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ARTICLE INFO ABSTRACT
Keywords: The thiosemicarbazones and their derivatives have been recognized as antimicrobial agents
Al(?ehyd? ) against human pathogenic bacteria and fungi. Regarding these prospective, this study was
Thiosemicarbazide designed to address the new antimicrobial agents from thiosemicarbazones and their derivatives.
Dicyclohexylcarbadiimide s . N . . i
. . . These derivatives were synthesized by multi-step synthesis methods, such as alkylation, acidifi-
Dimethylaminopyridine . e s , . . .
. . cation, esterification, and formed the 4-(4’-alkoxybenzoyloxy) thiosemicarbazones and its de-
Thiosemicarbazones

rivatives (THS1, THS2, THS3, THS4, and THS5). Afterward the synthesis, compounds were
characterized by 'H NMR, FTIR spectra, and melting point. Later, the computational tools were
applied to evaluate the drug likeness properties, bioavailability score, Lipinski rule, absorption,
distribution, metabolism, excretion, and toxicity (ADMET). Secondly, the quantum calculations,
for instance HOMO, LUMO and chemical descriptors, were calculated by the density functional
theory (DFT). Finally, the molecular docking was performed against seven human pathogenic
bacteria, black fungus (Rhizomucor mieh, Mucor lusitanicus, Mycolicibacterium smegmatis) and
white fungus strains (Candida Auris, Aspergillus luchuensis, Candida albicans). To check and
validate of molecular docking procedure and stability of docked complex for ligand and protein,
the molecular dynamic was performed of docked complex. From the docking score with calcu-
lating the binding affinity, these derivatives could show a higher affinity than standard drug
against all pathogens. From the computational details, it could be decided to do in-vitro test as
antimicrobial activity against Staphylococcus aurious, Staphylococcus homonis, Salmonella typhi,
and Shigella flexneria. The obtained result of antibacterial activity compared to standard drugs,
and it was found that the synthesized compounds were almost same value of standard drug.

Antibacterial activity
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Finally, it could be said from the in-vitro and in-silico study that the thiosemicarbazones de-
rivatives are good antimicrobial agents.

1. Introduction

The thiosemicarbazone is organometallic aromatic compounds which are formed between chelating ligands with transition metal
ions by bonding through the sulfur and/or hydrazinic nitrogen atoms [1]. As a result, these organometallic aromatic compounds
demonstrate sky-scraping affinity for sulfur and nitrogen containing biomolecules, such as amino acids (cysteines and methionines),
peptides (glutathione) and proteins (metallothionein) [2]. In addition, the thiosemicarbazone-appended aromatic compounds have
been being paid noteworthy attention in the vicinity of medicine, drug design and biochemistry due to their effective biological effects
and outstanding pharmacological properties, for example antimicrobial agent, antibacterial, antifungal, antimalarial, antiviral, even
dengue virus [3]. Besides, metal thiosemicarbazone complexes are rising as new class of investigational anticancer chemotherapeutic
agents which show inhibitory activities against various type of cancer because the nitrogen and sulfur atoms act donor ligands
particularly for transition metal ions to form internal hydrogen and hydrophilic bonds with protein of cancer. As a result, they were
already used as antiparasitic [4], potential anti-trypanosomal agents [5], antitumor activities [6], nuclear medicine [7] and anticancer
activities [8]. In addition, last one decade, they had also estimated the parasiticidal activity against Plasmodium falciparum, Plasmodium
berghei, Trypanosoma cruzi, Trypanosoma bruceirhodesiense and Toxoplasma gondii [9]. Due to having vast applications as bioactive
molecules in medicinal chemistry, this study has been designed and investigated for synthesis and antimicrobial activity with their
computational and in silico study.

In general, the synthesis of thiosemicarbazone consists of a condensation reaction between an aldehyde and a thiosemicarbazide by
the multi-step synthesis methods where the aldehydes are modified by introducing an additional ester linkage group containing long
alkyloxy chain before condensation reaction [10]. The FTIR, *H NMR, and melting point were used for characterization and conversion
of reaction for synthesized compounds after purification. Before, the synthetic study, the computational tools have performed to design
the molecules of thiosemicarbazones.

In recent times, computational chemistry has taken much awareness due to numerous benefits, such as its low cost, sustainable
environment, and no waste chemicals even low employment cost. As a result, the computational tools are the first choice for designing
a drug with in silico study [11,12], where the Density Functional Theory (DFT) is one of the most accurate method to determine the
quantum parameters or molecular optimization of atom or molecules [13-17]. In addition, it has been executed for calculating the
chemical descriptors. Then, the HOMO, LUMO, energy gap, hydrophilic and hydrophobic nature has been predicted for thio-
semicarbazones and its derivatives. As these derivatives have the potential activity against antifungal or infection diseases, they have
docked against the human pathogenic bacteria strain, black fungus, and white fungus strain. Moreover, the molecular docking study
conveys the binding affinity, binding site, and residue of protein of pathogens with the mechanism of attachment [18-23]. Finally, the
docking score can be able to predict the potential of defined protein and the docking procedure is further justified by molecular
dynamic study. The Root Mean Square Deviation (RMSD) and Root Mean Square Fluctuation (RMSF) have been calculated after
performing the molecular dynamic simulation that confirms information about stability and validation of docking procedure for the
docked complex of ligand and protein throughout the water or biological system. Afterward of the computational and in silico
investigation, the antimicrobial activity has been performed to compare with the docking study, and experimental result.

