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Cephem derivatives of the general formula 

H 
N c-i-N X 

| H N 
R- S YoR, N 2 

O A. 

COOR3 

is which the RO group is in the syn-position, a process for 
their manufacture and pharmaceutical formulations which 
are active against bacterial infections and contain these 
compounds. 
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CEPHEM DERVATIVES 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

The invention relates to cephem derivatives of the gen 
eral formula I 

O (I) 
H. R. X 

N C-C-N- 

H N N 
R1-N S. N o 21NA 

OR 
COOR3 

in which R. denotes hydrogen, an optionally substituted 
alkyl, acyl, arylsulfonyl or alkylsulfonyl group or an amino 
protective group which is known from peptide chemistry, R 
denotes hydrogen or an optionally substituted alkyl, alkenyl, 
alkinyl, cycloalkyl, aralkyl, acyl, aryl, arylsulfonyl, alkyl 
sulfonyl or heterocyclic group. R. denotes hydrogen, an 
ester group or a cation, R. denotes hydrogen, a lower alkoxy 
group or a group which can be converted to this, X denotes 
sulfur. oxygen. -CH2- or -NH- and A denotes 
hydrogen, an optionally substituted alkoxy or alkenyloxy 
group, halogen or a group -CHY, in which Y represents 
hydrogen, halogen or the radical of a nucleophilic 
compound, and in which the RO group is in the syn 
position, with the exception of those compounds, in which 
X denotes sulfur and R. denotes hydrogen and simulta 
neously 

(a) R. denotes hydrogen or a group K. R. denotes 
hydrogen, a group K or saturated or unsaturated alkyl with 
1 to 4 carbon atoms R. denotes either hydrogen or an 
equivalent of an alkali metal, an alkaline earth metal or of a 
base L, Adenotes a group -CHOCOCH, but if R denotes 
a group K, R. denotes also a group K, and, if R denotes 
hydrogen, R also denotes hydrogen, or 

(b) A denotes either a group -CH-S-R' (in which R' 
denotes either an acyl group with 2 to 4 carbon atoms, a 
2-methyl-1,3,4-thiadiazolyl group, or a 1-methyl-tetrazolyl 
group), or Adenotes methyl, R. denotes hydrogen or a group 
K. R. denotes saturated or unsaturated alkyl with 1 to 4 
carbon atoms, R. denotes hydrogen, an equivalent of an 
alkali metal, an alkaline earth metal or of a base L, or R 
denotes a group M, but if R denotes hydrogen, R cannot 
denote a group M. or 

(c) R. denotes hydrogen or a group K, R. denotes 
saturated or unsaturated alkyl with 1 to 4 carbon atoms, A 
denotes a group -CHOCONHR denotes either hydro 
gen or an equivalent of an alkali metal, an alkaline earth 
metal or of a base L, or 

(d) R. denotes hydrogen, a group K or a chloroacetyl 
group, R denotes saturated or unsaturated alkyl with 1 to 4 
carbon atoms. A denotes a group of the formula 

-CH-S S, 

N ne N 
B 

with B standing for alkyl with 1 to 4 carbon atoms or alkoxy 
with 1 to 4 carbon atoms, R. denotes hydrogen, an equiva 
lent of an alkali metal, an alkaline earth metal or of a base 
L, or R. denotes a group M. but if R denotes hydrogen. R 
cannot denote a group M. or 
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2 
(e) A denotes a group -CHOCOCH R denotes 

hydrogen, a group K, or a chloroacetyl group. R. denotes the 
group 

R 

- -R, 
R2 

wherein R. denotes either a -COR" group, in which R' 
denotes alkyl with 1 to 3 carbon atoms or hydrogen, or R2 
denotes a nitrile group or R. denotes a carbamoyl group, R 
denotes hydrogen, in equivalent of an alkali metal, alkaline 
earth metal or of a base L, or R. denotes a group M. R." and 
R", which may be the same of different, denote hydrogen 
or alkyl with 1 to 3 carbon atoms, but if R denotes 
hydrogen, R cannot denote a group M. and in the case 
where R denotes hydrogen, if R denotes a -COR." 
group, in which R" denotes hydrogen, R. denotes hydrogen, 
but if R denotes a group K. R' cannot denote the -COR 
group, in which R" denotes hydrogen, or 

(f) A denotes chlorine or methoxy, R denotes hydrogen, 
saturated or unsaturated alkyl with 1 to 4 carbon atoms, a 
group K or a chloroacetyl group, R denotes hydrogen, a 
group K or a chloroacetyl group. R. denotes hydrogen, a 
group Moran equivalent of an alkali metal, an alkaline earth 
metal or of a base L. but if R denotes a group K. R. also 
denotes a group K, and if R denotes a chloroacetyl group, 
R also denotes a chloroacetyl group, and, if R denotes 
hydrogen. R also denotes hydrogen and, if R denotes 
hydrogen, R cannot denote a group M. wherein in the above 
paragraphs a) to f) K denotes a tert-butoxycarbonyl trityl, 
benzyl, dibenzyl, trichloroethyl, carbobenzyloxy, formyl, 
trichloroethoxycarbonyl or 2-tetrahydropyranyl group, L 
denotes trimethylamine, triethylamine, methylamine, 
propylamine, N.N-dimethylethanolamine, tris 
(hydroxymethyl)aminomethane, arginine or lysine and M 
denotes a benzhydryl, tert-butyl, benzyl, p-methoxybenzyl 
or trichloroethyl group. 

The invention furthermore relates to a process for the 
manufacture of cephem derivatives of the general formula I, 
which comprises 

(a) reacting lactams of the general formula II 

H.N. X (II) 

N 
O 21NA 

COOR 

wherein A, X, R and R have the meanings indicated 
above, but R cannot represent hydrogen, with reactive 
derivatives of a carboxylic acid of the general formula III 

N C-COOH 
I 

- N R N 
OR2 

(III) 

in which the radicals R and R have the meanings 
indicated above, but R cannot be hydrogen, or 
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(b) reacting cephem compounds of the general formula IV 

N to R. X (TV) 
sis N 

R S OR: O. 2 CHB 

COOR 

in which the radicals R. R. R. R. and X have the 
meanings indicated above, but R cannot represent an 
ester group, and B represents a group which can be 
replaced by a nucleophile, with a compound containing 
the nucleophilic radical Y in the presence of bases to give 
compounds of the general formula I in which A represents 
-CHY, and, if desired, in the compounds manufactured 
according to (a) or (b) 

(o) converting a resulting salt into the free carboxylic acid 
and optionally further esterifying this, or converting a 
resulting salt directly into an ester, 

(B) saponifying a resulting ester and optionally converting 
the resulting product into a salt, 

(y) splitting off a radical R and/or R if this denotes a 
protective group, 

(8) if R represents hydrogen, introducing a radical R. 
which denotes optionally substituted acyl, alkylsulfonyl 
or arylsulfonyl. by reaction with the corresponding acti 
wated carboxylic and sulfonic acid derivatives, and 

(e) if R represents a group which can be converted into a 
lower alkoxy group, carrying out this conversion, it being 
possible for one or more of the reactions given under (C) 
to (e) to be used. 
The present invention relates to compounds of the general 

formula I in which the substituents can have, for example, 
the following meaning. 
R can represent hydrogen, optionally substituted alkyl 

with 1-6 carbon atoms, preferably tert-butyl, tert-amyl. 
benzyl, p-methoxybenzyl, benzhydryl, trityl and 
phenylethyl, benzyl, benzhydryl and trityl also being amino 
protective groups which are known from peptide chemistry, 
aliphatic acyl with 1-6, preferably 1-4, C atoms, such as, for 
example, formyl. acetyl or butyryl, it also being possible for 
such an acyl group to be further monosubstituted or 
polysubstituted, for example by halogen, such as, for 
example, fluorine, chlorine or bromine, which can also lead, 
for example, to the chloroacetyl or trichloroacetyl radicals, 
which are known from peptide chemistry as amino 
protective groups, by aryl, in particular phenyl, which can 
also carry still further substituents, such as, for example, a 
heterocyclic radical defined under Rs; alkyl with 1-6 C 
atoms, preferably methyl; alkenyl with 1-4 C atoms, pref 
erably allyl; alkoxy with 1-4C atoms, preferably methoxy; 
alkylthio with 1-4C atoms, preferably methylthio; halogen, 
preferably chlorine or bromine, sulfamoyl, carbamoyl car 
boxyl or trifluoromethyl; alkoxycarbonyl with 1-4 alkyl C 
atoms, such as, for example, methoxycarbonyl; cyano or 
nitro; amino; alkylamino with 1-4 C atoms, such as, for 
example, methylamino or ethylamino; dialkylamino with 
1-4 C atoms, such as, for example, dimethyl- or diethyl 
amino, or amidino, by a nucleophilic radical. defined under 
Y. preferably -SRs, by aryloxy, in particular phenoxy, by 
arylmercapto, in particular phenylmercapto or by arylamino, 
in particular phenylamino, it also being possible for these 
aryloxy, arylmercapto and arylamino radicals, for example, 
to carry the substituents indicated above for aryl (as a 
substituent of the aliphatic acyl R), by an optionally sub 
stituted heteroaromatic 5-membered or 6-membered ring 
with 1 to 4 heteroatoms, in particular nitrogen, Sulfur or 
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4 
oxygen, such as is described in detail under -SRs, by 
hydroxyl, by alkoxy with 1-4C atoms, in particular meth 
oxy or ethoxy, by alkylthio with 1-4C atoms, in particular 
methylthio or ethylthio, by alkylamino with 1-4 Catoms, in 
particular methylamino or ethylamino, or by dialkylamino 
with 1-4C atoms, in particular dimethyl- or diethyl-amino, 
which can be closed to form a 5-membered to 7-membered 
ring which can be optionally interrupted by hetero-atoms, 
such as, for example, oxygen or nitrogen, such as, for 
example, morpholine, piperazine or N-alkyl-piperazine in 
which alkyl has 1-4 C atoms, preferably 
N-methylpiperazine, aromatic acyl, preferably benzoyl, it 
also being possible for the aromatic group to be substituted, 
such as is indicated above for the aryl substituents of the 
aliphatic acyl radical R. hetero-aromatic acyl, the hetero 
aromatic 5-membered or 6-membered ring with 1 to 4 
hetero-atoms, which can also be further substituted, as 
described above for aryl, being one such as is described in 
detail under-SRs optionally substituted alkylsulfonyl with 
1-4C atoms. in particular methylsulfonyl or ethylsulfonyl, 
arylsulfonyl, preferably phenylsulfonyl, which can be sub 
stituted in the manner indicated above for aryl, in particular 
by nitro, amino or alkyl with 1-4 C atoms, such as, for 
example, methyl, or an amino-protective group which is 
known from peptide chemistry (compare, for example. 
Houben-Weyl, volume XV/1, page 46 (1974)), in particular 
alkoxycarbonyl with 1-4 alkyl C atoms, which is preferably 
substituted by halogen or cyano, such as, for example, 
methoxycarbonyl, tert-butoxycarbonyl, trichloroethoxycar 
bonyl or cyano-tert-butoxycarbonyl, or arylalkoxycarbonyl 
with 1-4 alkyl C atoms. in particular phenylalkoxycarbonyl, 
it also being possible for the aryl radical to be further 
substituted, for example by nitro or lower alkoxy, preferably 
b enzyloxycarbonyl. p-nitro- or p-methoxy 
benzyloxycarbonyl, 3.5-dimethoxybenzyloxycarbonyl or 
2-biphenyl-4-isopropoxycarbonyl, or trialkylsilyl, in which 
alkyl can consist of 1-4C atoms, such as, for example, 
trimethylsily or tert-butyldimethylsilyl 
R can denote, for example, hydrogen, alkyl with 1-4C 

