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[errj -2- [err]
Rierr] I's hydrogen, an alkalinetal ion or a tertiary

anmoni um group; 5 Rl err] i s hydrogen, an ami no protecting
group, pyrrolidin-2- _ylmethyl, azetidin-3-yl nmethyl,
I m nonet hyl, 1- car%am’ m doyl ; R err]
I s hydrogen, dialkyl carbanoyl, [err]- hydroxyalkyl [ er
am noal kyl , pyridinium1-yl nethyl, roxy 3- 710 NR4
ani nonet hyl - propyl or (hydroxy) - r ol - 2- NR4
yl ) et hyl ; Rlerr] drogen ATNT UOrGnet hyor hydr oxy;
and Rl err] Is al _NHR*r ] - hydr oxy- al kyl, geycl oal kyl,
3-pyrrolidinyl, 3- azetidinyl, i nonethyl or
1-carbami nmdoyl; 15 as well as readHy hydrgl yzabl er sR7t,her eof ,
pharmaceutically acceptabl e salts of said corrpounds and hydrates of the
conpounds of formi3a | and of is hydmgen,esndkahmntalsmn er a tertiafyir t her nor e,
the invention is concerned wt u%@gﬁyre of conmpounds of fornula
l; with their use as pharmaceutlca y ac
5 R4 is hydrogen, an amino protecting group, pyrrolidin-2-
ylmethyl, azetidin-3-ylmethyl, iminomethyl, 1-
carbamimidoyl,;
RS is hydrogen, dialkylcarbamoyl, o-hydroxyalkyl, o-
aminoalkyl, pyridinium-1-ylmethyl, 1-hydroxy-3-
10 aminomethyl-propyl or (hydroxy)-(pyrrolidin-2-
yDmethyl;
RS is hydrogen, trifluoromethyl or hydroxy; and
R7 is alkyl, o-hydroxy-alkyl, cycloalkyl, 3-pyrrolidinyl, 3-

azetidinyl, iminomethyl or 1-carbamimidoyl;

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

Furthermore, the invention is concerned with the manufacture of
compounds of formula I; with their use as pharmaceutically active

2 substances, particularly for the treatment and prophylaxis of infectious
diseases, and with pharmaceutical preparations containing a compound of
formula I for the treatment and prophylaxis of infectious diseases, especially
infectious diseases caused by methicillin resistent Staphylococcus aureus

(MRSA).
2% Preferred compounds of formula I are compounds wherein
X isCHor N;
R1 is hydrogen;
R2 is a group of formula

R4

4

N
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RS

RS



20 subst ances, particularly for the treatnment and prophylaxis of infectious
di seases, and with pharnmaceutical preparations containing a conpound of
formula | for the treatnent and prophyl axis of infectious diseases,

especially i nfectious di seases caused by _nethicillin resistent

St aphyl ococcus aur eus (MRSA). 25 Preferred conpounds of fornula I
are conpounds wherein X R¢ | sgaCH or N; R err]

i s hydrogen; Rl err] NS a groppyOf fornul a

[err] lnm--@ -3 - [err]

Rl err] I's hydrogen, an alk metal i or atertiary

anmoni um group; 5 R err] I s hydrogen, angdm no protecting
group, i m nonethyl, 4 Or 1- Ami mi doyl ;

Rl err] i s hydrogen, hydi/ox Ni)'/f‘; err] | g4

hydr ogen or hydroxy; and Rl err] meyhyl~RSr 2- hydro thyl; 10
as well as readily hydrolyzable esters thereof, armaceggi €al atRept abl e
salts of said conpounds and hydrates of the conpounds of formula I and of
their esters and gdts. is hiydeogenjrzauatkalivhetah éom oe setertiBoynul a | are

useful in the treatnent of ammonium group;

5 R4 is hydrogen, an amino protecting group, iminomethyl,
or 1-carbamimidoyl;
R5 is hydrogen, hydroxymethyl;
RS is hydrogen or hydroxy; and
R7 methyl or 2-hydroxyethyl;

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

The compounds of the present formula I are useful in the treatment of
infectious diseases caused by bacterial pathogens in particular methicillin
15 resistent Staphylococci aureus (MRSA) and Pseudomonas aeruginosa.

In above compounds of formula I the R2 substituted pyrrolidinone can
be present

N—R2 Ia

Ib
s

Compounds of formula Ia, i.e. compounds wherein the pyrrolidinone is
in the E-form are generally preferred.

in the E-form:

or in the Z-form:

The term "protected amino group" refers to groups such as those
employed in peptide chemistry, such as an alkoxycarbonyl group such as -
% tert-butoxycarbonyl, allyloxy carbonyl and the like; a substituted alkoxy-
carbonyl group such as trichloroethoxycarbonyl etc.; an optionally



I nfectious di seases caused by bacterial pathogens in particular nethicillin
15 resistent Staphylococci aureus (MRSA) and Pseudonobnas aer ugi nhosa.

I n above conpounds of formula | the R2 substituted pyrrolidinone can be
pr esent [err] dg the E-form

[err] or in the Z-form Compounds of fornula la, i.e
conpounds whe rsexhstxtu’eecb arallylaxiycarhonyd group,| for tdxanEleopmlhrobeganbxacalgbonyl
preferred. yIP t such
as those %‘%fé’z&ﬁ'n peptlblé:H %ﬁjl{’ﬂ suc %aégzné;ﬁPBfE%?EH group

Such as 25 teralkeme phgrourheish as formy swae%twbom plogen-alkanpy srmap > such
substituted al diedbacetyl, BRirkoatetyl) icduacstyt mr&ﬁﬂﬂdrsﬁée@yp%&@mﬁ%méaﬁve

etc.; an optionally
subst i t ut ed%ar@ok‘?l Peh-as the $rimethylsilyl growpaimi e, p-nitrobenzyl oxycar bonyl

or benzyl oxycarbonyl; an aral kyl group such as trityl or benzhydryl; an
al kanoyl group su&re&rrédrmcinocpro&e@:ing grmzpsadmgam-hhum}matquddp-meh as

chl oroacetyl , ng&g. <ﬁﬁ9@ rifluoroacetyl; or a silyl
protective 5 gr uc Xé\%l eﬁ%dhﬂitgilyl gr oup. Preferred
am no protecting groups_are tert-butoxyearbonyl (t-BOC),

al I yl oxycar bony| (&g usey harein; the yerm “alkyl” referswbo bethistraighthand hranched

"al kyl" refer |
hydr ocar bon gfcg{t%ggﬁg\h};a%&diﬁy?g&c&?%&l pre e?gg lﬁf‘SaE'l ézaattﬂ’f'lto‘i

1 to 4, rbon, at ,
for exanpl ® for ¢X35npley methy ;ﬁt |n-P¥<mﬂa1§pprqu perti awimm he
l'i ke. and the like.

As used herein, the term "w-hydroxy-alkyl" refers to both straight and
branched chain saturated hydrocarbon groups as defined above bearing a
hydroxy group in the terminal position, e.g. hydroxymethyl, 2-hydroxyethyl,

15 3-hydroxypropyl, and the like.

As used herein, the term "w-amino-alkyl" refers to both straight and
branched chain saturated hydrocarbon groups as defined above bearing an
amino group in the terminal position, e.g. aminomethyl, 2-aminoethyl, 3-
aminopropyl, and the like.

20 As used herein pharmaceutiéally acceptable salts useful in this
invention include salts derived from metals, salts from amino acids and
salts of mineral or organic acids. Examples of preferred metal salts are
those derived from the alkali metals, for example, lithium (Lit), sodium
(Nat) and potassium (K+), from the earth alkali metals, for example

2% magnesium (Mgt+). Those salts derived from amino acids such as, for
example, salts with arginine or lysine. Examples of salts of mineral acids
are for example chlorides, sulphates or phosphates, and examples of salts of
organic acids mesylates, napsylates, besylates, maleates, salicylates,
tartrates, lactates, citrates, benzoates, succinates, acetates and the like.

30 Especially preferred are chlorides, sulfates, phosphates, lactates or
mesylates.

As readily hydrolyzable esters of the compounds of formula I there are
to be understood compounds of formula I, wherein the carboxy group in 2-
position is present in the form of readily hydrolyzable ester group. Examples
% of such esters, which can be of the conventional type, are the lower



As used herein, the term™"[err]-hydroxy-al kyl" refers to both straight and
branched chai n saturated hydrocarbon groups as defined above bearing a
hydroxy group in the term nal position, e.g. hydroxymethyl, 2-hydroxyethyl,
15 3- hydroxypropyl, and the |iKke. .gAs used herein, the term
"[err]-am no-al kyl" refers to both strai ght and branched chain

sat urated hydradeandyloxgralikylestersdeld.ntik atatnxymeﬁ'rylnmvahoyloxymethﬂi, droup in
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| sopr opoxycar bonyl I ?ﬁmﬁ Lens d
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(e.g., the ipharmacenticgl Y@Bepf)alﬁﬂ(ﬁaliﬁeam%r al kanoyl am nomet hyl esters
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A preferred embodiment of the invention are compounds of formula I
wherein X is CH or N and R2 respresents a group of the formula

4
< g
N—R4
/—QRS
RG

wherein R4 is hydrogen, iminomethyl or 1-carbamimidoyl; R5 is
hydrogen or hydroxymethyl; and RS is hydrogen or hydroxy.

In a further preferred embodiment of the compounds of formula I X is
CH or N and R2 represents a group of the formula

R4

4

N
—<>N~R4 —Q
RS

% R®
wherein R4, R5 and RS are as defined above.

Especially preferred are compounds of formula I wherein RS and RS are
hydrogen.



acetam donmet hyl ester). O her esters (e.g., the benzyl and cyanonet hyl
esters) can also be used. Ot her exanples of such esters are the foll ow ng:
(2, 2-di net hyl - 1- oxopr opoxy) net hyl ester; 2-[(2-nethyl propoxy)carbonyl]-2-
10 pentenyl ester; 1-[[(1-nethylethoxy)carbgnyl]oxy] ethyl ester;

1- (acet yl oxy) ethyl ester; (5-nethyl-2-oxo-1,3-dioxol-4-yl) nethyl
ester; 1- [ [ ( oy eaneeially preferned-ginbodiment: of thesinwentionrare compounds of
3, 3-di met hy! - Zo@@RT YWhesdif'X is CH and k2 §é)s gﬁ’ﬁﬁg%‘féﬁﬁg}é)y those of

ordinary skill in the art that the readil ydrol yzabl e esters of the
conmpounds of the present gsnvention gaan be fornmed 15 at a free carboxy group
of the conpound. N, Exa ~of salts of the conpounds of formula I
are defined under "®phar rm'ggutgcal | y acceptable salts" above. A
preferred enbodi nent the In ion are compounds of formula I

wherein X is CHor N and R2 respresents a group of the formula

[err] ereig R errd i s hydrogen, imnonethyl or
1- car bam m doyl ; ﬁiﬁ&l’?ﬂnﬁs%% 4‘?9&?89%??"87 hydroxynet hyl ; and R err] is

hydr ogen or hydroxy. In a further preferred enbodi nent of the
conpounds df for mAl furthet especiallypreferiedagrouz? of egqmpeunds cansjstsugf of t he

f I | ' :
Eopoci al |y pr SPPPERds of formtlE Silrith X KRR35 3 SRuli"lf AFfALTL°

hydr ogen. ,R“ ,R4
N N
5 -0
wherein R4 is as defined above.
A further preferred embodiment are compounds of formula I, wherein
10 X isCHor N
Rl is hydrogen or cyclopentyl
R2 is a group of formula
R4 R4
- N _<:';‘,
—< N—R
‘_QRS N\ R4
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N’ N’
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R3 is hydrogen, an alkalimetal ion or a tertiary
ammonium group,
R4 is hydrogen, an amino protecting group;
20 RS is hydrogen, dialkylcarbamoyl, and

RS is hydrogen or trifluoromethyl,



- 6- An especially preferred enbodi nent of the invention are

conpounds of formula I, wherein Xis CHand R err] is a group of formula
[err] wherein R err] is as defined above. 5 A further

especially preferred group of conpounds congi-sts of conpounds of fornul a
| wherein X is Nand Rerr] is a group of formula [err] wherein

Rlerr] is as csfweldhsateadily hydrolyzable esters sheneofifpharmpcsutisallyaoceptable

conmpounds of f
Rlerr] s%ﬂtﬁ"ﬁfes id gﬁﬂxz)’eﬁhgg Jﬁélfc %%%S%es of the compa?xel%"oP forthula I andI qsf .
group of for mbbgir esters and [err]

Such especially preferred compounds are for example

5 A: (6R,7R)-7-I(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-8-0x0-3-[(E)-(R)-2-0xo-[1,3'Tbipyrrolidinyl-3-ylidenemethyl}-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

M;@g—o

COzH
10
B: (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-8-oxo-3-[(E)-(S)-2-0x0-[1,3Tbipyrrolidinyl-3-ylidenemethyl]}-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

N~OH

i g S

° o]
5 COzH

C: (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimino-
acetylamino]-3-[(E)-(R)-1'-iminomethyl-2-0xo-[1,3"Tbipyrrolidinyl-3-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

W OO

D: (8R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-

acetylamino]-3-[(E)-( (R)-1'-carbamimidoyl-2-0x0-[1,3']bipyrrolidinyl-3-

ylidenemethyl)}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
b33



Rl err] I s hydrogen, an alkalinetal ion or a tertiary

anmoni um gr oup, R err] I s hydrogen, an am no protecting
group; 20 Rl err] i s hydrogen, dialkyl carbanoyl, and

Rl err] i's hydrogen or trifluorongthyl,

-7- as well as readily hydrolyzable esters thereof, pharmaceutically
accept abl e salts ofO%ai d conpounds and hydrates of the conpounds of
formula | and of tmein esters and sal t f¥H, Such especially
preferred corrpoun S A,

(6R 7R) - 7- [(Z) AMoNo 2 ol - 5 yl) - 2- hydr oxyi m no-
acet yl am no] - 8- oxo- 3- [ ( E®- ( R)}- 2-"0x [ "]1bipyrrolidinyl-3-ylidenenethyl]-5
- t hi a- 1- aza- bi cycl o[ 4. 2 t- 2%ne- 2- carboxylic acid [err] 10

B: (6R 7R)-7-[(2)-2-(5-Am no-[1, 2, 4]thiadiazol -3-yl)-2-hydroxyi m no-
acet yl am no) - 8- oxo- 3- [(E)-(S)-2-oxo- [1,3" ] bipyrrolidinyl-3-ylidenenmethyl]-5
- t hi a- 1- aZ@-(BR;IR}-PI[Z)2-(8-Aehind-[178 4 RhéadiBoaly3-yD- 2 biydrd:§fifmlino-
acetylamino}-3-[(E)-1-azetidin-3-ylmethyl-2-0xo-pyrrolidin-3-ylidenemethyl]-
5 8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

OH ’
N H N
NYH,N S _P
e % S ):r N
° o]
(o} H

F: (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimino-acetyl-
10 amino]-3-[(E)-5'-hydroxymethyl-2-0xo-[1,3"Tbipyrrolidinyl-3-ylidenemethyl]-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

O
(o) OH

15 The compounds of formula I as well as their salts and readily
hydrolyzable esters can be hydrated. The hydration can be effected in the
course of the manufacturing 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
20 potent and broad antibacterial activity; especially against methicillin
resistent Staphylococci (MRSA) and Pseudomonas aeruginosa.

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

2% preparations as lyophilisates or dry powders for dilution with customary
agents, such as water or isotonic common salt or carbohydrate (e.g. glucose)
solution.



C (R 7R -7-[(2)-2-(5-Am no-[1, 2, 4]thiadiazol -3-yl)-2-hydroxyim no-

acetyl am no] -
yl i denenet hyl ] -
[err]

3-[(BE)-(R)-1"-im nonet hyl - 2-oxo-[1, 3" ] bi pyrrolidinyl -

D: .9-

(6R 7R) - 7- [(Z) 2-(5-Am no-[1, 2, 4]t hi adi azol - 3-yl)-2-hydroxyi m no-

acetyl am no] -

3- [ ( Depenyling ontheaatnre of the phasmacolvzjaally adtivg enmpeund the

yl i denenet hyl WhaSnihceubichl) Pepy onk! canCedritdir? tie esﬁnpauﬁaefohﬁarﬂa@whusn

acid

E: (6R 7R)-7- [apé) treatment; dnf%t@ua] dlﬁemsalpom%nma}s,ﬂnwo@m AoRsbuman.

acetyl am no] -
- 5 8-o0xo0- 55”;3% 3868 |

afly dbs ﬂabdmtiiﬁ Iabbneml@n@re@ édiglly aBoiit 50 aMgt@t hy! |
t(ﬁose of ordin & Cafn o ule aft zalpprematg.ngr "]
that the dosage wﬂl 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

2000 mg can be contemplated.

Representative compounds (A and B, above) of the present invention
were tested. In vitro activity was determined by minimum inhibitory
concentration by the agar dilution method in Mueller Hinton agar,
inoculum = 104 CFU/spot.

In vitro activity (MIC [ug/mI])
A B
MIC S.aureus 6538 0.5 0.25

(MSSA)

MICS. aureus 743 2 2
(MRSA)

MIC S. aureus 270A 2 4
(MRSA)

MIC90 (MRSA, n=38)" 4 4

MIC P. aeruginosa 2 4

ATCC27853

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

In vivo efficacy was determined with a sc abscess model in mice, infected
with S. aureus 270 A (MRSA). The dose (ip) was 10 mg/kg. The median log
of colony forming units (CFU) was determined. A more than hundred-fold
reduction in the numer of CFUs was achieved by compound A as compared
to the untreated control. The compound A was more active than
vancomycin, the standard drug for clinical infections due to MRSA.

8- ox0-5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxyllc acid



F: (6R 7R)-7-[(2)-2-(5-Am no-[1, 2, 4]t hi adi azol - 3-yl ) -2-hydroyhi no-acetyl -
10

am nol -3-[ (E)-5" - hydroxynet hyl - 2-oxo-[ 1, 3'] bi pyrrolidinyl -3-ylidenenet hyl]-
8- 0x0-5-thi a- 1-aza-bicyclo[4.2.0]oct-2¢ene-2-carboxylic acid [err]

15 The conpounds of fornmula | as well as their salts and readily

hydrol yzabl e esters can be hydrat ed. Imdmeﬁcauy can be effected in the
course of the manufacturing process or can occur gradually as a result of
hygroscopi c properties of an initially anhydrous; product. The
conpounds of the present invdampounde |iaw.mices| Mediasoti cs having 20

potent and broad anti bacterial activity| especial eggynst nmethicillin
resi stent Staphyl ococci (MSA—eaRe—Pset ) The
products in accordance with thdNoem&enti pn c&n bel us®82as medi cament s,

for exanple, in the formof pharnmaceutigal preparations for par ent er al
adm ni stration, and for this_purpose, arg preferaply de into 25
preparations as |yophilisat e¥aBeomygino hder $ for| di 9&8ion with cust onary
agents, such as water or isotonic conmop salt or| carbohydrate (e.g.

gl ucose) sol ution. -
Dependi ng on the nature of the pﬁar macol ogi &l | Y| ac’f"i73e conpound t he
pharmaceutical preparations can containjthe conppund for the prevention

and treatment of infectious diseases in mamuals, human and non- hunman. A
dai |y dosage of about 10 ng to about 4000 ng, especially about 50 ng to 5
about 3000 ny, is usual, with those of ordinary skill in _the art

appr eci ati ng t he corapownds)ef the formapankimpeeordanee with the inventiom asns
of the mamgl Sgel] as their pharmaceutical acceptable salts, hydrates, or readily hydroly-
zable esters can be manufactured in accordance with the invention for

example by

(a) treating a compound having the formula II

HN s
—n2
PPV
(o)
10 COH © 11

wherein R2 is defined as above, or an ester or a salt thereof, the amino
group and the carboxylic groups present in the compound of formula II
may be unprotected or protected,

15 with a carboxylic acid of the general formula III

N,on“

|
N—(J\GOOH

RHN X 111

in which Rf is hydrogen or an amino protecting group, R!' is hydrogen,
cyclopentyl or a hydroxy protecting group and X is as defined above, or
20 with a reactive functional derivative thereof, or

(b) cleaving off the amino, hydroxy and/or carboxy protecting group in a
compound having the formula IV



and the kind of diseases being prevented or treated. The daily dosage can

be adm nistered in a single dose or can be divided over several doses.
An aver age single dose of about 50 ngy, 100 ng, 250 ng, 500 ny, 1000 ny,
and 10 2000 ng can be contenpl at ed. -11Representative conmpounds (A
and B, above) of the present invention were tested. In vitro activity
was determ ned by m nimuminhibitory concentration by the agar dilution
met hod in Muell er Hi nton agar, i noRll um = 10[err] CFU spot. 25

In vitro activity (MC [[err]g/m])

A B M CNS aureus 6538 0.5 0.25

( MBA) M C S aur gus H43 s. 2 2

M C S. aureus 270A 2 N ~N M0 ( MRSA, n=38)*
4 4 R™HN CP a N-R2 4
ATCC27853 *Agar dilution n®Thod on dzuel I i

10[err] CFU spot In vivo efficacy was det ith a sc scess
nmodel in mce, infected 20 with S. aureus 270 A (MRSA). The dose (ip) was
10 ny/ kg. The nediiarwhich R2is aé deﬁnedyabbm,nR"h@ hydrogen ©F@n amindqrotacting.

A nore than hundr%.#fggf gtr is hS'ﬁ &“a gg}awm%{l fglf]al gs ggﬁd

by conmpound A as e un contro

nore activedthan Or avammmﬁecm@mmm gd that ot lﬁastmr@anr?R %tmd]s
due to MRSA. Rh is a corresponding protecting group,

or a salt thereof,

The reaction of compounds of formula II and III or a reactive derivative
of formula III according to embodiment (a) can be carried out in a manner
10 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), a tert-butyl, allyl, p-methoxy-
benzyl or a benzhydryl ester.

The amino group present in the acylating agent of formula III can be

15 protected. Possible protecting groups Rf are, for example, protecting groups
which are cleavable by acid hydrolysis (e.g. the tertbutoxycarbonyl or trityl
groups), by basic hydrolysis (e.g. the trifluoroacetyl group), by hydrazinolysis
(e.g. the phthalimido group) or by catalytic cleavage in presence of Pd (the
allyloxycarbonyl group). Preferred protecting groups are the allyloxy-

20 carbonyl, the tert-butyloxy-carbonyl, the chloroacetyl, bromoacetyl and
iodoacetyl groups, especially the chloroacetyl group. These last-mentioned
protecting groups can be cleaved off by treatment with thiourea. The 7-amino
group in compounds II can be protected, for example, by a silyl protective
group such as the trimethylsilyl group.

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

30 chloroform, methylene chloride, benzene or dimethylformamide, and
subsequently the ester group can be cleaved off.



-10 - In vivo efficacy

Compund no. mce Median | og CFU
None 3 6. 92 Vancomnyci n 3 5. 28
A 3 4.72 The conpggods of the formula | in

accordance with the invention as 5 well as their pharmaceutical acceptable
salts, hydrates, dioqoeémg@amﬁh@r)embodmweasalte@fsanamdaeffmmﬂacﬂdeegjan

accor dance wi tt‘hé]k? ﬁlﬂﬁsﬁ?rsuch m\,ﬁe@%lamﬁ&ﬁ Egﬁ%l %céﬁggﬁeﬂnd

having the fornula’| [ )
aboveg or an &F%ﬁc%‘fe é"%‘ﬁ!@al derizativeof @ earbagylic acid d&l iman inert
carboxylic gr cdeertt @:£Ndiméthylforaainiddrst @iméthylabetaii may be

unprotected or protected, 15 with a car boxylic aci d of t he gener a![ formul a
Iglr IC)U|[o,er rR][ er?] is @%PB@@%% %%%ﬁ%togr&ﬁwg?@aghﬁo r 2 er%‘l ggoup
and X i s as dehhimnigedugy present 20 the acylatingnagenicof foenfuladil nsed ndébevat i ve
thereof, or  protected, involves the use of a reactive functional derivative of the acylation
agent of formula III, for example, a mixed anhydride of thiophosphoric acid
of the carboxylic acid, a 1-hydroxybenzotriazole ester or a 2-benzothiazolyl
10 thioester. For instance, a mixed anhydride of thiophosphoric acid may be
reacted with the compound of formula II preferably in a polar solvent as
dimethyl formamide (DMF), dichloromethane, or a mixture of DMF/i-
propanol/water in presence of a base as e.g. triethylamine. The 1-hydroxy-
benzotriazole ester as well as the 2-benzthiazolyl thioester may be reacted
15 with the compound II in an inert organic solvent such as a chlorinated
hydrocarbon e.g. methylene chloride, or in dimethylformamide,
dimethylacetamide, acetone, ethyl acetate or in a mixture of such solvents
with water. Such a reactive 2-benzthiazolyl thioester is for example

J)Phs

H, N
N\Srm)/So/’ Q:N
t II1a

2 this compound is new and is part of the present invention.

