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Cephalosporin Derivatiyes 

• 
The present invention relates to cephalosporin derivatives of the general 

5 

formula I 

.,.OH 

y)\-)1:) CHf'N-R1 

H:iN S 0 ·~ '1(. 
COCH 0 

wherein 

Rl is a group selected from 2-, 3- and 4-hydroxyphenyl, 2- and 3-

methoxyphenyl, 4-carboxyphenyl, 4-carbamoylphenyl, 3-trifluoro­

methylphenyl, 2- and 3-fluorophenyl, 3-nitrophenyl, 3-fluoro-4-

10 hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 3-fl.uoro-2-hydroxy­

phenyl, 3-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 3-hydroxy­

benzyl, 4-aminobenzyl, 2-, 3- and 4-fluorobenzyl, 2-, 3- and 4-

methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-trifl~orom~~yl-

l5 

benzyl, 1-naphthyl and 2-napht\lyl,;all hycif9xy, atirl,no, carboxy and 

carbamoyl substituents optionatli,. ~~'.sub~tihite·d: ~~is pyridinyl 

mono-substituted with halogen, pyrimidyl, pyrazinyl di-substituted 

with lower alkyl, pyridazinyl mono-substituted with halogen, 

piperidinyl in which the amino group may be substituted by an acyl 

group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl mono­

substituted with lower alkoxycarbonyl or carbam.oyl, tetrazolyl­

lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl-lower alkyl 

or benzimidazolyl-lower alkyl; and 

R is carboxy or esterified carboxy; 
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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. 
In above compounds of formula I the substituent in position 3 can be 

5 present in the E-form, see formula Ia or in the Z-form, see formula lb: 

~N-R1 Ia 

0 
Q R1 

l..I:)J lb 

The compounds of the formula I are preferably in the E-form. 

The substituent in "substituted carboxy" is a group conventionally used 

10 to replace the acidic proton of a carboxylic acid. Examples of such groups are 

benzhydryl, tert-butyl, triphenylmethyl, 4-nitrobenzyl, 4-metho:xybenzyl and 

allyl. 

The substituent in "substituted hydroxy" is a group conventionally used 

to replace the proton of a hydroxy group. Examples of such groups are tert­

l5 butyloxycarbonyl, triphenylmethyl, tert-butyldimethylsilyl, and the like. 

The substituent in "substituted amino" and "substituted carbamoyl'' is 

a group conventionally used to replace the proton of an amino group. 

Examples of such groups are benzhydryl, allyloxycarbonyl, tert-butyloxy­

carbonyl, succinyl and the like. 

m As used herein, the term "lower alkyl" refers to both straight and 

branched chain saturated hydrocarbon groups having 1 to 8 and preferably 1 

to • carbon atoms, for example, methyl, ethyl, n-propyl, isopropyl, tertiary 

butyl and the like. Most preferred are methyl and ethyl. 

As used herein, the term "lower alkenyl'' refers to hydrocarbon chain 

25 radicals having from 2 to 8 carbon atoms, preferably from 2 to 4 carbon 

atoms, and having at least one olefinic double bond, e.g. allyl, vinyl etc. Most 

preferred is allyl. 

By the term '1ower alkoxycarbonyl" as utilized herein is intended a 
moiety of the formula Ra-0-CO-, wherein Ra is lower alkyl, preferably ethyl. 

m .BY the term "carbamoyl" as utilized herein is intended a moiety of the 

formula -CO-NR2&3, wherein R2 and R3 signify hydrogen or lower alkyl. 
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The nitrogen atom in the piperidinyl-ring can be substituted by an acyl 

group, conveniently by lower alkoxycarbonyl such as ethoxycarbonyl, by 

lower alkenyl-oxycarbonyl such as allyloxycarbonyl or by a carboxy-lower­

alkanoyl group, such as the succinate-residue of the formula HOOC-CH2-

5 CH2-CO-. 

As used herein, "halogen" refers to bromine, chlorine, fluorine or 

iodine, respectively. Chlorine is preferred. 

Preferred compounds of formula I are compounds wherein Rl is a 

group selected from 2-, 3- and 4-hydroxyphenyl, 2- and 3-methoxyphenyl, 4-

10 carboxyphenyl, 4-carbamoylphenyl, 3-trifl.uoromethylphenyl, 2- and 3-fluoro­

phenyl, 3-nitrophenyl, 3-fluoro-4-hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 

3-fluoro-2-hydroxyphenyl, 3-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 3-

hydroxybenzyl, 4-aminobenzyl, 2-, 3- and 4-:0.uorobenzyl, 2-, 3- and 4-

methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-trifluoromethylbenzyl, 1-

15 naphthyl and 2-naphthyl, all hydroxy, amino, carboxy and carbamoyl 

substituents optionally being substituted; and R is as defined above. 

Especially preferred compounds of formula I are compounds wherein 

Rl is a group selected from 4-hydroxyphenyl, 3-nitrophenyl, 3-fluoro-4-

. hydroxyphenyl, benzyl, 3-hydroxybenzyl, 4-aminobenzyl and 4-

m (succinylamino)benzyl. 

25 

Preferred compounds of formula I include: 

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

[(E)-1-( 4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-

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

(6R,7R)-7-[(Z)-2-(2-Amino-tbiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-

(3-nitro-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-tbia-1-aza-bicyclo­

m [ 4.2.0]oct-2-ene-2-carboxylic acid 
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(6R, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-

(3-fluoro-4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-

5 aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
,OH 

_)l_~ s F 

H,NJ) ~ O:tr~N-d-CH 
CD0H O 

(6R, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-(hydroxyiminoacetylamino]-3-

[(E)-1-(4-aminobenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-

10 azabicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid and 

(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyiminoacetylamino]-3-, 
l5 [(E)-1-(3-hydroxybenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-

1-azabicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid. 

ID A further preferred group of compounds of formula I are compounds 

wherein Rl is pyridinyl mono-substituted with halogen, pyrimidyl, pyrazinyl 

di-substituted with lower alkyl, pyridazinyl mono-substituted with halogen, 

piperidinyl in which the amino group may be substituted by an acyl group, 
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tbiadiazolyl, oxo-tetrahydrofuranyl, tbiophenyl mono-substituted with lower 

alkoxycarbonyl or carbamoyl, tetrazolyl-lower alkyl, tetrahydrofuranyl-lower 

alkyl, tbiophenyl-lower alkyl or benzimidazolyl-lower alkyl. 

Especially preferred are compounds of formula I wherein Rl is 2-

5 chloro-pyridin-3-yl, l-pyrimidin-2-yl, 3,5-dimethylpyrazin-2-yl, 6-chloro­

pyridazin-3-yl, l-piperidin-4-yl, l-ethoxycarbonyl-piperidin-4-yl, 1-

allyloxycarbonyl-piperidin-4-yl, l-carboxypropionyl-piperidin-4-yl, 1,3,4-

thiadiazolyl-2-yl, 2-oxo-tetrahydrofuranyl-3-yl, 3-ethoxycarbonyltbiophen-2-

yl, 3-carbamoyl-tbiophen-2-yl, lH-tetrazol-5-yl-methyl, tetrahydrofuran-2-yl-

ro methyl, tbiophen-2-yl-methyl or lH-benzimidazol-2-yl-methyl. 

Most preferred are compounds of the general formula I wherein Rl is 

1,3,4-thiadiazolyl-2-yl, lH-benzimidazo -2-yl-methyl or 1-piperidin-4-yl. 

The most preferred compounds of formula I include: 

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

l5 [(E)-1-(lH-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-

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

ID (6R, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-oxo-3-

[(E)-2-oxo-1-piperidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
I 

bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid 

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

oxo-3-[(E)-2-oxo-l-(l,3,4-thiadiazol-2-yl)-pyrrolidin-3-ylidenemethyl]-5-

thia-1-aza-bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid 
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The invention also relates to pharmaceutical compositions and methods 

of use of the above. 

5 As used herein pharmaceutically acceptable salts useful in this 

invention include salts derived from metals, the ammonium salt, 

quaternary ammonium salts derived from organic bases, and amines and 
amino acid s~ts. Examples of preferred metal salts are those derived from 
the aJkali metals, for example, lithium (Li+), sodium (Na+) and potassium 

10 (K+), and from the aJkaJine earth metals, for example, calcium (Ca++) and 

magnesium. (Mg++), although cationic forms of other metals, such as iron 
(Fe++ or Fe+++), aluminium (AI+++), and zinc (Zn++) are within the scope 

of this invention. Examples of quaternary ammonium salts derived from 
organic bases include tetramethylammonium (N+(CH3)4), tetraethyl-

l5 ammonium (N+(CH2CH3)4), benzyltrimethylammonium 
(N+(C&H5CH2)(Clls)s), phenyltriethylammonium (N+(Cali5)(CH2CH3)3), and 

the like. Those salts derived from amines include salts with N-ethyl­
piperidine, procaine, dibenzylamine, N,N'-dibenzylethylenediamine, alkyl­

amines or dialk.ylamines and those derived from amino acids include, for 

a> example, salts with arginine or lysine. 

As readily hydrolyzable esters of the compounds of formula I there are 
to be understood compounds of formula I, the carboxy group(s) of which 
is/~ present in the form of readily hydrolyzable ester groups. Examples of 
such esters, which can be of the conventional type, are the lower alkanoyl-

~ oxy-alkyl esters (e.g., the acetoxymethyl, pivaloyloxymethyl, 1-acetoxyethyl 
and 1-pivaloyloxyethyl ester), the lower alkoxycarbonyloxyalkyl esters (e.g., 
the methoxycarbonyloxymethyl, 1-ethoxycarbonylo:xyethyl and 1-isopropyl­
oxycarbonyloxyethyl ester), the lactonyl esters (e.g., the phthalidyl and thio­

phthalidyl ester), the lower alkoxymethyl esters (e.g., the methoxymethyl 

oo ester) and the lower aJkanoylaminomethyl esters (e.g., the acetamidomethyl 
ester). Other esters (e.g., the benzyl and cyanomethyl esters) can also be 
used. Other examples of such esters are the following: (2,2-dimethyl-1-
oxopropoxy)methyl ester; 2-[(2-methylpropoxy)carbonyl]-2-pentenyl ester; 1-
[[(1-methylethoxy)carbonyl]oxy] ethyl ester; 1-(acetyloxy) ethyl ester; (5-
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methyl-2-oxo-1,3-dioxol-4-yl) methyl ester; .1-[[(cyclohexyloxy)carbonyl]oxy] 
ethyl ester; and 3,3-dimethyl-2-oxobutyl ester. It will be appreciated by those 
of ordinary skill in the art that the readily hydrolyzable esters of the 
compounds of the present invention can be formed at a free carboxy group of 

5 the compound, for example, at the carboxy group in position 2. 

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. 

JO The compounds of the present invention are useful as antibiotics having 
potent and broad antibacterial activity. They also possess good oral 
absorption properties. 

The products in accordance with the invention can be used as 
medicaments, for example, in the form of pharmaceutical preparations for 

l5 enteral (oral) administration. The products in accordance with the invention 
can be administered, for example, perorally, such as in the form of tablets, 
coated tablets, dragees, hard and soft gelatine capsules, solutions, 
emulsions or suspensions, or rectally, such as in the form of suppositories. 

Pharmaceutical compositions containing these compounds can be 
ID prepared using conventional procedures fam;Jiar to those skilled in the art, 

such as by combining the ingredients into a dosage form together with 
suitable, non-toxic, inert, therapeutically compatible solid or liquid carrier 
materials and, if desired, the usual pharmaceutical adjuvants. 

It is contemplated that the compounds are ultimately embodied into 
25 compositions of suitable oral or parenteral dosage forms. The compositions 

of tlrls invention can contain, as optional ingredients, any of the various 
adjll:vants which are used ordinarily in the production of pharmaceutical 
preparations. Thus, for example, in formulating the present compositions 
into the desired oral dosage forms, one may use, as optional ingredients, 

oo :fillers, such as coprecipitated aluminum hydroxide-calcium carbonate, 
dicalcium phosphate or lactose; disintegrating agents, such as maize 
starch; and lubricating agents, such as talc, calcium stearate, and the like. 
It should be fully understood, however, that the optional ingredients herein 
named are given by way of example only and that the invention is not 

35 restricted to the use hereof. Other such adjuvants, which are well known in 
the art, can be employed in carrying out this invention. 
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Suitable as such caITier materials are not only inorganic, but also 

organic carrier materials. Thus, for tablets, coated tablets, dragees and hard 

gelatine capsules there can be used, for example, lactose, maize starch or 

derivatives thereof, talc, stearic acid or its salts. Suitable carriers for soft 

5 gelatine capsules are, for example, vegetable oils, waxes, fats and semi-solid 

and liquid polyols (depending on the nature of the active substance; no 

carriers are, however, required in the case of soft gelatine capsules). 

Suitable carrier materials for the preparation of solutions and syrups are, 

for example, water, polyols, saccharose, invert sugar and glucose. Suitable 

JO carrier materials for suppositiories are, for example, natural or hardened 

oils, waxes, fats and semi-liquid or liquid polyols. 

As pharmaceutical adjuvants there are contemplated the usual 

preservatives, solubilizers, stabilizers, wetting agents, emulsifiers, 

sweeteners, colorants, flavorants, salts for varying the osmotic pressure, 

l5 buffers, coating agents and antioxidants. 

The compounds of formula I and their salts, or hydrates, can preferably 

be used for parenteral administration, and for this purpose are preferably 

made into preparations as lyopbilisates or dry powders for dilution with 

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

2D Depending on the nature of the pharmacologically active compound the 

pharmaceutical preparations can contain the compound for the prevention 

and treatment of infectious diseases in mammals, human and non-human, 

a daily dosage of about 10 mg to about 4000 mg, especially about 50 mg t.o 
about 3000 mg, is usual, with those of ordinary skill in the art appreciating 

25 that the dosage will depend also upon the age, conditions of the mammals, 

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

adJrrinistered 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. 

3> Representative compounds of the present invention were tested. 

In vitro activity was determined by minimum inhibitory concentration 

in a microorganism spectum by the agar dilution method in Mueller Hinton 

agar. 

The following compounds were tested: 

35 A : (GR, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyiminoacetyl­

amino]-3-[(E)-1-(4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-

oxo-5-thia-1-azabicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid, 
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B: (GR, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-(hydroxyiminoacetyl­

amino]-3-[(E)-1-(3-nitro-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-

5-thia-1-azabicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid, 

C: (GR, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-(hydroxyiminoacetyl­

amino]-3-[(E)-1-(3-fluoro-4-hydro:xy-phenyl)-2-oxo-pyrrolidin-3-ylidene­

methyl]-8-oxo-5-thia-1-azabicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid 

trifluoroacetate, 

D: (GR,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-(hydroxyiminoacetyl­
amino]-3-[(E)-1-( 4-aminobenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-
oxo-5-thia-1-azabicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate, 

and 

E: (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-(hydroxyiminoacetyl­

amino]-3-[(E)-1-(3-hydroxybenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-

oxo-5-thia-1-azabicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid tritluoroacetate . 

.m F : (GR, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-
oxo-3-[(E)-2-oxo-1-(1,3,4-tbiadiazol-2-yl)-pyrrolidin-3-ylidenemethyl]-5-thia-1-

aza-bicyclo[4.2.0]oct-2-ene-2-carbo:xylic acid trifluoracetate ( 1:1) 

G: (GR, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-

2> oxo-3-[(E)-2-oxo-1-piperidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza­

bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid hydrochloride (1:2) 
I 

. H: '. (GR, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino­
acetylamino]-3-[(E)-1-(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-

oo ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo[ 4.2.0]oct-2-ene-2-carboxylic 
acid trifluoracetate (1:1:1) 
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The antibacterial spectrum appears below: 

Antibacterial Spectrum (MIC, µglml) 
A B c D E F G H I n 

S.aureus 6538 0.25 0.25 0.5 1 0.5 1 1 1 0.5 4 

S. Cllll"ellB '134 MBSA 4 4 4 8 l6 l6 8 8 >32 >32 

&p,ogenes B15 S0.06 S0.06 S0.06 S0.06 S0.12 S0.06 S0.06 S0.06 S0.06 S0.06 

8pneumaniae Q19 0.12 S0.06 S0.06 S0.06 S0.06 S0.06 S0.12 S0.12 0.25 S0.06 

~QD4. 0.25 0.5 0.06 0.25 0.12 0.25 0.25 0.25 0.25 S0.06 

S.uiridans group 018 0.25 1 0.12 0.5 0.5 0.5 S0.12 0.5 2 0.25 

E.faecaliB 8 0.5 0.25 1 1 0.5 1 1 2 8 >32 

L.num.ocytogenes 4 4 1 4 2 4 4 4 l6 >16 
BB2S 

H.in.fl'llell%tJe 1 0.25 0.5 nd nd nd nd nd nd 0.5 <0.06 

M.eatarrhalis BA21 l6 >16 nd 4 2 >16 2 4 1 1 

N.meningitiilis 69480 S0.06 S0.06 nd nd nd nd nd nd S0.06 <0.01 

B.«iti25tm S0.06 0.12 0.12 0.25 S0.12 0.12 S0.06 0.12 0.25 S0.06 

Kpn.eumaniae418 S0.06 o~ 0.12 0.25 0.25 0.25 S0.06 0.12 0.12 S0.06 

B.eloa«le~ 0.25 0.25 0.5 0.5 0.5 1 0.25 0.5 32 0.25 

E.eloacae 908R l6 2 32 >32 8 >32 4 4 >32 >32 

C.freundii !m nd 0.12 . 0.12 0.25 0.25 0.12 S0.06 0.12 l6 0.25 

C.;/rellnilii 43 4 1 4 8 4 8 2 2 >32 32 

P.mirabilis2117 S0.06 0.12 S0.06 0.12 S0.06 0.25 S0.06 0.25 0.12 S0.06 

P.vulgaris 1028 32 16 8 >32 l6 >32 >32 16 1 0.12 

M.morganii &H-137 S0.06 S0.06 S0.06 0.12 S0.06 0.5 S0.06 0.25 8 S0.06 

~89438 0.5 1 1 1 0.5 32 1 1 16 0.25 

p .IJl!l"Ul1inom 27853 4 16 4 >32 8 >32 8 >32 >32 16 

x.maltophilia 1AC739 >32 >32 >32 >32 >32 >32 >32 >32 >32 >32 

Aeinetobaeter sp.51.- l6 16 32 32 32 >32 32 >32 >32 32 
1S8 

B.fragilia ATCC25285 4 2 nd 8 8 nd 16 8 
P.asaeeharolytU:us 0.25 S0.12 nd 1 S0.12 nd 1 1 
2W743 

C.difficUe ZHl 8 16 nd l6 4 nd 16 16 

MIC : Minimum Inhibiting Concentration Values 

I (Cefdinir ): [6R-[6a, 7f3(Z)]]-7-(2-Amino-4-thiazolyl)[(hydroxyimino)]­

acetyl] amino]-3-ethenyl-8-oxo-5-thia-1-azabicyclo-[ 4.2.0]oct-
2-ene-2-carbo:xylic acid 

II (Ceftriaxone): [6R-[6a, 7f3(Z)]]-7-([[2-Amino-4-thiazolyl)(methoxyimino)­

acetyl] amino]-8-oxo-3-[(l,2,5,6-tetrahydro-2-methyl-5,6-
dioxo-1,2,4-triazin-3-yl)thio] methyl]-5-tbia-1-azabicyclo­
[ 4.2.0]oct-2-ene-2-carboxylic acid 
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The compounds of the formula I in accordance with the invention as 

well as their pharmaceutical acceptable salts, hydrates, or readily hydroly­

zable esters can be manufactured in accordance with the invention by 

(a) treating a compound having the formula II 

H:~~CH==9N-R1 Il 

COORh O 

in which Rl is as defined for formula I, and Rh is hydrogen or a 

carboxy protecting group 
or an ester or salt thereof, 
with an acylating agent of the general formula m 

N--..J!.-CJR2 ill 

RfHN-fl_) 'cor 
m s 

l5 

or 

in which 

R2 

R3 

is hydrogen or a hydroxy protecting group; and 

is hydroxy or an activating group such as 1-

hydroxybenzotriazole or 2-benzothiazolylthio, 

is hydrogen or an amino protecting group 

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

compound having the formula IV 
,oR2 

;:/r)=() CH-1'N-R1 

IillN s o ~ --y· IV 
CCX>R1' 0 

in which Rl is defined as above, Rf is hydrogen or an 

aminoprotecting group, R2 is hydrogen or a hydroxy prote~ 

group, Rh is hydrogen or a carboxy protecting group, provided that 

at least one of Rf, R2 and Rh is a corresponding protecting group 

2> or a salt thereof, 
or 
(c) for the manufacture of a readily hydrolyzable ester of a compound of 

formula I subjecting a carboxylic acid of formula I to a corresponding 

esterification, 
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or 
(d) for the manufacture of salts or hydrates of a compound of formula I or 

hydrates of said salts converting a compound of formula I into a salt or 

hydrate or into a hydrate of said salts. 

The carboxy group in the compounds of formulae II and IV can be 

protected; for example, by esterification to form a readily cleavable ester such 

as a silyl ester (e.g. the trimethylsilyl ester) or benzhydryl ester. The carboxy 

group can also be protected in the form of one of the aforementioned readily 

10 hydrolyzable esters. Furthermore, the carboxy group can be protected by salt 

formati~n with an inorganic or tertiary organic base such as triethylamine. 

Possible carboxy protecting groups Rh are e.g. benzhydryl, t-butyl, p­

nitrobenzyl, p-µiethoxybenzyl, allyl. 

The 7-amino group in the compounds of formula II can be protected, for 

l5 example, by a silyl protecting group such as the trimethylsilyl group. 

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

protected. 

Possible amino protecting groups Rf are, for example, protecting 

groups which are cleavable by acid hydrolysis (e.g. the tert.butoxycarbonyl or 

m trityl group) or by hydrazinolysis (e.g. the phthalimido group). Other 

protecting groups are the phenylacetyl group, the cbloroacetyl, bromoacetyl 

and iodoacetyl group. 

The carboxy group in the compounds of formula m can be activated 

with known reagents, preferably thionyl chloride, oxalyl chloride, 

25 dicyclohexylcarbodiimide, bis-[benzthiazolyl-(2)]disulfide, N-hydroxy 

benzotriazole or a 2-halo N-methylpyridinium salt. 

· Possible activating groups R3 are, for example, benzothiazolyl-2-thio, or 

1-hydroxybenzotriazolyl. 

Possible hyroxy protecting groups R2 are, for example, acetyl, tetra-

3> hydropyranyl, or trityl. 

The reaction of compounds of the formulae II and m according to 

embodiment (a) can be carried out in a manner known per se. 

For example, an activated carboxylic acid of the formula m can be 

reacted with a salt of an acid of the formula II ( e.g. trifluoracetate). The 

35 reaction is carried out with or without a base (inorganic or organic bases) 

depending on the method of activation and a wide range of solvents, from 
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water and water-miscible solvent t.o inert solvents such as chloroform, 

dimethylformamide (DMF) or dimethylsulfoxide (DMSO) can be used. 

The reaction of a 7-amino compond of formula II with the activated 

carboxylic acid of formula m can conveniently be carried out at a 

5 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 protecting groups) of protected amino, hydroxy or 

carboxylic groups present in a compound of formula IV and can be carried 

and as follows: 

ro Bemoyal of amino protectinr myps 
Possible amino-protecting groups are those employed in peptide 

chemistry, such as an alkoxycarbonyl group, e.g., tert-but.oxycarbonyl, etc., 

a substituted alkoxycarbonyl group, e.g., trichloroethoxycarbonyl etc., an 

optionally substituted aralkyloxycarbonyl group, e.g., 4-nitrobenzyloxy-

15 carbonyl or benzyloxycarbonyl, an aralkyl group such as trityl or benzhydryl 

or a halogen-alkanoyl group such as chloroacetyl, bromoacetyl, iodoacetyl, 

trifluoroacetyl or phenylacetyl. 

Preferred protecting groups are tert-butoxycarbonyl (t-BOC) and trityl. 

The amino protecting groups may be cleaved off by acid hydrolysis (e.g. 

m the tert-butoxycarbonyl or trityl group), e.g. aqueous formic acid. The 

chloroacetyl, bromoacetyl and iodoacetyl groups are cleaved off by treatment 

with thiourea and the phenylacetyl group by treatment with PCl5 or by 

enzymatic catalysis. 

Amino-protecting groups which are cleavable by acid hydrolysis are 

2> preferably removed with the aid of a lower alkanecarboxylic acid which may 

be halogenated. In particular, formic acid or trifluoroacetic acid is used. The 

reaction is carried out in the acid or in the presence of a co-solvent such as a 

halogenated lower alkane, e.g. methylene chloride. The acid hydrolysis is 

generally carried out at room temperature, although it can be carried out at 

ro a slightly higher or slightly lower temperature (e.g. a t.emperature in the 

range of about -30°C to +40°C). The chloroacetyl, bromoacetyl and iodoacetyl 

protecting groups can be cleaved off using thiourea in acidic, neutral or 

alkaline medium at about 0°C-30°C, phenylacetyl by treatment with PC}s. 

Removal of hydroxv protectinEr groups 

35 Possible hydroxy protecting groups are such ·as are commonly known in 

the art, e.g. 
- for protection of hydroxy groups (R2 = protecting group in compounds of 
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formula IV), usually trityl, lower alkanoyl, preferably acetyl, tetrahydro­

pyranyl protecting groups are employed 
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 tri:Ouoroacetic acid at about -20 to 

25°C; 

-acetyl 

in organic solutions of hydrochloric acid at about -50 to 

25°C; 
with weak inorganic bases like sodium bicarbonate in 

methanol/water at about O to 50°C; 

-tetrahydropyranyl with weak organic acids like 4-toluenesulfonic acid in 

an alcohol, e.g. methanol or ethanol, at about 0°C to the 

boiling point of the mixture. 

Removal of protectine- mups at the carboxv functfon 

15 As ester protecting groups one may utilize an ester form which can be 

easily converted into a free carboxyl group under mild conditions, the ester 

protecting group being exemplified by, for example, tert-butyl, 4-nitrobenzyl, 

p-methoxybenzyl, benzhydryl, allyl, etc. 
These protecting groups may be removed as follows: 

m - benzhydryl trifluoroacetic acid with anisol, phenol, cresol or 

triethylsilane at about -40°C to room temperature; 
hydrogen with Pd/C in an alcohol such as ethanol or in 
tetrahydrofuran; BFs-etherate in acetic acid at about 0 to 

25 - tert-butyl 
50°C; 
formic acid or trifluoroacetic acid with or without 
anisol, phenol, cresol or triethylsilane and a solvent 
such as dichloromethane at about -10°C to room 
temperature; 

- 4-nitrobenzyl sodium sulfide in acetone/water at about 0 to room 

oo temperature; or hydrogen with Pd/C in an alcohol such 
as ethanol or in tetrahydrofuran; 

- 4-methoxybenzyl formic acid at about 0 to 50°C; or trifluoroacetic acid and 

3) - allyl 

anisol, phenol or triethylsilane at about -40°C to room 

temperature; 
palladium(O) catalyzed transalkylation reaction in the 

presence of e.g. sodium or potassium salt of 2-ethyl 

hexanoic acid, see for example J. Org. Chem. 1982, il, 
587 or with tributyl-stannous hydride [(C'119)3SnH]. 
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In order to manufacture a readily hydrolyzable ester of the carboxylic 

acids of formula I in accordance with embodiment (c) of the process provided 

by the present invention, a carboxylic acid of formula I is preferably reacted 

with a corresponding halide, preferably an iodide, containing the desired 

5 ester group. The reaction can be accelerated with the aid of a base such as an 

alkali metal hydroxide, an alkali metal carbonate or an organic amine such 

as triethylamine. The esterification is preferably carried out in an inert 

organic solvent such as dimethylacetamide, hexamethylphosphoric acid 

triamide, dimethyl sulfoxide or, especially, dimethylformamide. The 

lO reaction is preferably carried out at a temperature in the range of about 

0-40°C. 

