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ABSTRACT
Three mono nuclear [Cu(ibpc)2] (1),[Ni(ibpc)3](2) and [Co(ibpc)2](3)complexes were synthesized and
characterized utilizing various spectroanalytical techniques viz., ESI-Mass, UV, IR, TGA,SEM-EDX,
magnetic moment and molar conductance experiments. The complexes were screened for their DNA
interaction and antibacterial activities. Docking interactions of complexes with VEGF-C growth
factor were also performed using Accelry’s discovery studio 2.5. All the complexes bound to DNA
molecule in an intercalative mode and exhibited an average activity against selected gram negative
and gram positive bacterial strains. The Binding ability of complexes with DNA was found to be in the
order 2>1>3 with Kb values 3.21×103M-1 , 2.97×103M-1 and 1.11×103M-1 for 2, 1 and 3 respectively.
Complex 1 showed good binding affinity with VEGF-C growth factor. The observed low molar
conductance values indicate the non-electrolytic nature of the complexes. Ibpc=2-(4-iso
propylbenzylidene)-N-phenylhydrazinecarbothioamide.
Graphical Abstract

Keywords: Mono nuclear complexes, Docking, Intercalation, Antibacterial activity, Non-electrolytic
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INTRODUCTION
Interaction of metalloreagents with DNA molecule is widely studied in recent times [1, 2]. Yet there
is a need for the synthesis of efficient metalloreagents for promising biological activities. In the
present investigation we have employed Schiff bases derived from substituted thiosemicarbazide and
cuminaldehyde to coordinate with Cu(II), Ni(II) and Co(II)ions.Cu(II) is the extensively studied and
most prominent transition metal ion with its metal complexes in treating many diseases [3, 4]. Cobalt
is a biological trace element which helps in the production of RBC and proper functioning of nervous
system.Although Nickel is toxic in low doses, its complexes were also used to explore possible
biological activities [5]. Metal complexes derived from thiosemicarbazones are known to possess high
biological activities [6-10]. Also thiosemicarbazones are known to inhibit RDR (Rhibonucleotide
Diphosphate Reductase) enzyme which plays a key role in the synthesis of DNA precursors [11]. In
view of this, an attempt has been made to synthesize thiosemicarbazone based metal complexes and
initiated few biological studies. Hypoxia is a common condition in cervix cancer and is associated
with lymph node metastasis [12]. Vascular endothelial growth factor C has been identified as major
regulator of the lymphatic vessels (lymphangiogenesis). Many of human cancers such as prostate,
cervix, colorectal and lung cancers found to have the expression of VEGF-C in lymphatic node
metastasis [13]. Tumor tissues often suffer from hypoxia, a condition in which upregulation of
VEGF-C is observed [14]. Interfering with VEGF-C signaling pathways is an useful clinical strategy
in the treatment of lymphatic metastasis [15]. Molecular docking is a reliable tool for drug design
prior to the examination of a drug’s potential in in vitro conditions. Hence, we have docked the
ligands into active site residues of VEGF-C for estimating their binding ability. The results showed
good binding ability of complexes with VEGF-C growth factor, which is an indication for their
application in cancer therapy.

