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groups - Clavulanic acid and its salts and esters are able to inhibit g:lactamases from a
- range of bacteria and owing to_this useful property are agle to enhance the
' eff_ect_lvenegs of penicillins and cephalosporins against many gram-positive and
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' and salts and esters thereof wherein R is an inert etherifying organic group of up to
20 18 carbon atoms. ~ '- : R o

The terms “inert” and “inertly substituted” herein means.that the ‘moiety to
which the term refers is not unstable, It will be appreciated that ‘a.chemically
unstable compound is inappropriate for use as a medicinal agent in the treatment of
bacterial infections. . -
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inertly substituted by a ogen atomor a [err] group, a OH group, a [err]
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An apt value for. Ais the nmethyl group. An apt val ue.forCHA2A3 is the
benzyl 10 . group.

|0 The esters within this invention are preferably in vivo hydrolysable
Suitabl e esters include those described in Bel gian Patent Specification No.
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Vhen in a phdf il G3he SONTRS bE LeBhuidsBE HEdent BB&R!S hqt or

60 cephal OSle'llaBleTo Gral/@lhﬂl‘?litrah&uh@ng c&gsda @ Wil eQ 3 Jﬁg amha (11). or.
its phar naceldmmairityonaccept abl.e satt. or-ester present.: to penicillin or
cephal éonrl n: When in a pharmaceut:cal composition _ together with a penicllin or 60

ephalosporm the weight ratio of a compound of the formula (II) or its
- pharmaceutically acceptable salt or ester present to penicillin or cephalosporm
present may vary over a wide range of ratios, for example 10:1. Aptly a ratio
. ?eltween 3:1 and 1:3 may be used; advantageously this may be a ratio such as 1 2or
65 ' L _ , L . 65



present may vary over a wde range of ratios, for exanple 10:1. Aptly a
rati o between 3:1 and 1:3 may be used; advantageously this may be a ratio
such as 1:2 or 65 1:1.
65 4 ' : 1, 565, 20 , : .
4 The total quantity of antibacterial agents present in any unit dosage

N nornally bebet ween 50 and 1500ng and will usually be between 100
my.: Conpositions of this invention may be used for the treat t
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cl eaving a thusto yied: tmd:oe«sbreld aﬁfthd:ﬂoemdo fiBoarnit: Sdf the J(% ' -"i__- by _
hydr ogenol ysi s or apraséryed P@fP E%;’éagﬂbﬁgﬂﬁg%@ (1l)g0r -
its salt He prErglients ﬁ 35 fhe prephrati f@rﬁasmwnd of the- -.
formula (11) 30compouﬁ<§ofb%t'b Ief (eﬂmyltmhe@eftnohloearesteeofa!n‘.Vukahlawﬂ withe acid and

a di azo conpoundiazoalkane cg(bhd\brmda HiRé d| p({locess ‘Wi || pt ed to~
|(mc£ acgﬁﬁn

t he prepar t|on ofN%tc'tfﬁ ‘é’“" Oge % §5"r§ﬁ}l‘:§nsﬂl the 3s
reaction ¢ bﬁ ea@ﬁ&.aa totectibd Witina eraile uﬁfoe formul a
[err]. Nat uraI I meam&nd eﬁhydrmel Rl tayr Bibemlegmun fortthe Cﬁi‘bezmé;@g D‘Hr. , such as

an 35 ani noproteemﬂ)mwsl mayobe FSRfvesk P hydragrpationsin fogyeatiens ng a

condensati,gn i A W EgoRAkil SBARG taks Yakk i sheprabmRet | on 40i t h
a ' benzyl 0><yc761rl91041 ilﬁgm&ta&pﬁxcr%mmmm;ﬂe fbry:dampdyhs igrougianidcbenzy|

group for the cehéaey$ui bbu re&:}mht trphyd ed by .
hydr ogenati on i ﬁ'e@olﬁ ",:°1‘§0°';3’f'3% e‘naeact [ on
with the diazo ressFéICrnon- ;iPdIE30PIfb feeCpk eamacent 40 4%

Lewi s' acid cata ey&ﬁ)bra&uckbra:srdnﬁgmn the rehcmnuddef 620°€>te e as oron
trifluoride etheraEsers gfjthe Ot'lh’eOf ’ﬂ’di o M) rgent such

as tetrahydrof u lOl’l iﬁ% Q av‘gmﬁ'ﬁlﬁésﬁaﬁ{ 1;105 &E@ erLMI’acr | oxane. -
The reactign ”0 vﬁtl’u B&oii) frmen orats @mamsed esamploms BF,cO6@He,. - 50
tenmperature, for exmmleeedjrerne jctiam ahor, leftéqe ¢ iy S@l" r fhenper at ur.e,-
for, exanpl e [erF ac"% 9‘051 nai CT;’ a‘{ i ?“t%%@gout the ¥
reaction is abog 5&% eﬂ f a_@‘gﬂt_beod o m,(taan(il 1) nay '
al so be pregpare ﬂi}!m& @at about —30°C. '

. An alternative form of this method of preparatlon of esters of the compounds :
of the formula (II) comprises the- feaction in'the presence of a'Lewis:acid of an
alcohiol of the formula ROH wherein R:is as defined in rélation to formula (1I) with-
. the correspondmg ester of an acylated derivative of clavulanic acid wherein the 9-:
60 position- hydroxyl group: is:acylated so as to be of the sub-formula: 0-..CO . R? 60.
"~ . -wherein.R® is a C 18 alkyl group optlonally mertly substrtuted by one or, more. _
halogen atoms. :
" The condltlons for thls reactlon are’ s1m|1ar to those outlmed above for the_

_ ' 'reactron -of the-alcohol ROH with an ester of clavulanic acid. = .
65 The acylated compounds may be prepared as descnbed in Belglan Patent No. 65



reaction of alcohol of the formula [err] where Ris as defined in relation
to formula (I1) wth the corresponding ester of clavulanic acid in the

presence of a lew s acid. 50 catal yst such as boron trifluoride or its
equi val ent, for exanple as [err] 50" The-'precedi ng reaction normally

takes pl'ace in a solvent inert under the reaction conditions' such as
chl eroform di chl oronet hane, - tetrahydrof uran or di oxane at a depressed @
non-¢l evated tenperature:, for exanple [er] and preferably at a depressed
terrpe atyre for -exanpl e [err] ang sgda09 cConveniently at about [9rr] 55
An aILemrrgf;a{%o#%iw T T=rt . - h

conpayrids of ?, '{; % " Fesence of a
Lewi s acid Oc,@ne ! o] eC”I ere'n |£fas ée ined in
rel ati oﬁn to forSultkaf &m)?muhﬁo(ﬁthefomula G;gm peitsd épmaﬁteranf tkcyl at eg

der| vat?ve o o EclogRig &Py, 1Py 1¢_¥YGrolysis,.. ydr oxyl

' gpoup is. ?ﬂ’sésd" §'(')a%‘§°'fsc§°l3 'b'i"a’f"ﬁg'e gtd%' rﬁf’ltge %31“‘1" o’;’60 wher ei n
[err] is a erTile c@npplindgloDthe f&mulaqmhhcysaumefetebymspbsbnebmceﬁmby one or nore
hal ogen at onBydrdgseclysaticietirpefsompounthoiformaladil) Wrhydrogenation, b arusin thogg

ouj | i néll- - abBBEUE O {oePYBAE PO IBE HethaIRBRYT SRAHTHIFLA" &' Bst er “of
cl'avul ani ¢_aci Pall@&um for examplit6%, PENIRLESH HRFPAURSE Brov&da Retidkapar ed. as
descri bed. i nudail gatatyst. Wd tean folhbd thatﬁﬁmtable rit,xcEféBt;hE@Bnght ofl()% palladium-

5 83464? t hew chascas gusw@ﬂ’é cr s P{% af tmﬁlﬁ [ernl .
[err] .dF a g he JamREs e e g&ﬁ{ clesably gecy E‘raes&“ 'W?‘ﬁsf’lﬁee" &oF espondl ng
ester. of clavusunabie W@tdgenolyssbleabies mtluadﬂehdwrmouadfoﬁﬁum h@) faer mul a (11)
may be- prepaggg?%ig?%dgg‘;g{gisgferrtt%z:h%gmge:égs aimpt idthe foendykesfeordul a -(11) by
very m.ld ba H%Q % E] o) @n ggueous
Sol U1 08 ot g AdSEAr gyt M kB bR ERGD T, 30

conmpounds of resitting @bl 1{ lhltl)e famtlofacshlt. df idwtieldse ivincluded the epduad fr om -

hydr ogenol ysidn Qtrep%theffree by hydr ogenation, e.g.
usi ng theaff;g J}% od‘iu %g P"ep%?ar?‘f{}%rtgﬁéﬂerplr?c% tb‘?"e"gence 26f a
transt t I on. met aFrom thélprécd .aé, )bSInme cl @0l buTeppréviat@X iapkifis #W8atpal | adi um on
char coal , hasropid c)wentoet:s ﬁprthemntmraltl n ofSth¢é gémmamnds| of site. foxulhder found that a
suitabl e rat F"(‘} &m&'%ab?ﬂ)f‘%ﬁmﬁf%}?"cﬁa?’bﬁﬁfr tls8d to the

fi
wei ght sf et ﬁ"erfeéiﬁ'gﬂfg °°’“&n eth‘é’formula hﬁawed;;@&eemltmeaeast i on 30

pr.ef erabl y oetass: éfra mbuﬁd afrthe nmauls Iwmaﬁ as\dmi d1kali rﬁ&alcsalmmbtas of or

contains tete maﬁfgartawha Mhdb shiptide, O‘F | ude those

of - the for %F% aeﬁgﬁ gt‘ Ef% ,fae %{@gﬁgenol ysabl e.

ester ig th eﬂﬁx\llthe t:in @Jide@ ﬂ?ry feerralioh Bf estefs dfhe nBshyl

ester. 20  the compdmd@fﬂaﬁamhdﬂ) \alscmmessrmm tiseeglyenstﬁa"mttmafép pot assi um

hydrogen car E)?fffﬁ?‘@d‘"KE pqupd o E‘\‘ rbonate is included
5

l
e roact o R R TN b PR fﬁ::ﬁ ‘“"°“am€9‘§§§§“°°f°aedform of 2

salt; 4 no Wuhﬂ&ﬂth:ﬁmlvﬂmbm ed -t he ro uct is.in the form of the free

acid. Acids ofh Tftlkzeesﬁ‘;csof e&‘O?P‘P dmfthaﬂo IpdI) % ¢ipigpared hEareful '
o i ot Lol e A R

25 Fromthe . ae&ﬁﬂ ichGn be appr eci ate h| s invention
provi de§ a pr ocSastsblf'letahélqnme omme enwdfnetatm ddesp suitabls: bf-Rtihe f or el a (11 )

or a salt. th&rep P if ‘t'gf?‘( gf n of an ester
of a correspml ?T:e rglctl nlima(hb ut in tE grezcme) ag grfac:cen:)t(t‘ii{jl Liers of the
cenpounds' of th[e‘hé erémlramoﬁlb ey domp rﬂpaﬁ edi»sdntjsed he .Hewes-Megl, 30 of a salt
of a cdﬂpounMeﬁTOd! rﬁbswplwngme inies Velh104s 4thEditlord] i- netal salt witA%an
esterifying age negExagieled PrelusHRtivE A IRPSMEBERE  such as a chiori de,
b#Fom de, - i odi de, : Example 1 - - ,

. Preparatlon of Methyl 9—0—methylclavulanate

H . HzOH R

l
c‘:ozcuzcsus :

: (e) _
55 ' Benzyl clavulanate (e1) (1.5 g) in methanof (10 ml) was hydrogenated over'10°/,, . 55




met hanesul phonat e or tol uenesul phonate or by reaction of an acid of the
formula (11) wth a diazoconpound. Such reactions proceed under
conventional conditions. 35 Thus the present invention provides a

process for the preparation of esters of 35 the conpounds of the formla
(I'l') which process conprises the esterification of the correspondi ng
corrpound of the fornula (Il') or a salt thereof. Normally and preferably the

proces of this invention are adapted to prepare those compounds of t
formul § ) as herer nbef ore descrr bed g pref erred 40 corrp un
Of th| S Wélll.l UrT aTSS6Q§bJ] g-ghe '“‘

:tsrr:rrsf ?I:a': Pgncciﬁl g?ﬁﬁ n;zféﬁwgﬁ&m ﬂ)%%';};ﬁ?tm %ﬂwéd rqgag aea(:.tr on

wi th a conpound t fdﬂiafhg hé&l: éh- @ic@ ggl tb SR syhe
di spl aceabl’ by sawnélebrmdrmvdlmi Uhdmm)e(ﬂfymgnﬁe chromatograpl&mmaﬂﬂdyh(}liles a

chl orine, bromi rR§° (#gﬁa )t suitably QRis a "45 group of the «
formula [err] Whe”‘-NJn 0133%3 Hﬂ'ﬂgﬁiquﬂglibﬂ?dﬁwH@'J'lymhe reaction
is carried out in the2sHeSanCH, mBl aH s,(!)(cHaGde COLIH 808 GH, ddi ne or -
di cycl ohex¥ ani ne. [ng gﬁ&g{fﬂ %‘bﬁﬁﬂhﬁ%ﬂ%m 3O i bed!8 n- .
HO!"b'.en' Veyl, 50 -The fta rM%r &Q{\ﬂereég h L
Edi ti on.] : follows: ow’ ng Exa es are I-llustrative

of the invention: Exanple 1 Pr epar atr on of Met-hyl 9-0-nethylcl avul anate H-
[err] 55 Benzyl el ag’@ I’gﬁuel) (1.5 g) |8’§5met hanol (10 m) as
hydrogenat €d over 10%. taphylo ccus aureus Russell . .

1, 565, 209 _ * EscherichiacoliJT410 .. - 6 pal | adlr um-on charcoal (0. 4 9)

for [err]hour at anbient EFat ure and pressure e solution was
filtered thyough Celite f %ﬁ'j‘;ﬁggﬁmﬁ"ade Mark) and)gsreated with a solagion
of di azonethane in.ether at OC:.. the solution was left at 0C overni ght, the
sol vent evaporat ed and the O 1 chronatEsgneiphed on. sr lica-gel to yield as
the 5 second el uted pr%ERi‘E"t“%Pﬁ&é“’(’@Z&‘T%‘B’ lanatg,. chr orrat ogr aphy.
provi-ded the title 5 pro;duct as-a -col ourl ess orl (15 rmg). T.r; ([err]) _
1800, 1750, 1695 [err] N C([gmedy: 3.03 (I : d:"d ' h|zOCHJ Hz, -
6[err]-CH), 3.53 (1 H, Ntz I 2.5Hz, ' N\ ;3231 (3H s, OCH3),
3.79 (3H's, [err]- T, ,(2H d, J 107> _ [enr]), 4.88
(IH, brt. J 7Hz, o| |nich) 508(IH m &&-CH), i -10. 5708(IH dd, J -
2.5Hz, J' 2.5Hz, 5-CH). Th ('B'B &% nat e [err]-IactGWeCdl-ﬁhl b|t|on [err] '
values .in [err] for (e2) @wre as follows: Escherichia coli JT4 -
0.9 15 - Benzyl clkhubiate 6d1) @OREE)BE BESIVET dry methylene drchlonchZS?S
15 Stap hyI @i:OCCLlfsll} au%%orﬂed?sbtsmﬂfgoron trg;luonde @ltthrqrES((Shﬂdipthasaacﬁed at PC4 10 25
OLOoWCE! a solution Of arazomethane in
i é 50 mig G. at 0°C for)entialﬂgﬁ%g? f wﬁ&ﬁ( ?dl?g blcar onate soﬁxtlon?!@rsg F‘hosa.
The organic ﬁre gnesi m quphate and. evaporate:
20 Exanpl e 2 Pr ehadnpitog@dbhie! puBaestis 5 386 thg).err ] Ben2y| -
cl avul anat @ (el ) -( 300(GHOL)WS80, d745s b4 ry rre yI ene d| chI orjde (2B 25
m ) :and- cool ed, to%@"l ﬁﬁl(w'fﬁg %&y%&ﬁ dQfded at
0C, | 25 fol l oned by agag) -LEW-Q@ &F €0, ,mr) L1

m Xt ure was stirred. (1H,d; J25Hz 5CH),751 & (3H, s, CO,CH,Ph).
35 - The. approxrmate ﬂ-lactamase mhrbrtlon I50 va[ues in ,ug/m[ for (e3) were as

4

follows: _
. : Escherzchracolr JT4 R N o LT e .
- Klebsiella aerogenes E70- ~ - 005 - - ya
C Staphylococcus aureus Russell =~~~ ...~ 005 . -~ . = - - :
40 - Proteus mirabilis C889 o <007 ~ - - . 40
: Pseudomonas aeruginosa 14 _ . )
Pseudomonas dalgleish - -~ . . - - . <0.07 kS
Citrabactermantio’ R l.l_. :
' Example 3 g '
45 _ - Preparatlon of Sodium 9-O- methylclavulanate n - 45

1 B
1

. ' | . X . . ° . N - . g . . " ..
COxCHaCgHs -~ - - - 7 7 : Lo (':OZNO



at 0C for one hour and washed with 3% sodi um bi carbonate sol ution (2x25
m ). The organi c phase was dried over magnesi um sul phate and evaporat ed,
chromat ographic purification gave the title conmpound (e3) (66 ng). 30

