2205831 METHOXYMETHYL COVPOUNDS The present invention provides optically
pure, (SR 6S,1'R)-configured 6--(I-hydroxyethyl’)-2-nethoxynet hyl -
penem 3 carboxylic acid represented by the formula: [err] and :
pharmaceutically acceptable salts thereof and ester prodrugs thereof.
‘These conpounds may be presented as a pharnaceutlcal conpos

conprlg%ﬁg a pharmaceutically acceptable carrier. or diluentigzxyg§8E55qul
as antibacterial agents in the treatneat jof i nfections in humans and
nannalian speCies W'thin the scope of the %resent I-nvention, the term -
~"optical ly pure" neans that tHﬁﬂ¥£ﬁﬁﬂﬂiiLE&_EHRQE§R§ed product constitutes
at hI east’ 95% of | any'rmexpureeeaft fim&mhhenspebma&@rmp&1blaen[905u]§7£he term '
“*phar maceut i G sal t ers .to _non;t salts _for

Shl' 11 catt on R Re Lea boey tdsBEstop ne saRoaNRaR et rar Raieadr ReREYA
organic or |pengmnBcCBabexyltheacadnmewaespa$eésbalkabufnemauaand alkallne
“®varth netal salts, for exanple sodi um .potassi um magnesi um or cal.cium .
salts, and ammoni um sal t s Wi anqpnla oocksui t abl e organi c am nes, such as
| ower al kylanines, for. exanmpfAg. h m e, hydroxy-| ower: alkylan1nes
for. exanple 2- hydroxyethylanlﬂal'bi ( -hydroxyetp ¥y ) am ne or
tris-(2- hydroxyethyl) anlne./-. mhmtlc esters of carboxyllc aC|ds
for exanple '

_ and pharmadeutically acceptable 'salts thereof and ester
( : prodiugs thereof. These compbunds may be presented as a
pharmaceutlcal composition also comprising a
pharmaceutlcally acceptable carrier or diluent and are
useful as antibacterial agents in the treatment of
infections in humans and mammalian species.
Within“the'scope of the present invention, the term
'"optically pure" means that the (5R,6S,1'R)- configuréd
product’ constitutes at 1east 95% of any mixture of possible
stere01somers thereof The term "pharmaceutically
~acceptable salts" refers to non-toxic salts formed by
salification of the carboiy group of the_compodnd of formula
(I) with éh ofganic or inorganic base. .The tefm'encomoasses 
'alka11 metal and alkallne earth metal salts, for example
(7 .~ sodium, pota551um, magnesium or ca1c1um salts, and ammonium
salts with ammonia or suitable organic amines, such as lower
alkylamines, for'example triethylamine, hydroxy-lower
_ élkylamines, for example 2-hydroxyethylamine,
bis- (2-hydroxyethyl) amine or trise(z-hydrOXYethyl) amine,
basic aliphatic esters of.carb0xylic acids, for example
- 4~ aminobenzoic acid 2- -~diethylaminoethyl ester, lower
"alkyleneamlnes, for example l-ethylpiperidine,
cycloalkylamlnes, for example dicyclohexylamine,
benzylamines, for example N,N'-dibenzylethylenediamine,
dibehzylamine'or N-benzyl- -phenethYlamine, or basic



4- an1noben20|c aC|d 2- dlethylan1noethyl ester, l'ower alkyl eneam nes,- for
exanpl e 1-ethyl pi peridi ne, cycl oal kyl am nes, for exanpl e di cycl ohexyl am ne,
“benzyl am nes, for exanple N N - dlbenzylethylenedlan1ne di benzyl am ne por
N-benzyl - -phenethyl amne, or basic -2- amnoacids, for exanple .
~argini.pe. ~~Particularly preferred pharmaceutically acceptable salts o\d%he
conpound of . formul a (I) are the sodi um potaSS|un1and arginine salts
term"éster prodrugs" refers to esters -ofé the penem carboxylic acid of

formula (1) téeinceeids, cfcﬁvmhwwraﬁwnﬂ ogleﬂu@m@:tily%%efre&}'&aSl ng

t he parent c n1refers

whi CE can beoéggs)%?%c%@? ¥nﬂf¥1e ga‘?‘ﬁ)sllc tsaas]tﬁshrﬁef Pct® Mé’f’ efe%t"m“la_ |
~adni ni strati oht) ae t Hem eediumdrpAtassium and #Igi(!tim sadhtisy aspecific y
“serum est erases. ' Pref eripsl wtsr-awkr cn-.r st'*’lct%fte&rsfl(t@e%%%@sb)bft 'tﬁe

benzoy oy e AN SRt s ﬁ g g i e
substi t ut ed dﬁ“iﬂé Physi plog) thans.c Fedeasdagy thecpampatoxy or

am no group; compound in vivo. In perticulat,_the term refers to esters
- which ean_be'shsorbed from the-gsst:oéintestinel tract after
oral administration, and then are hydrolY:ed'in the
bloodstream by aspecific setum esterases. Preferred ester
”'prodtugs are those encompassed by the fornula-"

H € F:Hs _ .. .
o ]—: N ¢ 9 -

2
wherein R is | L | o -
a) acyloxynethyl or 1- (acyloxy)ethyl, |
b) benzoyloxymethyl or 1- (benzoyloxy)ethyl, eithet _
' unsubstituted or substituted on the ring by a free,
nethylsted or acetylated hydroxy or amino group; -
c) slkoxyoarhonyloxymethyl or 1-(elkoxycsrbonyloxy)ethyl:
d) 3-phthalidy1; '
e) 2-oxo-1, 3—dioxolan-4-yl, optionslly substituted by a
- C,=C, elkyl group in the § position;
- £) (2-oxo—1 3-dioxolen-4 -yl)nethyl optionally substituted
"~ by a phenyl or C,-C, alkyl group at the 5 position;
g) a group CB co, R’, whe:ein R’ is c, -c straight or
branched slkyl, or benzyl; or
h) 2-oxotetrshydrofuran-s-yl, optionally substituted by a
c,-¢C, alkyl group at the 4 position.
In the definition of R under a) above the term
'scyl' is intended to include straight or branched
'c, C10 alkanoyl or. c,-c, oycloelkanoyl groups.



¢) al koxycarbonyl oxyrret hyl- or 1-(al koxycarbonyl oxy)ethyl; d) 3-phthalidyl;
e) 2: 0x0-'1; 3-di oxol an-4-yl, optionally substituted by a [err] al kyl group.
inthe 5 p05|t|on f) (2-oxo-1, 3- i Bx0! en-4-yl ) met hyl , optlonally
substituted by a phenyl or [err | kyl group.at the 5 p
[err],. wherpartibet r }v peefiecred 05%'?' gr'émcﬁw 'é'ﬁ(gfs’l er(g)yI‘,Pé‘oér%m)el
2- oxot?&-rahydrofuran St%Jé optionally substituted by a [err] al. kyI group at
the 4 posrh"'&ﬁ"’!ﬁ‘f P8t i nition of R under ‘a) above the term"acyl" is

i ntended to include straight or branched [err] al kanoyl or [err] Table -1
-cycl oal kanoyl groups. -3- Particul arly preferred ester prodrugs of the:
corrpound-of'forrrul_a (I) are those hergin tabul at ed Tabl e 1 [err] Conpound
R1 _ ' : [err& H, _ [err]
3 . o - err] ' [err]
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25 [err] 25 The conpounds of the present invention
can be manufactured by the foll ow ng process conprising: i) cyclising
a conpound of formula (I111) wherein PP is either hydrogen or P' where P" is
“a hydroxy. pretecting group, and [err] is either [err] as defined for

fornuhgﬁ&ll) above or is a.carboxy protecting group; ii) cyclising a
conpounw of formula (1V) [err] -6- wherein P and [err] are as" defined
above, and Y represents eithgr oxygen or sulfur;. iii) if necessary

removi ng the optional protecfing groups P' and [err] fromthe resultant

conpound, and if desired, co ver-thgg\ a resjiiting conpound of formula (1)
L.

