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PCT/ EP96/ 05015 PRODUCTI ON OF A SALT OF
CLAVULANI C ACI D The present invention relates to the production of
pharmaceutically acceptable salts of clavulanic acid of formula 5
[err] Phar maceutical ly acceptable salts of clavulanic acid
are known and \@ébﬁ{% 6production processes, for exanpl epvipobldsers a)
fermentation of lro-organi sm which is capable to produce cl avul anic

aci d b) isolation of clavulanic acid fromthe fernmentation broth

c) purification of clavulanic acid, e.g. via a salt thereof d)
conversion of the purifi %Dgéﬁwl@thsﬁwgt efAMILANICCACIDe. g. of a salt
thereof into a pharmaceutically acceptable salt of clavul anic
acid 15 are di scl osed. Fernmentation step a) may be carried out,
for exanple, as generally described e.g. in GB 1508977 and WO

93/ 25557. A Thaptesantinaentios retmes ta thiequoducaaneas pharmaceyieatly gecsatable sgjts of

clavulanic acid of formula
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Pharmaceutically acceptable salts of clavulanic acid are known and various production
processes, for example via
10 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
d) conversion of the purified clavulanic acid of step ¢), e.g. of a salt thereof into a
pharmaceutically acceptable salt of clavulanic acid

15 are disclosed.

Fermentation step a) may be carried out. 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 intermitiently feeding a carbon source during fermentation;
20  e.g. in WO 96/18743 by keeping low levels of ammonium and urea; 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 ora
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
25  Streptomyces. such as S. clavuligerus, i.e. strain NRRL 3585. or Streptomyces sp. P6621
FERM 2804 (Japanese patent 55,162,993) or other mutants.



EP 182 522 by continuously or intermttently feeding a carbon source during
fermentation; 20 e.g. in W 96/18743 by keeping | ow | evel s of ammoni um

and urea; e.g. in EP 349 121; WO 95/03416. CA 2108113: WD 94/ 18326;
WO 94/ 12654; and WD 96/ 10084; by production of clavulanic acid from
a host transfornmed with a vector conprising a DNA or a DNA fragnent

that is encodi ng at | east one enzyne involved in clavulanic acid
production.  WO9%8I6 appropriate micro-organi smmay be for eCHEPIOSES
m:cro- organi sm of the genus 25 Streptonyces. such as S. clavuligerus,

I.e. strain NRRL 3585. or Streptonyces gp. P6621 FERM 2804 (Japanese
patent 55, 162,993) or other nutants. WO 97/ 18216

PCT/ EP96/ 0Fernfentation under appropriate conditions is in more detail known from various publications. 2
Fernment ati on gnder amoer opriate conditions is in nore detal ? I?nown rom

various pulfi& Fapreffrgnces cited undergsteg a). theganiersfof wbishdacledingpriaradenativhep a), t he

content of kil inkddbdrited RGeiR b AlrerBiice. Ci tations therein, is
i ncorporated herein by reference. "5 | sol ation step b) may be carried

out, for exanple, by extraction of the acidified fernentation broth

W th a yat @othiBiissh | ' l.ani ¢ .acid.is.soluble, e.g.by
di rect ¢ llextt%cﬁ%nb%g% r¥lt‘%ﬂzéamtf Q’F %Hﬁ) 2@[’ %%‘\{%Flb "ho? [l’c?r"cgfg{ealkrfné%\ﬁ“ng at
| east part besth wilea waepinmiscibls sdlivers in which clawilmmjrenibasl soliblé, k. Hyasire@nt at i on

broth. Sol | d., fgr exanple by floccul atjon, )
1Vt oneAseliiorf fRIEARR, profil o sHaFRniyitl af e it sl homsPeadssolds. i sci bl o
sol vent mayuspendedithable fefmentaion bivth. SeNdsRidyak réthoved Qb txhMple byl SlocdufuibiTPr Ove

i d. renoval . “The aqueous.

filterabil'hhxmof thg bro‘%{garrior to SQ}H . o

cl avul ani ¢ acH o™ EGnDAFIFTHGFHOBAT &Y fefritygatigped SaREBEibla solyeniapamberddas; | y
prior 16 1o th¢ ferraenalioh bRt in@iden BCinfpXdve Tlkbrabillty df ehedrdth PH6r 19 RERS e inGval. .
concentr at pn ra?r}geci, Fg hy anion exchange or osnotic nethods. The
sol ution of "cIHEUP LT ulank agidicpniaining Jiguidimay &g preesepcenprged. convenientiy arigrl e

obt ai nabl etobiyidéficaliGHCdnd@RuractiBY, 1R hfev8 spebili koi¥hiEAGH Bodsn), for further
15 purification. Phase separ atiox Bq‘e theoaquteous gﬁé‘%%‘é’%’g’ém c phase

may be facPACPRNEE QHOSMAYE methods. The selutisine! plavidania 4cid ingavigenic selvémder  The
Chi eua Spe L e By B U e PR Rl Bl for orpel P o
pr oc eskes g}g}fﬁguon. Phase separation of the aqueous and the organic phase may be facilitated. for

example by centrifugation methods. The solution of clavulanic acid in an organic solvent may

be dried 10 achieve specific water ranges prior to further processing. Isolation processes using

appropriate conditions are in more detail known from various publications, e.g. from

EP 387 178: WO 93/25557: WO 95/11295: WO 95/34194: WO 96/28452; WO 96/22296.

<G The content of references cited under step b), including prior art citations therein. is

incorporated herein by reference.

Purification step ¢) may for example be carried out by chromatography or via salt formation,
for example via formation of a salt of clavulanic acid that may precipitate, for example

25 crystallise, from the solvent used. Such 2 salt may be, for example the lithium salt cﬁ'
clavulanic acid. e.g. as described in GB 1543563, or GB 1508977, or an amine salt. Suitable
amines which form a salt with clavulanic acid are described in various publications, such as
tert.butylamine in EP 26 044; N.N-(di)alkyl-alkylene-diamines, such as diisopropyl-ethylen-

_diamine in EP 562 583; N,N.N",N'-tetramethyl-ethylendiamine in EP 719 778
30 tert.octylamine for example in GB 2264944, or for example a class of amines in

WO 93/25557, wherein are described amines of formula



appropriate conditions are in nore detail known from various publications,
e.g. from EP 387 178: WD 93/ 25557: WD 95/11295: WD 95/ 34194: WO

96/ 28452: WD 96/ 22296. 20 The content of references cited under step b),
including prior art citations therein, is i ncorporated herein by
reference. Purification step c) may for exanple be carried out by
chr omat ogr aphy .o _y salt formation. for exanpl e vi a gempmbodns of a
salt of clavuléﬂﬁglggvh that may precipitate. for exanple 25

crystallise, fromthe solvent used. Such a salt may be, for exanple the
lithiumsalt of clavul anic acid, e3g. as described in GB 1543563, or
GB 1508977, or an amine salt. Suitable am.nes which forma salt with
clavul anic acid are described in various publications, such as
tert.butylamne in EP 26 044; N, N-gdi)al kyl -al kyl ene-di am nes, such as

1

di i sopropyl - et hyl en- , diam ne yn EP 562 5Q§;
N,N,N',N'-tetranethyl-ethylendianiq& I n3EP 719 778; 30 tert.octylam ne
for exanple in GB 2264944; or for Bxanple a class of amines in WO

93/ 25557, wherein are described am nes of formula WO
97/ 18216

PCT/ EP96/ 05%!’&[\],\%:_ R; and Ry are selected according to the following options: 3

[err] erein err], err] "and err] are selected according to

the fol | 6w reg)Rybeingrap optially wibjtiedeyclic gremef espergfermal | y substi t ut ed
cyclic group of general fornula

R- (CHR4)mf

wherein

10 m is zero or an integer | to 5
R is an optionally substituted aliphatic hydrocarbon ring system containing from 3 to 8
ring carbon atoms
Ru is hydrogen or alkyl. amino- or hydroxy substituted alkyl; or substituted amino-
substituted alky!: or a group of the same general formula R, above;

15 R, and R; are independently selected from the same groups from which R, is selected; or
from hydrogen; alkyl: alkenyl: amino- or hydroxy-substituted alkyl or alkenyl; or
substituted amino-substituted alkyl or alkenyl;
or

¢b)R;.Ra and Ra are the same or different and are independently selected from hydrogen;

20 alkyl; alkenyl; amino- or hydroxy- or alkoxy- substituted alkyl or alkenyl: or substituted

amino-substituted alkyl or alkenyl: or

cc) Ry being an optionally substituted arvi group of general formula

4
@—fCHRﬁr

R

25

wherein

R. is hydrogen or one or more substituents, and m is zero or an integerof 1 to 5



R- (CHRerr])m wherein 10 mis zero or an integer | to 5
R is an optionally substituted aliphatic hydrocarbon ring system containing
from3 to 8 ring carbon atons Rlerr] is hydrogen or

al kyl, am no- or hydroxy substituted al kyl; or substituted am no-
substituted al kyl; or a group of the sanme general formula R err] above; 15
Rlerr] and R err] are independently selected fromthe sane groups from

which Rlerr] i ¥&¥8bed: or from hydrogen; al kyl : PeiTkEPOg/bs015
am no- or hydroxy-substituted al kyl or al kenyl; or substituted
am no-substituted al kyl or al kenyl; 4 - or ch)Rlerr], Rerr]

and Rl err] are the sane or different and are i ndependently selected from

hydrogen; 20 R;and RabieMhdepaddé@iyskicciedirOA hy@bgdhy AP ¥nind or AV &ONs b?tﬁ&?.&i tuted
al kyl or al kerQ/I ; or. substituted am no-substitut ed 'a?uky or

al kenyl : or @Kyl orsubstipted apinonsubstigntedhalisit ar @rops 9f theisasteigensral dorand frgm oup  of

general for mMiich R, is selected; or _ [err] 25
wherein Rlerr] 1s hydrogen or one or nore substituents, and mis

zero or an cp}ﬁ.@g@ R: a1d qptippally R together with the nitrogen atom shoi® 1k 182 Gdue of an

PCT/ EP9g/ 05030I§tionally substituted heterocyclic ring system including the nitrogen atom as a ring
member, and optionally including one or more additional ring hetero atoms: and. if Rais
not part of the ring system R: is independently selected from hydrogen. alkvl. amino- or
hydroxy- substituted alkyl or substituted amino-substituted alkvl: or

ce) R, being a group of general formula
10
R

5

\

N —-CHCHNH— CH,CH,—
R, m

wherein
R4 and R are independently hydrogen: alkyl; amino- substituted alkyl: or substituted
15 amino-substituted alkyl; and
R: and R; are independently selected from hydrogen: alkyl amino- or hydroxy substituted
alkyl; or substituted amino-substituted alkyl; and
m is zero or an integer of 1 10 5: or
ct) one or both of R; and R are hydrogen and
20 R represents the residue of an amino acid in which the carboxylate group of the amino
acid may be esterified or in the form of an amine.

