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aqueous phase by making use of the greater water solubility of salts of clavulanic acid
20 with organic amines, and isolating such an amine salt from the aqueous phase. In such
a process the amine salt is formed as an intermediate in the process of converting
crude clavulanic acid into a pharmaceutically acceptable salt. Such a process is
described in for example EP-A-0 026 044, in which a solution of impure clavulanic
acid in an organic solvent is contacted with t-butylamine to form the t-butylamine salt
25  of clavulanic acid, which is then isolated. Other similar processes are known which
use other organic amines, such as tertiary octylamine (see EP-A-0 594 099 (Pharma
Development)) diethylamine, tri-(lower alkyl) amines, dimethylaniline and NN'-
diisopropyl-ethylenediamine. WO-A-93/25557 (SmithKline Beecham) discloses a
very extensive list of amines which can be used in this way. WQO-A-94/22873 (Gist
30 Brocades) discloses use of various tertiary, tertiary diamines such as N.N.N’N’-
tetramethyl-1,2-diaminoethane, N,N N’ N’-tetramethyl-1,6-diaminohexane, 1,2-
dipiperidinoethane and dipiperidinomethane. WO-A-96/20199 (Spurcourt) discloses
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with a salt precursor conpound such as potassium 2-ethyl hexanoate. The
f er ment at i osubseauatly aopveradtn aseeand alkaltmetal salt of ohpvalanicaridy Koy expmpleces

si de product _i.npuniti.es. Anunber of .such. i.npuriti have. been identified
s peake | n sodifB isnigne B ATl dbARig et PR PR B UBENS 1 e
salts and 20 pharAfagqsiaticl thY iREGIRAL kR 3hit Snd) beloVettdthfo AC1 d as
prepared by conventional processes, but few have been chemcally

i denti fi ed. pBaenavesticallyuseful yalhafclavadaid doid, paettonldrhyeai dlkalmhetyy silbe present
inventors as N-succinyl tyrosine. It is desirable that as little of such

i npuri t18s #spesipllyi netassinmecipydanate, generelhe by reagtion pf the intermsdiataandng sadtal | y

accept abl e sal,t of, clavul anic aci,d, ,and t herefor hat such 25 inpurities
Shoul o he-r STt Brefier Ranaige Su P RolatpG 2ol eRtRARRn ¢ aci o' o from

e 7oL 7SO oS oty RIS
t he i nt er medide product impurities. A number of such,impurities have been identified as peaks in
the HPLC trace of crude clavulanic acid, intermediate amine salts and
20  pharmaceutically acceptable salts of clavulanic acid as prepared by conventional
processes, but few have been chemically identified. One such impurity has recently
been identified by the present inventors as N-succinyl tyrosine.
It is desirable that as little of such impurities as possible are present in the final
product pharmaceutically acceptable salt of clavulanic acid, and therefore that such
25  impurities should be removed, either during the isolation of clavulanic acid or from
the final product. For example such impurities may be removed from the above-
mentioned intermediate amine salt, during the step of conversion of the intermediate
amine salt to the pharmaceutically acceptable salt, or from the final salt product.
Successful identification of this impurity as N-succinyl tyrosine has

30 unexpectedly made available processes to prepare salts of clavulanic acid which are

contaminated by less N-succinyl tyrosine than has hitherto been possible.
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organic solvent-water mixture, and is exposed to a material which is selected to
absorb N-succinyl tyrosine and thereby removes N-succinyl tyrosine from the salt.

20 Alternatively the process may be a preparative process in which the salt of
clavulanic acid is prepared under conditions selected to minimise the formation of N-
succinyl tyrosine and/or its retention in the product salt of clavulanic acid. For
example the salt of clavulanic acid may be prepared in a liguid medium, e.g. an
organic solvent, an aqueous medium, or a mixture of an organic solvent, containing

25  reagents which remove N-succinyl tyrosine, or subjected to chemical or physical
conditions which remove N-succinyl tyrosine.

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

30  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 salt
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Treatment of the salt in this way in the process of the invention can reduce the

level of one or more impurities, particularly of N-succinyl tyrosine, in the salt, or in
further saits of clavulanic acid, e.g. a pharmaceutically acceptable salt, prepared from
20 thesalt.

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

25  wash medium, and then optionally the amine salt may 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 which is washed may be a
metal salt of clavulanic acid, for example an alkali metal salt of clavulanic acid,
particularly potassium clavulanate.

30 The wash medium may be an aqueous wash medium at such a pH, e.g.
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.
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second form di{nfﬂe process of this invention the salt may be recrystallised
fromthe nediumat pH of less than 6.5. For exanple an amne salt may be 15
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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. the
25  aqueous solution may then be acidified with an acid, suitably a mineral acid, such as
sulphuric, hydrochloric or nitric acid, or an organic acid &.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.
This may be achieved for example by crystallisation by admixing the solution, e.g. an
30 aqueous solution, with a precipitating solvent, such as a water miscible ketone.
Suitable ketones include aliphatic ketones, for example a di-C, ; alkyl ketone, acetone

being preferred. Solvates of amine clavulanate salts with such ketones are known and

5
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W th an am NG L4 plepared by reacting clavulanic acid with an amine in a 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-
20  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
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

25  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 preferably
substantially imiscible with water, that is, although some mixing of the solvent with
water may occur, over most of the phase diagram two phases are formed.

