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Abstract

By simply reacting 2,4-Dihydroxybenzaldehyde (2,4-DHB) with 2-
Aminobenzamide (2-AB), a novel Schiff base (E)-2-[(2,4-
Dihydroxybenzylidene)amino]benzamide (2,4-DHBAB) has been
produced. By employing FT-IR, H-NMR and *C-NMR spectrum

Article History investigations, the synthesized Schiff base 2,4-DHBAB was described
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doi: 10.48047/AFJBS.6.5.2024..10521-10536 the DPPH method, the antibacterial (Gram positive strains of

and its synthesis was validated. By using the well diffusion method and

Staphylococcus aureus, Enterococcus sp., and Gram-negative strains of
Escherichia coli, Klebsiella pneumonia), antifungal, and antioxidant
properties of the Schiff base 2,4-DHBAB were investigated. The Schiff
base 2,4-DHBAB was showing negative antibacterial and antifungal
activities against all the tested pathogens at all the concentrations (25,
50, 100 pL/mL). The Schiff base 2,4-DHBAB was showing an
excellent antioxidant activity (ICso: 55.51) at all five tested
concentrations (20, 40, 60, 80, 100 ug/mL) compared to standard drug
(Ascorbic acid; 1Csg: 42.31). The potential binding interactions of Schiff
base 2,4-DHBAB with the 2019-nCoV RBD/ACE2-BOAT1 complex
(PDB code: 6M17) was also investigated.

Keywords: Schiff base; Antimicrobial activity; Antioxidant activity;
SARS-CoV-2.
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1. Introduction

Schiff bases, also known as imines, make them highly valuable in various fields, including
medicine, agriculture, and material science. These compounds are formed through the
reaction between a primary amine and a carbonyl compound, and their exceptional reactivity
and adaptability make them widely used in organic synthesis. In medicine, Schiff bases have
shown great potential as drug candidates. Their ability to interact with specific targets in the
body makes them valuable in the development of new pharmaceuticals. Additionally, Schiff
bases have demonstrated antimicrobial activity, making them effective against various
pathogens. In agriculture, Schiff bases have been utilized in the development of novel
pesticides and herbicides. [1-15] Their unique chemical structure allows for targeted
interactions with pests and weeds, providing effective control while minimizing
environmental impact. Furthermore, Schiff bases have found applications in material science.
By forming coordination complexes with metal ions, they contribute to the creation of
materials with improved conductivity, catalytic activity, and optical properties. Overall, the
versatility and reactivity of Schiff bases make them highly sought after for their potential as
catalysts, ligands, and antimicrobial agents. Their wide range of applications across different

fields highlights their importance in scientific research and development. [16-32]

Salicylaldehyde based Schiff bases are versatile compounds widely used in various fields.
These compounds exhibit diverse biological activities, including antimicrobial, anticancer,
and antioxidant properties. Their unique chemical structure makes them excellent ligands for
metal ions, enabling the development of new coordination complexes. Additionally, Schiff
bases derived from salicylaldehyde have shown potential as fluorescent probes and sensors
for detecting various analytics. Overall, salicylaldehyde based Schiff bases offer promising
applications in medicinal chemistry and materials science. In our previous work, we were
synthesized some biologically potential Schiff’s bases.[33-38] In this present work, we have
been investigated  the  synthesis  of  novel Schiff  base (E)-2-[(2,4-
Dihydroxybenzylidene)amino]benzamide (2,4-DHBAB) and its antibacterial, antifungal,
antioxidant activities and also studied its potential binding modes with the 2019-nCoV
RBD/ACE2-BOAT1 complex (PDB code: 6M17).
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2. Material and Methods
2.1. Materials

2-Aminobenzamide (2-AB; >98%), 2,4-Dihydroxybenzaldehyde (2,4-DHB; 98%), reagents
and solvents were purchased from Alfa chemicals. Using KBr pellets, the compounds
infrared spectrum had been acquired using a Perkin Elmer FT-IR Spectrophotometer. The *H-
NMR and ¥C-NMR spectrrum was analysized by using Bruker Avance Il 400 NMR
spectrometer in 400 MHz.

