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Abstract—The recent study reported the designing of substituted 3-[4-(1,3-benzodioxol-5-yl)-6-(pyridin-2-
yl)pyrimidin-2-yl]-2-(pyridin-2-yl)-1,3-thiazolidin-4-one derivatives and assessed computationally to cal-
culate the bioactivity and physicochemical properties. The substituted 3-[4-(1,3-benzodioxol-5-yl)-6-(pyri-
din-2-yl)pyrimidin-2-yl]-2-(pyridin-2-yl)-1,3-thiazolidin-4-one derivatives represented the bioactivity
score in the zone for an active drug molecule and were in compliance with the Lipinski Rule of five. Then the
synthesis, characterization, and biological screening as antimicrobial potential and percent viability of cells
were carried out for the substituted 3-[4-(1,3-benzodioxol-5-yl)-6-(pyridin-2-yl)pyrimidin-2-yl]-2-(pyri-
din-2-yl)-1,3-thiazolidin-4-one derivatives. The zone of inhibition and minimum inhibitory concentration
(MIC) findings portrayed that the compounds-(IV) and compound-(V) possessed better antimicrobial activ-
ity than the reference drug ciprofloxacin, while the significant antimicrobial potential was observed by other
members of the series. The molecular docking studies were performed to assist the in vitro antimicrobial
results and the findings exhibited that significant H-bonding in between the substituted 3-[4-(1,3-benzodi-
oxol-5-yl)-6-(pyridin-2-yl)pyrimidin-2-yl]-2-(pyridin-2-yl)-1,3-thiazolidin-4-one derivatives and the resi-
dues of GlcN-6-P-synthase, like ASP 474 (I–IX), SER 316 (I–VI), ASN 522 (I–IX), TRP 313 (V) with good
binding affinity ranging –7.7 to –6.8 kcal/mole. The compounds represented the less toxic effects to the
HepG2 cells and the percent viability of the cells ranging from 93–98%, 73–78% and 70–76% up to 3.125,
50, 100 mmol/L respectively.
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INTRODUCTION
Development of resistance to the available antimi-

crobial agents is not only the matter of great health
concern but also the major threat to human health [1].
The regular increase in the resistance prompted
researchers to find some new, safe and potent antimi-
crobial agents [2]. Piperonyl nucleus has been
observed to be part of many derivatives possessing
many pharmacological properties like antiplasmodial,
antimicrobial, antitumor, anticonvulsant, antihyper-
tensive, anticancer, antiamoebic, monoamine oxi-
dase-b inhibitors, antileishmanial, trypanocidal
agents, DNA binding and antibacterial, antifungal,
Anti-Alzheimer, etc. [3–15]. On the other hand
pyrimidine, a six-member aromatic nucleus with
Nitrogen heteroatom at 1st and 3rd position, have
been found to show versatile pharmacological poten-
tials like antimicrobial, anti-inflammatory, antioxi-
dant, anticancer, antimalarial, antiplasmodial, antile-
ishmanial, antihypertensive, antitubercular, anti-HIV,

antidiabetic, antiviral, antipyretic, analgesic, inhibi-
tors of MnK1, MnK2, JAK3, ALK2, cSrc Kinase, and
VEGFR-2-tyrosine kinase, the antagonist to CB2
neutral, SSRI and 5-HT1A receptor, adenosine
receptor, GPR119 agonist, protease inhibitors, etc
[16–31]. Aiming the versatile biological applications
of derivatives of thiazolidin-4-one a number of studies
performed such as antimicrobial, Anti-fungal, GABA
receptor, antioxidant and anti-inflammatory, anti-
HIV, antihyperglycemic and antidyslipidemic, anti-
tumor, antimycobacterial, anti-glioma activity activi-
ties [32–41]. Recently we reported the design Compu-
tational, synthesis, and biological screening of some
thiozolidin-one derivatives possessing indole and pyr-
idine nucleus [16].

RESULTS AND DISCUSSION
The 1,3-thiazolidin-4-one derivatives bearing

piperonal and pyrimidine moieties (I–IX) was
designed by ChemDraw Ultra 8.0 and screened for
bioactivity score and physicochemical properties by
molinspiration. The findings represented that the bio-

