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Abstract. The compound N -[(Z)-furan-2-ylmethylidene]-1,3-benzothiazole-2-carbohydrazone (FMBC) and
its Cu (II), Ni (II) and Zn (II) complexes were synthesized and characterized by Mass, FT-IR, NMR, elemental
analysis, TGA, ESR and SEM-EDX. Based on spectro-analytical data, geometries have been assigned to
the metal complexes in which the FMBC acted as bidentate chelate in its mono dissociated form (pKa =
10.56). HyperChem 7.5 software was used for quantum chemical calculations using semi-empirical method.
The eigenvalues of frontier orbitals and their corresponding contour maps of HOMO and LUMO for the title
compound were computed by means of single point PM3 method. DNA binding of the synthesized complexes
with calf thymus DNA was studied by spectrophotometry, fluorescence and viscosity techniques. From the
experimental results, it is found that the complexes bind effectively to CT-DNA through an intercalative mode.
Molecular docking studies with host DNA moiety inferred corroborative results for binding affinity of the
compounds in accordance with experimental data. IC50 values calculated from the cytotoxicity studies carried
out on HeLa cell line by MTT assay inferred obviously enhanced activity of the metal complexes over unbound
free ligand. The candidate compounds screened for antimicrobial activity against bacterial species Bacillus,
Escherichia coli, Staphylococcus, Pseudomonas and fungal species Sclerotium rolfsii and Macrophomina
phaseolina signified greater potency of metal complexes over free carbohydrazone ligand.
Keywords. Hydrazone; Hyperchem; DNA binding; fluorescence; viscosity; cytotoxicity; docking.

1. Introduction
Transition metal complexes of carboxy hydrazones
with N and O donor atoms have attracted considerable attention due to their inherent stability 1 and various
biological activities such as antimicrobial, DNA cleavage and cytotoxicity properties. 2,3 Copper complexes
of hydrazones could inhibit in vitro tumor cell growth
with more pronounced cytotoxic activity compared to
other metal complexes and corresponding free ligand
in respective systems. 4 Majority of the transition metal
complexes interact with DNA through non-covalent
binding modes by intercalation, groove binding or
electrostatic interaction. 5 The most important binding
mode is intercalation, 6 where the molecules intercalate
* For correspondence

between the base-pairs of the double helix DNA forming
π − π overlapping interactions, simultaneously lengthening and unwinding the DNA helix. 7 The search for
novel DNA binding agents to fight against cancer is one
of the most important field in cancer research. 8 There is
an increasing prominence and evergreen curiosity in the
field of metal containing drugs that bind to DNA. It is
an established fact that benzothiazole derivatives contain extended π -delocalized systems which are capable
of binding to DNA molecules via π − π interaction and
therefore exhibit various biological activities like antitumor, antiviral, anti-proliferative, anticancer, antimicrobial, anthelmintic, antidiabetic, anti-inflammatory and
antimalarial properties. 9–20
In view of the above applications cited in
literature, the present study focuses on synthesis of

Electronic supplementary material: The online version of this article (https:// doi.org/ 10.1007/ s12039-018-1437-0) contains
supplementary material, which is available to authorized users.
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Scheme 1.

Synthesis of FMBC

N -[(Z)-furan-2-ylmethylidene]-1,3-benzothiazole-2carbohydrazone (FMBC) and its metal complexes. The
structural aspects of FMBC and its Cu(II), Ni(II) and
Zn(II) complexes have been studied employing spectroanalytical techniques. The interaction of the complexes
with CT DNA was investigated in vitro by UV–Visible
absorption and indirectly through the evaluation of the
ethidium bromide (EB) displacing ability by the complexes examined by fluorescence emission. Molecular
docking studies were carried out to support the experimentally evaluated binding interactions of these metal
complexes with DNA. The potential of the complexes
to act against certain microorganisms and as anticancer
agents on human cervical cancer cell lines were also
examined.

