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We investigated the coordinative behaviour of the phosphan-
ylthiosemicarbazone ligand 2-[2-(diphenylphosphanyl)-
benzylidene]-N-phenylthiosemicarbazone (HLPPh) towards
coinage MI metal ions (M = Cu, Ag, Au). The complexes ob-
tained, with formulae [Cu(HLPPh)2]Br (1), [Cu(HLPPh)2]I·
H2O (2), [Ag(HLPPh)(NO3)]·3H2O (3) and [Au2(HLPPh)2]·
3CH3OH (4), were satisfactorily characterized by elemental
analysis, IR and 1H/31P NMR spectroscopy as well as ESI
mass spectrometry. In addition, we obtained the crystal struc-

Introduction

Thiosemicarbazone ligands are versatile molecules, not
only because of their pharmacological activity, they also
give rise to an enormous variety of structures for their
metal complexes.[1–6] This versatility arises from the pos-
sibility to act as N,S-donor systems, forming stable four and
five-membered metallacycles. In addition, the coordination
capacity of thiosemicarbazones can be increased by using
aldehydes or ketones that contain additional donor func-
tional groups in suitable positions for chelation or by using
appropriate co-ligands (e.g. phosphanes) for their prepara-
tion.

On the other hand, the coordination behaviour of thio-
semicarbazone ligands towards MI metal ions remains still
quite unexplored. The great majority of the cases reported
are heteroleptic copper(I) compounds, which contain the
MI ion coordinated to the thiosemicarbazone ligand and
phosphanes as coligands. Phosphanes have been widely em-
ployed as a coordinative strategy to synthesize MI com-
plexes with thiosemicarbazones and therefore generating
MI heteroleptic complexes. On the contrary there are very
limited studies on MI homoleptic thiosemicarbazone com-
plexes, which can be defined as metal(I) compounds exclu-
sively derived from thiosemicarbazone ligands. The re-
ported cases are mainly CuI and AgI dinuclear bishelical or
tetranuclear cluster compounds formed by spontaneous self
assembly processes.[3–7] In contrast, the chemistry of homo-
leptic AuI complexes with thiosemicarbazones remains tot-
ally unexplored.
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ture of the complex [Au2(µ-S,P-HLPPh)2]Cl2 (5), which is the
first example of a homoleptic thiosemicarbazone AuI com-
plex, because the AuI ion has been stabilized by exclusively
using a phosphanylthiosemicarbazone ligand. We also per-
formed preliminary luminescence studies for these com-
plexes, as well as the screening of its biological activity
against human cervical carcinoma (HeLa) cells.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Keeping in view the above observations, we think that
the use of phosphanylthiosemicarbazone ligands could be a
convenient method to obtain homoleptic MI thiosemicarb-
azone complexes. Surprisingly, the coordinative studies with
this ligand type are very limited since they were previously
employed only to prepare platinum(II) and gold(III) mono-
mer species.[7] For that reason, we have decided to use a
phosphanylthiosemicarbazone ligand as suitable approach
to stabilize homoleptic CuI, AgI and AuI complexes.

Results and Discussion

Chemistry

The phosphanylthiosemicarbazone ligand 2-[2-(diphenyl-
phosphanyl)benzylidene]-N-phenylthiosemicarbazone
(HLPPh, Scheme 1) was prepared as reported before.[8] Re-
action of HLPPh with copper(I) bromide and copper(I) io-
dide resulted in the formation of the copper(I) complexes,
[Cu(HLPPh)2]Br (1) and [Cu(HLPPh)2]I·2H2O (2), both
containing the corresponding halide atom as counterion. It
must be pointed out here that the formation of complexes
1 and 2 occurs instantaneously in the presence of air, with
the colour of the solution changing from yellow to orange
after the halide salt was added. This fact rules out the CuI

oxidation during the synthesis of these two systems. Never-
theless, the copper(I) complexes easily experienced oxi-
dation in dmso (bromide and iodide complexes 1 and 2)
and in dmf (iodide complex 2). When silver(I) nitrate was
treated with the ligand HLPPh, we obtained the yellow so-
lid 3, showing a [Ag(HLPPh)(NO3)]·3H2O stoichiometry,
while complex [Au2(HLPPh)2]Cl2·3MeOH (4) was isolated
when we employed an aqueous H[AuCl4] solution, pre-
viously reduced with 2,2�-thiodiethanol. The four com-
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Scheme 1. (i) CuBr, MeOH; (ii) CuI, MeOH; (iii) AgNO3, MeOH; (iv) H[AuCl4] in H2O, 2,2�-thiodiethanol, MeOH; (v) MeOH, room
temp., 10 d.

