
lower alkoxycarbornyl, such as furfuryloxycar-  has aromatic character,
R[err] denotes. an op-  60                      bonyl, or thienyl-lower
alkoxycarbonyl, such  tionally functionally modified, for example
as 2 - thenyloxycarbonyl.                    esterified or etherified,
hydroxyl or mercapto                         2-Lower alkylhydrazino and
2,2- di - lower  group, such as a halogen atom, an optionally
5   alkylhydrazino are, for example, 2 - methyl-  substituted amino group,
an optionally func-                       hydrazino or 2,2 -
dimethylhydrazino, 2 -  tionally modified carboxyl or sulpho group,  65
lower alkoxycarbonylhydrazino is, for example  an optionally O -
monosubstituted or 0,0' -                       2 -
methoxycarbonylhydrazino, 2 - ethoxy-  disubstituted phosphono group or an
azido                       carbonylhydrazino or 2 - tert. - butoxycar-
group and [err]  represents hydrogen, or where-                   10
bonylhydrazino and lower alkanoylhydrazino  in n represents 1, each of the
radicals R[err]                       is, for example, 2 - acetylhydrazino.
and [err] denotes a functionally modified, pre-  70
An acyl group Ac in particular represents  ferably etherified or
esterified, hydroxyl group                       an acyl radical of an
organic carboxylic acid,  or an optionally functionally modified car-
preferably with up to 18 carbon atoms, con-  boxyl group, and [err]
represents hydrogen, or                   15  tained in a naturally
occurring or biosyn-  wherein n represents 1, [err] denotes hydrogen
thetically, semi - synthetically or total - syn-  or an optionally
substituted aliphatic, cyclo-  75                       thetically
obtainable, preferably pharmaceutic-  aliphatic, cycloaliphatic -
aliphatic, aromatic                       ally active, N  - acyl derivative
of a 6 -  or araliphatic hydrocarbon radical and [err]
amino - penam  - 3 - carboxylic acid com-  and [err] together represent an
optionally sub-                  20  pound or 7 - amino - 3 - cephem  - 4 -
stituted aliphatic, cycloaliphatic,cycloaliphatic- carboxylic acid
compound, or represents an  aliphatic or araliphatic hydrocarbon radical
80                       easily removable acyl radical, especially of a
which is bonded to the carbon atom  by a     carbonic acid half-derivative.
double bond, or wherein n represents  1                         An acyl
radical Ac contained in a pharma-  and  [err] denotes an optionally
substituted                  25  cologically active N - acyl derivative of
a 6 -  aliphatic,   cycloaliphatic,   cycloaliphatic -
amino - penam  - 3 - carboxylic acid com-  aliphatic, aromatic or
araliphatic hydrocarbon  85                       pound or 7 - amino - 3 -
cephem  - 4 -  radical or an optionally substituted hetero-
carboxylic acid compound is above all a group  cyclic  or heterocyclic -
aliphatic  radical,                       of the formula
wherein heterocyclic radicals preferably possess
aromatic character, [err] denotes an option-
[err]  [err]                 ally substituted aliphatic, cycloaliphatic,
cyclo- 90                                       aliphatic - aliphatic,
aromatic or araliphatic                   30             [err]
(C)[err][err]                   (A)    hydrocarbon radical and [err]
denotes hydro-                                        gen or an optionally
substituted  aliphatic,                                        [err]
cycloaliphatc,  cycloaliphatic  -  aliphatic,    aromatic or araliphatic
hydrocarbon radical.  95                       wherein n represents 0 and
R[err] denotes hydro-    In the abovementioned acyl groups of the
gen or an optionally substituted cycloaliphatic  formula A, for example, n
represents 0 and                       or aromatic hydrocarbon radical or
an op-  R[err] represents hydrogen or a cycloalkyl group
tionally substituted heterocyclic radical, pre-  with 5-7  ring carbon
atoms which is op-                   35  ferably of aromatic character, a
functionally  tionally substituted, preferably in the 1-posi- 100
modified, for example esterified or etherified,  tion, by optionally
substituted amino, such                       hydroxyl or mercapto group or
an optionally  as amino, acylamino, wherein acyl above all
substituted amino group, or wherein n re-  represents the acyl radical of a
carbonic acid                       presents 1, RI represents hydrogen or
an op-  half-ester, such as a lower alkoxycarbonyl,                   40
tionally substituted aliphatic, cycloaliphatic,  2 - halogeno - lower
alkoxycarbonyl  or 105                       cycloaliphatic - aliphatic,
aromatic or arali-  phenyl - lower alkoxycarbonyl radical, or a
phatic hydrocarbon radical or an optionally  sulphoamino group which is
optionally pre-                       substituted  heterocyclic or
heterocyclic ali-  sent in the form  of a salt, for example in
phatic radical, wherein the heterocyclic radi-  the form  of an alkali
metal salt, a phenyl,                   45  cal preferably possesses
aromatic  character  naphthyl or tetrahydronaphthyl group which  110
and/or a quaternary nitrogen atom, an op-  is  optionally  substituted,
preferably  by                       tionally  functionally  modified,
preferably  hydroxyl, lower alkoxy, for example methoxy,
etherified or esterified, hydroxyl or mercapto  acyloxy, wherein acyl above
all represents the                       group, an optionally.functionally
modified car-  acyl radical of a carbonic acid half-ester, such
50  boxyl group, an acyl group, an optionally  as a lower alkoxycarbonyl, 2
- halogeno- 115                       substituted amino group or an azido
group  lower   alkoxycarbonyl   or   phenyl-lower                       and
each of the radicals [err] and [err] re-  alkoxycarbonyl radical, and/or
halogen, for                       presents hydrogen, or wherein n
represents  example chlorine, a heterocyclic group which
1, [err] denotes  an  optionally  substituted  is optionally substituted,
for example by lower                   55  aliphatic,  cycloaliphatic,
cycloaliphatic -  alkyl, for example methyl and/or phenyl, 120
aliphatic, aromatic or araliphatic hydrocarbon  which can in turn carry
substituents, such 



radical or an optionally substituted hetero-  as halogen, for example
chlorine, such as                       cyclic  or  heterocyclic -
aliphatic radical,  a 4 - isoxazolyl group, or an amino group
wherein the heterocyclic radical preferably  which is preferably
N-substituted, for ex-                      ample by an optionally
substituted lower alkyl  such as 1 - methyl - 5 - tetrazolylthio group,
radical, such as a lower alkyl radical con-  which are optionally
substituted, for example            taining halogen, for example chlorine,
or n  by lower alkyl, such as methyl, or repre-            represents 1,
R[err] represents a lower alkyl sents a halogen atom, especially chlorine
or        5  group which is optionally substituted,pre-  bromine  atom, an
optionally  functionally  70            ferably  by halogen, such as
chlorine, by  modified carboxyl group, such as lower alkoxy-
phenyloxy which is optionally substituted, such  carbonyl, for example
methoxycarbonyl or            as phenyloxy containing hydroxyl, acyloxy,
ethoxycarbonyl, nitrile or carbamoyl which is            wherein acyl has
the abovementioned mean-  optionally N-substituted, for example by lower
10 ing, and/or halogen, for example chlorine, or  alkyl, such as methyl or
phenyl, or represents  75            by optionally protected amino and/or
car-  an optionally substituted lower alkanoyl group,            boxyl, for
example a 4 - amino - 4 - car-  for example an acetyl or propionyl group,
boxyl - butyl radical which has an option-  or a benzoyl group, or an azido
group, and            ally protected amino and/or carboxyl group, [err] and
[err] represent hydrogen, or n re-        15 for example a silylated, such
as tri-lower  presents 1, [err] represents lower alkyl or a  80
alkylsilylated, for example trimethylsilylated,  phenyl, furyl, for example
2 - furyl, thienyl,            amino or acylamino, such as lower alkanoyl-
for example 2 - or 3 - thienyl, or isothia-            amino,
halogeno-lower  alkanoylamino  or zolyl, for example 4 - isothiazolyl group
phthaloylamino group, and/or a silylated, such  which  is  optionally
substituted,  such        20  as tri-lower alkylsilylated, for example tri-
as substituted  by  hydroxyl  which  is  85            methylsilylated,
carboxyl group, or an esteri-  optionally  acylated, for example  as in-
fied carboxyl group, such as a carboxyl group  dicated above, and/or by
halogen, for ex-            which is esterified by lower alkyl, 2 - halo-
ample chlorine, and also represents a 1,4 -            geno - lower alkyl
or phenyl - lower alkyl,  cyclohexadienyl group, [err] represents option-
25  for example diphenylmethyl, or represents a  ally protected or
substituted amino, for ex-  90 lower alkenyl group, or a phenyl group which
ample amino, acylamino, such as lower alkoxy-            is optionally
substituted, for example by  carbonylamino, 2 - halogeno - lower alkoxy-
hydroxyl which is optionally acylated, for  carbonylamino  or  optionally
substituted            example as indicated above, and/or halogen, phenyl -
lower alkoxycarbonylamino such as        30  for example chlorine,
furthermore by option-  phenyl - lower alkoxycarbonylamino which  95
ally protected amino-lower alkyl, such as  contains lower alkoxy, for
example methoxy,            aminomethyl, amino being optionally  pro-  or
nitro, for example tert. - butoxycarbonyl-            tected, for example
acylated as indicated  amino, 2,2,2 - trichloroethoxycarbonylamino,
above, or by phenyloxy which is optionally  4 -
methoxybenzyloxycarbonylamino or di-        35  suistituted, for example,
by hydroxyl which is  phenylmethyloxycarbonylamino, arylsulphonyl- 100
optionally acylated, for example as indicated  amino,  for  example  4 -
methylphenyl-            above, and/or by  halogen, for example
sulphonylamino, tritylamino, arylthioamino,            chlorine, or
represents a pyridyl group, for  such as nitrophenylthioamino, for example
2-            example 4 - pyridyl group, pyridinium group,
nitrophenylthioamino, or tritylthioamino  or        40  for example 4 -
pyridinium  group, thienyl  2 - propylideneamino which is optionally  105
group, for example 2 - thienyl group, furyl substituted, such as 2 -
propylideneamino            group, for example 2 - furyl group, imidazolyl
which contains lower alkoxycarbonyl, for ex-            group, for example
1 - imidazolyl group, or  ample ethoxycarbonyl, or lower alkanoyl, for
tetrazolyl group, for example 1 - tetrazolyl  example acetyl, such as 1 -
ethoxycarbonyl-      45 group, which are optionally substituted, for  2 -
propylideneamino, or optionally substi- 110            example by lower
alkyl, such as methyl, or tuted carbamoylamino, such as guanidinocar-
by amino or aminomethyl which are op-  bonylamino, or a sulphoamino group
which is            tionally protected, for example acylated as  optionally
present in the form of a salt, for        indicated above, or represents an
optionally  example in the form of an alkali metal salt,        50
substituted lower alkoxy group, for example  an azido group, a carboxyl
group which is 115            a methoxy group, a phenyloxy group which
optionally present in the form of a salt, for            is optionally
substituted, such as a phenyloxy  example in the form of an alkali metal
salt,            group  which contains optionally  protected  or in a
protected form, such as in an esteri-            hydroxyl, for example
hydroxyl acylated as  fied form, for example as a lower alkoxycar-
55  indicated above, and/or halogen, such as  bonyl group, for example a
methoxycarbonyl 120            chlorine, or represents a lower  alkylthio
group  or ethoxycarbonyl group, or as a 



group, for example n - butylthio group, a lower  phenyloxycarbonyl group,
for example a di-            alkenylthio group, for example allylthio
group, phenylmethoxycarbonyl group, a nitrile group,            a
phenylthio, pyridylthio, for example 4 -  a sulpho group, an optionally
functionally        60 pyridylthio, 2 - imidazolylthio, 1,2,4 - triazol-
modified hydroxyl group, wherein function- 125            3 - ylthio, 1,3,4
- triazol - 2 - ylthio, 1,2,4 -  ally modified hydroxyl in particular
represents            thiadiazol - 3 - ylthio, such as 5 - methyl-
acyloxy, such as formyloxy, as well as lower            1,2,4 - thiadiazol
- 3 - ylthio, 1,3,4 - thiadi-  alkoxycarbonyloxy,  2 - halogeno - lower
azol - 2 - ylthio, such as 5 - methyl - 1,3,4 -  alkoxycarbonyloxy or
phenyl - lower alkoxy-        65 thiadiazol - 2 - ylthio, or 5 -
tetrazolylthio, carbonyloxy which is optionally substituted, 130
such  as phenyl -  lower aloxycarbonyloxy   suolponyl or 1-lower
alkoxycarbonyl - 2 -                   which contains lower alkoxy, for
example  propylidene, for example 1 - ethoxycarbonyl- methoxy, or nitro,
for example tert. - butoxy  2 - propylidene),2,6 - dimdethoxybenzoyl
carbonyloxy, 2,2,2 - trichloroethoxycarbonyl-  5,6,7,8 -
tetrahydronaphthoyl, 2 - methoxy               5  oxy, 4 -
methoxybenzyloxycarbonyloxy or di-  1 - naphthoyl, 2 - ethoxy - 1 -
naphthoyl,  70     phenylmethoxycarbonyloxy, or optionally sub-
berzyloxycarbonyl, hexahydrobenzyloxycar -                   stitutd lower
alkoxy, for example methoxy  bonyl, 5 - methyl - 3 - phenyl - 4 - iso-
or phenyloxy, a O  - lower alkyl - phos-  xazolylcarbonyl, 3 - (2 -
chlorophenyl)-                   phono group or O,O' - di - lower alkyl-  5
- methyl - 4 - isoxazolylcarbonyl, 3 -               10 phosphono group,
for example O - methyl-  (2,6 - dichlorophenyl) - 5 - methyl - 4 -  75
phosphono or O,O' - dimethylphosphono, or  isoxazolylcarbonyl, 2 -
chloroethylaminocar-                   a halogen atom, for example
chlorine or  bonyl, acetyl, propionyl, butyryl, pivaloyl,
bromine, and [err]esents hydrogen, or  hexanoyl, octanoyl, acrylyl,
crotonyl, 3 -                   n represents 1, [err]  each represent
butenoyl, 2 - pentenoyl, methoxyacetyl, butyl-               15  halogen,
for example  bromine, or lower  thioacetyl,  allylthioacetyl,
methylthioacetyl, 80                   alkozycarbonyl, for example
methoxycarbonyl,  chloroacetyl, bromoacetyl, dibromoacetyl, 3 -
and [err] represents hydrogen, or n repre-  chloropropionyl, 3 -
bromopropionyl, amino-                   sents 1, [err] represents a
phenyl, furyl, for  acetyl or 5 - amino - 5 - carboxy - valeryl
example 2 - furyl, or thienyl, for example  (with an amino group which is
optionally sub-               20  2 - or 3 - thienyl, or isothiazolyl, for
example  stituted, for example as indicated, such as  85
4 - isothiazolyl, group, which are optionally  substituted by a monoacyl or
diacyl radical,                   substituted, for example by hydroxyl
which  for example an optionally halogenated lower                   is
optionally acylated, for example as indicated  alkanoyl radical, such as
acetyl or dichloro-                   -above, and/or by  halogen, for
example  acetyl, or phthaloyl, and/or with an option-               25
chlorine, and also represents a 1,4 - cyclo-  ally functionally modified
carboxyl group, for  90                    hexadienyl group, [err]
represents aminomethyl  example a carboxyl group present in the
which is optionally protected, for example as  form of a salt, such as a
sodium salt, or in                    indicated above, and [err] represents
hydro-  the form of an ester, such as a lower alkyl                    gen,
or n represents 1 and each, of the groups  ester, for example a methyl or
ethyl ester,               30  [err] represents lower alkyl, for  or an
aryl - lower alkyl ester, for example  95                    example
methyl.                             diphenylmethyl ester), azidoacetyl,
carboxy-                      Such acyl radicals Ac are, for example,
acetyl,  methoxycarbonylacetyl,  ethoxycar-                    formyl,
cyclopentylcarbonyl, [err]  aminocyclo-  bonylacetyl, bis -
methoxycarbonylacetyl, N -                    pentylcarbonyl or [err] -
aminocyclohexylcar-  phenylcarbamoylacetyl, cyanoacetyl, a - cyano- 35
bonyl (with an optionally substituted amino  propionyl, 2 - cyano - 3,3 -
dimethyl - 100 group, for example a sulphoamino group op-  acrylyl,
phenylacetyl, a - bromophenylacetyl,                    tionally present in
the form of a salt, or an  [err] - azido - phenylacetyl, 3 - chlorophenyl-
amino group which is substituted by an acyl  acetyl, 2 - or 4 -
aminomethylphenyl - acetyl                    radical which can be split
off, preferably  (with an amino group which is optionally                40
easily, for example on treatment with an acid  substituted, for example, as
indicated), phen- 105                    agent, such as trifluoroacetic
acid, or by re-  acylcarbonyl, phenoxyacetyl, 4  - trifluoro-
duction, for example on treatment with a  methylphenoxyacetyl,
benzyloxyacetyl, phenyl-                    chemical reducing agent, such
as zinc in the  thioacetyl,  bromophenylthioacetyl,   2
presence of aqueous acetic acid, or catalytic  phenoxypropionyl, a -
phenoxyphenylacetyl,                45  hydrogen, or hydrolytically, or an
acyl radical [err]  - methoxyphenylacetyl, [err]  - ethoxy - 110
which can be converted into such a radical, phenylacetyl,  [err] - methoxy
- 3,4 - di -                    preferably a suitable acyl radical of a
car-  chlorophenylacetyl,  a - cyanophenylacetyl, 



bonic acid half-ester, such as lower alkoxy-  especially   phenylglycyl,
4 - hydroxy -                    carbonyl, for example tert. -
butoxycarbonyl,  phenylglycyl, 3 - chloro - 4 - hydroxy -                50
2 - halogeno - lower alkyloxycarbonyl, for  phenylglycyl,  3,5  -  dichloro
-  4  - 115                    example 2,2,2 - trichloroethoxycarbonyl, 2 -
hydroxy - phenylglycyl, [err] - amino - [err] -
bromoethoxycarbonyl or 2 - iodoethoxycar-  (1,4 - cyclohexadienyl) -
acetyl, a - amino-                    bonyl, arylcarbonylmethoxycarbonyl,
for ex-  methyl - a - phenylacetyl or a - hydroxy-                    ample
phenacyloxycarbonyl, optionally sub-  phenylacetyl, (it being possible, in
these radi-                55  stituted phenyl - lower alkoxycarbonyl such
cals, for an amino group which is present 120                    as phenyl
- lower alkoxycarbonyl containing  to be optionally substituted, for
example as                    lower alkoxy, for example methoxy, or nitro,
indicated above, and/or an aliphatic and/or                    for example
4 - methoxybenzyloxycarbonyl or  phenolically bonded hydroxyl group which
is                    diphenylmethoxycarbonyl, or of a carbonic  present to
be optionally protected, analogously              60  acid half-amide, such
as carbamoyl or N  -  to the amino group, for example by a suit- 125
substituted carbamoyl, such as N  - lower  able acyl radical, especially by
formyl or alkylcarbamoyl, for example N  - methylcar-  by an acyl radical
of a carbonic acid half-                     bamoyl, as well as by trityl,
also by aryl-  ester), or a - O - methyl - phosphono -
thio, for example 2 - nitrophenylthio, aryl-  phenylacetyl or a - O,O -
dimethyl - phos-                65. sulphonyl, for example 4 -
methylphenyl-  phono - phenylacetyl, also benzylthioacetyl, 130
9                                          1,435,111
benzylthiopropionyl, [err] - carboxyphenylacetyl  cinyl or an o -
arylenedicarboxylic acid, such (with a carboxyl group which is optionally
as phthaloyl.                       functionally modified, for example as
indic-   A further bivalent radical formed by the
ated above), 3 - phenylpropionyl, 3 - (3 -  groups [err]- and [err] is, for
example, a 1 -                   5  cyanophenyl) - propionyl, 4 - (3 -
meth-  oxo - 3 - aza - 1,4 - butylene radical which  70
oxyphenyl) - butyryl, 2 - pyridylacetyl, 4 -  is substituted, especially in
the 2-position and                       amino - pyridiniumacetyl
(optionally with an  contains, for example, optionally substituted
amino group which is substituted, for ex-  phenyl or thienyl, and is
optionally monosub-                       ample as indicated above), 2 -
thienylacetyl,  stituted or disubstituted by lower alkyl, such
10  3 - thienylacetyl, 2- tetrahydrothienylacetyl,  as methyl, in the
4-position, for example 4,4-  75                       2 - furylacetyl, 1 -
imidazolylacetyl, 1 -  dimethyl - 2 - phenyl - 1 - oxo - 3 - aza-
tetrazolylacetyl, [err] - carboxy - 2 - thienyl-  1,4 - butylene.
acetyl or a - carboxy - 3 - thienylacetyl    An etherified hydroxyl group
[err] forms,                       (optionally with a carboxyl group which
is  together with the carbonyl grouping,  an                   15
functionally modified, for example  as in-  esterified carboxyl group which
can prefer-  80                       dicated above), a - cyano - 2 -
thienyl-  ably be split easily or can be converted
acetyl, a - amino - [err] - (2 - thienyl) - acetyl, easily into another
functionally modified car-                       a - amino - [err] - (2 -
furyl) - acetyl or a -  boxyl group, such as into a carbamoyl or
amino - a - (4 - isothiazolyl) - acetyl (op-  hydrazinocarbonyl group. Such
a group [err]                   20  tionally with an amino group which is
sub-  is, for example, lower alkoxy, such as meth-  85
stituted, for example as indicated above), oxy, ethoxy, n - propoxy or
isopropoxy, which,                       [err] - sulphophenylacetyl
(optionally  with a  together with the carbonyl grouping, forms
sulpho group which is functionally modified, an esterified carboxyl group,
which can easily                       for example like the carboxyl
group), 3 -  be converted, especially in 2 - cephem com- 25  methyl - 2 -
imidazolylthioacetyl, 1,2,4 -  pounds, into a free carboxyl group or into
90                        triazol - 3 - yl - thioacetyl, 1,3,4 - triazol-
another  functionally   modified   carboxyl                        2 -
ylthioacetyl, 5 - methyl - 1,2,4 - thia-  group.
diazol - 3 - ylthioacetyl, 5 - methyl - 1,    An etherified hydroxyl group
[err]  which                        3,4 - thiadiazol - 2 - yl - thioacetyl
or 1 -  together with a -C(=O)-  grouping forms      30  methyl - 5
-tetrazolylthioacetyl.            an esterified carboxyl group which can be
95                          An  easily  removable  acyl radical Ac,  split
particularly easily represents, for ex-                        especially
of a carbonic acid half-ester, is  ample, 2 - halogeno - lower alkoxy,
where-                        above all an acyl radical of a half-ester of
in halogen preferably has an atomic weight                        carbonic
acid which can be split off by re-  above 19. Such a radical forms,
together    35  duction, for example on treatment with a  with the -C(=)-
grouping, an esterified  100                        chemical reducing
agent, or by treatment with  carboxyl group which can easily be split on
acid, for example with trifluoroacetic acid, treatment with chemical
reducing agents under                        such as a lower alkoxycarbonyl
group which  neutral or weakly acid conditions, for ex-
preferably has multiple branching and/or an  ample with zinc in the
presence of aqueous                    40  aromatic substituent on the,
carbon atom  in  acetic acid, or an esterified carboxyl group  105
the [err]-position to the oxy group, or a meth-  which can easily be
converted into such a 



oxycarbonyl group which is substituted by  group and is, for example, 2,2,2
- trichloro-                        arylcarbonyl, especially benzoyl,
radicals, or  ethoxy or 2 - iodoethoxy, also 2 - chloro-
a lower alkoxycarbonyl radical which is sub-  ethoxy or 2 - bromoethoxy,
which can easily                   45  stituted in the [err]-position by
halogen atoms, be converted into the latter.            110
for example tert. - butoxycarbonyl, tert. -    An etherified hydroxyl group
[err] which                        pentoxycarbonyl, phenacyloxycarbonyl,
2,2,2 -  together with the -C(=O)-  grouping re-
trichloroethoxycarbonyl or 2 - iodoethoxy-  presents an esterified carboxyl
group which                        carbonyl or a radical which can be
converted  can also be split easily on treatment with                    50
into the latter such as 2 - chloroethoxycar-  chemical reducing agents
under neutral or 115                         bonyl or 2 -
bromoethoxycarbonyl, and also  weakly acid conditions, for example on
treat-                         preferably polycyclic cycloalkoxycarbonvl,
for  ment with zinc in the presence of aqueous
example adamantyloxycarbonyl, optionally sub-  acetic acid, and also on
treatment with a                         stituted phenyl - lower
alkoxycarbonyl, above  suitable nucleophilic reagent, for example
55  all [err] - phenyl - lower alkoxycarbonyl, where-  sodium
thiophenolate, is an arylcarbonylmeth- 120                         in the
[err]-position is preferably polysubstituted  oxy group, wherein aryl in
particular repre-                         for example
diphenylmethoxycarbonyl or a -  sents an optionally substituted phenyl
group,                         4 - biphenylyl - [err] -
methylethoxycarbonyl, or  and preferably phenacyloxy.
furyl - lower alkoxycarbonyl, above all a -    The group [err] can also
represent an aryl-                     60  furyl - lower alkoxycarbonyl,
for example  methoxy group wherein aryl in particular de- 125
furfuryloxycarbonyl.                         notes a monocyclic, preferably
substituted.                            A bivalent acyl group formed by the
two  aromatic hydrocarbon radical. Such a radical
radicals [err] and [err] is, for example, the  forms, together with the
-C(=O)-  group-                         acyl radical of a lower
alkanedicarboxylic acid  ing. an esterified carboxyl group which can
or lower alkenedicarboxylic acid, such as suc-  easily be split on
irradiation, preferably with  130                       10
1,435,111                                        10
ultraviolet light, under neutral or acid con-  the C(=0)-grouping forms an
esterified                   ditions. An aryl radical in such an aryl-
carboxyl group which can be split hydrolytic-   methoxy group is in
particular lower alkoxy-  ally, for example under weakly basic or
phenyl, for example methoxyphenyl (where-  weakly acid conditions. Such a
radical is,               5  in methoxy above all is in the 3 -, 4 -
preferably, an etherified hydroxyl group which  70                   and/or
5-position) and/or above all nitro-  forms  an activated ester group  with
the                   phenyl (wherein nitro is preferably in the 2-
-C(=O)-  grouping, such as nitrophenyl-                   position). Such
radicals are, in particular, oxy, for example 4 - nitrophenyloxy or 2,4 -
lower alkoxy - benzyloxy, for example meth-  dinitrophenyloxy, nitrophenyl
- lower alkoxy,               10  oxy - benzyloxy, and/or nitrobenzyloxy,
above  for example 4 - nitro - benzyloxy, hydroxy-  75
all 3 - or 4 - methoxy - benzyloxy, 3,5 -  lower  alkylbenzyloxy,  for
example  4 -                   dimethoxy - benzyloxy, 2 - nitro - benzyl-
hydroxy - 3,5 - tert. - butyl - benzyloxy,                   oxy or 4,5 -
dimethoxy - 2 - nitro - benzyl-  polyhalogenophenyloxy, for example 2,4,6 -
oxy.                                        trichlorophenyloxy or 2,3,4,5,6
- pentachloro- 15    An etherified hydroxyl group R[err] can also
phenyloxy, and also cyanomethoxy, as well 80                   represent a
radical which, together with the  as acylaminomethoxy, for example  phthal-
-C( =0)- grouping, forms an esterified  iminomethoxy or
succinyliminomethoxy.                   carboxyl group which can easily be
split under    The group [err] can also represent an etheri-
acid conditions, for example on treatment fied hydroxyl group which,
together with the    20  with trifluoroacetic acid or formic acid. Such
carbonyl grouping of the formula -C(= 0)-,  85                   a radical
is above all a methoxy group in  forms an esterified carboxyl group which
can                   which methyl is polysubstituted by option-  be split
under hydrogenolytic conditions and                   ally substituted
hydrocarbon radicals, especi-  is, for example, [err] - phenyl - lower
alkoxy, ally aliphatic or aromatic hydrocarbon radi-  which is optionally
substituted, for example               25  cals, such as lower alkyl, for
example methyl, by lower alkoxy or nitro, such as benzyloxy, 90
and/or phenyl, or is monosubstituted by a  4 - methoxybenzyloxy or 4 -
nitrobenzyl-                   carbocyclic aryl group possessing  electron-
oxy.                   donating substituents or by a heterocyclic    The
group [err] can also be an etherified.    group of aromatic character
possessing oxy-  hydroxyl group which, together with the car-
30  gen or sulphur as a ring member, or in bonyl grouping -C(=O)-, forms an
esteri- 95     which methyl denotes a ring member in a  fied carboxyl group
which can be split under                   polycycloaliphatic hydrocarbon
radical or de-  physiological conditions, above all an acyloxy-
notes the ring member which represents the  methoxy group, wherein acyl
denotes, for ex-                   [err]-position to the oxygen or sulphur
atom in  ample, the radical of an organic carboxylic              35  an
oxacycloaliphatic or thiacycloaliphatic radi-  acid, above all of an
optionally substituted  100 



cal.                                        lower alkane - carboxylic acid,
or wherein                   Preferred polysubstituted methoxy groups
acyloxymethyl forms the residue of a lactone.  of this nature are tert. -
lower alkoxy, for  Hydroxyl groups etherified in this way are
example tert. - butoxy or tert. - pentoxy, lower alkanoyloxymethoxy, for
example acet-              40  optionally substituted diphenylmethoxy, for
oxymethoxy or pivaloyloxymethoxy, amino- 105                  example
diphenylmethoxy or 4,4' - dimeth-  lower alkanoyloxymethoxy, especially  a
-                  oxy - diphenylmethoxy, and also 2 - (4 -  amino - lower
alkanoyloxymethoxy, for ex-                  biphenylyl) - 2 - propoxy,
whilst a methoxy  ample glycyloxymethoxy, L - valyloxymeth-
group which contains the abovementioned  oxy, L - leucyloxymethoxy and also
phthal-              45 substituted aryl group or the heterocyclic
idyloxy.                                     110                  group is,
for example, [err]-lower alkoxy-phenyl-    A silyloxy or stannyloxy group
[err] prefer-                  lower alkoxy, such as 4 - methoxybenzyloxy
ably contains, as substituents, optionally sub-                  or 3,4 -
dimethoxybenzyloxy, or furfuryloxy, stituted aliphatic, cycloaliphatic,
aromatic or                  such as 2 - furfuryloxy. A polycycloaliphatic
araliphatic hydrocarbon radicals, such as lower              50
hydrocarbon radical in which the methyl of alkyl, halogeno - lower  alkyl,
cycloalkyl, 115 the methoxy group represents a branched, phenyl or
phenyl-lower alkyl groups, or op-            preferably triply branched,
ring member, is, tionally modified functional groups, such  as
for example, adamantyl, such as 1 - adamantyl, etherified hydroxyl groups,
for example lower                  and an abovementioned oxacycloaliphatic
or alkoxy groups, or halogen atoms, for example              55
thiacycloaliphatic radical wherein the methyl chlorine atoms, and above all
represents tri- 120                  of the methoxy group is the ring
member  lower alkylsilyloxy, for example trimethylsilyl-
which represents the [err]-position to the oxy-  oxy, halogeno - lower
alkoxy - lower alkyl-                  gen atom or sulphur atom, denotes,
for ex- silyl, for example chloromethoxymethylsilyl, or
ample, 2 - oxa - or 2 - thia - lower alkylene  tri - lower alkylstannyloxy,
for example tri-              60  or - lower alkenylene with 5-7 ring
atoms, n - butylstannyloxy.                         125
such as 2 - tertahydrofuryl, 2 - tetrahydro-    An acyloxy radical [err]
which, together with                  pyranyl or 2,3 - dihydro - 2 -
pyranyl or  a -C(=O)-  grouping, forms a mixed an-
corresponding sulphur analogues.            hydride group which can be
split, preferably                    The radical [err] can also represent
an  hydrolytically, contains, for example, the acyl             65
etherified hydroxyl group which, together with  radical of one of the
abovementioned organic 130                         11
1,435,111                                         11  carboxylic acids or
carbonic acid half-deriva-  ethylamine, bis - (2 - hydroxyethyl) - amine
tives and is, for example, lower alkanoyl-  or tri - (2 - hydroxyethyl) -
amine, basic                     oxy which is optionally substituted, such
as  aliphatic esters of carboxylic acids, for ex-                     by
halogen, for example fluorine or chlorine, ample 4 - aminobenzoic acid 2 -
diethylamino-                 5  preferably in the a-position, for example
acet-  ethyl ester, lower alkyleneamines, for ex-  70
oxy, pivaloyloxy or trichloroacetoxy, or lower  ample 1 - ethyl -
piperidine, cycloalkyl-                     alkoxycarbonyloxy, for example
methoxycar-  amines, for example bicycohexylamine, or
bonyloxy or ethoxycarbonyloxy.               benzylamines, for example NN'
- dibenzyl-                        A  radical [err] which, together with a
ethylenediamine, and also bases of the pyri-                 10 -C(O)-
grouping, forms an optionally  dine type, for example pyridine, collidine
or  75                     substituted  carbamoyl or hydrazinocarbonyl
quinoline. Compounds of the formulae IA                     group is, for
example, amino, lower alkyl-  and IB which possess a basic group can also
amino or di-lower alkylamino, such as methyl-  form  acid addition salts,
for example with                     amino, ethylamino, dimethylamino or
diethyl-  inorganic acids, such as hydrochloric acid,                 15
amino, lower alkyleneamino, for example  sulphuric acid or phosphoric acid,
or with  80                     pyrrolidino  or  piperidino,  oxa - lower
suitable organic carboxylic acids or sulphonic
alkyleneamino,  for  example  morpholino,  acids, for example
trifluoroacetic acid or 4 -                     hydroxylamino, hydrazino, 2
- lower alkyl-  methylphenylsulphonic acid. Compounds of the
hydrazino or 2,2 - di - lower alkylhydrazino,  formulae IA and IB having an
acid group                 20  for example 2 - methylhydrazino or 2,2 - di-
and a basic group can also be in the form  85
methyihydrazino.                             of internal salts, that is to
say in the form                        An optionally substituted aliphatic
hydro-  of a zwitter-ion. 1-Oxides of compounds of
carbon radical [err] is, in particular, lower alkyl  the formula IA having
salt-forming groups                     with up to 7, preferably with up to
4 car-  can also form  salts, as described above.                 25  bon
atoms, such as methyl, ethyl, n - propyl,   The compounds of the present
invention  90                      isopropyl, n - butyl, isobutyl or sec. -
butyl,  possess valuable pharmacological properties
and also lower alkenyl, for example allyl, tert.-  and/or can be used as
intermediate products                      amino - lower alkyl, wherein the
tert. - amino  for the manufacture of such compounds. Coin-
group is separated from the oxygen atom by  pounds of the formula IA
wherein, for ex- 



30  at least two carbon atoms, such as 2 - or  ample [err] represents an
acyl radical Ac occur-  95 3 - di - lower alkylamino - lower alkyl, for
ring in pharmacologically active N  - acyl                      example 2 -
dimethylaminoethyl, 2 - di-  derivatives of [err] - amino - penam  - 3 -
ethylaminoethyl or 3 - dimethylaminopropyl,  carboxylic acid compounds or
[err] - amino-                      or etherified hydroxy - lower alkyl,
wherein  3 - cephem - 4 - carboxylic acid compounds                 35  the
etherified hydroxyl group, especially lower  and [err]represents  hydrogen,
or wherein  100                      alkoxy, is separated from  the oxygen
atom   [err] and [err] together represent a 1 - oxo-
by at least two carbon atoms, such as 2 -  3 - aza - 1,4 - butylene radical
which is                    or 3 - lower alkoxy - lower alkyl, for ex-
preferably substituted in the 2-position, for                      ample 2
- methoxyethyl or 2 - ethoxyethyl.  example by an aromatic or heterocyclic
radi-                 40  An optionally substituted araliphatic hydro-
cal, and preferably substituted in the 4-posi- 105
carbon radical [err]  is above all an optionally  tion, for example by
2-lower alkyl such as                      substituted  phenyl - lower
alkyl radical, methyl, [err] denotes hydroxyl or an etherified
especially a 1 - phenyl - lower alkyl radical  hydroxyl group [err] which,
together with the                      with 1-3 optionally substituted
phenyl radi-  carbonyl group, forms an esterified carboxyl
45  cals, such as benzyl or diphenylmethyl, pos-  group which can easily be
split under physio  110                      sible substituents being, for
example, esteri-  logical conditions, and [err] has the abovemen-
fied or etherified hydroxyl, such as halogen,  tioned meaning, and
functional groups which                      for example fluorine, chlorine
or bromine, may be present in an acyl radical [err], such
or lower alkoxy, such as methoxy.            as amino, carboxyl, hydroxyl
and/or sulpho,                  50    Salts are, in particular, those of
com  are usually in the free form, or salts of such  115
pounds of the formulae IA and IB having  compounds having salt-forming
groups, are                      an acid grouping, such as a carboxyl,
sulpho  effective, on parenteral and/or oral adminis-
or phosphono group, above all metal salts  tration, against micro-organisms
such as Gram-                      or ammonium salts, such as alkali metal
salts  positive bacteria, for example Staphylococcus     55  and alkaline
earth metal salts, for example  aureus, Streptococcus pyrogenes and Diplo-
120                      sodium, potassium, magnesium  or calcium   coccus
pneumoniae  (for example in mice                      salts, as well as
ammonium salts with ammonia  at doses of about 0.001 to about 0.02 g/kg
or suitable organic amines, possible amines for  s.c. or p.o.), and
Gram-negative bacteria, for                      the salt formation being,
above all, aliphatic,  example, Escherichia coli, Salmonella typhi-
60  cycloaliphatic, cycloaliphatic - aliphatic and  murium, Shigella
flexneri, Klebsiella pneu- 125                      araliphatic primary,
secondary  or tertiary  moniae, Enterobacter cloacae, Proteus vul-
monoamines, diamines or polyamines, as well garis, Proteus rettgeri and
Proteus mirabilis                      as heterocyclic bases, such as lower
alkyl-  (for example in mice in doses of about 0.001
amines,  for example triethylamine, hydroxy-  to about 0.15 g/kg s.c. or
p.o.) and especially                  65  lower alkylamines, for example 2
- hydroxy-  also against penicillin-resistant bacteria, and  130
12                                  1,435,111
12                     have a low decree of toxicity. These com-  tionally
substituted aryloxy, such as lower  65                    pounds can
therefore be used, for example  alkoxyphenyloxy, for example 4 - methoxy-
in the form of antibiotically active prepara-  phenyloxy, lower
alkanoyloxy, for example                    tions, for the treatment of
corresponding in-  acetoxy or pivaloyloxy, [err] - amino - lower
5  fections.                                    alkanoyloxy, for example
glycyloxy, L  -                      Compounds of the formula lB or
1-oxides  valyloxy or L - leucyloxy,. arylcarbonyl, for  70
of compounds of the formula IA, wherein  example benzoyl, or optionally
substituted [err] and [err]   have the meanings in-  aryl, such as phenyl,
lower alkoxyphenyl, for                    dicated in the context of the
formula IA, example 4 - methoxyphenyl, nitrophenyl, for                10
or compounds of the formula IA, wherein  example 4 - nitrophenyl, or
biphenylyl, for                    [err] has the abovementioned meaning,
the radi.  example 4-biphenylyl, or is monosubstituted or  75
cals [err], and [err] represent hydrogen, or [err]  polysubstituted in the
[err]-position by halogen,                    denotes an amino protective
group different for example chlorine, bromine or iodine, such
from an acyl radical occurring in pharmaco- as lower alkoxy, for example
methoxy, ethoxy,                15 logically active N - acyl derivatives of
[err] -    - propoxy, isopropoxy, n - butoxy, tert. -
amino - penam - 3 - carboxylic acid com-  butoxy or tert. - pentoxy, bis -
phenyloxy-  80                    pounds or [err] - amino - 3 - cephem   4
- methoxy which is optionally substituted by                    carboxylic
acid compounds and [err] denotes  lower alkoxy, for example bis - 4 -
methoxy-                    hydrogen, or [err] and [err] together represent
phenyloxy - methyl, lower alkanoyloxy - meth-                20  a bivalent
amino protective group different oxy, for example acetoxymethoxy or
pivaloyl-                     from a 1 - oxo - 3 - aza - 1,4 - butylene
oxymethoxy, [err] - amino - lower alkanoyloxy-  85
radical which is preferably substituted in the  methoxy, for  example
glycyloxymethoxy,                     2-position, for example by an
aromatic or phenacyloxy, optionally substituted phenyl- 



