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Description
{00011 Thisinvention relates to a nove! process forthe

preparation of salts of clavulanic acid.
[0002] Clavulanic acid (l):

o .
COH

CH,OH

is a p-lactamase inhibitor which is used commer-
cially as a component of gharmaceutical farmulations,
usually in the form of its salts. Clavulanic acid is pro-
duced commercially by culture of the microorganism
Streptomyces clavuligerus, for example as described in
GB 1508977.
[0003] Clavulanic acid or its salts may be extracted
from the cuiture medium in various ways but one way
this is achieved is that the cells of the S. clavuwligerus
are first removed from the culture medium by such meth-
ods as filtration or centrifugation before such extraction
nrocedures are commenced.
[0004] Clavulanic acid or its salts may be extracted
from clarified culture medium by a variety of methods.
Solvent extraction from cold clarified culture medium ad-
justed to acid pH values and methods which utilize the
anionic nature of ¢lavulanic acid at neutral pH such as
the use of anion exchange resins have been found to
be particulary useful. Afurther particularly useful meth-
od is 1 form an ester of clavulanic acid, purify the ester
and regenearate the acid or its salt therefrom.
[0005] The extraction processes for obtaining cfavu-
lanic acid or its salts may notionally be divided into a
primary isolation process followed by a further purifica-
tion process.
[0006] Suitable primary isclation processes include
solvent extraction of the frge clavulanic acid. in the sol-
vent extraction process the clavulanic acid is extracted
inta an organic solvent from ¢old clarified culture medi-
um, which may be whole broth, adjusted to an acid pH
value.
[0007] Inone solventexiraction process for clavulanic
free acid the clarified medium is chilled and the pH low-
ered into the regian of pH 1-2 by the addition of acid
whilg mixing with a substantially water-imiscible organic
solvent. Suitable acids used to lewer the pH include hy-
drochioric, sulphurie, nitric, phospharic or the like min-
eral acids. Suitable organic solvents include n-butanol,
ethy! acetate, n-butyl acetate and methyl isobutyl ke-
tone, and other similar sotvents. Methyl isobuty! ketone
is a particularly suitable solvent for use in the extraction
of the acidified culture filtrate. After separation of the
phases clavuianic acid is found in solution in the organic
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phase.

[0008] The clavulanic acid may be back extracted
from the organic phase intc a new aqueogus phase by
making use of the greater water solubility of, for exam-
ple, the alkali metal or alkaline earth metal salts of cla-
vulanic acid in water than in organic solvents. Thus the
clavulanic acid may be back extracted from the organic
solvent into an agqueous soluticn or suspension of an
alkali metal or alkaline earth metal base, such as sodium
hydrogen carbonate, potassium hydregen phosphate
buffer or calciwm carbonate, or water, while maintaining
the pH at approximately neutrality, for example pH 7.
This agueous extract, after separation of the phases,
may be concentrated under reduced pressure. Freeze-
drying may aiso be employed to provide a solid crude
preparation of the salt of ¢lavulanic acid. Such solid
preparations are stable when stored asg a dry solid at
-20°C. A similar process is described in GB 1563103.
This process may be modified in known ways by for ex-
ample additional purification steps applied to the organic
solvent phase to remave high molecular weight impuri-
ties from the impure clavulanic acid.

[0009] A further secondary purification process for
clavulanic acid is that described in for example EP
0026044, in which a solution of impure clavulanic acid
in an organic solvent is contacted with t-butylamine to
form the t-butylamine salt of clavulanic acid, which is
then isolated, thereby separating the clavulanic acid
from impuritics remaining in the organic solvent, and the
salt is then converted back to ciavulanic acid or into a
derivative of clavulanic acid such as an alkali metal salt
or an ester. Other known secondary purification proc-
esses for clavutanic acid inveolve the use of other organic
amines such as digthylamine, tri-(lower alkyl) amines,
dimethylaniline and NN'-diisopropylethylenediamine to
form salts and/or other derivatives thereof with the ¢la-
vulanic acid. These purification process have the inher-
ent disadvantage that they can introduce traces of the
amine, or leave residual traces of salts of ¢lavulanic acid
with the amine, in the final product.

[0010] Such back extraction processes present a
problem when potassium clavulanate is prepared, as
potassium clavulanate is particularly water-sensitive. In
conventional back extraction precesses potassium ¢la-
vulanate can remain in contact with water for along time,
typically around an hour oy more as the solution concen-
tration of potassium clavulanate builds up under the rel-
atively gentle mixing and separating conditions gener-
ally used, and this can lead to extensive hydrolytic deg-
radation. Furthermore such a process involving the par-
ticipation of clavulanate acid via certain amine saits as
described above results in a relatively expensive proc-
ess.

