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INTRODUCTION

In present COVID-19 scenario, new antibacterial, anti-
fungal and immunity boosting synthetic molecules requirement
has been increased throughout the world. Synthetic organic
compounds with imine functional group are showing various
biological applications and have shown significant results in
pharmaceutical field [1]. Imine derivatives exhibit good bio-
logical results such as anti-inflammatory, analgesic and anti-
microbial activities [2]. Schiff bases acted as an execellent
donor molecules due to azomethine group (–CH=N-), which
is involved in the biological activities [3]. Lactam ring contain-
ing an endogenous compound isatin and its derivatives are
playing a vital role in medicinal field, which is used as a building
molecule to design the pharmacological active molecules [4,5].

Computational chemistry field is used to measure the
various theoretical drug related structural parameters to avoid
the wastage of the time and chemicals [6-8]. Some of the online
tools like Molsoft and molinspiration are providing theoretical
QSAR parameters based on the Lipinski five rules [9,10]. In
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addition to these QSAR softwares, both online and offline
docking softwares are adopted to find the ligand or small
molecules interaction against the disease causing target proteins
theoretically [7-11]. Antibiotic nature of the compounds is
examined through the antibacterial studies on using agar broth
medium [12]. Based on the above said facts, this article reports
the three different Schiff bases from isatin and three anisidines
(ortho, meta, para). The derived organic Schiff bases were
characterized using UV-Visible, FTIR, 1H NMR and 13C NMR
techniques. The theoretical drug related parameters were also
calculated using Molsoft online tool. Additionally, the molecules
ligand-protein interactions were analyzed using offline CLC
drug discovery work bench-4 and online COVID docking
server using 5J6R, 3L9L, 5HVY, COVID main protease and
3ZBO proteins. Theoretical outcomes were compared with the
experimental antimicrobial activity on selected thick cell wall
Gram-positive bacterial strains such as Bacillus subtilis,
Staphylococcus aureus and Staphylococcus epidermidis. From
the outcomes, the effect of methoxy group position also
compared for the future investigations.
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EXPERIMENTAL

All the chemicals were purchased from SRL chemicals, India
and AR grade solvents were used after purification. The UV-
visible spectra of the Schiff bases were recorded using LS25-
UV Perkin-Elmer. FT-IR of the Schiff bases was recorded as
KBr pellet using JASCO FTIR-6300. Both 1H & 13C magnetic
resonance spectra of the Schiff bases recorded in Bruker NMR-
400 spectrometer in DMSO-d6. Theoretical QSAR drug para-
meters were calculated for the Schiff bases using Molsoft
online tool. Proteins PDB files of 5J6R, 3L9L, 5HVY, COVID
main protease and 3ZBO targets were obtained from RCSB
data bank (https://www.rcsb.org/pdb/home/home.do). Online
docking conducted using COVID-19 server against corona
virus main protease. Similarly, offline docking conducted using
CLC drug discovery work bench-3 software at glutamine active
site. Antimicrobial activities were tested on Gram-positive
strains such as Staphylococcus aureus MTCC 1430, Bacillus
subtilis and Staphylococcus epidermidis. All the strains were
purchased from American type culture collections. This work
adopted agar well diffusion method to measure the antimicrobial
activity. The results were compared with the standard
antibiotics like secondary amide group containing gentamycin
and lactam ring containing amoxicillin, respectively.

Synthesis of isatin-anisidine condensed Schiff bases
(1a-c): Isatin (10 mmol, 1.47 g) was treated with 50 mL ethanol
along with 0.7 mL acetic acid in 250 mL three-necked round
bottom flask and stirred for 15 min at room temperature. After
stirring, 1.23 g of o-anisidine in 25 mL of ethanol was added
dropwise over a period of 10 min and again stirred for 5 min
at room temperature (Scheme-I). The reaction mixture was
refluxed for 2 h [13,14]. The reaction progress was monitored
by TLC using 60:40 ethyl acetate-hexane and small drop of
acetic acid. The product isolated after the filtration and recrys-
tallized from 95:5 ethanol and water. Same procedure was
followed for the synthesis of meta and para anisidine Schiff
bases (1b, 1c).
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Scheme-I: Synthesis of isatin-anisidine Schiff bases (1a-c)

3-[(2-Methoxyphenyl)imino]-1,3-dihydro-2H-indol-2-
one (1a): Yield 65%; m.p.: 280-285 ºC; 1H NMR (500 MHz,

DMSO-d6): δ 10.53 (s, 1H), 8.12 (dd, J = 6.9, 1.2 Hz, 1H),
7.56-7.49 (m, 2H), 7.47 (dd, J = 7.6, 2.2 Hz, 1H), 7.36 (qd, J
= 7.4, 1.7 Hz, 2H), 7.19 (dd, J = 7.3, 1.4 Hz, 1H), 7.13 (td, J =
7.2, 1.2 Hz, 1H), 3.88 (s, 3H). 13C NMR (125 MHz, DMSO-d6):
δ 161.99, 154.04, 143.30, 142.70, 141.23, 127.79, 126.89,
123.82, 123.58, 123.42, 122.89, 120.81, 111.86, 111.20, 56.04.