The manufacture of the salts and hydrates of the compounds of formula 

I or the hydrates of said salts in accordance with embodiment (d) of the 

process provided by the present invention can be carried out in a manner 

l5 known per se; for example, by reacting a carboxylic acid of formula I or a 

salt thereof with an equivalent amount of the desired base, conveniently in a 

solvent such as water or an organic solvent (e.g. ethanol, methanol, acetone 

and the like). Correspondingly, salt formation is brought about by the 

addition of an organic or inorganic salt. The temperature at which the salt 

m formation is carried out is not critical. The salt formation is generally 

carried out at room temperature, but it can be carried out at a temperature 

slightly above or below room temperature, for example in the range of 0°C to 

+50°C. 

The manufacture of the hydrates usually takes place automatically in 

25 the course of the manufacturing process or as a result of the hygroscopic 

properties of an initially anhydrous product. For the controlled manufacture 

of a hydrate, a completely or partially anhydrous carboxylic acid of formula I 

or salt thereof can be exposed to a moist atmosphere (e.g. at about + 10°C to 
+40°C). 

oo Exemplary of the process for obtaining products in accordance with the 

invention are the following reaction schemes 1 and 2 below. 
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Scheme 1 

R'H~ 

_;.-(l -H 

<~> }o] 

R~X:~N-R' 
(6) 

l 
(S) 

(9) 

lor2+8~4 

5 The reaction of known 2-cephem aldehyde (1) or 3-cephem aldehyde (2) 
where Rr is a carboxy protecting group as defined above, e.g. benzhydryl 
ester, and Rf is an amino protecting group as defined above, e.g. tert. butyl­
carbonyl, with a Wittig reagent, exemplified by structure 3, yields the 
coupling product 4. The reaction is carried out in the presence of a base 

JD which is either an inorganic base (sodium or potassium hydroxide, sodium 
or potassium carbonate etc.), an organic base (tertiary amines), an 
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organolithium such as butyl lithium or phenyllitbium or an epo:xide such as 

1,2-butyleneoxide. The reaction in prese~ce of an epo:xide·is preferred. The 

preferred solvents, in the case of inorganic base being used, are water and 

water-miscible solvent (acetone, tetrahydrofuran, or alcohols etc.); in the 

5 case of organic base being used, an inert solvent such as methylene chloride, 

chloroform, benzene, tetrahydrofuran; in the case of organolithium being 

used, benzene or tetrahydrofuran; and in the case an epo:xide being used, the 

epo:xide itself (e.g. 1,2-butyleneoxide). The temperature for the reaction 

ranges from -20°C to 80°C. The preferred conditions are exemplified in the 

10 examples. 

In the normal Wittig Reaction according to scheme 1, the E isomer is 

the predominant product. Invariably, less than 10% Z-isomer is formed, the 

amount depending on the reagents and conditions. 

4--+5 

l5 Compound 4 is converted to the sulfo:xide 5 with an oxidizing agent 

which can be hydrogen peroxide or a peracid, preferably 3-chloroperbenzoic 

acid. The temperature ranges from -20°C to room temperature and any 

suitable solvent, preferably chlorinated hydrocarbon or benzene can be used. 

5--+6 

.m The de-oxygenation of the sulfoxide 5 is carried out in the presence of 

phosphorus tribromide in dimethylformamide or in the mixed solvent of 

· dimethylformamide and N-methylacetamide. The reaction temperature for 

the reaction is from about-78°C to about 0°C. 

6--+7 

2> , The protecting groups Rr and Rf are removed and the reaction 

conditions used are depending on the nature of the protectmg groups. In the 

case of Rf being tert-butoxycarbonyl and Rr being benzhydryl, trifluoroacetic 

acid and anisole or triethylsilane is employed, at temperature of about -20°C 

to about room temperature (about 22°C). 

m 7--+8 

The acylation of compound 7 can be carried out with an organic acid 

which is activated with known reagents, preferably thionyl chloride, oxalyl 

chloride, dicyclohexylcarbodiimide, bis-[benzthiazolyl-(2)]disulfide, N­

hydroxy-benzotriazole or a 2-halo N-methylpyridinium salt. The reaction is 

35 carried out with or without the base (inorganic or organic bases) depending 

on the method of activation and a wide range of solvents, from water and 

water-miscible solvent to inert solvents such as chloroform, dimethyl-
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formamide (D:MF) or dimethylsulfo:xide (DMSO) can be used. The 

substituents in the Rl group, if necessary, can be further deprotected with a 

reaction condition suitable for the removal of the protecting group. 

8-49 

5 The hydroxy prot.ecting group R2 group is removed with trifluoroacetic 

10 

acid and triethylsilane or 90% formic acid 

The Wittig reagent is prepared according to scheme 2 

Br 

Br~COCl 
(1) 

Br~ l'NR1 

Phal'~· 

0 

(4) 

Rl = as defined in formula I 
Ph=phenyl 

-Scheme 2 
Br 

Br~COOH 
(1') 

! 
l'NR1 

Br_.-y· 

0 

(3) 

The processes in scheme 2 are carried out as follows: 

l-42 

l5 The known dibromo acid chloride (1) can be converted to the amides (2) 

using the appropriate amines or aminehydrohalides and inorganic bases 

such as sodium or potassium hydroxide, sodium or potassium carbonate 

etc., organic bases such as sodium metho:xide, pyridines or tertiary amines 



I 
! 

-19-

such as triethy]amine, diisopropylethylamine etc. The reaction is carried out 

in biphasic solvent mixtures like water/dichloromethane or water/chloro­

form etc., when inorganic bases are used. In case of organic bases or 

tertiary amines being used, an inert solvent such as methylene chloride, 

5 chloroform, benzene, tetrahydrofu.ran etc. is preferred. The reactiori­

temperatures range from -10°C to 100°C. 

1'-+2 
The known dibromo acid (1') which is activated with known reagents, 

e.g. with dicyclohexylcarbodiimide can be converted to the amides (2) using 

10 the appropriate amines and organic bases such as dimethylaminopyridine. 

The reaction is carried out in an inert solvent such as dimethylformamide, 

dichloromethane or acetonitrile. 

2-+3 

Cyclization of the N-substituted dibromoamides (2) can be accomplished 

l5 under the usual phase transfer catalytic conditions using catalysts like 

Dowex 2x10, tetraalkylammonium salts, tetraalk.ylarylammonium salts, 

crown ethers etc. with bases like aqueous sodium or potassium hydroxide, 

sodium or potassium carbonate etc. 

Alternatively, strong bases like sodium hydride, lithium diisopropyl-

a> amide, potassium tert-butoxide can be used in solvents like tetrahydrofuran, 

dichloromethane, dimethoxyethane or diethylether at reaction temperatures 

between -78°C and +80°C. 

1-+3 

The direct conversion of the acid chlorides into the bromolactams is 
2> pos~ble when the first step (1 -+ 2) is carried out in biphasic solvent 

mixtures like water/dichloromethane or water/chloroform etc. together with 

sodium or potassium. hydroxide as base. A catalyst like Dowex 2x10, 

tetr&lkylammonium. salts, tetraalkylarylammonium salts, crown ethers etc. 

is added when the amide (2) has formed according to TLC or HPLC analysis. 

m The temperatures range between 0°C and 50°C. 

Alternatively, the direct conversion of the acid chlorides into the 

bromolactams can be carried out without catalyst using the appropriate 

amino-compound in an organic base such as pyridine, dimethylamino­

pyridine, triethylamine or in aqueous potassium carbonate. 

35 3-+4 

The triphenylphosphonium salts (4) can be prepared by treating the 

bromolactams with· triphenylphosphine in solvents like tetrahydrofuran, 
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toluene, benzene, ethylacetate, dichloromethane, dichloroethane, chloro­

form, acetone etc. at temperatures between 0 and 150°C. 

'Examples 

5 L Convemion of a Dibromo acidcbJmides t.o the amides (Scheme 2, 1~2) 

LL Using an organic base 

10 

1.LL Pmpamtionof carbonic acid (RS)-4-(2,4-dibrombutyrylamino)-phenyl 

esterf.ert.butyl ester 

Br 

Br~COCI 

To a solution of15.7 g (75 mmol) carbonic acid-(4-amino-phenyl)-ester tert­

butyl ester (prepared according to Can. J. Chem. 68, 153 (1985)) in 200 ml 
dichloromethane and 11.13 ml (80 mmol) triethylamine was added a solution 

l5 of 21.15 g (80 mmol) 2,4-dibromobutanoic acid chloridel> in 100 ml dichloro­

methane at-20 to -10°C. After 30 min the reaction mixture was extracted 

with water, the organic phase was dried over magnesium sulfate. After 

evaporation of the solvent, a colourless oil was obtained which was 

crystallized with diethylether/hexane to yield 21.24 g (66.8%) colourless 

m crystals. 
m.p.105-106°C; m (KBr):°1758, 1682 cm-1 

1) H. Ikuta et al., J. Med. Chem., 30, 1995 (1987) 

1.1.2. (BS)-4-(2,4-Dibromo-butyrylamino)-piperidine-1-earboxylic acid ethyl 

2> ester 

Br 
I pyridine 

Br~COCI ~ Br-J;Y1 n 
o ~N"'o~ 

To a solution of23.3 g (141 mmol) ethyl 4-aminopiperidine-1-carbo:xylate in 

m 400 ml dich.loromethane and 11.lg (141 mmol) pyridine cooled to-l0°C was 

added within 30 min dropwise a solution of 33.5 g (128 mmol) 2,4-

dibromobutanoic acid chloridel) in 130 ml dichloromethane. After 40 min at 

0°C, 350 ml of water were added, the organic solution was separated and 
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washed with water, sodium biearbonate solution and brine and dried over 

sodium sulfate. After evaporation of the solvent, a red oil was obtained which 
was crystallized from diethyl ether. 
yield 39.5 g (73%) yellowish crystals 

5 m.p. l24-l26°C 
IR (KBr): 1695, 1656, 1553 cm-1, MSCED: 318 CM-HBr)+ 
1) H. Ikuta et al., J. Med. Chem., 30, 1995 (1987) 

According to the procedure set forth in the preceeding example, the 

10 following additional compounds were prepared: 
1.1.3. (RS)-2,4-Dibromo-N-(3-nitro-phenyl)-butyramide 
m.p. 75-76°C, IR (KBr): 1677 cm.-1, MS CED 366 (M)+ 

1.1.4. (BS)-4-(2,4-Dibmmo-butyrylamino)-piperidine-1-carboxylic acid aDyl 

l5 ester 
IR (KBr): 1687, 1650, 1557 cm-1, MS (ISP): 412.9 (M+H)+ 

1.2. using an organic base 
1.2.L P.reparation of (BS)-2,4-Dibromo-N-(4-nitro-benzyl)-butyramide 

NOi 
Br ~ 1 _: Br~COCl -----Br... "" U 

0 

To a solution of 15. 7 g (83.2 mm.ol) 4-nitrobenzylamine-hydrochloride in 9 ml 
water was added 46 ml dichloromethane and the mixture was vigorously 

2> stirred. At o·c, a solution of 20 g (75. 7 mmol) 2.4-dibromobutanoic acid 
chloridel) in 11 ml dichloromethane was added, followed by a solution of 7 g 

sodium hydroxide in 11 ml water. After 5 h, the phases were separated and 
the aqueous phase was extracted with dichloromethane. The combined 
organic solutions were washed with 10% sodium bicarbonate solution and 

oo brine and were dried over magnesium sulfate. Evaporation of the solvent 
yielded an oil which was purified by silica gel chromatography (ethyl 
acetate:hexane = 1:1); yield: 22.1 g (70%) colourless crystals; IR(KBr): 1655, 
1515 cm.-1; MS(EI): 299 (M-Br) 

1) H. Ikuta et al., J. Med. Chem., 30, 1995 (1987) 
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1.2.2. (RS)-2,4-J>ibromo.N-cm-benzimidaml-2-ylmetbyl)-butyramide 

5 To a solution of 10.8 g (45.4 mmol) 2-(aminomethyl)-benzimidazol­

dihydrochloride in 5 ml water was added 25 ml dichloromethane and the 

mixture was vigorously stirred. At o·c, a solution of 10.9 g (41.2 mmol) 2,4-

dibromobutanoic acid chloridel) in 10 ml dichloromethane was added, 

followed by a solution of 5.45 g sodium hydroxide in 10 ml water. After 1.5 h, 

10 the mixture was poured on water. Ethyl acetate was added and the phases 

were separated. The aqueous phase was extracted with ethyl acetate and the 
combined organic phases were washed with water and brine and were dried 

over magnesium sulfate. Upon concentration the product started to 

crystallize from the solution. It was collected by filtration, washed with ethyl 

l5 acetate and dried. 
yield: 11.52 g (75%) colourless crystals 
IR(KBr): 1660, 1625, 1533 cm-1, MS(EI): 375 (M+) 

1) H. Ikuta et al., J. Med. Chem., 30, 1995 (1987) 

2> According to the procedure set forth in the preceeding examples, the 

following additional compounds were prepared: 
1.2.S. (BS)..2,4-Dibromo-N-napbtbakm-2-yl-butyramide 

m (KBr): 1659, 1560 cm-1, MS (El): 371 (M)+ 

25 1.2.4. (BS)-4-(2,4-Dibromo-buty.rylamino)·N-trityl-benamide 

m CKBr): 1656, 1486 cm-1, MS CED: 606 CM)+ 

1.2.5. Mixture of. (BS)- and (SR)-[(RS)-2,4-dibromo-butyey]amino]-phenyl­

acefic acid iert-butylester 
ro IR ·CKBr): 1724, 1665, 1520 cm-1, MS (El): 334 CM-COOtBu) 

1.2.6. (BS)-2,4-Dibromo-N-(2-fluoro.benzyl)-butynnnide 

m (KBr): 3273, 1649, 1550 cm-1, MS CED: 272 (M-Br) 

35 1.2.7. (BS)-2,4-Dibromo-N-(2-methoxy-benzyl)-butyramide 
m (KBr): 3282, 1643, 1545 cm-1, MS (El): 284 CM-Br) 
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1.2.8. (BS)-2,4-Dibromo-N·(S.fluoro.benzyD·butyramide 

IR (KBr): 3289, 1658, 1551 cm-1, MS CED: 272 CM-Br) 

5 1.2.9. (BS)-2,4-Dibromo-N-(S.metbmy-benzyl)-butynunide 

IR (KBr): 3287, 1658, 1601 cm-1, MS QSP): 366.2 CM-H)+ 

1.2.10. (BS)-[4-[(2,4-J>ibromo..butyrylmnino)-m.etbyl]·phenyll-carbamic acid 

tert-butyl ester 
10 IR (KBr): 1700, 1663, 1529 cm-1, MS (ISP): 468 (M+N'H.4)+ 

l5 

1.2.lL (BS)-4-[(2,4-Dibromo-butyryJamino)-m.ethyl]-benmic acid tert;..butyl 

ester 
IR CKBr): 3300, 1712, 1661 cm-1, MS CED: 354 CM-Br) 

1.2.12. (BS)-2,4-J>ibromo..N-(4-m.ethoxy-benzyD-butyramlde 

IR (KBr): 3279, 1647, 1549 cm-1, MS CED: 284 CM-Br) 

1.2.13. (BS)-2,4-J>ibromo..N-(4-fluoro-benzyl)-butyramide 

m IR (KBr): 3284, 1676, 1644, 1611 cm-1, MS CED: 272 (M-Br) 

1.2.14. (BS)-2,4-Dibromo-N-(4-trifluorometbyl-benzyl)-bu.tyramide 

IR (KBr): 3294, 1655, 1568 cm-1, MS CED: 322 CM-Br) 

25 1.2.15. (RS)-N-Benzyl-2,4-diDl'om.o-butyramide 

m.p. 76.2-77.0°C 

IR cKBr): 3277, 1647, 1545 cm-1, MS CED: 256 CM-Br) 

1.2.16. (BS)-2,4-Dibromo-N-tbiopben-2-ylmetbyl-butymmide 

oo IR(KBr): 3269, 1645, 1542 cm·l, MS(EI): 260 CM-Br)+ 

35 

1.2.17. Mixture of (BS)- and (SR)-2,4-Dibromo-N-[(BS)-tetrabydro-furan·2-

ylmethyl)-butyramide 

IR(KBr): 3298, 1662, 1549 cm·l, MS(ISP): 330.1 CM+H)+ 

1.2.18. (BS)-2,4-Dibromo-N-(l·trityl-1B-1etraml-5-ylm.etbyl)-butyramide 

MSCISP): 570.3 (M+H)+ 
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2. Conversion of aDibromo acid t.o the amides (Scheme 2, 1' ~ 2) 

2.L (BS)-2,4-Dibromo-N-(6-chloro-pyridazin-3-yl)-butyramide 

Br dicyclohexylcarbodiimide ~Br H 

I NUN~ Br~COOH .. Br I ""N 
0 ~ a 

42.4 g (207 mmol) N,N'-dicyclohexylcarbodiimid was added at room 

temperature to a stirred solution of 24.5 g (189 mmol) 3-amino-6-

chloropyridazine, 46.3 g (189 mmol) 2,4-dibromobutanoic acid and 0.5 g (4 

mmol) ·4-dimethylamino-pyridine in 550 ml dimetbylformamide. After 2.5 h 

lD the slurry was filtered and the residue washed thoroughly with ethyl 

acetate. The filtrate was diluted with 11 ethyl acetate, washed with water 

and brine, dried over sodium sulfate and evaporated. The crude product was 

purified by silica gel chromatography (hexane:ethyl acetate 4:1). 

Yield: 57.0 g (85%) 

l5 mp: 126 - 127 .5°C (sample recrystallized from ethyl acetate). 

IR(KBr): 1706, 1584, 1519 cm-1, MSCED: 357 (M+) 

According to the procedure set forth in the preceding example, the following 

additional compounds were prepared: 

ID 2.2. (BS)-2,4-Dibromo-N-(3,5-dimetbyl-pyrazin-2-yl)-butyramide 

IR(KBr): 1668 cm-1, MS(EI): 351 (M+) 

2.3. Mixture of (BS)- and (SR)-2,4-dibromo-N-[(BS)-2-om-tetrabydro-furan-3-

yl]-butyramide 
25 ma.mr): 1768, 1653, 1554 cm-1, MSCED: 221 (M-CH2=CHBr)+ 

2.4. (BS)-2,4-Di1n'Omo-N-(2-chloro-pyridin-3-yl)-butyramide 

IR(neat): 1683 cm-1, MS(EI): 356 (M+) 



I 

5 

-25-

S. Cyclimtion oftbe N-sobstituted dibromoamides (Scheme 2, 2-+ 3) 

S.L Preparation of carbonic acid (BS)-4-(~bromo-2-oxo-pynolidin-1-yl)­
pbenyl ester fert.butyl ester 

1.8 g Dowex 2x10 was added to a vigorously stirred mixture of 18.39 g (42.86 
mmol) carbonic acid (R,S)-4-(2,4-dibromo-butyrilamino)-phenylester tert­
butyl ester in 200 ml dichloromethane and 15 g 50% sodium hydroxide 

10 solution. After 4 h at rt the mixture was washed twice with water and the 
organic phase dried over magnesium sulfate. Evaporation of the solvent 
yielded 14.6 g (97%) of the product as colourless crystals. 
mp. 148-150°C; m (KBr): 1751, 1697 cm-1 

-Q v-0 
B N-./"-N 

r H 

0 

0.98 g Dowex 2x10 was added to a vigorously stirred mixture of 11.52 g (31 
m mmbl) {RS)-2,4-dibromo-N-(lH-benzimidazol-2-ylmethyl)-butyramide in 175 

ml ~thyl acetate and 36 ml 50% sodium hydroxide solution. After 15 min at 
room temperature the suspension was poured on a mixture of ice and ethyl 
acetate and the phases were separated. The aqueous phase was extracted 
with ethyl acetate and the combined organic phases were washed with water 

25 and brine and dried over magnesium sulfate. Upon concentration the 
product separated from the solution. It was collected by filtration and yielded 
7.11 g (79%) of a yellow powder. 
IRCKBr): 1698, 1622, 1490 cm-1, MS(EI): 293 (M+) 
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According to the procedure set forth in the preceeding examples, the 

following additional compounds were prepared: 

3.3. (BS)-3-Bromo-1·(3-Ditro-phenyl).pyrrolidin·2-one 

m.p. 100-102°C; IR (KBr): 1703 cm-1 

S.4. (BS)-4-(3-Bromo-2-oxo-pyrmlidin·l·yl)..N-trityl·benmmide 

IR (KBr): 1730, 1688, 1487 cm·l, MS (EI): 524 (M)+ 

3.5. (BS)-3-Bromo-l·napbtbalen-2-yJ...pyrrolictin.2-oJle 

10 IR (KBr): 1702 cm-1, MS (EI): 289 (M)+ 

3.6. (RS)-3-Bromo-1-(2-fluoro-benzyl).pyrrolidin-2-one 

IR (KBr): 1703, 1586, 1490 cm-1, MS (EI): 192 CM-Br) 

l5 S.7. (RS)-3-Bromo-1-(2-methoxy-benzyl).pyrrolidin-2-one 

IR (KBr): 1700, 1602 cm·l, MS (El): 283 (M)+ 

S.S. (RS)-3-Bromo-1·(3-methoxy-benzy)).pyrrolidin-kne 

IR (neat): 1700, 1600 cm-1, MS CED: 283 (M)+ 

3.9. (RS)-4-(3-Bromo-2-oxo-pyrmlidin-1-ylmetbyl).benzoic acid t.ert-butylester 
IR (neat): 1705, 1612 cm-1, MS (EI): 274 (M-Br) 

S.10. (RS)-3-Bromo-1·(4-Ditro-benzyl).pyr.rolidin·2-one 

25 IR (KBr): 1685, 1604, 1517 cm-1, MS (EI): 219 (M-Br) 

S.li (BS).3-Bromo-1-(4-triflU01'0Dletb.yl-benzyl)-pyr.rolidin-2-one 

IR (neat): 1703, 1620 cm-1, MS (EI): 242 CM-Br) 

00 S.12. (BS).l·Benzyl-3-bromo-pym>Jictin.2-oJle 

IR (neat): 1701, 1426 cm-1, MS (ISP): 256.3 (M+H)+ 

S.13. (3-Bromo-2-oxo-pyrrolidin-1-,U.phenyl-acetic acid tert;.butyl esmr 
(1 config. isomer) 

.35 IR (KBr): 1743, 1686 cm-1, MS (El): 252 (M-COOtBu) 

S.14. (RS)-(4-(3-Bromo-2-oxo-pynolidin-1-ylmetbyl).phenyll-carbamic acid 
terb-hDtyl esier 

IR (KBr): 3425, 1692, 1527 cm-1, MS (ISP): 289 (M-HBr) 
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S.15. (BS)-[4-(3-Bromo-2-oxo-pynolidin.1-ylmethyl)-phenyl)-carbamic allyl 

ester 
IR (KBr): 3288, 1686, 1536 cm·l, MS (Cl): 370 (M+NHJ+ 

S.16. Mixture of (BS)- and (SR)-3-ln'omo-1-[(BS).tetrahydro-foran-2-ylmethyJ]­

pyrm]idin-2-one 

IR(neat): 1698 cm·l, MSUSP): 250.2 (M+H)+ 

10 S.17. (BS).3-Bromo-l·tbiophen-2-ylmethyl-pyrrolidin-2-one 

IR(neat): 3105, 1699 cm·l, MS(EI): 180 (M·Br)+ 

15 

S.18. (BS)-3-Bromo-1-(S,5-dimetbyl-pyrazin-2-yl)-pyrrolidin-2-one 

IR(KBr): 1704 cm·l, MS(EI): 269 (M+) 

S.19. (BS)-3-Bromo-l-(&Chloro-pyridazin-S-yl)-pyrmlidin-2-one 

IR(KBr): 1717 cm·l, MS(EI): 275 (M+) 

3.20. (BS)- or (SR)-3-Bromo-1-[(BS)-2-oxo-t.etrabycho-furan-S.yl]·pyrmlidin-2-

20 cme 
IR(KBr): 1775, 1707 cm·l, MS(EI): 168 (M·Br)+ 

3.2L (BS)-3-Bromo-1·(1-trityl·1B·t.etnm>l-5-ylmetbyl)-pyrrolidin·2-one 

IRCKBr): 1704, 1632, 1492 cm·l 

3.22. (BS)-4-(3-Bromo-2-oxo-py1T01idin·l·yl)-piperidine-l-carboxylic acid ally! 

ester 
IR(neat): 1697' 1648 cm-1, MS(ISP): 331.1 (M+H)+ 

ro 3.23. (BS)-4-(3-Bromo-2-oxo-py1T01idin·l·yl)-piperidine-l-earboxylic acid ethyl 

ester 

IR(KBr): 1698, 1670 cm·l, MSUSP): 319.3 (M+H)+ 
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4. Direct conversion of the acid chlorides int.o the bmmolacmms (Scheme 2, 
1~3) 

4.L UsingDowex cata1yst 

4.1.L Preparation of (BS).3..bromo-1-(S.fluon>.pbenyl).pyrrolidin-2-one. 

Br 

Br~COCl 

To a solution of 7 ml (72.8 mmol) m-fluoroaniline in 175 ml dichloromethane 

was added 35 ml water and the biphasic mixture was cooled to 0°C and 

JO stirred vigorously. A solution of 17.5 g (66.2 mmol) 2,4-dibromobutanoic acid 

chloridel) in 35 ml dichloromethane was added dropwise during 10 min, 

followed by 3.18 g (79.4 mmol) NaOH dissolved in 6 ml water. After 2.5 h at 0 -
l0°C another 170 ml 50% sodium hydroxide solution and 3 g Dowex 2x10 were 

added. After 2.5 h at rt the mixture was poured on 300 ml ice-water, the 

l5 phases were separated and the aqueous phase extracted twice with 250 ml 
dichloromethane. The combined organic phases were washed with each 300 

ml water and brine and dried over magnesium sulfate. Evaporation of the 

solvent gave a beige powder which was digerated in diethylether to yield 10.9 

g (63%) colourless material. 
ID IR(KBr): 1703 cm·l; MS(El): 257 (M+) 

1) H. Ikuta et al., J. Med. Chem., 30, 1995 (1987) 

Br Dowex n 
Br~ooa .. Br~yN"('i 

Oa,Jl_N~ 

A vigorously stirred solution of7.1 ml (55 mmol) 3-amino-2-chloropyridine in 

25 ml 2 N NaOH and 1.25 ml TBF was cooled to 10°C and 2,4-dibromo­

butanoic acid chloridel) (13.2 g, 50 mmol) were added dropwise during 

m 40 min, followed by 50 ml dichloromethane. After 2 h at room temperature 70 

ml dichloromethane, 38 ml 50% sodium hydroxide solution and 1.6 g Dowex 

2x10 were added. After additional 18 h the mixture was poured on 120 ml ice­

water, the phases were separated and the aqueous phase extracted twice 

with 100 ml dichloromethane. The combined organic phases were washed 
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with each 200 ml water and brine and dried over magnesium sulfate. 

