Description This invention relates to [err]-lactam conpounds and in
particular to a class of 6-al kylidene penens whi ch have anti bacterial and
[err]-lactamase inhibitory propertisso i’h?egonpounds are therefore useful
inthe 5 treatnent of antibacterial infectrons, either alone or in
conbi nat i ®esceiptide ot her antibiotics. GB 2 013 674 A (Ci ba-Geigy) and EP O

002 210 A (Nerck) . both di sclose 6-si L §.  RERELD & RIRIME S etmsiWifn
aeneral 1 e e b R e A i
Or ganiC ¢ dhthdhtof aftiba@értdY infeBfonp,@ithe: lalohé.or i cabbithtide witlv athensatbiaties.t he gener al
formul ae | A aB@ 01B:674 &r(Cia-GAigP5and rEPVhDa221D vt r(Megdriwtie disciosp sblestitutad2-penemp;
and [err] cpmpepnieef thagenprakfaryWadd: phenyl or [err] have been described in US
4 123 539 and J. Org. Chem 38, 322¢-3228 (1973), respectively as
intermegjates in the preparation oR vari qus gpenicillin derivatives. It has
now been found that it is possi epyfe 6-al kylidene derivatives of
2-penens, and that such conmpounds possess dnti bacterial activity, and ghat
they also inhibit [err]-Iactamases a synergistic 40 effect in
conbi natfon with other [err]-| act@m ant i bi ot'F@s# 6- Al kyl i dene- 2-penens are
‘nqvel . conpounds. Accordingly, the present invention provides a conpound of
f or mil a ( lin yhicl &%, R} arBiR°clencie wvinogen oecertaio atdayic sdivelpt abl e salt or in-vivo
hy‘dr‘&-’isabl eb-methyiena-pesiciigtic agd-degjatives: of theasnesal fgrenplap 14804 B:er r 1| whi ch nay be
the sane or different, denotes a fyydrogeg atom a [err]hydrocarbon group

optio_nalz?y substituted by a fun gro or a heterocyclic group; and
R3 denotes a hydrogen atomor a groyp of the fornmula [err] or [err]; in
which: 55 [err] denotes a [err] h TTH & (ot her than an al kyl 1a
group), a heterocyclic group, or dn unsubstittted or substituted [err]alkyl
group i A° whivkigh kNgeneial b pRAdctisg &ld: kNt s are sel ected from hydroxy,
hal-ogen, nercapto, carboxy, [err]al koxy, [err]al kanoyl oxy, [err]alkylthio,
am no, nonoal kyl ami no, di al kyW®aotno, al k%noyl am no, [err]al koxycarbonyl,
and heterocyclylthio groups. [er] be the sane or different and
each sui*®ably denotes a hydrogen atpm ¢r a [ err] hydrocarbon group
optionally substituted by a functi up, advantageously a _hydrogeﬁB
~atomor a [err]hydrocarbon group.®Suitabfe ‘keo ¢iyedr ocar bon groups i ncl ude
[err]al kyl groups and phenyl groups. Suitable ?err]al kyl groups include -
met hyl, et iy lnicn ke RbARME! phehy? B7 €8, nive BUL es%&ﬁ;‘ut\% 3’ h23 36 Grd Y Ok, crd Bs
tert - butyl 329708028 (197¥),865pEctiDéy as iR@fmhkdRites [iBihé brepatation®F driou nfeiNin Bdvatifs! NE
sanme or diff dhestow henfbumdbthat itis/shssigiero ppdpar6-atkylidendderinaivéndf 2-patelny)and tat such
phenyl gr Oqggnpognds possess antibacterial activity, and that they also inhibit B-lactamases and have a synergistic

w0 € ect in combination with other B-lactam antibiotics. 6-Alkylidene-2-penems are novel compounds.
Accordingly, the present invention provides a compound of formula (il):
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50
or a pharmaceutically acceptabie salt or in-vive hydrolysable ester thereof, in which:

" each of R! and R?, which may be the same or different, denotes a hydrogen atom, a (C,-;o}hydrocarbon
group optionally substituted by a functional group, or a heterocyclic group; and
. R? denotes 'a hydrogen atom or a group of the formula —R® or —SR*®; in which:

55 R® denotes a (C,_;o)hydrocarbon group (other than an alkyl group), a heterocyclic group, or an
unsubstituted or substituted (C,_o)alkyl group in which the optional substituents are selected ft:om
hydroxy, halogen, mercapto, carboxy, (C,-glalkoxy, {(C;-¢lalkanoyloxy, (C,_¢lalkyithio, amino,
monoalkylamino, dialkylamino, alkanoylamino, (C,-¢)alkoxycarbonyl, and heterocyelylithio groups.

R' and R? may be the same or different and each suitably denotes a hydrogen atom or 3

60 (C,-,o)hydrocarbon group optionally substituted by a functional group, advantageously a hydrogen atom
or a (Cy..o)hydrocarbon group. Suitabie (C,-oJhydrocarbon groups inciude (C,-glalkyl groups and pheriy!
groups. Suitable (C,_g)alkyl groups include methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyt,
‘and tert-butyl groups. : . . _

... . Preferably, each of R’ and R?, which may be the same or different, denotes a hydrogen atom, or 3

65 methyl, ethyl, or phenyl group. ' T ' :

’E B

eatie B S i

* e

e " —



§041 768 Also preferably, one of [err] and [err] denotes a hydrogen at om
llitably, one of [err] and [err] denotes a hydrogen atom and the other
enot es a nmethyl group. R3 nay suitably denote a hydrogen atom an -
hsubstituted or substituted [err]al 6Y04 W or an unsubstituted or
bstituted [err aIk Ith|o§roup t he subs uents of said al kyl and

kyl thio gr ;%E;n qdem GFrPFI BR@OM 3 ogen rrercapt o, car boxy,

44rr]al koxy, gal“%igsy iwm&g I‘@E"if.x .m. me§ s ]
“df al'kyl ami Dﬁkubﬁ‘tdﬁs’tﬂﬁﬂbﬁﬁhﬁ@(& Q{) tﬁ?B Fsaitd B béﬁ
1 Wgro@pse'é@drﬂmm rhydragie Hasodérogmcap ydmv. m,me koxvpr(cxpsv manm y ﬁamynh.o,
1 hyl t hi o, R dwéw'nm n%ltahwamm, hmk {rétlhgtdvgarlmoﬁtgmupsret hyl, (1 or

' 3 ethyithio, ethylthlo,
-2y - acet OXy $ 21 h%%‘ th m@jﬁ m
23 acet am de@in é’t yl, deéthrilid %Jﬁe&ﬁ%? ﬁ yl lovl é‘:@
{ipt hoxy met mgthiokintathy Rhioe t Tuaui@éybeyinid, Oacet&ﬁﬂ thyl 'th

24 ami noet h9¢°tﬂm'®meawt§m-ar2radamiu ihyuthupmarbzxmtyam'b.ck@eb

F
2
- “&gr boxynet hylR@ ga{ﬁp AC 1ne|udqia¢nouwmnoree¢ hmefbfl rgstmp-s. emumo, 2
. clude hyar moe 8’ Mlo ngcfet est yn J%E roly the
‘ofvi noet hasl hllﬂhé?t,boav ¥ oQ:r xt t! vbe M a’tlomlq test
[

Wy ridyl thi enimRhachace it o mbliss byGaERERDS edrmnusifét\zsﬁ)a eﬁmﬁ‘a‘i fr oPthe ltést
3 os\/esteF'!!mWﬂbeHVMrfm sere$encetdiehe1<"-§mhunr¢fthecﬂgrmMa (lplboitlu(a& t he parent
akid or its SYftgble estexgrours ofthis typg/ingjude thesaof pardarmyaedalnbhindtdhat i on to a test
‘@i mal sgch as a rat or nouse by |ntraanous adm ni strati on and subsequent
Yami-nation of the test animal's body fluids for the presence of the :
%‘(wnd of the formula (I1) or |ts—seﬂ2CH—6notAabl e ester groups of thispa)
¥pe include those of part-fornulae (a), (b and (c): [err] in which A
tnot es jydrogen, nethyl, or phenyl; A2 der stes [err]alkyl, [err]al koxy or
Penyl; or [err] and [err] toget her__d&,nzgke 1, 2- phenyl ene group optlon(gjly
tibst it ut ed by one or two methoxy 35 gfoupsj [err] denotes [err]al kyl ene
pti onal |y substituted by a nmethyl or et hyIA‘group, each of [err] and [err],
ich may be the sanme or different denotes [err]alkyl; and [err] denot es
#rr]al kyl;, whisgpl es of suitable i n- Qe ol ysabl e ester groups incl{sde

get oxynet hyla dﬁbﬁé@hﬂ*x‘:&ﬁrﬁ&ﬁ\;‘)@rphé\yl 40 acetoxyet hyl, a-acetoxybenzyl,

& pi val oyl ox;\éﬂénpies (G shalily (CAU, FalRowyl o0 ekl By | , a- et hoxycar bonyl oxyet hyl",

-d met hyI am néirenchi togethetdetam tﬂamnmde grmupertdtiydaammemiaylby opbohedd ﬁlmlho,a,nd
& met hoxd armaceut i cal | y acceptabl e salts of

| iy NIV ar i
fo e DA R, s

. t as SI um saFxagipjes afislitable /n-vivo hydrolysable ester groups include acetoxymethyl, pivaloyloxymethyl, a-
40 acetoxyethyl, a-acetoxybenzyl, a-pivaloyloxyethyl, ethoxycarbonyloxymethyl, a-ethoxycarbonyloxyethyi,
dimethylaminomethyl, diethylaminomethyl, .diethylaminoethyl, phthalidyl and dimethoxyphthalidy!
) groups.
L\/ Suitable pharmaceutically acceptable salts of the 3-carboxylic acid group of the compound of formula
v : (1) include metal salts, for example aluminium salts, alkali metal salts (e.g. sodium or potassium salts), and
45 alkaline earth metal salts {e.g. calcium or magnesium salts), ammonium salts, and substituted ammonium
salts, for example those with lower alkylamines (e. g. triethylamine), hydroxy-lower alkylamines (e.g. 2-
hydroxyethylamine, bus(z-hydroxyethyl)amme or tri(2-hydroxyethyl)amine), cycloalkylamines, (e. g.
- bicyclohexylaming), procaine, dibenzylamine, N N-dibenzylethylenediamine, 1-ephenamine, N-
ethylpiperidine, N-benzyl-B-phenethylamine, dehydroabietylamine, N N'-blsdehydroabletylethylene-
50 diamine, or bases of the pyridine type (e.g. pyridine, collidine and quinoline), or other amines which have
- been used to form salts with known penicillins.
= | Specific compounds of this invention include the following compounds of the general formuia Il and
. their pharmaceutically acceptable salts:

2.2 *am”rx*m

g 6-(Z)-ethyiidene-2-ethyithiopenem-3-carboxylic acid;

a8 " 56 6-(E)-ethylidene-2-ethylthiopenem-3-carboxylic acid; :

b 6-(Z)-ethylidenepenem-3-carboxylic acid; -
6-(Z)-ethylidene-2-n-propylpenem-3-carboxylic acid;
6-ethylidene-2-(2-acetamidoethylthio)penem-3-ca rboxyhc ac1d

- 6-(Z)-ethylidene-2-methylpenem-3-carboxylic acid: .

60 . . B-ethylidene-2-(2-pyridyithio)penem:3-carboxylic acid; _
6-sthylidene-2-(2-aminoethyithio)penem-3-carboxylic acid;
6-(Z)-benzylidene-2-ethylthiopenem-3-carboxylic acid: and

. 6—|sopropylldene-2-ethylth|openem-3-carboxyllc acid; and also T

. - the” compound 6-ethyhdene-2-ethylsulphmylpenem-3-carboxyllc acid -and its pharmaceutically

65 acceptable salts. :




45 al kaline earth metal salts (e.g. calciumor magnesium salts), anmmonium
salts, and substituted ammoni um sa SM f exanpl e those with | ower :
al kyl am nes (e.g. triethylam ne), hydroxy-Tower alkylam nes (e.g. 2- - |
hy-dr oxyet hyTtwmomeQunbs famiu}edﬂbn isylh)mmleallmacttve for@s snddt io sojketungdrytootd tha) ,
cycl oal kyperyspeldgrm aé“g 'ﬁ%ﬁ'f emb’ﬁ?‘iﬁ‘d‘&l’"ﬁé"esmtﬂilé‘ﬂ’fw Aif Pﬁée"ed ?
N, N- di beri38 fegmRe H’Ph’srfgwff"‘é'ﬁ i ne, N et hyl pi peri di ne, .
N- benzyj - 13- phenet hyl am ne, dehydyloabi et yl am ne,
N, Ni'\-/bi sdehydr oabi et yl et hyl ene- di amghe, or lwses of the pyridine type
. (e. g7 pyridine, collidine ank®quigyl i ne): er am nes whi ch have been
used to formsalts with known peni ci . eci fic conmpounds of this
i nventign include the follow ng co offthe general formula 11 angd
their pharnmaceutically acceptable s :
6-(Z)-ethylidene-2-et hyI t hi openem d”car boxyl i Qi d; 55
6- (E) -et hylidene-2-eth Ith| openem 3-car boxyl i c aci d,

ay bg piepared by a process which comprises either:
g Eg g% E;: rﬁ&gﬁaﬂorﬁo O;E%w %'? g‘g%mp%g?q%wlf?rwuga—d( from a compound of formula (III)
6- et hyl i dene- 2- ( 2- _acet am doet h it hi o) penem 3- carboxylic acid
6t (Z)-et hylidene-2-net hyl pene cgp oxylic acid; 60 .

6-et¥yd i dene- 2- ( 2- pyrldylthlo pebem , 3- carboxyl if aci d;
6- et hyP{ dene- 2- ( 2- ani noet hyl t |o) ic acid; -

6 (Z) - benzyl i dene- 2- et hyl t hi openem B- car boxy Ic acid; and (111) |
é_ﬁpropyl | dene- 2- et hyl t hi openem 3f car acid; and al so the conpound :
yl i dene- 2- et hyl sul phi nyl penem (¢ acid and its

phar maétutical ly 65 acceptable sal#s. 3& 0 O%do 488 The conpounds of
fornmula (11) may exist in two optPcally active fofms and it is to be

under st oaalwhibieR", FAhdRTHAE4S defiiedBba¥s, XidehébteiSiedvitg GFIus, sl Kdehdss dHYEogNfatchl &

enbr aced adpprbokyd-blo clmgemtbupl: pvention. It is believed that the nore active form
i s tha# of @éwﬂm%rdénqt?%gmt[@frﬂ]e frnulcoffotsadion of a suphgxigieiefdermuterivVitiay  be
prepared by ‘a process which conprises either: 15 (a) elimnation of the
el enents of a conpound of the fadmula H X from conpound of forrmula (111):
[err] in which [err] and [err] a|re as defined §ove, X denotes a | eaving
group, 2and [err] denotes a Rydr arifzoxyl - bl ocki ng group; or

Q&n atomor a
30 (b) when R3 denotes a gr oupN -F SRUSR reactlon of a
sul phoxi de of formula (VIII): [err (ViiI)
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in which R?, R2 and R* are as defined above, and R'® denotes an organic group different from the group R*
K_/ 45 (R® being defined as above); with a thiol of formula (IX) or a reactive derivative thereof:

R*—SH (1X)

and, after step {(a) or (b), if necessary, carrying out one or more of the following steps:
50 (i) removal of any carboxyl blocking group R*;
{ii) converting the product to a pharmaceutically acceptable salt or in-vivo hydrolysable ester.
Suitable carboxyl-blocking derivatives for the groups —CO,R* include salt, ester, and anhydride
derivatives of the carboxylic acid. The derivative is one which may readily be cleaved at a later stage of the
reaction. The salts need not be pharmaceutically acceptable. Suitable saits include inorganic saits, for
55 example, metal salts, for example silver salts, mercuric salts, and alkali metal salts (e.g. lithium or sodium
saits), and tertiary amine saits, for example those with tri-lower-atkylamines, N-ethyl-plpendme, or
dimethylpiperazine. A preferred salt is that with triethylamine.
Suitable ester-forming carboxyl-blocking groups R* are those which may be removed under
conventional conditions. Examples of such groups include benzyl, p-methoxy-benzyl, 2.4.6-
60 trimethylbenzyl, 3,5-di-t-butyl-4-hydroxybenzyl, benzoylmethyl, p-nitrobenzyl, 4-pyridylmethyl, 2,2,2-
trichloroethyl, 2,2,2-tribromoethyl, t-butyl, t-amyl, diphenylmethyl, triphenylmethyl, adamantyi, 2-
benzyloxyphenyl, - 4-methyithiophenyl, tetrahydrofur-2-yl, tetrahydropyran-2-yi, pentachlorophenyl p-
toluenesulphonylethyl, methoxymethyl, a silyl, stannyl or phosphorus-contammg group, an oxime radical
of formula —N=CHR® where R® is aryl or heterocyclyl, or an in-vivo hydrolysable ester radical as discussed
65 above. :



$in which [err] and [err] are as defined above, and [err] denotes an organic
1droup different fromthe group [err] 45 [err] being defined as above); wth
ja thiol of fornula (1X) or a reac{)idﬁ dféévative t hereof : R-SH
§(1X) and, after step (a) or (b), Tf %cessary, carrying out one or nore of
it he fol | oWyaGarBé§Rsroupaay be régbn)eré’t@dmhﬂihyafthaﬁbbvcatdﬁbvwbudbheﬂ)kdsmgpfgpfi%ﬁ” RX;
1(i1) comesmiticiigr F Boup farduartpld, by acidiataiyserdtolvsial Hage-catalyeqst hygtolysis, gpgvmigally-
$1n-vi Vomﬁg:%%gﬁégggggggggﬁggy% b js st af cepreacdigicArg et MOSE FRASEOPP ( he
19rQups, 1% itysd d to produce 3. aun o:%il ¥Ig ﬂI tg&o.q;?&ia\{r@é é.c}éﬁﬁsa(&fbywa%rocess
'} Car\bd)(g/lo'f fhis' nibne.fiﬁi cﬁ\é&dié“@{o‘ W€ a StErtiRg@moid In WRiKh RaS&iEakBoxBlocigtaub. Bdr a
il ater sty0Stesdvatibh 8f & BeHhpdufd) of fbReuIS Al) InSthel & oh @ phirenagEoticaliramertabisagstey. it is
accept alebsvenigntitd epley ssthrting ¢camploustiicin whigh Q’aﬁbf@s@ﬁltb%‘?“‘!‘iﬁ'resﬁ'sg'e&%ng_{ e
]

i -case

isalts, forindhespstround pffagmula(iih she Ipgving, groyp X e a ydro '
‘(e.qg. Wiel'ﬂinﬁ?ﬂ“ggp W"E‘&T &S] a,"dg'r?ﬁt’f ‘éar"t'elqé’?‘@‘a'g%twga%{%%%%ﬂfélrmexa{wpI e f hose

&
vmt h trjiCPT'B?Alfer'PPgﬁoky am'nes, N-ethyl-piperidine, or dinethylpiperazine.
ipreferred salt is that with triethgiCam=mMNe-COR t abl e ester-forning

jcar boxyl - bl ocki n roups [err] are thgse whjc be 1 ved under
foonventieneen Eiandnt e scspetsapisprakordf- AbhogPE SR IR B gyt 1 9Fbound
{p- et ho>&f/f°6'@?‘|'2y‘{)', 2,4,6- 60 trinethylpereyl,

13, 5dis- t - but yl - 4- hydr oxybenzyl , benzey ‘met hyl , p-nitrobenzyl,

{4-pyridyl methyl, 2,2,2- trichlor oet®ylO)R2, 2, 2-tri bronoet hyl , t-butyl ,V
gt - anyl 22 di phenyl net hyl, triphenyl met Nyl Rs’ adamantyl, 2- benzyl oxyphenyl, -
r_@:j-hyl t hi ophenyl, ,tetrahydrof-ur- 2-@", t et rahydr opyran-2-yl,

Jpen achl g &DY%! and R-ard RLHRRAGAH BRPRYAnRIRRYR™, andT® RRXNAGRE{UAtly dhvir 0/ Laalkyi
Istannyl  giiomp skbafiidd witRBivRI Ni Ng group, an oxine radical of fornula [err]
fhere perr jin the campdunds ofhisst fomada iN)yR*, andIR® ane preferatily sldgipd frofmymesinl, eethyss peopyl,

¥ adi cal asvl.qh*ewsstéuefﬁﬁvdt_abe?é.anq t-butylgoreups briog F"H‘%{':é gpégg;eg;ﬁggggg%g 13
oo e WU S SR T b s
{he part}oul e aed, AHbcelrilny KT Bropihn B ol hekprata besionyptions,
base- cad al \comdniaiti at, \r31ahd REFspieaant atlel sameamdupl Kpediclizriyr whfysedseompound of the
;gpydrpggn&tmﬂmMEh@ihmdhfp#mes must of course be carried ouE r\ger

fonditi on:slgeeermtbha?ﬁ;@'wwﬁng'%‘ﬁé’fﬁhégqmw"ﬂlsr%“_‘ﬁi?r'@diﬁ‘%1 ?I‘ltéé aEyRFdPer 5
':.N]en It s Tﬁ&%ﬁ;ﬁgg\ :i r{(ﬁgtf&qqg er@raﬁggnﬁlgﬂqgut%ft al tidh Bkttehe(tdrhperktlre! Rh @I @6 @
qree ags d1WC.$@hTavebf¥g EcoRVdafeRBtd bedin thelréactidh\ae B tégdéssed tbmpeiatGra/vuetilasart, ahd use
A starti mgn UNPW thederhporatlive edridédto hivoutiroomrtapeydturel ocki ng group. For the '
Pr epar at i orThefreagtianoigysoitanty reffofmadnin|ag ipert yerpts eragnicr iﬂ"’ﬁi"og“i&b reglvARte dnstuig al | y

$ocept abietanerogyran. sioxane, qiy) srstfeotnzang sREde P o o1 oo o A powbi oh
Jr e e S arotge e BTG ol e el Al G GARRO R ot )
{'he | eavishag 6r (@l1Dalkyl BRbnAIE sBbstyAHAQNtH agyl:GinP a grdip \WhfiotiiulC-2:OBOIDRY), Wherein R' is

E I m nat igRlabylepailys a dehydration step and nay be carried out by trealii ng a
fonpound_ofPréfesraggraset of farrulFi—rPLACRRIAEE WhPreln Grisaiogng R\ (Ci-platkylyin particular

acetoxy.

' 45 The compounds of formula (ll1) in which X denotes a leaving group other than a hydroxy group may be

1 . prepared from the compounds of formula (ll} in which X denotes a hydroxy group by replacing the

] : hydroxy group by another leaving group X. Alternatively the other leaving group X' can be introduced into
the molecule at an earlier stage in the synthesis of the penem nucleus. In particular the groups .
—0S0,{0),R® and —OCO(0),R?® can be introduced at the beginning of, or at any stage during, the synthesis

50 of the penem. In each case, the leaving group (other than a hydroxy group) X' is introduced by replacing a
hydroxyl group. One particular novel intermediate useful for this purpose is the compound of formula (VII):

X 12

: __ . . /‘\ sozg
.; 55 ) Rl __{
(VII)
1 o .
‘wherein R' is as defined with respect to formula {Ii) above,-R“'rep're'se”r'_mts' methyl or be'nzyl_, and X' _’denot_g; -
a leaving group (other than a hydroxy group). Lot o U el pd e .
The elimination of the elements of a compound of the formuia ‘H—X' is.most conveniently b_r_oqg__ht— -
. about by treatment of a compound of the formula {i) in which X denotes a leaving group (other t_t;_g_q_ a
65 hydroxy group) with a base in an aprotic medium. The base employed will be a base of low nucleophilicity

60
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15 in which [err] and [err] are independently aryl, or [err] alkyl

o‘ptionally substituted with aryl qgﬁ é?)rrpound of formula (V): [err] in

which a, b and c are |ndependently or I, and [err] and [err] are.

mdepen%feth ?tflﬁg y! premary end Jegoridaty apyines wilbidt P esmsltsuauuatwbmstnhcume wdéted | n
V]

the confiff rbmfate or A e’;é?tagl" onaogy ! arbégﬂ esph b d’%r"qﬁ'jg? melbr W§€P‘éct ed
o e SR g e e B b e
groups daem&g preferred us a pre err conpound ornu %'
di et hyl aZ‘bdelmamdgomylb\am@ffedtédatsnmf-memetemweauumncﬁabaizo B4|-7a°cdo:[eaarh&|e +1o
reﬁwaéseﬁtﬂgﬁeT eofbe qr;ﬂ\c,erwentﬁv«s:%feg @mhtgst taﬁt;:tfﬂefef or mul a P i ncl ude
trlaryl "Fzm'afﬁ [‘} éﬁ P PrapRieq err]
i ncl Udeddﬂ‘%th i Ay {pﬁ 3@3% elgoYe w%\ agthlcll oé?fn:g Q;gab ven%tahrs enyl .
30 OOnve'msamdegs mberbra]caaiad a[uelirr by’ BB GOREt s‘uls}e a$ deugfetwlrbrmé\n’aar(rbmgul arly
prefer rfetnahy nTHEE diokenef bexamietoyip h%phtsaml PY| whggmpéi The. soGemedmar lisy, t he
appr OXI % ‘@g‘tﬁ'Rf P issPreferredn auitablimbelaw Gfe“tfﬂé’ el PES efplewﬂvatm (V)

are u,%e o BHBhuld! (b dse &Qﬁm gmfé& o okt %%‘&gk%“ riefod BRI Y
carri Edprﬂsléhceaif adbade) inﬂ% K fhiEis rné’trggﬁ'ern flable ﬂcl %ﬁl@ﬁ\ Qﬂ i
have f opotedsiuth wdrmeesudmnt arhide, (p@@bsiunt b@.dé.&aahmmdahda pdepsr@ﬁ Sﬁﬂom&mruat ure, :
such- asetirRidecsadiummathoxige.potagsiuny busoxidenpethdamine andtripiogwarhipe. Aldeantageqislmthe

t enbag '§ useripan nput YAt IPast QR pquiyBleyt pEfRRBlY 1A 1-heaiyalerierer mplp eithethisk gani c .'

SOl VNt Pillohbl (irdTheGB) f thdSheHB ol ElcfiRIUEA ARl 5y il G5B 7Y Ftate,
benzenemsyisk dsbe Prefdtsbly thel rdaaive AeriafienSa iéikrofi th]ﬁfgygﬁ.mﬁh rEHuREPs @J’rﬁ%\l 25:
corrpounrdetdfprb%tahulsaduhrhlordeaem t han hydroxy groups) 40 include hal ogen; a
dup, of {TBe ?ﬁl‘P‘ﬁ't fethe thiohprmround of forquladpd ouits reactiverdefivativg isingt talﬂ%i Ggnerally,
[err]zél% gi(\f, l'ﬁ?ag‘awgf’fat‘l?f'%a°m°{°hpfafﬁs?P'v1éf?d’ 5MQJpsobhs MOt of BF FRTIPQUId 1 |
wher ein mbéun Bfrf])ﬁﬂulfay(kllllpﬁ\a@ﬁé’drepa%d%%[Jxﬁgtl&rcﬁ"JQ§m&](uné of f‘amuﬁa &grrl are
those wherein n is zero and [err] [err]alkyl, in particular acetoxy. 45
The conpounds of formula (111) ig} Whl ch X denotes a | eavi ng group other -
than % hydroxy group may be ,predared fromthe conpounds of formula (111) in
whi ch X denotes a hydroxy g‘rcrcrp repl aci ng the hydroxy group by anot her
| eaving group X. Alternatively th Ieaéugmg group X' can be introduced
into the nolecule at an earlier stlag i € synthesis of the penemX)
nucl e¥s. In particular the grou erff~<and [err] can be introduced at the
begi nning of, or at any stage during, th ynt hesis 50 of the penem In
each case, the | eaving group (other than a hydr oxy group) [err] is
i ntrodusedickby replaci ng a hydroxyl group. One particular novel internediate

usef udo f oR' ﬁhlﬁéa mdatmedlaeove i o)ﬁduéuwa“gahta (MI1): [err] wherein
[err] is '§‘a d E‘El‘!de Rsrwemomﬁca! geabmpe'de ReEfenupptieddsar s
b S et e T oy
ar oup) theT#em 01/ HsiAeinBiTord et SR hHcSute IIy@ccQﬁQmé)éHﬂ ok H- X

tthegent weha ﬂmrhgcehtrcawgﬂaéeptamb@m.erby treatnent of a corrpound of t he
g if she)coinpoun iof the invention gesaernt anssugh 4 eanviositiorgis inuthe {oot lota salthizen saitable

sal s include pharmaceutically acceptable alkali metal or alkaline earth metal saits, or a salt with a

pharmaceutically acceptable nitrogenous base. Particularly suitable saits include the sodium sait and the

potassium salit.

50 The compositions may be formulated for administration by any route, for example oral, topical or
parenteral, although oral administration is preferred. The compositions may be in the form of tablets,
capsules_, powders, granules, lozenges, or liquid preparations, such as oral or sterile parenteral solutions or
suspensions.

Tablets and capsules for oral administration may be in unit dose presentation form, and may contain

55 conventional excipients such as binding agents, for exampie, syrup, acacia, gelatin, sorbitol, tragacanth, or
polyvinyl-pyrrolidone; fillers, for example lactose, sugar, maize-starch, calcium phosphate, sorbitol or
glycine; tabletting lubricants, for example magnesium stearate, talc, polyethylene glycol or silica;
disintegrants, for example potato starch; or acceptable wetting agents such as sodium lauryl sulphate. The
tablets may be coated according to methods well known in-normal pharmaceutical practice. Oral liquid

60 preparations may be in the form of, for example, aqueous or oily suspensions, solutions, emulsions,
syrups, or elixirs, or rnay be presented as a dry product for reconstitution with water or other suitable
. vehicle before use. Such liquid preparations may contain conventional additives such as suspending
agents, for example sorbitol, syrup, methyl cellulose, glucose syrup, gelatin, hydroxyethyicellulose,

- carboxymethyl cellulose, aluminium stearate gel or- hydrogenated edible fats, emulsifying agents, for
- 65 example lecithin, sorbltan monooleate, or acacia; non-agueous vehicles (which may include edible oils),
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- 615'57::7’??'hydroxy group) with a base in an aprotic nmedium The base enpl oyed will B

bé a base of |ow nucleophilicity 5 0 041 768 so that in general primry

and secondary amines.will not be suitable. Suitable bases include powdered

i por gani ¢ bases such as al kali net @ o#ar lyegat es, bi carbonates or :

hydr oxi de for exa ovvdered pot a55| um car bonate or hydri des or

1.8-di aza Qnated Gpgonut gl ‘i"& E’ uah\as gy ”P%P"E?!'é" ff.b?’se‘h‘/'
exam e methyl ?{ é) benz ate or sor! |c acl desired
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~ di ghl or onet fBiuBﬂanér%E Mh}édfam cuﬁ@nuoaactuﬁpo%#&y bdslé#e gTdaeoanutténdaathbogﬂycame be
ef fect ed at Far n(rmtenlt ademﬁsttaﬁwpamatunn dosage forms areXferaced ugitialg the rorepoang b &10 -
to [err] Yade Rﬁ e’&ﬁ wp@mqng depensing of thervebigp amonfeem@ﬂaﬁ% e.
The compofff! ber a e dt?

ISI &) P\ilgmlr &!gc (qgn%) %O%SQ d of
formula [ gfgi vermyn rsesea o%paw oY 640 &1508 ngAScH ceﬂ h ﬁsm v be
f or mul aro WirhihisteB QY ® svunteba dayidn mate cerfveﬁ.emtrml For@kik sﬁ&ﬁ)\d@th@ﬁtheﬁtoﬂéaﬁa\tdd&efo 9

derivati véO kd\@ﬂ@@fabc&imﬂ(!sto ﬂ@oegsf,or meahvatlwp.é‘@o deQ, 190§ oamsP0imeer t sol vent
such as N-TQP fﬁ' é"‘ bl séflt“éf?ﬁ‘tj?fS‘f"ﬂF%ﬂf"PTﬁF'fat°W’ #ek-Afieary tract
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peC| al | y fsuttablalpenidillijsefor jrictsiam druithe| e@mipbsiticns of thi¥) weritibe iriclude |begzgingemitiith, of

ula ( Pz%ow&gmems"-emmmww args*vel"!nemztdlbnsw@l"geﬁébeaici"y azmcnmnememmn.
t he pr. eseﬁ Ig?;:ul rl\l;B g.u %b %{me nsgfo h ﬁfglg‘n ?# ora gr%%?sf?&de co os:?o o?%hls invention
sui tabl g, hiases s el e 1 ol ST rompei B S E onen

pot assi unh.amfd@ adﬁ.md;trwm r@xbﬂlﬁrbeman.asmuwarwdﬂpw. p@.&ﬂhnumcaabw.dmn
sodim meettydiatée, ammititis S trinwrstet osodiden, iriadtiny talavpiadilin amairdchiofideo ppivamaiciltn
Advant. agea ?cg'w'# éaqaagg"wv @'ﬂP'ﬁdﬁ' ’;&ngéﬁmﬂtefaﬁpdm@mm"@ » @eflithe sdin |

f ' rs d
preferag 7 ﬁﬂgﬂ'gﬁﬁd pen.e.m.a ln%llgsnd{e r\@i”' ﬁ\%%ﬁlﬂ%nﬁ%g “Jéf’.ofa_

of usinNg . bhexye: Q,-.Hy
conmpound ofthi‘smfvmloans(dn)ﬁ)cﬂrmtfh&mtuse Preferably the reactive derivative is

a:salt of t hRartichiady su(tatil@ nemctﬂmpwrtmlwbram |raecsalvtadwntshamoaiphailons niathlaliqventmn
pt ef er ap] yre¥ ﬂ;igz %E e saitefampiciin, emexvein d’F’bB'b aillingr

U e R R

mpl e of the Ramrplaﬂmduuﬂblefc@pmdsmr(nylfd:rl inclugianTpotha kdmpdsitfoas miﬂltlﬂs (nVédtnb) msmme be
prepar ed bsphgouﬂe'i"ialeﬁphdﬂmo#emra@mnm@mn@ﬁd ¢ephaiqthip. f X) : [errl] in which 40
[ er r] affd ’{vemm“'%t‘l‘ E'taéll?f‘ieﬁ@!?s&%kﬂ\fé' inglision in the erallvoAdminietiahiy cameqsitionssefi thisp) e

11 d oxi di'STplgkica@ uaas.élsépHQ&pwsb&%msﬁn A Sinjedd b} QEHRRisP B e hisiticnS bt UM

d_ OXi de Ofinvention inciude cephaloridine, cefazolin and cephradine, generally as their pharmaceutically acteptable

salt such as the sodium sait.
" 40 The weight ratio between compound of this mventlon and penicillin or cephalosporin is generally from
10:1 to 1:10, or more usually from 5:1 to 1:5 and normally from 3:1 to 1:3.
The penicillin or cephalosporin is generally utilised in its conventionally administered amount

Aoy The present invention furthermore provides the use of a compound according to the invention for the

preparation of a medicament having B-lactamase inhibitory activity.
45 The following examples illustrate this invention.

rJnc

it i

Preparation 1{a)
{4RS)13,3-Dibromo-1({1-methoxyca rbonyi-2-methylprop-1-enyi}-4-methylthioazetidin-2-one

A vt SR SR S s 1Y
a

50 | | Br H Br
' S : SMe
Br—-—l’ Br—--—']/ o
_>
7 VT 7 7
(l) Cone _ (2)‘ cone

A mixture of methyl 6 6-d|bromopemcﬂlanate {J. P. Clayton, J.-Chem.. Sac {€), 1969, 2123) (42.0. g)
methyl iodide {42 mi} and finely powdered sodium hydroxide (5.4 g} in dry tetrahydrofuran (400 ‘mi) was _
stirred at room temperature for 2.5 hours. The mixture was filtered and the. fi ltrate ‘concentrated. The .

{MgS0,) organic layer was evaporated and the residue chromatographed on silica gel eluting with ethy} .

. acetate/petroleum ethér mixtures to give the secopenicillanate (2) (26.8 g) as an 0il, Vmax (CHCI,) 1785, 1725;
5 ppm {CDCl,) 2.00 (3H, s), 2.23 (3H, s) 2.32 (3H, s), 3.82 (3H, s), 5.562 (1H, s).

7

resulting solution was diluted with ethyl acetate (1 litre) and washed with brine (3 X 100 mi). The dried- . .- . =



odi um net aperi odate. Substituted perbenzoic acids such as
chl or operbenzoic acid are nost preferred. The present invention also
rovi des a pharmaceutical conpositi on0wbiuh7sanpri ses a conpound of the
or mula (11) as hereinbefore defined o';:pa &rEceut i cal l y accept abl e salt

in vi vo e
ar rier. %ﬁzﬁg%moesﬁé}%ﬁﬁtwgﬁt 3?12_ £sent I n su %@l&-g-\%eﬂ%ﬁﬁ&fz&%n-
n the form of a salt then suitable salts i ncI ud phghmaceutl caI |y _
cc@ablé al kali metal or d&kaline earth netal S§| or asalt wth a
harfraceuti cal | y accept a,QI e nitr ous base. Partijcul aydme suitable salts
ncl ude the sodium salt and. pot gssi um sal t.B onposi ti ons may
be fornulated for administrgtiqn by anytour®, for {exdnpleloral, topical or
arenteral® although oral adni ni atton is preferged nposi ti ons may
e in the formof tablets, capsulgs, powders, grar?ul es, |ozenges, or liquid
prepar ations, such as oral orR)stefd.Me parenteral sol(gl;l Mal suspensi ons.
abl ets and )cl?psul es for oraI adm @ stration nay be in uni% dose
r.esent atisod Y419 55 G e(pt g5ch |ent

i r 14. i

oy e S e B el A
T poltyvi nylLs@yr & €drSs fu Qér ) saé3 EdhstRn &H&Qd]dehyde (3 ml) in dry
| Ze=/5t ar cta;ram}mrarrmp )&fﬂ%aa“d&ed &ropvidsd ®er five rghu,tes fMieg mixaupd @é< stirrgd at —76°C for a

ubr i cant®, further tenminye® treatef with a seutated splytian of@lamemurpeml idel§1PI el andyliipwed toggptain

ilica; di sf‘?‘?ﬂa mapeare. f 'EPrm fiie gR tﬁhés p3rated, The
gant's such #_3“' Eae’ Wﬁqﬁg éfzd ngrgsm T%@(E[‘;%éf evapoatgé@n ? |ve crude Qg::m

o0 net hods y&lekh yirih (B)QV fHamiasesttidonnt, aps aed‘oum, v.,Q( cn )BGWJ—dnﬁQnss
pr epar at i #ng725em 1 & ppm (CHY) .43 nHod J 65Ha), 2.04 BHPY), 2,13 484180228 (Bi, sbzsy 253 br(1H, d, J

suspensi ons 2PRseNimately Az, exseQ)i HIRS(3H. S B @Prs4- 40T HEM: RilaPsing tor4.teg JiseHzioneseR-AY
s a dry praa‘fj@tg”f%'rsqzé%aﬁéh tution wwth water or other suitable vehicle
bef ore use. p UGy d-biidival eparations may contain conventional additives
SUCh as S44SpeMhie NEHod Expeimerit G¥as G¥peatell cusmg I'abutyd llithiuy laHe, eqdbIB] inCalhdeUdfOaébyl
| ucose syr opgnegigingiromide tpygiveoafiee thitgrhatedrbphly tbe brooaysio Yakint 3694 vield| | ul ose,

al um.ni um st earate gel or hydrogenat ed_edi bl e fats emul si fying agents, for

PO KaToLe | e Rl ne s S, SR el B il B PGB L ©

ractionated coconut oil, oily esters such as glycerine, propylene glycol,
or et hyl al cohol; presegy: at ivgs, for exanple nmethyég or propyl
p- hydroxybenzoate or sorbisAcid, and if desired c ention flavouring or

col ouri ng,agents. A Bro ﬁﬁ%si tories wi¥¢ T sqEvent i onal
suppository bases, e.g. &ocpa- [futte or—e+her gl ycerfidg. 5 For
parenteral adm nistration, J.Lghd uplt dosage fornms greygpre ed utilizing

t he conpound and a steril eovehl cN& wat er being pre‘ferre The conpound,
dependi ng_on the vehicle and conclentration used, can be ead hr suspended or
di*ssol ved®i n the vehicle. (bhit-d&9¢Ms or ns accor di ng t4 this*invention will
normal Iy contain from50 to 500 ng of a conpound of '

The bromohydrin (3) (7.04 g) was stirred with zinc-silver couple {prepared from 2.60 g zinc dust
according to the method of R. D. Clark and C. H. Heathcock, J. Org. Chem., 1973, 3659) in methanacl (100 mi)
50 containing glacial acetic acid (0.57 ml) at room temperature for 10 minutes (the mixture was initially cooled
with an ice-water bath in order to moderate a slightly exothermic reaction). The mixture was filtered
through Kieselguhr, the residue being washed with a little methanol. The combined filtrates were
. evaporated to low volume and diluted with ethyl acetate. The solution was washed successively with N-
hydrochioric acid, brine, dilute sodium bicarbonate solution, and brine. The dried (MgSQ,) organic layer
55 was evaporated and the residual gum, chromatographed on silica gel eluting with ethyl acetate/petroieum
ether mixtures to give a 3:1 mixture of the ¢is- and trans-hydroxyethylazetidinones (4) (4.64 g) as a gum,
Vmax (CHCl;) 3600—3200, 1750, 1720 cm™"; & ppm (CDCls) 1.32 and 1.42 (3H, each d, J 6Hz), 1.98 and 2.00
(3H, each s), 2.10, 2.17 and 2.24 (6H, each s), 2.35—2.90 (1H, broad signal, exch d,0), 3.14 {}H, dd, J 2 and
5Hz), 3.41 (3H, dd, J 5 and 9Hz), 7.75 (3H, s), 4.00—4. 40 (1H, m, s:mphfles on exch D,0), 4.90 (3H, d, J 2Hz2),

60 5.04 (3H, d J 5Hz).
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tt§|s i nvention, for exanple about 62.5, 100, 125, 150, 200, 250 or 300 ng.
Séich conpositions nmay be 10 administered up to 6 tinmes a day or nore
cenveniently 2,3 or 4 times a day s&(b?gt Ege total daily dose for a 70 kg
agdult is about 200 to 2000 ny, for IZ bout 400, 600, 750, 1000 or
1500 ngy. The conpositions of this inpeapiraton 1y be used to treat jnfections
of ‘the r eswi-¢autyidiyhehylsigloxyethyl)idmyetioergtbomy-2eethylprapsisame 4Pt MiiRaRRtidingf e ¢ s
in cattle or the like. The present invention also provides sympergistic

phar maceut i cal cozg:lbsitions whi ch corrﬁni\s a 15 pham@ SR 2E3 conposition

as Wér el nbef or e, deder i bedMahi ch zat 50 Ganthimhs Ha ﬁenimgi‘ | a

cephal ospori n. éui tarDT‘Fepeni cillins&or in Fefiei n t heyearosi ti ons of
this invention inclydebengyl ~penicillin, pheroxy t+hyl penitci | 1§ n,
anpicillin, anoxycPllin,Aicarcillin, sunciATi beniCi PN zlocillin,
nmezioci@in, apalcillin, eracillin or pro-drqgs of t%ese onpounds.

