
;e3ezyttu4vRwx6&yTzy`m MV4'O (11/87891 PCT/GB(I1/02025 PROCESS FOR THE
PURIFICATION OF A SALT OF CLAVULANIC ACID This invention relates to novel
processes for the preparation of salts of clavulanic acid in a more pure
state. Clavulanic acid (Z)-(2R, 5R)-3-(2-Hydroxyethylidene)-7-oxo-4-oxa-1 5
10 15 azabicyclo[3.2.0]heptane-2-carboxylic acid) is a (3-lactamase
inhibitor which is used commercially as a component of pharmaceutical
formulations, usually in the form of its pharmaceutically acceptable salts,
particularly potassium clavulanate. Clavulanic acid is produced
commercially by culture of the microorganism Streptoniyces clavuligerus,
for example as described in GB 1508977. Clavulanic acid may be extracted
from the culture medium in various ways. Normally the cells of the S.
clavuligerus are first removed from the culture medium by such methods as
filtration or centrifugation before such extraction procedures are
commenced. The clavulanic acid may be extracted from this clarified culture
medium by solvent extraction from cold clarified culture medium adjusted to
an acid pH. Whole broth extraction is also feasible. In the solvent
extraction process the clavulanic acid is extracted into an organic
solvent. After separation of the phases clavulanic acid is found in
solution in the organic phase. The clavulanic acid may be back extracted
from the organic phase into a new 20 25 30 aqueous phase by making use of
the greater water solubility of salts of clavulanic acid with organic
amines, and isolating such an amine salt from the aqueous phase. In such a
process the amine salt is formed as an intermediate in the process of
converting crude clavulanic acid into a pharmaceutically acceptable salt.
Such a process is described in for example EP-A-0 026 044, in which a
solution of impure clavulartic acid in an organic solvent is contacted with
t-butylamine to form the tbutylamine salt of ciavulanic acid, which is then
isolated. Other similar processes are known which use other organic amines,
such as tertiary octylamine (see EP-A-0 594 099 (Pharma Development)}
diethylanune, tri-(lower alkyl) amines, dimethylaniline and
NN'-diisopropyl-ethylenediamine. WO-A-93/25557 (SmithKline Beecham}
discloses a very extensive list of amines which can be used in this way.
WO-A-94I22873 (Gist Brocades) discloses use of various tertiary, tertiary
diamines such as N,N,N',N'-tetramethyl-1,2-diaminoethane,
N,N,N',N'tetramethyl-1,6-diarninohexane, 1,2-dipiperidinoethane and
dipiperidinomethane.  '    V'O O1/8781 PCT/GB01/0202s WO-A-96I20199
(Spurcourt} discloses use of diaminoethers such as bis
(2dimethylaminoethyl) ether. GB-A-2298201 (Spurcourt) discloses use of
various benzhydrylamines. WO-A-96/33l97 (LEK) discloses use of further
amines including symmetrical N,N'-all`ylethylene diamines, such as
N,N'-diisopropyl 5 ethylenediamine, N,N'-diethylene diamine,
N,N'-dibenzylethylene diamine and N,N,N',N'- tetramethylene diamine.
WO-A-98I21212 (Gist-Brocades) for example discloses a process in which the
amines N,N,N',N'-tetramethylethylenediamine,
1,3-bis(di-methylamino)-2-propanol, benzhydrylamine and bis
(2-(dimethylanuno) ethyl) ether are used. WO-A-98/23622 (Biochemie)
discloses use of diisopropyl10 ethylen-diamine. After isolation the
intermediate amine salt may be converted into a pharmaceutically useful
salt of clavulanic acid, particularly an alkali metal salt especially
potassium clavulanate, generally by reaction of the intermediate amine salt
with a salt precursor compound such as potassium 2-ethylhexanoate. 15 The
fermentation process by Evhich clavulanic acid is prepared also produces
side product impurities. A number of such impurities have been identified
as peaks in the HPLC trace of crude clawlanic acid, intermediate amine
salts and pharnlaceutically acceptable salts of clavulanic acid as prepared
by conventional processes, but few have been chemically identified. One
such impurity has recently 20 been identified by the present inventors as
N-succinyl tyrosine. It is desirable that as little of such impurities as
possible are present in the final product pharmaceutically acceptable salt
of clavulanic acid, and therefore that such impurities should be removed,
either during the isolation of clavulanic acid or from the final product.
For example such impurities may be removed from the 25 above-mentioned
intermediate amine salt, during the step of conversion of the intermediate
amine salt to the pharmaceutically acceptable salt, or from the final salt
product. 



