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Var k) yeast extrag [fﬁég'fctj’%’ﬁ g/I NaCl %: g/l and C4Cl 2. 6H20 2.2
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d@'/l.ﬂ"fe .inal pH 60 was 4vmthdr| foH, The flask is
a.shaken at}[err] for 20.houfssderaid@lagy shaker at |240g42p. m |The bacteri al
stize| | s aregcol l ected by cenfrifugation, washed withj0. 05M 1

l'a € 508, 977} - |Klebsiélla aerogenes A 11 phosph8ite buffer pH 7
pdresus enfled and cent i f ugpeen@mendseetighEadReh i n terpggo give a cell ,
concentration 25 times thaf in the cultivation medfum This c¢ll suspension

05Mas then isrupted in an MSR«damprasdaiaiesshdi si nt egr it or0.896 [erf]. The cell
debris wap renoved by centrifugation and aliquots of the supernatant stored

deep- 5 ¢ frozen. For use in the assay protedure, the supernatant is
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cillinin 30 mnutes at [err]. Assay Procedure. Suitable

of the inhibitor ‘preparation and [err]-lactamase solution are

incubated at [err] for 15 minutes (Test). A control wth buff

10 of “inhi'bitor.preparation is also incubated. Benzyl penicill

substrate) is then added to test and control m Xxtures and
||sI conti Qued for a further 30 m nuf 658,094 [err]. The residual

cillin |~ﬁ-e-&eh—ﬁ+*t—-u+-e—r-s-t+m’r—e-sﬁ-ﬁa-t—ed~ '
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. e of the zone was 0.46. The | benzy penicitlin d one 1 ow the
I | dissol ved 'Rgh ﬂxtratxon required to kill the&?éﬁfgml efolenes but in the prcs A-
th 0. CC6M lactama%eﬁlhibltor, th|B| &ftléntratlon Goednies| toxic, Bhatnik tplslay?therc is

buf fer) synergi m Ig Q
-] act amdge SOI p of the dbOVC synerg;mvgxystem enables, clavulanic acid to ge detec ecfiat

tor solution nce tions below th83e ich it shé)w ntibacterial 60 it : 0.0

cillin5 nmy/m: DESCRIPTION 3. 0.35
7 phosphat e bufftHN LAYER @I{ROMATO?L?’HIC DETECH IQN OF CLAVgLéNIC

bn  of Re%llts ThEIB?nrQ Hﬁ% ﬁfl fr"ﬂﬁg dsGFd shotib ANGT$Re/ S
as fol l'ows: Y drslpﬁlat Y Roens ﬁlkl‘lil\é;:ﬁoﬂlh%ﬁ? l(lsﬁbzgltf;ﬁ( su%phed b%'/

of . control E2Merck Darmstadt Germg mynil‘hhplb-pg ff]gqe) BE t2—_2°§ using the

; h
i on of test (E9me phase gidt F%’S&‘il@g ‘j‘atﬂ?&c %g‘h PEEn-
reacti Or}}, Yo hﬂ' E: t&Waiming 1. benzylpenicillin and Xee Qi *lk Idb.ﬂ&lhe
ue, the I nhi bu&regen@l(sspagmh sxmm-ssda decmmcbnmapqrIchl‘ﬁﬁ%ogﬁhh)mbpv@n"ﬁ@f

he [err]-lact%ﬁmi ﬁl (%%?‘IF waﬂF !E qul n
pve G &“éf ﬁ' kd Hcibited UASHIERI R 3095t0

t of clgyul anigedeh $>fitn iBité r \@:‘W]'ﬂ@ eatlne] of clagllardsaciaidingtsalt ine
amase obt ai ne@hef abmptshtyen’cawe@p gnaéﬁrlYéH g{ d@ﬁ f reagents, Ehrhch and

anese  UBERtCrigig PPN ﬁ%ﬁﬁ?ﬁ Sk, e

erichia coli Jlfisolved in 9 ml. of ethyl alcohol Rhslahd & nd of torBdrtrated
iella agg OgenGHCIA)n heating the sprayed TLC plag. 0 8B° PéaUdAminees. é‘f\uqicr?@@a

oo ) S T T A B o7 ST e
DESCRI PTI ON 2 255um chloride monohydrat 21 %&Eé ﬁmﬂm gihinON
ANl C ACI D. Cul thidroxifie. | Afteatgraying) the TEE elaemces s@kaatatcsn°<bfc1muauu|aam c
[err]/ mggpart |sedﬂlmy sgiusniptéreds pradpwpelaen divhite hyckeept t ed (20
in) onto Whatman No. | paper stripgxApm@re:. Cm W de ("Watman"
tered Trade Mark).. HELTIMAPION O STREFIOMYCES OYAVUEIGERUSIg
aphy for 16 houré”traizo yers clpvidiggrayram ey déﬂd@ﬂ ﬁefs»/comrn@elf
o' solyent. S St S ET e e LI T
: id ag 6. 00 se W spores
3t ai ni ng [er If J) Maon@@lnﬁb HqOidanediuaeia A0 i Elhleameyer flask. The
damase- produci mgmatmsealmm Indd ke &blswmglcama@rt@gaaes (syner.gi sm
he pl-ates are incubat "01 Malt E’“lf 90'}';[ at 300C arl@ | avul ani c
1l ed as gozone of inhi O@fte"o%wa & 10 [err] valygegaof the
). 46. Thé 6 pg/m benzyr tei | 1in al one is bel ow thehter

on required to Aht mediye 4es odj #%Sétpa lﬁ”’ggu\;f’“h %@%lé ce
1

| actamese i i KR ERE RETES RE‘: ERNERR ﬁagk Bl (oS
reis Syaer gi YNdays at 26°C on a rotary shaker wnth a 2 inch throw and a speed of 240 r.p.m.

' _ Production stage flasks containing the liquid ‘medium described above were
inoculated with 5% vegetative inoculum and grown under the same conditions as
the seed flask. Samples of culture filtrate were assayed for inhibitor action against
the p-lactamase of Escherichia coli JT4. Optimum activity was obtained after 3

60 days. The results are shown in Table 1. A zone of clavulanic acid at R, 0.46 was
seen when the culture filtrate was examined by the puper chromatographic
method prcwousl?l described. The increase in size of the zone parallcled the
increasc in the p-lactamase inhibitor assay.
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15 = k Use of the above synergi sm system enabl es clavul anic aci d to be
“detected af: concentrations ‘bel ow those at which it shows antibacterial

activity. DESCRIPTION 3. THI N LAYER CHROVATOGRAPHI C DETECTI ON OF CLAVUL
AC)D SCDI UM SALT. 20 - Sol utions of clavulanic acid sodiumsalt
preparatio_zws are spotted (5 [err] of Ing/ 0 m) onto glass plates coat
with B0 25 MMB%71nnlnpd by E__Merck I3
Dar nst adt , £ Gersany. * Th&lr@m?wmtl wnmwasr@sorcumvacd nérimr]: slumml@;mksrmntammg top
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mp to ra?phy 85 ;glw:evgmgagagys pﬁ«at-mmn&im?mmge mu@lsa*ed Tboeftzmlsp&rwm 11 nsg L
panam seededkvmth KI eprome|in 4abied. aer ogenes (synergi smsystem - see section on
plafsaper chrogmt ography above). The agar surface is covered by .a fine filter
el ot h befofe laying the TLC plate onto it. After allowi ng 15-30 minutes for
h.Teettingoand di ffusion, the TLC plate is |ifag@ off with the aid of the
:wiﬂlplter cloth and the agar ‘?L{ate i ncubated overnight at [err] to 30 .
of 3fsyeal tHhet zones of. inhibi acta?aagré hibiy g" ‘é‘r‘lfgoo ‘ﬂ‘gy § clerdigemani c acid

