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Deri.vatiwvas.. . The present invention rel at

I n d rlvatlves
of the general formula [err] wher e R err [ S‘*O%pgg
al kyl', .phenyl, benzpHOBFMANN-DAPROGHE XG, CH-4070 Basle/Sﬁ‘i%?l%h@l' yl; the
| ower al kyl , phenyl benzyl, styryl, naphthy and heterocyclyl
bei ng optionally subst I tut ed by at I east one of hal ogen,

hydr oxy, optionally substituted | ower alkyl, optionally
substituted | ower al koxy, optionally substituted phenyl, am no,
| ower afkyl ami no, di-lower al kylanm no, carboxy, |ower alkyl- RAN 4410/257

car boxy, carbanoyl or |ower al kyl carbanoyl; Rlerr], Rerr]
i ndependent|y are hydrogen, |ower alkyl or phenyl; X is'S O NH
or CHerr]; n is 0, 1 or 2;

Vinylpyrrolidinon Cephalosporin Derivatives \/

The present invention relates to cephalosporin derivatives of the general

formula
1 dnb E s
R'-(X)s-(CR*R
(X)s-( )m\[( (CHaln
0 AN 2 CH=('(N- R2
COR3 1
b where
R! is halogen, lower alkyl, phenyl, benzyl, styryl, naphthyl or

heterocyclyl; the lower alkyl, phenyl, benzyl, styryl, naphthyl
and heterocyclyl being optionally substituted by at least one of
halogen, hydroxy, optionally substituted lower alkyl, optionally

10 substituted lower alkoxy, optionally substituted phenyl, amino,
lower alkylamino, di-lower alkylamino, carboxy, lower alkyl-
carboxy, carbamoyl or lower alkylcarbamoyl;

R4, RS independently are hydrogen, lower alkyl or phenyl;

X is S, O, NH or CHy;
15 n is0,1o0r2;
m isOorl;
s isOorl;
R2 is hydrogen, hydroxy, -CH2-CONHRS, lower alkyl-Qy,
cycloalkyl-Qy, lower alkoxy, lower alkenyl, cycloalkenyl-Q;,
20 lower alkynyl, aralkyl-Q,, aryl-Qy, aryloxy, aralkoxy, a

heterocyclic ring or a heterocyclyl-Q;, the lower alkyl, cyclo-
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m Is 0 or 1; S Is 0 or 1; R err] I s hydrogen,

hydroxy, -CH err]-CONHR[err], |ower alkyl-Q, cycl oal kyl - @,

| ower al koxy, |ower al kenyl, cycl oal kenyl -Q, | ower al kynyl ,
aral kyl -Q, aryl-Q, aryloxy, aralkoxy, -&- het erocyclic ring or
a heterocyclyl-Q, the | gower_al kyl, cyclo-

2 - alirylylowaralloxy lowsey alkenyds cyelpalkenyl,dowes alkwnyl,

| ower al kynyl, aralkyl, aryl, é&‘yi’éi@(' aﬂi axﬁit'lll@h)éter% i"c.oﬁiﬁg gyt he
het erocyclic ring may stltuteii (igr ast one
group sel ected from Carbgﬁybsmtutedvnth atleastone grorpselspte XY,

-SO err]NHR[ err], opti oaalihy, ﬁmrmupsomnm oﬁtmnally ﬂuoro substxtdted/er
al kyl , I(():glr al koxy hyflro Io en,

_CH err] CNR] er r] R[ er %f-’t?(

Rl err] COO, C(R[err]R[eﬁH}z% ?, )CO CQQ{B'F@pﬂEQ\IR[err]R[err]

wher ei n @(\iglﬁ 6¥§%7me or aryl
R7 and R9 are |ndependent (ﬁzydrogen or 5)%I: &
i s hydrogen, |ower al kyRS zsdmrommdnver@iksd, gmlgd;kyl or axgl;d

F;ﬂ ]ect ' ngog;ogrky?nd R7 and RO are mdepend@hﬁ"yﬁlydr%g@ﬁ%qgﬁer alkyl
t he phen 0 hapht hyl ﬂéﬁ&%?@%ﬁoﬁ'ﬁﬁy‘ﬂ lower alkenyl or a car, gﬂgab‘g?‘?l ut ed

or substituted with at EW ﬁpt Badgr oups of 15

optionally protected hy 1@ &_kﬁmx&ﬁ&%@%ﬁ%ﬁg@% or

| oner al kyl or [err]-
al koxy and/ or cyano, orhaﬁemoyblﬂd;he]phbnylnﬁamﬂhyborhemrpcy{ﬂyl being

formul a Q
R i s hydrogen or §P%%teﬁi l?%bgﬁ%lé%th %%ﬂeastgme of the ng 1'ilf)1§)‘c’ipoxy
-0, |owe¥ al koxy, or - muanaﬁlmr@tm@ﬂehy@rom halogen, optionally substamadl
netal ; as wel | as rpagéd alkiy oF @l ama‘;u,ed éaleaibstiviaedbnestt | cal |y
accept able 25 salts of said C(l){b ounds}zgﬁgy &?{%f‘)f ytehe npounds ,of
formula | and of oxyan or cyano, or an rmtoge ergroup of
formula : :
Q is -CHR-, -CO- or -SOg-;
20 T isQor1;
is hydrogen or lower alkyl; and
R3 is hydroxy, -O-, lower-alkoxy, or -OM and M represents an
alkali metal;

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable
25 salts of said compounds and hydrates of the compounds of formula I and of
their esters and salts.

The compounds of the present formula I are useful in the treatment of
infectious diseases caused by gram-positive bacteria, especially infectious
30 diseases caused by sensitive and resistant staphylococci, pneumococci,
enterococci and the like.

In above compounds of formula I the substituent in position 3 can be
present



their esters and salts. The conmpounds of the present formula I

are useful. in the treatnent of I nfecti ous di seases caused by

gram positive bacteria, especially infectious 30 di seases caused by
sensitive and resistant staphylococci, preunococci, enterococci and the
like. I n above conpounds of fornmula | the substituent in
position 3 can be present (CH)n -3
- [err] or in the N—R? Confounds of fornula I i.e.
wherein the substituent in po sin 5 the E-formare generally
preferred. in the E-f a particular odi nent of the conpounds of formula
Il nis 1. € term "hal o%en" ok “hal 0" used herein refers to all
four forns, that is chloring_orxghlero;, brom ne or brono; iodine or

i odo; and fluorine or fluord, unfe specqf i ed otherwi se. 10 As
used herein, the terns "al kyl" 2na kKyl" refer to both strai ght
and br anchedgshaithe Ffsthnat ed r;ydro_car bon groups having 1 to 8, and

preferably 1 to 4, carbon atons, for exanple, nmethyl, ethyl, n-propyl,
i sopropyl, t- butyl and the I|ike.

Compounds of formula I i.e. wherein the substituent in position 3 is in
5 the E-form are generally preferred.

In a particular embodiment of the compounds of formula I n is 1.

The term "halogen” or "halo" used herein refers to all four forms, that
is chlorine or chloro; bromine or bromo; iodine or iodo; and fluorine or
fluoro, unless specified otherwise.

10 As used herein, the terms "alkyl” and "lower alkyl" refer to both
straight and branched chain saturated hydrocarbon groups having 1 to 8,
and preferably 1 to 4, carbon atoms, for example, methyl, ethyl, n-propyl,
isopropyl, t- butyl and the like.

By the term “optionally substituted lower alkyl" is meant a "lower alkyl"
15 moiety as defined above substituted by, for example, halogen, amino,
hydroxy, cyano, carboxy etc., such as carboxymethyl, 2-fluoroacetyl,
trifluoromethyl, 2,2,2-trifluoroethyl, 2-chloroethyl, 2-hydroxyethyl and like.

As used herein, the term "lower alkoxy" refers to a straight or
branched chain hydrocarbonoxy group wherein the "alkyl" portion is a lower
2 alkyl group as defined above. Examples include methoxy, ethoxy, n-propoxy
and the like. The "alkyl" portion may be substituted as defined above.

As used herein, "alkenyl” and "lower alkenyl" refer to unsubstituted or
substituted hydrocarbon chain radical having from 2 to 8 carbon atoms,
preferably from 2 to 4 carbon atoms, and having at least one olefinic double

25 bond, e.g. allyl, vinyl etc.

As used herein, "lower alkynyl” refers to unsubstituted or substituted
hydrocarbon chain radical having from 2 to 8 carbon atoms, preferably 2 to 4
carbon atoms, and having at least one triple bond.



By the term"optionally substituted |lower alkyl" is nmeant a "l ower al kyl™
15 noiety as defined above substituted by, for exanple, hal ogen, am no,
hydr oxy, cyano, carboxy etc., such as carboxynethyl, 2-fluoroacetyl,
trifluoromethyl, 2,2,2-trifluoroethyl, 24chloroethyl, 2-hydroxyethyl and
like. As used herein, the term"| ower alkoxy refers to a

strai ght or BydheHermc' ch}oaligad’l‘* txmeant ax3-7gnembered saturated carbdeytlic

ot hoxy, et nBIE, oy siHonHh M@ﬁﬂ%%ﬂﬁﬂ%ﬁipvﬁ? /1" Bor t1 on ey be
substituted as defined aboye. . used herein, "al kenyl" and | ower
al kenyl " refer tAsmuseddherein wycloalkeny w%,ﬁmtaembw%m

radi cal havi hevidgoat Teak ofle @0 debBl®bond. preferably from 2 to 4 car bon
atonms, and having at |east one oleflnlc double 25 bond e.g. allyl, vinyl

etc. Aﬁ tﬁ‘@ her.el n 'l ower, al k ref to unsubs ituted or
substit ut & y 3], s Tnpant Ezfla i 6“’ ¥on at ons,
preferably 2hydrotarbon bgrtherelnnmmlonanfobmea‘ﬁongoﬁhy&mn am:bcam bel e bond.

- 4-

carbocyel i ¢ s@sﬁ%e{l%%&%@tﬁw I'l‘h cycpggg?gairﬁgcyc elgeeéio}%h%{cfe%r
As used herebnpdwvlﬂm IF@H*PIIP eS@f@m 0% glelar dypé incl misanyl

havi ng at WP LRI ColAhy 2Bl hke5E pleBor'di] a%w'ﬁf aryl is
ditbe ke

Tt

meant a r d| c t y rocar natlon
of one at W&i%?gefarpsr}ec %r{%yi S%EQW{]

ar Olmat } Ct Eyd ap 2 hive at)milsu%heayri]xbstltu&it m%atadc&&ar as E-‘maéx&:ﬁpl@f

aryl o e Hgilponuc %rgéype inclu mg%o . ol Féla?( me@-ﬁ‘ﬁé’
cumenyl , and EHESP: arfe 8?‘5%1 + g, 1ower al o¥eh bude
napht hyI : ancaﬂ;dmoxlh suchakin Z,4ahﬂubhmhenlyb, 4-thrboxyphanyl, 4gnitogphenylhédve
at | east oney,. gh f(filnttl ﬁfétﬁﬁ ﬁ%&{ﬁqm as for exanple, hal ogen,

hydr oxy, cyano nitro, | ower al kyl, | ower al koxy,
carbanoyl , such as in 2,4-dif]ugrophenyl, 4- carboxyphen .., 4- n|tr0PhenyI
A- 15 By the term "aralkyl" is meant an alkyl group confaining an ary.

group. It is a hydrocarbon group having both aromatic and aliphatic
structures, that is, a hydrocarbon group in which a lower alkyl hydrogen
atom is substituted by a monocyclic aryl group, e.g., phenyl, tolyl, ete.

As used herein, "aryloxy” is an oxygen radical having an aryl
20 substituent (i.e., -O-aryl).

As used herein, "aralkoxy” is an oxygen radical having an aralkyl
substituent.

As used herein, the term "lower alkylamino and di-lower alkylamino”
refers to mono and dialkylamino residues wherein lower alkyl is as defined
25 above, for example methylamino, 2-ethylamino, -CHoNHCHg,
-CHsCHoNHCHg, -CHoCHoN(CHg)2, N-methylamino, N-ethylamino, N,N-
dimethylamino, N,N-diethylamino and the like.

As used herein, “heterocyclic ring" refers to an unsaturated or
saturated, unsubstituted or substituted 4-, 5-, 6-, or 7-membered heterocyclic
3 ring containing at least one hetero atom selected from the group consisting
of oxygen, nitrogen, or sulfur. Exemplary heterocyclic rings include, but are
not limited to, for example, the following groups: azetidinyl, pyridyl,
pyrazinyl, piperidyl, piperidino, N-oxido-pyridyl, pyrimidyl, piperazinyl,
pyrrolidinyl, pyridazinyl, N-oxide-pyridazinyl, pyrazolyl, triazinyl,



am nophenyl , 4-net hoxyphenyl. 15 By the term"aralkyl" is neant an

al kyl group containing an aryl group. It is a hydrocarbon group having
both aromatic and aliphatic structures, that is, a hydrocarbon group in
whi ch a | ower al kyl hydrogen atomis-dubstituted by a nonocyclic aryl

group, e.g., phenyl, tolyl, etc. As used herein, "aryloxy" is an

oxygeﬂ r adi cai:mitbzbhé, ?ﬁ?aolwl, 10, 3sthiadiazokyl; 1,2,4-thiadiazolyly :1)3,4—thia iazolyl,As

used herein, 1 ) i1C n gl .

subst i tuent | 123 o¥aibaglyt, B2, AUERRLAISE 8 RGN 128 Hikeolr], 12

di -1 ower al kytriagolph 1H-tetrazelyh 2Hrtelsazolyl dfunylailyazeningl, ﬂgmwl,\m&aei n

I | kyl i | : y | apd 3 I no,

L et e o it e

- CH err] CHPer i 2 M0, s

9ihrr$t hyl ami noetHyi Norbat fh&‘ﬂoﬁ?bﬁw@rmﬁoiyt’sesddglk? methoxy, et%lofﬁ, eteg chdlogens),
eterocyclic_r efers an upsatura r saturate

unsubst i £ ut ecsigh g tiorBe ofnecBRTpACSEL., Balogen SeHiRLE alcyls sush 98 ng

cont ai ni ng at ttifluerorethyietxichlonoetinyt cdtes tamirfo; anercaptyrhydroxyhséarbanyyl,

oF OXVGEN. b Gy it uFEREPULBEAIEK S8 AU Lot B 2 A

pyridyl, 10 %ﬂa&ﬂhﬁp#%ﬁv@hvémh_iénlwwﬂl-rﬁ,lrth?mm@pg@s} ofosubstityteds dy |

i oz nyl " Doterbiyclés of Obetthty AT o1, 'S REL LA T 1-mbthkol V1

1 574 U hi adi aRBTgininm3 Y (bt s bathoy sl ot v,

1, 2, 4- oxadi azearbarhoFl yyartdinitom-3-yB, Behib. Inteth¥l-pysidinium-2-yl, -3-

tri azof);(/?, | i%{gﬁ{ﬁz {%{et?ﬁ%—? Q&%ﬁlﬁ;ﬂf urnlcagﬁy gz%g;@ tﬁl%m%%’%(.l 1

tetra. ~ hydctrioprangT-AtpteEINfokmbeny o BriRs e v mmpineyL

Substituents for _5 the heterocyclic ring_include, for exanple,_Iower

al kyl s sudf as neBrfhe term ‘suhstituted phenyl ciseneanibphenyl morg oralich as

met hoxy, et hogihstfuged b?%aﬂ@{é?ﬁ opﬁogg.ugfgusmﬂﬂéarlw@r aBif106ptiEnallty OM ne,

etc., hal ogen substituted alkyls. su .
g protected hydroxy oryammo, nitro or trifluoromethyl.

The term “optionally protected hydroxy “ refers to hydroxy or hydroxy
protected, for example with t-butyloxycarbonyl, trimethylsilyl, t-butyl-
2 dimethylsilyl, tetrahydropyranyl, trifluoroacetyl, and the like, or refers to an
ester group, for example, phosphate or sulfonate.

The term "optionally protected amino" refers to amino or amino
protected with, for example, BOC [t-butoxycarbonyl; other name: (1,1-
dimethylethoxy)carbonyl], benzyloxycarbonyl and allyloxycarbonyl.

2% As used herein pharmaceutically acceptable salts useful in this
invention include salts derived from metals, the ammonium salt,
quaternary ammonium salts derived from organic bases and amino acid
‘salts. Examples of preferred metal salts are those derived from the alkali
metals, for example, lithium (Lit), sodium (Nat) and potassium (K+).

3 Examples of quaternary ammonium salts derived from organic bases
include tetramethylammonium (N+(CH3)4), tetraethylammonium
(N+(CHg2CH3)4), benzyltrimethylammonium (N+HCgHsCH2)XCH3)3),
phenyltriethylammonium (N+(CgH5)CH2CH3)3), and the like, etc. Those
salts derived from amines include salts with N-ethylpiperidine, procaine,

35 dibenzylamine, N,N'-dibenzylethylenediamine, alkylamines or



trifluoromethyl, trichloroethyl, etc., amno, nercapto, hydroxyl,

car banoyl , or carboxyl groups. A further substituent is oxo, such as in
2-oxo-oxazolidin- 10 3-yl, 1,1-dioxo-tetrahydrothiophen-3-yl. Further
exanpl es of substituted het erocycl es-@re 6-met hoxy-pyridin-3-yl,

5-met hyl -i soxazol -3-yl, 1-methyl - pyridinium2-yl, -3-yl, -4-

1- car banoyl nﬂl&ﬂdylmm@%mﬂlhasllsaltsm -ammmaam ds suchyas, for examp {emsal

1- car banmoyl ng

1-[N-(3-fluor %-ﬂ%%‘xy‘gyp enyl']- (Parg%1 dﬁeyll; |°ﬁ%°rﬁ%es’ lsulfaii'%s,

By the term" BFﬁ,SnWeSY#em eﬁ%ﬁ&ﬁ no or di-

substituted by halogen optionally substltuted | oner al kyl, optionally
protect ed hydroxn‘hérte&mrmnﬁu Féteetink gri){f g perebdve protectmg oupge term
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di met hyl si | ylof suehr@-bups apy idesgtibed in iGreenp T, Pnotectined Girbreps ik rgamie ef er s

Lorm " opt i onsPPypREr SaeBler T R WIRYIR S, e BT 218- 2% bex hergieq”

with, for examworﬂced by re&rmam&mbyﬂnmrexmplesam clude ca ates,
di met hyl et hoxy, h:leth ?'maﬂa 1, maéﬂ%glog %Qﬁzisﬂyl)%ﬁxyl

As used herei Qﬁfo e cceptabl e 3alts
i nvent i on18 ndt g%ﬂ RTRHACHNG m&sm gﬂqubenzyl P-

L

qu?: er ng( y alrﬂmw-wn@a,l &ﬁ)ﬂéﬁ[ylnd@ﬂn}ﬂ[ a@néﬂﬁmfthbnwmgncfom{n % kal
Sa S. a S ,alre 0S enl e a al i
net al s, fo?péyj’rﬁﬂ ggcq%yfﬁﬁ?ﬁo(ﬁe ], %H{IPF rﬂ (K+) 30

Exanpl es of mﬁmyylamﬁbenmnaalﬁmyljdmmhIéﬁesulfmyb é‘fnpcnie&hy]benzyl—

| ude tet aegh ' .
I(&i( uCHFer(ra] E&@O% Tert B'a1l3énz gallul 31 %d%%mgﬁ,l-dlmethyl-
( N+( ] er r BH ethpxpcar IoHeazy o)x[yeanﬁo and adlyexyrcarbenyly| anmoni um
(Nt((err]Herr])(CHerr]CHerr])[err]), and the Iike, etc. Those salts

derived from am Mag {eed UEEHORVES aWid Pritedliny F%ﬂﬁg’ffé?hfbeto protedting gravps

di benzyl am ne, NN -di henzyl et hyl enedi am ng nes
-6 - di alRpTeRtiARally ys [t taBlacthe afidin, PpoR LA PaRbaxTEE agid. { of

exanpl e, sal (Bxamples of such groups are described in Greene, T., Protective Groups in
Organic Synthesis, Chapter 5, pp. 152-192 (John Wiley and Sons, Inc. 1981),
2 incorporated herein by reference. Preferably these examples include
methoxymethyl, methylthiomethyl, 2,2,2-trichloroethyl, 2-haloethyl, 2-
(trimethylsilyl)ethyl, t-butyl, allyl, benzyl, triphenylmethyl (trityl),
benzhydryl, p-nitrobenzyl, p-methoxybenzyl, trimethylsilyl, triethylsilyl, t-
butyldimethylsilyl, i-propyl-dimethylsilyl. Preferred are benzyhydryl, t-butyl,
25 p-nitrobenzyl, p-methoxybenzyl and allyl.

The term "hydroxy protecﬁng group” refers to protecting groups as
conventionally used in the art such as trimethylsilyl, t-butyl-dimethylsilyl,
dimethylphenylsilyl, triphenylmethyl, lower alkanoyl, acetyl, tetrahydro-
pyranyl, benzyl, p-nitrobenzyl or t- butyloxycarbonyl.

30 As readily hydrolyzable esters of the compounds of formula I there are
to be understood compounds of formula I, the carboxy group(s) of which (for
example, the 2-carboxy group) is/are present in the form of readily
hydrolyzable ester groups. Examples of such esters, which can be of the
conventional type, are the lower alkanoyloxy-alkyl esters (e.g., the

3 acetoxymethyl, pivaloyloxymethyl, 1-acetoxyethyl and 1-pivaloyloxyethyl
ester), the lower alkoxycarbonyloxyalkyl esters (e.g., the methoxycarbonyl-



with arginine or lysine. Especially preferred are hydrochl orides, sulfates,

phosphates, | actates, nesylates or the inner salt. The term "anmo
protecting groups” refers to protecting groups 5 conventionally used to

repl ace an acidic proton of an am no grouﬁ— Exanpl es of such groups are
described in Geen, T., Protective Goups in Oganic Synt hesi s, Chapter

7, John W | eyoxsmiethyis1-ethoxycatbayloxysthybasd sisoproposyearbonyloxyethyk at ed

by reference. e%%wg%r}ég&%tgﬁﬁae%%r m%bﬁa}.éafk h%ﬁfd@ﬁﬁ@ﬁﬁ&ahdyl eStéh), the

fl | ret h

2- ?f ? ?Pr)ét m slowgr) té)srsgnwﬁe X:2 atheymetb@mwthyt@stexé.anérf&eel@mm

?r OUES alr e 3, BNy -esﬂars (e.g.,NtiHe" ébe?@ﬁ%&émeﬂi W e e h¥k esters
ri en Il oace.

Ll brerYLoBy e hgﬁ%%??%l S an S S petersy At Bl BORSE Wothar xarmples of

EF b}g:nzengs uI f sxmh esthrs are ¢he folldwimgt (2 Bl—dinrethﬁyl—bxuplsdpoxy)meﬁlyﬂfestgﬂ, 2-{(2-
rererre IS

et hoxy) car bo n&% r%@ﬁé&ﬁ@)gggg peﬂﬁ% leP?qqg %ljxggﬂWEﬁwxy)c"a@bony %y]

t erm " car boxyethyl estes; Macetquxu ethyd egter; &5 me&hy -pxoﬂe‘i,»dmi@l-@ryia pgethyl

convent| onal | getdsofk ey ARAENEEHBEI oty r&tagpas @Hﬁi{éﬂﬁg
St ers%‘i%tgﬁ Il be apprecsted:im ﬁﬁfgt (A5 a5t Gkt b1

20 i ncor por at pshdiRf zai'iﬁé eétswg %f tlli’é eéxﬁpa@h&s bﬂﬁﬁ@pﬁ@é@ﬁﬁi&ﬁeﬁﬁkﬁi B4l be
met hoxynet hyl 1‘}‘&‘{: Tg f%él chl or oet,hyl, 2-hal oet hyl, 2-
(trinethyl si| a eeoﬁ? XY@‘P?P of the compopndiheny| net hyl (trityl),
benzhydryl, p- nltrobenzyl p- met hoxybenzyl, trinethylsilyl, triethylsilyl,
t- but yl di rretExbmp[lgﬂ of salps ofjhe dompbimﬂs of formilack are defined under

benzyhydryl & 15 % p oxybenzyl and allyl.
The term’ hyd XYy prot ectl Xné"w ap™ éa,?.tgr sdﬂtaggprot ectl ng groups as
conventionally used in the art such as tr| met htyl sily

t - but yI - di¥fret hy| shIBneferred embadimengio egnvgm ommgwemnon@dﬁwffomnéal
al kanoyl , ace{HereincRI 38 ¥6lelted fronP¥ic Bd gw 2}4,51|th&ﬁ16965}1énﬂr 3i4-

butyloxycarbo 3 readi | the conpounds
of formula | 5%@@08?1&“1’ 2&?‘3@% B’ﬁ&gsﬁ thoxyp
car boxy groupphenyif 4hydrexfhthylphenyh mamoho@mmwmm 2.4/ are

prosent | n UneL ol R ol 15ahlMerrazc SACLYARRER. B oSV e ARLE® ©

al kanoyl 0- apklgldlmmﬁsyl,( 3—}@ -3-ylher -aaylabenmnydezolyﬂ-yl @-henzthiagolyledhy| |

5 20 B SO N 4 b o

2, 8- or 4-hydro enzyl pyrro din-3-yl or a group of formula

N

—@hy—{
N+

' ;511

wherein
25 Ql is -CHp-
T isOorl;

Rl is hydrogen, lower alkyl, ®o-hydroxy alkyl, benzyl or alkyl-
' heterocyclyl, the benzyl and the heterocyclyl group being
unsubstituted or substituted with at least one of the groups
0 cyano, carboxy or hydroxy; or is -CHoCONR7R10; wherein
R7 and R10 are as defined above.

The compounds of formula I as well as their salts and readily
hydrolyzable esters can be hydrated. The hydration can be effected in the



-7- oxynet hyl , 1-ethoxycarbonyl oxyet hyl and

1-i sopropoxycar bonyl oxyet hyl ester), the lactonyl esters (e.g., the

pht hal i dyl and thi ophthalidyl ester), the | ower al koxynet hyl esters
(e.g., the nethoxymethyl ester) and the |-8wer al kanoyl arri nonet hyl
esters (e.g., the acetam donethyl ester). Oher esters 5 (e.g., the benzyl
and cyanonet h;zdmmtofrtél)z manuﬁ&@unhng proedss 6 bam oesumgtaduadly as a sesullt eft er s

the foll ;o 2-[(2-
?nratehyl Sr ogoxg ggqrgscr%)]c]?pz%b eny#qﬁﬁww&@#ﬁ et{mxy) E:gr bonyl ] oxy]
et hyl ester acetylo ethl ester 5- et hyl - 2- oxo- 1, 3-di oxol - 4-yl
met%yl émmgl?mx ) 9%@% R?P}Tﬁéd?f&@ﬁ@@% yﬁreet)riyl estelr Xand =
3, 3_‘ di met hyI ?EP(GR 7R@-3bl§[1tl%1h[(f&lﬁdrox&1phﬂdyﬂdcd%aﬁﬁm)%bﬂi Hilphyi diﬁqsﬁnfﬁ-f%[-h
ordinary s i n ar a rea S 0 e
corrpoun)és gf haethy, igrﬂx ORYFERH 3 }Me)agme %r%;’\’d ﬁ'?g"‘?eﬁgg FBoxy

group of the phepylsotfanyl)-acetylantinalvpithia-dfazeabicyclof4.2/0docterpnesds of

formula | are gﬁﬁﬁggﬁgunder "pharnmaceutical ly acceptable salts" above.
15 A prefg odi ment of the invention are conpounds_of fornula I
wherein R err] is selected fromthe groups phenyl, 2,4,5H pphenyl,
3, 4- di chl or ophenyl , €. 5-di chl or ophenyl , 4- trlfl phenyl ,

4- et hoxy- phenyICK 42k droxynethylphenyl 3, 4- xyphenyl

4-met hyl -1, 2, 4- trija; -5-yl, ﬂ-nethyl-tetraz pyrim din-2-yl,
optionally substituted 2§ Pyg+Oigrin or -4-yl,
benzi m dazol -2-yl, 2-ben ;hlazolgl N ' :

(2-ami no)-thiazol -4-yl, 2-naphthyl g”ben n err] is nethylcyclo-
propyl, 2-, 3- or 4-hydroxybenzyl, pyrrﬁcﬁhln- yl or a group of formula
[err] wherein Clerr] r Is 0 or 1; R err] S

hydr ogen, | ower alk¥ - hydroxy al kyl, benzyl or alk
10 (E)-(6R, R)-3-[1- [(4-Hydroxy—phenylcarbamoyl)—methyl -pyndm- -ium-4-

ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-7-[2-(1-benzothiazol-2-yl-
sulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylate

Q,N H 4 ®r(_<: i
° o® o

15 (E)(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-7-
[2-(2,4,5-trichloro-phenylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-

2-ene-2-carboxylic acid
cl

Cl

s/\(r)rFNM_P

COOH

2 (E)-(6R,7R)-7-[2-(Benzothiazol-2-ylsulfanyl)-acetylamino]-3-(1-cyclopropyl-
methyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-o0x0-5-thia-1-aza-bicyclo[4.2.0Joct-
2-ene-2-carboxylic acid



het erocycl yl, the benzyl and the heterocyclyl group being

unsubstituted or substituted with at | east one of the groups 30

cyano, carboxy or hydroxy; or is -CHerr]CONRerr]R[err]; wherein

Rerr] and Rerr] are as defined above. -9- The conpounds of formula
as well as their salts and readily hydrol yzabl e esters can be hydrat ed.
The hydration can be effect en t he

- 8- course of the manuf ad 0
result of hygr oscopi ¢ propektil

s of anfjinitjally anhydpQus product.
Especially preferred conpounds #of M—P
(B)-(6R 7R)-3-[1-[ 1-[ (4- Hydr oxy- phenyl pyridin-1-ium4- 5

yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyb -(2,4,5-trichl oro-
phenyl sul f anyl ) - acet yl ami no] 5-t hi a- 1- aza- bi cy€Pa[ 4. 200] oct - 2- ene- 2-
carboxyl ate [err]

R OR TR LA

- . | lmethyll 2-ox &Egyrroli(hn-& ylidenemeth: yl 86oxo-7-[2-(pynd5n-4-ylgu1faln 1)-
sul fanyl) - \tlze%' al-azgzbzcycllg[ﬁcé 8][00’6- e9 -Car| oxy carboxylate

[err]
o~ :

«wﬂ;@v/@ﬁ

(E)-(6R,7R)-3-[1-[1-[(8-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-
ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-7-(2,4,5-trichloro-
10 phenylsulfanyl)-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxylate @ /_(,_Q_

(E)-(6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-
15  ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-7-(2-phenylsulfanyl-acetyl-
amino)-5-thia-1-aza-bicyclo{4.2.0]oct-2-ene-2-carboxylate



15

(BE)-(6R, 7R) - 3- (1- Cycl opr opyl net hyl - 2- oxo- pyrrol i di n-3-yl i denenet hyl ) - 8- oxo-
7-

[2-(2,4,5-trichl oro-phenyl sul fanyl) -acet yl@s no] -5-t hi a- 1-aza-bi cyclo[4.2.0
] oct - 2-ene-2-carboxylic acid [err]

20
(E) - (6R, 7R) - 7(ER(6R3ZR)-8t[A+Az[(3-Flugossrhiydmgxy-phenylhrbamoyl-taéthytlypyridimy | -
et hyl - 2- 0xO0- Suhi@dlbthivh-YldsAShiHR dbhL 3 iR amth P r-fr- GRbthbld-8lvi: 2 O ©

ct- 2- ene- Z2- car boxyl'1°c” acl . .
[err] sulfanyl)-acetylamino}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

(B)-(6R, 7R)-3-[1-[ 1-[ (4- Hydr oxy- phenyl car banoyl ) - net hyl | {Hpyy+ n- 1-i um 4-
yl met hyl ] - 2- oxo- pyrrol di n- 3-yl i denenet hyl ] - 8- oxo- 7-[ 2- ( py¥1 Ol sul f anyl
)- 5 acetyl am no]-5-thia:1-aza-bicyclo[4.2.0]oct-2 e\R- carbgxyl ate [err]
N
S —
c? 0o

(E)-(6R,7R)-7-[2-(8,4-Dichloro-phenylsulfanyl)-acetylamino]-3-[1-[1-[(3-fluoro-
4-bhydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl]-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-o0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxylate
H
N—-< \>—OH
cl (
C\@\ ®N o} F
s/\g/m
o}
C o}

(E)-(6R,7R)-3{1-(3-Hydroxy-benzyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-oxo-7-
[2~(2,4,5-trichloro-phenylsulfanyl)-acetylamino}-5-thia-1-aza-bicyclo[4.2.0]oct-

2-ene-2-carboxylic acid
Cl

C\©\8/\g,ﬁj NMN p.oa

S
Cl g / P
15 COOH
(E)-(6R,75)-3-[1-(3-Hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-7-

[2-naphthalen-2-ylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-
2-carboxylic acid

S/I(}iJ[{MNJ@\w




(BE)-(6R 7R)-3-[ 1-[ (3- Fl uor o- 4- hydr oxy- phenyl car banoyl ) - met hyl | - pyri di n- 1-

I um 4-yl met hyl ] - 2- oxo-pyrrolidin-3-ylidenenethyl]-8-o0xo0-7-(2,4,5-trichloro-
10 phenyl sul fanyl)-acetyl am no)-5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 2- ene- 2-

car boxyl at e -11- [err]

(BE)-(6R, 7R)-3-[ 1-[1-[ (4- Hydr oxy- phenyl car baoyl ) -nmet hyl | - pyridi n-1-iul m4-.
15 Mixture of (E)-(6R,7R)-8-0x0-3-[(R)- and -[(S)-2-0x0-[1,3 ]Blpyrrohdm 1-8-

IyI met th Imln (2)) ?@?ﬁé{éﬁ@@ﬁl @’(%’03%]% ﬁ%@%ﬁéj@oﬁ P?é gﬁg@n@@f%ﬁ' fargj_S_ acety

[err] thia-1-aza-bicyclo[4.2 -ene-2-carboxylic amddhydrochlonde
(E) (6R, 7R) - 3-[ 1-[ 1-[ ( 3- FI &r o- 4- hydr oxy- phenyl car banoyl ) - nmet hyl ] - pyridin-1
Cl

|um4 yl met hyl ] - 2- oxo- pyr di n- 3- ylmdenerret hyl ]-7- [2 (napht hal en- 2-yl -

sul fanyl ) -acetyl am nol - 8-8 - a- cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxy
late [err] S “Q
ls Il ! :” :

(E)- (6R, 7R) - 7- [ 2- ( 3, 4- Di chiGr o- phe b _adet Namionm-3HP- [ 1-[(3-f1u
o

or o-
4- hydr oxy- phenyl car bamoyl ) - met hyl ] - pyri di nCReHum 491 net hyl | - 2- oxo-
51

(E)-(6R,7R)-8-Ox0-3-[(R)-2-0x0-[1,3 Tbipyrrolidinyl-3-ylidenemethyl]-7-(2-
phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylicacid hydrochloride (1:1)

G\
s/\g/ )_NM N} + Hal

CO.H

(E)(6R,7TR)-3-[1-[1-[(3-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-
ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-7-(2-phenylsulfanyl-
acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

0

H Nf{nu—d— OH
@h'sﬁg/NJ:NrS/ Np

© COg”

15 (E)-(6R,7R)-7-[2-(2,5-Dichloro-phenylsulfanyl)-acetylamino]-3-[1-[(3-fluoro-4-
hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-ylmethyl}-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate

c H 20
O ~
N
cl °¢ NM
COs” o

OH



pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
car boxyl ate o [err]
(E) -(6R 7R) - 3-[ | - (3- Hydr oxy- benzyl ) - 2- oxo- pyrrol i di n-3-ylidenenethyl]-8-o0xo0

[2 (2,4,5-trichl oro-phenyl sul fanyl) acetyl am no] - 5-t hi a- 1-aza-bicyclo[4.2.0
] oct - 2- eﬂﬁ)—@E&MCyclapmpyl-2-oxo-pyrrohd1n-3-ylidenemeﬂ;hy]t)i7—[2—

(B)-(6R 75) - StdedyHehiatiiils SHaltaRTIY abaty1 808 6114 60b 5%Ha - dhd BEITRA BidbeaoxO
[ 2- napht hal eneneyr-earbpayije pdddmislamlem@}t@nlhi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- e

ne- 2-carboxylic acid [err]
M xture of (E)-(6R, 7R)- 8- ox nd (S) -0xo0-[1, 3" ]Bipyrrolidinyl -
yl i denenet hyl ] - 8- oxo-7-[2-(2 -tr chtfor o sul I) acet yl am no- 5-
t hi a- 1- aza- bi cycl o[ 4. 2. 0]oct 2 ene-2-c rbo N g/ Cl | ori de
[err]
COzH
5

The compounds of the present invention are useful as antibiotics having
potent and broad antibacterial activity; especially against gram-positive
organisms, e.g. methicillin-resistent staphylococci (MRSA).

