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Abstract: The title compound C13H12N4OS (I) is synthetized from nicotinic hydrazide and isothiocynate. Compound C13H10N4O 
(II) is obtained upon reaction of (I) with Mn (II) salt. Compound I crystallizes in the triclinic space group Pī with the following unit 
cell parameters: a = 9.5667 (2) Å, b = 11.5464 (2) Å, c = 12.6658 (2) Å, α = 78.320 (1)°, β = 83.319 (1)°, γ = 88.079 (2)°, V = 
1360.73 (4) Å3, Z = 4, R1 = 0.040 and wR2 = 0.112 and compound II crystallizes in the monoclinic space group P21/n with the 
following unit cell parameters: a = 5.4055 (2) Å, b = 19.686 (1) Å, c = 10.5015 (4) Å, β = 92.402 (2)°, V = 1116.51 (8) Å3, Z = 4, R1 
= 0.070 and wR2 = 0.212. The asymmetric unit contains two molecules of I. For both molecules, the carbonyl oxygen atom and the 
sulfur atom are, respectively, in syn and trans conformation with respect to their related amino nitrogen atoms. Strong intermolecular 
bonds of type N—H···N, N—H···S, and N—H···O, and weak intermolecular bonds of type C—H···O and C—H···S form chains 
superimposed on each other which are linked, resulting in a three-dimensional network architecture. The heterocyclic compound (II) 
1,3,4-oxadiazol derivative is not planar with dihedral angle of 17.725 (14)° and 4.550 (15)° between 1,3,4-oxadiazole ring and phenyl 
and pyridine rings respectively. The dihedral angle between the phenyl and pyridine rings is 22.260 (12)°. In the compound II, 
intramolecular hydrogen bonds of type C—H···N resulting in S(6) ring stabilize the structure. One intermolecular hydrogen bonds of 
type N—H···N links the molecules thus forming a chain parallel to the c-axis. 
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1. Introduction 

Phenyl isothiocyanate and hydrazide derivatives have been 
successfully used in the preparation of numerous compounds 
which are used in different fields [1–6]. Phenyl isothiocyanate 
derivatives have been shown to possess antibacterial, 
antifungal, antitubercular, antithyroid and anticancer properties 
[7–16]. These compounds possess heteroatoms which can link 
metal cations resulting in coordination compounds. The 
metallic derivatives can act as catalyst in numerous organic 
reactions [17, 18]. Hydrazide derivatives shows biological 
properties such as antibacterial [19], antitumoral [20], 

antifungal [21] and spasmolytic activity [22]. Additionally, 
complexes derived from ligand containing hydrazide moiety 
can increase their activity. Complexes are also found to be 
anticancer drug [23], catalyst [24], anti-Alzheimer [25], 
antimicrobial [26] and antifungal [27]. Phenyl isocyanate and 
hydrazide are widely used to synthetize thiosemicarbazide 
derivative [28–30]. Based, on the thiosemicarbazide 
derivatives, oxadiazole can be synthetized in the presence of 
metal cation such as Fe(II). Their derivative are promising 
compounds with a broad spectrum of biological activity in 
both agrochemical and pharmaceutical field. Oxadiazoles have 
been shown to possess biological activity such as herbicidal 
[31], insecticidal [32], hypoglycemia [33], hypotension [34], 
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antitumor [35] and antimicrobial [36]. 
We have recently begun to examine the coordination 

behavior of a series of substituted thiosemicarbazide 
derivatives that possess a number of interesting properties. In 
this paper, we report the synthesis and the characterization of 
a thiosemicarbazide derived from nicotinic hydrazide and 
phenyl isothiocyanate. In our attempt to synthesize the iron 
complex from the above derivative, we have isolated 1,3,4-
oxadiazole derivative. The two molecules are characterized 
by spectroscopic study and X-ray diffraction technic. 

2. Experimental Part 

2.1. Starting Materials and Instrumentation 

Isonicotinic hydrazide, phenyl isothiocynate, iron chloride 
tetrahydrate and manganese acetate tetrahydrate were purchased 
from Sigma-Aldrich and used as received without further 
purification. All solvents used were of reagent grade. Elemental 
analyses of C, H and N were recorded on a VxRio EL 
Instrument. Infrared spectra were obtained on a FTIR Spectrum 
Two of Perkin Elmer spectrometer in the 4000-400 cm-1 region. 