Successful identification of this impurity as N-succinyl tyrosine has
unexpectedly made available processes to prepare salts of clavulanic acid
which are 30 contaminated by less N-succinyl tyrosine than has hitherto
been possible. The process may be a purification process in which
N-succinyl tyrosine is removed from a salt of clavulanic acid contaminated
with it. 2   ~'1'O 01/87891 PCT/GBl)1/02025 Therefore the invention
provides a purification process in which a salt of clavulanic acid,
contaminated with or believed to be contaminated with N-succinyl tyrosine,
is subjected to conditions which are selected to remove N-succinyl
tyrosine. Such conditions may be chemical conditions, e.g, treatment with
one or 5 more suitable reagent. Suitably the salt of clavulanic acid,
contaminated or believed to be contaminated with N-succinyl tyrosine, may
be subjected to such conditions by exposure to a liquid medium, e.g. an
organic solvent or organic solvent-water mixture, containing such a
reagent. Such a process may involve washing of the salt of clavulanic acid
in a solid state with such a liquid medium, or crystallisation of 10 the
salt of clavulanic acid from such a liquid medium. Alternatively the salt
of clavulanic acid, contaminated or believed to be contaminated with
N-succinyl tyrosine, may be exposed to a suitable reagent in solid form.
Alternatively the purification process may be a process in which a salt of
clavulanic acid, contaminated or believed to be contaminated with
N-succinyl 15 tyrosine, is suspended or dissolved in a liquid medium, e.g.
an organic solvent or organic solvent-water mixture, and is exposed to a
material which is selected to absorb N-succinyl tyrosine and thereby
removes N-succinyl tyrosine from the salt. Alternatively the process may be
a preparative process in which the salt of clavulanic acid is prepared
under conditions selected to minin;iise the formation of 20 N-succinyl
tyrosine and/or its retention in the product salt of clavulanic acid. For
example the salt of ciavulanic acid may be prepared in a liquid medium, e.
g. an organic solvent, an aqueous medium, or a mixture of an organic
solvent, containing reagents which remove N-succinyl tyrosine, or subjected
to chemical or physical conditions which remove N-succinyl tyrosine. 2~ The
salt of clavulanc acid purified or prepared in the above processes may be
an amine salt of clavulanic acid, e.g. with any of the amines referred to
above, especially tertiary butylamine, and this amine salt may be
subsequently be converted into a final product pharmaceutically acceptable
salt of clavulanic acid, such as an alkali metal salt, e.g. potassium
clavulanate. Alternatively the salt may be a metal 30 salt of clavulanic
acid, for example an alkali metal salt of clavulanic acid, particularly
potassium clavulanate. 3   WO (I1/87891 PCT/GBU1/U2U2S It has further
unexpectedly been discovered that the level of impurities, such as the
above-mentioned N-succinyl tyrosine, in a salt of clavulanic acid can be
reduced if the salt is exposed to a selected range of pH. It is an object
of this invention to use this discovery in the provision of improved
processes for the 5 preparation of such pharmaceutically acceptable salts.
According to this invention a process is provided comprising exposure of a
salt of clavulanic acid to a liquid medium at a pH of less than 6.5,
preferably 6.0 or less, more preferably pH 5.5 or less, more preferably pH
5.0 or less, more 



preferably being above pH 3.5, e.g. pH 3.5 - 5.5, typically ca. pH 4.5. The
term 10 "pH" as used herein includes the conventional usage of the term pH
as the logarithm of the reciprocal of the hydrogen ion concentr ation. Also
the term pH as used herein includes the observed pH, i.e, the pH as
measured by exposing the medium to a conventional pH meter of known type,
suitably calibr ated by known methods. Normally the media used in the
process of this invention will contain 15 some water. Treatment of the salt
in this way in the process of the invention can reduce the level of one or
more impurities, particularly of N-succinyl tyrosine, in the salt, or in
further salts of clavulanic acid, e.g. a pharmaceutically acceptable salt,
prepared from the salt. 20 In a first form of the process of this invention
the salt may be washed with the medium, i. e. a wash medium, at a pH of
less than 6.5, preferably pH 5.5 or less. The salt may be an amine salt of
clavulanic acid, e.g. with any of the amines referred to above, especially
tertiary butylamine, and this amine salt may be washed with the wash
medium, and then optionally the amine salt may subsequently be 25 converted
Into a final product pharmaceutically acceptable salt of clavulanic acid,
such as an alkali metal salt, e, g. potassium clavulanate. Alternatively
the salt which is washed may be a metal salt of clavulanic acid, far
example an alkali metal salt of clavulanic acid, particularly potassium
clavulanate. The wash medium may be an aqueous wash medium at such a pH,
e.g. 30 acidified water or preferably a mixture of water and a
water-miscible organic solvent such as a C,_~ alkyl alcohol, typically
containing 0.5 - 20% v:v water, at such a pH. Suitably the aqueous wash
medium, e.g. water or such a mixture of 4   1~~0 (l1/87891 PCT/GBl)1/02025
water and a water-miscible organic sohvent may be acidified with a mineral
acid, such as sulphuric, hydrochloric or nitric acid, or an organic e. g.