[
Particularly suitable peﬁiBé flins for inclusi onCDFMeoraI |y adeogMstrabl e
conposi tions of this{4hvention 20 incld8e ampicillin and it8 orally
admi ni strabl e pro-drugs, amoxwcillin and its orally adninistrable pro-drugs
arid orally admi nistrabl e pro-drugs f Mﬁ_ﬁr Benicillin. Thus particularly
sdi table penicillins incl udesnérm'bsid g an ate, anpicillin trihydrate,
sadigum  anpicillin, talanpicillin hydro¢hl onide, pivanpicillin
hydrochl ori de, bacanpicillin hydrochl Q e, xycillin trihydrate, sodium
anoxyci Pdin; and the sodiumsalts of The ph&hyl and 5-indanyl a-esters of
carbenicillin. 25 A preferred penicillim for inclusion in the orally
a.drsﬁ"'ni strabl e conpositions of this i{),\sent i J1P2Me anoxycillin trihydrate. A
further preferred penicillin for inclusion in the orally adm nistrable
conposi esons of this invention is anpicillimn trihy i Vi
surtabl e pepy T, IR “'fgn@@é:{g%“vv;":mzﬁﬁ?%‘:ﬁza b s
mg o 90{3 at FHofC bi@tuPe for '

of this in :/ ﬁ':e:ﬁs SI8HHUR, diutdd@itis @thyll acesas, tand fwashed

anpi ci | 1 N,g,QBINNIG wkth NrhydidaHIdHRaLi6, brihé, Bataratd sediem bicdrbenate sgigtion, andybri ?-éﬁ%#rreéld

peni ci | ls n (f1680,) orgbrisiayan vﬁasle\tahwaiegja@tnhatﬁsg;:%mwmﬁt%q’? i h gy
nat

o e

this i nventabg?d%z%t;ﬁgi% Wpimgﬁgrg‘;ﬁ: 3R6 TuSROY(1-

i ncl usion i e h was B3NS hd 4 (196 g}, RIS (GHCKETTED,aTRSI S
sodi um arrpif: _)If1g?'§:lf,{-%§-§’}$?§_{ .%th ﬁf@ﬁ,gﬁg-i,e), Eﬁﬁnahmpam).ﬂga (3HN®)) 3M9i(dskyJ 3 and

t he CONMPOSigHLRRS3.08 (dd,Ni3and mzembétm1H,mcﬂ3MHmﬁwal%ﬁ5Hdﬂ'ﬁé§'§%h We -HI,(?lHI":('J_
cephr adi ne,3Helef7azal8 OB eh).cEyshaior: mplac fracion, thg@ggﬁ;goﬁ?gggﬁﬂﬁgp‘% o S 06 toh,
cephal OSporqfw"f??dmg G R e P laTed (1A, 5 Snd 642), S7%@ATRNY136 (1A, 96 and
this invent l;é)rﬂ b?ﬁg' hgl)(iélh_é:’@é G UFSUnb M S8t 28al1879C €N SSioEduites 450.11508).
inclusiqgp in the injeéectably adm nistrabl er;gorqﬁési tions of this invention

i ncl ude cephal ori di ne, cefazolin_and B -2l | s their
phar maceut i @88 #HS)\(SRkt: W@’@&?\t‘“@ﬂ’&’ﬁ'%f“’{'ﬁeVé%%'?%ﬁ%g‘?‘lt‘ uﬁ% The wei ght
ragi 0 between conpound of thi § i nvention and penicilli& or cephal osporin.is

general [y from10:1 to 1:10,1.0f growe usually from ¥.1|th 85 and normal ly

from3:1 to 1:3. TheseRigid+R_or caphal osper Phy§io T ler al F92¥R i lised in
it's conventionally adm nfstered E‘h’bﬁﬂ The pyesent inyentfion furthernore
provi des the use . of a conmpound gccording to the inventilon 'for the
preparatjon of a nedicanment hag’ngu[ “Tact anase i nt? bi lNgry activity. 45
The foll'owi ng exanples illustrate thi$ invention.

Cone
(7) ’ (8)

ion of m-chloroperbenzoic acid (1.60 g) in ethyl acetate (10 ml) was addeq dropwise over 10
mimﬁ;o:gﬂaostirred, ice-bat‘t’l cooled, solution of the (3RS, 4RS) azetidinqne {7) (2.16 g} in _ethyl acetate (50
ml). The mixture kept at room temperature for 2} hours and wash_ed with satur_ated sodium blca.rbonate
I solution (2 X 15 ml) and brine (3 X 15 ml). The dried {MgS0,) organic layer was diluted to 100 mi with ethyl
¥ acetate, cooled to —20°C, and ozonised oxygen passed for 30 minutes. The excess ozone was removed by
? 60" : passage of argon and the mixture treated with methanol (50 _rnl)_._ Tht_e_ _mixture was. kept. at_room
tefnperatu're for 40 hours and evaporated to give a crude gum which was chromatog_raphed on su!:ca gel
eluting with ethy! acetate/petroleum ether mixtures to give the sulphone (8) (1.57 g) as a waxy solid, Vmax
{CHCl3) 3400, 1790 cm™'; & ppm (CDCls) 1.01 (9H, s), 1.23 (3H, d, J 6Hz), 2.91 (3H, s), 3.77 {1H, dd, J 5 and

55

" g5  374.0897. C1gHNO,SSi requires 374.0882).

8Hz), 4.67 (1H, d, J 5Hz), 4.87 (1H, dq, J 6 and 8Hz), 6.88 br'-(__1ijl_.'5_), 7._3—_-7_.8_'(10H. m) (Fo_t__{nq:_ M*—Bu‘_
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reparation 1(a) (4RS)1 3,3-Dibrono-1 (1 -nmethoxycarbonyl - 2- net hyl prop-1
enyl)-4-net hyl t hi oazetidin-2-one [err] A m xture of nethyl
, 6-di bronopeni cillanate (J. P. C ayt 05,0% ?ﬁ m Soc. (C), 1969, 2123)
60 methyl iodide (42 m) andofPRel

5.4 g) in dry tetrahydrofuran (400 m)préeuvatioh gy ed at room tenperature for

owder ed sodi um hydr oxi de
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ith- bring (3 ,x 100 m). The
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cet at e/ petrol eum et her Xturey gi Ve the secbpenic f Ee/ (E’Z) (25. 89)
), |12. 43

[err] 1785,1725; 65 |6 ppm [erTT—2200 (3H,

(3H, s) 2.32

3H, s), 3,82 (3H, s), 5.52 (1H/sPHE 7 0 041 768 Ps,ﬁ'pa'rNat iSon 1(b) (3E,
RS)-3-Brono-3[1 -([err])-hydroxyethyl]-1 (1
met hoxycar bonyl - 2- met hyl prop-¢ky-enyl ) - 4-nmet hyl t hi oazetidjy n- 2-one 5

OH [err] 15 a) Using nethyl magnesium

neva (sfﬁlh l?sgigirreacf ‘pr‘g%{% ¥ gt tepPerEtY Aqu hours the
e e e
ve the

OE% 1(5%%) 10 137 m7 o pran (EDCH) 102212 @2H. mitrnattietly
., mJ). {Fo!

e e e

m

PSRy fz\?'di 728 g), a 9:1 nmixture of isomer, as a

J [err] on exch ,' .25 (0 9H, s), § b) Using
e, egperiment was repgeated using n-butyl

pl ace of nethyl nmagnesf um br & to give,

38 78s£B3AR BY2SWUBC4. 40-81HSER col | apsi ng
‘ f LR )
p

The trithiocarbonate (9) (1.25 g) and p-nitrobenzyl glyoxylate monohydrate (1.16 g) were refluxed in
benzene (50 mi) under argon for 30 hours with provision for removal of water. The mixture was evaporated
and the residual gum chromatographed on silica gel eluting with ethyl acetate/petroleum ether to give the
hy_droxy-ester (10} (1.51 g), a mixture of sterecisomers, as a gum, Vpa, (CHCl5) 3500 br, 3400 br, 1775, 1750
{slight shoulder) cm™'; & ppm (CDCl,) 1.02 (9H, s), 1.35 (3H, t, J 7Hz), 3.24—3.49 (3H, m), 3.6—3.9 br (1H, m,
exch D,0), 4.2—4.5 (1H, m), 5.15—5.46 (2% H, m), 5.5—5.7 br (%H, m, collapses to 5.58, s, on exch D,0),
6.30 and 6.35 (1H, each d, J 2}Hz), 7.2—7.8 (12H, m), 8.18 and 8.21 (2H, each d, J 8Hz).

Preparation 1(h)

(3RS,4SR)-3[1-(SR)-t—Butyldiphenylsilyloxyethyl]-1-(1-chloro-1-p-nitrobenzylo carbonylmethyl)-4-
ethylthiothiocarbonylthioazetidin-2-one i Y v

Me

&;';thioﬁg B s autphzsioikqls\lrsz:
o’jY\I:E - 04'—_“\1\,5-41

' © %@m
: 2 2
| cozcaz{}mz | . _
e . . (11) o

A solition of thionyl chioride (384 r_'_ng).' in dry tetrahydrofuran (5 ml) was added dropwise over 5

65 minutes to a stirred mixture of the hydroxy-ester (10} (1.50 g) and 2,6-lutidine (346 mg) in dry
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8BRS, 4RS) and 3RS,

4SR) 3[1-([err])-Hydroxyet hyl | -1(1-nmet hoxycar bonyl - 2- et hyl prop-1-enyl) - 4-
35 met hyl t hi oazetidin-2-one [err] The bromohydrin (3) (7.04 g) was stirred
Vi th zinc-silver couple (prepared fQ b8 g zinc dust according to the -
et hod of yeffan HofufdnddmiPitd 165c, THe mblih WEAGHed al — 169 fbr 10 hiRRRs, fi HePeki3ana@oshbratea.
et hanol '(h]a(?éldﬂihl )gubiOva3 e évaporated frorh as/itallena Gk Seni6 igie the cﬂa’romkt)ar (at) (1.85QNes a
tenperat ugu, fvak (CHOLM7B%1¢red. (t he mi xture was initially cooled with an

iicé-water bath iin order to noderate Sll'altlf Jy exot hernic reaction). The-

m xrure®was filt 1$hed With a
little nmegibesRRly (iﬁgsﬁ) Igﬁ%ﬂg,ﬁi’%ﬁf) ﬁL ﬁae e@.]jg%g}ilatg.ﬂﬁ' ﬁé‘%b&g“wgwﬁ\?ol une and
diluted with et hyl acetate. The sol ution was washed successively with N
Rydrochl oric acid, bgl Héé di | ute sodi um bi car bona

sol uti on, and brine.

The dri’@d (MgS I 55.m@as evagenaigdpid Bhe residual gum

chr omat ogr aphe on2 Srili eg F#g wth eti‘?%/i8 ac e?p r%ildeum et her

m xtures to give a 3:1 m|x reo t he -s+s> and

tir ans- hydr oxyet hyl azet i gimo ( <)é (4.64 g) as a g Pl?h (CHC13)

600- 3280, 1750, 1720 [%rr] pp rr] 1.32 and 1. 49 (3H each J 6Hz),
.98 and 2.00 (3H, each s), 2. nd 2.24 (6H, eactxgil)z 2.90 .

(.1H\Jaroad signal, exgh,[err]), 232 [efr], dd, J @oand 3 (ferr],

dd, J 5 and 9Hz), 7.75°13H s). 4.00-4.40 (1H, m simplifies on exch D20)
4. 90 ([2err] A rtixtuck Bhigihing G2 dﬁlo&ﬂes(e[r emr(]1 5slg) t}upﬁéﬂx«bphosﬁiﬁneu 13 gf) afiid 6-lutidife (278
I’UI’ at i ool "!_‘(M% B 130miBwasst 0»34 urs. The mixture was cooled, fi Itered
and

21fslTH§t rrlnoﬁev p&;:gg’%‘:j&yf; a.ﬁsc qre WEW %?332 &5 e 8 mﬁ%ﬁ{rifﬁga

di SSOl \28Cethdd bkt |phéspheraAet ez)1 Rdrphb@ab vm(t:hcu,m‘ﬁamban('l 10 _
g and t-butyl d| phenyl silyl chl or| de (2 21 g). The mixture was kept at room
tenperature for 18 hours, diluted wi eyl acet at e, and vvashei\%_

siccessi Vg ? ‘?410 Py fiShendy RSt - eNaePWV'ﬁP"r?@w'dépé‘?'m‘%{v'%’&‘*%h?'ﬁm [oegeBtat e

S |utIQB, rine. The dried 30 (MySOH4) organic |ayer was evaporated and
the resi due chromato hed on silica gel elutingMith ethyl
et at e/ petrol et g;&‘n xBures to gl ve- t fr’é(;tlfbnsﬁ The |.ess poI ar
fyaction, the ?‘éw%z 3[4 £EC but yid W!? ;

(;5) cogtam nated w th apprgxi maf el y—1—5%of the (3

§R) t - butyi.di phenyl si |l ylLax YQ nget i di none (6)
; e

.15 g), [err] 1750, 16’25[ rr] ppmf[err] 140-173 _12H,.r’r), 1.94
BH, s), 2.05 and 2.08 (3H, eakh s) 19 (3H s), 3.10 (oa 62c31'35
hz) ang 3.25 (dd, J 3 and 5HP2RkipePz1 H, 3. 63 (0.1 5F :
(D.85H"s), 4.15-4.50 (1, H m, 511 (1 H d J

A solution of the phosphorane (12) (1.03 g} in xylene {1000 mi) was refluxed under argon for 7 hours. -
The mixture was evaporated and the residue chromatographed on silica gel eluting with ethyl acetate/
45 petroleum ether mixtures to give the penem ester (13) (440 mg), a 4:1 mixture of (5RS, 6SR, 8RS) and (5RS,
6RS, 8SR) isomers, as an amorphous solid, Vpe, (CHCl;) 1790 and 1690 cm™~*; 5 ppm (CDCl;) 0.99 and 1.01
(9H, each s), 1.13 (d, J 6Hz), 1.30 {t, J 7Hz) and 1.35 (t, J 7Hz) together 6H, 2.65—3.15 (2H, m), 3.656—3.95 (1H,
m), 3.95—4.50 (1H, m), 5.15 and 5.43 (2H, ABq, J 14Hz), 5.49 (0.8H, d, J 1iHz), 5.65 (0.2H) d, J 4Hz), 7.2—7.8
{12H, m), 8.14 and 8.16 (2H, each d, J 9Hz). Unchanged phosphorane (12) (161 mg) was also isolated in this
50 experiment. .

IS

Preparation 1{k)
(5RS, 6SR, 8RS) and (5RS, 6RS, 8SR)- -p- Nltrobenzyl 2-Ethyithio-6(1-hydroxyethyl)-penem-3-carboxylate

L1 Me

H.|HE H . H Me
. N 1 ’ ‘\
ButPhZSJ.O 1 ’ S HO
é0 N4 — i
| - 4K . Y

S em O, zow”m
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3Hz) 7.2-7.8 (10H, n). The nore polar fraction, the (3RS,

4RS) - 3[1- (SR) - t - but yi di phenyl si | yl oxy- et hyl]azetidi none (7) (2.20 g), was
obtai ned as a gum J[err] 1750, 17:5)??' o [err] ppm[err] 1.05 (9H, s),
1.24 (3H, d, J 6Hz) 2.00 (6H, s) 0 , Ss), 3.58 (1H, dd, J 6 and

6Hz), 3. 73T Iammo@@n(ﬂuqr-ddqzw 8 oinal salitign, cahtang DI, mt nBUNHZH,O/mi
7.2-7. 9 Molequa q 43?‘9 24 Sl waegﬁneri eer BRinuBAS)N icetigth
Pr epar at r penem srlyl et ers 5 mg) i rahydrofuran (20 ml). The mixture was

4R) -3 ,ﬁmm; Sy o 2 it %3%’322&'24 yok e WAL - one

brine (3 X 10 ml). The dried (MgSO,) orgahik lalyéwak e%dporated and'thé edsidlié Qiﬂorﬁﬁctographed on
m chl or ofilise B@ﬁh’@hmwmﬂwl detag@petrpleum eerte lxtuaa;ett at«eth m@rtmv9thwt/asnead(d05dng) a

dr opwi sé€ s§ts|°\‘ ’% °"'§6‘IV tgte/peffoleume
g %33’%%@;? e ;ﬁ e
kept at Jmmntiew@mat-m&@efhemr{ 204 ﬁl‘\lﬁ&y (&Fi W HE 1%9

bi car bongdHz), 4.6+48 [16lm], 2.1&an’5.4612H, ABylJ thz)n&M((ﬂ-l , Jl1Eﬁ|-ano (THnel .ml-lz)eahs((ﬁﬂgSOél)
organi.c 9§ éﬁ'smﬁ%g%?m éaHar@qm ai'(i"g rﬂzm ‘}QJ é'ﬂ#% dlceteéthatpeesefveel @drmm

and ozgnf, i{v I 3 E‘ ;ﬁf? Hf %Eil by
60 pasai’aeeme RO tr@ Bomsl ot )fh“ S drrtE |.§ﬂpﬁ L i) 0

m xture JI\BiSadfﬁthﬂIST:ﬂOBMtoem’peﬂﬂ.ture for 40 hours an evaporate

crudg,gum whi ch was chromat ographed on silica gel eluting with et hyI

acet at,e /(Q%é) m et her m xtures toExanwde tile sul phone (8) (1.57 g) as a

waxy 301 PP V‘? "’[Vlé‘?’ﬁ%bi!?"ei'f%'ﬂrwrﬁméﬁsrﬁxyeﬁer] 1.01 (9H, s), 1.23 (3H,
6Hz) , 291(3H o 3.77 (1H, dd, J 5y@nd 8Hz), 4.67 (1H, d, J5Hz),

4@7‘(1H dg, J 6 |§&—Iz) 6. 88 br (1H-s) 73‘?78(10H m . (Found:

M - [err] 65 374.3 err]s requires 374. 0 041 768
Prepafation 1(f) (3RS, I——g/ —>

p

~— SEt
4SR)-3[1-(SR) -t - Buty| di{ph nyI §’f:’bxyet hyl ] | #hi ot hi ocar bonyl t hi oazet
i di n-2-one Me [err] §¥ @Am’xture of

t he sul phone (8) (1.4 gh) %.)mé h@ﬁochl ori de (582fFy Mot assi um

et hyl %15 trithi ocar bongle (67U 270% ter (5(gky was stirred vigorously
at room tenperature. After 4 hours the organl c phase was separated and the

aqueous | apRrrapxpdnamiesdr Miligh AR bR e8 /1 % l(aée Hokide Egﬁkw ice-

organic bhtayamusrewmtwsrlfuaﬁpmsb ndX62 MG) dnd diét carddky1§61(3 was
evapo?5atalé‘dved6h ramr pipgratife dunieg e siinites. The wi urecwasgercoaémhlangce\ruathrhnet hyl
acet at e/tr %ﬁV PsPﬁﬁ"Rt(ﬁ? ’E@ ﬁ\s’@“‘rih@'dpﬁﬂtqw‘demwaff@ Blurg WasD@ai ) as

([ae?/rel | 0%£§Eﬂo§&1m7&i§§zn Io Wi Eﬂsta ol) %E«T’ ée rf%%%%

1. 02-40. beh (1980 Vmes (CHCRIIZSS, TH0D, rc:m‘1 5 ppm (CDCl3) 1.36 (3H, t, J 7Hz), 1.82 (3H, d, J 7Hz), 2.75—3. 15
{2H, m) 5.19 and 5. 49 (2H, ABq, J 14Hz), 6.16 (1H, s), 6.44 (1H, g, J 7Hz, showing further fine coupling J
<1Hz), 7.63 (2H, d, J 8Hz) 8.19 (2H, d, J 8Hz). (Found: M*, 392.0503. C,;H,¢N,0sS, requires M, 392. 0500).

o Example 1(b)
- 45 (5RS)-Sodium(Z)-6-Ethylidene- 2 -ethylthiopenem-3-carboxylate

Ms H ' Me R

| ‘\ . 8 '
50 —‘/ SEt - SEt .
//—{ | /"‘2;2@»&@

556

~(26) ' (27)

_ The (Z)-ethylidenepenem ester (26) (33 mg) was dissolved in a mixture of dioxan (8 ml) and water (2
60 mi} and hydrogenated over 5% palladium/charcoal catalyst (48 mg) at S.T.P. for one hour. Further catalyst
: (33 mg) was added and the hydrogenation continued for a further one and a half hours. A 1% sodium
. hydrogencarbonate solution (0.71 ml) was added and the mixture fi Itered through Kieselguhr, the residual -
. catalyst being washed with a little 50% aqueous dioxan. The combined filtrates were evaporated and the
. residue chromatographed on Biogel P2 eluting with water. The appropriate fractions were evaporated and.
- - 65 the residue re-evaporated from ethanol (2 ml) and dry toluene (2 x 2 mi} to give, after trituration with dry .
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dbscured d), 1.38 (3H, t, J 7Hz), 3.19 (1 H, dd, J 2 and [err] Fz), 3.35

(2H, q, J 7THz), 4.1-4.5 (1 H m, 563 (1 H d, J 2Hz), 6.59 br (1H, s),

7.3-7.8 (10H, m. (Found: C, 59.3; H 6.5, N, 2.9; S. 19.4.[err] requires

C, 589 H 6.3 N 2.9 S 19 640 041 768

Pr epar at igfgr, sl ethyhilenepe dium salt (27) (10

ASR) - 3] 1368 sorHDIO) 1 55 BAATGAHET, b 31 GHSED ) E%?"@?{?o%if’tﬁﬁfsa‘i}'%n’hm& gD

(1-hydroxy-1 -p- nitrobenzyl oxycar bé)f;ryl met hyl ) azeti di n-2-one

I\/E [err t hi ocar bonat e pafatio@8lay) and p- ni trobenzyl egoxyI ate
vt 41 1sFM ) Bhety el oot

pwlagedidingone ynder ar gon for 30

hours vmth provi sion f,@,r renoval of water. The mxturem/as evapor ated and

the residual gum chrip ogﬂa@gaed on silica gel el ut vnthnet hyl

acet at e/ petro%% to ve the hydroxy- esgu l 51 o590 m xture

of ster®oisoners,? as a [err] 3500 bF, 3400 177 sl i ght

shoul der) [err] ppm((:l |3 2 (9H, s), 1.35 (3H t, , 3.24-3.49

_(3H m, 3.6-3.9 br (§H, rﬁ\fgﬁ.h[err]) 4.2-4.5 (1H, ?,_ .15-5.46 ([err]
m, 5.5-5.7 br ([err], m |collapses to 5.58, s, on €xch D20) 45 6. 30

and 6.35 (1H, each d, J [err]“F’E!‘}e 7.2-7.8 (12H, m, 8.18 and 8.21 (2H, each

, J-8Hz). Preparation 1( (3RS, 4SR)-3[1
-{ SRL~t - But yi di phenyl si | yl oxyet hyl]-1

- ( 1- chl or o-A squtidh bf mizRIBEYErBZ6IAEINDIY MEitil ythyl-adetate (5 ml) was added dropwise over fi ve
et hyl t mlmne;'cstaa Pioeglicetpeth zocied. shiytiof ozheinpOre aeetlril omr (8d1-2R4) mretftyf aceﬂaiem

(18)

chiori de 2 'f‘i’l"d"?t °%Eef“%ﬁ'2¥!'feofP ?#H‘ 5*”15’1 'ﬁbﬁi&'ﬁ“‘a \ :
6317 i o L AR R e Emg}fpr{'rz i rt@a
2,6-luti g'ﬂ&: th'15‘% (hﬁs 4SR )t— lﬁlﬂﬁfl eth I‘]lfsa'ﬂer

[err]. 2sTkaHan) 3¢ Byomsnabmr‘r eplpratcocwcoﬁaod 1.0509Hleschisk $.27 (B, |df 8. Bl), 2. md.ssu
evapor at ki2-9TRASH. &k 3.8l 65 1nmiets! Srd-58 (raimod 46824, 4 2.84iR). troptherl 83U fe82(R15H. 6 J i )
to give 2H& WI‘B‘FB”@%?’J%&&S""{' 55 g) as a * gum [err] 5

IPr eparation 1 (i) (3RS, 4SR)-3[1 P::fa,at,on 2

b
4 (‘SR) - bo- EBmSyAsth-Bingrsy-t- swrgsrbﬁaﬁyreityiube]m =45kHYVthi t)hioEHriSUnQIGﬁtfaba‘BMlztd’lhEO 1 (1 -p-
$|trobenzyloxycarbonyl 1 -triphenyl-phosphoranylidenenet hyl)azeti di n-2-one

ferr] 20 A mxture“’cgntgl néiﬂg the chloro-ester (11ffe@. % g), .

iri phenyl phosphi ne f(}l 2,6-1utidine (278 |fn dry digxan (30
M) wasg stirt fi r dry argo'n"'f'Br 72 BAGlsHOTh -m-x\( e vas cool ed,
filtered

’ NE NE S

4 ol

i “ o7

(18) (19)

A mixture of the impure sulphone (18) {890 mg) in methylene chloride (15 mi) and potassium ethyl
trithiocarbonate (400 mg) in water (3 ml) was stirred vrgorously at room temperature. After eighteen hours
the mixture was worked up as in Preparation 1(f) to give the trithiocarbonate {19) (450 mg) as a yellow gum,
Amax (EtOH) 303 n.m. (€, 13,700); Vs, (CHCI,) 3420, 1775 cm™'; 3 ppm (CDCl,) 1.05 (9H, s), 1.23 (d, J 6Hz2)
and 1.34 (t, J 7Hz) together 6H, 3.15—3.45 (3H, m), 4.22 (1H, dq, J 3 and 6Hz), 5.62 (1H, d, J 2Hz), 6.59 (1H,
brs), 7.3—7.8 (10H, m). (Found: M*—Bu*, 432.0580. C,oH,;NO,S,;Si requires 432.0579). The starting
sulphone (18) (252 mg) was also isolated in this experiment.

Treatment of the recovered sulphone (18) with fresh potassium ethyl trithiocarbonate gave the
trithiocarbonate {19) (126 mg).

45

50

Preparation 2(c)
(3RS, 4SR)-3:1-(RS)-t-Butyldiphenylsilyloxyethyl]- -4-ethylthiothiocarbonyithio-1(1-hydroxy-1-p-

nitrobenzyloxycarbonylmethyi)azetidin-2-one
55
g \CE E g CE E
) ] s t ..~
Bu“P, 510 —r Y ___) Bu“Ph, 510 J/SY
60 ‘¥E 5 ' : T __
//L ) . = x o
. _ - 002(!82—._110.
65 (19) (20)
13




and the filtrate concentrated. The m xture was diluted wth ethyl acetate,
‘(50 M) and washed with N- hydrochloric acid, brine, saturated .sodium
bi car bonat e sol uti on, and brine. TOcO4ti m(l\/gSO4) organl c Iayer was

~evapor at ed and. th 7 hed on. si ﬁ ut ng W th e
scot ot o pofBALITEHH @gﬁﬁ%ﬁ %&ffg@:@m e ﬁggs%%
an anp[ NBAC 38 Hr. qdolsii mf-aats @514
: 8RS) anday (eoiRA, d, 6 Bit) 3&$R/)H A< 8iH2) raoberszyh ﬂﬁ.(ﬂm—s 50 {2%H, m), 5.56 (H, d J9Hz),615——6 25 -
-t - But i ﬁHpnbﬁHBK*}Honyé-?h?H)d Zﬁét)hyl t hi openem 3- 3 carboxylate 30 [err] A

sokution of the phosphorane (12)- ( g g}g xyl ene (1000 m) was refl uxed
'under ar ' i ‘?g(%[{ [ r N
chr omat o%%gﬁ%ﬁﬁffﬁ&{%@?m ﬂé’ :ﬁ e"?h Foggne %Dﬁgr etvgg'%tehl\flm

ether M xtures to give the penem ester (13) (440 ng), a 4:1 mxture of
(5RS, 6SR, 8RS) am (5RS, 6RS, 8SR) isoners, jarmrphous solid, [err]
1 (

1790 and 1690 [e#r] Hppsh[err] 0.99 and 1. §Ch S ﬁS (d, J 6Hz),
H D:

AN

1.30 (t, JBa . 7Hz) toget

3.55-3/05 (1 ¥ m),{3.95-4.50 (143, 5.15 and 5.43 l ABq, J 14Hz),

5.49 (0.8H, d, J [er )35365(0 2H) d, J 4Hz), 2H, m, 8.14
and.8.16 (2H each 911{7 Unchanged phosphora (12) ng) was al so
|so@ ed inthis 50 e exper i ntg@ratlon 1(k) (5RS, 69R 8Rgand (5RS,
6RS, " 8&R) - p- Ni t r obenzyl 2584 @ @1- hydr oxyet hyl ) - peS@sfES olQy at e

55 [err] 0 041 768 Tetran butyl ammoni um fl uoride (2.44 nl a sol ution
containing 0.5 mM[err]/m tetrahydrofuran, dried of Mlecular Sieves Type
4A~For 24 hours) was addetPOver 5 minutes to an i c@Math cool ed sol ution of
ther pgnemasdoluyibn &tﬂmgr‘y? cHickiad (168 %) ﬂgi)'y tbf?al?&rﬁfut'a%t(f ﬁahWi& Qddé4, Q‘Pop(lv?sg oWdrknree! N€

m xt ure mastekepta slirrddCRixRS bf tRMMAFGXYestee (20D(6600mEN dHdl BSIuBHARe (152 nglih @aed t 0
attain r@mhvﬂ@f?yr @ae unik aduf0°BigTre mhirurdees SUrdd at 19tGor tdrheinutest filtegedyard

di | ut ed §pP9Rted regiguad %‘% S?U‘empf’%ﬁﬁ‘d'%h@éj‘em R ol tq qivejthe chigreregtes (2] )
and brjn 9('§g’>?sf(?”Wi Ymex G 10T Ter r] or gani ¢ | ayer was evaporated and the
resi due chromat ographed on silica galpa@tisH2)9 W th ethyl acetate/petrol eum
et her m xt (BRSS4R)-8(1¢RS)-e Blthidiphargisibroxeétiy-4-qienBioth(ot&r boriyiio-1-81 -prhittbbehsyioRf- Ci S-
and t r anesrbogyrigrishenyghogphosinyifienedrejhyliagetidisgeieon of the mi xture from et hyl
acet at %/ petrol eug et her gave the pure (5RS, 6SR, 8RS) penem (14) (68 ng) as
fine needl es, ng A-[&r] Am,. (EtOH) 262 10 F’Errgl 1, 100) and 339 nm

[e

(9,800); Vv, jeo 3%82‘“1790 1730 and_16 efr] ipsm [BFr] 1.35 (d, J
6Hz) and RGBQSG@ % foget her 6H, 2. OBRERSHXT mal (M—I, brs),

2.80-3.15 (2H, m), fH dd—326 and 6.6Hz), |4.0-4. 8 (1 H, ny, 5.18
and 5.96 (2H, ABq/} ~@. 64 (1 H d, J 16Hz2’/hf'@%d, J 8Hz),

8.19 (2H, d,

R o W LN

e 45
‘ (21) ' (22)

A mixture containing the chloro-ester (21) (679 mg), triphenylphosphine (1.02 g), and 2,6-lutidine (125
mg) in dry dioxan {15 mi) was stirred at 60°C under dry argon for forty-eight hours. The mixture was worked
50 ypasin Preparation' 1(i} to give the phosphorane (22} {640 mg) as an amorphous solid, V., (CHCl3) 1750,
1620 cm™
Preparatlon 2{f)
{5RS, 6SR, 8SR)- p-Nltrobenzyl 6(1-t-Butyldiphenyisilyloxyethyl)-2-ethyithiopenem-3-carboxylate

% /M\en R sm g \E B
% NCH —1/ Bnthzﬁ.O y .‘_—i}sm
60 o \(m‘s ra
o N °62°32‘©‘N°2 |

o 65 T B (22) “(23)
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—

i 8Hz), signals at 1.24 (t, J 7Hz), 2.01 (s), and 4.09 (1, J 7Hz) i ndicated
the presence of approximately 0.5 nole of ethyl acetate of crystallisation:;
(Found [err], 410.0593. [err] requires M 410.0606). 15 Evaporation of the
“not her quuors gave the (5RS, 6RS,p {4y wegem (15) (35 ny) contanm nated
wrth approxr mat el y 20% of the trans |sorre (14) as an armrphous solid,

io ra ( m r ar r
[ err] pp g m?xtﬂre wii :gd and € resrdue C fomat‘:)%rap on s ica gqjifrzunngvnw?: hQﬁ 8H,
te/

d J 3. 9 to give the penem ester (23) (229 mg) as a gurn Amax (EtOH) 261

{ 5RS) - p- &}, 13/500)AE ¥i9(nh- 6- eeb)hy.l.,l [€ROG-179021699 b} 6 PERATOGR) €.00 ORXe] a4eaH, O/ J |
Thet'r angHzp peAeiHast 2. ¢.804)3 (542, m))5. MAWI, dd. § S Slancetishzh 400-ya 40Uyl S 20562 | de
{5 n), ggﬁ@ G;"'?é(rﬁ%(éﬂ fb WHZhﬂdﬂ#éa’*ed‘)wr%""ﬂrq wmesvmmwz ngy)
and di et £y Cois é?é(SS mg). The nixture vvas 35 allowed to attain
roomterrper ature during 15 m nut es prehliaridH 2g)ur € was re-cooled in an
ice-bawd and t r esHSEESRYESRRp-Nitiopéhay REMRIGEb(-RedrdyethTippneaighedlboy bt

azi docar boxyl a% Me35 ng). The m xture was égarm allowed to attain room

'_,t enperature du H5 Bri nutes and evapor at THe é‘rude product was

,hrorratoga z.0el eluting wthg
([err] 14,520) and

{Z)-ethylide _epene' er d4—7p) as a solr
yel |l ow needl es ex eft hw tate/petrol), A ,. (B y

B22 40 nm (7, 980) err] 1%0,.; [e ppm t,J
YHz), 1.82 (3H,d, 7Hz 2. % H @, 5°19 and 5.49 4 aed 32
14Hz) , ,6.16 (1H, s), 443l_1H q, J 7Hz showr ng fu(rZHier fine coupl ing J
;.\1|‘\!r21 7. 63 e{r?—h‘-butdlam&rogm) fluoBdel %402, ofda sdlutidAZ dontalrir@UOIS :mMI&IE n}Bu, 3K, 0/ 3.
er

g r eqatraMs:f;Man, 9962 dyerOleculaSiedes Typd @b)or@ﬁenty—four hours) was added over five minutes .
{ 5RS) - Sot# amit athgeoptef] r>lwd>en>é1@ peer' Bityhet é??ér%?%m wyvfﬁw@’o é%n {10 '5'5 Theg)

{2 721| ng‘r"x ?E; hﬁndmg%ﬁgc(% Eﬁg‘ml %?: |a@éf§}9/ tﬁ:@‘ %@‘gk :"f;__tOH, s (em”r ©

pall adr umﬂ‘ﬂhﬁd’nﬁ ni6 F0DDY) ¥, (GHCITY 9oatssascﬁr 6 p;fnorcmram F8o+1146 (6H,Im), approx 1.6
¢at al yst (1 380 anakh2.84-c-3.841(2H ), Wtia(m;mrbg Shelcset-4140 84, mbmaamwzﬂ one
and a W 5.63 T‘d&éﬂg mﬂ;ﬁar%@nea Bﬂn’?ﬁ‘e‘zﬁo‘i‘ ot 8B Founet My 14,08

dded- ana"F 2 Pqires 2 t hr ough Ki esel guhr, the residual catal yst
bei ng washed with a little 50% aqueatsmgle @spn. The conbined filtrates were
gvaporated and the neRs)-pHerobényDIERS-EtyldpiectltirithiBpangmi3-dBdorilare i ng Wit h wat er .
The approprr a{,g fractrons wer e evaporated and 65 the resr due re-evaporated
‘rom efhano™ 2 n1).and dry toluene (2 x 2 m) g0 gi?} after trituration

WMth dry 1%y $Q8 ether, the Z-ethyli ssdrumsalt (27) (10
g) as an armrph us} sol sgterr] 3Q5 nym ([err] 328&?@‘} ppm [err]

vy of 0 give the

gpgrr] (fine

Oﬂ

1710 (3H t, J by gddf1 (3H g4 J 7H), 2.4-3. . 6.19 440, s),
$.44 (1 q, JoTHz). C0,CH; X0, 0 C0,CH, NO
oo ' (24) (28)

T 45 The trans-penem ester (100 mg) was dissolved in dry methylene chloride (10 rhl), cooled in an ice-bath,

and treated with triphenylphosphine (2 x 64 mg) and diethyl azodicarboxylate (2 % 42 mg) as.in Example

.1(a). The mixture was evaporated and.chromatographed on silica gel eluting with ethyl acetate/petroleum

ether mixtures to give the (E)-ethyldenepenem ester (28) (48 mg) as a solid, Ay« (EtOH) 260 (., 14,060) and

322 (7,640); Vmax (CHCl;) 1780, 1690 cm™'; 8 ppm (CDCly) 1.35 {3H, t, J 7Hz2), 2.10 (3H, d, J 7Hz), 2.8—3.1 (2H,

50 m), 5.20 and 5.50 (2H, ABq, J 14Hz), 5.98 (1H, q, J 7Hz}, 6.12 (1H, s), 7.64 (2H, d, J 8Hz), 8.21 (2H, d, J 8Hz).
(Found: M*, 392.0463. C,,H,sN205S, requires M, 392.0500).

