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The present invention relates to clavulanic acid salts, their preparation and
pharmaceutical compositions containing them. |
. Clavulanic acid is active in antibiotic formulations because it inhibits many of
the beta-lactamase enzymes, which cleave the beta-lactam ring of anti-microbial agents such
as penicillins and cei)halosperins. Clavulanic acid therefore improves the antibacterial actions
of these antimicrobial.agents. Clav'ulaxﬁc acid has the following formula:

Cit, 01

ﬂim

GB-A-1578739 discloses a class of amine salts of clavulanic acid, and a
process for the preparation of clavulanic'aeid, in which the salts may be more easily
formulated to give stable pharmaceutical compositiohs than'previeusly described salts of
clavulanic acid, Other amine salts of clavulanic acid are disclosed in,' for example,
GB-A-2264944; WO 93/25557 and WO 94/22873; and EP-A-0026044, EP-A-0387 178 and
EP-A-0562583

Typically, such amine salts of clavulanic acid either do not crystalhse or
require the addition of very large amounts of a solvent, such as acetone, in order to cause _

crystallisation, or crystalhsanon in the form of fine needle shaped crystals which do not settle
| readily and are difficult to ﬁlter, wash and dry
' Accordmgly, it is the purpose of the present invention to alleviate such
difficulties, and to provide a highly stable pure salt of clavulanic acid which can be easily
crystallised, or crystallise in the form of rosette shaped crystals which are easy to ﬁlter.
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Thus, according to one aspect of the present invention, there is pfovided a di-
clavulanate salt derived from clavulanic acid and a diamino ether of the formula

— —2

where R! is an alkylene grq:up_ (the term alkylene encompassing _cycloalkjlene and alkyl
- substituted cycloalkyl'ene), oflationally having oﬁe_ or more inert substituents; and -

each of R? and R® is a hydftogerj atom or an alkyl group (the term alkyl encompasSing
cycloalkyl and alkyl substitutéd.cycloalkyl), optionally having oxie or more inert substituents,
or R? and R® together complete a heterocyclic ring having 4 to 7 carbon atoms, again
optionally havirig one or more inert substituents. When R? and R® represent alkyl grdups,
they each 'preferably have no more than 8 carbon atoms; they are preferably both the same.

It iS preferred that R! contains no nio;e than four carbon atoms, and that the
R? and R® groups together contain no more than four carbon atoms. Most preferably, the
diamino ether comprises bis (2-dimethylaminoethyl) ether, which- advantageously forms a
highly pure salt of clavulanic acid and which can be crystallised from aqueous solution by
the addition of a suitable solvent such as acetone or iso-propanol. It has been found that
using bis (2¥dim¢thylaminbethyl) ether, no crystalline mono clavulanate salt can be isolated,
which advantégcous_ly _allbw# a substantially homogeneous di-clavulanate to be isolated.
Funhérmore., the di-clavulanate salt of bis '(Z-methylamirioethyl) ether does not normally form
a distinct solvate; this characteristic prevents any carry over of solvent, thus substantially
avoiding contamination of any subsequent processing stages.

The salts accordmg to the invention are themselves pharmaceuncally acceptable
and may therefore be used together with a carrier, diluent or excipient, in a.phannaceumnl
- formulation. Alternatively, the salts may be used as intermediates for the preparation of
further pharmaceutically accep_tabie salts of clavulanic acid, such as the potassium sailt, and
for pharmaceutical compositions containing such a sait.
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According to a second aspect of the invention, there is provided a process for
preparing a diamino ether salt of clavulanic acid as defined above, which comprises reacting
a diamino ether with clavulanic acid in an organic solvent, and isolating the resulting sait.
Preferably, the organic solvent comprises an aliphatic: carboxylic ester or a substantially
water-immiscible aliphatic ketone; a preferred solvent is ethyl acetate. The solvent may
further | include a co-solvent which may, for example, be acetone, acetonitrile or
tetrahydrofuran which, advantageously, improves the crystallisation characteristics and the
quality of the salts obtained.

The salt thus obtained may, as indicated above, be converted to a further
pharmaceutically acceptable salt of clavulanic acid, such as the potassium salt, which is then
suitable for use in a phéu'maceutical formulation.