2. Experimental
2.1 Materials
All chemicals used were of Analytical Reagent (AR) Grade.
MTT [3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide], trypsin, EDTA and Phosphate Buffered Saline
(PBS) were purchased from Sigma Chemicals. The other
materials purchased were Fetal Bovine Serum (FBS) from
Gibco, Calf-thymus DNA (CT-DNA) (50 μg/test) from Bangalore genei; Bangalore and HeLa (Cervical cancer) cell lines
from NCCS, Pune.

2.2 Physical methods
The mass spectral data was collected on Agilent Single Quad
Mass Spectrometer using Electrospray Ionization (ESI-MS),
IR spectra using Shimadzu- IR Prestige 21 Spectrophotometer using KBr disc in the range 200–4000 cm−1 . NMR spectra
were recorded on Bruker WH (270 MHz) spectrometer using
CDCl3 and DMSO. The pH measurements were made using
a digital ELICO electronic model LI120 pH meter in conjunction with a combined glass and calomel electrodes. ESR
spectra were recorded on JES - FA200 ESR Spectrometer with
X-band at 77 K. Thermal analyses were carried out using Shimadzu TGA-50H in nitrogen atmosphere, SEM images were
recorded in INCA EDX analyser and the elemental analyses
of compounds were carried out on Perkin-Elmer 240C elemental analyzer. The melting points were determined with

Polmon apparatus (Model No. MP-90). Absorption spectra
were recorded on SHIMADZU160A UV-Visible spectrophotometer using 1 cm quartz micro cuvettes. Fluorescence spectra were recorded on a JASCO FP-8500 spectrofluorometer.
The computational studies were carried out by using
HyperChem 7.5 software. The structure of the ligand molecule
was built using HyperChem 7.5 software in its molecular
and ionized forms and the geometry optimization was carried
out using semi-empirical PM3 method. 21–23 As the frontier
molecular orbital energies are significant parameters for the
prediction of the reactivity of a chemical compounds, in the
present investigation the values of eigenvalues of the highest
occupied molecular orbitals (EHOMO ) and lowest unoccupied molecular orbitals (ELUMO ) of the title compound were
computed. To understand orientation of frontier orbitals and
their localized regions, the corresponding orbital contour
maps were analysed. Molecular docking studies were carried out with metal complexes constructed and optimized in
ChemDraw software. Crystal structure of DNA was downloaded from protein data bank 24 (www.rcsb.org) pdb id:
1N37(AGACGTCT)2 , which was prepared by protein preparation wizard applying OPLS 2005 force field in Schrodinger
suite. A grid was prepared around the intercalation site by
selecting the co-crystallized ligand. Metal complexes were
docked into DNA intercalation site using Autodock 4.2 Software. 25 Molecular interaction diagrams are obtained from
Python Molecular Viewer (PMV).

2.3 Synthesis of N -[(Z)-furan-2-yl-methylidene]-1,3benzothiazole-2-carbohydrazone (FMBC)
To a suspension of 2.59 mmol (500 mg) benzothiazole2-carboxyhydrazide (BTCH) 26,27 in 15 mL of chloroform,
0.0025 mmol (248 mg) of furan-2-carbaldehyde was added
and this mixture was kept in cold condition for 5–7 h. Excess
solvent was distilled off and the resulting solid was recrystallized from methanol to give yellow coloured compound.
Purity of the compound was checked by TLC using acetone:
methanol (1:1) mobile phase. The melting point was found to
be 226 ◦ C (Scheme 1).
L: M.p.: 226 ◦ C; C13 H9 N3 O2 S : Anal.
Found: C, 57.55; H, 3.34; N, 15.49%; Calc.: C,55.22; H,
3.05; N, 14.97%. IR (KBr, ν /cm-1): ν (NH) 3400, ν (C-H)
3298–2897, ν (C=O) of -CONH 1697 (Figures S1 and S2 in
Supplementary Information). 1 H-NMR (270 MHz, CDCl3 ,
TMS): δ 7.6–8 ppm (m, 7H); δ 8.3 ppm (s,1H); δ 10 ppm

2.3a Ligand:
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(s, 1H). 13 C NMR (100 MHz, CDCl3 TMSO): δ122.8, 124.9,
126, 137, 152.3, 156.2, 158.4, 164 ppm (Figure S3 in Supplementary Information) ESI MS (m/z): Calc.: 271. Found 272
[M+1].