The amine may e.g. further be as described in WO 94722873, such as an amine of formula

H
R, I R
™~ g
N— (CH'_,) n'—c— (CHz)m' —N
R, | R,
25 X

wherein



4 Rlerr] and Rlerr] are independently selected from hydrogen;

al kyl ; am no- or hydroxy-substituted . al kyl; or substituted
am no-substituted al kyl; or groups of the same general fornula from
which R err] is selected; or cd) Rlerr] and Rerr] and optionally

Rlerr] together wth the nitrogen atom shown being the residue of an 5
optionally sub%ég_msg& heterocyclic ring systemincl udi ng thepdyfpoeesis at om

as a ring menber, and optionally including one or nore
additional ring hetero atons: and if Rlerr] is not part of the
ring systemR[err] is independently sel etted from hydrogen. al kyl, ani no-
or hydr oxy- substituted al kyl or substituted am no- substl tuted
al kyl : or Re and Ry al%[ﬁ@dﬂisd@kkbh@ eygoaky): oiCageyalonlkyl-Gialkyls aptippally

[err] £ r 4 gdependent | y
hydr ogen; al ky‘r]u;bs%ttr'ﬁednl& §n§ 3’5 olretlﬁ?n %’b“flﬁ% Erz)alrre g‘&géﬁfﬁtdgr@ﬁ find

am no- subst i tuﬂingchuahskyl and R err] and Rlerr] are independently

| ected from fhyd hyd L ttad
e o Y S P e R Bl F SR i opiemt

an integer of s’hbﬁtﬁu@db)%ne or more ifiér) subRBuENLs; bnatrhznwilirﬂzkcerorfprnamdnﬁ%#no]7 are
hydr ogen and 20 Rl err] represents the residue of an amno acid in
whi ch the car b®38APe group of the am no acid may be esterified

or in the fornxednar fEhvdrogen bridgd Aétmaiy gheupid e. g. further be as
described in WO 94/227873 such as an _amni ne_ of f%r mul a
[err] m’ and n’ independently denotes an integer of zero to

Specifically mentioned are the amines N,N,N’,N"-tetramethyl- 1.2-diaminoethane and

10  1,3-bis(dimethylamino)-2-propanol.

The amine may e.g. further be as described in WO 96/20199, such as an amine of formula

Ry,
0 R, N
Rl!
2
15
wherein Rip is an alkylene group. optionally substituted by one or more tnert
substituents; and
Ry, and R, denote independently hydrogen or alkyl, optionally substituted by one or
more inert substituents: or
20 Ry1 and R, together with the nitrogen atom form a heterocyclic ring having 4 to 7 carbon

atoms, optionally substituted by one or more inert substituents.

The amine may e.g. further be as described in EP 729 961, such as an amine of formula



wher ei n WO 97/ 18216

PCT/ EP96/ 05015 5
Rlerr] and Rlerr] are each (Jerr]alkyl; Cerr]cycloal kyl; or
Cerr]cycloal kyl-Clerr]al kyl; optionally substituted by one or
nore inert substituents: or are interlinked to forma ring of 4 to 7
ring atons, Rlerr] and R err] are each (Jerr]alkyl;

Cl err]cycl oal kYWOIWH82IE err] cycl oal kyl -C[ err]al kyl ; optional | yPCBEP96/05015
substituted by one or nore inert substituents; or are interlinked to forma
ring of 4 to 7 ring atons, 6 X is hydrogen or a

hydr ogen bridge form ng group, and m and n' independently
denotes an integer of zero to 5. R, Specifically mentioned are the
amines NN, N, N -tetramethyl- 1, 2-di 3 et hane and 10

1, 3- bi s(di net hyl am no) - 2- pr opanol . The amne may e.g. further be as
described in WO 96/20199. such as an amme of fornula

[err] 15 wherein Rl err] i3$_an_al kyl ene group, optionally
substituted by one or nore inert CHzNHstituents; and
Rlerr] and R err] denote independentl drogen or al kyl, optionally

substituted by one or

RH

wherein

Ry3 and R4 independently represent a hydrogen atom or a pharmaceutically acceptable

wun

substituent.

‘The amine may e.g. further be as described in WO 94/21647, such as an amine of formula

Rl9

RIS\ I / R”
N~—CH~— (CH,), — N

Rm/ ~ Ry
wherein
Ris. Ris. Rz, and Rz denotes a hydrogen atom: a straight chain or a branched chain C,.
salkyl group: an aralkyl group wherein the alkyl group is a methyl or ethyl group and the
aryl group is a phenyl group. which is optionally substituted by an N-alkyl or N,N-dialkyl
15 group wherein the alky! groups are C,._4 alkyl: or
Ris. Rie. 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
Ri¢ denotes a hydrogen atom or a methy! group; and
20 p denotes an integer from 1 to 3.
Purification under appropriate conditions is in more detail known from various publications,
e.g. from references cited under step c). the content of which, including prior art citations

therein, is incorporated herein by reference.



nore inert substituents: or 20 Rlerr] and Rl err] together with the

nitrogen atomforma heterocyclic ring having 4 to 7 carbon
atons, optionally substituted by one or nore inert substituents.

The amine may e.g. further be as described in EP 729 961, such as an am ne

IngT; Elr:)rru} a WD 97/ 18216

96/ 05015 :
[err] WO 97/18216 wher ei n Rlerr] and R[Pe('?‘rl‘]u’%mso'é3
i ndependent |y represent- a hydrogen atom or a pharmaceutically acceptable
substi tuent. The amne may e.g. further be as described in WO
94/ 21647, such as an am ne of formula

10

i5

20

25

30

In a process according to point 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 sait or a sodium
salt thereof: or in form of an amine salt thereof. 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 pre-treated fermentation broth. Prior to
contacting the clavulanic acid containing organic solution with an amine the solution may be
pre-concentrated. 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.
for example by filtration or centrifugation, if the salt forms a solid. for examples if the salt
crystallises. A second solvent may be added to the mixture containing clavulanic acid, the
solvent and the amine that may cause precipitation of the amine salt of clavulanic acid. 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 aqucous 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), 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.

A pharmaceutically acceptable salt of clavulanic acid may be. for example, a salt 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, is contacted with a cation source which is able to form a

pharmaceutically acceptable salt of clavulanic acid. Suitable cation sources are described, for

5



[err] wherein Rlerr], Rerr], Rerr] and Rerr]
denotes a hydrogen atom a straight chain or a branched chain Cerr].
8al kyl group; an aral kyl group wherein the alkyl group is a nethyl or ethyl

group and the aryl group is a phenyl group, which is optionally
substituted by an N-al kyl or N, N-dialkyl 25 group wherein the alkyl
groups are (Jerr]al kyl; or Rlerr], Rerr], Rerr] and Rerr]

jointly i ndepeW@&mi§2)6 denotes a cyclic alkylene ring having BCrEP$s/05015
met hyl ene groups, one of these groups being optionally substituted by an

oxygen or a sul phur atomor kg an am no group; and

Rlerr] denotes a hydrogen atomor a methyl group; and 2 0 p denotes an
i nt eger frcmnd:plhm ﬁtferences cne&’ﬂlidvf:l.@ﬁ*efeﬁ’ﬁd Ueﬂidtﬁrsonﬁ&ﬂh%d atafkal 8PChthia@f 1S 1N
nore detail E varl ous cations, . fromreferences
cited under*?8P e‘bcaésoxy f2ed Sofies P"E)F‘em!h&‘?“qcﬁ&!du@’r W@“}?M the pagssiumiselhit i ons

gg ;arlglz 26 | ShereefPoriz0y. @i B6étdte bRidalRYin bE&hBIn&AMASvith acetic acid, WO

PCT/ EP96/ 05¢Ppditions such as reaction conditions. specific reaction conditions, reagents. amount ranges /

In a precess réagéfy, gbwn&ﬁoppdng%, ﬁé)np%!nﬁ}éq | @i pﬂﬁhgun?Xnd?or iSO am)/ erﬁt agﬂga: al t

such; or in form of erivative 't hereo
t hereof , f G¥ clayulafis ecid fpr expmpleas asnine alt, areskodwmfmm forcxastplci refdnmcem‘:wd or in

form of an lﬁﬁé,—@,@,nﬁﬁb b PEECRE aor!: t of %h n?clurg?)% pHor 6‘? E]lénliilmé‘v ‘E‘E{F‘{}e’ht or

contacted with clavulanic ‘aci n so Pom T B
sol vent sysu@mora@her@mhwefnrmel y the sane soI vent may be used which was
used for extraction of clavulanic acid fromthe aqueous phase, for
exanple of the optionally pre-treated fernmentation broth. Prior to

10 In fact, in many of the references cited above conversion of an amine salt of clavulanic acid in

a solvent. which is practically ethanol or iso-propanol, by addition of 2-ethylhexanoic acid
potassium salt or potassium acetate 10 give a potassium salt of clavulanic acid which may
precipitate, for example crystallise. is described. In such a process generally a few percent of
water are added and during conversion additional water is formed. Water contaminates the
15  solvents used and thus creates problems in recycling the solvents. Since ethanol and iso-
propanol forms azeotropes with water, recycling is difficult and the water is to be removed
from the solvent by means of ternary azeotropes, e.g. by addition of optionally substituted
benzene. other aromatic hydrocarbons or cyclohexane. Such solvents may. however,

contaminate the recycled solvent.

We have now surprisingly found a solvent in which clavulanic acid. for example in form of a
salt thereof. for example in form of the amine salt thereof, may be converted in the presence
of an appropriate cation source to give a pharmaceutically acceptable salt of clavulanic acid in
high yields and purities and which is additionally easily to recover. without using further

25  solvents. These solvents may be used on technical scale.

In one aspect the present invention provides a process for the production of a
pharmaceutically acceptable salt of clavulanic acid of formula I by conversion of clavulanic
acid into a pharmaceutically acceptable salt of clavulanic acid which is characterised in that

30  the conversion is carried out in n-butanol or iso-butanol (2-methyl-i-propanol) as a solvent.



contacting the clavul anic acid containing organic solution with an am ne
the solution may be pre-concentrated. Contacting clavulanic acid with
the ami ne nay be carried out by any appropriate nethod, for exanple
the amine may be added to a solution of clavulanic acid in 10 an organic
solvent, for exanple by sinple addition to the solution of clavulanic acid
in a sol "@&é‘" 8%{6, e.g. by mxing an amne into a streanpe&frmsishstion
of clavulanic a 1862 sol vent. The desired salt of clavulanic acid
wi-th an am ne may be isolated fromthe organi c sol vent. for exanple
by filtration or centrifugation, if the %alt forms a solid, for exanples if
the salt crystallises. A second solvent may be a deg to the m xture
cont ai ni ng EheisplNcatsincbusasplind isabutegol mayde\nsg in FHFATCHY PIGHETAYY £RbEr “%HS?" ause
precipitati gpisggutsﬁbq-sa[m(ge salt of clavulanic acid. The am ne salt of
cl avul ani ¢ acrd nmay be obtained in formof a solvate, for exanple of the
acet one sol vate. Recrystallisation of the amne salt of clavul anic
acid may be.effected f t 1 0 A LiThaci bl e
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into watBr pmdiciomeanplagueensaboicepatie sl of tevudania acidwifermulpelybyisenxegsiap
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ranges of reagents, concentration ranges, tenperatures, etc. for

purification and/or isolation of a salt of clavulanic acid for anpl e an
i ne. sal t, CHVBIaRRgGH may Be convrd aspesh. onis st @ sl ergal ot etarplte (RGET
points a), Rdir @FRGofiim shiner HQRiRThIt BHereoh iPedferat 1 @i siflind galt of clavulpit adid,dort

citations therein, is incorporated herein hy r ferenﬁe. 25 )

