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ARTICLE INFO ABSTRACT

Keywords: In this article, we have synthesized two contemporary ortho-vanillin-based Salen-type ligands
Salen ligand (HyL!/H,L2) characterized by modern spectroscopic tools. EDX analysis supports the elemental
DFT

composition (C, N, O, and Br). SEM examined the morphology of the synthesized compounds. The
¢ molecular geometry was optimized in the gas phase using B3LYP-D3/6-311G (d, p) level. The
Molecular dynamics . . i
ADME,T global reactivity parameters, HOMO-LUMO energy gap (A), atomic properties, MESP, and ADME/
Toxicity T, vividly explore the chemical reactivity and toxicity of two Salen-type ligands. The DFT
simulated IR/NMR characterized essential structural assignments, and UV-Visible spectra were
employed to predict the optical properties. The article demonstrated in silico molecular docking
against the Gm + ve Bacillus subtilis (6UF6), and Gm -ve Proteus Vulgaris establishes the ligand
binding ability with essential amino acids through conventional H-bonding or other significant
interactions. The docking simulation is compared for two compounds better than the control
drugs and confirms the antimicrobial activity. The theoretical drug-like properties have been
explored in-depth by ADME/T using the SWISSADME database. The analysis estimated the
molecule’s lipophilicity, the consensus PO/W, and water solubility. Thus, using various
pharmaco-logical parameters, toxicity explains where the electron-withdrawing Br group plays a
more toxic effect in H2L2 than in Hle.

Molecular docking

1. Introduction

In recent years, the chemistry of Schiff base (SBs) has gained increasing attention due to many incredible discoveries that cater to it
with a brand-new look. The privileged ligands are the critical splendours of natural compounds characterized by the imine, CH=N
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functional group, first said by H. Schiff in 1864 (Scheme S1) [1]. The Salen ligands are notable among the SBs, which are unique and
exciting given the current research scenario of global researchers. This class of SBs is much more helpful to synthetic chemists because
of their synthetic accessibility and various structural features depending on the nature of the substituents. It is used as a photodetector
in biological systems and as a photo stabilizer and optical sound recording technology [2]. Interestingly, N/O-donor-containing SBs,
always display a wide range of exciting biological activities, including homogeneous and heterogeneous catalysis reactions [3]. The
properties of thermal stability [1], NLO [4], and proton transfer [5,6] are of equal interest. Furthermore, synthetic chemists have
recently excited Salen-type ligands containing electron-withdrawing substituents in search of novel properties [4]. It is used to
manufacture anticancer drugs and in design and synthesis as low-toxic and has applications such as antibacterial and antifungal,
anti-inflammatory effects [3], antituberculosis [7], antioxidant [2], and kills parasitic worms [8]. The research is not exhaustive but
flourished to Carbon steel corrosion, naked-eye acetate anion detection, and drug-like properties [9-12]. Furthermore, the contem-
porary Salen-type compounds in synthesizing coordination complexes are the prime theme for crystal complex synthetic purposes
[13-17] since this remarkable research opens the concept of supramolecular chemistry associated with tetrel/Chalcogen bonding and
o-hole interaction [18,19]. At the same time, the topological analysis of the electron density distribution and supramolecular chemistry
corroboration by employing Hirshfeld surface analysis are also potentially distinctive approaches to studying bonding and crystal
packing in various Salen-type ligand crystal complex systems [20-27]. Still, scientists are giving too little concentration of the SBs
chemistry concerning DFT-based studies like in silico molecular docking and reactivity by HOMO-LUMO, MESP, and ADME/T for
drug-like properties and toxicity predictions. Incredibly, in silico docking, ADME/T, and toxicity prediction analysis are unveiled
research in the literature, particularly if we consider the SBs. Therefore, in modern time docking simulation for Schiff base compounds
is developing particular interest since it finds antimicrobial or drug-like activities. The analysis has been one of drug discovery’s most
fundamental and essential strategies [28]. It allows the prediction of molecular interactions that hold a protein and a ligand together in
the bound state. Nowadays, ADME/T applicability plays a crucial role in drug discovery and development. ADME/T determined the
pharmacokinetic and pharmacodynamic properties of the ligand molecules [29]. Now many in silico models for predicting ADME/T
chemical properties are being developed. The simplest form of toxicity prediction is cytotoxicity, where the drug molecule causes
severe damage to the cells. It is ADME/T, the online servers to predict toxicity, drug-likeness, and molecular descriptor calculation.
ADME/T indicates compounds’ mutagenicity and carcinogenicity to avoid toxicity [29].

In this article, our research aims to understand better a few DFT-simulation analyses of the Salen-type compounds (H,L!/H,L2). The
global chemical reactivity parameters, energy difference of HOMO-LUMO, and MESP were investigated to ensure the Salen-type li-
gand’s reactivity. Further, comparing the experimental and theoretical FTIR, NMR, and UV-Visible spectra can confirm the ligands’
structure. In silico molecular docking examines the antimicrobial potency of the compounds. The theoretical drug-like properties and
toxifity predictions were studied by ADME/T, where the electron-withdrawing Br group shows a more toxic effect in HL? than in
HoL".

2. Experimental section
2.1. Starting materials

Most of the research chemicals were of analytical grade and used as received without further purification. Ortho vanillin (99%),
Bromo-ortho vanillin (97%), and 2,2-dimethyl-1,3-diaminopropane (99%) were purchased directly from Sigma Aldrich Company, USA,
and the methanol solvent was a spectroscopic grade.

