;e3ezytt udvRWx6&yTzy m MV4' O (11/87891 PCT/ GB( | 1/ 02025 PROCESS FOR THE

PURI FI CATION OF A SALT OF CLAVULANIC ACID This invention relates to novel
processes W@k ke preparati on of salts of clavulanic acid poT&;BWO®2PUr €
state. Clavulanic acid (2)-(2R 5R)-3-(2-Hydroxyethylidene)-7-o0oxo0-4-o0xa-1 5
10 15 azabi cycl o[ 3PRRGFARafiE: PUREFIS6RIAN €F a8} T i aLF3ILPAREY aftlde

i nhibitor which is used comercially as a conponent of pharmaceuti cal

formul ati ons, usudlhisyinventiduerefatasrto abvéltpgogssasfac tetpremirationadfcelst abl e sal ts,
particul arly potassium clavul anate. C avulanic acid is produced

commer ci al | y ciyuBnicasiding MorePHEStador gani sm St rept oni yces cl avul i ger us,

, for exanple as de I I _ _qj&gd{, 18 heh_ By be. extract ed
fromthe culture %éﬂ\hﬁ%ﬁ? h&\c}% é%ggggés(z r%@ﬁ%dﬁgé)g]eﬁétg atqhe S.
cl avul i ges us agdificyicld[$12. 0)@epes2 Lhoakyeadid) i urislaordiasd indybitn eéhideishads as

filtration or centrifugation before such extraction procedures are
comenced. Themolessiallaas ¢ cawponenhof parmgequdicaldarmulationshiisuadlydn itha &dmeef] t ur e

medi um by sol.vent extraction fromcold cl.arified culture dj um.adj.usted to
o acid pH VROPETBREUA et AS. BTG Pk PR e, (BRI
extraction pr all ¢ r& i iC

ol vont . Aft arias pridiEcELAHILRRIG ALt B R SR O

sol ution in theubpganifor phange ad Hesceibed il GBI I5086TH may be back extracted

fromthe @r gani ¢ phase into _a new 20 25 30 agueous phag,e by maki ng use of
the greaf®r water dayul#is peid raay esgxteactod Trom vhy atuee Bedigmying VRUGRE SRy

ani nes, -and gl Al 6. SHEMHL ATDIARHS L AT LARAMHEGHSHPDARSe pldligHeh

process the amne ~Torned n'rnternedrate in process o
converting chydack hwddenk Eildgiod dritefirfughionRess bhchadddicast pptehlres sal t .
Such a process is described in for exanple EP-A-0 026 044, in which a

sol ution of icopareaced. abhgl davulanicadid may berextnagiadiftons tlis/eatified cdlore act ed wit h
t-butylamne to.formthe tbutyl.am.ne salt of. ci avul anic acid, ich is then
sol ared O msih 9 1sa et SRt ST RS lgh iieRi Se SR e 2 PE 58 nee.
such as ygrt b8y WRGTEWr 8 dXfrabfieis BlRoAeRin 8 4mARS sdIF0R AR 2R BRE ko }

di et hyl anune, tri-(lower alkyl) am nes, dinethylaniline and

NN - di i sopr opldvutnitydodt o xarattee intd\@nAr 981 SdbBaht ( Shiet teghration BE dehatrpes

di scl oses a very extensive |ist 0gf,arrj nes whi ch _can be used in this way.
WO A- 941 2287 81aveagic asid Ay inygadutiqrsiadhe eegagic RPasS ous tertiary, tertiary

di am nes such as NNt et t -d..2-.di.am . .
NN NN ot ramst e ot Rl AT et ofn ARG E BB nic phase intg  new
di pi peri di nomgtdvan @hase by maMnOucd 6818 k& B KBS MRaks 8HLI2ANMAC

(Spurcourt} discloses use of diam noethers such as bis
( 2di net hgP anmiapideviily PygaaihaipineGRIA isdggEEECh 8p amdsusalt) (rem dag aBeeuyBlasef

vari ous benzhydryl am. nes. ..\WO- A- 96/.331.97 .di scl nse se of further

am nes. i nol udl AETLDAHEER: REm e SR b e dRE o RSl 8

N, N - di i sopr epyterfin€thleadiRan Al ilb Nphslin@icByd@ns aédepribiesalt. Such a

N, N - di benzyl et hyl ene di amine and N, N, N, N - tetranethyl ene di ani ne.

WO- A- 981 2121 ProEps is-dBsardkedas fof eangie Bt A-0di26d)4ds s whichraotwedeiioni of imiph t he
amnes N, N, N, N -tetranpet hyl et hyl enedi am ne . .

13- bi s( di - mSHAYYTEBIR #66] Toan preants spIVeRLR SRYEE A D URamipegto form the t

(2- (di nebhyl Qﬁ]-n%t I ; ; . 3 i i

di scl oseggusgﬁ%"{J I ssg%r%ﬁg“‘f’{f%ﬁ]& %%’gﬁﬁ%% g%@sgﬁé%égﬁégﬁgﬁﬁgﬁﬂ%eﬁées

i nt er medi at e asgvkmewvs alhichnesg dileer oogangs srethes nduoh as Erdayacelimmal(tey ER-S-0

salt of clavul anj cid, particularly an alkali nmetal salt especially

pot assi um cl él\?glogﬁéﬁ Ba,‘m{j’bﬁ%‘feé?ﬂ“}ﬂn@) dietidamig. yi-(pwer pkyRAmieESat e anmi ne sal t

with a salt pg . d;: 3 i 2veh hy ate. 15 The
Ter ment at on e B A o o e B P o ociices
si de product (EnptiKiihe B2echAn)dideRised veryadxtdndivdist oeminsy ehivhesan bdentd f i ed

.as peaks in the HPLC trace of crude claw anic acid, intermedi ate am ne

sal ts andQphdl Higseyt WaiAY4228 Eh{Gist Brosadasy diseloggsdisa oA MREOWARHiass pr epar ed
by conventional: fawhgv nycall v i dent ifi , One
such i npuri tg@ﬂﬁ% ?@g’é‘?ﬁ%ﬁ‘ym’%g Blélgﬁ(l ?ﬁeﬁetult‘)iﬁfé gl(ﬁ 'E?TP %%%‘%ééﬂsaggt Nfr&v Ators as
N-succi nyl t yéesndiByl-1,6-dismieRdxaad)| B2 idisberddinbdthdre @natdis ihdHdthidd. €S as
possi ble are present in the final product pharmaceutically acceptable salt
of clavulanic acid, and therefore that such inpuriti ﬁm"mﬂgmulﬂ renmoved,
ei ther during the jpmiHi m cl avul ani clacid or fr ot hailH W I”product.
For exanpl e such l”m’m“mll”ﬂmm y be renoved fromthe 25 ak@ygsnmentioned

i nternedi ate am ne sal,kq¢dlUring the step of conversion of the internediate
amne salt to the pharmaceutically acceptable salt, or fromthe final salt

product .




Successful identification of this inpurity as N-succinyl tyrosine has
unexpectedl y nade avail abl e processes to prepare salts of clavulanic acid
whi ch arewogoRbam nated by | ess N-succinyl tyrosine thanpb@asggiibhesto

been possible. The process may he a purification process in which

N-succi nyl tW@Eﬁ*‘ﬁé&oég?é%&%‘“ﬁr%?ﬁ@%&?q0 ianaGthers{uch 88 P Cont ani nat ed
withit., 2 = 1 14BIA) A d23 f LAkl

provi des a plﬁ1 e ‘%‘P’?ﬁ%"ﬁg@%‘é@% %A)-V\hzlld(%ﬁgg%sspﬁgug caclzsl%glsgfgém C aI(ﬁ:]i!Og’g,1

cont ani nat ed behAhldBrlarhiles SWell Al-06/B%1 WTOREKY distl@ds wid of Mrtheicaningd tyr osi ne,

is subjected to conditions which are selected to renove N:.succinyl
tyrosine. Sudkrludipgpyneetricrh), Nealkpletivéene dypmes, ek as LY -disepsemdnt wi t h

5 i tabl o SUi t : | avul ani. i d,
cont ani napea cHF sk fRdad, 5§ e phemitbe Bkt A BibsP bt R AR B
be subj ect ed N & RUGH- t@RghdiiydsR AYMBRPREOUAL980 1217 (Giki-Brd¥RasY Br ckafipledn

organi c solvent or organic solvent-water m xture, containing such a
reagent . SucHlisalosesor pexessain Wingh theeamiashN iy, Nt Ni-tetragwittyleshyleneaiamiaei ¢ aci d

in a solid st .W.th such.,a |ljquid nediu or crystalli 10 f 10 the
salt of cl ava%ﬁiS@%?fﬁylﬁwm% opanql; W@%@mﬁaﬂa‘?@@-ﬁw WATRIRG) s t
of cl avul ani i i ol @@ i t,ani : i h
N- succi nyl t)%It‘}%?I ér;ékée,rcﬁnggl e'r‘g?g%sge%éz %Eghéﬁiggﬁ?g@ gﬁ(r:@g%el%? O?Eﬁls |rl 3; 1f orm

Al t er nat ifQel eilyken-gimmide. cat i on process may be a process in which a salt of

clavul ani c acid, contam nated or beljeved to be contamnated with
N-succi nyl 15 tyr ddfatdsolptdonsig dutgeracfiae agiingsBitvady Phcopvertgdito fredi um e. g.

