: P30409 : : o L 2282@& ISR bei c
Aci d Preparg%%gn Viia Certain Polyanm nes This application i,s a divisional .
application of 9424595.8. This invention relates to a novel process for the
preparation of clavul an| c acid g H[ERRl 5 and phar maceuticalty °
_acceptabl e salts and (d8velapic A pargtion Vig,Certain Bolyamings g | y pr epar ed
" by the fernent amﬁhcauéﬂﬁrmmhﬁ plichson of P4595.8¢c! avul ani ¢ acid, such
as various mcrQqrgani sos bel on ari Qus Stre ns_.such as
S. ¢lavuliger usolﬁﬂg?l‘ g tgﬁdﬂﬁ ﬁ&?fé’f’ %u Hﬁimg% %%gavuiamc acid
katwahanﬂ)us | FO 13716 and Streptorryces sp. P 6621 FERM P2804 e.g. as
described in JP Kokai 80-162993. Thedresulti ng agueous broth nay be

subj ected to conventional purificatibon~and cgpgeRt rati on processes, for
exanple involving filtration and -h«—Pﬁan r#phic purification, such as
di sclosed in GB 1508977 and JP Ko

ai 93, before extraction of the
aqueous solution with an 15 orfdnl% olvent to yield a solution of crude
clavul anic acid in the organic @ol vent. - 508977 discloses inter alia
that saggts of clavulanic acid can be obt d by absorbing the clavul anate
' ' elutingtherefrom

anion in f'ah{l? @Me d&sng ﬁ e SlisURRYERAMEROE.ESI N,

with an el ectrfolyte esal t. resul :)Iutlon n

desal ted sol uti §Aaywasicagid BP‘&M&NS@” @‘h?&ﬁﬁi{ 33%&919}58% |y

el uting 20 whj h@é@dmﬁdl'atﬁ@aﬁh,estxbheky\faﬂoudﬁﬁa‘obrgaglstdsebetongiﬂguong sol ution

Zﬂﬂek?iéfi‘fvteé S Sepromtes Srape il s B AE RRRY 3805 S PR o7 o

si gni flaanTNRRBégﬁmﬂcaButbhdnmﬂusﬁO|16716)amd:§treptom}’@ﬁslsp-rié 6621 FER:M scal e

pr aducti on 1
a\'fernat i v% ogugdure aval %’%ﬁsgffngvzg ???ﬁ%ﬁhg?l 1T zI ng sta es. .
emdmsmmgenai@@gﬁaa HFGFUWBPB‘P@EEPF gramplec| avul ani c

S‘S'r ous. anmoH G TRl et o B oo, EP
0026044 di sléﬁgé'&s Eggﬂcﬁb 38 @%PW%E’SF‘*EB%P H@“%‘%\‘FFC‘E‘P B i“ém c
acid agba Wwigdni¢ mlﬂémrmﬂalldih golutioh bf cimde clavalanimacid ircthe organic solegnitd. The
For  phar mceut | (P FOFAT] GBS eras B st of Aopnt el infbe bhephd 01 S0
al kyl ) ani ndysbisorbingithetctayuttinatet anjoraini filtored beath on tq artmm pxghangesssini n a
purificati Qiying therefrom with an electrolyte, desalting the resulting solution, applying the

desalted solution to a further anion exchange resin, chromatographically eluting

20 therefrom with an electrolyte, desalting the resulting solution and thereafter removing
the solvent. This process can be used to give acceptable yields of pure material but
the use of resin columns involves significant investment and they can introduce
limitations in large scale production operations. It would therefore be desirable to
have an alternative procedure available that involved few resin utilizing stages.

25 GB 1543563 discloses a process for the preparation of clavulanic acid salts via
precipitation of lithium clavulanate. GB 1578739 describes various amine salts of
clavulanic acid as pharmaceutical compounds. EP 0026044 discloses the use of the
tertiary-butylamine salt of clavulanic acid as a useful intermediate in the preparation
of clavulanic acid. The salt has been disclosed in BE 862211, but only as a suitable

30 ingredient for pharmaceutical formulations. PT.94.908 describes the use of tri-(lower
alkyl)amine salts and the dimethylaniline salts of clavulanic acid in a purification
process for clavulanic acid in which the triethylamine salt of clavulanic acid is formed
and is then converted into a silyl diester of clavulanic acid. EP 0387178A discloses a —
process for the purification of clavulanic acid in which organic amines may be used to

385 form an intermediate amine salt with clavulanic acid in an impure solution.
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prdcess f or' ghavul anic acid in which the triethylam ne salt of,-clavul anic
acid is for hd is then converted into a silyl diester of clavulanic
‘acid. EP 0387178A di scl oses a process for the purification- of cclavul anic
acid in which organic am nes may be used to 35 -forman internediate anine
salt with cl avThepuesensinvention providgsaproesss fari thepreparation and/oopadficationofesent

i nvent i on prov¢ﬁﬁﬂaﬁcmﬂmwﬁaﬁna¢dnﬁcﬂrmemmwaoﬂémmmofwmhl on of
clavuyl anic a s cBnphisésmaceut i cal |y acceptable:salt or. ester thereof
whi ch pr ocess ‘conprises i’)- contacting-inpure cl avul ani ¢ aci d as an al kaljg

met al t thereof in.sojution in an ofganic | ven Wt h ne of -
forrrula 11) [RREPhtAGting Impuyg, clayulag ’r"r‘}CI %saé”déﬁh?e@iéﬂﬁ H‘E‘P‘h“{err]
~where [err] ar@?mi]csah@nt, ivdtpan-araine|of h, al kyl, am no substituted
al kyl or 15 substituted am no-substitut ed -al kyl, and [err] are
independently sel ected from gydrogen, -al kyl, am no- or hydroxy-substituted
al kyl or substituted am no- s Rtuted al kyI and mis zero or an integer
1to5; ii) isolating the anige salt of clavulanlc acid fornmed; 20 iii)
converting the thus forned salt intolI®l avul anic acid or “a-pharmaceutically
acceptabl e salt or ester thereof, or a process for the-preparation and/or

purifickEion ofvhaba/lﬂswmupcfgbmalzfoﬁﬁﬂa - pharmaceutical | y accept abl e
salt or ester thereof which process conprises i) contacting i npure

clavul anic acid or a labile @eri.vative thereof .in soluti-on:in an organic
sol vent whi ch contains betwee _? %5%5‘3‘ 4: of water, with an am ne of
formula (I1); 30 [ERR] FN P H"]' ']’2|s a grou_p of general
formula [err] : ' L o

 where R4 and R5 are mdependently hydrogen, alkyl ammo-subsntuted alkyl or
15 substituted axmno-subsututed alkyl and R2 and R3 are mdependently selected
- - from hydrogen, alkyl, amino- or hydroxy-subsututed alkyl or subsntuted ammo-
substituted alkyl and mis zero oran 1ntcger 1to 5

| | u) 1solaung the amm‘e salt of clavulamc acld fOrmed' - : | ~
20 :
iii) oonvertmg the thus formed salt into clavulamc acxd ora pharmaceuucally -
acceptable salt or ester thereof or '

.a process for thc preparanon and/or punﬁcauon of clavulanic acxd ora
- 2b phannaceuucally acceptable salt or ester thereof which process comprises

i) contactmg 1mpure clavulamc acld ora lab1le denvatlve thereof m solutlon _
in an organic solvent which' contams between 0 25 to 0 6gll of water, withan
amine of formula (Il),
30
- N-FR°
R m
~ where R1s a group of general formula

R® S
R o
. .N-rcHchaNH—r-,,gHz-cHe._—.—
35 o R-‘- _

where R4 apd RS are mdependcntly hydrogen, alkyl, ammo-subsututed alkyl or
substituted amino-substituted alkyl, and RZ and R3 are independently selected
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® 35 where Eggda#?re i ndependent |y hydrogen, al kyl, am no-substituted al kyl or
substi t ut no-substituted alkyl, and R2 and R3 are i ndependently.. _
sel ected -2- P30409 from hydrogen, alkyl, amino- or hydroxy-substituted
“al kyl or substituted am no- substituted alkyl, and mis zero or an i.nteger
1 to 5; ii) ifrosh hydnogen,tatkyljiminoseat bydrbxy-substituted alkyl oxisubstinmest arhinol i )
converting tbﬁbﬁﬂl&t&d&ﬂa’ylﬁﬁd&ﬁiéz&@bﬁa&irﬂagdrdrtb@ acid or a pharnmaceutically
acceptabl e salt or ester thereof; or a process for the preparati on and/ or

puri f-i cati on.Qf. vul.ani c. aci a0 . haimaceutical ly acceptabl e
sal ¥ or estepgt@i@{#%@weﬁﬁé%%ﬁc E"%'\“‘SL contacting inpure -

cl avul &ni ¢ acid or a labile derivative thereof in solution in an organic
sol vent whi clii) eonyeiting the thimsforneed salt intocclavslanio acidyoragqhariaceytically wi t h an

am ne of for godeptdbld 3alfldr dsteir ilervdteor [err] is a group of general fornula
[err] 20 where [err] and [err] are independently hydrogen, alkyl,

