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(57) Abstract

The invention relates to the process for the isolation of a pharmaceutically acceptable alkali metal salt of clavulanic acid from a
fermentation broth containing impure clavulanic acid comprising the steps of filtration of the fermented broth, extraction of the clavulanic
acid to a water immiscible or partly water immiscible solvent at pH from 1.2 - 2, precipitation of an alkali metal salt A of clavulanic actd
by addition of a solution of an alkali metal alkylalkanoate, characterized by the following steps: before the filtration the fermented broth
containing clavulanic acid is diluted with water, a flocculating agent is added and the pH is adjusted to 3 — S, for further purification the
alkali metal salt A of clavulanic acid is converted to clavulanic acid by addition of an inorganie acid and is extracted into a water immiscible
or partly water immiscible solvent; a solution of a different alkali metal B alkyl alkanoate is added and the alkali metal salt B of calvalanic
acid is precipitated.
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WO 98/42858 PCT/EP98/01637
Process for tha isolation of a pharmaceutically acceptable
alkali metal salt of clavulanic acid

The present invention relates to a novel process for the iso-
lation of the pharmaceutically acceptable alkali metal salt
of clavulanic acid from a fermentation broth containing impu-

re clavulanic acid comprising the steps of filtration of the
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(EEngwbrecipifEfTbn of the alkali metal salt A of clavulanic
acid by addition of a solution of an alkali metal alkylalka-

noate.

Clavulanic acid and its alkali metal salts and esters are
used in pharmaceutical preparation to prevent the deactivati-
on of B-lactam antibiotics. Commercial preparations of clavu-~
lanic acid contain potassium clavulanate in combination with
amoxycillin trihydrate. Clavulanic acid is an unstable hygro-
scopic oil. Potassium clavulanate is more stable than the
free acid or other salts, and is therefore most frequently
used for commercial preparations.

Clavulanic acid and its derivatives are inhibitors of the 8-
lactamases. The resistance of B-lactam antibiotics is as-
sociated with inactivation of B-lactam structure due to the
openihg of B-lactam ring by B-lactamase produced by bacteria.
Thus the inactivating enzymes are commonly called as 8-
lactamase, they are divided into penicillinase and cephalos-
porinase. |

Furthermore clavulanic acid itself is believed to have an an-
tibacterial activity.

X
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Clavulanic acid is produced from various strains of microof-
ganism by a fermentation process. For this process for examp-
le strains belonging to the genus Streptomyces such as §.
clavuligerus NRRL 3585 (USA Patent 4,110,165), S. jumonjine;:
sis NRRL 5741 (British Patent 1,563,103), S. katsurahamanus
IFO 13716 (Japanese Patent 83,009,579), and Streptomyces sp.
P6621 FERM 2804 (Japanese Patent 55,162,993) are used. For
the preparation of clavulanic acid by a fermentation process

the microorganism Streptomyces clavuligerus is preferred.

In the state of art different processes for the preparation
and purification of the clavulanic acid containing fermenta-
tion broth are described.

GB 1 508 977 discloses preparation of clavulanic acid and its
salts by filtration of the fermentation broth by passage
through an anionic exchange resin.

GB 1 543 563 discloses a fermentation process wherein the pH
value of the medium is maintained in the range of 6.3 to 6.7.
A pharmaceutically acceptable salt such as potassium clavu-
lanate is prepared by ion exchange process from lithium cla-
vulanate. However lithium clavulanate is not a pharmaceuti-
cally acceptable salt. Therefore it is necessary to add an
ion exchange process as a further step for preparing a phar-
maceutically acceptable form of the compound. Furthermore,
the remaining salt lithium chloride is soluble in organic
solvents and therefore it is difficult to separate the lithi-
um chloride in the aqueous phase during the extraction
process.

Further documents of the state of the art like EP-0 647 229
describe the use of amine salts of clavulanic acid as inter-

mediate compounds for the preparation and purification of
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clavulanic acid and its alkali metal salts. EP-0 647 229 for
example describes a process for the preparation of a purified
clavulanic acid or a salt or ester thereof by preparing a
diamine salt of clavulanic acid and converting this interme-
diate compound into clavulaﬁic acid or a pharmaceutically ac-
ceptable salt or ester. The conversion is made by adding for
example potassium 2-ethylhexanoate and precipitating potassi-
um clavulanate. Many of such amines are either unsuitable for
the production of a salt of clavulanic acid or they give rise
to amine salts of clavulanip acid which are either hygrosco-
pic or toxic or both and, therefore, are unsuitable for use
as intermediates for the preparation of a pharmaceutically
acceptable compound.

Other purification processes of the state of the arts are
performed without any amine compounds. For example WO
95/34194 A2 describes a process for manufacturing an alkali
metal salt of clavulanic acid wherein impure clavulanic acid
in aqueous solution is extracted by a solvent mixture of ke-
tone and alkyl acetate under acidic condition. The solution
is than treated in a conventional manner and the solution of
an alkali metal salt of alkanoic acid dissolved in ketone or
alkanol solvent is added to obtain pure alkali metal salt of
clavulanic acid. Thus the process according to this state of
the art omits the step of formation of amine salts. This
process has the advantage that the use of mostly toxic amines
is no longer necessary. In a preferred embodiment as alkali
metal salt of alkanoic acid sodium or potassium salts are
used, especially potassium 2-ethylhexanoate.

A similar process is also described in WO 96/28452 Al. This
process comprises the steps of removing solids from a clavu-
lanic acid containing fermentation broth by microfiltration,
acidifying the filtrate to a pH between 1 and 3, extracting

~ 3
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the acidified filtrate with a water immiscible‘solvent and
separating the clavulanic acid containing extract. This ex-
tract is mixed with a metal donor and at least one additional
solvent. From the solution the metal clavulanate salt is se-
parated.

As metal donor compounds ofganic salts, carbonates, bicarbo-
nates or hydroxides of potassium, sodium, lithium or magnesi-
um can be used. The use of carboxylic acid salt is preferred.
Further ©preferred metal donors include potassium 2-
ethylhexanoate, potassium acetate, lithium 2-ethylhexanoate
and lithium acetate.