Example 2(b}
{5RS)-Sodium (e)-6-Ethylidene-2-ethyithiopenem-3-carboxylate

55

N
__ 9/2_

15




N
* Preparation 2(a) 5 (3RS
4SR) - 3[ 1- (RS) -t - But yi di phenyl si | yl oxyet hyl - 4- net hyl sul phonyl azeti di n- 2- one
[err] (18) A solution of mchl oroperbenzoic acid (930 ng) in ethyl acetate
(5 M) was added dropw se over five moﬂnmgs to a stirred i ce-bath

cool ed, solutlon of the [ ure azetldlnone I n ethyI acetate
(25 m ) % ’Oﬁ WEE% 15,: mr e
wih sai ur stt 352@3.;@ éﬁme Tidhon, ceiaion o m ?.t&‘ti ok 153
X b rrt) eﬁéarrﬂonﬁk&g&titloﬁ f wa¥aadddaRdine nttt:rta oﬁé@tﬁua% ExXarmpd8(b) and

medkanol as;me meﬂi)@pardhhepanerﬁécﬁ)unt alt mmm m@)fak e amdrpl@usioligAgp H0) Z1he,, 8 aigpiaine
(18) (894 PBgncold'8Mi nated with 15% of the (3RS,

433%:12[ 132;5) ét-butyi di phenyl silyl oxye %‘_‘ 4( mer as a gum [err] 25 .
(3, o b 1 12 S5l gl 2—&%@5 ?g?@%%tsv“’%&@&pe%%%*ﬁ vk

4.15-4.50 (m %ndm 43 (d, J 2. OHz) t oget helfe ’Jssgz—r 4.82 (0.15H, d J 2Hz),
ar (B

6.92 (1IH, broa b: 7K3 7.8 (104, m). Prepar (3RS,

4SR) - 3[ 1- ( RS) Ma=Butly Benyl si |l yl oxyet hyl | - i ocar bonyl t hi oazet
i*di n- 2-ong 40 (18) SEt

(19) . [err] re of t he Tmpo e sul ph (890 ny

net iyl ene chlori d pot et hyl | t hi ocar

\Aatg"r'J(B m) was t|rred Vi gzdu&r‘@r‘ m t enperature. Aft

_hours thg,m xture was worked up as Tnh Preparation 1(f) to give t he

rithiocarbonate (19) (453 ) as a yellow gum 45 )r] (EtOH) 303 n.m
75

(e}ﬁ’13 700); [err] 3420,1 [err] ppm[err] 1.05 (9H  s), 1.23 (d, J 6Hz)
and 1.34 (t, me?Hzé—pdn d14h 00 B, wafs dissoh&d4rbd Bchvh?-e chmrEQ(A;Ealoadh:p in 8n Be-batldl

5. gg q_tHaat'egwuh trg mlr@ (33 mema sul oryJ th FRYYRS stir qgrfq»r]
L e T T R
953 1 tJe @(3ned:@ ssy AP A1)

al so isol atv (;||.|@|3 Q,ﬁFiL CD [selago
with fresh tqg@tha:ssu 8192 (@M, lad) J t,rahdnr-ri),csams saraw(Ag@,\ae3mztnea»59uytdbsuhhng3acar Gutitdr 8H,
(19) (126 (1HFd' o it ssdzﬁ B/(JB)Ha}, SRS(2H, d, J 8}Hz). (Found: M*, 488.0373. C,gH2oN,05S; requires M,
4SR) - 3: 1% B¢ABut yi di phenyl si | yl oxyet hyl | - 4- et hyl t hi ot hi ocar bonyl t hi 0-1(1
- hydroxy- 1-p- nitrobenzyl oxycarbonyl med,fQyhkaggt i di n-2-one 55 [err]

13 0 041 768 The t (grShp- Nmb&ﬁﬂ(m-e-E(hil«raienéﬁmym@)pems-wrwrad with

p- ni trobenzyl gl yoxyl ate nonohydrate (530 ng) as in Exanple 7 to give the
hydr oxy- &t er (200045676 ngg a mxture of stel®oisgpnmers, as an anor phous
solid, [err] 3520 bf: TBO,.17860 slight should [etr]gopm [err] 1.0-1.5 .

(15H, mj, 3.2-3.5M%] \Z‘Sm —r\/z_m
i e T e

°2

45 - (30) ~(26)

The mesylate (30) {2 mg) was dissolved in chloroform (0.2 ml} and treated with 1,5-diazabicyclo [4.3.0]
non-5-ene (0.5 mg). The mixture was kept at room temperature for ten minutes and chromatographed to
give the {Z)-ethylidene penem {26) (I.R. and U.V. data were in agreement with that described in Example

‘50 1(a)
Preparation 4{a)

(Z)-2-Carboethoxyvinylisothiuronium Chloride

55 HN
S + =cop Ky \)_ COEL
)l\ c1e HaN \e=/ 2
. HZN NH2 |

60 - S . ' _ ('31)

A solutron containing ethyl propiolate (9 8 g) in methanol (20 mi) was added to a solution of thiourea
{7.6 g) in' 2N hydrochloric acid at a rate which allowed the temperature of the exothermic reaction 1o be
65 maintained at approximately 50°C. After the addition was complete the mixture was stirred for 2 hours and

16




3.75 (9%, d, J 9Hz), 3.91 ([err]H, d J 9Hz), 4.1-4.5 (1H, n), 5.18-5.50
1294, m), 5.56 ([err]H .d, J 9Hz), 6.15-6.25 5 (1H, nm), 7.2-7.8 (12H m,
8.21 (2H, d, J 8Hz). Preparation 2(d) (3RS :
4SR)-3[1-(RS) -t - Butyi di phenyl si | yl cD()M‘hy7681 (1 chI or o- 1- p- ni trobenzyl oXxyc
ar bonyl mang Jrgte re¥|due thl OQ/ar 89 gnlt‘lcli O?%Et ml ar}1 talius?e'ti't 20a -2-0!
(21) 25 tog% lét'f HidebhidHh (&’(143 )OI‘FHIJ Vf.x 'l’y fﬁ;)%‘
(2 m) wameaese SDN.QUBH tthnﬂ,esamaaw%sexdwm,e),atzsmasaqjmmte.unemfd .1 e
hydr- oxyestﬂel:). g (i.GBItDH Poahdmﬂs.@xttmvdcﬁil(mm( T533.114,)5.2; N, vﬁysﬂéﬂrcalhhylﬁkclﬁi%r an
(1841 ) 5 teauirp €, 342, » 038 SndB2%)t irred at -10C for ten mnutes, filtered,
and evaporated. The residual gumwa faomgr at ed fromdry toluene (2 x 2
rzﬂ( ) ) t ?3% Is ve GRS asitb oL @aﬂseuerd.&@&sumazré’ (242)- é\q&wabo&mnﬁ\hh.%ﬁzé?aﬁ%rnat I on

e
4R)-3[ 1A RS) - t - Butyl dhp ﬁnyh5| I yI oxyet hyl | - 4- et hyl t‘b,l otml Qpag bon%tshl o-1-(1
- p- ni t r obenzyl gk BuPh,510
-tri phenyl phosphorzanyl i d ne thyI )azeti di n-2-one 35 40[err] (ZT)
(22) A m xture contai ni ke chloro-ester (21) (679

tri phensd phosphine (1.02 g), rgz 6 | uti dine (125 ngy i1 firy di oxan (15
r

_m) was stirred at 6 Co nder. d forfor ht hours. The
ves or ey Al Lt et e Dl e
Nind Ied oft ?} & 1) .8675) e 4@%»5

R 8Sk) atp—1bﬁth6¢0§Deﬁiﬁl}tbs the mlxture was allowed to attain room temperature (30 mmutes), duluted wnth
6( 1- t - But sthydipqstatarig Osml) h)m 12-(2 K 159 mi)hthg peysous vBastingswas bagk-ext aeeql Yith 0
ri
ive tﬁj ré il

04»~ 768 %"%GFQH‘? gg(r%% ﬁ*}%ﬁ '84:%? er%?{ %Py'fa ﬁ* ;'5 was

refl uxed
r.esi duezsCas ZQBQUQQFaa@ dhﬁrr.ﬁianﬁ& t%:gnﬁl a6 h!ﬂﬂmVM mﬁ@ﬁt(a,tla E) eeum
et her mi x3HJAEB(1H, d 2:2H2)15:98 (The Aa M2 Sta8 (1H( 23)14(BR8, ngyaz).am—a &f00H, m). equu]'nd (&t OH)

261 ([ er rull3, BOIR01 LrdlQOS S raquirgs 926.589)) : [err] 1790, 1690 [err] [err] ppm

[err] 1.00 (9H, s), 1.24 (3H, d, J 34 (3H, t, J 7Hz), 2.80-3.15
2H, - Hydk& ifPo-42
ng ?535 é\?yfg&éﬂ ‘Sﬁmau}ykﬁpﬁgﬁgxﬁy&a Iﬁetl‘??l)éketiixﬁt{ln&fbl%ﬁhh@ ?“ 8 14 yaugﬂn d, 3

8Hz) (Found: M, 648.1776.
H

Bu®Ph sxo N

35 n Ve -
¢ M P s cog
BuPh, 510 T |/ —

N\',OH
o ' 0 C°z°‘z© NO

(32) (33)
i . The azetidinone (32) (1.74 g) and p-nitrobenzyl glyoxylate monohydrate {1.63 g) were heated in
B refluxing benzene (40 mi} under argon for 7 hours with provision for removal of water. The mixture was
d 45 evaporated and chromatographed to give the hydroxyester (33) (2.25 g), a mixture of stereoisomers, as an
amorphous solid, Ve, (CHCI;) 3520, 1775, 1760 sh, 1695 cm™'; 3 ppm {CDCl;) 1.0—1.4 {16H, m), 3.15—3.30
{1H, m), 3.6—3.9 (1H, broad signal, exch. D,0), 4.0—4.4 (3H, m), 5.0—5.7 (4H, m, simplifies on exch. D,0),
5.82 and 5.87 (1H, each d, J 10Hz), 7.02 and 7.11 (1H, each d, J 10H2); 7.3—7.8 (12H, m), 8.21 (2H, d, J 8.5Hz).

50 ' _ Preparation 4{d)
(3RS, 4SR)-3[1-(SR)-t-Butyldiphenylsilyloxyethyll-1-(1-chloro-1-p-nitrobenzyloxycarbonylmethyi)-4-[2-(Z)-
ethexycarbonylvinylthio] azetidin-2-one

Me
H s CO,EL

\\‘\___/

55 . H"’ »

Me ’ tP .
ok H}J\" H s co.ct BuPhySI0
- w
Bu®Ph, 510 oS £0,

Wi

—_— | og———N
_ \r‘ p S L)z 2 L

HCO N ST (e
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| om————————

.[.err] requires 648.1781). Preparation 2(g) 10 (5RS, 6SR,

8SR) - p- Ni trobenzyl 2-Ethylthio-6(1-hydroxyethyl)penem 3-carboxyl ate [err]

20 : (23) (24)

Tétra- n-butyl ammoni um fluoride (1. 8041 768, < ution containi ng 0.5 nmwble
n- BU4NF. 3H20Arzblumtafamard,r &idHaa (573 GLE) ﬁchnoeéﬁshywﬁmhm)%sxmdm .éLA,vLP{o

t went y- f ouminites,irtg)a stirsedachii@de @F ake iy BxyddterU (38 (422 g Maind Q6B-10:Rdi Hin dry
sol ut.ion dvtrat'wtof an (hmy) 4ty{10°6¢ After stir@B)at (-20°6 forg)further thrginttes mahybdmref:uaﬁ firerdd1 0
m )\_The, %ﬁ %i gga;f’"ggasuftevaa%mﬁd frernﬂerrta'vﬂmo give the pfilere-psteri (341233 ohasch

t hen aIIo I'nroom erature 25 during a further thirty m nutes.

‘Work-up of the mixture as in Prepar abrepdiatibb lje) Jave the trans-penem ester

(24) (52 ngps, 48R3 6ISRI-eButyidighenyisli@losyethi-e{2- @ etiapdtdayayiioR 1Ll 1-p-nitrobenzyloxy-
acet at e/ E)et r ol eum et hercprbofi-tripherirtpgphogdylid¢remetnyll@etisde®onand 340 nm

(10, 000) [err] 1790, 1690 [err]ppm[err] 1.28-1.44,(6H n), approx 1.6
(1H, broad signal), H2 84, 3. 44 (2H, , 3.85 (1H, Hdg HJ 55 andco455Hz)
3.95-4.45 (1H .m . 5%49 and) & %EtABq au}mﬂzstdz N 63 M=/ d 2 J 1. 5H),
7:62 (2H, d, B4 284957 or E¢=8 8. 8Hz). 4 Found] M, 410.0615. 30

[err] réﬁwres M 410.0 rrple 2(a) ?SRS)-p-Ni

(‘E) - 6-Et-hyl i dene- 2- et hf t hi oﬁﬁ1em3 car boxyl ate 35 H
(24)v (28) 45 The tra
(100 ng) was dissol ved in drySEtn =¥l oride (10 ni),

i ce-batR? and treated with triphenytphosphine (2 x 64 ng) and diethyl
az@gdicar boxylate (2 x 42 ny 34S i n Exanple 1(a). The m'x{éJsr)e was evapor at ed
and chromat ogr aphed on silica‘gel eluting with ethyl acet@at’e/ petrol eum

et her m xt ur &ilére gi th€cHidiSeslebiBaRh.Bd) ARPRRARNDEDHREL (882 ) 38d 2.6-A8diND k2@ gln d
sol i d, - [®miokar( Ebaﬂ)wﬁﬁﬁat@@ ot 60C iirided) 96Y) argomtfo8 P& hqurs. FAE )rixtire wap wbirk8d up :h@@g

[err] pme o 1) ta3gjve thp| phesphararet35) (2.82 g @s @B [MotPhous SPlg: )Vma: ZCHEIB 1750( 1686, 50 -
- 61 50 (2H, ABg, J 14Hz), 5 98 (1H g, J 7Hz), 6.12 (1H, s),

7 64 (2H d, J 8HZ) 8.21 (2H, d, J %und M, 392.0463. .

C17H16N245S32RS, @&SRHABE)- tho@&?bdalﬁoiﬂ\)lthloﬁﬂ-@mﬂhﬁ oWeti(yﬁR@ p-dbéhd}loxycarbonyl-1-

(e)-6-Ethylidene-2-ethyl t hrigpeyighvsocaviivengrestiyd azeBdih-2-one

| [err] 0 041 768 The (E)-ethylidenepenem ester (28) (45 nmg) was
dissolved in a mxture of di oxan (8 m) and Ve, £! H
35 HO ‘..n ,COZEt
t . "- E H“.\S Et ) J
Bu thsm/“ w \ / % — PN _PPh

J 3

w . \r 0,CH; NO,,
- e

‘V | (35) (36)

45 Hydrogen chioride was passed into an ice-bath cooled solution of the phosphorane (35) (1.32 g) in
methanol (25 ml) until the concentration was approximately 15% w/v. The mixture was kept at room
temperature for 3 hours, diluted with ethyl acetate {150 mi) and neutralised with saturated sodium
bicarbonate solution. The organic layer was separated and washed with brine (3 %X 25 mi}. The dried
{MgSOQ,) organic layer was evaporated and the residue chromatographed to give the phosphorane (36)

50 (745 mg) as an amorphous solid, V., (CHCls)} 3700—3100, 1750, 1695, 1620 cm™".

Preparation 4{(g) .
(5RS, 6SR, 8RS)-p-Nitrobenzyl 6-(1-Hydroxyethyl)penem-3-carboxylate

55 Me
HO&' N H/Kg B s
= ' HO 1__._‘\\‘
18




P

_1(2 m) and hydrogenated over 5% pal | adi unf char coal cat al yst (68 ng) at

z‘S T.P. for one hour. Further catalyst (45 ng) was added and the
hydrogenation continued for a further two and a half hours. A 1% sodi um
ahydr ogencar bonat e sol ution (0.96 Q1941va'65&dded and the mxture wor ked up as

o e R B R R R ot ™

;-8RS) - p- dlyhérfaeded vl a pale blue colour perslsted Excess ozomsed oxygen was removed by passage of argon

2 Et hyI brig the Ghixgue woad fgalt esiukng(u: eazaoang)@x sthyd tacet& (3 mi). The

ure was allowed to reach 0°C and was neutrahsed wn{\ 2 igar] @ﬁ@rﬁo
SR s s

. e,..mmurne 3vm {8490y v epichOL) 3aﬁ—tsno‘ot Fedcnii’ jBipaSCOCIS 1 wshﬁﬂ.; s18Hz)2ho i ne.
The drd €H. 4, )3 asﬂg-andd; Jlsgig anfid DHe A0 i iddal J6r8ci6.8 b 4 7Hg), @I@ﬁeandrsylgim lised

e A M R R R B R

i1.58 (3H, d J [err] Hz), 2.8-3.2 Emdmpidla3. 01 (s) together 5H, 3.92 (1H,
1dd, Jrsl and [(BRS; BSHABRS)-pMNitt Sbearytls-B -rethvisABbionybxedivi penepas-tartadxyigteobscur i ng a
im together 3H 5.77 (1 H d, J [err] Hz), 7.59 (2H, d, J [err] Hz), 8.20
(2H, d, J [err] Hz). (Found: [err], 488. 0373;1/&1

3488 ~g379) . 3(b) (5RS) - p- Ni t  obengslso

. (Z) - 62t hyl |}%;£t.x.a‘«h hi openem 3- car boxyl at e |
(30) —(¥6) The n%syl ate éz?,O) ) _was
“'di‘s€ol ved in chlgtofrl 0.2 ' and treated with 1,5F N82[4 3.01
gnon 5-ene (0.5 ny). Thecog%,g @u» P2kept at roomtenperature for ten

i mnutgs and chromat ogr aphed gi ve the {Z)-ethylidene penem (26) (I.R and
U V. data were in agreegzg@ovmth t hat descr.ibed in %ﬁrle 50 1(a). :
iPrepar ation 4(a) (Z) 2 et hoxyvi nyI i sot hi uroni um oride [err] 60

(31) A sol utlon c tainin rORL S e;;ht'e & wggg&%ra lc’i—(l QL) was
| added g %'@I‘ aridhe f@v{mﬁ mBsufbhon gbyﬁg I'h[]f@{étﬁr Gk 0@ R 16 at
whi c Ef ; QtuFeﬂﬁg%;%h&E&Wvﬁh gthyit abéiatg}\&% ﬂﬁd’rﬂ‘vﬁ‘aslﬁeﬂﬁw boife B&@b&\l)ﬁﬁ\e dried

mai nt ai aygbogit orgep rls/)et wat @hporited 1o]giveAhd gnde m;svat!adB&) i(t9Mm mghes & | Vaix 6CHGAS

1 17 DAl,) 3 Hz),(3.28 (3Hps) d, J 2 and 7Hz) 5.20 (dg, J 7 and
m xtur e7|?-|ni§glus%%‘128 and 5.52 AFBq(?j 1@%%"“?9;?}.‘293'_?_?94 (1|:bd 9%? g (1H, s), 7.66 (ZH d, J 8Hz), 8.29

" 36 (2H, d, J 8Hz).

r] equires M 30

Example 4(b)
(5RS)-p-Nitrobenzy! (Z)-6-Ethylidenepenem-3-carboxylate
i e 4 w
. H"'l: MeCH
- Me0, 50 —Jrs - - \ ..ws
. R . e 2 e —————,
g 45 ' o~ _ ¢
: COZCHZQ- NO, co, CH NO,
%0 (38) (39)

The crude mesylate (38} (191 mg) was dissolved in dry methylene chloride (5§ ml), cooled to —10°C and .
treated with a solution of 1,8-diazabicyclo{5.4.0] undec-7-ene (DBU) (63 mg) in dry methylene chloride
s5 (1 ml) dropwise over 1 minute. After stirring at —10°C for 10 minutes the mixture was treated with DBU
(25 mg]). After stirring for a further 10 minutes at ~10°C the mixture was diluted with ethyl acetate (30 ml)
and washed with 5% citric acid solution (3 ml), brine (2 x 3 ml), saturated sodium bicarbonate solution
(3ml), and brine (3 x 3 ml). The dried (MgSQ,) organic layer was evaporated and the residue
chromatographed to give the 6-ethylidenepenem ester (39) (113 mg), a 5:2 mixture of (Z} and (El-isomers -
as’ determined by nmr. Fractional crystallization of the fnixture from ethyl acetate/petroleum ethers =
“afforded the pure (Z)-isomer, m.p. 164—166°C (rods); Amex (EtOH) 265 (e, 12010} and 296 nm. (inflection);
" Vemax {CHCl,). 1790 and 1720 cm™'; & ppm (CDCl) 1.86 (3H, d, J 7.1HZ with further fine couplmg), 5.28 and
5.45 (2H; ABq, J 13Hz), 6.32 (1H, d J 1.1Hz with further fine couplmg), 6.53 (1H, da, J 7.1and 1.1 Hz), 7.37" . .
(1H, s), 7.61 (2H, d, J 9Hz), 8.24 (2H,-d, J 9Hz). (Found ‘C, 54.2; H, 3.4, N 83; S, 9.5; M*, 332.0474.
65 c,sH,,N,oss requires C, 54.2; H, 3.6; N, 8.4; S, 9.6%; M, 332.0464). )
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evaporated. The residue was re-evaporated fromdry toluene (3 x 20 m) and
“crystallised frompropan-2-ol to gi ke 3 Baot hi uroni um chloride (31) (14.2
g), nmp 134-[err] (rods); [err] (Nuj 95! 63 2500, 1700, 1675, 1660 [err] ppm
- [CD3)2SO 1.28 (3H, t, J Hz), 3.69 BrExéa;Hem;) exch. D20), 4.26 (2H, q, J :
7Hz), 6.40 (1H, d, J 10Hz)(5RSF-S@Burd(Zl--Etbyliddnep@ridm)3-calt@xpdte br (3H, s, exch.
[err]) (Found: C, 34.1; H 5.2; N, 13.3; S, 15,2. [err] 5 requires C, 34.2;
H 5.27 N 13.3; QecHo- H

4SR) - 3-[1- (SR) -t - But '

W]t hoxycar bonyl vi nyl th

N’

i dhazetidin-2-one [err] (32) A1N

sol ution of sodium (8 64 m) was adde N se over 2 mnutes,
toastirred sol ution of t g r%uumchld’rlde( 9%0 ng) in
ethanol '{20 nl) at -10C Thleé ng 4 xture was treaeed, in 2 mnutes,
with a pre-cool ed [err](@ | ution of the sul phone (8) 86 g) in ethanol
(40 m). After Stll’l’ln at -10C for 30 mnutesth I Xture vvas aIIovved
to attain rof é#eaenfr'g’“ steﬂﬁ?)rﬁﬁtfe@ was ssqlyasin J°>< utes R
m) and ﬁ"@ig( ry j? c:\gd Hiﬁf carbonate
back- ex”@&ﬁ (Y82 ) fod¥dded ke En theG B&Ck40)
organi c | @pekdd as\8 besf- &!@Ma’iﬁrﬁ oambua .,r(a,m dsenrs e, cnssa) KB d7000-2800V 768, he

azet i di noneno( B29, 158D. SG8=rrg) anrra@z@m%;mbdsl Azl 5.0 (1Hes) r6}343‘k1‘!L©.J 2He)7 6,90 &1699
[ertT #Mm[err] 1.00-1.20 (m and 1,28 %m? J, 7Hz) together 15H, 3.15-3.28
(1H, m sharpens 2 9 | of the
signal at 6.45 pp 'ri%ﬁs %Ris a%imq%uwﬂ’pﬁ ';s% éw"%?“y{“ggag%‘ﬁ’g"rﬂ%ﬁ, 4.92 (1H,
d, N 2. 2Hz) . 594(1H Mb,  10kZ) . 6.45 (1H, s) 704 (1H d, J 10Hz),

FRe] 426.1201. @ Hzﬁ

7.3-7.825(10H, d: F[ M SO LAq ) '
426.1195) . e‘b‘a?'ag?% £) 20 (3RS—> Bu'Ph,S10 S }(d 25 |

hoxycar bonyl vi nyl t hi

-1(1- hydr oxy- 1-p-nitr ¥yl oxycar bonyl et hyl ) NMHi n-2-one [err] (32)

4SR) - 3] 1-(SR) - But yl di phenyl si | yl oxyet hyl ] - 4 [ 2-(

(33) The® azetidinone (32) (1.74g) and p-nitrobenzy gl yoxyl ate nonohydrate

(1.63g) were heated in ref8lxi ng benzene (40 m ) undédlhrgon for 7 hours

W th provi S' iBhone T é”ﬁf Rled in'dlSall! 4R YR e2Gred Wit o

chr ot oviautihd B R L A B A Bl

st er e0i S0 ipBratudS oA railies) amited wier dﬂd/; a eﬁfera]nd Wéaﬁd witil E&neli’rﬁ(hnsdnwgm%r aﬁii: r]
pm[err] la&erovaﬁeﬂa fg&ldandrhromtﬁaa®e8®o gitdthe lole@er(ﬁMB(‘lmguﬁamhdradps&

exch D20 rodségx (C CIQ3 0; 17ngde ;Fg%?:‘?gﬁ @) GF@-Y 5(1 1H
an
and 5 87 %% (F u ’S 258133 03SS|
7
3R ’

7. 3-7. 8(
Preparation 4(d

4SR) - 3[ 1- (SR% t- ButE/ phené| si | I oxlirena iph 5L (1- chl or o- 1- p- ni t robenzyl oxyc
ar bony| met hyP§ 4SR301{SH)--Butyidipk f:;‘()v”a E%m'bgn LAY rRReREeY] 17 |
NI ) - Me
' Me t Holl B
T Bu'Ph,S10 T ]S\ (CHy),CHy
Bu®Ph,s10 /\2 3 _-(CH,),CH ihd
50 2 = 5 ﬁ( 272773 0
: 0 —_— &N~ H -
=M
_ COZCHZO- NO,
55 .
(41) (42)

The thiolester (41) (1.80 g) and p-nitrobenzylglyoxylate monohydrate {1.80 g) were heated in refluxing
benzene {40 mi) under argon for 7 hours with provision for removal of water. The mixture was evaporated

60 and chromatographed to give a partial separation of the sterecisomers of the hydroxyester (42). The less
polar isomer was obtained as a-gum (420 mg), Ve (CHCl;) 3600—3100, 1780, 1760, 1690 cm™"; & ppm
(CDCl,) 0.856—1.10 (15H, m), 1.40~—1.85 2H, m), 2.48 (2H, t, J 7Hz), 3.20 (1H, dd, J 2.8 and 4.9Hz), 4.24 (1H,

dq, J 4.9 and 6Hz), 4.41 (1H, d, J 11Hz, each D,0),5.23(2H, s), 5.53 (1H, d, J 11Hz collapses to s on ech. D,0),
5.58 (1H, d, J 2.8Hz), 7.3—7.8 {12H, m), 8.20 {2H, d, J 9Hz). The more polar isomer was also obtained as a

65 gum (681 mg), Vma, (CHCl,) 3600—3100, 1775, 1760 sh., 1700 cm™'; & ppm {CDCI3) 0.85—~1.10 (15H, m),
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0041 768 A solution of thionyl chloride (573 ng) in dry tetrahydrofuran
(10 m) was added, dropwi se over 10 mnutes, to a stirred m xture of the
hydr oxyester (33) (2.22 g) and 2, 6- mo'qdi 768(515 ng) in dry tetrahydrofuran

(40 m) at -10C. After st|rr|n rt’ E7 2 s 1P YL SR ek eDo)
mxture 13 el 2 ?éﬁ ’Ejf és p % § Fiffiz b Slah
tol uene ;Ad%éﬁ Ezz?%fled 9*2795)07 ﬁ? %’s .z:g.%?gjz%&lsa%ﬁa@%a £di'1fx}uré.c7f&531hr
1695 [ err st o&aaérataksaurﬂtmn{gs S 4SR) 3-]

(SR) t -But yi di phenyl si | yl oxyet hyl ] - [2 (Z) et hoxycar bonyl vi nyl thi o1 -(1

Preparation 5{(c)
:P rm%;gesglp%gﬁﬁ%ﬂh@ ﬁ%&%%{t}(@llyl)oazthiﬁ- - ﬁ:n;_x ;ylthlo- -(bcl'[loroﬂ- - &tr02§nzyloxycarbonyl-
(35) A mixture of the chloroester (34) 2 g), udriphenyl phosphine (3.42
g) and Z¢6-lutidine (420 ng) in dry 25 d| oxan M, mt)nwas heated at 60C
under dry argon for 16 hours. The nixtumseg® Mk&d %@S‘(f'tﬁﬂzbﬂjgaratlon
1(i) to give the phosphgrane (35) (2.82 g) as ana solid
[err] 1750, 1695, 1628, eur]HPreparatlon 4(f) 30 (3
4SR) - 4- [18- ( Z) -datgsimoer
- pr ni tr obenzyl oxycar bony

N
(nﬂp|zcr!5 [1 - (SR -Gydr &&’et hy, (1

- 1 - tigi phenyl phosphor anyl i deneumgc NO,
(

azetidin-2-one H HH 45
: Hy'er%en chl ori de was passed i nt —j\ce- bat h cool ed sol ution of the
phos ®,n) until the concent rati on was

approximately 15% w v. The ni x{ure W kept at roomterrp ure for 3
rs, diluted with ethyl adéat e 150 m ) -and neutralls th saturated

ho

sodium bi car U’omhtt@n gbthmwl GHOI"GPHé350'P "qf of PL‘@Q
Wi th brl p famn i 1}5\’? m |n
Uﬁttrst %@E BEVRpbad

phorgne (35) (1.32 g) |ntm§

t he resi ﬂbﬂ%ﬁ}l@ﬁ@ﬁ&z )t5@w6 MEhlaig sta$43an
anor phous @mBigfas @H]/,,..S(mﬁla)aimnw ®ém-'1695, 1620 [err] Preparation 4(g)
(5RS, 6SR, 8RS)-p-Nitrobenzyl 6-(1- Hydrox et hXI)penemS carboxylate [err]

0 041 768 Preparation 5
30 (3RS, 4SR)-3-[1-(SR)-t-Butyldiphenylsilyloxyethyl]-4-n-butyryithio-1-(1- p-mtrobenzyloxycarbonyl -1-

triphenylphosphoranylidenemethyl)azetidin-2-one
H,,, MeH

H
t =
- ButPh, 510 ~ \I__| wS_ - (CH,),CH
35 Ve 2 Y / 2 2 3

0 —_—
40 = N \lx'Cl | COZCHZ "2

Hﬂ\” H N_ _PPh
ButPhZS i0 '__‘ ‘\\\S\‘ / ( CHZ ) ZCH3 04 \f 3

Co,

Nt - (43) (44)

: A mixture of the chloroester (43) (2.08 g), triphenylphosphine (3.14 g) and 2, 6-lutidine {384 mg) in dry
dioxan {40 ml) was heated at 60°C under dry argon for 22 hours. The mixture was worked up as for

preparation 1(i) to give the phosphorane (44) (1.46 g) as an amorphous solid, Vs {CHCI,) 1750, 1695, 1620

% and 1610 sh. cm™'. The chloroester (43) (587 mg) which was recovered from this experiment was retreated

so with triphenylphosphine (900 mg) and 2,6-lutidine (111 mg) in dioxan {10 mi} at 60°C for 30 hours to give,
after work-up, the phosphorane {44) (490 mg).

" Preparation 5(e) :
(5RS, 6SR, 8RS) p-Nitrobenzyl 6-(1-t-ButyIduphenylsllyloxyethyl) -2-n-propylpenem-3-carboxylate
55 Ho Me

3 ' ' ot
i y e i Ph,S10

“, ] H
wS~__~ (CH,),CH
au‘thsm/K WOy 272 . ~ .
A — T
e C°2C“2©T NO, - e s T

& - L (44) . . . TR gy
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g

The phosphorane (36) (745 ng) was dissolved in ethyl acetate (15 m) and
treated with trifluoroacetic acid (3.27 m) at roomtenperature. After 10
m nut.es the m xture was cooled ta [e;&angﬁpozoni sed oxygen passed till a
pal’e bl ue col our persisted. Excess 004 oxygen was renoved by passage
of argon anghd giRsghorahé!(48) (WPSg)Was RdaBld iVVehilkir 1510dnd {408 thgPlinder drp BB loPtORRI NE
(280. ny). The mittlry wasievabertied @il diifgmatobPephéil tBigivt the@endrbestdr (481V06D rhg) at e adlid, hr r ]
and was n@ut-ﬂ%'ifq(s@demﬂ asmtelpel'towmsaﬁw)umub FiOH) 26drieat 82, 385 and A nm'm’és)or ni c

o e T SR

heated at 1‘4@3@'46 Hg, 2 %16 4and
the resi chHMabEs! Rphedcl aagnveao @4;|®rsewrester as ‘a
solid, m p. 119 [err] (needles ex et % t el pet roI eum et her) (Et OH)
262 [er ] 12730) T @g R-d &b me[err]
NTRE AR 6‘%?&351%“5%}“ %ﬁ%%“ §§3’9’9§%J‘3 3,[°g 6.3, 1.5
and 1.0Hz), 4.29 (14 H‘:i!dql-i&J 6.3, 6.3 and 4 7%%5 26 and 5. 43 (2H ABqg, J
14Hz), 5.79 3| # 5ik) 734(1H d, J 9 (2H, d, J 8Hz),
8.24 (241 d. g'ﬂ]"&-'&?/Hr driQ SL L H 4.0 -e-i\)-sg 8.9: Mk 350.0557,
[err] r8quires C, 51.4; ~CNp) 80 —S—9 0% M )58 npl e 4(a)
15 (5RS, GSRQ%RS)N i tro yl 4

6-'( 1t hyl sul phonyl oxyet hyl )20155 #8poxyl at e [err] CoFH) NO,

(38) A.solution of the penem ester ) (145 ng) . n&b yl ene oride (5
m) was?cooled to [err] ant®30 treated with trlethyla e (84 ng) and

‘metQanesul phgayl , ﬂ@ﬂg&qgﬁmﬁ&m a ¥ 568 sohbuibh %Mgfgnﬁéo . fb rpéuﬁﬁ?hmbmﬁs

the ni xt UeRanpard edtian Yieved CIGBAL L for 2 ) vdChade¥ss drw.ﬁ ol e (3
X 5 m). él‘hed dcrer-hadw ¢oeled,] solutigra bf e |perysaT estdr 453 Va5 OTghincdly ttemraquvcﬁuraindmamludbe

mesyl atzé )'ceabsthatefgmmfpéﬁ"ri‘]ﬂ minges 8".97‘2'01 "erv ‘%b %% mmr 3H,
(CD

Y i) "gg gg"‘e& e Tt AT Jud
pl us 5. 28(5@?% nd 91 3386 o— g7
(IH s), @8 rl,-'ﬂs thhQH?/)rrayﬁg 5 b%et tbr 5K, 2(Bin brEatﬁd'gm lez 293(2H
( 5RS) - Fe Neatch dtbet&?nb 75‘&.)3-13-(3 gl Ji o ehame-@em Inaihﬁeséb@l aylrartlrn Gﬂ}lgnal at
(38 2.03 ppm), 5.19 and 5.47 (2H, ABqg, J 14Hz),559 (1I-t ggé m E 5{2% 2("89})“' %"1’91
mg) was dfee8i @EG" i St P TriSreollefsS calss G ad b ‘31 ed to -10C and
treated with a solution of 1,8-di azaifmid €45 4- 01 undec 7-ene (DBU) (63
mg) inasery masﬁsjbsmw&blmrdbd&y&&-(vtbthmbr)|pld:rnwpw'emer)-mr@rop&lpéﬁenba-arbo&mter
stirring at -10C for 10 m nutes the m xture was treated with DBU (25 ng).
After stirring &on«:a further 10 mnutes at -10¢ xture was diluted
with ethyl acetadf: g30“rr1) and washed th“ﬁgﬁ% r

so

c cid solution (3 m),
brine (42x3n'ﬂ tu d sodium bicarb HamS{3 m ), and brine
\}&}” preantc—tayer was evjapdr at a-%d e residue -
Fve tyle 6 (1

(3 x 3 m). The dri

chr omat ogr aphed to 2e4 1 (| i denepenem est gr—( 1 N, a 5:2
m xture of (2) andO(E)-ls&rrg.r 3\ agg. det erm ned by nnv cofehag 2/ NO.
crystalgization of the mxtzurze etzhyl acet ate/ petrole efs afforded

the pure (2)-isomer mp. kg4- 166C (rods); [err] (&rPH 265 ( [ err], 12010)
and 296 nm &I nfl ecti on);
solution of methanesulphonyl chloride (88 mg) in dry methylene {1 ml) was added dropwise over 1
minute to a stirred mixture of the hydroxyethylpenem ester (46} (150 mg) and triethyiamine (77 mg) in dry
50 methylene chloride (8 ml) with cooling at —10°C. After 20 minutes at —10°C the mixture was diluted with
ethyl acetate (20 mi) and washed with brine (3 X 2 ml). The dried (MgSO,) organic layer was evaporated to
give the crude mesylate (47) (181 mg) as a gum), vy, (CHCl;) 1785, 1715 cm™*.

: Example 5(b)
58 (5RS)-p-Nitrobenzy! (2)-6-Ethylidene-2-n-propylpenem-3-carboxylate
Me
H"'l H H H
_ MeO Zso = “,.S ' : MeCH* “\.\S
60 o ' (CH, ) ,CH ‘ (CH,) CHy
o _ 0,—-—-N / , 2273 —m—m> O’L_N\/? _
] | N cdzcrrz@— NO, COZCH2©' NO,
65 (47) e
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¥] 1790 and 1720 [err] ppm (CDC13) 1.86 (3H, d, J 7.1Hz with further
e coupling): 5.28 and 5.45 (2H, ABg, J 13Hz), 6.32 (1H, d, J 1.1Hz with
‘ther fine coupling), 6.53 (IH, Qicp4‘lJ7ﬁQ and 1.1 Hz), 7.37 65 (IH, s),

o A *“gze%‘:?ér?ﬁ&“éf iy cfont i, ebbecl S "’?«f"fr E

0464y ropr&i@e over Dmihdik. Al @ §a2 )10 minutes the mixture was treated with DBU (23 mg). -
R_S) So@ll Ye-v@as Etitngd at deﬂfé ném'@r wnbm Idiiuted it athyl %zte (20 ml) and washed

ﬁ%f%’@éf%‘r"a @"fm"s(%e bring (3, giml)
drorals Mﬁ‘%ﬁf bty m i e
#al | adi u x@.ﬂ@-fr@rﬁ hyt aeddtelbetrol oote 2) Plaz r,maurb 1020 d 3 N

gat al yst (@6 26m3,, MsO)anmmmamtarms 10 BOBNGL (THTILTAS dnduiRt chot; 53PmNCDa) es.
A 1% sdP-BhiBite !;'Porﬁ?t-é 7d§8HuN b?ﬂ(g'i d4127HPr)|y i@;ﬁg@%ﬁ%ﬁﬂé&@ﬁ&%#ﬁ rked
'-p as in . ( a

f-col ou}(i%@a%lohgp 3&3‘&3?‘&%‘%@"&?1"‘3@@2‘% %1 err] 3590); [err],, (KBr)
0-2300, 1765, 1700, 1600, 1560 slexarhg @ ppm (D20) 1.64 (3H, d, J 7Hz),
O (#H, s), 6.34 (1SRSkBod@miZHEEthyliieBd2-0-Rtdpylpgnemzkaftiorylate at i on 5(a)- (3RS
R -3-[1-(SR)-t- But‘_}/l di phenyl si |l yl oxyet hyl ) - 4- n- but yﬁyl t h| oazeti di n-2-one -

| : [err] (8) |
41)%Fhe sul pheera, (8) 2. 00 g) was dissolved in Aﬁ:*:w( 0 n), cooI ed in .
'-n | ceadbat h; and {repte sol ution of )throlbty ic in. 1-':i
& sodi um hydroxro m'};? e mxture was stig \at /i ce- ‘bét *) 35 o
_ -rmerature for 40 m nut es with ethyl acetate agf W@hed vmth
rine. The dried [err] CBz(a‘at 2 was evaporated and cl%ronat ographed to
4i-ve the thiolester (41) (1.73 Q) as a solid, mp. 82-[err] (rods ex TR
etrol eum et her) [err(]483420 1770, and 1690 [err] ?ﬂ[err] 0 95-1. 15" (15H ;

1 70 (ZIHh ﬁ? é ( nd
% in 1H .
eXCbo cm (40319$sz &Lﬂd th ydr ﬁHt%h con ;ggzg i ut 11%Naodg tu:a ?r?%e 7

“Herr] 40sol@puild: wsnlﬁﬂas&ﬂdéit anHithe fmidtureNyorkdd ]Jp aSSfor Exabtfe. 1(E?megiar e baiunbdt)49} 3RS, -
SR) - 3( 144¢4arg)-a8 amemgrPlrup Melidh A (D) emye@mgxﬁlv 270 (B $R1ONANG 288G (594Q).1 - hy dr oxy- 1-
#-ni trobenzyl oxy- car bonyI nmet hyl ) %etl 2) one 55 (41)

eparation 6(
35 Potassium 2-Acetamidoethyltrithiocarbonate

©®

(50) (51)

2-Acetamidoethanethiol (50) (3.57 g) was added to a solutron of potassium hydroxide (1. 62 g) in

NS ethanol (256 ml). at room temperature. After 15 minutes the stirred mixture was cooled in an ice-bath and

45 treated with carbon disulphide (36 mli). After 15 minutes at ice-bath temperature the stirred mixture was

allowed to attain room temperature during 30 minutes. The yellow solid which had crystallised was filtered,

_ washed with dry ether, and dried under vacuum to give the trithiocarbonate {51) (4.79 g), Vmax {Nujol) 3390,

and 1640 cm™'; & ppm [(CD;),S0] 1.82 (3H, s), 3.0—3.4 {4H, m), 8.1 {1H broad signal, exch. D;0). (Found: C,
25.6; H, 3.4; N, 5.8; S, 41.0. C;HsNOS:K requires C, 25.8; H, 3.4; N, 6.0; S, 41.2%). :

50
Preparation 6(b)
(3RS, 4SR)-4(2-Acetam|doethylth|oth|ocarbonylthro)-3-[1-(SR)-t-butyIdrphenyIslIyloxyethyl]azetrdm 2-one
Me . Ve
55
H, | H,
t ‘A H H , t A H H
S o _SOM Bu'Ph,S510 =
Bu"Ph,$10 /KE = S0,Me u®Ph, | \(S\ANHA .

