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The neutral mononuclear cobalt(II) complex with sparfloxacin has been prepared and characterized with
physicochemical, spectroscopic and electrochemical techniques and molecular mechanics calculations.
The interaction of the complex with calf-thymus DNA has been investigated with UV spectroscopy, cyclic
voltammetry and competitive studies with ethidium bromide. The antimicrobial activity of the complex
has been tested against three microorganisms.

© 2008 Elsevier Ltd. All rights reserved.

Sparfloxacin (=Hsf) (Fig. 1) is the first marketed amin-
odifluoroquinolone. The fluorine atom at position C-8 is thought
to increase sparfloxacin’s absorption and plasma half-life and its
activity against Gram-positive species such as Streptococcus pneu-
moniae and Staphylococci.! Being a third-generation quinolone
antimicrobial drug, sparfloxacin is mainly used for the treatment
of acute exacerbations of chronic bronchitis and community-ac-
quired pneumonia.? It has good bioavailability and its long half-life
permits once-daily dosing, which may contribute to improved
adherence to therapy and cost-effectiveness.®> DNA gyrase (topoi-
somerase II) and topoisomerase IV are targets of sparfloxacin
against S. pneumoniae and Staphylococcus aureus.*

The number of the sparfloxacinato metal complexes reported in
the literature is, to our knowledge, quite limited. More specifically,
the spectroscopic properties, the structure, the interaction with
calf-thymus (CT) DNA and the biological activity of MoOy(sf),,”
Cu(sf),® and Cu(sf)(N-N)CI (N-N = 2,2’-bipyridine, 1,10-phenan-
throline(=phen) or 2,2’-bipyridylamine)’ have been reported, as
well as the crystal structures and the antiproliferative properties®
of Cuy(sf), and [Cu(Hsf)(phen)(H,0)]** and the electrometric stud-
ies and magnetic measurements of a parrot-green inner complex
copper(Il)-sparfloxacin.®

An ethanolic solution (15mL) of sparfloxacin (0.4 mmol,
157 mg), deprotonated with KOH (0.4 mmol, 22 mg), was added
to an ethanolic solution (10mL) of CoCl,-6H,0 (0.2 mmol,
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48 mg). The solution was filtered and left for slow evaporation.
After a few days a yellow microcrystalline product was collected
with filtration. Yield: 120 mg, 70%. The complex is soluble in meth-
anol, DMSO and DMF and is non-electrolyte.

The absorption at 1716 cm ™! in the IR spectrum of Hsf attrib-
uted to the v(C=0)c» has been replaced with two very strong
characteristic bands at 1600 and 1395 cm™!, assigned as v(O-C-
0) asymmetric and symmetric stretching vibrations, respectively,
whereas v(C=0), is shifted from 1641 cm™! to 1627 cm ' upon
bonding. The difference A [=V(CO2)asym — V(CO2)sym| has a value
of 205 cm™! indicating the monodentate coordination mode of
the carboxylato group.®!° The changes in the IR spectrum suggest

NH, 0 0

OH

CH,

Figure 1. Sparfloxacin (Hsf=5-amino-1-cyclohexyl-7-(cis-3,5-dimethylpiperazi-
no)-6,8-difluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid).
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that sparfloxacin is bound to cobalt via the pyridone oxygen and
one carboxylato oxygen.! Finally, the band at 3405 cm™' can be
attributed to v(O-H) vibration of the two coordinated water
molecules.®1°

The UV spectrum of (1) is practically identical with that of spar-
floxacin but slightly shifted, indicative of coordination through the
pyridone and one carboxylate oxygen atom.® In the visible spec-
trum of (1), one band at 565 nm (¢=50M~! cm™!) attributed to
d-d transition has been found, as expected for distorted octahedral
high-spin Co?* complexes!! and for a series of distorted octahedral
high-spin Co?" quinolone complexes.'?"'® An additional absorption
band is observed as a shoulder at 430 nm (¢=160M~!'cm™)
which can be assigned to the ligand-to-metal charge-transfer tran-
sition for the quinolone ligand.!4-16