EP-0 182 522 Bl also describes a process for the preparation
of clavulanic acid and its salts and esters. In this process
the fermentation broth is worked up as follows. The solids
are removed by filtration or centrifugation. The*broth im

—
o

acidified to a pH-of -t to 3 and clavulanic acid is- extracted

by adding a water immiscible solvent with two phases being
separated for example by centrifugation. This gives the cla-
vulanic acid in the water immiscible phase. The solution is
purified by mixing it with the dissolved lithium 2-
ethylhexanoate solution isolating lithium clavulanate and op-
tionally converting the lithium salt to other salts or an
ester. The conversion of the lithium salt to other salts is
carried out by ion exchange procedures using ion exchange re-
sins in the form of the desired cation preferably sodium or

potassium.

The processes of the state of the art referred above have the
disadvantage, that the alkali metal salts prepared by direct
precipitation are not pure enough for a pharmaceutical use.
Therefore, further purification steps like recrystallization,

purification over a column etc. are necessary.

~ -
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The object of the invention therefore is to prepare clavula-
nic acid and its pharmaceutically acceptable alkali metal
salts such as potassium clavulanate in a new and simple man-
ner wherein the desired substance is- obtained in a very high
yield without any additional purification steps and of high
purity avoiding the use of toxic amines or lithium compounds.

This technical problem is solved by a process which is cha-

racterized by the following steps:

- before the filtration of the fermentation broth, the
fermentation broth containing clavulanic acid is diluted
with water, a flocculating agent is added and the pH is
adjusted to pH 3 to 5,

- for further purification the alkali metal salt A of cla-
vulanic acid is converted to clavulanic acid by addition
of an inorganic acid and is extracted into a water in-
miscible or partly water immiscible solvent,

- and to the solution of clavulanic acid a solution of a
different alkali metal alkylalkanoate B is added and the
alkali metal salt B of clavulanic acid is precipitated.

Suitable salts according to the present invention are phar-
maceutically acceptable alkali metal salts and alkaline earth
metal salts like sodium, potassium, calcium and magnesium
salts.

Of these compounds potassium clavulanate is the most stable
compound which is normally used for pharmaceutical preparati-
ons. The clavulanic acid itself is an unstable hygroscopic
0il which is not used for the preparation of pharmaceutical
compounds .

o
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In a preferred embodiment the alkylalkanoate is an alkylhexa-

noate, especially 2-ethylhexanoate. The alkali metal A is so-
dium and the alkali metal B is potassium.

In a further preferred embodiment the filtered broth contai-
ning clavulanic acid is purified after the filtration step by
adsorption on an anion exchange resin containing column and
eluted with an aqueous solution of an alkali metal salt. As
anionic exchange resin for example DIAION® SA-11A is used.
After the elution step clavulanic acid is extracted into a
water immiscible solvent or a partly water immiscible solvent
and sodium clavulanate is precipitated by the addition of so-
dium 2-ethylhexanoate solution in an appropriate solvent af-
ter dehydration with anhydrous sodium or magnesium sulphates
and purification with activated carbon.

As an alternative process step it is also possible to carry
out the direct extraction of the clavulanic acid contained in
the filtered broth to a water immiscible or partly water im-
miscible solvent at an adequate pH between 1.2 - 2.0 without
using a column. Preferably 3 to 4 volumes of solvent in rela-
tion to the filtered broth are used in this step. The clavu-
lanic acid is extracted from the above solvent to an aqueous
solution using an organic base, preferably triethylamine or
diethylamine. In this operation, a concentration of about 10
to 15 times is obtained. The exhaust solvent can be re-used
in the process without a purification step. The clavulanic
acid is back extracted to a water immiscible or partly water
immiscible solvent. From the solvent sodium clavulanate is
precipitated by addition of the sodium 2-ethylhexanoate solu-
tion in an appropriate solvent after dehydration.

Clavulanic acid is a hygroscopic oil and is not very stable
in aqueous solution. Therefore, this solution of clavulanic

A
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' Claims

Process for the isolation of a pharmaceutically accepta-
ble alkali metal salt of clavulanic acid from a fermen-
tation broth containing impure clavulanic acid com-
prising the steps of filtration of the fermented broth,

extraction of the claﬁulanic‘acid to a water immiscible

precipitation of an alkali metal salt A of clavulanic
acid by addition of a solution of an alkali metal al-
kylalkanoate, characterized by the following steps:

before the filtration the fermented broth containing
clavulanic acid is diluted with water, a flocculating
agent. is' added and the pH is adjusted to 3 - 5

for further purification the alkali metal salt A of cla-
vulanic acid is converted to clavulanic acid by addition
of an inorganic acid and is extracted into a water im-
miscible or partly water immiscible solvent

a solution of a different alkali metal B alkyl alkanoate
is added and the alkali metal salt B of clavulanic acid

is precipitated.

Process according to claim 1 wherein the alkylalkanoate
is an alkylhexanoate, especially 2-ethylhexanoate.

Process according to claim 1 or 2 wherein the alkali me-
tal A is sodium and the alkali metal B is potassium.

Process according to claims 1 to 3 wherein after the
filtration step the clavulanic acid containing filtered

- lct-
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10.

11.

broth is purified by adsorption on an anion exchange re-
sin containing column and eluted with an aqueous soluti-
on of an alkali metal salt.

Process according to claims 1 to 4 wherein the solution
of clavulanic acid in the water immiscible or partly wa-
ter immiscible solvent is dehydrated by addition of an-
hydrous sodium or magnesium sulphates and further puri-
fied by addition of activated carbon.

Process according to claim 1 to 5 wherein 3 to 4 volumes
of water immiscible or partly water -immiscible solvent
are used in relation to the solution of the filtered
broth containing the clavulanic acid.

Ptocess according to claim 1 to 6 wherein the solvent is
ethyl acetate, butyl acetate, methyl isobutyl ketone and
mixtures thereof.

