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Abstract. The synthesis and the antimicrobial properties of a new series of cephalosporinic -lactam antibiotics
is described. The data reported in the present paper show the potential of this type of substituted cephalosporins
as new anti Gram-positive antibiotic drugs. In fact, all compounds tested showed a good in vitro antibacterial
activity against the most relevant Gram-positive pathogens including resistant species that currently represent
unmet medical need. On the contrary, the new synthesized compounds were found to be completely devoid of

any activity on Gram-negative bacteria up to a concentration of the single agent of 128 pg/ml. © 1999 Elsevier
Science Ltd. All rights reserved.

Upper and lower respiratory tract infections are a very frequent cause of illness in patients population of all ages
in all countries worldwide. Amongst the organisms causing lower respiratory tract infections (LRTIs) and upper
respiratory tract infections (URTIs) both Streptococcus pneumoniae and Streptococcus pyogenes are the main
pathogens. The worldwide incidence of infectious caused by pneumococci resistant to penicillin G and other
class of antibiotics has increased at an alarming rate during the last five years. The main foci of penicillin-
resistant pneumococci are currently South Africa, Spain and Eastern Europe, but the spread of penicillin-
resistant clones demonstrates the capability of these strains to spread rapidly throughout the world. A recent
epidemiological survey by Doern and co-workers' has documented erythromycin A resistance rates of 20% and
49% in penicillin-intermediate resistant and resistant strains, respectively.

Penicillins, cephalosporins and macrolides have traditionally been used to eradicate these pathogens in both
upper and lower RTIs. In recent years, however, the advent of B-lactamase production, alteration in penicillin
binding proteins, macrolide resistance and recognition of cross resistance among different antibacterial classes
has led to a re-evaluation of existing antibiotics and a search for newer highly active compounds that display
little or no cross resistance, with a narrow spectrum of action to niche-resistant pathogens. Considering that
among B-lactams the combination amoxicillin/clavulanate and ceftriaxone are the oral and injectable drugs of
choice, respectively, to treat infections caused by resistant pneumococci, our work was aimed at the synthesis of

novel cephalosporins with improved in vitro antibacterial activity against RTI Gram-positive pathogens.
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In previous studies aiming at investigating the effects on the antimicrobial properties induced by certain
structural modifications on the amidic side chain linked to the C(7) carbon of the cephalosporinic nucleus, we
found that type A compounds, in which this side chain contains an aryl substituted [(methyloxy)imino]methyl
moiéty (MOIMM), showed an appreciable activity directed only towards Gram positive microorganisms.” The
further replacement of the MOIMM with a more polar hydroxylaminoethereal portion lead to type B
compounds possessing practically identical antimicrobial features.’

QSAR studies in the field of cephalosporinic $-lactam antibiotics demonstrated that an increase in the steric
hindrance and/or lipophilicity of the amidic side chain is able to positively influence the antimicrobial activity
against Gram-positive microorganisms.* On the basis of this finding we thought to verify whether structural
modifications on the amidic side chain of type B compounds able to increase both the lipophilicity and the
steric hindrance might lead to an improvement of the activity against Gram-positive bacteria and more
specifically against RTI pathogens.

We here report the synthesis and the antimicrobial properties of a new series of cephalosporinic p-lactam
antibiotics (compounds 1a-d, 2a-d, 3a-d) in which the hydroxylaminic nitrogen of type B compounds has been
replaced with benzamidic (1a-d), benzylureic (2a-d) and phenylureic (3a-d) functions.
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Chemistry. Compounds l1a-d, 2a-d, 3a-d were prepared as outlined in Scheme 1. Treatment of the N-
(benzyloxy)glycine derivatives 4a-d, 5a-d, 6a-d* with an equimolar amount of 7-ACA protected as t-butyl ester
(7)? in the presence of 1-[3-(dimethylamino)propyl}-3-ethylcarbodiimide hydrochloride as the dehydrating agent
gave the corresponding f-lactam esters 8a-d, 9a-d, 10a-d, ® which were purified by column chromatography.
Hydrolysis of 8a-d, 9a-d, 10a-d with trifluoroacetic acid and anisole afforded the desired compounds 1a-d, 2a-

d,3a-d.*
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Scheme 1

R'= 9a-d; X = CgH;CH;NHCO

10a-d; X = C;H;NHCO

2a-d; X = C¢HsCH,NHCO

1a-d; X = C¢HsCO
R'=H
3a-d; X = CgH,NHCO

a,R=H; b,R=0-Cl; ¢, R=m-Cl; d, R =p-Cl

Reagents and conditions. (i) 1-[3-(Dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (1.2 eq.),
CHCl; an,, r.t., 12h; yields from 52% to 80%. (ii) Trifluoroacetic acid (18 eq.), anisole (1.3 eq.), CH,C}; an., 0
°C, 24h; yields from 62% to 46%.

Results and Discussion. The in vitro antibacterial activity of the synthesised cephalosporins against common
Gram-positive pathogens’ is summarised in Table 1. A comparison with marketed oral and injectable antibiotics
is also reported.® Data are expressed as Minimum Inhibitory Concentration (MIC) values (pug/ml).’
Compounds 1a-d, 2a-d and 3a-d were also tested against Gram-negative bacteria'®, but they were found to be

completely devoid of any activity up to a concentration of the single agent of 128 pg/ml.
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Table 1. In vitro antibacterial activity of the synthesised compounds against Gram-positive pathogens in
comparison with reference antibiotics.

