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A new series of p-dimethylaminobenzaldehyde derivatives were tested for therapeutic potential by exploring their properties
through characterization. +e derivatives were synthesized by 1 :1 condensation reaction of p-dimethylaminobenzaldehyde and
substituted amines. +e synthesized compounds 1–8 were characterized by different characterization techniques including IR,
mass, 1H NMR, and 13C NMR spectroscopy, elemental analysis, and mass spectrometry. Furthermore, binding of these Schiff
bases to Ct-DNA was examined by absorption spectroscopy, fluorescence quenching, circular dichroic, viscosity measurement,
molecular docking, and molecular dynamics simulation methods. Schiff bases were tested for antimicrobial activity against
bacterial species Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus aureus by the disc diffusion
method. +e pharmacological treatment of Schiff bases showed that 1–8 have promising potential against tested bacterial strains.
+e molecular docking study of the target compounds was also carried out against B-DNA dodecamer d(CGCGAATTCGCG)2,
and it has been found that 1–8 can bind to Ct-DNA via an intercalative mode. DPPH free radical and hydrogen peroxide
scavenging assays were employed to assess the antioxidant potential of synthesized Schiff bases.

1. Introduction

Heterocyclic Schiff base chemistry is one of the attractive
and challenging fields in current medical science. Due to
expanded range of applications, medicinal chemistry has
grown actively into the most active research area. Hetero-
cyclic Schiff base derivatives are the most extensively used
organic compounds with broad range of applications used as
pigments, dyes, catalysts, and intermediates in many organic
reactions [1, 2]. +ey showed phototropism and thermo-
chromism in the solid state used in optical and electro-
chemical sensors for the detection and enhancement of
selectivity and sensitivity [3, 4]. Due to their applications in
biological, analytical, and medicinal field, and their role as
catalysts in organic synthesis, heterocyclic Schiff bases are
considered as one of the most potential groups of heterocyclic

compounds [5]. +e presence of azomethine group in het-
erocyclic Schiff base derivatives makes it very critical for
various biological applications such as antifungal [6, 7], an-
tibacterial [8, 9], antiproliferative [10], anticoagulant [11],
anti-inflammatory [12], and antiviral [13] agents. +ey have
been widely used in coordination chemistry mainly due to
their facile synthesis, electronic properties, and good solubility
in common solvents [14].

Heterocyclic tridentate Schiff base ligands, with a flexible
atom, are better in comparison with bidentate ligand, and
their chelating power makes them suitable ligands for sta-
bilizing transition metals in various oxidation states and in
wide range of catalytic transformations.+ey have been used
extensively in biochemistry, material science, hydrometal-
lurgy, catalysis and separation phenomena, and many of the
biological processes [15, 16]. Due to their thermal stability,
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biological applications, and presence of nitrogen atom in
aromatic ring, pyridine and pyrimidine-based heterocyclic
compounds are considered to be better ligands [17].

Since DNA and genetic material contain all cellular in-
formation, the study of DNA interaction is a very important
aspect at present. Interaction of small molecules with DNA has
been investigated and it attracted more attention for the de-
signing of more effective drugs which target to DNA. Classical
and nonclassical intercalation and groove or electrostatic
modes of binding have been studied by various interaction
modes of drug-DNA [18–22]. Free radicals were mostly
generated in various bio-oxidative processes that damage
various body components such as fat and proteins and cause
various harmful diseases such as cancer, hypertension, Par-
kinson’s disease, and Alzheimer’s disease.+erefore, to develop
new therapeutic drugs to neutralize the effect or damage caused
by free radicals is to achieve more attention [23–26].

In literature, an antioxidant activity evaluation of het-
erogeneous ring derivatives using hydrogen peroxide and
DPPH radicals was reported free in various ways and many
of these compounds act as good antioxidants. +us, to know
how these antioxidant compounds work is very essential
[27]. Diseases spread by bacteria are most common, and the
mortality rate associated with bacterial infections increases
day by day. Lack of medicinal treatment is the prime cause
related to bacterial infections due to the resistance of bacteria
to antibiotics. +erefore, it is a special need to develop new
antimicrobial agents. Hence, researchers have been working
for last many years to find new antibacterial agents due to the
development of bacterial resistance [28].

