PATENT SPECI FI CATI ON (11) 1582 864 (21) Application Nos. 10082/77 and

10116/ 77 (22) Filed 10 March 1977 (19)

[err] (23) Conplete Specification filed 10 Feb. 107

Specrflcatlon publ i shed 14 Jan. 1981 (51) INT [err] CO7D 498/04; (C07D

498/ 04, 205/00, .263/00) (52) Index at acceptance C2C 1315 200 214 220 226 C
|3

22Y 255 25Y 30Y ‘351 352 364 366 368 36Y 389 500 50Y 624 625 628 634 652 65X
662 678 699 7611762 FB TR (72) Inventors KONG LUK, THOVAS TREFOR HOMRTH .
and ROCGER JOHN:PONSFORD (54) CHEM CAL PROCESS FOR THE PREPARATI ON OF :

CLAVULANI C ACI D DERI V. TED, British
Conpany of Beecham mubwmm%b% ddl e 9( dd 582:1&64
decl are the |n§2t@gmp f,émmﬂ\/ﬂbg:hmww1oim a patent may be granted to

us, and the ne otzi))ml 10CMaich 19% to be perforned, to be partingyl orbg
described in af® by3)tdempletd $pevificagios kit A0Bes. 19785 The pr ;

I nvention rel atass @4) CompleacSpeeifiéation putdisipddp Janal98bn of et hers. /A
Pat ent Appl i cateyonSNANTLLICGFTY49802:0L7LY $8(08:205/0, 26#/00)1565209) K'Y
corresponds to yJHel §?)dndeRat aosepthie’ 847045) di scl oses i nt er al. | A -
clavul ani ¢ acid of the%rﬁr!@%@o lzézosggr?é“%@%‘mwvﬁé?& E

such that [err] is an-esteri¥ 624 35 §28:6Y RS 63% 562 1

organi ¢ group- of u to 18 ¢ ol royi des. NeONBEBES.
for the preparati Veatwggﬁgﬁg ﬁwi‘?ﬁ"g&ﬁ ‘¥] 15 . wherein
[err] is as defined in rel 8 1), R3 is a hydrogen atomor an
15 al kyl group of |-4 carbon atons, [err] is.a hydrogen atomor an al kyl
group of 1-4 carbon atons gamﬁmdmmmmmmmrmomr] noi ety

is an inert organic group of up tCLAMULANIOACIBDEREYATIMHESCh' process
conprises the reaction of a conpound of the forrrula (rer): [err]; [err]

wherein [err] is as def(%)r&dWrenBEEa‘F MdGR! H mtsh ay of Begrbemd of
the formula (1V): use, Great West Road, Brentfo ?f ereb eclare the mventlon, -
B Q

- fdr whi ray that a tma us andt d by hlhms
2 [err] wherein X isigoeusheprey hat Eﬁicﬁwﬂ hd by thE oLl ik SERmoAt—

relation to forsul a (II he prasehhmv ne«seaﬂms tofa ocesstbcfhe i‘e talwxeof etlms “Wien s
used herein the. term fr*’ﬂ'"*’ﬂ 0#}@ %’@ rf§?l‘!a1 565260 :
reaction conditions “(wjl %grﬁﬁ %l:ﬁf( at"’“t seér’("ﬂl &Ief‘ﬁé“ arth
nmetal oxi de may- al so e presernt. er aE] y, the 5 oxr de i s cal ci um oxi de.
Preferably the oxide.is powdered The préferred source of silver ions is

silver oxide. ‘General ly 1-2 equival en , O CHz—O—Rz | _
R i

002 Ry

10 wherem R, is a group such that CO R, is'an esterrﬁed carboxyl group and R, isa 10
inert organic group of up to 18 carbon atoms. .
* This invention provxdes a process for the preparatlon of a compound of the
formula an: ,

. @ ..

C02R1 - . : .
15 wherem R is as defined in relation to formula ), R, isa hydrogeri atom or an 15
-alkyl group of 1—4 carbon atoms, R, is a hydrogen atom or an alkyl group of 1—4
carbon.atoms and R is a group such that the CR,R R, thoiety is an inert organic
_group of up to 18 carbon atoms; which process comprlses the reaction of a
compound of the formula (III) _ .

l CH20H

I o
o : C02 Rq .
wherein R is.as deﬁned in relatlon to formula (II) with a compound of the formula '

vy -



of silver ions are enpl oyed per equival ent of conpound of the fornula
(I'1r1). When calciumoxide is also present it is generally enployed in the
proportiaon. 10 . of 1-2 equivalents per equivalent of conpound of the
formula (111). S 10' Suitable values for [err] include the hydrogen
.atom and the nethyl, ethyl, n- propyl and n-butyl groups. Suitable val ues
\Or [err]include the hydrogen atom and the nethyl, ethyl, n- propyl and
<1§abutyl groups. 15 A preferred value for [err] is phgqghydrogen
omand a preferred-value for [err] is 15 the hydrogen atom:so that it
Wil 2 be appreciated - that certal,s8286€f erred processes of this: nnventron are
fadapted To-provide. conpounds of the formla rry mherern the [err], . noiety
" is a [err] group where [err] is anginert organi'c group of up.ta 18 carbon
~atons.. 20. - Sui'table value ¥or R include the hydrogen. atom and the
~ methyl,: ethyl; n20 propyl, nXbaQeRen-pentyl, iso-pr&¥¥l; vinyl; phenyl and
. p- nethoxybenzyl gr oups. Partrcul #y surtable values for- [err] |nclude t he
'hydrogen atom and the nethyl, ethyl® phenyl and vinyl groups. .Favoured

~val ues " fulferelh X rsrlptnudecrtahekmtda mrateﬁﬁadamdlatlhetorfmﬂnlal (yid - et hyl 25
e gr oups the presence of a source of’ sllver ions. When used herein the term mert hasthe . .

