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INTRODUCTION

The Schiff bases containing ONO donor atoms showed
significant biological activity and it helps to easily bind with
transition and non-transition metal ions [1-3]. The binding of
organic moiety with copper, cobalt and nickel showed good
results in the biological activities [4]. The presence of the azo-
methine functional group in the metal complex was found to
be important for biological activity. Various azomethines were
known to have important anticancer [5], antifungal [6],
antibacterial [7] and diuretic activities [8].

Schiff bases featuring heterocyclic moieties have been a
prominent research field with extensive literature available on
Schiff base complexes incorporating heterocyclic structures
[9]. Among the heterocyclic compounds, the metal complexes
derived from quinoline compounds are currently attracting more
attention than the Schiff bases derived from other chemical
classes; this is because of wide applications of quinoline in
biological and pharmaceutical activities such as cytotoxicity
[10], antimicrobial [11], antitubercular [12], antioxidant [13],
DNA binding study [14], etc.
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The synthesis of new quinoline based Schiff base and its metal complexes viz. Co2+, Cu2+, Ni2+ & Cd2+, were synthesized and characterized.
The Schiff base was prepared by condensation of 2-hydroxy-7-methoxyquinoline-3-carbaldehyde and p-methylbenzene sulfonohydrazide.
The structure of Schiff base and its metal(II) complexes were characterized through different physical and analytical techniques i.e.,
FTIR, 1H NMR, 13C NMR, ESR, ESI-MS, electronic spectra, elemental analysis and TGA. Magnetic susceptibility values indicate that
Cu(II), Co(II) and Ni(II) complexes were paramagnetic in nature. Low molar conductivity values reveal that all the metal complexes are
non-electrolytic in nature. Furthermore, all the compounds were subjected to in vitro biological activity and computational docking
studies. The results showed that the Schiff based ligand and its metal(II) complexes exhibited higher activity against the A-549 cancer cell
line and lower in case of the MCF-7 cancer cell lines compared to standard drug paclitaxel. Furthermore, the molecular docking study
shows the significant binding affinity of metal complexes with tubulin protein. Hence, all the synthesized Schiff base metal complexes
have excellent biological activity and could be act as potential anticancer agents.
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In view of important features of Schiff base containing
quinoline moiety [15], in this work, a new quinoline Schiff base
ligand, (E)-N′;-((2-hydroxy-7-methoxyquinolin-3-yl)methyl-
ene)-4-methylbenzenesulfonohydrazide, was synthesized from
(E)-N′-((2-hydroxy-6-methyl-quinolin-3-yl)methylene)-4-
methylbenzenesulfonohydrazide and (E)-N′-((2-hydroxy-
quinolin-3-yl)methylene)-4-methyl-benzenesulfonohydrazide.
The Schiff base ligand were further used to synthesize metal(II)
complexes with Cu2+, Ni2+, Co2+ and Cd2+ and screened for the
mycobacterial, DNA binding and cytotoxicity studies.

EXPERIMENTAL

The analytical grade metal(II) salts, solvents and primary
aromatic amines were purchased from Molychem, Mumbai
(India) and Sigma-Aldrich Chemicals (USA) and used as such
without further purification. 1H and 13C NMR spectra of ligand
were recorded in DMSO-d6 solvent on Bruker Avance 400 MHz
and 100 MHz spectrometers, respectively and tetramethylsilane
(TMS) was used as internal standard. Electronic spectra were
recorded using Carry 100 UV-visible spectrophotometer. FTIR
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spectra were recorded on a Nicolet iS10, thermos Scientific,
USA spectrophotometer using KBr pellets in 4000–400 cm-1

range. The magnetic moment of the prepared complexes were
measured by the Gouy method at 25 ºC using the MKl Johnson
Matthey model. Molar conductance was measured on a DDS-
11C type conductivity bridge in DMSO at th concentration of
10-3 M. Thermogravimetric analysis (TGA) was performed on
Mettler-Toledo instrument at the heating range 20 ºC/min with
a temperature range of 25 to 1000 ºC. High resonance Mass
spectra were recorded on a Waters Micromass Q-Tof Micro with
electrospray ionization (ESI) and atmospheric pressure chemical
ionization (APCI) sources. ESR spectrum of Cu(II) complex
was performed on JES-FA200 ESR spectrometer. CHNS anal-
yses were performed on a FLASH EA 1112 series instrument.