'*fs8di um sal . in 30 the above sol vent"ins appr oxi i mate °37. Two spray -

tedradagentys, Ehrlich and _triphenyltetrazoliumchlori de _ are al so used. to
-reveal theg.clavul anicfacid sodi ym salt zomebitibhner EQhéRhial@RJENT conkists of
300 ng of. -di met hyl-afri nobenzal dehyde dis3QlW&%: D Mol €t hy! @ cohol ,

NIG4 m . of In-butanol. ah#esenhiiaf concentratleziso%fcuithl@muﬁn leating the’ i

sprayed ch | ate at [err]'™ or 1 q Clavpran um sal t
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pear gOaS a p| nk Spo 2 s)f r'l & 15"(5%}; aIskl (‘kﬁo%(}?ﬂdghﬁkghggﬁlf C nS| Ssts
1gm a mxtLge of | vollme ot a 4% sol uti ofs of 2, 3|5- trlphenyl.-ZI—LtetJi |

sgraw| i um chlori de' monohydratg in fet hanol Wth | vbl une. of met hanol i ¢f sodi um
b*;ljgydrom de.£ After spralying, the TLC plates are hehted at [err]. - da

gid sé éllLénsaIt appepprs a% a red spot ofs a whitp background:
nto40 EXAVPLE 1. CULTI VATI ON OF ST EPTOWCE% CLAVUL} GERUS. St reptonyces )
‘oceﬁfavul i gerajs was cultjvated at flerr] -on agar sl opes cont ailfi ng 1% Yeat ex
salt eastaﬁxtiract) ("Yeatex" $s a Registerest Trade park), '1%qgl ucose jand 2%

ul ani-c

1 A9 X agar No. 3,| pH 66 8. Alsterile | oop wasjused to transfer rnycelium
d spore 45 from tlhe sl'bpe ipto 100 n’ of a | quid medi*dmin a 500.mM -
tra’gnrl enrrey@* flask. The liquid di um had_t he fol} owi ng congosition:- Oxoid
|t Extract _ ' 10 g/1 Oxoid Bacteriol ogical Heptone
dgan(ﬁgll 50§ 8 Qycerol - 53 20
)’5} I : ' 50 Tap|{water _ _ s 1
L akiter The redi um was “adj ' -or-hydeosd-de—solutdi on and
100 m 4oval unmes di spensed into flasks which were closed wth foam plugs
prior to gutoclaving at 15 I b/sqg.in. for 20 mnutes. An inocul ated seed
flask was fshaken for 55° 3 days at gk@nprLgh a rotary shaker with a 2

ng imch t hr o angq a speed ofcaum\frAmomOFs*sa@w@umarcmﬂctkwsks cont ai ni ng
ndRe |i g ' um desc ’1? tl 2@ diseglito FFOE@}’atvé@;bmatomed 10
Porocul dénd gr own uﬁée%’“‘fwg;ﬁ% CUprRr 9 Sl Bg e dwa U’JL‘EI%%S VS¥fipt es of

¢ cuI ture fi | trate were assayeticéor | nhibi tor action agai
[err] -I act amage of Escheri c8dotasedol i JT4. Optinmum act i vik, wers obt ai ned
after days." Theéi i—l(f are shown in Tabl g )U/Vzone of 15

cl avul a(?'ll (i acid at [ erm} ndf \L@sssterﬁﬁetﬁ Iutw%gt JﬂelSC;U 'f'grezoflhintjfe?-%ﬁd was
id BRamn ned tgy t he papeqcutatvﬂ(bmﬁte@gdla mfch Im:gdta Veesvcdxt@hyrhelesmwheﬁhaka'm
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pn‘ﬁh' bi tor @assay.  inhibltion in the g lactamase inhibition assay. A zone ofcla ylanic %ﬁg
wdréd St rept ces cl ewuon svhas v alles page| Elirviadtegtaphiic 4bitdutdgPaph Ah J asks

msgent ai ni ng 400 m's P"b(fm‘ d‘ﬁ g‘gﬂ?}ws Qm@massq! mgiey inpgiatig vfath@lcsmsmdhum and

ga‘?ﬁ;l tural dondjd i ond té%syodk dt &ngﬁ’d)drr ntfﬁa%ﬁo@égm el’f%nl[.,'tlbese | ar ger25

T
6wissel gy drowth of thScosgRRi &nd NABlcA | OIBTes SIBBIGDD REtRTREe

aphlnhl bitoryf activity %“&"mgton Stretti Glasxdw7 UK.days after inoculation with the
d theget ati ve seed. The %“EbeéF fgur %‘PE'FFSVW '?fl'f's*raﬂjkﬂéileO TR Bafford,
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100 ml . and 2000 m "ifi'asks % | nhi bi tion of Escherl chia coli

it anase at a final dilution of Fernmentation 1/ 2500..
filtrate Time (Days) 500 m . Shaken Fl ask 2000 m .,
sk 1 15 . - 2
55 - 4 ' 50
1451 | ' v RSoslorh S7

- -

CULTIVATION OF SEIF@PM%J@S&LMH&USO\' OF
¥ S CLAVULI GERUS A B€kd flask as produced i8 @2anjlé dsks @E@ﬁﬂht&:dldaﬁﬁ% Ml csaiep] e

i nocyl at efl ’OC‘WFF“"‘ cel|aliquiats ¢f) thes folowing madipin 91@9 elomsed .
f the foFI owi WE TR 1 %}P é’%’ﬁﬁ”&‘é&“iﬁ/& ‘?gm%f Lof il /ﬁﬁs 3
cer ol Arkasoy : 0.3% w v Scot aﬁ -
5. Ar ka§9§lasol ' 0.1% W/v l%
[err] ei ulatet; f;gk(s) were shaken.at 9 9310 Zédct 10
by aut &2 avi Et%vﬁ;k :;L%c]ﬂeﬁd Ibetwk &l 3ﬁéde{§h r‘!‘lﬂ @&w f' as's ald/ﬁ (ﬂglhi’
f the b/ % vegatBxample 2seed st age. | asks were shaken at [er r o

y shaker as in ERKisRds sypplicp by ﬁl’rﬂ@ﬂ’eﬁd@fﬁ%@&/ﬁﬁfbm‘@ca@te& %si 20
etween 3-5 days. A dilution of 1/2500 of the culture filtrate