ZP“;”?TQSEEZL&“ Stiiine Borain sdiof Pufilalty S“f%f%via##%e?&a&w - and el
hydr oX¥- subs PREUTRACET |acegptable, 3t ¢ gsteg 4 whish process comprisesut ed al kyl,
and mis zero or-an integer 1 to 5; ii) isolating the am ne salt of

c : av u: ani ¢ af) dedmvacting impirte) clovauilattic Fﬁd@a’hnebilduaivfaﬁvcr&xérafliﬁ solitién in
clavulanic a %rﬁmé‘sdi?éﬂ SisideRb o ters & SERERAY er

t hereof; or zh " :ﬁﬁﬁ &rt%_ pr eparbgtdl%o_r?tee?nn(%tg?gpurlflygcaetilﬁf)éllg@?’?%vul ani c
acid 3‘5 a ph Ce EP ceptable salt or ester thereof which process
conpri~8es 35 i) a) obtaining inpure clavulanic acid in a broth
resulting from R '
e’ y-R

R (mn

=

where R is a group of general formula
RS
\
N-CH,CH,NH—-CH,CH,— - | .
4 m ) .
20 ' | R |
where R4 and R9 are independently hydrogen, alkyl, amino-substituted alkyl or
substituted amino-substituted alkyl, and R2 and R3 are independently selected

from hydrogen, alkyl, amino- or hydroxy-substituted alkyl or substituted amino-
25 substituted alkyl, and m is zeroor an integer 1 to 5;

ii) isolating the amine salt of clavulanic acid formed;

iii) converting the thus formed salt into clavulanic acid or a pharmaceuﬁcally
. 30 acceptable salt or ester thereof; or '

a process for the preparation and/or purification of clavulanic acid or a
pharmaceutically acceptable salt or ester thereof which process comprises

35 i) a) obtainihg impure clavulanic acid in a broth resulting from
fermentation of a clavulanic acid - producing microorganism,

b) at least removing some of the suspended solids in the broth;

40 ¢) contacting the obtained impure clavulanic acid; or labile dé:ivative
thereof in solution in an organic solvent, with an amine of formula (IT);
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'fernéntationfgh4@9clavuLanic acid - producing n1croorgan|sn1 b) at.- Lea$t-
removi ng sone of the suspended solids in the broth; 40 . c) e
contacting the obtained inpure clavulanic acid; or | abil e derlvatlve
thereof in solution in an org i-c sol vent, mnth an am ne of . formula (I'l);
-3 - P30409 (11) [err] 5 where ferr]- and Terr] are |ndependently

hydr ogen, al kyl, am no- substltdﬂeﬁ al-kyl or substituted am no-substituted
al kyl and [err] are i ndependerﬂly sel ggf ed from hydr ogen, al kyl ami no or

hydr oxy-substitut ed: al kyl . or substituted am no- 10 . substituted al kyl;d
and mis zerqQ.or r1|nt er | |solat|ngtheamnesaltof

cl avul ani c ag’mfr?gr Q%PSH%?B%QFW& the thus fornmed salt into o
clavulanic acid or a pharmaceutically 15 - - - acceptable salt or ester

t hereof; or a process for theﬂgreparatlon and/ or purification of clavulanic
acid or a pharnmaceutically accdw§ebl,GHNH-{-CH,CHigtet t her eof whi ch process
conpri sesg 20 -+ 1) contactigtg i npur e ciBvul anic acid or. a labile
derivative thereof in solutionin an organic sol.vent sel ect ed fromthe

group consistin rbon .sol ven ot her vents and, hal ogepat ed
solvents, with %H%ﬁdlé“‘gﬁg ‘;Y{‘ Gﬁ‘yi mtﬁﬂ%% .
group of generasuhsumndan{mmpsmed@nsm &ndR cmndqmﬂpnﬂw eotech,
al Ky, am no-'subfibnt hydeogen), kikyl, amifié* or hydroxyksubstitutedchllytion substibgted ks

al kyl, apg [ERP%ubiﬁﬁ:téd‘ﬂﬂ?PHﬂEﬁii‘s&e&%r%tlﬁégéfPEB5‘ydr ogen,: al kyl, am no-' or
hydroxy substituted al kyI or substltut ed am no- substituted al kyI and mis

Zzero or an int eﬂg ﬁQJ} : é F‘ﬁ cﬁ 8{}1 ne salt of clavul anic aci d
formed; 35 iii)™td ﬁtrufg q@ﬁd; clavul anic acid or a .
phar maceutical |y o

iii) converting the thus formed salt into clavulamc acidora pharmaceuucally
15 acceptablc salt or ester thereof; or

a process for the preparation andlor puriﬁcati'on{bf clavulanic acid or a
pharmaceutically acceptable salt or ester thereof which process COtnprises.

20 i) contacting impure clavulamc acid ora lab11e derivative thereof in solution in o
an organic solvent selected from the group consisting of hydrocarbon solvents,
ether solvents and halogenatgd solvents, with an amine of formula (II)

R

N

R’ an o | |
25 . whereRlis a group of general formula T ' SEPEN

R® : o
R _
N-£CH,CH,NH—-CH,CH,—
R‘ . m

where R4 and RSa are mdependently hydrogen, alkyl ammo—subsututed alkyl or

30 substituted ammo-subsututed alkyl, and R2 and R3 are independently selected
- from hydrogen, alkyl, amino- or hydroxy-substituted alkyl or substituted amino- -
substituted alkyl and m is zero or an integer 1 to 5

ii) isolating the amine salt of clavu_lanic acid formed;

35

111) converting the thus formed salt into clavulanic ac1d ora pharmaceutically
_ acceptable salt or ester thereof or -
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accept abl e qiy r ester _ther eof; or -4- P30409 a process for ‘the
preparation and/or purification of clavulanic acid or a pharmaceutically
accept abl e salt or ester thereof which process corrpri ses i) contacti ng,

I mpur e cl avul ani c_aci a Iablle rlvat ve th spjution in’'5
an organic sol gmoesgfqr a’éfﬁ 'Ef F?ﬁ ‘Wde [err] is a
group of genernhmm@ly@m@m@smﬂmm BIOCORFIOBIMIISES | v

hydrogen, al kyl, amino-substituted al kyl or substituted ami no- subsft ituted
al kyl,~ and[ er ri)a%ntawa ﬁ%tdlavumﬁ@sdiearﬁwmemﬁmeﬁbm solftion'ig- Or

hydr exy-gubsti Ly B%n?d r‘ﬁ-[ﬁ]?- t substituted al kyl,
and m i sgzero or I'n eJéeé{r? %?ﬁ&%ﬁﬂ%ﬂm amne is introduced by

mxing it into a streamof thg solution of clavulanic acid in the organic
solvent; ii) isolating the arﬁ\ alt of clavulanic acid formed; 20 iii)
converting the thus forned salltl—thto clavul anic acid or a phar maceut i cal | y
acceptabl e salt or ester therﬁof or(@sprocess for the preparation and/or

purification of ,cl I.anl C aC| do pharmaceutical Iy acceptable
salt or ester M’&Fg%? of genesdl af(?Wl ses; i). contacting inpure

clavul anic acid or a Iablle dgrlvatlve thereof in solution in an organi c
solvent, with an am ne of forﬁ{ula(ll) 30 [ ERR]