MATERIALS AND METHODS
4-isopropylbenzaldehyde, 4-phenylthiosemicarbazide and hydrated metal chlorides were purchased
from Sigma Aldrich and were used without further purification. All other chemicals and solvents of
analytical reagent grade were purchased from commercial sources and were used without further
purification. Distilled water was employed to prepare buffer solutions. Absorption titrations were
carried out in buffer solution of 5 mM Tris-HCl/50 mM NaCl. Elemental analysis was obtained using
Heraeus CarlovErba 1108 elemental analyzer. IR spectra were recorded in KBr pellets using a Perkin
Elmer FT-IR spectrophotometer in the range of 4000–350 cm-1. UV/Vis reflectance spectra for
complex (2) were recorded on UV-VIS-NIR spectrophotometer (UV 3600). Magnetic susceptibility
was recorded at room temperature on a Faraday balance (CAHN-7600) using Hg[Co(NCS)4] as the
standard. Diamagnetic corrections were made by using Pascal’s constant [16]. The molar conductivity
was measured on a Digison digital conductivity bridge (model: DI-909) with a dip type cell. Docking
studies with VEGF-C protein were performed in Accelry’s discovery studio 2.5.
Synthesis
Synthesis of ligand: 1mmol (0.148 gm) ethanolic solution of cuminaldehyde was added to 1mmol
(0.167 gm) ethanolic solution of 4-phenyl thiosemicarbazidein hot condition and refluxed for 4 h. A
color less liquid obtained was dried over vacuum and the compound was purified over silica gel using
1% ethylacetate-hexane solution as elutant.
Synthesis of complexes 1, 2 and 3: 1 mmol aqueous solutions of CuCl2.H2O (0.170 gm), NiCl2.6H20
(0.237 gm) and CoCl2.6H2O (0.238 gm) were slowly added to the hot ethanolic solutions of 2 mmol
(0.594 gm) thiosemicarbazone ligand. After refluxing the reaction mixtures for four hours, grey
(for 1), light green (for 2) and dark pink (for 3) colored precipitates were formed. Precipitates were
washed several times with hexane and kept in vacuum for 24 h for drying.
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Analytical data
Data for 1: Yield: 75%, M.P. 200°C, IR (KBr Phase): max/cm-1: 3269, 3122, 1597, 831, 443, 372,
m/z: 657 [M+H]+, µeff: 1.80 BM.ʌM(Ω-1 cm2 M-1) 10-3 M solution at room temperature (DMF) 21;
Elemental analysis: Calculated for C34H36CuN6S2 = C, 62.22; H, 5.53; N, 12.80; found; C, 61.07; H,
5.21; N, 12.56
Data for 2: Yield: 87%, M.P. 196°C, IR (KBr Phase): max/cm-1: 3398, 3215, 1602, 822, 432, 345,
m/z: 949 [M+H]+, UV/Vis Solid reflectance: 640 nm, µeff: 2.90 BM.: ʌM(Ω-1 cm2 M-1) 10-3M solution
at room temperature (DMF) 23;Elemental analysis: Calculated for C51H54CNiN9S3 = C, 64.29; H,
5.71; N, 13.23; found; C, 62.33; H, 5.62; N, 12.95
Data for 3: Yield: 62%, M.P. 170°C, IR (KBr Phase): max/cm-1: 3385, 3049, 1599, 823, 493, 381,
m/z: 651 [M+H]+, µeff: 3.98 BM.ʌM (Ω-1 cm2 M-1) 10-3 M solution at room temperature (DMF) 19;
Elemental analysis: Calculated for C34H36CoN6S2 = C, 62.22; H, 5.53; N, 12.80; found; C, 62.13; H,
5.17; N, 11.73
DNA binding
Preparation of stock solution: Concentrated CT-DNA stock solution was prepared in 5 mM TrisHCl/50 mM NaCl in H2O at pH 7.5 and the concentration of DNA solution was determined by UV
absorbance at 260 nm. The molar absorption coefficient was taken as 6600M-1 cm-1 [17]. Solution of
CT-DNA in 5 mM Tris -HCl/50 mM NaCl (Tris buffer; PH=7.5) gave a ratio of UV absorption at 260
and 280 nm, A260/A280of ca.1.8-1.9, indicating that the DNA was sufficiently free of protein [18]. All
stock solutions were stored at 4°C and were used within 4 days. The concentration of EB was
determined spectrophotometrically at 480 nm ( =M-1 cm-1) [19]. Binding experiments were done in
Tris buffer with 10-3 M concentration of complexes in methanol.
Absorption Spectra: Absorption spectra were recorded on Jasco V-530 UV/VIS spectrometer using
1-cm quartz micro-cuvettes. Absorption titrations were performed by keeping the concentration of the
complexes 1, 2 and 3at 10 µM and by varying the CT-DNA concentration from 0-10µM. DNA blank
was placed in the reference cell so as to offset any absorbance due to DNA at measured wavelength.
The binding constant (Kb) were determined from the spectroscopic titration data using the following
equation [20].
[DNA]/(Ԑa-Ԑf)=[DNA]/(Ԑb-Ԑf)+1/Kb (Ԑb-Ԑf)

…..(1)