Conver sitBn stasplesuchaydissdosedingthesgicsaeessebtgh O3 R HorRPhpipdvate. A
phar maceut i gahlaY 1RECRIAL N He AR Be RE. Andiiihe At Gs @ikbedBYoVE S ady@ tRXanNDl €, a
salt of: clavulanic acid with pharnaceutically acceptable alkali or

al kal i ne eap'qfq_:remg miy, be ysed Pagferpidypmine salts inciumaggg(iwgalptagxd@éﬁer ally,
clavul ani ¢ 36 yBfine 1888 AL POImind Ol LRy RefinedN REdifBbropfilRaE. 3 O
conveniently I'n solufion, 1s contacted with a cation source Ich is able
to forma diamine. NANbCtarmmethyHdjaraisessivng Bac 1. 3 Ristdimetbipmipg)-2Rrapaagli d.

ggll Egg l]_g 5 ¢ a%o?@pé&i"d‘b&%%lt?&iﬁ] lgﬁ.ﬁgtwap\%’or te?r(butylaminc. WO

PCT/ EP96/ 05015 8

R Y s il sk
2- et hyl hexampharmaeetichlly facdeprabla s of ctadvelagioheid of formgal by conversion of a salt of
clavulanic acid. for exampie an amine salt thereof. for example the amine salt is selected from
20 asalt of clavulanic acid with tert.butvlamine. tert.octylamine (2-amino-2.4.4-trimethyl-
pentane), N.N'-diisopropyl-ethylene-diamine. N.N,N’ N'-tetramethyl-diaminoethane or
1.3-bis(dimethylamino)-2-propanol. into a pharmaceutically acceptable salt of clavulanic acid

which is characterised in that the conversion is carried out in n-butanol or iso-butanol as

solvent.

A pharmaceutically acceptable salt of clavulanic acid may be a pharmaceutically acceptable

alkali or earth alkali salt of clavulanic acid. for example a potassium salt.

In another aspect the present invention provides a process for the production of a potassium
30 salt of clavulanic acid of formula I by conversion of clavulanic acid. for example in form of a

salt, for example in form of an amine salt thereof, for examplie in form of a salt of clavulanic



thereof, or e.g. an acetate, optionally in conbination with acetic acid.
Condi ti ons such as reaction conditions, specific reaction conditions,
reagents. anmount ranges 5 of reagents, concentration ranges.

tenperatures, etc. for purification and/or isolation of a salt of

cl avul anic acid, for exanple an amne salt, are known from for exanple,
references cited under points a), b) and c), the content of which,

i ncl udi ng pri oM ations therein, is i ncor por at ed REIYRH961030%5
reference. 10 In fact, in many of the references cited above conversion
of an amne salt of clavulanic acid in 10 a solvent, which is

practically ethanol or iso-propanol, by addition of 2-ethyl hexanoic acid
pot assi um salid with arpatias silacned fioat @i Guty RmEiey R AcH RINARI D amifat 4 40f ¢l avul anic

acid which na ci.pitate. for exanple crystallise, is described.
In such a ptf'g%g'é' Lpe’b‘@??é'%tﬁl'9‘%3@5&/“53’?"8%1‘?{3"%' NNN'R teirepthylr diampigertbang n d

during converisi-bidinsktiyldngn@)-2-WRpaiol. iifio b PoERMAm W LE L ARRARIA\Aigs;st he 15

sol vents used and thus creates problens in recycling the solvents. Since

et hanol and*a@gerised in that the eagyersion jscarried gutdp prosisael opssetbutaaelas solvaeycl i ng i s
difficulg¢ and the water is to be renoved fromthe solvent by neans
of ternary azeotropes, e.g. by addition of optionally substituted

benzene. ot $RAVersiOB pAgcOrdingyp theqresednvention myycheahried nar. in Ssuahmamlex ént s may .
however, 3 t r . S0l 2. 20 o W\ Ve now
surpri si ngle;n?glﬁﬁg&%a?g?\%ﬁ? *ﬁleﬁﬁ? %ﬁéegfqgvuﬁbéﬁﬁ%dgao&m Pop- cé)?ﬁ%‘ ®in form
of a content of Mbichoincludiog proramgitatidng theminnisdhcokjveaaihensn bfeferénder eof , may

be convert egd..i pr . f an appropriate cation source to give
a phar naceﬁ'g}nggﬂwésgtﬁcg%? %?‘é's%'g?‘?mg]as %q]‘ff{}ﬁg'é{ﬁﬁﬁv B Areferably carried ogtjayy i | ds
and purliot i dellewsd which is additionally easily to recover, without using

further 25 ~.580lvents. The sol.vents. .may be used on technical scale.
le“ﬁl'? nfcdcid s ﬁV’é‘?‘?{’i% i ?169%/6‘@@': éaﬁldgﬂﬁ‘gé’éayfbﬁrd‘sf‘ﬂécdw 8ducti on

I n one aspec e présé‘nz’ts
of a botaacion setbutansll Waten aa@ bé plebent. ¥alblv afoutl of MidlePRa¢ bégded. sQ€h {01 mul a |

21t of cor ot aRTee et RN dor srameltd et U | hin s 8. The dneumcaimy er 1 on
i s carri ed botaholidf iso-bdtdhalNe kespect tocPavilidhi@ A i mén Bt bi-siiould PR f5 2
sol ven . ] . WO 97/ 18216
PCT/ EPéé | 058 dissolution of the salt, optionally in the presence of water. For example. if a clavulanic
amine salt is used. the amount may be dependent on the nature of the amine used for
formation of the amine salt. Per g of the amine salt of clavulanic acid 3 mi to 15 ml, for
example 4 ml to 12 mi of n-butanol or iso-butanol may be used. Dissolution may be
supported by warming the solvent svstem up to about 45°C, for example 35°C. The solution
20  may be treated with aclivated carbon to remove. for example coloured by-products and
filtrated. optionally prior to further treatment. to obtain a ciear solution.
The solution of clavulanic acid may be contacted with a cation source which is able to form a
| pharmaceutically acceptable salt of clavulanic acid. A cation source may be any appropriate
carbon source, for example as described in any of the references cited above, the content of
25 which, including prior art citations therein, is incorporated herein by reference, for example a
pharmaceutically acceptable alkali or earth alkali salt and may be preferably a salt of a
Ca.scarboxylic acid, more preferably a salt of 2-ethyl-hexanoic acid, for example the
potassium salt thereof or a pharmaceutically acceptable acetate, for example a potassium
acetate. An acetate may be used optionally in combination with acetic acid. If acetic acid is
30  used in combination with an acetate, per equivalent of the acetate about 1 to 5 mol, for

example about 1.5 to about 3 mol, such as 1.5 to about 2.5 mol of acetic acid may be used.



9 The sol vents n-butanol and iso-butanol nmay be used in m xture, or
preferably either n-butanol or iso-butanol is used. I n

anot her aspect the present invention provides the use of n-butanol or of

i so-butanol in the 5 production of a pharnaceutically acceptable salt of
clavul anic acid of formula |I by conversion of clavulanic acid into a

phar maceuti cal l‘(\é gflgsgpg abl e salt of clavulanic acid. PCREPIsD9NIS
acid nay be con 2 as such, or in formof a salt thereof, for exanple a

| 'ithium salt or a sodiumsalt or 3 am ne salt thereof Preferably an
am ne salt of clavulanic acid, for 10 xarrpl e such as disclosed in the

references cited above, for exarrpl In formo sol.vat as an
acet one sol \Hhe eoniagyofithe ¢atiapsourgs Wik ‘ilPé’“?a‘Flac‘ﬁénaéfg’g (‘f?rflﬁtg%lu? “b%°\?é'°““ﬁ§§ﬁf§’ of the

references %&@a&b%%be&’{n%%f @€l refetndes avd. $he| d&ﬁdehkdﬁ whith! iscloding privratani ¢
acid with tert.butylanine, tert.octylan

(2- ani no- 2, #jtations thewsith jsli mwhewwmmnsﬁﬁ?fcfwﬂwéﬁm}%%“ the cation i oi ne.
NN N TG @g{gfﬁﬂmﬂnﬁm RRLH90R 00 ?or%.smaﬁ{d#da’eramﬁmmaﬂbmaaanoI

15 mor e prefe ts wth tert.octylamne or tert. butyl am ne.
| n anot her acsmeswlutudneofplaee!emt dclm%nmgwlpfmﬁ@!wtef%ﬂ*é@%§ "f"&ﬁm't‘?’iéﬁo'

product i on ﬁaf Bsm % gui)cia ﬁt”ﬁ?tﬁ%é g{?{ Jxé/nfl ?OC&?SBRQIH}eecaﬁ?'iJ douRE uliaNanaPbé aci d

of formula avulanic acid. for exanple
an am ne Sa|f6rdxhﬁpledépenﬁﬂltmemamiﬂrmc&l hatuzvf e cgidn soinse gl the araepnt ofother) o

?gl ;moaocgaéﬂllzf?ﬁr‘]’h%ﬁg&%/fuc as water Br 1Et1|1§\ﬁ/| %rpsgﬁarce n?\[\ tac:e?a% Xud?ms B&etic acid. If.

N, N - di i soprfejsxhmpie ashieofratborylicraeid idishl, Nucwswmsmmé{eﬂyl -hexangatepscativane or

1, 3- bi s(di et hyl anm no) opanol to,a phar c lg salt
of cl av(GrI Oanj WS jpgf mmol ot \?ﬁﬁ Eab‘?“éo Iﬁ'graﬁ%?'&gr §“§ 85‘ %'t?z“f'ﬁ 2’%‘?‘?. on is
carried out jyRcdabbrdx@nple holassAmbateatak uda, per g of pcﬁﬁbiﬂenlcmatﬁ&or example A

phar maceuti cal | accept aEI e salt of clavulanic ac

phar maceut i clat Pyandarespifagsxample 2.0 ml s gers. sggh aéa'?‘%%q&q‘aé? itﬁ”g%rr? ogfionally

clavul ani ¢ ggil prdstice SXARE Kid A9 bR 8 UMt beid is used in combifatbnaiithain aspect
t he present | nvent I on pr ovi des a process for the product i on @ a%ot assi um

3 0 salt orerEageHcasidmayciepresenteBhehin he Flayanic,pRid §OL4tgR. P Fani ¢
acid, fofs exg r@hx‘? The C&BF'I%IQ'EC ay be added & @hde; of i sev@iaR ponti6nsl Addigsim of an ami ne

salt thereof, exanmple 1n formof a salt of clavulanic

temperature is not critical and may be, e.g. according to any of the references cited above , the
content of which, including prior art citations therein, is incorporated herein by reference,
conveniently below 0°C to about room temperature, for example from about 0°C to about
25°C. such as from about 10°C 10 about 20°C. Ranges of the cation source used in respect to

20 clavulanic acid may be used, for example as described in any of the references cited above,
the content of which, including prior art citations therein, is incorporated herein by reference,
e.g. one mol of the clavulanic acid (salt) may be contacted with at least one equivalent of the
cation source, for example a pharmaceutically acceptable alkali salt or earth alkali salt, such
as a potassium salt. The cation source may be added in an excess in respect to clavulanic acid.

