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CEPHALOSPORIN DERIVATIVES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

This application is a continuation of application Ser.
No. 07/310,437, filed Feb. 15, 1989, now abandoned.

The 1invention relates to novel cephalosporin deriva-
tives which are particularly suitable for oral administra-
tion, a process for their preparation and pharmaceutical
formulations containing such compounds.

Although many clinically relevant cephalosporins
with a broad antibacterial spectrum have been devel-
oped, most of them are suitable only for parenteral
administration, since they are absorbed only very inade-
quately, if at all, following oral administration. In many
cases, however, it is desirable to give the patient highly
active antibiotics in oral form.

The cephalosporin antibiotics known to date do not
meet all the requirements which have to be imposed on
such a medicament, that is to say a high antibacterial
activity against Gram-positive (specifically Staphylo-
coccl) and Gram-negative pathogens and at the same
time a good absorption in the gastrointestinal tract.

In some cases, it has been possible to increase the
absorption of a cephalosporin in the gastrointestinal
tract by esterification of the 4-carboxyl group. Since the
cephalosporin esters as a rule have no antibiotic activity
in themselves, the ester component must be chosen so
that after absorption, the ester is split back again into the
cephalosporin with a free carboxyl group rapidly and
completely by endogenous enzymes, such as esterases.

The degree of enteral absorption of cephalosporins
depends decisively on the chemical structure of the
cephalosporin and the particular ester component.
Even small structural variations on the cephalosporin
basic skeleton or in the ester component can influence
the absorption. The discovery of suitable components is
purely empirical.

Thus, for example, the introduction of an acid substit-
uent into the 7 8-side chain of aminothiazolyl-cephalos-
porins, such as, for example, in cefixime, leads to a
compound which can be absorbed enterally, whereas
compounds with neutral side chains, such as, for exam-
ple, 1n cefuroxime, are absorbed enterally only in the
form of prodrug esters. The dose/effect relationship is
thereby often non-linear and the therapeutic serum
levels achieved are not satisfactory. Other esters from
the aminothiazolyl-cephalosporin series are mentioned,
for example, in European patents 29,557, 34,536, 49,119
and 134,420.

By 1n vivo studies carnied out systematically on vari-
ous animal species, we have now found a narrow group
of ceph-3-em-4-carboxylic acid esters which can be
administered orally, have a sufficient chemical stability
and due to a balanced lipid- and water-solubility are
absorbed rapidly and in a therapeutically substantial
degree in the gastrointestinal tract.

The invention accordingly relates to cephemcarboxy-
lic acid esters of the general formula I

N l C—
HoN—L_ ] N—OH
S

(D)
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2
-continued
S
——CONH—E—r
] s N 7 CH20CH; (':HB
Coz-—?H—-oIcl-{-CHﬁ;,ti:—-Rl
Rl O CH
in which
m denotes 0 or 1,
R denotes hydrogen or methyl and
R2 denotes C-Cs-alkyl, C;~Cg-alkenyl, C2-Cg-alky-
nyl or the group
—(CH3),—OR?
in which n stands for 0 or 1 and R has the meaning

of Ci1-Cg-alkyl, which can also be further substi-
tuted by phenyl, or of C3~-Cg-alkenyl,
in which the HO group is in the syn-position and, if m
is 0 or R1is hydrogen, R2 cannot be methyl, and physio-
logically tolerated acid addition salts thereof.
In the case where m is 0 and R! is hydrogen or
methyl, the following meanings of RZ are possible:
C1-Cs-alkyl, preferably C;-Cs-alkyl, such as, for
example, methyl, ethyl, propyl, isopropyl, butyl or sec.-
butyl, preferably methyl or methyl, in particular ethyl,
and in the case where R! is hydrogen, R2? cannot be
methyl, Cy-Cg-alkenyl, preferably C»-Cy-alkenyl, such
as, for example, vinyl, propenyl or 2-buteny], preferably
vinyl, Cr-Cge-alkynyl, preferably C3~-Cs4-alkynyl, in par-
ticular propargyl, or the group

—(CHZ)H—'ORB

in which n can be 0 or 1 and R3 denotes
C1-Cs-alkyl, preferably C;-Cs-alkyl, such as, for
example, methyl, ethyl, propyl, isopropyl, butyl or
sec.-butyl, preferably methyl or ethyl, it also being
possible for the alkyl groups to be further substi-
tuted by phenyl, or

C3-Cs-alkenyl, such as, for example, allyl or methal-

lyl, preferably allyl.

If m denotes 0, compounds of the general formula I in
which R!is hydrogen and R2 is ethyl or vinyl, prefera-
bly ethyl, or R! stands for methyl and R2 stands for
methyl or ethyl, preferably methyl, are of particular
interest.

If m=1, possible meanings of R!, R2 and n are the
same as those given above. However, compounds in
which R! stands for hydrogen or methyl, preferably
hydrogen, and R2 stands for C1-Cgs-alkyl, such as, for
example, methyl, ethyl, propyl, 1sopropyl, butyl or sec.-
butyl, preferably methyl, are particularly preferred.

Possible physiologically tolerated acid addition salts
are the salts known for cephalosporin antibiotics, such
as, for example, the hydrochloride, sulfate, maleate,
citrate, acetate for formate. They are prepared in a
manner which 1s known per se by bringing the compo-
nents together 1n an aqueous or organic solvent or a
suitable solvent mixture. If R1=CHj3, the compounds of
the general formula 1 have a chiral center in the ester
part. If racemic compounds of the general formula II:
are used, the cephemcarboxylic acid esters of the gen-
eral formula I are in the form of a mixture of two diaste-
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reomers, which can be resolved into the two individual
components by known methods.

The invention furthermore relates to a process for the
preparation of cephemcarboxylic acid esters of the gen-
eral formula:

(I

HaoN
S
—CONH—E-r
N CH,OCH
L 2 3 ?Hs
coz—CH—oc-(-CHz-)-(l:—Rl
R' O CH3
in which

m denotes O or 1,

R! denotes hydrogen or methyl and

R2 denotes Cj-Cg-alkyl, C-Cg-alkenyl, Co—-Cg-alky-
nyl or the group

—{CH}),—OR?

in which n stands for 0 or 1 and R3 has the meaning
of C1-Cg-alkyl, which can also be further substi-
tuted by phenyl, or of C3-Cy-alkenyl,
in which the HO group is in the syn-position and, if m
is 0 or Rlis hydrogen. R2 cannot be methyl, and physio-
logically tolerated acid addition salts thereof, which
comprises
(a) reacting a compound of the formula Il

(1D
c-CONH
Il
N—OR?

HN | L CH>OCH;

R4
COOA

in which R# stands for an amino-protective group,
R5 stands for a group which can easily be split off
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and A stands for a cation, with a compound of the 45

general formula 11

(|3H3 (II1)
x—(lzﬂ—(}ﬁ-—((:ﬂz)m—(l:—kz
R! O CHj

in which R!, R2and m have the above meaning and
X stands for a leaving group, to give the ester of
the general formula IV

N C—CE}NH—E—‘/
' N—0R5 N ___/—CHyOCH3

HN
R"’

Rl 0
and removing the groups R4 and R~ in a manner

which is known per se, or
(b) reacting a compound of the general formula V

50

35

C—-CO-—Y (V)

N—OR5

_HN_I\

in which R%and R have the above meaning and Y
stands for an activating group, with a compound of
the general formula VI

S (VD
T
‘ N CH>,OCH
. ’/, P 2 3 ?HEI
coz—q.i:H—{)ﬁ,-—{CHz) —(I:—--R2
R! CH3

in which R!, RZ and m have the above meaning, or
with a salt of this compound, to give a compound
of the general formula IV and splitting off the
groups R4 and R’ in a manner which is known per
se, Or

(c) reacting a compound of the general formula VII

(VII)

Z_CH'Z"'C_'C“‘CONHT(
N-—OH CH>0OCH3
CH;:,

cc)zcn—oc-(-CHz-)—c—Rl
Rl 0 CH;;

in which Z stands for halogen and R}, R2 and m
have the above meaning, with thiourea to give
compounds of the general formula I and—if
desired—converting the resulting compounds into
a physiologically tolerated acid addition salt.

In the general formulae, II, IV and V, R4stands for an
amino-protective group which is known from peptide
and cephalosporin chemistry, preferably formyl, chlo-
roacetyl, bromoacetyl, trichloroacetyl, benzyloxycar-
bonyl, tert.-butoxycarbonyl or trityl, and R5stands for a
group which can easily be split off and is likewise
known from peptide and cephalosporin chemistry, pref-
erably benzhydryl, tntyl, tetrahydropyranyl or 1-
methoxy-1-methyl-ethyl. Trityl is particularly preferred
for R4, and trityl and 1-methoxy-1-methyl-ethyl are
particularly preferred for R>.

In formula III, X denotes a leaving group which is
generally known for esterification reactions, such as, for
example, chlorine, bromine, 10dine, phenylsulfonyloxy,
p-toluene-sulfonyloxy or methylsulfonyloxy, preferably
chlorine, bromine or 1odine, in particular iodine.

(IV)

CHa

l
COg—CH—OC—-(Csz —1|:—R3

CH;

Examples which may be mentioned of bases on which
the cation A in the general formula II is based are so-
dium bicarbonate, potassium bicarbonate, sodium car-
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bonate, potassium carbonate and optionally substituted,
alkylated amine bases, such as, for example, trimethyl-
amine, triethylmine, diisopropylamine, ethyldiiso-
propylamine, N,N-dimethylaniline, N,N-dimethylben-
zylamine, 1,5-diazabicyclo{4,3,0]non-5-ene (DBN), 1,8-
diazabicyclo[5,4,0Jundec-7-ene (DBU), pyridine, pico-
line or 2,6-dimethylpyridine. Preferred bases are sodium
bicarbonate or potassium bicarbonate, sodium carbon-
ate or potassium carbonate, triethylamine, N,N-p-dime-
thylaniline, DBN or DBU.