So in this regard, we have tried to develop such types of
heterocyclic derivatives which can bind easily with DNA and
significant antioxidant to prevent damage caused by free
radicals [29]; herein, we reported synthesis of unknown p-
dimethylaminobenzaldehyde derivatives 1–8 and screened
their DNA binding, fluorescence quenching, and antioxidant
and antimicrobial assays. In addition, in this work, we cal-
culated some molecular docking parameters of compounds in
order to correlate them with their antimicrobial activity.

2. Experimental Section

2.1. Synthesis of p-Dimethylaminobenzaldehyde Derivatives
(1–8). +e compounds were synthesized according to the
given protocol [30, 31]. An appropriate amount of corre-
sponding amines (10mmol) in 20mL ethanol was slowly
added to a solution of p-dimethylaminobenzaldehyde
(10mmol) in 20mL ethanol. Few drops of concentrated
H2SO4 were added to the above mixture. +e corresponding
coloured solutions were refluxed at constant stirring for
∼7 h. After completion of reaction, the contents of the flask
were poured into ice-cold water. +e coloured precipitates
were filtered off by Buchner funnel and finally dried over
fused CaCl2 and recrystallized in ethanol.

2.1.1. 5-(Dimethylamino)-6-((4-(dimethylamino)benzyli-
dene)amino)pyridine-2,4-dicarbonitrile (1). Yellow solid.
Yield 73%, mp 238°C. IR spectrum, υ, cm−1: 1574 (HC�N),

2213 (-C≡N). 1H NMR (300MHz, DMSO-d6) δ in ppm:
6.67–7.67 (m, 5H, Ar-H), 8.67 (s, 1H, -CH�N), 3.13 (s, 12H,
-N-CH3). 13C NMR (100MHz, DMSO-d6) δ in ppm: 160.77,
154.68, 148.29, 140.20, 131.99, 125.24, 121.83, 118.97, 117.27,
112.76, 40.81; MS (m/z): 318.40 (M+). Anal. calc. for
C18H18N6 (%): C 67.90; H 5.70; N 26.4. Found: C 67.37; H
5.62; N 26.33.

2.1.2. (E)-2-((4-(Dimethylamino)benzylidene)amino)-6-(pyrro-
lidin-1-yl)pyridine-3,5-dicarbonitrile (2). Brown solid. Yield
65%, mp 214°C. IR spectrum, υ, cm−1: 1572 (-HC=N), 2212
(-C≡N). 1H NMR (300MHz, DMSO-d6) δ in ppm: 6.66–8.51
(m, 5H, Ar-H), 8.85 (s, 1H, -CH=N), 3.12 (s, 12H, -N-CH3),
3.47 (s, 4H, –N–CH2–cyclopentane), 1.96 (s, 4H,
–CH2–cyclopentane). 13C NMR (100MHz, DMSO-d6) δ in
ppm: 161.54, 155.11, 148.29, 142.90, 133.02, 127.61, 125.58,
118.74, 117.23, 115.84, 53.47, 40.73, 25.68; MS (m/z): 344.4
(M+). Anal. calc. for C20H20N6 (%): C, 69.75; H, 5.85; N,
24.40. Found: C, 69.67; H, 5.79; N, 24.32.

2.1.3. (E)-2-((4-(Dimethylamino)benzylidene)amino)-4-phe-
nyl-6-(pyrrolidin-1-yl)pyridine-3,5-dicarbonitrile (3). Yellow
solid. Yield 69%, mp 264°C. IR spectrum, υ, cm−1: 1592
(-HC�N), 2210 (-C≡N). 1H NMR (300MHz, DMSO-d6) δ in
ppm: 6.95–8.04 (m, 9H, Ar–H), 9.72 (s, 1H, –CH�N), 3.48
(s, 4H, –N–CH2–cyclopentane), 1.97 (s, 4H, –CH2–cyclopentane),
3.01 (s, 6H, –N–CH3). 13C NMR (100MHz, DMSO-d6) δ in
ppm: 177.25, 162.59, 155.10, 148.29, 142.90, 133.04, 131.98,
127.62, 125.59, 124.97, 111.51, 53.47, 40.79, 25.47; MS (m/z):
420.5 (M+). Anal. calc. for C26H24N6 (%): C, 74.26; H, 5.75;
N, 19.99. Found: C, 74.12; H, 5.68; N, 19.74.