carboxylic acid such as a C1_7 alkanoic acid such as acetic acid. This
first form of the process may therefore be a process in which a starting 5
salt of clavulanic acid is provided containing one or more impurity such as
N succinyl tyrosine, and the salt is washed with the wash medium, to
thereby produce a product salt of clavulanic acid in which the level of the
one or more impurity is Iower . This first form of the process may
therefore be a process in which the one or 



10 move impurity such as N-succinyl tryosine is removed from a starting
salt of clavulanic acid, by washing of the starting salt of clavulanic acid
with the wash medium. In second form of the process of this invention the
salt may be recrystallised from the medium at pH of less than 6.5. Fox
example an amine salt may be 15 recrystallised from such a
recrystallisation medium, then may subsequently be converted into a final
product pharmaceutically acceptable salt of clavulanic acid, such as an
alkali metal salt, e.g. potassium clavulanate by known methods such as
those referred to above, for example reaction with potassium 2-ethyl
hexanoate. Suitably in this recrystallisation process the salt, e.g. an
amine salt may be 20 dissolved in an aqueous medium, e.g. acidified water
or a mixture of water and a water-miscible organic solvent such as a C,_7
allcyl alcohol. Preferably the solution concentration is high, e.g. e.g. 10
- 40 % or more, but there appears to be no theoretical upper limit . The
aqueous medium may initially be at the pH less than 6.5, or the pH may be
adjusted when the aqueous solution has been made up, e.g. 25 the aqueous
solution may then be acidified with an acid, suitably a mineral acid, such
as sulphuric, hydrochloric or nitric acid, or an organic acid e. g.
carboxylic acid such as a C,_7 allcanoic acid such as acetic acid. A
preferred pH is ca. 5.5 or lower. The salt, e, g, an amine salt, may then
be isolated from the aqueous solution. 30 This may be achieved for example
by crystallisation by admixing the solution, e. g. an aqueous solution,
with a precipitating solvent, such as a water miscible ketone. Suitable
ketones include aliphatic ketones, for example a di-C1_7 al),yl ketone, 5
VVO 0l/87891 PCT/GBi11/02(12s acetone being preferred. Solvates of amine
ciawlanate salts with such ketones are known and an amine salt may
precipitate as a ketone solvate. For example the solution may be diluted
with an excess, e.g, a 5 - 50 times excess of the precipitating solvent
e.g. of a ketone. Cooling of the diluted solution can help to 5 improve the
yield of the precipitated of crystals of the amine salt, e.g. as a solvate,
which may be isolated. This second foini of the process may therefore be a
process in which a starting salt of clawlanic acid is provided containing
one or more impur ity such as 



N-succinyl tyrosine, and the salt is recrystallised in the
recrystallisation medium, to 10 thereby produce a product salt of clawlanic
acid in which the Ievel of the one or more impurity is lower. This second
form of the process may therefore be a process in which the one or more
impurit5r is removed from a starting salt of clawlanic acid, by
recrystallisation of the starting salt of clawlanic acid from the
recrystallisation 15 medium. A third form of the process may be a
preparative process in which the salt of clavulanic acid is prepared in a
liquid medium at the pH of less than 6.5. For example this third form of
the process may comprise a process in which an amine salt of clawlanic salt
is prepared by reacting clawlanic acid with an amine in a 20 liquid medium
at a pH of less than 6.5. This tlurd form of the process can be used to
prepare amine salts of clawlanic acid containing a cower Ievel of
impurities such as N-succinyl tyrosine than occur in amine salts of
clawlanic acid prepared by alternative or prior art methods. In a preferred
embodiment of this third form of the process the reaction is 25 performed
in a two phase system, being an organic solvent phase containing the
clawlanic acid, and an aqueous phase into which the amine salt is extracted
and which is at the pH of 6.5 or lower. Suitably therefore the aqueous
phase may comprise an aqueous solution or suspension of the amine,
especially an aqueous solution or suspension of tertiary butylamine. The
organic solvent phase is 30 preferably substantially imiscible with water,
that is, although some mixing of the solvent with water may occur, over
most of the phase diagram two phases are formed. 6   V4'O (11/87891
PCT/GB(J 1/02()Z5 For example a two phase system may be established,
comprising an organic solvent phase containing dissolved clavulanic acid,
and a separate aqueous phase, and the organic amine may be introduced into
this two phase system, e.g. injected into the aqueous phase, with suitable
mixing conditions e.g. agitation or turbulence, 



5 so that the amine salt is extracted into the aqueous please as it is
formed. Typically the organic phase may have a concentration of 5 - 100