Reaction of the free carboxylic acids with these bases
gives the salts of the general formula II in which A
stands for a cation, such as, for example, sodium or
potassium, but also magnesium or calcium or an option-
ally substituted alkylated ammonium ion, such as, for
example, ammonium, trimethylammonium, triethylam-
monium, tetrabutylammonium, diisopropylammonium,
ethyldiisopropylammonium, diazabicycio-8
0,3,4]nonenium or diazabicyclo[0,4,5]undecenium. Pre-
ferred meanings of A are sodium, potassium, triethylam-
monium, N,N-dimethylanilinium and the DBN and
DBU 1on.

In compounds of the formula VII, Z stands for a
halogen atom, preferably chlorine or bromine.

The reaction of the compounds of the formula IT with
the compounds of the formula III can be carried out in
an organic solvent at about —20° to about +30° C,
preferably at about 0° C. to room temperature, Exam-
ples of solvents which can be used are ketones, such as,
for example, acetone or methylethyl ketone, N,IN,-
dimethylformamide (DMF), N,N-dimethylacetamide
(DMA), N-methylpyrrolidone or dimethylsulfoxide
(DMSO). DMF, DMA, N-methylpyrrolidone and
DMSO are preferred. DMF is particularly preferred.

The groups R4 and R> are split off from the resulting
compounds of the formula IV in a manner which 1s
known per se from peptide and cephalosporin chemis-
try, for example with trifluoroacetic acid, dilute hydro-
chloric acid or preferably with formic acid, with the
addition of a little water.

If a compound of the formula V is reacted with a
compound of the formula VI, Y represents a group
which activates the carboxyl group, such as is known
for corresponding reactions from peptide and cephalo-
sporin chemistry, for example a halide, preferably chlo-
ride, an activating ester group, for example with 1-
hydroxybenzotriazole, or a mixed anhydnde, for exam-
ple with benzenesulfonic acid or toluenesulfonic acid.
The activation of the carboxyl group is also possible in
a manner which is known from the literature via the
addition of a condensing agent, such as, for example, a
carbodiimide.

The compound of the general formula VI can be used
as such or in the form of a salt, for example the tosylate,
hydrochloride or hydriodide, and the use of crystalline
salts may be advantageous in respect of the purity of the
products.

The reaction of compounds of the formula V with
those of the formula VI can be carried out in an organic
solvent, such as, for example, methylene chloride, chlo-
roform, acetone, methylethyl ketone, dimethylformam-
ide, dimethylacetamide or water, or in mixture of these
solvents.

The acylation reaction can advantageously be carried
out at temperatures from about —50° C. to about + 50°
C., preferably —40° C. to +30° C,, if desired in the
presence of a base, such as, for example, triethylamine
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or pyridine. The addition of a base serves to bond the
acid component liberated during the condensation.

The cyclization of compounds of the general formula
VII with thiourea can be carried out by processes
which are known per se, such as are described, for
example, in European patent 134,420. For example, it 15
achieved smoothly at temperatures of about 0° to 30°
C., preferably about 5° C,, in organic solvents, prefera-
bly aprotic polar solvents, such as, for example, dimeth-
vlformamide, dimethylacetamide, acetonitrile or ace-
tone.

The starting compounds of the formula III can be
prepared in a manner which is known per se by reacting
compounds of the general formula

CHj3
x_ﬁ_(CHZ)m+ R?
O CHj

in which m and R2 have the abovementioned meanings
are X’ stands for a leaving group, with aldehydes of the
formula

RI—CHO

in which R! has the abovementioned meaning. The
preferred meaning of X' is bromine or chlorine. The
reaction is advantageously carried out in an organic
solvent, such as a halogenated hydrocarbon, for exam-
ple, methylene chloride or chloroform, in the presence
of a catalyst, such as, for example, zinc chlonde or
aluminum chloride, at a temperature of advantageously
—10° C. to +10° C.

Alternatively, the starting compounds of the formula
III in which X stands for chlorine can be prepared by
reacting a carboxylic acid of the formula

CH:
HO—C-(CH;),,,+ RZ
(lzl) CH:

in which R2 and m have the abovementioned meaning
and the preparation of which is described 1n J. Amer.
Chem. Soc. 70, page 1153, with a compound of the

formula

Cl—CH—0S0;Cl
$

in which Rlhas the abovementioned meaning and the
preparation of which is described in Synthetic Commu-
nications 14, page 857, in the presence of a base, such as,
for example, sodium carbonate, potassium carbonate,
sodium bicarbonate or potassium bicarbonate, prefera-
bly sodium bicarbonate. The reaction is preferably car-
ried out at 0° C. to room temperature in a two-phase
mixture, preferably of water and a chlonnated hydro-
carbon, such as, for example, methylene chloride or
chloroform, in the presence of a phase transfer catalyst,
such as, for example, tetrabutylammonium bisulfate.
Starting compounds of the formula III can also be
prepared by halogen replacement. Thus, for example, a
compound of the formula IIl in which X stands for
iodine is obtained by reacting the corresponding com-
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pound III in which X stands for chlorine or bromine
with an 10dine salt, such as, for example, sodium iodide.

The preparation of the starting compounds of the
general formula II is described in European patent
34,536.

The starting compounds of the general formula V
with the activated carboxyl group are prepared in a
manner which is known from the literature, and the
esterification to give the compounds of the formula VI
1s carried out in the same manner as has been described
for preparation of the esters of the general formula IV.

The compounds of the general formula VII can be
prepared by processes which are known per se. Thus,
for example, (compare European patent 134,420), dike-
tene can be reacted with bromine and the resulting
intermediate can then be reacted with a compound of
the general formula VI, a preliminary product of the
formula

Br—iﬂﬂﬁ?—ﬂmﬂf”00$ﬂi

Cﬁﬁﬁyﬂﬂb
S H;

cogc:H—oc-(-CHz-)—c-—R?
Rl o (:1-13

being obtained and substantially being converted by
nitrosation (compare also European patent 134,420) into
a compound of the general formula VII.

The ceph-3-em-4-carboxylic acid esters of the general
formula I have a number of physicochemical and bio-
logical properties which make them useful cephalospo-
rin antibiotics for oral administration. They are stable,
colorless compounds which are readily soluble in the
customary organic solvents, are absorbed in the intes-
tine, are rapidly split in the serum to give the antibiotic
cephalosporin derivative of the formula

C?'(ENNTP—[:?—rf
N—QOH N
"™~ CH,OCH;

CO2H

N

A

H3N S

and are therefore outstandingly suitable for the treat-
ment of bactenial infection diseases, such as, for exam-
ple, infection of the respiratory tract or of the urogenital
tract.

The compounds according to the invention are ad-
muinistered orally in the form of customary pharmaceuti-
cal formulations, for example, capsules, tablets, pow-
ders, syrups or suspensions. The dose depends on the
age, symptoms and body weight of the patient and on
the duration of treatment. However, it is as a rule be-
tween about 0.2 g and about 5 g per day, preferably
between about (0.5 g and about 3 g per day. The com-
pounds are preferably administered in divided doses, for
example 2 to 4 times daily, and the individual dose can
contain, for example, between 50 and 500 mg of active
compound.

The oral formulations can contain the customary
excipients and/or diluents. Thus, for example, binders,
such as, for example, gelatin, sorbitol, polyvinylpyrroli-
done or carboxymethyl cellulose, diluents, such as, for
example, lactose, sugar, starch, calcium phosphates or
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polyethylene glycol, and lubricants, such as, for exam-
ple, talc or magnesium stearate are possible for capsules
or tablets, and aqueous or oily suspensions, syrups or
similar known formulation forms, for example, are suit-
able for liquid formulations.

The following examples serve to further illustrate the
invention, but do not limit it to them.

A. PREPARATION OF STARTING SUBSTANCE

Preparation Example 1
1-Chloroethyl chlorosulfate

18 ml of chlorosulfuric acid are added dropwise to 36
g of 1-chloroethyl chloroformate at 0° C. in the course
of 15 minutes. The mixture 1s stirred vigorously until the
evolution of gas has stopped (about 4 hours). It is
poured onto 500 ml of ice-water/methylene chloride
(1:1), the organic phase is separated off and the aqueous
phase 1s extracted twice more with 150 ml of methylene
chloride each time. The combined organic phases are
washed twice with 300 ml of saturated sodium bicar-
bonate solution each time and once with 300 ml of satu-
rated sodium chloride solution, dried over magnesium
sulfate and concentrated and the residue is distilled in

YaCluoO.
Boiling point (10): 49°-50° C.; yield 20 g.

Preparation Example 2
a) Methoxy Pivalic Acid

Ist stage

8.8 g of sodium hydride suspension (60% strength)
were suspended in 200 ml of dry dimethylformamide,
and 29.2 g of ethyl hydroxypivalate were added slowly.
The mixture was subsequently stirred for 3 hour and
28.4 g of methyl iodide in 40 ml of dimethylformamide
were then added dropwise. After the mixture had been
subsequently stirred at room temperature for one hour,
it was poured onto 1,500 ml of ice-water and extracted
with ether. The ether phases were washed several times
with water, 1N hydrochloric acid and then with water,
dried over sodium sulfate and evaporated on a rotary
evaporator and the ester obtained was distilled in
vacuo.

