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a b s t r a c t
Two novel complexes for Zn2+ and VO2+ ions, were prepared from tridentate dibasic chelating Schiff base ligand.
1-((3,5-di-tert-butyl-2-hydroxybenzylidene)amino)naphthalen-2-ol-5‑sodium sulfonate (DSHN), was the ligand used in this study. Alternative spectral tools were applied to elucidate structural composition of new compounds. Also, geometry optimization for all synthesizes was conducted by Gaussian09 program via DFT method,
to obtain optimal structures and essential parameters. Moreover, the biochemical behavior for all synthesizes,
was explored based on tested reactivity against various microbial strains and cancer cells (HCT-116, MCF-7,
and HepG-2). The two complexes exhibited interestingly anti-proliferative potential against human cancer cell
lines. The antioxidant behavior of the two complexes was studied by DPPH and SOD assays. Particularly, Zn(II)
and VO(II) complexes presented more enhanced antimicrobial and anticancer features compared to the free ligand (DSHN), with superiority for VO(II) complex. The binding nature of two complexes with calf thymus
DNA (ctDNA), was examined by various methods as, spectrophotometry, viscosity and gel electrophoresis.
Their binding efﬁciency with ctDNA was proposed to be just intercalation or replacement mode. This in-vitro
assay was conﬁrmed by in-silico simulation versus 1cca, 1jnx, 1smp, 2 h80 and 5ajh as the co-crystals for selected
pathogen-proteins, which attribute to microbes and cancer cells.
© 2020 Elsevier B.V. All rights reserved.

1. Introduction
Schiff bases with high chelating tendency towards various transition
metals ions, have gained much attention in coordination chemistry [1].
In particular, Schiff base chelates with multi donors are strong πligands, which in turn form stable complexes. Such complexes were
displayed interesting properties that varied from chemical [2,3] or physical [4]. They have also broad spectrum of pharmacological activities
[2,3]. Mounting evidences indicate that the antimicrobial and anticancer
activities are enhanced upon chelation. This feature may be attributed to
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interaction of electron deﬁcient transition-metal ions with electron rich
DNA or proteins. For example MoO2(VI), UO2(VI), VO(IV) and Mn(II)
complexes derived from Schiff base substituted anthranlic acid
(Fig. 1a), manifested high anticancer activity [5]. Furthermore, Co(II),
Ni(II), and Cu(II) complexes derived from diimino azanylylidenenaphthldehyde afforded high antibacterial potentials [6]. VO2+, Ni2+,
Cu2+ and Pd2+-complexes of allylamine derivatives (b), exhibited respectable reactivity with human serum albumin [7]. Schiff base complexes with Ag(I), VO(II) and Pd(II) ions exhibited excellent biological
activity towards microbes, cancer cell lines and ctDNA [8,9]. Moreover,
appreciable antimicrobial and anticancer actions were appeared from
Co(III)-hydrazone Schiff bases complexes [6]. Pharmaceutical application of Cr3+, Fe3+ and Ru3+-vanillin (c) complexes for cancer and inﬂammations treatments, was recently reported [10]. Cerium (III),
thorium(IV) oxovanadium(IV) and dioxouranium(VI) complexes,
were prepared from substituted nitroacetyl-quinolinone Schiff base
and applied as antimicrobial and antitumor [11]. Antibiotic and
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Fig. 1. 1H NMR spectra of DSHN and DSHNZn in DMSO‑d6 at 25 °C.

2

A.M. Abu-Dief, N.M. El-Metwaly, S.O. Alzahrani et al.

Journal of Molecular Liquids 322 (2021) 114977

DMF (N,N-dimethylformamide), DMSO (dimethylsulfoxide) and water
at 25 °C through Jenway conductivity meter.

anticancer drugs candidates, were Fe(III), Cr(III) and Cu(II)-complexes
from aryl imidazole Schiff base in addition to others from azomethine,
exhibited interesting results [12,13]. Also, signiﬁcant biological efﬁciency was recorded from o-vanillin Schiff base (d) complexes of Ru
(II), Co(II) and Ni(II) ions [14]. Azomethine ligand was used to synthesize Pd(II) and VO(II) complexes, which displayed high biological feature [15,16]. (See Scheme 1.)
Fig 1. Alternative Schiff base ligands that used as biological reagents.
Recently, studies regarding the interaction of small molecule with
nucleic acids have great attention from researchers due to the role of
DNA as the carrier of hereditary information and the main cellular target
of many drugs [16,17]. Therefore, the binding of metal chelates to DNA
is the base of designing effective metal based antimicrobial and antitumor drugs [18,19].
Proceeding from the above facts, we herein aimed to synthesis
and characterize 1-((3,5-di-tert-butyl-2-hydroxybenzylidene)
amino)naphthalen-2-ol-5‑sodium sulfonate Schiff base ligand
(DSHN). Then this derivative was implemented to prepare its mononuclear Zn2+(DSHNZn) and VO2+ (DSHNVO) complexes. Also, DNA
binding properties of newly synthesized compounds were evaluated
by using different techniques. Moreover, elaborated biological activity was concerned, to evaluate the efﬁciency of such compounds.
Variable computerized studies were utilized to strengthen the
study, among that in-silico simulation approach was used to conﬁrm
in-vitro assay results.