plexes were readily characterized by the usual techniques.
The low molar conductivity value measured for the silver
complex 3 is indicative of the non-electrolytic nature of this
compound. On the contrary, the conductivity values ob-
tained for the copper(I) complex 1 and the gold(I) complex
4 confirmed their 1:1 and 1:2 electrolytic character, respec-
tively. We identified peaks corresponding to fragments
[M(HLPPh) + H]+ in the ESI(+) mass spectra of all the
complexes, except for the copper(I) compounds 1 and 2,
for which the fragment [M(HLPPh)2+H]+ was identified.
Furthermore, the presence of the positive ion [Au2-
(HLPPh)2+H]+ in the ESI mass spectrum of gold complex
4 supports the dinuclear nature proposed for this complex.
Despite the lack of conductivity studies for the copper io-
dide complex 2, the absence of the [Cu(HLPPh)2I] fragment
in the ESI mass spectrum together with the probed affinity
of CuI by soft phosphorus and sulfur atoms, lead us to pro-
pose that iodide acts as counterion in this complex. The IR
spectra of all the complexes show the presence of ν(NH)
bands in the range 3400–3200 cm–1, which suggest that the
thiosemicarbazone ligand is coordinated to the MI centres
in its neutral form. We also observed that the ν(C=N) and
ν(C–N) bands remain unaffected for the silver and gold
complexes. This precludes the possibility of coordination
through the imine nitrogen atom for these metal com-
pounds. In the case of silver, the appearance of the strong
ν(N–O) bands at 1510 and 1275 cm–1 indicates that the ni-
trate group is covalently bound to the silver centre in a bi-
dentate mode.

The 1H NMR spectra for the silver and gold complexes
show the characteristic NH signals attributable to the thio-
semicarbazone shifted upfield with respect to those for the
free ligand, which points towards the single protonation of
the ligand in these complexes. The imine signal does not
modify its position which seems to indicate that this atom
does not participate in the coordination to these metal
centres. The 31P NMR spectra of the silver(I) and gold(I)
complexes exhibit single peaks at δ = 9.9 and 40.7 ppm,
respectively. The appearance of a single signal for the
gold(I) complex suggests that the two phosphane units co-
ordinated to the gold ions are magnetically equivalent.

All the experimental data allow us to propose mono-
nuclear tetracoordinate [P2S2] and [PSO2] environments
for the copper(I) and silver(I) complexes, respectively
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(Scheme 2), whereas the experimental evidences point to a
[PS] kernel for the gold complex.[9]

Scheme 2.

Slow concentration of the mother liquor of complex 4
afforded colourless needle-like crystals. The molecular
structure, depicted in Figure 1, shows that the compound is
a cationic dinuclear gold(I) complex. Every gold(I) atom
possesses a distorted linear geometry, coordinated to the
phosphorus atom of a ligand molecule and the thiocarbonyl
sulfur atom of a second ligand unit [P(1)–Au(1)–S(2)
173.39(5), P(2)–Au(2)–S(1) 175.79(6)°]. The thiosemicarb-
azone ligands are both neutral and the cationic charge of
the complex is compensated by two chloride ions acting as
counterions.

Figure 1. Molecular structure of the complex [Au2(µ-S,P-
HLPPh)2]Cl2 (5). Broken lines indicate N–H···Cl hydrogen bonds.