Boiling point (10):53°-55° C.; 53% yield

2nd stage

23.2 g of the ester from stage 1 were dissolved 1n 50
ml of methanol, 14.5 ml of 10N potassium hydroxide
solution were added and the mixture was heated under
reflux for 1 hour. After cooling, it was diluted with 50
ml of water and acidified to pH 2 with 2N hydrochloric
acid. The solvent was removed on a rotary evaporator
and the residue was extracted several times with ether.
After the extract had been dried over sodium sulfate
and the ether had been removed on a rotary evaporator,
the resulting carboxylic acid was distilled in vacuo.

Boiling point (10):101°-105° C.; 64% yield.

The ethyl esters (stage 1) and carboxylic acids (stage
2) of the general formula

ﬁﬂﬂ; ?Hh
Rf‘fo—cnz—(I:—coocij and R3o—CH2—-<':—c00H
CHj CH3

summarized in Table 1 were obtained analogously to
preparation example 2a).
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TABLE 1
Stage |1 Stage 2
2 R? % boiling point (mmHg) % boiling point (mmHg)
b —CsHs 33 70° (13) 68 110-6° (10)
¢ —CHy;—CH=CH; 48 73-6° ® 71 124 (10)
d —C4Hg 32 95--8° 9 74 82-7° (0.4)
e —CH>—C(CH3)=CH; 54 79-88° (8) 84 138° (10)
f —CH;—CgHs 55  132-8° (8) 98  F. 71-2
Preparation Example 3 propionyl chloride in 10 ml of acetonitrile were then
a) 2,2-Dimethyl-3-phenylpropionic acid added and the mixture was subsequently stirred at 0° C.
Stage 1 for 2 hours. The yellowish solution was then poured
age onto 200 ml of ice-water and extracted with 250 ml of

Ethyl 2,2-dimethyl-3-phenylpropionate

25 ml of a 1.6M solution of n-butyllithium in n-hexane
were added dropwise to a solution of 5.3 ml (7 g, 36
mmol) of ethyl bromoisocbutyrate in 20 ml of tetrahy-
drofuran at —75° to —70° C. The mixture was then
warmed to —20° C., 6.42 m] (9.43 g, 54 mmol) of ben-
zylbromide were added dropwise and the mixture was
subsequently stirred at room temperature for a further 3
hours. Dilute sulfuric acid was then added to the reac-
tion mixture and the mixture was extracted twice with
ether. The organic phase was washed with water, dried
over magnesium sulfate and concentrated in vacuo. The
crude product (6.6 g) was purified by distillation.

Yield: 4 g (579%) boiling pointg=115°-120° C.)

Stage 2

2,2-Dimethyl-3-phenylpropionic acid

A solution of 1 g (20 mmol) of ethyl 2,2-dimethyl-3-
phenylpropionate (stage 1) and 3.5 g (61 mmol) of po-
tasstum hydroxide in 15 ml of methanol was heated
under reflux for 2 hours. Thereafter, 50 ml of water
were added and the mixture was extracted twice with
ether. The aqueous phase was acidified with concen-
trated hydrochloric acid and extracted again with ether,
the organic phase was dried over magnesium sulfate and
the solvent was striped off in vacuo.

Yield: 2.4 g (70%)

lH—NMR (60 MHz; CDCl3): §=(ppm) 1.2s, 6H
3.85,s, 2H 7.1, s, 5H.

The following compounds were obtained analo-
gously to preparation example 3a:

b) 2,2-Dimethyl-4-pentynoic acid

Stage |

Ethyl 2,2-dimethyl-4-pentynoate

Amounts used: 14.7 ml (0.1 m, 19.5 g) of bromoiscbu-
tyric acid, 75 m] of 1.6M n-butyllithium solution in
n-hexane, 40 ml of tetrahydrofuran and 17.85 g of pro-
pargylbromide.

Yield: 11 g (72%)

Stage 2

2,2-Dimethyl-4-pentynoate

Amounts used: Crude product (stage 1) , 30 ml Of
methanol and 16.8 g (0.3 mm) of potassium hydrox:de
solution.

Yield: 7.3 g (58%) (boiling point33=117° C.).

'H—NMR (CDCl3): §(ppm)=10.1, br, s, 1H 2.46, d,
2H 2.03, t, 1H, 1.32, s, 6H

Preparation Example 4
a) a-(Iodoethyl 2,2-dimethyl-propionate)

2.8 ml (50 mmol) of acetaldehyde in 10 ml of anhy-

drous acetonitrile were added dropwise to a solution of
7.5 g (50 mmol) of sodium iodide in 50 ml of anhydrous
acetonitrile at 0° C. 6.2 ml (50 mmol) of 2,2-dimethyl-

15

20

23

30

33

45

50

60

635

pentane. The organic phase was washed in each case
once with water, 10% strength sodium bisulfite solution
and saturated sodium chloride solution and dried over
magnesium sulfate. After stripping off the solvent in
vacuo (20° C. bath temperature), 7.9 g of a vellowish oil
were obtained.

'H—NMR (60 MHz, CDCl3): § (ppm): 1.25 (SH, s,
tert.-butyl), 2.15 (3H, q, CH—CHj3), 6.8 (1H, q,
CH—CH3).

b) Iodomethyl 2,2-dimethylbutyrate

30 g (354 mmol) of sodium bicarbonate and then 3.1 g
of tetrabutylammonium bisulfate were slowly added to
a solution of 10.5 g (90 mmol) of 2,2-dimethylbutyric
acid in 900 ml of a methylene chloride/water mixture
(1+1). A solution of 18 g of chloromethy! chlorosulfon-
ate in 100 ml of methylene chloride was then added
dropwise and the two-phase mixture was subsequently
stirred vigorously at +40° C. When the evolution of gas
had ended (about 4.5 hours), the phases were separated,
the aqueous solution was extracted twice with methy-
lene chloride and dried over magnesium sulfate and the
solvent was stripped off. 11.8 g (72%) of the chloro-
methyl ester were obtained.

TH--NMR (60 MHz, CDCl3): 8 (ppm)=0.85 (3H, t,
CH3CH3), 1.2 (6H, s, 2XXCHs3), 1.5 (2H, q, CH>CH3),
5.7 2H, s, CH»—Cl).

11.6 g (71 mmol) of chloromethyl 2,2-dimethylbuty-
rate were dissolved in 150 ml of acetone, 12 g (80 mmol)
of sodium iodide were added and the mixture was
heated under reflux for 1 hour. It was then filtered, the
filtrate was concentrated and the residue was taken up
in ethyl acetate. The organic solution was washed suc-
cessively with 5% strength sodium bisulfide solution
and water and dried over magnesium sulfate. After the

solvent had been stripped off, 12.4 g (68%) of the iodo-
methyl ester were obtained in the form of a Lemon-yel-
low o1l which was further processed without additional

purification.
The esters of the general formula

CH;
I—CH-OC-(CH;),,,—’— R2
II{I D CH3

in which m is 0, summarized in Table 2 were obtained
analogously to preparation examples 4a) and 4b).

TABLE 2
Precursor to
4 R! R2? %  embodiment example
c* H CHj 60 3
d H —CH=CH; 65 4
e H —CH»—C=—CH 60 14
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TABLE 2-continued
Precursor 1o

4 R! R? %  embodiment example
f CH; CyHs 63 5
g H OC;H; 85 7
h CHiy OC;H;s 20 9

H OC4Hg¢ 76 18
k CH; OC4Hg 71 20

H O—CH,—CH=—CH3 60 15
m H CH>OCH;3 65 6
n H CH>OC,Hs 75 12
o CHi: CH>;OC;Hs 33 8
p H CH>OC4Hg 35 13
q CH; CH;OC4Hg 4] 19
r H CH,OCH;—CH=CH> 85 10
s CHi3 CH>OCH;—CH=—CH; 30 il
t H CHOCH,—C—CH; 61 17

CH;

u H CH>OCH2CgHs 63 16
*m = |

Because of their high sensitivity, the ester were fur-
ther reacted without being isolated.

Preparation Example 5

7-[2-(2-Tritylaminothiazol-4-yl)-2-(Z)-trityl-
oximinoacetamido]-3-(methoxymethyl)-3-cephem-4-
carboxylic acid

Stage 1

2-(2-Tritylaminothiazol-4-yl)-2-(Z)-trityloximino-
acetal chlonde

46.5 g (60 mmol) of triethylammonium 2-(2-
tritylaminothiazol-4-yl)-2-(Z)-trityloximino-acetate
were dissolved in 400 ml of anhydrous methylene chlo-
ride and the solution was cooled to —70° C. A solution
of 12.3 g (60 mmol) of phosphorus pentachloride in 200
ml of anhydrous methylene chloride was added drop-
wise 5o that the temperature did not rise above —60° C.
The mixture was then subsequently stirred at this tem-
perature for a further hour and the solution was thereaf-
ter concentrated directly in vacuo. In two further steps,
in each case 100 ml of methylene chloride were added
and mixture was evaporated on a rotary evaporator.