- at anbi ent

([err]): 1800, 1745, 1695 [err]

T
30 Nmr. ([err]): 3.10 (1H, d, J 17Hz, 6[err]CH), 3.35 (3H, s, . 60
(IH, dd, J 17Hz J'' 2.5Hz, 6[err]-CH), 4.12 (2H d, J 8Hz, [err]), [sﬂl
" (1H, t, J 8Hz, =[err]), 5.24 (1H, br.s, 3-CH), 5.32 (2H, s, [err]), 2
(1Hvd . J.2.5Hz, 5-CH), 751[errlgél—iogs [err]) 35 The 4

| e"Jﬁ)’/” or (e3)

g,as dihe sthsr (B3 & "ahydm uran d “h) and 1 Kl ebsiefla
0 n wash drogenated a mibien

aer Ghenes & ;i:‘;?mz"a;za;:zi?igﬁo jroza e s e

. 0.05 40 in 0.5 ml water was add l"l]‘te&bllSeriWh%hﬂ»dr&edR&&ld the sedlum salt (e4) 07

© 40 Pseudonuaas amerphojs 9%ftt‘i2;gt“lf63lt§°2m‘"*th ether (5 mgpseudononas ‘dal gl ei s

<0.07 Citroba By

5,07 R e e iolmi s

1,565,209 The etkEH DS 93(!1 ) 3R, YISO ddl 2-AHLStCRNydr of uran (3 )

and 1896 pal | @Jhar?’PUﬁ’“E‘H r/’clé‘é?m*(sit‘)“hfhj‘)°“ derdalyes ‘FH@"%'JP‘EJ@‘”O “"%d% hydrogenat ed

Wer at prg.,and.iigssure for 15 mirgyges, filtered and sodium -

. ‘bi.carbonat e (8.4 ) Klebsidlla herépenesBter- was added.0lfle sol vent was evaporated to

yi-el d the sodi um saSMP/@bmycusaureusRuas“ an anor p¥dls solid after trityration

“with dther (15 ny). Prorepsmitabids Ci%sc): 1790, 1699 1615 cm'; N.mr.” (D20):

3.07 (1H d, J 17Hz, 6[erf]-CH), ERadle 43H, S, [err]), 3.5441H, dd, J 17Hz,

J' 2.5Hz, 6a-CH), 4.04PréRirhtiod ofMeSHt90Hz;nzy]C)a,vu14n@e7 (1 H t, J 8Hz, [err])

4.93 (IH, s, 3-CH), .69 [err] (IH d, J 2.5Hz, 5-CH). - The
approxi mate [err]| act amase cHioHi bi ti on [erH’] vaIu §dcq_[_e@/m for (e4)
were as 10 foll :-@eﬂérlchla coi | (44~ 0. 18 Klebsiella
aer ogenes E70 ' 0. 07 Sta'p'hyl o _'“ aur eus Russel | : 0.05

15 ' é% rabilis 9 . €3 0,01

15 Exanple 4 Preparatl thyI 9- Obenzyl’:o;icalvul anate [err] Benzyl

¢l avul anate (el) (308" ng) in nethyl ene.chloride (25 m) was cooled to 20

-300C and treaBendylwlaVMantam(eh (300infg) inomethidengtchioride @ e%?dtofol I yed by a
anrb

sol uti®¥n- 263 Hoasedowi qtﬁﬂ’é‘t’ fthe P f ed a BOCfor
she o ar e e T T e

organl C phaaﬁed/\&&r SSiufV &ilphBR Gine Sivapor. as«ui mhﬁele a&adche tmrathed to y| eI d
after chronatud rbagzh%licr(?debmﬂz thzlldﬁﬂ -bEa El_g 7 - OXo0 -
oo TRl S RS LRI o s
(150 no) as @R 16 nv?a'ifxlt&eda{drtﬁbgédmﬁur an (5 nl) and

hydrogenat eﬁbhatonansfbdlemnetlmnq:)ew a-ther ettahd vmsaupe of\the sdlooy RPAAC (20 ng) for
20 i nyt es. ChFh atg iR PTQEEC&FF(? f3Pé‘&“9éﬁa\ﬁﬁ’]P‘l‘f'°as dbl ution g{, |

di azonm€t hane | ?@ tdﬁgyfy)o§62t(f]ﬁ -&@vient, rapskLhroma ogr aphy
provi ded the t| 8T {3 350;0 C30)), w05 (215 & J@bizpuCHegH,0),14.61 30

H, Ph),GP3 ( I 8Hz, ~CH_CH,). 5.18(1H, m, 3.CH),
|30R (Lerrl)z. 18G@ (slgggﬁ s {gam 498 (5H, s, _OCHzPh)

35 [a12°—+15°(c_137 MeOH) _ T 35

Antlbacterlal Activity ' In Vitro (,ug/ml) o : SRR
: Staphylococcys aureus Oxford _ ._IS—_3 I

. ' o : Staphylococcus aureus Russell o 815
3 " Klebsiella aerogenesA o _>500- _ .
40 B-Lactamase Inhibition I, (pg/ml) C 40
. Escherichia colt JT4 , ' 0 8 :
N : Klebsiella aerogenés E10 - 08
- Staphylococcus aureus . Russell 0 005
. Example 5 _ o 45
45 : ' Preparatlon of Sodium 9- O-benzylclavulanate
'i‘ ..H:___. RN _
; oo CHZOCHZ—Q
1 . (e6) '
cozcrczcsns c':ozNa_' R

(e)



Nmr. ([err]): 3.1 (IH, d, J 17Hz, 6[err]-CH,3.62 (IH, dd, J 17Hz, J'
2.5Hz, 6[err]-CH), 3.89 (3H, s, CRCH3), 4.25 (2H, d, J 8Hz, =CH CH20),

4.61 (2H_ s, m—hPhl 5.02 (1H br.t., J 8Hz, =CHCH2), 5.18(1H, m 3-CH),
5.82 (1H, d, J. 25Hz 5-CH), 749[err](5H s, [err]) 35 [err] (c=
1.37;, MeOH) 35 Antibacteri al
Activity In Vitro ([err]g/nl) St aphyl ococcus’ aureus Oxford : 15-31
St aphyl acoccus aureus Russel | ~ 8-15 Klebsiella aer ogenes A \J‘
>500 4 ’[Serr] Lactamase Inh| bltloqsgse ] ([err]g/rrl) oo
40 Eschér i chia—eot-i——3 BSWl-ebsiella-aerogene 8 -

0.8 Sta I ococcus ﬁnu@d&nﬂlﬂ@slahate (el)(ISOOnsD@'Es @Qd !eteﬁahb@rofuran (5 ml)

oy R e
ed a €

clavul anate (el) j wg@ ThEsol htﬁ,ﬁg

hydr ogenat ed at |ms11edtuetﬁpefyaamaae an r)e'slsam’qee@vehase Wadeviepdriied RO ny) 5for
20 minutes. The 9’%‘? ujysd sqdiym salteas aamwnhemsehd W%H’@@@P%W\‘%F aF bonat e
(15 ng) in | -,930[@;@ r61 uevaporat ed and.the residue taken up
in water (10. m Nmr( 0):- BeSO 8 d\y 17H: es;slm)m tmtda { BHz028H), 6aThe'

aqueous phatdke was evapé‘ﬂ@xt@@(l%d 58 z,e#QH e‘g’ Qﬁﬂl?lm%%ﬂ(tlﬂas ant0 -
anor phous solid after *t (rF lﬂ)%tﬂélrﬁ CI(’SQ”H&)"HQ” Z éKBr :
1790, 1690, 1615 [er[&]k mor(c_ Sésdjo OQSQMQéﬁ, 17Hz,.-6[err]-Ch),

3.59' (1: H; dd, J 17Hz CH)420(2HdJ-
8Hz, [err]),. 4. 48\r(nzwtersal Aggrlt}vf Vmp@« n(ll H 10 br J 8Hz, =[err], fg.gg
(IH, m 3d% 5.74 (I H, ,o m “oxfdi - 742[4&] (5H, s, [err]) .
- [err] (c=l.15; 50%aqueg¢u§,y aur R{.Jaapterlal ~ Ao’ Vlty In "Vitro
([err]g/m) 15 : KI ebS| el | a aerogenes A 125

15 St aphyl ococcud-kastaapss Whibition Lo (ue/mD 4 0 st aphylecoccus aureus Russel |
8.0 [err] - Lact amase I nhi b)%?é‘ﬁf eﬂfg—for] g/m) 20 %%scherl chia coli JT2
0.1 StaphyldédecdOaureus Russell -~ Kl ebsi @lobs. aerogenes E70.

0. 04 R Pseumﬂ?g@%us aur eus Rus§§%%al ol e Sh0 005 '

-Proteus mrabilis C889 02 Pseudonon

0. 008 Exanple 6 25 . Pr epar gkdngple ©f Benzyl -
9- O (et hoxyear bonyt met: ﬂ?ydp)matlaveﬂ lanatlé-O-(ethoxycarbonﬂiﬁe!{hﬂmla]vulmyI cl avuI atate -
(e 1) (1.44 g) was dissol vgd '’ ln drY met hyl ene dic Iorlde (100 m) and bor on

trifluoride etherate. (25 drf S .,.gom) was, adde Aﬁ(g
di azoacetate (2.90-g; 5Spefl ’:t.s): -in:. meth .orld 1%) m ) ‘was .
ture stirred. at-30C

added 30 ~ = dropw'se, gal f an hour"?ind ]
to-10C for one hour. 0.-0 Thel sol uti‘on was : hed. wiit h 3% sodi-um bi'car bonat e
sol ution (3x50 m) :and dri edﬁoe%rcelr'ﬁagnem um sul phaF@zCWssol vent  was ,
evapor at ed at roomterrper atewre and--the residue chr omat ographed to y| eld the
title conpound (e7).as a’ colourless 0 | (600 ng) R ([err])

1800, 1745 1695 [ erBenzyl. clavulanate (e1) (1.44 g) was dissolved in dry meﬁﬁlene dlchlorlde ( l00
ml) and boron trifluoride etherate: (25 drops; 0.3 ml) was added at —30°C. Ethyl -
. diazoacetate (2.90.g; $:equivalénts) in methylene -dichloride (10 ml). was added .
30 . dropwise over half an hour and the mixture stirred at —30°C to-—10°C for one hour. 30
- The solution was washed with 3%, sodium bicarbonate solution (3x50 mly and dried x
over magnesium sulphate. The solvent was evaporated at room temperature and
?6130 resu%ue chromatographed to yield the t1tle compound (e7) as a colourless oil
. ' m, : o :
35 Lr. (CHCI,): 1800 1745 1695 cm™; .. .35
: N.m.r. (CDCI,) 1.29 (3H t, J 8Hz, —COZCHZCHs), 3. 00 (lH d J 17Hz, 6p- '
CH), 3.50 (1H, dd, J 17Hz, J’ 2.5Hz, 6a-CH), 3.97 (2H,’s, CH CO,Et) 3.90 _
to 4.50 (4H, complex attern —CH—CH and CO CHzCH 4 79(IH,t,J
8Hz, =CH—CH,), 5.14 (IH, brs, 3- CH) 5.23 (le-l 8, CO "CH Ph), 5.72 ST
40 (1H, d, 2.5Hz, 5CH),7378(5H S CO CH,Ph). . . . 40 -
[a]“—+35 30 (c=1. 29 MeOH). : '
The approx1mate p—lactamase mhlbmon l values in yg/ml tor (e7) were as-

follows: S
o - Escherichia coliJT4 S 014 - _ : T
- 45 ... Klebsiella aerogenes E70 ' 03 : 45 .
Staphylococcus aureus Russell 0.12 . . o
Proteusmtrabtlts C889 R 1.0 2
Antlbactenal Actlvxty Tn- Vltro (,ug/ml) AR :
. .- Klebsiella aerogenes A. - >500 . S
50 - Staphylococcus auireus Oxford 125 : 50

Staphylococcus aureus Russell 125 .



" 2.5Hz, 5-CH), 7.37 [err](SH s, CORCH2Ph). | 40 |

¢

NNmr. (CDCI3): 1.29 (3H t, J 8Hz, -[err]), 3.00 (1H, d, J 17Hz,'6[err]-
CH, 3.50 (I H dd, J 17Hz, J' 2.5Hz, 6a-CH), 3.97 (2H s, CH2CO2Et), 3.90
to 4.50 (4H, conplex pattern, [err] and lerr], 479 (1H t J 8Hz =[err]),
5.14. (1H, brs, 3-CH), 5.23' (2Hs, [err]Y), "5.72 40 (IH, d, _
r]

(c=1.29; MeOH). The approxiimate [err.].-l actamase inhibition [err] va_%e? in
[ern]g/m"for (e7) were as follows: Escheri chia coli JT4 -

0.14725 4 ~ Kiebsiell alggsriagenes E70 - 0..% ~
45 st-a‘p'lIYI gcocTUsS —aureus—Russet

1.0 \Aat i bact eri aI re%E.}aéfét%’f A"H'“f“ocgg xycar %y Igvtél a|m(§tlel a aerogenes A

>500 50 cus aure 125

50 Staphyl oco,ccué“ aur eus. Russell . 125 o '
1,565, 209 Exanple R Prefa%teeh<sh sodium Lo -CHzO.CHzCOzCzHS-

9; O (et hoxycay, bo I BTNyl ) cl avul anatg, [ er The=sdter ‘(e7) (188 ng) was
di ssol ved i pdry t¥trahydrof @n (5 nl) 5 B/ C (65 no) was

added. ‘The sol uti Oﬂoéeﬁ dmgdrogenat ed at ™ anbi ergo ,tmerrper ature. 5 and
pressuré for fifteen m nutes the solution filtéred through kiesel guhr and
sodi um bi car bor‘ﬁbesi’srél@'l) mm wmdmnlvéd mr’drg) tewvawdaﬂuienl(s mhendstili ent was
evaporat ed & é;’ %ﬁ Tq»a&g;o lle Eqngfngse peré'Hu i.ng with

but anoVet har{ghfRitarbofi: f{mg‘?‘mhh dédhéh bRBk ek dhihadt her gave the
sodi um sal t ad tiresidiid lchfomd®grhphed onSilitd gt1, Rbng witbbutdiiglethanol/water, '

10 1. (KBr?’l/l ﬁg@atmmoe pm@@;t Wlﬂm@rpwn}e sqdigmysalt amoamorghopsy (3I—H

8Hz, [Eorr]) f,?é r)"ﬁm %;% 1), 3.57 (IH, dd, J 17hHgz, 02 5Hz,
6a-C_H) 4.14- ( TSD, enbﬁm,, of)étﬁ{ et eég(anddqwantzaip@nperlrmosed
J=J' 8Hz, =CH CH23.5a(d, 18, ) 17Hz, J’ 2.5Hz, 6o CHY, M| 1% (2H,. 36 gﬁz?ﬂ),wl 8Hz, [err])

?09? (1 ’S(t))'(ryosague %%(%%25 ﬁ;&@gﬁ? fl“]' J%lglrs)r% ?é Iﬁi?‘%?]hl b| |on 150

val ues in [ er r Jighkwasbe. $°0(rc— owaaeeoaeMet)Hbl oWs:

Escheri chi a. colThe 2feroximate ﬂ-lactamase inhibitio® I3,6values in pg/ml for (e8) were as. 20

Kl ebsi gl a afg'?%” enes Er0. 1. ori T4 0.034 Staphyl ococcus aur eus ?3]8__86“

0. 044 Proteus mrabi ﬁe s,eﬁ% ogenes E70 0. 4Antibacterial Activity In
Vitro ([err] g/ m ) ‘2 5Staphylococcus aureus Russell ESCheI‘I cloioagol i 10418 .

31.0 .- P’O‘e“-’m”ab%c?@ebm el la aerodfies A - - 15.0.
Proteus m ramdb'aéer@?«ltwny In Vitro (ug/ml) 62.0 Staphyl ococcus ‘aureus Oxford

15. 0 Stmphyl ocOCCUS Bitheidhia BUS I, . 15.0180 - 25

Exanmpl e 8 Klebsiella aerogenes A. 130 Preparation of Sodi um

9- 0- (et hoxycar bonyl 7| [err] Th&2fster (e7) (112 ng). was
hydr ol ysed. using N w@z"““”’” 88}:‘;& (using §5§H stat) until hydrol ysi s

was co:r;'r(})l-ete. Chronat ography yi el ded t he sodi um salt as

‘Example 8 30
Preparatron of Sodlum 9-0-(ethoxyearbonylmethyl)clavulanate
li' : HOCH-COCH TR o '
i . fereet2ls y CH20.CH2COZCZH5
. (en -> ' :
: ! (e8)

é‘32(3"'2<36”!'> o L cozua L _
The ester (e (b 12 mg) was hydrolysed using N'NaOH at constant pH (usmg a
pH stat) until hydrolysis was complete Chromatography yielded the sodium salt as
35 an amorphous solid after trlturatlon w1th ether (e8) (15 mg). . 35

' '  Example 9 S
Preparation of Benzyl 9-0- (benzyloxycarbonylmethyl)clavulanate .