25  Preferably per mol of clavulanic ucid about 1.0 to about 3.0 equivalents, more preferably
about 1.1 to 2.0 equivalents of the cation source may be added. On contact of the clavulanic
acid with the cation source a pharmaceutically acceptable salt of clavulanic acid may
precipitate, for example crystallise. A second solvent causing precipitation may be added, if
desired, as described in any of the references cited above, the content of which, including

30  prior art citations therein, is incorporated herein by reference. Prior to isolation of the

pharmaceutically acceptable salt of clavulanic acid the reaction mixture may be stirred for
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acid with an am ne selected fromtert. butylamne. tert.octylam ne

(2-am no- 2, 4, 4- tri met hyl pent ane) ,

N, N -dii sopropyl -ethyl ene-diam ne, N,N,N ,N -tetranet hyl -di am noet hane

or 1, 3-bi s(di net hyl am no) -2-propanol. into a potassiumsalt of clavul anic
acid which is WO918I8har acterised in that the conversion i s REWVERI®GS0SIt i n
n--but anol or iso-butanol as sol vent. 5 Conversion according to the
present invention may be carried out inldsual nmanner, for exanpl e as

described in any of the references cited above under points a), b), c) and
d). the some tigrané peoled towmpehaturesws! fodéxagpierdesaribed in aoy bfxhé eifigericherein, i s

i ncor porate rei ref ecenc o usi ng,. however.. n-butanol or

i so- but anolcqg&s}ee' of’\'@‘é‘ﬁgs,s délaﬁg) ﬁé ﬁ’%‘ lgr(é‘ffgrrcéﬁwgcfm %‘,%H' %Et“’ U SG. M £ g | gus:
d avul ani ¢ aadsrdo obeain complealcbnﬁeﬁﬁfne'pﬁe,phﬁnﬁ:ﬁftﬂﬂiy}/ac&i%a%l@ saRisS@lded. hRr eof may
be di ssol ved notl or i so-hutanol.. ter may be present. A

in n- . buta anol .
| ow anount eéf‘m&ﬁfrb@"?’rﬂ'ﬁ}“’ﬂ‘@ MADRY; forexampleaas described ip any gf gheyrgfpfengesgited) 0 t o 59

for exarspl eabdve)pieferab¥ by MrafonidiRbrithgRtioh Incte BidierddMEb AN, SticRally .
butanol or iso-putanol in respect to clavulanic acid is not critical; it

shoul d be StAShGdRYilAn qrganiassolveptuherein the salbis insplyble of only solubie 10,2 shiphtieneras.| y i n
the presencg, fof exdbRIdesdrkd AXAYBE e refdrereCdiRY YhAR! 6 ' s
used the anount mag be dependegt? o% tﬁce tr,Tat'ure dc??' tﬁgagﬁgeﬁg&%ﬂs?g d?@‘%&'
formation of the amne salt. Per g of the amne salt of clavulanic acid 3
m to 15 my £ 8hn; i ; =but anel _or iso-butanol
may be used. ¢ Dgs s"(l) ‘Ef%_‘?sé‘r‘n’ﬁ‘)rr(“%ggt‘g“ﬁ”mc agﬁs'ﬂ%pbgotb {e%t egi/n r\f\’%e%%?rﬁeg%t"ﬁet%éol vent
syst em@p tesaraple ascorring tofthe preseatrephraplet prin férd) of Fheeusnhsdesaibed Gor example be

Lgated W SREPSYING! L oGRIN B\ hith & LB Sraids Rere it Rl | RIS YRS IO S

and frated, optiona prio rea ft4in a
cl ear sol ufciteshtherein. The solution of clavulanic acid may be contacted
with a cation source which is able to forma pharmaceutically

acceptabl e salt of clavulanic acid. A cation source nay be any appropriate

car bon sourcpharmhaeuivaliypdoeptalsie st Elabilghié feidi Tor eRAmPIB EhepoiaGsiR SdsorCi t ed
above, l%-hec 9”} ent .gf 2 5. which, includi )?Zg rior %rt_ ciftati ons therein,

i s i ncorporat ed hAHE: SN IRPIES &R OmPPRGRt BRLHEIOr o-butanol. fgnexamplediptd cal | y
accept abl e 58 penlwicight orcless] 4% perusdight 5olkets; 3% Perdigher RELhar RPUYigh otddst; of a
Cerr]car bQXXllA}C aci d r’r?re_ preferably a salt of 2-ethyl-hexanoic acid, for
exanpl e t hd"d 1% per Wejghtar less: sich as up fpabouk0.6% per Wright phlesse 8- 0:1% peravaigit abl e

acetate, f F leSsQFPIr6m®. IFPpF WRightlr less to 0.8%PePhEgh g ACIBH BlrSvelBhY ek Sed
optionally in conbination with acetic acid. |If acelt’lc acidis 30 used in

combi nat i oREWEEP Ahneyeanddpans alsopan giithe aressnt inyentionSugh formulationsest 1 to 5

mol, far  pharmaceutically acceptable and well tolerated.

In another aspect the present invention provides a pharmaceutically acceptable salt of
clavulanic acid containing as a trace component n-butanol or iso-butanol, for example up to

5% per weight or less. such as up to 0.6% per weight or less.

An amine salt of clavulanic acid may be obtained by contacting an amine with an impure
solution of clavulanic acid in an organic solvent, for example as described above, or as
described in any reference cited herein. including references cited therein. An impure solution
of clavulanic acid in an organic solvent may be obtained by extraction of an impure acidified
30  aqueous solution of clavulanic acid with an organic solvent, for example as described above,

or as described in any reference cited herein, including references cited therein. An impure



exanpl e about 1.5 to about 3 nmol, such as 1.5 to about 2.5 nol of acetic

acid may be used. WO 97/ 18216

PCT/ EP96/ 05015 11

The contact of the cation source with clavulanic acid nmay be carried out as
conventional, for exanpl e as described in any of the references
above. the content of which. including prior art citat |‘%qﬁ.1pt)g}@§bfu n,

i s incorporat eYhEEHA by reference; for exanple a solution e cation

source, preferably in the same solvent gs used for dissolution of
clavul anic acid may be added 5 to th& solution of clavulanic acid. The
anount of the solvent, for exanple n-butanol o i's not

n

critical: iacidifiedatutopesolipn pEelaianicacd rg@/dae@émtnﬁ%fc’fe%fﬁﬁl%ﬂ?fb@ @‘s ed and
may be, hich xglécn@lﬁ@zfrpéfe? fgﬁ%ﬂ%ﬂ%«; Qﬂnﬁlﬂ@d QREHH fFh a fedhétifRioAfbrdth@hieRt | on
source and ‘f e ‘anount subst ances added, such as water, or if
t he cation xsm:vesedlpamahw dwing &rmengtinniand acidified. ffer example ag described above gy By anpl e
a salt of c xylic d ccibitelimpgxanoat e as
cation 10 d% \??Fa/’é' a"ﬁre e “ce?"el&f%%&e sa fn% fQ.%&%E;':édth %{n m;'rng such as 0.5
m and reor elqnwyis Eduticmed claiflanic acid ma;nbeauetatcauratedmﬂelxlaﬁﬁiﬂ@cﬁmnag%l um acet ate

is used, per m acet f.Qr nd nore, for
exanpl e 2. (F"H’%plﬁﬁﬁl&ﬁﬁt%ﬁ g EHF A %fﬁ%ltffl DAy )%ngRb& i %t&qtm% Edmol?) ional |y
in the preseRf@cdicied@tien. T ErmefR)obrothardy. beldfrecal@eklrarwdoﬁdl dnorgesisd i n

combi nation with an etate, acefic acpLd ma i in the
cl avul ani c S2beHk o @\ i5ast pats °§ *’?f‘dt‘ﬁ‘ésl:’ﬁ'tdé?él’t‘g %fgnem%'(?f'u 9 ongf%lxgggg{heon
source may ﬁi‘ﬁ)r ardadcidh wIRGE orgddhic |s6lv&ﬁ\/a@ﬂ abuqam\tprmnm aci¥ifitiatioro flor example

tenperature is not critical and may
ref er erides #sidesgbedabore. or gsylgscribed in ‘*Ebfﬁf"éﬁl"gﬁlfca&ﬁfeﬁhmcﬁ'ﬂ U%F%&cebfliegr art
citations tHecql R %rhﬁnt'a{mrﬁﬁrc%lﬁgm ela@hlihidicid hEBedbisined from fermmentaioni ent | y
bel ow O[err|C to about room tenperature; for exanple fromlabo t O%g:rr]c to
about of 2Gfierorgrganisguwhickis Cﬁn’@ﬂ‘@ﬁ@d#“f@["b‘?ﬁ“f eeid.dorpxgmple 8pfesFRied.  Ranges
For - exanpl Sa g e e e ™ The
content of which, including prior art citations therein, is incorporated
her el 8 B St s8Rl Phpleipi@ el et d (2l t) ey
exanpl e a pmmmmmmnxmcep;am@epf dbMarm d4eis] of formuta by cenersional glavylaniay) ¢ |
such ass RAgegdr i n an
excess in r%cé%é%rteg %f"a\?ﬁ 3n‘}"c"“"a'1'(':c|g It g‘tog%a%%% g'?% e EeaP nol of
cl avul ani ¢ éavutenideld, 1.0 to about 3.0 equival ents, rmre preferably
2?0;1}']61C|1as/-8‘1‘, WIE%% am\{rzlie 9%. tlSSOh(l)d.I;netd I?‘% an Eétlggaé%ﬁlg%nmm%r@%%gn Op1 contact
20 clavulanic acid in an organic solvent. and. if desired, is isolated,

- wherein an impure solution of clavulanic acid in an organic solvent is obiained by extraction
of an impure acidified aqueous solution of clavulanic acid with an organic solvent.
- wherein an impure acidified aqueous solution of clavulanic acid is obtained from a
fermentation broth which is acidified after fermentation has terminated. and/or from a

25 fermentation broth which is harvested partially during fermentation and acidified.
- wherein the impure aqueous solution of clavulanic acid is pre-concentrated, if desired prior
to acidification
- wherein the fermentation broth is either directly extracted with an organic soivent, or
wherein at least parts of the solids suspended in the fermentation broth are removed prior to