2.4 Synthesis of metal complexes
To hot ethanolic solution of FMBC (2 mmol), 1 mmol of
metal chloride of (M=Cu(II), Ni(II), Zn(II)) was added and
the reaction mixture was refluxed on water bath for 4–8 h
maintaining the pH in the range 4.5– 6.5 to enable complex
formation. The precipitated complex was filtered off, washed
with anhydrous ethanol and dried in vacuum at room temperature. All the metal complexes are coloured and stable to air
and moisture.

2.4a [Cu(FMBC)2 ]: (1): M.p.: 298 ◦ C; C26 H20 N6 O6 S2
Cu: Anal. Found: C, 48.78; H, 3.15; N, 13.13;.Cu; 9.93%.
Calc.: C, 47.22; H, 3.1; N, 8.77; Cu, 9.13%. IR (KBr,
ν /cm−1 ): ν(C=O) 1633, ν (C=N) 1479, ν(OH/H2O) 3435,
ν(M−N) 364, ν(M−O) 509 ESR: g||=2.10, g⊥ = 2.0617. ESIMS (m/z):Calc.: 639. Found: 640 [M+1].

2.4b [Ni(FMBC)2 ]: (2): M.p.: 297 ◦ C; C26 H20 N6 O6 S2
Ni: Anal. Found: C, 49.15; H, 3.14; N, 13.09; Ni; 9.24%.
Calc.: C, 48.64; H, 3.11; N, 12.86; Ni, 9.04%. IR (KBr,
ν /cm−1 ): ν (C=O ) 1631, ν(C=N ) 1458, ν(O H/H 2O) 3365,
ν(M−N) 374 ν(M−O) 495 . ESI-MS (m/z): Calc.: 634. Found:
635 [M+1].
(3): M.p.:295 ◦ C; C26 H20 N6 O6 S2
Zn: Anal. Found: C, 48.64; H, 3.14; N, 13.09; Zn; 10.19%.
Calc.: C, 48.32; H, 3.10; N, 12.98; Zn, 9.98%. IR (KBr,
ν /cm−1 ): ν(C=O) 1612, νC=N 1465, ν(O H/H 2O) 3325,
ν(M−N) 364 ν(M−O) 557 .ESI-MS (m/z): Calc.: 641. Found:
642 [M+1].

2.4c [Zn(FMBC)2 ]:

2.5 Biological studies
2.5a Antibacterial and antifungal activity: The synthesized hydrazone FMBC and its metal complexes were
screened for their in vitro antibacterial activity against gram
positive bacteria viz., Bacillus Subtilis and Staphylococcus
and gram negative bacteria viz., Escherichia and Pseudomonas. Antibacterial activity was tested by standard agar
diffusion method. Fresh bacterial culture having 5 × 10−5
colonies was mixed with nutrient agar medium and poured
into plates. Wells were made in the cooled agar plates (1 cm)
and 100 μL sample solution prepared by dissolving 5 mg
of compound in DMSO was loaded in the respective well.
Then the activity was observed after incubation period of
24–48 h at 37 ◦ C. The diameter of zone for inhibition was
recorded in units of millimetres. In vitro antifungal activity
of the synthesized hydrazone and its metal complexes was
tested against Macrophomina phaseolina and Sclerotium rolfsii. Potato Dextrose Agar media was prepared and the fungal
plugs were placed in the center of the plate and the compounds
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were put in the wells surrounding the plug and the zone of
inhibition was measured after 72 h.

2.5b DNA-binding experiments:

Absorption spectra
measurements: Absorption titrations were performed keeping
the concentration of the metal complex constant (5 μM), while
varying the concentration of CT-DNA via steady addition of
CT-DNA (0–5 μM). The absorption spectra were recorded in
the range of 200–800 nm.
Fluorescence spectra measurements: To ascertain binding
ability of the compound, assay with ethidium bromide (EB)
was carried out. As ethidium bromide is known to exhibit
emission property when it binds with DNA, a buffer solution containing DNA (36 μM) and EB (36 μM) was titrated
with the metal complex (0–36 μM). The fluorescence spectra
of the complexes bound to DNA were recorded at excitation
wavelength of 480 nm.
Viscosity: To investigate the mode of interaction between
binding of metal complexes with CT-DNA, viscosity experiments were performed with an Ostwald viscometer immersed
in a thermostatic water bath maintained at 303 ± 0.1 K.
Titrations were performed for complexes under study by introducing each complex (0.5–3.5 μM) into the CT-DNA solution
(5.0 μM) present in the viscometer. Flow time was measured
with a digital stop watch, three times for each sample and an
average flow time was calculated.