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

% Embodiment (b) of the process of the present invention involves
deprotection (removal) of a protected amino group in the 2-position of the
thiazol or the thiadiazol ring and /or the protected pyrrolidin ring (R4 as the
protecting group), and/or protected hydroxy or carboxylic groups present in a
compound of formula IV and can be carried and as follows:



(b) cIeaV|ng of f the am no, hydroxy and/or carboxy protecting group in a
conpound having the fornmula IV [err] in which R err]
is as defined above, R err] is hydrogen or an am no protecting

group, Rerr]' is hydrogen or a hydroxy proggcting group, Rh is hydrogen 5
or a carboxy protectlno provided that at |east one of Rlerr], Rerr]
and Removal-of ap petimg “Lwlng group, or a salt thereof.

The reaction of C(Xg)ﬁim f Eédtn%’

of formula 111 a&%xr di n ,50(0 ggsﬂ;ﬁmaﬂ arl.{r;ﬁgt%ho\ﬁ:e ‘lgﬁé‘}é@rrg%n

10 known per u@gﬁfﬂiﬁ‘? WIrﬁﬂoéPp ) €-EaRApePus

pr 0';] ect ed, forfoﬂnw‘ahd tﬁﬂueiéatfe::iﬁlab?d ) Il}y}}lms‘i@hp‘d?olyéﬁﬁc(blg( th?&@itfhidr?aleéwhr
suc a e trime S a, ter u

all yl ?hcﬂi’{? up). bﬁiiﬂ"’%ﬁt‘&gtﬂﬂk‘ﬂ sy bg cleaved 3 by hytrhginalyiii Ye o
group pr esent the phthalinyidetgrogph §he alijlokpearbbayl groupamalyebel leaved offtisdPd

i iLbL?epEFteav;E%ﬂ% %“’%@?ﬁw 31‘*’49%? é‘”"-‘h%xﬁﬂ@hi%&ﬁ@ bibbARk FHE,

trityl gr dages yérgatmeilxtwnhfﬂlnmnmcetyl group),
by hydrazinol ysis (e.qg. the pht hal i m do group) or by catalytic cl eavage
in presence of Pd Arhiifo- roteéinh | g9g Mﬁ@"v&lﬂﬂﬂ'ar@rd%@)abl?b f@:‘i&‘lf&d%l?}sf&&fé‘g

O o R e i i Yo SIS s s may
chl oroacetyl @rechalogéhated. IIﬁspant’Eihﬂmq rfefinic acidrot ﬁ\iﬂum:a@étiu aeid i ubed. The
cleaved of f by..Lrgah 'f?%n%& But ﬂk ¢ S8 J;'hﬁl {hé aﬁ}ensgnce of a co-solvent such as a
halogenated lower alkane, e.g. methylene chloride. The acid hydrolysis is
generally carried out at room temperature, although it can be carried out at
15 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
groups can be cleaved off using thiourea in acidic, neutral or alkaline
20 medium at about 0°C-30°C.

m f h in
The term "hydroxy protecting group” refers to protecting groups as
conventionally used in the art such as trityl (triphenylmethyl), trimethyl-
silyl, tert.-butyl-dimethylsilyl, dimethylphenylsilyl, triphenylmethyl, lower
% alkanoyl, acetyl, tetrahydropyranyl, benzyl, p-nitrobenzyl and the like.

Preferred hydroxy protecting groups are such as are commonly known
in the art, e.g. for protection of hydroxyimino groups (R! = hydrogen in
compounds of formula I), usually trityl, lower alkanoyl, especially acetyl,
tetrahydropyranyl.

30 These protecting groups are e.g. removed as follows:
-trityl in acidic solvents like 90% formic acid at about 0 to
50°C or triethylsilane in trifluoroacetic acid at about
-20 to 25°C;
in organic solutions of hydrochloric acid at about -50 to
% 25°C;



group in conmpounds Il can be protected, for exanple, by a silyl protective

group such as the trinmethylsilyl group. 25 In reacting a 7-am no
conmpound of forrmula Il with a carboxylic acid of formula I'll or a
reactive functional derivative thereof, fotigexanple, a free car boxylic

acid can be reacted with an aforenentioned ester of a conpound of |
formula Il in-epypresence of awith weakiimorganic bases likespdiumchigarhonage in

diimde in an i nert sol vent sucﬁae%ﬁaﬁ{,lrw etﬁﬁﬁb%ﬁtela&eélﬂiﬂttﬂtd 80°Cli oxane,

30 chl orof orm yl.ene chI ri de ene of m de

subsequent |y tﬁ%t Y@Rﬁ"ﬁﬂ caWith RFEFOHY ‘Fmgeﬁ% P'%"{mnes“]f"mc acid in
-12- Accordi ng to anot hfiraléchedde.gEéthanal, 3t dbouft 02C tacihe Isdilihgr mul a
1 (e.g

trial kyl ammoni umsalt h_a t%re triethylamoniumsalt) is
react ed vvltﬂ a reactive fung? §M&f ve of a carboxylic acid of
formula I'll in an |nert solvent (e g. d| rrethylforrramde or

di met hyl acet anzefe : i Ky ianctaetwodi nent , preferred

acyl ation, where » ¥

for/rrul alll need trrrﬂilfelf')ee pr o?gg;égldpb%g@%?aﬁg géﬁeﬁ’%% reactr vps
functi onal derqonxentenalrlytu% ateyren acgrthe acidigarotas of acarbexylic acidoAs
exanpl e, a ni xggeh aﬁl ﬁm{yrﬁﬁheéhﬁ ester firnt RéhieRcaf>be essﬂ

acid, a 1-h drox ben otrlaz e ter or nzo i az t hi oes
For instan fd&? °¥51M863% ‘3 &%@f‘%g"r ex %’t ed
with the corrpqnaﬂmxfyxﬁéuayul met]:lylﬂmeixﬁthjal P,2 a-mdlrdéw‘etlsﬂL erﬂaloe&xyl 2-

di met hyl T or gy ﬁb%@%%h?%}m&y@q@lgq@%‘g retidl Jdroxy_

propanol / wat
benzotri azol e diphenylsethyll, paitrohenzylo prnethaxybeneyl hrivzeshyisilly triethylsilyled

15 with the cqpe 10 g&%&g? &%ﬂﬁm} ed
hydr ocar bon e. Bﬂ%ﬁ&%%{ehc ll,??roﬂvl gﬂéﬁ%ormﬁ@b

di net hyl acéﬁarﬁeﬂ%buﬂﬂepﬁﬁémbépﬁlﬂl Pal@éﬂéﬁ%’bémﬂ allgk-ure of such sol vents
with water. Such a reactive 2-benzthiazolyl thioester is for exanple [err]

These protecting groups may be removed as follows:
benzhydryl trifluoroacetic acid with anisol, phenol, cresol or triethyl-
silane at about -40°C to room temperature; hydrogen with
Pd/C in an aleohol such as ethanol or in tetrahydrofuran;
2 BFg-etherate in acetic acid at about 0 to 50°C;
tert-butyl 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;
p-nitrobenzyl sodium sulfide in acetone/water at about 0 to room
%5 temperature; or hydrogen with Pd/C in an alcochol such as
ethanol or in tetrahydrofuran;
p-methoxybenzyl formic acid at about 0 to 50°C; or trifluoroacetic acid and
anisol, phenol or triethylsilane at about -40°C to room
temperature;
3 allyl palladium(O) catalyzed transalkylation reaction in the
presence of tri-n-butyltinhydride and acetic acid, see for
example F. Guibé et al. in J. Org. Chem. (1987) 52, 4984-
4993

()

Further methods for the manufacture of the compounds according to
% the invention are known in the art. Compounds of formula I can for example
be manufactured in analogy to the methods described in US pat. no. 5 523400
and according to the examples given below.



20 this conmpound is new and is part of the present invention.

The reaction of a 7-amino conpound of formula Il with the carboxylic

acid of formula Il or a reactive derivative thereof can conveniently be
carried out at a tenperature between about.-#Q[err]C and +60[err]C, e.g. at
room tenperature. 25 Enbodi ment_ (b) of the process of the present
i nvention involves deprotection (relsamplesf a protected anino group in
the 2-position of the t hi azol or the thiadiazol ring and /or the
protected pyrrolidin ring (R4 as the Exaﬁﬁﬂ@qtl ng group), and/or

DL e o YO R B4 P 53 kot 2, RSO 9 L 2

-13- Renounymﬁ&malﬂnmelmmﬁdis-bmwthiml-%yl ester As nentioned above the
am no protecting groups nmay be cl eaved off by acid hydrolysis (e.g. the
tert-butox%arbonyl or trityl group), e.g. agugous form c acid,
trifluoroacetic acid or by basic hydrol ysis .g. the trifluoroacetyl 5

group). Further protecting groups nay be cNe’ ed of f by hydrazinol ysis

(e.g. t he phthalim do group). loxyear bonyl “group may be cl eaved
of f by Pd catal ysed transfer to c(eop E NThe chl or oacetyl ,

br onmbacetyl and | odoacetyl groups Me ea&ﬁ off by treatnment with

t hi our ea. Am no- protecting groups whi are cl eavabl e by acid
hydrol ysis are 10 preferably renoved with the ai 0@ | ower

al kanecar boxylic acid which may be hal ogenated™~In particular, formec
acid or trifluoroacetic acid is used. The reaction is carried out in

glhﬁaﬁgl d or [ EFQt he pr esencgf%é(% COs sot4 g%@ﬁg&%@fé-ﬂ%mt}’qal Qﬂenat ed I ower
carri ed out aﬂ-alhdm-nmthyl-pymhmmhMSﬂﬁ(llSQ £,3314 ramob) in %imiw.cabni]:ﬁla
Fange of afbyFeraallihiqt 9.5 e@“ﬁ&ﬁ%ﬁe 81 33553@%3@4% dJ“ﬂ“f
cl eavabl e undef trieth oephlta(ﬂOI mhé&rmnyé
aqueous caust 4§ y@hKghd the mixture was stirred at room temperature for 27 h. The
precipitate was collected by filtration and washed with acetonitrile and n-
hexane,
15 Yield: 1.615 g (82%) beige crystals
IR(KBr) 1704, 1619, 1003 cm™
MS(ISP) 580.2 (M+H)".

Example 2
2.1. Preparation of a mixture of (1R,3'R)- and (1S,3'R)-3-bromo-2-oxo-
20 [1,3'Ibipyrrolidinyl-1'-carboxylic acid allyl ester

B/%\N\C/N’Eo g

A solution of (R)-3-amino-pyrrolidine-1-carboxylic acid allyl ester trifluoro-

25 acetate (1: 3.2) (47.84 g, 0.089 mol) in 180 ml dichloromethane was treated with
50% aqueous sodium hydroxide solution (72 ml, 0.894 mol). To the vigorously
stirred mixture was added within 18 min at 0°C a solution of 2-bromo-4-
chloro-butanoyl chloride (21.62 g, 0.098 mol) in 90 mi dichloromethane. The
reaction mixture was stirred at 0°C for 1 h. The phases were separated, the

30 aqueous phase was extracted twice with 100 ml dichloromethane and the
combined organic phases were washed twice with 50 ml water. They were



at O[err]Cto 30[err]C. The chloroacetyl, bronvacetyl and iodoacetyl

pr ot ecting groups can be cleaved off using thiourea in acidic, neutral
or al kaline 20 nmedium at about O] err] C-30[err]C Renoval of hydroxy
protecting groups The term "hydraxg-protecting group” refers to
protecting groups as conventlonally used in the art such as tl’lté
(triphenyl met dyiesd, owterrmegmum sulfate |ayud ﬂlemvemuvgzs remoued \pysevaporation

di met hyl phenyirgp Irxélge %&5ﬁ& {f%amﬂu d{r‘&‘@dﬂsh.ethane and

tetrahydropyra nz p- nrtro enz Preferred
hydroxy prot eé s agpgouys mmowam sPﬁwePreraf’
e.g. fo;I pr ot ?r&-eqlﬂde'a mﬂdr t t gwa&oéﬂm anhydAﬁ@eréhrthe hase? ]
conpounds ornmul a r| ace y
t et r ahydr o%/r WHF sepag }éf‘n 6‘&?% a‘%‘?‘i%@“‘é M@ﬁ@@éﬂféﬁ'ﬂ
-trityl methanes Bl cbmbmetivcmgamd aseS fére owashedamae withalifuml Gvabar,
50[err]C or t e I C

220 to 25[err Phgé Wihre bl’l?ig webe Hiel W&%ﬁgﬁ&?ﬂ %gaﬁ{e éa?t? Jfbtr‘ce%tr{gt X
hydrochl ori ¢ ¥éeld: 28. 'bg((quanﬁlﬂofay@ﬁow oil 25[err] C
-14- aceﬁﬂneat) 1697cm™ wi th weak inorganic bases |ike sodium

bi carbonate in met hanol or ethanol /water at about
0 to 50[ er10) cCMS(ISP) 831. ZAMI)d-r opyranyl with weak organic acids |ike
p-tol uenesul fonic acid in an al cohol, e.g.

ﬁ]hanOlt at ah%ér(lﬂéﬁg'té]tﬁe&&oéélﬁxtrbcﬁtelt ifothSin the pliec?ﬁdmg exbample]z the][OOI nt of
e mxture. e pro ecti,ng groups a e carboxy function
The term " car £3iQing %‘!‘ﬁ&‘ dﬁg% Te pf‘) P& t o protecting groups
conventionally used to replace the acidic proton of a carboxylic acid. As

car boxyl prot 82.Mixtgreofi(1R\8S)rend (itS,8'S)-3-brones2axot[d(3iTbipyiolidinylet-
easily 10 Con\f&{lf]ﬁghbré{cﬁi ?ﬂ§f8§'ﬁ9ar boxyl group under mld conditions, for

exanpl e, yl thi onet hyl, 2,2,2-trichl oroethyl,
2- hal oet hy35, iR(neat 1697 cmtlhyl silyl)ethyl, tert-butyl, allyl, benzyl,

tri phenyl met hyks@ESP) BYY 1. (M)*.

)

2.3. Mixture of (3RS,3'RS)- and (8RS,3'SR)-3-bromo-2-ox0-[1,3']bipyrrolidinyl-
1'-carboxylic acid allyl ester
IR(neat) 1695 cm™

20 MS(EI) 259 (M-OC3Hj)'.

2.4. (RS)-3-(3-Bromo-2-oxo-pyrrolidin-1-yl)-azetidine-1-carboxylic acid allyl
ester

IR(neat) 1700 cm™

MS(ISP) 303.2 (M)*.

% 2.5. (RS)-4-(3-Bromo-2-0xo-pyrrolidin-1-ylmethyl)-piperidine-1-carboxylic acid
allylester
IR(neat) 1699 cm™
MS(SP) 345.2 (M)".

2.6. (RS)-4-(3-Bromo-2-oxo-pyrrolidin-1-yl)-pyrazolidine-1,2-dicarboxylic acid
30 diallyl ester

IR(KBr) 1704 cm’?

MS(SP) 404 (M+HD)™.

2.7. 1:1 Mixture of (8S,4R)-3-{(R)- and -[(S)-3-bromo-2-oxo-pyrrolidin-1-
yimethyl]-4-triftuoromethyl-pyrrolidine-1-carboxylic acid allyl ester



di phenyl net hyl , p-nitrobenzyl, p-nethoxybenzyl, trinmethylsilyl,

triethylsilyl, tert-butyldinmethylsilyl, i-propyl-dinmethylsilyl.
Preferred are benzyhydryl, 15 tert-butyl, p-nitrobenzyl, p-nethoxybenzyl
and allyl. These protecting groups mayilpe removed as foll ows:
benzhydryl trifl uoroaceil c acid with anisol, phenol, cresol or
triethyl- IR(KBr)17020m silane at about -40[err]C to room

t enper at ur e; st + Pd/ C in an al cohol such as
et hanol or inlltwéyt(r rof(t;w#él—r? 20 BF3-etherate in acetic
acid at about 0 to 50[erq€ tert-butyl formc acid or

trifl uoroacet i B8dMixtune: (31‘,3/\5 B and {(384'S,5'S)-3-bromo-5'-dimethylcarbgmoyds |

cresol or trie3b¥bs1 89pipyinelidinyd W@ﬁda&dm

di chl or onet ha h@% %& ery] C to roomtenperature; p- ni trobenzyl
sodi um sul f Pd @R at about 0 to room 25

t enper at ure; AMS(EDB8§EM+HYh Pd/ C in an al cohol such as

et hanol or in tetrahydrofuran; p- met hoxybenzyl formc acid at about O
to 50[err] C Qa ' ﬂ:memjlso'

phenol or tri g%'ﬂ *SI ?’?SM[ er (ES@OS,?R&-%-bmmo-S

t enper at ur e; m:&mgﬂ-%m[&hpym&hﬂﬂiﬁ@bwﬂgmwm kyl ati on
reaction int presence of tri-n-butyltinhydride and
acetic acid, se é;mss’lmcin example F. CGuibe et al. in J.

O g. Chem 1 1MB(ISH) 38834M+HD 4993 Furt her

nmet hods for the manufacture of the conpounds according to 35 the invention
are known i n tHe0.4RS)-SBBuI6-2-Go-peirtlidini1l-giaiethel)-@aetidihe-1-carbokylic acid
manuf act ur ed iqub%tna ogy to the methods described in US pat. no. 5 523400
and accordi ng exanpl £s gi ven bel ow.

- 15- IR(KBr) 16980m Exanple 1 Preparation of the
acyl ati on agengy 3 +#1, 2, 4] thiadi azol -3-yl)-trityl -
oxyi m no-t hi oacetlc aC| -béenzot hi azol -2-yl ester [err]

15 Example 3
3.1. Mixture of (1R,3'R) and (1S,3'R)-(1'-allyloxycarbonyl-2-oxo-[1,3'Ibi-
pyrrolidinyl-3-yl)-triphenyl-phosphonium bromide

gL e A
PR A

Triphenylphosphine (23.62 g, 0.090 mol) and a mixture of (1R,3R)- and
(1S,3'R)-3-bromo-2-0x0-[1,3'Ibipyrrolidinyl-1'-carboxylic acid allyl ester (28.56
g, 0.090 mol) were disolved in 80 ml dichloromethane. The solvent was
removed in vacuo and the residual oil was heated for 2 h at 100°C. The
25 resulting solid was dissolved in 130 ml dichloromethane and added with
stirring to 1500 ml n-hexane resulting in the separation of the product. The
solvent was decanted and the residue triturated with 1500 ml diethylether.
The thereby formed solid was collected by filtration, washed with n-hexane
and diethylether and dried in vacuo, yielding 45.1 g (78%) of the product as
30 colourless crystals.
IR(KBr) 1682 em™
MS(SP) 499.3 (M)*.

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



To a suspensi on of

(2)-(5-amno-[1, 2,4]thi adi azol -3-yl)-trityl oxyi m no-acetate
l-allyl-1-methyl-pyrrolidiniumsalt (1.89 g, 3.4 mol) in 25 n
acetonitrile 10 were added at O[err]C 2, 2' - g8t hi o- bi sbenzot hi azole (1.36 g,
4.1 mml). A solution of triethylphosphite (0.7 m_, 5.8 muol)_ in 7 m
acetonitrile k8. Migturenfi(BR:3'S) ané( ﬁ'&ﬂ‘@ﬂylwmhoaﬂvasomﬂr# & at room
tenperature f P trifRaivi) Yasurh d by filtration and
washed with a?ﬁ@hhﬁ}iﬂ'@gl&gtﬁ_ w%@%ﬁg. 15 %ﬂglﬁg?sl. 615 g (82% beige
crystal s | T 11652,%19, 1003 cnierr] MS(1 SP) 580.2 (MrH)[err].
Exanpl e 2 MB(ISPr4g9.2M9N of a mixture of (1R 3'R - and

(1S,3'R) - 3-brono-2-oxo0- 20 [1,3" ]bipyrrolidinyl-1'"-carboxylic acid allyl

STIyI eeter 5y 38 MiReEe GRS SRed dnd IBSSEY L LRGP £ T
di chl or omet harmyreelidinyd<3-gh-teiphenyl-phetphonion bremddem hydr oxi de sol ution
(72 m, O. 894§@B§);ﬁ§p{§?ﬁ1’m gorously stirred m xture was added within

18 mn at O[e | on _of 2-brono-4- chl or o- but anoyl chl ori de
(21.62 g, 0. 0MSESE) 499.9O0MHHXIi chl or onet hane. The reaction mxture was
stirred at O[err]C for 1 h. The phases were separated, the 30 agueous phase

was extracted gl (m)antg-m ldﬂycﬁi‘l_fdihhy%agéﬁaﬁﬁa%rlﬁﬁitxbfﬁrrrolidﬁpﬂ?ﬂ]ﬂﬁ*ﬂphenyl-

ic ph ' . Th
E)rlgafu cp ealgespl\l/\(/)esrp ovﬁ?gmegro%gee W t m water ey were
IR(KBr) 1687 cm™
MS(ISP) 485.4 (M+H)".

3.5. (RS)-[1-(1-Allyloxycarbonyl-piperidin-4-ylmethyl)-2-oxo-pyrrolidin-3-yl}-
triphenyl-phosphonium bromide
5 IR(KBr) 1688 cm™

MS(SP) 527.3 (M)".

3.6. (RS)-[1-(1,2-Bis-allyloxycarbonyl-pyrazolidin4-yl)-2-oxo-pyrrolidin-3-yl]-
triphenyl-phosphonium bromide

IR(KBr) 1688 cm™!

20 MS(ISP)585.5 (H)*.

3.7. 1:1 Mixture of [(R)- and [(S)-1-[(S)-1-allyloxycarbonyl-pyrrolidin-2-
yimethyl]-2-oxo-pyrrolidin-8-yl}-triphenyl-phosphonium bromide
IR(KBr) 1682 cm™

MS(ISP) 513.4 (M)".

2% 3.8 1:1 Mixture of (3S,4R)-[(R)- and -[(S)-1-(1-allyloxycarbonyl-4-
triffuoromethyl-pyrrolidin-3-ylmethyl)-2-oxo-pyrrolidin-3-yll-triphenyl-
phosphonium bromide
IR(KBr) 1690 cm™
MS(ISP) 581.2 (M+H)",

30 3.9. 1:1 Mixture of (3R,3'S,5'S)- and (3S,3'S,5'S)-(1'-allyloxycarbonyl-5'-

dimethylcarbamoyl-2-0xo-[1,38Tbipyrrolidinyl-3-y1)-triphenyl-phosphonium
bromide
TR(KBr) 1687 cm™

MS(ISP) 570.3 (M)".



dried over magnesium sul fate and the solvent was renoved by evaporation.
The residual yellow oil (32 g) was redissolved in 380 m dichl oronet hane
and 190 m of a 50% aqueous sodi um hydroxi de sol ution and 3.23 g Dowex
2x10 were added with vigorous stirring.ag-roomtenperature. After 6 h,

t he phases 5 yated, the agueous phase was extracted twice with 150
n di chl or o- VRI&%?M@GM@@&%M@ (1rally lamm'boww-wth

100 m water, dimefhyicartanioglia-6o- Wgﬂﬁ&?ﬁﬁéﬂ
concentr at ed. Jeld: 28.7 (quant of a yelldw ol eat
| oropide,

1697cnferr] 317.2 (M[err] According to the procedure set
forth in the mllﬁwm l e, the fol | owi ng additional conpounds

wer e prepargd MS (ngture of (1R 3'Y9) and

(1S,3'95)-3 rorm '?1 1 bi pyrrolidinyl - car boxylic acid al Iyl
ester 15 | R(neat 1697 cn{err] IVB(ISP) 317 1 (MJ[err].

M xture of (3FE1BHBE)-I-(tAllykeraashpngl-azeti yhne@hle%]dxomymohdﬂl-&yl]-
1' -carboxylic It WM t 1695 cnferr] 20 MS(ElI) 259

(MOCerr]Her . um eﬁlb

(RS)-3-(3-Bro &689%| i din-1-yl)-azetidine-1-carboxylic acid allyl

ester | R( MS()SP) 209.2(M)2 | MS(ISP) 303.2 (M[err]. 25 2.5.