Stage 2

7-(2-(2-Tritylaminothiazol-4-yl)-2-(Z)-tritylox-
iminoacetamido]-3-(methoxymethyl)-3-cephem-4-car-
boxylic acid
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B. EMBODIMENT EXAMPLES

2,2-Dimethylbutanoyl-oxy-methyl
7-[2-(2-aminothiazol-4-yl)-2-(Z)}-hydrox-
yiminoacetamido}-3-(methoxymethyl)-3-cephem-4-car-
boxylate

Process variant a)

Stage 1

2,2Dimethyl-butanoyloxy-methyl 7-[2-(2-tritylamino-
thiazol-4-y1)-2-(Z)-trityl-oximinoacetamido]-3-(methox-
ymethyl)-3-cephem-4-carboxylate

1.07 g (7.7 mmol) of potassium carbonate were added
to a solution of 14 g (15.6 mmol) of 7-{2-(2-tritylamino-
thiazol-4-yl)-2(Z)-trityl-oximinoacetamido]-3-(methox-
ymethyl)-3-cephem-4-carboxylic acid in 300 ml of anhy-
drous dimethylformamide and the mixture was stirred
at room temperature until the salt had dissolved. It was
then cooled in an ice-bath and 4.9 g of iodomethyl 2,2-
dimethylbutyrate were added. The mixture was subse-
quently stirred at 0° C. for a further 2 hours, the solvent
was stripped off in vacuo and the residue was parti-
tioned between ethyl acetate and water. The organic
phase was dried over magnesium sulfate, the solution
was concentrated and the solid residue was chromato-
graphed (SiO3: toluene/ethyl acetate=10+1). 4.6 g of
pure title compound were obtained.

IH—NMR (270 MHz, DMSO-ds): 6 (ppm)=0.75
(3H, t, CH,CH3) 1.15 (6H, s, (CH3)2), 1.53 (2H, m,
CH;—CHj3), 3.22 (3H, s, OCH3), 3.57 (2H, AB, I=16
Hz, SCH>), 4.18 (2H, s, CH,OCH3), 5.23 (1H, d, I=8
Hz, 6-H), 5.8-5.95 (3H, m, 7-H and OCH:0), 6.58 (1H,
s, thiazole-H), 7.15-7.35 (30H, m, aromatic H), 7.73 and
9.87 (2H, broad s and d, 2 X NH).

Stage 2

2,2-Dimethyl-butanoyloxymethyl 7-[2-(2-amino-
thiazol-4-y1)-2-(Z)-hydroxyimino-acetamido}-3-
methoxymethyl)-3-cephem-4-carboxylate

4.5 g of the compound obtained in stage 1 were dis-
solved in 60 m] of formic acid at room temperature, 13
ml of water were added and the mixture was stirred at
room temperature for 30 minutes. When the reaction
had ended, the product was filtered off with suction, the
solution was concentrated, toluene was added to the

5 residue and the solvent was distilled off. The resinous

A solution of the product from stage 1 in 50 ml of 50

methylene chloride and 400 ml of acetone was added
dropwise to a solution, cooled to 0° C,, of 18 g of 7-
amino-3-methoxymethyl-ceph-3-em-4-carboxylic acid
in 400 ml of acetone/water (1:1), to which 5.6 g (66

mmol) of sodium bicarbonate and 18 ml (132 mmol) of 3>

triethylamine had first been added. After the mixture
had stirred at 0° C. for 2 hours, it was brought to pH 4
with 1N hydrochloric acid and extracted with twice the
amount of ethyl acetate. The phases were then sepa-
rated and the organic solution was extracted with 5%
strength potassium bisulfate solution. After drying over
magnesium sulfate, the extract was concentrated, the
residue was dissolved in 150 ml of methylene chloride
and the solution was added dropwise to 1.8 1 of duso-
propyl ether, with vigorous stirring. After filtration
with suction, 45.7 g (85%) of the title compound were
obtained.

65

residue was stirred in a mixture of diisopropyl ether/-
diethy! ether. 2.0 g of the desired title compound were
obtained.

IH—-NMR (270 MHz, DMSO-dg): 6 (ppm)=0.77
(3H, t, CH,CH3), 1.12 (6H, s, CH3), 1.533 (2H, q,
CH,CHj3), 3.22 (3H, s, OCH3), 3.56 (2H, AB, J=18 Hz,
SCH»), 4.14 (2H, s, CH,—OCH3), 5.18 (1H, d,J=6 Hz,
6-H), 5.82 (3H, m, 7-H and —OCH;—0CO—), 6.66
(1H, s, thiazole-H), 7.10 (2H, broad s, —NH3), .815 (1H,
s, HCO;—), 9.45 (1H, d, J=8 Hz, NH), 11.28 (1H,
broad s, oxime-H).

Process variant b)

Precursor

2-(2-Tritylaminothiazol-4-yl)-2-(Z)-1-methyl-1-
methoxy)-ethoxy-imino-acetic  acid-p-toluenesulfonic
acid anhydride

2.1 g (11 mmol) of p-toluenesulfonyl chlonde were
added to a suspension of 6 g (10 mmol) of triethylam-
monium 2-(2-tritylaminothiazol-4-yl)-2-(Z)-1-(methyl-
1-methoxy)-ethoxyiminoacetate in 30 ml of acetone and
the mixture was stirred at room temperature for 1.5
hours. 40 ml of diethyl ether were then added and the
mixture was cooled to —10° C. and then filtered with
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suction. The product was rinsed three times more with
20 ml of ether each time and dried. 10 g of product
which consisted of a mixture of the title compound and
triethylamine hydrochloride and was further processed
without additional purification were obtained.

Stage |

2,2-Dimethyl-butanoyloxymethyl 7-[2-(2-
Tritylaminothiazol-4-yl1)-2-(Z)-(1-methyl-1-methoxy)e-
thoxyiminoacetamido-]-3-(methoxymethyl)-3-cephem-
4-carboxylate

0.73 g (3 mmol) of 7-amino-3-methoxymethyl-ceph-3-
em-4-carboxylate was suspended in 30 ml of methylene
chloride, and 0.37 ml (2.4 mmol) of 1,8-diazabicy-
clo(5,4,0)-undec-7-ene (DBU) was added at 0° C. The
solution formed was subsequently stirred for a further
30 minutes, 0.83 g (3.3 mmol) of iodomethyl 2,2-dime-
thylbutyrate (preparation example 4) was then added
dropwise and the mixture was subsequently stirred at
this temperature for 2 hours. 1.75 g (2.2 mmol) of the
mixed anhydride obtained in the precursor stage was
then added and the solution was kept at 0° C. for 1.5
hours.

When the reaction had ended, the solveni was
stripped off in vacuo and the residue was chromato-
graphed (SiO;; toluene/ethyl acetate=1:1). 1.17 g
(62%) of the desired compound were obtained.

IH—-NMR (270 MHz, DMSO-d¢): 6 (ppm)=0.78
(3H, t, CH;CHz3), 1.12 (6H, s, (CHs)?), 1.38 (6H, s,
O—C(CH3)2), 1.52 (2H, q, CH>CH3), 3.10 (3H, s,
C(CH3»—O0OCH3), 3.20 (3H, s, OCH3), 3.57 (2H, AB,
J=16 Hz, SCH;—), 4.14 (2H, s, CH»—OCH3;), 5.18
(1H, 4, J=8 Hz, 6-H), 5.71 (1H, dd, 7-H), 5.85 (2H, AB,
—OQOCH,;—0), 6.72 (1H, s, thiazole-H), 7.30 (15H, m,
trityl-H), 8.84 (1H, s, —NH), 9.50 (1H, 4, —NHCO).

Stage 2

2,2-Dimethyl-butanoyloxymethyl 7-[2-(2-amino-
thiazol-4-yl)-2-(Z)-hydroxyimino-acetamido-3-methox-
ymethyl)-3-cephem-4-carboxylate

1 g (1.2 mmol) of the compound obtained in stage 1
was dissolved in 15 ml of formic acid, and 3 ml of water
were then added. After 1 hour at 0° C,, the triphenylcar-
binol formed was filtered off with suction and the fil-
trate was concentrated in vacuo. Toluene was added to
the residue and the mixture was evaporated on a rotary
evaporator again, this procedure being repeated several
times. The crude produce was then taken up in ethyl
acetate and extracted with saturated sodium bicarbon-
ate solution and the organic phase was dried over mag-
nesium sulfate and evaporated on a rotary evaporator.
The residue was triturated with diethyl ether. 360 mg
(60%) of the title compound, which is identical to the
product obtained in process, a) in all its properties, were
obtained.

Instead of the cephemcarboxylic acid ester, the tosy-
late thereof can also be used in stage 1 and can be pre-
pared as follows. 1.5 ml (10 mmol) of 1,8-diazabicyclo-
(5,4,0)undec-7-ene (DBU) were added to a suspension
of 2.44 g (10 mmol) of 7-amino-3-methoxy-methyl-3-
cephem-4-carboxylate in 100 ml of anhydrous methy-
lene chloride and the solution formed was subsequently
stirred at room temperature for 30 minutes. 2.6 g (10
mmol) of iodomethyl 2,2-dimethylbutyrate were then
added dropwise at 0° C. and the mixture was subse-
quently stirred at room temperature for 1 hour. The
mixture was concentrated, the residue was taken up in
ethyl acetate and the mixture was extracted with ague-
ous sodium bicarbonate solution. The organic phase
was dried with magnesium sulfate and the solvent was
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then stripped off in vacuo 3.0 g of crude product were
obtained and were dissolved in 13 ml of ethyl acetate,
and a solution of 1.8 g of p-toluenesulfonic acid in 13 ml
of ethyl acetate was added, with stirring. Crystallization
took place after a short time. The mixture was subse-
quently stirred for a further 10 minutes, 10 ml of diethyl
ether were added, the mixture was filtered with suction
and the residue was rinsed with a little ethyl acetate and
diethylether to give 1.3 g of tosylate. Melting
point= 180" C. (decomposition).

