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I N T R O D U C T I O N

Conventional techniques of organic synthesis typically
call for prolonged heating times, complex apparatus setups
that are time-consuming and expensive. This drives up the cost
of the procedure and causes environmental contamination [1].
Due to its quickness, cleanliness and simplicity of operation,
microwave aided processes in solvent or solvent free conditions
have grown in popularity [2]. Microwaves are being used in
organic/pharmaceutical synthesis by pharmaceutical corpora-
tions for drug discovery [3-5].

Ionic liquids have been used as a solvent, co-solvent and/
or catalyst in the microwave-assisted organic synthesis [6,7].
Pharmaceutical drugs with a wide range of biological activities,
such as analgesic, antihypertensive, central nervous system
depressant, antiviral, bactericidal and fungicidal activities, have
been explored among the diverse range of drug molecules for

Schiff bases were synthesized by condensation of the aldehyde group
of 5-nitro thiophen-2-carboxaldehyde with different fluoro substituted
aromatic primary amines. All the synthesized compounds (3a-c) were
characterized by various spectral techniques and the completion of
reaction were confirmed by TLC. In vitro antimicrobial activity of
the synthesized compounds was evaluated using minimum inhibitory
concentration against Gram-positive and Gram-negative microbial
strains. The results of antimicrobial study revealed that compounds
3a and 3c were active and exhibited better inhibitory activities as
compared with standard drug levofloxacin. The molecular docking
studies have higher binding affinity with the receptors enzymes enoyl-
ACP reductase. Density functional theory (DFT) calculations at the
B3LYP method and 6-31G(d,p) basis set have been carried out to
investigate the equilibrium geometry of the ligands. Moreover, total
energy, energy of HOMO and LUMO and MEP and other quantum
parameters were also calculated. The DFT calculations suggested the
lowest energy gap of the studied compounds, which were chemically
reactive and may serve as potential drug candidates.
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the development of microwave assisted synthetic processes
[8-10]. Despite these benefits, microwave chemistry has scarcely
been applied to the production of new materials. Therefore, a
new technique for the quick, controlled synthesis of Schiff
base derivatives generated from 5-nitro thiophene has been
devised in the current study using microwave heating.

Schiff bases exhibit typical biological behaviours such as
antibacterial, antifungal, anticancer and herbicidal capabilities
[11-18]. Numerous therapeutically significant drugs contain
thiophene nuclei [1-3]. Particularly, compounds with 5-nitro-
thiophene moiety have been shown to have therapeutic potential
due to their antibacterial [4,5,8], antifungal [22-24], anti-
microbial [23,24], anticancer [25,26], antiprotozoal [27,28]
and antileishmanial [29] activities. Thus, keeping in mind all
the aforementioned applications of Schiff bases, in the current
study, 5-nitrothiophen derived Schiff bases toward the potential
therapeutic target enoyl-ACP reductase enzyme (PDB: 1C14)
have also been conducted in addition to microwave assisted
synthesis, characterization, antibacterial activities and the
molecular docking studies.

E X P E R I M E N T A L

All reagents and starting chemicals were commercially
available and used without additional purification. Synthesis
of Schiff bases was performed using a microwave synthesizer.
On the pre-coated plates (silica gel 60 F254), analytical thin-
layer chromatography (TLC) was performed and spots were
noted using ultraviolet light. On a Tensor27 FT-IR spectrometer
(Bruker Optics, Germany), FT-IR spectra were analyzed using
KBr disc. Trimethyl silane as standard solvent was used for
recording 1H NMR spectra on an Avance-III 400 MHz NMR
spectrometer (Bruker Biospin, Germany). The LCMS was
carried out using a direct insertion probe with an Alignent
6540ba Q to f infinity 1290 M/S Alignent Technology.

General procedure for synthesis of 5-nitrothiophene-
2-carboxaldehyde derivatives: A reaction of 5-nitro thiophene-

2-carboxaldehyde (1, 1.57, 0.01 mol) with 2-aminothiazole
(2a, 100.1 g, 0.01 mol)/4-fluro aniline (2b, 4.8972 g, 0.01
mol)/trifluro-methyl aniline (2c), for 15 min at 180 watts in
ethanol (15 mL). Following cooling, precipitated crude product
was filtered, ethanol was added and it was then recrystallized
(Scheme-I). The mixture was then refluxed for 10 to 20 min
with a water condenser. The TLC was used to check the reaction’s
development and after 30 min, a single spot was observed,
signifying the complete conversion of reactants to products.
The resulting product was filtered and recrystallized with abso-
lute ethanol.