into a pharnmaceuti cabBy accept abl e“s4 ereof or a resulting salt into a
ﬂ g

tompound of formula (1) or aldiffere ar maceutically acceptable salt or
converting -a conpound formul & (1) or st thereof into. a pharmaceutically
- acceptable ester prodrug by freatnment with a conpound of fornula (V): R X
- 22 ~CH )
o 25
.
The compounds of the present invention ¢an be
manufactu:ed by the following process comprising:
i) cyclising a compound of formula (III)
cP o . _
i ‘ Yo, n
( %;3
_ OF"
Y

wherein P! is either hydrogén'or p" where'P" is a hydroxy .
Profecting group, and'R2 is either R4 as defined for formula
(II) above .or ‘is a carboxy protecting group;

ii)  cyelising a compound of formula (IV)

(1v)




~wherein Ris as defined above and X.is either a chloro, bronmp or iodo atom

or a nesyl oxy, trlfluoronethane- sulfonyloxy or. tosyl oxy group. Preferred

.protecting groups P" for the hydroxyl function are trinethylsilyl,

tert-butyldinmethyl- . -7- S|IyI t et r ahydr opyranyl , aIIonxycarbonyI

p-ni trobenzyl - -oxycar bonyl . when R2, being dlfferent fromR is a carb Xy

- protecting group, it is preferably aIIyI p- ni trobenzyl -or p-net hoxybefizyl .

. The conditions for the renoval of said ﬁrbtectlng groups are known per se.

The cyclization of a conpound of Jormula (111) is carried out by plain _

. ‘heating in an inevbesedBnPt Qﬁﬂlv%nt“?)e#%r%fﬁnﬁfbm tagid dh &L epresientsne,

‘at reflux. or near- #E reflux tengeratﬁg The cyclization of a conpound of .

formula (1V) is c¥ PEH 8ﬁ¥959 X\ * 'mnth trlnethylphosphlte or

- triethyl phos ey gn enaene,
phiyeik naeewsfyrheaﬂa@ i i d Cyc Zatn% g:%ﬂ I

t ol uene,  xyl ene or. di oxane e cond |ons

depends on whet heand &% ﬁwgeahorrsnhiwnt atompound), paid 9F debideidi led in o«

'C. Battistini. et al., Tetrahedron Lett. 25, 2595 (1984) and A  Yoshida et -
al., Chem Phar m cenverting #6&(‘1@8@)9 monnd of formula (I) into a

phatnaceutically acceptable salt thereof or a resulting |
salt into a conpound of fo:nnla (I) or a different

pharmaceutically acceptable sqlt or convetting a .

~ compound formuia (I) or salt thereof into a E Wl |

pharmaceutically acceptable ester prodrug by tteatment

' with a compound of formula (V)°
R-X )

'wherein'n is as defined above and X is either a chloro,
"bromo or iodo atom or a mesyloxy, trifluoromethane-
sulfonyloxy or tosyloxy group

_ Preferred protecting groups P" for the hydtoxyl
_function are. trimethylsilyl tert-butyldimethyl- - g/[



references therein. The reaction of a conpound of formula (1), or a salt

thereof, with a conpound of formula (V) is carried out in an.inert organic
.solvent, preferably dinethyl formam de, tetrahydrofuran, .
: N—nethylpyrrolldone or dinethylsulfoxide, at tenperatures ranging from-10"
Cto [g\ preferably from[err] to +25 OC, optionally in the presence of
a base, ~such as sodi um hydrogen carbonate, pot assi um car bonat e, _
triethylanine or pyridine. The intermedi afes of fornulae (111), (I\O may be
obt ai ned by t he follomnng azetldlnone pr cursors: -8- [err] wherein P -

200 L] R, A R AR PSSR IR, R s
i i %@e R AP
_Ir-om_knlown CWI@’ JEH, P& -1 éﬁﬂ%lﬂﬂ'éﬁyl p-nitrobenzyl or
' p-methoxybenzyl. |
The conditions for'the_removal_of eaid protecting
groupe are known per se. The cyclization of a compound of
formuia (III) is.carried out by plain.heating in an inert
_\,/ - oréenic solvent, peferably benzene, tolueﬁe er dioxane, at
reflux or neer-te-refluk temperatures. |
The_cyelization of a-Compodnd of formﬁla'(IV) is
carried out by treatment hith trimethylphoephite or
triethylphosphite in.an inert organic 501vent,esuch as
' hloroform, benzene, toluene, xylene or dioxane. The
condltlons for said cycllzatlon, whlch depends oﬁ whether Y
is oxygen or sulfur, are known per se and detalled in C.
Batt1st1n1 et al., Tetrahedron Lett. 25, 2595 (1984) and A;
Yoshida et al., Chem. Pharm. Bull. 31, 768 (1983), and
references therein. The reaction of a compohnd of formula.
(I); or a salt thereof, with e compound of formula (V) is
carried out in an inert erganic solvent, preferably dimethyl
formamide, tetrehydrofuran, N-methyipyrrolidone, or |
_dlmethylsulfoxlde, at temperatures ranging from -10 °¢ to
+40° C, preferably from 0 C to +25° C, optlonally in the
presence of a base, such as sodium hydrogen carbonate,
potassium carbonate, triethylamine or'pyridine.
The intermediates of formulae (III), (IV) may-be

obtained by the following azetidinone precursors:



The conpound of formula (I) and its pharmaceutically acceptable salts offer
t he advantages of high antibacterial activity against grampositive and
gram negative bacteria, conbined with good pharmacoki netic properties when
-adm ni.stered to humans or nmanmmals. OM ng to these properties and, to their .
~quite negligible toxicity, ‘an excellent therapeutic index can be attai ngd
inthe treatnment of infectious diseases8caused by said mcro-organi s W -
have found that the optikeal .purity of 6-(1'- ' -
hydr oxyet hyl ) - 2- met hoxyyef
of the proportion of -tfie

enem 3-carboxylic acid derivatives, interns
It 6S,1"R) - confygured isoner present in an o
.isonmeric mxture, plays ssential role 1n the potency, wi dth of .
spectrum and chempenzyn®tic stability of the product. Thus the sodiumsalt
of the conmpound of fornula (1), when conpared with the * conplex m xture of
racenmic stereoi soners diptlogetEin the U S. Patent Specification 4,272,437,
prepared as therein desCr "(Exampl e 36), showed an in vitro activity . -

i ncreased by a factor fro toppp, dependi¥i§’fromthe strain tested (Table
2). Moreover, conpared W h_t:E{ rfor-described mixture, the pure

(5R,6S, 1" R)-configured :conpou f formula (1), prepared as .herein

descri bed,” showed superior'stab?lity t owar ds bacterial -1actanmmses and

renal dehydropeptidases, And a considerably inproved chemcal stability

over the whole pHrange.y¥hesg,findings were confirmed by in vivo
experinments (Table 3); 4 ' ' ' - S

1 . © (VIII) o | R
Iozn o |

wherein ?' anﬁ'R?'are as Jdefined above, and L is a leaving
_group, preferébly'ateto*y,_benzyloky, phenylsulfonyl or

chlo;o, by known-per-se methodoldgies. They are summarised
~in the following séheme;  : - |

) : ) [ .

