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Thiohydrazides of oxamic acids are of considerable interest in 
organic synthesis as polyfunctional organic substances that contain 
both electrophilic and nucleophilic atoms, and as bioactive com­
pounds.1 Based on them hydrazones possess biological activities 
and are considered as substrates for further construction of poly­
cyclic aromatic structures.2–5 Only a few examples of the complexing 
properties of such thiohydrazinyl-containing compounds have 
been reported,6 therefore a study of oxamic acid thiohydrazones 
containing chromone moiety as novel ligands is perspective.

Here, we performed the reaction between 3-formylchromones 
1a–d and previously described thiohydrazide with thiophene 
moiety 27 (the latter was successfully used in the synthesis of 
biologically active products8) affording dihydrothiadiazoles 3a–d 
(Scheme 1). These compounds are formed in good yields by 
refluxing the reactants in ethanol; the products precipitate from 
the reaction mixture and do not require additional purification.† 
Coordination compounds 4a–j were obtained by refluxing the 
solutions of the corresponding ligands and metal chlorides in 
ethanol. 

In principle the obtained ligands can exist as two possible 
tautomeric forms, viz., cyclic 4,5-dihydro-1,3,4-thiodiazole 3 
and linear thiohydrazone 3' ones (see Scheme 1). The 1H NMR 
spectra (DMSO-d6) of the ligands contain signals of the thia­
diazoline protons at d ca. 6.6 and 9.1 but no signal of NH proton 
of the hydrazone moiety. In the 13C NMR spectra, signals of C5 
thiazoline atom are observed at d ca. 61, while a signal of C=S 
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RNew organic ligands, 2-[N-(3-ethoxycarbonyl-5-ethylthiophen-
2-yl)carbamoyl]-5-(4-oxo-4H-chromen-3-yl)-4,5-dihydro-
1,2,4-thiadiazoles, and their complexes with Cuii, Coii and 
Niii chlorides, have been synthesized and examined by cyclic 
voltammetry.

†	 Ligands 3a–d (general procedure). Formylchromone 1a–d (1 mmol) 
was dissolved in a minimum amount of hot ethanol, and this solution was 
added to an equimolar amount of hydrazide 2 in ethanol (10 ml). The 
mixture was refluxed for 8 h and cooled to room temperature. The resulting 
precipitate was filtered off and dried in air. The spectral characteristics of 
the compounds obtained in this manner are given in Online Supplementary 
Materials.
	 Complexes 4a–j (general procedure). An equimolar amount of a 
MCl2·6H2O salt (M = Co, Ni) or CuCl2 in EtOH (1 ml) was added to 
a concentrated solution of ligand 3a–d (0.05 g) in ethanol. The mixture 
was refluxed for 1 h and cooled to room temperature. The resulting 
precipitate was filtered off, washed with a small amount of diethyl ether 
and dried in air.
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expected at d 180–200 is missing. The structures of complexes 4a–j 
were confirmed by IR and electronic spectroscopy. Previously,9 
we synthesized an analogous chromone-derived thioxamic acid 
hydrazone existing as a cyclic tautomer, which upon complexa­
tion with Cuii turned into a linear form (X-ray data). Electronic 
and IR spectra of compounds 4a–j are similar to those of the 
above complexes, which allows us to  assume that they have 
similar binuclear structure with two hydrazone ligands and two 
bridging chlorine atoms. In the IR spectra of complexes 4a–j, 
the absorption bands of C=O and N–N bonds are shifted. Also, 
a shift of C=N aldimine vibration bond by 5–10 cm–1 to shorter 
wavelengths in comparison with the free ligands indicates that 
the metal ion in the complex is coordinated by nitrogen atom. 
The C=S absorption band is missing in the IR spectra, which 
evidences that the ligand in 4a–j exists as a thioenolic tautomer. 
Moreover, one of the N–H absorption bands disappears, which 
confirms this structure.

The electronic absorption spectra of complexes 4a–j contain 
a high-intensity p–p* band of chromene ring transition at 
260–270 nm (e = 20000–36000 dm3 mol–1 cm–1).10 Further­
more, in the spectra of Co2+ complexes two additional absorption 
bands are observed at 300 nm (e ~ 30000 dm3 mol–1 cm–1) and 
430  nm (e ~ 17000 dm3 mol–1 cm–1). The spectra of Cu2+ 
complexes also contain two absorption bands at 350 nm (e ~ 
~ 21000 dm3 mol–1 cm–1) and 420 nm (e ~ 29000 dm3 mol–1 cm–1). 
The spectra of Ni2+ complexes display a complicated picture at 
260–400 nm, namely, a broad absorption band with five maxima. 
The described signals in the UV region can be assigned to various 
p–p* transitions in two conformation isomers with different spin 
states, as reported previously for nickel complexes of Schiff bases 
derived from 2-pyrazoline-5-thiones.11 In the visible spectrum 
region, compounds 4a–f manifest broadened peaks at 430–470 nm 
(e ~ 21000 dm3 mol–1 cm–1) bathochromically shifted by ~50 nm 
in comparison with the free ligands, which can be assigned to the 
ligand–metal charge transfer (LMCT) in the complex molecule.12

To estimate the redox properties of the obtained compounds, 
ligands 3a–d and their complexes 4a–j were studied by cyclic 
voltammetry (CVA) on a glass carbon (GC) electrode in DMF 
solutions in the presence of 0.1 m Bu4NClO4 as the supporting 
electrolyte (for the voltammetry curves, see Online Supplementary 
Materials).

Quantum-chemical calculations of ligand molecules performed 
by PM3 semi-empirical method have shown that the HOMOs of 
the investigated molecules are mostly localized on the amido­
thiophene moieties, and the LUMOs are mostly localized on the 
carbamoylthiadiazoline ones (Figure 1). Based on this, it can be 
assumed that the initial oxidation of ligands 3a–d should occur 
at the thiophene ring, whereas the reduction should occur at the 
carbonyl group and the thiadiazoline ring conjugated with it. 

The reduction of studied ligands on a GC electrode occurs in 
three stages, except for compound 3c whose reduction involves 
two stages. The reduction stages are irreversible, except for the 
phenol-containing ligand 3b, where the second reduction peak is 

reverse. The oxidation of ligand molecules proceeds in two 
irreversible stages. The CVA curves of the copper-containing 
complexes contain two additional quasi-reversible one-electron 
peaks (see e.g., refs. 13–17). The reverse scan of the voltammetric 
curves does not contain any peaks of oxidative desorption of 
metallic copper from the electrode surface, which indicates the 
stability of reduced forms of the complexes.18 The cobalt-con­
taining complex 4d based on ligand 2b, which bears OH and 
Br  substituents in the chromone moiety, is apparently reduced 
reversibly at the ligand rather than at the metal. Presumably, 
nickel complex 4g is reduced first at the metal and then at the 
ligand. The oxidation of all complexes occurs irreversibly in 
one or two stages, apparently at non-coordinated ligand moieties. 
Oxidation of coordinated chloride anions, whose reduction 
potential is usually ca. 1.2 V,19,20 is also possible.

In summary, we synthesized a series of new organic ligands 
of chemotype 3, and converted them into complex compounds 
with Cuii, Coii and Niii chlorides of type 4. The compounds were 
characterized by spectral and electrochemical data.

This study was supported by the Russian Science Foundation 
(grant no. 14-50-00126).
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Figure  1  Frontier orbitals of ligand 3a and its copper complex 4a.
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