2.2. Synthesis of 1-((3,5-di-tert-butyl-2-hydroxybenzylidene)amino)
naphthalen-2-ol-5‑sodium sulfonate (DSHN)
3,5-di-tert-butyl-2-hydroxybenzaldehyde (0.17 g, 1 mmol, in 20 mL
methanol) was added slowly with stirring to a mixture of 4-amino-3hydroxynaphthalene-1-sulfonic acid (0.24 g, 1 mmol in 20 mL
methanole) and triethylamine (TEA, 0.10 mL, 1 mmol). The reaction
mixture was heated for 2 h at 80 °C, cooling the mixture and then
treated with HCl (0.1 N) until pH ≈ 2. After vaporizing the solvent,
the product was isolated, recrystallized from methanol and dried
under vacuum. To obtain sodium salt of the ligand, the ligand was dissolved in methanol and treated with NaOH (0.1 N) dropwisely till
pH ≈ 7. The solid residue was obtained after solvent vaporization and
then recrystallized by water-methanol mixture (1: 1). The yield is
0.22 g (55%).
1
H NMR (DMSO‑d6, 400.1 MHz): δ 1.32 (s, (CH3)3\\, 9H), 2.01 (s,
(CH3)3\\, 9H), 7.41 (s, 1H), 7.51 (t, 3J = 7.2 Hz, 1H), 7.54 (d, 3J =
6.5 Hz, 1H), 7.74 (d, 3J = 6.8 Hz, 1H), 7.88 (d, 3J = 6.6 Hz, 1H), 8.50 (s,
1H) and 9.65 ppm (s, 1H,\\CH_N\\).
13
C NMR (100.6 MHz, DMSO‑d6, dept-135): δ 37.55 (CH3), 39.95
(CH3) overlap with solvent signals, 60.12 (Cq), 61.14 (Cq), 105.01
(CH), 107.91 (Cq), 110.16 (Cq), 114.99 (CH), 116.52 (CH), 116.90 (CH),
124.01 (Cq), 128.82 (Cq), 130.72 (CH), 132.51 (CH), 134.17 (CH),
141.15 (Cq), 147.11 (Cq), 163.76 (Cq), 166.06 (Cq), 170.11 (Cq) and
171.45 ppm (CH, CH_N) (Figs. S1 & S2).

2. Experimental
2.1. Materials, apparatus and procedures

2.3. Synthesis of complexes

All reagents and materials were purchased from commercial sources
without prior puriﬁcations. The chemical structure of DSHN ligand and
its complexes was suggested based on elemental analysis (EA) using
V2.3 model of GMBH varioEI at room temperature. The melting points
were recorded with a Gallenkamp (Sanyo). 1H NMR spectra
(DMSO‑d6) of DSHN and DSHNZn were measured using ARX400 Bruker,
FT-NMR multinuclear spectrometric apparatus (at ambient temperature) at 400.1 MHz for the proton and 100.6 MHz for the nuclei of
carbon-13. The magnetic property (at 25 °C) of DSHNVO complex was
evaluated using magnetic susceptibility balance of Sherwood Scientiﬁc
model apparatus, Cmbridge. FT-IR spectra were carried out by Cary
630 FT-IR spectrophotometer Agilent Technology (at 25 °C) using KBrdisc over 4000 to 400 cm-1 -range. UV–Vis spectra were obtained for
~1.0 × 10−5moldm−3(in DMSO) at 25 °C using UV-1800 Shimadzu
model over 190–800 nm range. Mass spectra (EI/MS) were measured
using MeOH/H2O Qtof Micro YA263 mass spectrometer. TGA curves
were obtained by using Shimadzu thermal analyzer (model TGA-50H)
under N2 gas, as inert surrounding. The ﬂow rate of N2 gas was 20 cm3
per min−1 and the heating rate was 10 °C/min up to 40–400 °C range.
Molar conductivity values (~ 1.0 × 10−3 mol dm−3) were estimated in

Aqueous solution (50 mL) from the ligand (2.38 g, 5.0 mmol) was
slowly poured to zinc acetate dihydrate (1.09 g, 5.0 mmol) or vanadyl
acetylacetonate (1.32 g, 5.0 mmol) which dissolved in 50 mL H2O (bidistilled). Each mixture was heated under reﬂux (3 h) at 80 °C with
magnetic stirring. A remarkable changes in the color of reaction mixture, veriﬁes the complexation. The solid complexes were appeared
after cooling at room temperature, then ﬁltered off, washed by diethyl
ether and left to dry. The complexes were recrystallized in H2O/ EtOH
(1,1) mixture and dried in oven (Table 1).
DSHNZn: 1H NMR (DMSO‑d6, 400.1 MHz): δ 1.36 (s, (CH3)3\\, 9H),
2.06 (s, (CH3)3\\, 9H), 7.09 (t, 3J = 7.0 Hz, 2H), 7.44 (s, 2H), 7.66 (d,
3
J = 6.6 Hz, 1H), 7.91 (s, 1H), 8.58 (s, 1H), 8.88 (s, 1H) and 11.72 ppm
(s, 1H,\\CH_N\\) (Fig. S3).
2.4. Molecular modeling
Applying a sophisticated program as Gaussian 09 [20], optimized
structural forms for DSHN-ligand beside its VO(II) and Zn(II) complexes,
were obtained. Density function theory method, was used for this

Scheme 1. Synthetic pathway of DSHN through condensation of 4-amino-3-hydroxynaphthalene-1-sulfonic acid with 3,5-di-tert-butyl-2-hydroxybenzaldehyde.
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Table 1
The analytical, physical properties and electronic transition assignments of DSHN, DSHNVO and DSHNZn.
Comp.

MW
(g mol−1)

DSHN(H2L)

477.55

[VO(L)H2O] (DSHNVO)

560.49

[Zn(L)H2O]H2O (DSHNZn)

577

Microanalyses
found %, (calc. %)

Yield (%)

C

H

N

63.12
(62.88)
53.82
(53.57)
53.20
(52.04)

5.67
(5.91)
4.75
(5.04)
4.98
(5.24)

3.07
(2.93)
2.31
(2.50)
2.65
(2.43)

m.p. (°C)

Color

μeff
(B.M.)

Electronic Spectra

52

244

Pale yellow

71

> 300

Bluish-grey

81

301

Yellow

λmax
(nm)

εma x
(mol−1 cm−1)

Assign.

278
224
358
271
326
259

4711
12,486
3617
7084
3183
5099

n → π*
π → π*
ML-CT
n → π*
ML-CT
n → π*

Λm
(Ω−1 cm2 mol−1)
DMSO

DMF

H2O

–

119

138

346

3.04

108

131

322

–

116

139

322

Notice: UV–Vis for 1 × 10−5 mol dm−3 in water (25 °C); molar conductivity for 1.0 × 10−3 mol dm−3 (25 °C).

optimization under two variable basis sets as valence double-zeta polarized basis set (6-31G) and correlation-consistent basis set (LANL2DZ).
All computational ﬁles (log, chk & fchk) were exported to obtain essential characteristics. Moreover, other signiﬁcant indexes were calculated
based on energy difference between ELUMO and EHOMO levels and applying so simple Eqs. [21].

control and DPPH in methanol was the negative control used. The
percentage of radical scavenging was calculated as follow (Eq. 3);


Ao −As
Ao


 100

ð3Þ

Where, Ao is the control potential and As is the sample potential.
2.5. Biological studies
2.5.3.2. SOD assay. SOD-like activity of complexes, was estimated
colormetrically using SOD kit according to reported method [24,26].