The apparent extinction coefficient (Ԑa) was obtained by calculating Aobs/[M]. The terms Ԑf and
Ԑbcorrespond to the extinction coefficients of free (unbound) and the fully bound complexes,
respectively. A plot of [DNA]/(Ԑa-Ԑf) vs [DNA] will give a slope 1/(Ԑb-Ԑ f) and an intercept 1/Kb(ԐbԐf).Kb is the ratio of the slope and the intercept.
Viscosity: Viscometric titrations to measure flow times were performed with an Ostwald viscometer
at room temperature. The concentration of DNA was kept constant at 200 M and complex
concentrations were varied from 0-120 M. Flow times were measured with a digital timer, and each
measurement was repeated three times and an average flow time was calculated. Data were presented
as ( /η0)1/3 vs [Complex]/[DNA], where η is the viscosity of DNA in the presence of complex and η0
is viscosity of DNA alone. Viscosity values were calculated from the observed flow time of DNA
containing solutions (t) corrected for that buffer alone(5 mM Tris-HCl/50 mM NaCl) (t0),η=(t-t0).
Antibacterial activity: The metal complexes (1-3)were screened for theirin vitro antibacterial activity
against gram positive and gram negative bacterial strains by cup-plate agar diffusion method at
different concentrations (0.5, 1mg mL-1) [21, 22]. Pseudomonas aeruginosa (gram-negative),
Escherichia coli (E. coli) (gram-negative), Bacillus subtilis (gram-positive) and Staphylococcus
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aureus (gram-positive) were obtained from Microbial Type Culture Collection –MTCC. The bacterial
strains were autoclaved in LB broth media and incubated over night at 37°C in shaker for Bacterial
growth. From that 0.3 mL of bacterial culture was taken and inoculated by using spreader on freshly
prepared autoclaved agar plates i.e., Petri dishes. After drying the plates, 5 mm sample discs which
dissolved in DMSO solvent were kept on microbial plate along with positive controls NX
(Norfloxacin) for Staphylococcus, Pseudomonas and OF (Ofloxacin) for Bacillus and E.coli. and
incubated over night at 37ºC in BOD incubator. After overnight incubation zone of inhibition was
measured by measuring scale.
Molecular docking: Docking interactions between ligands (1-3) and VEGF-C growth factor were
estimated by utilizing Accelry’s Discovery studio 2.5. The 3D structure of target protein was retrieved
from protein data bank (RCSB PDB ID: 2X1W). All the essential steps, such as removal of water
molecules, addition of hydrogen atoms for correct ionization and tautomeric states and correction of
missing loops were undertaken for the preparation of clean protein structure. 2D structures of ligands
were drawn using chemdraw and Ligfit search algorithm was used to dock the ligands into active
pocket of target protein. Accelry’s CHARMm force field was used to obtain energy minimized
conformer of protein with a maximum number of 1000 steps at 0.01 RMS gradient. The scoring
functions were utilized to predict the binding affinity of ligands with target protein [23].

RESULTS AND DISCUSSION
The schematic representation for the synthesis of complexes (1-3) was depicted in scheme 1. All
complexes were soluble in DMSO, DMF and insoluble in H2O. The compounds were stable in solid
phase and solution phase. They were not absorbing any water content from atmosphere, which proves
their non-hygroscopic nature. All attempts to obtain single crystals for compounds were failed. The
observed low molar conductance values confirm their non-electrolytic nature. All the Complexes were
thoroughly characterized and obtained spectroanalytical data is in good agreement with the molecular
formulae of corresponding complexes.

Scheme 1. Schematic representation of synthetic route for the complexes 1-3.

Mass spectra: The mass spectra of the synthesized complexes were recorded in ESI positive ion
mode.The base peaks located at m/z 657 [M+H]+(1) (Fig.1), m/z 949 [M]+ (2) (Fig.2) and m/z 651
[M] + (3) (Fig.3) proves the complexation of ligand with metal ion.
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Figure 1. ESI-Mass spectra of complex 1.

Figure 2. ESI-Mass spectra of complex 2

Figure 3. ESI-Mass spectra of complex 3.

