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In recent years, so called “third-generation
cephalosporins”™ such as ceftizoxime,!*» cefotaxi-
me,>* cefmenoxime,” and ceftriaxone® which
have significant antibacterial activity against
both Gram-positive and Gram-negative bacteria
have been developed successively.

In our previous paper,? we have reported the
synthesis, chemical properties, in vitro antibac-
terial activity, and structure-activity relation-
ships of new cephalosporins prepared during the
course of our studies on ceftizoxime (Ib) (Fig. 1).

Further extensive studies on the structure-
activity relationships and on pharmacological
properties of several cephems (I) (Fig. 1) having a
2-(2-amino-4-thiazolyl)-(Z)-2-alkoxyiminoacetyl
group at the 7-position of the cephem nucleus will
be described in this paper.

We here examined correlation of the lipophilic

Fig. 1. General structure of 73-[(Z)-2-alkoxyimino-
2-(2-amino-4-thiazolyl)acetamido]-3-cephem-4-car-
boxylic acids.
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Ib (R*=CHj): Ceftizoxime
' Paper III. Takava, T.; H. Takasual, T.
MUuURAKAWA & H. Nakano: Studies on p-lactam
antibiotics. ITI. Synthesis and enzymatic stability of
3-acyloxymethyl-73-[(Z)-2-(2-amino-4 - thiazolyl)-2-
(methoxyimino) acetamido] - 3 - cephem -4 - carboxylic
acids. J. Antibiotics 34: 1300~ 1310, 1981
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character caused by the alkyl chain length of the
oxime ether moiety (R*) with antibacterial activity
and with urinary and biliary excretion after oral
administration of the cephalosporins (I) to rats.

In this report, the structure-activity relation-
ships associated with the O-alkyl chain of I were
most advantageously dealt with by keeping the 3-
substituent of the cephem nucleus as hydrogen
similar to ceftizoxime (Ib).

Materials and Methods

The synthesis of 75-[(Z£)-2-alkoxyimino-2-(2-
amino-4-thiazolyl)acetamido]-3-cephem-4-carbo-
xylic acids was reported previously.?

The in vitro antibacterial activity is given as the
minimum inhibitory concentration (MIC) in mcg/
ml, required to inhibit growth of the bacterial
culture. MICs were determined by an agar
dilution method using heart infusion agar (Difco)
after incubation at 37°C for 20 hours and with an
inoculum size of about 10° C.F.U./ml. Escheri-
chia coli 28 is a cephalosporin-resistant strain.

Urinary and biliary excretion: Sprague Daw-
ley rats were fasted overnight and orally dosed
with 100 mg/kg of the test drugs. Urine samples
were collected for 24 hours after dosing. For
bile collection another group of rats was canulat-
ed with polystyrene tube into the bile duct and the
test drugs were given orally at doses of 100 mg/
kg. The samples were assayed by a disc-agar
diffusion method using Bacillus subtilis ATCC
6633 as test organism and citrate agar as test
medium.

Results and Discussion

The antibacterial activities of the synthesized
compounds against Gram-positive and Gram-
negative bacteria are shown in Table 1. Cephems
with the methyl (1b, R!=CH,) or ethyl (1c,
R!=CH,CH;) oxime ether group have very high
activity against a wide range of organisms.
When the length of the alkyl chain of the oxime
ether group is extended, the activity against
Gram-positive bacteria tends to increase, while
the activity against the Gram-negative organisms
tends to decrease. The changes in activity are,
however, not great in the compounds containing
three or more carbon atoms in the alkyl group.
Contrary to our expectation, the unsubstituted
hydroxyimino derivative (1a, R*=H) shows the
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Table 1. Effect on antibacterial activity of changing the alkyl chain length in the oxime ether group.
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N
=5
N g-co—mz]j \l
i& |
H?NJ\S/ NG i‘l\% ~H
COOH
1L
\i MIC (mcg/ml)
Compounds | X
U s Eou K prem Pomie Pule S
R } 209P JC-1 33 NIHJJC-2 28 20 18 1 35

a -H 0.39 1.56 0.10 0.10 <0.025 <0.025 0.10 12.5
b —~CHj (ceftizoxime) 6.25 12.5 <0.025 0.05 <0.025 <=<0.025 <0.025 1.56
c -CH,CH; 3.13 6.25 0.05 0.10 <0.025 =0.025 =0.025 0.78
d -CH,CH,CH, 1:56 3.13 0.20 0.10 <0.025 0.10 0.10 3.13
e —CH(CHy), 313 6.25 0.39 0.20 0.05 0.10 =0.025 3.13
f —CH,(CH,),CH; 1.56 1.56 0.39 0.39 0.20 0.20 0.05 6.25
g —CH,CH(CHj3), 0.78 3.13 0.78 0.20 0.10 0.20 0.10 6.25
h —CH,(CH,);CH;, 0.78 3.13 1.56 0.39 0.10 0.78 0.10 6.25
i ~CH,(CH,),CH; 1.56 3.13 1.56 0.39 0.05 0.78 0.10 12.5

best activity against Staphylococcus aureus 209P
JC-1 and less activity against some Gram-nega-
tive bacteria including opportunistic pathogens,
in comparison with ceftizoxime (1b). Further-
more, all of these compounds have excellent acti-
vity against Escherichia coli 28 which is a f-
lactamase-producing strain.

From the data of Table 1, it is apparent that
increasing lipophilicity of the alkyl side chain in
the oxime ether moiety tends to increase the acti-
vity against Gram-positive bacteria, but decrease
the activity against Gram-negative bacteria.
However, the compounds still have appreciable
activity against a wide range of bacteria.

In the next step, the influence of the alkyl
chain length of I on the excretion after oral admi-
nistration was studied. The urinary and biliary
excretion of the cephalosporins (Ia~i) in rats
were followed for 24 hours after an oral dose of
100 mg/ml (Table 2). The biliary excretion was
found to increase with the alkyl chain length,
whereas the urinary excretion tended to decrease.
For example, the urinary and biliary recovery of
ceftizoxime (1b) are 8.539% and 0.339 respec-
tively, whereas the n-hexyl homolog (Ti) is ex-
clusively excreted in bile (33.3 %) without detec-
table amounts of Ii in the urine.

From our present results, there appears to be

Table 2. 24-Hour urinary and biliary recovery (%)
of alkoxyimino analogs (I) after oral administration
(100 mg/kg) in rats.

Compounds Number of | Recovery (%)
R carbon f——m———

atoms Urine Bile

a -H 0 5.10 1.68

b -CH; 1 8.53 0.33

¢ —-CH,CH; 2 6.61 2.98

d -CH,CH,CH;, 3 2.84 5.47

e —-CH(CH,), 3 2.75 9.55

f -CH,(CH,),CH;, 4 0.18 783

g —-CH,CH(CHjy), 4 0.91 A7

h —-CH,(CH,);CH;,4 5 *nd. 22.84

i —CH,(CH,),CH, 6 *nd. 33.25
* n.d.: not detected.

a correlation between not only antibacterial
activity but also urinary and biliary recovery in
rats with the lipophilic character of I caused by
changes in the alkyl chain length of the oxime
ether group.
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