Synthesis of ligand: 2-Chloro-7-methoxyquinoline-3-
carbaldehyde was synthesized from starting material 3-methoxy
aniline by acylation followed by Vilsmeier-Haack reaction as
per reported method [16]. The obtained compound was further
used for the synthesis of 2-hydroxy-7-methoxyquinoline-3-
carbaldehyde by refluxing 2-chloro-7-methoxyquinoline-3-
carbaldehyde (10 mmol) and H2O (1 mL) in acetic acid (5 mL)
for 4 h after that the reaction mass was transferred into ice-
cold water. The obtained product was filtered, washed with
distilled water and purified in hot ethanol to obtain a corresp-
onding pure product, 2-hydroxy-7-methoxyquinoline-3-
carbaldehyde, as an intermediate. The obtained intermediate
was further used for the formation of the corresponding ligand.

Then, a mixture of obtained intermediate compound (1
mmol), p-methylbenzenesulfonohydrazide (1 mmol) and acetic
acid (5-10 drops) in ethanol (10 mL) was refluxed at 80 ºC for
4 h. The progress of the reaction was checked by TLC. The
reaction mixture was transferred into crushed ice and extracted
with ethyl acetate (2 × 15 mL). The organic extracts were washed
with brine solution (2 × 15 mL) and dried over anhydrous sodium
sulfate. The solvent was evaporated under reduced pressure to
afford the corresponding crude compound. The obtained crude
compound was recrystallized using ethanol. Yield: 78%, m.p.:
222-224 ºC (Scheme-I). Elemental analysis of C18H17N3O4S
(m.w.: 371.41), calcd. (found) %: C, 58.18 (58.21); H, 4.45
(4.61); 11.36 (11.31); S, 8.78 (8.63). 1H NMR (DMSO-d6, δ
ppm): 11.69 (s, 1H, NH), 11.34 (s, 1H, OH), 8.10 (s, 1H, Ar-H),

8.08 (s, 1H, Ar-H), 7.25-7.23 (d, H, Ar–H, J = 7.5 Hz), 7.70
(s, 1H, Ar–C=CH), 7.18-7.15 (d, 1H, Ar–H, J = 8 Hz), 6.98-
6.96 (d, 1H, Ar–H, J = 8 Hz), 3.73 (s, 3H, -OCH3) and 2.30 (s,
3H, –CH3); 13C NMR: (100 MHz, DMSO-d6, δ ppm): 161.06,
154.87, 143.54, 142.21, 136.51, 134.67, 133.91, 129.67, 127.46,
125.31, 121.02, 119.83, 116.96, 109.26, 55.65 and 21.52.

Synthesis of metal(II) complexes: The synthesis of metal
(II) complexes was performed by adding 25 mL hot ethanolic
metal(II) chloride solution (2.5 mmol) to 25 mL hot ethanolic
Schiff base solution (5 mmol) in 2:1 (ligand:metal) proportion.
The reaction mixture was stirred for 30 min and then a few
drops of 5% NaOH solution were added to maintain the basic
pH of the reaction medium followed by refluxation for 4 h. The
obtained coloured precipitate was filtered, washed with distilled
water followed by ethanol and finally dried in an oven for 90
min at 80 ºC (Scheme-II).