(1) where [ERR] is a group ofN¢GCHNH-G+CHLCH,+ERR] 35 where [ERR] are
i ndepenggnt |y hydrogen, al kylg* ani no-subsfituted al Kyl or substituted

am no-substituted al kyl, and [ERR] are mdependently selected from

hydrogen. - al kyly A8 g 8 Y HligiattRPhhdrs s bt iR sabRicd HhG T2 ™ "o
\/ substituted amino-substituted alkyl, and R2 and R3 are independently selected
from hydrogen, alkyl, amino- or hydroxy-substituted alkyl or substituted amino-
15 substituted alkyl, and m is zero or an integer 1 to 5; in which the amine is
introduced by mixing it into a stream of the solution of clavulanic acid in the
organic solvent;

ii) isolating the amine salt of clavulanic acid formed;

20
iii) converting the thus formed salt into clavulanic acid or a pharmaceuucally
acceptable salt or ester thereof; or

a process for the preparation and/or purification of clavulanic acid or a |
25 pharmaceutically acceptable salt or ester thereof which process comprises;

i). contacting impure clavulanic acid or a labile derivative thereof in solution in
an organic solvent, with an amine of formula (II)

30 R? an
where R1 is a group of general formula

Rs

L U )
N-FCH,CH,NH—-CH,CH,—
R m

35 where R4 and R? are independently hydrogen, alkyl, amino-substituted alkyl or
substituted amino-substituted alkyl, and R2 and R3 are independently selected
from hydrogen, alkyl, amino- or hydroxy-substituted alkyl or substituted amino-
substituted alkyl, and m is zero or an integer 1 to 5;
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substltutembgl and mis zero or an |nteger 1 to 5 -5- P3040 ii)

i sol.atingthe=am ne salt of clavul anicacid formed in which the i sol ati-on of
" the anmine salt of clavulanic acid fromthe organi ¢ sol vent, the sol vent
~being wholly or partly i mm sable with water, is by contactlng t he sol vent

with water so.as 1.0, ext'rac.'“th sal_t f, '-,om he i & sqlvent and to
form an aqueol %PW@?W“?F@‘ ? peIC ﬁ‘Pﬁg’Qﬁﬂ'&uW&Pﬁgﬁ sal t

into cl avul anpeinecsals qulmmmwmhpprm&lmteﬂlgawmtm %’hollher eof ;

or 10 a pr ocepartlydmmikable withawates, isbyecuhtantinguhe Solverntiwith whtes solasmm ) Q
pot assigm or 6ﬁl'£dtt!{Bs%ﬁ'ﬁoxﬁih&ér%ﬂtﬁb@ﬁlv@n@ﬁdﬁto\mhﬁanﬁﬁﬁé‘o%%olﬁﬁ&i’bfﬁﬁs i)
contacting i i€ clavulanic acird or a labile:derivative thereof In
solution in 1 an organlc solvent, with an.am ne of fornula (11) [err]

[err] where [err] is a group of general fornula [err]

R where R4 anHi)péonyersing ik %ﬁWMWP&Q%’HWWﬂW&mwﬂWUt ed

al kyl or subsacceptablé saltiorestentherséofyored al kyl, and R2 and R3 are

i ndepepgent |y sel ected from hydr ogen aI kyI am.no- or hydroxy substituted -

‘al kyl or subs {.dge‘gf ﬁ}% %ﬁgfg#k llnrg&gg c%l@{ or an
: |n|t )egg(r)m%etg)l ?én %Fgﬁ egﬁ%g’neﬁsrffjglpmdl um  pot glsgl 3%' gr cal CI um

salt of 30 cl avul ani ¢ aci d by “i on- replacenent in which the ion
repl acenent i pentssting impyregisianic %cléotauﬁabmhdﬁwmmemfinsoﬂnumgh a bed

of a cafion emmﬁgmammmmofﬁml(nm or calciumform Wen al kyl
groups or substituted al kyl groups are referred to herein unless otherw se

defi ned herel n they nay sui tRethy cont ain 1 to 6 carbon atom; in the al kyI A
o N rR® N "
R m
where R1 is a group of general formula
s |
"N+ CH,CH,NH—-CH,CH,—
) . C 4 m- .
" where R4 and R5 are 1ndependently hydrogen, alkyl ammo-subsututed alkyl or
substituted amino-substituted alkyl, and R2 and R3 are mdependently selected

. from hydrogen, alkyl, amino- or hydroxy-subsututed alkyl or substituted : ammo—
25 substltuted alkyl, and m is zero or an integer 1 to- 5 '

n)- 1sola_t1ng the amine salt of clavulanic acid formed; - n
- iii) converting the thus formed salt into a sodium, potassium or calcium salt of 3
30 . clavulanic acid by ion-replacement in which the ion replacement is performed by

passing a solution of amine salt through a bed of a cauon exchange resin in

sodium, potassium or calcium form.

When alkyl groups or substituted alkyl groups are refetred to herein unless
otherwise defined herein they may suitably contain 1 to 6 carbon atoms in the alkyl
35 system. Suitable substituents on amino groups include alkyl.
| R4 and RS may suijtably both be hydrogen, or one may be hydrogen and the
other alkyl. R2 and R3 may sultably be hydrogen or alkyl.
Examples of such amines include ethylene diamine, NN-dlethylethylene
diamine, NN'-diisopropylethylenediamine and methylene teu'amme

-6-
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*35° syste ht abl e substituents on anino groups include alkyl. R4 and RS
may suitabl'y both be hydrogen, or one nmay be hydrogen and the. ot her ~al kyl.
R2 and R3 may suitably be hydrogen or al kyl. Exanples of such anmi nes

e o SR i St B N o ot g
When t he amawf&ﬂ@s%nﬁhmmbﬁ&nmmmgémamplemmmm ani ¢ .
acid may f mﬂ\%nteﬁlagﬂﬁ @f the nitrogen atons, for exanple as
in NN- dii sopr p ?i enedi am neﬁgl avul anate. O the ami nes nentioned,
prefs#red am ne& eammesrmcmp Wyﬁé‘hedl anmine. In the process of

the pregentNNLRSIpropylediglenedihmite. C! avul anic acid with the amine (11) may
be used to purify inpure clavulanic acid during its preparation:. Therefore

the salt is may be forned in a solution of clavulanic acid or a labile 10
derivative t her daftheprocessofnlie presetitihvension ithosalt of viavulanic adid with thesepar at e

hase, | tatr fro reS| dual
Pnpurl ti es%ﬂ%ﬁﬂr@%?ﬁ“ﬁ%‘o DIty impre.g ‘5‘“2‘3”%‘?@@83‘%% Butical |y
accept abl e Buwreforgrthe saleis masebefarmesunaabhmonamclmhmmw:ahbde cl avul ani c
acid iaglu
cl avul anate or esters, Suc SI esters
16 %n%ﬁﬁ&éﬂm%ﬁf%hrﬁh@ m{iﬁ{ﬁ%& ﬁeiahnégwsﬁﬁﬂs %e?%ﬁf@ }ﬂ%&%@d&@
deri vat i vedgolid precipitas. feom thejsol W@Wﬁ@%@&%%@%’ fhea IRfieEning hor at e,
chlori de, @I&ﬁmﬁ@acx&%ffdﬂﬁiﬁ%h Pharideehicall taebe;ﬁmeaﬂkahmttﬁereéf al kanoat es,
ex,

such as the acetat, ono nveni.ent| e amn I.tself
is contacted wi tﬁ‘ ?ah%}i@*‘c‘?f Y %t‘gﬁY‘go ame aeldng lﬁx%ﬁqﬁt?%ﬂ' &h&éﬂ%&lgam c
sol vent . Thaltabelvss lithinhe ossodiumcldvaldnatecmresters] soch as silyd estersgSuitableshabilent |

152" i grrhEeng N il ol & 6 ol A, SRR 2,

sol vent fore oretecpmhlpm,cbr@mi mlubnersulphnnm or pikanogtes; @ﬂ@hﬂ%ﬂ the degfatge of

dryness ma %@&bﬁaﬁé GEBYRE the R1f iS Borth as
.centrlfug|>br ter I‘ES@I"IS'? |n¥ﬁ}xe SO v ble di sso ved of inthe form
of dropl et Slyulanicacid itselfi @n@@norgamc SOi¥RBL 5ol uti on of clavul anic acid

i n organi c sol veTtie dbove lp&)débd 3isaRablP Larried out in an organic solvent, which

" 20 although preferably substantially dry, for example contammg less than 6 g/L, eg 0.25-. -~
0.6 g/L of water, may contain some water, as a solvent for the clavulanic acid and the
amine (II). A suitable degree of dryness may be achieved by conventional dewatering
processes such as centrifuging. Water present in the solvent may be dlssolved orin

~the form of droplets of a separate phase.

