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ABSTRACT
(2-(2-(2-methoxyphenyl)hydrazono)cyclohexane-1,3-diylidene) bis(hydrazine carbothioamide) (L1), 4-(2-(-2,-
6-bis(2-carbamothioylhydrazono) cyclohexylidene) hydrazinyl)benzoic acid (L2), and (2-(2-(4-bromophenyl)
hydrazono) cyclohexane-1,3-diylidene) bis(hydrazinecarbothioamide) (L3) bis(thiosemicarbazone) deriva-
tive compounds were synthesized by the condensation reaction of thiosemicarbazide and various ketone
compounds. The structures of synthesized compounds were characterized by using FT-IR, 1H and 13C-NMR
spectra, elemental analysis and mass spectra. Also, the structure of L1 has been determined by X-ray crys-
tallographic analysis. Additionally, the antioxidant activities (free radical (DPPH) scavenging, iron chelating
and reducing power) of compounds were evaluated. Especially, L3 displayed good DPPH activity (84.13%) at
100 mg/L. Moreover, pBR322 plasmid DNA cleavage activity was examined and all of the compounds were
able to cleave the plasmid DNA. Finally, the ground state geometries of the thiosemicarbazone derivatives
were optimized using Density Functional Theory applications at B3LYP/6-31G (d,p) level in order to obtain
information about the 3D geometries and electronic structure.

GRAPHICAL ABSTRACT

Introduction

Thiosemicarbazones an important class of organic compounds
having the general structure R1R2–C=N–NH–CS–NH2 and can
be synthesized by condensation reaction of semicarbazide with
a suitable aldehyde or ketone.1 The chemistry of sulfur contain-
ing substances such as thiosemicarbazones has been receiving
considerable attention in the area of medicinal chemistry
because of their promising biological implications and remark-
able pharmacological properties.2–6 Thiosemicarbazones and
their metal complexes have interesting chemistry in view of
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their variable bonding modes, promising biological implica-
tions, structural diversity and ion-sensing ability.7,8,9 They have
been used as drugs and possess a wide variety of biological
activities and they are also a useful model for bioinorganic
processes.10 In addition, thiosemicarbazones possess a variety
of biological properties including anti-proliferative activity.11,12
Studies have demonstrated that thiosemicarbazones are potent
inhibitors of the enzyme ribonucleotide reductase and capable
of interrupting DNA synthesis and repair. Incorporation of
metals onto these thiosemicarbazone ligands can result in
alteration or enhancement of their biological activity.13,14
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Oxidative metabolism is necessary the living organisms. A
wide effect of this metabolism is the generation of free radi-
cals and reactive oxygen species (ROS) that induce oxidative
changes. These changes perform a significant act in several
illnesses such as cancer, neurodegenerative diseases, heart dis-
eases, and in the aging process.15 Antioxidants are substances
such that when they exist in low levels compared to those of
oxidisable substrates they significantly prevent the oxidation of
that material. They act a significant role as health defending fac-
tor.16 Though almost every organism has an antioxidant defense
and repair systems but these systems are not sufficient to over-
come all damage. Scientific evidence proposes that antioxidants
decrease the risk for chronic diseases such as cancer and heart
disease. So, dietary antioxidant supplement is a hopeful mean
to support the antioxidant protective and repair systems.17

Despite the high mortality of a cancer patient, the discov-
ery and development of new therapeutic agents possess a vital
significance.18 The cleaving agents of DNA have attracted great
attention because of their potential applications in cancer ther-
apy in molecular biology. Recently, novel organic compounds
have been extensively investigated as cleaving agents of DNA
and determined to be reasonably effective.19

As a part of continuing interest in this area of research, bis
(thiosemicarbazone) compounds which derived from thiosemi-
carbazide and various ketones were synthesized by the
condensation reaction of (2-(2-(2-methoxyphenyl)hydrazono)
cyclohexane-1,3-diylidene) bis(hydrazine carbothioamide)
(L1), 4-(2-(-2,6-bis(2-carbamothioylhydrazono) cyclohexy-
lidene) hydrazinyl)benzoic acid (L2), and (2-(2-(4-bromo-
phenyl) hydrazono) cyclohexane-1,3-diylidene)
bis(hydrazinecarbothioamide) (L3). The structures of syn-
thesized bis(thiosemicarbazone) derivatives were characterized
by using FT-IR, 1H-NMR and 13C-NMR spectra, elemental
analysis and mass spectra. The structure of L1 has been con-
firmed by X-ray crystallographic analysis, as well. Additionally,
the antioxidant and DNA cleavage effects of the compounds
were evaluated. Finally, novel thiosemicarbazone derivatives
were subjected to geometry optimization process at Density
Functional Theory B3LYP/6-31G (d,p) level in order to obtain
information about the 3D geometries and electronic structure.