2.6 Cytotoxicity
The cell lines were cultured in DMEM (Dulbecco’s modified
Eagles medium), which was supplemented with 10% heat
inactivated Fetal BovineSerum (FBS) and 1% Antibiotic –
Antimycotic 100X solution. The cells were seeded at a density
of approximately 5 × 103 cells/well in a 96-well flat-bottom
micro plate and maintained at 37 ◦ C in 95% humidity and
5% CO2 for overnight, the sample solution in varying concentrations (200, 100, 50, 25, 12.5, 6.25 μg/300 mL) were
incubated for 48 h. The cells in well were washed twice with
phosphate buffer solution, and 20 μL of the MTT staining
solution (5 mg/mL in phosphate buffer solution) was added
to each well and plate was incubated at 37 ◦ C. After 4 h,
100 μL of dimethyl sulfoxide (DMSO) was added to each
well to dissolve the formazan crystals. Standard anticancer
drug Paclitaxel 0.3 μM/mL was employed and absorbance
of test solutions was recorded at 570 nm using micro plate
reader.

3. Results and Discussion
3.1 Spectral characterization of FMBC
3.1a Mass: The mass spectra of the FMBC (Figure
S1 in Supplementary Information) recorded a dominant
base peak at m/z 272, which is in accordance with the
expected [M+1]+ peak.
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Figure 1. Geometry-optimised structures of FMBC in molecular and ionic forms (a, b), and electrostatic
potential contour maps in molecular and ionized forms (c, d).

3.1b IR: The IR spectrum of FMBC (Figure S2 in
Supplementary Information) exhibited bands at
3400 cm−1 and 3298–2897 cm−1 corresponding to
amide ν (NH) and aromatic ν (C-H) stretching vibrations, respectively. The presence of a sharp intense band
at 1697 cm−1 is attributable to ν (C=O) of -CONH group.
The bands at 1573 cm−1 and 1512 cm−1 indicate the
stretching frequencies of azomethine group of hydrazone moiety present in FMBC and C=N bond of thiazole
ring.
3.1c NMR: The NMR data of FMBC is recorded in
CDCl3 (Figure S3 in Supplementary Information). The
aromatic protons are observed in the region of δ 7.6–
8 ppm (m, 7H). Azomethine proton 28 is observed at
δ 8.3 ppm (s,1H) and peak at δ 10 ppm (s, 1H) corresponds to -NH proton, and is further confirmed by
D2 O exchange, which disappeared on deuteration. 13 CNMR spectrum of FMBC exhibits signals in the region
δ122–128 ppm and 138–158 ppm corresponding to aromatic carbons of benzothiazole moiety and furan ring,
respectively. The signal at δ164 ppm corresponds to carbonyl (C=O) carbon. The experimental spectral data is
in accordance with the structure of the title compound.

3.1d Equilibrium studies: To comprehend the chelation properties of the FMBC, an attempt is made to
study its potential donor sites that bind with metal
ions. The dissociation constant values were calculated
using Irving-Rossetti titration curves (Figure S4(a) in
Supplementary Information). From the titration data,
dissociation constants were calculated from the linear plots of log[(1 − n A )/n A ] vs pH) (Figure S4(b) in
Supplementary Information). The results indicated the
presence of one dissociable proton corresponding to –
NH proton with pKa of 10.56.