30 For example a two phase system may be established, comprising an organic
solvent phase containing dissolved clavulanic acid, and a separate aqueous phase, and

the organic amine may be introduced into this two phase system, e.g. injected into the
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I ng .an or.gani ¢ sol vent phase contai ni ng

system may be established, c ris
diyssol vedycIc’g%llsua‘rlglcé Mfefeﬂaﬁggr&l'@éﬁ%ﬁavéla lyohe opganisesol vend phasganayi bgani ¢

am ne may bepd ' . LRl . Il nject into the
610 NOV 23%%%%‘3%?3?6 Bhdlionyiné %%@?@eﬁféﬁaﬁ@@%ﬁ%ﬁ P‘i’f’lr%“’g%§ cE.

agi tati on offillepddundeasifon tbéatdd) Brmef@tioR BiolinS@hich 'cl%vﬁ]&h[]@é&titfﬂas' H%H t he
aqueous phase as it is formed. Typically the organic phase nay have a
concent @t i dormfd. 5 - 100 g/L, for exanple 10 - 40 g/L in clavulanic acid,

e.g. ca. 30 g/L. Suitable solvents for the organic phase include
substantial |y 5 wWiitablythargugoys phase can be pravide W@Pﬁ-&ﬁ@aﬂwneﬁmam such as

et hyl acet at ad_ t i ar but.yl ;acetate..and di-Cl, 7. alkyl ketanes_ such
as nethyl i soqg%@g%js I‘Z{ntéﬁ’g?%&ytae i él}ﬂi{ngpgﬁav{}pngggpgp[%agth}gb peantratign of o
this reacti qhe antitie!saltlcin b8 Buid GrRitRe _ hag%ﬁa duct of an
extraction by theeorgani C sgl vent of@#ﬂ%ﬁzﬁﬁyﬁgg%@ﬁaun |egrbge. g.
filtered andoneantrateditoadtighicorcentrativha.z 25 W% toh niofe vlgi by ciebAaidrbel the aci d
has been.10 forned. Sujtably the atgﬁeous phase can be provi ded by

P

back-exﬁf’actaﬂBﬁ’P‘FP&WF@ ogp forf witabledime: phase by a circul ating extraction

| oop so that a hi concentration.of ..the am salt can be builf up in the
aqueous phase. Th@‘l’]na%% oﬂ%ﬁ)ﬂﬁ@g%ﬁmgés C’E@ﬁn_te f”_éﬁq‘fe@“égTﬂ%FP form
concentrati Gfich §n Brgasic Hifen FREER tHoth aditiie tGHHARIRE 2100 Tontrolled

addition of the organic amine into the above-described two phase system can be used

to adjust the pH of the aqueous phase, which can be monitored on-line. A preferred
20 pHis again below 5.5.

The amine salt may then be isolated from the aqueous phase. This may be
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

25  asdescribed above,

A fourth form of the process of the invention may be a preparative process 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 liquid medium
at the pH of less than 6.5. This fourth form of the process can be used to prepare metal

30  salts of clavulanic acid containing a lower level of impurities such as N-succinyl
tyrosine than occur in metal salts of clavulanic acid prepared by alternative or prior art

methods.



15 aqueous extraction loop for a suitable tine. Generally when cl avull @@W )
acid is extracted from an aqueous broth to form such an organic extra Z)nrq
phase the broth is acidified to pH below 2.0. Controlled addition of the

organi ¢ ani ne i ntRrefeved phodoet mietat saltseof clavalapheawid whhenayclieprepared &fithis 0
adjust the pH of the agueous phase, which can be nonitored on-line. A
preferred Zouphiorm affhe prasessove spits. of iHaliametals and hlkaling earthometals, i sol at ed

fromthe aqueous ase. This be achieved for exanple by

crystalli satﬂﬁcﬁpyam}%c?ﬁ@ freous solution with a precipitating
sol vent, such as f; 1S Gl I ve, . hi s
crystallisation C’?ﬁ?@t&ﬁf&er o%g{cﬁ?rﬁgéég%ﬁ@@?éﬁggﬁ%@%ﬁ@% fBr use

recrystall i sgith i mdtd GEIS prec@BoPSorARAmds MSEIRAR cofivérdihid Vé}@f m of the
process of the invention nay be a preparative process in ich a netal

salt of cl avphaenaceutically dcseptablesalt afclavyianidacitl byyeationadtt anarhielewsle 6f an
am ne salt of clavulanic acid and a netal salt Precursor conpound, in a

liquid medi Giavilame pad Jpensral clagsesiof spitable metgl salt prsourser Gosapauads inedidsr ocess
can be used ke tal 30 sal,ts of clavulanic acj,d containing. a. |lower
| evel of irrp%ﬁfﬁf%ggléﬂg%ﬁ q&ssaaﬁgh}@} ee‘P@}B"S Eal%aﬁ‘"ﬁ’cfé’b‘%“qfﬂﬂ%?gﬂh@alts
of cl avul anigcRaé ;,H?(; ' | t 1 0 NOV
2004 Pr eferre?j prgﬁdgfz?ﬁﬁ%sgg‘r&gaasﬁi S #ﬂkkﬁlﬁhﬁsgg}%rmwﬁg’gg?ggﬁepar ed
i n this 10f ovaridhin fpartivulsk ahions pf weasksorgaiiie cabokglicdcidy, kadhi asrititanbic 0 oF kal i ne
earth netal s particul arly ggitsassi um cl avul anate. This fourth formof the