heterocyclic radical, and preferably substi-  lower alkoxy, especially 1 -
phenyl - lower                25  tuted in the 4-position, for example by
lower  alkoxy, such as phenylmethoxy, with such radi-
alkyl, such as methyl, and [err] represents  cals being able to contain 1-3
phenyl radi-  90                     hydroxyl, or [err] and [err]  have the
above-  cals which are optionally  substituted, for
mentioned meanings, [err] represents a radical example by lower alkoxy,
such as methoxy,                     [err] which together with the -C(=O)
nitro or phenyl, for example benzyloxy, 4                30 grouping forms
a protected carboxyl group  methoxy - benzyloxy, 2 - biphenylyl - 2 -
which can preferably be split easily, a car-  propoxy, 4 - nitro -
benzyloxy, diphenyl-  95                     boxyl group protected in this
way being dif-  methoxy - 4,4' - dimethoxy - diphenylmeth-
ferent from a carboxyl group which can be  oxy or trityloxy, or 2 -
halogeno - lower                     split physiologically, and [err] has
the above-  alkoxy, for example 2,2,2 - trichloroethoxy, 35 mentioned
meanings, are valuable intermedi-  2 - chloroethoxy, 2 - bromoethoxy or 2 -
ate products which can be converted in a  iodoethoxy, and also 2 -
phthalidyloxy, as 100                     simple manner, for example as is
described  well as acyloxy, such as lower alkoxycarbonyl-
below, into the abovementioned pharmac-  oxy, for example
methoxycarbonyloxy  or                     logically active compounds.
ethoxycarbonyloxy, or lower alkanoyloxy, for
example acetoxy or pivaloyloxy, tri - lower                 40
Especially useful compounds of the inven-  alkylsilyloxy, for example
trimethylsilyloxy, or 105                     tion are the 3 - cephem -
compounds of the  amino or hydrazino which is optionally substi-
formula IA, wherein [err] denotes hydrogen or  tuted, for example, by lower
alkyl, such as                     preferably an acyl radical contained in
a fer-  methyl or hydroxyl, for example amino, lower
mentatively obtainable (that is to say natur-  alkylamino or di - lower
alkylarmino, such as                 45 ally occurring) or
biosynthetically, semi-syn-  methylamino or dimethylamino, hydrazino, 2 -
110                     thetically or total-synthetically obtainable, in
lower alkylhydrazino or 2,2 - di - lower alkyl-
particular pharmacologically active, such as  hydrazino, for example 2 -
methylhydrazino                     highly active, N - acyl derivative of a
[err] -  or 2,2 - dimethylhydrazino, or hydroxyamino,
amino - penam - 3 - carboxylic acid corn-  and [err] represents lower
alkyl, for example                 50  pound or [err] - amino - 3 - cephem
- 4 - car-  methyl, ethyl, n - propyl, isopropyl or n - 115
boxylic acid compound, such as one of the  butyl, lower alkenyl, for
example allyl, op-                     abovementioned acyl radicals of the
formula  tionally  substituted phenyl - lower alkyl,                     A,
in which [err] and n above all especially 1 - phenyl - lower alkyl with 1
or                     have the preferred meanings, [err] represents  2
phenyl radicals which are optionally sub-                 55  hydrogen, or
[err] and [err] together represent stituted, for example by lower alkoxy,
such  120                      a 1 - oxo - 3 - aza - 1,4 - butylene radical
as methoxy, for example benzyl or diphenyl-                      which is
preferably substituted in the 2-posi-  methyl, as well as the 1 - oxides
thereof,                      tion, for example by an aromatic or hetero-
and also the corresponding 2 - cephem com-                      cyclic
radical, such as phenyl, and preferably  pounds of the formula IB, or salts
of such                 60 substituted in the 4-position, for example by
compounds with salt-forming groups.   125                      two lower
alkyl, such as methyl, R, repre-    Above all, in a 3 - cephem compound of
sents hydroxyl, lower alkoxy which is option-  the formula IA, and in a
corresponding 2 -                      ally monosubstituted or
polysubstituted, pre-  cephem  compound of the formula IB, and
ferably in the a-position, for example by op-  also in a 1-oxide of a 3 -
cephem compound                                        13
1,435,111                    13                           of the formula
IA, or in a salt of such a  guanidinocarbonyl, or an acyl radical which
compound  having   salt-forming groups, [err]   can be split off,
preferably easily, for example                          represents hydrogen
or an acyl radical con-  on treatment with an acid agent, such as
tained in fermentatively obtainable (that is to  trifluoroacetic acid, or
reductively, such as on                     5  say naturally occurring) or
biosynthetically ob-  treatment with a chemical reducing agent, such  70
tainable N - acyl derivatives of [err] - amino-  as zinc in the presence of
aqueous acetic                          penam  - 3 - carboxylic acid
compounds or  acid, or with catalytic hydrogen, or hydroly-
[err] - amino - 3 - cephem - 4 - carboxylic  tically, or an acyl radical
which  can be                          acid compounds, especially of the
formula A, converted into such a radical, preferably a
10  wherein [err] and [err] and n above all  suitable  acyl radical of a
carbonic acid half-  75                          have the preferred
meanings, such as a phenyl-  ester, such as one of the abovementioned,
acetyl or phenyloxyacetal radical which is  for example optionally
halogen-substituted or                          optionally  substituted,
for  example  by  benzoyl-substituted, lower alkoxycarbonyl radi-
hydroxyl, also a lower alkanoyl or lower  cals, for example tert. -
butoxycarbonyl, 2,                     15  alkenoyl radical which is
optionally substi-  2,2 - trichloroethoxycarbonyl, 2 - chloro-  80
tuted, for example by lower alkylthio, or  ethoxycarbonyl, 2 -
brormoethoxycarbonyl, 2 -                          lower alkenylthio, as
well as by optionally sub-  iodoethoxycarbonyl or phenacyloxycarbonyl, 



stituted, such as acylated, amino and/or func-  optionally lower
alkoxy-substituted or nitro-                          tionally modified,
such as esterified, carboxyl, substituted phenyl - lower alkoxycarbonyl,
for                     20  for example 4 - hydroxy - phenylacetyl, example
4 - methoxybenzyloxycarbonyl or di-  85                          hexanoyl,
octanoyl or n - butylthioacetyl, and  phenylmethoxycarbonyl, or a suitable
acyl radi-                          especially 5 - amino - 5 - carboxy -
valeryl,  cal of a carbonic acid half-amide, such as
wherein the amino and/or the carboxyl groups  carbamoyl or N -
methylcarbamoyl, or an aryl-                          are optionally
protected and are present, for  thio or aryl - lower alkylthio radical
which                     25  example, as acyl - amino or esterified car-
can be split off with a nucleophilic reagent, 90
boxyl, phenylaceryl or phenyloxyacetyl, or an  such as hydrocyanic acid,
sulphurous acid or                         acyl radical occurring in highly
active N - acyl  thioacetic acid amide, for example 2 - nitro-
derivatives of [err] - amino - penam  - 3 -  phenylthio or tritylthio, an
arylsulphonyl radi-                         carboxylic acid compounds or
7[err] - amino-  cal which can be split off by means of electro-         30
3 - cephem - 4 - carboxylic acid compounds, lytic reduction, for example 4
- methylphenyl-  95         especially of the formula A, wherein [err]
[err],  sulphonyl, or a 1 - lower alkoxycarbonyl or
[err]   and n above all have the preferred mean-  1 - lower alkanoyl  - 2 -
propylidene radical                         ings, such as formyl, 2 -
halogenoethylcar-  which can be split off with an acid agent, such
bamoyl, for example 2 - chloroethylcarbam-  as formic acid or aqueous
mineral acid, for                     35  oyl,  cyanoacetyl,  phenylacetyl,
thienyl-  example hydrochloric acid or phosphoric acid, 100
acetyl, for example 2 - thienylacetyl, or  for example 1 - ethoxycarbonyl -
2 - propyl-                          tetrazolylacetyl, for example 1 -
tetrazolyl-  idene, and also [err] - 1,4 - cyclohexadienyl-
acetyl, but especially acetyl substituted in the  glycyl, [err] - thienyl -
glycyl, such as a - 2 -                          [err] - position by a
cyclic, such as a cyclo-  or [err] - 3 - thienylglycyl, a - furylglycyl,
such         40  aliphatic, aromatic or heterocyclic, above all  as [err] -
2 - furylglycyl, a - isothiazolylglycyl, 105
monocyclic, radical and by a functional group, such as a - 4 - isothiazolyl
- glycyl, it being                         above all amino, carboxyl,
sulpho or hydroxyl  possible for the amino group in such radicals         5
groups,  especially  phenylglycyl,  wherein  to be substituted or
protected, for example                         phenyl represents phenyl
which is optionally  as indicated for a phenyl - glycyl radical,
45  substituted, for example by optionally protec-  also a - carboxy -
phenylacetyl or a - car- 110                         ted hydroxyl, such as
acyloxy, for example op-  boxy - thienylacetyl, for example [err] -
carboxy-                         tionally halogen - substituted. lower
alkoxy-  2 - thienylacetyl (optionally with a function-
carbonyloxy or lower alkanoyloxy, and/or by  ally modified carboxyl group,
for example a                         halogen, for example chlorine, for
example  carboxyl group present in the form of a salt,
50  phenyl or 3 - or 4 - hydroxyphenyl, 3 -  such as a sodium salt, or in
the form of an  115                          chloro - 4 - hydroxyphenyl or
3,5 - dichloro-  ester, such as a lower alkyl ester, for example
hydroxy - hroxy - phenyl (optionally also with  methyl or ethyl ester, or
phenyl - lower alkyl             a protected hydroxyl group, such as an
acylated  ester, for example diphenylmethyl ester), a -
hydroxyl group), and wherein the amino group  sulpho - phenylacetyl
(optionally also with                     55  can also optionally be
substituted and repre-  a sulpho group which is functionally modi- 120
sents, for example, a sulphoamino group op-  fied for example like the
carboxyl group),            tionally present in the form of a salt, or an
[err]-phosphono, -,  [err] O  - methylphosphono -
amino group which contains, as substituents, or [err] - 0,0 - dimethyl -
phosphono - phenyl-      a hydrolytically removable trityl group or
acetyl, or [err] - hydroxy - phenylacetyl (option-                     60
above all an acyl group, such as an optionally  ally with a functionally
modified hydroxyl 125                          substituted carbamoyl group,
such as an op-  group, especially with an acyloxy group, where-
tionally substituted ureidocarbonyl group, for  in acyl denotes an acyl
radical which can be            example ureidocarbonyl or N' - trichloro-
split off, preferably easily, for example on methylureidocarbonyl, or an
optionally sub-  treatment with  an  acid  agent, such  as
65  stituted guanidinocarbonyl group, for example  trifluoroacetic  acid,
or with  a  chemical 130            1,435,111
14                       reducing  agent,  such  as  zinc  in  the
0                      presence of aqueous acetic acid, or an
acyl radical which can be converted into such     [err]
(B)    65                      a radical, preferably a suitable acyl
radical of                  5  a carbonic acid half-ester, such as one of
the             [err]                      abovementioned lower
alkoxycarbonyl radicals                      which are, for example,
optionally substituted  wherein R[err] denotes phenyl or hydroxyphenyl,
by halogen or benzoyl, for example 2,2,2 -  for example 3 - or 4 -
hydroxyphenyl, also                      trichloroethoxycarbonyl, 2 -
chloroethoxycar-  hydroxy - chlorophenyl, for example 3 -
10  bonyl, 2 - bromoethoxycarbonyl, 2 - iodo-  chloro - 4 - hydroxyphenyl
or 3,5 - dichloro-                      ethoxycarbonyl,  tert. -
butoxycarbonyl  or  4 - hydroxy - phenyl, it being possible for  70 



phenacyloxycarbonyl, and also formyl), as well  hydroxy substituents in
such radicals to be as 1 - amino - cyclohexylcarbonyl, amino-  protected by
acyl radicals, such as optionally                      methylphenylacetyl,
such as 2 - or 4 - amino-  halogenated lower alkoxycarbonyl radicals, for
15  methylphenylacetyl, or amino - pyridinium-  example tert. -
butoxycarbonyl or 2,2,2 -                      acetyl, for example 4 -
amino - pyridinium-  trichloroethoxycarbonyl, as well as thienyl, for  75
acetyl (optionally also with an amino group  example 2 - or 3 - thienyl,
and also pyridyl,                      which is substituted, for example as
indicated  for example 4 - pyridyl, aminopyridinium,       above), or
pyridylthioacetyl, for example 4 -  for example 4 - aminopyridinium, furyl,
for                  20  pyridylthioacetyl, and [err] represents hydro-
example 2 - furyl, isothiazolyl, for example                      gen, or
[err] and [err] together represent a  4 - isothiazolyl, or tetrazolyl, for
example 1 -  80                      1 - oxo - 3 - aza - 1,4 - butylene
radical  tetrazolyl, or 1,4 - cydohexadienyl, X  re-       which is
preferably substituted in the 2-posi-  presents oxygen or sulphur, m
represents 0                      tion by phenyl which is optionally
substi-  or 1 and Rb represents hydrogen, or, if m                  25
tuted by protected hydroxyl, such as acyloxy,  represents 0, Rb represents
amino, as well as                      for example optionally
halogen-substituted  protected amino, such as acylamino, for ex-  85
lower alkoxycarbonyloxy or lower alkanoyloxy,  ample a - poly - branched
lower alkoxycar-                      and/or by halogen, for example
chlorine, for  bonylamino, such as tert. - butoxycarbonyl-
example phenyl or 3 - or 4 - hydroxyphenyl,  amino, or 2 - halogeno - lower
alkoxycar-                  30  3 - chloro - 4 - hydroxyphenyl or 3,5 - di-
bonylamino, for example 2,2,2 - trichloro-                      chloro - 4
- hydroxy - phenyl (optionally also  ethoxycarbonylamino, 2 -
iodoethoxycarbonyl-  90                      with a hydroxyl group which is
protected, for  amino or 2 - bromoethoxycarbonylamino, or
example acylated as indicated above), and  optionally lower
alkoxy-substituted or nitro-       which optionally contains two lower
alkyl, substituted  phenyl - lower alkoxycarbonyl-                  35
such as methyl, in the 4 - position, and [err]  amino, for example 4 -
methoxybenzyloxycar-                      represents hydroxyl, lower
alkoxy, especially  bonylamino or diphenylmethoxycarbonylamino,  95
[err] poly - branched lower alkoxy, for example  or 3 - guanylureido, also
sulphoamino or trityl-                      tert - butoxy, also methoxy or
ethoxy, 2 -  amino, as well as arylthioamino, for example
halogeno - lower alkoxy, for example 2,2,2 2    2 - nitrophenylthioamino,
arylsulphonylamino,      40  trichloroethoxy, 2 - iodoethoxy or 2 - chloro-
for example 4 - methylphenylsulphonylamino,                      ethoxy or
2 - bromoethoxy which can easily  or 1 - lower alkoxycarbonyl - 2 -
propylidene- 100 be converted into 2 - iodoethoxy, phenacyl-  amino, for
example 1 - ethoxycarbonyl - 2 -                      oxy, 1 - phenyl -
lower alkoxy with 1-3  propylideneamino, carboxyl, or carboxyl pre-
phenyl radicals which are optionally substi-  sent in the form of a salt,
for example an                 45 tuted by lower alkoxy or nitro, for
example  alkali metal salt, such as a sodium  salt, as 4 -
methoxybenzyloxy, 4 - nitro - benzyl-  well as protected carboxyl, for
example esteri- 105                      oxy, diphenylmethoxy, 4,4' -
dimethoxy - di-  fied carboxyl, such as phenyl - lower alkoxy-
phenylmethoxy or trityloxy, lower alkanoyloxy-  carbonyl, for example
diphenylmethoxycar-                  5   methoxy, for example
acetoxymethoxy  or  bonyl, sulpho, or sulpho present in the form
pivaloyloxymethoxy,  [err]   amino - lower  of a salt, for example an
alkali metal salt,                      alkanoyloxymethoxy, for example
glycyloxy-  such as a sodium salt, as well as protected  110
methoxy, 2 - phthalidyloxymethoxy,  lower  sulpho, hydroxyl, as well as
protected hydroxyl                      alkoxycarbonyloxy, for example
ethoxycar-  such as acyloxy, for example [err] - poly -
bonyloxy, or lower alkanoyloxy, for example  branched lower
alkoxycarbonyloxy, such as                 55 acetoxy, and also tri - lower
alkylsilyloxy, for  tert. - butoxycarbonyloxy, 2 - halogeno - lower
example trimethylsilyloxy, and [err] above all alkoxycarbonyloxy, such as
2,2,2 - trichloro- 115                      represents lower alkyl, for
example methyl, ethoxycarbonyloxy, 2 - iodoethoxycarbonyloxv
ethyl or n - butyl also lower alkenyl, for  or 2 - bromoethoxycarbonyloxy,
also formyl-                      example allyl, and 1 - phenyl - lower
alkyl,  oxy, or 0 - lower alkylphosphono or 0,0' -                  60  for
example benzyl or diphenylmethyl.     di - lower alkylphosphono, for
example 0 -                        Preferred compounds of the invention are
methyl - phosphono or O,O' - dimethyl - 120                      3 - cephem
compounds of the formula IA, phosphono, or denotes a 5 - amino - 5 -
wherein [err]  denotes hydrogen or an acyl carboxy - valeryl radical,
wherein the amino                      group of the formula
and/or carboxyl groups can also be protected
and are, for example,, present as acylamino, methoxybenzyloxycarbonylamino,
or hydroxyl,                      for example lower alkanoylamino, such as
such as protected hydroxyl, such as acyloxy,
acetylamino, halogeno - lower alkanoylamino  for example a - poly -
branched lower alkoxy-                      such as dichloroacetylamino,
benzoylamino or  carbonyloxy, such as tert. - butoxycarbonyl-
5  phthaloylamino, or an esterified carboxyl, such  oxy, or 2 - halogeno -
lower alkoxycarbonyl-  70                      as phenyl - lower
alkoxycarbonyl, for example  oxy, such as 2,2,2 - trichloroethoxycarbonyl- 



diphenylmethoxycarbonyl, whereby advantage-  oxy, 2 - iodoethoxycarbonyloxy
or 2 - bromo-                      ously [err] is 1, when [err] represents
phenyl, ethoxycarbonyloxy, and also formyloxy, or re- hydroxy - phenyl,
hydroxy - chlorophenyl or  presents a 5 - amino - 5 - carboxy - valeryl
10  pyridyl, and m is 0 and [err] is different from  radical, wherein the
amino and carboxyl group  75                      hydrogen, when [err] is
phenyl, hydroxy -  can also be protected and, for example, are
phenyl, hydroxy - chlorophenyl, thienyl, furyl,  in the form of acylamino,
for example lower                      isothiazolyl or 1,4 -
cyclohexadienyl, [err] de-  alkenoylamino, such as acetylamino, halogeno-
notes hydrogen, R2 above all represents  lower alkanoylamino, such as
dichloroacetyl-                  15  hydroxyl and also represents lower
alkoxy,  amino, benzoylamino or phthaloylamino, or 80
especially [err] - poly - branched lower alkoxy, of esterified carboxyl,
such as phenyl - lower for example tert. - butoxy, 2 - halogeno - lower
alkoxycarbonyl, for example diphenylmethoxy-   alkoxy, for example 2,2,2 -
trichloroethoxy,  carbonyl, whereby advantageously [err]  repre-   2 -
iodoethoxy or 2 - bromoethoxy, or di-  sents 1, when R[err] is phenyl or
hydroxyphenyl,                  20  phenylmethoxy which is optionally
substituted  [err] represents hydrogen, [err] above all denotes  85
for example, by lower alkoxy, for example  hydroxyl and also lower alkoxy
which is op-                       methoxy, for example diphenylmethoxy or
4, tionally halogen - substituted, for example                       4' -
dimethoxy - diphenylmethoxy, as well as  chlorine - substituted, bromine -
substituted                       tri- lower alkylsilyloxy, for example
trimethyl-  or iodine - substituted, in the 2 - position,
25  silyloxy, and [err] denotes lower alkyl, for ex-  especially [err] -
poly - branched lower alkoxy, for  90                       ample methyl,
ethyl or n - butyl, as well as  example tert. - butoxy, or 2 - halogeno -
lower                       lower alkenyl, for example allyl, or phenyl-
alkoxy, for example 2,2,2 - trichloroethoxy,                       lower
alkyl, for example benzyl, as well as  2 - iodoethoxy or 2 - bromoethoxy,
or op-                       the I - oxides of such 3 - cephem compounds
tionally lower alkoxy - substituted, such as                  30  of the
formula IA, and also the correspond- methoxy - substituted,
diphenylmethoxy, for 95                       ing 2 - cephem compounds of
the formula  example diphenylmethoxy or 4,4' - dimeth-
IB, or salts, especially pharmaceutically usable,  oxy - diphenylmethoxy,
and also tri - lower                       non-toxic salts, of such
compounds having  alkylsilyloxy, for example trimethylsilyloxy,
salt-forming groups, such as alkali metal salts, and  [err] denotes lower
alkyl, for example       35  for example sodium salts, or alkaline earth
methyl, ethyl or n - butyl, as well as lower 100
metal salts, for example calcium  salts, or  alkenyl, for example allyl, or
phenyl - lower                       ammonium salts, including those with
amines, alkyl, for example benzyl,                       of compounds
wherein R, represents hydroxy,   [err] - (D -   - Amino - [err] - [err] -
acetyl-                       or internal salts of compounds wherein R2
amino) - 3 - lower alkoxy - 3  cephem - 4 -                   40
represents hydroxy and which contain a free  carboxylic acids, wherein R.
represents phenyl 105                       amino group in the acyl radical
of the formula  4 - hydroxyphenyl, 2 - thienyl or 1,4 - cyclo-
B.                                           hexadienyl, and lower alkoxy
contains up to                          Above all, in 3 - cephem compounds
of the  4 carbon atoms and represents, for example,
formula IA, and also in corresponding 2 -  ethoxy or n - butoxy,
particularly methoxy,                   45  cephem compounds of the formula
IB, as well  and the internal salts thereof, and above all 110
as in salts, especially in physiologically toler-  3 - methoxy - 7[err] -
(D - a - phenyl - glycyl-       able salts, of such compounds which have
amino) - 3 - cephem - 4 - carboxylic acid
salt-forming groups, as in the salts mentioned and the internal salt
thereof are particularly                       in the preceding paragraph,
[err] represents  useful; in the abovementioned concentrations,
50  hydrogen, the acyl radical of the formula B, especially on oral
administration, these com- 115                       wherein [err] denotes
phenyl, as well as hydroxy-  pounds display excellent antibiotic properties
phenyl, e.g. 4 - hydroxyphenyl, thienyl, e.g. both against Gram-positive
and especially                       2 - thienyl, 4 - isothiazolyl or 1,4 -
cyclo-  against Gram-negative bacteria, with a low
hexadienyl, X denotes oxygen, m denotes 0  order of toxicity.
55  or 1 and Rb denotes hydrogen, or, if m re-    A compound of the formula
IA or IB, in 120                        presents 0, denotes amino, as well
as protected  which [err] is an optionally substituted hydro-
amino, such as acylamino, for example a -  carbonradical, is obtained  by
reacting  a                        poly - branched lower
alkoxycarbonylamino,  cepham - 3 -one compound of the formula
such as tert. - butoxycarbonylamino, or 2 -[err]                   60
halogeno - lower alkoxycarbonylamino, for                        example
2,2,2 - trichloroethoxycarbonylamino,                        2 -
iodoethoxycarbonylamino or 2 - bromo-               [err]           [err]
ethoxycarbonylamino, or  optionally  lower
alkoxy-substituted or nitro-substituted phenyl-                    65
lower alkoxycarbonylamino, for example 4 -                        16
1,435,111                  or a corresponding enol having a double bond
methoxy or 4,4' - dimethoxy - diphenylmeth- 60 



in the 2,3 - or 3,4 - position, or a I -oxide  oxy, and also an organic
silyloxy or stannyl-                      of such a compound with a diazo
compound  oxy group, such as tri - lower alkylsilyloxy,
of the formula [err], (III), with a reac-  for example trimethylsilyloxy.
Preferably, in a                  5  tive ester of an  alcohol of the
formula  starting material of the formula II, the radi-
[err]-OH  (IV), with a compound containing  cal [err] denots an amino
protective group  65                     two or three etherified hydroxyl
groups of  [err], such as an acyl group Ac, in which
the formula [err],-O-  (V) on the same car-  free functional groups which
may be present,    bon atom of aliphatic character in the pres-  for
example amino, hydroxyl, carboxyl or                 10 ence of an acid
agent, with a tri - [err] - oxo-  phosphono groups, can be protected in a
man-                     nium  salt of the formula                    ner
which is in itself known, amino groups, 70
for example, by the abovementioned acyl,
[ERR]         (VI)   trityl, silyl or stannyl radicals as well as sub-
stituted  thio  or sulphonyl radicals, and                     wherein
[ERR] denotes the anion of an acid, with  hydroxyl, carboxyl or phosphono
groups, for                     a di - [ERR] - carbenium salt of the
formula  example, by the abovementioned ether or  75
ester groups, including silyl or stannyl groups,                 15
[ERR]             (VII)    and [ERR] denotes hydrogen.
Cepham - 3 - one starting substances of                     or a di - [ERR]
- halonium salt of the formula  the formula II can be in the keto form and/
or in the enol form, with the ring double  80
[ERR]           (VIII)    bond in the 2,3 - or 3,4 - position. Usually,
the starting substances of the formula II are                     wherein
[ERR]  denotes  the  anion  of  an  converted from the enol form into the
enol                     acid and [ERR] denotes a haloniumion, or
derivatives of the  formulae IA  and  IB.                20  with a 3 -
substituted 1 - [ERR]. - triazene com-  Furthermore, it is also possible,
for example, 85                     pound (IX), and, if desired, in a
resulting  to employ a mixture of a compound of the
compound of the formula IA  or IB, con-  formula II and of the
corresponding 1                     verting a protected carboxyl group of
the  oxide as the starting material and to obtain,
formula [ERR]   into a free carboxyl  as the product, the mixture of
compounds of                25  group or into another protected carboxyl
the formulae IA and IB and of the 1 - oxide  90 group and/or, if desired, a
resulting com-  of a compound of the formula IA. It is pos-
pound of the formula IA or IB is converted  sible to employ a starting
material in the                    into another compound of the formula IA
pure form or in the form of the crude reac-                    or IB,
and/or if desired, converting a result-  tion mixture obtainable in its
manufacture.                30  ing compound having a salt-forming group
The conversion of the starting substances  95                    into a
salt or a resulting salt into the free  of the formula II into the enol
derivatives                    compound or into another salt and/or, if  of
the formulae IA and IB can be carried                    desired,
separating a resulting mixture of iso-  out in a manner which is in itself
known.                    meric compounds into the individual isomers.
The enol-ethers are obtained according to                35    In  a
starting material of the formula II,  any process suitable for the
etherification of l00                    [err]  preferably  represents  an
etherified  enol groups, it being possible to use a starting
hydroxyl  group  [err]  which,  with  the  substance of the formula II
wherein [err] and                    [err]  grouping, forms an esterified
car-  [err] represent hydrogen but wherein prefer-  boxyl group which can
be split, especially  ably [err] represents an amino protective group
40  under mild conditions, it being possible for  [err]. Preferably, the
etherifying reagent used 105                    functional groups which may
be present in  is a diazo compound of the formula                    a
carboxyl protective group [err] to be pro-                    tected in a
manner which is in itself known,           [err]                    (III)
for example as indicated above. A  group                45 [err] is, for
example, in particular an option-  corresponding to the optionally
substituted                    ally halogen - substituted lower alkoxy
group,  hydrocarbon radical [err] above all an option-
such as [err] - poly - branched lower alkoxy, for  ally substituted diazo -
lower alkane, for 110                    example tert. - butoxy, or 2 -
halogeno - lower  example diazomethane, diazoethane or diazo-
alkoxy, wherein halogen represents, for ex- n - butane, and also an
optionally substituted               50  ample, chlorine, bromine or
iodine, above all phenyl - diazo - lower alkane such as 1 -
2,2,2 - trichloroethoxy, 2 - bromoethoxy, or  phenyl - diazo - lower
alkane, for example                    2 - iodoethoxy, or an optionally
substituted  phenyldiazomethane or diphenyldiazomethane. 115
1 - phenyl - lower alkoxy group, such as a 1 -  These reagents are used in
the presence of a                    phenyl - lower alkoxy group which
contains  suitable inert solvent, such as an aliphatic,               55
lower alkoxy, for example methoxy, or nitro, cycloaliphatic or aromatic
hydrocarbon, such                   such as benzyloxy or diphenylmethoxy
which  as hexane, cyclohexane, benzene or toluene,                   are
optionally substituted, for example as in-  of a halogenated aliphatic
hydrocarbon, for 120                   dicated, for example benzyloxy, 4 -
meth-  example methylene chloride, of a lower alkanol
oxybenzyloxy, 4 - nitrobenzyloxy, diphenyl-  for example methanol, ethanol
or tert. - butanol      



17                                         1,435,111
1                           or of an ether, such as of a di - lower alkyl-
or three etherified hydroxyl groups of the                       ether for
example diethyl ether, or of a cyclic  formula
65                       ether, for example tetrahydrofurane or dioxane,
or of a solvent mixture and, depending on                 [err]
(V)                      5  the diazo reagent, with cooling, at room tem-
perature or with slight warming and also, if  on the same carbon atom of
aliphatic charac-                          necessary, in a closed vessel
and/or under an  ter, that is to say by treatment with an appro-
inert gas atmosphere, for example a nitrogen  priate acetal or ortho -
ester, in the pres-                          atmosphere.
ence of an acid agent. Thus, for example, it  70                      10
Furthermore, enol-ethers of the formula IA  is possible to use, as
etherifying agents gem-                          and/or 1B can be formed by
treatment with  lower alkoxy - lower alkanes, such as 2,2 -
a reactive ester of an alcohol of the formula  dimethoxy - propane, in the
presence of a
strong organic sulphonic acid, such as p -
[err]             (IV)    toluenesulphonic acid, and of a suitable sol-  75
vent, such as of a lower alkanol, for example
which corresponds to the optionally substi-  methanol, or of a di - lower
alkylsulphoxide                      15  tuted hydrocarbon radical [err]
Suitable esters  or lower alkylenesulphoxide, for example di-
are above all those with strong inorganic or  methylsulphoxide, or
orthoformic acid tri -                           organic acids, such as
mineral acids, for ex-  lower alkyl esters, for example orthoformic  80
ample hydrogen halide acids, such as hydro-  acid triethyl ester, in the
presence of a strong                           chloric acid, hydrobromic
acid or hydroiodic  mineral acid, for example sulphuric acid or
20  acid, also sulphuric acid or halogeno - sul-  of a strong organic
sulphonic acid, such as                           phuric acids, for example
fluoro - sulphuric  p - toluenesulphonic acid, and of a suitable acid, or
strong organic sulphonic acids, such  solvent, such as of a lower alkanol,
for ex-  85                           as lower alkanesulphonic acids which
are op-  ample ethanol, or of an ether, for example
tionally substituted, for example by halogen, dioxane, and thus to arrive
at compounds of                      25  such as fluorine, or aromatic
sulphonic acids, the formula IA and/or IB, wherein [err] repre-
such as, for example, benzenesulphonic acids  sents lower alkyl, for
example methyl or   which are optionally substituted, for example  ethyl.
90                           by lower alkyl, such as methyl, halogen, such
The enol ethers of the formula IA and/                           as
bromine, and/or  nitro, for  example  or IB can also be obtained if the
starting                       30 methanesulphonic  acid,
trifluoromethanesul-  substance of the formula II is treated with
phonic acid or p - toluenesulphonic acid a tri -   - oxonium salt of the
formula                           These reagents, especially di - lower
alkyl                           sulphates, such as dimethyl sulphate, and
[err]              (VI)    95        I                  also lower alkyl
fluorosulphates, for example                       35  methyl
fluorosulphate, or optionally halogen-  (so-called Meerwein salts), a di -
[err]  -        substituted methanesulphonic acid lower alkyl carbenium
salt of the formula                           esters, for example
trifluoromethanesulphonic                           acid methyl ester, are
usually employed in             [err]           (VII)
the presence of a solvent, such as of an op-                       40
tionally  halogenated, such  as chlorinated,  or a di - [err] halonium salt
of the formula                           aliphatic, cycloaliphatic or
aromatic hydrocar-                           bon, for example methylene
chloride, of an             [err]           (VIII)    100
ether, such as dioxane or tetrahydrofurane,                           or of
a lower alkanol, such as methanol, or wherein [err] denotes the anion of an
acid and  45 of a mixture. At the same time, a suitable  [err] denotes a
halonium  ion, especially a                            condensation agent
is preferably employed, bromonium ion. The salts concerned are above
such as alkali metal carbonate or bicarbonate,  all tri - lower
alkyloxonium salts, as well as                            for example
sodium  or potassium  carbonate  di - lower alkoxycarbenium salts or di -
lower 105                            or bicarbonate, (usually together with
a sul-  alkyllhalonium salts, especially the appropriate
50  phate), or an organic base such as, usually  salts with complex acids
containing fluorine,                            a sterically hindered, tri
- lower alkylamine,  such as the appropriate tetrafluoborates, hexa-
for example N,N - diisopropyl - N - ethyl-  fluophosphates,
hexafluoantimonates or hexa-                            amine (preferably
together with a lower alkyl chloroantimonates. Such reagents are, for ex-
110                            halogenosulphate or an optionally halogen-
ample, trimethyloxonium  or triethyloxonium                        55
substituted methanesulphonic acid lower alkyl hexafluoantimonate,
hexachloroantimonate,                            ester), the reaction being
carried out with  hexafluophosphate or tetrafluoborate, dimeth-
cooling, at room temperature or with warm-  oxycarbenium hexafluophosphate
or dimethyl-                            ing, for example at temperatures of
about bromonium hexafluoantimonate. These etheri- 115
-20[err]C to about 50[err]C and, if necessary, in a  fying agents are
preferably used in an inert                        60  closed vessel and/or
in an inert gas atmo-  solvent, such as an ether or a halogenated
sphere, for example a nitrogen atmosphere. hydrocarbon, for example diethyl
ether, tetra-                              Enol - ethers can also be
manufactured by  hydrofurane or methylene chloride, or in a 



treatment with a compound containing two  mixture thereof, if necessary in
the presence 120                  18
1,435,111                                         18                of a
base, such as of an organic base, for  (column chromatography, paper
chromato-               example of a preferably sterically hindered  graphy
or plate chromatography) using suit-  65 tri - lower alkylamine, for
example N,N  -  able adsorbents, such as silica gel or alumi-           1
diisopropyl - N  - ethyl - amine, and with  nium oxide, and eluting agents,
and also by           5  cooling, at room  temperature or with slight
fractional crystallisation, solvent partitioning               warming, for
example at about -20[err]C  to  and the like.               about 50[err]C,
if necessary in a closed vessel   In the process according to the
invention, 70               and/or in an inert gas atmosphere, for ex-  and
in additional measures which may require               ample a nitrogen
atmosphere.                 to be carried out it is possible, if necessary,
10    The enol-ethers of the formulae IA and/or  transiently to protect
free functional groups,               IB can also be manufactured by
treating the  which do not participate in the reaction, in
starting substance of the formula II with a  the starting substances, or in
the compounds  75               3 - substituted I  R3 - triazene compound
obtainable according to the process, for ex-               (IX) (that is to
say a compound of the  ample free amino groups by, for example,          15
formula                                      acylation, tritylation or
silylation, free hydroxyl
or mercapto groups by, for example, etheri-                       [err]
fication or esterification, and free carboxyl 80
groups by, for example, esterification, includ-              the ubstitent
of the 3 - nitrogen atom de-  ing silylation and in each case to liberate
noting an organic radical bonded via a car-  them  after the reaction has
taken place, if              bon atoms preferably a carbocyclic aryl radi-
desired, individually or conjointly, in a manner          20  cal, such as
an optionally substituted phenyl which is in itself known. Thus it is pre-
85              radical, for example lower alkylphenyl, such  ferably
possible, for example, to protect amino,              as 4 - methyl -
phenyl. Such triazene com-  hydroxyl, carboxyl or phosphono groups in
pounds are 3 - aryl - 1 - lower alkyl -  an acyl radical [err] or [err] for
example in the              triazenes, for example 3 - (4 - methylphenyl)-
form of acylamino groups, such as those men-                   methyl -
triazene, 3 - (4 - methyl -  tioned above, for example 2,2,2 - trichloro-
90              phenyl) - 1 - ethyl - triazene, 3 - (4 -
ethoxycarbonylamino, 2  - bromoethoxycar-              methylphenyl) - 1- n
- propyl - triazene or  bonylamino, 4 - methoxybenzyloxycarbonyl-
(4 - methylphenyl) - 1 - isopropyl -  amino,  diphenylmethoxycarbonylamino
or triazene, 3 - aryl - 1 - lower alkenyl - tri-  tert. -
butoxycarbonylamino groups, of aryl-          30  azenes, for example 3 -
(4 - methylphenyl)-  thioamino or aryl - lower alkylthioamino  95
allyl - triazene,- or 3 - aryl - 1 - phenyl -  groups, for example 2 -
nitrophenylthio -              lower alkyl - triazenes, for example 3 - (4
-  amino groups, or arylsulphonylamino groups,              methylphenyl) -
1 - benzyl - triazene. These  for  example  4 - methylphenylsulphonyl -
reagents are usually employed in the pres-  amino groups, or of 1 - lower
alkoxy -         35  once of an inert solvent, such as an option-  carbonyl
- 2 - propylideneamino groups, or, 100              ally halogenated
hydrocarbon or an ethe, for  respectively, of acyloxy groups, such as those
aple benzene, or a solvent mixture, and  mentioned  above, for example
tert. - butoxy-              with cooling, at room temperature or prefer-
carbonyloxy, 2,2,2 - trichloroethoxycarbonyl-              ably at elevated
temperature, for example at oxy or 2 - bromoethoxycarbonyloxy groups,
40  about 20[err]C to about 100[err]C, if necessary in  or, respectively,
of esterified carboxyl groups, 105              a closed vessel and/or in
an inert gas atmo-  such as those mentioned above, for example
sphere, for example a nitrogen atmosphere.   diphenylmethoxycarbonyl
groups, or, respec-                In the above etherification reaction, it
is  tively, 0,0' - disubstituted phosphono groups,             possible to
obtain a single compound of  such as those mentioned above, for example
45  the formula IA or IB or a mixture of two  0,0' - di - lower
alkylphosphono groups, for 110             or more thereof, depending on
the starting  example 0,0' - dimethylphosphono groups             material
and reaction conditions. Thus, a  and subsequently, optionally after
conversion             mixture is obtained, for example, on using  of the
protective group, for example of a 2-             a starting material of
the formula II which  bromoethoxycarbonyl group into a 2 - iodo-         50
is contaminated, for example by heavy metal ethoxycarbonyl group, to split
the protected  115             compounds, such as chromium-II compounds,
group in a manner which is in itself known             or, if the starting
material of the formula II  and depending on the nature of the protec-
is not isolated during its manufacture from  tive group, for example a
2,2,2 - trichloro-             compounds of the formula XII, on using a
ethoxycarbonylamino or 2 - iodoethoxycar-         55  correspondingly
contaminated compounds of  bonylamino group by treatment with suitable 120
the formula XII or on carrying out the  reducing agents, such as zinc in
the presence 



reaction under basic conditions; an increasing  of aqueous acetic acid, a
diphenylmethoxy-             proportion of compounds of the formula IB
carbonylamino or tert. - butoxycarbonylamino             is obtained.
Mixtures obtained can be separ-  group by treatment with formic acid or
tri-        60  ated in a manner which is in itself known,  fluoroacetic
acid, an arylthioamino or aryl- 125             for example with the aid of
suitable methods  lower alkylthioamino group by treatment with
of separation, for example by adsorption and  a nucleophilic reagent, such
as sulphurous             fractionai elution, including chromatography
acid, an arylsulphonylamino group by means  I.                     of
electrolytic reduction, a 1 - lower alkoxy-  2-position, a carboxyl group
which is esteri-           carbonyl - 2 - propylideneamno group by fied by
a suitably substituted methyl group, 65           treatment with, an
aqueous mineral acid, or a  such as tert. - butyl or diphenylmethyl can
tert. - butoxycarbonyloxy group by treatment  be split, for example, by
treatment with a       5  with formic acid or trifluoro acetic acid, or
suitable acid agent, such as formic acid or tri-           a 2,2,2 -
trichloroethoxycarbonyloxy group by  fluoroacetic acid, optionally with the
addition           treatment with a chemical reducing agent,  of a
nucleophilic compound, such as phenol  70           such as zinc in the
presence of aqueous acetic  or anisole, an activated esterified carboxyl
acid, or a diphenylmethoxycarbonyl group by  group, and also a carboxyl
group present in       lO  treatment with formic acid or trifluoroacetic
the form  of an anhydride, can be split by           acid or by hydrolysis,
or an O,O' - disubsti-  hydrolysis for example by treatment with an
tuted phosphono group by treatment with an  acid or weakly basic aqueous
agent, such as  75           alkali metal halide, the splitting being
carried  hydrochloric acid or aqueous sodium bicarbon-           out if
desired, for example partially.     ate or an aqueous potassium phosphate
buf-       15    In a compound of the formula IA or IB  fer of pH about 7
to about 9, and an esteri-           obtainable according to the invention
and  fied carboxyl group which can be split hydro-           possessing a
protected, especially esterified,  genolytically can be split by
hydrogenolysis,  80           carboxyl group of the formula
for example by treatment with hydrogen in
the presence of a noble metal catalyst, for                           [err]
example a palladium  catalyst.
A carboxyl group protected, for example,      20  the latter can be
converted into the free car-  by silylation or stannylation can be
liberated  85           boxyl group in a manner which is in itself  in the
usual manner, for example by treat-           known, for example depending
on the nature  ment with water or an alcohol.           of the group
[err]esterified carboxyl    Resulting compounds of the formula IA
group, for example a carboxyl group esterified  or  IB can be converted in
a manner which      25  by a lower alkyl radical, especially methyl or  is
in itself known into other compounds of  90 ethyl, especially in a 2 -
cephem compound  the formula IA or 1B.           of the formula IB, can be
converted into a    In a resulting compound it is possible, for
free carboxyl group by hydrolysis in a weakly  example, to split off an
amino protective           basic medium, for example by treatment with
group [err] or [err] especially an easily re-      30  an  aqueous solution
of an  alkali metal  movable acyl group, in a manner which is  95
hydroxide or carbonate or alkaline earth metal  in itself known, for
example an [err] - poly-          hydroxide or carbonate, for example
sodium   branched lower alkoxycarbonyl group, such          hydroxide or
potassium hydroxide, preferably  as tert. - butoxycarbonyl, by treatment
with          at a pH value of about 9 to 10, and option-  trifluoroacetic
acid, and a 2 - balogeno - lower      35  ally in the presence of a lower
alkanol. A   alkoxycarbonyl group, such as 2,2,2 - tri- 100
carboxyl group esterified by a suitable 2 -  chloroethoxycarbonyl or 2 -
iodoethoxycar-           halogeno - lower alkyl group or by an aryl-  bonyl
or a phenacyloxycarbonyl group, by           carbonylmethyl group can be
split, for ex-  treatment with a suitable reducing metal or
ample, by treatment with a chemical reduc-  corresponding metal compound,
for example      40  ing agent, such as a metal, for example zinc,  zinc,
or a chromium-Il compound, such as 105          or a reducing metal salt,
such as a chromium-  chromium-II chloride or chromium-II acet-          II
salt, for example chromium-II chloride,  ate, advantageously in the
presence of an          usually in the presence of a hydrogen donor  agent
which together with the metal or the          which is capable of producing
nascent hydro-  metal compound generates nascent hydrogen,      45  gen
together with the metal, such as an acid,  preferably in the presence of
aqueous acetic 110          above all acetic acid and also formic acid, or
acid.          an alcohol, water being added preferably, a    It is
furthermore possible, in a resulting          carboxyl group esterified by
an arylcarbonyl-  compound of the formula IA or IB, where- 