3-[(3-Methoxyphenyl)imino]-1,3-dihydro-2H-indol-2-
one (1b): Yield 63%; m.p.: 278 ºC; 1H NMR (500 MHz, DMSO-
d6): δ 10.55 (s, 1H), 8.13 (dd, J = 6.9, 1.2 Hz, 1H), 7.53 (td, J
= 7.2, 1.0 Hz, 1H), 7.47 (dd, J = 7.7, 2.3 Hz, 1H), 7.36 (td, J
= 7.0, 2.0 Hz, 1H), 7.31-7.22 (m, 2H), 6.94-6.87 (m, 1H),
6.78 (t, J = 2.0 Hz, 1H), 3.82 (s, 3H). 13C NMR (125 MHz,
DMSO-d6): δ 161.83, 160.56, 152.17, 147.50, 142.75, 130.52,
23.78, 122.89, 122.80, 120.81, 119.58, 111.86, 109.88, 107.56,
55.18.

(3-[(4-Methoxyphenyl)imino]-1,3-dihydro-2H-indol-2-
one (1c): Yield 66%; m.p.: 309-317 ºC; 1H NMR (500 MHz,
DMSO-d6): δ 10.57 (s, 1H), 8.13 (dd, J = 6.8, 1.2 Hz, 1H), 7.53
(td, J = 7.2, 1.0 Hz, 1H), 7.47 (dd, J = 7.7, 2.3 Hz, 1H), 7.39-
7.31 (m, 3H), 7.09-7.03 (m, 2H), 3.78 (s, 3H). 13C NMR (125
MHz, DMSO-d6): δ 161.81, 158.01, 147.18, 146.11, 142.75,
124.33, 123.78, 122.89, 122.82, 120.81, 114.30, 111.86, 55.35.

Antibacterial activity: Based on the encouraged results
of docking, the experimental antibacterial activity was conducted
using 50 µg/mL of standard and two fold quantity of comp-
ounds (100 µg/mL) (1a-c) by agar well-diffusion method against
selected Gram-positive bacteria. As per the reported method
[15,16], agar well diffusion method was conducted against
the selected pathogens. After the incubation period, inhibition
zones of the compounds was measured in millimeter including
standard antibiotics such as gentamycin and amoxicillin.

Pharmacokinetic properties in drug design (1a-c): The
compounds were drawn in the online molsoft tool and their
drug related physico-chemical properties were predicted for
the further investigations.

RESULTS AND DISCUSSION

Three different Schiff base molecules of heterocyclic isatin
for the Gram-positive bacterial inhibition study were success-
fully synthesized. In addition, anisidine was selected for the
synthesis due to non-polar property of the methoxy group,
which may increases the solubility of the isatin derivative after
the imine conversion. Solubility property and drug actions are
inter-related properties. Also, the non-polar methoxy group
position effect was investigated for the further chemical structure
modifications. Almost all the molecules have shown slight
difference in physical parameters like colour and melting point.

UV-visible studies: The electronic spectra of the synthe-
sized compounds OANIS (1a), MANIS (1b) and PANIS (1c)
was recorded in DMSO solvent (Fig. 1). The UV absorption
spectra of the synthesized compounds  (1a-c) exhibited the
similar kinds of the peaks with the small deviation in intensity
and the wavelength. Schiff bases have shown weak bands
between 280 nm and 350 nm for π→π* of imine functional
group (–CH=N-), which is due to the chromophore effect. In
addition, n→π* transition of imine function exposed the peak
between 400 nm and 475 nm (1a, 1b, 1c) with different inten-
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Fig. 1. Absorption spectra of isatin-anisidine Schiff bases (1a-c)

sities based on the substituent position. As per the theoretical
principle, methoxy group position at ortho (7 nm), meta (7
nm) and para (25 nm) differences were observed in UV spectra
and the values are slightly differed due to charge transfer
acceptor of methoxy group [17,18].

