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extraction processes. In particular the invention relates to processes in
whi ch a firgldkhshgs d phase containing a 5  dissol ved sol utgrspoggabact ed
with a second liquid phase which is also a solvent for the solute but is
imriscible with the first |iquid phase, and the solute is extracted into
the second |iquid phase. | OLAVULANICNAGED EXTRACTIONOPRORESE-ESSES, an organic
spolute in weak solution in an organic solvent is contacted with an agueous
nmediumto extract the solute into 10 the aqueous medi um and thereby forma .
relatively concentrated aqueous solution in the aqueous nmedium This
procedure is cal |l ed Thisdavession selateote liqyid-liguid pxtpactign pracasses nin pastiedart he

solute is subjegt ' . ' ' .In_the organic
solvent to int eeiﬁe' gfé%gﬁggggég@bﬂotgésggﬁt%’?%hﬁthﬂ 12 @g%euﬁoé%hé] e aqueous '
medi um for sex ailmglsrds edlnte;is)ccrlmdtenrwml & kecond liq?iﬂ@hms‘egﬂﬁélﬁis&ﬂdo%ﬁlv&mfcﬁnhance
15 aqueous so] ubi li of the.solute as a.salt, In sone processes the
aqueous nedi umth&salye é&!ﬁ‘@ﬂ?‘%ﬁﬁ&’“ﬁ’d’b‘pﬁm HaviA iphaseqand the sofute s extracisdu s
mediumis all O\Qﬁ‘tgt&é)s& fiqlid phaser rent of the solute dissolved in the
organi ¢ solvent, thereby extracting a substantial proportion of the solute
fromthe sol vent, anth sdmenkndwnsexsnactéon proeasstisyuan cxganiaisolutegineveak sciution sol ut e
is circulated 20 and <’i1| I 9wed {ao ontact fresh incomn soéluté di.ssol ved
i n the or gani c ABGFEAI SOTYRE 5 Fontagiet] Wit 4 Aqueqls Tedily 1 Xt ibe scute iR
aqueous NeqoUMheaguebQV1REditm Al fiserdbyt forf Q\telatively toiensaed fjueodshBlution in
concentration of solute in the_aqueous nediumincreases to an optinmum In

sone cases wherthe #picai medismyckhivproredursiscalied thagk pxtractien’nef Isuinping’hdn
organi ¢ SOl veNlegdyd chies Ble sohfle & sbhbfetivh 1 Lfbchital BlarleBf whit P lurton in heSU! LI NG
froma prelimnary extractron i nto the organic solvent o e solute from
an aqueous sourtganitf solvent tointdr @fia enitdnca thetsbmbility dfidie sohutesinaheaqueads r eact i on
or fermentation, to pick. up further solufe and becope nore concentrated. A
general probl eﬂm%f’ R}FFWJ?M‘%(‘P’*";&“? %ﬂ&?g‘légf“’pﬁgmul arly
when the aggeoygudtad ssibility bfthe sfthfeG@yladkitng | oop, is that if only a limted

degree of 30 contact is  achieved between the solute in the organic
sol vent and t he aquebuspme processes the aqueous medium is in a circulating loop, in which a

current of aqueous medium is allowed to contact a current of the solute dissolved in

the organic solvent, thereby extracting a substantial proportion of the solute from

the solvent, and then this aqueous medium containing extracted solute is circulated
20 and allowed to contact fresh incoming solute dissolved in the organic solvent.

In one form of this circulating process, the aqueous medium is allowed to
circulate several times so that the concentration of solute in the aqueous medium
increases to an optimum. In some cases when the aqueous medium is in such a
circulating loop, the organic solvent is itself in a circulating loop, for example

25 resulting from a preliminary extraction into the organic solvent of the solute from
an aqueous source of the solute, such as the product of a chemical reaction or
fermentation, to pick up further solute and become more concentrated.

A general problem associated with such extraction processes, particularly
when the aqueous medium is in a circulating loop, is that if only a limited degree of

30 contact is achieved between the solute in the organic solvent and the aqueous
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PCT/ EP96/ 00270 nmedi¢m a relatively large vol une I’&H—G— of aqueous nedi um

first organic solvent in the region of mxing is required. This can result
in relatively Qgddphasant. Mreover, sonme solutes are rel ati velorgieshaid ©
in both aqueous nedia and commonly used organi c solvents, particularly if

these are wet, and if only alimted 5 degree of mxing is achieved

bet ween t he solutloanthe Qr C nt.. a t he agueou diu .
par t oul arty 11t nEeaRe g Rafif Srds oty gt BRARBLIT R popesge o
the time for whichupiehegion bbinxihe Bereqirddd THecAOeaNE rBRMVybEIRY pldae Sol vent
S Iengthened to the detrinment of the solute. This is particularly

inportant in the case ofMpfraveraseme selutes awsFplatively Unsiphle in kot agepws,media and
sensitive to hydr Ol:yxﬁx'nﬁm%(ﬁsed &Iggmc %&vérﬁé,"ﬂah%larlg lﬂfﬂgeaﬂ'k %eﬁcyng 1f §nl§ Hq;?méd
conpound. C avul anrc ac

(2)-(2R 5R) -3-(2- H;lcgmewmm'ﬂg' id eclEyved- btemen{hb(ﬁ)lmion in lhe organic solvent and the

azabi cycl o 3. 2. 0] hept ane- 2-.car boxyl i a - .ac se inhibjtor
Shioh o ubed conmBMEPt PEILS, FSiHpon e heueinEmedivbti FESAFERnY Broi
usual ly in the forggeqbog ttﬁe ﬁﬁhtf& wlﬁ&l@ﬁﬁ's@iﬂl&’reﬂﬁhﬁ%ﬁtﬂé@qﬁécﬁa‘é%ﬁﬁﬁ 8nd the
Clavul anic acid is produced comercially by culture of

m cr oor gani sm St rep@lmm&nﬁhm; toghe detriment ofthe sglnte. a'[s!llscl!éﬂlfﬂcbbdy ilmpeEnt

1508977. d avul ani s cte ram
culture mediumin @5@889@ M@éﬁ%ﬁ?‘l&c %ogﬁ?shéjhégl# g%? lgélt hy%ml;'s’s
clavuligerus ane fietcsin sobitiovieClavalanictabid ﬁﬁthdhlﬂﬁmliﬁbdhdlm by such net hods as
filtration or centrifugation 20 (%ﬁ ore_such extracti on procedures are

comenced. Wol e broth GJ@E"F‘&B\CPSK‘ f2RPRY 32 Hydrryswylidene i {orerfiraxadei d or
its salts may be exlHactRes 30 ﬁh@aﬁlcgfb%gylfdjicﬁ r1§a Fﬁ%&iﬂ&sﬁXﬂﬂbl’(&r\ﬂrtﬁéﬁ’stfsed

nmet hods. Sol vent extratlonfr cold clarifie ture nedi um adj ust ed
aci d pH val ues, andommeteiadly asfaicompangni pﬁp,hatrtnaceamcai iformnulations,a1su4lly2i the form of
clavul anic acid at. ney raI

h h h
been found to be p&?? uFﬁ’F?‘?%B‘é‘?ﬁ’as ATy Bé\ll?‘g‘ %3%@% ﬁ%‘rdtegl Pzrma\altﬁ

ester of clavullgani gofmettiallyWyl &mwmm@hﬁm@gﬂnixﬂmﬁbﬁ&@suwuw @rits
salt therefrom The extraction processes for obtaining clavulanic acid or

its salts may noti S%AMRIG andesgribeddn B k308927 Hri mary i sol ati on process
followed by a further 3@yl aeldCéiitsQ1edH3§ BE Extracted directly from the culture

medium in various ways but normally the cells of the S. clavuligerus are first

removed from the culture medium by such methods as filtration or centrifugation
20  before such extraction procedures are commenced. Whole broth extraction may also
be employed.

Clavulanic acid or its salts may be extracted from clarified culture medium
by a variety of methods. Solvent extraction from cold clarified culture medium
adjusted to acid pH values, and methods which utilize the anionic nature of

25 clavulanic acid at neutral pH such as the use of anion exchange resins have been
found to be particularly useful. A further useful method is to form an ester of
clavulanic acid, purify the_ ester and regenerate the acid or its salt therefrom.

The extraction processes for obtaining clavulanic acid or its salts may
notionally be divided into a primary isolation process followed by a further

30 purification process.
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extraction of the free clavulanic acid. In the solvent extraction process

the cl avul anwpoggiads i S extracted into an organic solvent fr g@raEebéoozro
clarified culture medium which may be whole broth, adjusted to an acid pH

val ue. 5 I n one sol vent extraction process for clavul anic free acid
the clarified mediumj s .chilled and the into the.re
115 by the addi & on SRS BRRR BOReR MOBtFSIIu oL pARERGR of B8 £t

walt er - i mi sci bl e cohaRRicGck LY Malsolveni dxiabforAsrosiss uetavulnlcUdR! isléRftadiéd into
i ncl ude hydrochloric, sulphuric, nitric, phosphoric or the |ike m neral

acids. Suitable aomgsmc:soévﬂnv&nmdmelmﬁed enliyee medinm, sthigj majcls whele broth,1 0
butyl acetate a h | ket one, and other simlar solvents.

Met hyl i sobutyl o%eyanhég ﬁt a|hf:eul arly suitable solvent for use in the
extraction ofs the aciislohd ﬁﬂv@uhiwcﬁoﬁ ptdcesstfor cMﬁﬁc ﬁe«pamtmmmﬁcdt he
phases clavulanic acid is found in_solution in the organi c phase

cl avul ani ¢ aci d Weskjump is ghilled and the,pH dewered inte the TGS’QBHfEHp'h&% “i'%dél@nrﬂefw 15
aqueous phase b 10

exanpl e, the al Bl?g i n%%ﬁg@f*&@ﬁs%nﬁggfﬁ eé?n?e‘?{gflﬁ ?’H‘d %div avu anl c acid
in water than iracus gsadito ls\ud:rvthclpH méllhdsh)tdmchtdr&w lsixlplmm: aitrid, ptogphiveiche ahe

extracted fromthe |c S nto ution or suspen3| on
of an al kal i I’E‘F (r)é'“ g “&Rﬁ“‘é@"} LAcFRFe Pogen
carbonate, POt agahy H&:éiMé' hﬁkﬂﬁi&th?h&é ?ﬂ&t&ﬂéf bt otﬁér sililar ébﬁ}entsu Médgibonat e,
or water, while nmaintaining roximately neutrality, for exanple

pH 7. Thi s aquedsebugrkketgns i ls aapmlagbrp%ma 1¢ golverit fpmsepnaye@tram qfdhe
concentrated un S g 5’9 (B dto
provide a soli dqulljf({fg%gﬁg%a@a ?o%ﬁeﬁr Fé]agﬁsgﬁqtﬂéf C avu?@k#% %@‘} %%@@Z
solid preparati aomtion in the abganicptaase.stored as a dry solid at -20[err]C A
simlar process is 2 escrjbed in GB 1l5‘ 3103.,. Thi s, process may be

modi fied in known waydes "F’GP‘céﬁM?Yeb%\ {exuacied om;the rganic phasedpio 2064 | o
to the organic ﬁébﬁ@i)h:&@%? l%xi SR hel Yredter WAEL IaYilIYRIF O ekdIE] the ©S

fromthe inpure I avul ani c”acl
alkali metal or alkaline earth metal salts of clavulanic acid in water than in organic

solvents. Thus the clavulanic acid may be back extracted from the organic solvent
into an aqueous solution or suspension of an alkali metal or alkaline earth metal
base, such as sodium hydrogen carbonate, potassium hydrogen phosphate buffer or
20  calcium carbonate, or water, while maintaining the pH at approximately neutrality,
for example pH 7. This agueous extract, after separation of the phases, may be
concentrated under reduced pressure. Freeze-drying may also be employed to
provide a solid crude preparation of the salt of clavulanic acid. Such solid
preparations are stable when stored as a dry solid at -209C. A similar process is
25  described in GB 1563103. This process may be modified in known ways by for
example additional purification steps applied to the organic solvent phase to remove
high molecular weight impurities from the impure clavulanic acid.
A further secondary purification process for clavulanic acid is that described
in for example EP 0026044, in which a solution of impure clavulanic acid in an
30  organic solvent is contacted with t-butylamine to form the t-butylamine salt of

clavulanic acid, which is then isolated, thereby separating the clavulanic acid from