Biological study

Antibacterial study: The minimum inhibitory concen-
tration (MIC) of ligand and its metal(II) complexes was carried
out by the broth dilution method [17-22]. DMSO used as a
diluent and served as a negative control [23]. Two Gram-positive
bacteria viz. Staphylococcus aureus (MTCC 96) and Streptococcus
pyogenes (MTCC 442) and two Gram-negative bacteria viz.
Escherichia coli (MTCC 443) and Pseudomonas aeuruginosa
(MTCC 1688) were tested against the synthesized compounds
with ampicillin and chloramphenicol as the standard reference
drugs [18]. Serial dilutions of ligand and its metal(II) complexes
were prepared in primary and secondary screening. The control
plate with no prepared compounds and drugs was subculture
spreading evenly over a plate suitable for the growth of selected
bacterial pathogens and kept overnight at 37 ºC in incubator.
The MIC of the control bacterial strain was assessed to check
the efficacy of the reference drug concentrations. The lowest
concentration was recorded as the MIC. The amount of growth
from the control plate before incubation was compared. Synth-
esized compounds were diluted to 2000 µg/mL concentration
as a stock solution. In primary screening, 125, 250 and 500
µg/mL concentrations of synthesized compounds were taken.
The synthesized compounds found active in primary screening
were further tested in the second set of dilutions against all
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Scheme-I: Synthesis of ligand, (E)-N′-((2-hydroxy-7-methoxyquinolin-3-yl) methylene)-4-methylbenzenesulfonohydrazide
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the selected pathogens. The compounds found active in primary
screening were diluted similarly to 100, 50, 25, 12.5, 6.250,
3.125 and 1.5625 µg/mL concentrations. The MIC was consi-
dered for the dilution showing at least 99% inhibition.

Antifungal studies: Antifungal activity of synthesized
compounds was examined with three fungal strains viz., Candida
albicans (MTCC 227), Aspergillus niger (MTCC 282) and A.
clavatus (MTCC 1323) using the agar dilution method [18]. To
determine MIC, a stock solution of the synthesized compounds
was prepared in DMSO and then incorporated in a specified
quantity of sterile molten dextrose agar. Inoculums were prep-
ared by diluting stock to 100 mL of nutrient broth in 250 mL
sterilized and clean conical flasks. The conical flasks were
incubated at 27 ºC for 24 h prior to the experiment. The plates
were kept under aseptic conditions to allow the diffusion of
the solution properly into the potato-dextrose agar medium.
Then, the plates were incubated at 25 ºC for 48 h. The highest
dilution displaying at least 99% inhibition zone was taken as
MIC against griseofulvin and nystatinas standards. The triplicate
analysis was performed to minimize errors.

Cytotoxicity studies: The synthesized ligand and its
metal(II) complexes were evaluated for their cytotoxicity
against the A-549 (human lung cancer) and MCF-7 (human
breast cancer) cell lines by using MTT [3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide] assay. These cells were
seeded at a density of approximately 5 × 103 cells well in a 96-
well flat bottom microtitre plate and maintained at 37 ºC over-
night in 95% humidity and 5% CO2. Different concentrations
(50, 40, 30, 20, 10, 5 µM) of samples were treated and the cells
were incubated for next 48 h. Then cells in the wells were washed
twice with phosphate buffer saline (PBS) and 20 µL of MTT
[3-(4,5-dimethythiazol-2-yl)-2,5-diphenyltetrazolium bromide]
staining solution (5 mg mL-1 in phosphate buffer saline) was
added to each well and the plate was incubated at 37 ºC. After
4 h, 100 µL DMSO was added to each well to dissolve the
formant crystals. Absorbance was recorded at 570 nm using a
microplate reader. Paclitaxel was used as a standard drug during
the activity check. Each reading was performed in three types
for each concentration. Results are expressed as mean ± standard
deviation (n = 3). The percentage cell viability of the cells was
calculated using the following relation:

Mean OD of test compound
Viability (%) 100

Mean OD of negative control
= ×

Inhibiting cells (%) = 100 – Surviving cells

The IC50 was extrapolated from the dose-response curve.
The synthesized compound concentration that reduced the via-
bility of cells by 50% (IC50) was calculated by plotting triplicate
data points over a concentration range and calculating the
values using GraphPad Prism Ver.5.1-program.