2.1.4. (E)-2-((4-(Dimethylamino)benzylidene)amino)-6-(piper-
idin-1-yl)pyridine-3,5-dicarbonitrile (4). Brown solid. Yield
69%, mp 226°C. IR spectrum, υ, cm−1: 1598 (-HC=N), 2200
(-C≡N). 1H NMR (300MHz, DMSO-d6) δ in ppm: 6.85–8.10
(m, 5H, Ar-H), 8.95 (s, 1H, –CH=N–), 3.28 (s, 2H,–CH–
cyclohexane), 3.03 (s, 6H, –N–CH3), 11.45 (s, 1H, –OH), 1.84 (s,
8H,–CH2–cyclohexane). 13C NMR (100MHz, DMSO-d6) δ in
ppm: 160.25, 151.21, 148.49, 138.72, 134.77, 133.18, 129.81,
128.36, 123.86, 122.71, 119.73, 40.82; MS (m/z): 358.4 (M+).
Anal. calc. for C21H22N6. (%): C, 70.33; H, 6.19; N, 23.45.
Found: C, 70.29; H, 6.13; N, 23.42.

2.1.5. (E)-2-((4-(Dimethylamino)benzylidene)amino)-4-phenyl-
6-(piperidin-1-yl)pyridine-3,5-dicarbonitrile (5). Orange solid.
Yield 74%, mp 276°C. IR spectrum, υ, cm−1: 1557 (–HC�N),
2208 (–C≡N). 1H NMR (300MHz, DMSO-d6) δ in ppm:
6.65–8.03 (m, 9H, Ar–H), 8.65 (s, 1H, –CH�N), 3.28 (s,
2H,–CH–cyclohexane), 3.08 (s, 6H, –N–CH3), 1.82 (s,
8H,–CH2–cyclohexane).13C NMR (100MHz, DMSO–d6) δ in
ppm: 163.21, 158.75, 148.29, 142.85, 133.04, 131.98, 127.62,
119.02, 40.79; MS (m/z): 434.5 (M+). Anal. calc. for
C27H26N6 (%): C, 74.63; H, 6.03; N, 19.34. Found: C, 74.58;
H, 5.97; N, 19.31.
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2.1.6. (E)-4-(((5-Chloro-6-((2-(4-(pyrimidin-5-yloxy)phenyl)-
1H-pyrrol-1-yl)methyl)pyridin-2-yl)imino)methyl)-N,N-
dimethylaniline (6). Pale yellow solid. Yield 64%, mp 246°C.
IR spectrum, υ, cm−1: 1592 (-HC�N), 2215 (-C≡N). 1H NMR
(300MHz, DMSO-d6) δ in ppm: 6.84–8.07 (m, 16H, Ar-H),
1.98 (s, 3H, –CH3), 9.11 (s, 1H, –CH�N), 3.05 (s, 6H, -N-
CH3).13C NMR (100MHz, DMSO-d6) δ in ppm: 161.42,
160.56, 154.62, 151.29, 149.51, 129.11, 128.25, 125.42, 123.96,
115.88, 40.82, 27.08; MS (m/z): 509 (M+). Anal. calc. for
C29H25ClN6O. (%): C, 68.43; H, 4.95; Cl, 6.96; N, 16.51.
Found: C, 68.36; H, 4.86; Cl, 6.81; N, 16.38.

2.1.7. (E)-4-(((5-Chloro-6-((2-(4-(thiazol-2-yloxy)phenyl)-
1H-pyrrol-1-yl)methyl)pyridin-2-yl)imino)methyl)-N,N-dimethyla-
niline (7). Yellow solid. Yield 60%, mp 193°C. IR spectrum,
υ, cm−1: 1550 (-HC�N), 2214 (-C≡N). 1H NMR (300MHz,
DMSO-d6) δ in ppm: 6.68–8.09 (m, 15H, Ar-H), 8.93 (s, 1H,
-CH�N), 3.08 (s, 6H, -N-CH3).13C NMR (100MHz, DMSO-
d6) δ in ppm: 181.09, 172.16, 164.56, 155.21, 154.63, 136.32,
131.97, 127.89, 112.87, 40.82; MS (m/z): 514 (M+). Anal. calc.
for C28H24ClN5O5 (%): C, 65.42; H, 4.71; Cl, 6.90; N, 13.62; S,
6.24. Found: C, 65.36; H, 4.71; Cl, 6.78; N, 13.53; S, 6.14.

