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Abstract

In the present research work, we report the synthesis of a series of benzothiazole derivatives synthesized and were docked
for insilico studies against the influenza virus target. A novel biocompatible magnetic nanocatalyst was prepared by
restraint of Vitamin B; (Thiamine hydrochloride) supported on the surface of silica- encapsulated y-Fe;O3; nanoparticles.
Vitamin B1 was covalently associated with the silica to indulge a nontoxic, inexpensive and biodegradable for the
formation of complex with y-Fe,03. Magnetic bio-nanocatalyst were characterized by FT-IR, XRD, TEM analysis. However,
this catalyst can be simply detached from the reaction mixture by using a magnetic field and directly recycled for five times
without loss of its significant activity. The synthesized derivatives were structurally characterized with FT-IR, 1H NMR and
Mass spectra analysis. The antiviral activity and predicted insilico studies were prominent which revealed that compounds
3a and 3o illustrated better influenza virus inhibition as discriminated with the standard drug acyclovir. The efficacy of
these synthesized benzothiazoles will need to be performing by in-vitro and in-vivo experiments as antiviral agents.
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1. Introduction

The development of competent, efficient and environmentally acceptable chemical
procedures for the research of industrially relevant compounds and biologically active molecules is a
major task for chemists in organic synthesis. A feasible and ‘greener bio based’ method
would accessible attention on use of ecofriendly non-toxic substances, use of ambient conditions,
avoiding of destructive by-products and other wastes, as well as shortening of reaction times (Porfiri,
2020). To overcome the complications of inorganic compounds used such as mineral acid catalyst
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such as (HCl and H,S0.) and solid acid catalyst like zeolites, clays, heteropolyacids and sulfated metal
oxides. Due to inimical effects of corrosive lewis acids and protic acids on the environment, several
alternative green methods have been investigated viz nanoparticles, ionic liquids and organocatalyst
(Choghamarani, 2016). Therefore, the utilization of eco friendly organic molecules such as organo
nanocatalyst has staggeringly increased in chemical research. In recent times, heterogenous coated
magnetic nanoparticles have raised as a potent catalysts due to many advantages like readily
availability, excellent stability, and biodegradable catalytic efficacy of immobilization of organo
nanocatalyst because of their high surface to volume ratio (Zhang 2019).

Vitamin B; (VB;) structure consists of pyrimidine and thiazole ring joined by Methylene
Bridge (Figure 1) (Roger, 2009, Gurav, 2020 and Aghapoor, 2011). Moreover the usage of thiazoles as
important catalytic efficacy for different organic transformations was studied (Azizi, 2014, Darabi,
2012, Choghamarani, 2016 and Rafiee, 2018), few studies in the literature are represented the
utilization of VB; as a catalyst (Nezhad, 2013 and Pourjavadi, 2014). Although, its high water
solubility nature and reusuability poses as a biocatalyst endure it a desirable green catalyst. VB; as a
biodegradable and green catalyst was stimulated some organic reactions like synthesis of
pyrimidinones, acetoin formation, dihydropyridine, quinoxaline preparation and pyrimido
benzothiazole derivatives (Rahman, 2018, Helby, 2019, Narayanan, 2012 and Nongrum, 2016).

NH;*" CI - Cl-

N s
\ /

e

Figure 1. Structure of Vitamin B,

Unlike this, agglomeration and surface oxidation of chemically very active unprotected
magnetic nanoparticles (MNPs) result in a significant loss in magnetic catalytic activity, surface area,
dispersibility, and properties. To overcome this problem silica supported coating layer not only
functionalize the nanoparticle along with stabilizes nano particles superficial with functional
groups like thiol, carboxyl, amine and biological species. In view of high surface affinity of the MNPs
on silica as a chemically biocompatible inert compound with strong surface area and excellent
stability, so it is generally supported as a coating layer over the surface (Patil, 2016). Silica possesses
biocompatibility, less economic, widely abundant, less toxic, chemically and thermally stable. Silica
of nanoparticles imparts make higher porosity and the surface area with more number of silanol (Si-
OH) moieties reclining on surface area are able to be converted by different kinds of organic
molecules for various purposes like coating, catalysis and separation etc (Esfandiary, 2020). Coating
of silica recline on the superficial of biocompatible magnetic nanoparticles can effectively enhance
the depuration of the nanocatalyst after finishing the reaction.

Benzothiazoles are a representative class of heterocyclic compound comprised fusion of
benzene and thiazole ring system (Gjorgjieva, 2018). Benzothiazoles have exhaustive for
transformed several biological activities corresponds antimicrobial (Singh, 2016, Haroun, 2018 and
2019), anticonvulsant (Shukla, 2016), antidiabetic (Abbasi, 2014), anti-tumor (Williams, 2020 and
Pugh, 2020), antiviral (Azzam, 2020), antitubercular (Stokes, 2020), anti-inflammatory (Kumar, 2021),
antiasthmatic (Costanzo, 2003), anthelminthic (Mohsen, 2017), antioxidant (Payaz, 2018), and so
forth. There are several benzothiazole approved drugs such as ethoxzolamide (A, as diuretic),
riluzole (B, as anticonvulsant), TCMTB (C, as fungicide), pramipexole (D, as antiparkinsonian),
zopolrestat (E, as antidiabetic), viz., available in the market as shown in Figure 2. VB; was
immobilized lying on the superficial of Fe;0,@SiO, core shell nanoparticles and induce further
synthesis of benzothiazole derivatives. As it was mentioned above, the designed and synthesized
benzothiazoles derivatives are more expected to have strong binding interactions with the active site
of aminoacids of the influenza virus inhibition.
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Figure 2. Marketed drugs containing the benzothiazole moiety