2. Methodology and materials
2.1. Computational details

2.1.1. Optimization of ligand and determination of chemical descriptors

DMol3 code of material studio 08 [24], is one of the most used software package for molecular optimization. Using this software,
the B3LYP functional and DND basis set was executed due to the presence of the electronegative atom, like oxygen, though DFT
functional. Regarding the molecular optimization by DFT method, the structural geometry and electronic structure were studied for
confirming the molecular optimization in minimum energy. After optimization, the molecules were saved for further analysis. The
eLUMO, eHOMO and energy gap (AE) gap, ionization potential (I), electron affinity (A), chemical potential (i), electronegativity (y),
hardness (n), softness (s) and electrophilicity (o) were calculated and presented in Table 1 using equations (1)—(8).
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2.1.2. Determination Lipinski rule and drug likeness properties
Swiss ADME online free website (http://www.swissadme.ch/) was used to assess the Lipinski rule of five and pharmacokinetics
[25].

2.1.3. ADMET calculation
The ADMET facial appearances were demonstrated using the online database amdetSar (http://lmmd.ecust.edu.cn/admetsar2),
that is the most ideal database for calculating the AMDET features [26-28].

2.1.4. Preparation of protein and procedure for molecular docking

For molecular docking, the preliminary three-dimensional (3D) structure of protein is required which was collected from Protein
Data Bank (PDB) (https://www.rcsb.org/). Three proteins of triple-negative breast cancer (PDB ID: 4PV5), cervical cancer (PDB ID:
1A7T) & colon carcinoma (PDB ID: 1J26) were downloaded from the PDB. The raw proteins from the PDB were taken in the PyMOL
program version PyMOL V2.3 (https://pymol.org/2/) [29] for preparation and optimization after removing water molecules and
unusual ligands or heteroatoms to make a new fresh protein. Finally, it was exported as PDB file. Secondly, in this case of performing
the auto dock vina, the PyRx program [30] was applied for molecular docking while the grid box parameters was used as center X =
12.4697,Y = 15.9818, Z = 16.0634, and Dimension A)X = 35.144, Y = 37.645 1°\, and Z = 36.966 A. Next, the docked compounds
were then uploaded to Discovery Studio version 2017 for overall results and viewing after molecular docking [31].

2.1.5. Molecular dynamic

To explore the dynamic interactions of molecules in materials and biological sciences, MD simulation is an effective method [32,
33]. In order to execute MD simulations, NAMD methodology was employed on a desktop computer in batch mode or dynamically with
a live view computer. For holo-form (drug-protein) docking, AMBER14 force field simulation has been used to ensure the perfect match
and stability of the protein-ligand complexes up to 500 ns (39). At 298 K, the whole system was equilibrated accurately adding 0.9%
NaCl in the medium of a water solvent in presence of liquid system with NVT ensemble having the simulation box size as boundary 1.5
and X =5, Y = 5 and Z = 5 which is standard for these proteins for solvation, as well as, its vector coordinate of box is at —25.06, 18.79
and —7.06, respectively. VMD evaluated the performance of this result using RMSD and RMSF. During the simulation, a cubic cell box
was replicated inside 20 Aon every corner of the operation and periodic area circumstances.

2.2. Materials and synthesis

2.2.1. Chemicals

Thiosemicarbazide, alkyl bromide, cyclohexanone, methanol, ethanol, 1-butanol, dimethyl aminopyridine (DMAP), dichloro-
methane (DCM), acetone, sodium hydroxide, and potassium carbonate were used. Methanol and ethanol were distilled over anhydrous
calcium oxide. Dichloromethane was also distilled, and acetone was dried over molecular sieves. All other chemicals used were
laboratory grade. Pre-coated silica gel aluminum sheet (silica gel 60, F-254, 0.25 mm) from E-Merck was used for analytical thin-layer
chromatography (TLC).

2.2.2. Techniques

1H NMR spectra were recorded on a spectrophotometer (Bruker Avence III HD spectrometer-400 MHz) from Chloroform-D solution
while TMS as internal standard at Wazed Miah Science Research Centre (WMSRC), JU. FTIR spectra were recorded on Shimadzu
spectrophotometer Prestige 21 with KBr pellets in the range of 4000-400 cm ~*. Concentration was done by Rotavapor (BUCHI; R-114),
progress of the reaction and purity of the products were monitored by TLC. The melting point was recorded by Polarizing Microscope
fitted with a hot and cold stage, and was used to identify the mesophases. Olympus CX Polarizing Microscope fitted with INSTEC Hot
and Cold stage HCS 402 and computer-operated controller INSTEC MK 1000 was used. Antibacterial tests were performed at the
department of biochemistry in the University of Chittagong, Chittagong, Bangladesh.