an organi c sqlvent o nj | - . o1 X1 nd ) osed to a
mat or Cal whi RtigeeRicaydAhE B R TRNE, e Atk Rg AR T RGP
renmoves N suGgpedislly tpotRsiuneclbiamdid) eetdally bNrtRtBALS VR Midrhedipfeasaie may be
a preparative process in which the salt of clavulanic acid is prepared
under condi t isalhided sadt prgcergomsampoving Sech dsepatassiven 2ehydiexagoai¢.succi nyl
tyrosi ne _and/ or i retention in the product salt of .clavulanic acid. For
el o dfo sal t ded Py Rt bBetsd Sy b ClraRF afi R PR Motr, e.
g. an organi g; imPiiriAGY 90 iy Wit Kb ecdliairRh 98 Bk

sol vent cont%él(? irﬁgwr“elgge%t S %#@Hﬁ%eno\%h If%l-ﬁpsulcci )rfllé{rgtyrols?rgle, Elor l’I}subsj ected
to chem cal an thehBLCakacearfdimndeosisvuldnic icid cimeymedakimaine ghlttandosi ne. 2~ The

salt of clavulanc acid purified or pre;?ared_ in . the above processes my be
an ani ne sal tPhamaceutically Acecriabler salis of claynlanicand & picRaed W fQBVSIERBRLr ed t o

above, especi i ary, i i i ,
aubsequont |y tirelh bty Bl bR Befe Beles, DR AT B P ooty 1) ¢
salt of @bhavweanidenafi¢diby siechressmt aivealokadd Nmatdhylsgtdsinee. g. pot assi um

clavul anate. Alternatively the salt nmay be a netal 30 salt of clavulanic
acid, for exanpl e lhis desicable thasaa little0ftsugh irgpugitips #8ipessalle are prgsant duthgr | v

pot assi um cl gy n 13 1,1/ 87 P 1/ WR2LRS 1t h fur [
Cnexpoct edly HHbA MG aRbsmast Tkl BT SRR e, RERetGt B
above- ment i onRgeh MhsintRies RMbull WeQeBad, lethd @iting tRé iselapvH|ARISuRGIchekPor be
reduced if the salt is exposed to a selected range of pH It is an object

of this inverftdnothet ianakpaodusi.sFali exewplerspch impuritigsmoay bd remafed ifropr teed

f the 5 ti f h . ti I t abl Its.
Aecor o ngt o PRI AR o hShe et Fu JPHOR B ab bt PR B ur o of 2

salt of clavuyh@ph&difelathih®sdt {0 tﬂe'gﬂarﬁﬁewﬁh@ a@ePlbRisalt®88 fibhafe fink salt
preferably 6.0 or less, nore preferably pH 5.5 or less, nore preferably pH

5.0 or | ess, produet.

Successful identification of this impurity as N-succinyl tyrosine has

unexpectedly made available processes to prepare salts of clavulanic acid which are
30 contaminated by less N-succinyl tyrosine than has hitherto been possible.
The process may be a purification process in which N-succinyl tyrosine is

removed from a salt of clavulanic acid contaminated with it.



preferably being above pH 3.5, e.g. pH 3.5 - 5.5, typically ca. pH 4.5. The
term 10 "pH' as used herein includes the conventional usage of the term pH
as the | ogapbhigmswof the reciprocal of the hydrogen ion coneenigpoabicen. Al so

the t H | ud t ob d pH i
measured by exposiHEEItE (e m@%ﬁqﬁrgv@%mﬁﬁ%ﬁw" opdss EL iR DRI ¢y pe,
sui tably cal| fa(,ul%l%dac@/ c‘aﬂa ﬂ%r b'i\@évza'tbxﬁetceﬁt b WRE bR En?ﬁe calt

process of t I'sS 1 nventron WI con ain sone water. Treatnment o

in this way tyroihe iprsabjested o céﬂmldmmﬁnthmmwmatededmﬁoxtmﬁ duesigyl of one or
nmore inpurities, particularly of N-succin rosine, in the salt, or in

further sal t &¥1e§ing| Sl eonfiioas may be. emg:a]g u@|gCéFF41t§ﬁeaE:W§b10&ﬁjloé sal t,

P Lgpggle;j %B ;p[%g' S’mﬁaﬁ %reve\t%?rﬁ ?%‘g“bﬁ?égﬁ%t H{t%rf ma%la S%%Sﬁtgﬁm?aftedt(ﬁp l?ehep_‘%/c?nt ion

. less than 6. %b@é&{t%ﬂﬁkea With N- @c&hzl @@ésmeThﬁaﬁ@é fubjRiedns sash @dﬂdﬁﬁm@alt of
clavulanic acid, e.g. with any of the am nes referred to above, especially

tertiary but yyanposare tona lighidsnediimee gahn orgapide]veas hedrgﬂmcmot\het waish

medi um and then optionall e amne_salt r subse tl cOo verted
Tto 5 £ nal TF i COMRAPERAD TRy ST pRAMTGaT oGP HAhE R T

such as an a%E@ia{/ulﬁﬁfcaéc flds fﬁstzﬂe& tﬁéﬁh‘! fdﬁ!éﬁ'u %}%ryst%.llﬁsﬁﬁ&?gﬁ veI y

the salt whi |svvase may earret salt © cav ani ¢ aci d,
exanpl e &b akteadait ofefialladd dcidfronl suchlaalijuid awidohm.patdrnativedy the spivbéissi um
cl avul anate. The wash_ nedi um may be an agueous wash nedium at such a pH,

e.g. 30 aci dFfvelanigeacid, contagppated alpbshiexediode cantyningsd eyithacpugeinyl

wat er - m sci b Kk | cohol, typically
cont ai ni ng O. @oﬁﬁ%&@agbg%\,\g?sgél téggulgaﬁ%%ggefﬁm%lﬁg y the aqueous wash
medi um e.g. watenl@ingiely fe @Mﬁbﬁtﬁmquoéess mayHe A hrbedhé &9 WhRkTd &l 9fl/ 02025

wat er and a water-m scible organic sohvent nmay be acidified with a m neral
acid, such aslagulapieiacid, contadrinaed or balieyed i be centaminated ovittaN-suegarli c e. g.
carboxyl ch as acetic .acid.

id h Thi
Ol IR h s SRR TR A 1@!@%5&*@&%».%%?% SRR ng
sal t of cl avyhapicesdiirl el Q¥i:eshaQRk Al 192 00Geidl wHRLIPis| ERUEN LY such as

N succinyl tyrosine, and the salt 1s washed h the wash nedium to

t her eby prodabsra Noswtunt tgabine ahd diemhylranmuesalﬂrsdccnmyl\mymsmetfrmn lileeveallt. of t he
one or nmore inpurity is lower . This first formof the pro%less rna){
therefore be a prggéggaqv,qlmp@hoopmngy@e5rpreparat1ve process in which the salt of

clavulanic acid is prepared under conditions selected to minimise the formation of

20  N-succiny! tyrosine and/or its retention in the product salt of clavulanic acid. For
example the salt of clavulanic acid may be prepared in a liquid medium, e.g. an
organic solvent, an aqueous medium, or a mixture of an organic solvent, containing
reagents which remove N-succinyl tyrosine, or subjected to chemical or physical
conditions which remove N-succinyl tyrosine.

25 The salt of clavulanic acid purified or prepared in the above processes may
be an amine salt of clavulanic acid, e.g. with any of the amines referred to above,
especially tertiary butylamine, and this amine salt may be subsequently be converted
into a final product pharmaceutically acceptable salt of clavulanic acid, such as an
alkali metal salt, e.g. potassium clavulanate. Alternatively the salt may be a metal

30  salt of clavulanic acid, for example an alkali metal salt of clavulanic acid,

particularly potassium clavulanate.



10 nove inpurity such as N-succinyl tryosine is renoved froma starting
salt of clavulanic acid, by washing of the starting salt of clavulanic acid
with the washgmdi um In second formof the process of thigciganhien the
salt may be recrystallised fromthe pedi um at |8H of less than 6.5. F

) . ox
exanpl e an ani ne” &das fehengrmexpeciedyy heanafisoyergd thad the lsel of mpurities, such

or odbet - phar AsbBePEaR gk AER IR SIRERLT R ¢ YO ARMAT Fach R0 10"

al kali met al ygmkéd if8he salpRLxpsicd ™ @lsaletleanange dNpIkMowanesjbads tssich as
those referred to above, for exanple reaction with potassium 2-ethyl

_ hexanoat e. Sinveatidy id wsetthisgliscorerysndha proisionofpppeeved nrpeeseesifor the. g, an
am ne salt may be 20 dissolved in an aqueous nedium e.g. acidified water
or a mixt repgqpawgpgro(}aSH Bhwg@pﬁ‘iﬂéyc%ﬁ%ta@lﬁﬁg ‘c solvent such as a C,_7
all cyl ‘al cohol . P fhlkeinQidhiaQRo &R0 CEMLL AL @BmbRisik SRpostrdef £: -
- 40 % or nore, bu?t:?{]%lriﬁe%appears 1toai))ﬁgono thlgoreticallnbusﬁ)lpgr ?(i)sn‘irt . The
aqueous nedi wat ofylainiahic acidytoldiqid triedinptad 2pH dffiess tharbg. 5 ppretidreblpld.trmy be

adj ust ed when t he aquequs sol ution has been nmade up, e.g. 25 the aqueous
sol uti on may 1asheROePEETahly PEHS i arHesin meEs aref@ably ;b y-Coresfem@ate aci d, such

as sul phuric Or | r kil i.C {6,z O i,C i
car boxylic aglreg&g‘h@ﬁ@éégé g§%f%_p;[‘%]t5|, gégh}?icg'asci é.sg[t}ycqﬁléag@ndgé ﬁf“e'gag?hﬁge‘ﬂl
pref er r edo pH<ipsI"ca. used hein lieWRles thehwns@ltionaleusage ofthcaginnpHsalthe nay then