Process according to claim 1 to 7 wherein as floccula-
ting agent a quaternary ammonium salt is used.

Process according to claims 1 to 8 wherein after the
filtration step the clavulanic acid is extracted without
using a column to a water immiscible or partly water im-
miscible solvent at a pH from 1.2 to 2.0.

Process according to claims 1 to 9 wherein 3 to 4 volu-
mes of solvent in relation to the filtered broth are
used.

Process according to claims 1 to 10 wherein clavulanic

acid is extracted from the water immiscible or partly
water immiscible solvent to an aqueous solution using an

~%0-
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(57) Abstract

. A process for the production of clavulanic acid and pharmaceutically acceptable salts thereof by: a) fermentation of a
which is capable to produce clavulanic acid, b) isolation of clavulanic acid from the fermentation broth, ¢) purification of clavulanic acid,

ism

c.g. via a salt thereof, d) conversion of the purified clavulanic acid of step c), e.g. of a salt thereof into a pharmaceutically acceptable salt
of clavulanic acid, wherein the fermentation broth is extracted with a solvent prior to isolation of clavulanic acid.
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PURIFICATION OF FERMENTED. CLAVULANIC ACID

The present invention relates to a process for the purification of feﬁnented produbﬁs, i.e. in the
production of pharmaceutically acceptable salts of clavulanic acid @f formula

OH

N\

l‘_-k.;...au =8
| o

@]

0"’,
%

COOH
e.g. potassium clavulanate,

Pharmaceutically acceptable salts of clavulamc acid are known and vanous producnon procssw,

for examplc via : :

a) fermentation of a micro-organism which is capable to produce davulamc acxd

b) isolation of clavulanic acid from the fermentation broth

¢} purification of clavulanic acid, e.g. via a salt thereof »

d) conversion of the purified clavulanic acid of step c), e.g. of a salt thereof into a
pharmaceutically acceptable salt of clavulanic acid '

are disclosed.

It has now been found that the production of a pharmaceutically acceptable salt of clavulanic
acid, e.g. such as the potassium salt may surpitisinglyrbe improvied, if the aqueous fermentation
broth is extracted w_ith a solvent before clavulanic acid is isolated. Due to such an extraction
prior to isolation, clavulanic acid, e.g. in form of a pharmacéutically acceptable salt, may be
obtained in surprising pure form and surprisihg high yields from the fermentation broth. '

In one aspect the present invention provides a process for the ptoduétio’n of clavixlanic acxd and
pharmaceutically acceptable salts thereof by
a) fermentation of a mxcro-orgamsm wlnch is capable to produce clavulanic aud
b) isolation of clavulanic acid from the fermentation broth
¢) = purification of clavulanic acid, e.g. via a salt thereof
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d) conversion of the purified clavulanic acid of step c), e.g. of a salt thereof into a
pharmaceutically acceptable salt of clavulanic acid, e.g. potassium clavulanare,
characterized in that the fermentation broth is extracted with a solvent, e.g. selected from an

ether, a ketone, an ester or an alcohol, prior to isolation of clavulanic acid.

Fermentation step a) may be carried out as usual, for example, as generally described e.g. in

GB 1508977 and WO 93/25557. A particular fermentation process, is disclosed, e.g. in

EP 182 522 by continuously or intermittently feeding a carbon source during fermentation; e.g.
in WO 96/18743 by keeping low levels of ammonium and urea; e.g. in WO 97/19187 by strict
control of the soluble phosphate content in the fermentation medium; e.g. in EP 349 121;

WO 95/03416; CA 2108113; WO 94/18326; WO 94/12654; and WO 96/10084; by production
of clavulanic acid from a host transformed with a vector comprising a DNA or a DNA fragment
that is encoding at least one enzyme involved in clavulanic acid production. An appropriate
micro-organism may be for example a micro-organism of the genus Streptomyces, such as S.
clavuligerus, i.e. strain NRRL 35835, or Streptomyces sp. P6621 FERM 2804 (Japanese patent

5 5,162;993) or other mutants. Fermentation under appropriate conditions is in more detail
known from various publications, e.g. from references cited herein under step a) und under steps
b), c) and d) below, the content of which, including prior art citations therein, is incorporated

herein by reference.

According to the present invention the fermentation broth is extracted prior to isolation of
clavulanic acid. Extraction of an aqueous fermentation broth may e.g. be carried out as follows:
Extraction may be carried out as usual, e.g. according to any method disclosed in any of the
references cited under step a) above, or step b), ¢) and d) below.

The entire unfiltered fermentation broth,

or, a fermentation broth from which at least part of the suspended solids have been removed, for
example by flocculation, e.g. by pH adjustment or addition of flocculation agent(s); by filtration,
e.g. by precoat filtration on a rotary vacuum filter, e.g. assisted by a filtering aid, for example
based on mineral or cellulose; by crossflow filtration with or without prior sieving of coarse
particles; by microfiltration; or by centrifugation

may be extracted with a solvent, e.g. an organic solvent, which is able to form a liquid/liquid
phase system in contact with an aqueous fermentation broth, e.g. which is immiscible with the
broth,

The aqueous, clavulanic acid containing liquid may be pre-concentrated prior to extraction, to

~ achieve specific concentration ranges, e.g. by anion exchange or osmotic methods to a

)
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3
concentration of clavulanic acid of 20 to 80 g/kg, such as 10 to 50 g/kg, e.g. 10 to 40 g/kg, for
example 10 to 30 g/kg.

In another aspect the present invention provides a process as defined above, characterized in that

5  at least part of the solids suspended in the fermentation broth are removed before extraction;
and a process as defined above, characterized in that the fermentation broth is concentrated prior
to extraction.

Wndudeé,&
10 @nmctmmamm_&zmmmmbmﬂrmh as-ethers; ketones; e:gmethyl

{isobu W mcthyL@gt&E‘c‘STérs, e.g. ctnyl acctate, a propylacetate; or

ralcohols, such as a butanol, for example n-butanol or iso-bu e —

sreferably eth 1 acetate,” *fj -
diethylketone, methyl isobutylketone, such as cthylacclatc,_\zb__c_u_cla!ulamnacuLshnuldL

R ——— e

ptefer’Bl ot of orily to-a-small-extent-sotuble-under the extraction cc wr dependmgj,/
15 [~on m tation broth. Mixtures of individual solvents, e.g. as described above
may be used.

