
EP 0 211 540 B1 Description This invention relates to
1-carba(1-dethia)-3-cephem-4-carboxylc acids and derivatives thereof. In
particular, it relates to 7-acylamino-(or
7-amino)-3-trifluoromethylsulfonyxy-1-carba(1-dethia)-3-ce- 5
phem-4-carboxylic acids and esters thereof and to a process for preparing
3-chloro and 3-bromo-1-car- ba(1-dethia)-3-cephem-4-carboxylic acids with
the 3-trifluoromethylsulfonyloxy derivatives. The
1-carba(1-dethia)3-cephem-4-carboxylic acids, hereinafter
1-carbaphalosporins, possess the 4,6-bicyclo ring system represented by the
following formula 10 [err] wherein the numbering of the cepham nomenclature
system is used for convenience. 20     The preparation of
1-carbacephalosporins and C-3 hydrogen and C-3 halo derivatives thereof is
taught in EP 14 476. Because of the importance of these newer [err]-lactam
antibiotics, there is a need for better methods for their preparation and
for 1-carbacephalosporins with enhanced potency against in-          with
enhanced potency against in- fectious and resistant microorganisms. The
preparation of 3,halo-1-carba-3-cephem compounds is also disclosed in Swiss
Patent 642 968. 25     The 1-carbacephalosporin compounds provided by this
invention are represented by the Formula 1 H  H 30
AN [err] wherein A is hydrogen, an amino-protecting group, or an acyl group
[err] wherein R is hydrogen; [err] alkyl, [err] akyl substituted by cyano.
carboxy, halogen, amino, CtC4 45   alkoxy, [err] alkylthio, or
trifluoromethylthio; a phenyl or substituted phenyl group represented by
the formula 50                                                    [err]
wherein a and a' independently are hydrogen, halogen, hydroxy, [err]
alkoxy, [err] alkanoyloxy, [err] [err] alkyl, [err] alkylthio, amino, [err]
alkanoylamino, [err] alkylsulfonylamino, carboxy, carbamoyl, 55
hydroxymethyl, aminomethyl, or carboxymethyl; a group represented by the
formula [err] wherein a and a' have the same meanings as defined above, Z
is O or S, and m is 0 or 1; 65   a heteroarylmethyl group represented by
the formula    EP0 211 540B1 [err] wherein [err] Is thienyl, furyl,
benzothlenyl, benzofuryl, indolyl, triazolyl, tetrazolyl, oxazolyl,
thiazolyl, oxa- diazolyl, thiadiazolyl, and such heteroaryl groups
substituted by amino, hydroxy, halogen, [err] alkyl, 



5   CrC4 alkoxy, [err] alkylsulfonylamino; a substituted methyl group
represented by the formula [err] wherein [err] is cyclohex-1,4-dienyl, or a
phenyl group or substituted phenyl group represented by the for- mula 15 20
[err] wherein a and a' have the above defined meanings, or R2 is [err] as
defined above, and Q is hydroxy, [err] alkanoyloxy, carboxy, sulfo, amino,
or a substituted amino group represented by the formula [err] 30   wherein
R' is hydrogen or [err] alkyl, R" Is [err] alkyl, furyl, thienyl, phenyl,
halophenyl, nitrophenyl, stynyl, halostyryl, nitrostyryl or a group [err]
wherein R' is hydrogen or [err] alkyl, and R"' is hydrogen, [err]
alkylsulfonyl, [err] alkyl, or [err] al- kanoyl: or Q is a substituted
amino group represented by the formula [err] 50   wherein R"' has the same
meanings as defined above and q is 2 or 3; or Q is a substtuted amino group
represented by the formula 55 [err] 60 or a benzamido group represented by
the formula 65    EP 0 211 540 B1 5 wherein t is 1 to 3; or R is a keto
group or an oximino-substituted group represented by the formulae [err] 15
wherein [err] is [err] or [err] as defined above and [err] is hydrogen,
[err] alkyl, or a carboxy-substituted alkyl or cycloalkyl group represented
by the formula b 20                                       [err] 25 wherein
b and b' independently are hydrogen, or [err] alkyl, and b and b' when
taken together with the carbon to which they are bonded form a 3- to
6-membered carbocycllc ring, and [err] Is hydroxy, [err] alkoxy, amino,
[err] alkylamino, or di[err] alkyl)amino, 



[err] is hydrogen, or a carboxy-protecting group; and when [err] Is
hydrogen, the salts thereof. 30     The compounds represented by the
formula 1,  wherein A is an acyl group RCO and [err] Is hydrogen and the
pharmaceutically acceptable non-toxic salts thereof, inhibit the growth of
microganisms pathogenic to man and animals. The compounds In esterified
form ([err] - carboxy-protecting group) are useful in a process for
preparing 3-chloro and 3-bromo-1-carba-3-cephem esters and acids as
described herein- after. Such 3-halo-1-carba-3-cephem-4-carboxylic acids
and salts thereof are also antibiotics useful In 35  the treatment of
Infectious diseases In man and animals. In the above definition of the
compounds represented by the formula 1, [err] alkyl refers to the straight
and branched chain alkyl groups such as methyl, ethyl, n-propyl, isopropyl,
n-butyl, t-buty, n- pentyl, n-hexyl, 3-methylpentyl, and like alkyl groups;
[err] alkyl substituted by cyano refers to cyano- methyl, cyanoethyl,
4-cyanobutyl, and the like; [err] alkyl substituted by carboxy refers to
such 40   groups as carboxymethyl. 2-carboxyethyl, 2-carboxypropyl,
4-carboxybutyl, 5-carboxypentyl, and the like; [err] alkyl substituted by
halogen refers to chloromethyl,bromomethyl, 2-chloroethyl, 1-bromo- ethyl,
4-chlorobutyl, 4-bromopentyl, 6-chlorohexyl, 4-fluorobutyl, 3-fluoropropyl,
fluoromethytyl, and the like; [err] alkyl substituted by amino refers to
such groups as 2-aminoethyl, aminomethyl, 3-aminopro- pyl and 4-aminobutyl;
[err] alkyl substituted by [err] alkoxy refers to methoxymethyl,
2-methoxyethyl, 45  2-ethoxyethyl, ethoxymethyl, 3-propoxypropyl,
3-ethoutyl, 4--butyloxl,    m  p       6- methoxyhexyl, and like group;
[err] alkyl substituted by [err]-alkythio refers to such groups as for
example methylthiomethyl, 2-methythioethyl, 2-ethytthiopropyl,
4-methylthiobutyl, 5-ethythiohexyl, 3-t- butylthiopropyl, and like groups;
[err] alkyl substituted by trifluoromethyl is exempified by 2,2,2-tri-
fluoroethyl, 3,3,3-trifluoropropyl, 4,4,4-trifluorobutyl, and the like; and
[err] alkyl substituted by tri- 50  fluoromethylthio refers to, for
example, trifluoromethylthiomethyl, 2-trifluoromethylthioethyl,
2-trifluoro- methylthiopropyl, 4-trifluoromethylthiobutyl,
5-trifluoromethylthiohexyl, and like [err] alkyl substituted groups. When
in the formula 1 R is a substituted phenyl group wherein the substituent(s)
are represented by a and a' examples of such groups are halophenyl such as
4-chlorophenyl, 3-bromophenyl, 2-fluorophe- 55   nyl, 2,4-dichlorophenyl,
and 3,5-dichlorophenyl; hydroxyphenyl such as 2-hydroxyphenyl, 3-hydrnxy-
phenyl, 4-hydroxyphenyl, 2,4-dihydroxyphenyl, and 3,4-dihydroxyphenyl;
alkoxyphenyl, such as 2,6- dimethoxyphenyl, 4-methoxyphenyl,
3-ethoxyphenyl, 3,4-dimethoxyphenyl, 4-t-butyloxyphenyl, 4-me-
thoxy-3-ethoxyphenyl, and 4-n-propoxyphenyl; alkanoyloxyphenyl such as
2-acetoxyphenyl, 4-propion- oxyphenyl, 4-formyloxyphenyl, 4-acetoxyphenyl,
3-butyryloxyphenyl, and 3-acetoxyphenyl; alkylphenyl 60  such as
4-methylphenyl, 2-methylphenyl, 2,4-dimethylphenyl, 3-t-butylphenyl,
4-ethylphenyl, 4-ethyl-3- methylphenyl, and 3,5-dimethylphenyl;
alkyithiophenyl such as 4-methylthiophenyl, 3-n-butylthlophenyl,
2-ethylthiophenyl, 3,4-dimethylthiophenyl, and 3-n-propylthiophenyl;
aminophenyl such as 2-aminophe- nyl, 4-aminophenyl, 3,5-diaminophenyl, and
3-aminophenyl; alkanoylamino such as 2-acetylamino, 4- acetylamino,
3-propionylamino, and 4-butyrylamino; alkylsulfonylamino such a
3-methylsulfonylamino, 4- 65   methylsulfonylamino,
3,5-(dimethylsulfonylamino)phenyl, 4-n-butylsulfonylaminophenyl, and
3-ethylsul-    



EP 0 211 540 B1 fonylaminophenyl; carboxyphenyl such as 2-,3-, or 4-,
carboxyphenyl, 3,4-dicarboxyphenyl, and 2,4- dlcarboxyphenyl;
carbamoylphenyl such as 2-carbamoylphenyl, 2,4-dicarbamoylphenyl, and
4-carbam- oylphenyl; hydroxymethylphenyl such as 4-hydroxymethylphenyl and
2-hydroxymethylphenyl; amino- methylphenyl such as 2-aminomethylphenyl and
3-aminomethylphenyl; and carboxyphenyl such as 2- 5   carboxymethylphenyl,
4-carboxymethylphenyl, and 3,4-dicarboxyrmethylphenyl; and the substituted
phe- nyl groups bearing different substituents such as
4-chloro-3-methylphenyl, 4-fluoro-3-hydroxyphenyl,
3,5-dichloro-4-hydroxyphenyl,  4-hydroxy-3-chlorophenyl,
4-hydroxy-3-methylphenyl,  4-ethyl-3-hy- droxyphenyl,
4-methoxy-3-hydroxyphenyl,  4-t-butyloxy-2-hydroxyphenyl,
4-acetylamino-3-methoxy- phenyl, 3-amino-4-ethylphenyl,
2-aminomethyl-4-chlorophenyl, 2-hydroxymethyl-3-methoxyphenyl, 2- 10
hydroxymethyl-4-fluorophenyl, 2-acetoxy-4-aminophenyl,
4-acetoxy-3-methoxyphenyl, 3-isopropylthio- 4-chlorophenyl,
2-methylthio-4-hydroxymethylphenyl,  4-carboxy-3-hydroxyphenyl,
4-ethoxy-3-hy- droxyphenyl, 4-methysulfonylamino-2-carboxyphenyl,
4-amino-3-chlorophenyl, and 2-carboxymethyl- 4-hydroxyphenyl. Examples of
RCO- groups of the formula 1 wherein R Is a group represented by the
formula 15 [err] with m - 0 are: phenylacey, 4-hydroxyphenylacetyl,
4-chlorophenylacetyl, 3,4-dichlorophenylacetyl, 4-methoxyphenylacetyl,
3-ethoxyphenylacetyl, 2-aminomethylphenylacetyl, 3-carboxyphenylacetyl, 4-
acetoxyphenylacetyl, 3-aminophenylacetyl, and 4-acetylaminopheylacetyl; and
with m = 1 and Z = 0, 25   phenoxyacetyl, 4-chlorophenoxyacetyl,
4-fluorophenoxyacetyl, 3-aminophenoxyacetyl, 3-hydroxyphen-
oxyacetyl,2-methoxypheoxyacetyl, 2-methylthiophenoxyacetyl,
4-acetylaminophenoxyacetyl, 3,4-di- methylphenoxyacetyl,and
3-hydroxymethtylphenoxyacetyl; and with m = 1 and Z = S, phenylthioacetyl,
4- chlorophenylthioacetyl, 3,4-dichlorphenylthioacetyl,
2-fluorophenylthioacetyl, 3-hydroxyphenylthio- acetyl, and
4-ethoxyphenylhthioacetyl. 30     Examples of [err]-groups of te formula 1
wherein [err] is a heteroaryl group are: 2-thienylacetyl, 3-thienylacetyl,
2-furylacetyl, 2-benzothienylacetyl, 2-benzofurylacetyl, indol-2-ylacetyl,
1H-tetrazol-1- ylacetyl, oxazol-2-ylacetyl, oxazol4-ylacetyl,
thiazoi-4-ylacetyl, 2-aminothiazol-4-ylacetyl, 1,3,4-oxa diazol-2-ylacetyl,
1,3,4-thiadiazol-2-ylacetyl, 5-ethyl-1,3,4-thiadiazol-2-ylacetyl, and  like
heteroaryl groups optionalty substituted by amino, [err] alkylsuylamino,
hydroxy, halo, [err] alkyl or [err] 35  alkoxy groups. Examples of RCO-
groups of the formula I compounds wherein R is a substituted methyl group
repre- sented by the formula [err] and Q is amino, carboxy, hydroxy, or
sulfo, are 2-carboxy-2-phenyl- acetyl, 2-carboxy-2-(4-hydroxyphenyl)acetyl,
2-amino-2-phenylacetyl,  2-amino-2-(4-hydroxyphenyl)- acetyl,
2-amino-2-(3-chloro-4-hydroxyphenyl)acetyl,
2-amino-2-(cyclohex-1,4-dien-1-yl)acetyl,  2-hy- 40   droxy-2-phenylacetyl,
2-formloxy-2-phenylacetyl,  2-formyloxy-2-phenylacetyl,  .
2-sulfo-2-phenylacetyl,   2-sulfo-2-(4-methyl- phenyl)acetyl,  and
2-acetoxy-2-(3-hydroxyphenyl)acetyl,  2-amino-2-(2-thienyl)acetyl,
2-amino-2-(3- benzothienyl)acetyl,  2-amino-2-(1H-tetrazol-1-yl)acetyl,
2-hydroxy-2-(1,3,4-thiadiazol-2-yl)acetyl,  2-
amino-2-(2-aminothiazol-4-yl)acetyl,  2-carboxy-2-(2-thienyl)acetyl,
2carboxy-2-(benzothien-2-yl)ace- tyl, and
2-hydroxy-2-(benzofur-2-yl)acetyl; and when Q Is a substituted amino group
represented by the 



