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Abstract
Among diverse metal nanoparticles, palladium nanoparticles (PdNPs) have captured the special attention of researchers 
because of their unique applications. However, the synthesis of PdNPs by conventional procedures incorporates harmful 
solvents, reducing agents, and produces toxic pollutants and by-products. The plant part extract-assisted green synthesis 
of palladium nanoparticles has been known as the best solution to minimize the limitations of conventional methods. Bio 
synthesized nanoparticles have good selectivity and catalytic properties. Thus, they have been investigated as nanocatalysts 
in numerous catalyst based reactions. In this review article, we have explored the various plant parts responsible for the 
bioreduction of palladium ions, characterization of PdNPs and heterogeneous catalytic activity of PdNPs in the C–C coupling 
reaction. In addition, we reviewed a plausible mechanist approach for the fabrication of PdNPs.
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Abbreviations
PdNPs  Palladium nanoparticles
Pd  Palladium metal
XRD  Palladium nanoparticles
FTIR  Fourier transforms infrared spectroscopy
TEM  Transmission electron microscopy
SEM  Scanning electron microscopy
EDS  Energy-dispersive X-ray spectroscopy
FE-SEM  Field emission SEM
HRTEM  High-resolution TEM
SAED  Selected area electron diffraction
XPS  X-ray photoelectron spectroscopy
TON  Turnover number
TOF  Turnover frequency
PEG  Polyethylene glycol

ICP-AES  Inductively coupled plasma atomic emission 
spectroscopy

WEPBA  Water extract of papaya bark ash
EDX  Energy dispersive X-ray analysis
SALE  Syzygium aqueum Leaves extract

1 Introduction

There are several conventional methods for the synthesis 
of metal nanoparticles. These approaches for the synthesis 
of metal nanoparticles include chemical and photochemical 
reduction, microwave-assisted, sol–gel, thermal decomposi-
tion & aerosol methods [1]. But these conventional meth-
ods have various disadvantages such as the utilisation of 
toxic solvents and hazardous reducing or stabilising agents 
such as hydrazine, sodium citrate, hydroxylamine etc. These 
limitations have increased the necessity to develop safe, eco-
friendly and non-toxic alternatives for the synthesis of metal 
nanoparticles. The greener pathway avoids the incorporation 
of toxic solvent, reducing agent and reduces the formation of 
toxic by-products. The eco-friendly methods for the prepa-
ration of nanoparticles can be achieved by using naturally 
occurring biomolecules or metabolites such as vitamins, 
sugar, polyols, terpenoids, microorganism and biodegradable 
polymers etc. as reducing and stabilising agents. The green 
synthesis of metal nanoparticles is designed in such a way 
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that solvent, reducing agents or stabilising agent employed 
in synthesis follows the twelve principles of green chemistry 
[2–5].

In 2018, Mpungose et al. have taken a review on the 
heterogonous PdNPs as a catalyst for the Heck and Suzuki 
coupling reaction [6]. Some of the systems include the 
PdNPs supported on the various supports such as carbo-
naceous, metal oxide, magnetic, polymer and hybrids inor-
ganic–organic material. Heterogeneous PdNPs are prepared 
by using organic solvents & chemical reducing agents which 
may render the method expensive.

In another study, Fahmy et al. in 2020 have taken a review 
on the synthesis of PdNPs using microorganisms and plant 
part extracts [7]. The highlight of the study was the biosyn-
thesis of nanoparticles, factors affecting biosynthesis and 
their potential biomedical applications as anticancerous 
activity. However, the review article as unable to discuss 
the mechanism of bioreduction and its function as an effec-
tive catalyst in the cross-coupling reaction.

In this review, we discussed the synthesis of PdNPs using 
various plant part extracts, economical supports and their 
application in the field of catalysis.

2  Plant Assisted Synthesis of Metal 
Nanoparticles

Over the decades, it was found that plant parts can bio-
logically reduce metal ions. Because of these captivating 
features, plants have been considered as a potential and 
environment-friendly path for the synthesis of metal nano-
particles. Plant extract comprises bioactive polyphenols, 
proteins, alkaloids, sugars, phenolic acids and terpenoids 
which are believed to be responsible for the reduction [8]. 
Importantly, the biosynthesis of metal nanoparticles when 
compared with conventional methods, relatively takes place 
at room temperature. The plant extract also plays a crucial 
role in stabilising the nanoparticles. It was found that the 
concentration of extract, concentration of salt, pH of the 
solution, time of reaction affect the quality, size, shape and 
morphology of nanoparticles [9–11]. Phytochemicals in 
plant extract reduces metal ion  Mn+ to zero-valent metal 
nanoparticles [12, 13]. Characterization and conformation 
studies have been done by X-ray Diffraction (XRD), Fou-
rier Transforms Infrared Spectroscopy (FTIR), Transmission 
Electron Microscopy (TEM), Scanning Electron Microscopy 
(SEM), Energy-Dispersive X-ray Spectroscopy (EDS), Field 
Emission Scanning Electron Microscopy (FE-SEM) and 
other analytical techniques [14–16].

2.1  Biosynthesis of Pd Nanoparticles Using Plant 
Extract

In recent years, PdNPs have been the center of attraction 
due to their unique applications such as catalyst, superca-
pacitor, sensors, lithium-ion batteries and organic synthe-
sis [17]. The plant-mediated synthesis of nanoparticles 
especially the palladium nanoparticles depends on the 
reducing properties of phytochemicals present in the plant 
extract. Biomolecules play an important role as reducing/
capping and stabilizing agents for PdNPs. The general 
scheme for the synthesis of PdNPs is shown in Scheme 1.

In this review, we have explored the recent develop-
ments in the eco–friendly, non-hazardous, non-toxic, sim-
ple and green methods for the synthesis of palladium nano-
catalyst by reducing  Pd2+ ion using plant extract and their 
characterization using UV–Vis, FTIR, EDS, SEM, TEM, 
and XRD. In addition, we have discussed the applications 
of PdNPs in the field of catalysis.

Green synthesis of palladium nanoparticles from Cin-
namomum camphora leaf broth has been done by stirring 
the mixture of  PdCl2 and extract [18]. Based on HR-TEM, 
SAED, XPS, and XRD, it was believed that the Pd(II) 
ion and the hydroxyl (-OH) group of polyols in Cinnamo-
mum camphora leaf broth undergo a redox reaction. The 
decrease in the pH of the solution further confirmed the 
production of  H+ ions in the redox reaction. The TEM 
analysis concluded that higher the Pd(II) ion concentra-
tion, the smaller is the size of Pd nanoparticles.

In 2012, Sheny et al. reported the biogenic synthesis 
of palladium nanoparticles using Anacardium occiden-
tale leaves extract [19]. The biosynthesised nanoparti-
cles were characterized by UV–Vis, FTIR and XRD. The 
TEM images of nanoparticles showed that the particle size 
ranges between 2 and 5 mm in diameter with a face cen-
tered cubic (FCC) structure. FTIR spectrum revealed poly-
alcohol in Anacardium occidentale extract to be respon-
sible for the bioreduction of Pd(II) ion and carboxylate 
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ions along with protein molecules that act as a stabilizing 
agent. The mechanism for the formation of PdNPs is as 
shown in Scheme 2.

In 2012, Roopan et al. reported a green method for the 
synthesis of palladium nanoparticles using Annona squa-
mosa fruit extract [20]. The TEM showed PdNPs in spheri-
cal shape with particle size in range of 80 ± 5 nm. The 
study depicted that the Annona squamosa peel extract 
contains aldehyde and the hydroxyl groups. The reaction 
between the Annona squamosa extract and the Pd(II) ion 
which might be occurring during the bioreduction depicted 
in Scheme 3.

In 2012, Petla et al. synthesized palladium nanoparticles 
using protein-rich Glycine max or soybean leaf extract [21]. 
The reduction of palladium ions to the Pd(0) nanoparticles 
was investigated by UV–Vis spectroscopy. The predicted 
reduction reaction of palladium ion by tyrosine in Glycine 
max broth is shown in Scheme 4.

Green synthesis of PdNPs using Catharanthus roseus 
leaf extract has been reported by Kalaiselvi et al. [22]. The 
PdNPs were formed when an aqueous solution of palladium 

acetate [Pd(OAc)2] was stirred with C. roseus leaf extract at 
60 °C for 1 h. The general reaction is depicted in Scheme 5.

The morphological study indicated that particles are 
spherical with an average size range of 38 ± 2 nm. The 
study also revealed that a higher yield of nanoparticles was 
achieved at 2 h of stirring. These used the optimized pal-
ladium nanoparticle for catalytic degradation of phenol red 
dye by varying the pH of the solution. At optimum pH of 
6, the surface plasmon resonance band associated with dye 
disappeared and indicated the complete degradation of dye. 
That study could be considered as an efficient approach 
towards industrial effluent treatment. Scheme 6

Palladium metal supported on the carbon played a major 
role in the removal of carbon monoxide from the envi-
ronment. Palliyarayil et al. reported a novel method for 
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biosynthesis of PdNPs using green tea as a reducing agent 
[23]. The first half of the study involved the recovery of Pd 
from Pd/C. The extract was allowed to react with Pd metal 
ion solution (in pH 5.5–6.0) at 90–95 °C for 15–45 min. It 
was believed that the flavonoid (+)-catechin, antioxidants in 
green tea were responsible for the bioreduction of Pd ions. 
The mechanistic approach for the formation of PdNPs using 
catechin is expressed in Scheme 7.