1 Corresponding author: phone: +966559712511; e-mail:
mohdarshad1985@gmail.com; m.arshad@su.edu.sa.
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activity score of all the designed compounds were
lying in the zone of active drug molecule as enzyme
inhibitor as well as the bioactivity score of compound-4
and 5, lying in the zone of active drug molecule as
GPCR ligand. While the bioactivity score for other
members were lying under the zone of the moderately
active drug molecule, physicochemical properties for
the designed compounds (I–IX) were observed in
accordance with the Lipinski rule, Table 1. All the
computationally bioactive compounds (I–IX), were
then synthesized following the procedure as drawn in
Fig. 1, that possessed four steps. First step involved the
synthesis of (2E)-1-(1,3-benzodioxol-5-yl)-3-(pyri-
din-2/3/4-yl)prop-2-en-1-one (I), by the condensa-
tion reaction between Piperonal and 2- or 3- or 4- ace-
tyl pyridine in ethanol sodium hydroxide under
refluxing. In the second step (2E)-1-(1,3-benzodi-
oxol-5-yl)-3-(pyridin- 2- or 3- or 4-yl)prop-2-en-1-
one (A) was reacted with guanidine hydrochloride in
presence of sodium to yield 4-(1,3-benzodioxol-5-yl)-
6-(pyridin-2- or 3- or 4-yl)pyrimidin-2-amine (B).
The third step dealt with the condensation reaction
between the amine functional group of 4-(1,3-benzo-
dioxol-5-yl)-6-(pyridin-2- or 3- or 4-yl)pyrimidin-2-
amine (B) and 2, 3,4-pyrdine carboxaldehyde to yield
the (E)-N-[4-(1,3-benzodioxol-5-yl)-6-(pyridin-2-
or 3- or 4-yl)pyrimidin-2-yl]-1-(pyridin-2- or 3- or 4-
yl)methanimine (C). The aimed compounds (I-IX)
were prepared by refluxing the (E)-N-[4-(1,3-benzo-
dioxol-5-yl)-6-(pyridin-2- or 3- or 4-yl)pyrimidin-2-
yl]-1-(pyridin-2- or 3- or 4-yl)methanimine (C),
thioglycolic acid in DMF and zinc chloride. Structural
confirmation of the synthesized compounds was per-
formed by the help of various spectroscopic methods
like FT-IR, NMR (1H and 13C), Mass spectroscopy
etc. The absence of FT-IR band at 1720 cm–1 due to
the presence of HC=O and the presence of bands
around 1653–1660 and 1407–1451 cm–1 due to
(C=O) and (C=C) respectively confirmed the con-
densation between piperonal and 2/3/4-acetyl pyri-
dine (A). The absence of bands around 1653–1660
cm–1 and 1407–1451 cm–1 due to (C=O) and (C=C)
respectively and the simultaneous appearance of
bands around 3290–3312 cm–1 because of amine
group confirmed the synthesis of compound-B. The
FTIR spectra of compound-C exhibited the absence
of bands around 3290–3312 cm–1 due to the NH2
functional group and the appearance of the bands
around 1622–1644 cm–1. FT-IR spectra of the synthe-
sized compounds (I–IX), represented the characteris-
tic band in the range 1050–1097, 1611–1635 and
1671–1710 cm–1, due to the presence of (C–N),
(C=N) and (C=O) respectively. The appearance of
the double doublets at 3.525–3.901 ppm due to H(1),
4.230–4.267 ppm due to H(2), 5.750–5.604 ppm due
to H(3), confirmed the synthesis of I. While the absence
of all these signals and the appearance of singlets for NH2
around 5.532–5.592 ppm recommended the formation
RUSSIAN JOURNAL OF
of B. The 1H NMR spectra of compound C repre-
sented the absence of singlets around 5.532–
5.592 ppm and the appearance of singlets around
8.129–8.204 ppm because of the HC=N that further
confirmed the synthesis of compound C. Further
structural confirmation of synthesized compounds
(I–IX) was carried out by 1H NMR spectra, by the pres-
ence of characteristic singlet around 6.009–6.190 ppm
and 2.709–2.823 ppm due to the presence of (O–
CH2–O), (CH2-thiazolidinone nucleus) respectively
and the disappearance of the singlet around 8.129–
8.204 ppm confirmed the cyclization of Schiff bases to
thiazolidin-one derivatives. Additionally, the struc-
tures were also confirmed by the 13C NMR spectra
that exhibited the signals around 53.87–55.40 ppm
due to (CH2), 100.88–101.33 ppm due to (O–C–O),
160.15–160.88 ppm because of (C=N), 162.10–
163.44 ppm due to (C=N), 163.37–164.23 ppm due to
(C=N), 164.39–165.06 ppm due to (C=N), 170.10–
171.63 ppm due to (C=O). The compounds (I–IX)
were assessed for antimicrobial therapeutic effects
against the microbes (S. aureus (ATCC-25923),
S. epidermidis (ATCC-29887), E. coli (ATCC-25922),
P. mirabilis (ATCC-25933)). The microbial therapeu-
tic effect was recorded in terms of zone of inhibitions
and Minimum inhibitory concentrations and the
results were compared with “Ciprofloxacin,” Table 2.
The percent area of inhibition per microgram of the
compounds was also calculated and represented in
Fig. 2. The results revealed that compound-4 and
compound-5 were found to represent better antimi-
crobial potential than ciprofloxacin against all the
treated gram-positive and gram-negative pathogens,
while other members of the series were also repre-
sented the significant antimicrobial potential. 1,3-thi-
azolidin-4-one bearing piperonal and pyrimidine
moieties (I–IX) and the reference ciprofloxacin was
assessed for percent viability of the cells against human
hepatocellular carcinoma cell line (HepG2). The
increasing concentrations (3.125–100 mmol/L) of the
compounds (I–IX) and ciprofloxacin was treated with
a sub-confluent the population of HepG2 cells and
the number of viable cells was calculated according to
the MTT protocol. Viable cells possess mitochondria
that contained the succinate dehydrogenase system
which reduces the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) to water-insolu-
ble purple formazan crystals, that after solubilization
can be detected by spectrophotometrically. Only the
viable cells will be able to produce formazan crystal,
therefore, it can be hypothesized that the amount of
formazan produced is directly proportional to the
number of cells (viable). The percent viability of cells
was found concentration-dependent as reported in
Fig. 3, and the findings revealed that all the com-
pounds (I–IX), as well as ciprofloxacin exhibited the
viability ranging 93–98%, 73–78%, and 70–76% up
to the concentrations 3.125, 50, 100 mmol/L respec-
tively. To support the obtained antimicrobial findings,
 BIOORGANIC CHEMISTRY  Vol. 46  No. 4  2020
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Fig. 1. Schematic representation of the route adopted for the synthesis of target compounds I–IX.