2.3. Synthesis and purification of thiosemicarbazones

The thiosemicarbazide compound was dissolved in 10 ml of 1-butanol in a hot state, and ester linkage aldehyde was also dissolved
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in 10 ml of 1-butanol. Then the dissolved thiosemicarbazide was added from the beaker with a dropper in the ester linkage solution. A
clear solution was formed, a drop of glacial acetic acid was used in the reaction mixture as a catalyst, and the reaction mixture was
refluxed for 2/3 h. So, thiosemicarbazone formation was checked by TLC using solvent DCM and cyclohexane (1:1). The mixture was
filtered by using a small Buckner funnel. The product was recrystallized by using solvent DCM and methanol. The formations of
thiosemicarbazones were characterized by FTIR, 1H NMR, and melting point. Five derivatives of THS (THS1, THS2, THS3, THS4 and
THS5) were synthesized by using following reaction scheme in Fig. 1.

2.4. Characterization

The compoundTHS1 showed resonance signals with different § (chemical shift) values. The signals in the region at 7.00 ppm (2H, d)
and 8.16 ppm (2H, d) are for the protons of H4 and H5, the coupling constant is at 8.8 Hz, probably these are the protons of the ring B.
Again, the signal at 7.73 ppm (d, 2H) and 7.43 ppm (d, 2H) is for the protons of H6 and H7, the coupling constant is at 8.80 Hz, almost
certainly these are the protons of the ring A. The proton of -C—NH gives a signal at 7.93(1H, s), the proton of -NH, and -NH- gives
signals at 6.48 ppm (br.) and 9.91 ppm (br.), respectively. The aliphatic protons numbered as 6, 7, 8, 9, 10, 11, 12 give the signal at
4.06 ppm (triplet), at 1.86 ppm (multiplet), at 1.48 ppm (multiplet), at 1.30 ppm (multiplet) and at 0.86 ppm (triplet), respectively.

The compoundTHS1 showed absorption band at vH-N (str) = 3394.72 (br) are for H- N bond stretching, vH-N-H (str) = 3284.77,
3342.34 (br) are for H- N-H bond stretching, vC-H (str) = 3051.39 is for aromatic C-H bond stretching, vC-H (str) = 2916.37 and
2848.86 cm ™! are for aliphatic C-H bond stretching, vC=0 (str) = 1710.86 cm ! is due to C=0 bond stretching of ester, bC=C (str) =
1600.92 cm ! for aromatic C=C bond stretching, vC=N (str) = 1510.26 em™! for aromatic C=N bond stretching, vC-H (ben) =
1417.68 cm ! is due to C-H bending in —-CH,-, vC-H (bend) = 1315.45 em ! is due to C-H bending in —-CHs, and vC-O (str) =
1232.51-1008.77 cm ™! are due to C-O bond stretching.

The chemical shift values & FTIR absorption band(THS2, THS3, THS4 and THS5)of other compounds are found to be almost the
same which evidence confirms their chemical conversion and their chemical structure.

4-(4'-decyloxybenzoyloxy)thiosemicarbazone(THS1)Yield: 68%, mp: 189 °C

HNMR (CDCl3) (400 MHz) 5, ppm:[8.16, d, 2H(5), J = 8.8], [7.73, d, 2H(6), J = 8.8], [7.300, d, 2H(7)], [7.00, d, 2H(4), J = 8.8],
[7.93, s, 1H], [9.91, br.1H], [6.48, br. 2H], [4.06, t, 2H], [0.88-1.86 for aliphatic protons 8-12].

IR (KBr, v—, cm™1): 3394.72 cm ™! (-N-H stretching), 3284.77, 3242.34 cm ™! (H-N-H stretching), 3070.68 cm™! (aromatic C-H),
2916.37, 2828.86 cm ! (aliphatic C-H), 1710.86 cm ™! (C=0 group), 1510.26 cm ™! (aromatic C=C), 1600.82 cm ™ (C=N bond),
802.14 cm™! (C=S bond).

4-(4'-dodecyloxybenzoyloxy)thiosemicarbazone(THS2): Yield: 76%, mp: 190 °C

'H NMR (CDCls) (400 MHz) 5, ppm:[8.16, d, 2H(5), J = 8.41, [7.73, d, 2H(6), J = 8.4], [7.30, d, 2H(7)], [7.01, d, 2H(4), J = 8.8],
[7.89, s, 1H], [9.65, br.1H], [6.41, br. 2H], [4.06, t, 2H], [0.89-1.86 for aliphatic protons 8-12.

IR (KBr, 0, em™1): 3425.58 cm ™! (-N-H stretching), 3398.57, 3273.20 em~! (H-N-H stretching), 3070.68 em~! (aromatic C-H),
2920.23, 2828.86 cm ! (aliphatic C-H), 1722.43 cm ™! (C=0 group), 1508.33 cm™! (aromatic C=C), 1598.99 cm~! (C=N bond),
806.14 cm ™! (C=S bond).