Results and discussion

Synthesis and spectral studies

The bis(thiosemicarbazone) derivatives, (2-(2-(2-methoxyp-
henyl)hydrazono)cyclohexane-1,3-diylidene) bis(hydrazine-
carbothioamide) (L1), 4-(2-(-2,6-bis(2-carbamothioylhy-
drazono) cyclohexylidene) hydrazinyl)benzoic acid (L2), and
(2-(2-(4-bromophenyl) hydrazono) cyclohexane-1,3-diylidene)
bis(hydrazinecarbothioamide) (L3), (Scheme 1) were obtained
from cyclohexane-1,3-dione precursors and thiosemicarbazide
in ethanol solution. Compound L1 has a brick red color; L2 and
L3 orange color, they are stable and very soluble in polar aprotic
solvents such as DMF and DMSO.

Having studied the infrared spectra of the compounds, the
carbonyl group C=O peak in the spectrum of the feedstock
ketone compound observed at 1670 cm−1 was completely
lost in the final compounds. The loss of ketone peak after the

Scheme . Structures of bis(thiosemicarbazone) derivatives.

condensation reaction, between the carbonyl groups of the
ketone and thiosemicarbazide to form bis(thiosemicarbazone)
indicate that the synthesis of the compounds occur. In the
FT-IR spectra of the compounds L1, L2 and L3, azomethine
group –C=N stretching vibration observed at 1584, 1574 and
1488 cm−1, respectively, which is in compliance with the liter-
ature.20 The vibrational frequencies, obtained by computations
at B3LYP/6-31G(d,p) level for the corresponding C=N stretch-
ing were 1589, 1598 and 1597 cm−1, in the same order. The
absence of any bands at 2000–2500 cm−1 in the FT-IR spectra
of the compounds shows no appearance of S-H groups in the
compounds L1–3.21 The bands appeared at 747 cm−1 for L1,
821 cm−1 for L2 and 823 cm−1 for L3 due to vibrations of the
C=S double bond.22 Moreover, the ν(N-N) bands related to
thiosemicarbazone and hydrazone groups of the compounds
were observed at 1070 and 991 cm−1 for L1, 1065 and 1009 cm−1

for L2 and 1070 and 1000 cm−1 for L3, respectively. Strong bands
that appear in the 2959–2836 cm−1 range, are attributed to the
ν(C-H) vibrations.23,24

The NMR spectra of the compounds were recorded in
DMSO-d6 solution. The 1H-NMR spectra of the compounds
(Figures S 1- S 3, Supplemental Materials) showed a singlet in
the region δ 10.41–10.98 for the N-H proton of hydrazone.25 N-
H proton signals of thiosemicarbazone group of the compounds
at 12.98–13.37, 13.12–14.86, 13.85–14.02 ppm were observed
for L1, L2 and L3, respectively. Observation of these signals
indicates that the thione forms of the compounds remain in the
polar DMSO solvent.26 Also, the -NH2 ligand proton signals
of the compounds were observed in the range of 7.84–8.96
ppm.27 Two separate singlet signals observed for -NH2 protons
shows that free rotation around C-N bond is blocked due to
the partial double bond character.28 In the 13C-NMR spectra
of the compounds (Figures S 4 – S 6, Supplemental Materials),
signals appeared in the range of δ 182.02 to δ 178.25 ppm cor-
respond to the thioamide carbon (C=S).29 The spectra of the
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Figure . Geometry optimized structures of the compounds.

compounds displayed a single resonance at δ 139.8 due to the
azomethine carbon of hydrazone group. Also, –C=N carbon
signals of thiosemicarbazone group were observed at δ 150.85
for L1, δ 148,74 for L2 and L3 compounds.30,31 The aromatic
carbons of the free ligands and complexes are seen in the region
δ 111.70–132.78.32

The mass spectra of the bis(thiosemicarbazone) compounds
showed molecular ion peaks at 390.3, 407.05 and 441, which
correspond to their proposed molecular formulas. For L1, L2
and L3, the following peaks were attributable to the molecular
ions; m/z: 390.3 [L1+H]+ (MW: 392.50 g.mol−1), m/z: 407.05
[L2+H] (MW: 406.49 g.mol−1), m/z: 441 [L3]+ ((MW: 441.37
g.mol−1).