2.2. Physical measurements

Elemental analyses of the synthesized compounds were performed using a PerkinElmer 2400 CHN Elemental Analyzer. FT-IR
spectra were recorded as KBr pellets (4000-400 cm™!) having 16 scans at a wave number resolution of 4 cm™! on a Perkin-Elmer
spectrum RX 1 using detector DTGS (Deuterated triglycine sulphate). A Bruker 400 MHz collected NMR spectra, and a 75.45 MHz NMR
spectrometer using TMS as an internal standard in NMR solvent like DMSO-dg. JEOL Model JSM6390LV analyzed SEM micrographs.
The EDX was performed on EDX OXFORD XMX N using W filament. UV-Visible spectra (200-1100 nm) in methanol solvent were
determined using the Hitachi model U-3501 spectrophotometer.

2.3. Computational methodology

2.3.1. DFT

For the keen interest of diverse medicinal and biological activities, quantum chemical investigations were undertaken, like DFT and
surface electrostatic potential (MESP). The program package Gaussian 09 [30,31] and basis sets 6-311G (d, p) is used to carry out DFT
calculations. A mixed MCMM/low-mode search with 1000 steps per rotatable bond was used for the conformational search. An energy
window of 21kJ/mol~! was chosen for retention conformers. The DFT calculations were carried out in a water solvent system. The
improved geometry resulted in compound energies that may utilize to interpret the biological activity and molecular properties, such
as the lowest unoccupied molecular orbital (LUMO) and highest occupied molecular orbital (HOMO). The HOMO and LUMO are
crucial in quantum chemistry because they allow molecule stability and reactivity research. In a standard system, however, the HOMO
is an electron donor, whereas the LUMO is an electron acceptor. Using the B3LYP/6-311G (d, p) level, the total energies of
HOMO-LUMO and other characteristics of the examined compounds were computed. Global quantum mechanical (QM) reactivity
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descriptors determined the chemical hardness, chemical softness (S), and electronegativity. Also, the electronic chemical potential and
global electrophilicity index. The B3LYP-D/6-311G (d, p) approach generated the salt molecular electrostatic potential (MESP) dia-
gram. It is an ESP representation placed over a generally constant electron density (ED) surface with a colour spectrum ranging from
dark red to deep blue. Furthermore, the intriguing electronic properties of the synthesized compounds have been investigated through
density functional theory (DFT) calculations after the optimization of the ligands’ structure.

2.3.2. Molecular docking: preparation of receptor structure

The gram-positive bacterium, Bacillus subtilis (PDB ID: 6UF6) [32] and Gram-negative bacterium, Protease Vulgaris (PDB ID:
5HXW) [33] Crystal structure receptors were obtained from Protein Data Bank (PDB) [34]. The receptor was built using the
Schrodinger suite [35], and prime altered the receptor protein’s internal structure and detected the missing side-chain atoms in the
protein receptor residues. A hydrogen-bonded network was employed to add hydrogens, allowing the technique to determine the
protonation state. PDB format is used to store the protein.

2.3.3. Preparation of ligand structure

The schematic representation of the complexes of particular interest was used to create the ligands. Compounds are identified as
H2L1 and H2L2 and Control Drugs in the 3D structure produced on Avogadro software, and their three-dimensional structures were
given by LigPrip (LigPrep, Schrodinger, LLC, New York, NY, 2018-3). The arrangements were maintained in MAE (Maestro) format
using the default settings of the OPLS3e force field.

2.3.4. Docking calculations

Molecular docking is used to identify the atomic level contact between ligands and proteins. Using Auto dock [36], the chosen
complexes, HoL! and H,L2, were docked onto the binding site of the complete receptor protein of the Gram-positive bacterium, Bacillus
subtilis, and Gram-negative bacterium, Protease Vulgaris. The binding site is defined by Auto dock using rectangular grid boxes. The
grid box centre can be specified explicitly or implicitly. The grid box centre is then determined using the atoms’ mean coordinates and
the docking box presented in the window. The size and precise location of the box may also be modified to meet the needs. For the
characteristics and form of the receptors, multiple sets of parameters that result in more precise estimates for the ligand poses were
applied on a grid [37-39]. It was meant to encompass the grid’s critical zone, which qualifies residue as a grid centre. Additional
default values [40,41] were utilized. The ideal docked conformation with the lowest docking score value was supplied for each ligand.
Intermolecular non-covalent interactions were detected for docked complexes under default settings, including Conventional
hydrogen bonding, Carbon hydrogen bond, Van der Waals interactions, Metal-acceptor interactions, Alkyl interactions, pi-alkyl in-
teractions, pi-sigma interactions, pi-pi T-shaped, and pi-donor hydrogen bonding. Auto dock requires receptor and ligand represen-
tations in the. pdbqt file format is an enhanced protein data bank format including atomic charges, atom type definitions, and
topological information for ligands (rotatable bonds). Auto dock Tools package is used to do these file preparations. Ligands for future
docking operations can be provided by supplying a directory holding a library of docked ligands. Docking runs may be performed
immediately after defining the binding site and preparing the receptor and ligand.

2.3.5. ADME/T
The structure of ligands (H2L1 and H2L2) is subjected to ADME/T (Adsorption, Distribution, Metabolism, and Excretion) prediction.
ADME/T is prime beneficial for assessing the pharmacodynamic properties of a potential medicinal synthesized chemical. SWISS-

’;d‘
CHO N N
R. R 3 N\
OH Refluxed in Methanol
+ —= on MO
NH,  NH, 3hr X
X Y
(2 mmol) (1 mmol)
R=Me
Y= OMe, X=H for H,L*
Y= OMe, X=Br for H,L?