2.1.8. (E)-4-(((5-Chloro-6-((2-(4-(pyridazin-3-yloxy)phenyl)-
1H-pyrrol-1-yl)methyl)pyridin-2-yl)imino)methyl)-N,N-dimethyla-
niline (8). Yellow solid. Yield 67%, mp 195°C. IR spectrum, υ,
cm−1: 1550 (–HC�N) 2212 (-C≡N). 1H NMR (300MHz,
DMSO-d6) δ in ppm: 6.38–8.35 (m, 16H, Ar–H), 9.18 (s, 1H,
–CH�N), 3.05 (s, 6H, –N–CH3), 2.79 (s, 1H, –CH).13C NMR
(100MHz, DMSO-d6) δ in ppm: 162.151, 150.231, 146.954,
144.151, 132.847, 127.624, 117.751, 40.62; MS (m/z): 509.0
(M+1). Anal. calc. for C29H25ClN6O (%): C, 68.43; H, 4.95;
Cl, 6.96; N, 16.51. Found: C, 68.13; H, 4.82; Cl, 6.81; N, 16.37.

2.2. DNABinding Study andAntioxidantAssay. To study the
DNA interaction with most potent compound, various
spectroscopic techniques were employed and DPPH free
radical and hydrogen peroxide were used to evaluate the
antioxidant assay of the compounds according to our re-
ported research work [32–35]. Detail methodology is given
in supplementary file (Table S1).

3. Results and Discussion

3.1. Structural Determination. Synthetic route for the
preparation of the Schiff bases 1–8 is given in Scheme 1. All
the derivatives were synthesized in good yields with char-
acteristic colour. Compounds were soluble in chloroform
and DMSO but insoluble in water. Melting points were in
the range of 193–273°C. +in-layer chromatography (TLC)
was used to monitor the progress of the reaction in meth-
anol: dichloromethane (1 : 4).

+e stretching frequency due to –NH2 and –C�O of all
the substituted amines and carbonyls disappears in the target
compounds (1–8) which confirms the structure of Schiff
bases. In the IR spectra of all compounds, a sharp peak
appeared in the range of 1575–1605 cm−1which is the most

characteristic feature of Schiff base azomethine (–C�N)
group, and a broad absorption band in the range of
2200–2218 cm−1 for all compounds (1–8) was attributed to
the –C≡N stretching. +e bands appearing at 957–802 cm−1
may be assigned to ring breathing mode, C–H deformation,
and C–C deformations.

1H NMR spectra (DMSO-d6) at room temperature
exhibited well-resolved signals. +e signal due to –CH�N
appears in the range of 8.5–9.5 ppm for the compounds
corresponding to azomethine group which confirms the
formation of Schiff bases. Moreover, a peak appears in
3.01–3.13 ppm range attributed to the –CH3 (6H) aliphatic
for the compounds (1–8). A signal at δ 1.80–2.20 ppm may
be assigned to the protons of the (C–CH2–C, 8H) for the
compounds 2,3, (C–CH2–C, 10H) for the compounds 4, 5,
and (C–CH2–C, 2H) for the compounds 6–8. Aromatic
protons appear at 6.38–8.52 ppm range.

+e electronic impact mass of Schiff bases of p-dime-
thylaminobenzaldehyde derivatives (1–8) showed molecular
ion peaks at m/z� 314.4, 344.4, 420.0, 358.4, 434.5, 509.0,
514.0, and 509.0 atomic mass units corresponding to species
[C18H18N6]+, [C20H20N6]+, [C26H24N6]+, [C21H22N6]+,
[C27H26N6] +, [C29H25ClN6O]+, [C28H24ClN5O5]+, and
[C29H25ClN6O]+, which confirmed the proposed formula.

+e 1HNMR, 13CNMR, andmass spectra of compounds
(1–8) are represented in supporting information
(Figures S1–S24).