45  formula [err] examples of such acyl groups are
2-(N-methyl-N-benzoylcarbamoylamino)-2-phenylacetyl, 2-(N-methyl-
N-cinnamoylcarbamoylamino)-2-(2-furyl)acetyl,
2-(N,N-dimethylcarbamoylureido)-2-(4-chlorophenyl)- acetyl,
2-[N-methyl-N-(2-chlorocinnamoyl)carbamoylamino]-2-(2-thienyl)-acetyl, and
2-(N-ethyl-N-ace- 55  tylcarbamoylamino)-2-(4-hydroxyphenyl)acetyl; and
when Q is a substituted amino group represented by the formula 60 65    EP
0 211 540 B1 [err] 10 examples of acyl group R(CO-)- are
2-[(3-methylimidazolidin-2-one-1-yl)carbonylamino]-2-phenylacetyl,
2-[(3-acetylimidazoidin-2-one-1-yl)carbonylamino]-2-phenylacetyl,
2-[(3-methylsulfonylimidazoldin-2- one-1-yl)-2-(2-thienyl)acetyl,  and
2-[(3-acetylhexahydropyrimidin-2-one-1-yl)carbonylamino]-2-phenyl- acetyl;
and when Q Is a hydroxy-substituted benzamido group represented by the
formula 15 [err] examples of such acyl groups are
2-(2,4-dihydroxybenzamido)-2-phenylacetyl, 2-(4-hydroxybenzami-
do)-2-(4-hydroxyphenyl)acetyl,
2-(3,4-dihydroxybenzamido)-2-(2-aminothiazol-4-yl)acetyl, 2-(3,5-di-
hydroxybenzamido)-2-(3-thienyl)acetyl, and
2-(2-hydroxybenzamido)-2-(2-benzofuryl)acetyl. 25     Examples of RCO acyl
groups of the compounds represented by formula 1 when R Is a keto group or
an oximino-substituted group represented by the formulae [err] 35   are the
keto groups 2-oxo-2-phenylacetyl, 2-oxo-2-(2-thenyl)acetyl,
2-oxo-2-(2-aminothiazol-4-yl)- acetyl; and oximino-substituted groups
2-phenyl2-methoxyiminoacetyl, 2-(2-thienyl)-2-ethoxyimino- acetyl,
2-(2-furyl)-2-methoxyiminoacetyl,
2-(2-benzothienyl)-2-carboxymethyiminoacetyl,  2-(2-
thieny)-2-(2-carboxyethoxy)-iminoacetyl,
2-(2-amino-1,2,4-thiadiazol-4-yl)-2-methoxyiminoacetyl, 2-(2-
aminothiazol-4-yl)-2-methoxyiminoacetyl,
2-(2-chlorothiazol-4-yl)-2-methoxyiminoacetyl, 2-(2-aminothi- 40
azol-4-yl)-2-(2-carboxyprop-2-yl)-oxyiminoacetyl,
2-(2-aminothiazol-4-yl)-2-(2-carbamoylprop-2-yl)- oxyiminoacetyl, and
2-(5-amino-1,3,4-thiadiazol-2-yl)-2-methoxyiminoacetyl. The
carboxy-protecting group [err] is a conventional carboxy-blocking group
used in the [err]-lactam anti- biotic art and serves the function of
blocking the acidic carboxy group while reactions are carried out at other
sites in the molecule. Such groups are used for the temporary protection or
blockng of the car- 45 boxy group. Examples of such groups are t-butyl,
haloalkyl groups, e.g. 2,2,2-trichloroethyl, 2-iodo- ethyl, allyl,
1,1-dimethylprop-2-yne-1-yl, benzyl, substituted benzyl, e.g.
4-nitrobenzyl, and 4-methoxy- benzyl, diphenylmethyl, trialkylsily or mixed
alkylarylsilyl groups, e.g. trimethylsilyl, triethylsilyl, dimethyl- 



phenylsilyl, [err]-trimethylsilylethyl, and [err]-methylsulfonyiethyl. The
3-trifluoromethylsulfonyloxy-1-carbacephalosporins represented by the
formula 1 wherein A Is RCO or an amino-protecting group can be prepared by
the O-acylation of the corresponding 3-hydroxy- 1-carbacephaiosporin ester
as illustrated below. 55 60 65    EP 0 211 540 B1 5 [err] 15 20 25 wherein
[err] is a carboxy-protecting group. During the acylation any reactive
groups in the side chain group R also capable of acylation Is desirably
protected. For example, any amino group substituents are protected with a
conventional amino-protecting group to prevent amide formation in
competition with the desired ester formation. The acylation Is carried out
In an inert solvent preferably at a temperature be- 30 tween about [err]
and about [err]. The reaction can be accomplished using a base such as a
tertiary amine. Amines which are suitable include triethylamine,
tri-n-butylamine, pyridine, diethyl-t-butylamine, disoproplethylamine, and
like amines. Hindered (i.e, non-nucleophilic but basic) trialkylamines are
pre- ferred. The acylating reagent can be trifluoromethanesulfonic
anhydride (trific anhydride) or trifluoro- methanesulfonyl chloride (trific
chloride) or other activated derivatives of trifluoromethanesulfonic 35
acid. Inert solvents useful In the process are the halogenated hydrocarbons
such as chloroform, meth- ylene chloride, trichloroethane and the like;
ether solvents such as tetrahydrofuran, esters such as ethyl acetate; or
other inert solvents, e.g. acetonitrile. The trific esters are recovered
from the reaction mixture by conventional Isolation methods, e.g. by
extraction. Following the esterification the C4 carboxy-protecting group
[err] can be removed to provide 40       free acid 3-trific ester where in
formula 1 [err] is hydrogen. Alternatively, the carboxy-protecting group
can be left intact and the diester used in the process described
hereinafter for the preparation of the The 3-trifluoromethanesulfonyloxy
compounds represented by the formula 1 can also be prepared by the
N-acylation of a
7-amino-3-trifluoromethanesulfonyloxy-1-carba-3-cephem-4-carboxylic acid
ester 45  (formula 1, A = hydrogen) with the carboxylic acid RCOOH wherein
R has the same meanings as defined for formula 1. An active derivative of
the carboxy group of the acid Is desirably used in the acylation. For
example, acid halides, acid azides and active esters or acid anhydrides may
be used in the acylation. Likewise, the free acid may be coupled with the
amine in the presence of a dehydrating agent such as a carbodilmide, e.g.
dicyclohexycarbodiimide. so     Active esters of the carboxyric acid such
as those formed with N-hydroxysuccinimide and hydroxy- 



benztriazole or those formed with the haloformates, e.g. ethyl
chloroformate and isobutyl chloroformate, may be used. The N-acylation of a
7-amino-3-trifluoromethylsulfonyloxy-3-cephem ester is illustrated below 55
60 65    EP 0 211 540 B1 H H 10 [err] 20 wherein R has the same meanings as
defined for formula 1, [err] is a carboxy-protecting group, and X rep- 25
resents OH (free acid), OCOR (anhydride), or a reactive derivative, for
example chloro. The N-acylations are carried out by using the meods
employed for the acylation of the cepha- losporin nuclei such as 7-ACA and
7-ADCA. In an example of the acylation benzyl 7-amino-3-trifluoro-
methylsulfonyloxy-1-carba-3-cephem-4-carboxylate in acetonitrile is treated
with phenoxyacetyl chlo- rie in the presence of an acid-binding agent such
as triethylamine or pyridine to provide benzyl 7-phen- 30
oxyacetylamino-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylate.
The compounds represented by the formula 1 wherein Q Is a substituted amino
group are obtained by N-acylation of a compound wherein 0 Is amino. For
example, the compound represented by the formula [err] wherein R2 is a
carboxy-protecting group, is acylated in the presence of an acid scavenger
with a com- 45   pound represented by the formulae [err] 65   wherein R',
R", R"', t and q have the same meanings as defined for formula 1.    EP 0
211 540 B1 Examples of
3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylic acids and esters
of the in- vention represented by the formula 1 are shown below. R
[err] H
benzyl [err]
benzyl [err]
benzyl [err]
pMB 10     [err]
H 



2,6-dimetthoxyphenyl                                                H H
4-methylphenyl
benzyl 15      3-hydroxyphenyl
benzyl phenoxymethyl
H 7              phenoxymethyl
pNB phenoxymethyl 20
H 4-chlorophenoxymethyl
H 4-hydroxyphenoxymethyl
H benyl benyl
benyl 25                                                   H
4-chlorophenyithiomethyl
H 4-flurophenylthiomethyl
H 4-chlorobenzyl 2-aminomethylbenzyl
H 3-carboxymethylbenzyl                                               H 30
2-thieylmethyl
benzyl 2-thienylmethyl
H 2-thienylmethyl
pNB 2-benzothienylmethyl
H 35 2-benzofurylmethyl
H 1,3,4-thiadiazol-2-ylmethyl                                        H
1,3,4-oxadiazol-2-ylmethyl
H 1H-tetrazol 1-ylmethyl                                              H
[err]-aminobenzyl
pMB 40  [err]-aminobenzyl
2,2,2-trichloroethyl [err]-aminobenzyl
H [err]-amino-(4-hydroxybenzyl)                                          H
[err]-amino-(3-methyisulfonylaminobenzyl)
.co~ten)    H [err]-hydroxybenzyl
H 45       [err]-formloxybenzyl [err]-carboxybenzyl
H [err]-carboxy-(4-hydroxybenzyl)
H [err]-sulfobenzyl               .                             H H
[err]-methyl-[err]-(2-chlorobenzoyl)ureido]benzyl
4                            H [err]-(methylaminocarbonyl)[err]-methyl
ureido] 4-hydrobenzyl [err]-(3-[err]-2-one-1-yl carbonylamino)benzyl
H 



[err]-(3-methyisulfonylimidazolidin-2-one-1-ylcarbonylamino)benzyl
H 55  [err]-(4-ethylpiperizin-2,3-dione-1-ylcarbonylamino)benzyl
H [err]-(4-hydroxybenzamido)benzyl
H [err]-(3,4-dihydroxybenzamido)benzyl
H and when R2 is H the pharmaceutically acceptable non-toxic salts thereof.
60     A preferred group of compounds of the invention are represented by
the formula 1 when R is benzyl or phenoxymethyl. A further preferred group
are represented when R is [err] and in particular, when Q is amino or
substituted amino. Examples of such compounds are
[err]-([err]-aminophenylacetylamino)-
3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylic    acid,
[err]-amino-[err]-(4-hydroxyphenyl)-
acetylamino]-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylic
acid,   [err]-[[err]-amino-[err]-(3-hy- 65
droxy-4-chlorophenyl)acetylamino]-3-trifluoromethylsulfonyloxy-1-carba-3-ce
phem-4-carboxylic  acid,    EP0211 540B1 and the pharmaceutically
acceptable salts thereof. The above-named compounds having an asymmetric
carbon to which the amino group is attached in the 7-porition side chain
are preferably In the D-form. The preferred compounds wherein Q is amino
prepared by employing known acylation methods used in the [err]-lactam
antibiotic art. For example, phenylglycyl chloride hydrochloride can be
used to 5   acylate the trimethylsilyl ester of
7-amino-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylic acid in
non-aqueous media in the presence of an acid-binding agent. Also, the
t-butyloxycarbonyl protected phenylglycine Is converted to the active
derivative with a halo- formic acid ester such as ethyl chloroformate and
the derivative used to acylate the 7-amino-1-carba nu- deus ester. e.g. the
benzyl ester. 10    Another group of preferred compounds are represented by
the formula 1 when R is an oximino group represented by the formula [err]
20  In particular, compounds wherein the oximino group has the syn
configuration are preferred, especially when [err] is thiazolyl, e.g.
2-aminothiazol-4-yl, 2-halothiazol-4-yl, and 2-methylthiazol-4-yl; and
[err] is [err] or a carboxy-sustituted [err] group. The compounds
represented by the formula 1 wherein [err] Is hydrogen form salts with
inorganic and or- ganic bases. Salts such as the alkali and alkaline earth
metal salts, e.g. the sodium, potassium and calci- 25   urn salts, are
formed with the respective alkali or alkaline earth metal hydroxides,
carbamates and bicar- bamates. Amine salts are formed with basic amines
such as benzylamine, dibenzylamine, ethanolamine, diethanolamine,
propanolamine, procaine, and dicyclohexylamine. These salt forms of the
1-carba-3-ce- phem compounds are useful in preparing pharmaceutically
acceptable formulations of the antibiotics. The
7-amino-1-carbacephalosporin nucleus compounds used in the above-described
N-acylation are 30  obtained with 7-protected amino nucleus compounds by
removing the protecting group. This invention al- so provides preferred
7-amino- and 7-(protected amino)-3-trifluoromethylsulfonyloxy-1-carba-3-ce-
phern nucleus compounds represented by the formula 2 



35 >400                                                              [err]
wherein [err] is hydrogen or an amino-protecting group, and [err] is
hydrogen or a carboxy-protecting 45   group. Amino-protecting groups
represented by [err] are the conventional protecting or blocking groups
used in the [err]-lactam antibiotic art for the temporary protection of the
amino group function while reac- tions at other sites in the molecule are
carried out Examples of suitable protecting groups are formyl,
trichloroacetyl, tribromoacetyl, trityl, an alkyl, cycloalkyl, or
aryloxycarbonyl group such as ethoxycar- bonyl, t-butyloxycarbonyl,
trichlroethoxycarbonyl, cyclopentyloxycarbonyl, benzyloxycarbonyl, p-ni- 50
trobenzyloxycabonyl, and diphenylmetoxybonyl; allyloxycarbonyl, a
bicyclooxycarbonyl group such as adamantyloxycarbonyl or
bicycloheptyloxycarbonyl; or other conventional amino-protecting group.
Preferred amino-protecting groups [err] are represented by the formula
[err] wherein [err] Is [err]alkenyl, [err] cycloalkyl, benzyl, nitrobenzyl,
halobenzyl or me- 60  thoxybenzyl. Preferred amino-protecting groups are
benzyloxycarbonyl, p-nitrobenzyloxycarbonyl, and t-butyloxy- carbonyl. The
7-mino(or amino-protected)3-trifluoromethylsulfonyloxy nucleus compounds
represented by the formula 2 are prepared with the corresponding
3-hydroxy-1 -carbacephalosporin obtained as de- 65    EP 0 211 540 B1
scribed In our copending U.S. Patent Application No. 755 982 (U.S. Patent 4
665 171 (see copending Eu- ropean Patent Application Number 86 305 424,
Patent Publication 0 209 352). As described therein, an asymmetric process
for the preparation of 3-hydroxy-1-carbacephalosporins is provided.
According to the process, a
3-[4(S)-aryloxazolidin-2-one-3-yl]-azetidin-2-one is prepared and converted
asymmet- 5   rically to a 7-amino-protected or 7-acylamino
3-hydroxy-1-carbacephaiosporin. The azetidinone-2 is rep- resented by the
formula [err] wherein Ar is phenyl, [err] alkylphenyl, halophenyl, Ct-C4
alkoxyphenyl, naphthyl, thienyl, furyl, benzothienyl, or benzofuryl; G is
phenyl, [err] alkylphenyl, [err] alkoxyphenyl, or halophenyl; Y 20  is
-CH-CH- or [err] and G' is phenyl, [err] alkylphenyl, [err] alkoxyphenyl,
halophenyl, furyl or naphthyl. Preferred azetidinones are represented by
the above formula wherein Ar and G are phenyl or subsi- tuted phenyl, and
G' is phenyl or substituted phenyl. Examples of such preferred compounds
are 1-ben-
zyl-3[err]-[4(S)-phenyloxazolidin-2-one-3-yl]-4[err]-styrlazetidin-2-one
and    1-benyl-[err]-[4(S)-phenyloxa- 25
zolidin-2-one-3-yl]-4[err]-(3-methoxystyryl)azetidin-2-one. The
azetidinones are obtained by the cycloaddition of a
4(S)-aryloxazolidin-2-one-3-ylacetyl halide and an imine formed with a
benzylamine and a 3-arylacrolein. The add halide Is converted in situ with
a tri- 