(RS) - 4- ( 3- Br onp- 2- oxo- pyrrolidin-1-yl met hyl) - pi peri di ne-1-carboxylic acid
al lyl ester | R(neat) 1699 crr[err] I\/SIB*SP 345.2 (M [err]. 2. 6.
(RS) 4- ( 3- BFbno2- ox0- pyrrol i di n-1-y)- %Ié‘ €fe- 1, 2-di carboxlic acid 30
diallyl ester 4.1 (E)REMR M[(MB{AuyloxycdﬂhﬁF?-oﬁMI,ﬁ%iﬁy&%lidm 1-3-

yhnet hy] 4trf|uororre 10 : %%’ 9r8-0x0; rregtlerln -
2. 7. 11MXt1ﬁiegI£€tﬂ®téﬂ%éx¥|%9§% tgg éz%uqr% |d L

bicyclo[4.2.0 oct-3-ene-2-carboxyhc acid benzhydryl ester

"ﬁ@a—o

15 CO,CHPh,

A suspension of the mixture of (1R,3'R) and (18,3 R)-(1"-allyloxycarbonyl-2-
0x0-[1,3'Tbipyrrolidinyl-3-yl)-triphenyl-phosphonium bromide (43.5 g, 0.075
mol) and (2R,6R,7R)-tert-butoxycarbonylamino-3-formyl-8-oxo-5-thia-1-aza-
20 bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester (33.74 g, 0.068 mol)
in 950 ml butylenoxide was refluxed for 1.5 h. The solvent was removed in
vacuo and the residue was purified by column chromatography (300 g SiO2,
ethyl acetate : n-hexane = 2:1, 8:1) giving 67.8 g of a 1:1 (molar ratio) mixture
containing the product and triphenylphosphine oxide as a yellow foam.
25 Further purification was not necessary to proceed with the next step.
IR(KBr) 1781, 1744 cm™
MS(SP) 732.5 M+NH,)".

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

30 4.2. (E)-(2R,6R,7R)-3-[(S)-1-Allyloxycarbonyl-2-ox0-{1,3"Ibipyrrolidinyl-3-
ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-
bicyclo[4.2.0Joct-3-ene-2-carboxylic acid benzhydryl ester
IR(KBr) 1782, 1744, 1705 cm™!



-17 - | RCKBr) 1702 cnferr] M5(1SP) 401.3 (MrH)[err]. 2.8. Mxture
of (3R 3'S,5'S)- and (3S,3'S,5'S)-bronp-5'-di net hyl car banoyl -

2-0x0-[1,3 ]bipyrrolidinyl-1"-carboxylic acid allyl ester 5 | R(KBr)

1699, 1649 cnferr] MS(ElI) 388 (MtH)+. _.90-2.9 1:1 Mxture of

(3R, 3" S,5" R - and (3S, 3'S, 5R) - 3-brono- 5-di net hyl -

car banoyl - 2- oXMS(ISPYOT32.4(M+NHR)| - 1' - carboxylic acid allyl ester

| RCKBr) 1698, 1654 cn{err] 10 M5(1SP) 388.1 (MtH)[err].

2.10. (RS)-3-(-23B W@()%R 3 4 ) ' et ylic
i‘f—,' ‘ Ayl leg“_ll?l;)yrrohdmyl 3-yli deggu%eﬂ[i%% n-bm%ﬁ?ﬁ@qﬁ erR;] '
and (1S, 3'R) - (fhiadl- hﬂé%ﬁ&%ﬁi{@@"(ﬂbctzs-%@d%m% i¢ acid benzhydryl ester

phgni um brom de f’er ? r;/

l'idinyl-3:
‘Fl)')rllrgﬁelny: Bﬁéspmlé’}ggaﬂ% g%gémrml) and a mxture of (1R 3'R)- and

(1S, 3' R) - broMS(fspypﬁa(M..]H)“pyrrol I dinyl-1"-carboxylic acid allyl ester
(28.56 g, 0.090 nol) were disolved in 80 m d| chi oronet hane. The

100C. The- 25 r%éufﬁ??ﬁﬁgéﬁ“l%ﬁﬁ;ii-<?r?§@ PSP Rrem i o B brRliata-

added with yhdenemeltjl)ﬂb%ﬁﬂebmﬂoxyeMayhmnmﬂB{oxn@ tlua%haza-émych-l on of
t he product. quez ﬁéo“@éﬂggtcm%&%gnm}ﬁ%d&y due triturated with

1500 m di et h
IR(I(Br) 1782, 1743, 1713 cm™®

MS(SP) 718.4 (M+NH,)".

4.5. (E)-(2R,6R,7R)-3-[1-(1-Allyloxycarbonyl-piperidin-4-ylmethyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-7-tert-butoxycarbonylamino-8-0xo-5-thia-1-aza-
bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl ester

15 IR(KBr) 1779, 1743, 1692 cm™
MS(SP) 760.5 (M+NH,)".

4.6. (E)-(2R,6R,7R)-3-[1-[(3S,4R)-1-Allyloxycarbonyl-4-trifluoromethyl-

pyrrolidin-3-ylmethyl}-2-oxo-pyrrolidin-S-ylidenemethyl)-7-tert-butoxy-

carbonylamino-8-oxo-5-thia-1-aza-bicyclo[4.2.0loct-3-ene-2-carboxylic acid
2 benzhydryl ester

IR(KBr) 1782, 1711 cm™

MS(SP) 797.0 (M+H)".

Example 5
5.1. 1:1 Mixture of (E)-(5R,6R,7R)- and-(5S,6R,7R)-3-[(R)-1"-allyloxycarbonyl-2-
2% oxo-[1,3Tbipyrrolidinyl-3-ylidenemethyl]-7-tert-butoxycarbonylamino-5,8-
dioxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid benzhydryl ester

Q

BOCN /\/

COgCHth

30 A solution of the mixture described above of (E)-(2R,6R,7R)-3-[(R)-1'"-allyloxy-
carbonyl-2-oxo-[1,3'Tbipyrrolidinyl-3-ylidenemethyl]-7-tert-butoxycarbonyl-
amino-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-3-ene-2-carboxylic acid benzhydryl



The thereby forned solid was collected by filtration, washed w th n-hexane
and di ethylether and dried in vacuo, yielding 45.1 g (78% of the product
as 30 colourless crystals. | RCKBr) 1682 cnferr] MS(1 SP) 499.3 (M +.
According to the procedure set forth in thegpreceedi ng exanple, the

foll ow ng additi onal conpounds were prepared:

-18- 3. 2. ddtet and teipheARpliosphimecoxide (67.8 g, 0.068 mol) in 400 ml dichloro-

35,3 9)-(1 - 2- .
éyr roli Zil Elyl - %ﬁ%ﬁ%%%h téosejhonl u&]%t%as 8dded drcr e:}sguggncorfﬂ':‘:{ r]
MB(1 SP) 499. 2 qlﬂymer nZzoic aclé (700 116+:82 8¢ 0 &sngl )25 Oaﬂi chloromet.

(3RS, 3' SR) - (1 TE‘H‘ Ao was@tRréd for 2 Bikk at -5 to 0°C, 150 ml aqueous
SRS i Lo o G migE U
(RS -[1-(1-A Imﬁaiﬁcrmé sed Afdrediepasated) ard thoaguesus phase Sragldxtradtedenyl
(o, phosphon %negfg&%o ml diGHSEEhertihe, THeoldhbined ABahRPpn4ES whre
(RS)-[1-(1-A Iwh@he@wiﬁpaad:h p5Pani of aquieopsrsalutions af sodiupy thiosulfate 6%),] -

E ;,; phenyl - phosphodl \BRHOsHAE (3%) 'R finatly BPide 8 dolutionhd dhkd eér3

3. 6( RS) - [ 1-10 1, aBnesisinh ysulfape,concentraped afterifiltration and pusified p: ealpem, 3y |
- tri pheneﬂmmmgpegmmybogﬂsm ethyl dtetite): rLhBgarerEs 11, £00 B <Ryl

585.5 f R
[(S) - 1(I[-|%[S)err1 agetgiesapethanglyi © p}s lrJ(r)Fl gl n[ (2-)

Yield: 36.3 (73%)
IR(KBr) 1797, 1711 em™!
15 MS(ISP) 748.5 (M+NH,)".

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

5.2. Mixture of (E)-(5R,6R,7R)- and-(5S,6R,7R)-3-[(S)-1'-allyloxycarbonyl-2-

oxo-[1,3Thipyrrolidinyl-3-ylidenemethyl]-7-tert-butoxycarbonylamino-5,8-
2 dioxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR(KBr) 1796, 1710 cm™

MS(ISP) 748.5 (M+NH,)".

5.3. Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-3-(1'-allyloxycarbonyl-2-oxo-

[1,3']bipyrrolidinyl-3-y1idenemethyl)—7-tert-butoxycarbonylamino—5,8-dioxo—5-
25 thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid benzhydryl ester (config.at

C3' in bipyrrolidine-moeity R and S)

IR(KBr) 1796, 1716 cm™

MS(ISP) 748.5 (M+NH,)".

5.4. Mixture of (E)-(5R,6R,7R)- and -(5S,6R,7R)-3-[1-(1-allyloxycarbonyl-

30 azetidin-3-yl)-2-oxo-pyrrolidin-3-ylidenemethyl]-7-tert-butoxycarbonylamino-
5,8-dioxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl
ester
IR(KBr) 1797, 1718 cm™
MS(SP) 734.5 (M+NH,)".

% 5.5. 1:1 Mixture of (E)-(5R,6R,7R)-and (58,6R,7R)-3-[1-(1-allyloxycarbonyl-
piperidin-4-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-7-tert-butoxy-



yl. met hyl ] - 2- oxo-pyrrolidin-3-yl]-triphenyl-phosphoni um brom de | R(KBr)
1682 cnferr] M5(I SP) 513.4 (M[err]. 25 3.8.1:1 Mxture of
(3S,4R-[(R - and -[(S)-1-(1-alyloxycarbonyl -4-

trifluoronethyl - pyrrol i di n-3-yl net hyl)-2- oxzzpyrrol i din-3yl]-tripbenyl -
phosphoni um bro | RCKBr) 1690 cni g M5(I SP) 581.2 (MtH)[err].
30 3.9. 1:1 I\ﬂa%' Bglioxasb4 a-&rﬂfaa- icyclo{4.2. ]0ct-2-ene-2-carboxy ic acid

(3S,3'S,59) b( Benzhl &fﬂ@ﬁti@f bfnyl o' ol i di nyl -3-yl)-triphenyl - phosphoni um
di hv] rrolidiny y .
ety cer aﬁ?%%%) i . P |

ri
brom de V5( | SP) 5703(M err].
-19- 3. 10 MS(ISR)®76.8 M NB S .3' S 5' R) - and
(3S,3'R 5"'S)-3-(1"-al I yl oxycar bonyl .

1 e A G A

t ri pheny- phos sashonyl-ttofiucromethyl-pyrrolidingsyinethipl] 2¢zo-pyrrolidig. | SP)

2
?%9 (2I(?'v%3|[?er7rR]y)I 3- Ilf Eg thyé 1]/5 yl oxycwmmwwgf%nyl 3-

yl i denenet hyl ] esteraza-
bi cycl o[ 4. 2. Omgugs,&msmkyl I c aci d benzhydryl ester

[err] 10 MS(SP) 813.4 (M+H)",

Example 6
6.1. (E)-(6R,7R)-3-[(R)-1"-Allyloxycarbonyl-2-o0x0-[1,3 Tbipyrrolidinyl-3-ylidene-
methyl]-7-tert-butoxycarbonylaminoe-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-
ene-2-carboxylic acid benzhydryl ester

BOCNH
M —O
CO,CHPh,

To a solution of a mixture of a 1:1 mixture of (E)-(5R,6R,7R)- and-(5S,6R,7R)-
3-[(R)-1"-allyloxycarbonyl-2-0xo-[1,3"Tbipyrrolidinyl-3-ylidenemethyl]-7-tert-

20 butoxycarbonylamino—5,8-dioxo-5-thia-l-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid benzhydryl ester (36.3 g, 0.050 mol) in 370 ml dichloro-
methane, 30 ml DMF and 44 ml N-methylacetamide was added within 20
min at -30°C a solution of phosphorous tribromide (19.1 ml, 0.203 mol) in 56
ml dichloromethane. After stirring for 1.5 h at -30°C, the mixture was

2 allowed to warm up to -5°C and quenched with 800 ml cold water. The phases
were separated, the aqueous phase was extracted twice with 300 ml dichloro-
methane. The combined organic phases were washed with 500 ml water and
brine and dried over magnesium sulfate. After removal of the solvent in
vacuo, the residue was treated with a 1:1 mixture of ethyl acetate and n-

30 hexane (700 ml). The precipitated product was collected by filtration.
Yield: 32.9 g (91%) orange crystals.
IR(KBr) 1785, 1715 cm™
MS(ISP) 732.5 M+NH,)".



A suspension of the mxture of (1R 3" R) and

(1S,3' R -(1'-allyloxycarbonyl -2-

oxo-[1, 3" ] bi pyrrolidinyl-3-yl)-triphenyl -phosphoni um brom de (43.5 g, 0.075
nol) and (2R 6R, 7R)-tert-butoxycar bonyl am ng@g3-fornyl - 8-o0xo-5-thi a-1-aza-
20 bicycl o[ 4. 2, 0] oct - 3-ene-2-carboxylic acid benzhydryl ester (33.74 g,

0. 068 nol) Acoordg ta ta thripyoceduxe get foath inthe precdeding esamplanthesol vent

was renoved i followiNe@ddiGbAal Psﬁh .ed by colum
chr omat ogr aphyo( gOO % S Q2, at Bfin hyl déajl?veétygsp&béi‘%dexane = 2:1, 3:1) giving

211 phanyl phos pé}?n@%@%éﬁéboﬁsﬂi%xfw oy rasorid 3 e Prrobdislre widener
necessary to rmetieﬁlﬂ%ethbﬁhikyl@ﬁ!ﬁor@lmno-8-oxb55-tiﬂh)1 az8bicytlof4.2:000ct-21

MS(1 SP) 7325 Agcording to the procedure set forth
in the precge N Ekgw 4‘?%@"9“21‘4’%%? g addi ti onal conpounds were

prepared: 30 IR r) 1786, 1712 cm™

(B)-(2R 6R 7R %?&W arbonyl - 2-oxo-[ 1, 3" ] bi pyrrolidinyl-3-
yl i denenet hyl 1-/7-tert xycar onyl am no- 8- oxo- 5-t hi a- 1- aza-

bi cycl o[ 4. 2. Ol oct - 3- ene- 2-car boxylic acid benzh}lldaﬂ ester %
1782, 1744, 1705-3nMixtyre of (E)-(6R,7R)-3-[(R)- and -[(S) ylo carbonyl-z-oxo- [1,3%0 -

g/ﬁé | SP% S)732 4 Kl * ihy 1)3-9llﬂknemethy1¥73ber£\[biﬁdﬂy%afﬁoﬂﬁnﬁKBBG&OZM (R -
X

15 3] bi pyr B %fw of4. E@Eﬁ){fgéfm%carbmﬂzc B DEPEbSERASER no- 8- oxo- 5-
t hi a- 1- aza- b| dS[t(KﬁﬁlZS@,]mz-@n ne- 2-carboxylic acid benzhydryl ester 5
| R(KBr) 1780, MB(1 SP) 715.4 (MrH)[err]. 4.4,
(E)-(2R 6R, 7R)%)W%@Wa‘r bonyl - azeti di n-3-yl) - 2- oxo- pyrrolidin-3-
yl i denenet hyl ] -7-tert - but oxycar bonyl am no- 8- oxo- 5-t hi a- 1-aza- bi cycl o-
[4.2.0]oct - eﬁxé— E) SR TRY B[d-A Allylowycarbanyl-azetidin-3-yl)-2-oxo-pyrrolidin-3-

ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-bicyelo-

15 [4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester
IR(KBr) 1786, 1717 em™

MS(ISP) 718.6 (M+NH,)".

6.5. (E)-(6R,7R)-3-[1-(1-Allyloxycarbonyl-piperidin-4-ylmethyl)-2-oxo-

pyrrolidin-3-ylidenemethyl]}-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-
20 bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR(KBr) 1784, 1688 cm™

MS(ISP) 760.6 (M+NH,)".

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-yimethylene)-2-oxo-pyrrolidin-1-yi]-
% pyrazolidine-1,2-dicarboxylic acid diallyl ester

IR(KBr) 1785 cm’!

MS(ISP) 800.6 (M+H)*.

6.7. (E)-(6R,7R)-3-[1-[(S)-1-Allyloxycarbonyl-pyrrolidin-ylmethyl]-2-oxo-

pyrrolidin-3-ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-
30 bicyclo{4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester

IR(KBr) 1784 cm™

MS(ISP) 729.3 (M+H)".



10 I R(KBr) 1782, 1743, 1713 cnjerr] M5(I SP) 718.4 (MtNH[err])[err].
4.5. (B)-(2R 6R 7R)-3-[1-(1-Allyl oxycarbonyl -pi peridin-4-yl net hyl) - 2- oxo-
pyrrolidin-3-ylidenenethyl]-7-tert-butoxycarbonyl am no- 8- oxo-5-thi a-1-aza-
bi cycl o[ 4. 2. 0] oct - 3-ene- 2-car boxylic acid bggpzhydryl ester 15 IR( KBr) 1779,
V5( 1 SP 760 5 IVHNH[err )[err]

1743, 1692 cnjerr
(BE)-(2RR 7R) -

(]EI)((GB,WEI- B AR A8ploxy ‘ noml;nbthyl-pyn'olldm-
pyrroI|d|n3yg. ha | qli VAN <Y

car bonyl ami no T
benzhydryl est‘ﬁo'g'?g“?' ARy

(MH) [err]. 1713 Exarrple 5 5.1. 1:1

M xt ure of gE (- W(SS, 6R 7R)-3-[(R)-1'-al I yl oxycarbonyl -2- 25
oxo-[1, 3']bi p 1 y[ denenet hyl ] - 7-tert-but oxycar bonyl am no- 5, 8-

di oxo-5-thia-1 aza blcyclo[4 0] oct - 2- ene- 2-car boxyl i c acid benzhydryl

ester [err] 6.9, (EHGRNRWS}EM'WW@MM)&M

B)- (2R 6R 7R
USSR RN OXLWM@WWZW F;@ﬁwhﬁmonyl
ani no- 8- oxo- 5- MWM

benzhydryl . JR(EBr) 1787, 17l3cm -21- ester and
triphenyl p )ﬁ 64\( g, 0.068 nol) in 400 m dichloro- nmet hane
was cool ed %58 Fs was added dropwi se a solution of m

chl oroperbenzoic acid (70% 16.82 g, 0.068 nol) in 250 m dichl or onet hane.
6.10. (E)-(6R,7R)-3-[(3'S 5'R)-1"-Allyloxycarbonyl-5"-dimethylcarbamoyl-2-oxo-
[1,3Thipyrrolidinyl-3-ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester
IR(KBr) 1786, 1712 cm?
15 MS(SP) 786.5 (M+H)".

6.11. (E)-(6R,7R)-3-[1-(1-Allyloxycarbonyl-azetidin-3-ylmethyl)-2-oxo-
pyrrolidin-3-ylidenemethyl]-7-tert-butoxycarbonylamino-8-oxo-5-thia-1-aza-
bicyclof4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester
IR(KBr) 1780, 1700 cm!

20 MS(ISP)715.3 (M+H)".

Example 7
7.1. (E)-(6R,7R)-3-[(R)-1"-Allyloxycarbonyl-2-0x0-{ 1,3 Tbipyrrolidinyl-3-ylidene-
methy)-7-amino-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
trifluoroacetate

A\

&)
Ha'\_rs 'O o~
V —NMN

o
COH o

To a solution of (E)-(6R,7R)-3-[(R)-1'-allyloxycarbonyl-2-0xo-[1,3"Ibipyrrolidin-
yl-3-ylidenemethyl]-7-tert-butoxycarbonylamino-8-o0xo-5-thia-1-aza-bicyclo-
20 [4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester (32.9 g, 0.046 mol) in 320 ml

dichloromethane was added at 0°C 32 ml anisol and 180 ml trifluoroacetic
acid. The mixture was stirred for 2.5 h stirring at room temperature,



The resulting solution was stirred for 2.5 h at -5 to O[err]C, 150 m
aqueous 5 sodiumthiosulfate solution (5% was added and the m xture was
stirred for 15 min. The phases were separated and the aqueous phase was
extracted twce wth 100 ml dichloronethgoe. The conbi ned organi c phase

wer e washed with each 150 m of aqueous solutions of sodiumthiosulfate
(5%, sodi eomcentratéd baaaolwdte of 50 ml ant ppuved o 1000emi itescald dietdyldr i ed

over 10 magnheg . ' | -ngrified by
col um chr%@o@é%ﬁ?&%ﬁ% S&g %?%gp}%%aa%}eﬁ&&% bﬁ- exg!r'llga': 3: 1, 1.
0 and ethyl  Yield:e39& Iheige salid: 1) Yield: 36.3 (73%

| RCKBr) 1797, 1j#KBx)l1982) 1680 &I SP) 748.5 (M:NH err])[err]. Accor di ng
to the proced f@é)%&é ' & preceeding exanple, the fol |l owi ng
addi ti onal éo%ﬁ l@:* d: 5.2. Mxture of (E)-(5R 6R 7R)-
and- (5S,6R, 7R -3-[(S)-1'-al | yl oxycar bonyl - 2-

oxo-[ 1, 3' ] bi pyAceurdihgto thie prockdocesetforth intthetpreceading xbmpleathe- 5, 8- 20
di oxo-5-thi a- ~ DI CVEd: - 2- - 2- ylic acid benzhydryl
ester I R( k@ﬁ%@gﬁi&%a%ﬁ?@%n& %@%9%8 5 (MtNH err])[err].
5.3. Mxture of (E)-(5R 6R 7R) - and . o )

- (58S, 6R, 7R) - 3- .2 (é)—éﬁ,R,al@&ﬁ( bAyAllgloxyearbonyl-2-0xo-[1,3Tbipyrrolidinyl-3-ylidene-
[1, 3" ] bi pyrrol i JEYRY- N { -dz o lopga X518 ndid X 0-
5- 25 thia-1- aglg- |c'§/c 0 HQ%B% oc?qg%le%ze%gic?gl?gggi% .6‘%[%%?5 benzhy’/tglrlsg/l-a@ied;t er
(config.at 0 trdfbuoragcetater ol i di ne-noeity R and S) | R(KBr) 1796, 1716
cnjerr] Nm(@r)iquﬁlsww[lerr] Y[err]. 5.4. M xture of

(E)-(5R, 6R 7R % - -3-[1-(1-allyl oxycarbonyl - 30

azetidin-3-yl )W“@%ﬁﬁgﬁ%ﬁ#g yl i denenet hyl ] -7-tert-but oxycarbonyl am no
- 5, 8-di oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carboxylic acid
benzhydr yl 7.8s Maxture of] (E)KBR)%/H)?& X and -H®)-dr-allyloxycamongbR-axeul 153 Thi-

M+NH 36 B b 1d e 0f: (F) - 25 )
E 5S, er;rR% ) %e{ y 11_ d yglt%;zl;ée&%%ﬁ#j_ﬁ 9-hirdm8-0koe/B-Gffa FhzaBikyclo[4.2.0]oct-2

Lycar.bon

pi peri di n- 45y| m—ﬂwa;r’aqxﬁ%‘oagslrﬁrﬁu@pﬁWi denenet hyl ] - 7- t ert - but oxy-
IR(KBr) 1783, 1678 cm™
MS(ISP) 449.5 (M+H)".

7.4. (E)-(6R,7TR)-3-[1-(1-Allyloxycarbonyl-azetidin-3-yl)-2-0xo-pyrrolidin-3-

ylidenemethyl]-7-amino-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic
20 acid trifluoroacetate

IR(KBr) 1783, 1681 em™

MS(ISP) 435.5 (M+H)".

7.5. (E)-(6R,7R)-3-[1-(1-Allyloxycarbonyl-piperidin-4-ylmethyl)-2-oxo-

pyrrolidin-3-ylidenemethyl]-7-amino-8-oxo0-5-thia- 1-aza-bicyclo[4.2.0]oct-2-
2% ene-2-carboxylic acid trifluoroacetate

IR(KBr) 1784, 1681 cm™

MS(ISN) 492.3 (M-H+NH3)".