' -3 ? .
- ' COCHaCeHs : .
(e ' '

© . COaCHaCeHs



35 an anorphous solid after trituration with ether (e8) (15 np).

35 Exanple 9 Preparation of Benzyl 9-0O (benzyl oxycarbonyl net hyl)cl avul anat e
[err] 1,565,209 Benzyl clavulanate (el) (1.8 g) was dissolved in dry

met hyl ene chloride (100 m) and boron trifluoride etherate (25 drops: 0.3,
m) was added at -[err]. Benzyl diazoacetate (5 g of 66% pure material) in
met hyl eniexchl ori.de (20 m) at-[err] was added dropvm' se over half an hour T
and the m/kture stirred at -[err] to [err]C for 5 one hour. The

Zo: (l;'([jl \r?rsl vvashed Wi t h 3% SOdI um-bi car. Euo%gt e sol uti oo (2x_50-:.rr1 ) 5 a&d.
tenperature and t |Cl#d@a'@lﬁpr@ t' ‘S{_' 's;olmﬂem dey mFt(bBle h{pﬂét (lltOOng Wi t h.{ o
hexane/ et hyl acegi a§¢et§’ "q%’ggj " eSS ﬁ‘gg? "o
rechr omat ogr apheglided dyop® ﬁo&umf @ lithre da3§-3@°(§@|—QU% p¥s Ol

(0.32 g) 105 @ oneholir.iThe: olutxlo as%ﬁb@wntb?ﬂ(}pdlmﬁﬁ&arbﬂzﬁﬁﬁs ugion §2x50 mi) 5

10 Nmr. ([err] nd gri ngy Th‘s 1A eyaparaisd BLpoOm. CH, 5. 13
(o' Teri))| ﬁf ‘%r%iﬂ”t z‘f#Zz:’ U mit"gg@t qod 0

- 8Hz, =[err]) 4t00ﬁel BHetﬁle nreleial (e9) as err])

. 10The b (filnf): 48095 £760 't7é0vlé%> o by th f b
gﬁl or of or natl: ° eri;ry ﬂ?@%@gg}ﬁ ’6_1_ ﬁﬂ%ﬁﬂ %fasﬁg %;%%ﬁ%&%ggﬁéﬁ%edeg 66%

pure product' as an . oi 2955 :
9-0-(car bogmst hyl) cl am,lﬁwaum@rc 2)2 zr he e%égr (e @ (260 )
was di ssol ¥&d in n;g‘ igzpagetafe ionpfb gror "Iatelz
and sodi um bi (':arfﬁaﬁi Feamet W%)%ﬁ%?ﬁfﬁ% /y('fkte?ﬁ 6@’)“"\/\%’? gscfg‘od‘ The
sol uti on was hydr ogenat ed at anbi ent Eesmpe¢ @ ure and pressure for 30

m nut es, filtered and eRmpasationed Ql@oq;vrelﬁ’d)-tchitbomthyt)da\dlasﬁdl umsalt (el Q.
(KBr) 1780, 1683 1600 1425 [err]. 25° .
Exarrpl e 11 - OCHZ(_.OZCHaC 25' Prepa&ato Nof Benzyl
9- 0- (cyanonet hyl ) . [err] E1ut|on f—Hengyl ﬁaqte (el)
(5.18 g) in mt%-' ((gq i eg ' 4Am)lecular si eves
and filtered. Th& sol utjion was coofled to -400-30 [err] ®Ghd | n
boron .trifluoride et heﬁ@k@*zﬁd@s added. A solution otona 30 " s
di azoacetonitrile (prepared. from aninoacetonitri.le hydroehloride (9.3 g) as
in Houben- Y@yl vol 14Q/eder teo)(ﬁe@mg; RBLAiSBIvEd indf mixad ofketran@soraddadd droppe se
over. | hour, rralwatal(ﬁnln mlhmdtso mrmttattroeataﬂoom)a ltﬁf/r Rd/C (Ib@mpi wdreir e was &
then al | owed t o 4ggpdnTi g"aF" H’p “rfﬁ’éll%’g‘f £ 539 was ' '
washed with 3 po?'l“f“&ﬁé?ﬁ 1780 fga m P EI ‘Eﬂh PR E Lol uti on (200

m), dried over calciumchlofide and 35c evaporat ed to gi ve a br own gun;

The produc®5was purified b col um_chE sel 25 -
cycl ohexane: et hyl acet at é” ratipp, of Beizd % ‘§‘(‘ﬂ?glr°f'§)h'%;8$'@'f‘\f"éat§ slightly inpure
product. Repeat of the ,phromat ography (sane system) gave the desired ,
product (ell) (1.56.9).{ 40 Ha OH (flld'g/.. 180 1750, 1698 err]

40 Nmr.([err]): 8' doubl et, J17 450/ d dgoL—u fe~gotbl et | J
17Hz and 3Hz),. 4.0 (2 .|nglet) 4"140;2: t, J?I—g)1 4.70 (I H,
triplet W|thf|ne°coupll Jtrip 7Hz) 06 ( H, singlet), 5.14 (2H,

Si ngl et), 5.66 (IH, sing “aﬁeﬁh f| ne coupl i ng{cozcazet&s(SH _singl et)

(ed

A solutlon of benzyl clavulanate (e)(5.18 g) in methylene dlchlonde (50 mi) e
was dried over 4A molecular sieves and filtered. The solution was cooledto—40 — = -~ .
30~ =30°C -and 1| ml boron trifluoride etherate. was added..: A solution. of 30
diazoacetonitrile (prepared from aminoacetonitrile. hydrochlonde (9.3 g) as in T
Houben-Weyl vol 10/4) in methylene chioride (250 mi) was added dropwise over 1
hour, maintaining the temperature at —40:——30°C, The mixture was then allowed
to warm to —10°C. After | hour.at —~10°C the solution was-washed with-3 portions
35 of dilute sodium blcarbonate solution (200 ml), dried over calcium chloride and - 35 .
evaporated to give a brown gum. The product was purified by. column
chromatography (Kieselgel; cyclohexane:ethyl acetate 3:1 followed by 1:1) to.give -
a slightly impure product. Repeat of the chromatography (same system) gave the
desired product (el1) (1.56 g). - -~ . . _ T
40 Lr. (film): 1805, 1750, 1698 cm" L - 40
- Num.r. (CDCL): 8 3 02( 1H, doublet, J 17Hz), 3 45( IH double doublet J 17Hz :
: and 3Hz), 4.01"(2H, smglet), 4.14 (2H, doublet, J. THz), 4.70 (1H, triplet
with fine .coupling, Jtrip 7Hz), 5.06 (1H, smglet), 5. l4 (2H smglet), 5.66
(1H, smglet with fine couplmg), 3.28 (5H singlet). - .

ot



1, 565, 209 Exanple 12 Preparation of Sodi um 9-0-(cyanonet hyl)cl avul anate

[err] 5 A m xture of benzyl 9-(0O cyanonethyl)clavulanate (ell 1)
(1.56 g) and sodium 5 bicarbonate (0.399 g) in tetrahydrofuran/water (30
m 5:1 tetrabydrofuran:water) was hydrogenated over 10% pal | adi um char coal
(0.5 g) at roomtenperature and atnospheric pressure, until the requisite

anount "of hydrogen had been absorbed. The m xture was then filtered aNd the
catakyst washed with water. The' conbi ned 10 filtrates were thgem 4
evapo\r"ét ed until m)st of the tetrahyd. furan had been rem)ved " e -

r emai Ni-Rg—agutaoLs O Pimm VR S S L b 2 ' -dri ed

to yield the deS|red rodyct | 2 r own SO|Id A sanpl e (535
Ws passed throu pérag%?éf"@lﬁ'ﬁh%‘o‘;%eé@i)ﬁbgq A ng

n-butanol :[err]: EtOH (4:1:1) golvent. to.yield (el2) (213 ng) as a pale
yellow solid. .15 ~ Nmr. {[err] )CHZ.[_ebr_]_cﬁz_M &1 H, -doublet, J 16Hz).

3.66 (IH, dou.bl e doubl et 15 3Hz), 4.30 (2H, doubl et, J 7THz),
4. 40 (2H, singlet), 4.91 g ¢ "p ‘et W t hetn ne coupling, :J 7Hz), 5.00 (IH,
singlet), 5.78 (IH, doul®-et, 3Hz) l“r. (KBr disc): 1780, 1610 (broad)
[err]. Exanmple 13 20 CO2CH2CeHsPr epar ati on of _ Benzyl

9-0- (4-ni trobenzyl )-cl avul anat e o 20 [err] A solution of benzyl
cl avul anate (e .1) (4.33 g) .i nynmethyl ene chloride (50 m) was dried over - 4A
nol ecul'ar sieves for 4 hour. The solghiom-was,ther filtered and cooled to
-[err]. Boron trifluoride r 0.8 M) was then added. A solution:of
25 - 4- nltrophenyl di ne (7.34 g)z)l n met hyl ene chloride (150 m )
was then added - 25 to th€ sti rr:ed sol uti on at -30C;” over ‘I hour. The

m Xture-was then warned to -10¢BYer a period of | hour. The sol ution was
t hen washed wi th sodi um bi carbonate sol ution (3xI50 m), dried over '
magnesi im sul phAtnextancbf evra PIO-(®-@vdno ela‘eldlmethr(drlh(ﬂé hipﬁyso igmi ce .

cycl ohexane: é‘lcl‘f %“a&‘c % 10‘3}”‘“ y e g;“l“ %’&E‘&r% chI or| de as
el uant) on Kiy ’°§§“}i AV Gnch B tDblidRe & 5 tomid;%ge T (film:
1800, 1750, TK@ﬁxxtu'l:SS/ﬁls tﬂ@f ﬁl}e.red\hrﬂltlie catdlyst Wz}s}led QltlQﬁatéd the chmbiledt , " J 17Hz),

3.44 (I§y doﬂblaesueqsbheetevap gra eﬁmtnlamtdltlzetetr ummavedJ 7HY, 345
(201 51 nol e LRl el so.:e:c:a;“.;’ fEatlD o, 3 7o)
505(IH si ﬁkls&P hchsh lgel ‘é& l&lt :ef with fine
pli. ng) 7 salven( Evl-held; %§(ét3)mg)7a538>a lovd sulild] et 11 (2H,

1

doubl etl J gplzryr (D (5) ublet, J 16Hz), 3.66 (1H, double doublet }iGHz andlz ggm| e 14

let, J 7TH 40 (2H singlet), (1H, triplet W|th
Pr epar ation of Be ;yj)%g %‘J\%l( @3’"1—[ ‘bema 3Hz).
N-Ni troso- N-al 'y lmen.zﬁﬁa)dlascé 1610 (broad) em A SOl ut| on of ni trogen di oxide (24.1

g) in carbon tetrachloride (150 5 again to a stirred m xture of
e oo e (55 EyBlearlod ar Bhod g%’ﬁ“?@?l?e PerkMeamha de (150 m) ap Lerr],

N-al | yI"benzani de (28 I’n °car b etrac -Qrl m ) was added to the
stirred mxture at, -5C which was then stirred at OCfor 0.5 hour. This was
washed w th aqueofis SOdIdH‘Q),bI car borkat e (2x400 n1)t dri and 10
evapor at ed to%g:ﬁ}g/roso N- Mﬁ_?ﬁg Mg ZerPP2 (1iquidfilm:
1710, 1650, 1 0, 1355p» 2 1040and920[err] 8 ([err] 7.83-7.20
(5H m ArH)Q 6.03-4.83 (3H nrf- H),iand 4.33 (?F?’ )
0,CHaCeHs ' COgCHzcsHs
(e? '

‘A solution of benzyl clavulanate (el) (4 33g)in methylene chloride (50 ml) was
dried over 4A molecular sieves for 1 hour. The solution was then filtered and
] : cooled to —30°C. Boron trifluoride etherate (0.8 ml) was then added. A solution of
v 25 - 4-nitrophenyl diazomethane (7.34 g) in methylene chloride (150 ml) was then added 25
to the stirred solution at —30°C, over 1 hour. The mixture was then warmed to :
—10°C over a period of | hour. The solution was then washed with sodium-
bicarbonate solution (3x 150 ml), dried over magnesium sulphate and evaporated.
Repeated chromatography (twice with cyclohexane:ethyl acetate [:1, and once N
30 with methylene chloride as eluant) on Kleselgel H gave the pure ether (e13) (230 30

g).
Ir. (ﬁlm) 1800, 1750, 1700, 1520 cm‘1 o :
"~ N.m.r. (CDCL,): 2,98 (lH doublet J 17Hz), 344 (lH double doublet J17Hz
. - and 3Hz), 4.09 (2H, doublet, J 7Hz) 3.45 (2H, singlet), 4.8 (1H, trlplet with '
.35 _ fine coupling, J 7Hz), 5.05 (IH, singlet), 5.14 (2H, singlet), 5.63_ (1H, 35
' ' * doublet with fine coupling), 7.27 (5H, singlet), 7.38 (2H, doublet, J 9Hz),
.8.11 (2H, doublet, J 9Hz). .



broad, d, J 4Hz.). (ii) 3-Di azoprop-Il--ene 15 Pyrrolidine (4.53
m) was added to a solution of N-nitroso-Nallylbenzamde 15 (9.5 g) in
met hyl ene chloride (100 m) at -20C and the' nmixture was stirred at [err]

for 15 mnutes to give a solution of 3-diazoprop-1l-ene. [err] ([err]): 2Q30
[err]. This solution was then stored' at OC until use. (iii) Benzyl

9-(O)_-a.I-I'yIcIavUIanate-ZO ~ Boron trifluoride etherate (1 nl) was
added “solution of benzyl clavulanate 20 (2.89 g) in nethylene -~ [ [
chlori 1.'{;5) m) at [err] The sol utr 9965_ 3-di azopr Op | -ene preps eh-/

above - : - 30C
to £10C for hour. Thi's was shed e51( E _ i um bi car bonat e (2x20

m), dried and evaporated t Qi"@'émt?f é’éﬂ@l‘ffa@era s an Qi l. which vvag\'ZS\
chr omat ographed over silica gel (50 g). Elution of the colum with -~ <

cycl ohexane- 25 ethyl @cetate gave benzyl. Iu(O) - allylclavul anate (e '14)
(0.92 g) as a col ourl esk.q |qumﬂlac[>ierr] ([err]li g, 1. Lo[ce.%rdm(:td ui-d

filrr):'1800, 1750, 16pB : 1175, 1550, f [err] Terr] ([err]):
7.37 (5H, - Ar-H) 6.0 70 [err] 5. W
[err] 513(2H S, [err]&é “5C§5)(1H ‘

J25Hz( ; CH) . 5.30-5.10
79 (1H, roadt J 8Hz, .

