Use of 2-am no-2,4,4-trimethyl pentane salt of clavulanic acid in producing
phar maceutically acceptable salts of clavulanic acid The invention relateg, *
to a new process for the production of pharnaceutically. acceptable salts ﬁ
clavulanic acid. Cavulanic acid is of special interest as an additive tor
B-lactam anti bi otic formnul ati ons because of its inhibiting Ai¢iyCon &

B-l actamases. B-| actanases are enzynes which open the B-lactamring -of

penicillins and cephal osporins, whereupon their antibacterial effectiveness
is lost. B-lactamases are forned by many bacteria and they are the cause of
the resistance thereof towards penicillins and cephal osporins (resistance

formation). It has therefore proved advantageous to use B-|actam
antibiotics in a mxture with clavulanic acid or its pharmaceutically ———
acce | ge s l&niin 4o ¥m - [ e - | angni S
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exanypharniaceutically a¢cdeptablersaits ofitlayuland¢ hedd e conbi nation of anoxicillin

and clavul anic acid potassiumsalt, which is broadly used in the control of

i nfectious diseases. Cavulanic acid is obtained by fernentation of
Streptonyces cl avuligerus, and isolated and purified by conplicated
processes, e.g. those described in DOS 2 517 316. After separating the cell
mass , Thehiavéntionrratatesite aaeiwdprocesd forthe productibn il pharimaceutichllysaceoptable isalts wi t h
an ogﬂ.arfi c,sqlvent, e.g. n-butanol. After renewed re-extraction into an
aquedBLIOBNIRE 814 t echnol ogi cal |y conplicated and econonical |y expensive
purification processes follow, such as chromatography by nmeans of ion
exchange resins or gel chromatography. EP-B-00 26 044 describes the use of @&
t he Clavdlaniceadid tistofl speciab interast g an additivai to Rdactams antibiptic Sormulations
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is lost. B-lactamases are formed by many bacteria and they are the cause of the resistance

&

thereof towards penicillins and cephalosporins (resistance formation). It has therefore proved
advantageous to use P-lactam antibiotics in a mixture with clavulanic acid or its
pharmaceutically acceptable salts, whereby the effectiveness of the B-lactam is fully
maintained even in the presence of B-lactamase-producing bacteria. One example of this is
the commei‘cially-available combination of -amoxicillin and clavulgmic acid potassium salt,

which is broadly used in the control of infectious diseases.

.
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Clavulanic acid is obtained by fermentation of Streptomyces clavuligerus, and isolated and
purified by complicated processes, e.g. those described in DOS 2 517 316. After separating
the cell mass, the filtrate is acidified, and the clavulanic acid is extracted with an organic
solvent, e.g. n-butanol. After renewed re-extraction into an aqueous solution, technologically
complicated and economically expensive purification processes follow, such as
chromatography by means of ion exchange resins or gel chromatography. EP-B-00 26 044

describes the use of the



- converted into pharmaceutically acceptable salts of clavulanic acid,
“acetone is distributed into the reaction mixture, thus conplicating the
prgcess of working up and recycling of the solvents. In EP-A-0 387 178 the
use of organic amne salts for the isolation of clavulanic acid is
described. The am ne may be primary, secgndary or tertiary and may be
substituted by aliphatic hydrocarbon radicals having up to 7 C-atons or by
aromatic radi cals. Exanples of different crystalline am ne salts of

clavul ani c aeitel batsalaiimslsza‘edof thlwmrmetacﬂt henan $hiame@idreduce these

I f he .b but yl
and benzyl PERUSEITS fthe TR 1agheR Perepty cPiERant da hetewvnermmeitizedc or |
cl avul ani c aet @foa¢qtombewxytaamihgv\mt¢arﬁoosom;wtnﬁlxltusa asnart agdeomy, thus
affecting tBevtl (hefl cld'Sepelduey 0 n856ANoR TGl SulngarTRY and very

expensi ve. arnace I'on of thé ac t he
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otassiumsalt. This is effecte solving the am ne sa in a sol vent
gpt i onal |y SPPRtiSating the (?F°9\%ﬁseP?a‘fﬂf %Il“t?ga‘?‘% reeyeling| ef ithf of a readily
sol ubl e al kedliveadsi, e.g. sodiumor potassium 2-ethyl hexanoate, whereby the
poorly soluble alkali salt of clavulanic acid crystallises out and:-may be