2.2. Methods
2.2.1. Synthesis of Schiff base 2,4-DHBAB

The Schiff base (E)-2-[(2,4-Dihydroxybenzylidene)amino]benzamide (2,4-DHBAB) was
synthesized from the simple condensation reaction of 1:1 ratio of 5 mL ethanolic solution of
2,4-Dihydroxybenzaldehyde (2,4-DHB) with 5 mL ethanolic solution of 2-Aminobenzamide
(2-AB) in RB flask. Then 5 mL of Conc. HCI was added to this reaction mixture and
followed by refluxed for 5 hours at 60°C with constant stirred (Scheme 1). The obtained

yellowish brown solid 2,4-DHBAB was washed with petroleum ether and then dried well.

H,N

HO OH NH
2 o X N
+ Conc. HCI
—_—
[o) 5 h, Reflux
= NH, Stirrer
HO OH

2.4-Dihydroxvbenzaldehyde 2-Aminobenzamide
(2,4-DHB) (2-AB) (E)-2-](2,4-Dihvdroxybenzylidene)amino|benzamide
(2,4-DHBAB)

Scheme 1. Synthesis of Schiff base 2,4-DHBAB

FT-IR data (v in cm™): 3383 (NH), 3189 (CHaromatic and azomethine), 1667 (C=0), 1524 (C=N). *H
NMR data (8 in ppm, d®-DMSO): 10.32 (1H, singlet, CH=N), 8.05-8.13, 7.80-7.86, 7.55-
7.57, 7.47-7.50, 7.65-7.69, 7.11-7.19, 6.56-6.59, 6.38-6.41 (2H, muliplet, CONH>). **C NMR
data (3 in ppm, d5-DMSO0): 171.46 (NH.-C=0), 154.58 (CH=N), 163.05, 163.12, 162.01,
148.82, 103.83.

2.2.2. Antibacterial and antifungal activity technique (Well diffusion method)

Antibacterial and Antifungal activity were screened the compounds against bacterial

pathogens, such as Staphylococcus aureus, Escherichia coli, Enterococcus sp, Klebsiella
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pneumonia and fungal strain, Candida albicans by well diffusion method.[33-38] Using well
puncture, 5 mm diameter wells were created on Muller-Hinton agar (MHA) and Sabouraud
dextrose agar (SDA) plates. With sterile cotton swabs, each strain was uniformly swabbed
onto the separate plates. The various concentrations of each compound 2,4-DHBAB (25, 50,
and 100ug/mL) were pipetted into each well on each plate using a sterile micropipette. About
50pug/mL of Nalidixic acid, Chloramphenicol and Fluconozole were used as control
antibiotics for bacterial and fungal pathogens. For 24 hours, all of the plates were incubated
at 37°C. Following incubation, Chemkovil, SIDCO, Salem, Tamilnadu, India, provided help
for measuring the zone of inhibition.

2.2.3. Antioxidant activity technique (DPPH method)
The antioxidant activity of 2,4-DHBAB was evaluated using, with minor adjustments, the
method outlined by Afsar et al. for the scavenging activity of the stable 1,1-Diphenyl-2-
picrylhyorazyl (DPPH) free radical. [39,40] A solution of 1 mM DPPH in methanol (0.5
mL) was combined with a chemical solution (20, 40, 60, 80, and 100 pg/mL) in 2 mL of
methanol. As a reference standard, L-ascorbic acid (20-100 ug/mL) was made along with
corresponding blank samples. The control was a mixer with 2 ml of methanol and 0.5 mL of
DPPH solution. Using a UV-Vis spectrophotometer, the reaction was conducted and the
absorbance drop was determined at 517 nm after 30 minutes in the dark. The following
formula was used.

Inhibition % = [(Ac-As)/Ac]*x100

Where,
Ac is the absorbance of the control
As is the absorbance of the sample

2.2.4. Docking method
The 2019-nCoV RBD/ACE2-BOAT1 complex's 3D structure (PDB code: 6M17, Figure 1)
was taken from the RCSB Protein Data Bank (Research Collaboratory for Structural
Bioinformatics).[41] Discovery Studio is used to visualize the molecular docking poses. To
execute molecular docking, the Auto-Dock Tool (1.5.6) was utilized. The procedure and data
interpretation were The 3D structure of Schiff base 2,4-DHBAB was optimized using
Gaussian 09W. [39, 40, 42, 43]
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Figure 1. 3D structure of the 2019-nCoV RBD/ACE2-BOAT1 complex (PDB code:
6M17)
3. Results and Discussions