4-(4'-tetradecyloxybenzoyloxy)thiosemicarbazone(THS3):Yield: 70%, mp: 213 °C

HNMR (CDCl3) (400 MHz) 6, ppm:[8.16, d, 2H(5), J = 8.8], [7.74, d, 2H(6), J = 8.4], [7.31, d, 2H(7)], [7.00, d, 2H(4), J = 8.4],
[7.86, s, 1H], [9.38, br.1H], [6.36, br. 2H], [4.067, t, 2H], [0.88-1.86 for aliphatic protons 8-12.

IR (KBr, v—, cm™1): 3404.36 cm ™! (-N-H stretching), 3284.77, 3250.05 cm ™' (H-N-H stretching), 3070.68 cm™! (aromatic C-H),
2916.37, 2828.86 cm ! (aliphatic C-H), 1735.93 cm ™! (C=0 group), 1506.26 cm ™! (aromatic C=C), 1602.45 cm™ (C=N bond),
803.35 cm™! (C=S bond).

4-(4'-hexadecyloxybenzoyloxy)thiosemicarbazone(THS4):Yield: 75%, mp: 201 °C

o
DCM ,DCC ‘
OR/MH COOH + HO CHO ———— 3 OR/MH C—0O CHO
DMAP, at RT, 24 hr.

Gla. ace. acid

1-Butanol s
Reflux, at 2 hr. Wl
Ethanol _R—c—
anol || o HN—N—C—NH,

Relux(2 - 3)hr.

H s
COOCH/CzHs i [
OR/HOC—OOC—‘N—NH—C—NHZ

ORMH

R=-C H CH.-CH_,-CH C H

Cyclohexanone | KOs 10021, 712025, 7 142977 Y16 033, 1837
Reflux, 24hr. | gy Ry

COOCHy/C,Hs

OH/H

Fig. 1. Reaction Scheme for synthesis.
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'H NMR (CDCl3) (400 MHz) &, ppm:[8.16, d, 2H(5), J = 7.6], [7.73, d, 2H(6), J = 7.2], [7.30, d, 2H(7), J = 9.2], [7.00, d, 2H(4), J
= 8.00], [7.86, s, 1H], [9.93, br.1H], [6.37, br. 2H], [4.07, t, 2H], 0.90-1.84 for aliphatic protons 8-12.

IR (KBr, v—, cm™1): 3423.65 cm ™! (-N-H stretching), 3321.42, 3250.05 cm ™! (H-N-H stretching), 3070.68 cm™! (aromatic C-H),
2918.30, 2828.86 cm ! (aliphatic C-H), 1726.29 cm ™! (C=0 group), 1510.26 cm™! (aromatic C=C), 1604.77 cm~! (C=N bond),
801.55 cm ™! (C=S bond).

4-(4'-octadecyloxybenzoyloxy) thiosemicarbazone (THS5): Yield: 69% mp: 204 °C

'H NMR (CDCls) (400 MHz) 5, ppm:[8.16, d, 2H(5), J = 6.81, [7.74, d, 2H(6), J = 6.401, [7.300, d, 2H(7)], [7.00, d, 2H(4), J = 6.8],
[7.83,s, 1H], [9.21,br.1H], [6.33, br. 2H], [4.07,t, 2H], 0.90-1.84 for aliphatic protons 8-12.

IR (KBr, 0, cm™Y): 3415.93 em™! (-N-H stretching), 3284.77, 3265.49 cm ! (H-N-H stretching), 3070.68 em ™! (aromatic C-H),
2954.95, 2828.86 cm ™! (aliphatic C-H), 1734.01 cm ™! (C=0 group), 1510.28 cm ™' (aromatic C=C), 1600.92 cm™! (C=N bond),
804.64 cm ™! (C=S bond).

2.5. Biological activity

2.5.1. Preparation of solution
The certain concentration of the solution of thiosemicarbazones was prepared, so that there were no impurities. For various
concentrated solutions were used for the determination of inhibition zones.

2.5.2. Antibacterial activity

To primary screening of antibacterial activity of synthesized THS, the four human bacterial pathogens, for instance Staphylococcus
aureus, Staphylococcus hominis, Salmonella Typhi, Shigella flexneria were taken. The disc diffusion method was carried on taking 100 pg
(dw)/disc. After completing the working progress for the good diffusion method, the Petri dish was kept in an incubator at 36-37 °C for
overnight for the growth of bacteria strain. Then, the zone of inhibition was measured on an mm scale with thoughtfulness 1.0 mm
errors. This working progress was done in triple times, and the average magnitudes were listed in Table S8. It is noted that DCM was
used as a solvent to prepare THS solutions. As a result, DCM was considered as controlled.

3. Result and discussion
3.1. Optimized structure

The opening obsession that locates out in computational chemistry is to categorize the stable configuration of any molecular
structure. These all molecules are optimized through the DFT functional with taking suitable configuration, and it has been observed
that their symmetry is extremely similar. The optimized structure has been presented in Fig. 2. According to optimized structure, the
obtained bond distance of C-C is at 1.53639 A° where the C-C bond distance is at 1.54 A in view of experimental value. Secondly, the
C-O bond is found at 1.50899 A while the experimental value is 1.54 A shown in Table S9. So, the optimized structure after DFT
optimization is accurate.