The ratio, e.g. volume ration, of the solvent and the fermentation broth is not critical; e.g. a ratio
of 0.5:1 to 3:1 may be used. One or several extractions may be carried out. An amount of solvent
may be used which is sufficient that two liquid phases in contact with the fermentation broth are
20 formed. )
F,xtractxon may . bg,camcdautamd a_g__,,a_natm’.p s &g—a«t—a—pH—of—S—&t 7.5
Phase separation of the aqueous and the organic phase may be facilitated, for example by
centrifugation methods, e.g. centrifugal separators or centrifugal decanters.
Removal of impurities, such as dyes or other, e.g. biomass residues, of the clavulanic acid
25  containing liquid may be carried out, cither prior or subsequent to extraction, e.g. as usual, e.g.
by adsorption, e.g. by use of activated carbon in powder form, e.g. in a quantity of ca. 0.5% to
5% (based on the weight of a clavulanic acid containing liquid); or by use of activated carbon in
granulated form, which when filled into a column may purify an, e.g. preconcentrated clavulanic
acid containing liquid, percolating through; or by use of adsorber or jon exchange resins, which,
30  e.g. may be suitable for selectively removing dyes and other impurities from solvents, e.g. by use
of such resins in a batch process or column-percolation process; or e.g. by other methods, such as
a crossflow method, e.g. permeation of the clavulanic acid containing liquid through, e.g. a

membrane of e.g. small pore size, such as a pore size of e.g, 1 to 3 kD,

Isolation step b) may be carried out, for example,
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by adjusting the pH of a fermentation broth, e.g. to an pH at which clavulanic acid is present in
free acid form, e.g. a pH of ca. 1.5 to 2.5, such as 1.5 to 2.5; after the cxtractioﬁ according to the
present invention; and

extraction of an pH adjusted, e.g. acidified fermentation broth with a solvent in which clavulanic
acid is soluble under the extraction conditions, and which is able to form a liquid/liquid phase
system in contact with an aqueous fermentation broth, e.g. by

direct extraction of an e.g. acidified fermentation broth, or
after removing at least part of the solids suspended in an e.g. acidified fermentation broth,
e.g. according to an extraction method as usual, e.g. as described above.
Solids may be removed, for example by flocculation, filtration, e.g. by microfiltration, or by
centrifugation.
A water-miscible solvent may be added to a fermentation broth in order to improve filterability
of the fermentation broth prior to solid removal.
An extraction solvent includes a solvent wherein clavulanic acid is soluble under the extraction
conditions, e.g ketones, such as methyl-iso-butyl ketone, diethylketone; esters, such as ethyl
acetate, a propyl or a butyl acetate or alcohols, such as a butanol, for example n-butanol or iso-
butanol, preferably ethyl acetate. Mixtures of individual solvents, e.g. as described above may be
used. Preferably the same solvent may be used which was used for extraction of the fermentation
broth prior to isolation of clavulanic acid (e.g. at or around a native pH).
An amount of solvent may be used which is sufficient that two liquid phases in contact with the
fermentation broth are formed. Per part of the fermentation broth, e.g. 1:1 to 5:1 parts of the
solvent may be used.

One or several extractions of the e.g. acidified fermentation broth may be carried out.

In another aspect the present invention provides process as defined above, characterized in that
isolation step c) is effected viz extraction from an aqueous solution of clavulanic acid; and

a process as defined above, characterized in that as a solvent for the extraction of clavulanic acid
from an aqueous solution thereof the same solvent is used which was used for extraction of the

fermentation broth prior to isolation of clavulanic acid therof.

An aq.ueous, clavulanic acid containing liquid may be pre-concentrated, conveniently prior to
acidification and clavulanic acid extraction, to achieve specific clavulanic acid concentration
ranges by a method as usual, such as by fine vacuum evaporation; or an osmotic method such as
crossflow reversed osmosis, crossflow ngnoﬁltration, anion exchange, to obtain a concentration
of e.g. 20 g to 80 g clavulanic acid per kg in the concentrate, such as 10 to 50 g/kg, e.g. 10 to 40
g/kg, for example 10 to 30 g/kg.




10

15

20

25

30

35

WO 98/23622 PCT/EP97/06578
9
Ris, Riss Ri7 and Ryg jointly independently denotes a cyclic alkylene ring having 3 to 6

methylene groups, one of these groups being optionally substituted by an oxygen or a

sulphur atom or by an amino group; and

Rys denotes a hydrogen atom or a methyl group; and

p denotes an integer from 1 to 3.
Particularly useful amines may be e.g. tert.butylamine, tert.octylamine, diisopropyl-ethylen-
diamine, N,;N,N’,N'-tetramethyl-ethylendiamine, 1,3-bis(dimethylamino)-2-propanol and bis(2-
dimethylaminoethyl)ether, such as such as tert.butylamine, tert.octylamine, diisopropyl-ethylen-
diamine, N,N,N',N'-tetramethyl-ethylendiamine and bis(2-dimethylaminoethyl)ether, e.g.

tert.butylamine, tert.octylamine.

In another aspect the present invention provides a process as defined above, characterized in that
purification of clavulanic acid is effected via a salt of clavulanic acid with tert.butylamine,
tert.octylamine, diisopropyl-ethylen-diamine, N,N,N’,N’-tetramethyl-cthylendiamine, 1,3-
bis(dimethylamino)-2-propanol or bis(2-dimethylaminoethyl)ether.

Purification under appropriate conditions is in more detail known from various publications, e.g.
from references cited under step a), b) and c), and under step d) below, the content of which,

including prior art citations therein, is incorporated herein by reference.

