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Cephal osporin PyfidiniumDerivatives The present i nvenﬂggé-&elgipeééﬂcj"o
cephal osporin pyridiniumderivatives of the general fornmula | [err]

weretn R o FEOFFRANRIER ROVAE AGOCH QYA) Bakt/Switzefhild |

X is CH or s 0 or
1, Rl err] I s hydr ogen, Iomer aIkyI [err]-hydroxy al kyl, benzyl
or | ower al kyl - het erocycl yl, the benzyl and the heterocyclyl
group bei ng unsubstituted or substituted with at | east one
of the groups am no, cyano, carboxy, hal ogen, hyRANWA10/258"
al kyl, | ower alkoxy or -CONRlerr\, R being hydrogen or |ower

alkyl; or Rerr] is -CHerr]CONR err]R err]; wherein Rlerr], Rerr]

are i ndependently hydrogen, [err]-hydroxy-al kyl, phenyl,
napht hyl or heterocyclyl, the phenyl, naphthyl or

het er ocycl yl being unsubstituted or substituted with at | east
one of the groups of optionally protected hydroxy, hal ogen,
optionally substituted | ower alkyl, optlonally substituted

| ower al koxy, [err]-hydroxygh 58h Derivatives

The present invention relates to cephalosporin pyridinium derivatives

of the general formula I
;( (CHen N
HN "\;' ci={_ N (CHZ)m-Q
5 CO; éz I

wherein
R1 is hydrogen, lower alkyl, cycloalkyl or acetyl;

is CH or N;
n is0,1lor2;

10 m isOor1;

R2 is hydrogen, lower alkyl, o-hydroxy alkyl, benzyl or lower

alkyl-heterocyclyl, the benzyl and the heterocyclyl group
being unsubstituted or substituted with at least one of the
groups amino, cyano, carboxy, halogen, hydroxy, lower
15 alkyl, lower alkoxy or -CONRg, R being hydrogen or lower
alkyl; or R2 is -CHoCONR4R5; wherein |
R4, RS are independently hydrogen, w-hydroxy-alkyl, phenyl,
naphthyl or heterocyclyl, the phenyl, naphthyl or
heterocyclyl being unsubstituted or substituted with at least
20 one of the groups of optionally protected hydroxy, halogen,
optionally substituted lower alkyl, optionally substituted
lower alkoxy, w-hydroxyalkyl and/or cyano;
or the groups R4 and RS
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or the groups R4 and R5 - 2-
formtogether a group of formula with the proviso
that mis 1, when the pyridiniumring Ais_.g_ a
pyridinium4-yl; 5 as well as readily hydrol ysabl e esters thereof,

phar maceutlcally accept abl e salts of said compounds and hydrates of the
conpounds of formula | andosm together prgroppepki oxplag) ¢ s. ' I n
above conpounds of formula ubstituent in position 3 can be 10
present in the E—form(forﬁ@@ or inthe Z-form(formula Ib) [err]

The pyridiniumring is attactfe n 2, 3 or 4 position to the 15

cephal osporin noiety. with the ﬁrcihﬁﬂﬂm&ﬁiiﬁlewh@ﬁlﬁhwpyﬁﬂm&mﬁﬁ@mfsds

of formula | nis 1. Mor eoyver’. R1 )L’P( ferab1y hydr ogen or cycl opentyl
and Rlerr] is |ower alKkyl a[PJHd }droxy al kyl , benzyl, the benzyl

0 R ST S i s g
al koxy or - Ceripafrgaid roppownds m é empoun S°f§9’€¥1 %Blaﬁd of

substituted Wi QRErLENERRAIG OUPS cyano, carboxy or hydroxy. Exanpl es
of especially preferred R err] are nethyl, ethyl, 2-hydroxyethyl,

benzyl, 2,3 or 4-hydroxybenzyl, 2,3 or 4- cyanobenzyl 2,3 or
4-car boxybenzyl In above comp dhn&%toﬂfoeﬁi‘iﬂa Iﬂ&rets@dmennﬁncpdstﬁndm Bocsrsbe

o - ot or 1} caRppa e frroRpE Uk SBTRR AR e b TR B " T gt

and R5 represents an optionally ., (CH2),,
A NS Ia

p
s N, b
g A (CHz)pn

The pyridinium ring is attached in 2, 3 or 4 position to the
15 cephalosporin moiety.

Ina parﬁmﬂér embodiment of the compounds of formula I n is 1.
Moreover Rl is preferably hydrogen or cyclopentyl and R2 is lower alkyl, w-
hydroxy alkyl, benzyl, the benzyl group being unsubstituted or substituted
with at least one of the groups amino, cyano, carboxy, halogen, hydroxy,

20 lower alkyl, lower alkoxy or -CONRg, R being hydrogen or lower alkyl,
preferably substituted with one of the groups cyano, carboxy or hydroxy.
Examples of especially preferred R2 are methyl, ethyl, 2-hydroxyethyl,
benzyl, 2,3 or 4-hydroxybenzyl, 2,3 or 4-cyanobenzyl, 2,3 or 4-carboxybenzyl.

In yet another particular embodiment R2 is -CH2CONR4RS5. Especially
2% preferred compounds of formula I wherein R2 is -CHoCONR4RS are the
compounds wherein R4 is hydrogen and R5 represents an optionally
substituted phenyl, for example, hydroxyphenyl, 2-fluoro-4-hydroxy-phenyl,
3-fluoro-4-hydroxy-phenyl.

The compounds of the formula I are preferably in the Z-form at the
30 oximino group and E-form for the substitutent in position 3.



substituted phenyl, for exanple, hydroxyphenyl, 2-fluoro-4-hydroxy-phenyl,
3-fl uoro-4-hydroxy- phenyl . The conpounds of the formula |I are
preferably in the Z-format the 30 oxi mnogroup and E-formfor the
substitutent in position 3.

- 3- As used herein, theter "l ower _al kyl" fers . to bo
strai ght and Agrugednbereinathe topm gﬁiﬁl 8%56 M &r?éldl to 8
and pref er abp¥ariched chdindsstaratsd B dﬁ’fcarb@ﬁ g@dﬁﬁ@ lh%,vuﬁ@ll"w 8 agidhyteferably 1

n- propyl, ro rtiar, :g y The term
T wer” al koxgh 4erbyn atoms 1% cxrmmRlR, TeERE ATk proTepYReisoRERPYL TOLATY
above. butyl dhd theliker m "cycl oal kyl " is neant a 3-7 nenbered saturated
car bocyclic noi ety, for exanple, cyclopropyl, cyclobutyl, cyclopentyl

| ohexyls, et " '
CO) ShexY o The togm opBk BSOS o056l i kP UL 0t

| oner al kyl as abever al koxy as defined above and | ower al kyl or | ower
al koxy substituted with at | east one of hal ogen, especially fluorine,

for exanple, f | UBfytlR! terim "éyclddlkgT Oi¥BinBiht a 3-7 lewibicied Bdturated carbocyclic

byl oxy ot yl® ?typghé gsnvlﬂﬁf°rczgxa%%%%difc%q?aﬁwwcwméxsme

15 1- am noet hyl , 2-am noet hyl, 1-nmethyl am noethyl etc. y the
term"[err]- hydrByyl:haIﬁeyhi "optm@lyt substituged lawer allgl, optionakiv substlameﬂ

groups w4.h [ n re,
for exanple ﬂ)ﬁ%&gox tzé P&H&Z’F%OQQ%EW ?aﬂt%ir %)ngr opyl &p?gb%znaéll_:oxﬁ
1, 3-di ol - 2- yas da qvelaél loyrer alkybor dower alka with at degsti ane
:)f gﬁﬁgab:r LGP‘%&% 2 Ies é@léirl’lyaﬂuonned%f Bﬁﬂm?g@Vﬂuéﬁfeitﬁbtﬁﬁt %ﬁfﬁibrranfet(}:.il E I
- y | | i di nyl,
o1 per 1 di ny! . pgroeth nfb Toghiaihs pF hydroxg, fox smgle; ryaaxyebiyl, -
tri azFI yl, fthbdfmgiméthylkpmbamol,slmol-myiawla;mno or aﬂxﬁml yoy feit examziﬁf ?1,
Exanpl es enz et er { at |least one of the
gr oups of]g n%r’?&m% r&ﬁnfi % o%@h ah@éﬁ %lb%gwll%er al kyl, | ower
By the term "w-hydroxy alkyl" is meant straight chain or branched

alkyl groups with hydroxy-substituted terminal carbon atoms. Such groups

are, for example, hydroxymethyl, 2-hydroxyethyl, 3-hydroxypropyl, propane-

1,3-diol-2-yl, and the like.

(€ (I)

20 By the term "lower alkylheterocyclyl” is meant a lower alkyl group as
defined above substituted by a 4-, 5- or 6-membered heterocyclic ring, for
example, azetidinyl, pyrrolidinyl, piperidinyl, pyridinyl, pyrimidinyl,
pyrazidinyl, imidazolyl, triazolyl, tetrazolyl, thiadiazolyl, isoxazolyl, .
oxazolyly etc.

P33 Examples of "benzyl and heterocyclyl substituted with at least one of the
groups of amino, cyano, carboxy, halogen, hydroxy, lower alkyl, lower
alkoxy or -CONRg, R being hydrogen or lower alkyl" are 2-, 3- or 4-
cyanobenzyl, 2-, 3- or 4-hydroxybenzyl, 2,4-dihydroxybenzyl, 3,4-
dihydroxybenzyl, 2-, 3- or 4-carboxybenzyl.

30 Examples of "phenyl, naphthyl or heterocyclyl unsubstituted or
substituted with at least one of the groups of optionally protected hydroxy,
halogen, optionally substituted lower alkyl, optionally substituted lower
alkoxy, w-hydroxyalkyl and/or cyano" are 2-, 3- or 4-fluorophenyl, 2-, 3- or 4-
chlorophenyl, 2-, 3- or 4-hydroxyphenyl, 2-, 3- or 4-methoxyphenyl, 2-fluoro-4-



al koxy or -CONR[err], R being hydrogen or |ower alkyl" are 2-, 3- or 4-
cyanobenzyl, 2-, 3- or 4-hydroxybenzyl, 2,4-di hydroxybenzyl, 3, 4-

di hydr oxybenzyl, 2-, 3- or 4-carboxybenzyl  4.30 Exanpl es of "phenyl,
napht hyl or heterocyclyl unsubstituted or substituted with at |east one

of the group opt | 1 prote hydy oxy, al oge pt i gnal Yo
substituted | PXYP 9!13’ 1?19"&9 ?HY]e@’Flﬂkg 4 ﬂ&@r& %eny
[err]-hydr OXMﬁbthdx%ﬁ&ﬁy@roﬁyphénylaG%Horo-l-hyﬂro&yiahaﬁybahdrtﬂe hRe 3- or 4-

chl or ophenyl - or hydr oxyphenyl, 2-, 3-" or nethoxyphenyl
2-fluoro-4

hydroxyphe;]yl 3%%% RI}‘&P%?E}SH’&RW“%WSF%@Q Wym h% Thygroxy
met hoxy- 4- hy chrokegted with, Srodnamples yahdmelﬁ YSIIJB'& t—buty-

The t

or ot ect 64 %’fi"ﬁm#*%gﬁe‘f Sl Rrpk Ol 6F RSy AHEREL erop,
5 di net hyl S|I9¥ex @n?Pﬁoﬂﬂ r@@c’ék?-l or refers to an ester
group, for exanpl e, phosphate, sul fonate and the Iike. As

used Per ein thmﬁlsztya iHerbdry "pnsﬁaha&hﬁcé]ajr ta%cepl%%flé”salﬂ@"tds:etful in this

i nvention include.sal.ts.,deriv rom nmoni_um sa

quat er nary ar’rﬂﬂﬁ?ﬂﬂ?s‘ﬁ‘f’lﬁ%ﬁ% &W?t@h]%a@(?s% onjhm falty 4 10
salts. Exanplcpmtefnmémm@mntsﬂlts; dbmvedrfeommnierbasesl dandamine adidal i

e e e Yo

Exanpl es rom Qrgani c
i ncl ude t et r Mnetaly) fornexample, lithipm (hi adhand petassium (K+).

(N+(CH[ er r] Ciitserh éseéfhﬁatéiﬁ% |a{1ﬁh{8ﬂi QﬂerHéﬂ%d from organic bases
] Al M el I LCHR Wgss i s
ge [) i vedI f rom(Nﬁ(@&EzCH@).m)Jé)enabrlmmethylahmtnyimnr(M(ﬂieﬁsCHzo«ﬁlIB%),

i benzyl agg n -
i nes” o B ihetbistmShinn SR AR RCHRCH AR, 863 the ke Thloce salts
argi ni ne or |desived ﬁﬁmtalmnessmehuﬁ B&ltpr\ﬂﬁhrNdethalplpemthnayprmne;l des,
20 sulfates, &b Shy1_hedi %‘ Iﬁmﬁ?& br dialk; 1
As readily h ‘135&?%1 o, MY WifEnzle B 1k h
B et e rish smde b ook s B pla it mit o
exanpl e, the adgiiinBoos Iybine! TFrukthed &ﬁ%ﬁﬁnbréﬂré@%alﬁérﬁeoﬁydﬁ%lﬂbﬁdes

convent i ot SEyfstes %ﬁg%Dn%@wﬁa&%%ﬁgﬁo&%”%eSt B inde g e of the 29
As readily hydrolysable 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
hydrolysable ester groups. Examples of such esters, which can be of the
25 conventional type, are the lower alkanoyloxy-alkyl esters (e.g., the
acetoxymethyl, pivaloyloxymethyl, 1-acetoxyethyl and 1-pivaloyloxyethyl
ester), the lower alkoxycarbonyloxyalkyl esters (e.g., the methoxycarbonyl-
oxymethyl, 1-ethoxycarbonyloxyethyl and 1-isopropoxycarbonyloxyethyl
ester), the lactonyl esters (e.g., the phthalidyl and thiophthalidyl ester), the
30 lower alkoxymethyl esters (e.g., the methoxymethyl ester) and the lower
alkanoylaminomethyl esters (e.g., the acetamidomethyl ester). Other esters
(e.g., the benzyl and cyanomethyl esters) can also be used. Other examples of
such esters are the following: (2,2-dimethyl-1-oxopropoxy)methyl ester; 2-[(2-
methylpropoxy)carbonyl]-2—penteny1 ester; 1- [[(1-methylethoxy)carbony1]oxy]
3 ethyl ester; 1-(acetyloxy) ethyl ester; (5-methyl-2-0x0-1,3-dioxol-4-y]) methyl
ester; 1-[[(cyclohexyloxy)carbonyl]oxy] ethyl ester; and 3,3-dimethyl-2-




acet oxynet hyl , pival oyl oxynet hyl, 1-acetoxyethyl and 1-pival oyl oxyet hyl
ester), the |l ower al koxycarbonyl oxyal kyl esters (e.g., the nethoxycarbonyl -
oxynet hyl , 1-ethoxycarbonyl oxyethyl and 1-igopropoxycarbonyl oxyet hyl
ester), the lactonyl esters (e.g., the phthalidyl and thiophthalidyl

ester), the 30 Io r al kox hyl esters thox thyl es
and the | owepXobuty; Ieﬁﬁfei ﬁ’;ﬁ @&W &’("éeé’? L%‘Eﬁ d‘bﬁé”(“%ﬁ&t |
ester). O heth@i'é@dﬁ hydréfysﬁble éét@ré)ﬁflﬂ!é c@!ﬁ@oﬁndsmf&hb)ﬁreseﬁﬁim@entﬁn 64 o

be used. G h r such ester are t he fpl
(2, 2- di met hyP® HE%WH (cgmpo tlop a.&ple, at the

met hyl pr opoxymﬂyog!;du]pﬁl pesitiony1 oesmm othbr[qa(rboxueglnqmm hoxy) car bonyl ] oxy]
35 ethyl ester; 1-(acetyloxy) ethyl ester; (5-nmethyl-2-oxo0-1, 3-dioxol-4-yl)

met hyl eswrh&féﬁé&%ﬁhﬁ%‘ﬂﬂd&&’f&%ﬁfﬁ‘!'ﬁ%ﬂe et hyl ester; and

33d|rrethl ‘5 .

oxobutyl ester. It wll be appreciated by_.thqgse. of prdr na Ki |, e
ot that o (ERIRCEHDEG rbiptipaok il oo agingh (N 1-
present i nVeD1J[@h?di’oxy—phbﬁyl‘cﬁtﬁ&dm@l)—ﬁeﬁhﬁﬂ m&i@mﬂ-lﬁhﬁkipylﬁiebﬂyﬂ 2-0x0-

conmpound, for_e ot her
ca ?E ogy g rou Byn)'(o 'Ygfingpre&}y ggﬁ%‘ﬁ ﬁa@gﬁﬁu gﬁ? %?ygfq[& %@]oﬁﬁgeﬁlg&

(6R, 7R) - 7- [ ( Zarboxy2ateri no-t hi azol -4-yl) - 2- hydroxyr m no-acetyl am no]-3-[ (E) -
1-

[ 1-[ (4- hydr oxy- phenyl car banoyl ) - net hyl ] - pyrr di zﬂ DI met hyl ] - 2- oxo-
pyrroI|d|n3yI|denerretrB/I] 8-o0xo0-5-thia-1 bi c [420]oct 2-ene- 2-
car boxyl at e

(6R 7R) - 7- [( Mﬁ[l 2, 4] t hi adi aXol - -yI) 2- hydroxyi m no-

acetyl am no] - 3 [ car banoyl ) -nmet hyl ] - pyridin- 1-
i um 4-yl met hyl ] - 2- oxo-Qyrr ) L di [ nmet hyl ] - 8- oxo-5-thi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2-ene- &
[err] 10

(6R,7R)-7-1(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimino-
acetylamino]-3-[(E)-1-[1-[(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
H
1Yo
— .

-OH N*
HaN._N B H / °
D¢ )/SrN S —
SN ‘Ef N
% N\g\/E; .
o -
CO» o
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl1)-2-hydroxyimino-acetylamino]-3-[(E)-1-
[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyll-pyridin-1-ium-4-ylmethyl]-

2-o0xo0-pyrrolidin-3-ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate




15

(6R, 7R -7-[(2)-2-(2- Ami no-t hi azol - 4-yl) - 2- hydr oxyi m no-acetyl am no] -3-[ (E) -
1- -6-

[ 1-[(3-fluoro-4-hydroxy-phenyl carbanoyl)-nethyl ] -pyridin-1-ium4-yl rrethyl]

2- [idi 3-vlid t hyl 8- 5-th bi.cycl 4.2.0 t
Sy e k@kynmx [ S A nd 11 2 Ui hiadiancl gyl F hydsdayigtino- O O

EgrRr ]7R) (2 am1n5 Ao] -3- [(E)-1-[1 [(3-ﬂu05'o—4- P'dro gheﬁ lcarbamoyl)—methyl]—

: -7- - 2= m n i adi azol.: 3- -

acet yl ani no]j 123"'{ yl '1‘“?‘12131 ' 59%0 q}@np# h\%ﬁ?éﬂ?é{ﬁ%’y%*ﬁgtq&‘ﬁa 1-
pyridin-1-i uma-mbydbwzm&menpga-mbmlata- 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 F

[err] H2ZN N  WOH HO~== - O 5

(6R 7R)-7-[(2)-2-(2- Am no-t hi azol - 4-yl)-2- hydroN ~@ldet yl am no] - 3-[ (E) -
1- [ 1- [(3 chl or o- 4- hydroxy phenyl car bam)y ]-pyridin-1-ium4-

yl met hyl ] - &rol H- 3-yl i denenet hyj+N8- cﬂo 5-thia-1-aza-
bi cycl o[ 4. 2. 812%&( 2k||car boxyl at e

err
EGR ]7R) 7-1(2) - 2- (i‘lAnﬂlo tl |Mﬂ- - hydr oxyi m no-acetyl am no] -3-[ (E) -

5 cof
(6R,7TR)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
[1-[(8-chloro-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

Cl
- ﬁn{}m
Y
) Lpua
10 cof

(6R,7R)-7 -[(Z)-2-(2-Am1no-th1azol-4-yl)~2-hydroxyimino-acetylam.ino]-3—[(E)-.1~
[1-[(4-hydroxy-3-methoxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4- ’
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-

bicyclof4.2.0]oct-2-ene-2-carboxylate
OCHs

e

-OH N*
i P
-0

(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-3-ylmethyl]-
2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate



[ 1-[ (4- hydr oxy- 3- met hoxy- phenyl car banoyl ) - net hyl ] - pyri di n- 1-i um 4-
yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-o0oxo0-5-thia-1-aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e -7-

OCH3 H

[err] .15

(6R 7R)-7-[(Z)-2-(2- Am no-t hi azol - 4-yl ) - 2- hydr oxyi m no- acet yl gm no] - 3-[ (E) -

1- [1-[(3-fl uoro-4- I}y_dOny phenyl car bano yI = thyI] prr

1-ium 3-yl mety OH

2- oxo-pyrrolidi ‘rTi Het hyl L- 8- oxo- 5- th| aza | cyc 4.2.0] oct-2-en

e- 2- car boxyl —,(L -7- [err]
har

The invention also relafes t ce t| conposi t i ons and net hods of
use of the above. f formula | as well as their
salts and readily 5 hydrol ysabl ec sters c@n be hydrated. The hydration can

be effected in the course of t manuf act uri ng process or can occur
gradual |y as a r ¥helinvention alsgrnelatesite phammacewticalicompositiong and methods
anhydr ous pr BF]EE fthe bove. 'he conpounds of the present invention are
useful as antibiotics aV| ng potent and broad antibacterial activity,

especi ally again met hi ci | 10 resjstant. st h | ococci { VRSA),

ent erococci and &i‘@  of formula a8 well @s ¥‘l' ﬁ%ﬁ@&‘fiﬁ?ﬁs‘@% th the

i nventionsca Prﬂﬁolyﬁéblei?&ters et be hiyeirhted. "Thie hydration can Behefféctedinfthe

phar maceut| C ZouiieSHPHY bR 8£unng process or can occur gradually as a result of
hygroscopic properties of an initially anhydrous product.

The compounds of the present invention are useful as antibiotics having
potent and broad antibacterial activity, especially against methicillin-
10 resistant staphylococci (MRSA), enterococci and pneumococci.

The products in accordance with the invention can be used as
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

15 agents, such as water or isotonic common salt solution.

Depending on the nature of the pharmacologically active compound the
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

20 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,
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

25 2000 mg can be contemplated.

Representative compounds of the present invention were tested.

In vitro activity was determined by minimum inhibitory concentration
in a microorganism spectum by the agar dilution method in Mueller Hinton
agar.



parenteral adm nistration, and for this purpose are preferably nmade into
preparations as |yophilisates or dry powders for dilution with customary 15
agents, such as water or isotonic conmon sakt sol ution. Dependi ng
on the nature of the pharnacol ogically active conpound the

pharmaceutical preparations can contain the conpound for the prevention

and treatnent of The following enmspewnds wenediesteds, human and non- human, a
dai | y dosage of about 10 ng to about 4000 ny, espeC| ally about 50 ng to 20
about 3000 nma: (6R, 7R t@-Aﬂﬁﬁ -thfiafolci-HBE hﬂﬁoh@ce% Iam1no]—3-

ot ho %%r@-i‘ﬁuﬁ%ﬁs SORT ey earﬁe&%ﬁir %ﬁgﬂp"” rLatE- %ﬁmbai’ﬁﬁme
dai |y dos age oxdpyreolidira8nylidericmnetthyl 18 wxo5rthin- eza-bicyclafd.2 Oloctv2-dnd-2ver

sever al S ver age single dose of about 50 ng, 100 ny, 250 nyg,
500 nmg, 1 o°ﬁﬁﬁ\°§ﬂ8t§5 2000 ng can be contenpl at ed.