2.2. Synthesis of 1-nicotinoyl-4-phenylthiosemicarbazide (I) 

For the synthesis of 1-nicotinoyl-4-
phenylthiosemicarbazide I, a mixture of nicotinic hydrazide 
(0.01 mol) and phenyl isothiocynate (0.01 mol) in absolute 
ethanol was refluxed for 12 h. The solid material obtained on 
cooling was filtered, washed with diethyl ether, air-dried. 

Yield: 87%. Elemental Anal. C13H12N4OS, Found (Calcd.) 
(%): C, 57.34 (57.32); H, 4.44 (4.41); N, 20.57 (20.53); S, 
11.77 (11.72). IR (ν, cm-1): 3212, 3110 (N-H), 1681 (C=O), 
1444 (N—N), 1256 (C=S), 753 cm-1, 688 cm-1. 1H NMR 
(DMSO-d6, δ(ppm)): 10.80 (S, 1H, NH), 9.82 (S, 1H, NH), 
9.77 (S, 1H, NH), 8.75-7.30 (m, 9H, Ar-H). 13C NMR 
(DMSO-d6, δ(ppm)): 120-150, 164.85, 181.11. 

2.3. Synthesis of N-phenyl-5-(pyridin-3-yl)-1,3,4-oxadiazol-

2-amine (II) 

For the synthesis of II, a stirred mixture of (I) (272.3 mg, 1 
mmol) and FeCl2·4H2O (198.8 mg, 1 mmol) in ethanol was 
refluxed for 2 h. After cooling, the solution was filtered off and 
the precipitate was then crystallized from a methanol. Yield 
58%. Elemental Anal. C13H10N4O, Found (Calcd.) (%): C, 
65.54 (65.52); H, 4.23 (4.21); N, 23.52 (23.51). IR (ν, cm-1): 
1568, 1560, 1497, 1444, 1159, 830, 790, 754, 685, 678, 515. 

2.4. X-ray Crystallography 

Crystals suitable for X-diffraction, of the reported 
compound, were grown by slow evaporation of MeOH 
solution of the complex. Details of the X-rays crystal 
structure solution and refinement are given in Table 1. 
Diffraction data were collected using a SuperNova Rigaku 
Oxford Diffraction with graphite monochromatized Cu Kα 
radiation (λ = 1.54184 Å). All data were corrected for 
Lorentz and polarization effects. No absorption correction 

was applied. Complex scattering factors were taken from the 
program package SHELXTL [37]. The structures were 
solved by direct methods which revealed the position of all 
non-hydrogen atoms. All the structures were refined on F2 by 
a full-matrix least-squares procedure using anisotropic 
displacement parameters for all non-hydrogen atoms [38]. 
The hydrogen atoms were geometrically optimized and 
refined as riding model by AFIX instructions. Molecular 
graphics were generated using ORTEP-3 [39]. 

2.5. DPPH Free Radical Scavenging 

Antioxidant capacities of compound (I) was measured 
according to Akhtar et al. [40] with 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 UV-vis 
spectrophotometer Perkin two. The DPPH· radical scavenger 
effect was calculated using the Equation (1): 
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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. 

 

Figure 1. Synthetic routes of I and II. 
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Table 1. Experimental details. 

Chemical formula C13H12N4OS C13H10N4O 

Mr 272.33 238.25 
Crystal system, space group Triclinic, Pī Monoclinic, P21/n 
Temperature (K) 295 293 
a, b, c (Å) 9.5667 (2), 11.5464 (2), 12.6658 (2) 5.4055 (2), 19.686 (1), 10.5015 (4) 
α, β, γ (°) 78.320 (1), 83.319 (1), 88.079 (2) 90.00, 92.402 (4), 90.00 
V (Å3) 1360.73 (4) 1116.51 (8) 
Z 4 4 
Radiation type Cu Kα Cu Kα 
µ (mm-1) 2.10 0.78 
Crystal size (mm) 0.26 × 0.14 × 0.03 0.24 × 0.11 × 0.08 
No. of measured, independent and observed [I > 2σ(I)] reflections 26994, 5452, 5103 4543, 2148, 1817 
Rint 0.034 0.026 
R [F2 > 2σ(F2)], wR(F2), S 0.040, 0.112, 1.07 0.070, 0.212, 1.08 
No. of reflections 5452 2148 
No. of parameters 343 163 
∆ρmax, ∆ρmin (e Å−3) 0.40, −0.34 0.42, -0.28 