IH—NMR (270 MHz, DMSO-ds); 6 (ppm)=0.89
(3H, t, CH,CH3) 1.13 (6H, S, (CHaz)2), 1.53 (2H, q,
—CH;CH3), 2.29 (3H, s, CéHs—CH3), 3.23 (2H, s,
OCH3), 3.7 (2H, J=20 Hz, S—CH>), 4.21 (2H, s,
CH,OCH3), 5.25 (2H, AB, J=10 Hz, —OCH;0—),
5.83 and 5.9 (CH, 2xd, J=6 Hz, 6-H and 7-H), 7.13 and
7.47 (4H, 2 X d, aromatic H).

Process variant ¢)

Precursor 1

2,2-Dimethyl-butanoyl-oxymethyl
methoxymethyl-3-cephem-4-carboxylate

1.46 g (6 mmol) of 7-amino-3-methoxymethyl-3-ceph-
em-4-carboxylate were suspended in 30 ml of methylene
chloride, and 0.92 ml (6 mmol) of 1,8-diazabicy-
clo(5,4,0)-undec-7-ene (DBU) was added at 0° C. After
30 minutes, 1.66 g (6.5 mmol) of iodomethyl 2,2-dime-
thylbutyrate (compare preparation example 4) were
added, while cooling with ice, and the mixture was
subsequently stirred at room temperature for 2 hours.
The precipitate which had separated out was filtered off
with suction and the crude product was chromato-
graphed (SiOg; toluene/ethyl acetate=1:1). 1.2 g (33%)
of the title compound were obtained.

IH—NMR (270 MHz, DMSO-dg): 6 0.8 (3H, t,
CH;CH3) 1.1 (6H, s, (CH3)), 1.52 (2H, q, CH,CH3), 3.2
(3H, s, OCH3), 3.51 (2H, g, S—CH;), 4.12 (2H, s, .
CH>OCH»), 4.8 (1H, m, 6H), 5.0 (1H, d, 7-H), 5.85 (2H,
g, OCH-20).

Precursor 2

2,2-Dimethyl-butanoyl-oxymethyl
(bromoacetylacetmamido)-3-methoxymethyl-3-ceph-
em-4-carboxylate

0.16 ml (3.2 mmol) of bromine was added dropwise to
a solution of 0.24 ml (3.2 mmol) of diketene in 20 ml of
methylene chloride at —40° C. and the mixture was
subsequently stirred for 30 minutes. Thereafter a solu-
tion of 1.2 g of the compound obtained in precursor 1 in
10 ml of methylene chloride was added dropwise. After
30 minutes, the solution was concentrated and the crude
product was chromatographed (Si107; toluene aceta-
te=1+41) to give 1.4 g of product.

Precursor 3

2,2-Dimethyl-butanoyl-oxymethyl 7(2-bromoacetyl-
2-hydroxyimino-acetamido)-3-methoxymethyl-3-ceph-
em-4-carboxylate

A solution of 1.4 g (2.6 mmol) of the compound ob-
tained in precursor 2 in 15 ml of methylene chlonde and
8 ml of acetic acid was cooled to —10° C. and 284 mg
(4.1 mmol) of sodium nitrite in 2 ml of water were
added. After 30 minutes at room temperature, 252 mg
(4.2mmol) of urea were added, and after 30 minutes 15
ml of water were added. The organic phase was sepa-
rated off, washed several times with water and satu-
rated sodium chloride solution and dried and the sol-
vent was distilled off. 7.95 mg (54%) of the desired title
compound were obtained.

IH--NMR (270 MHz, DMSO-dg); & 0.78 (3H, t,
CH,CH3), 1.12 (6H, s, (CH3)32), 1.53 (2H, q, CH2CH3),

7-amino-3-

7 -
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3.20 (3H, s, OCH3), 3.58 (2ZH, AB, J=15 Hz, S—CH)),
4.14 (2H, s, CH>OCH3), 4.62 (2H, s, BrCH»), 5.2 (1H, d,
J=8 Hz, 6-H), 5.84 (3H, m, 7-H) and —OCH3;—), 9.36
(1H, d, NH), 11.15 (1H, s, oxime-H).

2,2-Dimethyl-butanoyloxymethyl 7-[2-(2-amino-
thiazol-4-yl-2-(Z)-hydroxyimino-acetamido-3-methox-
ymethyl)-3-cephem-4-carboxylate

0.14 g of thiourea was added to a solution of 0.79 g

(1.4 mmol) of the compound obtained in precursor 3 in
5 ml of dimethylacetamide at 5° C. and the mixture was
stirred at room temperature for 1 hour. 50 ml of a 3%
strength sodium bicarbonate solution and 4 g of sodium
chloride were then added to the solution and the precip-
itate which forms was filtered off with suction and
taken up in 15 ml of ethyl acetate and 5 ml of acetone.
The organic phase was washed with saturated sodium
chloride solution and dried over magnesium sulfate, the
solvent was stripped off and the residue was triturated
with diethyl ether. 360 mg (47%) of the title compound
which was identical to that obtained by process variants
a) and b) were obtained.

Example 2

a-(2,2-dimethylpropionyloxy)-ethyl
7-[2-(2aminothiazol-4-y1)-2-(Z)-hydrox-
yiminoacetamido]-3-(methoxymethyl)-3-cephem-4-car-
boxylate

Process variant a)

Stage 1

a-(2,2-Dimethyl-propionyloxy)-ethyl 7-[2-(2-
tritylaminothiazol-4-yh)-2-(Z)-trityloximinoacetamido]-
3-(methoxymethyl}-3-cephem-4-carboxylate

1.07 g (7.7 mmol) of potassium carbonate were added
to a solution of 14 g (15.6 mmol) of 7-[2-(2-tritylamino-
thiazol-4-yl)-2-trityl-oximinoacetamido]-3-{methox-
ymethyl)-3-cephem-4-carboxylate in 300 ml of dimeth-
vlformamide and the mixture was stirred at room tem-
perature until the salt had dissolved. Thereafter, if was
cooled in an ice-bath and 5.1 g of iodoethyl a-2,2-
dimethyl-propionate were added. The mixture was sub-
sequently stirred at 0° C. for a further 2 hours, the sol-
vent was stripped off in vacuo and the residue was
partitioned between ethyl acetate and water. The or-
ganic phase was dried over magnesium sulfate, the solu-
tion was concentrated and the solid residue was chro-
matographed (SiOz; toluene/ethyl acetate=10+41), 4.0
g of pure title compound were obtained in the form of
a mixture of the two diastereomers.

IH—NMR (270 MHz, CDCl3); 8 (ppm)=1.22 (9H, s,
C(CHaj)3), 1.55 (3H, d, CH3), 3.3 (3H, s, OCH3), 3.4 (2H,
AB, J=16 Hz, SCH>), 4.30 (2H, s, CH,OCHj3), 5.05
(1H, d, 6-H), 6.08 (1H, m, 7-H), 6.4 (1H, broad s, thia-
zole-H), 6.9 (1H, q, OCH—CH3), 7.1-7.4 (32H, 2 X NH)

Stage 2

a-(2,2-Dimethylpropionyloxy)ethyl 7-[2-(2-amino-
thiazol-4-yl)-2-(Z)-hydroimino-acetamido]-3-methox-
ymethyl)-3-cephem-4-carboxylate

4.0 g of the compound obtained in stage 1 were dis-
solved in 60 ml of formic acid at room temperature, 15
ml of water were added and the mixture was stirred at
room temperature for 30 minutes. When the reaction
had ended, the mixture was filtered with suction, the
solution was concentrated, toluene was added to the
residue and the solvent was distilled off. The resinous
residue was stirred in a mixture of diisopropyl ether/-
diethyl ether. 2.2 g of the desired title compound were
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obtained in the form of a mixture of the two diastereo-
mers.

IH—NMR (270 MHz, DMSO-d¢) 6 (ppm)=1.15
(9H, 2<s, tert.-butyl), 1.5 (3H, dd, CH—CH3), 3.2 (3H,
2Xs, OCHj), 3.55 2H, m, S—CH>—), 4.15 (2H, d,
CH>;—OCHj3), 5.2 (1H, dd, J=6 Hz, H-6), 5.85 (1H, m,
H-7), 6.65 (1H, s, thiazole-H), 6.9 (1H, m, —O—-
CH—O0), 7.1 (2H, broad, s, NH3), 9.45 (1H, d, J=8 Hz,
—NH), 11.3 (1H, s, oxime-H)

Process variant b)

Precursor

2-(2-Tritylaminothiazol-4-y1)-(2-(Z)-(1-methyl-1-
methoxy)-ethoxy-imino-acetic  acid-p-toluenesulfonic
acid anhvdride

2.1 g (11 mmol) of p-toluenesulfonyl chloride were
added to a suspension of 6 g (10 mmol) of triethylam-
monium 2-(2-tritylaminothiazol-4-y1)-2-(Z)-(1-methyl-
1-methoxy)-ethoxyimino-acetate in 30 ml of acetone
and the mixture was stirred at room temperature for 1.5
hours. 40 ml of diethyl ether were then added and the
mixture was cooled to —10° C. and subsequently fil-
tered with suction. The product was rinsed three times
more with 20 ml of ether each time and dried. 10 g of
product which consisted of a mixture of the title com-
pound and triethylamine hydrochloride and was further
processed without additional purification were ob-
tained.