alkylamine to the corresponding homochiral ketene. The ketene and imine
upon cycloaddition provide the azetidinone. Alternatively, the ketene can
be generated with the anhydride of the oxazolidinone acetic 30  acid and
trifluoroacetic acid, or with phosphoryl chloride or phosphoryl bromide.
The cycloaddition reao- tion Is a key step In the asymmetric process for
the preparation of 1-carba-(1-dethia)cephalosporins. The
4(S)-aryloxazolidin-2-one-3-ylacetyl halide employed in the cyclization is
obtained with an L-aryl- glycine represented by the formula I a 35 [err]
wherein Ar has the same meanings as defined above. The preparation Is
Illustrated in the following reac- tion scheme. 45 50 55 60 65    EP 0 211
540 B1 0                                0 0 3a + butyllithium
lize                                 4a [err] 30 In the above scheme "alk"
refers to [err] alkyl, e.g. methyl, ethyl, n-propyl, and t-butyl; X refers
to halogen, preferably chloro or bromo; X' Is chioro, bromo,
trifluoroacetoxy, or [err] wherein X Is halogen; and Ar has the same
meanings as previously defined. In carrying out the preparation of the
4-aryloxazolidinone 4a the L-arylglycine is first converted to 35 the
carbarnate 2a. The arylglycine is dissolved In aqueous base by utilizing
only the amount of base need- ed to form the soluble salt plus a small
excess. The solution is cooled to a temperature between about [err] and
about [err] and non-stoichiometric amounts of the haloforrnate are added in
several portions with stirring. Additional base is added to redissolve the
arylglycine and additional haloformate is added por- tionwise with
stirring. This process is repeated in the cold until an excess of the
stoichiometric amount of 40   haloformate has been added and carbamate
formation is completed. The reaction is preferably carried out as rapidly
as possible. Bases such as the alkali metal hydroxides, e.g. sodium
hydroxide and potassi- um hydroxide are best used. Preferably 3N sodium
hydroxide is used. The L-carbamate derivative 2a is recovered from the
reaction mixture by acidification and extraction of the precipitated
carbamate with a water immiscible solvent e.g. a halogenated hydrocarbon
solvent such as dichloromethane. 45     The L-carbamate 2a is reduced with
excess borane-dimethylsulfide in tetrahydrofuran at a tempera- ture between
about [err] and about 40C to provide the L-alcohol 3a. The
borane-dimethylsulfide re- 



agent is added to a solution of the carbamate acid in tetrahydrofuran
cooled to about [err] and the mixture is stirred at the temperature range,
conveniently at room temperature, for about 10 hours to 20 hours. The
excess borane is destroyed by quenching the mixture with water and 3a is
recovered by concentrat- 50  ing the mixture by evaporation, diluting the
concentrate with more water if necessary, and extracting 3a with a water
immiscible solvent such as methylene chloride. The recovered 3a is of
sufficient purity to use directly in the cyciization to 4a, however, it may
be further purified prior to use by recrystallization. The L-alcohol 3a is
then cyclized to the (S)-4-aryloxazoidin-2-one (4a) in an inert solvent
with n-butyl- lithium or an alkali metal alkoxide such as lithium or sodium
ethoxide. n-Butyilithium is the preferred base 55   and is generally used
in less than the stoichiometric amount. The reaction is carried out for
from 2 to 8 hours at a temperature between about [err] and about [err] and
preferably at about [err] Suitable inert solvents are tetrahydrofuran,
1,2-dimethoxyethane and like ethers. After completion of the cyclization,
the reaction mixture is treated with acetic acid in an amount corresponding
to the amount of base used, and is concentrated. The oxazolidin-2-one(4a)
is recovered from the concentrate by extraction with a 60   suitable
organic solvent such as methylene chloride, chloroform, or trichloroethane.
The (S)-4-aryloxczolidin-2-one (4a) is N-alkylated with a haloacetic acid
ester, the ester deesterified, and the acid converted to the acyl halide
5a. The alkylation of 4a with the haloacetic acid ester is carried out in
dimethylformamide or tetrahydro- furan with sodium hydride to provide the
(S)-4-aryloxazolidin-2-one-3-ylacetic acid ester. The haloace- 65  tic acid
ester is represented by the formula X-CH2COOaik in the foregoing reaction
scheme, wherein X    EP 0 211 540 B1 is chloro or bromo and alk is [err]
alkyl. Preferably, alk is t-butyl or ethyl. Examples of haloacetic acid
esters are t-butyl bromoacetate, ethyl bromoacetate, methyl chloroacetate,
t-butyl chloroacetate, methyl bromoacetate, isopropyl bromoacetate, and
like esters. Preferred halo esters are t-butyl brorno- acetate and ethyl
bromoacetate. 5     The deesterification of the oxazolidinone acetic acid
ester is achieved by standard deesterification procedures. For example, the
t-butyl ester group is removed upon treatment of the ester with trifluoro-
acetic acid while other lower alkyl esters such as the ethyl ester can be
saponified. The oxazolidinone acetic acid is converted to the acid halide
(5a, X' = halogen), preferably the acid chloride, the anhydride formed with
trifluoroacetic acid [err] or with a phosphoryl halide 10  (X'- [err] The
acid halide, preferably the chloride, is a preferred source of the ketene
for use in the subsequent cycloaddition reaction. The acid chloride is
obtained for example with oxalyl chloride in an inert solvent such as
benzene, toluene, or xylene. Other conventional acid halide forming
reagents may be used. The (S)-4-aryloxazolidin-2-one-3-ylacetyl halide or
anhydride is the functionalized form of the chiral 15   auxiliary moiety
used to form the [err]-lactam ring of the azetidinore intermediates
represented by the above formula. The acetyl halide (5a) is allowed to
react with the imine formed with a benzylamine and a 3-arylacrolein 



to form  the
1-benzyl-[err][(S)-4-aryloxazolidin-2-one-3-yl]-4[err]-(2-arylvinyl)azetidi
none. A minor amount of isomeric cycloaddition product is also formed. The
cycloaddition reaction is Illustrated in the following 20  reaction scheme
[err] 35 40 wherein G, G' and Ar have the same meanings as defined above.
The reaction is carried out at a temperature between about [err] and about
[err] in an inert organic solvent, such as methylene chloride, chloroform,
toluene, or a di- or trichloroethane in the presence of a tri-([err]
alkyl)amine. A solution of the imine (6a) is added to a solution of 5a in
an inert solvent contain- ing the tri-([err] alkyl)amine in an amount in
excess of the stoichlometric amount The tri-([err] 45   alkyl)amine is
added to the solution of 5a prior to addition of the imine 6a. The acid
derivative 5a and the amine are mixed at a temperature between about [err]
and about [err] to form in situ the ketene. The im- ine 6a is then added to
form the azetidinone. Conveniently, the solvent for the imine is the
solvent In which it was prepared as described hereinbelow. Such solvents as
benzene, toluene, and the xylenes are suitable. Following the addition of
the imine, the reaction is warmed and maintained at about [err] for 50
from 2 to 4 hours. The mixture of the major isomer and the minor isomer is
recovered from the reaction mixture as follows. The reaction mixture is
diluted with a water immiscible organic solvent such as methy- lene
chloride or chloroform and is first washed with a weak acid such as
tartaric acid or citric acid fol- lowed by a wash with saturated aqueous
alkali metal bicarbonate. After drying, the washed mixture is evaporated to
dryness. Most often the major Isomer can be crystallized from the residue
from ethyl ace- 55   tate-hexanes (ca 30% hexanes by volume).
Alternatively, the major isomer can be separated from the mi- nor isomer by
chromatography over silica by using step-wise elution or gradient elution.
Step-wise elu- tion with ethyl acetate-methylene chloride with a percentage
ethyl acetate by volume of from ca 20% will generally elute the azetidinone
while increased polarity (ca 40%-50% ethyl acetate by volume) will elute
the minor component. After chromatography the azetidinone can be
recrystallized to enhance its purity. 60     The imine 6a employed in the
cycloaddition is obtained by condensing a 3-arylacrolein with benzylamine
or a substituted benzylamine in a suitable solvent The water produced
during the reaction is removed ei- ther by using a drying agent or by
azeotropic distillation. A small excess over the stoichimetric amount of
the acrolein is preferably used. Drying agents such as magnesium sulfate or
molecular sieves are suit- able. Organic solvents such as diethyl ether or
an aromatic hydrocarbon such as benzene or toluene 65   can be employed.
EP 0 211 540 B1 The condensation to form the imine proceeds rapidly at a
temperature between about [err] and 65C In the presence of a drying agent
or during azeotropic removal of water. Examples of 3-arylacroleins which
can be used are represented by the formula 5 [err] 



10  wherein G' is phenyl, [err] alkylphenyl, [err] alkoxyphenyl,
halophenyl, furyl or naphthyl. Examples of such aldehydes are
cinnamaldhyde, 4-methylcinnaldehyde, 3-ethylcinnamaldehyde,
4-ethoxycinnamal- dehyde, 3-methoxynnamaldehyde,
3-t-butyloxycinnamaldehyde, 3-ethoxycinnamaidehyde, 3-bromo-
cinnamaldehyde, 2-(2-furyl)acrolein, 2-(2-naphthyl)acrolein, and like
aldehydes. Examples of benzylamines useful in the imine formation are
benzylamine and the [err] alkyl, [err] 15  alkoxy, and halo-substituted
benzylamines such as 4-methyibenylamine, 3-chlorobenzylamine, 3,4-
dichlorobenzylamine, 4-methxybenzylamine, 2-bromobenzylamine,
3-ethylbenzylamine, 3,4-dimethyl- benzylamine, 2,4-dimethyibenylamine,
4-chloro-3-methylbenzylamine,4-isopropylbenzylamine, 4-t- butylbenzylamine,
and the like. The imine 6a can be employed in the  cycloaddition reaction
without prior isolation. For example, the re- 20  action mixture In which
the imine is prepared may be used directly in the cycloaddition. The
(S)-4-aryloxazoiidin-2-one-3-ylacetyl halide (5a) can be reacted in the
cycloaddition reaction de- scribed above with the imine (6a), formed with a
benzylamine and a m-alkoxycinnamaldehyde, to provide the azetidinone
represented by the above formula wherein Y is -CH-CH and G' is a [err]
alkoxy- phenyl group. The azetidinone  Is hydrogenated  to the
corresponding [err]-[2-(m-alkoxyphe- 25        nyl)ethyl]azetidinone,  and
the latter is reduced with thium-ammonia in the  presence of t-butyl
alcohol to effect reduction of the phenyl ring removal of the chiral
auxiliary and the 1-benzyl group to provide a [err]
amino-[err][2-(5-alkoxycylohex-1,4-dienyl)ethyl]azetidinone.The 3-amino
group of the azetidinone is protected with a conventional  amino group and
the [err]-protected-aminoazetidinone is subject- ed to ozonolysis to yield
the [err]-keto ester [err] alkyl 5-[err]-(protected
amino)azetidin-2-one-[err]-yl]-3- 30  oxopentanoate. The [err]-keto ester
oxonolysis product is converted to the [err]-diazo derivative and the diazo
derivative is cyclized with Rhodium II to provide the
3-hydroxy-1-carbacephalosporin ester. The process is illustrated In the
following reaction scheme. 35 40 45 50 55 60 65    EP 0 211 540B1 Ar 10
[err] 55 It will be appreciated with reference to the foregoing reaction
scheme that the imine 6a is structurally 



selective in the process. The m-akoxyphenyl group of the imine ultimately
provides the alkyl [err]-ketoester 9a via ozonolysis of the
5-alkoxycyclohexa-1,4-diene 8a which in turn Is provided by the lithium in
ammo- 60   nium reduction of the azetidinone wherein Y - [err] According to
this process the azetidinone (Y = -CH-CH-) is hydrogenated over a palladium
catalyst such as a supported palladium catalyst, e.g. 5% or 10% palladium
on carbon, barium carbonate, or other suitable support. The reduction can
be carried out at atmospheric pressure, or at somewhat elevated pressures,
in an inert solvent at room temperature. Inert solvents such as methylene
chloride, di- or 65 trichloroethane, tetahydrofuran, methyl alcohol, ethyl
alcohol, or ethyl acetate may be used.    EP 0 211 540 B1 The
[err]-[2-(m-akoxyphenyl)ethyl]azetidinone is reduced to the
[err]-amino-[err](2-(5-alkoxycyclohex- 1,4-dienyl)ethyl]azetidin-2-one (7a)
with lithium in liquid ammonia containing t-butyl alcohol. The reduction is
carried out at a temperature between about [err] and about [err] and
preferably at between about [err] and about [err] The reduction is carried
out by dissolving lithium in liquid ammonia and 5   cooling the solution to
about [err] and about [err] An excess of t-butyl alcohol Is added followed
by the addition of a solution of the azetidinone in an inert solvent. The
solution of the azeidinone may con- tain t-butyl alcohol as a cosolvent.
Suitable solvents for the azetidinone Include tetrahydrofuran,
dimethoxyethane, or like solvent. After the solution of the azetidinone Is
added, the reduction mixture is stirred for about 30 minutes to 10  about 2
hours. On small laboratory size reactions, the reduction is allowed to stir
in the cold for about 30 minutes while with large scale reductions in
manufacture somewhat longer reduction time may be required for complete
reduction to the diene 7a. The reduction effects the removal of the chiral
auxiliary moiety, Incorporated via the cycloaddition with 6a, leaving the
3-amino group. The reduction also effects removal of the 1-benzyl or
1-substituted 15  benzyl group. The 3-aminoazetidinone 7a can be isolated
from the reduction mixture and used in the next step after amino group
protection as shown in the reaction scheme. Alternatively, and preferably
in the process context, 7a is acylated in the same reaction vessel to
provide the acylated aminoazetidinone 8a. Follow- ing the reduction the
reaction mixture is treated with sufficient benzene to discharge the blue
color of the 20   mixture. Ammonium acetate is added to the mixture and the
bulk of the ammonia is distilled off. The solvent and any remaining ammonia
are evaporated. The residue 7a is treated with a water miscible organic
sol- vent such as tetrahydrofuran and the mixture or solution is acidified
to a pH between about 7 and about 9. The solution of 7a is then treated
with an acylating agent to provide the [err]acylamino-[err]-[2-(5-alkoxy-
cyclohex-1,4-dienyl)ethyl]-azetidinone 8a. The [err]-amino group is
acylated to protect its integrity during 25 the subsequent ozonolysis step
in the process. The acylating agent may be formed with any carboxylic acid,
the acyl residue of which is stable in the subsequent ozonolysis step of
the process. The carboxylic acid can be for example an alkylcarboxylic acid
such as acetic acid, propionic acid, butyric acid and the like; an
arylcarboxylic acid such as benzoic 