 

3. Results and Discussion 

3.1. Spectroscopic Study 

The NMR spectra of compound I are recorded in dmso-d6. 
The 1H NMR spectrum shows characteristic signals at 10.80 
ppm, 9.82 ppm and 9.77 ppm. attributed to the three N—H 
moieties present in the molecule. The signals due to the 
aromatic protons are in the rang 7.30-8.75 ppm. The 13C 
NMR spectrum exhibits two signals at 181.11 ppm and 
164.85 ppm characteristic of C=S and C=O, respectively 
[41]. Additional signals attributed to the aromatic carbon 
atoms are pointed in the range 150-140 ppm. The infrared 
spectrum of compound I exhibited characteristic bands. The 
bands of medium intensities appearing at 3212 cm-1 and 3110 
cm-1 are attributed to N—H stretching vibration. The bands 
pointed at 1681 cm-1 is attributed to the C=O linked to the 
pyridyl ring. The band due to the N—N and C=S moieties 
are respectively pointed at 1444 cm-1 and 1256 cm-1. 
Additional band pointed in the regions 1600-1400 cm-1 are 
attributed to the phenyl and the pyridyl ring. Bands at 753 
cm-1 and 688 cm-1 are indicative of the presence of 
monosubstituted aromatic rings. Upon reaction of I with 
Fe(II), the organic compound II is isolated. The infrared 
spectrum of II is strongly different from the spectrum of I. 
The FTIR of II present bands due to aromatic rings. Bands at 
1159 cm-1 and 1444 cm-1 are attributed to the oxadiazole C—
O—C and the N—N moieties, respectively [42]. Crystals 
suitable for X-ray determination were grown from slow 
evaporation of methanol solution of I and II. 

3.2. X-ray Structures Determination 

3.2.1. Structure of 1-nicotinoyl-4-phenylthiosemicarbazide 

(I) 

The molecular structure of compound I with the atomic 
label shown in Figure 2. The asymmetric unit contains two 
independent molecules of 1-nicotinoyl-4-
phenylthiosemicarbazide (Figure 2). The Thiosemicarbazide 
moieties [N1—C7(S1)—N2—N3 and N1A—C7A(S1A)—

N2A—N3A] are almost planar with rms of 0.0186 Å and 
0.0998 Å, respectively. For one of the molecule present in 
the asymmetric unit, the thiosemicarbazide moiety forms 
dihedral angles of 82.684(10)° and 85.919 (10)° with the 
phenyl and pyridyl rings, respectively, while the phenyl ring 
and the pyridyl ring form dihedral angle of 49.994 (11)°. For 
the second molecule, the thiosemicarbazide moiety forms 
dihedral angles of 49.511(10)° and 83.196(10)° with the 
phenyl and pyridyl rings, respectively, while the phenyl ring 
and the pyridyl ring form dihedral angle of 58.994(12)°. The 
distances C=O and C=S are slightly different in the two 
molecules (C1=O1 [1.209 (2) Å], C7=S1 [1.7091 (14) Å) and 
(C1A=O1A [1.2194 (18) Å], C7A=S1A [1.6837 (14) Å]). 

 

Figure 2. Crystal structure of 1-nicotinoyl-4-phenylthiosemicarbazide (I). 

