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Abstract—We previously demonstrated that piperazinyl-linked fluoroquinolone dimers possess potent antibacterial activity against
drug-resistant strains of Staphylococcus aureus. In this study, we report the preparation and evaluation of a series of incomplete
dimers toward ascertaining structural features of piperazinyl-linked ciprofloxacin dimers that render these agents refractory to
fluoroquinolone-resistance mechanisms in Staphylococcus aureus.
# 2003 Elsevier Science Ltd. All rights reserved.
Bacterial resistance to the fluoroquinolone antibiotics is
seriously challenging the clinical application of this class
of antimicrobial agents.1 We recently reported the dis-
covery of novel piperazinyl-linked fluoroquinolone
dimers that posses potent antibacterial activity against
drug resistant strains of Staphylococcus aureus (S. aur-
eus), including fluoroquinolone resistant strains posses-
sing NorA efflux-mediated and topoisomerase IV
substitution-mediated resistance mechanisms (Fig. 1).2

Susceptibility testing demonstrated that both the fluoro-
quinolone monomers and linker comprising the dimer
impact antibacterial potency. For example, the linker
affording the most active symmetric dimer of one fluoro-
quinolone was not necessarily the optimal linker for a
symmetric dimer of a different fluoroquinolone. Fur-
thermore, antibacterial activities of the dimers do not
correlate with the inherent activity of the parent fluoro-
quinolone monomers used to form the dimers.
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Figure 1. Piperazinyl-linked fluoroquinolone dimers possessing potent
activity against drug-resistant strains of S. aureus.
Figure 2. Comparison of a piperazinyl-linked ciprofloxacin dimer and
incomplete dimers having varied structural features comprising one
half of the dimer.
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To begin determining the core structural features of the
fluoroquinolone dimers responsible for potent activity
against drug-resistant strains of S. aureus, we envisioned
preparing a series of partial or ‘incomplete’ dimers
where one half of the dimer consists of various compo-
nents of the fluoroquinolone structure (Fig. 2). To this
end, synthesis of the desired piperazinyl-linked cipro-
floxacin derivatives was achieved using a two-step
strategy (Scheme 1). First, reactive intermediates 7 and
8 were prepared by alkylation of the terminal piperazine
nitrogen of ciprofloxacin with 1,4-bis-chloromethyl-
benzene and trans-1,4-dichloro-2-butene, respectively
(Scheme 1).3 Intermediates 7 and 8 were then coupled to
piperazine and a series of mono-N-substituted piper-
azine derivatives to afford the desired p-xylenyl-linked
and 1,4-trans-2-butenyl-linked ciprofloxacin analogues
(11–13, 15, 16, Table 1).4 Minimum inhibitory con-
centrations (MICs) of these derivatives were then deter-
mined against a panel of drug-resistant strains of S.
aureus (Table 1).5

The importance of the carboxyl group for potent activ-
ity of the dimers against drug-resistant S. aureus is
exemplified by comparison of the symmetric p-xylenyl-
linked ciprofloxacin dimer 9 and analogues 10 and 11,
which contain the virtually inactive pipemidic acid and
Table 1. Antibacterial activity of fluoroquinolone dimers and incomplete dimers against drug-resistant strains of S. aureus5

Strains of S. aureusa
Compd4
 SA 1199
 SA 1199-3
 SA 1199B
 MRSA 494
 GISA 992
Ciprofloxacin monomer
 0.125
 1
 8
 0.5
 32

Pipemidic acid monomer
 >16
 >16
 >16
 >16
 >16

Descarboxy ciprofloxacin monomer
 >16
 >16
 >16
 >16
 >16
R=
0.125
 0.125
 0.125
 0.125
 4
<0.03
 <0.03
 <0.03
 0.125
 2
0.25
 0.5
 0.5
 1
 >16
0.5
 0.5
 0.5
 0.5
 16
0.5
 0.5
 1
 0.25
 >16
0.03
 0.06
 0.03
 0.125
 >16
0.5
 0.5
 0.5
 0.5
 >16
1
 2
 2
 2
 >16
aSA-1199, wild-type isolate; SA 1199-3, laboratory-derived mutant of SA 1199 that inducibly overexpresses norA, no gyrase or topoisomerase IV
mutations; SA 1199B, constitutively overexpresses norA and harbors a topoisomerase IV A subunit substitution (A116E); MRSA 494, methicillin-
resistant SA isolate; GISA 992, vancomycin-insensitive SA.
2110 R. J. Kerns et al. / Bioorg. Med. Chem. Lett. 13 (2003) 2109–2112



descarboxy ciprofloxacin monomers, respectively (Table
1). Compound 10, which contains pipemidic acid in
place of one ciprofloxacin in the dimer, is more potent
or equipotent than ciprofloxacin dimer 9 against all
strains of drug-resistant S. aureus tested. In contrast,
incomplete dimer 11, which contains descarboxy cipro-
floxacin in place of one ciprofloxacin,6 is less active than
9 against all strains. To our surprise, although the des-
carboxy ciprofloxacin dimer 11 is generally less active
than parent dimer 9, 11 does not have increased MICs
against SA 1199-3 or SA 1199B.

These strains possess varied levels of FQ resistance
where SA 1199-3 is a laboratory-derived mutant of SA
1199 that inducibly overexpresses the norA encoded
efflux pump and has no DNA gyrase or topoisomerase
IV mutations, and SA 1199B is a derivate of SA 1199
that constitutively overexpresses norA and harbors a
topoisomerase IV A subunit substitution (A116E)
known to correlate with raised FQ MICs.7 Therefore,
while the increased potency of dimers 9, 10 and 14 over
ciprofloxacin against SA 1199-3 and SA 1199B requires
both carboxyl groups, this is not a requirement to sim-
ply maintain activity against the fluoroquinolone resis-
tant strains. This observation is more remarkable with
incomplete dimer analogues 12–13 and 15–16, where
only piperazine or fluorophenyl piperazine are linked to
ciprofloxacin. In general, the inherent antibacterial
activity of these analogues is lower than that of the full
dimers (e.g., 9 and 14) and even ciprofloxacin itself,
however, this inherent level of activity against SA 1199
is maintained against SA 1199-3 and SA 1199B, indi-
cating these simplified analogues are still refractory to
the efflux-mediated and mutation-mediated resistance
mechanisms (Table 1).8,9
In summary, we have shown that potent activity of
piperazinyl-linked ciprofloxacin dimers against drug-
resistant strains of S. aureus requires the presence of a
carboxyl group on both halves of the dimer structure.
These results indicate that each half of the dimer might
participate in equivalent-type interactions at the homo-
dimeric topoisomerase interface; however, unique or
non-equivalent interactions with the topoisomerase, the
DNA, or the putative topoisomerase–DNA complex are
possible. The observation that all piperazinyl-linked
dimers and incomplete dimers maintain their level of
activity against SA 1199 across strains SA 1199-3 and
SA 1199B indicates that piperazine substitution renders
these agents refractory to the NorA efflux pump and the
topoisomerase IV point mutation present in SA 1199B.9
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