The angles Au–P–S (Table 1) are consistent with a linear
geometry around the gold atoms (Figure 1), but slightly
more distorted for Au(1). Both ligands do not cross and
the two thiosemicarbazone moieties adopt a pseudo anti
conformation, probably to avoid unfavourable steric crowd-
ing. This situation is not the normal, most of the phosphan-
ylthiolate complexes adopt a cis-conformation. As conse-
quence of this arrangement, the separation between the
gold(I) centres is notably large [Au(1)–Au(2), 7.719(8) Å] to
consider the existence of aurophilic interactions. Neverthe-
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less, this conformation permits the formation of an 18
membered metallomacrocycle that is approximately 7.72 Å
long and 4.65 Å wide. This macrocycle could be considered
as a receptor-type complex, because it binds one chloride
guest atom in the proximities of the cavity through hydro-
gen bond interactions. This behaviour resembles that found
for related amide or thiocarbamate complexes, which are
considered effective containers capable to bound, store,
transport or even react upon multiple substrate mole-
cules.[10]

Table 1. Main bond lengths [Å] and angles [°] for 5.

[Au2(µ-S,P-HLPPh)2]Cl2 (5)

Au(1)–S(2) 2.332(1) Au(1)–P(1) 2.257(1)
Au(2)–S(1) 2.329(2) Au(2)–P(2) 2.262(2)
P(1)–Au(1)–S(2) 173.39(5) P(2)–Au(2)–S(1) 175.79(6)

Bond lengths Au–S and Au–P are typical for AuI phos-
phanylthiolate complexes and do not merit further analy-
sis.[11]

The molecular structure of 5 exhibits the typical intra-
molecular hydrogen bond interactions for neutral thiosemi-
carbazones (Table 2) established by the terminal thioamide
nitrogen atoms as donors and the imine nitrogen atoms as
acceptors [N(14)–H(14A)···N(12), 2.626(8) Å and N(24)–
H(24A)···N(22), 2.624(8) Å]. In addition, the acceptor chlo-
ride ions are involved in the formation of intramolecular
hydrogen bonds with a hydrazide nitrogen atom [N23–
H23A···Cl(2) 3.078(5) Å], and intermolecular hydrogen
bonds with thioamide nitrogen atoms [N(14)–H(14A)···
Cl(1)I, 3.218(6) Å/146.3°, and N(24)–H(24A)···Cl(1)I,
3.272(5) Å/143.9°, (symmetry code: x + 1/2, –y + 1/2, z +
1/2)]. These selective intermolecular hydrogen bonds estab-
lished between one of the chloride ions and the cavity rim
of the host metallomacrocycle gives rise to a pair of 13
membered macrobicycles, reinforced by an extra C–H···Cl
contact [C(212)–H(212)···Cl(2), 3.603(9) Å/176.7°]. The
crystal packing in complex 5 is additionally stabilized by
multiple C–H···π interactions: intramolecular between the
phosphane rings of one of the ligands and the terminal
phenyl thioamide ring corresponding to the second ligand
strand in the dimer, and intermolecular between the aro-
matic rings of the bulky phosphane belonging to different
dimer molecules. The existence of these weak contacts leads
to the formation of an infinite zigzag 2D network in the
plane (010) (Figure 2).

Table 2. Hydrogen bond interactions [Å] for 5.

N(14)–H(14A)···N(12) 2.626(8) N(24)–H(24A)···N(22) 2.624(8)
N(23)–H(23A)···Cl(2) 3.078(5) C(212)–H(212)···Cl(2) 3.603(9)
[a]N(14)–H(14A)···Cl(1)I 3.218(6) [a]N(24)–H(24A)···Cl(1)I 3.272(5)

[a] Symmetry code: x + 1/2, –y + 1/2, z + 1/2.

After careful literature search concerning gold complexes
derived from thiosemicarbazone ligands, we have found sev-
eral examples of AuIII complexes with this ligand type.[12]

Nevertheless, the number of complexes containing AuI is
still scarce. Only recently, Casas et al. published a gold(I)
compound derived from a vitamin K3-thiosemicarbazone
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Figure 2. Molecular packing scheme in complex 5 along the a axis,
illustrating the assembly of a 2D zigzag network.

ligand using triphenylphosphane as coligand.[13] Having
this fact into account, we must stress the novelty of the
gold(I) compound 5 reported in this article, because it is
the first example of a homoleptic AuI thiosemicarbazone
complex.