Computational results

The newly synthesized bis(thiosemicarbazone) derivatives were
subjected computational calculations at B3LYP/6-31G(d,p) level

to obtain the geometry optimized structures. All of the com-
pounds are computed to be planar in geometry. The conjuga-
tion through the C=N=NH and C=S–NH2 provide planarity
of the systems. As can be seen in Figures 1 and 5 the computed
geometry of L1 matches with the crystal structure.

The Highest Occupied Molecular Orbital (HOMO) implies
the outermost filled orbital and behaves as an electron donor, on
the other hand, Lowest UnoccupiedMolecular Orbital (LUMO)
can be considered as the unfilled orbital with lowest energy
and it behaves as an electron acceptor. HOMO and LUMO are
also called the frontier molecule orbitals (FMOs). The energy
gap between FMOs gives information about the chemical sta-
bility of a molecule and is an important parameter in terms
of electronic transport properties. In Figure 2, a part of the
orbital energies (inHartree) and three-dimensional HOMOand
LUMO energy schemes for L1 is given. BothHOMOand LUMO
orbitals are spreaded throughout of the molecule except for the
aliphatic part. The computedHOMOand LUMOenergies for L1

Figure . A part of the orbital energies and D HOMO and LUMO energy schemes for L.
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Table . Calculated absorption wavelengths (λmax in nm), excitation energies (eV)
and oscillator strengths (f ) for L, L and L.

Transition
Transition
Coefficients λmax

Excitation
Energy

Oscillator
Strength

L1 H-→L . . . .
H-→L . . . .

L2 H-→L . . . .
H-→L . . . .

L3 H-→L . . . .
H-→L . . . .

are -5.28 and -2.36 eV, for L2 are−5.56 and−2.72 eV, and for L3
are −5.48 and −2.62 eV, respectively.

The excitation energies (eV), oscillator strengths (f) and
absorption wavelengths (λmax in nm) of UV–VIS electron
absorption spectroscopy of the novel compounds from S0 to
S20 states were calculated in gas phase by the application of
TD-DFT/B3LYP method with 6–31G(d,p) basis set using the
optimized ground state geometries and but only major tran-
sitions are presented in Table 1. In each case, two dominant
absorbance bands have been observed with small differences in
value (Figure 3). These peaks are attributed to π–π∗ transitions.
In spectroscopy, oscillator strength is a dimensionless quantity
that expresses the probability of absorption or emission of elec-
tromagnetic radiation in transitions between energy levels of
an atom or molecule. The magnitude of the oscillator strength
(f) for an electronic transition is proportional to the square of
the transition dipole moment produced by the action of elec-
tromagnetic radiation on an electric dipole. Thus, the oscilator
strengths for the present cases indicate that the most probable
transitions are from HOMO-2 to LUMO and HOMO-6 to
LUMO for L1, HOMO-2 to LUMO and HOMO-5 to LUMO for
L2 and lastly, HOMO-2 to LUMO and HOMO-5 to LUMO for
L3, respectively. The difference between the first excited state
and the ground state (S0→S1) are computed at the same level
of theory and found to be 2.54 eV for L1, 2.37 eV for L2 2.45 eV
for L3.

Three-dimensional electrostatic potential map of a structure
illustrate the charge distribution throughout the molecule.
These maps allow visualize variably charged regions of a
molecule. Knowledge of the charge distributions can be used
to determine how molecules interact with one another. The

Figure . Computed UV-VIS spectra of the compounds L, L and L.

3D-electrostatic potential map of L1 can be seen in Figure 4.
Negative charge is located mostly on S atoms, N=NH links and
benzene ring.

