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Abstract: Herein, two title compounds, N-benzoyl-N′-(4′-cyanophenyl)thiourea (1) and N-(4-
nitrobenzoyl)-N′-(4′-cyanophenyl)thiourea (2) were synthesized in a high yield, via different
applications of aroyl isocyanate and 4-aminobenzonitrile. The structure of the prepared com-
pounds was characterized by elemental analysis and FT-IR, 1H, and 13C-NMR spectroscopic
methods. The crystal structure of the title compound 1 was determined by an X-ray single-crystal
technique and an intramolecular C=O...H-N hydrogen bond and intermolecular C=S...H-N and
C=S...H-C hydrogen interactions, which were observed for the crystal structure. The molecular
electrostatic potential (MEP) and the Mulliken atomic charges of title compounds 1 and 2 were
theoretically calculated and interpreted. Cyclic voltammetric (CV) experiments for the compounds
were performed with the glassy carbon electrode. The reduction in potential values of the different
functional groups such as nitro and cyano in title compounds were investigated using CV curves.

Keywords: N-aroylthioureas; CV curves; crystal structure; 4-aminobenzonitrile; MEP

1. Introduction

N-(aroyl/acyl)-N′-substituted-(aryl/alkyl)-thiourea derivatives are known to exhibit
a wide variety of biological activities such as antibacterial and antifungal properties and
regulating activities for plant protection in agriculture [1–3]. In addition, some of them have
been used as ligands in the extraction, separation, and determination of heavy metals such
as Fe and Zn ions [4,5]. These types of ligands have been used as a chemosensor for anions
such as F−, CN−, OAc−, etc., and as a potentiometric sensor for heavy metals in analytical
applications [6,7]. Aroylthiourea derivatives with different substituents have been success-
fully employed in environmental control as ion-selective electrodes [8,9]. Furthermore,
the synthesis of biologically important heterocyclic scaffolds, such as thiohydantoins has
also been used some arylthiourea derivatives [10]. Additionally, some aroylthioureas were
used in the synthesis of benzoylaminoimidazolone and aminoimidazolone derivatives [11],
bicyclic 2-aminothiazolyl compounds [12] and some tetrazoles and guanidines [13].

In this study, two thiourea compounds named N-benzoyl-N′-(4′-cyanophenyl)thiourea
(1) and N-(4-nitrobenzoyl)-N′-(4′-cyanophenyl)thiourea (2) were synthesized (Scheme 1),
and their structures were characterized by elemental analysis, FT-IR and 1H-NMR, and
13C-NMR spectroscopic techniques.

Since N-benzoyl-N′-(4′-cyanophenyl)thiourea (1) forms a single-crystal structure; the
crystal structure was clarified by the X-ray single crystal technique. The intramolecular
hydrogen bond and intermolecular hydrogen interactions in the crystal structure for the
title compound 1 were interpreted.
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Scheme 1. The synthesis of N-Benzoyl/(4-nitrobenzoyl)-N′-(4′-cyanophenyl)thioureas. 
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ground state by B3LYP [14] method with the 6-311G(d,p) basis sets included in Gaussian 
09 program [15]. Molecular electrostatic potential (MEP) and the Mulliken atomic charges 
using (DFT) with B3LYP/6-311G(d,p) level of title compounds 1 and 2 were theoretically 
calculated. 