Scheme 1. Synthetic outlines for the contemporary ligands (HL'/H,L?).
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ADME (https://www.swissadme.ch) [42] is a website that allows users to draw their own ligand or drug molecule or include SMILES
data from PubChem and analyze parameters such as lipophilicity (iLOGP, XLOGP3, WLOGP, MLOGP, SILICOS-IT, Log PO/w), water
solubility-Log S (ESOL, Ali, SILICOS-IT), drug-likeness rules. H,L! and H,L? of the ligands are converted into SMILES and enter the
search area.

2.4. Ligand synthesis

Salen-type ligands have been successfully synthesized in situ following the literature-based method (Scheme 1) [43]. The reflux
condensation of 3-methoxy-2-hydroxybenzaldehyde (0.152 g, 1 mmol) with 2,2-dimethyl-1,3-diaminopropane (0.0371 g, 0.5 mmol)
in (50 mL) methanol at 80 °C for 3 h prepared H,L!. A similar procedure was employed to synthesize HoL2 except here, 5-Bromo-3--
methoxy-2-hydroxybenzaldehyde (0.231 g, 1 mmol) instead of 3-methoxy-2-hydroxybenzaldehyde. Finally, the solvent was removed
under a rotary vacuum and the yellow powder product separated upon cooling the solution. The yellow product is air-stable and
resistant to the atmosphere, and a desiccator and tight air-dried collected it.

N,N’—bis(3—methoxysalicylidene)—z,Z—dimethyl—l,3—propanediamine (HoLD): Yield: 0.174 g Anal. Calc. for Co1HpeN2O4: C, 68.09; H,
7.07; N, 7.56 Found: C, 68.11; H, 7.10; N, 7.60%. IR (KBr cm~ 1) selected bands: v(C=N), 1638 vs, (C—Ophenolic) 1245 s, v(O-H) 3436 s,
HNMR (DMSO-dg, 400 MHz): 5 (ppm): 1.31-1.34 (s, 3H), 4.04 (H), 6.77-7.03 (m, 3H), 8.53 (m, 1H), 13.90 (m,1H), 3.99 (s, 2H), 0.98
(s, 6H), 13¢ NMR (DMSO-de, 75.45 MHz): 6 (ppm):15.2 (CH3), 64.2-67.0 (O-CH2),116.3-147.6 (Arom-C),152.2 (C-OH), 167.3
(CH=N), 24.0 (C—(CH3)s, 36.1 ((CHs3)2-C—(CHy)s), UV-Vis (Amaxy CH3OH): 226, and 263 nm. N,N-bis(5-bromo-3-methox-
ysalicylidenimino)-1,3-diaminopropane (H,L?): Yield: 0.215 g Anal. Calc. for Ca1Ha4 BraN20y4: C, 47.75; H, 4.58; N, 5.30 Found: C,
47.72; H, 4.61; N, 5.27%. IR (KBr Cmfl) selected bands: ¥(C=N), 1648 vs, 1(C-Ophenolic) 1229 s, 1(0-H) 3430 s, 'HNMR (DMSO-dg, 400
MHz): § (ppm): 3.75 (s, 3H), 7.06-7.17 (m, 1H), 8.48 (m, 3H5), 13.91 (m, H), 3.04-3.75 (s, 2H), 2.48 (s, 6H), 13¢ NMR (DMSO-dg,
75.45 MHz): é (ppm): 54.94-56.46 (0-CH3),117.23-150.18 (Arom-C),153.71 (C-OH), 165.77 (CH=N), 31.40 (-C-(CHy)3), UV-Vis
(Amax CH30H): 229 nm.

3. Results and discussion
3.1. Synthetic perception

Two contemporary Salen-type ligands (H,L'/H,L?) were obtained following the literature-based in situ method appended in the
references (Scheme 1) [43]. Although we tried to synthesize them as crystal products after repeating the experimental procedure, we
were unsuccessful. The yield of the products derived from such practices is satisfactory, with deep yellow amorphous powder. The
synthesized compounds are readily soluble in methanol, characterized by elemental and various spectroscopic techniques. The syn-
thesized ligands are structurally compartmental compared to other trendy ligands. Carefully overlooking the ligand structure consists

of imines (C=N), O-CH3, C-O, C-Br, C-H, C=C, and free phenolic ~OH group (see Scheme 1). Additionally, HoL? is structurally linked
to electron-withdrawing bromine substituent. Besides, ligands contain aromatic rings with C-H and C—=C bonds (Scheme 1) where

N
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Fig. 1. Experimental (top) and DFT computed (bottom) IR plot of Hng.
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carbon atoms are sp? hybridized. The ligand structure has been confirmed using an experimental IR/*H/**C NMR and UV-Visible
spectral study after corroboration with DFT-calculated theoretical spectra. The theoretical IR and NMR study conclusively support
the presence of aromatic ring carbon, azomethine carbon, and other significant carbon atoms, including the OH group and azomethine
(CH=N) linkage. In addition, these ligands, after deprotonation, generate an N2Oy-imine chelating position (Scheme S2-S3) [17,18],
which vividly explores coordination chemistry by mimicking [17,18,44]. The literature on contemporary ligands, DFT, ADME/T
toxicity predictions, and molecular dynamics-based research is unveiled. For the first time, we are divulging such trendy ligands DFT,
ADME/T toxicity prediction, and molecular dynamics experiments. Notably, in this research work, we aim to investigate the influence
of the electron-withdrawing bromine group and whether there is a striking difference in properties between the two ligands based on
molecular dynamics simulations. Besides, remarkable global reactivity parameters, energy difference of HOMO-LUMO, atomic
properties, and MESP studies are added, which are welcome research potential.

