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AN IMPROVED PROCESS FOR THE PREPARATION OF

CARBAPENEM ANTIBIOTIC

Field of the Invention

The present invention provides an improved process for the preparation

of carbapenem antibiotic namely Biapenem of formula (I). Further the process

of the present invention provides Biapenem having reconstitution time less

than 25 seconds.

(I)

Background of the Invention

Biapenem is a synthetic broad-spectrum carbapenem antibiotic which

suppresses bacterial growth by inhibiting the enzymes responsible for bacterial

cell wall synthesis, and shows broad-spectrum antibacterial activity both

against gram-positive bacteria and gram-negative bacteria. Biapenem is

chemically known as (4R,5S,6S)-3-(6,7-dihydro-5H-pyrazolo[l,2-a][l,2,4]

triazol-8-ium-6-ylsulfanyl)-6-( 1-hydroxyethyl)-4-methyl-7-oxo- 1-azabicyclo

[3.2.0]hept-2-ene-2-carboxylate and marketed in Japan as OMEGACIN®.

Various methods are reported in the prior art for the preparation of

Biapenem of formula (I) which includes the condensation of compound of

formula (II) with compound of formula (III) and subsequent deprotection of

the protecting group as shown in scheme- 1.
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wherein R is hydrogen or hydroxy protecting group such as tert-butyl

dimethyl silyl and the like, R2 is hydrogen or carboxyl protecting group such as

p-nitrobenzyl, p-methoxy benzyl, allyl and the like, A is an activating group

such as P(0)(OR) 2, S0 2R and the like wherein R is selected from substituted

or unsubstituted Ci_6 alkyl, aralkyl or aryl to form the compound of formula

(II). The X in compound of formula (III) is halogen selected from Br or CI.

Biapenem was first disclosed in US 4,866,171 and the said patent also

discloses a process for the preparation of the same. US 5,241,073 disclosed

the method for the preparation of compound of formula (III) followed by

condensation with compound of general formula (II) using base such as N-

ethyldiisopropylamine and subsequent deprotection yields Biapenem which

was isolated by column chromatography followed by crystallization from

ethanol.

EP 0289801 discloses a process for the preparation of crystalline

Biapenem wherein Biapenem was dissolved in water and lyophilized to get

amorphous compound. The amorphous compound was dissolved in water at

40° C followed by cooling to get crystalline product. This patent further

provides the PXRD values of the crystalline Biapenem. The Biapenem

obtained according to the process provided in this patent takes longer time for

reconstitution and hence not suitable.



US 5,286,856 and US 5,424,069 provide a process for the

crystallization of Biapenem which utilizes freeze-drying technique and vial

lyophillisation method respectively. These patents disclose (refer para 1, lines

10-33 of US' 856) that the process provided in EP 0289801 results with

Biapenem crystals which take relatively longer time for dissolution during use.

To overcome the above issues, these patents utilize the freeze-drying and vial

lyophillisation methods. The said methods involve freezing of the solution

containing Biapenem followed by raising the temperature and repeating the

cooling and heating process followed by lyophillisation to get the crystalline

product. Lyophillisation and related process are capital intensive techniques

and uneconomical in commercial scale operations.

All the above said prior arts utilize either the lyophillisation technique or

preparing the amorphous material and crystallizing it from water to get

crystalline Biapenem.

Biapenem is available as powder for injection which needs to be

reconstituted with water or saline solution before injection. The process of

preparing a solution having an appropriate concentration of an active

ingredient for the administration is called "reconstitution". The reconstitution

time (RCT) plays a critical role in injectable powders. Short reconstitution time

is preferable for both a member of medical center and patients. If the

reconstitution time is too long, it will increase the preparation time thus

making it difficult to administrate it to many patients at the same, which will

eventually lower the competitiveness of the drug. The problem before the

applicants is to find economic and robust process for the preparation of

Biapenem with high purity and yield which should dissolve in water in less

than 25 seconds (reconstitution time).



With our continued intensive and diligent research for developing a

process for the preparation of Biapenem having high purity and yield with

reconstitution time of less than 25 seconds, we have identified an improved

process which is commercially viable and eliminates the issues associated with

reconstitution time. The process of this invention is simple and obviates the

use of freeze crystallization. Further the present invention fulfils the need for a

process for the manufacture of Biapenem which is convenient to operate in

commercial scale.

Objectives of the Invention

The main objective of the present invention is to provide a simple and

commercially viable, industrially scalable process for the crystallization of

Biapenem of formula (I) with high purity and good yield.