[G011] WO 96/28452 discloses a process in which a
dry soiution of clavuianic acid in an organic solvent is
mixed with a metal donor and at feast one additional sol-
vent, to form a metal clavulanate sait.

[0012] The inventors have discovered an improved
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process for the preparation of salts of clavulanic acid in
which degradation and cost is reduced.

[0013] Accordingly the present invention provides a
process for the preparation of pharmaceutically accept-
able quality potassium clavulanic acid by the direct pre-
cipitation of clavulanic acid as the potassium salt which
has not been pre-purified by the formation of an inter-
mediate aming sait, which the proviso that the subject
matter of PCT/GB95/0091 is excluded.

[8014] PFharmaceutically acceptable quality potassi-
um clavulanate encompasses material which has a pu-
rity of at Jeast 80% as the pure free acid more preferably
a purity of at least 82% as the pure free acid and most
preferably is purity of at least B3% as the pure free acid.
[0015] The above process may be effected by extrac-
tion into an arganic solvent of the free acid of clavulanic
acid resulting from a fermentation process as described
in the references above and which may be optionally
pre-treated according to the procedures mentioned in
the documents above or preferably using techniques
hereinafter described. Suitable organic solvents may be
used as described in the aforementioned documents.
[0016] The extracted clavulanic acid may then be op-
tionally concentrated using techniques conventional in
the art or mentioned in documents cited herein or pref-
erably hereinafter described.

{0017] The potassium salt of cfavulanic acid may then
suitably be formed by addition of a suitable potassium
salt of an acid such as organic acid.

[0018] The thus formed potassium salt may then be
conventionally isolated and dried or may be isolated and
dried using the methods described herein.

[0019] Alternatively, the free acid of clavulanic acid
(prepared as above) may be extracted into solvent as
described above and optionally concentrated before
back extraction of the clavulanic acid into an aqueous
medium. The aqueous medium may then be optionally
concentrated using conventionat techniques or tech-
niques described herein. A suitable form of potassium
ions may suitably be added such as in the form cf a po-
tassium sait of an acid such as an organic acid. The re-
sulting potassium clavulanate may be precipitated, isc-
lated and dried, for example, by adding an appropriate
precipitating solvent such as for exampte acetone oriso-
propanol.

[0020] The technigues described in the examples are
herein incorporated by reference.

[0021] !tis especially desirable to use organic salvent
extracts of clavulanic acid or agueous extracts of clavu-
lanic acid which are particularly high in titre for exampie
the titre of clavulanic acid in agqueous solution i in the
range of 100,000 to 200,600 micrograms per ml more
preferably at about 145,000 micrograms per ml.
[0022] Preferabiy the clavulanic acid is obtained from
a whole broth fermentation which is preferably filtered
by ulira filiration preferably optionaily pre-concentrated
by reverse csmesis. The agueous back extract is pref-
erably at a concentration of 10 ta 30% more preferably
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at a concentration of 15 to 25% and most preferably at
about 20% wiv.

[0023] Preferably a co-sclvent may be added to the
aqueous concentrate such as isopropanot and any re-
sulting c¢il is removed by conventional means such as
filtration through a celite bed. This is particularly advan-
tageous in allowing the required purity of potassium cla-
vulanate to be formed.

[0024] The product is then suitably precipitated by ad-
dition of further water miscible solvent such isopropanol
optionally admixed with a water immiscible solvent such
as ethy! acetate or alternatively by the step-wise addi-
tion of the water miscible solvent then the water immis-
cible solvent.

[0025] Inthe case of isolated of the potassium salt ob-
tained directly from an organic sclvent sclution, the or-
ganic solvent is preferably dried preferably using aze-
gtopic distillation.

[0026] Suitable organic sclvents include those de-
scribed above, for example n-butanol, ethyl acetate, n-
butyl acetate, and ketones of the general farmula R?
CO.R2 where R and R2 are independently C,_,, aikyl
groups, in particular methyl isobutyl ketone. The solu-
tion of clavulanic acid may contain impurities, for exam-
ple high molecular weight impurities such as may be
present if the solution has been obtained by a primary
isofation process as described above, but preferably
has been subjected to a preliminary purification process
to remove at least some of the impurities. Suitable pre-
liminary purification processes include filtration, and
treatment with absorbent carbon. The solution may also
contain small quantities of dissolved ar suspended wa-
ter, but preferably if the solution has been obtained from
a primary isolation process it may be subjected to a de-
watering process, for example centrifuging to remove
dropiets of suspended water.