process of tf?énph\lﬁﬂ@zﬁrwbm‘p £ ipalkyd, foniexample G gulkyhe.g. Salti dftaceti¢, et al
accept abl o SHPPIEBIS TXLAPIN BARAOIRAKL5YoR Bnbeityloianeic apids Some samplospr
Y B 13563 hrtt il 0 o0l AU
Wi th count ercatifomans pudabsilim hydrige phbsphhe andicalRfum 84bbnAS A BFLIQ8S metal
carbonat e, carbonate or hydrogen phosphate, 10 and in particul ar anions of
weak or déni csaltpressaricomponntk{or patassing cdvudanateds potassiumf2-ethylhexarmafe: CO2H
where Ris Cl.20 al kyl, for exanple C1_, alkyl, e.g. salts of acetic,
The reaction of this fourth form of the process of this invention is preferably
performed with the amine salt in solution or suspension in a mixture of a water-
miscible organic solvent and water, for example a C,; alkyl alcohol or a mixture of
20  such an alcohol with water, e.g. an isopropanol/water mixture. Suitable proportions
for such a solvent : water mixture to suit particular requirements may be determined
experimentaily, 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
25  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 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
30  solution of the amine salt. The precursor may be added as a solution, e.g. in an
alcohol, e.g. isopropanol solution. A suitable solution concentration for this precursor

compound solution is 0.5 — 3.5M, e.g. ca. 2M. Slow addition of the precursor solution



propionic and ethyl hexanoic acid, such as 2-ethyl hexanoic acid. Sq NOV 200
exanpl es of precursor conpounds in these general classes include sodiu @p
pot assi um hydrogen carbonate, potassium hydrogen phosphate and cal ci um

carbonat e. As prefdned; pefersbiatwiftbstisdhg amd pefersbly beipgrbilied afier the@Haisioham
clavul anate i s potassium 2-et hyl hexanoate. The reaction of this fourth form
of the procdespaaturhbeowpminentsig. 0s5%6r ef erably performed with the amine

salt in solution_Qr suspension in a m xtur,e of ter- msciple organic
sol vent and wat erﬂef‘ﬁ?m'gsgﬁrﬁ)ﬁ-lc@@ﬁ‘éf@l predrctmayoheotorged gs aprecipitategfomo such
an al cohol B ' I Xt Uk Sui t abl e

o opor 11 ons PRl Ebvifch ofthe bRRALORAACLINE EhRli 456 o Yol ifistmay

requi remgnt seEayod daqseﬁmmx the sBlRRAWIBTY i '

m xture cont aei ni ng@% -10% vi:?% v?/as?er, he. g. gﬂac{:%llmﬁ?@%%l/feﬁ’\?'%gﬁpp#ﬁg%gm ne
salt may be dgbaibet above. Theusold proglatiwanbe idulated freg the resetibmaiediim biorpH of

6.0 or less, or which nay be adjusted to the pH by addition of a 25
sui t abl e acit¥amplediliration ard washieg of ¢ perdyahi ¢ aci d as above. The anmine salt

Vit ol avul anat o IRRBSCYe AORYSRoRete It PRt e Rt deied abefe gtomd”
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added td0a 3he produtt relativé td ineilcgvus provedses atHigheppelur sor may be added as a
solution, e.g. in _an alcohol, e.g. isopropanol solution. A suitable
sol ution concent rEhesepracesses pf the jnvention tray comppisia gars of an overall pravess for 3. 5M

. 0. . 2M Sl ,addition. of ;th | [ 8.1 0 2004 i
Y errod PRt OF et A S e A4 a6l 6.2 B TOrERdaR Bey ¢ he
ddi ti | i = . .salt of
addition a &ﬁg&gﬁ%ﬁmﬁgﬁiﬁ h QR Gmndaltds véed 2526 iEhAlgae! t ©

clavul anic ac orned as a preciprtate from sol ution.

Preci pitation of THisopérall pedcesBinay ifdlve thé stepoil)Feikerdstich dffom sol ution
may 5 be encouraged by m xing the solution wth a precipitating solvent,

e.g. i sdfropaisstorganism cech pioducestanaguecns dratb kontajmingiclavulanic atid, (ifol at ed
fromthe reaction nedium by, for ,exanple filtration.,.and washing of the
product. In f1Qgy 0 ﬁrgl%'ﬁ\?@‘%%ﬁ’é‘g% orgaic seivent. (ifkcopvarsinn fdhe ned above

can res ﬂ'yf t@‘?‘&‘%ﬁﬂgﬁﬂ%% ahilfie SHAGK cldvitic 48 (R eWBSsrd JRHE hiifsaRtiSn 2
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

20  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 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

25  metal salt of clavulanic acid a preferred salt is potassium clavulanate.

In the processes of this invention which involve an amine salt of clavulanic
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

30  clavulanic acid, and easily isolated as an acetone solvate. Both the tertiary butylamine
salt and its acetone solvate can readily be converted into pharmaceutically acceptabie
salts of clavulanic acid, e.g. potassium clavulanate, e.g. as disclosed in EP 0026044A.