2.5.1. Antimicrobial activity
Antimicrobial activity of new synthesizes, was evaluated against different bacteria (i.e. Microccus luteus (G+), Serratia marcescence (G-),
and Escherichia coli (G-)) and fungi (Aspergillus ﬂavus, Getrichm
candidum, and Fusarium oxysporum). Stock solution from each tested
compound was prepared in DMSO and then 20 μM were applied into
6 mm discs at the centre. The antimicrobial potential was recorded
after 24 h incubation for the test compounds at 37 °C employing disc diffusion and microdilution assays [22,23]. Two reference drugs as
oﬂoxacin (antibacterial) and amphotericin B (antifungal) were used,
for comparison. Clear inhibition zones were appeared and measured
in mm and the activity index % were calculated as follow;
A¼

Inhibition zone ðmmÞ
 100
Inhibition zone of standard drug ðmmÞ

2.5.4. Reactivity with ctDNA
ctDNA stock solution was freshly prepared in Tris-HCl (5.0 mM) and
NaCl (50.0 mM) in aqueous medium, then the pH was adjusted at 7.5
and stored at 4 °C along 4 days [22,23]. The absorbance of ctDNAstock solution, was detected at 260 nm. Also, molar absorptivity coefﬁcient (ε) was found to be 6600 mol−1.cm−1 due to absence of protein
contamination. Consequently, the absorbance ratio at 260 and 280 nm
(A260/A280) for ctDNA stock solution was 1.83 [19,22]. Ethidium bromide (EB) was used as standard and its concentration was spectrophotometrically determined at 480 nm (5860 mol−1.cm−1). Stock solutions
of metal complexes (DSHNVO and DSHNZn) were prepared in DMSO.
Interaction of complexes with ctDNA was monitored through gradual
addition of 1.0 × 10−3 mol dm−3 from ctDNA at pH ≈ 7.5.

ð1Þ

2.5.4.1. Spectrophotometric titrations. UV–Vis spectra were obtained at
different ctDNA concentrations, which added to complexes [DSHNVO
& DSHNZn] that prepared in fresh DMSO. The absorbance values
were measured against blank solution that contains all additions except the tested compound. The binding constant (Kb), which indicates the strength of interaction, was obtained from the following
Eq. 4 [19,22]:

2.5.2. Anticancer activity
Aanticancer properties of newly synthesizes were evaluated spectrophotometrically against hepatocellular carcinoma (HepG2), breast
adenocarcinoma (MCF7) and colon carcinoma (HCT-116) cell lines.
Such was done by employing sulfo-rhodamine-b-stain (SRB) assay according to reported method [13,19,24,25]. ELISA microplate reader
(Meter tech. Σ 960, “USA”) was used to record absorbance at 564 nm.
Cells were seeded in 96-multiwell plates (104 cells/well) and serial dilutions were applied by using tested compounds. Cells were incubated at
37 °C for 48 h under 15% (v/v) CO2 humidiﬁed atmosphere and then
Sulfo-Rhodamine-B-stain (SRB) was applied. Vinblastine was the standard used and the corresponding IC50 values were determined by
Eq. 2 [24,25]:
IC 50 ð%Þ ¼

ControlOD −CompoundOD
 100
ControlOD

½DNA
½DNA
1

¼
þ
εa −εf εb −εf
K b εb −εf

ð4Þ

Where, εf, εa and εb are the extinction coefﬁcients of unreacted, partial reacted and full reacted ctDNA with tested complexes (DSHNVO and
DSHNZn), respectively. The extinction coefﬁcients (εa and εb) were derived from plots of Aabs versus compound concentrations [compound]
or ctDNA concentrations [DNA], respectively. While, Kb values were
the ratio of intercept / slope of obtained plots. Gibb's free energy values
(ΔG≠b), were determined from Eq. 5 [19,22]:

ð2Þ

ΔG≠b ¼ −RTlnK b

2.5.3. Antioxidant potential

ð5Þ

The chromism values could be determined through Eq. 6:

2.5.3.1. DPPH screening. DPPH assay was used to estimate free radical
scavenging capacity of DSHNVO and DSHNZn complexes according to
known method [13]. The molar absorptivity of the resulted solutions
were measured colormetrically at 517 nm against methanol (the
blank). Whereas methanolic solution of ascorbic acid was the positive

Chromism, % ¼

4

Afree −Abonding
Afree

ð6Þ
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followed by regulating potential energy. Sequentially, search on
receptors by implementing site-ﬁnder and then adjust dummies over
DNA-pockets. Finally, choose MDB ﬁle and starts the docking process
till ﬁnishing 30 poses. Such poses are controlled by London dG-scoring
function that really advanced twice-times by triangle-matcher [29]. Although, some of these poses were rejected due to their clashes with
DNA-pockets by unfavorable path. The true docking paths must follow
Van der Waal length of H-bonding, which mustn't exceed than 3.5 Å.
Each docking process produces speciﬁc interaction parameters according to docking patterns. Such data were used to rank interaction efﬁciency for the tested compounds and suggest the best one.

Where, Afree is the absorbance of free compounds (DSHNVO and
DSHNZn) and Abonding is the absorbance with alternative concentrations
of ctDNA at λmax of DSHNVO and DSHNZn.
2.5.4.2. Hydrodynamic reactions (viscosity method). Oswald microviscometer was used to evaluate the relative viscosities of interacted
compounds. Hence, evaluation for hydrodynamic interaction between
compounds (DSHNVO and DSHNZn) and ctDNA at room temperature
was performed [10]. The ﬂuidity time (sec) for various concentrations
of complexes (from 5.0 to 50.0 μM), in absence and presence of ctDNA
under inert conditions (N2 gas bubbling), could be determined using
Eq. 7. The derived viscosity of different complexes concentrations with
(η) and without ctDNA (ηo) [22]:
η¼