gIL, for example 10 - 40 gIL in clavulanic acid, e. g. ca. 30 gIL. Suitable
solvents for the organic phase include substantially ~ater-immiscible C,_~
alkyl-C,_~ alkanoate esters such as ethyl acetate and tertiary butyl
acetate, and di-C1_~ alkyl ketones such as methylisobutyl 10 ketone. A
temperature of ca. 0 - 5 C is preferred for this reaction. Suitably the
organic solvent phase may be the product of an extraction by the organic
solvent of an optionally pre-purified, e.g. filtered and carbon treated,
fermentation broth in wl?ich cla~~lanic acid has been formed. Suitably the
aqueous phase can be provided by back-extraction from the 15 organic
solvent phase by a circulating extraction loop so that a high concentration
of the amine salt can be built up in the aqueous phase. The aqueous phase
may be concentrated to a high concentration, e.g. 25 wt% or more e.g. by
circulation of the aqueous extraction Ioop for a suitable time. Generally
when clavulanic acid is extracted from an aqueous broth to form 20 such an
organic extraction phase the broth is acidified to pH below 2.0. Controlled
addition of the organic amine into the above-described two phase system can
be used to adjust the pH of the aqueous phase, which can be monitored
on-line. A preferred pH is again below 5.5. The amine salt may then be
isolated from the aqueous phase. This may be 25 achieved for example by
crystallisation by admixing the aqueous solution with a precipitating
solvent, such as a water miscible ketone as described above, and this
crystallisation can be performed in a manner analogous to the
recrystallisation process as described above. A fourth form of the process
of the invention may be a preparative process 30 in which a metal salt of
ciavulanic acid is formed as a product by a reaction between an amine salt
of clavulanic acid and a metal salt precursor compound, in a liquid medium
at the pH of less than 6.5. This fourth form of the process can be used to
7   W'O O1/87891 PCT/GBU 1/(12U25 



prepare metal salts of clavulanic acid containing a lower level of
impurities such as N-succinyl t5lrosine than occur in metal salts of
clavulanic acid prepared by alternative or prior art methods. Preferred
product metal salts of clavulanic acid which may be prepared in 5 this
fourth form of the process are salts of alkali metals and allcaline ear th
metals, particularly potassium clavulanate. This fourth form of the process
of the invention appears to be suitable for use with a11 metal salt
precursor compounds which can be converted into a pharmaceutically
acceptable salt of clawlanic acid by reaction with an amine salt of 10 cla
vulanic acid. General classes of suitable metal salt precursor compounds
include salts of alkali metal cations and alkaline earth metal cations with
counter anions which include basic anions, such as hydrogen carbonate,
carbonate or hydrogen phosphate, and in particular anions of weak organic
carboxylic acids, such as alkanoic acids of formula R-COZH where R is CI_zo
alh-yl, for example C,_8 alkyl, 15 e.g. salts of acetic, propionic and
ethyl hexanoic acid, such as 2-ethyl hexanoic acid. Some examples of
precursor compounds in these general classes include sodium or potassium
hydrogen carbonate, potassium hydrogen phosphate and calcium carbonate. A
preferred metal salt precursor compound for potassium clavulanate is
potassium 2-ethylhexanoate. 20 T'he reaction of this fourth form of the
process of this invention is preferably performed with the amine salt in
solution or suspension in a mixture of a watermiscible organic solvent and
water, for example a C,_8 alkyl alcohol or a mixture of such an alcohol
with water, e.g. an isopropanol/water mixture. Suitable proportions for
such a solvent : water mixture to suit particular requirements may be
determined 25 experimentally, e.g. a solvent : water mixture containing 1 -
10 % v:v water, e.g. ca. 1 - 5 % v:v water. The amine salt may be dissolved
in such a solvent which may be either at the pH of 6.0 or less, or which
may be adjusted to the pH by addition of a suitable acid, e.g. a mineral
acid or organic acid as above. The amine salt may suitably be present in a
solution concentration 0.1 -- I .OM, e. g. ca. 0.5 M in 30 clavulanate
moiety. A preferred pH is 5.5 or below, e.g. pH 5.5 - 5.0. Although mixing
of the amine salt and precursor compound in any order is encompassed by the
invention, the metal salt precursor is preferably added to a 8   W~O
O1/87891 PCT/GB01/02025 solution of the amine salt. The precursor may be
added as a solution, e.g. in an alcohol, e.g. isopropanol solution. A
suitable solution concentration for this precursor compound solution is 0.5
- 3.5M, e.g. ca. 2M. Slow addition of the precursor solution is preferred,
preferably with stirring and preferably being chilled 5 after the addition
a temperature below ambient e.g. 0-5C. The metal salt of clavulanic acid
product may be formed as a precipitate from solution. Precipitation of the
product metal salt of clavulanic acid from 