Vi 4 H . '
(v1) i’ S\B/\OCHS
) _._lmi-
(IX) -
1) om+cozaz
ClCCH_OCH. .
_ 2 3N/
2) DC1 /pyr i =~
) F?halpyr
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. . , e —— (V1I1I}
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.0
2] 5



whil e the sodiumsalt of the conpound of formul a (1) showed excel | ent
efficacy in the control and treatnent of experinental infections caused by
~gram positive and gram negative bacteria in.the nouse, under the sane
experinmental conditions the prior-art mxture showed no therapeutically
useful; l evel s of antimcrobial activity. - -10- Wen the .two products were
analyzéﬁaand compared, we found that the prior art mxture contained the
(5R, 6S,1'R-. configured epiner in such‘éPﬁTnute amount to be hardly

measurabl e by NMR | “fv?@r@ém;%hndsﬂtbts édﬂﬂim (V) £ONBI B} eiIm f hvher y esed ts
publlshed for the IMeric mxture é§H£} Iar penem ob alned by the sane
aut-hors t hr odgP SR RRtPtain W e‘?°m15°“ is, B. Belleau

and M anaﬂkndﬁﬁkpék éEKMBtKKBoIKyheé982 Thus the najor conponent of

the prior art produ nd. t o b, '

equi nol ecul ar armun&ho‘? ?%eg Fé)f.L %E'K@% ?Lnds ena %@r{ef%edtﬁﬁcaﬁ&
conpounds of degeptab)e 1921 ¥hiahfexn etfe%t@ivqi?mQﬁJ@%fhWie Foidame ofal
formula (1), :{Pétf.f‘\hé CaFMAdY apeartf pSs VEI Ve f AYP U Adth-EndY Seipd | Bd td £ ¥a,

followi ng oral admnistration.” Their superior absorption fromthe

_gastro |ntest¢9ﬂ91ﬂ?§uﬂ1thﬁRﬁ%xPQﬁEWP??ﬁQ@RﬁkF properties when

admlnlstered to humans or mammals. Owing to these
propertles and to their quite negllgibie“ioxicity, an

'feXcellent,therapeutic'index can be attained in the treatment .

_of infectious diseases caused by said micro-organisms.

, We have found that the optical purify of 6-(1'~-
hyd;oxyethyl)-2-methdxymethylpenem-3icarboxy1ic acid
derivatives, in terms of the proportion of the (5R,6S,1'R)-
¢onfigured isomer present in an isomeric mixture, playé an
essential role in the potency, width of spectrum, and
chemoenzymatic stability of the product. Thus the sodium
salt of the éompdund_of formula (I), when compared with the.'
complex mixture of raéemic stereoisomers disclbsed.in the

- U.S. Patent Specification 4,272,437, prepared as therein
- described (Example 36), showed an in vitro activity
increased by a factor from 8 to 30, depending from the

 - strain tested (Table 2). Moreover, compared with the _

g“, : prior-described mixture, the pure (5R,65,1'R)—configufed
compound of formula (I), prepared as herein described,
showed superior stability towafds bacterial -lactamases and
renalfdehydrdpeptidases; and a considerably improved - '
chemical Stability over the whole pH-range. These findings

‘were confirmed by in vivo experiments (Table 3); indeed,
'while the sodium salt of the compound of formula (I) showed
"excellent efficacy in the control and treatment of
exper imental infections caused by gram-positive and gram-
'negatlve bacteria in the mouse, under the same experimental
conditions ‘the prior-art mixture showed no therapeutically
useful levels of ant1m1crob1a1 activity.



phar macoki neti c paraneters proper of .the conpound of fornula (1) that is.
rel eased in vivo, results in higher and nore prol onged plasnma | evel s when
conpared with other penem ester prodrugs, for exanple with the nost

- advanced conpound of this type, FCE 22891 (G Franceschi et al.,_ J.
Antibiotics 36, 938, 1983).. This-is apparent from Table 4, mhere the
conpounds [err] and [err] of the presegdhlnventlon are conpared Wt e
correspondi ng ester prodrugs of FCE 22 nanely FCE 22891 and FCE 23761
" The pr esentWhelweh’ltel dwal pododobedt sp veermen Galiyeald e ayontpared f ade Boana or

veterinary .y sale__ G g.qulorlg atrlte ;mc%[ céoq,; flanel'?(‘)'rt%e( I )5, a{aér%er%n a}r nmaceut i cally

acceptable salts and prodrug esters hereo ora ration, there
are used t@tﬂr\sfslwre@elemw eapﬂ@s & Imeitn uben taionre mmchwgiaasll@r, '

preferabl YITﬁa@sQﬁ'taQﬁé n aysed i & 8 darmy! 1% ddnsi
.preferably segﬁ ed frog;thos% J ted |n Table 1, toget er w.th- Iu nts,

for exanpl & @R IMAL 1cs AHigtuge °(f-elal ul ose
and/ or gl yeme,laem@dnﬂnr it ined afy @Wamesuutm:st alhrougredheC smied O

salts ther e:%f ,tes,ugp HR g%esw.é cey Ci m)Pstear a#ﬁ rﬁ?& /o%%‘ﬁ/m et hyl ene_
g -

- glycol; tablets. "al’So "Cot'ai ™t BI e
silicate, Memagidos Casuolii-a§h@m-n 6%@&4, 1982 Thus, the major

component of the prlor art product was found to be the
5,6- c1s-1'R racemate,'1 e. an equlmolecular amount of the
5R 6R,1'R and 5S,6S, 1 S enantiomers. . . '

.The compounds. of formula (II), which are ester . “'\'(
prodrugs of the compound of formula (I), offer the advantage |
of a very favourable’ b10ava11ab111ty follow1ng oral
administration. Their superior absorctlon from the
gastro-intestinal tract, coupled. w1th the good _
pharmacokinetic parameters proper of the compound of formula
(I) that is released 1n v1vo, results in hlgher and more

- prolonged: olasma levels when compared with other penem ester
prodrugs, for example with the most advanced compound of
this type, FCE 22891 (G. Franceschi et al., J. Ant1b10t1c5'
36, 938, 1983) This is apparent from Table 4, where the
compounds n °1 and n®20 of the present invention are comparedh
w1th the correspondlng ester prodrugs of FCE 22101, namely .
FCE 22891 and FCE 23761. _ '

The present 1nvent10n 1ncludes pharmaceut1ca1
'preparatlons for human or veterlnary use contalnlng the
compound of formula (I), “the pharmaceutlcally acceptable
salts and prodrug esters thereof. _

' 'For oral administration, there are used tables or
gelatine capsules that-contain a prodrug ester,-preferably
selected from those encompassed by the formula (II), still
preferably selected from those listed in Table 1, together
with dlluents, for example lactose, dextrose, sucrose,



rice or arrow oot starch, gelatine, tragacanth, nmethylcellul ose, sodium

car boxynet hyl cel [ ul ose and/ or pol yvi nyl pyrrolidone, and, if desired,
disintegrators, for exanple starches, agar, alginic acid or a salt thereof,
such as sodi um al gi nate,. and/ or effervescent m xtures or adsorbents, .
col ourjngs, flavourings or sweet eners. For parenteral adm ni stration there
are us .nfusion solutions, preferably jjsotonic aqueous sol utions- or
suspen5|ons being it- p055|ble to prepare-these before use, for exanple from
l.yophilised maapatanbossrbiban,coaﬁaumosheaodﬁpougayoﬁnéorauaa (1), or a

ipharﬁaceut'0§hh¥ 8ahgd. 2pLe éQ%ﬁgiQeEQQEcapr%E?EabE¥F§€58CESﬁdfBQ”EET%s

group consis S6di um Srum of argininé sa
present on. |tbeéﬂﬁforSPGQe?ﬁemaEP?ﬁlamcaFrFéiC1ﬂ@rSéﬁaﬁEF@rnﬁﬁﬁ/PélPOSMCh

preparat'Onse%ﬁyléﬁesgﬁybbiseéaameieraqeatebatQQhuaqhaergqrferaanbaple
pr eservatives, St abl [i sers, wettl ngﬂﬁgent s and Bﬁéemj S

solublI|sersmagaﬁﬁéuFoPlPEQBPHF| fd tsanStaLe ssﬁP&haﬁalSPrBusQFQt'The
present phar FageubicCak rpwepatasitaneh,Wgethtink, desagedannay contain ot her

phar ool ool gk by tah AL 8. BBh3NRCRar R FURLAEETGEobR, Joapager krow

Iyoph|I|S|ngppﬂg&eayépyrandldonEalnnﬁnonfagpSQXEdatény10t§965@01§0@¢°r

fspeC'a"y f%Q%h@@QrgthBBEEY ) a&g&a&bnaEehyo50%>e@1tl@htheoeasgueh
yphilisates, up to activeé in I ent

- ., as sodium alginate, and/or effervescent mixtures or

_ adsorbents, colourings, flavourlngs or sweeteners.