There are more reports on the production of palladium 
nanoparticles by plant extract. Some of them with mecha-
nism of bioreduction are summarised in Table 1

+ nPd(II) nPd(0) +
Δ

600c , 2h
2n CH

3 OH

Catharanthus Roseus
methanolic leaf extract

CH

2 O

Catharanthus Roseus
methanolic leaf extract

2n

Scheme  6  The reaction of Catharanthus roseus leaf extract and 
Pd(II) ion [22]

Scheme 7  A mechanistic 
approach for the formation 
of PdNPs using catechin as a 
reducing agent [23]

Table 1  Pd nanoparticle 
synthesized using plant part 
extracts

Plant extract Metal salt Size in nm Morphology of PdNPs References

Cinnamomum camphora leaf PdCl2 3–6 Spherical [18]
Anacardium occidentale PdCl2 2.5–4.5 Spherical [19]
Annona squamosa Pd(OAc)2 80 ± 5 Spherical [20]
Glycine max PdCl2 15–15 Spherical [21]
Catharanthus roseus Pd(OAc)2 38 ± 2 Spherical [22]
Green tea Pd/C 13–23 Spherical [23]
Gardenia Jasminoides Ellis PdCl2 3–5 Spherical [24]
Tea and coffee PdCl2 20–60 Spherical [25]
Red Grape Pomace PdCl2 5–10 Spherical [26]
Curcuma longa Tuber PdCl2 15–25 Spherical [27]
Banana peel PdCl2 50 Crystalline [28]
Mushroom extract PdCl2 – Spherical [29]
Astraglmanna PdCl2 20–25 Spherical [30]
Beet juice – 5 Spherical [31]
Piper betle PdCl2 4 ± 1 Spherical [32]
Watermelon rind PdCl2 96 Spherical [33]
Xanthan gum PdCl2 10 Spherical [34]
Antigonon leptopus PdCl2 5–70 Spherical [35]
Moringa oleifera Pd(OAc)2 27 ± 2 Spherical [36]
Chlorella Vulgaris PdCl2 15 Spherical [37]
Filicium decipiens PdCl2 2–22 Spherical [38]
Spirulina platenis PdCl2 10–20 Spherical [39]
Saccharomyces cerevisiae PdCl2 – Hexagonal [40]
Moringa oleifera Pd(OAc)2 10–50 Spherical [41]
Black Pepper PdCl2 7 Spherical [42]
Onion extract PdCl2 19 Spherical [43]
Lagenaria siceraria Pd(OAc)2 16–73 Spherical [44]
Ananas comosus PdCl2 4.46 ± 2.44 Spherical [45]
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3  Catalytic Applications of Biosynthesized 
PdNPs

The Pd nanoparticles are utilized as homogenous and 
heterogeneous catalysts in coupling reactions due to their 
high surface area and high surface–volume ratio [46]. The 
PdNPs fabricated by plant extract have been studied for 
their heterogeneous catalytic activity in coupling reac-
tions like Suzuki–Miyaura coupling, Sonogashira cross-
coupling, Heck coupling reaction, Hiyama cross-coupling 
reactions. The Pd(0) provides a surface for the adsorption 
of molecules and the C–C coupling reaction proceeds via 
metal–carbon bonds. The arylation has become the impor-
tant step for structural modification of the lead to generate 
a new potential pharmaceutical intermediate. Therefore, 
in recent years the palladium catalysed coupling reactions 
have become an important tool for the synthesis of biologi-
cally active compounds.

In 2014, Veisi et  al. designed a green route for the 
biosynthesis of palladium nanoparticles using naturally 
occurring Stachys lavandulifolia (herbal tea) extract [47]. 
The synthesized palladium nanoparticles were studied as 

a stable and efficient heterogeneous catalyst for Suzuki-
coupling reactions, Scheme 8. The reaction has advantages 
such as zero leachings, easy recovery of nanocatalyst, easy 
workup and the excellent yield of coupled products. They 
reported that the Pd nanocatalyst remained on the support 
even at elevated temperatures, Scheme 9. Palladium nano-
particles exhibited good reusability and recyclability up to 
the eight-run without remarkable loss of activity.

In 2014, Nasrollahzadeh et al. reported a green path for 
the synthesis of PdNPs using Hippophae rhamnoides Linn 
leaves extract [48]. It was found that the Pd ion was reduced 
to nanoparticles with the help of flavonoid (FIOH) metabo-
lites in the plant which acts as a green option over commonly 
utilized hydride containing reducing agents. They used bio-
synthesized nanocatalyst in coupling reactions, Scheme 10. 
The Pd catalyzed coupling reaction showed some features 
such as excellent yields of coupling product, no utilization 
of toxic ligands, easy operation, workup, good reusability 
and recyclability of green nanocatalyst.

In another study, Nasrollahzadeh et  al. proposed a 
green pathway for the synthesis of palladium supported on 
 Fe3O4 nanoparticles by Euphorbia condylocarpa M.bied 
root extract [49]. The catalytic activity of Pd/Fe3O4 was 
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examined in Suzuki and Sonogashira reactions. Schemes 
11 and 12. Some of the attractive features of the reaction 
were fast and clean route, elimination of toxic ligands, a 
wide spectrum of substrates, excellent yield, higher turnover 
time (TON = 6) and since Pd/Fe3O4 has magnetic properties, 
it can be separated by simple treatment of external magnets.

In 2015, the Nasrollahzadeh group developed a green 
method for the fabrication of PdNPs via bioreduction of 
 Pd2+ ion to Pd nanoparticle by the piper longum fruit extract 
[50]. The characterized PdNPs were examined in Sonoga-
shira coupling reactions, Scheme 13. The prepared catalyst 
was recycled five times in the coupling reaction.

In 2015, Veisi et al. developed a one-pot green method 
for the fabrication of PdNPs supported on Pistacia Atlan-
tica kurdica gum [51]. The nanoparticles were employed 
as the heterogeneous nanocatalyst for Suzuki–Miyaura 
and Mizoroki–Heck cross-coupling reaction. Schemes 
14 and 15. The reaction resulted in 98% of the product 

yield, without any evidence of alteration of performance, 
leaching. The catalyst could be reused at least eight times 
without loss of efficiency.

In the same year, Nasrollahzadeh et al. fabricated a Pd/
CuO NPs by Theobroma cacao L. seed extract [52]. The 
palladium supported on CuO (Pd/CuO) was studied in the 
degradation of 4-Nitrophenol and Heck coupling reaction. 
The catalyst generated the corresponding cross-coupled 
product in excellent yield. The catalyst was also examined 
for reduction of 4-nitrophenol and it has a good reusability 
up to sixth cycle. The general reaction scheme for Heck 
reaction is as shown in Scheme 16.

A green and convenient protocol for the generation of 
PdNPs supported on polyethylene glycol i.e. (PdNPs@
PEG) by the Colocasia esculenta leaf extract was stud-
ied by Borah et al. in 2015 [53]. The supported PdNPs 
showed high catalytic capacity towards Suzuki–Miyaura 
cross-coupling reaction in isopropanol:water (1:1). The 

Scheme 10  PdNPs catalyzed 
biaryl synthesis [48]
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Scheme 14  Suzuki coupling 
reaction catalyzed by PdNPs/ 
Pistacia Atlantica kurdica gum 
[51]
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PdNPs nanocomposite showed reusability up to the fifth 
cycle, Scheme 17.

A green approach for the fabrication of PdNPs using 
Euphorbia granulata leaf extract was reported by Sajadi 
et al. in 2016 [54]. The biosynthesized nanoparticles were 
employed as a heterogeneous catalyst in the Suzuki–Miyaura 
coupling reaction. The nanoparticles exhibited good cata-
lytic power in the coupling reaction of biaryls at room tem-
perature, Scheme 18.

In the same year, Nasrollahzadeh and Sajadi proposed 
a green method for the fabrication of Pd nanoparticles by 
Euphorbia thymifolia leaves extract [55]. The catalytic activ-
ity of PdNPs was examined for cyanation of aryl iodides in 
presence of  K4Fe(CN)6. The TEM images showed that the 
average particle size was in the range of 30–35 nm in diam-
eter and reusability even after the fifth cycle. The advantages 
include the high yield of nitrile product, reusability, and low 
amount for loading, Scheme 19.

In 2016, Veisi et al. reported a biosynthesis of PdNPs 
using oak gum [56]. They examined the catalytic capabil-
ity of PdNPs@Oak Gum in the reduction of nitroarenes 
and Suzuki coupling reactions. Scheme 20. The reduction 
of nitroarenes was achieved by catalyst and sodium boro-
hydride in EtOH:Water (1:2) mixture, Scheme 21.

In the same year, Liu and colleagues designed a green 
route for the synthesis of PdNPs by the Poplar leaves 
extract [57]. The synthesized PdNPs were characterized 
and confirmed by XRD, SEM, TEM, XPS, EDS, ICP-AES 
and FTIR. The Pd nanocomposite was employed as a het-
erogeneous catalyst for the Suzuki reaction Scheme 22.

In 2017, Liu et al. developed a simple method for the 
generation of PdNPs by pine needle extract [58]. The Pd/
pine needle extract exhibited high catalytic activity in the 
fabrication of biaryl, Scheme 23. The reaction of phe-
nylboronic acid with 4-bromotoluene catalyzed by Pd/
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Organic solvent-free
Wide scope of substrates
Elimination of toxic ligands
In situ preparation of PdNPs

Elimination of homogeneous catalysts
The reaction system is clean and very mild
Avoidance of the high reaction temperature
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The use of plant extract as an economic and effective alternative

E.granulata leaf extract

PdCl2
ArX , Ar'B(OH)2
K2CO3 , r.t.
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Scheme 18  Phosphine free Suzuki–Miyaura coupling reaction catalyzed by PdNPs [54]

Scheme 19  Synthesis of nitriles 
from aryl iodides (cyanation) 
reaction catalyzed by PdNPs 
[55]
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pine needle extract yielded 90% of the product and good 
reusability up to six cycles.

Agricultural waste (agro-waste) and by-products have 
been reported as the highest potential green materials for 
catalyst preparation in past decades. Agricultural waste like 
peel extract is rich in cellulose and hemicellulose nanofib-
ers. Dewan et al. reported a green method for the fabrication 
of palladium nanoparticles using extract of waste papaya 
bark ash (WEPBA) and Pd(OAc)2 solution [59]. The cat-
alytic activity of the resulted catalyst was investigated in 
the Sonogashira cross-coupling reaction. The catalyst was 
found to be highly selective and active in copper, amine and 
ligand-free cross-coupling reaction in presence of 1 mol% 
palladium acetate in WEPBA:EtOH (1:1) solvent at room 
temperature, Scheme 24.

In 2017, Sarmah et al. reported a green synthesis of pal-
ladium nanoparticles using waterborne species Eichhornia 
crassipes (common name: water Hyacinth) and incorporated 
it as a nanocatalyst in the Suzuki–Miyaura coupling reac-
tion [60]. The ash extract contains metal oxide and hydrox-
ide. Because of these, the basic medium provided by water 
extract resulted in excellent catalytic activity in the Pd-cat-
alysed coupling reaction. One can say that reaction does not 
require an external base as the extract assists the coupling 
reactions, Scheme 25.

In 2018, Dewan et al. developed a biogenic approach for 
the synthesis of PdNPs by papaya peel extract [61]. The bio-
reducing biomolecules present in the papaya peel reduced 
the  Pd2+ ion of Pd(OAc)2 to the Pd nanoparticles in water. 
The TEM micrographs showed that prepared nanoparticles 

Scheme 21  Niroarenes reduc-
tion reaction by PdNPs@Oak 
gum [56]
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Scheme 22  Suzuki coupling 
reaction catalyzed by PdNPs@
Poplar extract [57]
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Scheme 23  Suzuki coupling 
reaction catalyzed by PdNPs@
Pine needle extract [58]
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Scheme 24  Sonogashira cross-
coupling reaction by Pd(OAc)2 
and WEPBA and EtOH [59]
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were highly crystalline in the range of 1–5 nm. The EDS 
analysis indicated the presence of Pd and O that con-
firmed the generation of Pd/PdO (i.e. palladium oxide). 
The prepared PdNPs showed good catalytic activity in 
Suzuki–Miyaura and Cu, amine and ligand-free Sonogashira 
reactions with good yields (see Scheme 26).