These compounds include functional groups such as nitro and cyano groups, as well 
as carbonyl and thiocarbonyl functional groups that shown tautomeric equation [16]. To 
know the redox potential values of these functional groups in their structures, electro-
chemical potentials of the title compounds as CV curves were examined. 
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fraction study. All expected frequencies of the ν (N–H), ν(C≡N), ν(C=O), ν(C=N) and 
ν(C=S) were observed in the infrared spectra of the title compounds. The FT-IR data show 
the important stretching bands for ν(N–H) and ν(C=O) at 3229 and 1662 cm−1 for com-
pound 1 and 3212 and 1675 cm−1 for the compound 2, respectively, (Figures S1 and S2) 
[17]. The lower force constant of the (C=O) stretching modes found for the title compounds 
is related to the conjugated resonance with the phenyl ring as well as the intra-molecular 
C=O…H—N hydrogen bond, compared with the ordinary carbonyl absorption (⁓1710 
cm−1). The stretching frequencies observed at 2223 and 2225 cm−1 for the title compounds 
confirm that the C≡N functional group is located on the other side of the aromatic ring, 
respectively [18]. In addition, strong bands observed at 1518 and 1514 cm−1 for the title 
compounds, respectively, highlight the presence of the stretching vibration of thiouredio 
moiety (νN-CS-N). A strong band at 1262.9 and 1262.5 cm−1 are assigned as stretching vibra-
tion bands of the thiocarbonyl group (C=S) for the title compounds, respectively [19]. The 
medium intensity IR absorption bands observed 834 and 854 cm−1 for the title compounds 
are assigned to the ν(C=S) mode of the thiourea derivatives. The formation of C=S…H- 
intermolecular hydrogen bonds seem to strongly affect the frequency of the (C=S) mode 
[20,21] 

The 1H-NMR spectrum of the title compounds indicate that the synthesized struc-
tures are aroyl thioureas derivatives. The signals that appeared at δH 12.70, 11.69 ppm and 
12.47 and 12.04 ppm are characteristic of the N-H protons of the thiourea moiety for the 
title compounds 1 and 2, respectively [22]. There are multiple signals at δH 7.50–8.30 ppm 
which corresponds to the aromatic protons on phenyl rings in 1 and 2. The chemical shifts 
of the hydrogen atoms on the benzene and cyano-benzene rings are in a lower field than 
that of the nitro-benzene ring (Figures S3 and S4). 

The most de-shielded 13C-NMR signals correspond to C=S and C=O groups. The car-
bon atoms of the thiocarbonyl group (C=S) at δC 179.8 ppm and 179.4 ppm for the com-
pounds 1 and 2 were showed the highest values, whereas the signals of carbonyl groups 
(C=O) at 168.6 and 167.0 ppm also appeared more de-shielded in the NMR spectra, re-
spectively. The carbon signal of the nitrile group generally appears at δC 110–120 ppm, 

Scheme 1. The synthesis of N-Benzoyl/(4-nitrobenzoyl)-N′-(4′-cyanophenyl)thioureas.

The molecular structure of title compounds 1 and 2 were optimized using DFT in
the ground state by B3LYP [14] method with the 6-311G(d,p) basis sets included in Gaus-
sian 09 program [15]. Molecular electrostatic potential (MEP) and the Mulliken atomic
charges using (DFT) with B3LYP/6-311G(d,p) level of title compounds 1 and 2 were theo-
retically calculated.

These compounds include functional groups such as nitro and cyano groups, as well as
carbonyl and thiocarbonyl functional groups that shown tautomeric equation [16]. To know
the redox potential values of these functional groups in their structures, electrochemical
potentials of the title compounds as CV curves were examined.

2. Results
2.1. Spectroscopic Studies

The title compounds have been synthesized and characterized by elemental analysis,
FT-IR as well as 1H- and 13C-NMR spectroscopic methods. The molecular structure of com-
pound 1 due to the obtained crystals was determined by a single-crystal X-ray diffraction
study. All expected frequencies of the ν (N-H), ν(C≡N), ν(C=O), ν(C=N) and ν(C=S) were
observed in the infrared spectra of the title compounds. The FT-IR data show the important
stretching bands for ν(N-H) and ν(C=O) at 3229 and 1662 cm−1 for compound 1 and 3212
and 1675 cm−1 for the compound 2, respectively, (Figures S1 and S2) [17]. The lower force
constant of the (C=O) stretching modes found for the title compounds is related to the
conjugated resonance with the phenyl ring as well as the intra-molecular C=O...H-N hydro-
gen bond, compared with the ordinary carbonyl absorption (~1710 cm−1). The stretching
frequencies observed at 2223 and 2225 cm−1 for the title compounds confirm that the C≡N
functional group is located on the other side of the aromatic ring, respectively [18]. In
addition, strong bands observed at 1518 and 1514 cm−1 for the title compounds, respec-
tively, highlight the presence of the stretching vibration of thiouredio moiety (νN-CS-N). A
strong band at 1262.9 and 1262.5 cm−1 are assigned as stretching vibration bands of the
thiocarbonyl group (C=S) for the title compounds, respectively [19]. The medium intensity
IR absorption bands observed 834 and 854 cm−1 for the title compounds are assigned to
the ν(C=S) mode of the thiourea derivatives. The formation of C=S...H- intermolecular
hydrogen bonds seem to strongly affect the frequency of the (C=S) mode [20,21].