Evaporation of the solvent gave a beige solid which was purified by silica gel 

flash-chromatography (ethyl acetate). 

yield 7 .61 g (56%) yellowish oil 

5 IR(neat): 1712, 1563 cm·l, MS(EI): 274 (M+) 

1) H. Ikuta et al., J. Med. Chem., 30, 1995 (1987) 

According to the procedure set forth in the preceeding examples, the 

following additional compounds were prepared: 

10 4.1.3. (BS)-3-Brom.o-l·naphthalen·l·yl-pyrrolidin-2-one 
IR (KBr): 1702 cm·l, MS (El): 289 (M)+ 

15 

4.L4. (BS)-3-Bromo-1·(3-trifluommethyl·pbenyD-pyrrolidin-2-one 

IR (KBr): 1700 cm-1, MS (El): 307 (M)+ 

4.1.5. (RS)-3-Bromo-l-(3-methmy-phenyl)-pyft"Olidin·2-one 
IR (KBr): 1689 cm·l, MS (El): 269 (M)+ 

4.L6. (BS)-3-Bromo-1-(2,2-diphenyl-1,3-benmdimal-5-yl).pyrmHdin.2-oJle 

m IR (KBr): 1688 cm-1, MS (El): 435 (M+) 

4.L'1. Carbonic acid (BS)-3-(3-bromo-2-om-pyr.roHdin·l·yl)-pbenyl esier t.ert.­
butylester 
IR CKBr): 1754, 1701 cm·l, MS (El): 298 CM-t-Bu) 

4.1.8. Carbonic acid (BS)-4-[3-bl'Omo-2-oxo-pyr.rolidin·l-yl)-2-fluoro-phenyl 

ester tert-butyl ester 
IR (KBr): i765, 1703 cm-1, MS (El): 358 CM-CHa) 

oo 4.1.9. (BS)-3-Bromo-1-(2-methoxy-pbenyl)..pym>Jimn.2-one 

IR (KBr): 1707 cm·l, MS (El): 269 (M+) 

4.1.10. (BS)-N-[4-{3-Brom.o-2-om-pyrmlidin·l·ylmetbyl)-phenyl]-su.ccinamic 

acid iert-butylester 

35 IR (KBr): 1723, 1681, 1602, 1536 cm·l, MS (ISP): 427 .4 (M+H)+ 

4.LlL Carbonic acid (BS)-3-(3-bromo-2-oxo-pyrrolidin·l·ylmet.byl}-phenyl 

estert.ert-butyl ester 
IR (KBr): 1757, 1703, 1610 cm-1, MS (ISP): 387.2 (M+NH,)+ 
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4.L12. (RS)-3.Bromo-1-(S.fluoro-benzyl).pynolidin-2-one 

m (Film): 1701, 1616, 1591 cm-1, MS CED: 192 CM-Br) 

5 4.L13. (RS)-3.Bromo-1-(4-methoxy·benzyD-pyrrolidin-2-one 

m (KBr): 1682, 1610 cm-1, MS CED: 204 CM-HBr) 

10 

4.L14. (BS)-3.Bmmo-1-(4-fluoro-benzyl)-pyn"Olidin-2-one 

m (Film): 1699, 1510 cm-1, MS CED: 192 CM-Br) 

4.1.15. 5-Bromo-6-(2,2-dimethoxy-propyl).1,3-benmdiomle 
lH-NMR CCDClg, 250 MHz): 8.8 (sb,lH), 7.8 (m,2H), 7.6 (dd,lHlt 4.8 Cq,lH), 3.7 

Cm,2H), 2.5 (m,2H) 

l5 4.1.16. Carbonic acid 4-(3-bmmo-2-oxo-pyrrolittin-1-yl)-3.fluoro-pbenyl ester 

t.ertbutyl ester 
lH-NMR CCDC]a, 250 MHz): 7.4 (t,lH), 7.0 (m,2H), 4.6 (q,lH), 4.0 (m,lH), 3.8 

Cm,lH), 2.8 (m,lH), 2.5 (m,lH), 1.5 (s,9H) 

m 4.L17. (BS)-3.Bromo-1-(2-fluoro-phenyl)-pyrrolidin.2-mJe 

m (KBr): 1710, 1610 cm-1, MS <ED: 259 (M)+ 

4.1.18. Carbonic acid (BS)-2-(S.bmmo-2-oxo-pyrrolidin-1-yl).phenyl ester~ 

butyl ester 
25 mCKBr): 1752, 1699, 1604 cm-1, MS (ISP): 356.3 (M+H)+ 

4.1~9. (BS)-2-(3-Bromo-2-oxo-pj>rrolidin.1-yl)-tbiophene-3-carJic acid 

ethyl est.er 
IR(KBr): 1710, 1534 cm-1, MS(EI): 317 (M)+ 

4.1.20 (BS)-2-(S.Bromo-2-oxo-pyttOlidin-1-yl)-tbiophen&3-carbmyl acid allyl 

ester 
ffi(KBr): 1717, 1534 cm-1, MS(EI): 329 CM)+ 
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4.2. W':dhout cata1yst using an organic base 

4.2.1. (BS).3-Bro:mo-1·(1,3,4-thiadiaml-2-yl)..pyrrolidin-2-one 

Bt triethylamine 
.... 

A solution of 36. 7 g (363 mm.ol) 2-amino-1,3,4-thiadiazole and 3.5 g (29 mm.ol) 

4-dimethylaminopyridine in 500 ml l,3-dimethylimidazolidin-2-one and 145 

ml triethylamine was cooled to 0°C and 104.8 g ( 400 mmol) 2,4-dibromo­

butanoic acid chloridel) were added the temperature being kept below 5°C. 

10 After 2 h water was added, the mixture was extracted with ethyl acetate and . 

the combined organic phases washed with water and brine, dried over 

sodium sulfate and evaporated. The residue was purified by silica gel 

chromatography (hexane : ethyl acetate = 1:1) yielding 19.45 g (21.5%) yellow 

product. 
l5 IR(KBr): 1723, 1685 cm-1, MS(EI): 249 (M+) 

1) H. Ikuta et al., J. Med. Chem., SO, 1995 (1987) 

4.S. Without catalyst using an inorganic base 
4.S.1. (BS)-S-Bro:mo-l·pyr.imidin·2-yJ...py1rolictin.2-one 

A s~lution of 4.3 g (45.5 mmol) 2-aminopyrimidine and 3.67 ml (45.5 mm.ol) 

pyri~e in 22 ml dichloromethane was cooled to 0°C. A solution of 13.22 g (50 

25 mmol) 2,4-dibromobutanoic acid chloridel) in 22 ml dichloromethane was 

added dropwise within 1 h and the mixture was warmed to room 

temperature within 30 min. After evaporation of the solvent, 300 ml water 

and 6.3 g (45.5 mm.ol) potassium carbonate were added and the solution was 

refluxed for 1.5 h. It was subsequently extracted with dichloromethane, the 

m combined organic phases were washed with water and brine and dried over 

magnesium sulfate. The solvent was evaporated and the residue purified by 

silica gel chromatography (ethyl acetate : methanol = 9: 1) yielding 2.3 g 
(21%) beige crystals. 
mp: 94-97°C, m (KBr): 1723, 1685 cm-1, MS (EI): 241 (M+) 
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1) H. Ikuta et al., J. Med. Chem., 30, 1995 (1987) 

6. Preparation of the triphenylphosphonium salts, Wittig reagent (Scheme 2, 

5 3-+4) 

lO 

6.L Preparati.on of (RS).[1·(4-t.ert.-but.oxycarbonylpbenyl)..2-om­

pyrmlidin~yl]-triphenyl·phospbonimn bromide 

A solution of 14.6 g (41 mmol) carbonic acid (RS)-4-(3-bromo-2-oxo-pyrrolidin-

1-yl)-phenyl ester tert-butyl ester and 14 g (53.4 mmol) triphenylphosphine 

was refluxed in 250 ml benzene for 48 h. The solid material was collected by 

filtration, washed with benzene and n-hexane and dried i.vac (14. 72 g). The 

l5 mother liquor was refluxed for another 72 h, yielding additional 4.4 g of the 

product. Total yield: 19.12 g (75.5%) colourless crystals. 

mp. 147-150°0; IR(KBr): 1756, 1690 cm-1; MS (ISP): 538.5 (M)+ 

5.2. (BS)..[1-(lH·'Benzimjdaml-2-y]metbyl)-2-m:o-pyrmlidin~yl]-

2) tr.iphenylphospum. bromide 

.. 

A solution of7.11 g (24.1 mmol) (RS)-3-bromo-1-(lH-benzirnidazol-2-

2.5 ylmethyl)-pyrrolidin-2-one and 6. 7 g (25.5 mmol) triphenylphosphine was 

refluxed in 110 ml THF for 7 d. The solid material was collected by filtration, 

washed with THF and dried. 
yield: 11.63 g (87%) colourless powder 
IR(KBr): 1695, 1485, 1437 cm-1, MS(ISP): 476.3 (M+) 
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According to the procedure set forth in the preceeding examples, the 

following additional compounds were prepared: 

5.3. (BS)-[1·(3-Nitro-phenyl)-2-om-pyrmlidin-3-yl]•Uipbenyl·phospbonium 

bromide 
5 m.p. 135-137°C; IR (KBr): 1695 cm-1, MS (ISP): 467.4 (M)+ 

10 

5.4. (BS)-(1-Napbthalen-1-yl-2-oxo-pyrrolidin-3-yl)-triphenyl-phosphonium 

bromide 
m (KBr): 1691 cm-1, MS (ISP): 472.6 (M)+ 

5.5. (BS)-[1·(4-tert.-Butoxycarbonyl-phenyl)-2-oxo-pyrm)icBn-3-yl]-triphenyl· 

phospbonium bromide 
m (KBr): 1700 cm·l, MS (ISP): 522.5 (M)+ 

l5 5.6. (RS)·(l·Napbtbalen • .2-yl-2-oxo-pymilidin-3-yD·triphenyl-phosphonium 

bromide 
m (KBr): 1691 cm-1, MS (ISP): 472.4 (M)+ 

5.7. (BS)-[1·(3-Metboxy-pbenyD-2-om-pytrolidin-3-yl]triphenyl-phospbonium 

m ~de 
m (KBr): 1685 cm-1, MS (ISP): 452.5 (M)+ 

5.8. (BS)-[1·(3-Trifluorometbyl-phenyD-2-oxo-pyrrolictin-3-yl]-triphenyl­

phosphonium bromide 
25 m (KBr): 1697 cm·l, MS (ISP): 490.4 (M)+ 

5.9 •. 
1

CBS)·[l·(3-Fluoro-phenyl)-2-oxo-pyn-olidin-3-yl]·triphenyl-phospbonium 

broDride 
m (KBr): 1695 cm·l, MS (ISP): 440.4 (M)+ 

5.10. (BS)-[1-(2,2-Diphenyl-1,3-bemodioxol-5-yl)-2-om-pyrrolidin-3-yl]­

tripbenyl-pbosphonium bromide 
m (KBr): 1688 cm·l, MS (ISP): 618.3 (M)+ 

35 5.lL (BS)-[1·(3-tert.-~-pbenyD-2-om-pyrrolidin-3-yl]­

triphenyl-pbosphonium bromide 
m (KBr): 1694 cm·l, MS (ISP): 538.4 (M)+ 
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5.12. (BS)-[1·(4-tert-Butm:ycarbonyloxy..S.fluoro.phenyl)-2-om-pynolidin~yl]· 

triphenyl-phosphonium bromide 
IR (KBr): 1764, 1693 cm-1, MS (ISP): 556.3 (M)+ 

5 5.13. (BS).[2-0xo-1·(4-tritylcarbamoyl·phenyl)-pym>]ictin-3-yl]·Uiphenyl· 

phospbonium bromide 
IR (KBr): 1692 cm-1, MS (ISP): 707.4 (M)+ 

5.14. (BS)-[1-(2-Methmy·phenyD·2-oxO-~yl]-triphenyl· 

10 phosphoni.um bromide 
IR CKBr): 1684 cm-1, MS (ISP): 452.4 (M)+ 

5.15. (BS).[1·(3-Fluoro-2-hydrmy-phenyl)-2-oxo-pyn"Olidin-3-yl]-triphenyl· 

phosphonium bromide 
l5 lH-NMR (DMSO, 250 MHz): 10.2 (sb,lH), 7.9 (m,15H), 7.2 (dd,lH), 6.8 (m,lH), 

6.5 (d,lH), 5. 7 (m,lH), 3.9 (m,lH), 3.5 (m,lH), 2.8 (m,lH), 2.5 (m,lH) 

5.16. (BS)-[1-(4-tert-Butm:ycarbonyloxy·2-fluoro.phenyD-2-oxo-pyft'Olidin-3-yl]­

triphenyl•phosphonium bromide 
ID lH-NMR(DMSO, 250 MHz): 7.7-8.0 (m,15H), 7.1-7.4 (m,3H), 5.9 (m,lH), 4.0 

(m,lH), 3.6 (m,lH), 2.8 (m,lH), 2.5 (m,lH), 1.5 (s,9H) 

5.17. (BS)-[1-(2-Fluoro-phenyl)-2-oxo-pyrrolidin..S.yl]·triphenyl·phosphonium 

bromide 
25 IR (KBr): 1707, 1502 cm-1, MS (ISP): 440.4 (M)+ 

5.18. (BS)-[1-(2-tert-Bat.oxycarbonylox-pbenyl).2-oxo-pyr.rolidin-3-yl]­

triPJienyl-phosphonium bromide 
lH-NMR CDMSO, 250 MHz): 7.7-8.0 (m,15H), 7.3 (m,lH), 7.1(m,lH),6.9 

ro (dd,lH), 6. 7 (m,lH), 5.8 (m,lH), 3.9 (m,lH), 3.5 (m,lH), 2.8 (m,lH), 2.5 
(m,lH), 1.4 (s,9H) 

5.19. :Mixture of (BS)- and (SR)-[l·[(BS)-tert-butoxycarbonyl-phenyl-medJyl]-2-

om-pynolidin..S.yl]-triphenyl-phosphonium bromide 
35 IR CKBr): 1733, 1688, 1438 cm-1, MS USP): 536.5 (M)+ 

5.20. (BS)-(1-(2-Fluoro-benzyl)-2-om-pynolidin..S.yl]-triphenyl-phosphonium 

bromide 
IR (KBr): 1684, 1586, 1438 cm-1, MS (ISP): 454.4 (M)+ 
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5.2L (BS).[1·C2-Metb.oxy-benzyl).2-oxo-pyrrolidin-3-y]]·triphenyl· 
phosphonium bromide 
IR (KBr): 1685·, 1436 cm-1, MS (ISP): 466.4 (M)+ 

5.22. (BS).[1-(3.tert.-Butmycarbonylmy-benzyl).2-om-pyrmlidin-3-yl]­

triphenyl-phospbonium bromide 
IR (KBr): 1756, 1687, 1438 cm-1, MS (ISP): 552.1 (M)+ 

JD 5.23. (BS).[1·(3-Fluoro-benzyl).2-om-pyrmlidin-3-y]]-triphenyl-phosphonium 
bromide 
IR {KBr): 2748, 1691, 1588 cm-1, MS {ISP): 454.3 (M)+ 

5.24. (BS).(1-(3-Methmy-benzyl)-2-oxo-pyrmlidin-3-yl]-triphenyl­
]5 phosphonium bromide 

IR (KBr): 1683, 1436 cm-1, MS (ISP): 466.4 (M+ 

5.25. (BS).[1-[4-(3-tert.-Butmycarbonyl-propionylamino).benzyJ]-2-oxo­
pyn"Olidin-3-y]]-triphenyl-phosphonium bromide 

m IR {KBr): 1724, 1688, 1602 cm-1, MS aSP): 607 (M)+ 

5.26. (BS).[1-(4-Allyloxycarbonylamino-benzyl).2-om-pyrrolidin-3-yl]­
triphenyl-phosphonium bromide 
IR {KBr): 3427, 1720, 1687 cm-1, MS aSP): 535 CM~ 

5.27. (RS).[1·(4-tert..But.oxycarbonyl-benzyl).2-om-pyn"Olidin-3-yl]­
triphenyiphosphonium bromide 
IR {KBr): 1690, 1611, 1438 cm-1, MS (ISP): 536.4 (M)+ 

ro 5.28. (BS)-[2-0m-1·(4-nitro-benzyl).pylTOlidjn-3-yl]-triphenyl-phosphonium 

IR {KBr): 1688, 1603, 1518 cm-1, MS (ISP): 481.3 (M)+ 

5.29. (BS).(1-(4-Metbmy-benzyl).2-oxo-pynolidin-3-y]]-triphenyl­
m phosphonium bromide 

IR {KBr): 1684, 1615, 1512 cm-1, MS {ISP): 466.3 (M)+ 
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5.30. (BS)-[1·(4-Fluoro-benzyl)-2-om-pyrrolidin..S.y]J-tripbenyl·phosphonium 

bromide 
IR (KBr): 1685, 1602, 1509 cm-1, MS (ISP): 454.4 (M)+ 

5 5.SL (BS)-[2-0m-1·(4-trifluommetbyl-benzyl)-pyrrolidin-3-yl]-triphenyl­

phosphonium bromide 
IR (KBr): 1686, 1617, 1438 cm-1, MS (ISP): 504.4 (M)+ 

5.82. (BS)-(l·Ben~·2-oxo-pyrmlidin-3-yl)-triphenyl-phosphonium bromide 

10 IR (KBr): 2796, 1682, 1438 cm-1, MS (ISP): 436.8 (M)+ 

l5 

5.33. (BS)-Triphenyl-(1-thiophen-2-ylmethyl-2-om-pyrrolidin-3-yl.)­

pbosphonium bromide 
IR(KBr): 2784, 1685, 1480 cm-1, MS(ISP): 442.5 (M+) 

5.34. (BS)-[2-0xo-l·(l·trityl·lH·t.etraml-5-ylmetbyl)-pyuolidin..S.yl]-triphenyl­

phosphonium bromide 
IR(KBr): 3432, 1695, 1439 cm-1,MS(ISP): 670:2 (M+) 

m 5.35. Mixture of [(BS)- and [(SR)-2-om-1-[(BS)-t.etrabydro-fman-2-y]metbyJJ­

pyrrolidin-3-yl]-triphenyl-pbosphonium bromide 

IR(neat): 1684, 1590, 1437 cm-1,MS(ISP): 430.5 (M+) 

5.36. (BS)-[l·(S,0.Dimethyl-pyrazin-2-yl)-2-om-pyrrolidin..S.yl]-triphenyl-

25 phosphonium bromide 
IR(KBr): 1699, 1438 cm-1, MSUSP): 452.4 (M+) 

I 

5.31. (BS)-(2-0m-l·pyrimidin-2-yl-pyH'Olidin-3-yl.)-triphenyl-phosphonium 

ro IR(KBr): 1717, 1658, 1566 cm-1, MS(LDP): 424.2 CM+H)+ 

5.38. (BS)-[1-(6-ChJoro.pyridazin-3-yl.)-2-om-pyrroJidin-3-y]J-triphenyl­

phosphonium bromide 
IR(KBr): 1708 cm-1, MS(ISP): 458.3 (M+) 

5.39. (BS)..[l-(2-Chloro.pyridin-3-yl)-2-om-py11'0Jidin-3-y]J-tripbenyl­

phosphonium bromide 
IR(KBr): 1695 cm-1, MS(ISP): 457.4 (M+) 
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5.40. [1-(l-Ethoxycarbonyl-piperidin-4-yl)-2-oxo-pyrmlidin-3-yl]-triphenyl­

phosphonium bromide 
IR(l{Br): 1683, 1436 cnrl, MS(ISP): 50L5 (M+) 

5 5.4L (RS)..[l·Cl·AllyloxycarbonyJ..piperidin-4-yl)..2-oxo-JJYITO]idine-3-yD­

triphenyl·phosphonium bromide 
IR(l{Br): 1684, 1437 cm-1, MS(ISP): 513 (M+) 

5.42. Mixture of [(RS)- and [(SR)..2-om-1-[(BS)-2-oxo-t.etrahydro-fman-3-yl]-

10 pynolidin-3-yl]-triphenyl-phosphonium bromide 
IR(l{Br): 1776, 1689 cm-1, MS(ISP): 430.4 (M+) 

5.43. (RS)..[2-0m-1·(1.S,4-tbiadiaml·2-yl)..pyrrolidin-3-yl]·triphenyl­

phosphonium bromide 
l5 IR(KBr): 1698, 1685, 1471 cm-1, MS(ISP): 430.3 (M+) 

5.44. (RS)-[l-(3..Ethyloxycarbony-thiopbene-2-yl)-2-oxo-~yl]­

triphenyl-phosphonium bromide 
. IR(KBr): 1703, 1435 cnrl, MS(ISP): 500 (M+) 

5.45. (BS)..[1-(3..Allylcarbonyl-thiophene-2-yl)..2-oxo-pyrrolidin-3-yl]-triphenyl­

phosphonium bromide 
IR(l{Br): 1705, 1437 cm-1, MS(ISP): 512 (M+) 
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6. Reaction of akephem aldehyde (1) or 3-cephem aldehyde (2) with a 'Wittig 

reagent (3) Scheme 1. 

6.L Preparation of (E)-(2B,6B,7R).7·fert.Butmycarbonylamino3-[1·(4-tert­

butoxycarbonyloxy·pbenyl).2-om-pym>lidin-3-ylidenemethyll-&om-5-thia·l· 

5 aza·bicyclo[4.2.0]oct-3ene-2-earboxylic acid benzbydrylester 

+ 
Phal' Br-

+ or.> ... 

¢ 
OCOOtBu 

A mixture of 12.11 g (24.49 mmol) (2R,6R,7R)-7-tert-butoxycarbonylamino-3-

l0 formyl-8-oxo-5-thia-1-azabicyclo[4.20]oct-3-ene-2-carboxylic add benzhydryl 

ester and 17.17 g (27.77 mmol) (RS)-[1-(4-tert-butoxycarbonyloxy-phenyl)-2-oxo­

pyrrolidin-3-yl]-triphenyl-phosphonium bromide in 250 ml 1,2-

dichloroethane/1,2 butyleneoxide (1:1) was refluxed for 3.5 h. The solution was 

evaporated and the residue purified by chromatography over silicagel (25 g, 
l5 Merck, 40 - 63 mm, 230 bis 400 mesh, dichloromethane:ethylacetate = 9:1) 

yielding 9.81 g (53 %) colourless crystals. 

IR(I<Br): 1781, 1750, 1691 cnrl; MS(ISP): 754.5 (M+H)+ 
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6.2. (E)-(2R, 6R, 7R)-3-[1-(1H-Benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-

ylidenemethyll-7-tert-butoxycarbonylamino-8-oxo-S-thia-t-aza-bicylco[4.2.0]oct-

3-ene-2-carboxylic acid benzhydryl ester 

+ 

A mixture of 5.25 g (10.6 mmol) (2R,6R,7R)-7-tert-butoxycarbonylamino-3-

formyl-8-oxo-5-thia-1-azabicyclo[4.20]oct-3-ene-2-carboxylic acid benzhydryl 

ester and 6.5 g (11.7 mmol) (RS)-[1-(lH-benzimidazol-2-ylmethyl)-2-oxo-

10 pyrrolidin-3-yl]-triphenylphosphonium bromide in 175 ml· 1,2-butyleneoxide 

and 85 ml DMSO was refluxed for 2.5 h. The solution was concentrated and the 

residue purified by chromatography over silica gel (dichloromethane : ethyl 

acetate= 9:1) yielding 9.81 g (53 %) colourless crystals. 

l5 

IR(I<Br): 1782, 1719, 1684 cm-1, MS(ISP): 692.5 (M+H+) 

ACC?rding to the procedure set forth in the preceeding examples, the following 

add_itional compounds were prepared: 

6.3. '(E)-(2B,6R,7R).7-t.ert-Bu [1·(3-nitro-phenyl)-2-om-

pyftolidin-S-ylidenemetbyD-&oxo-S-tbia-1-aza-bicyclo[4.2.0]oct.a.ene-2-

m carbmylic acidhenzbydrylester 
IR(KBr): 1782, 1726, 1696 cm-1, MS QSP): 683.4 (M+H)+ 

8.4. CE>·C2B,6R,7R).7-tert..Butmycarbonylmnino-(l·naphtbalen·l-yl-2-om­

pyrrolidin-S-ylidenemetbyl).8.oxo.5-tbia-1-aza-bicyclo[4.2.0]oct.a.ene-2-

2.5 carbmylic acid benzhadryl ester 
IR(KBr): 1782, 1719 cm-1, MS (ISP): 688.5 CM+H)+ 
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6.5. (E)-(2R,6R,7R)-7-tsrt-Bu • [1-(4-t.ert..butoxycarl>cmyl· 

phenyl)-2-om-pyl"l'Olidin-3-ylidenemetbyl]-SOXo-5-tbia-1-am·bicyclo[4.2.0]oct-

3-ene-2-carbmylic acid~ester 
m (KBr): 1783, 1708 cm·l, MS OSP): 738.5 (M+H)+ 

6.6. (E)-(2R,6B,7R)-7-t.ert..Butmycarbonylanrino-3-[1-(3-t.ert;.butmycarbonyl· 

my-phenyl)-2-om-pyirolidin-3-y]idenemetbyl]-8-om-5-tbia·l-&m• 

bicyclo[4.2.0]oct.-3ene-2-earboxylic acid benzbydryl ester 
m (KBr): 1782, 1754, 1692 cm·l, MS OSP): 754.3 (M+H)+ 

8.7. (E)-(2R,6R,7R)-7-t.ert.; • [l-(2-diphenyl-1,3-

bemodioml-5-yl)-2-om-pynolidin-3-ylidenemetbyl]-8-om-5-tbia-1-m· 

bicyclo[4.2.0]oct.-3ene-2-carboxylie acid benzbydryl ester 
m (KBr): 1783, 1718, 1686 cm·l, MS OSP): 834.2 (M+H)+ 

6.& (E)-(2R,6R,7R)-7-tsrt-Butoxycarbonylamin&3-[1·(4-t.ert..butoxycarbonyl­

my-3-fluoro.phenyl)-2-om-pyrrolidin-3-ylidenemetbyl]-8-om-5-tbia-1-am­

bicyclo[4.2.0]oct.-3ene-2-carboxy1ic acid benzbydryl ester 
m (KBr): 1783, 1695 cm·l, MS (ISP): 772.2 (M+H)+ 

6.9. (E)-(2R,6R,7R)-'1-tsrt-ButmycarbonyJamino.8.oxo.3-[2-om-1·(4-tri­

tylcarbamoyl-phenyl)-pyrrolidin-3-y)idenemetbyl].S.tbia·l-am-bicyc­

lo[4.2.0]ocb.a.ene-2-carboxylie acid benzbydryl ester 
m (KBr): 1783, 1726, 1683 cm·l, MS (ISP): 923.4 (M+H)+ 

8.10. (E)-(2R,6R,7R)-7-tertrButoxycarbonyJamino.3.[1·(2-methoxy-phenyl)-2-

ox0.pyrrolidin.S-ylidenemetbyl]-8-oxo-5-tbia-1-aza-bicyclo[4.2.0]oct-3-ene-2-

carbmyJic acid benzbydryl ester 
IR (KBr): 1782, 1741, 1716, 1691 cm·l, MS OSP): 668.3 (M+H)+ 

6.lL (E)-(2R,6R,7R)-7-tsrt-ButmycarbonyJamino.3.[l·CS-fluoro.2-hydroxy· 

phenyl)-2-o:m-pyrrolidin-3-yildenemetbyl]-8-oxo-5-tbia·l-am·bicyclo[4.2.0]oct-

3ene-2-carboxyJic acid benzbydryl ester 
lH-NMR (CDC13, 250 MHz): 9.1 (s,lH), 7.3 (m,lOH), 6.8-7.1(m,5H),6.7 (s,lH), 

m 5.2-5.5 (m,4H), 3.6-3.9 (m,2H), 2.8-3.1 (m,2H), 1.5 (s.9H) 
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6.12. (E)-(2B,6B,7R)-7-tertrButmycarbony)amino-3-[1·(4-tertrbutmycarbonyl­

oxy-2-fluoro-phenyl)-2-oxo-pyrro1idin..S-ylidenemetbyJ]-8-om-5-tbia-1-aza­

bicyclo[4.2.0]ocf'..3.ene-2-carboxylic acid benzbydeyl est.er 
lH-NMR (CDC]s, 250 :MHz): 7.5 (t,lH), 7.3 (m,lOH), 7.1(m,5H),6.9 (s,lH), 6.6 