10 the product relative to anal ogous processes at higher pH These 10 NOV 200
processes of the invention may conprise a part of an overall process for
preparation of potassium clavulanate fromcrude clavulanic acid e.g. as
formed i n aHofevertht aprocessebobihe inengon appeshincirimeiple o beagsichblesouded as an
internedi ate. This overal |l process may involve the steps of (i)

f er nent at i othose aminessalis shidy age knewn ithbersepble @s uermediates iadbe convstsion of

contel 111, SRR AEL Spbbbibp B REH B SRS B B e

salt of cla hgéa]h] | ' ?S)mﬁ AL 6r 6-. 0
or | ower, pg'lrdtlc F%@fgﬁggéﬂogérss ovver'!,'J{n(‘%\'flgl)ti ocr{)#?grm oﬁn%%{eﬁé%g%ﬁﬁgﬁte%tﬁto
pot assi ugn chpwdasiaines. The washi ng and/or recrystallisation processes of
the invention 20 may for exanple be applied to the salts of clavulanic acid
prepared as prodiixampids of sichhamnines, abd theinforrssposling drnine aalty are discjased he
preparative processes of the inventi magcél for_ exanple be applied to

} I on [
either or bé&MExgmpls wdhe awltﬁaﬂgﬁ%rﬁ?r{ﬂfiim weaansd inclpde forexampleamingd above.

| In the processes of this inventi.gn which involye a phatmaceutical.l

accept abl & DOBoEE At slivhlagptd SRk athind Bt iR Hn B BRI FEOIEY Dl o um
cl avul anat e gyjkdblé ARiky ﬁﬁ?ﬁfcﬁﬁie%os%ﬁéﬁnbd‘i@iﬂ?th@?umhﬁ&ad xﬁ&ﬁ’c‘id&ﬁd%ﬁo%}‘eg‘? sal t
of clavulanic acid a preferred amne salt is the tertiary butylam ne salt

of cl aviiD anitertianyi attyldmire, dethyldminapcic(lower alicit)anines, sitmethgiantligryPINe- EP- A- O
026 044, the_content of which is |included herein by reference) reaction,
by react i on discprepylrethylenedigmning; tantiagy, tertiary diamings sudhoas,NN’ Ad easi |y

acet one. sl VaPEREaY- L amiponBanc RCUAY 85 -{efrmefir dedbpiabaRing 2t cpt abl o
o 500 b RSBS00
i N princi pl dimethytansippthylabiher, benzllyldrylirhings, NN’ atkydethylensliaadinegs; sudhrgwn t o
be useable as_internmedi ates in_the conversion of clavulanic acid into a
phar macdft i dHN ylilsepropylgtiyiens siamise N, N slietbylane digming, 2N/ -gikenaylethylene
o foctive. viditming, MR TER aesivitns SRipiRe Ny RERE Aeamelnbieb iR uine.
cor r espondi Ngs B AEm Yy latnifi6)e2-PropahASBehzhydrylamine and bis (2-(dimethylamino)
ethyl) ether, and diisopropylethylendiamine.

The present invention further provides a product amine salt of clavulanic acid

20  being a product of any of the above-described process, particularly tertiarybutylamine
clavulanate.

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.

25 These products are characterised by impurity levels, particularly of N-succinyl
tyrosine, which are less than those obtainable via known processes, 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 oniy.

30 Examples 1, 2 and 3 are expressed in terms of the reduction of the total

quantity of impurities in the product salt of clavulanic acid, and Examples 4, 5 and 6

are expressed in terms of reduction of the specific impurity N-succinyl tyrosine.

10



for exanple in the publications referred to above, and include for Wﬁm‘mua
amne poly-, e.g. di-, clavulanate salts if the am ne has nore than one
am no- nmoiety. Oher suitable amne salts include those referred to in the
publ i cations nmentioned above, e.g. 10 tertiary octylam ne, diethylam ne,
tri-(lower
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di am nes, such as 1 ' -dii sopropyl ethylene diamne, N N hyl ene

di ani ne, 5N, Nveiglitb enluphe)tshintiene The pHnofitke solitiorNvad\ineaduedd adeichiified® giani ne,
N, N, N, N tetranmet hyl et hyl enedi am ne, 1, 3-bi s(di - net hyl am no) - 2- pr opanol ,
benzhydr yl arft-h@ithaaprexinately(di mdwof y0%rsulpdmric acidydr)concdnmatedanific acid. A 5x

i ne”sal 1 cORPEQtacEHne SiasaddebRLEF mp i uador L mipyedr Adgional " 0"
b -d [ hCl ' ' | I te. Th

resent | nvebEOnebAS ided JVRE 3b fhls p STt G Koty SO, TiroPetiodat o o
metal salt dbregbitgth@aineaaitGoREibh Wad ndirained atimBieNt efapblaturd r6&&er | bed

process, particularly potassiumclavul anate. 25 These products are

char act d0i seeBAwalt oxystallised land @las chifled hi ¢-5°@ for600hintesmdicollécted by OSi ne,
which are less than those obtainable via known processes, particularly
cor r espondi rigjtrptiers eElee peduct wasevashed wish 660ml phacgtonedprion teidrying fgrH 2above

that defined. The inv ion will now be descri bed hy y, of ex e only.
0 Ecams] oo oursitdant “Tiis St v Tenpatcorong - aporal PELBYBOH SELALHR | 0f &