Luminescence Studies

Numeral MI-triphenylphosphane complexes with or-
ganic molecules have been extensively investigated for their
interesting emission properties, which could be potentially
exploitable in organic light-emitting devices, in the past
years.[14] It is well known that the existence of luminescence
properties in d10 metal compounds arises from diverse fac-
tors like the ligands nature, the geometry of the metal centre
or the presence of intermetallic interactions. Moreover, un-
til now, only a few of these MI complexes have been re-
ported to emit light at room temperature,[15] since most of
them only exhibit emission at low temperature.[16]

The emission spectra of the ligand HLPPh and its CuI,
AgI and AuI complexes 1, 3 and 4 were recorded at room
temperature in methanol (Figure 3). We must note that the
copper complex (1) did not show any emission band. On
the contrary, the ligand HLPPh and its silver(I) and gold(I)
complexes 3 and 4 are emissive species. The emission spec-
tra of the ligand HLPPh and the complexes 3 and 4 exhibit
intense bands, with maximums at ca. 478, 483 and 470 nm,
respectively (when they are excited at 330 nm). The fact that
the ligand and its AgI and AuI complexes exhibit bands at
close energy values suggests that these emissions are proba-
bly originated from the same electronic states that could be
assignable to intraligand (IL) transitions and/or metal-to-
ligand charge-transfer transitions (MLCT), but not modi-
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fied by any kind intermetallic interactions [the Au···Au dis-
tance in the gold(I) complex is ca. 7.72 Å, which put in
clear that the existence of gold–gold interactions is not a
necessary condition for luminescence].[17] Moreover, the
emission in both complexes is notably enhanced relative to
the emission in the ligand, especially for the gold(I) com-
pound. This enhancement can be ascribed to different fac-
tors like the increase of the conformational rigidity and the
conjugation of charge in the ligand after coordination.[18]

Another factor involved could be the existence of strong
MI-anion interactions in these complexes.[19] This fact is
clearly shown by the crystal structure of the gold complex
[Au2(µ-S,P-HLPPh)2]Cl2 (5) where the crystal packing is
specially conditioned by the presence of two chloride anions
in the structure (see above).

Figure 3. Emission spectra of the ligand HLPPh and the complexes
3 (Ag) and 4 (Au) in methanol (1�10–5 ).

For the time being, the number of luminescence studies
for MI thiosemicarbazone complexes is scarce,[8,20] which
makes it difficult to determine the exact origin of the emis-
sion displayed. For that reason, more work is still necessary
in this area.

Biological Activity

Preliminary experiments to evaluate the in vitro activity
of the ligand HLPPh and its AgI and AuI complexes 3 and
4 against the human cervical carcinoma cell line HeLa 229
showed that the compounds screened have very little effect
on the cancer cells as it is indicated by the low IC50 values.
We are currently exploring if the introduction of new struc-
tural features in the phosphanylthiosemicarbazone ligands
has some effect on the biological properties of the ligands
and their derived complexes.

Conclusions

Applying a known approach based in the use of P,S li-
gands we have demonstrated that a phosphanylthiosemicar-
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bazone ligand provides a suitable mode to easily stabilize
monovalent CuI, AgI and AuI complexes. This fact is espe-
cially relevant in the case of gold(I), because the gold(I)
complex herein reported is the unique case of a gold(I)
complex exclusively derived from a thiosemicarbazone li-
gand.

Experimental Section
Materials: All solvents, 4-N-phenylthiosemicarbazide, copper(I)
bromide, copper(I) iodide and silver(I) nitrate are commercially
available and were used without further purification. H[AuCl4] was
reduced with 2,2�-thiodiethanol.