Despite the diverse crystallization techniques employed, (1)
was collected as microcrystalline product and its lowest energy
model structure has been determined with molecular modeling
calculations. Ten diastereoisomers of Co(sf),(H,0), have been con-
structed as starting models (Scheme S1). After the Langevin
dynamics simulated annealing calculations, we obtained the total
energy results of 20 different conformations for each starting mod-
el (Table S1). The average energy of each set of enantiomers is al-
most equal, as it is expected from such molecular mechanics
calculations.!” However, the final structures of the transOc isomers
(Scheme 1) exhibit lower average energies by more than
1.2 kcal mol~! than the other four isomers (cis3, trans3, transOp
and transOw).

Applying the distance restraints (Table S2) to Co-O bonds''~13
for the transOc model with the lowest energy and making correc-
tions of the geometry by minimizing the energy of the complex
once again, the structure of the predicted most stable isomer has
been obtained (Fig. 2). However, we cannot exclude the formation
of any of the other isomers.

The complete scan in the range +1.5 to —1.5 V of 0.4 mM meth-
anolic solution of (1) shows one cathodic wave at —920 mV, two
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Scheme 1. The isomers of Co(sf),(H,0), employed in the simulated annealing
calculations. Oc and Op are the carboxylate and the pyridone oxygen atoms,
respectively, of sparfloxacin.

anodic waves at —745 mV and +180 mV and a second cathodic
wave at —530 mV in the reverse scan. The resultant one-electron
quasi-reversible waves with E;;=-832mV and AE;=175mV
(Epc=—-920mV and E,,=-745mV) and with E;j;=-175mV,
AE,=710mV (Ep. = -530 mV and E,, = +180 mV) can be assigned
to the couples Co(II)/Co(I) and Co(II)/Co(III), respectively.'®

In 1:2 methanol/buffer solution (Fig. 3), one cathodic wave at
—658 mV ([Co'""] - [Co']), two anodic ones at —530 mV ([Co'] —
[Co"]) and +440 mV ([Co"] - [Co™]) and a second cathodic wave
([Co™] - [Co"]) at +170 mV in the reverse scan exist. The current
intensities of the quasi-reversible waves attributed to the couple
Co(II)/Co(I) are much higher than those of the couple Co(lIl)/
Co(III).

DNA can provide three distinctive binding sites for quinolone
metal complexes; namely, groove binding, binding to phosphate
group and intercalation.’® This behavior is of great importance
with regard to the relevant biological role of quinolone antibiot-
ics in the body.2°

The absorption spectra of the interaction of CT DNA with (1),
recorded for a constant CT DNA concentration (2 x 1074 M) in
different [(1)]/[DNA] mixing ratios (r), are shown in Figure 4A.
The changes observed, that is, the increase of the intensity at
Jmax =258 nm up to 20% and the shift of the /J,.x up to
265 nm, indicate that the interaction of (1) with CT DNA takes
place by a direct formation of a new complex with CT DNA.2°
The absorption intensity at 258 nm is increased due to the fact
that the purine bases and pyrimidine bases of DNA are exposed
because of the binding of the complex to DNA. This kind of bind-
ing may have caused the slight change of the conformation of
DNA?! suggesting the existence of interaction.??

Figure 4B illustrates the spectral changes occurred in 107> M
methanolic solution of (1) upon addition of increasing amounts
of CT DNA. Even though no appreciable change in the position
of the intraligand band of (1) is observed by addition of CT
DNA, the intensity of the band centred at 302 nm is increased
in the presence of DNA up to r=6 and a blue shift of 10 nm
(up to 292 nm) is observed for higher amounts of DNA. The
hyperchromic effect observed might be ascribed to external con-
tact (electrostatic binding)*®> or that the complex could uncoil
the helix structure of DNA and made more bases embedding in
DNA exposed.?* Furthermore, one distinct isosbestic point at
300 nm exists in the spectrum as well as a new band at
267 nm appears with equal intensity to that of 302 nm.