1 = NaOH, ethanol, reflux
2 = Guanidine hydrochloric acid, isopropyl alchohol, reflux
3 = R-CHO, ethanol, glacial acetic acid, reflux
4 = Thioglycolic acid, anhydrous ZnCl2, reflux
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the in silico molecular docking assessment was per-
formed for all the designed compounds (I–IX),
against the receptor GlcN-6-P-synthase, (PDB:
2VF5). To understand the level of H-bonding between
the compounds (ligands) (I–IX) and the amino acid
residues of the receptor GlcN-6-P-synthase by Aut-
oDock Tool-1.5.6, AutoDock Vina, and the pymol.
The structures were designed by ChemDraw Ultra
12.0 to generate the smiles that were copied and con-
verted to the PDB files using an online smiles transla-
tor of all the ligands (I–IX). PDBQT were prepared
using the AutoDock Tool-1.5.6, then docking was per-
formed using AutoDock Vina to produced the docked
file of ligand and receptors. Pymol was used to draw
the docking image and the molecular docking images
represented that H-bonding in between the com-
pounds (I–IX) and the residues of GlcN-6-P-syn-
thase, like ASP 474 (I–IX), SER 316 (I–VI), ASN 522
(I–IX), TRP 313 (V), on the other hand, ciprofloxacin
exhibited the H-bonding with the residues THR 352,
THR 302, LYS 485 and SER 401 Fig. 4. No similar
H-bonding was observed by the compounds (I–IX)
and ciprof loxacin. Besides this, the designed com-
pounds (I–IX) were observed to possess the signifi-
cant binding affinities that are as followed –7.7 to –7.0
(I), –7.7 to –7.3 (II), –7.7 to –7.0 (III), –7.6 to –7.0
(IV), –7.7 to –7.2 (V), –7.7 to –6.9 (VI), –7.7 to –7.1
(VII), –7.7 to –7.0 (VII), –7.7 to –6.8 (IX). Docked
images of the most active compounds (IV–V) were
also drawn exhibiting the different patterns of binding
as publication, mesh, and the surface of the protein
GlcN-6-P-synthase, (PDB: 2VF5) Fig. 5.
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
EXPERIMENTAL

ChemDraw Ultra 8.0 and ChemSketch were
employed for preparing the structures of the com-
pounds (I–IX) and ciprofloxacin and to generate the
smiles for drug likeness analysis that was performed on
the Molinspiration. The necessary chemicals, and
reagents (pyridine-2-carboxaldehyde, pyridine-3-car-
boxaldehyde, pyridine-4-carboxaldehyde, 2-acetylpyri-
dine, 3-acetylpyridine, 4-acetylpyridine, piperonal,
guanidine hydrochloric acid, isopropyl alcohol,
NaOH, glacial acetic acid, ethanol, Muller–Hinton
agar, antibiotic agar, ciprofloxacin, dimethylsulfox-
ide, MTT, DMEM, FBS ) were obtained from the
chemical companies like Sigma Aldrich, Merck, Ger-
many, HIMEDIA and HyClone Laboratories, Logan,
UT, USA. Progress of the reaction was observed by the
help of thin-layer chromatographic plates. Analytical
techniques to confirm the structures was performed by
Heraeus Vario EL III analyzer for elemental analysis,
Perkin-Elmer model 1600 FT-IR RX1 instrument for
FT-IR spectra, Spectra Bruker Avance 300 MHz
spectrometer for NMR (1H or 13C) spectra, Micro-
mass Quattro II triple quadrupole mass spectrometer
for mass spectra.