3.2. Spectroscopic characterization

3.2.1. Experimental and theoretical IR spectra

Generally, FTIR Spectroscopy, known as Fourier-transform infrared spectroscopy, deals with the vibration of molecules commonly
used to establish a newly synthesized compound’s functional group and, thereby, the predictions of the probable structures. Each
active group has discrete vibrational energy to identify a particular molecule by combining all the functional groups. Our synthesized
Salen-type ligands structural frameworks consist of imines (C—=N), O-CHs, C-O, C-Br, C-H, C—C, and free phenolic ~OH group (see
Scheme 1). Besides, ligands contain aromatic rings with C~-H and C=C bonds (Scheme 1). The aromatic ring and imine atoms are sp?
hybridized, whereas oxygen in the free —OH group is sp® hybridized. The C=C bonds in the aromatic ring are planer and sp? hy-
bridized. Herein the structure of the ligands has been investigated using an experimental IR study after corroboration with DFT-
calculated theoretical FTIR spectra. The theoretical IR calculations (cm’l) are done using the B3LYP/6-311G (d, p) level of theory
in gas phase, and the essential IR bands in the ligand’s structural skeleton are assigned in Figs. 1-2 and Table 1. The observed and
theoretical assigned IR peaks are C=N, C-O, O-H, O-CHg, C-Br, and C-H. Except for C=N, all other theoretical IR peaks correlate well
with the experimental values. Aside from that, for C-H vibrations, generally, three types of bands are noticed: "1480 (rocking), “2790
(symmetric stretching), and "2860 (asymmetric stretching) for both ligands. Here, the calculated and observed values slightly differ. In
both compounds, experimental IR stretching vibration of the azomethine group (CH=N) was observed in 1638-1648 cm! (Fig. S1)
[45]1, while the theoretical value ranges from 1720 to 1721 cm L. The experimental free-OH stretching was observed at 3430-3436
cm™ ! but theoretically fits well within the 3000-3011 cm L. The experimental (C-Oppenolic) vibration was identified at 1245 and 1229
cm™!, while the theoretical range was 1258-1259 cm ™!, Here the calculated and observed band values are in nearly good agreement.
Finally, the experimental and theoretical IR comparison can confirm the Salen-type ligand’s structure.

3.2.2. UV-visible spectrum

The experimental UV-Vis absorption spectra of the ligands were analyzed using spectroscopic grade methanol solvent, ensuring the
synthesized compounds exhibited electronic transitions. Two ligands vividly show the UV-Visible bands value near 226 nm, 263 nm,
and 229 nm, respectively (Fig. S2A). These values confirm that synthesized compounds exhibit t—n*/n—n* type optical shifts. These
spectral data mentioned above are identical to the previously reported ligands [46,47]. The experimental UV-Visible spectral bands are
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Fig. 2. Experimental (top) and DFT computed (bottom) IR plot of HgLZ.
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Table 1
Comparison of observed and calculated wavenumbers (cm ™), and assignments for Salen compounds in gas phase using B3LYP/6-311G (d, p) level
theory (Assignments refer to Scheme 1).

Hle B3LYP/6-311G (d, p) level Assignments
Experimental Calculated

1638 1721 v(C=N)
1245 1259 U(C—Ophenotic)
3436 3000 v(0-H)
1043,1061 1047,1084 v(C-0)

1026 1023 v(0-CH3)
675 678 v(C-Br)

1475 (rock) 1479, 2939 v(C-H)

2792 (sym stretch)

2856 (asym stretch)

H,L2

1648 1720 v(C=N)
1229 1258 (C—Ophenotic)
3430 3011 v(O-H)
1037,1064 1049,1086 v(C-0)

1025 1021 v(0-CH3)
1490 (rock) 1482, 2945 v(C-H)

2796 (sym stretch)
2861 (asym stretch)

compared with theoretical values to support the trendy ligand compound’s structure. DFT computed UV-Visible spectra (TDDFT) were
analyzed in water solvent using the B3LYP/6-311G (d, p) level of theory (see correlation Figs. S2B-52C). The Salen compounds
theoretical UV-Visible band values were observed near 215.69 nm, 258.30 nm, and 224.9 nm, respectively, which are t—n*/n—n*
(C=C and C=0) type electronic transitions. According to TDDFT (HOMO, LUMO, Absorption Bands and oscillator strength values),
the calculated details in Table STA explores the electronic shifts predominantly H-1-L+2, and H-3—L+1 with Oscillator Strength (f)
0.8872 and 0.3219, respectively, for H,L!. In the case of H,L2, the electronic transition belongs to H-1—L+4 with Oscillator Strength

Table 2
Comparison of observed and calculated 'H and'C chemical shifts (6 in ppm) for assignments of Salen compounds in gas phase using B3LYP/6-311G
(d, p) level theory (Assignments refer to Scheme 1).