For salt formation the amine may be contacted with clavulanic acid in solution, in an organic
solvent or solvent system. Conveniently the same solvent may be used which was used for
extraction of clavulanic acid from the aqueous phase, for example of the optionally extracted and
optionally pre-treated fermentation broth, e.g. ethyl acetate.

Prior to contacting the clavulanic acid containing organic solution with an amine the solution
may be pre-concentrated, e.g. as described above.

Contacting clavulanic acid with the amine may be carried out by any appropriate method, for
example the amine may be added to a solution of clavulanic acid in an organic solvent, for
example by simple addition to the solution of clavulanic acid in a solvent, or, e.g. by mixing an
amine into a stream of a solution of clavulanic acid in a solvent.

The desired salt of clavulanic acid with an amine may be isolated from the organic solvent as

usual, for example by filtration or centrifugation, e.g. if the salt forms a solid, for examples if the -~

salt crystallises.
A further solvent may be added to the mixture, e.g. 2 mixture containing clavulanic acid, a
solvent and an amine, e.g. before, simultanously or after addition of the amine to a mixture of

clavulanic acid and a solvent, that may cause precipitation of the amine salt of clavulanic acid.
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The amine salt of clavulanic acid may be obtained in form of a solvate, for example of the
acetone solvate. Recrystallisation of the amine salt of clavulanic acid may be effected. If the
solvent is wholly or partly immiscible with water, the amine salt of clavulanic acid may also be
extracted into water to form an aqueous solution of the salt, which may be very concentrated, as
e.g. is described in WO 95/21173. Conditions such as reaction conditions, specific reaction
conditions, reagents, amount ranges of reagents, concentration ranges, temperatures, etc. for
purification and/or isolation of a salt of clavulanic acid, for example an amine salt, are known
from, for example, references cited under points a), b) and c) and d) below, the content of which,

including prior art citations therein, is incorporated herein by reference.

Conversion step d) may be carried out according to known methods.

In a process according to step d) clavulanic acid may be converted as such; or in form of a labile
derivative thereof, for example a salt thereof, for example a lithium salt or a sodium salt thereof;
or in form of an amine salt thereof.

A pharmaceutically acceptable salt of clavulanic acid may be, for example, a sait of clavulanic
acid with pharmaceutically acceptable alkali or alkaline earth metals, preferably a potassium salt.
Generally, clavulanic acid, or a salt thereof, for example an amine salt thereof, conveniently in
solution, may be contacted with a cation source which is able to form a pharmaceutically
acceptable salt of clavulanic acid. Suitable cation sources are described, for example in references
cited above. A preferred cation source may be an alkali or earth alkali salt of a carboxylic acid,
for example 2-ethylhexanoic acid, for example the potassium salt thereof, and e.g. an acetate,
optionally in combination with acetic acid. In WO 97/18216, published 22.05.1997, a process
for the production of a pharmaceutically acceptable salt of clavulanic acid by conversion of
clavulanic acid into a pharmaceutically acceptable salt of clavulanic acid in n-butanol or iso-
butanol (2-methyl-1-propanol) as a solvent is disclosed.

Conditions such as reaction conditions, specific reaction conditions, reagents, amount ranges of
reagents, concentration ranges, temperatures, etc. for purification and/or isolation of a salt of
clavulanic acid, for example an amine salt, are known from, for example, references cited under
points a), b) ¢) and d), the content of which, including prior art citations therein, is incorporated
herein by reference.

In one aspect a process according to the present invention may, for example be carried out as
follows: o
fermenration with a clavulanic acid-producing micro-organism, may be extracted in a ratio by

volume of 1 part fermentation broth to 0.5 to 3.0 parts, preferably 1.0 to 1.5 parts, of an, e.g.
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organic, solvent which is able to form a liquid/liquid phase system with an aqueous fermentation
broth, An appropriate solvent includes e.g. ethers, ketones, such as methyl lsobutyl ketone,
methyl ethyl ketone, diethyl ketone; esters, such as ethyl acetate, propyl acetate; and alcohols,
such as n-butanol or i-butanol. Mixtures of individual solvents, e.g. as described above may be
5 used. A solvent which subsequently may be used for extraction of the clavulanic acid from the
aqueous, clavulanic acid containing mixture, e.g. after acidification, such as a ketone, ester and
alcohol, e.g. ethyl acetate, methyl isobutyl ketone or dicthyl ketone, e.g. ethyl acetate may
preferably be used.
The clavulanic acid conitaining mixture may be ad]ustcd 2.g--by-use of an acidic. dic agent, such such asan

10 acur W&Lﬂmmxm__m_gpwfemﬁﬂ Sto 2»5 and d the pH adjust adwsted

knuxt\irf_g_y_bv extractmlﬂﬁsoivmw}nchforms a lxqmd!hqmd phase system thh that
miXTUre, sum.md alcohol. Extraction may be also & ca*mc&outsnmultaneously

) - Rl T -
“with acxdxﬁcanon -

Clavulanic acid may be extracted into the organic phase. The organic phase containing clavulanic
15  acid may e.g. be concentrated, purified, e.g. by use of activated carbon, e.g. as described above,

mixed with a cosolvent, e.g. from the group acetone, methyl isobutyl ketone or diethyl ketone,
e.g. acetone, and an amine salt of clavulanic acid may be precipitated. An amine salt of clavulanic
acid may be isolated and converted into a pharmaccutically acceptable salt of clavulanic acid, e.g.
the potassium salt, e.g. as described above.

20 Appropriate methods for such steps are described above and, e.g. described in references cited
under point a) to d) above, the content of which is incorporated herein by reference including

prior art citations therein, .

