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Abstract: A new dissymmetrical ligand (E)-1-(1-(pyridin-2-yl)ethylidene)thiocarbonohydrazide (1) by a 

monocondensation reaction of thiocarbohydrazone with 2-acetylpyridine. The compound was characterized by 

physico-chemical analyses, elemental analyses, FTIR, 1H and 13C NMR spectroscopy techniques. The structure 

of the (1) was  determined by single-crystal X-ray diffraction study. The compound (C8H11N5S) crystallizes in 

the monoclinic space group Pbca with the following unit cell parameters: a = 10.8365 (2) Å, b = 7.7659 (2) Å, c 

= 24.8771 (5) Å,V = 2093.54 (8) Å3, Z = 8, R1 = 0.028, wR2 =0.116. The crystal packing of compound (1) is 

stabilized by intermolecular hydrogen bonds which form layers parallel to ac plane. The thiocarbohydrazide 

moiety  C=N-N-C(S)-N-NH2 is almost planar. The dihedral angle between the mean planes of the pyridine 

ring and the thiocarbohydrazide moiety is 6.69°. The antioxidant activities of the two compounds were 
investigated. 
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I. Introduction 
Thiocarbonohydrazide (H2NNHC(S)NHNH2) is a compound with two identical arms that are very 

reactive towards carbonyl compounds. It is possible to make only one of the arms react or both by scrupulously 

controlling the reaction conditions. Parameters that need to be controlled are the thiocarbonohydrazide/carbonyl 

ratio, the dilution, and the method of addition of the reagents [1–5]. This control gives access by 

monocondensation to monosubstituted compounds, or to symmetrical or unsymmetrical compounds by di-

condensation. Both thiocarbonohydrazide and its homologous carbonohydrazide have been widely studied in 

this last decades [6–12]. Their derivatives are used as precursors in heterocycle chemistry [13–15]. The 

compounds resulting from these precursors are studied for their biological properties and for the development of 

drugs [16–19]. They are known to possess a wide spectrum of biological activities such as antioxidant [20], 

analgesic [21], antiplatelet [22], antimicrobial [23], anticonvulsant [24], antifungal [25], antidepressant [26], 

anti-tuberculosis [27], anti-diabetics [28,29] and anti-cancer [30,31]. The molecules formed from 
carbonohydrazide or thiocarbonohdrazide form a class of multitopic ligands which are used in the preparation of 

coordination compounds with atypical structures, possessing original properties [11,32–34]. As part of our 

search for a suitable ligand for the construction of metal complex gates, we prepared (E)-1-(1-(pyridin-2-

yl)ethylidene)thiocarbonohydrazide (1), a structural analogue of a series of carbohydrazide derivatives which 

proved to be good ligands for developing original organometallic structures [11,12,35,36]. Herein, we report the 

synthesis and crystal structure of a monocondensed thiocarbonohydrazide derivative (1) whose antioxidant 

activity has been investigated. 

 

II. Experimental 
2.1. Starting materials and Instrumentations 

2-acetylpyridine, 2-hydroxy-3-methoxybenzaldehyde, as well as thiocarbonohydrazide were 

commercial products (from Aldrich) and were used without further purification. Solvents were of reagent grade 

and were purified by the usual methods. Elemental analyses of C, H and N were recorded on a VxRio EL 

Instrument. Infrared spectra were obtained on an FTIR Spectrum Two of Perkin Elmer spectrometer in the 
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4000-400 cm-1 region. The 1H NMR spectra were recorded at 300 MHz and 13C{1H} NMR spectra at 75 MHz 

on a Bruker AC-300 instrument. 