“actd wlt seen sty [ SR TONAED ﬁ%&%@ o, 1

aphi ¢ (bi caut aglcalpitusks) coﬂﬁiﬂ’l@dh@&ﬂmwmysﬂe)dm del is&d waxee i
in size in parallel _vm'lleﬁquhe i ncrease of the act i v /‘1 n the :
amase ighi bitor assayg Sogaaan Mel ‘[ Sol ubl e star plied by a0
ug Housés Ltd., Pool ecqy fé 25 Scot asol” i ed
sol ubl es su pI HEhds Esh&metseaadrek:tmwahnlptedxo sE@rrMbk drngttumd ugdesr
| inhi —
aS%O\év TLI’ZJ 1|‘<f . t 1@@ rﬁ tﬁg 05{ 196 gaqﬁuggn@o%%&%xy& qilbmon in the,B
' c a assa
14 EXAMPLE 3. CULTI VATI O\I OF 25
S CLAVULI GERUS. A seed flask as mxodweeslsi n Exanple | was used
te 500 m . coni Cpall CU&EM@GM@J; IST{RQFLQMY@EZS:;(ID JHIGEBUSt he d
1Vity atlr &, 1 rg@uce
méglsgm gégpa_rljgsélg the ‘Pciwu%ﬁrp gﬁlglth 13.:%:6}}9?5%»536 stag‘ggg CE(%TLVF ri]gngz:éoqr:zlgi 1§ns to
asoy Glycerol 1% w' v Scot aszyf wiv | -0
err] Soyabean Meal 0.01% w v } ﬁ{, wiv The
fl asks were shaken aﬁ‘%z%i Qptimum [err]-lacta }@/kvﬁ}“ bitory
y was aghi eved bet weeMedium Srephadtsin dElb@iseCwhewd ty was sinilar to 15

ved in Exanpl e 2-lat@psst irihibitory @ngp'l jeachedhy mEximu@ lgtgKpetiweed, 3—5 days
ark, Manchest ¥ wagofcasimilescondes fe that preduced in Example'4.” oy ) vATI ON OF
S CLAVULI GERUS. ' - 15 The seed stage as

'n Exanple | was USE:ifriaf @s;éxaﬁﬁﬁkﬁzcgmi SRILIGERDES

the folpow ng rgdi Sl Bwitg G foldude@!cONbIZEE adi@ WhEn u Xthé O&Ritions 40
abean Meal and vegetative seed mocumgﬁ as/described in Example 1.
Glucose _ 2/0
Lab Lemco* (Oxoid) -
Oxoid Yeast Extract : .0 3/o

- 45 CaCO, 0.3% 45
: Medium prepared in deionised water. '
*(**Lab Lemco” is a Registered Trade Mark).
Optimum titres were achieved in 3—5 days and a 1/2500 dilution of the culture
filtrate gave 35—459% inhibition in the B-lactamase enzyme mhrbltlon assay.

50 EXAMPLE 7. : 50
CULTIVATION OF STREPIOMYCES: CLAVULIGERUS
As in Examples 4, 5 and 6 the following medium produced 35—45% inhibition
(172500 dilution) in the B-lactamase assay at the optimum titre which is reached -
3—-5 days after inoculation. All conditions were as previously described. '

55 Glucose , 25 wiv 55
: Arkasoy . _ 1% wiv
CaCoO, 0.02% wiv
CoCl,.6H,0 ' 0.0001%, wiv

Medium prepared in deionised water,

B mn oty ke e i —



i SR

Scot asol_ 005 wyv

. s

20
20 [err]
~exactly asd :
[\err]-lactdmase inhibitory activity was produced between 3-5 days. Cul t{u
fi'ltrate at;%f-a final dilution of 1/2500 gave =A5% inhibition in the [e
25 _lacta alt4 n'ﬁse £ Il'l;\i hition aSSaY-r - 1%0§.§774

o A

n previous " Exanpl es and cultured under identical conditions, ;
I

25, EXAVPLE (5.  CULTI VAT ON 08, f M@ﬁ%‘%@%@%mé giact amase
con! ,thl bi tory factivity atigd ) ggif uEH AV Whgt i fedfifnl, dwNiGS uRHdOUNER dsibfag t-he

onibedl | owi hg fedi Um wi thitivdentdosdilions er tiesdrivge Hapetviout Examiléso prodocedi 20-680% t 0 30
Exanpl e 51. ¥ 5 inhibition at 1/2500 dilution in the p-lactamase assay between (3 %Iacpq:r : 5
%, i ibe , @

; ¥ inoculation. Using the paper chromdtographic mgthod previgusly de _
2% XV/ v qué%.bean Mealzone of clavulanic acid was scen at R, 0.46 wggn't%ult gfilm \za e jrmined.
0.1%wv-[err] Scotasol - 0.1%wW v 352

Medi um pregared i n dei oni sedxeit ¥east Extract - 1% 35
ibitoor 1 ] - | Wct amaste i nhi bi tory Mg
hiedys and wds of a similar orderP o'Y hat produced in Exanple 4. X EXAMPLE 6.
uIGLTI VATI O OF STREPTOWCES CLAVULI GERUS. 40 Thé fol | owi ng medi um
produced czavul ani c acid when using the geRgipiigans 40 and vegetative seed

i nocul um ag described i n EEIIVATION GRUISTREPTOMYCES CLAVULIGERUS. -
204 Lab 1|_5em_'§o* Oxoi d} Under standard cultivation condjtionbd4 i@x fnilldwivie aedivmy tpr ed

d
00 ;pl-304 Medi uh priépar ediavianie pefisegdars egsr, inoquiati b“ﬁ'g ve 3" %é%%bﬁggg)d 15
*"Trade Mark). Opti rru%’l?ﬁ“{"ro?gw\%[?uée 5%'5?%‘\7%%?%% B g%g'laar?' = {5 5™d71 uti on
of the cultture filtrate gave 35-45%inhibitian in the [err] glactanase
enzyme 3nhitbi ti on assay. 50 I _ : s EXAMPLE 7.
W50 CULTI VATl ON OF STREPI OW@EETI AVULI GERUS. As in Exanpleg 4, 5 and 6 the

n 3tal | owi ng edi@m produced 3FrdibR0 i nhi bition (1/2500 dilutias) in the 20
1thfBrr] -1 act dnase assay at th ¢digmrAlviemate whi ch is reached?3--5 days after

i nocul at% od. All conditions J\gpE, as previ ously descri bed. " . 13 :

d ucose L CaCl, 2% wWv. - 0.4 55 '

Ar kasoy 25 . MnCl,4H,0 1% w v [err] .ot 25°
>du@edd2% W v [err] ;ﬁg‘lﬁHIO 0.0001% W v N?tégum prepared in .
ionglts oni sed Wat er. 15 - MgSOH,0 : 0 508, 977