be isolated fromthe aqueous solution. 30 This nmay be achieved for_exanple
by crystalli $egarighnley thadvecipregsl ohidedydiagennon eoncgntratipna dlssoilis teyat phliasn,
with a precipitating .solven uch a. er . mscible ketone,. Suitable
ket ones i ncl ﬁﬁféﬁéqlﬁ &&u\ée %{38]3%%‘,@?@[?1’ b??,(\gﬁ?ﬁlpgﬂ 4§ ThpaspiedPYFRPOSING one, 5
WO 1 87891 2GRS kbAli@HaI 3R PHARE PRAINRYR! SlifdfY cHRla) BF kRbwAM ne
ciaw anate salts wth such ketones are known and an am ne salt” may
precipitate astliodseNompakyltheanalia e iexbamptoeedshod thio lingtenton mal ctxgaihi | ut ed
with an igcess, e.g, a5 - 50 tines excess of the precipitating solvent
e.g. of ketOHe Wa&dol i ng of the diluted solution can help to 5 inprove the
yi el d of the precipi : : ] SR - P | vat e,
whi ch may be i sol (:1[? g%&fegﬁ?f;&gggg%@%vg{ H{){}llgtpﬁ(gj egf%ﬁ@lgtslmﬁglg}g? ﬁ%?re (l)l?ée) be a
process in wiichve sftaktorigorsdmburifies pamicanily cfN-gudchnyp tyavsidedinabntai,ni ng

one or nore inpur ity such as S i
or in further salts of clavulanic acid, e.g. a pharmaceutically acceptable salt,

10

prepared from the sait.

20 In a first form of the process of this invention the salt may be washed with
the medium, i.e. a wash medium, at a pH of less than 6.5, preferably pH 5.5 or
less. The salt may be an amine salt of clavulanic acid, e.g. with any of the amines
referred to above, especially tertiary butylamine, and this amine salt may be washed
with the wash medium, and then optionally the amine salt may subsequently be

25  converted into a final product pharmaceutically acceptable salt of clavulanic acid,
such as an alkali metal salt, e.g. potassium clavulanate. Alternatively the salt which
is washed may be a metal salt of clavulanic acid, for example an alkali metal salt of
clavulanic acid, particularly potassium clavulanate.

The wash medium may be an aqueous wash medium at such a pH, e.g.

30 acidified water or preferably a mixture of water and a water-miscible organic

solvent such as a C,, alkyl alcohol, typically containing 0.5 - 20% v:v water, at

such a pH. Suitably the aqueous wash medium, e.g. water or such a mixture of

4



N-succinyl tyrosine, and the salt is recrystallised in the
recrystallisation nedium to 10 thereby produce a product salt of claw anic

acid in WRighi/4RRe; | evel of the one or nore inmpurity is | oweer/gBoi/s203€CcoNd
formof the process may therefore be a process in which the one or, nore
Ut st s SREHERed PABHEC AP SO GRY Bp 2RI HRICHIRL fdningig! 5

raoryatal |1 s Tion Hiprhll, Brbbi: Sehiulhoi; ANBNECL GRAR0Rei

preparative RIDCRSSCI Nalwicidadiiheudadstacefic adiavul anic acid is prepared in a
|'i qui d nmedium at the EH of less than 6.5. For exanple this third form of
_ the process may cdmriiskfampigheBeocess MAY disrefpredia hprosesstingrhieh agieEMZ sal t

is prepargd by reacti.ng cl.aw ani ¢, aci i . i ne. i |l i gyi d medi um
at b prror 1 SsOFREERe A BRATohe T AEMSRE B e Skt e T o

. prepare am ngu&alyl $y106ine) A A kAt AGLAHE Wi thé RASECOIVRT, th e@EbyOproduce
inpurities such as N-succinyl tyrosine than occur in am ne salts of

cl awl ani ¢ achgrehepaziedf dyviditieacidtin whicr thpréwel ofithe ometoh aakee impuiatyps ef er r ed
enbodi ment of this third formof the process the reaction is 25 perforned
inatw phagé"fgystem bei ng an organi ¢ sol vent phase containing the

cl awl ani ¢ acid, arg: 0 i i ] A 4 acted
and which s at tReorofEPHIEBEE ALGUARER b FpRLh S sin iE EKE
phase may0 compié sapanityaguleass-siotinyl wyoskie 8 uspensl amaf stdrhieg a4t be,
especially an aqueous_ solution or suspension of tertiary butylam ne. The

or gani ¢ sol velivulgnissasiq, py3vashingr s thp pprtingssttphclayplapici ik withitke wethh wat er |
that is, although some m xing of the solvent with water may occur, over
nost of the B}?gl & agram two phases are fornmed. 6 V4' O (11/87891

PCT/ GB(J 1/ 02() Z5 1frQ&cofy 35h 8f fhetpicR 8B triSMERBNTRY sNEmB$ hakkdr§hglised
conpri sing an organi c solvent phase containing dissolved clavul ani c aci d,

and a separ afienatjeeoetiupie et ofdag thine6dr. ganiczaraple ne amaye fpdt may beduced i nt o
s v SRS Sk Lo OB R PSSty B 120
converted into a final product pharmaceutically acceptable salt of clavulanic acid,
such as an alkali metal salt, e.g. potassium clavulanate by known methods such as
those referred to above, for example reaction with potassium 2-ethyl hexanoate.
Suitably in this recrystallisation process the salt, e.g. an amine salt may be
20  dissolved in an aqueous medium, e.g. acidified water or a mixture of water and a
water-miscible organic solvent such as a C,, alkyl alcohol. Preferably the solution
concentration is high, e.g. e.g. 10 - 40 % or more, but there appears to be no
theoretical upper limit . The aqueous medium may initially be at the pH less than
6.5, or the pH may be adjusted when the aqueous solution has been made up, e.g.
25  the aqueous solution may then be acidified with an acid, suitably a mineral acid,
such as sulphuric, hydrochloric or nitric acid, or an organic acid e.g. carboxylic
acid such as a C,; alkanoic acid such as acetic acid. A preferred pH is ca. 5.5 or
lower.
The salt, e.g. an amine salt, may then be isolated from the aqueous solution.
30  This may be achieved for example by crystallisation by admixing the solution, e.g.
an aqueous solution, with a precipitating solvent, such as a water miscible Ketone.

Suitable ketones include aliphatic ketones, for example a di-C,, alkyl ketone,



5 so that the amine salt is extracted into the aqueous please as it is
formed. Typically the organic phase may have a concentrati on of 5 - 100
glL, for expnmei110 - 40 glL in clavulanic acid, e. g. ca.r@fcghiw208uitable

sol vents for the ani c se .include subst scibhle C _
Sy~ ki deBtdurEPed oSS SERRE o RinE Sa'?ﬁ%wﬁhrsil?‘b@‘){&%ﬁ%ﬁ
acetate, an ‘?A]Jé% u

t enper at ureqqﬂ)I Cngilndaa Eslglg p eec;if?‘fgﬂ(] ?or %?ggélgéa}gt?%ﬂneﬁgtﬁf@ I y the
organi ¢ sol vehitigphase berdjiutee withearpsxedssc . gofa AnA 56ximaekien dfyhe he organi c

solvent of an optionally pre-purified, e. filtered and carbon treated,
f er nent at i orPIﬁﬁlﬁttﬁlli%SQMeﬂit éiﬂ of akefoagi Qoa]é‘i‘é’doﬂfa% dguted splytigpgan Belpttapl y t he

aqueous phase can, be H48 Vi g rQéﬁQFﬁgéf of éxt fs@? { 6fotﬂe E{nﬁr{%staﬂeﬁ PLAANLE

sol vent phase y QUEireul atl A°&Sncentration
of the am newghim RelaRdi It up in the aqueous phase. The aqueous phase
may be concentrated to a high concentration, e.g. 25 wt%or nore e.g. by
circulation of thEhiagesodgomnof detiroeess omy thenefote baiatpadtess inl whichGener al | y
when clavul anic, acid i.s, extracted. from@me}_gueous broth to form 20 such an

organi ¢ ext r%%‘it‘lnéﬁalﬁrﬁ’%@vi‘]ﬁ%‘c@f:@tlﬁ previg RS OFC SEMNLF SHPBIY SUERAT 1 ol | ed
addi tion of ?lhatgk&‘sﬁ?en}iﬂt?hﬁe@aﬁ il Berfl ﬂﬁ?edQEvﬁ feQF}Qtatl 1iBR ARRRY :[gem can

be used to a jUSt e aqueous’ phase, can e nonitor
on-1ine.10A ptlhefeeyrpeddmbian&oagmsaﬂt betlavwl5m5 acilhe vammmeﬂa}dl ofrthe drfearr be
isolated fromthe aqueous phase. This may be 25 achieved for exanple by
crystal | i satgk @}P“ét!}’ﬂ%doh/@ft he aqueous solution with a precipitating

sol vent such as fuNOLendTLAGPYE KELANSATURRGE LOSDARAYE W AR hEbR:

crystal | | sation can bée p a man er ana

recrystalli s@tingft Eﬂiﬁ@ﬁ?% REoVES Elohb L dtatagvalt o‘ﬁc’izﬁﬂurahft dcaa,Byof the process
of the invention nay be a preparative process 30 in which a netal salt of

ci avul ani ¢ axsicysiadlifatiomed thesstartipg ealtief cloyulanie eeidtfram thsetearystallisationi ne sal t
of cl avu]lganl C @Cl d and a netal salt precursor conmpound, in a liquid nmedium
at the pM of If W&t han 6.5. This fourth formof the process can be used to

7 WO O1/ 87891 RGh{rEEblrd bf @h%'j.'%écess may be a preparative process in which the salt of

clavulanic acid is prepared in a liquid medium at the pH of less than 6.5. For
example this third form of the process may comprise a process in which an amine
salt of clavulanic salt is prepared by reacting clavulanic acid with an amine in a

20  liquid medium at a pH of less than 6.5. This third form of the process can be used
to prepare amine salts of clavulanic acid containing a lower level of impurities such
as N-succinyl tyrosine than occur in amine salts of clavulanic acid prepared by
alternative or prior art methods.