The products in accordance with the invention can be used as
10 medicaments, for example, in the form of pharmaceutical preparations for
parenteral administration, and for this purpose are preferably made into
preparations as lyophilisates or dry powders for dilution with customary
agents, such as water or isotonic common salt solution.

Depending on the nature of the pharmacologically active compound the

15 pharmaceutical preparations can contain the compound for the prevention
and treatment of infectious diseases in mammals, human and non-human,
a daily dosage of about 10 mg to about 4000 mg, especially about 50 mg to
about 3000 mg, is usual, with those of ordinary skill in the art appreciating
that the dosage will depend also upon the age, conditions of the mammals,

2) and the kind of diseases being prevented or treated. The daily dosage can be
administered in a single dose or can be divided over several doses. An
average single dose of about 50 mg, 100 mg, 250 mg, 500 mg, 1000 mg, and
2000 mg can be contemplated.

Representative compounds (A to F, below) of the present invention were
2% tested. In vitro activity was determined by minimum inhibitory
concentration in a microorganism spectrum by the agar dilution method in
Mueller Hinton agar, inoculum = 104 CFU/spot.

A: (E)-(6R,7R)-3-[1-{1-[(4-Hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-
4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-7-[2-(2,4,5-trichloro-
30 phenylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-
carboxylate .
B: (E)-(6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-
4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-7-[2-(1-benzothiazol-



(B)-(6R 7R)-8-Ox0-3-[(R) -2-0x0-[1, 3" ] bi pyrrolidinyl-3-ylidenenethyl]-7-(2-
phenyl sul f anyl - acet yl am no) - 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

car boxylicacid hydrochloride (1:1) [err] 10

(BE)-(6R, 7TR)-3-[1-[1-[(3-Fl uoro-4-hydroxy=phenyl car bamoyl ) -net hyl ] -pyridin-1

i um 4-yl et hyl ] - 2-yisudfamyl)-atets amihold5-thdacnridpidycR{9.20]det-2-epkery | sul f anyl
acetyl am noéa:r%b&yia%él_ aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl ate [err]

15

(E) - (6R 7R) - 7CI: AB)X6R, TR+ 8+(Bephethiazalt3-plsylfanyDeacetylamiopl-3-(Leyelopropyler o

-4-

car boxyl at

-2-

10

pyr ol i n a1 | SERCHAP RS Ypteli i K e Ve .

& [ er ri4.2.0]oct-
(E)- g} ?E |7R) i’ﬂ.ﬁ(@‘ﬂfﬂpm BL[la:l ﬁ%lﬂlieﬁ yhkarbasheybrmbethil)-pyridin-1-ium
(napht hal en-1-yI gulfariyl fgg-gyrrgilgnl

ene-2-carboxyhc acid - 12_

li%fc(anemet’cﬁyﬁ- -0x0-7- [Q ¥n|dfx£ 1-21 0] oct
sulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

E: (E)-(6R,7R)-3-[1-[1-[(8-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-
pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-7-[2-
(naphthalen-2-ylsulfanyl)-acetylamino]-8-oxo0-5-thia-1-aza-bicyclo-
[4.2.0]Joct-2-ene-2-carboxylate

F: (E)-(6R,7R)-3-[1-(3-Hydroxy-benzyl)-2-oxo-pyrrolidin-8-ylidenemethyl]-8-
0x0-7-[2-(2,4,5-trichloro-phenylsulfanyl)-acetylamino]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

G: (E)-(6R,7S)-3-[1-(3-Hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-
0x0-7-[2-naphthalen-2-ylsulfanyl)-acetylamino]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

H: Mixture of (E)-(6R,7R)-8-0x0-3-[(R)- and -[(S)-2-0x0-[1,3"]Bipyrrolidinyl-3-
ylidenemethyl]-8-0x0-7-[2-(2,4,5-trichloro-phenylsulfanyl)-acetylamino]-5-
thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid hydrochloride

I: (E)-(6R,7R)-3-[1-[1-[(8-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-
pyridin—1-ium-4-y1methyi]-2—oxo-pyrrolidin-3-ylidenemethyl]-8—oxo-7-(2-
phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate

In vitro activity against sensitive and resistant S, aureus
MIC [pg/ml]

MIC S.aureus 6538 (MSSA)|<0.06] 0.12 { 025 | 0.5 { 0.25 | 0.12 | 0.12 [<0.06|<0.06

MICS. aureus 270A 1 1 2 4 1 2 1 1 1
(MRSA)

Agar dilution method on Mueller-Hinton agar, inoculum: 10* CFU/spot



ene-2-carboxylic acid imdazole salt (1:1) [err] The
conpounds of the present invention are useful as antibiotics having

potent and broad anti bacterial activity; especially against gram positive
organi sms, e.g. nethicillin-resistent staphyl ococci (MRSA). The
products in accordance with the invention can be used as 10 nedi canents,
for exanple, in tTee compoundphfthefermulal ipaegondance vith dhe inventior @ser al

adm nistratio I i : .
prepar at | ons SR pharbablb AR AbfAE ElR hYARAE tdily bydrly,
agents, such zablesstersman bomprivfactumred in agcordsore vvibh the invention bgependi ng
on the nature of the pharnmacol ogically active conpound the 15

phar maceut i cafg)j | SoHapsaid $aRts thé nd for the prevention
and treat n?d 3f isﬁ?fel%:dl OUSde seasesﬁ%n mammal s, human and non- human, a
daily dosgge of about 10 ng to about 4000 ng, especially about 50 ng to

about 3000 ng, is usual, with & S\grdi naryggkill in the art

appreci ating that the dosage wjl} d gn_d_ _"#pon fihe age, conditions
of the mammal s, 20 and the kind di Sgas€s beyng prevented or treated. The
dai |l y dosage can be adm ni stered igpoogRei nghe dose or can be divided
over several doses. An aver age single dose of about 50 ngy, 100 ngy, 250
ng, 500 ng, 1000 ng, and 2000 ng can be contenpl at ed.

Representative compethidek (A to F, below) of the present invention were 25
tested. In vitro ggti wit de moned by m nimum i nhibitory
concentration in @ ﬁpgrlb§r%§§ﬁ'§?ﬁigbgﬁ’rum by the agar dilution nmethod in
Miel | er Hilft on agBf is hydrogennor-trimpthylsilylraindpot .

A
(]2 LIk g gL b

30 phenyl sul yharssadt $herepho] - 5- t hi a- 1- aza- bi cycl o 4. 2. 0] oct - 2- ene- 2-
car boxyl at e B:
E)-(6R 7R)-3-[1-[1-[{4-Hyd - I l,) -pet hyl ] - idin-1-i
21- §/| ﬁret hyl i - 2‘!"%&%35&%%% %8§yg¢ft?x§2¥@%§$ﬁ§frfﬁig£oﬁﬁ 7¥[ ]2 E)?/f Ibelngot h: g;nol -
15

R‘-(X)s-(CR‘*RS)m\(Y
O III

in which R1, X, s, R4, R5 and m are as defined above and Yis -OH, or a
reactive functional derivative thereof wherein Y is, for example a

20 halogen as chloride or bromide, or 1-imidazolyl, 2-mercaptobenzotri-
azolyl, 1-hydrox- benzotriazolyl or pivaloyloxy, or an activating agent as
HBTU (ortho-Benzotriazol-1-yl-N,N,N*,N'-tetramethyluronium-
hexafluorophosphat), DCC (N,N'-dicylohexylcarbodiimid), CDI (1,1'-
carbonyl-diimidazole), CDT (1,1'-carbonyl-1,2,4-ditriazole) or

25 thionylchloride and the like.

(b) for compounds of formula I wherein X is S, O or NH, by treating a
compound having the formula IV

Hai—(CR‘Rs)mYN (CHaln
\
o) B@\/;Q(N'RZ
. 0

CO.R¢ O 1v

30 wherein R4, R5, m, n, R2 and RE are as defined above and Hal
stands for halogen as bromine or chiorine or iodide preferably
bromine,

o
Ny—r"




-13-

2-yl sul fanyl)-acetyl am no] - 5-thi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
car boxyl at e C.

(BE)-(6R 7R)-7-[ 2- (Benzot hi azol - 2-yl sul f 384 - acet yl am no] - 3- (1- cycl opropyl -
met hyl - 2- oxo- pyrrol i din-3-ylidenenethyl)-8-o0xo0-5-thia-1-aza-bicyclo- 5

[ 4. 2. 0] oct - 2- ene-witharbapptipristeithiol or thiolate or an appropriate alcohol or
(E)-(6R, 7R) - 4- Vi idin-1-ium
4-yl et hyl ] %]%éh‘h%t% 2Ry “@Peenn lﬁ%ﬁ?}ﬂé&oxo- -[% B din 4yl

sul fanyl) - acetill am no) - 5-t hi a-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car hoxyl at e
E: (E)-(6R 7HpI By qlappﬁatrtmp amg@lﬁkvdpﬂaﬁ@bleaﬁss%m%ﬁomﬁyﬂ] 10
pyridin-1-i ungy Mtﬁw ctin@AcaRBbislid 8éid-of ﬁkm%%‘@%té‘%ﬂregﬂﬁdmg

(napht hal ep- 2- I fgn acetyl am no - 8- 0x0- 5-t hi a- 1- aza- bi cycl o-
2. 0] octgz @%@E%@Pg&yl ate

(E) (6R 7R) - 3- [ 1- (3- Hydr oxy- benzyl) 2 oxo- pyrrolidin-3-ylidenenethyl]- 8-

ox0- 1+12 (2 syt bEDLorgsRhsnyl Sl ivhdaate! b 8 ToRflound B Ardidd T or!

(E) - (6R, 7S) - hydratas bf]mﬂ)@altmcMWemﬁgca(wmpommdl ofifornmalal I idocarsalbyir] - 8-
oxo-7-[ 2- napla}gdi) @g g]ﬂ{;osgh%aggée)qfas&gaghggn noj] - 5-thi a-1-aza-

bi cyclo[ 4.2 -ene-2-¢c oxy i'C acl H M xture of
(E)-(6R, 78)- 8- 0x0-3-[(R) - and -[(S)-2-o0x0-[1, 3" ]Bipyrrolidinyl-3- 20

Yl i deneret hyl ] - 8-puovdadifon 8 4 onkyidseld of fovaiaavrebard homeaing g nol - 5-

hi a- 1- bi ¢
(B)(6R 7R) - b bodiments(aWishea aompavaR gt hrmylac ey icperiEe pFvative
pyridi n- 1-i ungidrgéf@imbe learried @uibin repiatiner knovird eﬁSE.t'ﬂhé]ca%myog&dp% in

Car boxyl at o corpourad Bt fipglelth @il T Bl g 68ty e

aur eus 15 optionally present in R2) in compound<Cof formujlg/ M (carboxy groups

(MSSA)[err] Oquxﬁlgpr%eggméﬁgcaﬁ%&pr%ecﬁd %tef?e[d%r@{ gtf% érr ° .06

M C S. aur eusexamople, by esterification to form readily cleavable esters such as 4 sily
ester (e.g. trimethylsilylester), a p-methoxy-benzylester or benzhydryl ester.

(D-i.

j

Furthermore the amino groups present in compounds of formula II (in

2 position 7 and/or optionally present in R2) and/or optionally present in Rl of
compounds of formula III can be protected, for example, with protecting
groups which are cleavable by acid hydrolysis (e.g. the t-butoxycarbonyl or
triphenylmethyl groups), by basic hydrolysis (e.g. the trifluoroacetyl group),
by hydrazinolysis (e.g. the phthalimido group) or by catalytic cleavage in

25 presence of Pd (the allyloxycarbonyl group). Preferred protecting groups are
the t-butyloxy-carbonyl, allyloxycarbonyl, the chloroacetyl, bromoacetyl and
iodoacetyl groups, especially the chloroacetyl group. These last-mentioned
protecting groups can be cleaved off by treatment with thiourea. Another
preferred protecting group is phenylacetyl which can be cleaved off by

30 treatment with PCl5 or enzymatic.

The 7-amino group in compounds II can be protected in situ, for
example, by a silyl protecting group such as the trimethylsilyl group.

In reacting a 7-amino compound of formula II with a carboxylic acid of
formula III or a reactive functional derivative thereof, for example, a free
35 carboxylic acid can be reacted with an aforementioned ester of a compound
of formula II in the presence of a carbodiimide such as dicyclohexylcarbo-



30 Agar dilution method on Miell er-H nton agar, inoculum 10[err]
CFU/ spot - 14- The
conpounds of the formula | in accordance with the invention as wel | as
t heir pharmaceutical acceptable salts, hytates, or readily hydroly-
zabl e esters can be manufactured in accordance wth the invention by
(a) treating @iioxdeduoranh trert solvend stich muledhyl adetate, acetonitrile, dioxane,

[err] j ' : ] i .10
Rert] is hydtozsfornl, inbliyline chioride, hesloBht) abéufyifrfaifildd 86 dRgis1
benzhydryl , paﬁaéﬁ#&s@b%wiﬁubsequ@m the estepgraunscan besleaved off. ©  ai |yl or
salt thereof, with a carboxylic acid of the general formula Il 15

et i med abave and. v e na g b anbthén exibifinhentarkdl of 89 4 fBmula
efined abgve ,S. 304, _or a. r I Ve,

t her eof wh repﬁ{]a?g‘i g,tnﬁl}g;iggm sgdt such ﬁé&bﬁéﬁeﬁﬁ%%opﬂémﬁﬂg% de,
or 1-im dazol yactéd witle apteabtine dimétional derivativezoflay tarbbxblidmeid of folﬁxé;rullJa
benzotri azol y ' Y aR. | yati ent_a .

(ort ho- Benzot iz HeRY sl e “RirBinst Bririeh B BipBihylacetamide)

hexaf | uor ophodisnethylsudbzideland theclikehexyl carbodi i mid), CD (1,1'-
carbonyl -dii m dazole), CDT (1,1 -carbonyl-1,2,4-ditriazole) or

The reaction of a 7-amino compound of formula II with the carboxylic
10 acid of formula III or a reactive derivative thereof can conveniently be
carried out at a temperature between about -40°C and +60°C, e.g. at room
temperature.

Embodiment (b) of the process of the present invention involves treating
a compound of formula IV with an appropriate thiol or thiolate or an
15 appropriate alcohol or alcoholate or an appropriate amine in presence of a
base, for example, trialkylamine such as trimethylamine, triethylamin
sodium bicarbonate, DBU (1,8-diazabicyclo[5,4,0lundec-7-en(1,5-5) to form the
corresponding thioether, ether or amine. Optionally present amino, hydroxy
or carboxyl groups can be intermediatly protected with groups as described
2 above.

Deprotection (removal) of protected amino, hydroxy or carboxylic groups
present in a compound of formulae II, III and IV can be carried out as
follows:

Removal of amino protecting groups
25 Possible amino-protecting groups are those employed in peptide

chemistry, such as the protecting groups mentioned above. Preferably these
examples include carbamates, e.g. fluorenylmethyl, 2,2,2-trichloroethyl, t-
butyl, triphenylmethyl, allyl, benzyl. Further protecting groups are p-nitro-
benzyl, diphenylmethyl, triphenylmethyl, benzyl, formyl, trifluoroacetyl,

30 chloro-acetyl, the cyclic imides of N-phthaloyl, N-trimethylsilyl, N-
benzenesulfonyl, N-toluenesulfonyl. Preferred is BOC [t-butoxycarbonyl;
other name: (1,1-dimethylethoxy)carbonyl), benzyloxycarbonyl, allyloxy-
carbonyl or trimethylsilyl

The amino protecting groups may be cleaved off by acid hydrolysis (e.g.
35 the t-butoxycarbonyl or triphenylmethyl group), e.g. aqueous formic acid,



25 t hi onyl chl ori de and the |iKke. (b) for conmpounds of formula I

wherein Xis S, Oor NH, by treating a conpound having the fornula IV
[err] 30 wherein R err], Rerr], m n, Rerr] and Rerr] are as

defi ned above and Hal stands feid7hal ogen as brom ne or chlorine
or iodide pref erably brom ne,

- 15- triflubreacetip mcih or by dashi hydmlysm (ejgatlze mﬂanr(mqetylpgmapé. The
al cohol or h%ulr&%é

base, (c) or t(eiélakgnﬂpa@%ﬁ'ﬁ ? 8&5 %aﬁoﬂﬁs Qetcf@g{gfle es?er (;:p?e nt

conpound of with yigilsl gmmmeﬂyl pavesoff drolygisior to a

correspondi ngafcoh:mﬁjgflcatlon or (d) for the manufacture of salt or
hydrates of a conpound of formula | or hydrat es of said salts

convertin co d ormmul a | sal t e,or i,nto a
hydr at e 019 sai dms) 'pf gtectin gg'roupph B‘T"g’a f;lﬁag"f‘bl& %ﬁﬁlﬁl&d’&ﬁﬁ%m| a ll
prepar ed accopréfernbly removedbmthmhetald?f al\ldweraalkaﬁﬁmﬁbdxy]ﬁc h@idmhﬁc}ik hiay or
a reactive deg e.carfg in_a,mannegr. kno

se. The car box{;/\ilg‘i1 %at?(?i fxt'%a%@ﬁﬁg bciﬁ{]ﬁ;gﬁlulor?%cg d?d’(?ﬁ&n
position 2 anmamouatsmaxylegrmltp anid iovdnithy presexsetofi mod?sdwem siich as a

it o P e, O e S il 1
esterificali off sarFied Ny fcrm&meé%twesaléh@uglast eansbearried oudiadr

(e.g. trimet hd|s$ighﬂyehighbi' ,oreslighwm teaiperhfitiedle.2/a eatuye nesher -
Further nore tlbe?n & 'of sbott ~38°C o es%gb) 'lgro%ecrg)ﬁ)gu Exgo%p%fwhcil are clle:l.wegble under
basic conditions are generally hydrolyzed with dilute aqueous caustic alkali
at 0°C to 30°C. The chloroacetyl, bromoacetyl and iodoacetyl protecting
15 groups can be cleaved off using thiourea in acidic, neutral or alkaline
medium at about 0°C-30°C. The phthalimido group can be cleaved off with
hydrazine at -20°C to +50°C.

wval of b T
Possible hydroxy protecting groups are such as are commonly known in
2 the art, such as trimethylsilyl, t-butyl-dimethylsilyl, dimethylphenylsilyl,
triphenylmethyl, lower alkanoyl, acetyl, trifluoroacetyl, tetrahydropyranyl,
benzyl, p-nitrobenzyl or t-butoxycarbonyl. These groups are removed in the
presence of acidic solvents, weak organic acids or weak inorganic bases like
sodium bicarbonate, respectively.

25 Removal of protecting groups at the carboxy function

As carboxyl protecting groups one may utilize an ester form which can
be easily converted into a free carboxyl group under mild conditions, for
example, benzhydryl, t-butyl, p-nitrobenzyl, p-methoxybenzyl, allyl, etc.



20 position 7 and/or optionally present in Rerr]) and/or optionally

present in Rl of conpounds of formula I1l can be protected, for
exanple, with protecting groups which are cl eavable by acid hydrolysis
(e.g. the t-butoxycarbonyl or tri phengl-net hyl groups), by basic

hydrol ysis (e.g. the trifluoroacetyl group), by hydrazinolysis (e.g.
the phthalinm do Ghese)protectingegroapy mhay bearwmyedias dHomsesence of Pd (the
al I yl oxycarbonyl group). Preferred protecting groups are t he

t-butyl oxy- cyy 1al 1yl I c

| odoacetyl gr 8§%§ Ji']@fspem aﬁ?ﬂﬁﬁg@%* o?‘éolgc f ﬁﬁ?@ng’h&{i‘ﬂl l%Q%r)ggotq.e&rlrvyﬁénP?oned
protecting groups can be cl dtoabiouty409 &Qﬁmt&mﬂﬁmﬁﬂl‘éuhﬁdm%ﬁb
preferred protecting group P&’O@%ﬁ!ﬂ'a&&ﬂ{d'su\éﬁ's@%ﬁﬁﬂopﬁ £ atraRyarfudn30

t r eat ment th PA[err] rolp 1n

conpounds é,PVII can be prot ectﬁaf3 %ﬁ’?eé'ﬁg‘?}n gestic amd@&gh%%@%ggﬁs. |yl

p7)rot ecting gltﬂltdtyd BFCP as ]tlfﬁnhil I d gEdhy ﬁiﬂﬁd)rcﬁb@lﬂ@amddmf%h or m?hbﬂteaﬁfsl ?ll}? a
ani no conpound of formula aci d 0 ormul a or

a reactive functional deri \}g}ql\?yﬁrﬁﬁ‘ﬁe%?{n%ismd asofyent %chﬁ boxyl i ¢

acid can be reacted with ardicliloremethamnatiabeutei100C ta roomptemperaturesf

e L.. | pEORER T ikt SR8 v RAnBtyheP 20 SOME CUTORREN 1 ¢,

di oxane, chl or of or m mmeéGMhboth@Og@amﬂh d/Qiineamn aldobohsutk @sor
di net hyl - acet am de, Pls&qﬁ’?@éﬂr&h Qo group can be cl eaved

of f. par.ed a cor |ng ther e a salt of .an acid
of formula E”Wet exybengy, rfpmﬁfﬁ |qr§ €°@‘F‘ﬁt’é’t?ﬁ11%ﬁ’om um
salt) is reacted with aarﬁgapphmolfweiiethmﬁladerat\ﬁﬁow%mcao@edxhoxyl ic
acid of formula 11 in_an_ine sol vent (e.g. dinethylfornam de,

di nmet hyl acet am de, di mJ‘FfRHeé'a' I de and the |ike). The

reaction 8 allgdani no conpqalthditm(O) catalyzed tﬁauisalkﬂaﬁanb’eayﬁdm in(theaci d

of formula Il or a reacti deV, \d‘guﬁl

carried out at a tenperat u\rﬁ' get me%trléa out ﬁgk ferré e. g at
rg. hem 1982

room t enper at ur e. acid, see for example J
trimethylsilyl by hydrolysis or aleoholysis at room temperature.

In order to manufacture a readily hydrolysable ester of the carboxylic

20 acids of formula I in accordance with embodiment (c) of the process provided
by the present invention, a carboxylic acid of formula I is preferably reacted
with a corresponding halide, preferably an iodide, containing the desired
ester group. The reaction can be accelerated with the aid of a base such as an
alkali metal hydroxide, an alkali metal carbonate or an organic amine such

25 as triethylamine. The esterification is preferably carried out in an inert
organic solvent such as dimethylacetamide, hexamethylphosphoric acid
triamide, dimethyl sulfoxide or, especially, dimethylformamide. The
reaction is preferably carried out at a temperature in the range of about
0-40°C.

30 The manufacture of the salts and hydrates of the compounds of formula
I or the hydrates of said salts in accordance with embodiment (d) of the
process provided by the present invention can be carried out in a manner
known per se; for example, by reacting a carboxylic acid of formula I or a
salt thereof with an equivalent amount of the desired base, conveniently in a

35 solvent such as water or an organic solvent (e.g. ethanol, methanol, acetone
and the like). Correspondingly, salt formation is brought about by the



Enbodi ment (b) of the process of the present invention involves treating
a conpound of fornmula IV with an appropriate thiol or thiolate or an 15
appropriate al cohol or al coholate or an a}zgropri ate amne in presence of a
base, for exanple, trialkylam ne such as-&ftnethylam ne, triethylamn

sodi um bi car bopate, DBU (1, 8-di azabi cycl o[ 5, 4, O] undec-7-en(1,5-5) to form

t he corred amopgatieor inprganie sakimman agst (Thetampperatueaatani no,
hydr oxy OWhEcH PR ¥Alt FoAHRE RS cAPribA Rt !is%eruéixnig%q)’ﬁ% g,ﬂ%rfg%%(gyg%%ps

as described 20 ahove. . Depr ot ecti on p

ani no, hydroxgeraﬁm@aroamfli%ltgﬂt&es@ P?ﬁaé‘é‘éﬁatb(‘%tﬂtﬁa’émdcﬂmf%%ul ae
LI, 111 and |témperdtare skightly abuit;? @% below fr@bﬂnobemperatureBQ@ﬁ)dﬁémQIehﬁﬂﬂﬁ@
protectingggrou si bl e ami no-protecting groups are those

enpl oyed iﬁ pﬁ}fgseaéf%"Ctoc-h%(ﬁfg”y, such as the protecting groups nentioned
above. Preferably these exanpl es i nclude carbamates, e.g.

fl uorenyl met hyl , Phe ntanufacturerafdhieyhydrates usuadly yakest plagh empbmativally in

iyt o EEEARAIE S SRR B s f B o

chl or o- acet yi prapestigy of an irﬁ#iélﬁg pus paodiet; Far dhe eentrplled manufacture
e o B e
car bonyl £ 9% ﬁﬁ?rﬁo Wn%e iposed t"%é&"& ﬁﬁn&&e@e@sgaéﬁb%vﬁ‘@ ke

cl eaved of f by4@CG)X hydrolysis (e.g. 35 the t-butoxycarbonyl or
tri phenyl net hyl group), e.g. aqueous formc acid,

-17- trifluor ' i [ | " .
trifluoroacetyl ggpu! pﬂi ?haei tieoérgﬁfg%ér)%gcog’t&yﬁéﬂ, ﬁ%%ﬁ%@%&?&%“a o9 °80‘3%t3t§}}e
groups are cliswentiopsdresthe: folawing reactionsehenes danda2 belaw.t ri met hyl sil yl
group is cleaved off by hydrolysis or al cohol ysi s. 5

Ani no- pr ot ect §&kerfs AU REnBYFiImant (§) | eavabl e by acid hydrolysis are

H
R™-(0s-(CR*®R"Im N

R™-(X)s-{CR*R%)n. Y I 8 (CHz)n
b jgoéc“rMN"Rz

15 i ' COR! O

wherein X is -CHgz-, O, S or NH and the remaining symbols are as
defined above.

Scheme 2, embodiment (b)
f 2 Hancrt 5 H
RINH_ S o HakCRiRO—{  HaHORRIma N( S (CHz)n
OMN—F@ ___Pr or Cl o 4[{\{/)\/;{1\1_#
CoR® | O © CO,RS O
Rl-x
; H
R '(X)s'(CR“RS)mY S {CHo),
AY
° 4 “MN—RZ
COzR9 O

20
wherein X is O, S, NH and X' accordingly OH or O-, SH or S- or NH
and the remaining substituent are as defined above.



preferably renoved with the aid of a | ower al kanecarboxylic acid which may
be hal ogenated. In particular, formc acid or trifluoroacetic acid is used.

The reaction is carried out in the acid or in the presence of a

co-sol vent such as a hal ogenat ed | oweROal kane, e.g. methyl ene chloride.
The acid hydrolysis is 10 generally carried out at roomtenperature,

al though it cExamplesrried out at a slightly higher or slightly | ower
tenperature (e.g. a tenperature in the range of about -30[err]Cto
+40[err] C). Panplipiold A9 9roups which are cl eavabl e under basi c

conditions are generally hydrolyzed with dilute aqueous caustic al kali
at Olerr]Cto_30[ery]C The chloroacetyl, bronopacetyl and iodoacetyl
protecting 15 n be cleaved off using thiourea in acidic, neutral

or alkaline (E)-{(BRI7T®R l-ﬁbRQIH Wik lgheriyl @irbhfao Meﬁi&l &ﬁﬁﬂ&-ﬁﬁﬁl@ypan

be cl eaved of f to +

of hydroxy 53 %Vﬁn%joﬁ? é’\éﬁg"%‘im%'?fldew&{}ﬁhgs 72%‘?%# iehlgee- gﬁs{}ﬁg
are such as asulfanyl)mcletlylhnnmn]-s-rth%1-amd)mydo[&&0]bca§-me-ﬂmbbxylhm
t-butyl -di met hyl silyl, dinmethyl phenylsilyl, tri phenyk ’Ol-ll ower

al kanoyl, acetyl, triflugjoacetyl, tetrahydropyranyl :

p- ni trobenzyl or t-bwyoxycarbonyl. These groups are@iéﬂd&ed t he

presence of acidic so , Weak grganic acids or norganlc bases

i ke sodi um bi car bo 25 Re of protecting groups

tegTing groups one nmay
verted into a free
anpl e, benzhydryl, t-butyl,

r2SpeRlivekgy.
at the carboxy function S}\[ﬁsﬁb

utilize an ester formwhPth can ¢
car boxyl group under mld conditiofs,
p- ni tr obenzyl, p-methoxybenzyl, all I,

- 18- Tohe selutront efod8. dgng (Mﬁsnmm}) Wﬁamlﬁuroaghémﬂstdfsnyl)-acenc

b hydryl |

; ‘ralné ; Kylr y acid id 8481 Wﬁ&ﬁeﬁ?ﬂ%e%ﬂ?@ %&8 add%@e&?&ﬁrétﬁﬁ‘?ﬂ% afld Argon

t enper at url¥); Bjmosphere4q.8 mg (0.25 mmol) 1,1 -carbonyld@mdazp 8 eﬁ&%m@uc h as

ethanol or in 18844’ e ]y (E)-(6R,7R)- 7-am1n0-3-[1-[1-[@E§Y<ﬁ‘0|§t9fxﬂi®yflﬂ acetic

acid at about

0
trifluoroacet Fﬁﬂ?;?ép 015ﬂ ?F]htyll 'Wﬁ%ﬁ"&# goylmethy{ 3 oxo—pyrro%d?n -3-ylidgpen o) |
cresol or tri eidthyl-8-are-5athiad-aal-biptlopti2/0]ect-2-ene-2-carboxylate trifluoro-

acetate was added in a single portion. After 3h the reaction mixture was
15 poured on diethyl ether. The solid material was collected by filtration and

triturated with ethyl acetate.

Yield: 112.0 mg (67.5%) beige powder

IR(KBr): 1770, 1678, 1642 cm™

MS(ISP): 790.2 (M")

2 According to the procedure in example Al the following additional
compounds were prepared:

Example A2

(E)<6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-

ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-7-[2-(1-benzothiazol-2-
2% ylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

B—@—OH
—
Qv :

®
H p
S/\Q)/N);@\%Q
© co? o)



di chl oronet hane at about -10[err]C to room tenperature; p- ni trobenzyl
sodiumsul fide in acetone/water at about 0 to room 10

tenperature; or hydrogen with Pd/C in an al cohol such as

et hanol or in tetrahydrofuran,; p- rreth33<ybenzyl formc acid at about 0
to 50[err] C trifluorgacetic acid a ni sol ,

phenol or  tri Wity 70:0 me(0:43 awsal) Lheqaéi)a]lﬂdamdagol\e, 96.0 mg (0 43 mmoI)
tenperature; (enzatHikkol-2-ylsulfanyPRadedid 4434 th%?é h%i{zﬁﬁﬁ AN ABROTR)-

reaction in t pr.es I’ICE m or ot assi UI’ﬂ sal
of 2-ethyl 2MD&-?*-[H1-[(4-hydroxy-phenylca o Lrum- k-

Chem t 1982, fﬁetﬁﬂl]—Z—oxo—pyfﬂohﬂhi—B?lﬁddrwmt eth?%d Slbﬂé—ﬁLﬁlﬁa-i-ﬁ*ja-Bicﬁelw&.lﬂSO §%1fit
room t enpega er to. man ar rol ysabl e
ester of tRe gaes’t?‘o%( yboxg{gtgctp&fguogf)a?e&g%}%z me@Wﬁiﬁg%M%nbod. ment
(c) of the pr¥iadds9 gd84.4%) yellow pewdeesent invention, a carboxylic acid
of formula I ng(%gngﬁ@bllmge@ge?%% Mith a correspondl ng hal i de,

| O

preferably an containin SI red ester group. The reaction
can be accel eMS(E3P}#i743.3 ¢M+Ei*b| of a base such as an al kali netal
hydr oxi de, an al kali netal carbonate or an organic am ne such 25 as

triethylam neExiJﬁﬁ gggrlflcatlon Is preferably carried out in an |nert

T Cam as%%w@% GeesbroDs Gpathsi yo- TOLAYR Bt UABREIRA T 0%0--

reaction is pﬁmm,@%ﬁdﬂaﬂ‘d—ph@hﬂuﬁlfahyb)-dc@ﬁﬂaﬁﬂhul B-thih-tlf&al’-ﬁl&ﬁélopi 23h66tt
0-40[err] C arb-m;ﬁ%&“q acture of the salts and hydrates of the
conpounds of orrm & ne hydrates of said salts in accordance with

enbodi ment (d) of the éiocglss provided by the present invention can be

carried out in a manner per sey for exanple, by reacting a
carboxylic acid of formula I ut thgr eof with equi val ent
amount of the desired base, corven ent n—ﬁ o) nt jsuch as water or
an organic solvent (e.g. ethand®, neth nol/;— C N—and the Iike).
Correspondingly, salt formation is brouglX ab y tthe

-19- addition of an organic or inorganic s Hor & acid. The

tenperat ure aWith 180.0 mg (1.11 mmol) 1,1-carbonyldiimidazole, 301.4 mg (1.11 mmol)

15 (2,4,5-trichloro-phenylsulfanyl)-acetic acid and 323.2 mg (0.92 mmol) (E)-
(6R,7R)-7-amino-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-
oxo-5-thia-1-azabicyclo[4.2.0Joct-2-ene-2-carboxylic acid in 8 ml N,N-
dimethylformamide.
Yield: 337.0 mg (60.4%) brown powder

2 IR(KBr): 1773, 1668, 1621 cm™
MS(ISP): 602.2 (M+H")

Example A4
(E)-(6R,7R)-7-[2-(Benzothiazol-2-ylsulfanyl)-acetylamino]-3-(1-cyclopropyl-
methyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0xo-5-thia-1-aza-bicyclo[4.2.0]oct-

2 2-ene-2-carboxylic acid
H

S Y o
COH

With 220.0 mg (1.35 mmol) 1,1-carbonyldiimidazole, 304.1 mg (1.35 mmol)
(benzothiazol-2-ylsulfanyl)-acetic acid and 394.8 mg (1.13 mmol) (E)-(6R,7R)-
7-amino-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-8-ylidenemethyl)-8-oxo-5-




which the salt formation is carried out is not critical. The salt formation
S generally carried out at roomtenperature, but it can be carried out
at a tenperature slightly above or bel ow roomtenperature, for exanple
in the 5 range of O[err]Cto +50[err]C. -22- The manufacture of the
hydrates usual ly takes place automatically in_ the course of the

manuf act ur i ngtiigct-agabigyclaid.2.0lect2-ene2-cairboxylip acid api%cml NN-operti es of an
initially anhgghetisvipsadsadideFor the controlled manufacture of a
hydrate, a co ﬂﬁg or partyally anhydrous carboxylic acid of fornula I
10 or salt t i%&mﬁ@ﬁ&&%éwﬁ%t at nosphere (e.g. at about
+10[ err] C to IR(KBH tVT3,3665, 1623 em™Exenpl ary of the process for obt aining
products iR a | | i nvention are the foll owi ng reaction
schenes 1 %ndﬁ@ggﬁgﬁﬂtmmm 1, enbodinent (a) [err]

wherein Xis -CHerr]-, O S or NHand the remai ning synbols are as

defi ned aboveExampledd®ne 2, enbodi ment (b) [err]

(E)>-(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-7-
(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid

Lt
9]

DnAn o

H
N

—N. .~ o
O/

10 COzH o)
With 167.0 mg (1.03 mmol) 1,1'-carbonyldiimidazole, 173.0 mg (1.08 mmol) 2-
(phenylthio)acetic acid and 300.0 mg (0.86 mmol) (E)-(6R,7R)-7-amino-3-(1-
cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-5-thia-1-azabi-
cyclo[4.2.0]oct-2-ene-2-carboxylic acid in 6 ml N,N-dimethylformamide.