The 1H-NMR spectrum of the title compounds indicate that the synthesized structures
are aroyl thioureas derivatives. The signals that appeared at δH 12.70, 11.69 ppm and
12.47 and 12.04 ppm are characteristic of the N-H protons of the thiourea moiety for the
title compounds 1 and 2, respectively [22]. There are multiple signals at δH 7.50–8.30 ppm
which corresponds to the aromatic protons on phenyl rings in 1 and 2. The chemical shifts
of the hydrogen atoms on the benzene and cyano-benzene rings are in a lower field than
that of the nitro-benzene ring (Figures S3 and S4).

The most de-shielded 13C-NMR signals correspond to C=S and C=O groups. The
carbon atoms of the thiocarbonyl group (C=S) at δC 179.8 ppm and 179.4 ppm for the
compounds 1 and 2 were showed the highest values, whereas the signals of carbonyl
groups (C=O) at 168.6 and 167.0 ppm also appeared more de-shielded in the NMR spectra,
respectively. The carbon signal of the nitrile group generally appears at δC 110–120 ppm,
downfield from TMS [23]. From the 13C-NMR spectrums, the characteristic -C≡N signals
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appeared at δC 119.2 and 119.1 ppm for the compounds 1 and 2, respectively. Moreover, the
signals of aromatic carbon atoms for these compounds 1 and 2 were observed in the range
of 108.6–142.7 and 108.7–150.4 ppm, respectively. The 1H-NMR and 13C-NMR data are
shown in Figure 1, Figures S5 and S6. Compound 1 is among the previously synthesized
compounds, and its spectroscopic data in the FT-IR, 1HNMR, 13C-NMR spectra generally
agree [11].
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Figure 1. 1H and 13C-NMR chemical shift of the title compounds 1 and 2 in DMSO-d6.

2.2. Single-Crystal X-ray Studies of Title Compound 1

The X-ray result of the synthesized thiourea derivative 1 at room temperature ex-
hibits that the compound (C15H11N3OS) crystallized in triclinic with the space group P-1,
a = 4.0684 (3) Å, b = 12.3410 (11) Å, c = 14.7486 (13) Å, α = 69.009 (3)0, β = 89.918 (3)0,
γ = 83.018 (3)0, V = 685.52 (10) Å3, Z = 2, T= 296 K, δ = 1.363 Mg.m−3, F000 = 292,
µ = 0.23 mm−1, 3430 independent reflections, −5 ≤ h ≤ 5, −16 ≤ k ≤ 16, −19 ≤ l ≤ 19,
2170 reflections with I > 2σ(I) Rint = 0.069. A weighting scheme of the form w = 1/[σ2(Fo