5 (s,lH), 5.2-5.5 (m,4H), 3. 7 (m,2H), 2.9 (m,2H), 1.6 (s,9H), 1.5 (s,9H) 

6.13. (E)-(2R,6B,7R)-7-tert-B11.~vcm~IYlamill. 1.o-3-[1·(2-fluoro.phenyl)-2-oxo-

pyrroJidin-S-y)idenemethyl]-8-om-5-thia·l-aza-bicyclo[4.2.0]oct...8ele-2-

carbmylic acid benzy1hydrylester 
10 IR (KBr): 1781, 1701 cm-1, MS (ISP): 656.2 (M+H)+ 

oxy-phenyl)-2-oxo-pyrro]idjn~yldenemetb.yl)-8-om-5-tbia·l-aza·bi· 

cyclo[4.2.0]oct;..3.ene-2-carboxylic acid benzbydryl est.er 
l5 lH-NMR (CDCla, 250 MHz): 6.9-7.4 (m,15H), 6.9 (s,lH), 6.6 (s,lH), 5.2-5.5 

(m,4H), 3.5-3.8 (m,2H), 3.7-3.0 (m,2H), 1.5 (s,9H) 

6.15.1\tixture of (E)-(2R,GR,'1R)-7-tert-bu [1-[(R)-and 

·[(S)-tert-butoxycarbonyl-8-om-5-tbia-l-aza-bicyclo[4.2.0]oct-3ene-2-

ID carbmyJic acid benzbydrylest.er 
IR (KBr): 1784, 1737, 1687, 1641 cm-1, MS (ISP): 751.9 (M+H)+ 

6.16. (E)-(2R,6B,7R)-7-tertrBu • [1-(2-fluoro-benzyl)-2-oxo-

pyrro)idin-S-ylidenemetbyl]-8-om-5-thia·l-aza-bieyclo[4.2.0]oct3ene-2-

2) caiboxylic acid benzbydryl est.er 

IR (KBr): 1782, 1743, 1716, 1682 cm-1, MS (ISP): 670.3 (M+H)+ 
I 

6.17,. (E)-(2R,6B,'1R)-7-tert-Butmycarbonylmnino-3-[1-(2-~-benzyl)-2-

oxo-pjttO]idin-3-ylideJUm1etbyl]-8-om-5-tbia-l-aza·bicyclo[4.2.0]oct;.3.ene-2-

3) carbmyJic acid benzbydrylest.er 
IR (KBr): 1782, 1742, 1715, 1682 cm-1, MS (ISP): 682.3 (M+H)+ 

oxy-benzyl)-2-oxo-pyrrolidin~ylidenemetbyJ]-8-om-5-tbia·l-amhi· 

35 cyclo[4.2.0]oct..s.ene-2-carboxylic acid benzbydeyl est.er 

IR (KBr): 1783, 1756, 1718, 1684 cm-1, MS (ISP): 768.1 (M+H)+ 
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6.19. (E)-(2R,6B,7R)-'7-t.ert-Bu [l·(S-fluoro-benzyl)-2-oxo-

pyrro)idin-3-ylidenemetbyl]-S.OXOO.thia·l-aza·bicyclo[4.2.0]oct3ene-2-

carboxylic acid benzbydrylester 

m (KBr): 1780, 1744, 1715, 1680 cm·l, MS (ISP): 669.9 (M+H)+ 

6.20. (E)-(2R,6R,'1R>-'7·t.ert.- • l·(S-methoxy-benzyl)-2-

om-pyrrolidin..3-ylidenemetbyl]-8-oxo-5-tbia·l-aza·bicyclo[4.2.0]oct..s-ene-2-

carboxylic acid benzbydrylester . 

m (KBr): 1781, 1748, 1716, 1680 cm·l, MS (ISP): 682.2 (M+H)+ 

6.2L (E)-(2R,6B,'1R)-'7·tert-Bu • [1·[4-(3-t.ert.-butoxy· 

carbonyl-propionylamino)-benzyll-2-oxo-pym>lidin-3-ylidenemeihyl]-8-oxo-5-

tbia·l-aza·bicyclo[4.2.0]oct-3-ene-2-carbm;ylic acid benzbydryl ester 

m (KBr): 1788, 1728, 1686 cm-1, MS (ISP): 840.5 (M+NH,)+ 

6.22. (E)-(2R,6R,7R)-3-[1·(4-A1Jylmycarbonylamino-benzyl)-2-oxo-pyrro)idin-3-

ylidenemethyl]·'7·t.eri-bu tbia-1-aza-

bicyclo[4.2.0]oct-3-ene-~lic acid benzbydryl ester 
IR (KBr): 1781, 1727, 1679 cm·l, MS (ISP): 751.7 (M+H)+ 

6.23. (E)-(2R,6R,'1R)-7-tert-Butoxycarbonyhnnino-3-[1-(4-t.erf;-but.oxycarbonyl­

benzyD·km-pytrolidin-3-ylidenemethyl]-8-oxo-5-tbia-1-aza·bicyclo[4.2.0]oct.-

3-ene-2-carboxyJic acid benzbydryl ester 
m (KBr): 1788, 1712, 1688 cm-1, MS (ISP): 752.4 (M+H)+ 

pyiroJidin-3-ylidenem.ethy)J-8-oxo-5-dda·l-aza·bicyclo[4.2.0]oct-3en&o2-

carboxylic acid benzbydrylester 
m (KBr): 1781, 1742, 1716, 1682 cm·l, MS OSP): 697.8 CM+H)+ 

6.25. (E)-(2R,6R,'1R)-'7-t.ert-Butoxycarbonylamino-3-[1·(4-methoxy-benzyl)-2-

oxo-pym>lidin-3-ylidenem.ethyD-8-oxo-5-tbia·l-aza·bicyclo[4.2.0]oct-3-ene-2-

C8l'boxyJic acid benzbydryl ester 
m (KBr): 1782, 1742, 1715, 1680 cm·l, MS (ISP): 682.3 (M)+ 

6.26. (E)-(2B,6R,'1R)-'7-t.ert-But.oxycarbonylamino-3-[1-(4-fluoro.benzyl)-2-oxo­

pyno]jdin-3-ylidenem.etbyl]-som-5-tia-1-aza-bicyclo[4.2.0]ocf;.3ene.2-

carboxylic acid benzbydryl ester 
m (KBr): 1782, 1748, 1717, 1681 cm·l, MS (ISP): 670.8 CM+H)+ 
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6.2'7. (E)-(2R,6B,7R).7·tert..Butoxycarbonylamino-8-oxo-[2-oxo-1·(4-tri· 

fluorometbylbenzypyrrolidin-3-ylidenemetbyJ]-5-thia·l-aza·bicyc1o­

[4.2.0]oct...3ene-2-carboxylic acid benzbydryl est.er 
5 m (KBr): 1781, 1718, 1684 cm-1, MS (ISP): 720.3 (M+H)+ 

6.28. (E).(2B,6R,7R)-3-(1·Benzyl-2-oxo-pyrrolidin~ylidenemetbyl)-7-tert-

bu tbia-1-aza·bicyclo[4.2.0]oct...3ene-2-carbmylic 

acid benzbydryl est.er 
10 mCKBr): 1782, 1743, 1717, 1682 cm-1, MS (ISP): 652.3 (M+H)+ 

yJmetbyl-pyrrolidin-3-ylidenemetb.yl).5-tbia-1-am·bicyclo[4.2.0]ocfi.8.ene.2-

carboxytic acid benzbydrylesfer 
l5 IR(I<Br): 1781, 1741, 1716, 1682 cm-1, MS(ISP): 658.4 (M+H)+ 

6.30. <E>-C2R,6B,7R>-7-tert..Bu • 2-cm>-1-c1-trity1-m-

t.etram1-5-yJmetbyl).pynolidin-3-ylidenemetbyl1-5-tbia-1-aza­

bicyclo[4.2.0]ocf;.3.ene.2-carboxyJic acid benzhydryl est.er 
ID IR(I<Br): 1783, 1741, 1717, 1690 cm-1, MS(ISP): 903.4 (M+NR4)+ 

6.3L 1:1 Mixture of (E).(2R,6R,7R)-7-tert..Bu [2-

oxo-1-[(R)- and ·[(S).t.etrabydro-fman.·2-yhnetbyl]·pyrrolidin-3-

ylidenemetbyl]-5-tbia·l·aza·bicyclo[4.2.0]oct...3ene-2-carboxylic acid 

2> benzbydryl ester 
IR(I<Br): 1781, 1743, 1716, 1680 cm-1, MS(ISP): 646.2 (M+H)+ 

~ (E).(2B,6B,'1R).7-tert..ButxmycarbonyJamino.3-[1·(1-ethm;ycarbonyl­

piperidin-4-yl)-2-oxo-pyrm1idin-3-ylidenemetbyl]-&om-5-thia·l-aza-

3> bicyclo[4.2.0]ocf;.3.ene.2-carboxyJic acid benzbydryl est.er 
IR.(I<Br): 1784, 1744, 1689 an-1, Ms(ISP): 717.5 (M+H)+ 

6.33. (E)-(2R,6B,7R)-3-[1·(1·ADyloxycarbonyl·piperidin-4-yl)·2-oxo-pyrro]iclin. 

S-y)idenemetbyJ]-7-tert..butxmycarbonyJamino.8.oxo-5-tbia-1-aza·bicyclo 

35 [4.2.0]oct...3ene-2-earboxy)ic acid benzbydryl est.er 
IR(I<Br): 1783, 1701, 1645 an-1, MS(ISP): 729.4 (M+H)+ 
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2-om-pymiffdin..S.ylidenemetbyl]-8-om-5-tbia·l-aza•bicyclo[4.2.0]oct.-3-ene-2-

cmboqlic acid benzbydrylester 
IR(I<Br): 1782, 1743, 1700, 1635 cm-1, MS(ISP): 673.4 (M+H)+ 

oxo-l·[(R). and ·[(S)-2-om-t.etrahydrofuran..S.ylJ·pyirolidin-3-ylidmunethyJ]· 

5-8lia·l-&m·bicyclo[4.2J)]oct-3ene-2-carboxylic acid benzbydryl ester 
IR(I<Br): 1781, 1741, 1716, 1686, 1639 cm-1, MS(ISP): 646.3 (M+H)+ 

6.36. (E).(2B,6R,'1R).7-t.ert.-Bu • (1-(s.etbmycarbonyl· 

tbiopben-2yl).2-om-pyrrolidin..S.ylidenemetbyl]-5-tbia·l-aza·bicyclo[4.2.0]oct,.. 

3ene-2-carbmylic acid benzbydrylester 
IR(I<Br): 1773, 1703 cm-t, MS(ISP): 716.4 (M+H)+ 

6.37. (E).(2R,6B,'1R)-7-t.ert.-Bu [1·(3-

a1lyloxycarbony-thiophen-2yl).2-om-pyrm]idin-3-ylidmemetbyl]-5-tbia·l· 

am-bicyclo[4.2.0]oct.-3ene-2-carboxylic acid benzbydrylester 
IR(I<Br): 1782, 1713 cm-t, MS(ISP): 750 (M+Na)+ 

8.38. (E).(2R,6B,'1R).7-tert.; • [1-(3-carbamoyl-

tbiophen-2yl).2-om-pyrrolidin-3-ylidenemetbyl]+tbia·l-aza·bicyclo[4.2.0)oct,.. 

3ene-2-earboxylic acid benzbydrylester 
IR(I<Br): 1779, 1664 cm-t, MS(ISP): 687.3 (M+H)+ 

6.39. (FASO. ).(2R,6R,7R).7-t.ert.-Bu [1·(3.earbmy· 

tbi.Ophen-2yl).2-oxo-pyrrolidin-3-ylidenemet.byl]-5-tbia-1-am-bicyclo[4.2.0)oct,.. 

3-ene-2-carboxylic acid benzbydryl ester 
IR(I<Br): 1782, 1712 cart, MS(ISP): 688.2 (M+H)+ 
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'1. Conversion of compound (4) to the sDlfoxide (5) Scheme 1 

'1.L Preparation of Mixture of (E)-(5B.,6B,'1R).. and ·(5S,6R,'1R)-'1-tert;. 
butmycarbonyJamino.3.(1..( -phenyl)-2-om-

pyrro)idin.S.ylidenemetbyl]-5,8-dioxo-5-tbia-1-m-bieyclo[4.2.0]oct.-2-ene-2-

5 carboqlic acid benzhydrylester 

To a solution of 11.3 g (15 mmol) (E)-(2R,6R,7R)-7-tert.;.Butoxycarbonylamino-

10 3-[1-(4-tert-butoxycarbonyloxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethy]-8-

oxo-5-thia-1-aza.-bicyclo[4.20]oct-3-ene-2 carboxylic add benzhydryl ester in 120 

ml dichloromethane was added a solution of 3.27 g (15 mmol) 80-90 % m­

chloroperoxybenzoic acid in 60 ml dichloromethane at 4 ·c. After 1 hour, the 

reaction mixture was washed successively with cold solutions of 10% aqueous 

l5 sodium thiosulfate, 5% aqueous sodium bicarbonate, and water. After drying 

over magnesium sulfate, the solvent was removed, and the residue was 

purified by flash silica gel column chromatography (3:2 ethylacetate/hexane), 

yielding 10.59 g (91.7 %) of the product as a yellow foam. 

IR(I<Br): 1799, 1757, 1723 cm-1; MS(ISP): 770.5 (M+H)+ 
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7.2. 1:1Mixtureof(E)-(5R,6R, 7R)- and• (58, 6B, 7R)-3-[1·(1H·Benzimjdaml·2· 

ylmetbyl)-2-oxo-pyrmlidin-3-ylidenemethyD•7•t.ert-butmycarbonylamhJ0-5,8-

dioxo-5-t1Jia.1-aza·bicylco[4.2.0]ocfi.2-ene-2-carbmcylic acid benzbydryl est.er 

t-BuOCONXL ~ 
I cHPN_)LN 

0 n· H 

0 OCHPh2 O 
~ r'ii 

t-BuOCON~

2 
N\~ 

-- _µ~ CH:J'N_)L~ 
m-chloro- 0 n· 
perbenzoic acid O OCHPh2 O 

To a solution of 5.27 g (7.62 mmol) (E)-(2R, 6R, 7R)-3-[1-(1H-benzimidazol-2-

ylmethyl)-2-oxo-pyrrolidin-3-ylidinemethyl]-7-tert-butoxycarbonylamino-8-oxo­

. 5-thia-1-aza-bicylco[4.2.0]oct-3-en~2-carboxylic acid benzhydryl ester in 45 ml 

10 dichloromethane was added a solution of 1.73 g (7.62 mmol) 70-75 % m­

chloroperoxybenzoic add in 25 ml dichloromethane at 4 ·c. After 2 h, the 

reaction mixture was washed successively with cold solutions of 10% aqueous 

sodium thiosulfate, 5% aqueous sodium bicarbonate, and water. After drying 

over magnesium sulfate, the solvent was removed, and the residue was 

l5 purified by flash silica gel column chromatography (acetone : hexane = 2:1), 

yielding 4.85 g (90%) of the product as a yellow foam. 

IR(I<Br): 1797, 1721, 1496 cm-1, MS(ISP): 708 (M+H)+ 

According to the procedure set forth in the preceeding examples, the 

m following additional compounds were prepared: 

25 

7.3..Mixture of (E)-(5R,6R,7R). and ·(~7R)-7-tert-butmycarbonylamino-3-

[1·(3-nitro-phenyD·2-oxo-pyrmlidin-3-ylidenemetbyl]-5,8-dioxo-5-tbia-1-am· 

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzbydryl ester 
m (KBr): 1797, 1721 cm-1, MS QSP): 716.4 (M+NH,)+ 

7.4.Mixtureof(E)-(5B,6R,7R)-and-(5S,6R,7R).7-t.ert-butmycarbonylamino.3-

Cl·naphthahm-1-yl·2-oxo-pym>lidin-3-ylidenemetbyl).5,8-dioxo-5-t1Jia. 

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzbydryl ester 
m (KBr): 1797, 1722, 1049 cm-1, MS QSP): 704.5 (M+H)+ 
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7.5. Mixture of (E)..(5B,6B,7R). and ·(5S,8R,7R)-7-tert,.butoxycarbonylamino3-

[1·(4-tert...but.mycarbonyl·phenyl).2-om-pyrmlidin.3-ylidenemetby1]-5,8-diom-

5-thia-1-am-bicyclo[UO]oct-2-ene-2-carboxylic acid benzbydryl est.er 
IR (KBr): 1799, 1710 cm·l, MS (ISP): 754.3 (M+H)+ 

7 A Mixture of (E)-(5B,6B,7R). and ·(5S,8R,7R)-7-tert,.butm:37C&l'IJol!iyJJIJmiDo-3-

[l·C3-tert...butmycarbonyloxy·phenyl).2-oxo-py.r:ooHdin~ylidenemetbyJJ-5,8-

cJioxo.5.tbia-1-am-bicyclo[4.2.0]oct,.2-ene-karbosylic acid benzbydryl est.er 
IR (KBr): 1798, 1758, 1723 cm·l, MS aSP): 770.2 (M+H)+ 

7.7. Mmme of (E)-(5B,6B,7R). and ·(5S,8R,7R)-7-~butox;yicarl1JoQyJaJmno-3-

[1·(2-diphenyl·JJl-bem.odioml-5-yl)-2-om-pyrrolidin-3-ylidenemedJyl]-5,8-

di.oxo-5-tbia-1-am·bicyclo[4.2.0]oct-2-ene-karbosylic acid benzbydryl est.er 

IR (KBr): 1798, 1723 cm-1, MS aSP): 850.2 (M+H)+ 

7.8. Mmme of (E)-(5B,6B,7R). and .(5S,8R,'1R).7·tm1;.butoxycarbonylamino3-

[1·(4-tmt-butmycarbonyloxy-S.fluoro.phenyl).2-om-pynolidin-3-

ylidenemetbylJ-5,8-diom-5-tbia·l-aza·bicyclo[4.2.0]ocf;.2-eJJe.karbosylic acid 
benzbydryl est.er 

ID IR (KBr): 1789, 1767, 1723 cm·l, MS aSP): 788.3 (M+H)+ 

7.9. Mixture of (E)-(5B,6B,7R)· and ·(5S,6B,7R).7-tert-butoxycarbony)amino-

5,8-dioxo-8-[2-om-1·(4-tritylcarbamoyl·phenyl).p)lrrolidin-S.ylidenemetbyl]-5-

tbia·l-aza-bicyclo[UO]ocfi.2-ene-2-carboxylic acid benzbydryl est.er 

25 IR (KBr): 1795, 1718, 1671 cm·l, MS (ISP): 939.4 (M+H)+ 

7.10. Mixture of (E)-(5B,6B,7R)· and ·(5S,6R,7R)-7-tert,.butoxycarbonylami 

3-[1~(2-methoxy-phenyl).2-om-pyrrolidin-3-yJidenemetbyl]-5,8-dioxo-5-tbia·l· 

am·bicyclo[4.2.0]oct.-2-ene-2-carboxylic acid benzbydryl est.er. 
m IR (KBr): 1797, 1719 cm-1, MS (ISP): 684.3 (M+H)+ 

7.lL Mixture of (E)-(5R,6R,7R)· and ·(5S,8R,7R)-7·tm1;.but.oxycarbonylamh10-

3-[l·(feri.butoxycarbonyl·phenyl·metbyl).2-oxo-py.rrolidin-3-y1idenemethyJJ· 

5,&diom-5-tbia-1-aza-bicyclo[4.2.0]oct.-2-ene-2-carbmy1ic acid benzbydryl 

35 ester (config.in -phenyl-methyl-moeity B:S=l:l) 
IR (KBr): 1798, 1727, 1695 cm·l, MS (ISP): 768.1 (M+H)+ 
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'7.12. Mixture of (E)-(5B,6B,'1R)· and ·(5S,6R,'7R)-'7-tert.-bu.toxycarbony)amino-

3-[1·(2-:fluoro-benzyl)-2-oxo-p3rrolidin-S.ylidenemetbyl]-5,8-d.ioxo-5-tbia·l· 

am-bicyclo[4.2.0]oct-2-ene-2-carbmylic acid benzhydryl es&' 

IR (KBr): 1796, 1721, 1689 cm-1, MS aSP): 686.3 CM+H)+ 

'7.13. Mmme of (E)-(5B,6B,'1R)· and -(5S,6R,'7R)-'7-~ • 

3-[1·(2-metboxy-benzyl)-2-oxo-pyrro]idin-3-ylidenemetbyD-5,8-dimo-5-tbia·l· 

am-bicyclo[4.2.0]oct-2-ene-2-earlJoxy1ic acid bembydryl es&' 

IR (KBr): 1795, 1721, 1687 cm-1, MS aSP): 698.3 CM+H)+ 

'7.14. Mmme of (E)-(5B,6B,'1R)· and ·(5S,6R,'7R)-'7-~ • 

3-fl·C3-tert.-but.oxycarbony)-benzyl).2-om-p)'ft'Olidin~ylidenemethyD-5,8-

diom-5-tbia·1-uabicyclo[4.2.01oct-2-ene-2-carbmylic acid benzbydryl es&' 

IR(Imr): 1797, 1758, 1723, 1690 cm·l 

'7.15. Mixture of (E)-(5B,6B,'7R)- and ·(5S,6R,'7R)-'7-~butAi>xyc~10JU'1a:lllLino-
3-[l·(3-:fluoro-benzyl).2-oxo-p)'ITOlidin-S.ylidenemethyD-5,8-dioxo-5-tbia·l· 

am-bicyclo[4.2.0]oct-2-ene-2-earbox)'Hc acid benzbydryl esU!l" 

IR (KBr): 1795, 1721, 1690 cm·l, MS aSP): 686 (M+H)+ 

'7.16. Mixture of (E)-(5B,6B,'1R)· and -(~6B,'7R)-'7-tert.-butoxycm.bony)ami 
3-(1-(3-metboxy-benzyl).2-oxo-p)'l'l'Olidin-S.ylidenemetbyl]-5,8-d.ioxo-5-tbia·l· 

am-bicyclo[4.2.0]oct-2-ene-2-carbmyHc acid benzbydryl es&' 

IR (KBr): 1795, 1721, 1685 cm·l, MS (ISP): 698.2 (M+H)+ 

'7.1'7. Mixture of (E).(5B,6B,'7R)· and -(~6B,'7R)-'7-tert.-butoxycm.bony)ami 
3-[l-[4-{3-tert-but.oxycarbonyl-propionyJamino).benzylJ-2-oxo-pyrm)idin-S. 

yJidenemetbyl]-5,Mioxo-5-tbia-1-am·bicyclo[4.2.0]oct.-2-ene-2-carbmylic acid 
benzbydryl est.er 

oo IR(KBr): 3425, 1796, 1723 cm·l, MS (ISP): 856.8 (M+NH4)+ 

'7.18. Mixture of (E)-(5R,6B,'7R)· and -(~6B,'7R)-3-[1-(4-aD.yloxycarbonyl­

amjno-benzyl)-2-om-JJ)'ft"Olidin-S.ylidenemethyl]-'7-fert.but.mycarbonyl­

amino-5,8-diom-5-tbia·l·aza·bicyclo[4.2.0]oct-2-ene-2-carbmylic acid 

35 benzbydryl est.er 
IR(KBr): 1796, 1723, 1525 cm·l, MS aSP): 789.9 (M+Na)+ 
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'7.19. MD:ture of (E)-(5R,6R,7R)- and ·(5S,6R,7R)-'7-tert..but.oxycmbonylamino-
3-[1·(4-t.ert-butmycarbonyl·benzyl)-2-oxo-pym>lidin.8-ylidenemetbyl)­
diom-5-tbia-1-m·bicyclo[4.2.0]oct-2-ene-2-carbmylic acid benzbydryl est.er 
m (KBr): 1798, 1715 cm·l, MS (ISP): 768.5 (M+H)+ 

'7.20. Mixture of (E)-(5.R,6R,7R)· and (5S,6B,7R)-'7-t.ert.-but.oxycmbonylamino-

3-[1·(4-nitro-benzyl)-2-oxo-pyrrolidin..S.ylidenemetbyl]-5,8-diom-5-tbia·l-m· 
bicyclo[4.2.0]oct.-2-ene-2-carboxatic acid benihydryl est.er 
m (KBr): 1795, 1721, 1688 cm.·1, MS (ISP): 713.3 (M+H)+ 

'7.2L Mixture of (E)-(5B,6R,7R)· and ·(5S,6B,7R).7·t.ert.-but.oxycarbony1am 

3-[1·(4-m.etboxy-benzyl).kxo-pynolidin-3-ylidenemetbyl]-5,8-diom-5-tbia·l· . 
am-bicyclo[4.2.0]oct.-2-ene-2-carbmylic acid benzbydryl est.er 
m (KBr): 1796, 1722, 1684 cm.·1, MS USP): 698.2 (M+H)+ 

3-[1·(4-fluoro-benzyl)-2-oxo-pyrmlidin~ylidenemetby)]-5,8-diom-5-tbia·l· 

aza.bicyclo[4.2.0]oct-kne-2-carboxylic acid benzbydrylest.er 
m (KBr): 1795, 1721, 1686 cm·l, MS USP): 686.2 (M+H)+ 

'7.23.Mixtureof(E).(5.R,6R,7R)-and(5S,6B,7R)-7·tert..but.oxycmbonylamino-

5,8-dioxo-3-[2-om-1·(4-triflu01'0Dlethyl-benzyl)-~ylidenemetbyl]-5-

tbia·l-m-bicyclo[4.2J)]oct-2-ene-2-carbmylic acid benzbydryl esUr 

m (KBr): 1797, 1722, 1498 cm·l, MS (ISP): 736.3 (M+H)+ 

7.24. Mixture of (E).(5.R,6R,7R)- and •(5S,6B,7R).8.(l·benzyl·~:m-pyrrolidin. 
3-ylldenemetbyl).7-t.ert-bu • • oxo-5-thia-1-aza-

bicYclo[4.2.0]oct.-2-ene-2-carboxyJic acid benzbydryl est.er 
m (KBr): 1796, 1722, 1686 cm·l, MS (ISP): 668.3 (M+H)+ 

7.25. (E).(5S,6R,7R)-'7-t.ert-But.oxycarbonylamino.3-[l·C2-fert..butmycarbonyl· 
oxy-phenyl).2-om-pyrrolidin..S.yldenemetbyl]-5,8-di.om-tbia·l-aza·bi· 
cyclo[4.2.0]oct-2-ene-2-carboxyJic acid benzbydryl est.er 

m (KBr): 1798, 1723 cm·l, MS USP): 770.0 (M+H)+ 
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7.26. Mixture of (E)-(5B,6R,7R)· and •(5S,6R,7R)-7-tert.-but.oxycarbonylamjno. 