acid, napthoic acid, which may be optionally substituted by lower alkyl,
lower alkoxy, or halogen; or an ar- 30   ylacetic acid such as phenylacetic
acid, phenoxyacetic acid, phenylthioacetic acid, and such acids op-
tionally substituted. The desired carboxylic acid for use in the acylation
is converted to an active deriva- tive such as the acid chloride, acid
anhydride or an active ester formed with a haloformate such as a [err]
[err] alkyl chloroformate, e.g. ethyl chloroformate and iso-butyl
chloroformate. The acylating agent also can be an aryloxycarbonyl halide
such as benzyloxycarbonyl chloride or p-ni- 35  trobenzyloxycarbonyl
chloride. Preferred acylating agents are represented by the formula [err]
wherein [err] is as defined above; wherein labile functional groups are
suitably protected; and W is chloro, brorno, or an anhydride forming group
represented by the formula [err] wherein [err] has the same meanings as
defined above. Examples of acyl halides represented by the above formula
are acetyl chloride, acetyl bromide, buty- ryl chloride, propionyl
chloride, benzoyl chloride, 4-chlorobenzoyl chloride, 4-methylbenzoyl
chloride, 55   phenoxyacetyl chloride, 4-chlorophenoxyacetyl chloride,
phenylacetyl chloride, 3-ethylphenylacetyl bromide, phenylmercaptoacetyl
chloride, 4-chlorophenylmercaptoacetyl chloride, benzyloxycarbonyl
chloride, cydohexyoxycarbonyl chloride, cyclopentyloxycarbonyl chloride,
ethoxycarbonyl chloride, and the like. Examples of anhydrides represented
by the above formula are benzoic acid anhydride, phenoxyacetic 60  acid
anhydride, phenylacetic acid anhydride, p-chloro-phenoxyacetic acid
anyhydride, phenylmercap- toacetic acid anhydride, di-t-butyl dicarbonate,
dibenzyl dicarbonate, di-(p-nitrobenzyl) dicarbonate, di- ethyl
dicarbonate, di-cyclohexyl dicarbonate, and like anhydrides. The N-acylated
reduction product 8a is recovered from the mixture by extraction and is
purified by chromatography over silica. 65    The 3-acylaminoazetidinone 8a
is then converted to the [err]-keto ester 9a by ozonolysis. The ozonolysis
EP 0 211 540 B1 is preferably carried out in 50% methyl alcohol In
dichloromethane or other suitable solvent mixture, at a temperature between
about -5 C and about [err] The ozone Is passed into the solution of the
diene 8a until the reaction is complete. The ozone is most conveniently
obtained from a conventional ozone gener- ator in a stream of air. The
completion of the ozonolysis may be determined by the use of a diene
Indica- 5   tor such as solvent red (Sudan III, Aldrich Chemical Company).
Following completion any ozonide and ex- cess ozone is destroyed In the
cold with dimethyl sulfide or other suitable reducing agent such as a
sulfite or phosphite and the product 9a Is recovered from the mixture. For
example, the reaction mixture is allowed to warm to room temperature, is
poured into brine and the product is extracted with a water im- miscible
solvent such as methylene chloride. The [err]-keto ester 9a may be further
purified by chromatog- 



10  raphy over silica. The [err]-keto ester 9a is then converted to the
7-acylamino-1-carba(1-dethia)-3-hydroxy-3-cephem es- ter 11a via diazo
compound  10a and cyclization of the diazo ester to the
1-carbacephalosporin with rho- dium (II). 20 30 [err] 35 i ia 40    The
[err]-keto ester 9a is best convened to the diazo ester 10a in an inert
solvent such as acetonitrile, dichloromethane, trichloroethane, or the
like, with p-toluenesulfonyl azide (tosyl azide) in the presence of a
hindered tertiary amine, e.g. diisopropylethylamine. The reaction is
carried at conveniently at room temperature. Generally the tosyl azide is
used in an excess of the stoichlometric amount while the amine is used in
an amount of about one-fourth of the stoichiometric amount The diazo ester
is recovered from 45  the reaction mixture by partitioning the mixture
between a water immiscible solvent such as methylene chloride and brine
containing some tartaric acid or citric acid. The diazo ester is obtained
in purified form from the extract via chromatography over silica and
recrystailization. The ester moiety "alk" of 10a becomes the ester group of
the 1 -carbacephalosporin 1 la upon cycliza- tion as shown in the reaction
scheme. Ester groups such as the lower n-alkyl groups e.g. methyl, and 50
ethyl, are less readily removed form the carboxy function than other
groups. From a synthetic point of view, it may be desirable to form a
1-carbacephalosporin 11 a wherein the ester group is a conventional
carboxy-protecting group more readily removed than methyl or ethyl. A
further aspect of the copending applicaton provided a process for the
transesterfication of the ester group (alk) of 10a to diazo ester 1 Ob as
shown below. 55 60 65    EP 0 211 540 81 5 [err] 20   wherein [err] and alk
have the previously defined meanings and R2 is a conventional
carboxy-protecting group such as allyl, 2,2,2-trichloroethyl,
2,2,2-tribromoethyl, [err]-tri([err] alkyl)silylethyl, benzyl, [err]
alkylbenzyl, [err] alkoxybenzyl,nitroxybenzyl, nitrobenzyl, or
chlorobenzyl. The process is carried out by mixing an excess of the
alcohol, [err] with titanium tralsopropoxide and removing Isopropyl alcohol
by evaporation.The diazo ester, 10a, is added to the solution of the [err]
in excess alcohol, and an inert solvent if necessary, and the solution is
maintained at a tempera- ture between about [err] and about [err] until
transesterification Is complete. 



Obviously, classical amino protecting groups such as [err]-butoxycarbonyl
can also be present at the 7- amino group in the above-described sequences.
Inert solvents which may be used are, for example, methylene chloride, di-
or trichlorethane, chloro- form, acetonitrile, tetrahydrofuran, or dioxane.
When benzyl alcohol Is used in the process to form the [err] ester group it
also may serve as a solvent for the process. The diazo ester 10a or the
diazo ester 10b obtained via the transesterification process is then
cyclized to 1-carbacephalosporin 11 a with rhodium 11 acetate In chlroform
at the reflux temperature. The reaction is heated for about 15 minutes to
about one hour and the 7-acylamino-3-hydroxy-1-carba(1-dethia)3-ce- 35
phem-carboxylic acid ester Is recovered as such from the reaction mixture
or is converted to a deriva- tive which is then Isolated. The 3-hydroxy
1-carbacephalosporin ester may be recovered from the reaction mixture by
first dilut- ing the mixture with water or brine, acidifying the mixture,
and then extracting the mixture with a solvent such as ethyl acetate or
methylene chloride. The extract is washed, dried and evaporated to provide
the 40   product. The product may be further purified by chromatography and
recrystallization. In a preferred embodiment of the process L-phenylglycine
is converted to the ethycarbamate with ethyl chloroformate, the carbamate
acid Is reduced with borane-dimethyl sulfide to L-1-ethoxycarbon-
ylamino-1-phenylethanol (3a, alk-ethyl), and the phenylethanol is cyclized
with n-butyllithium to (S)-4- phenyloxazolidin-2-one 4a. The latter is
converted to 5a via alkylation with ethyl bromoacetate, saponifi- 45
cation, and treatment of the acid with oxalyl chloride. The
(S)4-phenyloxazolidin-2-one-3-ylacetyl chloride is condensed with the Imine
formed with ben- zylamine and m-methoxycinnamaldehyde (form 6a, alk-methyl,
R-phenyl) to form the azetidinone, Ar=phenyl, alk=methyl). Catalytic
reduction over 5% Pd-C provides azetidinone, (Y = [err]) which on reduction
in lithium in liquid ammonia and t-butyl alcohol yields the
3-aminoazetidinone 7a, alk-methyl). Without Isolation, the
3-aminoazetidinone is acylated with di-(t-butyl) dicarbonate to form the
3-t-butyl- oxycarbonylaminoazetidinone (8a, [err] = t-butyloxy, alk -
methyl). Ozonolysis of the 3-t-BOC amino pro- tected diene product in 50%
methyl alcohol in dichloromethane provides the [err]-keto methyl ester 9a.
The [err]-keto methyl ester is reacted in acetonitrile with tosyl azide in
the presence of diisopropyleylamine to 55   provide the diazo methyl ester
(10a, [err] - t-butyloxy, alk = methyl). The transesterification of the
diazo methyl ester to the corresponding benzyl ester is carried out in
excess benzyl alcohol with titanium tetra- isopropoxide with heating at
about [err] for 42 hours. The diazo benzyl ester is treated in refluxing
chlo- roform with rhodium (II) acetate to provide benzyl
[err]-(t-butyloxycarbonylamino)-3-hydroxy-1-carba(1-
dethia)-3-cephem-4-carboxylate. 60     The
3-trifluoromethylsulfonyloxy-1-carba-3-cephem compounds represented by the
formula 1 wherein A and [err] are other than hydrogen are useful in a
process for preparing 3-chloro or 3-bromo-1-carba-3- cephem compounds.
According to this aspect of the invention the 3-triflate ester group in the
compound of the formula (3): 65    



EP 0 211 540 B1 [err] 10 is displaced by chloride or bromide ions
optionally followed, If desired, by removal of any ester [err] and/or amino
protecting group (A), and/or acylation of the 7-amino moiety where A is
hydrogen, so as to prepare a compound wherein A is RCO to form a
3-halo-1-carba-3-cephem compound represented by the formula (4): 15 [err]
20 25 wherein A' is an amino-protecting group or an acyl group RCO wherein
R has the same meanings as de- fined for formula 1, R2 is a
carboxy-protecting group, and X" is chloro or bromo. A preferred process is
where A = M, X" = Cl and A'= [err] Preferably the chloride or bromide ions
are derived from a soluble chloride or bromide salt such as an alkali metal
chloride or bromide, most preferably from lithium chloride or bromide.
Aprotic polar solvents which can be used include dimethylformamide,
dimethylacetamide, N-methylpyr- 40  rolidone, acetonitrile, and like
solvents. Dimethylformamide is a preferred solvent Preferably the process
is carried out at a temperature between about [err] and 95C, most prefera-
bly between about [err] and about [err] Preferably an excess of the
stoichiometzic amount of the halide salt is used. The carboxy-protecting
ester group R2 (formula 3) is a conventional carboxy-protecting ester group
45   and preferably one which is not sterically hindered. Examples of such
groups are benzyl and substituted benzyl groups such as 4-methoxybenzyl,
4-nitrobenzyl, 4-methylbenzyl, 3,5-dimethylbenzyl, and 4- chlorobenzyl;
silyl esters such as trialkylsilyl ester, e.g. trimethylsilyl; and
halo-substituted alkyl esters such as 2,2,2-trichloroethyl,
2,2,2-tribromoethyl, and 2-iodoethyl. Hindered ester groups such as the t-
butyl ester group appear to inhibit the displacement of the [err] group by
the halide ion owing to their 50   bulk resulting in lower yields of the
3-halo product. A preferred ester group is the benzyl or a substitut- ed
benzyl ester group. Following completion of the process the
3-halo-1-carba-3-cephem ester is recovered from the reac- tion mixture by
conventional isolation methods and is purified by chromatography. During
the process any amino group present in the starting material are desirably
protected. For ex- 55 ample, when in the compound represented by the
formula 1 0 is an amino group or, when there is an amino or aminomethyl
substituent attached to the phenyl ring when R is a substituted benzyl or
phenyl group, an amino-protected derivative is desirably used on the
starting material in the process. In an example of the process,   benzyl
[err]-phenoxyacetylamino-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-ca
rboxyl- ate is dissolved in dimethylformamide and an excess (3-4 molar
excess) of lithium chloride is added. The 60 solution is heated to a
temperature of about [err] with stirring for about 5-6 hours. The progress
of the reaction can be followed by thin layer chromatography of a small
aliquot of the reaction mixture removed 



from time to time. When the reaction is completed the mixture is diluted
with a water immiscible organic sol- vent, washed with water, dried, and
evaporated. The crude product, benzyl [err]-phenoxyacetylamino-3-
chloro-1-carba-3-cephem-4-carboxylate, is purified by chromatography, e.g.
over silica gel.    EP 0 211 540 B1 it may be preferred to prepare
compounds of formula (4) where A represents a group of formula RCO where R
is R2CHQ where Q is amino, by initially forming a compound of formula (4)
in which (A) is not such a group, cleaving the side chain by classical
means, for example, with [err] so as to generate the 7- amino nucleus,
reacylating with a suitably protected phenylglycyl derivative, followed by
removal of any 5   amino or carboxylic acid protecting groups. Such
techniques are well known per se in the art, see for ex- ample, U.S. Patent
Specification No. 3.925,372. The following Examples are provided to further
illustrate the invention. Preparation of benzyl
[err]-(t-butyloxycarbonylamino)-3-hydroxy-1 -carba-3-cephem-4-carboxylate
10 (S)-4-Phenyloxazolidin-2-one To a stirred, [err]` solution of
L-phenylglycine (25.3 g. 167.4 mmol) in 60 mL of 3N aqueous NaOH was added
ethyl chloroforrnate (8 mL) in several portions. Additional 3N aqueous NaOH
(35 mL) was added to 15  redissolve the precipitated phenylglycine,
followed by ethyl chloroformate (4 mL). This process was con- tinued with
3N aqueous NaOH (65 mL) and ethyl chloroformate [err] total of 20 mL, 209
mmol) over a pe- riod of ca. 10 minutes. After stirring for 1 hour at [err]
the solution was acidified with 6 M [err] and the precipitated carbamate
was extracted into 8% isopropanol In dichloromethane (2 X 300 mL). The com-
bined organic layers were dried [err] and concentrated to afford 37.3 g of
N-ethoxycarbonyl L- 20   phenylglycine as a white solid. The carbamate was
dissolved In 170 mL of THF, cooled to [err], treated with
borane-dimethylsulfide (33.5 mL of a 10 M solution), and stirred at room
temperature for 17 hours. Excess borane was cautiously quenched with water
(100 mL), and the bulk of the THF removed under re- duced pressure. The
white slurry was diluted with additional water (350 mL) and then extracted
with dichloromethane (2 X 500 mL). The combined organic layers were washed
with 100 mL of saturated aque- 25   ous [err] dried [err] and concentrated
to give 27.4 g of (S)-2-ethoxycarbonylamino-2-phe- nylethanol as a white
solid The crude alcohol was dissolved in 200 mL of THF, cooled to [err] and
treated with n-butyllithium in hexane (6 mL of a 2M solution). After
heating at [err] for 6 hours, the solution was treated with acetic acid (1
ml) and concentrated. The residue was dissolved in dichloromethane (300
mL), washed with 100 mL of brine, dried [err] and concentrated to a white
solid. Recrystallization from 30  toluene gave 17.14 g (63%) of
(S)-4-phenyloxazolidin-2-one; mp [err] (c - 2.1, CH- [err] IR [err] 3460.
3020, 1760, 1500, 1480, 1460. 1400. 1230 [err]   7.45-7.30 (m, 5, ArH),
6,42 (br s, 1, NH), 4.96 (br t, 1, J - 7.8 Hz, [err]) 4.72 (t, 1. J - 8.6
Hz, one of [err]) 4.17 (dd, 1, J = 6.7, 8.7 Hz; one of [err]) Anal. Calcd
for [err] C, 66.24; H. 5.56. Found: C, 66.16; H, 5.62. 35 