3.2. DNA Binding Studies

3.2.1. Absorption Measurements. Electronic absorption
spectroscopy is an essential tool which is applied for eval-
uating the binding way of DNA with the examined com-
pounds and the extent of binding as well [36]. +e
absorption titration experiments were carried out using
constant concentrations of the studied compounds (50 μM)
while progressively increasing the concentration of DNA at
25°C (5–45 μM). +e absorbance of DNA is cancelled by
adding equivalent amounts of DNA to both of the tested
compounds and reference solutions. +e absorption spectra
of compounds 1–8 in the absence and existence of raising
concentrations of DNA are presented in Figure 1. +e in-
trinsic binding constant (Kb) of compound with DNA is
computed by precise noticing of the intensity of the CT
bands. In the case of intercalation mode of binding between
the compound and DNA, the obvious spectral feature of the
band under study is hypochromism with small shift in
wavelength; occasionally, no shift is observed. +is is be-
cause the intercalative type of interaction comprises a sig-
nificant interaction between the aromatic chromophore of
the complex compounds and DNA base pairs [37]. +e
extent of absorbance lowering, hypochromism, is ordinarily
convenient with the extent of intercalation. +e other ob-
vious spectral feature is hyperchromism. +e hyper-
chromism is consistent with the fracturing of the secondary
DNA structure [38]. +e binding ability and extent of
binding between compounds 1–8 and DNA are discussed
based on absorbance as a function of added DNA
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concentration. +e data were obtained by raising the con-
centration of DNA in the range 5–45 μM, and the absorption
bands of the compounds 1 and 4 at 396 and 393 nm
exhibited hypochromism of 4.4 and 18.2%, respectively.
+ese data recommended strong association of the test
compounds with SS-DNA, and it is also more likely that the
interaction mode is intercalation. On the contrary, com-
pounds 2, 3, 5, 6, 7, and 8 exhibited hyperchromism of 20.2,
24.6, 28.7, 30.3, 24.8, and 18.9%, respectively, of the CT
bands appearing at 469, 402, 471, 394, 403, and 407, re-
spectively. +is spectral change can be vindicated by groove

binding mode [39]. To illustrate the extent of binding of
compounds to DNA quantitatively, Kb was calculated using
the following equation:

[DNA]

εa− εf
�

[DNA]

εb− εf
+

1
[Kb(εb− εf)]

, (1)

where [DNA] is the concentration of DNA solution in the
base pairs. +e absorption coefficient εa equals Aobs/
[compound], and εf and εb refer to the extinction coefficient
of the unbounded compound and the compound in a fully
bound state to DNA, respectively. +e plot of [DNA]/(εa–εf )
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Scheme 1: Synthesis of Schiff bases of p-dimethylaminobenzaldehyde derivatives (1–8).
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versus [DNA] is straight line with slope� 1/(εb–εf ) and
intercept� 1/Kb (εb–εf ); Kb is calculated from the ratio of
slope to intercept. Analyses of the calculated Kb values of the
studied compounds illustrate that the examined compounds
have moderate binding ability when these values are com-
pared with ethidium bromide which is the most familiar
intercalators [40]. +e obtained values of the binding
constant (Kb) were found to be 1.98×104, 1.77×104,
1.29×104, 1.78×104, 1.38×103, 2.54×104, 3.4×103, and
7.7×103 for compounds 1–8, respectively.

3.2.2. Viscosity Measurements. +e optical tools provide
substantial, but not sufficient, evidence to support the
intercalative type of interaction between compounds and
DNA. A hydrodynamic tool, like viscosity, that introduces
large accuracy to any change in DNA length is probably the

influential tool in order to evaluate the binding mode be-
tween tested compounds and DNA. +e viscosity of DNA
solutions is recorded using different dilutions of the com-
pounds reported in this paper (compounds 1–8) using
constant concentration of DNA solution. Figure 2 shows the
influence of increasing concentrations of the compounds on
DNA viscosity. Viscosity measurement of DNA is regarded a
classic way to assess the DNA type of interaction in solution.
Under the normal conditions, ethidium bromide (EB), as a
known example of intercalators, usually results in a con-
siderable enhancement in DNA viscosity which results from
the increase in the distance detaching the intercalation site
base pairs that result in a final augmentation in the DNA
length [38–40], as obvious in Figure 2. For compounds 1 and
5, the obtained results suggest that the compounds under
study can intercalate among the adjacent DNA base pairs,
resulting in elongation in the double spiral and subsequently
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Figure 1: Absorption spectra of heterocyclic Schiff base derivatives 1–8 (a–h) upon the titration of salmon sperm DNA (SS-DNA). Arrow
indicates the absorption change upon increasing the DNA concentration.
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raising the DNA viscosity. +is raise in the propensity of the
viscosity curves by adding increasing amounts of the tested
compounds strongly suggests intercalation binding mode.
For compounds 2–4 and 6–8, the relative viscosity of the
DNA solution was almost unchanged or increasing slowly
over the entire tested range when compared with com-
pounds 1 and 5 which suggests that the interactions between
these compounds and DNA may be electrostatic forces
groove binding type.