solution may be encouraged by mixing the solution with a precipitating
solvent, e.g. isopropanol, as described above. The solid product can be
isolated from the reaction 10 medium by for example filtration and washing
of the product. In each of the above processes the pH of the medium defined
above can result in reduction of the quantity of one or more impur ities
such as N-succinyl t~~rosine in the product relative to analogous processes
at higher pH. These processes of the invention may comprise a part of an
overall process 15 for preparation of potassium clavuianate from crude
clavulanic acid e.g. as formed in a fermentation broth, e.g. in which an
amine salt is used as an intermediate. This overall process may involve the
steps of (i) fermentation of a microorganism which produces an aqueous
broth containing clavulanic acid, (ii) extraction of the clavulanic acid
into an organic solvent, (iii) conversion of the 20 clavulanic acid into an
amine salt of clavulanzc acid, (iv) exposure of the amine salt to a pH of
b.0 or lower, particularly 5.5 or lower, (v} conversion of the amine salt
to potassium clavulanate. The washing and/or recrystallisation processes of
the invention may for example be applied to the salts of clavulanic acid
prepared as products of either or both of steps (iii) and/or (v). The
preparative processes of the 25 invention may for example be applied to
either or both of preparation steps (iii) andlor (v), as described above.
Tn the processes of this invention which involve a pharmaceutically
acceptable metal salt of clavuianic acid a preferred salt is potassium
clavulanate. In the processes of this invention which involve an amine salt
of clavulanic 30 acid a preferred amine salt is the tertiary butylamine
salt of clavulanic acid. This can be made, in a known (see for example
EP-A-0 026 044, the content of which is included herein by reference)
reaction, by reaction of tertiary butylamine with 9   'O O1/87891
PCT/GB01102025 clavulanic acid, and easily isolated as an acetone solvate.
Both the tertiary butylamine salt and its acetone solvate can readily be
converted into pharlnaceuticaily acceptable salts of clavulanic acid, e.g.
potassium clavulanate, e.g. as disclosed in EP 002604A. ~-Iowever the
processes of the invention appear in 5 principle to be applicable to ail
those amine salts which are known to be useable as intermediates in the
conversion of clavulanic acid into a pharmaceutically acceptable salt such
as potassium clavulanate. Consequently these processes of the invention
appears in principle to be effective with a11 such amines. Examples of such
amines, and their corresponding amine salts are disclosed ~ 0 for example
in the publications referred to above, and include for example amine poly-,
e.g. di-, clavulanate salts if the amine has more than one amino- moiety.
Other suitable amine salts include those referred to in the publications
mentioned above, e. g. tertiary octylamine, diethylamine, tri-(lower alkyl)
amines, dimethylaniline, NN'-diisopropyl-ethylenediamine, tertiary,
tertiary diamines such ~ 5 as N,N,N',N'-tetramethyl-I,2-diaminoethane,
N,N,N',N'-tetramethyl-I,6 



diaminohexane, 1,2-dipiperidinoethane and dipiperidinomethane,
diaminoethers such as bis (2-dimethylaminoethyl) ether, benzhydrylamines,
N,N'-allcylethylene diamines, such as N,N'-diisopropylethyIene diamine,
N,N'-diethylene diamine, N,N'-dibenzylethylene diamine, N,N,N',N'-
tetramethylene diamine, N,N,N',N' 20 tetramethylethylenediamine, 1,
3-bis(di-methylamino)-2-propanol, benzhydrylamine and bis
(2-(dimethylamino) ethyl) ether, and diisopropylethylendiamine. The present
invention further provides a product amine salt of clavulanic acid being a
product of any of the above-described process, particularly
tertiarybutyiamine clavulanate. 25 The present invention further provides a
product pharmaceutically acceptable metal salt of clavulanic acid being a
product of any of the above-descr ibed process, particularly potassium
clavulanate. These products are characterised by impurity levels,
particularly of Nsuccinyl tyrosine, which are less than those obtainable
via known processes, 30 particularly corresponding process which are
carried out in a medium with a pH above that defined. The invention will
now be described by way of example only. 'I 0   WO (I1/87891 PCT/GBO1/02025
Examples 1, 2 and 3 are expressed in ternis of the reduction of the total
quantity of impur ities in the product salt of clavulanic acid, and
Examples 4, 5 and 6 are expressed in terms of reduction of the specific
impurity N-succinyI tyrosine. 5 Example I: Acidification of amine salt
during amine salt crystallisation. 30g tertiary-butylamine (" t-BA" )
clavulanate salt was dissolved in water to give a 30% pfa (i.e. calculated
as "pure free acid", i.e. clavulanic acid moiety by weight : volume}
solution. The pH of the solution was measured and acidified to pH 4.5 with
approximately 1.I nil of 50% sulphuric acid or concentrated nitric 10 acid.