t−t o
to

3. Results and discussion
3.1. General characteristics

ð7Þ

Easy condensation for equimolar ratios from 4-amino-3hydroxynaphthalene-1-sulfonic acid and 3,5-di-tert-butyl-2-hydroxybenzaldehyde in basic medium (TEA), which followed by neutralization
by NaOH, sodium salt of the ligand (DSHN) was given. Interestingly, the
incorporation of sulfonate group into Schiff base structure, turn it into
water-soluble compound, which used in attractive green process. The
yield of desired ligand was not very good (55%), due to formation of
naphtho[1,2-d] oxazole derivative, as a side products [30]. The structural conﬁrmation of DSHN ligand (H2L) was carried out by NMR, IR,
UV–Vis. and mass spectra beside elemental analysis (EA) and conductance measurements (Table 1).
According to homologs M2+-Schiff base complexes [30],
DSHN reacted by 1:1 M ratio with Zn(OAc)2.2H2O and VO(acac)2
(Scheme 2). The chemical formulae of VO(II) and Zn(II) complexes
(DSHNVO and DSHNZn) were established based on spectral (mass, IR
and UV–Vis.) and analytical (EA, TGA, Λm and μeff), analyses, to be [Zn
(L)(H2O] H2O and [VO(L)(H2O] as displayed (Tables 1 and 2).
The data displayed reﬂect the purity (from EA) and stability (high m.
p.) of isolated complexes beside their solubility (in H2O, DMSO & DMF).
Furthermore, stability of DSHNVO and DSHNZn complexes, was conﬁrmed in standard universal aqueous buffers at 25 °C [31] over pH 2.3
to 10.1 region (Fig. 2).

Where, t is the ﬂuidity time for the compounds and ctDNA, whereas,
t° is the total time of ﬂuidity of complex. The relative values of viscosity
(η/η°) were estimated from plot of viscosity against 1/R. The values of R
could be derived from Eq. 8:
R¼

½DNA
½Compound

ð8Þ

[DNA] is the molar concentration of ctDNA, whereas, [compound] is
the molar concentration of the complex.
2.5.4.3. Agarose-gel electrophoresis. Agarose gel electrophoresis is considered important tool to study the effect of the tested compound on
ctDNA degradation [10,13,14]. A stock solution from each complex
(20.0 mg) was prepared in 20.0 mL DMF. Then, 25.0 μM of complex
was mixed with DNA (Calf-thymus-DNA, ctDNA) and kept under incubation at 37 °C for 1 h. After that, a sample from the mixture (30.0 μL)
was taken and poured to equimolar ratio bromophenol blue dye and
then transferred to electrophoresis chamber wells. Such is parallel to a
standard sample of pure DNA marker in TBE buffer solution, i.e.
50 mM Tris-base (in pH ≈ 7.2) which mixed with 1.0 mM EDTA/1.0 L.
The running of gel was monitored by applying 60 V for ~45 min in electrophoresis chamber [10,13,19,22].
Agarose gel was prepared by dissolving 600.0 mg in hot tris-acetateEDTA buffer (TAE) (60.0 mL). TAE was prepared by mixing 4.84 g Trisbase (pH ≈ 8.0) with 0.5 M EDTA L−1. The resulted mixture was boiled
and stirred for 10 min until homogeneity. The solution cold down and
then poured into a ﬁtted gas cassette contacted with the comb. The obtained gel was cold gradually till 25 °C and then solidiﬁed. In electrophoresis chamber, the obtained solid gel was placed with TAE buffer. By
taking photos with genius 3 Panasonic DMC-LZ5 Lumix, the mobility
in agarose gel was documented [10,13,26].

3.2. NMR spectra
1
HNMR spectrum of DSHN showed a singlet signal at 9.65 ppm,
which corresponds to\\CH_N\\ proton (Figs. S1-S4). Other multiplet
signals at δ (ppm) 7.41–8.50 range for protons of phenyl and naphthyl
rings. In aliphatic region, two singlet signals at 1.32 and 2.01 ppm,
were assigned to methyl of two tert-butyl groups. Also, 13C NMR spectrum displayed characteristic signal at 171.45 ppm for \\CH_N\\
group. While, the two signals at 37.55 and 39.95 ppm are convenient
for methyl of two tert-butyl groups. Furthermore, signals at 60.12 and
61.14 ppm attribute to C(CH3)3. 1HNMR spectrum of DSHNZn, exhibited
signiﬁcant shift for\\CH_N\\signal to high value (11.72 ppm) in comparing to free DSHN, due to complexation. The rest of signals did not
show signiﬁcant changes.

2.6. MOE-docking procedure
Molecular Operating Environmental module (Vs. 2015), which is a
credible and accurate program that simulate the behavior of proposed
drug towards variable pathogen-proteins as,1cca, 1jnx, 1smp, 2 h80
and 5ajh. The ligand (DSHN) and its two complexes were tested
through such in-silico approach versus co-crystal PDB structure, which
assigned in Fig. S4 [27]. Before starting the simulation process, many orientation steps must be done with respect to each tested compound as
well as the DNA. Firstly, each tested compound must suffers energy
minimization through optimization step, followed by adding atomic
charges and controlling potential energy. In addition to, other signiﬁcant parameters must be adjusted by MMFF94x force ﬁeld, then the
compound saved in a new database as MDB ﬁle [28]. Secondly, DNA
co-crystal PDB ﬁle suffers orientation steps started by adding H-atoms
over selected receptors. Then, connecting receptor types which was

3.3. Electronic spectra
Quantitative electronic transitions for diluted aqueous solutions of
DSHN(H2L), DSHNVO and DSHNZn were recorded by UV–Vis. spectroscopy (Fig. 3). λmax for electronic transition bands and molar absorptivity
(ε in mol−1 cm−1), were calculated and listed (Table 1). Spectrum of
DSHN showed two electronic transitions at 224 and 278 nm which correspond to π → π* and n → π* types, respectively. Particularly, DSHNVO
and DSHNZn spectra, n → π* band was disappeared, whereas, π → π*
transition was shifted to 271 and 259 nm, respectively. Interestingly,
new bands at 358 and 326 nm, were appeared in their spectra, respectively. Such bands correspond to M → LCT (CT, charge transfer)
5
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Scheme 2. Synthesis of DSHNVO and DSHNZn complexes.

Table 2
Characteristic IR spectral bands (ν, cm−1) of DSHN, DSHNVO and DSHNZn.