Represent ati ve conpounds of the present | nvent I on were tested. I n
vitro activit Pﬂ’l‘éﬁ% - a
m cr oor gani sr]r?lscggg?u?ﬁ%zz %g agar dl?. %61&4&1 I\/gh —(iimt a tfyIl
agar . amino]-3- [(E)-l {1-[(4- ydroxy-p eny carbamo yl]-pyri -lumd-
fol I owi ng CO 13/21 bRo-pseidlitlin-3-ylidénemethyl]- 8-oxo-5-th1a-1-aza-blcyclo[4 2.0}
(6R 7R) - 7- (4) édé g rle zol - 4- yI) 2- hydr oxyi mno- acet yl am no] - 3-

[ (E)-1-[ 11 ( Fhcdr ¥ o-FRey 8k panoyi ) - rrethyl] pyridin-1-ium 4-yl nethyl]-2-
0Xo0- pyrrolldln 3-ylidenenet hyl ] -8-0x0-5-thia-1-aza- bicyclo[4 2. 0]oct 2- ene-

2- 5 b
(6R 7R;:ar7 F?%E) IRy lﬁz)- -(%m tgéia%‘zo%—yg—%hydgo ro>?§/?m 0- acet yq
ani no] - 3- [ (EX 1f[(&ﬂmmcby§mp &R, lym;no methyl-pyridin--ipmrd

yg]rr?t %I Lct gL I]Qa?%?M&ﬁ%?ﬁ%ﬂ&ﬂetﬁyﬂl@&oJsbt}ﬁall-ﬁiﬁ-ﬁéfdm 0]2
(6R, 7R) - 71§ ( 2Ft i go’Eﬂ?&%ol 4-yl) - 2- hydr oxyi m no- acet yl ami no] - 3-

[(B)-1-[1- [(3 fl uoro 4- hydr oxy- phenyl car banoyl ) - net hyl ] - pyri di n- 1-i um 4-
yl met hyl ] - i den | aza-hic 4.2.
0]- 15 oct- 23271@%632‘7] 5@?8‘?3@9)““’” T2, HthiadiaféRs 31} droRfRaml o4 &ed-
aminol-3-[(E)-1-[1-[(8-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-
ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-
20 bicyclo[4.2.0]loct-2-ene-2-carboxylate

E: (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-

[(E)-1-[1-{(8-chloro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-

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

F: (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-

[(E)-1-[1-[(4-hydroxy-3-methoxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-

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

G: (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-

[(E)-1-[1-[(3-fluore-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-3-

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

The antibacterial Spectrum appears below:
MIC : Minimum Inhibiting Concentration Values



D (6R 7R)-7-[(2)-2-(5-Am no-[1, 2, 4]thiadi azol -3-yl)-2-hydroxyi m no-acetyl -
am no]-3-[(E)-1-[1-[(3-fl uoro-4-hydroxy-phenyl car banoyl ) - net hyl ] - pyri di n- 1-
i um 4-yl met hyl ] - 2- oxo- pyrrolidin-3- yI|denen9thyI] 8- oxo0-5-thi a-1-aza- 20

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxylate

6R, TR -7-[(2) - 2-( 2- notha -4- - 2-hygro nQ-acetyl am noj - 3-
E(E)-l?[l-%g32chlgroﬁ 44V WK‘E#%%& 3 W# gureys -}um4-

yl met hyl ] - 2- oxo- pyrrolidin-3- yI|de1enethyI] 10X0-5-t hi ay1-azagbi cygl o[ 4. 2.
25 oct-2-ene-2-carboxyl ate A B C D E F G

]

6R, 7R)-7-[(-7.9—2—€2—Am—n-e—t—h+—a—z—e-l—-—4 y:) 2 hyd OXYyT 1TOo=<{ ciyialillu]-s-
(B)-1-[1- [(mwmmw phmstcarbmm_l)ere hyl ] {pyx8 d| n-1L- i juno.8i-
| met hyl ] - 2- oxo- pyrrolidin- henet Nyl ] - 8 oxo- 5kt hi af1- aza} bi cycl 0[4. .
]- 30 oct- 2% @ﬂ%{SA) G 4 4 4 4

6R, 7TR)-7-[(2) - 2- (2- Am no- th| azol - §-yl ) -|12- hyd oxyi nf no- aget yl ajn no]J3
[(B)-1-[1-[(3-fluoro-4-hydroxy-phepyl carfpanoyl) - nrethyl ] - gyri di p- 1-i um 3-
yl met hyl | - 2- qxfeod Wik€A (£li17y*8- y! i depengt Myl |- 8{oxg- 5p t hi a{1- gzaj bigyc) o[gt. ]

0
(
[
y
0
(

T

0] - 35 oct-2-ene-2-carboxyl ate The "anti bacterial Spectrunt appears

bel ow M C : Mninmum I nhibiting Concentration Val ues

- O- g2t oFSHARYN &84t ant S. aur eus
A B MIC [gilg)‘ihlg 4 dﬂﬁﬁbfn%@tﬁbﬁ Oﬁglgﬁeg]ug 6538n( SA) * 0.5
0.5 1 1 ipogulum 104C Uéspot M c S. aureus 42080 (MRSA) * 4 4

4 4 @ **  inculund 105 CFUVSER MRSA(n=17) ** 8 4 4 4

8 8 8 MC [[err]g/m]; agar dilution nmethod on Miell er-Hi nton
agar. * i noculum 10[err] CFU spot 5 ** inoculum 10[err] CFU spot

The conpounds of Theecdmpouhds lofithe formulimddn a¢condamee withe the dnvemtion as
well as their pharmaceutical acceptable salts, hydrates, or readily hydroly-
zable esters can be manufactured in accordance with the invention by

1 (a) treating a compound having the formula II

He ' (GHo)n
o > cn=4(N— CHI7 5

COOH 0 R2 II

in which R2, m and n are defined above,
15 or an ester or salt thereof, with a carboxylic acid of the general formula III

_OR!

X
N \ COOH
(]

RHN s,x IT1
in which Rf is hydrogen or an amino protecting group, R! and X
are defined above, or a reactive functional derivative thereof, or
20
(b) cleaving off the amino, hydroxy and/or carboxy protecting group in a
compound having the formula IV



wel | as their pharmaceutical acceptable salts, hydrates, or readily

hydr ol y- zabl e esters can be manufactured in accordance with the
invention by 10 (a) treating a conmpound hay.ng the forrmula Il [err]

in which Rlerr], mand n are defined above, 15 or an ester or salt thereof,
with a carboxylic acid of the general formula Il [err] in
which R err] is hydrogen n am no protecting group, RL and X are
defi ned above, or a react unctional derivative thereof, or 20 (b)
cleaving off the amn i r caybrdfypr ot NNg group in a
conpound havi ng the c N—(CH)mI2 |

-10- [err] err], and n arél*’defl ned above, R err]
i s hydrogen or an am no pr €oort i ng (uroup, R[enzr] i s hydrogerfyr a

0t oup. phovi ded thavhish B2, 20k .are g3ankd aRbue 1 iCpERGE b AR 1< &
correspondi ng pr aingitiol pbtectitg group, Re isthydreogeh orhehgdioxy protecting
group, R is hydrogen or a carboxy protecting group, provided that
5 at least one of Rf , R€ and R} is a corresponding protecting group
or a salt thereof, or

(¢) alkylation of a compound of formula

DR1
N\ S (GH2) Z
H2N -—N IANF "N
cooH © v
10 wherein R1, X, m and n are as defined above,

with a alkylating agent such a methyliodide, dimethylsulfate,
trimethyloxonium tetrafluoroborate, bromo-, iodoacetamide or
Br-CH2-CONR4R5, wherein R4 and RS are as defined above, or

15 (d) for the manufacture of a readily hydrolysable ester of a compound of
formula I subjecting a carboxylic acid of formula I to a corresponding
esterification, or

(e) for the manufacture of salts or hydrates of a compound of formula I or
20 hydrates of said salts converting a compound of formula I into a salt or
hydrate or into a hydrate of said salts.

The reaction of compounds of formula II and III or a reactive derivative
of of formula III according to embodiment (a) can be carried out in a
25 manner known per se. The carboxy group in compounds of formula II can
be protected; for example, by esterification to form a readily cleavable ester
such as a silyl ester (e.g. the trimethylsilyl ester) p-methoxybenzyl or
benzhydryl ester.

The amino group present in the acylating agent of formula III can be
3 protected. Possible protecting groups Rf are, for example, protecting groups



(c) alkylation of a conmpound of formula J[err] 10 wherein Rerr],
X, mand n are as defined above, with a al kylati ng agent such a

met hyl i odi de, di net hyl sul f ate, tri met hylg@xoni um tetrafl uoroborate,
brono-, iodoacetamn de or Br - CH2- CONR4AR5, wherein R4 and R5 are as
defined above, or 15 _(d) for the manuffcture of. a readily hydr sabl e

ester of a covpiebaresleavablghy acidhydre ﬂ‘hg the tert E¥Ca Hy pr £5it¥LI a
| to a Correwﬂsﬁ%ybaﬁéwbﬁﬁ$ tHértnﬂuoz(d%l:efﬂ f’b@) GRibyf act ure of

| t hydr, at f t f d | t
SNEALL e R RCET TR AT IR TR

Ihlyflr ate of sahd tsbhtyloxy-carbonyl, ﬁhmylaeeﬁyﬂpthe)éhhmmtyhsbmindammﬂ and| and
t
(a) 8;nabéfiéﬁ‘?%/%c&@%“ﬁ#sﬁfgeﬁéﬁ o Sl dbati i FhELS Lol G 6ieHRE
fngglrqudZ ?Lmoteu!ﬁlggromﬂan ) qawdeqﬁbcrtreatmenbmtbthmuregt
trimethylsil %%hét erﬁ net Oxyﬁéﬂ’;? pcalm;@ctﬁabenz%}iéghgréest er. ﬂp&%%'h

am no group [Erevpriuchnas the frim ﬂg@ﬂulbf formula 111 can be 30
protected. Possible protecti ng groups R err] are, for exanple, protecting

?r 0 ;Jpz t o In iﬁﬂcﬁt&gﬂ% q-gineay @bhg)dundacf forfwaliaol Ty with aecagbokplic acid of
ert. out ox on ri

i uor oMl edpriagi BED of  fefictive fnﬁaﬁgﬁﬁ%t}w&%‘% Jherbot, Sox Biatels g 8
group). Pref e:arboixylm)a ca'ngbg reagtedawith an afowermentioned egterachaepmpound

phenyl acetyl o | -
especially thg h'1 %gggﬁﬁbé%rgsgﬁﬁmese ?ﬁ%ﬁelsﬁegﬁ@ éyﬁ?‘?) ?ng;bo
groups can b@m@&/@uaafmewsqlwea’p saeh amﬁhyi Beetateqacetpitrilendigrane, gy oup
i n conmpounds chioredbrie nkétbiydsiie ehldride, Bt oP dimethybrmaatide! ahd

15 subsequently the ester group can be cleaved off.

According to another embodiment, a salt of an acid of formula II (e.g. a
trialkylammonium salt such as the triethylammonium salt) is reacted with
a reactive functional derivative of a carboxylic acid of formula III in an inert
solvent (e.g. tetrahydrofurane, dichhloromethane, dimethylformamide and
20 dimethylsulfoxide).

According to a further embodiment, preferred acylation, where the
amino group present in the acylating agent of formula III need not be
protected, involves the use of a 2-benzothiazolyl thioester, a 1-hydroxybenzo-
triazole ester or a mixed anhydride of thiophosphoric acid of the carboxylic

2% acid. For instance, the 2-benzthiazolyl thioester may be reacted with the
compound II in an inert organic solvent such as a chlorinated hydrocarbon
e.g. methylene chloride, or in dimethylformamide, dimethyl-sulfoxide,
acetone, ethyl acetate or in a mixture of such solvents with water. The 1-
hydroxybenzotriazole ester can be employed by reacting the carboxylic acid

30 with 1-hydroxybenzotriazole and a carbodiimide, especially N,N'-
dicyclohexylcarbodiimide or N,N'-diisopropylcarbodiimide in an inert
organic solvent, preferably methylene chloride, dimethylformamide,
dimethyl-sulfoxide, tetrahydrofuran, acetonitrile or ethyl acetate.

The reaction of a 7-amino compond of formula II with the carboxylic
3 acid of formula III or a reactive derivative thereof can conveniently be



group such as the trinethylsilyl group. In reacting a 7-am no

conpound of forrmula Il with a carboxylic acid of 10 formula Il or a
reactive functional derivative thereof, fargexanple, a free car boxylic
acid can be reacted with an aforenenti oned ester of a corrpound of

formula Il in the presence of a car Odjlmd uc I,CY, | car bo-
diimde in afaymed put gt actamperatuse ef‘rmn BFﬁrib?i ?}H]Ieeé/ &} 00Hhe,
chloroform pamiperatierechl ori de, benzene or dinethyl forrram de, and 15
subsequently the ester group can be cl eaved off According to

r al kyl amoni nfespgitk 8 of fad Brpedte of S brBeontiniettioR inwalvesy vi 1
a reactive fdaproteutabndeemoual)\m' priotectedraroinyd, i kyydroxyt orfcarborylia groups n an
| nert 55 Op¥ ¥édor an QfBE@Jlﬁ}Kgf #%GNMMRWM .as follows:

di et hyl f or ox1 de) According to a
further enbodi rrent preferred ac | ation, where the am no group present
in the acyl atu&Ef alofiamine protecting grouURs| not be protected, involves

the use of a 2- béﬁble astng. mmggmps ar@mowumyedmpepmzol e
ester or a m ed ydr| de of thi ophos c aci d of ttﬂgocar b% \lfmc?'ﬁ
Soid Por i nehemignyy fuch Bsn AlkOBuRrPORT SR o §n pHBORTERY Floxy
conpound 1| cmrbunyl retc.t, aosubstituted Ialko!ycarbbnybgmuml agl, teichiioroethoxyar bon

coi one, Bt noRriDlsl atd s bntidn g BhPYt Lt By %ﬂf* TRRREEp, 1

hydr obeenﬁomtraleesymboaurl () b@an logzroarhonydaan iargl egllﬁmibﬁimh p8 tuidyH
30 with 1-hyg N -

di cycl ohexyl gar b%ﬁgﬁ?&?%}eéﬁrécmﬂ O&c b%gtlzlll %gggg?%ajacﬁtﬂfrert v
organi ¢ sol vERPMOBERIF, 1999?"?13@ Wltﬂiﬁ‘ , di met hyl f or mani de,

di net hyl - sul f oxi de, tetrahydrofuran, acet onr t rile or ethyl acetate.
The reaction of Eréfe&ﬂédfprmﬁﬁng(gmilp’smrmﬂ-buﬂokywéJtBbﬂyﬂlét-M(B))anﬂim'it?B aci d
of formula Il or a reactive derivative thereof can conveniently be

wa0orr] & o, o TES gaio Bro@ERRETps by BBl oY mrﬁfﬁréfb‘ixrls i

process of t the trhatemycanbooyl oo ﬁﬂtﬁllgmﬂlw e.g. agneoysdormim acids toiflugrogeetic
protected anhpid ol b§ HAsIc RydFSIyRIR(4 8. AhR 2i8oroacetyl group). The chloroacetyl,

bromoacetyl and iodoacetyl groups are cleaved off by treatment with
thiourea.

2 Amino-protecting groups which are cleavable by acid hydrolysis are
preferably removed with the aid of a lower alkanecarboxylic acid which may
be halogenated. In particular, formic acid or trifluoroacetic acid is used. The
reaction is carried out in the acid or in the presence of a co-solvent such as a
halogenated lower alkane, e.g. methylene chloride. The acid hydrolysis is

2% generally carried out at room temperature, although it can be carried out at
a slightly higher or slightly lower temperature (e.g. a temperature in the
range of about -30°C to +40°C). Protecting groups which are cleavable under
basic conditions are generally hydrolyzed with dilute aqueous caustic alkali
at 0°C to 30°C. The chloroacetyl, bromoacetyl and iodoacetyl protecting

30 groups can be cleaved off using thiourea in acidic, neutral or alkaline
medium at about 0°C-30°C.

Removal of hydroxy protecting groups
Possible hydroxy protecting groups are such as are commonly known in
the art, e.g.



5 present
Renoval

groups are those enpl oyed in peptide

al koxycar bonyl gr

substituted al koxycarbonyl
an optional | y subfer protedtianafibydre

ni t robenzyl Ofdi‘gﬁﬁi%
trityl or benz %:uylﬁ"all

br onbacetyl , P

groups are t-butoxycarbonyl

oup, e.g.,

t - but oxycar bonyl,
gr oup,

in a conpound of formula IV and can be carried and as foll ows:
of am no protecting groups

Possi bl e am no-protecting
chani stry, such as an

al Iyl oxy carbonyl etc., a
e.g., trichloroethox 10 car bonyl etc
ygunmlgrO@sO@is‘ =él)éirog9n in comgounds of

élkﬁﬁb 1 %ﬁ-efér&blSY oty et HRYdAS

a an en- al

c@ﬂgtgrPPPE&ISa&IEP Ye
(t-BOC) and trityl.

y group ‘such™as chl oroacetyl,
Preferred protecting
15 The ami no protecting

groups may be cl Theed prbtedtihgagroupsy drekys irentioved as follawse: t - but oxycar bonyl

or trityl group),
basi ¢ hydrol ys
br onbacet a $ﬂ
thiourea. 20
hydrol ysis are

e.g. aqueous form c acid,

(e.g. the tri

odoacet yl

trifluoroacetic acid or by

o SELAEER ol A N RSB0 o

Ani no- pr ot ect 58¥C @rctqethyxlsﬂaneand?rdimbebc lagidhat about

preferably r

al kanecar boxylic acid which may

acid or trifluoroacetic acid |§19§&%“1°‘FI9

PR,

th the aid of a | ower

flohs bk

T

the acid or |n the presence of 2g°@0- sol vent such as a

par
¢c

asid pEabaut 50 o

hal ogenat ed | ower

er aAlll

al kane, | ene chloride.. .The acid hgdro‘)l

carried o’t?t aﬁc m terrperatur@’lﬂhwf uahategn

?FP

slightly higher or slightly I onmthanobm‘athalmuvm@raaabenté}mm%),l n the

Cl cavabl o undepratiyEigbfahf, - R vkl efég%fag%wh%@?*?
aqueous caustic al kal i

and i odoacetyl
neutr al

br onoacet yl
thi ourea in acidic,

Renpval of hydrox
groups ar® se
-13 -

u%ggbl fe a > arid in
at epaleolol; e.gz3ethangl cat a%eut; 9?46 rtsatb@tlsqﬂmg

prop gﬁ{tlt?mhgomﬁwgs can be cl eaved of f using
or alk nmedi um at about O[err] C 30C.

arbox JA! “'“ hydr oXy protecting

Asf &trbpxyl pcéﬂeenngfgmuqbsmna mayout;hzapm eﬁ[errﬁoimzwhtcln @gan

0 CompPoundsy Bleesity diaivibhed dno o BR' abbbiyt oug ke BHF BBNbiw e ¢ 20 Y

example, benzhydryl, t-butyl, p-nitrobenzyl, p-methoxybenzyl, allyl, ete.

acetyl, tetr

These protecting groups may be removed as follows:

benzhydryl

t-butyl

p-nitrobenzyl

p-methoxybenzyl

allyl

trifluoroacetic acid with anisol, phenol, cresol or triethyl-
silane at about -40°C to room temperature; hydrogen with
Pd/C in an alcohol such as ethanol or in tetrahydrofuran;
BFg-etherate in acetic acid at about O to 50°C;

formic acid or trifluoroacetic acid with or without anisol,
phenol, cresol or triethylsilane and a solvent such as
dichloromethane at about -10°C to room temperature;
sodium sulfide in acetone/water at about 0 to room
temperature; or hydrogen with Pd/C in an alcohol such as
ethanol or in tetrahydrofuran; '

formic acid at about 0 to 50°C; or trifluoroacetic acid and
anisol, phenol or triethylsilane at about -40°C to room
temperature;

palladium(QO) catalyzed transalkylation reaction in the
presence of sodium or potassium salt of 2-ethyl hexanoic
acid, see for example J. Org. Chem. 1982, 47, 587.



pyranyl protecting groups are enpl oyed. These protecting groups
are e.g. renoved as follows: 5 -trityl I n acidic solvents
li ke 90% form c acid at about O to -14- 50[err]C or

triethylsilane in trifluoroacetic acid at about

-20 to 25[err] G .. i.n organic solutions of .
hydr ochl ori ¢ aci &nardentomamafacture a readily hydrolysable ester of thecgarpoxylie

-acet ! acids of g&mgmwﬁl 'gn&fraaﬁ'bs vAth SinbédignéRtic) oF thé Preess Srovided

net hanol or ethan ter at about 0.to bo[er : -tetrahydr ranyl
with weak or §arthe presgnt myention,a G@-ﬂé’ﬂilﬁ([ﬂﬁlé ]°§§?’Hnﬂ? 1% preééraﬁﬁyreac)éed
an alt COPO![_,h Qviﬂltaeééﬁégﬂ)%mghgml e,}Eﬁx@férﬁdﬁl%{(aﬂ fodide) d:'drﬂ;mmngI ining the desired
point o e mxture. enoval of, protgctin £QURS rbo
Pinction 8 ester gtlin, Tha Seacnn e P Asaptasel 1R fh Bid o1 pele d¥ihag an
f orm whi ch catkali méial daalrioxide) mrealledi metal 2afberatesoban drggnicpmindeuch
mld conditi . . - Y N

p- met hoxyben%@@%ﬂ&%@%ﬁgmh&émmﬁi{e%@ pr%?deigt(%aﬁrﬁg %‘%t[)gpsngy Ie'i_;
removed as f orgamie: solvent engh\as dimethylacetampides &wer_@m%hy&mpsnhqn%%| ,
phenol , cresgrjaphide! dfinathyl sulfoxide or, especially, dinfédth§lfermanidel ThetO[err] C

to roomtenper at ure. cohol

hydr ogen wth . Pd/C in
such as elhageacton F%PF‘&IFF%MWW at a temperature in the rangg-ef %Gﬂ'?r ate

in acetic acg4@aC.about 0 to 50[err]C t - butyl formc acid or
trifluoroacetic acid wth or w thout anisol, phenol ,

25
i ohi or onet hane TeRAtE8 o thE3EHEd Rirates of the compounds of formula
sodi um sul f i derithechydrates wsaid salts bwaccordance swith embodiment (d) of the
t enper at ur e; ' | eﬂtgﬁp Carfie :
et hanol or i R%%%%%@%%g%ggfggs%ﬂr}eﬁyqu en%/i 5? (ﬂ m Qda:%;(:gmata néa%ﬂ?r 0Oto
50C; or t# f kmevanper se; for ekample, by reacting a carboxylic agig; roogla {97 8
triethyl si | aggltogherbefiivithdah dgdvaleat Gatsint of the desired base, conveniently in a

| STDET AU cpent b as water or i ASAgHTEhv it 2 S5MhEE RS b
of 2-ethyl hexdnthecliBé). Correspondingly, salt foxuiatiors iscbraughd abmitdy ther g.
Chem 1982, 44difi6d of an organic or inorganic salt or acid. The temperature at whith
20 the salt formation is carried out is not critical. The salt formation is
generally carried out at room temperature, but it can be carried out at a
temperature slightly above or below room temperature, for example in the
range of 0°C to +50°C.

The manufacture of the hydrates usually takes place automatically in
2% the course of the manufacturing process. or as a result of the hygroscopic
properties of an initially anhydrous product. For the controlled manufacture
of a hydrate, a completely or partially anhydrous carboxylic acid of formula I
or salt thereof can be exposed to a moist atmosphere (e.g. at about +10°C to
+40°C).

30 Exemplary of the process for obtaining products in accordance with the
invention are the following reaction schemes 1 and 2 below.



In order to manufacture a readily hydrol ysable ester of the carboxylic

acids of fornmula | in accordance with enbodi nent (c) of the process

provi ded by the present invention, a cagmhoxylic acid of fornmula |l is
preferably reacted with a corresponding halide, preferably an i odide,
cont ai ning the dgibﬁed 5 ester group. The reaction can be accelerated with
the aid of a bas s an al kali netal hydroxide, an al kali netal
carbonate or an organi c am ne _such as triethylam ne. The esterification

is preferably carrlﬁg Ee Wn #n inert organi c sol vent nas
di et hyl acet am de, > gsphoric ati-d--—"'triaE v h I~
sul foxi de or, especially, d| thylfornanide The 10 ctijpn i

carried out at a tenperatur "in the range of about 0-40[err] C

The manufacture of the salts and hydrates of the conmpounds pf forgua s I
or the hydrates of said salts in accordance with enbodi nent|(d) of t
process provided by the present invention can be carried ouf in a

known per se; for exanple, by reacting a carboxylic acid of}formula I

salt thereof with an equival ent anount of the desired base, convenien y |n
a sol vent such as waper or an organic sol vent ( et hanol , net hanol,

acet one and tRh&Qi Kk Cor 1 gHgpndi ngl salt fd& i (S br ﬁﬂnabou
by the addi tion (T‘é rg nlm.qui) ig-salt or[aéid.|| Th gN-(CHz)m—-/ |
t enper at ure at mhicgp ' itical . X

S

formati IS carrieg)
The salt formation nera y carried out at omtegga @hat ur but it
can be carried out at a 2 n? rature slightly above or oW room
tenperature, for exanple in the range of O[err]C to +50[ er@4)C.
The manufacture of the hydrates usually takes place automatically in 25 the
course of the manufacturing process or as a result of the hygroscopic

properties of an initially]anhydrous product. For the controlled

manuf act ur e of a hydrage, a conpletely or partially anhydrous 2
carboxylic acid of forrmula’l or salt Fhereof can be exposed to a noist

at nosphere (e.g. gy abou +10[e(dHL)C to @T)[err]d}N 30 2%y of Ni
the process for obt ay+ ro S ance wth tg € | |nv ntNga}gLeE;/
the foll ow ng reacti. C*éﬂhg%“

-15- Schene 10

h
CO,RP Y COzR

A.Hz CHz)n
Q\/E\(N_ (CHZ)'“' '

R1

RfHNY, N
l s~ I

N’°R1 (9
Py oo
s‘x (cnz)n NS
N" (CHZ)m"&/I
(10)

wherein n is 1 or 2, Y is OH, halogen or an activating group, for example,
5 the 2-benzothiazolylthioester, the 1-hydroxybenzotriazole or a mixed



wherein nis 1 or 2, Yis OH halogen or an activating group, for exanple,
-16 -

anhydride of thiophosphonic acid and the remaining symbols are as defined

above.
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The known a-bromo-®-chloro acide chloride (1) is converted into a
10 Wittig reagent (2) by firstly reacting it with a amino-pyridine(for m = 0) or a
picolylamine (for m = 1) to form the corresponding bromolactam which is
subsequently treated with triphenylphosphine in solvents like tetrahydro-
furan (THF), dimethylformamide (DMF) or the like.