15 Yield: 271.5 mg (63.1%) brown powder
IR(KBr): 1773, 1662, 1624 cm™*
MS(ISP): 500.8 (M+H")

Example A6
(E)-(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-7-

2 (2-pyridin-4-ylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-
carboxylic acid

N=
H
St
A\
B Ong P
0 04"‘ AN AN
CO-H o)

With 111.0 mg (0.68 mmol) 1,1'-carbonyldiimidazole, 116.0 mg (0.68 mmol)
(pyridin-4-ylsulfanyl)-acetic acid and 200.0 mg (0.57 mmol) ) (E)-(6R,7R)-7-

25 amino-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-5-thia-
1-azabicyclo[4.2.0Joct-2-ene-2-carboxylic acid in 4 ml N,N-
dimethylformamide. ’

Yield: 79.0 mg (27.5%) beige solid
IR(KBr): 1769, 1667, 1624
30 MS(SP): 501.1 M+H")




wherein Xis O S, NH and X accordingly OHor O, SHor S- or NHerr]

and the renai ning substituent are as defined above.

- 20- Exanpl es Met hodA Exnpl e Al

(E) (6R, 7R) - 3-[ 1- [ 1- [ ( 4- Hydr oxy- phenyl caBanoyl ) - met hyl ] - pyri di n- 1-i um 4-yl

rret hyl ] - 2- OXEWPI?IA'& n- 3-yl i denenet hyl ] -8-0x0-7-[2-(2,4,5-trichl oro-pheny
L_u fanyl)-ac (E)-(6R 7R) 3- 1-C%rclopro%yzlrélethyl‘2c-ogo fyrrolz dngxES- hdenemeth 2{)7- [2-

[err] d ?nzl?ﬁrﬂéq% -’}D ﬁ-ﬁ%{{‘@] é@ l)xa-l‘aza— 103'31&2

(2,4,5-tri chleg@cz.myhulat@d]yl ) - acet I C acidin3n
NN- di et hyl acet am de were.dded under stirring and Argon 10 atnosphere
40.9 mg (0.25 mol) 1,1 bowy! di i m dggol e. After 30 mn, 136.4 ngy
(0.21 mol) (E)-(6R 7R) - 3-[ 1< [ 1-f;(4- hydr oxy- phenyl

car banoyl ) -net hyl ] - pyridi n-1-Tum&yl gt h oli -3-ylidene-

nmet hyl ] - 8- oxo-5-t hi a- 1- aza- bi cycl o[ 4. 2! 0] C a ylate trifluoro-
acetate was added in a single portion.” Ajter ction mxture was 15
pour ed ond§i| ethyl ether. The solid material ed by filtration and

L ROkBry - 1770 thct0 s Bl B tumop 1% ézzsfdma% sl 22al0 pig AS0FBIBEL, i g
to the proc ednaphthalax—&nxlbnlfﬁﬂyk)-tweﬁolab@an@ d) mign(0a56 mmol) (E)-(6R,7R)-7-
amino-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0xo-5-thia-
1-azabicyclo[4.2.0Joct-2-ene-2-carboxylic acid in 4 ml N,N-dimethyl-
10 formamide.
Yield: 320.0 mg (62%) brown powder
IR(KBr): 1769, 1662, 1623 cm™
MS(ISP): 550.2 (M+H")

Example A8

15 (E)-{6R,7R)-7-[2-(2-Amino-thiazol-4-y1)-acetylamino]l-3-[1-[1-[(4-hydroxy-
phenylcarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-
ylidenemethyl]-s-oxo~5-thia—1—aza-bicyc10[4.2.0]oct-2-ene-%-carboxylate

OH

HaN N -
\<S—l7/\ﬂ/ OJ/:Q\/QN

With 54.5 mg (0.34 mmol) 1,1'-carbonyldiimidazole, 53.0 mg (0.34 mmol) (2-
20 aminothiazole-4-yl)-acetic acid and 182.0 mg (0.28 mmol) (E)-(6R,7R)-7-

amino-3-[1-[1-[(4-hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-

ylmethyl}-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-

bicyclo[4.2.0]oct-2-ene-2-carboxylate trifluoroacetate in 4 mt N,N-

dimethylformamide. The resulting solid was purified by reversed phase
25 chromatography (RP-18 LiChroPrep gel, water : acetonitrile = 9 : 1). The

organic solvent was stripped. off at a rotary evaporator and the aqueous

phase was freeze-dried.

Yield: 49.0 mg (24.7%) beige lyophilisate

IR(KBr): 1775, 1680, 1650 cm™



conpounds were prepar ed: Exanpl e A2

(B)-(6R, 7R)-3-[1-[ 1-[ (4- Hydr oxy- phenyl car banoyl ) - net hyl ] - pyri di n-1-i um 4-

yl met hyl - 2- oxo- pyrrolidi n-3-ylidenenet hyl ] -8-o0xo0-7-[2-(1-benzot hi azol -2- 25
yl sul fanyl)-acetyl am no] -5-thi a-1-aza-bre&%cl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl ate
[err] H ~

-21- W t MSUSP):&76(D(M3) mol ) 1,1'-carbonyl diimdazole, 96.0 ng (0.43
nmol ) (benzot hi azol - 2-yl sul fanyl )-acetic acid and 233.8 ng (0.36 mMmmol)
(B)-(6R 7R) -

ér%—ﬁy_droxy- phenyl car banoyl ) - met hyl ] - pyridin-1-ium 4-yl -
rro

7-amno-3-[1 x}mE
nmet hyl ] - 2- oxggz/ I.di n-3-ylidenemet hyl ] -8-0x0-5-thi a-1-aza-bi cicl o[ 4. 2. 0]

oct- 5 2-entERGRIBIxyI2tZAminpithinzeldeyldagetylamingl-3A1-gyeleprapyimetayl- de.

Yield: 92.0 : 1 -8.050 1. D
L T2 e g A i i

]
(B)-(6R, 7F5 - | #Bfopyl net hyl - 2- O)f-lo- pyrrolidin-3-ylidenenet hyl) - 8-o0xo-
7-

[2-(2,4,5-trichl oro-phenylN > é"&;rl_zrv(? ii-)>aza- bi cyclo[4.2.0
N [err]

] oct - 2- ene- 2-carboxylic d
Wth 180.0 ng (1.11 mmol) 1,1 carbofRyl & ] e, w301.4 ng (1.11 mol) 15
2 mg (0.92 mmol) (E)-

(2,4,5-tricbl oro-phenyl sul fanyl)-aceti c” aci dcgg,qi 32

With 167.0 mg (1.03 mmol) 1,1-carbonyldiimidazole, 163.0 mg (1.03 mmuol) (2-
aminothiazole-4-yl)-acetic acid and 300.0 mg (0.86 mmol) (E)-(6R,7R)-7-
amino-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl )-8-0xo0-5-thia-

10 1l-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid in 6 ml N,N-dimethyl-
formamide. The resulting solid was purified by reversed phase chromato-
graphy (RP-18 LiChroPrep gel, water : acetonitrile = 9 : 1), The organic
solvent was stripped off at a rotary evaporator and the aqueous phase was
freeze-dried.

15 Yield: 120.0 mg (28.6%) beige lyophilisate
IR(KBr): 1769, 1664, 1620 cm™
MS(ISP): 490.2 (M+H")

]1-5

Example A10

(E)-(6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-
2 ylmethyll-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-7-[2-(pyridin-4-ylsulfanyl)-

acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

e

@
iR 9=eUs
000@0

With 70.0 mg (0.43 mmol) 1,1'-carbonyldiimidazole, 72.8 mg (0.43 mmol)
(pyridin-4-ylsulfanyl)-acetic acid and 232.8 mg (0.36 mmol) (E)-(6R,7R)-7-

2% amino-8-[1-[1-[(4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-yl-
methyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylate trifluoroacetate in 4 ml ml N,N-dimethylacetamide. The
brown solid was purified by column chromatography on MCI gel (75-150y,
Mitsubishi Kasei Corporation) with a gradient of water : acetonitrile (1:0, 4:1,



(6R 7R) - 7-am no- 3- ( 1- cycl opr opyl net hyl - 2- oxo- pyrrol i di n-3-yl i denenet hyl ) - 8-
0Xx0-5-thi a-1-azabi cycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid in 8 mM N N
di et hyl f or mam de. Yield: 337.0 ng (60.4% brown powder 20 I R(KBr):
1773, 1668, 1621 cnfierr] MS(1SP): 6025 (MrH err]) Exanpl e A4
(B)-(6R 7R) - 7-5‘2- Benzot hi azol - 2-yl sul fanyl ) -acetyl am no] - 3- (1-cycl opropyl -
met hyl - 2- oxo-$yr Zdh ilabn The prgamiesiobient wasstoinped- ﬁiaﬁarommmam[rzamf 0] o
[Ct- ]25 ¢-ene-th 0 %Eas’écﬂsgxéeeze-dlﬁedi 1' car bonyl di m xi dazol e, 304.1 rrg
err | : . WL, yl di m xi daz : :
(1.35 mmol ) Yi\gi‘% éﬁﬁi(ﬁg%h’-%%gﬂiﬁafeacetic acid and 394.8 ng (1.13
nmol ) I(Ezj ( 6HR(KBr); 17727167(?,@623@'&- cycl opropyl nethyl-2 -oxo
-pyrrolidip- sk - 8-0x0 - 5-
-22- 8 3M)§d§115,h §Sﬁa@ﬁ%§cl o['4.2.0]oct-2-ene-2-carboxylic acid in 7

m NN di et hyl f or mam de. Yield: 173.0 ng (27.5%
orange powderExample All " | R(KBr): 1772, 1665, 1623 cnerr] 5
MS(1SP): 557.(& ((w$-31[i-{1-[(4-q¥dp - afhdnoy])- 1)-pyridin-1-ipm-¢-

: S e | oxy-phtifRafbaiorh methyllppidinTmm-g- oo,
(7E )-(6R7R) 3y118nlet% -20-g:r:g%%rrncﬁitdh){-&ylidé(r(x)emgthry?]-é—oxo-7-(§/-plhenylsu1fan);}1i¥1 oxe
(2- phenyl sul fR¥yladsiab) bakiad)ade-bidydolt. 207cchiLysd-2ldrBoiatd - 2- ene- 2-

carboxylic acid [err] H
o
SN A
B p:eVe
cd? o)

With 70.0 mg (0.43 mmol) 1,1-carbonyldiimidazole, 71.0 mg (0.43 mmol) 2-
(phenylthio)acetic acid and 188.4 mg (0.29 mmol) (E)-(6R,7R)-7-amino-3-[1-[1-
[(4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl]}-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-

15 carboxylate trifluoroacetate in 4 ml ml N,N-dimethylacetamide. The
resulting solid was suspended in 6 ml water : acetonitrile (1 ; 1) and HCI was
added until all compound dissolved. After column chromatography on MCI
gel (75-150p, Mitsubishi Kasei Corporation) with a gradient of water :
acetonitril (1:0, 4:1, 3:1, 2:1, 1:1) the organic solvent was stripped off at a

2) rotary evaporator and the aqueous phase was freeze-dried.

Yield: 105.6 mg (64.4%) beige lyophilisate
IR(KBr): 1770, 1680, 1643 cm™
MS(ISP): 686.3 (M+H")




Wth 167.0 nmg (1.03 mmol ) 1,1'-carbonyl diimdazole, 173.0 ng (1. 03 mmol) 2-
(phenyl thio)acetic acid and 300.0 ng (0.86 mmol) (E)-(6R 7R)-7-am no-3-(1-
cycl opropyl net hyl - 2- oxo- pyrrolidin-3-ylidenenet hyl ) -8-o0xo-5-thia-1-azabi -
cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxyl i ¢ aci d-i26-6 nl NN di net hyl f or nani de.

15 Yield: 271.5 ng_(63.1% brown powder | RCKBr): 1773, 1662,
1624 cnferr] Example A12 \5(| SP): 500.3 (M-H+) Exanmpl e A6

(B)- (6R 7R) - 3uf{GRE)RE LRYI(SEFTdro 4 RydoRy tilyNabainidyl KERERT Btidifi- X -

(2 pyri di n- 4J%QTMWYHL%QW'BWM’S‘&WMQM&[&(BPEh@@FBta‘YIZ ene- 2

s@ﬂah@rmééét%rh ; 0)-8- oxo—5—th1a-1-aza-b1cyclo[4 2, 0]oct-2~ene-2-carboxy1ate

[err] 111.0 ng (0.68 nmol ) . 1, 1" carb,Qny i m dazol e,

116.0 ng (0.68 mmol) (pyridin-4-ylsul fanyl) - ade atOHl and

200.0 ng (0.57 mmol) ) (E) (6R, 7R) - 7- 25 ®

am no- 3- (1-cycl opro st hy!l - 2- oonpyrroI i di n-3-yl jydtiner@t hyl )E 8- oxo-5-thi a
1- azabi 2. oc- eeZCarbo i acid in 4 m N N

d| met hyl f or mam de. bei ge solid

| RCKBr): 1769, 1667, 1624 N ( MrH err])

-23 - Exanpl e A7
(E)-(6R, 7R} - 3- (1- Cycl opr opyl net hyl - 2 oxgdgyrropl di n-3-ylidenenethyl)-7-[ 2-
(napht hal en- 3yithss8.8an I(bﬂ@cﬁ&ﬂdmmmhr&nﬁmaﬁ@e 17838 anPi(@.86! @hfbl P 0] oct

-2 ene- %hagﬁaaaﬁx,n lauifdanglﬁ-acLhc acid and 200.0 mg (0.30 mmol) (E)-(6R,7R)-7-
amino-3-[1-[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]- pyridin-1-ium-
4-ylmethyl]-2-0xo-pyrrolidin-3-ylidenemethyl}-8-0xo-5-thia-1-aza-bicyclo-

10 [4.2.0Joct-2-ene-2-carboxylate trifluorcacetate in 4 ml N,N-dimethylacet-
amide. The resulting solid was purified by column chromatography on MCI
gel (75-150u, Mitsubishi Kasei Corporation) with a gradient of water : aceto-
nitrile (1:0, 4:1, 3:1, 2:1, 1:1). The organic solvent was stripped off at a rotary
evaporator and the aqueous phase was freeze-dried.

15 Yield: 55.0 mg (24.0%) beige lyophilisate
IR(KBr): 1770, 1680, 1650, 1628 cm™
MS(ISP): 754.3 M+H")

Example A13

(E)-(6R,7R)-7-[2-(3,4-Dichloro-phenylsulfanyl)-acetylamino]-3-[1-[1-[(3-fluoro-
2) 4-hydroxy-phenylcarbamoyl)-methyll-pyridin-1-ium-4-ylmethyl]-2-oxo-

pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxylate ] @ /—()_Q_

With 60.0 mg (0.36 mmol) 1,.1’-carbonyldum.1daz01e, 85.0 mg (0.36 mmol)

2% [(3,4-dichlorophenyl)thiolacetic acid and 200.0 mg (0.30 mmol) (E)-(6R,7R)-7-
amino-3-[1-[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]- pyridin-1-ium-
4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-aza-bicyclo-
[4.2.0]Joct-2-ene-2-carboxylate trifluoroacetate in 4 ml N,N-dimethylacet-



Wth 167.0 nmg (1.03 mol ) 1,1'-carbonyl diimdazole, 225.0 ng (1.03 mmol
(napht hal en-2-yl sul fanyl)-acetic acid and 300.0 ng (0.86 muol)
(B)-(6R 7R) - 7-
ami no- 3- (1- cycl opropyl rret hyl - 2- oxo- pyr r ol 2&ti n- 3-yl i denenet hyl ) - 8- oxo- 5-t hi a
- 1azab|c ETAth ct 2- ne-2-carb xllcaC|d|n4m NN- di et _hyl -
10 f or mani de. anhi W@E%ﬂ romatomp y o
(12552(%22%)0”{7@1(75 150uNM1t§foshi5KQSéi(¢ @Uiéxli)mtha #

- 0 et a.mn - 3- r oxy-
phenyl car bano#%o%]]n %rﬁrgzln&iﬂ]ti#xiﬁ mﬂo‘lgxg)p{ga qu«ﬂgigaga
yl i denenet hylfot8ryprvaporabornand the dgueyns phdse wdkdeeez2-dried.2- car boxyl at e
[err] - carbonyl di i m dazole, 53.0 ny
(0.34 mol ¥ g:d%'id‘oﬁﬂ%gﬁﬁ%ﬁe% 4@8@%& ¢ acid and 182.0 ny (0. 28
mol ) (E)- (6FIR(K§Bfr 1772, 1680, 1642, 161

am no- 3- [ 1- [ InviS(ES 1172 | car banoyl ) - net hyl ] - pyridin-21-ium 4-
yl met hyl ] - 2- oxo- pylip?o I'i n-gl-&lny?/i denenet hyl ] - 8- oxo-5-t hi a- 1- aza-

bi cycl o[ 4. 2. glhoct 2-car boxylate trifluoroacetate in 4 m NN\
di et hyl f or resultlng SO|Id was purified by reversed phase 25
chr omat ogr ap h(‘E)((GR. 7118) S C3 I ydbxgde xo-ﬁﬁ?bﬁﬂiﬂ-Bly‘lﬁeneﬁletﬁ 1]-8L6%0-7-

phace wasl dex P HRIERPheriyly i i et o 33};{7‘&9@@?0&

| R(KBr) : 1775&-en6%carb6§ﬁhcng::ﬂ r]

Raay ov-ton

CO.H

With 146.0 mg (0.90 mmol) 1,1'-carbony1d11m1dazole, 244.4 mg (0.90 mmol)
(2,4,5-trichloro-phenylsulfanyl)-acetic acid and 301.0 mg (0.73 mmol) (E)-

15 (6R,7R)-7-amino-3-[1-(3-hydroxy-benzyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid trifluoroacetate in 5
m! N,N-dimethylacetamide.
Yield: 180.0 mg (87.7%) beige powder
IR(KBr): 1767,1664, 1614 cm™

20 MS(SP): 654.1 (M+H*)

Cl

Example A15
(E)-(6R,78)-3-[1-(3-Hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-7-
[2-naphthalen-2-ylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-
2-carboxylic acid

S“Orr j:rMJ@

% ©  Com O
With 146.0 mg (0.90 mmol) 1,1'-carbonyldiimidazole, 196.5 mg (0.90 mmol)
(naphthalen-2-ylsulfanyl)-acetic acid and 801.0 mg (0.73 mmol) (E)-(6R,7R)-7-
amino-3-[1-(3-hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-
1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate in 5 ml N,N-

0 dimethylacetamide. The resulting solid was purified by column chromato-




- 24- M5(1SP): 676.2 (M[err]) Exanmpl e A9
(B)-(6R 7R)-7-[2-(2- Am no-thi azol - 4-yl ) -acetyl am no] - 3- (1- cycl opr opyl net hyl

2- oxo- pyrrolidin-3- ylldenenethyl) 8- oxo= 88t hi a- 1- aza- blcyclo[4 2.0] oct-2-en
e-2- 5 carboxylic acid [err] Wth

167.0 ng (1. Qmphmoz) MCT 'get 73050, Mitsubizhd [Iéasei%rﬁomm vmhrargradxeﬁs

oo B (10 c 5t e SRS Lo B, 310 21 T g ondiiid syt ¥Bs SRhedeq |
- 10 1- azabi offdted Aotﬁrjb]evaper&tmand -tharagmegiis phasé wasfréeze-dfibd.di net hyl -
f or mam de. ng?}ﬁcﬁglotgngqﬁcq%pb&?grl ace%ag by reversed phase chronat o-

-
O

gr aphy (RP— onitrile = 9: 1). The organic
sol vent %@7'61#16%3 158%em;’y evaporator and the aqueous phase was
freeze-dri edMggs Yighak ( my?/sng (28.6% beige lyophilisate | RCKBr) :
1769, 1664, 1620 cnferr] (ISP): 490.2 (MtH err]) Exanpl e A10

(E) (6R, 7R)-ﬁ-! 1- %54 Hydr oxy- phenyl car banmoyl ) - met hyl ] - pyridi n-1-i um 4-
yl met hyl | - 2- Mgt 6f(E)46R; m»smme[rmmnd {8)2-0xd-1 8’]biiw&r¢1idin§}~8l sul fany

ey o VhBSGR B e 150 EGBlofo pheR R BT R 5275

(0. 43 mol0) th:a-l—aza-blcyclo[4 2.0]oct-2-ene-2-carboxylic acid hydrochloride

Cl
H
N
A Org
N N_CI\\JH
o
0

COH
Step a: Mixture of (E)-(6R,7R)-3-[(R)- and -[(S)-1'-allyloxycarbonyl-2-oxo-
[1,3Tbipyrrolidinyl-3-ylidenemethyl}-8-o0xo-7-[2-(2,4,5-trichloro-phenyl-
sulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid
Ci

Cl

Cl

H
N S
S N O
/ﬁ(])/ OJIMN_CMO—\___
15 COH o
With 115.2 mg (0.71 mmol) 1,1'-carbonyldiimidazole, 193.4 mg (0.71 mmol)
{2,4,5-trichloro-phenylsulfanyl)-acetic acid and 329.1 mg (0.59 mmol) of a
mixture of (E)-(6R,7R)-3-[(R)- and -[(S)-1'-allyloxycarbonyl-2-0x0- [1,3'Ibi-
pyrrolidin-3-ylidenemethyl)-7-amino-8-0x0-5-thia-1-aza-bicyclo[4.2.0Joct-2-
2 ene-2-carboxylic acid trifluoroacetate in 6 ml N,N-dimethylacetamide
Prepared according to example Al.
Yield: 220.0 mg (66.0%) beige powder
IR(KBr): 1774, 1678, 1624 cm™
MS(ISP): 708.2 (M+H")

2 Step b: Mixture of (E)-(6R,7R)-8-0x0-3-[(R)- and -[(S)-2-0x0-[1,3"Thipyrrolidinyl-
3-ylidenemethyl]-8-ox0-7-[2-(2,4,5-trichloro-phenylsulfanyl)-acetylamino]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid hydrochloride



(pyridin-4-ylsul fanyl)-acetic acid and 232.8 ng (0.36 mol) (E)-(6R 7R)-7-

25 amno-3-[1-[1-[(4-hydroxy-phenyl carbanoyl)-nethyl]-pyridin-1-ium4-yl-

met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-0xo-5-thia-1-aza-bicycl o[ 4. 2. 0]

oct - 2-ene-2-carboxyl ate trifluoroace2dte in 4 M n

N, N- di met hyl acet am de. The brown solid was purified by col um

chr omat ogr aphyhe pregpctprepared s gtem 2 (220.0 mgy Q~§1I mixiol) was euspded it 12n)

Wi2t5h a gr gdileﬂg diéhlb%l fﬁéthraaiéeéﬂ@ '124'1116(0(50;3%11161) N,g){lr)i_sb(tﬁme%?&silyl)éa?eti ary

- 25- 1, 2. : rganj c_sol v

evapor ator an de W%@%%G%MLG@M@W%QQ@BW@ 5,60 mgi(ggﬁ uw.?b Ny

(30.09 bei gepaladivnhbis(igiphenylphddphine LdicRlorddd) (188 MY (6.80 thmol) NE&tiSP)

687.3 (M+Hgerg]: . . . .

(B (6R TR il apd 0578 BBOGnRD swibutrltinhydride wers added, Afigr 45 min 40 1

y| net hyl ] - 2- owaterywas laddied-te-thiei sispensiohyard ﬂaenxeacﬁommﬁnklmrlglwaﬂ peuydd

acetyl am no) - | 867 4 : - =2

Wth 70 0 m?) '?’8.&%3 mﬁi%%”@gﬁ%éﬁgl%ﬁﬁgﬁgﬁg@ﬁfﬁﬁ . 3[’%53 2-

(phenyl t hi o) sd@disaturated diethyd ethemgplutionoThawplid was collected by filtration and

(Ezl- §16§ ol . laﬁb@witlrid-ml ethxly?cetatfr'i din-1-ium4-yl net hyl]-2-oxo

- roxy- anoyl ) - - -1- - -2- -

E)glr r ol>/i di ﬁ63p§f£§.€mlmgﬁ'}§%i@1§yﬁygeq aza- bi cycl o[ 4. 2. 0] oct 2- ene-2- 15

car boxyl at e tIR@KBr)r BEe166t, 1582t n  NN-di net hyl acet anmi de. The

resul ting soly -3 &e@ggﬁ In 6 M water: acetonitrile (1: 1) and HC

was addedMljérqgiiIs)‘ a:i?' C rrpoa]d di ssol ved. After colum chromat ography on

MCI gel (75-15Q[ er[7] , M tsubishi Kasei Corporation) with a gradient of

wat er : ackxampleA17(1:0, 4:1, 3:1, 2:1, 1:1) the organic sol vent was

stripped of f @)-(8R,7R)-3-[1-[1-[(3-Fluoro-4-hydroxy-phenylcarbamoyl)}-methyl]-pyridin-1-
15  ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-7-(2-phenylsulfanyl-

acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

P F
L S
Q‘S/\([)r OJj AAN

COy” o)

With 175.0 mg (1.08 mmol) 1,1'-carbonyldiimidazole, 182.0 mg (1.08 mmol) 2-

(phenylthio)acetic acid and 500.0 mg (0.75 mmol) (E)-(6R,7R)-7-amino-3-[1-[1-
2 [(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]- pyridin-1-ium-4-ylmethyl]-2-

oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxylate trifluoroacetate in 4 ml N,N-dimethylacetamide. The resulting

solid was purified by column chromatography on MCI gel (75-150y,

Mitsubishi Kasei Corporation) with a gradient of water : acetonitrile (1:0, 4:1,
2% 3:1, 2:1). The organic solvent was stripped off at a rotary evaporator and the

aqueous phase was freeze-dried.

Yield: 90.0 mg (20.6%) beige lyophilisate

IR(KBr): 1772, 1680, 1648 em*

MS(ISP): 704.4 (M ™)

30 Example A18
(E)-(6R,7R)-3-[1-[1-[(3-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-
ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-7-[2-(4-trifluoro-



20 rotary evaporator and the aqueous phase was freeze-dri ed. Yi el d:
105.6 ng (64.4% beige |yophilisate | R(CKBr): 1770, 1680, 1643 cnferr]
M5(1SP): 686.3 (MtH err]) Exanpl e Al2

(E)- (6R 7R)-3-[1-[ 1- [ ( 3- Fl uor o- 4- hydr oxy3§henyl car barmoyl ) - net hyl ] - pyri di n-1

i um 4- yI net hyrethyl-phenylsuifanyhiacetrlominehbrthianitazazbicecloih? Mot 2A0e-% | -
sul fanyl ) - acedpbog#idte] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxy
| ate [err] }_lg’th 58.3 ng (0.36 nmol) 1,1 -carbonyl diim dazol e,

78.5 ng (0.36 nmol) c ht hal en- 2-yl sul fanyl ) - c acif and 200.0 ng

(0.30 nmmol ) (E)-(6R,7R)j@0\ 3 7 N

am no-3-[1-[1-(3-fluoro-4- y(ﬁ/o?ﬁ'/-p y t hyl pPHi di n-1-ium
8- 0x0-5-thi a- 1- aza- bi cycl o-

roapcetate in 4 n

4-yl met hyl ] - 2- oxo- pyrrolidin-3-y®i
10 [4.2.0]oct-2-ene-2-carboxylate™trif
N, N- di net hyl acet - 1 de. Th lt1 sol i d ified b I
chr omat ogr ap Wit 66ytme (.45 zmebl, Lsarbenyldinmidaselee o7 SunedD domsen & idn)
or gan ¢ sol Ve aro Ry DpRaSfhiolacetit ddd BBAEE0 r . e T oLs
ohaee vas 1+ duetitra 1B ndrod Tondtox pbichylcospanap e Gyt pyridie
:55( KBIr ): Aﬂ7ﬁ1m%§ﬁneﬂ@5DZ-&G&&I@@M$-ylidenbﬁ‘7(ekﬁﬂ)]-:8—6fo45&hm4il=ﬁw*r 1)
anpl e . . .
(5-(6R 7R -2%“?’51-°E%?£]‘Eﬁ%%ﬁ%?‘§:%%3§1ﬂ1§6? prflupyoacetate A mINN1 ) 11 [ (3114

oro- 20 imethylacetamide. The resulting solid was purified by column

4- hydr oxy10p hghwors 2602 2aphy bn MUTEel (751504 Mitdubishi- Kh$ei tCorporatiePwith a
gradient of water : acetonitrile (1:0,4:1,3:1,2: 1, 1: 1), The organic
solvent was stripped off at a rotary evaporator and the aqueous phase was
freeze-dried.
Yield: 89.0 mg (30.8%) pale yellow lyophilisate

15 IR(KBr): 1777, 1678, 1650 cm™

MS(ISP): 772.83 M+H ™)

Example A19

(E)-(6R,7R)-7-[2-(2,5-Dichloro-phenylsulfanyl)-acetylamino]-3-[1-[(8-fluoro-4-
2 hydroxy-phenylcarbamoyl)-methyll-pyridin-1-ium-4-ylmethyl]-2-oxo-

pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-

carboxylate
Cl Mo F
[ [ Ho N NH@
ol s M = OH
o) A
o
coo- ©

With 72.9 mg (0.45 mmol) 1,1,-carbonyldiimidazole, 106.5 mg (0.45 mmol)
2 (2,5-dichloro-phenylsulfanyl)acetic acid and 250.0 mg (0.37 mmol) (E)-
(6R,7R)-T-amino-3-[1-{1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyll-
pyridin-1-ium-4-ylmethyl}-2-oxo-pyrrolidin-3-ylidenemethyl}-8-0xo0-5-thia-1-
aza-bicyclo[4.2.0Joct-2-ene-2-carboxylate trifluoroacetate in 4 ml N,N-
dimethylacetamide. The resulting solid was purified by column chromato-
30 graphy on MCI gel (75-150u, Mitsubishi Kasei Corporation) with a gradient
of water : acetonitrile (1:0,4:1,3:1,2:1, 1: 1). The organic solvent was
stripped off at a rotary evaporator and the aqueous phase was freeze-dried.



pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
carboxyl ate [err] Wth 60.0 ng (0.36 mmol)

1,1 -carbonyl diimdazole, 85.0 ng (0.36 nmol) 25

[ (3, 4-di chl or ophenyl )t hi o] acetic acid and3k00.0 ng (0.30 mmol)

(E)-(6R 7R) -7 . "

am no- 3- [ 1- [ 1Yiqld: T74.80mg (21 3%rheige lyrophjlisatebanoy! ) - met hyl ] - pyridin-1-i um

4-yl met hyl ] - 2TROKB 1@RA - L.gdeénenmet hyl ] - 8- oxo-5-thi a- 1-aza- bi cycl o-
[4.2.0]oct - Zwég%{?d%%g i;§5tdr<|hgleuor oacetate in 4 m NN-di net hyl acet -

- 27- anmi ¥SUISRE WestiMitRy Dsol i d was purified by col um chromat ography
on MC gel (75-150[err], Mtsubishi Kasei Corporation) wth a gradi ent
of water: cet %i jle (1:0, 4:1, 3:1, 2:1, 1:1). The organic sol vent
was stri ppéd m rotary evaporator and the aqueous phase was

freeze- dri ed. (E(6RyVR)-8:[143-Hydrpxydienzi))-Bexepytrnobidin-3-ylidenemethiyR &Gx-7-
ﬂzfz 1680, 164 ghedftbalfalEhbdtylamildy5-thih: 1-478bieyeldi i 010tt 2-ene-2. 52! €
(E) - (6R, 7R) - 3canbpxyle aeit oxy- benzyl ) - 2- oxo- pyrrol i di n- 3-yl i denenet hyl ] - 8- ox
o-7- 10

[2-(2,4,5-trichl oro-phenyl suIyI )-acetylam no] -5-thia-1-aza-bicyclo[4.2.0

] oct - 2- ene- 2- carboxyl i c aci @/»r“ s N\Qig‘r{r]

coH ©
10 With 121.1 mg (0.75 mmol) 1,1,-carbonyldiimidazole, 125.6 mg (0.75 mmol)
(phenylthio)acetic acid and 250.0 mg (0.62 mmol) (E)-(6R,7R)-7-amino-3-[1-(3-
hydroxy-benzyl)-2-0xo-pyrrolidin-3-ylidenemethyl}-8-oxo-5-thia-1-aza-bicyclo-
[4.2.0Joct-2-ene-2-carboxylic acid trifluoroacetate in 4 mt N,N-dimethyl-
acetamide, The resulting solid was purified by column chromatography on
15 MCI gel (75-150u, Mitsubishi Kasei Corporation) with a gradient of water :
acetonitrile (1:0, 4: 1, 3 : 1). The organic solvent was stripped off at a rotary
evaporator and the aqueous phase was freeze-dried.
Yield: 189.5 mg (65.2%) yellow lyophilisate
IR(KBr): 1764, 1664, 1612 cm™
20 MS(ISP): 552.2 (M+H™)

Example A21

(E)X(6R,7R)-7-[2-(3,4-Dimethoxy-phenylsulfanyl)-acetylamino}-3-[1-(3-

hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-8-0x0-5-thia-1-aza-
25 Dbicyclo[4.2.0]oct-2-ene-2-carboxylic acid

CHy
CHso} 3
H
W N S NQ OH
o Az
) 8]

CoH ©
With 121.1 mg (0.75 mmol) 1,1-carbonyldiimidazole, 170.6 mg (0.75 mmol) 2-
(3,4-dimethoxyphenylthio)acetic acid and 250.0 mg (0.62 mmol) (E)-(6R,7R)-7-
amino-3-[1-(3-hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-
30 1l-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate in 4 ml N,N-
dimethylacetamide. The resulting solid was purified by column chromato-



Wth 146.0 ng (0.90 mmol ) 1,1'-carbonyl diimdazole, 244.4 ng (0.90 mmol)
(2,4,5-trichloro-phenyl sul fanyl)-acetic acid and 301.0 ng (0.73 mmol ) (E)-
15

(6R 7R) - 7- ami no- 3- [ 1- ( 3- hydr oxy- benzyl ) - 23%2x0- pyrrol i di n- 3-yl i denenmet hyl ] -8
oxo- 5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid

trlflgorgacet gtdph &MCI Fal( S0 hBishi KHseCorporatiod) it a0xadignt
(311420 DSl 00 POUIET b S T0: 0, 4,5 O oSl e 0o o o 28
(5) (6R [75) 3a[rbtdrd Wo@xwmm@a@ummwaagm&th evriedenenet hyl | - 8- oxo
_ 7. na n I a-

1-aza- bi cycl o?ﬂela tf%‘gtmé (%ﬁéf% ﬁéhg% lé\Cl d[err] Wth
146.0 ng (6. OIR ) 1766] 1664, 1588\l |mdazole 196.5 ng (0.90 mol)

ht hal 2 I i d d 301.0 0.73 |
(navhthal on- 2y} 193 epthe o1 o and 200 m (0,73 )

am no- 3- [ 1- (3- hydr oxy- benzyl ) - 2- oxo- pyrrol i di n-3-yl i denemet hyl ] - 8- 0xo- 5-t hi
a- 1-aza- lg .0] oct-2-ene-2-carboxylic acid trifluoroacetate in

5mM NN 30 @)J@m7R§i.3E[EE[IIL[@S-FIJ&%-4%6iﬁﬁhéﬂ}1bﬂrﬂﬁﬁoﬂméﬂh9ﬂ ﬁ&h&ﬁi wm

chr omat o-

VO el (75 1Bpd-imethstlsremyrrslidin-E3ligepemethyliron Tl G SrteRion
wat er :  acdfonphenylsulfangl)-atefiylafitifio]-8-thia-1:diza-bichd ofet. B.0oct-Zehelat was
stripped Qatxfboﬁ&la% rotary evaporator and the aqueous phase was
freeze-dri ed. Pa: 6z-0 Ny (14. 6% beige Iyophlllsate5 | R(KBr):

1771, 1663, 1589 cnierc M5(ISP): 602.2 (MtH err] anpl e Al6
M xture of (E)-(6R 7R)- 0-3-[(R)- and -[(S)-2-oxo041, 3 yrroI|d| nyl - 3-

s’\’f“r,/ WQ

With 60.0 mg (0.36 mmol) 1,_1,-carbonyldnmadazole, 99.0 mg (0.36 mmol)

(2,4,5-trichloro-phenylsulfanyl)-acetic acid and 200.0 mg {0.30 mmol) (E)-
15 (6R,7R)-7-amino-3-[1-[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl}-

pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl}-8-0xo-5-thia-1-

aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate trifluoroacetate in 4 ml N,N-

dimethylacetamide. The resulting solid was purified by column chromato-

graphy on MCI gel (75-150u, Mitsubishi Kasei Corporation) with a gradient
2 of water : acetonitril (2: 1, 1 : 1). The organic solvent was stripped off at a

rotary evaporator and the aqueous phase was freeze-dried.

