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INTRODUCTION

Dengue illness caused by dengue virus infection has risen
as an endemic in more than 100 nations, particularly in the
tropical and subtropical areas, with in excess of 2.5 billion
individuals or 40 % of the total population in danger zone.
dengue virus mostly transmitted by Aedes aegypti mosquito.
Dengue infection is kept up in a cycle that includes human
and the mosquito [1-5]. The disease produces clinical ailment
running from innocuous run of the mill fever to a deadly hemo-
rrhagic fever (DHF) portrayed by slim spillage and thrombo-
cytopenia. In addition, it might show into the disappointment
of the flow framework and stun, named as dengue stun disorder
(DSS) that may lead to death [6-11]. It is evaluated that 100
million dengue fever (DF) cases happen every year and around
2,50,000-5,00,000 cases are of the serious shape dengue hemo-
rrhagic fever (DHF) [12-16]. Dengue virus is one of the members
of the family of Flaviviridae which consists of four viral serotypes
those are, DEN-1, DEN-2, DEN-3 and DEN-4 [17]. Deep-rooted
resistance to one serotype will avert contamination by the same
serotype yet does not give insurance from an auxiliary disease
of an alternate serotype. The immune response subordinate
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improvement (ADE) pathogenesis speculation suggests that
optional contamination with an alternate serotype builds the
danger of creating dengue hemorrhagic fever and dengue stun
disorder [18]. So it is very necessary to develop a drug towards
dengue. In this paper, we have synthesized biological important
4-aminoantipyrine and o-vanillin backbone Schiff base (L) was
synthesized and its Cu(II) and Zn(II). The metal complexes
were characterized by IR and Mass spectrometry. The synthe-
sized complexes were very active in nature towards DNA and
dengue virus protein binding.

EXPERIMENTAL

All the chemicals used in the synthesis were either of AR
grade or chemically pure grade. o-Vanillin, 4-aminoantipyrine,
Copper chloride and zinc chloride were purchased from Sigma
Aldrich. Solvents were purchased from Merck and used as the
same purity.

Synthesis of Schiff base ligand (L): An acetonitrile solution
of o-vanillin (1 mmol) and 4-aminoantipyrine (1 mmol) were
refluxed. After 1 h, a yellow solid appeared. Collect the solid
mass using filtration and washed with 10 mL of acetonitrile



and chloroform mixture. The yellow solid Schiff base is highly
soluble in methanol (Scheme-I).

Synthesis of copper(II) and zinc(II) metal complexes:
Schiff base ligand (1 mmol) was dissolved in 4 mL of methanol
and copper chloride/zinc chloride (1 mmol) was dissolved in
5 mL of methanol and added drop-wise to ligand and the solu-
tion were refluxed. Green colour and yellow colour insoluble
solid mass were appeared within 1 h respectively for copper
and zinc complexes, respectively. The solid mass was filtered
and washed with 5 mL methanol (Scheme-I). Cu(II) complex:
m.f.: C19H18N3O3ClCu, m.w.: 435.36. Elemental analysis  found
%: C, 52.42; H, 4.17; Cl, 8.14; Cu, 14.60; N, 9.65; O, 11.02.
Zn(II) complex: m.f.: C19H18N3O3ClZn, m.w.: 437.23. Elemental
analysis found %: C, 52.19; H, 4.15; Cl, 8.11; N, 9.61; O,
10.98; Zn, 14.96.

Schiff base ligand and its metal complexes were also confir-
med by FT-IR and mass spectrometry. The values of IR spectro-
scopy was given in Table-1. From IR spectra (Fig. 1) of Schiff
base ligand, the peak at 3455 cm-1 represents o-vanillin O-H
stretching peak which reacts with the metal ion and it shifted
towards 3427 and 3412 cm-1 for Cu and Zn complexes. The
azomethine peak also shifted due to the complexation. Carbonyl
peak also shifted which indicates the carbonyl group, partici-
pation in the complexation.

TABLE-1 
FT-IR (cm–1) SPECTRAL VALUES OF SCHIFF BASE  

AND ITS Cu(II) AND Zn(II) COMPLEXES 

Sample ν(O-H) ν(C=N) ν(C=O) ν(M-N) 
Ligand (L) 3455 1658 1705 – 

Cu+L 3427 1647 1682 498 
Zn+L 3412 1645 1679 512 
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Fig. 1. FT-IR spectra for Schiff base (L) and its Cu(II) and Zn(II) comp-
lexes

The total mass of ligand is 337. The LC-MS spectra of ligand
having a peak at 338.053 (100 %) which indicates L+1 spectra
of the ligand (Fig. 2a). ESI-MS spectra of L+Cu having a peak
at 436.19 (100 %) which shows M+1 of a copper complex (Fig.
2b) and ESI-MS spectra of L+Zn having a peak at 438.67 (100
%) shows M+1 of the metal complex (Fig. 2c).