Another green and facile method for the synthesis of Pd 
nanocatalyst has been reported by Kandathil et al. in 2018 
[62]. They synthesized biogenic PdNPs using an aqueous 
extract of Piper nigrum commonly known as black pep-
per. The probable mechanism for the synthesis is shown 
in Scheme 27. It was believed that the reduction of  Pd2+ 
ions is achieved by the phytochemical in the piper nigrum 
like piperine, pellitorine, N-isobutyl-tetradeca-2, 4-diena-
mide and ethyl piperonyl cyanoacetate. The biosynthesized 

PdNPs (0.5 mol%) were utilized in the cyanation reaction 
of aryl halides by using potassium hexacyanoferrate(II) 
trihydrate  K4Fe(CN)6.3H2O. Here  K4Fe(CN)6.3H2O acts 
as a non-toxic and low-cost cyanide source and sodium 
carbonate as a base to produce corresponding nitriles in 
good yields. The reaction of the cyanation of aryl halide by 
PdNPs is shown in Scheme 28. Along with that, they stud-
ied the catalytic activity of Pd nanocatalyst (0.2 mol%) in 
the Hiyama cross-coupling reaction of an aryl halide with 
trimethoxyphenyl silane in NaOH at 100 °C, Scheme 29. 
The possible catalytic cycle for the Hiyama cross-coupling 
reaction is shown in Scheme 30. The PdNPs have reus-
ability up to five runs in aryl halide cyanation and ten 
times in Hiyama cross-coupling without notable loss in 
their catalytic activity.

Scheme 25  Suzuki–Miyaura 
coupling reaction of aryl halide 
and aryl boronic acid in aqueous 
extract of water hyacinth [60]

R1 = 4-OMe , 4-NO2 ,4-CHO , 4-OH , 4-Me , 4-COMe , 3-OMe , 2-Me , 2-OH , Ph
R2= H , 4-Cl , 4-C2H5 , 4-COMe , 4-CN , 3-CH3

X = Br , I and Cl
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Scheme 26  Sonogashira cross-
coupling reaction of an aryl 
halide with terminal alkynes 
catalyzed by PdNPs prepared by 
papaya peel extract [61]
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Scheme 27  A probable mecha-
nism of PdNPs formation using 
black pepper extract [62]
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Scheme 29  Palladium nanopar-
ticle catalyzed Hiyama cross-
coupling reaction [62]
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In 2019, Nasrollahzadeh et al. reported a simple and 
green method for the fabrication of Pd nanoparticles using 
an aqueous extract of Cucurbita pepo leaves as a stabilis-
ing agent and coral reef as a green support [63]. It was 
believed that the polar hydroxyl groups in the extract carry 
out the bioreduction of Pd(II) to Pd(0). The plausible mecha-
nism is described in Scheme 31. The catalytic activity of 

nanocomposite was investigated in the cyanation of aryl 
halide in presence of a non-toxic nucleophilic cyanide ion 
source, potassium ferrocyanide, Scheme 32. The nanocom-
posite displayed good reusability up to the fifth cycle.

In 2019, Hemmati et al. synthesized palladium nanopar-
ticles using strawberry fruit extract immobilized on  Fe3O4 
nanoparticles [64]. The catalytic activity of the strawberry/

Ar

Si
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MeO
MeO

OMe

Reductive
Elimination

X + Si–
OH
OMe

MeO
MeO

Si(OMe)3

OH

Ar

Pd (II)

Transmetallation

Biogenic synthesised
PdNPs

Oxidative
Addition

Pd(0)

ArX

Ar-X
X=I , Br , Cl

_

_

Scheme 30  A probable mechanism for the Hiyama cross-coupling reaction [62]
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Scheme 31  A plausible mechanism of bioreduction of Pd(II) ion by Cucurbita pepo leaves extract [63]

Scheme 32  Pd/Coral reef 
catalyzed cyanation of aryl 
halides reaction in presence of 
 K4Fe(CN)6 [63]
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Pd coated on magnetic  Fe3O4 nanocatalyst was investigated 
for the Suzuki–Miyaura C–C coupling reaction Scheme 33. 
The unique feature of synthesized nanoparticles was their 
recyclability and their separation from the reaction mixture 
by an external magnetic field without significant leaching 
and modification of performance.

In 2020, Manjare and Chaudhari designed a green syn-
thesis method for the synthesis of Pd nanoparticles sup-
ported on Bentonite clay with the help of Syzygium aqueum 
(or water apple) leaves extract (named as SALE) [65]. A 
powered Bentonite clay and  PdCl2 mixture were allowed 
to react with SALE at 100 °C for 10 h to produce PdNP@
AT-Bentonite. PdNPs@AT-Bentonite showed good catalytic 
activity in the Suzuki–Miyaura C–C coupling reaction with 
greater than 90% yield, Scheme 34. Prepared heterogeneous 
catalyst PdNPs @AT-Bentonite has good reusability up to 
the tenth run without a notable loss in its catalytic activity. 
It was believed that palladium nanoparticles supported on 
Bentonite clay are a better alternative than reported catalysts.

In 2020, Manjare and Chaudhari reported an eco-friendly 
and effective method for the synthesis of palladium nanopar-
ticles supported on Zeolite Type-Y (Na form) using Anacar-
dium occidentale shell (commonly known as Cashew apple) 
extract as the reducing agent [66]. The supported nanocata-
lyst PdNP@Zeolite Type-Y (Na-form) was examined for the 

Suzuki–Miyaura C–C coupling reaction, Scheme 35. The 
catalyst was recycled up to the tenth cycle without remark-
able loss of catalytic activity.

Over a decade PdNPs have gained attention as a nanocat-
alyst in coupling reactions and have also been employed in 
other reactions such as oxidation, degradation, and reduction 
reactions. A few more applications of biosynthesized pal-
ladium nanoparticles in coupling reactions are summarised 
in Table 2.

4  Conclusion

In this review article, we focused on the biogenic synthesis 
of palladium nanoparticles using various plant parts (i.e. 
leaves, fruits, tuber, flowers) and implementation of PdNPs 
in numerous reactions to study its catalytic activity. Due to 
the large surface area and surface-volume ratio, minimum 
utilisation of Pd metal salts, and good reusability in catalytic 
cycles make Pd nanoparticles an inexpensive catalyst com-
pared to Pd metal salts catalysts.

Researchers have developed several green methods to 
obtain PdNPs as discussed in this review. These synthe-
sized PdNPs were explored as nanocatalyst in a C–C cou-
pling reaction with no significant loss of catalytic activity. 

Scheme 33  Magnetic PdNPs/
Fe3O4 catalyzed Suzuki–
Miyaura coupling reaction [64]
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We believe that as a next step, the mechanistic approach 
for the bioreduction of metal ions  Mn+ to zero-valent  Mn0 
should get clearer with an explicit explanation. These nan-
oparticles have numerous applications in the future which 
can be summarised as follows;

(1) Biologically more stable PdNPs can be synthesized 
from a variety of plants that are growing in developing 
countries. African countries are rich in various vegeta-
tion. These plant species could be utilized for the biogenic 
synthesis of more stable and efficient PdNPs.

(2) Pd nanoparticles provide a shorter route for the C–C 
bond formation. As a result, the finding of this review arti-
cle could be useful in the synthesis of pharmaceutical lead 
compounds and will help to reduce the cost of the drug by 
catalytic reactions.

It can be taken into note that, the improvement in the 
performance and application of biosynthesized Pd nan-
oparticles is a growing field. It opens up a whole new 
research area for the preparation of plant-based PdNPs 
from various plants which are specifically growing in 
developing countries. The progress in the development of 
catalysts will provide reliable industrial and commercial 
opportunities. The coupled product of Pd catalyzed reac-
tions could be useful in the synthesis of the pharmaceuti-
cal drug via coupling reactions.
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A B S T R A C T   

Novel non-camptothecin (non-CPT) class of conformationally constrained, hitherto unknown 7,12-dihy-
drodibenzo[b,h][1,6] naphthyridine and 7H-Chromeno[3,2-c] quinoline derivatives have been designed, syn-
thesized and evaluated for anti-cancer activity. In vitro anti-proliferation evaluation against human cancer cell 
lines (A549 and MCF-7) exhibited significant cytotoxicity. Among the derivatives (8–24), 8 (IC50 0.44 μM and 
IC50 0.62 μM) and 12 (IC50 0.69 μM and IC50 0.54 μM) were identified as the most promising candidate against A- 
549 and MCF-7 cancer cell lines respectively. Topo I inhibitory activity of 8 and 12 suggested that, they may be 
developed as potential anti-cancer molecules in future and rationalized by docking analysis with effective 
binding modes. Further, in silico ADME prediction studies of all derivatives were found promising, signifying the 
drug like properties. In precise, the present investigation displays a new strategy to synthesize and emphasis on 
anticancer activities of conformationally constrained dibenzo[b,h][1,6] naphthyridine derivatives and Chromeno 
[3,2-c] quinoline derivatives in the context of cancer drug development and refinement.   

1. Introduction 

As a ubiquitous and essential enzyme, DNA Topoisomerases I (Topo 
I) plays a crucial role in relaxing the topological constraints and 
achieving infinite replicative potential by cancer cells during DNA 
replication [1]. The biological function and significances of fluctuation 
in the activity of Topo I have been broadly distinguished [2]. Campto-
thecin (CPT) (Fig. 1) and its several structurally modified derivatives 
such as topotecan, belotecan and irinotecan are contemporary anti-
cancer chemotherapeutic agents for treatment of various cancers in an 
effort to overcome numerous limitations [3]. Several limitations include 

metabolic instability due to the ring E opening, subsequent resistance, 
toxicity, solubility and side effects [4]. Due to these inadequacies, there 
is a great interest in an understanding and developing the structural 
features essential for binding in the active site. Many alterations have 
been attained to develop suitable inhibitor to overcome the drawback of 
CPTs and discovery of non-CPT Topo I inhibitors has emerged as a 
favorable field to find improved chemotherapeutic agents [5]. 