atoms, such as, for example, methyl ethyl, propyl or butyl, 
preferably methyl, or cycloalkyl with 3–8, preferably 3–6, C 
atoms, such as, for example, cyclopropyl, cyclobutyl, clo 
penty or cyclohexyl, it also being possible for alkyl and 
cycloalkyl to be further monosubstituted or polysubstituted, 
for example by alkyl with 1-4C atoms, preferably methyl. 
by cycloalkyl with 3-8, in particular 3-6, C atoms, such as, 
for example, cyclopentyl or cyclohexyl, by alkoxycarbonyl 
with 1-4 alkyl C atoms, preferably methoxycarbonyl or 
ethoxycarbonyl, by carboxyl; cyano; carbamoyl, which can 
be monosubstituted or disubstituted by optionally 
substituted, for example hydroxyl-substituted, alkyl with 
1-4C atoms, it also being possible for 2 substituents to be 
closed to form a 5-membered or 6-membered ring which is 
optionally interrupted by O or N, such as, for example, 
morpholino, piperazino, N-methylpiperazino or pyrrolidino, 
by alkylcarbonyl with 1-4 alkyl C atoms, in particular 
acetyl, by sulfo or sulfamoyl, by alkoxysulfonyl with 1-4C 
atoms, in particular methoxy- or ethoxy-sulfonyl. by a 
phosphono group, by hydroxyl, by halogen, preferably chlo 
rine or bromine, by alkoxy with 1-4C atoms, in particular 
methoxy or ethoxy, by alkylthio with 1-4 C atoms, in 
particular methylthio or ethylthio. by acyloxy, in particular 
aliphatic acyloxy with 1-4C atoms, such as, for example, 
acetoxy or benzoyloxy, by carboxyalkoxy with 1-4 alkyl C 
atoms, in particular carboxymethoxy, or by aryl, preferably 
phenyl, which can be substituted, as indicated above for the 
aryl substituent of the aliphatic acyl radical (R), alkenyl 
with 2-6, preferably 3-5. C atoms, such as, for example, 
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allyl or crotonyl, which can also be further substituted, for 
example by alkyl with 1-4 C atoms, preferably methyl, by 
halogen, in particular chlorine or bromine, by carboxyl or 
carbamoyl, which can be substituted, as indicated above 
under alkyl (R), or by alkoxycarbonyl with 1-4 alkyl C 
atoms, in particular methoxycarbonyl or ethoxycarbonyl, 
alkinyl with 3-5 C atoms, preferably propargyl, which can 
also be further substituted, for example by aryl, preferably 
phenyl, aliphatic, saturated or unsaturated acyl with 1-7, 
preferably 1-4, C atoms, such as, for example, formyl, 
acetyl, propionyl, butyryl, hexanoyl, acryloyl, crotonoyl or 
propioloyl, which can also be further substituted, for 
example by halogen, such as, for example, chlorine, bromine 
or fluorine, which leads, for example, to a chloroacetyl. 
dichloroacetyl or bromoacetyl radical, by amino, by alky 
lamino with 1-4 C atoms, preferably methyl- or ethyl 
amino, or by dialkylamino with 1-4C atoms, in particular 
dimethyl- or diethyl-amino, which can also be closed to 
form a ring which is optionally interrupted by hetero-atoms, 
such as oxygen, nitrogen or sulfur, such as, for example, 
morpholine, piperazine or perhydrothiazine, aromatic acyl, 
such as, for example, benzoyl or naphthoyl, which can also 
be substituted, for example by alkyl with 1-4 C atoms, in 
particular methyl, by halogen, preferably chlorine or 
bromine, by alkoxy with 1-4 Catoms, in particular methoxy, 
by dialkylamino with 1-4 C atoms, in particular dimethyl 
or diethylamino, which can also be closed to form a ring 
which is optionally interrupted by hetero-atoms, such as, for 
example, oxygen or nitrogen and which has already been 
described above, or by trifluoromethyl, heterocyclic acyl, 
which is derived from heterocyclic 5-membered or 
6-membered rings with 1 to 4 heteroatoms, such as, for 
example, sulfur, oxygen and nitrogen, such as, for example, 
thenoyl, furoyl. nicotinoyl, isonicotinoyl or picolinoy, and 
which can also be further substituted, for example by 
substituents such as are indicated above for aromatic acyl 
(R), optionally substituted arylsulfonyl, in particular 
phenylsulfonyl, p-tolysulfonyl and p-amino-phenylsulfonyl, 
optionally substituted alkylsulfonyl with 1-7, preferably 
1-4, C atoms, in particular methyl- or ethylsulfonyl, aryl, 
preferably phenyl, or, for example, 1- or 2-naphthyl, which 
can also be further substituted, for example by substituents 
such as are indicated above for aromatic acyl (R), or a 
heterocyclic group, which is derived from a heterocyclic 
5-membered or 6-membered ring with 1-4 hetero-atoms, 
such as, for example, sulfur, oxygen and nitrogen, such as, 
for example, thienyl, furyl, pyridyl or picolinyl, and can also 
be further substituted, for example by substituents such as 
are indicated above for aromatic acyl (R). 
R can represent, for example, hydrogen, an ester group 

or a cation. 
If R denotes an ester group, possible examples of this are 

straight-chain or branched alkyl with 1 to 12, preferably 1 to 
6. C atoms, such as, for example, methyl, ethyl, i-propyl. 
tert-butyl, hexyl as well as, for example, octyl or dodecyl, 
straight-chain or branched alkenyl with 2 to 12, preferably 
3 to 5. C atoms, such as, for example, allyl, crotyl, pentenyl 
as well as dodecenyl, or straight-chain or branched alikinyl 
with 3-12, preferably 3-5, C atoms, such as, for example, 
propinyl, butinyl, pentinyl as well as dodecinyl, it also being 
possible for these alkyl, alkenyl or alkinyl groups to be 
monosubstituted or polysubstituted by identical or different 
Substituents, for example by halogen, in particular chlorine 
or bromine, whereby, for example, a trichloromethyl radical 
results, by hydroxyl, by alkoxy with 1 to 4 C atoms, in 
particular methoxy or ethoxy, once or twice, preferably 
twice, by carbocyclic or heterocyclic aryl, such as, in 
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6 
particular, phenyl, or radicals which are derived from hetero 
aromatic 5-membered or 6-membered rings with 1 to 4 
hetero-atoms, such as, for example, sulfur, oxygen and 
nitrogen, such as, for example, thienyl, furyl or pyridyl. 
which can also carry still further substituents, for example 
those which have been given above in detail for the aryl 
substituent of the aliphatic acyl group (R), by carboxycy 
clic or heterocyclic aryloxy, such as, in particular, phenoxy, 
or radicals which are derived from heteroaromatic 
5-membered or 6-membered rings with 1 to 4 heteroaotims, 
such as, for example, sulfur, oxygen and nitrogen, such as, 
for example, pyridinoxy, which can also carry further 
substituents, such as have been indicated above, for 
example, for the aryl substituent of the alkyl radical R. by 
carboxyl or cyano, by carbamoyl, which can also be 
substituted, for example by one or two alkyl groups with 1-4 
C atoms, preferably methyl; or lower aralkyl, preferably 
benzyl, by alkoxycarbonyl with 1-4 alkyl C atoms, such as, 
for example, methoxycarbonyl, by alkylcarbonyloxy with 
1-6, preferably 1-4, alkyl C atoms, such as acetoxy, piv 
aloyloxy or also hexamoyloxy, by cycloalkylcarbonyloxy 
with 3-7 cycloalkyl C atoms, such as, for example, 
cyclohexylcarbonyloxy, by aroyloxy, such as, for example, 
benzoyloxy, by carbocyclic or heterocyclic arylalkylcarbo 
nyl with 1-4 alkyl C atoms, such as, for example, pheny 
lacetyl or thienylacetyl, by carbocyclic or heterocyclic ary 
loxyalkylcarbonyl with 1-4 alkyl C atoms, such as, for 
example, phenoxy or thienyloxy, by alkylcarbonyl with 1-6, 
preferably 1-4, alkyl C atoms, such as, for example, acetyl, 
propionyl or butyryl, which can also be monosubstituted or 
polysubstituted, for example by oximino; alkoximino, as 
defined in more detail under R, in particular methoximino; 
or alkoxycarbonyl with 1-4 alkyl C atoms, in particular 
methoxy- or ethoxycarbonyl; by carbocyclic or heterocyclic 
arylcarbonyl, such as, for example, benzoyl or thenoyl, 
which can also carry further substituents, such as, for 
example, alkyl with 1-4 Catoms, such as, preferably, methyl 
or ethyl; alkoxy with 1-4 C atoms, preferably methoxy or 
ethoxy; halogen, preferably chlorine or bromine; sulfamoyl; 
trifluoromethyl; alkylamino with 1-4 C atoms, such as 
methyl- or ethyl-amino; or dialkylamino with 1-4C atoms. 
such as dimethyl- or diethyl-amino, which can also be closed 
to form a 5-membered to 7-membered ring which is option 
ally interrupted by hetero-atoms, such as, for example, 
oxygen, nitrogen or sulfur, such as, for example, morpholine 
or piperazine, or by optionally substituted aryl, preferably 
phenyl, trialkylsilyl with 1-4C atoms in the alkyl group, 
such as, for example, trimethylsilyl, or indanyl orphthalidyl. 