X-ray crystallography

X-ray diffraction analysis also confirmed the structure of
bis(thiosemicarbazone) (L1). The molecular structure of the
(2-(2-(2-methoxyphenyl)hydrazono)cyclohexane-1,3-diylidene)
bis(hydrazine carbothioamide) (L1) was shown in Figure 5a.
According to single crystal X-ray diffraction study, the title
compounds crystallize in monoclinic space group P21/c with
one isolated molecule in the asymmetric unit cell. Cyclohexane
unit has envelope conformation S1-C14 and S2-C15 bond
distances are 1.682(2) and 1.680(3) Å, respectively. These values
are in accordance with the literature data.33,34,35 Ccyclohexane-N
distances are in the range of 1.297(3)-1.317(3) Å and all have the
double bond character. N-N bonds in thiosemicarbazone units
are significantly longer than the hydrazon N-N (1.325 Å) bond.
This is due to the functional S=C group that withdraws electron
density from a conjugated system.With theN8-H…S1 (3.35 Å)
and π-π stacking (between phenyl and C6–C1–N5–N6–H…
N3 rings) interactions, molecules are assembled in dimeric
form (Figure 5b).

Biological activities of the compounds

Free radical (DPPH) scavenging activity
DPPH is a chromogen radical compound which can directly
react with antioxidants. This method is also easy, fast and sensi-
tive. Therefore, the model of scavenging DPPH free radical is a
widely studied process to determine the free radical scavenging
activity in variety of compounds.36 Results are depicted in
Figure S 7. At 25 mg/mL, the scavenging abilities of organic
compounds on DPPH free radical were 27. 68%, 28.75% and
37.33% for L1, L2 and L3, respectively. When the concentration
of compounds rose up from 50 mg/L to 100 mg/L, the free
radical scavenging abilities were rose up 38.19% to 54.5%,
48.92% to 63.51% and 71.67% to 84.13% for L1, L2 and L3,
respectively. The highest scavenging activity was obtained with

Figure . The D-electrostatic potential map of L.
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Figure . (a)Molecular structure of the bis(thiosemicarbazone) (L). Thermal ellipsoids are drawn at %probability level. (b) Unit cell and the spacefillmodel of the stacked
dimeric units.

compound L3 at concentration of 100 mg/L. The antioxidant
activity of these bis(thiosemicarbazone) derivatives should be
due to that consist of atoms with low electronegativity and
species with relatively small ionization energies, compounds L2
and L3 have higher antioxidant activity because of the thione
groups. Additionally, IC50 values of L1, L2 and L3 were detected
as 93.8, 55.9 and 51.4 mg/L, respectively. Our results showed
higher than Devi et al.37 findings. Gujarathi et al.38 synthesized
some compounds derived from 5-chloro-2-hydroxy acetophe-
none N(4) methylthiosemicarbazone. IC50 values of our
findings also exhibited higher than their findings. L3
demostrated highly potent scavenging activity almost close
to the the natural compound marine actinobacteria.39 As a
result, compound L3 can be used as a positive control for free
radical scavenging after toxicologic test systems.

Ferrous ion-chelating activity
In a biological system, ferrous ions can induce lipid peroxidation
by Fenton-type and reactions Haber-Weiss in biologic organ-
isms. Hydroxyl radicals (OH.) are carried out at the end of these
reactions. As well as the metal ions having catalytic activity, it
has been correlated with influence of cancer and arthritis.40 In
order to detect the influence of ferrous chelating ability, various

compounds such as L1, L2 and L3 were experimented at vari-
ous concentrations. As depicted in Figure S 8, the order of fer-
rous chelating ability of organic compounds was found to be
L1 < L2 < L3 at all tested concentration. Among the tested com-
pounds, the highest chelating ability (58.16%)was achievedwith
compound L3 at 100 mg/L. IC50 of L1, L2 and L3 were found as
171.2, 165.1 and 89.7 mg/L. IC50 values of the chelating abilities
on ferrous ions for Agaricus, Pleurotus and Coprinus β-glucan
extracts were 386, 363 and 369 mg/L respectively.41 The results
obtained in this study exhibited lower chelating activity than our
findings. As a result, these newly synthesized compounds can
be used an alternative metal chelator agent instead of the nat-
ural ferrous ions chelators after toxicologic test systems. EDTA
showed higher chelating activity at all concentration.

Reducing power activity
The rule behind reducing power process is based upon its
electron donating ability, which is a significant mechanism of
antioxidant activities.42 The reducing activity of three organic
compounds was investigated and was found concentration-
dependent (Figure S9). The reducing activityof compounds
rose from 0.068 to 0.108, from 0.087 to 0.121, and from 0.117
to 0.224, when concentration of compounds rose from 25 to
100 mg/L for for L1, L2 and L3, respectively. The experimental
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findings of this investigation exhibited in agreement with the
previous studies in the literature.43,44 According to computa-
tional calculations L2 possesses the highest energy HOMO, and
thus, it might be expected to have the strongest reducing power.
However, reducing ability is not just related to HOMO energy
but the geometry and the electronic nature of the system as well.