Discovery of indenoisoquinoline analogues (Fig. 1) (LMP400, 
LMP776 and LMP744) as an attractive scaffold has entered phase I 
clinical trials for treatment in adults with solid tumours and lymphomas 
[6]. In an attempt to find dual inhibitors of Topo I and Topo II, SAR 
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studies revealed that structural features in TAS-103: indeno[2,1-c]- 
quinoline derivative and indeno[1,2-c]quinoline derivatives are crucial 
for the selectivity [5b, 7]. Through a scaffold modification from the 
indeno isoquinolines, LaVoie′s group discovered dibenzo[c,h][1,6] 
naphthyridinone derivativeARC-111, as a highly potent Topo I inhibitor 
[8]. Genz-644282, has emerged as a promising candidate for antitumor 
agents and has entered into phase I clinical trial [9]. 8-substituted imi-
dazoquinoline based, Panulisib P-7170 and analogues drugs (Dactolisib 
and LY-3023414) are currently under clinical trials as anticancer ther-
apeutics that are targeted against the PI3Ks, which are important reg-
ulators of cell growth and transformation, which are downward to the 
receptor kinases [10]. Apart from all beyond Topo I inhibitors, the novel 
7-(ethoxycarbonyl)-8-(arylamino)-[1,3]dioxolo[4,5-g] quinolin-5-ium 
iodide have identified significant antitumor and antibacterial activity 
[11]. 

Focussing on the therapeutic potential of quinoline skeleton, in the 
process of drug developing and designing valuable therapeutic alter-
natives, one of the most crucial aspect is fine tuning of both pharma-
codynamic and pharmacokinetics profiles. It does not depend on the 
number of oxygen and nitrogen atoms, but rationally match their overall 
distribution and optimization. In this context, quinoline nucleus always 
has been conjugated with quite a few other pharmacophores to obtain 
compounds with improved potency 

Conformational control of molecular scaffolds offers pharmacolog-
ical efficiency in anticancer compounds. With this rationale, in search of 
novel non-Camptothecin scaffold, we articulate that if the structural 
correspondence were indeed responsible for the anticancer activity, then 
an analogous compounds might be synthesized by making a compound 
having a structural similarity that would more closely resembles with an 
indenoisoquinoline, indeno[2,1-c]-quinoline, indeno[1,2-c]quinolone, 

dibenzo[c,h][1,6]naphthyridinone, Genz-644282, 8-substituted imida-
zoquinoline and quinolone derivatives. In search of a potent Topo I in-
hibitor endowed with improved physicochemical and pharmacokinetic 
profiles, owing to the drug-like properties and therapeutic potential of 
novel non-Camptothecin scaffold, conformationally constrained 7,12- 
dihydrodibenzo[b,h][1,6] naphthyridine and 7H-Chromeno[3,2-c] 
quinoline derivatives, we believe that both scaffolds have a number of 
features that make it attractive as a potential lead compound for the 
development of Topo I inhibitors that may overcome some of the limi-
tations of CPTs. Imidazole is a privileged fragment in modern medicinal 
chemistry considering its broad spectrum and affinity towards various 
biological targets. The applications of imidazole derivatives in medicinal 
chemistry have achieved great progress. The imidazole ring forms the 
core of many pharmacological important molecules having a wide array 
of activities like anti-inflammatory, antimicrobial, antiulcer and anti-
oxidant. It has been revealed that introduction of imidazole moiety in 
anticancer drugs embrace considerable potential. The imidazole de-
rivatives are also found naturally in the amino acid like histidine, in 
vitamin B12 and a component of the DNA base structure [12]. 

With this inspiration, we herein report the efficient synthetic pro-
cedures for the preparation of a hitherto unknown conformationally 
constrained 7,12-dihydrodibenzo[b,h][1,6] naphthyridine and 7H- 
Chromeno[3,2-c] quinoline backbone and in vitro screening, molecular 
docking and ADME predictions in order to develop some potential 
anticancer structures leads which could be compared to parent mole-
cules in cancer chemotherapy. 

Fig. 1. Topo I inhibitors, Quinolone derivatives and designed targets.  
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2. Results and discussion 

2.1. Chemistry 

The synthesis of 4-(phenylamino)quinoline-3-carboxylates (6 and 7) 
and 7,12-dihydrodibenzo[b,h][1,6] naphthyridines (8–15) were depic-
ted in Scheme 1. 

2.1.1. Synthesis of quinoline derivatives (8 – 15) 
4-Bromoaniline 1 and malonic acid 2 were converted to the known 6- 

bromo-2,4-dichloroquinoline derivative 3 having well defined chloro 
substituents [13]. Selective substitution in 3 was achieved with freshly 
prepared LDA in anhydrous THF at − 78 ◦C and subsequent addition of 
ethyl chloroformate to afford requisite ethyl-3-carboxylate derivative 4 
[14] with moderate 67 % yield. To achieve synthesis of 2-(1H-imidazol- 
1-yl) quinolone derivative 5, various conditions were employed. Sub-
stitution of both chloro groups in 4 with imidazole was observed to get 
di-substituted imidazole derivative. Mono-substitution in 4 at position-2 
was succeeded with imidazole (1.01 eq) and K2CO3 (2 eq) in dry DMF at 
rt for 12 h, which afforded compound 5 [15]. 

In general, introduction of 4-phenylamino and 4-phenoxy at C-4 of 
the quinoline skeleton is difficult; however, we utilized 4-chloro sub-
stituent of the common intermediate 2-(1H-imidazol-1-yl) quinolone 5 
to get the required substituents while building the 4-(phenylamino) 
quinoline derivative 6 and 4-phenoxyquinoline-3-carboxylate 16 
(Scheme 2). 

The synthesis of 4-(phenylamino)quinoline derivative 6, under 
diverse conditions resulted in substitution of both imidazole and chloro 
substituents at position-2 and 4 respectively with aniline to get di- 
aniline substituted derivative affording desired product formation in 
less yields. Under reviewed conditions, derivative 6 with substitution 
only at position 4 was achieved with distilled aniline (1.01 eq.) in cat-
alytic p-toluenesulfonic acid in dry toluene in 76% yield as yellow solid 

[16]. 
The compound 6 was hydrolyzed with 10 % aq. NaOH in THF: H2O 

(1:1, v/v) then the reaction mass was acidified with acetic acid to afford 
acid 7 with good yield (93 %). The compound 7 was treated with tri-
fluoro acetic anhydride (20 eq.) in THF: DCM (1:1, v/v) at 0 ◦C to rt for 
4–5 h afforded cyclized compound 8 [17] with moderate yield 87%. The 
compounds 9–14 [18] were prepared by treating compound 8 with 
different Grignard reagent in molar solution in THF or diethyl ether (R- 
Mg-X) (2 eq.) in dry THF with moderate yield 62–35 %. The oxime15 
was obtained with treatment of 8 with hydroxylamine hydrochloride 
(1.5 eq.) and NaHCO3 (1.5 eq.) in EtOH: THF (4:5) [17a]. 

2.1.2. Synthesis of quinoline derivatives (18 – 24): 
While targeting the synthesis of 4-phenoxyquinoline-3-carboxylates 

(16 and 17) and 7H-Chromeno[3,2-c] quinoline (18–24) (Scheme 2), 
the common intermediate 2-(1H-imidazol-1-yl) quinolone derivative 5 
was treated with phenol (1.1 eq.) and K2CO3 (1.1 eq.) dry DMF at 100 ◦C 
for 16 h to afford 4-phenoxyquinoline-3-carboxylates 16 [19]. 

Hydrolysis of carboxylate 16 under numerous acidic and basic con-
ditions [20] using HCl, H2SO4 andaq. NaOH, LiOH, and KOH respec-
tively was occurred without desired product. Alternatively, potassium 
trimethylsilionate (3 eq.) in THF at 0 ◦C to rt for 12 h afforded desired 
potassium salt of compound 17 [21]. The salt of compound 17 was 
treated with trifluoroacetic anhydride (20 eq.) in THF: DCM (1:1, v/v) at 
0 ◦C to rt for 3 h afforded cyclized compound 18 with moderate yield 
81.3 %. The compounds 19–24 [18] were prepared by treating 18 with 
different Grignard reagent in molar solution in THF or diethyl ether (R- 
Mg-X) (2 eq.) in dry THF at 0 ◦C to rt for 2 h, which afforded compounds 
19–24 with moderate yield 23–80%. 

Scheme 1. Reagents and conditions: (i) POCl3, 100 ◦C, 6 h; 48.4%; (ii) Ethyl chloroformate (1.2 eq.), n-BuLi (1.2 eq.), DIPA (1.3 eq.), − 78 ◦C, 2 h; 67%; (iii) Dry 
DMF, K2CO3 (2 eq.), imidazole (1.01 eq), rt, 12 h; 55%; (iv) Aniline (1.01 eq.), cat. PTSA, dry toluene, 100 ◦C, 16 h; 76.5%; (v) 10% NaOH, THF: EtOH (4:4, v/v), 
0 ◦C-rt, 1 h, 93%; (vi) DCM: THF (1:1, v/v), Tf2O (20 eq.), 0 ◦C-rt, 3 h; 81.3%; (vii) dry THF, R-Mg-X (2 eq.), 0 ◦C-rt, 3 h; (viii) aq. NaHCO3 (1.5 eq.), NH2OH.HCl (1.5 
eq.), EtOH: THF (4:5, v/v), 0 ◦C-rt, 1 h, 58%. 
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2.2. Biological evaluation 

2.2.1. In vitro anticancer activity against A-549, MCF-7 and MCF-10A 
cancer cell lines 

In order to evaluate the in vitro anticancer activity, the A549 (lung 
cancer) and MCF-7 (breast cancer) were treated with the synthesized 
compounds; the IC50 values were determined using MTT assay. In vitro 
anticancer activity results in comparison to the positive control Camp-
tothecin are expressed in IC50 values and are reported in Table 1. Most of 
the synthesized compounds exhibited considerable cytotoxicity values 
against the selected cancer cell lines. Compounds 8, 9, 10, 12, 13, 14, 
15 and 18 had showed good activity with their IC50values < 5 μM for the 
selected cancer cell lines. Among the synthesized compounds 8 and 12 
were found to be more potent anticancer agents than that of standard 
drug Camptothecin as per the MTT assay results. The compound 8 was 
one of the most active compounds among the synthesized derivatives 
with IC50 0.44 μM and IC50 0.62 μM against A-549 and MCF-7 cancer cell 
lines respectively. The compound 12 has shown IC50 0.69 μM and IC50 
0.54 μM against A-549 and MCF-7 cancer cell lines respectively. The 
compound 10 has interestingly shown almost equipotent activity to that 
of standard drug camptothecin. 