In extension of the work to promote novel catalysts for synthesis of benzothiazole
derivatives, in view of this a moderate, potent, and eco friendly benign approach for the
benzothiazole ring condensation in presence of nanosized particle catalyzed organic reactions, so
considered the usage of VB; as an organocatalyst indulge on silica-sustained y-Fe,Os; nanoparticle (y-
Fe;0;@Si0,@Vitamin B;). The conflicting of our present research work, we have designed
benzothiazole scaffolds developed by molecular docking studies by employing Auto Dock tools 1.5.6
and molecular dynamics with Cresset Flare. The outcomes revealed that the recently structured
benzothiazoles ancillaries showed significant activity with influenza virus protein. The docking results
(i.e., interacting amino acids, binding score energy, distance and types of interactions) specifies the
inhibitory effects of compounds in the protein using docking simulation.

2. Experimental
2.1 Materials and physical measurements:

All the chemicals and solvents were purchased with analytical grade and use directly without
purification. FT-IR spectrum was recorded above the region 400-4000 cm™ on a Bruker, FT-IR
apparatus using potassium bromide disks. Proton NMR (400 MHz) and *C NMR (100 MHz) spectrum
were obtained on a Bruker DRX400 spectrometer in DMSO and CDCl; solvents. The powder X-ray
spectrum was depicted at room temperature on Bruker SMART APEX Il CCD replenish with a
graphite monochromator. The morphology nature of the nanoparticles was investigated with
transmission electron microscopy using TEM (JEOL 2100). A minute quantity of diluted sample
dissolved in alcohol was spotted on a TEM grid. Mass spectra were depicted on a Perkin Elmer,
Calrus 680 GC-MS spectrometry.

2.2 Computational details and Ligand preparation

The computational assumes, were performed on an Intel (R) Core (TM) i3 processor with a
memory of 8.0 GB RAM running on Windows 10 operating system. Molecular docking calculations
were done by MGL tools 1.5.6, Auto Dock tools 1.5.6 and Auto Dock Vina packages (Molecular
Graphics Laboratory (MGL), Scripps Research Institute, North Torrey Pines Road 10550, La Jolla,
California, 92037) for predicting the accuracy of protein-ligand interaction. The ligand structures of
these molecules were drawn with ChemDraw Ultra 4.0 software, then it was changed to reliable 3D
conformations produced and the energies were moderated using DSV. The fetched files were saved
in MDL Molfile (.mol) format and changed to .pdb file format respectively. Further, they were
optimized and visualized with the aid of BIOVIA Discovery Studio Visualizer v16.1.0, (Dassault
Systems Biovia software).
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2.3 Protein structure preparation

The crystal arrangement of influenza virus protein PB2 complex (PDB ID: 5EG7, 1.40 A) were
retrieved from the source of Research Collaboratory for Structural Bioinformatics (RCSB) Protein
Data Bank (https://www.rcsb.org) (Severin, 2016). The protein complex was extracted and prepared
in protein training wizard, removed water molecules distantly around 5A of the binding site, further
added polar hydrogen atoms and it was minimized. The 3D molecular structures of the designed
compounds were further developed and optimized by using Cresset’s structure-based drug design
suite Flare V4 software with the assertion to acceptable values of bonding interactions, bond angles,
bond length, unusual bonding interactions have appropriate to the atoms occupying the same
bonding site in different parts of the compound. The tolerance energy minimization program used
with the Open MM toolkit having high performance GPU platform using the ‘steepest descent
algorithm’ with an energy tolerance to choose the cut-off value of 0.10 kcal/mol with AM1-BCC
partial charges and the maximum iterations were equilibrated upto 10000 steps with the time step
of 200 ps. A molecular dynamics calculation was used to attain the structures with the lowest energy
through the simulated annealing in Flare V4 software. The open trajectories were set to be
generated every 2 fs and save every 2 ps. The molecular structure was heated at high temperature
(300 K) for a certain time 20 ns (20000 ps) for computing the final configuration. By this way, the
different energies were found more durable than the original structural parameters.

2.4 Molecular docking or structure-based drug design

The key goal of protein-ligand docking is an ideal tool that can recognize the interaction
between the target site and ligand and binding mode of ligands with target protein. The docking
experiments of the designed compounds (3a-p) (Scheme 2) demonstrated immense linking to the
protein into the active site of influenza virus protein PB2 complex were performed by employing
molecular modelling software Autodock tools (ADT) v.1.5.6 (https://ccsb.scripps.edu/mgltools/) and
AutoDockVina (Trott, 2010). Initially, protein was discriminated by deletion of water molecules and
addition of polar hydrogen atoms or Kollman charges. The nonpolar hydrogen’s were combined by
using ADT, Gasteiger charges were consigned saved as .pdbqt file format. For docking evaluation, a
grid box size of 60 x 60 x 60 A was shaped within the range X (-27.173 A), Y (13.580 A) and Z (3.453
A) axis including the spacing of grid point was selected with 0.375 A were saved as grid parameter
file (.gpf) and docking parameter file (.dpf) formats for determining pre calculated grid maps. After
end of the docking experiments, the ligands were ranked by energy (Grigoryan, 2012).