3



A further secondary purification process for clavulanic acid is that
described in for exanple EP 0026044, 4++—which a solution of inpure
clavulanic acid in an 30 organi c solvent is contacted with t-butyl am ne
to formthe t-hbypykapbde salt of clavulanic acid, which is thegcrgpdsibdM

t hker eby separating the cI avulanic acid from3 WO 96/ 22296

PCT/ EP96/ 00270 inpurities remaining in the organic solvent, and the salt is
t hen converted back to _clavulanic acid or, into a derivative of clavul anic

acid such as an al HEIPRriyssTEmainine;in ghe opganie selyent.capd heisal ftheneyemed back to
pur| fication proce I CFQ(,Q

am nes such as di et%%%ﬁam nt‘aﬁEl (tﬁ.l’l - oc\q/?/evrgﬁ f %#Enig@ulﬂﬁﬁsﬁf%lﬁg%lﬁy tgglﬁ | ne
and NN -diisopr opylaatehyt eDtheli muwnesecmldaxyrpurrﬁahticm procksses fort diavulaio dcidhinvolys

thereof with the clavul a acid.. These tion pro ess
i nher ent di sadvant SFWEPBFHQQ)E%M’HW%‘%& ‘F'ﬁ € f"’ e aﬁﬂimmﬁq eave
residual tracesgof @althplafiin€ bt/ NN2QiiSopR6pylethyiédediahifineadifo@n sdld ablRr bitea!

product. Such back extraction processes present a probl em when clavul anic
acid is 10  prepardetvatives therapfivithithe elayuianie agidy These perificatiopprocess dmavs theve.
I n conventi onal I

contact with \/vatergﬁm(?é{t "F‘ ‘S‘L&F‘F%e@??‘?g% Hu%}igér%gdﬁ an ﬁ Eﬂg Bleir%\? eggu"f]he
sol ution concent r atuta0es ¢ffsalts af/etiaulinic add dnthwlnd aimw,puulmiﬁmalbhﬁuetel atively
gentle m xing and separ at.i ngwgndl ti.ons ner ally used, and this can |ead

to extensive hydrolytic F?‘E?F“"EQ’ 85CS P“‘sg“i‘ﬂgr‘?brmml‘&? clayglaaic acid is
unexpect edly diggco Mﬁé‘&la@ul O Wid iy priQilarly f&ht@ séikﬁ‘t‘b@figléﬁﬁﬁnh&a? vel
way provides |rrpro m xi ng conditions particularly suitable for suc
extraction processextragtiongrotiessgs glavelasic iaid san rqmmqonmqnweswah mmlong
extraction process jin whi.c strearH?of a_subst an

organi ¢ sol vent cortt% Wﬁﬂg %‘f“g Yt or Bge Ay e t‘%’@éﬂﬁ'yc n%e ﬁ??é‘ %jﬁ(i%‘ﬁ'kqnéc a

bet a-1 act am ant i bi Gtidbuilds! Gp uaderahdRMtively! deftlemiaaaml sepmuiﬂgrhonarnons
clavulanic acid, as the free acid or a |labile derivative or sal t thereof

i s contacted at spcsBeraily psed. and bigfapreadjo aae&mhmYmmﬁadanm Xi ng
region, so thayga subst afhh flveRlofPRivE ubkpelted] AistNerddnRASRRwn (R bf Miking

organic sol vent

device used in a novel way provides improved mixing conditions particularly
suitable for such extraction processes.

Accordingly this invention provides an aqueous extraction process in which
a stream of a substantially water imiscible organic solvent containing a water-

20 soluble organic solute which is a beta-lactam antibiotic, such as a penicillin or
cephalosporin, or clavulanic acid, as the free acid or a labile derivative or a sait
thereof, is contacted at speed with a stream of an aqueous medium in a mixing
region, so that a substantial proportion of the solute passes from the organic solvent
into the aqueous medium in the first mixing region, then the organic solvent and

25 aqueous phases are physically separated during a separation step,_provided that if
the solute is an amine salt of clavulanic acid which is formed in situ in the mixing
region then the said amine salt is formed by reaction between clavulanic acid or a
labile derivative thereof and an amine.

A preferred form of this invention provides a process for the isolation of an

30 organic solute which is clavulanic acid in the form of the free acid, a salt thereof,

particularly a salt with an amine, or other water-soluble derivative thereof from
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into the aqueous mediumin the frrst m Xi ng regr on, then the organic
sol vent—and—25 - -a v oty —seps e+
separation step, provided that |f the soI ute is an am ne salt of cl avul ani c
acid which iwobgexsgl in situ in the mxing region then the pergpsiose salt
I$ formed by reaction between clavulanic acid or a labile derivative

t hereof and an am ne A preferred formof this invention provi des a process
forthersolatrori an fﬂ cpS0olu which is. Jlanrlc crdrnthe
formof the fre¥®¥ tbqnoc’rsgs@gf‘?nf bgl,lyo ?ﬁ?’é‘ﬁfeérlwc MRSV CRA ani ne,

or other wat er - ghicH PhecsaitPsolmain of SuipeatieP s donftled in a rﬂi\ﬁ@@éﬁaﬁ%xch isa
PCT/ EP96/ 00270 sol ution or suspensr on in a wholly or partly water-imscible

organi ¢ sol vent regipngfihigh wralense andfor sheatowress. Withpeauror medivpnsuchibaain a
m Xxi ng region o r r ress

wi th an aqueou\é\mﬁg)r uifttﬁ%%ac(ﬂb’? g@’%%g%wo@%?}q?ﬁﬁ%@ S?Q\?u éer?t%fg?acr din
t he form of § heotherewatersaluble derivative tlter&rﬁln an adueousgitiage is\otnted; senuld e

derivative thereof in an agyeous hase or.ned, en, t he organic, sol vent
and Aqueous phaowaE RGN AU SN0y DRSS SIF BUVKAY PPLEICA SRR 7 ShPASiED,
fol | oned by a fygd Hefio 2 Rirftr picREssing sré;s if %&m& EﬁVMhﬁE 'ae.d%srz therédft

t hereof or water-soluble derivative thefeof Is isolated fromth e aqueous
sol ution. The oetyaterscluble derivative theteobés isolated drom dtelagum soliutivre with the

aqueous 10 medi um .such as et one. .for

met hyl i sobut yl ketonefhel‘ﬂg?"r\c ?o@réegkslgqu? 1’3 ﬂ“@ﬁt&ﬂﬁ‘ ryafg'llsﬁlb gﬁé‘éﬁ FEMq
derivatives10 SUmnkdibng smmfih(hhﬁliﬂtiéﬂd&toﬁel fo€ exdifiplt RREfliSchaty] keetle AaaNe, for
exanpl e n-butanol, ethyl acetate, n- buta/qmacet ate, and ketones of the

general for mul acasg ef ?‘P"‘@E‘R{i@ﬂﬂfs salte prd rryeswamh{eétrsqmes@wm@@ﬁeent ly
o]~ 10 al kool e BBl G T, LBl KRR Seccbeygol V11

or suspension 1 contai 1
wei ght i npuriti MO-Dhﬂmgenuyl imnplaelkleﬂﬂ R3 whre Eloindtk arehndepbmmly)bttlal ned

by a primry |soI ocess .ag des 0 referably has been
subjected to a &?‘y"bm‘ %6‘583‘% &Eﬁﬁ@ﬁ“‘&“‘t%‘é WBne of
the inpuritigs. m%'béﬁﬂh%ﬁﬁﬁﬁésnfd?%kﬁnﬂb' 'hiih' Heleb it Wélﬂﬁ%ﬁﬁnés%wgéamay
filtration, and treatnent w th absorbent carbon. The sol ution may

be present if the solution has been obtained by a primary isolation process as

described above, but preferably has been subjected to a preliminary purification
process to remove at Jeast some of the impurities. Suitable preliminary purification
processes include filtration, and treatment with absorbent carbon. The solution may
20  also contain small quantities of dissolved or suspended water, but preferably if the
solution has been obtained from a primary isolation process it may be subjected to a
dewatering process, for example centrifuging to remove droplets of suspended
water.
Salts of these solutes may be of a metal ion such as sodium or potassium,
25  or of an organic base such as an amine. When the organic solute is clavulanic acid
it is preferred that the clavulanic acid is in the form of a salt with an amine.
Generally when a salt is present in the organic solvent phase it will be in the form
of a suspension, as salts are usually insoluble in organic solvents. Such a
suspension may comprise particles of the solid salt, or an emulsion of small
30 droplets of a solution of the salt in water, which may form if the organic solvent

itself is wet with dissolved or suspended water.



20 al so contain small quantities of dissolved or suspended water, but
preferably if the solution has been ebtatned froma primary isolation
process it nmay be subjected to a dewatering process, for exanple

centrifuging t owogRee dr opl ets of suspended water. Salts of thegrpsdlopfocs
may be of a netal ion such as sodi um or potassium 25 or of an organic

base such as an am ne. Wen the organic solute is cIavuI anlc aC|d it is
preferred that the clavulanic .acid.is i

General |y when a salt i sfApfuisalfsolption ?Pé‘cmgﬂ'i’ g"rsaoﬁo Ke °[5ﬁ‘és§§“§‘?n %n‘?l?‘%an% n

the form of a suspQRRi, a9 salfér EPderivaivesis dsoual 1S90 k3MOOM]1€/nil 10 O0YIMIit6 0.1M),
sol vents. Such a suspensi on may C&I;@I’I se particles of the salid salt, or an

enul sion of smal | Jor exampigare 5000 ¢im! e 0005M:p0.023 M) typicall around
may formif the Or%‘@ocisﬁbb’(?ﬂé/dﬂ(ﬁé'dobﬁlvﬂ@to.wﬁM)@kﬁr’é@e&?rﬂte%s SHaRRRLRS

wat er . WD 96/ 22
PCT/ EP96/ 00270 A S%i@d@h&nﬁ@lﬂtﬂrmsmmentvemidmmsdmblﬁos bigher solution contents of
suspensi on of clavulanjc acjd, its_.salt _or its deriﬂjﬁtlve i S a ound 00 to

20,000 [err]g/m (Flayiagigacy, Ggllwh“?w‘hé‘}éa’i?ﬁf'&e‘ﬁ? &“int%smcutsrem
[err]g/m (i.e. 0.005Mt &@%Mofcwmﬁelakmf@fﬁﬁﬁﬁu\’eﬁe&smfﬂkpleseﬁo

[err]g/mM (i.e. 0.015 M[err] 0.005 M expressed in terns of clavulanic 5
acid content. The [invention issuitable incinde salisoef dlayulanicragisl with amings et examplewithn

contents of clavul ani.c e, tion
cul ture yields. Suﬁf%ﬂag@w %&@%m@ggl& 5 !goé wcﬂz‘d ﬁg&’ﬁsggfeggg *of

the present invgntimecorerss'of whicE aferifitludtad Ieedih by iay Of fefedencd.c acid with
amnes, for exanple with tertiary butyI am ne, the am nes disclosed in

W93/ 25557, and in EP 0fimeriiy suitsle arpinesayp cayalent 69mmm}ﬁ°§9’é geprrpl fgpgula R-
e il oL PR BRSO el i Al s
ammoni a) or an or gaammesgnduqle plieaylethylansine, stamylmm est’ctyﬂmindel -hydroxy-Z-methyl-
T e
et hyl pi peri di neyg N dihylpipbi§difie, " %boﬁrap}qethﬁaadaﬁnﬁﬂaaﬁa Na el -
cycl ohexyl am ne.

cyclohexylamine.