15 EXAMBLEE8 CULTI VATI ON OF MAIRIPPIMEES: @liitell M@ERUS. The f ol |.owi ng
productionfstaffe nedi um whéia88d-uinder standard cultivation conditions a¥

descri bed ifn previ ous Exanpl es, produced 20-30% 5 inhibition.at 1/2500

di luti o# i r& the [err]-lactamase assay betyegn, 3-j3 days after inoculation.
5 ddgd ng tTie paper chromat ogr @pivARRORASE BT RNPROM Y ES €3 AVUISdERBSZONE Of
clavul ani etaci d was seanstadk Yeatet/gluddseddgadiopn wahesed tl inonulstefd Ydatealacosmagar -

exani ned. %$cot %SOI slope in a Roux bottle by making a mycelium/spore su s?(blrdtev(%a\g%ter.
The Roux bottle slope.was incubated at 26°C for 10 days, To this slope mis. o 35
Extract ¢ water_was aé)d Quﬂja celia %&rgxlbﬁ? F%'a?ﬁ‘rre@.dil' iSlw @%eﬂ\@{ er.

4 , i i
10 Fi najy pit 7. 0 EXANHTRR 500k 0 A Embir e oa0d FellodWAglco ShRidtan inder
é)'CtEI tivatiortagwadi.ti ons, the follow ng nmedi um prQ/du ved .

ditxoPs
Standar 3 | _
15 cIE_avu‘loanl c acid 3-54 %%’aﬁﬁ’%’; i&af‘? bation with lto/pé,'[vvgge_t ative
seed. A 1/ iSOO 15 dilution glycdBEe CU re gave 20-30% i Bvtion in the
err]-1lact@amase inhibition. HS$Blyronig/Li81 Antifoam in Soyabean Oil 0.5% w/v

[ ] & : [Pluronic supph}::d b%}: Jacobs and Van den Berg UK Ltd., 231 The Vale,

' . . London, W3 containing a polypropylene-polyethylene block polymer, and
sulture - y 45 Soyabean Oil supplied by British Oil and Cake Mills Ltd., Stoneferry Road, 45
p ' :' Hull, U.K.L : _
e ' 3 The medium was contained in a 90 litre stainless steel baffled fermenter,
AN agitated by a 5” vaned disc impeller at 240 r.p.m. Sterile air was supplied at 50 I/min
50 ¢ and the tank incubated at 26°C. S ) _

; 50 After 72 hours, the seed fermenter was used 1o incoulate 15(} litre of the same: 50
ibition : ; medium using a 5% v/v addition by sterile transfer. This production stage medium
cached ' ] ) was contained in a 300 L stainless steel, fully baffled fermenter agitated by a 84"
s vaned disc impeller at 210 r.p.m. Sterile air was supplied at 150 }/min. The
55 fermentation was maintained at 26°C. An antifoam agent was added when

3 55 required in 10 ml. shots (10% Pluronic L81 in soyabcan oil). Samples werce 55
; removed for p-lactamase inhibition assay at regular intervals. The fermenter was
1 harvested between 4—5 days at the optimum level of g-lactamase inhibitory

activity (Table 2), : )
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5.0 [err]
| o _ 0.4 25
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20 - . EXAMPLE 12. ,
CULTIVATION OF STREPTOMYCES CLAVULIGERUS.
100 mis of sterile water was added to a sporing culture which had been grown
on Bennetts agar in a Roux- bottle for '10 days at 26°C. A mycelium/spore
suspension was produced and used to inoculate 75 litres of a steam-sterilised

zone increased in parallel

25 medium of the following composition in tap water.
Dextrin . 2% W/
Arkasoy *50° _ 19, WV
10% Pluromc L81 in soyabean oil 003‘,’{, vV
The pH of the medium was adjusted to 7.0.
30 The medium was contained in a 100 litre stainless steel baffled fermenter,

agitated by a 74" vaned disc impeller at 140 rpm. Sterile air was supplied at 75 v
minute and the tank incubated for 72 hours at 26°C.

The contents of the seed fermenter were used to inoculate 1500 litres of a
steam-sterilised medium of the following composition in tap water.
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Glycerol - : 1-0% Wy
KH,PO, 0.1 W/V

lO/‘, Pluromc L8! in soyabean oil

agar . sl ope.
water. 35}

n Soyabean O 0.5%wy [Plusonic}supplied Ry Jacobs arld Van den

zone mc a01d at R, 0.46 using the bxoau? raphic (synergism) method . :

20

30
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2) as’’a ol ourl eé%’PB’P?mVYV‘“F’ B “‘Y' acctag qula 821‘6‘9% r He n.mr.
m sé 999

)7F ﬁr] 2. 25 (ﬁd E)B%ﬁl_‘% wcraﬁf éte ¥§ rzgr%phésxsmg bsiel, aae}-céraze{ C\lmt 7HZ)60
.51 (dd % J Hz, [érr] (d2J 7.5Hz), 4.92 (dt,!|,J=7.5Hz,
J,—l 5Hz) , _5 15 (d, I, J 15HZ) 524 (S 2), '5.71 (d,1,J=2.5 hz.), 745[err]
(s,5) ;. ,

.5\“’ H P

v”*r'wfr}'f *r’z L E A

tnt A (J’r;
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- _ 1 508, 977 EXAVPLE 28. PREPARATI ON O: .
NI C ACID. Bcnzyl. cl avul anate (100 ngs) in ethanol (5 m) was .

genat ed over 10% Pd/ C (30 ngs) for 45 m nutes at anbi ent tenperatur

Bospheric pressure. The catal'yst was filtered off, washed with :
and the_&onbined filtrates were 5 BW@&poTrated in vacuo to give 24

fani ¢ acid as an unstable, viscous qf)&”&?ﬂg’wg%z' N [erm]
i 1,J=I 8Hz), 3! ao(mmonsxsn)]rzd@ﬁmx,mrrd C Y 4 )
%1 J=7.5Hz), 5.66 Fgﬁ % (dAMD]SQI),RJMz9ALIl{§XANPLT%L2AVLE)LM§I|éZ
it

,;;A ON OF @LAVUlt 30 um F%é 2717 mg) was dmolved in O I ml, mcthanol and 10
: @zﬂ:&

RN %&9 0y E s ,Sg

Subst ant it@hpeyatiy) fe

int ai ni ng SOdI umdrpﬁd:ldo @rone af e oﬁ@)s NYISa agg,@ e 10%

0 ng) for f ¢lopirnice raﬂweremdnsaumrbbph@rculc:s xyes;sure
al yst weg f| Ky g?sgﬁgﬁ‘ﬁ@er%%m WE}? di W'amcmqﬁ
led filtrates ewapdniat dsr‘ dt “ i ac'{sa '? }'{Hg/ure
85 dual semi - solljel regat n Was follovieg ftwrrftpur dtreﬁlat\ﬁgrh ye(efbhmag}aph yw@hgd and
with ether topdiel Q@ Pl ﬂ&?*éwrarféﬁ%%@ fign qmeabmomow its
line t et1l‘sahydblafuﬂémc . lg B ncr % EJRR ) R/ERENATE. :
Benzyl cl avul anate (840 in ~et hanol (30 M) and water (5 m )15