Yield: 140.0 mg (57.8%) beige lyophilisate

IR(KBr): 1763, 1666, 1645 cm™

MS(ISP): 806.8, 808.3 M+H)*

The following compounds were prepared according to Example Al

Example A23

(E)-(6R,7TR)-7-[2-(Benzothiazol-2-ylsulfanyl)-acetylamino}-3-[1-(4-hydroxy-

benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyeclo{4.2.0]Joct-
30 2-ene-2-carboxylic acid imidazole salt (1:1)

Yield: 66.0% beige solid

MS(ISP): 609.4 M+H)*

IR(KBr): 1772, 1669, 1613 cm™



yl i denenet hyl ] - 8- oxo-7-[2- (2, 4, 5-trichl oro- phenyl sul fanyl ) - acet yl am no] - 5-
10 thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid hydrochl ori de
[err] Step a: Mxture of (E)- (6R 7R) 3-[(R - and

-[(S)-1"-al l yl oxycar bonyl - 2- oxo-

[1,3" ] bipyrrolidinyl-3-ylidenenethyl]-8-o0xo-7-[2-(2,4,5-trichloro-phenyl -
sul fanyl) - acéE;hnqﬂBdﬁMS thi a-1-aza- blcyclo[4 2. 0] oct - 2- ene- 2- car boxylic

i‘CIld- car bonyl 7R)- Jll(w 6&% o mt%ly?) z oxb- pg’n&ldl%l )
(2,4,5-trichl Ih@emﬂ y@LBfoanprbamdsxdfmylaammmylammmmmmaazai a
mxture of ( Bicylbr4/ Qb}&tlﬁ—&é%@?ﬁlbo I’[f acid imidazol salt (1:1)

-[(S)-1"-aLl y0
pyrrol i di ng ?}éﬁ@%ﬁwym?ﬁ% no- 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2-
20 ene-2-car bM;S(ISE) 8764 @V4+HNUoroacetate in 6 ml NN-di et hyl acet ami de

Prepared acc a1 Yield: 220.0 ng (66.0% beige powder
| RCKBr): 177 %’é— ﬁ@iﬁ%{]&éﬁ] M5(1SP): 703.2 (MtHerr]) 25 Step b:
M xt ure of (E) (6R 7R)-8-0x0-3-[ (R - and -[(S)-2-0x0-[1, 3" ]bipyrrolidinyl-

3- yIidenenethkknﬁﬂg 7-[2-(2,4,5-trichl oro-phenyl sul fanyl )-acetyl am no] -5
thia-l-aza-BIc 0] oct - 2- ene- 2- car boxyl i ¢ acid hydrochl ori de

The pr odud® p(@rf&ﬁe’lg)-&(i@@mkzb%xn@yrmlﬁmrﬂmhﬁemeﬂlﬁb@{[ﬂed in 12
(naphthalen-1-ylsulfanyl)-acetylamino]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-
ene-2-carboxylic acid imidazole salt (1:1)

Yield: 41.6% beige solid
MS(ISP): 536.8 (M+H)*
15 IR(KBr): 1769, 1664, 1624 cm™

r-q

Example A26

(E)-(6R,7R)-3-[1-(4-Hydroxy-benzyl)-2-oxo-pyrrolidin-8-ylidenemethyl]-7-[2-

(naphthalen-2-ylsulfanyl)-acetylamino]-8-o0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-
2 ene-2-carboxylic acid imidazole salt (1:1)

Yield: 67.7% beige solid

MS(ISP): 602.2 (M+H)*

IR(KBr): 1771, 1667, 1614 cm™

25 Example A27
(E)-(6R,7R)-7-[2-(Benzothiazol-2-ylsulfanyl)-acetylamino]-3-(1-cyclopropyl-2-
oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid imidazole salt (1:1)

Yield: 78.5% light yellow solid

30 MS(SP): 543.2 M+H)*
IR(KBr): 1769, 1665, 1624 cm™

Example A28
(E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-7-[2-(3,5-

35 dimethyl-phenylsulfanyl)-acetylamino]-8-o0x0-5-thia-1-aza-bicyclo[4.2.0Joct-2-
ene-2-carboxylic acid imidazole salt (1:1)
Yield: 67.0% beige solid
MS(ISP): 514.3 (M+H)"
IR(KBr): 1765, 1653, 1621 cm™



m di chl oronet hane and 124 [err]l (0.50 nmol)
N, O bis-(trinmethylsilyl)-acet- am de was added. After a clear solution

had forned, 5.60 ng (8.56 pnol)

pal | adi um bi s- (tri phenyl phosphi ne)-di chl e84de, 0.36 nml (6.30 mMmol) acetic

S acid and 0.8 m (3.0 nmol) tributyltinhydride were added. After 45 mn 40
[err]l water was added to the suspension and the reaction mxture was
pour ed un b g on 200 m diethyl ether, containing 2 m of a
hydrochl oric -saturated diethyl ether sol ution. The solid was

col l ected by fE)x ?BM -[2r{¢-Brome-phenylsudfanyd ) acetplanting]-By(1-crelapropyl-20

'\\//:S?: g ) 18(63 0 5%o- M ﬁ?exfé@ﬁ&h&b— -oxé&mh-aéazﬁﬂcycl%ﬁﬁé 016@S2-enBlL" ']

(E) (6R, 7RP- 3"'1“%’0?‘5{‘ &%Wﬁxﬁ?gﬁ ﬁ@ phenyl car bamoyl ) - net hyl - pyri di n- 1-
Y1eld 75 5% 11ght yellow solid

|um4 yl met hy +§§+n 3-ylidenenet hyl ] - 8- oxo- 7- ( 2- phenyl sul f anyl

- acetyl am (1@ a- bicycl o[ 4. 2. 0] oct - 2- ene- 2-carboxyl ate [err]

Wth 175.0 rrgIR m)leﬁl,ﬂfiz?anmonw di i mi dazole, 182.0 ng (1.08 nmml) 2-
(phenyl thio)acetic acid and 500.0 ng (0.75 mmuol)

(E)- (6R 7R)- 7-aming-3-[1-[1- 20
[ (3-fl uor 4-W§Ai¥‘bnyl car banoyl ) -met hyl ] - pyridin-1- |um4 yl met hyl ] - 2-

oxo- pyrrol i di (BY6R 7Ry.qqmg],0,&zglgg_ N3-a8éd 1@,1,]?@ E;et a%‘flg%{bﬁ%%— ene-

2- car boxyl at e or.oacet a N-_di
resul ting X 03@9‘ }Jﬂ}ff %Eyb% -0%9r %ﬁva%%?g MNegt-Zrepe-2-
(75-150[err], carboxylleauidﬂimdalfebesalﬂmﬂgratlon) with a grad| ent of water:

acetonitrile 2:1). The organic solvent was stripped off
at a rotar eggigrgfz%gég %ﬁéd aqueous phase was freeze-dried.

Yi el d: 9010 mMSEIPEER7HMeH)Yophi | i sate | RCKBr): 1772, 1680, 1648
cnjerr] 7‘»’@4 -1 30 Exanple Al18
(B)-(6R 7R) - ’:\%ﬁf il? ][ l!'ﬁuor 0- j—%%/dr oxy- phenyl car bamoyl ) -met hyl ] - pyridin-1

fum 4-yl met hyEkamyle&g1yr r ol i di n-3-yl i denemet hyl | - 8- oxo-7-[2-(4-trifluoro-
(E)-(6R,7R)-7-[2-(4-Bromo-phenylsulfanyl)-acetylamino]-8-oxo-3-[2-0x0-1-
2 (2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid imidazole salt (1:1)
Yield: 86.3% yellow powder
MS(ISP): 608.3 (M+H)*
IR(KBr): 1769, 1682, 1611 cm™

Example A32
(E)-(6R,7R)-8-Ox0-3-[2-0%0-1-(2,2,2-trifluoro-ethyl)-pyrrolidin-3-
ylidenemethyl]-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid imidazole salt (1:1)

30 Yield: 78.6% yellow powder
MS(SP): 528.3 (M+H)*
IR(KBr): 1771, 1681, 1612 cm™

Example A33

38 (E)-(6R,7R)-3-(1-Benzyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-7-(2-
phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic
acid imidazole salt (1:1)
Yield: 85.0% brown solid
MS(SP): 536.4 (M+H)*



-30-
nmet hyl - phenyl sul fanyl ) - acetyl am no) - 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
car boxyl at e [err] Wth 66.8 ng (0.41 nmol)

1, 1, -car bonyl di i mi dazole, 97.3 ng (0.41 n3®d) 2-[4- 5
(trifluoronethyl)phenylthio]acetic aC| d and 250.0 ng (0.37 nmol)

(E)-(6R 7R)- IR(KBr) 1767, 1667, 1622 cm™ .
7-am no-3-[1-[1-[(3-fl uor o- 4- hydr oxy- phenyl car banmoyl ) - met hyl ] - pyri di n- 1-

i um 4-yl met hyl ] - 2- oxo- pyrrolidin-3--yli denenet hyl ] - 8- oxo-5-thi a- 1- aza-
bi cycl of 4. 2. UEzamplleAB4 2- car boxyl ate trifluoroacetate in 4 nl NN\

d hyl I
c'hfﬁhatyog‘ﬁié%)‘*ﬁ%ﬁ YRR B e PR B R SV HASRETR R B0 o ¢ 1
gr adbe plnemmls anylcacedylaminiod-5¢thia<1-azha-bicycls{4.2, 0]ﬁct~2-;egé-2r;1) The
t tor and the aqueous
bhase. vas @JFPG%M’%?@%%W@%? FI0 0’ (30, 8% pale yeilow oo
lyophilisate Yield: e1g§-,s¢ 1678, 1650 cnjerr] MS(ISP): 772.3

(MtH err])  MS (fsqaﬁsbq H)“
(BE)-(6R 7R) - 7- henyl sul fanyl ) -acetyl am no] - 3-[ 1- [(3 fluoro
-4- 20 hydroxg{(%]g R hyl ] - yr| din-1-ium4-yl net hyl]-2-oxo-

pyrrolidi @8 3-ylidenenet hyI ] oxo 5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2-ene- 2-

car boxyl at e [err] Wth 72.9 ny
(0. 45 rmol ) 1E{"mé’l?6*§ﬁ|dumdazo|e 1065 1 (0.45 mrol ) 25
(2, 5-di chl or dEMﬁByTE):S-f[WM&&@KV@MH-&M-?WOB@&)& emathy1}(&pxo-7-
(6R 7R) - 7- am @osRedshitahyiPadetyRntng)- BUBE 21 Ya RGN EREL BATRML2-eABIZY ! 1 -

carboxylic acid imidazole salt (1:1)

15 Yield: 87.1% beige solid
MS(ISP): 566.5 (M+H)"
IR(KBr): 1773, 1672, 1611 cm’?

Example A36a

2 (E)-(6R,7R)-3-[1-(4-Allyloxycarbonylamino-benzyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-0x0-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-
bicyclo[4.2.0Joct-2-ene-2-carboxylic acid imidazole salt (1:1) R0-65-2011
Yield: 82.3% brown solid
MS(ISP): 652.5 (M+NH,)*

% IR(KBr): 1770, 1726, 1667, 1613 cm™

Example A36b
(E){6R,7R)-3-[1-(4-Amino-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-7-
(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

30 carboxylic acid
(E)-(6R,7R)-3-[1-(4-allyloxycarbonylamino-benzyl)-2-0xo-pyrrolidin-3-
ylidenemethyl]-8-0x0-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid imidazole salt (1:1) (400.0 mg, 0.57
mmol) was suspended in 20 ml dichloromethane and treated with N,O-

35 bis(trimethylsilyl)-trifluoroacetamide (240.7 mi, 9.11 mmol). After 15 min,
bis(triphenylphosphine)palladium(II) chloride (10.0 mg, 0.014 mmol), acetic
acid (0.65 ml, 11.4 mmol) and tributyltin hydride (1.53 ml, 5.70 mmol) were
added. After 45 min the suspension was poured under stirring on 250 ml
diethyl ether, containing 3 ml of a hydrochloric acid-saturated diethyl ether



pyridin-1-ium 4-yl net hyl ] -2-oxo-pyrrolidin-3-ylidenenethyl)-8-o0x0-5-thia-1-
aza- bicycl o[ 4. 2. 0] oct-2-ene-2-carboxylate trifluoroacetate in 4 m NN\

di met hyl acet am de. The resulting solid was purified by colum chromato- 30
graphy on MCl gel (75-150[err], M tsubi st86-Kasei Cor poration) with a

gr adi ent of water: acetonltrlle(l 0o, 4. 1,3. 1, 2: 1. 1). The
organi ¢ sol vesulution and was stippedifarf¥h. Fhesolid mgtenahmsmectﬁddbx fidtrationous

h f
(it "% & DAt e ot 11 s oy el 3
cnferr] |V, ¢ qrmmgl r Tp)the syspensippanegual amount o gel

( E) (6R 7R) - 37551156, Wﬁbﬁbiéhb Wab¥l CorpdrationY iwael ddiied; She birgtarie selvenltwds oxo

(2 pheny! s8I rexaporated: gnd the spsidue fas chromatgeraphed op DIGT gel (75- 19,

i ar1 boxyl 13 c alwﬁi_:s[zmis’ﬂl Iliase1 I}brﬂgidhoiﬂ émﬂg r&z(aﬂl ierit ofhwader : aTctetqmmle 9:1,4: .
, 1, - car bonyl di zql e, : .0, | c aci

and' 260, 0 my Fik b et § =@é)sz%e§%ﬁ§e st e epqpqifiSd Bha'theH Bl

hydr oxy- benzyphas® was-fogezeedridd.n- 3- yl i denenet hyl ) - 8- oxo- 5-t hi a- 1- aza- bi cycl

0- [4. 2. Oi(fé‘f& fS %ggqﬁ@ﬁ?esul fo acid trifluoroacetate in 4 ni

NN- di et hyl - ace ting solid was purified by colum
chr omat ogﬂ@phMSﬁISHB%MQ(MtH)(?S 150[ err], M tsubishi Kasei Corporation)

with a gradi efRE)"ID, 1667, 1626aehi trile (10 0, 4: 1, 3: 1). The organic
sol vent was strippéd off at a rotary evapor at or and t he agueous phase

was freeze-dried. Yield: 189.5 ng (55.2% vyellow |yophilisate
| R(CKBr): 176 eX®2 cnferr] 20 I\/B(ISP): 552.2 (M+H ) Exanpl e A21
(B)-(6R 7R)- 7(&)2«;?713) BT O s R NG B 4l 3R phieRE 1 Ak Bt 63
15 ylidenemethyl]-8-0x0-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid imidazole salt (1:1) (1:1 mixture of
epimers)
Yield: 56.1% beige solid
MS(ISP): 581.4 (M+H)*
20 IR(KBr): 1771, 1673, 1618 cm™

Example A38a

(E)-(6R,7R)-3-[1-(1-Allyloxycarbonyl-azetidin-3-yl)-2-oxo-pyrrolidin-3-

ylidenemethyl]-8-0xo-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-
2% bicyclo[4.2.0]oct-2-ene-2-carboxylic acid imidazole salt (1:1)

Yield: 74.5% beige lyophilisate

MS(ISP): 585.5 (M+H)"

IR(KBr): 1775, 1678, 1626 cm™

30 Example A38b
(E)-6R,7R)-3-(1-Azetidin-1-ium-3-yl-2-0xo-pyrrolidin-3-ylidenemethyl)-8-oxo-7-
(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate
(E)-(6R,7R)-3-[1-(1-allyloxycarbonyl-azetidin-3-yl)-2-oxo-pyrrolidin-3-

35 ylidenemethyl]-8-0x0-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-
bicyclo[4.2.0Joct-2-ene-2-carboxylic acid imidazole salt (1:1) (448.0 mg, 0.69
mmol) was dissolved in 20 ml dichloromethane. Acetic acid (0.79 ml, 3.70
mmol), bis(triphenylphosphine)palladium(IT) chloride (11.9 mg, 0.017
mmol) and tributyltin hydride (1.86 ml, 6.90 mmol) were added successively.



hydr oxy- benzyl ) - 2- oxo- pyrrolidi n-3-ylidenenet hyl]-8-o0xo-5-thia-1-aza- 25
bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic acid [err]
Wth 121.1 nmg (0.75 mmol) 1,1, -carbonyl diimdazole, 170.6 ng (0.75 nmol) 2-
(3, 4-di net hoxyphenyl t hi o) acetic acid and-350.0 ng (0.62 nmol)

E)-(6R 7R)-7-
gam') ng- 3- [ 1- ( 3AfRertrdSanin dhe \suspensien was paisedi m&w&tﬁﬂﬁn@p?tzm ﬂ:ﬂ&ifﬂgl 5-1 hi4

- 30 1- - bj I 12~ 4= t rgacetate.in
AN ok, Prttafe S o Bydr RO Ml s ed Behot A% SB)
chr omat o- and was stirred for 1h. The solid material was collected by filtratiogn,aphy on
vater: acepon Cinraed fwEer) aoktobindly (@?ﬁgh%?thﬁﬁ?%%’aﬁm%ﬁh ey
wat er : L Q) LAl 3 -
ort o 5q htpchldrin g, 16t voamiag feb edu Aoeunn et MCLERL (o ML,
Yield: 175.6 hﬁtmsﬁi?{agal Coxiration) washiddedatiee oﬁgaxﬁla(sliﬁfe?t wdH6, 1664,
1588 err : .
(B - ( ‘ég, 7R) ] 31‘-:;?%%'][ i 1 ?’8519%%%%#%%%% %%}F%g%ﬁ?%l RA1L9%r i di n-1
- itsubishi Kasei Corporation) with a gradient of water : acetorzigﬁze %9 11,4 h |
[ 4-yl meth 21050 Il Al N3z M), yl]-8- - (-4 A4- -trichlo
Ir gm 10yphenylyg’{ﬁ f %’h?/l’ }?gég’?' ?Q%B%ﬂés%g?agﬁgﬁ%ﬁﬁéﬁwuf ene- 2-
car boxy| afl8” [Rhage was ﬁfeeze-zned. 60.0 ngy (0.36 nmol)
1,1, - car bony| ¥idlai 93:29 Beig8lyOpkilisafe 36 mmol )

MS(ISP): 501.4 (M+H)*
IR(KBr): 1766, 1673, 1620 cm™

15 Example A39
(E)-(6R,7R)-3-[1-(4-Hydroxy-benzyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-oxo-7-
(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid imidazole salt (1:1)

Yield: 68.0% yellow solid

20 MS(ISP): 552.56 M+H)*

IR(KBr): 1773, 1667, 1614 cm™

Example A40

(E)-(6R,7R)-8-0x0-3-(2-0x0-1-phenylcarbamoylmethyl-pyrrolidin-3-
2 ylidenemethyl)-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid imidazole salt (1:1)

Yield: 52.0% brown solid

MS(ISP): 579.4 (M+H)*

IR(KBr): 1770, 1665, 1599 ecm™

Example Adla
(E)-(6R,7R)-3-[(R)-1'-Allyloxycarbonyl-2-0xo-[1,3'Tbipyrrolidinyl-3-
ylidenemethyl]-8-0x0-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid imidazole salt (1:1)

35 Yield: 81.3% brown solid
MS((ISP): 562.3 (M+H)*
IR(KBr): 1776, 1670, 1631 cm™



(2,4,5-trichloro-phenyl sul fanyl)-acetic acid and 200.0 ng (0.30 mol) (E)-
15 (6R 7R)-7-ami no-3-[1-[1-[(3-fluoro-4-hydroxy-phenyl carbanmoyl)-methyl] -
pyridin-1-ium4-yl net hyI ] - 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-o0xo0-5-thia-1-
aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxyl ate38+i f| uoroacetate in 4 nl N\

di et hyl acet am de. The resulting solid was purified by colum chromat o-
graphy on I\/CIEgamnléMbO[err] M t subi shi Kasei Corporation) with a

o Tippod o CP-URAR)EE gq@?8*@?%»%}@’{‘#@%&@33@%@%”1& e
freeze-dri ed. phenyl wgadyl-aﬁﬂtythOOé?tlﬁ%l-am-bmybmm0]03132&11&2- | R(KBr) :
ol Towi ng pormaoiTheidd hydroflobidd (15 0. 1 0 Bxanpl'e AL Exanpl e A>3
(2 Cor Ir° %ﬁé&’éﬁ%ﬁﬁﬁkioﬂiﬁoyympamfyx%w%m@l}mﬂ@ (- hydr oxy-
benzyl?,z) g oX w]ﬂenezethyﬂ}smb*gﬁﬂlﬁhﬁﬁﬁ%ﬂfa %;gf;@eg?ldxhhﬁr)%-ﬁﬁ% %a%%égéaﬂ([){‘lb;i 813
oct - enel? 3 gé\{ aci dal e L) o6 Y@ﬁ . %?

_Sglgl d "E @Séi éﬁ?ometﬁg;;g;d treatslz succ(isswely with I 2% g a. ]
L0 0 SRR i A b 115 B

L sener T M I B 18 450 e
91. 6% br own sg4 hiln, the s{‘@‘érﬁ%n Y%E%ohr@%ﬁ) 35U fll diethyl 'eBhéPrdntalditg 3 4273

1625
(E) - (gg % yf(ﬁ@&?@@?%ﬁwdﬁmam digthyl; ether golution-and whirred for1h. The
(napht hal en- lsuspeubioanwhy fcabd) & etd &a@éﬂaﬁwtabltaxtﬁraeeaﬁ&% lﬁgg/tagkpﬁ
-Sgl-l ; ene- f%rcﬁ{ Qﬁéydr'igd ?ﬁh&ig}'; angazol e salt (1:1) | el . 6% bei ge
15 Yield: 25.5% beige solid
MS(ISP): 515.3 (M+H)*

IR(KBr): 1776, 1666, 1632 cm™

Example A42

2 (E)-(6R,7R)-7-[2-(4-Chloro-phenylsulfanyl)-acetylamino]-3-(1-cyclopropyl-2-
oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid imidazole salt (1:1)
Yield: 70.7% light yellow solid
MS(ISP): 520.4 (M+H)*

2% IR(KBr): 1775, 1667, 1625 cm™

The following compounds were prepared according to Example A10
Example A43
(E)-(6R,7R)-8-0x0-3-[2-0x0-1-(2-0x0-0xazolidin-3-y1)-pyrrolidin-3-

30 ylidenemethyl]-7-(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid imidazole salt (1:1)
Yield: 86.0% beige lyophilisate
MS(ISP): 548.4 (M+H)*
IR(KBr): 1770, 1689, 1612 cm™

Example Ad44
(E)-(6R,TR)-8-0xo0-3-(2-0x0-1-pyridin-2-yl-pyrrolidin-8-ylidenemethyl)-7-(2-
phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic
acid imidazole salt (1:1)



M5(1SP): 536.3 (MtH)[err] 15 IR(KBr): 1769, 1664, 1624 cnierr]

Exanpl e A26

(B)-(6R 7R)-3-[1-(4-Hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenenethyl]-7-[2-
(napht hal en- 2-yl sul fanyl ) - acet yl am no] - 88%x0- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct
-2- 20 ene-2-carboxylic acid imdazole salt (1:1) Yield: 67.7% bei ge
solid veYied) 18.652 beoyvilypphilispte | RCKBr): 1771, 1667, 1614 cnierr]

25 Bxanpl e ARES(SP); 523.5 (M+HD"
E-6R,7R--£ enzot hi azol | fanyl)-acetyl am no)-3-(1-cycl opropyl -
(B ) 17720 168021610cn3{'15“ yl)-acety )-3-(1-cycl opr opy

oxo-pyrrolldln 3- ylldenenethyl) 8- 0x0- 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene-
2- ca o lic %ﬁzlmdazole salt (1:1) Yield: 78.5%1ight yellow
solid 30 plg | R(CKBr): 1769, 1665, 1624 cnferr]

Exanpl e A28 (E)-(GR 7R)-3-[1~(6-Methoxy-pyridin-3-yl)-2-oxo-pyrrolidjn-3-y1idenemethy1]-8—

()~ (OR 7R - dad-+-iSH MY ¥ yl- A BBHih 8- 5 Fhfl- $-0a BIEPABEL 2010t Z- b4 23 >

di net hyl - pheeatbosylie agid imidazoleasalt 61:18- oxo- 5- t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct -
2- -2 b | It (1:1 Yield: 67.0% bei
Solid oMe %?%B ’?@\Qﬁ&%&?‘f@ © S?R( K(Br) : ) 1765, |1(6353, 1621 cn[ela?(ra]

- 34- 10 X SR3 (

(B) - (6R 7R) - IR(EBH4 1R T87REend &uff anyl ) - acet yl ami no] - 3- (1- cycl opropyl - 2-
oxo- pyrrolidin-3- ylldenenethyl) - 0X0- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene-
2- 5 carboxylic acid imdazole salt (1:1) Yield: 75.5%I1ight yell ow
solid Example A46

(E)>-(6R,7R)-7-[2-(1H-Benzoimidazol-2-ylsulfanyl)-acetylamino]-3-[1-(4-
15 hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-8-0xo-5-thia-1-aza-

bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid imidazole salt (1:1)

Yield: 11.2% beige lyophilisate

MS(ISP): 592.5 (M+H)"

IR(KBr): 1769, 1664, 1614 cm™

Example A47
(E)-(6R,7TR)-3-(1-Isobutyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-7-(2-
phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic
acid imidazole salt (1:1)

25 Yield: 15.8% colorless lyophilisate
MS(SP): 502.4 (M+H)"
IR(KBr): 1768, 1660, 1625 cm™

Example A48

0 (E)(6R,7R)-3-(1-Cyclohexylmethyl-2-0xo-pyrrolidin-3-ylidenemethyl)-8-oxo-7-
(2-phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-
carboxylic acid imidazole salt (1:1)
Yield: 10.0% colorless lyophilisate
MS(ISP): 542.4 (M+H)*

Example A49
(E)-(6R,7TR)-3-[1-(3-Hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-7
(3-phenyl-propionylamino)-5-thia-1-aza-bicyclo{4.2.0]oct-2-ene-2-carboxylic
acid



M5(1SP): 566.1 (MtH)[err] | R(KBr): 1767, 1661, 1622 cnferr] 10
Exanpl e A30
(E) -(6R 7R) - 7-[ 2- (Benzooxazol - 2-yl sul fanyl )- acetyl am no] - 3- (1- cycl opropyl -

oxo- pyrrolidin-3-ylidenenethyl)-8-0oxo-5- thla 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene-
2- car b&igld: d70% beige Iyapbilisatal t (1: 1) Yi el d: 67.2% bei ge solid

15 M5(I SP): n&é&sh@éﬂkmﬂ)* | R(CKBr): 1770, 1670, 1625 cnerr]

Exanpl e A31

(E)- (6R, 7R) - IR{BBra 187846623692 emi f any! ) - acet yI ani no] - 8- 0xo- 3- [ 2- ox0- 1- 20
(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenenethyl]-5-thia-1-aza-

bi cycl o[ 4. 2. Q] oct - 2- -2-carboxylic acid imdazole salt (1:1 Yi el d:

86. %%y[el |%w%@meé£&? MS( | SP) : Y608, 3 (MeH) [err] IR(f(Br))

(1559( é%8§R)16@E) (8RQRJ)B—R&Hy&oﬁ?@éﬁhﬁl)&%&pyrrohdm-3 hdenemleth 11-7-[2-(4~
--o-- XQ- 1- ri ro-e rr,al i

yl i denenet hy %ﬁ’é’ﬁ}ﬁ?ﬁ‘f’%jﬁ ge! % taéﬂﬂ i% é’gﬁ}i i‘ 1&%10 °ﬂl 5’0]0ct—2-

bi cycl o[ 4. 2. ﬁhe&em'benyhél-amihmdplzob sedt ¢: Il)n dazole salt (1:1) 30 Yield:

78. 6% yel | 3 (M |R(KBr): 1771, 1681,
1612 cﬁer?m‘%d% L2% Fﬁ]@a}gﬁ@ (M Lerr] (KB

(E)-(6R, 71@ M%@Sgé 4 SMED” pyrrolidin-3-ylidenenethyl)-8-o0x0-7-(2-
phenyl sul fanm@@tw»mnm 55331%41 aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl

I C acid i mdazol e sal ( Yi el d: 85.0% brown solid M5( 1 SP) :
536.4 (MtH)[err] - 35-
Example A51

(E)-(6R,7R)-3-[1-[1-[(3-Fluoro-4-hydroxy-phenylcarbamoyl-methyl]-pyridin-1-
15 ium-4-ylmethyl}]-2-oxo-pyrrolidin-3-ylidenemethyl]-7-[2-(4-hydroxymethyl-
phenoxy)-acetylaminol-8-0x0-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-
carboxylate
Yield: 14.1% beige lyophilisate
MS(ISP): 718.3 (M+H)*
2 IR(KBr): 1769, 1681, 1613 cm™

Example A52
(E)-(6R,7R)-7-(2-Benzoylamino-acetylamino)-3-[1-(3-hydroxy-benzyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-o0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

25 carboxylic acid imidazole salt (1:1)
Yield: 32% beige lyophilisate
MS(ISP): 562.0 (M+H)"
IR(KBr): 1771, 1658, 1602 cm™

30 ExampleA53
(E)-(6R,7R)-3-[1-(3-Hydroxy-benzyl)-2-0x0-pyrrolidin-3-ylidenemethyl]-8-ox0-7-
(2-phenylamino-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic
acid imidazole salt (1:1) |
Yield: 20.5% beige lyophilisate

3 MSUISP): 535.4 (M+H)*

IR(KBr): 1780, 1670, 1608 cm™



| R(CKBr): 1767, 1667, 1622 cnferr] Exanpl e A34

(BE)-(6R, 7R) - 3-[ 1- (4- Fl uor o- benzyl ) - 2- oxo- pyrrol i di n- 3-yl i denenet hyl ] - 8- oxo-
7- 5

( 2- phenyl sul f anyl - acet yl ami no) - 5-t hi a- 1- o4k bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
carboxylic acid im.dazole salt (1:1) Yield: 91.0% bei ge solid

MB(1 SP) : 554, Examzle Add | | RCKBr): 1766, 1665, 1622 cnferr] 10

Exanpl e A35  (g).(6R,7R)-3-[1-(3-Hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-7-
E)-(6R 7R)-3-[1- (4- Vet h I% U ) BoBX 0 ?’T‘ -3-ylid ﬂm - 8;
572 ( ) (2[-p enoxy-ace?;yxf/ami%%- - ’a-l(-)ézoa- %/crycI% ti.glo%ct-g-e{le- anr;%o ill ::wid0 X0
(2- phenyl sul famdazeleaialt €170,89) - 5-t hi a- 1- aza- bi cycl o[ 4. 2. O] oct - 2- ene- 2-

car boxyl i c.aq,d Mn%ﬂ zﬁ)e sal t }&}1&&% 15 Yield: 87.1% beige solid

VB(1SP): 586, Bieldies B% beies Tyop . 1773, 1672, 1611 cnjerr]

Exanpl e A86a MIB(ISP): 536.2 (M+H)*

(BE)-(6R 7R) - - t am no- benzyl ) - 2- oxo- pyrrolidin-3-

yl i denenet hy?{é@g‘ioﬁ'fegggﬁmpgﬁcf anyl -acetyl am no) -5-thi a- 1-aza-

bi cycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid imdazole salt (1:1) RO 65-2011

Yield: 82.3% salsisd M5(1SP): 652.5 (MtNH[ err])[err] 25 |1 R(KBr):
1770,1726,_1667 err anpl 36b . .