MIC (pg/m})*
b

Sa® Sa Sa Sa Sa Sa Stp® Stp Stp Stp Stp Stp Stp Stpyt
Compound g3 3072 3849 853 2672 2619 3512 3272 3273 4629 4630 4635 4636 Ery-R
Pen-S° Pen-S Pen-S Pen-R Pen-R Pen-R Pen-S Pen-S Pen-S Pen-R Pen-R Pen-R Pen-R

la 0.5 1 0.5 1 8 2 0.03 0.06 0.06 8 8 8 16 025

1b 1 1 0.5 1 8 4 025 025 025 16 16 16 32 0.5
1lc 05 05 05 05 4 1 006 0.06 0.12 8 8 1 2 0.25
1d 0.5 035 1 2 8 2 012 012 0.12 8 8 8 16 0.12
2a 0.5 1 1 1 2 1 025 012 05 16 16 4 32025
2b 0.5 1 0.5 1 4 1 0.25 0.5 0.5 16 16 4 64 0.25
2c 1 1 0.5 1 2 2 025 025 0.5 8 8 4 32 0.25
2d 0.5 1 0.5 1 2 1 025 025 0.5 8 8 4 32 012
3a 0.5 1 0.5 1 4 2 025 012 025 8 8 8 16 0.12
3b 05 05 05 2 2 1 012 025 025 8 8 4 8 0.12
3c 05 05 05 1 2 1 012 006 0.12 4 4 2 4 0.12
3d 05 05 0S5 1 4 1 006 012 025 8 4 4 16 0.06
Penicillin G <0.5 <05 <05 64 64 64 <05 <05 05 4 4 8 $ NDf
tAmox/Clav  0.25 0.5 0.25 2 1 2 <£0.015<0.015<0.015 4 2 4 4 0.06
Cefuroxime 1 2 1 2 2 2 006 0.06 025 32 16 32 16 0.06
Cefaclor 1 4 1 64 64 16 1 1 0.5 32 16 16 16 0.5
Ceftriaxone 2 4 2 4 4 4 003 0.03 003 4 2 1 1 0.06

Cefpirome 1 1 1 2 2 2 006 0.06 0.06 2 1 <05 <03 0.03

®Minimum Inhibitory Concentration. bStaphylococcus aureus. °Streptococcus pneumoniae. dStreptococcus
pyogenes Erythromycin-resistant. “Penicillin-sensitive. "Penicillin-resistant. 8Amoxicillin/Clavulanate. "Not
Determined.

In contrast they displayed interesting antibacterial activity against Gram-positive strains, definitely better than
that previously shown by type A and B compounds.*”?

The activity of the tested compounds against penicillin-sensitive (Pen-S) and penicillin-resistant (Pen-R)
Staphylococcus aureus was comparable to that of amoxicillin/clavulanate combination, second- and fourth-
generation cephalosporins, cefuroxime and cefpirome, respectively, but was superior to cefiriaxone (a third-
generation cephalosporin); penicillin G. Methicillin-resistant Staphylococcus aureus (MRSA) strains were

completely resistant to all compounds tested (data not shown). Although the majority of compounds tested
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showed comparable antibacterial activity against Pen-S and Pen-R Staphylococcus aureus, a little cross
resistance with other B-lactams was observed for la, b and Id. This was probably due to the hydrolysis of the
compounds mediated by B-lactamases produced by the bacterial strains. All Pen-S Streptococcus preumoniae
were sensitive to the PB-lactams tested showing MIC values < 0.5 pg/ml. Cefaclor was the least active
antibacterial agent tested. The susceptibility of Pen-R Streptococcus pneumoniae to B-lactams was inferior than
that observed against Pen-S Streptococcus pneumoniae because of the lower affinity towards the enzymatic B-
lactam target namely penicillin binding protein (PBP).!! The antibacterial activity of new derivatives against
four strains of Strepfococcus pneumoniae, highly resistant to penicillin G, was comparable to the activity of the
therapeutic agents amoxicillin/clavulanate, ceftriaxone and cefpirome currently used to eradicate resistant-
pneumococci, as oral or injectable drugs.

As expected, the susceptibility of an erythromycin resistant Streptococcus pyogenes strain to all B-lactams
tested was very high (MIC < 0.25 pg/ml) because the mechanisms of resistance to macrolides are completely

different from those relevant for B-lactam antibiotics.

Conclusions. The good and selective anti Gram-positive activity, including resistant species, shown by
compounds la-d, 2a-d and 3a-d in which the hydroxylaminic nitrogen of type B compounds was replaced with
benzamidic (la-d), benzylureic (2a-d) and phenylureic (3a-d) functions confirm how an increase in the steric
hindrance and/or the lipophilicity of the amidic side chain is able to positively influence the antibacterial
properties against Gram-positive pathogens. The data reported in the present paper show the potential of this
type of substituted cephalosporins as new anti Gram-positive antibiotic drugs. In fact, all compounds tested
showed a good in vitro antibacterial activity against the most relevant Gram-positive pathogens including
resistant species that currently represent unmet medical need.

The overall antibacterial activity of the cephalosporinic derivatives here tested is comparable to that observed
for the amoxicillin‘clavulanate combination, cefiriaxone and cefpirome (third- and fourth-generation
cephalosporins) and superior to that showed by second-generation cephalosporins (cefaclor and cefuroxime).
On the light of the results obtained, these molecules could be explored as novel B-lactams with anti Gram-
positive activity including resistant pathogens, although further investigations related either to the elucidation of
their mechanism of action against penicillin-resistant Streptococcus pneumoniae or of their pharmacokinetic

properties, in order to study the efficacy of these molecules in animal models of infection, are needed.
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