3.2 Computational studies
Molecular modeling studies were carried out with title
compound using Hyperchem 7.5 software. The molecular structure of title compound was built in both
molecular and its ionic forms (Figure 1) and its geometry was optimized by employing Semi-empirical PM3
to generate molecular orbitals and electrostatic potential
contour maps (Figure 2). The energy difference between
the HOMO and LUMO frontier orbitals in ionic and
molecular forms (Table 1) infers relatively more labile
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Page 5 of 13 52

Figure 2. Contour maps of HOMO, LUMO frontier orbitals of FMBC in molecular (a and b) and ionized
forms (c and d).
Table 1.

Properties of Frontier Molecular Orbitals.

FMBC
Molecular form
Ionic form

EigenvaluesHOMO

EigenvaluesLUMO

EHOMO − ELUMO

−9.10 eV
−3.87 eV

−0.87 eV
+2.04 eV

8.23 eV
5.91 eV

Table 2.

Mass spectral data, C H N data and molar conductivity.

Sl. No

Compound

1
2
3
4

FMBC

Colour

Light yellow

m/z Analysis: Found (Calc.) %
C
H
N
272

57.55
(55.35)
FMBC-Cu (II) Yellowish brown 640 48.78
(47.82)
FMBC-Ni (II)
Dark brown
635 49.15
(48.84)
FMBC-Zn (II)
Yellow
642 48.64
(48.42)

nature of ionized form towards binding with metal ion
for the formation of a complex. The lesser negative values of eigen values of orbitals which correspond to lower
binding energy of electrons in HOMO frontier orbitals
of ionic species signifies greater binding ability in ionized form rather than in molecular form. The contour
maps of electrostatic potentials indicate the negative
charge delocalization on nitrogen and oxygen atoms in
both molecular and in ionized forms.

3.34
(3.25)
3.15
(3.11)
3.14
(3.11)
3.14
(3.10)

−1 cmˆ2 mol−1
M

15.49
–
(15.37)
13.13
9.93
(13.07) (9.53)
13.09
9.24
(12.96) (9.14)
13.09 10.19
(12.98) (9.98)

–
3.1
3.4
3.5

3.3 Characterization of copper, nickel and zinc
complexes of FMBC
3.3a Mass: The analysed mass spectral data of the
metal complexes are presented in Table 2. The mass
spectral data of all the metal complexes (Figure 3) are
in good agreement with the results of elemental analyses inferring the formation of 1: 2 metal complex in
respective system.
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Figure 3.

Mass Spectra of FMBC - Cu(II), Ni(II) and Zn (II) complexes.

Figure 4.

1 H-NMR

Spectrum of FMBC- Zn(II).

The analytical data along with molar conductances
of FMBC and its complexes are presented in (Table 2).
The non-electrolytic nature of the complexes is evident
from the low molar conductivities measured in DMSO.

3.3b NMR: The 1 H NMR of FMBC-Zn(II) complex
(Figure 4) was recorded using DMSO-d6 as a solvent. The NMR spectrum of Zn(II) complex (Figure 4)
showed peaks in the region of δ 4.5–8.0 ppm assignable

to the aromatic protons, while azomethine proton is at
10.5 ppm. A comparison of the NMR spectra of the free
ligand and Zn(II) complex 29 indicates downfield shift
of azomethine proton, which is ascribable to electron
donation from adjacent imine nitrogen to form dative
bond with Zn(II). The peak of NH proton observed in
the ligand disappeared in the complex spectrum because
of deprotonation of amide proton through its enol form
and subsequent binding of the ionized form with Zn(II)
involving O and N as donor sites.

J. Chem. Sci. (2018) 130:52
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Table 3. FT-IR (cm−1 ) spectral data of FMBC and its metal
complexes.
Sl. No
1
2
3
4

Compound
FMBC
FMBC- Cu (II)
FMBC- Ni (II)
FMBC- Zn (II)