Stage 1

a-(2,2-Dimethylpropionyloxy)ethyl 7-[2-(2-
tritylaminothiazol-4-yl)-2-(Z)-(1-methyl-1-methoxy)-
ethoxyiminoacetamido-9 -3-(methoxymethyi)-3-ceph-
em-4-carboxylate

0.73 g (3 mmol) of 7-amino-3-methoxymethyl-ceph-3-
em-4-carboxylate was suspended in 30 ml of methylene
chloride, and 0.37 ml (2.4 mmol) of 1,8-diazabicy-
clo(3,4,0)-undec-7-ene (DBU) was added at 0° C. The
solution formed was subsequently stirred for a further
30 minutes, 0.79 g (3.3 mmol) of iodoethyl a-2,2-dime-
thylpropionate (preparation example 4) were then
added dropwise and the mixture was subsequently
stirred at this temperature for 2 hours. Thereafter, 1.9 g
(2.4 mmol) of the mixed anhydride obtained in the pre-
cursor stage were added and this solution was kept at 0°
C. for 1.5 hours.

When the reaction had ended, the solvent was
stripped off in vacuo and the residue was chromato-
graphed (S10;; toluene/ethyl acetate=1:1). 1.1 g (62%)
of the desired compound were obtained in the form of a
miaxture of the two diastereomers.

IH—NMR (270 MHz, DMSO-d¢) 6 (ppm)=1.15
(9H, 2:<s, tert.-butyl), 1.36 (6H, s, O—C(CH3),), 1.51
(3H, dd, CH—CH3) 3.1 (3H, s, C(CH3);—OCH3), 3.20
(3H, s, OCH3), 3.58 (2H, AB, J=16 Hz, SCH;—), 4-12
(2H, d, CH2OCH3), 5.18 (1H, AB, J=28 Hz, 6-H), 5.85
(1H, m, 7-H), 6.70 (1H, s, thiazole-H), 6.9 (1H, m, —O-
CO—-0), 7.15-7.4 (16H, m, aromatic H and NH), 9.5
(1H, d, —NHCO)

Stage 2

60-(2,2-Dimethylpropionyloxy)ethyl 7-[2-(2-amino-
thiazol-4-yl)-2-(Z)-hydroxyimino-acetamido]-3-(me-
thoxymethyl)-3-cephem-4-carboxylate

1 (1.2 mmol) of the compound obtained in stage 1 was
dissolved in 15 ml of formic acid, and 3 ml of water
were then added. After 1 hour at 0° C., the triphenylcar-

65 binol formed was filtered off with suction and the fil-

trate was concentrated in vacuo. Toluene was added to
the residue and the mixture was evaporated again on a
rotary evaporator, this procedure being repeated sev-
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eral times. The crude product was then taken up in
ethyl acetate and extracted with saturated sodium bicar-
bonate solution and the organic phase was dried over
magnesium sulfate and evaporated on a rotary evapora-
tor. The residue was triturated with diethyl ether. 340 g
(57%) of the title compound which is identical in all its
properties to the product obtained in process variant a)
were obtained.

Instead of the cephemcarboxylic acid ester, its tosy-
late can also be used in stage 1, this being prepared as
follows:

1.5 ml (10 mmol) of 1,8-diazabicyclo-(5,4,0)-undec-
7-ene (DBU) were added to a suspension of 2.44 g (10
mmol) of 7-amino-3-methoxymethyl-3-cephem-4-car-
boxylate 1n 100 ml of anhydrous methylene chloride and
the solution formed was subsequently stirred at room
temperature for 30 minutes. 2.6 g (10 mmol) of iodo-
ethyl a-2,2-dimethyl-propionate were then added drop-
wise at 0° C. and the mixture was subsequently stirred at
room temperature for 1 hour. It was concentrated, the
residue was taken up in ethyl acetate and the mixture
was extracted with agueous sodium bicarbonate solu-
tion. The organic phase was dried with magnesium
sulfate and the solvent was then stripped off in vacuo.
2.7 g of crude product were obtained and were dis-
solved in 13 ml of ethyl acetate, and a solution of 1.8 g
of p-toluenesulfonic acid in 13 ml of ethyl acetate was
added, with stirring. Crystallization took place after a
short time. The mixture was subsequently stirred for a
further 10 minutes, 10 ml of diethyl ether were added,
the mixture was filtered with suction and the residue
was rinsed with a little ethyl acetate and diethyl ether to
give 1.0 g of tosylate. Melting point 160° C. (decompo-
sition).

IH—-NMR (270 MHz, DMSO-d¢); & (ppm)=1.15
(SH, s, tert.-butyl), 1.52 (3H, dd, CH—CH3), 2.3 (3H, s,
CeHs—CH3), 3.25 (2H, s, OCH3), 3.7 (2H, J=20 Hz,
SCHz>—), 4.2 (2H, x, CH20OCH3), 5.75 (2H, 2xdd, 6-H
and 7-H), 6.85 (1H, q, OCH—CH3), 7.15 and 7.43 (4H,
2 X d, aromatic H).

Process variant ¢)

Precursor 1

60-(2,2-Dimethyl-propionyloxy)-ethyl
methoxymethyl-3-cephem-4-carboxylate

1.46 g (6 mmol) of 7-amino-3-methoxymethyl-3-ceph-
em-4-carboxylate were suspended in 30 ml of anhydrous
methylene chloride, and 0.9 ml (6 mmol) of 1,8-
diazabicyclo-(5,4,0)-undec-7-ene (DBU) were added,
while cooling with ice. After 30 minutes, 1.66 g (6.5
mmol) of iodoethyl a-2,2-dimethylpropionate were
added dropwise and the mixture was subsequently
stirred at room temperature for 2 hours. The residue
which had precipitated was filtered off with suction and
the crude product was chromatographed (SiOa;
toluene/ethyl acetate=1:1).

1.3 g (58%) of the title compound were obtained.

Precursor 2

a-(2,2-Dimethyl-propionyloxy)-ethyl
bromoacetylacetamido-3-methoxymethyl-3cephem-4-
carboxylate

0.17 ml (3.5 mmol) of bromine was added dropwise to
a solution of 0.26 ml (3.5 mmol) of diketene in 20 ml of
anhydrous methylene chloride at —40° C. and the mix-
ture was subsequently stirred for 30 minutes. Thereaf-
ter, a solution of 1.3 g of the compound obtained ac-
cording to precursor 1 and 460 mg (3.5 mmol) of N-
(trimethylsilyl)-acetamide in 10 ml of methylene chlo-
ride as added dropwise and after being stirred for 30
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minutes the solution was concentrated. Chromatogra-
phy of the crude product (SiOj3; toluene/ethyl aceta-
te=1:1) give 0.9 g of product.

Precursor 3

a~(2,2-Dimethyl-propionyloxy)-ethyl 7-(2-bromoa-
cetyl-2-hydroxyimino-acetamido)-3-methoxymethyl-3-
cephem-4-carboxylate

A solution of 0.9 g (1.7 mmol) of the compound ob-
tained 1n precursor 2 in 10 ml of anhydrous methylene
chloride and 5 ml of acetic acid was cooled to — 10° C.
and 182 mg (2.6 mmol) of sodium nitrite in 1.5 ml of
water were added. After the mixture had been stirred at
—5° C. for 30 minutes, 162 mg (2.7 mmol) of urea were
then added and the mixture was subsequently stirred for
30 minutes. After addition of 10 ml of water, the organic
phase was separated off, washed several times with
water and saturated sodium chloride solution and dried
and the solvent was distilled off. 580 mg (63%) of the
title compound were obtained.

a-(2,2-Dimethyl-propionyloxy)-ethyl 7-[2-(2-amino-
thiazol-4-yl)-2-(Z)-hydroximino-acetamido]-3-methox-
ymethyl)-3-cephem-4-carboxylate

92 mg (1.2 mmol) of thiourea were added to a solu-
tion of 0.57 g (1 mmol) of precursor 3 in 5 ml of dimeth-
ylacetamide at 5° C. and the mixture was stirred at room
temperature for 1 hour, 50 ml of a 3% strength sodium
bicarbonate solution and 3.8 g of sodium chloride were
then added to the solution and the precipitate formed
was filtered off with suction and taken up in 15 ml of
ethyl acetate and 5 ml of acetone. The organic phase
was washed with saturated sodium chloride solution
and dried over magnesium sulfate, the solvent was
stripped off and the residue was triturated with diethyl
ether to give 135 mg (249%) of the desired title com-
pound, which was identical to that obtained by process

variant a) or b).
EXAMPLE 2a

Separation of the diastereomers of a-(2,2-dimethyl-
proptonyloxy)-ethyl  7-[2-(2-aminothiazol-4-yl)-2-(Z)-
hydroxyimino-acetamido]-3-(methoxymethyl)-3-ceph-
em-4-carboxylate

Stage 1

Pure diastereomers of a-(2,2-dimethylpropionyloxy)-
ethyl 7-[2-(2-tritylaminothiazol-4-y1)-2-(Z)-(1-methyl-1-
methoxy)-ethoxyaminoacetamido]-3-(methoxymethyl)-
3-cephem-4-carboxylate

3 ml (20.3 mmol) of 1,8-diazabicyclo-(5,4,0)-undec-
7-ene (DBU) were added dropwise to a solution of 14.8
g (20.3 mmol) of 7-[2-(2-tritylaminothiazol-4-y1)-2-(Z)-
(1-methyl-1-methoxy)-ethoxyiminoacetamido]-3-(me-
thoxymethyl)-3-cephem-4-carboxylic acid in 100 ml of
anhydrous methylene chloride. The solution was subse-
quently cooled to 0° C.,, and 6.7 g (26.4 mmol) of iodo-
ethyl a-2,2-dimethyl-propionate were added. The mix-
ture was subsequently stirred at 0° C. for a further 2
hours, the solvent was subsequently stripped off in
vacuo and the residue was partitioned between ethyl
acetate and water. The organic phase was dried over
magnesium sulphate, the solution was concentrated, and
the solid residue (19.1 g), which contained a mixture of
the two diastereomers, was chromatographed (900 g of
S103; toluene/ethyl acetate=5+ 1: after elution of the
first diastereomers toluene/ethyl acetate=4+1). In this
manner, 2.8 g of the first diastereomer (RF value =0.75;
toluene/ethyl acetate 14 1) and 3.2 g of the other diaste-
reomer (RF value=0.7) are obtained in uniform form.