Methods: Elemental analyses of C, H, N and S were performed
with a FISONS EA 1108 analyzer. 1H, 13C and 31P NMR spectro-
scopic studies (H3PO4 was used as internal reference) were carried
out with a VARIAN MERCURY 300 spectrometer. Infrared spec-
tra were measured from KBr pellets with a BRUKER IFS-66V
spectrophotometer in the ranges 4000–100 or 500–100 cm–1. Elec-
trospray ionization mass spectra (ESI) were recorded with an
API4000 Applied Biosystems mass spectrometer with a Triple Qua-
drupole analyzer. Conductivity measurements were performed at
25 °C from 10–3  solutions in dmf on a Crison micro CM 2200
conductivimeter. Luminescence spectra were recorded with a Jovin
Yvon-Spex Fluoromax-2 spectrophotometer.

Ligand Synthesis: The synthesis method and the experimental data
for the ligand 2-[2-(diphenylphosphanyl)benzylidene]-N-phenyl-
thiosemicarbazone (HLPPh) have been previously reported by us.[8]

Synthesis of Complexes: The MI complexes (M = CuI, AgI, AuI)
were synthesized by reaction of the ligand HLPPh with CuBr, CuI,
AgNO3 and H[AuCl4], respectively. The experimental procedures
and characterization data are summarized below.

[Cu(HLPPh)2]Br (1): Copper(I) bromide (13.32 mg, 0.091 mmol)
was added to the ligand HLPPh (80 mg, 0.182 mmol), previously
dissolved in methanol (50 mL). The deep orange suspension
formed was refluxed for 2 h and then left stirring overnight. After-
wards, the solution was concentrated to a small volume (20 mL)
and the orange solid suspended was filtered off, washed with di-
ethyl ether, and finally dried under vacuo. Yield 78 mg (84%).
M.p. 223 °C. C52H44BrCuN6P2S2 (1022.5): calcd. C 61.1, H 4.3, N
8.2, S 6.3; found C 61.0, H 4.3, N 8.3, S 6.3. ESI-MS: m/z = 502.0
[Cu(HLPPh) +H]+; 957.2 [Cu(HLPPh)2O+H]+. IR (KBr): = ν(OH)
+ ν(NH) 3419, 3314, ν(C=N) + ν(C–N) 1597, ν(N–N) 1091,
ν(C=S) 748 cm–1. UV/Vis (nm): λ = 380. ΛM = 56.3 µS cm–1.

[Cu(HLPPh)2]I·2H2O (2): Copper(I) iodide (17.70 mg,
0.091 mmol) was added to the ligand HLPPh (80 mg, 0.182 mmol),
previously dissolved in methanol (50 mL). The light orange suspen-
sion formed was refluxed for 2 h and then left stirring overnight.
Afterwards, the solution was concentrated to a small volume
(20 mL) and the orange solid suspended was filtered off, washed
with diethyl ether, and finally dried under vacuo. Yield 87 mg
(87%). M.p. 225 °C. C52H48CuIN6O2P2S2 (1105.5): calcd. C 56.5,
H 4.4, N 7.6, S 5.8; found C 56.4, H 4.5, N 7.4, S 5.7. ESI-MS:
m/z = 502.1 [Cu(HLPPh)+H]+; 518.0 [Cu(HLPPhO)+H]+; 957.2
[Cu(HLPPh)2O+H]+. IR (KBr): = ν(OH) + ν(NH) 3420, 3294,
ν(C=N) + ν(C–N) 1597, ν(N–N) 1093, ν(C=S) 749 cm–1.