Plasmid DNA cleavage
The nature of interaction with pBR322 plasmid DNA and
organic compounds were experimented. The plasmid DNA was
incubated with compounds at two concentrations. The agarose
gel electrophoresis experimental results indicated that L1,L2 and
L3 were able to induce conformational variations in DNA and
DNA damage at all tested concentrations (Figure S 10). The
strength of form I decreased, form II and III bands were mon-
itored at two concentrations of 25 and 50 mg/L. This can be
explained by covalent interstrand binding of the organic com-
poundwith plasmidDNA.45 The newly synthesized compounds
are able to facilitate the plasmid DNA cleavage dramatically,
which may be because of the electron donating groups46 and
additional research is currently underway to elucidate the cleav-
age mechanism. Further studies on the anticancer activities of
the synthesized organic compounds L1, L2 and L3 will be pre-
sented in a following paper.

Experimental

Reagents and apparatus

All chemicals used in this study were of the purest grade
and purchased from Aldrich or Merck and used without
further purification. Solvents used for the reactions were
purified and dried by conventional methods.47 Elemental
analyses (C, H, N and S) were performed on a Leco CHNS
model 932 automatic elemental analyzer. Fourier trans-
form infrared spectra were recorded on a Perkin Elmer
Precisely Spectrum One spectrophotometer applying KBr
discs in the range of 4000–400 cm−1. Nuclear magnetic
resonance spectra were carried out on a Bruker GmbH
DPX-300 MHz FT instrument, using deuterated dimethyl
sulfoxide (DMSO-d6) as a solvent. Mass spectra were recorded
using Agilent 1100 series LC/MSD mass spectrometer pro-
vided with data system. Cyclohexane-1,3-dione precursors,
2-(2-(2-methoxyphenyl)hydrazono)cyclohexane-1,3-dione,48
4-(2-(2,6-dioxocyclohexylidene)hydrazinyl)benzoic acid and
2-(2-(4-bromophenyl)hydrazono)cyclohexane-1,3-dione,49,50
were prepared according to the literature procedures. The Sup-
plemental Materials contains sample 1H and 13C NMR spectra
of L1-L3 (Figures S 1 – S 6).

Synthesis of bis(thiosemicarbazone) derivatives

The bis(thiosemicarbazone) compounds (L1, L2, L3) were
prepared by 1:2 condensation reaction between cyclohexane-
1,3-dione precursors and thiosemicarbazide (Scheme 2). A hot
anhydrous ethanolic solution of thiosemicarbazide (2 mmol;
182 mg) and cyclohexane-1,3-dione precursors (1 mmol;

246 mg 2-(2-(2-methoxyphenyl)hydrazono)cyclohexane-
1,3-dione for L1; 260 mg 4-(2-(2,6-dioxocyclohexylidene)
hydrazinyl)benzoic acid for L2; 295 mg 2-(2-(4-bromo-
phenyl)hydrazono)cyclohexane-1,3-dione for L3) was refluxed
for 12 h at pH 4. After, the mixture was filtered whilst hot and
the solid obtained was washed with hot ethanol (three times).

(2E,2′E)-2,2′-(2-(2-(2-methoxyphenyl)hydrazono)cyclo-
hexane-1,3-diylidene)bis(hydrazinecarbothioamide) (L1)