25 The solution of clavulanic acid in organic solvent may be obtained by
extraction of an acidified aqueous solution of clavulanic acid such as the fermentation
liguor referred to above. If the initial source of the clavulanic acid is a broth resulting
from fermentation of a clavulanic acid-producing microorganism, such as those
mentioned above, then to obtain a solvent extract of a suitable concentration of

30 clavulanic acid for use in this process it may be desirable not to extract the broth

_itself, but to at least remove some of the suspended solids in the broth, e.g by
filtration prior to extra_cti‘on; It may also be desirable in addition to pre-concentrate
the aqueous solution of clavulanic acid obtained in fermentation, so that for example
the aqueous solution of clavulanic acid is several times more concentrated in

35 clavulanic acid than the starting broth, for examplé pre-concentrated to a
concentration of ca. 10 - 100 mg/ml. e.g 10 - 40 mglml such as 10 - 25 g/L,
clavulanic acid. :

Suitable pre-concentration processes include absorption of the clavulanic'acid
onto an anion exchange resin, followed by elution of the clavulanic acid therefrom
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extract i onPa040h acidified aqueous sol ution. of cl avulanl c. aci-g:such as the
f-erment ati on liquor referred-to above. If the initial source of ‘the.
clavulanic acid is a broth resulting fromfernmentation of a cfavul ani.c

aci d- pr oduwlﬂmmmm&m alidtudlyte bazﬁxeasrmiuwaﬁdnaég@ﬁs o ﬁ&ﬂhyt&.Obt ain
~a sol vent: e ‘c:li ofi i tabl e an ntration.of av, caC|dfor
use in thi ?bp% B ﬁpﬁ?g @”’3@ gqq§898§?}uté%,%§1e e}'PrPfseIf .
but to at bmumtratsqueemmrsehmbmpher m;squmlextrmiondsg rtmpHHetotB etgaman«y by
filtration gy &.&gfmé téfth ﬁgjégé to“'
pre- concenfr jtgrt?%% ﬁ’igg%ﬁi) sol ution” cI av ?cbggfvébn[ ne E)HQP

f er nent&t | gnformation of Sthhibe amine l&)qa-sdgéesg@lmﬁgéh oﬁwa&ramfmbb' acid.
is several tﬁdéﬁ%cﬁ@ﬂi%&ﬁ%ﬁt%h%hb&aﬁfbﬁoﬁ'%ﬂ'?@.c aci d than the

starting broth, for exa re-concent at.ed ‘cong ntr tion of ca. 10 - |
100 ol e o Sutabls griic sVt 8 ikich pur clayafaniq COBREIEAS, ¢ abi ¢
pre- concenmmtmemnmwﬁﬁsﬁfdacll? hydrociebobsolverits sich@s wmmmwm emd d onto
an ani on ex e} ol Q c aci :
therefrom ,gcfilaggqg . ﬂlé‘ﬁﬁhﬁégﬁéﬁébﬁ}?g%#%%gﬁgé%ggﬁﬁl yte such as
sodi urd@hl dichtbrpmethane pnd chlardformideetongs sucips acetone and methyl isobutyt hemne,

aci di fy thws&&a%ﬁcﬁ&geﬁwmm& Qs&wénmwxeauw@eawwxwgy i e g

aqueous solution pri.or to°solvent extraction,;”

pH 1.5 to- 3@ so preferred to dry or de-water the organic sol vent
extract prlor 5 to formation of the sglt with the anine (11), e.g to Iess
than 6g/L of water. Preferably the extr ctigon is carried out at a
tenperature froms to [err]. Swtablao(}gmlc sol'vent's in which inpure -
cl avul ani ¢ ‘acid may be cont act ed with the amne (11) include: Fﬁ-ﬁrocarbon . ’
sol vents such as tobuene and hexane, ethers such as te%ahydro an, di oxan,

di et hyld et mhereimR°dg a6 dlkybrovptos adeic aloxy grouphndR bisaey Jgadleyland
chl'orof or td?é'@:’éarﬁﬂ%?oﬁsﬁﬁ@l&%s%ﬂébl&%&l%ﬁ 'ﬁ?ékﬁrﬂ l ?éaﬂﬂﬂce&%i sters

such as et ate. Sol ven whi ch i ngl ugl%sga car on ose of
Che 1 or il e gikanagic eiors, The B AYeBRPY ai5g CRHBRASTs s yie OF BRIEF o
[err] al kobysxg:hmweam:l [err].is a [err] alkyl group are exanples of a '

sub-class of subjahl G W anit SvERATBHE whidhWh e SbPBEE R to extract -~
20 the acidified aqueous for example organic alkyl alkanoate iesters, ketones and cértain .
aliphatic alcohols, or mixtures thereof, such as ethyl acetate, methyl acetate, propyl
_acetate, n-butyl acetate, methyl ethyl ketone, methyl 1sobuty1 ketone, tetrahydrofuran,
butanol and mixtures of such solvents. Of these the most suitable appear to be methyl
isobutyl ketone, methyl ethyl ketone, and ethyl acetate. Suitable solvent mixtures
25 include methyl ethyl ketone/methyl isobutyl ketone and tetrahydrofuran/methyl :
~ isobutyl ketone. A preferred solvent is ethyl acetate. - - : - \J
Suitable solvents for the amine (II) mclude those referred to above in whxch
the clavulanic acid may be dissolved, or extracted for example acetone, ethyl acetate
methyl isobutyl ketone, and methyl ethyl ketone. '
30 It appears to be particularly desirable to include ketones Stlch as acetone in the
~ solvent system, as these appear to inhibit the formauon of the salt of clavulanic acld
wuhtheamme(II)asanoﬂ _ : '
In general one equwalent of the amine (II) ora shght excess thereof per mole
of clavulanic acid is used to produce the salt of clavulanic-acid. Solutions of
385 clavulanic acid and amine (II) may for example be mixed slowly with stirring and the
mixture stirred for some time after addition is complete. The reaction between the e
clavulanic acid or its labile derivative is suitably carried out at a temperature below

ambient, for example 0 to 15°C, eg 0 to 10°C, eg 0 t0 5°C.- A su1tab1e concentration
-8-




. or'gani c all e esters. The present-invention also enconpasses the use of
m xtures o uch sol vent's. More suitably the organic sol vent i S one:which
can be used dlrectly to extract 20 the acidified aqueous for ‘exanple

m xtures. (ABBE a”Eﬂ@%ceﬂfi&éf@ab§§§?“?§v°aﬂ‘*b§?‘fl"§%‘2%sa‘l‘ ““*‘S% DL,

n- but yl acmmplemnhmmgeﬂmmgamfclmlwp acldogumpy Yantageous to
tetrahydro fschoyégmh\mgi@essgﬂﬁg@ fog nost
sui t.abl e appear tg‘wb 'X%utyl ket one, methyl ethyl ket o%lg,h and

et hyls acet 4han 2Qgfl abl e sol vent ni xtures-25 include methyl ethyl
ket one/ get hyl i srip\éiiiny leeihcaaemafl dr&ﬂ)&hmfner(nmhmgtheyhm&mbdlbymmg)ne A

preferred solvent is e

i ncl ude t hd&itQ 2FEFARY P.golgﬁglgt c\’\%"u W‘?#‘gdg‘fgl& ani %%gﬁ%&@s’ﬁzgg (rr)
di ssol ved, fmﬂhﬁet%fmheem@immwmclmmsmgmplmmg

| sobut yl imfbd I s to be
particul ar IM@'&?%?W &f hglll @{no gg sucuc%%lnat(l:nest‘?) e | nB%he sol vent
system as mue&m&pmmmymmm%&#Wﬁﬁ%mﬁﬁVQM% example the S8 ani ¢

acid h t:*}?atﬁgk laeidl Qédin.one equi val ent of the am ne
(rn) \gn'rlba s Tght excess t ac1d1§‘dﬁ§6! . ;

| | d
produce t he sal t Thyy desired sal & eéaﬁﬁ%cq‘%&e‘ﬂg#m%ﬁ g@j ﬁ:‘ﬁ Ewg‘m d and
T T e b Ry B o e e o Tho Dt 4 : RRlE
or | me.a Ltion & th
cl avul ani c %ﬁ‘?{;ﬁ%?‘n?%u °8é?’rXC/)% fgeé; su%oﬁam&?ﬁaéo%ﬁt at an ©