The sulp_ ne_(8) (2 Q5 g). was dlssolved in methylene chlonde 2 My’ and was treated wrtﬁ a solur .
66 of potasslum 2—acetam|doethyltnth|ocarbonate (561) (2.22 g) in water (4 ml) The mixture was strrred at
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.. The thiolester (41) ('1. 80 Q) -and p- ni trobenzyl gl yoxyl ate nonohydrate (1. 80
-g) were heated in refluxing benzene (40 m ) under argon for 7 hours with
~provision for renoval of water. Thg gaxtpég was evaporated 60 and

.chromatographed to |ve a partial sep aratlon of the stereoisoners of the
h%%g" vgth wwﬁepcwyewmt wwaet@dan em m)zon

hydr oxye g

e S T
1.40-1.8 76 11*5(1213’ B (3 ,a:p

4.24 (B41-de4 (131 Aa) Qsa Rz3.5Hz)} 54864 (1H, brBad sign$l1l!i?ch cr;amm{)em s e)'i_l:h
(2H,s), B35BR@MOKmld J lle collapses to s on ech. [err], 5.58 (1H, d J
2.8Hz), 7.3-7.8 (12H, m, 8.20 (2HP ’frat]o 94—!5) The nore poI ar isomer was
al so obt pREQERASEACREMIdLHIIthBHbeAVE -(SRREEYId piRAyIsifyibRysthyl A G h

1700 [esr]. [err] ppm| gﬁ%fmeonﬁszyno% amthmge%a%%?.zgwoift?vgs g oo
(2H, m), 2.58 (2H, t, J 7Hz), 3.25 (1H, dd, J 2.7 and 4.9Hz), 3.55-3.80

(1H, br signal, exch. D20), 4.25 (1H, dq, J ﬂ ﬁmd 6Hz), 5.15-5.50 (3H, m
col |l apses to 5.23, s, plus 5.22 and 584!}.r,h ngE(z,\\s D20), 5.62
] d1 .

(1H, dysJ 2.7Hz), 7,3-7.8 (12H m, 8. 19 @ Al so o¥#s8i ned was
a mxture of the # ﬁten;gl sorners as a gum (884 reparation 5(c)

(3RS, 4SR) - Bulrr ¢ _ng)
Car

ro-1-p- nltrobenzyloxy

Hay | oxyet h uyr | thio-1-(1-chlo
| onyls- met hyl) azgf i di n- 2- on oy @ )
(43»A,sol ution of toh,-enyrb chloride (535 ng) in dry teéetadah urzn (10 m)

was added, dropw se over 10 mnutes, to a stirred mxture of the .
hydroxyester (42) (1.99 g) and 2, 6- Iut|d| ne (482 ng) in dry tetrahydro- 25
fucan (40 m) at [err] Af(se) stirring at [err] fies)a further 15 ninutes,
the myture was filtered and the fiItrate evapor at ed. The resi due was

3 o S AR el ML

( 3RS, 4SRyvagordtdd 4nB PG e Bydroxyédrey BBNY.D4 g)de Mixturd of igtebiBderd, 2§ dm P- Ni
tr oben%ydmy@as #tidMmax ICHCH) BGOREBOON TR HTES slighy BlicdBiae 70 kpl) azet i di n- 2- one
[err]

T e S T

argon for 22 hours. The mxture was worked up as for preparation 1(i) to
~give tHe phosphorahne (44) (1.46 g) as an armrphou'i solid, [err] 1750, 1695,

1620 H}K H S S Ho, H
= 4
Sutphzsm NG I“a ﬁ( NHAG Bu thsm

“\\‘S\lr s\/\NHAc
o S N

S
H N1
Y T
\/ 45 COZCHZ-Q-NOZ - COZCHZ-Q-NOZ |

- (53) | (54)

nx

_I'_

A solution of thiony! chloride (246 mg) in dry tetrahydrofuran (5 mi) was added, dropwise in 5 minutes,
to a stirred mixture of the hydroxyester (63) {1.04 g) and 2,6-lutidine (221 mg) in dry tetrahydrofuran {20 ml)
at —10°C. After stirring at ~10°C for 15 minutes the mixture was filtered and the filtrate evaporated. The
residue was re-evaporated from dry toluene (2 X 5 mi) to give the chloroester (54) (1.04 g) as an amorphous
556 solid, vmax (CHCI;) 3430, 1785, 1760 slight shoulder, 1670 cm™".
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'énd 1610 sh. [err]. The chloroester (43) (587 ng) which was recovered from
£hi s experiment was retreated 50 with triphenyl phosphine (900 ng) and
2 6-lutidine (111 ng) in dioxan (1§ g4 pgg60C for 30 hours to give, after
wor k-up, the phosphorane (44) (490 ng). Preparation 5(e) (5RS, 6SR,
8RS) p- Ni trobenzyl 6-(1 Preparation 6(e)
4t But yl di pHef$y#SR-A-2-Aoetpmidegihyithiotiriogarbopytihio é&é#ﬁ@a@nh@m@érmsm xyethyl]-1-(1-p-

11 0 041 768 TREOMMBAPHSrRend-1tdnhenyiphosahiognyliganemethybazeriding-9net | uxi ng
tol:ueng (400 ng) under dry argon for 12 hours. Tnee m xture was evaporated
athromt ographed to give the penemester (4%)} 60 ag_a oI id, mp.
121-[err](rods ex ethyl acetate/petrol eaglPriIoLY, '[eﬂ I;‘Fl%] AAc[err]
12, 285) and 316 nm'&8435) [err] [err] 178 171 [q*rr] Ppm [err]

0.85-1,35 (m plus,) 04 (8) .and 16 (d, J 6Hz) t ggeinber H, 5 1.40-1.80
%Lﬁ;m@laﬂ-’ssandz) .23 (1 H dg, J
(

(2H M), 2 gBx3s
5.5 and 6Hz), 5’-.15 an : , ABg, J 14Hz), 5.46 (1 3 7.3-7.8
§12H m, 8.16 (1H, d_jJ B.5Hz). (Found:. C, 64.7; H 6%
% 0.[ers] requires CO64.8YH 6.0, N, 4.4, S, 5 1%). Prepa A?i on 5(f) 10
B(5RS, 6SR, 8RS)-p-Nitrobentyl
" @- (1-Hydr oxyet hyl ) - 2- n- pr op§¥P5¥; @ ¥Ppoxylate [err] 20
B45) _/ (46) Tetra-n-butylamonium fluoride
£6.04 rri of a solution t&)faining 0.5 mNMle [err]n{5%)n tetrahydrofuran
-i_“ ed Over H‘PA.ﬁGﬂé'o@fhe%ﬁlS%‘é‘s?erT A D1.04/9), feBheryTondSHtnS 1. E'@ﬁm&%}{?pﬁ Jn{ﬁ% s
SUEGS theatéd fldry BiBkhn (RE@N B Gﬁ!ﬁl’&éarﬁiﬁ | foet 320Hdufdf T xﬂm\ﬁﬁ edup(ad 3
19 prapamti t(etm eohosplaunar(ezsm A6 mg)F#aeanZdinmhowmdvm(kmp;) 34d0, 1755,
fice- bat h 16 FE"“? r%;g Nﬁomla@sd wandtecovased dilorasalet54) F4Bmplwhichrvse recycled
Jenper & (7 8V Fl" PROr3Ng (3PS B8 i nut es. The mixture was worked up as for
-.?reparatlon 1(k) to gi ve the hydroxprpgidivileggnem ester (46) (190 ng) as a
§olid, mp. (3R5145RL¢1&%éﬁm&fdb:ﬁﬁm&m&hwaynaiass-at(sﬁ)p\earb;@,lemwunﬂtdamfrc)ben{yﬁ:w]
EtO—I) 263 ([err] 12, %a®pnvirtiipBdrtyiphasphOra@@agnemptbyliapetiddZ3Me3150, 1785, 1710
ferr] Pom[err] 0.96 (3H, t, J 7Hz), 1.37 (d, J,6Hz) overlaying 1.3-1.8 (nm)
§ogether 5H, 2.03 (1H, broad signal) 2.69 ang.d 83 42H 30 each dt, J 14
#nd 7Hz), 3.71 (1H, dd, J 1.6 and 6.4Hz), M@j :‘% Hs erS on
4qrradiation of si#gngliyaty2. 03 ppm), 5.19 and 5. 4F_L£ % J 1 5. 59

2

%
we,

$1H, d¥* J . 38 L B3Hk), 8.22 (2 PN . (Found C,
$5.1; H, 5%“% 07 2.1Te rH] /quiresNt!‘°55 L H 5. lf‘w; 9 Exanpl e

$(a) 35 - (5RS, 6 SPﬁnéNltrobenzyI T CH

NO
$- (1- Vet hyl sul phonyl%xyet h opyl penem 3- car box§| rr] 2(46)
447) AMosol ution of net haneeoglcpp NO.‘pr ide (88 nmg) in dry nmethylene (1
#) was added dropvm se over _ _
1 (ss). (56)

. 45 The phosphorane (55) (800 mg) was dissolved in methanolic hydrogen chloride (15% w/v HCI, 20 mi)
3 _ and the mixture kept at room temperature for 7 hours. The mixture was diluted with ethyl acetate and
. neutralised with saturated sodium bicarbonate solution. The organic layer was separated and washed with
: brine. The dried (MgSQ,) organic layer was evaporated and chromatographed to give the phosphorane {56)
q (397 mg) as an amorphous solid, vy, (CHCI;) 3600—3100, 1755, 1670, 1625, 1610 shoulder cm™*.
50

_ Preparation 6(g)
(SRS, 6SR, 8RS) and (SRS, 6RS, 8SR)-p-Nitrobenzyl-2-(2-Acetamidoethyithio)-(1-hydroxyethyl}penem-3-
carboxylate

56 Me
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HONE | N e
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e

mnute to a stirred m xture of the hydroxyethyl penem ester (46) (150 ng)

and triethylamne (77 ng) in dry 50 nethylene chloride (5 mM) wth cooling
at [err] After 20 mnutes at -g Q444 hyggn xture was dil uted W|th et hyl :
acetate and vvashed vvrth brine (3 x 2 nl The dried [err] organlc

s e el e e ook
[ er I’] h ?yli?”;gi ﬁsog’ nal cry lhsga on of he ﬁr(y%fa :n(%ﬂjde

r%wepenﬁ% ea% .0«%%( ernr les, m
rresylratcnr) Qél?()e,., (12,@6!))5@33&/&81 1760,0¥,,\.S®ujold 3 yazsett , 2670 anb
ngl er@pq,)@s érw %r?idj QHﬁb&B%@HW)tMSa-Ssblam nb 3 25)){-3 .36 (2H m), 326 (1Hédd J 1 Sand _
1 - 5. 9P Jlﬁw ?‘g“’% 2 exf éeé PHe (1 -

J14H

) m,m.% §ﬁz! bt tr.%? Ez r.’f c’[’ Fp }”3 he
M X{oUgrd ,waﬁmrafoga Slihe kb (BRSK BRE, esmr@e%nét rlsﬂr( r] for
a f urftdvgkCal@intet auaouess ;3Hdu lJtat-l:e.ct umarhs)sumn ad, dn.abed 103682)M. 28— ndrwmhealex 5 wth
5% ci {idideJ 584D, §9B (tH, ¥, ¥Hzhe (2 nl), saturated sodi um bi carbonate sol ution
(2 M) and brine (3 x 2 m). The dr| dil)err]organlc | ayer was evapor at ed
-andischr omat Ogeﬁ%siﬁtrébemgr 28.ab RSt réﬂ&maa@sénea%tarm&ﬁm (116 mg), a

‘m xture of (z) and (E)-isoners, as a gummy soli1d. Fractional
crystal Ilsm P8n of the mixture fromethyl acet at gf petrol eum et her gave pure

.(2)-iso ny p. 101-[err] (rods) ue&f (ELeH) 267 ([err] 12,190)
5 SAZ) O

and,_appr oxi mat f ﬁwﬁﬂg) [err] 1775 Bnd| 17PNk ppm [err]

10 0.92 (3H, t] 1735:1.70 m, 1.7 H/d, J ), 2.50-3.00

(2H, m, 5.1§ /571 J 14Hz) 6. osgg oadened s),
6..41 (1 H dq, J 7 er1Hz) 760(2I‘—"|Z 2 819(2H
d, 8Hz). ( Found: [err] 0900 [err] requires M 374. 0936) Exanpl e
5(c (57) (s8)

5RS) SOdI u - Et hyl i dene- 2-n- propyl p enem3 car boxyl at e

_m t ﬁkﬁ" Beﬁ? swaefmé ?efrremre te"}i; }) e'Wa i ﬁﬁﬁ;ﬁ ‘ﬁ 5(V
aI'To te : l%tﬁ E

ﬁéa@paﬁg&.a La @ra oo bholb A Arfige.widky alheT 30
cat al and tredtelwithy )8-dld2sbicyel e Oﬁlﬂ dect7ioa ttsge'@)atrhmm&n\tawmdfoanauaﬁmm nut es.

Al %rswaturm #Irr@arfbmiatren%l and treat d)wﬁh) further R8Y @6lchald Patrad sttrhus m soomr e

wor kéern farr ! 5$ was gy d t% ws' brmrﬁ' etata ) as an

amvpm sesiigly it 2201 acid e 040) .
Pr epagt rdléﬂ@p (58) (26 mg), a 2:1 mrxture of (E) and (2) l 7S 8d éH'@morphous solld Amax
2- Ac dEt@n) 265 @bd3n Istnmr i (oaa;)lsmatm @875 5 ®)3 ppm (CDCl) 1.84 and 2.10 (3H, each d, J

(51) W’Ab%‘t@tﬂnﬂdéé‘i-lﬁaﬁ?‘éé 5. 932 )”Wa%, 648 ffdt atdgHa). %tﬂmt’ﬁéﬁ“t&f
potﬁﬁfwwqj ?’rr)?ern é g lmpur Rd sugnal pl d J 9Hz), 8.21 (2H, d J 9Hz).

S, 8SR) isomer of the penem ester (67) (40 mg) gave a 4:1
mixture of the (E) and (Z) isomers of the ethylldenepenem ester (58} (18 mg). .

. Example 6(b)
'<u {6RS)-Sodium 2-(2-Acetamidoethyithio)-6-ethylidene-penem-3-carboxylate _
- H H
MeCH N . MeCH\ I s
. ) N S
60 | A/ NHAC — | Y. ~ e
0 ' 0 e @
Co,CH, @- NO,, o5 Na

55
(s8) (59)

The ethylidenepenem ester (58) (40 mg) was dissolved in a mixture of dioxan (8 ml} and water {2 ml)

60 and hydrogenated over 5% palladium/charcoal catalyst (80 mg) at S.T.P. for 40 minutes. Further catalyst (40

. mg) was added and the hydrogenation continued for 30 minutes. A 1% sodium bicarbonate soiution (0.75

- ml) was added and the mixture worked up as for E'xample 1{b) to give the sodium sait {59) (9.9 mg), a 2:1

o mixture of (e) and (Z) isomers, as an amorphous solid, Awg {H.0) 302 nm: & ppm (D,0) 1.83 (4 CH, d, J .

.. - 7Hz), 1.98 (3H, s), 2.04 (% CH,, d, J 7Hz), 2. 87—3. 20 (2H, m), 3.35—3.55 (2H, m), 6.18 {%H, s), 6.20 (3H q, J
65 7Hz), 6.27 (H, s), 6.54 (4H, q, J 7Hz).
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et hanol (25 m) at roomtenperature. After 15 minutes the stirred mxture
was cooled in an ice-bath and 45 treated wth carbon disul phide (36 m)..
After 15 mnutes at ice-bath tenperahﬂbg t9$ stirred mxture was allowed to
attain roomtenperature during 30 m 1 788 yel | ow solid which had
crystallised was filtered, washed wit Prepdrationt7lagr, and dried under vacuumto
gi ve the trithi SEHica8REthal-1-4imethoxyqebagyl:2-ethylprok-Nerjy0l4)meddRRloazaitdin-1.648 [err]
ppm[err] 1.82 (3H s), 3.0-3.4 (4H m, 8.1 (1H broad signal, exch. D).
(Fqund: G 25.6;%Hy 3.4; N, 5.8; S, Q). ferr] requireg Pe;p5,8; H 3.4
N, 870; S, 4 50 smparatio%g .., | 3RS, SMe Zde, | S SMe

4SR) - 4( 2- Acet'am dogt hyfl t hi ot hi aog ony 19)-3-11-(SR)-t-butfyrqi phenyl silyl
oxyet hyl ] azeti di pz=A~o N = [

sul-phone £8) (2.05 g)was( di ssol ved i n"%7et hyl epre chl ori de (020 m) @nd was
treated wth a solution $5 of potassium 2-acetam doethyltrithiocalbonate
(51) (2:22 @) in water (Paf9. The nixture was9®irred at. a 23 M 041
768 roomtenperature for 4 hours, diluted with nethylene chloride (20 m)
and washe, with brinec40 m). The dried [(eoy] organic |ayesiyas evaporated
and the residue chromat ographed to give the trithiocarbonate (52) (1.20 g)
as-ap anor phous solid, [err] 302 nm([err] 12,880); [err] 3440, 3400, 1775,
1670 _[err]; [err] ppm[err] 1.05-1.15 (12?‘: %ﬁﬂ% (3H, s), 3.21 (1H, dd,
J 2.5 and 4.5Hz), 3.5-3.6 (4H, m), 5 4. 1-4°4°(IN_B~5%.67 (1H d, J
2.5Hz), 8%°75-6.0 (1H, broad signal, exch. [err],| 6.]70 br, (1H, s, exch [err]

7.3-7.8 (10H, m. Preparation 6(c) (§RS, S—N
4SR) - 4- ( 2- Acet ami doet hyl t hi ot hi ocar bonyl t hi 0) % [ 1-( -t-butyidi phenylsily
| oxyet hyl ]-1-(1-hydroxy- 10 - '

1- p- ni t r ébenzyl oxycar bonyl net hyl ) azeti di n- 2- one [ err]CoL%2) : _
(53) 25 The trithiocarbonate (52) (1.26 g) and (®30itrobenzyl glyoxyl ate
nonohydrate (1.05 g) were heated in refluxing benzene (25 m ) under argon

fof 24 hours Avsdidtiopbpatetid daRydtias (26LMBMA iryHhet W€ bhiorda i ise ove
evapor at & Minuesdne efireed Gep-eghedied, onigtureef thia a?d%mﬁibﬁﬁ%%?ﬁ%&?f ﬁg) V;'iﬁz.ﬁ‘é?ég
i

m xture of z§t ' lamiropyriding {28 mbldu dry ssttiviéne Erégridp (18 GONABH @8 minlied at ice-

) o
1755 s| | ghgaugigezn}gfr ure t ;c%yﬁ :Lg sr?l\:a tﬂt@ \q:ft.[n'eﬂqdl ea with athel acetate, and washed with -
. il _ i m odium bicarbon tion ne;%rli '%«e ri S i
e T ripeshhe dri lpyer
4SR) - 4- ( 2- AeLévapdr E‘r;hﬂ hf: aQ;g pﬂ&ﬁ'b% g ﬁiglk))nsf?ﬁi' e %o ar ?raﬁgmﬁﬁgys%g}q - |
| oxyet hy#s LRS)-chbtos*Hﬂwr_]a_Zeﬂdmone (60), contaminated with approximately 26% of the (3RS,4SR)-3-[1-(SR)-
_ ,?é:gt&x;/;etzrllaze:li?g;: (61), was obtained as a gum (204 mg), Vmax (CHCI3) 1760, 1730 sh. cm™; & ppm
3) 1.41 and 1. : each d, J 7Hz), 1.98—2.23 (12H, m), 3.18—3.37 (1H, m), 3.7 :
4 2H2), 499 (0.25 H, d, J 2H), 5.15—6.50 (1H, m), (1H, ml, 3.76 3K, ). 491 (0.75 H, d,
_ he more polar fraction the (3RS,4RS)-3-[1 -(SR)-acetoxyethyllazetidinone (63) (502 m ) was obtain
» g 0, ’ - ed
40 asa 1waxy solid, m.p. 73—5°C (cubes ex ethyl acetate/petroleum ether), Vemax (CHCI;) 1760, 1%50 sh, 1730 sh.
cm™’; & ppm (CDCl;) 1.47 (3H, d, J 6.5Hz), 1.99, 2.03 and 2.24 (12H, each s), 3.63 (1H, dd, J 5 and 9 Hz), 3.76
(3H, s), 5.07 (1H, d J 5Hz), 5.29 (1H, dq, J 6.5 and 9 Hz). (Found: C,53.5; H,6.7; N, 4.4; S, 10.5; M*, 315.11489.
C1sH2:NO;S requires C, 53.3; H, 6.7; N, 4.4; S, 10.2%; M, 315.1137).

45 Preparation 7(b)
. (3RS.4RS)-3-[1-(SR)-Acetoxyethyl]-4-methylsulphonylazetidin-z-one

-
N
i

*
!

: H Mo g 4
5 y '
30 - . ‘co)\.  SO,Me
o
55
(83)  (64)

) A solution of m-chloroperbenzoic acid (307 mg) in ethyl acetate (5 mi) was added dropwise over 3
60 minutes to a stirred, ice-bath cooled, solution of the (3RS,4RS) azetidinone (63) (255 mg) in ethy! acetate (10
mi). The mixture was allowed to attain room temperature during 45 minutes and was washed with .
saturated sodium bicarbonate solution (2 x 5 ml) and brine (3 x 5 mi). The dried {MgS0,) organic layerwas .
diluited with ethyl acetate (26 mi), cooled to —20°C, and ozonised oxygen passed until the starting material
.. had been consumed {t.L.c.). The excess ozone was removed by passage of:éig'on and the mixture was
65 treated with methanol (20.ml). After stirring at room temperature for 20 hours the mixture was evidporated
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p-ni trobenzyl oxycar bonyl et hyl ) azeti di n-2-one 35 Me ' 1
H M [err] (53) (54) 50 A solution of thionyl
chloride (246 ng) in dry tetrahydrofuran (5 m) was added, dropwise in'5

mnutes, to a stirred mxture of thd B4t B6&ster (53) (1.04 g) and

2, 6- | ut i didng tHeZesldulBurhid N.m) at -100C__After
stirring aaxc;lh%rﬁ:]&the‘:i&,&\%gég%}go%%%ﬁﬁf@g%ﬂia Sﬁﬁz 'ﬁi p't?&@_ﬁil‘ ( ‘,j" T.
evapor at eé%:fze)?l'f@ (z%sw%@@g_(amas, 3.§&(tha%a.9§5}-ihrﬂdoﬂiﬁm fdiher bIghtiEH0 g &%e' .Hrgrﬁtc; [
gi ve the ct dpcoupiing exnperiment); 14.8341Had, 4 Rtte) (HE5UHH, 96, S©badl10Hp)CT.09 (184640ad
1785+ 1786%‘9@% " 'ﬁog’l"glg'r ;;('6'1‘%756' fr’] CsHENBES reguires, Coagay H 5.57 §g6.8r pas:4t i on
6(e) (3RS, L S o Preparatjon 7{c) : . :
|48R) - ;1;1 ( I2 AclzeE an O CRSIBR 31 QSN ABR Ny DETIVo-t mgom?scériaar(yﬁﬁ),azkﬂ&ﬂui-x&ed' phenyl sily
oxyet hyl]-1-(1-p- '

ni t r oben’ yl oxycar bdhy¥gl - wr i phenyl phosphor anyl i dege hyl ) azeti di n- 2- one
[err] (54) P 55"02* (55) ?}@m 18 §80f t he
chl oroester (54) @4004qg) | triphenylghoesphi ne (led4d ¢ d 6- 1 uti di ne
(‘1177 mg) was heated injdeymdi oxan (20 m) at [err] up ry argon for 32
hours. The mi xture wa® worked up as for preparationgZ(i) to give the :
phosphorane (55) (662 ngpseps an anorphous solid, {é-yr] 3430, 1755, ,
1670, 1620, 1605 shoul der [err] Al so obtained was recovered chl oroester (54) i
(245 ng) Wwhi Ritassias ergmithloedibotiatet (82 HHgy Vat B8deBNO SPSIPe@NGe-Hat dootedd MixiHe of the
Pr epar at?f @ﬁp%ﬁ y64( (3P3ng), methylene chloride (8 ml) and water (2 ml). After 10 minutes the stirred mixture
4853{-, 4- ( 231”f§§ OWRT 193BFIR (AOMHPmPERtEre Srting 30 IMimites) The nfixture weRyor @x foe plepdritioh- ( 1
oM trob g/lve a er'ﬁ r tﬁ phy, the trithiocarbonate (65) {100 mg) as a yeliow sofid, m.p. 101—5°C (ethyl
p-1 & %Xl'e_u t g{ﬁﬁé‘:gﬂsgoo (e .13,700) and_ 236 (3700); Ymaq (C 3420, 1780,
-t ri phenyhpioemph @hamilab s X! W?Eﬂz&o&étﬁ&@ﬁ%ﬂ%@%é%@.h? é‘é perimpused
(56) 4 25 on mTiogetidr@H B0 TH) €q,(JBANhd §HA) B.58 T H, 4)A 2.584) SI0 e oadsidHRi). tEYARY:ICC 41.3;
hydr ogen &h$&N. 4&: §.88% GuHisNGsHs reiyen€, )41.0; H, 5.1; N, 4.8; S, 32.8%).

Preparation 7(d) .
(3RS,4SR)-3-[1-(SR)-Acetoxyethyl]-4-ethyithiothioca rbonylthio-1-{1-hydroxy-1-p-nitrobenzyloxycarbonyl-

30 _ methyl)azetidin-2-one
x\;::n E
’ ~3. SEt
4c0 —Jf Y
—NH
0o”?

| . %0,

M (65) (66)

T!le trithiocarbonate (65) {100 mg) and p-nitrobenzyl glyoxylate monohydrate (116 mg) were heated in
{ refluxing benzene (5 ml) under argon for 26 hours with provision for removal of water. The mixture was
L evaporated and chromatographed to give the hydroxyester (66) (112 mg), a 1:1 mixture of stereoisomers,
o 45 as a gum, V., (CHCly) 3600—3000, 1780, 1750 cm™'; 5 ppm {CDCl;) 1.256—1.45 (6H, m), 2.00 (3H, s),
3.22—3.60 (3H, m, plus q, 7Hz), 3.90 (3H, d, J 8Hz, exch. D,0), 4.04 (3H, d, J 9Hz, exch. D,0), 5.25—5.45 (3iH,
m), 5.56 (3H, d, J 9Hz, collapses to s on exch. D,0), 6.08 (3H, d, J 28Hz), 6.11 (3H, d, J 23Hz), 7.54 and 7.56 (2H,

each d, J 8Hz), 8.24 (2H, d, J 8Hz).

50 Preparation 7(e)

(3RS,4SR)-3-[1-(SR)-Acetoxyethyil-1-(1 -chloro-1-p-nitrobenzyloxycarbonyimethyl)-4-ethyithiothiocarbonyi-
' thioazetidin-2-one

. B Me
55 3.“":3 Eg  am O)\H _.S_ _SEt
.| >N, '
o7 v B o

60

65
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-and the mixture kept at roomtenperature for 7 hours. The mixture was
diluted with ethyl acetate and neutralised with saturated sodi um

bi carbonate solution. The organic o4 separated and washed with
brine. The dried (MySO4) organic |layer was evaporated and chromat ogr aphed
to give thasprhmsmmmmhlgge (3%’8@'&1 daygptravgdrafuranit®d phwasadgal drapwise to a stirred

[ er r | 360Dixwethe hydsoxyestq 11manqmetler?d@ﬁrn@rni fefr hvsttﬂné?'aHahWr? 6(Q)
(SRS 63}2 rea/ﬁiﬁtr 5}%—1%" r 10 minutes, filtered, 1and evaporated. Tl er(t(-z:s'rldue)\;vago 1-;x§%ore_t1ed
8SR) - ps NITT 0 e°r'1uzen?(2 VR 8T R raRestey (S7HT ' AR T ey IR e hem 3-
carbo’xyl ate err] 0 041 768 The pm,eﬁﬁ&mmne (56) (375 mp) was heated in
tef | uxi n(pRRPERIE1-(SKF-Beatdxyethwticieathyithiythmrcagomy kitg-1-8 -fttnebenzy Biesantppr- -Urtriphorys
evaporat ed and the residue eleseenyisenemetiyiiazetidin-eneg ni xture of the cis and
trans jsomers of the hydroxyethyl penem (57) (13Q ng). Fractional

crystal lisatiof Wfgthg m xture from nethanol Bave tlnesour (5RS, 6SR, 8RS)

I soner of the p m et ) (50 ng) as n -[err] 5 (EtOH)
261 (em 12, 368P anfi 3pB8 (7,760); [err] (Nujol)} 3 20 33290 1800, 1670
end 1635 [err] 6 ﬁr;,r_ 17 (3Ad, J 6Hz), s), 2.95-3.17 (2H,

6-3.36 (2H dd, J 1.5 and 5Hz)¢ , m
eol | apsing to dg, J 5 L5 Mgh. D20), 5. 2-5. °(2% @xch. D20
feaving 5.28 and 5.33, 2H, ABGT—3 14Hz), 5.74 (1H, d, J 1.5M77 7.68 (2H,

cu, J 8Hz), 8.15 (1H, t, J 5Hz, exch. D20), 8.23 (2H, d, J 8Hz). (Found: C,
28.6: ¥ 4.4 N, 8.7. [err(6Tkquires C, 48.8; H, 4.68)N, 9.0%. Evaporation
%0 and rechromat ography of the nother |iquors gave the inpure (5RS, 6RS,

SRY” i sonelA rhistaye dobidinhsg the dhierdestedqdpTN{11@ g}, triphtredphasphing (115 Big) 4rigika,6-1dtidink (88z) |

01 ( 3Hnaldi dryglioxan (5 mni}wvas gtirred pt 80°Qungardry ergsi-ey 26 @UEBTM nzrsur'ixvaﬂwo figpd umfo 4

dzs {i) ta=gi roraatggagpyotp&?hos%?éaﬁﬁ 6@ (6( Qf’ apan a orphous solid, Ve
i5RS) %?ﬁ%ﬁ%%“‘;? gliin
(2- Acet am doet hyIthr 0)-6-ethyli de&eaemrwg’s carboxylate [err] The (5RS,
$SR BRIPRS.EINARS) il (GRS SRH.ESR}MNitsibenzy (HT Acqtdethg)-2-sththippensericboiylatdr y
loxan®q 10 m ), cooled in an ice-water bath, and treated with triethylam ne
ﬂ mhanesul phonyl chl oride 30 (11'2 gg)n After stirring at room
i at

1.8ut the m xture was & g8t a further 1
eadbnt. The mxture 4 syir ed or a further 30
i nut e85 cool ed n ite-water bath and trea

, 8-di azabi cycl \ ec-7-ene (DBU) (39 ng) The 09,5850 @ W, | owed
0 attain roomterrper(,’;},]t2 gl for 10 mnutes, and treated’wi th
AFt

; ﬂurther DBU (26 ng) ing at roomtenperature for 20 mnutes the
: xture was evaporated to Iow voI ume, diluted with ethyl acetate (20 m) 36
' de washed successively WE&S%crtrrc acid (4 m) r|n 044 m ), saturated
NaHCO3 solution (4 nm) and ) 35 brine (3 x 4 rr1§6_9 Thel 8 ed (MgSH)

or U' c | ayA_esroluWonngﬁrBQQe @816 Q)rip Mrﬂgﬂﬁ@hﬁ@ai RGheYd Gndel rgon for 10 hours.

B 45 The mixture was evaporated and chromatographed to give two products. The less polar product, the

{5RS,6RS,8SR) penem ester (69) (120 mg) was obtained as a solid, m.p. 131—133°C (needles ex

ethylacetate/petroleum ether), Ayex (EtOH) 260 (g,, 16,200) and 334 n.m. {11,000); Vmax (CHCl3) 1795, 1730

and 1695 cm™'; & ppm (CDCl,) 1.37 (3H, t, J 7.7Hz), 1.54 (3H, d, J 6.3Hz), 2.04 (3H, s), 2.76—3.26 (2H, m), 4.00

{1H, dd, J 4.0 and 9.9Hz), 5.18 and 5.48 (ABq, J 14Hz) overlaying a m, together 3H, 5.73 (1H, d, J 4.0 Hz}, 7.60

50 {2H, d, J 8Hz), 8.21 (2H, d, J 8Hz). {Found: C, 50.5; H, 4.2; N, 6.1; S, 13.8; M*, 452.0729. C,5H;cN,0;S,

requires C, 50.5; H, 4.4; N, 6.2; S, 14.2%; M, 452.0712). The more polar product, the (5RS,6SR,8RS) penem

ester (70) (221.mg), was obtained as a solid, m.p. 131—132°C (needles ex ethyl acetate/petroleum ether),

Amax (EtOH) 261 (€., 16,500) and 339 n.m. (11,000); Vpe, (CHCl5) 1795, 1740, and 1695 cm™"'; & ppm (CDCl,)

1.29—1.46 (6H, m), 2.05 (3H, s), 2.70—3.16 (2H, m), 3.84 (1H, dd, J 1.6 and 7.7Hz), 5.21 and 5.47 (ABq, J 14Hz)

85 overlaying a m, together 3H, 5.62 (1H, d, J 1.6Hz), 7.62 (2H, d, J 8Hz), 8.21 (2H, d, J 8Hz). (Found: C, 50.4; H,
4.2: N, 6.1; S, 13.9; M*, 452.0707. C,gH.oN.0,S, requires C, 50.5; H, 4.4; N, 6.2; S, 14.2%; M, 452.0712).

17 ng) and
enperature
i\qur val ent gh’e

N i m— =



ethyl i denepenerh ester (58) (26 ng), a 2:1 mxture of (E) and (Z) isoners,
as an anor phous solid, [err] (EtOH) 265 and 318 nm [err] 3440, 1780 and ;
1675 {err] ppm[err] 1.84 and 2.10 %361%18 d, J 7Hz), 1.94 (3H, s), !
2.95-3.65 (4H, m, 5.19 and 5.49 (2 -13Hz) 6.02 ([err] g, J 7Hz),

6.13 and 6.17 (1H, 40 S gmjﬂg -7.8 (3H, broad
signal plus d, J 9I—|z)‘,5s szr‘i'"%bZPfylﬁlgﬂ‘s' et 'tﬂﬁ"f’%{‘?mg?egto e " of the i mpur e
(5RS,.. 6RS, 8S )ojgsomar of the penemm ester (57) (40 ng) gave a 4:1 mxture

of tihe; 6E) an |Boger of the ethylidenepenemester (58) (18 rrg)
Exanpre 6(b) yy? f“

2- (2- Acetam doet h It i o)} 6- et hylidene- penem 3-car boxylate [err] 55

55 (58) 0 N (59) The ethylidenepenem ester
(58) (4% ng) was dissol vedzlﬁ tur% of dioxan (8 m) and water (2 rr1)
60 and hydrogenated over 5% palladi unfcharcoal catalyst (60 rng) at S.T.P
for 40 minutes. Further c&tdl yst (40 60 mng) was added and the ,
hydr ogenation continued for 30 mnutes. A1 % sodi um bi car bonat e sol uti on i
(0. 75 njy,) was add and the m xture worked u Example 1 (b) to give

t he sodi um sal ?98tny). a 2:1 nixture lQf (é)saMt(Z) i somers, as an |

e ¢ e e e s ciiad

armor phous sd®i d er[ H20) 302 nm [err] ppm 83 ([err] CH d, J

7THz) \.%. 98 (3H, X 4 (% C , dy J 7Hz), 2.i87- (2H n) 35-3.55

(2H 'm., 618 oFERR| H, sy92<§2 %, J haoke 7)., {’imzs),
.54 ([err]H g, J 7Hz). 26 0-0U41 768 Preparatlon 7(a

-Acg,oxyet hyl)-1-(1 (28)
-nethoxycarbonI-Z rrethl ro-1 enyl) - 4- rrethlthloazetldln -one. [err]

B .

M xture Ojc n@M&IeBMIh *ﬁtn'tr aE]@(ﬁ%), s&cﬁérﬁb &Hie@&uﬁ

ng) and 4md|amabrlmel (A DoPYyThediriae (Mg NEy amcna yvame\taby et end thegésidle corbthatel ) :
After 45 graphed essiliga gelehutingwithmeth lotidecto iye theiExethylidenpregern geterd 28) {7erao)tand | ow |
vol ume, diPp getelidRpersnem pRlgr 2R B4 M9, and washed with dilute hydrochloric
acid, brine, sodium bicarbonate sol rdp@diorPdly Prine. The dried (MySO4)
or gani ¢ | aysiver\(8KS,4SRIHIPUSH)-Acbta))sth A 1-S AL BBEAdXpEeboh - 1GHpHRNjIMHesgHormlidems . The
| ess . pol amethylmedtidio2;one-hehidi@RI2USR) - 3-[ 1- 35 (RS) -acet oxyet hyl | azeti di none
(60), ¢&éntam nated w t Ragpproxi mately 25% of t hed 3rPA§ 4SR) - 3-[1- (SR) -
acet oxyet hyl | azeti di no?\ 61f,s'mas obt ai ned asgﬁl_ (% ng) [err] 1760,
1730 sh. [err] ppm|[er . and 1.43 (3H ea .98-2.23 (12H,

, 3.18-3.3 . m, 3 o), 4,91 (0. | d
m 140 7(1H m \H(,ﬁ,)’41( 75°H ,Ym%

CO,pNB ‘ CO,PHB
o/ ' (71) (72)

45

A solution of the phosphorane {71) (GB 2 042 515 A) (230 mg, 0.26 mmol) was dissolved in dry dichloro-
methane (3 mi) and diluted with hot (50°) methanol (8 ml). The mixture was sequentially treated with
pyridine (25 ul, 0.31 mmol) and a hot (50°) 0.15M methanolic solution of silver nitrate (2.08 ml, 0.31 mmol).
The mixture was then stirred at room temperature for one hour and a further hour at 0°. The reaction

50 Mixture was concentrated, then filtered and the solid washed with ice-cold methanol and ether, then dried
ta give the silver thiolate {72) (100 mg, 51%) as a light brown solid, V., (Nujol) 1760, 1745 cm™".

Preparation 8(b)
{3RS,4SR)-3-[1-(SR)-Acetoxyethyll-4-acetyithio-1- (1-p-mtrobenzyloxycarbonyl -1-triphenyiphosphoranyi-

56 _ idenemethyl)azetidin-2-one (73)
ﬁ i - ‘/"‘l’ E ¥ g

~l_'rS‘8 _ ' \-—i/ h'd
60 ,,—-N . PP, - _—_—.— N

e Y } 0/

| © CO,pNB - S CO,PNB
65 ' T A(72) - S (73)
30




J?QZHZ) 4.99 (0.25 H d, J 2Hz), 5.15-5.50 (1H, m. The nore polar fraction
the (3RS, 4RS) - 3- [ 1- (SR) - acet oxyet hyI]azet|d| none (63) (502 ng) was obtained
40 as a waxy solid, mp. 73-[err] 9s784. et hyl acet at e/ petrol eum et her),
[err] 1760, 1750 sh, 1730 sh. [err] m err] 1.47 (3H, d, J 6.5Hz),

1i. 99, 2. 03 ahelohz'omft(\e_ﬂh'rertweh (B (10Q3“sl39 % Hlol)dddfv Q'ciﬁorameth@eﬂﬁ i UGP'GVGQQ'?M

), 5. 07 ﬁ seauen Vgpﬁff (40%%é , ft nd ogg}_'

red a or Ol ere
-71_ N, r mc Iut ﬁ ws Ith h horl gﬁj |u{|<§1q&HuEe%§d % Efolu or?andN
.45 , 5D Qg porated and the resrduewaschromatographed on silica eluting with
Pr ep r at iethml al(tt?lpetroelum ether mlxtures to give the thioester {73) (50 mg, 55%) as a light yellow amorphous
3RS, 4RSPOIE Tribe (C4Q)-) 161830 (2D -0, 18P0 g@T hy | sul phonyl azet i di n- 2- one 55
‘err] (63) Pre ration 8(c) (64) A solution of
e chl orgper benz gig sakars) (a-iﬂ?obm)/l-el(m %Wth Pﬁ&&hﬁpe@.@n@&rb&%t@@&]ed dr opwi se
over 360 mnutes to.a stirred, ice-b cool ed, solution of the (3RS, 4RS)
gzetidinone (63) (<Ibg n@) in ethyl acet ate (101&11); Fhe m xture was al |l oned
0 attain roomte@EWring 45 m nut es arldl,gvas! h with saturated
sqdi um Qi car bonat & sg long(2 X 5 mM—and brine '3'31 5 ). The dried
(jMySO4) organic |aye é_JAAﬁ digmiited with ethyl ace}a.t..a{ m), cooled to
[;err] -and ozon| sed Yxygenasséd until the start®hg mater] ﬁq’gl’ﬁﬁd been
gonstged (t.l.c.). The eXTBgFNBOZONEe was renoved by passage of .argon and the
i xt ur g, was 65 treated vvrsh met hanol (20 m). After isirrrrng at room
tienperature for 20 houfg3the mixture was evaporate 0 041 768 and the

riesj due tri AWbiaddnchf Welthiosktdd €43) {50 mig] §.673tRolFM ltdbiene @50(rhdh) wésThddted B refic uhder
gol I d, mapgonI@B-hbdrisOIBe (rqelicrt Mixtuewasievapoedteatr anti ehrhmat):gra ted oh sinhOa(n;tm;’le gthi790,

2D

|—|/—\

—

%735 [er rg O/R%Eeﬂm ethfrmmgealtplgwthapeem 74)328 'te tﬂﬂza@r' lethexy 4m3 86
(1H od? AT b@r&

rieveal ed JBYsi AeB S Ry 5 yng 0 téHz)

4 and 10k, n,iar-&ﬂsréitﬂr-l,hmma Eouau OMB408.0 Fo.wn 2o;Sreélﬂ:e2M. .08330;

43. 7. [err] requires, C, 40. 9 H55 N 6.0; S 13.6:). Preparatlon 7(c)

(35,4585 11-(S9)-gag sk 2B bl oot beny g oecet 1 - one

thyltrithi ocarbonatae®2 By) was added to a sMerred, ice-bath cool ed,

Jan)

i xture of the 20 su jon My 100 ny), methylype c B Mede (8 m) and
water (32 nm). After m nut ey the st++red m xtur alowedto attain
foom t enper at ure dur| b~ tes. The m xture up as for
preparation 1(f) to gl‘g afteF zé’PWorratography, The trltl"ﬁan&bonate (65)

(100 ng) as a yellow solid{74n p. 101-5C (ethyl acetasp/ petrol eum ether);
ferr] 300 ([err] 13, 7002 and 236 nm(3 700) ; err%‘{,ﬂo 1780, 1740 err]

h (74 (22 I} a7 20° d
ypm 1. 36 vrfas trsega;tm%t aaso utlj:nﬁg'? 1% mzab:ﬁjzgl‘sgagnde - t::te (DB 8.l?(;g“(ng, 0.0 " e ol) in (a.