8- CH 4.01 (2H, -d, 3.-86 (2H, dﬁ’?ﬂ‘é&dﬂﬁ J 7THz, H2 35
[err]), 3.41 (IH, dd, ‘e'ist J 2.5Hz, 6a-CH), 2.98 (IH d, J 18Hz, 35 -
6[err]-CH (Found: C, 65.85; H, 5. 65, N 4. 45% [err] requires C, 65 65; H,
5.8, N 4.259%. (i) N:’l\?itroso-N allylb nzamis ' 1, 565, 209

13 Exanpl e 515 Pr epaA ablutidh 6fMnitEsped U oxlde (24.1 g) in carbon tetrachlorlde (150 ml) was 5

9- 0- ( 2- benzyl oxyesathtm I%lu'dﬁylr)uuﬂum/uf arrtartleau sodiym ac $tatBe@Z \e) and carbon

N- N wb zamlde(Z 4Apg)i cgr@pruteirg:phlq;fdem trogen

i troso- N- benzftsionds Hahah as N
the stirr ur at r
0 bt e oo ey (o0 bl Sl s mmr&g dHOChry e
sol uti on oi® anhydeomtﬁdmdgmmﬂanemsa@éial 7 28:8lg)C 5:? on tztdrraf:1 qgrr dgo( 40
m) at -20C Benzyl”z)gi ' al rl900 Séfr’ rl]555al2&ﬁ\dﬂﬁ, (08 289 ' carbon -
tetrachl oride (50 AN &F V@{% O0P et 83K oy =~ 4D anség%%h was
then stirred at Gi$3-fmdzoﬂ'05-|-|’dﬂ¢ur The reacti.on mxture-was washed with -
aqueous sodi um 1Q: Pyrwhfbm:@rSBmi)iWQ dﬂod 10Q iy lomnﬂN-tnhﬂ)sGNFdﬂ@lBeﬁzﬁﬁiHaChl asi de
sol uti on was dr i @ methY¢9: l) 1ab S;éﬂgé pcture was Stll'l'ed at :
15 mi 1v p=
N- ni troso-N-benzy] QXY ¢OH y{’ &0 Oag gﬁluse[e”] : S
([err]) 1745, 1705, 1526 1400 1350 1175 1140 1095 g err] [err] v

Bea zyl aly la
g-[Se”] )i 72030 (g'(g){ $9 Igthmlga f_ ed oas fbglgzl;liclg/ular[latrr]) 20 3 92
¢ |Eb chlo g olu |on f 3- draz -1-
15 (The n.m r. Siir é’d,HEbi' Qr'hxt Qt S ()aC h&‘gleg&&t%n %Maﬁ hi's o l

were only about 739%. leFé °C f |hp r. Bhls washed with aqueous sodium brcarbonate

9-0-(2-be yI Oxyﬁg@ @éf g%g31§q gﬁsillrca th?l%h?t)zm of fhgtggn?mﬁver?hggm?;aws ackqed
Y

to a sol utlon ofet lanate (e14) (0.92 i
benzyl oxycar bonyl - [[el+ 53al(eH€t,ec, 13)), uanae(e }1( e%r)eas%: (1%urrl|e Q?SS m) at

-20C and- 20 the mvxs‘x J4860; 54, .-fzmaj’morose,ecm M es'to give a
sol ution of benzyl fogr(%rsoﬁéf@ oh Owas kept  at. O_C for the next
stage. Boron trlfluorrde etherate (0.5 n1) was. gdded to a solution of
benzyl ‘clavul anate (1 .g) in met hyI ene chlori de/( 150rr1) at _-BOC The = _
solution o benzyl 3- - .. (H,m, C=C ), | - 30

. 560 (IH, d, J 2.5Hz, 5-CH), 5.30—5.10

. @H,m—CH-cEC_

5 13 (2H s, —CH,Ph), 5 03 (lH m; 3-CH), 4 79 (lH broad t, J 8Hz, 8-
... .CH); 401 (2H -d, J-8Hz, .9-CH,)," 386 (2H, broad d, J 7Hz —CH,— - 3
35 TR .&HE%HZ), 34l (lH dd, J 18Hz .I' 25Hz, 6a-CH), 298 (IH d J l8Hz 35
(Found59)65 .85; H 565 N 445/ C,sH,,NO requlresC 65 65 H, 58 N, “



25 di azopropi onate prepared above was added to the m xture at -30C and
t he 25 solution was stirred at [err] to -10C for | hour. This was
washed with aqueous sodi um bi carbonate (2x50 m ) dried and evaporated t0
give the crude product as an oil which was chronatographed over silica gel
(30 g). Elution of the colum with cycl ohexane - ethyl acetate gavd.p
9°'- 10 - (2 - benzyl oxycarbonyl ethyl)] - 30 clavul anate (el 5) \¢@8g2
as ia col ourl ess I|qU|d [err]: ¢, 1.0, 30 [err] (liquid flln) 1' 80%
'.-172/ 0,931710, 1240,' 1 170, 1100, ﬂgggmﬁnd 1020 [err] [err]: 7.38% (I

Ar SHSSTBOT TR IS '2 EE s Terr T, 5"0'9'—('2'H' :
p 5.02 (1 pbariion3s Gl 4.01 (2
[bfdgj)d 3 8H§ Pigb reblon o gl “6%10 (gll-)l yﬁ%wtﬁ@glﬂ%iﬁ dd, 35 (

J 18Hz, J' 2.5HzH. 6[err]) 2.99 @IH d J 18Hz, 6[err]-CH) and 2.57 (2H, t,
J .35 _7Hz) [erT : 2@1 -[!err reHz’E?“fGHztsmz-ngz’LCHz%rrpl e 16
Preparation o) ey et hyl')clavul anate [err] 14

- 1,565,209 4 . léwsA m xture of benzyl .
9-[ O (2- benzyl oqu:@gé;B : ]cI te (el 5y (0.17 g) and sodium

~ picarbonate -(0. 06])3] |ntetrahydr 3vater 5.1, 12 M) was -
hydrogenated in the presence of 10% paI | adi um charcoal (0.1 g) at room
terrperaturg) gg,gym_(ﬁﬁwggeggyloncﬁrblaw_alaﬁgt@ m xture was filtered and the
filtrate 5 Asol higrb g dﬁ(ﬁx (6/%) th carb@h temachloride (40 ml)was added 5

© 9-10-(2- car rt} ma@pélu elc te 3@8@:\ rbo o0 drkrr KBr): 1780,
1690, 1620,te %Eé E :@ﬁ . [err]
([e”]) d CBrO ,re |xt dwﬁiha sod 81 (1H, broad
t, JI8Hz, Sw qatﬂ(m%mﬁ ardl thg caﬂmp t@tra@h@ lde quﬁBm ed ahd7Hz) 103,51 (|
H, dd J 18pporatyd togiy 6"256[1*&11'!‘?80@‘1}’6"23'0’95" Priyl-A a'a"ae(llé fi#)asgher ] CHy, and

2.49 (3H, O P A@CL): 1745, 1705, 1520, Ak0) 1355Xﬂﬁ?|1¢401709|§r%©%§“ on of Benzyl

9- O acet onyl cé mﬂ:lanmce(l{)le,rsr rH)05.46 @H|, ut(JfQPh)phOtIEHZsyCHgfha\BLﬂzanate (el) (1.
) and di azqacet(@Het. ﬂfl&),g{; 46 @28l, t, J THa)p ene chl ari de é 0 m Y was added
boron tri fﬁ-ﬁgﬁ Ceépsﬁf RN e Htaeﬂ’f?ﬁ‘"éﬂgo'b%%/“a aT’St 9! V#& 8| ution stirred

at -100C for Rours. - The reaction’ m xture was quenched with dil ute

bi car bonat (at)s&yhzyl 9@42 b¥ivglonycy ﬂpnnxtethaak)blaaﬂanamas vvashed wi t h" sodi um chl ori de

j:(r)rlrlcj)rra?ggr %.;ﬁ;y{,x ej;gf Sg;g?ggl%ﬁ‘g?h ‘3)'“?&‘2% gi}é: gg‘;%t?d] Ng:dgt etitle

product 20diazoprdpioch tasoacmtauﬁéxe&sgeol T err ): 1800,
.1730- 1760, 2 1€)qu e%jém%e (E'ég Wﬁil)sga 5% e fr nzy12 96 (1H d J
17Hz, 6 er ng‘%{pa g %&g ~99 (%gr d, J
25
=[ er utxoﬁ’q Jéé'stérﬁal, tI-30°?2'b °C'1“ hls lt Edixeo 5.20 (2H,

S, CHZ Ph) sodBiny Bic{rbddateABx 50 ml), dried and evapcd»ratﬂi tﬁ gEthe cBu defRyqdudt. a’S3 5H S,

[err]). an oil whlch vras chromatographed over si Q3 mpyith 34 5 Exanpl e 18
Pr epagat i ogahexan et b2 e e BeR éxle é".,’[y ox aiar By etES’? e
acet Onyl et heﬁmaxuam(y nﬁs st 1'(40] 77 irﬂgleﬂﬁ&ﬁd | n a. 30

t et rahydr of urt&lfﬂ: 5)60 e‘h &), c5ﬂ4s(2k!4 #m bi car bonate
(5 ng) and 10% E%Eﬂﬁ 360%%‘4 l’_’%ﬁ'@ﬁr}g %;ut es the :
cat alzgst Was fi IJthedz olsHz @Jwag Hnayer ang ‘
extracted with &Hayl acetate beforefreeze drylng Thi s yleldedthetltle

product as anMofi?l. F&%@{deﬁqums M* 451.1631.

Example 16
Preparatlon of Disodium 9- 0-(2-carboxyethyl)clavulanate

H

£ B o o . 5 _ CHz-—O_—CHz-_—CHz.—-COzCH2C6H5 _ _ .
40 S OFé'J T
o . _ Y o ety . . . _

{ D
. CO2CH2CgHs . .

"H. ‘

_Lq | CHp=——O—=CHy——CHp—CO2Na
f . (e16) .

oo
I éOzNO'




35 |.R (KBr): 1780, 1720, 1690, 1610 [err]

35 Nmr. ([err]): 2.09 (3H, s, [err]), 3.00 (1 H d, J 17Hz, 6[err]-CH),
3.45 (1l-Hdd,-J 17Hz J' 2 5Hz 6a-CH) 4 08 (2H d_ ] 8Hz —("H-("H?\ 4.18
(2H, s, Jerr] ), 0 4.80 (1H, t, J 8Hz, CH) 4. 90(1H, s, 3-CH), 5. 65 (1H,
d, J 2.5Hz, 5-CH). 15 1, 565 209

15 Exanpt’é~l9 Preparation of Benzyl 9- 0- (4-chl or ophenacyl) . cl avul anate -
[err] n#yj cl avul anate (el) (500 ng) was dissol ved in nethyl ene chi orld.ej
(25 m and treat ed vvlth [err] d| PER: -chI oroacet ophenone (0.90,9).:

To the stirfihg solution a5 - eg—bot u.. L..fu o1 therar é~s
(0.1 nl). ‘The sol ut AGﬂixm&SonIenzyI&dDﬁlbe[nBﬂqx atr Blan ‘e el 1’;,‘ . washel’.

with dilute sodi gheid sas (R968,%) ra wa;q%rréa CatEppbmact dri ed '
over magnesi um s Vﬁ“ﬁ(‘ﬁﬁb ‘%‘e?se"ce éﬁ gsan dteles ﬁltudeESadr&%)thaﬁ T
chromat ogr aghy ( elaottta télst deshdhdmof[m( l}:wbﬂbs ddaw%ng B(IO gpé;%“ ft)‘_, corrpound
(el9) (130 ny). - Ve, (K BT): 1780, 1690 1620, 132 1310 ll(mnss 8 18 (TI[I bro:dt 5 10 1. ]
([err]): 1805, 1750878 553;’5 %gﬁ*ﬁsfﬁf’é %w&aﬂx&"}m ;-
6lerr]- CH) 3.60 (IH, z 3,05 bH, -181(!2—!)6/}%,3'6d@3?4(3%t f THzyq
=[err]), 4.4 0 (2H, s7Hz]| err]) 5.00 (IH t, J, 7Hz, . .
[err]), 5.26 (IH, brs, 3-CH), 537(2I—E 15[err]) 5.82 (IH, d J

2.5Hz, 5-CH), 7.48-8.12 (9Hp g&rat‘ﬁnyéf)Be %%i&t&ﬁclﬁxmmeatl on of Benzy!

9- 0-[ 2- (N-benzyl oxycar bonyl - SN et h yl-anm'ne) et hyl]-cl avul-anate [err]. (i)

N- Met hy- N - ni t roso-:N;'N - gi benzyl oxycarbonyIH ; 2- di ani' npet hane To' car bon

tetrachl oride (90 nm), red Sbohleen -5 ”azva'so"“aﬂ'é?eﬁoeﬁﬂwdrous
sodi um acetate (27. 8ﬁwd_by a_ el of .. ni trogen dioxide (15.6
gnm in carbon tetracg orl‘ (90 nl) -at uch 1 ratethat (er‘?éterrperature d|d
not 25 rise abve -5G A, salutiofl of & cupcems |
N-net hyl - N, N' -di benzyl oxyca?"bo °1,2- - 25 di am Roet hane (29 gm in

carbon tetrachl oride (90. ‘15 was t hen adddd - t.o the stirred solution over 40 .
m nut es, maintaining.the Alianate @ (V@) add@amaktidnk ¢h4 wihis.

conpl ete thgsm xt eﬁ]TiéﬁéCIL rﬁ%ﬁd&gZﬂddddxolj'(@%‘rffrmndqﬂmhwe@CWES(ZQ‘H )vvas héy -
with excess Sodi umctnhemithmnmreed%’rm"ﬁ 2.0qurs 2lig g“d@‘ﬁ% RASE RS Hacted 30 7
with carbon tet rashhdipgdioamhenttnsotion HefISEHAML A aaporawal Sl ndd over

30 magnesi um sul pﬂgﬁ y: °“t i, 1ﬁﬁetﬁ)@abﬂt£$/€!yc ﬁngyaidedgprtmlxmm@!l y 8%
pure materi al. ﬁ.Eoyds-al\J;oMquehsloénzyl oxycar bonyl 1, 2-di am noet hane “To.
a stirtred solutlon of N- t;hane - (74grr) and 35 '
triethyl amne (20.2 Pm,( p}% %&_W%P@gbﬂ%ilﬂ dQG7Hﬁ8ipﬂﬂ.eScB6dﬁhpw se over
30 35 ninutes bénzy h QISR 3 #&&g Ieft to
warm to room t enper at.ur Hiz)\seé‘H—dﬁé.) rs l(lH'Ph% éz‘édr ®

washed' wi t h 2fat er’, C|l\ﬁ_rfi’c‘%1 3 bi‘car bonat e sol, ut| on and o
finally water again ffaes f:Fﬂegrr% ty‘?; sol ut| on was dried over rragne5| um

sul phat e and evapor at ed to 40 = give Exaywle Bw o
40 Phe p Co Preparatlo% of Sodluatg%-o-acetonyllclagu%anape g)
H: —' .- . . - - .
’ . CHZ'——O-—-CHz-.CO.CHg. _ Q.
o/ ] l Y (817) L A
éozcuzcng, e o éozuu
30 o .- The .acetonyl ether benzyl ester (e17) (80 mg) was hydrogenated in a ".30_ 5

furan/water mixture (5:1) in the-presence of sodium bicarbonate (5 mg)
ta?éal:)(’)i’yopallac{mm/charcoal (30 mg.). After twenty minttes the catalyst was
filtered off. The filtrate was diluted with water and extracted with ethyl acetate .
before freeze-drying. This yielded the title product as an off-whlte solid. 5
35 Lr. (KBr): 1780, 1720, 1690, 1610 cm™;

CDCI 209 3H, s,——CH ),300(1H d, 3 17Hz. 6p- CH) 3.45(1H, dd,
N. m.{ 1(7Hz, f')Z SHZ( 6a-CH), 4%)8 (2H, d,J SHZ —CH——CHz) 4.18 .
S (2H S, CH,C ),_

480 (1H, t, J 8Hz, =CH), 490 (1H, s, 3-CH), 5.65 (1H, d, ] 2.5Hz, 5-CH).



16 1, 565, 209
16 (iii) Benzyl'9-[2-Benzyl oxycarbonyl - N- Met hyl am no) et hyl | cl avul anate A
stirred solution of Nnmethyl-N -nitroso-N_N -dibenzyl oxycarbonyl -1, 2-

di anmi noet hane (3.71 gn) in nethylene chloride (10 mM) was cooled to -300C
and treated wth pyrrolidine (0.71 gm). The m xture was stirred at LeTy] to
[err] for half 5 an hour and then used as described bel ow.
Aisol ution of benzyl clavulahate (1.0 gm, in methylene chl orid
V\@s\cooledto[err] andtreated Wllt& i DA
7The Se E : < th—erk then.
‘addedc«to the stlrred solutlona S okeeptheterrperature .
bel S%‘[err] * The, Rierargfion- Qfdenzyh9-0-(4- cf'lﬂ’é’r‘? @r *H'“’FB one hour, gradually'

raising the terrperHature to [err]. Exeess i ce- 10 col d #adi um b| car bonat e
sol ution was then t he orgar phasi: .oeprar e Q glaqueous phase
was extracted- ~mphy| ene _chlofidg a he conbi ned Brgani c phases were
washed with er gt i ¢ ™ ma emHhate @Ry evapor at ed. Repeat ed
chr omat ograpf?y of tg hdue g e the.%g d .et her’ (e20) 15 l.r.
(film, [No OH absor ﬁs 51800, 1745 & 6 [err] - | 15.