3-[1·(3-tluoro-2-hydroxy-phenyl)-2-oxo-pyrtolidin.3-ylidenemethyl]-5,8-diom-

5-thia-1-m·bicyclo[UO]oct-2-ene-2-carboxylic acid benzhydryJ. ester 
lH-NMR (CDCla, 250 MHz): 8.9 (s,lH), 6.7-7.5 (m,15H), 5.7-5.9 (m,2H), 4.5 

5 (d,lH), 4.0 (d,lH), 3.6-3.8 (m,2H), 3.2 (d,lH), 2.6-3.0 (m,2H) 

7 Z/. Mixture of (E)-(5B,6R,7R)• and •(5S,6B,7R)-7-tert;.but.oxycarbonylamino. 

3-[1·(4-tert.-but.oxycarbonyl-2-fluoro.pbenyl)-2-oxo-pyrrolidin~ylidene­

methyl]-5,8-diom-5-tbia-1·am·bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

lO benzhydrylester 
lH-NMR (CDC]s, 250 MHz): 7.2-7.5 (m,llH), 7.0 (m,4H), 5.7-5.9 (m,2H), 4.5 

(d,lH), 4.0 (d,lH), 3.5-3.8 (m,2H), 3.2 (d,lH), 2.5-2.9 (m,2H), 1.6 (s,9H), 1.5 

(s,9H) 

15 7.28. Mixture of (E)-(5B,6B,7R)· and ·(5S,6B,7R)-7-tert.-but.oxycarbonylamino-

3-[1·(2-fluoro-phenyl)-2-oxo-pyrrolidin-S-ylidenemetbyl]-5,8-dioxo-5-tbia·l· 

aza..bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydrylester 

25 

lH-NMR (CDC)a, 250 MHz): 6.9-7.5 (m,16H), 5.7-5.9 (m,2H), 4.5 (d,lH), 4.0 

(d,lH), 3.6-3.9 (m,2H), 3.2 (d,lH), 2.5-3.0 (m,2H), 1.5 (s,9H) 

7.29. Mixture of (E)-(5B,6B,7R)- and (5S,6B,7R)-7-tert.-Butmycarbony)amin 

5,8-diom-3-(2-om-l·thiophen-2-ylmetbyl-pyrrolidin-S-ylidenemetbyl)-5-thia-1· 

aza..bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzbydryl ester 
IR(I<Br): 1796, 1721, 1687, 1633 cm-1, MS(ISP): 674.3 (M+H)+ 

7.30. Mixture of (E)-(5R,6R,7R)- and ·(5S,6B,7R)-7-tert.-But.oxycarbonylam 

5,MiOXO-S-£2-om-l·Cl·UityI-m-tetram1..o.ylmetbyl)-pyrrolidin-S­

Yliclenemetbyl1-5-tbia·l·am·bicyclo[4.2.01oct-2-ene-2-carboxylic acid 
benzhydryJ. ester 

m IR(I<Br): 1797, 1722, 1495 cm-1, MS(ISP): 919.4 (M+Nff4>+ 

7.3L Mixture of (E)-(5R,6R,7R)- and ·(5S,6B,7R)-7-tert.-Butoxycarbonylmnino-

5,8-dioxo-3-[2-om-l·(t.etrabydro-fman·2-ylmetbyl)-pyrrolidin-S­

ylidenemetbyl]-5-tbia·l·am·bicyclo[4.2.0]oct-2-ene-2-carbmylic acid 
35 benzbydryl est.er (con1ig. in furan-moeity B:S=l:l) 

IR(I<Br): 1795, 1721, 1684 cm-1, MS(ISP): 662.2 (M+H)+ 
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7.32. Mhtme of (E)-(5.S,6R,7R)- and ·(5B,6R, 7R)·7·1ert-But.oxycarbonylamino-

3-[1·(1-etboxycarbonyl·piperidin-4-Jl)-2-om-pym>Jidin~ylidenemetbyl]-5,8-

dioxo-5-tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carbmyJicacid benzbydryl ester 

IR(I<Br): 1797, 1723, 1691 cm-1, MSOSP): 733.5 (M+H>+ 

7.33. Mixture of (E)-(5B,6B,7R)· and ·(5S,6R,7R)-3-[l·C1-Allyloxycarbonyl­

piperidin-4-yl)-2-om-pym>lidin.3-ylidenemethy]J-7-tert-butm:ycarbonyl­

amino-5,8-dioxotbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

benzbydryl est.er 
10 IR(I<Br): 1797, 1720, 1699, 1499 cm-1, MS(ISP): 745.1 (M+H)+ 

7.34. Mixture of (E)-(5R,6R,7R)- and (5S,6B,7R)-7-~But~'CarlbcmPullliD0-

3-[1·(2.cbloro.pyridin-3-Jl)-2-om-pyrrolidin-3-ylidenemetbyl]-5,8-dioxo-5-tbia-

1-aza-bicyclo[4.2.0]oct-2-ene-kalbmylic acid benzbydryl ester 
l5 IR(I<Br): 1797, 1720 cm-1, MS(ISP): 689.4 (M+H)+ 

7.35.Mixtmeof(E)-(5R,6R,7R)-and·(5S,6R,7R)-7-mrt-But.oxycarbonylamino-

5,8-diom-3-[2.om-l·C2-om-t.etrahydro-furan-3-yl)-py.trolidin-3-ylidenemetbyl]-

5-tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester (config. 

m in furan-moietyR&:l:l) 
IR(I<Br): 1790, 1722, 1695 cm-1, MSOSP): 662.3 (M+H)+ 

7.36. (E)-(5R,6R,7R)·or·(5S,6R,7R)-7-t.ert..ButoxycarbonyJamino.5,8-diox 

[2-om-1-(3-carbam.oyl-tbiophen-2yl)-pynolidin-3-yHdenemethyl]-5-tbia·l·m-

25 bicyclo[4.2.0]oct-2-ene-kalbmylic acid benzhydryl ester (config. in furan. 
moiety B:S=l:l) 
IRcKBr): 1793, 1716 cm-1, MS(ISP): 703.2 (M+H)+ 
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8. J>e.oxygenation of the sulfoxide (5) Scheme 1 
S.Lm~esanceofphosphorousmDromiE 

8.LL Preparation of (E)-(68, 7R)..7-tert-Bu~~1JOilylaDlllllo-3-[1-(4-tert-

but.aqcarbcmylo-pbenyl)-2-oxo-pyft'Olidin.S.ylidene]~thia-1-aza· 

5 bicyclo[UO]oct,.2-ene-2-earbmylic acid benzbydryl est.er 

To a solution of 10.45 g (13.57 mmol) of a mixture of (E)-(5R,6R, 7R)- and 
10 (58,6R, 7R)-7-tert-butoxycarbonylamino-3-[l-(4-tert-butoxycarbonyloxy­

phenyl)-2-oxo-pyrrolidin-3-ylidenemethy ]-5,8-dioxo-5-thia-1-aza­
bicyclo[4.2.0]oct-2-ene-2 carboxylic acid benzhydryl ester in 120 ml 
dichloromethane, 12.1 ml N-methyl acetamide and 12.8 ml N,N­
dimethylformamide was added at -30°C a solution of 5.1 ml phosphorous 

I 

l5 tribromide in 15 ml dichloromethane. The mixture was stirred for 1 hour 
and then poured into a stirred solution of 20 g sodium bicarbonate in 250 ml 
ice-water. The organic phase was separated, washed with water, dried over 
magnesium sulfate and concentrated. The residue was digerated with n­
hexane and the solid mat.erial collected by filtration (9.85 g, 96.3%). 

m IR(KBr): 1787, 1758, 1722 cm·l; MS(ISP): 754.5 (M+H)+ 



I 
I 

5 

-53-

8.1.2. (E)-(6B, 7R).S-[l•(lH·Benzimjdaml-2-ylm.etbyl)-2-oxo-pyttO)idin.S-

ylidenemetbylJ·'1·t.ert.-bu tbia-1-ua-
bicylco[4.2.0]oct;.2-ene-karboxy)ic acid benzbydryl ester 

To a solution of 5.1 g (7 .2 mmol) of a mixture of a mixture of (E)-(5R, 6R, 7R)­
and - (58, 6R, 7R)-3-[1-(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-
ylidenemethyl]-7-tert-butoxycarbonylamino-5,8-dioxo-5-tbia-1-aza-bicyclo-

10 [ 4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester in 53 ml dichloromethane, 
6.3 ml N-methyl acetamide and 6.8 ml N,N-dimethylformamide was added 
at -30°C a solution of 2. 7 ml (28.8 mmol) phosphorous tribromide in 13 ml 
d.ichloromethane. The mixture was stirred for 30 min and then poured on 
ice-water. The phases were separated and the aqueous phase was extracted 

l5 twice with dichloromethane. The combined organic phases were washed 
with saturated sodium bicarbonate solution and water, dried over 
magnesium. sulfate and concentrated. The residue was purified by silica gel 
chromatography (acetone : hexane = 2:1). 
yie~d: 3.1 g (62%) yellow powder. 

ID m.qrnr): 1786, 1721, 1627 cm-1, MS(ISP): 426.6 (M+H)+ 

According to the procedure set forth in the preceeding examples, the 
following additional compounds were prepared: 
8.1.3.(E)-(6B,'1R)-7-t.ert.-Bu • [1-(S.nitro-phenyl)-2-oxo-

25 pyrmlidin.S-ylidene]~tbia-1-aza-bicyclo[4.2.0]oct;.2-ene-2-carboxylic 

acid benzbydrylester 
m (KBr): 1787, 1721 cm-1 

8.L4. (E)-(6R,'1R)-7-t.ert.-Butoxycubony)amino-3-(l·naphtbalen-1-yl-2-oxo­

m pyrmlidin.S-yJidenemethyl)-Soxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-
carbmylic acid benzbydrylesfer 
m CKBr): 1785, 1720 cm-1, MS (ISP): 688.3 CM+H)+ 
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8.L5. (E)-(6R,7R)-7-fert.ButmycarbonyJamino.3.[1·(2,2-dipbenyl-1,3-1Jemo. 

dioxol-5-yl).2-om-pyao]idin.S.ylidenemetby)]-&oxo-5-tia-1-aza· 

bicyclo[4.2.0]oct-2-ene-2-carbmylic acid benzbydryl ester 

5 IR(KBr): 1786, 1721, 1679 cm-1, MS OSP): 834.2 CM+H)+ 

8.L6. (E)-(6R,7R).7-fert.ButoxycarbonyJamino.3.[1·(3-tert-butmycmbonyloxy­

phenyl).2-oxo-pyr.rolidin.S.ylidenemetbyll-&om-5-tbia-1-aza·bicyclo[4.2.0]oct-

2-en&2-carboxylic acid ~ester 

10 IR (KBr): 1787, 1758, 1721 cm-1, MS OSP): 754.3 (M+H)+ 

3-flu.oro..phenyl)-2-om-pyr.rolicHn-3-ylidenemetbyl]-&om-5-tbia-1-aza· 

bicyclo[4.2.0]oct-2-ene-2-carbmylic acid benzbydryl ester 

l5 IR(KBr): 1772, 1721 cm-1, MS USP): 772.3 (M+H)+ 

I 

8.lA (E)-(6R,7R).7-fert.B [2-om-1-(4-trityl· 

carbamoyl-phenyl)-pyrrolidin-3-ylidenemethyl]-5-tbia·l-aza-bicyclo[4.2.0]ocf;. 

2-ene-2-carbmyJic acid benzbydryl ester 

m IR (KBr): 1787, 1722, 1682 cm-1, MS OSP): 923.4 (M+H)+ 

8.1.9. (E)-(6R,7R).7-t.ert..But.oxycarbonyJamino.3.[l·C2-metboxy·pbenyl)-2-oxo­

pyr.rolidin-3-ylidenemetbyll-8-oxo-5-1hia-1-aza·bi~[4.2.0]oct;.2-ene-2-

carbmylic acid benzbydrylester 

25 IR (KBr): 1786, 1721 cnrl, MS USP): 668.3 CM+H)+ 

8.LlO. (E)-(6R,7R).7-~ • [1·(2-flu.oro.benzyl)-2-oxo-

~ylidenemetbyJJ-8-oxo-5-1hia·l-aza·bicyclo[4.2.0]oct;.2-ene-2-

carbmylic acid benzbydrylesfer 

oo IR (KBr): 1780, 1721, 1687 cm-1, MS USP): 670.3 (M+H)+ 

8.LlL (E)-(8R,7R).7-tert...Bu • [1-(2-medioxy-benzyl)-2-oxo-

pynolidin.-3-:ylidenemetbyl]-&om-5-1hia·l-aza·bicyclo[4.2.0]oct;.2-ene-2-

carbmylic acid benzbydrylesfer 

35 IR (KBr): 1784, 1721, 1687 cm-1, MS (ISP): 682.3 (M+H)+ 
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8.Ll2. (E)-(6R,7R)-7-tert-Butmycarbonylmnino-3-[l·(S-tert-but.oxycarbonyl­

oxy·benzyl)-2-oxo-pym>lidin-3-y]idenemethyl]-8-oxo-5-tbia·l-uabicyclo­

[4.2.0]oct-2-ene-2-carboxylic acid benzbydryl ester 

IR (KBr): 1786, 1758, 1721 cm-1, MS OSP): 785.1 (M+H)+ 

8.L13. (E)-(6R,7R)-'1-t.ert-But.oxycarbonylamino.3-[1·(8-fluoro.benzyl)-2-om­

pyrroJidin-3-ylidenemetby]J-8-oxo-5-thia·l-m·bicyclo[4.2.0]oct-2-ene-2-

carboxylic acid benzbydrylester 
m CKBr): 1784, 1721, 1688 cm-1, MS (ISP): 669.8 (M+H)+ 

pyITOlidin-3-ylidenemetbyl]-8-oxo-5-thia·l-aza·bicyclo[4.2.0]oct.-2-ene-2-

carboxyJic acid benzbydeyl ester 
m (KBr): 1785, 1720, 1686 cm-1, MS (ISP): 682.2 (M+H)+ 

8.L15. (E)-(6R,7R)-'1-tert-But.oxycarbonyJamino..3.[1·[4-(S-tert-but.oxycarbonyl­

propiony)amino)-benzylJ-2-om-pyrrolidin-3-ylidenemetbyl]..fJ.om.5.thia·l· 

m-bicyclo[4..2.0]oct-2-ene-2-carboxylic acid benzbydryl ester 
m CKBr): 1787, 1722, 1687 cm-1, MS OSP): 845.8 CM+Na)+ 

8.L16. (E)-(6B,7R)-3-[1-(4-Allyloxycarbonylmnino-benzyl)-2-oxo-pyrrolidin-3-

ylidenemethy]J-7-t.ertrbut.oxycarbonylami~Som-5-tbia-1-aza· 

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzbydryl est.er 

m CKBr): 1784, 1722, 1529 cm-1, MS OSP): 773.6 (M+Na)+ 

8.1.17. (E)-(8R,7R)-7-tert-Ba [1-(4-tert-but.oxycarbonyl-

beDzyl)-2-oxo-pyrrolicUn-3-ylidmemethyJJ-&oxo-5-thia-1-aza-bicyclo[4.2.0]oct-
2-ene-2-carboxylic acid benzbydrylester 
m CKBr): 1787, 1714 cm-1, MS OSP): 752.5 CM+H)+ 

8.1.18. (E)-(6B,7R)-7-tert-But.oxycarbonyJamino..3.[1-(4-nitro-benzyl)-2-oxo­

pyrro1idin-3-ylidenemetbyl]-Som-5-thia-1-aza-bicyclo[4.2.0]oct.-2-ene-2-

carboxylic aci4 benzbydrylester 
IR (KBr): 1785, 1720, 1688 cm-1, MS (ISP): 697.3 (M+H)+ 

8.L19. (E)-(6B,7R)-7-tert-Ba [1·(4-me&oxy-benzyl)-2-om-

pyrrolidin-3-ylidenemetbyl]-Som-5-tbia-1-aza-bicyclo[4.2.0]oct.-2-ene-2-

carboxylic acid benzbydryl ester 
m (KBr): 1784, 1722, 1685 cm-1, MS USP): 682.2 (M+H)+ 
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8.1.20. (E)-(6R,7R)-7-t.ert-Butmycarbonylamino-3-[1·(4-fluoro-benzyl)-2-om­

pyITOlidin-3-ylidenemetbyl]-8-om-5-thia·l-aza-bicyclo[4.2.0]oct-2-ene-2-

carbmyJic acid benzbydrylester 
5 IR (KBr): 1783, 1722, 1685 cm-1, MS USP): 670.2 (M+H)+ 

8.1.2L (E)-(6R,7R)..7-tertrBu • m-S-[2-oxo-1-(4-trifluoro. 

methyl-benzyl)..pyrmlidin-3-ylidenemetbyl]-5-tbia-1-am-bicyclo[4.2.0]oct-2-

ene-2-carbmylic acid benzbydrylester 

10 IR (KBr): 1786, 1721, 1689 cm-1, MS USP): 720.4 (M+H)+ 

8.1.22. (E)..(6B,7R)-3-(l·Benzyl-2-om-pyrrolidin-3-y)idenemetbyl)..7-tert.­

bU1;GXJ7C811Jml.VJalDdl• oo-lk>ll:O-O-tbia~-am-bicyclo[4.2.00oct-2-en&2-carbmylic 

acid benzbydrylester 
l5 IR (KBr): 1785, 1721, 1686 cm-1, MS USP): 652.3 (M+H)+ 

8.1.2& Mixture of (E)..(8B,7R)..7-tertrbutmycarbonylamino-3-[l·[CR)..and ·[(S).. 

terfrbut.oxycarbonyl·phenyl·methyl]·2-oxo-pyrroliilin~~-8-om-5-

tbia·l-am·bicyclo[4.2.0]oct-2-ene-2-carboxylic acid benzbydryl ester 
.m IR (KBr): 1788, 1728, 1690 cm-1, MS (ISP): 752.1 (M+H)+ 

8.1.24. (E)-(6R,7R)..7-tert.-Butmycarbonylamino-3-[1·(S.m.ethoxy-phenyl)..2-

o:m-pynoliilin.3-ylidenemetbyl]-8-om-5-tbia-1-aza·bicyclo[4.2.0]oct-2-ene-2-

carboxyiic acid benzbydrylester 

2> IR (KBr): 1786, 1721 cm-1, MS (ISP): 668.4 (M+H)+ 

s.t.25. (E)..(6R,7R)-7-tert-But.oxycarbonyJamino.3..(l·naphthaleri-1-yl-2-om­

pyri'oBdin-3-ylidenemetbyl)..8-thia-1-am·bicyclo[4.2.0]oct-2-ene-2-

carboxyiic acid benzbydrylester 
oo IR (KBr): 1785, 1721 cm-1, MS (ISP): 688.4 (M+H)+ 

8.1.26. (E)-(6B,7R)..7-t.ert..ButmycarbonyJamino.3..[1·(3-fluom..phenyl)..2-om­

pynolidin-3-ylidenemethyJ]-8-om-5-thia·1-aza-bicyclo[4.2.0]oct;.2-ene-2-

carboxyiic acid henzbydrylester 

35 IR (KBr): 1787, 1721 cm-1, MS (ISP): 656.3 (M+H)+ 
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metbyl-phenyl)•p)'rro1idin-3-yJidenemetbyl•phenyD-pyrro1ictin-3- I 

yJideoemetby]J-5-tbia-l·aza·bieyclo[4.2.0]oct-2-ene-2-carboX)'lic acid 

benzbydryl est.er 
5 IR (KBr): 1785, 1721 cm-1, MS (ISP): 706.3 (M+H)+ 

8.1.28. 1:1 Mixtme of (E)-(6B,7R)-7·t.en;.; [2-om-

1-[(R)- and ·[(S)-tetrahydro-furan·2-ylm.etbyl]·pyrro1idin-3-y1idenemetbyl]-5-

thia·l.aza·bicyclo[4.2.0]ocfi.2-ene-2-carboxylic acid beozbydryl ester 
10 IR(KBr): 1785, 1720, 1685 cnrl, MS(ISP): 646.3 (M+H)+ 

8.1.29. (E)-(6B,7R>-7·t.ert;; • Ckxo-l·Cl·trityl-m-
t.etramI-S-yJmethyl)-p)'1'1'0lidin-S-ylidenemetbyl]-S-tbia·l·aza· 
bicyclo[4.2J)]oct-kne-2-carboxylic acid benzbydryl est.er 

15 IR(KBr): 1785, 1720, 1640 curl, MS(ISP): 903.4 (M+N1I4)+ 

8.1.30. <E>·C6R,7R)-7-tert..Bu • [1-(3,5-dimetbyl-pyrazin-2-

yl).2-oxo-pyrrolidin-3-yJidenemethyl]-8-om-5-thia·l.aza·bicyclo[4.2.0]oct-2-

ene-karboxylic acid benzbydryl est.er 
a> IR(KBr): 1787, 1719, cm-1, MS(ISP): 668.2 (M+H)+ 

8.1.31. (E)-(6R,7R)-3-[1-(1-Allyloxycarbcmyl-piperidin-4-yl).2-oxo-pyrrolidin-3-

ylidenemetbyJJ-7-~ alla-1.aza-bicyclo 
[4.2J)]oct;.2-ene-2-earboxyJic acid benzbydryl est.er 

2> IR(KBr): 1786, 1701 cm-1, MS(ISP): 729.0 (M+H)+ 

8.1.32. (E)-(6R,7R)-7-t.ert-But.mycarbony~(2-oxo-1-piperidin-4-

yl-pyrro1idin-3-yJidenemetbyl)-thia-1-aza·bicyclo[4.2.0]oct-2-ene-carboxyli 

acid benzbydrylest.er acetate 
m IR(KBr): 1785, 1719, 1682, 1494 cm-1, MSOSP): 645.4 CM+H)+ 

8.1.33. (E)-(6R,7R)-7-t.ert-Bu • [1-(l-ethoxycarbonyl-

piperidin-4-yl)-2-om-pyrrolidin-3-ylidenemetbyl]~thia-1-aza­

bicyclo[4.2.0]oct-2-eoe-carboxyli acid beozbydryl ester 
35 IR(KBr): 1787, 1720, 1689 cm-1,MS(ISP): 717.4 (M+H)+ 
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8.L34. (E)-(6R,'1R)-'7-fert..But.oxycarbonylamino-3-[1-[l·(S.fert..but.ox;ycarbcmyl­

propionyl)-piperidin-4-y1J-2-oxo-pyrro]idin-3-ylidenemethyl]-8-oxo-S-tbia-1· 

aza-bicyclo[4.2.0]oct-2-en&-2-carboxylic acid bembydryl ester 
IR(KBr): 1786, 1722, 1688, 1645 cm-1, MS(LPD): 823.8 (M+Na)+ 

8.1.35. (E)-(6R,'1R)-'7·fert..Bu (2-oxo-l·pyrimidin-2-

yl-pyrrolidin-3-ylidenemetbyl)-5thia·l-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxyJic acid benzbydryl ester 
IR(KBr): 1784, 1717 cm-1,MS(ISP): 640.4 (M+H)+ 

tbiadiaml-2-yl)-pyrrolidin-3-ylidenemeth11J-5-thia-1-m-bicyclo[4.2.0]oct-2-

ene-2-carboxylic acid benzbydryl est.er 
IR(KBr): 1787, 1719 cm-1, MS(ISP): 646.2 (M+H)+ 

8.1.3'7. (E)-(6B,'1R)-'7-tert-But.oxycarbonylamino-3-[1-(&cbloro-pyrldazin-3-yl)-

2-oxo-pyrrolidin-3-y]idenemetby1J-8-om-5-tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carboxyJic acid benzbydryl est.er 
IR(KBr): 1787, 1714, cm-1, MS(ISP): 674.2 (M+H)+ 

8.1.38. (E)-(6R,'1R)-'7-~ (2-oxo-l-tbiophen-2-

ylmetbyl-py1mlidin-3-ylidenemetbyl)-5-thia-l-aza-bicyclo[4.2.0]oct.-2-ene-2-

carboxyJic acid benzbydryl est.er 
m(l{Br): 1783, 1720, 1686, 1633 cm-1,MS(ISP): 658.3 (M+H)+ 

8.1.39. 1:1 Mixtme of (E)-(6R,'1R)-'7-terfi.Bu • [2-oxo-

1-[(R)- and ~[(S)-kxo-tetrabydro-furan-3-y]J-pyrrolidin-3-ylidenemetbyll-5-

tma-1-m-bicyclo[4.2.0]oct-2-en&2-carlJoxylic acid benzbydryl ester 
IRCKBr): 1783, 1720, 1692 cm-1, MS(ISP): 646.3 (M+H)+ 

8.L40. (E)-(6R,'1R)-'7-tert-But.oxycarbonylamino-3-[1·(2-cbloxo-pyridin-3-yl)-2-

0XO-pjrrolidin.3-ylidenemetbyl]-8-om-5-tbia-1-aza-bicyclo[4.2.0]oct.-2-ene-2-

carboxylic acid bembydrylester -

mamr): 1785, 1718, cm-1, MS(ISP): 696.1 (M+Na)+ 
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&1.41. (E)-(6R,'1R)-'1-t.eri-Bu • [2-oxo-1-(3-

etboxycarbcmyl-tbiopben-2yl)-pyrmlidin-3-ylidenemetbyl]-5-tbia-1-aza­

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid bembydry1 ester 
lH-NMR (CDCla) a[ppm] = 1.29(t,3H);1.49 (s,9H); 2.63 (m,lH); 2.82 (m,lH); 

5 3.61(m,3H);3.81(m,lH);4.25 (q,2H); 5.03 (d, lH); 5.~9 (d, lH); 5.67 (m,lH); 

7 .01 (s, lH); 7.12 ( d, lH); 7.3-7.5 (m, 12H) 

8.1.42. (E)-(6R,'1R)-'1-t.ert-ButoxycarbonyJamino.&om-3-[2-om-1-(3eyano­

tbiophen-2yl)-pyrmlidin-3-ylidenemethyIJ-5-tbia-1-aza.bicyclo[4.2.0]oct.-2-ene­

lO 2-carboxylic acid bembydry1 ester 
IR(KBr): 1786, 1720 cm.-1, MS(ISP): 686.4 (M+NH.4)+ 

8.1.43. (E)-(6R,'1R)-'1-t.ert-Bu • m>S-[2-oxo-1-(3au:bamoyl­

tbiophen-2yl)-pyHOHdin-3-y]idenemetbyl]-5-tbia-l·aza·bicyclo[4.2.0)oct.-2-ene­

l5 2-carboxylic acid benzbydryl ester 
IR(KBr): 1785, 1682 cm.-1, MSUSP): 687.4 (M+H)+ 

8.2. In the presence of sodium iodide 
8.2.L P1'eparation of (E)-(6R,7B)-'1-Uni-Bu [1·(3-fluoro..2-

m bydrmy-phenyl)-2-om-pyrroJidhl-3-ylidenem.ethyJJ-8-oxo-5-tbia-l·aza· 

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid bembydry1 ester 

25 To a solution of 3.92 g (5.22 mmol) (E)-(5R,6R, 7R)- and (5S,6R, 7R)-7-tert­

butoxycarbonylamino-3-[1-(3-fluoro-2-hydroxy-phenyl)-2-oxo-pyrrolidin-3-

yliden~ethy]-5,8-dioxo-5-tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2 carboxylic acid 
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benzhydryl ester in 60 ml acetone was added 3.86 g (26.1 mmol) sodium 

iodide. The mixture was cooled to -20°C and 3.6 ml (26.1 mmol) trifluoro­

acetic acid anhydride were added within 10 min, the temperature being kept 

below o·c. After 1 h, ethylacetate was added and the mixture was washed 

5 twice with 50 ml 10% sodium bisulfite solution and brine. The organic phase 

was dried over sodium sulfate and evaporated. The residue was stirred with 

diethylether and hexane and the solid was collected by filtration and dried. 

yield: 3.07 g (88%). 
lH-NMR (250 MHz, CDC]s): 6.8 - 7.5 (m, 15 H); 5. 7 (m, 1 H); 5.4 (d, 1 H); 5.0 (d, 

lO 1 H), 3.5 - 3.9 (m, 4 H); 2.5 -2.9 (m, 2 H); 1.5 (s, 9 H). 

