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By refluxing 4-nitro-o-phenylenediamine and 5-nitro salicylaldehyde, a new Schiff base ligand was synthesized. By reacting the appropriate
precursor with the tetradentate Schiff base ligand, three nitro-substituted nickel(II), zinc(II) and cadmium(Il) complexes were synthesized.
UV-Visible, FTIR and "H NMR spectral investigations were used to characterize the ligand. Molar conductance, LC-MS, UV-visible and
FTIR spectrum analysis were used to characterize the synthesized metal(Il) complexes. The ligand and metal(II) complexes were also
tested for antibacterial activity. DFT simulations were performed at the B3LYP/6-311G (d,p) and LanL.2dz levels of theory were utilized

LUMO, as well as the molecular electrostatic potential (MEP), were computed. Molecular docking investigation were conducted utilizing
the active sites of the E. coli FabH-CoA complex (PDB ID: 1HNJ) receptor in order to detect the interactions between metal(II) complexes

and define their likely binding locations.

INTRODUCTION

Considering the numerous uses for Schiff bases and their
metal complexes, coordination chemistry has advanced and there
is still much difficult work to be done on Schiff base metal(II)
complexes and their many industrial applications [1]. A geometric
restriction is frequently imposed by the system in a Schiff base
and this has an impact on the electrical structure as well [2,3].
The C=N linkage is essential necessary for biological action
in azomethine derivatives. There have been numerous reports
of azomethines having exceptional antibacterial and antifungal
properties [4-7]. Schiff bases are used in a variety of industrial,
analytical, catalytic, agrochemical and biological processes [8].
They have attracted a lot of attention from the scientific comm-
unity because they are easy to synthesize and complexation
with the metals. Regarding the evaluation of novel, more effec-
tive antibacterial medicines with little toxicity, due to their
structural collection and preparative accessibility, Schiff base
complexes are found to be the most significant stereochemical
models in main group and transition metal coordination chemistry

[9].

|
to study the geometry of the Schiff base ligand and the metal(II) complexes. In addition, the molecular orbital occupancy of HOMO and |
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To better understand the structure and biological activities
of biomolecules, Schiff base transition metal complexes have
been used as biological models. Thus, in this work, we describe
the synthesis of symmetric tetradentate Schiff base derived
from 4-nitro-o-phenylenediamine and 5-nitrosalicylaldehyde
and its metal complexes of nickel, zinc and cadmium and their
biological characteristics.

EXPERIMENTAL

All chemicals and solvents procured in this work were
used without further purification. 5-Nitrosalicylaldehyde and
4-nitro-o-phenylenediamine was purchased from Sigma-Aldrich,
USA, whereas the metal(IT) acetate were procured from Spectro-
chem Pvt. Ltd. The infrared spectra were recorded using KBr
discs in the 4000-400 cm™ range. The 'H NMR spectrum was
recorded in DMF and the chemical shifts were compared to
tetramethylsilane (TMS) as an internal standard.The UV-visible
spectrophotometer was used to record the spectrum at room
temperature. The DMF as the solvent was used to analyzed
the conductivity measurements.
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Synthesis of Schiff base ligand (L;): A solution of 5-nitro-
salicylaldehyde (20 mmol) dissolved in 20 mL of ethanol was
added to an ethanolic solution of 4-nitro-o-phenylenediamine
(10 mmol) and stirred for 30 min using magnetic stirr followed
by 6 h of refluxation at 80 °C and then finally cool to room
temperature. After some time, a yellow solid precipitate was
filtered, washed with warm ethanol and dried (Scheme-I).

Synthesis of metal(II) complexes: A Schiff base ligand
solution (2 mmol) in 20 mL in absolute ethanol was added to a
ethanolic solution of corresponding metal(II) acetate (2 mmol)
and stirred for 30 min using magnetic stirr followed by 6 h of
refluxation at 80 °C and then finally cool to room temperature.
The filtered precipitate washed with distilled water then dried
after being rinsed with hot ethanol (Scheme-I).