\~/ _ - For parenteral administration there are used ‘infusion
solutions, preferably isotonic aqueous solutions- or |
suspen51ons belng it possible to prepare . these before use,
for example from lyophilised preparations, that contain the.
compound of formula (I), or a pharmaceutically acceptable
salt thereof, preferably seleoted from the group consisting
.of_sodium, potassium or arginine salt, which may be present
'on-its own or together with a carrier, for example mannitol.

_ Such preparations may be sterilised and/or contain
adjuncts, for example preservatives, stabilisers, wetting
agents and/or emulsifiers, solubilisers, saits for
regulating the osmotic pressure and/or buffers.

The present pharmaceutical oreparations, which, if
. desired, may. contain other pharmacologically valuable
fsubstances, are manufactured in a manner known per se, for
"example by means of conventional mixing, dissolving or

IYophilising processes, and contain from approximately'o.l%
to 100%, especially from approximately 1% to approximately"
50% or, in the case of lyphilisates, up to 100%, active
ingredient. |
_ Depending upon the type of 1nfection and the
condition of the infected organism, the daily dose used for
the treatment of a warm-blooded animal - (human or animal)
neighing approximately 70 kg is from 125 mg to approximately
5 g. '



Dependi ng upon t he type of. |nf ection and the condition of the infected
~ofganism the daily dose used for the treatnment of a warm bl goded ani mal
- (human or aninal) wei ghing apprOX| mately 70 kg is from125 ng to
appr oxi rrately 5 0. - Table 2 - In vitro Antibacterial activity of the
optigcally pure conpound of formula (), sodiumsalt, and of the

steereoi soperic m xture known -and pr/éared according to U. S Patent
SpeC|'f|cat|cn 4,272,437, exanple 36. M crooorgani sm -

In vitro MC [err] 5R Gﬁbiea J-Slﬁmrtro Antibcegg ﬂ&t@?&esf Gndl Xt ure : O.' 78 '

St ephyl OCOCC;JS ferr]. . 11y pure compound of forsula (I), sodium salt,
g- 2; urSeus 39/ 2 [Ze'rer] -and of the stereoisomeric mil kpoyn and prepared
0. 25 S. SUreus " &ceording to U.S. Patent Spee'iftga ' 1272,437,
>25 S. sureus 2101 MR example 36. AR _
>25 S. sureus 5635 MR : S _ 0.19
3.12 S. epidermdis ATCC 12228 - ' ' . 0.09 ¢ _
1.56 Strept og@ecdsgaRYggenes ATCC 12384 : Oge%+ '
0.39 S..sallvarius ATCC 9758 . o deoGigre e tugmn)
0.19 S. faecalis ATCC 6057 - =~ B5R,65,1'R isomdr 56 - Sterecismeric mixtwre
>25 S. faecali.s 55° ' S _ 3.12 o -
>25 S, - taecl um'AICL, c043 I ) 3. 12,
_ - _ s |
: Shphylaeocm aureus Smith o - 0.0 . - - .0.78
S. sureus 3972 Pen' - ; C el T e\
s. nureu_s 2 MR - E o - - 3.12 ' . D25 '
S.sureus 2000 MR - . . - 3.2 R L
S. aureus 5635 m R ' - 0,19 : 3.12
5. epideraidis ATCC 12228 - 0.09 S 1.6
sgreptococcu Pyogenes M‘CC_ -izaaa . 0.022 ' 0.38
S. salivarius ATCC 9758 . - 0.022 : 0.19
S. faecalis ATCC 8057 1.8 >25
s. faecalis 85 - - s a2 >25
S. faecium ATCC 8043 o sa2 o2
Escherichia coli K 32  0.39 o 6.25
E. coll REK (TEM 1)} - 039 12.8
E. ccli RPY (TEX 2) | S X . 28 N
~ E. colf pasd (SWV-1) S 0.3 6.25 -
'E. coli R997 (MSK-1) - 0.3 6.25
© E. coli RGN238 (OXA-1) . S o7 2.8
E. coli Mé toxA-2y o 0.39 . _ 12.5.

E. coli RS7b (OXA-3) | | 0.39 . o &.28
E.eoli® . o2 o eas
E.cols Beef. R o | »25 .
‘Salmonella typhi ATCC 14028 0.3 - .28

© Shigella flexneri ATCC 11836 S0 1.86



Escherichia caqli X 12

6.25 E. cold *R6K (TEM 1)
12.5 . E- goli RP1 (TEK 2)
25 E. coil “p453, (-SHV- 1)
6.25 E.\gQi+ RO97 (HSM 1)
RG\Z38 (OXA- 1)

0.39
0.3

039

9
'0.78

é!‘able 2, continued)

6.25 E. coil 0 78
12.5 E. coli R46 (OXA-2) - 0.39
12. S E. coil R57b (OXA-3) . - - 0:39
6.25 E. Coli B - - _ 0.39
6.25 E. coli Bcef. R- -~ - . : 0.78 -
25 Sal nonella typhi ATCC 14028 0. 39

6. 25 Shi gel | aXidbeielda iaeidgetesd 21828 0.89 19

1 56" .
0’ 39
.39
.39
.39
.78
.78
.39
. 25.
. 25
-

DPDOOO OO O

13

' £. aerogenes Fa6 .

. E. aerogenes 225

.. “””,g;a%&,g,“%??tl nued) - Kl ebsi ?Og

. 2 X. Aergenes E cef.
Entercbacter cloacae 1X1£5 Ent er obact ep.®9 oacae 1321E
E. cloacae P99 cef. R 3.12 E: cloacae P99 _cef. R :

* = ot Tt 6.25 E aerogene§'§46
~12.5 E aerogenesoz-ﬂﬁ o
25 Citrobacter freundii ATCC 8090
3.12 C. freundil 20%1 cef. R

' Citrobacter fnmemn’.ba goratia marcescans ATCC 2902
' 25
. Ce Ireundii 4051 eef.

6.25

' Smatia marcescens ATCC 2902 6.25
Acinetobacter calcoaceticus Bg 3 1.56
A. calcolaceticus N 409 625
Prbftens mirabilis FI 7474 ) 0.7_8
P. rettgeri ATCC 925 1.56
P. norganii ATCC 25830 1.56 °
_P_. vulgaris 51 0.39

| Providencia stuartii Bs €0 3.12
Pseudomonas seruginosa 2598 > 25

> 25

P. aeruginosa ATCC 19660

serogenes 1522E o

'3.;2
6.25
3.2
6.25
12.8
25
3.12
>2s
25
25

. 225

12.5
228 .
>25

6.25
25
>25
>2s



Aci net obact er cal coaceticus Bg 3 - 1.86 R >

25 A. cal col aceticus N.409 - _ - 6.25

>75 Prokeus nirabilis.Fl 7474 o - 0.78

12.5P.. rettgeri "ATCC 925 ~ =~ - = : . -1.56

> 25 -P. nmorganii ATCC 25830 I L1560 T g
25:P wilgaris 51 4 0. 39 A N
.25 ‘Providencia stuartii Bs 60 ' ' ' 3.12 I
25 Pseudononas aer UgisBnss 2§ apeutic efficacy agﬂng‘.sexpe-hm
25 P. aerugi nosa AT use of th‘

"V V VOV

25 . 14 Table 3 - . %%1? h C36d1ul L nt al infections’
in the nouse of the O%L‘Eﬁe ? Ph i Eg;g&o JE? ,' sodi um sal t,
and of a repre- sentative proar ug 'és er ereo f npour d 20) [err] :

