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Process for the production of clavulanic acid salts

The invention relates to a new process for the production of

pharmaceutically acceptable salts of clavulanic acid.

Clavulanic acid is of special interest as an additive to B-lactam
antibiotic formulations because of its inhibiting activity on
B-lactamases. B-lactamases are enzymes wvhich open the B-lactam
ring of penicillins and cephalosporins, whereupon their anti-
bacterial effectiveness is lost. B-lactamases are formed by many
bacteria and they are the cause of the resistance thereof towards
penicillins and cephalosporins (resistance formation). It has
therefore proved advantageous to use f-lactam antibioties in a
mixture with clavulanic acid or its pharmaceutically acceptable
salts, whereby the effectiveness of the B-lactam is fully
maintained even in the presence of g-lactamase-producing
bacteria. One example of this is the commercially-available
combination of amoxicillin and clavulanic acid potassium salt,

vhich is broadly used in the control of infectious diseases.

Clavulanic acid is obtained by fermentation of Streptomyces
clavuligerus, and isolated and purified by complicated processes,
e.g. those described in DOS 2 517 316. After separating the cell
mass, the filtrate is acidified, and the clavulanic acid is

’ extracted with an organic solvent, e.g. n-butanol. After renewed
re-extraction into an aqueous solution, technologically

l complicated and economically expensive purification processes
follow, such as chromatography by means of ion exchange resins or

gel chromatography. EP-B-00 26 044 describes the use of the
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tert.butylamine salt of clavulanic acid as an intermediate
product in the isolation thereof. The salt is hereby crystallized
out of acetone-containing organic solvent mixtures as an acetone
solvate. When the tert.butylamine salt of clavulanic acid is
converted into pharmaceutically acceptable salts of clavulanic
acid, acetone is distributed into the reaction mixture, thus
complicating the process of working up and recycling of the

solvents.

In EP-A-0 387 178 the use of organic amine salts for the
isolation of clavulanic acid is described. The amine may be
primary, secondary or tertiary and may be substituted by
aliphatic hydrocarbon radicals having up to 7 C-atoms or by
aromatic radicals. Examples of different crystalline amine salts
of clavulanic acid are disclosed. However our attempts to
reproduce these amine salts in crystalline form failed except for
the bases sec.-butylamine and benzyl tert.butylamine. While the
former produces the amine salt of clavulanic acid only slowly and
with poor crystallisation tendency, thus affecting the purity of

the salt, the second amine is uncommon and very expensive.

For pharmaceutical application of the active material, the above-
mentioned amine salts of clavulanic acid are preferably converted
into their pharmaceutically acceptable alkali salts, especially
the potassium salt. This is effected by dissolving the amine salt
in a solvent optionally with addition of water and adding to it a
solution of a readily soluble alkali salt, e.g. sodium or
potassium-2-ethylhexanoate, whereby the poorly soluble alkali
salt of clavulanic acid crystallises out and may be isolated. Due
to the poor solubility of the said amine salts in suitable
organic solvents, it is necessary to add water, whereupon the
solubility is improved. However, this necessary addition
undesirably also raises the solubility of the alkali salt of
clavulanic acid which is precipitated later, and thus causes a

loss in yield.
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There was still a strong demand in the art for an improved
process of preparing pharmaceutically acceptable salts of
clavulanic acid. It has surprisingly been found that the object
can be attained by the use of a specific amine salt of

clavulanic acid.

Accordingly to the present invention, there is provided a process
for the production of a pharmaceutically acceptable salt of
clavulanic acid, which comprises forming the 2-amino-2,4,4-
trimethylpentane salt of clavulanic acid and converting this salt

into a pharmaceutically acceptable salt of clavulanic acid.

Clavulanic acid may be isolated as the 2-amino-2,4,4-
trimethylpentane salt most advantageously in high yield and
highly pure form from an organic solution of impure clavulanic
acid, obtained for instance by extraction with an organic solvent
from fermentation broth or the filtrate thereof. The
2-amino-2,4,4-trimethylpentane salt of clavulanic acid has been
disclosed in USP 4 650 795, but only with regard to its use in
pharmaceutical formulations and not for the isolation and

purification of clavulanic acid.