Molecular docking studies: Molecular docking was emp-
loyed to investigate the binding mode of metal complexes with
the tubulin receptor protein using AutoDock4 software [24].
The microtubules are essential in cell division, mitosis and intra-
cellular transport [25]. The microtubules are cytoskeleton fila-
mentous and are formed through the polymerization of α- and
β-tubulin heterodimers [26]. Disruption of microtubule dyna-
mics can induce cell cycle arrest in the G2-M phase of the cell
cycle and leads to cell apoptosis [27]. Hence, microtubules
become an important and attractive drug target for anticancer
drug design. It has been shown that naturally occurring comp-
ounds such as paclitaxel, vinblastine and colchicine exert their
effect by affecting α- and β-tubulin structure and dynamics
[26,28,29]. In this study, we used paclitaxel as a control for the
biological study along with the metal(II) complexes. The pacli-
taxel binds to the taxol site of β-tubulin and stabilizes the micro-
tubule dynamics [30]. Hence, we used β-tubulin protein as the
target receptor for the docking study to understand the binding
mode of various metal complexes. The crystal structure of
tubulin bound with paclitaxel was taken from the protein
database (source code: 1JFF.pdb). The crystal structure of
1JFF.pdb is crystallized from bovine at the resolution of 3.50
Å [31]. The atomic coordinates of the metal complexes (Co,
Cd, Cu and Ni) were built and optimized using Avogadro [32].
Here, the paclitaxel binding site of β-tubulin is considered for
molecular docking study. For docking, a grid box of 80 × 80 ×
80 grid points and a grid spacing of 0.375 Å were built around
the paclitaxel binding site of β-tubulin. Here, we keep tubulin
protein rigid and metal complexes as flexible, similar to an
earlier study [33]. The output conformations were generated
by applying the Lamarckian Genetic Algorithm. These output
conformations were further clustered using an all-atom RMSD

N OH

N

H3CO

H
N

S

O

O

NO

N

OCH3

N
H

S

O

O

N O

N

H3CO

H
N

S

O

O

M

MCl2·XH2O

C2H5OH, 4 h, ref lux
2 eq.

M = Cu, Ni, Co, & Cd

Scheme-II: Synthesis of metal complexes

268  Vibhute et al. Asian J. Chem.



with a cut-off of 4 Å. The clusters were further analyzed based
on binding energy, van der Waals, inter-molecular energies,
etc. The least energy-docked conformation of metal complexes
was further used for the analysis of bonding and non-bonding
interactions using PyMol [34] and Discovery Studio visualiser,
respectively.

RESULTS AND DISCUSSION

The synthesized Schiff base containing quinoline moeity
as ligand and their metal(II) complexes were subjected to
elemental analysis. The elemental experimental values for the
ligand and its metal(II) complexes were matched with the theo-
retical values (Table-1). The conductance values of complexes
were in the range of 36-57 Ω-1 cm2 mol-1, representing the non-
electrolytic character of the complexes [35]. Moreover, it also
proves that the coordination spheres of the metal complexes
do not contain any water molecules [36].

FT-IR spectra: To determine the characteristic vibration
bands between the ligand and their metal complexes, all the
synthesized compounds were subjected to FT-IR spectral anal-
ysis. The peak observed in the Schiff base ligand at 1660 cm-1

due to the azomethine ν(C=N) stretching was shifted to a lower
wavenumber (1632-1620 cm-1) in the metal complexes indi-
cating the participation of azomethine nitrogen in coordination
with the metal ion (N-M) [37]. Similarly, the phenolic ν(O-M)
stretching vibration band observed at 1352 cm-1 in free ligand
is shifted to a lower frequency of 1082-1028 cm-1 region, also
confirming the participation of the phenolic group in complex
formation [38]. The vibration bands for the SO2 group in the
free ligand appeared at 1315 and 1184 cm-1 (νasym(SO2)) and
(νsym(SO2)), respectively. In metal(II) complexes, the asymmetric
and symmetric bands are shifted to 1235-1217 and 1123-1112
cm-1, respectively, upon the coordination of the central metal
ion [38-41]. The additional peaks observed in metal complexes
in 465-458 cm-1 region were due to the N-M bonding and 512

to 506 cm-1 were due to O-M bonding [42-45]. The details of
the key IR spectral bands are given in Table-2.

Electronic spectra and magnetic moment: All the synth-
esized metal(II) complexes were subjected to electronic spectra
and magnetic moment. In electronic spectra, the transition
bands for ligand was obtained at 322 and 370 nm; these transi-
tion is due to π→π* and n→π*, respectively. For metal(II)
complexes, these transition bands were shifted to higher wave-
lengths. For metal(II) complexes (Cu, Ni, Co and Cd), the
transition bands are observed at 325 and 385, 349 and 396,
347 and 394, 357 and 394 nm, respectively. The shifting of the
transition band at longer wavelengths in metal(II) complexes
was due to the coordination of the Schiff base with the central
metal ion [46].