2) +
(0.1242P)2 + 0.0055P] was introduced, where P = (Fo

2 + 2Fc
2)/3. The final R1 was 0.064 [F2

> 2σ(F2)] and wR2(F2) was 0.213, ∆ρmax = 0.61 e Å−3, ∆ρmin = −0.38 e Å−3., respectively.
Crystal data and structure refinement parameters for the title compound 1 are listed in Table
S1. The molecular structure of the title compound 1 is shown in Figure 2. Bond lengths,
bond angles and torsion angles are presented in Table S2. The C7—O1 and C8—S1 bonds
show a typical double bond character with bond lengths of 1.220 (3) Å and 1.650 (3) Å,
respectively. The C=O bond length is 1.220 (3) Å, longer than the average C=O bond length
(1.200 Å), which is due to intramolecular hydrogen bonding (N2—H2A...O1: 2.646 (3) Å).
All the C—N bonds lengths, C7—N1 1.380 (3) Å, C8—N1 1.400 (3) Å, C8—N2 1.342 (3) Å,
C9—N2 1.414 (3) Å, also indicate a partial double bond character. The C7—N1 bond is
adjacent to the carbonyl group and thus slightly shorter than the C8-N2 bond. In the title
compound 1, the C≡N triple bond length is 1.140 (4) Å. The cyano group lies in the plane
of the phenyl ring which the maximum deviation from the mean plane belongs to the C9
atom with −0.008 Å.

The molecular packing involves a classical intramolecular hydrogen bonding, N2—H2
...O1, and two types of weak intermolecular interactions between N-H...S and C-H...S atoms
are shown in Figure 3 and Table S3. The N-H...O type intramolecular hydrogen bond
generates an S(6) ring motif [24]. The molecules are dimerized due to the N1—H1...S1, and
C5—H5...S1 types of weak intermolecular interactions bonding with R2

2(8) and R2
2(14)

ring motifs.
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Figure 3. A view of the intermolecular hydrogen bonds N-H...S, and C-H...S for compound I.

2.3. Molecular Electrostatic Potential (MEP) and Mulliken Atomic Charges for Compounds
(1 and 2)

The MEP is a colored plot mapped onto isosurfaces of electron density. It demonstrates
the probable positions for electrophilic attacks or nucleophilic reactions and is useful in
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processes of biological comprehension and interactions of hydrogen bonding [25]. The MEP
mapped surface of the compounds 1 and 2 were calculated by DFT/B3LYP at 6-311G (d,p)
basis set and MEP surface are plotted in Figure 4. Red, blue, and green colors represent
regions of the most electronegative, most electropositive electrostatic and zero potentials,
respectively [26]. The color code of these maps is in the range between −5.996 a.u. (deepest
red) and 5.996 a.u. (deepest blue) in compound 1, and −6.894 a.u. (deepest red) and
6.894 a.u. (deepest blue) in compound 2. As can be seen from the MEP map of the title
compounds 1 and 2, the MEP maps show that regions with negative potential are mainly
localized over the nitrogen atom of the cyano group, as well as electronegative oxygen
and sulfur atoms. The maps also show that the positive potential regions are more above
the hydrogen atoms (N1-H1A, N2-H2A) of the urea moiety and around the H atoms of the
phenyl rings, and especially C5-H5. On the other hand, it is observed that the presence
of the nitro group partially changed the negative and positive potentials. In the presence
of the nitro group, it is observed that the electron density in the cyano and thiocarbonyl
groups decreases as well as the electron density changes in the nitrogens in the urea (N1
and N2) for compound 2.
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The Mulliken atomic charges have a significant role in the determination the electron
population for each atom of the molecular system. Figure 5 exhibits the calculated Mul-



Molbank 2022, 2022, M1316 6 of 10

liken atomic charges for atoms by DFT/B3LYP at 6-311G(d,p) basis set and the graphical
representation of Mulliken atomic charge distributation in the title compounds 1 and 2. The
presence of the nitro group at the para position affected the electron densities (Table S4).
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2.4. Electrochemical Studies

The electrochemical properties of aroylthiourea derivatives were investigated further
by using cyclic voltammetry analysis to determine the redox potentials. The cyclic voltam-
metry (CV) curves of the compounds are given in Figure 6. The curves of compound 1
4.0 × 10−3 M and (II) 4.0× 10−3 M were recorded in acetonitrile (ACN) solution containing
0.1 M lithium perchlorate (LiClO4) as a supporting electrolyte at a scan rate of 0.01 V.s–1