According to the procedure set forth in the preceeding example, the 

following additional compounds were prepared: 
8.2.2. (E)-(6R,'7R)-7-tert-But.mycarbonyJamino..3.[1-(2-fluoro..phenyl)-2-om-

l5 pymolidin.3-yHdenemetbyJ]-soxo-5-tia-1-m-bicyclo[4.2.0]ocf;.2-ene-2-

carboxylic acid benzbydryl ester 
lH-NMR (CDC}a, 250 MHz): 7.1-7.4 (m,15H), 7.0 (s,lH), 5.7 (m,lH), 5.4 

(dd,lH), 3.6-3.8 (m,4H), 2.5-2.9 (m,2H), 1.5 (s,9H). 

m 8.2.3. (E)-(6R,7R)-7-im$But.mycarbouylamino3-[1·(4-tert-but.oxycmbcmylo-

2-fluoro-phenyl)-2-om-pyrrolidin-S.ylidenemetby1]-soxo-5-tbia-1-m-bicyclo­

[4.2.0]oct;.2-ene-2-earbosy)ic acid benzbydryl ester 

25 

lH-NMR (CDCia, 250 MHz): 7.2-7.5 (m,12H), 7.0 (m,3H), 5.7 (m,lH), 5.3 

(d,IB), 5.0 (d,lH), 3.5-3.8 (m,4H), 2.5-2.9 (m,2H), 1.6 (s,9H), 1.5 (s,9H) 

8.2.4. (E)-(6R,7R)-7-im$But.mycarbouylamino-3-[1-(2-tert-butoxycarbonylo­

ph8nyJ.).2-cm>opy.r.rolidin-S.yldenemetbyl]-&oxo-5-tbia-1-aza.bicyclo[4.2.0]oct.-

2-eDe-2-carboxyJic acid benzbydryl ester 
IR (KBr): 1784, 1721 cm-1, MS (ISP): 753.9 (M+H)+ 
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9. Removing the amino and/orcarbmy· prota..ting groups (Scheme 1 
(6)-+(7)) 

9.L In the p:esence of trifluoroacetic acid and anjsole 

9.LL Preparation of (E)..(6R,7R)-'7-.AJDino.3.[1·(4-hydroxy·phenyl)-2-oxo-

5 pynolidin-3-ylidenemetbylJ-Som-5-fhia-1-m·bicyclo[4.2.0]oct-2-ene-2-

au:boqlic acid trifluoroaceUde 

lO To a solution of 9. 78 g (12.97 mm.ol) (E)-(6R, 7R)-7-tert-butoxycarbonylamino-3-

[1-(4-tert-butoxycarbonyloxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethy]-8-oxo-

5-thia-1-aza-bicyclo[ 4.2.0]oct-2-ene-2 carboxylic acid benzhydryl ester in 100 

ml dichloromethane and 10 ml anisole was added 50 ml trifluoroacetic acid 

at o·c. After 2 h at rt, the mixture was concentrated and poured on 

l5 diethylether. The resulting solid was collected by filtration and washed with 

diethylether and hexane (5.12 g, 96.2%). 

IR(KBr): 1778, 1676 cm-1, MS (ISP): 388.4 CM+H)+ 
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9.1.2. (E)-(6B,7R)•7•Amino-3-[l•(lH·benzimidaml·2-y1methyl)-2-oxo­
pyrrolidin-3-ylidenemetbyl]-som-5-thia·l-am•bicyJco[4.2.0]oct,.2-ene-2-
C8l'boxylic acid trilluoroaceiaie 

1-BuOCON~,)_ ~ 
OJ--::t'~ CH~~~ 

0 OCHPh2 O n 
CF3COOH• H2 N'r--(i:S N~ 

OJ-N...,h CHY_)L~ 
CF3COOH O OH O 

To a solution of 0.5 g (0.72 mmol) (E)-(6R, 7R)-3-[1-(1H-benzimidazol-2-
ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-7-tert-butoxycarbonylamino-8-
oxo-5-thia-1-aza-bicylco[ 4.2.0]oct-2-ene-2-carboxylic acid benzhydryl ester in 
4.8 ml dichloromethane and 0.45 ml anisole was added 2.42 ml trifluoroacetic 

10 acid at o·c. After 4.5 h, the mixture was concentrated and the residue 
dissolved in dichloromethane and treated with diethylether. The resulting 
solid was collected by filtration, stirred with ethyl acetate and collected by 
filtration. 
yield: 185 mg (60 %) beige powder 

15 IR(KBr): 1777, 1677, 1625 cm·l, MS(ISP): 692.8 (M+H)+ 

According to the procedure set forth in the preceeding examples, the 
following additional compounds were prepared: 
9.1.3. (E)·(6R,'1R)-7-Amino-3-[l·(S-nitro-phenyl).2-oxo-pyrrolidin..S.ylidene­

m metbyl]-8-om-5-tbia-1-am·bicyclo[4.2.0]octr2-ene-carboxy1i acid 
trifl.uomacefa1 
m (KBr): 1785, 1690 cm·l, MS OSP): 415.4 (M-H)· 

9.L4. (6B,'1R).7·Amino-3-[1·(4-carboxy·phenyl)-2-oxo-pylTOlidin..S.yJidene-
2> metbyl]-8-oxo-5-tbia·l-am·bicydo[4.2.0]octr2-ene-2-carbmylic acid 

trifluoroacetaie 
m (KBr): 1786, 1691 cm·l, MS (ISP): 416.3 (M+H)+ 
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9.1.5. (E)-(6B,7R)-7-Amino-3-[1-(3-m.ethoxy-phenyl)-2-om-pyrmlidin-3-

y1idenemetbyD-8om-5-tbia-1-m-bicyclo[4.3.0]oct-2-en&2-carboxylic acid 

triftuoroacebde 
IR (KBr): 1789, 1687 cm.-1, MS (ISP): 402.4 (M+H)+ 

9.lA (E)-(6B,7R)·'1-Amino-3-[1·(S-fluoro-phenyl)-2-om-pyrrolidjn-3-
y1idenemetbyl]-8-om-5-tbia-1-m-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

triftuoroacebde 
IR (KBr): 1795, 1692 cm.-1, MS (ISP): 390 (M+H)+ 

9.L 7. (E)-(6B,7R)-7-Amino-3-[1·(3-hydrmy-phenyl)-2-om-pyrrolidin-3-y1idene­

metbyl]-8om-5-tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxy1ic acid 
trifluoroaceUde 
IR (KBr): 1785 cm.-1 

9.1.8. (E)-(6B,7R)-'1-Amino-3-[1-(3,4-dihydroxy-pbenyl)-2-om-pyrro]idin-3-

y1idenemetbyl]-8-om-5-tbia-1-m-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
trifluomaceiate 
IR (KBr): 1775, 1673 cm.-1, MS (ISP): 404.2 (M+H)+ 

9.L9. (E)-(6B,7R)-7-Amino-8-[1-(3-fluom-4-hydrmy-phenyl)-2-om-pytrolidin-
3-ylidenemetbyl]-8om-5-thia-1-m-bicyclo[4.2.0]oct-2-ene-2-carboxy1ic acid 
trifluoroacetate 
IR (KBr): 1776, 1678 cm.-1, MS aSP): 406.3 (M+H)+ 

9.LlO. (E)-(6B,7R)-7-Amino-3-[l·C2-methoxy-phenyl)-2-om-pynolidin-3-
ylittenemetbyl]-8-om-5-tbia-1-m-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
trifluoroaceiat 
IR (KBr): 1781, 1684 cm-1, MS aSP): 402.3 (M+H)+ 

9.LlL (E)-(6B,7R)-'1-Amino-8-[l·(S-fluoro..2-hydrmy-phenyl)-2-om-pytrolidin-
3-ylidenemetbyl]-8-om-5-thia-l·ua·bicyclo[4.2.0]oct-2-ene-2-carboxy1ic acid 
triflu.oroacetate 
lH-NMR (DMSO, 250 MHz): 9.8 (b,lH), 6.8-7.4 (m,6H), 5.2 (dd,2H), 4.0 (b,2H), 

35 3.7 (m,2H), 3.1-3.3 (m,2H) 
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9.L12. (E)·(6R,7R)..7·Amino-3-[l·C2-fl.uorcM..hydrmy·phenyl)..2-om-pyr.rolidin· 

3-y)idenemetbyl]-8-om-5-thia·l-aza·bicyclo[4.2.0]oct-2-ene-karboxy)ic acid 

trifluoroaceUde 
lH-NMR (DMSO, 250 MHz): 10.1 (sb,lH), 7.4 (s,lH), 7.2 (m,2H), 6.9-7.2 

5 (m,2H), 6. 7 (m,2H), 5.2 (dd,2H), 4~0 (dd,2H), 3. 7 (m,2H), 3.0-3.3 (m,2H) 

9.LlS. (E)..(6R,7R)..7-AJDino.3.[l·C2-fluoro.phenyl)-2-om-pyr.rolidin-3-ylidene­

metbyJ]-8-om-5-tbia·l-aza-bicyclo[4.2.0]oct-2-ene-2-carbmylic acid 

trifluoroacetat 
10 lH-NMR (DMSO, 250 MHz): 6.9-7.6 (m,7H), 5.1 (d,lH), 4.9 (d,lH), 3.9 (sb,2H), 

3.8 (m,2H), 3.1-3.4 (m,2H) 

9.Ll4. (E)..(6R,7R)..7-Amino-3-[1·(2-hydrmy-phenyl)..2-oxo-pyrrolidin-3-

ylidenemethylJ-8-oxo-5-tbia-l-aza·bicyclo[4.2.0]oct-2-ene-karboxy)ic acid 

l5 triflumoacetate 
IR (KBr): 1794, 1620· cm-1, MS (ISN): 386.2 (M-H)-

9.Ll5. Mixture of (E)·(6R,7R)..7-amhlo-3-[l·[(R)· and ·[(S)..carboxy-phenyl­

m.ethyl]-2-om-pytrolidin-3-y)idenemetbyll-8-oxo-5-tbia·l-aza·bicyclo[4.2.0]oct­
ID 2-ene-2-carbmylic acid trliluoroacetaie 

IR(KBr): 1786, 1743, 1681, 1623 cm-1, MS (ISP): 430.2 (M+H)+ 

9.Ll&. (E)·(6B,7R)·7·Amino-3-[1·(2-fluoro-benzyD-2-om-py1YOlidin-3-ylidene­

. metby)]-8-oxo-5-tbia-1-aza·bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
25 trifluoroacetai 

IR (KBr): 3435, 1785, 1682 cm-1, MS (ISP): 404.3 (M+H)+ 
' 

9.t.:17. (E)..(68, 7R)..7-Amino-3-[l·C2-m.etbmy-benzyl)..2-oxo-pyrrolidin-3-

y1idenemethyl]-SOXOO.tbia·l-aza-bicyclo[4.2.0]oct,.2-ene-2-earboxy)ie acid 
3) triflumoaceiaie 

IR (KBr): 1788, 1680, 1623 cm-1, MS (ISP): 416.4 (M+H)+ 

9.L18. (E)..(6B,7R)..7-AmiJlo.3.[1·(3-hydrmy-benzyl)..~xo-pym>lidin~yJ. 

idenemethyl]-8-om-5-tbia·l-aza·bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
35 trifluoroaceiate 

IR (KBr): 1788, 1677, 1617 cm-1, MS (ISP): 402.3 (M+H)+ 
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9.L19. (E)·(6B,7R)·7·Amino-3-[1·(3-fl.uoro-benzyl)·2-om-pynolidin-3-ylidene­
metbyl)·kxo-5-tbia·l-am·bicyclo[il0]oct.-2-ene-2-carbmylic acid 
triflumoaceia18 
IR (KBr): 1787, 1682, 1616 cm-1, MS USP): 404.3 (M+H)+ 

9.1.20. (E).(6B,7R).7·.Amino-3-[1·(3-methoxy·benzyl)-2-oxo-pyrrolidin~yl­

idenemetbyl)-8-om-5-tbia·l-m·bicyclo[4.2.0]oct.-2-ene-karboxylic acid 

trifluoroaceiat 
IR (KBr): 1687, 1681, 1610 cm-1, MS (ISP): 416.4 (M+H)+ 

9.1.2L (E).(6B,7R).7·Amino-3-[1·[4-(3-carbmy·propionylamino).benzyl].2-om­

P.YHOliclin-8-y)idenemethyD-&om-5-thia·l-aza·bicyclo[4.2.0]oct.-2-eJl&.2-
carhoxylic acid mftuoroaceiaie 
IR (KBr): 1781, 1670, 1605 cm-1, MS USP): 523.5 (M+Na)+ 

9.1.22. (E).(6R,7R)-8-[1-(4-Allylm:ycarbonylamino.benzyl)-2-cm>-pynolidin-S­

Ylidenemet.byl]·7·amiJlo.8.om.5.tbia·l-aza..bicyclo[4.2J)]oct,..2-ene-2-carboxylic 

acid trifluoroacefat 
1R (KBr): 3411, 1781, 1724, 1676 cm-1, MS (ISP): 507.5 (M+Na)+ 

9.1.23. (E)-(6R, 7R).'1·Amino-3-[1·(4-carbmy·benzyl)-2-om-pyr.Nlidin-3-

y)idmemethyl]-8-oxo-5-tbia·l-aza-bicyclo[4.2.0]oct,..2-ene-karboxylic acid 
trifluoroacefaf 
IR (KBr): 1784, 1682, 1614 cm-1, MS (ISP): 430.3 (M+H)+ 

9.1.24. (E)-(6R,7R)-'1·Amino-3-[1·(4-nitro-benzyl)-2-om-pytt0lidin-8-ylidene­
meibyl]-Soxo-S-tbia-l-ua-bieyclo[4.2.()]00t-2-ene-2-carboxylic acid 

trifluoroacetafe 
IR (KBr): 1781, 1679, 1611 cm-1, MS (ISP): 431.3 (M+H)+ 

9.1.25. (E)-(6B,'1R).7·Amino-(4-methoxy·benzyl)-2-om-pyrrolidin-8-yJidene. 

metbyl]-8-om-5-thia·l-am-bicyclo[4.2.0]octr2-ene-2-carboxylic acid 

~ 
IR (KBr): 3433, 1786, 1679, 1613 cm-1, MS (ISP): 416.4 (M+H)+ 

9.1.26. (E)-(6B,7R).7·Amino-3-[1·(4-fl.uoro-benzyl)-2-om-pjm>Jidin~ylidene­
metbyl]-Soxo-5-tbia·l-am·bicyclo[4.2J)]octr2-ene-karboxylic acid 
tritluoroacetaf 
IR (KBr): 1783, 1683, 1605 cm-1, MS (ISP): 404.3 (M+H)+ 
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9.1.2'1. (E)-(6B,7R)-"l-.AmiJlo.8-om.3.[2-oxo-1·(4-trifluorometbyl-benzyl)-pyrro­

Jidin.3..yJidenemetbyl]-5-tbia-1-aza-bicyclo[4.2.0]octr2-ene-2-carboxylic acid 

trifluoroacetme 
5 m (KBr): 1783, 1681, 1620 cm-1, MS (ISP): 454.4 (M+H)+ 

lO 

l5 

25 

9.1.28. (E)-(6B,7R)-"1-Amino-3-(l·benzyl-2-om-pyrrolidin-S-ylidenemetbyl)-8-
oxo-5-ihia-1-aza-bicyclo[4.2.0]oct..kne-2-carboxylic acid Uifluoroacetaje 

m (KBr): 1786, 1682, 1619 cm-1,_MS (ISP): 386.3 (M+H)+ 

9.1.29. ((E)-(6B,'1R)-"l-.AmiJlo.8.oxo.3[2-om-l·(l·tetraml-5-ylmetbyl)­
pynolidin-3-ylidenemetbyl]-5-tbia·l-aza-bicyclo[4.2.0]oct.-2-ene-2-carbmylic 

acid trifluoroacetme 
IR(KBr): 1781, 1679, 1630 cm-1, MS(ISP): 378.3 (M+H)+ 

9.1.SO. 1:1 Mixture of (E)-(6B,7R)-"l·.Amino-8-om-3-[2-oxo-l·[(R)- and -[(S)­
tetrahydro-furan-2-yhnethyll-pyrrolidin-3-ylidenemetbyll-5-tbia-1-ua· 
bicyclo[4.2.0]octr~2-carboxylicacid tr.i8uOroamtate 
IR(KBr): 1785, 1680, 1622 cm-1, MS(ISP): 380.3 (M+H)+ 

9.1.3L (E)·(6B,7R)-7·Amino-3-[1·(3,5-dimetbyl·pyrazin·2-yl)·km-pyno]idin· 
3-ylidenemetbyl]-8-om-5-thia-1-aza-bicyclo[4.2.0]octr2-ene-2-carboxylic acid 
trifluoroaceiat 
IR(KBr): 1786, 1694, 1619 cm-1, MS(ISP): 402.3 (M+H)+ 

9.1.32. (E)..(8B,7R)-7-Ammo-8-om-3-(2-om-1-pyrimidin-2-yl-pyrrolidin-3-
yJidenemetbyl)-5-tbia-l·aza-bicyclo[4.2.0]octr2-ene-2-carbmylic acid 
trUluoroaceUde 
IR(KBr): 1781, 1701, 1620 cm-1, MS(ISP): 374.3 (M+H)+ 

9.1.33. <E>·CGR,7R)-7-Amino-3-[l·C~pyridazin-S-yD-2-om-pyrrolicUn-3-
yJidenemedlyll-8-om-5-tbia-1-m·bicyclo[4.2.0Joctr2-ene-2-carbmylic acid 
~ 

IRCKBr): 1782, 1699, 1625 cm-1, MS(ISP): 408.2 (M+H)+ 

9.1.34. (E)-(6R,7R)-7-Amino-3-[1·(2-cbloro-pyridin-3-yl)-~pyrmlidin-S­
ylidenemetby)J-8-om-5-tbia·l-aza-bicyclo[4.2.0]octr2-ene-2-carboxylic acid 
~ 

mCKBr): 1782, 1694 cm-1, MS(ISN): 422.3 (M-H+NHg)-
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9.1.35. (E).(6R,'1R).7-Amhlo-3-[1·[1·(3-carboxy-propionyl).piperldin-4-yl]-2-

oxo-pyrmlictin-3-y1idenemethyJJ-8-om-5-tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-

carbm;yJic acid mfluomacetam 
5 IR(KBr): 1784, 1674, 1626 cm-1, MS(LPD): 501.1 (M+Na)+ 

9.1.36. (E)-(6R,'1R).8-[1·(1-Ailyloxycarbonyl-piperidin-4-yl).2-om-pyrrolidin-3-

yJidenemetbylJ-7-aJDino.8.oxo.5tbia·1-aza·bicyclo[4.2.0]oct-~2-carboxylic 

acid trifluoroacetat 
lO IR(KBr): 1778, 1695 cm-1, MS(ISP): 463.0 (M+H)+ 

9.1.37. (E).(6R,'1R).7-Amino-3-[l·(l«hoxycarbonyl-piperldin-4-yl).2-om­

pyrro]idin-3-yti.denemetbyl]-lkm>-5-tbia·l-am-bicyclo[4.2.0]oct-2-ene­

carboxyJic acid 1rlfluoroacetam 
l5 IR(KBr): 1789, 1685 cm-1, MS(ISP): 451.8 (M+H)+ 

9.1.38. 1:1 Mixture of (E).(6B,7R)-7-Amino-8-om-3-[2-oxo-1-[(R)- and ·[(S)-2-

oxo-tetrahydro-fman-3-yll-pyrrolicJin.3-ylidenem.etbyl]-5-tbia·l-aza­

bicyclo[4.2.0]ocfi.2-ene-2-carbm:yJic acid tr.ifluoroaceta 
m IR(KBr): 1777, 1678, 1682 cm-1, MS(ISP): 380.3 (M+H)+ 

9.1.39. (E).(6R,7R)·7·.Amino-8-oxo-3-[2-o:m-l·(l,3,4-thiadiaml-2-yl}·pyr.rolidin· . 

3-ylidenemetbyll-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
tritluo1'0aceta 

2> IR(KBr): 1783, 1694, 1621 cm-1, MS(ISP): 380.2 (M+H)+ 

9.L4o. (E)-(6R,7R)·7·Aminn-8-oxo-3-(2-om-1·tbiophen·2·ylmetbyl·p.tm>licHn-

3-ylidenemetbyl).5-thia·1·aza·bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
benzbydryl est.er trifluoroacetat 

oo IR(KBr): 1785, 1681, 1622, 1406 cm-1, MS(ISP): 392.3 (M+H)+ 

9.L4L (E)-(6R,7R).7-Amino-8-om-3-(2-o:m-1·(3-etbmycarbonyl·tbiophen·2-yl). 

pyrrolidin-3-ylidenemetbyl>-5-tbia·l.aza·bicyclo[UO]oct-2-ene-2-carboxylic 

acid trifluoroacetat 
m IR(KBr): 1773, 1708 cm-1, MS(ISP): 450 (M+H)+ 
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9.L42. (E)-(6B,7R).7-Amino-8-o:m-3-(2-oxo-l-(3aubamoyl-tbiophen-2-yl). 

pylTOlidin.S.y]idenemetbyl)-5.tbia-1-aza-bicyclo[4.2J)]ocf;.2-ene-karbmylic 

acid trifluoroacefaje 
IR(KBr): 1792, 1682 cnrl, MS(ISN): 419.2 {M-H)· 

9.1.43. (E)-(6B,7R)-7-Amino.8-o:m-3-(2-oxo-1·(3-cyano-tbiophen-2-yl).. 

pyrmHdin.S.y]idenemethyl}-5-tbia·1-aza·bicyclo[4.2J)]ocf;.2-ene-2-carboxylic 

acid trifluoroacefaje 
IR(KBr): 1785, 1685 cm·l, MSUSP): 403.1 (M+H)+ 

9.2. In the piesence of trifluoroacetic acid and trietbylm1ane 
9.2.L Preparation of (E)-(6R,7R)-7-Amino-3-[1-(4-carbamoyl-pheny).2-oxo­

pym>lidin.S.ylidenemetbyll-Soxo-5-tia-1-aza·bicyclo[4.2.0]oct;.~2-

l5 carboxy1ic acid Uifl.uoroacetai 

J 

To a cooled solution of 1.39 ml (8. 78 mmol) triethylsilane in 28 ml trifluoro-

2> acetic acid was added portionwise 7. 72 g (8.36 mmol) (E)-(6R, 7R)-7-tert­

butoxycarbonylamino-8-oxo-3-[2-oxo-1-( 4-tritylcarbamoyl-phenyl)-pyrrolidin-

3-ylidenemethyl]-5-thia-1-aza-bicylco[ 4.2.0]oct-2-ene-2-carboxylic acid 

bexlzhydryl ester. After 45 min at o·c and 4 h at rt, the mixture was 

concentrated to 112 of its volume and was poured on 50 ml ice-cold 

25 diethylether and stirred for 1 h. The solid was collected by filtration and 

dried yielding 3.88 g (99%) of a yellow material. 

mCKBr): 1778, 1666 cm-1, MS(ISP): 415.3 (M+H)+ 
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According to the procedure set forth in the preceeding example, the 

following additional compounds were prepared: 
9.2.2. (E).(6R,'1R)·7·.Amino-8-oxo-3-[2-oxo-1-(3-trifluorometbyl-phenyl). 
pyrrolidin~ylidenemetbyl]-5-tbia·l-aza·bicyclo[4.2.0]oct.-2-ene-2-earboxylic 

5 acid triflu.oroacetlde 
IR(KBr): 1791, 1691 cm-1, MS (ISP): 440.4 (M+H)+ 

9.2.3. (E)·(6R,'1R).7·Amino-3-(l·naphtbalen-2-yl·2-oxo-pyrro]idin-3-
ylidenemethyl)-8.oxo-5-tbia·1-am-bicyclo[4.2.0]oct.-2-ene-2-cmboxylic acid 

lO trifluoroaceiat 
IR (KBr): 1787, 1686 cm-1, MS OSP): 422.4 (M+H)+ 

9.2.4. (E)·(6R,'1R).7·Amino-2-(1-naphtbalen·l·yl-2-oxo-pyrmlidin-3-y1idene­
m.etbyl)-8-oxo-tbia·l-m-bicyclo[4.2.0]oct,.2-ene-2-carboxy1ic 

IR (KBr): 1779, 1686 cm-1, MS OSP): 422.4 (M+H)+ . 

10. Acylation of compound ('1) (Scheme 1 ('1) ...+ (8)) 

m 10.L Preparation of (6R,'1R)-7·[(Z).2-(2-Amino-thiaml-4-yl)-2-trityloxyimino­
acety1amino]-3-[(E).1·(4-hydroxy·phenyl}-2-oxo-pynolidin-3-ylidenemetbyl]-8-
om-5-thia-1-aza-bicyclo[4.2.0]oct.-2-ene-2-carbmy1ic acid 

To a stirred suspension of820 mg (2 mmol) (E)-(~7R)-7-amino-3-[1-(4-
hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo­
[ 4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate was added 1.4 g (2.56 mmol) 
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2-(2-aminothiazol-4-yl)-(Z)-2-trityloxyimino-acetic acid 1-benzotriazole ester. 