_ 20 hydrogenat e - and sodi um bi crabonat e
) for 25 ?/nnu?es at q‘bﬂé%‘f’%}r‘é g%%]. &%%éﬁ%ﬁi“écﬁﬁégsure The

st was fi | tered ofl‘fle, antibshieth] Wktivity wt:ﬂiiula?iﬂﬁaé?é Snal sAndaihliG GRIRSed -
At es evapdPatedd Wa|5é efsperdpsies dig microtBedhamidc S aMLUilRNGs ©f clavulanic 20
pydrate crystal It,;é, -

fensitiuity test br ged ﬁtmcremasplasuc
bt ©e o R W S

al i ne SOdI um c beereigiipad Ehetpelntsazlﬁyahtataegnomhtxhe)r&sath orh weé m ervé ter

(c):vzr1 01 40 8&? ﬁ‘% ggcgy héﬁf‘“ﬁa}:ﬁ%ﬁ;%ﬁ} F’ipgmec% gg%raxxmaxxggg%ed 25 .

at oun s -

1 3.64; N6 33 [err] requr s g Rgem A ;%‘?tg‘}glaﬁ?‘%taso N 4.78:
0.7 [err] reqwres C41 10; H405 N 5. 99. 30 I.R (KBr disc) '
1700, 1620 [err]. NNMR (D20) 3.06 (d, 1, J=[err]), 3.57 (dd, 1,

1, [er¢l), 4.15 (d, 2, J=[err]), 5.3 (HOD), 4.9 (m, 5. 71 (d, 1,

). [Reference to a 0.7H20 form does not inply a stable state but

ndi cates 35 the residual water content after dry for an extended

] at oil punp pressure 35 (>5mmHg) over:ferr] in an attenpt to obtain
r free sanple for analysis]. EXAMPLE 31. PREPARATI ON OF CLAVULANI C .
THYL ESTER 19.8 ny. of the sodiumsalt of clavulanic acid was

'ved in 0.5 m. dry di- 40 met hyl f or mami de and treated with 0.25
bt hyl i odide. After standing at room 40 tenperature for 1.5 hours '
anhydrous conditions, the solvents were renoved 45 in

‘The residue was purlfled by preparative | ayer chronatography on
gel (Kieselgel 60F254 supplied by E.. Merck, Darnstadt, Ger.many) ,
g with ethyl acetate to give cl avul ani ¢ aC|d nmet hyl ester as a
|l ess oil (Rf 0.38; red 45 colour with triphenyltetrazolium
de spray) which had the follow ng . o 45 properties: Analysis: x
C50 49 H5.43 N6.29.[err] Requires C50.70 H5.20 N 6.57 [err] max
nol): no absorption >215 nm 50 [err] max (Film: 330-3600
, 1800, 1750, 1695 [err] Approximate 1lst order NMR [err]: 2.49
d S, 1, exchanged-with [err]), 3.05 (d, 1, J=17.5 Hz), 3.54 (dd, I,
b Hz, [err] =2.5 Hz), 3.84 (S, 3) 4.24 (d, 2, J=7 Hz), 4.93 (dt, 1,

7, [err] =1.5 Hz), 5.07 (d, |, J=1.5 Hz), 5.72 (d, i, J=2.5 Hz)
| ar wei ght (rmass spectrun) 213 0635. 55 - . Calcul ated for. [err]:
637 ' 55 Thin | ayer

at ogr aphy of the nmethyl ester showed a single zone in each of the

i ng ‘sol vent systens; butano/ethanol/water 4:1:5 v/v top phase [err]
i sopropanol /water, 7:3 v/v [err] 0.95; et hyl™ acetate/ethyl al cohol
v [err] 0.87. The zones were detected by bioaut hography usi ng

el |l a aerogenes wi th added




aRtre o A% At

60 bagnzyl penicillin. (synergismsystem. -
©+ 60 24 & - ' c 1, 508, 977

v 24 A , : _ "EXAMPLE 32. HYDROYLSI S OF CLAVULANI C

METHYL _ESE_;'ER TO CLAVULANI C ACI D SCDI UM SALT. d avul anic acid nethyl es Z

w2, 17 ng) §”wa5 dissolved in 0.1 m. hethanol and 5 treated with 0.2
| 7 smdi uln hydpoxi de_sol ution (0,0482N) ‘'AP§¥Y | hour at room-.5
——Tenperat uge, TNHE reaction mxture contai pegLseveral products.. T.L.C.
_ANPR2al ysi s E;ndi cated that one of the major conponents hadglgg#err] i denti cal

to that of the sodi um sal t Apfibaeterigl fpagiium of Clayulagip PgidSodt ons and =

wlapd ol ogi cak assay were cpmsistent—w T THTS COMPORGRE & 1{ishilRE [S0di um sal t i
%Q?%E ¢l aval ini ¢ acid. 10 Bl af SlRer Si on off Cohnesior g/, [t he :
of kavul ani ¢ acid salt wagsseen—when—t ngi - 1Q {0 tNg, gonpourjd was -
S eracubat ediat [err] in 0 ﬁ@ﬁllyiﬂ’ﬁ%c§bﬁ1‘3‘tmé‘sgg’ff?ré‘rmat AH 7. ?ﬁg reactlion was
f gl | oweﬁ) l§y ‘paper chr onpd:g@yapdeyus(dieaa@aganphi c [systeny.5 Using the ©
‘I‘, it anol et?;;'hanol /water systemto follow the reactifon over a perijod of 2 ,
ste@pUrs, thé zone of the MEEHYHS WeEHY at [err] 0.79 decreased in lsize as the
d 0§§ne of 1% cl avul anil 6;a¢ckcas fe@iiss] 0. 12 i ncrjeaseskoo . :
ones EXAMPLE 33. ANTI BACTERI AL SPECTRUM OF CLAVULANI C ACI.D SODI UNI SALT. The
anti bacteri al activity @ftreelosRasrarycee st 1% odi um|sal t dai nst range of 20
bacteria was det erni ned BSUD9 NG MuEf@ldg e metHod: Segial dilfutions of ;
clavul ani ¢ 20 aci d sodjum salt in Oxoid sensitiity test broth contained |-
ingd & @ M cr@titre plastic|Kreayickveemogerascul ated withh an Nethight jproth '

wlani¢l t ur e2ff each organi s

pliﬁc[ err]. The cultures

fe(t))siwgtx Eo@ﬁ" final dilutifon of ;he inoculumwas 0.5
re thcubated overnight ard the points bact eri al
Bhiegbltyer @brd gdnvs MQ62325 the tddbidity jof the
ressed a aapproxi mate M|C. valyes 25 |(m ni num
,"T"fé’??of‘?_' °%%are recorded in Table 3, which shows

hat (iwt h r egor ded next mo

et ture. The results, e

)