éA‘ a?;a‘;a (eag(f‘F‘f; hi?ﬁ Eﬂ"m&,ﬁ ﬁe,fabig,ttp@r br%f erred 'val ue

R _for [er er,de p,gfg,gblpt yp wdéed ed processes of thi's.invention
are those emla reti@odrbaeof ilep wrnaisrsdmr ofide; Benerallyjot2rduivaénts he fornula (11)

wherei n o[fe qnsarsqmﬂ Q‘FPE}'CP‘I““’“"’ an ethyl group.
.qge a(,rgrl L‘%‘&E}%ﬁ pryseL et E"‘; ’Eﬁj’iq\}/’q“ %wn%ql‘ﬁl"fr odigie and a
. f { herqf nylh dm-buml - detdlhegjf tgheu aam(hr\d)themeetyhythyl adi de. Surtabl]e
esters qfropyhen 1o incl ude: t hose s a group [err] or
-.[err] whereﬁ“ eral gfs ifor Byjinglpde the b Y‘Bﬁ%i“&f”la%{'g’&rnﬁ’b\’( lhdi‘ré’ optionally
3 tit Ry erredvm OQ@[{EK}B‘roEéﬁ dotd aiPpreferredealfedoriyin [ergd wherein
i Sthe ydrobe N NOmae . &fabiﬂﬁxllgfeapme te
-at Om arthmll im rawpiaplfed propide] com

g__attcertﬁnpafelu@gpatmofAZ Is a hydrogen
33 T a
of fhefarmyl M‘?W epr oup optional l'y

3 subst |t Q\Hﬂor 'lﬂ‘;mﬁ"'ﬂ’r‘ s Fr‘}’"lﬂto[r%amc]gr [err] is an alkyl

©-gT QP Of 'l v&&riaplk,iﬁdms theaﬁgdlrcigeii at]om fmdathphxethyl egwbmp opt genal |y
substlttqulbyb pantyl,ciso- 7yl and 2 J’WK Toups. [err] is'an

~.alkyl ou (Particularly sultable values’ or R.mclude the hydrogen atom and the methyl, 40 O her
sui tabl é“é‘gs. .ﬁ’hﬁé’fﬁw‘l‘ﬂﬁé‘&aﬁdmh@% | dlorh bid thekitgi andloetyt ] i s an al kenyl
gr ogp Ofgratipst O 8 carbon: atoms es . of such esters are the2allyl .
esters. stﬁe sfeuhd‘wﬂusfqr ferabl y in-vio hydrol ysable.

~Suitable es Eﬁ‘i“’"“,’;ﬁ f drfptﬁﬁégddaﬁteﬁsens No: 827926 as

being i rgﬁa\? the fomﬁ&t(ﬂl)Svh Ra, ,almnoneﬂtyild Partcul arly

suiggabl egrb M'Iv\vhe 1s|ae ethgk group. Hnmeudnef W
[err] - asgtg;% @.Fﬂet ‘b%f'ld(?)f H’;?f"""dd’ﬂ’i“ﬂ%ﬂ"rﬁdglﬂ © °ég|?<ﬂ% ar bonyl oxy-
met hyl oL RERE car bapy kaxue 1Y o8 @b whiRS! R SWh kRt bhe. est er for mi ng

group |scgnqpr 'i Mn@ﬂﬂumk fobp 6f LB qartva latoms copti ymxbstn fed 0 the conpound of
the;sfornhdlale(géd rHy the dorolula DAY, QEOAL) SA¢ or i a“y‘ $is a¥® descri bed

in the sahr g rm"a%q?? E}%}fai}d”"yﬂﬁ?,ﬁm PR 2Ty Sui Al
Al

~ esters lﬁeq' ys pofliiB dartoR toms;tdmnyrret hy esters.
Ni trobengy phagtgwp dptibnatly substiteted py lmlotgembebvzaﬁr oupgk*or QAAwkere| so sui tabl e. The

' 1 L im. af .
. eLherifi Aaisraontkryb “ On LS gsgeo;‘ gle ermu?a (Ii)%ﬁlegﬂt KA af'ilg.lkemrt um-at non
59 eérto{xp o up Examples of such esters are the allyl esters. : DR
55 Esters. of thls mventlon are preferably in-vivo hydrolysable Suitable esters - L
e include those described in; Belgxan ‘Patent No: 827926 as beéing in-vivo hydrolysable
45 esters of clavulanic acid. ‘Particularly suitable in-vivo hydroysable ‘esters include: 45

acetoxymethyl, a-acetoxyethyl, plvaloyloxymethyl phthahdy ethoxycarbonyloxy- o
methyl and ethoxycarbonylox ethyl esters. - -
' Most suitably the ester ormmg group  is -one’ read:lg convert:ble to a salt
: " corresponding to the compound of the formula (II) by mild hydrolysis or ... = .
‘50 hydrogenolysxs as described in the said Belgian patent specification. - 500
Particularly suitable esters include benzyl, p-methoxybenzyl, methyl and G -
- methoxymethy esters. Nitrobenzyl esters, for example, p-nitrobenzyl esters are also. -
- suitable..
: ' The etherification reactlon is generally carned out in an inert medium at non-
* extreme temperatures. .
» : ext Sultable‘:nedla for the reaction include hydtocarbon solvents such as benzene
" and toluene and other conventional solvents such as ethyl acetate, tetrahydrofuran'

or acetone.

s



Sui tabl e nedia for the reaction include hydrocarbon solvents such as
benzene and tol uene and ot her conventional solvents such as ethyl acetate,

tetrahydrofuran or acetaone 3 1,582, 864
3 The reaction may be best effected at. a tenperature of from10 to [err],
for exanple [erxr] iI.s desirable that the reaction m xture is maintai ned

under anhydrous”® condltlons 5 2 Once the reaction is over (for
exanpl e as Judge_gl\ by tlc) the mxture is allowed 5. to cool, filtered to
renove suspended solids and then evaporated.. If desired the resultl ng _
mat eri al. can be3purified by such. conventlohéﬂ28§4 ocedures as.colum. 3
chromat ography. In t-ho ol

conmpound of the formh;?ﬁggi%_ﬁ%o eeov\%g?g?%@ gﬁ% &F%&'g%f{r(gﬁ% tho(ﬂé fgh
starting material nmay Hg isdesithble c!liat dha\mlcatm ouxttlre lamamtalwldeundbhenhyéms ion

gg‘ly db ]?0{ Fg\?\./rege%nazl Ffﬁ%g&i eac{ n 1s over Eﬁﬁ; er:{g‘t I 1€ s chx) Q&?;dgle %%Lre%l al tL nre

mBvE su fi'ds an
carried.out in the. pfeﬁﬂitﬁ!gctﬁata‘ial aambe\pmmaﬂ Figr sutlp conventidnali gecethives aiédlu

cl avul ani ¢ aci d. 15 chromatographyh; s |s a Iess preferred aspect  of th

o
i nventi on. - In those cases w re gﬁ ‘ﬁ“Pi he
et | on Exalfr ¢ 1(0bgER A ety Ch A B Sal E‘fxofa.? b
m xture of p-net hoxy&s&nbyblamlaimdcamaumv 3n-m eg)enﬁmwmaﬂalt;ak@h arreazxone -
(4.0 g), silver: oxi &r , oirin tee presenroaf AeTqwn eiher tosolybilisecthe spiSOf ) .
was boil ed undgr reff; aﬂ's't‘jif esp e@:@dﬁ&%&e& eeﬁ.%n'u%‘ mxture was filtered .