[Ag(HLPPh)(NO3)]·3H2O (3): Silver(I) nitrate (7.72 mg,
0.091 mmol) was dissolved in water (2 mL) and the resulting solu-
tion was added to the ligand HLPPh (40 mg, 0.091 mmol), pre-
viously dissolved in methanol (50 mL). The yellow solution formed
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was refluxed for 2 h and then left stirring overnight in light absence.
Afterwards, the solution was concentrated to a small volume
(10 mL) and the yellow solid suspended was filtered off, washed
with diethyl ether, and finally dried under vacuo. Yield 59 mg
(98%). M.p. � 223 °C. C26H28AgN4O6PS (663.4): calcd. C 47.1, H
4.2, N 8.4, S 4.8; found C 47.1, H 4.1, N 8.4, S 4.7. ESI-MS: m/z
= 547.4 [Ag(HLPPh)]+, 610.4 [Ag(HLPPh)(NO3)+H]+. 1H NMR
([D6]dmso): δ = 6.75–7.61 (m, 18 H), 8.17 (s, 1 H), 10.15 (br. s, 1
H), 11.73 (s, 1 H) ppm. 31P NMR ([D6]dmso): δ = 9.9 ppm. IR
(KBr): ν(OH) + ν(NH) 3443, 3314, ν(C=N) + ν(C–N) 1594, ν(N–
O) 1510, 1275, ν(N–N) 1094, ν(C=S) 747 cm–1. UV/Vis (MeOH):
λmax = 330 nm. ΛM = 4.7 µS cm–1.

[Au2(HLPPh)2]Cl2·3MeOH (4): 2,2�-Thiodiethanol (35.84 mg,
0.273 mmol) was added to H[AuCl4] (35.84 mg, 0.091 mmol), pre-
viously dissolved in water (ca. 1 mL). The transparent solution
formed was mixed with the ligand HLPPh (40 mg, 0.091 mmol),
dissolved in methanol (30 mL). The orange solution was refluxed
for 2 h and then left stirring overnight. Afterwards, the solution
was concentrated to a small volume (10 mL) and the orange solid
suspended was filtered off, washed with diethyl ether, and finally
dried under vacuo. Yield 77 mg (64%). M.p. � 215 °C.
C55H47Au2Cl2N3O3PS (1325.8): calcd. C 45.8, H 3.9, N 5.8, S 4.4;
found C 45.8, H 3.8, N 5.7, S 4.6. ESI-MS: m/z = 636.1 [AuL+H]+;
1075.2 [Au(HLPPh)2+H]+; 1221.2, [Au2(HLPPh)2+H]+. 1H NMR
([D6]dmso): δ = 6.70–8.21 (m, 18 H), 8.79 (s, 1 H), 10.36 (br. s, 1
H), 12.33 (s, 1 H) ppm. 31P NMR ([D6]dmso): δ = 40.7 ppm. IR
(KBr): ν(OH) + ν(NH) 3423, 3292, ν(C=N) + ν(C–N) 1592, ν(N–
N) 1082, ν(C=S) 761 cm–1. UV/Vis (MeOH): λmax = 320 nm. ΛM

= 90.2 µS cm–1. The crystalline compound [Au2(µ-S,P-HLPPh)2]-
Cl2 (5) was obtained by recrystallization of solid 4 in methanol at
room temperature.

Crystal Structure Determinations: A colourless needle-shaped crys-
tal of [Au2(HLPPh)2]Cl2 was mounted on a glass fibre and used for
data collection. Crystal data were collected at 100(2) K, by using a
Bruker X8 Kappa APEXII diffractometer with graphite monochro-
mated Mo-Kα radiation (λ = 0.71073 Å). The data were processed
with APEX2[21] and corrected for absorption with SADABS (trans-
missions factors: 1.000–0.657).[22] The structure was solved by di-
rect methods by using the program SHELXS-97 (SHELXS-86)[23]

and refined by full-matrix least-squares techniques against F2 with
SHELXL-97 (SHELXL-93).[24] Positional and anisotropic atomic
displacement parameters were refined for all heteroatoms. The car-
bon atoms were refined isotropically. Therefore, the contribution
of the density of the disordered solvent molecules was subtracted
from the measured structure factors by using the SQUEEZE op-
tion.[25] Subsequent refinement then converged with R factors and
parameter errors significantly better than for all attempts to model
the solvent disorder. Hydrogen atoms were included in geometri-
cally idealized positions employing appropriate models with iso-
tropic displacement parameters constrained to ca. 1.2 U (eq) of
their carrier atoms. N–H hydrogen atoms were initially positioned
at sites determined from difference maps. Criteria of a satisfactory
complete analysis were the ratios of “rms” shift to standard devia-
tion less than 0.001 and no significant features in the final differ-
ence maps. Atomic scattering factors were taken from “Inter-
national Tables for Crystallography”.[26] Molecular graphics from
PLATON[25] and SCHAKAL.[27]

CCDC-695067 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from the
Cambridge Crystallographic Data Centre via ww.ccdc.cam.ac.uk/
data_request.cif.