The brick red product is soluble in dimethylsulfoxide, N,N’-
dimethylformamide. Yield 88%; Mp: 259 οC. Anal. Calc.
for C15H20N8OS2 (392,50 g/mol): C, 45.90; H, 5.14; N,
28.55; S, 16.3. Found: C, 46.26; H, 4.96; N, 28.30; S,
16.1%. Selected IR data (KBr, cm−1): 3420–3224 ν(NH2),
3165 ν(N–Hthiosemicarbazone), 3130 ν(N-Hhydrazone), 2942–2836
ν(C–H), 1606 ν(C=Nhydrazone), 1584 ν(C=Nthiosemicarbazone),
1492 ν(N–H), 1275 ν(C=S), 1247 ν(C-Oaromatic), 1175 ν(C-
Omethoxy), 1070 ν(N-Nthiosemicarbazone), 991 ν(N-Nhydrazone), 747
ν(C=S). NMR;1H (300 MHz, DMSO-d6): δ = 13.37 (s, 1H, N-
Hthiosemicarbazone), 12.98 (s, 1H, N-Hthiosemicarbazone), 10.41 (s, 1H,
N-Hhydrazone), 8.96–7.84 (m, 4H, NH2), 7.62–7.08 (m, 5H, Ar-
H), 3.85 (s, 3H, OCH3), 1.79–2.8 (m, 6H, cyclohexane protons)
ppm. 13C (75 MHz, DMSO-d 6): δ = 179.1, 178.3, 150.9, 147.1,
139.5, 131.1, 129.9, 123.9, 121.4, 113.8, 111.7, 56.1, 33.9, 27.5,
19.6 ppm. API-ES (m/z): 390.3 [M + H].

4-(2-((2E,6E)-2,6-bis(2-carbamothioylhydrazono)cyclo-
hexylidene)hydrazinyl)benzoic acid (L2)

The orange product is soluble in dimethylsulfoxide, N,N’-
dimethylformamide. Yield 75%; Mp: 286 οC. Anal. Calc.
for C15H18N8O2S2 (406,49 g/mol): C, 44.32; H, 4.46; N,
27.57; S, 15.76. Found: C, 44.38; H, 4.26; N, 26.86; S,
15.20%. Selected IR data (KBr, cm−1): 3458–3384 ν(NH2),
3281–3253 ν(N-Hthiosemicarbazone), 3178 ν(N-Hhydrazone), 2955–
2880 ν(C-H), 1676 ν(C=O), 1602 ν(C=Nhydrazone), 1574
ν(C=Nthiosemicarbazone), 1490 ν(N-H), 1230 ν(C=S), 1065 ν(N-
Nthiosemicarbazone), 1009 ν(N-Nhydrazone), 821 ν(C=S). NMR;1H
(300 MHz, DMSO-d6): δ = 14.86 (s, 1H, N-Hthiosemicarbazone),
13.12 (s, 1H, N-Hthiosemicarbazone), 12.73 (s, 1H, -COOH), 10.98
(s, 1H, N-Hhydrazone), 8.65-8.09 (m, 4H, NH2), 8.01-7.51 (m,
4H, Ar-H), 1.03-2.51 (m, 6H, cyclohexane protons) ppm. 13C
(75 MHz, DMSO-d 6): δ = 182.0, 178.6, 166.9, 148.7, 146.6,
139.5, 132, 131.1, 124.8, 33.5, 26.7, 19.2 ppm. API-ES (m/z):
407.05 [M + H].

(2E,2′E)-2,2′-(2-(2-(4-bromophenyl)hydrazono)cycl-
ohexane-1,3-diylidene)bis(hydrazinecarbothioamide) (L3)

The orange product is soluble in dimethylsulfoxide, N,N’-
dimethylformamide. Yield 89%; Mp: 235,3 οC. Anal. Calc. for
C14H17BrN8S2 (441,37 g/mol): C, 38.10; H, 3.88; N, 25.39;
S, 14.51. Found: C, 37.75; H, 4.10; N, 24.85; S, 14.1%.
Selected IR data (KBr, cm−1): 3459- 3312 ν(NH2), 3181 ν(N-
Hthiosemicarbazone), 3053 ν(N-Hhydrazone), 2959-2880 ν(C-H), 1578
ν(C=Nhydrazone), 1488 ν(C=Nthiosemicarbazone), 1492 ν(N-H),
1234 ν(C=S), 1070 ν(N-Nthiosemicarbazone), 1000 ν(N-Nhydrazone),
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Scheme . Synthetic route of bis(thiosemicarbazone) derivatives.

823 ν(C=S). NMR;1H (300 MHz, DMSO-d6): δ = 14.02 (s,
1H, N-Hthiosemicarbazone), 13.85 (s, 1H, N-Hthiosemicarbazone), 10.95
(s, 1H, N-Hhydrazone), 8.63-8.02 (m, 4H, NH2), 7.66-7.47 (m,
4H, Ar-H), 1.83-2.48 (m, 6H, cyclohexane protons) ppm. 13C
(75 MHz, DMSO-d 6): δ = 182.0, 178.6, 148.7, 142.9, 139.9,
132.8, 130.7, 118.0, 114.7, 33.5, 26.7, 18.7 ppm. API-ES (m/z):
441 [M]+.