30 extraction with an organic solvent,



acid with the cation source a pharnmaceutically acceptable salt of

clavul anic acid may precipitate, for exanple crystallise. A second
sol vent causing precipitation may be added, if desired, as described
in any of the references cited above, the content of which, including 3 0
prior art citations therein, is incorporated herein by reference. Prior to
i solation of the phar maceutically acceptable salt of clavulanic acid
the reaction m*&UM&¥ay be stirred for POIBPOISDE2 16
PCT/ EP96/ 05015 12
sone time and cooled to tenperatures asl4for exanple described in any of
the references cited, e.g. fromless than O[err]C to about 10[err]C,
for exanpl e Whessin tho dermeagmrbrah tontsibing tlabjlatic 3o isobained from f@h@Atatdnlofabt ai n
conplete c har tlcaII ceptaple salt is isolated, for
exanpl e mol{é}céﬁ{/‘gr' lsor?lgaLF%h%ncﬁ%a, Pdg?%%’l‘“é“?"a{'épﬁlaéﬁcri bed in any of the

ref erences ci ted above, preferabl y by filtration or centrifugation.
nor e preferla },ratlon optional ly washed with an organic

sol vent whePé'P ?’ﬁ‘%"eg‘é G PIFEEnt 'H%‘BH"B'&)P‘@"’GFS ORTPSESSI9F Upp Peodpgiion of py glali saltcess,
as, for sexaimplagula€is adié bedmhdla any of the references cited above, for exarrpl e
acetone and dri ed. A crystalline potassiumsalt of clavulanic acid
may be obtained in rosette free form for 10 exanpl e according to the
present exanples; or in formof rosettes, as described, for exanple

in EP 277008. the content of which isdncor p8r atﬁd herein by reference,

i ncl udi ng references Citef r ei\n. A pharmaceutically
acceptabl e salt of clavulanic agid, npl e the potassiumsalt of 15

cl avul ani ¢ acid, containing as /r-t- g/conponent n-butanol or iso-butanol,

for exanple up to 5% pep” wei ght ®r | ess; 4°/Jber wei ght or less; 3%
per weight or |ess: 2% per weight or | &sQOH and 1% per wei ght or |ess;
such as up to about 0.6% per weight or less. e.g. 0.5% per weight or

|l ess, e.g. fromO. 1% per weight or less to 0.6% per weight, e.g. 0.1% per
wei ght 100 0. 6% from an amine subb@diavulaaicraewmmddxfi@f éfEun atkaw s eharRierikbdiBin e S ENt

![(r;?/:pta![ gg' SUChisL%'ﬁHHolaOE'In ulano 1s usegas thQDo 5e?1?ceuu cally accept able and vel|

The solvents according to the present invention, i.e. n-butanol and iso-butanal have the
advantage that |

15 - the polarity is surprisingly sufficiently high to dissolve amine salts of clavulanic acid
- the polarity is surprisingly sufficiently low that the alkali salts remain practically

undissolved

- they may be recovered in dry form by simple hetero azeotropic rectification without the
addition of a further solvent to form a hetero-azeowrope.
20
The potassium salt of clavulanic acid obtained according to the process of the present
invention is useful as an antibiotic and particular useful, for example in mixture with another
antibiotic such as. for example amoxicillin, e.g. amoxicillin trihydrate. Such a mixture may
have specific characteristics, as described for example in GB 2005538 and WO 95/28927. A
25 mixture of potassium clavulanate containing n-butanol or iso-butanol with amoxicitlin, for
example useful in a composition for administration. is new. A mixture of potassium

clavulanate containing n-butanol or iso-butanol with amoxicillin, e.g. amoxicillin trihydrate,



I n anot her aspect the present invention provides a pharmaceutically
acceptabl e salt of clavul anic acid containing as a trace conponent

n- but anol or iso-butanol, for exanple up to 5% per wei ght or |ess,
such as up to 0.6% per weight or less. 25 An am ne salt of clavulanic
aci.d may be obtained by contacting an amne with an inpure sol ution

of cl avul ani c dgnis%}san organi ¢ solvent, for exanple as desGidihadsedafye,
r1'be

or as desc in any reference cited herein, including references
cited therein. An inpure solution §f clavulanic acid in an organic

sol vent may be obtained by extraction 01l an inpure acidified 3 0 aqueous
solution of clavulanic acid with an_ o i.C or__exa

descri bed dugxample in mnggﬁasggsca@dppgé?g séﬂia}r(g?%%%gﬁgés 'ﬁvtagggllﬁ@og?'?l,
including r Iy idanerein. An inpure WO

97/ 18216 ﬁheorf%%ésexﬁ n‘i\ﬁzﬁian

PCT/ EP96/ 05015 : 13
acidified L Ol i ' | 1§n©PpRAsIRM skl 6M A
fermentati gﬁ%ﬁ@g{yﬁ%&ﬁé WLWG%@KE ‘I%gildfssl igiglxgﬁrg?h fe.rf'Frpgr)lt ation has

t er mi nat®d, clawnthhisracidrwhicheconaingeriutanplen iserbgtanohamfl @moxicillin. | 5 har vest ed
partially during fernmentation and acidified, for exanple as described
above, or as described in any reference cited herein, including

ref erences Misges éftugioeissium Tileofichiyulagic a&d andepmaillin srofpecifiorangss. intluding ani ¢
acid may be pre-caoncentrat rior 1o acidif] ' Nols ac e as
descri bed 4 icejca a‘:ﬁ’é@%&i‘? & Jj‘gr@ﬁerng é‘# g%é}gg%ﬁ'fte(geﬁ%?%?ﬁ&i nc| udi ng
ref erences RiGEIO0SEEE Mid'WODS286I 1he pbratnt cherdof Btintorrmyatdddicrtin iyoeferenest r act ed
wi th an_ organij c ) sol vent or at least parts of the solids suspended in
the ferh®nt Efli"‘g‘ﬁgﬁ‘f‘?ftal‘i‘%‘ serdhoved prior to extraction with an
organi c solvent, and optionally prior to acidification. for exanple 10 as
descri bed above, or as described in any refe ﬁonce ci.ted her il,n‘} l-i ncl udi ng
ref erences Ehqselyents used ip Hhecpysrsion Oﬁéﬂaﬂéﬁ‘i’c'%ﬂ“l"[) TSKPRe Bto‘rﬂagloﬁf ARG 4 vul ani ¢
acid may be,Qbtainngdn hR@sliestrmnbiabit @Ad. i.e. n-butiiol 3r 86-Biitthod PRBE bowetEdCh i s
capabl e to produce clavul anic acid, for exanple as described above,

or as descr ¢35y although fhesaivepeernmin vatespdded oprignally 1n.1hy GOTYErsIoB SEP 8MKYs ci t ed

therei M5  formed during conversion. This may be carried out, for example by use of a hetero-azeotropic
rectification column system having a device for separating off azeotropic mixtures. such as a
so called azeotropic head. Practically water-free n-butanol or iso-butanol and water which is
practically free of n-butanol or iso-butanol may be obtained using for exampie a rectification

system as described in Example A below.

20
In another aspect the present invention provides a process wherein n-butanol or iso-butanol
used in the conversion of clavulanic acid into a pharmaceutically salt of clavulanic acid is
recovered by azeotropic distillation to obtain practically water-free n-butanol or practically
water-free iso-butanol; and water which is practically free from n-butanol or iso-butanol.
25

Any reference cited herein, including references cited therein. is incorporated herein by

reference in any aspect of the present invention.

In the following examples all temperatures are given in degrees Celsius. The content of n-
30  butanol or iso-butanol in the potassium clavulanate obtained according to the examples is

from about 0.2% to about 0.6% per weight.



15 I n anot her aspect the present invention provides a process for the

production of a phar maceutical ly acceptable salt of clavulanic acid
of formula | by conversion of clavulanic acid, for exanple in form of
an amne salt, into a pharmaceutically acceptable salt of cl avul ani c
aci.d, - wherein the amne salt is obtained by contacting an am ne
with an inpure solution of 2 0 clavul anic acid in an organi c sol vent,
and, if desire¥O%A82i&0| at ed, - wherein an inpure sol uPCOEP05015
clavul anic acid in an organi c solvent is obtained by extraction of an
I npure aci dified aqueous sol ution of cllavul anic acid with an organic

sol vent . - wherein an inpure acidified aqueous solution of clavulanic
acid is obEhdnuddlfron1a fernmentation broth which is acidified after

fermentati h ter ted nd/or fer ation broth which is
har vest ed ‘ggﬁt ?Zﬂ g%]?g Pfé?ﬂné‘fil%g&ﬁa%55"‘1{?“"@\‘;%3“"" ~0x0-4-0%gskr i n t he
i mpur e aqueﬁmvmfb 2101-B8ptate- E&a&)bﬂ&lﬂt@'(t@n%ﬁ%ﬁnﬁrfe sBk ef@%ﬁﬁr&tar:mﬁeldlsséwéaes' red
prior to acidification erein e fermentation broth is

ei ther di r @S0} obzmeshonldcpronangl. containingh? % valsr \Pé?{s of getivated carboryfNarigs n at
| east part@Gofard ARed Qlllde?iﬁzrﬁl-?aﬁﬁlﬂ &4l 30 hibhi& afnﬁ 'EHEHRQIH QB AileRa3hP 1 goEMOVEd

pI’IOI’ to 30 extraction an organi c sol vent
WO 97/ 1821%yver the course of ca. 25 minutes under v1gorous stirring, 10 ml of a 2-molar solution of 2-

PCT/ EP96/ Ogf\thexanoic acid potassi m-sal:hm 2-meth -1-pro gpanf)l is acfded..The rmxtare is coobed o 14

- wherein the fernentation cont I ni‘n ani ¢ acl tal ned
from f er metd’and gtirregfforca. 2 hours. Amrcmlni!atmgﬁumnedrwhiqh cifilirgedefpatabled ofithiOoduci ng

cl avul ani Cl?u.gt?f'a?ﬁone andéin o&’ 18 R&x a%e’g n%%lf‘\? F"E %08%%%? fwuI ﬁrﬁ\é’@g%ﬁqﬂ royi des

a process I'on 0 aci d of
fornmul¥ (confirmed by 'H- NMR)

Example 2
10 g of 2-amino-2,4,4-trimethylpentane-(2R,5R.Z)-3-(2-hydroxyethylidene)-7-ox0-d-0xa- 1 -
azabicyclo[3.2,0}-heptane-2-carboxylate (tert.octylamine salt of clavulanic acid) are dissolved
15 ° in 100 g of 2-methyl-1-propanol. containing 2.5% water, and clear-filtered. At 20°, within ca
30 minutes under vigorous stirring, 20 ml of a 2-molar solution of 2-ethyl-hexanoic acid
potassium salt in 2-methyl-1-propanol arc added. The mixture is cooled to +4° and
crystallisation is allowed to complete within about 2 hours. A precipitate is formed which is
filtrated off, washed with 100 ml of acetone and dried for 16 hours at 20° and at | mbar.

20  Potassium clavulanate is obtained (confirmed by ‘H-NMR).

Example 3
10.0 g of ten.butylamine-(2R.5R.Z)-3-(2-hydroxyethylidene)-7-oxo-4-oxa- I -
azabicyclo[3,2,0}-heptane-2-carboxylate (tert.butylamine salt of clavulanic acid) are dissolved
25  in 40 ml of 2-methyl- 1-propanol, containing 2% water, and clear-filtered. At 20°, within ca.
15 minutes under vigorous stirring, 20.2 mi of a 2-molar solution of 2-ethyl-hexanoic acid
potassium-salt in 2-methyl- 1-propanol are added. The mixture is cooled to +4° and stirred for
ca. 2 hours. A precipitate is formed which is filtrated off, washed with 50 ml of acetone and |
dried for about 15 hours at 20° and at | mbar. Potassium clavulanate is obtained (confirmed
30 by 'H-NMR).