methyl group can also be split by treatment  in a carboxyl group of the
formula      50  with a nucleophilic, preferably salt-forming,
reagent, such as sodium  thiophenolate or                    [err]
115          sodium iodide, a carboxyl group esterified by          a
suitable arylmethyl group can be split, for  preferably represents a
carboxyl group which          example, by irradiation, preferably with
ultra-  is protected, for example by esterification,      55  violet light,
for example below 290 [err] if  including by silylation, for example by
reac-          the arylmethyl group represents, for example,  tion with a
suitable organic halogenosilicon          a benzyl radical which is
optionally substituted  compound or halogeno - tin - IV compound, 120
in the 3 -, 4 - and/or 5 - position, for  such as trimethyl chlorosilane or
tri - n -          example by lower alkoxy and/or nitro groups, butyl - tin
chloride, to split off an acyl group      60  or with ultraviolet light of
longer wavelengths, [err] or [err] wherein optionally present free
for example above 290 [err] if the arylmethyl  functional groups are
optionally protected, by          group denotes, for example, a benzyl
radical  treatment with an imide - halide - forming  125          which is
substituted by a nitro group in the  agent, reaction of the resulting imide
- halide          2                     with an alcohol and splitting of
the imino-  of the products permits a higher tempera-
ether formed, it being possible for a pro-  ture.
tected carboxyl group, for example a carboxyl    The imide - halide product
which is usually                     group protected by an organic silyl
radical, further processed without isolation, is reac-                  5
already to be liberated in the course of the  ted according to the process
with an alcohol,  70                     reaction.
preferably in the presence of one of the                        Imnide -
halide - forming agents in which  abovementioned bases, to give the imino-
halogen is bonded to an electrophilic central  ether. Examples of suitable
alcohols are ali-                     atom are above all acid halides, such
as acid  phatic as well as araliphatic alcohols, above                  10
bromides and especially acid chlorides. The  all optionally substituted,
such as halogenated  75                      acid halides are above all
acid halides of in-  for example chlorinated, lower alkanols or
organic acids, above all of acids containing  lower alkanols possessing
additional hydroxyl                      phosphorus, such as phosphorus
oxyhalides,  groups, for example ethanol, propanol or
phosphorus trihalides and especially  phos-  butanol but especially
methanol, also 2 -                 15  phorus pentahalides, for example
phosphorus  halogeno - lower alkanols, for example 2,2,2-  80
oxychloride, phosphorus trichloride and above  trichloroethanol or 2 -
bromoethanol, and                      all phosphorus pentachloride, and
also pyro-  optionally substituted phenyl - lower alkanols,
catechyl - phosphorus trichloride, as well as  such as benzyl alcohol.
Usually an excess, for                      acid halides, especially acid
chlorides, of acids  example up to about 100-fold excess, of the
20  containing sulphur or of carboxylic acids, alcohol is employed and the
reaction is pre-  85                      such as thionyl chloride,
phosgene or oxalyl ferably carried out with cooling, for example
chloride.                                   at temperatures of about -50 C
to about                         The reaction with one of the imide-halide-
[err]                       forming agents mentioned is usually carried
The imino - ether product can advantage-                  25  out in the
presence of a suitable base, especi-  ously be split without isolation. The
splitting  90                       ally of an organic base, above all of a
tertiary  of the imino - ether can be achieved by treat-
amine, for example a tertiary aliphatic mono-  ment with a suitable hydroxy
compound, pre-                       amine or diamine, such as a tri -
lower alkyl-  ferably by means of hydrolysis, and also by      amine, for
example trimethylamine, triethyl-  alcoholysis, and the latter can  take
place      30  amine or NN  - diisopropyl   N  - ethyl-  directly following
the formation of the imino-  95                       amine, also a
NN,N',N' - tetra - lower alkyl-  ether, if an excess of the alcohol is
used.                       lower alkylenediamine, for example [err]
Preferably, water or an alcohol, especially a                       N' -
tetramethyl - 1,5 - pentylenediamine  lower alkanol, for example methanol,
or an                       or [err] - tetramethyl - 1,6 - hexylene-
aqueous mixture of an organic solvent, such                   35  diamine,
a monocyclic or bicyclic monoamine  as an alcohol, is used. The reaction is
usually  100                       or diamine, such as a N  - substituted,
for  carried out in an acid medium, for example
example N - lower alkylated, alkyleneamine,  at a pH value of about 1 to
about 5 which   azaalkyleneamine or oxaalkyleneamine, for ex-  can, if
necessary, be obtained by adding a                       ample N - methyl -
piperidine or N - methyl-  basic agent, such as an aqueous alkali metal
40  morpholine, as well as 2,3,4,6,7,8 - hexa-  hydroxide, for example
sodium hydroxide or 105                        hydro - pyrrolo[1,2 -
a]pyrimidine (diaza-  potassium hydroxide, or an acid, for example
bicyclononene; DBN), or a tertiary aromatic  a mineral acid, or an organic
acid, such as                        amine such as a di - lower
alkylaniline, for  hydrochloric acid, sulphuric acid, phosphoric
example N,N - dimethylaniline, or above all  acid, fluoboric acid,
trifluoroacetic acid or p - 



45  a tertiary heterocyclic, monocyclic or bicyclic,  toluenesulphonic
acid.               110                        base, such as quinoline or
isoquinoline, especi-    The three-stake process for splitting off an
aly pyridine, preferably in the presence of a  acyl group, described above,
is advantageously                        solvent, such as an optionally
halogenated,  carried out without isolation of the imide-
for example chlorinated, aliphatic or aromatic  halide and imino - ether
intermediate pro-      50  hydrocarbon, for example methylene chloride.
ducts, usually in the presence of an organic 115                        It
is possible to use approximately equimolar  solvent which is inert towards
the reactants, amounts of the imide - halide - forming  such as an
optionally halogenated hydrocar-      agent and of the base; the latter can
how-  bon, for example methylene chloride, and/or
ever also be present in more than or less  in an inert gas atmosphere, such
as a nitro-     55 than equimolar amount, for example in about  gen
atmosphere.                            120                         0.2-fold
to about 1-fold amount or in, say,   If the imide - halide intermediate
product                         up to 10-fold, in particular about 3-fold
to  obtainable according to the above process, in-
5-fold, excess.                             stead of being reacted with an
alcohol, is                           The reaction with the imide - halide
-  reacted with a salt, such as an alkali metal                     60
forming agent is preferably carried out with  salt, of a carboxylic acid,
especially of a  125                         cooling, for example at
temperatures of about  sterically hindered carboxylic acid, a com-
[err] to about + [err] but it is also pos-  pound of the formula IA  or IB,
wherein                         sible to work at higher temperatures, that
both radicals [err] and [err]  represent acyl                         is to
say, for example, up to about [err]  groups, is obtained.
65  if the stability of the starting substances and    In a compound of the
formula IA or IB, 130                        21
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wherein both radicals [err] and [err] repre-   If a free acid wherein,
preferably, option-                    sent acyl groups, one of these
groups, pre-  ally present functional groups, such as an op-
ferably the sterically less hindered group,  tionally present amino group,
are protected,                    can be removed selectively, for example
by  is employed for the acylation, suitable con-                5
hydrolysis or aminolysis.                     densation agents are usually
employed, such  70                      In a compound of the formulae IA
or  as carbidiimides, for example NN' - di-                    IB, wherein
[err] and [err] together with the  ethyl -, NN' - dipropyl -, N,N' - diiso-
nitrogen atom represent a phthalimido group,  propyl -, N,N  - dicyclohexyl
- or N  -                    the latter can be converted into the free
ethyl - N' - 3 - dimethylaminopropyl -                10  amino group, for
example by hydrazinolysis,  carbodiimide, suitable carbonyl compounds, for
75                    that is to say on treatment of such a com-  example
carbonyl diimidazole, or isoxazoli-                    pound with
hydrazine.                        nium salts, for example N  - ethyl - 5 -
Certain acyl radicals [err] of an acylamino  phenyl - isoxazolinium - 3' -
sulphonate and                    grouping in compounds obtainable
according  N - tert. - butyl - 5 - methyl - isoxazoli-                15
to the invention such as, for example, the  nium perchlorate, or a suitable
acylamino com-  80                    5 - amino - 5 - carboxy - valeryl
radical,  pound, for example 2 - ethoxy - 1 - ethoxy-
wherein carboxyl is optionally protected, for  carbonyl - 1,2 -
dihydroquinoline.                    example by esterification, especially
by di-   The condensation reaction is preferably car-
phenylmethyl, and/or the amino group is  ried out in one of the anhydrous
reaction                20  optionally protected, for example by acyla-
media mentioned later, for example in methyl-  85                    tion,
especially by an acyl radical of an  ene chloride, dimethylformamide or
aceto-                    organic carboxylic acid, such as halogeno -
nitrile.                    lower alkanoyl, such as dichloroacetyl, or
An amide-forming functional derivative of                    phthaloyl, can
also be split off by treatment  an acid, wherein optionally present groups,
25  with a nitrosilylating agent, such as nitrosyl  such as an optionally
present amino group,  90                     chloride, with a carbocyclic
arenediazonium, are preferably protected, is above all an an-
salt, such as benzenediazonium  chloride, or  hydride of such an acid,
including, and pre-    with an agent which releases positive halogen,
ferably, a  mixed  anhydride. Mixed  an-                     such as a N -
halogeno - amide or - imide,  hydrides are, for example, those with inor-
30  for example N  - bromosuccinimide, prefer-  ganic acids, especially
with hydrogen halide  95                     ably in a suitable solvent or
solvent mixture,  acids, that is to say the corresponding acid
such as formic acid, together with a nitro-  halides, for example acid
chlorides or acid                     or cyano - lower alkane, and
treatment of the  bromides, and also with hydrazoic acid, that
reaction product with a hydroxylic agent, such  is to say the corresponding
acid azides, with                35  as water or a lower alkanol, for
example meth-  an acid containing phosphorus, for example  100 anol or, if
in the 5 - amino - 5 - carboxy-  phosphoric acid or phosphorus acid, with
an                     valeryl radical [err] the amino group is un-  acid
containing sulphur, for example sulphuric                     substituted
and the carboxyl group is pro-  acid, or with hydrocyanic acid. Further
mixed 



tected, for example by esterification, and  anhydrides are, for example,
those with or-                40  [err] preferably represents an acyl
radical but ganic acids, such as organic carboxylic acids, 105
can also denote hydrogen, by leaving the  such as with lower
alkanecarboxylic acids                     substance to stand in an inert
solvent, such  which are optionally substituted, for example
as dioxane or a halogenated aliphatic hydro-  by halogen, such as fluorine
or chlorine, for                     carbon, for example methylene chloride
and, example pivalic acid or trichloroacetic acid,                 45  if
necessary, working up the free or mono-  or with half-esters, especially
lower alkyl 110                     acylated  amino  compound  according
to  half-esters, of carbonic acid, such as the ethyl
methods which are in themselves known.     half-ester or isobutyl
half-ester of carbonic                       A formyl group [err] can also
be split off  acid, or with organic, especially aliphatic or
by treatment with an acid agent, for example  aromatic, sulphonic acids,
for example p -                 50  p - toluenesulphonic acid or
hydrochloric acid, toluenesulphonic acid.                     115
a weakly basic agent, for example dilute    It is furthermore possible to
use, as acylat-                     ammonia, or a decarbonylating agent,
for ex-  ing  agents, internal anhydrides, such  as
ample tris - (triphenylphosphine)-rhodium                 ketenes, for
example diketene, isocyanates,                     chloride.
(that is to say internal anhydrides of carbamic                 55    A
triarylmethyl group, such as the trityl  acid compounds) or internal
anhydrides of 120                     group [err] can be split off, for
example, by  carboxylic acid compounds having carboxyl-
treatment with an acid agent, such as a mineral  substituted hydroxyl or
amino groups, such                     acid, for example hydrochloric acid.
as mandelic acid O - carboxanhydride or the                        In a
compound of the formula IA or IB,  anhydride of 1 - N - carboxyamino -
cyclo-                 60  wherein [err] and [err] represent hydrogen, the
hexanecarboxylic acid.                    125                     free
amino group can be substituted according    Further acid derivatives
suitable for reac-                     to methods which are in themselves
known,  tion with the free amino group are activated
above all acylated by treatment with acids,  esters, wherein the optionally
present func-                     such as carboxylic acids, or reactive
deriva-  tional groups are usually protected, such as                 65
tives thereof.                               esters with vinylogous
alcohols, (that is to  130                       22
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say enols), such as vinylogous lower alkanols, phorus dichloride; in the
resulting acylation                   or aryl esters, such as phenyl esters
which are  product the protected carboxyl group can be  65
preferably substituted, for example by nitro  liberated in a manner which
is in itself known,                   or halogen, such as chlorine, for
example  for example as described above, including by                5
pentachlorophenyl, 4 - nitrophenyl or 2,4 -  hydrolysis or alcoholysis.
dinitrophenyl esters, hetero - aromatic esters,    An acyl group can also
be introduced by                   such as benztriazole esters, or
diacylimino  acylating a compound of the formula IA or  70
esters, such  as  succinylimino  esters  or  IB. wherein [err] and R b
together represent an                   phthalylimino esters.
ylidene radical, (which can also be intro-               10    Further
acylation  derivatives  are,  for  duced subsequently, for example by
treating                   example, substituted  formimino derivatives, a
compound wherein [err] and [err] represent                   such as
substituted NN  - dimethylchloro-  hydrogen, with an aldehyde, such as an
ali-  75                   formimino derivatives of acids, or N - sub-
phatic, aromatic or araliphatic aldehyde), for                   stituted
NN - diacylamines, such as a NN -  example according to the methods
indicated               15  diacylated aniline.
above, and the acylation  product can be                      The acylation
with an acid derivative, such  hydrolysed, preferably in a neutral or
weakly                   as an anhydride, and especially with an acid  acid
medium.                                80                   halide, can be
carried out in the presence of    An acyl group can also be introduced
step-                   an acid-binding agent, for example of an or-  wise.
Thus, for example, it is possible to               20  ganic base, such as
an organic amine, for  introduce into a compound of the formula IA
example a tertiary amine, such as tri - lower  or IB, having a free amino
group, a halo-                   alkylamine, for example triethylamine, N,N
-  geno - lower alkanoyl group, for example a  85                   di -
lower alkylaniline, for example N,N  -  bromoacetyl group, or, for example
by treat-                   dimethylaniline, or a base of the pyridine
type, ment with a carbonic acid dihalide, such as .             25  for
example pyridine , an inorganic base, for  phosgene, a halogenocarbonyl
group, for ex-                   example an alkali metal hydroxide, carbon-
ample a chlorocarbonyl group, and to react                   ate or
bicarbonate or an alkaline earth metal  a N - (halogeno - lower alkanoyl) -
amino  90                   hydroxide, carbonate or bicarbonate, for ex-
compound  or  N  - (halogenocarbonyl) -                   ample sodium
hydroxide, carbonate or bicar-  amino compound thus obtainable with suit-
30  bonate, potassium  hydroxide, carbonate or  able exchange reagents,
such as basic com-             bicarbonate or calcium  hydroxide, carbonate
pounds, for example tetrazole, thio compounds,    or bicarbonate, or an
oxirane, for example a  for example 2 - mercapto - 1 - methyl -  95 



lower 1,2 - alkylene oxide, such as ethylene  imidazole, or metal salts,
for example sodium                   oxide or propylene oxide.
azide, or alcohols, such as lower alkanols, for               35    The
above acylation can be carried out in  example tert. - butanol and thus to
obtain                   an aqueous or, preferably, non-aqueous sol-
substituted N - lower alkanoyl - amino or N -    vent or solvent mixture,
for example in a  hydroxycarbonylamino compounds.               100
carboxylic acid amide, such as a N,N - di-   In both reactants, free
functional groups                   lower alkylamide, for example
dimethylform-  can transiently be protected during the acyla-    40  amide,
a halogenated hydrocarbon, for ex-  tion reaction, in a manner which is in
itself                   ample methylene chloride, carbon tetrachloride
known and be liberated, after the acylation,    or  chlorobenzene, a
ketone, for  example  by means of methods which are in themselves 105
acetone, an ester, for example ethyl acetate, known, for example as
described above.                   or a nitrile, for example acetonitrile,
or mix-    The acylation can also be effected by re-               45
tures thereof, and, if necessary, at lowered  placement of an already
existing acyl group                   or elevated temperature and/or in an
inert  by another, preferably sterically hindered, acyl
gas atmosphere, for example a nitrogen atmo-  group, for example according
to the process 110                   sphere.
described above, by manufacturing the imide-                     In the
above N - acylation reactions it is  halide compound, treating this with a
salt of              50  possible to start from  compounds  of the  an acid
and splitting off hydrolytically one of                   formulae IA or
IB, wherein [err] has the above  the acyl groups present in the product
thus                   meaning, and compounds having free car-  obtainable,
usually the sterically less hindered  115                   boxyl groups of
the formula                  acyl group.
It is furthermore possible, for example, to
[err]        react a compound of the formula IA or 1B
wherein [err] represents a glycyl group which              55  wherein
[err] represents hydroxyl, can also be  is preferably substituted in the
[err]-position, such  120                   used in the form of salts, for
example ammo-  as phenylglycyl, and [err] represents hydrogen,   nium
salts, such as with triethylamine, or in  with an aldehyde, for example
formaldehyde,                   the form of a compound with a carboxyl
group  or a ketone, such as a lower alkanone, for
protected by reaction with a suitable organic  example acetone, and thus to
arrive at com-              60  phosphorus halide compound, such as with a
pounds of the formula IA  or IB, wherein  125                   lower alkyl
- or lower alkoxy - phosphorus di-  [err] and R b together with the
nitrogen atom                   halide, such as methyl - phosphorus
dichloride,  represent a 5 - oxo - 1,3 - diaza - cyclo-
ethyl phosphorus dibromide or methoxyphos-  pentyl radical which is
preferably substituted          23
1,433,511                                        23        in the
4-position and is optionally substituted  in a O - substituent and S -
substituent, for       in the 2-position.
example, lower alkyl, especially tert. - butyl,          In a compound of
the formula IA or IB,  phenyl - lower alkyl or cycloalkyl, and N  -
wherein [err] and [err] represent hydrogen, the  substituents or N' -
substituents are, for   5  free amino group can also be protected by
example, lower alkyl, especially isopropyl,  70       introducing a
triarylmethyl group, for example  cycloalkyl or phenyl, or according to any
by treatment with a reactive ester of a triaryl-  other known and suitable
esterification pro-       methanol, such as trityl chloride, preferably in
cess, such as reaction of a salt of the acid       the presence of a basic
agent, such as pyri-  with a reactive ester of an alcohol and of a   10
dine.                                        strong inorganic acid, or with
a strong organic  75         An amino group can also be protected by
sulphonic acid. Furthermore, acid halides, such       introducing a silyl
and stannyl group, Such  as acid chlorides (manufactured, for example,
groups are introduced in a manner which is  by treatment with oxalyl
chloride), activated       in itself known, for example by treatment with
esters  (formed, for example, with  N  -   15  a suitable silylating agent,
such as with a di-  hydroxy - nitrogen compounds, such as N -  80
halogeno - di - lower alkylsilane, lower alkoxy-  hydroxy - succinimide),
or mixed anhydrides       lower alkyl - dihalogeno - silane or tri - lower
(obtained, for example, with halogenoformic       alkyl - silyl halide, for
example dichloro -  acid lower alkyl esters, such as chloroformic
dimethylsilane, methoxy - methyl - dichloro-  acid ethyl ester or
chloroformic acid isobutyl  20  silane, trimethylsilyl chloride or dimethyl
-  ester, or with halogenoacetic acid halides, such  85       tert. - butyl
- silyl chloride, such silyl halide  as trifluoroacetic acid chloride) can
be con- compounds preferably being used in the pres-  verted into an
esterified carboxyl group by      ence of a base, for example pyridine, or
by  reaction with alcohols, optionally in the pres-      treatment with an
optionally N - mono - lower  ence of a base, such as pyridine.  25
alkylated, NN  - di - lower alkylated, N  -    In a resulting compound
having an esteri-  90      tri - lower alkylsilylated or N - lower alkyl-
fied grouping of the formula      N - tri - lower alkyl - silylated N -
(tri - 



lower alkylsilyl) - amine (see, for example,               [err]
British Patent Specification No. 1,073,530), or  30  with a silylated
carboxylic acid amide, such  this grouping can be converted into a dif-
as a bis - tri - lower alkylsilyl - acetamide,  ferent esterified  carboxyl
group  of this      for example bis - trimethylsilyl - acetamide  formula,
for example 2 - chloroethoxycarbonyl  95      or trifluorosilylacetamide,
or by treatment with  or 2 - bromoethoxycarbonyl can be converted      a
suitable stannylating agent, such as a bis -  into 2 - iodoethoxycarbonyl
by treatment with  35  (tri - lower alkyl - tin) oxide, for example  an
iodine salt, such as sodium iodide, in the      bis - (tri - n - butyl -
tin) oxide, a tri -  presence of a suitable solvent, such as acetone.
lower alkyl - tin hydroxide, for example tri-    Mixed anhydrides can be
manufactured by  100      ethyl - tin hydroxide, a tri - lower alkyl -
reacting a compound of the formula IA  or      lower alkoxy - tin compound,
tetra - lower  IB, having a free carboxyl group of the 40  alkoxy - tin
compound or tetra - lower alkyl-  formula  [err] preferably a salt,
tin compound, or with a tri - lower alkyl -  especially an alkali metal
salt, for example a      tin halide, for example tri - n - butyl - tin
sodium salt, or ammonium  salt, for example  105      chloride  (see,  for
example, Netherlands  triethylammonium  salt, thereof, with a reac-
Published Specification 67/77,107).          tive derivative, such as a
halide, for example 45    In a compound of the formula IA or IB,  the
chloride of an acid, for example a halo-      obtainable according to the
process, which  genoformic acid lower alkyl ester or a lower      contains
a free carboxyl group of the formula  alkanecarboxylic acid chloride.
110      [err] such a group can be converted    In a compound obtainable
according to the      into a protected carboxyl group in a manner  process
having a free carboxyl group of the 50  which is in itself known. Thus, a
compound  formula-[err], such a group can also     with  an  esterified
carboxyl  group  is  be converted into an optionally substituted
obtained,  for   example,  by   treatment  carbamoyl or hydrazinocarbonyl
group, for 115     with  a  suitable  diazo  compound,  such  which
preferably reactive functionally modified     as a diazo - lower alkane,
for example diazo-  derivatives, such as the abovementioned acid 55
methane or diazobutane, or a phenyl - diazo-  halides, and generally
esters, including also     lower alkane, for example diphenyldiazo-  the
abovementioned activated esters, or mixed     methane, if necessary in the
presence of a  anhydrides of the appropriate acid are reac- 120     Lewis
acid, such as, for example, boron tri-  ted  with  ammonia  or  amines,
including     fluoride, or by reaction with an alcohol suit-
hydroxylamine, or hydrazines. 60  able for the esterification reaction, in
the    A carboxyl group protected by an organic     presence of an
esterifying agent, such as a  silyl or stannyl group can be formed in a
carbodiimide, for example dicyclohexylcarbo-  manner which is in itself
known, for example  125     diimide, as well as carbonyldiimidazole, and
by treating compounds of the formulae IA     also with a NN' -
disubstituted O  - or  or IB, wherein [err] represents hydroxyl, or 65  S -
substituted isourea or isothiourea, where-  salts thereof, such as alkali
metal salts there-                       24
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-of, for example sodium salts thereof, with a  tected and are subsequently
again liberated,                     suitable silylating or stannylating
agent, such  if desired.                     as one of the abovementioned
silylating or    Cephem  compounds obtained can be iso-
stannylating agents; see, for example, British  merised. Thus, a resulting
2 - cephem com-                 5 Patent  No.  1,073,530  or  Netherlands
pound of the formula IB can be converted  70                     Published
Specification No. 67/17,107.       into the corresponding 3 - cephem
compound                       It is furthermore possible to liberate modi-
of the formula IA  by isomerising a 2 -                     fied functional
substituents in groups [err] cephem compound of the formula IB where-
[err] and/or [err] such as substituted amino  in free functional groups
can, if appropriate,                 10  groups, acylated hydroxyl groups,
esterified  be protected transiently, for example as in-  75
carboxyl groups or O,O' - disubstituted phos-  dicated. In this reaction it
is possible to use,                     phono groups, according to methods
which  for example, a 2 - cephem compound of the                     are in
themselves known, for example those  formula 1B wherein the group of the
formula                     described above, or functionally to modify free
-C(=O)-[err] represents a free or protected                 15  functional
substituents in groups [err] [err]  carboxyl group, it also being possible
to form  80               and/or [err], such as free amino, hydroxyl,  a
protected carboxyl group during the reac-                     carboxyl or
phosphono groups, according to  tion.                     processes which
are in themselves known, for    Thus it is possible to isomerise a 2 -
example acylation or esterification or substi-  cephem  compound of the
formula IB by                 20  tution. Thus, for example, an amino group
treating it with a weakly basic agent and  85                     can be
converted into a sulphoaamino group  isolating the corresponding 3 - cephem
com-                     by treatment with sulphur trioxide, preferably
pound of the formula IA  from  an equili- 



in the form  of a complex with an organic  brium mixture of the 2 - and 3 -
cephem                     base, such as a tri - lower alkylamine, for
compounds which may be obtained.                 25  example triethylamine.
Furthermore, the reac-    Examples of suitable isomerising agents are  90
tion mixture obtained by reaction of an acid  organic nitrogen-containing
bases, such  as                     addition salt of a 4 -
guanylsemicarbazide  tertiary heterocyclic bases of aromatic charac-
with sodium  nitrite can be reacted with a  ter, and above all tertiary
aliphatic, aza-      compound of the formula IA or IB, wherein,
cycloaliphatic or araliphatic bases, such as                 30  for
example, the amino protective group [err]  NNN - tri - lower alkylamines,
for example  95                     represents  an optionally  substituted
glycyl  NN,N - trimethylamine, N,N  - dimethyl -                     group,
and the amino group can thus be con-  N - ethylamine, NN,N - triethylamine
or N,                     verted into a free-guanylureido group. Further  N
- diisopropyl - N  - ethylamine, N  -                     compounds with
aliphatically bonded halo-  lower alkyl - azacycloalkanes, for example
35  gen, for example with an optionally substi-  N  - methyl   piperidine,
or N  - phenyl- 100                     tuted a - bromoacetyl grouping, can
be reac-  lower alkyl - NN - di - lower alkyl - amines,
ted with esters of phosphorus acid, such as  for example N - benzyl - N,N -
dimethyl-                     tri - lower alkyl - phosphite compounds and
amine, as well as mixtures thereof, such as the
corresponding phosphono compounds can thus  mixture of a base of the
pyridine type, for                 40  be obtained.
example pyridine, and a N,N,N - tri - lower 105                        A
mixture of a compound of the formula  alkylamine, for example pyridine and
tri- IA and of the corresponding 1 - oxide, ob-  ethylamine. Furthermore,
it is also possible to                     tainable according to the
process, can be either  use inorganic or organic salts of bases, especi-
directly oxidised to the 1 - oxide of a com-  ally of medium-strength to
strong bases, with                 45  pound of the formula IA, or reduced
to a 3 -  weak acids, such as alkali metal salts or 110
cephem compound of the formula IA. These  ammonium  salts of lower
alkanecarboxylic                     oxidation and reduction steps are
described  acids, for example sodium  acetate, triethyl-
later in connection with the isomerisation of  ammonium acetate or N -
methyl - piperidine                     a 2 - cephem compound of the
formula 1B  acetate, as well as other analogous bases or                 50
to the corresponding 3 - cephem compound  mixtures of such basic agents.
115                     of the formula IA, using a 1 - oxide as the    The
above isomerisation with a basic agent                     intermediate
product.                        can be carried out for example, in the
pres-                        A  resulting  cephem  compound  of the  ence
of a derivative of a carboxylic acid which                     formula IA
or IB can be converted into the  is suitable for forming a mixed anhydride,
55  1 - oxide of the corresponding 3 - cephem  such as a carboxylic acid
anhydride or car- 120                      compound of the formula IA by
oxidation with  boxylic acid halide, for example with pyridine
a suitable oxidising agent, such as one of those  in the presence of acetic
anhydride. This                      described below. A resulting 1 - oxide
of a  reaction is preferably carried out in an an-     3 - cephem compound
of the formula IA can  hydrous medium, in the presence or absence
60  be reduced to the corresponding 3 - cephem   of a solvent, such as an
optionally halogenated  125                      compounds of the formula
IA by reduction  for example chlorinated, aliphatic, cycloali-
with a suitable reducing agent such as, for  phatic or aromatic
hydrocarbon, or of a sol-                      example, one of those
described below. In  vent mixture, it being possible for a base used
these reactions it is necessary to ensure that,  as a reactant and which is
liquid under the                 65  if necessary, free functional groups
are pro-  reaction conditions at the same time also to  130
25                                         1,435,111
25       serve as a solvent, if necessary with cooling, or  under mild
conditions, for example at ter-            heating, preferably in a
temperature range of  peratures of about [err] to about [err]
about-[err] to about [err] in an inert  preferably  of  about  [err]  to
about                        gas atmosphere, for example a nitrogen atmo-
[err]                    5  sphere, and/or in a closed vessel.
The oxidation of 2 - cephem  compounds   70                          A 3 -
cephem  compound of the formula  to the 1 - oxides of the corresponding 3 -
IA, thus obtainable, can be separated from any  cephem  compounds can also
be carried out                        2 - cephem compounds of the formula
IB  by treatment with ozone, or with an organic
which may still be present, in a manner  hypohalite compound, such as a
lower alkyl                    10 which is in itself known, for example by
ad-  hypochlorite, for example tert. - butylhypo-  75
sorption and/or crystallisation.            chlorite, which is used in the
presence of                          The isomerisation of a 2 - cephem com-
an inert solvent, such as an optionally halo-                        pounds
of the formula IB can also be carried  genated hydrocarbon, for example
methylene                        out by oxidising the compound in the
1-posi-  chloride, and at a temperature  of about                    15
tion, if desired separating an isomer mixture  [err]  to about [err] with a
periodate  80                        of the 1 - oxides of 3 - cephem
compound  compound, such as an alkali metal periodate, 



of the formula IA which may be obtained,  for example potassium  periodate,
which is                        and reducing the 1 - oxides of the corres-
preferably used in an aqueous medium at a                        ponding 3
- cephem compound of the formula  pH  value of about 6 and at temperatures
20  IA, thus obtainable.                        of about [err] to about
[err] with iodo-  85                           Suitable oxidising agents
for the oxida-  benzene dichloride, which is used in an aqueous
tion of 2 - cephem  compounds in the 1-  medium, preferably in the presence
of an                         position are inorganic per-acids which have
organic base, for example pyridine, and with                         a
reduction potential of at least +1.5 volt  cooling, for example at
temperatures of about                    25  and which consist of
non-metallic elements,  -20C to about [err] or with any other oxidis-  90
organic per-acids or mixtures of hydrogen  ing agent which is suitable for
conversion of a                         peroxide and adds, especially
organic car-  thio group into a sulphoxide grouping.
boxylic acids, having a dissociation constant    In the 1 - oxides of a 3 -
cephem com-                         of at least [err] Suitable inorganic
per-acids  pound of the formula IA, thus obtainable,                    30
are periodic acid and persulphuric acid. Or-  especially in those compounds
in which [err]  95                         ganic per-acids are appropriate
percarboxylic  [err] and [err] have the abovementioned pre-
acids and persulphonic acids which can be  ferred meanings, the groups
[err] R b and/or      added as such or can be formed in situ by  [err] can,
within the defined framework, be                         the use of at
least one equivalent of hydro-  converted into one another, split off or
intro-                     35  gen peroxide and of a carboxylic acid.  It
duced. A mixture of isomeric [err] - and [err] - 100
is desirable to use a large excess of the car-  1 - oxides can be
separated, for example      I                 boxylic acid if, for example,
acetic acid is  chromatographically.                         used as the
solvent. Suitable per-acids are,    The reduction of the oxides of 3 -
cephem                         for example, performic acid, peracetic acid,
compound of the formula IA can be carried     40  pertrifluoroacetic acid,
permaleic acid, per-  out in a manner which is in itself known, by  105
benzoic acid, monoperphthalic acid or p -  treatment with a reducing agent,
if necessary                         toluenepersulphuric acid.
in the presence of an activating agent. Pos-                           The
oxidation can also be carried out using  sible reducing agents are:
catalytically activ-                         hydrogen peroxide and
catalytic amounts of  ated hydrogen, using noble metal catalysts     45  an
acid having a dissociation constant of at which contain palladium, platinum
or rhodium  110 east [err] it being possible to employ low  and which are
optionally employed together                         concentrations, for
example 1-2 %  or less, with a suitable carrier, such as charcoal or
but also larger amounts of the acid. The  barium  sulphate; reducing tin,
iron, copper                         activity of the mixture above all
depends on  or manganese cations, which are used in the
50  the strength of the acid. Examples of suitable  form of appropriate
compounds or complexes 115                         mixtures are those of
hydrogen peroxide with  of inorganic or organic nature, for example
acetic acid, perchloric acid or trifluoroacetic  as tin-II chloride,
fluoride, acetate or formate,                         acid.
iron-II chloride, sulphate, oxalate or succin-
The above oxidation can be carried out  ate, copper-I chloride, benzoate or
oxide, or                     55  in the presence of a suitable catalyst.
Thus,  manganese-II chloride, sulphate, acetate or 120          for
example, the oxidation with a percar-  oxide, or as complexes, for example
with                          boxylic acid can be catalysed by the pres-
ethylenediaminetetraacetic  acid  or nitrilo-                          ence
of an acid having a dissociation constant  triacetic acid; reducing
dithionite, iodide or                          of at least [err] its
activity depending on its  ferrocyanide anions which are used in the
60  strength. Acids suitable as catalysts are, for  form of appropriate
inorganic or organic salts, 125                          example, acetic
acid, perchloric acid and tri-  such as alkali metal salts, for example
sodium                          fluoroacetic acid. Usually, at least
equimolar  dithionite or potassium  dithionite, sodium
amounts of the oxidising agent, and pre-  iodide or potassium iodide, or
sodium ferro-                          ferably a small excess of about 10%
to about  cyanide or potassium ferrocyanide, or in the
65  20%, are used. The oxidation is carried out  form  of the corresponding
acids, such as 130                   26
1,435,111                                          26   hydriodic add;
reducing trivalent inorganic  acid dichloride, dimethyldichlorosilane or
tri-                 or organic phosphorus compounds, such as  chlorosilane
and also suitable acid anhydrides,                 phosphines, and also
esters, amides and halides  such as trifluoroacetic acid anhydride, or
cyclic                 of phosphinous, phosphonous or phosphorous
sultones, such as ethanesultone, 1,3 - propane-             5   acids, as
well as phosphorus   sulphur com-  sultone, 1,4 - butanesultone or 1,3 -
hexane-  70                 pounds corresponding to these phosphorus-
sultone.                 oxygen compounds, in which compounds or-    The
reduction is preferably carried out in                 ganic radicals above
all represent aliphatic,  the presence of a solvent or a mixture of two
aromatic or araliphatic radicals, for example  or more thereof, the choice
of which is above            10  optionally substituted lower alkyl, phenyl
or  all determined by the solubility of the start-  75
phenyl - lower alkyl groups, such as, for  ing substances and the choice of
the reducing 



example, triphenylphosphine, tri - n - butyl-  agents, such as, for
example, lower alkane-                phosphine, diphenylphosphinous acid
methyl  carboxylic acids or esters thereof, such as                ester,
diphenylchlorophosphine,  phenyldi-  acetic acid and ethyl acetate, in the
case of            15  chlorophosphine,  benzenephosphonous  acid  the
catalytic reduction and, for example, op-  80                dimethyl
ester,  butanephosphonous   acid  tionally substituted, such as halogenated
or                methyl ester, phosphorous acid triphenyl ester,
nitrated, aliphatic, cycloaliphatic, aromatic or                phosphorous
acid trimethyl ester, phosphorous  araliphatic hydrocarbons, for example
benzene,                trichloride, phosphorus  tribromide and the
methylene  chloride, chloroform  or nitro-            20  like; reducing
halogenosilane compounds which  methane, suitable acid derivatives, such as
85                possess at least one hydrogen atom  bonded  lower
alkanecarboxylic acid esters or nitrites,                to the silicon
atom  and which, in addition  for example ethyl acetate or acetonitrile, or
to halogen, such as chlorine, bromine or  amides of inorganic or organic
acids, for                iodine, can also possess organic radicals, such
example dimethylformamide or hexamethyl-           25  as aliphatic or
aromatic groups, for example  phosphoramide, ethers, for example diethyl
90                optionally substituted lower alkyl or phenyl  ether,
tetrahydrofurane or dioxane, ketones,                groups, such as
chlorosilane, bromosilane, di-  for example acetone, or sulphones,
especially                chlorosilane or trichlorosilane, dibromosilane
aliphatic sulphones, for example dimethyl-           30  or tribromosilane,
diphenylchlorosilane, di-  sulphone or tetramethylenesulphone, and the
30  methylchlorosilane  and  the  like; reducing  like, in the case of the
chemical reducing  95               quaternary chloromethylene - iminium
salts,  agents, these solvents preferably not contain-
especially chlorides or bromides, wherein the  ing any water. The reaction
is usually car-               iminium  group is substituted by a bivalent
ried out at temperatures of about [err] or two monovalent radicals, such as
option-  to about [err] it being possible to carry out           35  ally
substituted lower alkylene or lower alkyl  the reaction at lower
temperatures if very  100               groups, such as N  -
chloromethylene - N,-  reactive activating agents are used.               N
- diethyliminium  chloride or N - chloro-    In the 3 - cephem  compounds
of the               methylene - pyrrolidinium chloride; and com-  formula
IA, thus obtainable, [err] [err] and/               plex metal hydrides,
such as sodium  boro-  or [err] can be converted into other groups 40
hydride, in the presence of suitable activating  [err] [err] or [err]   as
described above, it being  105               agents, such as cobalt-II
chloride, as well  necessary to bear in mind that the 3 - cephem
as borane dichloride.                         compounds are considerably
more sensitive                 As activating agents which are used to-
towards basic agents than the corresponding               gether with those
of the abovementioned re-  2 - cephem  compounds of the formula IB.
45  ducing agents which do not themselves possess   Furthermore, a 3 -
cephem compound can  110               Lewis acid properties, that is to
say which  be isomerised to the 2 - cephem  compound               above
all are employed together with a di-  in a manner which is in itself known,
and               thionite, iodide or ferrocyanide reducing agent  this
reaction can be carried out by treatment               or a trivalent
phosphorus  reducing agent  with a base, preferably an organic base, such
50  which does not contain halogen, or in the  as a heterocyclic base, for
example pyridine  115              catalytic reduction, there should
especially be  and/or a tertiary amine, such as a tri - lower
mentioned organic carboxylic acid halides and  alkylamine, for example
triethylamine. and,              sulphonic acid halides, also sulphur
halides,  if a free 3 - cephem   - 4 - carboxylic acid
phosphorus halides or silicon halides having  compound is used,
additionally in the pres-          55  the same or a greater second order
hydroly-  ence of a suitable acid derivative which can  120
sis constant than benzoyl chloride, for ex-  form   a mixed anhydride
group, such as a              ample phosgene, oxalyl chloride, acetic acid
carboxylic acid anhydride, such as a lower              chloride or acetic
acid bromide, or chloro-  alkanecarboxylic acid anhydride, for example
acetic acid chloride; pivalic acid chloride, 4 -  acetic anhydride. The
desired 2 - cephem         60  methoxybenzoic acid chloride, 4 - cyanoben-
compound can be isolated, in a manner which  125              zoic acid
chloride, p - toluenesulphonic acid  is in itself known, from  an
equilibrium mix-              chloride,  methanesulphonic  acid  chloride,
ture of the 2 - and 3 - cephem compounds              thionyl chloride,
phosphorus oxychloride, phos-  which may be obtained.              phorus
trichloride, phosphorus  tribromide,    Salts of compounds of the formulae
IA  and         65  phenyldichlorophosphine, benzenephosphonous  IB can be
manufactured in a manner which   130         27
1,435,111          is in itself known. Thus, a salt of such a  wherein
[err] preferably represents an amino  60                compound which
possesses acid groups can  protective group [err] and wherein [err] pre-
be formed, for example, by treatment with a  ferably represents hydroxyl,
but also repre-                metal compound, such as an alkali metal
sents a group [err] , into the hydroxymethyl            5  salt, of a
suitable carboxylic acid, for example  group, for example by hydrolysis in
a weakly 