3.4. IR spectra

Comp. Group

DSHN

DSHNVO

DSHNZn

O\
\H(water)
O\
\H
C\
\H(arl)
C\
\H(al)
CH_N(azomethine)
C\
\N
S\
\O−
S_O
M\
\O
M\
\N
V_O

–
3281
3062
2962
1653
1243
1163
1473

3350,1672
–
–
2915
1569
1250
1149
1481
548
519
938

3422,1661
–
3061
2941
1599
1257
1148
1480
510
500(sh)

Signiﬁcant IR-spectral bands for DSHN and its complexes (Fig.
S5-S7), were presented in Table 2. DSHN-spectrum, displayed ν(OH)
−1
, which disappeared in complexes spectra
phenolic at 3281 cm
(DSHNVO and DSHNZn). This is due to ionization of the group and
followed by its covalent attachment with metal ions [34]. The band at
1653 cm−1 in DSHN-spectrum that attributes to ν (C_N) of azomethine group, was shifted to 1599 and1569 cm−1 in the two complexes, respectively. This feature of OH and CH_N, supports their participation in coordination as ONO donors for dibasic tridentate mode
of bonding. Two characteristic bands for ν(S_O) and ν(S\\O\\) were
appeared at 1473 and 1163 cm−1 in DSHN-spectrum, respectively and
did not suffer any change [33,34]. The coordinating water molecules effect on broadness centered at 3422 and 3350 cm−1in two complexes
spectra. In addition, ρr(H2O) and ρw(H2O) bands were recorded at
854; 831 cm−1 and 752; 766 cm−1, respectively. The bands of ν(M-O)
and ν(M-N) were presented in complexes spectra beside ν(V_O)
band, which appeared at 938 cm−1 [35].

ar = aromatic ring, al = aliphatic chain, sh = shoulder.

transition [32,33]. Logically, Zn(II) complexes have a limited conﬁgurations which independent on their UV–Vis spectra, due to absence of d-d
transition band. Here and based on aggregated analyses, the complex
suggested to be tetrahedral with SP3 hybridization. The obscure of
2
B2 → 2E and 2B2 → 2B1 transitions within square-pyramidal VO(II) complex, may refer to using unsuitable concentration at ˃ 400 nm. As seen,
implementing quantitative analysis reveals a very low absorption in
deep visible region, which must include targeted d-d transition band.
Consequently, its square-pyramidal conﬁguration was proposed based
on all other analyses.

3.5. TGA analysis
Thermogravimetric analytical can evaluate and characterize the presented water molecules which may be coordinating with metal ion or
physically attached outer the sphere. The TGA curves of two complexes
(Fig. S8), seem to be identical due to extent of structural similarity. The
curves displayed thermal stability till ≈ 100 °C, and followed by

Fig. 3. Comparable electronic spectral scans of DSHN, DSHNVO, and DSHNZn in aqueous
medium at 25 °C.

Fig. 2. pH effect on DSHNVO and DSHNZn in aqueous medium at 25 °C.
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[36]. Schiff bases may rarely cause aerial oxidation for V4+ ion to V5+ion in
alcoholic medium [37]. But here, such oxidation completely excluded, due
to the preparation was already carried out in aqueous medium [38].

successive degradation stages which ended at ≈ 400 °C. TGA curve of
DSHNVO complex, displayed two degradation stages which started at
180 °C and the ﬁrst stage exhibited 3.2% mass loss. This mass attributes
to coordinating water molecule (calcd. 3.2%). While, DSHNZn displayed
three degradation stages, the ﬁrst stage (100–140 °C) displayed loss of
crystal H2O by mass loss of 2.6% (calcd. 3.1%) [32]. Also, the second degradation stage attributes to loss of other coordinating one by 3.6% (calcd.
3.1%). After removal of water molecules, the TGA curves reﬂect thermal
rigidity of two complexes based on high residual percentages that reach
up to 90%.

3.8. Common characteristics
Under DFT method through 6-31G and LANL2DZ basis sets, DSHN ligand beside its VO(II) and Zn(II) complexes were conﬁgured to produce
their best structural forms (Fig. S11). Three computational ﬁles were
exported (log, chk & fchk), which included all physical properties calculated according to numbering scheme. The distribution of functional
groups over ligand-structure, was oriented easily in Cis-form during the
coordination without unfavorable strain in the bonds. Furthermore,
HOMO and LUMO images (Fig. 5) were obtained during visualization for
fchk-ﬁles and built over new cubic contour. HOMO level is concentrated
on hydroxynaphthalene-1-sulfonate within the ligand, while in the complexes appeared prolonged over the whole molecule, particularly around
the central metals. Also, LUMO level appeared broad in the ligand
(DSHN), while focused around central atom in the complexes. In addition
to, important physical indexes estimated based on frontier energy gaps,
were electrophilicity(ω),global hardness(η), chemical potential(μ),
absolute-softness(σ), electronegativity (χ) and global softness (S)
(Table 3). The following notes are collected about such indexes; i) the energy gaps (ΔE) were signiﬁcantly minimized in complexes, which reﬂects
the ease of electronic transitions after complexation. ii) Absolute-softness
(σ) and global softness (S) which adverse to global hardness(η), appeared
moderate values that expects mild characteristics of investigated compounds. iii) Electrophilicity (ω) values appeared fairly high with the two
complexes, which reveal their ability to acquire electrons from surrounding that is a preferable feature in biological activity. iv) Dipole moment
values (Ddebye) appeared lower with the two complexes, which clariﬁes
the reduced polarity over the molecule that is preferable for lipophilicity
[39,40]. The heat of formation values (E, a.u.), reﬂect high stability of VO
(II) and Zn(II) complexes in comparing to DSHN ligand.

3.6. Mass spectra
Mass spectra of DSHN, DSHNZn and DSHNVO, were executed to assert on their chemical formula (Figs. 4, S9 & S10). DSHN showed remarkable closer peaks at m/z = 478.2 and 477.1, which refer to molecular ion
peak (calcd. 477.6) for [M+] [33]. Other peak was recorded at m/z =
454.1 m/z in accordance to [M+– Na+] ion. Moreover, the base peak
+
was noticed at 374.25 m/z that belongs to [M+ − SO−
3 Na ] ion. Spectra
of DSHNVO (Fig. 4) and DSHNZn, displayed molecular ion peaks at m/
z = 584.0 (calcd. 560.5) and 580.3 (calcd. 577), respectively. Regarding
DSHNVO complex, the difference in found/calculated mass of molecular
ion peak, may refer to presence of Na+, which may be contaminated
from preparation medium [34,35]. The plausible fragmentation pattern
was depicted on the ﬁgure displayed. While, the second molecular ion
peak of DSHNZn spectrum, attributes to M++2, due to isotopes of sulfur
atom. It is worthy to note that, the peaks for metal isotopes could
remarked up to m/z = 50–70 range.
3.7. Conductivity and magnetic measurements
The polar substituent (Na+ SO−
\) in DSHN, DSHNZn and DSHNVO,
3\
improved their molar conductivities (Λm). The values were obtained in
DMSO, DMF and H2O solvents (Table 1) for conﬁrmation. As expected,
high conductivity feature was recorded for all of them referring to integral
substituent (sulfonate anion). The magnetic moment value (Table 1)recorded for VO(II) complex (2.76 B.M) was appeared more than spin-only
moment value (1.73 B.M), due to orbital-orbital contribution for d1 system