[0027] A suitable solution concentration for the solu-
tion of ¢lavulanic acid or its abile derivative is around
500 tc 20,000 pg/ml (0.0025M to 0.1M), for example
around 1,000 - 5,000 ug/m! (i.e. 0.005M to 0.025M), typ-
ically around 3,000 11,000 pg/ml {(i.e. 0.015 M £ 0.005
M) expressed in terms of clavulanic acid content, Suit-
able labile derivatives of clavulanic acid include readily-
cleaved estars, such as silyl esters. The term"¢lavulanic
acid" as herein after used refers to both free clavulanic
acid and such labile derivatives.

[0028] Suitable salt forming cations are alkali metal
cations and alkaline earth metal cations, in particular po-
tassium. Suitable counter anions include basic anions,
such as hydrogen carbonate, carbonate or hydrogen
phosphate, and in particular anions of weak organic car-
boxylic acids, such as those of formula R-CO,H where
Ris C,.og alkyl, for example Cy_g alkyl. Suitable carbox-
ylic acids include acetic, propionic and ethyt hexanoic,
such as 2-ethyl hexanoic acid.

[0029]) Suitable salt precurser compounds including
these ions are sodium or potassium hydrogen carbon-
ate, potassium hydrogen phosphate or calcium carbon-
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ate, and particularty in the case of preparation of potas-
sium clavulanate, potassium 2-ethyl hexanoate. Other
suitable salt precursorcompounds include ionexchange
resins, which may be solid or liguid, and which incorpo-
rate a saft-forming cation such as potassium which can
form a salt with clavulanic acid.

[0030] The clavulanic acid or derivative may be con-
tacted in solution with the salt precursor compound by
dissolving or suspending the precursor compound in a
solvent, and mixing the two solutions or the solution and
suspension. The same organic sclvent may be used for
the ¢clavulanic acid and the precursor. In the case of po-
tassium 2-ethyl hexanoate as salt precursor compound
such a solution in an organic solvent such as methyliso-
butyl ketone may suitablybe 0.5t105.0M,e.9. 1.0t0 3.0
M, suitably 2.0 + 0.5M in potassium 2-ethy! hexanoate.
[0031] Water may be provided in the ¢ontact region in
a number of ways as discussed below, and one or more
of these ways may be used as alternatives or together.
For example the salt precursor compound may itself be
dissolved or suspended in water or water containing dis-
solved organic salvent, and contacted as such with the
solution of clavulanic acid. For example the solution of
clavulanic acid may contain dissolved or suspended wa-
ter, e.g. as mentioned above. For example the salt pre-
cursor compound may be dissolved or suspendedin an
organic solvent, e.g. the same solvent as the clavulanic
acid is dissolved in, and these solvents may itself in-
clude dissoived or suspended water. For example me-
thyl iscbutyl ketone may be used as such an organic
solvent for the clavulanic acid and the precursor, and
may include 0.1 10 7.5% v:v of dissolved water, typically
1 to 3%, e.g. 2.0 + 0.5%. For example water may be
provided by adding water or an agueous medium such
as water containing dissolved organic solvent to the cla-
vulanic acid solution and solution or guspension of the
salt precursor in an organic solvent, as they are brought
into contact in the contact region.

[0032] When dissolvedwater is present in the organic
solvents used in the process of the invention, e.g. as
described above, it may subsequently separate out as
the agueous phase by a "saiting out" effect as it accu-
mulates the dissolved clavulanic acid salt.

[0033] The working conditions, e.g. concentrations of
reactants, relative proportions of solutions used, flow
rates, contact times etc., of the process are selected
such that inter alia as much as possibie of the clavulanic
acid is extracted from the solution in the organic solvent
into the aqueous phase as the soluticn of its saft, and
such thataconcentrated solution of the salt of clavulanic
acid in the agueous phase is formed. In the case of po-
tassium clavulanate, in a preferred embodiment working
conditions are selected 80 as to produce a concentration
of potassium clavulanate in the aqueous phase of ca.
10 to 40 weight % (ca. 0.4 to 1.7 M), for example 20 1o
30 weight % (ca. 0.8 to 1.2 M). A solution concentration
of potassium clavulanate of this cencentration is found
to expediate the further processing step. with an opti-
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mised yield and improved purity.

{0G34] Inthe process, monitoring of the concentration
of the clavulanic acid salt such as potassium ctavulanate
in the separated aqueous phase, for example by densi-
ty, optically etc. is a suitable way of determining and con-
trolling the other working conditions.