According to a further aspect of the invention, there is provided a
pharmaceuncal composition compnsmg a pharmaceutically acceptable salt of clavulanic acid
produced. by a process substantially as he;rembefore described, and a pharmaceutically
acceptable carrier, diluent or excipient therefor. The composition preferably further
comprises a beta-lactam antibiotic. Thus, the effectiveness of the beta-lactam antibiotic is
maintained when administered with a pharmaceutically acceptable salt according to the:
invention. Typically, the antibiotic used may cdmprise a penicillin and/or a cephalosporin.

According to a yet further aspect of the pfesent invention, there is provided
a process for preparing a diamino ether salt of clavulanic acid which salt has a novel crystal
habit, which process comprises preparing a substantially water-free solution of clavulanic
acid, or a salt thereof, in an organic solvent which solution is kept at a temperature of
between approximately O and 15°C, and preferably less than 10°C, and reacting with a
diamino ether in the organic solvent. The process advantageously causes the diamino ether
salt of clavulanic acid to crystallise substantially in the form of rosette type crystals, that is,
several needle shaped crystals emanating from a single nucleation point. This is believed to -
be a unique property of this amine salt, which crystal habit has not been previously described
for an amine salt of clavulanic acid. This crystal habit confers significant advantages in that
such crystals settle rapidly in the solvent, may be filtered and washed rapidly and when dry
result in a product with improved handling characteristics.
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Preferably, the organic solvent comprises an aliphatic carboxylic ester or a
substant_ially water-inimisciblo= aliphatic ketone; a preferred Solvent is ethyl acetate.  The
solvont_ may further includo?a co-solvent which may, for example, be acetone, acetonitrile
or tetrahydrofuran which, advantageously, improves the crystallisation characteristics and the
quahty of the salts obtained. ' '

As is well known from the scxenuﬁc literature, certain amine salts of
clavulanic acid have been shown to form hydrates and solvates. Generally such compounds
are not well deﬁned and are of variable composition. Also, on some occasions, in order to

“demonstrate their existence, it has been necessary to contrive conditions which would not

ordinarily apply during a process to recover and purify clavulanic acid. In any case, the
formation of solvates can be a considerable nuisance because of the inevitable carry over of
solvent to subsequent processing stages. The ether diamine salts of clavulanic acid do not
normally appear to form solvates with the solvents 'commonly used in clavulanic acid

extraction and purification processes. However, their existence as transient or low level

_ intermediates in which the solvent is loosely bound cannot be totally discounted. Therefore

the ether diamine salts of clavulanic acid in which there is present some small amounts of

‘solvent or water are to be considered as falling within the scope of the present invention.

The invention may be more clearly understood from the following examples
given by way of illustration only; in the examples, reference will be made to Figures 1 to
3 of the accompanying drawings, in which:

Figure 1 is the infra-red spectrum of the crysullme product of Example 1;

| Figure 2 illustrates the shape of the crystals obtained from Example 1; and

Figure 3 illustrates the rosette-type crystals obtained from Example 2.
Preparation of the di clavulanate salt of bis (2-dimethylaminoethyl) ether

A magnesium sulfate and decolourising charcoal treated solution of clavulanic
acid in ethyl acetate was prepared by known means. To 100 ml of this solution which
contained 3.0% w/v clavulanic acid was added 100 ml acetone and the resulting mixture
stirred at ambient temperature. There was then added slowly with continued stirring a
solution of 2.0 grams of bis (2-dimethylaminoethyl) ether (available commercially as "Jeffcat
ZF-20") in 8.0 ml acetone to the point where the solution became cloudy due to the

formation of a'fine_susl’aension of oily droplets. A small sample of this suspension was
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transferred to a test tube and a slight excess of the amine was added followed by acetone to
the point where the suspexiéion cleared. After a few moménfs crystals were observed. This
suspension of crystals was added back to the original mixture to act as a crystallisation seed
and addition of the remaining solution of amine continued. Crystallisation of the mixture was
completed by stirring at ambient temperature for 30 minutes and then at 0-3°C for a further
two hours. The white crystalline product was then filtered, washed with a little acetone and
dried in vacuo overnight to yield 3.5 grams of the salt (yield 83%). The shape of the
crystals obtained is shown in Figure 2, which is a photomicrograph at magnification x 100
of a batch of crystals.

An analysis of the crystalline product obtained gave the following results:

: - Calculated
Carbon (% m/m) ' 51.79 .. 51.61
Hydrogen (% m/m) - 6.85 6.86
Nitrogen (% m/m) 10.09 - 10.03

Melting Point (°C) 152-154°C melted with decomposition

FT-IR shown in Figure 1 _

Example 2 _

Preparation of the diclavulanate salt of bis(z-dimethylaminoethyl) ether in the form of
rosette type crystals.