H,L! B3LYP/6-311G (d, p) level Experimental
s, 3H 1.15 1.31-1.34

H 5.02 4.04

m, 3H 6.56-7.92 6.77-7.03
m, 1H 8.50 8.53

m, 1H 13.41 13.90

s,2H 3.98 3.99

s,6H 0.68 0.98

RMSD 0.9031 -

13C NMR

CH3 24.80 15.2

0-CH, 74.65 64.2-67.0
Arom-C 109.82-152.78 116.3-147.6
C-OH 152.78 152.2
CH=N 160.47 167.3
C-(CHs), 41.98 24.0
(CH3),-C—(CH3), 54.49 36.1

RMSD 3.2913

H,L2

s, 3H 3.48 3.75

m, 1H 6.81 7.06-7.17
m, 3H 8.30 8.48

m, H 12.94 13.91

s, 2H 3.47 3.94

s, 6H 2.65 2.48

RMSD 0.9110 -

13C NMR

O-CH3 54.82 54.94-56.46
Arom-C 113.50-151.43 117.23-150.18
C-OH 151.37 153.71
CH=N 159.58 165.77
C—(CH3); 24.66 31.40
RMSD 3.3192 -




D. Majumdar et al. Heliyon 9 (2023) e16057

(f) 1.2044. The slight deviation of the UV spectrum values is due to changing the solvent’s polarity and the positions of those UV
maxima. Hence, reasonable concordances are observed between experimental and theoretical UV-Visible spectra. The correlation of
calculated and theoretical UV-Visible band values characterized the trendy ligand’s optical properties.

3.2.3. 'H/13C NMR studies

The NMR spectroscopic study (*H/*3C NMR) successfully investigated the newly synthesized compound’s structure. The 'H NMR
spectroscopic study successfully diagnoses the nature of the proton’s nuclei, while 'C characterizes the carbon atoms in the syn-
thesized compounds (see ligands structure). The experimental 'H/!3C NMR chemical shifts of two Salen-type compounds taken in
DMSO-dg solvent are given in Table 2 referencing TMS. The experimental NMR values are compared with the theoretical NMR pre-
dicted by the GIAO method (gauge-including atomic orbital) with the hybrid B3LYP/6-311 G (d, p) method in gas phase and
employing the approximate RMSD values. Herein the experimental and DFT calculated NMR comparison has been done according to
the ligand structure (see Scheme 1). The NMR essential assignments can be considered based on structural studies of two Salen-type

SCF GIAO Method
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Fig. 3. Theoretical 1H NMR (top) and 13C NMR (bottom) curve for H2L1.
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compounds and given in Figs. 3-4. The significant theoretical 'H NMR assignments are restricted to the aromatic proton, methyl/
methoxy proton, azomethine proton (CH=N), and phenolic proton (OH). Similarly, compared with experimental ones, theoretical 3¢
NMR analysis identifies aromatic ring carbon, azomethine carbon, and other significant carbon atoms. The ligands possess free
phenolic proton (OH) peaks identified the chemical shift 13.90-13.91 ppm (Fig. S3-Fig. S4), while theoretically, this chemical shift
recognized 13.41 ppm. The azomethine linkage formation (CH=N) supports the successful Schiff base synthesis, and such azomethine
proton chemical shifts were observed at 8.48-8.53 ppm. In contrast, theoretically, for azomethine proton, a good correlation was
observed near 8.30-8.50 ppm for both ligands. The aromatic ring protons resonate at 6.77-7.17 ppm,; theoretically, the range covers
6.56-7.92 ppm. In addition, the experimental NMR peak at 2.48 ppm is assigned to the CH3 group protons, while for DFT calculated
value is 2.65 ppm. In addition, experimental 13C NMR characterizes the structural carbon atoms in the prepared ligands (Fig. S5-
Fig. S6), presented in the experimental section. Further, compared with experimental ones, theoretical '3C NMR analysis identifies
aromatic ring carbon, azomethine carbon, and other carbon atoms. The experimental 13C NMR azomethine carbon resonates at
165.77-167.30 ppm. In addition, theoretically, such carbon shifts were observed at 159.58-160.47 ppm. The experimental aromatic
carbon shifts were identified near 116.30-150.18 ppm, concerning the theoretical value of 109.82-152.78 ppm. We observed that
excellent correlations were obtained for the 'H nucleus than the '>C atoms since the DFT calculations were performed using the 6-311G

(d, p) basis set, producing better results having approximate RMSD values. Therefore, experimental, and theoretical NMR corrobo-
ration confirm the structure of the ligands.
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3.2.4. EDX-SEM analysis

Today, EDX analysis is gaining importance in coordination chemistry, as it accurately reveals the elemental composition of syn-
thesized compounds. Using the EDX tool, we recognize the chemical composition, such as C, N, Br, and O, as the main elements present
in the two compounds (Table S1B/Figs. S7A-S7B). In addition, the SEM technique is used to study the morphological features of the
contemporary Salen ligands. Today, SEM is widely used in materials chemistry to determine surface morphology. Therefore, SEM is
used for the morphological characteristics of the newly synthesized compounds. We performed an SEM experiment on our amorphous
Salen-type powder compounds (ESI2/Figs. 8-S9). The SEM micrographs showed that the morphology is distributed in overlapping
sheets almost identical to the other Schiff base compounds.