COMPUTATIONAL SCREENING

Chem Draw Ultra 8.0/Chem Sketch, the software
was used for drawing (the structures and schematic
diagram) and to generate the smiles that were used for
the estimation of bioactivity and physicochemical
ol. 46  No. 4  2020
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Table 2. Representing the zone of inhibition (mm) and minimum inhibitory concentratiosn (μg/mL) of 1, 3-thiazolidin-4-
one derivatives bearing piperonyl and pyrimidine moiety (I–IX) and ciprofloxacin

Compound 
no.

Effect of compounds on microorganism

gram positive gram negative

S. aureus
(zone of inhibition/MIC)

S. epidermidis
(zone of inhibition/MIC)

E. coli
(zone of inhibition/MIC)

P. mirabilis
(zone of inhibition/MIC)

I 18.24 ± 0.22/6.25 19.44 ± 0.24/3.12 22.16 ± 0.24/6.25 20.32 ± 0.18/12.5
II 19.10 ± 0.28/6.25 19.36 ± 0.30/3.12 22.10 ± 0.10/6.25 20.18 ± 0.20/12.5
III 18.88 ± 0.24/6.25 19.62 ± 0.40/3.12 22.22 ± 0.28/6.25 20.70 ± 0.18/12.5
IV 21.49 ± 0.18/6.25 22.12 ± 0.23/3.12 23.54 ± 0.25/6.25 22.18 ± 0.25/12.5
V 21.96 ± 0.26/6.25 22.92 ± 0.30/3.12 23.80 ± 0.20/6.25 22.27 ± 0.27/12.5
VI 19.21 ± 0.35/6.25 19.20 ± 0.27/3.12 21.30 ± 0.10/6.25 20.52 ± 0.30/12.5
VII 17.32 ± 0.17/6.25 19.36 ± 0.20/3.12 20.24 ± 0.20/6.25 20.28 ± 0.20/12.5
VIII 17.66 ± 0.22/6.25 19.50 ± 0.36/3.12 20.30 ± 0.20/6.25 20.10 ± 0.10/12.5
IX 18.32 ± 0.30/6.25 19.32 ± 0.21/3.12 21.34 ± 0.28/6.25 20.22 ± 0.22/12.5

Ciproflox-
acin

21.39 ± 0.21/6.25 22.87 ± 0.37/3.12 23.69 ± 0.81/6.25 22.34 ± 0.21/12.5
score with the help mol inspiration (an online avail-
able software) [42–50].

Chemistry

General method for the preparation of (2E)-1-(1,3-
benzodioxol-5-yl)-3-(pyridin-2/3/4-yl)prop-2-en-1-
one (A). Piperonal (10 mmol) and the 2,3,4-acetyl
pyridine (10 mmol) were added to the round bottom
flask in 50 ml of ethanol, and was set on refluxing for
3 hours followed by the dropwise addition of 20%
sodium hydroxide solution to yield (2E)-1-(1,3-ben-
zodioxol-5-yl)-3-(pyridin-2/3/4-yl)prop-2-en-1-one
(A). The reaction status was observed by thin-layer
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V

Fig. 2. Representing the percent area of inhibition/microgram of
idine moiety (I–IX) and ciprofloxacin.
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chromatographic plates under UV- cabinet. On com-
pletion, the yellow precipitate was obtained by filtra-
tion and dried under vacuum and recrystallized from
diethyl ether [16]. IR νmax (cm–1): 1653–1660 (C=O),
1407–1451 (C=C); 1H NMR (CDCl3) δ (ppm):
3.525–3.901 H (1), 4.230–4.267 H (2), 5.750–5.604
H (3), 5.991–6.090 (s, 2H, O–CH2–O).

General method for the preparation of 4-(1,3-ben-
zodioxol-5-yl)-6-(pyridin-2/3/4-yl)pyrimidin-2-amine
(B). Guanidine hydrochloride (11 mmol), Na metal
(11 mmol) was mixed in 50 mL of isopropanol in a
round bottom flask, and set on ref luxing for 3 hours.
After 3 hours the (2E)-1-(1,3-benzodioxol-5-yl)-3-
ol. 46  No. 4  2020
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Fig. 3. Representing the percent viability of the HepG2 cells on treatment with 1,3-thiazolidin-4-one derivatives bearing pipero-
nyl and pyrimidine moiety (I–IX) and ciprofloxacin.
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(pyridin-2/3/4-yl)prop-2-en-1-one (A) (10 mmol)
was added to the mixture and set on refluxing for 8 h
to yield the desired product (B). The reaction status
was observed by the thin layer chromatographic plates
under UV- cabinet and finally the desired product was
obtained as precipitate that was filtered, dried and re-
crystallized [16]. IR νmax (cm–1): 3290–3312 (NH2);
1H NMR (CDCl3) δ (ppm): 5.532–5.592 (NH2),
5.935–5.988 (s, 2H, O–CH2–O).