After 20 h at rt, the mixture was concentrated and the residue dissolved in 
150 ml ethylacetate and washed twice with 25 ml water. The organic phase 

was concentrated to about 113 of its volume, upon which the product started 

5 to crystallize. It was collected by filtration, washed with ethylacetate and 
diethylether and dried to yield 1.12 g (70%) yellow crystals. 
IR(KBr): 1784, 1679 cm-1, MS(ISP): 799.4 (M+H)+ 

10.2. (GR, 7R)-7-[(Z)-2-Amino-thiaml-4-yl)-2-trity1oxyimino-acetylamino]-3-

l0 [(E)-l·(W-benzimidaml-2-ylmethyl)-2-om-pyr.rolidin-3-ylidenemetbyl]-8-om-

5-tbia·l-am-bicy1co[4.2.0]oct-2-ene-2-carboxylic acid 

15 To a stirred suspension of 670 mg (1.31 mmol) (E)-(6R, 7R)-7-amino-3-[1-(1H­
benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
aza:-bicylco[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate in 22 ml DMF 
was added 0. 785 g (1.44 mmol) 2-(2-aminothiazol-4-yl)-(Z)-2-trityloxyimino­

acetic acid 1-benzotriazole ester. After 21 hat room temperature, the 

m mixture was concentrated and the residue suspended in 700 ml ethyl acetate 
and the solid collected by filtration. It was suspended in 10 ml water and 
stirred for 1.5 h, collected by filtration, washed with water, ethanol and 
diethylether and dried to yield 635 mg (58%) of a beige powder. 
IR(KBr): 1777, 1677, 1625 cm-1, MS(ISP): 837.2 (M+H)+ 
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According to the procedure set forth in the preceeding examples, the 
following additional compounds were prepared: 
10.3. (8R,7R)·7·[(Z)-2-(2..Amino-tmamJ.-4-yl)-2-trityloxyimino-acetylamino]-3-

. [(E)-1-(3-nitro-pbenyl)-2-om-pyn'Olidin-3-ylidenemetbyl]-8-ox&S-tbia-1-am· 

5 bicyclo[4.2.0]oct-2«te-2-carbmylic acid 
IR (KBr): 1785, 1689 cm-1, MS (ISP): 828.4 (M+H)+ 

10.4. (8R,7R).7-[(Z)-2-(2.Amino-thjaml-4-yl).2-trityloxyimino-acetylamh10]-3-

[(E)-l·naphthalen-l·yl·2-oxo-pyrmlidin-3-ylidenemethy1]-8-oxo-5-tbia-l·m· 

lO bicyclo[4.2.0]oct-2«te-2-carboxylic acid 
IR (KBr): 1785, 1687 cm-1, MS (ISP): 833.2 (M+H)+ 

10.5. (8R,7R).7-[(Z)-2-(2.Amino-thiar.ol-4-yl).2-trityloxy.i:mintylamino]-3-

[(E)-1-naphthalen-2-yl-2-oxo-pyrrolidin-3-ylidenemetbyl]-8-oxo-5-tbia·l-m· 
15 bicyclo[4.2.0]oct-2«te-2-carbmylic acid 

IR (KBr): 1785, 1686 cm-1, MS (ISP): 848.2 (M-H + NHa)+ 

10.6. (8R,'1R)·7·[(Z)-2-(2.Amino-tbiazol-4-yl)-2-trityloxyimino-acetylanrino]-3-

[(E)-1·(3-methoxy-phenyl)-2-oxo-pym)]idin-3-ylideneme1hyl]-8-oxo-5-tbia·l· 

m am-bicycl.o[4.2.0]oct-2-ene-2-carboxylic acid 
IR (KBr): 1784, 1684 cm-1, MS (ISP): 828.1 CM-H + NHg)-

10.7. (8R,7R).7-[(Z)-2-(2-Amino-tbiazol-4-yl).2-trityloxyimino-acetylamjno]-3-

[(E)-1-(4-carboxy-phenyl)-2-oxo-pyrrolictin-3-ylidenemetbyl]-8oxo-5-tbia·l· 

z am-bicyclo[4.2.0]oct..2-ene-2-carboxylic acid 
IR (KBr): 1785, 1691 cm-1, MS OSP): 825.2 (M-H)-

, 

10.& (8R,'1R)·7-[(Z)-2-(2.Amino-thiaml-4-yl)-2-trityloxyimino-acetylamino]-8-

oxo-3-[(E)-2-oxo-1-(3-trifluoro-phenyl)-pyrro)idin-3-yJidenem.etbyl]-0-tbia·l· 
oo ua-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

IR (KBr): 1785, 1689 cm-1, MS OSP): 851.2 (M+H)+ 

10.9. (8R,7R)-7•[(Z)-2-(2-.Amino-tbiaml-4-yl)-2-trityloxyim,ino-acetylamino]-3-

[(E)-1-(3-hydrmy-phenyl)-2-oxo-pyrrolidin-3-yJidenemetbyl]-8oxo-5-tbia-1-

35 am·bicyclo[4.2.0]oct-2-ene-2-carbmylic acid 
IR (KBr): 1783, 1679 cm-1, MS (ISP): 799.2 (M+H)+ 
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10.10. (6B,7R)·7-[(Z)-2-(2-Amino-tbjaml-4-yD-2-trityJ.oxyimino-aclamino]-8-

om-3-[(E)-1·(3,4-dihydroxy•phenyl)-2-oxo-pym>lidin.S-y1idenemetbyl]-5-ihia· 

1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
IR (KBr): 1777, 1671 cm-1, MS USP): 815.2 (M+H)+ 

10.lL (6B,7R)·7·[(Z)-2-(2-Amino-tbjaml-4-yD·2-trityloxyimino-acetylamino]-S­

[(E)-1·(3-fluoro4-hydrmy·phenyl)-2-om-pyrroHdin-3-yJidenem.etbyl]-8-oxo-5-

tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carbmylic acid 
IR(KBr): 1782, 1678 cm-1, MS (ISP): 817.0 (M+H)+ 

10.12. (6B,7R)-7·[(Z)-2-(2-Amino-thiaml-4-yD·2-trityloxyimino-acelamino]-S­

[(E)-1·(4-:methoxy·phenyl)-2-om-pyrrolidin~y)idenemeibyl]-8-oxo-5-tbia·1· 

am-bicyclo[4.2.0]octr2-ene-carboxyli acid 
IR (KBr): 1782, 1680 cm-1, MS (ISP): 813.3 CM+H)+ 

10.13. (6B,7R)·7-[(Z)-2-(2-Amino-thiaml-4-yl)-2-trityloxy.imino-aclamino]-S­

[(E)-1-(4-carbamoyl-phenyl)-2-oxo-pyrroHdin-S.ylidenemetbyJJ-8-om-5-tbia·l· 

am-bicyclo[4.2.0]oct-kne-2-carbmylic acid 
IR (KBr): 1766, 1666 cm-1, MS (ISP): 848.2 (M+H)+ 

10.14. (6B,7R)·7-[(Z)-2-(2-Amino-tbjazol-4-yD·2-trityloxyimino-acelamino]-S­

[(E)-1·(3-fluoro-2-hydrmy-phenyl)-2-om-pyrm)idin-3-y)idmemetbyl]-Soxo-5-

thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carbmylic acid 
lH-NMR (DMSO, 250 MHz): 10 (d,lH), 9.8 (s,lH), 6.8-7~4 (m,20H), 6.6 (s,lH), 

2i 6.05 (q,lH), 5.3 (d,lH), 4.0 (b,2H), 3.8 (m,2H), 3.1-3.4 (m,2H) 

10.i5. (6B,7R)-'7-[(Z)-2-(2-Amino-thiaml-4-yD-2-trityloxyi:mino-actylamino]-S­

[(E)-1-(2-fluoro4-hydrmy·phenyl)-2-om-pyrrolidin-3-ylidenemetbyl]-&oxo-5-

tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
ro lH-NMR (DMSO, 250 :MHz): 10.1(s,lH),10.0 (d,lH), 7.3 (m,17H), 6.7 (m,4H), 

6.1(m,lH),5.3 (d,lH), 4.0 (m,2H), 3.7 (m,2H), 3.0-3.3 (m,2H) 

10.16. (6B,7R)-7-[(Z)-2-(2-Amino-thiaml-4-yD-2-trityloxyimino-acelamino]-S­

[(E)-1·(2-fluoro-phenyl)..2-oxo-pyrmlidin.S-ylidenemethyl]-8-om-5-tbia·l-m· 

35 bicyclo[4.2.0]oct-2-ene-2-earboxylic acid 
lH-NMR (DMSO, 250 MHz): 14.0 (b,lH), 10.0 (d,lH), 7.9 (s,lH), 7.4-8.0 (m,3H), 

7.2-7.4 (m,17H), 6.6 (s,lH), 6.0 (dd,lH), 5.3 (d,lH), 4.0 (sb,2H), 3.8 (m,2H), 3.1-

3.4 (m,2H) 
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10.17. Mixture of (6R,7R).7-[(Z)-2-(2-amino-tlriaml-4-yD-2-trityloxyimino­

acetylamh10)..S.[(E).l·[(R). and •[(S).carboxy-pbenyl-metbyl]-2-oxo-pyrm]idin­

S-ylidenemethyl]-8-om-5-thia·l-aza·bicyclo[UO]oct-2-ene-2-carboxyJic acid 
ffi(KBr): 1780, 1675, 1630 cm-1, MS (ISP): 841.3 (M+H)+ 

10.18. (6B,7R)..S.[(E)-1·(4-Allylmycarb0ny1amino-benzyl)-2-oxo-pyrrolidin..S­

ylidenemethyl]-7-[(Z)-2-(2-amino-tbiam}-4-yl).2-trityloxyimino-acetylamino]• 

8-om-5-thia-1-am-bicyclo[4.2.0]oct-2-ene-2-carbmylic acid 
m (KBr): 1781, 1725, 1678 cm-1, MS (ISP): 911.9 CM+. NHa-H)-

10.19. (6B,7R).8-[(E).1-(4-Amino-benzyl).2-om-pyrmlidin..S.ylidenemethyll-7-

[(Z)-2-(2-amino-tbiaml-4-yl)·2-trityloxyimino-acetylamino]-8-oxo-5-tbia·1-am· 

bicyclo[UO]oct-2-ene-2-carboxylic acid 
m (KBr): 3428, 1778, 1669 cm-1, MS (ISP): 812.2 (M+H)+ 

10.20. (6B,7R)•7•[(Z)-2-(2-.Amino-tbiaml-4-yD·2-tri • • • ~..S. 

[(E)-1-(2-fluoro-benzyl)-2-oxo-pyrrolidin..S.ylidenemetby)J-8-om-5-tbia·l-aza· 

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
ffi(KBr): 1782, 1680 cm-1, MS OSP): 815.2 CM+H)+ 

10.21. (6B,7R)-7-[(Z)-2-(2-.Amino-tbjazol-4-yD·2-trityloxyimino-acetylamjno]..S. 

[(E).1-(2-metboxy-benzyl)-2-oxo-pyrrolidin..S.ylidenemetbyl]-8-om-5-thia-1-

am-bicyclo[4.2.0]oct-2-ene-2-carboxylie acid 

ffi(KBr): 1782, 1678, 1626 cm-1, MS OSP): 827.3 (M+H)+ 

10.22. CGR, 7R)-7-[(Z)-2-(2-.Amino-tbiazol-4-yD-2-tri • • • ~..s. 

[{E}.1-(S-hydroxy-benzyl)-2-oxo-pyrrolidin..S.ylidenemetbyl]-8-om-5-tbia-1-

am~bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
m (KBr): 1780, 1670, 1625 cm-1, MS (ISN): 811.5 (M-H)" 

10.23. (6B,7R)-7-[(Z)-2-(2-Amin~thiaml-4-yl)·2-tritylm:yimino-acelamino]..S. 

[(E)-1-(S-fluoro.benzyl).2-oxo-pyrrolidin-s-yJidenemetbyJJ-8-om-5-tbia·l-am· 

bicyclo[4.2.0]oct.2-ene-2-carboxylic acid 
m (KBr): 1784, 1683, 1619 cm-1 

10.24. (6B, 7R)·7·[(Z)-2-(2-Amino-tbiaml-4-yl)-2-trityloxyimino-acelamino]..S. 

[(E)-1-CS-metboxy-benzyl).2-oxo-pyrro]idin-3-yJidenemetbyQ-8-om-5-tbia·l· 
&m•bicyclo[4.2.0]ocf;.2-ene-2-carboxylic acid 
m (KBr): 1785, 1682, 1612 cm-1, MS (ISP): 827.2 (M+H)+ 
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10.25. (6B,7R)-'7-[(Z)-2-(2-Amino-tbjaml-4-yl)-2-trityloxyi:mino-aclamino]-3-

[(E)-1·[4-(3earhmy•propiony1amino)-benzyl]-2-oxo-pyrro]ictin-3-

ylidenemethylJ-&om-5-tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2<:arbmylic acid 
5 IR(KBr): 1784, 1666 cm·l, MS USP): 693.0 CM+Na+-(CeHs)aC) 

10.2& (6B,7R)·'1·[(Z)-2-(2-Amino-thiaml-4-yl)-2-trityloxyimino-acety1amjno]-3-

[(E)-l-(4-carbmy-benzyl)-2-oxo-pynolidin-3-ylidenemethyl]-Soxo-5-tbia-l-aza· 

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
10 IR (KBr): 1786, 1685, 1620 cm·l, MS USP): 841.4 (M+H)+ 

lo.2'7. (6R,'1R)-'7-[(Z)-2-(2-Amino-thiaml-4-yl).2-trityloxyimino-acelamino]-3-

[(E)-l-(4-Ditro-benzyl)-2-oxo-pyn'Olidin..S-ylidenemetbyJ]~thia-1-am­

bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
l5 IR (KBr): 1785, 1684, 1521 cm-1, MS (ISP): 842.3 CM+H)+ 

10.28. (6B,7R)·'1-[(Z)-2-(2-Amino-tbiaml-4-yl)-2-td • • 

[(E)-1-(4-metboxy-benzyl)-2-om-pyrrolidID-3-ylidenemetbyl]~tbia-l· 

aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
m IR (KBr): 1782, 1679, 1618 cm·l, MS USP): 827.3 (M+H)+ 

10.29. (6R,'1R)·'1·[(Z)-2-(2-Amino-thiaml-4-yl)-2-trityloxyimino-acetylamjno]..S­

[(E)-1·(4-fluoro-benzyl)-2-oxo-pyrmlidin-3-ylidenemetbyl]-8om-5-thia·l-am· 
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

2> IR (KBr): 1780, 1675, 1627 cm·l, MS USP): 815.3 (M+H)+ 

10.SO. (6B,'1R)-'7-[(Z)-2-(2-Amino-tbiaml-4-yl)-2-td • • • ~.g. 

0-.S-[(E)-2-oxo-1·(4-trifluorometbyl-benzyl)-pyrro]idin-3-ylidenemetby)J-S. 

thia-1-aza-bicyc1o[4.2.0]oct-2-ene-2-carboxylic acid 
m IR (KBr): 1786, 1683, 1620 cm·l, MS USP): 865.2 (M+H)+ 

10.31. (6R,7R)-'7-[(Z)-2-(2-Amino-tbia?!Ol-4-yl).2-trityloxyimino-acetylamino]-3-

[(E)-l·benzyl·2-oxo-pyrroldin-3-ylidenemetbyl]-&oxo-5-tbia·l-am• 
bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 

35 IR(KBr): 1784, 1682, 1625 cm·l, MS (ISP): 797.2 (M+H)+ 

10.32. (6R,'1R)·'1·[(Z)-2-(2-Amino-thiaml-4-yl)•2-trityloxyimino-acelamino]-S. 

o:m-3-[(E)-2-oxo-1-(1,3,4-thiadiaml-2-yl)-pynolidin..S-ylidenemetbyll-5-tbia-1· 
aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroaceiate 
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IR(KBr): 1783, 1662 cm-1, MS(ISP): 791.0 CM+H)+ 

10.38. 1:1 Mixture of (6B,7R)-7-[(Z)-2-(2-Amino-thiamM-yD-2-trityloxyimino­

acety)amino]..S.0X0-S.[(E)-2-oxo-l·[(R)- and ·[(S)-2-om-tetrabydro-fman-3-yl]-

5 pym>lidin-3-ylidenemetbyl]-5-tbia-1-m-bicyclo[4.2.0]oct-2-ene-2-carboxylic 

acid trifluoroacemfe 
IR(KBr): 1780, 1681, 1627 cm-1, MS(ISP): 791.1 (M+H)+ 

10.34. (6B,7R)-7-[(Z)-2-(2-Amino-tbiaml-4-yD·2-trityloxyimjno-acetylamino]-S. 

10 [(E)-1-(2-cbloro.pyridin-3-yl)-~pyrmlidin-3-ylidenemethyl]-8-om-5-tbia·l· 

ua-bicyclo[4.2.0]oct-~2-carboxylic acid trifluoroacejate 

IR(KBr): 1783, 1689, 1623 cm-1, MS(ISP): 818.3(M+H)+ 

10.35. (6B,7R)·7·[(Z)-2-(2-Amino-thiaml-4-yl)..2-trityloxyimino-acelmnino]-S. 

l5 [(E)-1-(6-cbloro-pyridazin-3-yl).2-om-pyrrolidin.3-y)idenemetbyU-8-oxo-5-
thia·l-am·bicyclo[4.2.0]ocfi.2-ene-2-carboxylic acid trifluoroacetate 

IR(KBr): 1786, 1695, 1621 cm-1, MS(ISP): 819.1 (M+H)+ 

10.36. (6B,7R)-7-[(Z)-2-(2-Amino-thiamJ.-4-yl)..2-trityloxyimino-acelmnino]-8-

m oxo-3-[(E)-2-om-l·pyrimidin-2-yl-pyrmlidin~yHdenemetbyll-5-tbia-1-m· 

bicyclo[4.2.0]ocfi.2-ene-2-carboxylic acid trifluoroaceb!fe 

IR(KBr): 1785, 1693, 1668, 1625 cm-1, 

10.37. (6B,7R)·7·[(Z)·2-(2-Amino-thiad-4-yD·2-trityloxyimino-acelamino]-S. 

2) [(E)-1-(3,5-dimethyl-pyrazin-2-yl).2-om-~-S.ylidenemetbyij-Som-5-

thia-1-m-bicyclo[4.2.0]ocfi.2-ene-2-carboxylic acid ~tate 
IR(icsr): 1784, 1687, 1624 cm-1, MS(ISP): 813.2 (M+H)+ 

10.SS. (6B,7R)-3-[(E)-(l-Allyloxycarbonyl-piperidin-4-yl)-2-oxo-pyrmJidin~ 
00 ylidenemetbyU-7-[(Z)-2-(2-mnino-tbiazol-4-yl)-2-trity)myimino-aeetylamino]· 

8-om-5-thia-1-am-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
IR(KBr): 1786, 1686, 1625 curl, MS(ISP): 874.5 (M+H)+ 

lo.39. (6B,7R)·7-[(Z)-2-(2-Amino-tlriaml-4-yD·2-trityloxyimino-acetylmnino]-8-

3> _oxo-3-[(E)-2-oxo-1-pipeiidin-4-yl-pyn"Olidin-3-ylidenemetbyl]-5-tlria·l·aza· 

bicyclo[4.2.0]ocfi.2-ene-2-carboxylic acid.hydrochloride 
IR(KBr): 1781, 1659, 1630 cm.-1, MS(ISP): 790.4 (M+H)+ 
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10.40. (6R,7R)-7-[(Z)-2-(2-Amino-thjamJ-4-yl)-2-trityloxyimino-acelamino]-3-

[(E)-1•[1•(3carbmy·propi.onyl)-piperidin-4-y1]·2-om-pyn:o1idin-3-

y1idmemethyl]-&oxo-5-tbia-1-am-bicyclo[4.2.0]octr2-ene-2-carboxylic acid 

trifluomacetafe 
5 IR(KBr): 1784, 1726, 1680, 1630, 1530 cm-1, MS(ISP): 890.5 (M+H)+ 

10.4L (6R,7R)•7•[(Z)-2-(2-Amino-tbiaml-4-yD·2-tri • ~-3-

[(E)-l•(l-etbmycarbonyl·piperidin-4-yl)·2-om-pyrrolidin-3-ylidenemetby]]-8-

om-5-thia·1-am·bicyclo[4.2.0]oct-2-en&carboxylic acid triflu.oroacetat.e 

10 IR(KBr): 1784, 1677 cm·l, MSCISP): 862.5 (M+H)+ 

10.42. 1:1 Mixture of (6R,7R)-7-[(Z)-2-(2-Amino-thiaml-4-yD-2-trityloxyimino­
acetylmnino]-8-om-3-[(E)-2-om-l·[(R)- and ·[(S)-t.etrabydrofman-2-ylmetbyl]­

pyrro]idin-3-ylidenemetbyl]-5-tbia·l-am·bicyclo[4.2.0]oct.-2-ene-2-carboxylic 

l5 acid 
IR(KBr): 1784, 1681, 1626 cm-1, MS(ISP): 791.2 (M+H)+ 

10.43. (6R,7R)-7-[(Z)-2-(2-.Amino-thiaml-4-yD-2-tri • ~-8-

oxo-3-[(E)-2-om-1.(lH·t.etraml-5-y)methyl)-pyrrolidin-3-yJidenemetbyl]-5-tbia­

ID l-am-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
IR(KBr): 1775, 1674, 1631 cm·l, MS(ISP): 789.3 (M+H)+ 

10.44. (6R,7R)-7-[(Z)-2-(2-Amino-tbiaml-4-yD·2-trityloxyimino-acetylmnino]-8-

oxo-3-[(E)·2-om-tbiophen-2-ylidenemetbyl-pyn:o1idin-3-ylidenemethy]]-5-tbia-

2) 1-am-bicyc1o[4.2.0]oct-2-ene-2-carboxylic acid 
IR(KBr): 1784, 1681, 1625, 1447 cm-1, MS(ISP): 803.2 (M+H)+ 

' 

10.45. (6R,7R)·7-[(Z)-2-(2-Amino-thiaml-4-y]).2-trityloxyimino-acelamino]-3-
[(E).1-(3-ethoxycarbol-tbiophen-2-y]).2-om-pyrroldin-3-ylidenemethy)]-8-

oo o:m-5-tbia·l-am·bicyc1o[4.2.0]oct-2-ene-2-carbmylic acid 
IR(KBr): 1786, 1704, cm·l 
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lL Removal oftbe prot.ectinggroup (Scheme 1 (8) ~ (9)) 

ILL Bem.ovalofthe proiecting group 
11.LL Preparation of (6R,'1R)-7-[(Z)-2-(2..Amino.thlaml-4-yl)-2-hydrm.yhnino­
acety1amino]-3-[(E)-1-(4-hydroxy-pbenyl)-2-om-~ylidenemetbyl]-8-

5 oxo-6-tbia-1-aza-bicYclo[4.2.0]octo2-ene-karboxylic acid 

To 10 ml ice-cold trifluoroacidic acid was added portionwise 1.1 g (1.38 mmol) 

10 (6,R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-[(E)-1-
(4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidinemethyl]-8-oxo-5-thia-1-aza­
bicyclo[4.20]oct-2-ene-2-carboxylic acid, the temperature being kept below s·c. 
After 20 min, 0.4 ml triethylsilane was added dropwise resulting in a beige 
suspension which was poured on 100 ml diethylether. This mixture was 

l5 stirred for 30 min and the solid was collected by filtration and crystallized from 
15 ml 90% acetone. 
yield: 552.5 mg yellow crystals (72%) 
IR(I<Br): 1774, 1667 an-1, MSQSP): 557.4 (M+H)+ 
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lLl.2. (6R, 7R)-7-[(Z)-2-Amino-thiazol-4.-yl)-2-hydroxyimino-acetylamino]-3-
[(E)-1-(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo­

S-thia-1-aza-bicylco[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetate 

To 4 ml ice-cold trifluoroacetic acid was added portionwise 530 mg (0.63 mmol) 
(6R, 7R)-7-[(Z)-2-amino-thiazol-4-yl)-2-trityloxyimino-acetylamino]-3-[(E)-1-
(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-

10 1-aza-bicylco[4.2.0]oct-2-ene-2-carboxylic acid, the temperature being kept below 
5°C. Triethylsilane (0.23 ml, 1.45 mmol) was added dropwise resulting in a 
beige suspension which was poured on 100 ml diethylether after 2.5 h. This 
mixture was stirred for 1.5 hand the solid was collected by filtration. It was 
resuspended in 10 ml ethyl acetate and stirred for 1 h, collected by filtration and 

l5 dried. yield: 400 mg beige powder 
IR(KBr): 1774, 1675, 1630 cm-1, MS(ISP): 595.2 (M+H)+ 

A~ording to the procedure set forth in the preceeding examples, the following 
additional compounds were prepared: 

ID 11.1.3. (6R,'1R)-7-[(Z)-~(2-AmhJo..thiaml-4-yD·!-; • ~-

3-[(E)-1-(3-nitro-pbenyl)-2-om-pynolidin-3-ylidenen>etbyll-8-oxo-5-tbia·l-aza­
bicyclo[4.2.0]oct-hne-2-carboxyllc acid 
IR(KBr): 1779, 1679 cm-1, MS OSP): 586.4 (M+H)+ 

25 lLl.4. (6R,'1R)..7-[(Z)-~(2-Amino-tbiaml-4-yD-~llJi • • • ~-

3-[(E)-1-naphthakm.-1-yl-km-pyrrolidin-3-ylidenemetbyl]-8-oxo-5-thia-1-aza· 
bicyclo[4.2.0]oct,.2-ene-2-carboxyllc acid UifluoroaceUlt. 
IR (KBr): 1781, 1675, 1683 cm-1, MS USP): 591.3 (M+H)+ 
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ILLS. (6B,7R)-'1-[(Z)-2-(2-Amino-thiaml-4-yl)-2..; • ~-

8-oxo-3-[(E)-2-om-I-napbthalen-2-yl·pyrrolidin-3-ylidenemetbyl]-5-tbia·l-aza· 

bicyclo[4.2.0]oct;.2ele-2-earboxy1ic acid mfluoroacetat.e 
IR (KBr): 1779, 1677, 1630 cm-1, MS USP): 591.2 (M+H)+ 

11.1.6. (6B,7R)-7-[(Z)·2-(2-Amino-thiaml-4-yl)·2-hyd:rm:yimino-acelamino]· 

3-[(E)-1·(3-metboxy-phenyl)-2-om-pyrrolidin~y]idenemetbyl)-&oxo-5-tbia·l· 

am-bicycl.o[4.2.0]oct-2-ene-2-carboxy1ie acid 
m (KBr): 1778, 1675 cm-1, MS (ISP): 639.3 (M+H)+ 

11.1.'1. (6B,7R)-'1·[(Z)·2-(2-Amhlo-fl>iazol-4-yl)·2-hydro . 
~-

3-[(E)..I.(4-carboxy-phenyl)-2-om-pyrmlidin-3-yJidenemetbyll-8-oxo-5-tbia·I· 

am-bicyclo[4.2.0]ocfi.2-ene-2-carboxylic acid 
IR (KBr): 1775, 1686 cm-1, MS USP): 585.3 CM+H)+ 

ILLS. (6B,7R)-'1·[(Z)·2-(2-Amino-thiaml-4-yl).2-hydroxyimino-acetylamino]· 

3-[(E)-I-(3.fluoro-phenyl).2-oxo-pyrrolidin-3-ylidene]-&oxo-5-tbia·l·am· 

bicyclo[4.2.0]ocfi.2ele-2-carboxylic acid trifluOl'oaceia 
IR (KBr): 1775, 1674 cm-1, MS (ISP): 559.2 (M+H)+ 

11.1.9. (6B,7R)-'1-[(Z)-2-(2-Amhlo-thiazol-4-yl).2..; • ~-
8-oxo-3-{(E)-2-om-1·(3-trifluorometbyl·phenyl).pyrmliclin.3-ylidenemetbyl]-5-

tbia-1-aza-bicyclo[4.2.0]oct.-2-ene-2-carboxy1ie acid trifluol.'08Cetate 

IR (KBr): 1775, 1675, 1631 cm-1, MS (ISP): 609.0 (M+H)+ 

lLLlO. (6B,'1R)-'1-[(Z).2-(2-Amino-thiaml-4-yD·2-hydroxyimino-actylamino]· 

3-[cE)-l-(3-hydroxy-phenyl).2-oxo-p9nolidin-3-yJideJHm1ethy1]-&oxo-5-tbia-l­

U&Lbicyclo[4.2.0]ocfi.2-ene-2-carboxylic acid trifluoroace1at 
IR (KBr): 1770, 1765 cm-1, MS USP): 557.2 (M+H)+ 

lLLll. (6B,7R)-'1-[(Z)-2-(2-Amino-tbiaml-4-yl).2-hydroxyimi.no-acetylamino]-

8-oxo-3-[(E)-I-(3,4-dihydrmy·phenyl).2-om-pyrrolidin-3-ylidenemetby]]-5-

thia·1-aza-bicyclo[4.2.0]ocf;.2-ene-2-carboxylic acid 
IR (KBr): 1776, 1654 cm-1, MS (ISP): 573.0 CM+H)+ 

1LL12. (8R,'1R)-'1-[(Z).2-(2-Amino-thiaml-4-yD·s.; • • • ~-

3-[(E)-1-(3-fluoro..4..hydroxy-phenyl).2-om-pyrrolidin-3-ylidenemethyU-km-

5-tbia-1-aza-bicycl.o[4.2.0]ocfi.2-ene-2-carboxylic acid 
IR (KBr): 1774, 1669 cm-1, MS USP): 575.2 (M+H)+ 
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11.L13. (6R,'1R)-'1-[(Z)-2-(2-.Amino-tbiamJ.-4-yD-2-hydroxyimino-actylamino]-

3-[(E)-1-(2-methmy-phenyl)-2-oxo-pyrro]idin-3-ylidenemetby]J-8-oxo-5-tbia-1· 

am-bicyclo[4.2.01oct-2-ene-2-carboxyHc acid trifluoroacetat.e 
5 IR(KBr): 1778, 1674 cm-1, MS OSP): 571.2 (M+H)+ 

1LL14. (6R,'1R)-'1-[(Z)-2-(2-Amino-thlaml-4-yD·2-hydmxyimino-acetylamb10]· 

3-[(E)-1-(2-fluoro-4-hydroxy-phenyl)-2-oxo-pyrro]idin-3-ylidenemetbylJ-&oxo-

5-tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
ID IR(KBr): 1777, 1673 cm-1, MS OSP): 575.1 (M+H)+ 