7.8. (E)-(6R,7R)-7-Amino-3-[1-(1,2-bis-allyoxycarbonyl-pyrazolidin-4-yD)-2-oxo-
pyrrolidin-8-ylidenemethyll-8-oxo-5-thia-1-aza-bicyelof4.2.0]oct-2-ene-2-

30 carboxylic acid
m.p. 148-149°C

7.7. (E)-(6R,7R)-8-[1-[(S)-1-Allyloxycarbonyl-pyrrolidin-2-ylmethyll-2-0xo-
pyrrolidin-3-ylidenemethyl]-7-amino-8-oxo-5-thia-1-aza-bicyclo[4.2.0}oct-2-
ene-2-carboxylic acid trifluoroacetate (1:0.2)



_22_

car bonyl am no- 5, 8- di oxo-5-thi a- 1-aza- bi cycl 0[4 2. 0] oct - 2- ene- 2-car boxylic
acid benzhydryl ester | RCKBr) 1795, 1721, 1692 cnierr]

MS(1SP) 776.5 (M:NH[err])[err]. 55.6. Mggure of (E)-(5R 6R 7R)- and
-(5S,6R 7R -3-[1-[(3S,4R) - 1- A I¥I OoXy-

cabonyl - 4-t r i IR(KBYA780)169rcmT i di n- 3- pyrrol i din-3-yl net hyl ] - 2- oxo- pyrroli

di n- 3-
yl i denenet hyl ]MW% %gﬁyc@rbonyl am no- 5, 8- di oxo-5-thi a-1-aza-

bi cycl o[ 4. 2. 0] oct 2- ene car boxylic acid benzhydryl ester KBr /96,

1716 cnjerr] K&M@ylpxycarybony-é thypi(pyn%hém
mple 6 ﬁ yhdenemethyl] 7-amino-8-oxo-5-thia-1-aza-

(E) (6R 7R) 3 4-2.61 ¥ xc ran 20x8[13]b|pyrrolld|nyl 3-ylidene

met hyl ] -7- tertm;(mmm @it no- 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2-

ene- 2- car boxyl ester 15 [err] To a sol ution of
a mixture of %@%%Q?gq@%ﬂi(a (5R 6R 7R) - and- (5S, 6R, 7R) -
3-[(R)-1"-al lyl oxycar bonyl - 2- oxo-[1, 3' ] bi pyrrolidi nyI 3-ylidenenet hlyl ]-7-te

rt- 20 7.9. (E)-(6R,7R)-3-[(3'S,5'S)-1" Allyloxycarbony .
butoxycarbonylW i P azatne- 2-

car boxylic aci 9%&" kgg éﬁiﬂ-. ) 3& ﬁ di chl or o-

met hane, 300n1 piliporogestate (108 n 20 m n
at -30[err]C qmmqugofsgllmﬁhorous trlbrom de (19.1 m, 0.203 nol) in
56 m dlc%mgﬁ}%@é gr stirring for 1.5 h at -30[err]C t he

m xture was 2 up to -5[err]C and quenched with 800 m cold
wat er. The phases were separated, the aqueous phase was extracted tw ce

with 300 m diz10.dEp-(6R 7R)-6e[1(31S;s&)-rmnymmmmw&dmeﬂtﬂgwmﬁ-&mmd

Ferpval of 1 haleapiymolidintyil SoLaheieti)-2 ukinbRl0gs 5Lt ’iﬁﬁlt Mt
m xt ure of 1Bt rhmydg&.%@]gct;ﬁ-@ng-.z-carboxyhc acid tnf luoroacetate (1: 0
IR(KBr) 1779, 1681 cm?

MS(ISP) 520.3 (M+H)".

Example 8
8.1. (6R,7R)-3-[(E)-(R)-1-Allyloxycarbonyl-2-oxo-[1,3Tbipyrrolidinyl-3-ylidene-
20 methyl]-7-[(Z)-2-(5-amino-{1,2,4]thiadiazol-3-yl)-2-trityloxyimino-acetyl-
amino]-8-oxo-5-thia-1-aza-bicyc10t4.2.0]oct-2-ene-2-carboxylic acid

9Ph3

Rp:o¥:ccans

2% A solution of (E)-(6R,7R)-3-[(R)-1"-allyloxycarbonyl-2-0x0-[1,3']bipyrrolidinyl-
3-ylidenemethy)-7-amino-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid trifluoroacetate (3.90 g, 7.06 mmol) ) in 75 ml DMF was
treated with (Z)-(5-amino-{1,2,4]thiadiazol-3-yl)-trityloxyimino-thioacetic acid
S-benzothiazol-2-yl ester (4.5 g, 7.76 mmol) for 48 h at room temperature. The

30 reaction mixture was concentrated in vacuo and the residue distributed
between 550 ml ethyl acetate and 375 ml water. The solid was discarded, the

HaN\(N



30 hexane (700 m ). The precipitated product was collected by filtration.

Yield: 32.9 g (91% orange crystals. | RCKBr) 1785, 1715 cnfierr]

M5(I SP) 732.5 (M:tNH err])[err].

-23- According to the procedure set forpp.in the preceedi ng exanple,
t he foll ow ng additi onal conpounds were prepared: 6. 2.

( E) - (6R, 7R) - 3-phisRes Werk! sepasatedsard tlyé afueous phas whs extracted with 180yhl dene

met hyl ] - 7- terte%‘a’%oxyté“é’?b%'%?/|°8’rﬁbﬁ%‘?% organic phases were copcent: t“[‘%“ﬁ”f}] oh%°-hz-
5 ene- 2- car boxihej m@mswﬁ%r Iy \wasseallected by Bltmtip nma@
M5(I SP) 732.5 e r 1. 6.3. Mxture of (E)- (6R7R) 3[(R)

a{
and -[(S)-1 l,- 2- 0X0
bi pyrrol i di ﬁyl ?%élge&g eimfyéfélsbut oxycar bonyl ani no- 8- oxo- 5- t hi a- 1-
10 aza- bi cycl AIRFKBr)11785, mﬁrmﬁ carboxylic acid benzhydryl ester

| R(KBr) 1785, I'SP) 732.6 (MeNH[err])[err 6. 4.
(E§-(6)R, 7R) 3@@%’%@% o%y| N et nES-yI § ARSAS py]rrol i di n- 3-

yl i denenet hyI ]-7-tert-but oxycar bonyl am no- 8- oxo-5-thi a- 1-aza- bi cycl o- 15
[ 4. 2. 0] oct - 2- eheco2ding toothe pmcadude behﬁiryhlmlthesireceedmg eRampe, hes6, 1717

?geEE]R 7R) - g/%llgﬁnijq%d&%xycar )0 %pi‘?peéffoqrepﬁr ‘met hyl ) - 2- oxo-

pyrrolidin-3-ylidenenet k -tert but oxycar bonyl am_no- 8- oxo- 5-thi a- 1-aza-
20 bi cycl o[1. 8.8 &RJB)%% >(Bhi béllylwc%nhoey}yarpzwa;:%]blméltrehdmyl-?r-n&léem
(12)84( 6 é 6?% ) CZ[ﬁbi_Eﬁ _1]-7-[(3452J(§B)mﬂﬁ;[1@04 I‘ffhi‘ﬂ'(flﬁiedrl%Q Efﬁ-i:ntyltr)xymﬁb n@-acﬁgylé_
oxo- 5-t hi a- 1- aé‘é‘“bq]%i ‘6’%%‘8’]’%@{’ g% %Eﬂ]ﬁ“etf%ﬂ%%%@“ﬁ@agwﬁ olidin--1y
1]- 25 pyrazol]R{KBr—)l?%,dlﬁwrdm ylic acid diallyl ester

MS(ISP) 878.6 (M+NH,)".

H

15 8.8. Mixture of (6R,7R)-3-[(E)-(R)- and -(S)-1'-allyloxycarbonyl-2-0xo0-[1,3Tbi-
pyrrolidinyl-3-ylidenemethyl}-7-[(Z)-2-(5-amino-[1,2,4]thiadiazol-3-y1)-2-
trityloxyimino-acetylamino}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid
IR(KBr) 1783, 1681 cm™

20 MS(UISP) 861.5 (M+H)".

8.4. (6R,7R)-3-[(E)-1-(1-Allyloxycarbonyl-azetidin-3-yl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-7-{(Z)-2-(5-amino-[1,2,4]thiadiazol-3-y1)-2-trityloxyimino-
acetylamino]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
IR(KBr) 1784, 1683 cm™

2% MS(SP) 864.3 (M+NH,)".

8.5. (6R,7R)-7-[(Z)-2-(5-Amino-{1,2,41thiadiazol-3-y1)-2-trityloxyimino-
acetylamino]-3-{(E)-1-(1,2-bis-allyloxycarbonyl-pyrazolidin-4-yl)-3-oxo-
pyrrolidin-3-ylidenemethyl]-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid

30 m.p. 184-185°C
MS(ISP) 946.1 (M+H)*.

8.6. (6R,7R)-$-{(E)-1-[(S)-1-Allyloxycarbonyl-pyrrolidin-2-ylmethyl]-2-oxo-

pyrrolidin-3-ylidenemethyl]-7-{ (Z)-2-(5-amino-[1,2 41thiadiazol-3-y1)-2-

trityloxyimino-acetylamino}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
3% carboxylic acid



| RCKBr) 1785 cnferr] M5(1 SP) 800.6 (M+H) +. 6.7.
(B)-(6R 7R -3-[1-[(S)-1- A lyl oxycarbonyl - pyrrolidin-yl methyl]-2-oxo-
pyrrolidin-3-ylidenenethyl]-7-tert-butoxycarbonyl am no- 8- oxo-5-thi a- 1- aza-

30 bicyclo[4.2.0]oct-2-ene-2-carboxylic aci.gg._benzhydryl ester | R(KBr)
1784 cnferr] M5(1 SP) 729.3 (erH)[err]
- 24- IR(KBr) 1790, 1681 cm”

6 8. (E)-(6R, 7%@) h,?é4»%ﬁ+-ﬁ)-+Al | yl oxycar bonyl -4-trifluoronethyl-pyrrolidi
3 yl met htI] 2 oxo rro l'idin-3-ylidenenethyl]-7-tert-butoxycarbonyl am no-8

- 0X0- [@}Hm Wmuommﬂiyh}ymﬁﬂim

t
(GE) eEGR 7R) 3 |oxy§ar Eony| @md M'W r'o'éd.'rmxl -2- oxo-
[1,3"']bi pyr Pol leﬁ,ﬂthlashmlo%n MWM&M MZBx 0- 5-

thia-1-aza- b|c OfoctP-ede-cne- 2- carboxylic acid benzhydryl ester

| R(CKBr) 1787, .er 10 I\/IS(ISP) 786.4 (MtH)[err].

6. 10. (E) - (6R ) 1' - Al l yl oxycar bonyl - 5- di net hyl car banoyl - 2- oxo-
[1,3

t

I

D

1,3 ]bi pyrroll]m'KBﬂlﬁlmd yl]-7-tert-butoxycarbonyl ani no- 8- oxo- 5-
hi a- 1- aza- bi ¢ +ene- 2- carboxylic acid benzhydryl ester
YT e My

R(KBr) 1786, MS(1 SP) 786.5 (MrH)[err].
6.11(E) - (6R 7R)-3-[1-(1- Al | yl oxycarbonyl -azeti di n- 3-yl net hyl ) - 2- oxo-
pyrrolidin18-ylidenemethyl]-7-tert-but ox§zamplnd| ami no- 8- oxo- 5t hi a- 1- aza-

bi cycl o[ 4. 2. 0] @4t Mixfike of ( 1(®)- ey dikhoHithFonyl-2-b£8- B3 bi-
g(g(r)rpl 27(730 Cﬁglr}' 311513}'5/%0?1%%1@% l%yl]((';mi 2 (gi)-mno-th1azol-4-yl)-2-tntyloxy1mmo-
(E) (6R, 7R) - 3-ddetylaininbl-Bydx0x5-shiab Diavh-bicyl 64 2.0foct-2.éne- 2 RarBoxtylic dcid! | dene

CPhg

N
HaNG N/ o
wﬂm ol
0 N
A~
CO,H o

A solution of (E)-(6R,7R)-3-[(R)- and [(S)-1'-allyloxycarbonyl-2-o0xo-[1,3'Ibi-

pyrrolidinyl-3-ylidenemethyl]-7-amino-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-

ene-2-carboxylic acid trifluoroacetate (721 mg, 1.3 mmol) in 25 ml DMF was
20 treated with (Z)-(2-aminothiazol-4-yl)-trityloxyimino-acetic acid 1-benzo-

triazolyl ester (782 mg, 1.43 mmol) at room temperature for 36 h. The

reaction mixture was concentrated in vacuo and the residue distributed

between 100 ml ethyl acetate and 50 ml water. The insoluble material was

removed by filtration, the phases were separated and the organic phase was
2% concentrated upon which the product precipitated. The solid was collected by

filtration, washed with ethyl acetate and dried.

Yield: 725 mg (60%)

IR(KBr) 1783, 1681 cm™

MS(ISP) 860.6 (M+H)".

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



met hy) - 7- am no- 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxylic acid
trifluoroacetate 25 [err] To a sol ution of
(BE)-(6R, 7R -3-[(R)-1"-al |l yl oxycarbonyl - 2- oxo-[ 1, 3] bi pyrrol i din-

yl -3-ylidenenethyl]-7-tert-but oxycar bonyl ang®o- 8- oxo- 5-t hi a- 1- aza- blcyclo-
30 [4.2.0]oct-2-ene-2-carboxylic acid benzhydr ester (32.9

in 320 ni L C(6R, TBISt (BN R A sAHyloxycanb Wbér‘] -[323Thip, bgmﬁr&'ﬁ

trifluoroacet 'rﬁethyl] aqi(Zh-2-[h Wtﬂﬁ&omsygiz-fﬁmoiﬁmﬁo‘ic&ﬁétﬁﬁbmo&b—5-

roomtenperatu

concent r at ed ttbl&lma:hwydp[% 0&1’“%@%‘30‘?"6’&"&4“19@@ m ice-cold di et hyl -

ether. The pr (KB q?ggsm s collected by filtration and dri ed.

Yield: 24. | RCKBr) 1782, 1680 cnferr] 5 M5(ISP)
466. 4 (I\/HNI—ferﬁ%)bfdogg(ﬁﬁ ccording to the procedure set forth in the
preceed| ng exanple, the foll ow ng additi onal conpounds were prepar ed:

(E) (6R, 7R) - 3-§BSER RIS EY i’%a‘?’%’éﬁﬂ“’f"m{ﬁl'ﬁe@? i Zoxe-pymotidind-, e

yl1denemethyl] 7-[(Z)-2-(2-amino-thiazol-4-y1)-2-trityloxyimino-acetylamino]-

o ???ffuif‘oélﬁ%?a?ma' ﬁ AL e e T ST

1679 cnjerr] MS(| SP) 466. 3
( MeNH[ er r] 1P er JR(KB ture of (E)-(6R 7R -3-[(R - and

“[(S)-1'-al | yl ppsyrse emmp[ls]bu
pyrrolidi nyI 3- ylldenerrethyl) 7- am no- 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct -

2- 15 ene-2- cag Boyuk iyt {10k PREBbRY EpiperidiRe e th§ 2 ok 8 Frrelidin’
3-ylidenemethyl]-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-trityloxyimino-
acetylamino]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

15 IR(KBr) 1782, 1673 cm™
MS(ISP) 888.5 (M)".

9.5. (6R,7R)-3-[(E)-1-(1,2-bis-allyoxycarbonyl-pyrazolidin-4-yl)-2-oxo-
pynohdm-&ylidenemethﬂﬂ-[(Z}&(%mimthiamMyl}Z-hityloxﬁmh&
acetylam:m]-&oxo&-thm—l-am—blcyclo[mﬂloctrzene-z-carboxyhc acid

20 IR(KBr) 1756 cm
MS(ISP) 536.3 (M+H)*.

9.8. (6R,7R)-3-{(E)-1-[(38,4R)-1-Allyloxycarbonyl4-triflucromethyl-pyrrolidin-
3-yimethyl]-2-oxo-pyrrolidin-3-ylidenemethyl}-7-[(Z)-2-(2-amino-thiazol4-yl)-
2-trityloxyimino-acetylamino}-8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-

% carboxylic acid
IR(KBr) 1790, 1686 cm™
MS(ISP) 942.4 (M+H)".

9.7. (6R,7R)-3-[(E)-1-[(S)-1-Allyloxycarbonyl-pyrrolidin-2-ylmethyl]-2-oxo-

pymlidin-s-yiidmxemeﬂlyl]ﬂ-[(Z)-2-(2-anﬁno-thiazol—4-yl)-2-h'ityloxyimino-
2 acetylamino}-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

IR(KBr) 1783, 1685 cm™

MSISP) 874.5 (M+H)".

Example 10
10.1. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-trityloxyimino-acetyl-
% amino] -8-0x0-3-[(E)-(R)-2-0x0-[1,3"Tbipyrrolidinyl-3-ylidenemethyl]-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid dihydrochloride



M5(1SP) 449.5 (MtH)[err]. 7. 4.

(B)-(6R, 7R)-3-[1-(1-Al'l yl oxycarbonyl -azeti di n-3-yl ) -2-oxo-pyrrolidin-3-

yl i denenet hyl ] - 7- am no- 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxy
lic 20 acid trifluoroacetate | RCKBr) 174, 1681 cnferr] M5( | SP)
435.5 (MtH)[err]. 7.5.

(B)-(6R, 7R)-3-[1-(1- Al'l yl oxycar bonyl - pi peridi n-4-yl met hyl ) - 2- oxo-
pyrrolidin-3-ylidenenethyl]-7-am noPBbaoxo 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2-
25 ene-2-carboxylic acid trifluonpazet ate | R(CKr) 1784, 1681 cnierr]

M5(I SN) 492. 3 (M H+NH[ el r]. /
(B)-(6R 7R)-7- Am no-3-[ 1- (1 27 N\yoxy§ar bonyl - pyrazol di n-4-yl ) - 2- oxo
pyrrolidin-3-ylidenenethyl ]S oxo -t Nl of/47%H 0] oct - 2- ene-2- 30

carboxylicid m p. 148. 149[err ,_.N :
(BE)-(6R 7R)-3-[1-[(S)-1-Allyl oxycarlzfnyl rrol i din- 2- vyl rrethyl] 2- 0X0-
pyrroidin-3-ylidenenet hyl]-7-am no- 8- oxo- golHi a- 1-@za- bi cygl Ci{IélZ 0] oct - 2-
ene- 2-carboxylic acid trifluorocetate (1.0.2)

- 26- | RCKBr) 1780, 1690cn{ err] M5(1 SP) 463. 3 (I\/H—I)[err]

7.8(E 6R, 7R i di
et h)ylf"?a[sﬁé hﬂ%ﬁ“ﬂ’% E RS e f?%’f"b“ﬁf'g -223-' "

bi cycl o[ 4. B ojpyEral ‘Z’JJ@&FIBW -T2 }2-(5- m&ﬁrl)z,im %

?/% S(F% RS\;%) 33?} bpimhd - éﬂ:etila%nl?)]-%—?(xo& rth%a-l-aza-blc?rcr}gltitih 2. 0]oct-2-ene-2_-(c:)arboxy11c
[ 1, 3] bi pyrrol & Sﬁslgg) ti eﬁ‘?@fé i ¥§8‘%ﬁ]ﬁ? %ﬁsé“ﬁ)éz]a 770} (7.66
bi cycl o[ 4. 2. Opmmin] PN bitriandthylsilyl)aeetainide ﬁvlhlewlgaaat oratgé Bolution formed
which was subsequently treated with 84 mg (0.12 mmol) bis-(triphenyl-
10 phosphine)-palladium(II)-dichloride, 5.48 ml (95.8 mmol) acetic acid and
11.7 ml (44.1 mmol) tributyltin hydride and stirred at room temperature for
40 min. After addition of a few drops of water, the suspension was poured on
1500 ml diethylether containing 12 ml of a solution of 6 M hydrogen chloride
in diethylether. The suspension was stirred for 2 h and the product was
15 collected by filtration.
Yield: 4.04 g (99%) beige solid
IR(KBr) 1781, 1659 cm™
MS(ISP) 777.4 M+H)".

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

10.2. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-trityloxyimino-acetyl-
amino}-8-0xo0-3-[(E)-(S)-2-0x0-[1,3 Ibipyrrolidinyl-3-ylidenemethyl]-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid dihydrochloride
IR(MIR) 1779, 1660 cm™

% MS(ISP) 777.4 (M+H)".

10.3. Mixture of (6R,7R)-7-{(Z)-2-(5-amino-[1,2,4]thiadiazol-3-yl)-2-
trityloxyimino-acetylamino]-8-0x0-3-[(E)-(R)- and -(S)-2-oxo-
[1,3'Tbipyrrolidinyl-3-ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid dihydrochloride

3 IR(KBr) 1780, 1660 cm™
MS(ISP) 777.3 M+H)".



| RCKBr) 1779, 1681 cnferr] M5(1SP) 520.2 (MrH)[err]. 7. 10.

(B)-(6R, 7R -3-[ (3" S,5" R -1"-Allyloxycarbonyl -5' -di net hyl car banoyl - 2- oxo-
[1,3" ] bipyrrolidinyl-3-ylidenenethyll-7-am no-8-o0xo-5-thia-1-aza- 15

bi cycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid tg1fl uoroacetate (1:0.5)

| RCKBr) 1779, 1681 cnferr] M5( I SP) 520.3 (MtH)[err]. . L.

Exanpl e 8 10.4. (6R,TR)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-trityloxyimino-acetyl-

( 65%,07R) - 3- [ (B)grhiRo1 8- 1) (b B RRI 91 oxd-py i Polidin3-idexemethyll-Bvdxo35Xhiglene

met hyl ] - 7- [ ( 2)az2-bisyelel43.0lacts2-ane2-earbazplic geid dihydrochlorideyi ni no- acet yl -

am no] - 8- oxo- Eﬂ;(mr)ygg,alggmﬁo[ 4.2.0]oct-2-ene-2-carboxylic acid [err]
25 A solution

(E) - (6R, 7R)53-1}%[§ﬁ5311) 7633 {M#EDcar bony! - 2- oxo-[ 1, 3' ] bi pyrrol i di nyl -

3-yli denenet hy) - 7- am no- 8- oxo- 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
car boxyl i ¢ aci10.5r Miktineaf{6RIR)-7-AZ32-(@-amirs thiasoly4-y1)-2r tFitylokyibhinona s

I 0 U L DA MR

tenperature. Tylidsemethyll-othia-Laze wwgo[éa‘a»eh@ﬂa@w%cﬂrb@aﬁw amd the

resi due di S”'&ﬂ'%ﬁgo orftfd Wween 550 m ethyl acetate and 375 ml water. The
e

solid was discar . Lhe 1 phases were separated and the aqueous
phase was &t rHERr)H780, 1679 am ethyl acetate. The combi ned organic

phases were cOgSEISPRTIESI4 (NMYH) I ch t he product separated. It was
collected by filtration, washed with ethyl

10.6. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino}-3-
[(E)-1-azetidin-3-yl-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid dihydrochloride

15 IR(KBr) 1780, 1661 cm™
MS(SP) 762.5 (M+H)".

10.7. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-8-
oxo0-3-[(E)-2-oxo-1-piperidin-4-ylmethyl-pyrrolidin-3-ylidenemethyl]-5-thia-1-
aza-bicyclo[4.2.0loct-2-ene-2-carboxylic acid dihydrochloride

20 IR(KBr)1778, 1661, 1631 cm™
MS(ISP) 804.7 (M+H)".

10.8. (6R,7R)-7-[(Z)-2-(5-Amino-[1,24]thiadiazol-3-y)-2-trityloxyimino-
acetylamino]-8-0xo-3-[(E)-2-ox0-1-pyrazolidin-4-y}-pyrrolidin-3-

ylidenemethyl-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
% hydrochloride (1:1)

m.p. 163-164°C

IR(KBr) 1785 cm’ !