4. HOMO-LUMO

At first, we compared the reactivity based on the HOMO-LUMO energy gap computed by DFT. The values and dispersion of the FMO
are critical predictors of reactivity. HOMO reflects the molecule’s capacity to donate electrons, whereas LUMO represents the mol-
ecule’s ability to accept electrons [48]. The HOMO-LUMO energy gap [49] indicates the kinetic stability of the molecule. The opti-
mized molecular structure calculates the HOMO-LUMO energies and corresponding energy gaps. Fig. 5 depicts the 2D structure of
energy gaps HoL! between HOMO and LUMO. In contrast, Fig. 6 illustrates the energy gap between HOMO and LUMO of HyL2. The
energy gap between HOMO-LUMO H,L! is 0.0918 eV while HoL? that an energy gap of 0.0879 eV H,L? projected favourable features
since the discovered tiny energy gap reflects higher polarizability and reactivity. The H,L? is a suitable candidate for use as a chelating
agent due to the little energy gap (0.082 eV), significant softness (22.74 eV), and small chemical hardness (0.043 eV). Additionally, the
electronegativity of HoL! is somewhat greater, indicating that it is slightly more stable than HoL2. Thus, H,L? is more reactive than
H,Ll. Table 3 explores the calculated ionization potential, dipole moment, chemical hardness, and other parameters. Generally, a
significant energy gap suggests a hard and stable molecule, whereas a small energy gap indicates a soft and reactive molecule. HoL2 has
an energy gap of 0.087 eV as a result, the molecule is delicate and reactive. In the case of HOMO, charges are dispersed across the.
However, when comparing HOMO with LUMO, the negative and positive charges are not distributed evenly. HOMO is packed up in the
bromine area (Fig. 6), indicating that practically all the atoms in the bromine region have both positive and negative charges. Charges
are concentrated on all carbon atoms in LUMO. However, negative charges are focused on the oxygen atom. Table 3 shows Dipole
moment calculations, energy gap, ionization energy, electronegativity, electron affinity, and hardness. Besides, electrophilicity and
electronic potential for two compound calculations are also shown. Aside from reactivity comparison, we have divulged bond lengths
and bond order profiles (Table S2) in the synthesized compounds using DFT. Notably, the DFT calculation supports the single and
double-bond nature of the compounds. Further, DFT computed bond lengths value is nearly comparable with the experimental values.

4.1. MESP analysis

The MESP forecasts a species’ relative reactivity locations for nucleophilic and electrophilic assault. The MESP surface analysis of
the synthesized compound was obtained utilizing the optimized structure (Fig. 7A-7B) and the B3LYP/6-31G (d, p) basis set. The MESP
Iso-values and color Scale shown in Table 4 and Figs. 7-8 explores the MESP of the ligands. The compound’s colour code ranges from
4.618e3 to 4.618e3. The colours red and blue in the MESP structure indicate more electron-rich and electron-deficient regions,
respectively. The chemical exhibits the polarization effect. The MESP has negative potential zones over the electronegative atoms
(oxygen and nitrogen) and positive potential over the hydrogen atoms. However, the compound’s bromine atom has a lower negative
potential site than the other electronegative atoms. As a result, the locations with higher negative electronegative and positive
electrostatic potential are more attractive toward synthesized compounds. The interesting is due to nucleophilic and electrophilic

0.0918418 eV
HOMO <(eesssssssssssssssssm) 1.UMO

Fig. 5. HOMO-LUMO map with energy gap for H,L.".
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Fig. 6. HOMO-LUMO map with energy gap for H,L2.

Density Function Theory calculations with other descriptors.

H,L! H,L?
Total energy —1215.67 —6355.88
Binding energy —10.2342 —10.0751
Dipole moment 1.00852 1.74034
HOMO energy eV —0.163293 —0.175512
LUMO energy eV —0.0714509 —0.0875975
Band Gap Energy eV 0.0918418 0.0879144
Hardness 0.0459209 0.0439572
21.77657667859297 22.74940169073553
Electronegativity —0.11737195 —0.13155475
Electrophilicity 0.1499989617668915 2.239200767460565

Fig. 7. MESP profile (A) and optimized structure (B) of H,L!.

species activity. Significantly, we have investigated DFT calculated significant properties such as hybridization, Oxidation, and ESP

charge, Mulliken and Hirshfeld charges for two Salen compounds (Table S3).

4.2. Molecular docking

We have performed a docking simulation of our synthesized compounds to inspect whether the compounds act as bacterial agents.
Table 5 shows the essential interaction and binding manner of hits with the binding site of amino acids of the Gram-positive bacterium,
Bacillus subtilis, and Gram-negative bacterium, Proteus Vulgaris. The chemical’s unique linkages enable it to create receptor-ligand
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Table 4
MESP Iso-values and colour Scale.
Compounds Iso-value Spectrum (Color range) Histogram Scale
Min Max
H,L! 3.000000e-02 0.0000 618.9843

HL2 3.000000e-02 0.0000 712.4078

Fig. 8. MESP profile (A) and optimized structure (B) of H2L2.

solid interactions. Furthermore, the interactions between the chemical and the receptor illustrated in Table 5 make the complex more
stable.

4.2.1. Gram-positive bacterium, Bacillus subtilis (6UF6)

With binding energy of —7.7 kcal/mol, HoL! nearly filled the binding site. HoL! forms strong hydrogen bonds with amino acids such
as GIn219 and His271. HoL! has created a solid covalent connection with essential amino acids, including Thr99, at the active site of
the Gram-positive bacterium Bacillus subtilis. (Table 5 and Fig. S8). The optimum binding postures were chosen based on binding
affinity ratings and orientation inside the active site. With predicted binding energy of —7.0 keal/mol, HyL? produces hydrogen bond
interactions with amino acids such as Ile257 and GIn258, as well as cluster residues such as Arg215 (2) and Ser259, which have
conventional bonds. The penicillin G (a known famous drug) was used as control validation again Bacillus subtilis, having almost a
similar range of docking energy —8.9 kcal/mol with some crucial Hydrogen bond interactions at Thr250, which are needed for their
stability inside the protein active site (Fig. SI0A). Other interactions contribute to the stability of these complexes (Table 5 and
Fig. S9).