CREE sceié%isiﬁhs-.<%ﬁx@no;%aﬁ%zﬁp?mpmhdwmlu@mmw]&-exq;;b- :
- [(Z)-2-styrylsulfanyl-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

(2- phenyl sul f anyl - aﬁet g&a\m no) - 5-t hi a- 1- aza- bi cycl 03{4. 2.0] oct-2-ene-2- 30
car boxyl i ¢ acfAfroxyuc a

(E) - (6R, 7R) - 3Yieldy( 31.8% héige tyepHitisstean no- benzyl ) - 2- oxo- pyrrol i di n- 3-

yl i denenet hyl g)gp | sul fanyl - acetyl am no)-5-thi a-1-aza-

bi cycl o[ 4. 2. { gig%@@ rboxyli¢ acid imdazole salt (1:1) (400.0 ny,
0. 57 Aol JROERr) 1546634 ¥6392mn1  di chl oronet hane and treated with N, O
35 bis(trimethylsilyl)-trifluoroacetanm de (240.7 m, 9.11 muol). After 15

m n, bis(irighﬁnyl hosphi ne) pal I adi um(11) chloride (10.0 ng, 0.014
mmol ), aceti ' 0.65 mM, 11.4 mmol) and tributyltin hydride (1.53

m, 5.70 nmol (BRQER)B-?,-[(E)-;‘IQE{CB-FM(BI%E4%§dmxy~ph@ﬁb§m¢ﬂmm%hyﬂw;ﬂIlder
stirring on 250 d hxl et h(ir . qapnf.al ni ngtS of A (I%(H ochloric
aci d- sat ur at ea%%‘glﬁ@?therh%? o-pyrrohidin-5-ylidenemethyl]-3-oxo-7-[(Z)-2-
2 styrylsulfanyl-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate
Yield: 14.2% beige lyophilisate
MS(ISP): 730.5 (M+H)*

IR(KBr): 1769, 1677, 1642 cm™

25 Example A57
(E)-(6R,7R)-7-[2-(4-Chloro-phenylsulfanyl)-acetylamino]-3-[1-(3-hydroxy-
benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylic acid imidazole salt (1:1)

Yield: 29.0% light yellow lyophilisate

30 MS(ISP): 586.3 (M+H)*

IR(KBr): 1769, 1669, 1600 cm™

Example A58

(E)-(6R,7R)-7-[2-(4-Bromo-phenylsulfanyl)-acetylamino}-3-[1-[1-[(3-fluoro-4-
35 hydroxy-phenylcarbamoyl)-methyll-pyridin-1-ium-4-ylmethyl]-2-oxo-

pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo{4.2.0]oct-2-ene-2-

carboxylate

Yield: 13.3% beige lyophilisate

MS(ISP): 748.1 (M+H)"



- 36- solution and was stirred for 1h. The solid material was col |l ected

by filtration, suspended in 4 m water: acetonitrile (1 : 1) and the pH
was adjusted to 2 with 1M hydrochloric acid. To the suspension an equal
anount of M gel (75-150[err], Mtsud2shi Kasei Corporation) was
added, the organic solvent was 5 evaporated and the residue was

chr omat ogr aphBR(EBr)M769)d676,7/t645@her r ] , M t subi shi Kasei Corporation)
with a gradient of water: acetonltrlle(9 1, 4. 1, 2. 1, 1. 1, 1. 3).
The organic soI vent was evaporated and the aqueous phase was

freeze-dri ed. Exampled5® 18. 0% bei ge Iyoph| i sate 10 M5(ISP): 551.5

(MtH) [err] Y/

(E)- (6R 7R) - :3@?! !@' L2184 ]e)#ﬁgﬁfg %m? ?’%a‘? 1%%@‘%‘??&6&?’0%“@‘
15 yl i dene sxmbenykca:bmmn subtlmi}pyudmy}nnnﬂeﬂmeﬂhlﬂhz ‘bx0za-

bi cycl o[ 4. 2 )l m xture
of epi me(r)% haniiﬂ .e 56. 1}Le$8€&§§#ﬂdﬁ§%ﬁ§$26%§? é%%/#l—b [err]
20 | R(KBr): ?°XX]8% 1618 cnierr] Exanpl e A38a

(B)-(6R 7R)- Mdd(ﬂéﬁ%ﬁéhﬂmﬂqwlﬁﬁéﬁé di n-3-yl)-2-oxo-pyrrolidin-3-

yl i denenet hyl O é (43(1\2 | sul fanyl - acetyl am no)-5-thi a-1-aza- 25

bi cycl o[ 4. 2. - -’Z g'— < oxylic acid imdazole salt (1:1) Yi el d:
74.5% bei d@ | r)i X70601667, 108¢IcaP} : 585.5 (MrH)[err] | R(CKBr): 1775,

1678, 1626 cnferr] 30 Exanple A38b
E)-6R 7R)-3-(1-Azetidin-1-ium 3-yl-2-o0oxo0-pyrrolidin-3-ylidenenmethyl)-8-0xo
(7_) ) lg: 36 AB0 y py y yl)

(2- pheny! sul f @YERETRS-J4 R0ydpropy 12 dxd pi ol RAénem )-8 5xB RIZ
(pyridin-4-ylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
15 carboxylic acid imidazole salt (1:1)
Yield: 46.0% light yellow lyophilisate
MS(ISP): 486.4 (M+H)*
IR(KBr): 1769, 1664, 1619 cm™

20 Example A61
(E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo0-7-[2-
(pyridin-4-ylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid imidazole salt (1:1)

Yield: 41.0% light yellow lyophilisate

25 MS(ISP): 487.2 (M+H)*

IR(KBr): 1772, 1672, 1623 cm™

Example A62
(E)-(6R,7R)-7-[2-(4-Fluoro-phenylsulfanyl)-acetylamino]-8-0x0-3-(2-0x0-1-

30 phenylcarbamoylmethyl-pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1)
(4-Fluorophenylthio)acetic acid (102.7 mg, 0.55 mmol) was dissolved in N,N-
dimethylacetamide and 1,1%carbonyldiimidazole (89.0 mg, 0.55 mmol) was
added in a single portion. The solution was stirred for 20 min, then (E)-

35 (6R,7R)-7-amino-8-0x0-3-(2-0xo-1-phenylcarbamoylmethyl-pyrrolidin-3-
ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid was
added. After 6h the mixture was poured on 250 ml diethyl ether and the solid
material was collected by filtration. The solid was converted into its sodium
salt by suspending it in 6 ml water and adjusting the pH to 7 with 1M sodium



car boxyl at e

(B)-(6R 7R)-3-[1-(1-allyl oxycarbonyl -azetidi n-3-yl)-2-o0oxo0-pyrrolidin-3- 35
yl i denenet hyl ] - 8- oxo- 7- ( 2- phenyl sul f anyl - acet yl am no) - 5-t hi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i ¢ aci-43-1 dazole salt (1:1) (448.0 ny,
0. 69 mml ) was dissolved in 20 m dichl oronet hane. Acetic acid (0.79

m, 3.70 hydrekide &dltibhl m'he ROl R s Ehrid s dt a%iawﬂeul on M'CP @bﬁezd-iéo&
ng, 0.017 lghl?ad trjbutylfin h¥dr|de (1.8 I)

added Success]mtgg& se1 orporation) with a gradient of water : acetomtn e (197 1,8
After 45 min theg ssl)s mrgmﬁmlmwwds prispedSoff at an@taFy evdboFatet idivhe
et her, cont alg%ge%m r?& ﬁ/dm%}ko‘irl c acid-saturated diethyl ether

sol ution P %ervgﬁ 18%rhe solid material was col | ected by
filtrationd Yieldwzp2%dypellow lyaphilisatecetonitrile (1: 1) and the pH was

adjusted to gp)l§19 hloric acid. To the suspension an equal
anount of MC Z Mt subi shi Kasei Corporation) was

added, the orgﬂ 515|7\9eﬁ| &vd§300mevaporat ed and the residue was
chromat ographed on MCl gel (75-150[-err], Mtsub| sh| Kasel Oor poration)

with a gradie wat er: acetopitrile (9: 2: , 1. 3).
The organic s %291% Seweamremreéqw@n@mgoto Eﬁm‘IWZ
freeze-drigd. 23. 2% bei ge |lyophilisate M5(I SP): 501.4

e A3
(MtH) [err] 76, 167 L Exanpl 3
(5)-(6R 7R)- 3“% mﬁﬂlﬁ&gﬁ% yléh%ﬁég Jﬁgjr‘ﬁ?‘i}h 3Rt nﬂ@ﬁbﬁe&hyl] 8- 0X0
P enylsulfanyl-acetylammo)-5 thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic
(2 phenyl sul f&g &f}ﬁf‘w 5 t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct 2- ene- 2-
car boxylic acl |m azol e Bge Yield: 68.0%yellow solid 20
MB(I SP): 552. S@dm&%%rbqlgelyoxﬂw ): 1773, 1667, 1614 crerr]

Exanpl e A48 MS(ISP 522.2 (M+H)* L
(E)-(6R 7R) - & - 5- -ox %%1%22 |.car bamoyl net hyl - pyrrolidin-3- 25
yl i denenet hyl *acetyl am no)-5-thia-1-aza-

bi cycl o[ 4. 2. 0] oct 2 ene -carboxylic acid imdazole salt (1:1)

Example A64

(E)-(6R,7R)-3-[1-(2-Methyl-allyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-ox0-7-(2-
20 phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic

acid sodium salt (1:1)

Yield: 40.8% beige lyophilisate

MS(ISP): 500.2 (M+H)*

IR(KBr): 1765, 1667, 1614 cm™

Example A65
(E)-(6R,7R)-7-{2-(Benzooxazol-2-ylsulfanyl)-acetylamino]-3-[1-(4-hydroxy-
benzyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylic acid sodium salt (1:1)

30 Yield: 43.3% beige lyophilisate
MS(ISP): 593.2 (M+H)*
IR(KBr): 1770, 1670, 1615 cm™

Example A66

3B (E)-(6R,7R)-7-(2-Benzylsulfanyl-acetylamino)-3-[1-(4-hydroxy-benzyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid sodium salt (1:1)
Yield: 88.7% beige lyophilisate
MS(ISP): 583.3 (M+H)*



Yield: 52.0% brown solid M5(1SP): 579.4 (MtH)[err] | RCKBr): 1770,
1665, 1599 cnierr] 30 Exanpl e Adla

(BE)-(6R, 7R -3-[ (R -1' - Al l yl oxycar bonyl - 2-oxo-[ 1, 3" ] bi pyrrolidinyl-3-

yl i denemet hyl ] - 8- oxo- 7- ( 2- phenyl sul f anyl =4éet yl armi no) - 5-t hi a- 1- aza-

bi cycl o[ 4. 2. 0] oct-2-ene-2-carboxyli¢c acid imdazole salt (1:1) 35 Yield:
81. 3% br own s8R(KBr): 17645(1668) 16 B6@n3 (MrH) [err] | R(KBr): 1776, 1670,
1631 cnjerr] - 38-

Exanpl e A4lb

(E) - (6R 7R) - SEzasnplelA8Y - 2- oxo-[ 1, 3' | bi pyrrolidinyl-3-ylidenenethyl]-7-(2-

phenyl sul fanyés[gemmimm%:ﬁ ét!}ﬁ.?hﬂﬂ(%ﬁ?;,ﬁﬁﬁﬁﬁ&ﬁ%l—Q-ﬂ&lﬂfénﬁ)-%@ty?amino}
car boxyl i caci ydr.ochl or | de ? el 5 .. . .

(E) - (6R 7RP- 35t F‘gtll}' axy%eaﬁ Zroxspyorsliding3iylidenemethyt-f-oxe-fAsthiarl-aza-

%! I delne{rzt gygbi ; .270]6%%?1%42—%6%& g&(@%@(@%@ﬂé&i&ﬁ%}zhl a- |1) aza-

i cyclo[4. 2. - 2-ene- 2= car.boxyli c, aci .0 ng, O. mmol ) was

di ssol ved ]Y??C]# 9‘%Y8}1€WI]¥Pgﬁélsﬁ%e and treated successively with

bi s(triphenyl MSASE):6)H2(Mad)in(11) chloride (10.9 ng, 0.015 mmol), acetic
10 acid (0.7 1 ) tai butyltin hydride (1.67 m, 6.20 mmol).
Af ter 40 ﬁ;Br)t ﬁzé%@é%z&%%s poured on 250 m diethyl ether

cont ai ni ng03 m of a hydrochloric acid-saturated diethyl ether

sol ution and M@A@ 1h. The suspension was filtered, the solid
material was trl a w fh_ethyl acetate for..1h and dried i.n_high
vacuum 15 i @Jh&t’i @S‘%@eﬁ‘}&é}’ XY nzyﬁk%@ﬁw(g@@@‘%%&th'%“
| R(CKBr) : 1776 mekBoTsul fi32-aestydaininoe)-8-ox652tHih 4 -d¥ b clo[4.2.0]oct-2-ene-2-
(B)-(6R 7R) - 7-[ 2- (4:.Chl of O- henygﬁghgﬁnyl ) -acetyl am no] - 3- (1- cycl opropyl - 2-
oxo- pyrrolidi 2% pﬂ&?@@?‘ﬁ?ﬁ- *dx0%5- t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene-
2- carBoxYield: 48i0% beigddyophilisate (1: 1)

MS(ISP): 490.3 (M+H)*

IR(KBr): 1764, 1664, 1614 cm™

Example A69

2 (E)(6R,7R)-7-[2-(4-Bromo-phenylsulfanyl)-acetylamino]-8-0x0-3-(2-oxo-1-
phenyl-pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid sodium salt
Yield: 53.0% yellow lyophilisate
MS(SP): 602.1 (M+H)*

25 IR(KBr): 1764, 1673, 1618 cm™

Example A70
(E)>-(6R,7TR)-7-[2-(Naphthalen-2-ylsulfanyl)-acetylamino]-8-0x0-8-[2-0x0-1-
(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
30 Dbicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1); compound with

imidazole (1:0.5)

Yield: 28.3% yellow lyophilisate

'MSASP): 578.1 (M+H)*

TR(KBr): 1770, 1682, 1620 cm™

The following compound was prepared according to Example Al
Example A71

1:1 Mixture of (£)-(6R,7R)-8-Ox0-3-[2-0x0-1-[(R)- and -[(S)-tetrahydro-furan-2-



Yield: 70.7%ight yellow solid M5(1SP): 520.4 (MtH)[err] 25 IR(KBr):
1775, 1667, 1625 cnferr] The foll ow ng conpounds were prepared according
to Exanple Al0 Exanpl e A43

(E)- (6R, 7R) - 8- Ox0- 3- [ 2- 0x0- 1- ( 2- ox0- oxazdbi-di n- 3-yl ) -pyrrolidin-3- 30

yl i denenet hyl ] - 7- (2- phenyl sul f anyl - acet yl am no) - 5-t hi a- 1- aza- )

bi cycl o[ 4. 2. a}wthﬂlmer@itbaf%mhéewnaﬂmﬂ]-|7rﬁ2cplzemés@£anylta_¢eiylamm0%5e| d:

36. 0% bei 9e hitldaaSakbFelold 2 YiRlel-Starie- 24 arbodyMtAdidildazole &} D) 1770

errl..3 npl e. Ad4
(E)- (6R 7R) -giésf'a-séu%‘@!f&ﬁem eymtﬁaﬁe 2-yl -pyrrolidin-3-ylidenemethyl)-7-(2-
phenyl sul f anﬂgﬁg@gyﬂ;m'z%&}*t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl

i-gg- aCWe: Wﬁﬂ}%%ﬁ%@%mﬁ sat e MB(1 SP): 523.5 (MrH)[err]

| RCKBr): 1770, 1680, 1610 cnferr] 5 Exanpl e A45
(BE)-(6R, 7R) - 3-[ 1- (6- Met hoxy- pyri di n-3-yl)-2-o0xo0-pyrrolidin-3-ylidenenethyl]

0X0- 7- ( 2- pheMethwdBny!| - acet yl am no) - 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2
- car bo%&%g I m dazol e salt (1:1) Yield: 12.0% bei ge

| yophi |l i sate P): 553.5 (MtH)[ err] | RCKBr): 1769, 1677, 1619
cnerr] (E%Rﬁ&ﬁ-mcsrclopropylme yl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-7-
(E)-(6R 7R) - tal; ‘Jpﬂé‘— _%%%ﬂ; WS 7 t 1 5O U Ae1:15
hydr oxy- benz&?)t-gi- oxcr)l- p%?’g rdi n- o_)fﬁ %gﬁie%ea?%ﬁ&%g%%ﬁ? ?%ng?zl-@éxz'lgoﬁzyhlz

bi cycl o[ 4. 2. (ﬂcbd:t -2-ene-2-carboxylic acid i mdazole salt (1:1)

A
7\ N
S 5 Z:BTMN\P

COOH 0]
To a suspension of 300.0 mg (0.86 mmol) (E)-(6R,7R)-7-amino-3-(1-cyclo-

15 propylmethyl-2-0xo-pyrrolidin-3-ylidenemethyl)-8-0x0-5-thia-1-azabicyclo-
[4.2.0]oct-2-ene-2-carboxylic acid in 8 ml N,N-dimethylformamide was added
80.0 mg (0.95 mmol) sodium bicarbonate. After cooling to 0°C 101.0 ul (0.95
mmol) 2-thiopheneacetyl chloride were added. After 1.5 h the solvent was
stripped off at a rotary evaporator and the residue was poured on diethyl

2 ether. The solid was collected by filtration and was triturated with 25 ml
ethyl acetate and 15 ml water for 1.5 h.

Yield: 150.0 mg (36.9%) beige powder
IR(KBr): 1779, 1669, 1626, 1540 cm™
MS(SP): 474.2 (M+H™)

25 Example B2
Mixture of (E)-(6R,7R)-3-(1-cyclopropylmethyl-2-0xo-pyrrolidin-3-ylidene-
methyD-7-[(R)- and [(S)-2,3-diphenyl-propionylamino)]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

Q-
':J:QV/QJ

CO.H 0
30 From 100.0 mg (0.29 mmol) (E)-(6R,7R)-7-amino-3-(1-cyclopropylmethyl-2-
oxo-pyrrolidin-3-ylidenemethyl)-8-0xo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-




Yield: 11.2% beige |yophilisate M5(1SP): 592.5 (MtH)[err]
| R(CKBr): 1769, 1664, 1614 cnferr] 20 Exanpl e A47
(E)-(6R, 7R) - 3- (1-1 sobut yl - 2- oxo- pyrrolidin-3-ylidenenet hyl)-8-oxo-7-(2-
phenyl sul f anyl - acet yl am no) - 5-t hi a- 1- aza=~48€ycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl
I C acid imdazole salt (1:1) 25 Yield: 15.8%colorless |yophilisate
MS(I SP): 502.eRrbrryi¢ aeid, 26.4 mg @3 Bmmol) sedium diarbeszte amd &7 mg (0.31
Exanpl e A48 3@imol) 2,3-diphenylpropionyl chloride in 8 ml N,N-dimethylformamide '
- -3:{ 1= Qy¢ R LD S Iﬁl -’%I-d]fmdteﬁerre 8- 0X0- 7
(8-(oR. 7 - Sq{ Y UMEXEL 1) aow a1 15 1 G 11
(2- phenyl sul fm;(\KBﬂpmag,amein‘B-t hi a- 1- aza- bi cycl o[ 4. 2. 0} OC][ -2-ene- 2-
car boxyl i cracy g +dhd I (1: D Yi el d: 10. 0% col orl ess
| yophi I i sa?e%d%?’%%ﬁﬁﬁ% 4 (MH[err] 35  Exanple A49
(BE)-(6R 7R)-3-[1- (3- Hydr oxy- benzyl ) - 2- oxo- pyrrol i di n- 3-yl i denenet hyl ] - 8- oxo
-1 Example B3 . | |
(3-pheny! -pr gt @R, 2R}-79b:@-Chiots braagisl s mar ) eboibns iy Ay 1 ©
bei ge | yophi | §¥siarropylmekhyl-Sxgxo-pyerolidindrylidenemethylr Roxesy thia71zaza-
1662, 1602 c 5.0R@ Pbke-A2Brboxylic aci . .
(E)- (6R 7 ?[3?&%19[%% ox -.b%lagymjx) -%%yj%cﬁ?cr% sottium salt i(ldé_?]emet hyl]-7- 2- (4-
hydr oxy ety | X8 ﬁcg‘é%é?% 9 IFEABIR' 8 Lobeo- 5- t hi a- 1- aza- bi cycl of 4. 2. 0] oct - 2-
ene- 2- car boxyThe baigedsolid wag shspaled inlwaler and ¥hepH wad adjadted 46 7 with
lyophilisate T @%ﬁr%ﬁlyd%sx?dé SSMHBDn[. el"’}{é resulting solution was
chromatographed on MCI gel (75-150p, Mitsubishi Kasei Corporation) with a
gradient of water : acetonitrile (9: 1, 8 : 2, 7 : 8). The organic solvent was
15 stripped off at a rotary evaporator and the aqueous phase was freeze-dried.
Yield: 56.0% beige lyophilisate
IR(KBr): 1765, 1669, 1620 cm™
MS(SP): 562.3 (M+H")

2 MethodC
Example Cla _
(E)-(6R,7R)-7-(2-Bromo-acetylamino)-3-(1-[1-[(8-fluoro-4-hydroxy-phenyl-
carbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidene-
methyl)-8-0xo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylate

O
=y v
° );"MNP o
N ~F
° coo- - O

To a suspension of 280.0 mg (0.42 mmol) (E)-(6R,7R)-7-amino-3-[1-[1-[(3-
fluoro-4-hydroxy-phenylcarbamoyl)-methyl]- pyridin-1-ium-4-ylmethyl]-2-
oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate trifluoroacetate in 4 ml dichloromethane were added 0.37 yl (1.40
30 mmol) N,O-bis-(trimethylsilyl)-trifluoroacetamide. After a clear solution had
formed, 36.8 pl (0.42 mmol) bromoacetyl bromide were added and the
reaction mixture was stirred for 3 h. To this solution 25.6 pl (1.42 mmol)

water and 25 ml diethyl ether was added. The precipitate was filtered off and
washed with diethyl ether.



| R(CKBr): 1773, 1665, 1588 cnferr] Exanpl e A51 o
(B)-(6R 7R)-3-[1-[ 1-[ ( 3- Fl uor o- 4- hydr oxy- phenyl car banoyl ) -net hyl ] -pyridin-1
- 15

i um 4-yl net hyl )] -2-oxo-pyrrolidin-3-ylideffenet hyl ] -7-[2-(4-hydroxynet hyl -
phenoxy) -acet¥l am no] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

carboxyl ate Yields; 23040 maz(7B8%: beigel posyder! i sat e MS(1 SP): 718.3

(MtH) [ err] 2%(1{&5(&732 1658 16483t 1613 cnferr] Exnpl e A52

(E)-(6R, 7R) - Z- Sﬁﬁﬁ é% nﬁ,)gcetyl am no) 3-[ 1- (3- hydroxy- benzyl) - 2- oxo-
pyrrolidin-3- e -Iﬁg# Xx0-5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
25 carboxylic acid i mdazole salt (1:1) Yield: 32% beige | yophilisate
MS( I SP): 562 . Exdgikiplé Ctbr | | R(CKBr): 1771, 1658, 1602 cnferr] 30 Exanple

(5)-(on. 7 S RIRA R il mefl oo

1um-4-y1methy1]—2—oxo—pyrro 1dm-3-yhdenemethyl]—7-[2~(4-methy1—4H—[1 2 41-

2- phenyl am | g{ﬂfﬁi} Z@ 4 Rpxyl
|(c P gm d |m azoﬁ' sa ?%c%y%@z@f)g& %)2&841%%%%‘} ge %B%%@?%%%éﬁﬁ?
MS(1SP): 535.carbaryipter r | | R(KBr): 1780, 1670, 1608 crerr]

-41- Exanpl e A54 7 N
(BE)-(6R 7R) - 3-[ 1-( 3- I+ll1/:ery benzyl) 2- 0X0- pyrroI| yI [ dengm et hyl ] - 8- oxo

-7-

(2- phenoxy- acet yl am no) - 5- t a- I cy oct 2- -a ar boxylic
acid I m dazol e salt (1: : 8) Yial d2L3 bei ge I yophilisate
M5(1SP): 536.2 (MtH)[err] b (KBrCO:o 776o 1673, 1600 cnferr]

10 To a solution of 230.0 mg (0.34 mmol) (E)-(6R,7R)-7-(2-Bromo-acetylamino)-3-
(1-[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin- 1-ium-4-yl-
methyl]-2-0xo-pyrrolidin-3-ylidenemethyl)-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylate in 5 ml N,N-dimethylformamide was added 40.0 mg (0.37
mmol) 4-methyl-4H-[1,2,4]triazole-3-thiol. After 1 h 47.0 ul (0.34 mmol)

15 triethyl amine was added and stirring was continued for 12 h. The solution
was poured on diethyl ether and the resulting solid was purified by column
chromatography on MCI gel (75-150p, Mitsubishi Kasei Corporation) with a
gradient of water : acetonitrile (1:0,4:1,8: 1, 2: 1). The organic solvent was
stripped off at a rotary evaporator and the aqueous phase was freeze-dried.

20 Yield: 48.4 mg (20.0%) beige lyophilisate
IR(KBr): 1780, 1660, 1647 cm™
MSJISP): 709.3 M+H")

Example C2

2% (E)-(6R,7R)-3-[1-[1-[(8-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-
ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-7-[2-(4-hydroxy-
phenylsulfanyl)-acetylamino]-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate
(E)-(6R,7R)-7-(2-bromo-acetylamino)-3-[1-{1-{(3-fluoro-4-hydroxy-

30 phenylcarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclof{4.2.0]oct-2-ene-2-carboxylate (see
ex. Cla) (300.0 mg, 0.45 mmol) was dissolved in 3 ml N,N-
dimethylformamide, then 4-mercaptophenol (58.0 mg, 0.45 mmol), followed
by triethylamine (62.7 ml, 0.45 mmol) was added. After 22h the reaction



Exanpl e A55 10 . o _
(6R, 7R)-3-[ (E) - 1- ( 3- Hydr oxy- benzyl ) - 2- oxo- pyrrol i di n-3-yl i denenet hyl ] - 8- oxo

[ (2Z)-2-styryl sul fanyl -acetyl anmi no] - 5-t hi e48~ aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
carboxylic acid Yiel d: 31.6% bei ge |yophilisate MS(1SP): 578.4
(MrH) [ err] 15mixtmerpvgs powrsi on disghyl stierardethe solid wascalpeted Assfiltration.

LR TR o . y oS Boph Slid hataadt f*?gfsﬁ%?ﬂﬁl’g%‘n@ﬁ%ﬁ%? L} 1psblg”! D"
styryl sul fany?hrg\?é%t? }P‘%’OQ@&{% & H;}’z 5%‘%» #sggp. %@%@@P@?@@)&ﬁb&yl
TROKEN) 12600 160t o eas ey D 1, 41 1, e cigantd btk

r): : cnjerr )
( E§ - (6R 7R§- ﬁ?’?&eﬂ-?ﬁ b Po‘i"%‘é'n ‘}W?‘Eﬂm’;&) ?‘}‘F%Hﬂs_rﬂ}as?-‘f@s frregrdriod, -
benzyl ) - 2- oxo¥iejd:r b4.D% beigeysolidenenet hyl | - 8- oxo- 5- t hi a- 1- aza- bi cycl o[ 4. 2. 0]
oct - 2-er$8§1%p)|§ 9%\@@@ ﬁﬁ;’sd I mdazole salt (1:1) Yield: 29.0%
i ght yell ow iTisat’e '5 ISP_Q: 586.3 (M+H)[err] | RCKBr): 1769,
1669, 1600 cn’{'léK%r): 1769, E621164 3488 _
(E)-(6R 7R)-7-[ 2-(4-Brono-phenyl sul fanyl )-acetylam no]-3-[1-[1-[(3-fluoro-4

- 35 hydrgxy-phenyl carbanoyl ) -net hyl ]-pyridin-1-ium4-yl nethyl]-2-oxo-
pyrrolidi SM% hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

carboxyl ate (E)-(BRSTR)-313-Céleistiopslrh izt bt PrrolidiVBlyliRhemctByD-8-0x0-7-
(METerrl o (thiophen-2-ylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclol4 2.0]oct-2-ene-2-
carboxylic acid '
Prepared according to example C1
15 Yield: 24.2% beige lyophilisate
MS(ISP): 506.2 M+H)*
IR(KBr): 1781, 1719, 1667 cm™

Example C4a

20 (E)-(6R,7R)-7-(2-Bromo-acetylamino)-3-(1-cyclopropyl-2-oxo-pyrrolidin-3-
ylidenemethyl)-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid
sodium salt (1:1)
(E)-(6R,7R)-7-amino-3-[(1-cyclopropyl-2-oxo-3-pyrrolidinylidene)methyl]-8-
oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate (1 :

% 0.25) (8.0 g, 22.0 mmol) was suspended in 100 m! dichloromethane and N-
methyl-N-(trimethylsilyDtrifluoroacetamide (9.0 ml, 48.4 mmol) was added.
After 45 min a solution had formed which was cooled to 0°C and treated with
bromoacetyl bromide (2.10 ml, 24.2 mmol). After 30 min the ice-bath was
removed and the reaction was stirred at ambient temperature for 2.5h. The

30 wvolatile components were evaporated and the residue was converted into its
sodium salt by suspending it in water and adjusting the pH to 6.5 with 1M
sodium hydroxide solution. The solution was freeze-dried and the crude
lyophilisate was purified by reversed phase chromatography (RP-18
LiChroPrep gel) with a gradient of water : acetonitril (10: 0, 9 : 1). The

35 organic solvent was evaporated and the aqueous phase was freeze-dried.
Yield: 60.0% light yellow lyophilisate
MS(ISP): 465.2 (M+H)*
IR(KBr): 1766, 1672, 1620 cm’™



| R(CKBr): 1769, 1676, 1642 cnferr] Exanpl e A59

(B)-(6R 7R -7-[2- (3, 5-Di net hyl - phenylsulfanyl) acetylamno]-3-[1-[1-(3-fluo
ro- 5 4-hydroxy-phenyl car banoyl) - met hyai pyridin-1-ium4-yl nethyl]-2-oxo-
pyrrolidin-3-ylidenenet hyl]-8-o0xo-5-thi a49-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

car boxyl at e Yield: 24.0%1ight brown |yophilisate M5(1SP): 732.4
(MrH) [err] 1Example€db 1766, 1667, 1644 cnierr] Exanpl e A60

E)- (6R 7R %#77 fKo- 7-[ 2-
Epi/rl(dl n- 4) yﬁ?‘)(‘ a{}R?—SQ'ﬁl%‘Y&?}zr ? %@t@rga%&a% &EI cyc %Lﬂ ct-2- en[e 2-
15" car boxyl | érisr ﬁwﬂ)@&m aringl-8-0xo-5 -aaar; é @I-Bme-
| yophi I I sat eZ-carbo:Pﬁcl adrd ‘sodftfm 4altMikd) err] I R(KBr) : 1769 1664, 1619
cnjerr]

CE bR 7B - S ERIR A e bramo acatslaming) 8- eyclonropyl koS idingko- 7. | 2-
(pyri di n- 4- yyEdérempthyl h8-aixptSthiacl-aza-bicyelo[4.22070 t6-2 emiec@-4athboXlictachHd ene- 2-

I’?LEE.XII ca Zﬁzﬂ“ﬁﬁ?ég?é%ﬁ GED s h13 el ‘959#%3’1?%‘;&1"?55}2*%%” 1623

nerr] rremide and 2-mercaptoimidazole sodium salt (56.2 mg, 0.46

E 6R, 7R) - & I I Srck 1-
éo) éhenw ) el sfad adlicPib D RIS kBl Ages Z%%@ yert A0 shibged b
bi cycl o[ 402. 8% @é’P eﬁ@mr%érb'é‘hy |r¢%1da§|vaa% sefve antW‘(tfrﬂnd purified by

(4-Fl uor Ophefék*etrgéd’bhﬁﬁé bﬁr@ﬁaﬁbg(ré ?Rms ﬂléﬁrdpm gelRith ﬁsg%&%t'dl‘ NIN-

di met hyl t d
SR e b A ey
35 (6R 7R)- ﬁhaaqneexi’sphas@w(a% fwezeildmdsrianyl car banoyl net hyl - pyrrolidin- 3-

yl i denenet hy | [ %I_‘ 0] oct - 2- ene- 2-car boxyl i c acid was
added. Afterk%%lat gﬁz%Jc?ﬁ;%Pesngé/ oured on 250 m diethyl ether and the
solid  15naMSISP):¥I8. I:GMH-BBt ed by filtration. The solid was converted

intoits sodm%ggr) 1764, 6By, feRPgRding it in 6 nl water and adjusting the
pH to 7 with 1M sodium’

The following compounds were prepared according to Example C4
Example C5

2 (E)(6R,7R)-7-[2-(4-Carboxy-phenylsulfanyl)-acetylamino]-3-(1-cyclopropyl-2-
oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid sodium salt (1:2)
Yield: 57.6% yellowish lyophilisate
MS(ISP): 530.2 (M+H)*

2% IR(KBr): 1755, 1658, 1589 cm™

Example C6

(E)-(SR,7R)-3~(1-Cyclopropyl-.2-oxo-pyrrolidin—3-ylidenemethyl)~7—[2—(4-

hydroxy-phenylsulfanyl)-acetylamino}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-
30 ene-2-carboxylic acid sodium salt (1:1)

Yield: 72.2% yellow lyophilisate

MS(ISP): 502.0 (M+H)*

IR(KBr): 1764, 1661, 1620 cm™

35 Example C7
(E)-(6R,7R)-7-[2-(1-Carboxymethyl-1H-tetrazol-5-ylsulfanyl)-acetylaminol-3-
(1-cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid disodium salt
Yield: 49.1% beige lyophilisate



-43- hydr oxi de sol ution. The solution was chromat ographed on Ml gel
(75-150[err], M t subi shi Kasei Corporation) with a gradient of water:
acetonitrile (10: 1, 8 . 2, 7: 3). The organic solvent was stripped off
at a rotary evaporator and the aqueoﬂ@ phase was freeze-dried. 5
Yield: 75.2%yel |l ow | yophilisate MS(1SP): 597.2 (M+H) [err] | RCKBr) :
1770, 1668, MXISPn{5&8:2 (M+H)*The fol | owi ng conpounds were prepared
according to l anpl e A63

(B)-(6R 7R g%@ i'Zézﬁoxo 1&%heny1 -pyrrolidin-3-ylidenenethyl)-7-(2-
phenyl sul f anyl - acet yl am no) - 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl

I C acid W?t (1:1) Yiel d: 56.3% beige |yophilisate 15
,'ng,l SF): 522 era Cycloprop %ngo-&;ggﬁ&%ﬁggrh 6em-;m22 %%ylS-SJ o:i:o-7-[2-|%><aer| ©
((E) (S(F)% 7R) Phbrayl- PHMatFad0]-BL yl¥hifaryl) aee il an®h6]105-Chid- 1az8 Hi6y@e[Ay2. Dlgét-2x 0- 7

phenyl sul fan??e?ré"é"cr?f’m‘l’lai’l-d‘ss-%\l@ alt (L1 cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxy!
iC aci d Yoeldy 8185 tcolorleks lyophilisatel: 40. 8% bei ge | yophilisate

MS(1 SP): 500 + R(KBr): 1765, 1667, 1614
Exgirrpl%a AG5 Mo@ESbigsa S vyt ROKBr): cnferr]

(E)-(6R 'ﬂﬁ) TR{EBOBETEHIBT201618 emsSul f anyl ) - acet yl ami no] - 3- [ 1- (4- hydr oxy-
benzyl ) - 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-o0xo-5-thia-1-aza-bicycl o[ 4. 2. 0]

oct - 2-ene- 2-carboxylic acid sodiumsalt (1:1) 30 Yield: 43.3% beige
| yophi | i sat elsxamy P): 593.2 (MtH)[err] | R(CKBr): 1770, 1670, 1615
cnierr] (E)-(6R,7R)-3-(1-Cyclopropyl-2-0xo-pyrrolidin-3-ylidenemethyl)-8-0x0-7-[2-(2-

0x0-3,7-dihydro-2H-purin-6-ylsulfanyl)-acetylamino]-5-thia-1-aza-
15 bicyclof4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1)