'Eeﬁp]eratur_d?bﬁnmfugaﬁnmmﬁlufauonexanple 0 to [err], eg O to [err] eg O to. .
err suita ; _
i U RBMA i proce RO Yah of clalafb At Wit o0 | 1

| api | e Berivtive h
range 1.0 t@I)m@eEobtedcﬁem@emgemaépbfenﬁftﬁhﬁ;solygmdawﬁilxgé(gg& eoI 1? uﬁtﬁer

gfggtegﬁ r ?Lan el gwﬁﬁma@e&t Bﬁéénﬁéh@ tROSeI0atrwith ?ﬁtet‘ So exoaextracd the bals eg
anotner am ne
(11) may bewh ngkf‘e’a qulﬂfﬁgsﬂefmf’ﬂt ‘IES°‘3 ‘E‘E Pr@&nwl‘%n@%}% fg‘ﬁ’g gﬁ t he
clavul ani c aﬁredus soliition oftthe e4lt., As saltshuftclavmdaniaadid wdthf the amine @) arefaidy eam
i

el h.,er éo“ Ssotuble i water uck §h tah&éo?ﬁ sOlutigH ﬁ&%%rflﬁ&@eﬁﬁﬁe@ fegtali'@und 20- -
30% w:w..
In this way the bulk of organic impurities in the organic solvent solution of
clavulanic acid remain in the organic solvent whilst the clavulanic acid, in the form of
its salt with the amine (II), in a relatively pure state is obtained in the aqueous
25  solution. The aqueous solution of the clavulanic acid salt so formed may be subjected
to conventional further treatment, eg purification, or conversion into clavulanic acid
ora pharmaceutically acceptable salt or ester as described below. -
In another alternative or additional procedure the clavulanic acid and the
_ amine may be mixed in solution in a first organic solvent, then the salt may be caused
30 to separate from solution by addition of a second organic solvent. Suitably the first
organic solvent méy be an organic ester such as ethyl acetate, and the second solvent
_inay for example be a halogenated solvent such as chloroform, an ether such as
diethyl ether, a hydrocarbon such as toluene, an alcohol such as ethanol, or a solvent
of formula (III) above such as acetone or methyl isobutyl ketone.
35 Rectystallisation of the salt of clavulanic acid may be advantageous to further
~ reduce the level of impurities. A convenient solvent for the recystallisation is
| aqueous acetone. Such recrystallisation is performed in a conventional manner, for —
example the salt or solvate is dissolved in water, treated with a small amount of

-9-



di ssol ved Sphggon suspensien. The anine (I1) introduced in thi s way nay be
i ntroduced neat, or may be introduced as a solution in a solveént, for--
" exanple the sane 100 organic solvent as the clavulanic acid is dissolved

in. The desjfs %‘5'# en -be
I solated. In t iﬁi\/\%rfa' @@.&Hh@&%@ﬁ@g%@i&wgﬁg@?ﬁ W t é%‘%\m@%&(l ) is
separ at ed f$WBG§W°§P°@lM8 ed progigetat i on - may ‘be effected in
a conventional ngRe hami&émi&sﬁ b&pmm&ﬁwahamlawﬁdw& Bred15

ami no (1) REjpeEore ok eabffRRoR el i e Bledin B 1B 3wl (L O

vm::)l ly & pbfﬂ&WSlWMcEmeﬂieemndorpmawdbthfemneactl ng the solvent with
water so as to e suspen5|on
e o S e
salts of cl utically gc & an ine énff ,fopexamplechel e in
wat er, Suchsgn( $h Cﬂa‘lﬂ;ﬁﬂ H%Yaéﬂ@sxﬁﬁ%ﬁl&%fﬁfékéﬁﬂ&%e%ﬁh d 20- 3_0%

Ww In this way rgaa_lc I npurifies_ in,the organic so vent

sol uti on of DeIRSRYAIR 3R BIOSk Sumble Aas & PP IspIefeRedol vent whilst the

cl FW;JI aﬂm: c acid, Shil?ﬁléest&%g{mﬁdethbﬁeﬁai\fabwﬁobréﬁ&egmﬂﬁn{clabidoﬂdb% -
relatively pure.state [.s 0 ous 25 . olutio e aqueous
sol uti on of S‘?a‘%h?PHﬁ?‘é“"a‘@ 8“?‘5&9?'?% : €° ai{, Bﬁ’df

convent i onal furﬂhesaltoédavudamcae@martnme(mmyhncommwmdavulamc '
cl avul ani c %n‘ﬁb% bé‘ﬁé oty 1s descri bed
“below. In aﬂ%?%lér al ternat i Ql%r ac}g%{%]ﬁgna pro' ' fOPEXQﬁ#avu anl c acid
and the am mlwawea@nrﬂlkwcuqﬂma%mw@w%qst%%f&aﬁ% sol vent then the
salt neyg ble cafsmh Iatﬁeﬁleﬁ BEH ?fféﬁiédiﬁbﬂgtlb?%xbﬂax%ét qledmb £ ForQxady 4
organi ¢ sol ven a j.rst,or.ganic sal ven g an ani ¢ es er
such as et hB#S @?Fﬂa‘ t broygh f IQf@rﬁa ﬂ’éﬁx‘fl@Pé 08’(%’%%1

hal ogenat edpaassmntorsalciumﬁomhBunmﬁlecanomexohaﬂgerresnsmchﬂed&mbhﬁtem her, a
hydr ocar bon Q‘rﬁ m}lﬁ% v h?ﬂe@ﬂals such as:. ethanol, or a sol vent of

}?W ove suc

formula (11 as acetone or. thyI |sobutyl ketone 35

Recryst al | i sati oAlisiativelyian-replacement may be stizeted bmgacsenaﬁﬂmragm@d to
Fur  Nergr odiiihldifioh e  Ge-rEBitor Ednﬁéounﬁ GAREARLPEBE 2 bRk Btlexbbld € -

recystallisatjon i eous recr: st I 1. satl ormed in
R L y apeenta Qﬁlk%lb ed in

a convent i. off%
water, tr eaalkalhma ¢dtttﬂnema,ldr asah uﬂ tn ofgaflic carboxyhc acid with a pharmaceuucally

acceptable cation such as an alkali or alkaline earth metal for example a salt of an
a.lkano1c acxd of formula (IV):

wherein R10 is an alkyl group, containing for example from 1 to 20 carbon atoms, U
preferably from 1 to 8-carbon atoms. Examples of suitable salts include the acetate,
propionate or ethylhexanoate salts, potassinm 2-ethy1hexanoate and sodlum 2-

30 ethylhexanoate being prefm'ed. Typically the salt of clavulanic acid with amine (II)
in solution may be reacted with a salt of an alkali metal with acid (IV) in solutlon or
suspension in a suitable solvent, which may for example be an orgamc solvent, water,

- or a mixture of water and an organic solvent such as 1sopropanol Sultably solutions
of the salt of clavulanic acid with the amine (I)-and of the salt-precurssor compound

35  may be mixed, and the pharmaceutically acceptable salt allowed to crystallise.

- Suitably the reaction may be carried out of a temperature below ambient, . g.0 to 15°
C, e.g. 0 to 10°C, suitably 0 to 0.5°C. Suitably if the salt of clavulanic acid thh the T
amine () is formed in aqueous solutxon it may be prec1p1tated out by admxxmg the |

aqueous solution w1th excess acetone.
-10 -



P30409 P30409 -- acetone, filtered, and then treated -with |arger val umes |
of acetone optionally with stirring and/or coeoling to afford.the -. :

recrystal lised product. The pharmaceutically acceptable salts and esters of
cl avul ani caci $pitabRmetheds s dtepitieagss Riehide: t hi s i nvention i'ncl ude those

~ described,in 1508977, and 5 508978 i ch are. herein.incorporated b
ref erenc® Pa&??m%gfgﬁ'isf]éﬂf%éﬁ\?é?mﬁﬂtgﬁq% pith & uwnd; ¢ ﬁde
t he phar wfteformalal Q- hérain Q ish keadily displazeable grotipemdiRl listaal . salts, for

exanpl e to?fan?%&oﬂﬁl pot assium cal ci um and magnesi um salts. O - these salts
t hexsodi unt and® potassi um are nost suitable and the potassiumis preferred.