7 HZ) S Rhloldidthahd! (0.1 mi). After 45 minutes the reaction mixture was treated with more DBU {0.24
equivalents). After a further 30 minutes at —20° the reaction mixture was poured into dichloromethane,
45 washed with 5% citric acid solution, brine, dilute sodium bicarbonate solution and brine, then dried and
-evaporated. The residue was dissolved in 26% dichloromethane/petroleum ether and chromatographed on
silica eluting with dichloromethane/petroleum ether mixtures to give a separable mixture of £ and 2
ethylidenepenems (75). The less polar, £ isomer (2 mg, 11%), was obtained as a gum, v, {(CH,Cl;) 1780,
1715, 1590 cm™; & (CDCl5) 2.15 (3H, d, J 7.5Hz), 2.39 (3H, s), 5.23 and 5.48 (2H, ABq, J 13.5Hz), 6.00 (1H, q, J

50 7.5Hz), 6.09 {1H, s), 7.65 (2H, d, J 9Hz), 8.25 (2H, d, J 9Hz).

The more polar, Zisomer (15 mg, 80%), was obtained as light yellow needles, m.p. 139—140° (ex ethyl ~
acetate/petroleum ether), A (EtOH) 267 n.m. { ., 10,015}, approx. 280 (inflection) v..x {CH2Cl,) 1780, 1718,
1590, cm™'; 3 (CDCl,) 1.85 (3H, d, J 7.5Hz), 2.40 (3H, s), 5.25 and 5.48 (2H, ABq, J 15Hz), 6.12 (1H, s, } 3Hz),
6.45 (1H, q, with further fine coupling, J 7.5Hz), 7.66 (2H, d, J 9Hz), 8.24 (2H, d, J 9Hz). (Found: M* 346.0612.

55 C,gH,4N,04S requires M, 346.0602.

el =3

Example 8(b)
* (5RS})-Sodium (Z)-Ethylidene-2-methylpenem-3-carboxylate

Mo

N s
B o@me

0

A

(76)

31




6.80 (1 H broad signal). (Found: C, 41.3; H 5.2; N 4.7; S, 33.2. [err]
requires C, 41.0; H 5.1; N, 4.8; S. 32.8%. Preparation 7(d)

(3RS, 4SR) - 3- (1- (SR) - Acet-oxyet hyl ] - 4- et hyl t hi ot hi ocar bonyl t hi o- 1- (1- hydr oxy-
1- p-ni trobenzyl oxycar bonyI 30 0 041 768

net hyl ) azet i gl

(56) The t..wﬁﬂﬁ*g@ﬁ g TN aaﬁﬁaﬁ%g (a0 ws

hydr ate f5 M§)wadRadedRnat ntashﬂme HIERR a.casa@ﬁ
f or hospigtion (0.B6 ph @es Sidedant dife niietiewakked lip #efbicBxamdla &b o yivel the stWﬁB’n salt (76} (2

evapor atfedngl aglercimapheubislic,yhe (H.0129%i26n.10h 8 (MPUT-IUGHH 9t £1.5HzE 832 (BA.1sR 625 )1H. 9
1:1 mxtur“e"’&f“ 9t ¥Bt soners, 45 as a gum [err] 3600-3000, 1780, 1750
[err] ppm[err] 1.25-1.45 (6H m, 2pQ rgt%hie(a§) 3.22-3.60 (3H, m plus q,

7Hz), 3.90 (ié@-@bronﬁ:ﬁ Rldrbimetr-a-4.- carbonPre-roétByidrbp-1-Snyl)i-rdtifyithid ¥etiin-220) |
5.25-5.4% ([err] , 5.56 ([err] d J 9Hme coll apses to s on exch. D20),

6.08 ([err]H d, J [ r] 611([err]H d, J [erﬁ%) 7.54 and 7.56
(2H, each d, J 8Hzyp_18. H d, J 8Hz). 50 e
Preparation 7(e) (3R 4 [ 1- (SR)—-AG-et-oxyet hyII-l -{1 -chlpro-1

- p-ni trobenzyl oxycar I ) - 4- et hyl-t hi ot hi ocar bo NQj—

t hi ogzgti di n-2-one [°err] (66

(67) 28 0 041 768 A soI%n of thionyl chloride (39 ng) ®Medry
tetrahydrofuran (0.5 mM) was added dropwise to a stirred m xture of the

hy oxyecster (66) (110 f®) and 2,6-lutidine (35 Wﬂ)) in dry tetrahydrofuran
(5 nr -1 0C. The m xture vvas stlrred at -100Cfor 10 mnutes flltered,
and evapor "é '“ “P%@"G e‘f‘?é t a§§"
e e %%g@i?g T A
Pr epar abé ghy v{ dve e vi orously stlrred reactlon mixture. [Durmg a 10 mmutes reaction time

(SR) Ac ehpptqoﬁhhyl{/](}zilgeéﬂ'ﬁphﬁdheﬂwtl wea phrerydd).nThe- drgériformaldehyde stream was then
-p-nitr obemez pf@;t |majntalp¢q h§ ihutes, then a saturated aqueous solution of ammonium

ph osph or afi ?rfddéh f@‘f 1ha lsWreg reiure wps allowed to reach room temperature. The mi
(55)" A 5 S e “e‘:ﬁ&aﬁ; R T

(115 no) andur &tmtalbdirﬁuaydr&&ﬁm 23ig1'53%) s & biar 30m( V... TCHCINAS70S3360 abedmmﬁd)c
under dry1m5@@nnf‘b|6(mlah&03(§tt sT.1204 (BHx$)L2.26 (9¥h ), 286 B dTHzfegeh. DID) 7@ (304 1itm. on
1(i) to gm}@pseaf%ﬁq espeRRt2age 4Ny, 12'['%“13%9&13??(?\'%!#&“’(9697'”('*7?3%; $s an
anor pho%s solid, [err] [err] 1760, lﬁgpgran&r@g(ﬁ) shoul der [err] Preparation
7( g) (5KS, 6(5% mlndaﬁﬁt 4SR)—3-HydroxmethyI 1-(1-methoxycarbonyl-2-methvlprop -1-enyl}-4-methylthio-

(5RS, 6RS, 8SR) - p- Ni t robenzyl - 6- ( 1- Acetagdgiatloye ) - 2- et hyl t hi openem 3-car boxyl a .
te
ocn2 nocxz . SMe
40 nr“,l__]/m \-w_[/
" - N
e CO,Me _ €O, Ms

(77) (78)

The bromohydrin {77) (100 mg) in tetrahydrofuran (1 ml) cooled in ice/salt mixture was stirred with zinc
50 dust (200 mg) and N/1 aqueous ammonium acetate solution (0.2 ml). After 10 minutes in the cold and 10
minutes at room temperature the reaction mixture was filtered, diluted with ethyl acetate and washed with
N/10 aqueous hydrochioric acid then brine. The solution was dried (MgS0O,) and evaporated to an -oil. .
Chromatography on silica gel eluting with ethyl acetate/petroleum ether mixture gave an 85:15 mixture of
the c¢is and trans-hydroxymethylazetidinones (78) (54 mg, 70%) V..« {CHCl, 3450 (b), 1760, 1725, 1630 cm™",
55 & {CDCl,), 2.0 (3H, s), 2.14 (3H, s), 2.24 (3H, s), 2.4—2.8 (1H, m, exch. D,0), 3.2—3.7 (1H, m), 3.75 (3H, s}
3.9--4.1 (2H, m), 5.03 (d, J 3Hz), 5.10 (d, J 5Hz) together 1H.

. 60

65

32



303 [err] 40 (68) (69) + (70) A solution of the
phosphorane (68) (1.0 g) in xylene (1000 m) was refl uxed under argon for
16 hours. 45 The m xture was evaporated and chronmat ographed to give two
prioducts. The | ess polar product, tReOA3REGBRS 8SR) penem ester (69) (120
ng) was.obtained as a solid, mp. 1 3Fradafdtiod acneedl es ex

etthyl acet at ®t- Mmﬂieawmyfb&maw 1{19héthoxiyEakioniyl-23hdihy(e6p- LényRO pth@hibaditidinonem
(Ll 000); [err] 1795, 1730 and 1695 [err] ppm[err] 1.37 (3H t, J 7.7Hz),
1.54 (3H, d, J 6. 2. 04 3H, s), 2.76-3.26B42si Si0E,, 4. 00Sel H, dd, J
4.0~gnd %9. 9Hz), 5. 18 48 (ABq, J 1l4Hz) overlaying”§ t oget her 3H,
573 ( H d, J 4.0 Hz), 7.160 50 (2H, -&J 8Hz), 8.21 (2H, q$ J|8Hz) .
(Found C, 50.5; H 4.4 . S. 13.8; M, 452.07290_4'[_e—r equi res C,
50.5; H, 4.4; N, 6.2 S, 1459 M 452.0712). The nore polar geduct t he
(5RS, GSF? 8RS) penem ester (? (221.ng), was obtained as a sofY

131-132C (needl es ex ethyl acetate/petroleum ether), %err] (Et OH) 261 (em
16, 500) and 339 n.m (11,(060); [err]1795, 1740, and(i®b5 [err] ppm[err]
1.29-1.46 (6H n), 2.05 (3H, s), 2.70-3.16 (2H, n), 3.84 (1 H dd, J 1.6
aid 7. 7Hz) , TBheMixtanechf &s 4id tfaABlydrokyrhethizy ze%'nqnese(r??)d 659 )a@mdlm E‘iOI'YE?mISHQO

5.62 (1 Hml kyvas e§e t-butyldgph I ehy oruf:l}, g? atr era

C’ 50.A4: our %rh ven ;éayw /gg/g( gwa |t|one wgm%'
4.4, \Kl eta yﬁieé n v Ee/?&roleum@tlﬁ A rélu?ed was
(5RSl) P Mtetfraethmmaryéumﬁg iﬁb hyﬁslua:bmae(amreg)h értd'mu@qﬂawﬂrmsfrworb(e& b)aalneﬂ{nad!vﬂw]e ¢is70)

15 [ err] isom@y(825 mg). The less polar fraction, the (3RS, 4SR)-3-t- Mlsufyépéytbg é‘%g gpe was
ga o

i SR

sol uti o GQUInGY, [ (L1} 6155,928) i3 Bin - "B I0DE SH) b)DZ. oaiea s), B2 @R, sy 228 mnraaas
| ce- bat h t3Hrples.ot-44ge(3f,on). &5 (. e&z).tMe—Bm (XQH.lmb was diluted with ethyl

acetate (10 m) and washed with 5%c trlc (2 m), brine (2 nl),
Sat urated SOd'(Hﬁg $Hs? ﬁ@ﬁ@ls%ﬁ%w&n %agaly?;j gm-tl—mekﬂgulgﬁbﬁla%n%)z-ong he

dri ed (#ySO4) organi c layer was evaporate t he resi due chronmat o-

gr:aphed on silic el uting with nethyl ene chl 9r| de 0 give
E-iet hyl i denepenggﬁ?gsﬁ 28) ) and Bua n,31 ocﬁz\\ S’I)zq'g

35 . (?r——NE

COZMQ

1w (79) | . (80)

A solution of m-chloroperbenzoic acid (0.85 g) in ethyl acetate (10 ml) was added dropwise over ten
oo minutes to a stirred, ice-cooled solution of the azetidinone (79) (cis/trans mixture) in ethyl acetate (30 mi).
U After 10 minutes the temperature was raised to room temperature for half an hour. The reaction mixture
i 45 was washed with saturated aqueous sodium bicarbonate, water and brine. The dried (MgS0O,) organic layer
was evaporated. The white amorphous residue was redissolved in methylene dichloride, cooled to —20°C,
3 and ozonised oxygen was passed for 45 minutes. Methanol (50 ml) and 2,6-lutidine (10 drops) were then
E added and the mixture was kept at room temperature for 1 hour then evaporated to give a gum. This was
i redissolved in ethyl acetate, washed with 5% aqueous citric acid, then brine, dried {MgSQ,) and
50 evaporated. The residual gum was chromatographed on silica gel elutlng with ethyl acetate/petroleum
ether mixtures to give the sulphone (80) as a gummy mixture of ¢/s/trans isomers (500 mg), Vmex (CHCI3)
3400, 1790, 1320, 1150 cm™. & (CDCl;) 1.1 (9H, s), 3.1 (3H, s), 3.65—4.65 (m, CH,0Si, C-3-H and C-4-H trans),
4.78 (d, J 4Hz, C-4-H cis) together 4H, 7.2—7.9 (11H, one H exch. D,0). ]

’ 55 Preparation 9(e)
: (3RS,4SR)-3-(t-Butyldiphenyisilyloxymethyl)-4-ethylthiothiocarbonylthioazetidin-2-one
Bu®Pn,Si0cH, 50,18 Bu'Ph,S10CH,, _§08,%t
6 _ (80) : T (81)
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30 the Z-ethylidenepenem ester (26) p&# Preparation 8(a) Silver
13RS, 4SR) - 3-[ 1- (SR) - Acet oxyet hyl ] - enzyl oxycar bonyl - 1-t ri phenyl pho
sphor anyl i degixtuiRbfithd JufthBhd (dd)r(b:s?.?rréhsaﬂ:&ura hlaQJ)ametéﬂ&)a chifide] (50 il hnd potassium
: 472) 45 Astylutithiorerigdnateie520d) trsysdtar(sore!) (v stirredBigaro@shPat bddoAlemp@3Qrangiter®.hdGrs
was thyjselyent Javer was SGP afeH @ﬁ?'@# Gﬂth iweateh sived g‘/@se.z?aﬂéﬁﬂpdﬁatedt% refidus wese

err a ledol . R i ne
E[25 []ea rﬁ%ﬁ&ggf%ﬁ% ’pgr%""g‘g%% Eﬁh‘ %H%ﬁe dér'r'\wﬁ. 57;8% J"gﬁ}i’;&Z gy r:\?;

+ Vinax

nitrate (tbgeerdH, 3 15TZR) Im), 5. 761, BJMHdr,emaa g den2siign rrﬁ.t(FJtme 57.8; H,
t elpér at ub&; M.A9; §n29.3n B s NPLS:Sh refyuires [6e58. 1h bluB.1;2N, 3[0e8.rP.2%Lhe reacti on 50
m xture Jas concent rated, then filtered and (})he solid washed with ice-cold

et hanof r@ 2 k58 Bl P St Y iy 2l

8(b) (3RS, 4SR) 3 [1 (SR) Acetoxyet hyl | -4-acetylthio-1-(1

-p-nit robenzy %g E{uenyi phﬁ&gno yl - 58C5,Et
[ denemafsnyl )azetl | n- one (, éﬁ err] 041N A solution of the
silver thiolate (72) , 0.13rml) in dry | di ghl oronet hane (6 nl)

under argon at 0 was s%weﬁ&lally treated witH%yri N cBR~60 Pi, 0.49 mol)
and acetyl chloride (§ [err], 0.42 mml). The m xturle vvared at [err]
: ()

for (3Q #inutes and the solid was filtered and washed COjCEs MHgnet hane.
The \U’Fganl c solution was washed with dilute hydrochloric ac¢rd”sol ution,

di l ute sodi um bi carbonat €839l uti on and- 5 brine.szjhe dried organic phase was
‘evaporated and the residue was chromat ographed on silica eluting with ethyl
“ace+at e¥pet Toetrithiocetohete 81)X310mes andop- |gtru»f;cen:tvaVdXinemnneinvd(aife’a{)!oo(rt'ng)w:ages ofix8q as

a |ight y'elheoznnal‘ﬁQr hgogder gegiop dor ri aysweoprwaen Sos [gmovalsafowaterg -1:; was
atogr luti gwnth ethyl’ acetatel troleum ether

Pr epar ati ™ p e residual gum chro hed on silica ge!

the h dro )a ixture of diasteregisomer: 0 m Ilowa
(5RS, 6SR %Egﬁv g e sl iy e g e AR T AN T
(74) [ etr inzﬂﬁgether 3H, 4.1 (2H bs) 4.34 and(@,A3)H, 2 d. J 8Hz, exch. D,0) 5.35 {s) 5.47 and 5.73 (2 d, J 8Hz)

(74) A sotoaethes 3HOE.3 andeé.4dliiHy @ gt b2Hz|, 73§-8§5’(}ng2 0.073 nmmol) in toluene (50
nmol ) was heated at reflux under argqn for ours The rection m xture was

evapor at eqs pargti o
acet at edspgtwg ﬁﬂf @"?ﬂﬁ %ﬁgn%m%ﬁfg}?&é’e% 1%%’%%&%° 129 t"gés&’%ﬂ%xvcarbonq
after trituration with ether (24 ng, 25 81%, m p. 115-6 (needl es ex ethyl

acet at e/ pet rs euager) [ esos EtG-i) 311 n.m ([err] 9, 325), 264(12, 700)

[err] 1790, 1760,4710° ;l-SQf)‘[e r] 1.39 (3H, d, J 7Hz), 2.04 (3H, s), 2.35
3H, s 3.81 (1 H, dd,
R s
- cxox.cozcnf@.mz
. ButhZSiO(mz\ _SCS,Et
0 Bu‘PaSiocH, SCS,Bt a | | -
% \/ 3
FeonCom 7 Lok
§5
(83) ' (84)

The hydroxy-ester (82) (420 mg) in tetrahydrofuran (20 ml) at —20°C was treated with 2,6-lutidine (99
60 mg) and thionyl chloride (0.07 ml) and allowed to reach room temperature over 0.5 hours. The solution was
then filtered and evaporated under high vacuum to give the crude chloro-ester (83). This was residsolved in
dioxan (20 mi) then 2,6-lutidine (29 mg) and triphenylphosphine (320 mg) were added. The stirred mixture
was kept at 80°C under argon for 7 days and was then evaporated to dryness in vacuo. The residue was
dissolved in ethyl acetate and washed successively with 1% aqueous citric acid solution, sodium

65 bicarbonate solution and brine. The dried (MgSO,) orgamc layer was evaporated the residue chromato-
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Jz‘i 8Hz), 5.20 and 5.45 (ABg, J 14Hz) overlaying 5.26 (dd, J 7, 8Hz)
(toget her 3Hz, 5.53 (1H, d, J 2Hz), 7@ W d, J 8Hz), 8.22 (2H, d, J
8Hz) ; Found: M 406.0844. [err] reqtﬂ 406. 0833). 30 w29
Exanpl e 8(a RS) iR o QbR ey r fadd/prrroieGia Bednirmtes yd ghenitanhgsnbare X4
(75) _[errlgrgf 3:%:55\3%‘&6'(370mg?ﬁy.x(cucna) 1750, 1615, 1605®) A sol uti on of the
acetate (7 ?22 ng, 0.054 mmol) in g%ardi_o%l'gusronet hane (2 m) at [err]
under argon was treated with a solutt 0-1-{1-p-nitrobenzyloxycarbonyl)-1-triphenyi-

1, 8=di azabi cifBIAR-8Hydreymsifs ﬁﬁkﬁgﬁ@?ﬁﬂﬁ: ’ Laé’i.?éézneo. 067 mol) in

di ch¥oronethane (0.1 m). After 45 mnutes the reaction mxture was treated

wth nore DBU (Q.2 uivale%§ After a fug r 30 mge s at -20 the
reaction m'xttF&”ﬂg’s red 4 nto di chl or onet han§, washed with 5%citric
acid solmition, brine, di

sodi um btcart®nat e sl uty onm%d brine, then
dried and evaporated. T i zwas di ssol ved © 25‘%/

di chl or onet hane/ pet r ol im et hEr an omat ogr aphed ongg| ' wth
di chl or onet hane/ pet r ol eum et heQ,CHg S 'L® give a separza% N 4 ulrmégof E
and- Z etyl i denepenens (75). The | eSs polar, E isonmer (2 ng, 11%, was

obtained as a gum [err] 1780,g4}715, 1590 [err] 2. 15 (3KesH, J 7.5Hz), 2.39
(3H s), 5.23 and 5.48 (2H ABg, J 13.5Hz), 6.00 (1H, g,J 50 7, 5 P2, (1
H ), 765 (Rbhn offndiiédonoRin@a)( it o) 153 riiepolic hysogen CBlC i 1‘3@’;;’:%@“3&15
Ny, : 809 ,o\@5ur@Plosi RékbeAturd. itaias therl negtralinecn gﬁ T, porii@ﬂ,g,ﬂ e kRidu& why/¢hromato-

acet at e/ pewtaleeumcahﬂae‘rh?e DA b tt(g- trafeu ether!thi {dred 1The, pubsppoduct (8884es

(i nflecti omyaphet o] sifica ! eluting 4 (o a), §T L [cHEl Faaod BI-1768, 1620, 68Ky - 2. 40 (3H,
s) 5. 25 arkplatedpsaveljqw SRKIPNCY y, 6.12 (1H, s, [err] 3Hz), 6.45 (1 H, q,

ith further fine coupling, J 7.5Hz), Piep@@&ich3f) oi3:32dr ed, J
\SIQMHZ). l(JF%)Jt]nd: _:\A(ensfseau&ﬁlam%sBBS)[ps\litrqta)eeqhﬁ-r"égw“e@g‘g?%&gg@e@x@r?;?f?é’(”g’}(ﬁﬁ)

(5RS) - Sodi um ( Z) - Et hyl'i dene- 2- net hyl penem 35 rboxyl ag e &@ 65

(75) 5O 508, Bt (76) 31 29 A sol ution of the
(2)- et hyl | denepenerester” (79 (15 m)_Le. di oxanf (3.5/|m) andsaier (0.5
m ) .was” RYdrogenat ed f_v_eL 5%mal | adi unf char coalAat al ysted, & @ %S, T. P.
for 45 nminutes. A fuffhe unt af catalyst (15 ng) was addedvard the
hydrogenation continued foj0 A 1% sodi um bi car bonate sol ution
(0.36 m) was added and t he2mat\eeor fed up as for Exanple 1 (b) to give
the:sodidmsalt (76) (2 5 m)szsqs an anor phous solid, [(ee}] 291, 257 n.m,
ot r.] " Brepas d’ st : 3(25)((‘37H’m )S\?v;as rSf'lu?(eSd iS’l iyllejie (155)0’mn6dn§e7r agg]élr;"forqﬂ hc‘)]urs.
" SHZ) - e?&rﬁzﬂea"wg@ﬁﬁ:&?methe residuegchromatographed on silica gel -eluting w_i';hlethy:‘ aceta;cg{
. 40 petroleum ether mixtures to give the cis and trans penems (86) 260 mg trans_/rt.l‘:s 7/3. Carg ;r :i;, sr?s??n o
graphy allowed pure samples of the trans and cis isomers to be separated. The r;ore(gtom s e
was a cream crystalline solid, m.p. 132—;)1 613_; 9((1‘)ro1r29¢->5th\4I‘;IItt;e(t:zrart‘<3/1p<-36tr?2lggrr':1 'e;h?gD(':'i;; e e, J 7.st':
;?ég;.§g1(z}:i,s'rgs)%.;'i“—:ﬁ%o(sﬁom,(4.'}.8 (1H, t, J 5Hz, exch. D,0), 5.28 and 553 (2H, ABq, J 14), 32;
V 45 (1H,d,J 1.5Hz) 7.78 (2H, d, J 7Hz) 8.26 (2H, d, J 7Hz|)-. d(Found:‘Ilg‘.i(‘;,_319565.118(3,. C,s:iéﬁgf()lsgé (;gqug; 3;!;()5 1790.
T cis i ' ., M.p. + Vmax 3 v ’ I
. '{2;0Iz;s_goala(::glcslsl)sllo.r;\_’el('snv? ts. Ja I7s:z)a. ;Besag;%'l with f?ne cogpling, J 7Hz_), 2,75 _(1 H, s, exch. 020)2,7[4.02
and 4.05 {2H, g, J 7 and 9Hz), 4.34 (1H, ddd, J 9, 7, 4Hz) these signals described with Dzode.x“cnrl.],ggs A 2;0
5.50 (2H, ABqg, J 14Hz), 5.90 (1H, d, J 4Hz}, 7.75 (2H, d, J 7Hz), 8.24 (2H, d, J 7Hz). (Found: M~, 396. ,
50 C,gH1eN206S, requires 396.0446).
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(.3 4RS) 3- Br ono- 3- hydroxyrret hyl -1 -(1 -nethoxycarbonyl - 2-met hyl prop- 1
“~enyl ) -4-met hyl t hi oazeti di n- 2- [err] A sol ution of nethyl magnesi um brom de
“{2Min-diethyl ether, 0.7 m) was a 38 d?ﬁB\M se to a stirred solution of
zthe di bronpsecopenici|lanate (2) (0¥ 3‘ fHdry tetrahydrofuran (10 m) at
Terr] After stirring at -760C for 10 mExamgi€es a stream of argon was -
ipassed, first over dry5§B§}laNmomllIZ\dGﬂwule(ié}Z—Qtyyltﬂmm@d&ﬁrquelaﬂe] 25 and then
_g;f-_gover the surface of the vigorously sti rre%#zg&%*zl on mxture [During a 10
2 rrut es geacti Ri e %oprgél mately 0.2 g S was gener at ed] .
“The~dr gon/ f or nal d eam was t-heﬁ—l-n.terru sflirring was mai ntai ned
P—€) Rponi um

:for 5 mnutes, thegn sa ur at ed ous sol utig N—s rlde(l
-m) was added an@”the”sti MNegdaA H&S all ®wed to re
“tenperatyire. The m xture was the utéd with ethyl acetate, hed Wi th

“water and brine, dried (MJSO) and evaporated to give a 30 crude gum
‘Chr omat ogr aphy of the crude Regfluct on silica gel :iti ng with ethyl
:acet ate/ petrol eum et her m xtureS gave the brom)hyo(rl' (77) (0.23 g, 53% as

'ai_clearﬁgum [err] 3570, 3350 (b), 1765, 1720, 1625 (w) [err] 2.03 (3H, s), .

2.14 (3 2.26 (3H, s), 2.860aH t, J 7Hg exch. D20) 3.78 (s) 4.1 (m
~col | apses to ABq, centres 3.92 and X% ‘with [err] two signals -
"toge:gJ;er 4H, 5.39 (1H, s). 35 | '

~Preparation 9(b) (3RS, 4RS) and O/""N o
- (3RS, 451 - 3- Hydr oxnet hyl - 1- (1- met hoxycar bony] 22-37&;;%“)3 1- enyl) 4- et hyI

h' 0- azetidin-2-one [err] (77) (78) The
r OOy dr i N T6 FydréxyRRtBIne (861102 RgHl irD idihBnd dnigHb (FORNER o e Fbsta tith

m xture Wasthmmm w rog) tféllopvedh by DdthalnesulphcyOchigijie 83d\ TheatiuamLisaskapairodm |

“acet at e*5s81pe D° 5 hgyre, 9VPIPQ’§P¢ modrmqqmrest reﬂﬁsql\hé i elhﬂ agetete.] Thensohioe wag t

e e

O| ut I on ak@tihg GMith etﬂyl(ab@& roa!il ethea pituirésts giv@thaliheﬂiy ene peh
a Yes rysgqllupp spl

mxture o |adﬁ’ é'évde'B Hz,
S e

3.9-4. 1?5(2H n) 5. 03 5Pri=ﬁhr(tdn 10(abHz) toget her 1H. 60 65 32
0 041 768 Prepar ati 0@@(‘@ﬁ)—S-H-(RS]-Acetoxyethyl]-4-mthylsulphonylazetldln-z-one
3-t-Butyl di phenyl si |yl oxynet hyl - 1- (1- met hoxycar bony! M2s met hyl prop- 1- enyl -

met hyl t hi oazetidi_nonl’@;l grr]:; 1{}1 "
_ Me .

H
40 ~J_i, . o _i/sozm
/—-N\/— Y e N

" |
. . ) . COzHg
(60) - (89)
. 50 A solution of m-chloroperbenzoic acid (241 mg) in ethyl acetate (3 ml) was added dropwise over 2

minutes to a stirred, ice-bath cooled, solution of the impure azetidinone {60) (200 mg) in ethyl acetate (10

ml). The stirred mixture was allowed to attain room temperature during 46 minutes and was washed with

saturated sodium bicarbonate solution (2 x 5 ml) and brine (3 x 5 ml). The dried (MgSQ,} organic layer was

diluted with ethyl acetate (15 ml) and treated with ozonised oxygen and methanol as in preparation 1(e) to

- 85 give, after chromatogrpahy, the sulphone (89) (137 mg) contaminated with approximately 25% of the

(3RS,4SR)-3-[1-{SR)-acetoxyethyl] isomer as a gum, Vs, (CHCI,) 3550 br, 3410, 3300 br, 1795, 1745 cm™'; &

ppm (CDCIl) 1.41 and 1.43 (3H, each d, J 6.5Hz), 2.03 and 2.08 (3H, each s}, 2.95 (3H, s), 3.68 (dd, J 2 and 7Hz)

and 3”79 (dd, J 2 and 5Hz) together 1H, 4.53 (’H d J2Hz),4.73 (3H, d,J 2Hz) 5. 14—5 45 (1H, m). 7.05 (1H, br..
slgna o
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(78) (79) 15 The m xture of cis and
t'rians- hydr oxymet hyl azet i di nones (78) (0.650 g) in dry dinethylformanide (20
rr1) was treated with t-butyl di phenylgio4d 788 ori de (1.25 g) and im dazol e
(0.34 g) at room tenperature for [err] hours. Mst of the solvent was

R CaPR AN R L EER N TR S R

evapor at ed. The reskdﬁg was chromat ogr aphed on 5"},% gel eluting with
ethyl acetsat e/ petrol & tﬂbrsogﬁextures First to be™e u‘ied*vp P the

frac¥i on containi ‘e| I somer (240 ng), ther & mixet Nyt s/ trans
fraction (45 ng) and fijnaldgy the ci sTTsSBner (825 ny). {Thel | e$s pol ar
fraction, the (3RS, 4Sg¥~3-1t-butyi di phenyl si | yl oxymnet hyTTzI@t i di n-2-one was
obt ai nedy@s a gum [err] 1755, 1725, 1630 cmil. [err] 1.12 (9H s), 2.05 (3H,
s), 2.15 (3H, s), 2.15 (3H, %) 2.30 (3H, s), 3.2- gg (1H, , 3.77 (3H,
s), 4.08 (2H, b.d. J4Hz)()25(1HdJ3Hz)7§§0(10Hrr)The

nor e p0| ar f r of th h’ﬁ I (89) (11 thylene chloride (5 ml) was ¢ oled n an jce-bath
T on b bl samore ) oo mols eyt st o,
a gum [ eried-batty ampdrétibs, thé.ﬁﬁr@d [rfbﬂu‘r ¢ was dlldwédid, attsin ;0031 8B pérathie dajing . niduté3 Fhe

S) y 2 28 (Bbduresivas Borkell rG4, fos repatat@nzr(fne \@Haft hroMatpgra ched3RSJ4$61-&D1-(RS)

l]az ta atgly 20% of the 3RS,4SR}-3-[1-(SR)-acetoxy-
B S L S

30 [ 48)8H, d, J 2Hz), 5.58 (0.2H, d, J2Hz) (@ 8br(1H)

' t|on of m chl oroperbenzorc acid (0.85 g) in ethyl acetate (10 n1) vvas
ad d dropwi se over tes to aPTGqu?tPedNC)l c -cool ed sol uti on of th
azet | di ngn AT N em(gtm e R G

m nut es he terrperature was rai sed errperature for half an -hour.
The reaction m x 45 was washed vmth sat ur eﬂ, aqueous sodi um

bi car bonat e, wat id Brigne sgdhe dr| ed (l\/gS i g | ager was

evapor at ed. The m t r Dffous residue was rg_ ¢€dyn net hyl ene

di ¢hl ori e, cooled tq [drr]Sand ozoni sed oxygen sded for 45 m nutes.
Met hanol (50 m) an 82| uti di ne (10 drops) wer, ed and the

m xture was kept at roomterrperature for 1 hour then e aor FEel 0_gi ve a
gum This was redissolved in ethyl acetate, washed wi t #P55 FRitric
acid, th# brine, dried [err%and 50 evaporated. The resrdual gum was ,
chr omat ographed on silica (8€) eluting with ethyl aé®thte/petrol eum et her

m xtures to give the sul phone (80) as a gunmmy nixture of cis/trans isoners
(500 ng), [ erThgintbheCazetitiin®s (30)3R0g) add BAitrbeenkyl glkoxdlateSrhnoBydratd(155 gBlrbre Bdated in
3. 65- 4. 6® ey x"?%nne <4@:m9ufa|deanm°®~4b Provgram@)trer{u;viesfmjer fg:<t mmz:rs (The miikterp wps
toget her. 4 06 ted gl_"ld?:, ;gzno_m pﬁe% ﬁé’b@ﬁy rpyYaster S g), a mixture of stereoisomers, as a
Pr epar at i oh’ (@)"

(3&8) 4SR) - 3- (t - Butyi.di phenyl si | yl oxypmpdiation1det hyl t hi ot hi ocar bonyl t hi oazet
i din-2- oﬂie(3f€%ﬂ$ﬁ) 36B(RS)-Acetoxyethyl]-1-(1-chioro-1- p-n|tro(>8ﬁyloxycarbonylmethyl)-4—ethylth|oth|ocarbonyl-

(8;]_) 33 : thioazetidin-2-one
'y E ey B g E Mo,
g0 } - Y . , .}J[ i s set
0 7
55 | cozcx:-@-no2 cozm2-®m2 |
i | (1) ,_ (Sz)
o : .

' A solution of thionyl chloride (537 mg) in dry tetrahydrofuran {5 ml) was added dropwrse over 10 -
minutes to a stirred mixture of the hydroxyester (91) (1.51 g) and 2,6 lutidine {483 mg) in dry tetrahydro- .
. furan (30 ml) at —10°C. The mixture was stirred at —10°C for 10 mifiutes, filtered and evaporated. The - :
: residual gum was re-evaporated from dry toluene (2 X3 ml) to gwe the chloroester (92) (1 57 g) asa gum,' s
65 Vemax (CHCIa) 1790 and-1745 cm™. - . Tt




0 ©41 768 A m xture of the sul phone (80) (cis/trans mxture, 1.8 g) in
net hyl ene chloride (50 m) and potassiumethyl trithiocarbonate (1.52 g) in
water (50 m) was stirred vigorously, a(Hl{ A tenperature. After 6 hours the
sol'vent |ayer was separat ed, washedQVi r, dried [err] and evaporated.
The residue was a yell ow crystal | i nepgpsgionhoieh was washed with a little
t ol uene/ pet3ROMSRIBH ELASEAcatrixydtomet-eiiyitBidthiprarbdReithie 34 1a-nitrépehyipxydathanyll diinhenvy |
acet at e/ petrol eum et her gave EW&P'}S@PE""F'F"&TFS"VH%’@Y“I"U? f¥ne (81) as yellow
needies, smp. 142, 5§!err] 3420, 1780 [err] 1.06 (Hlﬁre s), 1.38 (3H, t,- J

8

8Hz), 3.40 (q, JE3Hzg querlaying (m), together Bt 3.9 él%(z m, 5.76
(1H, d, J 2Hz), , 72579(10%0‘# 57.8; H,

6.0; N, 2.9; 8‘03 rrkreqwresC 58. 1; 1 $0 S, 20.2% . 10
Prepar atjon 9(f)

(RS, 4SR)- 3- 1 - Butyuo‘?phe g;srry met hy! - 4ethy|tﬁ|oth| onlthlol-

- hydr oxy- 1- p- ni tr obenzyl ¥9§et hyl ) azeti di n- 2- %B

(82) 25 . The trithi ocarbonat 1) (310 ng) and p- mtro% yo?(yl ate

rmnohydrate (300 ng) were refl(yg)ed in benzene (20 m) .y V\ger argon for 24
hours wi’th provi sion for renoval of water. The mxture S evaporated and
the residual AGMRueRERAThPGE aNdeskerR231 ﬂiﬂg)anﬂ]@ﬂlylﬁbkﬂhirﬁ@ 58igh deetshtyﬂdme (387 mg)
acet at€/ peh ey dxan B0 hdiwasistirtedraes0°C mﬁtdreadghefoh auiRsy Thesixt wogked g Pan?f
m xture of predagtive B isi giveearrbogaho@ne gy | 11&9yﬁmawomﬁ%§ms‘8 ‘r'd"ﬁ"e’r“?‘i cm
3500, 1789, 1760 [err] 1.06 (9H, s), oi% %a?b'ﬁ'w&)’ 8Hz), 3.40 (q, J 8Hz),

3. 54 b. d. J(S@ssa@gm RS BRE sl Mfrobale 1 Aestodyotny Eebnaipsheh JcbHoxdacdl.
8Hz, exch. 7 and 5.73 (2 d, J 8Hz) together 3H 6.3 and

6.44 (1H, 2 d, dﬂ i 3 8 5 (14H, m. Prepai on 9(9)
(3RS, 4SRf - 3-t - But phe iSBY | oxyrret hyl - 4- et hy&t i & higocar bonyl t hi o- 1
- (1- p- ni t r obenzadooxyEar ponyk-1 - AcO

tri phenyl phosphoranWU egﬁ[ hyl )azet Tdin- 2- one [ ekr]l ¥40 85” 55

[err] (83) 84) The hydroX¥-ester] (82) . 0 |
tetrahydeofuran (20 m) aﬂo eated with 2,6-1
and thionyl chloride (0.07 n1 al | vved to reach room {enp re over

0.5 hours. The solution was then filtered and evaporated unden hi gh vacuum
to give the crude chl oro est&3)(83). This was re¢d4dsal vesi) in dioxan (20 m)

then 2,8slutidine (29 and triphenyl phosphl ne (320 were added The
stirred m xt ﬁh%ﬂf\ﬂwt’m 3’6(! 0‘50@8%%""3(@%1‘ “”‘v g1 el b 1° hours.
evaporatei é“é%é?ﬂ’éa% JZE ) @r. ﬁé"& .es ﬁ'g"te
and wash e See%m Jnu%aqrrd <s ,@n.r; (cﬁ@ 11448,

bi car boraamw@h-uta @Fh (and) ‘b37l(3'|-13t JTJaBz) [44¢3H, §,96(4H2)02.GpATH, 6), 2.84/-€3.13UZE m), 3.96 (1H,
evapor at ectdt he6 andFiotelb. okh-5if im0,-5.54 (1H, d, J 1. 6Hz). 7.62 (2H, d, J 8.6Hz), 8.22 (2H, d, J 8.6Hz). (Found:
. C,50.5; H, 4.4; N, 6.2; S, 14.0; M*, 462.0721. C,gH,,N.0;S, requires C, 50.5; H, 4.4; N, 6.2; S, 14.2%:. M,
: ' 452.0712). The more polar product, the (5RS,6RS,8RS) penem ester (95) (15 mg) was also obtained as a
solid, m.p. 1779—181°C (needles ex ethyl acetate/petroleum ether); Ay.. (EtOH) 336 (g,, 10,3000) and 261
"~ 45 n.m. {15,500); va, (CHCI,) 1795, 1735, 1690 cm™'; & ppm (CDCl;) 1.21—1.39 (6H, m), 2.09 (3H, s}, 2.87—3.14
(2H, m), 4.04 (1H, dd, J 4.1 and 7.8Hz), 5.09—5.55 (3H4, m}, 5.73 (1H, d, J 4.1Hz), 7.61 (2H, d, J 8.7Hz}, 8.22 (2H,

d, J 8.7 Hz). (Found: M*, 452.0692. CygH,oN,0+S, requires 452.0712).