If R denotes a cation, it represents an inorganic metalion 
or an organic ammonium ion. Examples which may be 
mentioned are, in particular, pharmacologically acceptable 
alkali metal ions or alkaline earth metalions, preferably the 
sodium, potassium, calcium or magnesium ion, the ammo 
nium ion and, from the organic ammonium ions, in 
particular, an optionally substituted, alkylated ammonium 
ion, such as, for example, the triethylammonium or dietha 
nolammonium ion, as well as the morpholineammonium, 
benzyl ammonium, procaine ammonium, 
L-arginineammonium and L-lysineammonium ion. 
R can represent, for example, hydrogen, lower alkoxy 

with 1-4C atoms, preferably methoxy, or a group which can 
be converted into such an alkoxy group, such as, for 
example, halogen, preferably bromine, or saturated or unsat 
urated alkylthio with 1-4 C atoms, such as, for example, 
methylthio, ethylthio, i-propylthio or allylthio. 
A can denote, for example, hydrogen, alkoxy with 1-4C 

atoms, such as methoxy, ethoxy or butoxy, in particular 
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methoxy, it also being possible for the alkyl chain, with the 
exception of the o-C atoms, to be substituted, for example 
by hydroxyl or by halogen, preferably chlorine or bromine, 
alkoxycarbonyl with 1-4 alkyl C atoms, in particular 
methoxy- or ethoxy-carbonyl, alkenyloxy with 3-6 Catoms, 
such as, for example, allyloxy, which can be substituted in 
the same manner as the alkoxy group (A) above, halogen, 
preferably chlorine or bromine, or -CHY, wherein Y, in 
addition to hydrogen or halogen, such as, for example, 
fluorine. chlorine or bromine, can also represent the radical 
of a nucleophilic compound. 

Examples which may be mentioned of such radicals of a 
nucleophilic compound, preferably of a S-, N- or 
O-nucleophilic compound are: acyloxy, hydroxyl, alkoxy, 
amino, alkylamino, dialkylamino, mercapto, optionally sub 
stituted pyridinium, quinolinium or isoquinolinium, option 
ally substituted carbamoyloxy or carbamoylthio. azido or a 
group -SRs wherein Rs denotes an optionally substituted 
acyl, alkyl or aryl radical or an optionally substituted 
5-membered or 6-membered heterocyclic ring which is 
optionally fused to an aromatic 5-membered or 6-membered 
ring. or the radical 

R 

in which Z represents sulfur or oxygen and R6 and R, which 
can be identical or different, represent alkyl, alkenyl, alkoxy, 
alkenyloxy, optionally substituted phenyl or a carbocyclic 
ring with 3-8 C atoms. 
Some of the groups which are possible, according to the 

invention, as the nucleophilic radical Y are illustrated in 
more detail in the following text. 

If Y represents acyloxy, possible acyl radicals are, for 
example, aliphatic acyl radicals with 1-4C atoms, such as, 
for example, acetoxy or propionyloxy. Acetoxy is particu 
larly preferred. 

If Y represents alkoxy, possible radicals here are straight 
chain or branched alkoxy radicals with, for example, 1-8 C 
atoms, preferably with 1-4 Catoms, such as, for example, 
methyl ethyl, n-propyl, i-propyl, n-butyl or i-butyl. 

If Y represents a pyridine, quinoline or isoquinoline 
radical, it is bonded via nitrogen and can be substituted, for 
example by lower alkyl, such as, for example, methyl or 
ethyl, lower alkoxy, such as, for example, methoxy or 
ethoxy, or carbamoyl. However, it is preferably unsubsti 
tuted. 

If Y represents a carbamoyloxy or carbamoylthio group, 
this group can be monosubstituted or polysubstituted on the 
nitrogen, for example by lower alkyl with 1-4C atoms, such 
as, for example, methyl or ethyl, it also being possible for the 
two substitutents to be linked with one another to form a 
ring, for example to form a 5-membered or 6-membered 
ring, which can also be interrupted by a hetero-atom, such 
as, for example, oxygen, sulfur or nitrogen. The unsubsti 
tuted carbamoyl group is preferred. 
Y can furthermore represent azido, as well as monosub 

stituted or disubstituted amino. Possible substituents are, in 
particular, alkyl with 1-4 C atoms, such as, for example, 
methyl or ethyl, it also being possible, in the case of a 
dialkylamino group. for the substitutents to be closed to 
form a 5-membered or 6-membered ring which is optionally 
interrupted by hetero-atoms, such as, for example, morpho 
line or piperazine. The amino group can, for example, also 
be substituted by alkoxy with 1-4 C atoms, such as, for 
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8 
example, methoxy or ethoxy, or by aryl, preferably phenyl, 
which can also carry further substituents, such as for 
example, alkyl with 1-4 C atoms, preferably methyl, 
sulfamoyl, trifluoromethyl or halogen, such as, for example. 
chlorine or bromine. 

If Y denotes amino, in order to avoid the formation of a 
ring R must represent an ester group. This can also then be 
appropriate if Y denotes a hydroxyl, mercapto or monosub 
stituted amino group. 

If Y represents a group -SR and Rs represents an acyl 
radical, possible acyl radicals are optionally substituted 
aliphatic, aromatic or heterocyclic acyl radicals, for example 
aliphatic acyl with 1-4C atoms, such as, for example, acetyl 
or propionyl, aromatic acyl such as, for example, benzoyl or 
toluoyl, and heterocyclic acyl which is derived from 
5-membered or 6-membered rings with 1-4 hetero-atoms, 
such as, for example, nitrogen, sulfur or oxygen, such as, for 
example, nicotinoyl, isonicotinoyl, picolinoyl, furoyl, 
thenoyl, thiazoloyl, oxazoloy, triazoloyl or thiadiazoloyl. 
The acetyl and propionyl radicals are preferred. Rs can also 
denote optionally substituted aryl, preferably phenyl, the 
substituents corresponding to those which can be in the aryl 
substituting the aliphatic acyl radical (R). 

If R denotes an alkyl radical, a possible radical here is 
straight-chain or branched alkyl with, for example, 1-8 C 
atoms, preferably 1-4 C atoms, such as, for example, 
methyl, ethyl, n-propyl, i-propyl. n-butyl or i-butyl, in 
particular methyl and ethyl, which can also be optionally 
substituted, for example by amino, hydroxyl, carboxyl or 
carbalkoxy with 1-4 alkyl C atoms, in particular 
methoxycarbonyl, or by phenyl which is optionally substi 
tuted by alkyl or alkoxy with 1-4 C atoms, in particular 
methyl or methoxy, nitro or halogen, in particular chlorine or 
bromine. 

If Rs represents a heterocyclic radical, possible radicals 
are optionally substituted five-membered or six-membered 
rings which have 1 to 4 hetero-atoms, such as, for example, 
oxygen, sulfur and/or nitrogen, in particular nitrogen, 
optionally together with sulfur or oxygen as ring atoms. 

If the radical R. denotes a heterocyclic radical, it can also 
be bonded to a fused aromatic 5-membered or 6-membered 
ring system, for example a pyridine or triazole ring, prefer 
ably to a benzene ring, but the heterocyclic ring which is not 
fused to a ring system is preferred. The heterocyclic ring 
system which forms the radical Rs can also be completely or 
partially hydrogenated, but preferably non-hydrogenated. 
The following fundamental ring systems may be men 

tioned as examples of the radical Rs: thienyl, furylpyrrolyl, 
imidazolyl pyrazolyl, thiazolyl, isothiazolyl, oxazolyl, 
isoxazolyl, triazolyl, thiadiazolyl oxadiazolyl, tetrazolyl. 
thiatriazolyl, oxatriazolyl pyridyl, pyrimidyl, pyrazinyl. 
pyridazinyl, thiazinyl, oxazinyl, triazinyl, thiadiazinyl, 
oxadiazinyl. dithiazinyl, dioxazinyl, oxathiazinyl. tetrazinyl, 
thiatriazinyl, oxatriazinyl, dithiadiazinyl, imidazolinyl. 
dihydropyrimidyl, tetrahydropyrimidyl and purinyl, as well 
as benzo-fused derivatives, for example benzoxazolyl, 
benzthiazolyl, benzimidazolyl and indolyl. 

5-membered ring systems with a sulfur or oxygen atom 
and 1 to 3 nitrogen atoms, such as thiazolyl, in particular 
thiazol-2-yl and thiazol-2-yl N-oxide, thiadiazolyl, in par 
ticular 1,3,4-thiadiazol-5-yl and 1,2,4-thiadiazol-5-yl, 
oxazolyl, preferably oxazol-2-yl, and oxadiazolyl, such as 
1.3,4-oxadiazol-5-yl, are preferred. Furthermore, 
5-membered ring systems with 2 to 4 nitrogen atoms, such 
as imidazolyl, preferably imidazol-2-yl, triazolyl, preferably 
1.3.4-triazol-5-yl and 1.2.3- and 1,2,4-triazol-5-yl, and 
tetrazolyl, preferably 1H-tetrazol-5-yl and 2H-tetrazolyl, are 
preferred. Benzofused derivatives, in particular benzoxazol 
2-yl, benzthiazol-2-yl and benzimidazol-2-yl, are also pre 
ferred. 
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Furthermore, preferred possible ring systems are 
6-membered ring systems with 1 to 3. preferably 1 to 2, 
nitrogen atoms, such as, for example, pyridyl, such as 
pyrid-2-yl, pyrid-3-yl and pyrid-4-yl, pyrimidyl, preferably 
pyrimid-2-yl and pyrimid-4-yl, triazinyl, preferably 1,3,4- 
triazin-2-yl and 13.5-triazin-4-yl, pyridazinyl, in particular 
pyridazin-3-yl, and pyrazinyl. The pyridyl, pyrimid-2-yl, 
pyrimid-4-yl and pyridazinyl radicals, in particular the pyri 
dine N-oxides and pyridazine N-oxides, are preferred. 