3.2. HOMO, LUMO and chemical reactivity descriptors

The chemical identifiers have sole importance for every chemical molecule or chemical active compounds. It is a well-established
concept for accounting for energy gap indicates the stronger their chemical reactivity, which is allowing them to engage in chemical
processes more effectively reactions. In addition, as the value of hardness rises, the object’s susceptibility to degrade diminishes and its

Amplc1|lm

Fig. 2. Optimized structure of molecules.



Table 1

Frontier molecular orbitals and reactivity descriptor analysis.

eLUMO, gHOMO, £HOMO sLUMO Ionization potential Electron affinity Chemical potential Hardness (1), Electrons activity Electrophilicity (), Softness (S),
eV eV gap, eV D, ev (A), eV (p), ev eV 0, ev eV A%
THS1 —1.453 —8.153 6.700 8.153 1.453 —4.803 3.350 4.803 3.443 0.299
THS2 -3.17 —8.349 5.179 8.349 3.170 —5.760 2.590 5.760 6.405 0.386
THS3 —2.625 —8.702 6.077 8.702 2.625 —5.664 3.039 5.664 5.278 0.329
THS4 —3.290 —8.049 4.759 8.049 3.290 —5.670 2.380 5.670 6.754 0.420
THS5 —-3.539 -7.997 4.458 7.997 3.539 —5.768 2.229 5.768 7.463 0.449
Ampicillin —2.740 —9.551 6.811 9.551 2.740 —6.146 3.406 6.146 5.545 0.294
Starting —2.262 -9.797 7.535 9.797 2.262 —6.030 3.768 6.030 4.825 0.265
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acceptability as an active medication continuously diminishes. On the other hand, the biological activity is closely related to the
softness index and handedness which are opposite to each other at quantitative value. From Table 1, it is found that the energy gap for
THSI is at 6.70 eV which is reduced with an increasing alkyl chain of molecules, and it is shifted at 5.100 eV, 6.077 eV, 4.758 eV, and
4.458 eV for THS2, THS3, THS4, and THS5, respectively. In case of starting, the energy gap is at 7.535 eV that was reduced after
forming complexes. In addition, these obtained values (energy gap) for THS1, THS2, THS3, THS4, and THS5 are smaller than starting
and standard (Ampicillin). Finally, the smallest value of energy gap is obtained for THS5. So, it could be said that all derivatives are
chemically more stable than starting material which is derived similar trend from the ionization potential, chemical potential, electron
affinity, and electrons activity. When it comes to the bioactivity of a compound, the lower degree of softness is much more effective
while the larger value of hardness indicates the highest stability. The softness value of THS5 is the highest (0.449) and the lowest
(0.299) for THS1 while the hardness of THS1 is the highest value (3.350) and the lowest value is 2.229 for THS5.

3.3. Frontier molecular orbital: HOMO and LUMO

In the accurate appraisal of the determination of the active site on molecules, the HOMO and LUMO orbitals play a significant role
in their electrophilic and hydrophobic attraction with biological micromolecules [34-36]. The HOMO and LUMO orbital geometries
have been ascertained utilizing DFT technique. As it can be observed from Fig. 3, LUMO is often present in parts containing oxygen
atoms of the benzene ring of the thiosemicarbazone ring while the moron color is the positive node of orbital and yellow color is the
negative color. Moreover, it is revealed that the LUMO is observed for the almost same part for THS1, THS2, THS3, THS4 and THS5.
The main cause is explained that due to the presence of electron-negative atom (Oxygen) near to the benzene ring, the LUMO portion
has obtained at this region. On the other hand, the HOMO has obtained the sulfur and nitrogen atoms containing the part in the
thiosemicarbazone ring whereas the light blue color is a positive node of orbital and light orange color indicates the negative node of
the orbital. So, electrophilic part of the protein can be attracted by the thiosemicarbazone due to having HOMO part on sulfur and
nitrogen atoms.

3.4. Electrostatic potential charge distribution map

In investigations of a wide range of molecular interactions, map of electrostatic potential (MEP) has become a key factor of
reactivity measurement or scale for chemical species [37]. The effectiveness of this theoretical approach in investigations and analysis
of physical, biological, and associated operations is widely estimated by the active site of orbital [38-40]. When studying to discover
bioactive compounds, MEP illustrates the independently methodologies and active site of charge carrying portion of molecules which

ONNT OWOH ONNT

OWOH

Fig. 3. Frontier molecular orbitals diagram for HOMO LUMO.
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proliferates the interaction possibility of attachment mechanism of ligand and protein. From Fig. 4, it is found that the whole molecule
is contained the negative and positive charge overall molecule having two parts. In the connection point, the charge is at 1.431, 2.28,
—1.25, 2.47, 5.25, and 7.69. The red color contains the negative charge and the blue color is carried on the positive charge. In case of
charge distribution, there are major part is blue inside of ring and molecule shown in Fig. 4. But the outer part has the red color where
hydrogen atom is contained.