(S)-4-Phenyloxazolidin-2-one-3-ylacetic acid To a stirred, [err] solution
of (S)4-phenyloxazoldin-2-one (1.07 g, 6.54 mmol) in 15 mL of THF was add-
ed sodium hydride (0.32 g of a 60% oil dispersion, 8.0 mmol). When gas
evolution had ceased (ca. 10 min- 40   utes), ethyl bromoacetate (0.87 mL,
7.8 mmol) was added. After 2 hours at [err] the mixture was treated with 50
mL of 2N aqueous NaOH, stirred rapidly for 1 hour at room temperature, and
then partitioned be- tween hexane (50 mL) and water (50 mL). The aqueous
layer was separated, acidified with 6 M aqueous [err] and extracted with
dichloromethane (2 X 200 mL). The combined organic phases were dried [err]
and concentrated to a thick oil, which was dissolved in 4 mL of warm
toluene, seeded, and al- 45  lowed to crystallize overnight; filtration
gave 1.33 g (92%) of (S)-4-phenyloxazolidin-2-one-3-ylacetic acid: mp [err]
(c - 2.0, [err]) IR [err] 3500-2500 (v. br), 1760 (br), 1480, 1460, 1430,
1230 cm-1; 1H NMR [err] 11.2 (br s, 1, COOH), 7.47-7.25 (m, 5, ArH), 5.05
(t, 1, J = 8.4 Hz, [err]) 4.72 (t, 1, J - 8.8 Hz, one of [err]) 4.32 (d, 1,
J - 18.4 Hz, one of [err]) 4.17 (t. 1, J - 8.4 Hz, one of [err]) 3.41 (d,
1, J - 18.4 Hz, one of [err]) 50     Anal. Calcd for [err] C, 59.72; H.
5.01. Found: C, 59.83; H, 5.00. (S)-4-phenyloxazolidin-2-one-3-ylacetyl
chloride: A 250 mL round bottom flask fitted with a reflux condensor and a
[err] drying tube was charged with (S)-4-phenyloxazoldin-2-one-3-ylacetic
acid (5.3 g, 23.96 mmol) and 60 mL of toluene. The suspension was treated
with oxalyl chloride (3.2 mL, 36.7 mmol) and stirred at [err] for 3 hours.
At this point gas evolution had ceased and the reaction was homo- 55
geneous. Removal of solvent under reduced pressure afforded the title acid
chloride as a thick oil. Preparation of imine formed from benzylamine and
3-methoxycinnamaldehyde: To a solution of 3-me- thoxycinnamaldehyde (4.27
g, 26.33 mmol) in 40 mL of toluene was added benzylamine (2.73 ml, 25.01
mmol). The solution was warmed briefly to ca. [err] and upon cooling became
cloudy from released wa- ter. Argon flushed 4A molecular sieves (18 g,
freshly activated) were added and the mixture was allowed 60  to stand at
room temperature for 16 hours. This solution of imine was used directly in
the subsequent cy- clization. Formation  of
1-benzyl-[err](S)-4-henyloxazolidin-2-one-3-yl]-[err]-(3-methoxystyryl)
azetidin-2-one: The oxazolidinone acid chloride was dissolved in
dichloromethane (70 mL), cooled to [err] and treated with triethylamine
(5.0 mL. 35.9 mmol). A fine, heavy precipitate formed over 15 minutes. To
this mixture 65    EP0211 540B1 was added, via cannula, the toluene
solution of the imine prepared as described above. The sieves from the
imine solution were washed with dichloromethane (2 X 10 mL), and each wash
added to the reaction. The cold bath was removed, the reaction warmed and
maintained at [err] for 2 hours. The mixture was poured into 200 mL of
dichloromethane, washed with 0.5 M tartaric acid and saturated aqueous
[err] 5   (50 mL each), dried [err] and concentrated to a reddish oil.
Crystallization from ca. 150 mL of 30% hexanes in ethyl acetate gave 6.87 g
of the title compound as white needles. Chromatography of the mother liquor
on 170 g of silica with 20% ethyl acetate in dichloromethane gave an
additional 1.9 g of the 



azetidinone (total 8.77 g, 80%). The minor isomer was obtained by further
elution with 40% ethyl acetate in dichloromethane and was then purified by
chromatography on silica with 30% hexanes in ethyl acetate. 10     Major
isomer, the title compound: mp [err]  (c - 1.0, [err] IR [err] 3020, 1760,
1600, 1410 [err]  NMR [err]  7.45-6.75 (m, 14, ArH), 6.45 (d, 1, J - 16
Hz,ArCH=CH) 5.81 (dd, 1, J = 16, 8.9 Hz, ArCH-CH), 4.88 (dd, 1, J - 8.9,
7.4 Hz, [err]) 4.61 (t, 1, J - 8.9 Hz, one of [err] 4.55 (d, 1, J - 5 Hz,
[err] 4.53 (d, 1, J = 14.7 Hz, one of [err] 4.23-4.12 (m, 3, one of [err]
one of [err]) 3.82 (s, 3, [err]) 15    Anal. Calcd for [err] C, 73.99; H,
5.77. Found: C, 74.06; H, 5.74. By using the method described in Example 1,
the imine prepared from benzylamine and cinnamaldehyde, and
4(S)-phenyloxazolidin-2-one-3-ylacetyl chloride there was prepared
1-benzyl-[err][4(S)-phenyloxa-
zolidine-2-one-3-yl]-[err]-styrylazeine-2-one: mp [err]   (C = 1.7, [err])1
IR (CHCls) 3010, 1760,1500,1460, 1410 [err] NMR [err]` 7.45-7.10 (m, 15,
ArH), 6.48 (d, 1, J. 16 Hz, 20   CH-CH-Ar), 5.87 (dd, 1, J - 9, 16 Hz,
CH-CH-AR), 4.88 (dd, 1, J = 7.4, 8.9 Hz, [err] 4.61 (t, 1, J - 8.9, one of
[err]) 4.55 (d, 1, J - 16 Hz, one of [err]) 4.54 (d, 1, J - 4.7 Hz, C-3 H;
overlaps with doublet at 4.55), 4.21 (dd, 1, J = 4.7, 9.0 Hz, C-4 H), 4.17
(dd, J - 7.4, 8.9 Hz, one of [err]) 4.14 (d, 1, J = 16 Hz, one of [err])
Anal. Calcd. for [err] C, 76.39; H, 5.70. Found: C, 76.53; H, 5.69. 25
By using the method described in Example 1, the imine prepared from
benzylamine and 3-(2-furyl)-acro- lein was condensed with
4(S)-phenyloxazolidin-2-one-3-ylacetyl chloride to provide
1-benzyl-[err]-[4(S)-
phenyloxazolidine-2-one-3-yl]-[err]-2-(2-furyl)ethenyl]-azetidine-2-one: mp
[err] (c = 1.6, [err] IR [err] 3020, 1760, 1660,1500, 1460, 1410 [err]  NMR
[err]  7.45-7.07 (m, 11, ArH), 6.39 (dd, 1, J - 1.8, 3.3 Hz, OCH-CH), 6.27
(d, 1, J - 16 Hz, N-CH-CH=CH, 6.25 (d, 1, J - 3,3 Hz, 30   [err] 5.75 (dd,
1, J - 16, 8.9 Hz, N-CH-CH-CH), 4.91 (dd, 1, J - 8.8, 7.4 Hz, [err] 4.65
(t, 1, J = 8.9 Hz, one of [err]) 4.61 (d, 1, J = 15 Hz, one of [err]) 4.55
(d, 1, J - 4.8 Hz, C-3 H), 4.20 (dd, 1, J = 7.4, 8.8 Hz, one of [err]) 4.11
(dd, 1, J - 4.8, 8.9 Hz, C-4 H), 4.02 (d, 1, J = 15 Hz, one of [err] Anal.
Calcd. for [err] C, 72.44; H, 5.35. Found: C, 72.44; H, 5.41. 35
1-Benzyl-[err][(S)-4-phenyloxazolidin-2-one-3-yl]-[err]-[2-(3-methoxyphenyl
)ethyl]azetidin-2-one The 3-methoxystyryl substituted azetidinone prepared
as described in Example 1 (0.552 g, 1.22 mmol) was hydrogenated (balloon
pressure) in dichloromethane (20 mL) over 0.052 g of 5% Pd on carbon for 3
hours at room temperature. Filtration through celite and removal of solvent
under reduced pressure af- forded 0.555 g (100%) of the corresponding
[err]-2-(3-methoxyphenyl)-ethyl]azetidinone (compound 8) as a white solid.
Recrystallization from hexanes-ethyl acetate gave long needles: mp [err]
[err] (c = 2.2, [err]) IR [err] 3010, 1755, 1605, 1590, 1410 [err] NMR
[err] 7.44-6.42 (m, 14, ArH), 4.97-4.84 (br t, 1, [err] 4.68 (t, 1, J - 9
Hz, one of [err] 4.64-4.59 (br d, 1, [err] 4.32 (s, 2, [err] 4.27 (dd, 1, J
= 6.4, 9.0 Hz, one of [err] 3.77 (s, 3, [err] 3.57 (dt, 1, J = 6.6, 4.9 Hz,
[err]) 2.36 (br t. 1, J - 8 Hz, [err])1.56-1.44 (br q, 1, [err] Anal. Calcd
for [err] C, 73.66; H, 6.18. Found: C, 73.48; H, 6.11. Methyl
5-[err]-(t-butyloxycarbonylamino)azetidin-2-one-[err]-yl]-3-oxopentanoate 



Lithium wire (0.548 g, 79 mmol) was added to 55 ml of ammonia at [err] and
the mixture was warmed briefly to affect solution of the metal and then
recooled to [err] under positive argon pressure. The dark blue solution was
first treated with tert-butanol (12 mL). A solution of the
1-benzyl-[err]-(4-phenyloxa-
zolidin-2-one-3-yl)-[err]-[2-(3-methoxyphenyl)ethyl) azetidin-2-one (2.36
g, 5.17 mmol) in THF : tert-butanol 55   (24 mL of a 3:1 mixture) was then
added via cannula over a period of 5 minutes. After stirring for exactly 30
additional minutes, dry benzene (2 mL) was added. The blue color discharged
after ca. 1 minute. Ammo- nium acetate (6.08 g. 79 mmol) was added, the
cold bath removed, and the bulk of the ammonia was dis- tiled off through a
mercury bubbler. Solvent and any residual ammonia were removed under
reduced 60  pressure at [err] The remaining white solid was suspended in 50
mL of TFH: [err] (1:1), acidified to pH 8 with 3N HCI, and treated with
di-tert-butyl dicarbonate (1.8 mL, 7.8 mmol). The two phase mixture was
stirred rapidly for 12 hours and then partitioned between dichloromethane
(200 mL) and H20 (50 mL). The aqueous phase was reextracted with
dichloromethane (50 mL) and the combined organic phases were washed with 50
mL of saturated aqueous [err] dried [err] and concentrated. Chromatography
65  of the residue on 110 g of silica with 40% hexanes in ethyl acetate
afforded 1.23 g of the partially purified    EP 0 211 1540 B1
dihydroaromatic
3[err]-t-butyloxycarbonylamino-[err]-[2-(5-methoxycyclohex-1,4-diene)ethyl)
-azetidine-2- one as a waxy solid. The diene product was dissolved in 25 mL
of 50% methanol in dichloromethane, treated with one drop of pyridine and
ca. 1 mg of Sudan III dye (Aldrich Chemical Co.), and ozonolyzed at [err]
until the red 5   color discharged. Dimethyl sulfide (3 mL) was added, the
cold bath removed, and the reaction mixture stirred at room temperature for
5 hr. The light orange solution was poured into 100 mL of brine and ex-
tracted with dichloromethane (1 X 200 mL, 1 X 50 mL)). The combined organic
layers were dried [err] and concentrated. Chromatography of the residue
[err] 65g of silica with 7% isopropanol in dichlorometh- ane afforded
methyl
5-[err](t-butyloxycarbonylamino)azetidin-2-one-[err]-yl]-3-oxopentanoate
(0.97 g, 10  60% from 8) as an off-white solid. Recrystallization [err]
toluene gave colorless needles: mp [err] [err] +48.6 (c = 1.4, [err]) IR
[err] 3430, 34220, 3340 (br), 3020, 2990, 1770, 1720, 1510, 1370, 1250,
1160 [err]  NMR [err] a 6.51 (br s, 1, [err] [err]-lactam), 5.50 (br d, 1,
BocNH), 5.05-4.98 (m, 1, C-3H), 3.83-3.71 (m, 1, C-4H), 3.75 (s, 3, [err])
3.48 (s, 2, [err]) 2.74-2.56 (m, 2, [err] 1.93-1.74 (m, 2, [err]) 1.45 (s,
[err] tert-butyl). 15    Anal. Calcd. for [err] C, 53.49; H, 7.06. Found:
C, 53.56; H, 7.11. The 3-t-BOC-aminoazetidinyl [errr]-keto ester prepared
as described above was then converted to the 3-
hydroxy-1-carba(1-dethia)-3-cephem ester by the procedures of the following
Example 1. Example 1 20 Benzyl
7[err]-(t-butyloxycarbonylamino)-3-trifluoromethylsulfonyloxy-1-carba(1-det
hia)-3-cephem-4-car- boxylate A. Diazo Transfer 



25 To a [err] solution of the [err]-keto ester (1.13 g, 3.6 mmool) in 10 mL
of acetonitrile was added [err]-toluenesul- fonyl azide (3.6 mL of a 1.5
[err] solution in dichloromethane) and diisopropylethylamine (0.13 mL, 0.75
mmol). The reaction was covered with foil, stirred at room temperature for
2 hours, and then partitioned be- tween dichloromethane (100 mL) and brine
(50 mL) containing 10 mL of 0.5 [err] tartaric acid. The aqueous 30  layer
was reextracted with dichloromethane (50 ml) aand the combined organic
layers dried [err] and concentrated. Chromatography of the residue on 1000
g of silica with 5% isopropanol in dichloromethane afforded 1.15 g (94%) of
the diazo keto ester as a wwhite solid. Recrystallization from ethyl
acetate-hex- anes gave small needles: mp [err] (dec); [err]   (c = 0.6,
[err]) IR [err] 3440, 3420, 3360 (br), 3020,2990,2150,1770,1720,
1650,1510,14440.1370,1320,1160 [err]  NMR  6.49 (br s, 1, 35   NH of
[err]-lactam); 5.46 (d, 1, J = 8.6, BocNH); 5.06 (ddd, 1, J - 4.8 Hz, 8.1
Hz; [err]) 3.85 (s, 3, [err]) 3.85-3.78 (m, 1, [err]) 3.06-2.82 (m, 2,
[err]) 22.0-1.75 (m, 2, [err] 1.45 (s, 9. tert-butyl). Anal. Calcd. for
[err] C, 49.40; H, 5.92. Found: C, 49.47; H, 5.93. B. Transesterification
40 A solution of benzyl alcohol (20 mL, 193 mmol) aand titanium
isopropoxide (0.78 mL, 2.62 mmol) was stirred under vacuum (1 mm Hg) for 45
minutes to remove isopropanol. The flask was covered with foil, vented to
argon, and the diazo [err]-keto methyl ester (0.9953 g, 2.80 mmol) was
added. the solution was heat- ed at 36C for 42 hours, diluted with 60 mL of
[err] other, and treated with saturated aqueous [err] 45  (3 mL). The
mixture was stirred rapidly overnight,[err] then filtered through a pad of
celite. After removal of ether on a rotary evaporator, the benzyl alcohol
[err] distilled off using a kugelrohr oven (15 millitorr, [err]
Chromatography of the residue on 100 g of silica afforded the corresponding
diazo [err]-keto benzyl ester (0.837 g, 72%) as a white solid: mp 152-153
(deec); [err]  (c - 0.7, [err] IR [err] 3450, 3420,3350 (br).
3020,2990,2150,1770,1715,1655,15510,1370,1305, 1165 [err] NMR[err]7.45-7.3
(m, 5. 50 ArH), 6.4 (br s, 1, NH of [err]-lactam), 5.40 (d, 1, J = 8.66.
BocNH), 5.26 (s, 2, ArCH2), 5.06 (br dd, 1, J = 4.5 Hz, 8.5 Hz; [err] 3.79
(dt, J - 4.5, 8.5 Hz, [err] 3.05-2.82 (m, 2, [err] 2.0-1.73 (m, 2, [err]
1.45 (s, 9, tert-butyl) Anal. Calcd. for [err] C, 57.68; H, 5.81. Foound:
C, 57.57; H, 5.74. 55   C. Cyclization with Rhodium (II) A solution of the
diazo [err]-keto benzyl ester (0.12 gg, 0.29 mmol) in 6 mL of alumina
filtered chloroform was heated to reflux and treated with rhodium (II)
aceetate dimer (1.5 mg, 0.0034 mmol). After heating for 20 minutes, the
mixture was placed in an ice bath, aand treated sequentially with
diisopropylethyl amine 60    (0.10 mL, 0.6 mmol) and
trifluoromethanesulfonic anhydride (0.049 mL, 0.29 mmol). The reaction was
main- tained at [err] for 15 minutes and then partitioned between
dichloromethane (75 mL) and 0.5 [err] aqueous tartaric acid (25 mL). The
organic layer was dried [err] and concentrated to a light red oil, which
was chromatographed on 20 g of silica with 6% ethyl accetate in
dichloromethane to afford benzyl [err]-(t-bu- 65
tyloxycarbonylamino)-3-trifluoromethylsulfonyloxy-1-caarba(1-dethia)-3-ceph
em-4-carboxylate  (0.118  g,    



