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Abstract : A series of fluoro-quinolones was evaluated for antibacterial activity and DNA-gyrase
inhibitory potency. The relative enhancement of the overall antibacterial activity resulting from C-6
or C-8 fluorine substituent was not accompanied with a major change of DNA-gyrase inhibitory
potency.

Since the discovery of nalidixic acid by LESHER in 1962!, the quinolone
antibacterials have emerged as a significant class of chemotherapeutic agents. The major
structural change in structure-activity of both quinolone and naphtyridone series was the
introduction of a fluorine at C-6. This gave rise to compounds which were dramatically more potent
than nalidixic acid in vitro 2 - * . This modification continues to be a structural feature of all current
synthetic analogues and is one of the major factors for the greatly increased activity of all of the
current quinolones. However, the precise role of C-6 fluorine substituent has never been clarified.

As a means of gaining additional information on the role displayed by different substitutions
of fluorine atom(s) at several positions of quinolones, our group has recently shown that C-6 fluoro
atom can be moved to the C-8 position while incurring only minor loss of potency 4 .

The primary mechanism of action of quinolones is inhibition of DNA-gyrase activity 5.
The aim of this report was to determine the role displayed by fluorine atom(s) at C-5, C-6 and C-8 of
a series of 7-( 3(S)aminopyrrolidinyl )-1-cyclopropyl-1,4-dihydro-4-oxo-3-quinoline carboxylic acids
at the cellular and molecular level. We compared the antimicrobial activity and inhibitory potency
of these compounds against E.Coli DNA-gyrase.

Compounds ( Table I') were evaluated for in vitro antibacterial activity against a variety of

organisms. The minimum inhibitory concentrations ( MICs )¢ of these compounds against several
Gram-positive and Gram-negative bacteria compared to ciprofloxacin are displayed in Table I
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Table I . STRUCTURE OF COMPOUNDS
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Table I . ANTIBACTERIAL ACTIVITY OF FLUORO-QUINOLONES (MIC, ug/mL)

Bacteria Strain CIP § 1 2 3 4 5
S. PNEUMONIAE 9585 0.25 2 0.13 0.5 4 4
E. FAECALIS 9809 0.5 4 0.25 0.25 4 16
S. AUREUS 9606 0.25 0.5 0.06 0.06 1 8
S. EPIDERMIDIS 25783 0.5 0.25 0.03 0.125 0.5 8
E. COLI 20697 0.008 0.03 0.008 0.007 0.06 0.25
K. OXYTOCA 20345 0.06 0.25 0.03 0.06 0.5 1
E. AEROGENES 20985 0.03 0.06 0.016 0.03 0.25 0.5
P. MIRABILIS 9900 0.008 0.13 0.03 0.03 0.13 0.5
M. MORGANII 15153 0.08 0.13 0.016 0.015 0.06 0.25
P. STUARTII 20615 0.03 1 0.03 0.06 0.5 1
S. MARCESCENS 20019 0.03 0.5 0.03 0.03 0.25 0.5
P. AERUGINOSA 9843 0.25 0.5 0.25 0.25 2 4
H. INFLUENZA 21515 0.03 0.08 0.002 0.007 0.06 0.13
P. PERFRINGENS 21284 0.06 N.D. 0.25 0.5 1 N.D.
P. RETTGERI 22424 0.5 8 0.5 1 8 16

§: CIPROFLOXACIN N.D.: Not Determined



DNA-Gyrase inhibition

Replacement of an hydrogen atom by an halogen atom especially fluorine at C-6 or C-8
resulted in an outstanding enhancement of the overall antibacterial activity. 6-fluoro and
8-fluoro-substituted quinolones showed excellent MICs against Gram-positive and Gram - negative
bacteria, and displayed comparable antibacterial activity to ciprofloxacin. Koga et al.” did the
same experiment in another series ( 1-ethyl-7-piperazinylquinolones ) and found, unlike us, the
C-8 fluoro compound 10-fold less active in witro. The effect of the fluorine atom seems
therefore to be a function of the choice of the N-1 and/or C-7 substituents. Introduction of a
fluoro group at C-5 declined markedly the overall antibacterial activity. The 5,8 - difluoro
analogue displayed intermediate in vitro antibacterial potency. The overall antibacterial
activity of the 5,8 - difluoro compound was very similar to that of non - substituted
analogue. 5-fluoro substitution effect was therefore counterbalanced by 8-fluoro substitution.
Thus, 5-fluoro and 8-fluoro substitutions seem to induce compensating electronic effects.

Quinolones are broad - spectrum antibacterial agents which inhibit bacterial DNA-gyrase
activity. The inhibitory activity of these compounds was therefore tested on E.Coli DNA-
gyrase ® . DNA-gyrase was purified from E. Coli HR 560, according to the method of R. Otter
and N.R. Cozzarelli * . The results are shown in Table III, with MICs against E.Coli HR560 for
appropriate comparison.

Table III. IN VITRO INHIBITORY POTENCY OF NEW FLUORO - SUBSTITUTED
QUINOLONES AGAINST E. COLI HR 560 DNA - GYRASE ( IC,, IC,,, MIC : ug/mL).

COMPOQUNDS DNA - GYRASE MIC
IC, IC 1o
Nalidixic acid 25.0 200 2.5
Ciprofloxacin 0.12 10 0.009
Pefloxacin 0.64 20 0.019
1 0.32 20 0.009
2 0.24 20 0.005
3 0.32 10 0.009
4 0.32 10 0.078
5 0.64 20 0.156

All tested compounds inhibited actively E.Coli DNA-gyrase and displayed an inhibitory
potency comparable to that of pefloxacin, and much higher than that of nalidixic acid.
Monofluoro- and difluoro-substitutions lacked to modify markedly the inhibitory activity
against E.Coli DNA-gyrase supercoiling effect. Even C-5 fluoro-substituted compound was
found as potent as pefloxacin at the molecular site of action, while being 10-fold less
active at the cellular level.

In summary, optimal antibacterial efficacy elicited through C-6 and C-8 fluorine substitution
is not directly connected with the inhibitory activity against E.Coli DNA-gyrase. Transport into
the cell and active efflux processes are also involved for some important part in the antibacterial
activity. We have shown that the influence induced by fluorine substitution(s) on the antibacterial
activity cannot be explained by a direct effect on the enzyme target of quinolones (i.e. DNA-gyrase).
Low transport modalities into bacteria and through bacterial membrane, as well as active efflux,
might impair the antibacterial efficacy of compounds eliciting a high DNA-gyrase inhibitory
activity.
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with slight modification : the elution of DNA-gyrase was directly performed with 8M urea.