in the potential range of 0.0 V and −2.0 V on glassy carbon electrode (GCE). Ag/AgCl
electrode and platinum wire was used as reference and counter electrodes, respectively, in
the three electrodes cell.
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One cathodic peak was observed for 1 whereas two cathodic peaks were observed
for compound 2. As could be seen from Figure 6, the first peak observed about –0.130 mV
for 2 can be attributed to the reduction in the -NO2 (nitro) group in its structure [27]. The
second peaks observed as approximately –0.770 mV (b) for 1 and –0.650 mV (c) for 2 were
thought to result from the reduction in C≡N groups of the molecules. It is seen that; the
presence of the -NO2 group affects the reduction potential of the cyano group and shifts it
to more positive values. Additionally, it was observed that the C=O and C=S functional
groups were not reduced due to the tautomeric equilibrium in acetonitrile solution [16].

3. Materials and Methods
3.1. General Information

All standard chemicals and solvents were sourced from Merck (Darmstadt, Germany)
and used without further purification. Melting points were measured on an Electro Ther-
mal IA 9100 apparatus (Cole-Palmer, Staffordshire, UK) using a capillary tube. The Infrared
absorption spectrums were measured on a Perkin Elmer BX II (Shelton, CT, USA) spec-
trophotometer from 4000 to 650 cm−1. The 1H- and 13C-NMR spectra were recorded in
DMSO-d6 solution on a Bruker AVANCE DPX NMR spectrometer operating at 400 and
101.6 MHz (Bruker GmbH, Mannheim, Germany) spectrometer with chemical shifts relative
to tetramethyl silane and chemical shifts are reported in parts per million (δ/ppm). Ele-
mental analyses were performed on a LECO CHNS-932 Elemental Analyzer (Saint Joseph,
MI, USA). For the X-ray analysis, Data collection: Bruker D8 QUEST diffractometer, Bruker
SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick 2008); program(s) used
to refine structure: SHELXL2014 (Sheldrick 2014); molecular graphics: Bruker SHELXTL;
software used to prepare material for publication: Bruker SHELXTL [28,29]. The elec-
trochemical measurements were carried out by using electrochemical analyzer (Gamry,
Interface 1000).
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3.2. The Synthesis of N-Benzoyl-N′-(4′-Cyanophenyl)Thiourea (1) and
N-(4-Nitrobenzoyl)-N′-(4′-Cyanophenyl)Thiourea (2)

A solution of benzoyl chloride (1.40 g, 10 mmol) or 4-nitrobenzoyl chloride (1.85 g,
10 mmol) and potassium thiocyanate (0.969 g, 10 mmol) in acetone (20 mL) was refluxed
with stirring for 30 min. After then, the solution of 4-cyanoaniline (1.18 g, 10 mmol) in
acetone (20 mL) was added dropwise to the aroyl isothiocyanates for ca. 15 min at ambient
temperature. When the solution was added completely, the resulting solution was refluxed
for 2.5 and 3.0 h for compound 1 and 2, by controlling the progress of the reaction with TLC,
respectively. After cooling, the solution was poured into a beaker containing an ice-water
mixture. The white precipitate for compound 1 and the yellowish precipitate for compound
2 were filtered off and washed with distilled water several times and then dried under
vacuum. Compound 1 was recrystallized from tetrahydrofuran: ethyl acetate (1:1).

3.2.1. N-Benzoyl-N′-(4′-Cyanophenyl)Thiourea, C15H11N3OS, (1)

Yield 87% of the slightly pale-yellow crystals; m.p.: 168–169 °C; Elemental analysis:
Anal. calcd: C, 64.04; H, 3.94; N, 14.94; S, 11.40%; found: C, 63.96; H, 3.98; N, 14.82; S,
11.60%. FT-IR [ATR (solid), ν.cm−1]: 3229 (N-H, stretch); 3030 (C-Harom); 2223 (C≡N); 1662
(C=O); 1592 (N-H, bending); 1518 (thiocarbonyl, CS-N); 1262 (N-C=S, thioureido); 1162
(carbonyl, CO-N); 834 (C=S). 1H-NMR (DMSO-d6): δ = 12.70 (s, 1H, C=ONHC=S); 11.69
(s, 1H, C=SNHC=Car); 7.95 (d, J = 8.49 Hz, 2H, CHph), 7.93 (d, J = 7.79 Hz, 2H, CHph),
7.85 (d, J = 19.1 Hz, CHar), 7.61 (t, J = 7.41 Hz, 1H, CHph)„ 7.50 (d, J = 7.73 Hz, 2H, CHar);
13C-NMR (DMSO-d6): 179.8 (C=S); 168.6 (C=O); 142.7, 133.7 133.3 132.5 129.3, 129.1, 124.9,
108.6 (ArC); 119.2 (C≡N).