Data for [Au2(µ-S,P-HLPPh)2]Cl2 (5): (C52H44Au2Cl2N6P2S2), Mw
= 1343.83; crystal dimensions: 0.24�0.02�0.02 mm3, monoclinic,
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P21/n, a = 14.922(1) Å, b = 18.615(2) Å, c = 19.345(2) Å, β =
91.331(4)°, V = 5371.9(9) Å3, Z = 4, ρcalcd. = 1.662 Mg/m3, F(000)
= 2608. Radiation λ(Mo–Kα) = 0.71073 Å, T = 100(2) K, reflec-
tions collected/unique 53810/12279 (Rint = 0.0647). R = 0.0214, wR
= 0.0694, GOF = 0.842, max/min residual density 1.244/–
1.530 eÅ–3.

Cell Line and Culture Conditions: The cells were seeded into 96-
well plates (Becton-Dickinson, Spain) at 4000 cells/well in 100 µL
of medium After attachment to the culture surface the cells were
incubated for 24 h and then treated with a solution of the com-
plexes in MeOH/water (0.1% v/v). Concentration-response curves
were performed between concentrations of 10–9 and 10–4  to deter-
mine the IC50 values. The IC50 value corresponds to the compound
concentration that inhibited cell proliferation by 50%. After incu-
bation, the cells were fixed and the inhibition of cell growth was
measured by a previously described method.[28] For comparison,
the cytotoxicity of cisplatin was evaluated under the same experi-
mental conditions. All these in vitro studies were performed at the
Screening Unit of the Institute for Industrial Pharmacy, University
of Santiago de Compostela.

Acknowledgments

Financial support from the Xunta de Galicia (IN-
CITE08PXIB203128PR) is acknowledged. R. P. thanks the Xunta
de Galicia for an Isidro Parga Pondal contract.

[1] D. Wester, G. J. Palenik, Inorg. Chem. 1976, 15, 755–761.
[2] a) C. Pelizzi, G. Pelizzi, J. Chem. Soc., Dalton Trans. 1980,

1970–1973; b) C. Pelizzi, G. Pelizzi, F. Vitali, J. Chem. Soc.,
Dalton Trans. 1987, 177–181; c) C. Carini, G. Pelizzi, P. Taras-
coni, C. Pelizzi, K. C. Molloy, P. C. Waterfield, J. Chem. Soc.,
Dalton Trans. 1989, 289–293; d) A. Bonardi, C. Carini, C.
Merlo, C. Pelizzi, G. Pelizzi, P. Tarasconi, F. Vitali, F. Cava-
torta, J. Chem. Soc., Dalton Trans. 1990, 2771–2777.

[3] E. C. Constable in Comprehensive Supramolecular Chemistry
(Eds.: J. L. Atwood, J. E. D. Davies, D. D. McNicol, F. Vögtle,
J. P. Sauvage, M. W. Hosseini), Pergamon, Oxford, 1996, vol.
9, p. 213.

[4] K. Andjelkovic, Y. Ivanovic, S. R. Niketic, B. Prelesnik, V. M.
Leovac, Polyhedron 1997, 16, 4221–4228.

[5] S. Abram, C. Maichle-Mössmer, U. Abram, Polyhedron 1998,
17, 131–143.

[6] G. Paolucci, S. Stelluto, S. Sitran, D. Ajo, F. Benetollo, A. Polo,
G. Bombieri, Inorg. Chim. Acta 1992, 193, 57–75.

[7] I. Garcia Santos, A. Hagenbach, U. Abram, Dalton Trans.
2004, 4, 677–682.