11.LlS. (6R,'1R)-'1-[(Z)-2-(2-Amino-thiaml-4-yD-2-hydroxyimino-acetylamino]·. 
3-[(E)-1-(2-fluoro-phenyl)-2-oxo-pyrmlidin-3-ylidenemetby]J-&oxo-5-thia-1· 

aza-bicyclo[4.2.0]oct-2-ene-2-carboxy1ic acid 
l5 lH-NMR (DMSO, 250 MHz): 11.8 (sb,lH), 9.7 (d,lH), 8.0 (b,lH), 7.1-7.6 (m,7H), 

5.9 (dd,lH), 5.2 (d,lH), 4.0 (sb,2H), 3.8 (m,2H), 3.0-3.4 (m,2H) 

1LL16. Mixture of (6R,'1R)·'1·[(Z)-2-(2-amino.tbiarol-4-yD-2-hydroxy.imino­
acetylamino]-3-[(E)-1-[(R) and ·CS).carboxy-phenyl-methyl]-2-oxo-pyuolidin-3-

m ylidenemefhy]J-Som-S-tbia-l·aza·bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
trifluoroaceiate 
IR CKBr): 1778, 1671, 1632 cm-1, MS (ISP): 614.0 [(M+Nlfa)-H]-

11.Ll '1. (8R,'1R)-'1-[(Z)-2-(2-Amino-tbiaml-4-yD-2-hychoxyimino-acetylamino]· 

25 3-[(E)-1-(2-fluoro.benzyl)-2-oxo-pyrro]idin-3-ylidenemethyl]-8-om-5-tbia-1-aza­

bicyclo[4.2.0]oct-2-ene-karlJoxylic acid trifluoroacetat.e 
m {KBr): 1777, 1672, 1634 cm-1, MS aBP): 573.2 (M+H)+ 

11.LlS. (6R,7R)-'1-[(Z)-2-(2-Amino-tbiazol-4-yD·2-hydroxyimino-acetylamino]-

3> ~[(E)-1-(2-metboxy-benzyD-2-oxo-pyrroJidin-3-ylidenemeihy]J-8-om-5-tbia·l· 

am-bicyclo[4.2.0]oct-2-ene-2-carboxy1ic acid trifluoroacetat 
IR (KBr): 1784, 1674, 1634 cm-1, MS (ISP): 585.3 (M+H)+ 

1LL19. (6R, 7R)-'1-[(Z)-2-(2-Amino-thiaml-4-yD-~ • • • ~-

35 3-[(E)-1-(3-hydroxy-benzyl)-2-om-pyrro]idin-3-ylidenemethy]J-8-om-5-tbia-1-

aza-bicyclo[4.2.0]oct-2-ene-2-carboxy1ic acid~ 
IR (KBr): 1777, 1671, 1631 cm-1, MS aBN): 586.2 ((M+Nl13)-H)-
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11.1.20. (6B,7R)-7-[(Z)-2-(2-.Amino-thiaml-4-yl)-2-hydroxyimino-actylamjno]· 

3-[(E)-1-(3-fluoro.benzyl)-2-om-pyrrolidin-3-ylidenemethyl]-8-om-5-thia-1-aza­

bicyclo[4.2.0]oct.-2-ene-2-carboxylic acid trifluoroacetate 
m (KBr): 1779, 1675, 1632 cm-1, MS USP): 596.1 (M+Na)+ 

1Ll.2L (6B,7R)-7-[(Z)-2-(2-Amino-tbiaml-4-yl)-2-hydroxyimino-acetylamino]· 

3-[(E)-1-(3-methoxy-benzyl)..2-o:m-py.trolidin-3-ylidenemethyl]-8-oxo-5-tbia·l· 
am-bicyclo[4.2.0]ocfi.2-ene-2-ca1'bmylic acid trifluoroacefate 
m (KBr): 1780, 1675, 1632 cm-1, MS USP): 585.3 (M+H)+ 

lLl.22. (6B, 7R)-7-[(Z)-2-(2-Amino-thiaml-4-yl)-2-hydmxyimino-acetylamino]· 

3-[(E)-1-(4-carbmy·benzyl}-2-om-py.trolidin-3-ylidenemethyl]-8-om-5-tia·l· 
. am-bicyclo[4.2.0]oct-2-ene-2-carbmylic acid trifluoroacetate 
IR (KBr): 1775, 1698, 1665, 1642 cm-1, MS (ISP): 599.2 (M+H)+ 

11.1.23. (6B,7R)-7-[(Z)-2-(2-.Amino-tbiaml-4-yl)-2-hydrm:yimino-acetylamino]-

3-[(E)-1-(4-Ditro-benzyl)-2-om-pynolidin-3-y1idenemetbyl]-8-om-5-thia-1-am­

bicyclo[4.2.0]ocfi.2-ene-2-carboxylic acid trifluoroacetate 
m (KBr): 1782, 1673, 1635 cm-1, MS USP): 600.3 CM+H)+ 

lLl.24. (6B,7R)-7-[(Z)-2-(2-Amino-tbiaml-4-yl).hydroxyimino-acetylamjno]-3-

[(E)-1-(4-methoxy-benzyl).2-om-pyrrolidin-3-ylidenemetbyl]-8-om-5-thia-1· 
am-bicyclo[4.2.0]oct-2-ene-2-carbmylic acid trifluoroaceb!t.e 
m (KBr): 1781, 1673, 1634 cm-1, MS USP): 585.3 (M+H)+ 

11.1.25. (6B,7R)-7-[(Z)-2-(2-.Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]· 

3-[{E)-1-(4-fluoro.benzyl).2-om-pyrrolidin-3-ylidenem.etbyl]-8-oxo-5-tbia-1-am­

bicyclo[4.2.0]oct-2-ene-2-carbmylic acid trifluoroacefat.e 
ffi(KBr): 1778, 1671, 1634 cm-1, MS USP): 573.3 (M+H)+ 

11.1.26. (6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxy.imino-acety18JDino]· 

8-oxo-3-[(E)-2-oxo-1-(4-trifluorometbyl-benzyl).pyrrolidin-3-ylidenemetbyl]-5-

tbia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroacetat.e 
m (KBr): 1780, 1675, 1633 cm-1, MS USP): 623.2 (M+H)+ 

lLl.27. (6B,7R)-7-[(Z)-2-(2-Amino-tl>iaml-4-yl)-2-hydroxyimino-acetylamino]· 

3-[(E)-l-benzyl-2-oxo-pyrrolidin-3-ylidenemetbyl]-8-oxo-5-thia·l-aza­
bicyclo[4.2.0]oct.~2-carbmylic acid 

m (KBr): 1779, 1671, 1634 cm-1, MS (ISP): 555.3 (M+H)+ 
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11.1.28. (6R,'7R)-7-[(Z)-2-(2-Amino-thiaml-4-yl)·2-hydroxyimino-acetylamino]· 

8-oxo-3-[(E)-2-oxo-l·(l.S,4-thiactiaml·2-yl}-pjtt\llidin-3-ylidenemetbyl]-5-tbia· 

1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid Uifluoroacetaie 
5 IR(I<Br): 1777, 1680, 1627 cm·l, MS(ISP): 549.0 (M+H)+ 

lLl.29. 1:1 Mixture of. (6R,'7R)·7·[(Z)-2-(2-Amino-thjaml-4-yl)-2-
hydroxyimino-acetylamino]-8-om-3-[(E)-2-oxo-l·[(R)- and ·[CS)-2-oxo­

t.etrahydro-foran-3-yl]·pyrrolidin-3-ylidenemethy]J-5-tbia·l·aza· 

10 bicyclo[4.2.0]oct-2-ene-2-carboxylic acid mfluoroacetaie 
IR(KBr): 1774, 1674, 1633 cm-1, MS(ISP): 549.2_ (M+H)+ 

lLl.30. (6R,'7R)-7·[<Z>-2-C2·Andno.thiaml-4-yD·~ • ~-3-

[(E)-1-(2.cbloro.pyridin-3-yl)-2-oxo-p)ITOJidin-3-ylidenemetbyl]-8-om-5-tbia·l· 

l5 aza..bicyclo[4.2.0]oct-2-ene-2-cadJoxylic acid trifluoroecemte 
IR(I<Br): 1781, 1677, 1634 cm-1, MS(ISP): 576.2 (M+H)+ 

. 11.1.Sl. (6R,'7R)·7-[(Z)-2-(2-Amino-tbiaml-4-yD·2·hydroxyimino-acetylamino]· 

8-oxo-3-[(E)-2-oxo-l·pyrimidin-2-yl-p,YttOlidin~ylidenemetbyl]-5-tbia·l-aza· 

ID bicyclo[4.2.0]oct-2-ene-2-carboxylic acid tr.ifluoroace1at.e 
IR(KBr): 1779, 1667, 1629 cm-1, MS(ISP): 543.2 (M+H)+ 

11.1.32. (6R,'7R)-7-[(Z)-2-(2-Amino-thiaml-4-yD·2-hydroxy.imino-acetylamino]· 

S-[(E)-1·(3,5-dimetbyl-pyrazin-2-yD·2-oxo-pj'l"l'Olidin-3-ylidenemethyl1-8-om-5-

25 tbia-1-aza-bicyclo[4.2.0]oct.-2-en&-2-carboxylic acid triflumoacetate 
IR(KBr): 1779, 1676, 1633 cm-1, MS(ISP): 571.3 (M+H)+ 

I 

1L1.33. (6R,7R)-3-[(E)·(l·Allyloxycarbcmyl-piperidin-4-yD-2-oxo-pyrmlidin-3-
y1idenemethy1]·7·[(Z)-2-(2-amino.thiaml-4-yl)-2-h.ydrmyimino.actylamino]· 

3) 8-oxo-5-tbia-1-aza-bicyclo[4.2.0]oct;.2-ene-2-carboxylic acid triflumoacemte 
IR(I<Br): 1782, 1677, 1530 cm-1, MS(ISP): 632.4 (M+H)+ 

lLl.34. (6R,7R)-7-[(Z)-2-(2.Amino-tbiaml-4-yD·2-hydroxyimino-acetylamino]· 

8-oxo-3-[(E)-2-oxo-1-piperidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-tbia-1-aza· 

35 bicyclo[4.2.0]oct-2-ene-2-earboxylic acidhydrocbloride 
IR(I<Br): 1774, 1631 cm-1, MSUSP):.548.2 (M+H)+ 
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lLl.35. (6B,7B)-'7-[(Z)-S.(2-Amino-thiaml-4-yD·2-hydroxyimin.o-atylamino]· 

3-[(E)-1·(1-ethoxye8rbonyl-piperidin-4-yl)-2-oxo-pynolidin-3-ylidenemetbyl]-8-

oxo-5-dlia·l-am-bi.cyclo[4.2.0]oct-2-en&carboxylic acid trifluoroacetat 
IR(I<Br): 1778, 1675, 1630 an-1, MS(ISP): 620.4 (M+H)+ 

11.1.36. (6R,7B)-'7-[(Z)-S.(2-Amino-thiaml-4-yD-2-hydroxyimino-acetylamino]-
3-[(E)-1·[1-{3earboxy·p:opionyl)-piperidin-4-yl]-2-om-py1rolidin-3-

ylidenemethyl]-&om-5-thia·l-am·bicyclo[4.2.0]oct-2-ene-2-carboxylic acid 
trifluoroaceUlt 

JO IR(I<Br): 1779, 1672, 1632 cm-1, MSOSN): 663.2 (M+N1f3-H)-

lLl.3'7. 1:1 Mixture of (6B,'7R).'7-[(Z)-S.(2-amh10othiaml-4-yD-2-hydrm:yimino­

acetylamino]·Som-3-[(E)-2-oxo-l·[(R)- and ·[(S)-1etrahydro-furan·S.ylmethyl]· 

pynolidin-3-ylidenemetby]J-5-tbia-1-aza-bicyclo [4.2.0]oct-2-ene-2-carboxylic 

l5 acid trifluoroacemte 
IR(KBr): 1780, 1669 an-1, MS(ISP): 549.2 (M+H)+ 

1LL38. (GR, 7B)-'7-[(Z)-2-(2-Amino.thiazol-4-yD-2-hydro • • • ]· 

&om-3-[(E)-2-oxo-l·(lB·t.etraml-5-ylmethyl)-pyrrolidin-3-y]i.denemetbyl]-5-

ID tbia·l-am· bicycl.0[4.2.0]oct-2-ene-2-carboxylic acid 
IR(I<Br): 1769, 1674, 1633 an-1, MS(ISP): 547.0 (M+H)+ 

lLl.39. (6B,'1R)-'7-[(Z)-S.(2-Amino-thiaml-4-yD·2-hydroxy.imino-acetylamino]· 

8-om-3-[(E)-2-om-tbiophen-S.ylidenemethyl-pyrrolidin-3-ylidenemetby]J-5-

25 tbia·l-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid trifluoroaceta1e 
IR(I<Br): 1776, 1671, 1632 cm-1, MS(ISP): 561.2 (M+H)+ 

1L1.40. (6B,'1R)-'7-[(Z).2-(2-Amino.thiaml-4-yD·2-hydroxyimino-acetylamino]-
3-[(E)-1·(3ethoxycarbonyl-tbiophen-2-yl)-2-om-pyrrolidin-3-y1idenemethyl]-8-

3) oxo-5-thia-1-am-bicyclo[4.2.0]oct-2-ene-2-carboxylic acid UiflumoaceUlte 
IR(I<Br): 1783, 1680 an-1, MSUSP): 619.4 (M+H)+ 

1LL4L (6B, '1R)-'7-[(Z)-2-(2-Amino-thiazol-4-yl).2-hydroxyimino-acetylmnino]· 
3-[(E).1-(3earbamoyl-thiophen-2-yl)-2-oxo-pyrrolidin.3-ylidenemetbylJ-8-om-

35 5-tbia-1-am-bicyc1o[4.2.()]oct,..2-ene-2-carbmylicacid 
IR(KBr): 1774, 1667 an-1, MSUSP): 590.2 (M+H)+ 
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11.2. Preparation oftbe sodium salt 
11.2.L Preparation of (6R,'7R)..7-[(Z)-2-(2-Amino-tbiaml-4-yl)..2-byd:roxyimino­

acetylamino]-S.[(E)..1-(4-carbamoyl·phenyl)-2-om-pyxtolidin-S. 

ylidenemetby]J-8-oxo-5-tbia·l·am·bicyclo[4.2.0]oct-2-en&-2-carboxylic acid Na 
5 salt 

The trityl group of 1.2 g (1.45 mmol) (6,R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-

10 trityloxyimino-acetylamino]-3-[(E)-1-(4-carbamoyl-phenyl)-2-oxo-pyrrolidin-3-
ylidinemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic add was 
removed according to the procedure used above. However, the product was 
con¥erted into the sodium salt. 910 mg mmol of raw (6,R,7R)-7-[(Z)-2-(2-
~o-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-(4-carbamoyl-

l5 ph~yl)-2-oxo-pyrrolidin-3-ylidinemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-

ene-2-carboxylic add trifluoracetic add salt was suspended in 9 ml water and 1 
ml acetonitrile. At o·c the pH was adjusted to 7using1 N NaOH. The dark­
brown solution was purified by reveresed phase chromatography (OPI'I-UP gel, 
water : acetonitril = 1:0, 9:1, 4:1). 

m yield: 165 mg (19%); IR(I<Br): 1763, 1664 an·l; MS(ISN): 599.2 (M-Na-NHa)-
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11.2.2. (6R, 7R)-7-[(Z)-2-Amino-thiazol-4-yl -[(E)-1-(6-chloro-pyrldazin-3-yl)-2-

oxo-pyrrolidin-3-ylidenemethyl]-S-oxo-S-thia-1-aza-bicylco[4.2.0]oct-2-ene-2-

carbo:xylic acid sodium salt 
The trityl group of 2.43 (2.6 mmol) (6,R,7R)-7-[(Z)-2-(2-amino-thiazol-4-yl)-2-

5 trityloxyimino-acetylamino]-3-[(E)-1-(6-chloro-pyridizan-3-yl)-2-oxo-pyrrolidin-

3-ylidinemethyl]-8-oxo-5-thia-1-aza-bicyclo[4.2.0]oct-2-ene-2-carboxylic add was 

removed according to the procedure used above. The product was then 

converted at roo~ temperature into the sodium salt by suspending the raw 

material (1.9 g) in 240 ml water and adjusting the pH to 6.5 with 1 N NaOH. 

lO The dark-brown solution was purified by reversed phase chromatography (RP-

18 LiChroPrep gel, water : acetonitril = 98 :2). 

yield: 571 mg (32%) 

IR(I<Br): 1765, 1673, 1616 an-1, MS(ISP): 577.1 (M+H)+ 

l5 According to the procedure set forth in the preceeding examples, the following 

additional compounds were prepared: 

11.2.3. (6R,7R)-7-[(Z)·2-(2-Amino-thiaml-4-yD·2-hyi • ~-

3-[(E).1-[4-(3-carboxy·propiony)amjno).bemyl]-2-om-pynvlidin-S. 

ylidenemethyl]-8-oxo-5-tbia·l-aza·bicyclo[UO]octr2-ene-2-carboxylic acid 
ID disodium. salt 

m (KBr): 1765, 1625, 1536 cm-1, MS (ISP): 668.3 (M-2Na+H)-

11.2.4. (6R,7R)-7-[(Z)-2-(2-Amino-thiaml-4-yD-2-hydroxyimino-aclamino]· 

3-[(E)-1-(2-hydroxy-phenyl)-2-oxo-pyrroJidin..3.ylidenemethyl)-km-5-thia·l· 

25 am-bicyclo[4.2.0]octr2-ene-2-carboxylic acid.Na salt 
m (KBr): 1764, 1621 cm-1, MS (ISP): 579 (M+H)+ 

' 

11.2.5. (6R,7R)-S.[(E).1·(4-Amino-benzyD·2-oxo-pym>Jidjn~ylidenemethyl]-7· 

[(Z)~2-(2-amino-tbjaml-4-yD-2-bydroxyimino-acetylamino]-8-om-5-tbia-1-am· 

3) bicyclo[4.2.0]oct.-2-ene-2-carboxylic acid sodium salt 
m (KBr): 3427, 1763, 1619 cm-1, MS aSP): 570.2 (M+H)+ of the acid. 
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1. Cephalosporin derivatives of the general formula I 

5 wherein 

Rl is a group selected from 2-, 3- and 4-hydroxyphenyl, 2- and 3-
methoxyphenyl, 4-carboxyphenyl, 4-carbamoylphenyl, 3-trifluoro­
methylphenyl, 2- and 3-fl.uorophenyl, 3-nitrophenyl, 3-fluoro-4-
hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 3-fluoro-2-hydroxy-

ro phenyl, 3-, 4-dihydroxyphenyl, benzyl, -OHR-phenyl, 3-hydroxy­
benzyl, 4-aminobenzyl, 2-, 3- and 4-fluorobenzyl, 2-, 3- and 4-
methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-trifluoromethyl­
benzyl, 1-naphthyl and 2-naphthyl, all hydroxy, amino, carboxy and 
carbamoyl substituents optionally being substituted, or is pyridinyl 

15 mono-substituted with halogen, pyrimidyl, pyrazinyl di-substituted 
with lower alkyl, pyridazinyl mono-substituted with halogen, 
piperidinyl in which the amino group may be substituted by an acyl 
group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl mono­
substituted with lower alkoxycarbonyl or carbamoyl, tetrazolyl­
lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl-lower alkyl 

· or benzimidazolyl-lower alkyl; and 

R is carboxy or esterified carboxy; 

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. 

2. Cephalosporin derivatives according to claim 1 wherein 
Rl is a group selected from 2-, 3- and 4-hydroxyphenyl, 2- and 3-

methoxyphenyl, 4-carboxyphenyl, 4-carbamoylphenyl, 3-trifluoro­
methylphenyl, 2- and 3-fluorophenyl, 3-nitrophenyl, 3-fluoro-4-
hydroxyphenyl, 2-fluoro-4-hydroxyphenyl, 3-fluoro-2-hydroxy­
phenyl, 3-, 4-dihydroxyphenyl, benzyl, -CHR-phenyl, 3-hydroxy-

I 
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benzyl, 4-aminobenzyl, 2-, 3- and 4-fluorobenzyl, 2-, 3- and 4- - ""'""' 
methoxybenzyl, 4-nitrobenzyl, 4-carboxybenzyl, 4-trifluoro­
methylbenzyl, 1-naphthyl and 2-naphthyl, all hydroxy, amino, 
carboxy and carbamoyl substituents optionally being substituted; 

5 and 

10 

R is carbo:xy or esterified carboxy; 

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

3. Cephalosporin derivatives according to claim 1 wherein 
Rl is pyridinyl mono-substituted with halogen, pyrimidyl, pyrazinyl di­

substituted with lower alkyl, pyridazinyl mono-substituted with 
halogen, piperidinyl in which the amino group may be substituted 

l5 by an acyl group, thiadiazolyl, oxo-tetrahydrofuranyl, thiophenyl 
mono-substituted with lower alkoxycarbonyl or ·carbamoyl, 
tetrazolyl-lower alkyl, tetrahydrofuranyl-lower alkyl, thiophenyl­
lower alkyl or benzimidazolyl-lower alkyl; 

as well as readily hydrolyzable esters thereof, pharmaceutically acceptable 
ID salts of said compounds and hydrates of the compounds and of their esters 

and salts. 

4. Compounds according to claims 1 or 2 wherein Rl is a group selected 
from 4-hydroxyphenyl, 3-nitrophenyl, 3-fluoro-4-hydroxyphenyl, 3-hydroxy-

25 benzyl, 4-aminobenzyl, succinylaminobenzyl and benzyl. 
' 

, 5. Compounds of claim 4 wherein Rl is 4-hydroxyphenyl . 

. 6. Compounds of claim 4 wherein Rl is 3-nitrophenyl. 

7. Compounds of claim 4 wherein Rl is 3-fluoro-4-hydroxyphenyl. 

8. Compounds of claim 4 wherein Rl is 4-aminobenzyl. 

9. Compounds of claim 4 wherein Rl is 3-hydroxybenzyl. 

10. Compounds of claim 4 wherein Rl is benzyl. 

11. Cephalosporin derivatives according to any one of claims 1 and 
3 wherein 
Rl is 2-chloro-pyridin-3-yl, 1-pyrimidin-2-yl, 3,5-dimethylpyrazin-2-yl, 

35 6-cbloro-pyridazin-3-yl, 1-piperidin-4-yl, 1-ethoxycarbonyl-piperidin-
4-yl, 1-allyloxycarbonyl-piperidin-4-yl, 1-carboxypropionyl-piperidin-
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4-yl, 1,3,4-tbiadiazolyl-2-yl, 2-oxo-tetrahydrofuranyl-3-yl, 3-
ethoxycarbonyltbiophen-2-yl, 3-carbamoyl-thiophen-2-yl, lH­
tetrazol-5-yl-methyl, tetrahydrofuran-2-yl-methyl, thiophen-2-yl­

methyl or lH-benzimidazol-2-yl-methyl. 

12. Compounds of claim 11, wherein Rl is 1,3,4-thiadiazolyl-2-yl, lH­
benzimidazol-2-yl-methyl or 1-piperidin-4-yl. 

13. Compounds of claim 12, wherein Rl is 1,3,4-tbiadiazol-2-yl. 

14. Compounds of claim 12, wherein Rl is 1-piperidin-4-yl. 

lO 15. Compounds of claim 12, wherein Rl is lH-benzimidazol-2-yl-methyl. 

16. Compounds of any one of claims 1-15, wherein the 3-substituentis in 
the E-form. 

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

l5 (4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-
bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid; 
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
(3-nitro-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza-bicyclo­
[ 4.2.0]oct-2-ene-2-carboxylic acid; 

3> (6R, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
(3-fluoro-4-hydroxy-phenyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-
aza-bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid; 
(6R, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-(hydroxyiminoacetylamino]-3-[(E)-1-

(4-aminobenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-azabicyclo-
' 

25 [ 4.2.0]oct-2-ene-2-carboxylic acid; 
(6R, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyiminoacetylamino]-3-[(E)-1-
(3-hydroxybenzyl)-2-oxo-pyrrolidin-3-ylidenemethyl]-8-oxo-5-thia-1-aza­
bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid, as well as pharmaceutically 
acceptable salts of this compound and hydrates of said compounds and salts. 

3> 18. The compounds 
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-3-[(E)-1-
(1H-benzimidazol-2-ylmethyl)-2-oxo-pyrrolidin-3-ylidenem.ethyl]-8-oxo-5-thia-
1-aza-bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid; 
(6R,7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-oxo-3-

35 [(E)-2-oxo-1-piperidin-4-yl-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza-
bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid; 
(6R, 7R)-7-[(Z)-2-(2-Amino-thiazol-4-yl)-2-hydroxyimino-acetylamino]-8-oxo-3-
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[(E)-2-oxo-1-(1,3,4-thiadiazol-2-yl)-pyrrolidin-3-ylidenemethyl]-5-thia-1-aza­
bicyclo[ 4.2.0]oct-2-ene-2-carboxylic acid; 
as well as pharmaceutically acceptable salts of this compound and hydrates 

of said compounds and salts. 

5 19. Compounds of the formula Il 

H::a~~==((N-R1 Il 

COORh O 

in which Rl is as defined in claim 1 and Rh is hydrogen or a carboxy 
protecting group or esters or salts thereo£ 

lO 20. Compounds as in any one of claims 1 to 18 for use as 
pharmaceutically active substances, paticularly for the treatment and 
prophylaxis of infectious dise-ases. 

21. Process for the manufacture of the compounds according to any one 
of claims 1 to 18, which process comprises 

l5 (a) treating a compound having the formula II 

H::a~~==((N-~ Il 

COORh 0 

in which Rl is as defined in claim 1, and Rh is hydrogen or a 
carboxy protecting group 

20 o_r an ester or salt thereof, with an acylating agent of the general formula m 
N-OR2 

25 

or 

in which 

R2 

R3 

N-,--1.L ffi 
R'HN _l(s) 'coR3 

is hydrogen or a hydroxy protecting group; and 

is hydroxy or an activating group such as 1-
hydroxybenzotriazole or 2-benzothiazolylthio, 

is hydrogen or an amino protecting group 

(b) cleaving off the amino, hydroxy and/or carboxy protecting group in a 
compound having the formula IV 
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;/r::O:J CH J'N-R1 

IiHN s o ~ •. IV 
cooR1' o 

in which Rl is defined above, Rf is hydrogen or an aminoprotecting 
5 group, R2 is hydrogen or a hydroxy protecting group, Rh is 

hydrogen or a carboxy protecting group, provided that at least one 
of Rf, R2 and Rh is a corresponding protecting group or a salt 

thereof, 
or 

lO (c) for the manufacture of a readily hydrolyzable ester of a compound of 
formula I subjecting a carboxylic acid of formula I to a corresponding 
esterification, or 
(d) for the manufacture of salts or hydrates of a compound of formula I or 

hydrates of said salts converting a compound of formula I into a salt or 
l5 hydrate or into a hydrate of said salts. 

22. A pharmaceutical preparation containing a compound according to 
any one of claims 1 to 18 and a therapeutically inert carrier, particularly for 
the treatment and prophylaxis of infectious diseases. 

ID 23. Compounds according to any one of claims 1 to 18, whenever 

prepared according to the process claimed in claim 21 or by an obvious 

che~cal equivalent thereof. 

: 24. The use of-the compounds according to any one of claims 1 to 18 in 
the treatment and prophylaxis of infectious diseases or for the manufacture 

25 of medicaments for the treatment and prophylaxis of infectious diseases. 

25. The novel compounds, formulations, processes and methods 

substantially as described herein. 

*** 