Preparatron 10{(g}
50 (5RS,6SR BSR) p-NltrobenzyI 6-(1-Acetoxyethyi)-2-ethyisuiphonylpenem-3-carboxyiate

Me
R Mo H Mg

PPE R
55 : Lco) "J——i‘/s SEt — AcO N_"/ SEt :
0/;'—'N 04
as e
% (9s) . (96)

~ A'solution of m-chloroperbenzoic acid (45 mg) in methylene chloride {1 ml) was added, in one portion,
" to a vigorously stirred, ice-bath cooled, mixture of the penem ester (34) (30 mg), methylene chloride {5ml
65 and saturated sodium bicarbonate solution {5 ml). The mixture was stirred at ice-bath temperature for 10° -
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4 0 041 768 graphed on silica gel eluting with ethyl aceate/petroleum
Jet her m xtures to give the phosphorane (84) as an anorpyous yellow solid
_5(370 ng) [err] 1750, 1615 1605 [eny lo4 96® ation 9(h) 5

5?(.3RS 485:} F}ﬁﬁ}fy i 4eth Ithlothlocarbon Ith|o I- I- -nrtrobenz | ox
yeerbonbiie LA Sooagtdra h,%ogfﬁr%:z gg
irars. [@2, hour

, approximately 1:1 mixture of i |somers. as an E

-':(1 75 g)pﬂﬂﬂ(CDE%1rmI—I1lam(BHJrﬁ), nYsELN-LCB QK rd)e4 (dﬁnrah z\e.a§4

at .roo usb+-8.5 (i togetirer 3th 6,59 fid it J 2Hz), STl SRHAOLESAHE 7. emrrziﬂ washliydHBIgEeN
,-'Car‘bemat%%a‘ & detB¥2cted with ethyl acetate. The solvent |ayer was dried
{MSH) and evaporated then the refdr;? {t hromat o- graphed on silica gel

Bl Uti ng 6k BsradsRLb-NRGBER 6 PRIGA A iy RHiotbeheRS.carbBf ! € Product (85)
Was isad ated as abye Ioﬁv&ar(mr ph(g(ts sol fbﬁdl a%g , [cgrr Pfylaw400 (b), 1760,

1620, 1610[err Mi5 B Preparation 9(i)
{6RS, 5SR) and % 4F%) robenzyl ™ JH H s

B- Hydr oxymet raetf- 2- o enem 3=CarRoxyh (85)

{86) As;solution of orane (85) (547 rrg s T /n xyl ene
1150 m) under aroﬁ 10 ho The mxtureO'ﬁE— porat d—and the

f.esi due chromat ographed q
petriol eum et her m xtures g e cI's and trans penems 60
[ransTgis 7/3. Careful ¢eychromato- graphy all owed(gmyre sanples of the
f§rans and cis isoners to be separated:-The nore polar trans isonmer was a

-:ﬁ.r am CI’ y S tAcdtitred) Re-Bath bdhlednhﬁture]:ﬁ&ei:ﬁr%n(&fpﬁﬂﬂr&t(mlm fgfrhathyéna bl . ahd'er ) '
' Gpr @38 nwan tréatedr ltm@qm 2-A€idapfob@rjdiiz0)16 [nag) I fllcdved Coy eeﬂi%uﬁ&)wl-nl?QO *

I 0 de tesgT led
%682 4%2& g{ ¥ FJ;"TE? ‘i'H £ E’g?"\z?z |5|m|[|u esJedhghqu)e rgnxg@@asgorr c%?zra
14Hz) , ﬂmélﬁyer éﬂap ate a to ra e p e )er % "e olr )
‘Found: M9—1 (nd&1les ek ethyl] acét&é(uetfo&s ve2 (4,.e9790)Q @339¢.|,§ (125@
has al so¥ (EHEld 1790173811790 ‘;D"_' mml@gms) 1 @@Uﬂ ), B10BH, (sh .96 (MAOM, J 169@d
q,
6)

N

1 err] T Z' &-50 'ﬁ" 4|‘1é"‘b(9u I1r7H§j T2 (IH )75 (1
fos, exeln, Q;reqTéHé%% %‘;QBB ,12 H"‘bhfz) 8 H340; Wy B2i$y (1257 g

: t ese signals descrl bed w t exch |, 5.27 and 5.50 (2H, ABq, J
_'.L4Hz) 5 90 (1H, d, J 4Hz), 7.75 (2Ei;an'alle10(a)7Hz) 8.24 (2H, d, J 7Hz).

{ Founo‘“ RS, Ps"iﬂ)@%mbs E%U'dﬁ@rzr(]l pyricylthiplpenemeiathondte 55 60

) §
. ) '
_ H\Me T | Me(!g§~ ' g
g 3 S 0% ;:
. '_:_ Y o N
b & cozcxzz-C_>_m2
°°2°"=‘©"'° _-
1 | (97) (98)
50 A solution of the penem ester {97} (55 mg) in dry methylené chloride (2 mi) was cooled to —20°C and

treated with a solution of 1,8-diazabicyclo-[5.4.0lundec-7-ene (DBU) (20 mg) in dry methylene chloride (1.2
ml). After stirring a —20°C for 10 minutes the mixture was treated with DBU (5 mg) in dry methylene
chioride (0.3 mi). After a further 10 minutes at —20°C the mixture was diluted with ethyl acetate (15 ml) and
. washed with 5% citric acid (2 mi), brine {2 ml), saturated sodium bicarbonate solution {2 ml), and brine (3 x
56 2 mi). The dried (MgSQ,) organic layer was evaporated and chromatographed to give the 6-
ethylidenepenem ester (98) (26 mg), an approximately 2:1 mixture of Z and £ isomers, as a solid, Aqax
(EtOH) 261 (16,860) and approximately 316 n.m. (inflection); V. (CHCI3) 1780 and 1700 cm™'; & ppm
(CDCls) 1.76 (% CHs, d, J 7H2), 2.08 5 CH,, d, J 7Hz), 5.26 and 5.51 (2H, ABq, J 14Hz), 5.95 (q, J 7Hz) plus 6.03

and 6.08 (each s) together 1 % H, 6.44 (% H, q, J 7Hz), 7.2—7.4 (1H, m), 7.6—7.75 (4H, m), 8. 21 (2H d.J 8Hz)

" 60 85—8.7 (1H, m) Found: M+ 441 0461, CyoH,sN;04S requires 441. 0452) : P .

.
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65 35 0 041 768 Exanple 9 5(RS)-p-N trobenzyl

6- Met hyl ene- 2- et hyl t hi openem 3-car boxyl ate [err] The hydroxymet hyl penem
(86) (102 nmg) in nmethylene chloride G4H 788 at [err] was treated with
triethylamne (33 ng) foll owed by rrl%st F\agqa& phonyl chloride (33 ng). The -
m xture was kept at Qr t _f_f 45 hours, e orated to
dryness and redi ssol@gﬂr%oﬁé@t%g%gé g ‘f'hhg")%eg 'ﬁ;éicgrr‘?m\‘%geowashed wth
brine, dri eda%%kr] dhd,agai n evaporated to gi he Erude net hane

sulé’p'h._o"hate ( s di gs ed in nethylén e (1 cooled to :
[err¥ and treated with F43 ). The m xture he ﬁ@room
tenperature for & Ws. T was t hen ‘evapor R/chr o graphed on .
silica gel eluting wt, .htﬁge/petroleumether ] @@ to give the
met hyl’8ne penem (88) (4?6‘?33 as /A yé low 30 crystal lin€asol™d, m p.

146- 147C (from et hyl acetate), A, {EtOH 267 n.m ([err] 18,500) 302 n.m
(infl.) (11,500) 343 39 (infl.) (5,400), [err 94)38 (3H, t, J 7Hz), 2.96
and 2.98 (2H, 2 d, J 7Hz), 5.20 and 5.48 (2H, ABq, J 14Hz), 5.48 (1 H, dd,
J 2. 47and Dhef-ithylidenePdheih bstet, (98] (b4 mb) wasldissbiledlin 3 ixture 6f didkak & nih andl Qated(2 i3 and -

0. 7Hz) , apd BBirepauat® aver 5%pe)ladiurafchajcod leatplyst (B mghat S. TN foB ABiD@ES Furfher aatalysaZpui r s
38 m d and the hydrogenation continued for 40 minutes. A 1% sodiunphi ate i

M 378. sa : ' ‘ A sejution(iq.46)

< . )was th upa | \i { .2 a

(3RS, 4S ;‘3236 - %\g‘ ‘5? .up 2 TR ARYAgiva e sedinsal (99h8-2ma) i3 ( 60)
(89)‘@0@5\"50;{{§§§15 g"&‘ﬁ %%%?’Bgﬁgz%@aci d (241 nmg) in ethyl acetate (3 -
.m) was added dropw se over 2 m nutBxampl@1da)Stirred, ice-bath cool ed,

sol uti on (SRSkmbitrpbeeyl 6-Ethylidenet?-f2onnitrgb@GRylokR@domgigmingethyttiigberamct-attexyidd ) .
The=sStirred mixture was allowed to attaim roomtenperature during 45
mnutes and was washed with satur® sod] bi carbonate solution (2 x 5
m ) and brinej'l’%XSrﬂ). The dried ' ayer weg df i

et hyl acet atm ® ng) andot r_ear_ehcgvm ).
preparation 1%e) tg give, af t er 9chr omatlo rp
sxi mately 25% of °92%& ¥,

nmg) cent ami M ed| wit
(3RS, 4SR) - 3- [ 1-?@—1! oxyethyl | isomer as a gum [err] 3550 br, 3410,
3300 br, 1795,1945 [er}] PP e | 1.41 and 1.43 (3H, each d, J 6. 5Hz) ,
2.03 and 2.08 (3H, e_acﬂ‘? 3 _ B, s), 3.68 (dd, J 2 and 7Hz) and 3.79
(ddJ & and 5Hz) togethggylH ~#- 53 (1H d,J élii@é) 4.73 ([err]d,J 2Hz),
5.14-5.45 (1H, m, 7.05 le, br. signal). 6
_ 2:p-Nitrobenzyloxycarbonylaminoethanethiol (49 mg) was dissolved in 0.1N sodium hydroxide
solution (1.9 ml), cooled in an ice-bath, and treated with a solution of the sulphoxide (96) (79 mg) in
mpthylene ct_iloride {6 ml). The stirred, ice-bath cooled, mixture was treated, portionwise over 5 minutes,
40 with p_enzyldlr:nethyl-n_-hexadecylammonium chloride (75 mg). The cooled mixture was stirred for a further
10 minutes, d_lluted‘ with methylene chloride (10 ml), and washed with 5% citric acid (2 ml), brine (2 ml),
saturated sodium bicarbonate {2 ml), and brine (3 X 2 ml). The dried {(MgSOQ,) organic layer was evaporated
and chron]atographed to give the 6-ethylidenepenem ester (100) (46 mg), an approximately 2:1 mixture of
P E and _Z Isomers, as an amorphous solid, Ay., (EtOH) 262 (e, 23,600) and approximately 314 n.m.
\ras (inflection); v e, (CHCI3) 3450, 1785, 1730, 1705 slight shoulder cm™'; 3 ppm (CDCl,) 1.81 (% CH, d, J 7Hz),
2.10 (% CH,, d, J 7Hz), 2.95—3.20 (2H, m), 3.35—3.65 (2H, m), 5.18 (s) plus 5.19 and 5.49 (ABq, J 14Hz) plus

5.1—5.5 (m) together 5H, 6.02 (%H, q, J 7Hz), 6.13 and 6.18 (1H, each s), 6.47 (%4 H, q, J 7Hz), 7.48 and 7.62
(4H, each d, J 8Hz), 8.19 (4H, d, J 8Hz). :

‘50 Example 11(b)

{5RS)-Sodium 2—(2—aminoethylthio)-s-ethylidenepenem-3-carboxylate
Ny
55 NHEOCO
T mar Sm
H
. | | B o A EAPN
3 | B | - ) | 047_1‘ / NB2
B | ' o c02@Na@
g6, o (100) L o - (101) . S
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“Fosa1 768 Pr epar atlon 10(b)
.(’BRS 4SR) - 3-[ 1- (RS) - Acet oxyet hyl ] - 4- et hyI t hi ot hi ocar bonyl t hi oazeti di n- 2- one
[err] 10 (89) 6 (90) A solution of the inpure
s%.;l phone (89) (110 ny) in rrethyl eng gﬂ 73e (5 M) was cooled in an .
ice-bat h 15 1R5glethyiRaiepsheni dster A06) d2uhd) Was Bisoped mssmiuarestf Hipkanr(® tnlm W%fr(bﬁ'ﬁat e
(91 ng) i sndviat%BIsodidm tickrboAdté solutbd (BrEh mileand avas jhyeroganety %v %ﬁ& g’;

d

stirred neaelyst @3 g ab$. F{Bv@d 3‘2 6‘"&‘{‘9@ f"ﬁ“‘ R Y}Eg}gﬁg‘ }"0"
hq m xt U‘Foétl %H AE'%? %rgou VE'E |3o aq.l hBﬁH sohd 6 ppm
(%

chrorat SglR R ,#3'“@*3\‘3% BRI Qany A1), B2k I(caz elﬂz) ahdB24ds) (@Rhe( 97
mg) cont aﬂﬁlsrsg(-/ﬁoaréya(%aheuwao/o of t he (3RS 4SR) - 3-[ 1- (SR) - acet oxy- et hyl ]
i somer as inmpurity, [err] 3610, 3410 1780 1740 [err] ppm[err] 1.35 (t, J

7Hz), 1.37 (d, J 20 6Hz dExample Lor 03 and 2. 07
(BH) eath s§ 3. 2- 3‘@%23'#\"”%“’*"%]51'%’ igeng- e E‘%%Nﬁgﬁé N ﬁ%ﬂat%d J 2Hz),
558 (0.2H d, J 2 g 6568br (1H) . Pre,p&raatlonlo( (3RS, 4SR) - 3-[ 1

(RS) AcetoxyethyF hlothlocarbonylth| =l 1S\ hffdr oxy- 1
-'p-ni trobenzyl oxy Ry

met hyl ) &eti di n- 2 one Gft 7
i.npure azetidi none ( ) ) a pas n|trobenzyl gl v SR 3

(4. 59 9) were heated in 40 ¢Qe§q Pene (40 m) untde
provision for renoval of water for hours The m xture was evaporat ed and
chromat egr aphed to give tfes)hydroxyester (91) (1.500%), a m xture of
stiereoi soners, as a gum [err] 3600-3100, 1780, 1745 [err] Preparation

10 45 lu f the penem squhoxude (96) (60 mg) in dry methylene chloride {3 mi) was cooled to —20°C
(3RS, 4SR) a:?&‘t k¥ ém Wi Fivenainityd, it (o]utlombfdrﬁsiﬁza i {546 uneleq HPHIY et

am

hyl ) - 4- et h;etrMenmlunacmmm THe.mixtiye was wirred pt - 20°Cdard ) J:L"Zd?a )é’ af,f:r'm, hes

92) A solftQ divm atgr id “"1 AR b bprfi]
"("’as) addzg?ﬂ;{ )ﬁ}‘éj %"} %&% :ﬂggz"ma% zWZNGHﬁdEZdﬁ(/Id:H% wﬁ:‘owgzist )er

(91) (1.5 2.,, iutslsdl(fme (488- (1H,/n)0B.12 ahe B.A bR pash df.u7zend S'cbz): at
[err] Tb&ér?a K.g!gf/g': \bﬁ)éh tgbadameed;) 2138 Fel-l.rl}rozfdenedlsa} 667 1909 861 (.| Wﬁﬁ%gs i?
evapor at ed.60-F1e8 o833 AR PaR. (Fernd MpdPail CI‘"I”UH?QI?{/”E"(ST ene x 3 m)
ta give the chloroester (92) (1.57 g)Ex§§p,@1ﬂg,;m [err] 1790 and 1745 [err]

37 (SRS)-Sodlum 6- Ethyhdene-2-ethylsulphmylpenem-3—carboxylate
35
MeCH N s s MeCI-% S
‘ SEt
N~  — — Va i

d :
o _COZCHZ_@_NOZ | coze Na@

N | (102) (103)
' 45

oS

d
lidenepenem sul hoxude ester (102) (26 mg) was dissolved in a mixture of dioxan {8 ml) an
wate-‘l-'h(; 6rr-t?)ﬂg\d hydlg:genated gver 5% palladium/charcoal catalyst (39 mg) at S.T.P. fofr 40E mnrr:‘utlees1a) ;I Zg
sodium bicarbonate solution (0.54 ml) was added and the mixture was worked up as %r ::36 (% o) g
give the sodium salt (103) (12.2 mg) as an amorphous solid, Amax (H,0) 222 (g, 13,49 )
50 approximately 335 n.m. {inflection); Vmsx (KBr) 3700—3000, 1765, 1700, 1610 1550 cm~™

Ky bt ami iy ond

L et

Example 13

{S5RS)- p-Nitrobenzyl 6-Ethylidene-2-(2-p- nltrobenzyloxycarbonylammoethylthlo)penem-3 -carboxylate

55 MeCH\

“ H\ . % . L—u\/P/ NHOC<.)CH.—<2. : >N02
| Cstt | _°°2.C,-H-N9 2o

=N
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“Q 041 768 Preparation 10(e) (3RS,4SR)-3-[1

-(RS) - Acet oxyet hyl | - 4-et hyl t hi ot hi ocar bonyl thi o-1-(1

- p- ni trobenzyl oxycar bonyl -1 -triphenyl

phosphor anyl i denenet hyl ) azeti di n- 2-

(92) A mxture cont ai ning the

chl or oest er Z@M)ob(srizvﬁ:?ycg)mnvlamn tinntydt Md§ hglew s1 @8‘ '"aNj NDs ;é%ﬂ)"ﬁi’

(387 fytiofy 40 'Eh rpqt? jthyg sqig ip. i 4
houg ?'f'ng)T;EoetP’}( 'P'g" --h ﬁ@’ .ﬁﬁ °ﬁ¥ was &tmeueat .ﬁ%{

pho pmua g[vewe]s-ewmna;ﬁa&n beeriio0R0
‘Preparatig Pngi.Q(u Ebpré el@ $R t&ﬁﬂ)e oﬁl&'dnﬂ ZROmeRSysARE ([nfrhlirddr anl @my.5 [data consistent

6- ( 1- Acetwittytbdsepbipingd atExghelbl benem 3- car boxyl ate [err] (93)

(94) + (95) 35 The phosphorane (93) (1. quapas heated in refluxing xylene
(1000 nj,) ’%ﬁ‘{ )- -E}Gn%r:ﬂ?( 1hPdroxyA-gheMi r%ethy] 1meﬁ¢ch@er2-ex\éﬂup@roat1edylaad

chr omat ograé two IOFOdUﬁ&taylth'Ha&nHu&s&n@ol ar product, the

(5RS, 6SR, 8SR) penem ester (94) (262 ng) was obt ai nf? a solid, mp.
1';43-[err] (needl es ex Brhylgpacet at e/ petrol eum et he 5‘ aqi‘er%}]] (Et OH) 339
([err] 9 600) and 26dr (14,400); [err] 1785, B - 9695 [err] 1.37

(3H 1,3 7.4H2), 144(3,d!J641=|z')—"209(3H

3.13 (2H m,
39M1H dd, J 1.6 (3H, m, 54 kg}d J 1.6Hz),
762(2HdJ86Hz) 2 d2Me d, J 8.6Hz). (Found: C, Q.,@'H44N
6. 2 S.14.0 My, 452, 0721 [@rrjrequires C, 50.5. H 4.4 K, 6.2; S,

14, 2% %R 452. 0712) The (agre pol ar product, the({&KS, 6RS, 8RS) penem ester
-.(9 (15 ng) was al so obtained as a solid, mnp. 179 181C (needl es ex ethyl
acet at.e/ pet rRdoRibn Sy magrREilin b(’ﬂlg't)ZM:‘f@@ieﬁ&leﬁe] 14Dmi Q@9Added dropdee Perns M
(15, 500) ; minatesjto 4 stidled dofiBion bFBOdibremibecnenicilarate|(2)11221g) in tﬁ@te(rﬁ'i’d;!roﬂ:)'an (22009) a@ 3H,
D7 T e T I A S a0 AT
.73 (1 Ormy n%é S fn ni %lﬂltlo a
(Found: Nﬁé gg reotgﬁ mi evfa Rnéﬁ W IE’E %Fb%glaﬂdy eglraga After
(5RS, 6SR, 33&)@%&'%%&5@6}?@! I ﬂorganlc layer was evaporated to give, after trlturatlon with ether, the
- Acet o>€9ebdomb9vdﬁndtd4yl1sbl Ias)nysb\marmmmea‘rm Yoydtamt @x gtiyl rapetBGhex@E) Venax (CHCIs)
(96) A's DY H8H@HE) @&5(@)& y’% g?eéz%dcm gg (1
m) vas atgg ;Pgb ﬁeﬁfngd ko P e 48 N 2 5 08 5

m xture of 9the beném’ est ér 7) 90 ng), nethylene chloride (5 mM) 65 and
sat ur atsed sodi um bi car bonat e sol ut i @rephdationl ) The m xture was stirred at

i ce-bath t dBRSARST-34116RS)ditydrb@y-1-phenyimethyl] and (3RS,4SR)-3-[1-(SR)-hydroxy-1-phenyimethyl}-1-(1-
methoxycarbonyl-2-methylprop-1-enyl)-4-methyithioazetidin-2-ones

her '
to

Ph g Ph

‘0 Ph OH H.l® & Ay
! ]/ . |SMe ~ I/SMe
Br

w Me HO ——r . HO
; ' —_ N : J—N
i S = \J),_ o - 0
45 loid . _
O,Me : Co,Me CO,Me
(104) (105) (106)

A stirred, ice-bath cooled, mixture of the bromohydrin (104) (11.7 g), tetrahydrofuran (120 mi) and
agueous ammonium acetate solution (1M, 24 m) was treated with zinc powder (23.4 g). After stirring at ice-
bath temperature for 30 minutes the mixture was treated with a further portion of zinc powder (2 g). The
mixture was stirred at ice-bath temperature for a further 10 minutes and filtered through Kieselguhr, the

55 - residual zinc being washed with a little tetrahydrofuran. The combined filtrates were evaporated to low
volume, diluted with ethyl acetate (300 ml) and washed successively with 1N hydrochloric acid {20 mi),
brine (20 ml), saturated sodium bicarbonate solution (20 mi) and brine (3 X 20 mi). The dried (MgSO.)-
organic layer was evaporated and chromatographed to give an approximately 1:1 mixture of the
(3RS,4RS)-3-{1-(RS)-hydroxy-1-phenylmethyl] and {3RS,4SR)-3-{1-(SR)-hydroxy-1 -phenylmethyll
. 60 azitidinones (105) and (1086) (8.60 g} Vmax (CHCl3) 3600—3200, 1760, 1725 cm™'; & ppm (CDCly) 1.92 (3H,'s), -
T 2.01 (3H, s), 2.19 (% CH,, S), 2.24 (% CH,, s), 2.6—3.3 (1H, broad signal, exch. D,0), 3.49 (% H, dd, J3and
b 6Y:Hz), 3.68 {%: CHj, s), 3.73 (% CH,, s), 3.91 {2 H, dd, J 5 and 7%:Hz), 4.82 (%2 H, d, J 3Hz), 4.95—5.35 [1'/:
S m, collapses on exch. D,O to 5.07 {d, J 6% Hz), 5.09 (d, J 5Hz), and 5.21 {d, J 7%, Hz)], 7.2—7.6 (5H, m). .

&5
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‘48° -0 041 768 . minutes and diluted with methylene chloride (10 m). The

grgani c | ayer was separated and washed with brine (3 x 2 m), dried [err],
gvapor ated and chromatographed to @ 041t lzé8sul phoxi de (96) (53 ng), and
approximately -1:1 mixture of isoners, as an anor phous solrd [err]) 1805

| %Zﬁ" oy o A fgﬁcﬁ?ﬁ ﬁ,p, %gga 53@@ %ngg‘s oIty i Ls

1-5.5 (m together 3H, 5. , d J 2Hz), 7.59

anQ’? 0 (2HHelBlh ¢ J 8Hz), 8. 25H( 'y d,HJ 8Hz) . Prepdr orh 10(h)
. (r5Rs/6SR 8SR) - trp yl ) ) _SMe Me
6- (1 - Acet oxy yl)-23(2- yri dyl t tHeco pe 3- car baxyl e 10 ﬁ

(96) ,——N\%- o stirred, icefbath ooI ed,

m xt ur @ of the Zhem s phoxi de - (96) (50 7 Iret hyl ene ch®ri m), and
water (2 m) was treat®@hMd th sodi um 2- rrerceqn yridine (16 ng)cdgd owed by
brenzyl di met hyl - n- hexadecyl - amnoni um chl oride (47 ng) portionw se over 5

i nutes. The cool@dsyi xtwos)was stirrew7or a 25 further(ibsii nutes, diluted
With med hyl ene chloride (10 nl) and washed successively with 5%citric acid
'(2 m), br i feeti¢ @lhmg% (%‘dtgllwai wetsdrdp\um dyec@mipoesitod stoéd, tcb-bath-Céblat, fnixaundlof

Bri ne (3 aZe"H’l nes ?) 2 Hnﬁ"ethY' (3\/1/&8) 399 ethviaghinepytidine
chr Q heg %e( , bri

1140- bd]mI(aﬂﬁQ E8 630 nfll. hwédrﬁa gﬁaj ':%?Z é’b%mg We 0” ogand-

. -(;[ er r.] 17 w8 Gyctians] TBS@sspanar pf: ohﬂr;:m@)ans 4en)r3}[1 lsmecetow %henilm&yﬂﬁé:rd}noaa nm{;)er r]
( 3H4-20 9) Jvay Pttymedzasmo( - e@m'l aqéta@/hixmn)d V..?.O(CBCQHZ and

LR et

-(%Found Gretibiidorts; (107) (3‘34@) whs ob?au?ed a @-59’7 c (haﬂléb e 8th exa

N 8.4, S;?l'%q%zﬂ& di BR5ep ;1{33?{ : hﬁ?ﬁ‘é‘érﬂ' Nr% ; oﬂggdgﬁpdh)s{% 2.21 (3H, s), 3.71 (3H, s),
8- Et hyl i o e r). (Fognd: C, 60.9; H, 6.1; N,
(198) 5@ iy 4 Gretiei'Bet BIvIEh én'%r?ﬂeg‘t%? 89%)- (55 ng) in dry methyl ene

loride (2 M) was cooled to [err]pa;yj,a},g,efmtgd with a solution of
, 8- di azabi cycl 0{dRS.4RS)H-{IHREPBcetor@ ©hériyBhdthy(j-Alndifi)suipRorI-dzetitini-Aydeene chl ori de
(1 2 mM). After stirringya [err]for 10 minutes the mixture was treated with
OBU (5,0g) in dry meflhy| ehe K joride (0.3 ni). Aftre?h}p fgrther 10 m nutes
[err the m xture di | p£ed with et hyl acet at )15 nigpo_med washed with
./OCItI’IC acid (2 mA)“-° brinel(2.,mM), saturated s¥®f u Ilcar bonat e sol ution
(2 M), and brine (3 x _Z—N - NH

- 40 :
: | C_OZMe _

(107) (109)

g " : A solutron of m-chloroperbenzoic acid (3.63 g) in ethyl acetate (20 ml) was added- dropwise over 15
. 45 minutes to a stirred, ice-bath-cooled, solution of the cis-azetidinone (107) (3.50 g) in ethyl acetate (70 ml).
The mixture was stirred at room temperature for 1 hour when a solid precipitated. The mixture was diluted

: with methylene chloride (100 ml) and the resulting solution was washed with saturated sodium
: bicarbonate solution (2 x 50 ml) and brine (3 x 50 ml). The dried (MgSO,) organic layer was cooled to
—20°C and treated with ozonised oxygen for 1 hour. The excess ozone was removed by passage of argon
50 and the mixture evaporated. The residue was dissolved in a mixture of methanol (100 ml) and methylene

chloride (400 ml) and treated with 2,6-lutidine (40 drops). The mixture was stirred at room temperature for

10 minutes and evaporated to give, after trituration with ether, the sulphone (109) (2.44 g), as a solid, m.p.
178—82°C (fine needles ex acetone/ether); vy, (Nujol) 3370, 1795, 1730 cm™*; & ppm [(CD;),CO] 3.03 (3H,

s), 4.38 (1H, dd, J 5 and 12Hz with further fine coupling which collapsed on exch. D,0), 5.10 (1H, d, J 5Hz),

¥ 55 6.43 (1H, d, J 12Hz), 7.2—7.5 (5H, m), 8.1—8.4 (1H, broad signal, exch. D,0). {(Found: C, 62.7; H, 5.1; N, 4.6;
4 S, 10.7. C43HsNOsS requires C, 52.5; H, 5.1; N, 4.7; S, 10.8%).




55 2 m). The dried (MySO4) oruamﬁ: 7wer was evaporated and

chromat ographed to give the 6- penemm ester (98) (26 ny), an

appr oxi mat t 0f rl] (EtOH) 261

(16, 860) ‘gdc?/ skl %Qghé’ra#gﬁg’“’o{ 1% ;ﬁﬁ ¥ ](+n {°§"°°§'ﬁ°'®"§§4r’f‘%'7"8%8§nd 1700 [err]

ppm(CDCI3) 1&7 '},(%g:HS d J 7Hz) 2.08 [erg] s®H3, yd, J 7Hz), 5.25 and
5.81 (2H, ABq, L4H? 50{9’!395 (q, J 7Hz) plus 6)Q3 an 56 Qﬁe(each s) '

together 1 /8, ©. ([err] H aq_J /Hz), Ke@-7. , .75 (4H,

n, 8.21 (2H, d, 0 8.5-8.7 (1H, m. Fou L'_hgrrﬁ 441 0461 [err]

requires 441.04%52).- 39 0 041 768 Exanple 1®b) (5RS)- Sodi um

8-t hyl i dene- 2- (2- pyri dyl t hi 0) penem 3-car boxyl ate [err] (98)

(99) 15 The 6-et gtilo'b?enepenem ester (98) d(}g) was dissolved in a

m xture of dioxan ( and water (2 m) and hydr ogenat ed over 5%

pal | adipgpkGimed tm&a.tbatl.a&(t 56 @) WallBildedio alicd-bhth cédwd rdRurgioftié @phofanasher
catsatz;aa@, (r%y todal e} andetatb(@0 iny).dihe la'e wesisticred &1 raere ¢enfrgratu®fori nut es.

i) 1@ﬂf&tl§:§!§gﬂﬂm ¢ tﬁ%‘" ME K pre was
: \;,/\glr Iki'%)g}%ﬁagh %js %"i(g P" ggh ggg ?ﬂg%xarrz?@%l(a W) as 8

*(58S) - p- Ni t robenzyl Preparation 14(f)
_ 6- Et [pbaskyzdl- ms{-aequn-lﬂpherivmtyﬂ iritzbiaedrizony/ithicet-HspHitrdbenaylexusabonyt ar boxy| at
,e er r] 35 _ -tnphenylphosph?rgwldeneme yl)azetidin-2-one (100)
|trob§nz | oxycar bonyl am noet hanet hi ol (49 ng) was dissolved in 0.1N
so i um hydraji de Bogutlon (2.9 m), coof"e ,;n gnh _ice-bath, and treated with
asolutlon de (96) (79 t Rk chlorlde(5 m). The
sMred ®-b th coo ed, mxturg was A¥%at ¢d, [porgi onwi se over 5 minutes,
40 with benzy hyl - n- hexadecyl anmoni u (75 mg). The cool ed
ture was stirred for a further 10 m nutes, dlkrge met hyl ene
ch oride (10 m), and washed with 5%citric aC|dC?QC§°-,(2 m),
saturated sodi umQiggar bonate (2 m), and bripe (3 x 2 The dri ed [err]
organi c | ayer was evaporated and chromat ographed to give the
6- et hyl i denepenem ester (100) (46 ngy), an apprpximately 2:1 m xture of E
arf Z i somers, as an anorphous solid, [err](Et 262 ([err] 23,600) and
appr oxi matgl h1§14 n.m 45 (inflection) Hﬁrr] 3450, 1785, 1730, 1705

sl ight shoutdlet [¢rg] gpen (CDC13) 1.81 (Ekr¥] , d, J 7Hz), 2.10 (% CH3,
d, J 7Hz)aco?b. 200¢H, m, 3.35-3.6%e62H “&,88t(s) plus 5.19 and 5. 49
5.8l-5.5 (r’r) toget her 5H,16.02 €[err], q, J 7Hz), 6.13

(MBq, J 14Hz)
and 6.18 (1Hg?each gJEPhg. 4 /3 H q, J 60 . 7T,481and 7.62 (4H, each d, J

8Hz), 8.19 (4H, d, LHz)- NO, C02CH2-®—N0

2

4 (113) (112)

\hj A mixture of the trithiocarbonate (110} {2.01 g) and p-nitrobenzyl glyoxylate monohydrate {1.42 g) was
eated in refluxing benzene (100 mi) in a Dean and Stark apparatus containing molecular sieves (type 4A).
50" After 1 hour the mixture was cooled and treated with triethylamine (67 mg). The mixture was kept at room
" temperature for 15 minutes and evaporated to give the crude hydroxyester (111), vy (CHCl3) 3700—3100,
_ 1785, 1755 cm™'.
’ A solution of thionyl chioride {1.01 g) in dry tetrahydrofuran (5 ml) was added, dropwise over 5
- minutes, to a stirred solution of the crude hydroxyester (111} and 2,6-lutidine (910 mg) in dry tetra-
55 hydrofuran (60 mi) at —10°C. The mixture was stirred at ~10°C for 10 minutes, filtered and evaporated. The
residue was re-evaporated from dry toluene (2 X 10 ml) to give the crude chloroester {112} as 8 gum, Vi
" {CHCl,) 1795, 1760 cm™'.
A mixture containing the crude chloroester (112), triphenylphosphine {2.97 g) and 2, 6-Iut|dme {727 mg)
in dry dioxan (60 ml} was stirred at 60°C under dry argon for 36 hours. The mixture was worked up as for
60 preparation 1{i) to give, after chromatography, the phosphorane (113) (3.17 g) as an amorphous sohd Vinax
(CHCl,) 1765, 1620, 1610 shouldercm™,

65 .

”®

20

25

35

55

60

85



50 ‘¢ - Exanple 11 (b) (5RS)-Sodi um

2- (2 am noet hyl t hi 0) - 6- et hyl i denepenem 3- car boxyl ate [err] 40 0 041 768
The. 6- et hyl i denepenem ester (100) (4D O#1 @68 di ssol ved in a m xture of

di oxan (8 M), water (2 m), and a 1%, ggatg Q@f)car bonate solution (0.60 m)
and.was hydr QBRSSO (sa'éoéhé’éﬁé)-? waE 1okl ghedifihethyf - difithidpensm B- P.
for:30 minutes. Further catalyst (42 ng:rbwaﬁauadded and the hydrogenation
conti-nued for 15 mnutes. The mixture was filtered through Kiesel guhr and -
vvorig_(d uf as for Exanpl e 1(bj. hi;0 gi ve the sodiumsalt (101) (1.6 ng), a
1:1 mxture of E and Z i soner as gnsq Ephous solid, [err] ppm (D20) 1.85
([efr] d, J 7Hz), 2.06 ([e¥9 CFB’% 300334(4H, m, 6.22 (q, J
7Hz) and 6.24 (s) together 1H, 6133 elsr s) 6.58 ([etrF+—e; J 7Hz).

Exanpl e 12(a) 10 (8RS) - p- ?*?;pb
6- Et hyl i dene- 2- et hyl sul phi nyl penem 3- «:@rzha é] 20
(96) (102) A"s&+Fe# on Of the penem sul phoxi de
(:96) (60 ng) in dry met hyl ene chi'trd)de (3 nl) was cooled to [err] and
treat ed, r&lr opwitg vg_[] 3 mnutes, with a solughon of 1,8-diazabicyclo

(

[5.4.0] undec- 72&:} sg dry 25 met hyl er q“mar:?d (4.2 ). The
m xt.ure was sheére [e r] for 10 m nut esaand € p as for Exanple 7

to give, after chr%zﬁ rdphy, th | kyl i denep ne, su phOXIde ester (102)
(30 ny) as an anorgfhous soldal,ch , 213 (€m J‘i 8) and
356 n.m (5,420); [err]1790 and 1 err]’ppmi[err] 1 35- 12502 3H,

and_1.89 ([err]), each d 13 7 2.16 and 2. 18 ([a{” )each d, J 7Hz),
3.03-3.24 (2H, n),521§é(1Hn)541552(1 @, 6.12 and 6. 17
([err] Hes eacR seitionlof fhedpHdsihofdng X11302.88 g3 x18sk @508if WeY fehuxel uRE Brgon_for 8%
br oadened Sh)oursﬁr ha Bhix¢rewisg evihordiédand eiredatsgraphad o pive i ;ﬁo:ﬁﬂ:ts('l[he reeé poldr precacch) thdq,
J 7 and 1. 2 Rs?“@@”ﬁ"ﬁ@‘ IRp) ( m98“@8°t83"25§ 3EQP¢|9 °W Cfué-l!l"} GAr1 784 (hilatesiek)

[err] requﬁ‘ te (Et :§ ég?_% v,...x (CHCI,) 1795 1745, 1690
6- Et hyl o B smzp Mhpoe i

;1: %g Afg 10Hz), 5.12 and
r7r d 2),8.14 (2H, d, J
et hyl i denesBRe Fosd: RNSET; 4Q$N¢54 N0 gﬁraau. Fes\(5 $6. us SAH; WE B4t The Mok PoiSr
of di oxan (;isodmtt ) thaldas maam eBerrda eraﬂd)( ghoneas olitaitkedas pale fellow solid, m.p. 157—159°c

pal | adi um dH ecathyd age m«gg H ¥61SFmT‘5F93°)faB‘F 3390 rm‘?ﬁ&?)e ax (ﬁHQ‘s)W%@:ﬁ
H> 844

bi car bongt g% A an%\dﬁi% é@%‘%ﬁ% - %ﬁ%ﬁ 5

for mpl &z st Folhol e, b
solld [err] 222 ([err] 13,490), 306 (3 9’6)

Example 14(a)
(5RS)-p-Nitrobenzyl (z)-6-Benzylidene-2-ethylthiopenem-3-carboxylate

&Ph

..‘.. . H .
. _ /K .S5_ _SEt
(] AcO ‘j[ II —
: - .
. P .
cozcuz—@m
(114)
t‘ (. | Ph/\—i/fI' SEt
- £t .
N
* ‘ ‘] * o co,CH 2‘@""0
SN 2
o) 3 02 .

CO,CH

2

60 : ' .
(116) ; R ARY)

A solution of 1 8-d|azab|cyclo[5 4.0lundec-7-ene (44 mg) in dry methylene chlonde (1 ‘'mi) was added,
dropwise over 1 minute, to a stirred solution of the trans-penem ester (114) (100 mg) in dry methylene
65 chloride (4 mi) at —40°C. After stirring at —40°c for 10 minutes-the mixture was dllut_ed with methylene ..