DFT calculations: The programs GAUSSIAN 09 [10,11]
and CHEMBIODRAW Ultra 12.0 [12,13] were utilized through-
out all of the computational procedures involving the synthesized
Schiff base ligand as well as its metal(II) complexes. Using
the density functional theory (DFT), with Becke 3-parameter
(exchange) Lee-Yang-Parr (B3LYP) [14,15] with the LANL2DZ
basis set [16,17] for the metal atoms and the 6-311G(d,p) basis
set [18,19] established for the other atoms, the geometries of the
examined metal(Il) complexes were entirely optimized. Some
quantum chemical parameters, such as ionization potential (IP),
electron affinity (EA), energy gap (AE), electronegativity (),
chemical potential (l), chemical hardness (n), softness (G)
and electrophilicity index (®), nucleophilicity index (Nu) and
maximum electronic charge (ANwn.x) were determined by using
HOMO and LUMO energies [20-24].

Molecular docking investigation: In order to validate the
therapeutic potential of the compounds in question, a molecular
docking analysis was run on them against the 1HNJ protein
utilizing the MOE package. The 1HNJ code refers to the FabH-
CoA complex in E. coli. The FabH receptor is thought to be the
target when attempting to determine the antibacterial capabi-
lities of compounds found in nature [25]. FabH has a role in

O.N H
0
+ 2
O,N OH
HN NH,

5-Nitro salicylaldehyde

0N

4-Nitro-o-phenylenediamine

Ethanol, 80 °C

the production of fatty acids through the process of biosynthesis.
From the protein database (http://www.rcsb.org), we were able
to get the three-dimensional structure of the target protein
receptor. The substances that were being examined served as
the substrate. An examination of molecular docking was carried
out with the use of the molecular overeating environment (MOE)
program. In order to prepare the substrate, each chemical was
first optimized using the process of energy minimization, then
a new database was created and the file was eventually stored
in MDB format. In order to prepare the receptor, the target
receptor was subjected to the addition of hydrogen atoms, the
connection of different types of receptors, the fixing of potential
energy and lastly, the search for active pockets and the produ-
ction of dummies. To assess the nature of the interactions and
rate the inhibitory activity according to the scoring function
(S, kcal/mol), docking patterns and interaction parameters were
exported [26].

RESULTS AND DISCUSSION

The multiplet signal between 8 7.8 and 8.4 ppm in the '"H
NMR spectrum of the synthesized Schiff base ligand can be
attributed to the azomethine group (-HC=N). The aromatic
protons were responsible for the multiplet signal observed at
8 6.90 ppm.

Conductance studies: The low molar conductance values
of the synthesized metal(II) complexes lies in the range of 5
to 7.2 (ohm™ cm? mol ') shows that all the metal(II) complexes
behave like non-electrolytes [27,28]. The values of the molar
conductance of the metal(Il) complexes and Schiff base ligands
are provided in Table-1.

UV-visible studies: The UV-visible spectral data of the
Schiff base ligand and its metal(II) complexes are shown in
Table-1. The w-7t* benzene transition of Schiff base ligand is
responsible for the 279 nm band. A band at 349 nm is attributed
to the m-r* transition of the azomethine group (-HC=N)- in
the ligand. The band at 490 nm was also appeared because of

O,N
M(CH3C00),:2H,0
—_—
JE—— Ethanol,

Reflux, 80 °C

E@ \CH\ N

(M = Ni?*, Cd’*, Zn*)