Yet another objective of the present invention is to provide a simple and

commercially suitable process for the preparation of Biapenem of formula (I)

with reconstitution time less than 25 seconds. The reconstitution time is

calculated by the time taken to dissolve 300 mg of Biapenem in 100 ml of

water or saline solution.

Summary of the invention

Accordingly the primary aspect of the present invention is to provide an

improved process for the preparation of Biapenem of formula (I)

(I)

the said process comprises;

(i) obtaining a solution of Biapenem in water containing co-solvent



(ii) adding anti-solvent in to the solution of step (i) or vice-versa to crystallize

Biapenem followed by filtration.

Detailed Description

In an embodiment of the present invention, the co-solvent used in step

(i) is selected from alcoholic solvents consisting of methanol, ethanol,

isopropyl alcohol, n-propanol, n-butanol and iso-butanol or mixtures thereof;

preferably methanol, ethanol and isopropyl alcohol; more preferably methanol.

In another embodiment of the present invention the anti-solvent used in

step (ii) is selected from acetone, methyl ethyl ketone, methyl isobutyl ketone,

ethyl acetate, methyl acetate, butyl acetate, tetrahydrofuran or mixtures

thereof; preferably acetone.

In yet another embodiment of the present invention, the solution of

Biapenem in step (i) can be obtained by (a) dissolving Biapenem in water

followed by addition of co-solvent (b) dissolving Biapenem in water

containing the co-solvent (c) the aqueous solution containing Biapenem can be

obtained directly from the reaction mass followed by addition of co-solvent (d)

the aqueous solution of Biapenem containing co-solvent can be obtained

directly from the reaction mass. The said solutions, if necessary can be

subjected to sterile filtration before the addition of anti-solvent. Thus the

present invention provided a process for the preparation of sterile Biapenem

having reconstitution time less than 25 seconds, more preferably less than 15

seconds.

The prior art lyophillisation process for the preparation of Biapenem

requires capital investment and high operating cost due to the involvement of

repetitive heating and cooling process which is tedious technology in

commercial scale operations. The reported prior art process for the

crystallization of Biapenem of formula (I) from water results in the formation

of crystalline powder which takes longer time for dissolution in water or saline

solution (reconstitution time). Surprisingly, applicant found that the use of co-



solvents during the crystallization of Biapenem results with Biapenem having

reconstitution time of less than 25 seconds. This constitutes the novelty of the

present invention.

In this present invention the Biapenem of formula (I) is obtained as

crystalline solid with purity above 99.0 % by HPLC with good stability and

further can be easily filled in vials.

The following examples are provided by way of illustration only and

should not be construed to limit the scope of the invention.

Crystallization of (4R,5S,6S)-3-(6J-dihvdro-5H-pyrazolori,2-al fl,2,41
triazol-8-ium-6-ylsulfanyl)-6-(l-hvdroxyethyl)-4-methyl-7-oxo-l-
azabicyclo [3.2.01 hept-2-ene-2-carboxylate [Biapenem of formula (1)1:

Example -1:

To water (4 lit), Biapenem (100 g) was added at 40° C and dissolved to get a

clear solution. Activated carbon and EDTA were added to the clear solution

and filtered through hi-flow bed, washed with water followed by filtration

through micron filters in sterile area. To the filtrate, methanol (600 mL) was

added followed by acetone under stirring. To the reaction mass, Biapenem

seed material was added and stirred. The crystallized product was filtered,

washed with aqueous acetone and dried under vacuum to get crystalline

Biapenem.

Yield: 85 g Purity by HPLC: 99.5%

Reconstitution time (RCT): < 15 seconds

Example -2:

To water (4 lit), Biapenem (100 g) was added at 40° C and dissolved to get a

clear solution. To the filtrate, isopropyl alcohol (500 ml) was added followed

by acetone under stirring. The mass was cooled and stirred. The crystallized



product was filtered, washed with aqueous acetone and dried under vacuum to

get crystalline Biapenem.

Yield: 83 g Purity by HPLC: 99.6%

Reconstitution time: < 15 seconds.

Example -3:

To water (4 lit), Biapenem (100 g) was added at 40° C and dissolved to get a

clear solution. The solution was filtered through micron filters. To the filtrate,

ethanol (600 ml) was added followed by acetone and stirred. The crystallized

product was filtered, washed with aqueous acetone and dried under vacuum to

get crystalline Biapenem.

