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Unusual species are obtained from the HL/CuII/NO3
– system

(HL = pyridine-2-carbaldehyde thiosemicarbazone) in basic
aqueous solutions. A partial desulfurization process occurs
for 1:1 Cu/HL molar ratio which gives rise to the precipitation
of the mixed ligand [Cu(L)(LCN)] (1) complex [HLCN =
C7H6N4, (pyridin-2-ylmethylene)hydrazinecarbonitrile]. This
compound contains CuII ions in a square-pyramidal environ-
ment. On the other hand, distorted octahedral [Cu(L)2] (2)

Introduction

The copper() derivatives of pyridine-2-carbaldehyde
thiosemicarbazone (HL = C7H8N4S) exhibit relevant bio-
logical properties, in particular related to the cytotoxic ef-
fects against tumoral cells.[1] Spectroscopic studies in aque-
ous solution led to propose the existence of the [Cu(HL)]2+,
[Cu(L)]+ and [Cu(L)(OH)] species, corresponding to two
acid–base equilibria with proton dissociation constants
pKa1 = 2.40 (deprotonation of the Nhydrazinic atom in the
ligand) and pKa2 = 8.30, respectively.[2] In fact, the high
stability of the metal–ligand system has allowed the attain-
ment and structural characterization of several compounds
containing [Cu(HL)]2+ and [Cu(L)]+ entities.[3] They show
a 1:1 metal–thiosemicarbazone stoichiometry, with the
thiosemicarbazone acting as an NNS terdentate ligand.
However, as far as we are aware, attempts to isolate either
the basic [Cu(L)(OH)] species or its derivatives have not
been carried out.
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entities are isolated in excess of the thiosemicarbazone li-
gand. Desulfurization of the thiosemicarbazone is detected
even at physiological pH values. However, this reaction does
not take place in absence of CuII ions, and HL·2.25H2O (3)
or HL·H2O are obtained in these conditions.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

The present work deals with the structural studies devel-
oped on solids obtained from the pyridine-2-carbaldehyde
thiosemicarbazone–nitrate–copper() system in aqueous
solutions at high pH values. In this way, unexpected
[Cu(L)(LCN)] (1) and [Cu(L)2] (2) compounds have been ob-
tained [HLCN = C7H6N4, (pyridin-2-ylmethylene)hydra-
zinecarbonitrile] together with the thiosemicarbazone li-
gand in a new structural arrangement, HL·2.25H2O (3).
Surprisingly, we have not found any evidence of the exis-
tence of [Cu(L)(OH)] derivatives in the solids isolated.

Results and Discussion

The addition of sodium hydroxide to an aqueous solu-
tion of the Cu(L)(NO3) complex at pH = 9–11 yields com-
plex 1 as a major component of a dark brown powdery
solid. Unfortunately, attempts to purify this compound
have been unsuccessful. In spite of this, it has been possible
to obtain some small crystals and to solve the molecular
structure[4,5] of the monomeric species, which is shown in
Figure 1. As can be seen, one of the thiosemicarbazone li-
gands in compound 1 is converted into a new carbonitrile
derivative which acts as a bidentate ligand. The geometry
around the CuII ions is square-pyramidal (τ = 0.25).[6] Dis-
tances in the NCN terminal moiety are 1.312(8) and
1.129(9) Å for C14–N7 and C14–N8, respectively. The latter
is closer to a C�N link, but the first one exhibits some
double bond character. Therefore, cyanamide (N–C�N)
and carbodiimide (N=C=N) contributions must be consid-
ered. Furthermore, it must be taken into account the conju-
gation along all the system. On the other hand, this car-
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bonitrile ligand is unusual from a structural point of view,
being the closest related C=N–N–C�N structure found
that corresponding to the C-biphenylene–N(1)-(4-iodo-
phenyl)–N(2)-cyano–azomethinimine compound.[7]

Figure 1. Crystal structure of compound 1. Selected bond lengths
[Å] and angles [°]: Cu–N1 2.025(4), Cu–N2 1.961(4), Cu–S
2.263(2), Cu–N5 2.222(5), Cu–N6 2.039(5), N2–C6 1.288(6), N2–
N3 1.351(5), N3–C7 1.330(5), S–C7 1.720(6), N4–C7 1.334(5), N6–
C13 1.279(6), N6–N7 1.360(6), N7–C14 1.312(8), N8–C14 1.129(9),
N1–Cu–S 159.5(1), N1–Cu–N2 80.7(2), N1–Cu–N6 99.7(2), N5–
Cu–N6 78.1(2), N1–Cu–N5 96.0(2), N2–Cu–N6 174.8(2), closest
intermolecular Cu···Cu distance 6.528(2)ii (ii = –x + 1,–y, –z + 1).

The structure of compound 1 resembles that of complex
2 (see Figure 2) which was prepared with high purity fol-
lowing a 1:2 metal-to-ligand molar ratio in a basic me-
dium.[8] The crystal building of 2 contains isolated distorted
octahedral entities where each CuII ion is bonded to two
NNS terdentate thiosemicarbazone ligands. The N1 atom
can be considered as pseudocoordinated to the metal centre
due to the long Cu–N1 bond length being the topology bet-
ter described as a [5+1] coordination. Because of the Jahn–
Teller effect in the CuII ion, there are few bis-chelate cop-
per() complexes containing terdentate thiosemicarbazone
ligands (to the best of our knowledge, less than 5% of the
structures reported in the literature).[9]