Scheme-I: Synthesis of Schiff base ligand and its metal(II) complexes

TABLE-1
MOLAR CONDUCTANCE AND UV-VISIBLE SPECTRAL DATA OF SCHIFF BASE LIGAND AND ITS METAL(II) COMPLEXES

Molar conductance

UV-visible spectral data

Compound m.f. m.w.
(ohm™ cm® mol™) m—n* (nm) (benzene)  w—m* (nm) (-HC=N) n-m*(nm)  d-d (nm)
Schiff base ligand  C,H;5N;04 451.34 - 279 349 490 -
Ni?* complex C,0H;;N;O¢Ni ~ 508.02 7.1 271 348 491 546
Zn”* complex C,0H;;N;OsZn  514.71 5.0 277 346 491 -
Cd** complex C,0H;;N;O,Cd 561.74 7.2 278 348 483 —
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the n-1t* transition of Schiff base ligand. The presence of benzene
ring in the metal(I) complexes led to the observation of an
experimental band in the range of 271-278 nm, whereas the
azomethine group (-HC=N) in the complexes exhibited a t-7*
transition, resulting in the appearance of band at 346-348 nm.
The n-m* transition of the complexes is responsible for the
band at 483-491 nm. A new band at 546 nm was due to d-d
transition of the complex. The UV-visible spectrum of all the
metal(Il) complexes are shown in Fig. 1.

FT-IR studies: The key FT-IR spectral data of the synthe-
sized metal complexes and ligand are given in Table-2. A peak
at 1616 cm™ is due to the stretching frequency of the azomethine
group (-HC=N) in the ligand. The peak at 1335 cm™ is assigned
to C-O stretching vibration of the ligand, whereas the peak at
3375 cm™ has been attributed to the ligand -OH stretching
vibration. The azomethine group of the ligand caused the peak at
1616 cm™, which shifted to a lower frequency after the metal(II)
complexation (1613-1605 cm™) and thus confirmed the metal
coordination with azomethine nitrogen. The peak at 1334-1306
cm’' region was due to C-O stretching vibrations of the compl-
exes. The peak at 3365-3083 cm™ was due to complexes
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TABLE-2
FT-IR SPECTRAL DATA OF THE LIGAND
AND THE METAL(II) COMPLEXES

Compound  v(-C=N) v(-C-O) Vv(-OH) v(M-O) Vv(M-N)
Schiff base 1616 1335 3375 - -
ligand
Ni** complex 1605 1309 3083 480 517
Zn** complex 1613 1334 3108 417 505
Cd* complex 1606 1306 3365 406 474

coordinated with water molecules [4,28]. The peak at 480-406
cm’ was due to v(M-O( stretching vibrations of the complexes,
wheras the peak at 517-474 cm™ was observed due to v(M-N)
stretching vibration of the complexes.

Mass spectra: The m/z peak in the mass spectra of the
Ni** complex was appeared at 508.18, which agrees well with
the calculated molecular weight of 508.02. The mass spectra
confirms the formation of the Ni** complex.

DFT calculations

Optimized complex structures: The Schiff base ligand
and its metal(I) complexes with NiL, ZnL and CdL were all

491 546
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Fig. 1. UV-visible spectrum of the studied compounds (a) Schiff base ligand, (b) Ni** complex, (c) Zn** complex and (d) Cd** complex
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subjected to optimizations using the B3LYP method. Fig. 2
presents the optimized three-dimensional structures of Schiff
base ligand and its metal(I) complexes. Table-3 presents several
estimated structural characteristics, including bond length and
bond angle, for the complexes that were investigated.
Through the two phenolic oxygen binding sites and the
two azomethine nitrogen binding sites, the metal ion [Ni(II),
Zn(IT) and Cd(II)] forms a covalent bond with the Schiff base

—o

9

ligand moiety, which results in the formation of a metal complex
with four coordinated sites (Fig. 2). Taking into account the
bond angles, it is clear that Ni(Il) complex and the other metal(II)
complexes (Zn** and Cd*) exhibited a square planar geometry
and a tetrahedral geometry, respectively. To provide additional
evidence, the degree of distortion in four coordinate geometry
was computed as T, = (360-(0+f))/141 [2], where o and B are
the two angles that make up the greatest portion of the figure.