Molecular docking study: Using Molecular docking study
we can predict the binding nature of the drug towards biomole-
cules theoretically. Molecular docking is one of the Greenway
monitor methods. The synthesized copper and zinc complexes
were docked with dengue NS3 protease-helicase bi-functional
enzyme (PDB ID: 2VBC) and B-DNA (PDB ID: 1BNA) using
Auto Dock tools version 1.5.6, pymol and Discovery studio
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Scheme-I: Synthesis of Schiff base ligand and its Cu/Zn metal complexes
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Fig. 2. (a) LC-MS spectrum of Schiff base ligand (L) (b) ESI-MS spectrum
of Cu-L (c) ESI-MS spectrum of Zn-L

software [19]. The DNA and protein structures were obtained
from Protein Data Bank (http://www.rcsb.org/pdb). The Metal
complexes were converted into PDB format using Mercury
and Discovery studio software [20]. The protein and DNA
molecules were selected as receptor and the metal complexes
were selected as a ligand. In the binding mode was enclosed
in a script box which had a much number of grid points in
x × y × z directions of 90 × 90 × 90 and a grid spacing of
0.380 Å. Using Auto Dock Tools (ADT) version 1.5.4. The
Docking studies were carried out and finalized by Auto Dock
vina program. Using discovery studio software .png format
images were exported.

RESULTS AND DISCUSSION

Molecular docking of Cu(II) and Zn(II) complexes with
B-DNA: B-DNA was a specific focusing on territory for blending
the medication which productive to tie with DNA and gave
some valuable perception. The Cu(II) and Zn(II) complexes
of buildings having effective restricting esteem towards B-
DNA. The binding is shown in Fig. 3 and the values are shown
in Table-2. The specified binding nature of Cu(II) and Zn(II)
metal complexes are shown in Fig. 3. The binding affinity of
Cu(II) and Zn(II) complexes towards B-DNA with -7.1 and
-7.4 kcal mol–1, respectively.

Copper(II) complex

Zinc(II) complex
Fig. 3. Cu(II) and Zn(II) complexes bind with the active site of human

DNA

TABLE-2 
BINDING INTERACTIONS OF Cu(II) AND Zn(II)  

COMPLEX WITH HUMAN DNA 

Complex Acceptor 
group 

Donor 
group 

Binding energy 
(kcal mol–1) 

Distance 
(Å) 

C15 DA5 4.72 
Cu+L 

C15 DA5 
-7.1 

4.72 
Zn26 DT7 5.57 

Zn+L 
Zn26 DC21 

-7.4 
5.47 

 
Molecular docking of Cu(II) and Zn(II) complexes with

NS3 protease-helicase: NS3 protease-helicase (dengue virus
protein) was docked with Cu(II) and Zn(II) metal complexes.
NS3 protease-helicase is considered to be a receptor and the
Cu(II) and Zn(II) metal complexes were considered to be a
ligand. The binding nature is shown in Fig. 4. The selected
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binding of complexes with amino acid residue is shown in
Fig. 4 and the binding nature with distance is shown in Table-
3. The binding affinity of Cu(II) and Zn(II) complexes towards
NS3 protease-helicase with -8.5 and -8.2 kcal mol–1,  respectively.

Copper(II) complex

Zinc(II) complex
Fig. 4. Cu(II) and Zn(II) complexes bind with selective Nucleotide of NS3

protease-helicase

TABLE-3 
BINDING INTERACTIONS OF Cu(II) AND Zn(II)  

COMPLEX WITH NS3 PROTEASE-HELICASE 

Complex Acceptor 
group 

Donor 
group 

Binding energy 
(kcal mol–1) 

Distance 
(Å) 

C16-21 ALA606 5.24 
Cl27 ASP290 3.70 

C6-11 HIS487 4.32 
C6-11 ASP409 3.98 

Cu+L 

C16-21 PRO543 

-8.5 

4.26 
Zn26 ASP290 5.31 
N4 ARG599 3.72 
C15 ALA606 5.24 

C6-11 HIS487 4.69 
Zn+L 

C6-11 ASP409 

-8.2 

3.97 

 
Conclusion

A novel Schiff base ligand (L) was synthesized using o-
vanillin and 4-aminoantipyrine. Cu(II) and Zn(II) metal
complexes were synthesized using Schiff base ligand by
refluxing with CuCl2 and ZnCl2. The synthesized Schiff base
ligand and its metal complexes were characterized by IR and
Mass spectrometry. The synthesized Cu(II) and Zn(II) metal
complexes were docked with B-DNA (PDB ID: 1BNA) and
dengue NS3 protease-helicase. The binding energy values of
the Cu(II) and Zn(II) complexes were respectively -7.1 and
-7.4 kcal mol–1 towards NS3 protease-helicase. The binding
energy values of Cu(II) and Zn(II) complexes respectively -8.5
and -8.2 kcal mol–1 towards B-DNA.
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