Thin | ayer chronat“ﬂbraphl c properties consistent. wWith f or mul a. Exanpl e 21

Preparati on of &R db@ndde (eﬂr(mdrﬁgh@mlydobved a\rﬁetm&embﬁderdzs MAnsol ution of
henzyl 59- [Oaéddtrmetdrvotlhm I thoawétapiahme%@i) TolthOstimge) somnoh godi umb

bi car bonat e %& wag 2 triflyqr él”Tc‘{'}’g wasgliredsat yas
iy ogenat cgBtie g f% G el T Tl s, oo
sol uti on' vvecﬂvei\t hrtded'l gEl y(ﬁumgmthtchbrd@hi) ielttad theaBleed Wi t h wat er .
The 290 cm%ﬁyn%%?){ ;{‘%gcs l%gslér;/\gjre evaporated to remove nost of ¥he
-t et r ahydr of I Sq4S S shed with

et hyl acet a'?q(ra'ﬁl ; %b%ﬁgﬁ?ed\fagoﬁ% ggz 5\534raildﬁc¥vrr3:e r esi dual
‘gum was purified by coI urm chrorrat ograp y K| esel gel H,

n- but anol : wat er: et hanol, 4:1:1 as el uant) 0 give. the product (e2 I') (39 3
ngs) - as a yellow solid (estlrrateolzgg% .30 - o l.r. (KBr) 1790,
1605 (broad) [err]. N mr (DIVISO) 2. 83 doubl et , g 17H ) 3.41 (I H,
doubl elsdoubl et , J5.007(H4H B4z =CH3-CI3,), 3@ (l(llbdil)? CH)J? 2H4$-4 (2H?
singlet), 4. 52(1 #%Fﬁgﬁhéﬁsz (tHed I3z ’|7p'18—ts)1 singlet with

fi,ne coupling), 6.46 (2H, "doubl etgxamgiétZzg , 6. 89 (2H dsoubl et J 9Hz). 35
--Exarrpl e 22 ~~ Preparation of Benzyl 9-O-[2-(N-benzyloxycarb@iyl-F¢ epar ation of Benzyl
9-0-( 3- hydroxypropyl )cl avuI'@Pr‘i‘&ﬂ"é“l'f‘é?thij”da"“li"?‘te = T

1, 565, 209 . 17 [err] (i)

NO-bI s- (benzyl oxyp@,r bonyh)or3- am noprb anolcg-gem_zyd:uzcizrh-@r—ef—ecmgate (47 m,
“was added dro Lf stirred.s I f 3- -am ngpro oI (12.4 M) in
pyri dl_ibe_(15 [err]. “Bhe p& was thenesirred atypr oom

t enperat ur e Over ni Thi s wasopoured into ice-water ( 0 m-) and 5
extracted with et hgﬁ%&*ﬁte (3x200 mCch”?Fé*sor gani ¢ extdgegHgras washed
‘W t h hydrochl oLl deticid (5m 3x400.-m), dried-wth: anhydrous sodi um

car bonat e- maghesi-um sul phate and evaporated to give the desired conpound

as an oi |l coniememaneditbkd-N,NdibedloRycaibomi-ny disamiodatmand & * (:30. 23 g) 10
(ii) N troso- NI'®.chibgn d@enlzlquidyx?(l:mi)bom ﬂ)beﬁleﬂm-ﬁ’ d 2D.obas added’

s pitRe
10 Anhydr ouf g%dfﬂ cg?{)g,ég%g‘achlg 9@3&%\ oﬁ%j&!a em oIl “}:‘g&%"éﬁghl ori de (150
m) ataf err & 'b m@é] I\eﬁfeﬂh ¥ @ d tQ5a |
sol'ution of dmnﬁrl‘daglaﬁb (d9 gm) ldearbal{kefl'a@)oridél(%@rvh@ﬂleh eddeacchdhesﬁrclﬂ (150 . A
sol utl on of selut@@nppeer 40 minutes, maintaining the temperature at. '—10°C. When the
addition was complete the mixture was stirred for 2 hours. The’ mixture was then
¢ . washed with excess sodium bicarbonate solution, the aqueous phase was extracted
30 with: carbon tetrachloride and the combined organic phases were dried over .30
: magnesium sulphate and- evaporated to 'yi¢ld 29.8 g of approximately 80% pure
" materia

(ii) N-Methyl-N,N’-dibenzyloxycarbonyl-1 2-d|ammoethane :
To a stirred solution of N-methyl 1,2-diaminoethane (7.4 gm) and
35 triethylamine (20.2 gm) in chloroform (50 ml) at.0°C was added dropwise over 30 35
minutes benzyl chloroformate (34.1 gm). The mixture was then left to warm to
room temperature over one hour. The organic solution was then washed with
water, citric acid solution, sodium bicarbonate solution and finally water again.
: The chloroform solution was dried over magnesnum sulphate and evaporated to
40 give a yellow oil (29. 6 g). - 40



(benzoyl oxycar bonyl ) - 3- am nopropanol (30.23 g) in carbon tetrachloride (150
m) 15 was added to the stirred mxture at [err] which was then stirred
at [err] for half and 15 hour. The reaction m xture was washed with

aqueous sodi um bi carbonate (2x400 m), dried, and evaporated to give the |

desired conpound as an oil (31.23 g), [err], (I iquid film 1750, 1510, 1400,

1260, 1125 and 1035. (iii). Benzyl

9- 0- (3£ benzyl oxycar bonyl oxypr opyl ) ¢l avul anate 20 Pyrrolidine (U
20

m : oY -dtoasolutlon of N-nltro bis- '
(b)en‘-zy . : - nennn .nnl j%ﬁog- n nRR rml e l n J‘h_g m v 1 ]J_ps_) | n
met hyl ene chI or i @y Keﬁﬂmm B!erﬁﬂoxyﬂﬂﬁﬁayf-NFMétBylammjbtdaSl]dlawul a solution OM"

3-di azo- O benzy Io Eﬁ ethg§?ég gétm‘s’coo H%(#Cag@' s -

sol uti on was kep pot d red at_zso to Fifl uor| de
etherate (Isnm) Wer d Qseaas gdt.bearbew enzy clavulanate 25 (3 g

met hyl ene chl ori de /( icﬂﬁhqrno berzyl GO@anafh 8 .OsgmLin imsthylshe ghlofi ?g{ﬁ ob) was

b I bony¢ e or 0.5 mb): t' _300C "
o S R MR LTS s

EEJ

with aqueous sodihamtbteaawfbmlable erOEID;OraMn thedemaml tuand—eﬂf@pbxcatse@-t o gilve
an oi | ‘which 30 %?dsomyl bonete eniyti Eith EE M ‘Qé:‘nee l'ut’i on of
the colum. with rge iﬁﬁ: f% a? wateg%&t? éetné%e aﬁﬂl &.lm fatk lahd ©

conpound (e22) (gvag eﬁéaf diak ap Ky ofthd feilihe gave t ep(eROH, d, -
J=2.5Hz, 54CH), 5. 113 (filh); ¥o OHe hs r}ipnl5 1808, ‘(7#-andnj 70‘3ch-% 4 84 (I'H brk?ad
t, J=8Hz, 8-CH), 4. ﬁw‘tam °h5>ma3° 1° P[f@reft]ej congisisgt yifhfor “‘aJ =8Hz, 9-CH2),
3.60-3.26 (4H, m [err] rand. 6[err] CI—I)E,(an’,?NQQl, (I'H, d, 35 - .:J= I8Hz _
6lerr]-CH), -and 1.86 (| Hprepurafi@t 6f Sodium 9-0-(4-n|trobenzyl)clavulanate T . 350
Exanpl e 23 Preparation of Sodi um 9-0-(3- hydroxypropyl)cl avul anate [err] 40
A nixture of benzyl 9-0-(3- béhzyloxycar banyl oxypyomy! )¢l avul'anate (0.5 g)
40 and sodi um bi car bonat 'Hztef)_ﬁroan-%ter (S=l, 12 m)
was 18 - ; ' ' 1, 565, 209. '

18 hydrogenated at roomd#nper ture and. pl“t@sure in the presence of 10%
pal | adi um charcoal (0.3 Q) fotoﬂ&zﬁgﬂgut es. The mixture was filtered and
the filtrate evaporated to give-an oil \Mnch Was partitioned between water
and ethyl acetate. The aqueous fraction® was freeze dried-to give the t|tIe
conmpound. (e23) with a consi steﬁt n.mr. rum

5 Exanpl e 24 Biol ogi cal ActjuidsRa. en °a"a'r'ﬁ"13| s ETVPH. mice the corrpounds- '
of this ingention do not expibhkt &high level of toxl city, for: exanplexpn
sub- cut aneous adm ni strat i#n theg corrpounds &) of Exanples 5 and 12
have LD val ues of: greater .t han &5 o/ kg.. b. Wen tested in. standard MC
tests .in conbination with anpicillin:the conpounds of this invention are
seen to-enhance t heaé&bludodt lof/bmsls9- -(4td1teoqamyl)rclalvﬁlamtaga3)r(3w mgs)iamds

gram positive angpdi rrgtﬁ a%tfwl hmg hydr f\l“’g‘s—"ﬁ% f o fnls) was: e
St aphyl ococcus _agy ?fﬁwas flte?qi 3"@%5 ﬁd wﬁ‘?”é L wil, Wik g and
Escherichiasl 5 combis¥difiltrd arwem hoon@e tedakydvalrd@ andgai nst 25 -

St aphyl ococcus atmainingRqs®es $0Iutmn51avwmed)blﬂapthﬂd0¢tm HWWMOIUIS jqlution t he .~ °

presence of I [cHELIMIRE RS RS tﬁgﬁgt%%;gx;;gﬁaa;fg ound_of_

7

o

Exarrpl e No: ‘mgs)’ low sdlid- ( timatéd) 'ui"

30 T 2LE (](Br) 119061605 %roa’ki) Zﬁr‘ 25 1_ . i CI I Bﬁ’ n o
in the absence of . sNamer t7H§ _“":j b' s
organi sm at a concent g ﬂu t) nLl g hf: o) .’upl g : .
i nhibited the gr owt h 5889 mtdoemgtamlggm at 5-Ter r] fm V\FIAT o
(ESHES _ . _ T

w35 S - _Example 22 ;-' ' . 35
. Preparatlon of Benzyl 9- 0-(3-hydroxypropyl)clavuIanate :

W
1. .
HE

L 1 .
. B
C°2CH2C6H5 ;

(e1) s

9



1. A conpound of the fornmula (Il1): [err] 25

25 or a salt or ester thereof wherein Ris an inert etherifying organic
group of up to 18 carbon atonms. 2. A conpound as claimed in claiml of the
formula (111): [err] [err] 30 - or a ‘salt or ester thereof wherein CH2R
is an inert etherifying organic group of up 30 to 18 ‘carbon atons. /A
“conpound -as claimed in claiml or 2 wherein the inert etherifying
-a ‘hydrocarbon group. 4. A corrpound as clainmed inany of claims 1,
whér'ejn the etherifying 35 g5e309i s an al kyl group. 17
358 .57 A conpound as ch@ained 1n any ol clrarns I, Z or 3 Wherern tne

etherifying groupis gn,al ky Hzg.r_Qj.Lp_@g.bs.rd..;.Lu.gng_byo;a phenyl group. 6. A
compound as cl ail.ne @ f clainms -1, 2 or 3 wherein- the et her|fy| ng
group is an;al ke,g% wh. 40 - . = 7. A-conpound as claimed in-any of
clainms 1, 2 or 3 ereih the I nert (B etherifying group.is a

hydrocar bon group subst¢%§t‘z§@“by a hal.ogen atom 8. A conpound as cl ai nmed
inclains L/ nert etherlfylng group is a hydrocarbon group

substi tut 6(8 en (égm xy - a%'a({?gd oé)p@lspl/dj{ QeRHRABiG Yp of up to 8
,carbon at odiinop dnol(ll4ml)1 yn&nsqwﬁum &S Thd mixtiedwasthenlsdireds 1 or 2 wherein
‘t he inert aétrllw;n"|t'l=lz§zl>q1|§1 rmpllghllSl"hlsswa ppperdointer isetvals réliﬁ) miyprd i t ut ed by a

hydr oxyl qx ed vlv‘:tl:Jl acetate (3x200 ml). The" organic extract hegj‘1 %5 209

1°8 hydr oggl &1.9 O PO B A R s ot Beappiesence of 10%
pal I adi umcomhmimceﬂlwx(lﬁ &tlg)d emhyl &ﬁbcmareumm g)The m xture was filtered and

' the Itr eev ﬁ% Wnch S partitioned betyﬁaen wat er
and Byl % § Bud e"g&%ﬁff Tﬂﬁ@g}ﬁorﬁ@k@gmﬁ%g' ve'the title
conpound | (oaa dvue xtﬁre%@Scbo‘iédQ > Clihd thebadded to aSsPREb 6fiitrogen .

5 Exanp | e didkid®i (M4dg g)cad cﬁabpm Metrachlaride 56 HmAnlseinteqnedf Nomsce t he conpounds

gﬁz 3033 g) p ot
of - tlyds i rw E‘hqllcﬁe stlrred nux uretgkpfrlo ( Gch%v s m:l';l lrrj,dr%. Eq‘% Ci tylS for
exanp € Onno%H ﬁ)&s%ﬁ ed u!hQH @soﬁfﬁﬂm& ate 4@% EX&”D' es 5 and
12 have [emk)]drlta,lané&v@foragardaatgﬁe thiehdesired X0mpounid s ab oil MB gl @sfed in st andar d

M C t est s (inpid Slmi 17eh 15K, 100. 26031 28iand 185t he conpounds of this invention

.are seen t(gl)q;lgpgpéj%(t_;fi;@nﬁloiﬁﬁﬁbbﬁ’y?d}gﬁﬁpy%hagma enicillin against ‘various
.gr an2gosi t VepyAoKHig 414 YR lvay Cadded) A8 & NRolubibs NofaN-hiteésaiN)S-bf St aphyl ococcus

aur eus Rus(sexizvlpxyK#rbhwi)éFdnammm r(éls 2 Pr 60Bumolei in athe Imixtugzh dh Escheri chia 15

.colt: for ™ wt%\ jutiog ¥8roccus aur eus
Russel | gﬁ?‘myc@tony éﬁ’p?'}ﬁ '<'5f77‘6::)éf ]F)Igg0 in ?‘ﬁﬁgﬁ%os“e%afg&o I;I [err]/m of

certain co @oishtrifiiorid Ethbﬂatthfnl)MSa aldtxmfofﬁm Bulbiote 25 3

5 9 C(3 gj }m %hﬁ(lqgg' chicglldm (5 rat -/- %dThe solution of 3- dlaz30-0 0.3 1.6
' t

3 125 L R et LSRR R synergi si did

not i nhi blatqu& scﬂmmsl&r nafle (1B 200&H, dri Saprabd Rigive afSINGIREH r at i on of 250

ug/ nBoO Normso¢hrodmoss ngEIB ssnhcamebl(stbd) tﬁetlg:r: of/vttllm @blumhewitlest o¥lani sm at

5 Lerr] o/ R e A R S Al g B (1D Terr

CH) 4.84 (1H, broad t, J=8Hz, 8-CH), 426 (IH 5, J~6Hz, CH, CH, OCBz), 4.06
(IH, d, J/=8Hg, 9-CH,), 3.60—3.26 (4H, m, O—-CH2CH and 6a—CH) 3.02,(IH, d,

| 35 J—.18Hz, 6p-CH), and 1.86 (IH, m, CH CHzCH,) 35
' ' Example 23 )
Preparatlon of Sodium 9-0-(3- hydroxypropyl)clavulanate
' . LQ  fHr——O—CHy——CHy—CHy——OH . o
g e e
. COaCHaCeHy p I .

. H .
I A . ! ) . . - . Lo
i CHy——0—~—CHy=——CHp=——CH OH"

CosNa . - (e23)
40 A mixture of benzyl_9-0—(3-benzyloxycarbonylbxypropyl)clavulémate (0.5 Ig) 40
and sodium bicarbonate (0.05 g) in tetrahydrofuran—water (S=1, 12 ml) was



or a salt or ester thereof wherein Ris an inert etherifying organic group
of up to 18 carbon atons. 2. A conpound as clained in claiml of the
formula (111): [err] 30 or a salt or ester thereof wherein CH2R1 is an
i nert etherlfylng organic group of up 30 to 18 carbon atons. 3. A conpound
as claimed in claiml or 2 wherein the inert etherifying group is a

hydr ocarpan group. 4. A conpound as clained in any of clalns 1, 2 or 3

wherein t'@ et herifying 35 group is an al kyl™ group. ' \J L
35 5. Aoppoypd as clai rred in any of cI‘angrg()gl 2_ or 3 wherel n the 8

et herifyi ng group T(Sl et grotp ?UDDI‘[E!I toted— u pirer |uu(r - e
conpound as cl ai ! foge €a RS?SS‘BC 'HFSﬁ“ g€ ng ", s -

oo 2 S s TR

clainms- 1, 2 or 3 Wl‘heﬁ@i \Vastfh&el-dﬂedtogw Qeﬁﬂl mip ynd’(gZIigWﬂhlﬁ)cblfsxsﬁnhydl’rOCar bon
gr oup substl t3ut ed sbsctamhal ogen atom 8. A conpound as clainmed in claims B~
or 2 wherein the-inert etherifying grou amplet2s hydr.ocar bon group substituted:
by a group OR2 wherein R2 is a hydromaggamg\rcgu@ of up- to 8 carbon atomns.

45 9. A co auwuermanmhmrm mice thé caxmvtaudds ofrthﬁmh&npedmndt khibiiteer t .

[s) 1 10 ) mn
etheri fyl ng ﬂ{ oup g%?(;‘rﬁéo é‘S) aﬁd irZ ﬁavi“ggﬁ ‘gﬁkgs gre 'ﬁ%:q%\n% g%g‘eé " 6§(y| 10
group. 19 b. When tested in. standarff MIC tests in’ at |th ampicillin. the o
19 10.. A conpound oa&psdnak a’&ﬂﬁs inRert ﬁlaﬂ?&edn t@én@nmﬁe*afe&mehes omey deni2iilver i f yi ng

group i s a hydrocasiing vgrienspersnHpesitive fy-negabive, OmlsmS[%th as girginpofvher e

1 .
[err] _I S a h §il‘ ocaﬁ‘?ﬂ ogﬁreﬁfoﬁﬁlaglﬁgww a%f I‘?clcfs nueﬁ}ﬁgsqxﬁj as is
clainmed in c al B werébt & Rpitillin B thd PésknRlo ﬁﬁé,/rflwf tath QHBounds of the 1S @
hydr ocar bon group 1mbs<trttut ed by a CO2R2 group where [err] is: a. hydrocar bon

5 group of upto8carb 12. Aco sclal d.in Ial
wherein the'inert Fx,n rT'g?’S%p is a dr garagt30n3grlg\§pl'§5ubl tit qued by a_
[err] group where er s a hydr ocar bon" gr oup of‘ up to carbon atom; and
R3 is a hydr@&arbon gﬂmmmlhminth absyndsaOof synergm didamdd ikt Gergrowth of the test - 20

10 * organism the Bl msm ; gz F(I eaimelioneref dhe pipgraipts dphiitediis ei n t he
i nert etherlfyl ngg(f;rou rocar 8™ group substituted by a SO.. R2 -

group wherein R2 is a;vhmirwgumm Bioup of up to 8 carbon atons. 14. A
conmpound as clai ned ilnAcompemnd|of tire faroiefiBi n t he inert etheri fying group 15
is a hydrocarbon group substituted by @ [err] group wherein R2is a
hydrocarbon 15 group of up to. 8 carbon,atongu,dP. A conpound as cl ai ned |n,
clains | or 2 wherein the |nert et ng roup is a. hydrocarbon group -
substituted H/ a [err] group. 16. geecohpdund as clainmed in clainms | .or- 225
wherein the inert etherifyi ng grélip 20 {  is a ‘h¥idr ocar bon .group:
substituted by a NR2R3 group' wherein R2CPat hydroocarbon 20 group of up to
8 carbon atoms ando B?éaﬁéréteh%glregm{emp %Fén%iher}ngQ)rg%n%%FJa{??f tﬁ)ttgng; 17. A
conmpound as cl ai rTBé{erﬂ abdnml- B | erein the I'nert etherifying group=«s
a hydriocar bon group- s?ubs@mmv@ohstyj,anaed\imlagndmth%rmula (I:  18: A corrpound .
as claimed in clains | -or.2 wherein. the inert etherifying group. 25 is a
hydr ocarbon group substituted by a CN' oup. cddent compound- as cl ai med in
claims | or 2 wherein the inert et /group is a hydrocagign group -
substituted by a CO. NR2R3 wherej S a hydrocarbon group of up to 8
car bon atonms and R3 is a hydr ocaP on grgupI of up to 4 car bon .