Computational aspects

3-Dimensional structures of the compounds were obtained by
geometry optimization using Density Functional Theory at
B3LYP/6-31G(d,p) level with no symmetry restrictions. Full
optimization of all bond lengths, bond angles and torsional
angles was achieved by using the aforementioned method suc-
cessfully. Gaussian 09 package program was used to perform all
computational calculations.51 For each bis(thiosemicarbazone)
compound, vibrational analyses were done (using the same basis
set employed in the corresponding geometry optimizations. The
frequency analysis for each bis(thiosemicarbazone) derivative
did not yield any imaginary frequencies, indicating that the
structure of each molecule corresponds to at least a local mini-
mumon the potential energy surface. The normalmode analysis
was performed for 3N-6 vibrational degrees of freedom,N being
the number of atoms forming the corresponding molecule.

The Time-Dependent Density Functional Theory (TD-DFT)
calculation was used to obtain the vertical excitation energies,
oscillator strengths (f) and excited state compositions in terms
of excitations between the occupied and virtual orbitals for
bis(thiosemicarbazone) derivatives.52,53 In this study, the TD-
DFT method with the same basis set was performed to obtain
absorption wavelengths and the oscillation strength (f) within
visible to near-UV region.

Single crystal X-ray diffraction studies

For the crystal structure determination, single-crystal of com-
pound L1 was used for data collection on a four-circle
Rigaku R-AXIS RAPID-S diffractometer (equipped with a
two-dimensional area IP detector). Graphite-monochromated
Mo-Kα radiation (λ = 0.71073 Å) and oscillation scans

technique with �w = 5° for one image were used for data col-
lection. The lattice parameters were determined by the least-
squares methods on the basis of all reflections with F2 >

2σ (F2). Integration of the intensities, correction for Lorentz and
polarization effects and cell refinement was performed using
CrystalClear (Rigaku/MSC Inc., 2005) software.54 The struc-
tures were solved by direct methods using SHELXS-9755 and
refined by a full-matrix least-squares procedure using the pro-
gram SHELXL-97. H atoms were positioned geometrically and
refined using a riding model. The final difference Fourier maps
showed no peaks of chemical significance. Crystal data for L1:
C15H20N8OS2, crystal system, space group: monoclinic, P21/c;
(no:14); unit cell dimensions: a = 9.7541(9), b = 12.936(2),
c = 14.919(2) Å, α = 90, β = 105.680(3), γ = 90°; volume:
1812.47(9) Å3; Z = 4; calculated density: 1.44 g/cm3; absorp-
tion coefficient: 0.317mm−1; F(000)= 824; θ-range for data col-
lection 2.2–27.6°; refinement method: full matrix least-square
on F2; data/parameters: 4526/237; goodness-of-fit on F2: 1.011;
final R-indices [I> 2σ (I)]: R1 = 0.047, wR2 = 0.136; largest diff.
peak and hole: 0.283 and -0.258 e Å−3.

CCDC-1497302 contains the supplementary crystallo-
graphic data for this paper. The crystal information file (cif)
for the compound L1 and its detailed cif report are attached
as supplemental materials. These data can be obtained free of
charge via http://www.ccdc.cam.ac.uk/conts/ retrieving.html
(or from the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK;
fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).

Antioxidant activity of the compounds

Free radical scavenging (DPPH) ability of organic compounds
was examined according to literature process.56 The DPPH
(0.004%) solution (1000 µL) was mixed with 500 µL of organic
compounds and waited at 25 °C in the dark for half an hour. The
decrease in absorbance of the samples was measured at 517 nm.
All experiments were performed twice. DPPH-free radical scav-
enging ability of three organic compounds was calculated as %
of free radical inhibition by following equation:

DPPH Free Radical Inhibition (%)

= (
Controlabs− Sampleabs

)
/Controlabs) × 100

http://www.ccdc.cam.ac.uk/conts/
mailto:deposit@ccdc.cam.ac.uk
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The iron (II) chelation of three organic compounds was
examined as expressed by Dinis et al.57 Five hundred micro-
liters of various organic compounds and 1850 µL of DMSOwere
added with 50 µL FeCl2 (2 mM). The reaction was initiated
by adding one hundred microliters of ferrozine (5 mM). After
10min of incubation, absorbance data were recorded at 562 nm.
The chelating ability was determined by an equation as men-
tioned below:

Iron chelating ability (%)

= (
Controlabs−Sampleabs

)
/Controlabs) × 100

Concentration corresponding to 50% radical scavenging and
iron chelating activities (50% inhibition concentration) are
expressed as IC50.