and the filtrate evapormeqs 1Mg x¥ifipled il @Sk rate fRentioh. chr omat-ogr aphed over .
silica gel (30 g). Elution. of the colum wi.th ethyl acetate-cyclohexane .

(1:4) afforded the tit) (OEmePlg)lln pure form identical.
to an authentic san'pﬂge'??’iyg"ng’zgr}gﬁ?‘?fmﬂ?"f" 25 conparisons). Asimlar -
result may be obtained by gepl acing the et hyI I.odi dle wi th et.hyl - brom de and

carrying out the reaction hto[erdr ohor a |onger perl T&}gocgng espondi ng
met hyl ether ‘can also b ep £d by subs.LL_t.utl n th 30 iodide for
t he above et hyl iodide ' N .. 30

Exanpl e 2 p- Met hoxybefzyl OuBenzyI ayvul anat e ?err] A m xtupsof
p- met hoxybenzyl cl avul anat e do3c ), gred cal ci UFQ26R2 OCH; (4.0
g), silver oxide (4.0 g) and benzy onmde (5 m)in benzene—{50 nl) was

boi | ed 35 undgy. refl ux fdkure ofp-mEikSxybeIRyETaviRAE (0 gwstvuéred mau.ﬁ okiigr ed 99
and the filtrat e evaporghisiher bndg(4wez)aandatﬂyl lollide (6 mBudn Toen ed)ver

silica gel (30 g). Einden ssfupforizhb aFY'P"e re afe% }é‘

(1:4) aiforded the tﬁ"ﬁ‘ﬁé“‘ﬁ%ﬁ#&ﬁﬂ‘a' cl't? ?!“B%’g ffﬁt "33750 -
1700, 1310, 1248, _1 943 dn IHAAD fdrml i enﬂ&l to. an ﬁftli pl E(H. aﬁd 'ﬂ |H}n.r 7. 1925
(2H, d, J = ArH). cmp de9d, J Oz, ArH) ,

1 b h 1 ad h hl
-1, 5,08 (21 s, ok Tasienl ey by Ot B gt shmem piic i e

The correspondlng methyl ether can also be prepared by substltutmg methyl o
30 lOdlde for the above ethyl iodide. _ 30

Example 2
p-MethoxybenzyI O-Benzylclavulanate

CH20CH2

I I \>=/ HZOH | \>=/
COgCHgOCH:; ' C02CH2—©—OCH3 '

' A mlxture of p-methoxybenzyl clavulanate (3 19 g), powdered calcmm oxlde
35 (4.0 g), silver oxide (4.0 g) and benzyl bromide (5 ml)-in benzene (50 ml) was boiled 35
under ‘teflux for 2 h. The cooled reaction mixture was filtered and the filtrate C
" evaporated to give an oil which was chromatographed over silica gel (30 g). Elution
of the column with ethyl acetate-cyclohexane (1:4) afforded the title. compound
-+ (L0 g), vy, (liquid film) 1810, 1750, 1700, 1310, 1250, 1180 and 1040 cm™, § o
40 (CDCl,) 7.22 (5H, s, ArH), 7.19 (2H; d J= ArH) 6.76 (2H d, J=9Hz, ArH), 5.58 .4
c {1H,d,J=2.5Hz, 5-CH), 508 (2H, s, —CH JAT), 5.00 (1H, broads 3-CH),4.80(1H, :
broadt J =8Hz, 8-CH), 4.38 (2H, s, —CH,Ar), 4.05 (2H, broad d, J = 8Hz, 9-CH,),
3.70 (3H s, OCH,), 3.40 (1H, dd, J = I7Hz, J x2. SHz, 6a—CH), and 2.96 (lH d,
J = 17Hz, 68-CH).



broad t, J = 8Hz, 8- , 4.38 (2H, s,-[err]), 4.05 (2H, broad d, J = 8Hz,
9-CH2), 3. 70 (3H, s, rr]), 3.40 (IH dd, J= 17Hz, J' x 2.5Hz, 6a-CH), and
2.96 (IH, d, J= 17Hz, [err] 4

1,582, 864 4 Exanple 3 p- thhoxybenzyl
-OAIIyIcIavuI anate H[err] A mixture of p-nethoxybenzyl .clavul anate (3.19

, powdered cal ci um oxi de 5 . (4.09), silver oxide (4.09),.and allyl
'.‘-%_om de (4 m) in benzene (30 m) was stirred at 5 roomter’rng,v;ature for 66
M. The mixture was filtered and the filtrate evaporated to give. an oi4%

\yid |§_ﬁ_m@s ‘chrommt ographed gver 155828643 gel (20 ). Flutionof fifk col upm with
cycl ohexane- et hyI acetate (4: 1Qxaa, f-or ded t he trtIe compound (0. 65" g’i’ ""[;err]
(liqui:d ﬁ.mmxymz,w,o-m&myulawzso 1700, 1310, 1255, 1080 .and. 1040 [err]. -,

(CDCL3) - ]7,_9 (-2H, d - J = 9Hz, Ar 686(2HdJ OHz, ArH), 595(|H
m C—CH) Q)I H cn = 2 5Hz, 5- CHp, 5c3géaichmHzc—CJ-l) 5.13 (2H; s,
Terr]), FCH) 4_83(|_ J= 8Hz, 8-CH), 4.06 (2H,
broad d, %%err]) 3.92 (27T 2CH:CH ), 3.80 (3H, s, [err])
350 (I H, ¥d, J=117Hz, @=2.5Hz, [e€Tr] ' and .(IH d;J=17 Hz