quantity of i lirf 4 €S A +1 | | nd .Exanpl es
475 ane 6 SR 10 Tug GER oBE OBk Bt BHBKRE WS BEh fon e ALY
N-succi nyl  tproésdt potassiOmlcluaitednd Fivil @ethod Amddivéls af tof hﬁguﬁt'i'ésrlﬁ sal t
during amine salt crystallisation. 30g tertiary-butylamne ("I-BA")

cl avul arl& e thapeotaspemeiayulanatspreparedusing the sagples ofit- wer¢imeasuredlas ul at ed
as "pure freﬁ)llg%:d", I .e. clavulanic acid noiety by
Crystallisation pH % total impurities in potassium
of t-BA solution clavulanate (wrt clav by HPLC)
20
Natural (pH 7.0 — 7.5) 2.03
pH4.5 ' 0.03

Example2: Preparation of amine clavulanate salt from clavulanic acid and
25 amine under acid conditions.
100L of clavulanic acid aqueous concentrate (ca. 20-40 g/L), from filtered
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 injection of a
30  50% MIBK solution of t-BA. By controlling the t-BA addition rate the pH of the
aqueous phase could be set, and pH 4.5 and pH 5.4 were used in separate éxperiments.

Once the aqueous back extraction solution had reached a suitable crystallisation

1



5 wei ght : volune) solution. The pH of the solution was neasured andl J NOV 2004
acidified to pH 4.5 with approximately 1.1 ml of 50% sul phuric acid or
concentrated nitric acid. A 5x volune of acetone was added and the m xture
stirred for cdisentrationgs 1 0@wbaliquoheas crystellsed byadditidd o635 velun28 ofacatores up to
35x the aqueous vol une. Throughout the foregoing the amne salt solution

was maint ai ArdithgPregiptatd progvss dsolated %)ém @veld[he sepseguent
crystallised s_chilled at OSCfor 60m |.l.ect ed, by
i crati on. CHRBISFOAMA VRS RSeREl BB B e parter Gy ‘H}derylng

for 12 houj w@&rsr!ﬁ.}ggéég
W t hout aci dﬁaédl ti on&mlﬂkée%g@mL%ea t- Aﬁgg t al n%g?eltpsl ng t hese

procedur®s trdetdhefitatalrinputities inthe otamﬁucclavmé@mrﬁdﬂce&by@o% felathleng a
known met hod, and | evel s of total |rrpur|t|es in 15 the potassium

cl avul anatetqoﬂle[bweéatajgﬁ{m@ﬁ‘lhe sanples of t -BA salt were neasured as
follows: Crystallisation pH %total inpurities in potassium of t-BA
solution clavulanate (wt clay by HPLC) 20 Natural (pH 7.0 - 7.5) 2.03

et d and. 2 ESRPIES oy Bh e B huthe 3 05 of B ORMINRRY ¢ ol o aqueous
concentrate (ca. 23@&%91&1&@5@5%&&&&@%:1ﬁ@%ﬁﬂﬁéafﬁs;grfgﬁﬁeﬂb?m }ﬁﬂgbroth

was solvent extracted at pH 1.5 into nethyl isobutyl
clavul atdc distitled water (1 (il)y sl the pHtvext redudedtapHb18 (ithiglacial deetitasdid.ext r act ed

i nto water V\/mch was adjusted to pH 4.5 by controlled injection of a 30 50%
M BK sol ut i O¥hids stirppg aWrﬂlf‘?&llq fisppropantl was added andp9.9 p anlepotassiymof the

23_‘5???‘;.92’?2‘5& sRtealE CImOsEonain ippfttenbladed sieres et Bithen o
Crystal 1 sed By A At ped sbrbhioe 100t BORE ETAT B0 Sl ee P r?‘eopaugﬁkar?é;?édwas

product i soITNeg@taasiuinclividifitecake W8 Washed Wwith 4OSEEE@Q 2D ml1Gnd 208/hi) agd ani ne
was converted to potassiumsalt and analysed for total inpurity

dried in vacuo with a nitrogen bleed. Altering the volume of glacial acetic acid added

varied the pH of the dissclution solution. Results 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:

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

* The volume of water was reduced to compensate for the additional volume of acetic
acid used.

30 The experiments described in Example 3 above were repeated using other
acids than acetic acid to achieve the specified pH, for example hydrochloric acid was

used with similar results.

12



| evel s. This was then repeated with an aqueous phase pH of 5.4. By qs[j R 2004
the pH 4.5 5 the level of total inpurities in the potassium clavul anate vvag
reduced by 50%relative to the level at a pH of 5.4. Exanple 3. Conversion
of an amine salt to potassium clavul anate. 25g oft-BA cl avul anate were

di ssolved in a mxture of isopropanol (81 m) and 10 distilled water

(10m ), and Exumplei4nasAccidificadidntod aptiné st dixting giorine salt arystallisstiind. Wi | e
stirring a further 145 nml of isopropangl was added and 59.5 ni potassium 2-
et hyl hexanoat e ( BOgArytiagy-butylapaige (1-Baohelaptanate saltiwas disspivedsia vesento20