 

2.2. Synthesis of (E)-1-(1-(pyridin-2-yl)ethylidene)thiocarbonohydrazide (1) 

The procedure is inspired by the method reported by Novaket al [37], with some modification. Herein, 2-

acetylpyridine was used instead of salicylaldehyde. To a mixture of 20 mL of methanol and 10 mL of distillated 

water was added thiocarbonohydrazide (2 g, 0.0188 mol) at room temperature. A solution of 2-acetylpyridine 

(2.114 mL, 0.0188 mmol) dissolved in 20 mL of methanol was slowly added dropwise over a period of one 

hour. The resulting mixture was heated under reflux for 3 h. The suspension was filtered, and the white 

precipitate obtained was washed with 2 × 10 mL of hot methanol and dried under vacuum over P2O5. M.p.: 
197°C. Yield: 75.6 % Analytical for (1) C8H11N5S: Calc (found) % C = 45.81 (45.91); H = 5.25 (5.30); N = 

33.42 (33.47); S = 15.29 (15.32). IR (, cm-1): 3263, 3165, 1577, 1531, 1498, 1459, 1431, 1218. 1H NMR (500 

MHz, dmso-d6, , ppm): 2.37 (s, 3H, -CH3), 4.99 (s, 2H, -NH2), 7.38-8.51 (m, 4H, HPy), 9.92 (s, 1H, -NH), 

10.30 (s, 1H, -NH). 13C NMR (125 MHz, dmso-d6, , ppm): 176.53 (C=S), 155.29 (Cipso), 148.72 (CH3-C=N), 
148.44 (CPy), 136.77 (CPy), 124.20 (CPy), 121.46 (CPy), 12.43 (CH3-C=N-).  UV-Vis (DMF, λmax (nm)): 314 nm. 
 

 

2.3. Free radical scavenging antioxidant assay 

Antioxidant capacities of compound (1) is measured according to Akhtar et al. [38] method with some 

modifications. 3.8 mL of the methanol solution of DPPH• (40 mg/L) was added to test compound (200 μL) at 

different concentrations. The mixture was shaken vigorously and incubated in dark for 30 min at room 

temperature. After the incubation time, the absorbance of the solution was measured at 517 nm by using Lamda 

365 UV-vis spectrophotometer Perkin Elmer. The DPPH• radical scavenger effect was calculated using the 

following equation: 

                                
                

        

      

where Acontrol is the absorbance of the control reaction and Asample is the absorbance of the test compound. The 

tests were carried out in triplicate. TROLOX was used as positive control. 

 

2.4. X-ray data collection, structure determination, and refinement 

The details of the X-ray crystal structure solution and refinement are given in Table 1. Measurements 

were made on a SuperNova Rigaku Oxford Diffraction diffractometer. Data collection reduction and multiscan 

ABSPACK correction were performed with CrysAlisPro (Rigaku Oxford Diffraction). Using Olex2 [39] the 
structures were solved by intrinsic phasing methods with SHELXT [40]  and SHELXL [41] was used for full 

matrix least squares refinement. All H-atoms were found experimentally and their coordinates and Uiso 

parameters were constraint to 1.5 Ueq for the methyl group and to 1.2 Ueq for the other atoms. 

 

Table 1.  Crystal data and structure refinement for (1). 
Chemical formula C8H11N5S 

Mr 209.28 

Crystal shape/color Prism/colorless 

Crystal system, Space group Orthorhombic, Pbca 

Crystal size (mm) 0.2 × 0.06 × 0.02 

a (Å) 10.8365 (2), 

b (Å) 7.7659 (2) 

c (Å) 24.8771 (5) 

V (Å
3
) 2093.54 (8) 

Z 8 

Dcalc (g.cm
-3

) 1.328 

Cu Kα (Å) 1.54184 

T (K) 295 

µ (mm
−1

) 2.51 
Index ranges -8 ≤ h ≤ 13, -9 ≤ k ≤ 9, -30≤ l ≤ 27 

F(000) 880 

 range (°) 3.553-72.914 

No. of measured reflections 7548 
Independent reflections 2045  

Observed [I > 2σ(I)] reflections 1798 
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Rint 0.028 

R[F2
 > 2σ(F2

)] 0.040 

wR(F2
) 0.116 

Goodness-of-fit (GOF) on F2
 1.05 

No. of parameters 140 

No. of restraints 0 
Δρmax, Δρmin (e Å

−3
) 0.27, −0.19 

 

III. Results And Discussion 
3.1. General study  

The elemental analyses results are in accordance with the chemical formulae expected from the 

reaction scheme 1. The infrared spectrum of compound exhibits broad band pointed at 3263 cm-1 which are 

attributed to NH2 stretching [42].The vibration of the imine functions appears at 1577 cm-1 while the band due to 

C=S group is pointed out at 1218 cm-1 as reported for similar Schiff base [43,44]. Bands due to the aromatic ring 

are pointed in the region 1531-1431 cm-1.  