3.2.3. Fluorescence Spectroscopy. +e mechanism of in-
teraction between compound and Ct-DNA was determined
by fluorescence quenching studies. +e fluorescence spectra
of heterocyclic Schiff base derivatives 1–8 are presented in
Figure 3. +e fluorescence intensity decreases significantly
upon addition of DNA due to interaction of compound with
DNA. +e binding constant and binding affinities from
fluorescence spectral data can be calculated using the fol-
lowing modified Scatchard relation [41]:

log
Io − I

I
  � logKb + nb log[DNA], (2)

where Kb is the binding constant and nb refers to number of
binding sites. I and Io are the fluorescence intensities in the
presence and absence of DNA, respectively.

+e binding constant Kb was calculated to be 1.21× 104,
1.22×104, 1.24×104, 1.21× 104, 1.19×104, 1.20×104,
1.23×104, and 1.18×104M−1 for 1–8, respectively. Results
suggested that quenching effect of solvent molecule is
prevented by hydrophobic environment of compounds
inside the DNA helix. +e quenching of emission of com-
pounds is due to photoelectron transfer from the nitroge-
nous base (guanine) to excited states of the compounds
[42, 43]. Hence, it is conventional that compounds bind with
DNA by way of electrostatic mode of binding or groove

binding mode and results are well validated with UV-visible
and hydrodynamic studies.

3.2.4. Cyclic Voltammetry. Electrochemical methods pro-
vide a useful complement in support of UV–visible and
viscosity measurements methods. +e electrochemical be-
havior of compounds was studied in Tris-buffer solution
(5.0mM Tris-HCl, 50mM NaCl, pH 7.2) and an aqueous
Ag/AgCl reference electrode with 3.0M NaCl in saturated
AgCl as the filling solution was used (Figure 4). Cyclic
voltammogram showed irreversible one-step oxidation
process for the test compounds. +e interaction of DNA
with compounds can be assessed on the basis of shifting in
peak potential and decrease in peak heights in the cyclic
voltammogram [44, 45]. +e positive shift in peak current is
due to the intercalation of the compound with Ct-DNA.
However, the electrostatic binding leads to the negative shift
in peak current. From the cyclic voltammogram, it can be
inferred that after the addition of DNA to compound, peak
current was dropped by 28.27%, 23.55%, 26.48%, 34.92%,
27.76%, 32.33%, 35.45%, and 53.71% for compounds 1–8,
respectively (Figure 4).+e decrease in voltammetric current
leads to formation of ligand-DNA complex which may be
due to the acclimation of ligand between the adjoining base
pairs of Ct-DNA. +ese results could be attributed to the
diffusion of free ligand and DNA molecule and changes in
peak currents after the addition of Ct-DNA due to the DNA-
binding affinity of the compounds.

3.3. Circular Dichroism Study. Circular dichroism (CD)
spectroscopy has been performed for monitoring the
structural variations occurred upon interaction of com-
pounds and DNA. In the CD spectrum of Ct-DNA, two
characteristic bands appear, one is a negative band at 249 nm
and other is positive band at 277 nm corresponding to the
helicity of B-DNA and due to π–π base stacking, re-
spectively. Secondary structure of DNA can be perturbed
because intercalation and intensity of positive and negative
bands change whereas groove binding makes little or no
perturbation on the base stacking and helicity bands. +e
change in CD signals on addition of the compound to DNA
leads to disturbance in nucleotide base sequence of binding
and base stacking of DNA attributed to conformational
changes in DNAmolecules shown in Figure 5 [46].+us, the
observed result supported to electrostatic or groove mode of
binding.