3.2.2. N-(4-Nitrobenzoyl)-N´-(4′-Cyanophenyl)Thiourea, C15H10N4O3S, (2)

Yield 84% of the pale-yellow crystal; m.p.: 206–207 °C; Elemental analysis: Anal. calcd:
C, 55.21; H, 3.09; N, 17.17; S, 9.83%; found: C, 55.13; H, 3.05; N, 17.10; S, 10.02%. FT-IR [ATR
(solid), ν.cm−1]: 3212 (N-H); 3070, 3005 (C-Harom); 2225 (C≡N); 1675 (C=O); 1582 (N-H,
bending); 1514 (thiocarbonyl, CS-N); 1335 (N-C=S, thioureido); 1156 (carbonyl, CO-N); 854
(C=S). 1H-NMR (DMSO-d6): δ = 12.47 (s, 1H, C=ONHC=S); 12.04 (s, 1H, C=SNHC=Car.);
8.30 (d, J = 8.82 Hz, 2H, CHar); 8.12 (d, J = 8.71 Hz, 2H, CHar), 7.93 (d, J = 8.68 Hz, 2H,
CHar), 7.85 (d, J = 10.63 Hz, 2H, CHar); 13C-NMR (DMSO-d6): 179.4 (C=S); 167.0 (C=O);
150.4, 142.7, 138.4, 133.4, 130.8, 124.8, 123.9, 108.7 (ArC); 119.1 (C≡N).

4. Conclusions

Two thioureas, N-benzoyl-N′-(4′-cyanophenyl)thiourea (1) and N-(4-nitrobenzoyl)-N′-
(4′-cyanophenyl)thiourea (2) were prepared in high yield via aroylisothiocyanate salts. After
the structure of the title compounds were characterized via the FT-IR and 1H-, 13C-NMR
spectroscopic methods. Cyclic voltammetry has been used to investigate the reduction
potential of the different functional group in the molecules. It has been observed that
the nitro group is more easily reduced than the cyano group due to different conjugation.
The 3D structural determination of 1 was established by X-ray crystallography and con-
firmed the structure in the solid state as anticipated on spectroscopic data. The molecular
conformation is stable by an intramolecular N-H...O hydrogen bond and intermolecular
N-H...S and C-H...S hydrogen interactions. The charge distribution in title compounds
were theoretically examined as MEP mapping and Mulliken atomic charges. It has been
observed that the presence of the nitro group in the para position of phenyl ring causes the
changes in the spectroscopic and electrochemical data, as well as the theoretical calculations
of the structures with the same functional group.

Supplementary Materials: The following supporting information can be downloaded. Figure S1:
IR-spectrum of 1; Figure S2: IR-spectrum of 2; Figure S3: 1H-NMR of 1; Figure S4: 1H-NMR of 2;
Figure S5: 13C-NMR of 1; Figure S6: 13C-NMR of 2; Tables S1–S3: Crystal data of 1; Table S4: Mulliken
charges of 1 and 2. Crystallographic data for 1 reported in this article have been deposited at the
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Cambridge Crystallographic Data Centre (CCDC) with quotation number CCDC-2064593, and it can
be obtained free of charge on application to CCDC 12 Union Road, Cambridge CB2 1EZ, UK [Fax:
(internet.) + 44(1223)336–033, E-mail: deposit@ ccdc.cam.ac.uk].
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