30 or a salt or ester thereof wherem CH,R'is an mert etherntymg orgamc group of up 30
- to 18 carbon atoms. -
3. A compound as claimed in clalm lor2 wherem the mert etherlfymg group is
" a hydrocarbon group.
4. A compound as claimed in any of cla:ms 1, 2 or3 wherem the ethenfymg _
35 group is an alkyl group. - .35
5. A compound as claimed in any of claims 1,2 or3 wherem the etherlfymg o
group is an alkyl group substituted by a phenyl group.
6. A compound as claimed in any of claims 1, 2 or 3 wherem the etherlfymg
group is an alkenyl group. - :
40 7. A compound as claimed in any of claims I, 2 or 3 wherem the inert 40
- etherifying group is a hydrocarbon group substituted by a halogen atom. :
8. A compound as claimed in claims | or 2 wherein the inert etherifying group
is a hydrocarbon group substituted by a group OR2 wherem R?isa hydrocarbon
group of up to 8 carbon atoms. .
45 9. A compound as claimed in claims 1 or 2 wherem the mert etherlfymg group 45
. isa hydrocarbon group substltuted by a hydroxyl group. -



28 20. a.t oypound as claimed in any of clainms 9, 10j “II'II'HII"IH""NH”II}G or h

- 17 wher is a nmethyl, ethyl, propyl, butyl, phenyl* of benz¥yl srdup.
- 21. Aco ndigas clainmed in any of claingsedfoy 11, 12, 13,14,16, or 17 18
wherein R2 iS a me r_\d¥l gr.oyn. oD 2 ash) TROHAG, A% /aéarﬁg(gu&_n any |
of ol el 4, 10, 15kl tepperaye s S BUHEEAN (AT O €
group. 23. A conpowgveas oill vehidichs iparticibried betweevheateriand tthy acetse i Thetmesous yi ng
organi c group.is afrﬂgiqq{{as fyeezadried to give the title compound (€23) with a consistent n. 1. ~ A
conmpound as cPai medPFHUR aim 2 wherein [err] is a methyl group. 40
25. A conpound as clainmed in claim2 whegQmple[rr] is an ethyl group. -
40 26. A conpound as clained in clai m_Eﬂolvatieaia:ﬁvi{YefrtLi ) ivstia Frot Ih. r oup.
27. A corpound as cl AU ST RRETIONEL L et Y ‘B 2. A
conpound as qbai MedfEhni@ls ind 9HG0EL D, [vakubq ofisreater (RAAERY melgOUD. 29 A 10
conpound as cl ai med | b, .When gasiédvih ataaddrd [MIQ fests Sn aom;giphwith?@w.h?@
i ¢ [ e
30. A conpound as evravqmés,quhltinamprzamsqn H“é"g r‘;re"t ctiyengss %\f‘ s‘m‘l?yg}
n

5

d9 Bge A
substituted 45 by ShuaQuS e Royie, A1 aparm preelic RIS Bih T eehicis o
met hyl , ethyli50r pesIPYdr eQample theXbllovint MIDGuIEs Rginst| Saphpstodeits dubeas Russéll or 2135
wherein the et heri fwgrertaiped fqr amwicilin inltes rsesbaceof has/ml of egrtaincomppunggof the
wherein X is a bondtvé#i9Perr] group. _
50 32. A conmpound @fmpb@dBRExdnthicN@i M8 | or 32 whergei mot hey etileriisf yigng group
Is of the sub-for mMIZ (kdml): [ err] 2 03 L 125125 1 1 (b)
a

0 6 3
wherein Xis . bond or [err].group and [err] is t.h Ié ethlzl th rtopyl 0%
buty aroup’ b |5 aekis e B A iy e sl 0B,
55_:§wt o | I" or 2 wherein the

phenyl group. I BEkamsm Gl 8l In clains
etherifying group is of the sub-formula (c): [err] :

(c) wherein [err] is ¥MHATNE & élg}rf f 2 to 4 carbon atons or an

al kyl ene 60 group of 24 €gmpound of ‘g?"ﬂ)'ﬁ%ag)ubsutut-ed by a phenyl group;
[err] is a hydrogen atom 60 or a nmethw, ethyl, propyl or butyl group: and
R7 is a hydrogen atomor a group R8, CQ q [ericH-¥ [err] wherein [err] is a

met hyl , ethyl,. propyl or butyl groud substt#ted by a phenyl group. 20,5 -
1, 565, 20920 fl? A conpound as cl ai I'YCl ai m 33 erein Yis a [err]
group. 35. A-conmpound as clainmed in clai 3 or 3% wherein [err] is a

net hyl ‘group. 36. A conpound as claimed "R®any of clains 33, 34 or 35
wherein [err] is a diaralybraxtgchedeoiwterdyn Rigan ikt etherityinppogand seipof e todd i n
any-of clains 33, 34'“12!‘ agmspwherein [err] is a. drogen atom 38. A
conpound as cl ai med i 'éICQF‘HP‘i"d\/ﬂ?é’}%Tﬁ{‘}'rféa“Bﬁh° rtg"f ?/'H‘&agl?@up is the

et hoxycar bonyl met hyl group. 39. A conpdund as clainmed in claim1l wherein

the etherifying group is the 10 benzay! oxftz@¥ehyl net hyl group.
10 40.. A conpound as clained in cl imo,rl ein the etherifyi n@"éroup i s

t he carboxynet hyl group. 41. A co un s claimed in claiml| wherein the

etherifying group is the cyanonet hyl groé@ﬂ 15 42. A conpound as
clainmed in claiml wherein the etherifying group is the f 15 nit robenzy50
gr oup. 30 or a salt or ester thereof wherein CH,R™is an inert etherifying organic group of up

to 18 carbon atoms. i . L .
3. A compound as claimed in claim | or 2 wherein the inert etherifying group is
a hydrocarbon group. ) ) o
4. A compound as claimed in any of claims 1, 2 or 3 wherein the etherifying
35 group is an alkyl group. o o S
5. A compound as claimed in any of claims |, 2 or. 3 wherein the etherifying
group is an alkyl group substituted by a phenyl group. . L
6. A compound as claimed in any of claims I, 2 or 3 wherein the etherifying
group is an alkenyl group. . . .
40 7. A compound as claimed in any of claims I, 2 or 3 wherein the inert 40
etherifying group is a hydrocarbon group substituted by a halogen atom.
8. A compound as claimed in claims | or 2 wherein the inert e_:thenfymg group
is a hydrocarbon group substituted by a group OR? wherein R? is a hydrocarbon
group of up to 8 carbon atoms. ) ) o
45 9. A compound as claimed in claims 1 or 2 wherein the inert etherifying group 45
is a hydrocarbon group substituted by a hydroxyl group.

35



43. A conpound as clainmed in claiml wherein the etherifying group is the
allyl group. 44. A conpound as clained in claiml wherein the etherifying
group is the 2- 20 benzyl oxycarbonyl et hyl group

20 45. A conpound as clained in claiml|l wherein—the-etherifying gro \S
the 2- carboxyethyl group. 46. A conpound as f{ 1 whe ( t he
_ et herifying group is the acetonyl group. 25 I!ﬂ'{[ﬂlM|E‘lﬂ ound s

imed in claiml wherein the etherifying gr

ohenacyl group 48 A corrpopgl,gzggs cl ai med |n claiml wherejgn the
e Ot " vIOToDY S JOTTTA o cl ai rrEd

|rr ar m d-dy Rlaim et lfymrzzarup
R o R e

A COITpQuI')dcoﬁtﬁ)oGddiis oiigheld th omdnas not 2Iwh|e|re1ntthnanéro¢tl'renfmfag ;trbl&) acid_or a
phar maceut iicahy 0%&9 to%blswl)sgtareﬂ by A &iQa BT gromp whese Rpisgdudi@caiore| ai mgd in

“clai m50 W,y o%? ,gi %}rnmﬁzm  AORUO e PG Aok 1 cl ai m 50
vhich is aipat ﬁﬁﬁbdd rbup stituted by a OO o Neheds Religiared in cl aim 50

which is a hydlocirben galptof upto 8 carbon 36m§4nd Rﬂnca)lwpmsrmbomsom ofiupted in ¢l ai m 50

whi chtO; 4 'ﬁ’
or | Z i Inst ﬁg%c‘é‘ﬂffg%fé&,mg “c B ﬂ?ﬁ WQ‘“E&EE%T Trlt gﬁe"%ﬁ%ﬁ:ﬁpogaﬁ ar[ hmgr (230f °

56. A conp ASipad alcﬁn‘hﬁmﬁl aimb5 o Ls a sgdkum salt. 40 .

57. A co ound4aPsconmoan darnrf &1 cldims exeln thesin r Psalt. 40
58. A corrpdflr N&ig%srgggs‘rbﬁ N %@?moerrwrfgelﬁcg RIVEFRA - 565 A
conmpound a lﬁl pbdihd@l!; aa:m: cMiis @ dr 2 Ghereinhg MeS ettierifgiey group®0. A conpound
as cl ai ned allnrdam bor gmhmsubsutﬂtédtbmamdmottme formof the acid or a

phar npceut i, ca‘g [}!];W "%%I"éfﬁyy lﬂﬁkﬁg het&B‘}fhe ‘“e{{,ethe{l (%‘“303 thpoung))
oo 0 IV Lo Dt 5ty cotoun o
in claim6Q vvhﬂoﬂncqnmoan%ﬁabb m;fhrs@%-mslcwwhﬁreww@gmrhqg‘ymgpmd in any of
S

cl ai S 8 td 22 21'%05 dalg rriid%ﬁ?aufnz) gF Qjoe?eﬂqh@iﬁérget%n ,‘Pi}@lydmceuﬁ cally
- acceptabl e,§alh§ ih% oup bstltuted by a ound as c ainmed in claimé64

which is a sod lﬂn(ma)lotmd as claimed in claifp1 ﬁ@whﬁrem Oe.rndha‘g'yrmtg{pumd in claim®64
which is ai@)b ek %P subgtjtute bﬁ@ﬁ%‘%ﬁ wheg ?‘& @ Aroeasetm 64 which is a

a

cal ci yn sal BLAGmA" q"a’ﬁ"?ﬁ &4 LR PY a nagpesi um

salt. 69 A QOnIDleﬂﬂﬁbtﬁE af kRint@a@dn by 6 adims 9, which2,iis, e iesi er of the
corrpound ofwhelgin B5is a methyly mﬂl,a)erL)butjl phenyl or benzyl group.

55 70. A col{;plg rmt%?grﬁgh‘:’aﬁ Raimed ip 2y of Aol Optls {20 3, f‘br"?rﬁT'a?"(hFW“ [err] [err]

21 35 ~22.A com und as claimed in bnyP&i%1a2RY, 10, 11,12, 13, 14,16, 19 0r 21 . 35
21 wher ei n wherein B3is ethys}qtroun claimi and [err] is an al kyl group of | to 8

carbon atons GptA 6 w u dgmj@tnrim%mdywl&r%rhsgm Sherifying B8A9i0f the fornul a

QMg OCOM""%‘%% SbeE Rl B A B wherlY W GEARRAY #bsp Of up to 6
car boso at ons. 251A c&nmﬂwauadinaa ic el ﬁhmadhéréincwasmémﬂr oupherein [etr] is

methyl. 5 26. A cqpoupd go eipioed ch elaimc) ahemad R‘ns @:b@mh%@pof the formula (V):

y b :
5 [err] wherei grfi Eg g&ﬁdg?gglﬂggl Hﬂ g}%arv’m '?*;’gé)?&ydrogen atom or an
al kyl group Ozglwc Apdhné af %eatupasmpz wﬁera tg.onal |y
subst s ut ed byo.aA dmirogetus olramad?{r abeinp 2 wherein R isa phenyl group substituted 45
by a halogen or a group OR* or R* wherein R* is a methyl; ethyl or propyl group.
3ILA compound as claimed in claims l or2 wherem the etherrfymg group is of
the sub-formula (a): _ - _
s - —CH -—-X——COZH B _ Lo (a): _
" 50 wherein X is.a bond or CH, group. L ' 50
© 32. A compound as claimed i in claims l or2 wherem the ethenfymg group is of
¢ . the sub-formula (b): .
X : : . —-CH,—X—CO R-" _ _ (b)

. wherein X is a bond or CH, group and R; is a methyl, ethyl, propy!l or butyl group - _
55 “or is a methyl, ethyl, propyl or butyl group substituted by a phenyl group. . 55
33. A compound as claimed in claims 1 or 2 wherein the etherifying group is of
the sub-formula (c)
—CH,—Y—NRE®R’ . (c)

. wherein —CH,—Y is an alkylene group of 2 to 4 carbon atoms or an alkylene
60 group of 2 to 4 carbon atoms substituted by a phenyl group: R® is a hydrogen atom 60
or a methyl, ethyl, propyl or butyl group; and R7'is a hydrogen atom or a group RS, }
€O . R®or CO,R® wherein R® is a methyl, ethyl propyl or butyl group substituted
by a phenyl group.



[err] or [err] where [err] is an alkyl group of up to 6 carbon atons, and

A3 is a phenyl 10 group optionally substituted by hal ogen or by a group
As or_(err] where [err] is an 10 alkyl group of up to 6 carbon atons. 73.
A. conpound as ctaimed T ctai T 72 wherein A2 is a hydrogen atom 74. A

compound_as cl a| erein CHA2A3 is a benzyl group. 75. A
conmpoun@d—as cl ai III "m(!mmﬂﬂﬂlmjn ch is hydrol ysabl e invivo. 15 o
76. A r@w nd as « aam69 which is a phthalidyl. ester. \19\
77. A Q uad as. cl. a| med .in- clal m 69 \msgiogl s an [err]-acetoxyethyl jo
ester. 78 “conpou S Q] a1 T '
et hoxycar bony| Oxymﬁrg}f knr:giél cu a&ov‘gg“ﬂél@;nrﬁgﬁemliwppGQ whi Ch«
i's an- [ err] - et hoxycasbhanyh® Mﬂt lalmé’cDm any of clain®33, 94 Or Mewhettit [RANGA ani ¢ o
acid or a ph rrrac%fmxlwtdﬂgonabzr H%" a‘ité}gr ester . 20.thereof. 81.