I nf ecti ons . Therapy after Infection ' [err] (hours)
St aphyl 0COCCUS SUr eus Smth 2 : = 0.21
ESCherII‘hI&r‘rﬂlJ : Q- - 1. 65 _ (8 : : [y A

| - 13.1 a) subcut aneous adni ni stration b). oral adm ni stratlon ‘EDgo

(mg/kg, cunulat ive dose)

. Infections ' 'lheupy after Snfccticn , ,
- | . (hours) * sotiun salt ester (Cop.20°
-
Supiylocccos mres Smith 2 | . 0.21 —
'Escherichia co.:l.:l G ' -. | 0;5'- 1.5-6 : 6.7 . 13.1 .

a) subcutaneous adrinistration

b) oral sdrinistration



Tabl e 4 - Pharmacokinetic paraneters of representative prodrug esters of
t he conpound-of farnula (1) in conpar |son with the corresponding esters of

FCE 2210} Paraneter . : ' [err] Conmp. 1
Oorrpari_son ~ -Conp. 20 Conmpar i son (FCE 22891) _ R
(FCE '2@@1& AUC i.v. of parent [err] ¥ 920 . ) 307 920
307 AUC os -of prodrug : 763 ) 151 - 745 :

85 % Cral [err] Jable & - Pharag®kinetic parameter$ of representative

27 7 [err] prodrug esters of the compound of forguls (I) in compdS -

Conmpound 1: X=[err], R= isen wit§ she porresponding esters of FCR(R2108- [err ]
Conpari son conmpounds have XOCONM 2) At 20 ng/kg in the nouse -3) % O al

Bi oavai | abi-lity = [err] x. 100 -16 - Exanple 1 Allyl (5R 69)-6-[1(R
tert. Butyl di net hyl silyl oxy-ethyl]-2-Mthoxynet hyl Penem 3-Car boxyl ate (35
4R -1-[1- (Al yl oxycar bonyl ) -1-( Tri phenyl phosphor anyl i‘den) gl;t hyl ]1-3-[1(R

tert .but yI di met rmh-neltyi- oxyethyl §-4-([err])-azeti d (727 nmg) was
Comp. 1 . Co-pu-hon Comp.20 Comparison
(FcE 22851)| . | (FCE 23761)
AUC 1.v. of parent arug'?’ | 920 s | s soi_
(ug. min/ml) , '
AUC o8 of prodrug 763 s 745. - 85
' - _-S Ora]. liuvailibiutyu): 83 - _'49' - - 8% : 27
: 't’i os id - |
. {min) | 7 6 13 9.5
X - 1: - | =
3 . _ x&(s | | Compound 1: X OCH,. .R !:.!'lzt)t:Ot:l-l3
- o " _Icozn | L 20 XeOCHy, R OH_SH,
: ) . . ) . ) o .

bmarhon compounds have x-ocowaz

2) A 20 ag.'k; in the mouse

3 % oral ammubmzy {AUC o8) _ prodrug . yo0

. o (A V) drug



dissolved in dry CH CN (20 m) and treated wi th net hoxyacetyl chloride (110
ul). 3 After stirring for 10 minutes at r.t, the reaction m xture was:
diluted with ethyl acetate, filtered through celite*; washed with 5%
aqueous sodi um hydrogen car bonate then twice with br| ne. "r.t." means roan
terrperature Af ter evaporating the sol vent in vacuo, the resi due’ WBn
up in toluene (150 m) and heated.at reflux for 90 minutes. The sol ul¥yeNh .

was concentrated under réduced pressure then chromat ographed (23)- 400 Mesh -

Silica Gel; cyclohexane-ethyl acetate 80/20 as' el uant) aff ordi ng the'title.

product as Ealhewash oil (360 ng; 87% IR [err] NVR (90 MHz, [err]:
0.09 (6H, )—U_‘gQTQ'F!_ , s) 126(3H d, J= 65Hz) 3.39 (3H, s) 3.67 (1H dd
3555, Sl e (P ol rfecnforll-

(5R 6S) 6- [Met hyI] 2 NEt h'oxyrret hyI Penem3 Car boxrl ate

(3S 4R)-1-[1“(Allylox&cerbcdyl)41-(friphenylchcsphorenylidenl-ethyl]-3-[}(R)
tert.butyldimethyls:lyloxyethylj-4-(lﬂlrnnﬂﬁo)-lzetidin-z-cne (727 ‘ng) was

| dissolved in dry CH CN (20 ml) end treeted vith nethc:yacetyl ehloride (110 ul),
. After st:rrzng for 10 mxnutes at r. t, the recction nzxture'vas diluted with
eﬂgﬂ.az!aha quEzaithmu;jlcéhxe waiadvﬂﬂnE%ix}EcusEndnmnhytngau
carbonate then twice with brine. “r.t.” means room ten;erature.

' After evapora*ing the solvent in vacue, the residue was taken up_;n'tcluene
{150 ml) and heated at reflux for 90 m;nutes ' _

.The solution was concentrated under reduced pressure then chromatographed (23)-
400 Mesh Szlzca Gel. cyclchexane-ethyl acetate 80/20 as eluant) affording the -

title product as a yellovzsh oil (360 mg;: 87%)
' : -1
IR (cac13)‘x)'-17as. 1700 cm -

NMR (0 MHz, cocis_) S: 0.09 (6H, s)
0.89 (9H, s)-
1.26 (3H, 8, J=6.5 Hz) |
© 3.39 (3H, s) . , . NN
3.67 (1H, dd, J= < 2 and 7 Hz) |
- 4.23 (M, m) _ '
" 4.5-4.8 (aH, m) S
" 5,0-5.5 (2H, m)
-'5.56 (14, 4, J € 2Hz)
5.55-6.05 (1H, m)



A solution of allyl (5R, 6S)-6- [l(R) L :
tert.-butyl di &ethyl.silyl oxyethyl]-2-methoxy methyl penem 3-car boxyl ate (360
ng) in dry t*trahydrofuran (6 m) -’ vvas qﬁquentlal ly treated with acetic
acid (0 6 1<) and tetrabutylammoni um fl'doride trihydrate (930 ng) under
stirrin e .solution was |et stand overni ght .at r.t., then concentrated
to - a snalf vo- | une and chromat ographed on sili‘ca gel (cycl ohexane/ethyl
acetate I/ as eluant) to give the title product as vvhlte powder (250 nm)

UV-[err] .max 6. n Exanple 3 Allyl (5R

6S)-6-11(R Hy%‘bﬁgeh;l ] - 2- Met hoxynet hyl Penem 3- Car boxyl ate A sol ution of
(3S.4R)-1-[1-(allyl oxycar bonyl ) - 11(tr| phenyl phosphoranyl i den)
met hyl - 3-[ 1(R) . . t|n dry
acetontrile (2 f = et st=rde. (1.2
m), then stirring was contlnued for 15 mnutes at [err] Ethyl acetate was

added and the resultin tur, red over. celjte, r ¢ phase
was washed wi th® %ﬂﬁéﬂh&s‘&ﬁhﬁﬁ?ﬁ'&ﬁbﬁngéfﬁbﬂﬁf’éd ’6681‘" qU#‘n ethoxy
sul phat e ‘and %ﬂﬁﬁﬁenﬁlﬁaﬁbcxfiﬁi htast r-emtnoaryaw.afmm.ﬁ QSIdll&n(-&dquéwtin
gel- 230- 400 Mesh: hexane- et hx acetate ni xtures as eI uant a)

(3S, 4R) -'1- [ 1- (X1 onted ELth,BGRFLS 8pLq (046 mHARA Semabty oride trinyarate

) met hyl - 3-[.1( Rbbud.gpmeimguﬂﬂd met hoxyacetyl t hi o) - azetl d| n -.-2-one as
yel | owi sh foam (4 The above pr epar edpgr oduct was di ssolved in

t ol uene {250 ﬁFPf %HH“PEH‘&X{’G stand oysrnights pt| Fet: 1o RheD, CONSEAtTAEPA, ER) & 8ARLY Yo~

of \the sol venhuieand thi-ddatsprabeat@ssiskh GR1 URYe (CREANB 187 P ABYtate 1/1 a3 eluant)
(c ohexane et hyl acetdte m xtures as eluants) af-
- . to give the title product as white powder (250 mg) '

v (cHel,) '\ nax 326 nm.