[0035] The clavulanic acid and the salt precursor
compound should be introduced such that there is an
initial stoichometric excess of the sait precursor com-
pound over the clavulanic. For example the precursor
may be introducedina 1:1.110 1:2 molar ratio clavu-
lanic acid : precurser compound, typically 1: 1.1 to 1
1.5, to ensure that therg is theoretically sufficient salt
precursor compound to combine with all of the clavulan-
ic acid.

f6036] The amount of water present in the region in
which the clavulanic acidg and salt precursor compound
are brought into contact should suitably be around the
minimum necessary to achieve a desired aqueous
phase concentration of the salt, for example, as dis-
cussed above for potassium clavulanate.

[0037] The process of this invention provides salts of
clavulanic acid, for example potassium clavulanate, free
of the trace impurities introduced by known purification
processes, such as the amines used in the purification
process mentioned above. Although salts of clavulanic
acid free of such impurities are known on a laboratory
scale, the bulk production of such salts, in particular po-
tassium clavuianate, for use in the preparation of phar-
maceutical formulations is novel.

[0038] Consequently afurther aspect of this invention
provides a pharmaceutical formulation for the treatment
of bacterial infections which comprises a salt of clavu-
lanic acid, e.g. as described above, in particuiar potas-
siuin clavulanate, the formulation being substantially
free of organic amines such as t-butylamine, diethyi-
amine, tri-(lower alky!) amines, methylaniline or NN'-di-
isopropylethylene diamine (either as free amines or as
derivatives or salts theraof).

[0039] Suitably the formulation contains less than
0.05%, for example less than 0.005%, preferably less
than 0.0005%, desirabiy less than 0.00005% of organic
amines by weight with respect to the weight of the cla-
vulanic acid salt present in the formulation.

[0040) The formulation may also comprise one or
more antibiotic compounds, suitably p-lactam antibiot-
ics such as penicillins and cephalosporins. Suitable an-
tibiotics include the antibiatics with which clavulanic acid
is combined in known antibiotic formulations, for exam-
ple amoxycillin {e.g. in the form of its trihydrate) and
ticarcillin, The formulation may comprise ratios of clavu-
lanic acid salt : antibiotic within the known ranges in
which such combinations are used, e.g. 12:11 to 1:1 by
weight expressed as in terms of the parent lavulanic
acid and antibiotic.

[0041] The formutation may also contain other known
additives and excipients, e.g. fillers, binders, disinte-
grants, an effervescent couple, colourants, flavourings,
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desiccants etc., for example those listed for use with far-
mulations containing potassium clavulanate in GB
2005538. The formulation may also contain materials
such as cellulose derivatives, e.g. microcrystalline cel-
luloses such as Avicel (Trade Mark)} or Syioid (Trade
Mark), silicon dioxide or sucrose together with potassi-
um clavulanate. The formulation may for example com-
prise a biend of potassium clavuianate with a celiulose
derivative, silicon dioxide or sucrose, for exampie in a
1:1 weight ratic.

[0042] The following examples illustrate the present
invention:

Example 1

[0043] A crude aqueous soluticn of clavulanic acid at
a titre of about 20,000ug/mi, prepared hy egither of the
following procedures:

(&) RVF filtration of the broth followed by ion ex-
change chromatography of fermentation broth.

(b) Ultrafiitration of the broth followed by RO con-
centration of fermentation broth.

[0044] The aqueocus solution is extracted with ethyl
acetate a pHL5 using sulphuric acid. The rich solvent is
chilled and dewatered prior to passing through activated
granular carbon column. The purified solvent extract is
subsequently distilled azeoiropically to give a solution
with a clavulanic acid content of about 20,000ug/ml, and
a moisture content of 0.2%. Potassium ethyl hexanoate
solution is IPA is added to the concentrated sclution to
achieve precipitation of clavulanate as the potassium
salt. The isclated product may require recrystallisation
to improve crystal form.

Example 2

[0045] A crude aquecus solution of ciavulanic acid at
a titre of about 20,000 pug/mt, prepared by either a) or b)
as above is extracted with MIBK at pH1.5 sulphuric acid.
The rich solvent is chiiled and dewatered prior to pass-
ing through activated granular carbon ¢clumn. The pu-
rified solvent extract is then back extracted with water
at pH&.1 using KEH in a soivent. The whole operation
is continuous. The spend solventis recycled back to the
forward extraction and the agueous extract is recycled
until a concentration of 20-25% w/v is reached. The
aqueous potassium clavulanate solution is diluted with
IPA, treated with powdered carbon then crystallised by
the addition of IPA cr acetone. A co-solvent may be used
at this state.