The general method for the preparation of (E)-N-[4-
(1,3-benzodioxol-5-yl)-6-(pyridin-2/3/4-yl)pyrimi-
din-2-yl]-1-(pyridin-2/3/4-yl)methanimine (C). 4-(1,3-
benzodioxol-5-yl)-6-(pyridin-2/3/4-yl)pyrimidin-2-
amine (10 mmol) and pyridine-2,3 and 4-carboxalde-
hyde (10 mmol) were mixed in ethanol (50 mL), in a
round bottom flask and set on refluxing followed by
the addition of some droplets of glacial acetic acid.
The solid precipitate was observed that was filtered
and dried under vacuum and recrystallized using a
proper solvent [8]. IR νmax (cm–1): 1622–1644
(HC=N); 1H NMR (CDCl3) δ (ppm): 8.129–8.204
(s, 1H, HC=N), 5.883–5.990 (s, 2H, O–CH2–O).

General procedure for the synthesis of 1,3-thiazoli-
din-4-one bearing piperonal pyrimidine moiety (I–IX).
(E)-N-[4-(1,3-benzodioxol-5-yl)-6-(pyridin-2/3/4-
yl)pyrimidin-2-yl]-1-(pyridin-2/3/4-yl)methanimine
(10 mmol) and thioglycolic acid (10 mmol) was dis-
solved in DMF (50–60 mL) and added a small pinch
of anhydrous ZnCl2 set on refluxing for 24 h. The
reaction status was observed by thin-layer chromato-
graphic plates under UV- cabinet, on completion of
the final mixture was poured to the cold water to form
a precipitate that was dried under vacuum to obtain
desired compounds (I–IX) [32].

3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-2-yl)-
pyrimidin-2-yl]-2-(pyridin-2-yl)-1,3-thiazolidin-4-
one (I). Yield: 90%; mp: 222–224°C; Grey yellow
RUSSIAN JOURNAL OF
crystals; Anal. calc. for C24H17N5O3S: C 63.29, H 3.76,
N 15.38; Found: C 63.32, H 3.82, N 15.41; IR
νmax (cm–1): 1059 (C–N), 1614 (C=N), 1689 (C=O),
2942 (CH–Ar); 1H NMR (CDCl3) δ (ppm): 2.80 (s,
2H, H1, H2), 6.01 (s, 2H, H15, H16), 6.89–7.10 (m,
3H, H4, H5, H6), 7.21–7.31 (m, 4H, H8, H9, H10,
H11), 7.38 (d, 1H, J = 8.7, H7), 7.48 (d, 1H, J = 5.4,
H13), 7.50 (d, 1H, J = 7.8, H14), 7.53 (s, 1H, H3),
7.63 (s, 1H, H12); 13C NMR DMSO-d6 (ppm): 55.40
(CH2), 101.32 (O–C–O), 106.31, 109.22, 111.17,
112.33, 113.61, 114.41, 115.70, 120.50, 120.81, 121.49,
122.68, 123.40, 124.91, 130.50, 131.62, 132.54, 160.88
(C=N), 163.03 (C=N), 163.41 (C=N), 164.99
(C=N), 170.63 (C=O); ESI-MS (m/z): [M+ + 1]
456.11 (456.15).

3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-3-yl)-
pyrimidin-2-yl]-2-(pyridin-2-yl)-1,3-thiazolidin-4-
one (II). Yield: 86%; mp: 218–220°C; Grey yellow
crystals; Anal. calc. for C24H17N5O3S: C 63.29, H 3.76,
N 15.38; Found: C 63.32, H 3.82, N 15.41; IR νmax
(cm–1): 1065 (C–N), 1623 (C=N), 1671 (C=O), 2960
(CH–Ar); 1H NMR (CDCl3) δ (ppm): 2.79 (s, 2H,
H1, H2), 6.11 (s, 2H, H15, H16), 6.92–7.18 (m, 4H,
H8, H9, H10, H11), 7.24–7.35 (m, 3H, H5, H6, H7),
7.37 (s, 1H, H4), 7.40 (d, 1H, J = 12.9 Hz, H13), 7.49
(d, 1H, J = 8.4 Hz, H14), 7.54 (s, 1H, H3), 7.61 (s,
1H, H12); 13C NMR DMSO-d6 (ppm): 54.32 (CH2),
100.88 (O–C–O), 107.27, 108.90, 110.20, 112.66,
114.02, 114.95, 115.88, 120.09, 120.94, 121.48, 123.10,
123.88, 124.17, 129.50, 130.90, 132.00, 160.24 (C=N),
162.10 (C=N), 163.53 (C=N), 165.06 (C=N), 170.10
(C=O); ESI-MS (m/z): [M+ + 1] 456.11 (456.15).