fording the title product as white powder (2.5 g). IR (KBr) [err] W .
(EtOH) [err] 326 nm Example 4 . - -
(5R 6S).-6-[ 1(R) - Hydroxyet hyI] 2- Met hoxynet hyl - Penem 3- Car boxyl i ¢ Aci'd
_SodlumSaItAIIyI o . '_ '
(5R 6S) - 6- [1(R) hydroxyet hyI] 2- o.xyrr_et hyI penem 3- car boxyl ate (2. g), S
di s3el ved'in dry tetrahydrofuran 60 nml), was sequentially treated w"
“sodi-um et hyl hekanonate (1.05 g),triphenyl phosphine (300 ng) and tetrakis
ttriphenyl phosphine) palladium(0) (100 ng). Stirring was continued for -
30", after which tinme TLC nonitoring showed no nore starting material was

| eft. DeEEﬂP.B_&r (40 M) was added and the preci pltate was i sol ated by
centrifuga tion. The crude mat er i aI was - di ssol ved in the m ni num anount of

wat er anckg RP G- 18 Merck;
wat er -t he =aCti ons were

col | ected and freeze drled to afford the title" product as white povvder (1.8

[erlrF ngBQ%"“[‘F”Lf#ﬁS 1% 1575 |err! 3N|QFJ err] nax 258 nn}“en)l 20 :

El 328dané-?h§ @%&%MM%]%(&«(&&MM %Q k'lf)tnﬂdr?ﬁ (1Hm
acecoum-n. (250 n.b at -10°C was’ trested with methoxyscetyl chloride (1.2 ml),
then st.irring m eontinuee for 1S -i.mtes at o°c. tﬁul acetate wvas added and

- the resulting ti:ture vas tutend over cente. m organic phase was washed

_with aqueous aodiun hydrogen clrbontte. drted over sodium sulphate and concen- Y,

trated. Flash chromtography of the residue (smca gel 230-400. Mesh; hexane-~
ethyl acetate -n.xturu as eluants) gave (3s 43)-1-[1—(:11y10:yctrbony1)-I-Ktrx
phenylphosphomyliden )methy1]-3-[a (a)mdmznthyll-n-(-ethoxncetylthio )-azetidin -
-z—one as yenm-'ish fom (4.2 z). N . ' '
The above prepared prcduct vas msol\red in toluene (25Q =l) and refluxed 2 h.

- The resi.due. after cooling aml removal of the: solveut,m purified. through
silica gel chmtognphy (cycl.oheme—ethyl acetzte mixtures as eluants) af-

: tording the title product as white powder (2.5 g). ' ' ' '

. -1
IR (KBr) y) X775, 1705 cm

uv _(EtOH)l Xnu 326 no



5.66 (1H,d, J=1.6 Hz) Exanpl e 5 Acet oxynet hyl (SR

65) - 6-[ 1(R) - Hydr oxyet hyl ] - 2- Met hoxynet hyl - Penem 3- Car boxyl at e

(5R 68) 6- [ 1(R) hydroxyet hyl ] -2-methoxynet hyl penem 3-carboxylic acid sodi um
sal t (258 nyy i'n dry DM (3 m) was treated with acetoxynet hyl brom de (145
nmg) at O/ then stirred 2 h at r.t. After partitioning between AcOEt and 2%
queous [err], the organi.c phase was quhed twce with brine, then dried and
concentTsat ed” i h vacuo. Addition of di'isopropyl ether to the crude product
gave a white precipitate which was filter ed and dried (220 ng). IR (KBr)
[err] 3590, 1780, 1765, 1715, 1580 [err] W [err] max 327 nm NVR (CDC13,
90 MHz) [err]:1.33 (3Hd, J=6.5 Hz) 2.12 (3H,s) 2.3 (1H, bs, exch [err])
3.39 (3H, s)Example A1 dd, J=( 2 and 6.5 Hz) 4.17 (1H mM 4.47 and 4.73

(2H, two d,J=16 Hz) 5.58 (1H,d J C2 Hz) 5.82 (2H, center of ABQ)

(SR, 65)~6-[1(R)-Hydroxyethyl]) ~2-Nethoxymethyl-Penen-3-Carboxylic Acid Sodium

Salt

- A1y (5R,65)-6-[1(RIhydroxyethyl]-2-aethoxymethylpenes-3~carboxylate (2.5 g),
©_ dissolved in dry tetrahydrofuran (60 ml), vas sequentially treated with sodium
' _..'_ethyl hexanoate (1.05 g), triphenylphosphine (300 wg) “and tetrakis (triphenyl
" phosphine) palladium (O) (100 mg). Stirring was continued tor 30’, after which
‘time TLC monitoring showed no more startinz naterial was left.
Diethyl ether (40 ml) was added and the precipitate was isolated by cehtrifug_
tion. The crude mater;al was dissolved in the minimum amount of water and purifi
N ed by reverse-phase chromatography { LiChropre@ RP C-18 Herck. water then
..water-acetone as eluants) the product containing fractions were collected and

freeze-dried to afford the title product as white powder (1.8 g).

IR (KBr)))1755, 1600, 1575 enm
B uv (H,) 0) X max 258 nm (£ =4044); Anmax 305 om (essove)
 NMR (zoo MHz, D ,00 S 1.30 (3.4, J=6. 3 Hz) -
: ' 3.38 (3H,8)

3.91 (1H.,dd, J=1.6 and 6.0 Hz)
4.25 (1H,m) : | :
4.48 and 4.79 (2H, tuo'd.-:.14.o Hz)
5.66 (1H,d, J=1.6 Hz) |



Exanpl e 6 (5-NEt-hyI 2- Oxo-1, 3 D|oxo| en- 4- yI)I\/Et hyl . '

(5R, 6S)-6-[ 1(R) - Hydr oxyet hyI] 2- Met hoxyret hyl - Penem3 Carboxyl ate A

solution of (SR 69)-6-[1 (R)-hydroxyethyl] - _

-+ 2- et hoxynet hyl penem 3- car boxylic acid sodi um salt (258 rrg) in dry DV (3

~m) was treated with (5-nethyl-2-oxo- -1,:3-dioxol en-4-yl) et hyl broriege (180 -

ng).and stirred at. r.t. for 2 h. The reactlon m xture was poured i Nt o hyI

acetate/water, the organic: phase Z€s washed twi ce with. water, then dried .

and toncentrated in vacuo. Treat nent of the residue with dii sopropyl et.her

gavé white crystals-(240 ng) W [err]max 326.-nm IR (IR [err] 3450, .

-+ 1820, 1780, 1725, -1710 [err] NWR ([err], 90 MHz) [err]: 1.32 (3Hd, 6.5
Hz) 2.17 gxaipg1®) s2. 37 (1H- bs, exch..DO0) 2 3.38 (3H, S 3.69 (1Hdd, <2
and 6.5 Hz)~ g 20 (1H, m 4.43 and 4. 70 (2H tvvo__-d, J=16 Hz) 4.93 (2HS) 5.60

(1H, d, . J<2Hz) _-Exarrple? I - '

(sn ss)-s-[:(n)hym:mwl]-2-e:hmm1mu-s-euboaqnc acid sodiu- salt
(258 -g) in dry bMF (3 -l) vas trutod with ncetoxy-ethylbmide (145 mg) lt osc,

‘then stimd 2h at r.t. . .

_Aftgr plrtitianing between AcﬂEt and 2! aqueons lh.!-l(:()3 the organic phase was
| vashed twice vith brine,then dried and concentrated in vacuo. Additicn of \-J-:

diisopropyl ether_tq the_crude produc: gave a white precipitate which wa;xfiltqg

: ed and dried (220 mp).