[err]): - So,eHy ~OCH3" '« .~ CO2CHEKnpye FHs .
15 Benzyl 0 methylcl avutanat.e [err] A mxture of . benzyl cl. avul anat e e
(8 679) .. CaA GhiktBreOofi dﬁctl(o&?l@)mz lswnh&meqmmg ﬁciv&igbedaaldmmaixml | odide (1Sm)
in lsenzeﬂé)sism x1¢q{4ﬂt§rmg wassfigedat ' refsiux for 2

hours: geﬂgwma "r@vzfq’.rrg; Ergxgre e e 20

evapor at 18HeXhethyP b ru silica gel ('$09),

- eluting idﬁhh 0 woxrasmmnbmm neso( Obm"ga | t1 e compourd
2. 84g) . '%3 é@ s ¢l avifl anat-e:
. (2 899) ﬁ ﬁs N e’ heat ed -under
\M-tcic ),lnonsnsemp’@ 56 (1IN, @4, mrm '4@)smn6tz-cal ci um oxi de
(4g) forCH),rm)erO(Wi(ﬂ.dH(bW @-G¢Hst - running zone and a nmuch dimni shed . zone
~due to-starting material.' The" ﬁpr; was filtered, the insol ubl.es washed
with et 2" T Eclgiglanate (S dnd the filtrate evaporat ed under reduced
pressure to a dark This was 30 subjected to colum chr omat ography in
.silica gel, usihg ethyl acetate and cycl #hexane graded' from1:10 to 1:2 as
el uents. Fract] e, af pegoH he nonyl i odi dg-vad Pe#fHel ut ed contained the
product, whi ¢h s =<0l ated as—a-pal e yel#?qrfl by evaporatlon ‘of the-
" solvents; y#&Td ©yB4g. .Ir. (1/f) , [err}] 35+ .. n.mr. (CDCl3)
8: 0. 86 (3H t, J7Hz; CHS‘):-, .25 (14H % 2.98 35 (IH, d, J 17Hz,
[err]), 3.31 (2H “2CHICerbiz, [err]) 3. 43 (4 Cﬂ'el eHp 17Hz’ and 3z, 6 a GH)

5 bt e Gl el i
nzene .',.'._.;;
[er2q ). :eﬂux ‘for 2K;10u:s The mixturé was allowed to cool, was filtered and fi ltrate o0 =,

- evaporated to give an oil which was chromatographed over silica gel (50g), elutmg
with ethyl acetate/cyclohexane (1/4) to give the tltle compound 2.81g). _

: Example_S . _
, . Benzyl _O-Nonylclavqunate S S o .
. Lo  CHOH . - L0\ CHaO(CH2)gCH3 - S
, C02CH205H5 ' ' o C02CH2C5H5 : '

* Benzyl clavulanate (2. 89g) in ethyl acetate (lOmI) and iodononane (12.7g) were . sl
heated under reflux with stirring in presence of silver oxide (4g) and calcium oxide =~ - - -
(4g) for 3 hours. Tlc showed a fast-runnin, gzone and a much diminished zone due to” -
starting material. The mixture was filtered, the insolubles washed with ethyl acetate AT
.30 (50m1) and the filtrate. evaporated under reduced pressure to: a dark oil. This'was -~ - 30" - A
subjected. 0. column chromatography in silica_gel, using ethyl acetate and . =~ - -
cyclohexane graded from 1:10 to- 1:2 as eluents. Fractions after the nonyl iodide S
" had been eluted contained the product, which was isolated as-a pale yellow. 011 by S
" évaporation of the solvents; yield 0.64g. Ir. (1/): 1805, 1750, l695cm‘1 - CL T
35 a:m.f. (EDCL,) 8:0.86 (3H, t, JTHz, CHy), 1.25- (14H, m, O—CH 131’ 298 35
' (1H, d,J 17Hz, 6-8-CH), 3.31.(2H, t,J THz, OCH,(CH3),), 3.43 (lf—l dzJ 17Hzand =~ - .- -
3Hz 6-a-CH), 3.98.(2H, d, J THz, CH,CH_), 4.78 (1H, t,J THz, CH=), 5.02 (IH,s,
-CH) 5.12 (2H 5, PhCH,) 5. 61 (1H, d, J 3Hz, 5- CH) and 7 27 (5H, s, CHy). "



Exanmpl e 6 Benzyl (DL)-0-2-butylclavlanate H

H CH3 0O CH20H 0 CH2- O CH C2H5
[err] Benzyl clavulanate (2.89g) in ethyl—acetate{#n)—and 2-iodobutane ——
(99) were 5 refluxed with stirring in the presence of silver oxide (4Q)
and cal ci um oxd. de (4g) for S5 [err] hr. The insoluble materials were
filtered off, and the filtrate concentrated in vacuo to a yellow oil, Wmch
was subject ed daxcol unm chromat ogr aphy on silica gel using ethyl acet ate '
and cycl ohexane graded from1:10 to 1:2 ratio. The. ether was eluted after
t he 2-iodobutané, Fractions containing the,82Be (bv tlc) were 10 5
evaporated in vacuo to yield the corrpoundExag,Qle‘S(]g) as a pale yellow oil.
l.r. (2f-)‘ 10 1808, BbiHRDL)OIBuplelmtdanadny [err] 0.84 (3H, t,.J 7Hz, CH
CH, 1.07 (3H d, J 7Hzy CHCH3), 1.26-1.63 (2H,Hm [err]) 2CB6 (IH d, J
17Hz, [err]); 326(|H,,q; cpt?)hlz[err]) 3.41 (04, dg 17Hd

3.8-4.25 (1 H,-m o- Ht, J 8Hz 8 E Cd%r B—GF
3-CH), 5.12 (2H,-. EH2 590(IH d, J 3% 28(5H s,- 15
[err] Exanple 7 * cEaenzyl 0 t-Anyl cl avul ana®e [err Benzyl

clavul anate (2.89g) in etc_Jg, bH%ﬁé ate (20 ) and 2-# oglg [ et hyl but ane 20
(6.5m, 9.99) were stlrred at- room tenperature in .‘%ﬁ"egence of silver

o g (aa) S seeheieisn §.§m g%%;?"" "‘é“'g;?% ;;f{”qngf ﬁ@ﬁrm; |

under reduced presswc@agbq ed\ﬂ;’:‘coﬁl g,mgggel
chromat ography on. gsitg eby @It te eidnycln xmetg:acl?,afromlloa diZohmxa'heetbe

acetate graded, fronfhisdafier the 2-iodo aqtion ““Phéh"c ether (b Werduct .és -
a pal e ygl I owd10| . k3o °'a?§(§'5 3’“’@%@5@5‘&?“3%??%6"1 Pyt P’?’r‘% gf ‘p ?&r r] 10
0. 83 (3H t ,' J 7Hz, 3 01& B H, 57 H (SQ'QH JCIHZ,JCﬁHZ:H

s BRI, |

J3Hz, 5 CH) 7 27 (5H s, [err]). Exarrple 8 Bgnﬂzyl .