The intrinsic binding constant K;, of (1) with CT DNA repre-
sents the binding constant per DNA base pair, can be obtained
by monitoring the changes in absorbance at 302 nm with
increasing concentrations of CT DNA from plots =4 versus
[DNA] (Inset of Fig. 4B) and is given by the ratio of slope to
the y intercept, according to the following equation®?

[DNA]
(ea — &) B

DNA] 1
(Sb — sf) Kb(sb — 8f)

where ¢, = Aopsa/[(1)], & = extinction coefficient for the free complex
and ¢, = extinction coefficient for (1) in the fully bound form. The
high value of K, obtained for (1) (=2.59 + 0.10 x 10° M~1) suggests
a strong binding of (1) to CT DNA. Indeed, it is much higher than
Ky calculated for Hsf (=1.71 £ 0.02 x 10° M~!), indicating that the
coordination of sparfloxacinato ligand to Co(II) ion enhances signif-
icantly the ability to bind to CT DNA. It is noteworthy that Kj, of (1)
is higher than the EB binding affinity for DNA (K, =1.23 £ 0.07 x
10°> M) suggesting that electrostatic and intercalative interaction
may affect EB displacement.?®

The electrochemical investigations of metal-DNA interactions
can provide a useful complement to spectroscopic methods, for
example, for non-absorbing species, and yield information about
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Figure 2. Lowest energy model structure for Co(sf),(H,0)s,.

interactions with both the reduced and oxidized form of the me-
tal2® No new redox peaks appeared in the cyclic voltammo-
grams of (1) after the addition of CT DNA to the complex in
diverse r values, but the current intensity of all peaks decreased
significantly, suggesting the existence of an interaction between
(1) and CT DNA (Fig. 3). The decrease in current intensity can be
explained in terms of an equilibrium mixture of free and DNA-
bound complex to the electrode surface.?’” For increasing
amounts of CT DNA, Ep. shows a positive shift (AE,.=+16 mV)
(indicative of intercalation)*® while E,, shifts to more negative
values (AEp,=—15mV) (indicative of electrostatic binding).2®
These shifts of the two potentials show that (1) can bind to
DNA by both intercalation and electrostatic interaction.2®

In order to testify that (1) can bind to DNA by intercalation, a
competitive ethidium bromide (EB = 3,8-diamino-5-ethyl-6-phen-

ylphenanthridinium bromide, a typical indicator of intercalation)
binding study has been undertaken with fluorescence titration.2®
EB does not show any appreciable emission in buffer solution
due to fluorescence quenching of the free EB by the solvent mol-
ecules.?® On addition of CT DNA, its fluorescence intensity is
highly enhanced due to its strong intercalation between the
adjacent DNA base pairs.?' Addition of a second molecule, which
binds to DNA more strongly than EB, can decrease the DNA-in-
duced EB emission.>?> The emission spectra of EB bound to CT
DNA (Fig. 5A) in the absence and presence of (1) have been re-
corded for [EB]=2 x 107> M, [DNA]=2.6 x 10> M and increas-
ing amounts of (1). The emission band at 592 nm of the DNA-
EB system decreased in intensity upon addition of (1) at diverse
r values up to 30% of the initial EB-DNA fluorescence intensity
(Inset of Fig. 5A) indicating the competition with EB in binding
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Figure 3. Cyclic voltammograms in the range 0 to —1V of 0.4 mM of (1) in 1:2
methanol/buffer (containing 150 mM NaCl and 15 mM trisodium citrate at
pH = 7.0) solution in the absence or presence of CT DNA in increasing amounts
(r=18 — 1) (r=[(1)]/[DNA]). Scan rate = 100 mV s~'. Supporting electrolyte = buffer
solution. (Inset) Cyclic voltammograms in the range +1 to —1 V.

to DNA. The quenching of DNA-EB fluorescence for the complex
suggests that (1) displaces EB from the DNA-EB complex and it
can interact with CT DNA by the intercalative mode.>3

The quenching efficiency for the complex is evaluated by the

Stern-Volmer constant, Ksy, which varies with the experimental
conditions:
L
T =1+ I(Svr
where I, and I are the emission intensities in the absence and the
presence of the complex, respectively.>®> The Stern-Volmer plot of
DNA-EB (Fig. 5B) illustrates that the quenching of EB bound to
DNA by (1) is in good agreement with the linear Stern-Volmer
equation (R=0.99), which proves that the partial replacement
of EB bound to DNA by complex (1) results in a decrease in
the fluorescence intensity.?’ The relatively high value of Ky
(=3.46) of (1) shows that the complex is bound very tightly to
CT DNA.