10 & b) sSuitkersactienofthe salt of clavulanissaeid wish sheanine (II) with; apcalesholul ani ¢

acid or : ' ; ﬁ?ﬁ&ﬁ%’fﬂ 4 Be&RideS hgg O by
bi ol ogi CS{%‘E‘H&@@@?&‘?%;F?&??%%% an| cwgﬁgiéd?twﬁgﬁma‘gﬁ ne, (| Icgé??rﬁa?/ be
convert e® i nt dheTeaction.ef the salt of clavalapicacihwith aming (LD with a diaxg) ¢ sajt or
ester theompbukd, for exanple ion- replacenent in the case of the free acid
or salts, or ﬁg‘ﬁ terification. 15 lon-re Iagnen%gg% ?e per f or med
usi ng ion-exc Sérqggg\WB?s SOV Page wagth Plihe salt”

t hr ol@h sldvelinicf acid wdthi amine ()isifirst corvened to cladilanic agidtonanother salt cal ci um
form Suig; | i | _ | < h20* (Trade

Mar k) an@%%%%&h%@%%ﬁ e[n@ﬁl‘%/ggé |§ﬁﬁ[§b§¥g¥%%@sé§y be effected
by react iestarifcationamethodoargidisclosed in G K087 and 1998978 Uselof the presensr

Py oxi i S ieh oS RIS and Sfcrs T AHURAR £ ¢ RRACAI Y LERIAME | et al

or a sal pug form ‘E?‘gﬁ?ﬁrﬁu%? QWW%Pg%@EW%éE 4 cally acceptable
\catith such agherinedritivniwillnow betescibedby vayrif dékamplerondyxanpl e a salt of an
al kanoic acid of fornmula (1V): 10 25 [err]
(I'V) wherein [err] is an alkyl group, containing for exanple from1l to 20
carbon atBxamplpdeferably from1 to 8 carbon atons. Exanples of suitable

sal ts include ﬂ’gﬂﬁgﬁ g&).g.g gy@srﬁ- laoat Ahftari@hdid in POt @assi um

2- et hyl hexan_oaI%lg?ean SO Brr%e - 30, eﬁ%‘?ﬁeﬁ%‘%@g‘{ig&gei ng g%’%‘?gtrlred.

Typi cal | yoktien in THEandxapid grystaliisatiangofpormn a salid salt was observedt uti on nay be

reacg@d with a salt of an alkali metal with acid (1V) in solution or
Amine Comments Stability of Salt

Triethylene Tetramine pale yellow solid low assay

Example 2
25  An impure solution of clavulanic acid in ethyl acetate (IL, 10.14pg/ml)
obtained by extraction of an S.clavuligerus fermentation broth with ethyl acetate and
some pre-purification by ion-exchnaged was used. To separate 1L batches of this
solution was added with stirring an excess of neat ethylene diamine, NN'-
diethylethylene diamine, and NN‘-diisopropylethylenediamine, the quantity of each
30 amine being in excess of the amount needed to form a diammonium salt with the
' clavulanic acid. After continued stirring a precipitate of the salt formed. A further
crop of ctystals was obtained by addition of excess acetone. The precipitated -
diammonium salt was filtered off and washed with acetone. SR
The crystals of each of these diammonium salts so formed were converted to
35  potassium clavulanate by dissolution of the salt in the minimum quantity of water,
followed by the addition of a solution of an excess of potassium 2-ethylhexanoate in
isopropyl alcohol. After continued stirring a precipitate of potassium clavulanate
fo_lmed and was filtered, washed with isopropyl alcohol and dried.
.
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suspension in a suitable solvent, which may for exanple be an organlc
solvent, water, or a mxture of. vvater and an organic -

i sopropanol . Sui t abl y solutions of the salt of clavul anic

amne (Il) and of the salt-precurssor -conpound 35 “‘ mw\ “nd the
pharmaceutically acceptable salt allowed to crystal *t he

| reacti on may be carried out of a tenfJAIMSe bel ow anbl ent, e.g. 0 to 15 C,
eg. Otoferr], suitably 0 to [err] Suitably if the salt of clavulanlc,;\

o R el e SUERO R Bt &
10- P30409 §hﬁ%ﬁﬁ°ﬂgﬂl??§tyﬁ%8§p etrlegéif T’sﬁrg‘é"ﬁ%ﬂ%‘ cbnﬁ‘gé(s c%ﬁp e reactl on

of the salt of clavulanic:acid with the amne (11) with a conpound of the -
formula QJ[err}) mbmtmumg@npmeachaﬂambycldrasphaﬂehbhﬁa@almheraaﬁn[ err] is an
organi ¢ group; s§lutioR)in an bRfANiERIVdne with an ARiredfifothule(@yul anic acid with

the amne (Il) with an alcohol or thiol in the presence -of a condensation
promoting agent such as carbogiinide; and c) t he reaction of the salt of
clavulanic acid with amine (1% wiith a diazo conpound. The foregor ng
processes extend to cover thos "Eﬁpects wherein the salt of 10 clavul anic
acid with amne (Il) is fi rstR?:onvert to .clavul anic acid or another salt

t hereof and subsequently is converted to the desired ester. Further det ails

of esterificati GB 1508977 and '1508978. ‘Use of

t he present m?’@ﬁ?”g% lgﬁi‘fﬁl @%@Pﬁg’“@t ers. of clavulanic acid to be -
nore readily obtained in pure ;ormthan operation of the processes of GB
1508977 and 1543563. 15 . \ The -i.nvention wll now be descr.i bed by way
of exanple only. Exanple 1 |n NepCHGH,Bkt+n HgH;ﬁH;eedure the anine was m xed -

with clavulanic acid i'n solutgbn in THF a rapid crystallisation to forma
" solid salt was observed 20 Am ne : Conment s

Stability of Se\‘a!/ﬁerer MSG Qrg 1J¢fépgg£na§' hydrdpg%ll,eall\éﬁl Lt?uyylés%lbsututed a(ikylassay
or substituted ammo-subsututed alkyl and R? and R3 are mdependently
selected from hydrogen, alkyl, amino- or hydroxy-substituted alkyl or o
substituted am_mo-subsututed alkyl, and m is zero or an integer 1 to 5; o -

ii) isolating the enﬁne _sélt_ of clavulanic acid formed;

iii) converting the thus formed salt into clavulanic acid or a pharmaceuucally
acccptable salt or ester thereof

2. A process accordmg to claim 1in whlch the alkali metal salt is the sodmm or
_ ;hthlum salt. : :

3. A process for the preparauon and/or purification of clavulamc ac1d ora.
' pharmaceuucally acceptable salt or ester thereof Wthh process oompnses -

i) contacting impure:'cla'vulanic acidora lablle denvauve thereof in solution -
in an organic solvent which contains between 0 2510 0 6g/l of water, with an
amine of formula (II); - :

1%



* Exanple 2 25 An inmpure solution of clavulanic acid in ethyl acetate
(I'L, 10. 14ferr]/m) obtained by extra% ion of -an S. cl avuligerus
fermentation broth with ethyl acetate "dnd some pre- purification by

i on- exchnaged was used. To separate 1L batches of ded
with stirring an excess of neat ethylene diamne, .

di am ne, and NN -dii sopropyl gt hyl enedi am ne, the qu Iulﬁwﬁmilt@ﬂ

anm ne being in excess of theyamoynt needed to form vvlth
the &l avul anic acid. After cdﬁ't‘ﬁnued stirring a precipitate of the salt
foréd. A further crop of cRjstals obtai ned by addition of excess
acetone. The precipitated dianmonium'salt was filtered off and washed with
acetone. The c s of each of these diammoniumsalts so formed were
converted to % Lﬁ)o‘PMPEPrP Esenemaldpmmeaby di ssol ution of the salt in the
m ni mum quantity of water, followed by the addition of a solution of an
excess of potassium 2-et hyI Iﬂéxanoate in |sopropyl al cohol . After continued
stirring a precipitate of po tj\_formad and was filtered,
washed with isopropyl al coh wéyl?' H3‘6ﬁ L M- - S CLAIMS 1. A
process for the preparation and/ or pur|f| catl on of clavulanic acid or a
pharmaceutical |y acceptabple salt or ester 't her eof which process conpri ses
i) contact i ngvhere RAand R atedndependéentlyclydnogen, bk, aminabubsthited sikyEOf i n
solution in a:rsﬂbaﬁtﬂteda&ﬁhd-%ﬂssnum& 1 andR2rAR3 2 ’ié&ﬂg[ err] where

[err] is a gr f eI
i ndependent | ys@l%?t: qenIil§ Fl 2%7 0 suép&%%&&%\gﬁ Gbstituted
ani no- subst i tsH?%ul"d g Pﬂﬂ Leangd 18 %650 OR an W%Féé? d from
hy,drogen al kyl , am no- or hydroxy substituted al kyl or substituted

anmi no- subst i tii)t mdlaingyhemmmuofcmmnwamfmger 1to5; ii) isolating
the amne salt of clavulanic acid. fornmed

iii) converting the thus formed salt into clavulanic acid or a pharmaceutically

acceptable salt or ester thereof.