MS(ISP) 7784 M+H)*

10.9. (6R,7R)-7{(Z)-2-(5-Amino-[1,2 4]thiadiazol-3-yl)-2-trityloxyimino-
20 acetylaminol-8-0x0-3{(E)-1-0x0-2-{(3R,4R)-4-triflucromethyl-pyrrolidin-3-
yimethyll-pyrrolidin-8-ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxylic acid hydrochloride (1:2)
IR(KBr) 1790, 1633 cm™
MS(ISP) 859.4 (M+H)".



acetate and dried. 5 Yield: 4.42 g (68% beige crystals | RCKBr) 1785,
1681 cnferr] M5(I SP) 878.6 (MtNH err])[err]. According to the
procedure set forth in the preceedi ng exanple, the foll owi ng additi onal
conpounds were prepared: 10 8. 2. -82-

(R 7R)-3-[(E)-(S)-1'"-Allyl oxycarbonyl - 2-oxo-[1, 3' ] bi pyrrolidinyl-3-ylidene
- xample 11

E
methyl]-7-[(Z RN N a diabaR 21 L-
ami o] 5 ox0-5- ) SF TR e dedadiant B e
| R(CKBr) 1784, 1&mineln§-exe$-[(EHKERio3p1 ﬁllmgﬂy‘lﬁ}' engme Yi]sf'ﬁh@'l'
M xture of (6RaZRbichelofER:(1RM-2-206-2-¢spbokyliehkid oxycar bonyl - 2- oxo-[ 1, 3' ] bi -
pyrrolidinylL-3-ylidenenmethyl]-7-[(2)-2-(5-am no-[1, 2, 4]thi adi azol - 3-yl) - 2-
trityl oxyi nPno- acet yl am no] - 8- oxo- 5-t h& -1-aza- bicycl o[ 4. 2. 0] oct - 2- ene- 2-
Igr’r{err] 20 M5(1SP) 861.5 (MtH)[err].
H

carboxylic acid IR(KBr)H 78 1

8. 4. 2Nz

(6R,7R)-3-[(E)-1-(1-AIIonxyi;gQ yl - i di -yl ) —R&; oxorppir ol i di n- 3-
ylidenenethyl]-7-[(2Z)-2-(5-am no-T1, '

4] thhi 2-frityl oxyi m no-
acet yl am no] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ #~2 e- 2»car boxylic acid
| R(Kr) 1784, 1683 cnferr] 25 M5(1SP) 86%.3 (NitNH err]j[err].
acetylamno]-3-[E)-1-(1, 2-bis-allyl oxycar bonﬁoe'ﬂyrazol i di n-4-yl)-3-0xo0-
pyrrolidin-3-ylidenenethyl]-8-0x0-5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 2-ene2-

56" ok 7R -5 To Aolon pP ERIRY D Gamiporiy 2 sithtrdtes G HREHADL . ox0.
pyrrolidi n- 3- yésydminoeichiylhminf) B oxti-S-{E0)-(R)-2-bx8-[ 13 Ibimdirolidinyd-3yylidéhe-
b })gl(;ﬁ’:: MO RERIM SRR ala B 22016603 3l ¥t UF1iE 4t @ Wi farSBfiloride™
(4.04 g, 4.76 mmol) in 26 ml trifluoroacetic acid was added at 0-5°C 1.69 ml
triethylsilane and the mixture was stirred for 30 min. The reaction mixture
was poured with stirring on 780 ml ice-cold diethylether upon which the
product separated as a beige solid. After stirring for 1 h, the solid was
15 collected by filtration and dried. The product was purified by gel chromato-
graphy (MCI Gel 75-150y, using a gradient of water with increasing
concentrations of acetonitrile).
Yield: 1.24 g (49%).
IR(MIR) 1764, 1658 cm™
20 MS(ISP) 535.1 (M+H)".
1H-NMR(DMSO, 250 MHz): inter alia § 1.92-2.16 (m, 2H); 3.60 (d,J = 17 Hz,
1H); 3.79 (d,J = 17 Hz, 1H); 4.66, (m, 1H); 5.07 (d,J = 8 Hz, 1H); 5.75 (ddJ =
5 Hz, J = 8 Hz 1H); 7.30 (s, 1H); 8.05 (s, 2H); 9.46 (d,J= 8 Hz, 1H); 10.3 (s br,
1H); 12.0 (s br,1H) ppm.

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

11.2. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]1thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-8-0x0-3-[(E)-(S)-2-0xo0-[1,3'Ibipyrrolidinyl-3-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

% IR(KBr)1766, 1687 cm™
MS(ISP) 585.2 (M+H)".
1H-NMR(DMSO, 250 MHz): inter alia & 1.92-2.16 (m, 2H); 3.69 (s, 2H); 4.58
(m, 1H), 5.08 (d J = 8 Hz, 1H); 5.75 (dd,J = 5 Hz, J = 8 Hz, 1H); 7.30 (s, 1H); 8.05
(s, 2H); 9.44 (d,J= 8 Hz, 1H); 10 (s br, 1H) ppm.



- 28- | RCKBr) 1790, 1681 cnferr] M5(1 SP) 875.4 (MtH)[err]. 8.7.
(6R, 7R)-3-[E)-1-[(3S, 4R) - 1- Al | yl oxycar bonyl -4-trifl uoronet hyl -pyrrolidin-
3-yl met hyl ] - 2- oxo- pyrrolidin-3-ylidenenethyl]-7-[(2Z)-2-(5-am no- 5
[1,2,4]thiadiazol-3-yl)-2-trityl oxyi m no-acggyl am no] - 8- oxo-5-thi a-1-aza-
bi cycl o[ 4. 2. 0] oct - 2- ene- | RCKBr) 1790, 1687 cnferr] M5(1 SP) 943.7
(MrH) [err]. 111.3. Mixture of (6R,7R)-7-{(Z)- 2-(5-ammo-[1,2£4}thnhchaﬁol-3-yl)92-l M xture

f (6R7R) - 3- 3'] bi
gyrgol | dl) nyl [g@ gﬁ‘ﬁ%ﬁ#&t%‘i@“@ﬁ‘(’% O%—Y%(hg'% k& ]2 Itr| tyl oxyi m
i no- 3]b1pyrrohdmyl-3- i emethyl]-5-thla-1 aza-blcyclo[ 2 0]oct-2-ene-2-

acetyl am no 1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
[err]y I eba%ﬂxyZhé QF{Htl on 0{1 (E{-(G[R, 7R)-!3-[(R)- and Y

[(S)-1'-al | § FREBDILGS 1, 3] bi -
pyrrol I di nyl - WISPB’BEB%QM#H? ani no- 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct -
ene- 2- carboxyllc acid trifluoroacetate (721 ng, 1.3 mol) in 25 ni

ECN.F 0" benzo. LA @R IBNTAZLEERRA T Uipladiatal e RAURRABREG . v

for 36 h. The acetylaaanb]-BF[(E) 1iazetidim8- ﬂeﬁwompymownﬁ—yhdemmaﬂlyﬂh&oxo-&

resi due distrikut qd. - -blé}ﬁdﬁ@%’h\)&%%@h*&%—%ﬁ%ﬁé g%_.h g and 50 nl water. The

i nsol ubl e mat eri al e phases were separated

and the or g&nlmyﬁz,sl@@, &%&mtrat ed upon which the product

preci pitat ed. 1;@ | ected by filtration, washed with ethyl
acetate and dr gml Yi eI (}PJ;ZS ng (60% | R(CKBr) 1783, 1681 cnierr]

11.5. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-8-
0x0-3-[(E)-(R)-2-0x0-[1,3'Tbipyrrolidinyl-3-ylidenemethyl]-5-thia-1-aza-
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

15 IR(KBr) 1766, 1670 cm™
MS(ISP) 534.2 (M+H)*.

11.6. Mixture of (6R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-hydroxyimino-
acetylamino}-8-oxo0-3-[(E)-(R)- and -(S)-2-o0xo-[1,3'Ibipyrrolidinyl-3-
ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

2 dihydrochloride
IR(KBr) 1775, 1667 cm™
MS(SP) 534.3 (M+H)".

11.7. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-azetidin-3-yl-2-oxo-pyrrolidin-3-ylidenemethyl}-8-oxo-5-thia-1-aza-
2% bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid dihydrochloride
IR(KBr) 1776, 1669 cm™
MS(ISP) 520.2 (M+H)".

11.8. (6R,7R)-7-[(Z)-2(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-

0x0-3-[(E)-2-oxo-1-piperidin-4-ylmethyl-pyrrolidin-3-ylidenemethyl]-5-thia-1-
30 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate

IR(KBr) 1774, 1664 cm™

MS(ISP) 562.4 (M+H)".

11.9. 7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-8-yl)-2-hydroxyimino-acetylamino]-8-
0x0-3-[(E)-2-0x0-1-pyrazolidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
% bicyclo[4.2.0]oct-2-ene-2-carboxylic acid



M5(1SP) 860.6 (MrH)[err] . 30 According to the procedure set forth inthe

preceedi ng exanple, the foll ow ng additional conpounds were prepared:
- 29- 9. 2.
(6R 7R -3-[(B)-(R-1"-Alyl oxycar bonyl - 2-oxg¢{ 1, 3' ] bi pyrrolidinyl-3-ylidene
rrethyl] 7- [(Z)iuﬂm;. hl azol -4-yl)-2-trityl oxyi m no-acetyl am noj - 8- oxo
t hi a- 1-aza-bicyclo 2 0] oct - 2-ene- 2- car boxylic acid | R( KBr)
1783 1679 crr[MS S&éé Hhso 5 (MH) [err]. 9. 3.

(6R 7R -3-[(E)-1-(-1-Allyl oxycarbonyl azet|d| n- 3- yI) 2- OX0- pyrroI|d| n- 3-
yli denerret hyl I1 '

]- - 0X0- 71F11i( 7?2?% cycl 4. 2 0] oct ’
| R(KBr) 1785 @]}[79"*?' applidin HW%Y

(6R, 7R) - 3- [ § E)biéydléf: mf.mmﬁblﬁdl4ylrrethyl) 2- 0X0- pyrrolldln
3-ylideneneth (2-am no-thiazol-4-yl)-2-trityl oxyi m no-

acetyl am no] - éh'l&égéﬁ% 11aza bi cycl o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid 5
| R(CKBr) 1782, TRAKBr) {764 cin’ MS(1SP) 888.5 (M[err]. 9.5.

6R, 7R) - 3-[ (E car bonyl razol i di n-4-yl) - 2- oxo-

E)yrrol |)d| n[g w&g‘)jsﬁym"wx%) 2- (2yamp%o tzhl 1’3.21)| 4- §I g 2- t)r(l tyl oxyimn
- tyl 8- 5th 1- bi cycl 2 gl b I
aci d 20" | R KyL: KRBT EIEr z"’lmmm""za s el yb Sy drosyingng. ' °
6R 7R) -1 b{,ﬁﬁ“ﬂﬁ? ‘pytrélidin-2ehasthydpyirolidoh-8di n

g}-yl me% hyl[](uE) x’c‘) Exrr&yﬂ_ﬁ )il | dm&h mﬁd@g; 2- ,(|2 aig no ahl azol - 4 y
|)_ ) thm ]ocb-

2-trityl oxyi mmmuysamm]aﬂ‘oxo 5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-

25 carboxylic ' +1790, 1686 cnferr MS(I SP) 942.4
Cin oY € siSidse) sad Tty nerr] (1SP)

11.12. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-

15 0x0-3-[(E)-(S)-(2-0x0-1-pyrrolidin-2-yimethyl-pyrrolidin-3-ylidenemethyl)]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-carboxylic acid
IR(KBr) 1767 cm™
MS(SP) 5482 M+H)".

11.13. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
2 0x0-3-[(E)-2-0x0-1-{(SR 4R)4-trifluoromethyl-pyrrolidin-3-ylmethyl]-

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

acid

IR(KBr) 1770, 1665 cm™

MS(ISP) 616.3 (M+H)*.

2% 11.14. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2 4] thiadiazol-3-y1)-2-hydroxyimino-
acetylamino}-8-0x0-3-{(E)-2-0x0-1-{ (SR AR)4-trifluoromethyl-pyrrolidin-3-

ylmethyl]-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid
IR(KBr) 1768, 1625 cm™

2 11.15. (6R,7R)-7{(Z)-2-(5-Amino-[1,2 4lthiadiazol-3-y])-2-hydroxyimino-
acetylamino]-3-[(E)-(3'S,5R)-8'-dimethylcarbamoyl-2-oxo-[1,3Tbipyrrolidinyl-
8-ylidenemethyl}-8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
IR(KBr) 1768, 1656 cm™
MS(ISP) 606.1 (M+H)".



9.7. (R 7R -3-[(E)-1-[(S)-1-Alyl oxycarboxy-pyrrolidin-2-ylnethyl]-2-oxo-
pyrrolidin-3-ylidenemethyl]-7-[(2)-2-(2-am no-thiazol-4-yl)-2-trityloxyimn
0- 30 acetyl am no] - 8- oxo-5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i c
acid | RCKBr) 1783, 1685 cnjerr] MS(B&§P) 874.5 (MrH)[err].

Exampl e 10 10.1. (6R, 7R -7-[(2)-2-(5-Am no

[é 2, 4] g hl[ ?E I ?Im&&mmm{M(ﬁaAmMMW&ﬁwﬂwdmmmo

- 8- ox0- - (R.2: ]Mﬁ'ﬂﬂld‘nﬁd
aza- bi cycl of 4. %%M%@W WM J

- 30- [ er r] 0]&13'2%

(6R, 7R) - 3[(E) ( 5Iy|oxycarbony| 20xo[13]b|- 5

pyrrolldlnyl n t 1-7-1(2)-2-(5-am no-[ 1, 2, 4] t hi adi azol -3-yl)-2-t
ri ty| e) %‘ﬂ%b

oxyi m no- acet Mlsm]m.lm+ﬂ)thl a- 1-aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl
I C acid (4.12 g, 4.79 mmol) in 280 m dichl oronet hane was added 1.87 ni

(7.96 A t&%&%ﬁ) i B iiing R aiifind} 50"
LI s- (?I’I phenyl%&@'ﬁﬂ% %ﬁdﬂlﬁ( 95 8 mmol )

acetic acid a[?hw&ww W th] ic'acfd at
room t enper at mn1 ter addrtion o ew drops of water,

t he suspensiPonIBEEBYOIH68:1636 cm™ 1500 i di et hyl et her containing 12 m of a
sol ution of 6 MSUSPXE53 M#H)T de I n diethylether. The suspension was
stirred for 2 h and the product was 15 collected by filtration. Yi el d:

4.04 g (99% bgj ge B 18)7.((Z)-2-2-Amino-thiazol4-y1)-2-hydroxyimino-acetylaminol-3-
[(E)-(3'S,5'S)-5-dimethylcarbamoyl-2-0xo-{1,3Thipyrrolidinyl-3-
ylidenemethyl}-8-0x0-5-thia-1-aza-bicyclo[4.2.0loct-2-ene-2-carboxylic acid

15 IR(KBr) 1767,1657 cm?
MS(SP) 605.1 (M+H)".

>
-

Example 12
12.1. Mixture of (6R,7R)-7-[(Z)-2-(5-amino-[1,2,4]thiadiazol-3-yl)-2-
cyclopentyloxyimino-acetylamino]-8-0xo-3-[(E)-(R)- and -(S)-2-oxo-
20 [1,3'Tbipyrrolidinyl-3-ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxylic acid
N—-O
HZ /N l H
° N2
COH 0

% To a suspension of 454 mg (1.19 mmol) (Z)-(5-amino-[1,2,4]thiadiazol-3-y1)-
cyclopentyloxyimino-acetate 1-allyl-1-methyl-pyrrolidinium salt in 9.5 ml
dimethylformamide was added 451 mg (1.19 mmol) O-benzotriazol-1-yl-
N,N,N‘,N‘-tetramethyluronium-hexafluorophosphate (HBTU) and the
mixture was stirred for 1 h. To the resulting orange solution was added a

30 mixture of (E)-(6R,7R)-3-[(R)- and -[(S)-1'-allyloxycarbonyl-2-oxo0-[1,3"Ibi-
pyrrolidinyl-3-ylidenemethy)-7-amino-8-0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-



| RCKBr) 1781, 1659 cnferr] M5(ISP) 777.4 (MrH)[err]. According to
the procedure set forth in the preceedi ng exanple, the 20 foll ow ng

addi ti onal conpounds were prepar ed: 10. 2.

(6R 7R -7-[(2)-2-(5-Ami no-[1, 2, 4]th| adi azolgg-yl)-2-trityl oxyi m no-acetyl -
am no] - 8- oxo- 3- [(E)(S - 2- 0X0- 3' ] bi pyrroI|d| nyl - 3- ylldenerret%e] 5-thia-1

- aza- bi cyene® a¥ydicta én&mmeweyqeo rogi 1.08imylpahd dheduixture
R R) 1779, %ﬁ?@uﬁ@@f&h@ﬁ Moﬁhﬁﬂéér ki 54 fon, mixtid vhas M Xt Ur €

of (6R 7R)-7-] mno-[1, 2
trityl oxyi m nckoREeR Hb}'aem_) ¢ residpeydi stghyte bytvge@(g()()mlethyl

[ 1, 3" ] bi pyrrolacdt#aed arid YOI HE HeEE. f'mid ﬁaéé&lﬂeﬂe%ﬁté&/ﬁhe[tﬁe%rgkﬁfctp&s%ne-
2- car ngyl iC aC| d di h%drochl 30 IE&&KBr %%&6%% crﬂl%rWL
MB(1 SP) 777° 3\(7%99{1 fa upon w. e product precipi e soli S

- gé 7 - [1?2;1coﬂected by filtration, washed w1th ethyl acetate and dried, ywldmg 291 mgI
-3 0X acetyl -

<(31m n01)3 [(E)- - 50??&1’%85%1%&% %@%I W@i 9?#@%%% xo 5yth|

a-1- aza- (propedtvfesgrouy vas amem:%s reigcording teexample O Mhenprodubd was

| R(CKB 1780,

of((6rR)7R) 7- [i(gﬁ& m]cﬁ’g ‘?‘E“ag?a%’hm‘??&’ |{1e‘5[d$"]x§/1|s%‘%a gjfgdﬁ’ntwq"%?

acet yl ani nd$ ﬁsglg(m;mematmps eé] bi pyrrolidinyl -

yli denenet hyl | Yield:Memb @6%)Beiyes salid- 2. ]oct 2 ene- 2- car boxyl i c aci d

di hydrochl ori dﬁ!(i&r Iﬁ rfs,é?SO.l 1659 cnferr] MS(I SP) 776.4 (MtH)[err].

10.
(6R 7R) 7- [ (2 MS(ISP)B03:> MRz ol - 4-yl ) -2-trityl oxyi m no-acetyl ami no] - 3-
[ (E)-1-azetidin-3-yl-2-o0xo0-pyrrolidin-3-ylidenenethyl]-8-oxo-5-thia-1-aza-

bicycl o[ 4. 2.0]f£s- (%Iﬁ‘?ﬁ)-%:[?ﬁ‘i'—ﬂ%)ﬂﬁfno@ﬁi,ﬁ',4%@335981%-%)Léi-%yclopentyloxyinﬁno-
15 acetylamino]-8-oxo-3-[(E)-(R)-2-0x0-[1,3'Ibipyrrolidinyl-3-ylidenemethyl]-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
IR(KBr) 1777, 1670 cm™
MS(ISP) 603.2 M+H)".

Example 13
2 13.1. Mixture of (6R,7R)-3-[(E)-(R)- and -(S)-1"-allyloxycarbonyl-2-0xo-[1,3'Tbi-
pyrrolidinyl-3-ylidenemethyl]-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-cyclopentyl-
oxyimino-acetylamino]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic

acid
,? o
HN N L W Y
Sﬂys N)‘\o/\/
0] N
O
% COzH o

A suspension of (E)-(6R,7R)-3-[(R)- and [(S)-1'-allyloxycarbonyl-2-oxo-[1,3Tbi-
pyrrolidinyl-3-ylidenemethyl])-7-amino-8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-
ene-2-carboxylic acid trifluoroacetate (555 mg, 1.0 mmol) in 20 m! DMF was
30 treated for 12 h at room temperature with (Z)-(2-aminothiazol-4-yl)-cyclo-
pentyloxyimino-thioacetic acid S-benzothiazol-2-yl ester (445 mg, 1.1 mmol).



15 IR(KBr) 1780, 1661 cnferr] M5(1SP) 762.5 (MrH)[err]. 10. 7.

(6R, 7R -7-[(2)-2-(2- Ami no-thi azol -4-yl)-2-trityl oxyi m no-acetyl am no] - 8-
0x0- 3- [ (E) - 2- oxo- 1- pi peri di n- 4-yl met hyl - pyrrolidin-3-ylidenenethyl]-5-thia-
1- aza-bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxgtic acid di hydrochl oride 20

| R(CKBr) 1778, 1661, 1631 cnierr] M5(1SP) 804.7 (MtH)[err].

10. 8. (6R, 7R)-qummm[mmmmmdmlmwlayxdztheres;duaymurated

tyl - 8 ngéﬁi
sf?dgngma? ﬁl/l ?( | a-r%- aza- 1%1( %I%E%% @@ﬁe@cﬁgé% vga%g?lée %d
hydr ochl or i de hyifiltyation, washed withy wafex; etlayl acetateazgml riedss” cni err]
MS( | SP) 778 4Y1MH’M8QV g (71%). 10. 9.

(6R, 7TR) - 7- [ ( Z)3y2-, t hyadi azol - 3-yl)-2-trityl oxyi mi no- 30
acet yl ani n I yfﬁ%ﬂs%'}ofqz (3R 4R)-4-trifluroneyhyl - pyrrolidin-3-
yl net hyl ] - pyr MBE(ISP)-6364 (MeEDtet hyl ] -5-thi a-1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene-
2- carboxylic acid hydrochloride (1:2) | RCKBr) 1790, 1633 cnierr]

MS( ! _SP) 859. 4 A%Mrtﬁ] the procedure set forth in tﬁgreqeed% examﬂe, the

(6R 7R) - 7- [ ( 2)foleowingnadditigrial componnds memeyayedz hydr oxyi m no- acet yl -
am no] -8-o0x0-3-[(E)-(R) -2-0xo0-[1,3"]bipyrrolidinyl-3-ylidenenethyl]-5-thia-

[1-er . aza- bi qgcs R, 7R) B RE)-141SARyRoxyesbenYl-abetidih(B-F1)-2-0x0-pyrrolidin-3-
10 ylidenemethyl]-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-cyclopentyloxyimino-
acetylamino]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid
IR(KBr) 1774, 1673 cm™
MS(ISP) 672.4 (M+H)".

13.3. (6R,7R)-3-[(E)-1-(Allyloxycarbonyl-piperidin-4-ylmethyl)-2-oxo-

15 pyrrolidin-3-ylidenemethyl]-7-[(Z)-2-(2-amino-thiazol-4-y1)-2-
cyclopentyloxyimino-acetylamino]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylic acid
IR(KBr) 1779, 1676, 1630 cm™
MS(SP) 714.5 (M+H)*,

20 Example 14
14.1. Mixture of (6R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-cyclopentyloxyimino-
acetylamino]-8-o0xo-3-[(E)-(R)- and -(S)-2-o0x0-[1,3']bipyrrolidinyl-3-
ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

N—O
HQNMH
W/ S NH

2% COH

Removal of the allyloxycarbonyl-protective group in the mixture of (6R,7R)-3-

[(E)-(R)- and -(S)-1'-allyloxycarbonyl-2-0x0-{1,3'Ibipyrrolidinyl-3-ylidene-

methyll-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-cyclopentyloxyimino-acetylamino]-8-
30 oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acids was accomplished



To a sol ution of

(6R 7R)-7-[(2)-2-(5-am no-[1, 2, 4] thi adi azol - 3-yl)-2-trityl-

oxyi m no- acet yl anm no]

-8-0x0-3-[(E)-(R)-2-0x0-[1, 3" ] bi pyrrolidinysg3-ylidene- 10

met hyl ] - 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxylic acid

di hydr ochl ori dxsmgth@@rﬁeedy,rezdeim i exampde 91 Tﬁneltfruderm‘aduct 328 mg) weas

min. The react B AL ﬁd‘ﬁﬁ%"ﬁ%“?@@mﬁf 31508, Mg S gttt v fter 50

di et hyl et her Wl%éoncentmmﬂ aesle éléheapw geodesti 4. After
stirring for stam,@ecﬁﬁlohﬂ tw@axﬂ&mﬁaigrﬁﬁhﬂd&a&tléhé hhdtwag caléctédild. The
product was pg#fled by gel chromato- graphy (Ml Gel 75-150[err],
using a gra | &0t er with increasi ng concentrations of

acetonitril e) .Yield: 102cing: (28%3} 4ello@&@%Btals IRRMR) 1764, 1658 cnferr] 20

M5(1SP) 535.1 DIVISO 250|\/Hz inter alia [err

1. 5(92- 2? 16 (m ﬁﬁgf@@ 396 16?? ( 3. 79)(dJ = 17 Hz, [1H);]4. 66,

(m 1H); 5.07 M )260214(M|+ﬁ)575(de = 5 Hz, J =8 H 1H; 7.30 (s,

1H); 8.05 (s, 2H); 9.46 (dJ= 8 Hz, 1H); 10.3 (s br, 1H); 12.0 (s br, 1H
25 A |

ppm ccorg deglgltlo &%Sd&f@sﬁ.%ﬁ}?iﬂlﬂhég &%dﬁifﬁﬁ&ﬂ?l% theanpl e,

t he foll ow ng conmpoun wer e prepa

(6R, 7R) - 7- [I§ z)foHowtng\addia qqa 2comp wese prepaseds hydr oxyi mi no-

acetyl am no] -8-0x0-3-[(E)-(S)-2-o0x0-[1, 3" ] bipyrrolidi nyI 3-ylidenenethyl]-5

. tn{hl a- ]1 a2 NieR PRPT4(B-2 2AmihoetiiaZol ey Beyydlep E30mif-Kr ) 176?
cnjerr i pter

alia [err] 1. W%?Hi 33&?1'%'53’%%0”4’%5& %-%ﬁﬁme%xm?} Jg— 8

Hz, 1H); 5. 75 thialdaza-bicyizlo[412:0]6cti2-enei2-carboggli¢ acidl dgodtoride (s, 2H);

9.44 (d,J= 8 17é6) 1%11H) ppm

-33 - 1.