4.2.2. The gram-negative bacterium, Proteus Vulgaris (5HXW)

H,L! virtually filled the binding site with an energy of —8.7 kcal/mol, generating common hydrogen bonds with amino acids like
GIn278. H,L! formed two solid covalent bonds with essential amino acids such as GIn278 and Ile413 at the Gram-negative bacterium
Proteus Vulgaris’ active site (Table 5 and Fig. S10). The best binding postures were determined based on binding affinity ratings and
active site orientation. HyL? creates hydrogen bond interactions with amino acids such as Arg315, Asp340, and Gly437, as well as
cluster residues such as GIn278 that have conventional bonds with an estimated binding energy of —8.2 kcal/mol. Ceftriaxone (a

11
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Table 5
The binding energies and detailed docking interactions.

Important Parameters The Gram-positive bacterium, Bacillus subtilis The gram-negative bacterium, Proteus Vulgaris (SHXW)

(6UF6)
H,L! H,L? Penicillin G H,L! H,L? Ceftriaxone
(Control) (Control)
Binding Energy (Kcal/ -7.7 —7.0 —8.9 —8.7 —8.2 -8.1
Mol) (Delta G)
Carbon hydrogen bonds GIn219, 1le257, Asn253 - Arg315, Asp340, Gly437, Gln278
His271. GIn258,
Conventional Hydrogen Asp256, Arg215(2), Thr250 GIn278 GIn278 GIn92, GIn99,
Bond Ser259, Arg315
Covalent bond Thr99 - - GIn278, 1le413 GIn278, 1le317
Alkyl Interaction Val69, Val92, 11e88, Ala226 Leu274, Ile317, Ala319, 11e317, Pro342, Met440, Met411
1le257. 11e268, Val343, 11e345, Ile413, Met411,
Pi- Alkyl Interaction 11e88, 1le268, Val241, Phe251, Ala319, Phe341(2), Phe96, Tyr97, Phe201, Pro342, Trp438
His267, Trp255 Val343 Phe301, Phe341, Pro342

Pi-sigma interaction

1le317, Val343

Trp97

Pi-pi T- Shaped - - - - Phe341, Trp438, -

Metal Acceptor Val92, Thr99. 11e88 - 1le317, Val343 - -
Interaction

Unfavourable Donor- - - - - -
Donor

Gly439

known famous drug) was used as control validation again Proteus Vulgaris having almost the equal range of docking energy —8.1 kcal/
mol with some crucial, crucial Hydrogen and hydrophobic bond interactions at GIn278. and an additional unfavourable donor-donor
interaction was found at GIn439, which is needed for their stability inside the protein active site (Fig. S11A). Other interactions also
contribute to the stability of these complexes (Table 5 and Fig. S11).

Furthermore, to validate our docking experiment methods, we have to represent the figure of the compound before and after
docking to represent RMSD. When docking, the RMSD value is used to compare the docked conformation to the reference confor-
mation, or another docked conformation. Therefore, the most common method to assess the correctness of the docking geometry is to
measure the ligand’s root mean square deviation (RMSD) from its reference position in the response complex after the optimal su-
perposition of the receptor molecules. In the below-mentioned Fig. 9, we have submitted docking with RMSD calculations of our two
trendy Salen-type ligands.

4.3. In-silico ADME/T and toxicity predictions

The ADME/T prediction using the SWISSADME database generated the following results for the two compounds. Following the
submission of both structures, the ADME/T prediction using the SWISSADME database produced the findings below. The following
results were obtained from the ADME/T forecast utilizing the SWISSADME database for the synthesized compounds. After submitting
both structures of the compounds, the ADME/T prediction using the SWISSADME database produced the findings below. The mole-
cule’s lipophilicity and the Consensus PO/W. Water Solubility characteristics were estimated. The expected pharmacokinetic data was
found to be of high GI absorption, not blood-brain barrier permeant, functions as a P-gp substrate, and does not inhibit CYP1A2,
CYP2C19, CYP2C9, CYP2D6, and CYP3A4 cytochromes. Drug similarity variables were discovered to be of a drug-like molecule that
violates Lipinski’s Rules, as well as drug-likeness score principles such as Veber, Egan, and Muegge, and with a 0.55 Bioavailability
score. Medicinal chemistry factors revealed that there was no PAINS alarm and that it violated Brenk’s rules with two alerts of being an
isolated alkene, one Michael acceptor, no lead likeness, and a molecular weight of more than 350. Additional ADME and toxicity
descriptors elements are discussed in (Table 6). Here we are also interested in explaining the Bromine group’s function in the com-
pound H,L2. Notably, it is electron-withdrawing, so have influenced biological activity. A compound like HyL2 with the Br group works
directly, irritating the skin, mucous membranes, and tissues. The seriousness of poisoning caused by Br depends on the amount, exact
route, and length of time of exposure. Apart from that, it is also essential to the age and pre-existing medical condition of the person
exposed.

MW- Molecular Weight.

Fraction Csp3-the ratio of sp> hybridizes carbons over the total carbon count of the molecule.

TPSA-topological polar surface area.

log Po/w - partition coefficient between n-octanol and water.

e XLOGP3, an atomistic method including corrective factors and a knowledge-based library [28].

e WLOGP, our own implementation of a purely atomistic method based on the fragmental system of Wildman and Crippen.

e MLOGP, an archetype of a topological method relying on a linear relationship with 13 molecular descriptors implemented from
refs.

e SILICOS-IT, a hybrid method relying on 27 fragments and 7 topological descriptors.
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RMSD: 0.00 A RMSD: 0.00 A

H.L?