2)—>4)

15 The reaction of known 2-cephem aldehyde (3) where Rh is a carboxy
protecting group as defined above, e.g. benzhydryl ester, and Rf is an amino
protecting group as defined above, e.g. tert. butyloxycarbonyl, with a Wittig



5 the 2-benzot hi azol ylthioester, the 1-hydroxybenzotriazole or a m xed

- 16- anhydri de of thiophosphonic acid and the renai ning synbols are as
defined . above. ' Schene 2 5 _17- [err]
| quaternisation (1) [err](2) The known

a-bromo-ferr ]réggclar?tr, %xglcr{p i ecti1 {>§ rsltrqlfctgxl'c)e (é)f ygglﬁ\éetilteec%pﬁgsp%rin moiety (4).
The reaction is carried out in the presence of a base which is either an
inorganic base (sodium or potassium hydroxide, sodium or potassium
carbonate etc.), an organic base (tertiary amines, potassium tert.butoxide),

5 an organolithium such as butyl lithium or phenyllithium or an epoxide such
as 1,2-butyleneoxide. The reaction in presence of an epoxide is preferred. The
preferred solvents, in the case of inorganic base being used, are water and
water-miscible solvent (acetone, tetrahydrofuran, or alcohols etc.); in the
case of organic base being used, an inert solvent such as methylene chloride,

10 dicloroethane, chloroform, benzene, tetrahydrofuran; in the case of
organolithium being used, benzene or tetrahydrofuran; and in the case an
epoxide being used, the epoxide itself (e.g. 1,2-butyleneoxide or in mixture
with e.g. dichloroethane). The temperature for the reaction ranges from
-20°C to 80°C. The preferred conditions are exemplified in the examples.

15 In the normal Wittig reaction according to scheme 1, the E isomer is
the predominant product. Invariably, less than 10% Z-isomer is formed, the
amount depending on the reagents and conditions.

(CIE16))]
Compound (4) is converted to the sulfoxide (5) with an oxidizing agent,
20 for example, hydrogen peroxide or a peracid, preferably 3-chloroperbenzoic
acid. The temperature ranges from -20°C to room temperature and any
suitable solvent, preferably chlorinated hydrocarbon or benzene can be used.

(GIE=1()]
' The de-oxygenation of the sulfoxide (5) is carried out in the presence of
25 phosphorus tribromide in dimethylformamide or in the mixed solvent of
dimethylformamide and N-methylacetamide. The reaction temperature for
the reaction is from about -78°C to about 0°C.

—a 124 me 2
The N-alkylation of (6) rsp. (12) is preferably performed in an inert
30 solvent, for example, dimethylformamide (DMF) using an appropriate
halogeno-derivative.

(VA1)
The protecting groups Rf and Rh are removed and the reaction
conditions used are depending on the nature of the protecting groups. In the
% case of Rf being tert-butoxycarbonyl and Rh being benzhydryl, trifluoroacetic
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Example 1
preparation (1) — (2), scheme 1

Phg

(o]
1.1. (RS)-(2-Oxo-1-pyridin-4-ylmethyl-pyrrolidin-8-yl)-triphenyl-phosphonium
bromide
A stirred solution of 4-picolylamine (6.7 ml, 0.067 mol) and triethylamine
(9.3 ml, 0.067 mol) in 400 ml dichloromethane was treated within 30 min at
30 -55°C with a solution of 2-bromo-4-chloro-butanoyl chloride (14.67 g, 0.067
mol) in 100 ml dichloromethane. The reaction mixture was stirred at -50°C to
-10°C for 3.5 h and then poured on 200 ml ice/water. The phases were



di et hyl f or mam de and N-net hyl acet am de. The reaction tenperature for
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i n conpound methah?) and water, the phases were separated and the aqueous phase was
extracted thrice with dichloromethane. The combined organic phases were
washed once with water, dried over magnesium sulfate and after filtration
concentrated to a volume of 200 ml. This solution was added dropwise with
20 stirring to 1000 ml diethylether upon which the product separated. It was
collected by filtration, washed with diethylether and dried in vacuo, yielding
10.3 g (30%) colourless crystals. |
IR(KBr) 1689, 1641 cm™’; MS(ISP) 437.4 (M+H)*.

According to the procedure set forth in the preceeding example, the
2% following compounds were prepared:

1.2. (RS)-(2-Oxo-1-pyridin-3-ylmethyl-pyrrolidin-3-yl)-triphenyl-phosphonium
bromide
IR (KBr) 1686 cm-1, MS (ISP) 438.6 (M-H)+

1.3. (RS)-(2-Oxo0-1-pyridin-2-ylmethyl-pyrrolidin-3-yl)-triphenyl-phosphonium
30 bromide
IR (KBr) 1687 cm-1, MS (ISP) 437.5 M+



Exanmple 1 preparation (1) [err] (2), schene 1
[err] 25 0 1.1.

4RS) - ( 2- Oxo- 1- pyrdi n-4-yl nehyl - pyrrolidin-3gl)-triphenyl - phosphoni um

brom de A stirred solution of 4-picolylanne (6.7 m, 0.067 nol) and
triethylam ne (9.3 M, 0.067 nol) in 400 m dichl oromet hane was treat ed
within 30 mn at 30 -55C vm'th a solution of 2-brono-4-chloro-butanoyl -
chloride (14.67 g, 0.067 mol) in 10&@5@” oronet hane. The reaction
m xture was stirred at -50[err]Cto éf) (HC 315 h and t hen poured
on 200 m ice/water. The phased tion

-19- separated, the organic phase was washed on i th 200 i

i ce/water before it was c&gﬁ\[yrated to a volu of About 400 m .

To the organi c phase was adde nd vigorously stirred

m xture was treated within 20 mn a
5 hydroxi de solution. The m xture warmup to room
tenperature and was stirred for 1®h. ThHe phases re separated, the
aqueous phase was extracted once with 1 Pth chf or onet hane. The
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According to the procedure set forth in the preceeding example, the
following additional compounds were prepared:

m 50% aqueous sodi um

2.2. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-3-(2-oxo-1-pyridin-3-

ylmethyl-pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-3-ene-2-
20 carboxylic acid benzhydryl ester _

IR (KBr) 1781, 1743, 1716 cm-1, MS (ISP) 653.2 (M+H)*

2.3. (E)-(2R,6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-3-(2-oxo0-1-pyridin-2-
ylmethyl-pyrrolidin-3-ylidenemethyl)-6-thia-1-aza-bicyclo[4.2.0Joct-3-ene-2-
carboxylic acid benzhydryl ester

25 IR (KBr) 1781, 1744 em1, MS (ISP) 653.4 (M+H)*



10.3 g (30% colourless crystals. | R( KBr) 1689, 1641 cnjerr]; MS(ISP)

437.4 (MtH)[err]. According to the procedure set forth in the
preceedi ng exanple, the 25 follow ng conpquids were prepared: 1. 2.
(RS) - (2-0Ox0- 1-pyridin-3-yl met hyl -pyrrolidin-3-yl)-triphenyl - phosphoni um
brom de IR (KBr) 1686 cnierr], M5 (lSP) 438.6 (MH)+ 1.3.

(RS) - (2-Oxo- I -pyridin-2-yl net hyl - pyrrol )-triphenyl - phosphoni um 30
br oni de IR (KBr) 1687 cni erpjepattiosRl) 4315) sbheune]1

-20 - Exampl e 2 5©

preparation (2) [err] (4), scheme 1 [err] 5 2. 1®

(B)-(2R 6R, 7R) - 7-tert - But oxycar bonyl am _no- 8- oxo- 3- f/ZZ-'"gx0- 1- pyr| din-4

C

yI met hyl - pyrrolidin-3-ylidene %n 1) 5-9[ hi a- 1- aza-Yi_cycl o[ 4. 2. 0] oct - 3-ene- 2
carboxylic acid benzhydg§ %{; A on of
p
phosphoni um brom de (62.0 g, 0.1 6R, 7R) -t ert - but oxycar bonyl -
10 am no- 3-fornyl - 8- oxo-5-t hi a- 1--azabi 0] oct - 3- ene- 2- car boxyl i c
but yl enoxi de &thtur@M(E) (mmbM4Mmewwm
sol vent I g%ﬂfd%;{,é’rge
chr omat o\é\?éaph ) &Wwﬁww m I*ng m’(@'g’}g Tl
'Ver(e 1:32?1' g53€;<ﬁa bolaEldresf (B)-(2R GRW%%ﬁ?x&E&WM&SS@Eo-qu&OLF the
P g np(im-tl-yi]methyl-pyrro din3 -ﬁgénénggaaylf 8 thia- r].-azx%rlgycjfo[ipf E)foct—
10 dichloromethane was cooled to -10°C. To this was added dropwise a solution
of m-chloroperbenzoic acid (70%, 29.0 g, 0.12 mol) in 400 ml dichloro-
(10%) was added and the mixture was stirred for 15 min. The phases were
separated and the organic phase was washed with each 400 ml of aqueous
brine. The solution was dried over magnesium sulfate, concentrated after
filtration and purified by column chromatography (1000 g SiO2, gradient of
collected, concentrated and added dropwise to hexane. The product
20 separated yielding 45. 0 g (61%) beige crystals.

(RS) (2- oxo- 1-pyridin-4-yl met hyl - pyrriol i

acid benzhydryl ester (65.3 g, 0.1 r%m,hgl na mxture of 300 m

t he product ester cnferr];
3-ene-2-carboxyhc acid benzhydryl ester (70.0 g, 0.11 mol) in 700 ml
methane. After 4.5 h at -10°C, 400 ml aqueous sodium thiosulfate solution

15 solutions of sodium thiosulfate (10%), sodium bicarbonate (10%) and finally

ethyl acetate and methanol). The fractions containing the pure product were
IR(KBr) 1794, 1720 cm™; MS(ISP) 669.4 (M+H)".

According to the procedure set forth in the preceeding example, the
following additional compounds were prepared:

 8.2. Mixture of (E)-(5R,6R,7R)- and -(56S,6R,7R)-7-tert-butoxycarbonylamino-
% 5,8-dioxo-3-(2-0x0-1-pyridin-3-ylmethyl-pyrrolidin-3-ylidenemethyl)-4-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester
IR (KBr) 1795, 1721 cm-1,MS (ISP) 669.3 M+H)*

3.4. Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-7-tert-butoxycarbonylamino-

5,8-diox0-3-(2-0x0-1-pyridin-2-ylmethyl-pyrrolidin-3-ylidenemethyl)-5-thia-1-
30 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR (KBr) 1795, 1721 ecm1, MS (ISP) 669.3 (M+H)+



2.2. (B)-(2R 6R 7R)-7-tert-Butoxycarbonyl am no- 8- oxo- 3- (2- oxo- 1- pyri di n- 3-
yl met hyl - pyrrolidin-3-ylidenenmethyl)-5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 3- ene- 2
- 20 carboxylic acid benzhydryl ester ? (KBr) 1781, 1743, 1716
cnerr], M5 (ISP) 653.2 (MrH)[err]

(E)- (2R 6R, 7R) - 7-t ert - But oxycar bonyl am no 8- @x0- 3- (2- oxo- 1- pyri di n- 2-

yl met hyl - pyrrolidin-3-ylidenenet hyl) - 5- le 4

1-aza- bi cycl o[ 4. 2. 0] oct - 3- ene- Jreparatidh {5X ¥ (), schemeenzhydryl ester 25 IR

(KBr) 1781, 1744 cnferr], MS (I1SP) 653.4 (M+H) + B©
-21- Exanpl e 3®
preparation (4) [err] (5), schene 1

[err] 3.1. Mxture o

-(5S,6R, 7R) - 7-tert - but oxycar bony
5, 8-di oxo- 3- (2- oxo- 1- pyri di n- 4-yl
1- aza-bicyclo[4.2.0]oct-2-e
solution of (E)-(2R 6R 7R)-7-tert

-(5R_6R 7R)- an

rT- 3-yl i denenet hyl ) - 5-t hi a-
aci d benzhydryl ester A
am no- 8- oxo- 3- ( 2- oxo- 1-

pyri di n-4-yl met hyl - prroI|d|n3yI|dene ) 5th|a1aza bi cyclo[4.2.0] o0
ct - 3- endnR-(EX( )1-'13 L'J osyeavhonylaminer8-03 dvm+‘§- in 700

m 10 dicIHo I eRBigse a
sol ution o m % .12 m)l In 400 m

di chl oro- 00 m aqueous sodi um

thiosul fate gokelutioh of a nhk@t%e MﬁE)E(GMRﬂ’Rb hhﬁ (536, ZR)MFstextd rred for 15

T e D gyt hony SRR A 204 21980l Pl A USRS A1
bi car bonat e (ylﬂéhemathyl)l?ﬁi—lth:ga 1-azakbicyel o[4T2.0] et 2+eno+2-carbocyl &tet axidr
ool EREEARER U8 bt ol 0 b
The fracti on$Oceh fﬂng'lama-pude wastneated\et 78 C with pbesphioraustadhmn
?gcli%adgg? gr g}r?ﬁ"gile d%g‘ﬁiﬁﬁ%ﬁgp 178;%%11%%%‘%?@1@63 Ivﬁ’dﬁﬂ C,
(MeH) [err ]g q encﬁeé with 500 rgli(w ter an the P wgs[ adﬁste&l% 3?21 4%\1
sodium hydroxide solution. The phases were separated, the aqueous phase
15 was extracted once with 600 ml dichloromethane, the combined organic
phases were washed once with 500 ml water and dried over magnesium
sulfate. After concentration, the solution was added dropwise into 1500 ml
hexane, upon which the product separated, yielding 40.1 g (92%) yellowish
crystals.
2 IR(KBr) 1784, 1719 cm™; MS(ISP) 653.5 (M+H)".

According to the procedure set forth in fhe preceeding example, the
following additional compounds were prepared:

4.2, (E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-3-(2-0x0-1-pyridin-3-

ylmethyl-pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
2% carboxylic acid benzhydryl ester

IR (KBr) 1784, 1718 cm-1, MS (ISP) 675.3 (M+Na)*

4.3. (E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-3-(2-0x0-1-pyridin-2-
ylmethyl-pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester

30 IR (KBr)1783, 1720 cm1, MS (ISP) 653.4 (M+H)*



According to the procedure set forth in the preceedi ng exanple, the
foll ow ng additional conpounds were prepared: 3.2. Mxture of
(B)-(5R 6R 7R) - and -(5S,6R 7R -7-tert-but.gg/.carbonyl am no- 25
5, 8- di oxo- 3- (2- oxo- 1- pyri di n- 3-yl net hyl - pyrrolidin-3-ylidenenet hyl)-4-thia-

1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxyllc acid benzhydryl ester

IR (KBr) 1795, 1721 cnierr], I\/IS(ISP) 6 3.4. Mxture of
(BE)-(5R 6R 7R)- and -(5S, 6R, 7R) - Z no-

5, 8- di oxo- 3- ( 2- oxo- 1- pyri di n- 2- Irret yI I| n 34y |denerrethyl) 5-thi a-
1- 30 aza-bicyclo[4.2.0]oct-2- e .. Vg’ a9| d benzhydryl ester I R
(KBr) 1795, 1721 cnferr], M5 (I1SP) 66H3 (|\/H—|)+

-22 - :i({aﬂ)ofm(‘gfld bromo-acetylamxﬁ&)aﬂﬂﬁ‘o- henyl ester
preparatlon (5 err emre 1 P 1 bert-butyl

[err]

(B-(6R 7R - & bﬁhhoﬂlépmahb@aoiuaaavaaﬁn% Dflroré-phedryl eBber wrnbﬁtﬁl ester (3 g,

Y by Br Bl AmiBAgaR o &éﬁghh@&fﬁ?f&%ﬂ%' Tod foptBing 2"

m xture of ( Ifne(;liﬁaﬁﬁnéR)l 8 amlj 13(% &mal)ﬁla) 50 mldichloromethane was treated

but b 3

1| Gemermet hy Fick HpRbagetyIBEaits (1 P4, bt gl g 03570, After? 252“%?#%“@?}‘
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40 m N-ngj hyh Htéi?z%&chb e@h@%ﬁi res{@be %éd“tﬂﬁﬁ%%‘& ) liéx'aﬁieo Ewﬁaamg

(26 m, 0.269 e mxture was allowed to warm up
-5[err]C, 4%8@%&'@@ h%gﬁég-‘ﬁiﬂl wat er and the pH was adjusted to 3.5

using 4 N  IRSK®r) 1769 ¢nvki MS(ED 348 (M+H)e phases were separated, the
aqueous phase 15 was extracted once with 600 nml dichl or onet hane, the

over. magnes: aneording B ARCBrBARFRR, RrsBORCY brocesdiny c¥Birifio Mife 1 O
dropwi se i nt foll&@ingradditionak corapoupds me:prepa;‘qdr oduct separ at ed,
yielding 40.1 g (92% vyell ow sh -

15 5.2. Carbonic acid 4-(2-bromo-acetylamino)-phenyl ester tert-butyl ester

5.8. Carbonic acid 3-(2-bromo-acetylamino)-phenyl ester tert-butyl ester
IR (KBr) 1751 cm-1, MS (EI) 329 M*

5.4. Carbonic acid 2-(2-bromo-acetylamino)-phenyl ester tert-butyl ester
IR (KBr) 1770 cm-1, MS (EI) 229 M*

20 5.5. Carbonic acid 4-(2-bromo-acetylamino)-3-fluoro-phenyl ester tert-butyl

ester
IR (KBr) 1770, 1740 cm-1, MS (ISP) 367.2 (M+NH)+

5.6. Carbonic acid 4-(2-bromo-acetylamino)-2-chloro-phenyl ester tert-butyl

ester
25 IR (KBr) 1770 cm-1, MS (EI) 348 (M-CHg)*®

5.7. Carbonic acid 4-(2-bromo-acetylamino)-2-methoxy-phenyl ester tert-butyl
ester
IR (KBr) 1759 em-1, MS (EI) 286 (M-OtBu)*

5.8. 2—Bromo-N-(3,4-diﬂuoro-pheny1)-acetamide
30 IR (KBr) 1666 cm-1, M (EI) 249 M*



crystals. 20 IR(KBr) 1784, 1719 cnierr]; MS(ISP) 653.5 (MrH)[err].
According to the procedure set forth in the preceeding exanple, the
foll ow ng additional conpounds were prepaLed- 4.2.

(E)-(6R, 7R) - 7-tert-But oxycar bonyl am no- 8- oxo- 3- ( 2- oxo- 1- pyri di n- 3-

yl net hyl - pyrcol i din-3-y. Q%y thyl ) -5 (hi 3 1-aza-bi cycl of 4. 2.0] oct - 2-ene- 2
- 25 carboxyﬁrsfz2&3"9“19@]#]'| EY&? yl)-acq r) 1784, 1718 cnierr], M
(SP) 675.3 (MRNRH9168 cm-L, M(EI)245 M*

(E)-(6R, 7R)-7-tert-Butoxycarbonyl am no- 8- oxo- 3- ( 2- oxo- 1- pyri di n- 2-

yI met hyl - pyr #ﬁ% tg -H-1h ﬁ I Of 1 - 2-ene-2
( 5P g gg bzx%{%@?ﬂ"’é’ i I;XE%S()M(M-CH;-»,@) Q%ﬂo%g%@ i%é' cnyer ]_23|\/_IS
Example5 [err] 5.1. Carbonic acid

4- (2- br o asewlzamaﬁbﬁcktmmylpfe%hﬁawouze@mw&me ester 5 A

sol ution of r bani ¢ % eﬁ%&gé}%’@qro phenyT "ester tert-butyl ester (3
g, 13.2 - 5]1‘?5 (5 to Can. J. Chem 63, 153 (1985))
and triethylamne(18rr1 13.2 nmmol ) in 50 m dichl oronet hane was

treat ed Bi1d) %B@Oﬁmcmwﬁfeﬁhbﬁ!ﬁphﬁnﬁ)‘ﬁceté&iae mol ) at 0-5[err]C. After
1 h, the reaction m xture was extracted with water, dried over

r tur atod whtii- Bt oL LERGRRYGRI BRGS0 NP URanbS 01 Y, (25 O "0°
| R(KBr) 1769]:3@@11')]1660&(@11)% D23 Merr] . According to the

procedure set forth in the preceeding exanple, the foll ow ng additional

conpoundsywese NIRSLASStyldmn R 4-KAIrBRYighai)l2-bromo-acetamide _
4- (2- brono- acetyl am no) - phenyl ester tert butyI ester 5.3. Carbonic

acid 3-(2-br 8. a(ﬁ?té’ &23‘ Ergnzo-gce%y almi?:fo ghém%gi-cargg}y c acid allyl ester
IR (KBr) 1674 cm-1, MS (ISP) 308.1 (M+NH4)+

-]

Example 6
15 preparation (6) — (7), scheme 1

3 -
pw{%

COCHPh, ©
6.1. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-
yimethyl]-1-{ (4-tert-butoxycarbonyloxy-3-fluoro-phenylcarbamoyl)-methyl]-

20 pyridinium bromide
(E)-(6R,7R)-7-tert-Butoxycarbonylamino-8-0x0-(2-0x0-1-pyridin-4-ylmethyl-
pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic
acid benzhydryl ester (1 g, 1.53 mmol) in 25 ml DMF was treated with
carbonic acid 4-(2-bromo-acetylamino)-2-fluoro-phenyl ester tert-butyl ester

2% (1.06 g, 3.00 mmol) for 25 h at room temperature. The solvent was removed in
vacuo and the residue was triturated with diethylether yielding 1.1 g (72%) of



IR (KBr) 1751 cnferr], MS (EI) 329 Merr] 5.4. Carbonic acid

2- (2-brono-acetyl am no) - phenyl ester tert-butyl ester IR (KBr) 1770
cnferr], M5 (EI') 229 Merr] 20 5.5. Carbamgc acid

4-( 2- brono-acet yl am no) - 3- fI uoro phenyl ester tert-butyl ester IR
(KBr) 1770, 740 cpjerr H%dﬁ%? 2 (MtNH err])[err] 5. 6.

Car boni ¢ aci ?/PS 5) - 2-chl or o- phenyl ester tert-butyl
ester 25 IR [K@CBr)lIqur&%rddll MS(1SP) 92618 M+ CH err]) [err] 5.7.

Car boni ¢ aC| d 4-(2-brono-acetyl am no) - 2- met hoxy- phenyl ester tert-butyl

o Br ommo- N ( 3@%%%@9%%%1“5%?@@@%% %g%é%amﬁl E}GB |v| (EI)

249 Merr] following additional compounds were prepared: - 24-
2- Brono- N- ( 3- hydr oxy- benzyl) acet am de IR (KBr) 1678 cnierr], M (EI)

245 Merr]g 6(2 (E)4 J(E §[3 -(2-B ?nzhy rxlﬁxgcarbonyl- -tert-butoxycarbonylannn -8-

2-B N-T2 t | R (KB
165&02?;{ er E] OX@5¢ ifn%y]g,ngfglyll,ng)cf o%trp-pyrroh -1-( ")

2- Br ono- N- ( 5§ btwﬂ.h,Eimembadémakb&aylbky@mmamoyn&éﬂh@ﬂ} 1606

cnerr], .235 err
2- Br omo- N- (4 P@i Nh ';Qacetam de 5.13.

2- Br ono- 1- (213,{&319@7831 m'amcm§/IMSdﬁSHh9026(M+HB?(KBr) 1660 cnferr], M
(EI') 239 I\/[err] 10 5. 14.