νC=O νC=N υOH/H2O υM−N υM−O
1697
1633
1631
1612

3.3c IR: The mode of binding in metal complexes
is envisaged by comparing their IR spectra with the IR
spectrum of the ligand (Table 3). The IR spectrum of
the ligand showed bands at 1697 and 1573 cm−1 corresponding to ν C=O and ν C=N. These bands were shifted
to a lower wavenumber in all the complexes indicating participation of oxygen of the carbonyl group and
azomethine nitrogen atoms in bonding. In the spectra
of metal complexes (Figures S5–S7 in Supplementary
Information) new bands appeared at 495–557 cm−1
and 364–374 cm−1 correspond to νM−O and νM−N , 30,31
respectively. The broad bands in the region 3452–
3435 cm−1 correspond to νO−H vibration indicating the
presence of coordinated water molecules 32 in all the
complexes. The coordinated water is further confirmed
by TGA data of the complexes.
3.3d Thermal analysis (TGA): To ascertain the thermal stability of metal complexes, thermo grams of each
system was recorded (Figure S8 in Supplementary Information). In the present study, heating rate was suitably
controlled at 10 ◦ C/min under nitrogen atmosphere and
the loss in weight is measured up to 1000 ◦ C. Cu(II)FMBC complex displayed four stages of weight loss.
The weight loss in the range of 150–200 ◦ C indicates
the loss of occluded water. The loss in the range of 220–
225 ◦ C and subsequent loss upto 300 ◦ C correspond
to loss of coordinated water molecule. 33 The sudden
weight loss in the region 310–390 ◦ C is due to partial decomposition of ligand moiety and further gradual
weight loss upto 1000 ◦ C indicates maximum extent of
decomposition of ligand leaving 30% of residual moiety.
The TG curve of Ni(II)-FMBC complex exhibited
weight loss in the range of 150–200 ◦ C indicating the
loss of occluded water. The gradual decomposition of
the ligand moiety in the region of 200–300 ◦ C, then subsequent sudden losses in the range of 310–390 ◦ C and
400–500 ◦ C indicates partial decomposition of ligand.
Further gradual weight loss upto 1000 ◦ C indicates maximum decomposition of ligand leaving 28% of residual
moiety. The Zn (II)-FMBC showed weight loss in the
region of 150 to 250 ◦ C corresponding to weight loss
of coordinated water. Then subsequent gradual loss in

1512
1479
1458
1465

–
3435
3365
3323

S

–
364
374
364

OH2

N
C
N
O

–
509
495
557

O
N

M
OH2

CH

N

S
O

C
N

N

HC

O

Figure 5. Structure of metal complex (M-FMBC) (M=Cu
(II), Ni (II) and Zn (II)).

the range of 250–400 ◦ C and sudden loss upto 500 ◦ C
indicate partial decomposition of ligand. Further gradual weight loss upto 1000 ◦ C indicates greater portion of
decomposition of ligand moiety leaving 31% of residual
moiety.
3.4 SEM and EDX of FMBC and its complexes
The SEM pictures (Figure S9 in Supplementary Information) of the ligand and its complexes under investigation showed information about the morphology of
the compounds. The compounds under study exhibited
different surface morphology. After complexation the
change in morphology of the particles was observed.
EDX spectra (Figure S10 in SI) indicated the elemental
composition in FMBC and its complexes.
3.5 ESR
Information regarding the metal ligand bond covalency
and the metal ion environment is obtained from ESR
spectrum. The ESR of Cu(II)-FMBC (Figure S11 in
Supplementary Information) was recorded at liquid
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Figure 6.
plexes.

Zone of Inhibition of FMBC and metal com-

nitrogen temperature (X-band 77 K) in DMSO solution, exhibited two g values corresponding to g|| and g⊥
at 2.10 and 2.0617. The value of g|| which is greater

Figure 7.
plexes.

Zone of Inhibition of FMBC and metal com-

than g⊥ indicates the presence of unpaired electron in
dx2 −y2 34 orbital of Cu (II) ion and thus confirms axial
symmetry.

Figure 8. UV-Vis absorption spectra of complexes. (a) Cu(II)-FMBC, (b) Ni(II)-FMBC and (c)
Zn(II)-FMBC in the absence (dashed line) and presence (solid line) of increasing amount of CT-DNA.
([complex] = 5 μM, [DNA] = 0−5 μM) in TrisHCl buffer (pH 7.2) at 25 ◦ C. Arrow (↓) shows the
hypochromic and red shift upon increasing CT-DNA concentration. Inset: linear plot for the calculation of
the intrinsic DNA binding constant, Kb . (Plot of [DNA]/εa–εf) vs [DNA] for the titration of DNA with metal
complexes).