I e T L K T
aceLone L2 ENGIGH0 ot (DS 6 HAGHe it bl LARTRA 00

di ssol uti on &®kithi approxneately b.1inlcifG%4 ailphuiie id @Cdoneentidtal Mifbaid. Afsxt ot al
i mpurities in the EOt assiumcl avul anate (" Kclav") and overall yield of
R

pot assi um clelahenhaceteneavatasidad and theanixtine stimes fowl 5 2inies.s Aldditional pH % of
total inmpurities in K¢l ay vvrb cl a 25 80. 87 6.50.?2 6,00.63 5.50.57
5200, 13 B- 0+5eiphe WapQIGLINARRDSRDEE UP o\bx WiE AHURS D u9e the
addi ti onal velye, e 3661 Gt ARlba5E hhaiRink e SEPSE! FERLSdESEEL BBdbe"
Exanple 3 abovégg_ﬁa_e repea eos%um ng other ~dacids Bhan%gﬁuér a %prto. ue
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simlar results. 1271 NS\/ 004

filtration. The product was washed with 600ml of acetone, prior to drying for 12

hours in vacuo. This procedure was repeated at a “natural” pH without acid addition,
i.e. ca. pH 8.5. The level of N-succinyl tyrosine in the t-BA salt obtained using these

procedures was then measured as follows:

15
Crystallisation pH % N-succinyl tyrosine in t-BA
of t-BA solution clavulanate (wrt clav by HPL.C)
Natural (pH 8.5) 3.48

20 | pH45 0.03
Example S: Preparation of amine clavulanate salt from clavalanic acid and
amine under acid conditions.

25 100L of clavulanic acid aqueous concentrate (ca. 20-40 g/L), from filtered

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 injection of a
50% MIBK solution of t-BA. By controlling the t-BA addition rate the pH of the

30  aqueous phase could be set, and pH 4.5 and pH 5.4 were used in separate experiments.
Once the aqueous back extraction solution had reached a suitable crystallisation

concentration, a 100ml aliquot was crystallised by addition of 35 volumes of acetone

13



Exanpl e 4: Acidification of amne salt during amne salt crystallisdtl §ny 200
30g tertiary-butylamne (" t-BA") clavulanate salt was dissolved in water

to give a 30%pfa (j.e, calculated as "pure free acid", i.e. clavulanic
aci d noi ety @the Riscipiated W%ﬁ-‘lﬁﬁ@?lf‘@l astin Spamplecl ghover Thasubssnuenton was

measured and aci@difjed.to pH 4. i th approxjmately 1. of 50%

sul phuri ¢ acﬁrﬁﬁﬁlﬁsi‘t‘}f&’éﬁﬁﬁ%ﬂvﬁﬁﬁ%mﬁﬁﬁﬁ@ Sﬂi‘@?& a@%b’?ﬁé"%‘%’&%‘ﬁhe was
added and t bt Stk r ' Lt I t one was added
over 20 m nufes ué%%s'B?%%tvﬁgﬂg%urgéééﬁv%%&e?q%%hg%gth ?ﬁ%g' gér‘&ﬂ% ng the
am ne salt stht gH 4 thelsvelfN-skdea] Glrodidingiirity (IRRTdtsERm JdhtulRifdwas 10
t-BA salt crystallised and was chilled at 0-5C for 60 m nutes and collected
by filt Pat isducelt?é-foldrtlativeimthedewt atia pHidf 5600l of acetone, prior to

drying for 12 hours in vacuo. This procedure was repeated at a "natural”
pH wi thout acid addition, i.e. ca. pH 8.5. The level of N-succinyl

tyrosine in |t _obtajned usin hese .procedyres was then
neasured as %ﬁé&s%q@vfﬁslﬁ @@?%P‘F‘i“%“a’ﬁqb‘f? qﬂi"%‘ﬁ?ﬁﬁ‘a‘]‘mt&t yrosine in t-BA
oft-BA solution c t ‘gm : . H4.5
0. 03 Exanpl e 5: P%%%%lﬂrtg?%ocﬁao atr%ﬁ%lgxc a?ﬁ%@a%%@lﬁﬁnﬁ&gﬂﬁlﬁ?%‘gci d
and ani ne udistiliedagatdr (10R), ahd fise kR ad Stiuce topHR 6\ With gladfai HoctitURRLS

concentrate ﬁﬁf' 20-40 g/L), fromfiltered concentrated fermentation broth
was sol viéht lestitring & 145ml of isopropanal was eded/and 365 o potassil2- ). The

clavul anic agid,rich .treated wth car 17L) and _back extracted
Cnto ater wionokbattr 928 BB isprhmanol e drapmisk oRe R | 5056
M BK sol uti of 1 = BA. control | i e t-BA.addi.tion rate the pH of the
30 aqueous p %%0'%05@%%3‘@?5,&%?8?%—#& ’BFPS?edb%Pbé'Ssé&nﬁ%l@gﬂar ate
exper i ment s. ThBsshith CRVHRAMS cHRCIEHhSHRE Wi d
suitable crystalli ssal?ligglr%l concgnt ration, awg‘o%ﬁﬁggﬁkwﬁ%g@@?w%fl sed
by addi tion dfiedin vaohewith aofitrageni blewl. Adterdin® NGIUELO 4f glacial acetic acid added

15 varied the pH of the dissolution solution. Results 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)
20 6.8 0.62
6.5 0.65
6.0 0.44
5.5 0.40
5.0 0.04
25 5.0* 0.07

* The volume of water was reduced to compensate for the additional volume of acetic
acid used.