5 R A o gl
IR (KBr) 1670%edF a} 1-aggrhy oxo-pyrroh
ylmethyl]- 1-[(3-tert-butoxycarbonyloxy-phenylcarbamoyl)-methyl]—
pyridinium bromide
IR (KBr) 1781, 1761 cm-1, MS (ISP) 902.5 M+

15 6.4. (E)(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-
ylmethyl]-1-[(2-tert-butoxycarbonyloxy-phenylcarbamoyl)-methyl]-
pyridinium bromide
IR (KBr) 1779, 1712 em-1, MS (ISP) 902.6 M+

2 6.5. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-
ylmethyl]-1-[(4-tert-butoxycarbonyloxy-2-fluoro-phenylcarbamoyl)-methyl]-
pyridinium bromide '

IR (KBr) 1781, 1712 em-1, MS (ISP) 920.5 M+

2% 6.6. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-
ylmethyl]-1-[(4-tert-butoxycarbonyloxy-3-chloro-phenylcarbamoyl)-methyl}-
pyridinium bromide
IR (KBr) 1772, 1701 em-1, MS (ISP) 936.5 M+

0 6.7. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-
ylmethyl]-1-[(4-tert-butoxycarbonyloxy-3-methoxy-phenylcarbamoyl)-methyl]-
pyridinium bromide
IR (KBr) 1783, 1770 ecm-1, MS (ISP) 932.5 M+



Exanpe6 15 preparation (6) [err] (7), schene 1

Br [err] 6.1. (E)-(6R 7R)-4-

[ 3- (2-Benzhydryl oxycar bonyl - 7-t er t - but oxycagonyl am no- 8-

0x0-5-thi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- en- 3-yl net hyl ene) - 2- oxo- pyrrol i di n- 1-

I hyl]-1-[(4- - I -3-fl - I hul]- ,2
%yp}aéi %i ]m br %{@[(%R? ?-)a(ly[%?él-)ﬁg 03)7( ry. oxycgroﬂgnﬁhﬁggrbcbat{tggynggrlgo%i o 0-8- 0
(E)-( IGR,OI_7R) éBxlb_Es-thﬁmeq? ?f#.m%mﬁeﬂ@ylﬁeﬂ?ieﬁe]fx*dtxd;pyﬂoumz hyl - |
pyrrolidin-3-yliden ~o5-thiajl-aza-bicyc na ct.a2-.ene+2- canhoxy
O s et LG i or Bhengii Rame Pl oy roRBge Y |
car boni ¢ aci dRAKRr)X783y169% cyd-H{iMSo(ISP) 8224 M+phenyl ester tert-butyl

ester 25 (1.06 g, 3.00 nmol) for 25 h at roomtenperature. The sol vent was
q i . . e . .
;iegf‘éieng' s, 6&.‘(@%@?}1}&@-(2@&%&%&%&%@&1@ téwﬂht%kﬁéﬂﬂo‘r?&'{%mg 8
- the proFadrthiasl-azpdigeclplddOloct-2-entdyhkpethylone)-2-ox9pxawplidin-1-
MS(1 SP) 920. S1Methill-1-[(3-hyd¥osst Bérgyltarbdiftoyl)-aa6ethy ppyeidihitith bioinidee _
grg.cg.edl ng e%ﬂ Héel, 1691%9&-&%&@3’3&&.‘%’ conpounds were prepared:

(BE)-(6R, 7R)-4-[ 3-(2-Benzhydryl oxycar bonyl - 7-tert - but oxycar bonyl am no- 8-
0x0- 5-t hi a- 1-6:10.- (B)e(6R, TR} 43R enzhydryloxsicarhénylchtgrizbutosyeanbonlylatning -

| met hyl ]z 1- -t @rh - but I - cronli
);;yr di i L b%%%gmi% &%ﬁ@@%@*ﬁ%@%@#@ﬁ&?%ﬁ%&?&%ﬁ +
10 6. 3. ylmethyl]-1-[[2-(tert-butyl-dimethyl-silanyloxy)-ethylcarbamoyl]-methyl]-
(E)-(6R 7R) - %MB;M&(I oxycar bonyl - 7-t ert - but oxycar bonyl am no- 8-

IR (KBr) 1784, 1718 cm-1, MS (ISP) 868.6 M+

6.11. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-
15 8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-

ylmethyl]-1-[(5-methyl-[1,3,4Jthiadiazol-2-ylcarbamoyl)-methyl]-pyridinium

bromide

IR (KBr) 1788, 1712 ecm-1, MS (ISP) 808.3 (M+H)*

6.12. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-
20 8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-y1methylene)-2-oxo-pyrrolidin-1-

ylmethyl]-1-[(4-methoxy-phenylcarbamoyl)-methyl]-pyridinium bromide

IR (KBr) 1789, 1716 cm-1, MS (ISP) 816.5 M+

6.13. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-

8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-
2%  ylmethyl]-1-[2-(2,3-dihydro-indol-1-yl)-2-0x0-ethyl]-pyridinium bromide

IR (KBr) 1782, 1717 cm-1, MS (ISP) 812.6 M+

6.14. (E)-(6R,7R)-1-[(1-Allyloxycarbonyl-pyrrolidin-3-ylcarbamoyl)-methyl]-4-
[3-(2-benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-ylmethyl}-pyridinium

30 bromide -
IR (KBr) 1783, 1687 cm-1, MS (ISP) 863.5 M+ '

6.15. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-
8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-



0x0- 5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- en- 3-yl net hyl ene) - 2- oxo- pyrrol i di n- 1-
ylmethyl ]-1-[(3-tert-but oxycar bonyl oxy- phenyl car banoyl ) - net hyl ] -

pyri di ni um brom de IR (KBr) 1781, 176legnferr], M5 (1SP) 902.5 Merr]
15 6. 4.

(BE)-(6R 7R)-4- (2-Benzh dryI oxycarb | - 7-tert-butoxycarbonyl am no- 8-
0xo0-5-thi a- 1}'@81?11&? fﬁ 9| net hyl ene) - 2- oxo- pyrrol i din-1-
yl net hy!l] - 1- mmuwstmemms QESPP6ETBIdBbany| ) - met hyl ] -

pyr|d| ni um br om de IR(KBr) 1779, 1712 cnferr], MS (1SP) 902.6 M+ 20

( ( o Arino-
CRGA éﬁ‘ﬁi&@ﬁﬁ}i@ mmmﬁ;@mﬁm g

yl net hyl ] e lfl-"l- rBi’ | car bamoyl ) - et hyl ] -
pyr|d| ni umb 0Nl % n.err], (1SP) 920.5 M+ 25
IR(KBr) 1780, 1695 cm-1, MS (tSP) 710.4 (M )+

(E) (6R, 7R) - 4-[ 3- (2 Benzhydryl oxycar bonyl - 7- tert but oxycar bonyl an no- 8-

Of(o t5htlhla-1- 4- i t b I-b&tb OXgeath gl -
me - 0 ar 0r o rbam

yyr| di %I Lm bpg?(ﬁ (-é%fna- }Jq;ga(- OE‘Q‘);Q(]"%"’?%'?"C%TYM% % @)@%qy
6.7. ylmethyll-1-benzyl-pyridinium bromide

(B)-(6R 7 O 2t - but oxycar bonyl am no- 8-
0X0-5-thi lfgggE %?’oﬁfzy&] Wti 5@‘?}V§y| rrlgt hyl ene) - 2- oxo- pyrrolidin-1-
yl met hyl ] - %(4 tert - but oxycar bonyl oxy- 3- met hoxy- phenyl car banoyl ) - net hyl ] -
pyri di ni um bBk8.dE)-(6R, TR} Mydnmmmﬁ -T-tart-butpxyebogylamino-
(é? (6R 7R§3 g -5-th1a- -aza-bicyclo[4.2. Oggtr:]t-z-en-&yrhtne lc?)%?)c-gF%%or-\ymhr%n.Bl-
0X0- 5-t hi a- 1¥ l&c@fofw ?B%chl msi; ‘gne) 2- oxo- pyrrolidin-1-
yl met hyl] 1- mmnﬂsmplmmmwmsmm&ymwl] pyri di ni um broni de

IR (KBr) 1783, 1697 cnierr], MS (1SP) 822.4 M+ 5

6. 9.
(B)-(6R 7R)- &1 VALY X 2P
P B koo e n i i
(KBr) 1781, IfRdtyll-9C(3hydfoxy binzyA}pyriditiium bromide

IR (KBr) 1781, 1717 cm-1, MS (ISP) 759.2 (M+H)*

6.20. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-
20 8-0xo-5- thia-1-aza-bicyclo[4.2.0]Joct-2-en-3-ylmethylene)-2-0xo-pyrrolidin-1-

ylmethyl]-1-(4-carboxy-benzyl)-pyridinium bromide

IR (KBr) 1781, 1715 cm-1, MS (ISP) 787.4 M+

6.20a. (E)-(6R,7R)-4-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-
8-0x0-5-thia-1-aza-bicyclo[4.2.0]Joct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-

25 ylmethyl]-1-[(4-tert-butoxycarbonyloxy-2-trifluoromethyl-phenylcarbamoyl)-
methyl]-pyridinium bromide
IR (KBr): 1780, 1766 cm-1, MS (ISP) 970,5 M+

The following compounds were prepared in the same way using (E)-(6R,7R)-
7-tert-butoxycarbonylamino-8-o0xo0-3-(2-0xo-1-pyridin-3-ylmethyl-pyrrolidin-3-

30 ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid
benzhydryl ester

6.21. (E)-(6R,7R)-3-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-
8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-



6.10. (E)-(6R 7R)-4-[3-(2-Benzhydryl oxycarbonyl -7-tert-but oxycarbonyl am no-
10

8- 0x0-5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- en-_3gyJ net hyl ene) - 2- oxo-pyrrolidin-1

yI met hyl J-1-[ ert-butyl -dinethyl-silanyl oxy) - et hyl c ba yl.] -methyl ] -
pyridi nium b &megb 1-1-[(Grmetby)-[1, 3 gjthi ﬁdl@‘%‘rﬁbi"ﬁ} nﬁlig &Pé
6.11. (E)-(6RréMidd-[ 3- (2- Benzhydryl oxycarbonyl -7-tert- but oxycar bonyI am no-

15
8- 0x0-5-thi a@-@%@&ﬂ@}eﬂZFﬁ.@'b}M&@?éﬁZ&%t hyl er_le) -2-o0x0-pyrrolidin-1
yl met hyl ] - 1- [@.22.n@)}BR, TR)—3—[8}(12#Benhhgnirlyl&yy:htbmb&%ﬁ>ﬁé%b1ﬂbhyb@rh@ylammmm

gr(irzn OI(eE) 5(65%’%5;< zf}']f%EB%zaB yca fﬁaﬁtﬁgﬁe@@t\%xybﬁon ani no-

ylmethyl] 1- [( -tert-butoxycar onyl oxy-p henylcarbamoyl)-methyl]-
8 0X0-5-thi a?ﬁ?ﬁﬁﬂ_‘ brblide 2- O] oct - 2-en- 3-yl met hyl ene) - 2- oxo-pyrrolidin-1
- yl met h -] XYy - met hyl ] - pyri di ni um brom de
D 197 14 e MSSR 808 e, T ™ B s

IR (KBr) 178%
(BE)-(6R, 7R) - 4-[ 3-(2-Benzhydryl oxycar bonyl - 7-tert - but oxycar bonyl am no-

8- 0x0- 5-t hi amm@MWRbB4332%mzhﬁh9hWhmﬁw -tert)biitomycarbonybamincs- 1

- 25 ylne o] =.1-

br omi )ée M]yﬁllip <Br %71‘8%jé %{,‘Pol 2@&@%%?%“ @65‘%}8&@“’]14
(E)-(6R 7R) - yll[n(eth ly[(éxtpmbmmycapbonﬂom enylcarhapaon) hyl ] -4-

[ 3- (2- benzhy 5%:1 d-tert-butoxycarbonyl am no- 8- oxo-5-thi a- 1- aza-

bi cycl o[ 4. 2. o - - g rrethi/ ene) - 2- 0X0 Iz{rrolidin-l-ylmsthyl]-pyridini
um 30 broni d (KB#)FU%BA 59 rou’, 15]p *Ms (1SP) 863.5 Merr]

6.15. (BE)-(6R 7R)-4-[3-(2-Benzhydryl oxycar bonyl 7-tert-but oxycarbonyl am no-

8- 0x0- 5-t hi amzaz@)qemmmszzqkmhmmwfmﬁw-m@b&mmmmw
1 et hyl ] 51 SR B-thia-Lapra-higelaie & oct-2-qns3;slmethlene) 2roxoroyprolidi J:l
yil-

(1SP) 667.5 @ﬂm:ethyl]] 1- (4-te6‘t-bﬁi:oxycarbonyloxy-3-ﬂuoro-pheny1carbamoy1)-m

(E)-(6R, 7R)- - g( ¥l oxycarbonyl - 7-tert - but oxycar bonyl am no-
8- oxo 5-t hi a- -aza- |c ]oct 2- en- 3-yl met hyl ene) - 2- oxo-pyrrolidin-1
- 5 ylnet hleﬁ(Kl%%)rlﬂ M ({8PH B0&4M3ni de

The following compound was prepared in the same way using (E)-(6R,7R)-7

20 tert-butoxycarbonylamino-8-0x0-3-(2-0xo-1-pyridin-2-ylmethyl-pyrrolidin-3-
ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
benzhydryl ester

6.25. (E)-(6R,7R)-2-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-
8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-oxo-pyrrolidin-1-

2% ylmethyl]-1-methyl-pyridinium tetrafluoroborate
IR (KBr) 1782, 1716 cm-1, MS (ISP) 667.3 (M+H)*



IR (KBr) 1780, 1695 cnferr], M5 (ISP) 710.4 (MtH)[err] 6. 17.

(BE)-(6R, 7R) 4-[ 3- (2- Benzhydryl oxycar bonyl - 7-t er t - but oxycar bonyl am no-

8- oxo- 5-thi a-1-aza- bi cycl o[ 4. 2. 0] oct - 2- en: ggy| net hyl ene) - 2- oxo- pyrrolidin-1

- yl met hyl ] - 1- benzyl - pyri di nium brom de 10 IR (KBr) 1781, 1717 cnferr],

M5 (I SP) 743.4 Merr] 6. 18.

(6R, 7R) - 4-[ 3- ( 2- Benzhydr yl oxycar bonyl - 7-t er t - but oxycar bonyl am no-

0-5-thia-1-aza- bi cycl o[ 4. 2. 0] oct - 2-Etamplé ¥et hyl ene) - 2- oxo-pyrrolidin-1
yl met hyl ] - 1- (4- cyano- bengz rid r IR (KBr) 1781,

717 cnierr], MS (ISP) 768. 4 %?ﬁ?’p Eﬂ%%g Sl 1

E)-(6R 7R) - 4 [ 3- (2- Benzhydryl oxycar bonyl - 7-t er t - but QX @co v] am no-

0XO-

5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- en- 3-yl net hyl 2 7/ 0x0- pyrrolidin-1

yl met hyl ] - 1- (3- hydr oxy- benzyl ) - pyri di ni unf@f o
1717 cnmjerr], MS (ISP) 759.2 (MtH)[err] 74

(B)-(6R 7R) - 4 [ 3-(2- Benzhydr,yz oxycgl bonyl -

E) -
0X

(
8-
17
(
8-

7-t¢€ put oxycar bonyl am no- 20

8- 0xo0- 5- —r
t hi a- 1- aza- bi cycl o[ 4. 2. 0166t - 2-kny 3
yl met hyl ] - 1- (4- car boxy- benzyl bépyrl
cnjerr], M5 (I1SP) 787.4 Mt

oo 5. Bl LGRS 133 fhiora £y éﬁ%&ﬁéﬁﬁw
ES(2)>5<05t mﬁﬂ%ﬁ%@b@w in.8 y hdencme r 0|d|n1
1 e e il i M TP en SR
v A eAalabn o CBNGR TR nis-2-peoghy Sy lo R e bOB G- tﬁﬁ’iﬁ%?ng 210
(7E% eg ?RbZFZJXbuto xycarbony] 1%101111810-08)201_10-_5-th_1a-xl(fza_.-b1 cl?[4 2. 0]oct-2-en-3- ol di w3
- 30 yli cF@ne %ﬁg’%&r ‘050?53{@1%%;@&51%1%@]01]2&%{ efe' %%b%ﬁﬁ%’ "aci d
benzhydryl eﬂhero-phenyﬁ:a&bamoyl)-methyl]-pyndlmum bromide (1 1 g, 1.09 mmol) in

(SEZJX(()(S? ZEI) aéﬁ[‘iggl‘%&@& fg@f&%@g wé,htf ?E%ne)cﬁ@)g%i S;nr pgl-l din-1

trifluoroacetic acid at 0-5°C. After 3 h stlmng abgoom temperature, the
yl et hyl ] -1- HiRtdR! W45 cohcsnthhidl adiazRurdted FRED ATRN I ctRE HEIdiRY ‘67 Righm

brom de
15 (96%) of a beige solid.

IR(KBr) 1782, 1678 cm™’; MS(ISP) 554.3 (M+H)*.

Al nplh 'f'ene) 2- oxo-pyrrolidin-1-
I NFUm rom de IR (KBr) 1781, 1715

According to the procedure set forth in the preceeding example, the
following additional compounds were prepared:

7.2. (E)-(6R,7R)-7-Amino-3-[1-[1-[(4-hydroxy-phenylcarbamoyl)}-methyl]-

20 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 trifluoroacetic acid salt
IR (KBr) 1782, 1678 cm-1, MS (ISP) 558.2 (M+Na+)

7.3. (E)-(6R,7R)-7-Amino-3-[1-[1-[(3-hydroxy-phenylcarbamoyl)-methyl]-

pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
25 aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylate trifluoro-acetic acid salt

IR (KBr) 1781, 1680 cm-1, MS (ISP) 536.3 (M+H)+

7.4. (E)-(6R,7R)-7-Amino-3-[1-[1-[(2-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 trifluoroacetic acid salt

30 IR (KBr)1782, 1679 em-1, MS (ISP) 536.3 (M+H)+



IR (KBr) 1771, 1713 cnferr], M5 (ISP) 920.5 M+ 6. 22.

(BE)-(6R, 7R) - 3-[ 3- (2- Benzhydryl oxycar bonyl - 7-tert - but oxycar bonyl am no- 5

8- 0x0-5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- en-_ZgyJ net hyl ene) - 2- oxo-pyrrolidin-1
- ylmethyl]-1-[(3-tert-but oxycarbonyl oxy phenyl car banoyl ) - met hyl | -

505 ?E?ﬂ%kﬂkﬁiﬁ@#??é&éméﬁ Sottuor L alorory shenglopzRABAN Fani no-
10 meth 1] dm 1-ium-4- ‘g;ltmeth l] 2-oxo- yrrolidin-3- hdenemethyl] 8-0x0-5-

8ox05th|a Io - 2- e) - 2- BX0 rrplidin-1
J1 ot nyie: eI areL4 2 g %Pasr@m%ﬁ%ﬁyh@ o5 Bl ol

pyr| di ni um bEBJﬁS’EBr) 1785L B686Bn)- 1, IMSAISPY 584 2(M+H)*+ M (| SP) 902.5 Merr]

6.24. (E)-(6R 7R)-3-[3-(2-Benzhydryl oxycar bonyI 7-tert-but oxycarbonyl am no-

15 -4-

8- 0x0- 5-t Hi a716' Q(S’R T8 [ﬁmé“i}]?’ o ’z[(3a- T h%d?é‘r‘{e‘ihezn%%ba“ﬁ‘?% i din-1
methyl -pyndm- -ium-4-ylmethyl -2-oxo-pyrro -3- hdeneme yl]-8-0x0-5-

yl methyl ] - 1- lthik-1 aég@ EVOJQGWQW-QL&%?MhGﬁ&Qﬁ@ﬁdd galthy! ] -

Sz~
T ol | ow natXhRdTeees oty ] R0 i hg ()~ (6R 7R) 7.

y using (E)-(6R 7R -7- 20
tert - but oxycar bonyl am no- 8- oxo- 3- ( 2- oxo- 1- pyri di n- 2-yl net hyl - pyrrol i di n- 3-
yl i denenet hy 17)7.JH)HBR, TR » 7 aAhiing-8-[1]-f1 -K 4chyditoxy-3-nme thoxwsphensl carbamolyl)-

(5" (or. 7 “Htmgliy durct vyl e o T A e oo
8- 0x0- 5-t hi athlaai-@m-bwcloﬁ Dlog u@yoaze@g@q@sam i din-1

- 25 ylnmeth t IR (KBr) 1782,
5 i e,y sy e 17 ()

e aration 8- GENER.TB)T-Aming3-El-{1:[(3,4-diHfG0Fo-Bhényloarbamoyl)-methyl]-

pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
15 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate trifluoroacetic acid salt
IR (KBr) 1780, 1682 cm-1, MS (ISP) 556.1 (M+H)*

7.9. (E)-(6R,7R)-7-Amino-3-[1-[1-[(3-hydroxy-benzylcarbamoyl)-methyl]-
pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate trifluoroacetic acid salt

20 IR (KBr) 1788, 1681 cm1, MS (ISP) 550.4 (M+H)*+

7.10. (E)-(6R,7R)-7-Amino-3-[1-[1-[(2-hydroxy-ethylcarbamoyl)-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 trifluoroacetic acid salt

IR (KBr) 1783, 1680 cm-1, MS (ISP) 488.4 (M+H)*+

2% 7.11. (E)-(6R,7R)-7-Amino-3-[1-[1-[(5-methyl-[1,3,4]thiadiazol-2-ylcarbamoyl)-
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 trifluoroacetic acid salt
IR (KBr) 1781, 1681 em-1, MS (ISP) 542.8 (M+H)*

7.12, (E)-(6R,7R)-7-Amino-3-[1-[1-[(4-methoxy-phenylcarbamoyl)-methyl]-
30 pyridin-1l-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-

aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylate trifluoro-acetic acid salt

IR (KBr) 1783, 1681 cm-1, MS (ISP) 550.2 (M+H)*



57.1. (BE)-(6R 7R)-7-Am no-3-[1[1[(3-fl uoro-4-[hydroxy-phennyl car banoyl) -
metlyl]-pyridin- -ium

-4-yl net hyl ] - 2- oxo-pyrrolidin-3-ylidenenetgyl] - 8- oxo- 5-

t hi a- 1-aza- bi cyl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl ate trlfluorocetlc acid salt

but S'X%;?Boﬁ%wﬁﬁ?@éﬁ%ﬁh&%f’ﬁﬁﬁ%% FhpaRo g T4t Epxe-othyll-

yl net hyl ene) ﬁndjsmay:md-ylin yfznﬁo hdixﬁ-&-y]édénémbﬂxyl@-&mﬁl-ﬂna-ls-

(Lo o phey b AR PAL L ¥ SRBND LA Bhodc: il ™) 11
trifl uoroacelR (KBe) 3783, mmwsasmmss.(mg{m roomtenperature, the

m xture was concentrated and triturated with diethylether yielding 697 ny

15 (969 e Y N §l-pyrrolidih 554. 3

(MH(-l)[e/?rIp' 1% kg\)%(éﬁgnhuukdgéﬁg Xﬁure sf%ﬁ@ éh i Nt he g?:)eedl ng

exanpl e, t heylcarbamoybope ghlﬁﬁ'd?m% -1 r OEFPERWQH

(B - é 6R, KR) ?h&éhé}ﬁeﬁuﬂ)-ﬂémiﬁz &MM@h%ﬁd—‘lsﬁdbl%[@ﬂk%]oﬁw?id&- &230t -
ridin-1-ium - 2- 0XQ i n- i denene 0XO0- ia-1-

g)z/a bi cycl o[‘ﬁai’ é%ﬁ%@@"%ﬁ%sﬁﬁéﬁe tri ?‘/I uor oacet i Z acid salt | R

(KBr) 1782, IR{KBr)l€90,16NsratlSNS EEP)SINRKMERH) 7. 3.

(E)-(6R, 7R) 7- Am no- 3- [1 [1 [(3 hydroxy phenyl car banoyl ) - met hyl | -

yr|d|n--| WM Jinds thia-1-
25 aza- bi cy%@% 2 ene- -c Trlgggﬂ g}%}ééﬁ@t}gro acé’%l C ?ldé B

IR (KBr) 178nyrrolidin-gnyladenemesh hicyclo[4 oct-2-ene- -

(B)- éGR KR) darbok m&ﬁ-{!ﬂﬁ&o%é’ubhé{d)mphenyl C«'slglbc'slmoylt%1 lmletg yl'l- cthia1
pyri di n- | : -33)) i denenet hy 0XO0- i a-1-
aza- bi cycl of g[{éj"gﬁgéiﬁé ca&%iﬁﬁaﬁ‘@}tg#{' uoroacetic acid salt 30 IR

(KBr) 1782, 1679 cnferr], Ms (I1SP) 536.3 (MtH)[err]

-30 - 77a86. (E)-(6R, 7R)—7 -Amino-3-[1- (1-carbamoy1methyl—pynd1n-1—1um—4-

E 6R, 7 b ) -
ﬁre% h§/|] ’53.%‘3}‘3’.?{15 Jfbyll[’#g éaﬂ ?g@%xe&f%ﬂx %f%g'ner%/hill] 8- oxo-5
- t hi a- 1bigyelof4. 3313061[-2-921 -sarbaxylate. uomtlstaén sakl uor oacetic acid
sal t IR (KBr) 1779, 1683 cm-1, MS (ISP) 444.4 M+

7.17. (E)-(6R,7R)-7-Amino-3-[1-(1-benzyl-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 carboxylatetrifluoroacetic acid salt

IR (KBr) 1782, 1690 cm-1, MS (ISP) 477.3 (M+H)*+

7.18. (E)-(6R,7R)-7-Amino-3-[1-[1-(4-cyano-benzyl)-pyridin-1-ium-4-ylmethyl]-
- 2-oxo0-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate trifluoroacetic acid salt
% IR (KBr) 1781, 1679 em-1, MS (ISP) 502.0 (M+H)+

7.19. (E)-(6R,7R)-7-Amino-3-[1-[1-(3-hydroxy-benzyl)-pyridin-1-ium-4-
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo0-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylate trifluoroacetic acid salt

IR (KBr) 1774, 1676 cm-1, MS (ISP) 493.3 (M+H)+

30 7.20. (E)-(6R,7R)-7-Amino-3-[1-[1-(4-carboxy-benzyl)-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 trifluoroacetic acid salt
IR (KBr) 1780, 1680 cm-1, MS (ISP) 548.3 (M+Na*)



IR (KBr) 1785, 1680 cn{err], M5 (I SP) 554.2 (MtH)+ 5 7.6.