2.5 Molecular dynamics simulation analysis

The ligands 3a-p were docked into active site of influenza virus protein PB2 complex (PDB ID:
5EG7) by using Autodock tools (ADT) v.1.5.6. The best-docked ligand-protein interactions were
chosen decided and based on their dock score. The docked output structures have saved in the
.pdbqt file format for investigating and calculating the different types of interactions like positive
hydrogen-bonding, lipophilic, electrostatic forces and m-mt interactions etc. involved in docking. The
ligand-protein interactions were all represented and visualized on the basis of docking results BIOVIA
Discovery Studio Visualizer v16.1.0 software (Hardianto, 2018) and molecular dynamic simulations
by utilizing Cresset’s Flare software. The docking score capacity is for the most entity dependent on
the docking parameters like lipophilic pocket which is significant of the action. The improvement of
the binding affinity evaluated with different ligands by hydrogen bonding and electrostatic forces are
other parameters. Molecular dynamic simulation is also a process in every stage of novel drug
discovery for improvement of folding and protein stability, conformational changes and molecular
recognition, computation of large scale ‘movement’ of the complex and lead optimization (Bauer,
2019). The most important feature between molecular docking and the molecular dynamics
simulations is the variable, moment in time. In contrast, the molecular dynamics highlight the
complex shape that mutate with time, further they have compared to molecular docking
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experiments may produce reduces the calculation capacity, increased time and complexity. So, a
molecular dynamics simulation is a fundamental validation that prior to draw any confirmations with
the docking results (Vivo, 2016). Molecular dynamics simulations have improve the prospective of
lead optimization, binding ability, binding pocket of compounds and to determine molecules
targeting the protein-protein interface.

2.6 Synthesis of Vitamin B; supported on y-Fe,0;@SiO, (Scheme 1)
2.6.1 Synthesis of Fes04 MNP’S:

A Solution of FeCls.6H,0 (5 mmol) and FeCl;.4H,0 (2.5 mmol) was dispersed in 100 ml
deionized water under continuously stirred (800 rpm) and then added NH;OH solution (25% w/w)
was mixed to the resulting solution at room temperature until the pH was elevated to 11.
Ammonium hydroxide solution was added to maintain the reaction pH in between 11 and 12 at this
point a black precipitate was acquired. The resulting black suspension was treated vigorously stirred
for 1 h and refluxed for 1 h. The suspension was purified and recrystalized from ethanol. Yield 98%,
m.p. 94 C.

2.6.2 The surface alteration of y-phase Fe;0; by tetraethyl orthosilicate (TEOS):

Coating of silica on the superficial of y-phase ferrite nanoparticles was enacted by mixing
ethanol (40 mL) to formed nanoparticles and then ignited for 1h at 40 °C temperature.
Consequently, TEOS (10 mL) was charged to reaction content and then resulting solution was
steadily stirred for 24 h. Coated silica nanoparticles were congregated by a external magnet and
washed repeatedly four to five times with diethylether and ethanol and kept on drying in a vacuum
at 100 °C for 12 h. Finally, the synthesized nano sized particles were ignited at 300 °C in a furnace for
3 h to modify Fe,0;@SiO; to formation of feasible y-Fe,0;@SiO, nanoparticles. The suspension was
purified and recrystalized from ethanol and yield found 95%.

2.6.3 Synthesis of y-Fe,0;@Si0; coated with thiamine:

Synthesized y-Fe,0s@Si0; (1 g) was suspended in methanol and Thiamine hydrochloride in
the presence of triethylamine (1.2 mmol) for 8 h under reflux condition. Resultant MNP’s were
collected by magnetic decantation process and sequentially washed several times with ethanol,
deionized water and methanol to eradicate triethylamine and any unretorted vitamin to get the free
v-Fe,0;@SiO,@thiamine catalyst. The catalyst was purified and recrystalized from ethanol and yield
found 90%.
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2.6.4 Synthesis of y-Fe,0;@SiO, @ Vitamin B;:

To reinstate the acid activity formally neutralized by triethylamine and adds 2 mL
hydrochloric acid (1 M) in diethylether and continuously stirred for 3 h. Synthesized MNP’s were
washed several times with deionized water and diethylether. Further, dried under Rotovac at 80 °C
for 24 h and preferred catalyst was acquired. The catalyst was purified and recrystalized from
ethanol and yield found 85%.

2.6.5 General procedure for preparation of Benzothiazole derivatives:

4-Chloro-3-amino-4-hydroxy benzoic acid (1) reacts with various substituted
aliphatic/aromatic aldehydes (2), in presence of green solvent and heterogenous nanoorgano
catalyst under various conditions. Purification of synthesized compounds was determined by melting
point, thin layer and column chromatography. The synthetic method is shown in Scheme 2, to a
mixture of 4-Chloro -3-amino-4-hydroxy benzoic acid (1.5 mmol), aromatic aldehydes (1.5 mmol),
were dissolved in 25 ml of methanol, y-Fe,0O;@SiO, @ Vitamin B; (0.005 g) NPs was added and
refluxed at 90 C for a suitable time upto the reaction mixture become solidified. The development
of the reaction was checked by TLC (n-hexane: ethyl acetate 7:3) and then the catalyst was
effectively recovered by using an magnet and recycled for next synthesis. After elimination of
catalyst, the content was make cool to room temperature and further, the crude products was
washed by recrystallization from warm ethanol. The synthesized benzothiazole scaffolds (3a-h) were
illustrated by FT-IR, Proton NMR, *C NMR and Mass spectrum.