3.8.1. Electrostatic potential and isosurface maps
MEP maps (electrostatic potential) (Fig. 6) are used to discriminate electrophilic, nucleophilic and zero potential zones. Such

Fig. 4. EI/MS spectra of DSHNVO complex.
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Fig. 5. HOMO and LUMO images for DSHN, DSHNVO and DSHNZn complexes.

of isosurface with array plots (Fig. 7), were obtained also from new
cubic contours over fchk ﬁles. While, this map was demonstrated
by measuring electron density over several points on surface-grid
and then connected with each other's to obtain isosurface shape
with array plots. As shown, broad yellow lines were appeared as
the inner contour, while the red lines appeared with lower volume
as the outer contour. This feature indicates unsaturated surface
boundary, which may accept electrons from surrounding [42].

chromatically discriminated by, blue, red and green colors, respectively to verify the mode of coordination truly proposed from spectral analysis. This map type was built from fchk ﬁles and through
new cubic contour [41]. Nucleophilic favorable feature was dominated for OH, C_N and sulfonate S_O groups, although S_O did
not have suitable orientation for coordination. The polarity features
did not reversed after complexation, but mainly enhanced due to
charge transfer inside the complexes. On the other side, the maps

Table 3
Some physical indexes (eV) calculated based on frontier energy gaps for DSHN, DSHNVO and DSHNZn.
Comp.

EH

EL

EH-EL

EL-EH

x

μ

η

S(eV−1)

ω

ϭ

D(debye)

E(a.u.)

DSHN
DSHNZn
DSHNVO

−0.1197
−0.1989
−0.2121

−0.0655
−0.1115
−0.1274

−0.0541
−0.0874
−0.0847

0.0541
0.0874
0.0847

0.0926
0.1552
0.1697

−0.0926
−0.1552
−0.1697

0.0271
0.0437
0.0424

0.0135
0.0218
0.0212

0.1585
0.2757
0.3400

36.9617
22.8912
23.6016

12.968
7.3449
9.0120

−1953.4739
−3037.4454
−3794.8198
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Fig. 6. MEP maps for optimized structures for of DSHN ligand and its complexes.

Fig. 7. Iso-surface with array plots for DSHN ligand and its complexes.
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to SO−
3 group played role in crystal packing of Zn(II) complex only
[45]. Some crystal surface properties were aggregated (Table 4), to assert on packing features. A strong contact property was strongly expected for the three compounds, particularly Zn(II) complex that has
lower asphericity and higher globularity. Moreover, 2D-ﬁngerprint
plots were established, to deﬁne the contribution of elements in contact
surface of crystal models (Fig. S12). With respect to DSHN ligand, the elemental contribution is as follow; C–H(46.8%), N–H(9.2%) and O–H
(44.0%). Furthermore and with respect to VO(II) complex, the elemental
contribution is as follow; C–H(36.1%), O–H(26.2%) and V–H(29.2%),
while Zn(II) complex displayed signiﬁcant role of H\\H bond (88.9%).

3.9. Hirshfeld surface properties
Applying crystal explorer software 3.1 [43], the models of crystal
units were demonstrated on ﬁles after orientation by VESTA package
[44], to be suitable for crystal preparation. 3D-models have been built
by normalized contact distance (dnorm) and curvedness types, to realize
some important properties. The dnorm models of DSHN beside its VO(II)
and Zn(II) complexes (Fig. 8,A), differentiate the contact strength inside
crystal packing. Three colors were used for this purpose, red, white and
blue, which belong to strong, moderate and weak contact, respectively.
This suggestion is based on distance between neighboring surfaces according to Van der Waals radii, the shorter the distance, the stronger
the contact in between neighboring surfaces. Also, curvedness models
displayed the division of surface into patches suitable for contact with
another molecular surface within crystal packing (Fig. 8,B). As seen in
crystal models, broad red spot was recorded around OH and C_N
groups in the ligand, while its complexes the metal atom contributes
as additive contact point. These are the best contact sites in addition

3.10. DNA binding studies
3.10.1. Spectrophotometric titration
UV–Vis. spectroscopy method is widely used for detecting interaction or binding ability of small molecules with DNA. Interaction of complexes is derived from either hypochromism or bathochromism,

Fig. 8. Hirshfeld surfaces 3-D models by d norm (A) and curvedness (B) for DSHN, DSHNVO and its DSHNZn complexes.
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Table 4
Hirshfeld surface properties of DSHN, DSHNVO and DSHNZn.

Table 5
Spectral parameters for DNA interaction with DSHN, DSHNVO and DSHNZn.

Properties

DSHN

DSHNVO

DSHNZn

Volume (Å3)
Area (Å2)
Globularity
Asphericity

252.77
275.51
0.702
0.146

1347.16
923.54
0.639
0.091

2331.24
1111.22
0.765
0.011

Comp.

DSHN

λmax λmax
free
bound
(nm) (nm)

229
242
317
DSHNZn 239
251
270
290
360
387
429
DSHNVO 240
252
271
289
361
386
418

through strong stacking of the ligand (e.g., aromatic chromophore) with
DNA base pairs. Furthermore, each compound can bind with DNA by
different modes based on nature of molecule as its structure and
charges. Generally, change in absorbance and/or shift in peak position
are observed, when the molecule interact with DNA [46,47]. The
strength of interaction is correlated with the magnitude of changes. In
case of covalent binding, the labile ligand of complex can be replaced
by nitrogen base of DNA such as guanine N7. While, non-covalent or
intercalative binding, may be electrostatic or through penetration in
major / minor grooves that appeared due to deterioration of DNAhelix. Intercalative binding, may be happened through π*-orbital of
the ligand, which can couple with π-orbital of DNA base pairs (i.e.
Fig. 9 and S13). Thus and under inﬂuence of increasing DNA, the energy
of π → π* transition was decreased and leads to hypochromism [48–50].
Accordingly, the hyperchromic shift suggests electrostatic interaction
between negatively charged DNA and electrpositive molecules
(p‑sodium sulphonate group).The determined intrinsic binding constants (Kb) at deﬁnite ΔG for the investigated complexes, were shown
(Table 5).