EP 00 211 540 B1 78%) as a hard, colorless foam: [err]  (c == 0.5, [err] IR
[err] 3420, 3010, 2990, 1790, 1725, 1505, 1435,1250, 1160,1140 [err] NMR
[err]  7.46-7.3 (m, 5, ArH), 5.39 and 5.25 (two d (AB), 2, J = 12.1 Hz,
[err]) 5.22-5.10 (m. 2, [err] and [err]), 3.86 (dt, 1, J ca. 4.2, 11.9 Hz,
[err]) 2.63 (dd, 2, J - 4.0. 8.8 Hz, [err]) 2.20-2-08 and [err]  (mm, 2,
[err]) 1.44 (s, 9, tert-butyl). 5     Anal. Calod. for [err] C. 48.46  H.
44.45. Found: C, 48.61; H, 4.49. Example 2 10   Benzyl
[err]-phenoxyacetylamino-3-trifluoromethylsulfonyloxy-1-carba(1-dethia)-3-c
ephem-4-carboxylate To a solution of the
[err]-t-butyloxylaminocarbaceephalosporin (0.12 g, 0.23 mmol) prepared as
described in Example 6, in 1 mL of anisole was added 2 [err] of
tifluoroacetic a cid. After 30 minutes the solution was concentrated under
reduced pressure (1 mm Hg) [err] an off-white solid. Phenoxyacetic
anhydride (0.094 g, 15   0.33 mmol) and dichloromethane (2.5 mL ) were
aadded to the solid, the mixture cooled to [err] and treated with
diisopropylethyl amine (0.13 mL, 0.75 mmol). The solution was stirred for
30 minutes and then parti- tioned between 0.5N aqueous tartaric add (50
[err]) and dichloromethane (75 mL). The organic phase was washed with
saturated aqueous [err] dried [err] and concentrated to an oil.
Chromatography on 20 g of silica gel with 6% ethyl acetate in
diichloromethane afforded 0.115 g (90%) of benzyl [err]-phen- 20
oxyacetylamino-3-trifluoromethanesulfonyloxy-1-caarba(1-dethia)-3-cephem-4-
carboxylate  as  a  hard foam: [err]  (c = 0.6, [err]); IR 3420,
30400,1790,1740,1695,1605,1525,1500,1435,1250, [err] [err] MNR [err]
7.45-6.88 (m. 11. ArH  and NHH), 5.45-5.23 (m, 3, AB of [err] and C-7 H),
4.54 (s, 2, [err] 3.94 (ddd, J = 3.5, 5.1. 11.7 Hz C-6 HH), 2.65-2.57 (m,
2, [err]) 2.10-1.98 and 1.70-1.54 (m, 2, [err]) 25 Example 3
[err]-(2-thienylacetylamino)-3-trifluoromethylsulfonylooxy-1-carba-3-cephem
-4-carboxylic acid 30    p-Nitrobenzyl
[err]-amino-3-trifluorometthyloxy-1-carba-3-cephem-4-carboxylate is
acylated in methylene chloride with 2-thienylacetyl chloride  inn the
presence of propylene oxide and then is deesteri- fied to provide the title
compound. 35   Example 4
[err]-(D-Phenylglylamino)-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-c
arboxylic acid
[err]-[D-2-(t-Butyloxycarbonylamino-2-phenyl)aceetamido]-3-hydroxy-1-carba-
3-cephem-4-carboxylic 40  acid benzyl ester is reacted with triflic acid
anhydride in the presence of triethylamine to form the t-BOC protected
3-trifluoromethylsulfonyloxy  ester. Thee t-butyloxycarbonyl protecting
group is removed with p-toluenesulfonic acid and the benzyl  is removed
with aluminum chloride and anisole to provide the title compound. 45
Example 5 p-Nitrobenzyl
[err]-Phenoxyacetylamino-3-chloro-1-carba(dethia)-3-cephem-4-carboxylate A
solution of 240 mg of p-nitrobenzyl
[err]-phenoxyacetylamino-3-trifluoromethylsulfonyloxy-1-car- 50
ba(dethia)-3-cephem-4-carboxylate and 500 mg off lithium chloride in 3 ml
of DMF was heated at [err] for 5.5 h. The reaction mixture was then cooled,
diluted with ethyl acetate, washed with water and with brine, dried over
magnesium sulfate, and  concentrated  by evaporation. The concentrate was
chromato- 



graphed over silica gel and the product eluted  [err] methylene
chloride-ethyl acetate. Evaporation of the eluate gave 112 mg of the title
compound as a yellow foam. The product was further purified by rechroma-
tography over silica gel. Example 6 60
[err]-Phenoxyacetylamino-3-chloro-1-carba(dethia)-33-cephem-4-carboxylic
acid Benzyl
[err]-phenoxyacetylamino-3-trifluoromethylsulfonyloxy-1-carba(dethia)-3-cep
hem-4-carboxyl                 xy-l-carba(dethia)-3-cephem4carboxyl- ate
was heated at [err] in DMF with [err] lithhium chloride to yield the
corresponding 3-chloro-3-ce- phem benzyl ester. The benzyl ester group was
reemoved with aluminum trichloride and anisole to provide 65  the title
compound.    EP 0 211 540 B1 Example 7
[err]-{2-(2-aminothiazol-4-yl)-2-methoxyiminoacetamido]-3-trifluoromethylsu
lfonyloxy-1-carba-3-cephem- 4-carboxylic acid 5
syn-2-(2-Triphenylmethylthiazol-4-yl)-2-methoxyiminoacetyl chloride is
reacted In acetonitrile with benzyl
[err]-amino-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylate In
the presence of tri- ethylamine and the acylation product, benzyl
[err]-[2-(2-triphenylmethylaminothiazol-4-yl)-2-methoxylmi-
noacetylamino]-3-trifluoromethylsulfonyloxy-1-carba-3-cephem-4-carboxylate
is treated with formic ac- 10  Id to remove the triphenylmethyl group and
with aluminum chloride In anisole to remove the benzyl ester group to
provide the title compound. Claims for the Contracting  States: BE, CH, DE,
FR, GB, IT, LI, LU, NL, SE 15    1. A compound of Formula (1): [err]
wherein A is hydrogen, an amino protecting group, or an acyl group [err]
wherein R is hydrogen, [err] alkyl, [err] alkyl substituted by cyano,
carboxy, halogen, amino, [err] 35  alkoxy, [err] alkythio, or
trifluoromethylthio; a phenyl or substituted phenyl group represented by
the formula 40 wherein a and a' independently are hydrogen, halogen,
hydroxy, [err] alkoxy, [err] alkanoyloxy, [err] alkyl, [err] alkylthio,
amino, [err] alkanoylamino, [err] alkylsulfonylamino, carboxy, carbamoyl,
hydroxymethyl aminomethyl, or carboxymethyl; a group of the formula 50
wherein a and a' have the same meanings as defined above, Z Is O or S, and
m is 0 or 1; 55   a heteroarylmethyl group represented by the formula [err]



wherein [err] is thienyl, furyl, benzothlenyl, benzofuryl, indoiyl
triazolyl, tetrazolyl, oxazolyl, thiazoyl, oxa- 60 diazolyl, thiadiazolyl,
and such heteroaryl groups substituted by amino, hydroxy, halogen, [err]
alkyl, or [err] alkoxy, or [err] alkylsulfonylamino; a substituted methyl
group of the formula 65    EP 0 211 540 B1 [err] wherein R2 is
cyclohex-1,4-dienyl or a phenyl group or substituted phenyl group
represented by the for- mula 10 [err] 15  wherein a and a' have the same
meanings as defined above, or [err] is [err] as defined above, and Q is hy-
droxy, [err] alkanoyloxy, carboxy, sulfo, amino, or a substituted amino
group of the formula [err] wherein R' is hydrogen or [err] alkyl, and R' is
[err] alkyl, furyl, thienyl, phenyl, halophenyl, nitrophe- nyl, styryl.
halostyryl, nitrostyryl or the group wherein R' has the same meanings as
defined above and R" Is hydrogen, [err] alkylsulfonyl, [err] alkyl, or
[err] alkanoyl; 30   or Q is a group of the formula [err] wherein R"' has
the same meanings as defined above, and q is 2 or 3; or Q is a group of the
formula [err] or Q is a benzamido group of the formula [err] wherein t is 1
to 3; 60   or R is a keto group or an oximino group of the formulae 65
EP0211 540B1 5\                                [err] wherein [err] is [err]
or R2 as defined above and [err] is hydrogen, [err] alkyl, or a
carboxy-substituted alkyl or cyclalkyl group of the formula 10 [err] 



wherein b and b' when taken Independently are hydrogen or [err] alkyl, and
when taken together with the carbon atom to which they are bonded form a 3-
to 6-membared carbocyclic ring, and [err] is hydroxy, 20  [err] alkoxy,
amino, [err] alkylamino, or di-[err] alkyl)amino; R2 is hydrogen or a
carboxy-protecting group, or when, R2 is hydrogen, a salt thereof. 2. A
compound according to daim 1 wherein R is a group of the formula 25 [err]
30 3. A compound according to claim 2 wherein R is phenoxymethyl or benzyl.
4. A compound according to claim 1 wherein R is a keto group or an oximino
group of the formula [err] 5. A compound according to claim 4 wherein [err]
is 2-aminothiazol-4-yl. 6. A process for preparing a compound of Formula
(1) as claimed in any one of claims 1 to 5, which com- prises the
O-acylation of a compound of the formula 45 [err] wherein A is other than
hydrogen, with an activated form of trifluoromethanesulfonic acid. 7. A
process for preparing a 3-halo-1-carba-3-cephem compound of Formula (4): 60
65    EP0 211 540 B1 5
[err] 10 wherein A and R2 are as defined in claim 1 and X" is chloro or
bromo, which comprises: displacing the 3-triflate ester group from a
compound of Formula (1): [err] 20 with chloride or bromide Ion, optionally
followed, if desired, by removal of any ester [err] and/or amino 25
protecting group (A), and/or acylation of the 7-amino moiety where A is
hydrogen, so as to prepare a compound wherein A is RCO. 8. A process
according to claim 7, wherein the chloride or bromide ions are derived from
lithium chlo- ride or bromide. 9. A process according to claim 7 or 8, for
preparing a compound of formula: 30
[err] 40   which comprises acylating a compound of formula H H 



45 50 with D-phenylglycine or an activated or protected derivative thereof,
followed by removal of any amino or ester protecting group present 55
Claims for the Contracting State: AT 1. A process for preparing a compound
of Formula (1): 60 65    EP 0 `211 540 B1 [err] 10 wherein A and [err] are
as defined in claim 1 and X" is chloro or bromo, which comprises:
displacing the 3-triflate ester group from a compound of Formula (1): 15-
[err] with chloride or bromide ion, optionally followed, if desired, by
removal of any ester [err] and/or amino 25 protecting group (A), and/or
acylation of the 7-amino moiety where A is hydrogen, so as to prepare a
compound wherein A is RCO. 8. A process according to claim 7, wherein the
chloride or bromide ions are derived from lithium chlo- ride or bromide. 9.
A process according to claim 7 or 8, for preparing a compound of formula:
30 35 40   which comprises acylating a compound of formula [err] 45 50 with
D-phenylglycine or an activated or protected derivative thereof, followed
by removal of any amino or ester protecting group present. 55   Claims for
the Contracting State: AT 1. A process for preparing a compound of Formula
(1): 60 65    EP 0 211 540 B1 