IR (xar)vasso. 1780, 1765, 1715. 1580 cm -1
| uv (CHCI ) /\max 327 nm- o
NMR  (CDCL,, 9o.uaz)-r5'.: 1.33 .l(3__l_-l.d.:J£=6.5'_Hz) .
o 2.12 (3H,s)
2.3 (1H, Ss. exch D'zq)' |
© 3.39 (3H, s) )
| .3.71 (14, ad, J:¢2 and 6.5 Hz)
a. 17 (1H, m) _
 8.47 and a. 73 (24, tod, Jal6 Hz)
5.58 (1H,d J €2 Hz)
5. 82 (2H, center of ABq)



(5- Met hyl - 2- Oxo- 1. 3- Di oxol en-4-yl ) Met hyl (5R, 6S)-6-[1(R)-Hydroxyethyl]-2-

- Met hoxynet hyl - Penem 3- Car boxyl ate Step A To a stirred sol ution of

(3S,4R) -3-[ 1( R)trl et hyl si | yl.oxyet hyl ] - 4- met hoxyacetyl thio azeti di n- 2- one
(3.3 g) indry toluene (35 m) at 10C, trrethyl amne (1.8 rr1) was added,
fol | owed by dropw se addition of (5-nethyl-

- 0X0- %, .3-di-oxol en-4-yl ) net hyl oxal yl hJ;rlde (2.7 g) in toluene (10 m) _
The resulting solution was stirred 15 then washed with water, 5%
aqueous sodi um hydrogen carbonate and vvat er agai n. After drying- over [err]
the organic solution was concentrated to a volume of 20 m .

Tri et hyl-phosphite (4 ml) was added and the sol ution was refluxed for 5 h
The mixture was-cooled-to r.t.,then washed three times with water, then

dri ed over sodi-.um sul phate. Removal of the sol vent and chromat ography of -
t he resi dudixamplesfl i ca gel (n.hexane-ethyl acetate as el uants) gave -

(*5- met hyl - 2- oxo0-1, 3- -di oxol en-4-yl)nethyl (5R, 6S)-6-

[1(R)-trimet hyI sil yI oxyet hyl ] -2- met hoxyrret hyl - -penem 3-carboxylate as a
colourless opk ) B T b ; | sol ved,i n, 95%
et hanol (16*" (tg i S e x Frehyl r}_
r.t. the mg;g{o& Yeeh @.qry;,e,a.tg"_@mx fger vacuum to dryness Addi tion of

dii sopropyl—Flﬂ_erL('S&—rﬁﬂm'?Te_Grystal s, which were filtered off and
dried (2.0 g). UV [err]' max 326 nm IR (KBr) [err] 3450, 1820, 1780, 1725,
'1710 1580 L lthon of (SR 68)-6-[1(R%hydroxyeu§ﬂ]-Z-methoxymethylpenem-3—carboxy11c

\~/" ~acid sodium salt (258 mg) in dry DMF (3 ml) was treated with (S-methyl-2-oxo-

-1,3fd10xolen-4-yl)methylbromxde {180 mg) and stirred at r.t. for 2 h.
The reaction mixture was poured into ethyl acetate/watef._the organic dhase
was washed twice withewateq then dried and concentrated in vacuo.

. Treatment of the residue_with diisopropyl ether gave white crystals (240 @g),

‘uv (cHel,) A max 326 nm | |
.
IR (IR)) 3450, 1820, 1780, 1725, 1710 cm

. NMR (CDCL,, 90 MHz) S : i._32 _(3H.d,'._5'.5 Hz)"
' 2.17 (3H,5)

2.37 (1H, bs, exch. D_0)

'3.38 (3H,S).

"3._69 - (1H,dd, <_2' and 6.5 Hz)
- 4.20 (lH m) |

4.43 and 4.70 (2H, twc g, J 16 Hz)
4.93 (ZH S) '

5.60 (1H,d, J<2 Hz)



- 23 - CLAI M 1. © A substantially (> 95% optically pure (5R 6S,1'R)

penemof the forrmula: [err] and the pharmaceutically acceptable salts or

ester prodrugs thereof. 2. A conpound according to clai'm1, which

the sodiumsalt or the. potaSS|um\&%i of the compound of formula 3. = ~

A conpound -according.to claim1l ich is a salt of the conmpound of fornula

(1) with a ([err] al kyl ene)am ne, a ([err] al kyl )amne, a benzylanlneedw

~ hydroxy-([err] alkyl) anmine, a ba5|c al i phatic ester of a carboxylic acid"

or a basic amnoacid. 4. - A conpound accordlng to claiml, whichis

‘the arginine salt of the conpound of formula (1).: A conpound’ .

‘according to claim1, -which has the fornula : [err] mhereln Ris a) _ _

acyl oxymet hyl or |- (acyl.oxy)ethyl; b) benzoyl oxynet hyl or .

1- (benzoyl oxy) ethyl,. either unsubstltuted or ring-substituted by a free, L

met hyl at exampdeet?/| at ed ‘hydroxy or am no group; c) _ o -

al koxycar bonyl oxymet hyl or . |- (al koxycar bonyl oxy) et hyl ; d)-37phthalidyL; e) .,

2- 0x0- 1, 3-di oxol-an-4-yl ,. optionally substituted by a = - :
(S—Hethyl—z-Oxo-l 3-Dzoxolen-4gyl)nethy1 (SR, 65)-6-[1(8)-Hydroxyethyl]-2-

' -Methoxymethyl—?enem-3-Carboxylate

To a stirred solution of (35 4R)-3-[J(R)trxmethylsxlyloxyethyLJ-A-methoxyacetyl
thzo azetxdxn—z—one (3.3 g) in -ary toluene (35 ml) at 10°C, \'e 
triethylamine (1.8 ml) was: added, followed by dropw;se add1t1on of (S-methyl 2-.

. —oxo0-1 .3—d1ogolen-4fy1)methyloxalyl ch;orzde (2,7.g)_1n COluene (10 ml).

' . The resulting solutidn was_sfirred_le at r.t., then washéd with water, 5%.

aqueou§ sodium hydrogen éafbonaté and water again. After dryiqg'over Na2$0.4

 the organic'splution wa$ ¢qncentrated to a volume of 20 ml. Triethylphésphite'
(4 hl)_ﬁ;s added and the solution was refluxed fé: 5 H.. :
The mixture was éob;ed to r}t.,tﬁen washed three'times'with'waten'then dried

' errisodium sulphate. Removal 6f the solvent and 'cﬁrématograbhv of the residue:

over silica gel (n. hexane-ethyl acetate as. eluants) gave (S-methyl 2-oxo-1,3-
-d;oxolen—d-yl)methyl (5R, 65)-6-[1(R) trlmethylszlyloxyethylj—2-methoxyme.hyl\‘/
-penem-3-carboxy1a~e as a cqlourless cil (2.9 g).