The desulfurization of the thiosemicarbazone ligand to
give the compound 1 is a complex process very sensitive to
temperature, pH, time of reaction and stoichiometry. Varia-
tions in the experimental conditions at pH values above 7.0
give rise to differences in the composition of the solids.
Most of the products obtained in our experiments exhibit
very low crystallinity and dark colours. Because of this, it
is very difficult to identify the components of the powders.
Besides this, the amorphous precipitates show very low sol-
ubility in water and other solvents. This fact prevents purifi-
cation of the samples without inducing important changes
in the experimental conditions. All these problems make it
necessary to find characteristic parameters to follow the
process. In this sense, the strong infrared band at 2108 cm–1

corresponding to ν(CN) in compound 1 has allowed us to
check the presence of desulfurized species in solid powdered
samples obtained at different pH values. EPR measure-
ments have also been used to identify the presence of 1 and
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Figure 2. Crystal structure of compound 2. Selected bond lengths
[Å] and angles [°]: Cu–N1 2.515(3), Cu–N2 2.144(3), Cu–S1
2.505(1), Cu–N5 2.059(3), Cu–N6 2.002(3), Cu–S2 2.309(1), N2–
C6 1.283(4), N2–N3 1.377(4), N3–C7 1.319(4), S1–C7 1.729(3),
N4–C7 1.359(4), N6–C13 1.290(4), N6–N7 1.356(4), N7–C14
1.333(4), S2–C14 1.729(3), N8–C14 1.340(4), N1–Cu–S1 149.61(9),
N1–Cu–N2 71.5(1), N1–Cu–N6 84.3(1), N5–Cu–S2 161.83(8), N5–
Cu–N6 79.5(1), N1–Cu–N5 85.8(1), N2–Cu–N6 155.7(1), S1–Cu–
S2 97.37(4), closest intermolecular Cu···Cu distance 5.9909(7)i

(i = –x + 1,–y + 2, –z + 1).

2 in the precipitates. Thus, a degree of desulfurization pro-
cess has been detected even at physiological pH = 7.4 values
in aqueous solutions of Cu(L)(NO3) at 40 °C. On the other
hand, organic fragments are absent in the black solids col-
lected when the reactions are maintained for more than 1 h
at pH = 13 and temperatures higher than 40 °C (IR bands
in the 4000–400 cm–1 region practically disappear if the
products are washed with water after filtering off).

A three-step mechanism can be proposed for this reac-
tion (Scheme 1). The resulting HLCN ligand would link to
a [Cu(L)]+ entity and deprotonate in basic media. Note that
CuS is only a nominal formula to refer the unidentified in-
organic species present in the mixture. Nevertheless, quali-
tative evidences of the presence of sulfide and sulfate have
been achieved for some of the samples analysed.[10]

Scheme 1.

Assays using KOH, NEt3, or 0.5  Na2CO3/NaHCO3

buffer instead of NaOH lead to similar results. The nitrile
derivative is also obtained when Cu(L)(NO3) is replaced by
[{Cu(L)Cl}2][3b,3c,3i] as starting material.
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No evidence of nitrile formation has been found in the

absence of CuII ions, even not when the aqueous solutions
were evaporated to dryness. Instead, the yellow
HL·2.25H2O (3) compound was obtained at pH � 13. The
molecular structure of 3[11] (Figure 3) shows bond lengths
and angles very similar to those reported in the literature
for HL·H2O[12] but, surprinsingly, the syn conformation of
the N(1) and N(2) atoms with respect to the C(5)–C(6)
bond resembles the crystal features of the pyridinium H2L+

derivatives obtained at very low pH values.[13] On the other
hand, evaporation of aqueous solutions of the free ligand
at pH � 11 to dryness yields red crystals with the same
structure reported by Byushkin et al. for HL·H2O (see Sup-
porting Information).

Figure 3. Crystal structure of compound 3. Selected bond lengths
[Å]: N2–C6 1.277(4), N2–N3 1.363(3), N3–C7 1.351(4), S–C7
1.695(3), N4–C7 1.314(4).

Taking into account the extensive literature dealing with
the conversion of thioamides and thioureas into car-
bonitriles, cyanamides and carbodiimides,[14] one could ex-
pect that the reaction reported here is also quite common
for thiosemicarbazone compounds. However, as far as we
are aware, transformation of thiosemicarbazones into car-
bonitrile derivatives induced by basic media is an unpre-
cedent process. In fact, we have tried the attainment of
HLCN by reaction of HL with HgO, but the [Hg(L)2] com-
pound was obtained.[15] In the same way, previous attempts
of desulfurization of HL using HgCl2 + Na in methanol
and Pb(CH3COO)2·3H2O + KOH in water were unsuccess-
ful.[1j] These results are probably due to the stability that
the conjugation induces in this thiosemicarbazone system.

Recently, desulfurization of dithiocarbamatocadmium()
complexes in the presence of amines has been reported.[16]

In addition, there are indirect evidences of desulfurization
of an analogous thiosemicarbazonecopper() system in
aqueous basic medium.[17] However, the reactions described
in these papers do not yield carbonitrile derivatives.

The presence of such a process in physiological condi-
tions could lead to a re-interpretation of the biological
properties of some thiosemicarbazone systems, mainly
those aspects related to the possible therapeutic uses.
Furthermore, this reaction opens an inexpensive way to
achieve the synthesis of new ligands. In a more general
scope, the transformation of thioamides into carbonitriles
in the presence of CuII ions suggests possible pathways for
the syntheses of biomolecules in sulfur-rich environments,
e.g. prebiotic conditions.[18]
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Supporting Information Available: IR and EPR spectra,
powder diffractograms of samples at different pH values
and a summary of the cif output for the HL·H2O com-
pound.
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