FT-IR studies: The vibrational spectra of the synthesized
compounds were recorded by KBr pellet method. In 3700-
3650 cm-1 region, the peaks may be due to lactam –C=O group.
Similarly, the peaks were observed at 3250-3208 cm-1 for
lactam N-H, 3000-2970 cm-1 peaks for -C-H-Ar and based on
the substituents imine group intensity and positions were observed
between 1610 and 1594 cm-1. The outcome values are almost
concurrence with the reported values [19]. The peaks intensities
and the methoxy group’s effect on vibrational peaks were
observed at 2900 to 2835 cm-1. Similarly, in the vibrational
spectra frequency variation observed at 1400 to 1200 cm-1

based on the methoxy group position. This may be due to the
intramolecular hydrogen bond in ortho derivative and it is
decreasing gradually from meta to para derivatives. In para-
molecule, intermolecular hydrogen bond may be formed.

NMR studies: 1H NMR confirmed the heterocyclic lactam
ring proton (–NH) peaks at 10.53 ppm to 10.57 ppm. Aromatic
ring protons were observed between 7 ppm and 8.2 ppm, which

is coincidence with the reported values [20]. Methoxy group
protons were observed at near 3.8 ppm and confirmed the synthe-
sized molecules. Similarly, the 13C NMR peaks were observed
for the molecules and almost coincidence with the reported
values. Hetero-ring carbons and imine carbons exhibited at
higher ppm between 150 and 165 ppm.

Lipinski’s rules of five and other criteria: The calculated
values were compared with the Lipinski rules of five such as
molecular weight less than 500, log P < 5, HBD (hydrogen
bond donors) < 5, HBA (hydrogen bond acceptors) < 10 and
Molar refractivity value must be in between 40 and 130 [21].
The molsoft outcomes are presented in Table-1. Predicted values
fullfilled the Lipinski drug likeness properties. Also, the derived
molecules drug likeness increases from -0.68 to -0.25 which
is nearing 1 based on the position of the methoxy group. When
compare to ortho group para group drug likeness increased
may be due to absence of the steric hinderence, hydrogen
bonding, respectively.

After the computational theoretical concurrence of the
molecular properties, the molecules were carried for the
docking studies against target proteins. Blood brain barrier
values are existing in between the limit and the molecules are
having good permeability in human body [22]. Molecular polar
surface area and the volume are showing the good permeability
nature and the values are compared with the standard drug
amoxicillin. When compared to the standard, the values are some
how differed due to the molecularity and functional groups
carboxylic acid group, free amine. While removing the hydroxyl
functional group, the drug likeness value decreased from 1.34
to 1.04. Similarly, the druglikeness values were also calculated
by removing some functional groups of amoxicillin structure
such as –COOH (0.62), -NH2 (0.32) and sulphur ring (0.12).
Atlast druglikeness calculated for lactam ring and it exposed
-1.60 which is more than the synthesized compounds (1a-c).

Docking study: Due to the supporting theoretical drug
likeness values, the compounds 1a, 1b and 1c were carried for
the further ligand-protein interaction studies against human
disease causing proteins. Initially, Chemdraw sketched structures
were imported to CLC drug discovery workbench-3 software
as mol structure format. Then, the target proteins were imported
to the same software as PDB format. The imported molecules
and proteins were docked individually at the selected binding

TABLE-1 
PHYSICO-CHEMICAL PROPERTIES OF COMPOUNDS 1a-c 

Parameters Compound 1a Compound 1b Compound 1c Amoxicillin  
Molecular formula C15H12N2O2 C15H12N2O2 C15H12N2O2 C16H19N3O5S 
Molecular weight 252.09 252.09 252.09 365.10 
Number of HBA 3 3 3 7 
Number of HBD 1 1 1 5 
MolLog P 2.39 2.67 2.41 -0.66 
MolLog S -2.98 -3.52 -3.02 -1.61 
MolPSA 39.15 A2 39.76 A2 39.76 A2 108.61 A2 
MolVol 256.83 A3 256.62 A3 256.55 A3 361.41 A3 
pKa/Acidic group 0.45/15.54 0.55/15.42 1.25/15.42 6.55/3.66 
BBB score 4.64 4.64 4.64 2.58 
Number of stereo centers 0 0 0 4 
Drug likeness -0.68 -0.61 -0.25 1.34 
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sites of target proteins such as 5J6R (Glu273 of chain A-human
papillomavirus 59), 3L9L (Glu121-transferase/transferase
inhibitor), 5HVY (Glu99-CDK8 human) and 3ZBO (Glu220-
Bacillus cereus heat-like replication DNA glycosylases). The
interactions were investigated for the further experimental
antimicrobial activity on Gram-positive bacterial strains.
Glutamine is an important α-amino acid, which is involved in
the biosynthesis of proteins [23-25]. Hence, the docking carried
at that site. The offline docking outcomes have presented in
Table-2. Similarly, the molecules mol structure were subjected
to COVID server for online docking against COVID main
protease to measure the efficacy of the molecules even it may
be a simple molecules when compare to the developed countries
COVID-19 vaccines [26]. The values are compared with the
reported docking scores of the commercial drug molecules
[27]. The docking scores of molecules against the COVID main
protease are included in Table-2. Some of the docked poses
are shown in Fig. 2. The docking 3D outcomes were modified
to 2D structures using bio-discovery visual studio software.
Some of the converted 2D images are presented in Fig. 3. The
2D structures are showing good binding ability of the both
imine and lactam ring active sites on target proteins binding
sites. Additionally, these compounds mol structures were
submitted in COVID-19 online server to dock against COVID-19

TABLE-2 
DOCKING SCORES OF COMPOUNDS 1a-c SCHIFF BASES 

Docking scores in kcal mol–1 
Compd. 