(5-Nitro-thiophen-2-yl methylene)-thiazol-2-yl-amine
(3a): Black solid, m.f.: C8H5N3O2S2, IR (KBr, νmax, cm–1): 3100
(arom. C=H), 1502 (CH=N), 1583 (C=C). 1H NMR (300 MHz,
CDCl3, δ ppm): 9.19 (s, 1H, CH=N), 7.94 (d, 1H, thiazole), 7.5
(d, 1H, thiazole), 7.38 (m, 1H, thiophene), 7.26 (s, 1H, thio-
phene), UV (360 nm); Mass: m/z 239.98.

(4-Fluoro-phenyl)-(5-nitro-thiophen-2-ylmethylene)-
amine (3b): Orange solid, m.f.: C11H7FN2O2S, IR (KBr, νmax,
cm–1): 3116 (arom. C=H), 1591 (CH=N), 1531 (C=C), 1H NMR
(300 MHz, CDCl3, δ ppm): 8.53, (s, 1H, CH=N), 7.92 (d, 1H,
thiophene), 7.38 (d, 1H, thiophen), 7.27-7.29 (m, 2H, Ar-H),
7.08-7.14 (t, 2H, Ar-H); UV (360 nm); Mass: m/z 251.028.

5-Nitro-thiophen-2-ylmethylene)-(2-trifluoromethyl-
phenyl)amine (3c): Yellow crystal, m.f.: C12H7F3N2O2S, IR
(KBr, νmax, cm–1): 3126 (arom. C=H) , 1537 (CH=N), 1505 (C=C).
1H NMR (300 MHz CDCl3, δ ppm), 8.46 (1s, 1H, CH=N)
7.92 (1d, 1H, thiophene), 7.70 (d, 1H, thiophene), 7.43 (t, 2H,
Ar-H) 7.36 (d, 1H, Ar-, H), 7.11 (t, 2H, Ar-H), 7.09 (d, 1H, Ar-H),
UV (390 nm); Mass: m/z: 301.025.

Biological activity

Determination of minimum inhibitory concentration:
The in vitro antimicrobial activity of the synthesized comp-
ounds was assessed against Staphylococcus aureus 29213,
Escherichia coli 25922, Pseudomonas aeruginosa 27853,
Acinetobacter baumannii 1605 and Klebsiella pneumoniae

FH2N

SO2N CHO

N

SH2N

H2N

F3C

SO2N CH N
N

S

(5-Nitro-thiophen-2-ylmethylene)-
thiazol-2-yl-amine (3a)

SO2N CH N F

(4-Fluoro-phenyl)-(5-nitro-thiophen-
2-ylmethylene)-amine (3b)

SO2N CH N

F3C

(5-Nitro-thiophen-2-ylmethylene)-
(2-trifluoromethyl-phenyl)-amine (3c)

(2a)

(2b)

(2c)

(1)

EtOH 180 W

EtOH 180 W

EtOH 180 W

Scheme-I: Synthesis of 5-nitrothiophene-2-carboxaldehyde derived Schiff bases (3a-c)
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1705 using the MIC technique. By using the serial dilution
approach, the MIC values of the synthesized compounds (3a-
c) were identified in accordance with the established CLSI
recommendations [30]. In brief, Mueller-Hinton cation-
supplemented broth was used to cultivate the bacterial cultures.
After measuring the optical density (OD600) of the cultures,
the concentration was diluted to ~ 106 cfu/mL. This inoculum
was put into a number of test wells in a microtitre plate con-
taining test compound concentrations ranging from 64 to 1
µg/mL. Levofloxacin was used as a reference standard and
the cells with media (without chemical or cells) serve as controls.
Plates were incubated at 37 ºC for 16-18 h, after which the
MIC values were determined. The MIC values were calculated
separately in triplicate.

Quantum computational studies: Utilizing Spartan 20
software, the DFT analysis of the synthesized Schiff bases
(3a-c) was carried out. Using a B3LYP/6-31G(d,p) level basis
set without any symmetrical constraints, the structural coordi-
nates were optimized. The improved geometry yielded the comp-
ounds’ energies and molecular electrostatic potential map. The
energy gap, related reactive parameters and the highest and
lowest occupied molecular orbitals (HOMO and LUMO) were
all estimated using the Koopman’s approach (electronegativity,
chemical potential, hardness, softness, electrophilicity).

Docking studies: A clear understanding of any comp-
ound’s properties, such as binding energy, electron distribution,
hydrogen bonds and donor acceptors, polarizability, hydro-
phobicity and protein ligand interaction with selectivity/affinity
for the target, drug likeness and lead determination, is provided
by molecular docking studies. Using the graphical user
interface application FLAREV5 from CRESSET, U.K., the
docking stimulation was set up, carried out and assessed.