3.5. Pharmacokinetics and drug likeness study

Drug-likeness appraises the qualitatively a substance’s potentiality of becoming an oral medication in term of bioavailability.
Secondly, drug-like properties including the solubility, permeability, metabolic stability, transporter effects and bioavailability score,
are vital factors to explain the structure of drug potential before synthesis. In addition, the Lipinski’s five-rule is also related to the
Drug-likeness. Lipinski’s five-rule consists of the five parameters, such as 5 hydrogen bond donor, 10 hydrogen bond acceptor, total
topological surface area, Log P (CLog P) does not excess than 5 and molecular weight is less than 500 g, if these are obey the mentioned
condition, called small molecules for drugs. So, from Table S1, the bioavailability score is listed at 0.55 for THS1, THS2, Ampicillin,
and staring, but it is abated for at 0.17 for THS3, THS4, and THS5. Secondly, utilizing of Lipinski’s five-rule, the compounds of THS1,
THS2, Ampicillin and staring are satisfied the Lipinski’s five-rule, but THS3, THS4, and THS5 are opposite to Lipinski five-rule, because
it can violate the one rule of molecular weight having large mass. Next, the low GI absorption index is obtained for all molecules
whereas the starting conveys the high GI absorption index.

3.6. ADME studies

ADME properties are one of the foremost things becoming the bioactive molecule through the absorption, distribution, metabolism,
and excretion (ADME). Having the numerous descriptors for ADME, there is involved the nine parameters, such as human intestinal
absorption (HIA), blood-brain barrier (BBB), Caco-2 permeability, human intestinal absorption, P-I glycoprotein inhibitor, P-II
glycoprotein substrate, renal organic cation, sub-cellular localization, CYP4502C9 substrate, and CYP4501A2 inhibitor shown in
Table S2.

BBB conducts the protection of brain infections by the toxin or pathogens, as well as it allows the vital nutrient products to reach in
brain. From the data, they are shown the positive magnitude, means that they can carry on the nutrient for brain system.

HIA submits for any drug that it is orally administrated by absorption from gastrointestinal system into the bloodstream of the
human body. Our synthetic drugs are highly response to HIA; stands for high possibility of absorption by bloodstream from gastro-
intestinal system. In general, it is common fact that P-glycoprotein can protect the body system from the harmful materials. However, if
P-glycoprotein is inhibited by any drug, the protection of body system will be hampering or harmful chemical will be stored in kidney,
liver, lumen or other organs. However, the studied compounds can show the negative value in terms of P-I glycoprotein inhibitor, P-II
glycoprotein substrate, CYP4502C9 substrate and CYP4501A2 inhibitor; means that there are no scope of harmful effect by them in
body organs. Consequently, the Lysosome is the subcellular localization or Ampicillin, although all molecules and starting are in
Mitochondria.

- 18391
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Fig. 4. Electrostatic potential charge distribution map.
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3.7. Toxicity

The aquatic and non-aquatic environment is the most important fact for chemical species after use. The pragmatic fact of the
toxicity is included to the water solubility (Log S), and the higher solubility mentions the higher toxicity of these molecules. In
addition, the AMES toxicity, carcinogenicity, plasma protein binding, acute oral toxicity, oral rat acute toxicity, fish toxicity,T. Pyr-
iformis toxicity were calculated for evaluating for the toxicity data listed in Table S3. First of all, the thiosemicarbazones and their
derivatives convey the negative outcome for AMES toxicity and carcinogenicity. But the water solubility is at —4.455 for all derivates
which is higher than starting even standard. The similar trend is found for plasma protein binding, acute oral toxicity, oral rat acute
toxicity, fish toxicity, T. Pyriformistoxicity.

3.8. Calculation of QSAR and pICsp

Quantitative structure activities relationship (QSAR) calculation has been performed to determine the relationship between bio-
logical activities and structural activities of chemical compounds using the computational method. The overall value of QSAR and
pICsp investigation meets all the criteria and it is observed that different compounds have different QSAR and pICsg shown in Table S4.
For calculation of pICso, here most acceptable descriptors, such as Chiv5, bcutml, MRVSA9, MRVSA6, PEOEVSAS, GATSv4, J and
Diametert, were used for selected the thiosemicarbazones and their derivatives. It is found the range of QSAR and pICsg between 4.094
and 6.492. It is noted for the thiosemicarbazones and their derivatives that with increasing the molecular mass or alkyl chain, the pICsg
has increased but is lower than 10.0. The estimated pICsg suggests that these reported compounds might be biologically useful against
bioactive molecules.

3.9. Molecular docking

Molecular docking assays were done in order for bioactive chemical species and proteins to be able to attach together and confirm
the evidence for drug compound binding affinity [41]. An important part of molecular drug design focuses on the protein-ligand
interaction. The hydrogen bonds, hydrophobic bonds, van der Waal bonds, and halogen bonds are the most significant consider-
ations for binding the active site of protein to produce docking score as binding affinity where the docking score over 6.00 kcal/mol has
been accepted as standard drug [42-45].