In a further aspect a process according to the present invention may be carried out as follows:
25 At least some of the solids in a fermentation broth containing clavulanic acid, e.g. obtained after
fermentation with a clavulanic acid-producing micro-organism, may be removed, e.g. by
fileration, such as precoat filtration and crossflow filtration. The filtrate obtained may be
concentrated to a concentration of e.g, 10 g to 40 g clavulanic acid per kg, and may be treated
with activated carbon, e.g. powdery, in a quantity of e.g. 0.5% to 5% of the whole mass. An
30 aqueous concentrate of clavulanic acid obtained may be extra,w-z;ﬁ in a ratio by
volume of 1 part fermentation broth to 0.5 to 3.0 parts, preferably 1.0 to 1.5 parts, with an
organic solvent which is able to form a liquid/liquid phase system with that concentrate, e.g. an
extraction solvent as described above. Further processing of the clavulanic acid ¢oritaining
V\Wn a pharmaceuhﬂuya.gﬁpt.able salf of clavulamc acid may take place—

35 according to-a-method as described al above. . T
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Appropriate methods for such steps are described above and, e.g. described in references cited

under point a) to d) above, the content of which is incorporated herein by reference including
prior art citations therein.

In general, filtration, extraction, removal of impurities and concentration may be carried out at
any appropriate stage of the process according to the present invention, e.g. according to any
method described or referred to above. Centrifugal separators or centrifugal decanters for any
phase separation in a process according to the present invention may be used, e.g., particularly if
the process is carried out on technical scale. Multi-staged countercurrent methods may be used.
Appropriate flocculation agents or wetting agents may be added to the clavulanic acid containing
mixture, e.g. as usual, e.g. in amounts of 0.001 to 1% w/w, if desired. A wetting agent includes
e.g. Armogard D-54112, cetyl trimethylammonium bromide, Dodigen®, Demulso® and a
flocculation agent includes e.g Bozefloc®, Ferrocryl®, Locron®. For crossflow filtration, e.g. for
separating off the biomass from the fermentation broth, there are a variety of commercial
modular designs, e.g. plate, tubular or spiral moduli; the membrane materials may be e.g.
polymeric or ceramic material. The separation ability of the membranes may vary from ca. 10 to
300 kD or 0.005 to 0.1 pm (UF range) up to ca. 0.1 to 2 pm (MF range). A normal crossflow
pump speed may be 2 to 7m/s, preferably 4 to 6 m/s.

For thermal concentration of e.g. an aqueous, clavulanic acid containing liquid, special vacuum
evaporators may be used, e.g. operating at very low pressures and with short retention time,
Appropriate special vacuum evaporators include thin-layer evaporators. An alternative may be a
membrane process, such as reversed osmosis or nanofiltration. Appropriate membrane materials
including e.g. polymers and ceramics and appropriate modular designs including e.g. spirals,
tubes, plates are known. An additional purification of e.g. a concentrate e.g. otained by reversed
osmosis or nanofiltration of high molecular compounds may take place effectively through, e.g.
narrow ultrafiltration membranes, which are available commercially e.g. as spiral moduli having
a separation ability of 1 to 3 kD.

Impurities may be removed at any stage of the process of the present invention. Appropriate
methods for removing impurities are described above and, e.g. described in references cited under
point a) to d) above, the content of which is incorporated herein by reference including prior art

citations therein.

In another aspect the present invention provides a process for the production of clavulanic acid

and its alkali salts by extraction of clavulanic acid from the culture broth obtained by microbial

A}
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fermentation, reaction with an amine to form an amine salt of clavulanic acid and reaction to =

form clavulanic acid alkali salts, characterised in that

a) the entire unfiltered fermentation broth obtained after fermentation with a microorganism
which produces clavulanic acid is extracted, at a native pH (5.5 - 7.5), with a solvent which is
immiscible with water, selected from ethers, ketones, esters or alcohols; or

b) the fermentation broth obtained after fermentation with a micro-organism which produces
clavulanic acid is filtrated by use of usual filtration processes; after optional pre-treatment by ﬂ
addition of flocculation agents; the culture filtrate is concentrated and optionally purified, and ,}f

afterwards extracted at a pH of 5.5 - 7.5 with a solvent which is immiscible with water,

selected from ethers, ketones, esters or alcohols,
the active ingredient is subsequently extracted in several stages at an acidic pH of 1.5 t0 2.5 into (

a solvent which is immiscible with water selected from ketones, esters or alcohols, and reacted by (¢

known methods to obtain an amine salt of clavulanic acid, and an amine salt obtained is

converted by known methods into a pharmaceutically acceptable salt of clavulanic acid.

A solvent which is immiscible with water is regarded herein to be a solvent which is able to form

a liquid/liquid phase system in contact with an aqueous mixture, e.g. an aqueous fermentation
broth.

Owing to its inhibiting activity on B-lactamases, clavulanic acid, a compound of formula I, i..
(2R,5R,Z)-3-(2-hydroxyethylidene)-7-ox0-4-oxa-1-aza-bicyclo-{3,2,0]-heptane-2-carboxylic acid,
e.g. in form of a salt, e.g. in form of a potassium salt is useful as an additive for f-lactam
antibiotic formulations, e.g. in combination with amoxicillin, e.g. in form of a trihydrate; and a
process according to the present invention is useful for the provision of clavulanic acid.

The present invention may be viewed as an alternative to other commercially useful processes for
producing clavulanic acid and/or pharmaceutically accceptable salts thereof. It may be viewed as
an unobvious improvement to processes as described in processes of prior art, including processes

of references cited above under points a) to d).

The following examples illustrate the invention without limiting its scope. Al temperatures are
given in degrees Celsius.
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Example 1

105 kg of a fermentation broth containing clavulanic acid are treated using crossflow-
ultra/diafiltration for the removal of biomass. 200 kg of a permeate are obtained which is
concentrated to obtain a clavulanic acid.content of about 15 g/kg by use of reversed osmosis
under cooling. 34 kg of the concentrate obtained are extracted at neutral pH, whilst cooling, with
three times the amount of ethyl acetate. The extracted concentrate obtained is extracted at pH 2
under cooling, in several stages, with ethyl acetate. A clavulanic acid extraction yield of 80%,
determined by HPLC is obtained. The clavulanic acid containg extract is concentrated by
evaporation i1 vacuo to give a concentrate containing ca. 8 g clavulanic acid per kg and the
concentrate obtained is dried over anhydrous sodium sulphate. Activated carbon is added to the
mixture containing clavulanic acid, ethyl acetate and sodium sulphate, and the mixture obtained
is clear-filtrated. The filtrate is evaporated to give a concentrate containing about 30 g clavulanic
acid per kg and the concentrate is diluted with acetone in a ratio of about 1:1. A 15% solution of
tert.butylamine in acetone at about 20° is added until a pH of ca. 6.1 is adjusted. Crystallisation
occurs and the precipitate is isolated, washed with acetone and dri?d—./An acetone solvate of a
tert.butylamine salt of clavulanic acid is obtained. Content of clavulanic acid tert.butylamine salt
(HPLC): 95% on a solvent-free basis