Yield: 40.6% light beige lyophilisate

MS(SP): 544.4 (M+H)*

IR(KBr): 1762, 1625 cm™

2 Example C10
(E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0xo-7-[2-
(pyrimidin-2-ylsulfanyl)-acetylamino}-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid sodium salt (1:1)

Yield: 27.0% colorless lyophilisate

25 MS(ISP): 488.4 (M+H)"

IR(KBr): 1763, 1671, 1618 cm™

Example C11

(E)-(6R,7R)-8-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-7-[2-(1-methyl-
30 1H-tetrazol-5-ylsulfanyl)-acetylamino]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-

ene-2-carboxylic acid sodium salt (1:1)

Yield: 38.1% colorless lyophilisate

MS(ISP): 492.4 (M+H)*

IR(KBr): 1764, 1678, 1618 em™

Example C12
(E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-7-[2-(4-
hydroxy-pyrimidin-2-ylsulfanyl)-acetylamino]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1)



Exanpl e A66 35
(BE)-(6R, 7R) - 7- (2- Benzyl sul f anyl - acetyl am no) - 3-[ 1- (4- hydr oxy- benzyl ) - 2- oxo-
pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

carboxylic acid sodiumsalt (1:1) Yi-dld: 38. 7% bei ge | yophilisate
V5( 1 SP) : 583.3(|\/H-|)[err]
- 44- R(Yield::413%4dightcgellowt dytophilifater | Exanpl e A67

](E) (6R, 7R) 7Mb@1§15 gﬁghy(h@myo [ 1, 3, 4] t hi adi azol - 2-yl sul fanyl ) -acetyl am no
3- [1 (4- hydr GRS A76R, ﬁ@edﬁéﬁﬁﬂbjfldl n- 3-yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- az

a- bi cycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid sodiumsalt (1:1)
Yield: 40.4%yell o phlllsate MS(ISP): 617.2 (MtH)[err] | R(KBr):
1766, 1657¢ 1%&&'“&% Exanpl e A68

(E% h( I6R |7]|3) G(E)-'KGR#RML'(DW%& D2—t3x@999rﬂﬂidiﬂl3-ﬁudeﬁaméﬂlﬁtmm 2—3(314‘72( 2-
me sul fan a -5 e- 2-
car ngyl i C aéﬁb gﬁ?ﬁ&)ﬁf‘%ﬁb 5?1_{1:123’ %&r}fz‘)ﬁ;ﬁ; C-%’ E‘?‘? %&f “Itlia:ﬁyd

MB( I SP) : 490. ﬁ:e(;jﬂlaﬂ)lhe -8}oxo-5—t kBezh:bidykbe( 4.2 6106t-24e31042-capboxyilic aci
(B)-(6R, 75&- - - heni/m ul fanyl)-acetyl am no] - 8- oxo- 3- ( 2- oxo- 1-

phenyl - oIled»-%Z?% q@nd@es philisatei a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
car boxyl i c acyg §{¥ +H)* Yield: 53.0%yellow |yophilisate

V5( 1 SP) : 602ﬁ{ r@{‘Ze ]16§(?16|1|§(KB{) 1764, 1673, 1618 cnferr]

(
Example C14
15 (E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-7-[2-(4-methyl-
5-trifluoromethyl-4H-[1,2,4}triazol-3-ylsulfanyl)-acetylamino]-8-oxo-5-thia-1-
aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid sodium salt (1:1)
Yield: 48.6% light yellow lyophilisate
MS(ISP): 559.4 (M+H)*
20 IR(KBr): 1763, 1672, 1618 cm™

Example C15a
(E)-(6R,7R)-7-(2-Bromo-acetylamino)-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-
3-ylidenemethyl)-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
25 sodium salt
(E)>-(6R,7R)-7-amino-3-(1-cyclopropylmethyl-2-o0xo-pyrrolidin-3-
ylidenemethyl)-8-0x0-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid (8.50 g, 10.0 mmol) was suspended in 50 ml dichloromethane and N-
methyl-N-trimethylsilyltrifluoroacetamide (4.62 ml, 25.0 mmol) was added
30 dropwise. After 1h a solution had formed which was cooled to 0°C. To this
solution bromoacetyl bromide (1.04 ml, 12.0 mmol) was added. After 30 min
the ice-bath was removed and the solution was stirred for 4h at room
temperature. After evaporation of the volatile components, the residue was
suspended in water and the pH was adjusted to 6.8 with 1N sodium
35 hydroxide solution and freeze-dried. The crude lyophilisate was purified by
reversed phase chromatography (RP-18 LiChroPrep gel) with a gradient of
water : acetonitrile (9 : 1, 8 : 2, 7 : 3). The organic solvent was evaporated and
the aqueous phase was freeze-dried.
Yield: 67.1% yellow lyophilisate



Exanmpl e A70

(BE)-(6R, 7R) - 7-[ 2- (Napht hal en- 2-yl sul f anyl ) - acet yl am no] - 8- oxo- 3-[ 2- oxo- 1-
(2,2,2-trifluoro-ethyl)-pyrrolidin-3-ylidenenethyl]-5-thia-1-aza- 30

bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic aci €6%oediumsalt (1:1); conpound with
I m dazole (1:0.5) Yield: 28.3%yellow | yophilisate M5(I1 SP): 578.1
(MtH) [ err] MS(EEPB4Y0.0MPH)"1682, 1620 cnferr] 35 The foll ow ng
conmpound was to Exanpl e Al Exanpl eA71 1:1

M xt ure of (Eﬁ{m)%ﬁi%g&f& FBxo0- 1-[ (R - and -[(S)-tetrahydro-furan-2-
-45-

| met hyl Y 5.
hi - 1ya]zap%.”£fyiéio bAHBOSHE West piepaidl Ebnithy Akeadfib G "0) )
Yiel d: 88. 6% Sbhulusate |v5(|sp) 530 2 (M+H)[err] 5 IR(KBr)

1772, 1672, R‘?RI-B-](I- clo Irﬁ@f,h 2-2-0x0- e 1)- -0%0-7-

RURCR oo RS eI AR

EL- az?- bi cycl ozéna-zﬁkafbbx?heae:&sanﬁhpsadtl(t (1()) 86aCI dI )

err . nmo

(E)-(6R 7R) - 72 Yidalsg. 1% 3ol i typghitisatd

propyl met AQl MSQISPb}lBRdMH)? yli denerret hyl ) - 8- oxo- 5-t hi a- 1- azabi cyl o-
IR(KBr): 1764, 1664, 1619 cm?

Example C16
(E)-(6R,7R)-3- (1-CycIopropylmethyl-Z—oxo—pyrrohdm-s-yhdenemethyl)—7-[2-[2-
15 (3,4-dihydroxy-phenyl)-5-methyl-[1,2,4]triazolo[1,5-alpyrimidin-7-ylsulfanyl]-
acetylamino]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
sodium salt (1:1)
Yield: 38.3% colorless lyophilisate
MS(ISP): 664.1 (M+H)*
2 IR(KBr): 1766, 1665, 1593 cm™

Example C17

(E)(6R,7R)-3~(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-7-

[2-(1H-[1,2,4]triazol-3-ylsulfanyl)-acetylamino}-5-thia-1-aza-bicyclo[4.2.0]oct-
25 2-ene-2-carboxylic acid sodium salt (1:1)

Yield: 51.2% yellowish lyophilisate

MS(ISP): 491.4 (M+H)*

IR(KBr): 1765, 1664, 1619 cm™

30 ExampleCi8
(E)-(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-7-
{2-(1H-pyrazolo[3,4-d]lpyrimidin-4-ylsulfanyl)-acetylamino}-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1)

Yield: 20.1% yellowish lyophilisate

35 MS(ISP): 542.3 (M+H)*

IR(KBr): 1764, 1666, 1625 cm™

Example C19
(E)-(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-7-[2-(4-



[4.2.0)oct-2-ene-2-carboxylic acid in 8 ml NN-dinethyl formam de was added
80.0 ng (0.95 mmol ) sodi um bi carbonate. After cooling to OC 101.0 [err]l
(0.95 nmol ) 2-thi opheneacetyl chloride were added. After 1.5 h the
sol vent was stripped off at a rotary-8%aporator and the residue was
poured on di et hyI 20 ether. The solid was collected by filtration and was
triturated wimetixgd-frtrifluoremithyledtdq 3124 Hridzdls3-ylsulfanyl)-acetylaniro]-8-oxo-5-

(L, 190 g ggz%@@r%m&wﬁe-zz@&%@ el 435 1540
(E)- (6R, 7R) - 3X¥ hiisgte- pyrrol i din-3-ylidene-

gFtCmC/: B)[Z [(WJES(ISIU) B(7§23_ et hfalnyl aglrgpl onyl ami no) ] - 8- oxo- 5-t hi a- 1- aza-
Ao 8o RS, 16w

(BE)-(6R, 7R) - 7-am no- 3- (1- cycl opropyl met hyl -

oxo- pyrrolidi enet hyl ) - 8- oxo- 5- thla 1-azabi cycl o[ 4. 2. 0] oct - 2- ene- 2
M&B - 46- car boxylic acid,

26 4 my (O. 31(MR)7Eb&(mmwpmhnebhymebxb@mabdms-yhdenememhﬂm-[2-(1—

2, 3-di h I Yi el d:
e e ok N s (15,
558 4 ( Mr lockrZ-ene-Barboxylic acld sodium salt (1:1)

(B)-(6R 7R) - Wie?d(ﬂﬂ@?ﬂ?é]!b\?&ﬁ pHilisaty| ) - 2- met hyl - propi onyl am no] - 3- (1-

cycl opropyl n-3-yl i denenet hyl ) - 8- oxo- 5-t hi a- 1- aza-
bi cycl o[ 4. 2. ]SI%) gﬁé%‘hﬁ%oxyl | c acid sodiumsalt (1:1) 10 Prepared
accor di ng to FR(ER)c17B8, 1667, 1615 cm:*

15 Example C21a
Mixture of (E)-(6R,7R)-7-[(R)- and -[(S)-2-bromo-propionylamino]-3-(1-
cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt (1:1), see ex. Dla

2 Example C21b
Mixture of (E)-(6R,7R)-3-(1-cyclopropylmethyl-2-0xo-pyrrolidin-3-
ylidenemethyl)-7-[(R)- and -[(S)-2-(4-methyl-5-trifluoromethyl-4H-
[1,2,4]triazol-3-ylsulfanyl)-propionylamino]-8-0xo-5-thia-1-aza-
bicyclo{4.2.0Joct-2-ene-2-carboxylic acid sodium salt (1:1)

25 Prepared according to example C4
Yield: 55.0% colorless lyophilisate
MS(ISP): 587.3 (M+H)*
IR(KBr): 1765, 1670, 1618 cm™

30 Example C22
Mixture of (E)-(6R,7R)-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-3-
ylidenemethyl)-8-0xo0-7-[(R)- and -[(S)-2-(8H-{1,2,3]triazol-4-ylsulfanyl)-
propionylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium
salt (1:1)

35 Yield: 63.3% beige lyophilisate
MS(ISP): 505.2 (M+H)*
IR(KBr): 1764, 1657, 1621 cm™



The beige solid was suspended in water and the pH was adjusted to 7 with
1M sodi um hydroxi de solution. The resulting solution was . .
chromat ogr aphed on MCI gel (75-150[err], Mtsubishi Kasei Corporation) with

a gradient of water: acetonitrile (9547 8: 2, 7: 3). The organic
sol vent was gé stpieig%d off at a rotary evaporator and the aqueous phase
was freeze-d i el d: 56.0% beige | yophilisate | R(CKBr): 1765,

éng 1620 cr@(6R,7R)-7THB(18Benthmidaddl-bRulfhhyl)-a8ty1hkdiA6])-5:(1- Exanpl e
a

(B) - (6R 7R) - FCLPEPRAZ axemyrElidiny3-glidenemethyd)-Brargrdsthiayhnaghy - pheny! -

car banoyl ) - n&lbﬁl@[@ﬂ]@t—ﬁ-éne-ﬂmﬁboﬁyﬂieta{udko&uMQam(le]g' i din-3-yli dene-

To QVLLsﬁ‘enéf*Eﬁ e T L R e TR A S S
f I uor o- 4- hydr ;d,expmhyba&-mré;ﬂh)aﬁeamchy clol4.2 diloet12-enen2dearboxyiy hhd%
OXO pyrr0| I d'%ﬂﬁlﬁ'é&ﬂ‘@'{?@‘(@@é}{%@ 4 }#%3,4% oro?e‘?%ane[s\?l\ev%gqétfg 57

oroacetate.rn 0. 37

b f |
[er r]l c?rl 26&&5 r| Yiesmamide angded- -marsapipbpneimidagolecsadinamiald. (782 er a
clear sol uti anghods mmd’lpmdaddéﬁ i 4 gl xfo@hé& mi')coﬂfgfﬂmﬁ%ﬂhebr om de

wer e addeg, and t act,i on Xt ur stirred for
sol ution glj 8&?1?4&@1 S, ‘?%‘6 glnpp%g?gr%%%’ép tary gyapgraten; The rasidygwas
added. The pr@ss oivediire wader andtchrenhatd a‘ph!éd on M@Isgaid 784 150y IMi thibishi h%43
-4r- vi e%ﬁ%ﬁ%&%(&&% fa]d?entpo water aceil,o%# %r()lo J17 %2 l}qlak?
cnjerr]

organic solvent was evaporated and the aqueous phase was freeze-dried.

Yield: 57.0% beige lyophilisate

15 MS(ISP): 526.0 (M+H)"
IR(KBr): 1763, 1668, 1617 cm™

o5

The following compounds were prepared according to Example C23
Example C24

2 (E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-0x0-7-[2-(1H-
pyrazolo[3,4-dlpyrimidin-4-ylsulfanyl)-acetylamino]-5-thia-1-aza-
bicyclo[4.2.0]oct—2-ene—2-carb_oxylic acid sodium salt (1:1)
Yield: 20.0% light yellow lyophilisate
MS(ISP): 528.4 (M+H)*

2% IR(KBr): 1764, 1667, 1618 cm™

Example C25

(E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-7-[2-(2,6-

dimethy1-5-oxo-2,5—dihydro~[1,2,4]triazin—3-ylsulfanyl)-acetylamino]—8~oxo-5~
30 thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid sodium salt (1:1)

Yield: 33.3% beige lyophilisate

MS(ISP): 533.4 (M+H)"

IR(KBr): 1762, 1629, 1478 cm™

35 Example C26
(E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-7-[2-(2-
hydroxymethyl-5-methyl—[1,_2,4]triazolo[1,5-a]pyﬁmidin-7—ylsulfanyl)-
acetylamino]-8-oxo-5-thia- 1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
sodium salt (1:1)



Example Clb 5
(B)-(6R 7R)-3-[1-[ 1-[ ( 3- Fl uor o- 4- hydr oxy- phenyl ear banoyl ) -net hyl ] -pyridin-1

i um 4-yl met hyl ] - 2- oxo- pyrrolidi n-3-,yl i de®®rvet hyl ] -7-[2-(4-methyl -4H-[ 1, 2, 4]

triazol - 3- yI §ﬁehhr4ﬁ5%awé@1§lemﬁyopbﬂﬂsmmo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2-e

ne- 2- y 10 To a solution of 230.0 ng (0.34 mmol)
(E)-(6R 7R) 7- - rorm acet am no)-3-

(2-[2-[(3-f P@arbarmyl) met hyl ] -pyridin- 1-ium4-yl-

nmet hyl ] - 2- oxo- pyrrolldln 3- ylldenenethyl) 8- 0x0- 5-thi a- 1-aza- bi cycl o[ 4. 2. 0]

oct - 25-e -2-0ﬁ££%yl ate in 5 mM N, Ndi nmethyl formam de was added 40.0
mg (0.37 thyl-4H[1,2,4]triazole-3-thiol. After 1 h 47.0

[er r]l (0 34 (MR,’HB—&-(I—%@brm]@ompyﬁ@ﬁdih-arﬂld%hbh{dthﬁl)m& (4.1 nued

o1 s purb R RO S B ANS r ”
M t subi shi Kagety. mp@}&toxm’é)ﬂmﬂham~blcycly[wLQinet-z-fenaeﬂ-earboayhe acidrile

(12: 0, 4: 1, sﬁc‘hul'ns The organi ¢ sol vent was stripped off at a
%ldti e aqueous, phase was freeze-dried. 20 Yield: 48.4 ng

r ot ary ev O&@
(20. 0% P&ﬁiy@%%s@i@'%s Iypphitisate 1780, 1660, 1647 cnierr]

M5( 1 SP) : 709MS(IB?PD{634IXM+H)* Example C2 25
(E) (6R 7R) - 3; Li]t %&%%or 4- hydr oxy- phenyl car banoyl) -met hyl ] - pyridin-1
I um 4- I1 561 361 di n- 3- yl i denenet hyl ] - 7- [2(4 hydr oxy-

phenyl sul fanyl ) - acet yl am no] - 8- oxo- 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] ot - 2- ene- 2-
car boxyl at e

(E)-(6R, YQ-Wwo%acet | ami no) - 3-[ 1-[ 1- [ ( 3- f | uor o- 4- hydr oxy- 30
pheny! car Banbi)-{6RaHa- 1Lﬁydoprap}i-z-m-pymohduhﬂ)}hmmﬁk'b[2-d4-mﬁhyl-

yl i denenet hyLﬁ.Iglg ﬁﬁ&lgyﬁgyﬁgyblﬁ?é%ﬁhﬁnﬁ ﬁhsnfggacar boxyl at e

(see
di net hy|fornﬁ’iﬁy [2«@190&21?@@0%5@&%&11@&0{%@69%8 alp (33) mol ) foIIowed
by triethylamne (62.7 m, 0.45 mmol) was added. After 22h the reaction

Yield: 53.5% beige lyophilisate
20 MSISP): 491.4 M+H)*
IR(XBr): 1764, 1673, 1615 cm™

_)

Example C29

(E)-(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo0-7-
% [2-(pyrimidin-2-ylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-

2-carboxylic acid sodium salt (1:1)

Yield: 55.2% yellowish lyophilisate

MS(ISP): 502.1 (M+H)*

IR(KBr): 1762, 1664, 1614 cm™

Example C30a

Mixture of (E)-(6R,7R)-7-[(R)- and -[(S)-2-bromo-propionylamino]-3-(1-
cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid sodium salt , see ex. Dla

The following compounds were prepared according to Example C4
Example C30b

Mixture of (E)-(6R,7R)-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-3-
ylidenemethyl)-8-oxo-7-[(R)- and -[(S)-2-(1H-pyrazolo[3,4-d]pyrimidin-4-



- 48- m xture was poured on diethyl ether and the solid was coll ected
by filtration. The brown solid material was suspended in water:
acetonitrile (1: 1) and chromat ogr aphed on MCI gel (75-150[err],

M t subi shi Kasei Corporation) with a -56gradient of water: acetonitrile
(90 1, 4 1, 3: 1). The organic solvent was 5 stripped off at a rotary
evapor at or ayi\Slﬂ yhepropionylamsnohadhia-teza-hicydd[4.2.0]octi 2 enie-21icardbosilac ge
solid i@ Rodidrnlsat (Mj—i)[err] | RCKBr): 1769, 1671,1643 cnierr]

10 Exanple

(E) (6R 7R) - ¥ield: §§.2 pelipyy lnephilisate oxo- pyrrol i di n- 3-yl i denenet hyl ) - 8- oxo-

MS(ISP): 556.2 M+H)"

[2 (thiop e%sju % yl afm no] - 5-t hi a- 1- aza- bi cycl o[ 4. 2. o] oct - 2-en
e- 2- gt 6 6, @ﬁéﬁ’éred according to exanple Cl1 15 Yield:
24. 2% bei ge | yophili sate M5(1SP): 506.2 (MtH)[err] | RCKBr): 1781,

1719, 1667 lg% Exanpl e C4a 20

(E)-(6R, 7R)fg'§+§{ % acet yl am no) - 3- (1- cycl opropyl - 2- oxo- pyrroi di n- 3-

yl i denenet hy]\d)lxﬁzmM(E)-t(ﬁREYR)-S}ihcmloymmm thyl}20x0-pyeredidindar boxyl i ¢ acid
sodi um sal t

(B)-(6R, 7R) -*7-am nq %3‘”?[[(3) Pnd gS)F_(%-m)t(agl} :4H-rr(%4]cfinn %g}lsei tyl%yl] 8-

ox0- 5- t hilf- mmmxlwxapm@xoy%ghmz 'éﬁ@b,!CM[égg Joct a&nwmcmmm dtate

(1: 25 O. 25Qo&§n9sﬂt(?él)0 mol ) was suspended in 100 m dichl or omet hane

and N- h trifluoroacetamde (9.0 mM, 48.4 muol)
was added. nﬁeq&rgg_p(?tg hép@bﬁ%{% on had fornmed which was cool ed to
O[err] C and MS(ISPY 510th(M+H)br onvacetyl bromide (2.10 M, 24.2 mol).
After 30 mn ZLenmoved and the reactlon was stirred at
anbi ent tem@@ﬁfgeﬁ%ﬁ&g@%%@w vol ati |l e conponents were evapor at ed

and the Bsi due was converted into its sodiumsalt by suspending it in
wat er and adwﬁﬂg cdgee pHto 6.5 with 1M sodi um hydr oxi de sol ution.
The sol utlon reez -dr| d and the cru? | yophi |'i was purified
by reversed 1-creloneopy. methxlhz-em agmvath a gradi ent
of wat e[ : q ﬂg hé:héfhﬂﬂ-g-oxoﬂz-[(g) and -[(B%232,4 Sftﬁﬁ:hld‘ro%%{éiﬁﬂé f@&y Y i
evaporalted ald . he. AINERYS I8 1% R L EE 5 0Jok B eno-2 cabtegtic Buid okl
2 salt (1:1)
Yield: 60.2% colorless lyophilisate
MS(ISP): 617.0 (M+H)*

IR(KBr): 1760, 1670, 1618 cm™

25 Example C33
(E)-(6R,7R)-7-[2-[2-(3,4-Dihydroxy-phenyl)-5-methyl-[1,2,4]triazolo[1,5-
alpyrimidin-7-ylsulfanyll-acetylamino]-3-[1-[1-[(3-fluoro-4-hydroxy-
phenylcarbamoyl)-methyl]-pyridin-1-ium-ylmethyl]-2-oxo-pyrrolidin-3-
ylidenemethyl)-8-oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylate

30 (E)-(6R,7R)-7-(2-bromo-acetylamino)-3-[1-[1-[(8-fluoro-4-hydroxy-
phenylcarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-
ylidenemethyll-8-0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate (see
ex. Cla) (337.0 mg, 0.50 mmol) was dissolved in 4 ml N,N-
dimethylformamide and 4-[7-mercapto-5-methyl-s-triazolo[1,5-alpyrimidin-

35 2-yllpyrocatechol sodium salt (162.4 mg, 0.55 mmol) was added. After 6h the
reaction mixture was poured on diethyl ether and the solid material was
filtered. The brown powder was suspended in 8 ml water : acetonitrile (3 ; 1),
the pH was adjusted to 3 with 1M hydrochloric acid and the suspension was
chromatographed on MCI gel (75-150u, Mitsubishi Kasei Corporation) with a



M5(1SP): 465.2 (MtH)[err] | RCKBr): 1766, 1672, 1620 cnjerr]
- 49- Exanpl e C4b

(E)-(6R 7R)-3-(1- Cycl opropyl - 2- oxo- pyrrolidin-3-ylidenenet hyl)-7- [ 2- (1H
i m dazol - 2-yl sul fanyl ) -acet yl ami no] - 8- ox®75- thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2-
ene- 2-carboxylic acid sodium sal t (1:1)

(E) - (6R, 7R) - Eradicptofwvatert gtetonitule 64 ( 1, &ym)pa.pbymz 2xb: By el organic-

T T it s R ol s 1

di met hyl f or mén¢aze-arigd2- mer capt oi ni dazol e sodiumsalt (56.2 ng, 0.46
ol ) was addgeld:MP0% brehth BRphildthteAf ter 15h the sol vent was stripped of f

10 at a r ar. 0 g residue was dissolved in water and purified
&W é@gmﬁbgr aphy (RP-18 LiChroPrep gel) with a gradi ent

of water TREKBrn 1774 168010648c>- 1, 8: 2). The organic solvent was
evapor at ed and t he aqueous phase was freeze-dried. Yield: 82.2%
col orl ess | yophi l | sate 15 M5(I1SP): 476.1 (MrH)[err] | RCKBr): 1764,
1664, 1620 c C34aThe fol | owi ng conpounds were prepared according to

Exanpl e CA 97. 1 [1-(4- ydrg )- 70 i
E £-(6R 71F8 3.£§§§Z§¢2th%x EI:Q-%n ht%-alf-rﬁza- 1cyclo(l%2}}2 ﬁ]ﬁiﬁﬁ% t(:zarb%ooigi?ﬁlglﬁl )
oxo- pyrrol i di@)}-geR.|7TRIeNarRhHBLD1-@ lﬂyngyﬂ);ga é 2 O] oct - 2- ene-
N ik A ST
cnerr] (B Onhg, T83 mmol) was suspendtlacll in 20 ml dilché%reomethan)e_ax{d N,O-
D o
- 30 ene-1 c4boiy bromascetyt brvroides mal,: 192 mmol) whsladded FvopwideoAfter
| yophi i sat e 1h the reaction mixture was poured on 200 ml diethyl ether containing 160

ml water. After 15 min the solid material was collected by filtration, washed

with diethyl ether and dried in high vacuum.

Yield: 84.1% yellowish solid

2 MS(ISP): 522.83 (M+H)*
IR(KBr): 1779, 1667, 1615 cm™

Example C34b
(E)-(6R,7R)-7-[2-(4-Carboxy-phenylsulfanyl)-acetylamino]-3-[1-(4-hydroxy-

2% benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylic acid sodium salt (1:2)
4-Mercaptobenzoic acid disodium salt (83.0 mg, 0.42 mmol) was dissolved in
4 ml N,N-dimethylformamide and (E)-(6R,7R)-7-(2-bromo-acetylamino)-3-[1-
(4-hydroxy-benzyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-aza-

30 Dbicyclo[4.2.0]oct-2-ene-2 carboxylic acid (200.0 mg, 0.40 mmol) was added in a
single portion. After 2h the reaction mixture was poured on diethyl ether
and the solid material was collected by filtration. The beige solid was
suspended in water and the pH was adjusted to 7 with 1M sodium hydroxide
solution. The resulting solution was chromatographed on MCI gel (75-150y,

3 Mitsubishi Kasei Corporation) with a gradient of water : acetonitrile (9: 1, 8 :
2, 7 : 3). The organic solvent was stripped off at a rotary evaporator and the
aqueous phase was freeze-dried.

Yield: 50.0% beige lyophilisate
MS(ISP): 569.1 (M+H)*



M5(1 SP): 502.0 (MtH)[err] | R(CKBr): 1764, 1661, 1620 cnferr] 35 Exanple
C7

(BE)-(6R 7R)-7-[ 2- (1- Car boxynet hyl -1Htetrazol - 5-yl sul fanyl ) - acet yl am no] - 3-
(1- cycl opr opyl - 2- oxo- pyrrol i di n-3-yl i den®$ret hyl ) - 8- oxo- 5-t hi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i q acid di sodium salt Yield: 49.1%
bei ge | yophi IR@Njel); 1763, 1663, 1592 cm™ - 50-
M5(1SP): 558.2 (MtH)[err] | RCKBr): 1764, 1622 cnferr] Exanple C8 5

(E) (6R 7R) - 3 (1 Cycl opropyl - 2- oxo-pyrrolidin-3-ylidenenmethyl)-8-oxo-7-[2-(
ollovnng compounds were prepared according to Example C34

phenyl 1H—te gy sul fanyl) - acetyl am no] - 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oc
t-2- i el 81. 8% col orl ess
| yophi i s (ﬁ)-fﬁﬁv%gﬁépf)?'ﬁ%ga&z’ &b‘%iﬂ ydr: W‘I%hRWBr - ﬁxh 1672, 1619
cnferr] E2attrtiszdld 1,5-alpyrimidin-7-ylsulfanyl]-acetylamino]-8- [1-[1-[(3-ﬂuoro-4-

SR 3ﬁyﬁm7%a$sﬁsﬂp§§'aﬁw‘ié LR G RN

bi cycl o[ 4. 2. ﬁymnhdita-@qﬂiéemnétbyws-oxe»&th&ddazmbmgb]m[4 2.00pct-2-endiZe| d:

40.60/Iight M5(1SP): 544.4 (MtH)[err] | RCKBr) :

1762,0 1625 c err é‘:g%@g(dxﬁ %1’8

(E)- (6R, 719)- &%)belgﬁylb’onhlhsat@yrrol i di n-3-ylidenemet hyl) - 8- oxo- 7-[ 2-

(2pyri m di nb2 Nf).aggé 3 (REREY amt no)1 ? t hi a- \1( alzg. blzgygl)/o[4l 2. I0] oct - 2- ene-

I;/ophi I ;:gﬂ gfﬁ&ﬁmoﬁc 97§ 1%7l§ gfé (1:1) I el d: . 0% col orl ess
Example C36

15 (E)-(6R,7R)-7-[2-(4-Carboxy-phenoxy)-acetylamino]-3-[1-[1-[(3-fluoro-4-
hydroxy-phenylcarbamoyl)}-methyl}-pyridin-1-ium-4-ylmethylj-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate sodium salt (1:2)

Yield: 20.0% brown lyophilisate

20 MS(SP): 748.4 M+H)*
IR(Nujol): 1766, 1668, 1643 cm™

Example C37
(E)-(6R,7R)-7-[2-[2-(8,4-Dihydroxy-phenyl)-5-methyl-[1,2,41triazolo[ 1,5-

25 alpyrimidin-7-ylsulfanyll-acetylamino]-3-[1-(4-bydroxy-benzyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid
(E)-(6R,7R)-7-(2-bromo-acetylamino)-3-[ 1-(4-hydroxy-benzyl)-2-oxo-pyrrolidin-
3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

30 (see ex. C34a) (200.0 mg, 0.38 mmol) was dissolved in 4 ml N,N-
dimethylformamide and 4-[7-mercapto-5-methyl-s-triazolo[1,5-alpyrimidin-
2-yllpyrocatechol sodium salt (124.0 mg, 0.42 mmol) was added. After 5h the
reaction mixture was poured on diethyl ether and the suspension was
filtered. The solid material was digerated with 10 ml ethyl acetate : water (1 :

35 1) for 1h, filtered and dried in high vacuum.

Yield: 70.0% beige solid
MS(ISP): 716.3 (M+H)"*
IR(KBr): 1774, 1670, 1596 cm™



25 M5(1SP): 488.4 (MtH)[err] | R(CKBr): 1763, 1671, 1618 cnierr]
Exanpl e Cl1

(E)-(6R, 7R) - 3- (1- Cycl opropyl - 2- oxo-pyrrolidin-3-ylidenenmethyl)-7-[2-(1-neth
yl- 30 -59-

1Htetrazol -5-yl sul fanyl)-acetyl am no) - 8- oxo-5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct
-2- ene- ZFeafdlbowinigccompaimeb siasnprepbred acdording torExiatplddC236 col or | ess

| yophilisate ): 492 4 (MeH)[err] | R(CKBr): 1764, 1678,1618
cnferr] 35 r%i

(E)- (6R 7R) - iEMS@y bH%ﬁAmmmhmylsulfmyBﬁ@ewlaa@nehat(nwyploprppyka-

hydr oxy- pyr| VHBshbrRERY m&a&dd?&]thﬁi&&afblbﬂl@gQZ BIckt-2-ene-2-

bi cycl o[ 4. ene-2- arbox li1'c_.acid sodium salt

Yi ol d: £17 %q z%ws}vﬁ(ﬁwam t Ehill MS( 1 SP) : 504 4 (M+H)[err]

| RCKBr ) : 176%&17(37&6%%@@‘&% hiliBatexanpl e C13

(E) (6R, 7R)-3MQI-S%SCg89 O(MH oxo-pyrrolidin-3-ylidenenethyl)-7-[2-[2-(3,4

d| hydr oxy- phdiR(KBr}k- - 10820623, 15894ht't i azol of 1, 5- 4] pyr| m di n-7-yl sul fanyl ] -
acet yl am no] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i c acid
sodi um sal t ('% 1) 10 Yield: 27.3%colorless |yophi I | sat e M5(I SP): 650. 4
(MH) [err 10 The fellewing comspoundsswere prepanefleaqcprding toclisamipte 15
(B)-(6R 7R) - %ﬁgbggropyl 2- oxo-pyrrolidin-3-ylidenenmet hyl )-7-[2-(4-nmeth
| - . .