The 1H and  13C NMR spectra of the compound were recorded in dmso-d6. The 1H NMR spectrum 

(Figure 1) of the compound 1 reveals a signal at 2.37 ppm attributed to the proton of the -CH3 group and a signal 

at 4.99 ppm assigned to the protons of the -NH2 moiety [10,45]. The multiplet appearing in the range 7.38-8.51 

ppm is representative of the aromatic protons. The signals at 9.92 and 10.30 ppm are attributed to the two 
different –NH of the dissymmetry compound [46]. These observations are in accordance with the 

13
C spectrum 

of compound (Figure 2).  The signal at 148.72 ppm attributed to the C=N is indicative of the successful of the 

condensation reaction. The signals of the methyl carbon atom and the thiocarbonyl carbon atom appear 

respectively at 12.43 ppm and δ 176.53 ppm. Additional signals are pointed for the aromatic carbon atoms in the 

range 148.44-121.46 ppm. The attribution of these signals is confirmed by the NMR sequence 135 DEPT which 

allows to discriminate the carbons according to the number of protons present on the carbon atom. Indeed, the 

signals representing the quaternary carbon atoms do not appear in the 135 DEPT spectrum. The -CH and CH3 

signals appear in opposite directions (Figure 3).      In the electronic spectrum of the ligand the strong band 

which appears at 314 nm is  due to the intraligand n→π*  transitions of the C=N chromophore (Figure 4). 

 

 
Scheme 1. Synthesis procedure of (1). 
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Figure 1 : 1H NMR of compound (1). 

 

 
Figure 2 : 13C NMR of (1). 
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Figure 3 : 13C DEPT 135 of (1). 

 

 
Figure 4 : Electronic spectrum of (1). 

 
3.2. Description of crystal structure of ligand 

Suitable X-ray diffraction crystal of (1) were obtained by slow evaporation of corresponding methanol 

solution. The compound (1) crystallizes in the orthorhombic system with a Pbca space group. The asymmetric 

unit contains one dissymmetrical organic molecule of 1. The molecular structure with the atomic-labelling is 

shown in Figure 5. The selected bond lengths and bond angles are listed in Table 2. The  crystal structure 
reveals that the Schiff base adopts the thioketo form, as showed by the bond length of 1.6878(16) Å for C1—S1 

which is compatible with a double bond character [43,47]. The C2—N4 have double bond character with the 

distance value of 1.286 (2) Å. The values of 1.329 (2) Å and 1.347 (2) Å are indicative of single bond character 

for C1—N2 and C1—N3 respectively [48,49]. The bond lengths of 1.404 (2) Å and 1.3749 (18) Å for N1—N2 

and N3—N4 respectively are indicative of single bond character. These values are comparable to those reported 

for the compound 2-[((E)-2-{2-[(E)-2-Hydroxybenzylidene]hydrazinecarbonyl}hydrazinylidene)methyl]phenol 
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[50]. The molecule adopts an E configuration with respect to C2=N4 bond. The S1 atom of the thiocarbonyl 

moiety and the -NH2 are in syn conformation with respect to the C1—N2 bond while the S1 and the N4 atom are 

in trans with respect to the C1—N3. In fact, the torsion angle values of -1.1(2)° [S1—C1—N2—N1] and 

176.4(1)° [S1—C1—N3—N4] are compatible with these observations. The thiocarbonohydrazide moiety C=N-

N-C(S)-N-NH2 is almost planar (rms 0.0211 Å) with a maximum deviation from least-squares plane of 

0.0304(1) Å for the N3 atom. The torsion angles values of -1.1(2)° [N1—N2—C1—S1], 176.4(1)° [S1—C1—

N3—N4], -179.3(1)° [C2—N4—N3—C1], 178.5(1)° [N1—N2—C1—N3] and -3.3(2)° [N4—N3—C1—N2] 

are in accordance with the above observation. The pyridine ring N1/C3-C7 and the thiocarbonohydrazide moiety 