9- 0- Met hyl clavul apjy g‘ ‘ig’“lS’P“ e%t et DAY |°|ay"5a-’t’cé1)9ra%ﬁ wheseip R” t“héreof

82. Methyl 9- 0- MeMIECh AMRbANALE clafiod iBoRAYh oWk Bkt Y WoApH e 25

84. Sodium 9-O ned:thgxlycﬂrmnulmﬁat goup. - - 25
85. Potassi y 9 Og 1 F% oS 6@16] 823%86 claimy | hgRFincHhe SHHRTNPR. 81040 i it . 187
Vegnesi um 90 et I R e/ G WigheAtE bk Hla afbulithn | 11

t he form of atrl&rrwyraéthyl(gr@at 30 : ouné as claimed in .
claim1 in the form4df AeFOtnp?mtahylaamndne claim IS(DCISEII tbe e@@nfym Bteap fisgtbeut i cal.
conposi ti on phi ch™eRENGE Rfu%ds&mwgc%,mtl%eieﬂhny kil g8, RUAITE0 T
claiml or apharm&g&u;l cceptable salt or est ﬂ%

phar maceutical ly accBps adahlmuodiasrclaanedtnme!aneflo:vherea‘ahe etherifying §dup :#theolmbom tion

as claimed in cl a#fY Ovvherelntecnpun |mI|sa
conpound as ,4! ai rrgeq;)% Pl iiLes h;‘s o g‘@ re"btge ¢ erbfo‘ﬂ’b%rg?‘f'isgtﬁal 20

clained in c aim90- ,ercemﬁbuhhles ﬂﬂmp@uruhuas whkRinRé ethérifgih@iroup & tHe2- a
conmpound as cl ai n@dqunetla/rhyrogb clainmse 55 to 59. 93. A confpoleon as cl ai rred

in claim90 wherejn q ceﬁﬁﬁﬁdﬁﬂc'ég“eél'&i"ﬁﬁ‘d' |“ﬁ°‘2t‘)‘ the etherifying gyoup ds the

ton
conpound as ¢l ai m3c ¥1 @Mp&ild ad AdimkBd BQIdiR l%erem the etherifying group. lsﬁQ: 494 A2s
conposi tion as clallmmenarcylcgrwpm 90 wherein-the conpound as clai-ned in claim -

| is a conpound dSaM@a;pqundawaluﬁd o i @aretruhﬁstherdunssx%tbwﬁuért ion as

claimed in clai m 9O SRIPRL A ¥ Re. canppnneias “&kétmgema,fﬁh@%m is b 22
conpound as 3¢! ai nNEbenkylékRyarkdnyloN-gictiylahinolethy¥ Broupt>
phar maceuti cal conpd$i emmmm%gd dreglagn dompﬁun@rrayfdhalanrédoru n 45

. t R
Cl aim 80 and a p f@fgﬁtg&ggﬁ igs% %Tal E@{;\IEIC€IS a SOZ un{A&aRhar n’aceut I Cal
conposi tion which coppAics@po dQ@EEQAéG ARl is anp& Ms@d and a

pharmaceutigal |y acdepAabineounaras chh'nedgﬁi.cla{m gammiswulahai sarttorrp03| tion whs ch

conpr.ises the corrpou.ggdAGPﬂP (9 laiggpd in cla gaﬁ ‘ﬁg?‘lﬁ ac. ut ically

A compound as claimed in any of cla
acceptabl e carri = pharmaceutically acceptablé salt the eof
conposi tion which. csenprcbﬁs&xnachecﬁmqula mclssaweldlslansoaium 83, and a
phar maceuti d@al |y acd@ph acbineounéras clgimed i0Qlaim\S o phmoaemtassam Sdbnrpoa tion, 40
whi ch conprises theé ggl;g % }’r%&éd "i'\"}g!"h r%u‘ ceutically
acceptabl e carrier Acompound as 'td:l% in m}ﬁ’ﬁif HeQGd‘M“ ch .-
conprises the cona)ohmdacehta:lamasbceptaﬁe Saﬂt thd:ramfm 85 and a. phar maceutical |y

acceptabl e d&rrier. COIAp pnediin §‘? tsla(ﬁ?d'quﬁa% corrprl ses ﬁhe
compound clai med in & °E'm§ﬂ 'y %fﬁ’ﬁ}%b‘f ercarrier..

1,565,209 64 A compound as claimed in any of clalm to 22 or 29 to 49 in the form of
. g the acid or a pharmaceutically acceptable salt thereof _ -
© 50 65. A compound as claimed in claim 64 which is a sodium salt. . .50
66. A compound as claimed in claim 64 which-is'a potassium salt.-
67. A compound as claimed in claim 64 which is a calcium salt.
68. A compound as claimed in claim 64 which is a magnesium salt. "
. 69. A compound as claimed in ‘claim | whlch is an ester of the compound of thc
.55 formula (II). : ; o585
70. A compound as clalmed in clalm 69 of the formula ([V) L e

N




103. A pharnaceutical conposition which conprises the conpound clained in
claim 87 and a pharmaceutically acceptable carrier. 104. A conposition as
clainmed in cl ai m 90 which also conprises a penicillin or cephalosporin. 5

105., A conposition as clainmed in claim9l _which also-conprises a penicillin

- or 5 cephal osporin. 106. A conposition as cI ai ned 92 whic Iso
corrprl ses a penicillin or cephal osporin. “mﬂﬂ ‘as cl ai n
. cIa|m93 whi ch al so conprises a pen|C|II|n osporin -

. i}% A corrp03| ti on as cl ai rrgg f 5%@ m 94 Whl ch-al so conpri sega /
: pentc & rared Tt arm 95/

u|||| UDILIUI

e R £1 10 § garbon at
\é\gl\gg‘sﬂ S0 oplio :{"uK Slﬁ)stlt telg'gya alo roﬁ?@%ggmf Kfo A(‘)‘nSdAgrg: 110. A
~conposi ti ongGslas by i 8o §Ma ab $QafeRRlomEES a penicillin or 15
- cephal ospori n 711A]com601mdﬂi}§)@l%lrﬁekidmcﬁ§n (1] ahemad A'ris mkthifm 97 which al s

- conpri%es a pdi dicpmponndras clejmredlinsigist fhof the formpulad¥kmposition as cl a?rred in

.claim 98 which also conprises & pen| cillin or 20 ‘cephal ospori n..
20 113. A conposition as clai n® Hrm%e-Rhi ch al so conprises a
penicillin or cephal osporin; 1?4 Conposition as cI ai med:in claim100
~which also conprises a pe i1l cephal ospor-i n. R 115. A
: cbrrp05| tion as claimed in"clai mgDd, @i ch al so corrprl ses a penicillin 25
~or cephal osporin. 116. A coerOSI ti on as .cl ai med | ncl 2 whi ch al so
conpri ses awiresi nallﬂqsﬂvfm@ﬁ d’°§ “7at° g‘?rﬁi s -claimed in

b b .
claim 103 V\ﬁé %,@J“ﬁ:@ T.r% fﬁ,ﬁﬂg F A U:?F torvns, and AP isGIhE OSDOH n.
30 1180 A Cﬁﬂw)&itfohﬂﬂ ststiGtedl logéh &l b@lamraxﬁAM/\dsrl wimnepm ises 10
benzyl pepi calk;ingmupphem@o( mab to@p)| CI qpl c | cillin,

amoxyci | lin, ,ﬁ,qo ndcay claifes d‘c %ﬁgﬁi{fﬁ, s %‘f\ﬁ% in or-the
acet oxynet hyl , 7sphVARSS OHnd 2 a'{ﬂ,%iﬂl'?nd a:“ btk R SinGio. behzyl penicillin,

anpi ciitsl i n or nmwﬁﬂpbdndms@ralmdden hemyg9 whichl phshahplyi | 15.
~of carbenicil I'47nAcn0m|pr in Elalm 29 which lgygn a-acetoxyethys{ ester a-ester 35

119. A corrpo§|7[ r6ﬁ°‘3§°“¢993’i ?Jr%i‘e WCEI"&PWT&IS%N’%XWM’O Y loxmet)  benicil1in or
ticarciIlin® 1R0a chmsRARRidihain AsimedoainitRb aha-eﬂioaycmbbﬁyloxmhyih conpri-ses

cepﬂalmrl di 312 E;Oc%b@ﬂhlamlan@eicwzwlal nharmpepitiatityaceeptablesalbertster| e, Aphr adi ne
cephapirin re

. 20 121 A co npﬁs gf)—%ﬁthqeﬁv ?amocgac}/ or a phﬁrmac?utlcﬁxllg acceptaBle salt thereof.

to 107 which
conprises a pegy. Benzy l%OﬁﬁdﬁBﬁi:lavﬂlaﬁdtal m 118 122. A.conposition as I ainmed in
any of25cl ai ns SJEIOSOCtlton I@Fmvmylel Y rl ses a penicillin as naned in él aim
3PS clained in any of clains 105 to 107

119. 45 gi&

whi ch conpri se@ Mag eqs_,mmana&s narred |n cI a| m 120. 124. A
conposi ti on aSSSCAanormdundmsa; agif in clagm g g aé‘l*lr 'ﬁ’g sespa
peni cidolin agn%?d/’\l pOTRROMNG2Y. plgimeqd SR °l%{“coH’p §|f?5"bﬁ SHmPHYIRIIES; |, an)(/) of

claims 108 t dbl %érﬁgcegﬂwrcbmﬁ&lt%n%mh compraey 52|c|oh1 dundasfettiei N cl ai m 119.
50 126.. A cpip@sily Srcldasedinalaid dra pa aoéuncdlman@pmb salporles@rwhi ch...

conpri ses athespharidos prarmarevtisaitadcept 2 berefop7 A cq i on cl ai med
in_anyof clc,gfﬁp ,SI;PT,;ID@ NP @%‘; n e SapReer %“nm?'ﬁé:{fr%%d 'n Blaim

118. 92. A composition as clalmed in claim 90 wherem the compound as claimed in - ,
claim.1 is a compound as claimed in any of claims 55 to 59. /
93. A composition as claimed in claim 90 wherein the compound as claimed in
40 claim 1 is a.compound as- claimed in any of claims 60 to 63. . 40
94. A composition as claimed in claim 90 wherein the compound as clalmed in :
€ claimlisa compound as claimed in any of claims 64 to 68.
' 95. A composition as claimed i in claim 90 wherein the compound as claimed in
claim 1 is a compound as claimed in any of claims .75 to 79.. '
45 96. A pharmaceutical composition which comprxses a compound as clalmed in 45
I " claim 80 and a pharmaceutically acceptable carrier. -
i 97. A pharmaceutical composition which comprlscs a compound as clalmed in
claim 81 and a pharmaceutically acceptable carrier. -
98. A pharmaceutical composition which compnses the:compound claimed in
50 claim 82 and a pharmaceutically acceptable carrier. ' 50
99. A pharmaceutical composition which, comprises the compound clatmed in
claim 83 and a pharmaceutically. acceptable carrier.
100. A pharmaceutical composition which comprises the compound clalmed
in claim 84 and a pharmaceutically acceptable carrier.
55 101. A pharmaceutical composition which comprlses the compound claimed 55
: in claim 85 and a pharmaceutically acceptable carrier.
' 102. A pharmaceutical composition which comprlses the compound claimed
in claim 86 and a pharmaceutically acceptable carrier. PR



55 128. A conposition as clainmed in any of clainms 111 to 117 which
conprises a 55 penicillin naned in claim119. 129. A conposition. as
clained in any of clains Ill to 117 which conprises a cephal osporin as

claimed in claim120. 130. A conposition as claimed in any of clainms' 104,
118, 119 or 120 of this 60 |nvent|on wherein the weight ratio of the

conpoufid §f the Ummmnu"hl:ﬂﬂﬂul 60 pharnmceutically acceptable salt -
or estfer{y ® peni sporinis I:3t¢ 3:1. 131 A corrposition as;
hjapy of clalrhs i'05 to*107 andlg6 060 123 wherein the vei ght r atto.

salt to pen| Ci I ljn B8 b@b#raiawpcnl Wmmmtlﬂm S/htc c@minsesalie compound clarm@Q A i; '

n 1:apd el e
conp95| tion as d & ﬁﬁA ccﬁmpao lOl’l as¢ almedm?gélg dglchia SO compcil'lse:l'szaé}':)e;[\‘iclllijﬁzoff3 65
23 : : cephalosporin. -

23 - whef ei n t helOseA gothposicibn & clafmeaianpiaicd whfchtahe“frﬁn’rhwaa)eﬁl&lllih or itss o
phar maceut i cal | ycerl @bl e salt L est ) t9§"§‘ g lin or 8nal osporinis
1:3 to 3:1. 133. Apgd: P dtstapedin g ﬁfS P CRPRLTRA PRUBIRST 117 and ¢ |
127 to 129 wherein fo ewm@m.orr@tclaqnafm a@immmcthaissc&ﬁ@iséﬁ%emauﬁloal m 80 to
87 to pem ¢9 | | i ncephalgsporin. cephal osporin is 1:3 to 3:1. 134. A corrp05| tQon .
as claimed in cl alpﬂil 0%&1%&9618@‘ s §hairgsddp C'Qﬂ‘rﬂ“r‘ﬁh!scﬂ‘laﬁ‘t‘ faseprisesapeniaiiligOfposition  *
as claimed in cl & Miohth sshaptiash JsQra..@éém. E]hnﬁutdsa\lflzcﬂ'alsbb‘oxﬁﬂ?ls@s% PBillinb36. A

conposition as cé@hﬂmdomm any of clainms~118 or 127 adapted for 10
oral “admi ni&trati O 110. A composition as claimed in claim 96 which also comprises a penicillin or 15

10 137. A conposf® ﬁﬁ%ﬁl&mmﬂ clamewclatn Rl Blsd &npri Ts%%efag,u&,%ﬁ adapt ed o

for adm ni strati @philyspbiy.€Ct I ON conposition as clained I n.any of

cl ai ns 122’6 %123 or %29\ exdanositich. afsctalrmsim dalmt%wthwbralsmommgs@@tnemwllmbs 2%

139. . A conpbsi ti ol onprises a .sterile s&lt:

of 15 conmpound %';comcfn?gon afscgm%dm é'1§§.29§"\},hfﬁaﬁo g\J’me “sesaém ?lf'g'r? as. cl ai ned
in any of clains 0114 cdirmpoiﬂdr; asjcmrnéd)mklhﬂnmod»hxétQalsoWﬁmﬁhses s pénicitime f or m of

a tablet. 1. APFCQ? PQ”’on .as cl ai | aims .90, 96 .10 104, 110
SRRTRRE. Sy y g T R L ARG R R

20 142. . A phar maceuxf’ Eorﬁ&iﬁiﬁ&‘ﬁhstdl@rﬂed/\ﬂﬂlc&hn CO2RHihSEND compPiBed BPericdid 000 ng. of
anoxyci I lin or ameelldMSPWImr a pro-d for amoxycillin or anpicillin, from
50 to 500 npg of & ¢ g%fg%*““t ?Fe"]"}“a?drﬁﬂlc!f‘"& I‘%“”é‘é‘ o grmarses ,pectin, | oL, a
phar maceutical l'y aq el siiéM ds cfaﬁmédnnvlhmohmlrcﬁIcy.ﬁaigle@beﬁah&hcmhﬁreof and 5
a phar maceut i cal blyn&&methyh:arﬁﬂlhe,pir illin Cafpridilin, amoxycillin, ‘epicillin, cyclacillin, -

25 143. A conposhetaca raql' @r jthe agetoxymeting, iyl F:agm e%ﬂhrah% 200 to
500 ng of ggmxycis@ti ng pilln mf*@q onaexyeilln g the phe 955(9“'1 W or

anmpicillin, 144, AQ Qrmﬁkﬁhﬁdsﬂﬂn Scldimed Wethir nocmcm&nﬂﬁlzes%rbmau%rch
conpri ses from S@atali®50 ny of a conpound of the forrm (1), as clainmed |n

claim | or a 30_,120.4K Ul M %‘ g Ot e alon

hydr ol ysabh@ estgg,rg},zgkeléfg %‘Tm!% ggw g' ’% gll%g g %r%rél t58 npe'aréwgf ai rregjol n
any of claims 142 tigl. JMélomﬁasntiJm zsaiqumdsmanyaoraiayms l0l5|tm107JMaﬁch cémﬂnin&fpi)SI t I on,
as_chaimed in anBF“Glf“"tl‘ad#%“ Eh!!"t‘ 144 whi er) §)§ }?ﬂl cillin.