IR Spectra: The IR frequencies were used to further elucidate the structures of synthesized
compounds [24]. Two sharp bands observed in the region 3320-3140 cm-1 were assigned to –NH/NHPh vibrational modes. The IR spectra of free ligand exhibited an intense and sharp peak at 1595 cm-1
which is assignable to azomethine (C=N) group. Upon complexation, the sharp bandfor free ligand
was shifted to 1597 cm-1 (1), 1601 cm-1(2) and 1598 cm-1(3) respectively, indicating the chelation of
ligand to corresponding metal ions. The IR stretching frequency of C=S at 619 cm-1 for free ligand is
absent in metal complexes, indicating the chelation of enolic sulphur atom [25]. The non ligand peaks
corresponding to M-N were located at 443 cm-1, 432 cm-1 and 493cm-1 for 1-3 respectively indicating
coordination of N atom of free ligand to metal ion. Other non ligand peaks corresponding to the
stretching frequencies of M-S were located at 372 cm-1 (for 1), 345 cm-1 (2) and 381 cm-1(3), which is
an indication for the chelation enolic sulphur to metal ion. The IR spectral details are represented in
fig. 4 (for 2), fig. 5 (3). IR spectral details of complex 1 are presented in fig. S1.

www. joac.info

909

M. Sayaji Rao et al

Journal of Applicable Chemistry, 2018, 7 (4):905-918

Figure 4. IR spectra of complex 2.

Figure 5. IR spectra of complex 3.

Figure S1.IR spectra of complex 1.

UV-Vis Spectra: For complex 2, the observed band location is typical of octahedral geometry. The
solid reflectance spectra of 2 showed a clear broad band located at 640 nm which is consistent with
3
T1g→3A2g transition (Fig. 6) [26]. This transition confirms octahedral geometry around Ni (II) ion.
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Charge transfer bands located at 230 nm and 320 nm correspond to n-π* and π-π* transitions,
respectively.

Figure 6. Solid reflectance spectra of complex 2.

SEM-EDX: The surface morphology images were obtained using scanning electron microscope
(SEM) attached with an EDX spectrometer. The EDX data revealed high stoichiometric formation of
complexes. SEM images were represented in fig. 7 and EDX plots are presented in fig. S2.

Figure 7. SEM images of complexes 1(a), 2(b) and 3(c).

Figure S2. EDX Plots of metal complexes1-3

Magnetic moment: The magnetic moment of the complexes were found to be 1.80, 2.90, 3.98,
suggesting the paramagnetic nature of the complexes with one, two , three unpaired electrons for 1, 2
and 3 respectively.
Thermo Gravimetric Analysis: The presence of lattice and coordinated water molecules was
investigated by TGA. The thermal decomposition curves of complexes 1-3 were presented in fig. 8
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(for 1), fig. S3(2) and fig. S4(3). Complexes 1-3 did not show any weight loss upto150
corresponding to water molecules. This clearly indicates that no water molecules were present in the
vicinity of the complexes 1-3 [27].

Figure 8. TGA spectra of complex 1.

Figure S3. TGA spectra of complex 2.

Figure S4. TGA spectra of complex 3.

DNA binding: The mode of binding of complexes 1-3 to CT-DNA were studied by the following
techniques.
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Absorption spectrometry: The absorption patterns of complexes 1-3 in the absence and presence of
CT-DNA were shown in fig. 9 (for 2), fig. S5(1) and fig. S6(3). The addition of increasing amounts of
DNA to the complexes resulted in bathochromic and hypochromic shifts.Hypochromism is a
consequence of intercalative mode of binding involving a strong stacking interaction between an
aromatic chromophore and the base pairs of DNA [28, 29].After intercalation with base pairs of DNA
the π* orbitals of complex further interacts with the π orbital of base pairs,thuslowers the π-π*
transition energy and resulting in bathochromism [30]. The intrinsic binding constants were found to
be 2.97×103 M-1, 3.21×103 M-1 and 1.11×103M-1 for complexes 1-3 respectively.

Figure 9. Electronic absorption spectra of Ni (II) complex (2) in the absence and presence of increasing amount of
CT-DNA. Conditions: [2]=10µM; CT-DNA=0-10µM. Arrow shows the absorbance changes upon increasing DNA
concentration. Insets: linear plot for the calculation of intrinsic binding constant (Kb).

Figure S5. Electronic absorption spectra of Cu (II) complex (1) in the absence and presence of increasing amount of
CT-DNA. Conditions: [1]=10µM; CT-DNA=0-10µM. Arrow shows the absorbance changes upon increasing DNA
concentration. Insets: linear plot for the calculation of intrinsic binding constant (Kb).