The efficiencies of the ligand and the complex have been
tested against two Gram(-), Escherichia coli and Pseudomonas
aeruginosa, and one Gram(+), S. aureus, microorganisms.>* Both
the ligand and the complex have inhibitory action against all
microorganisms tested and the coordination of Hsf
(MIC = 0.25 — 8 ug mL™~!) with Co(ll) results to a diverse biologi-
cal activity (MIC=1—4 pgmL™").

Co(sf),(H,0) exhibits better activity (MIC = 4 ug mL™!) than Hsf
(MIC = 8 ug mL™") against E. coli but it is less active against P. aeru-
ginosa (MIC =1 pg mL™!) and S. aureus (MIC = 2 pg mL™!) than Hsf
(MIC =0.25 and 0.5 pg mL™', respectively). CoCl,-6H,0 does not
exhibit antimicrobial activity at the concentration range used to
assay the activity of the complex in this work. The chelate effect
of the ligand is probably the main reason for the diverse antibacte-
rial activity shown by the complex while the nature of the metal
ion coordinated to sparfloxacinato ligand may have a significant
role to this diversity,” for example, Cu(sf), shows better inhibition
(MIC=0.25 -2 ugmL )5

In conclusion, the cobalt(Il)-sparfloxacinato complex has been
spectroscopically and electrochemically characterized and its
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Figure 4. (A) UV spectra of CT DNA in buffer solution (150 mM NaCl and
15 mM trisodium citrate at pH=7.0) in the presence of (1) at diverse r values
(r=[(1)]/[DNA]). [DNA] =2 x 107* M, r=0 — 0.05. The arrow shows the intensity
changes upon increasing concentration of (1). (Inset) Plot of A/A, versus [(1)].
(B) UV spectra of (1) in methanolic solution in the presence of CT DNA at
increasing amounts. [(1)]=10 uM, [DNA]=0-20 uM. The arrow shows the
intensity changes upon increasing concentration of CT DNA. (Inset) Plot of

L f“{J] versus [DNA].

lowest energy model structure has been determined. UV spec-
troscopy and cyclic voltammetry as well as competitive studies
with EB with fluorescence spectroscopy have shown that
Co(sf)(H0), can bind to CT DNA by both intercalation and elec-
trostatic interaction. Additionally (1) exhibits diverse antimicro-
bial activity against the microorganisms tested.

Supplementary data

Experimental and materials data. Elemental analysis and
spectral data for (1). Scheme S1 for the diastereoisomers of
Co(sf),(H0), employed in the simulated annealing calculations.
Table S1 for the Co-O distance restraints applied during the en-
ergy minimization phase in order to adjust the geometry. Table
S2 for the energy statistics from the simulated annealing results
of Co(sf),(H,0), diastereoisomers. Supplementary data associated
with this article can be found, in the online version, at
doi:10.1016/j.bmcl.2008.05.115.
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Figure 5. (A) Fluorescence spectra of EB bound to CT DNA in the absence and
presence of (1). [EB] =20 uM, [DNA] = 26 uM, r=0 — 0.6, /ex = 540 nm. The arrow
shows the intensity changes upon increasing concentration of (1). (Inset) Plot of EB
relative fluorescence intensity (%) versus r (=[(1)]/[DNA]) in buffer solution
(150 mM NaCl and 15mM trisodium citrate at pH=7.0). (B) Stern-Volmer
quenching plot of EB bound to CT DNA by (1). Zem = 592 nm.
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