The magnetic moment for Cu, Ni and Co was calculated
by using the Gouy balance at 25 ºC. For Cu complex, the mag-
netic moment was observed as 1.80 B.M., which is close to spin
only value for the octahedral geometry of copper(II) complexes
[47]. The magnetic moment values for Ni(II) and Co(II) comp-
lexes were found to be 3.25 and 4.85 B.M, respectively, which
is again equal to spin-only values for octahedral geometry for
Ni(II) and Co(II) complexes [48,49].

ESR spectra: An ESR spectrum of Cu(II) complex was
recorded in DMSO solvent at liquid nitrogen temperature (77
K) (Fig. 1). It gives information about the environment around
the central metal ion in the complex. The spectrum shows a
highly intense band in the higher magnetic field. The hyperfine
interaction that occurred for the complex was due to the inter-
face with oxygen and nitrogen nuclei nearby copper ions [50].
The Hamiltonian parameter was used to calculate the ground
state of Cu(II) complex. Details of the calculated values are
given in Table-3. The obtained g-values for the Cu complex
are g|| 2.225 and g⊥ 2.189. The obtained g|| and g⊥ values are
greater than g value for free electron 2.0023, which indicates
that the complex is axially symmetrical with dx2-y2 ground state,
which is the characteristic of octahedral geometry [51].

TABLE-1 
PHYSICAL AND ANALYTICAL DATA OF METAL(II) COMPLEXES OF QUINOLINE BASED SCHIFF BASE 

Elemental analysis (%): Found (calcd.) 
Compounds (m.f.) Yield (%) m.p. (ºC) 

λm (cm2 
Ω–1 mol–1) 

µeff 

(B.M.) 
m.w. 

C N H S 
Cu complex 

(C18H16N3O4S)2Cu 
72 280-282 36 1.80 803.35 

53.66 
(53.76) 

10.23 
(10.45) 

3.87 
(4.01) 

7.76 
(7.97) 

Ni complex 
(C18H16N3O4S)2Ni 

83 > 300 38 3.25 799.50 
54.07 

(54.08) 
10.44 

(10.51) 
3.90 

(4.03) 
8.20 

(8.02) 
Co complex 

(C18H16N3O4S)2Co 
68 > 300 47 4.85 799.74 

54.15 
(54.07) 

10.39 
(10.51) 

4.13 
(4.03) 

8.02 
(8.03) 

Cd complex 
(C18H16N3O4S)2Cd 

81 > 300 57 Dimagnetic 854.22 
50.43 

(50.68) 
9.71 

(9.85) 
3.66 

(3.78) 
7.51 

(7.52) 
 

TABLE-2 
FT-IR STRETCHING FREQUENCY OF QUINOLINE BASED SCHIFF BASE AND ITS METAL COMPLEXES (cm–1) 

Compounds ν(C=N) ν(C-O) ν(N-M) ν(O-M) νasym(SO2) νsym(SO2) 
Ligand 1660 1352 – – 1315 1184 

Cu complex 1632 1053 465 508 1221 1112 
Ni complex 1620 1084 465 512 1217 1113 
Co complex 1620 1024 458 506 1235 1123 
Cd complex 1629 1078 464 506 1221 1113 
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Fig. 1. ESR spectrum of Cu-complex

TABLE-3 
ESR SPECTRAL DATA OF Cu COMPLEX 

G⊥ g|| gavg. G µeff. (B.M.) 

2.189 2.225 2.201 1.192 1.81 

 
Mass spectra: The molecular ion peak of the Schiff base

ligand showed at m/z 372.04, which was exactly matched with
its calculated molecular weight. In metal(II) complexes, the
highest mass peaks were obtained at m/z 802.77, 800.84, 800.80
and 855.39 for Cu2+, Ni2+, Co2+ and Cd2+ complexes, respecti-
vely. These obtained mass peaks are equal to their corresponding
molecular weight. Hence, the obtained mass spectra support
the proposed structure of the compounds.