[err] 10 froman amne salt of clavulanic acid by
addition of an alkali salt, characterised in that i so- but anol
or n-butanol is used as the solvent. The sol vents according to the
present invention, i.e. n-butanol and iso-butanol have the advant age
that 15 - the polarity is surprisingly sufficiently high to dissolve

am ne salts of clavulanic acid - the polarity is surprhcgigpe
sufficiently | KO VABM6t he alkali salts remain practically P bsors

undi ssol ved they may be recovered in dry formby sinple hetero
azeotropic rectification wthout the I addition of a further solvent
to forma hetero-azeotrope. 20 The potassiumsalt of clavulanic acid
obt ai ned according to the process of the present i nvention is useful
as an antiQ&&&hﬁe@nd particul ar useful, for exanple in mxture with anot her
anti biotic such as. for exanple amoxi ci | 1in . appxicillin trihydrate.
Such a mi xt13réeg ofagrt.octylamink saleof sjsaelpdip w@#rafi&éqltq%ll%t‘?%°f‘ﬁ ULy i bed for

exanple in GB 200 d / 7, X YWead@d. RRERBSIOUM
cl avul anat €°BBR%i"ni nﬁ'a{r%r Qi ér?% l%g%%lcgrgébﬁt@gﬁeo Wih amoxiciliin, for

exanpl e sus eilies, mheamxmrqm sledri-filrerddoAt tmnwmxe t%. 30 mopntesjusderaygorgys ﬁi"i*_ﬂ&r e of
gﬁ;ils (S:: hml 0 gl (6 a 2y ﬁri s(?ﬁxltugr? ﬁiﬂp ?t%{_} o{l a%tp%&@mrf? Gt if Q-tRkehaed %%g/ 18216
PCT/ EP96/ 05fhkmixture is cooled to +4° and stirred f‘or ca.2 " hours. A precipitate is formed whichis 15
filtrated off, washed with 50 ml of acetone and dried for 18 hours at 22° and at 1 mbar.
Potassium clavulanate is obtained (confirmed by 'H-NMR).
10
Example 5
5.5 g of tert.octylamine salt of clavulanic acid are dissolved in 60 ml of iso-butanol.
containing 3.0 % of water at a temperature of about 35°. 0.32 g of active carbon (Norit CG 1)
are added. The suspension is stirred for ca. 15 minutes, filtrated and the filtrate is washed
15  with 20 mi of iso-butanol. The solution is cooled to about 15° and 0.2 ml of acetic acid are
added. 2.1 g of potassium acetate are dissolved in 55 ml of iso-butanol, containing 0.25 ml of
water and added slowly to the reaction mixwre. The mixture is cooled to ca. 2° and stirred for
ca. one hour. A precipitate is formed which is filtrated off, washed with 30 ml of acetone and
dried for about 20 hours in vacuo at ca. 45°. Potassium clavulanate is obtained.
20  'H-NMR (300 Mhz in D20 against 3-trimethylsilyl propionic acid-ds-Na):
3.14 (1H. d, J=17,0 Hz, H-6). 3.57 (1H. dd, J= 17,0 and 2,8 ppm. H-6"), 4,19 (2H.d,J =74
Hz. CH.-OH). 4.91 - 4,96 (2H. m. H-2 and =CH), 5,73 (1H. d. J= 2.8 Hz, H-5).

Example 6
25 5.5 g of the tert.octylamine salt of clavulanic acid are dissolved in 55 ml of iso-butanol,
containing 3.0 % of water, at a temperature of about 35°. 0.32 g of active carbon (Norit CG 1)
are added. The suspension is stirred forca. 15 minutes, filtrated and the filtrate is washed
with 20 ml of iso-butanol. The mother liquor solution is cooled to about 10°. 2.1 g of
potassium acetate are dissolved in 55 ml of iso-butanol, containing 0.25 ml of water and 0.3
30 ml of acetic acid, and added slowly to the reaction mixture. The mixture is cooled to ca. 5°

and stirred for ca. 2 hours. A precipitate is formed which is filtrated off, washed with 30 ml of



for exanple in ranges as described in GB 2005538 and WO 95/ 28927 is new and
~also forns part of the present invention. I n anot her aspect
the present invention provides a m xture containing a potassiumsalt of 5
cl avul ani ¢ acid which contains n-butanol or iso-butanol and anoxicillin.
"M xtures of a potassiumsalt of clavulanic acid and anoxicillin in specific
ranges. i ncl udi ng9 phar maceutical ly acceptable carrier and/or

di l uent may beWMEfi83ed for exanpl e as descri bed i n GBCTODEEB81sand
WO 95/ 28927. the content thereof is incorporated herein by reference, 10
including prior art citations therein. 18 The solvents used in the
conversion of clavulanic acid, for exanple of a salt of clavulanic

aci d, such aasomerand dried:fos about 20 hotiksaM bhkad iaCcadd3 OPotdssi@m dlrvilah#e &l obBined

i SO- but anol od x¥rf1béeb ry red easily, although the solvents contain
wat er added NE Shal YN he conversion step and/or 15 formed during
conversion. This may be carried-out, for exanple by use of a

het er o- aze(i%‘FF'p!FZ rectification colum system having a device for
separating eotropic m xtures, such as a so cal l ed azeotropic
head. PeactiT b walon gmﬁmwommmlc #ld a&écﬁssbm 30 A piflhT Whi ch 1
practically free of ut anol I so- but anol obt al ned using for
exanpl e a ﬂeﬁﬁlnmsé&t%eﬁwater 0.32 g\pf nasive asrbqte@{ont Géd)am d@@&ir’rﬂlcesuépehﬁbrﬁw 20

I n anot her I. O e 0

n- but anol Sﬁﬁ%‘t (E)Jl;,l? g u%%&aéd‘%{d%ﬂhé Rﬂl;ﬁ y ag%)sﬁ?/%‘?'gtf%q\ gefsbé'fa%ﬁ&gﬁi c acid
into a phaﬂ?&@éh‘alloe énllll}msatqolqdfto elbcmv i0°adil g ofipotahsius: acetate arerdissoMed Rboby

o ot oal | g1 oFblarof i S AT R BE e el B T M el |y
free fi®m v dautandistined fosce- Buho:am_oﬂl prcéiBnme is formed\witich @f RrABE 6ff G dsR&h Wi ei N,
ot erence Pomd b RERRe fid Gp Lorbi B0 horts e i 40 Poressiom clptblanat f of | owi ng

reference in any aspec
exanpl es abbtamedmemfahmdeﬁ RONMR).ven in degrees Cel sius. The content of n-

30 but anol or iso-butanol in the potassium clavul anate obtai ned
according to the exanples is fromabout 0.2%to about 0.6% per
wei ght . Example 8

15 5.5 g of the tert.octylamine salt of clavulanic acid are dissolved in 50 ml of butanol
comai_ning 3.0 % of water. 0.32 g of active carbon (Norit CG 1) are added. The suspension is
stirred for ca. 15 minutes, filtrated .and the filtrate is washed with 20 ml of butanol. The
solution is cooled 10 about 10°. 0.3 ml of acetic acid are added. 2.1 g of potassium acetate are
dissolved in 50 ml of butanol and the solution is added slowly under vigorous stirring to the

2C  reaction mixture. The mixture is cooled to ca. 5° and stirred for ca. 2 hours. A precipitate is
formed which is filirated off. washed with 30 ml of acetone and dried for about 20 hours in

vacuo at ca. 45°. Potassium clavulanate is obtained (confirmed by 'H-NMR).

Example 9
25 5.5 g of the tert.octylamine salt of clavulanic acid are dissolved in 55 mi of iso-butanol
containing 3.0 % of water at a temperature of about 35°. 2.1 g of potassium acetate are
dissolved in 55 ml of iso-butanol containing 0.25 mi of water and 0.2 ml of acetic acid. 6.0
ml of the potassium acetate solution are added dropwise to the solution of the clavulanic acid.
0.32 g of active carbon (Norit CG 1) are added. The suspension is stirred for ca. 15 minutes,
30 filtrated and the filter is washed with 20 ml of iso-butanol. The solution is cooled to ca. 10°

and the remaining solution of potassium acetate prepared as described above is added slowly.
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PCT/ EP96/ 05015 16
Exanmple 1 4.5 g of

2-am no-2, 4, 4-tri met hyl pent ane- (2R, 5R, Z) - 3- ( 2- hydr oxyet hyl i dene) - 7- oxo- 4- oXx
a-. 1 - azabi cycl o[ 3, 2, 0] - hept ane- 2- carboxyl ate (tert.octylam ne salt
of clavul anic acid) are dissol ved in 50 M of 2-nethyl-_ 1- | .
cont ai ni ng 2. 5HAHERI6 0. 22 g of activated carbon (Norite 5 P&éﬁ%@?}?e

added under stirring within ca. 30 mnutes and the m xture is
clear-filtered. At 10[err], over tlhe course of ca. 25 nminutes under
vigorous stirring, 10 m of a 2-nolar solution of 2- et hyl - hexanoi c
aci d pot assTohemeaire isicoolgd teesaisfland stirred fonsanbhourss Aperipitate ihorped WhjFlis; o
cooled to +4al err, [ ! LBiat & g5° S
Formed whi cheapft Fhiba 18 a0 ht o Ephohlnafeq for S0 PR SEBA B TS,
for 18 hour Boadsiuadlevuldnata ichbedined (cdnfirmedrtyt HISMBi cl avul anate i s obtai ned 10

(confirmed by [err] H NWR). Exanpl e 2 10 g of
2-am no-2, 4, 4-tri met hyl pent ane- ( 2R, 5R, Z) - 3- ( 2- hydr oxyet hyl i dene) - 7- oxo0- 4- ox
a-1- 5 AZabisGd kAt & chavihinibagd ang be oeaindibin i tataaol dréotbucmbly inenwblogowsal t - of

clavul anic acid) are dissol ved 15 in 100 of 2-nmethvyl.- 1-.propanol

cont ai ni ng MABRET dxgeseribed Hexamplss 1199 3l éﬂ‘.’s"%{ a syt O'J\}Tat"ﬁ%wc Eca{gwng an augfge

m nut es undgdijec¥dddrRinpus stirring, 20 m of a 2-nolar solution of

2- et hyl - hexanoi c acid jotassiumsalt in 2-nmethyl- 1 -propanol are
added. The MNtdiisepropyl-edpleraidiaming4 and crystallisation is allowed to

conplete w He}j‘ﬂ" %b'%‘%m%"'?ﬁ%’éﬁ"ﬁf%ed pitate is formed which is
W W 1

filtrated o washe of acetone and dried for 16 hours at
20[ er r] 1and 1 3tbisidisrigthylangn)-2-prémsnelssi um cl avul anate i s obtai ned (confirnmed

by [err]H N | 833 4 4-tri %}&] 8n8for tert.butylamine.

tert. butyl aﬁﬁgq ?ffﬂxgﬂylﬁ%q%ﬁﬁwgdr (5x§;1en£tl I;iglgenéea)o-r 7e- oxg- 4- oxa- 1-

azabi cycl o[ 3, 2, 0] - hept ane- 2- carboxyl ate (tert. butylam ne salt of clavul anic
acid) are dissol ved in 40 m of 2-nethyl- 1-propanol, containing 2%
wat er, and ?f‘%'&?iéfﬁ‘rg‘g#e"a.”%e O[err], within ca. 15 m nutes under