A 5x volume of acetone was added and the mixture stirred for 15 minutes.
Additional acetone was added over 20 minutes up to 35x the aqueous volume.
Throughout the foregoing the amine salt solution was maintained at ambient
temperature. The product t-BA salt crystallised and was chilled at 0-5C for
60 minutes and collected by filtration. The product was washed with 600m1
of 15 20 acetone, prior to drying for 12 hours in vacuo. This procedure was
repeated at a "natural" pH without acid addition, i.e. ca. pH 7.5. The t-BA
salt obtained using these procedures was then converted into product
potassium clavulanate using a known method, and levels of total impurities
in the potassium clawlanate prepared using the samples of t-BA salt ~ere
measured as follows: Crystallisation pH of t-BA solution Natural (pH 7.0 -
7.5) 25 pH4.5 % total impurities in potassium clavulanate (wrt clav by
HPLC) 



2.03 0.03 Example 2: Preparation of amine clavulanate salt from clavulanic
acid and amine under acid conditions. 100L of clavulanic acid aqueous
concentrate (ca. 20-40 g/L), from filtered 30 concentrated fermentation
broth was solvent extracted at pH 1.5 into methyl isobutyl ketone {" MIBK"
) . The clavulanic acid rich MIBK was treated with carbon (l7Lj and back
extracted into water which was adjusted to pH 4.5 by controlled 11   V4'O
01/87891 PCT/GBlll/ll2(12s injection of a 50% MIBK solution of t-BA. By
controlling the t-BA addition rate the pH of the aqueous phase could be
set, and pH 4.5 and pH 5.4 were used in separate experiments. Once the
aqueous back extraction solution had reached a suitable crystallisation
concentration, a 100m1 aliquot was crystallised by addition of 5 3S volumes
of acetone and the precipitated product isolated as in Example 1 above. .
The subsequent crystallised amine was converted to potassium salt and
analysed for total impurity levels. This was then repeated with an aqueous
phase pH of 5.4. By using the pH 4.5 the level of total impurities in the
potassium clavulanate was reduced by 50% relative to the level at a pH of
5.4. 10 Example 3. Conversion of an amine salt to potassium clavulanate.
25g of t-BA clavulanate were dissolved in a mixture of isopropanol (81m1)
and distilled water (10m1), and the pH was reduced to pH 6.8 with glacial
acetic acid. While stirring a further 145 m1 of isopropanol was added and
59.5 m1 15 potassium 2-ethylhexanoate {1.92N) dissolved in isopropanol
added dropwise over 20 minutes. The so-formed slurry was stirred for l20
minutes in an ice-bath at 0 5C and filtered. The potassium clavulanate cake
was washed with acetone (120 m1 and 200 ml) and dried in vacuo with a
nitrogen bleed. Altering the volume of glacial acetic acid added varied the
pH of the dissolution solution. Results 20 indicating the effect on the
amount of total impurities in the potassium clavulanate 2~ 30 (" Kclav" )
and overall yield of potassium clavulanate are shown in the table below: 



DissolutionpH% of total impurities in Kclav (wrt
clay)6.80.876.50.926.0O.b35.50.575.00.135.0~0.11 v The volume of water was
reduced to compensate for the additional volume of acetic acid used. 12
w0 01/87891 PCT/GBO1/02(12s The experiments described in Example 3 above
were repeated using other acids than acetic acid to achieve the specified
pH, for example hydrochloric acid was used with similar results. 5 Example
4: Acidification of amine salt during amine salt crystallisation. 30g
tertiary-butylamine {" t-BA" ) clawlanate salt was dissolved in water to
give a 30% pfa (i.e. calculated as "pure free acid", i.e. clawlanic acid
moiety by weight : volume) solution. The pH of the solution was measured
and acidified to pH 4.5 with approximately 1.1 m1 of 50% sulphuric acid or
concentrated nitric 10 acid. A Sx volume of acetone was added and the
mixture stirred for 15 minutes. Additional acetone was added over 20
minutes up to 35x the aqueous volume. Throughout the foregoing the amine
salt solution was maintained at ambient temperature. The product t-BA salt
crystallised and was chilled at 0-5C for 60 minutes and collected by
filtration. The product was washed with 600m1 of 15 acetone, prior to
drying for 12 hours in vacuo. This procedure was repeated at a "natural" pH
without acid addition, i.e. ca, pH 8.5. The level of N-succinyl tyrosine in