i solated. Due to the poor solubility of the said amne salts in suitable

or gani ¢ sol Ie@PsA-Q 138/ s178cthe sseyof @wrganiicvaning sahts efnpothet he solubility is
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solubility of the al ka avul ani ¢ aci I'S preC|p|tated
bater, and RHIArZafeeandayos teqtiay and may be substituted by

aliphatic hydrocarbon radicals having up to 7 C-atoms or by

aromatic radicals. Examples of different crystalline amine salts

of clavulanic acid are disclosed. However'our attempts to _ o
reproduce these amine salts in cryétalline form failed except for

the bases sec.-butylamine and benzyl tert.butylamine. While the

former produces the amine salt of clavulanic acid dnly slowly and

vith poor crystallisation tendency, thus affecting the purity of

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

For pharmaceutical application of the active material, the above- _
mentioned amine salts of clavulanic acid are preferably converted -
into their pharmaceutically acceptable alkali salts, especially

- the potassium salt. This is effected by dissolving the amine salt
in a solvent optionally with addition of water and adding to it a
solution of a readily soluble alkali salt, e.g. sodium or
potassium—Z-ethylhexénoate, wvhereby the poorly soluble alkali
salt of clavulanic acid crystallises out and may be isolated. Due -
to the poor solubility of the said amine salts in suitable
organic solvents, it is necessary to add vater, vhereupon the
solubility is improved. However, this necessary addition
undesirably also raises the solubility of the alkali salt of
clavulanic acid which is precipitated later, and thus causes a
loss in yield.



-3- There was still a strong demand in the art for an inproved process of
preparing pharmaceutically acceptable salts of clavulanic acid. It has
surprisingly been found that the object can be attained by the use of a .-
specific am ne salt of clavulanic acid. Accordingly to the present i
i nvention, there is provided a process_fgr t he production of a

phar maceutical |y acceptable salt of clavtlanic acid, which conprises
formng the 2-am no-2,4,4- trinethylpentane salt of clavulanic acid and

converting fi% 92klsy19i% Seebaf e iiﬁakievaee%qta@.b'ﬁﬁgi'éa of clavulanic

acid. Cavulanic acid may be 1sol ated as_t 2-am no- 2
trimet hyl peREeAeEssef tPreparing pharmagesiispily BcRepfiable csaltanef hi ghl y pure

form from agl&nganie aiqhutnonagfsuh.-mmgﬁ deehafdund2etidt tROtobjaed for

i nstance by ex ractlgn?&n E gaplc SOl%ﬁﬁt fromfer ntatlon broth or
the filtrat 83% P& BhYained by, theiyss o A sPecd t?M“ﬁe?R‘]a‘n @%salt of clavulanic
acid has beelawilanioaeddi n USP 4 650 795, but only with regard to its use

i n pharmaceutical formulations and not for the isolation and purification

of clavulanic acid. In particular the present invention provides a process
for the prepesardinglbitopthe presenti trvengioncdpersils providedfa processani ¢ aci d

conpr i sing #3x (thabidMicigiDbe!d PhafhacehRlIng! feApkibidsp1Pgan! © sol vent,

as is optionall ai ned by extraction froma fefnentation broth or from a
filtrate deflax aﬂ‘feraé"ﬁﬁolﬂ igh(gpoprises forming the 2-amino-2,4,4-
trimethylpentane salt of clavulanic acid and converting this salt

into a pharmaceutically acceptable salt of clavulanic acid.

Clavulanic acid may be isolated as the 2-amino-2,4,4-

trimethylpentane salt most advantageously in high yield and

highly pure form from an organic solution of impure clavulanic T
acid, obtained for instance by extraction with an organic solvent

from fermentation broth or the filtrate thereof. The
2-amino-2,4,4~-trimethylpentane salt of clavulanic ;hid has been

disclosed in USP 4 650 795, but only with regard to its use in
pharmaceutical formulations and not for the isolation and

purification of clavulanic acid.

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

a) treating a solution of clavulanic acid in a organic solvent,
as is optionally obtained by extraction from a fermentation
broth or from a filtrate derived'therefrom, wvith
2-amino-2,4,4-trimethylpentane,

b) isolating the 2-amino-2,4,4-trimethylpentane salt of
clavulanic acid and optionally recrystallising the
2-amino-2,4,4-trimethylpentane salt of clavulanic acid and



. 2-amno-2,4,4-trinethyl pentane;. b) isotating: the S s

. 2-amno-2, 4, 4- trlnethylpentane salt of..¢lAavut anic acid and optionally
recrystall|5|ng the 2-am no-2, 4, 4+ trhnet ygpentane salt of clavulanic acid
ard c) converting the obtained 2-anino-2, 4, &t i met hyl pent ane salt of
clavul anic acid into a phai faceut i cal Iy accept alﬁ salt of clavulanic acid.
| n anot her aspect the present. invention provides the use of the
2-amino-2,4,4-trimethyl pentane’'salt of clavulanic acid as an internediate

in the pr Oddﬁckbﬂbﬂfinfhﬁxa”&ﬁ%%waﬂ— ?glﬁocciept@tyrem X&? a}ngI%ﬂI ?gi c acid.