3.4. Molecular Docking Study. An attractive tool to in-
vestigate compound and DNA interactions for the planning
and development of new drugs is molecular docking.
Dodecamer sequence (B-DNA) is very abundant in natural
DNA. +e binding modes of compounds or a set of related
compounds can bind in different modes to a specific binding
site of DNA or a protein. +is is especially evident from
X-ray crystallographic structures of ligand-protein com-
plexes.+e availability of multiple binding modes of a ligand
in a binding site may present an advantage in drug design
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derivatives (1–8) on the relative viscosity of DNA at pH 7.4 and
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when simultaneously optimizing several criteria [47].
Docking of the synthesized heterocyclic Schiff base de-
rivative (1–8) was carried out with DNA duplex of the

sequence d(CGCGAATTCGCG)2 dodecamer (PDB ID:
1BNA) to predict the preferred orientation of the com-
pounds inside the DNA helix in AutoDock 4.1 module.
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Figure 3: Fluorescence emission spectra of heterocyclic Schiff base derivatives 1–8 (a–h) (2.7×10−4M) in the presence of increasing [DNA]
(5.6–6.2×10−5M).

Journal of Chemistry 7



Compounds 1–8 interact with DNA helix at regions of DA5;
DC3, DG4; DC3; DC3; DA16, DA17; DA18; DA4, DA5; and
DG4, DT20 with binding energies of −7.79, −8.47, −7.79,
−8.37, −8.46, −6.79, −7.32, and −7.17, respectively.

Compounds 1–5 showed heist binding activity with 1BNA
followed by other compounds, as shown in Table 1. Docked
compounds were analysed in terms of hydrogen bonding,
energy, noncovalent, and hydrophobic interaction between
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Figure 4: Cyclic voltammogram of heterocyclic Schiff base derivatives 1–8 (a–h) (30 μmol L−1) in the absence (A) and presence (B) of
30 μmol L−1 of DNA at 100mV/s scan rate in 5mM Tris with pH 7.2.
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compounds and DNA (Figure 6) [48, 49].+e docked results
clearly explained that there is strong interaction between the
compounds and 1BNA.

3.5. In Vitro Antibacterial Susceptibility Assay. +e in vitro
evaluation was carried out to provide antimicrobial capa-
bility of heterocyclic Schiff base derivatives (1–8), and the
experimental results are shown in Table 2. Compounds 1–8
are significantly active against Staphylococcus aureus (S.
aureus), Escherichia coli (E. coli), and Aspergillus niger (A.
niger) also at a concentration level of 200–25 μg/mL.
Ofloxacin and ketoconazole were used as standards for
comparison of antibacterial and antifungal activity under the
similar conditions. DMSO was used as a solvent control for
both antibacterial and antifungal activities, and the results
are presented in minimal inhibition concentration (MIC)
values (μg/mL). Compound 1 exhibited low antimicrobial
activity (MIC 200 μg/mL) compared to the reference sub-
stances ofloxacin and ketoconazole. On the contrary, a
minor increase in antimicrobial activity was achieved with
the three compounds 2, 3, and 6 exhibiting an MIC of
150–200 μg/mL, 150–200 μg/mL, and 150–200 μg/mL

against S. aureus, E. coli, andA. niger.Compounds 4, 5, and 8
displayed promising antibacterial activities (MIC 50–75 μg/
mL) against all tested culture strains used in the present
study. In contrast, the antimicrobial results observed for
compound 7 (MIC 125 μg/mL) was clearly lower. +e high
lipophilicity of the synthesized compounds (log P 2.67–
4.42) promoted us to investigate the possibility of a corre-
lation between the type of chemical substitution and the
antimicrobial activity of the title compounds; therefore, the
linear regression of the partition coefficient with the bi-
ological activity expressed as MIC (μg/mL) for the syn-
thesized compounds was studied [50].

3.6. Antioxidant Assay

3.6.1. DPPH Radical Scavenging Activity.
2,2-Diphenyl-1-picryl-hydrazyl is a free radical which was
used for the determination of antioxidant activity. It can
accept electron or hydrogen from the compound and get
reduced. After the incubation of one hour, colour was
changed from violet to blue and absorbance was decreased.
+e absorbance at 517 nm was measured and IC50 values
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Figure 5: CD spectrum of Ct-DNA (5.5×10−5M) in the absence and presence of heterocyclic Schiff base derivatives 3, 4, and 5 in 5mMTris
buffer.

Table 1: Molecular docking study of heterocyclic Schiff base derivatives (1–8).