9- 0- ( 2- propyl ) cl avul anat %}gr Exampleiie process used for the
preparation of ‘the £r aIe&E% 8{3}1‘@"‘(’6 47g) was as . 35 descrl bed in Exanpl e
6, replacing the i.odobut ane wi th 2-iodopropane (Sm) .r. 18 B 1750 1698

cm. N'm err] 8:1.10:(&H, THz 2.96 (IH,) 3. (. 1H, dd,
J17Hz and 3H[z) ]3 51ﬁ5 Gt&oh %m_A % ( 61 &Jﬁuz%c 04109
5.02 (IH,. s), 5.13 4 H, s), 559(IHd 726(|I=r§s) :
40 6 o . o 1,582, 864 |
: éOgCH2C5H5 COgCHgCGHs
20 Benzyl clavulanate @. 89g) in ethyl acetate (20ml) and 2-1odo-2—methylbutane 20

(6.5ml, 9.9g) were stirred at room temperature in the presence of silver oxide (4g)
-and calcium oxide (4g) for 3 hr. The insoluble material was filtered off, washed with
ethyl acetate (50ml) and the filtrate evaporated under reduced pressure to 4 dark
oil, which was subjected to column chromatography on. silica gel, eluting with
25 cyclohexane-ethyl acetate %raded from lOI to 3 1 to yleld 0.43g of the tltle 25
product as a pale yellow oi
Lr. 1805, 1755, 1698 cm™; (liquid film)
nmr. (CDCI,)SO 83 (3H, t,J THz, CH,CH}), 1.11 (6H s, (CH,),), 1.46 (2H, q,J THz,
CH,CH,), 2.96 (1H, d, J 17Hz, 6-p<CH), 3.40 (1H, dd, J 17 and 3Hz, 6-a-CH),
30 - 3.6—4.3(2H, m,=CHCHz).474(1 dt J7 and ~ 2Hz, CH—),SO(IH d,J~2Hz, 30
3-CH), 5.12 (2H, s, PhCH,), 5.59 (IH , J3Hz, 5-CH), 7 27 (5H, s, _C,H,,)

: ' Example 8
Benzyl 9-0-f 2—propyl)clavulanate
. H -
' ' CHaOH Hy—O— CH(CH3)2
(o) o .
Sy - | .
C02CH2C6H5 . _ COgCH2C5H5
35 h The process used for the preparatlon of the title compound (0.47g) was as - 35

described in Example 6, replacing the |odobutane w1th 2-1odopropane (Sml)
Lr. 1805, 1750 1698 cmt,
N.m.r. (CDCI,)B I .10(6H, d, J THz), 2. 96 (1H, d Jl7Hz) 340(IH dd, Jl7Hz and
3Hz), 3.51 (1H, dq.j 7Hz), 3. 80—4.30 (2H, m),4. 71. (IH tJ7Hz), 5 02 (1H, s), S 13 '
40  (2H,s), 5.59 (1H, d .I 3Hz), 7.26 (5H, s). 40



Exanpl e 9 Benzyl 9-0-n-butylclavulanate [err] A mxture of benzyl

clavul anate (2.89qg) silver oxide (4g) calciumoxide (4g) and 5

1-i odobutane—{5-7m ) in ethyl acetate (/M) was heated and stirred under

reflux for 5. [err] hour. At this time tic (cyclopentane-nethyl acetate

2:1) showed a mi xture of stating material .and product-. The insol uble

: rials were filtered off, and washed with ethyl acetate (1Qud). The

fi{tyate was evaporated under reduced pressure to an orange o#&ls>which was
Bj pcted to col um chronat ography.on silica gel using. 10 . ~ ‘cycl ohexane

- and/ed hyl acetate graded .from 105886 1:1 ratio as eluents. Fractions 10

~confai ni ng the et her (by tic) \Fljfregﬁ [Tected, conbi ned, and evaporated to a

~pale yell ig L ced’ e, toyield 0.34 g pure éther.-and-0.4
gmﬁz}gs;"g% arvrlg"?'g}rél al. |. 5, 1750, [err] 15 N.mr. [err]:

g slightl

- 0.90 (3H, t, 1v6. 5Hz err] 11217 4H rrc] G - 15 2.99
(1H-,d, J 1 333( Hy; ”FZrcj*iHSM(rH dd, , J
~17Hz and 3% 383—4'19 CH2)466491(IH m 8-CH),

5.05 (I'H 0%, 3 515(2H s, 2Ph) 563(IH d, J 3Hz, 5-CR) and 7.29

. (5H, s, [err]) g.10 20 Benzy' nH exylcavulante

..20[err] Thetrt zul m@gﬁ&ﬁ: 'ythe'r’rethod of
e 9 9 I 1805
175 [errlijdg@At this &J@L‘gﬁ t. i Q E%ﬁi, ?:EszO (8H, bny,

2. 99 (IH, std'tm m.a_tihﬂ pndpraduct. The nggliible maténm ﬁltyreﬂ:bff anld waghdd J17 and 3Hz)
4,02 (2H Wt!'bet ]?;(WE‘)?@ 'i“ w uﬁl’fﬁ?&@}gnd o Tesly % toa 15 (2H, s),.
564 (1 H, cﬁiﬁie,‘énd" G Eru O Rt B IS desgribed in
-Exanpl es - dontainigy the reﬂﬁﬂ@iy&ﬁ) tcoldcied Odoinbined, and evaporated to @fpaleal ci Um oxi de:
The desi rm!low dmdedumirmeswredawﬂ 0.3 gpucerethen andihdgslishibtlessn 30 reduced