Particularly surtab rmaceut cal acceptable-s anic acid

i ncl ude al kal Plﬁ‘ﬂd-aawacilﬁel@i&rGWWMG‘%&F%HY aceeptable $alt rf assi um

cal ci um or nagn@ﬁﬂgﬁlclh§d§odluntand potassium salts are nost suitable. The
potassiumsalt is preferred. The process according to the invention may be
carried out for exanple as foll.ows: A solution of clavulanic acid in an

or gani ¢ solIneahothercisperiol Wapkeﬂmeinmtabmcﬂtot/idﬁs ahe aseesf whiech i s

i mm sci bl e por e | ket one,
met hyl i sobitjtay?p{et’ohe rxm%%h%%g%tﬁagge;h m@%t%ﬁ ﬁ %exa% et hyl
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acet ate, ?Qqﬂpgga¢uaaﬁ§éﬁﬁﬁglon of clavulanic acid fromthe fernentation
broth or the Iltrate thereof, Is carefully freed fromresidual water, e.qg.

by azeotropic drying in vacuum or by
Particularly suitable pharmaceutically acceptable salts of

clavulanic acid include alkali and alkaline earth metal salts,
R e.g. sodium, potassium, calcium or magnesium. The sodium and

potassium salts are most suitable. The potassium salt is

preferred.

The process according to the invention may be carried out for

example as follows: ' .
A solution of clavulanic acid in an organic solvent, preferably a
ketone, an alcohol or an ester vhich is immiscible or only partly
miscible with water, such as diethyl ketone, methyl isobutyl
ketone, cyclohexanone, n—butanol, cyclohexanol, ethyl acetate,
n-butyl acetate, preferably methyl isobutyl ketone or ethyl
acetate, as produced by extraction of clavulanic acid from the
o fermentation broth or the filtrate thereof, is carefully freed
from residual water, e.g. by azeotropic drying in vacuum or by
adding a dehydrating agent such as magnesium sulphate. Then,
2-amino-2,4,4-trimethylpentane is added in pure form or as
solution, whereby the corresponding amine salt of clavulanic acid
" separates as a crystalline solid. The process is effected at
any non-extreme temperature, in general temperatures of from 0°
to 35°C are suitable, e.g. from 0° to 25°C. The precipitated salt
is isolated by filtration and washed, and is further processed
after drying or whilst moist with solvent.



addi ng a dehydrating agent such as magnesi um sul phate. Then, _
2-amno-2,4,4-trinmethyl pentane is added in pure formor as sol ution,
whereby the corresponding am ne salt of clavulanic acid separates as a --
crystalline solid. The process is effected at any non-extrenme tenperature,-
I n general tenperatures of fromJ[err] tog[err] are suitable, e.g. from

[err]. The precipitated salt is isolated”by filtration and washed, and is
further processed after drying or whilst noist with sol vent. -5- |If

desired they2-gaui f-dr i f clavy anic.acid may be
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met hanol , efhan r i sopropanol, .or water Qqr Xtu
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into a pharg\ceu ically acceptable salt{ of clavulanic acrd,

i nt er medi at 343tAeR| ok 8asAhtiens, S vhich ghe Joppdrp-2Zméefr or gani c sol vent,
preferably erimethplpeEntane sads o daavilani s WRiaPEGhlP poBripubydler €Dy it

I's not '1ece§E¥HPXsté{g. tetrahydrofuran, acetone, diethyl ketone, methyl
isobutyl ketone, methyl tert.butyl ether or n-butylacetate. ~

For the conversion of the 2-amino-2,4,4-trimethylpentane salt of
clavulanic acid into a pharmaceutically acceptable salt of
clavulanic acid, the intermediately-isolated amine salt is
dissolved in an organic solvent, preferably an alcohol such as
ethanol, isopropanol or butanol, whereby it is not'hecessary to
add wvater in order to improve solubility. A solution of the
desired slkali or alkaline earth metal salt as the salt of an
organie earboxylic acid is added. Examples of suitable carboxylic
acid salts are acetate, propiohatg or 2-ethylhexanoate.
Preferably salts of 2-ethylhexanoic acid are used. This acid -
advantageously forms both readily-éolubig alkali salts and
2-amino-2,4,4-trimethylpentane salts in the solvent used. The
desired pharmaceutically acceptable salt of clavulanic acid, such
as an alkali or alkaline earth metal salt, e.g. the potassium
salt of clavulanic acid, thus precipitatgs in high yield and
purity and is isolated by filtrationm, vééhing and drying.