the sodium salt of [err] - ethyl - caproic acid,  basic medium, such as
with an aqueous sodium   65                or with ammonia or a suitable
organic amine,  hydroxide solution at pH 9-10, or by treat-
preferably using stoichiometric amounts  or  ment with a suitable esterase,
such as an appro-                only a small excess of the salt-forming
agent.  priate enzyme form Rhizobium tritolii, Rhizo-            10  Acid
addition salts of compounds of the  bium lupinii, Rhizobium japonicum or
Bacil-                formulae IA and IB having basic groupings  Ius
subtilis, functionally modifying a free car-  70                are
obtained in the customary manner, for  boxyl group of the formula
example by treatment with an acid or with a                suitable anion
exchange reagent. An internal              -C(=O)-R2            15  salt of
a compound of the formula IA or                IB which contains a
salt-forming amino group  in a suitable manner, for example esterifying
and a free carboxyl group can be formed, for  it by treatment with a diazo
compound, such                example, by neutralising a salt, such as an
acid  as diphenyldiazomethane, and converting the  75              addition
salt, to the isoelectric point, for ex-  hydroxymethyl group into a
halogenomethyl            20  ample with a weak base, or by treatment with
group, for example a chloromethyl or iodo-                a liquid ion
exchanger. Salts of 1 - oxides of  methyl group, for example by treatment
with                compounds of the formula IA  having salt-  a
halogenating agent, such as a chlorinating                forming groups
can be manufactured analo-  agent, for example thionyl chloride, or an  80
gously.                                     iodinating agent, such as N  -
methyl - N,            25    A salt can be converted into the free com-  N'
- di - cyclohexyl - carbodiimidium iodide.                pound in the
customary manner, a metal salt  A chloromethyl group is converted into the
or ammonium salt, for example, by treatment  methylene group either
directly, for example    with a suitable acid, and an acid addition  by
treatment with a suitable chromium-II  85                salt, for example,
by treatment with a suit-  compound, such as an inorganic or organic
30  able basic agent.                           salt of divalent chromium,
for  example                  Resulting mixtures of isomers can be separ-
chromium-II chloride or chromium-II acet-                ated into the
individual isomers according to  ate, in a suitable solvent, such as
dimethyl-                methods which are in themselves known, mix-
sulphoxide, or indirectly via the iodomethyl 90                tures of
diastereomeric isomers, for example,  group (which can be formed, for
example, by            35  by fractional crystallisation, adsorption
chroma-  treating the chloromethyl compound with a                tography
(column chromatography  or thin  metal iodide, such as sodium iodide, in a
suit-                layer  chromatography)  or  other  suitable  able
solvent, such as acetone), by treatment                separation
processes. Resulting racemates can  of such an iodomethyl compound with a
suit-  95                be separated into the antipodes in the usual  able
reducing agent, such as zinc in the pres-           40  manner, if
appropriate after introducing suit-  ence of acetic acid. The methylene
group in                able salt-forming groupings, for example by  a
compound of the formula                forming a mixture of diastereomeric
salts                with  optically  active  salt-forming  agents,
separating the mixture into the distereomeric         [err] 45  salts and
converting the separated salts into                the free compounds, or
by fractional crystal-                lisation from optically active
solvents.                  Preferably, those starting substances are
[err]                used, and the reaction conditions are so chosen
50  than the compounds initially mentioned as                        ([err]
being particularly preferred are obtained.                  The starting
compounds of the formula II  which is also obtainable from compounds of 100
used according to the invention are des-  the formula XI by, for example,
electrochemi-     cribed and claimed in our co-pending Appli-  cal
reduction or reduction with chromium-           55  cation No. 30536/73
(Serial No. 1,430,838)  II salts or aluminium amalgam, is oxidatively
and can be manufactured, for example, by  degraded according to the process
described                converting  the acetoxymethyl group  in a  below.
In a cepham  - 3 - one compound  105                cephem compound of the
formula              thus obtainable in which both radicals [err]
and [err] represent hydrogen, the free amino                         [err]
group can be protected by an appropriate pro-
tective group, for example according to the                       -
process described above.           110                           [err]
The oxidative splitting off of the methylene
[err]                group in a compound of the formula XII to
(XI)    form an oxo group in the 3 - position of          
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28  the cepham  ring skeleton is preferably car-  pound of the formula II
and the corres-                         ried out by forming an ozonide
compound  ponding 1 - oxide and be used as such, or
by treatment with ozone. Herein, ozone is  can be oxidised to the pure 1
-oxide of a                         usually employed in the presence of a
sol-  compound of the formula IA.                     5  vent, such as an
alcohol, for example a lower   A mixture of a compound of the formula  70
alkanol, such as methanol or ethanol, a ketone,  II with the corresponding
1 - oxide can be                         for example a lower alkanone, such
as acetone,  separated into the individual components in
an  optionally halogenated  aliphatic, cyclo-  the usual manner, for
example by fractional                         aliphatic or aromatic
hydrocarbon for ex-  crystallisation  or by chromatography  (for
10  ample a halogeno - lower alkane, such as  example column chromatography
or thin layer  75                         methylene chloride or carbon
tetrachloride,  chromatography).       or a solvent mixture, including an
aqueous    It is furthermore also possible to oxidise
mixture, and with cooling or slight warming,  a mixture, obtainable
according to the pro- for example at temperatures of about-[err]   cess, of
a compound of the formula II and                     15  to about [err]
a 1 - oxide thereof, directly to the 1 - oxide  80
An ozonide formed as in intermediate pro-  of a compound of the formula II,
employing       duct is split by reduction, for which it is  the oxidising
agents described above for the                         possible to use
catalytically activated hydro-  manufacture of 1 - oxide compounds.
gen, for example hydrogen in the presence of   In the conversion, according
to the inven-                     20  a heavy metal hydrogenation catalyst,
such as  tion, of the starting substances of the formula  85
a nickel catalyst or a palladium catalyst, pre-  II to the enol derivatives
of the formulae                         ferably on a suitable carrier, such
as calcium  IA and IB  of the present invention, it is
carbonate or charcoal, or a chemical reduc-  not necessary to isolate the
starting sub-                         ing agent, such as a reducing heavy
metal, in-  stances of the formula II after they have been
25  cluding heavy metal alloys and amalgams, for  manufactured; they can
preferably be con-  90                         example zinc, in the
presence of a hydrogen  verted directly into the compounds of the
donor, such as an acid, for example acetic  formulae IA and IB in the form
of the crude                         acid, or an alcohol for example a
lower  reaction mixture after the manufacture from
alkanol, a reducing inorganic salt, such as an  the compounds of the
formula XII.                     30  alkali metal iodide, for example
sodium iodide,    The pharmacologically active compounds of  95
in the presence of a hydrogen donor, such  the present invention can, for
example, be                          as an acid, for example acetic acid,
or a re-  used for the manufacture of pharmaceutical
ducing organic compound, such as formic acid, preparations which contain an
effective amount                          a reducing sulphide compound such
as a di-  of active substance in admixture or conjunc-
35  lower alkylsulphide, for example dimethyl-  tion with an inorganic or
organic, solid or 100                          sulphide, a reducing organic
phosphorus com-  liquid, pharmaceutical carrier which is suit-
pound, such as a phosphine, which can op-  able for enteral administration
or for paren-                        tionally contain substituted aliphatic
or arom-  teral administration. Thus, tablets or gelatine
atic hydrocarbon radicals as substituents, such  capsules are used which
contain the active                     40  as a tri - lower alkyl -
phosphine, for ex-  compound together with diluents, for example  105
ample tri - n - butylphosphine, or a tri-  lactose, dextrose, sucrose,
mannitol, sorbitol,                          arylphosphine, for example
triphenylphosphine,  cellulose and/or glycine, and lubricants, for
or a phosphite which contains optionally sub-  example silica, talc,
stearic acid or salts there-                          stituted aliphatic
hydrocarbon radicals as sub-  of, such as magnesium  stearate or calcium
45  stituents, such as a tri - lower alkylphosphite,  stearate, and/or
polyethylene glycol; tablets 110                          usually in the
form  of the corresponding  may also contain binders, for example mag-
alcohol adduct compound, such as trimethyl-  nesium aluminium  silicate,
starches, such as                          phosphite, or a phosphorus acid
triamide which  corn starch, wheat starch, rice  starch or
contains optionally substituted aliphatic hydro-  arrowroot starch,
gelatine, tragacanth, methyl-                      50  carbon radicals as
substituents, such as a hexa-  cellulose, sodium carboxymethylcellulose
and/ 115                          lower alkylphosphorous acid triamide,
such as  or polyvinylpyrrolidone and, if desired, dis-       hexamethyl
phosphorous acid triamide, the  integrating agents, for example starches,
agar,                           latter preferably in the form of a methanol
alginic acid or a salt thereof, such as sodium
adduct, or tetracyanoethylene. The splitting  alginate, and/or effervescent
mixtures, or ad-                      55  of the ozonide, which is usually
not isolated,  sorbents, dyestuffs, flavouring substances and  120
is normally carried out under the conditions  sweeteners. Furthermore, the
new  pharma-                           which are employed for its
manufacture, that  cologically active compounds of the inven-
is to say in the presence of a suitable sol-  tion can be used in the form
of injectable                           vent or solvent mixture, and with
cooling or  preparations, for example preparations which
60  slight warming.                              can be administered
intravenously, or of in- 125                             Depending on how
the oxidation reaction  fusion solutions. Such solutions are, prefer-
is carried out, a compound of the formula  ably, isotonic aqueous solutions
or suspensions                           II or the corresponding 1 - oxide
or a mix-  and these can, for example, be manufactured
ture of the two compounds is obtained. Such  before use from lyophilised
preparations which                       65  a mixture can be separated
into the com-  contain the active substance by itself or to- 130   
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gether with an excipient, for example man-  violet absorption spectrum  (in
[err] strength  65   nitol. The pharmaceutical preparations can  aqueous
ethanol):  [err]  [err]                      be sterilised and/or contain
auxiliaries, for  6,340), [err]      [err]6,350)  and
example  preservatives,  stabilisers, wetting  [err]    [err]; infrared ab-
agents or emulsifiers, solubilising agents, salts  sorption spectrum  (in
methylene chloride):                      for regulating the osmotic
pressure and/or buf-  characteristic bands at 2.94 [err], 3.02 [err] 5.62
[err] 70                      fers. The present pharmaceutical preparations
5.83 [err], 5.93 [err], 6.26 [err] and 6.70 [err]; elution
which  can,  if  desired,  contain  further  with ethyl acetate yields 3 -
methoxy - [err] -                      pharmacologically  valuable
substances, are  phenylacetylamino - 3 - cephem - 4 - car-
10 manufactured in a manner which is in itself  boxylic acid diphenyl -
methyl ester 1 -                      known, for example by means of
conventional  oxide of Rf=0.31 (system: ethyl acetate);  75
mixing, granulating dragee-making, dissolv-  melting point [err]  after
crystallisa-                      ing or lyophilising processes, and
contain  tion from a mixture of acetone and diethyl from about 0.1%  to
100%, especially from   ether; ultraviolet absorption  spectrum  (in
15  about 1%  to about 50%, of lyophilised pro-  95%  strength aqueous
ethanol): [err]    [err]=288                      ducts or up to 100%  of
the active sub-  [err] (e=3,610) and [err] [err]; infra-  80
stance.                                     red  absorption  spectrum   (in
methylene                        Throughout this Specification, the organic
chloride): characteristic bands at 2.94 [err],
radicals described as "lower" contain, unless  5.59 [err], 5.81 [err], 5.95
[err] 6.22 [err] and 6.61 [err].                 20  expressly defined, up
to 7, preferably up to   The starting material can be manufactured
4, carbon atoms; acyl radicals contain up  as follows:
85                      to 20, preferably up to 12, and above all up    A
solution of 11.82 g of the crude sodium                      to 7, carbon
atoms.                         salt of 3 - hydroxymethyl - [err] phenyl-
The Examples which follow illustrate the  acetylamino - 3 - cephem - 4 -
carboxylic acid                 25  invention.
(manufactured by enzymatic desacetylation of
the sodium salt of 3 - acetoxymethyl - [err] -  90
Example 1                   phenylacetylamino - 3 - cephem - 4 - car-
A  solution of 1.0 g of 3 - methylene-  boxylic acid with the aid of a
purified enzyme        [err]   phenylacetylamino - cepham - [err] -
extract from  Bacillus- subtilis, strain ATCC
carboxylic acid diphenylmethyl ester in 250 ml  6,633, and subsequent
lyophilisation of the                 30  of  methylene chloride is treated
for 8-1/2  reaction      solution)  in 200 ml of water is  95
minutes at - [err] with an oxygen - ozone  covered with 400 ml of ethyl
acetate and acidi-     (0.265 mmol of ozone/minute) and  fied to a pH value
of 2 with concentrated     1 rnl of dimethyl sulphide is added to the
aqueous phosphoric acid. The aqueous phase                      reaction
mixture. The mixture is stirred for  is separated off and twice
re-extracted with                  35  30 minutes at [err] and for 1-1/2 at
room   150 ml of ethyl acetate at a time. The com- 100
temperature and is then evaporated to dry-  bined organic extracts are
washed fqur times                      ness under reduced pressure. The
residue, with 50 ml of water at a time, dried over
containing a mixture of [err] - phenylacetyl-  magnesium  sulphate and then
concentrated  amino - cepham - 3 - one - [err] - carboxylic  to about 400
ml. Excess diphenyldiazomethane                  40  acid diphenylmethyl
ester and of [err] - phenyl-  is added to the solution, which is left to
stand  105                      acetylamino - cepham  - 3 - one - [err] -
for 3 hours at room  temperature, and the                      carboxylic
acid diphenylmethyl ester 1 - oxide  granular crystalline precipitate is
then fil-                      is taken up in 50 ml of methanol and treated
tered off. The filtrate is concentrated to about                      with
an excess of diazomethane (in the form  200 ml, cyclohexane is added whilst
warm                  45  of a solution in diethyl ether) at [err] The  and
after cooling to room temperature the mix- 110             whole is stirred
for 15 minutes at [err]C and  ture is left to stand for some time at about
then evaporated under reduced pressure. The  [err]  The precipitate is
filtered off and re-                      residue is chromatographed on 50
g of silica  crystallised from  a mixture of acetone and
gel. Elution with a 4:1 mixture of toluene  cyclohexane; the 3 -
hydroxymethyl - [err] -                  50  and ethyl acetate yields 3 -
methoxy - [err] -  phenylacetylamino - 3 - cephem  - 4 - car- 115
phenylacetylamino - 2 - cephem - [err] car-  boxylic acid diphenylmethyl
ester thus ob-                      boxylic acid diphenylmethyl ester of
Rf=0.57  tained melts at [err] (uncorrected);                      (system:
toluene/ethyl acetate, 1:1); melt-  [err]  (c=1,231%  in  chloro-
ing point [err]  after recrystallisation  form); thin layer chromatogram
(silica gel;                  55  from a mixture of methylene chloride and
pen-  detection with iodine vapour or ultraviolet 120
tane; ultraviolet absorption spectrum (in 95%   light, [err] [err],);
Rf=0.42 (system: chloro-                      strength aqueous ethanol):
[err],=258 [err]  form/acetone,  4:1),  Rf=0.43  (system:
(e=4,000); infrared absorption spectrum (in  toluene/acetone, 2:1), and Rf=
0.41 (system:                      methylene chloride): characteristic
bands at  methylene chloride/ acetone, 6: 1).                  60  2.96
[err] 5.63 [err]u, 5.74 [err], 5.92 [err], 6.15 [err] and    1.03 g of 3 -
hydroxymethyl - [err] - 125 



6.66 [err]; followed by 3 - methoxy - [err] -  phenylacetylamino - 3 -
cephem - 4 - car-                      phenylacetylamino - 3 - cephem - 4 -
car-  boxylic acid diphenylmethyl ester and 1.05 g
boxylic acid diphenylmethyl ester of Rf[err]0.37  of N - methyl - NN' -
dicyclohexylcarbo-                      (system: toluene/ethyl acetate
1:1):ultra-  diimidium iodide are dissolved in 25 ml of
30
30                 absolute tetrahydrofurane  under a nitrogen  of 90%
strength aqueous acetic acid is cooled                atmosphere and warmed
at [err] for one hour.  to [err] in an ice bath and 2.0 g of zinc dust
Thereafter, a further 1.05 g of N - methyl-  are added in portions whilst
stirring well. After                NN' - dicyclohexylcarbodiimidium
iodide, in  a reaction time of 30 minutes- at [err] the             5  15
ml of absolute tetrahydrofurane, is added  unreacted zinc dust is filtered
off by means  70                 and the mixture is left to stand for 17
hours  of a suction filter covered with a layer of                 at room
temperature under a nitrogen atmo-  diatomaceous earth; the filter residue
is re-                 sphere. The reaction mixture is freed of the
peatedly suspended in fresh methylene chloride                 solvent on a
rotary evaporator under reduced  and again filtered. The combined filtrates
are            10  pressure. The residue is taken up in methylene
concentrated under reduced pressure, mixed  75                 chloride and
filtered through a column of  with absolute toluene and evaporated to dry-
50 g of silica gel (with addition of 10%  of  ness under reduced pressure.
The residue is                 distilled water); the column is rinsed with
taken up in 50 ml of methylene chloride and                 4 portions of
methylene chloride, each of  30 ml of an 0.5 molar aqueous dipotassium
15  100 ml. The eluate is concentrated to a small hydrogen phosphate
solution, whilst stirring;  80 volume and chromatographed on a silica gel
the aqueous phase is separated off, re-ex- column (90 g; deactivated by
adding 10%   tracted with two portions of methylene chloride
of distilled water). Non-polar impurities are  each of 30 ml, and
discarded. The organic                 eluted with a total of 900 ml of a
3:7 mix-  extracts are repeatedly washed with a satur-             20  ture
of toluene and methylene chloride. Elution  ated aqueous sodium chloride
solution, dried  85                with 2 portions of methylene chloride,
each  over magnesium sulphate and evaporated under                of 200 ml
yields 3 - iodomethyl - [err] -  reduced pressure. The residue is chromato-
phenylacetylamino - 3 - cephem - 4 - car-  graphed on a column of 22 g of
silica gel                 boxylic acid diphenylmethyl ester; the frac-
(with addition of 10%  of water). The 3 -             25  tions which
according to a thin layer chroma-  methylene - [err] - phenylacetylamino -
cephem-  90                 togram are a single substance are lyophilised
[err] - carboxylic acid diphenylmethyl ester is                 from
benzene. Infrared absorption spectrum  eluted  with methylene chloride, and
with                 (in methylene chloride): characteristic bands
methylene chloride containing 2%  of methyl                 at 3.00 [err],
5.62 [err], 5.82 [err] 5.95 [err], 6.70 [err], acetate, and is crystallised
from  a mixture             30  7.32 [err] and 8.16 [err].
of methylene chloride and hexane, melting  95                    The
iodination reagent used above can be  point 144-147[err]C; [err]  [err]
(c=                  manufactured as follows:                     0.715 in
chloroform); ultraviolet absorption                    42 g of freshly
distilled N,N' - dicyclo-  spectrum (in 95% strength aqueous ethanol):
hexylcarbodiimide are dissolved in 90 ml of [err]=254 [err] ([err]=1,540)
and 260 [err] ([err]=  35  methyl iodide in a 250 ml round flask equip-
1,550); infrared  absorption  spectrum  (in  100  ped with a magnetic
stirrer and reflux con-  methylene chloride): characteristic bands at
denser and fitted nitrogen bulb, at room tem-  2.94 [err], 5.65 [err], 5.74
[err], 5.94 [err] 6.26 [err] and perature under a nitrogen atmosphere, and
6.67 [err].                  the colourless reaction mixture is stirred for
40  72 hours at a bath temperature of [err]                       Example 2
At the end of the reaction time, the excess    A mixture of 0.06 g of 3 -
methoxy - 105                  methyl iodide is distilled from the
solution,  [err] phenylacetylamino - 3 - cephem - 4 -
which is now red-brown, under reduced pres-  carboxylic  acid
diphenylmethyl ester and                  sure and the viscous red-brown
residue is  0.05 ml of anisole and 1 ml of trifluoroacetic              45
dissolved in 150 ml of absolute toluene at acid is left to stand for 5
minutes at room                  [err] The crystal mass, which crystallises
temperature and is then evaporated under 110                  out
spontaneously within a few hours, is separ-  reduced pressure. The residue
is twice evapor-                  ated from the mother liquor with the aid
of  ated to dryness together with a   1:1 mixture                  a glass
suction filter with fitted nitrogen bulb, of chloroform and toluene and is
chromato-              50  whilst excluding air, the reaction vessel is
graphed on 5 g of silica gel (containing about                  rinsed
three times with 25 ml of absolute,  5%  of water). The amorphous 3 -
methoxy- 115                  ice-cold toluene at a time and the same
toluene  [err] - phenylacetylamino - 3 - [err] - 4 -                  is
used in order to wash the slightly yellowish  carboxylic  acid is eluted
with  methylene crystal mass on the glass suction filter until  chloride
containing 30-50%  of acetone and              55  it is colourless. After
drying for 20 hours  is lyophilised from  dioxane. Ultraviolet ab- 



at 0.1 mm  Hg and room  temperature, the  sorption spectrum  (in 95%
strength aqueous 120                  N - methyl - NN' - dicyclohexyl
carbo-  ethanol): [err] [err]  [err] infra-                  diimidium
iodide is obtained in the form of  red  absorption  spectrum   (in
methylene                  colourless  crystals, melting  point  111-
chloride): characteristic bands  at 3.03 [err],              60  [err]
infrared  absorption, spectrum  (in  5.60 [err], 5.74 [err], 5.92 [err],
6.24 [err] and 6.67 [err]                   chloroform): characteristic
bands at 4.72 [err]    3 - Methoxy - [err] - (D  - [err] - phenyl- 125
and 6.00 [err].                              glycyl - amino) - 3 - cephem
- 4 - car-                     A solution of 0.400 g of 3 - iodomethyl-
boxylic acid can be manufactured analogously                   [err] -
phenylacetylamino - 3 - cephem - 4 -  by enzymatically splitting the
acetoxymethyl              65  carboxylic acid diphenylmethyl ester in 15
ml  group in 3 - acetoxymethyl - [err]   (D  -
[err] - tert. - butoxycarbonylamino - [err] - phenyl-              Example
3                   acetyl - amino) - 3 - cephem  - 4 - car-    An  oxygen
- ozone stream, containing                   boxylic acid, esterifying the
3 - hydroxy-  0.21 mmol of ozone/minute, is passed into a
methyl - [err]  (D  - [err] - tert. - butoxy -  solution, cooled to -[err],
of 5.0 g of 3 -               5  carbonylamino - [err] - phenylacetyl -
amino) -  methylene - [err] - (D - [err] - tert. - butoxy-  70
3 - cephem - 4 - carboxylic acid thus obtain-  carbonylamino - [err] -
phenylacetylamino) -                   able with diphcnyldiazomethane and
replac-  cepham  - [err] - carboxylic acid diphenyl -                   ing
the hydroxyl group in the 3 - hydroxy-  methyl ester in 500 ml of methylene
chloride,                   methyl group of 3 - hydroxymethyl - [err] -
whilst stirring vigorously. After a further 10               10  (D - [err]
- tert. - butoxycarbonylamino - a -  minutes, 3 ml of dimethyl sulphide are
added  75        phenylacetylamino) - 3 - cephem - 4 - car-  to the
reaction mixture, which is stirred for                   boxylic acid
diphenylmethyl ester by iodine  one hour at [err] and for 2 hours at room
by treatment with N - methyl - N,N' - di-  temperature and then evaporated
under re-                   cyclohexylcarbodiimidium iodide; the 3 - iodo-
duced pressure. The crude product, which               15  methyl group in
the 3 - iodomethyl - [err] -  contains the [err] - (D - a - tert. - butoxy-
80                   (D - [err] - tert. - butoxycarbonylamino - [err] -
carbonylamino - [err] - phenylacetyl - amino)-
phenylacetylamino) - 3 - cephem - 4 - car-  cepham - 3 - one - [err] -
carboxylic acid di-                   boxylic acid diphenylmethyl ester is
converted  phenylmethyl ester, in 150 ml of methanol,
into the methylene group by reduction, for  is treated with an excess
amount of a solu-               20  example by treatment with zinc in the
pres-  tion of diazomethane in diethyl ether, stir-  85
ence of 90%  strength aqueous acetic acid, red for 15 minutes and
subsequently evapor-                   and the 3 - methylene - [err] - (D
- [err] -  ated. A yellowish foam  is obtained, which
tert. - butoxycarbonylamino - a - phenylacetyl-  is chromatographed on 200
g of silica gel.                   amino) - cepham - [err] - carboxylic
acid di-  Amorphous 3 - methoxy - [err] - (D - a -               25
phenylmethyl ester is converted into a mix-  tert. - butoxycarbonylamino -
a - phenyl-  90 ture of [err] - (D  - [err] - tert. - butoxycar-
acetylamino) - 3 - cephem - 4 - carboxylic bonylamino - a - phenylacetyl -
amino) -  acid diphenylmethyl ester is eluted with a
cepham - 3 - one - [err] - carboxylic acid di-  3:1 mixture of toluene and
ethyl acetate.                   phenylmethyl ester and its 1 - oxide by
treat-  Thin layer chromatogram  (silica gel): Rf=               30  ment
with ozone, followed by dimethyl sul  0.22 (system: toluene/ethyl acetate,
3:1);  95                   phide; the 1 - oxide is removed chromato-
infrared absorption spectrum  (in methylene                   graphically,
the [err] - (D - [err] - tert. - but-  chloride): characteristic bands at
2.94 [err],                   oxycarbonylamino - a - phenylacetyl - amino)-
5.62 [err], 5.85 [err], 6.23 ,[err] and 6.70 [err].
cepham - 3 - one - [err] - carboxylic acid di-    The starting material can
be manufactured               35  phenylmethyl ester is treated with
diazo-  as follows:                                  100
methane and after reaction with trifluoro-    A  chromatography  column
(diameter:                   acetic acid in the presence of anisole, the 3
-  3 cm) is filled with 350 g of zinc grit, which                   methoxy
- [err] - (D  - [err] - tert. - butoxy-  is amalgamated for 10 minutes with
an 0.1               carbonylamino - [err] - phenylacetyl - amino)-  molar
solution of mercury-II chloride  in               40  3 - cephem - 4 -
carboxylic acid diphenyl-  0.1 N hydrochloric acid and is washed with a 105
methyl ester yields the desired 3 - meth-  large amount of water and
subsequently with                    oxy - [err] - (D - [err] -
phenylglycyl - amino)-  a small amount of 1 N hydrochloric acid. A 3 -
cephem - 4 - carboxylic acid.            solution of 55 g of green
chromium-III                      3   Methoxy - [err] - ( D- a - phenyl-
chloride hexahydrate in 55 ml of water and 45  glycyl - amino) - 3 - cephem
- 4 - car-  1 1 ml of 2 N sulphuric acid is poured into  110
boxylic acid can also be obtained if in 3 -  the reduction tube and the
outlet speed is                    methoxy - [err] - phenylacetylamino - 3
-  regulated so that a chromium-II  chloride                    cephem - 4
- carboxylic acid diphenylmethyl  solution of a pure blue colour drips into
the                    ester the phenylacetylamino group is split by
reaction vessel, which is kept under a nitro- 



50  treatment with phosphorus pentachloride in  gen  atmosphere. The  blue
chromium-II 115                    the presence of pyridine at about -10C,
chloride solution is subsequently treated with                    followed
by methanol at about [err] and  a solution of 92 g of sodium acetate in 180
ml                    hydrolysis at a pH value of about 2, the free  of
air-free  water, whereupon the solution                    amino group in
the [err]  -amino - 3 - meth-  assumes a red discolouration and finely cry-
55  oxy - 3 - cephem - 4 - carboxylic acid di-  stalline chromium-II
acetate precipitates. After 120                    phenylmethyl ester is
acylated by treatment  completion of the precipitation, the super-
with the mixed anhydride of [err] - tert. - but-  natant solution is
removed and the chromium-                    oxycarbonylamino - a -
phenylacetic acid and  II acetate is twice washed with 250 ml of
chloroformic acid isobutyl ester and in the  air-free water at a time. A
solution of 10.0 g                60  3 - methoxy - [err] - (D - [err] -
tert. - butyl-  of 3 - acetoxymethyl - [err]  - (D  - a - 125
oxycarbonylamino - [err] - phenylacetyl - amino)-  tert. - butoxycarbonyl -
amino - [err] - phenyl-                    3 - cephem - 4 - carboxylic acid
diphenyl-  acetyl - amino) - 3 - cephem - 4 - carboxylic
methyl ester the amino group and the car-  acid in 200 ml of
dimethylsulphoxide is added                boxyl group are liberated by
treatment with  to the moist chromium-II acetate and the                65
trifluoroacetic acid in the presence of anisole. reaction mixture is
stirred for 15 hours under 130                                  a nitrogen
atmosphere at room temperature. value of about 0.14 in a thin layer
chromato-  65                        For working up, the reaction  mixture
is  gram (silica gel) (system: ethyl acetate/n -
aerated for 30 minutes and after addition of  butanol/pyridine/acetic
acid/water, 42:21:                        1,000 g of a polystyrenesulphonic
ion ex-  21:6: 10).                     5  changer in the [err] form
(Dowex 50 W)                        and 1,000 ml of water, the whole is
stirred                   Example 5                        for one hour.
("Dowex" is a Trade Mark).    A solution of 25.7 g of 3 - methylene-  70
After removing the ion exchanger, the pH  [err] - (D - [err] - tert. -
butoxycarbonylamino-                        value of the solution is
adjusted to 2 with  a - phenyl - acetylamino) - cepham - 4a -
10  6 N hydrochloric acid and the aqueous phase  carboxylic  acid
diphenylmethyl  ester  in                        is extracted three times
with 2,000 ml of  2,500 ml of methylene chloride is cooled to
ethyl acetate at a time. The organic extracts  -[err] and treated for 110
minutes with a  75                        are washed once with 1,000 ml of
a saturated  stream  of a mixture of oxygen and ozone,
aqueous sodium chloride solution, dried over  containing 0.45 mmol of ozone
per minute.         15 magnesium  sulphate and evaporated.            8 ml
of dimethyl sulphide are then added                           The resulting
crude product is dissolved in  to the reaction mixture, which is stirred
for                         100 ml of methanol and stirred with a solu-
one hour at - [err] and 2 hours at room   80                         tion
of 6 g of diphenyldiazomethane in 30 ml temperature and is evaporated under
reduced                         of benzene for 1 hour at room temperature.
pressure. The residue is dissolved in 200 ml                    20  The
crude product obtained after the evapora-  of methanol and the solution,
containing [err] -                         tion is chromatographed on 500 g
of silica  (D - [err] - tert. - butoxycarbonylamino - a -
gel; 3 - methylene - [err] - (D - [err] - tert. -  phenyl - acetylamino) -
cepham - 3 - one -  85                         butoxycarbonylamino - [err]
- phenylacetyl -  [err] - carboxylic acid diphenylmethyl ester
amino) - cepham - 4a - carboxylic acid di-  is treated, at [err] with a
solution of diazo-                     25  phenylmethyl ester is eluted
with a 4: 1 mix-  methane in diethyl ether until a yellow coloura- ture of
petroleum ether: diethyl ether; after tion persists. After stirring for 15
minutes,       crystallisation from  a mixture of methylene  the mixture is
evaporated under reduced pres-  90                         dichloride and
hexane, the product melts at sure  and the residue is chromatographed
156-158[err]C;  [err]  (c=0.713, on 1,100 g of silica gel. 3 - Methoxy -
[err] -                     30  chloroform); ultraviolet absorption
spectrum  (D - [err] - tert. - butoxycarbonylamino - [err] -   in 95%
strength aqueous ethanol): [err]   phenyl - acetylamino) - 2 - cephem -
4[err] -                         258 [err] (e=990); infrared absorption
spectrum   carboxylic acid diphenylmethyl ester is eluted  95
(in methylene chloride): characteristic bands  with diethyl ether and
crystallised from a mix-                         at 2.94 [err], 5.64
[err], 5.74 [err], 5.88 [err] (shoulder)  ture of methylene chloride and
pentane, melt-                     35  and 6.71 [err]
ing point [err] [err]
(c=0.771 in chloroform); thin layer chroma-
Example 4                    togram (silica gel; development with iodine):
100                            A mixture of 2.44 g of 3 - methoxy -  [err]
(system: diethyl ether); ultraviolet                         [err] - (D -
[err] - tert. - butoxycarbonylamino-  absorption  spectrum  (in ethanol):
[err]                         a - phenylacetyl - amino) - 3 - cephem  -
257 [err] ([err]=3,550); infrared absorption spec- 40  4 - carboxylic acid
diphenylmethyl ester, trum (in methylene chloride): characteristic
2.1 ml of anisole and 41 ml of trifluoro-  bands at 2.96 [err], 5.63 [err],
5.74 [err], 5.85 [err] 105                         acetic acid is left to
stand for 5 minutes at  (shoulder), 5.92 [err], 6.16 [err], 6.64 [err]
(shoulder) 



room temperature and is then evaporated. The  and 6.72 [err]. Further
elution with diethyl ether                         residue is taken up in
200 ml of a 3: 1  yields amorphous 3 - methoxy - [err] - (D -
45 mixture of toluene and chloroform, evaporated  [err] - tert. -
butoxycarbonylamino - a - phenyl-                          and dried in a
high vacuum. The brown resi-  acetylamino) - 3 - cephem - 4 - carboxylic
110                          due is repeatedly digested with diethyl ether,
acid  diphenylmethyl ester which can  be                          filtered
off and dried. The resulting light Iyophilised from dioxane. Thin layer
chroma-                          brown pulverulent trifluoroacetate of 3 -
meth-  togram (silica gel; development with iodine):
-50  oxy - [err] - (D - [err] - phenylglycyl - amino)-  Rf[err]0.33
(system: diethyl ether); [[err]]D2                          3 - cephem - 4
- carboxylic acid is dissolved  11[err] (c=0.98 in chloroform); ultraviolet
115                          in 5 ml of methanol, 5 ml of diethyl ether
absorption  spectrum  (in  ethanol)  [err]                          and 0.5
ml of water and the pH value of the  264 [err] ([err]=6,300); infrared
absorption spec-                          solution is adjusted to about 4
by dropwise  trum  (in methylene chloride): characteristic
55  addition of a 3 %  strength solution of tri-  bands at 2.94 [err], 5.62
[err], 5.84 [err], 5.88 [err]                          ethylamine  in
diethyl ether; thereupon a  (shoulder), 6.25 [err] and 6.71 [err].
120                          flocculent brownish precipitate separates out.
The precipitation is completed by further                          addition
of diethyl ether and the precipitate             Example 6
60  is filtered off and reprecipitated three times    A mixture of 8.8 g of
3 - methoxy - [err] -                          from a mixture of methanol
and diethyl ether.  (D - [err] - tert. - butoxycarbonylamino - [err] -
The amorphous internal salt of 3 - methoxy-  phenyl - acetylamino) - 3 -
cephem - 4 -                          [err] - (D - [err] - phenylglycyl -
amino) - 3 -  carboxylic acid diphenylmethyl ester, 8.6 ml 125
cephem  - 4 - carboxylic acid shows an Rf  of anisole and 145 ml of
trifluoroacetic acid                           33
1,435,111                                        33       is stirred for 15
minutes at [err] 400 ml of                Example 8
precooled toluene are then added and the    A solution of 0.20 g of 3 -
chloro - per-  65                        mixture is evaporated under
reduced pressure.  benzoic acid in 5 ml of methylene chloride          The
residue is dried under high vacuum, di-  is added to a solution, cooled to
[err] of 0.63 g                     5  gested with diethyl ether and
filtered off. The  of 3 - methoxy - [err] - (D - a - tert. - butoxy-
trifluoroacetate of 3 - methoxy - [err] - (D - carbonylamino - a - phenyl _
acetylamino) -                        [err] - phenyl - glycylamino) - 3 -
cephem-  2 - cephem - [err] - carboxylic acid diphenyl-  70
4 - carboxylic acid is thus obtained in pulveru-  methyl ester in 25 ml of
methylene chloride.                        lent form and is dissolved in 20
ml of water. The mixture is stirred for 30 minutes at [err]
10  The solution is twice washed with 25 ml mixed with 50 ml of methylene
chloride and                        of ethyl acetate at a time and the pH
value  successively washed with 25 ml of a satur-                        is
adjusted to about 5 with a 20%, strength  ated aqueous sodium bicarbonate
solution and  75                        triethylamine solution in methanol,
whereupon  25 ml of saturated aqueous sodium chloride
a colourless precipitate forms. The mixture  solution. The organic phase is
dried over 15  is stirred for one hour in an ice bath, 20 ml sodium
sulphate and evaporated under re-                        of acetone are
then added and the whole is  duced pressure. The residue is crystallised
left to stand for 16 hours at about [err] The  from a mixture of methylene
chloride and di-  80                        colourless precipitate is
filtered off, washed  ethyl ether. 3 - Methoxy - [err] - (D - a -
with acetone and diethyl ether and dried  tert. - butoxycarbonylamino -
[err] - phenyl -   20  under reduced pressure. 3 - Methoxy - [err] -
acetyl - amino) - 3 - cephem- 4 - car-                        (D - [err] -
phenylglycylamino) - 3 - cephem-  boxylic acid diphenylmethyl ester 1 -
oxide                     4 - carboxylic acid, as the internal salt, which
is thus obtained in the form  of colourless  85
furthermore is in the form of a hydrate, is  needles, melting point [err]
thin layer                        thus obtained in the form of a
micro-crystal-  chromatogram (silica gel): Rf=0.44 (system:
25  line powder, melting point [err] (with  ethyl  acetate;  development
with  iodine                   decomposition); [err]  (c= 1.03 in  vapour);
ultraviolet absorption spectrum  (in                        0.1 N
hydrochloric acid); thin layer chroma-  ethanol): [err]
togram (silica gel; development with iodine):  red  absorption  spectrum
(in  methylene                        Rf~036  (system:  n -
butanol/pyridne/  chloride): characteristic bands at 2.96 [err],
30  acetic acid/water, 40:24:6: 30); ultraviolet  5.56 [err] 5.71 [err],
5.83 [err] 590 [err], 6.27 [err] and                       absorption
spectrum (in 0.1 N aqueous sodium      bicarbonate solution): [err]
6,200); infrared  absorption  spectrum  (in                       mineral
oil): characteristic bands inter adia               Example 9
95     35 at 5.72 [err]5.94 [err] 6.23 [err] and 6.60 [err].     35  at
5.72 [err] 5.94 [err], 6.23 [err] and 6.60 [err]       A solution, cooled
to -10[err] C, of 1.30 g
of 3 - methoxy - [err] - (D  - [err] - tert. -
Example 7                   butoxycarbonylamino - a - phenyl - acetyl - 