Figure S6. Electronic absorption spectra of Co (II) complex (3) in the absence and presence of increasing amount of
CT-DNA. Conditions: [3]=10µM; CT-DNA=0-10µM. Arrow shows the absorbance changes upon increasing DNA
concentration. Insets: linear plot for the calculation of intrinsic binding constant (Kb)
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Viscosity: The intercalative mode of binding was further supported by viscosity experiment. The
relative viscosity of CT-DNA solutions is known to increase when DNA interacts with intercalative
binding substrates [31]. The effect of 1-3 complexes on the viscosity of DNA at room temperature
was depicted in Fig. 10.As can be seen from figure the viscosity of DNA is increased with increasing
amount of the complexes. This behavior is consistent with other intercalators such as ethedium
bromide. This clearly indicates that all complexes intercalate between adjacent DNA base pairs
causing an extension in the helix there by increasing the viscosity of DNA [32, 33].

Figure 10. Effect of increasing amount of complexes 1 (blue), 2 (black) and 3 (pink) on the relative viscosities of
CT-DNA at room temperature in Tris HCl buffer 5mM. Conditions: [DNA]/200µM; [1-3]0-120µM.

Antibacterial activities: The complexes(1-3) were screened for their antibacterial activities.Two
gram positive bacterial strains (Staphylococcus aureus, Bacillus subtilis) and two gram negative
bacterial strains (Pseudomonas aeruginosa, Escherichia coli (E. coli)) were used in this investigation.
As shown in the fig. 11 and table 1, it is clear that the copper complex(1) has higher activity against
pseudomonas and staphylococcus bacterial strains, which may be attributed to its higher permeable
nature [34, 35]. Despite the resistance of gram negative strains to complexes, the antibacterial studies
demonstrated higher activity against gram positive strains. Though the activity of complexes is less as
compared to the controls, they could be further developed as potential antibacterial agents by
introducing suitable functional groups on to the ligand moiety.

Figure 11. BAR diagram showing antibacterial activity of complexes 1-3 against selected bacterial strains.
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Table 1. Zone of inhibition values in mm.

Compound

L
1
2
3
Control

Pseudomonas
aeruginosa
(gram -ve)
2.5
4.5
2.5
2.5
8

Escherichia
coli
(gram -ve)
2.5
2.5
2.5
4
6

Staphylococcus
aureus
(gram +ve)
3
4
2.5
2.5
8

Bacillus
subtilis
(gram +ve)
4
3
2.5
2.5
9

Molecular docking: The Ligfit module from Discovery studio was utilized to carry out the molecular
docking of ligands with active site residues of VEGF-C protein (Fig. 12). The binding affinity of
ligands with target protein was ranked by Ligfit scores. As can be seen from table 2, complex 1
exhibited higher docking score and hydrogen bonds which indicate high binding affinity with receptor
protein. The binding ability of complexes with receptor protein follows the order 1>2>3. Complex 1
may have better utility in drug design over complex 2 and 3 as it is having higher binding affinity.
Table 2. Docking energy of ligands (1-3) in the active site pocket of VEGF-C
growth factor (PDB ID: 2X1W).
Interacting Residues
Ligand Name
1
2
3

Ligand
NH
NH
NH
NH
NH
NH
NH

Receptor (2X1W)

Distance
(Ao )

THR178 - OG1
TYR180 - O
ASN175 – OD1
THR178 – OG1
THR178-OG1
TYR180-O
ASN175-OD1

2.87
2.96
2.85
3.03
2.93
2.96
3.17

Docking Energy
(kcal mol-1)
-91.256
-90.021
-90.679

Figure 12. Interactions of ligands 1(A), 2(B) and 3(C) in the active site pocket of VEGF-C
growth factor (PDB ID: 2X1W).

APPLICATION
Above results suggest that the complexes could be used as therapeutic agents in treating cancer
because of their DNA binding ability and VEGF-C growth factor binding affinity.

CONCLUSIONS
In the present study, three mono nuclear complexes were synthesized and structure elucidated by
various spectroscopic techniques. The geometry of Cu(II) and Co(II) was found to be Square planar
and that of Ni(II) was octahedral. The compounds showed good DNA binding affinity and moderate
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activity against selected gram positive bacterial strains. Docking studies revealed their binding affinity
with VEGF-C protein.
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