. yields. f é d - 1A process for the preparation of a conmpound
of gde fomy 0i(Si, t3.565Hz o&hengl mLerrmkm ln&? €H rcmp suchsthat [err]
is an estzpdf eledaHbo ¢ z,|QC CH,)3A4 9 Hatom or an al kyl

0 bon e S a?%%’r ??ﬁrf‘?hg% lcrﬁé Jﬂiﬁ%&ﬂ #hly < an inert

‘organi c group of up to 18 car b@mamglens; which process corrprl ses the

- rea@@ion BénZJd9c96ﬂpmulerftethe formula (I11): 20
1,582, 864 H H 6 Exarrpl e 9 Benzyl . .
~ 9-0-n-but yl ¢l agePan @r&oﬁerr]g'A m xtu viociChvet=ftist e (2. 89g) sil ver
- oxide (49) gal V\B)’JXI de (%nWobut ane (5.7m) in ethyl .
acetate ( ) heated and stirg®d u refluxfor 5" R
. COzCHngHs COzCHgCGHs o

. The title. compound (0 4g) was ptepared as an oil. by the method of. Example 9
replacing the 1-iodobutane by l-1odohexane (10 6 g) , :
: -Lr. 1805, 1757, 1698cm™.- .. S
25 N.m.r. (CDCl )80 88 (3H, tJ 6Hz), 1. 12——1 50 (8H bm), 2 99 (lH d J l7Hz) 3 32 25
- (24, t, J 6Hz), 3.43(1H, dd, J17 and 3Hz), 4.02 (2H, db, J 7THz), 4. 79 (lH t, J‘7Hz), : :
5.05 (II-I s), 5.15 (2H, s), 5.64 (1H, bs) and 7. 29 (SI—I s) _

' Examples ll-—13 . ’
' The reactlons descnbed in Examples 1—3 were' repeated but w1thout the use )
30 of calcium oxide. The des:red compounds were produced in each instance, but in . 30
reduced yields. - .

WHAT WE CLAIM IS —
1.LA process for the preparatxon of a compound of the formula (II):
[}

o. . CH ——-o-——C—_"RA

oo | an
' 602R1 . ' e

35 wherein R isa group such that Co R1 is an estenfled carboxyl group, R, isa- 135
. a?'drogen atom or an alkyl group of 1—4 carbon atoms, R, isa hydrogen atomoran '
kyl group of 1—4 carbon atoms and R; is a group such that the CR,R,R; _moiety
is an 1nert organic gro d) of-up to:18. carbon atoms, which process comprlses the
reaction of a compound of the formula (III) .o



2+ hour. At this tine t]c (cyclopentane-nethyl acetate 2:1) showed a:

m xture of starting material and product. The insoluble materials wer e
~fidtered of f,- and washed with ethyl: acetate (|G ) The-filtrate-was
evapor at ed under reduced pressure to an orange oit; vvnl ch was subjected to

col utm chr omat ogr aphy on silica gel using 10 and et hyl
acetate graded from10:1 to 1:1 ratio as el uelmﬂl‘m mg 0 contai ni ng
ph\her (by tlc) were collected, conbined powated €t o ayale

yel {oW oi |l under reduced pressure to yield 0.34 g pure ether .and 0.4 g

sl Iﬁy | ess pure material. |. léfégé'* 1750, 1695[err] 15 ' Igl.mr.
[err]s U w \Jn L, 6" S‘HZ—["EﬁJ;, 2ot m—ter+i -

15 2.99 17Hz p- CH), E%a:ﬁﬂeQZH t, J 6.5 Hz, [err] 3.44 (lH, dd,

J 17Hz and W"’ﬂ-"tbéwﬁmaﬂqw 3.83-4.19 (2h, m 9-[err]) 4.66-4.91 (1H, m
8-CH), 5.05° (IH,I;'s 3-CH), 5.15 (2H, s,H{CH2Ph), 5.63 (IH, d, J 3Hz, 5-CH)
and 7.29 (5H, !_perrchyoExanpl e 10 20 ! o HyO—CHECHACKSKY | cl.avul ant e
20 [err] The t|tIe hpound £0-4Q) rﬂe}e%d as an oil by the nethod of
Exampl e 9, pr- g the 1-iodobhut -i odohexane (10.6 g). |.r. 1805,
1757, 1698[err] 2% Nmr. [err] 0.88 [3H, t J 6Hz),  1.12-1.50 (8H, bm,
2.99 (IH d,J 17FR)CHC8%. 25 (2H, t, J 6¥RCH28sH43 (1H, dd, J17 and 3Hz),
4.02 (2H, db A]miit-ﬂzé qf bénﬂﬂ:l(vhlhhaté(z 89g)?inb oxide (%odlt(nhdﬂoxxﬁ@(ﬁg)ﬁnd].S (2H, s),

5.64 (5| H, Iyi ﬁ?ﬂﬁkﬁ 5 et ¢d a1 'gsm%q @tnfsr descrsi bed in
Exanpl es 1 tér elﬁateﬁ?jﬁ 1lt 3 off. 1 s§ ci um oxi de.
The desire mme wapaae undepieditecd re wietbth 30 reduced

yi el ds. W—VbTaﬂéE om_ﬂhiMl was subiecteA tcdumaszhfommt lcusmg)f a conpound

h Dm
of t @ f or rffighex ke gnd o }; g grade e;{)'é’lrfgl lo fich t¥at CO2R1
'S an est erjefide 1 %Jed%i: ﬁi, 31"5 or an al kyl
group of 1-phrcab ﬂ:ﬂ a oms [err] |s a hyd rogen atom or an a group of