If the radical Rs denotes a heterocyclic radical, it can be 
monosubstituted or polysubstituted, examples of possible 
substitutents being the following: straight-chain or branched 
alkyl groups with, for example, 1 to 15 carbon atoms, such 
as, for example, methyl ethyl, n-propyl, i-propyl. n-butyl, 
tert-butyl n-hexyl, undecyl and pentadecyl, preferably those 
with 1-4 carbon atoms, such as, for example, methyl and 
ethyl, as well as low-molecular alkyl groups with 1 to 14 
carbon atoms, such as, for example, methyl, which are 
substituted, for example by aryl, such as, for example, 
phenyl or thienyl, by aryloxy, for example phenoxy, by 
low-molecular alkoxy, such as, for example, methoxy and 
ethoxy, by low-molecular alkoxycarbonyl, such as, for 
example, methoxy- or ethoxy-carbonyl, by halogen, such as, 
for example, chlorine or bromine, by hydroxyl, by aliphatic 
acylamido, preferably with 1 to 4 C atoms, such as, for 
example, acetamido, by aromatic acylamido, such as, for 
example, benzamido. by amino, by alkylamino with 1 to 4 
C atoms, such as, for example, methyl- or ethylamino, by 
dialkylamino with 1-4 C atoms, such as, for example, 
dimethyl- or diethylamino, it also being possible for the 
alkyl radicals of the dialkylamino group to be closed to form 
a 5-membered to 7-membered ring which is optionally 
interrupted by hetero-atoms, such as, for example, oxygen or 
nitrogen, such as, for example, morpholino or piperazino, by 
trifluoromethyl, by cyano, by carbamoyl, by carboxyl, by 
carboxyalkoxy with 1-4 alkyl C atoms, such as, for 
example, carboxymethoxy, by cyanoalkoxy with 1 to 4 alkyl 
C atoms, such as, for example, cyanomethoxy, by carbam 
oylalkoxy with 1-4 alkyl C atoms, such as, for example, 
carbamoylmethoxy, by alkoxycarbonyloxy with 1-4 alkyl C 
atoms, such as, for example, methoxycarbonyloxy, by sulfo, 
by alkylsulfo, preferably with 1-4 C atoms, such as, for 
example, methylsulfonyl, by sulfamoyl, by phosphonyl, by 
alkylcarbamoyl with 1-4 alkyl C atoms, such as, for 
example, methylcarbamoyl, by dialkylcarbamoyl with 1-4 
alkyl C atoms, such as, for example, dimethylcarbamoyl, by 
alkyl- or dialkylsulfamoyl wit 1-4 C atoms, such as, for 
example, methyl- or dimethylsulfamoyl, by 
carboxyalkylcarboxamido, preferably with 1-4 alkyl C 
atoms, such as, for example, succinamic acid, by 
cyanoalkylcarboxamido, preferably with 1-4 alkyl C atoms, 
such as, for example, malonic acid mononitrile-amide, or by 
alkoxycarbonylalkylcarboxamido, preferably with 1-4 C 
atoms in each alkyl group, it also being possible for the 
carboxamido nitrogen to be further substituted, such as, for 
example, methylsuccinamate and methyl N-methyl 
succinamate. 

If R denotes a heterocyclic radical, it can furthermore be 
substituted by cycloalkyl with 3 to 8 C atoms, such as, for 
example, cyclopenty and cyclohexyl, or by alkoxy with 1-4 
C atoms, such as, for example, methoxy and ethoxy, alkenyl 
with 2-4 C atoms, such as, for example, allyl, alkenyloxy 
with 3-5C atoms, such as, for example, allyloxy, alkyl- and 
alkenyl-thio with 1-4C atoms, such as, for example, meth 
ylthio and allylthio, alkoxycarbonyl with 1-4 alkyl C atoms, 
such as, for example, methoxycarbonyl, alkylcarbonyl with 
1-4 alkyl C atoms, such as, for example, acetyl, 
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10 
arylcarbonyl, such as, for example, benzoyl carboxyalkoxy 
carbonyl with 1-4 alkyl C atoms, such as, for example, 
carboxymethoxycarbonyl, cyanoalkoxycarbonyl with 1-4 
alkyl C atoms, such as, for example, 
cyanomethoxycarbonyl, carbamoylalkoxycarbonyl with 1 to 
4 alkyl C atoms, such as for example, 
carbamoylmethoxycarbonyl, alkoxycarbonylamino with 
1-4 alkoxy C atoms, such as for example, 
ethoxycarbonylamino, carboxyalkylthio with 1-4 alkyl C 
atoms, such as, for example, carboxymethylthio, amino, 
arylamino, such as, for example, phenylamino, 
heteroarylamino, such as, for example, pyrid-2-yl-amino 
and pyrid-4-yl-amino, monoalkyl- and dialkyl-amino with 
1-4 C atoms, such as, for example. methylamino, 
dimethylamino, ethylamino and diethylamino, it also being 
possible for the two alkyl substituents to be closed to form 
a 5-membered to 7-membered ring which is optionally 
interrupted by hetero-atoms, such as, for exmaple, oxygen or 
nitrogen, such as, for example, morpholino, piperidino, 
pyrrolidino and piperazino, carboxyalkylamino with 1-4 
alkyl C atoms, such as, for example, carboxymethylamino, 
cyanoalkylamino with 1-4 alkyl C atoms, such as, for 
example, cyanomethylamino. alkoxycarbonylalkylamino 
with 1-4 alkoxy and alkyl C atoms, such as, for example, 
methoxycarbonylmethylamino, sulfoalkylamino with 1-4C 
atoms, such as, for example, sulfomethylamino, sulfamoy 
lalkylamino with 1 to 4 C atoms, such as, for example, 
sulfamoylmethylamino, alkylsulfamoylalkylamino with 1-4 
alkyl C atoms in each case, such as, for example, 
methylsulfamoylmethylamino, dialkylsulfamoylalkylamino 
with 1-4 alkyl C atoms in each case, such as, for example, 
dimethylsulfamoylmethylamino, alkoxysulfonylalkylamino 
with 1-4 alkoxy and alkyl C atoms, such as, for example, 
methoxysulfonylmethylamino, oxido, hydroxyl, hydroxy 
alkyl with 1-4 alkyl C atoms, such as, for example. 
hydroxymethyl and hydroxyethyl, carboxyalkylcarbonyloxy 
with 1-4 alkyl C atoms, such as, for example, 
carboxymethylcarbonyloxy, cyanoalkylcarbonyloxy with 1 
to 4 alkyl C atoms, such as for example, 
cyanomethylcarbonyloxy, alkoxycarbonylalkylcarbonyloxy 
with 1-4 alkyl C atoms in each case, such as, for example, 
methoxycarbonylmethylcarbonyloxy, carboxyalkoxy with 
1-4 alkyl C atoms, such as, for example, carboxymethoxy, 
cyanoalkoxy with 1-4 alkyl C atoms, such as, for example, 
cyanomethoxy, alkoxycarbonylalkoxy with 1-4 alkoxy 
atoms, such as, for example, methoxycarbonylmethoxy, 
carbamoylalkoxy with 1-4 alkyl C atoms, such as, for 
example, carbamoylmethoxy, carbamoylalkylcarbonyloxy 
with 1-4 alkyl C atoms, such as, for example, 
carbamoylmethylcarbonyloxy, sulfoalkoxy with 1-4 C 
atoms, such as, for example, sulfomethoxy, sulfamoylalkoxy 
with 1-4 Catoms, such as, for example, sulfamoylmethoxy, 
nitro, cyano, halogen, preferably chorine, trifluoromethyl. 
mercapto, carboxyl, carbamoyl carboxyalkylaminocarbo 
nyl with 1-4 alkyl C atoms, such as, for example, 
carboxymethylaminocarbonyl, carbamoylalkylaminocarbo 
nyl with 1-4 alkyl C atoms, such as, for example, 
carbamoylmethylaminocarbonyl, alkoxycarbonylalkylami 
nocarbonyl with 1-4 alkoxy and alkyl C atoms, such as, for 
example, methoxycarbonylmethylaminocarbonyl, aryl 
radicals, such as, for example, phenyl, substituted phenyl, 
such as, for example, alkoxyphenyl with 1-4 alkoxy C 
atoms, such as, for example, methoxyphenyl and 
ethoxyphenyl, alkylthiophenyl with 1-4 alkylthio C atoms, 
such as, for example, methylthiophenyl, halogenophenyl, 
such as, for example, chlorophenyl, hydroxyphenyl, 
aminophenyl, alkylamino- or dialkylamino-phenyl with 1-4 
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alkyl C atoms, such as, for example, methylamino- or 
dimethylaminophenyl, alkylphenyl, in particular alkylphe 
nyl with 1-4 alkyl C atoms, such as, for example, tert 
butylphenyl, tolyl or cetylphenyl, hydroxyalkylphenyl with 
1-4 alkyl C atoms, such as for example, 
hydroxyethylphenyl, halogenoalkylphenyl with 1-4 alkyl C 
atoms, such as, for example, trifluoromethylphenyl or 
chloromethylphenyl, alkoxyalkylphenyl with 1-4 alkoxy 
and alkyl C atoms, such as for example, 
methoxymethylphenyl, alkenylphenyl with 2 to 6, prefer 
ably 3-5, alkenyl C atoms, such as, for example, allylphenyl, 
alkenyloxyphenyl with 2-6, preferably 3-5, alkenyloxy C 
atoms, such as, for example, allyloxyphenyl, cyanophenyl, 
carbamoylphenyl, carboxyphenyl, alkoxycarbonylphenyl 
with 1-4 alkyl C atoms, such as, for example, 
methoxycarbonylphenyl, alkylcarbonyloxyphenyl with 1-4 
alkyl C atoms, such as, for example, acetoxyphenyl, 
sulfophenyl, alkoxysulfophenyl with 1-4 alkoxy C atoms, 
such as, for example, methoxysulfophenyl, 
sulfamoylphenyl. nitrophenyl, biphenyl or optionally corre 
spondingly substituted naphthyl radicals or heterocyclic 
radicals which are derived from heterocyclic 5-membered or 
6-membered rings with 1 to 4 hetero-atoms, in particular 
nitrogen, sulfur or oxygen. Such as, for example, pyridyl, 
furyl, quinolyl, isoquinolyl, thienyl, thiazolyl, N-pyrrolyl, 
pyrrolyl, imidazolyl, pyrazolyl isoxazolyl, tetrazolyl and 
triazolyl. 