valueshi bi t 2. concentrati o

i
£

:she¥iat t he -compound has a|le@adsapeatituay of antibadteri al2sacti vitly. - 25
1,508, 977 :TABLE 3 Anti bacterial Spectrumof d avdl anic,Acid Sodj um Sal t
M ni num | rthi bi t ory Bact ¢Frexfdensiq sipaiii Corlcent P&fion [erf]/n :
St aphyl ocaccus aureus ( Osf,d Mdcescens ' 7.9 Staphyl ococcus aureus
(Russel l') & _ 7.5 Bacillus subtilis
62 Strept gcoccus f aecal i| roteus mirabilis CI77 >500 Stré&ptococcus pyogenes
CN 10 £ o 123 phaGhRShi &R Sogeol i NCTC 10418 34 ' _
Kl ebsi el I-a{_.-_ aer ogenes : ' 31- 62 Kl ebsi el | a oxlyt ocum
62 Enterobacter aerogeng$§alfo@R4 typhimurium 31 Entétobacter| cl oacae .
62 Acinetadbacter anitratys .. . . 125 Proypdentia ptuartii
125 Serrat f_'a mar cescens £ 425 Proteus mrpbilis C977
62 Proteusgvul gari s W9(Q Pseudomonas aeruginosa A 31 Sals@®nel | a tlyphi murium

31 Shigel la sonnei : 2 Pseudol nonas aerugi nosa
A 500 EXAMPLE 34. ANTI BACTERI AL SYNERG SM BETWEEN.

AMPI CI LLI NN AND CLAVULANI C ACI D SCDF UM SALT.
3 EXAMPLE 34. .
' . ANTIBACTERIAL SYNERGISM BETWEEN AMPICILLIN AND -

4 CLAVULANIC ACID SODIUM SALT. X . .
5 The minimum inhibitory concentration (M..C. values) of ampicillin, 5
clavulanic acid sodium salt and ampicillin in the presence of I ug/mi. clavulanic .
acid sodium salt were determined for a range of p-lactamase-producing bacteria.

The organisms were inoculated into Oxoid sensitivity test broth located in small
wells in a plastic tray and containing separate concentration gradients of
10 ampicillin, clavulanic acid sodium salt or ampicillin plus 1 ug/ml. clavulanic acid 10
sodium salt (microtitre method). The final dilution of the overnight broth

1 inoculum was 0.5 x 102 The tray was incubated at 37°C overnight and a record
.. made next morning of the end points of bacterial growth, The M.I.C. values in ug/
' ml. are recorded in Table 4, which reveals that the synergist, at the low
15 .concentration of 1 pg/ml., markedly enhances the antibacterial activity of 15
ampicillin against certain gram + ve and gram — ve bacteria. The mechanism of -
this synergism is likely to involve inhibition of ampicillin-destroying f-lactamase
enzymes, but the existence of other mechanisms cannot be excluded.
Similar results to those shown in Table 4 were obtained when ampicillin was _
20 replaced by amoxycillin or by the phthalidyl ester of ampicillin. _ 20

R CATSL, i st |



i The m nimum inhibitory concentration

5 clavul'anic acid sodiumsalt and anpicillin in the

(M1.C values) of

_points_of bacterlal arow h. The
N Tatihiud InbidiloghConeanealics wpatl t he

Bidaladlb- | Markedly enfanagg if ne

| I aci@gai pst - certa

rd made next mprning of the end
ues in [err] m. are recorded i
‘at the | ow co1centrat|on of 1
lal activity o 15 anpi ci
acteria. The npchani smof this symsedigmsnjis |ikel
of anpicillinkdestEYFPer r1t | actBmsk ABRFIHRS
of ot her- mechapEshwiosawabt be ejxcl uded. Bimlar r
abl e 4 were obf¥HetP¥hen anpicilliAlwas| 20 18  fepl ac& by

n-or by the phtbakifyl. g5t er of} ampicill}n. . 20
B 11 1, 5086977 [TABkRE 4 Ahti baat®ri al

Cl avulanic Agjd Sodiym Salf M ni num
klf%“?{] /“ﬁ{"g@l"ﬁ\mlmam cgi 12}

At citrin

Klepi@mapee of 1[lerr] A spdi <0.4 '
strain sal t Ampicillln

T@tqelmstfr cloacae . 62 3 50

1§err_atia marcescens : 125 >500
ebsi el | a aerogengs A 31
Staphylococcus Bieus 13 25 500
(Russell)62 : L

tcrvilaniolagié
but Sqdipm salt
bsults to thosg

a1

Bet ween Anpi ci
Concent r at i onpg

sodi um

i aci d Bacterl
; 621, 8

richia.coli NG
richia coli B
. 125 Kl
iella sp 62
er cl oacae

62
125
<@.4
52
250 52

250
Staphyidb2cus aureus 500 62
15~ 500— =04

. St aphyl ococcus aureus 62 250

E 35 ANTI BACTERI AL SYNERGYSM BETV\EENN@%%LOQI DI NE AND

"ACI.D SCDI UM SALANTIBACTERIAL SYth@YrSMWBE‘!JWEIER*EﬁPH&waDmE AND
cl aﬁuthLaNaelﬁdllD SODIHM SALTM sal t and

W@F'@.’ﬁ %?e ¢ acid
Ll LRE: ﬂ"ﬁm iy

©dddetweaniclav dackbehichum silahd

7.5

ccus aureus

g i ons of cephalorldlne

'rnnﬁehnbty the. es?%fe“ff E@"%’%ﬁ'ga

bt synergi sm cajishoe thhtsprengidn

pragretdlot 1p6Emand

oridine, part
ccus 10 OD

Anti bacteri al

i mbﬁswg;sjmrtwmly[m thi 31lmmedlfymduw ﬁgstgmfv apaqengf

atf Lsel )

Wwum Salt M ninum I nhibitory Concentratil.ggé
presence of sodium

dine in acid

OCCUS aur eus
OCCUS aur eus

cl avul ani ¢ Bacteri al
it Proteus mrabilis 899

Lerr]/m.

St r Antfbacterial Syneggidni Betwedge(ripbdl@idingi ne
a,agwrulamc Acid Sgdium Sait

Syner gi sm Bet ween Cephal oridine and O avul ani.c |

C avul ani ¢

aci

d

7.5

15 - ‘:Ivilmmum.lnhxbl tory Cont ntg;%’zsn Vﬁ? S
62 o - o Fat—t++e
Clavulanic Cephaloridine in
~acid presence of
sodium : Spg/ml clavulanic
Bacterial strain salt Cephaloridine acid sodium salt
Proteus mirabilis §99 >500% 62 1.5
Staphylococcus aureus 15 3.1 <0.03*
(Russell)
Staphylococcus aureus 62 15 3.7

* Tailing Point

*+ Same value obtained when syncrgnst added at 1 pg/ml. instead of 5 pg/ml.