45




50 approximately 335 n.m (inflection); vm (KBr) 3700-3000, 1765, 1700,

1610, 1550 [err] Exanpl e 13 (5RS)-p- é}ﬁjwl
6 Et hyI i dene- 2- (2- p-ni trobenzyl oxycarbo oet hyl t hi o) penem 3- car boxyl at
chloride {10 ml) and washed with 5% citric acid (2 npugme (@qnﬁ samrated sodium bicarbonate solution

i ssol ved e ] guiggﬁﬁigg oo f‘wzgﬁf N

|3m7%. . , 5,23 and

'I”%l
i:ce- bat h,s a8 (3H, R84 e 9 AHS$) 681 (19Ns)O13-L T3 787524 h)dss 823
met hyl.ene chit,ax ¥ dlez) (T.he Mo}e poldn @regitictr the t)- benmdémbéhemoasieed;s) I(ﬁ4>fttgl wes Mmed as a
tredted, poetiiwediidsa. 90\7@'-119"{3{1(%@8("9& ohethyd

e vy L st

ester (100) . an appr oxi mat el y 1:1 mxture of E and Z I sonmers, as a
gum (i nfra- red and n.mr. data consi stEampleilgh) t hose obtained in Exarrpl e
I'la). Preparation 14(a)5A%)-SodiundZ)ABenzvidenedrethvithipppngm-3-carboxyiate
) - hydr oxyz 1- phen metahyl | - 1- (1- nmet hoxycar bonyl - 2- et hyI pro&) | -enyl) - 4- H
met hyl t hi oazetldlm 2-0n¢ B Ph  OH
[érr] 20 (2) g104% A sol Sht hyl 1
n:agne5| um brom de % | n‘dl et hyl er, 17.1 a ded djjopwi se over

I r Z‘L

15 m tes, to a red ok LQF ke_ di brom)secop% %gla&ZEglt

(12. g)z in dry tetrahydrofuran -_..o mi at 26 [err] After st ’

- 76C for a further 20 mnu is f solution of redistilled benzal dehyde (3.96 *
(i n dry tetrahydrofuran % ) was added dropw se over(@)ni nutes. The .
m Xire was sTher(Z)éGnHtldepemn?m peser (116K (B Midevas dissofvied mtaengtunepécamu (amt ¢nd water (2

satur at ed5 i EEQ’:}EOQ %l "HP(" a'rﬁa 'Va‘ri’dsé ‘gl"‘t’ﬁta (50 |
tenmper at ur‘?’nl) ﬁ%dﬁg w Iﬂé‘é’ﬁ % RIL ﬂxrl'dci asa
| ayer was Soia-cthe ph6Us SO .D@lzmﬂzb (e 1,8¥0) dn 40818 nﬂbﬁﬂmzvs(s ayer
was evapore?HadNBG-Z@ﬁS\m‘l mafE401(1H, s), 7.00 AH, sh17.324-7 86 esuhar the 30 bronohydrin

(104) (1#97 g as a solid, mp. 111-112C Iat es ex et hyl acet at e/ hexane)

uex Lerr], G389 ﬂ%ﬁgg«%&%wé%%%@;%e e ey Hlimefy Rl

(1H, d, J 3Hz), 7.2-7.7 (5H, n). (Found: *8€49.5 H 4.8 N 3.6.'S 7.6
[err] reg@ires C, 49.3; ¥ 4.8, N, 3.4, S, 7.7%. 35,

Preparati on 14(b) (3R§;4R$).r§“61 (RS) - Hydroxy 1- pheﬁy_r?th F¥e and
;(-1:;_3RS, 4SR) - 3-[ 1- ( SR) - hydr pxx} 1- phenyl rret-i'ry-H- 1-(1- ' I

o v
40 co,Me ) : Co,me
| (2) | (119)
] '_’5 A solution of methyl magnesium bromide (2M in diethyl ether, 20 ml) was added, dropwise over five

minutes, to a stirred solution of the dibromosecopenicillanate {2) {13.6 g) in dry tetrahydrofuran {250 ml) at
—76°C. After stirring at —76°C for further ten minutes a mixture of dry acetone (5.2 ml) and tetrahydrofuran
(10 ml) was added dropwise over five minutes. The mixture was stirred at —76°C for a further twenty
minutes, treated with a saturated aqueous solution. of ammonium chioride (10 mi) and allowed to attain

50 room temperature. Excess of tetrahydrofuran was evaporated /n vacuo and the residue was partitioned
between ethyl acetate and water. The organic layer was washed with brine, dried {(MgS0O,) and evaporated
to give a pale cream crystalline solid. This was recrystallised from sthyl acetate/petroleum ether to give
colouriess rhombs, m.p. 130—131.5°C (8.0 g). (Chromatography of the mother liquors gave a further
portion (1.2 g) of product). V.., (CHCI;3) 3650, 3400 (b), 1760, 1720, 1625 (w) cm™"; & ppm (CDCl,) 1.45 (3H, s)

85 1.57 (3H, s) 2.04 (3H, s) 2.16 (3H, ) 2.26 (4H, s, 1H, exchangeable with D,0), 3.77 {3H, s), 5.46 (1H, s). (Found:
C, 425; H, 55; N, 3.8; S, 8.7; Br, 21.9. C;3H,oNO,SBr requires C, 42.6; H, 5.5: N, 3.8; S, 8.7; Br, 21.9.
C13H2oNO,SBr requures C,426; H, 5.5; N, 3.8; S, 8.7; Br, 21.9%).




t hoxycar bonyl - 2- met hyl Ipr op-1 -enyl)-4-net hyt t hi oazeti di n-2-ones [err]

f( 104) (105) (106) 50 A stirred,
_lce bath cool ed, m xture of the bgogaiygsgn (104) (11 7 g), tetrahydrofuran
(120 m ) and aqueous anmoni um acet ate soI utlon 24 m) was treat ed

Wwith zinc p ’? ture for

§ri nut es thegﬁgaﬁl %‘é"g‘ﬁ%‘%}‘? %ﬂ"@%",ﬁpﬁ ijﬁtgfwﬁﬂ’%" -%matﬁﬂg ﬁ'@'ef%\/ﬁier

-'). The mi xture was stirred at ice- bat tenperature for a further 10

: g&% and filtered Bihrough Ki esel guhr, the 55 resi dual zinc being washed

alittle tetghydrof 8#&n. The conbi ned f||°€*r tes W& e evaporated to-
tﬁ!e
TR

‘ ow_vol une, dil ut t hyl acetate (300 m d shed successively

i th 1IN hydrochloric ( m), brine (20 rﬂ), safyur ajed .sodi um .
bi car bonat e sol uti or@( 20 and brine (3 x 20 .nP). TheAdried (MySO4)
jrganl c layer was evaporatea,Mend chr omat ographed to gi ¢g @@ approxi mately
1 mxture of the (3RS, 4RS)- 3-[1-(RS)-hydr oxy- 1- phenyl nét hyl ] _and
{ 3RS 4SR) - 3-[ 1- (SR) - hydg 0194 1- phenyl met hyl | 60(13,7.)|t|d| nones (.105) and
.4106) ,£8.60 g ) [err] 3600-3200, 1760, 1725 [err]ppm[err] 1.92 (3H , s), - -
,’ 01 ( 3H, TBe bromotlyarif [1e9)117 9) iDjepralydiddurdr @00 l]tl,) atlgpom RanipeBinie (Vé.d-sbtlrrbd voardmgivgnal
£xch. {emth]zmc@uswm(g endr QH'GOUS@"@‘%WG ethF (143“‘68” ’@t"t|
& sl
to

{rerg) diigreds %ﬁsr ol Vﬂﬁg ssha X lth 2,2 | AR ng%z.

BHz) 2¢4 oot Ijer ot)fd d t g

P: 09 (d,silita gble)uting 3l h tﬁfe/pdro e%ml'ﬁl)dr mu&uras t6. dﬁle(ﬂ'ﬂ miﬁure Gﬁhélﬂ'ans an6 c@41
6 Pl’ e preydaicyisgaprobylfzedidig @%{1m$}aau@ﬂ5gﬁs)m @50p- p‘iéﬁyvs e 23'72"" ) : e

Gy e

.cet|c an r'opw se over mnutes to a stirred,

g ce-bat h- cool ed, m xture of the azﬂetnat!!h?m% OS%P élOG) (a 1:1

§ixture, 8.60 h), t/3REARSIRZHYEoxyRIoP2YIltmetnysyiehy Wﬁﬂ %hopyri di ne (282

¥79) i.p dry methyl ene chjoride (100 m). The mixturg was_stirred at room

 ; errperature for 1 h and % hed successively Vi h ¢c acid (30 m),

$Hrine (30 M), satuf odi um bi carbonate sol uti 30 20 m) and brine

E3 x 30 m). The dried SO4) _organic layer was € gated and

ghromat ogr aphed to gioe tworactions. The |ess p8far product, the '

13RS, #SR) - 3-[ 1- (SR) acet oxycib henyl met hyl ] azeti di none (108) (4. 20 g) was -

'.bt ained as a solid, mp. 1022Flerr] (cubes:ex ethyl -acetate/ hexane): [err]

760 and 1725[err]. ppm [eero'lﬁ 89 (3H s) 1 99 ((@[—blp) 2 11 (3H, s), 2.19.

3 50? S ot erpenz (6 )l gl hlo t I) wasg lHflvd S ear2)

2 %% éaSrﬁZe-c ledfgolgtlog\f%g azetldl‘rpgr)\a 0?11’20) (égvs/ rans’ ml ?(4@ (:S:" dlchloronjedﬁv w&lﬁse-s C

mixture was kept at room temperature for 30 minutes and was then washed twice wnth saturated solution,

"'dJ

3 twice with dilute sodium bicarbonate solution, then dried (MgSO0,)...
| 3 Nt The solution was then diluted to 100 mi with dichioromethane, cooled to —60°C and ozonised oxygen . .
4. .45 was passed for 2 h with the temperature graduaily rising to —10°C. Argon was passed through the solution
' for five minutes then methanol (100 ml) and 2,6-lutidine (10 drops) were added. After one hour the mixture
was concentrated to low volume and white crystals were filtered off (1.63 g) white rhombs 205—208° (from .
“ethyl acetate) V,,,, {CHCl3) 3500, 3300 (b), 1785 cm™*; 5 ppm {CD,COCD,) 1.52 (6H, s,) 3.18 (3H, 5), 4.04 (1H,
'dd, J 8, 1Hz) 4.22 (1H, s, exchangeable with D,0) 5.14 (1H, d, J 6Hz) 8.0—8.5 (1H, m, exchangeable with D,0
50 (Found: C, 40.5; H, 6.3; N, 6.6; S, 15.1. C;H,3NO,S requires C, 40.6; H, 6.2; N, 6.8; S, 15.5%).

\ ‘i : Preparation 15(d)
x : (3RS, 4SR)-3(2-Hydroxyprop-2-yl)-4—ethylth|oth|ocarbonylth|oazet|d| n-2-one

55 H H :
07 . 047——
( 121) L . (122)

"The sulphone (121) {(1.38 g) in dichloromethane (15 ml). was vngorously stlrred wnth a solutlon of -
potassium ethyltrithiocarbonate (1.25 g) in water {15 ml) at room temperature for 20 minutes. The solvent.
layer was separated, washed with water, dried {(MgSO,) and evaporated to give the trithiocarbonate (122)

47

-



(3RS, 4RS) - 3-[ 1- (RS) - acet oxy- 1- phenyl net hyl ] azeti di none (107) (3.64 g) was
obtained as a solid, mp. 96-[err](needl es ex ethyl acetate/hexane); [err]
[err] 1765, and 1725 [err]ppm[err] 1.96 (3H s), 2.05 and 2.07 (6H, each

s), 2.21 (3H, s), 3.71 (3H, s), 4.03 (1 H dd, J 5 and 9Hz), 5.13 (1 H d,
J 5Hz), 6.16 (1 H d, J 9Hz), 7.2-7.® Q4H768. (Found: C, 60.9; H, 6.1; N,

3.6, S 8.4, é& Yikd: (gH 15Q600; salf'b $r0Jom N5 pAm1EDCR) 1.59 374.36 (B I 7Hz) 1.43 (s),

Prepar at i Oﬁgi %éﬁbzo%% ha D10/ A02 (e M3 5.55 (q, J 7Hz) together 3H, 5.62 (1H, d, J

- phesy| met rﬂzwwﬂmdneka\uhgabmymh Bt (Faling:- K- maezepmgn,]sNstor‘éyuues M, 265.0265).

(109) A sol ution of mchl oroperbenzm C actl d (53 53 g) in ethyl acetate (20
I

2o uton ot RERAASR e P DT BB R

The m xture was stirred at roomtenperature for 1 hour when a solid
precipitated. Th@Hm xt use 888 diluted with Byl enes Bxide (100 mM) and
the resutaing solufffonf wagl washed with saturate dlﬁgbi car bonat e
solution (2 x 50 rine (3 X 50 m). Theldrjed I\/gSO4) organi c | ayer
was cooled to [erP] and treated with ozoni sed 9/xyge &F 1
Qzone was renoved by passage of argon 50 and the m xtaogexn
resi\due was dissolved in a mxture of methanol (100 m? ano yl ene

chl ofT de (400 M) and treatg with 2,6-lutidine (40 .drops). The m xture was
stirred at roomterrperattfrlg or 10 m nutes and eélﬁ%arated to give, after

triturati on Wht BieSbddRonath 182 -Aitkébanzyl t6 Inonéhydidte 3095 A réfluxed
17l i on (;‘w szz:a,{: 2) 1R Bty iRy Lyl londhrdted 009 f weltrétaced in

The excess
The

[err]; [er r:l’]ro 2@@] geBel0hg(@itH, etlwy) acezatmtr Igurpethgrimixtire to, gide grgmzdmyt h
furt her f| &a& gﬁ\{n ef qr Erars Gfy) 3605—p 0117},8?3 t]q

55 6.43 (1f i ' >§
D20) . (Fﬁumf' Zs(%s7ss 1q§zZtJ ﬁ) éﬁ%m ﬁermtrheqw res C, Hzg
5.1; N, 4.7; S, 10 8% 60 65 43 0 041 768 Preparatlon 14(e)

(3RS 4SR) - 3- Preparation 15(f)

[ g P —— S e e
[err] (189) f Pot assi um

ethyltrithiocarborgte (1, 5%/@1-:1:\/\63 added to an i¥e- bat s cE@ted. m xture of

the sul phone (10 met hyl ene chl ori i'dl '("2‘00 ) and water (40

m ). The m xture was %,rre%j at roomt-enmperature flaryferr] hours and worked
1

up as foyg preparati ' P)\f'?}i gi v he trithioca onatLerf 10) 01 g) as a
Yel | ow gum cozcx{r@.mz CO,CH NO,

(123) (124)
¥ . . 40 . :
s The hydroxy-ester {123) (mixed stereoisomers) (464 mg} in dry tetrahydrofuran (20 ml) at —15°C was
Eold treated with 2,6-lutidine {115 mg) followed by thionyl chloride {0.08 ml) for 10 minutes. The mixture was
filtered and the filtrate was evaporated to give the chioro-ester (124) as a yellow gum.
4 Preparation 15(g}
(3RS, 4SR)-4~EthyIthlothlocarbonylth|o-3(2-hydroxyprop-2-yl) 1-{1-p-nitrobenzyloxycarbonyl-1-
triphenyiphosphoranylidenemethyl)azetidin-2-one
OH S Et OR .S SEt
N ‘l ’ »
S Y
. ——
e \r,c1 . of—'NYpph3
- cozcxiz-@-noz COZCHZ-Q—NOZ
(124) . (125)

The total chioro-ester (124) from preparation 15(f) in dioxan (40 ml) was heated with
60 triphenylphosphine (510 mg} and lutidine (45 mg) at 60° for 24 hours. The mixture was then evaporated in
vacuo and the residue partitioned between ethyl acetate and dilute agueous citric acid. The organic layer
was then separated and washed with water, aqueous sodium bicarbonate then brine. The solution was
dried (MgS0,) and evaporated then the residual gum was chromatographed on silica gel eluting with ethyl
acetate/petroleum ‘ether mixtures to give the phosphorane (125) (250 mg) as a yellow amorphous solid,

65 Vmax (CHCI,) 3600, 3450 (b), 1755, 1620 cm™.
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[frr] 3410, 1785, 1750 shoulder [err]ppm[err] 1.34 (3H t, J 7Hz), 2.10
(8H, s), 3.32 (2H, q, J 7Hz), 3.66 (1H, dd, J 2 and 5Hz), 5.65 (1H, d, J
2kz), 6.19 (1H, d, J 5Hz), 6.62 br é?]s(?' xch D20), 7.32 (5H, s). 20

Rt eparation 14(f) (3RS, 4SR)-3-[1 -( Acet oxy-1

-phenyl met hyl | - 4- et hyl t hi ot hi ocar boReparatice-16(h} ( 1- p- ni t r obenzyl oxycar bonyl -
SRR Y EEALU TSN el M b S 7
te trithi ocarbonate (110) (2.01 g) and p- ni trobenzyl glyoxylate

mnohydgate (1.0#2 g) vams emted in refluxingPhenz $80 M) in a Dean and
St:arK™ appar at |n| g nol ecul ar si eveg'h" ype 44) . so After 1 hour the
m'xture was cool e st ed \M—t-h—>t-r|ethyl En_.n ny) . N Xt ure was
kept at room s errp /étur% 15 mi nut esoand evapoFS‘q%’dNPhe
crude hydroxyester (1llc +@J -3100, 1785, 1755 [err] ASolution of
t hi onyl chloride (1.01 tetrahydrofuran (5 mM) was added, dropw se

over 5 minutes, to a stirrqdzgplution of the crud¢lBglir oxyester (111) and
2,-6-1utidine (910 ng) in dry tetra- 55 hydrofuran (60 m) at [err] The
ixture was $fihteHordhe 185 filos w{;am 1 uRE GG Rylerlel (3d0 &116H 12 A6lrs VindR evdpetingltb e
55 resi dug,,m@s% ?}; e?@‘z}arﬁ?e‘rr&zd(a £e?r?fb iutygrtamieurenemﬁazgexerﬂrﬁhgrwu)h dtlyl géetate/petreleemude
Chl or oest ethe( rhikiiyesaivirg aftanon[censisting erarr]n_x_tusfof cig 'Ej: ise er;\ofrﬁrg@qul@ (126) and a

cont\?_r/nr ndess mb'@ﬁ@d@"@hvwhmﬂ‘éﬂ Mﬁaﬁ\é ﬁﬂ{m Staslviale Z,m fg,gﬁhyﬁmf

'd"?%"%m 'Tﬁ)%: Jif pibidms P2t (zro )eﬂne 58 Irdrid Rebr viHsY
argon f3r d YEE. A\!\“@spgtmr muram&iﬁs pzm . PBAZ0AYAL 3600) 3800i(B) t O
gi’ ve aft evsot;’msormto&gralbwm (CO0R,) PHUISIIIES Ktalrkiz 11485 (t ggthgﬂe )sg@Hamxarmgm@
sold, Vrasith DGO} qaerrz .q letmaecoummmwwddé;’ '51

1 )The
Preparatrd Hz h z”[: urs 15’ . (EDCl.)
- Acet oX"’s’ ﬁ’éﬁﬁ vg?t %d@mrt%ﬁ& aHA AT 8Xty ate :
sol ution o osp orane 113 (2. 97 g) in xylene (1500 n1) was refluxed

under argon for 81/2 hours:. The mxt L&xemMQSS(dvaﬁorat ed and chromat ographed

to; give two priRRASREP-Nipeberzd 2 thylihierf2megyisuiphony éVp{‘?PF?SX"G’RS‘?'@ REIOBYREM est er

(115) (5295 ng), S obtained as a pale yellow 5(9‘4] e mp. 176-178C (pl ates
1

ex: et hyl acet exane)sg,{ err] (EtOH) 260 ( 86%%_‘: and 335 n.m
(10,650); [er Llﬂﬁ/ 5, 1690 [err] ppm [ J 7Hz), 2.06
(3H, s), 2932(2 442(1H—d'd*J4and10 512and30 5.40
(2H, ABg, J 14 6.11 ) H s
7.52 (2H, d, Jla?Hz) 8. 14 ( 2‘@%&9; (Found C 56&%@{2‘.-&6 )
C24H22N207S2 requires C, 56.0; H 4.3; N, 5.4%. TG‘& re pol ar product
the (5RS, 6SR 8SR) penem est dr2f114) (740 ny), gDned as pale yell ow

S O. id, a8 p. 1’53 soltﬁ%ﬂ:of the hydroxy-penem (126) (68 mg) indry tetrahydrofuran at —76°C under Ar was added
; a solution prepared by adding butyl lithium solution in n-hexane (1.6 N, 0. 2 mi) to diisopropylamine (20 mg)
in tetrahydrofuran (5 ml) at —76°C. After 4 minutes methylsulphonyl chioride (3 drops) was added and
stirring was continued at low temperature for five minutes then the mixture was allowed to reach room

'_i'r

s temperature. Chromatography on silica gel eluting with ethyl acetate/petroleum ether mixtures gave first
3 46 mesyloxypenem (127) (26 mg) as a gum, Vpe, (CHCl5) 1790, 1697 cm™ followed by some recovered
3 hydroxypenem {126) (21 mg) (identified by t.l.c. and infra-red spectrum).

] Example 15(b)

| (5RS) p-Nitrobenzyl 2-Ethylthio-6-isopropylidenepenem-3-carboxylate

50 .

\/OSOzMe .

i SEt SEt

55 J—N : N :

% co,CH 2—-@-1\102 . CO,CH Z-Q—Noz

The mesylate (127) (26 mg) in chloroform {2 ml) was treated at room temperature wnth 1 8-d|azab|cyclo _
[5.4.0]undec-7-ene (1 drop). After 10 minutes the mixture was diluted with ethyl acetate; washed with dilute -
aqueous citric acid then with brine, dried (MgSO,) and. evaporated in vacuo. The residue was
65 chromatographed on silica gel eluting with ethyl acetate/n-hexane 3:7 mixture. The product. zone
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(plates ex ethyl acetate/hexane; [err] (EtOH) 261 ([err] 15,930) and 339
- n.m (9840); [err] 1795, 1740 1690 [err] ppm{[err] 1.34 (3H t, J 7Hz),
2.10 (3H, s) 2.78-3. 12 (2H 040248 758* dd J 1 7 and 6Hz), 35 5.19 and
5.42 (24 18 1H,dJ6Hz 7.33

'(5H ;g;s 4 )Wnﬁi g {8 %l- thy&ace 322 nmde, B, 10H 4. 4
N, 5. 5s)2mrzﬂa qrﬁ‘ﬁasz %’? mdgﬁj 4‘” 4% s 2,,3,43” _
(5RS) - rﬁOB\D@Mmmssgé)quesBeMw%ﬂene- S | openem 3-car 15t € 40
[err]% A solution of 1,8-diazabicyclo[5.4. Oundec 7-ene (44 ny) |n dry '
rre\rhyl ene chloride %&s)ggﬁ Wa?e addeRxample d%igl se over .1 minute, to a stirred
ution of the tra i ??Vétp’%eifﬂm('i’ﬂﬂfpﬁ’@ﬂ"‘???"Eﬂ"y'atf’ret hyl ene 65

chloride (4. m) gt [err]. After stirring at [err] for 10 m nutes-the

l_iG

)

m xtwee was dil i hyl ene 45 0 04 8 c igee (10 m) and
am‘d (2 n1) prme™ (2 n Ssat ur affed sodi um
(%? 3 X 2 r‘d)

washed with 5%cityic

bi car bonat e sol ut gﬁ& led [err] organic

| ayer was evapor at ed and chr to gi v&%t wo fracepgis. The |ess
.pol ats product, the (E)-benzylidenepenemester (117) (12 ng) was obtai ned as
a yell ow solid, [err] 770, 1690 [err] 1.37 (3H, t, J 7THz), 2.73-3.25 (2H,

, 5.23 and 5 5.51 (2H, A?g J 14Hz), 6.29 (1 s)) 6.61 (1 H s),
f7375(3Hn)767(2 ’J9Hz)78580512?ﬁ m, 8.23 (2H, d, J
9HZ§"6 The utlonpoq lg) rf (] eol'ljec-t este ﬁzﬁ‘ g)‘ba‘;fn)&eag p?nrln eStv%ter( 16% 64 )
was Obﬁﬁr étPat tny ovem'a‘ﬁ pa dof ca sﬂ? b for 36 VL
acet at a.hha»an.eb ofebﬁryst](s.ﬁ »Qsi)ad d hyafdgénatdn maqn A PR xsin patiteis Yor 328
(inpgl euﬂnumn)ongfreThE]nlitBG wai ﬁmeqtemujh ngmlg[:m $qdiuin GEarlQo%hte (1.2 mg) il nades (0.12
2. 65253 g g q'geda eyawa @M JThe sqsiye wes warked 1| as in)Examplg 2 (1 H,
s), hrogive the ﬂlr’"s?"g @20 arpor '5°“F6°"9 Tg”a‘-dbzd(’é?qf”a J 9Hz) . (Found:
Mt 454ggﬁ,§ﬁa,5agrr] requi res 454.0654). Exanple 14(b) (5RS)-Sodi um
(2)-6- Benle i dene- 2- et hyl t hi openem 3- car boxyl ate [err]

2 (1 ntibacterial activity (118) The (Z) benzyl i denepenem

o5t o 1360 305 A A8 oS 0 3L

for 40 m nutes. Further catalyst (50 ng) was added and the hydrogenatlon
cont| nued! $-bactagpserinhibitasy acti®ityl % sodi um bi car bonat e sol uti on (0.93 m) was

added 18 cldsde o Jﬁﬁ\ﬂz%ﬂh@? ol %L %”P g &ﬁy DGme@dhum sal t
( 118) i@nﬁ" A {aﬁﬁﬂﬁ? y wé:s”%%fm i .’kstéa E‘Sﬁ: ?gff
21, 870 nda!bdclﬂiBGgilndTr‘a Pbdrddd B:lacts aRiémis. I eadh ciseﬂﬂé)add rﬁﬁ-tlﬁa
(2H, njompeunﬁgof(i&a}mples shows 1®a$l@mdeqs9ase ‘ﬁ tt&QMnE. 56 éSH m. 30
Similar data for the compound Example 2 are given in tables 6 to 8.

Data demonstrating the B-lactamase inhibitory activity of further compounds of the Examples in
. combination with amoxycillin are given in tables 9 and 11.

" 50
55
60

&5
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§Preparation 15(a)

1(3, 4RS) - 3- Br ono- 3( 2- hydr oxypr op- 2-yl ) - 1( 1- met hoxycar bonyl -
tyl ) -4-net hyl t hi oazeti di n-

1119) 45

$di bronosecopenicil lanate (2) (13.6 g)
3-76C. After stirring at [err] for further ten mnutes a m xture of dry

2- met hyl prop-1-en

2-one 3 Br [err] (2)
! A sol ution of nethyl &ngﬁ'ﬂegﬁﬁm brom de (2Min diethyl ether,
120 M) was added, dropwi se over five mnutes, to a stirred solution of the

in dry tetrahydrofuran (250 m) at

jacetone (5.2
{m nu¥es. The
ftreated wgh
fal | oned tg af
jevapor at efff i
iand wat er | Tl
jevapor at eg t

and tetrahydrofuran (10 M) was added dropw se
mxture was stirred at -76C for a further twenty um

B8 § B oY SISRSY S 191208 FUIRUE @ @r ke (

taai T oot enperat or et cess ~of t et FalFydior uran

h vacuo and the resi due was partltloned between et hy

bver five

hut es,

10 n1) and

was
acetate
and

ystallised

ffrom et hyBl a¢er ape rQl eu rgt Ioomlesm rdnogbs, oin p.
3130-[err] (8 ?é§ lg)gurgmat e%%gyﬁo tger Ilquor% @a\}e a further
fportion (1] 2 g) |of- product) vnm (CHC13) 3550 3400 (b), 1760,172p, 1625 (w)
[.Lerr] ppng DCTP) I.45 (3H, S) 50 I.57 (3H, S 2 04— (SHt—s)—2-61 (3H, s)
2: 26 (AH , |1 H, exchangeable with D20), 3.77 (8Ha &, 5.46 (& H s).
i( Fou und: Cel 42.5)cHan 5050 M 3.8 oSn %79 Bro 3l.8.«[d1d sequiLep C  42.6;
IH 5.5; 3@% V.9 %8, DLP Pett|Sr8qli s CF 42.%:SH! 5.5( N, 3.8;
iS, (8.7, Be ‘zm’% 60 65 46 0 041 768 Preparatlon 15(b) (3RY 4RS) and
(3 4SR) ( FFHyOroxyprop- 2 yH)=t=tt=rethoxycarbobyt—2—rethyprep- 1- enyl ) - 4
- rrethyItEozeldanOné'S Brv1 «
Hler] (11P) 1318 88828888 8 8(829 8133Tﬁe°brg)nghy'drln (119) (7
dg) in tet fs h dl;of*ur'an'*('roo r'd)-*azt* r'oom't‘errpe'rature was st+rred vj gorously
M th zincgdust (14 g) and N aqueous anmoni um acetate solution (14 ml) for
30 minutefl Thelm xturenwasfiltered and after eyaporation Nngl uo of nost
of the sofye tOtnegqglgueﬁ \Qpl egfi/mnmemhp Qcet & e} and water.
The or gang ,Ia@er was washed \?‘\?Fﬁ ﬁ/%cﬁ:y'droch ric aC|-d HSOdI un
bi car bonage $ol §tion N

- — - - *
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20 then brine. The dried [err] organic |ayer was evaporated and the product
“was chronat ographed on silica gel eluting with ethyl acetatel petrol eum
ether mxtures to give a 2:1 mxture of the trans and ci s-

hydr oxyi sopropyl azeti di nones (120) as a gum (5.2 g) [err], 3600, 3500 (hb),
1750, ‘1720, 1630 [err] ppm[err] 10304157681 42 (s), 1.46 (s, 1.50 (s)
(together 6H), 2.00 (s), 2.04 (s), 2.12 (s), 2.15 (s), 2.22 (s), 2.26 (s)
(together 9H) overlaying (% H exchangeable with D20) 2.71 (1/3 H,
exchangeable with D20) 3.16 (%H d, J 25 3Hz), 3.54 (I/, H d, J 5Hz) 3.76
(3H~’s), 5. ( 3z and- 5. 07 (o SHz)—(togetter—tH—Prepanat i on
15(c) (3RS, 4RS) | 3(R- Hydr oxypr op-2-yl) - 4-net hyl sul phonyl azeti di n-2-Jone [err]
(120) ~ (121) 40 A sol ution of -
m chl ogppper enz acid (6.4 g) in dichloronethane (50 nl) was added over
five nghutes| & i ce-cool ed solution of azetidinone (120) (cis/t|rans
mxtur§) (4.p% & @& chl %r@mh@ne, Oo Mb) v hEoMpXt WY 5 WS Kgptl at room
tenperFure B iRt¥sSand Qe théh Qeaghgd 1 whcl I8 s@t wr &t 4d
solutigp, t [h dilute sodium bi carbonate solutioff, 2hgEn drigd [err]
The soPytion WapZt hen diluted to 100 ml with dichl oronethane, coolled to

err] 8hd ozogi oxygen 45 was passed for 2 h with the tenperatyre
graduagly rijsgn
m nu then e

O

SToe/my S 313 2 (1DW/aLL

b [err]. Argon was passed through the solution fior five

TR U U)

& hol (100 m) and 2,6-lutidine (10 drops) were added.
After §1e houg m Xture was concentrated to ow volume and wirte
cr"st:a_c‘; wer |e of bred off (1.63 g) white rhonbs 205-[err] (from gt hyl
ac te [erfr¥ B8OP, 3300 (b), 1785 [err] ppm (CD3COCD3) 1.52 (6H) s,) 3.18
(3H, sk 4.0 f§l dd, J 6, 1Hz) 4.22 (1 H, s, exchangeable Wﬁjﬁ& 20), 5. 14
(1 H e J 6 8. 61 Hm ma exahangeable whtd B2050 (O i |C, §40.5;
H 6.33IN 6 & P&B.:&. [ & 1d & eBuinr & T V48 6 P 6. R 8\I,§6o*8;5 $, #5.5%.
Prepar @i on L5(H ~ ' ~A YV o2
(3RS, 48R) - 3(R8H/ & bxypr op- 2-yl ) - 4- et hyl t hi ot hi ocar bony! t hi oazet i di|n-&- one
[err] 21) 5 (122) The sul phone (121) €1.38
g) in chl of onket hane (15 nm) was vigorously stirred wwth a sol utiongof
pot assigimethyl trifhi ocarbonate (1.25 g) rn water (I5 m ) at 100 9
tenper@ure for 20| m nutes. The solvent 65 | ayer was separated, wdshed wth
wat er , Hiir iged| EMJSOH) and evaporated to give the trithiocarbonate ((128) 47
0 041 ¢H8X U 25 ¢)|{as a yellow solid; [err] 3600,3420, 1770, [err] pgm
[err] B{29 (BB § B8 (R.81571&¥)Q184@ (&) ogethep OH R.P0R(PHw 4, 4
exchanggalll e[ @ tf§ P20y~ 3828 (%,SJ§2HZ§3§5§ %,ga‘“?ﬂz)% e§h§ﬁ“§++, §.62 (1
H d, L|2Hz) g 64 [1H, basa, exchangeable With [err]). A(FouRd: M |[26%. 0269.
[err] Fgquirgs M P65.0265). 5 -
Prepargi on [L5(e) .
2
:
s + K
B S ~ 5" ' 2 + -g‘ ~t
4 <+ - O I~ O Q v ~ n -4 g ~
-l &) B~ ®®©® =~ =] C « Q ¢
3 °z+¢+<Hmamﬁ§gH D ~ 0
o - ~ 0 O 0 u n o o zgmm«ungm
n a 2}
< e |28 B 8282823003803 22¢%=
"] onnnwﬂc)ﬁw-o:wummggg-ﬁmm
- P OODA 9 €8 DU O Y S & DI S
s - ™" 0O 0 O @ 8 DL DA L I IS QO O
5 23223 8060 ad06838soS 855535
o~ s OUOOQMMEEgggUEGU’:-_gggg
,%’ O R R RGN S M I I U TRV
X : '
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”§3RS,4SR)-4-EthyIthiothiocarbonylthio-l (1- hydroxy-1
< p-ni trobenzyl oxycar bonyl net hyl ) - 3(2- hydr oxyprop- 2-yl)azetidin-2-one [err]
The trithiocarbonate (122) (1.14 g) and p-nitrobenzyl glyoxylate
monohydrate (1.95 g) were refluxe% hﬂ1296§enzene (100 mM) for three hours
W th constant renoval of water. The mxture was then evaporated and
€hromat ographed on silica gel eluting with ethyl acetate/petrol eum ether

m xtures to give the hydroxy- ester (123) (1.6 g) as a mxture of

stereoi soners- a gum vma,, [err] 3600-3200,1775,1760[err] ppm[err]1.40
(s)y"1.47 (t, J 7Hz) 1.56 (s) (together 9H), 2.9 (1H b.s., exchangeable
Mth D20) 3.9 (q, J[/Hz) overTaying 3.5 (d, J 2Hz) (together 3H), 4}85 (1
H, d, J'BHz dxalangeable with D20) 5.4 and 5.5 (2H, 2s) 5.77 25 (1H} d, J°
8Hz) 6.8| 6.37¢(1H, 2d, J 2Hz) 7.7 and 8.3 (4H, 2d, J 8Hz). Preparation

15(f) (8RS, 49RR|{1(1 tChloro-1

-p-nitr@ enzylgxyg?rbonylnethyl)-4-ethy|thiothiocarbonylthio-3-(2-hldroxypr
op-2- yR)-azdtdi & 2t gne 30 hedn(428) 0o 0 9 © © @ @ © ) NN (124)
30 The Hydr oxlyedstr| {183 (i Xe® sheTeal DnBrs) o 48430 §n583dr9/ o -
tetrahygdfofurfa® |(20 i) at -15C was treated with 2, 6-1uti ding (115 fy)
fol | oneg{ by thfedngd phloride (0.08 nl) for 10 m nutes. The m xture \as _
fril tere@|and | fi.lfrate was evaporated to give the chloro-ester (124) as
a yell og gum Z; Preparation 15(Q)

| thipthiocarbonylthio-3(2-hydroxyprop-2-yl)-1-(1-p-nitroben
phenyl phosphor anyl i denenet hyl ) azeti di n-2-one [drr]
- (125) The total chloro-ester (124) from

1
=
T
—
-

2yl oxycaf bony

(1) &

+ _
preparation 1@} E njdi oxan (40 m) was heated with 60 triphenyl phogphi ne X
(510 nyBland | &} dinpw( 45 wgh & heerp f@rg2e Mpunsy FegnBxQirt dag then
évapor atigd i n} \Thc® aed F he Resi due~par td t T omedh bet ween et ByIS agefPatle and
dilute ueoup L tdi ¢ acid. The organic |ayer was then separated and washed
Wi th waggr, apdepuds $odi um bi carbonate then brine. The solution was {dried
(MgSO4) ®nd eyfpprat ¢d then the residual gum was chronmat ographed on Jsilica
gel el ufing W th] et hyl acetate/ petrol eum ether m xtures to give the
ghospho n& (125) (2%0 ng) as a yell ow anorphous solid, 65 [err] 3600, 3450
(b), 1733, B2Q.[krr] 143
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0 041 768 Preparation 15(h) (5RS,6SR) and (SRS, 6RS) - p- Nltrobenyl
2- Et hyl t hi o- 6- (2- hydr oxyprop- 2-yl ) penem 3- carboxylate [err] 5 The
‘phosphorane (125) (1.05 g) was refluxed in dry xylene (300 nl) for 12
‘hour's, finally evaporating to dryr@<841 788, cuo. The residue was
chromat ographed on silica gel eluting with ethyl acetate/petrol eum ether :
mxtures giving a fraction consisting of a mxture of cis and trans isoners :
of t he penem (126) and a * | ess nobile fraction of unchanged .
%?horane whi ch was recovered (143 ng). Rechromatography of the penem
raction on silica gel eluting with diethyl ether/dichl oronethape 1-9 gave
the pure trans i $ongr of 20 (126) (274 ny) preceded by a 1:1 mixtufe of
cis and| trang pepe (126) (20 ng). The pure trans isonmerwas an offfwhite
solid, 8heedl ¢s9mp. |[err] (EtOH) 340 n.m ([err] 10,680) 261 n.m ([L6, 430)
[err] 00, 3590f(b) 1790, 1690, 1610 [err] ppm[err] 1.34 (s) 1. 35 (t, J
3 (s)| $tpgther 9H 1. 94 (1H, exchangeabl e vmth DZOé 9p (2H,
q, J 78 with%insdapbi )R 378 (8LH’S§, WI&P ) 8 ?43 (2H,
~ABg, JY14Hz) [8464 &1 M "dN N1/ 2 M Y. BoNall B, T9'%(4H, 3 (‘Found:
[err], o#24. 0440, |[grr]requires M 424.0718). The 25 ci sf‘trarfé mxtU'e
showedgthe fqlgowng n.mr. signals characteristic of the.cis conpolnd:

[err\]__/ m[erfrg 2.34 (s, exchangeable with D20) 4.01 (d, J 4Hz), 5.f4 (d, J

4Hz) . anpl § &5Fa—HERS6ESR—p—N-+roberzyt

2- Et hybt hi o- §(2- get Hyl sul phonyl oxypr op- 2 yl) - penem3 car boxyl ate 30| OH
Meglerr] {(426) - (127) 40 To a solutjon of

t he"hy & oxy- peﬂernﬁ126) (69 ng) in dry tetrahydrofuran at [err]unde was

added” &|sol utfi@n pg€ gpar ed by agdl n ¥I = ithi um %O|élt Lon in n- Iglex%m@ (1.6

N, 0.25) td @iilsadropwl am ae %wgﬁ &'t &rah drofuran é

[arr]
After Z{m nutleB rmedHyhsll p')'ho‘ﬂy'l" E’hl orrde {31 drop “Nas added9c d Stir&ng
i tenperature for five mnutes then the n'xture ag
m t enperature. Chronatography on silica gel elufifg
with et§lyl&lackt atle/ pet rol eum et her ni xtures gave first 45 mesyl oxypergem
(127) 6 ) as—a
hydr oxyglermgm [ 126) (P21 ng) (|dent|f|ed by t.
Exanpl g, {1¥Ib) | £5RS) p- Ni trobenzyl =
2- Et-hy|}hi®- 6} Hsopr o yI i denepenem 3- car boxyl ate [err] The mesyl ate 127
(26 ng)mn ch drofgr M) was treated at roomtenperature wth . g
1, 8- di aglabi cytko [ 8. 0% (2 )L @f #ere 19 t@swie m
was . di fg ed w &h eghyf’ acg geg—;\g d-'wgt ﬁ)di |§tea B0 r’%‘igrﬁ aci d)gt
wth bra: ne, df §Ed (MySH4) ana' evapo« ated in vacuo.. The esidue was |65
7

chromat-opgraph on s{lica gel eluting with ethyl acetate/n-hexane 3:
m xt Ure.,q The praoduct! zone 49 -

\/

| . and infra-red spectirfny. 4

Activity of Ticarc

aureus Russell

Organism
coli 0111
E. coli JT410 C+
E. coli JT39 R,
- B. colli JT20 R;
‘K. aerogenes A
mirabilis 977
P. mirabilis 889
P. morganii 1580
P. rettgeri WM16
© P. vulgaris w091l
cloacae N1
freundii ES8

P. aeruginosa Dalgleish
. aureus MB9

- K. aerogenes 1112
K. aerogenes Bad5R,_
' C. freundii BI1OR,

P. aeruginosa A

- B.

p.

E.
' 8. marcescens US20

CC.

