetate ( 150 ml) to afford abacavir (7.2

g, 90%).

Example 10 : Preparation of abacavir

A mixture of N-{6-(cyclopropylamino)-9-[(1 R,4S)-4-(hydroxymethyl)cyclopent-

2-enyl]-9H-purin-2-yl}isobutyramide ( 10 g, 28 mmol), isopropanol ( 100 ml)

and 10% solution of NaOH ( 16.8 ml, 42 mmol) was refluxed for 1 h . The

resulting solution was cooled to 20-25 0C and washed several times with 25%

solution of NaOH ( 10 ml). The wet organic layer was neutralized to pH 7.0-7.5

with 17% hydrochloric acid and it was concentrated to dryness under vacuum.

The residue was crystallized in acetone (300 ml) to afford abacavir (7.0 g,

88%).



CLAIMS

1. A process for the preparation of abacavir of formula (I), or a

pharmaceutically acceptable salt thereof, or a solvate thereof, comprising

reacting a compound of formula (II) with an inorganic base in a mixture of a

(Ci-C 6)-alcohol and water, wherein R is H or a (Ci-C4)-alkyl radical.

(I) (II)

2 . The preparation process according to claim 1, wherein R is isopropyl.

3 . The preparation process according to any of the claims 1-2, wherein the

base is an alkaline metal hydroxide.

4 . The preparation process according to claim 3, wherein the alkaline metal

hydroxide is sodium hydroxide.

5 . The preparation process according to any of the claims 1-4, wherein the

alcohol is isopropanol.

6 . The preparation process according to any of the claims 1-5, wherein the

reaction is carried out at a temperature comprised between 50 0C and the

reflux temperature of the mixture.

7 . The preparation process according to any of the claims 1-6, wherein

abacavir (I) is isolated as a salt and the isolation process comprises: (i)

optionally adding a solvent selected from the group consisting of (C2-C8)-



aliphatic ethers, (C6-C8)-aronnatic hydrocarbons and chlorine-containing

solvents; (ii) separating the aqueous phase; (iii) optionally, carrying out at

least one wash with an aqueous solution of an inorganic base; (iv) optionally

removing the remaining water; and (v) precipitating the pharmaceutically

acceptable salt from the organic phase by addition of the appropriate amount

of the corresponding pharmaceutically acceptable acid.

8 . The preparation process according to claim 7, wherein the salt of the

abacavir (I) is the hemisulfate salt.

9 . The preparation process according to any of the claims 1-6, wherein the

abacavir of formula (I) is isolated as a free base and the isolation process

comprises crystallizing the abacavir (J) as free base in an appropriate solvent

system; and if desired, treating the compound obtained with a

pharmaceutically acceptable acid to form the corresponding salt.

10 . The preparation process according to any of the claims 1-6, wherein the

abacavir (I) is isolated as free base and the isolation process comprises: (i)

optionally adding a solvent selected from the group consisting of (C2-C8)-

aliphatic ethers and (C6-C8)-aromatic hydrocarbons; (ii) separating the

aqueous phase; (iii) optionally, carrying out at least one wash with an

aqueous solution of an inorganic base; (iv) optionally removing the remaining

water; and (v) crystallyzing the abacavir (I) as free base in an appropriate

solvent system; and if desired, treating the compound obtained in step (v)

with a pharmaceutically acceptable acid to form the corresponding salt.

11. The preparation process according to any of the claims 9-1 0, wherein the

crystallization solvent system of the abacavir free base is selected from the

group consisting of acetone, acetonitrile, ethyl acetate, isopropanol and

mixtures of isopropanol/tert-butyl methyl ether.
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