In a preferred embodiment of this third form of the process the reaction is

25  performed in a two phase system, being an organic solvent phase containing the
clavulanic acid, and an aqueous phase into which the amine salt is extracted and
which is at the pH of 6.5 or lower. Suitably therefore the aqueous phase may
comprise an aqueous solution or suspension of the amine, especially an aqueous
solution or suspension of tertiary butylamine. The organic solvent phase is

30  preferably substantiaily imiscible with water, that is, althongh some mixing of the
solvent with water may occur, over most of the phase diagram two phases are

formed.



prepare netal salts of clavulanic acid containing a |ower |evel of
inpurities such as N-succinyl t5lrosine than occur in netal salts of
cl avul ani ev@ei/ghsgpr epared by alternative or prior art methogsrgBhgégss ed

product netal sals of clavul anic acid whi be prepared in 5 this
Pourth formof "t nEopreeaues i BoeRe G ik s FBEE SR Einadh Fabe, ¢
metal s, part bﬁ%lﬁghyse%%ﬁh%ms%l?é’d‘léll%‘ﬂﬁﬁﬁc adidl ind @4EaRatt AGMRAE phii, process
of the invention appears to be suitable for use wth 'all netal salt
precursor cosmbihodsgmtic afineanaypbe tmrodecddeidid thisowe pitase swscawt ¢.gainjegted

acceptabl e salt of claw anic aci d,‘% reaction wth an apmine salt of 10 cla
vul ani ¢ aci diN'GERAEEOUS R188% VI SWFPIcaBangeAndiions £t FEEREATS B W finds

i ncl ude | t f al i I ele i t. I . 1,60S Wi th
counter ni o T erPithe FELE 58l IR0 IERLhR pRe REICrltRled, AT
. carbonat e or iaysage phareasdiaive a condertrtipall 5CUl G g/anifeneagiplave@k 40r gani ¢

carboxylic acids, such as al kanoic acids of formula R COZH where Ris Cl _zo

al h-yl, for elaimglavitnigaciikglg, ca3(kgd.. Setable siveatsdior éhe gngopic phase and
et hyl hexanoic, acid, such as 2-ethyl, hexanog| cid. Saome exanpl es of

pr egur sor co%ﬁ@ﬁc‘fgbﬁtwtia ééﬁ'tﬁrélﬁg?’\ﬁl?lbtel 157?2‘9’%@@?8@8"@68?%%‘? E)%?@&i um
hydrogen car honat find &9&@@%&%@&9&99&@ gpbqsmaﬂt}&t&iag s £ M?ngf?{o%ﬁmt e. A

preferred nmetal salt precCursor conpoun 67 pot assi um cl avu ate I's
pot assi utf 2- kethyd. e xanpahtare @0caT OheS P@acpictamrenffot Hiis rdfaotion. ISfiablnthd t he
process of this jnvention is preferabI&/uéPerforrred,with the amine salt in

sol ution or SIEEPEFSNGA! Phpse mAyhe fhe PEl W%?W%E?Ibpléﬂ&‘&&ﬁm& sQlyerft and
water, for eéﬁﬁyﬂi&aﬁy@e ity e & 1?1?(1,}8:!13 c{crﬁb&i‘l EEME:& @Bnérﬁﬁﬁ?o@ of fohol
with water, €e.g. an opropandal 7 er mxture. Sultabl’e proportions for

such a sol vegthich Mah@inidhoill heebded foumed. parti cul ar requirenments may be

determ ned 25 experinentally, e.g. a solvent : water mxture containing 1 -

10 % v:v water, eSgitabdn thelaqueansophasescanalpeeprovitiae babeleexizdctiondyonbéiedi ssol ved

in such sol vent ich may.be either at the pHof 6.0 or .| ess, or. whi.ch

my be. 4l usPEAMEOTE BRehy gt Tomeareractattpap e fat e Flen SRt iohdia

acid or or gapleGrfift dalpSarPROM St uphig tﬁ@hcﬁl@oﬁﬁbﬁasﬂﬁyhesﬁdéél@ 3%ha@@nﬁ&%%ent Ina
1--1".0OM e. g. ca. 0.5

sol ution concentration O. ) : in cl avul anat e

moi ety. A prefeenteatehkd a digh dnoentiagioone. ge2f wtHbicmere-¢.5. By cibulattangdf the xi ng
of the am ne salt and precursor con‘goun_d in any order is enconpassed by the
i nvention, tAEABE sxiractiop Iopnfog AsBHakle thieef er abl y added to a 8 WO

OL/ 87891 PCT/ goitﬁﬁ%ﬁéﬁeﬁ%ia%laﬁ%coicgﬂf isaéeﬂxjé@teé #oin ad B eB{lggWﬁ? IPc{) %cﬁ%}& be

added as a solution, e.g. 1nh an a I sopr opanol

sui t abl 230l widhaih Grgmeie Rk adtionrphbey the hrsthis ecidifieoio pENEEAeM Q. 6.0 0ahireled S 0. 5
- 3.5M e.g. ca. 2M Slow addition of the precursor solution is preferred,
preferably wadditien pf tierpysaiiel apinstiaroathe poo-drgcidbad vodpigse fYseem edrebaddi ti on

o ommer oLt kAT oo ofleale IS AL PR Bl BRIGETA 25
product net abrefardd P i§ haainbamwics acid from
The amine salt may then be isolated from the aqueous phase. This may be
25  achieved for example by crystallisation by admixing the aqueous solution with a
precipitating solvent, such as a water miscible ketone as described above, and this
crystallisation can be performed in a manner analogous to the recrystallisation
process as described above.
A fourth form of the process of the invention may be a preparative process
30  in which a metal salt of clavulanic acid is formed as a product by a reaction between

an amine salt of clavulanic acid and a metal salt precursor compound, in a liguid

medium at the pH of less than 6.5. This fourth form of the process can be used to

7



solution may be encouraged by m xing the solution with a precipitating

sol vent, e.g. isopropanol, as described above. The solid product can be

i sol at ed {ygeg7ha reaction 10 nedium by for exanple filtragdoaseumcoyashi ng
of the product. In each, of .the above. processes  the pH,of..t he .nedj efined
above can re@ﬁ??eﬁwﬂ%éﬁﬁéffSﬁYg?n?ﬁ@KHﬁQﬁPWP%a39wg%%v%ﬁﬁﬁgpgnﬁﬁﬁﬁgﬂkgies
such as N- Sl;{m};%'é'ﬁl f 77dAR! dign ba:urrhﬁ R 4HE of GhRLANE adi€ p&AkQOBKS Processes
at hi gher pH esg %rocesses of the invention may conprise a part of an
overal | proceaissndtbef@rpriprepanathodn of potassi um cl avui anate from crude
clavulanic acid e.g. as forned in a_fernentatjon, brot in which an

., e.g.
amne salt is useBredgrethpiodueReial selte of ¢lavdlagigarig ‘F’mﬁgé‘@é’s‘%ge PRRRRTEG UL ve t he

steps of £i) fe tat i f i i ATYAl! ; ous

b oth cort a MEIERGH 38R e Ghe IR RAARE sl AARRT B ARMECE,
into an or gann@ic@@ﬂ?/@atassiﬁmidﬁvuq:mateer sion of the 20 clavulanic acid into an
am ne salt of clavulanzc acid, (iv) exposure of the amne salt to a pH of
b.0 or |ower, parThisdbaith jors of de prosess of the inveaHor prpesrs tofbe wetablgifole sal t
to potassi um cl ayul nataj. The washi nﬁ,l and/ or, .r ec%gﬁtal | i saﬁ&'ﬁn processes of
the inventi oHSi £kl SAIS PLeqYEsoL SOMPARNTs VIR Catbg CONYPTEd I Aani ¢ aci d
prepared as Bﬁﬁﬂﬁﬁéxﬁicﬁ’ﬁy gétcfﬁgﬁme%raubﬂtciavgfanfcta%&gb;( féabﬂior?{lﬂz%garn dihe sﬁgéf

preparative processes of 25 1 nvention may for exanple be applied to
ei t her ot0 bothvdhniprefaGehemhclasepsf fuitab)e mom] it fredursascogsmndbmdludbove.
Tn the processes of this invention which involve a pharpaceuticall

accept abl e ngdlig|of ellyali mstalGagions anf alkalineragthypelplsaiigns WahCopRieh AUGRS | um
cl avul anat e. t. f L Sty ti i ' I -am ne salt
ot ol ayu ani SRS EEE ORGSR sbilhi RER! R, CREbIE ol Ry BRGPE 0.
salt of cl avph@phste agiddin phffichlaamidie ofadak organic danbowylicserlsf aichexanpl e
EP-A-0 026 044, the content of which is included herein by reference)
reaction, byaikesae aoids of farmula BrGOglw kR neCuhb ey for epnmle g7 g9kyl,

PCT/ GB01102025 cl.avul ani.c aci.d,. an asily isolafed as an_acetone. sol vate.
ot h the'd er it sy Pl REPiShior ol S hetanobtsl Shef SnfR BT Re R Ty be

converted i nhgqphsht BRERYIE! 6BeYuBECERhRRhEs BAtht® el BMMAMGuRci d, €. g.
pot assi um cl avul anate, e.g. as disclosed in EP 00Z2604A. ~-1owever the

processes of sediemiompetassiom Fpipegen danbdnaer poégmne hydrdgen appdphetelng t o ai l
t hose am ne sall fs whjch arge kr}own toage useabl e as intgr medi ates in the

conver si on of2ERELLATBENALE. £+ PEpieRehmAtal Flf RRSEWSEY Compqing fRbRRYABIM sal t such
t i f the i ti
as pot assi u%ﬁﬁgﬁt@w&%sgﬁgf?g\e%% )Ja}{oguﬂese processes 0 e invention

appears in principle to ective wth all such am nes. Exanples of such
am nes, 20d t hei r Thet¢eapooflingfaninnfernalf tise groeesdios chio sdntio isf efeeatdypl e
in the publications referred to above, and include for exanple am ne poly-,
e.g. di-, cl Beuipranes: it teraming salhin sption oTaSPRRSIONHA AAniFHEC SR WRienpi et v.