If R denotes a heterocyclic radical, possible substituents 
are also: cyanoalkylaminocarbonyl with 1-4C atoms, such 
as, for example, cyanomethylaminocarbonyl carboxyalky 
lcarboxamido with 1-4 C atoms, such as, for example, 
succinamic acid, alkoxyalkylcarboxamido with 1-4 C 
atoms, such as, for example, methylsuccinamate, cyanoalky 
lcarboxamido with 1-4 C atoms, such as, for example, 
malonic acid nitrile-monoamide, alkylcarbamoyl with 1-4C 
atoms, such as, for example, methylaminocarbonyl, dialky 
lcarbamoyl with 1-4 C atoms, such as, for example, 
dimethylaminocarbonyl, it also being possible for the two 
alkyl radicals to be closed to form a carbocyclic ring with 
5-7 C atoms, which can be interrupted by nitrogen, sulfur or 
oxygen, such as, for example. morpholinocarbonyl, alkoxy 
carbonylalkoxyalkyl woth 1-4 C atoms, such as, for 
example, methoxycarbonylalkoxyalkyl, alkylcarbamoyla 
lkoxyalkyl with 1-4 C atoms, such as, for example, 
me thy 1 carb am oy 1 m eth oxy me thy . 
alkoxyalkylaminocarbonylalkyl, such as, for example, 
methoxymethylaminocarbonylmethyl, an amino group or an 
amino group which is monosubstituted by lower alkyl, it 
being possible for the amino group to be acylated by lower 
aliphatic or aromatic carboxylic acids, such as, for example, 
acetamido or benzamido, as well as an aryl or hetero 
aromatic radical which is substituted by trifluoromethyl or 
alkylcarboxyl with 1-4 C atoms. The number of C atoms, 
1-4. indicated in this paragraph in each case relates to an 
alkyl group contained in the radicals. 
Of the 5-membered rings with 2-4 hetero-atoms, such as 

nitrogen, sulfur and oxygen, preferably at least one heteroa 
tom being nitrogen, and 6-membered rings with 1-3 
heteroatoms, in particular nitrogen atoms, which are 
preferred, according to the invention, for Rs. the following 
radicals of the general formulae II-VII may be mentioned as 
examples of particularly preferred radicals. In the definitions 
of the substituents, in each case "lower” denotes a carbon 
atom number of 1-4, or, in the case of an unsaturated radical, 
a C aton number of 2-4. 
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12 
(a) A thiazolyl radical of the general formula V 

(O), C-N 

S R9 

in which Rs and R can be identical or different and 
represent hydrogen, straight-chain or branched lower alkyl, 
which can be optionally substituted by halogen, lower 
alkoxy, hydroxyl, amino, lower alkylamino, lower 
dialkylamino, trifluoromethyl or phenyl, straight-chain or 
branched lower alkenyl, a carbocyclic ring with 3-8 carbon 
atoms, amino, lower alkylamino, lower dialkylamino, lower 
aliphatic acylamido, lower carboxyalkyl, lower 
alkoxycarbonylalkyl, lower carbamoylalkyl, carboxyl, 
carbamoyl, cyano, cyanoalkyl, lower alkoxycarbonyl. lower 
carb oxyalkylamino carbonyl. lower 
a l k oxy carbonyl alkyl a mino carbonyl, 
cyanoalkylaminocarbonyl, lower carboxyalkylcarboxamido, 
lower alkoxycarbonylalkylcarboxamido, lower 
cyanoalkylcarboxamido, lower carboxyalkylthio, an option 
ally substituted hetero-aryl radical or a phenyl radical which 
is optionally substituted by one or two halogen atoms. lower 
alkyl, lower alkoxy, hydroxyl, lower alkylamino, lower 
dialkylamino, lower alkylthio, cyano or trifluoromethyl, it 
being possible for Rs and R together to form an optionally 
substituted carbocyclic ring with 5-7 carbon atoms, and n 
represents 0 or 1. 

Examples which may be mentioned are, in particular: 
1.3-thiazol-2-yl 4-methyl-1,3-thiazol-2-yl 4-tert-butyl-1, 
3-thiazol-2yl, 4-n-propyl-1,3-thiazol-2-yl 4-ethyl-2,3- 
thiazol-2-yl, 5-amino-1,3-thiazol-2-yl, 5-acetamido-1,3- 
thiazol-2-yl, 5-methylamino-1,3-thiazol-2-yl, benzothiazol 
2-yl, 5-chloro-benzothiazol-2-yl 4-methyl-3-oxy-1,3- 
thiazol-2-yl, 3-oxy-4-phenyl-1,3-thiazol-2-yl 4-(4- 
chlorophenyl)-3-oxy-1,3-thiazol-2-yl, 3-oxy-1,3-thiazol-2- 
yl. 4-(4-bromophenyl)-3-oxy-1,3-thiazol-2-yl 3-oxy-4-(p- 
tolyl)-1,3-thizol-2-yl 4-(p-methoxyphenyl)-3-oxy-1,3- 
thiazol-2-yl 4-methyl-3-oxy-5-phenyl-1,3-thiazol-2-yl, 
5-methyl-3-oxy-4-phenyl-1,3-thiazol-2-yl, 5-methyl-1,3- 
thiazol-2-yl 4-trifluoromethyl-1,3-thiazol-2-yl 4-phenyl-1, 
3-thiazol-2-yl 45-dimethyl-1,3-thiazol-2-yl 4-(3-pyridyl)- 
1.3-thiazol-2-yl 4-carboxymethyl-1,3-thiazol-2-yl, 
3-carboxy-4-methyl-1,3-thiazol-2-yl 4-carboxy-1,3- 
thiazol-2-yl, 4-ethoxycarbonyl-5-amino-1,3-thiazol-2-yl. 
5 - a mino - 4 - car box y - 1, 3 - thia z o. 1 - 2 - y l. 
5-carboxymethylaminocarbonyl-1,3-thiazol-2-yl, 
5-carboxymethylcarboxamido-1,3-thiazol-2-yl, 
5-carboxymethyl-4-phenyl-1,3-thiazol-2-yl, 4-(5-nitro 
thien-2-yl)-1,3-thiazol-2-yl, 4-(4-carboxythien-2-yl)-1,3- 
thiazol-2-yl 4-(1-methyl-pyrrol-2-yl)-1,3-thiazol-2-yl 4-(5- 
carbamoyl-fur-2-yl)-1,3-thiazol-2-yl and 5-carboxy-4- 
methyl-1,3-thiazol-2-yl. 

(b) A pyridyl radical of the general formula VI 

(V) 

R10 R1 

R12 

N 
R13 

(O) 

in which R' to R' can be identical or different and denote 
hydrogen, halogen, lower, straight-chain or branched alkyl 
or alkenyl, trifluoromethyl, lower alkylcarbonyl, amino, 
lower alkylamino. lower dialkylamino, carboxyl, 
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(o) If Y denotes 

the radical of dimethyl-dithiophosphinic acid, butyl-methyl 
dithiophosphinic acid, ethylmethyl-dithiophosphinic acid, 
isobutyl-methyl-dithiophosphinic acid, methyl-phenyl 
dithiophosphinic acid, diphenyl-dithiophosphinic acid, 
O-methyl-methyl-dithiophosphonic acid, O-ethyl-methyl 
dithiophosphonic acid, O-ethyl-ethyl-dithiophosphonic 
acid, O-ethyl-propyl-dithiophosphonic acid, O-methyl-(4- 
methoxyphenyl)-dithiophosphonic acid, O-methyl-isobutyl 
dithiophosphonic acid. O-methyl-cyclohexyl 
dithiophosphonic acid, O,O-dimethyl-dithiophosphoric 
acid, O,O-diethyl-dithiophosphoric acid and O.O-di-propyl 
dithiophosphoric acid, and 

(B) if Y denotes 

the radical of O-methyl-methylthiophosphonic acid, 
O-ethyl-methyl-thiophosphonic acid, isobutyl-methyl 
thiophosphinic acid, O-ethyl-ethyl-thiophosphonic acid and 
O-ethyl-propyl-thiophosphonic acid. 
The cephem compounds of the general formula II which 

are to be employed according to the invention are known 
from the literature or can be manufactured according to 
information in the literature, for example according to the 
information in E. F. Flynn, Cephalosporins and Penicillins. 
Chemistry and Biology, Academic Press, New York and 
London, 1972, or, if X represents oxygen or CH in the 
formula II, according to J. Amer. Chem. Soc. 96, S. 7582 and 
7584 (1974). Compounds in which A denotes -CHS 
heterocylic ring, and R. denotes ester groups are the subject 
of German Offenlegungsschrift No. 2.359.402. 

In order to obtain the compounds of the formula Iwith the 
RO group in the syn-position, which in the present text is 
represented throughout as 

-C- 

N 
N 
OR2 

to differentiate from the anti-position 

-C-, 

N 
M 

it is appropriate to ensure that the starting material of the 
general formula III is already present as the syn-compound. 
If the mild reaction conditions customary for reactions with 
syn-compounds are then adhered to, synend products are as 
a rule obtained. Nevertheless it can sometimes happen that 
small amounts of the corresponding anticompound are also 
obtained as an impurity in the end product, and, if desired, 
this impurity can be separated off by methods which are 
known in the laboratory, such as, for example, recrystalli 
zation. 