Stage 2
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Pure diastereomers of a-(2,2-dimethyl-propionylox-
y)-ethyl 7-[2-(2-aminothiazol-4-yl)-2-(Z)-hydrox-
yviminoacetamido]-3-(methoxymethyl)-3-cephem-4-car-
boxylate

Each of the two diastereomers obtained in stage 1
was dissolved in 10 ml of formic acid, 2.5 ml of water
were added, and the mixture was stirred at room tem-
perature for 1 hour. The triphenylcarbinol formed was
subsequently filtered off with suction, and the filtrate
was concentrated in vacuo. The residue was subse-
quently taken up on 100 ml of ethyl acetate, the solution
was extracted with saturated sodium hydrogen carbon-
ate solution, the organic phase was dried over magne-
sium sulfate, and the solvent was stripped off in vacuo.
The residue was triturated with diisopropyl ether. For 1
further purification, the product was crystallized from
n-butyl acetate/diisopropylamine.

Diastereomer I: 1.2 g from 2.8 g of stage I,
m.p.=from 166° C. (decomposition)

IH—NMR (270 MHz, DMSO-dg); & (ppm)=1.15
(9H, s, tert.-butyl), 1.46 (3H, d, CH—CH3), 3.19 (GH, s,
OCHs), 3.56 (2H, AB system, J=6Hz, S—CH3), 4.15
(2H, d, CH2OCHy), 5.21 (1H, d, J=6 Hz, M-6), 5.83
(1H, m, H-7), 6.64 (1H, s, thiazol-H), 6.87 (1H, q,

—QO—CH—0), 7.1 (2H, broad s, NH3), 9.5 (1H, d, J=8 25

Hz, —NH), 11.3 (1H, s, oxime-H).

20

Diastereomer II: 1 g from 3.2 g of stage 1, m.p. =from
138° C. (decomposition)

IH—NMR (270 MHz, DMSO-d¢); 6 (ppm)=1.13
(9H, s, tert.-butyl), 1.47 (3H, d, CH—CH3), 3.2 (3H, s,

s QCHa), 3.54 (2H, ABsystem, J=6 Hz, S—CHj—), 4.13

(2H, s, CH,—OCH3), 5.19 (1H, d, J=6 Hz), H-6), 5.82
(1H, m, H-7), 6.64 (1H, s, thiazole-H), 6.93 (1H, 1,
—Q—CH--0), 7.1 (2H, broad s, NH3), 9.45 (1H, d,
J=8 Hz, —NH), 11.3 (1H, s, oxime-H).

The compounds of the formula 1

— th

N—OH

N CH>OCH
/ p) 3 (I:HS

co;—CH—OCfCH;-)-c—Rz

"
Rl 0 CH:>

HgN—J\

Listed in Table 3 were obtained as amorphous solids
analogously to Examples 1 and 2, process variants a), b)
or C).

TABLE 3

ampie
No m R!@' R?

lH.NMR (270 MHz, DMSO-dg), § (ppm) =
1.05(9H, s, (CH3)3), 2.25(2H, s, CH;—'Bu), 3.2(3H, s, OCHj3, 3.55(2H, AB, J=16

Hz, SCH;) 4.15(2H, s, CH2OCH3), 5.20(1H, d, J=6 Hz, 6-H), 5.85(3H, m, 7-H
and OCH70), 6.15(1H, s, Thiazole-H), 7.1(2H, broad s, NH2), 9.45(1H, d, NH),
11.25(1H, broad s, Oxime-H)

—CH=CH>

1.27(6H, s, CH3), 3.203H, s, OCH3), 3.60(2H, AB, J=16 Hz, s-CH3), 4.153(2ZH, s,

CH;—OCHj;), 5.1-5.2Q2H, m, 6-H, CH=CH3), 6.63(1H, s, Thiazole-H), 7.10(ZH,
broad s, NH»), 9.47(1H, broad s, NH) 11.25(1H, s, oxime-H)

5 0 CH3; —CH;—CHj

0.78(3H, t, CHa—CH3), 1.10(6H, s, CH3), 1.50(5H, m), 3.21(3H, s, OCH3), 3.50

(2H, AB, J=16 Hz, S—CHp), 4.12(2H, s CH,—OCH3), 5.18(1H, d, J=8 Hz,
6-H), 5.83(1H, dd, J=8 Hz, 7-H), 6.65(1H, s, Thiazole-H), 6.90(1H, m,
—OCH—O), 7.10(ZH, broad, s, NHz), 9.45(1H, borad s, NH), 11.28(1H, broad s,

oxime-H)

—CH0OCH 3

1.1(6H, s, 2 X CH3), 3.2(6H, s, OCH3), 4.15(2H, s, CH;—OCHj3), 5.20(1H, d, J=

6 Hz, 6-H), 5.75(1H, dd, 7-H), 5.85(2H, AB, —OCH;—0—), 6.7(1H, broad s,
Thiazole-H), 9.5(1H, d, NH), 11.5(1H, s, oxime-H)

—(OCrHs

1.1(3H, t, OCH;CH3), 1.35(6H, s, CH3), 3.2(3H, s

. OCHj3), 3.85(2H, g, OCH,CH3y),

4.15(2H, s, CHy—OCH3), 5.2(1H, d, J=6 Hz, 6-H), 5.8(1H, dd, 7-H), 5.9CH, AB,
—OCH20—), 6.65(1H, s, Thiazole-H), 7.10(2H, broad s, NH2), 9.45(1H, d, NH),

11.3(1H, s, oxime-H)

8 0 CH; —CHyOC;Hs

1.1(3H, 2 xt, OQCH,CHj3), 1.15(6H, 2 xs, CHj), 1.45(3H, 2 X d, CHCH3), 3.2

(3H, 2 xs, OCHj3), 4.1(2H, d, CH20CH3), 5.2(1H, 2xd, 6-H), 5.85(1H, dd, 7-h),
6.7(1H, s, Thiazole-H), 6.9(1H, 2xXq, OCH—O), 7. 10(2H, broad s, NH3), 9.5(1H,
2 xd, NH), 11.4(1H, broad s, oxime-H)

1.53H, 2xd, CH—CH3), 3.25(3H, 2xs, CH>OCH3), 4.1(ZH, s, CH;OCH3), 5.2

(1H, 2xd, H-6), 5.7(1H, 2xdd, H-7), 6.7(1H, 2xs, Thiazole-H), 6.9(1H, 2Xq,
O—CH—0), 7.25(2H, broad s, NH3), 9.5(1H, d, NH), 11.4(1H, s, oxime-H)

10 0 H —CHO—CH;—CH=CH2 1.15(6H, s, CH3), 3.4(2H, s, AlkylCH>—0), 4.15(2H, s, CH,—0OCH3), 5.15(2H, m,
olefinic H), 5.25(2H, d, H-6), 5.8(1H, dd, 7-H), 5.85(3H, m, olefinic H and OCH0),
6.65(1H, broad s, Thiazole-H), 7.25(2H, broad s, NH3), 9.45(1H, d, NH), 11.3(1H,

broad s, oxime-H)

it 0 CH; —CH;0—CH;—CH=CH: i4503H, 2xd, CH—CH3), 3.2 Alkyl(3H, 2xs, OCH3), 3.4(2H, s, CH70), 3.5
(2H, AB, J=16 Hz, S—CHjy), 4.15(2H, 2Xs, CH;OCH3), 5.15(2H, m,
CH=CHy>), 5.25(1H, d, J=6 Hz, H-6), 5.8(1H, dd, J=6 Hz, 7-Hz, 5.85(1H, m,
olefinic H and OCH20), 6.65(1H, s, Thiazole-H), 6.9(1H, 2x g, OCH—0), 7.20
(2H, broad s, NHy), 9.45(1H, 2 xd, NH), 11.3(1H, s, oxime-H)
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R2

~—CHz0C12Hj5

—CH;0CsHy

—CHy—C=CH

— O~ CH;CH=CH>

—CH;—OCHCgH5s

—CH»—OCH)~ fl3= CH>
CH;

—OC4Hg

——CH20C4Hy

—OC4Hyg
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TABLE 3-continued

IH.NMR (270 MHz, DMSO-dg), 8 (ppm) =

1.05(3H, t, CH2CH3), 1.15(6H, s, CH3), 3.2(3H, s, OCH3), 3.35(2H, broad s,
C—CH;—0~), 3.42H, q, —O0—CH;—CH3), 3.552H, AB, J=16 Hz, S—CH3),
4.15(2H, broad s, CH;—OCHj3), 5.2(1H, d J=6 Hz, H-6), 5.85(3H, m, H-7 and
—CH>—0CQ), 6.65(1H, s, Thiazole-H), 7.1(2H, s, NH2), 9.45(1H, d, J=38 Hz,
NH), 11.3(1H, s, oxime-H)