Example 2

900 kg of a clavulanic acid containing fermentation broth (pH 7.0) are filtrated by crossflow
ultrafiltration. De-ionised water is added and the mixture is diafiltrated. 2700 kg of a filtrate
containing clavulanic acid are obtained. 1200 kg of a filtrate obtained are concentrated by use of
reversed osmosis/nanofiltration at 4° to give a concentrate containing 9 g of clavulanic acid per
kg. The concentrate is ultrafiltrated through a membrane (2 to 3 kD). 62 kg of the permeate
obtained are extracted at neutral pH with three times the quantity of ethyl acetate. The aqueous
solution is extracted continuously with four times the amount of ethy! acetate under cooling, at
pH 2.0, using a two-stage counter-current extraction apparatus (2 centrifugal separators). 320 kg
of ethyl acetate are concentrated by evaporation in an agijtator vessel evaporator to obtain a
concentrate containing ca. 80 g clavulanic acid per kg. 1.9 kg of the concentrate obtained are
treated with 0.3 times the quantity of activated carbon based on the clavulanic acid mass and the
mixture is clear-filtrated. The carbon is washed with ethyl acetate until the concentration in the
filtrate is 30 g clavulanic acid per kg. The same quantity of acetone is added to the filtrate,

1.2 equivalents of a 25% solution of tert.octylamine in acetone at 20° are added and a pH of 6.3
is adjusted. After cooling to 4°, a tert.octylamine sait of clavulanic acid is obtained in crystalline
form, isolated, washed with acetone and dried. Content of clavulanic acid tert. octylamine salt
(HPLC): 98% (absolutely dry).
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1. A process for the production of clavulanic acid and pharmaceutically acceptable salts thereof

WO 98/23622 PCT/EP97/06578

! by

/ﬁ}a) fermentation of a micro-organism which is capable to produce clavulanic acid
"/ b) isolation of clavulanic acid from the fermentation broth

/ ) purification of clavulanic acid, e. g via a salt thereof

f" d) conversion of the purified clavulanic acid of step c), e.g. of a salt thereof into a

pharmaceutically acceptable salt of clavulanic acid,
characterised in that the fermentation broth is extracted with a solvent prior to isolation of

clavulanic acid.

A process according to claim 1, characterized in that the solvent is selected from an ether, a

ketone, an ester or an alcohol.

A process according to anyone of claims 1 to 2, characterized in that at least part of the

solids suspended in the fermentation broth are removed prior to extraction.

A process according to claim 3, characterized in that the fermentation broth is concentrated
prior to extraction. '

A process according to any one of claims 1 to 4, characterized in that isolation step c) is
effected via extraction from an aqueous solution of clavulanic acid.

A process according to claim §, characterized in that as a solvent for the extraction of
clavulanic acid from an aqueous solution thereof the same solvent is used which was used

for extraction of the fermentation broth prior to isolation of clavulanic acid therof.

A process according to claim 6, characterized in that a clavulanic acid containing solvent is

concentrated prior to purification step d).

A process according to anyone of claims 1 to 7, characterized in that purification of
clavulanic acid is effected vig a salt of clavulanic acid with tert.butylamine, tert.octylamine,
diisopropyl-ethylen-diamine, N,N,N’,N’-tetramethyl-ethylendiamine, 1,3-
bis(dimethylamino)-2-propanol or bis(2-dimethylaminoethyl)ether.

a

i
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A process according to anyone of claims 1 to 8, characterized in that a pharmaceutically
acceptable salt of clavulanic acid is a potassium salt of clavulanic acid.

A process for the production of clavulanic acid and its alkali salts by extraction of clavulanic
acid from the culture broth obtained by microbial fermentation, reaction with an amine to
form an amine salt of clavulanic acid and reaction to form clavulanic acid alkali salts,
characterised in that
a) the entire unfiltered fermentation broth obtained after fermentation with a microorganism
which produces clavulanic acid is extracted, at a native pH (5.5 - 7.5), with a solvent which
is immiscible with water, selected from ethers, ketones, esters or alcohols; or
b) the fermentation broth obtained after fermentation with a micro-organism which produces
clavulanic acid is filtrated by use of usual filtration processes;
after optional pre-treatment by addition of flocculation agents;
the culture filtrate is concentrated and optionally purified, and
afrerwards extracted at a pH of 5.5 - 7.5 with a solvent which is immiscible with water,
sclected from ethers, ketones, esters or alcohols,
the active ingredient is subsequently extracted in several stages at an acidic pH of 1.5 to 2.5
into a solvent which is immiscible with water selected from ketones, esters or alcohols, and
reacted by known methods to otain an amine salt of clavulanic a;:id, and an amine salt
obtained is converted by known methods into a pharmaceutically acceptable salt of clavulanic
acid.
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Como resultado del Examen de Fondo, realizado con fundamento en el articulo 45
de la Decision 486 de la Comision de la Comunidad Andina, se comunica:

Documentos estudiados:

Descripcion: Folios 18 a 38 como se radicé inicialmente.
Reivindicaciones: Folios 39 a 44 modificadas en fase nacional.
Prioridad: GB 0011521.2 13.05.2000; GB 0011519.6 13.05.2000

Objeto de la Invencidn

Titulo de la invencién: “Proceso para la purificacibn de una sal de &cido
clavulanico”

Problema Técnico Planteado: “Necesidad de obtener la sal farmacol6gicamente
aceptable del producto final del acido clavulanico con pocas impurezas”

Solucién: “Proveer un proceso de purificacion en el cual una sal de &cido
clavulanico, contaminada con tirosina de N-succinilo es sometida a condiciones las
cuales son seleccionadas para retirar la tirosina de N-succinilo.”