10 

15 

20 

25 

35 

45 

SO 

55 

65 

22 
The carboxylic acids of the general formula III used for 

the acylation can be manufactured by various processes. 
Thus, for example, compounds of the formula III in which 

R. denotes hydrogen and R. denotes alkyl are obtained by 
reaction of thiourea with 

B-CH.co- -COOCH5 
N 
N 

Oalkyl 

and subsequent saponification of the ester group, whereby 
the reaction should appropriately be effected with a stoichio 
metric amount of thiourea at room temperature in a water 
containing solvent, such as, for example, acetone, and the 
reaction should not be carried out for longer than a few 
hours, for example a maximum of about 2-3 hours. 

It is also possible to react the ot-carbonyl group of a 
2-aminothiazole-4-glyoxylic acid alkyl or aralkyl ester, sub 
stituted on the amino group by R, with a hydroxylamine 
compound of the general formula H2N-OR and then to 
saponify the resulting ester in a manner which is in itself 
known. 
The manufacture of the aminothiazole-glyoxylic acid 

esters used for this reaction is described in German Patent 
Application No. P 2,710.902.0. Most of the hydroxylamine 
derivatives required for the reaction are known, or they can 
be easily manufactured according to the information in the 
literature. 
The reaction of the two components is carried out under 

the conditions, described in the literature, for the reaction of 
glyoxylic acid derivatives with carbonyl reagents. 
Compounds of the formula III in which R represents an 

acyl group can be obtained easily and in high yields by 
acylating the compounds described above of the general 
formula 

in which Z represents lower alkyl or aralkyl, with reactive 
carboxylic acid derivatives. 

It has proved favorable to use acid halides, in particular 
acid chlorides and acid bromides. However, it is particularly 
advantageous to employ symmetric or unsymmetric anhy 
drides. The acylation is carried out in the presence of bases, 
such as, for example, triethylamine, preferably at room 
temperature or, in particular, at temperatures which are 
lowered still further, in organic solvents which do not 
interfere with the reaction, in particular in halogenated 
hydrocarbons, such as, for example, methylene chloride. 
chloroform or tetrachloroethylene. The resulting esters are 
then converted into the free carboxylic acids. 

If in the formula III R, in the meaning of acyl represents 
an aliphatic acyl radical which it also substituted by a 
nucleophilic radical defined under Y, such as, for example. 
a nitrogen- or oxygen-nucleophile, but in particular by the 
S-nucleophilic group Rs-S-, Rs having the meaning 
indicated above, the acylation described above is appropri 
ately carried out with activated oc-halogenoalkyl acid 
derivatives, such as, for example, chloroacetyl chloride. 
ot-bromopropionyl chloride or bromoacetyl bromide, which 
can also further carry an aryl, preferably phenyl, in the 
o-position, and the halogen is then reacted with a mercaptan 
of the formula HS-R and thus replaced by -SRs. 
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The replacement reaction is carried out in organic or 
inorganic solvents, preferably in water, in the prescence of 
organic or inorganic bases, such as, for example, triethy 
lamine or sodium bicarbonate, for example at temperatures 
between about 10° and 80° C., but in particular at room 
temperature. 

If in the formula III the radical R represents an arylsul 
fonyl or alkylsulfonyl group, these compounds of the for 
mula III are obtained by reacting activated alkylsulfonic acid 
derivatives or arylsulfonic acid derivatives with compounds 
of the formula 

and then saponifying the product. 
Possible activated sulfonic acid derivatives are, in 

particular, the sulfonic acid halides known from the 
literature, such as, for example, sulfonic acid chlorides, as 
well as the symmetric anhydrides. 
The reaction is carried out in the presence of bases in 

organic solvents which do not interfere with the reaction. 
Suitable bases are, above all, organic bases, such as, for 
example, N.N-dimethylaniline or triethylamine. Examples 
of possible organic solvents which do not interfere with the 
reaction are halogenated hydrocarbons, such as, for 
example, methylene chloride or chloroform, or tertiary 
amides, such as, for example, dimethylformamide or dim 
ethylacetamide. The reaction is appropriately carried out at 
room temperature. 

If in the general formula III the radical R represents a 
group which can be easily removed again, its introduction 
into the amino group can be effected in the manner known 
from peptide chemistry for amino-protective groups 
(compare the book mentioned below by Schröder and L 
ibke. The Peptides, volume 1 (1965), page 3). If such a 
group is. for example. triphenylmethyl, its introduction can 
be effected with triphenylchloromethane, the reaction appro 
priately being carried out in an organic solvent. Such as, for 
example, halogenated hydrocarbons, in the presence of 
bases. 

Chloroform and methylene chloride have proved particu 
larly suitable halogenated hydrocarbons here. Bases which 
can be mentioned are, in particular, tertiary amines, such as, 
for example, triethylamine or N-methylmorpholine. 
The mercaptoheterocyclic compounds RSH used as a 

starting material are known from the literature or can be 
manufactured according to information in the literature. 

It is appropriate, not only in the manufacture of starting 
material which contains a group 

-Ca 

N 
N 
OR2 

in the symposition, but also in all further reactions, to use 
reaction conditions which are as mild and gentle as possible. 
such as are known to the expert, from the literature, for 
reactions with syn-compounds, such as for example, no 
elevated temperatures, no prolonged reaction times, no 
substantial excesses of an acid reactant and the like, in order 
to avoid any possible flipping over of the oxime group into 
the anti-form. 
The reactive derivatives of the carboxylic acids of the 

general formula III 
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which are employed, according to the invention, for the 
acylation reaction (a) and which are capable of amide 
formation can be obtained from the carboxylic acids by 
processes which are known from the literature. Examples of 
reactive derivaties which may be mentioned are the acti 
wated esters, such as, for example. p-nitrophenyl esters or 
trichlorophenyl esters, azides or anhydrides. A preferred 
process for activating the carboxyl group consists in con 
verting it into a symmetric anhydride. The processes for the 
manufacture of symmetric anhydrides are known from the 
literature and correspond to the methods generally used in 
peptide chemistry. For example, the inner anhydrides, which 
are subsequently reacted with the aminocephemcarboxylic 
acids of the formula II in organic solvents, are obtained from 
the carboxylic acids of the general formula III using con 
densing agents, such as, for example, N,N-disubstituted 
carbodiimides, such as, for example, dicyclohexylcarbodi 
imide. 
The manufacture of the compounds of the general formula 

I by acylating compounds of the formula II with the car 
boxylic acids of the formula III can be carried out under 
variable experimental conditions, for example using various 
solvents. Examples of suitable solvents are organic solvents, 
such as, for example, halogenated hydrocarbons, for 
example methylene chloride or chloroform, but also water or 
mixtures of water and organic solvents, which are mixed 
intensively with water. In order to carry out the reaction 
well, it is appropriate to dissolve the aminolactam deriva 
tives of the formula II. 

If aminocephem esters of the general formula II in which 
R. thus represents one of the ester groups defined above are 
used, the reaction is preferably carried out in organic 
solvents, in which most of the esters are readily soluble. 
Examples of such solvents which may be mentioned are 
halogenated hydrocarbons, such as, for example, methylene 
chloride or chloroform, but also tertiary amides, such as, for 
example, dimethylformamide or dimethylacetamide. 
The ester groups listed above under R include on the one 

hand those such as, for example, are known from peptide 
chemistry as carboxyl-protective groups which can be easily 
split off (compare, for example. E. Schröder and K. 
Libke, The Peptides, volume 1, Academic Press, New York 
and London. 1965, page 52). However, they preferably 
include ester groups, the use of which can be therapeutically 
advantageous in the administration of the end products. In 
this case also the restrictions can be somewhat flexible, 
since, for example, a benzhydryl ester is therapeutically 
usable and at the same time canalso serve as a protective 
group. 

If the aminocephemcarboxylic acids of the general for 
mula II (R-hydrogen) are used, the compounds must be 
dissolved, with the addition of bases. 

Suitable bases which can be used for dissolving the 
7-aminocephemcarboxylic acids, as well as a number of 
7-aminoA-cephem-4-carboxylic acids, are inorganic or 
organic bases. Thus, tertiary amines, such as triethylamine, 
N,N-dimethylaniline or N-methylmorpholine, have proved 
particularly suitable for the preparation of solutions in 
organic solvents, and alkali metal bicarbonates, such as 
sodium bicarbonate or potassium bicarbonate, and tertiary 
amines have proved particularly suitable for the preparation 
of aqueous solutions. In general, the bases are added in at 
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least stoichiometric amount, relative to the desired reaction. 
An excess of base of, for example. about 0.1 to 2, in 
particular about 0.2 to 0.8, moles can be advantageous. 

In the case of compounds of the formula III which are 
sensitive towards bases, depending on the course of the 
reaction the pH can be kept constant at about 4 to 8. 
preferably 6 to 7, by continuously adding the base. 
The aminolactam derivatives of the formula II can be 

dissolved in a wide temperature range. However, appropri 
ately it should not exceed a temperature of about 40°C. In 
the case of derivatives which are sensitive towards bases, it 
is advisable, however, to choose a temperature range from 
about 0° to 15° C. 
The activated derivatives of the carboxylic acids of the 

general formula III are added to the aminocephem deriva 
tives of the formula II, which are present in solution or 
appropriately in suspension. The reaction is carried out in a 
manner which is in itself known. If water or mixtures of 
water and organic solvents are used as the reaction medium, 
it is advisable to maintain the temperature in a range from 
about -5° to +10°C. If organic solvents are used, it is also 
possible to carry out the acylation at temperatures up to 
about 65° C., preferably at room temperature. 

In order to carry out the reaction better, the activated 
carboxylic acid derivatives of the formula III are taken up in 
a solvent which does not interfere with the reaction and are 
introduced in dilute form. If the acylation is carried out in an 
aqueous medium, it is possible to use, for example, anhy 
drous ketones, such as acetone or methyl ethyl ketone, or, 
with intensive stirring, ethers, such as, for example, diethyl 
ether or diisopropyl ether, as solvents for the activated 
carboxylic acid derivatives. 