A decolourising charcoal treated solution of clavulanic acid (0;25% wiv
clavulanic acid) in ethyl acetate was prepared conventionally. Oné litre of this solution was
reduced in volume to 100 ml using a rotary evaporator. To this solution was added 100 ml
acetone (water content less than 0.2% v/v) and the resulting mixture stirred at 5 to 10°C.
There was then added rapidly 1.5 grams of bis (2-dimethylaminoethyl) ether in 6.0 ml
acetone with vigorous stirring. Crystal formation was rapid and thei'eaft'er the rate of stirring
was reduced to the minimum necessary. Crystallisation of the mixture was completed by
stirring at 5 to 10°C for 30 minutes and then at 0 to 3°C for a further two hours. The white
crystélline product in the form of a dense mixture of "rosette” and needle shaped crystals was
then filtered, washed with a little acetone and dried in vacuo overnight to yield 2.8 grams
of the salt (yield 80 %); The shape of the crystals obtained is shown in Figure 3, which is
a photomicrograph at magnification x 100 of a batch of crystals.
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Preparation of the potassi!uni salt of clavulanic acid.

With stirring at ambient temperature 1.0 grams of the di clavulanate salt of bis
(2-dimethylaminoethyl) .ethér was dissolved in 75 ml isopropanol Which_contained 2.2% viv
~ water. To this solution was added 2.5 ml of a 2N solution of pomssium_2-etl1yl hexanoate
in isopropanol with contin@ed stirring. After completion of this addition, the mixture was
stirred at ambient temperature for 30 minutes and then at 0-3°C for a further two hours. The
product was filtered, washed with isopropinol and acetone and dried in vacuo overnight to
yield 0.64 grams of the salt (yield 75%).
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1. A di-clavulanate salt derived from clavulanic acid and a diamino ether of the formula

o R N

o — 2

where R! is an alkylene group, optionally having one or more inert substituents; and
each of R? and R’ is a hydrogen atom or an alkyl group, optionally having one or
more inert substituents, or R? and R? together complete a heterocyclic ring having 4
to 7 carbon atoms, again optionally having one or more inert substituents.

2. A salt according to claim 1, wherein R' contains no more than four carbon atoms.

3. A salt éccording to claim 1 or 2, wherein R? and R® each represent alkyl groups
having have no more than 8 carbon atoms.

4, A salt according to claim 3, wherein R? and R® together contain no more than four
carbon atoms. ' '

5. A salt according to claim 1, wherein the diamino ether comprises bis(2- '
dimethylaminoethyl)ether. | |

6. A process for preparing a clavulanic acid salt according tq. any of claims 1 to 5,
' which comprises reacting the diamino ether with clavulanic acid or a salt thereof in
an organic solvent, and isolating the resulting salt.

© 7. A process for preparing a clavulanic acid salt according to any of claims 1 to 5, with
substantially rosette type crystals, which process comprises preparing a substantially
water free solutioh of clavulanic acid, or a salt thereof, in an organic solvent which
solution is at a maintained temperature of between 0 and 15°C and reacting said
_ clavulanic acid, or salt thereof, with said diamino ether in said organic solvent.
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A process accordirig- to claim 7, wherein the temperature of the solution is kept at less
than 10°C.

A process according to any of claims 6 to 8, wherein the organic solvent comprises
an aliphatic carboxylic ester or a substantially water-immiscible aliphatic ketone.

A process according to claim 9, wherein the carboxylic ester is ethyl acetate.

A procéss according to any of claims 6 to 10, wherein the solvent further comprises
a co-solvent. '

A process according to claim 11, wherein the co-solvent comprises acetone,

acetonitrile or tetrahydrofuran.

A process acéording to any of claims 6 to 12, wherein the resulting salt is converted
to a further pharmaceutically acceptable salt of clavulanic acid. |

A process according to claim 13, wherein the further salt is thé potassium salt.

A pharmaceutical composition comprising a pharmaceutically acceptable salt of
clavulanic acid according to any of claims 1 to 5, or such a salt produced by a
process according to. any of claims 6 to 14, and a pharmaceutically acceptable carrier,
diluent or excipient therefor. |

A pharmaceutical composition according to claim 15, wherein the composition further
comprises a beta-lactam antibiotic.

A pharmaceuticél composition according to claim 16, wherein said antibiotic
comprises peniciilin and/or a cephalosporin.