[err] 10 wherein A is hydrogen, an amino protecting group, or an acyl group
[err] wherein R Is hydrogen, [err] akyl, [err] alkyl substituted by cyano,
carboxy, halogen, amino, [err] alkoxy, [err] alkylthio, or
trifluoromethythio; 20   a phenyl or substituted phenyl group represented
by the formula 25 wherein a and a' independently are hydrogen, halogen,
hydroxy, [err] alkoxy, [err] alkanoloxy, [err] alkyl, [err] alkylthio,
amino, [err] alkanoylamino, [err] alkylsulfonylamino, carboxy, carbamoyl,
40  hydroxymethyl, aminomethyl, or carboxymethyl; a group of the formula
wherein a and a' have the same meanings as defined above, Z is 0 or S, and
m is 0 or 1; a heteroarylmethyl group represented by the formula 40
[err] wherein [err] is thienyl, furyl, benzothienyl, benzofuryl, indolyl,
triazolyl, tetrazolyl, oxazolyl, thiazolyl, oxa- diazolyl, thiadiazolyl,
and such heteroaryl groups substituted by amino, hydroxy, halogen, [err]
aikyl, 45    or [err] alkoxy, or [err] alkylsulfonylamino; a substituted
methyl group of the formula [err] 50 wherein [err] is cyclohex-1,4-dienyl
or a phenyl group or substituted phenyl group represented by the for- mula
55 [err] wherein a and a' have the same meanings as defined above, or [err]
is [err] as defined above, and Q is hy- droxy, [err] alkanoyloxy, carboxy,
sulfo, amino, or a substituted amino group of the formula 65    EP 0 211
540 B1 [err] 5 wherein R' is hydrogen or [err] alkyl, and R' is [err]
alkyl, furyl, thienyl, phenyl, halophenyl, nitrophe- nyl, styryl,
halostyryl, nitrostyryl or the group [err] 10 wherein R' has the same
meanings as defined above and R"' is hydrogen, [err] alkylsulfonyl, [err]
alkyl, or [err] alkanoyl; 



or Q is a group of the formula [err] 25   wherein R"' has the same meanings
as defined above, and q is 2 or 3; or Q is a group of the formula [err] 35
or Q is a benzamido group of the formula 40
[err] wherein t is 1 to 3; or R is a keto group or an oximino group of the
formulae 45                               [err] wherein [err] is [err] or
R2 as defined above and [err] is hydrogen, [err] alkyl, or a
carboxy-substituted alkyl or cycloalkyl group of the formula 55 [err]
wherein b and b' when taken independently are hydrogen or [err] alkyl, and
when taken together with the carbon atom to which they are bonded form a 3-
to 6-membered carbocyclic ring, and [err] is hydroxy, 65 [err] alkoxy,
amino, [err] alkylamino, or di-([err] alkyl)amino;    EP 0 211 540 B1 [err]
is hydrogen or a carboxy-protecting group, or when, R2 is hydrogen, a salt
thereof; which comprises the O-acylation of a compound of the formula [err]
15 wherein A is other than hydrogen, with an activated form of
trifluoromethanesulfonic acid. 2. A process according to claim 1 wherein R
is a group of the formula 20 3. A process according to claim 2 wherein R is
phenoxymethyl or benzyl. 25     4. A process according to claim 1 wherein R
Is a keto group or an oximino group of the formula [err] 5. A process
according to claim 4 wherein R3 is 2-aminothiazol-4-yl. 6. A process for
preparing a 3-halo-1-carba-3-cephem compound of Formula (4): [err] 45
wherein A and [err] are as defined in claim 1 and X is chloro or bromo,
which comprises: displacing the 3-triflate ester group from a compound of
Formula (1): [err] 60   with chloride or bromide ion, optionally followed,
if desired, by removal of any ester [err] and/or amino protecting group
(A), and/or acylation of the 7-amino moiety where A is hydrogen, so as to
prepare a 



compound wherein A is RCO. 7. A process according to claim 6, wherein the
chloride or bromide ions are derived from lithium chlo- ride or bromide.
8. A process according to claim 6 or 7, for preparing a compound of
formula: H H [err] 10 which comprises acylating a compound of formula [err]
with D-phenylglycine, or an activated or protected derivative thereof,
followed by removal of any amino 25   or ester protecting groups present.
fOr db VIt n: BE, CH, DE, FR, GB, 11, U, LU, NL, SE 1. Eine Verbindung der
Formel (1): 30 35                                   C3 40
) worin A Wasserstoff, eine Amino-Schutzgruppe oder eine Acyigruppe 45
0 RC- 50  ist, worin R Wasserstoff, Cl-Ge-Alkyl, Cl-G-Alkyl, substituiert
durch Cyano, Carboxy, Halogen, Ami- no. Cr-C4-Alkoxy, C,-C4-Alkyfthio oder
Trifluormethyl, ist; eine Phenyl- oder substituierte Phenylgrup- pe, die
durch die folgende Formel wiedergegeben ist 55 worn a und a' unabhAngig
voneinander Wasserstoff, Halogen, Hydroxy, Ct-C4-Alkoxy, C0-04-Al- 60
kanoybx, Ci-C4-Alkyl, Ct-C4-Alky11hio, Amino, CI-C4-Alkanoylamino,
Cr-C4-Alkylsutfonylamino, Carboxy, Carbadoyl, Hydroxymethyl, Aminomethyl
oder Carboxymethyl sind; elne Gruppe der Formel 65 31    5
.oZ4z wonn a und a, die gliche iBedeutung wie oben festgeiegt haben, Z
oder S und m 0 oder 1 ist; elne Heteroaryimethygruppe der Formel Rt-CH2-,
worn Ri Thienyl, Furyl, Benzothlenyl, Benzofuryi, Indolyl, Triazolyl,
Tetrazolyl, Oxazolyi, Thiazolyl, Oxadiazolyl, Thiadiazolyl und soiche durch
Amino, Hy- 1o droxy, Haiogen, C1- C4-Akyi odor CI-C4-Aikoxy odor
Cr-C4-Aikylsulfonylamino substitulerte Hete- roarylgruppe ist; 



eine substuierte Methylgruppe der Formel 15 Q worin R2 Cyciohox-1,4-dienyl
oder elne Phenyigruppe oder substituierte Phenyigruppe der Formel 20 25 Kst
worin a und a die gleiche wie oben festgelegte Bedeutung haben odor R2 Fi
wie oben festgelegt, be- deutet und 0 Hydroxy. Cr-C4-Alkanoyloxy, Carboxy.
Suiho, Amino oder eine substituierts Aminogruppe der Formel 30 R- I
-NH-CO-N-CO-R"' 35 ist, worin R, Wasserstolf oder Ct-C4-Aikyi ist, und F"
CtC4-Alkyi, Furyl. Thienyl, Phenyi, Halogen- phenyl, Nitrophenyl, Styryl,
Halogenstyryl, Nitrostyryl ist oder eine Gruppe -N(itR)(R-) 40   worin R'
die oben festgelegte Bedeutung hat und Rw Wasserstoff, Cl-Cs-Aikylsuffonyl,
Cr-C3-Alkyl oder Ct-C4-Alkanoyl ist; oder 0 ist eine Gruppe der Formel 45
0 0 so 50                                    -a C(           )at 1 . C332
)g 55   worn R- die oben festgelegte Becdeutung hat, und q 2 odor 3 ist;
odor 0 ist eine Gruppe der Formel 60                                 /uL
C,-C4-Al ky t) 65    EP O 211 540 B1        I l!IIIIJ IIIj III 11111 II I!I
*C  L  M  S* odor 0 ist eine Benzamidogruppe der Formel 5
- worin t 1 bis 3 ist; oder R Ist eine Ketogruppe oder eine Oximinogruppe
der Formeln 10 R3sC-                sC 



*I O                  N - OR4 15 worin R3 RI odor R2, wie oben festgelegt,
ist, und R4 Wasserstff, Ct-C4-Aikyl odor ein carboxysubsti- tuiertes Aikyl
odor Cycoalkyi der Frcmel b 20 -C-(CH=) "CORE b- 25 ist, worin b und b,
unabhb no, voneinander Wasserstoff odor Ct-CrAi-Jyl sind odor gemeinsam mit
dem Kohlenstoffatom, an das sle gebunden sind, einen drei- bis
sechagiledrigen Kohlenstoifring bliden, und R Hydroxy. C-C4-Aioxy, Amino,
CrC4-Aikylamino odor Di-(Ct-C4-akytamlIno ist; R2 ist Wasserstoff oder eine
Carboxy-Schutzgruppe odor falls R2 Wasserstoff ist, ein Sakz davon. 30
2. Eine Verbindung nach Anspruch 1, worin R eine Gruppe der Formel 35
m ist 3. Eine Verbindung nach Anspruch 2, worin R Phenoxyrnethyl odor
Benzyl isi 4. Eine Verbindung nach Anspruch 1, worin R eine Kotogruppe odor
eine Oximinogruppe der Formel 40 R=-C-    odor  R3-C- 0
4 ist 45     5. Eine Verbindung nach Anspruch 4, worin R3
2-Aminothiazol-4-yi ist. 6. Verfahren zur Herstellung einer Verbindung der
Formel 1, wie sie in einom der AnsprOche 1 bis 5 be- ansprucht  wird,
enthaltend die O-Acylierung einer Verbindung der Formel NH 50
__* 55 60 worin A etwas anderes als Wasserstoff lst, mit einer aktivierten
Form der TrifluormthansutfonsAure. 7. En Verfahren zur Herstellung einer
3-Halogen-i -carba-3-cephem-Verbindung der Formel (4): e5    EP O 211 540
Bi           I 1111111 111111 11111 11111 A lII *  C  L  M  S  * H  H 5 10
(4) 



worin A und R2 die in Anspruch I festelegte Bedeutung hat und Xm Chlor odor
Brom ist, enthltend das Ersetzen der Trtfiatestruppe dlner Verbindung der
Formnel (1): 15                        H  H > 20
</#OS~SCFa -                              ~~~~~~~~~(1) 25   mit einern
Chiord odor rnikdon, gegebenfnails sowelt uwOnsh  gefolgt durch die
Entfemung elnes Esters (R2) undloder einer Arnrnr-Sdwtgnsppe (A) undloder
Acyllerung dos 7-Arnb-Anteils, In dem A Wasserstoff ist, zur Hersteiing
einer Verbindung, worin A RCO ist. 8. i n Verahren nach Anspruch 7, worin
die Chiouid- und Bromidlonen aus Uthlumchlorld oder -bromid ertiaten
werden. 30     9. En Verfahren nach Anspruch 7 oder 8 zur Herstellung elner
Verbindung der Fonfnel: 35 -40 enthaitend die Acylienrng einer Verbindung
der Formel 45                                           H  H 50 5s   mit
D-Phenygycin oder einem aktivierten oder gesch~tzten Derivat davon, und
nachfolgender Entier- nung einer vorhandenen Amino- odet Esterschutzgruppe.
Ptentan~puflhe fOr don Vat: AT 60     1. Verfahren zur Herstellung einer
Verbindurg der Formel I 65    11  111111 11111 11111 111 l liSEP 0 211 540
B1 *             *  C  L  M  S  * H H 5                            'Ti
,.OSOsCF3 r            ~~~(1) 5~~ 10 worin A Wasserstoff, elne
Amino-Schutzgruppe oder eine Acylgruppe 0 15
1 RC- ist worin R Wasserstoff, Ch-C-Alkyl, Cl-C-Alkyl, substituiert durch
Cyano, Carboxy, Halogen, Ami- y    no, C-C4-Alkoxy, CI-C4-Alkythio odor
Trfluorrnetryl, ist; eine Phenyl- oder substituierte Phenylgrup- pe, die
durch die folgende Formel wiedergegoben ist 25 worn a und W unabhangig
voneinander Wasserstoff, Halogen, Hydroxy, Cr-C4-Alkoxy, C-C4-AI- 



kanoyloxy, C1-C4-Alkyl, C,-C4-Alkylthio, Arino, CrC4-Alkanoylamino,
Ct-C4-Alkylsulfonylamrino, 30 Carboxy, Carbamoyl, Hydroxymethyl,
Aminomethyl odor Carboxymethyl sind; eine Gruppe der Formel 35* worin a und
a, db oben festgelegte Bedeutung haben, Z  oder S und m 0 oder 1 ist; oine
Heteroarylmethylgruppe der Formel Rt-CH2-, worin Ri Thbenyl, Furyl,
Benzothienyl, Benzofuryl, - Indolyl, Triazolyl, Tetrazolyl, Oxazolyl,
Thiazolyl, Oxadiazolyl, Thiladlazolyl und sokche durch Amino, Hy- Kb.,
droxy, Halogen, CI-C4-Alkyl oder CI-C4-Alkoxy odor Ct-C4-Alkylsulfonyfamino
substituierte Hete- roarylgruppe ist; eine substituierte Methylgruppe der
Formal 45R: - 5o   worn R2 Cydohex-1 ,4-dienyl oder eine Phenylgruppe oder
substituierte Phenylgruppe der Formel 55
3C> st, worin a und a' die oben festgelogte Bedeutung haben odor R2 RI, wie
oben festgelogt, bedeutet und Q Hydroxy, Ct-C4-Aikanoyloxy, Carboxy, Sulfo,
Amino oder eine substtuierte Aminognrppe der Formel 60 R- -NH-CO-N-co-R--
65    I I ME IIIIj 111111  11111 II!I  EP   211 MO B ist, worln R'
Wasserstoff oder Ct-C4-AlkyI ist, und R- Ct-C4-Aikyl, Furyl, Thienyl,
Phenyl, Halo- phenyl, Nitophenyl, Styryl, Halogenstyryl, Nitrostyryl ist
oder Bine Gruppe -N(FR)(RI 5 wori R die oben testgelegte Bedeutung hat und
Rs  Wasserstoff, CtCa-Alkylsultonyl, C-Cs- odor C,-G4-Alktanoy1 1t; odor 0
ist eine Gruppe der Formel to                                   ~~~~~o
10~~~~ 0 11 / \ 15                                   _Mt           N-R Is
(CN2)q 20   worin R die oben festgelegte Bedeut. '* hat, und q 2 oder 3
ist; odor 0 ist eine Gruppe der Formel 25 Ci-Cv-Al ky I) 30 oder 0 ist esne
Benzamndogruppe der Formel 



35                                                      (O) 40   wonln t I
bis. 3 ist; oder R ist sine Ketogruppe oder eine Oximinogruppe der Forrnoln
R=-C-              R=-C- 45                                        1~~~~ 0
N- OR* worin R3 RI oder R2, wie oben festgelegt. ist, und R4 Wasserstoff,
C,-C4-Aikyl oder sin carboxysubsti- tulertes Alkyl odor Cycloalkyl der
Formel 50 b I -C-(CH=) .,CORO 55                                      I1 1t
worin b und b' unabhingig voneinander Wasserstoff odor Cr-C3-Aikyl sind
odor gerneinsam mit dem Kohlbnstoftm, an das sle gebunden sind, elnen drel-
bis sechsgsedrigen Kohlenstoifring bilden, und 60   Rs Hydroxy,
CO-C4-Aikoxy, Amino, Cr-C4-Alkylamino oder Di-(Ct-C4-alkyl)-amino ist; R2
ist Wasserstoff odor sine Carboxy-Schutzgruppe oder fails R2 Wasserstoff
Lst ein Salz davon; das die 0-Acylierung einer Verbindung der Formel 65
V                                    -  -~~ 5 10 worin A etwas anderes als
Wasserstoff ist, mit elner aldvierten Form der Trlfluoressigsture enrtht 2.
En Verfahren nach Anspruch 1, worin R eine Gruppe der Formel 15 4 ist. 20
3. Verfahren nach Anspnuch 2, worin R Phenoxymetl oder Benzyl stL 4.
Verfahren nach Anspruch 1. worirn . sine Ketogruppe odor eine Oximinogruppe
der Formel R3-C-    oder  R3-C- 25                                  0
N-OR4 st- 5. Ein Verfahren nach Anspnich 4. worin R3 2-Aminothiazol-4-yi
let 6. Ein Verfahren zur Herstellung einer 3-Halogen-1
carba-3-cephom-Verbindung der Formel (4): 30 NH 35
IV , VYC'. 