1-4 car bon lat B9, I§ suchthat the[err m)lety|5'
i ner t13or garg'gg‘ ﬁﬁfﬂ“ﬂfo % “% (ﬂlpfég;; %)corrprl%es the
reaction OfanasﬁQ CaY) 3@ 8CH) 5.05 (1H, s,
1,582, 864 3-CH),515 (2H, s, CH,Ph),563 (lH d J3Hz, 5-CE) r7r v. NI ereH;C.flgrr] is as
defined in relation to formil a (éﬁ%ﬂgth a conmpound of the formula (1V):
[err] @_b_ﬁlh 2Sial ie, pte 1051 [err], R and [err] arg defined
inre t|on T l(‘?a{' in 5 the presence of a source of si®ver ions.
2. A process as .ckal m;:g, claim I V\/ner¢|8 an | kgl |(&e eary,h metal oxide is
ssasclalne P& the oxide is

al so present.
cal ci um oxi ge- - 4.7 A proc a| rred |n any of clains 1-3
wherein th& sourc€ of silver ions 10 ,

l .
CO2CH2CeHs G0, CHaCgHs

The title compound (0.4g) was prepared as an oil by the method of Example 9,
replacing the 1-iodobutane by 1-1odohexane (10.6 g).
Lr. 1805, 1757, 1698cm™.. :
25 N.m.r. (CDCI,) 6088 (3H,tJ 6Hz), 1.12—1.50 (8H, bm), 2.99 (1H, d, J 17Hz) 3.32 25
(2H, t, J 6Hz), 3.43 (1H, dd, J17 and 3Hz), 4.02 (2H, db, J 7Hz), 4.79 (lH t,J THz),
5.05 ,(IH sk 5.15 (2H, s), 5.64 (1H, bs) and 7.29 (5H, s).

Examples 11—13
Thc reactions described in Examples 1—3 were repeated, but without the use
30 of calcium oxide. The desired compounds were produced in each mstance, but in 30
reduced yields.

WHAT WE CLAIM IS:—
1. A process for the preparation of a compound of the formula (II):
R3

H

I o CHZ__O_'__C———. Ra

.. \>=/ : .\R5 | .
;. N : )
o . (In _

|
C02R1

35 wherein R is a group such that CO,R, is an esterified carboxyl group, R, is a’ 35
. hydrogen atom or an alkyl group of 1—4 carbon atoms, R, is a hydrogen atom or an
alkyl group of 1—4 carbon atoms and R, is a group such that the CR aR.Rs moiety
is an inert organic group of up to 18 carbon atoms; which process comprises the
reaction of a compound of the formula (III):



Is silver oxide. 5. A process as clained in any of clainms 1-4 wherein from
| to 2 equivalents of silver ions are enployed per equivalent of conpound
of the formula (111). 6. A proce =

froml to 2 equivalents 15 of cal cium oxi de are enpl oyed per

equi val ent of .,cofmpound of the fornula (111). 15 7. A process as clained in-
any of claing,1-6 wherein [err}’is a hydrogen atomor a nethyl, ethyl, -
n- propyl or f\‘l%rtyl group. 8. A process as clained in any of clains 1-7
wherein [err] is a hydrogen atomor a nethyl, ethyl, n-propyl or n-butyl . ¥\
group. 20 - _7 9. A process as clainedl.p§.8#y of clains 1-8 wherein 7
[err] is a hydrogen ‘atom 20 10. A procesy as clained in any of clains 1-9
wherein R4 is a"hydrogen atom 11. A proce$s as . EH jred in any of clains
1-6 wherein the [err] moiety is a CH2R' . re CH2R is an i nert
organi ¢ group of up to 18 carbon atons, \é?%ygcess as clalneg j.n any of
clainms 1- 11 wherein [err] is. a hydrogen at ofn 25 a neth { et hyl
n- propyl, n-butyl, n-pentyl, iso-propyl, V|n&LR1benzyI or p- - 25

t hoxyb | 13. A 11 wh |
ferr] 15 a hydrogermsiaifels i LRy Py R PR S arowm}‘i Fhpepmy Q"

process as claimed inany of clains I-11 wherein [err] is a hydrogen atom
30 i or a nmethyl or et hyI .group. : R
30 15. A proceéss as clained in any. of cl rré—l wherein R s a hmgrogen
atom 16. A process as clained in any of cI mé 1-11 wherein is a nethyl
group. 17. A process as claimed in any of claRgs 1-6 adapted to the

preparat on Ofsn)al‘l Colp :%un 1solf Bgf&ﬁan‘&%aﬂl&)ﬂefeﬁ dfm re?a?‘on{(l)formu'laralg ner el n' :

[err] i's a net sence of ions.

35 18. A process as Pedtessas ah.ﬁmannkralmdnem&em ah BiRaline agrth r@aaloﬂaarsaﬁ@s t he
use of nethyl iodi d[e‘e&gnt eth Is ;sgfgr de, rocess as ¢l ai med |n any of .
clainms 1-18 rein | Fj e‘g E% wgﬁ“gl ‘E:L

al kyl group of 1-8 gaf ﬁ@”‘g‘;’g%&s ﬂg rl(T)In IOTCI 'Shbs é‘?t" i ';‘,;rmg j‘h en'o
or by a group of the fsommdmss[aebhn}neuhearxglonclbmanlv&eam fékﬁn oﬁalbﬁm group
of up to 6 carbon. a*tfo‘ %rﬁfe]emrfioyad F\"t ‘&'ﬂdqf nbf up to
4 carbon at ongs or ggl o ‘],t‘gg%ﬂ' ,L tsby 35
group [err] or [er Arpeo @k Jlaiined knzauﬂsnmaow qulQ,n&@h moa OnE;
and A" is a phenyl gmothp! ylr o-pediply rsubmtllgtquped hal ogen or group’

[err] or OA5 where ler z sclalmed ,:gq? % eremR 1sahydrogenatomor
45 20. A procgss as o o o "gé mh_ﬁwrrtr%w,ru iohed SN 79
al kenyl' group of up tqo&\ ﬁb&@ﬁkoﬁixﬁmﬁna fc inf3110@ahereasR At £ eﬂﬂoﬁoam 2
wherein R, is an all ébﬁ‘gﬁ essmlalm%\n lcr-ﬁa\vhmdnihn Pefnowryas s

is an m rganic g
1-19 adapt ed to thet rocessasc?axme in any of ¢ ﬁ‘; %% a%g er of
the formula (44).  ora methyl ethyl n-propyl, n-butyl entyl yE Qinyk l BF @PCESS AS

clained in cIa|m22mwhery my prn Vi Vo ysabl e ester is "the

acet oxymet hyl ;' [er r lvarx%rlawmlr\wrewr&srwwemm A Oxy - .
car bonyl oxynet hyl , r %ﬁ am?ssit 9 whérdin lén@ilﬁ&:%ﬁ&a@én