In particular the present invention provides a process for the
preparation of pharmaceutically acceptable salts of clavulanic

acid comprising

a) treating a solution of clavulanic acid in a organic solvent,
as is optionally obtained by extraction from a fermentation
broth or from a filtrate derived therefrom, with

2-amino-2,4,4-trimethylpentane,
b) isolating the 2-amino-2,4,4-trimethylpentane salt of

- clavulanic acid and optionally recrystallising the

2-amino-2,4,4~trimethylpentane salt of clavulanic acid and
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c) converting the obtained 2-amino-2,4,4-trimethylpentane salt of
clavulanic acid into a pharmaceutically acceptable salt of

clavulanic acid.

In another aspect the present invention provides the use of the
2-amino-2,4,4~trimethylpentane salt of clavulanic acid as an
intermediate in the production of pharmaceutically acceptable

salts of clavulanie acid.

Particularly suitable pharmaceutically acceptable salts of
clavulanic acid include alkali and alkaline earth metal salts,
e.g. sodium, potassium, calcium or magnesium. The sodium and
potassium salts are most suitable. The potassium salt is
preferred.

The process according to the invention may be carried out for

example as follows:

A solution of clavulanic acid in an organic solvent, preferably a
ketone, an alcohol or an ester which is immiscible or only partly
miscible with water, such as diethyl ketone, methyl isobutyl
ketone, cyclohexanone, n-butanol, cyclohexanol, ethyl acetate,
n-butyl acetate, preferably methyl isobutyl ketone or ethyl
acetate, as produced by extraction of clavulanic acid from the
fermentation broth or the filtrate thereof, is carefully freed
from residual water, e.g. by azeotropic drying in vacuum or by
adding a dehydrating agent such as magnesium sulphate. Then,
2-amino-2,4,4-trimethylpentane is added in pure form or as
solution, whereby the corresponding amine salt of clavulanic acid
separates as a crystalline solid. The process is effected at

any non-extreme temperature, in general temperatures of from 0°
to 35°C are suitable, e.g. from 0° to 25°C. The precipitated salt
is isolated by filtration and washed, and is further processed
after drying or whilst moist with solvent.



_5 -

If desired the 2-amino-2,4,4-trimethylpentane salt of clavulanic
acid may be purified by recrystallisation. The recrystallisation
may be carried out by dissolving the 2-amino-2,4,4~
trimethylpentane salt of clavulanic acid in a suitable solvent or
solvent mixture, which may be an alcohol, such as methanol,
ethanol or isopropanol, or water or a mixture of water and a
vater-miscible organic solvent, such as isopropanol,
tetrahydrofuran or acetone. The precipitation is effected by
addition of a solvent, in which the 2-amino-2,4,4-
trimethylpentane salt of clavulanic acid is only poorly soluble,
such as e.g. tetrahydrofuran, acetone, diethyl ketone, methyl
isobutyl ketone, methyl tert.butyl ether or n-butylacetate.

For the conversion of the 2-amino-2,4,4-trimethylpentane salt of
clavulanic acid into a pharmaceutically acceptable salt of
clavulanic acid, the intermediately-isolated amine salt is
dissolved in an organic solvent, preferably an alcohol such as
ethanol, isopropanol or butanol, whereby it is not necessary to
add water in order to improve solubility. A solution of the
desired alkali or alkaline earth metal salt as the salt of an
organic carboxylic acid is added. Examples of suitable carboxylic
acid salts are acetate, propionate or 2-ethylhexanoate.
Preferably salts of 2-ethylhexanoic acid are used. This acid
advantageously forms both readily-soluble alkali salts and
2-amino-2,4,4~-trimethylpentane salts in the solvent used. The
desired pharmaceutically acceptable salt of clavulanic acid, such
as an alkali or alkaline earth metal salt, e.g. the potassium
salt of clavulanic acid, thus precipitates in high yield and

purity and is isolated by filtration, washing and drying.

The presently used 2--amino-2,4,4-trimethylpentane salt has

- considerable advantages over the amine salts of clavulanic acid
used for the isolation and purification of clavulanic acid in

- EP-B-00 26 044 and EP-A-0 387 178. One essential advantage of the
amine salt of clavulanic acid according to the invention is that

it may be precipitated in crystalline form from the solution in a

BNSDOCID: <GB___2264944A_ |_>



BNSDOCID: <GB__2264944A__|_>

-6 -

solvent suitable for extraction, without the addition ot acetone.
Thus recovery of the solvents employed, which has become
increasingly important for ecological reasons, is considerably
simplified. If one single solvent is used for extraction, the
recovery of this solvent is simplified. Another advantage is the
rapid crystallisation of the 2-amino-2,4,4-trimethylpentane salt
of clavulanic acid in high yield and high purity, as well as the
ready commercial availability of the base 2-amino-2,4,4-

trimethylpentane.