N1—N2—C1(S)—N3—N4—C2 are almost coplanar with dihedral angle between their mean planes of 

6.692(1)°.  
In the crystal of (1), two types of intermolecular hydrogen-bonding are observed (Table 4). The first 

type is constituted by the N3—H3···N1 hydrogen bond between the hydrazinyl moiety of the condensed arm of 

the thiocarbonohydrazide and the amino group of the uncondensed hydrazide moiety, the N2—H2···S1 

hydrogen bond between the hydrazinyl moiety of the uncondensed hydrazide moiety and the  sulfur atom of the 

thiocarbonohydrazide and the hydrogen bond N1—H1A···S1 the amino group of the uncondensed hydrazide 

moiety and the sulfur atom. The secondary hydrogen-bonding type is formed by C4—H4···S1. The 

intermolecular hydrogen bonds, N3—H3···N1i (i: x−1/2, −y+3/2, −z+1),  N2—H2···S1ii (ii: x+1/2, −y+3/2, 

−z+1),  and N1—H1A···S1iii (iii: −x+1/2, y+1/2, z) lead to the formation of layers  parallel to ac plan (Fig. 6, 

Table 4). The layers are linked by the C4—H4···S1
ii 

(ii: x+1/2, −y+3/2, −z+1).  

 

Table 2.  Selected bond lengths (Å) and angles (°)  for the (1). 
S1—C1 1.6878 (16) N5—C7 1.340 (3) 

N3—N4 1.3749 (18) C3—C2 1.489 (2) 

N3—C1 1.347 (2) C3—C4 1.385 (3) 

N4—C2 1.286 (2) C2—C8 1.491 (2) 

N2—N1 1.404 (2) C4—C5 1.383 (3) 

N2—C1 1.329 (2) C5—C6 1.370 (4) 

N5—C3 1.335 (2) C6—C7 1.365 (4) 

C1—N3—N4 118.67 (12) C4—C3—C2 121.45 (16) 

C2—N4—N3 118.32 (13) N4—C2—C3 115.17 (15) 

C1—N2—N1 123.24 (14) N4—C2—C8 125.60 (14) 

C3—N5—C7 117.15 (18) N2—C1—S1 122.17 (12) 

N3—C1—S1 120.69 (11) N2—C1—N3 117.14 (14) 

 
Table 4.  Hydrogen-bond geometry (Å, °) 

D—H···A D—H H···A D···A D—H···A 

N3—H3···N1
i
 0.86 2.21 3.049(2) 166.5 

N2—H2···S1
ii
 0.86 2.66 3.3780(14) 142.2 

C4—H4···S1
ii
 0.96(3) 2.67 (3) 3.561(2) 155(2) 

N1—H1A···S1
iii

 0.90(3) 2.74 (3) 3.634(2) 172(3) 

Symmetry codes: (i) x−1/2, −y+3/2, −z+1; (ii) x+1/2, −y+3/2, −z+1; (iii) −x+1/2, y+1/2, z. 
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Figure 5 : The crystal structure of the compound. 

 

 
Figure 6 : Layers of compound viewed along the ac plan 

 
3.3. Antioxidant activity 

The DPPH• radical scavenging method is widely used to assess the antioxidant activity of various 

compounds. In fact, DPPH• is a stable free radical which becomes a stable molecule when it accepts an electron 

or a hydrogen radical. The scavenging effects of the compound 1 and of the control (TROLOX) were evaluated 

(Table 5, Figure 7) by varying the concentration of DPPH• (0.1014 and 0.0507 mM), and the concentration of 

TROLOX and that of compound (1) (100-500 M). Figure 7 shows plots of DPPH• free radical scavenging 
activity (%) for TROLOX and compound (1). It appears that the scavenging activity of compound (1) increases 

significantly with increasing concentration in the range tested (100–500 M) for the two initial concentrations 
of DDPH•. The scavenging activity of (1) varies, for the highest concentration of DPPH• (0.1014 mM), between 

9.02±0.09 % and 47.26±0.24 % and between 19.60±0.29 %and 57.02± 0.67 % for the lowest concentration of 

