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Abstract
A proton NMR study was performed on the copper(ll)-ciprofloxacin system. The proton
relaxation times (T) were determined from the titration data in acidic and basic media. In
acidic medium the H5 signal is dramatically affected and it is assumed that copper is bonded
to the quinolone through carbonyl and one of the carboxyl oxygens. Such bonding is in
agreement with the X-ray literature data for the complex [Cu(cf)2]CI2"6H20 isolated from the
slightly acidic solution. There are additional significant changes in T1 of H3" and H5" atoms
which suggest that the terminal nitrogen atom of the piperazine ring system-N4" also interacts
with copper in the basic conditions. Thus it is plausible that more than one species are
present in the solution at high pH values.

Introduction
A number of highly potent broad-spectrum quinolone antibacterial agents have been
synthesized in the past few years, and many have been introduced into clinical practice.
Ciprofloxacin (cf, Scheme la) is a typical member of this family (Chu and Fernandes, 1991;
Koga et al., 1980) and nalidixic acid (nal, Scheme b) was the first compound from this
group used as a drug. It is well known that the absorption of quinolones appears to be
significantly reduced in the presence of various metal ions. The reason is probably the
chelation between the quinolone and the metal ion (Cole et al., 1984; Polk, 1989; Kara et
al., 1991).

Scheme 1: Chemical formulae of ciprofloxacin a) and nalidixic acid b).
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An NMR study of the proton relaxation times (T1) was performed in the copper(ll)-ciprofloxacin
system. Our aim was to check for any differences in relaxation times between acidic and
basic aqueous media which could suggest the presence of different bonding modes of the
ligand. In a previous study of the Cu(ll)-cf system we showed by potentiometric measurements
that in the acidic region a 1:1 complex is formed, whereas a 1:2 complex prevailed at higher
pH (Turel et al., 1996). Furthermore, it was unexpectedly revealed that the coordination of
the second quinolone ligand in the 1:2 complex was somehow more favoured than that of the
first one.
It has been established that copper(ll) ions broaden the signals in the NMR spectra of those
atoms found in the proximity of metal binding sites (Sterk et al., 1985; Eichhorn et al., 1966;
Marzilli,1977; Kotowycz, 1974). 3C NMR studies on the metal-quinolone systems have
already been performed (Mendoza-Diaz and Panell, 1988; Wallis et al., 1996). The latter
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group proposed that the most important interaction of copper with ciprofloxacin in acidic
solution is through the ring carbonyl and one of the carboxyl oxygens but in basic solution
there is an additional interaction of the metal with the piperazine nitrogen atom. These
conclusions have been drawn upon the observations of the broadening of the carbon
resonances. It is well known that Cu(ll) ions induce line broadening of 13C resonances and
that the results must be interpreted with great caution (Marzilli,1977; Kotowycz, 1974). Our
13C results were comparable to those of Wallis, but we have decided to perform a detailed
proton relaxation times analysis, which is expected to give more reliable results concerning
the determination of binding sites for paramagnetic metal ions.

Materials and ethods
1H NMR Spectroscopy. The H NMR experiments were performed on a Bruker DRX 600
spectrometer operating at 600 MHz and on a Bruker DPX 300 instrument operating at 300
MHz. The spectra were assigned with the aid of different techniques (HMQC, DQFCOSY) and
the results were in agreement with the literature data. All NMR experiments were recorded at
298 K. The solvent peak was suppressed by a 3-9-19 WATERGATE pulse sequence. One-
dimensional spectra were recorded into 64K complex points with a 22 ppm spectral width, a
12 #s pulse width and a recycling delay of 2 s. The T1 measurements were carried out using
an inversion recovery sequence, in which the WATERGATE suppression sequence was
incorporated. A list of 13 different delays in the range 0.01 to 10 s were used. The NMR data
were processed on a PC (Pentium, 133 MHz) using the WIN-NMR version 960901.2 (Bruker).
The spectra were multiplied by an exponential window function prior to Fourier
transformation. Typically, Hz was added to the line width. The 1D spectra were zero filled
to 128 K. No baseline correction was needed. The proton spectra were referenced to the H20
resonance in water at 4.76 ppm at 298 K. An aqueous solution of cf.HC1 (0.0778 M) was prepared
(pH ca. 4). The basic solution was prepared by the addition of an NaOH solution to reach the
final pH 11. To both solutions successive aliquots of ca. 77.0 mM CuCl2 were added with a
micropipette.

Results and Discussion
The effect on the proton spin-lattice relaxation rates (1/T1)vs. Cu(ll) concentration (acidic
solution) is plotted in Fig. a. The H5 signal is dramatically affected compared to the other
ring proton signals due to a dipolar interaction between the unpaired electron on Cu(ll) and
the H5 nucleus. This result is in agreement with the crystal structure of the [Cu(cf)2]CI2"6H20
complex (Turel et al., 1994) obtained from acidic medium where bonding through carbonyl
and one of the carboxyl oxygens was found. The second possible coordination geometry in
this system could be the chelate bonding of the metal to the carboxylic group. The dipolar
interaction is proportional to -6 where is the distance between the paramagnetic center and
the proton. The relative effect on the relaxation rates between the two sites calculated on the
basis of this model is 11:1, which is of the right order of magnitude as compared to the
experimental rates.
The linear relationship of relaxation rate vs. metal ion concentration indicates the presence
of only one major species in acidic solution.
Titrations were also performed in basic medium and the results are shown in Fig. lb. The
quinolone hydrogen atoms (H5, H8 and H2) are affected similarly as in the acidic medium
indicating the same type of coordination. In addition there is a significant change in T of
H3"and H5" atoms compared to H2 and H8 which suggests that N4" also interacts with copper
under these conditions.
The non-linear relationship of relaxation rate vs. metal ion concentration indicates that more
than one species are present at high pH. It is interesting to note that in the crystal structure
of the silver-quinolone (pefloxacin) complex (prepared from basic medium) (Baenzinger et
al., 1986) both carboxylic oxygens and the piperazine nitrogen are all involved in bonding to
the metal. In this structure two silver ions are joined in dimeric pairs by bridging coordinating
carboxyl groups of two pefloxacin molecules.
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Figure 1. Effect of Cu(ll) concentration on spin-lattice relaxation rates (1/T1)[s"] in (a) acidic
and (b) basic solutions of cf (r n(Cu(ll) n(cf)), c(cf)=0.0778 M).

Copper(ll) coordination to nalidixic acid (Scheme b) has been studied by 3C line-
broadening measurements (Mendoza-Diaz and Panell, 1988). The authors propose that the
Cu(aq)2+ ion forms a chelate with the carboxylic group in the absence of additional ligands,
since the carbonyl carbon is virtually unaffected. This result differs from that obtained in the
present study. While the two systems are not equivalent, it is not immediately apparent why
this difference should exist.
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