5-trifl uor orreERPRATB)-T-[2-(26- Pickleno-phend splfanyl)-pealydaxpingl 351 B GBuera 1 o
-1- aza- bi-hydredyl pBefyleaiban6id-riethal oy Hire- 15daint 4syidhathiytlad-ox6-: 1)

pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

15 carboxylate

Yield: 19.0% beige lyophilisate

MS(ISP): 772.3 (M+H)*

IR(KBr): 1768, 1668, 1643 cm™

20 Example C40
(E)-(6R,7TR)-7-[2-(3,5-Dichloro-phenylsulfanyl)-acetylamino]-3-[1-[1-[(3-fluoro-
4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl}-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate

25 Yield: 19.0% beige lyophilisate
MS(ISP): 772.3 (M+H)*

IR(KBr): 1769, 1677, 1643 cm™

30 MethodD

Example D1a
Mixture of (E)-(6R,7R)-7-[(R)- and -[(S)-2-bromo-propionylamino]-3-(1-
cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-oxo-5-thia-1-aza-

3% Dbicyclo[4.2.0]Joct-2-ene-2-carboxylic acid sodium salt
Br

Rpze¥sv

COONa 0]




Yield: 48.6%1ight yellow | yophilisate M5(1 SP): 559.4 (MtH)[err] 20
I
(

R(KBr): 1763, 1672, 1618 cnjerr] Exanpl e Cl5a
E)-(6R, 7R)-7- (2- Br onp- acet yl am no) - 3- ( 1- cycl opropyl met hyl - 2- oxo- pyrrolidin

3-y|idenenet | ) - 8- oxo-5-thia-1-aza- blcyclo[4 2. 0] oct - 2- ene- 2- car boxylic
aci d 25 sodi ssapensmn of (E)-(6R, 7R)-7-am1no—3—(1-cyclopropy1methyl-2—oxo-pyrrohdm-

3(/F|) d(eﬁeRmZﬁwIz oxo ﬁﬂ)ﬁ?gc& - aza {}?%Q%lﬁy@gﬁx ?a-%fée)%%g?%a#g%‘i ?%ld
acid (3.50 g malrdighlorpms anewaertr@atedevith
met hyl - N-tr i f&ixﬁdﬂﬁ*lbﬂ&ﬂf!ﬂﬂﬁdi‘éh@étﬁ%&@‘(@ 20 (1,55, ﬁdmm%or %5&

ded 30
dropwi se. Afte so) uti d ‘whi ¢h, wa y\?;z@
this €I Lﬁ"i’ﬁé m%%%@eal topwhi amo-prapiony Af ter
30 mn t haniolpwastdddedsdropwayedt 6TC. ThE ré RAxtiBe at
room tem}g{ aé)g@e% Af £ réeogk#or at |%%§%arh?t%/3% i%%§?%ﬂs gﬁ%ﬁ%ﬁ%
resi due was iN
sodi um 35 hydthoﬂJeres;kiuewms suspehded ip whterdndTthe pH wiss hdjusbed te 618 was
urified by s%%n?xhﬂ% a P
gr adi ent usm%v;!;’lg; acet oni t%{#&g@gﬁgﬁ Q‘@& é@ﬁﬁgj%&ﬂﬁ@& fq&ﬁe‘m)%ent
was evapottht @@verfied-phaserghramategreanhy: a@iep'\l@sfaﬂqlﬂ‘@?éeﬂ gebawater : aaeéomtnw 1%
yel l ow | yophid 156! £: 1). -52-

MS(1 SP): 470. w | RCKBr): 1766, 1665 1622 cnjerr] The
fol |l ow ng cor?%ﬁ (igé/\gr(é%-gr%bar ed according to Exanple C4 5 Exanple Cl5b
(E) (6R, 7R) - IR(KBL): 765 V6T emthy| - 2- oxo- pyrrol i di n- 3-yl i denenet hyl ) - 8- oxo-
[2-(3H— [1, 2, %ﬁ I.S%?or*?%:]y%manw ) -acetyl am no] - 5-t hi a- 1- aza- bi cycl o[ 4. 2.0

] oct - 1®-ene-2-carboxylic acid sodiumsalt (1:1) Yield: 52.1%
yel | owi sh | y%ﬁ,@fblo MS(I1SP): -491.4 (MtH)[err]
Mixture of (E)-(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidene-
methyD)-7-[(R)- and- [(S)-2-(2,5-dichloro-phenylsulfanyl)-propionylamino]-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

CK/Qi/HgH\:{MN f

b4 COOH 0o
A 0.05 N solution of a mixture of (E)-(6R,7R)-7-[(R)- and -[(S)-2-bromo-
propionylamino]-3-(1-cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-
oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid sodium salt in
DMSO (500 pl) was treated with with a 0.05 N solution of 2,5-

25 dichlorobenzenethiol in DMSO (500 pl) at room temperature for 24 h.
MS{ISP): 599.2 (M+NH,)*

The following compounds were synthesized according to the procedure
described above:

Example D2

30 Mixture of (E)-(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidene-
methyl)-7-{(R)- and- [(S)- [2-(1-methyl-1H-tetrazol-5-ylsulfanyl)-propionyl-
amino]-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium
salt



| R(CKBr): 1764, 1664, 1619 cnferr] Exanpl e C16

(BE)-(6R, 7R) - 3- (1- Cycl opr opyl net hyl - 2- oxo- pyrrol i di n-3-ylidenenethyl)-7-[2-]
2- 15

(3, 4-di hydr oxy- phenyl )-5-nethyl -[ 1, 2, 4] t48lazol o[ 1, 5-a] pyri m di n-7-yl sul f any
1] -

acetyl am no] - 8- oxo-5-thi a- 1- anQNbl cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxyl i c acid
sodiumsalt (1:1) Yi el d: N38 3% col orl ess |yophilisate VS( | SP) :

664.1 (MtH)[err] 20 I R(KBr): , 1665, 1593 cnjerr] Exanpl e C17

(B)-(6R 7R)-3-(1-Cycl opropyl rreth | - 2- ox0- pyrrolldln 3-ylidenenet hyl) - 8- oxo-

7-

[2-(1H[1, 2,4]triazol - 3- ylsulfaﬁ-ac f§[| noj f 5- ﬁ\/ag-aza bi cyclo[4.2.0
Y

Joct- 25 2-ene-2-carboxylic acid sodig ield: 51.2%
yel |l owi sh | yophilisate M5( 1 SP) : 4@1 4 %m[ er ] | RCKBr): 1765,
1664, 1619 cnferr] 30 Exarrpl e C18

E)-(6R 7R clo | et hyl - 2- oxo-pyrrolidin-3-ylidenenet hyl) - 8- oxo-
(7-) ( )- M%(IS%/) 531? +NH.,,)+y iad Y yh-
[ 2- (1H—pyrazo| 0[3 4-d] pyri m di n-4- yI sul fanyl) acetyl am no] 5-thia-1-aza-
bi cycl o[ 4. 2. Ppge- 2-carboxylic acid sodiumsalt (1:1 Yi el d:

e R 8 St 4™

51 E) - (6R, 7R - Jylideriexdthpl)BrukoTL{{R)- a&xdlﬁ(spizxp&mﬁndm%z;ﬂsﬂw hyl)-7-[2-(
met hyl - 5- t r i FRRQBIGRARMIPLBY ﬁi -azarhicydal4.20lact:%- ?’é%?r‘ﬁar%@fl% afidno] - 8- oxo
|

- 5- t hi a- 1- aza- bi cycl off4~R. 0]joct - 2- ene- 2-carboxylic acid sodium salt
(1:1) Yield: 52.2%yel (NphIHSte M5(1 SP): 573.3
(MtH) [ err]

COOH 0O

MS(ISP): 533.2 (M+NH,)"

Example D4

10 Mixture of (E)-(6R,7R)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidene-
methyl)-7-[(R)- and- [(S)- [2-(4-methoxy-phenylsulfanyl)-propionylamino]-8-
oxo-5-thia-1-aza—b1cyclo[4 2. 0]oct-2-ene-2-carboxyhc acid

. ");f;%@f

COOH

MS(ISP): 561.2 (M+NH,)"



5 IR(KBr): 1763, 1665, 1612 cnferr] Exanpl e C20
(BE)-(6R, 7R) - 3- (1- Cycl opr opyl net hyl - 2- oxo- pyrrol i di n-3-ylidenenethyl)-7-]2-(

1- nmet hyl - 1H-tetrazol - 5-yl sul fanyl ) - acetyl am no] - 8- oxo-5-thi a- 1-aza 10
bi cyel o[ 4. 2. 0] oct - 2- ene- 2-car boxylic aci<dBZodiumsalt (1:1) Yi el d:

50. 8% yel | owi sh | yophilisate M5(1SP): 506.3 (MtH)[err] | RCKBr) :
1763, 1667, mmﬁerr] 15 Exanple C2la M xt ure of

(E)-(6R, 7R) - fqd -[(9)- 2 br ono- propi onyl ani no] - 3- (1-

cycl opropyl met hyl = 2- yrrolidin-3-ylidenenethyl)-8-o0x0-5-thia-1-aza-

bi cycl of 4. 2. n(ﬁRz’l%halg [éa[%gbgdro%y-ﬁbauylgam ethyllpyridined-ivm-4b1a
20 Exanpl e th IM-IS dm-3 hdenemethy -8-oxo-7-[2~(pyridin-1—ium-1-y1)-
(B)-(6R 7 C. 5) 0 igl re

yl i denenet yl‘}c Yl([i‘\éﬁ)“ gntﬁlga’[r{'(3 cygb@?%@ 9$¢3rmbeﬁé@mbrmde

[1,2,4]triazol -3-ylsul fanyl)-propi onyl am no] - 8- oxo-5-t jjf a- 1-aza-

bi cycl o[4.2.0]oct-2-en YA oxyI| acid sodiu ’]?H@_%Aepared
according to exanple SN [ oﬁl yopni i

MS(I SP): 587.3 (MtH) | o 5N 1618 cnierr] 30 Exanple
C22 M xt ure of ((E‘) (6R, 7TR)g”3- ( op pyl met hyl - 2- oxo- pyrrolidi n- 3-

yl i denemet hyl ) - 8- ox0®'7- [ (R) - and- [1,2,3]triazol -4-ylsulfanyl)-

Soarum” s 4 ?ﬁ%@éﬂ%? 28 '°°%1§' @ @“"b‘éng@)fﬁy LEARS IR s
(MeH) [err] henylcarbamicydzmetagli-pyriding1-ium-4-ylmethyl]-2-oxo-
- 54- pyrrohdm-S-yhdenemethyl] 8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

10 carboxylate trifluoroacetate in 8 m! dichloromethane were added 212 pl (0.80
mmol) N,O-bis-(trimethylsilyl)-trifluoroacetamide. After a clear solution had
formed, 65 pl (0.80 mmol) pyridine and 85 ul (0.40 mmol) bromoacetyl
bromide were added and the reaction mixture was stirred for 6 h. To this
solution 3 ml diethyl ether and 10 pl water were added. The precipitate was

15 filtered off, dissolved in 250 ul water : acetonitrile (3 : 2) and purified by
reversed phase chromatography (RP-18 LiChroPrep gel, water : acetonitrile
= 9 : 1). The organic solvent was stripped off at a rotary evaporator and the
aqueous phase was freeze-dried.

Yield: 110.0 mg (45.3%) beige lyophilisate

2 IR(KBr): 1768, 1682, 1635, 1574 cm?”
MS(SP): 655.4 (M+H")



Exanpl e C23

(B)-(6R, 7R-7-[ 2- (1H Benzoi m dazol - 2-yl sul fanyl ) -acetyl am no- 3- ( 1-

cycl opropyl - 2- oxo- pyrrol i di n-3-yl i denenet hyl ) - 8- oxo-5-thi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxyl i ¢ aci-#3sodi umsalt (1:1) 5

(BE)-(6R 7R)-7-(2-Dbrono-acetyl am no)-3-(1-cycl opr opyl - 2- oxo- pyrrolidin- 3-

yl i denenet hyl ) - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic acid
sodiumsalt (1:1) (see ex. C4a) (200 ng, 0.42 mmol) was dissolved in 4 n

N, N-di net hyl f or mam de and 2-nercaptobenzi@mgiﬁ%le sodiumsalt (79.2

ng, 0.46 mmol) was added in a single portion ter conpletion of the 10

reaction, the sol V%P S StJ’I ed Qf f af..a rotary_evapprator. The residue
was di ssol vdd 4ep ﬂ?@ﬁ%ﬁ Béﬂ}ﬁ)ﬁ%@r foulge| (75-150[err],
M t subi shi Kasei Oor por at hon) with a gradient of water: acetonitri I

(10: 1,9: 1). Thegy ni c sol very was evaporated and the aqueous phase
was freeze dri edeR (X)s'(cgﬂgf I§e' ge lyo rate 15 M5(1SP): 526.0
(MrH) [err] | R(CKBr): 176 16 1 17ﬁg=rr]N —R2 The foll ow ng
conpounds were prepared accor db gto a Exanpl e C24 20
(E)-(6R 7R)-3-(1- Cycl opropyl - 2- oxo-p I di n-3%ylidenenet hyl)-8-o0xo-7-[2-(

1H pyrazol o[ 3, 4-d] pyri m di n- 4-yl'sul f anyl )oacetyl am no] -5-thi a-1- azh-
bi cycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid sodiumsalt (1:1) Yi el d:
20.0% i ghs wehé@/vlyophllisate M5(1SP): 528.4 (MtH)[err] 25 IR(KBr):

1764, 1667, |
(E)- (6R 7R) - 3- (JP% gﬂ:?gﬁ%bﬂ@n@ eﬂ%?mhﬁ!ylybrﬁmeﬁquaphtbﬂ oD, 6-

di met hyl - 5- oxo- 2, 5- di hy Gyegedoéyd ]thé'l@%bﬁaﬁ:ﬂ' ﬁhéﬁﬁnbbhzﬂcﬁiyﬂyﬁ% OXO‘
AU Pt Ganwioken e et

| RCKBr): 1762, 1629, 14halegdmshylirodh optivmally sﬁib@tl_tuted lower alkyl, optlonally
hydr oy e bhy |- &- et byl - FIOSGRER 188 SE?W ﬁﬁ%%%ﬁgﬁ%éﬂ

acetyl am no] 8- ox0- 5- thque_r aﬂgzlbnum ylaminm eagboxy, ﬂowyrlalk}alel d
sodiumsalt (1:1) carboxy, carbamoyl or lower alkylcarbamoyl;

R4, RS independently are hydrogen, lower alkyl or phenyl;

X is S, O, NH or CHg;
15 n is0,1or2;
m isOor1;
$ isOor1;
R2 is hydrogen, hydroxy, -CH2-CONHRS, lower alkyl-Q,,
cycloalkyl-Qy, lower alkoxy, lower alkenyl, cycloalkenyl-Q.,
20 lower alkynyl, aralkyl-Q,, aryl-Q,, aryloxy, aralkoxy, a

heterocyclic ring or a heterocyclyl-Qy, the lower alkyl, cyclo-
alkyl, lower alkoxy, lower alkenyl, cycloalkenyl, lower alkynyl,
aralkyl, aryl, aryloxy, aralkoxy and the heterocyelic ring may
be substituted with at least one group selected from carboxy,
2% amino, nitro, cyano, -SOoNHRS, optionally fluoro substituted
lower alkyl, lower alkoxy, hydroxy, halogen, -CONRSRY,
-CH2CONRSRY?, -N(R7)COORS, R7CO-, R70CO-,
R7COO-, -C(RTR?)CO9RS, -C(R'R)CONR'R10, wherein
RS is hydrogen, lower alkyl, cycloalkyl or aryl;
0 R7 and R? are independently hydrogen or lower alkyl;
R8 is hydrogen, lower alkyl, lower alkenyl or a carboxylic acid

i | (W




- 55- Yield: 45.5% col orless |Iyophilisate M5(1SP): 572.5

(MtH) [ err] | R(CKBr): 1765, 1668, 1598 cnierr] 5 Exanple C27

(E)-(6R, 7R) - 3- (1- Cycl opropyl - 2- oxo- pyrrolidin-3-ylidenenethyl)-7-[2-]2-(4-
hydr oxy- phenyl )-5-nmethyl -[ 1, 2, 4] tri azol o{64-5- a] pyri m di n-7-yl sul fanyl] -
acet yl am no] - 8- oxo- 5-t hi a- 1 aza bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid

Zggi um(sa:_lg : (1: ]1) 10 YI( tig Peéupglamd ess | yophilisate I\/IS(I SP) :
4 (MtH) [err I R c28 15
(E)- (6R, 7R) - 3-(1- Oycl Oprﬂéﬂ‘%.*b?“ e ﬁyr}ﬁg’fﬂgéf%’le%ﬁéneynet ﬁ? (4 et hy
Ibl-cycl OEHZ- [210]2021][”2I Zrz1ce)| gdcydlyl, lgh Eitﬁz:;' Sa%' b éloxﬂé ighb thﬁ%_f

0 g, ?’ﬁ%ﬁ least of the
ig?g A)lgi{%gg n{l >el(r)P]hI ' sat e yEro e hy oxy, ogen, opggnghgr sui?)stltuted

(7 E) 2(5 6R, 7R) - 3- ( 1- Cycl oprlewet aliiyl Wr-@hgdeoxyalkyl| bptiondlly substirtedlywer 8- oxo-

[ 2- (pyri midin-2-ylsul far?g}k?x%% 'éﬁﬁiﬂ&] Q%Wlﬁng-%%oa@g%m@?ﬁ Mlb?%ct -2-e

ne- 2- carboxylic acid sodi (1:1) Yield: 55.2% yell ow sh
| yophilisate M5(1SP): 502. 1 ( err] |R(KBr): 1762, 1664, 1614
cnferr] 30 Exanpl e cfazm a xtlre of (E)-(6R 7R -7-[(R)- and

-[ (S) - 2- brono- pxopi onyl ami 3-
cycl opropyl met h{l - 2- oxo- Byeﬁ?ﬁaéé grﬁﬁ)%fenemat hyl ) - 8- oxo- 5-t hi a- 1- aza-
bi cycl o[ 4482. 0] act - 2- ene-; oxylic acid sodiumsalt, see ex. Dla

9 s B

R is hydrogen or lower alkyl; and
R3 is hydroxy, -O-, lower-alkoxy, or -OM and M represents an
alkali metal;

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable
15 salts of said compounds and hydrates of the compounds of formula I and of
their esters and salts.

2. Cephalosporin derivatives according to claim 1 wherein

R is halogen, phenyl, benzyl, naphthyl or heterocyclyl, the
20 phenyl, benzyl, naphthyl and heterocyclyl being optionally
substituted by at least one of halogen, hydroxy, optionally
substituted lower alkyl or lower alkoxy, or amino, lower
alkylamino, di-lower alkylamino, carboxy, lower alkylcarboxy
or carbamoyl;

2% R4, RS independently are hydrogen, lower alkyl or phenyl;

X is S, O, NH or CHoy;
n is0, 1lor2;
m isOorl;
8 isQorl;
0 R2 is hydrogen, hydroxy, lower alkyl-Q,, cycloalkyl-Qy, lower

alkoxy, lower alkenyl, cycloalkenyl-Qy, lower alkynyl, aralkyl-
Q:, aryl-Qy, aryloxy, aralkoxy, a heterocyclic ring or a
heterocyclyl-Qy, the lower alkyl, cycloalkyl, lower alkoxy, lower
alkenyl, cycloalkenyl, lower alkynyl, aralkyl, aryl, aryloxy,

35 aralkoxy and the heterocyclic ring may be substituted with at

Thllllgﬁi"ﬁiilﬁlmﬂ ] Hllllll 00 SO




35 - The foll ow ng corrpounds were prepared according to Exanmple C4
Exanpl e C30b M xture Of"

(E)-(6R, 7R) - 3- (1-cycl oprapyl net hyl - 2- oxo- pyrrol i di n-3-

ylldenerret hyl)-8-0x0-7-[(R)- and -[(S)-266H pyrazol o[ 3, 4-d] pyri m di n- 4-

yI suI fanyl ) - propi onyl ?dmp?gnmpmﬁ@ealfmmlm@fo%@mmo,Zillmnec?ana,r boxyl
iC acid sodi um sa toi:ﬁ'o 1 L& d %e
by g S L

| SP 56.2 (MW
VB( m‘j’ D 3202 (e oxy, halogen, -CONRGR R RCOORE RGO, RTOCO-,

( |E-) - OR 7R 3- (1- eyl opRIBOOS - ORTRPIO0RS)-CGRNOONRTRD, wherein
| denenet -
St i i 1. %38 hdrogen. dogier alkaln gr Fycloglisl;
pr opi onyl ani no) - 8- oxo- 5 R7hirsd R%zeaﬁd&pe:id@hﬂyﬂaﬁ:@gén%rdﬂﬁeﬁaﬁ@glboxy| ic

acid sodi um sal t (1 h f‘ % NS I %at e I\/BééiP)

519.2 (M BF ydf;é% %8‘6"? a?’é’i]g ¢ Bylo cazrbarylic.a

I\/II x'élur(e OIH)hE:eEgr](GR 7R)7 ?%{telu;aglglpnppphdet hyl - ﬁ?)x?)%;yrrol i di n- I3-ul fanyl)
| denene 0XO- 1 ;%,43] -

%ropi onyl am'yno] 5-thi a- gR(aza-grla'gociow %df ct eﬁne- -car QX ||°§ acid

sodi um 20Malt " (1:1)  heterecyely thmwbrnmﬁhyyepheterggy@ emzs(l sp):

617.0 (MH)[err] | RkBibatithted or LEBSted it a8 lédst ofd dPHR

E 6R 7R)-7-[ 2] 2- (3, 4- -5rre |az
gi] ?:)yl(’l m di Z\ 7- £/I [sul §anyP}[>)ﬁa%g'§ é eﬁfﬂr‘liy hf%@eki %?Bé‘ﬁliﬁﬁﬂ} bxtea
phenyl car banoyl ) - net hyl ]ovpgna]t]tb'heﬁm-hydmlxynlﬁyh ¢pi2orally pybstithuted bower
alkoxy and/or cyano, or R7 and R10 form together group of

15 formula (D

Q is -CHR-, -CO- or -SO9-;

r isOorl;

R is hydrogen or lower alkyl; and

R3 is hydroxy, -O-, lower-alkoxy, or -OM and M represents an
20 alkali metal;

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable
salts of said compounds and hydrates of the compounds of formula I and of
their esters and salts.

% 3. Compounds according to claims 1 or 2, wherein nis 1.

4. Compounds according to claims 1, 2 or 3 wherein R1 is selected from
the groups phenyl, 2,4,5-trichlorophenyl, 3,4-dichlorophenyl, 2,5-
dichlorophenyl, 4-trifluoromethylphenyl, 4-methoxyphenyl, 4-
hydroxymethylphenyl, 3,4-dimethoxyphenyl, 4-methyl-1,2,4-triazol-5-yl, 1-
30 methyl-tetrazol-5-yl, pyrimidin-2-yl, optionally substituted pyridinium-1-yl,
2-yl, -8-yl or -4-yl, benzimidazol-2-yl, 2-benzthiazolyl, 4-pyridinyl, (2-amino)-
thiazol-4-yl, 2-naphthyl, benzyl.

5. Compounds according to any one of claims 1 to 4 wherein R2 is
methylcyclopropyl, 2-, 3- or 4-hydroxybenzyl, pyrrolidin-3-yl or a group of

HIIIIII i lllll Il
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yl i denenet hyl ) - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl ate 30
(BE)-(6R 7R)-7-(2-brono-acetyl am no)-3-[1-1-[ (3-fl uoro-4-hydroxy-
phenyl car banoyl ) - met hyl | - pyri di n- 1-i um 4-yl met hyl ] - 2- oxo- pyrrolidin- 3-
yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cycl . 2. 0] oct - 2- ene- 2- car boxyl ate
(see ex. Cla) (337.0 ng, 0.50 nmmol) was dissolved in 4 mM NN
di nmet hyl f ormam de and 4-[ 7- nmer capt o- 5- net hyl ; I azol o[ 1, 5-a] pyrimdin- 35
2-yl | pyrocat echol sodiumsalt (162.4 |) was added. After 6h the
reaction m xture was poured on diethyl ether the solid material was
filtered. The brown powder was suspended in Bd%m water: acetonitrile (3 :

hi

1), the pH was adjusted to 3 with 1M hydr oric acid and the

suspensi on was wherdir onat ogr aphed .on MCl gel (75-150[err], M tsubi shi

Kasei Corporation 1vvlth a ., -57-
gradi ent of waters acetom’tsr‘ﬂI'BZ‘M 1, 3: 1,2: 1, 1: 1 1: 2, 1: 3). The
organi c sol vent was S”'&gef of f at a rot ary evaporator and the aqueous
phase was frdeze-dried® Yield: 12.0% brown |yophilisate 5 I\/B(I SP)

(B)- (6R TR 7 (2 %?OWLRQ‘TE‘%%‘%@.W@ b oyt o1 |
n- 10 3-ylidenenethyl]- %(/’@T fi%l é%%zﬂ 3@%;&5%’13, eter ?ﬁg’é‘i}flg OER egn

?g b?éé I |7 CR) agl g i no-3-[ 1- (g:nsubsrtltuted gr substituted with at least one of 1.;he groxfps

yl i denenet hyl ] - 8- oxo- 5- thlcg’Z f%%o y‘{c}]%ﬁf %ynﬁ @gbgmoboxﬁic acid
bi s(i 1 ot hyi ot 1y SR L e e e e 1 52 o) was. addled.

After 15 48 nin br onobacetyl brom de (167 m, 1.92 mol) was added dropw se.
él(c);'?;l ni n9126ghe 6. eﬁé ﬁé@@%ﬁ#@?@%@ﬁ f%gx golz?g nmat glr ?;Ihyllvagt Eglrl ect ed
by filtration, (Rx<$6BJIR)-3-[In1-H(4elpdrony-phenyl camb@mnyllamethyﬂrmmdmclmm- -
I;g'gd 12371% ;g%étﬁﬁqﬁ-o?&%&ﬁmbé@&ﬁ&emé&&lﬁs%Hb £L2,1,5-tricHIB&Br )
phenylsulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
15 carboxylate
(E)-(6R,7TR)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-
ylmethyl]-2-0x0-pyrrolidin-8-ylidenemethyl]-8-0x0-7-[2-(1-benzothiazol-2-yl-
sulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate
(E)-(6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-
20 ylmethyl]-2-0x0-pyrrolidin-3-ylidenemethyl]-8-0xo-7-[2-(pyridin-4-ylsulfanyl)-
acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate
(E)-(6R,7R)-3-[1-[1-[(3-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl}-pyridin-
1-ium-4-ylmethyl]-2-0xo-pyrrolidin-3-ylidenemethyl]-8-0x0-7-(2,4,5-trichloro-
phenylsulfanyl)-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
25 carboxylate
(E)-(6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-
vimethyl]-2-oxo-pyrrolidin-3-ylidenemethylj-8-0x0-7-(2-phenylsulfanyl-acetyl-
amino)-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylate
(E)-(6R,7R)-3-[1-[1-[(8-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-
30 1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-7-[2-(naphthalen-2-yl-
sulfanyl)-acetylamino]-8-o0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate
(E)-(6R,7TR)-7-[2-(3,4-Dichloro-phenylsulfanyl)-acetylamino]-3-[1-[1-[(3-
fluoro-4-hydroxy-phenylecarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl]-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
35 carboxylate
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Exampl e C34b

(ZE) -(6R 7R) - 7-[ 2- (4- Car boxy- phenyl sul f anyl ) - acet yl am no] - 3-[ 1- ( 4- hydr oxy-
benzyl ) - 2- oxo- pyrrol i di n-3-yl i denenet hyl-B78- oxo- 5 t hi a- 1-aza- bi cycl o[ 4. 2. 0]
oct - 2-ene-2-carboxylic acid sodiumsalt (1:2 4- Ner capt gbenzaqi c

aci d di sodi um €&+{6R,%8)8- [rld',l-[(@ﬂquthXEPb§BYl¢§d3&1ﬁoyl)'mﬂthﬂl -pyridin-

N, N- di net h |
(4- hyg?gxyyb @ ‘fn@ﬂl‘ﬁggﬁgfa §ffredfdid:d 91866 aNT) 2L T phohl-

b oyci ol 4. 2.8 Shierolai dlm ier ezt ey g 20 gt 2 mfd : igée' o 0

in a si ngl gEp 1E’RDI-3( G?él ptylmetlﬁ_sélﬂ-bﬁ@- % mmeﬂlydr)ﬂs-

d hyl

Oy et or 7208 4 5 S R sk i s g'ra%é’éﬁg%é et Ehie-Te

sod:vglm hyldro;[%ﬂe()]oct—&%@iehﬂ»cmrboxfheambul ting sol ution was chronat ogr aphed

on e

of vater: acer TR 72 Plogbtiaito SRAR egfi" Bty -“éofﬁh?éve ANt

stripped of f metlwl%om-pymhdm-atsdrd@emethy -8-0x arg 2.0]oct-

freeze-dri ed Yé @?3be| ge | yophilisat e IVB(I SP) 569 1 (M+H)
@aﬂm@

- 58- 1592 f d
were pr eplﬁ ed rcgydge;fzgri 2 am@g-s-ﬁﬂﬁé’x‘{%nrl&hyi’ﬁ?? unds

S A ”‘ﬁw“‘ﬂﬁ."%hé“ B ey ol 32 1o (311
ro-4- %&éﬁ%@hﬁc&t %Tg‘ 553 ?J ad ]yr?g?nylalmugflll me'E hyl[] [(gxo-uo
pyrggLIF;?e tEﬁﬁﬂhﬁStBﬂﬂxs8iwhmﬂihdnaﬂﬂ24mﬁﬂ$mn®nhnﬁﬂy @jesuethylledox
VB(1 SN : 896S§Fi(§5‘ 2{&191(132 %{‘kgng )%&%@mﬂ%@ﬂ;}@% &4%&0%&1%?4 20loct2:
C36 15 15 ene-2-carboxylic acid
(B)- (6R 7R) - 7- ik drd 6 (ONBROTIENE6%D-SACRIVARI LG} 2-3xb 11 /34 B pprrblidriyd-at-
ylidenemethyl]-8-oxo-7-[2-(2,4,5-trichloro-phenylsulfanyl)-acetylamino]-5-
thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid hydrochloride.
(E)-(6R,7TR)-8-0x0-3-[(R)-2-0x0-[1,3'Tbipyrrolidinyl-3-ylidenemethyl}-7-(2-
2 phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylicacid hydrochloride (1:1)
(E)-(6R,7TR)-7-[2-(2,5-Dichloro-phenylsulfanyl)-acetylamino]}-3-[1-[(3-fluoro-
4- hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl}-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
2 carboxylate
(E)-(6R,7R)-3-(1-Cyclopropyl-2-oxo-pyrrolidin-3-ylidenemethyl)-7-[2-
(naphthalen-1-ylsulfanyl)-acetylamino}-8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-
ene-2-carboxylic acid imidazole salt (1:1)

30 7. Compounds as in any one of claims 1 to 5 for use as pharmaceutically
active substances, particularly for the treatment and prophylaxis of
infectious diseases.

8. Process for the manufacture of the compounds prepared according to
any one of claims 1 to 6, which process comprises

85 (a) treating a compound having the formula II




hydr oxy- phenyl car banoyl ) - met hyl ] - pyri di n- 1-ium 4-yl met hyl ] - 2- oxo-
pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bicycl o[ 4. 2.0]oct-2-ene- 2-

carboxyl ate sodiumsalt (1:2) Yi el d: 20.0% brown | yophilisate 20
M5(ISP): 748.4 (MtH)[err] ~ I R(Nuj ol )-68766, 1668, 1643 cnferr]
Exanpl e C37

(E)-(6R, 7R)-7-[ 2-[ 2- (3, 4- Di hy#l yl)- 5 -[1,2,4]triazolo(1,5- 25
a] pyri mdin-7-yl sul fanyl] - acetyla o] 30% g( roxy benzyl ) - 2- oxo-
pyrrolidin-3-ylidenenethyl]-8-0 —a ycI 4.2.0]oct-2-ene- 2-
carboxylic acid

(BE)-(6R 7R)-7-(2-brono-acetyl am no) - 3- [1 (4 hydroxy benzyl) - 2- oxo- pyrrolidi
n_

3-ylidenenet hyl | {1 enS-thia-1- aza bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxyl i c
acid 30 (see ex 00.0 3 ol ) was dissolved in 4 m N\
di met hyl f or mani dE%ﬁagF ﬁ@?ﬁyl-s triazol o[ 1, 5-al pyri m di n-

2-yl ] pyr ogat echoRfss)ﬁydm@@J or tﬁﬁéﬂﬁ}ylsﬂyl Qmﬁz rrm)l) was added. After 5h the

reaction mxture red r a ensi o
filtered. The 50}&?} r@%g‘ q‘ﬁé’?héﬁﬁﬁér Btrgﬁﬁbﬁx?'ﬁ fﬁ%@?ﬁy gpvfsilyl Rat er
(1: 35 1) for 1ally1foﬂsaitdaliemﬂ dried in high vacuum Yield: 70.0%

bei ge S0l 1 0 yieh WSl BRAyid Aia o e BdRE] formulbIKBr) | 1774, 1670, 1596

cnerr] -59- The fol |l ow ng
conpound was prepared according to Exanple C23 Exanpl e C38

(E)-(6R 7R) - 7-[ 2- ( 4- Ani no- phe HX4-(GRARS)nace¥yl ami no] - 3- (1- cycl opr opyl - 2-
oxo-pyrrolidin-3-ylidenemethyl)-8-o0xo-5-thi g 1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene-
2- 5 carfpoxylic acid sodiumsalt (1:1) Oviel d: 3fyP% beige |yophilisate
MS(1SP): 501.2 (M+H)[err] | RCKBr): 1782, 1623, 1599 cnferr] 10 The
foll ow ng conpounds were prepared according to Exanple C33

in which R1, X, s, R4, R% and m are as defined in claim 1 and Y is -OH,
or a reactive functional derivative thereof,

15 (b) for compounds of formula I wherein X is S, O or NH, by treating a
compound having the formula IV

H
Hak{CR*R%), (GH)
\n/ \ r 2in
o)

2
SN N-R

COzR g 0 I‘V

wherein R4, R5, m, R2 and RE are as defined above and Hal stands
for halogen,
20 with an appropriate thiol or thiolate or an appropriate alcohol or alcoholate
or an appropriate amine in the presence of a base,

(c) for the manufacture of a readily hydrolysable ester of a compound of
formula I subjecting a carboxylic acid of formula I to a corresponding
25 esterification or

(d) for the manufacture of salt or hydrates of a compound of formula I or
hydrates of said salts converting a compound of formula I into a salt or
hydrate or into a hydrate of said salts.

W



Exampl e C39

(B)-(6R 7TR)-7-[2-(2, 6-Di chl oro-phenyl sul fanyl)-acetylam no]-3-[1-[1-[(3-flu
or o-

4- hydr oxy- phenyl car banoyl ) - met hyl ] - pyri dié@-1-i um 4-yl met hyl ] - 2- oxo-
pyrrolidin-3-ylidenengthyl]-8-o0xo-5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 2- ene- 2-
15 carboxyl ate 9- A NhémaC@mwlbm@pgmﬂlmphntmnmga comp@Bindprepaned 3

(MtH) [err] drg;,?w oﬁh% S t%g‘ﬂw
(E)-(6R 7R) - %cjrtzc\gl f P j&%nen %Sﬁi%f an (F%l) a am o?l-g???[nfir[(B flu
or o- arly for the trea ment and prop s of mfectlous diseases.

4- hydr oxy- phenyl car banoyl ) - net hyl ] - pyri di n- 1-i um 4- yI rret hyI ] - 2- oxo-

pyrlrjol i fli {1-3-2yl i\(gle{lgamplalgug}is éd&bﬁhil étéémiaa&ﬂ | Q]ﬂﬁs 2-ene-2-
car boxyl a i el d: 0

(Merp ot P Phefieetprepirpdor rordved hohording £ fho procefé e i 8
Exanpl e Dla by anvbbious chénﬁﬁ)le(q&ﬁ;aléht thdredd.- and

-[ (S) - 2- br ono- pr opi onyl am no] - 3-( 1-

cycl opropyl net h gﬁﬂfﬂﬂ | )3:8- o- aza

b?/cycloo[ ép1y2 0] ogi}@gﬁg car%ox ac:pg odi u%é;’%ﬂl?‘g% gf‘lﬂ_

[err] to 61in the treatment and prophylaxxs of infectious diseases onfmﬂmenm on of

E) - (6R 7R) - 7nédfiyfactire lofaedieBhdeRXs MEt thd tl%a%%g]@ d)%fdiiﬂg'l%ms of infectious
oct-2-

3-yliden E%" 8 0x0-5-thi a-1-azabi cycl o[ 4 car boxyli
acid a‘?e ©80.0 mmol) in 50 nl dichl oronethane was treated with
N- et hyl - tr|rrethyIS|IyI-trlquoroacetamde(4 40 m, 24.0 mol).

After 1 h a yel | d2n The mﬂeh'compounésfibrMaﬁ@nWﬁ&e&ebraﬁm)nmthﬁd@nW

bromde (1.3 dded dropw se at O[err]C. The
reaction m x?ugéem\?/a%l F{S d%%%g

Hkk

—_—

Y




mn at O[err]C and for 3 h at roomtenperature and then concentrated in
vacuo. The oily residue was suspended in water and the pH was adjusted
to 6.8 using 1 N sodium hydroxi de solution. The resulting solution was
purified by 10 reversed-phase chromat ogf@®phy (RP-18 Li ChroPrep gel, water:
acetonitrile = 1. 0, 4: 1). Yield: 2.80 g (55.0 % | RCKBr) :
1765, 1667 cnjer]r MS(ISN): 482.1 (MNa)[err] 15 ERAND Hd 10267

M xture of (E)-(6R, 7R)-3-(1-Cycl opropyl net hyl - 2- oxo- pyrrolidin-3-ylidene-
methyl)-7-[(R)- and-

[(S)-2-(2,5-dichl oro-phenyl sul fanyl ) propi onyl am no] - 8-

oxo0-5-thi a-1-aza-bi cycl o[ 4. 2. 0] oct - Mrstrs@r boxylic acid [err] A
0.05 N solution of a m xture of (E)- (6R7RFT—[(R)- and -[(S)-2-brono-

pr opi onyl am noj - 3- (1- cycl opr opyl net hyl - 2- oxo- pyrrol i di n-3-yl i denenet hyl ) - 8-
0x0-5-thi a-1-az a’l‘hé presatitdn?epiion relkted o é’eoiﬂ'fﬁlbbl%j@ﬂﬂ GedChtlveof the %éﬂéral n
DIVBO(SOO[eé ! Wastreated wth with a 05 solution of 2,5- 25

di chl or obenz in DMSO (500 [err]l) at roomtenperature for 24 h.