(BE)-(6R, 7R) - 7- Ami no- 3-[ 1-[ 1-[ (3- chl or o- 4- hydr oxy- phenyl car banoyl ) -

rrethyl] pyridin-1-ium4-yl methyl]-2-oxo-pysgepl i di n-3-ylidenenethyl]-8-o0x0-5
t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxyl ate trifl uoroacetic aC|d

(D)~ (6R 7R) - Thin GO-GR, TR -Ahashb i e methehenmmonprals slisppmontl

met hyl ] - pyri dnéthls;l]-pyhﬂml1r¥hi:hy4-1ylﬂedxﬁi-m/ox@byﬂrohanﬁ-yﬁdenemdthyﬂ-siomé-5

- th|a1 zasbic ct 2-e ar late trifluoroacetic acid
sal t R CRE %%é‘ &Mz% enﬁ‘:%c @W‘@ 3 (MeH) [err] 7.8.
(E)- (6R, 7R) TRAKB0)-1764] 1619 [chs &Ismﬁasgaqa\dymarbanoyn met hyl | -

pyridin-1-ium4-yl nethyl]-2-oxo- pyrroI|d| n- 3-yl i denenet hyl ] - 8- oxo-5-thi a- 1-

- bi | I
i s i e
(E)- (6R 7R) - ¥. -2-px0-PYITq L rﬂfﬁﬁ?‘r]

pyridin-1- Iurm%c.%[zez DYdck-Rene-2-garbofylate trifludrogdestivratidysdlt 8- oxo- 5-t hi a- 1-

aza- bi cycl of Cﬁ'{%’igﬁé2 C r %ﬁﬁqscst |18 acid sal_t 20 IR

KBr) 1783
EE) (6R 7R)-7-Am no-3-[1-[1-[(2- hydroxy et hyl car banoyl ) - met hyl ] -
pyridin-1-i uﬂ&23y(lEiE(ﬂEﬂR)-Z-Annnp-)&-[b[l-maqﬂﬁe;d-édw(h'osymhe]nyﬁem;ﬂhi a- 1-

() ! B S A B oo
(E) - (6R 7R) - Thigrilrazasbicycloi4, [Z(Qloﬁfeihepe% atey Bemag:ewcc%ql@éﬁ#yn
met hyl ] - pyrlQHH@%)QMSLBS@WEJMSGSP)MYP(MMD+3 yl i denenet hyl ] - 8- oxo-5

t hi a- 1- aza- bi cycl o 4. 2. 0] oct - 2- ene- 2- car boxyl at e trlfluoroacetlc acid

sal t IR ) 7 1 (1S 54 M 7,1
(E)- (6R, 7R) - (ﬁg}@#lﬁﬁ%@ﬂét%i%%%ré@F %ﬂ%)]meﬁl%ﬁ]‘
pyridin-1-i upyhdmmizhm-&yﬁmvthyﬂﬂ-bnbmymlﬂm-s@hﬁmﬁt@th}rl]%mxo—ﬁfthﬁ-31- 1-
aza- bi cyc salt IR
(KBr) 1)7/8550 [ %@é ?ﬂﬁ;g- %@5@%‘3’5& it baR6hl i Gaft
7. 1B (KBr) 178 1670 ecm-1, MS (ISP) 558.1 M+Na+)

(E) (6R, 7R) - 7- Am no- 3- [1 [ 1-]2- (2, 3-di hydro-i ndol -1-yl)-2-o0xo-ethyl]-

7.25. (E)-(6R,7R)-7-Amino-3-[1-[1-[(3-hydroxy-phenylcarbamoyl)-methyl]-

pyridin-1-ium-3-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-

aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate trifluoroacetic acid salt

20 IR (KBr)1781, 1680 cm-1, MS (ISP) 536.2 (M+H)*+

7.26. (E)-(6R,7R)-7-Amino-3-[1-[1-[(5-methyl-[1,3,4]thiadiazol-2-ylcarbamoyl)-
methyl]-pyridin-1-ium-3-ylmethyl]}-2-o0xo-pyrrolidin-3-ylidenemethyl]-8-0xo0-5-
thia-1—aza-bicyclo[4.2.0]oct-2-ene-2-carbokylate trifluoroacetic acid salt

IR (KBr) 1783, 1679 cm-1, MS (ISP) 564.1 (M+Na+)

% 7.27. (E)-(6R,7R)-7-Amino-3-[1-[1-[(4-hydroxy-phenylcarbamoyl)-methyl]-
pyridin-1-ium-2-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate trifluoroacetic acid salt
IR (KBr) 1780, 1681 cm-1, MS (ISP) 536.3 (M+H)*+

7.28. (E)-(6R,7R)-7-Amino-3-[1-[1-(8-hydroxy-benzyl)-pyridin-1-ium-2-
30 ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-

bicyclo[4.2.0]Joct-2-ene-2-carboxylate trifluoroacetic acid salt

IR (KBr) 1784, 1677 cm-1, MS (ISP) 493.3 (M+H)*



pyridin-1-ium 4-yl net hyl ] -2-oxo-pyrrolidin-3-ylidenenethyl]-8-o0xo0-5-thia-1-
aza- bicycl o[ 4. 2. 0] oct - 2-ene-2-carboxylate trifluoroacetic acid salt I R
(KBr) 1783, 1675 cnferr], M5 (1SP) 546.3 (MgH)+ 5 7.14.

(E)-(6R, 7R) - 3- (1 (1-[(21-Allyl oxycarbonyl - 3- et hyl - pyrrolldln 3-

I b I d 1- 4- I
U1 denenet hy 720 CEH(EB, Bt AbiRerd 11 ety rnafor LAt ooy eyl -oxo-
E?g‘;;)xé'git s §R//&|jd i&ﬁ@?ﬁﬂbﬁeﬁ&tﬂylﬂ% bxo-5-thif 1-4&%-bicehi]4. ZA0Rbt-Oéwe-2}, M5
: aﬂ%&’éﬁ@ Fiﬂ‘(‘ﬁr??é’?ﬁﬁla i3 8eHi n- 1-i um 4yl met hyl ) - 2- oxo-

(E)- (6R 7R) -
pyrrol i di n- SIRI(KBx) 4782 1680 8mok MS-I8Pr401.24M-EHYY cl o[ 4. 2. 0] oct - 2- ene- 2-

carboxylate trifluoroacetic acid salt IR (KBr) 1784, 1677 cnierr], M

(1SP) 401. i ) g

(E) - (6R 7Ff‘)3 ¥ :ﬂ)m(ﬁ%-(é ]@;&I Ac‘é’f%%% [l hydroxy-2-triffuoremethyl,

yl met hyl ) - 2- phenylearbrma rl]ure-'!oxhnsthsﬂil-& qxwzrrohdm%—

bi cycl of 4. 2. 11 eherictAST %-sfd.goembqtszé-biéﬁjfma@owcm- énd-g-bbxylate | R
(KBr) 1779, 6 3 err I\/B0

(B)-(6R 7R) - Q enzyl pyridin-1-ium4-yl rrethyl) 2- 0X0-

pyrrol i di n- 3mr<m+)emmym7%mﬂpmasm 6062 QMIESE| of 4. 2. 0] oct - 2- ene- 2-
20 carboxyl atetrifluoroacetic acid salt IR (KBr) 1782, 1690 cnierr], M
(1SP) 4773 (M+H) + 7.18.

(BE)-(6R 7R)-7- Am no- 3-[ 1-[ 1- (4-cyano- benzyl ) -pyridi n-1-ium 4-yl met hyl ] -

2- 0oxo- pyrrolidin-3-ylidenenet hyl]- 8- oxoEsample81- aza- bi cycl o[ 4. 2. 0] oct - 2- en
e-2- carboxyl ate trifl uorogpgfgg_ﬁt@g @)s3! 102 schBnde<Br) 1781, 1679

cnerr], M5 (ISP) 502.0 (M+H)+
(B)-(6R 7R)-7- Ami no-3-[1-[ 1-(3- hydroxy benzyl) pyridin-1-i ump4¢
yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-o0xo0-5- thIﬁN

I R

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl ate trifl uoroacete
(KBr) 1774, 1676 cnferr], LSK) 493.3 (MrH) + 3
(EB)-(6R 7R) 7- Am no-HIN[ 1- 1 ( - car boxy- benzyl ) - py, Id\ -1 I um 4-
yl met hyl ] - 2- oxo- pyrroINL@? enengt hyl ] - 8- oxo\s~Yhi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2- ene$ car Xy t i fl cetic acid salt I R
(KBr) 1780, 1680 cnierr], M5 @ SP 3 4
(o]
co,© 0

8.1. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-

15 [(E)-1{1-[(8-fluoro4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]loct-2-ene-2-carboxylate
A suspension of (E)-(6R,7R)-7-amino-3-[1-[1-[(3-fluoro-4-hydroxy-
phenylcarbamoyl)-methyll-pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-

20 ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate
trifluoroacetic acid salt (400 mg, 0.72 mmol) ) in 10 ml DMF was treated with
(Z)-(2-aminothiazol-4-yl)-trityloxyimino-acetic acid 1-benzotriazolyl ester
(8394 mg, 0.72 mmol) for 24 h at room temperature. The reaction mixture was
concentrated in vacuo and the residue triturated with ethyl acetate yielding

25 461 mg (60%) of a beige solid. The solid was treated with 3 ml trifluoroacetic
acid and triethylsilane (0.2 ml, 0.85 mmol) at 0-5°C for 30 min. The reaction
mixture was added dropwise into diethylether upon which the product
separated as a beige solid. It was purified by gel chromatography (MCI Gel
75-150y, using a gradient of water with increasing concentrations of



- 32- 7.21.

(B)-(6R 7R)-7- Ami no- 3-[ 1-[ 1-[ (2- net hyl - benzooxazol - 5-yl car banoyl ) -

met hyl ] -pyridin-1-ium4-yl methyl]-2-oxo-pyrgglidin-3-ylidenenethyl]-8-0xo0-5
t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e IR (KBr) 1764,

1679 cnerr], M5 (ISP 57 7.22.

(E)-(6R 7R) - M?ﬁmm@{‘i’qiﬂi ?éoﬁyar(@ﬁ%set hyl ) - pyri di n-1-i um 4-

yl met hyl | - 2- QROKBY) 1967 di67Bem ™ MESESP) 72814 MeKD.5- t hi a- 1- aza-

bi cycl o[ 4. 2. 0] oct - 2-ene- 2-carboxyl ate trifl uoroacetic aci d sal t IR

(KBr) 1778, 78 err

(E)- (6R 7R) - 1“ ‘h‘?gs{"[ th‘i i@ﬁe&lﬁ# §§?§°’i‘hh§4+&g§§r%‘f$eﬁ"¥% pmple, the |

met hyl | - pyri Jollew;ngumd:daigtb hgmjpoandsowere poepared: 3- y| i denemet hyl ] - 8- oxo-5
t hi a- 1- aza- bi cyclo[4 2 0] oct 2- ene- 2- carboxyl ate trifluoroacetic acid

sal t : g?@ ()aRl_m_gﬂg( @ A&fiHb-thi&zdlLLH :g 6-ace 1aZnﬁfb] 3-
o Rt e e o OB il

15 aza-bi CyC|o§b Ar6lioi 3 lﬂibire%l sedxataatmira-ﬂmrmyabmzmba-mhe 2-
IR (KBr) 1780 n{err] M5 (I SP) 558.1 (M+Na+)

(B)-(6R 7R)- e [1 [1- ( 3- hydr oxy- phenyl car banoyl ) - rret hyI]
pyridin-1-i urIR{KBﬂeI’ZﬁG ¢m?L, MS(IS!P)W'?AKM-EN;J") denenet hyl ] - 8- oxo- 5-t hi a- 1-
aza- bicycl o[ 4. 2. 0] oct - 2-ene- 2-carboxylate trifluoroacetic acid salt 20 IR

(5) 6R, 78 - P LEETE W[‘F- CeSmapp gl i a’&faé'gﬁ.ﬁf.ﬁca%?n% g

met hyl ] - pyri &(Eul uildi(ﬁ ysirm n}appyma@kalqwl}-mqthyﬁ triamed me

thi a 1 suaﬁpfs 1&&1& F8%x48-5-thiac 1 dzatKicy¢lof4. gm@@czbh@-ztcn d
salt }ﬂé?éeS 79 cnerr], M5 (ISP) 564.1 (M+Na+) 25
(B)-(6R, 7R) [ 1-[ 1-[ (4- hydr oxy- phenyl car banoyl ) - net hyl ] -

pyridin-1-i UIIRZIWMM 11685 exvl VIS AP 7053 (MiHBhenet hyl | - 8- oxo- 5-t hi a- 1-

aza- bicycl o[ 4. 2. 0] oct - 2-ene-2-carboxylate trifluoroacetic acid salt IR

EE;B r%agg gﬁ#@%ﬁ;ﬁﬁ(@ ‘ﬁﬁ%"‘ge“%‘ 0(11\4*53)*2 -hydr ,}fl%_ﬁ,nu -acptylamino]-3-

vl et by | - 2- 66> byide axlrerbameyi - methyllepymidin- 1nmyd-ylmethyl)-2-

bi cycl o[ 4. 2. B 1 8101oct-2-ehB-2-
O chr/)c 2[784 g ;ﬁ:ggﬁ Qwﬂ%é)m?&g-gdx% Iéshl%iﬁamfthmayad[@z Ooct-2-ehB-2

IR (KBr) 1770, 1669 cm-1, MS (ISP) 705.3 (M+H)*

20 8.5. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[(2-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-ox0-5-thia-1-aza-
bicyclo[4.2.0]Joct-2-ene-2-carboxylate '

IR (KBr) 1765, 1625 cm-1, MS (ISP) 723.3 (M+H)*

% 8.6. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[(3-chloro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-ox0-5-thia-1-aza-bicyclo-
[4.2.0]Joct-2-ene-2-carboxylate
IR (KBr) 1766, 1675 cm-1, MS (ISP) 739.2 (M+H)*+

30 8.7. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[(4-hydroxy-3-methoxy-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
IR (KBr) 1769, 1671 cm-1, MS (ISP) 785.5 (M+H)*



- 33- 7.29.
(B)-(6R 7R) - 7- Am no- 3-[ 1- (1- net hyl - pyri di n- 1-i um 2-yl net hyl ) - 2- oxo-
pyrrolidin-3-ylidenenethyl]-8-oxo-5-thia-1ggza-bicycl o[ 4. 2. 0] oct - 2-ene- 2-

car boxyl at e tr| fI uoroacetic acid salt IR (KBr) 1782, 1680
cnjerr M5 401. 2 (MHH) + ] . 5 7,30. ., . .

(E§ (6]R 7R) - 8!\ Rol R)- hé%)ﬁ%z#w -shiazel-dryl12:hydrAzyimino-acetylamino]-3-
phenyl car barTRE)h-nr-[ﬁwudnﬂumiph dmoylpinethj Pyeridinpy+iual-deylméthyl]-

U s mum s s e e
VS( | SP) : 604c:2rl(diaylaﬁe

Exanpl e 8 R reparation (8 err
(10;“) Schemrq(m.rgnFs 1675 cm1, MS (ISP) 725.0 (M+ED¥" ©P (8) [err]

(6R, 7R -7-[(2) - ﬁu Am no-t hi azol -4-yl)-2-hydroxyi m no-acgetyl am_no] - 3-
15 [E)-1- [ 1- B (BRARHT 4B (8- Amimeihiazel-havi2-hydzoxyiming-acatlaminol:3-

Y oy tCYL] 2 B’f{;ﬁ%‘ LR 3LH d&' okybasiANEsFHehindyT) Snéthy] FpyHtiin 1-#a4-ylmethyl]-2-
(B (6R 7R)-9 %gn%tﬁxﬁcﬁ-axﬁ?a#baﬁyl-aza-bmyc‘i\o[i‘? (TN

phenyl car banaaﬂj ﬂeyl ] pyr| din-1-ium4-yl net hyl]-2-oxo-pyrrolidin-3-

tri 11 voro ceiﬁﬁ*ﬂ?ﬁ&% ?6%26%1 ESTISEI U B AL A 00 DOF v tremted

W th g[) 2- am not hi azol - 4y|) trityloxyi mno-acetic_acid
1- benzot ri az8. (63&'@1)- - (Z)-2-(2-Am1no-tluazph~g=4y Drg hmdrpzymg acetylaminok8-
oom { emer sfnes [T poae pyridinLiug, £ eASIERSC
25 461 g ( 60%8-DIFTalL «ﬂar léepp@etgxﬁ é;ex?ﬁ & -a&%ﬁﬁ&% Blogt-2-ene-2-
trifl uoroaceemebo late acid and tri et hyl silane (0.2 m, 0.85

nmol ) at m xture was added
) S R R oo LA A 19
separ at ed as a beige solid. It was purified by gel chromatography (M _ Gel
75- 150[ er r] , 8ulk. {GRTR)-ZA(ZH2-(B{Aminethiazoh4 ryi&'%ehwdngmmwem lanyinob8-
[(E)-1-[1-(5-methyl-[1,3,4]thiadiazol-2-ylcarbamoyl)-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
20 IR (KBr)1766, 1665 cm-1, MS (ISP) 711.3 (M+H)*

8.12. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[(4-methoxy-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

2% IR (KBr) 1770, 1680 em-1, MS (ISP) 719.4 (M+H)*

8.138. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[2-(2,3-dihydro-indol-1-y1)-2-ox0-ethyl]-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

2 IR (KBr)1771, 1670 cm-1, MS (ISP) 715.4 (M+H)*

8.14. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-(1-methyl-pyridin-1-ium-4-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-
8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

IR (KBr) 1767, 1666 cm-1, MS (ISP) 592.3 (M+Na*)



- 34- acetonitrile). Yield: 380 ng (28%. | RCKBr) 1767, 1672
cnferr]; MS(ISP) 723.4 ( MtH) +. According to the procedure set forth in
t he preceedi ng exanple, the foll owi ng.®gdi ti onal conpounds were
prepared: 5 8. 2.

6R, 7R) - 7- h | M, No- tyl am - 3-

LB 1 1 [ (BB R iaredt thmind hisoiiry S hrir ittt sbinting - ».
AN it R T T TN ”m“"“?"mmm“‘“‘%“e‘
8.3. (6R 7R d eﬁhlé A[" %?' '%?Ngf c}d[%'%fga ?I?Zﬁz%béa m noj - 3-
[(E)-1-[1- [(mr(ﬁﬂin)ﬂﬁsphmmcm-hdwwmﬁhﬁmaw di n- 1-i um 4- yI net hyl ] - 2-
0XO0- pyrrolldln 3- yI|denenethyI] 8- ox0-5-thi a- 1 aza bi cycl o[ 4. 2. 0] oct - 2- ene-

2-  car &%RBZ([KQIQ élﬂﬁmé-ﬁﬁﬁz% Y@rdxyDRing Geetylatfifb]t3- 15

8.4. (6R 7R | |
[(E)- (1 [1- [% al:\ggz;f Ylﬁﬁw -2 roxyl i aicihéﬁg am&ﬁ}l]'z

0xo-pyrroli dsrbx%sithihamaarﬂat bixyelobs.2:0]0ét-2-eine- zcmxblaucl o[ 4. 2. 0] oct - 2- ene-

2 At b iy 1765, TebS s Elaa R, 1 (150 10% 0 (103

(6R, 7 ) 7-1(2)-2-(2-Am no-t hi azol - ﬁgmhydroxyl m no- acet yl am noj - 3-
[(E)-1-[1-[( I'z l(ﬁRﬂR)-ﬁy[(sz‘)@‘pmmo Myylﬁ%ydmx]yawnmcntylanumh&
)l;: gf; Ih)cl)l[ ]4103 ?_Yy(@' n%gl)% satﬁ ’11)1{,%1 Br tﬁf‘ﬁ%x%ég cn{h er-:r;] VS
(1SP) 723.3 ylinepemethyld -830xo-5-th1a—1-aza-b1cyclo[ 2. Oioct-2-ene-2-carboxy late

6R, 7 7- bl tyl 3-
oD D 1 R e M D L T oyt 1 e 11 w4
yl met hyl ] - 2- ggfﬁﬁéﬁ;'gﬂ)g' E&Im hyl 53t hia-1-aza-pi.cycl o
4.2.0] oct - 2 sés {452 ‘4137131‘ pae %@%&H‘
[739 2 ](OC +[(E901-81-13-hydfo%y—benzyl)-py%umA—ylmethyl]-2-oxo-pyrrohd1n-3g}5?
(6R 7R) b-82Hia -4%4-bic ”%(vx ] Sty
(522 ZZYilg(i/cgl'.flarrc)’X1 74, 167% cmi ‘ﬁ%n&ip) 662.3 BB o

8.19. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)—2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-(4-carboxy-benzyl)-pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylate

20 sodium salt
IR (KBr) 1767, 1694 cm-1, MS (ISP) 690.2 (M+H)+

8.20. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[(2-methyl-benzooxazol-5-ylcarbamoyl)-methyl]-pyridin-1-ium-4-
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-

2% bicyclo[4.2.0]oct-2-ene-2-carboxylate
IR (KBr) 1766, 1668 cm-1, MS (ISP) 744.6 (M+H)+

8.21. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-3-
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-

30 bicyclo[4.2.0]Joct-2-ene-2-carboxylate
IR (KBr) 1767, 1668 cm-1, MS (ISP) 723.4 (M+H)*

8.22, (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[(4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-3-ylmethyl]-2-
oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-



yl met hyl ] - 2- oxo-pyrrolidin-3-ylidenenet hyl]-8-oxo0-5-thia-1-aza-bicycl o-
[4.2.0] oct-2-ene-2-carboxyl ate IR (KBr) 1769, 1671 cnferr], Ms (I SP)
735.5 (M+H) + -37- -35 - 8. 8.
(6R 7R -7-[(2) - 2-(2- Am no-t hi azol - 4-yl ) - 2- hydr oxyi m no- acet yl am no] - 3-
[(B)-1-[1-, 3, 4-di fkuoro phenyl car banoyl ) - met hyl ] - pyridi n-1-ium 4-yl net hyl ] -
2- 0XO0- pyrrol F%ﬂ?ﬂx? denerret hyl ] - 8- oxo-5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct-2-en

e-2- car PR(KIBY) 4786) B617 KBl MSRISPP705.2(M+H)t M5 (1SP) 725.0 (MH) +
8.9. (6R 7R -7-[(2)-2-(2-Am no- t’hi azol - 4- yl ) - 2- hydr oxyi mi no-acetyl am no] - 3-

B

1- aza- bi cycl B(ED- D[Dl&hydrmep enylcarbambylymethyll-pyridin¢icbun-3-ydmethgl-
cnerr], #5‘?}'{@&? lyltrﬁ)eazo thyﬁ %9xo—5-th1a—1—aza-b1 cyclo[4. 2 0Joct-2-ene-2-

(6R 7TR) - 7- [( 4 yl)-2-hydroxyi m no-"acet yl am no] - 3-
[(E)-1-]1- [(2 Sﬁethyl car banoyl ) -net hyl ] - pyridi n-1-ium 4-yl net hyl ] - 2-

ox0- pyrr ol i dTR-(RBK) i1968E 1864 ¢d-1, MS(ISP) 705.3-(M-£Hy bi cycl o[ 4. 2. 0] oct - 2- ene-
2- car boxyl ate 15 IR (KBr) 1769, 1675 cnerr], M5 (ISP) 719.3 (M+H) +

8. 11.
(6R, 7R) - 7- [ ( $2%. 8. TRI-TJ 5242 Aming thiazol4-yl}-Zhydroxyimine-acetylamigo]-3-
[ (E) - 1- [ 1- ( SKE¢11-{(Gimthyl-fl, 8 dildrnadi2zol42:-phcarbambylmaethyl]-pyyidid: hidm-3m
met hyl ]~ 2 leet yy 1% ngl'pm()hﬁhnd% erretnﬁ nﬁthérl] oz -5 ma-i![-aazza éblgytél;?le 0-
2. 0] oct - 2[%2éfgctckpe>armmxybtm (KBr) 1766, 1665 cnierr], MS (ISP)

I

4.