A mixture of 0.063 g of 3 - methoxy - [err]  amino) - 3 - cephem - 4 -
carboxylic acid                         (D - [err] - tert. -
butoxycarbonylamino - [err] -  diphenylmethyl ester 1 - oxide in 30 ml of
100                      phenylacetylamino) - 2 - cephem  - 4a -
dimethylformamide is treated with 2.80 g                   40  carboxylic
acid diphenylmethyl ester, 0.1 ml of of phosphorus trichloride, with
exclusion of                       anisole and 1.5 ml of trifluoroacetic
acid is  air. After leaving it to stand for 15 minutes,
left to stand for 15 minutes at [err] and is  the reaction mixture is
poured out onto a                       then evaporated under reduced
pressure. The  mixture of ice and an aqueous dipotassium 105
residue is digested with diethyl ether, filtered  hydrogen  phosphate
solution; the aqueous                   45 off and dried. The colourless
and pulverulent mixture is twice extracted with 100 ml of ethyl
trifluoroacetate of 3 - methoxy - [err] - (D -  acetate at a time. The
organic extract is                       [err]- phenyl - glycylarnino) - 2
- cephern -  washed   with a saturated   aqueous sodium
[err] carboxylic acid thus obtainable, is dis-  chloride solution, dried
over sodium sulphate 110                       solved in 0.5 ml of water
and the pH value  and evaporated. The residue is chromato -
of the solution is adjusted to about 5 by  graphed on silica gel: amorphous
3 - meth-                       dropwise addition of a 10%  strength solu-
oxy - [err] - ( D  - [err] - tert. - butoxycar -                       tion
of triethylarmine in methanol. The mix-  bonylamino   [err] - phenyl -
acetyl - amino) - ture is stirred for one hour in an ice bath  3 - cephem -
4 - carboxylic acid diphenyl- 115                       and the colourless
precipitate is filtered off  methyl ester is eluted, with diethyl ether, as
55  and dried in a high vacuum. 3 - Methoxy-  a substance which is pure
according to thin                       [err] - (D - [err] - phenyl -
glycylamino)  -2 -  layer chromatography, [err] (system: di-
cephem  - [err] - carboxylic acid is thus ob-  ethyl ether; development
with iodine vapour);                       tained as an internal salt. Thin
layer chroma-  [err]   (c=0.981  in  chloroform):  120
togram (silica gel; development with iodine):  ultraviolet absorption
spectrum (in ethanol):                   60  [err]   (system: n -
butanol/pyridine/  [err] ; infrared absorp-                       acetic
acid/water, 40:24:6:30); ultraviolet  tion  spectrum   (in  methylene
chloride):                       absorption spectrum (in 0.1 N aqueous
sodium   characteristic bands at 2.94 [err] 5.62 [err], 5.84 [err]
bicarbonate solution): [err]    5.88 [err], 6.25 [err] and 6.70 [err].
125                       34
1,435,111                                        34
Example 10                  thin layer chromatogram (silica gel; develop-
A solution of 0.050 g of [err] - phenylacetyl-  ment with iodine vapour):
[err] (system:  65 amino - cepham - 3 - one - [err] - carboxylic  ethyl
acetate); ultraviolet absorption spec-                    acid
diphenylmethyl ester and 0.020 g of 1 -  trum   (in ethanol): A [err] m
[err]  (e=                5  methyl - 3 - (4 - methylphenyl) - triazine
6,100); infrared  absorption  spectrum  (in                    in 5 ml of
benzene is boiled under reflux  methylene chloride): characteristic bands
at                    for 2 hours. After cooling, the mixture is  3.33
[err] 5.63 [err] 5.81 [err] and 6.23 [err].      70
evaporated under reduced pressure and the    Further elution with ethyl
acetate yields                    residue is purified by thin layer
chromato-  oily [err] - amino - 3 - methoxy - 3 - cephem-                10
graphy  (silica  gel; I x 20  cm; system:  4 - carboxylic acid
diphenylmethyl ester, thin                    toluene/ethyl  acetate,
3:1).  The  zone  layer chromatogram  (silica gel; development
([err]0.18) which is visible under ultraviolet  with  iodine vapour):
[err]  (system:  75                    light [err]  is eluted with acetone
and  ethyl acetate); ultraviolet absorption spec-                    3 -
methoxy - 7  - phenyl - acetylamino-  trum   (in ethanol): [err]   15  3 -
cephem - 4 - carboxylic acid diphenyl-  5,900); infrared  absorption
spectrum  (in                    methyl ester is obtained, ultraviolet
absorp-  methylene chloride): characteristic bands at
tion spectrum  (in ethanol): [err]     2.98 [err], 3.33 [err], 5.62 [err],
5.81 [err] and 6.24 [err]. 80                    ([err]=6,300); infrared
absorption spectrum (in    The starting material can be manufactured
methylene chloride): characteristic bands at  as follows:                20
2.94 [err], 5.63 [err], 5.83 [err], 5.94 [err]., 6.26 [err] and    A
solution, cooled to -[err], of 2.0 g of 6.68 [err]
3 - methylene - [err] - phenylacetylamino -                      The
starting material can be manufactured  cepham  - [err] - carboxylic acid
diphenyl-  85      as follows:                                 methyl ester
in 80 ml of absolute methylene
chloride is mixed with 3.2 ml of absolute                      A solution
of 0.50 g of 3 - methylene-  pyridine and 32 ml of an 8%  strength solu-
25  [err] - phenylacetylamino - cepham - [err] - car-  tion of phosphorus
pentachloride in methylene                    boxylic acid diphenylmethyl
ester in 100 ml  chloride and stirred for one hour under a  90
of methanol is treated for 6.5 minutes at  nitrogen atmosphere at a
temperature be-                    [err] with an oxygen-ozone stream  con-
tween - [err] and - [err] The reaction mix-                    taining
0.175 mmol of ozone/minute. The  ture is then cooled to -25 [err] mixed
with                30  reaction mixture is mixed with 0.5 ml of di-  25 ml
of absolute methanol and stirred for                    methyl sulphide and
stirred for one hour at  one hour at [err] and then for 1.5 hours  95 



[err] then for 2 hours at room tempera-  at room temperature. 80 ml of an
0.5 molar      ture and evaporated to dryness. The residue,  aqueous
solution of potassium  dihydrogen                    in methylene chloride
is chromatographed on  phosphate are then added, the pH value is      35
15 g of silica gel. Elution with methylene  adjusted to 2 with 20%
strength aqueous                    chloride yields amorphous [err] -
phenylacetyl-  phosphoric acid and the mixture is stirred for 100
amino 1 cepham - 3  one - [err] - carboxylic  30 minutes at room
temperature.                    acid diphenylmethyl ester, thin layer
chroma-    The organic phase is separated off; the
tography (silica gel):  [err]  (system:  aqueous phase is twice
re-extracted with 150                40  toluene/acetone/methanol/acetic
acid,  80:  ml of methylene chloride at a time and the
10: 5:5); infrared absorption spectrum  (in  organic solutions are
combined, dried over 105                    methylene chloride):
characteristic bands at  sodium  sulphate and evaporated. The oily
2.95 [err], 5.61 [err], 5.77 [err]., 5.85 [err]., 5.95 [err], 6.21 [err]
residue is taken up in 25 ml of ethyl acetate                    and 6.87
[err].; the compound shows a positive  and a solution of 1.14 g of 4 -
methylphenyl-                45  reaction with iron-III chloride.
sulphonic acid monohydrate in 25 ml of ethyl
acetate is added at [err] A voluminous preci- 110
Example 11                   pitate separates out, which is filtered  off,
A solution of 0.50 g of the 4 - methyl -  rinsed with cold ethyl acetate
and diethyl                   -  phenylsulphonate of [err] - amino -
cepham-  ether, dried and recrystallised, from a mixture
3 - one - [err] - carboxylic acid diphenyl-  of methylene chloride and
diethyl ether. The                50  methyl ester, which is predominantly
present  4 - methylphenylsulphonate of [err]  - amino- 115
in the enol form, that is to say as the 4 -  3 - methylene - cepham  -
[err] - carboxylic  methylphenylsulphonate of [err] - amino - 3 -  acid
diphenylmethyl ester is thus obtained in                    cephem  - 3 -
ol - 4 - carboxylic acid di-  the form of colourless needles, melting point
phenylmethyl ester, in 25 ml of methanol, is  [err] [err] (c=0.97 in
55  treated, at [err]  with a solution of diazo-  methanol); ultraviolet
absorption spectrum (in  120                    methane in diethyl ether
until the yellow  ethanol):  [err]  (e=1,500); infra-
colouration persists. The mixture is stirred  red  absorption  spectrum
(in  methylene                  for 10 minutes in an ice bath and is then
chloride):  characteristic bands at 3.5 [err].
evaporated. The residue is chromatographed  5.60 [err]., 573 [err], 8.50
[err], 9.68 [err] and 9.92 [err].                60  on silica gel. Oily
[err] - dimethylamino -   A stream of oxygen and ozone (containing  125
3 - methoxy - 3 - cephem - 4 - carboxylic  0.35 mmol of ozone per minute)
is passed                    acid diphenylmethyl ester is eluted with a
for 4 minutes through a solution, cooled to                    2: 1 mixture
of toluene and ethyl acetate,  -60[err]C, of 0.553 g of the 4    methyl -
35                                          1,435,111
35                 phenylsulphonate of [err] - amino - 3 - methyl-  process
described in the preceding examples,                ene - cepham  - 4[ERR]
- carboxylic acid di -  2 ml of dimethylsulphide are subsequently  65
phenylmethyl ester in 50 ml of methanol.  added and the mixture is stirred
for one hour                After a further 5 minutes, the pale blue-  at
[ERR] and 2 hours at room temperature            5  coloured solution is
treated with 0.3 ml of  and is then evaporated under reduced pres-
dimethyl sulphide. The mixture is stirred  sure. The residue, containing
[ERR] - (D - [ERR] -                for 15 minutes at [ERR] for one hour at
tert. - butoxycarbonylamino - [ERR] - phenylacetyl-  70
-[ERR]  and for one hour in an ice bath  amino) - cepham - 3 - one - [ERR]
- carboxylic                and is then evaporated. The residue is taken
acid diphenylmethyl ester, is dissolved in            10 up in a small
amount of methylene chloride,  150 ml of methanol and a solution of diazo-
diethyl ether is then added until the mixture  n - butane in diethyl ether
is added at [ERR]                turns cloudy, and the mixture is left to
stand.  until the yellow  colouration persists. After  75
The microcrystalline, reddish-coloured  pul   15 minutes, the solution is
evaporated under                verulent precipitate is filtered off and
yields  reduced pressure and the residue is puri-            15  the 4 -
methylphenylsulphonate of [ERR] -  fied  by means of preparative  thin
layer                amino - cepham - 3 - one - [ERR] - carboxylic
chromatography (silica gel; 1.5 mm thickness;                acid
diphenylmethyl. ester which is mainly  plates of size 16 x 100 cm; system:
toluene/  80                present in the enol form as the 4 -methyl-
ethyl acetate, 72:25). The zone which is                phenylsulphonate of
[ERR] - amino - 3 - cephem-  visible under ultraviolet light, and has an
20  3 - ol - 4 - carboxylic acid diphenylmethyl  Rf value of about 0.35
yields 3 - n - butoxy-                ester, melting [ERR]  (with de-
[ERR] - (D - a - tert. - butoxycarbonylamino-                composition);
thin  layer  chromatogram   [ERR] - phenylacetylamino) - 3 - cephem - 4 -
85                (silica gel) [ERR]  (system: ethyl acet-  carboxylic acid
diphenylmethyl ester, which is                ate/pyridine/water,  85: 10:
5);  ultraviolet again purified by renewed chromatography            25
absorption spectrum  (in ethanol):  [ERR]  on silica gel and is lyophilised
from dioxane,                262  mu  [ERR]  and  282  [ERR]    [ERR]
(c=0.98 in chloroform); 



3,020);  infrared  absorption  spectrum  in  ultraviolet absorption
spectrum  (in  95%   90 methylene chloride): characteristic bands at
strength  aqueous ethanol):  [ERR]                5.58 [ERR] 5.77 [ERR]
(shoulder), 6.02 [ERR] and 6.22 [ERR].  ([ERR]=6,100); infrared absorption
spectrum (in
methylene chloride): characteristic bands at            30
Example 12                    2.88 [ERR] , 5.63 [ERR], 5.84 [ERR]
(shoulder), 5.88 [ERR],                  A solution, cooled to [ERR] of 2.0
g of  6.26 [ERR] and 6.71 [ERR].                      95
[ERR] - phenylacetylamino - cepham - 3 - one-                4[ERR] -
carboxylic acid diphenylmethyl ester in             Example 14
75 ml of methanol is treated with excess    A mixture of 0.5 g of 3 - n -
butoxy-            35  diazo - n - butane in diethyl ether. The  [ERR] - (D
- a - tert. - butoxycarbonylamino-                mixture is stirred for 15
minutes at [ERR]  [ERR] - phenylacetylamino )- 3 - cephem - 4 -
and is then evaporated under reduced pres-  carboxylic acid diphenylmethyl
ester, 1 ml 100                sure. The oily residue is purified by means
of anisole and 15 ml of trifluoroacetic acid                of preparative
thin  layer chromatography  is left to stand for 15 minutes at [ERR] and
40  (silica  gel plates, 6x100  cm; system:  is then diluted with 200 ml of
cold toluene                toluene/ethyl acetate, 3: 1). The layer which
and evaporated under reduced pressure. The                is visible under
ultraviolet light (A=254 m[ERR])  residue is stirred with diethyl ether and
the  105                is removed and in each case eluted with
pulverulent colourless residue is filtered off,                acetone.
This zone [ERR] yields 3 - n -  washed with diethyl ether and dried under
45  butoxy - [ERR] - phenylacetylamino - 3 - cephem-  a high vacuum. The
trifluoroacetate salt of                4 - carboxylic acid diphenylmethyl
ester which  3 - n - butoxy - [ERR] - (D  - [ERR] - phenyl -
after  crystallisation  from   a  mixture  of  glycylamino) - 3 - cephem -
4 - carboxylic  110                methylene chloride and diethyl ether is
in the  acid is thus obtained, and is dissolved in                form of
colourless flakes which melt at 168-  5 ml of water. The solution is twice
washed            50  [ERR]  [ERR]  [ERR]  (c=0.38  in  with 10 ml of ethyl
acetate at a time and the                chloroform); ultraviolet
absorption spectrum   pH value of the aqueous phase is adjusted      (in
95%  strength aqueous ethanol): [ERR]  to 5.0 by adding a solution of
triethylamine  113                264  [ERR]  ([ERR]=7,300); infrared
absorption  in  methanol. Thereafter  the  solution  is
spectrum  (in methylene chloride): charac-  evaporated under reduced
pressure; the resi-            55  teristic bands at 2.98 [ERR], 5.62
[ERR],. 5.81 [ERR], 5.92 [ERR], due is taken up in a small amount of
acetone                6.25  [ERR] and 6.62 [ERR].                  and is
diluted with diethyl ether until the
mixture is turbid. The 3 - n - butoxy - [ERR] - 120
Example 13                   (D  - [ERR] - phenyl - glycylamino) - 3 -
A mixture of 5 g of 3 - methylene - [ERR] -  cephem - 4 - carboxylic acid,
which is pre-                 (D - [ERR] - tert. - butoxycarbonylamino -
[ERR] -  sent in the form of the internal salt, is ob-            60
phenylacetylamino) - cepham - [ERR] - carboxylic  tained as a crystalline
precipitate and filtered                acid diphenylmethyl ester and 500
ml of  off, melting point [ERR] thin layer 125                methylene
chloride is treated, at [ERR] with  chromatogram (silica gel): [ERR]
(system                1.15 equivalents of ozone according to the  ethyl
acetate/pyridine/acetic  acid/water,          36
1,435,111                                         36
62:21:6:11); ultraviolet absorption  spec-  residue is chromatographed on
50 g of silica  65                      trum (in 0.1 N aqueous sodium
bicarbonate  gel. 3 - Methylene - [err] - phenylacetylamino-
solution): [err] [err] (s=7,300).        cepham - [err] - carboxylic acid
diphenylmethyl
ester 1 - oxide is eluted with  methylene
Example 15                   chloride, containing 3-5%  of acetone ,and
5  A solution of 0.258 g of 3 - methylene-  crystallised from a mixture of
acetone, diethyl  70                      [err] - phenylacetylamino -
cepham - [err] - car-  ether and  hexane, melting  point=172-
boxylic acid diphenylinethyl ester 1 - oxide  175C; [err] (c=0.925 in
chloro-                      in 50 ml of methanol is treated with an oxy-
form); thin layer chromatogram  (silica gel;                      gen/azone
mixture (20 mmols of ozone per  identification with iodine): [err] (system
10  minute) at -65C until the blue colouration  toluene/ethyl  acetate,
1:1);  ultraviolet  75                      persists. The reaction mixture
is thereafter  absorption spectrum (in 95% strength aqueous
treated  with 0.5 ml of dimethylsulphide, ethanol):  no specific
absorption; infrared                      stirred for 20 minutes at [err]
and 30  absorption spectrum (in methylene chloride): minutes at room
temperature and evaporated  characteristic bands at 2.96 [err] 5.60 [err],
5.74 [err]                  15  under reduced pressure. The residue,
contain-  5.92 [err], 6.24 ,[err], 6.63 [err] and 9.60   80
ing [err] - phenylacetylamino - cepham - 3 -                      one -
4[err] - carboxylic acid diphenylmethyl               Example 16
ester 1 - oxide is taken up in 20 ml of meth-    A  solution of 0.2 g of 3
- methoxy -                      anol and treated, at [err] with an
ethereal  [err] - phenylacetylamino - 3 - cephem - 4 -                 20
solution of diazomethane in diethyl ether  carboxylic acid in 10 ml of
methanol is 



until the yellow  colouration persists. After  treated with a solution of
diazomethane in  85                     standing for 15 minutes, the
reaction mixture  diethyl ether until the yellow colouration per-
is evaporated under reduced pressure. The  sists and is then evaporated
under reduced                     residue is purified by means of
preparative  pressure. The residue is chromatographed on                 25
thin layer chromatography; the zone which  silica gel. 3 - Methoxy - [err]
- phenylacetyl-                     is visible under ultraviolet light
(A=254 [err]),  amino - 3 - cephem  - 4 - carboxylic acid  90
of Rf-0.20  (system: ethyl acetate;  the  methyl ester is eluted with a 3:1
mixture                     identification with iodine) is eluted with a
of toluene and ethyl acetate and recrystal-                     1: 1
mixture of acetone and methanol and 3 -  lised from  a mixture of methylene
chloride                 30  methoxy - [err] - phenylacetylamino - 3 -  and
hexane, melting  point [err]                     cephem - 4 - carboxylic
acid diphenylmethyl  [a] [err]   (c=0.95  in  chloro-  95
ester 1 - oxide is thus obtained, ultraviolet  form); ultraviolet
absorption spectrum  (in                     absorption spectrum (in 95%
strength aqueous  95%  strength  aqueous  ethanol):   [err]    ethanol):
[err] [err] (e=7,500); infra-  265  [err]  (e=6,250); infrared  absorption
35  red  absorption  spectrum   (in  methylene  spectrum (in methylene
chloride): characteris-                     chloride): characteristic bands
at 2.94  [err],  tic bands at 2.94 [err] 5.62[err] 5.76[err]
5.56 [err], 5.81 [err]92 [err]22 [err] 6.67 [err].24 [err] 6.65 [err]   3 -
Methoxy - [err]- phenylacetylamino                     3 - cephem - 4 -
carboxylic acid methyl ester               Example 17                40  is
obtained analogously, melting point 171-    A mixture of 0.02 g of crude
[err] - (D -                     [err] after recrystallisation from
methylene  [err] - tert. - butoxycarbonylamino - [err] - phenyl-
chloride and  hexane;  [[err]]  + [err] + [err]  acetylamino) - cephan - 3
- one - [err] - 105                     (c=0.95 in chloroform); ultraviolet
absorp  carboxylic acid  diphenylmethyl ester and                     tion
spectrum  (in 95%  strength aqueous  2 ml of acetone is treated with 0.1 ml
of                45  ethanol): [err] m[err]  infra-  dimethyl sulphate and
0.005 g of anhydrous                    red  absorption  spectrum   (in
methylene  potassium carbonate and stirred for 16 hours
chloride),  characteristic bands at 2.94 [err],  under a nitrogen
atmosphere, at room  term- 110                    5.62 ,[err], 5.76 [err],
5.93 [err], 6.24 [err] and 6.65 [err]  perature. The reaction mixture is
evaporated                      The starting material used in the above
under reduced pressure, the residue is taken                50  example can
be manufactured as follows: a  up in methylene chloride, and the solution
solution, cooled to [err] of 0.50 g of 3 -  is washed with a saturated
aqueous sodium                    methylene - [err] - phenylacetylamino -
cepham-  chloride solution, dried over sodium sulphate 115
46  - carboxylic acid diphenylmethyl ester in  and evaporated under reduced
pressure. The                    50 ml of methylene chloride is mixed with
residue  is purified  by  preparative  layer                55  a solution
of 0.19 g of 3 - chloroperbenzoic  chromatography (silica gel). The two
zones                    acid in 10 ml of methylene chloride and the  which
are visible under ultraviolet light                    mixture is stirred
for 30 minutes in an ice  (A=254 [err] are isolated. At [err] (silica  120
bath under a nitrogen atmosphere. The reac-  gel; system: diethyl ether), 3
- methoxy-                    tion mixture is diluted with 100 ml of
methyl-  [err] - (D - a - tert. - butoxycarbonvlamino-                60
ene chloride, washed twice with 50 ml of a  [err] phenylacetylamino) - 2 -
cephem - [err] -                    saturated aqueous sodium bicarbonate
solution  carboxylic acid diphenylmethyl ester, melting
and with 50 ml of a saturated aqueous sodium   point [err] after
recrystallisation from  125                    chloride solution, dried
over sodium sulphate  a mixture of methylene chloride and pentane,
and evaporated under reduced pressure. The  is obtained; at [err] (silica
gel; system:         37                                        1,435,111
diethyl ether), amorphous 3 - methoxy 7, [err] -  glycylanino) - 3 - cephem
-4  - carboxylic                    (D - [err] - tert. -
butoxycarbonylamino - a -  acid is precipitated as the internal salt by  65
phenylacetylamino) - 3 - cephem - 4 - car-  addition of methylene chloride
and  diethyl                    boxylic acid diphenylmethyl ester is
obtained   ether; thin layer chromatogram  (silica gel):       Rf-0.17
(system: ethyl acetate/pyridine/                5                  Example
18                  acetic acid/water, 62:21:6:11); ultraviolet
A  solution, cooled to [err] of 8.2 g  absorption spectrum  (in 0.1 molar
aqueous  70                   of [err] - (D - [err] - tert. -
butoxycarbonylamino-  sodium  bicarbonate solution): A=263 [err]
[err] - phenylacetylamino) - 3 - methylene -  (a=5,500).
cepham  - [err] - carboxylic acid diphenyl -               10  methyl ester
in 800 ml of methylene chloride               Example 20
is treated for 34 minutes with a stream of    A solution of 15 g of 3 -
methylenel- [err] -                   oxygen/oxone  (0.49 mmol of ozone
per  (D - a - tert. - butoxycarbonylaminoi- [err] -  75
minute), and is then treated with 3.5 ml of  phenylacetylamino) - cepham -
4a - carboxylic   dimethylsulphide and stirred for one hour at  acid
diphenylmethyl ester in 1,500 ml of 



15  [err] and for 2 hours at room  tempera-  methylene chloride is treated
for 62 minutes,                   ture. After evaporation under reduced
pres-  at [err] with a mixture of oxygen and                   sure, the
oily residue containing the [err] -  ozone, containing 0.5 mmol of ozone
per  80                   (D - a - tert. - butoxycarbonylamino - a -
minute, and is then mixed with 8.7 -ml of
phenylacetylamino) - cepham  - 3 - one -  dimethylsulphide at [err]  The
mixture is               20  [err] - carboxylic acid diphenylmethyl ester
is  stirred for 1 hour at [err] and for 2 hours                   dissolved
in 300 ml of benzene, 3.28 g of 1 -  at room temperature and is evaporated
under                   ethyl - 3 - (4 - methylphenyl) - triazene  reduced
pressure. The residue containing the  85                   are added and
the whole is boiled for one  crude [err] - (D  - [err] - tert. - butoxycar
-                   hour under reflux in a nitrogen atmosphere  bonylamino
-  [err]  -  phenylacetylamino) -               25  and is then evaporated
under reduced pres-  cepham - 3 - one - [err] - carboxylic acid di-
sure. The residue is chromatographed  on  phenylmethyl ester, is dissolved
in 350 ml of                   360 g of silica gel. The amorphous 3 -
benzene, 11 g of 1 - benzyl - 3 - (4 -  90                   ethoxy - [err]
- (D  - [err] - tert. - butoxycar-  methylphenyl) - triazene are added and
the                   bonylamino - a - phenylacetylamino) - 3 -  whole is
then boiled for 4 hours under re-               30  cephem - 4 - carboxylic
acid diphenylmethyl  flux. After cooling, it is washed with 6OO ml ester is
eluted with a 4: 1 mixture of toluene  of 2 N aqueous hydrochloric acid and
with a                   and ethyl acetate, thin layer chromatography
saturated aqueous sodium  chloride solution;  95                   (silica
gel): Rf-0.28 (system: toluene/ethyl  the organic phase is dried over
sodium  sul-                   acetate, 3:1); ultraviolet absorption  spec-
phate and evaporated under reduced pressure.               35  trum  (in
95%  strength aqueous ethanol):  The residue is chromatographed on 650 g of
[err]  [err]  (e=7,000)  and  [err]  silica gel; with toluene, containing
15%  of                   264 [err] (=-6,900); infrared absorption spec-
ethyl acetate, amorphous 3 - benzyloxy,- [err] - 100                   trum
(in methylene chloride): characteristic  (D -   [err] - rert. -
butoxycarbonylamino:- [err] -                   bands at 2.96 [err], 5.64
[err], 5.90 [err], 6.28 [err] and  phenylacetylamino) - 3 - cephem - 4 -
car-               40  6.73 [err].                                 boxylic
acid  diphenylmethyl ester, which
according to thin layer chromatography is a
Example 19                  single  substance,  is  eluted;  thin  layer
105                     A mixture of 2.70 g of 3 - ethoxy - [err] -
chromatogram  (silica gel; development with                   (D - [err] -
tert. - butoxycarbonylamino - [err] -  iodine):  Rf-0.34  (system:
toluene/ethyl                   phenylacetylamino) - 3 - cephem - 4 - car-
acetate 3:1); [err] (c=0.97 in               45  boxylic acid
diphenylmethyl ester, 6.7 ml of  chloroform); ultraviolet absorption
spectrum                   anisole and 67 ml of formic acid is stirred for
(in 95%  strength aqueous ethanol): [err]  110                   one hour
at room temperature, diluted with  258 [err] [err] and 264 [err] (e=6,800),
200 ml of toluene and then evaporated under  and [err] (e=6,300); infrared
reduced pressure, and the residue is dried  absorption spectrum (in
methylene chloride):               50  under a high vacuum, digested with
diethyl  characteristic bands at 2.96 [err], 5.63 [err], 5.88 [err]  ether
and filtered off. The formate of 3 -  6.26 [err] and 6.72 [err].
115                   ethoxy - [err] - (D -   phenyl - glycylamino)-
3 - cepher  - 4 - carboxylic acid, which is               Example 21
obtained as a brownish powder, is dissolved   A mixture of 4.6 g of 3 -
benzyloxy -               55  in 8 ml of water and the aqueous phase  [err]
- (D - [err] - tert. - butoxycarbonylamino-                   is acidified
with 2 N  aqueous hydrochloric  a - phenylamino) - 3 - cephem  - 4 - car-
acid, washed with 10 ml of ethyl acetate, boxylic acid diphenylmethyl
ester, 10  ml of 120                   adjusted to a pH value of about 5
with a  anisole and 100 ml of trifluoroacetic acid is                   10%
strength solution of triethylamine in  stirred for 15 minutes at [err] then
diluted               60 methanol and evaporated under reduced pres-  with
250 ml of pre-cooled toluene and evapor-                   sure. The
residue is taken up in a small  ated under reduced pressure, and the
residue                   amount of methanol and the amorphous light  is
dried in a high vacuum. The product is 125                   yellowish 3 -
ethoxy - [err] - D - a - phenyl-  stirred with diethyl ether and the
pulverulent
38                     trifluoroacetate of 3 -benzyloxy - ,[err] - (D -
Example 23                    a - phenyl - glycylamino) - 3 - cephem  -
A suspension of 0.250 g of [err] - amino -  65       4 - carboxylic acid is
thus obtained; this is 3 - methoxy - 3 - cephern - 4 - carboxylic
filtered off and dissolved in a 9:1 mixture  acid diphenylmethyl ester in
25 ml of methyl-                of water and methanol. The pH value is ad-
ene chloride is treated with 1 ml of pyri-                    justed to 1.7
and 2 N aqueous hydrochloric  dine and 0.5 ml of phenylacetic acid chloride
acid; the mixture is twice washed with 30 ml  at [err] under a nitrogen
atmosphere and stir-  70                    of ethyl acetate at a time (the
organic wash  red for 30 minutes at this temperature. The
solutions are discarded) and the pH  value  reaction mixture is evaporated
under reduced                10  of the aqueous phase is adjusted to 5 by
pressure; the residue is stirred for 10 minutes 



addition of a 10%  strength solution of tri-  with 20 ml of a 1:1 mixture
of dioxane and                    ethylamine in methanol. The aqueous phase
water and the mixture is diluted with methyl-  75                    is
evaporated under reduced pressure. The  ene chloride. The aqueous phase is
separated                    residue is stirred with a mixture of acetone
off and extracted with methylene chloride.                15  and diethyl
ether, and the pulverulent product  The combined organic phases are washed
with      is filtered off and rinsed with acetone and  a saturated aqueous
sodium bicarbonate solu-                    with diethyl ether. 3 -
Benzyloxy - [err] -  tion and a saturated aqueous sodium chloride  80
(D -[err] - phenylglycylamino) - 3 - cephem-  solution, dried over  sodium
sulphate and                    4 - carboxylic acid is thus obtained in the
evaporated under reduced pressure. The crude                20  form of
zwitter - ion, thin layer chromato-  product is purified by means of
preparative    20  gram  (silica gel): Rf=0.17 (system: ethyl  thin layer
chromatography, using a 1:1 mix-                    acetate/pyridine/acetic
acid/water, 62:21:  ture of toluene and ethyl acetate as the sol-  85
6:11); ultraviolet absorption  spectrum  (in  vent. The zone visible under
ultraviolet light                    0.1 N aqueous sodium bicarbonate
solution):  of [err]=254 [err] (Rf-0.35) is eluted with a                25
[err] m[err] (z=6,500).                     4:1 mixture of acetone and
methanol and
yields 3 - methoxy - [err] - phenylacetylamino-      3 - cephem - 4 -
carboxylic acid diphenyl-  90                                   Example 22
methyl ester, which is identical with the pro-     A solution of 0.514 g of
3 - methoxy -  duct obtainable according to the process of
[err] - phenylacetylamino - 3 - cephem - 4 -  Example 1.   carboxylic acid
diphenylmethyl ester in 30 ml                30  of methylene chloride is
cooled to -10C                   Example 24       and 0.8 ml of absolute
pyridine and 8.0 m-l   A solution of 1.59 g of [err]    (5  ben-  95 of an
8%  strength solution of phosphorus  zoylamino - 5 -
diphenylmethoxycarbonyl                    pentachloride in methylene
chloride are added.  valeryl - amino) - 3 - methylene - cepham-
The reaction mixture is stirred for one hour  [err] - carboxylic acid
diphenylmethyl ester in      35  at -10[err]C to [err] and is then cooled
to  150 ml of methylene chloride is cooled to                    [err] and
5 ml of methanol are added.  - [err] and treated for 12 minutes and 43  100
The whole is stirred for one hour at - [err]  seconds, whilst stirring
vigorously, with a                    to -5[err]C, one hour at [err]C and
one hour  mixture of oxone and oxygen, containing                    at
room temperature. 20 ml of an 0.5 molar  0.2 mmol of ozone per minute, and
then with                40  aqueous potassium dihydrogen phosphate solu-
1 ml of dimethylsulphide. The mixture is                    tion are added,
the mixture is stirred at pH   stirred for 5 minutes at [err] and for 30
105                    2.4 for 30 minutes and diluted with methylene
minutes at room temperature and is evapor-                    chloride and
the aqueous phase is separated  ated under reduced pressure. The residue,
con-                    off and extracted with methylene chloride.  taining
[err] - (5 - benzoylarmino - 5 - di-               45  The combined organic
phases are washed with  phenylmethoxycarbonyl - valeryl - amino) -
a saturated aqueous sodium chloride solution,  cepham - 3 - one - [err] -
carboxylic acid di- 110                    dried over sodium  sulphate and
evaporated  phenylmethyl ester, is dissolved in 40 ml of
under reduced pressure. The residue is di-  methanol, cooled in an ice
bath, and treated                    gested with diethyl ether and left to
stand for  with a solution of diazomethane in diethyl               50  16
hours at [err] the precipitate is filtered  ether until the yellow
colouration persists. The                    off, washed with diethyl ether
and dried. reaction mixture is evaporated under reduced  115
[err]  Amino - 3 - methoxy - 3 - cephem-  pressure and the residue is
chromatographed                    4 - carboxylic acid diphenylmethyl ester
is  on 100 g of silica gel. [err] - (5 - Benzoyl-
obtained as a light beige powder, thin layer  amino  - 5  -
diphenylmethoxycarbonyl -               55  chromatogram  (silica gel;
developing  with  valeryl - amino) - 3 - methoxy -3 - cephem-
iodine vapour): [err]  (system:  ethyl 4 - carboxylic acid diphenylmethyl
ester is 120                   acetate); ultraviolet absorption spectrum
(in  eluted with a 1:1 mixture of toluene and                   95%
strength  aqueous ethanol):  [err]  ethyl acetate and obtained as an
amorphous                   258 [err] (e=5,250) and 264 [err] (=5,300),
product, thin  layer chromatogram  (silica               60  and [err]
(e=5,200); infrared  gel): Rf=0.45 (system: toluene/ethyl acet-
absorption spectrum  (in dioxane): charac-  ate, 1:1); ultraviolet
absorption spectrum  125                   teristic bands at 2.87 [err]
(broad), 5.62 [err],  (in   95%   strength  aqueous   ethanol):
5.85 [err] and 6.26 [err].                 [err]  [err] (a=7,450),  264
[err]                        39
1,435,111                       (z= 7,050) and 268 [err]  (e=6,700); infra-
natant liquid the aluminium  is washed three                      red
absorption  spectrum  (in  methylene  times with 300 ml of water at a time.
The                      chloride) : characteristic bands at 5.65 [err]
residue is treated for 3 minutes with 130 ml                      5.78
[err], 6.03 [err] and 6.64 [err].               of an 0.3% strength aqueous
mercury-II                      5  The starting material can be
manufactured  chloride solution and is washed three times  70 