2-p-tolylbenzo[d]thiazole-5-carboxylic acid (3a):

Light yellow solid; Yield 86% (265.4 mg); m.p. 258-262 °C; FT-IR (KBr) Vmsx 3089 (C-H
aromatic), 2987 (C-H aliphatic), 1675 (C=0) cm™. *H NMR (CDCls, 400 MHz) 6 = 9.10 (s, 1H, CH,
Benzothiazole), 8.42-8.33 (d, J = 8.25 Hz, 2H, H-6, H-7), 7.34-7.36 (d, J = 8.35 Hz, 2H, H-2, H-6), 7.12-
7.14 (d, J = 8.15 Hz, 2H, H-3, H-5), 2.35 (s, 3H, -CHs) ppm. 3C NMR (CDCls;, 400 MHz) 6 = 169.5 (C=0),
166.6 (C-2, Benzothiazole), 154.3 (C-4, Benzothiazole), 141.0 (C-9, Benzothiazole), 138.4 (CH, Ph),
129.6 (CH, Ph), 127.4 (CH, Ph), 126.1 (C-6, Ph), 122.6 (C-7, Ph), 121.8 (C-8, Ph), 24.3 (CHs) ppm. HRMS
(ESI): (m/z) calculated for CisH1iNO,S [M+H]* : 270.0544; Found, 269.0510. Analytical cal.
CisH11NO,S: C, 66.89; H, 4.12; N, 5.20. Found: C, 66.32; H, 4.19; N, 5.09.

2-(4-(dimethylamino) phenyl) benzo[d]thiazole-5-carboxylic acid (3b):

Light cream colour solid; Yield 90% (315.6 mg); m.p. 264-268 °C; FT-IR (KBr) vmax 3358 (NH),
3085 (C-H aromatic), 2984 (C-H aliphatic), 1698 (C=0) cm™. *H NMR (CDCls, 400 MHz) 6 = 9.12 (s, 1H,
CH, Benzothiazole), 8.44-8.33 (d, J = 8.15 Hz, 2H, H-6, H-7), 7.30-7.34 (d, J = 8.15 Hz, 2H, H-2, H-6),
6.62-6.66 (d, J = 7.85 Hz, 2H, H-3, H-5), 2.85 (s, 6H, N(-CHs),) ppm. **C NMR (CDCls;, 400 MHz) & =
169.4 (C=0), 166.8 (C-2, Benzothiazole), 154.2 (C-4, Benzothiazole), 149.6 (C-6, Ph), 141.4 (C-9,
Benzothiazole), 128.4 (CH, Ph), 127.6 (CH, Ph), 122.4 (CH, Ph), 122.6 (C-7, Ph), 121.8 (C-8, Ph), 40.3
(CHs) ppm. HRMS (ESI): (m/z) calculated for CigH14N,0,S [M+H]* : 298.0776; Found, 299.3596.
Analytical cal. C16H14N20,S: C, 64.41; H, 4.73; N, 9.39. Found: C, 64.32; H, 4.58; N, 9.49
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Scheme 2. Synthesis of Benzothiazole derivatives (3.-)

2-(4-aminophenyl) benzo[d]thiazole-5-carboxylic acid (3c):

White solid; Yield 89% (286.8 mg); m.p. 214-218 °C; FT-IR (KBr) vmax 3348 (NH), 3096 (C-H
aromatic), 2965 (C-H aliphatic), 1674 (C=0) cm™. 'H NMR (CDCls, 400 MHz) 6 = 9.14 (s, 1H, CH,
Benzothiazole), 8.33-8.44 (d, J = 8.25 Hz, 2H, H-6, H-7), 7.20-7.26 (d, J = 8.25 Hz, 2H, H-2, H-6), 6.52-
6.54 (d, J = 8.15 Hz, 2H, H-3, H-5), 4.05 (s, 2H, NH,) ppm. **C NMR (CDCls;, 400 MHz) 6 = 169.2 (C=0),
166.4 (C-2, Benzothiazole), 154.4 (C-4, Benzothiazole), 148.4 (C-6, Ph), 141.2 (C-9, Benzothiazole),
128.2 (CH, Ph), 127.4 (CH, Ph), 123.5 (CH, Ph), 122.6 (CH, Ph), 121.8 (C-8, Ph) ppm. HRMS (ESI): (m/z)
calculated for C1aH10N20,S [M+H]* : 270.0464; Found, 270.6064. Analytical cal. C14sH10N,05S: C, 62.21;
H, 3.73; N, 10.36. Found: C, 62.28; H, 3.58; N, 10.45.

2-(4-methoxyphenyl) benzo[d]thiazole-5-carboxylic acid (3d):

Cream colour solid; Yield 92% (265.8 mg); m.p. 245-256 °C; FT-IR (KBr) vmax 3098 (C-H
aromatic), 2954 (C-H aliphatic), 1684 (C=0) cm™. *H NMR (CDCls, 400 MHz) 6 = 9.12 (s, 1H, CH,
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Benzothiazole), 8.36-8.42 (d, J = 8.20 Hz, 2H, H-6, H-7), 7.32-7.38 (d, J = 8.15 Hz, 2H, H-2, H-6), 6.82-
6.86 (d, J = 8.15 Hz, 2H, H-3, H-5), 3.76 (s, 3H, -OCH3) ppm. *C NMR (CDCls;, 400 MHz) & = 169.4
(C=0), 166.2 (C-2, Benzothiazole), 160.7 (CHs), 154.2 (C-4, Benzothiazole), 141.0 (C-9, Benzothiazole),
128.5 (CH, Ph), 127.4 (CH, Ph), 122.6 (CH, Ph), 121.8 (C-8, Ph), 54.8 (CHs) ppm. HRMS (ESI): (m/z)
calculated for C3sH1:NO3sS [M+H]* : 285.0468; Found, 285.2804. Analytical cal. Ci1sH1:NOsS: C, 64.25;
H, 3.86; N, 10.46. Found: C, 64.28; H, 3.68; N, 10.40.