O her suitab ] i h rred i uplj.cati.ons
ment i oned ab%@%%g?%ﬁétgéﬁﬁng%&lggfe% g)?h%ﬁger,gg lgiae(?‘ﬁﬂf@}nafr%g%l&teorﬂio% 1%1{;!58 rOfaI kyl)
am nes, di meklh And1tdHRe witiNvatel, ieS© pimoiRypropiidy/wa ke thigiiré eSuitaBlet frapottions

tertiary diamnes such ~ 5 as NN N ,N -tetranethyl -1, 2-di am noet hane,
N, N, N, N -t eforaselt Aypplvents: water mixture to suit particular requirements may be determined
25  experimentally, e.g. a solvent : water mixture containing 1 - 10% v:v water, e.g.
ca. 1 - 5% v:v water. The amine salt may be dissolved in such a solvent which may
be either at the pH of 6.0 or less, or which may be adjusted to the pH by addition
of a suitable acid, e.g. a mineral acid or organic acid as above. The amine salt may
suitably be present in a solution concentration 0.1 - 1.0M, e.g. ca. 0.5 M in
30 clavulanate moiety. A preferred pH is 5.5 or below, e.g. pH 5.5 - 5.0.
Although mixing of the amine salt and precursor compound in any order is

encompassed by the invention, the metal salt precursor is preferably added to a
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di am nohexane, 1, 2-di pi peridi noet hane and di pi peri di nonet hane,

di am noet hers such as bis (2-di nmethyl am noethyl) ether, benzhydryl am nes,

N, N - al | cwlesihgsane di ami nes, such as N, N -diisopropyl et hyp@nepdi@nmne,

N, N -di et hyl ene. di am ne, .N N, - di.benzyl et hyl ene di ann NNN 6N -

et r amet hy! eMETT HE niinent. T TR EY MR RRE Ty P bl d il &

3- bi s(di -met | 89) 13pRIpARANRIutioRS AZ b |sBRKBR c8fcntthGon for this

(2- (di et hyl g'&r%@(?) @'gt hsépﬁb’petﬂer ,u gnd dii soprsopyl et hyl endi am'one. The present
i nvention f upicbemopeompalss sahpionds 0t5 aBiiM, sgl ta. M cBlvwuhdiiiian efcthd bei ng a

product of any of the above-described process,, particul arl é i ,
tertiarybut yPHEAVISEr s9laien iaelerred pprefiaably sadstiriipg apd priiesably ie@ne LA des a
pr oduct ar mac i . tal..salt of avul anic acid being a
product o ag@elﬁgé ?ﬁ@{lé%gséﬁ%é@?é ?%1@% agArb(%%gs?' Q{Dgﬁl cularly potassi um

cl avul anat e. ThesghphReGhls oftRvEIAAK AGidefTOSRA ity Beumbd Ms b pysirsitate
particularly of Nsuccinyl tyrosine, which are | ess than those obtai nable

vi a known pr SoassdatiomFrerapitation diths/ proghetaspidlnditrid chveliaisadighiiem ar e
carried out in a nediumw th a pH abaove .t hat defi.ned. The i.nventign w ||
now be descrf gtdorbvayég eBFOw R eGHRg the: SPI ODWARS { PHSCEBERE ﬁ‘aﬁ‘%ﬁﬁf/ 02025

Exanpl es 1, %ﬁ%‘bﬁla&lfﬂ%d&%ﬂﬁﬁcﬁ%&e! Tnd ecmq' @oaﬁcttcaﬁ b GLGED Qe HBR(BRT al
gquantity of I npur ities 1n the product salt of clavulanic acid, and
Exanpl es1@, mediuth By &srecxanpiefiRmtion and ensiEng bf thechroticon of the specific

impurity N-succi nYl tyrosine. 5 Exanple |:_ Acidification of am ne salt
during am ne salt Q:?%Fi‘t%lth"r abaveguocesssy thepHof the Bedipmadsiigd @bove gar )
I I t . i N i 30% - .cal cul at ed
s purent bk i Lh B M8l Hrehe b nlrt FrRAOBRal - Giocifis Pl &t ©

sol ution. Theyrpth®in thBeredicutdlativerasinaasiy mdcand Aadidhiet ptld to pH 4.5 with
approximately 1.1 nil of 50% sul phuric acid or concentrated nitric 10 acid.
A 5x vol une of acéhewerraesssesdddlic HvEntioemay Reprsesa pait of an overal PrIdest es.

Addi ti t ded 2 1 nut t 5X. th I )
Thr ougholt ¢ f8 WORETHG RIS Herdare Boftel edi®hi vELs Rt BimiToi ani
temper atur e. ifhgerfHeANSh oforRAs A whickahaniho gt AUed@Sas Hiddiediadl, 0-5C for

60 minutes and collected by fiTtration. The product was washed w th 600ml
of 15 20 acet one, Thisi aerdlbpmcgssmyayf mvolb? theoties afr(i)Vannentatiin & qor ocedur e was
repeated at a . "natural™ pHwthout acid addition, i,e. ca. pH 7.5, The t-BA
salt obtai ne&"‘ifQP’I&jHISH’eEJEICBrPé%‘@EG? &1 agieous ﬂ@ﬁh EQiainEde Vit fridhdid t

pot assi um cl gy, i : : vel: . hppurities
P the. pot as Sh et Bf i A A SR L Pl e Bl RO TP
measur ed2@s tRvihlams: ackd et at hinkwtdahof pHvoknic-4BR, i) ekpasard\at the amitaddic7. O -

7.5) 25 pH4.5 % total inpurities in potassiumclavulanate (wt clav by
HPLC) to a pH of 6.0 or lower, particularly 5.5 or lower, (v) conversion of the amine salt
to potassium clavulanate. The washing and/or recrystallisation processes of the
invention may for example be applied to the salts of clavulanic acid prepared as
products of either or both of steps (iii) and/or (v). The preparative processes of the
25 invention may for example be applied to either or both of preparation steps (iii)
and/or (v), as described above.
In the processes of this invention which involve a pharmaceutically
acceptable metal salt of clavulanic acid a preferred salt is potassium clavulanate,
In the processes of this invention which involve an amine salt of clavulanic
30 acid a preferred amine salt is the tertiary butylamine salt of clavulanic acid. This

can be made, in a known (see for example EP-A-0 026 044, the content of which is

included herein by reference) reaction, by reaction of tertiary butylamine with



2.03 0.03 Exanmple 2: Preparation of am ne clavulanate salt from clavul anic
acid and am ne under acid conditions. 100L of clavul anic acid agueous
concent r aiy®y (Girgo120-40 g/ L), fromfiltered 30 concentrat edpdpgEBniatd on

broth vas oYL SRS 3l B R e, mmt il L sgod Jgtone (7 W ax
di . j . j l[led 11 V4' O
cxi et o0 LRGN PSS A AN GBS Bl oo ncrontnpl o 11 Vi

control ling ?ﬁﬁﬂaﬁ&&icﬁﬂ tdeptableaéatts o elaptlafit aklie eaypeissiuphasalaaw, d. e
set, and pH 4.5 and pH 5.4 were used in separate experinents. Once the

aqueous back agdiselased inrER 80U G484, Hlnwaventieauocessagiof dlyd mventyant appkarsiat i on
concentragion,, a 100nil alj.quot crystallised by addition of 5 3S vol unes
of "acet ont adtingRb B aRplCies B s ieslt Shhelt eyl Peudatb e,
The subsequenteGhash@ initRE dofBra6n VRS GOME htiRGni pRkanshisRAdeftable

anal ysed for total i1npurity levels. This was then repeated w t'h an aqueous
phase pH of 5aldsudByasyeingiutrthaapHanhts Gdnseduentdy thefe poicasses opheiitventsonn t he

pot assi um cl avul anate was reduced by 50% rel ative to the level at a pH of
5.4. 10 ExanppPeass m@%l%it%ge ?fe%t el @taW‘BGSpot assi um cl avul anat e.