4. A process for the preparation and/or purification o_f clavulanic acidora - -
pharmaceutically acceptable salt or ester thereof which process comprises;

i) contacting impure clavulanic acid or a labile derivative thereof in solution
in an organic solvent which is dried by dewatering the solvent by
centrifuging, with an amine of formula (II)

R1

N 3
. . 'N—R
! 2
% _ _ R | an

where R1 is a group of general formula
Rs

\ -
N CH,CH,NH—-CH,CH,—
R* m

where R4 and RS are independently hydrogen, alkyl, amino-substituted alkyl
or substituted amino-substituted alkyl, and R2 and R3 are independently

n\ppl\pending\dacc.doc(27.695)



i) converting the thus fornmed salt into clavuranrc acid or a
- pharmaceutically acceptable salt or est gL t her eof m(ﬂmﬂmtncord, ng -
toclaim1l in which the alkali netal sal't is the H“m“m“ll salt. 3.
A process for -the preparation and/or purification of &l &vulfanic "acid or a
pharmaceutically acceptabl e salt or ester t hereof which process conprises

i) contacting ] : | C t hereof in
solution in ané"%n hﬂy&g}ﬁ“ d (‘1 ?l't arhgg}%gté&gé%% %l A?O 69/ 1 of -__
water, with an’ Tabstta “lj‘ky'l@ m‘fé?lp]of\%ﬂéﬁ“ég‘fre]rﬂs’r s a groupigf
general formla [err] mhere [err] are independentty hydrogen, alKkyl,

am no- substrtmbdsdaﬁ}gﬂmmn@saltoﬁnlwhlmmdfmbmd;tut ed aI kyl, and [err]
are independently sel ected from hydrogen, al kyl, am no-

hydr oxy- substi Lyt 0 Lk nd mis
zero or an i nt%‘?é’? g&bhgghe “?9@?5?*‘2‘%"%?"“%‘@#@52 #bﬁ@cﬁ%ﬁag ilc acid
formed; iii) cHReRtEP ﬁ@“foérrred salt into clavulanic acid or a
phar maceut i cal | y accept abI e salt or:ester thereof. 4. A process for the

preparati onsanﬂlm&yfeﬁmegg{e dpatatioh aﬁthﬂﬂbéﬁo%%f@l@hl@n@ﬂaﬂ@ﬁeUt ically
A%eD

accept abl e sal 8] #ﬁgg c'o}'n pd acting
[ npur e cl avul aén C acré'gﬁ(%lr b]me”eg{g?l ve tfhereo In's on in an

organi ¢ solvent whi.ch-is .dried b dematerrng t he sol vent by centrifuging,
with an am ne Bf &) ophiaining impurg slavplanic acid in(a byothresulsingdrom i s a group of

general formula [famdnwﬁmﬁmldvﬁlmxchcﬂr-@mdmwmmrogen al kyl,
am no-substituted al kyl or substrtut ed am no- substrtut ed al kyl and [err]

are independently,l grile removing some of the suspended solids in the broth; -

c)- contacting the obtamed 1mpure clavulamc acld, or lablle denvauve :
thereof i in spluue_n in an .Q_rgamc solvent, with an amine o_f formula 1);

R @
whereRlisa group of gene:al formula
R5 '

\ o o
N-£CH,CH,NH-}-CH,CH,—~
R* m -

where R4 and RS are mdependently hydrogen, a]kyl ammo-subsututed alkyl
or substituted amino-substituted alkyl, and R2 and R3 are independently
selected from hydrogen, alkyl, amino- or hydroxy-substituted alkyl or
substituted amino-substituted alkyl, and m is zero or an integer 1 to 5;

ii) isolating the amine salt 'of clavulanic acid formed;

iii) converting the thus formed salt into clavulamc acidora pharmaceuucally
acceptable salt or ester thereof '
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-

eI ected from hydrogen, alkyl, amino- or hydrox .
substituted arnino- substltuted al kyl,,and mis zer 1 to 5;
-t) isolating the amne salt -of cl a\lfﬁanl c acid MHMI“W;“! rting the
thus forned salt into clavulanic acid or a phar cep abI e salt
or ester thereof. 5. A process for the preparation and/or purification of
clavul anic acid or a pharnaceutically acceptable salt or ester thereof
whi ch pr o6.e 9% prxess aceonding toglaiabs & whivch ih syepripbxthe sudpended solidd aket a broth
resul ting frembbed BPfilwdond of a clavulanic acid -producing mcroorgani sum
b) st | east renoving some of the suspended solids in the broth; c)
contacting the obtained_inpure clavulani¢ acid, or |labile derlvatlve
t her eof i %PWWH’% @m%%@‘%m"h‘mm%ﬁ e iPue fornula (11);
[err] mhereclaamlﬁma:acldlsgpmapnceﬁu'qedleral formula [err] where [err] and [err]
are independently hydrogen al kyl , am no substituted al kyl or substituted °

am no- subgti cne O from
hydrogenb§ I/f< %ﬁgx -SuU qg I{Mtﬁ&% %‘ﬂgmt ut ed

am no- subst i °r‘?|‘f°§x?m ¢ ii) isolating
the am ne salt of cl avul anic acid forrred 1i1) converting the t hus forned
szﬁlt |Pto9clAaprdcassawam1b Wclﬁnpvlﬁfwmbhtthw@idousmmmltamwwﬁS &h‘bv\ﬁr ﬁster

t hereo a%id%g fat% e&fiSHio claim5 in ich in
step i) b) t gspen Bt O?s&gre rerrg\ql’g tration. ‘7. A process

according to claim5 or_6 in which the broth of the i mpure clavul anic acid
i s pr econt®} PEacess acgording tarlaisn7 inwhichithejaqueous solution ofclaynlarict he aqueous

sol'ution of aciddispreconcentrated to a concentration of 10-25g\.
N _

11. A process according to any one of claims 7 to 10 in which the
preconcentration process is by absorption of the clavulanic acid onto an
anion-exchange resin followed by elution of the clavulanic acid therefrom
with an aqueous solution of an electrolyte.

12. A process according to claim 11 in which the electrolyte is sodium chloride. -
13. A process according to claim 11 or 12 in which the eluent is de-salted.

14. A process for the preparation and/or purification of clavulanic acid or a
pharmaceutically acceptable salt or ester thereof which process comprises;

i) contacting impure clavulanic acid or a labile derivative thereof in solution
in an organic solvent selected from the group consisting of hydrocarbon
solvents, ether solvents and halogenated solvents, with an amine of formula

an

R'
N—R®
AN
R an
where R1 is a group of general formula

RS

\
N~ CH,CH,NH—-CH,CH,—
R m
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- acid is preconcentrated to a concentrati omrof 10Wess

according to claim?7 in which the aqueoly§.sol uti of clavulanic acid is
pre¢oncentrated,.to a concentration of 10°40ng/ m . uﬁﬁﬂmﬁmordi ng
to claim7 in which the aqueous solution of cl avulgm“ﬂum .
preconcentrated to a concentration of 10-25gM 11. A pfodesd adcording to
any one of clains 7 to 10 in which the preconcentration process is by
absorption of the cl.ayulanic acid . onto-an anion-exchandge resin followed by
elution of the WhesR md:Rgemnémmmmgmm&mwsm%mr an 4J.
el ectrol yte. 12or sabstitntedmmiaosabstitied alkyl,land R2ldnd B> wdei indegehdertivect r ol yte
i s sodi um chl or efisdtedfon’h ﬂ?ﬂkﬁcﬁﬁiﬂﬂ.—%ﬂhp&oﬁ#%h&ﬁ]:&w&r ot N Which the
el uent is de-salfedy 1A ég%kgg %hnsfcflfgg{y t'hgég. %)a ation _and/ar Qpurification
of clavul ani c aci oF a phar §H Il’y'm ésp -%Pﬁa‘éﬂt?g%} ter thereof -
~ which process conprises; i) contacting inpure clavulanic acid or a |labile
- derivative theridofisolatingthe amine salt of clavulpaic acid fraed; sel ected from the
- group consisting of hydrocarbon solvents, ether solvents and hal ogenated -
- solvents, with )  f.or my 4 ' . 1S : Of
~general fornula Egra %ﬁﬁ%ﬁﬁeﬁwsaﬁ ﬁﬁﬁé@%ﬁrﬁ&& #%@S‘g%ggﬁﬁy