Preparation of protein: The protein was prepared using
FLAREV5 and the PDB structure (1c14) and retrieved from
www.rcsb.org. Energy minimization is then performed using
an open MM force field. The protein underwent preprocessing
to get rid of any bound water molecules, cofactors, ligands and
to fill loop holes with the freed loop builder by python extension
in flare.

Preparation of ligand: Structures of 5-nitrophene-2-
carboxaldehyde derivatives were drawn using Chem Draw and

saved in mol2 format and then convert into three-dimensional
structure and minimize the ligand geometry.

R E S U L T S A N D   D I S C U S S I O N

All the synthesized Schiff base derivatives of 5-nitro thio-
phene-2-carboxaldehyde (3a-c) using different fluoro substituted
aromatic primary amines were successfully synthesized and
characterized. All of the spectral data of the synthesized Schiff
bases (3a-c) were found to be compatible with the anticipated
results. The characteristic absorption bands were visible in
the IR spectra at 3100, 3116, 3126, 1502, 1591, 1537, 1583
and 1531 cm–1 regions, indicating the existence of aromatic
(C-H), azomethine (C-H), (C=N) and (C=C), respectively. A
band at 1650-1500 cm–1, a significant absorption band for
(C=N) also appeared. The stretching frequency of the aromatic
ring was represented by the absorption bands at 3139-3012
and 1568–1547 cm–1.

Additionally, in the 1H NMR spectra of Schiff bases, we
found a singlet of integration intensity equivalent to one
hydrogen at 8.2-9.3 ppm, confirming the existence of
azomethine proton (-CH=N). At 7.2-7.9 ppm, the peaks of
thiophene, thiazole and aromatic ring yield numerous signals.

Biological studies: The most substantial activity was
shown by compounds 3a and 3b. Additionally, compound 3a,
which had a MIC range of 32, 8 and 16 µg/mL, displayed
action against E. coli, S. aureus and A. bahummani that was
comparable to that of conventional levofloxacin among all
synthesized 5-nitro thiophene-2-carboxaldehyde derivatives.
Additionally, compound 3b also showed good efficacy against
K. puneumonia, A. baumannii, S. aureus and E. coli, with a
MIC value of 64. None of the bacterial strains are affected by
compound 3c (Table-1). Thus, as compared to standared levofl-
oxacin, thiazole (3a) and fluro (3b) derivatives of 5-nitro thio-
phene-2-carboxaldehyde showed the best antibacterial efficacy
against strains of organism.

Molecular calculations: The molecular chemical stability
is indicated by the energy difference between HOMO and
LUMO. Tables 2 and 3 provide a summary of the molecular
characteristics and HOMO and LUMO energies determined
using the B3LYP/6-31G basis set computation. The findings
revealed that every molecule had the smallest energy gap (E),

TABLE-1 
ANTIBACTERIAL BIOASSAY 

Compound No. 
E. coli  

ATCC 25922 
S. aureus  

ATCC 29213 
K. pneumonia  

BAA 1705 
A. bahmani  
BAA 1605 

P. aeruginosa  
ATCC 27853 

3a 32 8 > 64 16 > 64 
3b 16 8 64 8 > 64 
3c > 64 > 64 > 64 > 64 > 64 

Levofloxacin 0.0156 0.125 64 4 1 
 

TABLE-2 
CHEMICAL REACTIVE DESCRIPTORS FOR SYNTHESIZED COMPOUND (3a-c) 

Ionization 
potential 

Electron 
affinity 

Electronegativity Global 
hardness 

Softness Electrophilicity Compd. 
No. 

EHOMO 
(eV) 

ELUMO 
(eV) 

∆E = (I-A) 
band gap 

I = [-EHOMO] A = [-ELUMO] χ = (I+A)/2 η = (I-A)/2 δ =1/n ω = χ2/2η 
3a 6.42 3.27 3.15 6.42 3.27 4.845 1.575 0.63492063 7.452071429 
3b 6.34 3.14 3.20 6.34 3.14 4.740 1.600 0.62500000 7.021125000 
3c 6.68 3.17 3.51 6.68 3.17 4.925 1.755 0.56980057 6.910434473 
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TABLE-3 
MOLECULAR DOCKING RESULTS OF SYNTHESIZED 

COMPOUNDS AGAINST ENOYL ACP REDUCTASE  
ENZYME (PDBID:1c14) 