Compounds Cluster
run

ΔG
(kcal/
mol)

Einter-mol
(kcal/mol)

Eelec
(kcal/
mol)

Etorsional
(kcal/mol)

Kiinhibition
constant (M)

Cluster
RMSD (A)

Reference
RMSD (A)

NB involved in
bonding

1 40 −7.77 −7.77 −7.83 +1.67 0.00e+ 00 0.00 32.344 DC3, DG4
2 47 −8.47 −8.47 −8.48 +1.12 0.00e+ 00 0.00 30.367 DC3
3 9 −7.79 −8.31 +0.03 +0.84 2.05 μM 0.00 26.531 DG4, DA5
4 48 −8.37 −8.37 −8.39 +1.39 0.00e+ 00 0.00 27.519 DC3
5 4 −8.46 −8.46 −8.48 +1.12 0.00e + 00 0.00 26.745 DA18
6 47 −6.79 −7.31 −0.13 +0.84 10.90 μM 0.00 26.481 DA5
7 52 −7.32 −8.62 −0.13 +1.39 4.51 μM 0.00 26.810 DA16, DA17
8 20 −7.17 −7.74 −0.00 +0.84 5.76 μM 0.00 26.783 DG4, DT20
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were calculated from the graph shown in Figure 7. Higher
ability of compound to scavenge the DPPH refers to lower
IC50 value. +e results show that compounds 1–8 exhibited
lowest IC50 value 7.50×10−3± 0.007, 6.50×10−3± 0.008,
6.20×10−3± 0.008, 5.83×10−3± 0.008, 8.78×10−4± 0.007,
7.29×10−4± 0.006, 5.49×10−3± 0.006, and 6.46×10−4±
0.007mol/mL, respectively [51, 52].

3.6.2. Hydrogen Peroxide Scavenging Activity. Hydrogen
peroxide was a very reactive species among all the oxygen-
containing compounds employed for the investigation of
antioxidant activity. UV-vis. spectrophotometer was used to
monitor the capability of the target compound to scavenge
the hydrogen peroxide. +e IC50values of the compounds
1–8 were found to be 0.88± 0.88, 1.16± 0.007, 097± 0.007,

(a) (b)

(c)

Figure 6: Molecular docked model of the heterocyclic Schiff base derivatives 3 (a), 4 (b), and 5 (c) with DNA.
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1.04± 0.007, 1.08± 0.007, 1.11± 0.007, 1.02± 0.007, and
1.31± 0.07mg/mL, respectively (Figure 8).

4. Conclusions

�e experimental �ndings such as hypochromic e�ect, en-
hancement in the viscosity, and diminution in the peak
current are the signi�cant features of intercalation model.
�e Kb values were comparable to reported classical inter-
calators ethidium bromide whose binding constant is of the
order of 106–107M−1. �e aforementioned �ndings in the
present work approve the intercalative binding mode of
compounds with Ct-DNA. �e docking results predict the
inhibitory property of 1BNA at molecular level. Heterocyclic
Schi� base derivatives 1–5 showed higher docking score in
molecular docking studies among synthesized derivatives
with binding energies of −7.79, −8.47, −7.79, −8.37, and
−8.46, respectively. Further, the in vitro results of

compounds 1–5 were found to be better. �erefore, this
study could be considered useful for the investigation of new
antimicrobial agents.

Data Availability

�e data used to support the �ndings of this study are in-
cluded within the article.

Conflicts of Interest

�e authors declare that they have no con�icts of interest.

Acknowledgments

�is research project was supported by a grant from the
Research Center of the Female Scienti�c and Medical
Colleges, Deanship of Scienti�c Research, King Saud
University.

Table 2: Antibacterial activity of heterocyclic Schi� base derivatives (1–8) along with experimental “log P” and the calculated “ClogP.”

Control
MIC (μg/mL) Lipophilicity

Staphylococcus aureus Escherichia coli Aspergillus niger LogP Clog P
1 200 200 200 3.40 3.23
2 150 200 150 2.67 2.98
3 125 150 125 4.42 4.26
4 50 75 50 3.83 4.02
5 50 50 75 3.84 4.08
6 125 150 150 4.52 4.33
7 125 125 125 2.96 3.17
8 50 75 75 3.93 4.09
O�oxacin 11 13.5 — — —
Ketoconazole — — 13.5 — —
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Figure 7: DPPH free radical scavenging activity of the heterocyclic
Schi� base derivatives (1–8).
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NMR spectrum of compound 1. Figure S3: 1H NMR
spectrum of compound 2. Figure S4: 13C NMR spectrum of
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Figure S16: 13C NMR spectrum of compound 8. Figure S17:
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of compound 2. Figure S19: mass spectrum of compound 3.
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