as follows:                                 with 300 ml of water at a time.
The entire  A solution of 50 g of the sodium salt of  treatment is repeated
once and the aluminium                     cephalosporin C in 1,500 ml of
10% strength  amalgam is finally washed three times with
aqueous dipotassium  hydrogen phosphate is  tetrahydrofurane. About 15 ml
of ethyl acetate                 10  diluted with 1,200 ml of acetone and
21 g  are used to transfer the product into the reac-  75
of benzoyl chloride are added at [err] The  tion vessel.          mixture
is stirred for 30 minutes at [err]    A solution of 2.3 g of [err]  (5
-ben-                      and for 45 minutes at [err] whilst keeping
zoylamino - 5 - carboxyvaleryl - amino) - 3 -          the pH value
constant at 8.5 by addition of a  methylene - cepham  - [err] carboxylic
acid          15  50%  strength aqueous tripotassium phosphate  in 25 ml of
dioxane is treated dropwise, over  80                      solution. It is
concentrated to about half its  the course of 10 minutes, with a solution
of          volume under reduced pressure, washed with  2.5 g of
diphenyldiazomethane in 10 ml of          ethyl acetate, acidified to pH
2.0 with 20%   n - pentane. It is stirred for 30 minutes
20  ted with ethyl acetate. The organic phase is  diazomethane is
decomposed by adding a few  85                     dried and evaporated
under reduced pressure;  drops of acetic acid (glacial acetic acid) and
the residue recrystallised from acetone, yields  the solution is evaporated
under reduced pres-                     N - benzoyl - cephalosporin C,
melting point  sure. The residue is chromatographed  on
117-119[err]C; thin layer chromatogram  (silica  80 g of silica gel, [err]
- (5 - benzoylamino-     25  gel): Rf= 0.37 (system: n - butanol/acetic  5
-  diphenylmethoxycarbonyl - valeryl -  90                      acid/water,
75: 7.5:21)  and  Rf:  0.08  amino) - 3 - methylene - cepham  - 4a -
(system: ethyl acetate/pyridine/acetic acid/  carboxylic acid
diphenylmethyl ester being  water, 62:21:6: 11).
eluted with a 3: 1 mixture of toluene and         A solution of 4.7 g of N
-benzoyl -ethyl acetate and then crystallised from  a                 30
cephalosporin C in 85 ml of 0.5 M  molar  mixture of methyl acetate and
cyclohexane,  95                       auous dipotassium hydrogen phosphate
solu   melting  point  180-181 [err]C;  thin  layer
tion and 9 ml of dimethylformamide is stirred  chromatogram    (silica
gel):   Rf=0.24                     with 4.7 g of aluminium  amalgam  for
45  (system: toluene/ethyl acetate, 2:1); ultra-                     (
minutes at pH 6.0 and [err] whilst keeping  violet absorption spectrum  (in
95%  strength                 35  the pH  value constant by addition of 20%
aqueous ethanol) : no characteristic bands; 100
strength aqueous phosphoric acid. 100 ml of  infrared absorption spectrum
(in methylene                     ice are added, and the mixture is covered
with  chloride):  characteristic bands at 5.66 [err]
cold ethyl acetate and adjusted to pH  2.0  5.76 [err]., 5.95 [err], 6.03
[err] 6.64 [err] and 6.70 [err]                     with concentrated
phosphoric acid. The mix-          40  ture is saturated with sodium
chloride, the               Example 25                     organic phase is
separated off and the aqueous    A solution of 0.263 g of [er] - (5 - ben-
105                     phase is twice rinsed with ethyl acetate.
zoylamino - 5 - diphenylmethoxycarbonyl -      The combined organic
extracts are washed  valeryl  amino) - 3 - methoxy - 3 - cephem-
with saturated aqueous sodium chloride solu-  4 - carboxylic acid
diphenylmethyl ester in                 45  tion and dried over sodium
sulphate and on  13 ml of methylene chloride is cooled to
evaporation under reduced pressure yield a  - 10[err] C and 0.132 ml of
pyridine and 3.52 ml 110          I                residue which is caused
to crystalline in ethyl  of an 8%  strength solution of phosphorus
acetate. It is slowly diluted with 15 ml of  pentachloride in methylence
chloride are added.                     a 2:3 mixture of ethyl acetate and
hexane  The mixture is stirred for one hour at - 10[err]C
50  and filtered after standing for 2 hours at  and is then cooled to
-30[err]C, 2.2 ml of                      - 5[err]C, and after
crystallisation from  a 1: 4  methanol cooled to -30[err]C are added
rapidly  115                    mixture of ethyl acetate and diethyl ether,
and the whole is stirred further for 30 minutes                    [err]  -
(5 - benzoylamino - 5 - carboxy -  at -10[err]C and 30 minutes at -[err]
There-                    valerylamino) - 3 - methylene cepham -  -  after,
6.5 ml of an 0.5 molar aqueous solution                 55  carboxylic acid
is obtained, melting  point  of potassium dihydrogen phosphate are added
82-89[err]C  (with decomposition); thin layer  to the reaction mixture,
which is stirred for 120                     hromatogram (silica gel):
Rf=0.53 (system  5 minutes at room  temperature, and the
butanol/acetic acid/water, 75:7.5:21),  phases are separated. The aqueous
phase is      30  chand  [err]  (system: ethyl acetate/pyri-  washed with
methylene chloride; the com-                 60  dine/acetic acid/water,
62:21:6:11).        bined methylene chloride phasest are washed       The
aluminiu m amalgam  used above can  with concentrated aqueous sodium
chloride  125                     be manufactured as follows: a mixture of
3.3 g  solution,  dried  over sodium  sulphate and                     of
aluminium grit and 100 ml of 50% strength  evaporated under reduced
pressure. The resi-                     aqueous sodium hydroxide solution
is shaken  due is dissolved in methanol and the solu- 65  for 30 seconds
and after decanting the super-  ton is treated with diethyl ether until it
40                                           1,435,111
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is slightly turbid. 7/3 - Amino - 3 - meth-  carbonylamino - a -
phenylacetylamino) - 3 -  65.        oxy - 3 - cephem - 4 - carboxylic acid
di-  methylene - cepham  - 4a - carboxylic acid        phenylmethyl ester
is thus obtained as an  with 4 - nitrobenzyl bromide or of a reac-
amorphous precipitate, thin layer chromato-  tive mixed anhydride of [err]
- (D - [err] - tert. -    5  gram  (silica gel): Rf=0.17 (system: ethyl
butoxycarbonylamino - a - phenylacetyl) -        acetate; development with
iodine): ultraviolet  amino) - 3 - methylene - cepham  - [err] -  70
absorption spectrum (in 95% strength aqueous  carboxylic acid with 2,2,2 -
trichloroethanol,        ethanol): [err] m[err] (e=5,700); infra-  and from
these starting substances to obtain,        red  absorption  spectrum   (in
dioxane):  via [err] - (D - a - tert. - butoxycarbonyl -   10
characteristic bands at 2.87 , 5.62 [err], 5.85 [err]  amino - [err] -
phenylacetylamino) - cepham-       and 6.26 [err].
3 - one- [err] - carboxylic acid 4 - nitro -  75
benzyl ester and [err] - (D - [err] - tert. - but-
Example 26                    oxycarbonylamino -  - phenylacetylamino) -
A solution, cooled to [err] of 0.400 g of  cepham  - 3 - one - [err] -
carboxylic acid       [err] - (D - [err] - tert. - butoxycarbonylamino -
2,2,2 - trichloroethyl ester respectively, [err] -   15  [err] -
phenylacetylamino) - 3 - methylene -  (D - a - tert. - butoxycarbonylamino
- a -  80       cepham  - [err] - carboxylic acid diphenyl-
phenylacetylamino) - 3 - methoxy    3 -       methyl ester in 40 ml of
methylene chloride  cephem - 4 - carboxylic acid 4 - nitrobenzyl       is
treated for 3.6 minutes with an ozone-  ester and [err] - (D  - [err] -
tert. - butoxycar-       oxygen mixture containing  0.21 mmol of
bonylamino - [err] - phenylacetylamino) - 3 -  20  ozone per minute, and is
then mixed with  methoxy - 3 - cephem - 4 - carboxylic acid  85       0.5
ml of dimethylsulphide and subsequently  2,2,2 - trichloroethyl ester
respectively.       evaporated under reduced pressure. The resi-       due,
containing [err] - (D - [err] - tert. - butoxy-          Example 27
carbonylamino - [err] - phenylacetylamino) -    A solution, cooled to -
[err] of 0.61 g  25  cepham  - 3 - one - 4  - carboxylic acid  of crude
[err] - (D  - [err] - tert. - butoxycar-       diphenylmethyl ester, is
dissolved in 10 ml of  bonylamino  - [err]  phenylacetylamino)  -  90
methanol and treated with a solution of diazo-  cepham - 3 - one - [err]
carboxylic acid di -       methane in diethyl ether until the yellow
phenylmethyl ester (which can be obtained,       colouration persists. The
mixture is evapor-  for example, according to the process of Ex-  30  ated
under reduced pressure and the residue  ample 4) in 30 ml of absolute
methylene      is subjected to preparative layer chromato-  chloride is
mixed with 0.12 ml of diiso-  95      graphy  (silica  gel; system:
toluene/ethyl  propyl - ethyl - amine and 0.192 g of tri-      acetate, 1:
1 identification with ultraviolet light  methyloxonium  tetrafluoborate and
the mix-      [err] A mixture of [err] - (D - a - tert. -  ture is stirred
for 30 minutes at [err]  35  butoxycarbonylamino - [err] - phenylacetyl -
under a nitrogen atmosphere; in the course      amino) - 3 - methylene -
cepham  - [err] -  thereof, the oxonium salt gradually dissolves. 100
carboxylic acid diphenylmethyl ester and of  The reaction mixture is poured
out onto a      [err] - (D - [err] - tert. - butoxycarbonylamino-  mixture
of ice and a saturated aqueous sodium        - phenylacetylamino) - 3 -
methoxy - 2 -  chloride solution; the aqueous mixture is twice 40  cephem -
4[err] - carboxylic acid diphenylmethyl  extracted with 100 ml of methylene
chloride      ester, both of Rf value 0.55, is thus obtained,  at a time
and the organic phase is separated  105      followed by [err] - (D  -
[err] - tert. - butoxy-  off, dried over sodium sulphate and evapor-
carbonylamino - [err] - phenylacetylamino) - 3 -  ated under reduced
pressure. The residue is      methoxy - 3 - cephem - 4 - carboxylic acid
purified by means of preparative thin layer 45  diphenylmethyl ester of Rf
value 0.45 and  chromatography (silica gel; system: diethyl      finally by
a mixture of [err] - (D - [err] - tert. -  ether). The zone visible under
ultraviolet 110      butoxycarbonylamino - a - phenylacetylamino)-  light
[err] =254 [err] which according to thin      3 - methoxy - 3 - cephem - 4
- carboxylic  layer chromatography is a single substance,      acid
diphenylmethyl ester [err] - oxide of Rf  is isolated and stirred with 20
ml of diethyl 50  value 0.17 and [err] - oxide of Rf value 0.07.  ether;
after stirring for 16 hours, [err] - (D -        Instead of [err] - (D - a
- tert. - butoxy-  [err] - tert. - butoxycarbonylamino - a - phenyl- 115
carbonylamino - a - phenylacetylamino) -  acetylamino) - 3 - methoxy - 3 -
cephem-     3 - methylene - cepham - 4a - carboxylic  4 - carboxylic acid
diphenylmethyl ester is     acid diphenylmethyl ester it is possible to
use,  obtained in a finely crystalline form. Melting 55  as starting
substances in the above process,  point [err]     [err] (D - [err] - tert.
- butoxycarbonylamino-     [err] - phenylacetylamino) - 3 - methylene -
Example 28                    120     cepham  - [err] - carboxylic acid 4 -
nitro-    A solution of 0.100. g of crude [err] - (D -     benzyl ester or
[err] - (D - [err] .- tert. - butoxy-  [err] - tert. - butoxycarbonylamino
- a - phenyl- 60  carbonylamino - a - phenylacetylamino) - 3 -
acetylamino) - cepham - 3 - one - [err] - car-     methylene - cepham  -
[err] - carboxylic acid  boxylic acid diphenylmethyl ester (which can
2,2,2 - trichloroethyl ester, which can be res-  be obtained, for example,
according to the  125     pectively obtained by treatment of the sodium
process of Example 4) in 5 ml of nitromethane     salt of. [err] - (D  -
[err] - tert. - butoxy -  is mixed with 0.03 ml of diisopropyl - ethyl-
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amine and a solution of 0.036 g of trimethyl-  amino - [err] -
phenylacetylamino) - 3 - meth-                      oxonium
tetrafluoborate in 0.5 ml of nitro-  oxy - 3 - cephem - 4 - carboxylic acid
4 -  65                      methane and the mixture is stirred for 30
nitrobenzylester is treated with hydrogen in                      minutes
under a nitrogen  atmosphere at  the  presence  of  a
palladium-on-charcoal                  [err] The reaction mixture is worked
up  catalyst or [err] - (D  - [err] - tert. - butoxy-
according to the process described in Example  carbonylamino - [err] -
phenylacetylamino) - 3 -                      28 and the crude product is
purified by means  methoxy - 3 - cephem - 4 - carboxylic acid  70
of preparative layer chromatography. [err] -  2,2,2 - trichloroethyl ester
is treated with                      (D - a - tert. - butoxycarbonylamino -
[err] -  zinc in the presence of 90% strength aqueous                  10
phenylacetylamino) - 3 - methoxy - 3 -  acetic acid,. [err]  - (D  - [err]
- tert. - butoxy-         ceplem  - 4 - carboxylic acid diphenylmethyl
carbonylamino - [err] - phenylacetylamino) - 3 -
ester, melting point [err] is thus ob-  methoxy - 3 - cephem - 4 -
carboxylic acid  75                      tained.
is obtained, which is identical with the above
product.                                      Example 29    15    A
solution of O.l g of crude 7.- (D -                     Example 31
[err] -tert - butoxycarbonylamino - a - henyl-    A solution, cooled to 0C,
of 0.257 g of                      acetylamino) - cepham - 3 - one - 4  -
car-  D - a - tert. - butoxycarbonylamino - [err]    80
boxylic acid diphenylmethyl ester (which can  (2 - thienyl) - acetic acid
in 25 ml of methyl-                      be obtained, for example,
according to the  ene chloride is mixed with 0.097 ml of N -
20  process of Example 4) in 5 ml of methylene  methyl - morpholine and
0.129 ml of chloro-                      chloride is mixed with 0.045 ml of
diiso-  formic acid isobutyl ester and the mixture is
propyl - ethyl - amine and 0.03 ml of tri-  stirred for 30 minutes under a
nitrogen atmo-  85                      fluoromethanesulphonic acid methyl
ester and  sphere, then cooled to -10C and treated                      the
mixture is stirred for 30 minutes under  successively with 0.300 g of [err]
- amino - 3 -                  25  a nitrogen atmosphere at room
temperature.  methoxy - 3 - cephem - 4 - carboxylic acid
The reaction mixture is worked up according  diphenylmethyl ester and 0.085
ml of N  -                      to the process described in Example 28. and
methyl - morpholine. The reaction mixture  90                      is
purified by means of preparative layer  is stirred for 30 minutes at -
[err] and for                      chromatography, whereby [err] - (D  -
[err] -  30 minutes at 0C and is then treated with                  30
tert. - butoxycarbonylamino - [err] - phenyl -  20 ml of water, and the pH
value is adjusted                      acetylamino) - 3 - methoxy - 3 -
cephem - 4 -  to 7.9 by adding a 40%  strength aqueous
carboxylic acid diphenylmethyl ester, melting  dipotassium hydrogen
phosphate solution. The  95                      point 118-120[err]C, is
obtained.            phases are separated, the aqueous solution
Instead of the trifluoromethanesulphonic acid  is extracted with methylene
chloride and the      33  methyl. ester, it is possible to use the fluoro-
combined organic solutions are washed with a                      sulphonic
acid methyl ester as the methylating  saturated aqueous sodium  chloride
solution,                      agent.
dried over sodium  sulphate and evaporated  100
under reduced pressure. The oily residue is
Example 30                   purified  by  means  of preparative  layer
A solution of 0.100 g of [err]  (D - [err] -  chromatography (silica gel;
system: diethyl                  40  tert. - butoxycarbonylamino - [err]-
phenyl -  ether; identification with ultraviolet light,
acetylamino) - 3 - methoxy - 3 - cephem-  [err] ). Amorphous [err] - (D -
tert. - 105                      4 - carboxylic acid diphenylmethyl ester
in  butoxycarbonylamino - [err] - (2 - thienyl) -                      0.5
ml of methylene chloride is mixed with  acetylamino] - 3 - methoxy - 3 -
cephem -                      0.09 ml of anisole and 0.100 ml of trifluoro-
4 - carboxylic acid diphenylmethyl ester is                  45  acetic
acid and the mixture is stirred for 10  thus obtained as a single product
according                      minutes at 0C and subsequently diluted with
to  thin layer chromatography, thin layer 110                      20 ml of
a 1: 1 mixture of diethyl ether and  chromatogram  (silica gel:
identification with                      pentane. The fine precpitate is
filtered off, ultraviolet light, [err]  ):  Rf-0.34
washed with a mixture of diethyl ether and  (system: diethyl ether); [err]
50  pentane and dried under reduced pressure.  (c=0.86 in chloroform);
ultraviolet absorp-                      [err] - (D - [err] - tert. -
butoxycarbonylamino-  tion spectrum  (in 95%  strength  aqueous 115
[err] - phenylacetylamino) - 3 - methoxy - 3 -  ethanol):  [err]
(e=12,500)   and cephem - 4 - carboxylic acid is thus obtained  280 [err]
(=6,000); infrared absorption spec-                      in the form of a
colourless powder, thin layer  trum  (in methylene chloride):
characteristic                  55  chromatogram  (silica gel;
identification with  bands at 2.94 [err], 5.62 [err], 5.85 [err], 6.26
[err] and                      iodine): Rf-0.64  (system: n - butanol/
6.72 [err].                                     120
acetic acid/water, 67: 10:23); ultraviolet ab- sorption spectrum  (in 95%
strength aqueous                Example 32                      ethanol):
[err]  (e=4,100); infra-    A mixture of 0.200 g of [err] - [D - [err] -
60  red  absorption  spectrum   (in  methylene  `tert. -
butoxycarbonylamino - a - (2  -                      chloride):
characteristic  bands at 3.00 ,[err],  thienyl) - acetylamino] - 3 -
methoxy - 3 - 



5.64 p 5.92 [err] 6.25 [err] and 6.72 [err].         cephem - 4 -
carboxylic acid diphenylmethyl 125                        If [err] - (D -
[err] - tert. - butoxycarbonyl-  ester, 0.5 ml of anisole and 10 ml of pre-
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42                   cooled trifluoroacetic acid is stirred for 15
butoxycarbonylamino - [err] - (1,4 - cyclohexa-  65
minutes at [err] and is subsequently mixed  dienyl) - acetylamino] - 3 -
methoxy - 3 -                  with 50 ml of cold toluene and evaporated
cephem - 4 - carboxylic acid diphenylmethyl                  under reduced
pressure. The residue is stirred  ester, which according to thin layer
chroma-              5  with diethyl ether and the pulverulent pre-
tography is a single substance, is obtained as                  cipitate is
filtered off and dried. The salt,  an amorphous product, thin layer
chromato-  70                  thus obtained, of [err] - [D -   - amino -
[err] -  gram  (silica gel; identification with diethyl              (2 -
thienyl) - acetylamino] - 3 - methoxy-  ether): Rf-.0.39 (system: diethyl
ether);                  3 - cephem - 4 - carboxylic acid 'with tri-  [err]
in chlorofom);              10  fluoroacetic acid is dissolved in about 6
ml ultraviolet absorption  spectrum  (in  95%                  of water,
the pH  value of the solution is  strength aqueous ethanol): [err]  m75
adjusted to 1.5 by adding 2 N hydrochloric  (e=6,700) and [err]  (z=6,300);
acid and the aqueous solution is washed with  infrared absorption spectrum
(in methylene                  20  ml  of  ethyl acetate  and  its  pH
chloride): characteristic bands at 2.96 [err],              15  value  is
adjusted  to  5.0  by  dropwise  5.64 [err], 5.86 [err], 5.90 [err]
(shoulder), 6.27 [err]                  addition of a 20%  strength
solution of tri-  and 6.73 [err].                           80
ethylamine in methanol. The mixture is di-   If, in the above process, 0.09
g of D  -                  luted with 20 ml of acetone and left to stand
[err] - tert. - butoxycarbonylamino - a - (1,4 -                  for 16
hours at 0C. The fine, colourless and  cyclohexadienyl) - acetic acid, 0.03
8 ml of   20  micro - crystalline  powder is filtered off, N - methyl -
morpholine and 0.052 ml of   washed with acetone and dried and yields
chloroformic acid isobutyl ester are used and  85                  [err] -
[D - [err] - amino - a -- (2 - thienyl) -  the mixture is stirred for 30
minutes  at                  acetylamino] - 3 - methoxy - 3 - cephem-  -15C
under a nitrogen atmosphere, then    4 - carboxylic acid in the form of the
in-  treated with 0.125 g of [err]        amino  - 3 -    25       temal
salt, melting point 140[err](with de- methoxy - 3 - cephera - 4 -
carboxylic acid                  composition); thin layer chromatogram
(silica  diphenylmethyl ester and 0.035 ml of N  -  90
gel; identification with iodine):  Rf-0.22  methyl - morpholine, stirred
for 30 minutes                  (system: n - butanol/acetic acid/water, 67:
at - 10C and for 30 minutes at 0C and                  10:23) and Rf-0.53
(system: isopropanol/  worked up as described above, a crude pro-
30  formic acid/water, 77: 4: 19); ultraviolet ab-  duct is obtained, which
is purified by means                  sorption  spectrum:  [err]  (e=   of
preparative layer chromatography (silica  95                  11,400) and
[err] (e=6,100) in  gel; system: diethyl ether; identification with
0.1 N hydrochloric acid, and [err][err]raviolet light, [err] mni). At
Rf-0.51,  :              (e=11,800)  and  AbouIde,=267  mp  (e=   7,B - [D
- -  tert. - butoxycarbonylamino-  35  6,500) in 0.1 N aqueous sodium
bicarbonate  (1,4 - cyclohexadienyl) - acetylamino] - 3 -
solution.                                   methoxy - 2 - cephem - 4a -
carboxylic acid  100
diphenylmethyl ester is thus obtained, melting
Example 33                   point=153-154C after crystallisation from
A  solution, cooled to 0C, of 0.253 g  a mixture of methylene chloride and
pentane; of D  - a - tert. - butoxycarbonylamino -  thin layer chromatogram
(silica gel; identi-              40  a - (1,4 - cyclohexadienyl) - acetic
acid in  fication with iodine): Rf-0.51 (system: di- 105
75 ml of methylene chloride is stirred for  ethyl ether); [[err]
+176[err](c=0.541                  30 minutes in 0.097 ml of N  - methyl -
in chloroform); ultraviolet absorption spec-                  morpholine
and 0.129 ml of chloroacetic acid  trum  (in 95%  strength aqueous
ethanol):                  isobutyl ester under a nitrogen atmosphere
[err]=257 [err] (e=3,600); and infrared ab-              45  and the
mixture is then cooled to - 10C and  sorption spectrum  (in methylene
chloride):  110                  is successively treated with 0.30 g of
[err] -  characteristic bands at 2.96 [err], 5.64 [err], 5.76 [err],
amino - 3 - methoxy - 3 - cephem - 4 - car-  5.92 [err] 6.18 [err] and 6.75
[err]; whilst at Rf-0.39                  boxylic  acid  diphenylmethyl
ester  and  [err] - [D - a - tert. - butoxycarbonylamino-
0.085 g of N - methyl - morpholine. The  a - (1,4 - cyclohexadienyl) -
acetylaminol-             50  reaction mixture is stirred for 30 minutes at
3 - methoxy - 3 - cephem, - 4 - carboxylic  115                  - [err]
and for 30 minutes at 0C, 30 ml of  acid diphenylmethyl ester is obtained,
which                  water are added, and the pH  value is ad-  is
identical with the product obtainable accord-                  justed to
7.9 by adding 40% strength aqueous  ing to the process described above.
dipotassium hydrogen phosphate solution. The             55  phases are
separated, the aqueous solution                  Example 34  is extracted
with methylene chloride and the    A mixture of 0.200 g of [err] - [D -
[err] - 120 



combined organic solutions are washed with a  tert. - butoxycarbonylamino
[err] - (1,4 -                 saturated aqueous sodium  chloride solution,
cyclohexadienyl) - acetylamino] - 3 - meth-                 dried over
sodium  sulphate and evaporated  oxy - 3 - cephem - 4 - carboxylic acid di-
60  under reduced pressure. The residue is puri-  phenylmethyl ester, 0.5
ml of anisole and  fied by means of preparative layer chromato-  10 ml of
pre-cooled trifluoroacetic acid is 125                 raphy (silica gel;
system: diethyl ether;  stirred for 15 minutes at 0C and subse-
identification  with  ultraviolet  light, A=   quently mixed with 50 ml of
cold toluene                 254 [err] Rf-0.39). [err] - [D - [err]   tert.
-  and evaporated under reduced pressure. The        43
1,435,111                                          43      residue is
stirred with diethyl ether and the  chromatogram  (silica gel;
identification with  65     pulverulent precipitate is filtered off and
dried.  iodine): Rf-0.35  (system:  toluene/ethyl     The salt, thus
obtained of [err] - [D - a-  acetate, 1:1); [err](c=0.566     amino - a-
(1,4 - cyclohexadienyl) - acetyl-  in chloroform); ultraviolet absorption
spec-  5  amino] - 3 - methoxy - 3 - cephem - 4 -  trum  (in 95%  strength
aqueous ethanol):     carboxylic acid with trifluoroacetic acid is [err]
(e=7,400); infrared absorp-  70     dissolved in about 6 ml of water, the
pH  tion  spectrum   (in  methylene  chloride):     value of the solution
is adjusted to 1.5 by  characteristic bands at 2.83 [err]., 2.96 [err],
5.64 [err]     adding 2 N  hydrochloric acid, the aqueous  5.86 [err], 5.91
[err] (shoulder), 6.23 [err], 6.28 [err], 10  solution is washed with 20 ml
of ethyl acet-. 6.65 [err] and 6.72 [err].     ate and its pH value is
adjusted to 5.0 by     dropwise addition of a 20%  strength solution
Example 36                    75     of triethylamine in methanol. It is
diluted    A mixture of 0.095 g of [err] - [D - [err] -     with 20 ml of
acetone and 10 ml of diethyl  tert. - butoxycarbonylamino - a - (4 -
hydroxy- 15  ether and the mixture is left to stand for  phenyl) -
acetylamino] - 3 - methoxy - 3 -     16 hours at 0C. The resulting
precipitate is  cephem - 4 - carboxylic acid diphenylmethyl     filtered
off, washed with acetone and diethyl  ester, 0.25 ml of anisole and 5 ml of
pre-  80     ether and dried. 7/3 - [D - a - amino - a -  cooled
trifluoroacetic acid is stirred for 15     (1,4 - cyclohexadienyl) -
acetylamino] - 3 -  minutes at [err] 50 ml of cold toluene are 20  methoxy
- 3 - cephem - 4 - carboxylic acid  then added and the mixture is
evaporated     is thus obtained in the form of the internal  under reduced
pressure. The residue is stir-     salt, melting point [err] (with
decomposi-  red with diethyl ether and the pulverulent  85     tion); thin
layer chromatogram  (silica gel;  precipitate is filtered off and dried.
The salt,     identification    with  iodine):  Rf-0.26  thus obtained, of
[err] - [D - [err] - amino - [err] - 25  (system: n - butanol/acetic
acid/water, 67:  (4 - hydroxy - phenyl) - acetylamino] -     10:23) and
Rf-0.58 (system: isopropanol/  3 - methoxy - 3 - cephem - 4 - carboxylic
formic acid/water, 77:4:19); ultraviolet ab-  acid with trifluoroacetic
acid is dissolved in  90     sorption  spectrum:  [err]   (e=   about 5 ml
of water, the pH value of the     6,100)  in 0.1 N  hydrochloric acid, and
solution is adjusted to 1.5 by adding 2 N 30  [err] (e=6,600) in 0.1 N
aqueous  hydrochloric acid, the aqueous solution is     sodium bicarbonate
solution.                 washed with 20 ml of ethyl acetate and its
pH value is adjusted to 5.0 by dropwise addi-  95
Example 35                   tion of a 20%  strength solution of triethyl-
A solution, cooled to [err] of 0.353 g of  amine in methanol, whereupon a
colourless     D - [err] - tert. - butoxycarbonylamino - a -  precipitate
forms. The mixture is diluted with 35  (4 - hydroxy - phenyl) - acetic acid
in 100 ml  8 ml of acetone and left to stand for 16     of methylene
chloride is stirred for 30 minutes  hours at 0C. The precipitate is
filtered off, 100     with 0.132 ml of N - methyl - morpholine  washed with
acetone and diethyl ether and     and 0.180 ml of chloroformic acid
isobutyl  dried under reduced pressure. [err] - [D - [err] -     ester
under a nitrogen atmosphere and the  Amino - a - (4 - hydroxy - phenyl) -
acetyl- 40  mixture is then cooled to - [err] and 0.400 g  amino] - 3 -
methoxy - 3 - cephem - 4 -     of [err] - amino - 3 - methoxy - 3 - cephem-
carboxylic acid is thus obtained in the form  105     4 - carboxylic acid
diphenylmethyl ester and  of the internal salt, melting point=180[err]C
0.110 ml of N  - methyl - morpholine are  (with decomposition); thin layer
chromato-     added successively. The reaction mixture is  gram (silica
gel; identification with iodine): 45  stirred for 30 minutes at - [err] and
for 30  Rf-0.24 (system: n - butanol/acetic acid/     minutes at [err] 30
ml of water are added  water, 67:10:23) and Rf~-0.57  (system:  110     and
the pH value is adjusted to 7.9 by add-  isopropanol/formic  acid/water,
77:4:19);     ing 40% strength aqueous dipotassium hydro-  ultraviolet
absorption  spectrum:     gen phosphate solution. The phases are separ-
228 [err]  ( =12,000) and 271 [err] (e=6,800) 50  ated, the aqueous
solution is extracted with  in 0.1 N hydrochloric acid, and [err]
methylene chloride and the comined organic  (e=10,500)  and  [err] 



solutions are washed with a saturated aqueous  8,000) in 0.1 N aqueous
sodium bicarbonate     sodium chloride solution, dried over sodium
solution.     sulphate and evaporated under reduced pres- 55  sure. The
residue is purified by means of                    Example 37
preparative layer chromatography (silica gel;   A solution, cooled to
[err]C, of 0.336 g of     system: toluene/ethyl acetate, 1: 1; identi-  D -
[err] - tert. - butoxycarbonylamino - [err] - (4 - 120     fication with
ultraviolet light, [err] [err]; isothiazolyl) - acetic acid in 100 ml of
methyl-     Rf-0.32). [err] - [D - a - tert. - butoxycar-  ene chloride is
stirred for 30 minutes with 60  bonylamino - a - (4 - hydroxy- phenyl) -
0.132 g of N  - methyl - morpholine and     acetylamino] - 3 - methoxy - 3
- cephem-  0.180 ml of chloroformic acid isobutyl ester     4 - carboxylic
acid diphenylmethyl ester, which  under a nitrogen atmosphere, the mixture
is 125     according to thin layer chromatography is a  then cooled to -
[err] and 0.400 g of [err] -     single  substance, is obtained; thin layer
amino - 3 - methoxy - 3 - cephem - 4 -                      44
1,435,111                                          44
carboxylic  acid  diphenylmethyl ester and  time and brought to a pH of 4.5
by adding  65                  0.110 ml of N  - methyl - morpholine are  a
10%  strength solution of triethylamine in                  added
successively. The reaction mixture is  methanol. The mixture is diluted
with 10 ml                  stirred for 30 minutes at - [err] and for 60
of acetone and stirred for one hour at [err]              5  minutes at
[err] and is diluted with 30 ml of  The precipitate is filtered off, washed
with                  water, and the pH value is adjusted to 7.9  a 1:2
mixture of acetone and diethyl ether  70                  by addition of
40% strength aqueous dipotas-  and dried in a high vacuum and yields [err]
-                  sium  hydrogen  phosphate  solution. The  amino - 3 -
methoxy - 3 - cephem - 4 -                  phases are separated, the
aqueous solution is  carboxylic acid in the form  of the internal
10 extracted with methylene chloride and the com-  salt, thin layer
chromatogram (silica gel):                  bined organic solutions are
washed with a  Rf-0.16 (system: n - butanol/acetic acid/  75
saturated aqueous sodium  chloride solution,  water, 67: 10:23);
ultraviolet  absorption                  dried over sodium  sulphate and
evaporated  spectrum   (in 0.1 N  hydrochloric  acid):
under reduced pressure. The residue is puri-  [err]              15  fied
by means of preparative layer chromato-    In the [err] - amino - 3 -
methoxy - 3 -                  graphy  (silica gel; system:  toluene/ethyl
cephem - 4 - carboxylic acid which can be  80                  acetate, 1:
1; identification by ultraviolet light,  prepared according to the above
process, it is                  [err]=254 [err]. At Rf-0.68, [err] - ID - a
-  possible, by treatment with trimethylchloro-                  tert. -
butoxycarbonylamino  [err] - (4 - iso-  silane, to convert the carboxyl
group, and, if              20  thiazolyl) - acetylamino] - 3   methoxy -
using an excess of the silylating agent, also the                  2 -
cephem - [err] - carboxylic acid diphenyl-  amino group, into the carboxyl
group pro-  85                  methyl ester is thus obtained, melting
point=  tected by a trimethylsilyl group and, where
170[err] after crystallisation from a mixture of  applicable, into the
amino group protected in              methylene chloride and pentane; [err]
the same way, and in the trimethylsilylated              25  [err]  (c=0.79
in chloroform); thin  [err] - amino - 3 - methoxy - 3 - cephem-
layer chromatogram  (silica gel; identification  4 - carboxylic acid the
amino group can be  90                   with iodine): Rf-0.68  (system:
toluene/  acylated  by  treatment with  phenylacetyl
ethyl acetate, 1: 1); ultraviolet absorption  chloride; after the customary
working up in                   spectrum (in 95% strength aqueous ethanol):
the presence of water, 3 - methoxy - 7,3 - 30 [err]  248 m[err]
([ERR]infrared absorp-  phenylacetylamino - 3 - cephem - 4 - car-
tion  spectrum  (in  methylene  chloride):  boxylic acid is obtained.
95                   characteristic bands at 2.96 [ERR], 5.63 [ERR], 5.75
,                   5.87 [ERR], 6.18 [ERR] and 6.72 [ERR]; whilst at
Rf-0.43,           Example 39                   amorphous [ERR] - [D -
[ERR] - tert. - butoxycar-    A mixture of 0.251 g of crude [ERR] - (D -
35  bonylamino - a - (4 - isothiazolyl) - acetyl-  a - tert. -
butoxycarbonylamino - a - phenyl-                   amino] - 3 - methoxy -
3 - cephem - 4 -  acetylamino) - cepham  - 3 - one - [ERR]  -
carboxylic acid diphenylethyl ester is ob-  carboxylic  acid
diphenylmethyl ester and  100                   tained,  [err]    (c=0.65
in  12.5 ml of methylene chloride is mixed, at
chloroform); thin layer chromatogram  (silica  [err] with 0.044 ml of
diisopropyl - ethyl-               40  gel; identification with iodine):
Rf-0.43  amine and 0.038 ml of chloroformic acid
(system: toluene/ethyl acetate, 1: 1); ultra-  methyl ester and the mixture
is stirred under                    violet absorption spectrum  (in 95%
strength  a  nitrogen atmosphere for 30 minutes at 105
aqueous ethanol): [err]  (e=12,200)  [err] and for 1-1/2 hours at room
tempera-                    and 280 [err] (e=5,900); infrared absorption
ture. The organic layer is separated off, washed               45 spectrum
(in methylene chloride): charac-  with a saturated aqueous sodium chloride
solu- 



teristic bands at 2.94 [err] 5.65 [err], 5.71 [err]  tion, dried over
sodium sulphate and evapor-                    (shoulder), 5.88 [err], 6.28
[err] and 6.73 [err].    ated under reduced pressure. The residue is 110
-   chromatographed on 20 g of silica gel, and
Example 38               -   [err] - (D - [err] - tert. -
butoxycarbonylamino-                      A suspension of 1.65 g of [err] -
amino - 3 -  [err] - phenylacetylamino) - 3 - methoxy - car-
50  methoxy - 3 - cephem - 4 - carboxylic acid  bonyloxy - 3 - cephem - 4 -
carboxylic acid                    diphenylmethyl ester and 2 ml of anisole
is  diphenylmethyl ester is eluted with toluene 115
mixed with 20 ml of pre-cooled trifluoroacetic  containing 20%  of ethyl
acetate. The com-                    acid and stirred for 15 minutes in an
ice  pound, which is a single substance according                    bath.
It is diluted with 100 ml of cold toluene  to thin layer chromatography, is
lyophilised                55  and the reaction mixture is evaporated under
from benzene, thin layer chromatogram (silica                    reduced
pressure. The dark brown residue is  gel:  identification:  iodine):
Rf-0.31  120                    dried under a high vacuum and stirred with
(system: toluene/ethyl acetate, 3: 1); ultra-                    diethyl
ether; the precipitate is filtered off, violet absorption spectrum  (in 95%
strength                    washed and acetone and diethyl ether and
aqueous ethanol): [err] (a =5,100)                60 dried. The salt, thus
obtainable, of [err]  and 257[err]  (e=5,100); infrared absorption
3 - methoxy - 3 - cephem - 4 - carboxylic  spectrum  (in methylene
chloride): charac- 125                    acid and of trifluoroacetic acid
is dissolved  teristic bands at 2.94 [err], 5.58 , 5.64
in 10 ml of water; the aqueous solution is  (shoulder), 5.81 [err]
(shoulder), 5.88 [err] and                    twice washed with 10 ml of
ethyl acetate at a  6.68 [err]                         45
1,435,111                                     45
Example 40                 in the plate diffusion test against Staphylo-
The [err], -  amino - 3 - methoxy - 3 -  coccus aureus. The material from
the micro-                     cephem, - 4 - carboxylic acid described in
biologically most active zone is subjected to  65      Example 38 can be N
- acylated in accord-  a renewed preparative layer separation, from
5  ance with the following general processes and  which the product which
is chromatographic-     be converted into corresponding [err] - Ac -  ally
a single substance can be isolated.                     amino - 3 - methoxy
- 3 - cephem - 4 - car-     boxylic acids, wherein Ac represents an acyl
Variant B:                     radical:
0.2 mmol of the sodium  salt of an acid  70
[AcONa] in 5 ml of absolute dimethylform-      10 Variant A:
amide is treated with 0.2 mmol of trichloro-      0.5 mmol of an acid
(AcOH) is dissolved  acetyl chloride as in Variant A and reacted
in 10 ml of absolute methylene chloride, with  with a solution of 0.2 mmol
of [err] - amino-     the addition of 0.070 ml (0.5 mmol) of tri-  3 -
methoxy - 3 - cephem - 4 - carboxylic  75     ethylamine [stock solution:
28.0 ml (200  acid and 0.2 mmol of triethylamine in 2 ml 15  mmols) of
triethylamine, diluted to 100 ml  of dimethylformamide, and worked up, as
in      with methylene chloride]. 0.0565 ml (0.5  Variant A.
mmol) of trichloroacetic  acid chloride in                     0.2 ml of
methylene chloride [stock solution  Variant C:                     22.6 ml
(200 mmols) of trichloroacetic acid    A mixture of 0.25 mmol of an acid
chloride  80     20  chloride diluted to 100 ml with methylene  [AcCl] in 4
ml of methylene chloride is                     chloride] is added to the
solution cooled to  added to a solution, cooled to [err] of
[err]  and the mixture is stirred for 30  0.058 g (0.25 mmol) of [err] -
amino - 3 -      minutes at [err] The solution containing  methoxy - 3 -
cephem - 4 - carboxylic acid                     the mixed anhydride
and 0.070 ml (0.5 mmol) of triethylamine  85
in 5 ml of methylene chloride, and reacted,      25          [err]
and worked up, as in Variant A.      In the above process variants A, B and
is mixed with a finely dispersed suspension,  C, trimethylchlorosilane in
the presence of      cooled to [err] of 0.057 g (0.25 mmol)  pyridine can
be used instead of triethyl -  90                     of [err] - amino - 3
- methoxy - 3 - cephem-  amine.      4 - carboxylic acid and 0.070 ml (0.5
mmol)                 30  of triethylamine in 5 ml of methylene chloride
Example 41                     and the mixture is vibrated for 30 minutes
If in the process of Example 40, Variant                     at [err] and
then for 30 minutes at [err]   B, the sodium salt of the methyl half-ester
in an ultrasonic bath. The reaction solution,  of malonic. acid is used as
the acylating start-  95                     which is usually brown, is
evaporated to dry-  ing material, 3 - methoxy - [err] - methoxy-      35
ness under reduced pressure and the result-  carbonyiacetyl - amino - 3 -
cephem - 4 -                     ing residue is partitioned between 10 ml
of a  carboxylic acid is obtained, which shows an 



10%  strength aqueous dipotassium hydrogen  Rf value of 0.5-0.6 in a thin
layer chromato-     phosphate solution (pH 8.9) and 5 ml of ethyl  gram
(silica gel; system: ethyl acetate/acetic  100                     acetate.
The aqueous phase is adjusted to pH   acid, 9:1); ultraviolet absorption
spectrum                 40  2.6 with 20%  strength aqueous phosphoric  (in
methanol): [err] at 265 [err] infrared ab-      acid and is thereafter
exhaustively extracted  sorption spectrum  (in mineral oil): charac- with
ethyl acetate. The ethyl acetate extract  teristic band at 5.66 [err]
(30-50 ml) is washed with water, dried over sodium  sulphate and evaporated
under              Example 42                 105                 45
reduced pressure. The residue is preparatively    If in the process of
Example 40, Variant     chromatographed for 2-5 hours on a silica  C,
bromoacetic acid chloride is used as the                     gel layer
plate, in a suitable solvent system.  acylating starting material, [err] -
bromoacetyl-                     After drying the plate at room
temperature  amino - 3 - methoxy - 3 - cephem  - 4 -                     in
a nitrogen atmosphere, the silica gel zone  carboxylic acid is obtained,
which in a thin  110                 50  which absorbs under ultraviolet
light [err]   layer chromatogram  (silica gel; system: n -
254 [err] is mechanically detached from the  butanol/acetic acid/water, 75:
7.5:21) shows    plate and extracted three times with 10 to  an Rf value of
0.25-0.35; ultraviolet absorp-                     20 ml of ethanol or
methanol. After evapor-  tion  spectrum  (in 95%  strength aqueous
ating the extract under reduced pressure, [err]  ethanol): [err]  at 264
[err].             115                  55  acyl - amino - 3 - methoxy - 3
- cephem-                     4 - carboxylic acid is obtained as a beige or
Example 43                     almost colourless residue.
If in Example 40, Variant C, phenoxy-                        If the layer
plate possesses more than one  acetyl chloride is used as the acylating
start-                      zone which absorbs in ultraviolet light, the
ing material, 3 - methoxy - [err] - phenoxy -                  6(
individual zones are worked up separately as  acetyl - amino - 3 - cephem -
4 - carboxylic 120                     described above. A sample of the
material  acid is obtained, which shows an Rf value of
resulting from  the various zones is tested  0.3-0.4 in a thin layer
chromatogram (silica                          46
1,435,111                                         46      gel; system: n -
butanol/acetic acid/water,  an Rf value of 0.35-0.45; ultraviolet ab-
75:7.5:21); ultraviolet absorption spectrum  sorption spectrum  (in 95%
strength aqueous                       (in 95%  strength aqueous ethanol):
[err]   ethanol): [err] at 264 [err] infrared absorp-
266 [err] infrared absorption spectrum  (in  tion spectrum  (in mineral
oil): characteris-  65                   5  mineral oil): characteristic
band at 5.66 [err]. tic bands at 4.32 [err] and 5.65 [err]
Example 44                                   Example 48
If in Example 40, Variant C, 2: - thienyl-   If in Example 40, Variant C,
[err] - cyano-                       acetyl chloride is used as the
acylating start-  propionic acid chloride is used as the acylat-
ing material, 3 - methoxy - [err] - (2 - thienyl)-  ing starting material,
[err] - ([err] - cyanopro-  70                   10  acetylamino - 3 -
cephem  - 4 - carboxylic  pionylamino) - 3 - methoxy - 3 - cephem -
acid  is obtained, which in a thin  layer  4 - carboxylic acid is obtained,
which in a                       chromatogram   (silica  gel;  system:  n -
thin layer chromatogram  (silica gel; system:
butanol/pyridine/acetic acid/water, 38:24:  n - butanol/pyridine/acetic
acid/water, 38:                       8:30) shows an Rf value of 0.5-0.6;
ultra-  24: 8: 30) shows an Rf value of 0.4-0.5;  75                   15
violet absorption spectrum (in 95%  strength  ultraviolet absorption
spectrum  (in  95%                       aqueous ethanol): [err] at 235 and
264 [err]  strength aqueous ethanol): [err] at 265 [err]
infrared absorption spectrum (in mineral oil):
Example 45                   characteristic bands at 4.44 [err]  and 5.66
[err].                          If in the process of Example 40, Variant
A, [err] - phenyl - malonic acid is used as the             Example 49
80                   20  acylating starting material, [err] - ([err] - car-
If in the process of Example 40, Variant                        boxy -
[err]- phenylacetylamino) - 3 - meth-  A, [err] - cyanophenylacetic acid is
used as the                        oxy   3   cephem - 4 - carboxylic acid
is  acylating starting material, [err] - (a - cyano-      obtained, which
in a thin layer chromatogram   [err]    phenylacetylamino) - 3 - methoxy -3
-                        (silica gel; system: n - butanol/pyridine/  cephem
- 4 - carboxylic acid is obtained, 85                   25  acetic
acid/water, 40:24: 6: 30) shows two  which in a thin layer chromatogram
(silica                        zones: the more rapidly migrating zone, with
gel; system: n - butanol/acetic acid/water,
Rf=0.4-0.5, contains [err] - phenylacetyl -  75:7.5:21) shows an Rf value
of 0.3-0.4;                        amino - 3 - methoxy - 3- cephem  - 4 -
ultraviolet absorption  spectrum   (in  95%        carboxylic acid and the
more slowly migrat-  strength aqueous ethanol): [err] at 267 [err]  90
30  ing zone, with Rf=0.2-0.3, contains the  infrared absorption spectrum
(in-mineral oil):                        desired [err] - ([err] -carboxy -
- phenyl -  characteristic bands at 4.42 [err] and 5.65 [err].
acetylamino) - 3 - methoxy - 3 - cephem - 