3.9.1. Molecular docking against bacteria

Table 2 conveys the binding affinity of thiosemicarbazones and their derivatives against seven human pathogenic bacteria, such as
Histoplasma-capsulatum, E-coli, Salmonella-typhi, Shigella-flexneria, Staphylococcus-aureus, Staphylococcus-hominis, and
Cryptococcus-neoforman. The binding affinity against Histoplasma-capsulatum, E-coli for all of thiosemicarbazones and its derivatives
is recorded in above —6.0 kcal/mol, which is almost very close to standard even so much higher from starting. Among all bacteria, the
highest binding affinity obtained against Salmonella-typhi stain, at which the THS2 conveys the excellent binding affinity (—8.80 kcal/
mol) that is higher than the standard, Ampicillin (—8.60 kcal/mol), and THS3 and THS4 illustrate slightly lower binding affinity (—8.4
kcal/mol) having 2nd position among all derivatives.

3.9.2. Molecular docking against black fungus

For the antifungal activity of thiosemicarbazones and their derivatives, the most common fungal stains (Rhizomucor mieh, Mucor
lusitanicus, Mycolicibacterium smegmatis and Aspergillus niger) have been chosen for molecular docking study. To say more, the
black fungus infection-commonly known as the mucormycosis which is caused by Rhizomucor mieh, Mucor lusitanicus, and Myco-
licibacterium smegmatis fungi as a result, this study conveys the binding activity of thiosemicarbazones and its derivatives against the
black fungus strains. Table 3 shows the binding affinity of black fungus strain and Aspergillus niger strain while it is obtained that the
binding affinity against Rhizomucor mieh is the highest among other stains, and THS3 conveys the higher binding affinity (—7.7 kcal/
mol) than standard, Ampicillin (—7.6 kcal/mol) against Rhizomucor mieh even other stains.

3.9.3. Molecular docking against white fungus
Table 4 represents the binding affinity against Candida Auris, Aspergillus luchuensis, and Candida albicans fungal strains which are

Table 2

Binding affinity against bacteria.
Ligand No  Histoplasma E.coli Salmonella typhi  Shigellaflexneria Staphylococcus- Staphylococcus Cryptococcus

capsulatum (2jv7) (6¢ch3) (Iwvg) (1267) aureus (3ip4) hominis(6exs) neoformans (5xu6)

THS1 —6.0 —6.3 -8.1 —6.3 —5.6 -7.6 —6.0
THS2 —6.6 -7.0 —-8.8 -5.8 —6.0 —-6.7 -7.2
THS3 —6.5 —6.6 —-8.4 -5.5 -5.9 —6.4 —6.3
THS4 —6.2 —6.5 -8.4 -5.5 -6.3 —6.5 —-6.7
THS5 —6.6 —6.4 -8.0 -5.5 -5.5 -7.7 —6.0
Ampicillin —6.7 -7.3 —-8.7 -7.2 —6.7 -7.8 -7.3
Starting -5.0 -5.1 —6.0 -5.2 -5.7 —6.1 —6.3
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Table 3

Binding affinity against black fungus.
Ligand No Rhizomucor mieh(4WTP) Mucor lusitanicus (6ZDW) Mycolicibacterium smegmatis (7D6X) Aspergillus niger (1kul)
THS1 -7.0 ~6.2 —7.4 ~5.4
THS2 -7.7 ~5.4 -7.1 ~46
THS3 -7.5 -55 —7.6 -4.6
THS4 ~7.4 ~6.0 —6.7 -5.1
THS5 -6.5 -5.9 ~7.4 -48
Ampicillin -7.6 —6.2 —6.9 -5.9
Starting -5.7 —4.6 —6.5 -5.1

Table 4

Binding affinity against white fungus strain.
Ligand No Candida Auris (6U8J) Aspergillus luchuensis(1BK1) Candida albicans (5HW?7)
THS1 -7.0 -8.1 —-5.7
THS2 —6.7 -8.0 —6.5
THS3 —6.2 -7.6 —6.2
THS4 —6.0 -7.2 —6.1
THS5 -5.9 -7.0 —6.0
Ampicillin -6.7 -8.7 —6.6
Starting -5.9 —6.1 —4.9
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Fig. 5. Docking poses for THS2 against various pathogens.
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caused for the white fungus infection. From Table 4 and it is revealed that thiosemicarbazones and its derivatives show effective
binding affinity against white fungal stains. Here, the binding energy of THS1 and THS2 is at —8.1 and —8.0 kcal/mol respectively
while its value for Ampicillin is slightly higher (—8.7 kcal/mol) against Aspergillus luchuensis (1BK1). So, it can be said that the de-
rivatives are potential against white fungus.

3.10. Protein-ligand interaction and active sites

The Discovery Studio software program can give the access to determine the protein to ligand interaction view and where the
ligand is bonded with protein. Secondly, the number of hydrogen bond is one of the pivotal factors for determination of the blocking of
active sites of protein by drug, and it is contributed to make a large binding energy. Moreover, hydrophobic nature can help to produce
the linkages between non-polar endpoints, such as the benzene ring, heterocyclic ring and alkyl chain with protein or active sites
shown in Fig. 5 with various docking poses. Moreover, the ligand protein interaction and bond distance are listed in Table S5, Table S6
and Table S7. From the interaction, it can be found that each of ligand can produce the conventional hydrogen bond that must indicate
the higher potential as drug.