The presently used 2-amino-2,4,4-trimethylpentane salt has
considerable advantages over the amine sﬁlts of clavulanic acid
used for the isolation and purification ¢f clavulanic acid in
EP-B-00 26 044 and EP-A-0 387 178. One esgential advantage of the
amine salt of clavulanic¢ acid according f&lthe invention is that
it may be precipitated in crystalline form from the solution in a



. add ‘water in order .to inprove solubllrty A solution of the desired al kali
or- al kaline earth metal salt as the an organi c carboxylic acid is
added. Exanpl es of' suitabl e carboxy ‘salts are acetate, propionate
or-2- et hyl hexanoate. Preferably salt$:0 et hyl hexanoi c acid are used. -
Thi s aci d advant ageously forns both it /- sol ubl.e al kali salts and

2-am no-2, 4, 4-tri net hyl pent ane salﬁ b p sol vent used. The desired
pharnaceutlcally accept abl e salt. of: ni-c acid, such as an alkali or
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precipitates 1 n hi purity ‘and i's ;i 50l ated by filtration,
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consi der abl Yesdy Rbhfdredal ladvaPIkbili BPlot e \vaBe 2-amiwe?,kps- extraction, the
recovery of thi's solvent issi sinplified. Another advantage is the rapld
crystal | i satFiietBylReRdaBRani no- 2, 4, 4-tri net hyl pentane salt of clavul anic
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e in organic solvents employed for the conversion into

pharmaceutically acceptable salts of clavulanic acid. The
addition of water, which is necessary when using other amine
salts of clavulanic acid, can thus be avoided.

The presently claimed process is suitable for irdustrial 'scale.
“«

In the following exaﬁples, vhich illustrate the invention more

fully without restricting it, all temperatures are given in

degrees Centigrade.

BExample 1:

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



A further advantage of the said salt is its excellent solubility in organic
sol vents enpl oyed for the conversion into pharnmaceutically acceptable salts~
of clavulanic acid. The addition of water, which is necessary when using-.-
other am ne salts of clavulanic acid, can thus be avoided. The presently ~
claimed process is suitable for industrial scale. In the follow ng

exanpl es, which illustrate the invention nore fully without restricting it,
all tenperatures are given in degrees Centigrade. Exanple 1: 100 m of a
dried nmethyg, agﬁmﬁt%.yl ket one sol ution, which contains 30 g/l of clavulanic
acid, is mxe st stlrrlngwlth25n1 of

2-am' no-2, 4, 4-trinethyl pentane. The mxture is stirred at roomtenperature

for 30 m nUISOSmlCdl()laedtiéa befiyl adechtet kdiItﬂdoxﬁPﬁ:hchh%hSaﬁ{s 26igr1

T fil h h hyl
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g/l of cl aviian ¢ aC| strrri ution of 3.0 m
of 2-am no-mingitdsi rqombﬂh;tbpbiﬂ and stirped (fiorod houkylatagbisite. The nixture is

Strred at aRULLAICT BiehPel Gt dbedTRMIRS, 16a0NRBrdofe] uafi] Ui 11 ed for
3 hours at 'S eratu he precipitated 3Droduct |s filtered off,
washed with ethyl acetate and dried in vacuo at to give 5,2 g

(yield: 93X%) of crystalline 2-amino-2,4,4-trimethylpentane salt

of clavulanic acid.

Example 3:

To 4.0 1 of a dried ethyl acetate solution of clavulanic acid,

which has been obtained by extraction of a fermentation broth

with ethyl acetate and concentrating the organic lg}er by

vacuum distillation, are added 235 ml of 2-amino-2,4,4-

trimethylpentane. The mixture is stirred at room temperature for

2 hours, cooled down to 5°® and stirred over night at 5°. The

precipitation is filtered off, washed with ethyl acetate and

dried in vacuo at 30° to give 232 g of crystalline =
2-amino-2,4,4-trimethylpentane salt of the clavulanic acid.