11.3 (MH) %31??66 1669 cm-1, MS (ISP) 711.2 (M+H)*

6R, 7R) 7- [(Z) 2- (2- Am ho-t hi azol 2 hydr oxyl m no-acetyl am no] 3-
(

4-
y
;
(
E)-1-[1- t b | 1- 4- f. h
E)xo) pyr E ol |[ f:lgré% (Emﬁgﬂ%gﬁ? M‘b ré’ }ﬂ);%]%‘[inn i um é]lr:m
2- car bo[(E)aI—[al—BS—Hyﬂréi(ﬁtbbnﬁi’D(pyﬂ:ﬁ&Ql-mimZ vl ZBxo-pyeralidiki+3) +
8.13
(6R 7R) - 79| (Pidenemethyll:8-ox ?’gzﬂﬁm b?yﬁbcﬁ‘l %9 °r°nt'%6e’%?6%'t°y late 5.
[ ( E) 1- [ 1- [ 2IRAKBIiIA7 s $672 aor - JNE,‘E&
]-
gxo pyrrol Ibdsrzéﬂsh' TRNGIEL 121D Bmir e thidol-2-y1)- 2Ry BidkyinPhd-ade Bl 2fiiing]-gne-

) car Oi,g(%l.)-f ?l-methyl-pyndm 1-ium-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-

8-oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylate
20 IR (KBr) 1775, 1678 cm-1. MS (ISP) 570.1 (M+H)+

pyr|d|n 1- |um4 yl met hyl

8.27 (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-3-
[(E)-1-[1-[(4-hydroxy-2-trifluoromethyl-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

25 IR (KBr) 1769, 1672 cm-1, MS (ISP) 773.4 (M+H™)



30 IR (KBr) 1771, 1670 cnferr], M5 (I1SP) 715.4 (MH+ = 8.14.
(6R, 7R -7-[(2) - 2- (2 Am no-t hi azol 4-yl)-2-hydroxyi m no-acetyl am no] - 3-
[ ( )-1 (1-net hyl - pyridin-1-ium4-yl met hyl ). gg_oxo-pyrrolidin-3-ylidenenethyl

] 8- 0x0-5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e IR
(KBr) 1767, 1666 cnferr], M5 (I1SP) 592.3 (M+Na )

- 36- 8.15. - '

(6R, 7R) -7-[(2)-2-(2-Am no-thiazol - 4-yl ) ERakigle®xyi m no- acet yl am no] - 3-

[ (BE)-1-(1-carbanoyl met hyl - pyrldlnllum yl \ 0x0- pyrrolidin-3-
yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- BE?W&%’I@P*%B?CAQ‘eém jr'|<e 2- car,poxyl ate
IR (KBr) 1764, 1672 cnferr], M5 (ISP) 613.3 (MtH)+ 5 8. 16.
(6R 7R -7-[(2)-2-(2-Am no-t hi azol 4-yl)-2-hydroyi m no- ac’fgl yl ATTRO] - 3-
E)- 1- (1-benzyl - pyridi n- 1- |um4 yl met hyl ) - 2- oxo- pyrrol él iYtnenet hyl
8- 0x0-5-thi a- 1- aza- bi cycl [420]oct 2- ene- arNoxyl ate I R

8. 19.
-acetylam no] -3- 10

Br) 1768, 1639 cnh irl, I\/BIL‘I' ) 646.4 (M+H) +
R 7R -7-[(2)-2-(2- -4-yl)-2- hydrox

E) - 1-[1- (4- cyano- benz In- pyr -1-,1 th - 2- oxo- pyrrolidin-3-
I denenet hyl ] - 8- oxo- 5-t hi a- loaza- iicycl o[ 4 2. Ct-2-ene-2-carboxyl ate
(KBr) 1775, 1677 cnferr], M 4 H) + 8. 18.

R 7R)-7-[(2) - 2- (2- Am no- t hi azd @& hydroxyi m no-acetyl am no] - 3-
(E)-1-[1-(3-hydroxy-benzyl) - pyr|d|n Fum4 yl met hyl ] - 2- oxo- pyrrol i din-3-

| i dememOth Y6R,7R)*-H(Z)-2-(5-Antina=f1,2)4 [thiadiazok-3¢/1p2thyhoxyithina boxy| at e

[

]

(

(

[

y

| R

(6

[15 y
(5R 7R #EZ%P@%%-%@%@H@#%@%%WM Dmethy])
v

S

8.

(

[

y

b

(

(
K
6
(
|

6R
(E) - 1- [ 1- (4 pyaidiog thiasl-3-
lid

(0]

| denenet hyhba i W O] oct - 2- ene- 2 car boxyl ate 20
di um sal t r I P 69 2. (M+H) +
20. A suspensmn of (E) ZGR 7 % 7-aJI ino- -[1-?/5 [((3 2)ro-4- ( H

GE, 7?) - Zm[ ( phed Ic’érbﬁhfb?yl)-hi I Hin-%-fwﬂmyhnéthﬁ]moﬁg dli&1n33-4
SRRt i AT T e
i cycl o[ 4. 2. eiflubreacetie feid aabbt500ang, 0.74 idn6BBin 207 6d DV wastreatdd with
| SP) 744.6 @ﬁ@-imino-[1,2,4]thiadiazol-3-y1)-trityloxyimino-thioacetic acid 2-
mercaptobenzothiazolyl ester (434 mg, 0.74 mmol) for 21 h at room
15 temperature. The reaction mixture was concentrated in vacuo and the
residue triturated with ethyl acetate and diethylether. The solid was treated
with 5 ml trifluoroacetic acid and triethylsilane (0.2 ml, 1.06 mmol) at 0-5°C
for 30 min. The reaction mixture was added dropwise into diethylether upon
- which the product separated as a beige solid. It was purified by gel
2 chromatography (MCI Gel 75-150y, using a gradient of water with
increasing concentrations of acetonitrile). Yield: 182 mg (47%).
IR(KBr) 1767, 1673 cm™; MS(ISP) 724.2 (M+H)".

According to the procedure set forth in the preceeding example, the
following additional compounds were prepared:

2% 9.2. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]1thiadiazol-3-yl)-2-hydroxyimino-acetyl-
amino]-3-[(E)-1-[1-[(4-hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-
ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-o0xo0-5-thia-1-aza-bicyclo[4.2.0]-
oct-2-ene-2-carboxylate
IR (KBr) 1780, 1671 cm"1, MS (ISP) 706.3 (M+H)+



8. 21.

(6R, 7R -7-[(2)-2-(2- Ami no-t hi azol - 4-yl) - 2- hydr oxyi m no-acet yl am no] - 3-
[(E)-1-[1-[ (3-fluoro-4-hydroxy- phenyl carba.rgyJ) met hyl ] - pyri din-1-ium 3-

yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-o0xo0-5-thia-1-aza- 30

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e IR (KBr) 1767, 1668 cnierr], M
(1SP) 723.4 (MtH) + 8. 22.

(6R, 7R) -7-[(2)-2-(2-Am no-thiazol - 4-y| )Exadplié #aYyi m no- acet yl am no] - 3-
[(E)-1-[1-[ (4- hydroxy-phenyl carb I hyl i um 3-yl met hyl ] - 2-
oxo- pyrrolidin-3-ylidenenet hyI %P 1o %L@@z%%%l o[ 4.2, 0] oct - 2- ene-
2- boxyl at e

IR (KBr) 1766, 1671 cnferr], M5 (ISR} 705.2 (M+H) @ZTF

(R 7R)-7-[(2)-2-(2-Am hlﬁzoINn’ | ') - 2- hydr oxyi m n l‘\{tylamno] 3-

[( )-1-[1-[(3-hydroxy-pwm rrethyl] pyri di um 3-yl nmet hyl ] - 2-
5

oxo- pyrrolidin-3-ylidenenet hyl]-8-oxo- —-I’hla 1- a- rtycl o[ 4. 2. 0] oct - 2- ene-
2- car boxyl at e IR (KBr) 1766 /_['6§ = M5 (I SP) 705.3 (MHH) +
8. 24. o]

(6R, 7R -7-[(2)-2-(2- Ami no-t hi azol -4-yl) - 2- %y’droxyl m no- acet yl am no

[(E) 1- [ 1-§ ( $6RsIR)T-[(Z):2Acktoxyitiinog-(Zaniivertiiazol4-y. Wmm&m-l'um

illac o>{ EWW enerreu}?wthgl% ?ﬁ“&”’f’% ? ICéC| IOSP)

me
2
é 2 M;H% E’A solutfor’ef (r%)-(tG%:It 712'\‘.)-7-am1no-3- [1-[1-( 2—hydroxy-etelllcyl)- réln#o ]-1u§n-4-
E)-1-[ 1-( 3%&#&9% W%'ﬁmﬂ)@ %ﬂyﬂ?%?ﬁ%%?ﬂ&ai z?;yr rol i din-3-
%/I i denwrebigsclod: m@bcﬁ-z-mwicm'baxﬂaw Wr@a@kuxﬂmd-salle(@mgpdxyl ate
R,
E) -

5?5 )71[7(7%911@7% AR DM G h%@tf?%tﬁ%?@x oshigatay

rreta|¢9toxp’ynnn|o-|acet1c mdzdg@ﬂmxn onhoap&tow} esﬂerdéz Jmg| 1S!]em9})hy|

137 gx 0}'@%&'%& vt %gé&ﬁl% ZTHL écﬁgﬁ RRixtur@ WX diteftted iR

)

. 7R) - 7- [ ( Zpcyo @nda Fh%esasuamtuaatﬁd) %Yéﬁyptﬁﬂeoi’i'@eﬁefphmﬁéphd was

1- [ 1- {5 4 puirifiedk by Zel 'chirbhRitogRiphy (MOIGElC?5-180RY ubineatprallient’ oftwatdr
with increasing concentrations of acetonitrile). Yield: 67 mg (9%). IR(KBr)

1768, 1669 cm™’; MS(ISP) 664.2 (M+Na)*.

Example 11,
prepration (8) — (10), scheme 1

oy MJQ

1LL (6R,7R)-7-[(Z)-2-(2-Am1no-th1azol-4-yl) -2-cyclopentyloxyimino-
acetylamino]-3-[(E)-1-{1{(3-fluoro4-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-earboxylate

2% A suspension of (E)-(6R,7R)-7-amino-3-[1-[1-[(3-fluoro-4-hydroxy-
phenylcarbamoyl)-methyl]-pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-



Il um 4-yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenethyl]-8-oxo-5-thia-1-aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e 25 IR (KBr) 1769, 1672 cnferr], M
(1SP) 773.4 (MrHt) -40 - - -38 -
Exanpl e 9 preparation (8) [err] (10), schene 1
[err]

(6R 7R)-7-[ ( z}ldsne@eﬁhyﬂt&-ﬁo-é thial-aza-hicyclot4 2. 9lost-RoanesZsraxbapylate
acet yl am no] téfioEdackticladid Fall (1®0eng,- m26rxﬁmblphﬁflzlmhmh); Iﬁééébeﬂ]mth

o R by S B R 4, o e -

(E)-(6R 7R) - ﬁamapmb’edzmtmﬁzﬁm eﬁtardrlﬁBdn@‘yﬂﬂ&ammle) for 24 h at room

D1 denneitny Fperialit a-ffygf%%oﬁ% ot -ene?’?.cé‘g'r%“’“xﬁﬁ'ate

trifl uor oaceresiduei mtyaated(wmh 1yl Gaepha IJGSN#HZQS DWSMﬁ‘P byed
wth (2 gsez‘f m t io.aci d
2- mercaptg‘o églr%gﬁﬁ{ I azo lﬂbiﬁhtﬁ S‘ e %&## g f or glﬁuéﬁ aﬁ(?gm 15
t enper at ure. QHeuﬁ%Flﬂﬁ ging;co 18°%ﬁ8ft he

residue tri tqu)hYﬁl&yMaﬁgt(al%)and di et hyl ether. The solid was

o) at 8. stBIER Tred 718 PHISASRTTRE SN 1 1Y o ad aatod or opwi so

into diethylether upon which the product separated as a beige solid. It

was purifi edAsgordingo ther pracedyreset famtisiinglie precesding example.rithea
gr adi ent of s of acetonitrile).
Yield: 182 )&@’%@ hﬁ&q%&?ﬁ?&;@ds 1"6E g'sé %{' edrrr@ ; MB(ISP) 724.2
(I\/H—l)[err] 0 o_t ur or in. t receedl ng
exanpl e, thell.2 Q%ﬁl Zﬁ} Ra(ih%l(t@} 0‘%%852321)‘ é‘i] ﬂgé'e 0-
acetylamino]-3-[(E)-1-[1- [(4-hydroxy-phenylcarbamoyl)-methyl]-pyridin—1-
15 ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylate
IR (KBr) 1769, 1674 cm-1, MS (ISP) 778.4 (M+H)*

11.3. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-cyclopentyloxyimino-

acetylamino]-3-[(E)-1-[1-[(3-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-
2 ium-4-ylmethyl]- 2-oxo-pyrrohdm—3—yhdenemethy1] 8-oxo0-5-thia-1-aza-

bicyclo[4.2.0]oct-2-ene-2-carboxylate

IR (KBr) 1770, 1677 cm-1; MS (ISP) 778.3 (M+H)*

11.4. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-

acetylamino]-3-[(E)-1-[1-[(2-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

IR (KBr) 1769, 1676 cm-1; MS (ISP) 773.4 (M+H)*

11.5. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-
acetylamino]-3-[(E)-1-[1-[(2-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-

30 pyridin-l-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
aza-bicyclo[4.2.0Joct-2-ene-2-carboxylate
IR (KBr) 1767, 1673 cm-1; MS (ISP) 791.4 (M+H)+

11.6. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-
acetylamino]-3-[(E)-1-[1-[(3-chloro-4-hydroxy-phenylcarbamoyl)-methyl]-



25 9. 2.

(6R, 7R -7-[(2)-2-(5-Am no-[ 1, 2, 4] t hi adi azol - 3-yl ) - 2-hydr oxyi m no-acetyl -
am no]-3-[(E)-1-[1-[ (4-hydroxy-phenyl car baqqyl )-methyl ]-pyridin-1-ium4-

yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-o0xo-5-thia-1-aza-bicycl o[ 4. 2.

0] - oct - 2- ene 2-car bo at e IR (KB 1780,, 1671

7%)6 3 (M+H) +pyridin-1 -1um-4-)}(7{methy1]-2-oxo-p§rrrorh)dm-3 %H%ﬁrg onjgst}&a?ﬁ
I[Exan})l e 10 agza-bicyclo[4.2.0]oct-2-ene-2-cdiboRflatei On (8) [err] (10), scheme 1
err

(6R, 7R) - 7- [(é-@é&%llﬁsﬂ (yﬁﬂ% tqq ?ZSM"'E)yI) acetyl am no] - 3-[ (E) -

1- [ 1- (2- hydroxy-ethyl)-pyridin-1-ium 1-yl methyl]-2-oxo-pyrrolidin-3-
yl i denenet hy 11/B{(6RJIR)-TH(Z)-2-(22amin o-yhiazolr 42yl p Reaycl cpentploxyuminorxy| at e

A solutio
L e
bi cycl o[ 4. 2. Q1 9¢ (E’,,?c}?[qez aj&%rg)gﬁédzaéé Jdtgor oacetic acid salt (600 ng,

1.1 nmol n th | - 4-yl
At sﬁéW@qépomzbaﬁg, 11 2nrm|)

acet oxyi mi nolRSEBR 4768 W\A'lzéf trfai"ﬁé

for 24 h at roomtenperature. The reaction mxture was concentrated in

vacuo and t ha LIS {BRYER)-7+{(Z)-242Aminéthidzgl-4ayip-Lactyel opiintyloxyinineg sol i d

oradiont By aSeedndig SHERHIAR AN pfenyidarbihdyl Ejﬂ?e%?f?l‘?ﬁdm'l'
2{:\; :\jg ) : 2r7r ]n'gl -ylme(;kﬂ])2-oxo-pmh¢@6&y&qegeqeéxhg§§?-§p§1% iasl-aza-

clo[4 2. -2-en 2-carbo:
{ Bicyelol N ﬁ)
prepration (Lét & 197 0%1673m s G5B} 793.3 M+E)*

11.9. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-

15 acetylamino]-3-[(E)-1-{1-[(3-hydroxy-benzylcarbamoyl)-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
IR (KBr) 1768, 1674 cm-1; MS (ISP) 787.7 (M+H)+

11.10. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino- .
2 acetylamino]-3-[(E)-1-[1-[(2-hydroxy-ethylcarbamoyl)-methyl]-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

IR (KBr) 1778, 1675 cm-1; MS (ISP) 725.5 (M+H)*

11.11. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-

2% acetylamino]-3-[(E)-1-[1-[(5-methyl-[1,3,4]thiadiazol-2-ylcarbamoyl)-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
IR (KBr) 1780, 1675 cm-1; MS (ISP) 779.5 (M+H)*

11.12. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-

20 acetylamino]-3-[(E)-1-[1-[(4-methoxy-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
IR (KBr) 1771, 1676 cm-1; MS (ISP) 787.5 M+H)*



11.1 (6R 7R)-7-[(2)-2-(2- Ami no-t hi azol -4-yl)-2-cycl opent yl oxyi m no-
acetylamno]-3-[(E)-1-[1-[(3-fluor-4-hydroxy-phenyl carbanoyl )-nethyl]- .
pyridin-1-ium4-yl nehyl]-2-oxo-pyrrolidin-_39yl i denenet hyl ] - 8- oxo-5-thi a- 1-
aza- bi cyl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e 25 A suspensi on of

(B)-(6R 7TR)-7-am no-3-11-[ 1-[ (3-f] uor o4- hydr oxy: ..

phenyl car ba nﬂ)ll-}&rfﬁﬁﬂlk]ﬂ r[ﬁ}éi(a'@mmphéﬂﬁ}r?’}ﬁwlmm'n - 3-

-40 -

J1i deneret hyla]ct_aigl(a)mér_l%]-&[(E)-1-[1-[2-(2,3-d1hydro—mdol-1-yl)-2-oxo-ethyl]-pg'(:)1d1n-1-1u.m-

-thia-1- -bpcyclo[4.2.0 t-2- - 2- car boxyl at e
trifluor oaceﬁ’ﬂ%@i’&&&@%@ﬁ%&‘ﬁéﬂéﬂﬁ&ﬂ‘?@y}ﬁgﬂwg -}e28rr cated with
(2)-( 2; art;i nobli¢yelef 4;210%—206@-2%19 pboxyldte m no- acetic zzizi ﬂ 2; c
mer capt obgnz e ) r at room
t enper at ureg;. W@eﬁt@oiéﬁé rgh/(ggsg’c}ﬁ?émgﬁgl n vacuo and the
residue triturated with ethyl acetate. The resulting solid was purified by

reversed phadd.bhr(6ReTRBYT (A 2-(RAmsina-thiazobtel)-2reychpentyloxyimings-
40[err], usi %eﬁlg?ﬁﬂbg?[%j}’é@% 5%1%-§ﬁ??§]%-§m&v-%dﬁoﬁyﬂ%ﬁdin-3-
' Adl-8%2s ZePloc

tonitril . KB, 671 MS( 1 SP
?Si gm( Mr+:-|) E)ylidenem@&bzl«]cﬁ-ngo-ﬁ igl-a% o4 ?P‘P‘%‘rzi[ﬂ%gz]ﬁ’]@&%(edi ng

exanpl e, thelR (KB:®©!1768| n668 ¢ai-1i MS(ISP) 838 +ED*e prepar ed: 11. 2.
(6R, 7TR)-7-[(2) - 2- (2- Ami no-t hi azol -4-yl)-2-cycl opentyl oxyi m no-

tyl am +3-1 4L BE) sd +lol- - i | h- hyl 1 -.pv.ri di n-1- 15
o - y1 ik hAr 18 SR TR i G BRI R A AL SR Rt og v
bi cycl o[ 4. 2. @retylatinok3I(E)r1{2:(2thydroxy-ethi)psBidint T4am-4eydmethiytk 2joxoNs
| SP) 773.4 AT . . .
(6R IR - 7 [ (YR slidlndmethyll B-ox0-5:this 1 azachieyclold, 2, Oloct-2-ene-2-
acet yl ani no] carbqaslate [ 1- [ ( 3- hydr oxy- phenyl car banoyl ) - met hyl ] - pyri di n-1- 20

I um 4-yl met hYR] (#1917 60Y 1690 cfi-b; RIS/ (ISP 690RL (MUNa)+0X0-5-t hi a- 1- aza-
bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e IR (KBr) 1770, 1677 cnierr]; M

(1SP) 77343 §¥"14.(6R,7R)-7-[)-2-{2-(2-Amino-thiazol-4-y)-2-cyclopentyloxyimino]-
acetylamino]-3-[(E)-1-(1-carbamoylmethyl-pyridin-1-ium-4-ylmethyl)-2-oxo-
pyrrolidin-3-ylidenemethyl}-8-o0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate
IR (KBr) 1766, 1665 cm-1; MS (ISP) 681.4 (M+H)+

L g

20 11.17. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-
acetylamino]-3-[(E)-1-(1-benzyl-pyridin-1-ium-4-ylmethyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate
trifluoroacetic acid salt .

IR 1777, 1676 cm-1; MS (ISP) 714.4 (M+H)*

2% 11.18. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl1)-2-cyclopentyloxyimino-
acetylamino]-3-[(E)-1-[1-(4-cyano-benzyl)-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
IR (KBr) 1769, 1670 cm-1; MS (ISP) 739.8 (M+H)+

30 11.19. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-
acetylamino]-3-[(E)-1-[1-(3-hydroxy-benzyl)-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
IR (KBr) 1769, 1664 cm-1; MS (ISP) 730.4 (M+H)+



11.4. (6R 7R)-7-[(2)-2-(2-Am no-thi azol -4-yl)-2-cycl opentyl oxyi m no-
acetylam no]-3-[(E)-1-[1-[(2-hydroxy-phenyl car banoyl ) - et hyl ] -pyridin-1- 25
i um 4-yl met hyl ] - 2- oxo- pyrrolidin-3-ylideneggthyl]-8-o0xo0-5-thia-1-aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e IR (KBr) 1769, 1676 cnierr]; M
| SP) 773.4 + : . . .
EGR )7R) 7- [(Wﬂ ((QRAZ#hﬁ@r%i%ﬁmnm We&&%b@mlwtﬂwmno-
acet yl am no]j aaeﬂyﬂﬁhmé} B-I(EX-Z-{ll(W&béxj‘Mﬁk Yeidin-Qsidrapylmetiaihg-dxo-30

Y bi ycl of PYErhdi Ylfnegt PPl frd b.thad 1y=‘r%é’ KoY ZdeRt o1 7

VB (I SP) 791car1(dw&aee sodlun:iu;attJ | |

6R, 7R) - 75 ' ' i m no-
((alcet yl ?alm nE)]( -1C élﬁgg?%mﬁ?o%qb?’gsg%@h ?/-?lcg?%;m);?)) -met hyl ] -
pyri di n- 1- i uALEL (6B TR)-T-LZ)262-Aming-thiagob4yil)-geoyelapenfyloxyingino-5-  hi a- 1-
aza- bi cycl of i%&ﬁoﬁ3qm)-i-[iﬂ[@-ﬂﬁﬂrai@hydroiﬁph@y])caiﬂiﬁoylﬁﬂétﬁﬂ]er rl;

(oR, 7R . 7- [ ( By i SHREIE- 21030 pratfip uhidoremptiy b oxg - thia-1

(6R 7R) - 7-[ (ByrSU
acet él am noj aaa{bﬁ@cld[wﬂﬂrmdct-ﬂwﬂe-@m&rboﬁ?mxy phenyl CaLbfi]m)él ) - meghylh] .

ridin | enet - 8- 0x0-5-thi a- 1-
a>z/a bi cyéoo[@%ﬂg?t%é gﬁi‘i ca% x</$g? 7@135?1\4]5?!?&8” 1¥69 1672 cnjerr];
M5 (1SP) 803.4
( 6R( 7R) - ) 7-1( 1;.2_2. (('é?wmz{fzwaamm -shinzel 41y herayglopeptyloxyimimo-
o ey et her M"I ?ji[r%?lﬁl‘“"f;gfdf k“‘ﬁ ; O "”‘g‘%‘“ﬁgﬁiﬂ'@* "
bi cycl of 4. 2. - 9xoBYyrolidin-3- HREAT ], MS
E|6§P)7 R)793 f‘:( bMyblof4 2.0]Joct-2-éhe-2-carboxylate I o 15

n i a oxyi m no-
acetyl am ]ﬁo] %(ﬁE 51?%‘[71??'?% Z&%@ﬂ?@%ﬁﬁh@%ﬁ@% rrét hyl ] - pyri di n- 1-
i um 4-yl met hyl ] - 2-oxo-pyrrolidin-3-ylidenenethyl]-8-0xo-5-thia-_ 1l-aza-
bi cycl o[ 4. 2. G]l&ﬂ--(ﬁRe'?ﬁ{Z-[%}m-)Amm-thlaZOH yeyelgentyloximimerr]; VS
(ISP) 787.7 g %t?l%mm 0]-3FE 911+ (3-hydrox -phen lcarbamo 1)-methyl]-pyridin-1-
(6R7R)-7- [(Zum-s-y A%{fﬁ 2-§xg§§5rrcﬁuﬁn-3-yhd\énzg{oee ég' )é%-rg Eh1a—1 -aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylate

2 IR (KBr) 1770, 1665 cm-1; MS (ISP) 773.8 (M+H)*+

11.24. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino- |
acetylamino]-3-[(E)-1-[1-[(5-methyl-[1,3,4]thiadiazol-2-ylcarbamoyl)-methyl]-
pyridin-1-ium-3-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl}-8-oxo-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

25 IR (KBr) 1769, 1671 cm-1; MS (ISP) 779.2 (M+H)*+

11.25. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-cyclopentyloxyimino-
acetylamino]-3-[(E)-1-(1-methyl-pyridin-1-ium-2-ylmethyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-0xo-5-thia-1-aza-bicyclo{4.2.0]oct-2-ene-2-carboxylate

IR (KBr) 1775, 1675 cm~1; MS (ISP) 638.3 (M+H)+

Example 12
preparation (8) — (10), scheme 1



20

acetylam no]-3-[(E)-1-[1-[ (2- hydroxy-et hyl carbanoyl )-net hyl ] -pyridin-1-ium
4-yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyyl.- 8- oxo-5-thi a- 1-aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e IR (KBr) 1778, 1675 cnierr]; M
(1SP) 725.5 (MtH) + 11. 11. E

(6R, 7R -7-[(Z)-2-(2- Am no-t hi azol 4-yl)-2-cycl opentyl oxyi m noy 25
acetyl anino] -3-[ (E)-1-[1-[ (5- et [1, 3, 4] t hi adi azol -Igﬁyl)-mathyl
]

-gyrrolidin-3-ylidetime®yl ] - 8- oxo- 5-t hi a- 1-

pyridi n-1-i um 4-yl met hyl ] - 2- ox
ar poxyl at e | RAK®r) 1780, 1675 cnferr];

aza- bi cycl o[ 4. 2. 0] oct -H2NENGN: 2-
M5 (ISP) 779.5 (MHH) + g

: s
(6R, 7R) - 7-[ (2) - 2- ( 2- Ami noStNi azdl - 3=y ) “p- cyChepent yl oxyi mi no- 30
acetylamno)-3-[(E)-1-[1-[ (4-metl hg anoyl ) -met hyl ] - pyri di n- 1-
i um 4-yl met hyl ] - 2- oxo-pyrrolidin-8-ylidepenmet Ryl ]-8-oxo-5-thia-1-aza-

bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e €07 | R (KBr) 1771, 1676 cnierr]; M
(1 |1 s% 7%.R57gemmyzz.[(m.z(sAmm[Lz,4lthiladiud&ynzcydopentglrhxsimim2-
acet yl ani no] m%@wif'gﬁh%w& ﬁ%%g 1
- 4- Jum-¢yimethyl2-oxo:pyryoli Mbs-gxg-g -
b= gg::I 0[4'.325' % oo 2 mﬂ&&,?wb%&&ﬁtém) 1770, 1669 cnferr]; M i
| SP) 783. ¥ 14, o
R B i e
acetyl am noj 4, 16i- By t inint ¥l i i n-
3- .
yl i denemet hy (}7Gmg4-45 mamelyfor L5k e@evw@m%%@%ﬁ%@%—%ﬁ%—
| R (KB 17681-[(FH%: h; ¢ 4yl -pFridih-1- -4- -
e
acetyl amnoj - BQfﬁ??:t%gé- y%ifragxy;d a-él- Bbgyrtﬁ'%:n- - uarﬁ'g.i g‘?&g‘ﬁﬁi‘f ?e? 0XO0-
pyrrolidin- 3¢gr @ npr@ceiag-agiaq B 2a2H) dpomspol) was e aadethe
AR T s e T e
acet yl ami no] Wag @issolyedsin: Mﬁ%m&%&m@wﬁh%&& wgpnic phass.
pyrrolidi n- 3wds eeiporatéd bhdthesesidid tritirated with \dietHylethedd] The prodhet 2-
car boxy| A was purified by gel chromatography (MCI-gel, using a gradient of water
with increasing concentrations of acetonitrile). Yield: 40 mg (11%).

IR(KBr) 1767, 1670 cm™’; MSISP) 792.4 (M+H)".

Example 13
preparation (6) — (11), scheme 2

7 N
Hz S —
. N
| COH 0

The following compounds were synthesized using the procedure described in
example 7.

13.1. (E)-(6R,7R)-7-Amino-8-0x0-3-(2-0x0-1-pyridin-4-ylmethyl-pyrrolidin-3-
ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

2% trifluoroacetic acid salt
IR (KBr) 1782, 1679 em-1; MS (ISP) 387.2 M+H)+



IR (KBr) 1766, 1665 cnferr]; M5 (I1SP) 681.4 (MtH)+ 20 11.17.

(6R, 7R -7-[(Z2)-2- (2- Ami no-t hi azol -4-yl)-2-cycl opent yl oxyi m no-

acetyl am no] - 3-[ (E) - 1- (1- benzyl - pyri di n- 1-j4gn 4-yl met hyl ) - 2- oxo- pyrrol i di n-
3-

trifluoroacet 332a@3'-)c(6&173)- -AmlRO‘_LBTWO' 1@7exe: hinsmi

25 1118 (GieRentethy D)5 421 MBIyl 0JoctDler- 2%@&9@@11&&@! i no-
acetyl am no] - lb(g) g&:o benzyl ) -pyridin-1-ium4-yl et hyl]-2-oxo-
pyrrolidin- Sf%ﬂ Q8 dS 0-5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
car boxyl at e m(mrxm m‘mmﬂ@masmaanm&mp) 739.3 (MrH) + 30
11.19. (6R 7R)-7-[(2Z)-2-(2- Ami no-thiazol -4-yl)-2-cycl opentyl oxyi m no-

acetyl am ngl -g §( fely b, 7RS-F- R¥H089 0RE 34 dx A Ifhidin'a yiiletnyl- BFirdtidla &. 0O

pyr rol i di n- 3-ylidenenaetixyh)y5ithin-dxazsbiaycto[4.2:00act2cang-3icarboxylic acid ene- 2-
car boxyl ate “ﬂd&g‘@m akiP8altl664 cnferr]; M5 (I1SP) 730.4 (MrH) +

(6R 7R) - 7- [(iﬁ@ﬂé@ 1FATd68Ricam 35 MS (ISP)B8Z,2 (MHERY 1 oxyi mi no-

acetylam no]-3-[(E)-1-[1-(4-carboxyl -benzyl)-pyridin-21-ium4-yl net hyl]-2-ox
O_
pyrrolidi 3%3 ylidenenet hyl ] - 8- oxo-5-t hig: 1- 4Rl cycl o[ 4. 2. 0] oct - 2- ene- 2-

car boxyl ate sodiuimsalt 5 IR (KBr) 17 mMerr]; M5 (ISP) 758.4
( M+H) + 11. 21 preparatlon (11) = (12), scheme 2

6R, 7R) - 7-
gcet yl ;m nE)]( éf%#‘gb?'ﬁggrvge r oxﬁeﬂﬁgﬁ%ﬁcﬁ%gm et dﬁ?cﬁbed m
pyri din-1- .umxanyp qyms%@pyﬁm .mmthewsos‘m by Gnstahﬁ. a- 1-

f'\i/é a( IbIS%/ c |78 E‘hcﬁzé&h@ f‘s'ﬁm%eﬁ@i%ﬁoicﬂieb@éi&' with 18 sécﬁuﬂﬁﬁ&ﬁr&:ﬁ@% sol@ﬁénqmﬂ 4.

(6R 7R - 78 ( z%xé%m vas @HP%?QPSheQ by sevsrsed Rhasy dhrprgtography (MERCK
acet yl am no] -Idchféprep- RP-]1 &éﬂiopteh@&-ﬁﬁpnyknmb@mdieﬁtrd‘tﬂngt@r withi di n- 1-

bi Gyol o 4. 2. SPREERAE EHbbAte] oxyﬁ%‘t’%%@“@‘e?%&) 1767, 1672 crferr]: M
(1SP) 773.3 (MH) + y
“*”\Q/g,, Q

Na

yl i denenet hyl - 0X0-5-thi a- 1- aza- bi cycl o[ 4. 2. O] oct, 2 e éby r boxyl. at
m’ﬁldﬂzﬁm

14.1. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-8-
20 0x0-3-[(E)-2-0x0-1-pyridin-4-ylmethyl-pyrrolidin-3-ylidenemethyl]-5-thia-1-

aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt

IR (KBr) 1765, 1666 cm-1; MS (ISP) 600.3 (M+2Na-H)*

14.2. (6R,7TR)-7-[(Z)-2-(2-Amino-thiazol-4-yl1)-2-hydroxyimino-acetylamino]-8-

ox0-3-[(E)- 2-oxo-1-pyndm—3-ylmethyl-pyrrohdm-3-y11denemethyl]-5-th1a-1-
25 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR (KBr) 1769, 1666 cm-1; MS (ISN) 554.1 (M-H)

14.8. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
0x0-3-[(E)-2-ox0-1-pyridin-2-ylmethyl-pyrrolidin-3-ylidenemethyl]-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

30 IR (KBr)1775, 1668 cm™1; MS (ISP) 556.2 (M+H)+



11.23. (6R 7R)-7-[(2)-2-(2- Ami no-t hi azol -4-yl)-2-cycl opentyl oxyi m no-
acetylam no]-3-[(E)-1-[1-[(3-hydroxy-phenyl car banoyl ) - net hyl ] - pyri di n- 1-

i um 3-yl net hyl | - 2- oxo- pyrrolidin-3-ylideneggthyl]-8-o0xo-5-thia-1-aza-

bi cycl o[ 4. 2. 0] oct - 2-ene- 2-carboxylate 20 IR (KBr) 1770, 1665 cnierr]; M
(1SP) 773.3 (MtH) + 11. 24.

(6R, 7R -7-[(2)-2-(2- Ami no-t hi azol -4-yl)-2-cycl opent yl oxyi m no-
acetylamno]-3-[(E)-1-[1-[ (5-met hyl - [ 1%}@5” azol - 2-yl car banoyl ) - net hyl

]p;/r i di n- 1 - i urne-follewing comspepnds, were sypthesized using the propedurs describhed in
aza- bi cycl o[ éxampledi: Theyavé‘recmrbmxtdédﬂoﬂﬂieiﬁddiﬁm sdlis by ddjusting the | ;

'(Vg R( ?Eg ;%?( 51@@%8%3%% g Cngl m, ﬂdroxu}ﬁ rs,'olutlon to pH 6.

XYl

gf:et yl amI IngLP&riﬂ@)tltm mmdwphplpghe%bﬁ revemadzlahasm chyematographyy (MEIRCGKn-
1l-aza- biycycl gﬁmﬁ?%#%ct - ?éhr}gc%gcar at e g2 gralgl?%ogw %Wﬂi%75

cnierr]; M HlcreasigEscongentrgtionsof acetonitril

Exanpl e 12 pr epar atlon (8) [err] (10), schene 1
- 44- [err]
(6R 7R -7-[(2)-2-(5-Am no-[1, 2, 4]th| adi -yl )-2-cycl opent yl oxyi m no-

nmoyl ) met hyl ] -

pyridin-1-i um 4-yl net hyl ] - 2- d’é&x‘w r I| hy}] - 8- oxo-5-t hi a- 1-

5 aza-bicyclo[4.2.0] oct - 2- ene2-
(2)-(5-amno-[1, 2, 4] t hi adi azol - 3- yI) @yclo en) yl no- acet at e
1-allyl-1-nmethyl - pyrrolldlnlun1salt in S treated with HBTU
(170 mg, 0.45 mmol) for 1.5 h at room tenpercgt@re. ©

(E)-(6R, 7R) - 7- Ani no- 3-[ 1- N®

[ 1-[ (3-fl uor o- 4- hydr oxy- phenyl car banoyl ) - met hyl ] - pyri di n- 1-i um 4-yl nmet hyl ] -

10 15.1. (6R,7R)-7-[(Z)-(2-Amino-thiazol-4-y1)-2-cyclopentyloxyimino-acetyl-
amino}-8-0xo0-3-[(E)-2-o0xo0-1-pyridin-4-ylmethyl-pyrrolidin-3-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt
IR (KBr) 1763 cm-1; MS (ISP) 624.3 (M-Na+2H)+

15.2. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-acetyl-

15 amino]-8-0x0-3-[(E)-(2-0x0-1-pyridin-3-ylmethyl-pyrrolidin-3-ylidenemethyl)-
5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid sodium salt
IR (KBr) 1770, 1671 cm-1; MS (ISP) 624.2 (M+H)+

15.8. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl1)-2-cyclopentyloxyimino-acetyl-

amino}-8-0x0-3-[(E)-2-0x0-1-pyridin-2-ylmethyl-pyrrolidin-3-ylidenemethyl]-5-
20 thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

IR (KBr) 1776, 1669 cm"1; MS (ISP) 624.2 (M+H)+



10

2- oxo- pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-en
e- 2- carboxylate trifluoroacetic aci d%ZI_t (300 ng, 0.45 mml) was
added and the m xture was stirred for h before it was concentrated

I n vacuo. The residue was di ssolved in ethylacetate and extracted with
wat er. The organi c phase was evaporated and the residue triturated with
di et hyl ether. The product 15 was puri fW chromat ogr aphy (Ml -gel,

using a gradi ent of water W|th|n reasi{n ongentrations of
acetonitrile). Yield: 40 ny (1@}561’ OF%Lﬁgfﬂlsf‘é%éﬁ 70 cnferr]; MS(ISP)

792. 4 (M+H) +. Exanpl e 13

preparation (6) [err] P?B‘H\iﬁb The foll ow ng
conpounds were synthesized ysi ng, descrl bed in exanple 7.
13.1. (B)-(6R 7R)- 7Am'no§ox 9 Ph- 4-yl met hyl - pyrrolidin-3-
yl i denenet hyl ) -5-thi a- 1- aza- bi cgoeleppl, 20] oct -Z-&ne ar boxylic acid 25
trifluoroacetic acid salt IR (KBr) 1782, 1678 l\65 (1SP) 387.2

( M+H) + -45 13. 2.

(BE)-(6R 7R) - 7- Am no- 8- oxo- 3- ( 2- oxo- 1- pyri di n- 3-yl net hyl - p?/rr | di n- 3-
yl i denenet hyl ) -5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxyllc acid

'E R/LLI) Eor ga5(1:gt(|§-c (%'-(%Rf'?ﬁi&[&(z-! R ( EBr g |}782 [1’677 -&%l‘t-bll H SPe] 38.7.2
(9519517 S ot ettt ot et Sscpitt o1
%/r: fl uor oacgh%@mwmﬁm%ﬁlﬁgﬁw
(MtH) + 10 A solution of (E)-(6R,7R)-7-tert-butoxycarbdnydaplino-B40x0-3-(2-0xo0-1-pyridin-
3-yl-pyrrolidin-3-ylidenemethyl)-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
10 carboxylic acid benzhydryl ester (see EP 620225-A1) (639 mg, 1.0 mmol) in
10 ml dichloromethane/acetonitrile (1:1) was treated with carbonic acid 4-(2-
bromo-acetylamino)-phenyl ester tert-butyl ester (494 mg, 1.5 mmol) for 48 h.
The solvent was removed in vacuo and the residue triturated with
diethylether. Yield: 857 mg (88%)
15 IR(KBr) 1786, 1758 cm™; MS(ISP) 888.4 (M)".

According to the procedure set forth in the preceeding example, the
following additional compounds were prepared:

16.2. (E)-(6R,7R)-3-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-

8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-0xo-pyrrolidin-1-yl}-
20 1-carbamoylmethyl-pyridinium bromide

IR (KBr) 1783, 1703 cm~1; MS (ISP) 696.4 (M)*.

16.3. (E)-(6R,7R)-3-[3-(2-Benzhydryloxycarbonyl-7-tert-butoxycarbonylamino-
8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-en-3-ylmethylene)-2-0xo-pyrrolidin-1-yl}-
1-methyl-pyridinium iodide

% IR (KBr) 1782, 1712 cm-1; MS (ISP) 653.5 (M)*.

Example 17
preparation (7)— (8) scheme 1



preparation (11) [err] (12), schenme 2 The foll ow ng compounds were
synt hesi zed using the procedure described in exanpl e 8. They were
converted into their sodiumsalts by adjusigng the aqueous suspensi on
of the acid with 1 N sodi um hydroxide solution to pH 6. 15 Purification was
acconpl i shed by reversed phase chromatography (MERCK Li chroprep RP-18
silicagel, 25-40[err], usi r{b wat W th I ncreasing -
concentrations of acetoniggile). N@ [err]

14. 1. N® O

(6R 7R)-7-[(Z)-2-(2- Am no-t hPazol - '}-/Il ) - 2- ydroxy\-ﬁ%o- geet yl am no] - 8- 20
0x0- 3-[ (E) - 2- oxo0- 1- pyri di n4- yI met h 2-pyrrol I di n-3- yIHl-l]-S-thi a-1-
aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxyl i c aci d sodi um sal I R (KBr)
1765, 1666 c N_?n?ﬁ,xa,

(6R 7R)-7-[(;&%§%5(%5®$%§%@%w$- -hydr -acetyla <i]8]
oxo- 3- [ ( E) - 2 pyxidin: Mﬁ% %X g- 1-
25 aza-bi cyc W%Wéuﬁﬂﬁmtcéﬁd@éﬂ) 1769, 1666
cnferr]; I\/S% %ﬁ](ﬁ?%ﬁ I (%A!ﬁe

(6R 7R) - 7-9 (A solutisn Bs$13-(Genshyduylozyearbapyk Ldert-hutomy . s

0XO0- g [(EI) [2camoﬂylamnd+8%e£e—5l-ﬂna*lyhza>})my@lo[41210]3>ct'-l2i-em3eyim ¢bhiylerte )t 2rioxo- -
aza-bicyclo[4. 2

ora D YC\R DrEtdaL- Srl]?%f‘gﬁ;@&ﬁo?ﬁﬁ&l{ﬁ -Fidintlnd BrddsFie (640" me, 867

- 46- mmol) in 10 mi dlchloromethane and 0.84mlsnisalswas tregtedradi 0-6vng
conpounds we t nSpérat 11.
They were coﬁerted [ ntlg iékl)%rd%gig ﬁm sa t?s d] ust | th i'?;bm te agggtﬁfﬁe
suspensi o of: emx&umwmwnpent@ée de@@@ggaPmqul’é'eﬂﬁ%
Purificati oncyRbdRERFISEhES Bk PYedipitats adsotiected by fbttragioanyigl dibgBI8 mg

Li chroprep 9&‘2)0“&& (()a uct2a5s é%Lfg[eri)deSI ng a gradient of water with

IR(KBr) 1776, 1683 cm™; MS(ISP) 522.3 (M+H)".

According to the procedure set forth in the preceeding example, the
15 following additional compounds were prepared:

17.2. (E)-(6R,7R)-7-Amino-3-[1-(1-carbamoylmethyl-pyridin-1-ium-3-yl)-2-0xo-
pyrrolidin-38-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate trifluoroacetic acid salt

IR (KBr) 1780, 1692 cm-1; MS (ISP) 430.3 (M+H)+

20 17.8. (E)-(6R,7R)-7-Amino-3-[1-(1-methyl-pyridin-1-ium-3-yl)-2-0xo-pyrrolidin-
3-ylidenemethyl}-8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylate
IR (KBr) 1756, 1617 cm-1; MS (ISP) 887.4 (M+H)*+

: Example 18
% ' preparation (8) — (10) scheme 1

The following compounds were synthesized using the procedure described in
example 8.



I ncreasi ng concentrations of acetonitrile).

[err] 10 15.1.

(6R 7R)-7-[(2)-(2- Ami no-thi azol - 4-yl)-2-cygopent yl oxyi m no- acet yl -

am no] - 8- oxo- 3-[ (E) - 2- oxo- 1- pyri di n- 4-yl nmet hyl - pyrrolin-3-ylidenenet hyl]-5-
t hi a- 1- aza- bi cycl o[ 4. 20 ] oct - 2- ene- 2- carboxylic acid sodi um salt I R
(KBr) 1763 c rey s | SP) 624.3 (M Na+2H) + 15. 2.

(6R, 7R -7-[(2) - m fjo- t hj azol - 4-yl ) - 2- cycl opent yl oxyi m no-acetyl - 15
am noj - 8- oxo- 3- B(¥) - (£-0 -RAyri - yIyret hyl - pyrrolidin-3-ylidenenet hyl)
- 5-thi a- 1-aza- biCyc P A @& 2o carboxylic acid sodi um salt

IR (KBr) 1770, 1671 cni®€rr] ;?%@ (19 624\.-2((% + - 15. 3.

(6R 7R)-7-[(2)-2-(2- Ami no-t hT"&zol - 4-yl ) - 2-cyl-|oxyi m no- acetyl -

am no] - 8- oxo- 3-[ (E) - 2- oxo- 1- pyri di n- 2-yl et hyl -‘pyrrol i di n-3-yl i denenet hyl ] -

5- 20 thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid | R (KBr)
1776, 1669 cEBd.(BR,ND-TH{E@)2-62Arindviliazol-4-yl)-2-hydroxyimino-acetylamino]-3-
-47- . .
or epar at i on E(g))-][‘Qr-[(]4-le%rog:gﬁ%%ny}carbamoyl)-%mlﬁp}gfiéxrl-r -ium-3-yl]-2-oxo-
pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclof4.2.0]oct-2-ene-2-
5 carboxylate
IR (KBr) 1769, 1678 cm™1; MS (ISP) 691.2 (M+H)*

18.2. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-(1-carbamoylmethyl-pyridin-1-ium-3-yl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-ox0-5-thia-1-aza-bicyclof4.2.0]oct-2-ene-2-carboxylate

10 trifluoroacetic acid salt
IR (KBr) 1769, 1692 cm-1; MS (ISP) 599.3 (M+H)*

18.3. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-(1-methyl-pyridin-1-ium-3-yl)-2-0x0-pyrrolidin-3-ylidenemethyl]-8-oxo-
5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate

15 IR (KBr) 1767, 1618 cm~1; MS (ISP) 556.0 (M+H)*+

Example 19
preparation (8) — (10) scheme 1

The following compounds were synthesized using the procedure described in

20 example 11.
N*§j
HN N ff
\SVMN s =
o
P

\
o N® ©
© ‘-—<
0z HN—@—OH

19.1. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-cyclopentyloxyimino-acetyl-
amino]-3-[(E)-1-[1-[(4-hydroxy-phenylcarbamoyl)-methyl]l-pyridin-1-ium-3-yl]-
2-o0x0-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-



5 16. 1. ' '

(BE)-(6R, 7R) - 3-[ 3- (2- Benzhydryl oxycar bonyl - 7-tert - but oxycar bonyl am no-

8- ox0-5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- en- 0?" net hyl ene) - 2- oxo- pyrrolidin-1
-yl ] - 1- [ (4-tert - but oxycar bonyl oxy- phenyl car banoyl ) - net hyl ] - pyri di ni um
brom de A sol ution of

(E) - (6R, 7R) - earboxylste oxycar bonyl am no 8 oxo 3- (2- oxo-1- pyri di n-

3-yl-pyrroli q byl H)q-l o[ 4.2.0]oct-2-ene-2- 10
car boxylic a%a%nz Py gl7ester see E 1) (639 ng, 1.0 mmol) in

o e adEeK ?ﬁi%rlf@f b ReAgin g-&ﬁiqzﬁéﬂﬁ%?fn%&{tgﬁm@par SiBppoes
mol ) for 48 alitmno] 3-[KB- 501-carpamoglmethylqyridinvidum-3+d)-Rhexo-pgirblitin-3-
e %ﬂ ylk%se%%eﬁhlaﬂc%ﬁ?a’l od R ot %li 5%558@%?? hin
t he pregeedl 3, 1688 cm" tMS(iﬁH)@ #(MHdbdl conpounds were

pr epare 16. 2.