The experiments described in Example 3 above were repeated using other
30 acids than acetic acid to achieve the specified pH, for example hydrochloric acid was

used with similar results.
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and the precipitated product isolated as in Exanple 1 above. The subgaguyen;
crystallised am ne was converted to potassiumsalt and anal ysed for
N-succinyl tyrosine levels. This was then repeated with an aqueous phase

pH of 5.4. By._usin the pH 4.5 the | evel of N-succinyl tyrosine inpurity
in the pot as’és/Iﬁ?ri"él%ﬁ'@lﬂ?a‘ﬁ‘?ﬁfew%’?dﬂchéaﬁwe@%wf%F g‘?%%&i‘?‘%b"?hﬁ“‘?ﬁé | evel " at
a pH of 5.4, Conversion of an amne salt to potassium

cl avul anate.acgéégm&?tﬁ%A cl avul anate were dissolved in a m xture of

i sopropanol (81 nine @perinkhstidebdriistdia BxamplkOniboveaide réReattl dieuced to

pH 6.8 with glacial acetic acid. 10 Wiile stirring a further 145 ml of

i sopropanol aqids thaanttiandid3o aghisve Pt specifiedrpH, fostdaxpmpledydsochioriclacid N)

di ssol ved. i n_i sopropanql .added. dropw se over 20 m nutes. The so-forned
slurry w&% SWP%Y%@V‘E&SWHSHE%% in an ice-bath at 0-5C and filtered.

The pot assi um cl avul anate cake was washed wth acetone (120 m and 200 m)
and dried in vacuo with a nitrogen bleed. Altering the volunme of gl acial
acetic acid added 15 varied the pH of the dissolution solution. Results
indicating the effect on the anount of N-succinyl tyrosine inmpurity in the
pot assi um cl avul anate (" Kclav") and overall yield of potassium

clavul anate are shown in the table below 20 25 30 Dissolution pH % of
N-sueeinyl tyrosine in Kclav wt clay 6.80.62 6.50.65 6.00.44 5.50.40
5.00.04 5.0*0.07 * The volune of water was reduced to conpensate for the
addi tional volune of acetic acid used. The experinments described in Exanple
3 above were repeated using other acids than acetic acid to achieve the
specified pH, for exanple hydrochloric acid was

15



used with simlar results. 14 1 0 NOV 2004 * The vol une of water wai[] 00t
reduced to conpensate for the additional volune of acetic acid used. WJ
experinments described in Exanple 3 above were repeated using other acids
than aceti Claimsi to achi eve the specified pH, for exanple hydrochloric acid
5 was used with simlar results. 15 1 0 Nov 2001 Clains: 1. A process for
the preparation of a pharmaceutically acceptable netal salt of clavulanic

Cecrysiallieat dnoRees rhe Bractopti hiharieey il sotertadf puialin 6ht  on

medi um or gﬁ,w@,{ -] ; i,’sggs- f (G ach g i reparation

medi um \/\/necrl eint zéla’/a%;bﬁﬂinﬁe I um ra %Hg’\f;é!aa?plfg{cg#}%aat%%ﬁ T or t he
prepar atyi onecystallizution offa sultf clavaknid RANfromG: redYstallisAtidH R8RSy, 3pCOrding to
claim1l wherein thetpH is 3.5 - 5.5. 3. Aprocess according to claiml or 2
wher ei n t hepreparatiansofigesaticd clavulanic agidin a preparatioremediup;iwhessn theawash. 0. 15 4.
A process accarding.to claim 3, whergin the salt which is washed is an

i nt er medi atBEG LT g recryst P%%?ﬁ@a@ﬁ@?ﬁe@mbmﬂs daplless on into
a final prﬂgﬁ’ﬁb which is a pharnaceutically acceptable netal salt of
clavulanic acrd.”5. A process according to claim3 wherein the salt which
is washed is a netal salt 20 of clavulanic acid. 6. A process according to
any one of claims 3 to 5 wherein the wash nmediumis a mxture of water and
a wat ertlhi s2i bl eAqroeess accondingtd claim b wherdiethe pHhan3.6.-3.5.25 7. A process
according to any one of clains 3 to 6 conprising a process in which a
starting salt of clavulanic acid is provided containing one or nore

inmpurity, and th salt is shed with the wash nmedi.um .tq thereby produce
a product s3lt o PJP%‘??&P%?F@"%%E%%‘“?E%i@?ﬁ%@wﬁéﬁrwyheﬁwubwa& nor e
i Mpurity i Sle@Bi at a pH less than 6.0.

15 4. A process according to claim 3 wherein the salt which is washed is an
intermediate amine salt of clavulanic acid, for subsequent conversion into a final

product which is a pharmaceutically acceptable metal salt of clavulanic acid.

5. A process according to claim 3 wherein the salt which is washed is a metal salt
20  of clavulanic acid.

6. A process according to any one of claims 3 to 5 wherein the wash medium is a

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

25 7. A process according to any one of claims 3 to 6 comprising a process in which
a starting salt of clavulanic acid is provided containing one or more impurity, 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.

30 8. A process according to claim 1 or 2 wherein the salt of clavulanic acid is

recrystallised from a recrystallisation medium at pH less than 6.0.