If the acylation is carried out in a non-aqueous medium, 
it is advisable to use the same solvent for diluting the acid 
derivatives is used for the acylation. 

In order to achieve higher yields, the activated acid 
derivatives of the formula III are employed in an at least 
stoichiometric amount. An excess of about 5-25% can prove 
appropriate. 
Compounds of the formula I in which A denotes CHY 

can also be obtained by reacting compounds of the formula 
I in which A denotes -CH2B, B having the meaning 
indicated initially, with a compound which contains the 
nucleophilic radical Y. B can represent, in particular, acy 
loxy with 1 to 4 carbon atoms, preferably acetoxy, halogen, 
preferably chlorine or bromine, an azido group, a carbam 
oyloxy group or a 2-mercapto-pyridine-N-oxide radical. The 
use of the said pyridine compound as a group which can be 
exchanged is described in Tetrahedron Letters, Volume 23, 
(1972), page 2345. 
Compounds containing the nuclephilic radical Y which 

may be mentioned are, in particular, compounds of the 
formula HS-R, hydrazoic acid and optionally substituted 
pyridine, quinoline or isoquinoline compounds. 
The reaction proceeds particularly smoothly if R in the 

general formula I represents hydrogen or a cation. 
The synthesis is preferably carried out by reacting one 

mole of a compound of the general formula IV with one 
mole of a compound containing the nucleophilic radical Y. 
in particular of the compounds mentioned above as 
preferred, in a solvent which does not interfere with the 
reaction. 
An excess of the nucleophiles, in particular of the thiol. 

pyridine, quinoline or isoquinoline component, has an 
advantageous effect on the yield. Should small amounts of 
the corresponding anti-compound be obtained here, they can 
be removed in the customary manner, for example by 
recrystallization. 
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Examples of solvents which do not interfere with the 

reaction are water, acetone, chloroform, nitrobenzene, meth 
ylene chloride, ethylene chloride, dimethylformamide, 
methanol, ethanol, ether, tetrahydrofuran, dimethylsulfoxide 
or any other solvents which do not have an adverse effect on 
the reaction. Strongly polar solvents are favorable, prefer 
ably water. Of the solvents, the hydrophilic solvents, pref 
erably acetone, methanol, ethanol, dimethylformamide and 
dimethylsulfoxide, can also be used in mixtures with water. 
The reaction is carried out in a pH range from 5 to 8, 

preferably at the neutral pH value. 
If the compound IV (R=hydrogen) or the nucleophilic 

compound, in particular HS-Rs, is used in the free form, 
the reaction is preferably carried out in the presence of a 
base, for example an inorganic base, such as an alkali metal 
hydroxide, alkali metal carbonate or alkali metal 
bicarbonate, such as, for example, sodium bicarbonate or 
potassium bicarbonate, an organic base, such as a 
trialkylamine. or a tertiary ammonium base. The compounds 
of the formula IV and the HS-R can also be employed 
directly in the form of their salts, preferably the sodium or 
potassium salts. 
The reaction temperature can be varied within a wide 

range. As a rule, the reaction is carried out at room tem 
perature or the mixture is warmed up to the reflux tempera 
ture of the solvents or solvent mixtures used, but appropri 
ately not above about 80° C. 
The isolation of the compounds of the formula I from the 

reaction medium can be effected by methods which are in 
themselves known and which depend on the solubility of the 
resulting compounds. 

Thus, for example, the reaction products can be taken up 
in water, if appropriate after evaporating off the organic 
solvent, and after appropriate purification operations, such 
as, for example, filtration or centrifugation, can be precipi 
tated in the form of the free carboxylic acids (R=hydrogen) 
by adding mineral acids, appropriately in an approximately 
stoichiometric amount, to the clarified reaction mixture. 
Suitable mineral acids are, in particular, dilute acids, such as 
dilute hydrochloric acid or sulfuric acid. It is also possible 
to use very low-molecular organic acids, such as, for 
example, formic acid or trifluoroacetic acid, or also arylsul 
fonic acids, such as, for example, toluenesulfonic acids or 
naphthalenesulfonic acids. Lyophilization of the solution 
can occasionally also be appropriate. 
The amidocephem acids of the formula I usually precipi 

tate as amorphous solids, or in the crystalline form. They can 
be separated out, if appropriate, as the free acids by extrac 
tion at pH 2 to 1. Various water-immiscible organic solvents 
can be used as extraction agents, for example halogenated 
hydrocarbons, such as, for example, methylene chloride, or 
esters, such as, for example, ethyl acetate or n-butyl acetate, 
but also ketones, such as methyl isobutyl ketone. 
The amidocephem acids of the formula I formed are 

isolated from the extracts, for example, by evaporation of 
the solvent and trituration, for example with ether. If sym 
metric anhydrides of the carboxylic acids of the formula III 
have been used as the starting component, the carboxylic 
acid constituent liberated during the acylation must also be 
separated off by customary experimental methods, which 
depend, for example, on its solubility, crystallinity or ease of 
extraction. 

If desired, protective groups which have been introduced 
for intermediate protection of the amino group of the ami 
nothiazole radical can be removed by processes which are 
known from the literature. Such as are described, for 
example, for peptide chemistry. For example, if R repre 
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sents a triphenylmethyl group, the splitting off is effected in 
an acid medium. Mixtures of formic acid and water, in 
particular mixtures of water and formic acid in the ratio 1:1 
to 4:1, have proved suitable. 
The compounds of the formula I containing a free amino 

and carboxyl group can be isolated by known experimental 
methods, for example in the case where a triphenylmethyl 
group is split off as triphenylcarbinol, by filtering off the 
triphenylcarbinol and then concentrating the solution. 

Esters obtained in the reaction according to the invention. 
the ester group of which has a protective group for the 
carboxyl group, such as, for example, p-methoxybenzyl, 
p-nitrobenzyl or tert-butyl esters, can, if desired, also be 
converted into the free carboxylic acids of the formula I in 
a manner which is known from the literature. However, as 
already mentioned, it is also possible to retain for therapeutic 
use ester groups which also serve as carboxyl-protective 
groups, such as, for example, benzhydryl esters. 
Compounds of formula I having a free o-oxime group 

(R=hydrogen) can be prepared by the process of the 
invention, for example by exchange of B in the definition of 
acetoxy in compounds of formula IV in which R. denotes 
hydrogen or by splitting off a group R having the character 
of a protective group from compounds of formula I in known 
manner by acid hyrolysis or hydrogenolysis, groups of this 
type being for example tert.butyloxycarbonyl, dibenzyl, 
carbobenzyloxy, formyl trichloroethoxycarbonyl. 
2-tetrahydropyranyl, preferably triphenylmethyl. 

For acid hydrolysis there may be used, for example, 
formic acid, trifluoroacetic acid or acetic acid which can be 
used either in anhydrous form or in aqueous solutions, 
Zincfacetic acid may also be used. 

Preferred agents for acid hydrolysis are anhydrous trif 
luoroacetic acid, aqueous formic acid or acetic acid if 
tert.butoxycarbonyl or triphenyl methyl shall be split off. 
Dibenzyl or carbonbenzyloxy, for example, are preferably 
split off by catalytic hydrogenation agents. 

If R denotes chloroacetyl, this may be split off also with 
thiourea, preferably in a neutral or acid medium (cf. JACS 
90 (1968), page 4508). 

Simultaneously with R. a radical R. denoting a protec 
tive group can be split off by acid hydrolysis, hydrogenolysis 
or with thiourea. It is the same with the radical R provided 
it can be eliminated by hydrolysis or hydrogenolysis. In the 
case of compounds containingradicals R1,R2 and R3having 
the function of protective groups which can be split off in 
different manner only, for example by hydrolysis and hydro 
genolysis or with different hydrolysis agents, these methods 
should be applied successively. 
The resulting acids of the formula I can be converted into 

their physiologically acceptable salts, in particular into 
alkali metal salts, such as, for example, the sodium salts, or 
into salts with organic bases, preferably tertiary amines, 
such as, for example, the procaine salt. 
The conversion into salts can be effected in a manner 

which is in itself known by reacting a carboxylic acid of the 
general formula I with the desired base, for example with 
sodium bicarbonate, or the sodium salts of organic carboxy 
lic acids, such as, for example, sodium acetate, sodium 
propionate, sodium hexanoate or sodium 2-ethyl-hexanoate, 
or potassium acetate. 

It is also possible to isolate salts directly from the reaction 
solution, for example by precipitation with suitable organic 
solvents or by lyophilization. 
Compounds of the formula I in which R represents an 

ester group, in particular a physiologically acceptable ester, 
can be obtained directly by using the appropriately esterified 
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starting material of the formula II, or they can be obtained 
by subsequent esterification of compounds of the formula I 
in which the carboxyl group is present in the free form or as 
a salt, by processes which are known from the literature. 
Because it is easier to carry out, subsequent esterification 
can be advantageous for the manufacture of physiologically 
acceptable esters and a variation of the ester group. 

For example, esters are obtained by subsequent reaction 
when the salts, preferably the triethylammonium salts or the 
alkali metal salts, preferably the sodium salts, are reacted 
with reactive halogenoalkyl compounds, such as, for 
example, chloroalkyl, bromoalkyl or iodoalkyl compounds, 
or trialkylammoniumalkyl compounds, in particular the cor 
responding chloromethyl, bromomethyl iodoethyl or 
triethylammonium-methyl compounds. Examples of reac 
tive halogenoalkyl compounds which can be used are halo 
genomethoxycarbonyl compounds, such as chloromethyl 
acetate, chloromethyl propionate or chloromethyl pivalate. 
or the co-halogenomethyl ketones, such as, for example, 
co-bromo acetophe none, chloroacet one or 
co-bromoacetophenone substituted in the aryl nucleus, such 
as, for example, in the phenyl nucleus, such as, for example, 
5-sulfamyl-4-chloro-co-bromoacetophenone, but also 
halogenoalkyl-carboxylic acid derivatives, in particular the 
halogenomethyl-carboxylic acid derivatives, such as chlo 
roacetic acid, bromoacetic acid and bromoacetic acid esters, 
such as, for example, the low-molecular alkyl esters and 
optionally the benzyl esters, such as the p-methoxybenzyl 
ester. Halogenomethylketones in which the 2-alkyl group is 
monosubstituted or polysubstituted by alkoxycarbonyl, 
oximino, oxido or alkoximino radicals, such as, for example 
1-chloro-(3-methoximino-3-carbethoxy)-acetone or 
1-bromo-3-methoximino-3-carbethoxyacetone, but also 
bromo-3-oxido-3-carbethoxyacetone, have proved suitable 
reactive halogenomethyl derivatives. 