(E)-(6R 7R) - 39 8- (@t %Rmﬁhﬁ(ﬁs-ﬁl@xyﬁﬁﬁmﬁya{zoht 1 2- Bt SRtRF A iAb1 gi no-

8- oxo-5-thia-1-aza-hic 0] oct - 2 en e) - 2- 0X0-p lidin-1
-yl]- 20 1 c A f&gﬁ b}r(ld%nﬁ ﬂm:ri-lum-rgﬂ? -leélég{\
Eg eE ES]R , eﬁ&ﬁhﬁl]@%ko—ﬁ-thm—ﬂ-ﬁz&bll cyclo[4.2. 0]oc:;-2-ene-2-bcarblo xylate
- 35 yl oxy 5 oxycar bonyl am no-
- 0X0- 5-t @%mﬁg?g g‘]%%rﬁ%%% yl ene) - 2-oxo-pyrrolidin-1
-yI 1 rret hyl -pyridiniumiodide 25 IR (KBr) 1782, 1712 cnferr]; M
(ISP) 653.5 (M +. Exanpl e 17

preparatlon (7)[err] (8) schene 1 Example
-48- [err] 17. 1. 20

oyt - 1.1 WSO AR R iR e hostamipes -

bi cycl o[ 4. 2. Qmpl{ﬂl(ménﬁwm thyll<pyrddin-15ufn-4-
sol ution g (y'EB - Snﬁpl].@ - 3-| 3- Eﬁall;l)le_g_z C:HQ% x 5'Zl'nae{t b‘it'oxé’] [4.2.0]-
oct-2-ene-2-carboxylate dihydrochloride
To a suspension of (6R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-hydroxyimino-
acetylamino]-3-[(E)-1-[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-
pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
20 aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylate (578.2 mg, 0.8 mmol) in 32 ml
methanol weas added 1ml of a saturated solution of HC] in diethylether. The
resulting solution was added with stirring into 500 ml diethylether. The solid
material was collected by filiration, washed with diethylether and dried.
Yield: 564 mg beige powder _
25 Microanalysis: calculated for Cg;Ho7FNgOgS, - 2 HC1
calece. C4680 H367 N1408 S806 Cl8.91
found C4693 H336 N14.17 S818 C(Cl19.02

According to the procedure set forth in the preceeding example, the
30 following additional compounds were prepared:

20.2. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-3-

[(E)-1-[1-[(8-fluoro4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-

ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl}-8-0xo-5-thia-1-aza-bicyclo[4.2.0]-
3% oct-2-ene-2- carboxylate methanesulfonate

Microanalysis: calculated for Cg;HorFNgOgS, - 2 CH3SOgH



car bonyl am no- 8- oxo-5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- en- 3-yl net hyl ene) - 2- ox
o- pyrrolidin-1-yl]-1-carbamyl met hyl - pyridi ni um brom de (840 ny, 0.867
mml) in 10 nl dichl oronet hane and 0.84 m_,gni sol was treated at 0-5[err]C
with 4.2 m trifluoroacetic acid. After stlrrlng for 2 h at room

tenperature, 10 the m xture was concentrated in vacuo and the residue
poured on 20@ak¢. C48821 H8HMy| MiHbl14 THA3B%cipitate was coll ected by

filtration ylf&llﬁ Ngo rrg t duct as a bei ge powder.
| RCKBr) 1776 §3 % 1 H |s§/ns% QW§ According to the

procedure set forth in the pr eceedi ng exarrpl e the 15 foI I oW ng addi ti onal

?E?p?éﬁd?R“mr““’m’[ 8 L o
-7- arpanoyl.ne r| n- . 0XO0

pyrrolidi }Qﬁ' M Wj”ﬂ]y‘ﬂiﬂ% upgd- 5
car boxyl at e tyhivelthy: dimwyhdenemawm-bxbﬂﬂmaibaza-h{:ydolm

(1SP) 430.3 %ﬁ%"fﬁ?‘

(B)-(6R 7R)- 7~ 23-1 1- W-lum?) é - 0xo- pyrrolidin-
3-yli denenet Mcroandy&%calmda 1&%@1%{393@20]2)1&2 @sene- 2- car boxyl at e
| R (KBr) 1756414 617cq0ls ' 1 aMB (NSBL.2G87s43(dd"

Exanple 18 2 r eparation (8) [err] (10) schene 1
The fol | oW nﬁo%ﬁpoqﬂ@&%ﬁ3§?nthre%f é the procedure described in
exanpl e 8. -49- [err]

18.1

(6R, .7R) -7-1(2)-2-(2- Ami no-t hi azol -4-yl)-2-hydroxyi m no-acetyl am no] - 3-
[ (E)-1-[1-[(4-hydroxy-phenyl carbanoyl)-nethyl]-pyridin-21-ium3-yl]-2-o0xo0-



pyrrolidin-3- yIrdene - 8- 0x0- 5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2-ene-2- 5

car boxyl ate——- KBr 9, 1678 cnferr]; M5 (ISP) 691.2 (MH)+ 18. 2.
(6R, 7R --‘7 hi azol - 4-yl ) - 2- hydr oxyi m no-acet yl am no] - 3-
[ (E)- 1(L yridin-1-ium 3-y19~-2-o0xo0-pyrrolidin-3-

yl i denenet. 8 bxot 5- thra 1-aza-biycl o[ 4. 2. 0] oct - 2-ene-2-carboxyl ate 10
trifluoroacetic acid salt - IR (KBr) 17€Haim§92 cnferr]; M5 (1SP) 599. 3
(M+H) + 18. 3.

(6R 7R)-7-[(2)-2-(2- Ami no-t hi azol - 4 yl) - 2-hydr oxyi m no- acetyl am no] - 3-

[ (E)-1-(1- met hyl 1p\Cdghidlodpd i¥mOd&riPaives of ithe Fetleralefuid@ilay] | - 8- ox
o- 5-thia-1-aza-bicycl o[ 4. 2.0] oct - 2- ene-2-carboxylate 15 IR (KBr) 1767,
1618 cnjerr]; M5 (ISP) 556. &1(MFH)+

Exanpl e 19 preparation (8) [err] (10) schene 1

The foll ow ng corrpounds re |zed usr the procedure described in
20 exanple 11. [err 19
N'oﬁﬁé‘hln)ﬂloﬁ;y m no- acet yl -

(6R, 7R -7-[(2)- 2,_&@ ﬁ‘o tChr

am no] -3-[(E)-1-[I-T( o

4- hydr oxy- phenyl car banoyl ) - met hyl ] = ?ﬁyrrdr n- i um 3- yI]R2 I
2- oxo-pyrrolidin-3-ylidenenet hyl]-8-o0x0-5-thia-1-aza- brcyclo[4 2.0] oct-2-en

e- 2- wherein car boxyl at e
(5R 7R 73 (2) - 27 2- Am no- T aiskei: leyealioh Erdde %frﬂa?ﬁeﬁ%l acetyl -
X isCHorN;
n is 0, 1 or 2;
m isOor1;
R2 is hydrogen, lower alkyl, w-hydroxy alkyl, benzyl or lower
10 alkyl-heterocyclyl, the benzyl and the heterocyclyl group

being unsubstituted or substituted with at least one of the
groups amino, cyano, carboxy, halogen, hydroxy, lower
alkyl, lower alkoxy or -CONRg, R being hydrogen or lower
alkyl; or R2 is -CH2CONR4RS5; wherein
15 R4, R6 are independently hydrogen, w-hydroxy-alkyl, phenyl,
naphthyl or 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, optionally substituted
20 lower alkoxy, w-hydroxyalkyl and/or cyano;
or the groups R4 and R5

form together a group of formula

pe

with the proviso that m is 1, when the pyridinium ring A is
25 a pyridinium-4-yl;
as well as readily hydrolysable esters thereof, pharmaceutically acceptable

salts of said compounds and hydrates of the compounds of formula I and of
their esters and salts.

30 2. Compounds according to claim 1, wherein n is 1.



am noj - Lgmll m WI met hyl - pyri di n-1-i um 3-yl ) - 2- oxo- pyrrol i di n- 3-
5 ylidene | a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl at e
IR (KBr) 1773, 16L88 cnferBf\s Ms (I SP) 667. Lg(MrH) + 19. 3.
(6R 7R) - 7- [(Z) 2- (2- Am no-thiazol 4-yl)-2-cycl opentyl oxyi m no-

acetylam no]-3-[(E)-1-(1-nmethyl-pyridin-1- |um3%I) 2- 0XO0- gyrrolldln 3-
yl i denenet hyl ] - 830K omapownds acenrding @laqms 1 oy) b cvhereindR 21 hydoegemor 10

'R (Kgr) 177 M5 (1SP) 624.2 (M
ExaErpIre)ZO %y°$§§8§ﬁﬁerr] ( ) 2 (M)

-1 hi |
LB T L1 [ (5t 1 o ompeRds RGemring Fo BPERb o Flatite. it S FHeTFIn B2 18 tower 15
yl net hyl | - 2- @ihyby&r—hyﬂmhmalkﬂ;bmny&pthwbénﬁlmuﬁ “heling ubsabatitbited of 4. 2. 0]
o, 700 6 SRR b S e e e R ity

acetylam no]-3-[(E)-1-[1-1(3-fl uoro-4-hydroxy-phenyl car banoyl ) - net hyI]
pyri di n- 1- i um 4- . (lamhpéinds egeording t¢ avyones of claimechio by whegeinkB24dst hi a- 1-
20 aza-bicyclg é’oﬂ]r?m&an&mi%wdﬂa 6| aHERS TBrescills o GptivRallyi n 32 n

met hanol weas added 1m_ of a saturated solution of HCQ in diethyl et her. The
resul ting solsubsBtutedrherdd with stirring into 500 m diethyl ether. The
solid material was collected by filtration, washed with diethylether
and dri ed. Yiee IThe bérhpotindei ge powder 25 M croanal ysis: calcul ated for

ERR G UGt e A e A A
%Aclc?)r ding t 3[1*[@4 hydsexmmenyicaﬁ'banfmyi)mdhhyﬂmmm hgue-drylineethyh:23x0-

ol lowing a ,
(6R, 7R) - 7. [(%&@L‘Aﬁ&m | azt}éﬁ]?- B{‘?Jgafhﬁﬁrla%ax"%%]@“a%g ot Zene2-,
[(E)-1-]1- [3£ﬂrh@ﬂaﬁﬁ,hydroxy phenyl car banoyl ) net hyl ] - pyridin-1-ium4
yl met hyl ] - 2- g8R; mm{zﬂzxs%mﬂai QIﬁtﬁi‘AHiaz%i-@iﬂ)@-hf*d?oﬂmﬁﬁﬁom& ﬂ o[ 4. 2.

19]or ?():[Sefft 2-eng mﬁ{%ﬁﬁgax_ f‘;‘l'es}[lﬁt han ul f onei ]51 ﬂ)ﬁ?lp%mdsin fa cql4§t ed
ylmethyl]-2-oxo-pyrrohdm-3-yhdenemethyl]-8-oxo-5-th1a-1-aza-b1cyclo[4 2.0]-
oct-2-ene-2-carboxylate;
(6R,7R)-7- [(Z)-2-(2-Am1no-thiazol-4-y1)-2-hydroxyimino—acetylamino]-3-[(E)-l-
[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl}-pyridin-1-ium-4-ylmethyl]-

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

(6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimino-
acetylamino]-3-[(E)-1-[1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyl]-
pyridin-1-ium-4-ylmethyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-ox0-5-thia-1-

2% aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate;
(6R,7TR)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
[1-[(3-chloro-4-hydroxy-phenylcarbamoyl)-methyl]-pyridin-1-ium-4-yl-
methyl]-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo0-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylate; :

0 (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
[1-[(4-hydroxy-3-methoxy-phenylcarbamoyl)-methyl]l-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;
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-

35 [1-[(3-fluoro-4-hydroxy-phenylcarbamoyl)-methyll-pyridin- 1-ium-3-ylmethyl]-
2-o0x0-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-




(]:gl (9:5 C 43. \Eaﬂl’"”mnlu u Tllr 13. 89 found C 43.61 H 3.66 N 11.93 S

(6R, 7R) - 7- [\\\ );-(2- Atine-thi azol - 4-yl ) - 2- hydgoxyi m no-acetyl am no]-3- 5

[ E) 1-[ 1[ 3-f | Uor o- 4- hydr oxy- phenyl car bamoyl ) -met hyl ] - pyri di n- 1-i um 4-

yl met hyl ] - 2- oxo- pyr.rolidin-3-ylidenenethyl]-8-o0xo-5-thia-1-aza-bicycl o[ 4. 2.
0] - oct - zaghexylager boxyl at e hydrogensul fate M cr oanal ysi s:

cal cul ated fops Gell hb?ﬂﬁ:ﬂf&!&ﬂ{ P eg&l%rdal& bﬂ}ﬁ%rdogquﬁﬂd and Bjdfates

40.52 H 3.40 y 12,20 42.02 H 3 99 S 13.96
-52- of said compounds an C ai ns 1. Cephal osporin
pyridini um derlvatlves of the general formula | [err] wher ei n
5 o Rl err] 7. iCorhpounds as ihcaugy oné bficlainysc 1 del6for use asgh)ah'macgutlca]lyx
i's or ', or 1;
Rerr] B actiys wibtances, partiRiaty fufté reatment o propluvlasie B°) Ole:
10 ectlowl diseabes.er ocycl yl, the benzyl and the heterocyclyl
group bei ng unsubstituted or substituted with at |east
one of the 8. Process for theJfnantifaéttirB bf thédnp &ﬁi&@é&oﬂ%ﬂ@ %mg one
hydr oxy, | ower, al kyl, I qwer al Koxy or -
hydr ogen or [ofgigims 1 to 6, which process;gomnsqﬁ Rlerr] is
-CH err]CONR[err]R[err]; wherein 15 Rlerr], Rerr] are i ndependently
hydr ogen, [eKa)- hyehbﬁxgmbdmboun&&wﬁng the formula II napht hyl or
het erocyclyl, the phenyl, naphthyl or het er ocycl yl bei ng
unsubstitUted or substitut ed | east one of the
groups of optionally prot ect aI
optionally substituted | ower aI IT) glp;;# ut

COOH II

in which R2, m and n are as defined in claim 1,
or an ester or salt thereof, with a carboxylic acid of the general formula III

OR!

N—\ﬁ COOH
4

RHN 111
in which Rf is hydrogen or an amino protecting group, Rl and X
are defined above, or a reactive fun<_:tiona1 derivative thereof, or

20 (b) cleaving off the amino, hydroxy and/or carboxy protecting group in a
compound having the formula IV

y (CHZ)n I

COORP R2 IV
in which R2, m and n are defined above, Rf is hydrogen or an
% amino protecting group, RE is hydrogen or a hydroxy protecting
group, Rb is hydrogen or a carboxy protecting group, provided that

at least one of Rf , R€ and Rb is a corresponding protecting group
or a salt thereof, or



20 | ower al koxy, [err]-hydroxyal kyl and/or cyano;

or the groups R4 and R5 formtogether a group of formula
with the proviso that mis 1, when the pyr_i5§i_ni umring Ais 25

a pyridinium4-yl; as well as readily hydrol ysable esters thereof,
pharmaceutically acceptabl e salts of said conpounds and hydrates of the
conpounds of fornul a I and of their esters and salts. 30 2.
Conmpounds aceggyr di éncarm €, 3.
Conpounds an@I‘dl to c gf": ms 1 ,6 erel n Rl i s hydrogen or

cycl opentyl . accordlng to anyone of clains 1 to 3
wherein R2 is | ower aI kyI Ierr -hydroxy aI kyl, benzyl, the benzyl
group being unsubstituted 0|N Q_L_Lib (@Ha)heast eyof the groups
cyano, carboxy or hydrRﬁ/ ” Ookl)o%ndg:l'a'd%ehﬂ’ o anyone of
claims 1 to 4 wherein %ﬁ’ 4 is hydroégen and R5
represents an optionally subs i Tut edopegpy! O 6. The conpeunds

10
(6R 7R) - 7- [ ( 2) - 2witierain RY; Ximzoid d-are)asdeffmed apowe,no- acet yl ani no] 3-[(E)-

[1 [ (4- hydr ow%mwmgmpf»%t hyl]-pyridin-1-ium 4-yl net hyl ] -2- oxo-
pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 2- ene- 2-.

car boxyl at e; .

(6R 7R - 7- [ (8 zf?rs%m?avffﬁ,cfxr&]qu repdiby hydrelysable,sster,of A fompad of . 15
am no] - 3-[( Efeﬁn{ﬂb: [(s&bjgdlma-mb@ylimawfq:mﬂmwm apgorrdsperidingm 4-

yl met hyl ] - 2- éa{t? ﬁd&n -yl i denenet hyl ] - 8- oxo-5-thi a- 1-aza- bi cycl o[ 4. 2.
0] - oct - Z- ene car’boxyl at e;

(6R, 7R) - 7M[ ( Z) - 2- (2- Ami no-t hi azol - 4-yl ) - 2- hydr oxyi mi no- acet yl ami no] - 3-[ (E) -
1- [1-[( &;)f ! ﬁﬁrﬂ:éﬁwﬂiﬁéun@wg@éphwéﬁesrmw%ﬂnﬁaﬁm%mmma Ior

2- oxo0- pyrrol *?Sy‘h%?é rﬁﬂqveﬁhegasomnpan QIYRUY 1B BSYF QLt - 2- en
2 oxr oyl r o Brbiescal spid splis d.of farsuls d ipta a,seft

e- 2- hydrate or into a hydrate of said salts.

15 9. A pharmaceutical preparation containing a compound according to
any one of claims 1 to 6 and a therapeutically inert carrier, particularly for
the treatment and prophylaxis of infectious diseases.

10. Compounds according to any one of claims 1 to 6, whenever
prepared according to the process claimed in claim 8 or by an obvious
20 chemical equivalent thereof.

11. The use of the compounds according to any one of claims 1 to 6 in the
treatment and prophylaxis of infectious diseases or for the manufacture of
medicaments for the treatment and prophylaxis of infectious diseases.

12. The novel compounds, formulations, processes and methods
2% substantially as described herein.

%%k
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T

car boxyl at e;

(6R, 7R -7-[(2)-2-(5-Am no-[ 1, 2, 4] t hi adi azol - 3-yl) - 2- hydr oxyi m no-

acetyl am no] -3-[(E)-1-[1- [(3 f1 uor o- 4- hydroxy phenyl car banoyl ) - met hyl ] -
pyridin-1-i um 4-yl net hyl ] -2-oxo-pyrrolidi nS8=yl i deneret hyl ] - 8- oxo- 5-t hi a- 1-
25 aza-bicycl o[ 4. 2. 0] oct - 2 ene- 2- car boxyl at e;

(6R, 7R -7-[(2)-2-(2- Am no-t hi azol - 4-yl ) - 2- hydr oxyi m no- acet yl amﬁl%ﬁ@'

1- [ 1-[ ( 3- chl or 0- 4- hydr oxy- phenyl car banoyl ) - met hyl | - pyri di n=I-T um 4-yT -
met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyl]-8-o0xo0-5-thia-1-aza-bicycl o[ 4. 2.0]
oct - 2- ene- 2-car boxyl ate; 30

(6R, 7R -7-[(2)-2-(2- Ami no-t hi azol - 4-yl) - 2-hydr oxyi m no-acetyl am no] -3-[ (E) -
1- [ 1-[(4-hydroxy- 3- net hoxy- phenyAbstragtoy| ) - met hyl ] - pyri di n- 1-i um 4-
yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenet hyl ]-8-0x0-5-thia-1-aza-bicycl o[ 4. 2.
0] - oct - 2- ene 2 car boxyl at e;

(6R 7R) - 7- [ ( 2) - 2Cephalasperimpyridininny derivativas,ef the generalformmlad - 3-[ (E) -
1- 35

[ 1-[ (3-f 1 uoro-4- hydroxy- phORYl car banoyl ) - met hyI]-pyri din-1-ium 3-ylmethyl ] -
2-oxo-pyrrolidin-3-ylidene hyl ] - 8- oxo- 5- thia -aza- bicyclo[4.2.0]oct- -
e-2- as
pharmaceutical ly ;}th‘ ncs ydrat es of said
conpounds and saHg . e of clains 1 to 6
for use as pharmaceutically 5 actggle subst nces partlbcul arly for the

treat nent and prophyl axi s of I nfecti ous di seases. 8. Procesk
for the ngnufactyh@rgfnthe conpounds according to any one of clainms 1
to 6, which proceis conpri ses (a) treating a conﬁound havi ng t he
fornula Il 10 is hydrog¢myrlower alkyl, cycloalkyhonaretylR err], m and
n are as deflnedxln clalm Nf an ester or salt thereof, with a
carboxylic acid of the generaIFOfror’rml alll 15
[err] n is0,1o0r2;
m isOor1;
10 R2 is hydrogen, lower alkyl, m-hydroxy alkyl, benzyl or lower

alkyl-heterocyclyl, the benzyl and the heterocyclyl group
being unsubstituted or substituted with at least one of the
groups amino, cyano, carboxy, halogen, hydroxy, lower
alkyl, lower alkoxy or -CONRg, R being hydrogen or lower

5 alkyl; or R2 is -CHoCONR4R?; wherein

R4, RS are independently hydrogen, w-hydroxy-alkyl, phenyl,

naphthyl or heterocyclyl, the phenyl, naphthyl or heteroc-
yclyl being unsubstituted or substituted with at least one of
the groups of optionally protected hydroxy, halogen,

20 optionally substituted lower alkyl, optionally substituted
lower alkoxy, m-hydroxyalkyl and/or cyano; or R4 and R5

form together a group of formula

o)

with the proviso that m is 1, when the pynd1mum ring A is
2% a pyridinium-4-yl;
as well as readily hydrolysable esters thereof, pharmaceutically acceptable
salts of said compounds and hydrates of the compounds of formula I and of

their esters and salts. -
| Sheet Has Been Replaced

L



in which Rlerr] is hydrogen or an am no protecting group, Rl and X

are defined above, or a reactive functional derivative therpg# (@) |
cl eaving off the am no, hydroxy and/or carboxy protecting g:@fﬂm‘\ﬁgm ‘%"E“
conpound having the fornula IV [err] i n which{R errlL, m and n
are defined above, Rlerr] is hydrogen or -gn 25 am no pr pt ec@idhg) M dBGE
Rl err] is hydrogen or a hydroxy protectimg—— group, Rh {s hydrogen or
a carboxy protecting group, provided that . at least pne of Rerr],
Rlerr] and Rh is a corresponding protecting group of_a_salt _
t hereof, or -55 - (c)
al kyl ati on of a conpound of formula [err]
wherein Rerr], X, mand n are as defined above, 5 with a alkylating
agent, or (d) for the manufacture of a readily hydrol ysable ester of a
conmpound of formula | subjecting a carboxylic acid of formula | to a
correspondi ng esterification, or

h rin idinium Derivative

The present invention relates to cephalosporin pyridinium derivatives

of the general formula I -
"fOR:-I
" N/Qs:x 0 ;@— CH= (cyNz-Bn(CHz)m-@
Co; ) R2
wherein
Rl is hydrogen, lower alkyl, cycloalkyl or acetyl;
X is CH or N; .
n is0,1or 2;
m isQorl;
R2 is hydrogen, lower alkyl, a-hydroxy alkyl, benzyl or lower

alkyl-heterocyclyl, the benzyl and the heterocyclyl group
being unsubstituted or substituted with at least one of the
groups amino, cyano, carboxy, halogen, hydroxy, lower
alkyl, lower alkoxy or -CONRg, R being hydrogen or lower
alkyl; or R2 is -CH3CONR4R5; wherein

R4, RS are independently hydrogen, a-hydroxy-alkyl, phenyl,
naphthyl or 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, optionally substituted
lower alkoxy, w-hydroxyalkyl and/or cyano;
or the groups R4 and RS



10 e) for the manufacture of salts or hydrates of a co
(e) fo . ydr: :gepma@m SHEET

formula | or . hydrates of said salts converting a conpou
into a salt or hydrate or into a hydrate of said salts.
phar maceuti cal preparation containing a conpound accordi ng to 2 4 a]iwm
of claimse 1 to 6 and a therapeutically iMert carrier, partipularly for
the treatnent and prophyl axis of infectious di seases. 10.

Compounds according to any one of clains 1 to 6, whenever prepared
according to the process clainmed in claim8 or by an obvious 20 cheni cal
equi val ent thereof. CepHalospdhiff MRRIIBIm! DerivRRRPUNds according to any
one of clains 1 to 6 in the~———featrert—and—prophylaxis of infectious

di seases or for the manufacture of medi canents for the treatnent and
prophyl axi s of infectious diseases. 12. The novel conpounds,
formul ati ons, processes and net hods Zégs%tantial | y as descri bed herein.

Cephalosporin pyridinium derivatives of the general formula I

?_(Krr (CHZ dn X
cH={_ _'N—(CHa)m{} A.

TN

COz !

R2
wherein
R1™ is hydrogen, lower alkyl, cycloalkyl or acetyl;

X is CHor N;
.n is0,1lor2;
m isOor1;
R2 is hydrogen, lower alkyl, a-hydroxy alkyl, benzyl or lower

alkyl-heterocyclyl, the benzyl and the heterocyclyl group
being unsubstituted or substituted with at least one of the
groups amino, cyano, carboxy, halogen, hydroxy, lower
alkyl, lower alkoxy or -CONRg, R being hydrogen or lower
alkyl; or R? is -CH2CONR4R5; wherein

R4, RS are independently hydrogen, @-hydroxy-alkyl, phenyl,
naphthyl or heterocyclyl, the phenyl, naphthyl or heteroc-
yclyl being unsubstituted or substituted with at least one of
the groups of optionally protected hydroxy, halogen,
optionally substituted lower alkyl, optionally substituted
lower alkoxy, w-hydroxyalkyl and/or cyano; or R¢ and R5

form together a group of formula

pe

with the proviso that m is 1, when the pyridinium ring A is
a pyridinium-4-yl; |
as well as readily hydrolysable esters thereof, pharmaceutically acceptable
salts of said compounds and hydrates of the compounds of formula I and of
their esters and salts.