A further advantage of the said salt is its excellent solubility
in organic solvents employed for the conversion into
pharmaceutically acceptable salts of clavulanic acid. The
addition of water, which is necessary when using other amine

salts of clavulanic acid, can thus be avoided.

The presently claimed process is suitable for industrial scale.

In the following examples, which illustrate the invention more
fully without restricting it, all temperatures are given in

degrees Centigrade.

Example 1:

100 m1 of a dried methyl isobutyl ketone solution, which contains
30 g/1 of clavulanic acid, is mixed whilst stirring with 2.5 ml
of 2-amino-2,4,4-trimethylpentane. The mixture is stirred at room
temperature for 30 minutes, cooled to 5° and stirred for Z hours
at this temperature. The precipitated deposit is filtered off,
washed with methyl isobutyl ketone and is dried in vacuo at 30°
to give 4.7 g ( yield 95%) of crystalline 2-amino-2,4,4-tri-
methylpentane salt of clavulanic acid.



Example 2:

130 ml of a dried ethyl acetate solution, which contains 26 g/1
of clavulanic acid, is mixed whilst stirring with a solution of
3.0 ml of 2-amino-2,4,4-trimethylpentane in 25 ml of ethyl
acetate. The mixture is stirred at room temperature for 30
minutes, cooled to 15° and stirred for 3 hours at this
temperature. The precipitated product is filtered off, washed
with ethyl acetate and dried in vacuo at 30° to give 5,2 g
(yield: 93%) of crystalline 2-amino-2,4,4-trimethylpentane salt

of clavulanic acid.

Example 3:

To 4.0 1 of a dried ethyl acetate solution of clavulanic acid,
wvhich has been obtained by extraction of a fermentation broth
with ethyl acetate and concentrating the organic layer by

vacuum distillation, are added 235 ml of 2-amino-2,4,4-
trimethylpentane. The mixture is stirred at room temperature for
2 hours, cooled down to 5° and stirred over night at 5°. The
precipitation is filtered off, washed with ethyl acetate and
dried in vacuo at 30° to give 232 g of crystalline

2-amino-~2,4,4-trimethylpentane salt of the clavulanic acid.

Example 4:

4.0 g of 2-amino-2,4,4-trimethylpentane salt of eclavulanic acid
from Example 1 or 2 are dissolved in 150 ml of isopropanol at 20°
and 6.7 ml of a 2 M solution of potassium-2-ethylhexancate in
isopropanol are added. The mixture is stirred for 30 minutes at
20° and then cooled for 2 hours to 0-5°. The deposit is filtered
off, washed with isopropanol and dried in vacuo at 30° to yield
2.7 g (yield 95%) of crystalline potassium clavulanate.
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A process for the production of a pharmaceutically acceptable
salt of clavulanic acid, which comprises forming the
2-amino-2,4,4~trimethylpentane salt of clavulanic acid and
converting this salt into a pharmaceutically acceptable salt

of clavulanic acid.

A process for the production of a pharmaceutically acceptable

salt of clavulanic acid, comprising

a)treating a solution of clavulanic acid in an organic
solvent, as is optionally obtained by extraction from a
fermentation broth or from a filtrate derived therefrom,

with 2-amino-2,4,4-trimethylpentane,

b)isolating the 2-amino-2,4,4-trimethylpentane salt of

clavulanic acid and

c)converting the obtained 2-amino-2,4,4-trimethylpentane salt
of clavulanic acid into a pharmaceutically acceptable salt

of clavulanic acid.

A process for the production of a pharmaceutically acceptable
salt of clavulanic acid, comprising converting the 2-amino-
2,4,4-trimethylpentane salt of clavulanic acid into a

pharmaceutically acceptable salt of clavulanic acid.

A process according to claim 1, 2 or 3 whereby the pharma-
ceutically acceptable salt is the potassium salt of

elavulanic acid.

A process according to claim 2, wherein the organic solvent

is selected from diethyl ketone, cyclohexanone, methyl
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isobutyl ketone, cyclohexanol, n-butanol, ethyl acetate and

n-butyl acetate.

6. The use of the 2-amino-2,4,4~trimethylpentane salt of
clavulanic acid as an intermediate in the production of

pharmaceutically acceptable salts of clavulanic acid.
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