2-(4-hydroxyphenyl) benzo[d] thiazole-5-carboxylic acid (3e):

Light cream colour solid; Yield 95% (288.6 mg); m.p. 268-276 °C; FT-IR (KBr) vmax 3065 (C-H
aromatic), 2986 (C-H aliphatic), 1645 (C=0) cm™. *H NMR (CDCls, 400 MHz) & = 9.10 (s, 1H, CH,
Benzothiazole), 8.33-8.42 (d, J = 8.10 Hz, 2H, H-6, H-7), 7.30-7.34 (d, J = 8.25 Hz, 2H, H-2, H-6), 6.76-
6.84 (d, J = 8.45 Hz, 2H, H-3, H-5), 5.06 (s, 1H, -OH) ppm. 3C NMR (CDCls, 400 MHz) & = 169.4 (C=0),
166.6 (C-2, Benzothiazole), 158.7 (C-4, Ph), 154.3 (C-4, Benzothiazole), 141.0 (C-9, Benzothiazole),
128.9 (CH, Ph), 127.4 (C-7, Ph), 121.8 (C-8, Ph), 116.4 (CH, Ph) ppm. HRMS (ESI): (m/z) calculated for
C14HsNOsS [M+H]* : 271.0803; Found, 273.0112. Analytical cal. C14H9NOsS: C, 61.98; H, 3.34; N, 5.16.
Found: C, 62.28; H, 3.85; N, 5.36.

2-(2-hydroxyphenyl) benzo[d] thiazole-5-carboxylic acid (3f):

Light yellow colour solid; Yield 85% (252.8 mg); m.p. 270-274 °C; FT-IR (KBr) Vmax 3064 (C-H
aromatic), 2980 (C-H aliphatic), 1642 (C=0) cm™. *H NMR (CDCls;, 400 MHz) 6 = 9.12 (s, 1H, CH,
Benzothiazole), 8.34-8.38 (d, J = 8.15 Hz, 2H, H-6, H-7), 7.32-7.34 (d, J = 8.15 Hz, 2H, H-2, H-6), 6.74-
6.80 (d, J = 8.15 Hz, 2H, H-3, H-5), 5.08 (s, 1H, -OH) ppm. *C NMR (CDCls, 400 MHz) 6 = 169.4 (C=0),
166.6 (C-2, Benzothiazole), 158.7 (C-4, Ph), 154.3 (C-4, Benzothiazole), 141.0 (C-9, Benzothiazole),
128.9 (CH, Ph), 127.4 (C-7, Ph), 121.8 (C-8, Ph), 116.4 (CH, Ph) ppm. HRMS (ESI): (m/z) calculated for
C14HgNO3S [M+H]* : 271.0803; Found, 272.0112. Analytical cal. C12HsNOsS: C, 61.98; H, 3.34; N, 5.16.
Found: C, 62.28; H, 3.85; N, 5.36.

2-(3-hydroxyphenyl) benzo[d] thiazole-5-carboxylic acid (3g):

Cream colour solid; Yield 88% (252.8 mg); m.p. 272-276 °C; FT-IR (KBr) vmax 3072 (C-H
aromatic), 2864 (C-H aliphatic), 1654 (C=0) cm™. 'H NMR (CDCls, 400 MHz) 6 = 9.14 (s, 1H, CH,
Benzothiazole), 8.36-8.34 (d, J = 8.25 Hz, 2H, H-6, H-7), 7.34-7.38 (d, J = 8.25 Hz, 2H, H-2, H-6), 6.84-
6.88 (d, J = 8.15 Hz, 2H, H-3, H-5), 5.06 (s, 1H, -OH) ppm. *C NMR (CDCls, 400 MHz) 6 = 169.6 (C=0),
166.4 (C-2, Benzothiazole), 157.8 (C-4, Ph), 156.3 (C-4, Benzothiazole), 142.6 (C-9, Benzothiazole),
126.4 (CH, Ph), 125.2 (C-7, Ph), 121.4 (C-8, Ph), 115.6 (CH, Ph) ppm. HRMS (ESI): (m/z) calculated for
C14HoNOsS [M+H]* : 271.0803; Found, 272.0112. Analytical cal. C14H9NOsS: C, 61.98; H, 3.34; N, 5.16.
Found: C, 62.28; H, 3.85; N, 5.36.

2-(3,4-dihydroxyphenyl) benzo[d] thiazole-5-carboxylic acid (3h):

Light cream colour solid; Yield 92% (282.6 mg); m.p. 265-270 °C; FT-IR (KBr) Vmax 3068 (C-H
aromatic), 2874 (C-H aliphatic), 1658 (C=0) cm™. *H NMR (CDCls, 400 MHz) 6 = 9.14 (s, 1H, CH,
Benzothiazole), 8.34-8.36 (d, J = 8.25 Hz, 2H, H-6, H-7), 7.30-7.36 (d, J = 8.25 Hz, 2H, H-2, H-6), 6.82-
6.86 (d, J = 8.15 Hz, 2H, H-3, H-5), 5.06 (s, 2H, -OH) ppm. *C NMR (CDCls, 400 MHz) 6 = 169.4 (C=0),
165.4 (C-2, Benzothiazole), 158.2 (C-4, Ph), 157.6 (C-4, Benzothiazole), 143.4 (C-9, Benzothiazole),
126.4 (CH, Ph), 125.2 (C-7, Ph), 122.1 (C-8, Ph), 116.8 (CH, Ph) ppm. HRMS (ESI): (m/z) calculated for
C14H9NO4S [M+H]* : 287.0608; Found, 286.9112. Analytical cal. C14HsNOQ,S: C, 61.98; H, 3.34; N, 5.16.
Found: C, 62.28; H, 3.85; N, 5.36.
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2.6.6 Catalyst loading and choice of solvent