From the activity data details obtained we have tried to put forth the 
SAR of our synthesized derivatives. The combination of different hetero- 
cycles was used to synthesise the novel derivatives. The various combi 
hetero-cycles used are quinoline-imidazole, quinoline-imidazole-naph-
thyridine and the quinoline-imidazole-chromone. The results have 

shown that the quinoline-imidazole-naphthyridine and the quinoline- 
imidazole-chromone rings are essential for the good anticancer activ-
ity in these derivatives. The derivatives containing quinoline-imidazole- 
naphthyridine rings (8, 9, 10, 12, 13, 14, 15 and 18) were found to be 
more active than that of derivatives containing quinoline-imidazole- 
chromone rings (20, 21, 23 and 24). The 2-Bromo-6-(1H-imidazol-1- 
yl)-12-(2,2,2-trifluoroacetyl) dibenzo [b, h] [1,6] naphthyridine-7 
(12H)-one (8) was found to be most active synthesized derivative 
among the synthesized one. 

This gives an emphasis on SAR that the quinoline-imidazole- 
naphthyridine hybrid scaffolds can act as good anticancer agents and 
can be developed as a lead molecule in coming days. Among the 
quinoline-imidazole-naphthyridine derivatives it was observed that the 
derivatives with the phenyl ring substitution at the 7th position of the 
naphthyridine ring (13 and 14) were found to be less active than that of 
oxygen or hydroxy or the alkyl substitution at the 7th position of the 
naphthyridine ring (8, 9, 10 and 12). Similar observation was also 
observed for the quinoline-imidazole-chromone hybrid scaffolds (20, 
21, 23 and 24). The quinoline ring coupling with the naphthyridine or 
the chromone ring is essential for the anticancer activity which can be 
said depending upon the activity data reported in the Table 1. The 
compounds 5, 6, 7 and 16 have shown less activity than that of other 
derivatives containing the quinoline ring coupling with the naphthyr-
idine or the chromone ring. 

The good activity results shown by our synthesized compounds took 
our interest towards its mechanistic study. Depending upon the litera-
ture survey [22], we decided to carry out the mechanistic study using 
Topo I enzyme. The key safety feature of cancer chemotherapy is specific 
killing of cancer cells without affecting normal cell growth. In this 
connection, compounds 8 and 12 were screened for their possible 
cytotoxicity in normal cell line MCF-10A by using MTT assay. The assay 
results suggested that these compounds did not significantly affect the 
growth of normal cells (as these compounds showed IC50 values > 50), 
suggesting that these molecules selectively inhibited the growth of 
cancer cells. 

2.2.2. Topoisomerase I (Topo I) inhibition study: 
Topo I is considered as one of the potential targets for scores of 

clinically used anticancer drugs. It is involved in the replication and 
proliferation process. Topo I is expressed much higher in tumour cells 
than in normal cells [22–26]. Inhibition against relaxation activity of 
Topo I was measured by detecting the conversion of supercoiled pBR322 
DNA to its relaxed form in the presence of synthesized compounds 8 and 
12. Inhibitory activities were evaluated both at 100 µM. Camptothecin 
was used as positive control. The most active synthesized compounds, 8 
and 12 were tested for their Topo I inhibitory activity. The compound 8 
has shown the 72.4 % inhibition at 100 µM (Table 2). 

Interestingly, the synthesized compound 12 have shown Topo I 

Scheme 2. Reagents and conditions:(ix) Phenol (1.1 eq.), K2CO3 (1.1 eq.), DMF, 100 ◦C, 16 h, 75%; (x) Potassium trimethylsilanolate (3 eq.), 0 ◦C-rt, THF, 12 h, 
crude; (xi) DCM: THF (1:1, v/v), Tf2O (20 eq.), 0 ◦C-rt, 3 h, 81.3%; (xii) Dry THF, R-Mg-X (2 eq.), 0 ◦C-rt, 3 h. 

Table 1 
IC50 (μM) values of the synthesized compounds.  

Compound A-549 MCF-7 MCF-10A 

5 40.11 ± 0.12 40.96 ± 0.78 ND 
6 29.43 ± 0.11 32.11 ± 0.82 ND 
7 34.92 ± 0.14 40.69 ± 0.92 ND 
8 0.44 ± 0.08 0.62 ± 0.28 >50 
9 1.42 ± 0.22 0.99 ± 1.12 ND 
10 0.98 ± 0.32 0.99 ± 1.02 ND 
12 0.69 ± 0.09 0.54 ± 0.04 >50 
13 2.77 ± 0.12 2.60 ± 0.82 ND 
14 2.94 ± 0.32 3.02 ± 0.99 ND 
15 1.57 ± 0.11 1.03 ± 0.02 ND 
16 42.44 ± 0.09 43.12 ± 0.45 ND 
18 2.07 ± 0.08 2.28 ± 0.86 ND 
20 8.12 ± 0.92 8.19 ± 0.55 ND 
21 5.19 ± 0.24 7.41 ± 0.12 ND 
23 9.99 ± 0.21 9.82 ± 1.02 ND 
24 12.55 ± 0.82 11.23 ± 0.66 ND 
Camptothecin 0.92 ± 0.29 0.80 ± 0.02 ND 

A549: lung cancer cell line; MCF-7: breast cancer cell line; MCF-10A: normal 
breast cell line; Each data represents mean ± S.D. from three different experi-
ments performed in triplicate. 
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inhibition at 100 µM concentration like Camptothecin (Fig. 2). Since 
these compounds were found to be good in Topo I inhibition, they may 
be developed as potential anti-cancer molecules in future. 

2.2.3. Molecular docking 
The activity of synthesized compounds was further rationalized by 

predicting its binding pattern at the DNA cleavage site of Topo I. The 
docking analysis was first reviewed by overlaying the docked pose and 
the co-crystallized bound structure of camptothecin at the binding site of 
the enzyme and RMSD was found to be 0.377 Å. The analysis of the 
human Topo I crystal structure complexed with DNA and camptothecin 
(PDB code 1T8I) has shown that it is equipped with three chains, A, B 
and C, where chain A defines entire protein and chain B and C indicates 
the bound DNA. The camptothecin was found to be located perpendic-
ular to the main axis of the DNA, parallel to the bases, and projected 
away from the main groove. It was shown from docking study that 
camptothecin is integrated between the base pair of DNA and formed 
hydrogen bonds with amino acid residues arg 364, Asp 533 and hy-
drophobic interactions with the DNA fragment DT10, TGP11 (5′-Thio-2′- 
Deoxy-Guanosine Phosphonic Acid, a modified fragment of DG in DNA), 
DC112, and DT113 (Fig. 3b). Likewise, all the synthesized compounds 
acquired flat-planar polycyclic geometry at the binding site of Topo I by 
pointing out one ring (bromine substituted ring) towards the backbone 
of the non-scissile DNA strand with another ring end pointed away from 
the main grooves (Fig. 3). Therefore, the polycyclic ring skeleton of all 
compounds is found to be intercalated between the base pairs, allowing 
p-interactions between all compound rings and base pairs. It was found 
that compound 12 forms the hydrogen bond with DNA fragment DT10 
and pi-pi stacking interactions with DT10, TGP11 DC112, and DT113 
DNA fragments (Fig. 4d). Likewise, it was revealed in most synthesized 
compounds that the hydroxyl group formed a hydrogen bond with the 
DT10 DNA fragment. In addition, bromine atom substituted on quino-
lone ring support most of compounds by forming the weak halogen bond 
with amino acid residue Arg 364. Exceptionally, compound 8 due to the 
presence of bulkier triflouroacetyl group, causes it to form a pose at the 
active site of Topo I, where the bromine-substituted ring was positioned 
away from the main grooves (Fig. 4a). Although all polycyclic ring 
skeleton compounds were able to form pi-pi interaction with DT10, 
TGP11 DC112, and DT113 DNA fragments. Docking findings showed 
that all synthesized compounds also have identical binding patterns at 
the binding site of the DNA Topo I protein. 

2.2.4. In-silico ADME prediction 
It is well known that several drug candidates have failed in clinical 

trials due to their poor pharmacokinetic profiles and therefore often fail 
to reach the market. The inclusion of the in silico ADME predictions at 
earlier stages of the drug discovery program has become extremely 
popular as this method consumes a relatively lower cost and time factor 
compared to traditional experimental ADME profiling approaches. The 
results of ADME prediction are shown in Table 3. 

The drug-likeness evaluation of all compounds was conducted by 
predicting the Lipinski’s rule of five which includes Molecular weights 
(MW), lipophilicity (log P), number of hydrogen bond acceptors (HBA) 
and number of hydrogen bond donors (HBD) were used to determine the 
“drug-likeness” of all synthetic compounds. It was observed that twelve 
compounds, out of eighteen synthesized compounds showed no viola-
tions of Lipinski’s rule and remaining six compounds showed ≤ 2 vio-
lations. It is also stated that if compounds comply with Jorgensen’s rule 
of three (QPlogS > -5.7, QPPCaco > 22 nm/s, # Primary Metabolites <
7) with fewer violations, then they are more likely to be available orally. 
The seven compounds were found to comply with Jorgensen’s rule of 
three, with the remaining compounds showing an infringement of the 
rule for one property only. Absorption also relies on the solubility and 
permeability of the drug, as well as interactions of drug with trans-
porters and metabolic enzymes in the gut wall. It was also shown that 
most of the compounds showed high value for predicted qualitative 
human oral absorption and 100% for predicted human oral absorption. 

It is notable that binding of drugs to plasma substantially decreases 
the amount of the drug in the blood circulation and, therefore, the less 
bound a drug is, the more effective it can traverse or diffuse cell mem-
branes. Almost all compounds are found in the recommended range of 
− 1.5 to 1.5 of QPlogKhsa (prediction of binding to human serum albu-
min). This means that most of the compounds are likely to circulate 
freely inside the blood stream and therefore have access to the target 
site. The findings of ADME showed that almost all drugs have drug-like 
properties. 

2.3. Conclusion 

In conclusion, we have adroitly designed, synthesized and exploited 
the common intermediate 2-(1H-imidazol-1-yl) quinolone 5 to get the 
required substituents while building the 4-(phenylamino)quinoline de-
rivative 6 and 4-phenoxyquinoline-3-carboxylate 16 to introduce novel 
non-Camptothecin scaffold- conformationally constrained 7,12-dihy-
drodibenzo[b,h][1,6] naphthyridine (8–15) and 7H-Chromeno[3,2-c] 
quinoline (18–24) derivatives respectively. Compounds were evalu-
ated for in vitro cytotoxic potential against A-549 and MCF-7 cancer cell 
lines. Compound 8 (IC50 0.44 μM and IC50 0.62 μM) and 12 (IC50 0.69 
μM and IC50 0.54 μM) displayed potent cytotoxicity. Topo I inhibitory 
activity studies of compounds 8 and 12 showed 72.4% and 60.6% in-
hibition respectively as comparatively to camptothecin (61.4%). Mo-
lecular docking studies showed that, the synthesized compounds have 
identical binding patterns and interactions at binding site of the DNA 
Topo I protein. Findings of in silico ADME prediction studies of all de-
rivatives are found promising and signifying the drug like properties. 
Advance synthetic studies on this promising scaffold with further altered 
modifications could be a very useful approach for targeting various 

Table 2 
Topo I inhibitory activity of the synthesized compounds:  

Compound Topo I (% Inhibition) 

8  72.4 
12  60.6 
Camptothecin  61.4 

Camptothecin: positive control for Topo I. 