3.11. Molecular dynamics

There are several aspects in the molecular dynamics that evaluate the stability of molecule interaction. Besides that, MD is one of
the major tools to ascertain molecular interaction and its stability. This has been calculated the RMSD and RMSF principles in the
protein-ligand complex after simulating the molecular dynamics. With any statistic, the widely valid range of these two parameters has
been declared below 2.0 A (61, 62).

From Fig. 6, Fig. 6(a) and (b), the RMSD value of this studies ILs has been ascertained below 0.8 A versus time. Besides, the RMSD
range has also been ascertained below 0.8 against amino acid residues. Secondly, the RMSF value Fig. 6(c), Protein backbone interface
with amino acid residue engagement was kept beneath 0.7 A in terms of duration and amino acid framework.

In the case of the black fungus strain, the MD was performed against the Rhizomucor mieh strain for THS2, THS3, THS4 and
standard. The foremost brief of MD from Fig. S2 is written as that all of the ligand proteins complexes for THS2, THS3, THS4 and
standard are highly stable while the standard and THS3 are slightly higher stable than the other two. At last for the view of Aspergillus
luchuensis as a white fungus strain, the similar ligands, THS2, THS3, THS4 and standard, have been taken for evaluation for the MD
listed in Fig. S3. From Fig. S3(a), it is observed that the RMSD is slightly variable from each other although stays in the stable
configuration which trend is almost similar for RMSD: Amino acid vs. backbone and Amino acid vs. backbone.

3.12. Antibacterial studies

Table S8 represents the zone of inhibition against Staphylococcus aurious, Staphylococcus hominis, Salmonella typhi and Shigella
flexneria bacteria. The control was used as the solvent, DCM, in which all of THS was dissolved for making the solution, and it shows
zero activity in the same concentration. From the table of S8, it is shown that the thiosemicarbazones and their derivatives are potential
drugs against Staphylococcus hominis and Salmonella typhi rather than other bacteria. In addition, THS4 conveys the high antibacterial
activity at 10.0 mm against Staphylococcus aurious where the Standard shows 12.4 mm. Secondly, the THS2 and THS?5 illustrate the
potential activity against Staphylococcus hominis.

In the case of antibacterial activity, the effect of the alkyl part in the thiosemicarbazones and their derivatives are estimated using
the number of carbon in the alkyl chain. For each bacteria pathogen, the alkyl group has to be shown an effect on antibacterial activity.
Moreover, it can be revealed that with increasing the alkyl chain, the zone of inhibition is slowly increased shown in Fig. 7(a) and the
various zone of inhibition is added in Fig. 7(b).

4. Conclusion

The thiosemicarbazones and their derivatives were optimized using the DFT functional and obtained the structures. From the DFT
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Fig. 7. (a) Effect of alkyl chain on antimicrobial activity, (b) picture of zone of inhibition for Staphylococcus aurious.

calculation, the HOMO, LUMO, and chemical descriptors were calculated at which the softness and hardness values are reasonable for
becoming drugs. The energy gap obtained from HOMO and LUMO is varied to compounds, it is at 6.80 for standard and 4.458 for THS5
which is much lower than starting (7.535). It is revealed from the quantum calculation that the longest chain conveys the highest
chemical reactivity as well as the biological significance. Next, the THS1, THS2, THS3 have satisfied the Lipinski rule for becoming
small drug molecules although other (THS4, and THS5) have a high bioavailability score. Next, the ADMET shows that they illustrate
low toxicity, non-carcinogenicity, and both aquatic and non-aquatic toxicity. With the appropriate fitting of ADMET, bioavailability
score, and Lipinski rule, these were performed against seven human pathogenic bacteria, black fungus, and white fungus for primary
screening their antimicrobial activity through the binding affinity using molecular docking tools. It is conveyed that the THS1, THS2,
THS3, THS4, and THS5 are potential antimicrobial agents against these pathogens, and illustrated the highest activity in white fungus.
In summarized by quantum calculation and molecular docking study, it is so sophisticated to make a co-relation between them. First of
all, as there are attached five alkyl chains (C1oHa1, C12Has, C14Ha9, C16Hss, and CigHsy) is donated by THS1, THS2, THS3, THS4, and
THSS5, respectively where increasing the alkyl chain from THS1 to THS5, the energy gap is decreased regular fashion, as well as
hardness and softness show the opposite trend. In addition, the binding affinity from molecular docking is slightly increased by soaring
alkyl chain. After completing the computational investigation, these were synthesized through multi-step synthesis methods, such as
alkylation, acidification, esterification, and formed the 4-(4’-alkoxybenzoyloxy) thiosemicarbazones. Then, the H NMR, FTIR spectra,
and melting point data give a good support to the conversion of reaction and their optimized chemical structure. In the end, the in-vitro
test was done against Staphylococcus aurious, Staphylococcus hominis, Salmonella typhi and Shigella flexneria, and obtained a
reasonable antibacterial activity compared to standard. From the in-vitro and in-silico study, all show the highest potential activity
against Salmonella typhi although it is partially higher against white fungus on basis of in-silico study.
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