Examples of other such amines include C,-C,4 n- iso- and tert- alkylamines,

dicyclohexylamine, adamantylamine, NN-diethylcyclohexylamine, N-

isopropyicyclohexylamine, N-methyicyclohexylamine, cyclopropylamine,

20 cyclobutylamine, norbornylamine, dehydroabietylamine, 1-hydroxy-2-methyl-2-
propylamine, tri-n-propylamine, tri-n-octylamine, tri-n-butylamine, dimethylamine,
i-propylamine, di-n-hexylamine, di-n-butylamine, diethylamine, 2-aminoethanol,
NN-diethylethanolamine, NN-dimethylethanolamine, ethanolamine, n-butylamine,
n-hexylamine, n-octadecylamine, N-cthylethanolamine, 1-hydroxyethylamine,

25 diethanolamine, NN-dimethylethanolamine, N-ethyl diethanolamine, 1, 6-diamino
hexane, tricthanolamine, diisobutylamine, diisopropylamine, 2-methoxyethylamine,
hydroxylamine, ammonia, methylamine, ethylamine, n-propylamine, n-butylamine,
n-pentylamine, n-hexylamine, n-heptylamine, n-octylamine, n-nonylamine, n-
decylamine, n-undecylamine, n-dodecylamine, n-prop-2-ylamine, n-but-2-ylamine,

30 n-pent-2-ylamine, n-hex-2-yl-amine, n-hept-2-ylamine, n-oct-2-ylamine, n-non-2-
ylamine, n-dec-2-ylamine, n-undec-?.-ylaniine, n-dodec-2-ylamine, n-hex-3-ylamine,
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Exanpl es of other such amnes include (Jerr]-Clerr] n- iso- and tert-
al kytemnes, di cyetoehexytamnes e ' - yl am ne,
N i sopropyl cycl ohexyl am ne, N nethyl cycl ohexyl am ne, cycl opropyl am ne, 20
cycl obut yl anwo®e239¢ bor nyl am ne, dehydroabi etyl am ne, 1-hydpenkessdiBiony! - 2-
propyl am ne, tri-n-propylamne, tri-n-octylamne, tri-n-butylam ne,

di net hyl am ne, i-propyl am ne, di-n-hexylam ne, di-n-butylam ne,

d
di et hyl am ne, 2-am ngethanol , .} i et hyl et hangl ani ne, .
N i ot iyl 61 harTeramea g sl it nSion o MaiRe -dec-yl-amine, gaymdec-s-
n-oct adecyl ani neganiing! Abdcayianaig, Aoct-d-yhnhha neinby B n-d&b-4-ylamine, n-
di et hanol am ne, NN-di net hyl et hanol am ne, N-ethyl diethanol am_ ne, 1,
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acid, p-bronoaniline,_ ethyl-4-am nobenzoate (je benzocai ne), benzyl am ne,

di phenyl ami ne, exunethyleniming, PEridiss.c2-BIAPE RS HAIRE Gi-chiprod-eminopyTiding,
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histidinate, methy) N-carbobenzyloxy-L-lysinate, methyl L-phenylalanate, ethyl

glycyl glycinate, ethyl p-hydroxy phenyl glycinate, ethyl p-hydroxy phenyl
glycinate, ethyl glycinate, ethyl L-tyrosinate, p-methoxybenzyl o-
aminophenylacetate, n-butyl a-aminophenyl-acetate, methy! arginate, benzylglycine,

20 benzyl phenylglycine, 1-nitrobenzyl phenyl glycine, n-butyl phenylglycine, p-
methoxybenzyl phenylglycine, ethyl phenyl glycine, p-nitrobenzyl p-hydroxypheny!-
glycine, p-nitrobenzylserine, n-butyl serine, methyl arginine, dimethyl glutamate, p-
nitrobenzyl tyrosinate, p-nitrobenzyl glycinate, benzylglycinate, p-nitrobenzyl a-
amino-p-hydroxy-phenyl acetate, p-nitrobenzyl c-aminophenylacetate, ethyl a-

25  amino-p-hydroxy phenyl acetate, ethyl L-tyrosinate.

In the case of clavulanic acid some of these salts with amines form solvates
with some organic solvents, and/or hydrates, and processes which the salt is in such
solvated and hydrated forms are encompassed within this invention.

The aqueous medium may for example be water or, as discussed further
30 below, in two- or multi- stage processes of the invention may be a dilute solution of

the solute.
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ani no- p- hydr oxy 6phehyse maehm emepand suchlﬂmnzpbnqemrat]:d sotuticrpdfahey tlandimé acid,
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is in such solvated and hydrated Torns are enconpassed within th
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PCT/ EP96/ 00270 10he iiMtiekhixthgQhasibér siasmixinglapp@Ris £ihe fiking REarfber RsEByaNt S,
rel ative proportions of solutions used, flowrates, contact tines etc., of

the process are sel@RPHSNgACANREILE PRt er alia as much as possi bl e of t he
clavulanic acid, its Sahﬂ%&ﬁmﬂﬁ{ r¥€iﬁhgﬁs dés?raﬁ?é% aetiewd o'r %Eﬂ&eﬁﬁiegéésoﬁ%ﬁé n

the organic solvent into e agueo hase In a short” tine, an
that a concentrat ecbesulenthecmlrmbntﬂm il angaharspb/emptme andxaquedus nedium phase as

derivative, in the agqueou ase for d .The contactin of t ect.i
streans of organicP Q%L@'é i‘ ‘gg ‘E&F‘i&r&g‘ﬁﬂﬂmf ﬁ Sﬁgmm@aﬁpmﬁ‘?‘%y
for exanpl e be 1gar rié gsébs Q!eﬂﬂté]bliﬁe 'idlﬁ'esent in a form which has a high surface contact

' area with the organic phase, and for example the aqueous phase may be a dispersed

emulsion phase, i.e. broken up into a form such as small droplets so as to create a
high contact surface area between the two phases.
Efficient contact between the components may suitably be achieved using

20 known mixing devices which provide a high degree of fluid turbulence and shear
stress in the mixing region where liquids introduced into the mixing device mix, and
which are capable of breaking up a separate water or aqueous phase into small
droplets. Such mixers are known in the art, and selection of a suitable mixing
device to achieve this will be apparent to those skilled in the art.

25 Suitable mixing devices include known in-line mixers, e.g. of the type in
which one or more turbulence-creating elements are Jocated within a pipeline during
which the components are caused to flow. Another suitable type of mixer is a
homogeniser, e.g. of the type in which two liquid phases are forced at pressure
through a biased valve. Suitable mixing devices may also include cavities subjected

30 1o high turbulence and or shear stress by means of turbines, propellers etc.



separate flow streans of the organic solvent phase and the aqueous nedi um
phase— 10— tnmthe—mxng—chanber—of—arfrxrmy—apparatos;—the—rxtng chanber

t hereby conprising a contact region. In the mxing region it is desirable
to achi eve awowptm®sand efficient contact between the conponsfiEreso2?
organi ¢ sol vent phase and aqueous nedi um phase as possible. It is desirable
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devi ce mi x, &nd comprisingracchambpemhofcsubstansiabiy kirowjangeross seetion; atge gemerally or
aqueous phase int mall droplets. Such. m xers are _kno in the art, and
sel ection of a s‘iﬂ1 ‘Wq'iﬂ?gg(amtbvgﬁ'ttae 5@%&“@9@%‘*&“ tﬂ“ﬂ%?&ﬁﬁﬁ?’ent to
those skilled i noiie sphekical2@llipsoidal, consedi, lopabetdi)ahd Ha Ry hOBSst bAE tatgGuikn OWn
in-line mxers, e.g. of the type in which one or nore turbul ence-creating

el ements are | ocialebandwn sisl outlel. Pa| suelba mixerthe opmponenth arefedioviathes ar e

d to flow . It.ahl ' ] | f
tho type i n whi CAMCREinlt fol cplrldife RelndCiikoe T ARTRARkBlon iodoa, . o
val ve. Suit dlfl e Thedongpotents sag badad inlviDa singleitaipendal iilecis iy hrealtaady & to

hi gh turbul ence %nd or shear stress ba/ nmeans of turbines, propellers etc.
VO 96/ 22296 admixture before entry into the vortex chamber, or may each be fed prthrougda 00270

Another and pref@pirid tugfidinteh, X fnit & de SOASDQanbe " e ined Waluf e 1! Ul ds

are subjected to Intense rotational swrling, for exanple a vortex chanber
of the type di scihamber maybe stndgth; or sy dlesERively be(pobvidedowith irfvardly projecting

Aut hority, the contents of which are incorporated herein by reference), the
Jortex chamber coAtG rnfies K Ects B AN Bt ROSEbEaas i vorler g
section, e.d5 gadffufency. The bf%dhic%iveﬁtrplﬁfbaﬂﬂ, thé aqueblismediu@l phadefayr DR

al,

may be substantially spheric . )
separately introduced through separate respective tangential inlets, or alternatively

they may be introduced together through a single inlet.
The mixing procedure described above results in formation of an emulsion
comprising fine droplets of the aqueous phase, for example comprising an aqueous
20  solution of clavulanic acid, its salt or derivative, dispersed in a bulk phase of
organic solvent. The aqueous and solvent phases are then physically separated in a
separation step. Separation may be carried out using known separation devices, in
particular centrifugal separators. A suitable type of centrifugal separator is a disc
centrifuge. Such disc centrifuges generally consist of a chamber of generally
25 circular internal section within which is a central disc stack, and a void space
between the outer edge of the disc stack and the walls of the chamber. In view of
the high ratio of organic phase to aqueous phase used in the process of this
invention, as discussed above, it is desirable that the void space is relatively small.
The construction and operation of such a centrifuge will be well known to those
30  skilled in the art.



obl ate spherical, ellipsoidal, conical, ogival etc.) and having at | east
one tangential inlet and an axial outtet. In such a m xer the conponents
are fed in via the tangential inlet(s) and experience rotational swrling
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single tangential inlet if they are already in adm xture before entry into
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Separation may be carried out using known separation devices, in particular
centrifugal separ £PsniBgs wherghy Huide of differegt densities intipduged daig sheehambeisthgoughs
centrifuge. Such dj ' Mﬁfi&h%ﬂﬁf ,ﬁqﬂ' ; FRATRET, .
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desirabl e that the voiduysj eh&pﬂsdﬁka:siaﬂ&huxiﬁg%d seplﬁﬁng?ﬂéﬁée%%ms%séﬂnd _
operation of such a centrituge will be well known to those 30 skilled in
the art. 9 WO Sbpye; tiyrcomponents may be fed into the mixing device and the emulsion of
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separation device. The relative ratios of components fed into the mixing device
will vary with conditions, principally the concentration of solute and solvent used in
the organic solvent phase. In determining these ratios, as mentioned above it is
preferred to monitor the concentration of the solute, e.g. clavulanic acid, its salt

20 such as an amine salt, or derivative in the aqueous phase emerging from the
separation device, and adjust the input of aqueous phase accordingly as determined
by experiment to achieve and maintain the desired concentration. For example in
the mixing region the volume ratio of aqueous medium : organic solvent phase may
for example be in the range 1 : 50, e.g. 1 : 100, suitably 1 : 100 - 200.

25 Under the mixing conditions in the mixing region transfer of water-soluble
solute from the organic solvent phase can take place relatively rapidly and
efficiently. This helps to substantially reduce the time for which the solute resides
in the aqueous medium and can theteby reduce the extent of hydrolysis of the
solute.

30 The conditions of high turbulence and/or shear stress in the mixing/contact

region enable the process of the invention to be carried out extremely rapidly, such

10
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and havi ng, wéesad] acent its end renote fromthe vortex chggepssoosiaced
apart openi ngs whereby fluids of different densities introduced into the
chanber through the inlet(s) swirl through the chanber and the swirling

flow fromthe chamber . in_ 10 assing al ong the col results in

centri fugal sepé?%fhedﬁn%?hetaﬂgecﬁ‘ﬁ Qﬁﬁgq\ﬁ?‘{ﬁe _“%b‘éﬂ‘ﬁ?%d’fﬁi“ﬂ? Béasﬁhﬂdgi ng
from the col um chhepually tieine aseleaed terfdif in Agfoud Sohitibninted BOVR9RAGES and
m xi ng and separating devices as di scussed above, the conponents may be fed

into the m xi ng Thevotaktimnthat the osganicsphase axd asugensi Rhasgrare iy cansast mal dedesswhi ch
is formed in the mXxi i I Ot f] vi ce,

t he agqueous pha a"e%:}'g'l’%Eﬁ%@gg%ﬁgf%%&%a@@%%%ﬁg&%%g}%ot?ll&ggﬁ)(ﬁevi ce.
The rel ati vesr atshisstantiblly REPOAE Hiis tilhe dsuitably IShainotex ion tess|anore erofedablyvidr y wi t h
conditions, principally the concentration of solute and solvent used in the

organi ¢ sol vent TYRES®OT less. arore praferably 5;’H’é‘§@s PE{eshddeally asdittle 3,Hmg #hbove it
is preferred to fggﬁﬂlé Whﬁlﬁtﬁ?so%ﬂﬁ?ﬁ% ra%hitfi{le ﬁé%rﬁé"ﬁf sk or s&uﬂ-fhdhln theul ani c

acid, its salt such as an am he sa derivative -1 n the aqueous
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The time the components are in the mixing region and separation stage of

the process can depend upon the scale of the process, but the general principles and
specific process details set out in this disclosure provide guidance to those skilled in
the art to set up a process suitable for industrial scale use. |
20 During the course of the process of this invention, transfer of solute such as
clavulanic acid, its salt or derivative, from the organic solution phase to the aqueous
phase occurs. It is preferred' that this transfer occurs as quickly as possible. Suitably
more than 75%, preferably more than 80%, ¢.g. 90% or more of the solute
transfers from the organic phase during the time the organic phase and the aqueous
25 phase are in contact during the mixing and separation stages of the process. The
extraction of this proportion of the solute, such as clavulanate ion, into the aqueous
phase is a measurable property of the process, and can be used as a control
parameter to control for example the input of the components.
The output of the separation step of the process is a concentrated aqueous
30 solution of the solute, e.g. a salt of clavulanic acid, e.g. an amine salt of clavulanic

acid such as with the amines discussed above, which may also contain dissolved

11
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of the process can agugaus@hasgoferexsmple 95 & ?}Tmﬁﬁefﬂﬂ%ﬂb%'%%utmﬂr@m@éﬁm%ﬂmm
principles and spe 1
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i ndustrial scall® usad nZdy b: used as a cénmol pgahhermwthmdcﬂbowhe pr ocess of this
i nvention, transfer of s ute such as ¢l avul ani c aci its
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aqueous 25 phase are i |

of the process. The extr&&% %Bfof EH%F%BS g&@%%%@kﬁg@%?é&?@wg
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i nput of the conporfBitilstrindhe,arganic sehventytng salt-forming comppunds Forexampleda s
is a concentrated W%U%fﬁaa-nchtuﬁﬁm&hémwr%@ be%aﬁe@aa@btnef

clavul anic acid, e.g. an am ne t of clavulanic aci'd such as wt
ani nes di scussed atmum,onwhnd:h saitithezeo§ suchamayierfornedshy admixing a salt fonmng

compound such as an alkali metal alkoxide or an organic base, suitably an organic

20  amine, with the precursor in the solvent. In the case of clavulanic acid the
precursor may be free clavulanic acid and a salt thereof may be formed by
admixing a salt forming compound such as an alkali metal alkoxide or, which is
preferred, an amine such as those discussed above, with the precursor in the
solvent. Such a solution of the precursor, e.g. the free acid, may be the product

25  resulting from solvent extraction of an aqueous medium containing clavulanic acid,
obtained as described above in a primary extraction process. Such a solution of the
precursor, e.g. the free acid, may be fairly dilute, containing 1% by weight or less,
e.g. 0.1-0.5% by weight of the free acid. The salt is then formed in the solvent,
either as a solution of the salt in the solvent, or more usually as a heterogeneous

30 suspension of particles of the salt or an emulsion of small droplets of a concentrated

aqueous solution in the solvent if the salt is substantially insoluble in the solvent.