147. 7 A conposi ti E%‘Egﬁf edp agy cllﬁém AR \ﬁ)ﬂi“BWcH)nprl ses

a' 35 corrpeund aS IQ A hlﬂoﬁI &ﬂaﬂﬁecﬁg afy of &laimsL8 o I‘b7%iEﬁQ8!nbﬂl£§la as 45 - -
clained in any oéepbdlespenn 4s4@nle¢lr&d@wmch conpri ses the conpound clained in
claim82. 149. A cdﬁﬁo‘s?‘{“?‘{?ﬂ“ S ﬁaa?"ﬁ’e‘ﬁ aphofFaimyE08 &g Hor’fﬁ"cﬂz‘?QmP’@cﬂQG Wm ch

penic named in clai : .
conprises a- 125. A composition as claimed in any of clalms 108 to llO which compnses a i 3

50 penicillin named in claim 119. . . 50 I
126. A composmon as claimed i in any. of clanms 108 to 110 whlch compnses a .
cephalosporm named in claim 120. _ e
127. A composition as claimed i in any of clalms III to 117 which. compnses a : )
penicillin named in.claim 118. SR
55 128. A composition as claimed i m any of cldlms Ill to 117 whlch compnses a 55
: penicillin named in claim 119, : '
129. A composition as c]almed in any. of claims lll to 117 whlch comprlses a
cephalosporm as claimed in claim 120 o
' 130. A composition as claimed in any of clalms lO4 118, 119 or: 120 of this =
60 invention wherein the weight ratio of the compound of the formula (II) or its - 60 ¢
. : : 'pharmaceutlcally acceptable salt or ester'to penicillin or cephalosporin is 1:3to:3:1.- -
: 131."A composition as claimed in any of claims 105 to 107 and 121 to 123
; wherein the weight ratio of the compound of the formula (I or- its’
pharmaceutically acceptable salt to pemcxllm or cephalosporin is 1:3 to 3:1. : :
65 132. A composition as claimed in any of claims 108 and 109 and 124 to 126 - 65



40 conpound as clainmed in any of clains 84 to 87.
40 150. A conposition as clained in any of clains 142 to 149 which
conprises ampxycillin trihydrate. 151, A conposition as clained in any of

claims 142 to 150 which conprises anpicillin trihydrate. 45 . 52. A
corrp05|t|on as clainmed in any of clains 142_,t-a—%4r8*a’d’pt ed fo oraI

adm ni stration. 153. ‘A conposition as clained, m .. 151
adapt ed for oral admnistration. 154. A’ conpo ‘ m““ pf.
cl at 3142 to 150 adapted for 50 156520gadm ni streat |°oany I nj ectlo /o
50 ; 15-5—-A—ee-n=pes+t+e-n—-a5-—e4—a-n—n=ed—r—n—-h-n-y—e+—e e form of

a txa -6t or:’é@@g%%sé’e‘gh%‘wﬂf Cep alospor'mq}ﬁg ﬂ" aH“i“F‘a‘fcﬁlllylSO or 151 in
t he or m of &Y égm&g 3@&5)&1 any of claims I llﬁarﬂf peesgad or the -
preparati OHN}Qf'elrﬁthSO/BiﬁmS'htﬁd &'I&oﬁﬁouﬁ a4 dimd ed iA cRiys 80to 837|tapﬂ’ﬁc111155r 104- 156 whi ch

conpr isses l:nephvglsmgmtlhéktmﬁponents there pqudi%her knovvn manner. 158.° A
a

COITpOSI tion ;)% com% Sltl l’l %l ?origg ﬁgtgg}ess for the

pt epar at i or]niggt, e for mJ , aimed in claim
| or a salt or3es edm;tokxﬁasreafclanined:in apy obdams 1 tBo h3d psB3 adéh)eed for 6

t her 10F cat9rerpdminisiggtienst er - of u f d d
ol eaving a gpud F &ggﬂsfg%m ardng g o SaREu B ot SRR (1 ) by

hydr ogenol ysI S3SNA y.saecmlmea/medngl of Elemﬁ(]m)()lzmﬁl- nf) aﬂib&dffor rml a (11) or
its salt. 1ﬁﬁums°raporobsemscw cl, a| rred in Cl@gm 159 ad FI flor t he s
prepakiati on ofl3% mp“‘“ g 13y E}"?°H"°6'F°3|arﬁeﬁ' SHECEI n the

d as claim c a
et herificati°0Rzg.: @Jn{ A &ﬁﬁ hyPBF clfis 90, 9@¢b 104, 110 to 118 and
1, 565,209 121 whlch is in the form ofatablet - : 24 of an ester-of cl avuI aflc

acid with a Ilé?'r’ omﬂ@l@fass ol gy agpelaims 96 Lot O 11T K985 def jped i n
clai #2. 167 E{%ﬁﬂ% Jclgf gitngnﬂvlgghadompn&?roﬁd@@ttﬁﬂ)ﬂ@ fglbhe preparation

of a COWPOL'EGEBX?&I]]@ lih Br £pra-d g £63 amoxycillin or ampicillmfrod5@lod0®ss as cl ai ned
in any of maomcomguthemlﬂlBIaseclemt‘ém ctpfm 1 or a phacihapgulically ¢ acid is the

met hy topr -inq vy hydrqlysahle ester thereph and 4o pharmaqeptiraly 4 salt of a
nd as C%blegﬁ ol briepaf QA |

conpo Ir:{lgémﬁdrﬁds Makmeh @llamp mhicﬁ%ﬁmpﬂ@s & Y00 ¥ols0o basi.c

h‘ydr ol ysi s m§ obam®&stikih odhmplliincarnomry gafsr :anyctﬁ:d or ameicdlirn 1. 10

64 A process‘?@ Qgﬁ@?gﬁ%@!@flﬁmm“él # ?(a gg%e% é.?’m rﬁwgﬁﬁmuon of a salt
cl alf@%gﬂ o) W te proggss for
the prepar qnsc t )§ T alas aﬁhyrase S8 161 8 T4 hiah camprdeé t her eof whi ch
corrprl ses tdmx nogenatlon of "a_hy drogenol isabl e ester of'the corrpound as

clainmed in cI alt‘ CQSEHC’F‘B?fa?SI qlaimed injpay gF elaim 142 197144 whigh gomnrises - 166. A

procesgs as oSilidl f¥cladfica 1%@;&&11"%&11@2 WQG%%HQBM&%QJ@ estggy is 15
t he benzyl @atpeﬁnd als aimddl jprediess) a@sicl ai.-ned in clai m-165 or 166 wherein the

hydr ogenat i on 1#& Aetfome%@dlapﬂl d inang gbeleims B2 tal46@9ich spmrtisesihs on char coal

catal yst. SBRGHOITRESRo TN CAld TR oy 8 B 1 P Whlcloficeps compr i ses
the rggcti ogpmp fm s claimed il@n¢ Of EISEMPEMEY §)- ester of clavulanic acigdowith a
conpound of tHéOonpmﬂoamRQas claithed mw@f[:lem]ms) "8 “th@hlcnenlﬂseﬂ claim | and

- Qis a grofserslint mpJ"%ta ACSARLE i dey 3R oG RN LA BB, 109, A
process as &ﬁﬁélmﬁ‘%ﬁ &8s orine, brom ne or iodine
atom 45 : 152.°A composmon as clalmed in any of claims 142 to- |48 adapted for -oral 45
o administration. :
153. A composition as claimed in any of clalms 149.to 151 adapted for oral
: administration, :
3 : 154. A composition as clalmed in any of clalms 142 to 150 adapted for "
50 administration by mpectnon o 50
' 155. A composition as claimed in any of clalms 142 to 149 in the form of a
tablet or capsule.
L . 156. A composmon as claimed i in clalm 150 or 151 in the form of a tablet or
) ~ capsule.
.55 157. A process for the preparatlon ofa composmon as clarmed in any of c]alms 55
" 104—156 which comprises brmgmg the components thereof together in known :
manner,
' I58. A composition. prepared by the process of claim 157.
159. A process for the preparation of a compound of the: formula (II) as _
60 & claimed in-claim 1 or a salt or ester thereof which process. comprises the 60
o - etherification of an ester of clavulanic acid and thereafter if desired cleaving a thus D
~ produced ester of the compound of the formula (II) by hydrogenoly51s or hydrolysis
. -to yield the compound of the formula (II) or its salt.
' 160. A process as claimed in claim 159 adapted for the preparatlon of a
65 compound as clalmed in clalm 2 wherein the etherification is effected by reaction 65

_‘—



25 170. A process as claimed in claim 169 adapted to the
preparation of a 25 conpound as claimed in claim2. 171. A conpound as
claimed in claiml when prepared by a process as clained in claim159. 172,

A conpound as ¢ en prepared by a process as claimed 30,

in claim161. \

30 173 compoun !M”H!LHJHHH,' u! | ai m | when prepared by a process as .
cl ai ngd, |n claim of a conpound of the fornula (111) asv
cl ai ne 'b c%@u m 1 when pr epar ed by theLSGB&&,cess as cJI alL ned inclai m %‘)

35 . sat-t—of—a—co npote—or —t1he 16t -2 1 ors—etatrred—ti gﬁ

of cfainms 51 to 98 yazﬁr%avmnwmsmméwwww%e Eﬂlm&'a xoCEHS vh&rec| ai nBe, ¢ -

in claiml164. 17§ lspg;s amlamﬂ th‘rlamll%9 (aglalated){o ales@éﬁard‘ﬁbﬁro?qf when o
pr epar ed by a pr eempcund s Clhidied@ilclaim 280y “of ‘cl aims I 177, The .

conmpound of Scl ai m - 2. whemcesy epelaiogd firy anyhef ql@mhyfl9a*th6bm/hafem4toe ester of 3
net hyl ¢l avul anat &l avulamc acid ‘is the methyl or benzyl ester.. .. .

40 178, A compoundy SRS P peparatn ol sl ol sepmpounds imed el oy o
process as cl ai medimed :mlckainml 163. 179.- -A-nmet hod- of - treating bacterial

i nfection i@ mammal s64eX praceisag clhidrw isclaii 165 adaprep to Bnesremlmmm odherling thi®eto »

a conposition as Cl@l“@ﬁg%} ﬁ%ﬁys BF tac4xnd$4 A 87. ng. 96l to 103.
45 180; A net hod (gf e ﬁieé?ﬁz doudh éﬁ%fi.?’o@?i‘hfﬁmﬁﬁ‘@t‘s Wding -
humans whi ch congéhgsusd Elhlﬂ'lea reumngl RingllyOn 3heCHBRAS 6f|ms<as cl al med in
any of cl ailés loﬁb_rpm&? ﬁtgoctﬁ af olait® irpelain3G5 whertin tite iydtdgenlysdble esteaisi ng IS
bacteri al | nf ect i fhhal.s excl udi h ri ses.
s ol Ster | R0t heraldh & RO S RS OB By e WOSRRESTRE 355
146. 182. A net hod ods Alpﬁﬁéssa‘ng:linammnnaml159|whehbnoo¢‘sscammimmtwlrsacaméfudl n%‘

LI

humanfs \/\11| R co 44&, %’fcﬁ;}g' ?ﬂ*f%‘glgg\laaé’e §'Sgrg‘ia B:agrred 72
any of clains. of .. HUPHE Yi¥ any of
clains 180 or

claimed in oa m ! &gl us SRR i toson i % %S@"”""S bR b5 2

wher ei n thes corrposl'lOl (AnpnosesadmlalmneneﬁhnurmIayamd oy the rgreserdtion. of 285. RS

- gy

omppy i
met hod as cl ai med? rp[ig &g ompoun 01(: almejn‘lln cla1m then e%gxl'ezl l)yaproéess6 c% claimed
admi ni stered oral] Maxl?ﬁSg)’ i njection.
60 186. A nethod asr2cA abrﬁﬁdndﬁkcﬂzluaed’ﬁh clﬂi&il.l wmln@r@md bhepmcnsmslatmadn S :
adni ni st er é8 or afr slal 16l!> jfl ction. Q net hod gs ‘clai.med in clai r?l) ~
182 wherein the fno 6§ 'B‘?l’ aal’&”r‘ﬁ‘?ﬂ ‘Eflél“é s FaPgreg b@f"?“ﬁi"éélar"b‘r‘l
1, 565, 209 '174. A salt of a compound of the formula ?lfl_)) akSaimdy mmﬁulﬂqdwm C| ai rTEd
in claim 183 wherepanad bheheapogesastdaimed is chainilfd.st ered orally or by~
I nj ection. 3589. 94 nets&udalgﬁ a}tgbmpmd ;l;) the ﬁdraularml)jaliglaxgrederdhywhdmeap fltohe 35 -
infection is mas 1§ & Jehep @repared by a processjag(glai rfﬁl‘l#l’él rred in
clai ms 180 or % ﬁa mﬁ'%dhﬁf,ft gﬁﬁf;ﬁgﬁlfdg ) ek Hlt Pgeotoviel PEeR eli%y 191. A..
net hod as cl ai rre e & "BmpoubdOost didim smm.en Iihrdphledllfyf Ehetmﬂﬁylatlimmifst itisin.
cattle. 1920 A metettgltlamdargteai ned | n clains 182 or v¥h rein the i nf edﬂl on
i 1'48 A d as claimed in any of clalms 84 to 87 when prepared by a
is mastitis 10 o
process. as ¢laimed in claim 163. :
10 _ 179. A method of treating bacterlal mfectnon in mammals excludmg humans
which comprises administering-thereto a composition as claimed.in any of clalms ' I
45 - 90, 91 and 96 to 103. , 45
_ ) -180: A method of treating bactenal mfectlon in mammals: excludmg humans o
.whlch comprises administering thereto a composmon as clalmed in any of- clalms-;.- -
104, 105, 110 to.120 or -130. 3
181. A method of treating bactenal mfectlon in mammals excludmg humans e e i
50 - which comprises administering thereto a composmon as claimed-in any of clalms ) 50 . ; _
© 142 to 146,
182.. A method of treating bacterlal infection in. mammals excludmg humans- s S

~ which c?‘r;xprlses admmlstermg thereto a composmon as cla1med in any of clalms )
T 147 to 1 : -
55 183. A method as clalmed in any of claims 180 or l8l wherem the composmon: _ 55 -
: to be administered is as claimed in. claims 150 or.151. e
. 184. A method as claimed in claim 179 wherein the_'composmon is
administered -orally-or by injection. - R e '
- - 185, 'A. method as claimed -in claim 180 wherein. the-=composmon.-is :
60 administered orally or'by injection. .~ - : .. . 0 60
: " -186. A -method as claimed- ‘in claim 181 : wherein the- .composmon-_ is. -
administered orally. or by injection. - : : S S
~ '187. A method as -claimed in -claim 182 - wherein ..the | composxtlon is .
administered orally or by injection. L S



~

193. A nethod as clained in clains 183 or 188 wherein the infection is
mastitis in cattle. 194. A process for the preparation of a conpound of the
formula (11) or a salt thereof as clained in claiml which conprises the
de-esterification of an ester of 15 t he. conpound-of the fornula (11).

15 195. Methyl 9-0-nethylclavul anate substant “ i'n-Exanpl e
1 +196. Benzyl 9-0-nethyl clavul anate substantn lg“lﬁ“ a“ l Ed I n %ﬁﬁl e

J< 7 Sodi um 9- 0- et hyl cl avul anat e subst ant'i eseribed in: e
3 1985 Met hyl - 9- O benzyl cI avul anatses,zbst antial |y as descri bed in e
4. 20 g 129, L DENZyT CT ay Ul anar e Subst anrialTy as
deS . bed |£H é ﬁ % me 0 ,- by a X ?y wheérein e composmon 1S

9-O(et hoxycarllsmrlyhathb Ic)anﬁeﬂ\lml:lanﬁﬂm eswbsﬁlarﬂin tht Infecdon i Mmagitis bed i n Exanpl e

gesgroljsbedslo’gl% gt?#asig Xéc/i n glla?l(r)ng){l et pyvg%gqlnﬁ uln ercl:%gr?ls meslslilll’aEt ant I5a| | y as
9. O (et hoxycar winem&dwaslc)aﬁh@wuaﬂ@m orssmﬁ{eaemﬂhalnlfaeuma@mastms 25
d%scrl bed im catlenmpl e 8. 203.

9; O (henzyl ox rﬁo@ﬁw%tchweﬂdf ‘é@'ﬂ?éﬁ?&’ﬁés“@mﬁft‘éﬁt"feﬁ‘?'ylsma%'tléiescr ed in
0

'- E,Xarrp e 9. 2Wo3Tl momsl éé"&aﬁne@‘n( QQEQ@QQYJF%S'M&&A @Y QARG Smadst antial Iy as

descri bed iia cafile.

30 205. Ben%l 199-AO=° Fﬂ; tz¢rmf@lcam Mds"ﬂtb?ftamviaéll}graaslt described in
Exanp|¢ | as ° lgimy WAk ARRStSAy 78?&% ¥igtiop o' aUBT &ht i al ll.y as.
descri bed | n t yl gylclavulanate sug@Jmlal@eﬂz&Lcrlbed in Example 1.

9-0-(4-nit robelﬁﬁyﬁeﬁz.ﬂl a\mmauhaltlevmnbtstsaManaﬂly)as dSschesiameadplen

Exanpl e 13. Zggs Egt& ‘%1 Y a‘ll" P'@F"aﬁl‘ﬂ}é?l Yeassiepra s descrl bed in
Exanphg 14. 209s. $3ilayd-o. 'li ARSI % AR E)éf'% anat 20
substantial ly 20a$eﬁﬂ/$9}01-( ybaﬁb Bigeycldvulandd@ substantially as d& Lbe sodi um

' 9-0-(2-car bl@)@,xemm Isg)cl avul anate substantially as described in 40 Exanpl e
R

S s

16. 211. Be&g%%eg 7 'eEﬁ°éX?€|‘|b8Wé'{“§h3§l‘jB§'{l%[ﬁf‘i afubgantigllyedty i bed i n
Exanpbe 17 Sfﬂcea@ﬁatc%mmaumcﬁm,ﬁtes ulstiaiiall! by as gescribed
in Exanpl e db&:nbddim Example 8. 213. Benzyl 9-0-(4-chlorophenacyl)clavul anate
ubst ant i a:g%% efh dbwﬁyloxmasbwhn?ﬁwaclwlanm4sulB@ntzag}llv as

- 0- 12- (N- BERZRS

Lah&di ubstantially
as deseri beEkamaleEmarrp cal%g% %Xlaamu&ggtgts'%‘% anthit r?\é %?c avul gpat e
substanti al | 2955 Bewwlr Pmyammmyl)clavula@arspbsanﬂally as descnbed in
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: 40 210. Disodium 9-O-(2- carboxyethyl)clavulanate substantially as described in 40
Example 16.

211. Benzyl 9-0-acetonylc1avulanate substantially as described in Example 17.
18 212. Sodium 9-O-acetonylclavulanate substantially as descnbed in Example
45 213. Benzyl 9-O-(4-chlorophenacyl)clavulanate substantially as described in - 45
: Example 19.
214. Benzyl 9-0-{2-(N-Benzyloxycarbonyl-N-methylamino)ethyl]clavulanate
substantially as described in Example 20.
215. Sodium 9-O-(4-nitrobenzyl)clavulanate substantially as described in
50 Example 21, 50
- 216. Benzyl 9-0O-(3-hydroxypropyl)clavulanate substantially as described in
Example 22.
217. Sodivm 9-O-(3- hydroxypropyl)clavulanate substantially as described in
Example 23.
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