3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-4-yl)pyrimi-
din-2-yl]-2-(pyridin-2-yl)-1,3-thiazolidin-4-one (III).
Yield: 85%; mp: 215–217°C; Grey yellow crystals;
Anal. calc. for C24H17N5O3S: C 63.29, H 3.76, N
 BIOORGANIC CHEMISTRY  Vol. 46  No. 4  2020
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Fig. 4. Docked images of the compounds (I–IX) and ciprofloxacin with the protein GlcN-6-P-synthase, (PDB: 2VF5).

SER 316

SER 316

ASP 474

ASP 474

TRP 313

ASN 522

ASN 522

Compound (V)

Compounds (I−IV) and (VI)
15.38; Found: C 63.32, H 3.82, N 15.41; IR νmax (cm–

1): 1073 (C–N), 1620 (C=N), 1683 (C=O), 2985
(CH–Ar); 1H NMR (CDCl3) δ (ppm): 2.79 (s, 2H,
H1, H2), 6.01 (s, 2H, H15, H16), 6.89–7.10 (m, 3H,
H4, H5, H6), 7.21–7.31 (m, 4H, H8, H9, H10, H11),
7.38 (d, 1H, J = 11.7 Hz, H7), 7.48 (d, 1H, J = 7.2 Hz,
H13), 7.50 (d, 1H, J = 13.5 Hz, H14), 7.53 (s, 1H,
H12), 7.63 (s, 1H, H3); 13C NMR DMSO-d6 (ppm):
54.95 (CH2), 101.34 (O–C–O), 106.98, 107.80,
110.07, 111.50, 113.22, 114.26, 115.30, 120.41, 121.28,
122.15, 122.90, 123.10, 124.44, 130.33, 131.08, 132.44,
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160.31 (C=N), 162.90 (C=N), 164.07 (C=N), 164.90
(C=N), 169.88 (C=O); ESI-MS (m/z): [M+ + 1]
456.11 (456.15).

3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-2-yl)pyrim-
idin-2-yl]-2-(pyridin-3-yl)-1,3-thiazolidin-4-one (IV).
Yield: 92%; mp: 220–222°C; Grey yellow crystals;
Anal. calc. for C24H17N5O3S: C 63.29, H 3.76, N
15.38; Found: C 63.32, H 3.82, N 15.41; IR νmax (cm–1):
1066 (C–N), 1611 (C=N), 1680 (C=O), 2990 (CH–
Ar); 1H NMR (CDCl3) δ (ppm): 2.77 (s, 2H, H1, H2),
6.19 (s, 2H, H15, H16), 6.80–7.08 (m, 4H, H4, H5,
ol. 46  No. 4  2020
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Fig. 4. (Contd.)

ASP 474

THR 352

THR 302 SER 401
LYS 485

CIPROFLOXACIN

ASN 522

Compounds (VII–IX)
H6, H7), 7.14–7.28 (m, 4H, H8, H9, H10, H11), 7.34
(d, 1H, J = 13.2 Hz, H13), 7.51 (d, 1H, J = 9.9 Hz,
H14), 7.58 (s, 1H, H12), 7.67 (s, 1H, H3); 13C NMR
DMSO-d6 (ppm): 55.35 (CH2), 101.12 (O–C–O),
105.50, 107.22, 110.03, 111.22, 112.30, 113.41, 115.11,
120.20, 120.91, 121.41, 122.67, 123.10, 124.31, 130.27,
131.37, 132.44, 160.51 (C=N), 163.42 (C=N), 164.10
(C=N), 164.82 (C=N), 170.55 (C=O); ESI-MS
(m/z): [M+ + 1] 456.11 (456.15).
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3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-3-yl)pyrimi-
din-2-yl]-2-(pyridin-3-yl)-1,3-thiazolidin-4-one (V).
Yield: 85%; mp: 219–221°C; Grey yellow crystals;
Anal. calc. for C24H17N5O3S: C 63.29, H 3.76, N 15.38;
Found: C 63.32, H 3.82, N 15.41; IR νmax (cm–1): 1083
(C–N), 1627 (C=N), 1695 (C=O), 2975 (CH–Ar);
1H NMR (CDCl3) δ (ppm): 2.70 (s, 2H, H1, H2),
6.09 (s, 2H, H15, H16), 6.87–7.00 (m, 4H, H4, H5,
H6, H7), 7.09–7.21 (m, 3H, H8, H9, H10), 7.28 (s,
1H, H11), 7.39 (d, 1H, J = 9 Hz, H13), 7.42 (d, 1H,
 BIOORGANIC CHEMISTRY  Vol. 46  No. 4  2020
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Fig. 5. Docked images of the most active compounds (IV) and (V) exhibiting different pattern of binding with the protein GlcN-
6-P-synthase, (PDB: 2VF5).