J. Chem. Sci. (2018) 130:52
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Figure 9. Quenched Fluorescence spectra of DNA (36 μM) bound to EB (36 μM) in the absence (dashed
line) and presence (solid line) of increasing concentration of complexes (0–36 μM) at 480 nm. (a)
Cu(II)-FMBC, (b) Ni(II)-FMBC and (c) Zn(II)- FMBC in TrisHCl buffer (pH 7.2) at 25 ◦ C. Arrow (↓)
shows the emission intensity decreases upon increasing concentration of the complexes. Inset: Stern–Volmer
plots (I); Scatchard plots (II).

Based on the above data the following structure can be
tentatively assigned to the metal complexes (Figure 5).

infers that the chelation facilitates the ability of a complex to cross a cell membrane as explained by Tweedy’s
chelation theory. 35

3.6 Biological studies

3.6b DNA-binding studies: Absorption spectra studies: By using the Wolfe-Shimer equation, 36 the binding
constants (Kb ) of the metal complexes have been calculated from the data recorded using eq. 1

3.6a Antibacterial and antifungal activity: The microbial activity of the ligand (FMBC) and its metal
complexes were studied by the disk diffusion method
(Figures 6 and 7) against the gram positive (Bacillus
subtilis and Staphylococcus), gram negative bacteria (E.
coli and Pseudomonas) and fungal species (Sclerotium
rolfsii and Macrophomina phaseolina). The activities
of the compounds were compared with standard Streptomycin and Indofil. The results reveal (Tables S1 and
S2 in Supplementary Information) the order of activity
towards bacterial and fungal species as FMBC-Zn >
FMBC-Cu > FMBC-Ni > FMBC, indicating more
pronounced activity of metal chelates over ligand. This

[DNA]/ (εa − εf ) = [DNA]/(εb − εf ) + 1/Kb (εb − εf )
(1)
The apparent absorption coefficient εa , corresponds to
Aobs /[metal complex] and is calculated from absorbance
value obtained after each successive addition of DNA
in small increments, εf and εb correspond to the extinction coefficient of the free (unbound) and bound ligand.
The Kb value was calculated from the slope and the
intercept values obtained from the plot of [DNA]/
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Plot of relative viscosity vs [Complex]/[DNA].

(εa -εf ) vs [DNA]. The εb corresponding to the extinction coefficient of the bound complex was calculated
from slope value of plot. A red shift in wavelength
of peak and decrease in absorbance (hypochromism) 37
were observed, characteristic of binding mode of the
complex to DNA through intercalation (Figure 8). Due
to the presence of aromatic chromophore, hypochromic
shift is observed which might facilitate the interaction of
the complex with the CT-DNA bases via non-covalent
π − π * interactions wherein π * orbital of the intercalated ligand in the complexes can couple with π orbital
of the DNA base pairs. The absorption spectral results
(Table S14 in Supplementary Information) reveal relatively high binding constant of the Zn(II) complex
indicating its greater binding affinity than the Cu(II) and
Ni(II) complexes.
Fluorescence quenching studies The fluorescence quenching spectra of the compounds showed (Figure 9)
that the newly synthesized compounds have the ability
to displace EB from DNA-EB compound. The titration was carried out by the addition of the compounds
in small increments which showed decrease in fluorescence intensity indicating the binding of the compound
with DNA. The quenching constant was calculated by
using Stern–Volmer 38 equation:
I0 /I = 1 + KSV [r]

(2)

Where, I0 and I are the fluorescence intensities in the
absence and presence of complexes, respectively, KSV is
the Stern–Volmer constant, and [r] is the concentration
of the compound. The fluorescence intensity data can
also be used to determine the apparent binding constant

Figure 11. Effect of concentration (μM) on cell viability
of HeLa (Cervical Cancer) cell. A: FMBC B: Cu(II)-FMBC,
C: Ni(II) -FMBC and D: Zn(II) -FMBC.

Figure 12. Dockpose of (a) Zn(II) complex and (b) Ligand at intercalation site of DNA. DNA is shown in molecular
surface form.