Example 4:

4.0 g of 2-amino-2,4,4-trimethylpentane salt of clavulanic acid
from Example 1 or 2 are dissolved in 150 ml of isopropanol at 20°
and 6.7 ml of a 2 M solution of potassium-2-ethylhexanoate in
isopropanol are added. The mixture is stirred for 30 minutes at
20° and then cooled for 2 hours to 0-5°. The deposit is filtered
off, washed with isopropanol and dried in vacuo at 30° to yield
2.7 g (yield 95%) of crystalline potassium clavulanate.



w f;h” et hyl acetate .and. dried in vacuo at [err] to give 52 g (yield: 93%
of crystalline 2-amino-2,4,4-trinet hyI pent ane salt of clavulanic acid.
Exam)l e 3: To 4.0 1 of a dried ethyl acetate solution of clavulanic_acid,
which has been obt ai ned by extraction of a fernentation broth with et hyl
acetate and concentrating thé organicgl ayer by vacl mmllu“"ﬂﬁ”ﬂ“l are
added 235 m of 2-am no-2,4,4- trinethylpentane. T rred at
roomteggnpture for 2 hours, cooled down to [err] &nd®sthrrdSovér night
at [err]. The precipitation is filtered off, washed with ethyl acetate and
dried in vacuo at [err] to give 232 g of crystalline

2-ami no-2,4, 4-trinethyl pentane salt of the clavulanic acid. Exanple 4: 4.0
g of 2-amino-2,4,4-trinmethyl pentane salt of clavulanic acid from Exarrple 1

or 2 arg dASP?GJ:é‘s@ Gor the lfétloﬁfof |aSeHAkARGALalRf adc@ﬁtraialeadaﬂ di-claviilanid 2

sol ution of ‘potassium Z-et hyl hexanoate I n isopropanol are added. The
m xt ur e i sacid, whiet cbmprlSéB fwmmga&eal-ammrq 4Amimeﬂéﬂpmeé@ltf(1f rclavulani¢ s t o

The_d f hed h nd, dri ed
vacuo at [ & P sopreaieg 955 6 e ainpiBRuELrAl B dRbRRER s Rt °° 1"
clavul anat goig.  -8- C ai ns:

* C L M S * 1. A process for the production of a pharmaceutically
acceptabl e salt of clavulanic acid, which conprises formng the
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acid, comprising

a) treating a solution of clavulanic acid in an organic solvent, as is optionally
obtained by extraction from & fermentation broth or from a filtrate derived
therefrom, with 2-amino-2,4_,4_-trimethylpentane,

b) isoiating the 2-amino-2,4,4-trimethylpentane salt of clavulanic acid and

c) converting the obtained 2-amino-2,4,4-trimethylpentane salt of clavulanic acid

into a pharmaceutically acceptable salt of clavulanic acid.

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

4. A process according to claim 1, 2 or 3 whereby the pharmaceutically acceptable

salt is the potassium salt of clavulanic acid.

5. A pharmaceutically acceptable salt of clavulanic acid, obtained by a process

according to anyone of claims 1 to 5.



acid. 2. A process for the production of a pharnmaceutically acceptable salt
of clavulanic acid, conprising a) treating a solution of clavulanic acid in-*
an organic solvent, as is optionally obtaine ' om a -
fermentation broth or froma filtrate deri ve&'ﬂﬂﬂmumlmm“[
2-amno-2,4,4-trinmethyl pentane, b) isglating t@iec L ®n s =+
2-amno-2,4,4-trinmethyl pentane salt of clavulanic acid and c¢) converting

t he obtai ned 2-am no-2,4,4-trinethyl pentane salt of clavulanic acid into a

pharmaceutical ly acczgtable salt of clavulanic acid. 3. A process for the
pr oduct BonThe use phtherdramina-2.414-trimethylpentanesaltof clayulania agidaasi an aci d,

conpri si ng; i I - am_NQ- 4-1 1.1 et hyl t ane sal f clavul anic
aci d i nt o el Beue oMt shafnicebiih4IN s eRatk Al 8 lavilanis 71
process acgg¢idding to claim1l1, 2 or 3 whereby the pharnmaceutically
acceptable salt is the potassiumsalt of clavulanic acid. 5. A

phar maceutical ly acceptable salt of clavulanic acid, obtained by a process
according to anyone of clains 1 to 5. -9- * C L M S * 6.
The use of the 2-amno-2,4,4-trinethylpentane salt of clavulanic acid as an
internediate in the production of pharnmaceutically acceptable salts of

cl avul ani ¢ aci d. '