DPPH• (0.0507 mM). This activity is due to the NH hydrazinyl groups which can react with the DPPH• radical 

by the typical H abstraction reaction to form a stable radical. For the highest concentration of DPPH
•
, the 

measurements show that the activity of TROLOX is comparable to that of compound (1) in the concentration 

range examined with inhibition percentages between 12.25±0.09 % and 51.38±0.09 % for TROLOX and 

9.02±0.09 % and 47.26±0.24 % for (1). For the lowest concentration of DPPH•, a strong increase in the 

scavenging activity of compound (1) is observed, which exhibits an IC50 at the concentration of 438.65 M. At 
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the concentration of 100 M the compound is more active than TROLOX with respective inhibition percentages 

of 19.60±0.29 and 12.01 ± 0.73% Between 100 and 500 M, TROLOX becomes more active than compound 
(1) with inhibition percentages which vary respectively between 36.62±0.24 – 94.57±0.62 % and 25.86±0.19 – 

57.02±0.67 %.  

 

Table 4. Antioxidant activity of (1) at different concentration of DPPH•. 

Concentration (µM) 
[DPPH] = 0.1014 mM [DPPH] = 0.0507 mM 

Trolox (I) Trolox (I) 

100 12.25±0.09 9.02±0.09 12.01±0.73 19.60±0.29 

200 18.33±0.09 21.05±0.38 36.62±0.24 25.86±0.19 

300 32.54±0.11 27.89±0.31 56.80±0.10 39.08±0.19 

400 43.08±0.15 37.51±0.09 82.23±0.43 45.40±0.19 

500 51.38±0.09 47.26±0.24 94.57±0.62 57.02±0.67 

 
We studied the effect of the initial concentration of DPPH• on the % of DPPH• remaining over time. 

Figure 8 shows the variation of the % of DPPH• consumed during the reaction between DPPH• and compound 
(1). The decrease in absorbance was followed for 240 min. After this time, the highest concentration of 

remaining DPPH• was observed for the highest initial DPPH• concentration, whereas a decrease in the initial 

concentration of DPPH• shows a lowering of remaining DPPH•. These results, clearly demonstrate that a 

decrease in the concentration of DPPH• accelerates its consumption by compound (1). As shown in Figure 8 

after 45 min, 80% of the lowest concentration of DPPH• were consumed, while less of 60% remains for the 

highest initial concentration of DPPH•. It appears clearly in Figure 8 that the maximum consumption of DPPH• 

is reached after 45 min for the lowest concentration, whereas for the highest DPPH• concentration the 

consumption continues for up to 240 min. It should be noted that the consumption of DPPH• in the reaction with 

compound (1) is very fast at the start of the reaction, in both cases. 

 

  
Figure 7. Antioxidant activity of (1) : [DPPH•] = 0.1014 mM and [DPPH•] = 0.0507 mM. 

 

 
Figure 8. Percentage of remaining DPPH• during the reaction of DPPH• with compound (1). Analyses were 

performed with two DPPH• concentrations 0.0507 mM and 0.1014 mM. 
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IV. Conclusion 
The monosubstituted thiocarbonohydrazide derivative (E)-1-(1-(pyridin-2-

yl)ethylidene)thiocarbonohydrazide (1) was successfully synthesized and its structure was confirmed by 

elemental analysis and spectroscopic techniques (FT-IR, 1H and 13C NMR).The molecular structure of (1) are 

determined by X-ray diffraction technique. The monosubstituted derivative shows good antioxidant activity 

comparatively to the antioxidant activity of TROLOX. Compound (1) at 500 M, showed moderate antioxidant 
activity of about 47.26-57.02 % for the different DPPH• concentrations used in this study. The kinetic study 

shows that the maximum consumption of DPPH• is reached after 45 min for the 0.0507 mM concentration, 

whereas for the 0.1014 the consumption continues for up to 240 min. 

 

Supplementary Materials: 

CCDC-2152489 contains the supplementary crystallographic data for this paper. These data can be obtained free 

of charge via https://www.ccdc.cam.ac.uk/ structures/, or by e-mailing data_request@ccdc.cam.ac.uk, or by 

contacting The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: 

+44(0)1223-336033. 
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