Lane 1: pBR322 only, Lane 2: pBR322 + Topo I, Lane 3: pBR322 + Topo I + Camptothecin, Lane 4: pBR322 + Topo I + 
compound 8, Lane 5: pBR322 + Topo I + compound 12. 

Fig. 2. Human DNA Topo I inhibitory activity of the synthesized compounds.  
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Fig. 3. (a) Pictorial representation of the human Topoisomerase I enzyme complexes with DNA showing superimposition of all synthesized compounds at the DNA 
cleavage site (b) The interaction pose of Camptothecin at active site of Topo I enzyme. Yellow coloured dotted lines indicate H-bond interaction and light blue 
coloured dotted lines indicated pi-pi interactions (c) The binding mode of compound 12 at active site of Topo I enzyme. (For interpretation of the references to colour 
in this figure legend, the reader is referred to the web version of this article.) 

Fig. 4. The interaction pose of (a) Compound 8, (b) Compound 9, (c) Compound 10 and (d) Compound 12 at the DNA cleavage site of Topo I enzyme. Yellow 
coloured dotted lines indicate H-bond interaction, light blue coloured dotted lines indicated pi-pi interactions and purple coloured dotted lines denotes halogen 
bonds. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 

R.A. Kardile et al.                                                                                                                                                                                                                              



Bioorganic Chemistry 115 (2021) 105174

7

diseases in general and cancer in particular. 

3. Experimental section 

All chemicals and reagents used were of reagent grade. Purification 
and drying of reagents and solvents was carried out according to liter-
ature procedure.Thin layer chromatographic analyses were performed 
on E-Merck 60 F254 precoated aluminum thin layer chromatographic 
plates. All air-sensitive reactions were carried out under nitrogen at-
mosphere. Melting points were determined on a Büchi melting point B- 
540 instrument and are uncorrected. 1H and 13C NMR spectra were 
recorded on a Bruker Biospin 400 MHz spectrometer in the indicated 
solvents (TMS as an internal standard). The values of chemical shifts are 
expressed in ppm and the coupling constants (J) in hertz (Hz). Mass 
spectra were recorded in API 2000 LC/MS/MS system spectrometer and 
the IR spectra were recorded on Perkin Elmer FT-IR spectrometer. 

6-bromo-2,4-dichloroquinoline (3): A mixture of p-bromoaniline 
(10 g, 1.0 eq, 58.13 mmol) and malonic acid (12.09 g, 2.0 eq, 116.25 
mmol) in POCl3 (80 mL) was heated to 100 ◦C for 6 h. After completion 
of reaction, the volatiles were evaporated in vacuum and the residual 
black oil was poured onto crushed ice with stirring. The resulting 
mixture was extracted with dichloromethane (300 mL × 3). The com-
bined organic layers were washed with a saturated aqueous solution of 
sodium bicarbonate until the water phase was pH 7–8, then washed with 
brine (300 mL), dried over sodium sulfate filtered and concentrated in 
vacuo. The residue was purified by flash column chromatography (silica 
gel 100–200 mesh, eluent: 3–4% ethyl acetate in n-hexane) to afford 3 
(7.8 g, 48.4 %) as an off-white solid; mp: 133–134 ◦C.1H NMR (400 MHz, 
CDCl3): δ 7.52 (s, 1H, Ar-H), 7.83–7.90 (m, 2H, Ar-H), 8.34 (d, J = 1.96 
Hz, 1H, Ar-H). ESI-MS m/z of 277.50 [M + H] + was obtained for a 
calculated mass of 276.94. 

Ethyl 6-bromo-2,4-dichloroquinoline-3-carboxylate (4): To the 
cooled solution (-20 ◦C) of LDA (DIPA, 6.6 mL, 1.3 eq, 49 mmol; n-BuLi, 
27.07 mL, 1.2 eq, 43 mmol) in dry THF (40 mL) the compound 6-Bromo- 
2,4-dichloro quinoline (10 g, 1.0 eq, 36.10 mmol) in dry THF (200 mL) 
was added dropwise, changing reaction colour to reddish brown and 
stirred at − 78 ◦C for 40 min. After the anion formation ethyl chlor-
oformate (4.14 mL, 1.2 eq, 43.32 mmol) was added. Reaction was stirred 
at − 78 ◦C for 2 h and quenched by ice cold water. Reaction mixture was 
concentrated on rotatory evaporator, and extracted with ethyl acetate 
(200 mL × 3 times). The combined organic layer was washed with brine. 
The crude product was purified by column chromatography (silica gel 
100–200 mesh, 2–3% ethyl acetate in n-hexane) to get 6-Bromo-2,4- 
dichloro-quinoline-3-carboxylic acid ethyl ester 4 (8.5 g, 67 %) as an 
off white solid; mp: 120–121 ◦C.1HNMR (CDCl3, 400 MHz): δ 1.45 (t, J 

= 7 Hz, 3H, –CH2CH3), 4.52 (q, J = 7 Hz, 2H, –CH2CH3), 7.90 (d, J =
1.2 Hz, 2H, Ar–H), 8.37 (s, 1H, Ar–H). 13C NMR (100.6 MHz, CDCl3): δ 
13.99 (–CH2CH3), 63.03 (–CH2CH3), 123.03 (Ar–C), 125.68 (Ar–C), 
126.83 (Ar–C), 128.07 (Ar–C), 128.74 (Ar–C), 130.53 (Ar–C), 
130.83 (Ar–C), 135.78 (Ar–C), 140.13 (Ar–C), 145.86 (Ar–C), 
146.05 (Ar–C), 163.34 (–CH2CH2C––O). ESI-MS m/z of 348.00 [M +
H] + was obtained for a calculated mass of 346.91. 

Ethyl 6-bromo-4-chloro-2-(1H-imidazol-1-yl) quinoline-3- 
carboxylate (5): To this solution of compound 4 (10 g, 1.0 eq, 28.4 
mmol) in dry DMF (150 mL) were added Imidazole (1.96 g, 1.01 eq, 
28.8 mmol) and K2CO3 (7.90 g, 2.0 eq, 56.8 mmol) and stirred for RT for 
12 h. After completion of reaction was quenched with ice-water to get 
solid ppt was filer, wash with excess water and solid was purified by 
column chromatography (silica gel 100–200 mesh, eluent: 20–25 % 
ethyl acetate in n-hexane) to afford 5 (6.0 g, 55 %) as off white solid; mp: 
134–136 ◦C.1H NMR (400 MHz, CDCl3): δ 1.19 (t, J = 7.2 Hz, 3H, 
–CH2CH3), 4.26 (q, J = 7.2 Hz, 2H, –CH2CH3), 7.20–7.25 (m, 1H, 
Ar–H), 7.34 (s, 1H, Ar–H), 7.64 (d,J = 2 Hz, 1H, Ar–H), 7.71 (s, 1H, 
Ar–H), 7.93 (dd, J = 2.0 Hz and 9.2 Hz, 1H, Ar–H), 8.00 (d, J = 8.8 Hz, 
1H, Ar–H). 13C NMR (100.6 MHz, DMSO‑d6): δ. 13.76 (–CH2CH3), 
63.20 (–CH2CH3), 121.22 (Ar–C), 123.73 (Ar–C), 124.38 (Ar–C), 
125.17 (Ar–C), 126.28 (Ar–C), 130.62 (Ar–C), 130.69 (Ar–C), 
136.21 (Ar-C), 137.95 (Ar–C), 140.18 (Ar–C), 146.56 (Ar–C), 146.64 
(Ar–C), 162.89 (–CH3CH2C––O). ESI-MS m/z of 379.90 [M + H] + was 
obtained for a calculated mass of 378.97. 

Ethyl 6-bromo-2-(1H-imidazol-1-yl)-4-(phenylamino)quinoline- 
3-carboxylate (6): A mixture of 5 (5 g, 1.0 eq, 13.19 mmol), Aniline 
(distilled) (1.24 g, 1.01 eq, 13.33 mmol) and p-toluene sulfonic acid 
(0.020 g, cat.) in dry toluene (100 mL) was heated at 100 ◦C for 16 h. 
Yellow precipitate formed in reaction mixture, which was filtered and 
washed with toluene and hexane to afford 6 (4.4 g, 76.5 %) as a Yellow 
solid; mp: 187–188 0C.1H NMR (400 MHz, CDCl3): δ 1.03 (t, J = 7.16 Hz, 
3H, –CH2CH3), 4.12 (q, J = 7.12 Hz, 2H, –CH2CH3), 7.07–7.14 (m, 1H, 
Ar–H), 7.16–7.18 (m, 1H, Ar–H), 7.32 (s, 1H, Ar–H), 7.36–7.44 (m, 
3H, Ar–H), 7.66 (s, 1H, Ar–H), 7.67–7.74 (m, 1H, Ar–H), 7.77–7.84 
(m, 2H, Ar–H), 9.07 (s, 1H, –NH, D2O exchangeable). 13C NMR (100.6 
MHz, DMSO‑d6): δ 13.35 (–CH3CH2), 62.30 (–CH3CH2), 115.35 
(Ar–C), 116.88 (Ar–C), 121.02 (Ar–C), 121.56 (Ar–C), 122.12 
(Ar–C), 123.12 (Ar–C), 124.87 (Ar–C), 124.87 (Ar–C), 128.62 
(Ar–C), 128.86 (Ar–C), 129.23 (Ar–C), 135.06 (Ar–C), 138.59 
(Ar–C), 139.59 (Ar–C), 141.40 (Ar–C), 146.44 (Ar–C), 150.54 
(Ar–C), 164.11, (–CH3CH2C––O). ESI-MS m/z of 439.00 [M + H] +

was obtained for a calculated mass of 436.05. 
6-Bromo-2-(1H-imidazol-1-yl)-4-(phenylamino)quinoline-3- 

carboxylic acid (7): Compound 6 (2.3 g, 1.0 eq, 5.26 mmol) was 

Table 3 
In silico ADME properties of the synthesized compounds (5–24).  