‘1 [err]/m. clavulanic acid sodiumsalt were deternined for (é
.r'r] -| act amase- produci ng bacteria.. The organi sns were inocul at %

sensitiv test broth located in s II's in a plastic tra :

I ng sepa-?é\-ze—ee-ne-e-m-w-t—l-en- E%I{‘gﬂve amp!om llin, 26

acid sodiumsalt or anpicillin pl usTABI[,!enr] / m clavul anic acid

salt (mcrotitre nethod). . The. final utlon ‘i verni ght

lumwas 0.5 x [err]. The"{Prels y}éﬁ;’fﬂ?{ﬁé STER A f‘ra]1 over ni-ght

S

1(
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27 EXAMPL ;36 ANTIBACTERIAL SYNERG SM. bETWEEN ‘CLAVULANI C ACI D SCDIUM
“AND VAR

'tgei me$ hod

Vari ous Pefi ci | i NSaRUESATSHE RS LaTyYnE: RafiSHl 5

AanyC|II|E Car beni ci | | i n* SALT RS2 WA AUS| RENIQILEGNS r

+5[err]/m ¢, Exagphgrrﬁmmcs&eﬁ & fable 6 meggrpbtaingg byt ‘]hw‘zfﬁ%bed in
::ZZ%JrQISt ¢Al ohe syne glst A 500 - 0.97 500 7.8

¥.8 E -70 500 . - 3.9 500 15 . . 500 15.6

n 62 250 15.6 125 7.8 TABLE250 15.6 * Simlar
%ﬁﬁesults obgerved when carben|C|I“kn rep Igggd b ga{be |c II|n %Benyl
a-pster oriticacillin. MH%S, YINEga pe e”f{ 5 ich is the
i—coTpound of the formul a ? mfug;?“m”%ﬁAgmmﬂsulnsa s%selther &0t . '

10} 2. A sakt of clavylanic acid as clai med M ghainm 1. 3. A

pharmaceut kcal | y accgpt abl e [gaf Sciral AR ﬂﬂ P B lﬂKa I et al

orjal kaling¢ earth netjal salt uj&f?;gﬁ%dl nqﬁﬁgmgfﬂ; enwkﬁidﬁ t 5 An .

al kali netal salt as R 1g/ml pe/ T 15 6

The Iithiupsalt of g ol QgL Alone pnerpist ) Mong | UL, (T oci d.

8. | The pot @ssium sal t c Ad7d| §% The &8I c| usdit B¥ c|avul anic

‘acijd. 20 i pSi 4y Sl teeofi cliavul pnkg ci@iG :

2011 . Thegal um ni um Ul anic fcid. 2. The}silvdgr salt pf

_in
t he
%ﬂarnaceutﬁcal

conposi ti on whi ch ge l'avul anig,acid or a
armaceut izcal |y acceptable salt thqreo gether mnt% a pharnaceutlcally

;ma@ﬁeptabge=carr|er .21

r1/m .

tdes

?e obtalned when synerglst added at 1 [err]/'m . instead of 5

1, 508, 977

27

6 Antrbacrerlal Syner gr sm Bet Wweg@a fdpegani ¢ Aci d Sodi um Salt and

vulanicgacid.

f orm oft

vulan|CFaC|d
crystaliline forn1

13. sd5t6 o é?Sav | ahfc hc?d. (14158 df -

DS EEN TLAUDGENEANVDGImIUM / - )

17 f i on exchange naterlal salt of
18. @vﬁla%@%}tgﬁf}%ﬁs'tﬂe @(ﬂﬂpo‘ﬁﬂd Gf @k ’?&-nﬁ‘llat(@) 10 which is
3 . salt as clained in claim18 when in
a crystaII{ne hydr at e. 30 20 CGayalhanic acid. 21. A

w@ﬂmEXANPLE536 ANTI BACTERI AL SYNERG SM., BETVEEEN CLAVUI . ANl C ACJD SODI UM~
1 RleT AND VARIOUS PENI CI LLINS. The resu t% presented in Table 6 were .
?f,lcb Bai ned by the nethod described in 5 Exanple 34.

P

e in

janic
salt

g/ml.

10

15
20
25

30

or a sa
2. A salt of clavulanic acid as claimed in claim 1.
3. A pharmaceutically acceptable salt as claimed in claim 2. .
[ g An alkali metal or alkaline earth metal salt as claimed in any of claims
to =
5. An alkali metal salt as claimed in claim 4.
6. The lithium salt of clavulanic acid.
7. The sodium salt of clavulanic acid.
8. The potassium salt of clavulanic acid.
9. The calcium salt of clavulanic acid.
10. The magnesium salt of clavulanic acid.
11. The aluminium salt of clavulanic acid.
12. The silver salt of clavulanic acid.
13. The ammonium salt of clavulanic acid.
14. A di- or trialkylamine salt of clavulanic acid wherein thc di- or
trialkylamine contains up to 22 carbon atoms.
15. The trimethylamine salt of clavulanic acid.
16. The benzathine salt of clavulanic acid.
. 17. A polymeric anion exchange material salt of clavulanic acid.
18. A salt as claimed in any of claims 4 te 10 which is in crystalline form.
19. A salt as claimed in claim 18 when in the {orm of a crystalline hydrate.
20. Clavulanic acid.
21. A pharmaccutical composition which comprises clavulanic acid or a

pharmaceutically acceptdb!c salt thereof togethrr with a pharmaceuticaliy

acccptable carrier,

i0

15

20

25

30

PENICI LLINS. The results presented in Table 6 were obtained by
opibed in 5 Exanple 34. 1,508,977 o

i
v

1, 508. 977 .
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TABLE 6 At;’l'ti bacterial Synergi sm Between C avul anic Acid Sodi.um Salt and B)\
)

Various Pé¢nic illins Against Strains of Kl ebsiella Aerogenes m C ([err]/
Am)xyC| | |1n Carbenicillin* Benzyl pcnicillin +5[err]/m .
erygl / m:. St E‘f’“ n Al one syner gi st 1@09519- syner gl st Al one 27
t-A —566 097 FXAMPL : 250 / o
70/ 500 AcTERPRL SYNERERSM BETWERNQLAVULANICGAER) soDIy
15.6 1125 %l\grg\crlﬁ 8%5 ALT wg'&/@?t-) FaN@iLresul ts observe vvhen

car bemici lZlin repl acedhbyesu:lar“aemnt@d lid Tabipheveyd otaaiest oy themetliodalgédribechin VHAT
AlM IES: - 51. CEa¥npladfc acid, which is the compound of the formula (I)5
r] 10 ; or a salt thereof.
2. Asalt of clavulanic acid as claimegagpeeaimil. 3. A
ar maceutl cally acceptable salt as claimed in claim2. 4. An alkali metal
al kaline earth netal swhibragiatSpiengieh Berva chfu!@ﬂlaf\ﬂﬂ Spdigrp S8t 15

An al kal i metal salt a&g Vc"\{ué‘sr%aqullfn&ﬁ&mﬁt rains of Kiebsiella Aerogones