It is noticeable that effect of catalyst loading to approximate amounts of y-Fe,0;@Si0, @
Vitamin B; on the consequence of the ideal reaction was also examined. Elevated loading of the
nanocatalyst from 1 to 12 mol% for a constant reaction time revealed that 6 mol% of y-Fe,0;@SiO;
@ Vitamin B;in methanol was the ideal catalyst ratio intended for alteration leads to significant yield
of the product. Smaller catalyst loadings give fewer yields, however larger loadings did not induce a
prominent raise in yield of the product. The reaction was then carrying out in common solvents in
presence of 6 mol% y-Fe,0;@Si0; @ Vitamin B;. The synthesis did not succeed in the
dichloromethane and water although the reaction progress well in ethanol and methanol.
Consequently, methanol as the solvent of choice due to it’s easily removal during the reaction.

2.6.7 Application of the catalyst

To a reaction mixture of 4-Chloro-3-amino-4-hydroxy benzoic acid (1.5 mmol), aromatic
aldehydes (1.5 mmol), was added the y-Fe,0;@SiO,@vitamin B1 (0.005 g) and agitated was
maintained at room temperature for suitable time (TLC). After finishing of the reaction, add
methanol to the reaction mixture to get rid of the catalyst by using the magnet. After wards add
water (10 mL) and then phases were alienated. The organic phase was rinsed with Sodium hydrogen
carbonate solution, brine, dried (Disodium sulfate decahydrate) and concentrated to provide the
pure product. The purified products were illustrated by evaluation of their physical data with that of
known compounds.

2.6.8 A tentative mechanistic pathway

According to the literature study and outcomes possible tentative mechanism for the
synthesis of Benzothiazole derivatives has been shown in Scheme 3. Initially, Fe.O;@SiO,@Vitamin
B: nanocatalyst reacted with the starting compound to form intermediate compound 2A and then
converted into 2B in the occurrence of aldehydes which carry out the catalytic activity by the
reductive elimination of the condensed product.

H

Sty
iI Fe,0;@Si0, @ Vitamin By Rim x S
>R,

(‘ nanoparticles \(
/_\ 1

Aldehyde

Scheme 3. Plausible mechanism for the synthesis of benzothiazole derivatives
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3. Results and Discussion
3.1 Molecular docking

The binding energies of ligands with active site of influenza virus protein PB2 complex (PDB ID:
5EG7) were studied and docking results have analyzed and mentioned in terms of docking score, H-
bond energy, interaction energy and interacting amino acid residues present at the active site of
protein. The least docking score which stated that enhanced approach of binding with protein were
summarized in Table 1. In the current study, we found that docking studies exposed out of 16
designed compounds, only 3a, and 30 have shown higher score than the standard drug (Dock score:
—7.5 kcal/mol and forms 1 hydrogen bonds with LYS376, amino acid residues). Similarly, 3g and 3k
were found to bind active site of protein with ASN425 and GLU369 amino acid residues with binding
energy Dock score:=7.4 kcal/mol (H-bond length 2.7 A°). The best docked poses of the designed
ligands 3a, 3g, 3k and 30 with dock score were shown in Fig. 3, 4, and 5. The docking outcomes
exposes that the binding affinity is mainly attributable to lipophilic factors because of the presence
of strong electron donating groups like (-CHs, -Cl, -OH, morpholine) and heterocyclic rings. The major
part of benzothiazoles is mainly found in the hydrophobic pocket.

The docking of ligand 3a with the influenza virus protein PB2 complex with an inhibitor exposed
that ligand 3a show higher affinity interaction with affinity of —=7.5 kcal/mol to the chain A of protein
(Figure 3). Interactions with amino acids comprised LYS 376, in the form of significant hydrogen
bonding between the ligand 3a (in acid group of benzothiazole) and amino acid residue of protein.
Some of the van der Waals interaction of ligand (carbonyl group) with HYS357 and PHE404 has been
observed. The aromatic benzene ring shows pi-alkyl interaction with MET427, HYS357 and PHE404
respectively has been observed.

PHE

A:363 GLU i
A:361 A:320
PHE
A:323
LYS
Q376" ~.. .,
i —
‘v s [ S—: N
H-Bonds
HIS Donor
A:357
MET %
A:427 P.HE M
A:404 SER
GLN AP:I;ZES A:324
A:406 Acceptor & /ﬂ
Interactions
[ vander waals [ Pisuifur
D Conventional Hydrogen Bond [: Pi-Pi Stacked

[ Pi-Donor Hydrogen Bond

Figure 3. Docking study for ligand 3a with influenza virus protein PB2 complex (5EG7)

With two hydrogen bonding interactions, ligand 30 showed promising activity with the
influenza virus protein PB2 complex with the affinity of —=7.5 kcal/mol. It confirmed that strong
interaction with protein in the active site of binding pocket near to chain A of protein (Figure 4). The
one hydrogen bonding interactions are mainly characterized between the hydroxyl group (-COOH) of
benzothiazoles ring with LYS376. Further, a few number of pi-pi stacked interaction between the
benzene ring and benzothiazoles ring with residues of PHE323, HIS357 and PHE404 respectively.
Thus, it was observed that ligand 3o favour influenza virus protein PB2 complex with an inhibitor.
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GLN
A:406

PHE

A:404

HIS \
A357,

Interactions

D van der Waals

Conventional Hydrogen Bond
D Pi-Donor Hydrogen Bond

PHE SER

A:325 A:324

D Pi-Sulfur
[:] Pi-Pi Stacked

S

H-Bonds
Donor

Acceptor

Figure 4. Docking study for ligand 30 with influenza virus protein PB2 complex (5EG7).