Vi gor ous st iy r30ng, of pAmarynhothdr liqudt-obwainad acsotdintgito pxanfple?® e hydporated #hvdcko-aci d

potassiumsglt in 2-methyl - -propanol .are added. X s cooled to
+4 and &P r&gﬁldlf‘g}m‘ °°“S'SX’&%9f1’§’°'ﬁ’c5ﬂ'rB COMRIMNEE: p’?t gt%é;l;lggr '?8?%@%’% \R?Hi&ch i s
filtrated ohbrmanpeisatt v i fectifitatitn @lumrieivingan azxdtropic headdn sustl afway thabteat 15

oot Creq agcobs ONer shase gl geparbies Ot ' RaEorfopte R Sndsihin Abéll 374 or

water) is removed: and the upper phase. containing about 15% of water is fed back into the
rectification apparatus. Iso-butanol in the residue in the rectification apparatus becomes

20  water-free when no further lower phase is formed in the azeotropic head.
b) The lower aqueous phase in the azeotropic head (containing about 9 % iso-butanol) which
is removed in step a) may be enriched on iso-butanol in an azeotropic head via a second
rectification column by distillation until the hetero-azeotrope composition of water and iso-
butanol (= composition before phase separation occurs: about 70% iso-butanol, 30% water) is

25  achieved. The upper phase obtained in the azeotropic head (containing about 85% iso-butanol
and water) is removed and the lower phase is fed back into the rectification apparatus. In the
residue of the rectification apparatus water which is practically free of iso-butanol is obtained.
The upper phase obtained in the azeotropic head may undergo a second rectification as
described. An anologous method as described may also be used for separation of water and

30  n-butanol. In this way iso-butanol or n-butanol, practicaliy free of water; and water,

practically free of iso-butanol or n-butanol; may be obtained.
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Excllngrm"mmllﬂllumliullllof tert. octyl am ne salt of clavulanic acid are

di ssol ved £n 470" g sof *n- but anol containing 5.0% water. 0.4 g of
activated carbon (Norite CG 1) are added. After ca. 30 5 mnutes, the
mxture is clear-filtered. At 10. within ca. 30 m nutes under vigorous
stirring, womg/Ipaleof a 2-nol ar sol ution of 2-ethyl - hexan@cg/Ersdéekors
pot assium salt in n-butanol are added. The m xture is cooled to
+4[err] and stirred for ca. 2 hours. A ppecipitate is formed which is
filtrated off, washed with 50 ml of acetone and dried fop18 hours at
22[ err] andpgifnt CIERAL - Pot assi um cl avul anate i s ob} #HISSFHEEORA rHEE
by [err]HHNWR). 10 Exanpl e 5 5.5 g of tert.oftyl alppeas 0
clavulanic acid are dissolved in 60 m of iso-butanol. eoRta-A-ag-3.10

% of water at a rit CG
1) arlzl adtﬁe %g’yéﬁg’ﬁ%&%‘?’gﬁ%géﬁ“ﬁ?‘ (%'] l?gcceezaglc iq\é ﬁu‘f gﬁ"\%?l trated
and the filtrateffosmuashed 15 with 20 m of iso-butanol. The solution is
cool ed t0 about 15[err] and 0.2 ml of acetic acid are added. 2.1 g
of potassium acetate are dissolved in 55 m of iso-butanol, containing 0.25
m of wat er and added sl ow yHto the reaction m xture. The m xture is
cooled to ca. 2[err] and stirred for ca. one hour. A precipitate is
formed which is filtrated off, washed-@th 30 ml of acetone and
0 af
n

dried for about 20 hours in vacy ca\ 45 Hssium cl avul anate is
obtained. 2 0 [err]H NVR (300 err] O agai nst 3-trinethylsilyl
propi oni ¢ aci d-d4- Na): 14? . d, J=17,0 Hz, H6). 3.57 (IH dd,
J= 17.0 and 2,8 ppm H6'), 4909 (2H ;-3 = 7,4 Hz. CH err]-OH).
4.91 - 4.96 (2H m H 2 and =CH), STB(lfd:O(dH J= 2.8 Hz, H5).

Exanple 6 2 5 5.5 g of the tert.octylam ne salt of clavul anic acid are
di ssolved in 55 nm of iso-butanol, containing 3.0 % of water, at a

tenperat ure of bpb@versidh of Blavidanit Rfd inelal phermtadéutioflly(Nblable G5 dclavulanic

acid which is characterised in that the conversion is carried out in n-butanol or iso-

10 butanol (2-methyl- | -propanol) as a solvent.

ta

A process according to claim 1, wherein clavulanic acid in form of a salt is converted.

3. A process according to claim 2, wherein clavulanic acid in form of an amine salt is

15 converted.

4. A process according to claim 3. wherein the amine salt is selected from a salt of
clavulanic acid with tert.butylamine, tert.octylamine (2-amino-2,4,4-trimethylpentane),
N,N'-diisopropyl-ethylene-diamine, N,N,N’ N’-tetramethyl-diamincethane or 1,3-

20 bis(dimethylamino)-2-propanol.

5. A process according to any preceding claim. wherein a potassium salt of clavulanic acid

is produced.

25 6. A process according to any one of claims 3 to 5, wherein the amine salt is obtained by
contacting an amine with an impure solution of clavulanic acid in an organic solvent,

and, if desired, is isolated.

This Sheet Has Been Reilaced




are added. The suspension s stirred for ca. 15 mnutes, filtrated and the

_flltrate with 20 m of iso-butanol. The nother |iquor
sol ution "B mﬂ zﬂjﬂﬂ 10[err]. 2.1 g of pot assi um acetate are
[

di ssol ve =butanol, containing 0.25 m of water and 0.3 3 0
m of acetlc aC|d and added slowy to the reaction mxture. The m xture is
cooled to ca. 5 and stirred for ca. 2 hours. A precipi i r med
which is filtra¥e8"¥®# washed with 30 nl of f-@flﬁpdsﬁ)e/t\%g
97/-18216

PCT/ EP96/ 05015 : 21 THIS SHEET HAS BEEN
acetone and dried for about 20 hours in vacuo at ca. 45. {Pot asRERIACED
clavul anate is obt ai ned (confirmed by [err] H NWR).

| h [s) 1 d
Exanpl e 7 rf 50A roce %a%&ir&n%o ike 60&L¥Je‘?(%gﬁ% @&otlud.afl E&iaMidnid et iaGhd are

di ssol ved i nt % of water. 0.32 g of
active carbon (bigait sébeandis ohlafneduiﬂedracﬂ'dnmfwmmcmﬁquﬁqueous solutipniof r ed f or

ca. 15 m nutes, fllltratedd @’ I]‘;trate is washed with 20 m of butanol.
The ot h&RY st ¥ ‘Eﬂ?rﬁfﬂ“‘i? ¢80l ed to about 10. 2.1 g of potassium
- acetate are dissolved in 50 m of butanol and this solution is added

slowy to the reaction m xture. m xture is co 4 err]
and stirred & or Ag4ocess 3geqiiiae ‘%1155"270 P aR IPRUrE fﬁ“ﬁrto‘p ’\’/‘\)31]90% s&gtl%tt r at ed
of f, washed wi t Rlavulanic aciBf obthined frametfemrn@nch ot ahichas a@bﬁcﬁaf&f) hour s in
vacuo at ca. 40[ferr] . Potassi um cl avul anat nfirmed

by ' H NVR) . ermentatiopfapleanigatqd; and/or f@f@agrmf%m{‘&‘l‘h B’B’F@I‘S it & alt of

clavul ani ¢ aci d gt tgierithiiindfa Widinkd, but ano containing 3.0 %
of water. 0.32 8 of "active carbon (Norit CG 1) are added. The suspension is

stirred¥0or ca. 15 mnutes, filtrated and the filtrate is washed with 20 ni
of butanol . The 0° Aprgeess C?&de,{t, tPaibr8. GReleficlnd itnpBRAUdbeokOsotiion ofitlaRilameRid C

acid are ad pofassi um'acetate are di ssolved in 50 m of
but anol and thenssmé-aoncemraueslpaddfemdlfmllqn under vigorous stirring to the

10. A process according to any one of claims 8 or 9, wherein the fermentation broth is

15 directly extracted with an organic solvent.

11. A process according to any one of claims 8 or 9, wherein at Jeast parts of the solids
suspended in the fermentation broth are removed prior to extraction with an organic

solvent.

12. A process according 10 any one of claims 8 to 11. wherein the fermentation broth
containing clavulanic acid is obtained from fermentation of a micro-organism which is

capable of producing clavulanic acid.

25 13. A process according to any preceding claim wherein n-butanol or iso-butanol used in
the conversion of clavulanic acid into a pharmaceutically salt of clavulanic acid is
recovered by azeotropic distillation to obtain practically water-free n-butanol or
practically water-free iso-butanol; and water which is practically free from n-butanol or
iso-butanol.

30
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20 reaction mxture. The mixture is cooled to ca. 5[err] and stirred for

ca. 2 Jie AnEbigERt € i S formed which is filtrated off. washed
W t h ngnmlmmmmum“ﬁd dried for about 20 hours i T Q L ra.
45[ err] .* P6tassitum<l| avul anate i s obtai ned (confirne B'{}SF J\Erg(r\)&@h
Exanmple 9 2 5 5.5 g of the tert.octylamne salt of Elci g e
di ssolved in 55 m of iso-butanol containing 3.0 % of water at a
tenper at ure of WRJ3{182185. 2.1 g of potassium acetate are PCO/EPSEM59sd i N
55-m of iso-butanol containing 0.25 m of water and 0.2 ml of acetic acid.
6.0 m of the potassium acetate syl ution are added dropwi se to the
solution of the clavulanic acid. 0.32 g of active carbon (Norit CG 1)
are added. 1ZheAphsRACHIISILyiascepiable sRfoff Plivulafic adi@ coHdIMhE Bs a Bact cpm&ér!e;nr at ed
and the filter |bs \M?sh_ed with 20 ml of iso-butanol. The solutioh i s cool ed
to ca. 10[ er r]®-butanol orsserbyigroly engi ni ng sol ution of potassium acetate
prepared as descri bed above is added slowy. WO

97/ 18216

PCT/ EP96/ 0381 5Clavulanic acid according to claim 14, containing up to 5% per weight or less of n- 19

The m xture is ! 5[err] and stirred for ca. 2 hours. A

preci pi %ate isblgﬁ‘?ggsmtﬁl'i S filtrated off, washed with 30 m of
acetone and dried for about 20 hours in vacuo at ca. 45[err].

Pot assi um ¢} avs e | bt.ained (confirnmed, b err]H NWR) . 5

pot assi um géil té% %\Eca??ﬁ %g?rél%ﬁé? %{‘yf?ﬂflo{)céa'g‘ﬁgéf’%édc? H0H R Z:‘t’rpo‘?%a?’

i so- but anol , iweignol Bgaf$-butanol orlisrbugdnons descri bed in exanples | to 9

al so, by use of a salt of clavulanic acid with an am ne sel ected from
N, N - di i sopropyl - et hyl ene-di am ne N, N, N, N -tetranet hyl - di am noet hane
10 133- bi's( disemif hibhandie jsobuRhSIRR BRlproduction of B phLMECeDlicallf hicepiably sAM Ne

2-am no-2, 4, 4-tri methyl pent ane)_ or tert. butyl am ne.
( of cfavﬂgmc Xcuﬁ) op ftormul I according to claimyl.

18. A mixture containing a potassium salt of clavulanic acid which contains n-butanol or

iso-butanol and amoxicillin.