the t-BA salt obtained using these procedures was then measured as follows:
20 Crystallisation pH of t-BA solution Natural (pH 8.5) pH4.5 25 %
N-succinyl tyrosine in t-BA clavulanate (wrt clan by HPLC) 3.48 0.03
Example 5: Pr eparation of amine clavulanate salt from clavulanic acid and
amine under acid conditions. 100L of clawlanic acid aqueous concentrate
{ea. 20-40 g/L), from filtered 30 concentrated fermentation broth was
solvent extracted at pH 1.5 into methyl isobutyl ketone (" MIBK" ). The
clawlanic acid rich MIBK was treated with carbon (17L) and back extracted
into water which was adjusted to pH 4.5 by controlled 13 



w0 01/87891 PCT/GBO1/0202s injection of a 50 % NIIBK solution of t-BA. By
controlling the t-BA addition rate the pH of the aqueous phase could be
set, and pH 4.5 and pH 5.4 were used in separate experiments. Once the
aqueous back extraction solution had reached a suitable crystallisation
concentration, a 100m1 aliquot was crystallised by addition of 5 35 volumes
of acetone and the precipitated product isolated as in Example I above. The
subsequent crystallised amine was converted to potassium salt and analysed
for N-succinyl tyrosine levels. This was then repeated with an aqueous
phase pH of 5.4. By using the pH 4.5 the level of N-succinyl tyr osine
impurity in the potassium clavulanate was reduced 2&-fold relative to the
level at a pH of 5.4. 10 Etample 6. Conversion of an amine salt to
potassium clavulanate. 35g of t-BA clavulanate were dissolved in a mixture
of isopropanoi (81m1) and distilled water (10m1), and the pH was reduced to
pH 6.8 with glacial acetic acid. While stirring a further 145 rnI of
isopropanol was added and 59.5 m1 15 potassium 2-ethylhexanoate (1.92N)
dissolved in isopropanol added dropwise over 20 minutes. The so-formed
slurry was stirred for 120 minutes in an ice-bath at 0 5C and filtered. The
potassium clavulanate cake was washed with acetone (120 ml and 200 ml) and
dried in vacuo with a nitrogen bleed. Altering the volume of glacial acetic
acid added varied the pH of the dissolution solution. Results 20 indicating
the effect on the amount of N-succinyl tyrosine impurity in the potassium
clavulanate (" Kclav" ) and overall yield of potassium clavulanate are
shown in the 25 30 table below: Dissolution pH% of N-succinyl tyrosinein
Iiclav (~i~rt clav)6.80.626.50.656.00.445.50.405.00.045.0'i0.07 14   V'O
01/87891 PCT/GB01/0202s ~` The volume of water was reduced to compensate
for the additional volume of acetic acid used. The experiments described in
Example 3 above were repeated using other acids than acetic acid to achieve
the specified pH, for example hydrochloric acid 5 was used with similar
results. 15   W~O U1/87891 CIalITIS: PCT/GBUI/0202s 1. A process comprising
exposure of a salt of clavulanic acid to a liquid medium at a pH of less
than 6.5. 2. A process according to claim 1 wherein the pH is 3.5 - 5.5, 



3. A process according to claim ~ or 2 wherein the salt is washed with a
wash medium at a pH of 6.0 or less. 10 4. A process according to claim 3
wherein the salt is an amine salt of clavulanic acid. 5. A process
according to claim 4 wherein the amine salt is then subsequently 15
converted into a final product pharmaceutically acceptable salt of
clavulanic acid. 6. A process according to claim 3 wherein the salt which
is washed is a metal salt of clavulanic acid. 20 7. A process according to
any one of claims 3 to 6 wherein the wash medium is a mixture of water and
a water-miscible organic solvent at a pH of 6,0 or less. 8. A process
according to any one of claims 3 to 7 comprising a process in which a
starting salt of clavulanic acid is provided containing one or more
impurity, 25 and the salt is washed with the wash medium, to thereby
produce a product salt of clavulanic acid in which the level of the one or
more impurity is lower. 9. A process according to any one of claims 3 to 8
comprising a process in which one or more impurity is removed from a
starting salt of clavulanic acid, by 30 washing of the starting salt of
clavulanic acid with the wash medium. 16   ~'4'O O1/87891 PCTlGB01/02025
10, A process according to claim 1 or 2 wherein the salt of clavulanic acid
is recrystallised from a recrystallisation medium at pH of 6.0 or less. I1.