5J6R 3L9L 5HVY Covid Main Protease 3ZBO 
1a -24.14 -45.60 -54.37 -7.10 (ID: 202107211910064337) -39.21 
1b -21.52 -43.78 -51.64 -6.70 (ID: 202107211911103733) -31.20 
1c -22.68 -40.12 -52.06 -6.80 (ID: 202107211911433451) -46.77 

Amoxicillin -38.40 -40.32 -46.03 -7.70 (ID: 202108050131368577) -42.01 

 

1a-3L9L 1a-5HVY
Fig. 2. Some of the offline docking poses of compounds 1a-c

main protease one by one [28]. The outcomes of each
compounds are presented in Table-2.

Further, the molecular docking carried for amoxicillin
antibiotic is used as an antibiotic for COVID-19 pandemic.
The docking results of standard amoxicillin and the derivatives
were compared for the further antibacterial studies. The highest
score docked poses are presented in Fig. 4. The resultant scores
are exposing nearby values. Amoxicillin showed higher
interaction score against 5J6R and COVID main protease. But,
the observed difference against corona virus protein exists
between 0.60 kcal mol–1 and 0.90 kcal mol–1. Similarly,

(a) 1c-5HVY (b) 1a-5HVY
Fig. 3. 2D images of the docking poses of compounds 1c and 1b against 5HVY
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standard amoxicillin showed the difference between -14.26
kcal mol–1 and 16.88 kcal mol–1 against 5J6R papillomavirus.
The combination of hydrogen bond, electrostatic free energy,
torsional free energy, internal energy and van der Waals energy
in terms of binding energy docking score. The docking scores
of the derived comp-ounds and the standard amoxicillin
exposed the good comple-xing tendency with the targets which
is controlling the growth of the proteins.

Antimicrobial activity: The molecules were carried for
the antimicrobial activity against Gram-positive bacteria.
Except the para molecules, ortho and meta parameters show
good inhibition against the three selected bacterial strains. The
synthesized molecules 1a, 1b have shown good inhibition
zones between 14 mm and 16 mm when compared with the
standards, the molecules showed the good inhibition than
gentamycin and less or equal to standard amoxicillin (Table-3).
Also, these ortho and meta compounds have shown good
inhibition results when compare to para derivative. The results
of 1c against Staphylococcus aureus almost coincidence with
the reported results [17]. Synthesized isatin Schiff bases showed
good inhibition results due to β-lactam ring with donor imine
group except para compound [29]. The present work observed
the good results against Staphylococcus epidermidis. The reason
is attributed to due to the formation of the complex between
the cell wall of Staphylococcus epidermidis teichoic acid based
polymer product and thereby may be control the further protein
formation.

TABLE-3 
ANTIBACTERIAL ACTIVITY RESULTS OF  

COMPOUNDS 1a-c AND THE STANDARD ANTIBIOTICS 

Zone of inhibition (mm) 
Compd. Staphylococcus 

epidermidis 
Staphylococcus 

aureus 
Bacillus 
subtilis 

1a 14 ± 0.30 14 ± 0.02 14 ± 0.04 
1b 16 ± 0.29 16 ± 0.31 12 ± 0.11 
1c – – 4 ± 0.11 

Amoxicillin 18 ± 0.22 12 ± 0.02 12 ± 0.06 
Gentamicin 12 ± 0.25 10 ± 0.02 – 

DMSO – – – 

 
Conclusion

From the theoretical and experimental results, this work
understand the effect of methoxy group substituent in drug

1a 1b 1c Amoxicillin
Fig. 4. Some of the online docking poses of compounds 1a-c

propertis and experimental results. Methoxy group is non polar
charge transfer accepting functional chromophore, which acts
as an important role in the drug properties. Ortho-position and
meta-position molecules are having good complexing ability
when compare to para-position. Hence, ortho (1a) and meta
(1b) position exposed good antimicrobial activity against the
Gram-positive bacteria. In addition, these molecules will be
carried for the further improvements by changing the substituent
or by converting the functional group.
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