Further reactive halogenoalkyl derivatives which may be 
mentioned are the alkyl iodides, such as, for example methyl 
iodide, ethyl iodide or isopropyl iodide, and the correspond 
ing bromides. 
The reaction with diazoalkanes, such as, for example, 

diazome thane or diazoethane, but also 
diarylmethyldiazomethane, such as, for example, 
diphenyldiazomethane, may furthermore be mentioned for 
the manufacture of optionally substituted esters, 
A further esterification method consists in reacting the 

alkali metal salts, preferably in alcohol, such as, for 
example, methanol, with alkyl sulfochlorides, such as, for 
example, methyl sulfochloride. 
The reaction of the salts of the cephem compounds of the 

formula I with alkyl halides is appropriately carried out in a 
solvent which does not interfere with the reaction, such as, 
for example. dimethylformamide or dimethylacetamide, or 
also dimethylsulfoxide. The reaction can be carried out 
within a wide temperature range, for example at 0° to 80°C., 
but preferably at 30°-50° C., depending on the activity of 
the halogenoalkane. 

In order to achieve good yields, the halogenoalkane is 
employed in an at least equimolar amount. An excess of up 
to 5 equivalents has sometimes proved favorable. 
On parental and oral administration, the physiologically 

acceptable esters obtained according to the invention exhibit 
surprising anti-bacterial activities in vivo and in vitro. 
Compounds of the formula I in which R represents acyl 

can be obtained by subsequent acylation of the free amino 
group of the corresponding cephem compound. The Subse 
quent acylation is carried out with activated carboxylic acid 
derivatives in an organic solvent which does not hinder the 



Re. 35,754 
29 

reaction, such as, for example, halogenated hydrocarbons, 
such as, for example, methylene chloride or chloroform, in 
a temperature range which is limited by the solvents. Acid 
halides, such as, for example, acid chlorides or acid 
bromides, and symmetric or unsymmetric anhydrides have 
proved particularly suitable activated carboxylic acid 
derivatives. If acid halides are used, it is appropriate to add 
a base in order to achieve high yields. 
The temperature range can be between about -50 and the 

boiling point of the solvent, preferably between -30° and 
+40°C. The temperature range from 0 to 25°C. has proved 
particularly advantageous. 

If cephem acids of the formula I in which R represents 
hydrogen or an alkali metal cation are used, it is advisable 
to employ the anhydrides in a relatively large excess, for 
example an excess of about 1-5 moles, or even to employ 
them as the solvent. An alternative preparation method 
which has proved very suitable is to convert the acids or salts 
of the formula I into their silyl esters, then to acylate the 
esters and subsequently to split off the silyl group. 

If acid halides are used, it is advisable to remove the 
moisture present by distilling it out azeotropically immedi 
ately before the reaction. 

Examples which may be mentioned of carboxylic acids 
which are particularly suitable for the acylation are option 
ally substituted arylcarboxylic acids, such as, for example, 
benzoic acid, p-chlorobenzoic acid, p-sulfamoylbenzoic 
acid, m-sulfamoylbenzoic acid and 4-chloro-5- 
sulfamoylbenzoic acid, optionally substituted arylacetic 
acids, such as, for example, phenylacetic acid, 
p-nitrophenylacetic acid, 3-methoxyphenylacetic acid, 2,4- 
dichlorophenylacetic acid and p-amidinophenylacetic acid, 
optionally substituted aryloxyacetic acids, such as, for 
example, phenoxyacetic acid, p-hydroxyphenoxyacetic acid, 
p-methoxyphenoxyacetic acid, p-oxdiazolyl-phenoxyacetic 
acid or 3,5-dinitrophenoxyacetic acid, optionally substituted 
thiophenoxyacetic acids, such as, for example, thiophen-3- 
oxyacetic acid, as well as the corresponding S analogs, such 
as, for example, phenylthioacetic acids, optionally substi 
tuted alkylcarboxylic acids with 1 to 4 C atoms, such as, for 
example, acetic acid, propionic acid or butyric acid, chlo 
roacetic acid, bromoacetic acid, O-bromopropionic acid. 
alkoxyacetic acids with 1 to 5 C atoms in the alkoxy part, 
such as, for example, methoxyacetic acid or butoxyacetic 
acid, and the analogous mercapto and amino compounds, 
such as, for example, alkylthioacetic acids or alkyl- or 
dialkyl-aminoacetic acids. 

If oc-halogenocarboxylic acids of the general formula 

Hall -h-cooh 
R22 

in which Hal represents a chlorine, bromine or iodine atom 
and R. denotes hydrogen, alkyl with 1 to 5 Catoms or aryl, 
in particular phenyl, are used, the halogen can subsequently 
be replaced, by reaction with a nucleophilic radical defined 
under Y, such as, for example, a nitrogen nucleophile or 
oxygen nucleophile, by the nucleophilic radical, but in 
particular, by reaction with mercapto compounds of the 
formula HS-R by the S-nucleophilic radical -SRs, 
wherein R has the meanings indicated initially. 
The replacement of halogen in the aliphatic acyl radical 

R by the nucleophile can be carried out in organic or 
inorganic solvents, depending on the radical R. If R 
represents hydrogen or a cation, the replacement reaction is 
advantageously carried out in an aqueous solution in the 
presence of organic or inorganic bases, such as, for example, 
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30 
triethylamine or alkali metal carbonates or bicarbonates, 
such as, for example, sodium bicarbonate. If R represents 
an ester group, the reaction can also be carried out success 
fully in organic solvents, such as halogenated hydrocarbons, 
such as, for example, methylene chloride or chloroform, or 
in amides, such as, for example, dimethylformamide or 
dimethylacetamide, or sulfoxides, such as, for example, 
dimethylsulfoxide, in the presence of organic bases, such as, 
for example, trialkylamines, in particular triethylamine or 
N,N-dimethylaniline. 
The reaction can be carried out within a wide temperature 

range; the range from about 10-40°C., in particular from 
15°-30° C., has proved advantageous. 

Depending on the desired end product, the process steps 
(o) to (e) which are possible according to the invention can 
be combined with one another, it frequently being possible 
to rearrange the sequence. Thus, for example, it is possible 
to first carry out a nucleophilic replacement reaction in the 
3-position of the cephem ring then an esterification of the 
carboxyl group, followed by a subsequent acylation of the 
aminothiazole group, or the acylation of the amino group in 
the thiazole ring is first carried out, and then the esterifica 
tion. These rearrangement possibilities of the reaction steps, 
which are self-evident to any expert, also belong to the 
subject of the invention. 

If R is present in the form of one of the groups described 
above which can be converted into lower alkoxy, preferably 
methoxy, this conversion can be carried out in a manner 
which is known from the literature (compare, for example, 
German Offenlegungsschrift No. 2.440,790). 
The compounds of the general formula I according to the 

invention are valuable chemotherapeutic agents which pos 
sess a surprisingly powerful antimicrobial action against 
Gram-positive and Gram-negative bacteria, have an unex 
pectedly good action against penicillinase-forming Staphy 
lococci and in some cases also have a fungistatic activity. 
The compounds of the general formula I are 

distinguished, for example, by a considerable antimicrobial 
activity against a number of bacteria against which the 
known cephalosporins are scarcely active. 

Since the compounds of the formula Ifurthermore exhibit 
favorable toxicological and pharmacokinetic properties, 
they are valuable antimicrobial active compounds for the 
treatment of infectious diseases. 
The invention thus also relates to medicinal formulations 

for the treatment of microbial infections, which are charac 
terized in that they contain one or more of the compounds 
according to the invention. 
The products according to the invention can also be used 

in combination with other active compounds, for example 
for the series of penicillins, aminoglycosides, cephalospho 
rins or compounds which influence the systematics of bac 
terial infections, such as, for example, antipyretic agents, 
analgesic agents or antiphlogistic agents. 
The compounds of the general formula I can be admin 

istered orally, intramuscularly or intravenously, 
Medicinal formulations which contain one or more com 

pounds of the general formula I as the active compound can 
be prepared by mixing the compound(s) of the general 
formula I with one or more pharmacologically acceptable 
excipients or diluents, such as, for example, fillers, 
emulsifiers, lubricants, flavor-correcting agents, dyestuffs or 
buffer substances, and converting the mixture into a suitable 
galenical formulation form, such as, for example, tablets, 
dragées, capsules or a solution or suspension suitable for 
parenteral administration. Examples of excipients or dilu 
ents which may be mentioned are tragacanth, lactose, talc, 
agar-agar, polyglycols, ethanol and water. Suspensions or 
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solutions in water can preferably be used for parenteral 
administration. It is also possible to administer the active 
compounds as such, without excipients or diluents, in a 
suitable form, for example in capsules. 

Suitable doses of the compounds of the general formula I 5 
are about 0.4 to 20 g/day, preferably 0.5 to 4 g/day, for an 
adult having a body weight of about 60 kg. Individual doses 
or, in general, multiple doses may be administered, it being 
possible for the individual dose to contain the active com 
pound in an amount of about 50 to 1,000 mg, preferably 100 
to 500 mg. 

In addition to the compounds described in the embodi 
ment examples, it is also possible, for example, to manu 

32 
facture according to the invention the following compounds 
given in the table, the substituents R. R. R. R. X and A 
indicated for the particular compound relating to the basic 
structure of the general formula I 

R. X (I) 

N ser H N N 
-- S N. O. 21NA 

OR: 
COOR 

in which the group -OR- is in the syn-position. 
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