4 - carboxylic acid.                                        Example 50
A 10%  strength suspension of 0.046 g of Example 46
[err] - amino - 3 - methoxy - 3 - cephem-  95                    35    A
10%  strength suspension of 0.046 g of  4 - carboxylic acid and 0.0429 g
(0.3 mmol)                        [err] - amino - 3 - methoxy - 3 - cephem-
of tri - n - butylamine in dimethylformamide                        4 -
carboxylic acid and 0.020 g (0.2 mmol)  is mixed with a 10%  strength
solution of                        of triethylamine in methylene chloride
is mixed  0.0422 g (0.4 mmol) of 2 - chloroethyl -
with a 10%  strength solution of 0.0218 g  isocyanate in dimethylformamide
and the mix- 100                    40  (0.26 mmol) of diketene in
methylene chloride  ture is vibrated in an ultrasonic bath for one
and the mixture is vibrated in an ultrasonic  hour at [err] It is then
worked up according                        bath for one hour at [err] after
about 30  to the process described in Example 40, Vari-
minutes, a clear solution is obtained. The  ant A, and [err] - (2 -
chloroethylamino -                        reaction mixture is worked up
according to the  carbonylamino) - 3 - methoxy - 3 - cephem- 105
45  process of Example 40, Variant A, and [err] -  4 - carboxylic acid is
thus obtained, which                        acetoacetylamino - 3 - methoxy
- 3 - cephem-  in a thin layer chromatogram  (silica gel)
4 - carboxylic acid is thus obtained, which  shows Rf values of 0.3-0.4
(system: n -                        in a thin layer chromatogram  (silica
gel;  butanol/acetic   acid/water,   75: 7.5:21);
system: n - butanol/acetic acid/water, 75:  ultraviolet absorption spectrum
(in 0.1 molar 110                    50  5:21) shows an Rf value of
0.3-0.4; ultra-  hydrochloric acid): [err] at 266 [err]
violet absorption spectrum (in 95% strength                        aqueous
ethanol): [err] at 238 [err] and                        265 [err]
Example 51
If in the process of Example 40, Variant
Example 47                   A, dichloroacetic acid is used as the
acylating                    55    If in the process of Example 40, Variant
starting material, [err] - dichloroacetylamino - 115    A, cyanoacetic acid
is used as the acylating  3 - methoxy - 3 - cephem - 4 - carboxylic
starting material, [err] - cyanoacetylamino - 3 -  acid is obtained, which
in a thin layer chroma-                         rmethoxy - 3 - cephem - 4 -
carboxylic acid  togram (silica gel; system: n - butanol/acetic
is obtained, which in a thin layer chromato- acid/water, 75:7.5-21) shows
an Rf value                    60  gram  (silica gel; system: n -
butanol/pyri-  of 0.40; ultraviolet absorption spectrum  (in  120
dine/acetic acid/water, 38:24:8:30) shows  95%  strength aqueous ethanol):
[err]  at                   47
1,4o5,111                 264 [err] infrared absorption spectrum  (in
Example 56    mineral oil): characteristic band at 5.67 [err]  If in the
process of Example 40, Variant               A, benzoylacetic acid is used
as the acylating                                Examnple 52
starting material, [err]  - benzoylacetylamino-                  A
suspension of 0.110 g of [err] - amino -  3 - methoxy - 3 - cephern - 4 -
carboxylic  65            5  3 - methoxy - 3 - cephem - 4 - carboxylic
acid is obtained, which in a thin layer chroma-                acid in 2 ml
of water is dissolved by addition  togram  (silica gel; system: n -
butanol/                of 0.0635 g of sodium  bicarbonate  and
pyridine/acetic  acid/water,  38: 24: 8: 30)                0.142 g of
[err] - sulpho - [err] - phenylacetyl  shows an Rf value of 0.40;
ultraviolet ab-                chloride in 5 ml of diethyl ether is added
sorption spectrum  (in 95%  strength aqueous  70            10  dropwise at
[err] The mixture is stirred for  ethanol): [err] ; infrared absorption 1
hour at [err] and is subsequently treated  spectrum (in mineral oil):
characteristic band                with 1.5 mmols of sodium [err] - ethyl -
hexano-  at 5.66 [err]                ate and the product which has
separated out                is filtered off. After washing with methylene
Example 57            15  chloride and diethyl ether, the pulverulent    If
in Example 40, Variant C, 3   chloro-  75                precipitate,
consisting of the disodium  salt  propionic acid chloride is used as the
acylat-                of 3 - methoxy - [err] - ([err] - sulpho - a -  ing
starting material, [err] - (3 - chloropro-
phenylacetylamino) - 3 - cephem - 4 - car-  pionylamino) - 3 - methoxy - 3
- cephem. -                boxylic acid, is dried under a high vacuum;  4 -
carboxylic acid is obtained, which in a            20  thin layer
chromatogram  (silica gel): Rf-  thin layer chromatogram  (silica gel;
system:  80                0.10-0.20 (system: n - butanol/acetic acid/  n -
butanol/acetic acid/water, 75:7.5:21)                water, 67: 10:23).
shows an Rf value of 0.30; ultraviolet ab-
sorption spectrum  (in 95% strength aqueous
ethanol): [err] at 265 [err] infrared absorption
Example 53                   spectrum (in mineral oil): characteristic band
85 If in the process of Example 40, Variant  at 5.65 [err].            25
A, malonic acid N - phenyl - half - amide                is used as the
acylating starting material,                 Example 58 



3 - methoxy - [err] - ([err] - phenylaminocar-    If in Example 40, Variant
C, chloro -                bonyl - acetylamino) - 3 - methoxy - 3 -  acetic
acid chloride is used as the acylating                cephem - 4 -
carboxylic acid is obtained, which  starting material, [err] -
chloroacetylamino - 3 -  90            30  in a thin layer chromatogram
(silica gel;  methoxy - 3 - cephem - 4 - carboxylic acid
system: n - butanol/acetic acid/water, 67:  is obtained, which in a thin
layer chromato-                 10:23) shows an Rf value of 0.30; ultra-
gram  (silica gel; system: n - butanol/pyri-                 violet
absorption  spectrum  (in  ethanol):  dine/acetic acid/water, 38:24: 8:30)
shows                 [err] at 241 [err] and 266 m[err]; infrared absorp-
an Rf value of 0.50; ultraviolet absorption  95            35  tion
spectrum  (in mineral oil): characteristic  spectrum (in 95% strength
aqueous ethanol):                band at 5.65 [err].
[err]    at 266 [err] infrared absorption spectrum
(in  mineral oil):  characteristic  band  at
Example 54                   5.65 [err].                   If in Example
40, Variant C, methoxy-                 acetic acid chloride is used as the
acylating               Example 59                   100            40
starting material, 3 - methoxy - [err] - meth-    If in Example 40, Variant
C, 2 - propene-                 oxyacetylamino - 3 - cephem - 4 -
carboxylic  carboxylic acid chloride is used as the acylat-
acid  is obtained, which  in  a thin  layer  ing starting material, [err] -
(3 - butenoyl -                 chromatogram  (silica gel; system: ethyl
acet-  amino) - 3 - methoxy - 3 - cephem - 4 -
ate/pyridine/acetic acid/water, 60: 20: 6: 11)  carboxylic acid is
obtained, which in a thin  105            45  shows an Rf value of 0.30;
infrared absorp-  layer chromatogram. (silica gel; system: n -
tion spectrum  (in mineral oil): characteristic  butanol/pyridine/acetic
acid/water, 38:24:                band at 5.64 [err].
8:30) shows an Rf value of 0.65.                           Example 55
Example 60                   If in Example 40, Variant C, 4 - methyl-   If
in the process of Example 40, Variant 110            50  phenyl -
thioacetic acid chloride is used as  A, methylthioacetic acid is used as
the acylat-                 the acylating starting material, 3 - methoxy-
ing starting material, 3 - methoxy - [err] -                 [err] _ ([err]
- 4 - methylphenylthio - acetyl-  (a - methylthio - acetylamino) - 3 -
cephem-                 amino) - 3 - cephem - 4 - carboxylic acid  4 -
carboxylic acid is obtained, which in a                 is obtained, which
in a thin layer chromato-  thin layer chromatogram (silica gel; system:
115            55  gram  (silica gel; system: n - butanol/acetic  n -
butanol/pyridine/acetic acid/water, 38:                 acid/water,
67:10:23) shows an Rf value  24:8:30) shows an Rf value of 0.60; ultra-
of 0.45; ultraviolet absorption spectrum  (in  violet absorption spectrum
(in 95%  strength                 ethanol):  [err] at 264 [err] infrared
absorption  aqueous ethanol): [err] at 266 [err] infrared
spectrum (in mineral oil): characteristic band  absorption spectrum (in
mineral oil): charac- 120            60  at 5.63 [err]
teristic band at 5.7  .                            48
1,435,111                                         48
Example 61                   acylating agent, [err] - [err] - 0,0 -
dimethyl                          If in Example 40, Variant C, bis - meth-
phosphono - [err] - phenylacetylamino) - 3 -
oxycarbonylacetic acid chloride is used as the  methoxy - 3 - cephem - 4 -
carboxylic acid        acylating starting material, 7[err] -  (bis - meth-
is obtained, thin layer chromatogram  (silica  65                    5
oxycarbonyl - acetylamino) - 3 - methoxy -  gel): Rf-0.4 (system: n -
butanol/acetic                        3 - cephem - 4 - carboxylic acid is
obtained,  acid/water, 67: 10: 23); ultraviolet absorption
which in a thin layer chromatogram  (silica  spectrum  (in 95%  strength
ethanol): [err]                        gel; system: n -
butanol/pyridine/acetic acid/  266 [err] infrared absorption spectrum  (in
water, 38:24:8:30) shows an Rf value of  mineral oil): characteristic band
at 5.66 [err].   73                    10  0.45; ultraviolet absorption
spectrum  (in 0.1                        molar aqueous sodium bicarbonate
solution):                 Example 66        [err] at 268 [err] infrared
absorption spec-    If in the process of Example 40, Variant
trum  (in mineral oil): characteristic band at  C, 5 - methyl - 3 - phenyl
- 4 - isox -                        5.64[err]
azolecarboxylic acid chloride is used as the                    15    The
bis - methoxycarbonyl - acetic acid  acylating agent, 3 - methoxy - [err] -
(5 -  75                        chloride used as the acylating agent is
pre-  methyl - 3 - phenyl - 4 - isoxazolylcarbonyl-
pared by reaction of the sodium salt of malonic  amino) - 3 - cephem - 4 -
carboxylic acid          acid dimethyl ester in tetrahydrofurane with  is
obtained, thin layer chrormatogram  (silica                        phosgene
at [err]                            gel): Rf-0.3-0.4  (system: n - butanol/
acetic acid/water, 67: 10: 23); infrared ab-  80                    20
Example 62                   sorption spectrum  (in mineral oil): charac-
If in Example 40, Variant C, dibromo-  teristic band at 5.65 [err]
acetic acid chloride is used as the acylating 



starting material, [err] - dibromoacetylamino-              Example 67
3 - methoxy - 3 - cephem - 4 - carboxylic    If in the process of Example
40, Variant                    25  acid  is obtained, which in a  thin
layer  C, 4 - aminomethyl - phenylacetic  acid  85
chromatogram   (silica  gel;  system:  n    chloride hydrochloride is used
as the acylating                        butanol/acetic acid/water,
75:7.5:21) shows  agent, evaporation of the reaction mixture,
an Rf value of 0.3 to 0.4; ultraviolet absorp-  stirring the residue with a
1: 1 mixture of   tion spectrum  (in 0.1 molar aqueous sodium  acetone  and
diethyl ether, filtration  and                    30  bicarbonate
solution): [err] at 264 [err] infra-  thorough rinsing yields amorphous
[err] - (4 -  90                        red absorption spectrum  (in
mineral oil):  aminomethylphenylacetylamino) - 3 - meth-
characteristic band at 5.63 [err]            oxy - 3 - cephem - 4 -
carboxylic acid, thin
layer chromatogram  (silica gel): Rf-0.25-                           If in
de Example 63                       0.3 (system: n - butanol/acetic
acid/water,                           If in the process of Example 40,
Variant  67:10:23); ultraviolet absorption spectrum   95
35  C, pivalic acid chloride is used as the acylat-  (in 0.1 N hydrochloric
acid): [err]           ing agent, 3 - methoxy - [err] - pivalylamino-
infrared  absorption  spectrum  (in  mineral                        3 -
cephem  - 4 - carboxylic acid is ob-  oil); characteristic band at 5.68
[err]                        tained, thin layer chromatogram  (silica gel):
Rf--0.5-0.6 (system: n - butanol/pyridine/                  Example 68
40  acetic acid/water, 38:24:8:30); ultraviolet    If in the process of
Example 40, Variant 100                        absorption spectrum (in 95%
strength aqueous  C, 2,6 - dimethoxy - benzoic acid chloride
ethanol): [err] 265 [err] infrared absorption  is used as the acylating
agent, [err] - (2,6 -       spectrum (in mineral oil): characteristic band
dimethoxy - benzoylamino) - 3 - methoxy-                        at 5.66 ,.
3 - cephem - 4 - carboxylic acid is obtained,
thin  layer  chromatogram   (silica  gel):  105                    45
Example 64                   Rf-0.50   (system:  n - butanol/pyridine/
If in the process of Example 40, Variant  acetic acid/water, 40:24:6:30);
ultraviolet                        C,[err]- azido - [err] - phenylacetic
acid chloride  absorption spectrum (in 95% strength aqueous
is used as the acylating agent, [err] - ([err] -  ethanol): [err] ;
infrared absorption                        azido - [err] -
phenylacetylamino) - 3 - meth-  spectrum (in mineral oil): characteristic
band  110                    50  oxy - 3 - cephem  - 4 - carboxylic acid is
at 5.64 [err].                        obtained, thin layer chromatogram
(silica gel):                        Rf-0.4-0.5 (system: n -
butanol/pyridine/                   Example 69
acetic acid/water, 38:24:8:30); ultraviolet    If in the process of Example
40, Variant                        absorption spectrum (in 95% strength
aqueous  A, D - [err] - tert. - butoxycarbonylamino - a -
55  ethanol): [err]  infrared absorption  (3 - thienyl) -  acetic acid is
used as the  115                        spectrum (in mineral oil):
characteristic bands  acylating agent, [err] - [D - [err] - tert. - but-
at 4.66 [err] and 5.65 [err].                oxycarbonylamino - [err] - (3
- thienyl) - acetyl-
aminol - 3 - methoxy - 3 - cephem - 4 -
Example 65                   carboxylic acid diphenylmethyl ester is ob-
If in the process of Example 40, Variant  tained; thin layer chromatogram
(silica gel):  120                    60  C, [err] - O,O  -
dimethylphosphono - [err] -  Rf0.3-0.4 (system: diethyl ether); ultra-
phenylacetic  acid chloride is used as the  violet absorption spectrum  (in
95%  strength                     49.
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aqueous ethanol): [err] =238 [err] and 276 [err] and evaporated under
reduced pressure. The                 This is converted, by treatment with
trifluoro-  residue is chromatographed on 5 g of silica  65
acetic acid and anisole, followed by adjusting  gel; the excess mandelic
acid is eluted with                 the pH value of an aqueous solution of
the  methylene chloride, containing 10-15%  of              5
trifluoroacetic acid addition salt of [err] - [D -  methyl acetate, and
[err] - (D - [err] - hydroxy-                 a - amino - [err] - (3
thienyl) - acetyl -  [err]- phenylacetylarnino) - 3 - methoxy - 3 -
amino] - 3   methoxy   3 - cephem - 4 -  cephe  - 4 - carboxylic acid is
elu ed with  70                 carboxylic acid, thus obtainable, to about
5, methylene chloride, containing 20-30%  of                 into the free
[err] - [D - [err] - amino - [err] -  methyl acetate. The compound, which
accord-             10  (3 - thienyl) - acetylamino] - 3 - methoxy-  ing to
thin layer chromatography is a single     3 - cephem - 4 - carboxylic acid,
thin layer  substance, is lyophilised from  dioxane, thin
chromatogram  (silica  gel):  Rf-0.2-0.3  layer chromatogram  (silica gel):
Rf-0.35  75     (system:  n - butanol/acetic  acid/water,  (system: n -
butanol/pyridine/acetic acid/                 67:10:23); ultraviolet
absorption spectrum   water, 40:24:6:30), ultraviolet absorption
15  (in 0.1 N hydrochloric acid): [err]   spectrum (in 95% strength aqueous
ethanol):                 and 270 [err]
[err] ; infrared absorption spectrum
(in  mineral oil):  characteristic  band  at  80 



Example 70                   5.66 [err]                    If in the
process of Example 40, Variant                 A, D  - [err] - tert. -
butoxycarbonylamino-                Example 72             20  [err] - (2 -
furyl) - acetic acid is used as the    The pH value of a mixture of 0.184 g
of                 acylating agent, [err] - [D - a - tert. - butoxy-  [err]
- amino - 3 - methoxy - 3 - cephem-                 carbonylamino - [err] -
(2 - furyl) - acetyl -  4 - carboxylic acid in 4 ml of acetone, 1.6 ml  85
amino] - 3 - methoxy - 3 - cephem - 4 -  of water and 2.4 ml of an 0.5
molar aqueous carboxylic acid diphenylmethyl ester is ob- dipotassium
hydrogen phosphate solution is             25  tained; thin layer
chromatogram. (silica gel):  adjusted to 7.5 by further addition of
dipotas-                 Rf -f0.35 (system: diethyl ether); ultraviolet
sium  hydrogen phosphate, the mixture is                 absorption
spectrum   (in  95%   strength  cooled to [err] and 0.135 g of the internal
90                 aqueous ethanol): [err] . This is  anhydride of 1 - N -
carboxylamino - cyclo-                 converted, by treatment with
trifluoroacetic  hexanecarboxylic acid is added whilst main- 30  acid and
anisole, followed by adjusting the  taining the pH value. The mixture is
allowed                 pH value of an aqueous solution of the tri-  to
react for 30 minutes at 0C, the acetone                 fluoroacetic acid
addition salt of [err]- [D -  is removed under reduced pressure, the mix-
95                 - amino - [err] - (2 - furyl) - acetylamino]-  ture is
covered with ethyl acetate and the pH                 3 - methoxy - 3 -
cephem - 4 - carboxylic  value of the aqueous phase is adjusted to 2 by
35  acid, thus obtainable, to about 5, into free  addition of 5 molar
aqueous phosphoric acid.                 [err] - (D  - [err] - amino-a- (2
- furyl) -  The organic phase is separated off; the aqueous
acetylaminol - 3 - methoxy - 3 - cephem-  phase is rinsed with ethyl
acetate and then  100                 4 - carboxylic acid, thin layer
chromatogram   adjusted to pH-4.5 with a 20%  strength
(silica gel): Rf~-0.25 (system: n - butanol/  solution of triethylamine in
methanol and             40  acetic acid/water, 67: 10:23); ultraviolet ab-
diluted with a 1: 1 mixture of acetone and di-                 sorption
spectrum  (in 0.1 N  hydrochloric  ethyl ether. The precipitate is filtered
off,                 acid): [err]                       washed and dried
and yields the internal salt 105
of [err] - (1 - amino - cyclohexylcarbonyl-              Example 71
amino) - 3 - methoxy - 3 - cephem - 4-                    The pH value of a
solution of 0.092 g of  carboxylic acid in the amorphous form, thin
45  [err] - amino - 3 - methoxy - 3 - cephem-  layer chromatogram  (silica
gel): Rf-0.2-                 4 - carboxylic acid in 2 ml of acetone, 0.8
ml 0.25 (system: n - butanol/acetic acid/water, 110                 of
water and 1.2 ml of an 0.5 molar aqueous  67: 10:23); ultraviolet
absorption  spectrum                 dipotassium  hydrogen phosphate
solution is  (in 0.1 N  hydrochloric acid):  [err]                 adjusted
to 7.5 by further addition of di-  [err] infrared absorption spectrum (in
mineral             50  potassium hydrogen phosphate, the mixture is  oil):
characteristic band at 5.56 [err]                 cooled to [err]and 0.142
g of the internal                 anhydride of O - carboxyl - D  - mandelic
Example 73                   115                 acid is added whilst
checking the pH value.    A mixture of 0.180 g of [err]  - bromo-
After allowing the mixture to react for 30  acetylamino - 3 - methoxy - 3 -
cephem -             55  minutes at [err] the acetone is removed under  4 -
carboxylic acid (Example 42), 0.066 g                 reduced pressure and
the aqueous solution is  of 4 - mercapto - pyridine and 0.057 g of
covered with ethyl acetate and acidified with  diisopropyl - ethyl - amine
in 5 ml of di- 120                 5 molar aqueous phosphoric acid to a pH
methylformamide is allowed to react for 4                 value of about
2.5. The aqueous phase is  hours at room temperature. It is evaporated,
60  separated off and extracted with ethyl acet-  the residue is stirred
with a 1: 1 mixture of                 ate. The combined organic solutions
are twice  acetone and diethyl ether and the product                 washed
with a saturated aqueous sodium  is filtered off and rinsed thoroughly. 3 -
125                 chloride solution, dried over sodium sulphate  Methoxy
- [err] - (4 - pyridylthio - acetyl -                       50
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amino) - 3 - cephem - 4 - carboxylic acid,  4 - carboxylic acid is
obtained, which in a                    obtainable in the amorphous form,
shows an  thin layer chromatogram  (silica gel; system:
Rf value of 0.25-0.30  in a thin  layer  n - butanol/pyridine/acetic
acid/water, 42:  65                    chromatogram   (silica  gel;
system:  n -  24:4:30) shows an Rf value of 0.3-0.4;                5
butanol/pyridine/acetic acid/water, 42: 24:  infrared absorption spectrum
(in mineral oil):                   4: 30); infrared  absorption  spectrum
(in  characteristic band at 5.66 [err].                   mineral oil):
characteristic band at 5.65 [err]
Example 77                                   Example 74
If a solution of [err] - bromoacetylamino-  70                A mixture of
0.140 g (0.4 mmol) of 7,8 -  3 - methoxy - 3 - cephem - 4 - carboxylic
10  bromoacetylarnino - 3 - methoxy - 3 - cephern-  acid (about 0.15 mmol),
obtainable according 



4 - carboxylic acid (Example 42) in 0.5 ml  to the process described in
Example 42, in                    of methanol and 0.047 g (0.5 mmol) of 4 -
0.3 ml of a solution of 17.3 ml of diiso-                    amino -
pyridine is reacted in the presence of  propyl - ethyl - amine in 100 ml of
methyl-  75                    0.048 g (0.5 mmol) of diisopropyl - ethyl -
ene chloride is reacted with 0.018 g (0.18                15  amine at 40C
until the reaction is complete  mmol) of 3 - mercapto - 1,2,4 - triazole
(this being checked by means of thin layer  according to the process
described in Example -                 chromatography). The mixture is
evaporated,  75, the reaction being allowed to take place
the residue is stirred with a 1:2 mixture of  for 7 hours at 20C, 3 -
methoxy - 7,6 -  80                2   acetone and diethyl ether and the
product  (1,2,4 - triazol - 3 - ylthio - acetylamino)-                20
is filtered off and rinsed thoroughly. 7,B -  3 - cephem - 4 - carboxylic
acid is obtained,                    (a - 4 - Aminopyridinium  -
acetylamino) -  which in a thin layer chromatogram  (silica
3 - methoxy - 3 - cephem - 4 - carboxylic  gel;  system:  n -
butanol/pyridine/acetic    acid, obtainable in the amorphous form, which
acid/water, 42:24:4:30) shows an Rf value  85                    results as
the internal salt, shows an Rf value  of 0.3-0.4.                25  of
0.20-0.3 in a thin layer chromatogram                    (silica gel;
system: n - butanol/pyridine/                 Example 78
acetic acid/water, 42:24:4:30); infrared ab-    A  solution, prepared at
30C, of [err]                    sorption spectrum  (in mineral oil):
charac-  bromoacetylamino - 3 - methoxy - 3                    teristic
band at 5.65 [err]                 cephem - 4 - carboxylic acid (about 0.15
90     mmol), prepared according to the process                30
Example 75                    described in Example 42, in 10 ml of ethanol
A solution of [err]  - bromoacetylamino - 3 -  and 0.3 ml of water is mixed
with a solution                    methoxy - 3 - cephem - 4 - carboxylic
acid  of 0.03 g of sodium azide in 0.5 ml of water.
(about 0.15 mmol) obtainable according to  The reaction mixture is stirred
for 15 hours  95                    the process described in Example  42,
in  at room  temperature with exclusion of light                35  0.3 ml
of a solution of 17.3 ml of diiso-  and is then worked up according to the
pro-                    propyl - ethyl - amine in 100 ml of methyl-  cess
described in Example 40. [err] - Azido-                    ene chloride, is
mixed with 0.0126 g (0.18  acetylamino - 3 - methoxy - 3 - cephem -
mmol) of tetrazole in 0.3 ml of dimethyl-  4 - carboxylic acid is thus
obtained, which in  100                    formamide and the mixture is
allowed to react a thin layer chromatogram (silica gel; system:
40  for 30 minutes at room  temperature. It is  n - butanol/pyridine/acetic
acid/water, 42:                    worked up according to the process
described  24:4:30) shows an Rf value of 0.40; ultra-                    in
Example 40, and 3 - methoxy - [err] -  violet absorption  spectrum  (in
ethanol):                    (1 - tetrazolyl - acetylamino) - 3 - cephem-
[err] at 264 [err] infrared absorption spectrum  105                    4 -
carboxylic acid is thus obtained, which  (in  mineral oil): characteristic
bands at                45  in a thin layer chromatogram  (silica gel;
4.65 [err] and 5.64 [err]                    system: n -
butanol/pyridine/acetic acid/                    water 42:24:4:30) shows an
Rf value of 0.35-0.45.
Example 79
A mixture of 1.0 g of [err] - (D  - [err] -
Example 76                   amino - a - phenylacetylamino) - 3 - meth- 110
50    If a solution of [err] - bromoacetylamino-  oxy - 3 - cephem  - 4 -
carboxylic acid in                    3 - methoxy - 3 - cephem - 4 -
carboxylic  10 ml of acetone is treated with 0.8 ml of
acid (about 0.15 mmol), obtainable accord-  triethylamine. This mixture is
stirred for 24                    ing to the process described in Example
42, hours at room temperature and filtered, and                    in 0.3
ml of a solution of 17.3 ml of diiso-  the filtrate is then evaporated. The
residue is 115                55  propyl - ethyl - amine in 100 ml of
methylene  dissolved in water, the pH value is adjusted
chloride is reacted with 0.0205 g (0.18 mmol)  to 2.5 by means of 2 N
hydrochloric acid                    of 2 - mercapto - 1 - methyl -
imidazole in  and the precipitate is then filtered off and
0.3 ml of dimethylformamide according to the  dried. [err] - (2,2 -
Dimethyl - 5 - oxo - 4 -                    process described in Example
75, the reaction  phenyl - imidazol - 1 - yl) - 3 - methoxy- 120
60  being allowed to take -place for 7 hours at  3 - cephem - 4 -
carboxylic acid, obtainable                    20C, 3 - methoxy - [err] -
(1 - methyl - 2 -  as a colourless product, shows an Rf value of
imidazolylthio - acetylamino) - 3 - cephem-  0.40 in a thin layer
chromatogram (silica gel)                        51
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(system: n - butanol/pyridine/acetic acid/    A  sterile aqueous solution
of the 3 -                     water, 40:24:6:30).
methoxy - 7,6 - phenylacetylamino - 3 -
cephem - 4 - carboxylic acid and of the man-  65
Example 80                  nital is subjected to freeze-drying under
aseptic                      A suspension of 0.100 g of [err] - (D  -
conditions in 5 ml ampoules or 5 ml phials 



5  a - amino - [err] - phenylacetylamino) - 3 -  and the ampoules or phials
are sealed and      methoxy - 3 - cephem - 4 - carboxylic acid  tested.
in 5 ml of absolute methylene chloride is mixed      with 0.0364 g of
triethylamine and the mix-              Example 83                  70
ture is stirred for 10 minutes; in the course    Dry ampoules or phials,
containing 0.5 g      10  thereof, most of the material dissolves. The  of
the internal salt of 3 - methoxy - [err] -      mixture is cooled to [err]
and a total of  (D - [err] - phenylglycyl - amino) - 3 - cephem-
0.0652 g of the triethylamine - sulphur tri-  4 - carboxylic acid are
manufactured as fol-      oxide complex (melting point [err] is  lows:
75      added in portions. The whole is stirred for 5      15  minutes at
[err] and for two hours at [err]  Composition (for 1 ampoule or phial)
This solution is treated with 0.9 mmol of   Internal salt of 3 - methoxy -
sodium a - ethyl - hexanoate and the product          [err] - (D - [err] -
phenylglycyl -     which has separated out is filtered off. After   amino)
- 3 - cephem - 4 -     washing with methylene chloride and diethyl
carboxylic acid               0.5 g   80     20  ether, the pulverulent
precipitate, containing    Mannitol                   0.05 g
the disodium salt of 3  - methoxy - [err] - (D -                    [err] -
sulphoamino - [err] - phenylacetylamino)-    A sterile aqueous solution of
the internal                    3 - cephem - 4 - carboxylic acid, is dried
salt of 3 - methoxy - [err] - (D - a - phenyl-                    in a high
vacuum; thin layer chromatogram   glycyl - amino) - 3 - cephem - 4 -
carboxylic      25  (silica  gel):   Rf=0.10  (system:  n -  acid and of
the mannitol is subjected to  85                    butanol/acetic
acid/water,  71 .5: 7.5:21);  freeze-drying under aseptic conditions in 5
ml                    ultraviolet absorption spectrum   (in water):
ampoules or 5 ml phials and the ampoules or  [err]
phials are sealed and tested.                                  Example 8 1
Example 84  30    A solution of 0.037 g of sodium  nitrite   Capsules,
containing 0.25 g of the in- 90                   in 0.4 ml of water is
added, whilst stirring  ternal salt of 3 - methoxy - [err] - (D  -
to a cooled solution of 0.100 g of 4 - guanyl-  a - phenylglycyl - amino) -
3 - cephem-                   semicarbazide dihydrochloride in 0.6 ml of  4
- carboxylic acid are manufactured as fol-                   water and the
mixture is stirred for a further  lows:     1         35  10 minutes at 0C
and is then added drop-                   wise at 0C to a solution of 0.186
g of [err] -  Composition (for 4,000 capsules):       95    (D - [err]   -
amino - [err] - phenylacetylamino)-    Internal salt of 3 - methoxy -
3 - methoxy - 3 - cephem - 4 - carboxylic      [err] - (D - [err] -
phenylglycyl-                   acid in 4 ml of water which has been ad-
amino) - 3 - cephem - 4 -     40  justed to pH  7.5 with triethylamine. The
carboxylic acid            250.000 g mixture is stirred for one hour at 0C
and   Corn starch                  50.000 g   100                   the
precipitate is filtered off, washed with    Polyvinylpyrrolidone
15.000 g                   water and dried. The crude [err] - - [D - [err]-
Magnesium stearate            5.000 g                   (3 - guanyl
ureido) - [err] - phenylacetyl -    Ethanol                  qs.
45  amino] - 3 - methoxy - 3 - cephem - 4 -                   carboxylic
acid is thus obtained, which in a    The internal salt of 3 - methoxy -
[err] -                   thin layer chromatogram  (silica gel; develop-
(D -   phenylglycylamino) - 3 - cephem- 105                   ment with
iodine vapour): shows Rf0.20-  4 - carboxylic acid and the corn starch are
0.30 (system: n - butanol/acetic acid/water,  mixed and moistened with a
solution of poly-               50  67:10:23); ultraviolet absorption
spectrum   vinylpyrrolidone in 50 g of ethanol. The moist
(in 95%  strength aqueous ethanol): [err]   mass is forced through a sieve
of 3 mm mesh                   265 [err]
width and dried at 45C. The dry granules 110
Example 82                  are forced through a sieve of 1 mm  mesh
Dry ampoules or phials, containing 0.5 g  width and mixed with 5 g of
magnesium               55  of 3 - methoxy - [err] - phenylacetylamino -
stearate. The mixture is filled, in portions of                   3 -
cephem - 4 - carboxylic acid, are manu-  0.320 g into push-fit capsules of
size 0.                   factured as follows:
Example 85                 115                   Composition (for 1 ampoule
or phial)         To 256.3 g of 3  - methoxy  - 7      - (D
3 - Methoxy - [err] - phenyl-          [err] - tert. -
butyloxycarbonylamino - a - phenyl-              60      acetylamino - 3 -
cephem - 4 -         acetylamino) - 3 - cephem - 4 - carboxylic
carboxylic acid               0.5 g   acid diphenylmethyl ester is added a
mix-                    Mannitol                        0.05 g  ture of 250
ml of anisol in 1200 ml of 120                        52
1,435,111                                                 52  



methylene chloride; the mixture is treated at tective group, [err]
represents hydroxyl or a                    [err]  with 1200 ml of
trifluoroacetic acid, pre-  radical which together with the carbonyl group-
55                    cooled to [err] The reaction mixture is allowed  ing
[err]  forms a protected carboxyl                    to stand during 30
minutes at 0 and is  group and [err] represents an optionally sub-
5  diluted over a period of 15 minutes with a  stituted hydrocarbon
radical, and of the 1 -                    total of 12000 ml of a 1: 1
mixture of diethyl oxides of a compound of the formula IA,
ether and petroleum ether, pre-cooled to 0.  and/or of a corresponding 2 -
cephem com-  60                    The trifluoroacetic acid salt of the 3 -
meth-  pound of the formula                    oxy - [err] - (D - a -
phenyl - glycylamino)-                 10 3 - cephem - 4 - carboxylic acid,
which pre-                    cipitates, is filtered off, washed with
diethyl                    ether, dried under reduced pressure and dis-
solved in 1900 ml of water. The yellowish                    impurities are
removed by washing the solu-                 15  tion with 900 ml of ethyl
acetate; the organic                    washings are discarded and the pH
of the aqueous solution [err] is adiusted to 4.5                    with a
20%  solution of triethylamine  in  wherein [err  have the above-
methanol. The inner salt of the 3 - methoxy-  mentioned meanings, or a salt
of such a com-                 20  [err] - (D - [err] - phenyl -
glycylamino) - 3    pound with salt-forming groups, characterised  65
cephem - 4 - carboxylic acid crystallizes as  in that a cepham - 3 - one
compound of the                    dihydrate in the form  of colorless
prisms  formula                    and is filtered off after adding 1800 ml
of                    acetone and stirring for two hours at [err] m.p.
25  175-177 (with decomposition); [err]                 [err] (c=1 in 0,1 -
n. hydrochloric                     acid); ultraviolet absorption spectrum
(in                     0,1 - n. aqueous sodium  hydrogen carbon-
ate solution [err]  =6500); infra-                 30  red absorption
spectrum  (in mineral oil):   bands at 2.72 [err], 2.87 [err], 3.14 [err],
3.65 [err],                   5.68 [err], 5.90 [err], 6.18 [err], 6.27
[err], 6.37 [err]                     6.56 [err]   6.92 [err]
[err]7.8  8.12   8.30  [err]   .43 [err]  852 [err]in the 2,3 - or 3,4 -
position, or at 1 - oxide  70                     8.65 [err], 8.95 [err],
9.36 [err], 9.5570[err] 19[err]   A[err] of such a compound, is reacted
with a diazo                     12.15 [err]  12.48 [err], 12.60 [err],
12.87 [err], 13.45 [err]  compound of the formula                  and
14.30 [err]; microanalysis                                           (III)
[err]      with a reactive ester of an alcohol of the                  40
molecular weight: 399.42): calculated: C  formula
75                     48.11%, H 5.30%, N 10.52% and S 8.03%;
found: C 47.86%, H  5.27%, N  10.47%                    [err]      and S
8.00%                                                             with a
compound containing two or three                     WHAT WE CLAIM  IS : -
etherified hydroxyl groups of the formula                 45    1. Process
for the manufacture of an 0 -                     substituted [err] - amino
- 3 - cephem - 3 -            [err]             (V)      ol - 4 -carboxylic
acid compound of the                     ol - 4 - carboxylic acid compound
of the  on the same carbon atom of aliphatic charac-  80
formula                                 ter in the presence of an acid
agent, with a
tri -   - oxonium salt of the formula
[err]           (VI)                                     wherein [err]
denotes the anion of an acid,
with a di - [err]  - carbenium  salt of the  85
[err]             formula
[err]       (VII)                 50  wherein [err] represents hydrogen or
an amino                     protective group [err] and [err]  represents
or a di -    halonium salt of the formula                     hydrogen or
an acyl group Ac, or [err] and                     R [err] together
represent a bivalent amino pro-       [err]           (VIII)       



52                                     1,435,111
methylene chloride; the mixture is treated at tective group, R2 represents
hydroxyl or a   0 with 1200 ml of trifluoroacetic acid, pre-  radical which
together with the carbonyl group-  55                  cooled to [err] The
reaction mixture is allowed  ing -C(=O)-  forms a protected carboxyl
to stand during 30 minutes at 0 and is  group and [err]  represents an
optionally sub-               5  diluted over a period of 15 minutes with a
stituted hydrocarbon radical, and of the 1 -   total of 12000 ml of a 1:1
mixture of diethyl oxides of a compound of the formula IA,
ether and petroleum ether, pre-cooled to [rr] and/or of a corresponding 2 -
cephem com-  60                  The trifluoroacetic acid salt of the 3 -
meth-  pound of the formula                  oxy - [err] - (D - a - phenyl
- glycylamino)-              10  3 - cephem - 4 - carboxylic acid, which
pre-                  cipitates, is filtered off, washed with diethyl
ether, dried under reduced pressure and dis-                  solved in
1900 ml of water. The yellowish                  impurities are removed by
washing the solu-              15  tion with 900 ml of ethyl acetate; the
organic                  washings are discarded and the pH of the   aqueous
solution (pH,1.5) is adjusted to 4.5                  with a 20%  solution
of triethylamine  in  wherein [err], have the above-   methanol. The inner
salt of the 3 - methoxy-  mentioned meanings, or a salt of such a cor-
20  [err]     (D - [err] - phenyl - glycylamino) - 3 -  pound with
salt-forming groups, characterised  65                  cephein - 4 -
carboxylic acid crystallizes as  in that a cepham - 3 - one compound of the
dihydrate in the form  of colorless prisms  formula   and is filtered off
after adding 1800 ml of                  acetone and stirring for two hours
at [err], m.p.              25  175-177 (with decomposition); [err]
[err]  (c=1 in 0,1 - n. hydrochloric                  acid); ultraviolet
absorption spectrum  (in                  0,1 - n. aqueous sodium  hydrogen
carbon-   ate solution [err]  (e=6500); infra-              30  red
absorption spectrum  (in mineral oil):                  bands at 2.72
[err], 2.87 [err], 3.14 [err], 3.65 [err], 5.68  [err] 5.90 [err], 6.18
[err], 6.27 [err], 6.37 [err]                  6.56 [err] 6.92 [err]  7.16
[err]       7.58 [err], 7.74 [err], or a corresponding enol having a double
bond                            7.80  , 8.2  [err]  830 [err]  8.43    8.2
[err]in the 2,3 - or 3,4 - position, or a 1 - oxide  70
358.65 [err]  8.05 [err] 9.36  [err] 9.55 [err]3 9.701   of such a
compound, is reacted with a diazo                  10.02 [err], 10.38
[err], 10.77 [err], 11.70 p, 12.01 [err]   12.15 [err] 12.48 [err] 12-60
[err] 12.87 [err] 13.45 [err]  compound of the formula                  and
14.30 [err]; microanalysis                                          (III)
[err]          with a reactive ester of an alcohol of the              40
molecular weight: 399.42): calculated: C  formula                  48.11%,
H 5.30%, N 10.52% and S 8.03%;                  found: C 47.86%, H  5.27%,
N  10.47%                   [err]            (IV)                  and S
8.00%.                            with a compound containing two or three
WHAT WE CLAIM  IS:-                     etherified hydroxyl groups of the
formula              45    1. Process for the manufacture of an
(V)                  substituted [err] - amino- 3 - cephem-3 -
ol - 4 - carboxylic acid compound of the     formula
on the same carbon atom of aliphatic charac-  80
ter in the presence of an acid agent, with a
tri - [err] - oxonium salt of the formula
[err]           (VI)                              wherein [err] denotes the
anion of an acid,
with a di - [err] - carbenium  salt of the  85
formula
[err]             (VII)              50  wherein [err] represents hydrogen
or an amino                  protective group [err] and [err]  represents
or a di - [err] - halonium salt of the formula                  hydrogen or
an acyl group Ac, or [err] and                  [err] together represent a
bivalent amino pro-       [err]           (VIII)   