6. Theilithium saft of clfavulani c_acl d.{yc {RFmpOdrum sart or cl avul ani ¢
id 8. The pOt assi im sal t jof CI avtH-art-e—aet-e—9- T1l., catetom-satf of
clavul ani c acid. 20 Q__Apey chi Yneki Garteniciiligy | Bopayleggioilin il g
20 11. The al uniniumsalt off cl avulam/ml-aci d. [L23nsfhie] si | velr *Safml. ¢f
cllavul ani (i acid. 13. [ TRERn mioYieagm SFrersishi Alesey | Avaseist hdiiape 1'21/“’,&’“( i- or
i al kyl arfine 'salt of cllavuljad® pci @.9%her é#h | he7di - | 0”525 7.8 :
t i al kyl arfi ni e contain o 2} caphon)a
23 15. The trinethyl am%ntboscll tsooz cl a\l}ul anfsc ari c}s 16 'ﬂ'uoe ber%%’gt hiflne salt
off cl avul ag_nl c acid. 17.6A pgl gsterj c 1ami oh éxchpnge.smaf eestal | sabs o
cliavul anic acid. 18, “Ksafle A% ELALTER vhdh ARG TnE 13108 € LbefiM Ch 15 I
criystal li ne form 30 phenyl a-estdor tRa&@kd as clainmed 1n cl'aim 18 when in the
fdrmof a crystal line hydrate. 30 20. Cdavulanic acid. 21. A
prarnaceuylcal conposition which co rises clavulanic acid or

olfar maceuti cal |y accentafl g, mebid \ELFRnd Q&ngusa oAby mace0t | cal 1y
accept abl e, carrier

1,508, 977 ¢ 422. A conposition as . -
claimed i claim?21 which corrprls npo nd as cl 5mad inclaim3. 23. A
tonpositiaon as clained in claim 232 Wprl ses an’alkali netal or
algkal ing earth metal salt of cbaﬂ—l—an acid. 24. A conposition as clained
um claim22 which conprises an al kal i hetal salt 5 of clavul anic
é:@l d. 25. A conposition as claimed in &t m 22 which conprises the sodi um
t of cl: avul anic. acid. 26. A conposi t| on as clainmed. in cllaim 22 which

f. 10
Cormmﬁﬁ t he®pot aSSAYAL SR 10, 1o i 88 oLBHlanLA iRl d-
10 27. A conposition 3sa aqlnme tichllC %5& 1ﬁ@dfmé1§§§2the cal ci um
salt of clavul ani c aC|4dAnz&aI:MemairqoaﬁcatmwearQSmethlasanad claimad iaiany 22 clatmsc h

" conpri ses it he magnésP t of clavul ani 29. A

conposi tidn as cl ai rregr%h h IR T, T z{.ﬁf‘“ﬂz% the aluminiumsalt 1515

of clavulanic acid. 30.Ti sbﬂﬂiﬁﬂﬁlztdf&ﬁluaﬁme lagidnmed in claim22 which
conp o otassium salt of clavulanic acid.
rises t he a ni ugi $ﬁ ga]cnum salt of clavulanic acid.
— :20 10. The magnesium salt of clavulanic acid. 20
N 11. The aluminium saiz of clavulanic acid.
: 12. The silver salt of clavulanic acid.
o _ 13. The ammonium sal: of clavulanic acid.
t T : 14. A di- or trialkylamine salt of clavulanic acid wherein the di- or
. 25 trialkylamine contains up to 22 carbon atoms - 25
15. The lunulhyhmm.—: salt of clavulanic acid.
16. The benzathine salt of clavulanic acid.
17. A polymeric anion ecxchange material salt of clavulanic acid.
18. A salt as claimed in any of claims 4 te 10 which is in crystalline form.
30 19. A salt as cluimed in claim 18 when in the form of a crystalline hydrate. 30
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of sodi um i odi de. 131 A process as clalned I n any of clalns

in which the ester. is purified chromatographically. 60

ocess as clained in claim 131 wherein the ester is dissolved in
0 acetate, nethylene chloride or chloroform 133. A process as

n claims 181 or 132 wherein the soliqsgg'@,ge is silica gel or a - 3
opyl deri ' '
d in any of clai ?35?12414’9&8& agtehif aﬂc?:g;gfi‘sl%m wherginaba ¢laiyiagic
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al l'y. substi t ut 8 ﬁeﬂyﬂro&gs% Qlam x[‘x%” be élacimngS—Qh} Qﬂé}Llln)R’ is a phenyl
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1. A process as cl4i Rﬁ:ﬂoqess aarc;anm‘d ia |clrinrd 44188+l thewhwlysti inpdliadinin oins
n 20 at om charcoal.

process 85 cl gi @éﬁcdaﬁmcﬁss a%f!axgie nn%laxTBIéS Yﬂﬁfem the catany‘;t[ls ‘Or/ palladu.m 3
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- El‘cgarfi 101,

: d] ess as cla n any of claims 137—148 for th
process as cl Riatikhid EEKF saili bt ‘éh ridd E't]q &nc@fo
ei ght of 4ester. 14R. A,%rqnfcscaeslam&s uc rﬁ(ldﬁEﬁlmsnT&F}ViS(ﬁh tat ane;matkﬁn?ofM? 40
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S Cl al ITEd I n agﬂea -élcep[ %Eifgﬁf0!élé{%gr Ta%g?alﬁose us1ng35

ocess as cl ai magah myow tee:k/a/lsmsn dA8 se1adnk b hauaftemcsmnugtmn
ionally aaqueousaliaﬁrdxramlvl olmfmeIl-mluoa!r bon atoms tetraliydrofuran or 45
151" A process, gl AT I ey Sppome it i

on of clavul aniclavii am@ﬁ, ﬁu&;u@@@. §olbe| ng carrie the

f base. 40 155. AlﬁacessAfopnlmcmsarasncdfalqmoundaa irpdd mlcéamrslS
or the pripar af”lhf?h ceyppriges trituggjiog gipder gF crygtallisgtiopr cecaysialjisation figm moist 50

eing carried ot 15!% WN&nYLBRENCAaiREd & %S(Q claims 1—20 when prepared b} a
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161. A process for the preparation of a compound as claimed in claim 2
substantially as described with reference to any one of Examples 14—22 or 29—30
herein,
65 162. A compound as claimed in claim 2 whenever prepared by a process 65
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155 A procgess for the preparation of a conpound as clainmed in claim 18 5
" whi.ch conpry ses trituration under or crystallisation or recrystallisation
from noi st g, ‘50 acetone. 156.. A conmpound as clained in any of clains I-20
when prepamed by a process as clained in any of claims 80-155. 157. A
canpourdd as claghed in_any of claims 4-10 W®P"hrepared by a 55 process3ias
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a compound as clalm inany o
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PhggYlher ei n. *165 A method of treati ng SAPPITFR Etlons in mammls ot her
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ladigm168. A process as clained in any of clainms 102-123 adapted to the
lptrhgparatspon of a conpound as clained-in any of clains 6-10. W G CQ.E, 20
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