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Abstract A series of new complexes with mixed ligands
of the type RuL,,(DMSO),Cl;-xH,0O ((1) L: oxolinic acid
(ox0), m =1, n =0, x = 4; (2) L: pipemidic acid (pip),
m=2,n=1,x =2;(3)L: enoxacin (enx), m = 2,n = 1,
x = 0; (4) L: levofloxacin (levofx), m =2, n =2, x = §;
DMSO: dimethylsulfoxide) were synthesized and charac-
terized by chemical analysis, IR and electronic data. Except
oxolinic acid that behaves as bidentate, the other ligands
(quinolone derivatives and DMSO) act as unidentate.
Electronic spectra are in accordance with an octahedral
stereochemistry. The thermal analysis (TG, DTA) in syn-
thetic air flow elucidated the composition and also the
number and nature of both water and DMSO molecules.
The TG curves show 3-5 well-separated thermal steps. The
first corresponds to the water and/or DMSO loss at lower
temperatures followed either by quinolone thermal
decomposition or pyrolisys at higher temperatures. The
final product is ruthenium(IV) oxide.
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Introduction

The clinical use of platinum compounds was limited by
the development of tumor resistance to the drugs [1-3]
and by their side effects [4, 5]. These limitations caused
further research to be oriented toward finding new, more
active, less toxic, non-platinum anti-tumor agents based
on other transition metals. Among of non-platinum com-
pounds with anticancer properties, ruthenium complexes
are very promising. Metal complexes of ruthenium(III)
had shown ligand exchange kinetics similar to those of
the platinum anti-tumor agents currently used in the clinic
and exhibits a reduced toxicity [6]. Some study revealed
that the presence in coordination sphere of -easily
exchangeable ligands allowed the interaction with DNA.
For ruthenium complexes that behave as anti-tumor
agents such kind of ligands are chloride ion, water, and
DMSO [7-13]. The presence of solvent molecules (like
water and DMSO) in the coordination sphere of ruthe-
nium can be easily detected using the thermal analysis
[14].

A series of quinolone metal complexes are already
characterized [15-25] and in some cases their biological
activity was investigated [26-28].

Based on these observations, new ruthenium(IIl) com-
plexes with some quinolone anti-bacterials (oxolinic acid,
pipemidic acid, enoxacin, and levofloxacin) have been
synthesized and characterized by elemental analysis,
spectral properties, and thermal analysis. The thermal
analysis (TG and DTA) was performed in order to establish
the thermal stability of these complexes during the phar-
maceutical development studies. The thermal curves elu-
cidated the composition and the number and nature of the
solvent molecules also.
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Experimental
Materials and methods

All chemicals were purchased from Sigma—Aldrich,
reagent grade and were used without further purification.

The chemical analyses were performed on a Perkin
Elmer PE 2400 analyzer (for C, H, N, and S) and an AAS
Carl Zeiss Jena AASI1 spectrometer (for Ru).

IR spectra were recorded in KBr pellets with a FT-IR
VERTEX 70 (Bruker) spectrometer in the range 400-
4,000 cm ™.

Electronic spectra by diffuse reflectance technique, with
MgO as standard, were recorded in the range 300-—
1,500 nm, on a Jasco V 670 spectrophotometer.

The heating curves (TG and DTA) were recorded
using a Labsys 1200 SETARAM instrument, with a
sample mass of 6-15 mg over the temperature range of
20-900 °C, wusing a heating rate of 10 K/min. The
measurements were carried out in synthetic air atmo-
sphere (flow rate 16.66 cm®/min) by using alumina
crucibles.

Synthesis of the complexes and spectral data

A DMSO solution of ligand and RuClj; in a 2:1 molar ratio
was heated under reflux for 6 h until the color turned into
dark-brown. After cooling, a solution 2 M of NaCl has
been added in order to obtain the solid product. The brown
residue was filtered off and washed several times with
distilled water and air dried.

Complex Ru(oxo)Cl3-4H,0 (1)

Analysis, found: Ru, 18.35; C, 28.25; H, 3.71; N, 2.86%;
calculated for RuC;3H;9CI3NQOy: Ru, 18.67; C, 28.83; H,

Fig. 1 The ligand formulas

Enoxacin
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3.51; N, 2.58%; IR (KBr pellet), cm™ L v(OH), 3441s;
v(C=0),, 1710s; v(C=0),, 1633s.

Complex Ru(pip),Cl3;(DMSO)-2H,0 (2)

Analysis, found: Ru, 10.35; C, 38.43; H, 8.31; N, 14.95; S,
3.73%; calculated for RuC3¢H44Cl3N;¢0oS: Ru, 10.88; C,
38.8; H, 8.13; N, 15.08; S 3.44%; IR (KBr pellet), cm L
v(OH), 3426s; v(C=0),, 1719s; v(C=0),, 1640s; v(S=0),
1050m.