12
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subjected in a two or nore stage process of this invention for a second and
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initial solute Lgmnsdtintlah®thel sonitidf iR HBEMicS VRN inafBY chified ol By idddldthe t he
aqueous phase, for exanple 93 % or nore, typically 96-98 % The extraction

of this overal | thersals dorming compaung info the Erstymixing regionrtegethar awittethp oogasict y  of
t he agueous pha . g tlined
above. The abovgﬁﬁé’gppaggggd %ﬁ%‘#ﬁ&ﬁ@ ‘g‘aeg%rlhée%tn@%@gg%g{pﬁda& tté?y

into the mix§ngofgagic@blvemtphatd maybé preahixed befpremyroducing themiimodhomitihended
upstream of the m xing region and then introduced into the contact region
toget her. I'n onE&gios Witltheragpeous medl®: { he solute may be formed in situ in
the organic 15  sol vpt D JtOhd QitifbAhi Sndta5d ee&g Pkolvdhet e
organi ¢ solvent, and trel;z’ar'?‘i\ﬁrlfgﬁ1 hi s V\ﬂlhl sl'?ﬁllh%ct&ﬁg orgagngﬁtg: S f@e?ﬁl EV%Anth a

sal t'-form ng copiesenuy ifSelf beachigpned byintrdducing ke salt-fooning lcampowndasuch b$ ant i cs

t he precursor nay.be the free id of. the antibiotic and a salt thereof
such may be for eﬂ9t°§o§ﬁe_§5"rf’gfaﬂ§e %’&H‘?F@V‘?ﬂ%ﬁ s@o%mge §ﬂ’d‘h"°§i’_3'an al kal i
netal al koxige giroadcify BRYaR-fomsifly cébipdunll) dndafe BFgdiaisGlveéht phasdiofé@hervinioh t he
precursor in the solvent. In the case of clavulanic acid the precursor may
be free cl avul apistcond mixinggegion,die: aPR-MIERE FRZIoTh eAS Withdke frst BUXING regéPnalt sal t

form ng conpoun : | . | ' d,
an am ne such ag %g%é@%@@%ﬁﬁém%ﬁﬁgﬁﬁéﬁ lﬁéflgsagg %‘ﬁg Eé(,ﬁ érgﬁ' nt .
Such a sol uti onbethetrhixingrchamberoof,a secend rhixéngf appararus| for enzyplb of diecofitheduct 25
resulting from sol vent . extraction. of a ueous nedj,um cont ai ni ng

cl avul ani ¢ aci dfypﬁ’b?};ﬂi%'&g appapps iscnesgd 2hANEe ©i8n 2l IsHRGXET L VOTIEX: | on
process. Sugh acikmibat! MisGhixt€ fethRE ‘B?iﬂkinﬁ%&salttfaﬁnﬁxg%mﬁ&ﬂ andBle be
fairly dilute, containing 1% by weight or less, e.g. 0. 1-0.5% by wei ght of
the free acid. Urganicsblventsphaseomay thembe introdugrd intel the first mixing region as :

described above. Salt forming compounds such as the above-mentioned amines are

generally soluble in organic solvents.
If the salt is formed in this way then the quantity of the salt-forming

20 compound admixed with the organic solvent phase may be controlled by for
example monitoring the pH of the mixture issuing from the first mixing region, and
relating the quantity of salt-forming compound added to such a measurement, e.g.
to ensure that all free acid is neutralized, or to indicate by alkalinity that excessive
amounts of salt-forming compound such as amines are being used.

25 In the first mixing region the volume ratio of aqueous medium : organic
solvent phase may for example be in the range 1 : 50 to 1 : 200, suitably 1 : 100 -
200. Under the mixing conditions in the first mixing region transfer of water-
soluble solute from the organic solvent phase can take place relatively rapidly and
efficiently. This helps to substantially reduce the time for which the solute resides

30 in the aqueous medium and can thereby reduce the extent of hydrolysis of the

solute.
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either as a solution of the salt in the solvent, or nore usually as a

het er ogeneous 30 suspensi on of part+etes of the salt or an enul sion of
smal | droplets of a concentrated aqueous solution in the solvent if the
salt is subst agigéhiesi Nsol uble in the solvent. 12 WO 96/ 229 %posmoz70
PCT/ EP96/ 00270 If the salt is formed in this way then the admi xing of the
salt-form ng conpound and the solution in the organic solvent may be

carried out by introducing the salt _forni.ng cq und into the (first
m xi ng region together M8Y 1g3yingdhe fiFt mixiy \‘}%ﬁﬂ‘%’g)glﬁég‘é”&ﬁé}‘eﬂ%‘ e anfLthe

medium or else thg ﬁUsOlfvE‘tEt'ﬁlﬁ&_a‘i@%%_iﬂ%%e%ﬂﬁi&gs@@isgﬁ&h&eﬁ%bﬁm phase

may be pre-m xed before introducing theminto the m xing region with the
aqueous medi um Thgensradlyromd¢he basisf ofitheir imisqibilipy andiy differsacerin damsityt Heparrépmi c

sol vent phase may itsel. chi . by LNk roduc] teformn -
conmpound such as aﬁ'atvslﬁ?'i?«?g%abcy ﬁ‘gés?ﬁg%%rﬁ #L[Eﬁ'éq%r%g#{é%ﬁ%g H{g ‘%hq‘asgga,mg’r’
may be achi eveds bytahR unfildepatiticn sfawoliquibphiasds@coarsg Pesfeiablytecharichl s€piration
organi ¢ sol vent phase together into a second mixing.region, i.e. a

pre-mi xi ng regi on. SA3TRdqut moge Awickly byckmHRging, BSIRE for examplet GeRwifugal hat

m Xi ng occurs quic t g&gﬁﬁe , X y=To : {:ggﬁ‘t

m xi ng chanber of gép\sfr&%%g dﬁnﬁh‘i{sﬁgﬁfﬁﬁ’a‘?}gﬁs, org%xmg;r?g?%ﬂ%@g%lg@yo? t e&e
types of m xi ng appqreeatsmediumphswcuddogane, sotvegt plase into & flusliccontactarr vort ex
15 chanber. This mixture forned by m xing the salt-form C.ONRO, d
the organic sol venfOPRINRS %@We%ﬁnﬁﬁf‘?ﬁ‘gﬂﬁfcwﬁ HEDas ?Fécr?%ds‘[‘rﬁk éjlggﬁﬁ'}‘
regi on as descifbegs glbued abatd. f or m ng conpounds such as the
above-nentioned am nes are generally soluble in organic solvents. If the

salt is formed in this wHe agueopsimrsim phase tpiclis separated fromdheprggnipgolvent

4 admxed vi : .
ol o ot t or 1 ngPits AT BAERN figk Conkeittadth LS RiskatVed Gt Yof Sranifle 24256
regi on, and rel ati tifies the cahicentration affsobatet orfsolvate pyecuesvp dnitisilyopresetit inahsuch a

measurenent, e.g. to ensure that all free acjid is ne%,ralized,?gr t
i ndi cate by al kal i ATBRpicSALyEntey PCROLTAHORN Bf; the splute dn this aquepysymedivg W@afch

as amnes are P§i NgordeRifntly be measured by density, or by other conventional means. The

concentration of solute in the aqueous medium phase is inter alia determined by the

volume ratio of aqueous medium : organic solvent phase in the first mixing region,

and by monitoring the density of the separated aqueous medium phase this volume

ratio may be controlled. This separated aqueous medium phase may be subjected to
20 further treatment etc. as discussed below.

Part of the aqueous medium phase which is separated from the organic
solvent in this first separation stage may be fed into the flow of aqueous medium
entering the first mixing region to produce an aqueous medium which is itself a
dilute aqueous solution of the solute. By using a dilute agqueous solution of the

25  solute as the aqueous medium in this first mixing region, and by controlling the
concentration of solute in this dilute aqueous solution e.g. in response to
fluctuations in the concentration of the aqueous medium which separates subsequent
to the first mixing region, some compensation for fluctuations in the concentration
of solute or solute precursor in the organic solvent may be made.

30 In the above aqueous extraction process a substantial proportion of the

solute in the organic solvent phase may pass into the aqueous medium phase in the

14



25 In the first mxing region the volune ratio of aqueous nedi um
or gafie—sotvent—phase—ray—for-exanpte—pe—Tmtheramge—t—56—t0o1—2060,
suitably 1: 100 - 200. Under the mxing conditions in the first mxing

regi on transygheeiregat er- soluble solute fromthe organi c sepyaBéedabdse can
take place relatively rapidly and efficiently. This hel ps to substantially
reduce the tinme for which the solute resides 30 in the aqueous nedi um and
can thereby red t . Of ' f S t

96/ 22296 Y& hidfngrSEioR! to? exMBle Qholth B0% of MbreS Ohrié sgpa‘s%ﬁ;} %@?0 0270
After | eaving t selventrphiasenmxy hqwaegbomanhhemhmmmhmsidadiqnantim@ﬁmmmté,he
organi ¢ sol vent phase are separa n a sepayatiqgn ste s di scussed
above, gener al | \PEEAYSE Akths $E5 (S’FhT ?°Y§‘?’P’§(§P{YFWH?'95 ﬁ%ﬁ%%f'?’%rence in
density. Separ atdoRédnifaioSot fegifibhal sbﬁ:ebmammemha U3 8¢ weiph. fris exanpl e
by standing in a separating 5 tank urtil”separation of” two |iquid phases
occurs. Pref &r atsopsequeritijinlesizables wmbigct the ofganicaplveniphaset torapeeond sepacatjorby
centrifugi ng, us ? for exanple a centrifugal separator as discussed above,
or for exanple bsskf ntroduci ng the m xed stream of aqueous nedi um phase and

organi ¢ sol vent phaseThéreforéid 4 preféirfedcepiodivhent of MBTHiventiotdthe skkdted orghmio e
and a separator stage such as described in EP 0153843A 10 as di scussed

above. The aquedQbeRic@niainingthesesignat polpts iseoniactaday speed WithHsrtherpgreaussol vent
phase may cont aifediud |l e
25-250 tines theiﬂ%once'%?rtg{}?gﬁ o?%%%sa(?gmgéﬁgg vg’%gagirogtgﬁfhs?osrgimgé%lg%l ly
present in tlife dnwgah acuecisvmediumTim the organicrsaivieniphase arndethes aquebes meditiini. s
aqueous nedi um pha conveni ent nmeasur ed by densj or
TSRS YAt Y RN T R
phase is inter a&d@dﬁtcﬁmmg@do@ysolmnwhﬁr@hﬁ@tlo of aqueous nedi um

organi ¢ solvent phase_in the first mxing region, and by nonitoring the

den5| ty of the separ alisprefesied embedimenpit issgaindesirable theemixing eccesy be

e e RGOSR Wl b i

furt her treat men
15 apparatus, which may be a mixing apparatus of one of the types discussed above,

for example an in-line mixer or vortex chamber.. It may be desirable to admix a
further quantity of the salt-forming compound, which as previously may be
introduced together with the organic soivent phase and the aqueous medium, or
may be pre-mixed with the organic solvent phase as described above. Whether this

20  further quantity of salt-forming compound is introduced or not, and the quantity
introduced, may as above be determined and controlled by measurement of the pH
of the separated aqueous medium phase. '

Separation of the aqueous medium phase from the organic solvent phase
after they leave the third mixing region may be by mechanical separation as

20  described above.