Example 3
[0046] A sample of clavulanate rich ethyl acetate was

prepared as follows:
[0047] A crude sampie of clavulanic acid was dis-
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solved in water to give a titre approximately 145,000ug/
ml, and taken to pH1.5 with sulphuric acid. This was ex-
tracted into ethyl acetate, which was subsequentiy dis-
tilled azeotropically to give a solution with a clavulanic
acid content of 21.573ug/mt and a moisture content of
0.2%. To 100mils of this was added 7.5mls of a 2N so-
lution of KEHM in isopropanol, over a period of 12 min-
utes, whereat a precipitate was formed. The product,
potassium clavulanate was isolated, and the wet cake
washed with acetone, then redissolved in 10mis of mix-
ture of methanol and water. 100mls of an isopropanol/
mixture was added to this over 20 minutes, whereat
white potassium clavulanate precipitated in the form of
rods and nucleated rods.

Product weight = 2.03g
Product purity = 83.0% as the pure free acid
Yield from solvent rich solvent = 78%

Example 4

[0048} A crude solution of clavulanic acid was pre-
pared by ultrafiltration of clavulanic acid whole broth fcl-
lowed by RO concentration. An agueous back extract at
a concentration of 20.3% was prepared as in method 2.
IPA {100ml) was added to a 100ml of this solution. The
resulting cil was removed by filtration through a celite
bed. IPA (2,000mi) was slowly added to the filtrate whilst
stirring. At the end of the IPA addition, ethyl acetate
(300ml) was added and the resultant slurry was chilled
and stirred for 1 hour prior to fiitration and product dry-
ing.

Product weight = 21.0g

Crystallisation stage yield = 86.3%

Product purity = 83.2% as the pure free acid
Product moisture content = 0.3%

Claims

1. A process for the preparation of pharmaceutically
acceptable quality potassium clavulanate by the di-
rect precipitation of clavulanic acid as the potassi-
um salt which has not been pre-purified by the for-
mation of an intermediate amine salt by the reaction
of clavulanic acid in solution with potassium ions in
solution characterised:

by reacting clavulanic acid in sclution in an or-
ganic solvent with a potassium salt, between
0.1 % viv and 7.5 % v:v of water being present
in the region where the clavulanic acid and po-
tassium salt contact, then isofating the so-
formed potassium clavulanate,

with the proviso that a process for the prepara-
tion of potassium ¢lavulanate, wherein clavu-
lanic acid in sciution in a wholly or partly water-
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imiscible organic solvent is contacted in a con-
tact region which is a region of high turbulence
and/or shear stress, with a compound of potas-
siumwith a counter anion in solution or suspen-
sion, the counter anion being capable of ex-
change with clavulanate anion, in the presence
of water, such that a soiution of potassium ¢la-
vulanate in an aguecus phase is formed, then
the arganic solvent and aqueous phases are
physically separated during a separation step,
followed by a further processing step in which
the said salt of clavulanic acid is isolated from
solution as a solid is excluded.

A process according to claim 1 characterisedin that
0.2% vivto 7.5 % v:v of water is present in the con-
tact region.

Aprocess according to claim 2 characterisedin that
1 % v:v 10 3 % viv of water ig present in the contact
region.

A process accordingto claim 3 characterisedin that
2 £ 0.5 % v:v of water is present in the contact re-
gion.

A process according to any one of claims 1 to 4
characterised in that the solution of clavulanic acid
in an organic scivent is obtained by extraction of cla-
vulanic acid from an agueous medium resulting
from a fermentation process, followed by concen-
tration and optionally by drying.

A process according to any one of claims 1 to 5
characterisedin that the concentration of ciavulanic
acid in solution in the arganic solvent is 500 micro-
gram / ml to 200.000 microgram / mi.

A process according t0 any one of the preceding
claims characterisedin that a solution of the potas-
sium salt in an organic sclvent is added to the so-
lution of clavulanic acid.

A process according to ciaim 7 characterisedin that
the organic solvent in which the potassium sait is
dissolved is isopropanol.

A process aocording to any one of the preceding
claims characterised in that the potassium salt is
potassium 2-ethylhexanoate.

A process according to ¢laim 7, 8 or 9 characterised
in that the solution of the potassium salt in an or-
ganic solvent is at a concentration 0.5M to 5M.

A process according to any one of the preceding
claims characterised in that the organic solvent in
which the clavulanic acid is in gsolution is selected
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12.

10

from n-butanol, ethyl acetate, n-butyl acetate, and
ketones of the general formula R CO.R2 where R?
and R2 are independently C4.14 alkyt groups.

A process according to any one of the preceding
claims characterised in that the potassium clavu-
lanate is allowed or caused to precipitate from the
reaction medium.
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