Complex Ru(enx),Cl3(DMSO) (3)

Analysis, found: Ru, 10.48; C, 41.11; H, 4.62; N, 11.95; S,
3.68%; calculated for RuCs,H,oCl3F>NgO-S: Ru, 10.91; C,
41.47; H, 4.32; N, 12.10; S 3.46%; IR (KBr pellet), cm™ L
v(C=0),, 1718m; v(C=0),, 1630s; v(S=0), 1021m.

Complex Ru(levofx),Cl3(DMSO),-8H,0 (4)

Analysis, found: Ru, 8.44; C, 39.84; H, 5.92; N, 6.43; S,
5.79%; calculated for RuC4oHggClsF2NgO15S5: Ru, 8.32;
C, 39.54; H, 5.60; N, 6.92; S 5.27%; IR (KBr pellet), cm ™
v(OH), 3424s; v(C=0)., 1715m; v(C=0),, 1617s; v(S=0),
1058m.

Results and discussion
Physico-chemical characterization of complexes

In this article, we report the preparation and physico-
chemical characterization of some Ru(IIl) complexes with
quinolone derivatives and DMSO (Fig. 1).

The major goal of this article was to characterize the
spectral and thermal behavior of these complexes that

Levofloxacin
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could behave as cytostatic agents. The complexes have
been formulated on the basis of chemical analysis and IR
spectra as it follows:

[Ru(ox0)Cl3(H,0)]1(H,0)3 (1)
[Ru(pip)>Cl3(DMSO)](H,0), (2)
[Ru(enx),Cl;(DMSO)] (3)
[Ru(levofx),Cl;(DMSO)]DMSO(H,0)5 (4)

The compounds were obtained from the reaction of the
RuCl; with quinolone derivatives in DMSO.

In the IR spectra of complexes the characteristic patterns
of quinolone and DMSO are shown and indicate the uni-
dentate coordination both for quinolone derivative and
DMSO except for oxolinic acid that acts as bidentate.
These common features are:

e The characteristic bands assigned to the both carboxylic
and pyridonic carbonyl (v(CO). and v(CO),), respec-
tively, can be identified in all complexes spectra [29].
The position of these bands in complexes spectra
indicate that the carbonyl and carboxyl groups are not
involved in coordination;

e The bands which appear in 2,500-2,850 cm ™' range in
ligands spectra can be assigned to N‘(‘piperazyD—H stretch-
ing vibrations. In the spectra of complexes these bands
disappears probably due to the ligand coordination
through the N?piperazyl) atom;

e The DMSO presence in complexes generates the
appearance of a medium or strong band in 1,020-
1,050 cm™" range assigned to v(S=0) stretching vibra-

tions [30] characteristic to S-coordinated DMSO.

In the spectrum of complex (1) the bands assigned to
v(CO). and v(CO), vibration modes are shifted to lower
wavenumbers in comparison with oxolinic acid spectrum
which is in accord with a chelate coordination via pyri-
donic and carboxylic oxygen atoms.

Electronic spectra of complexes display a large band
with the absorption maxima in the range 400-530 nm and a
shoulder in the range 550-700 nm that can be assigned to
the spin allowed transition 2T, - 2A,, °T, and spin for-
bidden one T, — *T, for Ru(Ill) with an octahedral
stereochemistry [31].

On the basis of the above data the proposed coordination
for the complexes is as it follows (Fig. 2):

Thermal behavior of complexes

The main objective of this article was to analyse the
thermal behavior of the complexes having in view the
composition confirmation and the solvent molecule role
assessment.

The results concerning the thermal degradation of the
new complexes are presented as it follows.

al R
’/O Cl\l‘iuim @

o y /‘ OH, R]/T
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\ Y Cl/‘ D]MSO
OH K\N/R
CH;3 a RZ/N\)
(2-4)

Fig. 2 The coordination sphere of complexes

Thermal decomposition of [Ru(oxo)Cl5(H,0)](H,O)3

The TG and DTA curves corresponding to the complex (1)
heated in the 20-900 °C temperature range indicate that
decomposition follows four steps (Fig. 3).

The first step of compound transformation consists in an
endothermic elimination of water (Table 1). The second
step, exothermic, is not a single one being an overlapping
of at least two processes as both TG and DTA curves
indicate. This step corresponds to the partial oxolinic acid
oxidative degradation consisting in 1,3-benzidioxole
elimination (Fig. 4).

The resulted fragment 4-hydroxinicotinic acid remains
coordinated through the both oxygen atoms from the car-
boxylic and carbonylic groups. The characteristic bands of
the carboxylic and carbonylic groups at 1699 v(CO). and
1635 cm™! (v(CO),,) appear shifted in the IR spectrum of
this intermediate (Fig. 5b) in comparison with that of
Ru(ox0)Cl3(H,0), (Fig. 5a). Moreover the characteristic
bands of the 1,3-benzidioxole disappear from this spectrum
(1,224, v(C-0-C); 939, v(C-0O) and 879 cm ™! y(CH)).