IV IV

IV

V

V

V

J = 13.2 Hz, H14), 7.50 (s, 1H, H12), 7.55 (s, 1H, H3);
13C NMR DMSO-d6 (ppm): 54.67 (CH2), 101.33 (O–
C–O), 106.80, 108.31, 110.42, 111.80, 112.42, 113.60,
114.84, 120.60, 121.10, 121.90, 122.90, 123.90, 124.30,
129.50, 131.70, 132.85, 160.15 (C=N), 162.90 (C=N),
163.37 (C=N), 164.59 (C=N), 171.63 (C=O); ESI-
MS (m/z): [M+ + 1] 456.11 (456.15).

3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-4-yl)pyrimi-
din-2-yl]-2-(pyridin-3-yl)-1,3-thiazolidin-4-one (VI).
Yield: 90%; mp: 217–219°C; Grey yellow crystals;
Anal. calc. for C24H17N5O3S: C 63.29, H 3.76, N 15.38;
Found: C 63.32, H 3.82, N 15.41; IR νmax (cm–1): 1050
(C–N), 1618 (C=N), 1679 (C=O), 2937 (CH–Ar);
1H NMR (CDCl3) δ (ppm): 2.77 (s, 2H, H1, H2),
6.04 (s, 2H, H15, H16), 6.81–7.12 (m, 4H, H4, H5,
H6, H7), 7.21–7.31 (m, 4H, H8, H9, H10, H11), 7.39
(d, 1H, J = 7.2 Hz, H13), 7.45 (d, 1H, J = 12 Hz,
H14), 7.51 (s, 1H, H12), 7.61 (s, 1H, H3); 13C NMR
DMSO-d6 (ppm): 55.08 (CH2), 101.22 (O–C–O),
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
106.90, 107.37, 110.81, 112.80, 113.79, 114.83, 115.76,
120.70, 121.80, 122.30, 123.36, 124.40, 124.94, 130.64,
131.87, 132.19, 160.37 (C=N), 162.23 (C=N), 163.50
(C=N), 164.86 (C=N), 170.93 (C=O); ESI-MS
(m/z): [M+ + 1] 456.11 (456.15).

3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-2-yl)pyrimi-
din-2-yl]-2-(pyridin-4-yl)-1,3-thiazolidin-4-one (VII).
Yield: 82%; mp: 225–227°C; Grey yellow crystals;
Anal. calc. for C24H17N5O3S: C 63.29, H 3.76, N 15.38;
Found: C 63.32, H 3.82, N 15.41; IR νmax (cm–1): 1080
(C–N), 1633 (C=N), 1690 (C=O), 2878 (CH–Ar);
1H NMR (CDCl3) δ (ppm): 2.81 (s, 2H, H1, H2), 6.10
(s, 2H, H15, H16), 6.88–7.10 (m, 4H, H4, H5, H6,
H7), 7.19–7.26 (m, 4H, H8, H9, H10, H11), 7.30 (d,
1H, J = 8.7 Hz, H13), 7.39 (d, 1H, J = 12 Hz, H14),
7.50 (s, 1H, H12), 7.60 (s, 1H, H3); 13C NMR
DMSO-d6 (ppm): 54.91 (CH2), 101.10 (O–C–O),
106.34, 107.27, 110.55, 111.80, 112.50, 1143.30, 114.77,
119.50, 120.30, 121.73, 122.66, 123.90, 124.85, 130.50,
131.89, 132.64, 160.18 (C=N), 163.24 (C=N), 164.23
ol. 46  No. 4  2020



608 MOHAMMAD ARSHAD
(C=N), 165.07 (C=N), 171.17 (C=O); ESI-MS (m/z):
[M+ + 1] 456.11 (456.15).

3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-3-yl)pyrimi-
din-2-yl]-2-(pyridin-4-yl)-1,3-thiazolidin-4-one (VIII).
Yield: 95%; mp: 228–230°C; Grey yellow crystals;
Anal. calc. for C24H17N5O3S: C 63.29, H 3.76, N 15.38;
Found: C 63.32, H 3.82, N 15.41; IR νmax (cm–1): 1097
(C–N), 1630 (C=N), 1710 (C=O), 2908 (CH–Ar);
1H NMR (CDCl3) δ (ppm): 2.82 (s, 2H, H1, H2), 6.10
(s, 2H, H15, H16), 6.89–7.07 (m, 4H, H4, H5, H6,
H7), 7.12–7.29 (m, 3H, H9, H10, H11), 7.34 (s, 1H,
H8), 7.43 (d, 1H, J = 14.4 Hz, H13), 7.49 (d, 1H, J =
7.8 Hz, H14), 7.53 (s, 1H, H12), 7.57 (s, 1H, H3);
13C NMR DMSO-d6 (ppm): 55.20 (CH2), 101.18 (O–
C–O), 105.33, 107.20, 110.27, 112.30, 113.29, 114.21,
115.90, 121.10, 122.38, 123.10, 123.90, 124.06, 125.19,
130.74, 131.77, 132.88, 160.33 (C=N), 163.27 (C=N),
163.98 (C=N), 164.39 (C=N), 170.10 (C=O); ESI-
MS (m/z): [M+ + 1] 456.11 (456.15).