25g of t-BA cl j i j , N 1nil
and disti 11 ed wat ERRRGeey FelfiBRRy B s B tbhRe Shnih 86 A0AMR s BT
acetic a¢pd. fddagpsd infthé Eﬂbl@czﬂ‘ti@hi hegérrddif dbbvefandSARued andxaipR added and

59.5 nl 15 potassium 2-ethyl hexanoate {1.92N) dissolved in isopropanol
added dr opw delyovee. ¢, eivitlerate safisafl the-anunerbes mbrer thyn wae awinos nedety or | 20

Lo SR aPin SR B R AT AR o
hitrogen bl eqgoveAelibridry bayMalitdTRiQhy Ghak! ah-(Beel kikyBGntn@dded varied the
pH of the dissolution sol'ution. Results 20 i1 ndicating the effect on the
amount of t otdahethyfpuiline, NN 'idiisoprepplettindsnedmntihe,veltmnpt tert2ey 8Dmifleskotiav"” )
and overakl YRR NP nediin. £ Wamioahine NN elamdtiyl fe. © 28! O
diaminohexane, 1,2-dipiperidinoethane and dipiperidinomethane, diaminoethers
such as bis (2-dimethylaminoethyl) ether, benzhydrylamines, N,N’-alkylethylene
diamines, such as N,N’-diisopropylethylene diamine, N,N’-diethylene diamine,
N,N’-dibenzylethylene diamine, N,N,N*,N’- tetramethylene diamine, N,N,N*,N’-
20  tetramethylethylenediamine, 1,3-bis(di-methylamino)-2-propanol, benzhydrylamine
and bis (2-(dimethylamino) ethyl) ether, and diisopropylethylendiamine.
The present invention further provides a product amine salt of clavulanic
acid being a product of any of the above-described process, particularly
tertiarybutylamine clavulanate.
25 The present invention further provides a product pharmaceutically acceptable
metal salt of clavulanic acid being a product of any of the above-described process,
particularly potassium clavulanate,
These products are characterised by impurity levels, particularly of N-
succinyl tyrosine, which are less than those obtainable via known processes,
30  particularly corresponding process which are carried out in a medium with a pH

above that defined.

The invention will now be described by way of example only.
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Di ssol uti onpH% of total inpurities in Kclav (wt

clay) 6. 80.876. 50. 926. 00 b35. 50. 575. 00. 135. 0~0. 11 v The vol une of water was

reduced tq;oqqygpf,aﬁsate for the addi tional volume of acetic liteli/dBM&des 12

w0 01/87891 PCT/ %iZz erl rre(?ts desc%l bed %nﬁf‘e éag above

were repeat ed usi Wﬁ &ng f’crﬁ Preeset i texiop 81 fis lﬁéﬁqtlé’x?eo Beci fi ed
for exa I, a4 anpl e

4 " Aci di fi cati glgﬂy&ﬁfﬁﬁng{egg}ﬂféoﬁ ?%Mr?g S%ﬁl%%&éﬁég%é%q F?@g{tﬂ?s;ﬁ §a§d<

tertiary-but Ubﬁfﬂ)@ees[sed i @fshs bf eddavhianatt the spdcifionmsputivg ddkuoethyl tyrmnaer to

give a 30%pfa (i.e. calculated as "pure free acid", i.e. claw anic acid
noi ety by wei ght : voI une) solution. The pH of the soI ution was neasured
and aci di h.a xiJmate 1 ml. of 0% huric acid or
concent r a% ed™ Oiﬁﬁ ﬁcatworggjo%ﬁnﬁﬁ@it&urg&%}{g %S}ai:l'ﬁ WY ¢ he

mxture sti rred fﬁ’@%&lz{’f&fﬁﬁftﬁﬁmuéctdtBAGP:%lav@ﬁﬁﬁt@@ﬁlt%§ di’a‘éQIQQd AV RhteR
m nutes up to 35x the agieous vol une roughout the foregoing the am ne

salt sol uti ogiveas3Ofaipfe Gienealcaliateadrsi“ente fresped At ie. ec;la\mlteeu@a@diumuety bBA sal t
tall d h |1 ed at 5 60 t d b

fiTtration. w%‘&ﬂb?’i‘%a%p 8IS I0s 108 PE ofHie SoEOB ot e At 50 % o

drying for 1gphoktg e{bp‘f&ﬁ}h‘atelf 'i" S 1861‘5’5@_% %h\ﬁﬁé aEﬁp(ﬁ'fcfoﬁE’exﬁfateﬁ t?ﬁ“”a' pH

wi t hout acid addl tion, evel succi nyl tyrosine in

the t-BAjgal ﬁm@bwasmdlumd mgacteimsevapraamlohﬂdetse wasuth i retefss Useanags f ol | ows:
20 Crystallisation pH of t-BA solution Natural (pH 8.5) pH4.5 25 %
N-succi nyl t@ﬂ@léipﬁ@ acatone myRs @ldedipven 20 anipwies umt@lﬁSwhmue?ussvahgn@ 03

Exanmple 5: P a i nof a clav te salt fr vul.ani c acid and
am ne under i%‘rlog‘ é cﬁﬁ Oorﬁ%m{%g?ﬁ %‘qu‘éﬁ?“ Wit m&m % “ﬁbé?{l&entrate
{ea. 20-40 gfeperdh@mMrhk %&@d&@'t BA é%ﬁrt‘%,f?srﬁlflﬁdeﬂldfx%s@ﬁ'ﬁeﬁtdtQFS‘*@'ﬁtrIEOWaS
sol vent extracted at pH 1.5 into nethyl isobutyl ketone (' . The
cl aw ani ¢ acmdinutéscindMoBiécied dytfileratied Whe prodactbwas ashed wathdoObad lof ext r act ed
into water which was adjusted to pH 4.5 by controlled 13

acetone, prior t0 drying for 12 hours in vacuo. This procedure was repeated at a

“natural” pH without acid addition, i.e. ca. pH 7.5. The t-BA salit obtained using
these procedures was then converted into product potassium clavulanate using a
known method, and levels of total impurities in the potassium clavulanate prepared

using the samples of t-BA salt were measured as follows:

20
Crystallisation pH % total impurities in potassium
of t-BA solution clavulanate (wrt clav by HPLC)
Natural (pH 7.0 - 7.5) 2.03

25 | pH4.5 0.03

Example 2: Preparation of amine clavulanate salt from clavulanic acid and
amine under acid conditions.
100L of clavulanic acid aqueous concentrate (ca. 20-40 g/L), from filtered
30  concentrated fermentation broth was solvent exiracted at pH 1.5 into methyl
isobutyl ketone (“MIBK”). The clavulanic acid rich MIBK was treated with carbon
(17L) and back extracted into water which was adjusted to pH 4.5 by controlled

11



w0 01/87891 PCT/ GBOL/ 0202s injection of a 50 % NI BK solution of t-BA. By
controlling the t-BA addition rate the pH of the aqueous phase coul d be
set, and phh diyPsand pH 5.4 were used in separate experi mengsycéng®@othe

cancentrat  oRiecHR Gbre0gt it Mo aRs T GaybRahf ¢ B APl B8 0T s
of acetone ajd ggigﬁf ﬁfegagheé&séﬂhsﬁ RRAbCet] 501 gxqus asd pH X8R gscld iabove. The

subsequent cry l1s am ne was converted pot assium salt and anal ysed
for N-succi nsdpatayw egicniendnesy eOrce theaquasas badieextraepeatadtion bdd mactedireous

phase pH of 5.4. By using . the pH 4.5 the |leve| of N-succinyl tyr qsin
inpurity in §W@blsqrgailisson wpcnaater A0y inueywakctysialised pyadditiop Q?t he

| evel at p i I r.Si ]

pot ass. urh o) 4 et of ek AERY i freofRONRTROAM Kol B ATHOBGREN 188ove. e
of i sopropan®he (bkeduend b sehlifsed hin@@d Wad envedOi) poraidthnt gt Afd maBsetiiced to
pH 6.8 with glacial acetic acid. Wile stirring a further 145 rnl of

i sopropanol (@ imgdsty denslsITis wis IBngepesdest with 2nagnsaul eheseddl ef § . 9BK)
di ssol ved in_i.sopro ol ,adde wi se .over 20 m nutes. The sq-formed
Sl urry vas seing B BEA- R IR of LER RGO BleMaihE el et er od. The
pot assi um cl gyt angy §0 aaki BT g{?q@@éﬁay\ﬁ%,p{ gesgyone (120 M and 200 m) and

dried in vacuo with a nitrogen eed. Altering the volunme of glacial acetic
acid adddd varied the pH of the dissolution solution. Results 20 indicating

the effect on the apount of, N-succinyl tyrosine inpurity in the potassium
cl avul anat e anrﬂel%"é?“‘éﬁﬁﬂoﬂ\? PBI@““%P@P% to PofstiguLclapianatey| anate are

Tl olay (~iort ol atyboph oAk BlinalB P38 bR R et SEREHEEANEERDY,
01/ 87891 PCTikBdHidil20Rater (100, andlthgrpHof avmtiacedwapH 6@uesid plagial agEiensat e

for the additional volunme of acetic acid used. The experinments described in
Exanpl e 3 ab@tié Wehide papagiadyriten g vt pbisopioparol trparnddedeand5%éind t o achi eve

the specjfied pH. faqr | e h l.ori,c acid 5 was,u Mith. simlar
esui b o, 145 Doty afB Ty Eh R aRho ted ) Sopath MR RSt olir si ng
exposure of 8 aahhte®f THE AYULARUGIAEY Gak Stirfed U0 MRl 84 i@-takh &fo ess
than 6.5. 2. A process according to claim1 wherein the pHis 3.5 - 5.5,

5°C and filtered. The potassium clavulanate cake was washed with acetone (120 mi

and 200 ml) and dried in vacuo with a nitrogen bleed. Altering the volume of

glacial acetic acid added varied the pH of the dissolution solution. Results

20  indicating the effect on the amount of total impurities in the potassium clavulanate

(*Kclav”) and overall yield of potassium clavulanate are shown in the table below:

Dissolution pH % of total impurities in Kclav (wrt clav)
6.8 0.87
25 6.5 0.92
6.0 0.63
5.5 0.57
5.0 0.13
5.0% 0.11

30
* The volume of water was reduced to compensate for the additional volume of

acetic acid used.