Next step, exothermic also, corresponds to organic part
loss in at least three processes according to TG curve. The
resulted intermediate, RuCl;, turns in RuO, in the last step,
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Fig. 3 TG and DTA curves of [Ru(ox0)Cl3(H,0)](H,0);3
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Table 1 Thermal behavior data (in synthetic air atmosphere) for complexes

Complex Step Thermal effect Temperature range/°C Amey /% Amiy/ %
[Ru(ox0)Cl3(H,0)](H,0); (1) 1. Endothermic 51-136 13.4 13.3
2. Exothermic 205-350 22.5 22.6
3. Exothermic 350-515 25.8 25.7
4. Exothermic 515-900 13.7 13.8
[Ru(pip),Cl3(DMSO)](H,0), (2) 1. Endothermic 51-80 3.8 39
2. Endothermic 80-125 8.4 8.4
3. Exothermic 125486 47.2 47.2
4. Exothermic 486-770 18.2 18.1
5. Exothermic 770-900 7.9 8.0
[Ru(enx),Cl3(DMSO)] (3) 1. Endothermic 200-275 8.5 8.4
2. Exothermic 275-764 50.7 50.8
3. Exothermic 764-907 18.2 18.2
4, Exothermic 907-1000 8.1 8.0
[Ru(levofx),Cl;(DMSO)]DMSO(H,0)g (4) 1. Endothermic 44-87 11.8 11.7
2. Endothermic 87-144 12.6 12.7
3. Exothermic 246-830 64.9 64.8
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Fig. 5 IR spectra of [Ru(oxo)Cl3(H,0)](H,0)3 (a) and intermediate
resulted at 350 °C (b)

process accompanied by an exothermic effect (found/calcd.
overall mass loss: 75.4/75.4).

Thermal decomposition
of [Ru(pip)>Cl3(DMSO)](H-0),

Complex (2) decomposition occurs in five steps and begins

with water elimination, process that proceeds at lower
temperature (Table 1) [32-35]. The next step corresponds

@ Springer

Fig. 6 TG and DTA curves of [Ru(pip),Cl3(DMSO)](H,0),

to the organic solvent (DMSO) loss (Fig. 6). The third step
occurs with pipemidic acid degradation similar with that
observed for other ruthenium(IIl) complexes with quino-
lone derivatives [14] (Fig. 7). The thermal degradation of
pipemidic acid occurs in at least two successive processes
as both TG and DTA indicate. In the fourth step the
complex intermediate leads to RuCl; as a result of the
tetrahydropyrazine oxidative degradation in at least two
processes (according to both TG and DTA curves). The
remaining RuCl; generates RuO, up to 900 °C (found/
calcd. overall mass loss: 85.5/85.6).

Thermal decomposition of [Ru(enx),Cl3(DMSO)]

The decomposition of complex (3) comprises also four
steps and starts with DMSO elimination, process that
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Fig. 7 The proposed second degradation step of complexes (2)—(4)
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Fig. 8 TG and DTA curves of [Ru(enx),Cl;(DMSO)]

occurs at high temperatures (Fig. 8). The second step
exothermic is not a single one being formed by at least
three processes, as indicate both TG and DTA curves. This
step correspond to partial oxidative degradation of enoxa-
cin, the fragment 1,4-diaza-1-cyclohexene remaining
coordinated through N*. The next steps are also complexes
and consist in diamine elimination leading to RuCl; as
intermediate. The final product is also RuO, (found/calcd.
overall mass loss: 85.5/85.4).

Thermal decomposition
of [Ru(levofx),Cl;(DMSO)]DMSO(H,0)s

According to the TG profile (Fig. 9) the decomposition of
[Ru(levofx),Cl;(DMSO)|DMSO(H,0)5 (4) occurs in three,
well-defined steps (found/calcd. overall mass loss: 89.3/
89.2). After water loss in the 44-87 °C range, the DMSO
elimination occurs in the second step. The resulted species
is stable over a wide temperature range (144-246 °C). The
final step, complex one, consists in at least two processes as
both TG and DTA indicate, corresponding to levofloxacin
stepwise oxidative degradation and chloride elimination.
According to the mass variation the RuO, represents the
final product of decomposition.
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Fig. 9 TG and DTA curves of [Ru(levofx),Cl3(DMSO)|DMSO
(H,0)g

Conclusions

The new complexes of Ru(Ill) with quinolone as ligands
belong to a class of coordination compounds of current
interest having in view the cytostatic activity evidenced so
far for similar species.

For all complexes quinolone derivative acts as uniden-
tate except for oxolinic acid that is chelate coordinated
according to IR data. The DMSO presence was evidenced
for complexes (2)—(4).

Thermal analysis (TG, DTA) of these complexes elu-
cidated the composition and also the number and nature of
both water and DMSO molecules. The octahedral stereo-
chemistry of complex [Ru(oxo0)Cl;(H,0)](H>O); (1) can be
completed by one coordinated water molecule. The higher
temperature range (51-136 °C) corresponding to the water
molecules loss sustains this supposition. For compounds
(2) and (4) the water molecules are loss at lower temper-
atures (44-87 °C) indicating their crystallization role.

It was also evidenced the existence of an intermediate
step corresponding to the thermal decomposition of quin-
olone derivatives. The nature of intermediates was evi-
denced by IR spectroscopy.

The final product is ruthenium (IV) oxide in all cases.
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