(6R 7R) - 7- [IQZ)MS(RS:?)e{iﬁ&i’o(MﬁE -4]th| adi azol - 3-yl ) - 2-

hydr oxyi m no- acetyl am no] - 8-oxo-3-[(E)-(R) - and -(S)-2-oxo-

[ 1, 3" ] bipyrr ollﬂsmmyvl[@mﬂmmaﬁnhmm Yhazeydibperstyldxdrimhifg-oct - 2- ene-
acetylamino]-8-0x0-3-[(E)-2-0x0-1-piperidin-4-ylmethyl-pyrrolidin-3-
ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
hydrochloride

20 IR(KBr) 1771, 1665, 1627 cm™
MS(ISP) 630.6 (M+H)".

Example 15
(6R,7R)-7-[(Z)-2-(5-Amino-[1,2 4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-8-[(E)-(R)-1-iminomethyl-2-o0xo-[1,8Tbipyrrolidinyl-3-
2 ylidenemethyl]-8-0xo0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

w—{ﬁﬁ]:!'sz I E«v—(j"*“"
H

To a suspension of 66 mg sodium hydride (65% in mineral oil) in 2 ml DMSO
30 was added 200 mg of ethylformimidate hydrochloride and 100 mg (0.2 mmol)
(6R,7R)-7{(Z)-2-(5-Amino-[1,2 4]thiadiazol-3-y1)-2-hydroxyimino-acetyl-
amino]-8-0x0-3-[(E)-(R)-2-0xo-[1,3Thipyrrolidinyl-3-ylidenemethyl]-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid . The reaction mixture was



carboxylic acid 5 I R(KBr) 1765, 1659 cnferr] M5(1SP) 535.3 (MrH)[err].
11.4. (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-azeti di n- 3-yl - 2- oxo- pyrrol i di n- 3-yl i denenet hyl | - 8- oxo

- 5- t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ened2-car boxylic acid 10 | R(KBr)
1762, 1689, 1668 cnjer M5(1 S 521.2 err 11. 5.,

(6R 7R) - 7- [(3‘3'295%93&% '&é'mﬁ%l ‘N’é%}tﬂaﬁ soge
OXO3[(E) IdES chromatograg 'Ohm

nerr]

lﬁ/:s(c?/glaﬁ)[g?j 0 m %-%Z&ar baxy giac%r_@' R( KBr) 1766, 167

(6R 7R) - 7- [(ZYidd{mmgno t bi azol 4-yl) - 2-hydroxyi m no-

acetyl am n w -lR) - and - (S) - 2- 0X0- [ 1, 3" ] bi pyrrolidinyl - 3-
yli denerret a- -aza b| ycI o[ 4. 2. 0] oct - 2-ene-2-carboxylic acid 20
d| hydrochl or| 5 1667 cn{ err] M5(1SP) 534.3 (MrH)[err.

(6R 7R) 7-[(2)-2-(2-Am no-t hi azol - 4- yI rl @xyi m no-acetyl am nol -

s s e

1776, 1669 crﬁmtylanunoJW(ESPIR bﬂpﬁmhdmyl-s-

oo o1 ( 52 2-YAdeeB R SbEE S sl y%%%%%ﬂ%&% i a-
ar

1- 30 aza- bicycl 0[4 2. 0] oct - 2- ene 2, boxylic acid tr|fN|_|uoroacet ate
| R(CKBr) 1774, 1664 cnjerr] 56244 (MrH)[err]. 11.9.

7-1(2)-2-(5-Anino-[1, 2, 4]t hi W etyl am no] - 8-
ox0- 3-[ (E) - 2- oxo- 1- pyrazol i di n- J}'/I %yr P, enet hyl]-5-thia-1-az
a- 35 bicylo[4.2. 0]oct-2-ene-2- carbox%/I [ c acid g

To a solution of 150 mg 1,2 4]triazole-1-carboxamidine hydrochloride in 1 ml
DMSO were added 13 (i tetramethylguanidine and 53 mg (6R,7R)-7-[(Z)-2-(5-
15 amino-[1,2 4lthiadiazol-3-y1)-2-hydroxyimino-acetylamino}-8-0x0-3-{(E)-(R)-2-
oxo-[1,3Tbipyrrolidinyl-3-ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-
2-carhoxylic acid. After 1 h stirring at room temperature, the reaction
mixture was purified by reversed-phase chromatography on MCI gel by
elution with water: acetonitrile = 9:1.
20 Yield: 30 mg
IR(KBr) 1769 cm™
MS(SP) 577.0 (M+H)*.

Example 17
Following the procedures set forth in the above Examples the following
2% compounds can be prepared:

17.1. (6R,7R)-7-[(Z)-2-(5-Amino-{1,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-3-[(E)-5"-hydroxymethyl-2-oxo-[1,3'Tbipyrrolidinyl-3-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo{4.2.0]oct-2-ene-2-carboxylic acid

HaN—(: fg’iﬁ%‘{g«%

30



- 34- | RCKBr) 1756 cnferr] M5(1 SP) 5363 (MrH)[err].

11.10

(6R, 7R -7-[(2) - 2- (2-am no-thiazol -4-yl)-2-hydroxyi m no-acetyl am no] - 8-

0x0- 3-[ (E) - 2- oxo- 1- pyrazol i di n-4-yl - pyrrol.iggi-n- 3-yl i denent hyl ] - 5-t hi a- 1- aza
5 bicyclo[ 4. 2.0]oct-2-ene-2-carboxylic acid m p. 239-240[err]C

| RCKBr) 1764 cnierr] M5(I SP) 535.3 (MtH)[err].

11.11. (6R, 7R -7-[(2) - 2- (5- Ami no-[ 1, 2, 4] t hi adi azol - 3-yl ) - 2- hydr oxyi m no-

10

acet yl ani no] - 37&§6B.TR)ES-{(E)5 Aminanethy2-oxa-th. 3 Thinyrmebidinyl-3y r r ol i di n- 3-
yl i denemet hyl hdénéﬂ&bﬂlﬂi#z[@m%'siﬂnﬁh% A, @h}tﬁh&aﬁﬂ%@ﬁ@h&ﬂﬂﬁuﬁﬁnﬂ-

(SO 711 8 adSlotmieis b ain Y bicn R 2 LS Shb e b

(6R, 7R) 7- [

oxo-3-[(E) - (S) (2 oxo- 1-pyrrolidin-2-yl met hyl -pyrrolidin-3- ylldenerrethyl)]-

5- t hi a- 1-aza- bie#cl o[ 4. 2. 0] oct - 2- ene-car boxylic acid | R (KBr)

) 548.2 (MtH). 11.13.

' - hydr oxyi m no- acet yam no] - 8- 20

oxo-3-[ (E) - 2- S -pyrrolidin-3-yl methyl]-

pyrrolidln 3-ylidenenet ' | o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i
acid | R( KBr) &y 1665 cnferr] M5(1 SP) 616. 3

(I\/H—I)[err] 25 11. 14.

(6R 7R) - 7- [(Z) 2-(5-Am no[ 1, 2, 4]t hi adi azol - 3-yl ) -2-hydr oxyi m no-

acetyl am no] - 8-oxo0-3-[(E)-2-0x0-1-[ (3R 4R)-4-trifl uoronethyl-pyrrolidin-3-

a4 i&i SRR BB hiph (T AR S ru by drosginpianys * °"°

(67, 7R) - 7 [ ( Zpedtylamimo)-8 okd-37(E)-2kixadh' apyaidia- JHigm21 yhaethyli ni no-
[1,3Tbipyrrolidinyl-3-ylidenemethyl]}-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carboxylate

4“112\&?@»0

17.4. (6R,7R)-7-[(Z)-2-(5-Amino-{1,2,4]thiadiazol-3-y1)-2-hydroxyimino-
acetylamino]-3-[(E)-5'-(1-hydroxy-3-methylamino-propyl)-2-oxo-

20 [1,3Tbipyrrolidinyl-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-
ene-2-carboxylic acid

CH
N H
Y FOG
o H >

17.5. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-3-{(E)-4'-hydroxy-2-o0xo-[1,3'Ibipyrrolidinyl-3-ylidenemethyl]-8-
oxo0-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

—1-1

1767 cnjerr]
(6R 7R -7-[(2)

-2




acetylamno]-3-[(E)- (3" S5 R)-5'-di net hyl car banoyl - 2oxo-[ 1, 3] bi pyrrolidinyl -
3-ylidenenet hyl ] - 8- oxo-5-thi a-1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene2- car boxylic
acid | RCKBr) 1768, 1656 cnferr] I\/B(ISP) 606.1 (M:H)[err].

-35 - 11. 16

(6R 7R) - 7- [(Z) 2 (5- Am no [1, 2, 4] t hi adi azol 3 yl)-2- hydroxylmno-

acetyl am no]-3-[(E)- (g» 5'S)-5" di net hyl car banoyl - 2-oxo-[ 1, 3' ] bi pyrrolidinyl

3-ylidenenet hy| L K&ﬁ"w -a b[ 4. 2. 0] oct - 2- ene2- car boxyl i ¢ add
formate (1:1) % re 1 (SP) 606.1 (MrH)[err]. 11. 17.
(6R 7R) -7-[(2) - ( 2- Ami no- fhi az I-4y pet- hydr oxyi m no- acetylamno] 3-
[(BE)-(3'S, 5 R-5-dinethylce 20xo[13]b|pyrrolld|nyl

yi denenet hy] - 8- oxo- 5-t hi a- 1- aza- b| cyl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl ic acid 10
| RCKBr) 1766, 1656 cnierr] M5( 1 SP) 605. 3 (MrH) [err]. 11. 18.

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

E)-(3'S,5' S I
3[/I(| éeﬁlerret hyl ] )1-7360 R@k r‘gﬁé‘gza- DI cy "ﬂéﬂg bpg;lphgﬁg?gar boxyI iC
acid 15 I R( s(Brace_Wbmmeb?: [€F)- érﬂ}ydroxmyr@)dla yl.tn{ Mﬁ[ %P¥Q-,

Exanpl e 12 -8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-
(6R 7R - 7-[ (21 py’%mufﬁ -Byldenemothyll -oy0,6-{hig-1-aza-bicyclo
cycl opentyl oxyfmﬁ' CaRF o] 8-0x0-3-[(E)- (R - and -(S)-2-oxo- 20

[1, 3" ] bi pyrrolidinyl - 3 yl i denenet hyl ] - 5-thi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene-
2- carboxylic aci dOH [err]

A%

17.7. (6R,TR)-7-[(Z)-2-(5-Amino-{1,2,4]thiadiazol-3-y1)-2-hydroxyimino-

acetylamino]-8-oxo-3-[(E)-2-0xo0-1-pyrrolidin-3-ylmethyl-pyrrolidin-3-

ylidenemethyl}-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
1B

17.8. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]1thiadiazol-3-yl)-2-hydroxyimino-
2 acetylamino]-3-[(E)-1-azetidin-3-ylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl]-
8-0x0-5-thia-1-aza-bicyclo{4.2.0]oct-2-ene-2-carboxylic acid

OH H
N _PN
N
g
0% OH °



25 To a suspension of 454 ng (1.19 nmol)

(2)-(5-amno-[1, 2,4]thi adi azol - 3-yl ) - cycl opent yl oxyi m no- acet at e
l-allyl-1-methyl-pyrrolidiniumsalt in 9.5 m di et hyl f or mam de was
added 451 ng (1.19 mml) 0- benzotri azol - 1-y42-

NN, N, N -tetranet éRuronl um hexaf | uoro hosphat e (HBT and the, . mxture
was stirred fdf.Q. 7|B)-’t7+[éz)r Afﬂ;wbam 1 &y )v%rb}’%%ﬂmdn?;o

m xture of (E)a‘c(e 1- ﬁé@z&n-3-ylmethyl—2-oxo-[1 3'Ibipyrrolidinyl-3-
r E ]

-[(S)-1' aIIyI - 2- 0X

pyrrolidinyl- 9x°rgéf1lii\‘4fi %Wﬁy?}og%ggl‘l"té?iﬁn%PCWPBW"Zaﬁ‘]dOCt 2
- ene- 2-carboxylic
acid trifluoroacetate 600 ng, 1.08 mmol) andthe m xture was stirred
for 40 h at roomtenpgrature. The reaction mxture was concentrated in

vacuo and the resi 00, mM ethyl acetate and 70
m water. The ‘ ; he Yogani ¢ phase 5 was
concentrated upon ¥ i ch bfie "pfodicty pitated. The solid was

collected by filtration, wask Y ethyl acetate and dried, yielding 291
ngy (3905/ of a beige anor phous powder. Renoval of the allyl oxycarbonyl -
protective group was acconplished according to exanple 9. The product was
purified by gel chromatography (Ml Gel 75-150[err], u5| ng a gradi ent of

water 10 with increasing concentrations_of n|tr| Yi,el,d: 40 ny
(16% beige sdi?-10. (6R7ﬂ117®(§)-3_-§57ém@97[21 %ﬂt&#‘ﬁaz‘ﬂ‘&

Eg/:;l%)? [R§ar r7] Z)a cetyll &nﬁno] 8-0 xo-.?';z-[(A]fE)-2Hoxc:j -1'-pyrr 011d1n-2-ylmethP' -[1 3 ]bllpyrrohdmyl 3-1 c

ha | oxyi m no-
acet yl ani ndf - glilener ‘t%ﬁﬁ%’%“ %‘iﬁbf“? ?t% @l?% gr‘%’}ﬁ%ﬁ" oae“'r‘l met hyl ] -5
- t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxyl i ¢ aci d | R(KBr)

1777, 1670 cnferr] oh5(1 SP) 603. 2 (I\/H—|)[err]
Exanple 13 20 13.1. xfure of (6R, 7R) [(EI)I (R - and

-(9)-1 aIIonxy{WQ [1, —G'\ﬂ)
N O o

15 17.11. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-3-[(E)-1-[2-(2-hydroxy-ethylamino)-ethyl]-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-0xo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

N.OHH ,_/OH
N
” -n*"\r"j;rE Qﬂ
0 H

17.12. (6R,TR)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-

acetylamino]-3-[(E)-1-(2-methylamino-ethyl)-2-oxo-pyrrolidin-3-

ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid
p. 3



pyrrolidinyl-3-ylidenenmethyl]-7-[(2Z)-2-(2-am no-thiazol-4-yl)-2-cycl opentyl

oxyi m no- acet yl am no] - 8- oxo-5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl
iC aci d [err] A suspensigg@-of (E)-(6R 7R -3-[(R)- and
[(S)-1'-allyloxycarbonyl -2-o0xo0-[1,3"]bi -
pyrrolidinyl-3-ylideng®thyl]-7-an no-8-o0xo-5-thi a-1-aza- bi cycl o[ 4. 2. 0] oct -

2- ene- 2- carboxyllc cid trifluoroacepate (555 ng, 1.0 nmol) in 20 m
DVF was 30 treg h_% ¥Nr o tepPfirature with
(2) - (2-am not hi*az 0k=N- S pent yl oxyi m no-t hi oacetic acid

S- benzot hi azol - 2-vyl este|° (44p ny, 1 mol).

- 37- The reaction m xture concentrated in vacuo and the residue
triturated ina mxture of 70 mM ethyl acetate and 50 ml water. The
solid was collected by filtration, washed with water, ethyl acetate and
dri ed. Yield: 484 ng (71%. 5 IR( BKr) 1778 1677 1629 cnferr]

I'f\J/fB(GLSQiI ﬁ?eia%%‘) Jﬁﬁ@i{) 7-[(?)'?{% ' %gm%%&%?{f rﬂ%';PeEihe

13.2 5 acetylamino]-3-[(E)-1- (2-cyclopropy1ammo-ethyl) oxo-pyrrolidin-3-

(6R 7R - 3| (Biiaddeyfiiisaranylr azebidnré gtela te Byt aoi 10

yl i denenet hyl ] 2-am no-t 2- cycl opent yl oxy no-
acet yl am no] - 8- oxo- 5- th| a 1-aza- bi cycl 0[4 2.0] oct - 2-ene-2-carboxylic acid

| R(KBr) 1774, 1673 Cn{ﬁ

17.14. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimino-
acetylamino]-3-[(E)-1-[2-(iminomethylamino)-ethyl]-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-o0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

.

U

OH
N[I' i =4
”aN—QN N O _ SE | Enﬂ
O
15 (o)

17.15. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimino-
acetylamino}-3-[(E)-1-(2-guanidino-ethyl)-2-0xo-pyrrolidin-3-ylidenemethyl]-
20 8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

O H
LA
WX Y E sl
(o]
o)

H




M5(1SP) 672.4 (MrH)[err]. 13. 3.
(6R, 7R)-3-[ (E) - 1- (Al | yl oxycar bonyl - pi peri di n-4-yl net hyl ) - 2- oxo- 15
pyrrolidin-3-ylidenenethyl]-7-[(Z)-2-(2-am no-thiazol-4-yl)-2-
cycl opent yl oxyi mi no-acetyl am no] - 8- oxo- 5- t hd@- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene
-2- carboxylic acid | RCKBr) 1779, 1676, 1630 cnferr M5( | SP)
714.5 (MrH) [ erl7116. B8R, TR)-7-[(Z)-2-(5-Amino-[1,2 4]thiadiazol- 3-)'1:)7(21 deoxyimino- 14 1.
M xture of (6 g Qﬁﬂbeﬂziﬂ -vA-tHyPRAAT Il 3mno-
acetyl am no] - 8- 0 o?%{li% o(:«ﬁ[(Eﬁé Eottu(é M rroI dlw
yl i denenet hyl - ];l'é%‘[blcyfl % L -E ;‘F"EX ci d
[err] Renmoval of the allyloxycar bonyl protective group in the
m xture of (6R 7R)-3- o4 [(E)-(R) - and

-(S)-1"-allyl oxycarbo ) yl i 2- oxo- [1 3' ]b| py i di nyl - 3-ylidene-
methyl]-7-[(2)-2- ; I ’Lgm.l opentyl oxyi m no-acetyl am no] -
8- 30 0ox0-5-t hiM -carboxylic acids was
acconpl i shed o’ 7 -38 - usi ng
the procedure described in eyample ¥ The crude product (328 ng) was
purified by5gel chromat ography "(MCl  Gel 75-150, using a gradient of water
Wi th increasing concentrations of acetonitrile). The pure product
crystallized fromthe chromatographic fractions and was collected by 5
filtration. Yield: 102 (289%. yel |l ow cryst al
17.17. (6R,7R)-7£E?Z)—2—(5 -Amino-[1,2 4]t¥uadlazol 3-yl)-2-hydroxyimino-
acetylamino]-8-0xo0-3-[(E)-2-0x0-1-[2-(pyrrolidin-3-ylamino)-ethyl]-pyrrolidin-

10 3-ylidenemethyl]-5-thia-1-aza-bicyclo{4.2.0Joct-2-ene-2-carboxylic acid

OH
N
HIN—QZI(L!T)I'\: I I gNﬂ
o’ oH

15 17.18. (6R,7R)-7-[(Z)-2-(5-Amino-{1,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino}-3-[(E)-1-[2-(azetidin-3-ylamino)-ethyl]-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

H

H;«-{(ﬁi);%%ﬂﬁ

17.19. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-3-[(E)-1-carbamimidoylmethyl-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-o0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid



| RCKBr) 1770, 1666, 1625 cnierr] M5(1SP) 602.4 (MrH)[err]. Accor di ng
to the procedure set forth in the preceedi ng exanple, the 10 foll ow ng
addi ti onal conpounds were prepared: 14. 2.

(6R 7R) - 7- [(Z) - 2- (2- Ami no-t hi azol - 4-yl) - 2- cygl opent yl oxyi m no-

acetyl am no] - 3- (E) - 1-azeti di n- 3-yl - 2- oxo- pyrrol i di n-3-yl i denenet hyl ] - 8- oxo-

5- t hi a- 1-aza- bi c,y@ﬂo[4 2. 0] oct - 2- ene- 2-carboxylic acid di hydrochl ori de
| RCKBr) 1780, 166W VS( | SP)“ 88.3 (MtH)[err]. 14. 3.
-Z2-xtycl opent yl oxyi m no-

(6R 7TR) - 7- [ ( Dy p= mjjho?
acet yl am no] -811%—3- [ CE | per| di n- 4-yl net hyl - pyrrolidin- 3-

yl i denenet hyl ] -5-thi a- 1-aza- by cycl op4. 2. 0] oct - 2- ene- 2-car boxylic acid
hydrochl ori de 20 I R(KBr) 17971,"C1665, 1627 cnjerr] M5(1 SP) 630. 6
(MtH) [err]. Exampl e 15

(6R 7R -7-[(2)-2-(5-Am no-[1, 2, 4] t hi adi azol - 3-yl') - 2- hydr oxyi m no-
acetylamno]-3-[(E)-(R)-1"-imnonet hyl 2-oxo-[1, 3 ]b| pyrrolidinyl-3- 25

yl i denenet hyl ]1782@¥3357Rjaqq(g;_@. Ag?ﬁégllcﬂg] M Yﬁ?h gég}m dic acid
1T, 8 et o ruto s o e 2 o

100 ng (0.2 mybidenemethyl]-8-oxo-5- thla- -aza-b1cyclo[4 2, 0]oct-2—ene-2-carboxyhc acid
(6R 7R) - 7- [(Z) 2- (5-Am no[ 1, 2, 4] t hi adi azol - 3-yl ) - 2- hydr oxyi m no-acetyl -

am no] - 8- oxo- 3-[ (E) - (R).-2-0x0-[1, 3" ] bi pyrrolidinyl-3-ylidenenethyl]-thia-1-
aza- bicycl o[ 4. 2. 0] octge -Ene- 2-carboxylic acid. The reaction m xture was

N

S
H?‘—(sﬁ: ; ! I EN —CN—\H
o]
(o) H

17.21. (6R,7R)-7-{(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-
acetylamino]-3-[(E)-1-(1-carbamimidoyl-azetidin-3-yl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-0xo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

N OH
N AN S, NH
w1 Y *
HAL,
o)

17.22. (6R,7R)-7-[(Z)-2-(5-Amino-[1,2 4]thiadiazol-3-y1)-2-hydroxyimino- ‘
acetylamino]-3-[(E)-1-(1-iminomethyl-azetidin-3-ylmethyl)-2-oxo-pyrrolidin-3-
2 ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

N'OH HN&
H)‘—(Z _ﬁn ; | | Eu—p




- 39- stirred for 30 mn at roomtenperature before it was hydrel ysed
wth sonme drops of water. It was purified by reversed-phase

chr omat ogr aphy on MC gel by elution with water: acetonitrile=9:1.
Yield: 30nmg 5 IR(KBr) 1767cnferr] M5( 1 SR)g 562. 2 (MrH)[err].

Exanpl e 16 L. . .

(6R 7R) - 7- [ ( ZRT23. S6RFRIT-1(Z)-24(5- Aminp4 12,4 1thipdiazel3oyl)-2<hydroxyimino-

acet yl am no] - 3; é@mﬁ T LR FSH i X idih-3-vikielh .bgd-nyl - 3- 10
yl i denenet hyl )%]Cé OXO@%#%F%(F?H} I cycC d 49?@%3&(;?3%2%6?]1%@(:@ boxi(l i C
acid [err] pyrrohdm%y)adgmrgg%ﬁ]— OXP -1-aza-bicyclo[4.2.0]Joct-2-ene-2-

[ 1,2, 4] triazolcgriox§icbaeidm di ne hydrochloride in 1 m DMVSO wer e added
13 [err]l tetranmethyl guanidine and 53 ng (6R 7R)-7-[(2)-2-(5- 25

am no-[1, 2,@] t hi adi azol - 3-yl ) - 2- hydr oxyiNrri no- acet yl am no] - 8- oxo-3-[ (E)-(R) 2

H
oxo-[1, 3" ] bipyrroli di,p?’f'- 3-ylidenenet hyl, Y- '-'{t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2-
ene- 2- car boxyl i cjacid. ter 1 h ring at roomtenperature, the
reaction qﬁw y ed L LEver sed- phase chronmat ogaphy on M
gel by el utio 1t . nitrile =9:1. 20 Yield: 30 ng

| RCKBr) 1769 cnierr] OMS(1]SP) 57%.0 (MtH)[err].

Exanpl e 17 Fol | owi ng t heo edures set forth in the above Exanpl es the
foll owi ng 25 conpounds can be prepared: 17. 1.