A process according to claim 10 wherein the salt of clavulanic acid is an 5
amine salt of clavulanic acid, 12. A process according to claim 11 ~;
'herein the amine salt is then subsequently converted into a final product
pharmaceutically acceptable salt of clavulanic acid. 10 13. A process
according to claim 10, I1 or I2 wherein the salt is dissolved in an aqueous
medium at the pH 6.0 or less, or subsequently adjusted the pH 6.0 or less,
then the salt is isolated from the aqueous solution by crystallisation by
admixing the solution with a precipitating solvent. 1 ~ I4, A process
according to any one of claims 10 to I3 comprising a process in which a
starting salt of clavulanic acid is provided containing one or more
impurity', and the salt is recrystallised from the recrystallisation
medium, to thereby produce a product salt of clavulanic acid in which the
level of the one or more impurity is lower. 20 15. A process according to
any one of claims 10 to 14 comprising a process in which one or more
impurity is removed from a starting salt of clavulanic acid, by
recrystallisation of the starting salt of clavulanic acid from the
recrystallisation medium. 2~ 16. A process according to claim 1 or 2,
comprising a preparative process in 



which the salt of clavulanic acid is prepared in a liquid medium at a pH of
6.0 or lower, 30 17. A process according to claim 16 comprising preparation
of an amine salt of clavulanic salt by reaciing clavulanic acid with an
amine in a liquid medium at a pH of 6.0 or lower. 17   ~'1' O 1) 1 /87891
PCT/G1301/11202s i 8 , A process actor ding to claim i 8 performed in a two
phase system, being an organic solvent phase containing the clavulanic
acid, and an aqueous phase into which the amine salt is extracted and which
is at the pH of 6.0 or lower. 5 19. A process according to claim 1 or 2,
comprising a preparative process in which a metal salt of clavulanic acid
is formed as a product by a reaction between an amine salt of clavulanic
acid and a metal salt precursor compound, in a liquid medium at the pH of
5.0 or lower. ~0 20. A process according to claim 19 in which potassium
clavulanate is prepared. 21. A process according to claim 19 or 20
performed with the amine salt in solution in a mixture of a water-miscible
organic solvent and water either at the pH 15 of 6,0 or less, or
subsequently adjusted to this pH and the metal salt precursor is added to
this solution of the amine salt. 22. A process according to any one of the
preceding claims, being part of an overall process for preparation of
potassium clavulanate from crude clavulanic acid 20 as formed in a
fermentation broth. 23. A process according to claim 22 involving the steps
of {i) fermentation of a microorganism which produces an aqueous broth
containing clavulanic acid, {ii) extraction of the clavulanic acid into an
organic solvent, (iii) conversion of the 25 clavulanic acid into an amine
salt of clavulanic acid, {iv) exposure of the amine salt to a pH of 6.0 or
lower, particularly 5.5 or lower, (v) conversion of the amine salt to
potassium clavulanate. 24. A product amine salt of clavulanic acid being a
product of a process 30 according to any one of claims 1 to 18. 18  



V'O U1/87891 f'CT/GBU1/U2112s 25. Potassium clavulanate being a product of
a process according to any one of claims 1 to 3 or 19 to 23. 26. A process
according to any one of claims 8, 9, 14 or 15 wherein one of the said one
or more impurit~l is N-succinyl tyrosine. 27. A purification process in
which a salt of clavulanic acid, containing or believed to be contaminated
with N-succinyl tyrosine, is subjected to conditions which remove
N-succinyl tyrosine. 10 28. A purification process according to claim 27
wherein the salt is exposed to a liquid medium containing a reagent which
destroys N-succinyl tyrosine. 29. A purification process according to claim
27 wherein the salt is exposed to a 15 reagent which destroys N-succinyl
tyrosine, incorporated into or adsorbed onto a solid substrate. 30. A
purification process in which a salt of elavulanic acid, containing or
believed to be contaminated with N-succinyl tyrosine, is suspended or
disssolved in 20 a liquid medium and is exposed to a material which absorbs
N-succinyl tyrosine and thereby removes N-succinyl tyrosine from the salt.
31. A preparative process in which a salt of clavulanic acid is prepared
under conditions selected to minimise the formation of N-succinyl tyrosine
andlor its 25 retention in the product salt of clavulanic acid. 32. A
process according to claim 31 wherein the salt of clavulanic acid is
prepared in a liquid medium containing reagents which remove N-succinyl
tyrosine, or at chemical or physical conditions which remove N-succinyl
tyrosine. 30 19
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