Table 1. The antiviral activity using Plaque reduction assay and docking studies for ligands 3a-p
with influenza virus protein PB2 complex (5EG7).

Mini Interacted )
|n.|mum amino Interacting  Number Bindi | . Di
virus % of acid OIS inding nteraction istance
Ligand inhibitory L rpses . energy distance from
concentration TSt et ves (amino (kcal/mol) (R) rmsdl.b
(p.g/mL) bonding ......
3a >20 68 LYS376 Lys376.....0 -7.5 2'73'725'55’ 0.000
3b >20 24 LYS376 Lys376.....0 -7.2 2.74, 2.56 0.000
3c >40 18 LYS376 Lys376.....0 -7.3 2'75'723;56’ 0.000
3d >20 32 LYS376 Lys376.....0 -7.1 2'73'723;56' 0.000
LYS376, Lys376......0 )04 278
3e >16 47 PHE404, Phe404.....0 -6.9 3' 19' 3'29' 4,281
GLN406 GIn406......0
LYS339, Lys339......0 )66 2.83
3f >40 0 LYS376, Lys376.....0 -7.0 2'25' 3'27' 2.998
PHE404 Phe404......0
3g >20 3 AL\S(;34726£ Lys376.....0 -7.4 2'32'22438' 2.083
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3h >16
3i >20
3j >8
3k >16
3l >16
3m >16
3n >20
30 >20
3p >20
Acyclovir 2.4

25

36

29

13

10

15

62

15

100

GLU361

LYS376,
GLU361,
PHE404,
GLN406

LYS376,
GLU361,
PHE404,
GLN406

LYS376

LYS376

ARG355

SER324,
LYS376

LYS376,
ASN425,
PHE404

LYS376

SER324,
ARG355,

LYS376

Asn425......0
Glu36l.....0
Lys376......0
Glu36l.....0
Phe404......0
GIn406......0
Lys376......0
Glu361.....0
Phe404......0
GIn406......0
Lys376......0
Lys376......0
Arg355......0
Ser324.....0
Lys376......0
Lys376......0
Asn425......0
Phe404......0
Lys376......0
Ser324......0
Arg355......0
Lys376......0

-7.2

-7.3

-7.3

-7.4

-7.3

-7.3

-6.8

-7.5

2.79, 2.68,
3.38, 3.15,
3.26

2.95,2.27,
2.87,2.83,
3.05,3.23

2.75, 2.56,
2.76

2.74,2.56,
2.73

1.94, 2.85,
2.81

2.19, 2.40,
3.00

2.23, 2.80,
2.86,3.24

2.74,2.73,
2.55

1.80, 2.11,
1.65, 2.86,
2.97

2.6,2.8,
3.2

2.917

1.364

0.000

0.000

0.000

1.569

2.765

3.276

5.786

2.071

Similarly, results obtained by docking study of ligand 3g and 3k with influenza virus protein
PB2 complex attributed several confirmations about the binding interaction (Figure 5). The best
docking posture with protein showed binding affinity of —7.4 kcal/mol with a hydrogen bonding
interaction between oxygen of carboxyl group in benzothiazole scaffold with GLU361, LYS376 and
ASN425. Some of the pi-alkyl interactions of aromatic ring and imidazole rings with residues of
MET427, HIS428, and PHE323 respectively. Furthermore, van der Waals interactions of ligands with
carboxyl groups with the amino acid HIS 357. Based on this study results, it can opens the choice of
research and applications of ligands 3a, 3g, 3k and 30 favour to act simultaneously on the influenza
virus protein PB2 complex for binding in particular, for the treatment of influenza virus.
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PHE

A:363 N
HIS 3
A:428 LV
GLU . HIS !
A:361, A:357 3
. , 0\ \
LS " ‘ P4
A:376
MET .
A4 H-Bonds .
PHE. PHE Donor {4
A323 A:404 PHE Ll
A:325 SER
A:324
Interactions
[] vander waals [ Fiistacked Acceptor Metd27
[j Conventional Hydrogen Bond D Pi-Pi T-shaped
l:] Pi-Donor Hydrogen Bond l:’ pi-Alkyl

Figure 5. Docking study for ligand 3g with influenza virus protein PB2 complex (5EG7).

3.2 Molecular dynamics simulation analysis

The ligands 3a-p was docked into influenza virus protein PB2 complex. The least energy
conformations of the ligands were best docked posture with target protein. Subsequently, the
interaction between the ligand and amino acid residues were visualized in BIOVIA Discovery Studio
Visualizer, the hydrogen bonding interactions were represented by dark green dash lines. Various
amino acids engaged with protein ligand interactions have exposed as stick with different colour and
binding pockets of proteins labelled by red colour sticks. The docking simulations of the binding
interactions of relating compounds 3a-p with the influenza virus protein PB2 complex are presented
in the Table 1. In this study, best docking scores of protein-ligand complexes of four compounds 3a,
30, 3g and 3k were selected and studied through molecular dynamics simulations. The endurance of
RMSF computations for the protein-ligand complex (PDB ID: 5EG7) have progressively enlarged until
the 1.56 A then obtains stable till 10 ns, as represented as (Figure 6) formation of stable complex by
the low RMSF through the simulation. Based on the best docking poses of selected ligands are
remain stable from end to end, the MD simulations with slight adjusts and minimum fluctuations in
the backbone RMSF within the satisfactory range.