229
242
317
239
252
270
289
361
387
418
239
252
270
289
352
368
385

Δn

Chromism
(%)

Type of
Binding
Chromism constant
(Kb) × 105

ΔG,
K J mol−1

0
0
0
0
−1
0
1
−1
0
11
1
0
1
0
9
18
33

1.28
3.77
−9.32
1.70
2.72
3.26
4.62
6.94
1.74
9.84
8.84
8.99
9.04
10.55
23.59
24.86
26.92

Hypo

2.16

−28.93

Hypo

3.04

−30.59

Hypo

2.52

−30.13

3.11. Biological activity
3.11.1. Gel electrophoresis for DNA-degradation
Gel electrophoresis technique is used to investigate the effect of
tested complexes on DNA-degradation. DNA gel before and after mixing
with investigated complexes, it could be seen that the staining intensity
of the gel was slightly reduced with presences of complexes. With respect to DSHNZn, DNA staining intensity disappeared due to complete
degradation for DNA (Fig. 10). Therefore, the effect of these complexes
on proliferation of pathogen, could be expected after such genomic
effect.

3.10.2. Viscosity measurements
Viscosity measurements were performed by variable binding features with DNA. This measurement type is sensitive to changes in
DNA as the length which may take place due to interaction with the
complex. As shown (Fig. S14), the plots of relative viscosity (η/η)1/3versus r = [complex]/[DNA] ratio (0–0.5), illustrate the signiﬁcant increase
in relative viscosity of DNA with increasing complex concentration. This
is similar to positive intercalate reference Ethidium Bromide (EB)
[51–53]. Thus, the overall increase in DNA length and viscosity may be
due to intercalation with the complex.

3.11.2. Antimicrobial activity
Interesting results from DNA-binding studies, encouraged us to investigate their corresponding antimicrobial activities. Therefore, the antimicrobial activity of all synthesizes, was tested against Microccus
luteus(G+), Serratia marcescence and Escherichia coli(G-) bacteria as
well as Aspergillus ﬂavus, Getrichm candidum and Fusarium oxysporum
fungi. The results obtained (Table S1) as inhibition zone and activity

Fig. 9. Absorption spectra of DSHNVO (10−3 mol dm−3) in 0.01 mol dm−3Tris buffer
(pH 7.5, 298 K) in absence (lower) and presence of CT-DNA (top) [CT- DNA] (0–50) μm.

Fig. 10. Interaction of complexes with CT-DNA by agarose gel electrophoresis; lane 1: DNA
ladder; lane 2: CT-DNA+ DSHNZn and lane 3: CT- DNA+ DSHNVO complex.
11

A.M. Abu-Dief, N.M. El-Metwaly, S.O. Alzahrani et al.

Journal of Molecular Liquids 322 (2021) 114977

Fig. 11. Histogram showing MIC for investigated compounds against Micoccus Luteus bacteria and Aspergillus ﬂavus fungus.

3.11.3. Cytotoxicity
Anticancer activity of new synthesizes, was examined against three
human cancer cell-lines as: HCT-116, MCF-7 and HepG-2 cells. Vinblastine was the standard used and the corresponding IC50 values were determined (Table S3, Fig. 12). After treatment by tested complexes,
generally the growth of cancer cells (MCF-7, HepG-2, HCT-116) was decreased through concentration-dependent manner. However the antiproliferative activity less than vinblastine, but DSHNZn, and DSHNVO
exhibited very good cytotoxicity. While, the ligand did not exhibit any
considerable toxicity [58,59]. Cytotoxicity was more pronounced
against MCF-7 compared to other cancer cells, particularly with
DSHNZn complex. These outcomes were excellently coincided with
that obtained from antimicrobial screening.

Fig. 12. IC50 values of the DSHN imine ligand and its complexes against human colon
carcinoma cells (HCT-116 cell line), breast carcinoma cells (MCF-7 cell line) and hepatic
cellular carcinoma cells (HepG-2 cell line).

3.11.4. Antioxidant assessments
3.11.4.1. DPPH assay. Collectively, the DNA binding, antimicrobial and
anticancer studies, point to potential activity of newly synthesized compounds. These encourage us to investigate their redox properties which
may also take part in their interesting activities. Such activity was evaluated via DPPH assay (Table S4). This assay relies on color decay (at
517 nm) of 1,1-diphenyl-2-picryl-hydrazine radical (violet color)
upon the reaction of DPPH with free radical scavengers [60,61]. The
number of scavenged electrons was stoichiometric to the reaction.
Ascorbic acid was used as a positive control, while negative control
was consists of methanolic solution for DPPH and the blank is methanol
only. The percentage of scavenging activity (%) was estimated from this
relation; activity (%) = [(control sample absorbance – test sample absorbance)/ control sample absorbance] × 100. All tested compounds
demonstrated moderate antioxidant activity compared to ascorbic
acid (Table S4).

index (%), were compared to reference drugs (oﬂoxacin and
amphotericin B). The two complexes exhibited higher antimicrobial activity speciﬁcally DSHNZn than the free ligand. This feature is expected
due to preferable inﬂuence of metal ion according to Overtone's and
Tweedy's concept [54–56].
The microdilution method (MIC) results (Table S2, Fig. 11) are in a
good agreement with disc diffusion assay. The data reﬂect that the
DSHNZn complex (MIC: 3.75, 5.25 and 1.25 μM) has the best antibacterial activity against S.marcescence, E. coli and M. luteus. It was known
that, the complexation enhances lipophilicity due to delocalization of
π-electrons among the complex sphere and reduced metal charges.
This in turn improve diffusion through cell membrane and facilitates interaction with biological systems [53,57].