3.1. Spectral studies

The FT-IR vibrational stretching mode of Schiff base 2,4-DHBAB is showed at 3383 cm™,
which is attributed to —NH stretching of amide (CONH2) group of 2,4-DHB moiety. The
aromatic and azomethine -CH stretching peak are showed at 3189 cm™. The peak at 1667 cm’
1, which is assigned to carbonyl (C=0) stretching mode of the amide (CONH2) group of 2,4-
DHB moiety. The C=N bands were observed in the lower frequency at 1524 cm™, it is
clearly indicating the formation of the azomethine nitrogen. The *H NMR spectrum of Schiff
base 2,4-DHBAB showed two singlet peaks at 3.87 ppm and 3.66 ppm, which are attributed
to the phenolic —OH groups in the 2,4-DHB moiety. The aromatic amide protons showed
multiplet peak at 6.38-6.41 ppm. The characteristic peak at 10.32 ppm as singlet, which is
assigned to azomethine (CH=N) group and it is clearly indicated to the formation of Schiff
base 2,4-DHBAB. The aromatic protons of the 2-AB moiety showed multiplet peaks at 8.05-
8.13 ppm, 7.80-7.86 ppm, 7.55-7.57 ppm and 7.47-7.50 ppm. The peaks are showed at 7.65-
7.69 ppm, 7.11-7.19 ppm and 6.56-6.59 ppm, which are assigned to the aromatic protons of
the 2,4-DHB moiety. The C NMR spectrum of Schiff base 2,4-DHBAB showed peak at
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171.46 ppm, which is assigned to carbonyl (NH2-C=0) of amide group in 2-AB moiety. The
peak at 154.58 ppm is assigned to azomethine (CH=N) group. The two phenolic carbons are
showed peaks at 163.05, 163.12 ppm and 162.01 ppm. The aromatic carbons of 2,4-DHBAB
and 2-AB are showed peaks at 103.83-148.82 ppm.

3.2. Biology

3.2.1. Antibacterial activity of 2,4-DHBAB

Antibacterial activity of 2,4-DHBAB was screened against two gram positive bacterial
pathogens, such as Staphylococcus aureus and Enterococcus sp and two gram negative
bacterial pathogens, such as Escherichia coli and Klebsiella pneumonia by using well
diffusion method and their results were summarized in Table 1. The Nalidixic acid was used
as standard drug for gram positive bacterial pathogens and Chloramphenicol was used as
standard drug for gram negative bacterial pathogens. From its results, the synthesized
compound 2,4-DHBAB as well as standard drugs (Nalidixic acid and Chloramphenicol) was
showed no antibacterial activity against all the tested gram positive and gram negative
bacterial pathogens in all tested concentrations (25, 50 & 100uL/mL, Table 1).
Table 1. Antibacterial activity of 2,4-DHBAB

Type of | Bacteria for | Concentration | Zone of inhibitions
bacteria/ Test (uL/mL) (mm)
Standard drug
25 NA?
Staphylococcus 50 NA?2
aureus
100 NA®
Gram positive - NAZ
Enterococcus sp | 50 NA®
100 NA®
Standarddrug | Ngigixic acid | 50 NA®
o5 NA?
Gram negative Escherichia coli

50 NA®
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100 NA®
o5 NA2
Klebsiella

. 50 NA?

pneumoniae
100 NA®
Standard drug Chloramphenicol | g, NA?

2No activity

3.2.2. Antifungal activity of 2,4-DHBAB

Antifungal activity of 2,4-DHBAB was screened against one fungal pathogen, such as

Candida albicans by using well diffusion method and its results were summarized in Table

2. The Fluconozole was used as standard drug. From their results, the synthesized compound

2,4-DHBAB was showed no antifungal activity against the tested fungal pathogen in two

tested concentrations (25 & 50 uL/mL, Table 2 & Figure 2). The zone inhibition of the

standard drug Fluconozole was showed 15 mm and 22 mm in the concentration of 25 and 50

uL/mL respectively (Table 2 & Figure 2). The synthesized 2,4-DHBAB was showed 8 mm

zone inhibition in the concentration of 100 uL/mL and it is showed as moderate antifungal

activity compared to the standard drug (28 mm, Table 2 & Figure 2).
Table 2. Antifungal activity of 2,4-DHBAB