.s.
8

Table 4

|




04041 768 crystallised on standing (8 ng) mp. 175-176 from et hyl

-acet at e/ n- hexane. [err] (EtOH) 322 nm([err] 8,100) 256 (16,070), [err]
(KBr) 1762,1720, 1675, 1600 [err] ppm[err] 1.38 (3H, t, J 7.4Hz) 1.83 (3H,
S) 2.14 (3H, s) 2.96 (2H, q, J 7.4H® 051296§nd 5.50 (2H, ABqg, J 14Hz) 6. 15
(1H, s) 7.66 and 8.24 (4H, 2d, J 9Hz)." (Found:[err] 406.0634, [err]
requires M 406.0657). 5 Exanple 15(c) . 5RS) - Sodi um
2-Et hyl t hi o- 6-i sopropyl i denepenem 3-carboxylate [err] (128)

(X29) A solution of isopropylidene-penemester (128) (5 ng) in dioxan (4
m3y_and water (1 m) was hydrogenated at atnospheric pressure over 5%

pal | adi um on carbopn chtalyst (5 nmg) Tor 30 mnutes. A further portrofp of
catal yst (5 ny) afded and hydrogenation was continued at room
tenperatupe forf 3 ihutes longer. The mixture was filtered through

Ki esel guhy. Sodlig bicarbonate (1.2 ng) in water (0.12 n) was then §dded -
and the Xt ur ¢ ~epaporated in vacuo. The residue was worked up a$ in
Exanpl e % 1(b) ive the sodiumsalt (129) as an anorphous solid (2 ny)
[err] 29G¢}n. m oal Data b Antibacterial activity 30 The

ant i bact & al 0t as ninbei- 0f sokpoBnds A& R i egi‘?q' h& Dr
Exanpl es ‘@Hgai nsit o tber of organisms is shown®i if tAbfess ¥ aBd ™0
l.err] - Laed|amase| 4n tory activity 35 The [err]-Ilactanmase i nfii bitor
act ™ty 8if thel oppolund of Exanple 1 is denonstrated by the synergi
properti € showng§j - :

goi ng

anmoxyci | 1§|n, dine, ticarcillin and apalcillin against a nunper of
[ ex+] - | abdtlamase| Br Ci ng organi sns. In each case, the addition of the
compound §if Exappl shows a marked decrease in the MC. 40 S Fmilar
data for gihe co of Franl & D anegiYed BnY &I1@s069 0183 At
denonstr gffi ng t [ - lFact arrage i b tory actd wi t9 of «fumt rerv c‘on_'ﬁbounds
of the Bgnpl es i tbi nation with anoxycillin are given in tables 9 and
11. so 58}|60 65
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S. aureus Oxford 1.6 12.5 S. aureus Russel

3.1 12.5 S. aureus 1517 100 _ S
faecalis | 100 50 S. pneunoni ae CN 33
1. 6 1.6 S. pyogenes CN 1 041 768 1.6 0.4 60

0 041 768 Table 11 AnoxycilLlin MC Values (ug/m) in conmbination with
6-Benzy|idenepenen1(118) [err] 61 0 041 768 Clains 1. A conmpound of
formula (I1): [err] or a pharmaceutically acceptable salt or in-vivo -
hydro| ysable ester_thereaf in which' each of [ery] and_+e¢;+__ﬂh+€h may be’”
t he~same or diffdrent, |denotes a hydrogen aton1 a [err]hydrocarbon gr oup
optionally substijtutiedjby a functional group, or a heterocyclic grqup; and
15 [err]™denot|éd |a Hydrogen atomor a group of the fornula -R or| [err];
in which: [8fr] dehdteqd a [err] hydr ocar bon group (other than an allkyl
group), a eroqy&llig |grou or an unsubstrtuteg or substituted [4grr]
al kyl group8ji n whi EH ®he °o bRt it ek K aBe's6l et ﬁ‘raonnﬁ"hydroxy,
hal ogen, nefcapt 4,9 dathoky, [errT éTHBx? Fer r] al Bafoy? 0®y 3 [erd] Al Kyl t hi o,
dni no, rondg} kyl gl |di al kyl ami no, @l kanol yl ant*no, [err] &l koxycar Honyl ,
and heterogyel yl tlhiq Trjoups. 20 2. A conpound as clainmed in claijm1,
wher ei n eac®| of F nd [R2, which may be the sane or different, dendtes a
hydriogen atgm or eT T ydrocarbom group optional ty substituted by a
functTonal gfoup. Alcompound as clainmed in claim1l1, wherein each of
[err] and whi W be the sane or different, denotes a hydroggn atom
or [err]hzdroca droup. 4. A conpound as clained in claim1, wherein
eaéﬁ”of Rl apd R2 gh may be the sane or different, 25 denoteg a
hydr ogen at Ojn or r]calctryb gROuPp.Q v w O 9 9w o Q §m
r~ N N o~ H m N N

= )

mi% 5

—

(5.0 ug

o

v

Ticarcil%ih g—%qmﬁgéﬁ
> 1000

MIC (ug/ml)

10
10

Ticarcillin_
Alone

5.0
25
>1000
>1000

1.
>1000
500
250
»>1000
>1000
25
>1000
25

‘Activity of Ticarcillin alone and in Combinationow

marcéScens Us20

freundii E8
C. freundii BlOR+

P. aeruginosa A
aureus Russell

mirabilis 977
mirabilis 889

cloacae N1
P. aeruginosa Dalgleish

E. coli JT410C,
S.

E. coli JT39R,

E. coli JT20R,

P. morganii 1580

P. rettgeri WM1l6
P. vulgaris W09l

K. aerogenes Ill2
K. aerogenes Bad95R,

Organism
E. coli Olll

P.
P,
E.
S.
c.

A ]

Taﬁle 8

58
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conpound as clainmed in claim1, wherein each of [err] and [err], which
may be the sane or different, denotes a hydrogen atom or a nethyl, ethyl
or-_'g-_'phenyl group. 6. A corrpound as cl@io#tl 768 any one of clains 1 to 5,,

Wf‘_i_.l’ ein one of Rl and R2 denotes a hydrogen atom 30 7. A conpound as -

ubstltut ed or substltut ed [err] aI kyl . group, or an unsubstituted or
istituted [erhdd kyl-t hi o .group, the.substituents of said al kyI and -

__al-b.gyl thio gr Oupm_ngmagéﬁ(ft eﬂlcf aqmu p%ggﬂéy ,mh:%lnm«;&onrrer capt 0,” ‘carboxy - - -

[ efrt! koxy, [err]al ka al kyI am no, . -
di & kyl ami no, al kanoyl am no, ﬁh&bé&ﬁhﬂm&bonyl groups 8. A -

corpound pas—ga-rs

hy%rogen at om 'an am norreth ,am noet hyl , et hyl t hi o, et hyIth| V
2- &m noeffhyl tihi 2- hy 0¥y h tBI getJ;\yL.., athyls ageka dQet.bylo r
p’y’r’i dylthio 'gr%%. %cem%und as%cl @i ned in" c%% = gelrgc@edcf ronmvt e
or {a %arnaceutlcaﬂ y alceptable salt thereof: 40* * *
Ryl i denes J-et Ayl t hi openent 3- car boxyl i c_aci d: o
yl i den& 3- et hyl t hi openem 3- car boxyI.,J C aci d _ _ ~
yli deBpgnem Rcgrbegxylig dtig, g ~ 9 a 2 8 8 ¢ ¢
yl i deR; 3- n- propyl p‘énem% carBox§lic a0|§d RS % 2 ﬁ% v
ene-{2- (2-lacet am doet hyl t hi 0) penem 3-car boxvl ic a_ci d. . 45 -
yl i deneg 4- net hyl penem 3- car boxylic aci d; . . ~
ene-12x(R-{pyri & ghi g) pengm-3- gardoxyl gc gc dg e @ @ 9 8 o
erz2&>_|ari nd2t hyl €hi o) Benenf'3-€ar boxylgic ~acl da-g % % v
zyd ilderte-[2- et hyl t hi openem 3- car boxylic acid; -and _ 1
6 I;.sopropylﬂ deney 4- ehhyl t hi openem 3-garboxylic acid. 50 10. The conmpdund. - "
6-'ef hyl i cer‘ga_-z 3 Hyl sulphignygpehegr Fcgrbpxy ie arid o & pgagageu-ti @lll'y =
accept ablle w43l Fr Her eof™ 11.2A pr§cess"fo‘?' the prdpar ation 2f Eonpounc as .
clal med ijn $llai M1l which process conprises. ei t her: (a) el i i et fon of tlhe
el ejnants of‘:e ound of the fornmula H X froma conmpound of fornmula (IIfl):
55 ? C s " .3 6d ¥ 041 78 wn which [err] and R3vwake |as
def{ ned iln & @51, % c&nd’t e€ £ 18a¥ n§ gRof, SarRl Rerg] :Qde%ot%sga %y@rqgen
=
.atagn 2 _
g 2 0 o~
Slees|~8g=8~“8 23" "3rg8g§8%9"
n A A R
ol @ o - .
Ta x ) | %
+ -
; : & - o + K
E + + l’: g - 9 Vv A a ~ - '9“ -
I | sesscceglige-a-fci<f%.
3 c T L 8 a0 2 2882585538828
: g s%‘*h:::gh%%ﬁvaﬂﬂgé =
5 = 23235538 f¢EEER R DY G
IR EEEE R R R R EREEEE R ]
S S M B I S I IS I
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lerr],
rand [err] are a
‘different from
sthiol
gstep (a) or (Db)
ssteps: (1) reno

jester. 12. A ph
iclainmed in any
icarrier. 13. A
tadditionally co
i conpound as cla
i medi canent- for

i medi canent havi
{X. Conpos6 de f
CO02H 45 ou un s
du point de vue
i peu t Atre id
hydr ocar bone en
ou un groupe h6
‘deNormule -R-

“qu' un groupe al
.C-.10 substitu6
-sont choi si's pa

mer capt o, carbo
Cl.6, amno,

ta conmpound asclp

s defined above, and_[er

the group [err] ([erQ]%'Q

if necessary,

val

[err] 15 in which [err]

denotes an organi c group

one or

[err] 20

B defined as inclaim1); with a
of formula (1X) or a reactiverdg{diwgive thereof:

carryirng out

and, after

nore of the foll ow ng
: Brcathy MTAr vabaels Bl 04 NFor O K¥Xidéhédene@BVert i ng t he.
jproduct to a pharnaceutically acceptable salt or in-vivo hydrol ysable '

armaceuti cal conposition which conprises a conpound as
bne 0T<§Ialns 170 25 I0, an a.gqﬁgnaceu Tcal Ty gcceptable
bhar mac@f 28" conposition hSBPAed | n TI™MPE2,| whi ch
mprises a penicillin or cephal 6k%rin.| 14. (H®)usg of a

Med TN any one ol clarns IJto0 10 Toripe preparatrjon of a
[ he preatoent of a bacterial infgetiont 30 _ 15. [The use of
i red 1 n any one of 'clainms fL to forthe preparatijon of a
ngEf éihpepgclabmse inhibitoly at®?vity| Reverdi catfi ons 35
Dr Bule»1(dl PL11R1 1 ~~~xP R2</ | >R(I 40 O
el g0l 441 g%t 86 gwydrol ysable|in ygyo defcel ui-ci, Ijcceptable
pFar ceutique, dans |aquelle: cg cun} des g% et R2, qui
P rd%§§ g%gdiffGrents, est}un at %% dj hydr éhe, un group
CX. .aeogenedet | enent subst|tuel®r un|groupe fondtionnel,
| 6POGHidabques o7 et R3 est pn atowe d' pydrogene oy un groupe
DUp- %%%r;.ganEiRI &g un groupk hydgocarbpne en C .1Q (autre
bOéfe , _un groupe h6terocyc|ique, ou up groupe al doyle en:

ofi* Att9853t W 8 dans | eqliel FOQ subftituams edentuels
- P. wuligadisaWo BAdr oxy, un ft oneo@' hal pgene, -un grjoupe
KYP., Ad&a6in88a G - 6, al canoyfoxy, &% en |CL.6, _alcqylthio en
WDQQatIy% ilmﬁﬁgxg’cr ciloal coyl af N0y o al capoyl am no,

S. marcescens US 20 100 -

S. sonnei MB 11967 100 . -

B. subtilis A 12.5 25 _

$. aureus Oxford 1.6 12.5

S. aureus Russell 3.1 12.5

'S, aureus 1517 100 -

S, faecalis I 100 50

S. pneumoniae CN 33 1.6 1.6

~ 5. pyogenes CN 10 1.6 0.4

60

#or a carboxyl - bl ocki ng group; or (b) when R3 denotes a group of the forml a -
reaction of a sul phoxide of forrmula (Vil):




%lcoxy(CI _qg)carbonyle et h6t6rocyclylthio. 2. Conpose suivant |a
;

‘evendlcatlon 1, dans | equel chacu ﬁgﬁ 5% et R2, qui peuvent etre
Ldenthues ou differents, est un ato d 9drogbne ou un groupe

tydr ocar bone en C .10 eventuel | eggBieSHpSti tue par un groupe fonctionnel.

3. Conpose suivant |a revendication 1, dans | equel chacun des R et
P, qui peuvent MfoxyciddosiMiccyaduesdi tﬁqa’helnt dp_esnbinptdicone d' hydr ogbne
ofi- un_groupe hydrocar bonéth efrBenzydidenepanegodd1&)ij vant | a revendication 1,

%I equel chacun des R -et R2 qui peuvent etre identiques ou differents,
n atorre d' hydr ogbne ou un groupe alcoyle en C1_3. 5. Conpose suivant
B reven oR—L i

ifentiqu as,,.ou- 65 dlfferents, est un atone d' hydrogbne, ou un group
et hyl e, | ehy e:ou phenyle. 63 | 11111111111111 11111 IN11 0 041 {768 6.

Cpnpose suyvant &l 'fure quel com;]ue des revendi cations 1 A 5, dansN.I equel 1" un
dgs R el 52 st Un vatgrre ' Iy dg ogb m?*n Sorgogegs i vgn @eaqspel onque
Ps reve 1diccati§ns 1 a6, ns «egu R3 est wirrabone qgg ne, uhn

gioupe alcayl e én |C1-10 substitue ou non- substi tub, ou un group. al coylthio
enh Cl -10]5gupstHitjue ou non-substitue, |les substituants de ces groupes
d{ coyl es e a coyl{thio etant choisi parm des groupes hydroxy, hal ogene,
Brcapt o] @ar poxysTattoxy en CIf, al canoyl oxy en C,_6, alcoylthio enl Cl1_6,
dri no, npnqal foyl gm no, dial coyl anmi no, al canoyl ani no et

afj coxy(Cl Sg) chronyle. 8. Compos6 suivank | une quel conque des o w
gyendi cat chns T A & sdagsd ellusl oR3 astnup & ageod' VAT eglnes od Wn groupe
#i non6t hylse, | am roet [Pl &, 2ret HY1 BhiD, et hyl i, 2 annB6@nBtHMi ¢, - 70
hydroxyethyy thi®, [methyle, 6thyle, ac6tam do6thyle ou pyridylthio. 9
Conpos6 guisaht@l g revendication 1, choisi parm Ies acides suivants| et

| 2urs seljs acfept gbl es du poi nt de vue pharnaceuti que: acide
62 ( Z) - 6t yH-eore—A—ethytthropen&mS=carboxytque—acide-

64(E) - et m;ﬁl i dene- 2- 6t hyl t hi op6nem 3- car boxyl i que; 15 aci de
64(Z)-6thyli nepdnemS carboxylique; acide

6:4(2) -6t hyli dbne- 2 n~ gy ehem 3- car boxyl i aci de

6det hyl i gene- '&%( 2- acet% t'hygt Bi @p%ngn%ﬂ: ngﬁ §u8 & &Jg 3
adi de 6- (2) - 68y i [dene™22m& hyl P6Berfi R clr 50311 qffe;” -
6316t hyl i dene-2- (2-pyri dyl t Hi o) p&ném 3-tar boxylique; 20 * i te
63(2) - benzyl itene-{2 et hyI t hi open&m 3- car boxyl i que; et acide
65§i SOpPr of H+ghre=2—et ||yT i openenyS=cat UU)\yI roueT
-3 Pl
i 0
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10. Acide 6-6thylidine-2-ethyl sul phinyl penbm 3-carboxyl i que ou un sel de
telui acceptable du point de vue pharmaceutique. 151. Proc6d6 de
preparation d un commpose tel que defini dans |a revendication 1, |equel
proeced6 25 conprend soit: (a) Ilidria@t i#gg des 6l ements d' un conpose de
fQmule HX A patir d un conpos6 de fornule (I111): R1 X2 C30

R Claims 3t ¢t e (ren)
?Si1IR 35 ns laquelle RL, R2 et R3 sont tels que dMinis
dans | a rb%e‘f?ﬂ"pcg'é'lucéﬂ’"fﬁaiﬁest Ufl groupe nobile, et R est un 40 atome

d' hydgogene ou un groupe bl oqu t la fonct |chxp carboxy; soit (b) lorsque R3
est un groupe de fornule -SF\’2, r eacts un sul foxyde ode fornul e
(Vill): R 45 1R
3 (VIl]) 50 0 nsIaqueIIeRI, R2 et R (gont
tels gue definis plus haut, roz#gs organi que diff6rent du
group. 55 R (R etant tel que d@fl ni dans I vendi cation 1); avec un

t hi ol dsafmamhwtn(allv()mwmader inwtvohgdrolysablecbstectbbradf; ioiwhicRa- SH

€1 X) 60 epachafiy'andR? ‘G'J ay bg thegame py)diffecgnt, derjojes @ §ydregdn aiogad {Ce-roltygdrocarbon

-eal i sga&’?‘ggf’pf}‘ Eﬂ‘g 't'df ‘fmﬂori'; P§ 9?#‘ °éta§j' 'éé?‘%“ﬂ? t‘ﬂ égd (i)

|* 6limna \BR)@Q’H@n :fo é?ﬂél@,ﬂfgr uﬁ), a%EéTrdc%?ic GRdUBO¥Yan (11)
[a conumeststrited lor pua&wtdd (€], HkyS gro u;Dlih WﬁchGSFEeetEptl Biydll lsObsyituakth Qre $eleéted Grom
acce\pt’etbhewdu hpigmt mercm traoxvac@uis)a . LC1-s)alkanollev. latkyithiap n amino,

phar ﬁ?”é i 1w o a"*"i? 5'“% §B ot
reverfl o%ﬁotew"ylﬂ&’b“ m%‘ %j}ﬁ%‘” m%}:{ %ﬁ, %ﬁE o o
phasfraceus, | Kiddfhpound 4Ia med 2, whictbm ti@ﬁm@ r different,
Conposidenaias pingiragert atatni ot @ €C,Sihydreriarbba groep.endi cation 12, qui conprend de
pl us une ofipPYndAs cligigned in claim 1, wherein each of R' and R?, which may be the same or different,

25 denotes a hydrogen atom or an (C,_glalkyl group.

5. A compound as claimed in claim 1, wherein each of R' and R?, which may be the same or different,
denotes a hydrogen atom, or a methyl, ethyl or phenyl group.

8. A compound as claimed in any one of claims 1 to 5, , wherein one of R! and R? denotes a hydrogen
atom.

20 7. A compound as claimed in any one of claims 1 to 6, wherein R® denotes a hydrogen atom, an
‘unsubstituted or substituted (C,_,¢)alkyl group, or an unsubstituted or substituted (C,_,o)alkyithio group,
the .substituents of said alkyl and alkylthio groups being selected from hydroxy, halogen, mercapto,
carboxy (C,_glalkoxy, (C;-glalkanoyloxy, (C,_g)alkyithio, amino, monoalkylamino, dialkylamino,
alkanoylamino, and (C,_g)alkoxycarbonyl groups.

35 . 8. A compound as claimed in any one of claims 1 to 6, wherein R® denotes a hydrogen atom, or an
aminomethyl, aminoethyl, methylthio, ethylthio, -2-aminoethyithio, 2-hydroxyethyithio, methyl, ethyl,
acetamidoethyl, or pyridyithio group.

9. A compound as claimed in claim 1, selected from the following or a pharmaceutically acceptable salt
thereof: .
40 6-(2)-ethylidene-2-ethylthiopenem-3-carboxylic acid;
6-(E)-ethylidene-2-ethylthiopenem-3-carboxylic acid;
6-(2)-ethylidenepenem-3-carboxylic acid;

\_~  6-(2)-ethylidene-2-n-propylpenem-3-carboxylic acid;
6-ethylidene-2-{2-acetamidoethylthio)penem-3-carboxylic acid;
45 6-{2)-ethylidene-2-methylpenem-3-carboxylic acid;

6-ethylidene-2-(2-pyridyithio)penem-3-carboxylic acid;
6-ethylidene-2-(2-aminoethylthio)penem-3-carboxylic acid;
: 6-{Z)-benzylidene-2-ethylthiopenem-3-carboxylic acid; and
6-isopropylidene-2-ethyithiopenem-3-carboxylic acid.
50 10. The compound 6-ethyliderie-2-ethylsulphinylpenem-3-carboxylic acid or a pharmaceutlcally
acceptable salt thereof,
11. A process for the preparatlon of a compound as claimed in claim 1, which process comprises

either:
(a) elimination of the elements of a compound of the formula H—X from a compound of formula (lll}:
55 .
1
\ /
: ' R/ \ s R3
60 . :
_— . : (111)
o | et . |
4 CO,R
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-%Jne c6phal osporine. 14. Utilisation d un conmpos6 suivant |'une quel conque
ddes revendications 1 6 10 pour | a pr6paration d' un nedi canent pour |e
draitenent d une infection bact6rienne. - : 5 15. Utilisation d un conpose
?"itsw vant |'une quel conque des revend &4} J68 1 3 10, pour |a preparation

\gd un nedi GNKRAR', RYAER® 408 RAkddYH didim §, X dahdtd atlbéqnlggﬁ:u!: %nd ﬁ’dkﬁ&és‘%%gen atom
FPat ent ansqn'ra.bal‘hexyl-ﬁlockmgﬁlgrodﬁl, ae Ver bi ndung der For nel

:-"f. * (b) when R® denotes a group of the formula —SR?, ractiof of a sulphomde oiSormulaRthlE R

B Y 1
$c02420° oder ein phar mazeut i sch 1ert ragl i ches il z oder ein in-vivo
ydrol ysi erbarer Ester davon,z wopei : jede der uppen R et R2, welche
Pl eich oder verschieden sei Rkenfgn, ein Massersgldf f at om darstel It oder
¥ine (CL.-0)Kohl enwasser st of fgrup ebemenfal I s substituiert durch eine
# unkti dRel l e Gruppe, oder eine het¢rocyclis¢he G-uppe; und R3 ein
AMasserstof fat om oder ei ne Gruppe dér Fagrmel |} Ra oder -SR bedeuut et!YITH
el cher: 25 R eine (C O)Koh/ nwasser st 0 fg %nppe (aber keine

khe

.' kyl gruppe), eine heter ocycl i scRe Gruppe oder unsubstitui erte oder

FUbst i t76i ertehg:l rup eb%bedeut 95?(‘ t| n wel cher di e fakul t%tlvenn
Bubst | tue gp%ﬁa s an of e group R*
Lar tQIX/y- , %%Xﬁ X "ﬁ 'a"(‘ w' hﬁl E%‘noéy o%?-'x’ ?'d re \ﬁt{ghya[ Te‘?'e'%qram no-,

Hbnoal kyl am no- Di aI kyl am no- Al karaygam no-, {Cl1. 6) Al koxycar bonylﬂx)

4ind Het2er ocycl yIth| ogru 2. Eine Verbi ndugﬁ wie in Anspruch 1
BHeanspructh®: affems;%o?f:any j{mx el rcam@maj } OCP BfJPYR ofthe [aflewirg sterge| che gl ei ch

dér’ ver schigydeteatiy i aan 2 BhamaR G L &h
4 Cl. 10) Kohl Glav)ﬁ;ﬂﬁeﬁ:ﬁ&&igl rI torﬁﬁddﬁ@ﬁw& Ysatc%fp{:re‘éouﬁﬂ $Ié|%wﬁ%;s&ée e al%'ﬁ'o
Funkt i omeld endar phppegceutiaally taglebthble SarrideOne  Ver bi ndung wie in Anspruch 1

Beanspruc ht 13, Aphaemaceiical corprosigian asclaimgsdmclaim 12nwhigkraddifienatiheomprriegs@tpenicitin or

' hi ed®
g;_s g:_ OI) ﬁ olah ggﬁgg;%ﬁg{% gﬁuﬁﬁﬁ% 9 rn ani%nelol c?almgqgéo‘?or 9\7 &eBarat dmnoé a Vrr\lne%lcament

Anspruci 1 beanspsewehtompotndee bisias mjaﬁﬁi&uedﬁéla:ﬁ& W00 For e pruparafith, of WRkdibnent

4l ei ch odeaving @riagtdmagefiohibitasy srtikibthnen, ei n Wasser st of f at om oder ei ne

- 44 Bo) A I%L iRRGs darstellt. 5. Eine Verbindung wie in Anspruch 1

~ feanspruc I'n wel cher j ede der Guppen R und R2, welche gleich oder

_ }_'erschiagden1smnmo§éajari@rm|eqn)n Wasser st of fat om oder ein Methyl-, Athyl-, oder
#henyl gruppe 40 darstellt. 6. EineiVerbindung wie in einemder Anspruche 1
i s 5 beansprucht, in wel cher ei ng der bei den uppen R und R2 ein
asserstof fatom darstel | t. BrEyer bi ngRWi e in einemder Anspruche 1
Jis 6 hgansprucht, in welcher K e T'VEF;er toff- atom eine

#nsubstituierte oder substituierte 1) Allkyl gr uppe oder eine (11)
#nsubstituierte oder ' 7N

5'; 0 COzﬂ

g

3 - 45

ou un sel ou un ester hydrolysable in vivo de celui-ci, acceptable du point de vue pharmaceutique, dans
laquelle:

chacun des R’ st R?, qut peuvent étre identiques ou différents, est un atome d’hydrogéne, un group
hydrocarboné en C,_,, éventuellement substitué par un groupe fonctionnel, ou un groupe hétérocyclique;

50 et
R® est un atome d’ hydrogene ou un groupe de formule —R® ou —SR?; ol
_ R*estun groupe hydrocarboné en C,_,, {autre qu‘un groupe alcoyle), un groupe hétérocyclique, ou un
groupe alcoyle en C;_,, substitué ou non-substitué, dans lequel les substituants éventuels sont choisis
parmi un radical hydroxy, un atome d'halogéne, un groupe mercapto, carboxy, alcoxy en C,_¢, alcanoyloxy
55 en C,_¢ alcoyithio en C,_g amino, monoalcoylamino, dialcoylamino, alcanoylamino,
alcoxy(C,_¢)carbonyle et hiétérocyclylthio.

2. Composé suivant la revendication 1, dans lequel chacun des R! et R?, qui peuvent étre identiques ou
différents, est un atome d’hydrogéne ou un groupe hydrocarbonéen C,_., éventuellement substltué parun
groupe fonctionnel.

60 3. Composé suivant la revendication 1, dans lequel chacun des R' et R?, qui peuvent étre ldenthues ou
' différents, est un atome d’hydrogéne ou-un groupe hydrocarboné en Cy_yo.- .

4. Composé suivant la revendication 1, dans lequel chacun des R'. et R? qui- peuvent étre ldenthues ou

différents, est un atome d’hydrogéne ou un groupe alcoyleen C,_3. - -
L 5. Composé suivant la revendication 1, dans lequel chacun des R’ et R2,.qui peuvent étre |denthues ou.- -
65 différents, est un atome d’hydrogéne, ou un groupe méthyle, éthyle ou phényle.

-' ) /
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5 substituierte (g, O)AI kyl t hi ogruppe darstellt, wobei die Substituenten
fier genannten Al kyl - und Al kyl t hi ogr uppen ausgevx/ohl t sind aus Hydroxy-,

Al ogen-, Mercapto-, Carboxy-, (Cl_6)Al koxy-, (Cl_..)Al kanoyl oxy,

,_C _O Al kyl t hio, Am no-, Mbonoal kyI am'mcu41 68 kyl am no- Al kanoyl am no. und

: CI Al kox Ver
h einem ( fgg Dﬁ%"ggl‘r Bﬂ?g ﬁﬁgi)fﬁu?f‘r‘ﬂcat"ﬁ"ﬁ Rt ﬂaﬁ‘é eqlf'él?é" ﬁ set'ﬂ) PR 00
\isser st of f & errco 6 sGivaHR I'ORd QEUIERhELE! des rEVENBRAIORY b -5 6,MRInE Ydqubli B est un atome

At hylt hi o- , d'RedAugineo ab Byoupdaionyleden Gilyiel subsitad by hbdsubstitudy/Bl ly Igrqupd\tibyithio en C,_,,
\cet-arm doats $muecmre\°n tlwyllesrﬂub«qr e'e desrasoupe$ elcoylys eiopyithieétantstieisi gparmii ges n

Anspruch 1§88 ‘éPﬁ d@Fey 8p @FHCP%‘@ ‘}YMP?;SUHQ@HV'W%‘?“ Gten
on aco Em mm canov amino etalcoxy carbonyle

bhar mazeut | SC & &’5 revendlcatlons 1 3 6, dans lequel R?® est un atome

b- (Z) - At thIdﬁth?neaB Yiht ik blﬁ:ﬁed?ﬁm ReinRtyie, méthfithio, éthyithio, 2-aminoéthyithio, 2-

= ( E) At hwl hvdenvezwahlh.yhetwleo pnbvlemsarmaadﬂmmedvlmﬁ
-Athylid g?@mm guvegrlﬁmgd@pgon 1, choisi parmi les acides suivants et leurs sels acceptables du
e
s

(2

:{2)-Ath |‘?° N J4

..-{At%ylldgn gé. %15& %EM% @gﬁﬂ% rbonsaure;
60

- (2) - At h,ygl i dm@-(thmmm&wmmeure .

6 At hyl i den A e::’g . -

5- ( Benzyllaaae §%ﬁ‘b W m&&aﬁ & und

5- | sopr oyl i deéide%-@ﬁ-lhyi ne.peﬂ.em ﬁaﬁ B@w.qrue,et 10. Di e Verbindung

5- At hyI | den- Za¢l¢dﬁy1$®cdpflidé PpéthgtiiopérdarHar®ixyliaes. oder ei n- pharnmazeuti sch
o~ 65&%4% - gﬁﬁfﬂ'ééne%twsam-amenew cathayylique qy up g9 dg E:i gocgptalis gy point de
ler f ahren 21 re Ve n

el ches \éera‘oa,b;eams ?g'ig%agént e OS'Ilptg %g{a ﬁ?#gaféﬁh' %aﬁ‘?v\%ag el %ohéarb%ﬁﬁlt{ﬁ%%e
der El enent e @) Néimindgohdasdiengnts dlun canpask dé-lfq)(naels—eumnra/erdmmpdsmfdmule (m:
ormel (111): 5 1 _ |t \ r
R R e -(111) 2r

(OR in wegjcher Rt, R2 und R3 V\hé/lch Anspruch 1 definiert sind, X eine

: lbspal t bare Gruppe bedeutet, und Rof f at om oder ei ne
?‘rboxyl Hemgr uppe dar st el I t; oder
st, die Ursetzung eines Sul foxids der (M11): 20

35 // N \CO ®

0 2

dans laquelle R', R? et R® sont tels que définis dans la revendication 1, X est un groupe mobiie, et R* est un
40 atome d’hydrogéne ou un groupe bloquant la fonction carboxy; soit

- {b) lorsque R? est un groupe de formule —SR®, la réaction d’un sulfoxyde ode formule {(VlII):

rt
- R
d R -_c\ s tg13 _
: : : Nl Tr (VIII)
50 -o/ '\Co Rx .

dans laquelle R‘ R? et R* sont tels que définis plus haut, et R'® est un groupe organique différent du groupe

55 R"(R' étant tel que défini dans la revendication 1); avec un thiol de formule (IX) ou un dérivé réactif de
celui-ci:

R* — SH {IX)

- 60 et,aprés|'étape (a) ou (b) si cela est nécessaire, la réalisation d’une ou de plusieurs des étapes suivantes:
(i) I'élimination d'un queiconque groupe R* bloguant la.fonction carboxy

~ {ii) la conversion du produit en un sel ou-un ester hydrolysable in vivo, acceptable du point de vue
pharmaceuthue

ﬂ' e . 12. Composition-pharmaceutique qui comprend un compose suivant I'une quelconque des revendlca
‘ 68 tlons 1 2 10 et un support acceptable du point de vue pharmaceutique.

A A
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(VIII) co 2RX 30 in wel cher R, R2 und RMw e oben definiert sind, und R13
seilne organi sche Gruppe ist, welche verschieden ist von der Guppe R (wobei
R wiein Anspruch 1 defini ert ist), mt einemThiol der Fornel (1X) oder

.ei'nes reaktionsfihigen Derivats der S&I1Q#h:768%

RKk- SH 13, Composition pharmaceutiqu sunvant la revendicatiér ?quﬁ%préﬂdé‘gﬁgméﬁni@mmgbyf e
(a) oder (bae,cef,mdsﬁormetwenglg I @ Durchfuhrung ei ner oder nehrerer

f ol genden Sctuai Gtiigatiog ) Evtbdosé sibvang lege wivenquealiehoxenickionsiyd tppeir R prdkﬁratlon

(i Uman d'P'EJ d'%@"ﬂ?@dlﬂl@ﬁﬁ”ﬂ?‘iﬂép‘?ﬁ' giofdeasiienase h rtr ?%I ches, Sal z oder
eii an i n- 5V :%y gpm ﬁgﬁig‘uo lco I ﬂ;g :Bg\gp lgﬁs[ ‘}:q,]gour la preparation
Zusa_m“rense zung vve e el ne g, W e I n eitnemder Anspruche 1 bis 10
beanspr uchpstentardp@ttioen phar mazeutisch vertraglichen Trager enthalt. 13.

Ei ne pharnazeutische Zusamensetzung wi e in Anspruch 12 beansprucht, welche
zusat zI i #h eimERn%VesRindyp des fiemidP: Cephal osporin enthilt. 14. Die Verwendung
ei.ner Verbindung wie in einemder Anspruche 1 bis 10 beansprucht zur
Herstel l ung ei nes Medi kanents fOr i:‘dl e Behandl ugg ei ner bakteriellen
JJnfektion. -15. Di e Verwendung e{ Ver bj-BdupB8 wi e in einem der Anspruche
1 bis 10mbeansprucht zur Herst®[l un es di kanents m t

P3-Lact amase- Hemmwi r kung. 50 55 60 5

(II)
A (o) Cozn

20 oder ein pharmazeutisch vertragliches Salz oder ein in-vivo hydrolysierbarer Ester davon, wobei:
jede der Gruppen R! et R?, welche gleich ader verschieden sein kénnen, ein Wasserstoffatorm darstelit
S - oder eine (C,-,o)Kohlenwasserstoffgruppe, gegebenenfalls substituiert durch eine funktionelle Gruppe,
o oder eine heterocyclische Gruppe; und
R?® ein Wasserstoffatom oder eine Gruppe der Formel —R® oder —SR® bedeuutet, in welcher:

25 R® eine (C,.0)Kohlenwasserstoffgruppe (aber keine Alkylgruppe), eine heterocyclische Gruppe oder
eine unsubstituierte oder substituierte (C,_y5)Alkyigruppe bedeutet, in weicher die - fakultativen
Substituenten ausgewdhlt sind aus Hydroxy-, Halogen-, Mercapto-, Carboxy-, (C,-g)Alkoxy-,
(Ci—e¢)Alkanoyloxy-, (Cy_g)Alkylthio-, Amino-, Monoalkylamino-, . Dialkylamino-, Alkanoylamino-,
{C,_s)Alkoxycarbanyl-, und Heterocyclylthiogruppen.

30 2. Eine Verbindung wie in Anspruch 1 beansprucht, in welcher jede der beiden Gruppen R! und R?,
welche gleich oder verschieden sein kdnnen, ein Wasserstoffatom oder eine (C,-,o)Kohlenwasserstoff-
gruppe gegebenenfalls substituiert durch eine funktionelle Gruppe, darstelit.

3. Eine Verbindung wie in Anspruch 1 beansprucht, in welcher jede der Gruppen R' und R?, welche
gleich oder verschieden sein kdnnen, ein Wasserstoffatom oder ein (C,.,o)Kohlenwasserstoffgruppe

35 darstellt.

4. Eine Verbindung wie in Anspruch 1 beansprucht, in welcher jede der Gruppen R! und R?, welche
gleich oder verschieden sein kdnnen, ein Wasserstoffatom oder eine (C,_g)Alkylgruppe darstelit.

8. Eine Verbindung wie in Anspruch 1 beansprucht, in welcher jede der Gruppen R' und R?, welche
gleich oder verschieden sein kdnnen, ein Wasserstoffatom oder ein Methyl-, Athyl-, oder Phenylgruppe

40 darstellt.

6. Eine Verbmdung wie in einem der Anspriche 1 bis 5§ beansprucht, in welicher eine der belden
Gruppen R! und R? ein Wasserstoffatom darsteilt.

: 7. Eine Verbindung wie in einem der Anspriiche 1 bis 6 beansprucht, in welcher R? ein Wasserstoff-
NS - " atom, eine unsubstituierte oder substituierte (C,_,p)Alkylgruppe oder eine unsubstituierte oder
. 45 substituierte (C;.,o)Alkylthiogruppe darstellt, wobei die Substituenten der genannten Alkyl- und
Alkyithiogruppen ausgewahlt sind aus Hydroxy-, Halogen-, Mercapto-, Carboxy-, (Cs-g)Alkoxy-,
it {Ci_g)Alkanoyloxy, (C,_g)Alkylthio, Amino-, Monoalkylamino-, Dialkylamino-, Alkanoylamino und

*,, {C,- s)AIkoxycarbonylgruppen
£ 8. Eine Verbindung wie in einem der Anspriichhe 1 bis 6 beansprucht, in welcher R® ein

s0 Wasserstoffatom, oder eine Aminomethyl-, Aminoéthyl-, Methyithio-, Athylthio-, 2-Aminoéthylthio, 2-
Hydroxyéthylthio-, Methyl-, Athyl- Acetamidodthyl- oder Pyridylthiogruppe darstelit.

9. Eine Verbindung wie in Anspruch 1 beansprucht, ausgewahlt aus den folgenden Verbmdungen oder
ein pharmazeutisch vertragliches Salz davon. .
i 6—(2)-Athyl|den-2-athylthlopenem-3-carbonsaure,
: 55 6-(E)-Athyliden-2-5thylthiopenem-3-carbons§ure:
6-{2)-Athylidenpenem-3-carbonsiure;
i 6-(Z)-Athyliden-2-n-propylpenem-3-carbonsiure;
g . 6-Athyllden-2 (2-acetamidoathylthio)penem-3-carbonséure;
A : 6-(2)-Athyliden-2-methylpenem-3-carbonséure; '
60 6-Athyhden-2—(2-pyndylth|o)penem-3-carbonséure, L
: 6-Athyliden-2-{2-aminoathylithio)pemem-3-carbonséure; L
6-(Z)-Benzyliden-2-athylthiopenem-3-carbonséure; und
6-Isopropyhden-z-athylthlopenem-3-carbonsaure

10. Die Verbindung ' 6-Athyl|den-2-athylsulf' nylpenem-3-carbons5ure oder eif” pharmazeutlsﬂ::'
~ 6§ vertragliches Salz davon.
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11. Ein Verfahren zur Herstellung einer Verbindung wie in Anspruch 1 beansprucht, welches Verfahren

die folgenden Schritte umfalit, entweder
(a) Eliminieren der Elemente einer Verbindung der Formel H—X aus einer Verbindung der Formel {ll1):

\/
R“'\\ NG

(111)

4¢r——-ﬁ co_R*

(o) 2

in welcher R, R? und R® wie in Anspruch 1 definiert sind, X eine abspaitbare Gruppe bedeutet, und R* ein
Wasserstoffatom oder eine Carboxyl-Hemmgruppe darstellt; oder
(b) wenn R® eine Gruppe der Formel —SR® ist, die Umsetzung eines Sulfoxids der Formel (VIlI):

1

R
), | ;
R _c\ s SRl
l \n/ (VIII)
N
X
_ 0 | cozn

in welcher R', R? und R* wie oben definiert sind, und R'® eine organische Gruppe ist, welche verschieden ist
von der Gruppe R?® (wobei R®* wie in Anspruch 1 definiert ist), mit einem Thiol der Formel {IX) oder eines
reaktionsfdhigen Derivats derselben:

R*—SH {1X)

und, im AnschluB an Stufe (a) oder (b), fails notwendlg, die Durchflihrung emer oder mehrerer der
folgenden Schritte:

{i) Entfernen jeglicher Carboxyl- Hemmgruppe R;

(ii) Umwandlung des Produkts in ein pharmazeutlsch vertragliches Salz oder einen in-vivo
hydrolysierbaren Ester.

12. Eine pharmazeutische Zusammensetzung welhe eine Verbindung, wie in einem der Anspriche 1
bis 10 beansprucht, und einen pharmazeutisch vertrdglichen Triager enthalt.

13. Eine pharmazeutische Zusammensetzung wie in Anspruch 12 beansprucht, welche zusétzlich ein

Penicillin oder Cephalosporln enthalt.
14. Die Verwendung einer Verbindung wie in einem der Anspriiche 1 bis 10 beansprucht zur

Herstellung eines Medikaments flir die Behandlung einer bakteriellen Infektion.
15. Die Verwendung einer Verbindung wie in einem der Anspriiche 1 bis 10 beansprucht zur
Herstellung eines Medikaments mit B-Lactamase-Hemmwirkung.
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