1,435,1113                                    53
wherein [err] denotes the anion of an acid and  if desired, a resulting
compound  of the                    Hal [err] denotes a haloniumion, or
with a 3 -  formula IA or IB is converted into another  55 substituted  1
- [err] - triazene  compound  compound of the formula IA or IB, and/or,
(IX), and, if desired, in a resulting compound  if desired, a resulting
compound having a                5of the formula IA or IB a protected
carboxyl  salt-forming group is converted into a salt
group of the formula                      or a resulting salt is converted
into a free                                                        compound
and/or, if desired, a resulting mix-  60
[err]               ture of isomeric compounds is separated into
the individual isomers.                    is converted into a free
carboxyl group or    3. Process for the manufacture of an O -
into another protected carboxyl group, and/  substituted [err] - amino - 3
- cephem - 3 -                10  or, if desired, a resulting compound of
the  ol - 4 - carboxylic acid compound of the  65                   formula
IA  or IB  is converted into an-  formula IA  according to claim  1,
wherein                   other compound of the formula IA or IB and/
[err] have the meaning given                   or, if desired, a resulting
compound having  in claim 1, or of a 1 - oxide therefor or of
a salt-forming group is converted into a salt  a compound of the formula IB
according to   15  or a resulting salt is converted into a free  claim  1,
wherein [err]have  70                   compound and/or, if desired, a
resulting mix-  the above given meanings, or a salt of such
ture of isomeric compounds is separated into  a compound with salt-forming
groups, charac-                   the individual isomers                .
terised in that a cepham - 3 - one compound                     2. Process
for the manufacture of an [err]   of the formula II according to claim  1
or a    20  substituted [err] amino - 3 - cephem  nol having a double bond
in  75                   ol - 4 - carboxylic  acid  compound  of  the 2,3 -
or 3,4 - position or a 1 - oxide                   the formula IA according
to claim 1, where-  of such a compound, is reacted with a diazo
in [err] and [err] have the meaning  compound of the formula
given in claim  1, or of 1 - oxide therefor               25  or of a
compound of .the formula IB accord-                        (III)
ing to claim 1, wherein [err]                   have the above given
meanings, or a salt of  with a reactive ester of an alcohol of the  80
such a compound with salt-forming groups,  formula
characterised in that a cepham - 3 - one com- 30  pound of the formula II
according to claim 1                                (IV)
or a corresponding enol having a double bond                   in the 2,3 -
or 3,4 -  position or a 1 - oxide  or with a compound containing two or
three                   of such a compound, is reacted with a diazo
etherified hydroxyl groups of the formula                   compound of the
formula               35                                  (III),
(V)    85    (III),
on the same carbon atom of aliphatic charac-  with a reactive ester of an
alcohol of the  ter in the presence of an acid agent, and, if     formula
desired, in a resulting compound  of the
formula IA or IB a protected carboxyl group
[err]          (IV)    of the formula                                   90
with a compound containing two or three                    [err]
40 etherified hydroxyl groups of the formula
is converted into a free carboxyl group or
[err]                 (V)    into another protected carboxyl group, and/
or, if desired, a resulting compound of the                  on the same
carbon atom of aliphatic charac-  formula IA or lB is converted into
another  95                  ter in the presence of an acid agent, with
compound of the formula IA or IB and/or, if                  a tri - R-
oxonium salt of the formula    desired, a resulting compound having a salt-
forming group is converted into a salt or a              45          [err]
(VI)    resulting salt is converted into a free com-
pound and/or, if desired, a resulting mix- 100                  wherein
[err] denotes the anion of an acid, or  ture of isomeric compounds is
separated into                  with a 3 - substituted 1 - [err] - triazene
the individual isomers.                  compound (IX), and if desired, in
a result-    4. Process according to claim  1, charac-                  ing
compound  of the formula IA  or IB a  terised in that there is used a
starting sub-              50  protected carboxyl group of the formula
stance of the formula II wherein [err] re- 105
presents an amino protective group [err], which
[err]                 represents an acyl group Ac, wherein option- 



ally present free functional groups can be                  is converted
into a free carboxyl group or  protected, [err] denotes hydrogen and [err]
into another protected carboxyl group, and/or  represents an etherified
hydroxyl group which  110                                   forms an
esterified carboxyl group with the  branched  lower alkoxy or
[err], it being possible for  lower alkoxy group.
60                         optionally present functional groups in an
15. Process according to claim  6, charac-
esterifed carboxyl group of the formula   terised in that [err] represents
an [err] - poly-
branched lower alkloxy or 2 - halogeno - lower                      5
[err]                        alkoxy group.
16. Process according to claim - 1, charac-  65                          to
be protected.                           terised in that a diazo - lower
alkane or a                            5. Process according to claim  2,
charac-  phenyl - diazo - lower alkane is used as the
terised in that there is used a starting sub-  diazo compound of the
formula                    stance of the formula II wherein [err] repre-
10  sents an amino protective group [err]. which           [err]
(III).                          represents an acyl group Ac, wherein
option-                          ally present free functional groups can be
17. Process according to claim 2, charac-  70
protected,. [err] denotes hydrogen and [err] re-  terised in that a diazo -
lower alkane or a                          presents an etherified hydroxyl
group which  phenyl - diazo - lower alkane is used as the
15  forms an esterified carboxyl group with the  diazo compound of the
formula                          [err]  grouping, it being possible for
optionally present functional groups in an             [err]
(III).                          esterified carboxyl group of the formula
18. Process according to claim 3, charac-  75          [err]
terised in that a diazo - lower alkane or a
phenyl - diazo - lower alkane is used as the                      20  to be
protected.                           diazo compound of the formula
6. Process according to claim  3, charac-                          terised
in that there is used a starting sub-          [err]                 (III).
stance of the formula II wherein [err] repre-
sents an amino protective group [err], which    19. Process according to
claim 3, charac-  80                     25  represents an acyl group Ac,
wherein option-  terised in that an ester of an alcohol of the
ally present free functional groups can be  formula [err]OH with a
hydrohalic acid or. a                          protected, [err] denotes
hydrogen and [err] re-  strong organic sulphonic acid is used, option-
presents an etherified hydroxyl group which  ally in the presence of a
suitable condensation forms an esterified carboxyl group with the  agent.
85                      30  [err]  grouping, it being possible for    20.
Process according to claim 2, charac-                          optionally
present functional groups in an  terised in that an ester of an alcohol of
the                          esterified carboxyl group of the formula
formula [err]-OH with a hydrohalic acid, sul-                       phuric
acid or strong organic sulphonic acid
[err]                is used, optionally in the presence of a suit-  90
able condensation agent.                          to be protected.
21. Process according to claim  1, charac-                      35    7.
Process according to claim  4, charac-  terised in that an ester of an
alcohol of the                          terised in -that [err] represents
an optionally  formula [err]-OH with a hydrohalic acid, sul-
- -  substituted 1 - phenyl - lower alkoxy group.  phuric acid, a
halogenosulphuric acid or strong  95                             8. Process
according to claim  5, charac-  organic sulphonic acid, is used, optionally
in                           terised in that [err], represents an
optionally  the presence of a suitable condensation agent
40  substituted 1 - phenyl - lower alkoxy group.    22. Process according
to claim  1, charac-                             9. Process according to
claim  6, charac-  terised in that a gem-lower alkoxy - lower
terised in that [err] represents an optionally  alkane is used as the
compound containing  100                          substituted 1.- phenyl -
lower alkoxy group.  two etherified hydroxyl groups of the formula
10. Process according to claim  7, charac-                       terised in
that [err] represents a diphenyl-          [err]                   (V)
methoxy group.                           11. Process according to claim  8,
charac-  on the same carbon atom of aliphatic charac-
terised in that [err] represents a diphenyl-  ter in the presence of a
strong organic sul-                           methoxy group.
phonic acid; or an orthoformic acid lower 105                       50
12. Process according to claim 9, charac-  alkyl ester is used as the
compound contain- 



terised in that [err] represents a diphenyl-  ing three etherified hydroxyl
groups of the                       methoxy group.
formula                     13. Process according to claim 4, charac-
[err]                   (V)                           terised in that [err]
represents an a - poly-                       55  branched lower alkoxy or
2 - halogeno - lower  on the same carbon atom of aliphatic charac- 110
alkoxy group.                              ter, in the presence of a strong
mineral           14. Process according to claim 5, charac-  acid.
terised in that [err] represents an a - poly-    23. Process according to
claim 2, charac-                           terised in that a gem - lower
alkoxy - lower  alkyl -triazene, wherein aryl represents an
alkane is used as the compound containing  optionally substituted phenyl
radical, is used  55                 two etherified hydroxyl groups of the
formula  as the 3 -substituted 1 - [err] - triazene com-
pound (IX).
29. Process according to claim  2, charac-
terised in that a 3  aryl - 1 - lower alkyl-             5  on the same
carbon atom of aliphatic charac-  triazene, 3 - aryl - 1 - lower alkenyl -
tri-  60                 ter, in the presence of a strong organic sul-
azene or a 3 - aryl - 1 - phenyl - lower                 phonic acid; or an
orthoformic acid lower alkyl  alkyl - triazene, wherein aryl represents an
ester is used as the compound containing  optionally substituted phenyl
radical, is used                 three etherified hydroxyl groups of the
formula  as the 3 - substituted 1 [err] - triazene com-
pound (IX).                                  65             10
[err]                   (V)        30. Process according to one of claims
3,                                                               6, 9, 12,
15, 18, 19 and 24, characterised                 on the same carbon atom of
aliphatic charac-  in that in a resulting compound  wherein
ter,  in the presence of a strong mineral  [err]  or [err] denotes a
suitable acyl group,                 acid.
that acyl group is split off and replaced by  70                   24.
Process according to claim  3, charac-  hydrogen by treatment with an imide
- halide-             15  terised in that a gem - lower alkoxy - lower
forming agent, reaction of the resulting imide-                 alkane is
used as the compound containing  halide with an alcohol and splitting of
the two etherified hydroxyl groups of the formula  imino - ether formed.
31. Process according to any one of Claims  75
[err]               (V)    2, 5, 8, 11, 14, 17, 20, 23, 25 and 29, charac-
terised in that in a resulting compound, where-                 on the same
carbon atom of aliphatic charac-  in [err] or [err] denotes a suitable acyl
group             20  ter, in the presence of a strong organic sul-  that
acyl group is split off and replaced by                 phonic acid; or an
orthoformic acid lower  hydrogen by treatment with an imide - halide-  80
3           alkyl ester is used as the compound con-  forming agent,
reaction of the resulting imide-                 taining three etherified
hydroxyl groups of the  halide with an alcohol and splitting of the
formula                                      imino - ether formed.
25                [err]                  (V)        32. Process according
to any one of Claims
1, 4, 7, 10, 13, 16, 21, 22 and 26-28,  85                 on the same
carbon atom of aliphatic charac-  characterised in that in a resulting
compound,                 ter, in  the presence of a strong mineral
wherein [err] or [err] denotes a suitable acyl                 acid.
group, that acyl group is split off and re-                   25. Process
according to claim  2, charac-  placed by hydrogen by treatment with an
30  terised in that a tri - lower alkyl - oxonium   imide - halide -
forming agent, reaction of  90                 tetrafluoborate is used as
the tri - [err] - oxonium   the resulting imide - halide with an alcohol
salt of the formula                          and splitting of the imino -
ether formed.                                       [err]        VI)
33. Process according to any one of Claims
[err]         (VI)    3, 6, 9, 12, 15, 18, 19, 24 and 30, charac-
terised in that in a resulting compound a free  95                 wherein
[err] denotes the anion of an acid,  amino group is acylated.
35    26. Process according to claim  1, charac-    34. Process according
to any one of Claims                 terised in that a tri - lower alkyl-
oxonium   2, 5, 8, 11, 14, 17, 20, 23, 25 ahd 29
tetrafluoborate, hexafluophosphate, hexafluo-  characterised in that in a
resulting compound                 antimonate or hexachloroantimonate is
used.  a free amino group is acylated..             100
27. Process according to claim  1, charac-   35. Process according to  any
one of Claims             40  terised in that a di - lower alkoxy -
carbenium   1, 4, 7, 10, 13, 16, 21, 22, 26-28 and 32,                 or
di - lower alkyl - halonium  tetrafluobor-  characterised in that in a
resulting compound                 ate, hexafluophosphate,
hexafluoantimonate or a free amino group is acylated. 



hexachloroantimonate is used as the di - [err]    36. Process according to
any one of Claims  105                 carbenium  salt of the formula
3, 6, 9, 12, 15, 18, 19, 24, 30 and 33,    45            [err]
(VII)    characterised in that in the process according
to the invention or in the additional measures                 or the di -
[err] halonium salt of the formula  toptionally to be carried out, any free
func-                                                               tional
groups, which do not participate in  110                          [err]
(VIII)    the reaction, in the starting substances or in
the compounds obtainable according to the                 wherein [err]
denotes the anion of an acid. process are transiently protected and are
liber-                 and [err] denotes a haloniumion.             ated,
if desired, in each case after the reaction             50    28. Process
according to claim  1, charac-  has taken place.
115                 terised in that a 3 - aryl - 1 - lower alkyl -    37.
Process according to any one of Claims                 triazene, 3 - aryl -
1 - lower alkenyl - tri-  2, 5, 8, 11, 14, 17, 20, 23, 25, 29, 31 and
azene or a 3 - aryl - I - phenyl - lower  34, characterised in that in the
process accord-         56
1,435,111                                         56      ing to the
invention or in the additional wherein [err] represents hydrogen or an
amino  60     measures optionally to be carried out any free  protective
group [err] and [err] represents     functional groups, which do not
participate  hydrogen or an acyl group Ac, or [err] and     in the
reaction, in the starting substances or  [err] together represent a
bivalent amino pro- 5  in the compounds obtainable according to the
tective group, [err] represents hydroxyl or a     process are transiently
protected and are  radical which together with a carbonyl group-  65
liberated, if desired, in each case after the  ing [err]  forms a
protective carboxyl     reaction has taken place.                   group
and [err] represents an optionally sub-       38. Process according to any
one of Claims  stituted hydrocarbon radical, or a salt of 10  1, 4, 7, 10,
13, 16, 21, 22, 26-28, 32  such a compound having salt-forming proper-
and 35, characterised in that in the process  ties.
70     according to the invention or in the addi-   48. The 1 - oxide of a
3 - cephem com-     tional measures optionally to be carried out, pound as
claimed in claim 47, or a salt of     any free functional groups, which do
not  such a compound having salt-forming proper- 15 participate in the
reaction, in the starting  ties.     substances or in the compounds
obtainable    49. An [err] - substituted [err]  - amino - 2 -  75
according to the process are transiently pro-  cephem - 3 - ol - [err] -
carboxylic acid com-     tected and are liberated, if desired, in each
pound of the formula IB     case after the reaction has taken place. 20
39. A process as claimed in claim 3, car-     ried out substantially as
described in Example     I or 2.       40. A process as claimed in claim 3,
car-     ried out substantially as described in Example 25  3 or 4.
41. A process as claimed in claim 2, car-            [err]     ried out
substantially as described in any one     of Examples 5-14.
wherein [err]  and [err] have the mean-       42. A process as claimed in
claim 1, car-  ings given in Claim  47, or a salt of such a  80 30 ried out
substantially as described in any one  compound having salt-forming
properties.     of Examples 15-23.                            50. A 3 -
cephem compound of the formula       43. A process as claimed in claim 1,
car-  IA according to Claim 47, wherein [err] re-     ried out
substantially as described in any  presents hydrogen or an acyl radical
contained     one of Examples 24-81 and 85.               in a
fermentatively or biosynthetically, semi- 85 35   44. A compound of formula
IA or a 1 -  synthetically or total-synthetically obtainable     oxide
thereof and/or a compound of formula  N - acyl derivative of a [err] -
amino - penam-     IB, or a salt of such a compound having  3 - carboxylic
acid compound or [err] - amino-     salt forming groups, whenever prepared
by  3 - cephem - 4 - carboxylic acid compound,     a process as claimed in
any one of claims  [err] represents hydrogen, [err] is hydroxyl, op-  90 40
3, 6, 9, 12, 15, 18, 19, 24, 30, 33, 36, 39  tionally substituted lower
alkoxy, acyloxy, tri-     and 40.                                     lower
alkylsilyloxy or optionally substituted        45. A compound of formula IA
or a 1 -  amino or hydrazino and [err] represents lower     oxide thereof
and/or a compound of formula  alkyl or optionally substituted phenyl -
lower     IB or a salt of such a compound having salt alkyl, or a salt of
such a compound having  95 45 forming groups, whenever prepared by a pro-
salt-forming properties. 



cess as claimed in any one of claims 2, 5,    51. The 1 - Oxides of a 3 -
cephem com-     8, 11, 14, 17, 20, 23, 25, 29, 31, 34, 37  pound as claimed
in Claim 50, or a salt of     and 41.
such a compound having salt-forming proper-        46. A compound of
formula IA or a 1 -  ties                                           100 50
oxide thereof and/or a compound of formula    52. A 2 - cephem compound of
the formula      IB, or a salt of such a compound having  IB according to
Claim 49, wherein [err]      salt forming groups, whenever prepared by a
[err], have the meanings given in Claim      process as claimed in any one
of claims 1, 50, or a salt of such a compound having      4, 7, 10, 13, 16,
21, 22, 26-28, 32, 35, salt-forming properties.                       105
55  38, 42 and 43.                                 53. A 3 - cephem
compound of the formula        47. An O - substituted [err] - amino - 3 -
IA according to Claim 47, wherein [err]      cephem - 3 - ol - 4 -
carboxylic acid com-  and R2 have the meanings given in Claim      pound of
the formula IA                     50, and [err] represents lower alkyl,
lower                                                  alkenyl or
optionally substituted phenyl - lower 110
alkyl, or wherein R2 has the meanings given                  [err]
in Claim 50 and [err] has the meanings given
above, and [err] together represent                                    a 1-
oxo - 3 - aza - 1,4 - butylene radical                             which is
optionally substituted in the 2-posi- 115
tion and optionally substituted in the 4-posi-                          57
1,435,111                      lion, or a salt of such a compound having
[err] and [err] have the meanings given in Claim
salt-forming properties.                   59  or wherein [err] ,have the
meanings                         54. The 1. - oxides of a 3 - cephem corn-
given in Claim 59,, and [err] and [err] together                      pound
described in Claim  53, or a salt of  represent a 1 - oxo - 3 - aza - 1,4 -
butylene                   5  such a compound having salt-forming proper-
radical which is substituted in the 2-position  70
ties.                                      by optionally substituted phenyl
and optionally              55. A 2 - cephem compound of the formula
contains two lower alkyl groups in the 4-                      lB according
to Claim 49, wherein [err],  position, or a salt of such a compound hav-
[err] and [err] have the meansing given Claim   ing salt-forming
properties.                  10  53, or a salt of such a compound having
63. The 1 - oxides of a 3 -cephem corn-  75          salt-forming
properties.                   pound as claimed in Claim 62, or a salt of
56. A 3 - cephem compound of the formula  such a compound having
salt-forming proper-                      1A according to Claim 47, wherein
[err],  ties.                      R2 have the meanings given in Claim 50
and    64. A 2 - cephem compound of the formula                  15  [err]
represents lower alkyl, lower alkenyl, or  IB according to Claim 49,
wherein [err]     80                      optionally substituted phenyl
-lower alkyl, or  [err] and [err] have the meanings given in Claim
wherein R2 has the meanings given in Claim  62, or a salt of such a
compound having          48 and [err] has the meanings given above, and
salt-forming properties.             [err] and [err] together represent a 1
- oxo -    65. A 3 - cephem compound of the formula         20  3 - aza -
1,4 - butylene radical which is  IA according to Claim 47, wherein [err]
85         optionally substituted in the 2-position and  and [err] have the
meanings given in Claim                      optionally substituted in the
4-position, or a  59 and [err] represents lower alkyl, lower
salt of such a compound having salt-forming  alkenyl or 1 - phenyl - lower
alkyl, or where-                      properties.
in [err] has the meanings given in Claim  59                  25   57. The
1 -oxides of a 3 - cephem com-  and [err] has the abovementioned meanings,
and  90                      pound as claimed in Claim 54, or a salt of
[err] an [err] together represent a 1 - oxo - 3 -          such a compound
having salt-forming proper-  aza - 1,4 - butylene radical which is substi-
ties.                                      tuted in the 2-position by
optionally substi-                      58. A 2 - cephem compound of the
formula  tuted phenyl and which optionally contains                  30  lB
according to Claim 49, wherein [err],   two   lower alkyl groups in the
4-position , or  95          [err] and [err] have the meanings given in
Claim  a salt of such a compound having salt-form-                      56,
or a salt of such a compound having  ing properties.
salt-forming properties.                      66. The 1 - oxides of a 3-
cephem corn-          59. A 3 - cephem compound of the formula  pound as
claimed in Claim 65 or a salt of       35  IA according to Claim 47,
wherein [err] de-  such a compound having salt-forming proper- 100
notes hydrogen, an acyl radical contained in  ties.
fermentatively or biosyntheically obtainable    67. A 2 - cephem compound
of the formula                      -N - acyl derivative of a [err] - amino
- penam-  lB according to Claim 47, wherein [err]                      3 -
carboxylic acid compound or a [err] - amino-  [err] and [err] have the
meanings given in Claim                 40  3 - cephem - 4 - carboxylic
acid compound  65, or a salt of such a compound having  105 



or an acyl radical occurring in -a highly active  salt-forming properties.
N-acyl derivative of a [err] - amino - penam-    68. A 3 - cephem compound
of the formula                        3-carboxylic acid compound or a [err]
- amino-  IA according to Claim 47, wherein [err] and
3-cephem - 4 - carboxylic acid compound,  [err] have the meanings given in
Claim 59,        45 [err] represents hydrogen, R, denotes hydroxyl, [err]
denotes hydroxyl, lower alkoxy, 2 - halo- 110        lower alkoxy, 2 -
halogeno - lower alkoxy, geno, - lower alkoxy, phenacyloxy, 1 - phenyl-
phenacyloxy, 1 - phenyl - lower alkoxy with  lower alkoxy with 1-3 phenyl
radicals which                      1-3 phenyl radicals, which are
optionally  are optionally substituted by lower alkoxy or
substituted by lower alkoxy or nitro, lower  nitro, lower
alkanoyloxymethoxy, a - amino-                 50  alkanoyloxymethoxy,
lower alkoxycarbonyloxy  lower alkanoyloxymethoxy, lower alkoxycar- 115
or lower alkanoyloxy, and [err] represents lower  bonyloxy or lower
alkanoyloxy, and [err] re-                      alkyl or I -phenyl - lower
alkyl, or a salt  presents lower alkyl, lower alkenyl, or 1-
of such a compound having salt-forming pro-  phenyl - lower alkyl, or
wherein R, and R,  perties.                                   have the
abovementioned meanings and [err]                 55    60. The 1 - oxides
of a 3 - cephem com-  and Rb together represent a [err] - oxo - 3 - 120
pound as claimed in Claim 59 or a salt of  aza - 1,4 - butylene radical
which is substi- such compounds having salt-forming proper.  tuted in the
2-position by optionally substituted                      ties.
phenyl and which optionally contains two         61. A 2 - cephem compound
of the formula  lower alkyl groups in the 4-position, or 60   IB according
to claim 49, wherein [err]                      R2 and [err] have the
meanings given in Claim  properties.         59, or a salt of such a
compound having    69. The I -oxides of a 3 - cephem com-
salt-forming properties as claimed in Claim 68 , or a salt of
62. A 3 - cephem compound of the formula  such a compound having
salt-forming proper-       IA according to Claim 47, wherein [err] , ties.
130                     58                                  1,435,111
58                    70. A 2 - cephem compound of the formula  optionally
substituted aliphatic, cycloaliphatic, 60     IB according to Claim 49,
wherein [err], cycloaliphatic - aliphatic, aromatic or arali -
[err] and [err] have the meanings given in Claim phatic hydrocarbon radical
or an optionally                 68, or a salt of such a compound having
substituted heterocyclic or heterocyclic - ali-             5  salt-forming
properties.                     phatic radical, wherein heterocyclic
radicals                    71. A 3 - cephem compound of the formula
possess aromatic character, [err] denotes an op-  65                 IA
according to Claim 47, wherein [err]  tionally substituted aliphatic,
cycloaliphatic,                 and [err] have the meanings given in Claim
cycloaliphatic - aliphatic, aromatic or arali -                 59 and
[err] represents hydrogen or a group  phatic hydrocarbon radical, and [err]
denotes             10  of the formula
hydrogen or an optionally substituted aliphatic,
cycloaliphatic, cycloaliphatic - aliphatic, arom-  70
[err]                     atic or araliphatic hydrocarbon radical, or a
salt of such a compound having salt-forming                           (A)
properties.                                  72. The 1 -oxideof a 3 -
cephem con -                                  pound as claimed in Claim 71
or a salt of 75                   such a compound having salt-forming pro-
wherein n represents O and [err] denotes hydro-  perties.
gen or an optionally substituted cycloaliphatic    73. A 2 - cephem
compound of the formula                 or aromatic hydrocarbon radical or
an op-  lB according to Claim 49, wherein [err],            15 tionally
substituted heterocyclic radical, op-  [err] and [err] have the meanings
given in Claim  80                 tionally of aromatic character, an
esterified or  71, or a salt of such a compound having
etherified, hydroxyl or mercapto group or an  salt-forming properties.
optionally substituted amino group, or where-    74. A 3 - cephem compound
of the formula                 in n represents 1, [err] represents hydrogen
or  IA according to Claim 47, wherein [err] R2             20  an
optionally substituted aliphatic, cyclo -  and [err] have the meanings
given in Claim  85                  aliphatic, cycloaliphatic - aliphatic,
aromatic  59 and [err] has the meanings given in Claim                  or
araliphatic hydrocarbon radical or an op-  69, or wherein [err] and [err]
have the meanings                  tionally substituted heterocyclic or
heterocyclic-  given in Claim 57 and [err] and  [err] together
aliphatic radical, wherein the heterocyclic radi-  represent a 1 - oxo - 3
- aza - 1,4 - butylene             25  cal possesses aromatic  character
and/or a  radical which contains optionally substituted  90
quaternary nitrogen atom, an optionally etheri-  phenyl in the 2-position
and optionally con-                 fied or esterified hydroxyl or mercapto
group, tains two lower alkyl groups in the 4-posi- an optionally
functionally modified carboxyl  tion, or a salt of such a compound having
group, an acyl group, an optionally substituted  salt-forming properties. 



30  amino group or an azido group and each of    75. The 1 - oxides of a 3
- cephem com-  95                  the radicals [err] and [err] represents
hydro-  pound as claimed in Claim 74 or a salt of                  gen, or
wherein n represents 1, [err] denotes an  such a compound having
salt-forming proper-                  optionally substituted aliphatic,
cycloaliphatic, ties.                  cycloaliphatic - aliphatic, aromatic
or arali-   76. A 2 - cephem compound of the formula             35  phatic
hydrocarbon radical or an optionally  lB according to Claim 49, wherein
[err]        100                  substituted  heterocyclic  or
heterocyclic - [err] and [err] have the meanings given in Claim
aliphatic radical, wherein the heterocyclic radi-  74, or a salt of such a
compound having                  cal has aromatic character, [err] denotes
an op-  salt-forming properties. tionally esterified or etherified hydroxyl
or    77. A 3 - cephem compound of the formula             40  mercapto
group, an optionally substituted  IA according to Claim 47, wherein [err]
and  105                  amino group, an optionally functionally modi-
[err] have the meanings given in Claim  59,                  fied carboxyl
group or sulpho group, an op-  [err] has the meanings given in Claim 65 and
tionally O - monosubstituted or O - disub-  [err] has the meanings given in
Claim 71, or                  stituted phosphono group or an azido group or
wherein [err] has the meanings given in Claim             45  a halogen
atom, and [err] represents hydrogen, 59 and [err] has the meanings given in
Claim  110                 or wherein n represents 1, each of the radicals
65, and [err] and [err] together represent a                 [err] and
[err] denotes an etherified or esterified  1 - oxo - 3 - aza - 1,4 -
butylene radical                 hydroxyl group or an optionally
functionally  which contains optionally substituted phenyl
modified carboxyl group, and [err] represents  in the 2-position and
optionally contains two             50  hydrogen, or wherein n represents
1, [err] de-  lower alkyl groups in the 4-position, or a 115
notes hydrogen or an optionally substituted  salt of such a compound having
salt-forming                  aliphatic, cycloaliphatic, cycloaliphatic -
ali- properties.                  phatic, aromatic or araliphatic
hydrocarbon    78. The 1 - oxides of a 3 - cephem com-
radical and [err] and [err] together represent  pound as claimed in Claim
77, or a salt of             55  an  optionally  substituted  aliphatic,
cyclo-  such a compound having salt-forming pro- 120
aliphatic, cycloaliphatic - aliphatic or arali - perties.
phatic hydrocarbon radical which is bonded    79. A 2 - cephem compound of
the formula                  to the carbon atom  by a double bond, or  IB
according to Claim 49, wherein [err]                  wherein n represents
1 and [err] denotes an  R2 and [err] have the meanings given in Claim
59                                       1,435,111
59  77, or a salt of such a compound having  zolyl, it being possible for
hydroxy substitu-  6                       salt-forming properties.
ents in such radicals to be protected by acyl                         80. A
3 - cephem compound of the formula  groups, and X, m and Rb have the
meanings                       IA according to Claim 47, wherein [err] has
given in Claim  83, or a 5 - amino - 5 -                   5  the meanings
given in Claim  59, [err] and  carboxyvaleryl radical, wherein the amino
and                       [err] have the meanings given in Claim  68
carboxyl group are optionally protected, or a  65                       and
[err] has the meanings given in Claim  salt of such a compound having
salt-forming       71, or wherein [err], and [err] have the mean-
properties.            ings given in Claim  68 and [err] and [err]    86. A
2 - cephem compound of the formula     10 together represent a 1 - oxo - 3
- aza - 1,4 -  IB according to Claim 49, wherein [err] butylene radical
which contains optionally sub-  [err] and [err] have the meanings given in
Claim  70                       stituted phenyl in the 2-position and
option-  83, or a salt of such a compound having.
ally contains two lower alkyl groups in the  salt-forming properties.
4-position or a salt of such a compound hav-    87. A 3 - cephem compound
of the formula                   15 ing salt-forming properties.
IA according to Claim 47, wherein [err] has  81. The. 1 - oxides of a 3 -
cephem com-  the meaning given in Claim 83, [err] denotes  75
pound as claimed in Claim 80, or a salt of hydrogen, an acyl group of the
formula B                       such a compound having salt-forming pro-
according to Claim  81, wherein [err] denotes
perties.                                  phenyl, hydroxyphenyl, hydroxy -
chloro -                   20    82. A 2 - cephem compound of the formula
phenyl, thienyl, pyridyl, aminopyridinium,                       IB
according to Claim 49, wherein [err] ,  furyl, isothiazolyl, tetrazolyl or
1,4 - cyclo-  80                       [err] and [err] have the meanings
given in Claim  hexadienyl, it being possible for hydroxy sub-
80, or a salt of such a compound having  stituents in such radicals to be
protected by       salt-forming properties.
acyl groups, and X, m and Rb have the mean-                   25    83. A 3
- cephem compound of the formula  ings given in Claim 83, or a 5- amino - 5
-                       IA according to Claim 47, wherein [err] de-
carboxyvaleryl radical, wherein the amino and  85
notes hydrogen, [err] denotes hydrogen, an acyl carboxyl group are
optionally protected, [err]                       group of the formula
denotes hydroxyl, lower alkoxy, 2 - halogeno-      lower alkoxy,
optionally, substituted diphenyl- 



0                 methoxy or tri - lower alkylsilyloxy, and
[err] represents lower alkyl, lower alkenyl, or 90        [err]         (B)
phenyl - lower alkyl or a salt of such a com-        pound having
salt-forming properties.                                          Rb
88. The 1 - oxides of a 3 - cephem com-
pound as claimed in Claim 85, or a salt of                   30 wherein
[err] represents phenyl, hydroxyphenyl, such a compound having salt-forming
proper-  95                       hydroxychlorophenyl or 2 - thienyl, it
being  ties.                       possible for hydroxy substituents in
such radi-   89. A 2 - cephem compound of the formula       cals to be
protected by acyl radicals, X re-  IB according to Claim 49, wherein [err]
presents oxygen or sulphur, m represents 0  [err] and [err] have the
meanings given in Claim       35 or 1 and Rb represents hydrogen, or if m
de-  87, or a salt of such a compound having 100
notes 0, represents optionally protected amino, salt-forming properties.
carboxyl, sulpho or hydroxyl, or 0 - lower    90. A 3 - cephem compound of
the formula                     alkylphosphono or 0,0' - di - lower alkyl-
IA according to Claim 47, wherein [err]                       phosphono, or
denotes a 5 - amino - 5 -  [err] X  and m have the meanings given in
40  carboxy - valeryl radical, wherein the amino  Claim 83 and [err] and
[err] have the meanings 105                       and carboxyl group are
optionally protected, given in Claim 87, and [err] represents lower
[err]  denotes hydroxyl, lower alkoxy, 2 - halo-  alkyl, lower alkenyl, or
phenyl - lower alkyl,                       geno - lower alkoxy or
optionally substi-  or a salt of such a compound having salt-
tuted diphenylmethoxy and [err] represents lower  forming properties.
45  alkyl or a salt of such a compound having   91. The 1 - oxides of a 3 -
cephem com- 110                       salt-forming properties.
pound as claimed in Claim 90, or a salt of           -  84. A 2 - cephem
compound of the formula  such a compound having salt-forming proper-
B according to Claim 49, wherein [err], ties.                       [err]
and [err] have the meanings given in Claim    92. A 2 - cephem compound of
the formula 50  83, or a salt of such a compound having  IB according to
Claim 49, wherein [err], 115                       salt-forming properties.
[err] and [err] have the meanings given in Claim
85. A 3 - cephem compound of the formula  90, or a salt of such a compound
having salt-                       IA according to Claim 47, wherein [err]
forming properties.                       and [err]  have the meanings
given in Claim    93. A 3 - cephem compound of the formula
55  83 and [err] denotes hydrogen, an acyl group  IA according to Claim 47,
wherein [err] re- 120                       of the formula B according to
Claim  83, presents hydrogen, the acyl radical of the
wherein [err] denotes phenyl, hydroxyphenyl,  formula B according to Claim
83, wherein                       hydroxy   chlorophenyl,  thienyl,
pyridyl, [err] denotes phenyl, X denotes oxygen, m de-
aminopyridinium, furyl, isothiazolyl or tetra-  notes 0 or 1 and Rb denotes
hydrogen or, if                   60
1,435,111                                         C                 m
represents O, denotes optonally protected    104. The internal salt of 3 -
methoxy -                amino or hydroxyl, or a 5 - amino - 5 -  [err] -
(D - a - phenylglycyl - amino) - 3 -                carboxy - valeryl
radical, wherein the amino  cephem - 4 - carboxylic acid.
and carboxyl group are optionally protected,   105. 3  Methoxy - [err] - (D
- [err] - tert. -             5  [err] denotes hydrogen, [err] denotes
hydroxyl, butoxycarbonylamino - [err] - phenylacetyl -  70
lower alkoxy which is optionally halogen-sub-  amino) - 2 - cephem - 4 -
carboxylic acid di-                stituted in the 2-position or
diphenylmethoxy  phenylmethyl ester.                which is optionally
lower alkoxy - substituted    106. 3 - Methoxy - [err] - (D - [err] -
phenyl-                and [err]  represents lower alkyl, or a salt of
glycyl - amino) - 2 - cephem - [err] - car-             10  such a compound
having salt-forming pro- boxylic acid and salts thereof.             75
perties.                                       107. 3 - Methoxy - [err] -
(D - [err]- tert. -                   94. A 2 - cephem compound of the
formula  butoxycarbonylamino - [err] - phenyl - acetyl-                 IB
according to Claim 49, wherein [err]  amino) - 3 - cephem - 4 - carboxylic
acid                 [err] and [err] have the meanings given in Claim
diphenylmethyl ester - 1 - oxide.             15 93, or a salt of such a
compound having    108. [err] - Amino - 3 - methoxy - 3 -  80
salt-forming properties.                     cephem - 4 - carboxylic acid
diphenylmethyl                   95. A 3 - cephem compound of the formula
ester and salts thereof.                 IA according to Claim 47, wherein
[err] re-    109. 3 - n - Butoxy - [err] - phenylacetyl-
presents hydrogen, the acyl radical of the  amino - 3 - cephem- 4 -
carboxylic acid             20  formula B according to Claim  83, wherein
diphenylmethyl ester.                          85 [err] denotes phenyl, 4 -
hydroxyphenyl, 2 -    110. 3 - n - Butoxy - [err] - (D - [err]-
thienyl, 4 - isothiazolyl or 1,4 - cyclohexa-  tert. - butoxycarbonylamino
- [err] - phenyl -                 dienyl and X, m and Rb have the meanings
acetyl - amino) - 3 - cephem  - 4 - car- 



given in Claim 93, or a 5 - amino - 5 - boxylic acid diphenylmethyl ester.
25  carboxy - valeryl radical, wherein the amino   111. 3 - n  Butoxy - 7,
- (D -[err] - phenyl-  90                 and carboxyl groups are
optionally protected,  glycylamino) - 3 - cephem - 4 - carboxylic
[err] denotes hydrogen, [err] denotes hydroxyl,  acid and salts thereof.
lower alkoxy which is optionally halogen-sub-    112. 3 - Methoxy - [err] -
phenylacetyl-                 stituted in the 2-position, diphenylmethoxy
amino - 3 - cephem - 4 - carboxylic acid di-             30 which is
optionally lower alkoxy - substituted, phenylmethyl ester - 1 - oxide.
95                  or tri - lower alkylsilyloxy, and [err] represents
113. 3 - Methoxy - [err] - phenylacetyl-                  lower alkyl,
lower alkenyl or phenyl - lower  amino - 3 - cephem - 4 - carboxylic acid
alkyl or a salt of such a compound having  methyl ester.
salt-forming properties.                       114. 3 - Ethoxy - [err] - (D
[err] - tert.          35    96. A 2 - cephem compound of the formula
butoxycarbonylamino - [err] - phenyl - acetyl- 100                  1B
according to Claim 49, wherein [err], amino) - 3 - cephem - 4 - carboxylic
acid                  [err] and [err]  have the meanings given in Claim
diphenylmethyl ester.                  95, or a salt of such a compound
having    115. 3 - Ethoxy - [err] - (D - [err] - phenyl-
salt-forming properties.                     glycylamino) - 3 - cephem - 4
- carboxylic              40   97. [err]   - (D  -     amino   [err]-
acid and salts thereof.                        105
acetylamino) - 3 - lower alkoxy - 3 - cephem-    116. 3 - Benzyloxy - [err]
- (D - a tert. -                  4 - carboxylic acid, wherein [err],
represents  butoxycarbonylamino - [err] - phenyl - acetyl -
phenyl, 4 - hydroxyphenyl, 2 - thienyl or  amino) - 3 - cephem - 4 -
carboxylic acid                  1,4 - cyclohexadienyl and lower alkoxy
con- diphenylmethyl ester.              45  tains up to 4 carbon atoms, and
the internal    117. 3 - Benzyloxy - [err] - (D - [err] - phenyl- 110
salts thereof.                               glycylamino) - 3 - cephem - 4
- carboxylic                     98. 3 - Methoxy - [err] - phenylacetyl -
acid and salts thereof.                  amino - 2 - cephem - [err] -
carboxylic acid   118. [err] - (5 - Benzoylamino - 5 - di -
diphenylmethyl ester.                        phenylmethoxycarbonyl -
valerylamino) - 3 -              50    99. 3 - Methoxy - [err] -
phenylacetyl -  methoxy - 3 - cephem - 4 - carboxylic acid  115
amino - 3 - cephem - 4 - carboxylic acid  diphenylmethyl ester.
diphenylmethyl ester.                          119. [err] - (D  - [err] -
tert. - butoxycar-                     100. 3 - Methoxy - [err] -
phenylacetyl-  bonylamino - a - phenylacetylamino) - 3 -
amino - 3 - cephem  - 4 - carboxylic acid  methoxy - 3 - cephem - 4 -
carboxylic acid              55 or salts thereof.
or salts thereof.                            120                     101. 3
- Methoxy - [err] - (D - [err] - tert. -    120. [err] - [D - [err] - tert.
- butoxycarbonyl-                   butoxycarbonylamino - a - phenylacetyl
-  amino - [err] - (2 - thienyl) - acetylamino]                   amino) -
3 - cephem - 4 - carboxylic acid  3 - methoxy - 3 - cephem - 4 - carboxylic
diphenylmethyl ester.                        acid diphenylmethyl ester.
60    102 3 - Methoxy - [err] - (D  [err]  phenyl-    121. [err] - [D -
[err] - amino - [err] -(2 - 125                   glycyl - amino) - 3 -
cephem - 4 - carboxylic  thienyl) - acetylamino] - 3 - methoxy - 3 -
acid and salts thereof.                      cephem - 4 - carboxylic acid
and salts there-                     103. The trifluoroacetate of 3 -
methoxy-  of.                   [err] - (D  - [err] - phenylglycyl - amino)
-    122. [err] - [D - [err] - tert. - butoxycarbonyl-               65  3
- cephem - 4 - carboxylic acid.            amino - a - (1,4 -
cyclohexadienyl)  acetyl- 130                    61
1,435,111                                        6  amino] - 3 - methoxy -
3 - cephem - 4      131. A pharmaceutical preparation which  35
carboxylic acid diphenylmethyl ester.       comprises the compound claimed
in claim 104,                   123. [err] - [D - [err] - Amino - [err] -
(1,4 -  in admixture or conjunction with a pharma-
cyclohexadienyl) - acetylaminol - 3 - meth-  ceutically suitable carrier.
oxy - 3 - cephem - 4 - carboxylic acid and    132. A pharmaceutical
preparation which                 salts thereof.
comprises a pharmacologically active compound  40                    124.
[err] - [D - [err] - tert. - butoxycarbonyl-  as claimed in any one of
claims 53, 62, 74,                 amino - [err] - (4 - hydroxyphenyl) -
acetyl-  85, 111, 121 and 125 in admixture or con- amino] - 3 - methoxy - 3
- cephem - 4 -  junction with a pharmaceutically suitable car-
10  carboxylic acid diphenylmethyl ester.       rier.
125. [err] - [D - [err] - (4 - hydroxy- phenyl)-    133. A pharmaceutical,
preparation, which  45                 acetylamino] - 3 - methoxy - 3 -
cephem -  comprises a pharmacologically active com-                 4 -
carboxylic acid and salts thereof.     pound as claimed in any one of
claims 77,                    126. [err] - [D - a - tert. - butoxycarbonyl-
87, 95, 97, 115, 117 and 123, in admixture             15 amino - [err] -
(4 - isothiazolyl) - acetylamino]-  or conjunction with a pharmaceutically
suitable                  3 - methoxy - 2 - cephem - 4[err] - carboxylic
carrier,                                 50 2           acid diphenylmethyl
ester.                      134 A pharmaceutical preparation, which
127. [err] - [D - a - tert. - butoxycarbonyl-  comprises a
pharmacologically  active com- 



amino - [err] - (4 - isothiazolyl) - acetyl -  pound as claimed in any one
of claims 56,             20  amino] - 3 - methoxy - 3 - cephem - 4 -  68,
80 and 90, in admixture or conjunction                  carboxylic acid
diphenylmethyl ester.       with a pharmaceutically suitable carrier.   55
128. [err] - Amino - 3 - methoxy - 3 -    135. The pharmaceutical
preparation des-                  cephem - 4 - carboxylic acid or salt
there-  cribed in Example 82. of.
136. The pharmaceutical, preparation des-              25    129. [err] -
(D - [err] - tert. - butoxycarbonyl-  cribed in Example 83.
amino - [err] - phenylacetylamino) - 3 - meth-    137. The pharmaceutical
preparation des-  60                  oxycarbonyloxy - 3 - cephem - 4 -
carboxylic  cribed in Example 84.                  acid diphenylmethyl
ester.                    130. A pharmaceutical preparation which
30  comprises a pharmacologically active com-               ABEL  &  IMRAY,
pound as claimed in any one of claims 47,            Chartered Patent
Agents,                  50, 59, 71, 83, 93, 100 and 102, in ad-
Northumberland House,                  mixture or conjunction with a
pharmaceutic-          303-306, High Holborn,                  ally
suitable carrier.                                London, WC1V 7LH.
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