Candida albicans

Compound / Standard ___
Zone inhibitions (mm)
drug
25 50 100
2,4-DHBAB" NA® NA® 8
b
Fluconozole 15 29 08

buL/mL; °No activity
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100 pL/mL

25 A

20
N 2,4-DHBAB

@ Fluconozole

10

Figure 2. Antifungal activity of 2,4-DHBAB
3.2.3. Antioxidant activity of 2,4-DHBAB

The antioxidant activity of the synthesized compound 2,4-DHBAB was evaluated on the
basis of the scavenging activity of the stable 1,1-Diphenyl-2-picrylhyorazyl (DPPH) free
radical method and its results was summarized in Table 3. The ascorbic acid has been used as
a standard drug. The compound 2,4-DHBAB showed an excellent antioxidant activity (ICso:
55.51) in all the tested concentrations (20, 40, 60, 80 and 100 pg/mL) compared to the
standard drug (ICso: 42.31, Table 3 & Figure 3). For the concentration of 20 pug/mL, the
compound 2,4-DHBAB showed 19.23% antioxidant activity and it is closed to the standard
drug (25.64). The compound 2,4-DHBAB showed 42.23% antioxidant activity in the
concentration of 40 pg/mL, 57.69% antioxidant activity in the concentration of 60 pg/mL,
66.66% antioxidant activity in the concentration of 80 pg/mL and 80.71% antioxidant
activity in the concentration of 100 pg/mL (Table 3 & Figure 3). The standard drug
Ascorbic acid showed 51.28%, 70.51%, 82.20% and 98.90% antioxidant activity in the
concentration of 40, 60, 80 and 100 pg/mL (Table 3 & Figure 3) respectively. The
antioxidant activity of the compound 2,4-DHBAB is very closed to the standard drug (Table
3 & Figure 3).

Table 3. Anti-oxidant activity of 2,4-DHBAB

Compound | | Percentage of Inhibition(%, ng/mL) c
50

Standard drug 20 40 60 80 100
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2,4-DHBAB® 19.23 42.23 | 57.69 | 66.66 80.71 55.51

Ascorbic acid® 25.64 51.28 | 70.51 |82.2 98.9 4231

bulL/mL

100 T
90 A
80 -
70 -
60 -
50 -
40 -
30 A
20
10 ~

W 2,4-DHBAB

M@ Ascorbic acid

20 40 60 80 100

Figure 3. Antioxidant activity of 2,4-DHBAB
3.2.4. Docking study of 2,4-DHBAB

The compound 2,4-DHBAB was showed better binding potential with the targeted 2019-
nCoV RBD/ACE2-BOAT1 complex (PDB code: 6M17, Figure 4 & Table 4). The compound
showed binding energy as -6.15 kcal/mol and inhibition constant is 31.31 uM (Table 4).

Table 4. Binding potential of 2,4-DHBAB with the targeted 2019-nCoV
RBD/ACE2-BOAT1 complex (PDB code: 6M17)

o o No of | Hydrogen
Binding energy | Inhibition ) )
Compound hydrogen bonding amino
(kcal/mol) constant (UM) ) ] i
bonding acid residue
2,4-DHBAB | -6.15 31.31
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Figure 4. Binding mode and site of 2,4-DHBAB with the targeted 2019-nCoV
RBD/ACE2-BOAT1 complex (PDB code: 6M17)

4. Conclusions

In conclusion, we have been synthesized a novel Schiff base (E)-2-[(2,4-
Dihydroxybenzylidene)amino]benzamide (2,4-DHBAB) was synthesized by the simple
condensation reaction and its structure confirmed by using spectral studies (FT-IR and NMR
Spectroscopy). The synthesized compound 2,4-DHBAB showed undesirable results against
all the tested bacterial pathogens in all the concentrations. It should be modified as
antibacterial agent in our future. The compound 2,4-DHBAB showed moderate antifungal
activity and an excellent antioxidant activity compared to its corresponding standard drugs.
The binding energy and inhibition constant is clearly indicated its potential binding capable
with the targeted 2019-nCoV RBD/ACE2-BOAT1 complex (PDB code: 6M17). However,
further research is necessary to examine the potential applications and clinical trial of this

compound to inhibit viral infections, and they will be addressed eventually.
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