12



3. A process according to claim~ or 2 wherein the salt is washed wth a
wash nmediumat a pH of 6.0 or less. 10 4. A process according to claim3
wher ei n thﬁ)ﬁﬁé'ﬁgt)ﬁ s an am ne salt of clavulanic acid. 5. Ap@f/@@;@ﬁ@zoz,

according to cl a| 4 wher ei n ine-salt Ls,then subse

converted into a ﬁﬁ?‘peﬁ%ﬂhsc‘ﬁ @ﬁﬂ%ﬁ’fﬁ’?l’é%? abo‘éec%"é’ﬁtrﬁ Q’ 8%“51

clavul ani ¢ aglifs 1an a@btﬁre&%ﬁﬁa fé‘%@rﬂ‘i@ %cffféd?}fi'fﬁ? &a‘ﬁﬂﬁ’é ﬁydI‘roEﬂilgrl@%Hd whi ch
is washed is a netal salt of avul ani'c aci process according to
any one of civak used&witbsﬁnﬂfdneemlt@. the wash mediumis a mxture of water and

a water-m scible organic solvent at a pH of 6,0 or less. 8. A process
according to any one of claims 3 to 7 conprising a process in which a

tart |t of |
Trour £y, 8 asinef 2 o ARt e fo MRl R SAEURIERLE
produce a product 3§g1ltémﬂfg tﬁﬂtﬁﬂﬂlr@f‘(f‘GB@G")@Idvﬂla\t\{ﬁlleCsBlttvﬁ@ dise¥REd af whatke tone or

nore inmpurity is | ower A process accordlng to any one of clains 3 to 8
conpri si ng agpreack¥s pfn(iwhicgleulated agr” pre &ee ApGT i 1§ dlavulamioead nigiem by

tart 't of  cl | f th |t of
R et i T e e T S T
10, A pr oces?HaLpgq.g 8 rbfinfatedy M1lmPbs Eo%ﬁ’s%r@hﬂctabﬁ O?Q‘:bhcéﬁtraféld%ﬂicam ¢ acid

is recrystalfised a recrystallisation dium a .0 or less. 11.

A procest) acedddiAgxtvolunheadiact@neiwes atlded hiel thantixote stireedjfcmrlﬁcmmuted is an 5

am ne salt of clavulanic acid, 12. A process according to claim1l ~;
'herein the Addionghacetqns waﬁ@ﬁd%%\?é@@erﬁmugﬁw@méﬁﬁ&r IREBLRVINME] product

phar maceut | cah .y, AGGERE A LoRRile Aot Y WhARME A hlingAed F ahiBliooesS

according to Wherein € sa 1'sSS0 N an aqueous
medi um at t hgspiddr&uf®. dhe éf?&ﬁmt PBASIRSE G MbdyarAd aksd@tbdt re-Fid forlseor | ess,
then the salt |s i solated fromthe aqueous solution by crystallisation by
adm Xxi ng thensmlltg& ashcalletied dy gilevatiqni. t The prpduol wamwashed WllMéooAﬂmfocess
accordin one, of to I3 conprising a process in

tart] ng Bal eoane; Peivt s d et BuGen dbkEPA b AL
inpurity', » r | i:sed, f h Y, I

medi um to thgehflﬁelgief 3’ Hggute;{l%%r E}gdtn é%f tga oﬂf}?g}stavg %%?%1 (z@? ﬁ%\llm ch the

| evel of themnan@nn et A sguobthined sisingwise pPiteddres Azapltlmnasasamlwsdl ng to
any one of clainms 10 to 14 conprising a process in which one or nore
inpurity is fdlaNfed froma starti ng salt of clavulanic acid, by
recrystallisation of the starting salt of clavulanic acid fromthe
recrystallisation nedium 2~ 16. A process according to claim1l1 or 2,
conprisi®g & preparative process in

Crystallisation pH % N-succinyl tyrosine in t-BA
of t-BA solution clavulanate (wrt clav by HPLC)
Natural (pH 8.5) 3.48

pH4.5 0.03

25

Example 5: Preparation of amine clavulanate salt from clavulanic acid and
amine under acid conditions.
100L of clavulanic acid aqueous concentrate (ca. 20-40 g/L), from filtered
30  concentrated fermentation broth was solvent extracted at pH 1.5 into methyl
isobutyl ketone (“MIBK™). The clavulanic acid rich MIBK was treated with carbon
(17L) and back extracted into water which was adjusted to pH 4.5 by controlled

13



which the salt of clavulanic acid is prepared in a liquid nmediumat a pH of
6.0 or lower, 30 17. A process according to claim 16 conprising preparation
of an am (g &alke0f clavul anic salt by reaciing clavul ani cp@gE8eiv2b3s an

i i lj qui.d di f 6 . 17 ~' 1 . 1./87891
e 5011 1pgton S U2 BhaR ALl & o, PSioul he SR MR 372 o
phase Systenahegﬁq BER Bé&é!ﬂa'hﬁsesé?)hl’c?ﬁé scﬁf‘ﬁﬁlﬁgﬁ%ﬁ el?mm%.&%r@heew ani ¢

the a ne salt

acid, and an aqueous phase into whic I's extracted and which

is at the pHphrae SxpetinlepwerOnde th aqéeqns bedssxiecton shlogord badcieatiedla or 2,
conprising a preparative process in which a netal salt of clavulanic acid
is formed assuitaplegaygiellipiiion coreaatiabianpe Loealgyobrnerysiallised by afdifion ghi c

550 o 1 gher 25 Spjulhs oR BT AR e RERAHAR AP uR e s R G
clavul anat e irge Mt%@gleﬁgcrygtjalliséd BIOEeRss aeeriel RopdiRsih@bdR 4 Qlalyd€d for

performed with the amne’salt in solution in a mxture of a water-m scible

organi ¢ sol virtuceingl tyatsene levelhe Thist washéiep keptated fwiy O aquebasphasepH of

subsequent | djusted to this_pH.and the netal salt precursor is added to
Thi e dor i oty heng el o I 185 ok NG kel ety BRRGHY 30 M SoshSET ¢ b

pr eceding cl g iR 49 rRRkL 98¢0 1OUETL HPIARESS, PATofR£PAr ati on of

pot assi um cl avul ana romcrude clavulanic acid 20 as forned in a
fermentatd on broth. 23. A process according to claim 22 involving the steps
of {i) fernmentation of a m croorgani smwhich produces an aqueous broth

cont ai ni ng cExsuplné.cComvegsion jof pn aypping salt ¢ patassinm elpgylanaliei c acid into an

organi c solvent, (iii nyersion of the 25.¢lavul anic.acid int am ne
At of o avul ani &850 GBRNGR G pRade DINERL &r ObBoRRsBnG "G,
lower, partigi @sliedwate (10nQYeind thy bHORAVRE N0 ?ﬁ{ 6 136w AT Ria$ Addiict O
potassi um cl avul anate. 24. A product amine salt of clavulanic acid being a
product of aapdod¥kide S0riagadbuhergl4Sombnt/isopr@patiol staaiaddedlandoS9.§ ml18
15  potassium 2-ethylhexanoate (1.92N) dissolved in isopropanol added dropwise over
20 minutes. The so-formed siurry was stirred for 120 minutes in an ice-bath at 0-
5°C and filtered. The potassium clavulanate cake was washed with acetone (120 mi
and 200 ml) and dried in vacuo with a nitrogen bleed. Altering the volume of
glacial acetic acid added varied the pH of the dissolution solution. Results
20  indicating the effect on the amount of N-succinyl tyrosine impurity in the potassium

clavulanate (“Kclav”) and overall yield of potassium clavulanate are shown in the

table below:

Dissolution pH % of N-succinyl tyrosine
in Kclav (wrt clav)
25 6.8 0.62
6.5 0.65
6.0 0.44
5.5 0.40
5.0 0.04
30 5.0% 0.07

14



V'O U1/ 87891 f' CT/ GBUL/ U2112s 25. Pot assi um cl avul anate being a product of
a process according to any one of clains 1 to 3 or 19 to 23. 26. A process
accor di ng\\t(;)mas"vymone of cl ai ns 8 9, 14 or 15 vvher ei n one pfr/imesaed one
or nore i npuci ine. 27. A i, cat i rocess in

ohi ch & sar't “grecilifd RV NA rolshY i Fomd:hon 3k o §RbBARESR R nat e
wi th N-succi Qyéncta)équgleae is subj ected to conditions which renove

N-succinyl tyrosine. 10 28. A purification process according to claim27
wherein the salt [Theexpoaechts desaribédyin Bxamgde drmboentvaieniepeated nsagetier whi ch
destroys N-suc yl tyrosipe. 29. A purifjcation proces acc ding. to claim
27 wherein tﬁ@?‘%a]af‘ apdicoagid ety ath%pchgsa&ﬁ ik PRl By elrow i ny!
tyrosine,gi NGAL AL 8 sink a‘? rgg hadsor bed onto a solid subst rat e. 30. A
purifi cat| on process I n a salt of elavulanic acid, containing or
believed to be contam nat ed Wi th N-succinyl tyrosine, is suspended or
disssolved in 20 a liquid nediumand is exposed to a material which absorbs
N-succi nyl tyrosine and thereby renmoves N-succinyl tyrosine fromthe salt.
31. A preparative process in which a salt of clavulanic acid is prepared
under conditions selected to mnimse the formati on of N-succinyl tyrosine
andlor its 25 retention in the product salt of clavulanic acid. 32. A
process according to claim31 wherein the salt of clavulanic acid is
prepared in a |liquid nmedium containing reagents which renmove N-succinyl
tyrosine, or at chem cal or physical conditions which renove N succinyl
tyrosine. 30 19

.AssR. A5sR. A" . "e. As. ?. ALsR A&AsR A9AsR. ALUse. ALU ?. A" ., . ALU?. As?. ALAs?. A . A
SR A& y. A h" R A&R A&s?I STXY R Y\ _bS

y{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] c: a] ca] ca] ca] ca] ca] caV] ca] ca] ca] caV]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