Fig. 9. RMSD Calculations A. For H,L! (Before docking pose) (Grey Ball Stick structure) superimpose over H,L! (After docking pose) (Pink Ball Stick
structure) with Gram-positive bacterium, Bacillus subtilis. B. H,L' (Before docking pose) (Grey Ball Stick structure) superimpose over HoL! (After
docking pose) (Blue Ball Stick structure) with Gram-negative bacterium, Proteus Vulgaris. RMSD Calculations A. For H,L2 (Before docking pose)
(Grey Ball Stick structure) superimpose over Hsz (After docking pose) (Violet Ball Stick structure) with Gram-positive bacterium, Bacillus subtilis.
B. Hsz (Before docking pose) (Grey Ball Stick structure) superimpose over HZL2 (After docking pose) (Brown Ball Stick structure) with Gram-
negative bacterium, Proteus Vulgaris. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

e BBB -the blood-brain barrier.
e P-gp - permeability glycoprotein.
e CYP - cytochromes P450.

5. Conclusions

In this research, we synthesized two contemporary Salen-type compounds with satisfactory yields. The products were yellow
powders characterized by modern spectroscopic tools and EDX-SEM. The DFT studies in gas phase B3LYP-D3/6-311G (d, p) level
optimized the trendy ligand’s molecular geometry. The global reactivity, HOMO-LUMO parameters, atomic properties, and MESP
support the chemical reactivity. DFT-simulated IR/NMR and UV-visible spectral results corroborated the experimental values.
Notably, good correlations were obtained when the predicted 'H/*3C NMR spectra were compared with the corresponding experi-
mental spectral result values. In addition, the experimental and theoretical spectral results ensure ligand structure. This article in depth
demonstrated in silico molecular docking against the Gm + ve Bacillus subtilis (6UF6) and Gm -ve Proteus Vulgaris. The RMSD
calculations further validate the docking study. The docking study explains the ligand’s binding ability with essential amino acids
through conventional hydrogen bonding or other significant interactions. The drug-like properties of ADME/T using the SWISSADME
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Table 6
ADME/T toxicity predicted descriptors.

Parameters H2Ll H2L2

PHYSICO-CHEMICAL PROPERTY

Formula C21H26N204 C21H24Br2N204

MW (G/Mol) 370.44 g/mol 528.23 g/mol

Num. Heavy Atoms 27 29

Fraction Csp3 0.33 0.33

Num. Of Rotatable Bonds 8 8

Num. H-Bond Acceptors 6 6

Num. H-Bond Donors 2 2

Molar Refractivity 108.88 124.28

TPSA (A?) 83.64 83.64

LIPOPHILICITY

Log P, w (Ilogp) 4.06 4.74

Log P,,w (XLOGP3) 3.19 4.57

Log P,,w (WLOGP) 3.68 5.20

Log P,,w (MLOGP) 1.62 2.80

Log Po/W (SILICOS-IT) 5.00 6.39

Consensus Log P, w 3.51 4.74

WATER SOLUBILITY

Log S (ESOL) -3.95 -5.77
Solubility Class Soluble moderately Soluble

Log S (ALD) —4.62 —6.05
Solubility Class moderately Soluble Poorly soluble

Log S (SILICOS-IT) -5.79 —7.33
Solubility Class moderately soluble Poorly soluble

PHARMACOKINETICS

GI Absorption High High

BBB Permeation No No

P-Gp Substrate No No

CYP1A2 Inhibitor No No

CYP2C19 Inhibitor No Yes

CYP2C9 Inhibitor No Yes

CYP2D6 Inhibitor Yes No

CYP3A4 Inhibitor Yes Yes

Log K, (Skin Permeation) —6.29 cm/s —6.28 cm/s

DRUG LIKENESS

Violation Of Lipinski’s Rule Of Five Yes Yes

Ghose Yes No

Violation Of Veber Rule Yes Yes

Egan Yes Yes

Muegge Yes Yes

Bioavailability Score 0.55 0.55

MEDICINAL CHEMISTRY

Leadlikeness NO NO

Synthetic Accessibility 3.18 3.43

TOXICITY

ADMET-EXT-CYP2D6 —2.12503 —3.7762

ADMET-EXT-CYP2D6#prediction False False

ADMET-EXT-CYP2D6-Applicability Within Expected Range Within Expected Range

ADMET-EXT-CYP2D6-Applicability#MD 11.3664 11.566

ADMET-EXT-CYP2D6-Applicability#MDpvalue 0.0109541 0.00733465

ADMET-EXT- Hepatotoxic —0.131477 1.51172

ADMET-EXT- Hepatotoxic #prediction True True

ADMET-EXT- Hepatotoxic Applicability Within Expected Range Within Expected Range

ADMET-EXT- Hepatotoxic Applicability #MD 11.374 11.4464

ADMET-EXT- Hepatotoxic Applicability #MDpvalue 0.00176447 0.00136254

ADMET-EXT-PPB 1.79107 0.993801

ADMET-EXT-PPB #Prediction True True

ADMET-EXT-PPB- Applicability Within Expected Range Within Expected Range

ADMET-EXT-PPB- Applicability #MD 11.6676 11.1673

ADMET-EXT-PPB- Applicability #MDpvalue 0.185727 0.400759

database successfully found the molecule’s lipophilicity and the consensus PO/W. The water solubility characteristics were also
estimated. The expected pharmacokinetic data was found to be of high GI absorption, not blood-brain barrier permeant, and function
as a P-gp substrate. The Br group showed a more toxic effect in HoL2 than in HyL!. These include irritating the skin, mucous mem-
branes, and tissues. The severity of Br poisoning depends on the amount, exact route, and exposure, and it also depends on the age and
previous illness of the exposed person. The manuscript is fascinating in respect of future research perspectives. The article’s findings
ensure that two Salen-type compounds will be used as promising drugs and antimicrobial agents in a flash. Moreover, the presented
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article’s topics gained intriguing interest from molecular dynamic simulation community researchers.
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