!
g
gt

)
Ni”* complex
@
@
@
Zn®* complex Cd* complex
Fig. 2. Optimized structures of the H,L ligand and its complexes using the DFT/B3LYP approach
TABLE-3
CALCULATED STRUCTURAL PARAMETERS OF THE SCHIFF BASE METAL(II) COMPLEXES BY THE DFT/B3LYP APPROACH
Bond length (13;) Bond angle (°)
Ni** complex
Ni-O 1.816 Ni-N 1.853 N-Ni-O 88.835 N-Ni-N 84.644 O-Ni-N 171.312
Ni-O 1.814 Ni-N 1.862 N-Ni-O 170.647 0O-Ni-O 85.270 O-Ni-N 88.221
Zn** complex
Zn-0 1.813 Zn-N 1.809 N-Zn-O 108.982 N-Zn-N 103.365 O-Zn-N 108.982
Zn-O 1.810 Zn-N 1.800 N-Zn-O 118.966 0-Zn-0O 115.622 0-Zn-N 116911
Cd** complex
Cd-O 1.813 Cd-N 1.809 N-Cd-O 108.449 N-Cd-N 102.860 0O-Cd-N 108.449
Cd-0 1.810 Cd-N 1.800 N-Cd-O 117.390 0-Cd-0 115.057 0-Cd-N 116.339
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This degree of distortion, T, = 1 and 0 in tetrahedral and square
planar geometry, respectively. The NiL, ZnL and CdL comp-
lexes all had the values of 0.13, 0.88 and 0.89, respectively,
which linked to a square planar (for NiL) and tetrahedral geo-
metry (for ZnL and CdL).

Schiff base ligand

LUMO

HOMO

LUMO

HOMO

Frontier molecular orbital (FMO) analysis: Fig. 3 displays
the HOMO and LUMO energies, as well as contour diagrams
for the FMOs of the complexes being discussed. On the contour
diagrams, the various levels of electron density are represented
by a variety of hues, specifically red, yellow, green, light blue

2.

Ni“" complex

Cd>* complex

Fig. 3. Contour diagrams of FMOs of the titled compounds
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and blue respectively. In the contour diagrams, the regions
that correspond to the highest electron density are coloured
red and yellow, while the region that corresponds to the lowest
electron density is coloured blue. According to Fig. 3, the
majority of the electrons that make up the HOMO of the studied
complexes are found on the portion of the ligand. The electrons
will be focused on the o-diamine moiety of the ligand in the
complexes if the LUMO is able to accept electrons from the
relevant molecule.

Using HOMO and LUMO energies, the quantum chemical
parameters, such as ionization potential (IP), electron affinity
(EA), energy gap (AE), electronegativity (), chemical potential
(W), chemical hardness (1)), softness (6) and electrophilicity
index (), nucleophilicity index (Nu) and maximum electronic
charge (ANm.) were determined. It was found that ZnL and
NiL had a smaller energy gap (AEg) and 1 than the cadmium
complex. Therefore, ZnL and NiL are softer molecules with
higher reactivity and lower kinetic stability. Moreover, ZnL

Schiff base ligand

oy —

o

7.712e-2 IR 7.712¢

Ni”* complex j
" =

and NiL also have more electrophilicity index than Cd complex
with a higher tendency of accepting electrons (Table-4).
Molecular electrostatic potential (MEP): Molecular
electrostatic potentials (MEPs) have been used to analyze and
forecast the reactive behaviour of a wide range of chemical
systems for both electrophilic and nucleophilic processes [29,
30]. Utilizing MEP maps will help to achieve the objective of
the stability and relative reactivity of complexes in relation to
nucleophiles and electrophiles. Fig. 4 displays various maps
of these complexes. The portions of the surface of the molecule
shown by the colour red are those in which electron removal
may take place most readily (and with the least amount of energy).
In addition to this, the red hues signify parts of the surface that
have a negative charge (i.e. those areas where accepting an
electrophile is most favourable). When a complex has a reaction
with an electrophile, the relevant sites of the complex will get
a negative charge, which symbolizes their attraction to the
electrophile. Nitrogen and oxygen atoms have the largest concen-