hydr ogen, al kyl$ SN OEPIELMEEORI kyl or substituted am no-substituted
al kyl, and R2 and R3 are independently selected from hydrogen, alkyl,
am;jnoz or hydSokproeess hedoding tntliith 14in ehifehithé _Uéleéhtﬁm_le‘éteﬁ%drhlﬂifd al kyl,
and mis zero chAsi S of {eﬁx‘ﬂ-h ,f].g?ﬁ_ 1 Ba :
cl avul ani ¢ aci 8g1§6§ﬁg%§1 117 Efjt;c 1;-9“?\/ egh?#dﬁ%f the f‘hubs 6%‘@%@%2@?@?’%@88 _
cl avul ani ¢ aci od1 @°5°"B?¥5?‘}Fa ' -;'%Waccept able salt or ester thereof. 15. -
A process according to claim14 in which the solvents are selected fromt he ‘e’
group consi sibng poécespforehepreparation and/ot purificition of elayvuldniveaid o et hy|
ether, dichl or gsfRirmacsatioNty sdtepabledaifor ester thereof which process comprises

i) contacting inipn_ife clavulanic -acid'd_r__a'.- Iabile derivative thereof in solution
in an organic solvent, with an amine of formula (II) '

N—R®
_ | R? an
where R_1 is a group of general formula
g :
\ .
 N-CH,CH,NH~-CH,CH,—
N
where R% and RS are independenitly hydrogen, alkyl, amino-substituted alkyl
or substituted amino-substituted alkyl, and R2 and R3 are independently
selected from hydrogen, alkyl, amino- or hydrdxy-substituted alkyl or
substituted amino-substituted alkyl, and m is zero or an integer 1 to 5; in
which the amine is introduced by mixing it into a stream of the solution of
clavulanic acid in the organic solvent;

ii) isolating the amine salt of clavulanic acid formed;
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. '16 A process for _the preparation and/or urifig_tLgLQf__cJ_a—\#HJ—&m—e acid or
a pharnmaceutical |y acceptabl e salt opyester t hereof whi ch E Hcorrprl ses

) contacting inmpure clavul anic aci dfor a labile Hmm |“
solution in an organic solvent, with an am ne of ] where
[err] is a group of general forrrula [err] [err] whér e° R4 and R5 are

i ndependent | y hydeE? al kyl, am no-substituted al kyl or substituted

am no- subst EDucanRy ng;ﬂh¢ﬂmsd'otmedqaétrmtqolmﬂmdeﬁdloyamun¢adbm hydr ogen,
al kyl , am nacceptaﬂlb'ﬁhlowessdtbﬁéméﬂlt ed al kyl or substituted am no-substituted
al kyl , and mls zero or an integer -1 to 5; |n V\/mch the anmine is introduced
by m'X|n |nto h?amofth qutHgo Ianlc.aC|d|nthe

organi c cgmu cg'é‘l"fo ‘f ﬁq}ﬁla‘éfﬂl % 3cid formed;
[err](27. 6 pbynnaceuma)uy@@mmabcnglt@h@tqrmgwfdwmbpmss Gommprises;avul ani ¢ acid
or a pharmaceuti'call y accept abl e salt or est_er thereof. 17. A process for

t he pr epar afy ﬁfﬁﬂ for &/1884 &%',g- {Hdredf

phar maceut i gaﬁ% u!ng» e 193(:%%1'{% of n\?\ﬁl ch p?g%oelg%onconprl ses;

I contacti n ﬂéféﬂl §D AT 3“}1‘51& derivative thereof in

sol ution in an organic sol vent with an amne of formula (I1) [err]

(1) where [err] is a gro of general fornula where [err] are

i ndependent |y hydrogen, al kjkR®ni no-substituted al kyl or substituted

am no-substituted al kyl, a#d ]err]are i ndependently selected from

hydr ogen, al kyl,_am no- h droxgr@ubstltut ed al kyl or substituted

ami no- subst WhereR askwupanfcgem oraMld or an integer 1 to 5; ii) isolating
the amine salt of clavulanic acid formed in which the isolation of the

\am ne salt of clavulanic an’l d fromthe organic solvent, the solvent being

olly or partly inmm sci bl ezN\Af‘é*'@C%ﬁ'i*n?Hg}quom acting the solvent with
R .

where R4 and RS are independently hydrogen, alkyl armno-subsututed alkyl

or substituted amino-substituted alkyl, and R2 and R3 are independently

selected from hydrogen, alkyl, amino- or hydroxy-substituted alkyl or -
substituted amino-substituted alkyl, and m is zero or an integer 1 to 5;

ii) isolating the amine salt of clavulanic acid formed in which the isolation of
the amine salt of clavulanic acid from the organic solvent, the solvent being
wholly or partly immiscible with water, is by contacting the solvent with
water so as to extract the salt from the organic solvent and to form an aqueous
solution of the salt;

N iii) converting the thus formed salt into clavulamc acidor a pharmaceuucally
acceptable salt or ester thereof.

18. A process for the preparation and/or purification of sodium, potassium or
calcinm salt of ¢lavulanic acid which process comprises; :

i) contacting impure clavulanic acid or a labile derivative thereof in solution
in an organic solvent, with an amine of formula (II)
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wat er so as to extract the salt fromt _organi-e sel vent and to form an

aqueodus solution of the salt; iii) conVerting theWmo '
clavul anic acid or a pharmaceutically acceptable s ester

A process for the preparation and/or purification of Wum or
cal ciumsalt of clavulanic acid which process conpr m\ I'n '

1
.impure clavulanic acid or a IRabile derivative there sbl u'ilon in an

organi ¢ solvent, with an am neN-ehsfornuIa (rr)- err]27 6. 95) [err] Where
[err] is a gr'oup of gener al fqarrrula rrl where [err] are independently ”,4;' '
hydr ogen, al kyL_  am rio substituted al Kyl or substituted am no-substituted

al kyl , and [ erWhemg lsr?cﬂﬁéhﬂgﬁﬁqe?-lé’@@@éﬂed from hydrogen, " al kyl, am no- or
hydr oxy-substituted al kyl or substituted am no-substituted alkyl, and'mis
. zero or-an“integer 1 to 5; i IF{W.?SOl ating the: am ne salt of cl avul ani ¢ acid

formed- iii) converting the t ﬁﬁd,_gp clyia a sodium potassium or
calciumsalt of clavul anic agjd by I on-r &cefrent in which the ion

repl acenent is performed by passing a sol uti on, of .anmine salt through a bed
of a catiaon exchange resin in sodium potassiumor calciumform 19. A
process accor dwhg'etRf" amd/R9 are inflepandently liydrogeh$ alkyl, ahiindrsubstitured plyt | and
[err] is hydr b@ﬁﬁtédms&absﬁme&&m&hahwﬂmwmepeﬁd&wogen or
[err]alkyl. [egeiécggdﬁo EIiydrogen, alkyl, amino- or hydroxy-subsututed alkyl or

substxtuted amino—substituted alkyl, and mis zero or an integer 1t05;

ii) isolating the -amine salt of clavul‘anic acid formed, '

111) converung the thus formed salt into a sodmm, poeassmm or calcium salt
of clavulanic acid by ion-replacement in which the ion replacement is
perfonned by passing a solution of amine salt t_hrou_gh a bed of a cation

eXchange' resin in_sodium, potassiuni or calcium form. .

19 A process accordmg to any one of claims 1 to 18 in whlch one of R‘and R®i is
hydrogen and the other is C,  alkyl and R* and R’ is hydrogen or C,, alkyl.
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