(R 7R)-7-[(2)-2-(5-Am no-[1, 2, 4] t hi adi azol - 3-yl ) - 2- hydr oxyi m no-

acetylam no]-3-[(E)-5"-hydroxynet hyl -2-oxo-[1, 3'] bi pyrrolidinyl-3-

yl i denemet hyl Jy78 OXGROTRIY F(Z)r- 2R ARhin6cttRh 701 4- Py Frhydrox§emins-acétylamino]3-i d
Lerr] 10 [(E)-5-hydroxymethyl-2-oxo-[1,3bipyrrolidinyl-3-ylidenemethyl]-8-0xo-5-

thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

_OH
N
N H
MR 31'2«%{"&,0
(o]
O H

17.25. (6R,7TR)-3-[(E)-5'-Aminomethyl-2-oxo-[1,3'Tbipyrrolidinyl-3-
ylidenemethyl]-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-
8-0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

O
Y HIQCL
(o)
(o)

17.26. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-y1)-2-hydroxyimino-acetylamino]-8-
oxo0-3-[(E)-2-0x0-5"-pyridin-1-ium-1-ylmethyl-[1,3Tbipyrrolidinyl-3-
% ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylate



-40 - 17. 2.

(6R, 7R)-3-[ (E) - 5" - Ami nonet hyl - 2-oxo-[ 1, 3' ] bi pyrrolidinyl -3-
ylidenenmethyl]-7-[(2)-2-(5-am no-[1, 2, 4]thiadiazol -3-yl)-2-hydroxyimno- 5
acet yl am no] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 249] oct - 2- ene- 2- car boxylic acid

[err] . 10 17. 3.
(6R, 7R -7-[(2) - 2- (5- Amjoro-[ 1, 2, 4] t hi adi azol - 3-yl) - 2- hydr oxyi m no-
acet yl am no] - 8- oxo- 3- - 2-0x0-5' - pyridin-1-ium 1-yl net hyl -

[1,3" ] bipyrrolidi ] -Ast,hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene
-2- car boxy!‘ﬁl‘gV !ﬁ@'{'w
(6R, 7R -7-[(2)-2-( t hMadi az - Y ) -2- hydr oxyi m no-

acetylamno]-3-[(E)-5"-(1-h y - 3-%et hyl am no- propyl ) - 2-oxo- 20
[1,3" ] bipyrrolidinyl-3-ylidenenethyl]-8-o0xo0-5-thia-1-aza-bicycl o[ 4. 2. 0] oct -
2- ene-2-carboxylic acid [err]

17.27. (6R,TR)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
5 [(E)-5'-(1-hydroxy-3-methylamino-propyl)-2-oxo-[1,3'Ibipyrrolidinyl-3-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

Ke
N ] N
§ js
H'N_esﬁd N-%
(o]
(o] N
lo) H HO

17.28. (6R,7TR)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-3-
[(E)-4"-hydroxy-2-oxo-{1,3'Tbipyrrolidinyl-3-ylidenemethyl]-8-o0xo-5-thia-1-aza-
bicyclo{4.2.0]oct-2-ene-2-carboxylic acid

0

OH
N H
N N
=T T T -P“
° H

17.29. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-3-
[(E)-5'-(hydroxy-pyrrolidin-2-yl-methyl)-2-o0x0-[1,3'Tbipyrrolidinyl-3-
2 ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

OH
" H
N H
H J""(s]/Lg)J ‘%
e)
OEH HGO H



25 17. 5.

(6R, 7R -7-[(2)-2-(5-Am no-[ 1, 2, 4] t hi adi azol - 3-yl) - 2- hydr oxyi m no-

acetylam no] -3-[(E)-4'-hydroxy-2-oxo0-[1, 3" ]bipyrrolidinyl-3-ylidenenethyl]-
8- 0x0-5-thi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2-ge- 2-carboxylic acid

-41 - Jerr]

(6R 7R) - 7-[ (2)1%30Q dﬁRrﬂRbf?f[ﬁZ)ﬂ@ﬁmmﬂngmlﬂ-yl))z-hydmmmwﬁylmmow-

acet yl ami no] - %x[o(£ @-2-69&(1 emﬁnﬁt? %ﬂn@myléwﬁ? g&hhadyhdgn@ﬁ@th 1]-5-thia-1-

[1,3 ]bipyrrolid aza- bicycl o] 4. 2. 0] oct -
2- ene- 2- c# %10 Ea‘P‘]le' -(ar goxyxhc aci
OH
NI y _pm
N
H || 1
zN--(s o N Z
o
5 OH

17.31. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-3-
[(E)-1-azetidin-3-ylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl}-8-oxo-5-thia-1-
10 aza-bicyclo{4.2.0]oct-2-ene-2-carboxylic acid

OH H
N H N
HN
2 _<S O OM
o) CH

15 17.32. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1'-azetidin-3-ylmethyl-2-ox0-[1,3 Tbipyrrolidinyl-3-ylidenemethyl]-8-oxo-5-
thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

@’Egﬂ’“yfﬂvq-@’n

17.33. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
0x0-3-[(E)-2-0x0-1'-pyrrolidin-2-ylmethyl-[1,3'Tbipyrrolidinyl-3-
ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid



17.7. (6R 7R 7-[(2)-2-(5-Am no-[1, 2, 4]thiadiazol -3-yl)-2-hydroxyi m no-
acetyl am no] - 8- oxo- 3- [ ( E) - 2- oxo- 1- pyrrolidin-3-yl net hyl - pyrrolidin-3-

yl i denenet hyl ] - 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid 15
[err] 17. 8 9-

(6R 7R -7-[(2Z)-2-(5-Am no-[1, 2, 4] t hi adi azol 3-yl)-2-hydroxyi mno- 20
acetylam no]-3-[(E)-1-.8%eti di n-3-yl net hyl - 2- oxo- pyrrol I di n-3-ylidenenet hyl ]
- 8- oxo- thla aalh)lcyclo[42 0] oct - 2 epe- 2-carboxylic acid [err]

-42 - 17 9

(6R, 7R) - 7- [(Z)“H i oI- ) |) 2- hydr oxyi mi no-
acetylamno]-3-[(E)-1' a@ ti n- -y -2-0x0-[1, 3" ] bi pyrrolidinyl -

yl i denenet hyl ] - 8- oxo- 5-t hi ag a- blcyclo[4 2. 0] oct - 2- ene- 2- car boxylic aC|d

[err] 17.10.
(6R 7R -7-[(2)-2-(5-Am nho-[1, 2, 4] t hi adi azol - 3-yl') - 2- hydr oxyi m no-
acetyl am no] - 8- oxo- 3-[ (E) - 2- oxo- 1’ pyrrolldln 2-ylmethyl -[1, 3] bi pyrrolidiny

o3 10, YT dengym) el ity ity S Ao Sk A1 G RGde Ry S ab Rt MR %
5 [(E)-1-[2-(2-hydroxy-ethylamino)-ethyl]-2-0xo-pyrrolidin-3-ylidenemethyl]-8-

oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

HzN_é;]/NL[i):rsi [ EN_/_H,_/

17.35. (6R,7R)-7-{(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)- 1(2-methylamino-ethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-0xo-5-thia-
1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

o
" arﬁr);,r; Q¥
o)
15 o]

17.36. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E) 1-(2-cyclopropylamino-ethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-
20 thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

N N"OH ) s fP
HN —(ﬂ H
FAS



17.11. (6R 7R)-7-[(2)-2-(5-Am no-[1, 2, 4]t hi adi azol - 3-yl ) - 2- hydr oxyi m no-

acetylam no]-3-[(E)-1-[2-(2-hydroxy-ethyl am no)-ethyl]-2-oxo-pyrrolidin-3-

yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid

[err] 17.12. -50-

(6R, 7R)-7-[(2)-2-5-Am no-[1, 2, 4] t hi adi azol - 3-yl ) - 2- hydr oxyi m no- .

acet yl ami no] - 375375)(6&1&)@%%%2-&Tam_inetﬂnjm)d-zzb&&hm{nmrm-acetylammOJ-3-_

_y'élgd_en[egﬂ ]hy' § 8- PxonaiddnfethyRadidy)ethyRl 2 ofo- By Polidin F§Tiderdh L1} BCoxE
5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

N'OH
Hﬂ{])l\!ri . E ,L;"f{%
o]
O

17.38. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-(2-guanidino-ethyl)-2-oxo-pyrrolidin-3-ylidenemethyl}-8-oxo-5-thia-1-
10 aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

OH
o
e}

15 17.39. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
0x0-3-{(E)-2-0x0-1-(2-piperazin-1-yl-ethyl)-pyrrolidin-3-ylidenemethyl]-5-thia-
1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

OH
.eﬁm O
O
o)

17.40. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
0x0-3-[(E)-2-0x0-1-[2-(pyrrolidin-3-ylamino)-ethyl]-pyrrolidin-3-
ylidenemethyl]-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid



17.13. (6R 7R -7-[(2)-2-(5-Am no-[1, 2, 4] t hi adi azol - 3-yl ) - 2- hydr oxyi m no- 5
acetylam no]-3-[(E)-1-(2-cycl opropyl am no- et hyl ) - 2- oxo- pyrrolidin-3-

yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid
[err] 17. 14. -51-

(6R 7R)-7-[(2)-2-(5-Am no-[1, 2, 4] t hi adi azol - 3-yl ) - 2- hydr oxyi m no-

acetylam no]-3-[(E)-1-[2- (i m nonet hyl am nﬁgt hyl | - 2- oxo- pyrrolidi n- 3-

yl i denenet hyl ] - 8- oxo- g~ 1 hi a- 1- aza- bi cycl oy\412. 0] oct - 2- ene- 2-carboxylic acid
[err] 17,15

(6R 7R) - 7- [ ( 2) nji—FRm o |

acet yl am nol 3?(-5 - (©- panNgo~§t hyl ) - 2- oxo- pyrrol i di n-3-ylidenenet hyl ]

- 20 8-o0xo-5-thia-1-aza-bicy

-44 - 17. 16. °

(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] - 8- oxo- 3-[ (E) - 2- oxo0- 1- ( 2- pi perazi n-1-yl -et hyl)-pyrrolidin-3-

yl i denenet hyl ] - 5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid [err]
17.41. (6R,7TR)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-3-

5 [(E)-1-[2-(azetidin-3-ylamino)-ethyl]-2-0x0-pyrrolidin-3-ylidenemethyl]-8-oxo-
5-thia-1-aza-bicyclo{4.2.0]oct-2-ene-2-carboxylic acid

Oon
N
N
H J\*—(:ﬁ o:u’sf\&u

17.42. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-carbamimidoylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-
1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

N‘OH "
H
N H
s e

17.43. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-(1-iminomethyl-azetidin-3-yl)-2-0xo-pyrrolidin-3-ylidenemethyl]-8-oxo-
20 5-thia-1-aza-bicyclo[4.2.0Joct-2-ene-2-carboxylic acid

”9“4:]*!’1:[:(2 ):;”'C"—\H



17.17. (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] - 8- oxo-3-[ (E) - 2-oxo0-1-[2-(pyrrolidin-3-ylam no)-ethyl]-pyrrolid
in- 10 3-ylidenenethyl]-5-thia-1-aza-bicycl o[ 4. 2.0]oct-2-ene-2-carboxylic
acid [err] 15 17 18. 52-

(R 7R)-7-[(2)-2-(5-Am % 4]t hi adi azol - - 2- hydr oxyi m no-
acet yl ani noJ - 3—7[‘%45)(63,'{12)1 @2- -Ammi-@&ml-)‘i El)'fzy ydroxyiaing-aceylaminad-3-

yl | denemet hyl jezé)- pXg-carbdinfimidoyi A bliie BYI 220xd0pprrati@ne3 tidnbtiethyR-gici d

[err]

(6R 7R) - 7- [(Z)oxz-%ﬁnmf-ﬁaaﬁwlﬂf&@Jae#~afae-%c9tboxzhﬁmd)xy. m no-

acetyl am no] - 3- [(E) 1- car bam m doyl net hyl - 2- oxo- pyrrol i di n- 3-

yI i denenet hyl ] - 8- oxo- 59111 hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic acid

HaN—( | H : s! | EN—CN-{?
o]
5 (e)

17.45. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl1)-2-hydroxyimino-acetylamino]-3-
[(E)-1-(1-iminomethyl-azetidin-3-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]}-
10 8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid

- ;
YT, > Qjﬁ

15 17.46. (6R,7TR)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino}-3-
[(E)-1-(1-carbamimidoyl-azetidin-3-ylmethyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid

HN
N'OH H,
N H
HzN—¢s 5 N
o: ; :‘ ;
o




e
—

-45- [err] 17. 20. - »
(6R 7R) - 7-[ (2) - 2- (5- Ani no-[ 1, 2, 4] t hi adi azol - 3- yl ) - 2- hydr oxji SresBlas Bgen Replac
acetylam no]-3-[(E)-1-(1-i mnonethyl -azetidin-3-yl)-2-o0xo- {111} \m
yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[.482- 0] oct - 2- ene-;\ 4 i d
[err] 17. 21.

(6R 7R)-7-[(2)-2-(5-Amino-[1, 2, 4] t hi adi afdiaimsy| ) - 2- hydr oxyi mi no-

acetylam no] -3-[(E)-1-(1-carbam m doyl -azeti di n-3-yl)-2-o0xo-pyrrolidin-3-
yli denenet hyl | - 8- oxo-5-thi a- 1-aza-bi cycl o[ 4. 2. 0] oct - 2-e&e- 2-carboxylic acid
[err] 1. Cephalosporin derivatives of the general formula

R i
|
N’0

H
HzN—<s’x o _NM—RQ

5 wherein
X is CH or N;
Rl is hydrogen or cyclopentyl;

R2 is a group of formula

N/ R4 NI
o ,
RS N\
R®

4
N’R Cﬂ'm
_O Hiinses
10
/R4 R*
/—<>”““‘ /‘Q /_C'.*'
R5
R® r\R4
NR*
/_CN_R4 N\ (\ 7,

/YNHR" R4

,
NH or Ve N R7;
R3 is hydrogen, an alkalimetal ion or a tertiary
1B ammonium group;

R4 is hydrogen, an amino protecting group, pyrrolidin-2-
ylmethyl, azetidin-3-ylmethyl, iminomethyl, 1-
carbamimidoyl;

RS is hydrogen, dialkylcarbamoyl, ®-hydroxyalkyl, o-

20 aminoalkyl, pyridinium-1-ylmethyl, 1-hydroxy-3-
R ——

I |




17.22. (6R 7R)-7-[(Z)-2-(5-Anino-[1, 2, 4] tbi adi azol - 3-yl ) - 2- hydr oxyi m no-
acet yl am nofnissnkdt B)sBeer(Kephetii nonet hyl - azeti di n- 3-yl nmet hyl ) - 2- oxo- pyrrol i di n-

3- 20
yl i denenet hyIH“H“H“%H“HI m‘a 1-aza- bi cycl o442. 0] oct - 2- ene- 2-carboxylic acid
-4

err 17.23
EGR ]7R) 7-[(2) - 2- (5- Ani no- [ 1, 2aminemethyd-nropsl or thdma%pmhdm-%

acetylamno]-3-[(E)-1-(1- carbg; I-azet|d|n3ylmethyl) 2- 0X0-
pyrrolidin3-ylidenenmethyl] a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-
carboxylic acid SRS [mrhj'drogen, trifluorometHyl or hydroxy; and7. 24.

6R, 7R)-7-[(2) - 2- Am no-t hi azol I I m no- | ai n

E(E) 5) hygjgoiyma#ﬁyl 2- 0X0- [115?q‘$1y ilb’ém%'n@l&yg f%ﬁﬁwté)ry ﬁ%"%ﬂo
thi a-1-azagbi cycl o[ 4. 2. 0] oct - Za@étﬁhﬁ L aikioidth Bsrq J’:ﬁbhhmmld 1; 15
17.25. (6R 7R)-3-[(E)5' - Am nonet hyl - - 0X0- [1,3 yrrolidinyl g

as well as readily hydrolyzable esters thereof p armaceutically acceptable
salts of said compounds and hydrates of the compounds of formula I and of
their esters and salts.

2. Compounds of formula I acdording to claim 1, wherein

10 X isCHor N;
Rt is hydrogen;
R? is a group of formula
R%
N
—Crr L
RS

R6
NI.R4 IR4
- -Q
/R4
/_'<>N—R4 /——Q
RS K
R® or /\/N\R7

15
R3 is hydrogen, an alkalimetal ion or a tertiary
ammonium group;
R4 is hydrogen, an amino protecting group, iminomethyl,
or 1-carbamimidoyl;
2 RS is hydrogen, hydroxymethyl;
RS is hydrogen or hydroxy; and
R7 methyl or 2-hydroxyethyl;

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

3. Compounds of formula I according to claim 1 or 2, wherein X is CH
or N; and R2 respresents a group of the formula

AN N e




ylidenenethyl]-7-[(2Z)-2-(2-am no-thiazol -4-yl)-2-hydroxyi m no-a NTO] -
i%oxo- 5-thia-1-aza-bicycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylie—acid [err]

. 26. Replaced
(6R 7R)-7-[(2)-2-(2- Ami no-t hi azol - 4-yl ) - 2- hielr oxyi m no- ‘ etHaSBeen
0X0-3-[E)-2-0x0-5"-pyridin-1-ium1l-ylmethyl -1, 3"]bi pyrro ﬁa\
yl i denenet hyl ] -5-t hi a- 1-aza- bi cycl o[ 4. 2. Woct 2 ene- 2-car
-47 - Jerr]

(R 7R -7-[(2)-2-(¢£- -tﬁl azof- | )I- 2- hydr oxyi m no- acetyl am no]-3- 5
[(E)-5"-(1-hydroxy-3- rrethyl am ndé- propyl )'R%- oxo-[ 1, 3' ]b| pyrrolidinyl-3-
%/I i denenet hyl ] - 8- oxo-5-t hi a- 1- aza- big®ycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i ¢ aci d
err

! wherein R4 is hydrogen, iminomethyl or 1-carbamimidoyl; R is

hydrogen or hydroxymethyl; and RS is hydrogen or hydroxy.

4. Compounds of formula I according to claim 1 or 2, wherein X is CH
5 or N and R2 represents a group of the formula

R4

I

N
__CN_R4
RS

RG

wherein R4 is hydrogen, iminomethyl or 1-carbamimidoyl; R5 is
hydrogen or hydroxymethyl; and RS is hydrogen or hydroxy.

5. Compounds of formula I according to anyone of claims 1 to 4,
10 wherein RS and R6 are hydrogen.

6. Compounds of formula I according to anyone of claims 1 to 5,
wherein the pyrrolidinone is in the E-form.

7. Compounds of formula I according to claim 2, wherein X is CH and
R2 is a group of formula

R4 R4
N’ N’
lllm--O
15

wherein R4 is as defined in claim 2.

8. Compounds of formula I according to claim 2, wherein X is N and R2
is a group of formula

R4 R¢
N’ N’
—O Illln--O

20 wherein R4 is as defined in claim 2.

9. Compounds of formula I according to claim 1, wherein |
| T THIS SHEET HAS BEEN

LN R | revacen




17. 28.
(6R, 7R -7-[(2)-2-(2- Am no-t hi azol - 4-yl) - 2- hydr oxyi m no- acet g@n

[ (E)-4"-hydroxy-2-o0xo-[1,3" ]bipyrrolidinyl-3-ylidenenethyl]- < :
aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylicggcid [err] IR

(6R 7R)-7-[(2)-2-(2- Am no-t hi azol - 4-yl ) -2-hydr oxyi m no- acet yl n % ,

[ (E)-5"-(hydroxy-@rrolidin-2-yis-CHtdnN) - 2- oxo-[ 1, 3' ] bi pyrrolidinyl-3- 20
yl i denenet hyl ] - 8- QXP0- 5-thia-1-aza-bjcycl o[ 4. 2. 0] oct. - 2- ene- 2- carboxylic acid
[err] R 1s hydrogen or cyelgpentyl; 17 30.

(6R 7TR)-7-[(2) - 2- (g Am no-t hi azgl - 4- vl ) -2»hvdroxyi m no- acet yl am no] - 8-
0x0- 3-[ (E) - 2- oxo- I¥pyrrol i di n-§gﬁ é@%ﬂi?tzb‘&?' llgi di p-3-yli de%elgpt hy} ]-5-thia

- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-car boxylic Bcid [erg] /

17.31. . N N

(6R, 7R) - 7-[ (2) - 2- (2- Ami no- t hi azdT¢-NJR2- iy o |15 no- adeLyiani no] - 3-
R

R4 R4

s’ V4

Re
N’R4 "
A= A~
H
R3 is hydrogen, an alkalimetal ion or a tertiary
ammonium group;
10 R4 is hydrogen, an amino protecting group;
RS is hydrogen, dialkylcarbamoyl; and
RS is hydrogen or trifluoromethyl;

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

10. The compounds
(6R,7TR)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-acetyl-
amino]-8-o0xo-3-[(E)-(R)-2-o0xo-[1,3Tbipyrrolidinyl-3-ylidenemethyl]-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid,

20 (6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-acetyl-
amino]-8-o0xo-3-[(E)-(S)-2-oxo-{1,3"Tbipyrrolidinyl-3-ylidenemethyl]-5-thia-1-
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
(6R,7TR)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyiminoe-acetyl-
amino]-3-[(E)-(R)-1'-iminomethyl-2-0xo-[1,3 Tbipyrrolidinyl-3-ylidenemethyl]}-

% 8-oxo-5-thia-1-aza-bicyclo[4.2.0]Joct-2-ene-2-carboxylic acid,

———
—_—

THIS SHEET HAS BEEN J

ﬂﬁlﬂﬂlj T A REPLACED




[(E)-1-azetidin-3-yl methyl - 2 oxo- pyrrolidin-3-ylideneneth H}w@wdi@lﬁﬂtkﬁpmsﬂ
- 10 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid [err]

(6R, 7TR)-7-[(Z) - 2- (2- Ami no-t hi azol - 4-yl ) -2- hydr oxyi m no- acet
[(E)-1"-azetidin-3-yl methyl-2-oxo-[1, 3"] bigggrolidinyl-3- yI| nerre h I
X0- 5- t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2-carboxylic acid [err]

17. 33. (6R,7R)-7-[(Z)-2-(5-Amino-{1,2 4]th13d1azol—3-yl)—2 ydroxyimino-acetyl-

oo 51 (8 - o pnbF 3B L TR EE eituitiost- 2 qi ]ﬁy?f%? Fﬁ?’yﬁa‘*‘“ nol -8
yl i denemet hyl yhdenamthylé]z&osoéyﬂuefham qy@lo[é Jlects2 eaets lrb‘w&e.at?ld:
~49- [er1] (6R 7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y])-2-hydroxyimino-acetyl-

5 aminol-3-[(E)-1-azetidin-3-ylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-
5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
(6R,TR)-7-[(Z)-2-(5-Amino-[1,2,4}thiadiazol-3-yl)-2-hydroxyimino-acetyl-
amino}-3-[(E)-5"-hydroxymethyl-2-oxo-[1,3bipyrrolidinyl-3-ylidenemethyl}-8-
oxo-5-thia-1-aza-bicyclof4.2.0]oct-2-ene-2-carboxylic acid.

11. Compounds as in any one of claims 1 to 10 for use as
pharmaceutically active substances, particularly for the treatment and
prophylaxis of infectious diseases.

12. Process for the manufacture of compounds of formula I, which
15 process comprises treating a compound having the formula II

HaN S
\
| N—R2
7N
o)
CO2H 0 II

in which R2 is defined as in claim 1, or an ester or a salt thereof, the
amino group and the carboxylic groups present the compound of
formula IT may be unprotected or protected,

2 with a carboxylic acid of the general formula III

N,oa"

N—(LCOOH

RHN X 111
in which Rf is hydrogen or an amino protecting group, R is hydrogen,
cyclopentyl or a hydroxy protecting group and X is as defined above, or a
% reactive functional derivative thereof, or

() cleaving off the amino, hydroxy and/or carboxy protecting group in a
compound having the formula IV

-

[




17. 34. _

(6R 7R)-7-[(2)-2-(2- Am no-t hi azol - 4-yl ) - 2- hydr oxyi m no- acetyl am no] - 3- 5

[ (B)-1-[2-(2-hydroxy-ethyl am no)-ethyl]-2-oxo-pyrrolidin-3-ylidenenethyl]-8
- 0x0-5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ey8--2- car boxyhic acid [err]

17. 35. _

(6R, 7R) - 7-[ (2) - 2- ( 2- Ami no-t hi azol -4-97’)' - 2- hydr oxyi ni no- acet yl ani no] - 3-

[(E)-

1- (2- et hyl ami no- et hyl ) - 2- oxo- pyr r(N’lodi n- 3-yl i denenet hyl | - 8- oxo- 5-t hi a-
1-aza- bicycl o[ 4. 2. 0] oct - 2- ene- 2-car oxﬂic acgd [err] 17, 36.

(6R, 7R -7-[(2)-2-(2- AmnothLé' 4- > acetyl am no] - 3-
[(E) —N "R2

1- (2-cycl opropyl am no- et hyl ) - 230xo pyr rgf’ di _ enet hyl ] - 8- oxo0-5- 20
t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl err| 8%

-50 - 17. 37.