Yield: 84 g Purity by HPLC: 99.5%

Reconstitution time : < 15 seconds

Example -4:

To water (4 lit), Biapenem (100 g) was added at 40° C and dissolved to get a

clear solution. The solution was filtered through hi-flow bed, washed with

water followed by filtration through micron filters. To the filtrate, methanol

(450 ml) was added followed by acetone and stirred. The crystallized product

was filtered, washed with aqueous acetone and dried under vacuum to get

crystalline Biapenem.

Yield: 87 g Purity by HPLC: 99.4%

Reconstitution time (RCT): < 15 seconds



Reference example -1:

Preparation of Biapenem (Non-Sterile)

Step-I: Preparation of p-Nitrobenzyl (4R,5S,6S)-3-(6,7-dihydro-5H-

Pyrazolo[l,2-al[l,2,41triazol-8-ium-6-ylsulfanyl)-6-(l-hvdroxyethyl)-4-

methyl-7-oxo-l-azabicvclo[3.2.01hept-2-ene-2-carboxylate [Compound of

formula V )1

To a mixture of acetonitrile and DMF, P-Nitrobenzyl (4R,5S,6S)-3-

(diphenyloxy)phosphoryloxy-6-[(lR)-l-hydroxyethyl]-4-methyl-7-oxo-l-

azabicyclo[3,2,0]hept-2-ene-2-carboxylate (compound of formula II) and 6,7-

dihydro-6-mercapto-5H-pyrazolo[l,2-a] [1,2,4] triazole chloride (compound of

formula III) were added and cooled to 0-5° C. To this mixture, N-

ethyldiisopropyl amine was added and stirred till the completion of the

reaction, followed by the addition of dichloromethane to crystallize the

p-Nitrobenzyl (4R,5 S,6 S)-3 -(6 ,7 -dihydro-5H-pyrazolo [1,2 -a] [1,2 ,4]triazol-8 -

ium-6-ylsulfanyl)-6-(l -hydroxyethyl)-4-methyl-7-oxo-l-azabicyclo[3 .2.0]

hept-2-ene-2-carboxylate which was filtered and dried under nitrogen.

Step-II: Preparation of Biapenem

To a solution of MOPS buffer and THF, p-Nitrobenzyl (4R,5S,6S)-3-(6,7-

dihydro-5H-pyrazolo[l ,2-a][l ,2,4]triazol-8-ium-6-ylsulfanyl)-6-(l -hydroxy

ethyl)-4-methyl-7-oxo-l-azabicyclo[3 .2.0]hept-2-ene-2-carboxylate

(Compound of formula-IV) was added at pH 7-8 and cooled to 5-10° C. The

mixture was hydrogenated using palladium on carbon as catalyst. The catalyst

was filtered and the filtrate was treated with activated carbon and filtered. The

filtrate was extracted with dichloromethane and the layers separated. The

aqueous layer was degassed. To the aqueous layer, acetone was added to

crystallize Biapenem at 20-25° C. The product was filtered, washed with

aqueous acetone and dried under vacuum to get Biapenem (Non-Sterile).



Reference example -2:

Crystallization of Biapenem

Example - 1 was repeated without the addition of methanol.

Yield: 84 g Purity by HPLC: 99.5%

Reconstitution time : > 90 seconds

The reconstitution time is calculated by the time taken to dissolve 300

Biapenem in 100 ml of water or saline solution.

Table-1:

Comparative Data:

The comparative data provided in the table-1 clearly indicates that the addition

of co-solvent during crystallization provides Biapenem with reconstitution

time less than 25 seconds.



We Claim:

1. An improved process for the preparation of Biapenem of formula (I)

(I)

the said process comprises;

(i) obtaining a solution of Biapenem in water containing co-solvent;

and

(ii) adding anti-solvent in to the solution of step (i) or vice-versa to

crystallize Biapenem followed by filtration.

2 . The process as claimed in claim 1, wherein the co-solvent used in step

(i) is selected from methanol, ethanol, isopropyl alcohol, n-propanol, n-

butanol , iso-butanol or mixtures thereof.

3 . The process as claimed in claim 1, wherein the anti-solvent used in step

(ii) is selected from acetone, methyl ethyl ketone, methyl isobutyl ketone,

ethyl acetate, methyl acetate, butyl acetate, tetrahydrofuran or mixtures

thereof.

4 . The process as claimed in claim 1, wherein the Biapenem obtained is

having reconstitution time of less than 25 seconds.
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