-2-7.757¢-2 [ T T 7.757e-2

Fig. 4. Molecular electrostatic potential (MEP)
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TABLE-4
CALCULATED QUANTUM PARAMETERS OF THE SCHIFF BASE AND ITS METAL(II) COMPLEXES
Compd. Exomo Erumo AE I A X u n S [ Nu
Schiff base ligand -6.72 -3.34 3.38 6.72 3.34 5.03 -5.03 1.69 0.30 7.49 0.133435
Ni** complex -6.84 -4.20 2.63 6.84 4.20 5.52 -5.52 1.32 0.38 11.57 0.086416
Zn™ complex -6.60 -4.24 2.36 6.60 4.24 5.42 -5.42 1.18 0.42 12.44 0.080412
Cd* complex -7.07 -4.27 2.80 7.07 4.27 5.67 -5.67 1.40 0.36 11.48 0.087097

trations of negative charges inside the molecule. This provides
evidence that these atoms are capable of participating in an
electrophilic process. On the other hand, the regions with blue
hue signify areas on the molecular surface where electron accep-
ting happens most quickly (with the least amount of energy)
and these regions are denoted by the colour blue. In addition,
the parts of the surface that are coloured blue signify positively
charged regions (i.e. those areas where accepting an nucleo-
phile is most favourable). The hydrogen atoms host the largest
positive charges, which are concentrated in this region. This
provides evidence that these atoms are capable of participating
in a nucleophilic process.

Biological activity

Antibacterial activity: The tetradentate Schiff base ligand
and its metal complexes were studied for their in vitro anti-
bacterial activity against Escherichia coli, Klebsiella pneumonia
(Gram-positive) Bacillus subtilis and Staphylococcus aureus
(Gram-negative) bacterial strains by agar diffusion method. A
solution consisting of ligand and metal(Il) complexes was
distributed over agar plates that had been seeded with different
types of bacteria in this method. Incubation was place at 35 °C
for a duration of 27 h using the agar plates. The antibiotic
chloramphenicol was used as a standard drug against bacterial
strains. The Schiff base ligand and its metal(I) complexes were
found to good inhibition all the selected antibacterial micro-
organisms (Table-5). These findings demonstrated that the
metal(I) complexes had significant activity when compared
to the Schiff base ligand at different concentrations.

TABLE-5
ZONE OF INHIBITION (mm) OF LIGAND AND ITS METAL(II)
COMPLEXES AT VARIOUS CONCENTRATIONS

Strain Compd. Control Concentration (ng/mL.)
60 90 120
) Schiff base ligand 22 8 11 14 17
§ Ni** complex 21 14 17 19 22
W Zn’ complex 20 10 13 17 19
Cd** complex 21 12 15 18 21
e Schiff base ligand 23 12 14 17 19
¥ Ni* complex 24 18 2 25 28
2 Zn* complex 23 13 16 19 21
) Cd** complex 24 15 18 22 25
< Schiff base ligand 19 13 15 17 20
E Ni** complex 20 19 21 23 25
S  Zn* complex 21 15 17 19 22
“ Cd* complex 21 16 19 21 23
~§ Schiff base ligand 18 10 13 17 19
< S Ni** complex 19 17 20 23 25
S Zn’ complex 19 12 15 18 20
8  Cd* complex 18 13 17 20 22

Antifungal activity: The tetradentate Schiff base ligand
and its metal(IT) complexes were studied for their in vitro anti-
fungal activity against Candida albicans and Aspergillus niger
using the agar diffusion method. A solution of Schiff base
ligand and metal(Il) complexes was spread over agar plates
seeded with tested fungi strains in this method. The agar plates
were incubated at 35 °C for 27 h. Clotrimazole, an antibiotic,
was used as a standard drug against fungal studies [31]. Both
the ligand and its metal(II) complexes were found to good
inhibition against all the selected antifungal microorganisms.
(Table-6). These findings demonstrated that complexes had
significant activity when compared to the Schiff base ligand
at different concentrations.