The values of these bonds lengths which are compatible 
with double bond character, shows that the compound did not 
undergo enolization or thioenolization as observed for similar 
molecules [43, 44]. The molecules of the compound are 
exclusively in their keto/thioketo form. This form is 
confirmed by the C1—N3 [1.360 (2) Å], C7—N2 [1.3399 
(19) Å], C7—N1 [1.3223 (19) Å], C1A—N3A [1.3494 (18) 
Å], C7A—N2A [1.3654 (18) Å] and C7A—N1A [1.3286 
(18) Å] distances, which indicate that these are single bonds 
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[45, 46]. Other distances and angles are the same magnitude 
in the two molecules present in the asymmetric unit. The O1 
and N2 atoms are in syn conformation with respect to C1—
N3 [O1—C1—N3—N2 = -12.1(3)°] while S1 and N3 atoms 
are in trans conformation with respect to C7—N2 [S1—
C7—N2—N3 = -177.0(1)°]. Similar conformations are 
observed for the second molecule with torsions angles of 
3.6(2)° [O1A—C1A—N3A—N2A] and 161.4(1)° [S1A—
C7A—N2A—N3A]. The two molecules are linked by 
intramolecular hydrogen bond of type N—H···O between the 
amino group of one molecule which acts as donor and a 
carbonyl oxygen atom of the other molecule which acts as 
acceptor (N1—H1N···O1A), resulting in a dimer (Figure 2). 
The Figure 3 shows the overlay of the two molecules in the 
asymmetric unit. In the crystal, in addition to the strong 
intermolecular bonds of type N—H···N, N—H···S, and N—
H···O, the structure features weak intermolecular bonds of 
type C—H···O and C—H···S. The structure consists of 

several chains superimposed on each other. These chains are 
linked by intermolecular bonds which ensure the cohesion 
and stability of the polymer. The combined hydrogen bonds 
links give rise to a three-dimensional network architecture 
(Figure 4). 

 

Figure 3. Overlay of the two independent similar molecules present in the 
asymmetric unit of I. 

 

Figure 4. Crystal packing of I observed along the c-axis. 

Table 2. Selected geometric parameters (Å, °). 

S1—C7 1.7091 (14) N2A—C7A 1.3654 (18) 
S1A—C7A 1.6837 (14) N3—C1 1.360 (2) 
O1A—C1A 1.2194 (18) N3—N2 1.3920 (17) 
N1A—C7A 1.3286 (18) N2—C7 1.3399 (19) 
N3A—C1A 1.3494 (18) N1—C7 1.3223 (19) 
N3A—N2A 1.3895 (16) O1—C1 1.209 (2) 
N1A—C7A—N2A 116.75 (12) N1—C7—N2 119.04 (13) 
N1A—C7A—S1A 125.08 (11) N1—C7—S1 122.56 (11) 
N2A—C7A—S1A 118.17 (10) N2—C7—S1 118.36 (11) 
O1A—C1A—N3A 123.65 (13) O1—C1—N3 121.07 (16) 
O1A—C1A—C2A 122.47 (13) O1—C1—C2 122.63 (17) 
N3A—C1A—C2A 113.80 (12) N3—C1—C2 116.30 (14) 

Table 3. Hydrogen-bond geometry (Å, °).

D—H···A D—H H···A D···A D—H···A 

N1A—H1AN···N4Ai 0.86 2.10 2.8527(17) 145.7 
N3A—H3AN···S1ii 0.86 2.57 3.3183(13) 145.7 
N2A—H2AN···S1iii 0.86 2.66 3.4435(13) 152.8 
N3—H3N···S1iii 0.86 2.62 3.3450(14) 142.6 
N2—H2N···S1Aiii 0.86 2.49 3.2310(14) 144.7 
N1—H1N···O1A 0.86 2.04 2.8213(17) 150.8 
C4A—H4A···O1ii 0.93 2.34 3.094(2) 138.0 
C9A—H9A···S1ii 0.93 2.99 3.719(2) 135.9 
C5—H5···S1Aiv 0.93 2.97 3.838(2) 155.1 

Symmetry codes: (i) −x+1, −y+1, −z+1; (ii) x+1, y, z; (iii) −x, −y, −z+1; (iv) 
x, y, z+1 
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3.2.2. Structure of N-phenyl-5-(pyridin-3-yl)-1,3,4-

oxadiazol-2-amine (II) 