40                                                                     (4)
worin A und R2 die gleiche Bedoutung wie In Anspruch 1 haben und X- Chlor
oder Brom ist, entaitend das Ersetzen der Trifiatestergruppe elner
Verbindung der Formel (1): H H 50
Fa 55 (1) mit Chlorid oder Bromid, gegebenenfalls wenn erwOnscht, die
Entfemung sines Esters (R2) undfoder el- nor AmknoSchutzgruppe (A) und/oder
Acylierung des 7-Aminoteils, worin A Wasserstoff lst, zur Her- 60
steilung einer Verbindung. worin A RCO ist 7. Verfahren nach Anspruch 6,
worin sich die Chlorid- odor Bromidionen von Lithiumchlorid oder Uthi-
umbrornid hedeiten. 8. Verfahren nach Anspruch 6 odor 7 zur Herstellung
elner Verbindung der Fonnel: 65    1111111 111111 1111 i11111 II 1IN  EP O
211 540B *  C  L  M  S  * H  H mit D-Phenyblgcn odor einemn aktvieren odor
gesch~trten Derhra davon urnfaft, und nachfolgencler 25 1welcisdo cloung
eieorhndene orbndung dodtEersouzmrppl 15 mais D-PhenglycR odorst ouno
aktive drydogn odor groupstto Dorvat daen Cmfae, undgop nackfolgondor-
Enstfo parung glnrvoupsandnon  a Amno odrEsorpscarbxylzgpr unppom.chlg ,pru
rusaio Rundlcgusons pour   Egr    contn : BE, Ctl, DE, FR, GB, IT, U, LU,
NL, SE 1. Compose do forrnub (1): 30 '   OO~~~~x             (1) dans
laquelle A repr6sente un atomo d'hydrogpeno  un group. protdeteur du groupo
amho  ou un groupo Kiac)4o *~~~~~~~~~ I dans loquol R ropresento un atomo
d'uydrounp; un groupo alkyln on gro, un groupe alkyb on Ci-G substitu4 par
un groupe cyano, par iun group. carboy, pat un atomoe dhalogeno par un
group. amrino, par un groupe aicoyf   on  goCu4 par un groupo alyl oun
Cg-Cr )hu o cu par unl gup. tifluoroeneit io; un groupo phdnyle ou un
group. phenyle wbstitue represente par la formuh 55 dans laquoflo a et a'
ropr~sonon chacun, ind~pondainmont run do l'autre, un atorne d'hydrogano,
uin ato- me. dliiobn, un group. hydTOyI, unl 91oupO akCoxy enl Cr4, unl
groupo alcanoyI~of CrG4)oxy, uin 



60group. aikyle on Cr C4, un group. aikyi~en C-C4)thio, un group. amnino,
un group. sicanoyl(on Ct- Cs)amnino, un groupe a~kytlon
CI-C4)sulfonylamnino, un group. Carrboxyto, un group. carbamnoylo, uin
goupe hydroxyrnethyle, un group. amlnonietyle ou un group.
carboxnymnffhylo; un groupo do formnule 85    *  C  L  M  S7* 5
a, dans laquelle a et aW ont les mbmes significations quo dbfinies
cd-dessus, Z represente 0 ou S at m est egala  0 ou 1; un groupe
hbtbroaryimethyle representb par ia formule 10 RI-CH2- dans laquelle RI
repr6sente un group. thienyle, un group. furyle, un group. benzothienyle,
un group. benzofuryle. un group Inddyle. un group. triazolyle. un groups
tetrazolyle, un group. oxazolyle, ur. I5  groupe thiazolyie, un groupo
oxathiazolylb. un group. thiadiazolyle et des groupes hoteroaryle de co ty-
pe substitues par un group. amino, par un group. hydroxyle, par uvn atome
d'halogane, par un group. al- iyie en Ct-C4, par un groups alcoxy en CrC4
ou par un group. alkyl(en Ct-C4)sufonylamino; un group. mbthyle substitue
de formule 20                                         RI--CE1- I Q 25
dans laquelle R repr6sente un groupo cyclohex-1,46dibnyle, ou un groupe
phenyle ou un group. phlnyle substitu6 repr~sent6 par Ia formt tsi 30. danm
laquello a et a, ont les significations definies ci-dessus ou R2 represente
RF tel quo d6fini cl-dessus 35  et Q repr~sente un group. hydroxyle, un
groupe alcanoyl(en Ct-C4)oxy, un group. carboxyle, un grou- pe sulto, un
groups amino ou un group. amino substitu6 de formule R' 40
-NH-CO-N-CO-Rs" dans laquelle Rt repr6sente un atome d'hydrogbne ou un
group. alkyl. on Ct-C4 et R represento un group. alkylb en Ct-C4, un group.
furyle, un group. thienyle, un group. ph6nyle, un group. phenyle 45
halog6nM. un group. nitrophenyle, un group. styryle, un group. styryle
halogen4, un group. nitrosty- ryle ou le groups -N(RI(RI dans tequel RF a
lesa memes significatlons que definiaes d-dessus et R"' represento un atome
d'hydroge- ne, un group. alkyl(en Ci-C3)sulfonybe, un group. akyle en Ct-C3
OU un groups alcanoyle en Ct-C4; ou 0 repr6sente un group. de formule 



0 55                                        0    * II / \ -Nm-C
NmmRl I' 6D                                           (CE}2)q dans laquelle
R- a lea mames significations que definies ci-dessus et 0 est 6gal A 2 ou
3; ou 0 represen- to un groupe de formule 65    I 1111111 lilll lilil liil
ll liEP 1  211 N1 111 *C  L  M  S* 5C3I-Ck4t aIkyl ) ou Q est un groupe
benzamido de formule 10 15 dans laquelle t represente un chiffre de 1 A 3;
ou R repr6sente un groupe cbto ou un groupe oximino de formules 20    .R3
-Ca O'\ 2s
OR4 dans lesquelies R3 ropr~sonte i' ou RZ tels quo definis ci-dessus St R4
ropr~sonte un atome dhlydrog&- no, un groupe alkyle en 01-04 OU un groupe
cylskl ou alicyie substitue par un group. carboxyie do formule 30 b I 35 b'
dans laquelle b et bI lorsquIls sont pris chacun, Ind6pendamment run de
l'autre, un atome d'hydrogbno ou un groupe alkyle on Ct-Ca et lorsqu'Iis
sont pris ensemble avec I'atome de carbone auxquels iis sont lies, 40
forment un noyau carbocyclique triangulaire a hexagonal et Rs represente un
groupe hydroxyle, un grou- pe aicoxy en Ct-C4, un groupe amino, un groupe
aiky(en Ct-C4)amino ou un groupe dlalkyi(en C-- C4)amino, R2 repr~sente un
atome dhydrogbne ou un groupe protecteur du groupe carboxyle; ou, lorsque
R2 re- presente un atome dchydrogbne, un sel de ce compos6. 45     2.
Compos6 selon la revendication 1, dans lequel R repr6sente un groupe de
formula 50 a 



3. Compos6 selon la revondcation 2, dans lequel R repr6sente un groupe
ph6noxynthyle ou un grou- pe benzyle. s5     4. Compose selon la
revendication 1, dans lequel R represente un groupe c6to ou un groupe
oximino de formule: 60 65    1111111111NE   1111 III     EPO 211 540 0 5 cu
10 R3-C- N 15                                              OR4 5. Compos4
selon la revendication 4, dans lequel R3 repr6sento un groupe
2-aminothiazol-4-yle. 6. Proc~dd pour la prdparation d'un compos6 de
formule (1) solon lune quelconque des revendicatlons I & 5, co proc6d6
comprenant la Oacylation d'un compos6 de formule H tl 25 30 dans laquello A
represente autre chose qu'un atorne dtydroone. avec une formo activee de
lacide tr- fluorom6thnIsuofonique. 7. Procd6 pour la pr6paration d'un
compose 3-halogeno-1-catba-3.fophem de formule (4): 35 - H\ \&8
~~~(4) 45 dans laquelle A et R2 ont les significatlons telles quo d6finles
dans la revendlcation 1 et X" repr~sente un atome de chlore ou un atome de
brome, co procede consistant a: substituer le groupe ester 3-triflate d'un
compose de formulo (1): 50                                    H u
~~(1) 55                                    ~~~~~~~~~~SOxCF3 60   par un
ion chlorure ou bromure, cette substtion 6tant 6ventuellement sume, sl on
le souhalte, de relr- mination de tout groupe protecteur (A) de lester (R2)
eVou du groupe amino, et/ou acyler la fracion 7- amino dans laquelle A est
un atome dchydrogbne, de fagon A pr~parer un compos6 dans loquel A repr6-
sente RCO. 



8. Procd6 solon la revendication 7, dans lequel les ions bromure ou
chlorure derivent du bromure ou 65   du chlorure de lithium.
111111!111111 l11111 111 11 1111  EP 0 211 540 BD 9. Proc6d6 selon la
revendcation 7 ou 8, pour la prhparatlon d'un compose de formule: H H 5
~~~~ /1 10 ce prockM consistant A acyler un oompose de formula 15
H 20 25 avec la D-phenylgtycne ou un d sa" d6riv6s actlv6 ou proteg6, cette
acylation etant suivie de I'61imina- tion de tout group. protecteur d'ester
ou du group. amino pr~sonL Rvendlcations pour I'Etat contractant: AT 30
1, Proced pour la prparation dun compose de formule (1): H H 35
AN 40 dans laquelle A represente un atome d'hydrogbne, un group. protecteur
du group. amino ou un group. acyle 45
O II RC- 50   dans lequel R repr6sente un atome d'hydrogene; un group.
alkyle en Cr-Ce, un group. alkyle en Cr-Ce subsftl  par un group. cyano,
par un group. carboxyle, par un atome d'halogone, par un group. amino, par
un group. alcoxy en Ct-C4, par un group. aikyl(en Ct-4)thlo ou par un
group. trifluorom6tylthio; un group. phenyle ou un group. ph6nyle substi
repr6sent4 par ia formule 55 a so~~                                     o
60 dans laquelle a et a' repr6sentent chacun, Ind6pendamment l'un de
I'autre, un atome d'hydrogbne, un ato- me dlhakoK~, un group. hydroxyle, un
groupe aicoxy on C0-C4, un group. aicanoyl(en CG- C4)oxy, un group. alky'.e
on C0-C4, un group. alkyl(en Ct-C4)thlo, un group. amino, un group.
alcanoyl(en Cr- C4)amino, un group. aikyl(en C-r-C4;sulfonylamino. un
group. carboxyle. un group. carbamoyle, un 65   group. hydroxymethyle, un
groups aminomethyl ou un group. carboxymethyle;  



un groupe de formule a   *o--              a dans laquelle a et aW ont les
m6mes significations que definies cd-dessus, Z repr6sente 0 ou S et rn est
10  6gal a O ou 1; un group. heteroarylmethyle repr6sente par la formule
R1LCH2- 15  dans laquelle RI repr6sente un group. thienyle, un group.
furyle, un group. benzoth!inyle, un group. benzofuryle, un group. indoyle,
un group. triazolyle, un group. terazolyle. un groupe oxazolyie, un groupo
thiazolyle, un group. oxathiazolyle, un group. thiadiazolylo et des groupes
heteroaryle de co ty- pe substitu6s par un group. amino, par un group.
hydroxyle. par un atome dihalogene, par un group. alk- yle en Ct-C4, par un
group. alcoxy en Ct-C4 ou par un group. alkyl(en CrC4)suffonylamino; 20  un
group. m6thyle subslitue de formule R2 -CE- I
i 25                                              Q dans laquelle R2
repr6sente un group. cyclohex-1,4di4nyle, ou un group. phenyle ou un group.
phenyle substitue represent6 par la formule 30 a 35 dans laquelle a et a'
ont les significations d6finles ci-dessus ou R2 represente iR tel que
d6fini d-dessus et 0 repr6sente un group. hydroxyle, un group. aicanoyl(on
Cr-C4)oxy, un group. carboxyle, un grou- pe sulfo, un group. amino ou un
group. amino substitu de formule '40
RI -NE-CO-N-CO-R'' 45  dans laqueile RF repr6sente un atome dhydrogbne ou
un group. alkyle on Cr-C4 et R1 repr6sente un group. alkyle on Cr-C4, un
group. huryle, un group. thienyle, un group. phenyle, un group. phenyle
halog6n6, un group. nitroph6nyie, un group. slyryle, un group. styyle
haiogen6, un group. nitrosty- ryle ou le group. -N(Rj(R") 50 dans lequel R'
a les memes significations que definies cidessus et Ru- represente un atome
d'hydrogb- no, un group. alkyl(en Cr-C3)sulfonyle, un group. alkylb en
01-O3 ou un group. alcanoyle en C0-04; ou Q repr6sente un group. de formule
55                                              0 11 O 0 II / \ 



eo                        ~~~~~~-NElC-N   N-R' N (C2 ) 65    dans laquelle
R a les memes significations que definies ci-dessus ot Q est 6gal a 2 ou 3;
ou 0 repr6sen- te un groupe de torrnule 5 *  >WCiC4 a I ky l) 10 ou 0 est
un groupe benzarnido de formule 15                                      2
_(O H) 1( dans laquelle t repr6sente un chiffro de I a 3; ou R repr6sente
un groupe c6tP .;un groupe oximino de formules R3-C.
R3.C. 25                              II                           N O
N OR4 30   dans lesquelles R3 repr6sente Ri ou R2 tels quo definis
cl-dessus et R4 represente un atome d'hydrogb- ne, un group. alkyle en
Ci-C4 ou un groups cycloalkyl ou alkyle subsftu4 par un groupe carboxyle de
formule b 35                                      I -C- (CE2+-COR' I
n bw Kj40 dans laquelle b et b' lorsquils sont pris chacun, independamment
run de rautre, un atome dchydrogbne ou un groupe alkyle en CI-s et
lorsqu'ils sont pris ensemble avec; ratome de carbone atxquels Us sont
lies, forment un noyau carbocycdique triangulaire a hexagonal et Rs
represente un groupe hydroxyle. un grou- pe alcoxy en Ct-C4, un groupe
amino, un groupe algyl(en C,-C4)amino ou un group. dialkyl(en C0- 45
C4)amino, R2 repr6sente un atome d'hydrogbne ou un groupe protecteur du
groups carboxyle; ou, borsque R2 re- pr6sente un atome d'hydrogbne, un sel
de ce compose; co proc6d6 comprenant '0-acylation d'un compo- s6 de formule
50                                         HH AN 55 s0   dans laquelle A
represente autre chose qu'un atome d'hydrogene, avec une forme activee
d'acide tri- 



fluorom6thanesuionique. 2. Procede selon la revendication 1, dans laquelle
R est un groupe de formule 65    5 3. Procd4 selon la revendication 2, dans
loquel R repr6sente un groupe phenoxymfthyle ou un grou- pe benzyle. 4.
Proced6 selon la revendication 1, dans lequel R represente un groupe ceto
ou un groupe oximino de 10 formule: R3-C- 15                   l~~~I
ou                II 1 5                          0 OR' 20    5. Procde
selon la revendication 4. dtans loquel R3 repr6sente un groupo
2-aminothiazol-4-yie. 6. Procod4 pour la preparation d'u;i *mpos6
3-halogeno-1 -carba-3-c6phem de formule (4): H H .25 0i1..    (4) 30 dans
[aqueile A et R2 ont les significations telles que definles dans ia
revendication 1 et X" represente un atome de chlore ou un atome de brome,
ce procede consistant a: 35 substituer lo groups ester 3-triflate dun
compos6 de formule (1): H H a ANI (1) par un ion chlorure ou bromure, cette
substitution etant ventuellement suMe, si on le souhaite, de r6ri- mination
de tout groupo protecteur (A) de lester (R2) etou du group. amino, etlou
acyler la fraction 7- amino dans laquelle A est un atome d'hydrogbne. de
fagon a pr6parer un compos6 dans Wislt A repr6- 50 sente RCO. 7. Proo6d6
solon la roevndication 6, dans lequel lbs Ions bromure ou chlorure derivent
du bromure ou du chlorure de lithium. 8. Proc6do selon la revendication 6
ou 7, pour la pr6paration d'un compos6 de formule: 55
~~~~~~~~~~H 60 65    



*  C  L       SI*             EP I  211 MIO B1 co prockl6 consistant a
acyler un compos6 de formulo H 0 5 10 avec la D-ph~nylglyine ou un de ses
diriv~s aciev ou prot6g4, cotte acylation 6tant suMe de r1limina- tion de
tout groupo protecteur d'ester ou du groupe amino pr6sent 15 20 25 30 35 40
45 50 55 60 65    