Ligand LF rank score LF dG LFV score LF LE 

3a -7.280 -7.470 -7.609 -0.499 
3b -7.776 -6.802 -7.896 -0.400 
3c -6.620 -6.219 -7.467 -0.310 

 
pointing to great chemical reactivity and significant intramole-
cular charge transfer from an electron donor (HOMO) to electron
acceptor (LUMO) group. These correspond to the energies of

ligand 3a (-6.42 eV and 3.27 eV), ligand 3b (-6.34 eV and
-3.13 eV) and ligand 3c (-6.68 eV and -3.17 eV). According
to the computed HOMO-LUMO energy gap value for ligand
3a, compound 3a is more reactive at 3.15 eV. As compared to
ligands 3a, 3b and 3c have the energy gap values of 3.2 and
3.51 eV, respectively (Table-4). To comprehend the bonding
structure of existing compounds, the surfaces for the frontier
orbitals are shown in Fig. 1.

Molecular electrostatic potential analysis: The MEP
surface is displayed using the B3LYP/6-31G basis set to anti-
cipate the reactive sites for the synthesized Schiff base mole-

∆E = 3.2

ELUMO

MEP

EHOMO

∆E = 3.51

ELUMO

MEP

EHOMO

ELUMO EHOMO

MEP

∆E = 3.15

Compound 3a

Compound 3b

Compound 3c

Fig. 1. HOMO, LUMO orbitals and MEP for compounds 3a-c. The images were achieved by SPARTAN’20 software
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Compound 3a

Compound 3b

Compound 3c
Fig. 2. Computational studies; 3D and 2D interaction between active site residues of 1c14 and 5-nito thiophene-2-carboxaldehyde Schiff

base derivatives (3a-c)

TABLE-4 
QUANTUM-CHEMICAL PARAMETERS OF SYNTHESIZED COMPOUNDS (3a-c) COMPUTED WITH DFT AT B3LYP/6-31G LEVEL 

Compd. No. Energy (amu) EHOMO (eV) ELUMO (eV) Dipole (debye) log P Polarizability HBA count HBD count 

3a -1418.81 -6.42 -3.27 5.40 3.26 56.81 0 7 
3b -1181.23 -6.34 -3.13 4.69 4.37 58.73 0 5 
3c -1419.04 -6.68 -3.17 5.29 5.13 60.86 5 0 
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cules’ electrophilic and nucleophilic attack. The molecules
have a number of potential sites for electrophilic and nucleo-
philic attack (the electrophilic sites are most electronegative
and are depicted as red hue) (the nucleophilic sites are most
positive and are represented as blue colour). The red colour
indicated an electrophilic area, where the oxygen and nitrogen
atoms behave. The nucleophilic area was coloured blue as well.
As indicated by the green colour, the areas above the circles
are neutral. Intermolecular interactions are shown by these
regions.

Molecular docking studies: In order to better understand
ligand-protein interaction, molecular docking experiments on
synthetically produced 5-nitro thiophene-2-carboxaldehyde
derived compounds with proteins (PDB: 1C14) were conducted.
The protein-binding ligands were discovered to have LF dG
scores between -7.5 and -6.0 kcal/mol. Compound 3a, one of
the three newly produced ligands, exhibits strong binding
energies to the target protein. The one or more amino acids in
the receptor active pockets have created linkages, according
to the docking of receptor 1c14 with newly produced potential
ligands. The 10 amino acid residues in the active site were
Ser91, Ala21, Lys163, Gly93, Ile92, Asp64, Gln40, Thr194,
Val65 and Met159. The molecules of the synthesized 2D and
3D ligands obtained from 5-nitro thiophene-2-carbaoxal-
dehyde are shown in Fig. 2, whereas the binding energies of
three Schiff base compounds are displayed in Table-4. All of
the compounds had a reasonable amount of binding energy
between -7.5 and -6.0 kJ mol-1 towards the target protein.

Conclusion

Using microwave irradiation, a unique approach for the
synthesis of three Schiff bases 3a-c was developed, which had
significant improved yield percentage and reaction time. All
the synthesized Schiff bases were characterized using UV, 1H
NMR, IR and mass spectra. The in vitro antibacterial activity
of the synthesized compounds against Gram-positive and
Gram-negative microbial strains were also evaluated, where
compounds 3a and 3c were active and shown stronger
inhibitory activities than the standard antibiotic levofloxacin.
The synthesized compounds were also docked in silico against
the protein enoly ACP reductase enzyme (PDB: 1c14). Further-
more, according to DFT studies, the energy gap between the
three ligands was identical, which suggests that the investigated
compounds had the lowest gap energies and were chemically
reactive.
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