(Kb ) and the number of binding sites (n) for the complex
by the following equation: 39
log [(F0 − F)/ F] = log Kb + n log [Q]

(3)

From the plot of log[(F0 -F)/F] versus log[Q], binding stoichiometry (n) has been obtained and binding
constant (Kb ) from the slope and intercept values. The
Stern-Volmer constant (Ksv), binding constant (Kb )
values and number of binding sites (n) of the metal complexes estimated using equations 2 and 3 are listed in
(Table S3 in Supplementary Information). The Kb values
estimated by both absorption and fluorescent titrations
are in good agreement.
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Figure 13. Dock pose of Zn(II) complex showing hydrogen bond interaction with G13 of DNA strand and
π − π stacking interaction with G5. (a) full view; (b) enlarged view.

Figure 14. Dock pose of ligand showing hydrogen bond interaction with G13 of DNA strand and π –π
interaction with G5, G13 and T14 bases. (a) full view; (b) enlarged view.

Viscosity Measurements To further clarify the interaction between the metal complex and DNA, viscosity
measurements were carried out by keeping the concentration of DNA constant (5 μM) and increasing
the concentration of metal complex. It is known that
a classical intercalation of a ligand into DNA causes a
significant increase in the viscosity of a DNA solution
due to an increase in the separation of the base pairs at
the intercalative site and hence, an increase in the overall
DNA molecular length. 40,41 The result (Figure 10) suggests that these complexes intercalate between the base
pairs of DNA and thus augment the results obtained for

binding constants through absorption and fluorescence
studies.
3.7 Cytotoxicity
Cytotoxicity of the synthesised compounds in varying
concentrations (Figure 11) on cancer cells using HeLa
cell lines showed that as the concentration of compound increased, the cell viability is decreased. Among
the compunds studied, Zn(II)-FMBC (Table S4 in Supplementary Information) is more effective, while free
FMBC exhibited less activity.
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3.8 DNA docking

Acknowledgements

Docking of FMBC and its metal complexes into DNA
showed hydrogen bonding interaction with G13
(Figure 12). The interaction of FMBC with DNA is
distinct compared to its metal complexes. It has been
observed that in the complexes the furan ring occupies the intercalation site and benzothiazole group at
groove region resulting in higher hydrophobic interactions while in FMBC, merely benzothiazole ring is at
the intercalation site with no moiety at the groove. The
dock score and inhibition constant values which are the
parameters to ascertain binding affinity infer that metal
complexes have better binding affinity than free ligand
FMBC. The greater binding affinity of complexes is due
to the formation of hydrogen bond with G13 (Figures 13
and 14) and π − π interaction with G5. Docking results
are in accordance of experimental anticancer studies of
the compounds wherein the ligand showed lower activity compared to the metal complexes. Computational
DNA binding energy (dock score, Table S5 in Supplementary Information) of the metal complexes follow
the experimental trend of DNA binding constant (Kb )
wherein better binding Zn(II) complex showed more
negative dock score of − 8.41 kcal/mol followed by
Cu(II) and Ni(II) complexes.
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4. Conclusions
The spectro-analytical data obtained for title compound
and its metal (Cu(II), Zn(II) and Ni(II)) complexes were
used to establish the geometrical structure and properties. The molecular modeling studies were carried out to
infer the electrostatic potentials and energies of frontier
orbitals. The results of antimicrobial studies revealed
that the complexes exhibit slightly higher activity than
the free ligand. The DNA binding studies suggested that
the metal complexes bind to CT-DNA through intercalation mode, which is further confirmed by molecular
docking. The relatively lower IC50 values calculated
from cytotoxicity studies for the metal complexes compared to free ligand reveal the greater potent activity of
the metal complexes against HeLa cells.
Supplementary Information (SI)
Spectral (Mass, IR, NMR), pH titration curves (Figure
S4 (a) & (b)), IR of the complexes (Figures S5–S7),
TGA (Figure S8), SEM and EDX images (Figures S9
& S10) and ESR (Figure S11) and Tables (S1 to S5)
are given as Supplementary information, available at
www.ias.ac.in/chemsci.
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