PJIIL 7" " $$$q95%d9%8& v' ' (B(((3)8):))}xsnid*Y]]cal]ca] ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca] calca]ca]calcaljcalcalcalcalcal)).*
| *

4 ++,1,t,,-]--.S...=000B111<22230333HA} xsni d_Z] ]] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
GAN444R5556S66670777F8889X99: 9;

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal >>F???@ @33A} AA#BqBBB- CCCC
8DDD5E: E<EGEXEEEFhFFF| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]ca] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca]ca! F2@ G5 Hj I I JKI LLNXN
NNNNc OOOVPPP+QQQR[ RRR?SSS* T| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *TyTT&UsVVWV, W
WXV XXX" Z[ ] bbb2b| bb&cr ccdddde5f 8f

f gl wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca]ca]ca]ca]ca
o@~ytoj e [V]ca]ca] ca]ca] ca]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] c*a] c"a] ca] ca] ca] cMa] cMal @Mppgqaqq8gqqg<rrr, szssttuuv3vevTy
svxv}vvv/ w~wwx} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] c”a] cMa] ca] ca] c”a] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cMa! x$x' xy{{|}) ~}~—~~~~ , M5

j y#~ytoje [V]]ca]ca] ca]ca]ca] ca]ca]ca]cal]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca
] cha] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca! 0u62YzZkqv~7| wr mhc”Y] ] c] ca] ca]ca] c
a] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal calca]ca]cal 5rt & n% O#n} xsni d_Z]]c]]ca] ca] ca]ca] ca] ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]lca]ca]ca]calc"alnrt& n% O#n
}xsnid_Z]]c]]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]caY i K-910%& ()- 10%&' () -

109%&' ()-910%& ()-109%& ()-"s10%&' ()-310%& () -
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Y\i K-5% 109%& ()-F"10%&' ()-Y 10%& ()--10%& ()-9

109%& () -, 10%& ()-s10%& ()-\ _b}si Hs% 10%& () Us@&10%88& ()-&101010;

@O%&' ()-WB 01B8%R1()-g 610%& ()-s- 10%&' ()-S " Bsi Hs% 1090 prO%ems1(0ps2s

S9" 109 ()'@ﬁ 0%& ()-3 NF "10%&' ()-3 SF

"10%gg&' ()- 3 %9& ()-&z[ PE:s% 10g 10g 10g; 10%g& ()-!\9"10%& () -
#9"10%gg& ()- a9"10%& ()- a9"10%& ()-{k zX6PE: 'k F "10%& ()-!k F

"109& ()-!f F "109%& ()-  "10%& ()-&  "10% x{x& ()-& " " 10%XKx& ()-&}y;
ZX6PE: | Xs. " 1D%<<&A (pyodvbXeommisias ¢xpashig o @oalt(of claynkninadd (9 a ligid

"109&' ()-!t F "10%& ()= bCl Xs. 109%& ()- 109%& ()-"10%& ()-310%& ()- 10 10
10; 109%&' () - dﬂe@lﬂm!a!t?"iglksﬁf%%éﬁf@&& ()-f 109%& ()-Y

109 () - BO%& ()-109&' ()- @OY& ()-7"""$$$qS$dELC! Xs. 109%& () - 910%& () - 10%& ()
-109%&' () -s310%& ()-s10%&' ()-$%98& v' dEbC!I Xs./ @ 10%& ()-s -!10%&' ()- &z
109%& () - s% "210%&' A )préctdOMRofding 1 6%®n ( )wherdif B $13)is EhEl-X%6s5.9109%& () - Y7

109%& ()- s5 10%& ()-4MLO%& ()- f2109%& ()-0S

109%& ()-3)5)6)7)8))).*|*~ @ X@L0%&' ()- @O%& ()-10%& ()-!r sS&I0YWP& ()-S 10

10 10; 109%& (3 - | ** 5 Phddetd alloraifB 1 HO0E1 Ok RSEn(che P 1okl $AHE baan™
medium at a pH of 6.0 or less.
10
4, A process according to claim 3 wherein the salt is an amine salt of

clavulanic acid.

5. A process according to claim 4 wherein the amine salt is then subsequently

15  converted into a final product pharmaceutically acceptable salt of clavulanic acid.

6. A process according to claim 3 wherein the salt which is washed is a metal

salt of clavulanic acid.

20 7. A process according to any one of claims 3 to 6 wherein the wash medium is

a mixture of water and a water-miscible organic solvent at a pH of 6.0 or less.

8. A process according to any one of claims 3 to 7 comprising a process in
which a starting salt of clavulanic acid is provided containing one or more impurity,
25  and the salt is washed with the wash medium, to thereby produce a product salt of

clavulanic acid in which the level of the one or more impurity is lower.
9. A process according to any one of claims 3 to 8 comprising a process in

which one or more impurity is removed from a starting salt of clavulanic acid, by

30  washing of the starting salt of clavulanic acid with the wash medium.
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09%& () - LSWDMR6- @10%& () -! 109%& () - 109%& () - 00B111<22dE~ 1@ MOBOMRYLY - | 7miLO

e o o) S BTl it e RO ¢ O

1098 () - 3G4° 11094 &l din o6& 0&(heef MLOYS & () - F
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910% & ()-ff10% & ()-' 10% & ()- 7O777F888dE~_@ XF(910% & () - &@

109% & ()-&$3"10% & ()- @10% & ()-!10% & ()- 10% & (é—89X99: 9, ...

- dE~_@ X 71084-& (P-myocassgegerdingte gl 10)wixreintheysaliof glaynlanio agig i §1) | 1096 &
- iR - 1 0%&: "()-s109%&’ ()- 10" 10" 10",

g)m%' & ()2 010% %ﬁﬁ%{ﬁ?&éﬁé‘%g’gé ;(L! 109&' 8 3 10% ()-!10%& ()- @

1098 ()-109%&' ()- " 3109 ()->F???@ @IEbC! X&MLOY&' () - 9#109%&' () - 109&' () -

109%&' ()-f109%& () -- _ ‘

1098 () - G\3AL DA B4 B BbSS ME¢ AR C)aig 0 ogharyinghe amieg selt-igheosgbsepuentlyor’ () -

f 10% ()-qBBB. COCCAELCI XS2 100@ ()~ 0100& () -/ 100& ()-99: M 109& ().

+mLOY& 8 ? 1 BREY5C &Bﬁg‘é Eé‘ié’é‘% @ﬁ%e}kﬁi%?yﬁci G,E‘blg)sal?"f Hattartc abid.

109%&' () - 9mLOY&' () - Y710%& () - 95#10%& () - 310%&' ()- : EGEXEEEFhFAEYNC! X

ymlO%&' () -, 910%&' ()-s10%& ()-10%& ()- Y's10%&' ()-10%& ()-hFFF2Q GG HIEYNC! X

LZ"10%& 10 - LEB.109%& ffrpedB %t qrilingZt @¥an (10; 31 Br 12 wherein the salt is dissolved in an

109& () -y9! 109%& ()-)H I 1 IKI LLAEYNC! X L9-!109%&' ()- &f.

1098 § 3 - {$" 1@%0‘8 nﬁéﬁ%ﬂk the p 1@9@(@551@'0/@@?@11%%&&%&&&%@ R-9er 8s:10;

To0e: E g j glé%i%?gcﬁe@yaj%%@t(1§t)eg ﬁg}g%agaeau-s softn by N HHARRRRDT A %E the

solution with a precipitating solvent.

15 14, A process according to any one of claims 10 to 13 comprising a process in
which a starting salt of clavulanic acid is provided containing one or more impurity,
and the salt is recrystallised from the recrystallisation medium, to thereby produce a

product salt of clavulanic acid in which the level of the one or more impurity is

lower.

20
15. A process according to any one of claims 10 to 14 comprising a process in
which one or more impurity is removed from a starting salt of clavulanic acid, by
recrystallisation of the starting salt of clavulanic acid from the recrystallisation
medium,

25

16. A process according to claim 1 or 2, comprising a preparative process in
which the salt of clavulanic acid is prepared in a liquid medium at a pH of 6.0 or

lower,

30 17. A process according to claim 16 comprising preparation of an amine salt of
clavulanic salt by reacting clavulanic acid with an amine in a liquid medium at a pH

of 6.0 or lower.
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109 () -WolBist9o- 109 () - yTT&UsVVV, WIEYNC! X0109%&' () - . 10Y& (16 Bd1702025
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23. A process according to claim 22 involving the steps of (i) fermentation of a
microorganism which produces an aqueous broth containing clavulanic acid, (ii)
extraction of the clavulanic acid into an organic solvent, (iii) conversion of the

25 clavulanic acid into an amine salt of clavulanic acid, (iv) exposure of the amine salt
to a pH of 6.0 or lower, particularly 5.5 or lower, (v) conversion of the amine salt

to potassium clavulanate.

24. A product amine salt of clavulanic acid being a product of a process

30  according to any one of claims 1 to 18,
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30. A purification process in which a salt of clavulanic acid, containing or
believed to be contaminated with N-succinyl tyrosine, is suspended or disssolved in
20  a liquid medium and is exposed to a material which absorbs N-succinyl tyrosine and

thereby removes N-succinyl tyrosine from the salt.

31. A preparative process in which a salt of clavulanic acid is prepared under
conditions selected to minimise the formation of N-succinyl tyrosine and/or its

25 ' retention in the product salt of clavulanic acid.

32. A process according to claim 31 wherein the salt of clavulanic acid is
prepared in a liquid medium containing reagents which remove N-succinyl tyrosine,
or at chemical or physical conditions which remove N-succinyl tyrosine.
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