Thermal studies: Thermal analysis was performed to gain
significant information about the thermal stability of the synth-
esized metal complexes as well as whether the water molecules
are inside or outside the inner coordination sphere of the metal
[52-54]. Table-4 summarized with the decomposition stages,
temperature range, loss of weight (actual and calculated) and
assignments of the loss fragments. The thermogram of the Cu
complex exhibited two decomposition stages. In stage first,
the 35.36% weight loss (calculated 35.00%) was observed
between the temperature range 180-460 ºC, which corresponds
to the loss of toluene side chain of ligand moiety. In second
stage, 40.48% weight loss was observed (calculated 39.50%)

in the temperature range 480-960 ºC, which represents the
loss of quinoline moiety of the coordinated ligand molecule.
Finally, 13.07% residue remains present (calculated 13.25%),
which was due to a metal with an organic moiety (Fig. 2).

50
%

100 200 300 400 500 600 700 800 900
Temperature (°C)

Step:      -35.3643%
               -2.5682 mg
Residue: 60.9958%

                4.4296 mg
Step:      -40.4804%

               -2.9398 mg
Residue: 13.0748%

                0.9495 mg

Fig. 2. Thermogram of Cu(II) complex

In vitro cytotoxicity: In vitro cytotoxicity of Schiff base
ligand and its metal(II) complexes was investigated against
A-549 (human lung cancer) and MCF-7 (human breast cancer)
cell lines and results are tabulated in Table-5. Paclitaxel was
used as the standard drug during the activity check. The ligand
and its metal(II) complexes showed inhibition of cell value
IC50 in the range 43.10-58.47 µM for A-549 and 44.09-61.27
µM for MCF-7 cell lines. The ligand and its metal(II) complexes
exhibited higher activity against the A-549 cancer cell line
and lower in the case of the MCF-7 cancer cell line compared
to standard. From the obtained results, it was observed that
the synthesized metal(II) complexes were found to be more
active than their corresponding ligand molecule. The order of
activity of all the metal(II) complexes against A-549 cancer
cell line is Ni > Cu > Co > Cd complex > Schiff base ligand.

Molecular docking studies: To explore the interaction
of metal complexes (Cu2+, Ni2+, Co2+ and Cd2+) with β-tubulin
target receptor protein, we employed molecular docking using
AutoDock4.2 software [23]. The least binding energy confor-
mation of metal(II) complexes (Cd2+, Co2+, Cu2+ and Ni2+) was
found at -11.82, -11.53, -11.77 and -11.08 kcal/mol, respect-

TABLE-4 
THERMAL DECOMPOSITION DATA OF METAL(II) COMPLEXES OF QUINOLINE BASED SCHIFF BASE 

Weight loss (%) 
Complex formula 

Decomposition 
temperature (°C) Observed Calculated 

Assignment 

 
(C18H16N3O4S)2Cu 

180-480 
480-960 
Residue 

35.36 
40.48 
13.07 

35.00 
39.50 
13.25 

C14H14O2S2 

C20H14N2O2 

C2H4O4Cu 
 
 

(C18H16N3O4S)2Ni 

180-320 
340-580 
620-100 
Residue 

32.53 
20.81 
17.11 
21.47 

32.91 
21.27 
17.27 
22.65 

C11H9N3O3S 
C11H8NO 
C7H8N2 

C7H7O2Ni 
 

(C18H16N3O4S)2Co 
140-480 

500-1000 
Residue 

24.55 
33.68 
32.45 

24.90 
32.91 
31.65 

C11H9N3O 
C11H9N3O3S 
C7H7O4SCo 

 
(C18H16N3O4S)2Cd 

180-280 
300-660 
Residue 

22.43 
29.70 
31.23 

23.06 
28.92 
31.01 

C8H9N3O2S 
C11H9N3O4 

C9H4OCd 
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TABLE-5 
SHOWS THE in vitro CYTOTOXICITY DATA 