M5(1 SP): 599.2 (I\/HrNH[ err])[er rl-]l The foll owi ng conmpounds were

synt hesi zed accogd] he pyoceduge descri bed above: Exanpl e D2
30 Mxture of REDYSCHRY (CHaln

(E)-(6R, 7R) - 3- (1- Cycl opr opylAet oLl i ﬂL_rp;QS yl i dene-
methyl)-7-[(R)- and- [(S)- 0

[2-(1-met hyl - 1H-tetrazol - 5-yl sul fanygb RPI Opi ONyl -
am no] - 8- oxo-5-thi a- 1- aza- bi cycl o[ 4 0] oct - 2- €ne- 2- carboxylic acid sodf um
sal t

where

10 Rl is halogen, lower alkyl, phenyl, benzyl, styryl, naphthyl or
heterocyclyl; the lower alkyl, phenyl, benzyl, styryl, naphthyl
and heterocyclyl being optionally substituted by at least one of
halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted lower alkoxy, optionally substituted phenyl, amino,

15 lower alkylamino, di-lower alkylamino, carboxy, lower alkyl-
carboxy, carbamoyl or lower alkylcarbamoyl;

R4, RS independently are hydrogen, lower alkyl or phenyl;
X is S, O, NH or CHy;
n is0,1or2;
20 m isOorl;
s isOorl;
R2 is hydrogen, hydroxy, -CH2-CONHRS, lower alkyl-Qr,
cycloalkyl-Q,, lower alkoxy, lower alkenyl, cycloalkenyl-Q,,

lower alkynyl, aralkyl-Q;, aryl-Qy, aryloxy, aralkoxy, a
25 heterocyclic ring or a heterocyclyl-Qy, the lower alkyl, cyclo-
alkyl, lower alkoxy, lower alkenyl, cycloalkenyl, lower alkynyl,
aralkyl, aryl, aryloxy, aralkoxy and the heterocyclic ring may
be substituted with at least one group selected from carboxy,
amino, nitro, cyano, -SOoNHRS, optionally fluoro substituted
30 lower alkyl, lower alkoxy, hydroxy, halogen, -CONRER7,
-CH2CONRS®R7, -N(R7)COORS, R7CO-, R7T0CO-,
R7COO-, -C(RTR?)CO2RS, -C(RTR)CONR'R19, wherein

I —
RS is hydrogen, lower alkyl, cycloalkyl or aryl;

This Sheet Hassemmplmd

Moo




-61- [err] M5(ISP): 537.3 (MtNH err])[err] Exanpl e D3
M xture of (E)-(6R 7R)-3-(1-Cycl opropyl net hyl - 2- oxo-pyrrolidin-3- 5
yl i denenet hyl )-8-o0xo-7-[(R)- and- [(S)- [2-(pyrimdin-2-ylsulfanyl)-
propi onyl am no] - 5-t hi a- 1- aza- bi cycl o[ 4.-2110] oct - 2- ene- 2- car boxyl i ¢ acid
[err] M5(1 SP): 533.2 (MFNH[err])[err] Exanple D4 10 M xture of
(E)- (6R 7R) - 3- (1- Cycl oRbapd R& atgelmﬂepmdqnﬂy hydrtigendorylomerradkyl;
methyl )-7-[(R) - and- [ ) ]-8-
0Xx0-5-thi a- 1- aza- bi cycl%‘?}?égﬁo@e@ ene ggér‘ Pail?éﬁﬁll or%{ F&Bﬁ&&h@@c’f@
MB(1 SP): 561.2 (M+-NH erprpj¢asing group; and
R10 js hydrogen, w-hydroxy-alkyl, phenyl, naphthyl or
5 heterocyclyl, the phenyl, naphthyl or heterocyclyl being
unsubstituted or substituted with at least one of the groups of
optionally protected hydroxy, halogen, optionally substituted
lower alkyl or w-hydroxyalkyl, optionally substituted lower
alkoxy and/or cyano, or R7 and R10¢ form together group of

10 formula ’/:©

Q is -CHR-, -CO- or -SOg-;
r isQorl;
is hydrogen or lower alkyl; and

R3 is hydroxy, -O-, lower-alkoxy, or -OM and M represents an
15 alkali metal;

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable
salts of said compounds and hydrates of the compounds of formula I and of
their esters and salts, as well as the preparation of such compounds, their

2 use for the treatment of infectious diseases and pharmaceutical
preparations containing such compounds.



- 62- Met hodE Exanpl e El
(B)-(6R 7TR) -3-[1-[1-[(4- wdroxy phenyl car banoyl ) - net hyl | - J/Q |n\L1)!-tn“r4q

ybnet hyl | - 2- oxo- pyrrolidi n-3-ylidenenet hyl)] - 8-oxo-7-[ 2- (Mg qug+1 yl

)- 5 acetyl am no] - 5-thi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2 car oxy ate

brom de [err] To a suspension of _.260.0 ng (0.40 nmol)

(E)-(6R, 7R) - 7-ami no-3:[ 1-[ 1- [ ( 4- e— 1 POS

hydr oxy- phenyl car banmoyl ) - met hyl ] - pyri di n-1-i um - 4-yl met hyl ] - 2- oxo-
pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

10 carboxylate trifluoroacetate in 3 m dichl oronet hane mere£added 212
[err]](0.80 nmmol) N, Obis-(trinethylsilyl)-trifluoroacet

cl ear sol ution had formed, 65 [err]l (0.80 mrol) pyriding EAQ&WEET SHEET
(0.40 mmol ) bronoacetyl bronide were added and the react{oh mixture was
"stirred for 6 h. To this solution 3 m diethyl ether and{1p [1e¥ FEB 1998
wat er were added. The precipitate was 15 filtered off, dissofved_in 250
[err]] water: acetonitrile (3: 2) and purified by rever sgd phase
chromat ography (RP-18 Li ChroPrep gel, water: acetonitrile =9 1) The
organi c solvent was stripped off at a rotary evaporator and the aqueous
phase was freeze-dri ed. Yield 110.0 ng (45.3% beige |lyophilisate 20

| R(CKBr): 1768, 1682, 1635, 1574 cnierr] M5(1 SP): 655.4 (MtHt)

-63 - : Cl ai nms

Vi : Jinon L ativ
&
The present invention relates to cephalosporin derivatives of the general
formula

H
1. ‘ 405 N s
o N S—cH= N—-R2

CORS o)

where .

Rl is halogen, lower alkyl, phenyl, benzyl, styryl, naphthyl or
heterocyclyl; the lower alkyl, phenyl, benzyl, styryl, naphthyl
and heterocyclyl being optionally substituted by at least one of
halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted lower alkoxy, optionally substituted phenyl, amino,
lower alkylamino, di-lower alkylamino, carboxy, lower alkyl-
carboxy, carbamoyl or lower alkylcarbamoyl;

R4, RS independently are hydrogen, lower alkyl or phenyl;

(¢

X is S, O, NH or CHy;

n is0,1lor2;

m isOorl;

s isOorl;

R2 is hydrogen, hydroxy, -~CH2-CONHRS, lower alkyl-Qr,

cycloalkyl-Qy, lower alkoxy, lower alkenyl, cycloalkenyl-Q,

lower alkynyl, aralkyl-Qy, aryl-Qy, aryloxy, aralkoxy, a
heterocyclic ring or a heterocyclyl-Q;, the lower alkyl, cyclo-



Ed

REPLACEMENT SHEET 1. Cephal osporin derivatives of ghe_geperal
f-or mul a [err] 5 where Rl err] i s hal ogen|RE
phenyl , benzyl, styryl, naphthyl or het er gc
| ower al kyl, phenyl, benzyl, styryl, naphthyl

het erocycl yl being optionally substi yted by at |east one ¢f
hal ogen, hydroxy, optionally substifdtéed | ower al kyl, opti¢n
substituted | ower al koxy, optionally substituted phenyl, ai no,
| ower al kyl am no, di-Ilower al kylam no, carboxy, |ower alkyl

car boxy, carbanoyl or | deylpairélidicer Capieydsporin DeninIiﬁsr] R[err]

SHEET

8°Fep 1998
v 10

I ndependently are hydrog'E'ﬁ—-—I—UvvEz'r—a'l-I'w'r‘—UT'“p'h'Lr is S, O
NH or CH err]; 15 n is O, +2f 2 ‘m is 0 or 1;

S is 0 or 1; Rlerr] &—S—F%g—hydrogen hydr oxy,

-CH err]-CONHR[ err], |ower alkyl- cycl oal kyl -Q, | ower
al koxy, '°WerT1§+ lesuehe ; £l xlgfﬁ[ué t&epr&%spmn derivatived Wt gkyandl

ar al kyl - , ary oxy, aral koxy, rocyclic ring
or a hete ‘6‘6‘& A1 -Q, the lower alkyl, cycl 0- al kyl, | ower
al koxy, | ower aIkenyI cycjoal kenyl, | ower al kynyl ,

ar al kyl , aryl,a WSY(E i arﬂl koxy g and t he heterocycl ic ring may

be substitute gnoup se (ﬁHgﬁd from carboxy, 25
am no, nitro, cyano, -S ko
| ower al kyl, | ower aIkoxy,O ydr oXy, hal oge

[ on,ahtay fluoro substituted
-CONR[err]Rerr,
-CHerr]CONRerr]Rerr], -N(R ergbr€OOR[eri], Rerr]CO, Rerr]OCO,
Rheyr]COO, -C(Rerr]Rerr])COerr]Rerr], -C(Rerr]Rerr])CONRerr]Rerr],
wher ei n Rlerr] is hydrogen, |ower alkyl, cycloal kyl or
aryl; 30 where Rlerr] and R err] are independently hydrogen or

LT IR ooy o0 sk SRy gt | ove
eterocyclyl; the lower alkyl, phenyl, benzyl, styryl, naphthyl
and heterocyclyl being optionally substituted by at least one of
halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted lower alkoxy, optionally substituted phenyl, amino,
lower alkylamino, di-lower alkylamino, carboxy, lower alkyl-
carboxy, carbamoyl or lower alkylcarbamoyl;

R4, R5 independently are hydrogen, lower alkyl or phenyl;

X is S, O, NH or CHg;
n is0,1o0r2;
N m isOori;
s isCorl;
R2 is hydrogen, hydroxy, -CH-CONHRS, lower alkyl-Q,

cycloalkyl-Qy, lower alkoxy, lower alkenyl, cycloalkenyl-Q;,
lower alkynyl, aralkyl-Q,, aryl-Qr, aryloxy, aralkoxy, a
heterocyclic ring or a heterocyclyl-Qy, the lower alkyl, cyclo-
alkyl, lower alkoxy, lower alkenyl, cycloalkenyl, lower alkynyl,
aralkyl, aryl, aryloxy, aralkoxy and the heterocyclic ring may
be substituted with at least one group selected from carboxy,
amino, nitro, cyano, -SOoNHRS, optionally fluoro substituted
lower alkyl, lower alkoxy, hydroxy, halogen, -CONRSR7,
-CHoCONRSR7, -N(R"YCOORS, R7CO-, R70CO-,

R7COO0-, -C(R'R?)CO3RS, -C(RTR9)CONRR1Y, wherein

RS is hydrogen, lower alkyl, cycloalkyl or aryl;



- 64- : protecting group; and ] i
hydr.ogen, [err]-hydroxy-alkyl, phenyl, naphthyl . (ﬁOnguwor
het erocycl yl, the phenyl, naphthyl or heterocyclyl bei ng

unsubstituted or substituted with at |east_one of the group@@f}]l 5}0[
optionally protected hydroxy, hal ogens oplsﬁonal |y substituted

| ower al kyl or [err]-hydroxyal kyl, optionally substituted | ower Dg

al koxy and/or cyano, or Rlerr] and R err] formtogether group JfP

formula [err] Q is -CHR-, -CO or -SOerr]-; 10 r
is 0 or 1; R i s hydrogen or |Glaémsal kyl: and Rl.err]
I's hydroxy, -O, |ower-alkoxy, or -OMand Mrepresents an REPLACEMENT SHEE'J

al kali nmetal; SRl t her §
phar maceut i cal | y accesﬁms il davatived/of i c?y é&éﬁl

15 salts of said Conpounds and hydra es f
conmpounds of formula | and of H their esters and salts exceptf }h 931% BEE 1399

Rlerr]- (X [err]- AIQR4CR reNerLph
t - but oxy. 2. Cephal osjjori eriyatives faCEEnd; ng to cl ai m1 vvherel n

Rl err] i s hal ogen, phenyl © ogN+Bt er ocycl yl—the-20
phenyl, benzyl, naphthyl and heterocydl yl being Ppptionally

substituted by at |east one of hal oge®ORfydroxy,ooptionally 1
substituted | ower al kyl or |ower al koxy, or am no, | ower

aI kyl am noy$ ﬁgower al kyl am no, carboxy, |ower alkyl carboxy

Q?“barm ®r® Rlerr], Rlerr] i ndependently are hydrogen, | ower

a' kyl' or phenyl B Xis halo, gen' fower M%wnﬁ%&sﬂ, styryl, naphthyl or I's
heterocy&yl the lower afkyl phenyl %enz}?l \J.'yryl naphthyl
and heterocyclyl being optionally substituted by at least one of
halogen, hydroxy, optionally substituted lower alkyl, optienally

10 substituted lower alkoxy, optionally substituted phenyl, amino,
lower alkylamino, di-lower alkylamino, carboxy, lower alkyl-
carboxy, carbamoyl or lower alkylcarbamoyl;

—+

0, or 2;

R4, RS independently are hydrogen, lower alkyl or pheny];

X is S, O, NH or CHg;
15 n is0,1lor2;
m isOor 1;
= ] isOorl; .
R2 is hydrogen, hydroxy, -CHe-CONHRS, lower alkyl-Qy,
cycloalkyl-Q;, lower alkoxy, lower alkenyl, cycloalkenyl-Qy,
20 lower alkynyl, aralkyl-Q;, aryl-Q, aryloxy, aralkoxy, a

heterocyclic ring or a heterocyclyl-Qy, the lower alkyl, cyclo-
alkyl, lower alkoxy, lower alkenyl, cycloalkenyl, lower alkynyl,
aralkyl, aryl, aryloxy, aralkoxy and the heterocyclic ring may
be substituted with at least one group selected from carboxy,
25 amino, nitro, cyano, -SOoNHRS, optionally fluoro substituted
lower alkyl, lower alkoxy, hydroxy, halogen, -CONRSR7,
-CH2CONRSER?, -N(R7)COORS, R7CO-, R70CO-,
R7COO-, -C(R7R9)CO2RS, -C(R'R?))CONRRI0, wherein
RS is hydrogen, lower alkyl, cycloalkyl or aryl;
30 R7 and R? are independently hydrogen or lower alkyl;
R8 is hydrogen, lower alkyl, lower alkenyl or a carboxylic acid

R s hydeogen Jower
\\!\\“ﬁ\\\\\&\\l&\\\\\!\\\!\\ Ao tsan

3ol L&Y



35 ) - 65- R err] S
hydr ogen, hydroxy, |ower alkyl-Q, cycl oal kyl - Q¢, | ower

al koxy, |ower al kenyl, cycloal kenyl-Q, I|ower alkynyl, aralkyl-
Q, aryl-Q, aryloxy, ar al koxy, a heteroc%§4|c ring or a
het erocyclyl -Q, the 1ower alkyl, cycloal | ower al koxy, lower 5

al kenyl, cycl oaI kenyl 0, e&k&% kyl, aryl, aryl oxy,

ar al koxy and the heterocy%ﬁ)c P g¥rm‘§f‘ subs_;tallkliopgevmg]";h pththyl or
| east one group sel ect ed RFroip bydnogey, matmﬂarexy ¥ P& &
optionally fluoro substi th'ét%@oéy@l&?rt Kényl' avsh: l"di')qyetero

hyd hal CON
SEETNCL TRE T ton vries ol et eRt Al

\lg[/her e i n . g[ | tﬁiﬂly pﬁbtb@tdddgﬂiox&,d!ﬁbgai,lqﬂhonaﬂlycs@scﬁhked
err] an err] are in :

Rl err is hydrogen, | owerdlgl Kyl o(\}/\i./eér;%}rd% ¢ og’ﬁgéﬁgg%smtuted ower
protecting group; and alkoxy andfor cyanoRQﬁ(é and/ B fum together group of

[ err]-hydroxy-al kyl, phenyl, napp Q het erocycl yl,

t he phenyl, naphthyl or heterocy IyI unsubst i t ut ed
or substituted with at | efgginudge O 2 groups of

optionally protected hydrox hal 080 o tionally substituted
| ower al kyl or [¥rr]-hydri§ +C OTrBat;l y substituted | ower

al kiey and/qr cyano, or gg%rrl] and R[err] form t oget her group of 20
formul a 1ﬁerr] s -CO or -Sgerr]-

;
is 0 or 1; RR Eﬁﬁﬂ afgky!l; and 25’ Rl err]
i s hydroxy, -0, Iower-alﬂ< d}ﬁgéﬂg‘é'&) nd repr esents an

al kali metal; R3as wel |1sd$y&r©ﬁ?l,l 40y, hrskrcalkony) & BMeand Maepdsents an
phar maceutlcally accepta }E } Lts of said conmpounds and hydrates of the
conmpounds of fornul a heir esters and salts.

as well as readﬂy hydrolyzable esters thereof, pharmaceutically acceptable
15 salts of said compounds and hydrates of the compounds of formula I and of
their esters and saltsexcept when

R'- (X);- (CR'R)u

is t-butoxy.
o 2. Cephalosporin derivatives according to claim 1 wherein
R1 is halogen, phenyl, benzyl, naphthyl or heterocyclyl, the
2 phenyl, benzyl, naphthyl and heterocyclyl being optionally

substituted by at least one of halogen, hydroxy, optionally
substituted lower alkyl or lower alkoxy, or amino, lower
alkylamino, di-lower alkylamino, carboxy, lower alkylcarboxy
or carbamoyl;

b3 R4, RS independently are hydrogen, lower alkyl or phenyl;

X is S, O, NH or CHg;
n is0, 1 or2;

m isQor1;

s isOor1;

- S REPLACEMENT SHEET
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30 *3. Conpounds according to clainms 1 or 2, wherein nis 1.

- 66- 4. Conpounds according to clains-1, 2 or 3 wherein Rerr] is
sel ected from Jthe groups phenyl, 2,4,5-trichlorophenyl,

3, 4-di chl orophenyl, 2, 5- di chl or opheny, 4-trifluoromethyl phenyl,

4- met hoxyphenyl , 4- hydroxynethylphen © 3, 4- dlnethoxyphenyl

4-met hyl -1, 2, 4- azol - |-tetr
optionally subsh{ ut ed p#llbdidﬁ 1“’21'5’??%% &yﬁ%?ﬁx‘xi@ Mowér V!
Pﬁ-nZi rr} dZZO: 22y| ﬁt Eeln:auhmgdbwbr ailkémﬂl dyalyalkeh?-Q¥ hwer alkynyl, a:ralkyk

i azol - 4-yl, napht hy cor R to any
one of clains 1 to 4 Wner%‘i ﬁrﬁ/gr,rfrxlgxy, ara?i‘t%&?%ﬁ%ﬁ?’&ﬁ\; - - or
él deroxyben\%l , pyrroli dlaheﬁ)csétlyb-lQ,atlge dopenéalkyl, cycloatisy loweﬁalkoxy, lower
; guherein alkenyl, eyl L]Ilﬁ?& ﬁler %&@}r} kyl aryl
is O or 1; 15 Rl err] '8 ﬂi 8 Ial’i' %’P’ll] ﬁ%a’f%x
al kyl, benzyl or alkyl- aralkoxy and the heterocychlce'ummggc un%shmtbdrmyh aind
Lhe heter o0ycl yl 97 OUD DSLAG one gronp selscted from carbiiy iakld, HiEd, Wang,

substituted with at | eas

carboxy or hydroxy; or |§pheﬂpﬂyrf]tmmnpbsquedrlweramlelqwetzﬂkoxy, Rlerr]
and Rierr] are as defi nedydposy, dialogen, -CONRER?, -N(RT)ODORDRICGYRIOCO-,

(B (6R TR 1 [1°] (4- BI6QRy-FRIRDCRRE, PR TRDRONETRL, Fhersia m 4.

yl mg_y”uyl ] - 2- oxo- pyrrol i dmﬁ-]yyd_zd_gem,ribmyla]mﬂ-, oxeycloplel?, 4, 5-tricloro- 25

phenyl sul fanyl) - acetyl amgao); ol 814 d8fident hdrbgen Uristres a11: 2
R8 is hydrogen, lower alkyl, lower alkenyl or a carboxylic acid
protecting group; and
R10 is hydrogen, w-hydroxy-alkyl, phenyl, naphthyl or

15 heterocyclyl, the phenyl, naphthyl or heterocyclyl being

unsubstituted or substituted with at least one of the groups of
optionally protected hydroxy, halogen, optionally substituted
lower alkyl or o-hydroxyalkyl, optionally substituted lower
alkoxy and/or cyano, or R7 and R10 form together group of

2 formula : :

o Q is -CHR-, -CO- or -SO2-;
T isOorl;
is hydrogen or lower alkyl; and
2% R3 is hydroxy, -O-, lower-alkoxy, or -OM and M represents an
alkali metal;

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable
salts of said compounds and hydrates of the compounds of formula I and of
their esters and salts.

3. Compounds according to claims 1 or 2, wherein n is 1.
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car boxyl at e
(B)-(6R, 7R)-3-[1-[ 1-} (4- Hydr oxy- phenyl car banoyl) - net hyl ] - pyri di n-1-i um 4-
yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenethyl)-8-o0xo-7-[2-(1-benzothi azol - 2-yl

sul fanyl ) - acet yl ami no] - 5-t hi a- 1- aza- bi cyEP%M. 2. 0] oct - 2- ene- 2- car boxyl at e
30 : . . <

() - (6R, 7R - 3- [ 1- £1Chtapoipds aoporting §o claigtinbyd pr Scvherein R jsselested from

yl met hyl ] - 2- O?{e %5%{5%,@%132\{4,5%!{%%% B-3s-dichlproghenyl d2,8- 4- y| sul f any

1) - AT aza- i cyel ol 4. 2. |
| 237_ acet chlorophenyl, s uoggr%ealxs(r‘lﬁﬁeg 1, LokREHhiE; 4- carboxyl ate

(E)- (6R 7R - 31lybirdrhrhatiyiphesyls sftvdimethopiphenylatimetylyl Ad trjazol iyt dr n-
1-ium4-yl met hﬁ'{]h K9 BYE L P'ﬂﬂ{&(ﬁn@.&fi%}ﬁiﬂﬂaw Jubstitubed pyrAdirium-1-yl,
-trichl oro- ethyl-tetrazoro-yl, ’ g e ino)-
phenyl sul f any|9-yhed4yy brrd-yh)benzimidazol-34. Bibepathipzolyl,#- pyridingy, (2-gmino
carboxylate 5

(E)-(6R 7R) - 3-%%?1'-‘1['%21?[%3&}110?;17’&?&2%'car banoyl ) - met hyl ) - pyri di n- 1-i um 4-

ﬁlylrrft gygioéo?g Bﬁw%ﬁéd 'S;F{Stany one of claims 1 to 4 wherein R2 is

ami no) - 5-t hi a-gha c%a?/&#,g{/g-ggﬂhouhyamme&zyhmqﬁw—yl or a group of
(B)-(6R 7R) - 3-£1- ‘é (3- Ff'tor o- 4- hydr oar y- phenyl car banoyl ) - met hyl ] - pyri di n-
1-ium 4-yl met WPEFABAoxo- pyrrol i di n-3-ylidenl emet hyl ]-7-[2- (napht
hal™¥n-2-yl - 10 N

sul fanyl ) -acetyl am no] - 8- oxo- 5- t hi a- | -azg!¥ Isl 014. 2. 0] oct - 2- ene- 2- car boxr
yl ate ' +

(EB)-(6R 7R}07- [ 2- (3, 4-Di chl oro- phenyl sul fanyl ) - agq,t rlamno]-3-11-[1-[(3-

fl uor o- 4- hydr oxy- phenyl car baoyl ) - net hyl ] - pyri di n=1 -i um 4-yl net hyl - 2- oxo-
pyrrolidin-3-yli ¢ieraehhyl] -8-oxo-5-tia-1-aza-bicyclo[4.2 .0]oct-2-ene-2-
car boxyl ate 15 1 ]

(E)- (6R 7R) - 3-[ 1- [ &Y ( 3- FI uds CHehydr oxy- phenyl car banoyl ) - met hyl | - pyri di n-
1-ium4-yl nmet hyl ] - 2- oxo- pyr r.obi dlz]g 3-ylidenenet hyl ] - 8- oxo- 7- ( 2- phenyl -

sul f anyl - acet yi ani fo) - 5- t hi V%74 bi cycl o[ 4. 2. 0] oct - 2- ene- 2- caboxyl at e
(E)- (6R 7R}23- (1- Cgaltopr Opyliwyayb%-&, trwePullyd) bdiyidrdxy alldylnbenrtylydr)alkyl-20
0X0-7-[2-(2,4,5-trichloro-p engl su fg%) - ace{ &a%mﬂ -t5-t hldai 1- azangmcgycl o]
- [4.2.0] oct - 2- ene- 2- carBSRIATEL, benzy. e Heterocyciyl group

(E)- (6R 7R) - 7-[ 2- (Benzot i azainshbgtituledaod gubstitttddawithodt Izast ong of the groups
met hy! - 2 oxo- pyrr ol | di n-3- v dydlgR iRy r iyt iy} dr'ts ACHCONERIO, Gltbrdirl)] 0

ct- 2-ene- 2-car boxylic aci
20 R7 and R10 are as defined in claim 1.
6. The compounds according to claim 1
(E)-(6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)}-methyl]-pyridin-1-ium-4-
ylimethyl]-2-oxo-pyrrolidin-8-ylidenemethyl]-8-0x0-7-{2-(2,4,5-trichloro-
%5 phenylsulfanyl)-acetylamino}-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate
(E)<(6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-
ylmethyl]-z-oxo-pyrrolidin—3-ylidenemeth3{1]-8-oxo-7—[2-(1-'benzothiazol—2-yl—
sulfanyl)-acetylamino]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate
30 (E)-(6R,7R)-3-[1-[1-[(4-Hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-7-[2-(pyridin-4-ylsulfanyl)-
acetylamino]-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylate
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2
25 (E)-(6R:7R)-3-[1-(3-Hydroxy-benyl)-2-oxo-pyrolidin-3-ylidenenet hyl]-8-
0X0-7-[2-(2,4,5-trichl oro-phenyl suf anyl ) -acet yl-am no] - 5-thi a- 1- aza-
bi cydol[ 4. 2. O] oct - 2- ene- 2- car boxyl i c acid
(E) (6R, 7S) - 3-[ 1- ( 3- Hydr oxy- benzyl ) - 2- oxo- pyrrol i di n- 3-yl i denenet hyl ] - 8- oxo

7 [ 2- napht hal en- 2- vyl sulfanyl) acetyl ani no] 5-thia-1-aza-bicyclo[4.2.0]oct-2

- ene- 2- . eth R
and -[(9).2. ﬁ’#g}% ﬂgﬁ@}uofoﬁﬁbﬁ %h@ﬁyic&i-béﬁﬁylbﬁ(h Wkpytidid-R) -
yl i denenet Ryiym: '(UZ"ZPBST?IF %W@dﬁﬁ M'isa?ﬁﬁ'? %éé?;ﬂl Ao - 5-
thia-1-az a‘ﬁ'ﬂ es.ﬂuaatt-hﬂa-sﬁmyclo{mZ:IOmetﬁ i de.
(E)-(6R, 7R)- - -[ 20xo[13]b|pyrrolld|nlyl) 3-ylidenenethyl]-7-(2-
pheyl sul f arf#F am no)-5-thia-1-aza-bicyo-[4. 2. 0] oct - 2-epng- 2-

car boxyl cac (E)-('&Eﬂﬁb#ﬂ-ﬁlr—[EH4(Hy®oxya:henylcarbamoyl)-methyll-pyndm— 1-ium-4-

-68- q. S, -acetvl-

(E) (6R, 7R) Ymethyl-Foxp-prpohdin r?e?ghﬁiesl?ﬁ’?%tr?f 8 °xgt7 (2-phen lsulfany% 2557 vor o-
4- hydroxy- qmatq)+53bhlaalraya-jbl 9h412. Qloet-dremer F@ﬁ%%g’ %?et hyl ] - 2- oxo-

pyrrol i di n- 3rih (&R metyes-Mit1-1@- PP&%r&ﬁMﬁnin@tbbﬂo@lmmma‘ 2-

car boxyl ate

(B) - (6R 7R -mmd-glmethlbgxorprelisip-Botidsnemetby s 2 Raphthplen-2:y1-
( napht hadengyhfan Ak hbaty¥arhires)<8-yk6i6ithid-1azaxbicyeloid.2.0lectz2rebe carbpxyiate] oct

-2~ 2- | (F1. f

t hé=franuf act Jﬁi‘rr(@ﬁ*?#ﬁé%ﬁ%%&%?% B %%%%‘S‘Y poinal f HEASES 2

1 to 6, whifthomrédosiro xy)-mhenylmrbamoyb)}me Mgldancb?ﬁiécﬁra &Dﬁb’%r

formila Il ﬁﬁ%ildm-&yhdenemeth?l]‘mbf&5-thla- 1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate

(E)-(6R,7R)-3-[1-[1-[(3-Fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-
1-jum-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl}-8-0x0-7-(2-phenyl-
sulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylate

(E)-(6R,TR)-3-(1-Cyclopropylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl)-8-
0x0-7-[2-(2,4,5-trichloro-phenylsulfanyl)-acetylamino}-5-thia-1-aza-bicyclo-
[4.2.0]oct-2-ene-2-carboxylic acid

(E)-(6R,7R)-7-[2-(Benzothiazol-2-ylsulfanyl)-acetylamino]-3-(1-cyclopropyl-
methyl-2'-oxo-pyrrolidin-3—y1idenerhethyl)-8-oxo-5-thia—l-aza—bicyclo[4.2.0]oct-
R 2-ene-2-carboxylic acid '

(E)-(6R,TR)-3-[1-(3-Hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-
oxo—7—[2—(2,4,5-trich1oro-phenylsulfanyl)-ace_tylamino]—5—thia—I-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

(E)-(6R,7S)-3-[1-(3-Hydroxy-benzyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-8-oxo-
7-[2-naphtha1en—2-ylsulfanyl)-acetylamno] -5-thia-1-aza-bicyclo[4.2.0]oct-2-
ene-2-carboxylic acid

Mixture of (E)-(6R,7R)-8-0x0-3-[(R)- and -[(S)-2-0x0-[1,3']Bipyrrolidinyl-3-
ylidenemethyl]-8-0x0-7-[2-(2,4,5-trichloro-phenylsulfanyl)-acetylamino}-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid hydrochloride.

(E)-(6R,7R)-8-0Ox0-3-[(R)-2-0x0-[1,3 Tbipyrrolidinyl-3-ylidenemethyl]-7-(2-
phenylsulfanyl-acetylamino)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylicacid hydrochloride (1:1)
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g
15 Rlerr] and n are as defined in claiml; Rlerr] is hydrogen
or trinethylsilyl; and Rl err] is hydrogen, benzhydryl,
p: met hoxybenzyl , t-butyl, trinethylsilyl or allyl or salt thereof,
with a carboxylic acid of the general f¢ la 11l [err]
which Rlerr], X, s, Rerr], Rerr] and mare as_defined jn clﬁf&%}and Yis
- OH, or(Ea-(GB;ﬂa)ﬂﬁEZ-KdeB:chmb-plmwlmﬂfam T-pegty] Sy 0ro-

conpounds of 4 f rethl) eriln ili’tiﬁ:x@-%lmaﬂx J-2%xecnpound
havi ng the for \# err (%ﬁ e| n rL 7 R err]
and Rlerr] aPETa yHrioxe:p-thiasdaza-bicyclo4. Ebf ?r%‘ggeﬁ
vmlthhaln ?ppl’%lo E_téhl ol or t[n ol ate or an appropri at eegfl cohol or
al cohol at e e a
“69 - (PR i e eord e Briith 3?9??%ys;%r§a‘f§2er of_a
conpound of (rephthalen-1-ylsulfanylpacétylaminodBoscybitbiardragackicyeota2locttZ a
correspondl n or the manufacture of salt or
hydr at es gnégn%gh%% é‘ﬁ(‘%’or rmfiazq‘i ﬁ*)/ldbat es of said salts
converti n§ a conpound of formula I |nto a salt or hydrate or into a

_7. Process for the manufacture of the compounds prepared according to

any one of claims 1 to 6, which process comprises

N (a) treating a compound having the formula II

REPLACEMENT SHEET
RYHN
(CHaln
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COORSY fo)
in which
15 R2 and n are as defined in claim 1;

Rf is hydrogen or trimethylsilyl; and
RE2 is hydrogen, benzhydryl, p-methoxybenzyl, t-butyl, trimethylsilyl or
allyl or salt thereof,

with a carboxylic acid of the general formula III

R1-(X)s-(CR*R®)m YY
o III

in which R1, X, s, R4, RS and m are as defined in claim 1 and Y is -OH,
or a reactive functional derivative thereof.

(b} for compounds of formula I wherein X is S, O or NH, by treating a
25 compound having the formula IV

b CAR,_N o, | IIARTIRIA D

CORY © IV
0 wherein R4, R5, m, R2 and RE are as defined above and Hal stands
for halogen, '
with an appropriate thiol or thiolate or an appropriate alcohol or alcoholate
or an appropriate amine in the presence of a base,

Oun




¢
hydrate of 'said salts. 8. A pharmaceutical preparation
contai'ning a conpound prepared according 1Q to-any one of clains 1 to 6 and

a't herapeutically-inert carrier, particularly for the treatment and
prophyl axi s of infectious diseases. 9. Conpounds prepared
according to any one of claims 1 to 6,- $henever prepared Prepared

according to the process clainmed in claim8 or by an obvious 15 chem cal
equi val ent The use of the conpounds as clai ned

in any one éﬁéﬂeﬁ{e}@a&uﬁsm? of rea%ii(i_jf hyidepisable sstevfofza eempound:of formula
compounds. 1 SIHHIG Briacboky B el B ShaviTa o Semponding, Fitgrioaton, o
descri bed herein.
5  (d) for the manufacture of salt or hydrates of a compound of formula I or hydrates
of said salts converting a compound of formula I into a salt or hydrate or into a

hydrate of said salts.

8. A pharmaceutical preparation containing a compound prepared according
10 to any one of claims 1 to 6 and a therapeutically inert carrier, particularly for the

treatment and prophylaxis of infectious diseases.
_9. Compounds prepared according to any one of claims 1 to 6, whenever
prepared Prepared according to the process claimed in claim 8 or by an obvious

15 chemical equivalent thereof.

10. The use of the compounds as claimed in any one of claims 1 to 6, for

preparation of a medicament for treating and preventing infectious disease.

d 20 11. The novel compounds, formulations, processes and methods substantially

as described herein.
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