In this second separation stage, the concentration of solute in the separated
aqueous medium phase may be optimised at around the same concentration as that
of the aqueous medium obtained in the first separation stage above. The
concentration of this separated aqueous medium phase may as above be monitored

30 by for example density and this monitoring can as above be used to control the

amount of aqueous medium introduced into this third mixing region.
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Part of the aqueous nedi um phase which is separated fromthe organic
solvent in this first separation stage-may be fed into the f+ow of aqueous
medium entering the first mxing region to produce an aqueous medi um whi ch
is itself a di %g{ﬁ%eous solution of the solute. By using a gi4gdeg00270
aqueous solution of the 25 solute as the aqueous nmediumin this first

m xi ng region, and by controlling the concentration of solute in this

di |l ute agueous solution g£.4g. -in respon to,fluc tions in_the .
concentr gt ion of the aq&@g ¢ Eﬁf}%ﬂ%@?ﬁe ssogﬁﬁP'bﬁ‘ggr%aﬁﬁssghvﬁgﬂéhafeoeqlﬂg’gf‘P?st
nMXing region, songiraGhRRBSeEioA havillg dllebd bsh istbjected ot the aguebsseeXufadiioon of

solute or solute precursor in the organic solvent nay be nade. 30

In the above aqueoprocesgin thetfirst-mixingregionais Jaushmare diute shanshatiin ghe solvephe
solute in the orgap Ik Lum phase
solute |0 the Of 9apkSe Btk ine HiG HixiHReRBA o aBhibvd figh AR mBBiib'

PCT/ EP96/ 00270 8 i r ednceéntration in this third nining ezgiopb dighenagqueowdGhedinm norganicldobvent
separated organi c sol vent phase however copntain a_sybstantjal resjdual
quantity of the soP’E?P%Y°’HE’Eéﬁ‘é‘b°€%¥F’FPé“V}g‘F gat%gboﬁt& 1o %es't‘)‘ mreundsl vnt
phase, even thoughsffiga¢ 8 a&RESaR).| Phe RjuebiBhelinih : DPdanicSsolRxt SHASY vélEma rRjed
0.05 % by wei ght. ?t | 395 cqr?gaqgenﬁy desirable To subj ec‘?ﬁ_t h‘é orgzla-ni [
sol vent phase to ainstbe first apd hird-mixing regiege may be ppiroximately propemioged tocthe

enbodi nent of the inventjo 1 r i C I t G | ning the
resi dual solute |s'%p§%f@#2?“%§§%§%?'?ﬁ‘%f&ﬁ fef° %&ﬁ@%ﬁ? 'ﬁ%é@t?ﬁ# in a
third mxing regi Ofespéttivéliilintd die filshaid thira peiking @egiods. t he sol ute passes 10
i nto the agqueous nmedi um__and the organi c sol vent phase and the aquequs

medi um phase are then subi$cKparated gaucons medium phese.trom fhis SEPaFation SiagsAybsgguent
above be water or 'Itmi;demgg%%eﬁ d BEroBd with theS Hubhi - mddiuzh B
preferred enbodi meﬁ’ttﬂlét I's agal n g?lig abl e tghat mxigr%l%cc!ﬁrs q P%slglo)g I n
the third m xing r similanconggnttationsfrom the sepacationisiege sibsequeiti to therfinst mixidg
apparatus, which may.be a m. xing apparatus of one of the types discussed
above, for exanpl e™&#™ n-1ine mxer or vortex chamber. It may be desirable

to admx a 15 Alternatively, in the separation stage subsequent to the third mixing region

the concentration of solute in the separated aqueous medium phase may be
optimised at a Iower concentration, for example of around 5% or less, to form an
aqueous medium which is a dilute aqueous solution of the solute, and which may be .
circulated to form at least part of the aqueous medium introduced together with the
20  organic solvent phase into the first mixing region. The concentration of solvate in
the aqueous medium separated subsequent to the third mixing region may as above
be monitored by for example density, and this monitoring may be used to control
the volume ratio of aqueous medium : organic solvent phase in the third mixing
region. Suitably if the aqueous medium from this separation stage is cycled back
25 into the first mixing region as, or part of, a dilute aqueous solution of solute the
volume ratio of aqueous medium : organic solvent phase in the third mixing region
may be the same as that in the first mixing region.
The organic solvent separated subsequent to the third mixing region, and
largely denuded of solute may be circulated to extract a fresh charge of solute, or a
30 precursor thereof, from an aqueous source of the solute or precursor. Typically the

source may be the product of a chemical or fermentation reaction in which a
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further quantity of the salt-form ng conpound, which as previously nay be
v O6€e e =—01ga Ul Ve ~phase—arg e agueou EOTum
or may be-pre-mxed with the organic solvent phase as descri bed above.
Whet her thi sy@&nra2deurt her quantity of salt-form ng conpoundpCwEPSstOZMUCed
or not, and the quantity introduced, may as above be determ ned and
controll ed by neasurenent of the pH of the separated aqueous nedi um phase.

Separ ation of t &ﬁﬁjﬂffd r an; qmé,o,] \ée‘;}[, after
t hey | eave the [b%fr@ m X|1ng regﬁ%ﬁ%ngge{}e?g%/%gﬁﬁlﬁggl e|§ar atllugﬁﬁlx 25
descri bed above.havebeeni ssbjseted toneaanart iessential lygnverition) gucifinationt firocedudes
solute in the separatged aqueous di u hase be aoptim sed at around the
same concentrat isﬁ %lssglfrﬁﬂ? ’ﬁtléf%nﬁgﬁi?gd@g efﬁadé%%?’c?&y %fp?fg@;"i" qttﬁ:équnfsst _
separation stagguapPavsH oﬂéﬂqﬁfﬁ%ﬁ@%ju@%ﬂeﬂﬂ Phe §dlinfonSTiAd phapmaceiitiegus medi um

phase may as above be nonitored 30 y for exanple density and this
moni tori ng cé&n somppendeintthe orgasic solvensmayoiisa brosubjesied to Hicther purificatine dndim

pCT) Epo6r 00270 AL PhREeiiich NepehSClot ramets VL 80 tfifonssalt formatin, o

phase entering tbaforé troduetion in® thefltso mixingvégion & desaribedabéve. subj ected to

t he aqueous extraction process in the first mxing region, is nuch nore
dilute than that in tREOS cRBrRCtng,thisSreshisgpscs fut subsequentito thethizd mixigg on, t o
achi eve a high s : ' s ' ' e region
a hi gher aqueoug%ggpﬁﬁ%?ggerl\%g g%?@%ﬁ?ﬁj%ﬁ%dsgfb ct)llaﬂﬂemérﬁgﬂti%hgsrf& g;f%ﬂﬂgxarrpl e
1 [err] 2500 e.egsentially,comvéntiohdl, pusificatidnl, wr furthen physicofchemjcab®éntmrents.b Eor

necessary. The aqueaus.,nedium. otgani c.solvent phase vol upe. ratios.in the
first and third SRR P GPIBIEchas BEet wbissien 55 Foropeal sreptmept PRI AR NS Tt e
respective sol utsglveREasith it iHe@iulation £.¢. adiikitiglof Y2l FoimiRg 8eHpount it Makiced
10 respectivel )éﬁl nto the first and third m xing regions. The separated

aqueous medi um [Pealssirablete applys fether chemingl Sreatmsnishrint do Gantacting fresk squste d
m xi ng region mwf&,
f

concentrations eetxﬁﬁb E%U%EE tﬁé@T&g BB RaliEd h&'{ﬂn?ﬁ@? %é B{".s?éem rﬁ'ri]l ha g

romine separation Stage subseduen
15 resin bed to extract impurities.

G 00 i Ay i LY.

The extraction of fresh solute or precursor from an aqueous source by this
circulated organic solvent may be achieved by bringing the solvent and the source
into contact under mixing conditions. For example respective steams of the organic
solvent and the source may be brought into contact in a fourth mixing region, so

20 that a proportion, ideally a substantial proportion, of the solute or precursor in the |
source is extracted into the organic solvent, and subsequently separating the organic
solvent and aqueous source phases. In this fourth mixing region it is again
desirable that mixing occurs quickly, and the mixing region may be the mixing
chamber of a fourth mixing apparatus of one of the types described above, for

25  example an in-line mixer or a vortex chamber. Subsequent separation of the
organic solvent phases and the aqueous source phase may be as described above
with respect to the first mixing region and subsequent separation thereafter.

Regardless of whether the organic solvent is circulated in the above-
described way or not, it may be desirable, prior to introducing the organic solvent

30 containing the solute or solute precursor into the first mixing region, to apply
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region. 15 Alternatively, in the separation stage subsequent to
the third m xing region the concentratt+en of solute in the separated
aqueous nedi um phase nmay be optim sed at a | ower concentration, for exanple
of around 5 % Qob&mies L0 fOrman aqueous nedi um which is a di pé&frEpodbHeUS
solution of the solute, and which nmay be circulated to format |east part
of the aqueous nedi umintroduced together with the 20 organi ¢ sol vent
phase into the fir i on. I , ' f 0t he
aqueous nedi um sepzle%(‘iaE elﬁi){s]%gg%gfﬁgﬂtpugo %‘Eog%ﬁ%%é%nk‘%ﬂnag "F‘Z’%‘%“é‘?ﬁ'?&?ﬁé@' above
be nonitored by f orputifieativnao dansietignpuritict dtdri S nonitori ng may be used to

control the volune rati o_of aqueous nedi u organi ¢ sqol ve hase in.the
third mxing region. Sui FE%FV%?WCP%%%%Q’CMWCSW F@P@‘@éﬁﬁ?‘é‘l’?’bﬁ”

stage is cycled bag eafrely dnVedtidBall dsuhllersioddl Rothe Aet A By inQhdeRrificRion feps,
di | ute aqueous solution of solute the volunme ratio of aqueous nedi um

or gani ¢ sol vent S5phasg with ¢Haccorhifilationeittag regi on may be the sane as that in

the first mxing region, The organi ¢ sol ven R ed sequent to the.
third mxing region. andoF ST R s pEgees 5%%?&?’5%f‘%@%%4“ in the ofejfic
extract a fresh chapBemal eftpdcttides o Cosvested in Snaiatd & dmihé) Sal€ia faqudond Balation,

aqueous source of the solute or precursor. Typically the source nay be the

product of a cheni dhis agyinersalt may:bersubsequenslythesanysstedidnte 3 pharmaceuticolly agseptable o
PCT/ EP96/ 00270 phar, | y?sg | u idiBoE as
a prelimnary have y egﬁgés[ﬁgsjmé%?% oﬂ%'ngﬁél%g‘n ‘é‘g{%‘?%\%ﬁy‘%@?ﬁ@gﬁ?ﬁ' onal
purification procedhe smine salhofclatulinic adid oncrystellisationthy dreaipitatibats @ soledte sych
and/ or physi co-chem cal treatnents sych .as pH or tenperajur dj ust nent ...
The S0l Ut} on of 1 ndS EACFRBE SoLFHS ek b SOGREABRRG (P ISR rogs edetsh oy BTiies
al so be subjected tgch %c}%ﬁhiﬁﬂéﬁ friag B& perforid ifa cBVERLiGNA FlARARrCRIr example the
treatnents, for exanple the above nentioned salt formati on before

i ntroduction into tshk irf AquepussoRition is weateshwith adarge volba of pelvatingplvent such as

organt S0l vent ey ecpoBabL ek SRR Rler oo bAoA EL S ek BBl "

15 The salt of clavulanic acid with amine (II) optionally in the form of its

solvate may be converted into clavulanic acid or a'pharmaceutically acceptable sait
or ester thereof by for example ion-replacement in the case of the free acid or salts,
or by esterification.
Ion-replacement may be performed using ion-exchange resins, for example
20 by passing a solution of the salt through a bed of a cation exchange resin in sodium,
potassium or calcium form. Suitable cation exchange resins include Amberlite IR
120 and equivalent resins.
Alternatively ion-replacement may be effected by reaction of the protonated
amine cation with a salt-precursor compound, which may be a base, for example a
25 carbonate, bicarbonate or hydroxide of a pharmaceutically acceptable alkali or
alkaline earth metal, or a salt of an organic carboxylic acid with a pharmaceutically
acceptable cation such as an alkali or alkaline earth metal, for example a salt of an

alkanoic acid of formula (IV):
10

R -COM
30 ' (Iv)
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10  essentially conventional purification, or further physico-cheni cal

t r eatrrents——+or - ] '
treatment whilst in the first solvent earlier in the circulation e.qg.