16



30 8. A process according to claim1 or 2 wherein the salt of cl avuh@r“[ﬁ 2004
acidis recrystallised froma recrystallisation nmediumat pH |ess than
6.0. 16 1 0O NOV 2004 9. A process according to claim8 wherein the salt of
cl avul ani ¢ 9aci d A grogess acerrdingdeliclaire Samienein dha saltsrf clavalaniceasidisagi d f or

subsequent conveysion,int I nal . product, pharpmaceutical | cceptabl e
Total sal't PR RS glaviiasis S ng SbskaleE EoariiRp 15 e iafin 5 or 9
wherein the salt Js dissalyed i i the pH |l ess than
6 0. “or wnifesietpleEmeba R geoko B AR B PSR 70 " hen b sal ¢
Is isolated fromthe aqueous solution by crystallisation by adm xi ng the
solution with a precipitating solvent. 10 11. A process according to any
one of &l aiyges 8 A prokesscropwling toglam® arckwherein thekaltis disseivedtin ag aquadots of
clavulanic acid is provided containing one or nore nmpuri tﬁrl@ and the salt

i s recryst anediswdt thepH lase tha &8s or ahiqhda subsaquastly @djusied to pbklessthar 68uce a
product salt of clavulanig acid in which the |evel .of the one.or re

P pur sty sheieselt jsaipted Aragh Hhe AGuechs SO RAOR 3y £ xaiaon B Adgeg g | si ng a
preparative Sy, | e alt of clavulanic acid is prepared in a
l'iquid nmedi {?ﬁt&%@ﬁb@&e\g@éﬁ.ﬂﬂ%tﬁﬁgéﬁi 13. A process according to claim 12

conprising preparation of an amne salt of <clavulanic salt by reacting
clavulanic acid with an amine in a liquid mediumat a pH 20 |less than 6.0.
14. A ptlbce$b acAqrocesgatoordihgitoanyoneafchime8 té H0 sompsipp apromysinem bei ng
an organic solvent _phaseﬂéccin‘tﬂﬁi ning.the clayul ani¢c acid, and,an agueous
phase into Whichs starHag salf pclavylanic acid is prg CARfAIIRE Q¢ QTINQIE IDRWIY Y | ess

than 6.0. 25 , ' %‘]ﬁ! ?11 : o] | S]

preparative a'#@'gééé E{@S&gﬁgﬁ%gﬁ&t@gréc&ﬁ 0 Oélngévdtl}ﬁghﬁ%c ag&)ﬁbli%gu&o?‘ med as
a product by QukEARFehviRhIERNY RWREL B levelbf tielont lof Wtréfthfurtg idlodRe a
netal salt precursor conpound, 1n a liquid nediumat the pHIless than 6.0.
30 16. A process according to claim15 in which potassiumclavul anate is

prepared. 17 . . . . . X
15 12. 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 less than 6.0.

13. A process according to claim 12 comprising preparation of an amine salt of
clavulanic salt by reacting clavulanic acid with an amine in a liquid medium at a pH
20  less than 6.0.

14. A process according to claim 13 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 less than 6.0.

25
15. A process according to claim 1 or 2, comprising a preparative process 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 liquid medium at the
pH less than 6.0.

30

16. A process according to claim 15 in which potassium clavulanate is prepared.

17



1 0 NOYV 2004 17. A process according to claim15 or 15 perforned wigpitne
amne salt in solution in a mxture of a water-m sci bl e organi c sol vent

and water eythen GhodhacRIHiRl 1o Bkirh 259 14 d With #1affled Sucigoseauent !y
g and t ?&fsa t

adjusted to pH less than n e neta precursof 1s added to this

sol uti on ofpoliatién B Mextar! df.a Watdrdmistib HEess sbRenttnaRMiatdider AfthOeligesi um
cl avul anate from crude clavulanic acid wherein an internedi ate am ne salt

prepar ed f pbhiesytharetd| axwhizhicsubsiqiently adipsiedth pid lesatlphl 4.Gkasi thbametd. 0 in a
liquid nmedium 10 19, A process according to claim18 wherein the pHis 3.5
-- 5.5. 20. Pﬁf’%@%@*‘é@‘@%ﬁo&hﬁ@f’%"ép theramgnepalio i nvol ving the steps of
(i) fergent ation of a mcroorgani smwhich produces an aqueous broth
containrrng clavulanic acid, (ii) extraction of the clavulanic acid into an

or gani ¢ soljgent , o Gidel b ' o I
I nt er medi atl\es' am'ﬁ?\ fds?g%stﬁg?fé?%eﬂ?gn ﬁ%@?%?la?#\a/%{é{é%@gﬂ?gé %fa b@h@(;%gﬁ ne
salt to a pkhdreiasntiennédifle afige altprefasddORomicridieiamidie sid is dxpoRQlgssi um

clavul anate. 21. A process according to claim?7 or 11 wherein one of the
sai d one orapldless tigm 6.0pua ligyidimedNrsucci nyl tyrosine. 18

10 19. A process according to claim 18 wherein the pH is 3.5 ~ 5.5.

20. A process according to claim 18 or 19 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

18 clavulanic acid into an intermediate amine salt of clavulanic acid, (iv) exposure of the

amine salt to a pH less than 6.0, (v) conversion of the amine salt to potassium
clavulanate.

21. A process according to claim 7 or 11 wherein one of the said one ¢r more

20  impurity is N-succinyl tyrosine.

18