TABLE-6
ZONE OF INHIBITION (mm) OF LIGAND AND ITS METAL(II)
COMPLEXES AT VARIOUS CONCENTRATIONS

Strain Compd. Control Concentration (ug/mL)

60 90 120

-, Schiff base ligand 22 9 12 14 17
G5 N complex 23 16 19 21 24
S Zn* complex 23 12 15 17 19

S Cd* complex 23 4 17 19 22

. Schiff base ligand 20 8 11 13 16
& Ni2* complex 20 6 18 21 25

S Zn* complex 21 12 14 17 20

= Cd* complex 20 14 16 18 21

Molecular docking study: An examination using mole-
cular docking was carried out in order to determine the binding
contacts of the compounds in question and the orientations of
those interactions inside the active region of the target protein.
Molecular docking was carried out with MOE on the E. coli
FabH-CoA complex (PDB ID: 1HNJ) for the purpose of this
investigation. FabH is an enzyme that plays a role in the produ-
ction of fatty acids. It is also the receptor of choice for deter-
mining whether or not compounds have the potential to act as
antimicrobial agents [32,33]. The crystalline structure of the
FabH-CoA complex in E. coli was obtained from the protein
data bank (http://www.rcsb.org). Docking score (S, Kcal/mol)
and hydrogen bond interactions were used to evaluate the bind-
ing mechanisms of the compounds with the active site of the
target receptor as shown in Fig. 5 and Table-7.

As shown from Table-7, the Schiff base ligand and its
metal(I) complexes showed high docking score toward the
E. coli FabH-CoA complex ranging from -7.53 (CdL) to -7.88
Kcal/mol (NiL) to -8.07 Kcal/mol (ZnL). It was observed that
ZnL is the most active one with high docking score (-8.07
Kcal/mol), whereas ZnL showed five hydrogen bond interac-
tions between C22 with THR81, O 11 with ASN193, 027 with
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Schiff base ligand

.2
Ni~" complex

Zn°" complex

cd™* complex

THR81, 027 with SER276 and O30 with GLY 183 amino acids
residual.
Conclusion

Utilizing 5-nitrosalicylaldehyde and 4-nitro-o-phenylene-
diamine, tetradentate Schiff base ligand and its metal(Il), (M
=Ni*, Cd** and Zn>*) complexes was synthesized and charac-
terized using analytical techniques, including UV-visible, FT-
IR, LCMS and conductivity measurements. Antimicrobial
activity was tested on the synthesized transition metal (Ni**,
Cd** and Zn™") complexes with Schiff base ligand. It was found

Molecular surface

Fig. 5. Molecular docking data

that the Schiff base ligand and its metal(II) complexes were
effective inhibitors of all the studied microorganisms. The
metal(Il) complexes appear to be non-electrolytes based on
the lower molar conductance values. Furthermore, molecular
docking was carried out to ascertain the inhibitory action of the
studied compounds against E. coli FabH-CoA complex (PDB
ID: 1HNJ) receptor. Moreover, the molecular structure of the
meetal(IT) complexes was theoretically optimized and the quantum
chemical parameters were calculated and correlated with their
biological properties.
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TABLE-7

MOLECULAR DOCKING DATA; INTERACTION TYPE AND DISTANCE
BETWEEN LIGAND AND RECEPTOR OF THE SYNTHESIZED COMPOUNDS

Ligand Receptor Interaction Distance (A) E (kcal/mol) S (kcal/mol)

. . 010 GLY306 H-acceptor 347 -1.10

Schiff base ligand Gt ALALL pi-H 384 130 -6.50
C22 THRS1 H-donor 3.49 -0.80
Ol11 ASN193 H-acceptor 3.28 -1.10

Ni** complex 027 THRS81 H-acceptor 3.25 -0.80 -7.88
027 SER276 H-acceptor 2.99 -1.40
028 CYS112 H-acceptor 3.50 -0.70
C22 THRS1 H-donor 3.50 -0.80
Ol11 ASN193 H-acceptor 3.07 -1.20

Zn** complex 027 THRS81 H-acceptor 3.27 -0.70 -8.07
027 SER276 H-acceptor 3.03 -1.40
030 GLY183 H-acceptor 3.34 -1.00
C22 THRS81 H-donor 3.51 -0.70

Cd** complex 027 THRS1 H-acceptor 3.00 -1.20 -7.53
027 SER276 H-acceptor 3.32 -0.80
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