Compound MW Donor 
HB 

Accpt 
HB 

QPlog 
Po/w 

QPlogS QPPCaco metab QPlog 
Khsa 

Human Oral 
Absorption 

Percent Human Oral 
Absorption 

Rule of 
Five 

Rule of 
Three 

5  380.628 0 4.5  3.73 − 4.776  1857.858 0  0.171 3 100 0 0 
6  437.295 0 4  5.384 − 6.426  2224.694 2  0.821 1 100 1 1 
7  409.241 1 4  4.711 − 5.671  175.302 2  0.449 3 94.687 0 0 
8  487.235 0 7.5  3.45 − 5  1128.353 1  − 0.073 3 100 0 0 
9  407.269 2 3.75  4.455 − 5.498  2687.638 4  0.642 3 100 0 0 
9  407.269 2 3.75  4.455 − 5.498  2687.226 4  0.642 3 100 0 0 
10  421.295 2 3.75  4.704 − 5.709  2423.257 4  0.725 3 100 0 1 
12  419.28 2 3.75  4.657 − 5.888  2098.01 4  0.702 3 100 0 1 
13  487.33 2 3.75  5.756 − 7.124  2454.492 4  1.088 1 100 1 1 
14  503.785 2 3.75  6.012 − 7.489  2463.683 4  1.161 1 96.935 2 1 
15  406.241 2 5.7  3.421 − 4.915  1378.178 1  0.231 3 100 0 0 
16  438.28 0 5  4.881 − 5.977  2066.098 0  0.56 3 100 0 1 
18  392.211 0 5  3.72 − 4.897  2134.064 0  0.194 3 100 0 0 
20  470.324 1 3.75  5.733 − 6.821  2823.038 3  1.116 1 100 1 1 
21  420.264 1 3.75  4.883 − 5.998  2483.982 2  0.767 3 100 0 1 
21  420.264 1 3.75  4.887 − 5.986  2488.612 2  0.769 3 100 0 1 
23  488.315 1 3.75  5.968 − 7.187  2821.921 2  1.159 1 100 1 1 
24  504.769 1 3.75  6.226 − 7.555  2837.127 2  1.234 1 100 2 1  
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hydrolyzed by dissolving it in THF: EtOH (1:1, v/v, 100 mL) mixture in 
presence of 10% aqueous sodium hydroxide (10 mL) at 0 ◦C and stirred 
for 1 h. After completion of reaction, the volatiles were evaporated in 
vacuo and the residue obtained was acidified with 10% acetic acid. The 
off-white solid obtained was filtered and dried under vacuum to afford 
acid 7 (2 g, 93 %) as a off white solid; mp: 224–226 0C.1H NMR (400 
MHz, DMSO‑d6): δ 7.04 (t, J = 7.2 Hz, 1H, Ar–H), 7.15 (d, J = 1.48 Hz, 
1H, Ar–H), 7.30–7.46 (m, 3H, Ar–H), 7.63–7.73 (m, 2H, Ar–H), 7.80 
(dd, t, J = 1.84 Hz and 9.02 Hz, 1H, Ar–H), 7.88 (d, J = 8.24 Hz, 2H, 
Ar–H), 8.39 (s, 1H, Ar–H), 10.58 (s, 1H, –COOH, D2O exchangeable). 
13C NMR (100.6 MHz, DMSO‑d6): δ 116.49 (Ar–C), 118.30 (Ar–C), 
120.07 (Ar–C), 121.71 (Ar–C), 122.53 (Ar–C), 123.01 (Ar–C), 
124.63 (Ar–C), 125.31 (Ar–C), 128.76 (Ar–C), 134.36 (Ar–C), 
138.36 (Ar–C), 139.20 (Ar–C), 139.96 (Ar–C), 145.83 (Ar–C), 
151.89 (Ar–C), 165.18 (–COOH). ESI-MS m/z of 409.30 [M +H] + was 
obtained for a calculated mass of 408.02. 

2-Bromo-6-(1H-imidazol-1-yl)-12-(2,2,2-trifluoroacetyl) 
dibenzo[b,h][1,6] naphthyridine-7(12H)-one (8): To a mixture of 7 
(5 g, 1.0 eq, 13.3 mmol) in THF:DCM (1:1, v/v, 300 mL), trifluoracetic 
anhydride (55.9 g, 20.0 eq, 266 mmol) was added drop wise at 0 ◦C. The 
reaction was stirred at room temperature for 4–5 h. After completion of 
reaction the volatiles were evaporated in vacuo. The obtained residue 
was neutralized with cold sodium bicarbonate solution to obtain yellow 
precipitate. The yellow precipitate obtained was filtered and washed 
with methanol, hexane, and dried under vacuum to afford cyclized 
compound 8 (5.6 g, 87 %) as a pale-yellow solid; mp: 226–230 0C.1H 
NMR (400 MHz, DMSO- d6): δ 7.42–7.62 (m, 6H, Ar–H), 7.88 (d, J =
9.12 Hz, 1H, Ar–H), 8.10 (d, J = 9.04 Hz, 1H, Ar–H), 8.68–8.78 (m, 
2H, Ar–H). 13C NMR (100.6 MHz, DMSO‑d6): δ 113.68 (Ar–C), 114.42 
(Ar–C), 116.45 (Ar–C), 117.29 (Ar–C), 120.88 (Ar–C), 122.92 
(Ar–C), 125.33 (Ar–C), 128.49 (Ar–C), 129.42 (Ar–C), 131.43 
(Ar–C), 137.31 (Ar–C), 137.88 (Ar–C), 138.14 (Ar–C), 145.52 
(Ar–C), 146.48 (Ar–C), 146.51 (Ar–C), 149.64 (Ar–C), 149.73 
(Ar–C), 150.12 (Ar–C), 156.23 (Ar–C), 156.59 (Ar–C), 156.95 
(Ar–C), 156.96 (Ar–C), 174.69 (-C––O). ESI-MS m/z of 487.50 [M +
H] + was obtained for a calculated mass of 485.99. 

Representative procedure for synthesis of 9 to 14: (Procedure 
A): 

To a mixture of 8 (1.0 eq) was dissolved in dry THF (15 mL) were 
added molar solution of R-Mg-X in THF/diethyl ether (2.0 eq) was added 
in one portion at 0 ◦C under nitrogen atmosphere. The reaction was 
stirred for 2 h and then quenched by ice. Reaction mixture was 
concentrated under reduced pressure and extracted with ethyl acetate 
(3 × 50 mL). Combined organic layer was washed with water (50 mL), 
brine and dried over anhydrous sodium sulfate. Organic layer was 
filtered and concentrated under reduced pressure to obtain crude 
product. Crude product was purified by column chromatography (silica 
gel 100–200 mesh, eluent: 25% ethyl acetate in n-hexane) to afford 9 to 
14. 

2-Bromo-6-(1H-imidazol-1-yl)-7-methyl-7,12-dihydrodibenzo 
[b, h] [1,6] naphthyridin-7-ol (9): Procedure A, (R-Mg-X = 3.0 M 
Methyl magnesium bromide in diethyl ether) Yield: 62.4 %. Brown solid; 
mp 246–248 ◦C. 1H NMR (400 MHz, CDCl3): δ 1.92 (s, 3H, –CH3), 7.10 
(t, J = 7.4 Hz, 1H, Ar–H), 7.20 (d, J = 1.32 Hz, 1H, Ar–H), 7.32 (s, 1H, 
–OH, D2O exchangeable), 7.40 (t, J = 7.56 Hz, 2H, Ar–H), 7.49 (d, J =
1.36 Hz, 1H, Ar–H), 7.62 (dd, J = 2 Hz and 9 Hz, 1H, Ar–H), 7.67 (d, J 
= 9.04 Hz, 1H, Ar–H), 7.71 (s, 1H, –NH, D2O exchangeable), 7.83 (d, J 
= 7.68 Hz, 2H, Ar–H), 7.90 (d, J = 1.96 Hz, 1H, Ar–H). 13C NMR 
(100.6 MHz, CDCl3): δ 23.65 (–CH3), 71.35 (-C-OH), 113.43 (Ar–C), 
114.46 (Ar–C), 116.29 (Ar–C), 119.16 (Ar–C), 120.44 (Ar–C), 
122.16 (Ar–C), 123.39 (Ar–C), 128.62 (Ar–C), 129.45 (Ar–C), 
133.19 (Ar–C), 133.67 (Ar–C), 139.02 (Ar–C), 139.60 (Ar–C), 
147.27 (Ar–C), 150.29 (Ar–C), 158.75 (Ar–C). ESI-MS m/z of 407.10 
[M + H]+ was obtained for a calculated mass of 406.04. 

2-Bromo-6-(1H-imidazol-1-yl)-7-ethyl ¡7,12-dihydrodibenzo 
[b,h][1,6] naphthyridin-7-ol (10): Procedure A, (R-Mg-X = 3.0 M 

Ethyl magnesium bromide in diethyl ether) Yield: 59 %. Off white solid; 
mp 255–257 ◦C.1H NMR (400 MHz, DMSO‑d6): δ 0.56 (t, J = 7.6 Hz, 3H, 
–CH3), 2.19–2.24 (m, 1H, –CH2), 2.32–2.40 (m, 1H, –CH2), 6.79 (s, 
1H, –OH, D2O exchangeable), 7.04 (t, J = 7.6 Hz, 1H, Ar–H), 7.36 (t, J 
= 7.6 Hz, 2H, Ar–H), 7.72 (d, J = 8.8 Hz, 1H, Ar–H), 7.81 (dd, J = 1.2 
Hz and 8.8 Hz, 1H, Ar–H), 7.85 (s, 1H, –NH, D2O exchangeable), 7.91 
(d, J = 8.0 Hz, 2H, Ar–H), 8.42–8.44 (m, 2H, Ar–H). 13C NMR (100.6 
MHz, DMSO‑d6): δ 7.55 (–CH3), 29.43 (–CH2CH3), 74.84 (-C-OH), 
114.17 (Ar–C), 114.88 (Ar–C), 116.28 (Ar–C), 119.22 (Ar–C), 
119.70 (Ar–C), 122.29 (Ar–C), 123.84 (Ar–C), 128.71 (Ar–C), 
129.44 (Ar–C), 133.69 (Ar–C), 133.73 (Ar–C), 139.77 (Ar–C), 
139.99 (Ar–C), 147.06 (Ar–C), 150.31 (Ar–C), 157.35 (Ar–C). ESI- 
MS m/z of 421.10 [M + H] + was obtained for a calculated mass of 
420.06. 