3-[4-(1,3-Benzodioxol-5-yl)-6-(pyridin-4-yl)pyrimi-
din-2-yl]-2-(pyridin-4-yl)-1,3-thiazolidin-4-one (IX).
Yield: 96%; mp: 227–229°C; Grey yellow crystals;
Anal. calc. for C24H17N5O3S: C 63.29, H 3.76, N 15.38;
Found: C 63.32, H 3.82, N 15.41; IR νmax (cm–1): 1069
(C–N), 1635 (C=N), 1700 (C=O), 2989 (CH-Ar);
1H NMR (CDCl3) δ (ppm): 2.80 (s, 2H, H1, H2),
6.00 (s, 2H, H15, H16), 6.78–6.98 (m, 4H, H4, H5,
H6, H7), 7.13–7.21 (m, 4H, H8, H9, H10, H11), 7.31
(d, 1H, J = 12.3 Hz, H13), 7.39 (d, 1H, J = 11.4 Hz,
H14), 7.43 (s, 1H, H12), 7.53 (s, 1H, H3); 13C NMR
DMSO-d6 (ppm): 53.87 (CH2), 101.25 (O–C–O),
106.33, 109.29, 111.41, 112.15, 113.70, 114.55, 115.52,
120.20, 120.19, 121.31, 122.72, 123.57, 124.35, 130.00,
131.47, 132.63, 160.28 (C=N), 163.44 (C=N), 163.97
(C=N), 164.90 (C=N), 170.33 (C=O); ESI-MS
(m/z): [M+ + 1] 456.11 (456.15).

BIOLOGY
Antimicrobial Screening

Disc diffusion protocol with necessary modifica-
tion was followed to assess the antimicrobial potential
of the synthesized compounds (I–IX) against, the
gram-positive and gram-negative pathogens (S. aureus
(ATCC-25923), S. epidermidis (ATCC-29887), E. coli
(ATCC-25922), P. mirabilis (ATCC-25933)). The
preparation of the suspension of the bacterial cells was
performed by McFarland Protocol, the suspensions
were further added to the antibiotic agar and trans-
ferred to the agar plate under the UV-laminar hood.
On the other hand, the synthesized compounds I–IX
were subjected to the preparation of the stock the solu-
tion that was prepared by dissolving 1 mg of each in
100 mL of DMSO. To estimate the antimicrobial
effect of these compounds, the paper discs of 6 mm
diameter were prepared and dipped into the solutions
RUSSIAN JOURNAL OF
of each compound and were placed on the agar plate
to find out the zone of inhibition. Dilutions of the syn-
thesized compounds were made to estimate the MIC,
Minimum concentration of the test compounds to
inhibit the growth of the pathogen, MIC, by macro
dilution method [51–58].

Assessment of Percent of Cell Viability

The percent viability of the cells for the prepared
compounds 1–10 was performed against HepG2
(Human hepatocellular carcinoma). The cells were
grown Dulbecco’s modified Eagle’s medium with
10% heat-activated fetal bovine serum, and
(100 units/mL penicillin, 100 mg/mL streptomycin, and
2.5 mg/mL amphotericin B) and incubated at 37°C in an
atmosphere containing (95% air/5% CO2) [59, 60].

Molecular Docking

Aautodock-tools 1.5.6, Autodock-Vina, and
Pymol software was employed to perform the molecu-
lar docking assessment against the GlcN-6-P-syn-
thase, (PDB: 2VF5) as per the method described in
[16, 50, 51, 61, 62].

CONCLUSION

1,3-Thiazolidin-4-one derivatives bearing piper-
onal and pyrimidine moiety (I–IX), were designed
and screened for bioactivity score and physicochemi-
cal properties. The bioactivity score of the designed
compounds was lying under the zone of the active drug
molecule. The bioactive compounds (I–IX) were then
synthesized and characterized by various spectro-
scopic methods like FT-IR, NMR (1H and 13C), Mass
spectroscopy. The compounds were then tested for
antimicrobial potential against gram-positive and
gram-negative bacteria and the results portrayed that
compound (IV–V) represented better antimicrobial
potential than standard drug ciprofloxacin. To assist
the in vitro antimicrobial results the molecular dock-
ing studies were performed and revealed the signifi-
cant H-bonding with the receptor GlcN-6P-Synthase
with good binding affinity. Further studies in this plat-
form will guide to develop a potential chemo-core that
can be used to cure antimicrobial infections.
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