Step B | | | |

The abqvefsaia préduct_was-dissolvgd in 95% ethanol (160'mi) and acetic. acid
(2 ml) was added;.After stifring 1h at r.t. the mixture was concéntrated .

under vacuum to dryness. Addztxon of dxxsopropyl ether {50 ml) gave white -

crystals. uhxch were fxltered off and dried (2. 0g).
uv (cucia)')\max 326 nm

R. (KBr)\) 3450, 1820, 1780, 1725, 1710, 1580 cmf¥



3-di oxol en-4-yl) net hyl

'_EEELLO- ?I k-},| -group i_n_t_he_5 posi,ti)gtnI o |-§4substltu'[ od H" Wﬂw” m

[err] alkyl group at' the 5 position; g) a group [err], Whetel
_straight or branched al kyl, or benzyl; or h)3 2 oxotetrahydrofuran 5

option y substitute .a [err] alkyl group at the 4 position. 6. :
A conp%ﬁﬁd accordi ng gégiﬂg+n15 wherein R is pival oyl oxynet hyl,

*

‘pr opi onyl oxymet hyl, cyclohbxyhheeaokyalhnth¥9$%tycbbheul&yxputx»@&nﬂ&gd1'R)

di propyl acet oxynpeR¥h, of- Qg@etg¥ihgghyl 1- (cyclohexylacetoxy)ethyl
1- (1 -acetylsalicyl oxy)ethyl, nethoxycarbonyloxynethyl

et hoxycar bonyl oxynmet hyl, iso
Cyclohexylnethoxycarbonyloxy
| - (et'hoxycar bonyl oxy) et hyl ,

2- oxo- 1, 3-di oxol an-4-yl, (5-met
et hoxycar bonyl net hyl , tert-but

(5- phenyl
or

gycarbonyloxy) et hyl ,
rbonyl oxy) et hyl, 3- phthalldyl
(0- 1, 3-di oxoi)en 4- yI)rret hyl ,

ycar bony#9gst hyl :
2- oxo0- 1, 3-di oxol en-4-yl) methyl, .(2-oxo-1, 3- dloxolen 4-yl - met hyl

and the . pharmaceutically acceptable salts or ester prodrugs

thereof.

2. A compound according to claim 1;'which is the
sodxum salt or the potassiun salt of the conpound of formula
(1). _ | |
3. . A compound aécording to'claim-l; which is a salt

- of the compound of formula (I) with a (C,-C, alkylene)anmine,

a (0G4 alkyl)amire, a bereylanire, a hydroxy-(C1Gy alkyl) amire, a kesic

aliphatic ester of a carboxylic acid or a basic amxnoacid

4. ' A compound according to claim 1,_which is the
arginine salt of the compound of formula (I).
5f A compound according to claim 1, which has the
formula:
oeH, |
CH? o I
X0, |

wherezn R is

a) acyloxynethyl or 1- (acyloxy)ethyl,

b) benzoyloxymethyl or 1-(benzoyloxy)othy1, either _

| unsubstitutcd or ring-substituted by a free, nethylated
or acetylated hydroxy or amino group; :

c) alkoxycarbonyloxymethyl or 1-(alkoxycarbonyloxy)ethyl

d) 3-phthalidyl;

e) 2-oxo-1,3-dioxolan-4-yl, optionally substituted by a

C,-C, alkyl group 1n the § position,



n- 5 yl. 7. A conpound accordlng to cIa|n11 mhlch
i s acet ox neth 6- (1-hydroxyethyl) -2 -methoxyoxynethyl - penen}

ﬂ"’" u &!ﬁul(S met.hyl - 2- oxo- 1, 3- di oxol en- 4-'yl ) net hyl ' )

) - 2- met hoxynet hyl penem 3- car boxylate. 8. - = ., A process
for the preparatlon of a substantially- ([err]959@opt|cally pure - L
(5R, 6S,1' R -penem of fornula (1) as defrn@d +n claim1 or a -~

pharnaceutlcalky acceptaphecﬁaLi g;dggigieﬁu Lmhgiﬁyfafo g@udilnywocéss-

conprises i) n onpound of for r nP is  '
ei t her hydroge Li}-“gﬁ@ é’g Q %y%l’? {:115-/' %t %Q%pr a i s g
either R as deponéﬂivn.cla|n15 or a carboxy protectlng group; or_ ii) -

cyclising a cogpougdg %uiaoeﬁmé@ ﬁ*\/)wi:@féinvwerﬂrbﬁlc Anétdaygit ove as
defi ned above, _and Y Iy S g#gg ﬁﬁx%?gn ' quur arfd |||) i f necessary,
{i

removing the opf MBRREd P Land [err] fromthe resul tant
. conpound, - and, h}f aeexobqtrebndectungnanzku|thﬁpnﬂiﬁxnnanﬁitu#Qthy(a)

into a pharnaceutl@aLé aggfptgpbgpsgittﬁgmu6555£{15hjesult|ng salt.-into a -
: conpound of fognula (I chonpoung according to claim 5 wherein R is '
'pivaloyloxynethyl propionyloxynethyl, cyclohexylacetoxy-
‘methyl, cyclohexanecarboxynethyl, dipropylacetoxymethyl,
1= (acetoxy)ethyl, 1- (cyclohexylacetoxy)ethyl,
1~ (l-acetylsalicyloxy)ethyl nethoxycatbonyloxymethyl _
ethoxycarbonyloxymethyl, 1sopropoxycarbonylcxynethyl, . o/

Tcyclohexylnethoxycarbonyloxymethyl, 1 (methoxycarbonyloxy)- |
ethyl, 1- (ethoxycarbonyloxy)ethyl

1= (bornyloxycarbonyloxy)ethyl 3-phtha1idy1,

. 2=~0%0-1,3~ dzoxolan-4-yl, '
(5-methyl-2-o0x0-1,3-dioxolen- 4-yl)methy1, _
ethoxycatbonylmethyl tert- butoxycarbonylmethyl,_'
(5-phenyl-2-ox0-1, 3-dioxolen-4-yl)nethyl,
(2-o0x0-1,3- dioxolen-4-y1-methy1 or :
2-oxotetrahydrofuran-5-yl. :

7. - A compound accordlng to.claim 1, which is :
acetoxymethyl 6- (1-hydroxyethyl)-2-methoxyoxymethyl-penem-
3-carboxylate or (5-methy1-2-oxo-1 3-dloxolen-4-yl)methy1
6-(1-hydroxyethyl) 2-methoxymethylpenem-3-carboxy1ate '\yj
8. A process for the preparation of a substantially
'(>95%)optica11y pure (SR 6S,1’R)-penen of" fornula (1) as

" defined in claim 1l or a pharuaceutically acceptable salt or
'este: prodrug thereof, which process comprises

i) cyclising a compound of formula (III)
' ;

A | - o

| oo | |

)F‘ ’ (111)
To;? o



pharnaceutlcal
formula (1).or

y acceptable salt or converting a resultl
salt thereof into a pharnaceutically accepﬂ &m Ul, ”J"!
“prodrug,by treatnent with a conpound of fornmula (V): *

as defined above and X is eithér chloro, bronD |odo atonlor a nesyloxy,

tosylo§¥ror tri
conposi tTon conprising a conpound accordi
and a phar nace%hsaéia BECERt @PLe £

according to cla

fIuoronethanesu1phony|oxy g A pharmaceuti cal
g- 0 cIa|n11 as active |ngred|ent

£5gén i |neifhedd P" is a AydyEgy

d
for the: prepara?FB eg{:iagcéﬁ%@gsmgn rg gg%{e{%all_cl gﬁ‘ﬁnt eéﬁ"d’&’b?@si ge}s

substantially aa berhonpepnobedésngl@Bdupn éxanples 1, 2 and 4 together, in

Exanples 3 and

f'i§°98§99{s9£%"£' ESNp & 0b £ Ef@ﬁmfé P 7

j* i

(v )

wherein P’ and R’ are as defined above, and Y is either

~oxygen or sulfur; and

iii) if necessary, reﬁovxng the optional protecting groups
P" and R, from the resultant compound, and, if desired,
converting a resulting compound of formula (I) into a

- .pharmaceutically acceptable salt thereof or a resulting salt

into a compound of formula (I) or a different
pharmaceutically acceptable salt or converting a resulting
compound of formula (I) or salt thereof into a
pharmaceutically acceptable ester prodrug by treatment with -
a compound of formula (V): -

R=X (V)

" wherein R is as defined above and X is either chloro, bromo,

iodo atom or a mesyloxy, tosyloxy or
trifluoromethanesulphonyloxy group.

9. A pharmaceutical composition comprising a compound_
according to claim 1 as active ingredient and a
pharmaceutically acceptable carrier or diluent.

- 10. . A compound according to claim 1 for use as an

antibacterial agent.

i 11. A process for the preparation of a compound

according to claim 1, said process being substantially as
hereinbefore described in Examples 1, 2 and 4 together, in
Examples 3 and 4 together or in any one of Examples 4 to 7.