15
19. Process for the production of an alkali salt of clavulanic acid of formula
—0 CH,OH
—N
7 ’
' COOH
20 from an amine salt of clavulanic acid by addition of an alkali salt, characterised in that

iso-butanol or n-butanol is used as the solvent.
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Exanple A - Solvent recovery = a) 130 m of prinmary noth '
obt ai ned: according to exanple 9 are evaporated in vacuo. 15 eém&ﬁfm SHEET
distillate, congfiim 1.5Q- but anol ‘containing ca. 1,5 - 2 %water is
distilled 'Underﬂmmmgmvﬂmk’mssure via a rectification colum having an
azeotropi c head *n su at. the aqueous | ower phaseq§919mb—t
separates off in the azeotropic head (containing about 91 % of ~ water)
i s..-renpoved; and the upper phase, containing about 15% of water is fed back
into the rectification”apparatus;mQSo-butanol in the residue in the

rectification agg%@ﬁg@&@g%%‘gﬁ %tﬁ&liyfag%?m%gﬂlopamfu%ﬁ:%ﬁo# fa

phase is fdrned ower aqueous phase in

t he azeotropic head (containing about 9 % i so-butanol) which S
renoved in step a) nay be enriched onﬁi so-butanol in an azeotropic head via
a second rectification colum by distillation until the

het er o- azeot rope conposition of water ang) | SO- but anol (=
conposition before phase separati op—egcurs, Of0% i so- but anol , 30%
water) is 25 achi eved. The uppef plase ined in the azeotropic head

(cont ai ni ng about 85% i so- but anol d water) isI renoved and the | ower
phase is fed back into the recti paratus. I'n the resi due of
the rectification apparatus water' whichgls C?ch'callyfree of i so-butanol
i s obtained. The upper phase obtalned | e azeotropi c head may

undergo a second rectificati on = | ogous net hod as

descri bed may al so be used for separation of, te.r nd 3 n-.but anal... I n
this way iso- bl¥SFRIFSIgE ofclakianicasid.ntoa mw@avm%%%w’%ﬁﬁ?w
practical |y fr efaradteriséiGn a1 W@hvestion B-clririedéi® n; n-biitixiolloe is¢bitaich@chethyl-1-propanol) as a

20 A process, for the production of a pharmaceutically acceptable
salt of clavul Z8le™ &m&rﬁﬂﬁ@ | .
[err]

2. A process according to claim 1, wherein clavulanic acid in form of a salt is converted.
3. A process according to claim 2, wherein clavulanic acid in form of an amine salt is converted.

4, A process according to claim 3, wherein the amine sait is selected from a salt of clavulanic acid with
tert.butylamine, tert.octylamine (2-amino-2,4,4-trimethylpentane), N, N'-diisopropyl-ethylene-diamine,
N,N.N'.N’-tetramethyl-diaminoethane or 1,3-bis(dimethylamino)-2-propanol.

S. A process according to any preceding claim, wherein a potassium salt of clavalanic acid is produced.

6. A process according to any one of claims 3 to 5, wherein the amine salt is obtained by contacting an
amine with an impure solution of clavulanic acid in an organic solvent, and, if desired, is isolated.

7. A process according to claim 6, wherein an impure solution of clavulanic acid in an organic solvent is
obtained by extraction of an impure acidified aqueous solution of clavulanic acid with an organic
solvent.

8. A process according to claim 7, wherein an impure acidified aguecus solution of clavulanic acid is
obtained from a fermentation broth which is acidified after fermentation has terminated, and/or from a
fermentation broth which is harvested partially during fermentation and acidified.




by conversion of clavulanic™acid into a pharnaceutical ly acceptable salt of
cl avul ani ¢ aci ] ' characterised in that the conversi |
carried out i nﬂmmﬂmimwwm but anol (2- et hyl - 1- pr opanol )B@Q&Méhﬁ SHEET
solvent in the preSencenors r. 2. A process according to claim1,
wherein clavulanic acid in formof a salt is converted. 3. A process
according to claim2, wherein clavulanic acid in formof an amne salt is
canvert ed. 4, A process according t# claim3, wherein the amne salt is
sel ectedy fr Sabdordty 154 'Wiﬁi‘ cid with . tert.butyl am ne,
tert.octyl a%'mr:%a(%g%'am r%ct)&ézlﬁ%%t i n%%@‘l“ﬁé%%’ﬁé?l?"m of SRR Yk pre-

N, N - di i sopriinraied PR iasidification.ne, N, N, N N -tetranet hyl - di am noet hane
or 1, 3-bi s(di net hyl anmi no) - 2- pr opanol . 5. A process according to any

pr ecedi n& claim wherein a potassiumsalt of clavulanic acid is produced.

6. A procdSEXTHAETIHIEIe 1y oBaaf claims 8t 9.otharcinghe Jermentdion bifothridirectiyhetrarisii ne
salt is obt atitaflcdgyhicC@ReRCt i Ng an ~amine with an inpure solution of
clavul anic acid.in an organic solvent, and, if desired, is isolated. 7.
A process according to claim®6, wherein an inmpure solution of clavulanic

acid in Hn o parisacdalingelinyiose of claims 8 oP 9 lvikRH | f _an,.inpure
acidified aqueous. sol yt | onyof cl avul ani ¢ aci gt %%@ghwmgﬁg%i’%m%dm%

sol vent . ]§. = }:{“E QERSEmOYed REioRo FEraction yithian prganicobenei N an i npur e

aci di fi ed agueous solution of clavulanic acid is obtai ned froma
f er ment ati or}‘aggc%sqcv\h.ch is acidified after fernmentati on has term nated,
and/ or from Cordingde 1Y Rpeaf i8S 811 1 In whseiv: the fesmantationdi oth dongaining clavilahic

during fer nmaeid atobdinedinon femicttafidn®€la micro-organism which is capable of producing clavulanic acid.

13. A process according to any preceding claim wherein n-butanol or iso-butanol used in the conversion of

clavulanic acid into a pharmaceutically salt of clavulanic acid is recovered by azeotropic distillation to
obtain practically water-free n-butanol or practically water-fres iso-butanol; and water which is
practically free from n-butanol or iso-butanol,

14. A pharmaceutically accépmble salt of clavulanic acid containing as a trace ¢
butanol and water. | '
“

oraponent n-butanol or iso-

15. Clavulanic acid according to claim 14, containing up to 5% per w&ét or less of n-butanol or iso-

butanol.

16.  Clavulanic acid according to any one of claims 14 or 15, containing up to 0.6% per weight or less of n-

butanol or iso-butano,

17.  Use of n-butanol or iso-butancl in the presence of water in the production of a pharmaceutically
acceptable salt of clavulanic acid of formula I according to claim 1.

18. A mixture containing a potassium salt of clavulanic acid which contains n-butanol or iso-butanol, water
and amoxicillin.
19.  Process for the production of an alkali salt of clavulanic acid of formmla REPLACEMENT SHE
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+21 9. A process according to ©laim8, wherein the inpure aqueous sol ution
of clavul ani ¢ acid | Les concentrated prior to aci difg?cati on. 10.
A process acgﬂmﬂgni‘mﬂi‘!l““kof clains 8 or 9, wherein thegFph [
broth is dir ' * wi th an organic sol vent. 11%%@?@23@?”
according to any one of clains 8 or 9, wherein at |east parts.of the solids
suspended in the _ fermentation broth are renoved prior to extraction
with an organic solvent.  12. A process according to any one of clains 8
to 11, wherein the fernmentation broth cagntaining clavulanic acid is
obtained fromfernentation of a m cro-organi smwhich is capabl e of

produci ng cl avul ani ¢ aci d. 13. A process according to any preceding

cl ai m wherei n n-butanol or isgdputanolcygssg i n the conversion of

clavul anic acid into-a phprmpceut\calfy Salt .of clavulanic acid is
recovered by azeotropic dystillatyon to : obtain practically water-free
n-but anol or practical | yAvat Er~&fee i so-but gnol; and water which is
practically free from r™Mbut anol }

bEO- but andl-. 14. A pharmaceutically
acceptabl e salt of clavul anic aci docont aining as a trace conponent

n- but anol or iso- but anol and water. - 15. Cavul anic acid according
to claim14. .co  hing.up. to 5% pe i gh r I ess of n-butanal or iso-
but ano .m}n e afl&&u&%ﬁﬁ@'ﬁ’l%éﬁ“%‘é‘& mghat isp-hetanel arp- or 15,
cont ai mitangl i G2 0% o 510% af watd lis ds&FS tefsolvent. but anol or

i so- but anol .

REPLACEMENT SHEET |




17. Use of n-butanol or iso-butanol in the presence of water in th ¥
producti on of a pharmaceutically acceptabl e salt of clavul an&@%ﬂ’
cof fornula | according to claim 1. 18. A m xture containing a_ pot assi um

salt of cl avuI ani ¢ acid which contains n-butanol or iso-but n“ tehﬂO&s

and anoxicillin. 19. Process for the production of an al kalg It of ®#Y.

WORLD INTELLECTUAL PROPERTY ORGANIZATION
(2:I2avul ani ¢ aci d PCTornul a CTUAL PROPERTY

salt of cl NTERNATIONALAPPHICATION PYBIASHED UNDER JHE PA [385 ERA’H“%@*PY ¥eme
that i SldSlhiutemstiohal PatenyClasgifisttion®™ i n the p

used as| t heoap50308} A6IK 31/43 Al
(21) International Application Number: ‘/PCI‘IBP%/OSOIS 81 Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
: _ CH, CN, CU, CZ, DE. DK, EE, ES, FI, GB, GE, HU,
(22) International Filing Date: / 14 November 1996 (14.11.96) IL IS .TP KE, KG, KP, KR, KZ LK, LR, LS, LT, LU, LV,
MD, M MN, MW, MX, NO, NZ, PL, PT, RO, RU,
SD, SE@L SK, T, T™, TR, TT, UA, UG, US, UZ,
(30) ty Data: , " VN, ARIPO patent (KE, LS, MW, SD, SZ, UG), Eurasian
A 1867/95 !/ 15 November 1995 (15.11.95) A'I\'/ patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI,
(71) Applicant (for all designated Siates except US): BIOCHEMIE CM, GA, GN, ML, MR, NE, SN, TD, TG).
GESELLSCHAFT MBH [AT/AT]; A-6250 Kundl (AT)‘./
(72) Inventor; and Published )
(75) Inventor/Applicant (for US only): WAGNER, Helmut With international search report.
[AT/AT]; Haus Nr. 441, A-6233 Kramsach (AT). ‘/
(74) Agents: WYMANN, Gerard et al.; Sandoz Technology Ltd.,
Patents & Trademarks Division, Lichtstrasse 35, CH-4002
Basle (CH).
(54) Title: PRODUCTION OF A SALT OF CLAVULANIC ACID \/
(57) Abstract
Process for the production of B
alkali salts of clavulanic acid of for- .
mula (I) by conversion of clavulanic R
acid into a pharmaceutically accept- ‘ 0 OH
able salt of clavulanic acid which —_
is characterised in that the conver- (l)
sion is carried out in n-butanol or —N :
iso-butanol (2-methiyl-1-propanol) as /
a solvent; and a potassium salt of o] “.
clavulanic acid containing n-butanol N
or iso-butanol. H COOH