adm xi ng of wip Gtdabesf Or M ng conpound it may be desirabl e to peREMespodbIrt her
Chemi cal treatnent prior to contacting fresh source to for exanple
neutralize the effect of the earlier treat ment, e.g. passage through a 15

e 2o §0 S Agh IO 5P ol ok Rl R 2 ibofhpm, o

achi eved by br Ilﬁefefwl)i ﬁ&nﬂdo\&«fﬁrbcﬁfﬂomhemmpleeof Siﬁlﬁble&ﬂtsaﬁéluﬂeﬂdﬁracmm ng
condi tions. For exanple respective steans of the organic sol vent and the
source may be H?TBBFQWFE Ph?'éy grAngate salty, H°‘F§§EH‘{‘R cthylhexgnoateang sodm 20 that a

proporthon. 1 dedyie i bRlA iRt RGP e Bl of MavihiaBahioPh ARG 1"

t he source |s ex racte e orga I'vent, and s uen
separating tshe inrsghrion rmp Ibeeeitctedmitlaqmmfsansajmﬂaetphwnbacld I(W)tlh |ssluﬁc‘mmt h

m xi ng region |t i s again desjraple that nmx oCCUrs U|ckl and the

m xi ng region gt‘n‘éaﬁ’f‘ i‘? oty ”o‘l“a%htrg’d?’f‘ﬂler’r’f’ a&ﬂ%ﬁi’l"’ﬁ’hs of one
of the types de@ﬁéx‘ Red rkRYEof wﬁ/ﬁéf%ﬂm&éﬁﬂ@gﬁvéﬂﬂ sdhr ds! 1§Bi‘>r6’ﬂaii&r Stﬁtaﬁlyvor tex
chanber. Subsequent separation of the organic solvent phases and t

aqueous source 3ohuioss obthe sglt afclaradanid anidi With @naming mdrczfsheaalt-nrecmm f| rst

The o gant c.sol GURBORE03) ikl ok PR abd e bR SBpBecyf w1\

may be deSllr(ﬁbM?frstﬂh!sd)rS\hﬁblyI‘thé fdtiion igiay Be cArtigd BuacCofwkmperarugdbelowont ai ni ng

the solute or ute precursor into the first mxi ng regl on, to apply 17
VWO 96/ 22296 ambient, e.g. 0 to 15° C, e.g. 0 to 10°C, suitably 0 to 0.5°C

PCT/ EP96/ 00270 esseng iabik Yne ﬁ?ﬂl’@f‘&dt&ﬂ’?c'au&}‘fdcfuh@at'on procedures such as
|

dewatering, filtration, purificatron to renove inpurities etc. The
subsequent treaﬁ)nentthofeactimlqubesallsofmmcrmidwuhﬂgmpaﬂb)twma may be

cteps. & % o Copepind AEmE Sl AL Prcses 7 '« R ppctablt grodp gt "
process of gse i RKdFanRgregmv Ul ani c aC| d in the organic

b) the reaction of the salt of clavulanic acid with the amine (II) with an alcohol

or thiol in the presence of a condensation promoting agent such as carbodiimide;
and
c) the reaction of the salt of clavulanic acid with amine (II) with a diazo

20 compound.

The foregoing processes extend to cover those aspects wherein the salt of
clavulanic acid with amine (1) is first converted to clavulanic acid or another salt
thereof and subsequently is converted to the desired ester. Further details of
esterification methods are disclosed in GB 1508977 and 1508978. Use of the

25 present invention enables salts and esters of clavulanic acid to be more readily
obtained in pure form than operation of the processes of GB1508977 and 1543563.

In another aspect the present invention provides the use of a an in-line
mixer, a homogeniser, a cavity subjected to high turbulence and or shear stress by
means of wrbines, propellers etc., or a vortex chamber of the type disclosed

30 generally in EP-0153843-A (UK Atomic Energy Authority, the contents of which

are incorporated herein by reference), the vortex chamber comprising a chamber of

19



solvent is extracted as or converted in situ into an amne salt in agueous
solution, this amne salt may be subsegduently. be converted into a
pharmaceutically acceptable salt or ester such as potassium clavul anate. In
this conversi oRggb@shystal lisation of 10 the amne salt of cpavEbsmbeo
acid or crystallisation by precipitation as a solvate such as the acetone
sol vate may be advantageous to further reduce the |level of inpurities. Such

recrystallisation be perforned in opye exanpl e
the salt in aqueoug’"ﬁé&”&ﬂ? Firqular Gross S8 m\('/;{l Fﬁ g%"%@ cyg%i}&%{em s}.ﬂéeo' vati ng
sol vent such as ac gl |@Qalidrﬂbem9bskuﬁswnﬁﬂl}asjﬁéﬁ¢alCMdtc sgheticalaf f or d
the crystallised product. The sal t_ of cI avul ani ¢ ac%lgetvm' th am ne

(11) optionall'y in cilipsoifas ﬁ?‘!}‘Fali ogival gioykAnd hayipe gkleay ope fangential indet and gay Rl ¢
acid or a phar mce%[hhgtam > gx‘%%%%@?*ﬁt élﬁl/ﬁla ¢ aGd 4 fhe tﬂ%nera@ﬁb aNbile AerifatAEARE ©

I on-replacenent in e’ cas ree aC| or salts
esterification. 5l orrsanpframemmrganmgowmt phasé nnmnlaqwbmgmemnm@hahange migiag ns,

for exanple 20 assing, a soluti.on of the salt .through.a bed of
cation exchange res‘f’ﬁ"?ﬂ'g’g’&ﬁ@ﬁ °’§6Q'%B§455ﬁ? ?q“EB‘fsc‘?lﬁf‘ﬁsfaBng gup@&mﬂ@&lfi on
exchange resins i nGhaighimibiPA] drhing sdifofldndiiit R44HvHRh §9orhe® inzu in the mixing

Alternatively ion-replacement may be effected by reaction of the protonat ed
anine cation with eegiahthepithesaid amine salhisufaumed by wactionbetycen clayulenicagid or a

exanple a 25  carhgnat droxi de of a pharmaceutically
accept abl e al kal i 3@’@?‘@& %th"%a“e‘%g&m aﬁaf‘m{or a salt of an organic
carboxylic acidow th a piTae wmention wil now be daplibdd by wat ofsxampleionhswih al kal i

or alkaline earth netal, for exanple a salt of an al kanoi c acid of fornula
(1V): [err] 30 reference to:

(1Vv) 18 WO 96/ 22296 1; - whnch shows an overall schematic diagram of a process of
PCT/ EP96/ 00270 wherein Rferr? is an al kyl group, containing for e>?arrp| e
from1l to 20 carbon atons, prefera&byn\fenmnl to 8 carbon atons. Exanples of
suitable salts include t tate,, propionate. Qr | hexanoat e | ts
pot assi um 2- et hyl hexanoa ég“é% sod’h fﬂowsa\trorte% ch%mgé/r a3 WA Rhé prso%ess of the

15 invention.

Referring to Fig 1, a process is shown schematically in which an aqueous
extraction process of the invention is used. A stream of a solution of a solute
precursor in a water-imiscible organic solvent, for example 0.25% by weight of a
pharmaceutical compound, for example an acid such as clavulanic acid, is

20 introduced along a flow line at (1). The stream is introduced via inlet (2) into a
first mixing chamber (3). A stream of water in a flow line (4) is also introduced
via inlet (5) into the first mixing chamber (3), the volume ratio water : solvent in
the chamber (3) being around 1 : 100.

A salt-forming compound, such as an amine, e.g. a tertiary amine such as

25 tertiary butylamine or one or more of the other amines discussed above, is also
introduced into the system, via one of three alternative routes (6A), (6B) or (6C) as
discussed below, and forms a water soluble salt solvate with the solute precursor.
Under the mixing conditions in the mixing chamber (3) the salt solvate is extracted
into the water phase to form an aqueous solution. |

30 The mixed flow of organic solvent and aqueous solution emerges via outlet

(7) of mixing chamber (3). The mixture is exposed to a pH meter (8), and the
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et hyl hexanoat e bei ng preferred Typr cal ly the sal t of clavul ani c acid with
. : et - retatk- With —
acid (I'V) in sol ut i on or suspensionin a sui tabI e soI vent, vvhr ch may for
exanpl e be g oghfigdi ¢ solvent, water, or a mxture of waterpcayibogévafy 9ani c
sol vent such as 1sopropanol. Suitably solutions of the salt of clavulanic
acid with an am ne and of the salt-precursor conpound (1V) may be m xed,
and the pharna gatlﬂ {alljsed.
Suitably the r er%i{ﬁ%ﬁrur'rlya?ﬁg{ei&%a ?ksqﬁ { &H&\i\? efeg%?ee eﬁ'hg/djéérrbr ent,
e.g. 0 to 15 Canmugt ofashine T intor thEsystam vial(6R)) Q6Bboﬂ(6m); b)Sfdrteahhpiermt hods of

esterification include: t reactjio f sal t Ianrc cid
with the amine S§Hy “WCPH“%{‘ @bﬂ%@ﬁﬁa‘"&ré‘f‘f‘ﬂ%ﬁrﬁr%ﬁ PRt %’ efeihat % is a
readily displ aq&@%ﬁ SiaRe BGkeRiiVel) Rkalih, tﬁeaﬁwﬁwsmqrequ@m R)reduced e
reaction of the salt of clavulanic acid wth the amne (Il) wth an al cohol

or thiol inbthengvisargrss. of a condensation pronoting agent such as
carbodii m de; and c) e ian he. sal f. cl avul ani.c acid with
amine (11) with a di 3‘?8%“‘ %B#’bgdﬂﬁgsﬁ%ghtcﬁr‘% 4T © g%%@%? “®tend to
cover those aspeRdéws. wﬁr@mm&mmabémﬁ:pr/ﬁhmwlm»dmmme&u(dll) i's
first converted to clavulanic acid or another salt thereof and subsequently

i s converted tdalveeiydaoysbgwakt ¥ia (6B) theparingimay be intrpdueedt iz inqt (1) of first
et hods “are o Sk iaedy | QiR RERER 0 KR o BByl o 2Bcss BB O

i nventi on enabl 62 avul ani c ac e nore readily
obt ai ned | riOpursecdrﬂrmridgacrhampexr(an) via mlétst(m-) (p3)zoahaasixing oCEMrS GSthé decond

1543563. In another rese I nvent rovi des the use of a an
o e i er . bt RBERL N, Sal R Nmre SR rah R ot A BARNEE and o
shear stress b)é:hﬁiﬁﬁéls(l‘i’fbébeehieB@Sntr&H&&ﬂdt&ﬁ?stﬁhﬁn cRimter (9 t €x chanber of
the type disclosed 30 gener al ¥ I n EP-0153843- A %UK Atom c Energy

Authority, the cont erfhg rmxed/m\w aqusonssnbitioorand ogania seiventemerging frome) , t he
vortex chamber oﬁﬁ&pﬁﬁ 31’ Akt Mﬂggﬁﬁﬁb& 3)]1? passed into a separator (15), which is a

15 centrifuge of conventional construction and operation but with a small void space,

(@)

and which separates the aqueous solution and organic solvent phases. The aqueous
solution issues from outlet (16) of the separator (15), and its density is measured
using a density measuring instrument (17). The measurement of density is used as
a parameter in the electronic control (18) of the input of water along flow line (4),

20  the flow being adjusted to maintain an aqueous solution containing a desired
concentration of solute.

The flow (19) of aqueous solution from the separator (15) may be subjected
to further treatment, as conventional in the art, for example crystallisation,
precipitation or further chemical treatment of the solute. Additional a bleed (20) of

25 aqueous solution may be introduced into the stream of water in flow line (4) so that
extraction of solute from the organic solvent by a dilute aqueous solution occurs.
The quantity of aqueous solution bled into flow line (4) in this way may also be
controlled (21) by relation to the density of the output from (16).
The flow of organic solvent phase (22) from separator (15) is depleted in
30 solute but the quantity of residual solute is such that it is worth a second extraction

with an aqueous medium to extract a second batch of solute. The organic solvent
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WD 96/ 22296

PCT/ EP96/ 00270 substantially circul ar—cross seet+on, e.g. generally
cylindrical in shape, (alternatively the chanber nmay be substantially
spherical, obl glgosapgrical, ellipsoidal, conical, ogival etc. perdgséaxn N9
at |least one tangential inlet and an axial outlet, in a process to extract
clavulanic acid as the free acid, a |abile derivative or 5 a salt, from
an organi c sol vent WA N ' Dhas 1 Xl L0}

" whiah Che or gark iRah iuerbioft BBoRBLERHS s T WP ABGecr /8 AN PHGY
the solute is an asfiwater(dA), antl thd minetl motpnt stecath ardi snhjected tooa seednd aycde dfu i n

the m xing region then the said amine salt is forned r.eacti on between
cl avul ani o aci'd orMITEAN PRI, I § {Paioe] anaipo 1 tap ALsTiRe aboge
The invention w | |cd?ﬁ¥\b&ﬁiﬂ§%ﬁﬁ§ h%ﬂg &fréﬁ?&ndi’lfug ﬁh&iﬂﬂs%n&ﬂéiﬂg WahbBere@f er ence

to: Figure 1: whi ch shows an overall schematic diagram of a process of
t he invention. i geereespondinglyahi ch shows a vortex chanber as used in the

b7 ocess i s shown schemad Hlf 15oM xtie ofiRkE H SEpariabioB ookttt ofy

the invention is uhefirstdydé.r Theadditien sbidalitforming compamidishch &Y fCahhin®is i N a
wat er-i m sci ble organic solvent, for exanple 0.25 % by i ght of a

phar maceut i cal conQRSGRRl; a5 Mficisnt mayremainfrom the fanst exeleto compingiwithual] the splytero

I ntroduced al ong a,bLowir! IR fiw bflwater Sedifkd f@gbﬁsssoyghg %ff@@@lalﬁne ut:% ﬁlﬁos( 2)

into a first mixing chanber (3). A stream of water
al so i ntroduceld vi third mising CBimbert(3A) may bé adjusted soi provide twd alter(Bive cutpat vol une

ratio water : solvent.in anber (.3) being,around .1: 10Q. A_ . .