[8] A. Castiñeiras, R. Pedrido, Inorg. Chem. 2008, 47, 5534–5536.
[9] T. S. Lobana, S. Khanna, R. Sharma, G. Hundal, R. Sultana,

M. Chaudhary, R. J. Butcher, A. Castiñeiras, Cryst. Growth
Des. 2008, 8, 1203–1208.

[10] a) N. L. S. Yue, D. J. Eisler, M. C. Jennings, R. J. Puddephatt,
Inorg. Chem. Commun. 2005, 8, 31–33; b) W. W. H. Wong, D.
Curiel, A. R. Cowley, P. D. Beer, Dalton Trans. 2005, 2, 359–
364.

[11] J. S. Casas, E. E. Castellano, M. D. Couce, O. Crespo, J. E. A.
Laguna, A. Sanchez, J. Sordo, C. Taboada, Inorg. Chem. 2007,
46, 6236–6238.

[12] K. Ortner, U. Abram, Inorg. Chem. Commun. 1998, 1, 251–253.
[13] J. S. Casas, E. E. Castellano, M. D. Couce, J. Ellena, A.

Sánchez, J. Sordo, C. Taboada, J. Inorg. Biochem. 2006, 100,
1858–1860.

[14] R. C. Evans, P. Douglas, J. W. Winscom, Coord. Chem. Rev.
2006, 250, 2093–2196.



A Convenient Mode to Stabilize MI Metal Ions by Using Thiosemicarbazones

[15] Y. Wei, K. Wu, B. Zhuang, Z. Zhou, M. Zhang, C. Liu, Z.
Anorg. Allg. Chem. 2005, 631, 1532–1535 and references cited
therein.

[16] M. L. Tong, X. M. Chen, B. H. Ye, L. N. Ji, Angew. Chem. Int.
Ed. 1999, 38, 2237–2240.

[17] a) E. J. Fernández, A. Laguna, J. M. López-de-Luzuriaga, M.
Monge, M. Montiel, M. E. Olmos, R. C. Puelles, E. Sánchez-
Forcada, Eur. J. Inorg. Chem. 2007, 4001–4005; b) Y. Zhou, W.
Chen, D. Wang, Dalton Trans. 2008, 1444–1453.

[18] C. Che, S. Lai, Coord. Chem. Rev. 2005, 1296–1309.
[19] D. Fernández, M. I. García-Seijo, M. Bardají, A. Laguna,

M. E. García-Fernández, Dalton Trans. 2008, 2633–2642.
[20] a) L. J. Ashfield, A. R. Cowley, J. R. Dilworth, P. S. Donnelly,

Inorg. Chem. 2004, 43, 4121–4123; b) A. Castiñeiras, I. García-
Santos, S. Dehnen, P. Sevillano, Polyhedron 2006, 25, 3653–
3660.

[21] Bruker APEX2 Software, Bruker AXS Inc. V2.0–1, Madison,
Wisconsin, USA, 2005.

Eur. J. Inorg. Chem. 2008, 5106–5111 © 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjic.org 5111

[22] G. M. Sheldrick, SADABS. Program for Empirical Absorption
Correction of Area Detector Data, University of Göttingen,
Germany, 1997.

[23] G. M. Sheldrick, Acta Crystallogr., Sect. A 1990, 46, 467–473.
[24] G. M. Sheldrick SHELXL-97. Program for the Refinement of

Crystal Structures, University of Göttingen, Germany, 1997.
[25] A. L. Spek, PLATON. A Multipurpose Crystallographic Tool,

Utrecht University, Utrecht, The Netherlands, 2003.
[26] A. J. C. Wilson. International Tables for Crystallography, Vol.

C, Dordrecht: Kluwer Academic Publishers, 1992.
[27] E. Keller, SCHAKAL-97. A computer program for the graphic

representation of molecular and crystallographic models, Univer-
sity of Freiburg, Germany, 1997.

[28] J. S. Casas, M. V. Castaño, M. C. Cifuentes, J. C. García-Mon-
teagudo, A. Sánchez, J. Sordo, U. Abram, J. Inorg. Biochem.
2004, 98, 1009–1016.

Received: July 17, 2008
Published Online: October 13, 2008