cl ai med i n anyg of cd>raaﬁi8th ?-p to the preparation of 30

15.A process as claimed in any of claims 1—11 wherein Ry is a hydrogen atom,
16. A process as claimed in any of claims 1—11 wherein fl, is a methyl group.
17. A process as claimed in any of claims 1—6 adapted to the preparation of a
comfound of the formula (I) as defined in claim 1 wherem CR,R4R5 isa methyl or
35 ethyl group. 35
: 18. A process as claimed in claim 17 wherein the adaption compnses the use of
methyl iodide or ethyl iodide.
19. A process as claimed in any of claims 1—18 wherein’ R, is a group A' or
CHAZ?A® wherein A' is an alkyl group of 1—8 carbon atoms, optionally substituted
40 _ by halogen or by a group of the formula OA%, OCOAS®, SA4, SO,A* wherein A*isa 40
) hydrocarbon group of up to 6 carbon atoms; Azj isa hydrogen atom an alkyl group
~of up to 4 carbon atoms or a phe ajrl group optionally subsituted by halogen orbya
group AS or OA® where A%is a roup of up to 6-carbon atoms; and A?is a
phenyl group optionally substituted by halogen or by a group A® or OAS where AS is
45 an alkyl group. 495
_ 20. A process as claimed in any of claims 1—18 wherein R, is an alkenyl group .
of up to 8 carbon atoms.
" 21. A process as claimed in-coam 20 wherein R, is an allyl group.
. 22. A process as claimed in any of claims 1—19 adapted to the preparatnon of
50 an in-vivo hydrolysable ester of the formula (II) _ _ R 50




5 benzyl, p-nethoxybenzyl, nethyl or nethox
(I1). 25. A process as claimed in a%y of clainsyg?agy;d:;§gé ?L the formila
_the-preparation of a p-nitrobenzyl ester ofthe fornmula (11)—26—Apro
as clarmed in-.any of clains 1-25 wherein the reaction is carried-out incess
.:lnert nmedi um at-a tenperature of from 100.to 100C. 10 ) 27. -A o
process as clainmed in claim26 wherein the nedi um i s ‘benzene,: t®l uene, 10
Ryl acetate, tetrahydrofuran or-acetone. * 28. A process. as¥¢l'ai med in
m 27 wherein the reaction is effected at a tenperature of 3o-[err] 29.
gcess as clainmed in any of 15828648 1-28 wherein +#e—e+ the 15

rora (111 {er el n
_ rocess as lgiFn.el il émﬁ ﬁ'umh'ﬁem[tﬁé Tbvivb. Hyd‘idslﬁdablbystirﬁﬁ e t eri f i cation
of a sal addebtoxydehyl. p@ﬁloyl&ypktholesphth@lﬂylt I"@h%r!'epaf ation of a

. -corrpound boh fneﬂh bﬁt dxygarb ¢
jo ety
‘29}) %’e CHe ﬁu’ﬂ f clitnsQ eac@tmmmapmparam of or mu (| 1) :

_ rrl. m&ﬁﬁ‘e‘n lr;ﬁérf f thé formuidel).ned in relation to formua (I11) wth

c;)gpound of zahepfooesngcam(l M&an 'lfrc jm zsmhem%e c'fgfsfcfmeg a methyl 0?

e 1 1 um ° 10

i on grOQH@ ’a gnxrt,nge F<‘:la1 ed cl i’é Eﬁ tﬂerrﬁe%ﬁﬁpﬂb&ﬁerﬁ toflen& our cgo or- si | ver

ceton&l al m 30 wherein CR2RCA.is ‘a .nethyl -

]9 (r) (r)lrjrgl a3(2t z;p&l msas wclaiinadl |heclaum27cWhﬂrm31€F epction i effesigd, (?bﬁpound of the
er oi N {q::‘aﬁr epees fclanm%—@@ﬁerexﬁ‘aghﬂﬁ&ﬁa offheClaimed in claim

Wne Bié'L % %O,‘g,’ﬁ o 1 B¢ R eRENatien dlg sal ofi med 150 cl.ai m 30

in t orrrula I s ethyl
claimed in awmﬁroedssfmﬂleaﬁemtmef él(cﬂ'}‘/%?\’@ §f) : "B‘?déﬂ1 ve35| Oﬁ\splrgcglslsvgf

.- oxide. 35 ~ °36. A process as clained a7 :

) a?ly of clainms 30-35
?H)lgstgefprezence of - " u-mQﬂerd@."-‘§§ R4 corrpound of the fo(r:?nrjlreed
(M) 8 1-§6| ng8 in claiml _ prepared b>'?5t he ‘process  of any .of

36. . Aproc- aimed in any of- clains 136 substantlally

gs ‘described in 40 " - the Ex'alrrp:I es;
.0 W G COLE, Cha

rtered Paten L sy g{eﬂ‘ %{dﬁgﬁ‘ qsants Printed

ot ﬁ’ G ofthe RiR8R (Theani npt on Spa,

- for Her I\/bqhs@!ryk
25 Sout hanpton Buil di gs,  London, -WC2A

198120 pub| PLREET B :%%”F?gf“ Tee
1AY, from vvh| ch cop| es may be obt dl Bed cnzon '

: m

wherem R,is as defined in relatlon to formula (II) wrth a compound of the formula
av: .
R |
. . S ' Ry : CoLE T
©- 95  wherein C R.R, isa methyl or ethyl group and X isi, Br or Clinthe presence ofa 95
source. or silver ions. . _
- 31. A process as. claxmed in claim 30. wherem CR,R,C. is a methyl group.
- 32.Aprocessas. claimed in clalm 30 wherern the compound of the formula (IV) E
: is methyl iodide. - SR
- 30 33. A process as clalmed in clalm 30 wherem CR,R,R4 is an ethyl group 30
S 34, A process as claxmed in claim 30 wherein the compound of the formula (IV) o

s ethyl iodide. _
~35. A process as ‘claimed in- any of clalms 30—34 whereln the source of s11ver -

.ions is silver. oxide. - - L
3B 36.-A process as cla.lmed in any of clalms 30—35 carned out in the presence of 3

calcmm oxide. . _
37. A compound of the formula (II) as defmed in clalm 1 whenever prepared L

: by the process of any of claims 1—36.
38.-A process as clalmed in any. of clalms 1—36 substantlally as descrlbed m .

' 40 . the Examp es. .
: ' - W. G. COLE,.
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