G2l t forning compotiiiont (1S, JORRY B pdjibkec SRt 3 Bfaph of e O s s
tertiary butyl am n@&nééntfien ftf theiPuOf19) ARl Whilk inad Be MiSediwiE dieSRRAMARIE For S
al so introduced into the system via one of three alternative routes (6A),

(6B) or (6C) as di s fistcaitepnative.the yalumerapia of aquepas Phass tporganie,sqlvens phase én
with the solute pr 'ﬁf&ix' I L i e

chanber (3) the sa‘ﬁtgu{slo vat"g]%bg%@g‘mn?g r&n’tﬁ%?ltqh{ng\gg% iﬁ%hgfg%%lgi"ggpﬁ‘%eﬁ
aqueous sol utilin. 3N typically arounthk: 500 elt mdymlteniatively de adjusted tocprbdwsech dilptecous

ol ution eMerges v Seciisplitigh i pd sofihe e sELRTYEE whibhe, wilich by bR i vi
(23) into the input flow line (4) of the first mixing chamber (3). In this second

alternative it is desirable that the volume ratio of aqueous phase : organic solvent
phase in the third mixing chamber (3A) is approximately the same as that in first

20 mixing chamber (3).

The flow of organic solvent (22A) from the output of the separator (15A)
may be recycled and purified (not shown) and may be used to extract a further
quantity of solute or solute precursor from an aqueous source of the same (not
shown).

25 It will be understood by those skilled in the art that in the process scheme
shown in Fig. there will be various meters, control systems, valves, pumps, surge
tanks, monitors, control systems etc. standard in the art to operate the system at
optimum efficiency. These are not shown for simplicity.

The mixing chambers (3), (3A), (11), (11A) may be mixing chambers of

30  essentially conventional mixing apparatus of generally known type, for example in-

line mixers. Alternatively these mixing chambers may be vortex chambers having
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—“TSEdaS A Co par anet er
in determning the anmount of amine fed into the systemvia (6A), (6B) or
(6C), by forywgsagsbe an el ectronic control (9) of the am nepkeagosmbroes and
neters - (not shown), so that if the aqueous phase is excessively alkaline,
the anobunt of amne fed in is reduced, 5 and vice versa. The three
alternative routes b ich the. an . i .are. a
(6 the am ne. o oEfghy hgeriaCi (8 R bubdtir ul Gheubridl plbbay o0 |
etc. (not shown)Rig¥i a (6B) the amine may be introduced via inlet (10) of

fi t mxi 3). Vi Q. the_fl [ i 1 the fl f ]
g () ot B2 ROk ioef oo xR 4 ey 36 .,
that m xing OCC%s%nl(i% é}fgp&ﬁ&@ RRariBer (21, BAAREPRSpechve firspill debndanigentia

i ssues from outl et second m xi ng chanber (11) before being
i ntroduced i Bt o iflewsg23)n24) ang ac$ingl axiz) Gitlet 252 isrshewd in & part-éctisgalesideson

solution and organi c solvent ,emergi.ng..from.outl et f firgt J4.xiLNng.
chanmber (3) is %é?%g’dﬁ‘ﬁrﬁ% aé’dé'éﬁé%é'f’g?’l Pl ’Fw_bf)?ﬁo #&pgmiéficoéﬁlg Pgugb of
conventional coOrR RBCth @Peraiéh Afehmd serndliquidd (nbt showiiphre it@dbdhcePacspeedind
whi ch separates the aqueous sol ution and organic _sol ventzj))hases. The

aqueous sol ut i orfhroygh s respservs firskeand seennd sangenial drlpfs (23 §24)(1n ghe digggton of
density is meas roWwd v a‘ijxgrlss}o}%x HERTME Wehin1RL E%ﬁ@éié ngz}?ﬁ .wtu:[:ﬂque ﬁrsF

measur enent of ensity 1S use as a pararret er int onic contro
(18) of t he 10Npuahd séconAliquidakmxg The fowl 6fmaxédiirst 2 setorel liquidy lemien thead] ust ed

to maintain an agueous_sol.ution.contaiping a desired congentrat] 0

Sol ute. The 1 oRtimmeg @7 v el SgshPn Inf ibns Eeussy GhdrA 6T W, be
subj ected to furdff mhy 8k Vorte@ehameyent i onal in the art, for exanple
crystallisation, precipitation or further chem cal treatnent of the solute.

Addi tional a bleed (2B)wilifbezppreciatpdery thosecskilled dm theeyt that thesehsmatiediagnmo t he

stream of water j.m.fl.ow e | ol m t he

or gani ¢ sol vent 063:'% ldFI\J @Ff%?éﬁ)éc‘?ﬁ‘? sg’g%‘f ?éc(}%\ﬂ gg%ﬂ?’% Bﬁ'ﬁés’cfﬁégtt% y® of

aqueous sol gsi opigewesk etd! Corfvemivnal incthé dit of ohenkical engisiesting. The codstuction of a
processing system along the lines of that illustrated in Fig. 1 will be within the

normal abilities of a chemical engineer skilled in the art.
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controlled (21) by relation to the density of the output from (16). The
fl ow of organic solvent phase (22) from separator (15) is depleted in 30

solute but the quantity of residual m“l mmm“ hat it is worth a
second extract gzRfeghhidg an aqueous rH“H ﬁ“ a second RatadPeféo270
solute. The organic sol vent 21 W3 96/ 22296 S ¢

PCT/ EP96/ 00270 phase is therefore introduced into a third m xi ng chanber
(3A) together wthcgghé.ow of water (4A), and the mixed output stream and
subj ected to a second cycle of mxing and separation, in a manner anal ogous
to that described kbove ArcagueussaHaction psesessiniich g sweam ek stbataptially water ons
and bei ng nunbere . X ' . .S \, %1 \nd
separation vari ougimgsscbbelg? Fsgagﬁ%%‘% P feq'rgllnp:(ra ééréﬂ'ég]ea hmregts a@@gﬁggaﬁﬁégﬁéggflﬁggnyg @
sal t-form ng conpaactamntibiotis, sach ana penicilinaytcephaidspordrs, or wiavulanieracidias/the

remain fromthe first cycle opbi.ne Wt Il {he solute precgur.sor. The
ow of water G ditaacd sk bileSSHRTs g bat Seveah s ranaciip SO 0 misream

., third m xi ng chanb, ( | i i ' put
sol Ut ons. (1981 mugOoulMidnty B HEk Ribng ndicl o0t #3uRORERbA b

si mi | ar concent r atthesoliie pabses fnompthe ofghgic salvenvintocthe agueoemedivmdn whet first he
output (19). For this first alternative the volune ratio of yeous phas
to organic sol vent™BREEEIog &‘ﬁg%‘ﬁ"ﬁﬂ“‘fﬁ%’% aﬁﬁ%@?s Rbases %@‘%ﬁgaﬁbiﬁaﬂ’aﬁ%ﬂr
than in the first dﬂriﬂg%eﬁhaﬁ&%tedplﬁnﬂ@_lhﬁ Mithe solhee isdmahidle alt 508avuldnigray
alternatively be adjusted to produce a dilute_aqueous solution of the

solute, e.g. a¥bunsidwhighiyformedin sty ipghe first mixing eegjonthen the s3idamins salids
i nput flow |line (4 A L% il . . _
alternative it is aggglgdr %%@%é@%ﬂ%‘% \l/ol urreﬁrgr&a ?‘f)“gﬂé?“%g‘lﬁe‘@ﬂg‘ %’E%gg&doarngani c
sol vent phase in tdéminthird m xi ng chanber (3A) is approximtely the same as
that in first 20 _mxing chanber (3). The f{low of. qrganic solvent (22A
ffom the output of21he COBREERAEr Ao HAn R ot At anaTeset i fitcn
shown) and may be yefRulafic@tid iRGhe rihWFiSireetdéid) tal salt titfredTOpdtiCulftly £ Sd1LWR

precursor from an aqueous source of the sane (not . o
15 an amine, or other water-soluble derivative thereof from solution or suspension in a

wholly or partly water-imiscible organic solvent in which the said solution or
suspension is contacted in a mixing region which is a region of high turbulence
and/or shear stress, with an aqueous medium, such that a solution of the said
clavulanic acid in the form of the free acid, a salt thereof or other water-soluble

20  derivative thereof in an aqueous phase is formed, then the organic solvent and
aqueous phases are physically separated during a separation step, followed by a
further processing stép in which the clavulanic acid salt thereof or water-soluble
derivative thereof is isolated from the aqueous solution.
3. A process according to claim 1 or 2 characterised in that the organic

25  solvent is an aliphatic ketone.
4. A process according to claim 1 or 2 characterised in that the solute is in the
form of a salt of a metal ion or of an organic base. |
5. - A process according to claim 4 characterised in that the organic solute is
clavulanic acid in the form of a salt with an amine.

30 6. A process according to claim 5 characterised in that the amine is selected

from tertiary butylamine, ammonia, phenylethylamine, t-amylamine, t-octylamine,
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shown). 25 It will be understood by those skilled in the art t hat

I N +ke—proecess sch contr ol
systens, valves, punps, surge control systens etc.

standard i ”vi&‘f‘srﬁiis to oper ate”“m mﬂﬂmmﬂ timum ef fi ci popEPocb¥6e are
not shown for sinplicity. The mXiag .C ers 3), (3A), (11), (11A) may be
m xi ng chanbers of 30 essentlal l'y conventional- m xing apparatus of

general |y known 4t f {m&g ntfhRine by ciiRplianghe t-hese

m Xi ng chanbers r%aﬁg‘g? rt %@h@%ers "h wﬁg g e \/&)96?‘3a %

PCT/ EP96/ 00270 admnmmmm ﬂ‘hctbﬁnipcadme,rw &N sdxanplroayﬂemxleatdlmmb and DY Nt he
type illustrate ener al 2. Referring to Fig 2, a vortex chanber,
shown overal | gi’? ‘Hﬁ *ﬁ?"{ P?émﬁg an essentially cylindrical chanber (22)
having respectiye fi h;%a@é%ﬁia&ﬁﬁdiﬂgitdﬂﬂﬁﬁnbt 3lchfractetiftdeh that B)mikBdregiofl a
single axial outlet ( I's showmn in a part-sectional side-on viewin Fig

2A, and in aSsecomprisgs agn@smz\ne@m& whish grovideea high degree of fuigftusbulencenand n Fig

2B. I n operatio u

speed t hr ough t%lé&é ﬂ‘&i‘&?‘mﬁfb gﬂg'l hgéeclgﬂlg‘istlgtrwen%d ﬂ{tgltﬂr?lr}h&xpn%(c%& (24)
in the directi om,faﬂdfmlxati Iscuapahwomreﬂﬁngapu@eﬁamte watet of aqutoud piaksélinide
chanmber (22) i-n whjch the first 10 and second liquids mx. The flow of

mi xed first andS@algmplets. ‘qui ds | eaves the chanber (22) via the axial outlet
(25). The mxin cha ex
chanbers. It w IQI be appr esgc?%'ictoglelﬁ%Qﬁ %lé\@?ec?lg%téﬂé&mﬁ?ﬁtggg?mg f&eVnQéE
schematic didfigr adecled fEpm. in<ling snmerarpf theitype inovhiel onesqrerore terbulence-¢reating -

I t { t I th
chen cat ang ne SRR S e Biipfa i Sing sy A0S B P e e
lines of that ilflowshbsb fs ¢fithe type M evhmhewwﬂqhidrpwa&e aROfoi@dd ae Btesidre es of

a chem cal engineer skilled in the art.
' through a biased valve, cavities subjected to high turbulence and or shear stress by

means of turbines or propellers.

16 9. A process according to claim 7 characterised in that the mixer is a vortex
chamber comprising a chamber of substantially circular cross section, and having at
least one tangential inlet and an axial outlet.