Compound II crystallizes in the monoclinic space group 
P21/n. The asymmetric unit contains one molecule of N-
phenyl-5-(pyridin-4-yl)-1,3,4-oxadiazol-2-amine (Figure 4). 
The central 1,3,4-oxadiazol ring C1/N1/N2/C7/O1 is almost 
planar [rms 0.0067 Å] with short distances C1=N2 [1.278 (3) 
Å] and C7=N3 [1.302 (3) \%A] indicating double-bond 
character. The distances C1—O1 [1.379 (2) \%A] and C7—
O1 [1.361 (2) Å] are compatible with single-bond character. 
These values are in accordance with those reported for 
compound with 1,3,4-oxadiazol moiety [47]. The molecular 
structure of II is not planar. In fact, the phenyl and pyridine 
rings form dihedral angles of 17.725(14)° and 4.550(15)°, 
respectively, with the central five-membered ring 1,3,4-
oxadiazole ring. The dihedral angle between the phenyl and 
the pyridine rings is 22.260(12)°. The oxadiazole molecule is 
stabilized by the intramolecular C9–H9···N3 hydrogen bonds 
forming the usual six-membered S(6) ring, as shown in 

Figure 4 (Table 4). There is only one intermolecular 
hydrogen bond of type N–H···N between the amino group as 
donor and the pyridine ring nitrogen atom as acceptor, (N4—
H4···N1i, i = −x+2, −y+1, −z+1) (Table 4) which propagates 
to forms chains that extend parallel to the c-axis (Figure 5). 

 

Figure 5. Crystal structure of N-phenyl-5-(pyridin-3-yl)-1,3,4-oxadiazol-2-
amine (II). 

 

Figure 6. Crystal packing of II observed along the c-axis. 

Table 4. Selected geometric parameters (Å, °). 

O1—C1 1.379 (2) N4—C8 1.404 (3) 
O1—C7 1.361 (2) N4—C7 1.350 (3) 
N2—N3 1.413 (3) N3—C7 1.302 (3) 
N2—C1 1.278 (3) N1—C6 1.322 (3) 
O1—C1—C2 118.22 (18) N4—C7—O1 115.46 (18) 
N2—C1—O1 112.16 (19) N3—C7—O1 113.16 (19) 
N2—C1—C2 129.61 (19) N3—C7—N4 131.4 (2) 

Table 5. Hydrogen-bond geometry (Å, °). 

D—H···A D—H H···A D···A D—H···A 

N4—H4···N1i 0.86 2.10 2.950 (3) 170.8 
C9—H9···N3 0.93 2.40 2.995 (3) 121.9 

Symmetry code: (i) −x+2, −y+1, −z+1. 

3.3. Antioxidant Activity of Compound I 

The method of scavenging the DPPH· radical is used 
to evaluate the antioxidant activity of organic or 
inorganic compounds [48, 49]. The antioxidant activity 
of the compound I has been substantially investigated. 
Figure 7 shows the plots of DPPH· free radical 
scavenging activity (%) for Trolox and compound I. The 
DPPH· is a stable free radical and becomes a stable 
molecule when it accepts an electron or hydrogen radical. 
In this study the compound I scavenge the DPPH· radical 
by hydrogen donating ability. The scavenging activity 
increases with increasing the concentration in the range 
tested (100-500 mmol/L). Compound I have scavenging 
activity between 17.46±0.21 and 79.28±0.66% within the 
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investigated concentration range due to the three NH 
groups which can react with DPPH· radical by the 
typical H-abstraction reaction. When increasing the 

concentration (100 to 500 mM), the scavenging activity 
of compound I increases more rapidly than that of Trolox 
(9.86±0.67-49.66±0.28%). 

 

Figure 7. Antioxidant activity of (I) and Trolox. 

4. Conclusion 

Compound, 1-nicotinoyl-4-phenylthiosemicarbazide (I), 
synthesized from the reaction between nicotinic hydrazide and 
isothiocynate yields compound II, N-phenyl-5-(pyridin-3-yl)-
1,3,4-oxadiazol-2-amine, when it reacts with Fe(II). The 
structures of compounds I and II are confirmed by elemental 
analysis and spectroscopic techniques (FT-IR, 1H and 13C NMR). 
The molecular structures of compounds I and II are determined 
by X-ray diffraction. In the concentration range (100-500 mM) 
compound I shows better antioxidant power comparatively to 
that of TROLOX, which is used as a reference. 

Supplementary Materials 

CCDC- 2221176 and 2221177 contain the supplementary 
crystallographic data for compounds I and II respectively. 
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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