IC50 values (µM) 
Compound 

A-549 MCF-7 
Ligand 58.47 61.27 

Cu-complex 45.45 56.49 
Ni-complex 43.10 44.09 
Co-complex 53.19 53.07 
Cd-complex 54.34 46.77 
Paclitaxel 69.54 30.76 

 
ively (Table-6). All the metal(II) complexes show significant
binding affinity with β-tubulin protein as shown in Fig. 3. All
these metal complexes prefer the taxol site of β-tubulin [29].
Furthermore, analysis of the β-tubulin-Cd metal complex
shows the conventional hydrogen bonding interaction of residue
Thr276 (1.98 Å) and carbon-hydrogen bonding interaction of
Thr276 (1.75 Å), His229 (2.30Å), Ala233 (2.76 Å) with Cd2+

metal complex (Fig. 4a). The His229 and Asp226 show the
electrostatic interactions, Arg278 forms π-donor hydrogen

TABLE-6 
HYDROGEN BONDING INTERACTIONS  

(kcal/mol) OF β-TUBULIN RESIDUES WITH THE  
SYNTHESIZED METAL(II) COMPLEXES 

Metal 
complexes 

Binding 
energy 

Atoms involved in the 
bonding interactions 

Distance 
atom pair 

Angle 
(°) 

Cd 
complex -11.82 

Drug-H-O-THR276 
Drug-C-O-THR276 
Drug-C-O-ALA233 
Drug-N-H-HIS229 

1.98 
1.75 
2.30 
2.76 

121.49 
143.35 
141.09 
151.96 

Co 
complex -11.53 

Drug-H-O-THR276 
Drug-CH-O-THR276 

2.08 
2.73 

121.21 

Cu 
complex -11.77 Drug-H-O-THR276 1.83 127.72 

Ni 
complex 

-11.08 Drug-H-O-THR276 1.78 151.73 

 

bond, Thr276 makes π-lone pair bond and His229 makes π-π
T-shaped interactions with Cd2+ complex (Fig. 4a). Moreover,
hydrophobic π-alkyl type interactions are formed between β-
tubulin residues, including Leu286, Leu217, Leu219, Arg278,
Ala233, Pro274 and Leu231 and Cd metal complex.

The β-tubulin-Co2+ complex shows the residue Thr276
(121.21 Å) forms conventional as well as carbon-hydrogen
bonding interaction with the Co2+ ion (Fig. 4b). The residue
Asp226 forms electrostatic π-anion, Thr276 and Arg278 forms
π-donor hydrogen bond, His229 forms hydrophobic π-π T-
shaped interactions. In addition, Leu286 and Leu371 forms
alkyl type of interactions with the Co2+ ion. Furthermore, the
residues Leu231, Arg278, Leu219, Ala233, Pro274 and Leu371
make the hydrophobic π-alkyl type of interactions.

Simiarly, the β-tubulin-Cu and Ni complexes also show
the residue Thr276 (127.72 Å & 1.78 Å) and makes the conven-
tional hydrogen bonding interactions. The Ala233 forms carbon-
hydrogen bonding interactions (Fig. 4c) with Cu2+ ions, while
while the Pro360 (3.39) form with Ni2+ ions. In addition, His229
and Asp226 make electrostatic π-cation and π-anion inter-
actions with Cu2+ ions, respectively, whereas Arg278 makes the
π-donor hydrogen bonding. The residues Leu219, Thr276 and
Leu286 form π-sigma, π-lone and alkyl type of interactions
with the Cu2+ ions, whereas residues Leu217, Leu219, Arg278,
Ala233, Pro274 and Leu371 make the hydrophobic π-alkyl
type of interactions.

With Ni-metal complex, the Leu219 make the electrostatic
π-sigma and hydrophobic π-alkyl type of interactions as shown
in Fig. 4d. In addition, Asp226 forms π-anion, His229 forms
π-π T-shaped and Arg-278 forms π-alkyl interactions with the
Ni-metal complex were also observed. Overall, the docking anal-
ysis reveals that the various metal complexes form hydrogen
bonding, carbon-hydrogen bonding, π-alkyl, π-sigma, π-anion
and electrostatic type interactions.