(6R 7R) - 7-[ 2) - 2- (in WhighoRE is as dlefimed| aboye hRiishydrtgen-orcan winzimorprotéting
group, R1" is hydrogen or a hydroxy protecting group, Rh is hydrogen
or a carboxy protecting group, provided that at least one of Rf , R1" and

5 Rh is a corresponding protecting group,
or a salt thereof.

13. The compound of formula IIIa (Z)-(5-Amino-[1,2,4]thiadiazol-3-yl)-
trityloxyimino-thioacetic acid S-benzothiazol-2-yl ester.

14. A pharmaceutical preparation containing a compound according to
10 any one of claims 1 to 10 and a therapeutically inert carrier, particularly for
the treatment and prophylaxis of infectious diseases.

15. The use of the compounds according to any one of claims 1 to 10 in
the treatment and prophylaxis of infectious diseases or for the manufacture
of medicaments for the treatment and prophylaxis of infectious diseases.

1B * k&

I
S
I

as Been Replaced

"l

O i
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[((E)-1-[2-(imnonethyl am no) -et hyl]-2-oxo-pyrrolidin-3-ylidenenethyl]-8-oxo
- 5-thia-1-aza-bicycl o[ 4. 2. 0] oct-2-ene-2-carboxylic acid [err]

17. 38.
(6R 7R) 7-[(2)-2-(2- Amnothlazol yl') - 2-t§gdr oxyi m no- acet yl am no] - 3-

[(E)-1-(2- guanl'ﬂalsrﬁée -pyrrol i di n-3-ylidenenet hyl |8 0X0-5-t hi a-
1- 10 aza- bi cycl u! m ene -carboxylic acid [err] S

17. 39.
(6R, 7R) - 7- [(Z) 2- m no-thrazol - 4-yl)-2-hydroxyi m no-acet yl am no] - 8-
0x0- 3-[ (E) - 2- oxo- 1- ( 2- pi per azi n-

1-yl - et hyl )-pyrrol I di n-3-ylidenenet hyl | xfst.Rhiad-

1-aza- bicycl o[ 4. 2. 0] oct - 2- ene- 2-car boxﬁ%ﬁad [err] 17. 40.
(6R 7R)-7-[(2)-2-(2- Ami no-t hi azol - 4- yI) 2- hydr oxyi m no- acet yl am no] - 8-

oxo- 3-[ (E) - 2- oxo- rol i din-3- amno) et.h pyyrolidin
yl i denenet hyl ] - 5- &'ngé’rg ntYPE‘y?‘ePdP tgs@ggphqlpép&ngd’@ éthg,ggneral

formula
R
i
°
Ns SS
HaN'( EMN—RZ
5 COOR* O I
wherein
X isCHor N;
R! is hydrogen or cyclopentyl;
R2 is a group of formula
R4 R4
4 /
N N
—< n-r? —C'
RS N\ R4
10 RS
4
N’R N’R4
—O Iioaee.
/R4 R4
o /—Q ¥
|
RS /—{
RS N\R4
| NR*
e S
N\
/ﬁrNHR"’ R4
4
NH or /\/N\R7;
15 R3 is hydrogen, an alkalimetal ion or a tertiary
ammonium group;
R4 is hydrogen, an amino protecting group, pyrrolidin-2-
ylmethyl, azetidin-3-ylmethyl, iminomethyl, 1-
carbamimidoyl;

‘THIS SHEET HAS ; m‘
REPLACED




=51 - [err] 17. 41.

(6R, 7R -7-[(2) - 2-(2- Am no-t hi azol - 4-yl ) -2- hydr oxyi m no-acetylamno]-3- 5

[ (E)-1-[2-(azetidin-3-ylam no)-ethyl]-2-o0xo-pyrrolidin-3-ylidenenethyl]-8-0
X0- 5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene6®-car boxylic acid [err]

17. 42,

(6R, 7R) S7-[ ( Z2) - 2-R2- Ani no-t hi aimohydrogeh; didikylcaxyambyly wrhydyoxyalkyl] 8-

[ (E)- 1carbammdoy|nethy12oxo Ok i di na3-yl i denenet hyl,] 0x0-5-thia-
1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- ﬂ&‘%@?ﬁﬂﬁ%ﬁ@'?g&#&ﬁ’ l—ﬁgdrtg(xy-é-
aminomethyl-propyl or (hydroxy)-(pyrrolidin-2-

ylmethyl;
5 R6 is hydrogen, triflucromethyl or hydroxy; and
R7 is alkyl, o-hydroxy-alkyl, cycloalkyl, 3-pyrrolidinyl, 3-

azetidinyl, iminomethyl or 1-carbamimidoyl;

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable

salts of said compounds and hydrates of the compounds of formula I and of
10 their esters and salts;

the invention is further concerned with the manufacture of compounds of

formula I; with their use as pharmaceutically active substances,

particularly for the treatment and prophylaxis of infectious diseases, and

with pharmaceutical preparations containing a compound of formula I for
15 the treatment and prophylaxis of infectious diseases.

—_—
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17. 43.

(R, 7R -7-[(2) - 2- (2- Ami no-t hi azol - 4-yl ) - 2- hydr oxyi nmi no- ace}
[ (E)-1-(1-i m nonet hyl - azeti di n-3-yl)-2-o0xo-pyrrolidin-3-yl
0- [ (E)-1-aza-bicycl o[ 4. 2. 0] oct-2-ene-2-carboxylic acid

-52- 17.44. . o1

(6R, 7R -7-[ (Z) - 2- (2- Ami no-t hi azol - 4- yl).=2=hydr oxyi m no- acet

[ (E)-1-(1-carbam m doyl - azeti di n-3-yl)-2-o0xo0-pyrrolidin-3-y

ﬁggh‘xgﬁj\ﬂﬂ\gf SHEET

TMEITEL N I](;_8 X
[(=rr1]g FLB 1938

yl-am no| - 3-
| i denenet hyl ].- 8-

0x0-5-thi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl i ¢ aci d
17. 45.
(6R, 7R -7-[(2)-2-(2- Am no-t hi azol - 4-yl) - 2- hydr oxyi m no- acet

T 5

yl am no] - 3-

[ (E)-1-(1-i m nonet hyl -azeti di n- 3-yl net hyl ) - 2- oxo- pyrrol i di n-3-yli denenet hyl
| - 10 8-o0x0-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid [err]

The present invention relates to cephalosporin derivatives of the general
formula
R1
|
I"‘I’o
N s
N a
HaN—¢ _Nl —R?
s— /-
o .
COOR?® O
o wherein
X is CH or N;
Rt is hydrogen or cyclopentyl;
R2? is a group of formula

J R4
N N
—<>N—R4 —Cl
RS AN
RS
4 4
N/R N'R

R 4
Ot /—Q g
v~
RS N




15 17. 46. . '
(6R, 7R) - 7- [ (2) - 2- ( 2- Ami no-t hi azol - 4-yl ) - 2- hydr oxyi mmi no- acet y IRERLAGEMENT SHEET
neEs=

[ (E)-1-(1-carbam m doyl*azetidi n-3-yl net hyl ) - 2- oxo-pyrrolid
yl i denenet hyl ] - 8- oxo- 5-t hi a- 1-aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2} car q%(w?m@%@l 0
[err] H,~N Na 53 :

Clains 1. Cephal osporin derivatives of the general fornul al[erTi™
wherein X is CHor N, Rerr] i s hydropen or
cyclopentyl; Rerr] is a group of fornmula [ekrd

Vinyl-pyrrolidinone Cephalosporins with basic Substituents

Abstract
Compounds of formula
RI
» |
Y et
cooRs
1
wherein
X isCHor N;
Rl is hydrogen or cydopentyl;
R2 is & group of formula
Ré Ré
Nl 4/
—Oe (A, <L,
. . as ~ R‘
RG

IR4

R‘
—"O titime
R4
g R4
) —R4 4
o <L
R
RS N\R4
A~ Q m ﬁ*
N\ -

WNHR'* _ ’R“
NH or AN R,
R3 is hydrogen, an alkalimetal ion or a tertiary
ammonium group; :
R# is hydrogen, an amino protecting group, pyrrolidin-2-

ylmethyl, azetidin-3-ylmethyl, iminomethyl, 1-
carbamimidoyl,




Rl err] is hydrogen, an alkalinmetal ion or a teriaf OTTi i
group; R err] I s hydrogen, dﬁ%ﬁﬁﬁ FN%SH“&‘
protecting group, pyrol4din-2- yl met hyl ,

azetidin-3-ylnmethyl, imnonethyl, 1- carbaninidoyg;rgj 108

Rl err] I s hydrogen, dialkylcarbanmoyl, [err]-hydroxyal Ryl, [err]-

am noal kyl , pyridinium1-1-yl nethyl, 1-hydroxy-3- ;

am nonet hyl - propyl or (hydroxy)-(pyrrolidin-2-yl)nethyl;

Rl err] i s hydrogen, trifluoronethyl or hydroxy; ard Rerr|

is alkyl, [err]-hydroxy-al kyl, cycloal kyl, 3-pyrrolidinyl, 3-

azetidinyl, imnonethyl or 1-carbam m doyl; as well as readily hydrolyzable

esters thereof,

hydrates of the conpounds of formula | and of their esters and salts.

RS is hydrogen, dialkylcarbamoyl, ®-hydroxyalkyl, w-
aminoalkyl, pyridinium-1-ylmethyl, 1-hydroxy-3-
aminomethyl-propyl or (hydroxy)-(pyrrolidin-2-

ylmethyl;
Ré is hydrogen, trifluoromethyl or hydroxy; and
R? is alkyl, a-hydroxy-alkyl, cycloalkyl, 3-pyrrolidinyl, 3-

azetidinyl, iminomethyl or 1-carbamimidoyl;
ag well as readily hydrolyzable esters thereof, pharmaceutically acceptable
salts of said compounds and hydrates of said compounds and of their esters
and salts;
the invention is further concerned with the manufacture of such
compounds; with their use as pharmaceutically active substances,
particularly for the treatment and prophylaxis of infectious diseases, and
with pharmacsutical preparations containing a compound of formula I,

pharmaceutically acceptable salts of said conpounds and




2. Conpounds of fornula | acdording to claim1, wherein| REPLAGEMENT SHEET
g CHor N R err] I s hydrogen; R grr s|a
group of formula [err] _ Rl err] | & shygroges, |a
al kalimetal ion or a tertiary amoni um group;

R err] i s hydrogen, an amno d¥otecting groud, Frmomethyt—0r

| - car bam m doyl ; R err] S

hydr ogen, hydroxynet hyl ; R6  (Claims i s hydr ogemor—hyaroxyTand
Rl err] met hyl or 2-hydro |; as well as readily hydrol yzable

esters thereof, pharpaceutically, acc abl e sakts gf said conpounds and
hydrates of tHe gEnffe V@ﬁ?ﬂ?ﬁﬁﬁ%ﬁﬁ“#k‘fm‘ﬁaesters and salts.

3. Conpounds of formula | according to claiml or 2, wherein Xis CHor N,
and R[err] respresents a!p‘roup of the fornula

55 [err] N’O
. K s

.

HgN_é" ﬂ /——rNMN_Hz
S o
COOR® O I
wherein
X isCHorN;
R! is hydrogen or cyclopentyl;
R?2 is a group of formula
R4 A
o L, <
N—R*
RS
N’RA N’R4
_O [HT O
/H‘ ,R‘
/‘<>”’R‘ )
RS . N
Ré A
NR*
O O S
ANA
~_NHRS A
N.
NH or ANANg :

R3 is hydrogen, an alkalimetal jon or a tertiary ammonium
group;

R4 is hydrogen, an amino protecting group, pyrrolidin-2-
ylmethyl, azetidin-3-yimethyl, iminomethyl, 1-
carbamimidoyl;

RS is hydrogen, dialkylcarbamoyl, -hydroxyalkyl, ©-

arginoalkyl, pyridinium-1-ylmethy}, 1-hydroxy-3-
aminomethyl-propyl or (hydtoxy)-(pyrrolidin-Z—meethyl‘.

—

i

LT



wherein R err]-is hydrogen, imnonethyl or 1-carbam m do
or#l ydroxynethyl; and R err] is hydrogen or hydroxy. )
fornmula | according to claim1 or 2, wherein Xis CH or : {_‘] 100
represents a group of the fornula [err] : wherein R[rﬂ]‘% MS"’ W
hydrogen, i m nonethyl or 1-carbam m doyl;34R[err] is hydroge
hydr oxynmet hyl ; and Rl err] is hydrogen or hydroxy. 5. C6fMpounds of

formula | according to anyone of clains 1 to 4, wherein __e_r_[j__a_n.d_R[-e-F-P-]—"
are hydrogen. 6. Conpounds of formula I according to anyone of clains
1 to 5, wherein thegyrrolidino gFonmpounds  of
formula | according to claim 2, @Wef%%eﬂ é}?{?gﬁé_{ﬁ{aﬂh %dé%};a?s a group of
formula [err] R? wherein R[malkj'l wehydeoxyalkydaxyclioalkyl, ipyrdlidinyl, 3- 8
Conpounds of fornula | accordi ”%&ﬂl%&ne@(@%@k&b&&ﬂyﬁnd R[err] Is a

group of fornula [err]
: as well as readily hydrolyzable esters thereof, pharmaceutically acceptable salts of

said compounds and hydrates of the compounds of formula I and of their esters and
salts.

2. Compounds of formula I acdording to claim 1, wherein

X isCHor N;
Rl is hydrogen;
R2 is a group of formula

R‘

rd

o 4L

O -
RS-

R3 is hydrogen, an alkalimetal ion or a tertiary ammonium
group;

R4 is hydrogen, an amino protecting group, iminomethyl, or 1-
carbamimidoyl;

RS is hydrogen, hydroxymethyl;

RS’ is hydrogen or hydroxy; and

R7 methyl or 2-hydroxyethyl;

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

3. Compounds of formula I according to claim 1 or 2, wherein X is CH
or N; and R2 respresents a group of the formula

AR ) O R



V\,hereln Rlerr] is as defined in claim2.

56 9. Conpounds of forrmula | according to claim1l Wrﬁélﬁ
is CHor N . Rerr] i's hydrogen or cycl opentyl; R
is a-group of formula [err] Rl err] '
hydrogen, an alkalinmetal ion or a tertiay amoni um
group; Rl err] 4s hydrogen, an am no protecti
Rl err] i s hydrogen, dialkyl carbanoyl; and R ¢
hydrogen or trifluoromethyl; ,R" .
/——<>N-—R‘
HS
RE

wherein R4 is hydrogen, iminomethyl or 1-carbamimidoyl; RS is

hydrogen or hydroxymethyl; and RS is hydrogen or hydroxy.

4. Compounds of formula I according to claim 1 or 2, wherein X is CH

or N and R? represents a group of the formula

a4
U4
—C N_ad
RS
Rﬂ

wherein R4 is hydrogen, iminomethyl or 1-carbamimidoyl; RS is

hydrogen or hydroxymethyl; and RS is hydrogen or hydroxy.

5. Compounds of formula I according to anyone of claims 1 to 4,
wherein RS and RS are hydrogen.

6. Compounds of formula I according to anyone of claims 1 to 5,
wherein the pyrrolidinone is in the E-form.

7. Compounds of formula I according to claim 2, wherein X is CH and
R2 is a group of formula '

R R
- -
[ 11

wherein R4 is as defined in claim 2.

8. Compounds of formula I according to claim 2, wherein Xis N and
R2 is a group of formula '

R RE
I -

. I
wherein 3.4 is as defined in claim 2. -
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as weII as readily hydrol yzabl e esters thereof, pharmaceu |fg@u&m_?dﬂ&.%}§ﬁ£ﬁ ei
salts of said conpounds and hydrates of the corrpounds of for

tHeir esters and salts. 10. The conpounds
(6R, TR)-7-[(2)22-(5-Anino-[1, 2, 4] t hi adi azol - 3-yl)-2-hydr o}y
am no] - 8-oxo- 3- [(E) (R)-2-o0x0-[1, 3] bi pyb6olidinyl-3-ylidgn
1-aza-bicycl o[ 4. 2. 0] oct - 2- ene- 2-car boxyl i c acid,
(6R 7R -7-[(2) - 2(5 Am no-[ 1, 2, 4] t hi adi azol - 3y|) 2- hydr oxi-r etyl -

am no] - 8- oxo- 3- [(E) (S)-2-0s0-[1,3 ]bipyrrolidinyl--3yli denerrethyl] 5-thi a-

1- bi | of 4.
(GEZgR)I gyf(% 2- ( éﬁnrf%“ﬁ%eg%éfft Jl)ga&X dﬁc_%&:ﬂugn 2Wheralroxy| m no- acetyl -

amno]-3- [(B)-(R-X'-imnonmet hylsCE;-[1, 3'] bi pyrrolidinyl-
yl i denenet hyl ] - 8- oxo-5-thi a-1-aza-bicycl o[ 4. 2. 0] oct - 2- ene- 2- car boxyl iC
acid, (6R 7R)-7- Rl is hydrogen or cyclopentyl;

Z) - 2- (5- Ami no- [ 1, 2, 4] t hi adi azal - tyl
am nol 5.1 (B) - ( ER)ﬁﬁ | Car bam m AAFOE B oY b0 ol 0 ny 3

yl i denenet hyl )] - 8- oxo- 5-t hi a- 1- aza- bi cycl o[ 4. 2 Okpnct 2- enexl-£arboxylic
acid, (6R 7R)- 7- i Q __C'f

(2) - 2(5 Am no-[ 1, 2, 4] t hi adi azol - 2qhyr 0- ace N,

am nol -3-[ (E) - 1azet|d|n3ylnethyl 2- 0X0- pyrrtI!|d| 3yI|deneﬁéthyI] - 8-
0x0-5-t hi a- 1- aza- bi cycl o[ 4. 2. 0] oct - 2- ene- 2- carBoxyl i ¢ aci d,

(6R 7R)-7-[(Z)-2-(5-Am no-[1, 2, 4]th| adl,aﬁol 3-yl) RY- hydroxy| m no- acetyl -

a@
. ?}? 1%#3
nl)”‘ a@et yl -

am no] - 3-[ (E) - 5' - hydr oxymet hyl - 2- ox6=f\1, 3' ] bi roI i di nyl -
yl i denenet hyl ] - 8- oxo- 5-t hi a- 1- az Io['A" ct-2-ene- 2 car boxylic
aci d. 11. Process for the manuf cture of rrpounds of formula I, which
process conprises treating a conpound,having the f RS 11
N—R4 '
RS
RG
4
N/R 4
A~ = O
Ré ;
R3 is hydrogen, an alkalimetal ion or a tertiary ammonium
group;
R4 is hydrogen, an amino protecting group;
RS is hydrogen, dialkylcarbamoyl; and
RS is hydrogen or trifluoromethyl;

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

10. The compounds
(6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-bydroxyiminoc-acetyl-
amino]-8-0zo-8-[(E)-(R)-2-0x0-[1,3]bipyrrolidinyl-3-ylidenemethyl}-5-thia-
1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
(6R,7R)-7-{(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-yl)-2-hydroxyimino-acetyl-
amino)-8-0x0-3-[(E)-(S)-2-0xo-[1,3’]bipyrrolidinyl-3-ylidenemethyl]-5-thia-
1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid,
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[err] . ih which Rlerr] is defined as in claim

salt thereof, the am no group and the carboxylic gr uﬁE"!pf%fé%\géﬁ f;ﬂE’EfT

compound of fornmula {1 may be unprotected or protect

carboxylic acid of the general fornula Il [err] in wﬁs& ﬁe»err]

i s hydrogen or an amino protecting group, Rlerr] is hydr gen,

cycl opentyl or a hydroxy protecting group-and X is as deli above, or.a

reactive functional derivative thereof, or (b) cleaving off the amno,

hydr oxy and/ or f > QPRSI ] rmula 'V

nyaroxy and/ o emarRRIN(Z! @%segﬁﬁ&mwma&a%mwmd% TRgedy®
amino]-3-[(E)-(R)-1"-iminomethyl-2-0xo-[1,3"]bipyrrolidinyl-3-

ylidenemethyl]-8-0x0-5-thia-1-aza-bicyclo(4.2.0]oct-2-ene-2-carboxylic acid,

(6R,7R)-7-[(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimine-acetyl-
amino]-3-[(E)-( (R)-1"-carbamimidoyl-2-ox0-{1,3']bipyrrolidinyl-3-
ylidenemethyl)]-8-ox0-5-thia-1-aza-bicyclo[4.2.0}oct-2-ene-2-carboxylic
acid,
(6R,7R)-7-{(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimine-acetyl-
amino]-3-((E)-1-azetidin-3-ylmethyl-2-oxo-pyrrolidin-3-ylidenemethyl]-8-
oxo-5-thia-1-aza-bicyclo[4.2.0]act-2-ene-2-carboxylic acid,
(6R,7R)-7-1(Z)-2-(5-Amino-[1,2,4]thiadiazol-3-y1)-2-hydroxyimino-acetyl-
amino]-3-[(E)-5’-hydroxymethyl-2-0x0-[1,3"Ibipyrrolidinyl-3-
ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid.

_11. Process for the manufacture of compounds of formula I, which

process comprises treating a compound having the formula II

HaN 3
N\ _
I N—-R2
O/.—N
COH o I

in which R2 is defined as in claim 1, or an ester or a salt thereof, the amino
group and the carboxylic groups present the compound of formula II may be
unprotected or protected, :

with a carboxylic acid of the general formula III

_ORY

N—QLCOOH

X
RHN 7 m

in which Rfis hydrogen or an amino protecting group, R!'is hydrogen,
cyclopentyl or a hydroxy protecting group and X is as defined above, ora
reactive functional derivative thereof, or

(b) cleaving off the amino, hydroxy and/or carboxy protecting group in a

compound having the formula IV
I



in-which Rlerr] i's as defined above, Rlerr] is hydrogen
protecting group, Rl err]"is hydrogen or a hydroxy prqt
Rl err] is hydrogen or a carboxy protecting group, prqviided

| east one of Rlerr] , Rerr]" and Rh is a corresponding
group, or a salt thereof. 12. The %orrpound of formul a
(2)-(5-Am no-[1, 2,4]thiadi azol - 3-yl ) - tr5’|tyI oxyi m no-t hi ofcetic

S- benzot hi azol -2-yl ester. 13. A pharmaceutical preparation
contai ning a conpound according to any one of clains 1 to 10 and a
therapeutically inert carrier, particularly for the treatnent and
prophyl axi s of infectious diseases. 14. The use of the conpounds
according to any one of clains 1 t@‘lo for the manufacture of medi canents
for the treatment and prophyl axis @ infectious diseases caused by

bacteri al pathogens in particul ary rret,_pi cillin resistent Staphylocci aures
(MRSA) nd Pseudonobnas aer ugi npsa N\ .S
RFHN_EP ‘ pb—n _.RZ
CooRM 0O v

in which R2is as defined above, Rf is hydrogen or an amino protecting group,
R1"is hydrogen or a hydroxy protecting group, Rh is hydrogen or a carboxy
protecting group, provided that at least one of Rf, R!” and R is a corresponding
protecting group,

ot a salt thereof.
12. The compound of formula IIla (Z)-(5-Amino-[1,2,4]thiadiazol-3-yl)-

trityloxyimino-thioacetic acid S-benzothiazol-2-yl ester.

13. A pharmaceutical preparation containing a compound according
to any one of claims 1 to 10 and a therapeutically inert carrier,
particularly for the treatment and prophylaxis of infectious diseases.

14. The use of the compounds according to any one of claims 1 to 10

in the treatment and prophylakis of infectious diseases caused by bacterial

pathogens in particular methicillin resistent Staphylococci aureus

(MRSA) and Pseudomonas aeruginose.or for the manufacture of
medicaments for the treatment and prophylaxis of infectious diseases

caused by bacterial pathogens in particular methicillin resistent

Staphylococei aureus (MRSA) and Pseudomonas geruginosa.
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fl H .
N\!I/Ler\__[/
RHN I —R2

lcczoa R0 v
in which R?is as defined above, Rf is hydrogen or an amino protecting group,
115 hydrogen or a hydroxy protecting group, Rb is hydrogen ot a carboxy
protecting group, provided that at least one of Rf, R!"and R is a corresponding

protecting group,
or a salt thereof,

12. The compound of formula IIla (Z)~(5-Amino-[1,2,4]thiadiazol-3-y1)-
trityloxyimino-thioacetic acid S-benzothiazol-2-yl ester.

13. A pharmaceutical preparation containing a compound according
to any one of claims 1 to 10 and a therapeutically inert carrier,
particularly for the treatment and prophylaxis of infectious diseases.

14. The use of the compounds according to any one of claims 1 to 10 for
the manufacture of medicaments for the treatment and prophylaxis of
infectious diseases caused by bacterial pathogens in particular methicillin
resistent Staphylococei aurens (MRSA) and Pseudomonas geruginosa.
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