Table 6
Estimated interaction parameters for DSHN, DSHNVO and DSHNZn versus many pathogen-proteins.
Compounds

Protein

ligand

Receptor

Interaction

Distance(Å)

E (Kcal/mol)

S(energy score)

DSHNZn

1cca
1jnx
1smp
2 h80
5ajh
1cca
1jnx
1smp
2 h80
5ajh

O32 Na36
Na36 O64
–
O64 O32 Na36
Na36
O63
–
–
O63
N7 O36 O33

NH2 ARG 127 (A) OE2 GLU 267 (A)
OD1 ASN 1774(X) OE1 GLU 1836(X)
–
OXT LYS 81 (A) ND2 ASN 72 (A) O ASN 72 (A)
OE1 GLN 108 (C)
OD2 ASP 136 (A)
–
–
OE2 GLU 60 (A)
OG1 THR 81 (C) OD1 ASP 84 (C) NH2 ARG 79 (C)

H-acceptor metal
Metal ionic
–
H-donor H-acceptor metal
metal
H-donor
–
–
ionic
H-donor H-donor H-acceptor

2.86 2.62
2.80 2.78
–
3.14 3.06 2.89
2.70
2.60
–
–
2.60
3.29 2.58 3.09

−3.4 -3.0
−0.9 -6.2
–
−9.3 -2.0 -0.9
−1.4
−1.7
–
–
−7.8
−2.3 -10.4 -4.3

−7.5582
−5.3077
−6.2216
−6.7061
−5.377
−6.3082
−5.4922
−6.2305
−6.3008
−5.0219

DSHNVO
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Fig. 13. Docking validity patterns (A) and interaction potential (B) for DSHNVO complex with variable pathogen-proteins.

towards the used proteins was as follow; 1cca ˃2 h80 ˃ 1smp ˃5ajh
˃1jnx. Consequently, promising inhibition feature for Zn(II) complex
was commonly recorded speciﬁcally with free radical, liver cancer and
breast cancer. Although, its interaction with serratia marcescence
(1smp) reveals distinguish scoring value (−6.2216 Kcal/mol), the
docking path is unknown.
V) Also, according to scoring energy values (S, Kcal/mol) and with
respect to DSHNVO docking-complexes (Fig. 13), the inhibition order
towards the used proteins was as follow; 1cca ˃2 h80 ˃ 1smp ˃1njx
˃5ajh. Consequently, mild inhibition feature for VO(II) complex was
commonly recorded but displayed signiﬁcant interaction with free radical and liver cancer. However, its interaction with breast cancer and
serratia marcescence exhibited distinguish scoring values as −5.4922
and − 6.2305 Kcal/mol, respectively, the docking path is unknown.
Vi) Considerable formation energy values, reﬂect the stability of
docking complexes produced.
Vii) Broad ligand exposure surface as well as proximity contour, reﬂects intensive presence for uncovered sites during interaction. This appearance points to lack of full coverage and weak or moderate
interaction [64].

3.11.4.2. SOD assay. Antioxidants (e.g., SOD, catalase, GPX) cause pivotal
neutralization for reactive oxygen species such hydrogen peroxide and
superoxide radical (O.-2 ). The metalloprotein catalyzes scavenging O.-2
via copper and zinc catalytic sites. Therefore, it is possible to estimate
SOD-like activity for tested compounds by evaluating their O.-2 captured
capacity [58]. SOD-like activity of the complexes was spectrophotometrically evaluated using SOD kit and O.-2 inhibition % were shown
(Table S4). In general, all tested metal complexes exhibited good inhibition %. Interestingly, DSHNZn complex exhibited excellent activity
(92%) in coinciding with all previous activates. Despite of using DPPH
and SOD assays, it is not necessarily generalized this in-vitro results on
in-vivo effect, particularly, when ADME factors were not considered.
3.12. In-silico assay through MOE-docking
MOE module, is known by its high accuracy in evaluating biological
efﬁciency of any designed drug towards deﬁnite pathogen proteins before practical application. Such in-silico approach was applied on
DSHNVO and DSHNZn against variable PDB ﬁles as 1cca, 1jnx, 1smp,
2 h80 and 5ajh, to conﬁrm in-vitro assay results and strengthen the
study. Sequentially, these co-crystal structures attribute to free-radical
producer, breast cancer, serratia marcescence, liver cancer and fusarium
oxysporum, as displayed in Fig. S4 [62]. Antagonist efﬁciency of the
tested compounds measures their success in blocking the grooves or
pockets within protein helix. This behavior reﬂects the effective role in
pharmacological design of the compound towards pathogen cells.
Therefore, all interaction features were aggregated (Table 6 & Fig. 13,
S15) to judge on interaction efﬁciency of tested complexes versus selected proteins. Thus, ligitional sites, amino acids residues, allosteric
binding types towards protein-pockets (Table 6 & Fig. 13, S15) offer
the following observations;
I) The interacting amino acid residues assigned for polar or nonpolar
receptors, were appeared as pink and green circles. Also, H-bonding or
proximity contour was exhibited as dotted straight green lines or
other curvature surrounds ligand exposure sites that able to interact, respectively [63].
Ii) Effective allosteric binding agrees with Van der Waal which strict
the length of H-bonding to be ≤3.5 Å.
Iii) Generally, the binding sites were O32, 63; N7 and Na36 that
bonded with amino acid residues as, ARG79, 127; GLU 60, 267, 1836;
ASN 72, 1774; ASP 84, 136; ARG 79 and LYS 81. The inter-ligand binding
covered all kinds, such as, H-donor, H-acceptor, metal and ionic.
Iv) According to scoring energy values (S, Kcal/mol) and with respect to DSHNZn docking-complexes (Fig. S15), the inhibition order

4. Conclusions
Herein we report synthesis of water-soluble ligand, which used to
synthesize DSHNVO and DSHNZn complexes. The chemical formulae
of new compounds were suggested based on 1H &13C NMR, IR, UV–
Vis, EA, mass, TGA, conductance measurements, and magnetic
susceptibility. The interaction of complexes towards DNA, was examined by spectrophotometric titration, hydrodynamic and gel electrophoreses techniques. Computational studies were implemented as
geometry optimization and Hirshfeld surface properties, to assert
on mode of bonding as well as to recognize crystal packing features,
respectively. Furthermore, elaborated antimicrobial, antitumor and
antioxidant screening were conducted over new compounds and
DSHNZn appeared as a promising therapeutic agent. In-silico
approach was concerned to conﬁrm in-vitro results as well as to
strengthen biological study.
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