10. A process according to claim 7, 8 or 9 characterised in that the aqueous and

solvent phases are then physically separated in a separation step using a centrifugal
20  separators.

11. A process according to claim 1 or claim 2 characterised in that in the mixing

region the volume ratio of aqueous medium : organic solvent phase is in the range 1

: 200t0 1 :50.

12. A process according to claim 1 or claim 2 characterised in that the total time
25  that the organic phase and aqueous phase are in contact is less than one hour.

13. A process according to claim 12 characterised in that the organic phase and

aqueous phase are in contact for 15 minutes or less.

14. A process accc;rding to claim 12 or 13 characterised in that the organic

phase and aqueous phase are in contact in the contact region and the separation

30 stage is 0.5 to 3 minutes.
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Cains: 1. An aqueous extraction process in which a streamof a
substantially water im scibl'e organitc _sotvent—contai ning a water-sol ubl e

organic solute which is a b i - it otic, such as a penicillin or
cephal ospori n, @5 g/ ul ani m“ M!mﬂﬂgn free acid or a pehkbdRmozro

derivative or al't thereof speed with a stream of an
aqueous nedi um | n a first mxi ng region, so that a substantial proportion
of the solute passes fromthe organic s Ivent 01 ﬁ nediumin
the first mxing fégi on' PFORER 3K ﬂ‘s£%é5 are

physi cal Iy separ a&@%ﬂi l;shasag;u?pus £07/ e béﬁara‘iifoﬁ@:ep wmeqﬁdce%b%nmfmﬁghesxa@;hut e

is an am ne salt clavul anic 10° acid whichis forned in situ in the
first mixing regi olavuihmin aciddn s@lu@orambjﬂéteéaw twg of giofeiage proeess far@rseeandvween
cl avul anic aci d or I abi [i \ t

process accordi ng ° Yo llt“ T‘H’g eeelms[g ?%‘H%'gg aﬁ‘&'s %ﬁﬁ?gég%ltﬂfx‘é\%?ch

I's clavul ani c gci ﬂlrﬂﬂrbf@oﬁwhquﬁe séotef ree acid, a sal t thereof,
particularly a salt with 15 an am ne, qr other, water-soluble der| vative
thereof from sol udfon oft PIORSBLIFEPING 1Q ClailN % chracisxised ip gk BF sqlpedei bl e
organi c sol vent I in a
m Xxi ng regi on whi %%hwsélgﬁll %ﬁb%aﬁﬁisg%@‘}ﬁﬂvg@ ﬁgf?]%? Qolhﬁﬁﬁ- hg)t? rr“gglg

with an aqueous metdaniv) sohnenth atd areatingghis whilsnindhe otganic aoldent|withd aihi—ﬁmnin’gd in
the formof the free acid, a salt thereof or other water-soluble 20
derivative ther eof®Ppound. aqueous phase is forned, then the organic sol vent
and aqueous phgsegyare nmfseeﬁakdcwrmg%ramdlmﬁtaeﬁr@eﬁanﬁart Wl SoMuté pRBursor
followed by a further processi step in which the clavulanic acid salt

t hereof or water- smlmluummdm? ternaigg cpmpound|iseramineom t he aqueous
solution. 3. proc at
the organic 25 5(831 ven?sp?(s’&%%gﬂ}&%a{o%%ait SQ&alﬂ{z @haﬁm%&%@& g{:d(la)glg&dc@o&r‘%l ng
to claiml or 2 clqiedns medinarpliase Whah it bepameldtftmnﬂmorgamdnmlfemmmé a salt

of a netal ion or of an organi hase rocess according to clajm4
char act eri sed i n SRR gufef hid g e o eI SQEFUE HF PHOS SRR o
a salt wth aggam grodﬁ&an ueous. xﬁed@ﬁra%ﬁ&n .a%amunaeraeueaham&nome
characterised |n that the amne is sel ected

solute.

19. A process according to claim 1 or claim 2 characterised in that the
separated organic solvent phase is subjected to a second separation stage.
20. A process according to claim 19 characterised in that the separated organic
20 solvent containing the residual solute is contacted at speed with further aqueous
medium, in a further mixing region so that a further proportion of the solute passes
into the aqueous medium, and the organic solvent f)hasc and the aqueous medium
phase are then subsequently separated.
21. A process according to claim 20 characterised in that in the said further
25 mixing region an aqueous medium : organic solvent phase volume ratio of 1 :
2250 is used.
22. A process according to claim 19 characterised in that the separated aqueous
medium phase from the further separation stage subsequent to the further mixing
region is merged with the aqueous medium phase of similar concentrations from the

30 separation stage subsequent to the first mixing region.
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fromtertiary butylam ne, anmonia, phenyl-ethyl am ne, t-anylam ne,

t - oetyarm-re, - 24 WO 96/ 22296 : -

PCT/ EP96/ 00270 1- hydr oxy- 2- | " wne, cycl opentyl am ne,

cycl oheptyl agp adarranriﬂ lr! m“ ﬂflﬂlll peri di ne, CT/EP96/00270

N-N -diisopropy etzﬁill enedi am L i et hyl - cycl ohexyl am ne. 7.
process according to claiml1l or 2 characterised in that the mxing region 5
conprises a mxing deyi ces which, provide i gh degr.ee of fluid turbul ence
and shear stres€3in t%é’rﬁ’ﬁeiﬁ ‘i’?ﬁ"‘%}é‘& ‘Bﬁi%égé’p‘?‘%&‘ﬁf l{lﬁtfalt Sy SEPAIHOT ¢ he

m xi ng device NMgyge ﬁ%@eqﬁ@ﬁﬁb theSfufRBixeOfe gioh AkédnBeritRtion SLMIB iehsat er or
aqueous phase into small droplets. 8. A process according to claim?7
characteri sed i separatgd agueousimedin phase deoptimisayl at adew sencentratiantoiferm ame

m xers of the type | ' . Of 4 ) ' ; S are

| ocated within églfﬁo‘f)% | ng&%@?ﬁg a\i\ﬂ%&“&é‘%éh%@ﬁ%ﬁ S?esgfruéé]%gﬁggn p%) flow,
honogeni ser s5of cirbiftated feforh anfeastipattid the auechsphsines imroduéedr ogahertwily iesur e

t hrough a biased valve, cavities subjected to high turbulence and or shear
stress by neans OEEaH{CLfPHFWe@a?ﬁmB)r'Bﬁ tapixing fegion.g A process accordi ng
to claim?7 charggteri debs dRadd; ik 90 chirad 138 ¥hat iCHRLt Sing a
chanber of subst%g'nt i aﬁﬁ)so glgkrcu?{ggl{g?rsgsi?gﬁsgcf%li&gn?H%Ec}ﬁ%vp%?}%mfeastnkone

t angenti al i nl eseparafedasubseqgiernt to titel fatther ifixing régipn sorxplatedao egirany atfreske| ai m 7,
8 or 9 charact eriﬁied ﬁinlthat t he aqﬁggus ﬁ'd sol vent phases.are tpen

physi cal |y sepaFf¥r&yoi Y& FRENS “t’%"&? O A aquBNS SPYIFE §hine sglute or
separators. 181. prechrsgf.ocess according to claim1l or claim2 characterised
in that in the mxing region the volune ratio of aqueous medi um organic
sol vent phase i3%in ogcshefsonding toiaimgl ar clajm 2 gharacterjsed ithatscavadanis di ng
to claim1 or claj | ' : t..t he
organi ¢ phase a%@a éqé‘gg%g{ng‘f}%g‘gngg’gr#%dtggg{ %cl{}gftéd){"?gg H{‘tﬁgﬁ%@rﬁ%& %gunr1 13.

A process accor dquegud sphation, which is hebsequiently secbnvertdedhiato 4 plarmagaticallyphase and

acceptable salt.

16 26. A process according to claim 25 characterised in that the pharmaceutically
acceptable salt of clavulanic acid is potassium clavulanate.
27. The use of a an in-line mixer, a homogeniser, a cavity subjected to high
turbulence and or shear stress by means of turbines, propellers etc., or a vortex
chamber comprising a chamber of substantially circular cross section and having at

20  least one tangential inlet and an axial outlet, in a process 1o extract clavulanic acid
as the free acid, a labile derivative or a salt, from an organic solvent phase into an
aqueous medium phase, as a thixing region in which the organic phase and aqueous
phases are mixed, provided that if the solute is an amine salt of clavulanic acid
which is formed in situ in the mixing region thep the said amine salt is formed by

25 reaction between clavulanic acid or a 1abile derivative thereof and an amine.
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aqueous phase are in contact for 14 A process
accefret++g 6—CTat+m 6 CHaraagerSeo . tat -t me_otrgafc—phase—ant
aqueous phase are in contact in the contact region and the separation 30
stage is 0. Sybos2eg Nutes. 25 WO 96/ 22296 15. A procesper/gesbriong to

claiml1l or 2 characterised in that the organic solvent phase output from
the separation step of the process, containing residual clavulanic acid in
solution subjected in a two or nore stage process .for a second and '
optionally subsequent tine to the said m xing and separation steps, to
extract a 5 further proportion of thelé®l utef 16. < A process according
toclaiml or 2 characterised in that the sol ke is &@rnmed in situin the
organi ¢ sol vent by havingdeidallymn solgte pfecurspr in the organic
solvent, and treating this whilst_in ©F ganl c sol/vent with a
salt-form ng conpopnd. 10 17. or oc€'Ss  acdor di g to claim16
characterised in that the solute prec or is vyl anic acid and the salt
form ng conpound i an am ne. ]18. to claim1 or
claim2 characteri $ed in that a#"g? e aquegus nedi yn phase which is
separated from thejorgani c soFvenpAh the _separjation|stlhge is fed into the
fl ow of aqueous negliumentering the I 'dﬂ?r gijon 15 tb produce an agueous
mediumwhich is it¢elf a dilute_ag S §§ion of t#they solute. 109. A
process according §o cl aidh 1 E? cl g dﬁg ctleriseq ih that the separated

organi ¢ sol vent phase i s®Buhjected t§ a ony lsepar 4tibn stage. 20. A
process according §o claimi19 characge 'ﬁéﬁ i Nt hat he'separated organi c
20 sol vent contaijning the resi dys re is jcontadqted _at speed with
further aqueous nediunl iR a fur i g region sq tphak a further

proportion of the $ol utepasfe®nto the oo

edilum 4Qd the organic
sol vent phase and tfhe aqueous!ne-'un1.~

quequentIy separ at ed.
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21. A process according to claim20 characterised in that in the said
f urther—25— m Xxi ng-r-egion—an aqueots—EduTmT—urgarmc—soul vent- phasevorume -
ratio of 1. [err] 250 is used. 22. A process according to claim19
charact eri sqgh deizdggat the separated aqueous medi um phase f regvEregod2es t her
separation stage subsequent to the further mxing region is nerged with the
aqueous nedi um phase of simlar concentrations fromthe 30 separati on

st age subsequent to the first m xing region. 26 WO 96/ 22296

PCT/ EP96/ 00270 23. A process accordlng to claim19 characterised in that
in the separation stage subsequent to t R&” f urt her m xi ng region the
concentration of solute in the separated aqueous nedi um phase is optim sed
at a low concentration to forman aqueous nmedi umwhich is a dilute agueous
solution of the solute, and which is 5 circulated to format |east part
of the aqueous nediumintroduced together w th2fhe organic sol vent phase
into the first nixigg regi on. 24. A prozﬁ;é accord?gg to céitn119
characterised in th the organic solvent s arated eq o the
further mxing region \s circulated to extrac sh cha ge of solute, or

AT A A 7 4

a precursor thereof, frym anfaqueous sodrce o he | dte/or 10

precursor. 25. A Qrpcess a ordimai 1 or clain’2 char_a_cAerised in
n

that clavulanic’acid {n_the gani t 3 converted in
situinto an amne salt in a ; which | jJubsequent | y be
converted into a pharmaceutically acce le] salt. 15 26. A process
according to claim25 characterised infthat fhe pharnaceutically acceptable
salt of clavulanic acid is potassium cllavul ahate. 27. The use of a an

in-line mxer, a honpgeniser, a cavity {subjefted tf hi gh turbul ence and or
shear stress by neans of turbines, progellerf etc.£9or a vortex chanber
Er

conprising a chanber of substantially dircul cross section and havi ng at
20 | east one tangential inlet and an I outlet, in a process to
extract cl-avul anic acid *

Fig. 2A

Fig. 2B
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as the free acid, a labile derivative or a salt, froman organic sol vent

phase—rnto an aquevus—nedrunTpha

phase and aqueous phases are nmi xed, provided that
salt of clavulanic acid which is forned in situ in the mxing
t he “sai d ami ne p@%i s f or mewlorbly NFELLECTUAR MEdpiT okBERoN Cl avul d
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