IPC. CO7D 498/04; A61K 31/407

Analisis de la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

Concision: La reivindicacion 1 reclama un proceso y especificamente se refiere a
medio liquido a un pH menor a 6.5. La forma de redaccién hace que el alcance de
esta reivindicacion sea demasiado general ya que abarca un rango amplio de pH.
Se sugiere reclamar el rango que ha sido objeto de investigacion.

Las reivindicaciones de proceso deben reclamar una secuencia légica de pasos de

manera que describan clara y concisa los pasos a seguir para obtener el producto.
La reivindicacién 1 no presenta los pasos esenciales que hacen parte de Ia
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obtencién del acido clavulanico, sino que solo reclama su exposicion a un rango
amplio de pH.

Por otro lado, la reivindicacién 23 reclama dicho proceso involucrando una
secuencia ordenada de diferentes pasos, sin embargo, no establece cuales
solventes organicos preferiblemente son empleados, por lo cual se considera que
carece de suficiente sustento en la descripcion.

La reivindicacién 24 y 25 se refiere a una sal de la amina del producto del acido
clavulanico, y clavulanato de potasio como productos de un proceso segun las
reivindicaciones anteriores. Se anota que la molécula ya era conocida en el estado
del arte por lo cual no es posible otorgar proteccién sobre dicha entidad quimica.

Le reivindicacion 27 se refiere a un proceso de purificacién en el cual una sal del
acido clavulanico que contiene n-succinilo es sometida a condiciones en las cuales
se remueve la tirosina N-succnilo. Esta reivindicacion carece de claridad ya que
permite a la persona versada en la materia proponer cualquier condicién y no
llegaria al mismo resultado de la invencién ya que estas no han sido definidas.

Las reivindicaciones 28 y 29 reclaman un proceso en el cual la n-succinil es
destruida por medio de un reactivo liguido, sin embargo no define cual es dicho
reactivo ni tampoco las condiciones en que este debe estar adicionado o incluido
en el medio de reaccién.

Determinacion del Estado de la Téchica

El Estado de la Técnica se determin6 con base en la fecha de presentacién
2000.05.13 y se encontraron los siguientes documentos que anticipan el objeto de
esta solicitud:

Fecha de

Item | Documento Titulo Publicacion

Process for the isolation of a
D1 WQ00842858 | pharmaceutically acceptable alkali metal 01/10/98
salt of clavulanic acid
D2 WQ9823622 | Purification of fermented clavulanic acid 04/06/98

Analisis de Patentabilidad (Art 14 D486)
Nivel Inventivo (Art18 D486)

La reivindicacién 1 dice: “Un proceso que comprende la exposicién de una sal del
acido clavulanico a un medio liquido con un pH menor a 6.5”

D1 divulga un proceso para el aislamiento de una sal metélica aceptable del acido
clavulanico de un caldo de cultivo que contiene acido clavulénico impuro y
comprende pasos de filtrado, extraccion a una mezcla de solvente -agua
inmiscible a un pH de 1,2 a 2, y precipitacién de la sal de metal de &cido
clavulanico por adicién de una solucién de un alcanoato en donde antes del
filtrado el caldo fermentado que contiene acido clavulanico es diluido con agua, un
agente floculante es adicionado y el pH es ajustado de 3 — 5 para purificacién de
las sal del alcali metalica de acido clavulanico (portada).

La solicitud se diferencia de D1 en que la sal del 4cido clavulanico es expuesta a
un medio liquido con un pH menor a 6.5.
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El Efecto Técnico que logra la diferencia es purificar el acido clavulanico por medio
de una dilucién de su sal.

El Problema Técnico Objetivo de esta solicitud es proporcionar un método para
purificar la sal de acido clavulanico.

D2 describe un proceso para la purificacion de productos fermentados en la
produccion de &cido clavulanico (pagina 1). Ademas, presenta como un solvente
posible para la extraccién un solvente orgénico el cual esta disponible en la forma
de un sistema de fase liquida/liquida, y afirma que la extraccién puede realizarse
cerca a pH de 5.5 a pH 7.5 (pagina 3). Adicionalmente, esta anterioridad sugiere
que el paso de aislamiento puede ser efectuado por via de extraccién desde la
solucion acuosa del acido clavulanico.

La persona versada en la materia, habria sido motivada por D2 a incluir pH un
poco mas elevados en el proceso que D1 ensefia.

Adicionalmente, la persona versada habria sido motivada por las sugerencias de
D1 y D2 a realizar un paso adicional de purificacién de la sal en donde el pH se
ajustaria en un rango menor a 6.5, como lo revela la presente solicitud. Las
demas reivindicaciones no presentan materia que hagan inventiva a la solicitud.

Conclusion

Los requisitos de Patentabilidad de la presente Solicitud se encuentran afectados
asi:

N° Documento Reivindicaciones afectadas Requisito que afecta
D1 W09842858 1-32 Nivel inventivo
D2 WQ09823622 1-32 Nivel inventivo

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la
Comunidad Andina, se le indica que debe dar respuesta dentro del término de
60 dias contados a partir de la fecha de notificacion de la presente
comunicacion. En caso de no dar respuesta al presente requerimiento, o si a
pesar de la respuesta subsistieran los impedimentos para la concesién, se
denegara la patente.

Notifiquese el presente oficio conforme a lo dispug'sto en el numeral 5.2, literal e),
del capitulo quinto del titylo prim la Circular Unica NI 10 de 2001.

ALIX CARMENZA CESPEDES DE VERGEL
Directora de Nyévas Creaciones (C)

El anterior requerimiento fue notificado por fijacion en lista, de fecha

3 Ny 2008
CONCEPTO TECNICO EXAMINADOR TECNICO
NUMERO: 3631 C6digo:202092
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