(a) 

(b) 

Fig. 3. Binding mode of β-tubulin with various metal complexes using molecular docking techniques. Here, (a) shows the overlapped docked
conformation of Cd (cyan), Co (brown), Cu (pink) and Ni (light green) metal complexes. The N, O and H are shown in blue, red and
white colours, respectively. (b) Shows electrostatic surface area of β-tubulin binding pocket with an overlapped conformation of metal
complexes
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(c) (d)
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Pi-Cation

Pi-Anion

Pi-Donor hydrogen bond

Conventional hydrogen bond

Carbon  hydrogen bond

Pi-Cation

Pi-Anion

Pi-Donor hydrogen bond

Conventional hydrogen bond

Carbon  hydrogen bond

Pi-Anion

Pi-Donor hydrogen bond

Conventional hydrogen bond

Carbon  hydrogen bond

Pi-Anion

Pi-Sigma

Pi-Pi T-shaped

Alkyl

Pi-Alkyl

Pi-Sigma

Pi-Pi T-shaped

Alkyl

Pi-Alkyl

Pi-Pi T-shaped

Alkyl

Pi-Alkyl

Pi-Sigma

Pi-Pi T-shaped

Pi-Alkyl

Fig. 4. 2D interactions of β-tubulin residues with metal complexes. Here, (a) shows the interaction of β-tubulin residues with the Cd-metal
complex, (b) shows the interaction of β-tubulin residues with the Co-metal complex, (c) shows the interaction of β-tubulin residues
with the Cu-metal complex and (d) shows the interaction of β-tubulin residues with Cd-metal complex. The 2D interaction images
were generated using the Discovery Studio Visualizer

Antibacterial activity: Both Schiff base ligand and its
metal(II) complexes displayed the antibacterial activity against
E. coli, P. aeruginosa, S. aureus and S. pyogenus with MIC
less than 250 µg/mL. The Schiff base ligand containing quino-
line moeity displayed good antibacterial activity with the least
MIC (12.5 µg/mL) against P. aeruginosa than standards chloram-
phenicol (MIC = 50 µg/mL) and ampicillin (MIC = 100 µg/

mL). The Ni(II) complex displayed MIC with the highest value
for S. aureus and S. pyogenus whereas Cd(II) complex for S.
aureus. This was in accordance with the antibacterial activity
displayed by standard ampicillin for S. aureus. Except for Cd(II)
and Cu(II) complexes, formed complexes displayed good anti-
bacterial activity than the ligand (MIC = 125 µg/mL) for S.
pyogenus, but not like the standard chloramphenicol (MIC =
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50 µg/mL). Further, among the standards, chloramphenicol
(MIC = 50 µg/mL) displayed best antibacterial activity than
ampicillin (MIC = 100 and 250 µg/mL) (Table-7).

Antifungal activity: Both the Schiff base ligand and its
metal(II) complexes displayed antifungal activity against C.
albicans, A. niger and A. clavatus but with moderate activity
than standards nystatin and griseofulvin (except from C.
albicans with MIC 500 µg/mL). However, the most noteworthy
finding is the antifungal activity of Cu complex lower activity
(MIC = 110 µg/mL) compared to the experimental ligand (MIC
= 250 µg/mL) (Table-7). Furthermore, Cu(II) complex dis-
played antifungal activity almost similar to standard griseofulvin
and nystatin, thus posing its use as an antibiotic for further
use.

Conclusion

A new quinoline Schiff base ligand and its metal(II)
complexes were successfully synthesized and characterized
by various analysis techniques. The Schiff base ligand ligand
and its metal(II) complexes were screened for in vitro bio-
logical activity and molecular docking study. The antibacterial
screening results showed that the Co(II) and Cu(II) complexes
possessed good antibacterial activity and antifungal activity,
respectively, compared to other metal(II) complexes. Further,
in vitro, cytotoxicity studies showed that compared to standard
paclitaxel, the Schiff-based ligand and its metal(II) complexes
were more effective against the A-549 cancer cell line and
less effective against the MCF-7 cancer cell line. The binding
modes and interactions of metal(II) complexes with β-tubulin
receptor protein are confirmed by molecular docking study.
The docking studies reveal that all the metal(II) complexes
show excellent binding affinity at the paclitaxel site of β-tubulin.
Thus, all the synthesized compounds possessed excellent cyto-
toxicity properties and could be used as potential leads for
cancer treatment.
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