35

RMSF [A]

3.0

25

20

0.5

0.0

-05

-1.0
A154 A174 A194 A214 A234 A254 A2T4 A294 A314 A334 A354 A3E

Figure 6. RMSF of protein and ligand backbones during the simulation.

The molecular dynamics simulations of influenza virus protein PB2 complex with ligand
complexes of four compounds 3a, 30, 3g and 3k were calculated on the basis of root-mean-square

11313



Nat. Volatiles & Essent. Oils, 2021; 8(5): 11301-11320

deviation (RMSD) values have reflected the differentiation of compounds structures after comparing
with the interactions of compounds with the protein and available structure in the crystal structure
after docking. The docking results, are measured by RMSD values and considered reliable when the
RMSD value is < 1.56 A, and the binding interactions between protein-ligands complexes are
calculated from 0 to 20000 ps, and is not significantly different. The RMSD values are steadily
increased from 20 to 20000 ps and accomplished stable state throughout the simulation. During the
molecular dynamics simulations the contacts of the simulation between 0 ns to 20 ns, various
bonding interactions, such as hydrogen bonds, cation-mt interactions, aromatic-aromatic interactions
and the interaction between the active site of amino acids of protein and the atom of ligand as
represented as (Figure 7).

The docking simulation of the interaction between compounds and the influenza virus
protein PB2 complex; the inhibitory effects of compounds on the PDB 5EG7 protein, the order of
active compounds inhibiting the protein is as follows: 3a > 30 > 3g > 3k.

ﬁwwmwwmwwww WMWWWMWWMMW
. |

b i

Figure 7. Plot of root mean square deviation (RMSD) during 20 ns in molecular dynamics
simulation and binding interactions of influenza virus protein PB2 (5EG7) complex with ligands 3a
and 3o.

3.3 Catalyst recycling

Additionally, recyclability of the y-Fe,0:;@SiO, @ Vitamin Bi nano catalyst was assess using
4-Chloro-3-amino-4-hydroxy benzoic acid reacts with various substituted aliphatic/aromatic
aldehydes as a ideal reaction. After attaining the reaction, para super magnetic catalyst was isolated
from the reaction, routinely, by using an external magnet field, then washed, dried and used for
consequently further reaction run. The nanocatalyst was recycled upto the results were not good. In
such a way, recyclability of our synthesized catalyst was explored (Figure 8). The catalyst affords
excellent results for five succeeding cycles, after which there was deterioration in its catalytic
efficiency.
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Figure 8. Recyclability of y-Fe,0;@SiO, @ Vitamin B; nano catalyst

3.5 Transmission electron microscopy

Morphology of y-Fe;O;@SiO, @ Vitamin B; was estimated using Transmission electron
microscopy (TEM). The TEM image of the supported nanocatalyst confirmed that irregular sized
particles owing to deposition of the silica on MNPs and illustrated that the existence of significant
coated layers was shown in Figure 9. Various magnifications of TEM images showed that the
nanoparticles are spherical in shape with small agglomeration and also Ferrite nanoparticles are
spherical, closely dispersed, and well distributed with average size < 5 nm in diameter.

Figure 9. TEM analysis of the y - Fe;0;@SiO,@vitamin B;.
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3.6 X-ray diffraction (XRD)

Diffraction peaks observed in the region of 19.9°, 28.2°, 36.5, 43.1", 54/, 62.8". The high-angle
XRD pattern of the Fes0.@SiO,@Vitamin B; nanocatalyst is shown in Figure 10. This consequence
indicates that the nanocomposite has been effectively synthesized without destruction of the crystal
configuration of the Fes04 core.

Figure 10. The X-ray diffraction patterns of the y-Fe,0;@SiO,@Vitamin B;

3.7 Biological activity

Most of the synthesized benzothiazole compounds (3a-p) have been monitored for their
inhibitory effect on influenza-3 virus in comparison with Acyclovir as a standard drug was concluded
according to Plake reduction assay (Hayden, 1980).

Minimum virus inhibitory concentrations and percentage of inhibition of these compounds
were represented in the Table 1. Majority of the tested compounds showed weak to moderate
activity. Among the compounds 3a and 30 were exhibited the most inhibitory effect on influenza-3
virus.

4. Conclusion

In summary, we have illustrated an effective one-pot two-component reaction involving
different aldehydes and 4-Chloro-3-amino-4-hydroxy benzoic acid in a green approach with
prominent yields for the synthesis of benzothiazole derivatives employing a high magnetically
retrievable and high loaded organo nanocatalyst Fe,0;@SiO,@Vitamin B;. In consideration of the
simplicity of the detachment of catalyst from the reaction content using bar magnet, without
necessitate of further filtration procedure. Reusability of the biocatalyst was monitored until five
times without substantial loss of its catalytic action. Further, the molecular docking study revealed
that substituted benzothiazoles have shown significant binding affinity with active sites of target
protein. The molecular dynamics simulation suggests that the active binding site of the most active
compounds with the PDB- 5EG7 protein complex. Thus, in-silico structure based drug design strategy
established in the present investigation make possible for identifying the hit compounds and
furthermore elucidating for in-vivo and in-vitro assessment. From the analysis of biological activity
and docking data, it revealed that the compounds 3a, 30, 3g and 3k have significant inhibiting
influenza virus protein PB2 activity with curative possibilities and are possibly helpful ligands after
further refinement.
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