The reducing power was studied according to the process of
Oyaizu.58 Different levels of three organic compounds (625 µL),
625 µL of sodium phosphate buffer (0.2M, pH 6.6) and potas-
sium ferricyanide (1%) were left to incubate for 20 min at 50 °C
in an incubator. After incubation, 625 µL trichloroacetic acid
(10%) was added, and then centrifuged at 1000 rpm for 10 min.
Supernatant (1250 µL) was mixed with 1250 µL of sterilized
water and 500 µL of ferric chloride (0.1%). The final solution
absorbance was recorded at 700 nm.

DNA cleavage study

The ability of the compounds to cleave plasmid DNA (pBR322)
was examined by using agarose gel electrophoresis. Two differ-
ent concentrations (25 and 50µg/mL) of the organic compounds
(12 μL) were reacted with 5 μL pBR322 plasmid DNA at 37 °C
for 120 min. After 120 min incubation, the mixed solution was
treated with 3 μL loading dye (0.25% Bromophenol Blue and
50% glycerol). The gel (0.8%) was electrophoresed for 90 min at
50 V in TAE buffer (50 mMTris base, 50 mMAcetic acid, 2 mM
EDTA, pH:7.8). The gel was visualized under UV light and pho-
tographed.59

Conclusion

Three new bis(thiosemicarbazone) compounds were prepared
in good yields and characterized by FT-IR, NMR, Mass spec-
tra and structurally elucidated of L1 usingX-ray crystallographic
technique. Three novel compounds were subjected to DFT cal-
culations at B3LYP/6-31G(d,p) level of theory. The ground state
geometries, the FMO schemes and energies, results of vibra-
tional frequency and UV-VIS spectroscopy calculations are
reported. Furthermore, the compounds were tested for their
antioxidant activities such as free radical (DPPH) scaveng-
ing ability, iron chelating ability and reducing power activi-
ties. In addition to, pBR322 plasmid DNA cleavage activity
of the compounds was examined and it was understood that
compounds L1, L2 and L3 were good DNA cleavage agents.
The results showed that the highest free radical scavenging
ability, ferrous chelating activity and reducing power were
exhibited by the compounds of L3. Extra in-vivo and in-vitro
investigations on anticancer activity of the newly synthesized
bis(thiosemicarbazone) compounds L1, L2 and L3 will be exam-
ined by our research group.
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35. Su, W.; Peng, B.; Li, P.; Xiao, Q.; Huang, S.; Gu, Y.; Lai, Z. App.
Organomet. Chem. 2017, 31(6), e3610.

36. Yeh, J.-Y.; Hsieh, L.-H.; Wu, K.-T.; Tsai, C.-F. Molecules 2011, 16,
3197-211.

37. Devi, H. P.; Mazumder, P. B.; Devi, L. P. Toxicol. Rep. 2015, 2, 423-428
38. Gujarathi, J. R.; Pawar, N. S.; Bendre, R. S.Der Pharma Chemica. 2013,

5, 120-125.
39. Karthik, L.; Kumar, G.; Rao, K. V. B.Asian Pacific J. TropicalMed. 2013,

6, 325-332.
40. Agırtas, M. S.; Cabir, B.; Ozdemir, S. Dyes Pigments 2013, 96, 52-7.
41. Khan, A. A.; Gani, A.; Masoodi, F. A.; Mushtaq, U.; Naik, A. S.

Bioactive Carbohydrates and Dietary Fibre. 2017, 11, 67-74. DOI:
10.1016/j.bcdf.2017.07.006.

42. Yildirim, A.; Mavi, A.; Kara, A. J. Agric. Food Chem. 2001, 49, 4083-89.
43. Ceyhan, G.; Celik, C.; Urus, S.; Demirtas, I.; Elmastas, M.; Tumer, M.

Spectrochim. Acta A 2011, 81, 184.
44. Ağırtaş,M. S.; Güven,M. E.; Gümüş, S.; Ozdemir, S.; Dündar, A. Synth.

Met. 2014, 195, 154-161.
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