0.85(3H, t, J=7 Hz, —CH;—CH3), 1.15(6H, s, C(CH3)2), 1.25 and 1.45 (together
4H, m, —CH,;—CH>—), 3.2(3H, s, OCH3), 3.35(4H, —C—CH>—0O— and
~=QO=~~CH3CH3~), 3.55(2H, AB, J=16 Hz, S—CH»—), 4.152H, s, CH,OCH3),
5.2(1H, d, J=6 Hz, H-6), 5.85(3H, m, H-7 and —CH;0CO—), 6.65(1H, s,
Thiazole-H), 7.1(2H, broad s, NH»), 9.45(1H, d, J=38 Hz, =—NH), 11.3(1H, s,
oxime-H)

1.22(6H, s, 2 X CHj3), 2.43(2H, d, —CH,;—C==CH, 2.87(1H, t, —CH;~—~C=CH),
3.22(3H, s, OCH3), 3.56(2H, AB, J=16 Hz, —S—CHp), 4.15(2H, s, CH;—OCH3),
5.2(1H, d, J=6 Hz, H-6), 5.85(3H, H-7 and —CH;—0CO), 6.65(1H, s, Thiazole),
7.1(2H, s, NHy), 9.45(1H, d, J=8 Hz, NH), 11.3(1H, s, oxime-H)

1.4(6H, s, 2X CHj3), 3.2(3H, s, OCH3y), 3.55(2H, AB, J=16 Hz, —S—CHy), 3.9
(ZH, m, OCH>,CH—, 4.15(2H, s, CH;—OCH3), 5.15(ZH, m, =CHy), 5.2(1H, d,
J=6 Hz, H-6), 5.85(4H, m, —CH==, H-7 and —CH,0CO), 6.65(1H, s, Thiazole),
7.12H, s, NH3), 9.45(1H, d, NH), 11.3(1H, s, oxime-H)

1.15(6H, s, 2> CH3), 3.2(3H, s, OCH3), 3.45(2H, s, —CH>0—), 3.55(2H, AB,
J=16 Hz, —SCH,~), 4.1(2H, AB, CH,OCH3)}, 4.45(2H, s, CH;O-Benzyl), 5.15
(1H, d, J=6 Hz, H-6), 5.85(3H, m, H-7 and —OCH0—), 6.65(1H, s, Thiazole),
7.1(2H, s, NH>), 7.35(5H, m, arom. H), 9.45(1H, d, NH), 11.3(1H, s, oxime-H)

1.15(6H, s, 2 CHz3), 1.65(3H, s, CH3), 3.2(3H, s, OCH3), 3.35(2H, s, CH;—0—),
31.55(2H, AB, =16 Hz, —S—CH»), 3.8(2H, 5, —OCH;—CH—), 4.15(2H, s,
CH>QCHj3), 4.85(2H, d, J=12 Hz, =CHj), 5.2(1H, d, J=6 Hz, H-6), 5.85(3H, m,
H-7 and —CHz0CO0), 6.65(1H, s, Thiazole), 7.1(2H, s, NH3), 9.45(1H, d, NH), 11.3
(1H, s, oxime-H)

0.85(3H, t, J=7 Hz, —CH>CH3), 1.3 and 1.45(4H, 7 Hz, —CH;—CHy;—CH3),
1.35(6H, s, 2X CH3), 3.2(3H, s, OCH3), 3.35(2H, q, =7 Hz, CHa), 3.55(ZH, AB,
J=16 Hz, —S=—CH>), 4.15(2H, s, CH;OCH3), 5.2(1H, d, J=6 Hz, H-6), 5.85 and
5.9(3H, q and AB, J=6 Hz, H-7 and CH;0CO0), 6.65(1H, s, thiazole), 7.1(2H, s,
NH>), 9.45(1H, d, J=8 Hz, NH), 11.3(1H, s, oxime-H)

0.85(3H, t, J=7 Hz, CHy~~CH3), 1.1(6H, s, 2XCH3), 1.3(2H, q, J=7 Hz,
CH,CH3), 1.45(5H, 2Xd and q, J=6 Hz, CHCHj3 and CH3>), 3.2(3H, 2Xs,
OCH3), 3.35(4H, CH>—0OCH>), 3.5(2H, 2X AB, —SCH3), 4.15(2H, 2Xs,
CH,—OCH3), 5.2(1H, 2xd, H-6), 5.85(1H, 2 q, J=5 Hz, H-7), 6.9(1H, 2 X q,
J=6 Hz, CHCH3), 7.1(2H, s, NH3), 9.45(1H, 2Xd, J=8 Hz, NH), 11.3(1H, s,

oxime-H)

0.85(3H, t, J=7 Hz, CH2CH3), 1.35(6H, s, 2 CH), 1.45 and 1.5(7H, m, CHCHj;,
2 CH3), 3.2(3H, s, OCH3), 3.3(2ZH, m, OCHCH>—), 3.55(2H, m, —SCH}3), 4.15
(2H, 2xs, CH,OCH3), 5.2(1H, pseudo-t, J=7 Hz, H-6), 5.85(1H, 2xq, J=5 Hz,
H-7), 6.7(1H, s, Thiazole), 6.9(1H, 2xq, CH—CH3), 7.35(2H, s, NH3), 9.5(1H,
2xd, NH), 11.5(1H, s, oxime-H)

1. [A cephemcarboxylic acid ester of the formula I R2 denotes C1-Ce¢-alkyl, C:-Cs-alkenyl, Cy-Cg-alky-

N ﬁ'—
HzN—"\ ] N=—OH
S

-CONH—I_—-’/
N _ _z+—CH;OCH;3

in which

S

nyl or the group

D
55

—{(CH32),—OR?

in which n stands for 0 or 1 and R3has the meaning
of Cj-Cg-alkyl, which can also be further substi-
tuted by phenyl, or of C3-Cs-alkenyl,
in which the HO group is in the syn-position and, if m
60 is 0 and R!is hydrogen, R2cannot be methyl physiologi-

0// ?HS cally tolerated acid addition salts thereof or thetr diaste-
CO;—CH—OC+CHy9=C—RZ reomers} A campoumff consisting gsen:ial{v of pure dia-
P l stereomer I of a-(2,2-dimethyl-propionyloxy)-ethy! 7-[2-(2-

K O CH3 aminothiazol-4-yl)-2-(Z)-hydroxyimino-acetamido]-3-

m denotes O or 1,

Rl denotes hydrogen or methyl and

65 (methoxymethyl)-3-cephem-4-carboxylate or a physiologi-
cally tolerated acid addition salt thereof.

[2. A cephemcarboxylic acid ester as claimed iIn

claim 1, in which Rland the meaning given there and
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R? stands for C;-Cg-alkyl, C;-C4-alkenyl, C3-C4-alky-
nyl or the group

—(CH2)»—OR?

in which n is 0 or 1 and R has the meaning of C;-Cy-
alkyl, which can also be further substituted by phenyl,
or of C3-Cs-alkenyl. }

[3. 2,2-Dimethyl-butanoyl-oxymethy! 7-[2-(2-amino-
thiazol-4-yl)-2-(Z)-hydroxyimino-acetamido}-3-(me-
thoxymethyl)-3-cephem-4-carboxylate. ]

[4. 2,2-Dimethyl-3-butenoyl-oxymethyl  7-[2-(2-
aminothiazol-4-yl)-2-(Z)-hydroxyimino-acetamido]-3-
(methoxymethyl)-3-cephem-4-carboxylate. ]

[5. a-(2,2-Dimethyl-butanoyloxy)-ethyl  7-[2-(2-
aminothiazol-4-yl}-2-(Z)-hydroxyimino-acetamido}-3-
(methoxymethyl)-3-cephem-4-carboxylate. §

[6. a-(2,2-Dimethyl-propionyloxy)-ethyl 7-[2-(2-
aminothiazol-4-yl)-2-(Z)-hydroxyimino-acetamido-9-3-
(methoxymethyl)-3-cephem-4-carboxvlate and its dia-
stereomers. }

7. A pharmaceutical formulation which is active
against bacterial infections, [ which contains a cephem-
carboxylic acid ester of the formula I as claimed in
claim 1 together with a pharmaceutically acceptable
carrier | comprising a pharmaceutically acceptable carrier
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and a compound consisting of essentially of pure diastereo-
mer I of a-(22-dimethyilpropionyloxy)-ethyl 7-[2-(2-
aminothiazol-4-yl)-2-(Z)-hydroxyimino-acetamido]-3-
(methoxymethyl)-3-cephem-4-carboxylate or a physiologi-
cally tolerated acid addition salt thereof.

8. A method of combating bacterial infections which
comprises administering 20 an animal host in recognized
need thereof an effective amount of [a cephemcarboxy-
lic acid ester of the formula I as claimed in claim 1] ¢
compound consisting essentially of pure diasterecomer I of
a-~(2, 2-dimethyl-propionyloxy)-ethyl 7-[2-(2-aminothiazol-
4-yly-2-(Z)-hydroxyimino-acetamidol-3-(methoxymethyl)-
3-cephem-4-carboxylate or a physiologically tolerated acid
addition salt thereof.

[9. A cephemcarboxylic acid as claimed in claim 1,
in which m denotes O, Rldenotes hydrogen or methyl
and R? denotes C1-C4 alkyl.}

[10. A cephemcarboxylic acid as claimed in claim 1,
in which m denotes O, R! denotes hydrogen or methyl
and R? denotes methyl or ethyl.}

[11. A cephemcarboxylic acid as claimed in claim 1,
in which m denotes O, Rlmethyl and R2denotes

methyl. ]
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