2-Bromo-6-(1H-imidazol-1-yl)-7-phenyl ¡7,12-dihydrodibenzo 
[b,h][1,6] naphthyridin-7-ol (11): Procedure A,(R-Mg-X = 2.0 M 
Phenyl magnesium chloride in THF) Yield: 35 %. Off white solid; mp 
176–178 ◦C. 1H NMR (400 MHz, DMSO‑d6): δ 6.98 (t, J = 7.2 Hz, 1H, 
Ar–H), 7.25–7.36 (m, 6H, Ar–H and 1H, –OH, D2O exchangeable), 
7.42–7.44 (m, 1H, Ar–H), 7.51 (s, 1H, –NH, D2O exchangeable), 
7.71–7.78 (m, 3H, Ar–H), 7.86 (dd, J = 2 Hz and 8.8 Hz, 1H, Ar–H), 
8.53 (m, 2H, Ar–H). 13C NMR (100.6 MHz, DMSO‑d6): δ 74.36 (-C-OH), 
114.29 (Ar–C), 115.32 (Ar–C), 116.52 (Ar–C), 118.73 (Ar–C), 
121.04 (Ar–C), 122.24 (Ar–C), 124.18 (Ar–C), 125.09 (Ar–C), 
128.27 (Ar–C), 128.75 (Ar–C), 128.87 (Ar–C), 129.51 (Ar–C), 
134.02 (Ar–C), 134.06 (Ar–C), 138.78 (Ar–C), 139.48 (Ar–C), 
140.34 (Ar–C), 147.39 (Ar–C), 149.61 (Ar–C), 158.67 (Ar–C). ESI- 
MS m/z of 471.15 [M + H]+ was obtained for a calculated mass of 
468.06. 

2-Bromo-6-(1H-imidazol-1-yl)-7-vinyl ¡7,12-dihydrodibenzo 
[b,h][1,6] naphthyridin-7-ol (12): Procedure A,(R-Mg-X = 1.0 M 
Vinyl magnesium chloride in THF) Yield: 62.2 %. Brown solid; mp 
236–238 ◦C. 1H NMR (400 MHz, DMSO‑d6): δ 5.44 (d, J = 10.4 Hz, 1H, 
–CHCH2), 5.75 (d, J = 16.4 Hz, 1H, –CHCH2), 6.05 (dd, J = 10.4 Hz 
and 16.4 Hz, 1H, –CHCH2), 7.04 (t, J = 7.6 Hz, 1H, Ar–H), 7.16 (s, 1H, 
–OH, D2O exchangeable), 7.29 (d, J = 1.2 Hz, 1H, Ar–H), 7.37 (t, J =
7.6 Hz, 2H, Ar–H), 7.53 (s, 1H, –NH, D2O exchangeable), 7.75–7.78 
(m, 1H, Ar–H), 7.82–7.89 (m, 3H, Ar–H), 8.43–8.50 (m, 2H, Ar–H). 
13C NMR (100.6 MHz, DMSO‑d6): δ73.59 (–C–OH), 114.25 (–CH- 
CH2), 115.35 (–CH-CH2), 116.38 (Ar–C), 116.55 (Ar–C), 118.57 
(Ar–C), 118.97 (Ar–C), 122.26 (Ar–C), 123.97 (Ar–C), 128.89 
(Ar–C), 129.48 (Ar–C), 133.94 (Ar–C), 135.42 (Ar–C), 139.69 
(Ar–C), 140.02 (Ar–C), 147.31 (Ar–C), 150.00 (Ar–C), 156.61 
(Ar–C). ESI-MS m/z of 421.10 [M + H]+ was obtained for a calculated 
mass of 418.04. 

2-Bromo-6-(1H-imidazol-1-yl)-7–4-fluorophenyl-7–12-dihy-
drodibenzo[b,h][1,6] naphthyridin-7-ol (13): Procedure A,(R-Mg- 
X = 1.0 M 4-fluorophenyl magnesium bromide in THF) Yield: 57 %. Off 
white solid; mp 170–172 ◦C. 1H NMR (400 MHz, DMSO‑d6): δ 7.00 (t, J 
= 7.2 Hz, 1H, Ar–H), 7.14–7.18 (m, 2H, Ar–H), 7.26–7.32 (m, 3H, 
Ar–H and 1H, –OH, D2O exchangeable), 7.47–7.50 (m, 2H, Ar–H), 
7.57 (s, 1H, –NH, D2O exchangeable), 7.72–7.79 (m, 3H, Ar–H), 7.86 
(dd, J = 2 Hz and 9.2 Hz, 1H, Ar–H), 8.51–8.54 (m, 2H, Ar–H). 13C 
NMR (100.6 MHz, DMSO‑d6): δ 74.02 (-C-OH), 114.29 (Ar–C), 115.37 
(Ar–C), 115.44 (Ar–C), 115.66 (Ar–C), 116.52 (Ar–C), 118.90 
(Ar–C), 120.60 (Ar–C), 122.30 (Ar–C), 124.19 (Ar–C), 127.38 
(Ar–C), 127.46 (Ar–C), 128.83 (Ar–C), 129.50 (Ar–C), 134.05 
(Ar–C), 134.91 (Ar–C), 134.94 (Ar–C), 139.44 (Ar–C), 140.44 
(Ar–C), 147.42 (Ar–C), 149.61 (Ar–C), 158.39 (Ar–C), 160.65 
(Ar–C), 163.09 (Ar–C). ESI-MS m/z of 487.15 [M + H] + was obtained 
for a calculated mass of 486.05. 

2-Bromo-6-(1H-imidazol-1-yl)-7–4-chlorophenyl-7–12-dihy-
drodibenzo[b,h][1,6] naphthyridin-7-ol (14): Procedure A, (R-Mg- 
X = 1.0 M 4-chlorophenyl magnesium bromide in THF) Yield: 45 %. 
Brown solid; mp 177–179 ◦C. 1H NMR (400 MHz, DMSO‑d6): δ 6.97 (td, 
J = 7.2 Hz, 1H, Ar–H), 7.23–7.29 (m, 3H, Ar–H and 1H, –OH, D2O 
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exchangeable), 7.35–7.37 (m, 2H, Ar–H), 7.42–7.44 (m, 2H, Ar–H), 
7.58 (s, 1H, –NH, D2O exchangeable), 7.70–7.75 (m, 3H, Ar–H), 
7.82–7.84 (m, 1H, Ar–H), 8.48–8.51 (m, 2H, Ar–H). 13C NMR (100.6 
MHz, DMSO‑d6): δ 74.02 (-C-OH), 114.28 (Ar–C), 115.48 (Ar–C), 
116.57 (Ar–C), 118.94 (Ar–C), 120.44 (Ar–C), 122.34 (Ar–C), 
124.22 (Ar–C), 127.18 (Ar–C), 128.73 (Ar–C), 128.85 (Ar–C), 
129.52 (Ar–C), 132.90 (Ar–C), 134.12 (Ar–C), 137.92 (Ar–C), 
139.43 (Ar–C), 140.52 (Ar–C), 147.46 (Ar–C), 149.58 (Ar–C), 
158.19 (Ar–C). ESI-MS m/z of 505.00 [M + H] + was obtained for a 
calculated mass of 502.02. 

2-Bromo-6-(1H-imidazol-1-yl)dibenzo[b,h][1,6]naphthyridin- 
7(12H)-one oxime (15): Sodium bicarbonate (0.22 g, 2.7 mmol) in 
water (1 mL) was added to a mixture of 8 (0.913 g, 1.8 mmol), hy-
droxylamine hydrochloride (0.186 g, 2.7 mmol) in Ethanol:THF (4:5, v/ 
v, 90 mL) at 0 ◦C and stirred at room temperature for 1 h. Reaction 
mixture was concentrated under vacuum and residue obtained was 
dissolved in ethyl acetate (300 mL) and passed through celite. The 
organic layer was washed with brine, dried over anhydrous sodium 
sulfate, filtered and concentrated under vacuum to get crude compound. 
This compound was purified by MeOH and hexane wash to afford pure 
oxime 15 (0.43 g, 58 %) as a yellow solid. mp: 296–297 0C. IRνmax (KBr, 
cm− 1) 1565.06, 3179.88; 1H NMR (400 MHz, DMSO‑d6): δ 7.09 (t, J =
7.2 Hz, 1H, Ar–H), 7.41 (t,J = 2.0 Hz,8.8 Hz, 1H, Ar–H), 7.56 (d, J =
8.7 Hz, 1H, Ar–H), 7.65 (s, 1H, Ar–H), 7.72–7.76 (m, 2H, Ar–H), 
8.15–8.20 (m, 3H, Ar–H), 12.97 (s, 1H, –NH, D2O exchangeable), 
14.21 (s, 1H, =N-OH, D2O exchangeable). 13C NMR (100.6 MHz, 
DMSO‑d6): δ 103.69 (Ar–C), 113.37 (Ar–C), 113.69 (Ar–C), 113.99 
(Ar–C), 115.27 (Ar–C), 116.36 (Ar–C), 119.02 (Ar–C), 119.21 
(Ar–C), 119.54 (Ar–C), 121.71 (Ar–C), 121.95 (Ar–C), 122.22 
(Ar–C), 122.75 (Ar–C), 124.87 (Ar–C), 125.14 (Ar–C), 128.88 
(Ar–C), 129.00 (Ar–C), 130.44 (Ar–C), 134.62 (Ar–C), 135.43 
(Ar–C), 140.38 (Ar–C), 146.01 (Ar–C), 147.07 (Ar–C), 156.36 
(Ar–C), 156.78 (Ar–C), 180.42 (Ar–C), 187.83 (Ar–C). ESI-MS m/z 
of 406.20 [M + H] + was obtained for a calculated mass of 405.02. 

Ethyl 6-bromo-2-(1H-imidazol-1-yl)-4-phenoxyquinoline-3- 
carboxylate (16): A mixture of 4 (2.0 g, 1.0 eq, 5.2 mmol), phenol 
(0.56 g, 1.1 eq, 5.78 mmol) and potassium carbonate (0.79 g, 1.1 eq, 
5.78 mmol) was dissolved in dry DMF (15 mL) and heated to 100 ◦C for 
16 h. Reaction was quenched with ice and extracted with ethyl acetate 
(3 × 100 mL). The combined organic layer was washed with water, brine 
and dried over anhydrous sodium sulphate. Organic layer was filtered 
and concentrated to get crude product. Crude compound was purified by 
column chromatography (silica gel 100–200 mesh, eluent: 10–15 % 
ethyl acetate in n-hexane) to afford 16 (1.7 g, 75 %) as a off white solid. 
mp: 168–170 0C. 1H NMR (400 MHz, CDCl3): δ 1.18 (t, J = 7.12 Hz, 3H, 
–CH3), 4.26 (q, J = 7.12 Hz, 2H, –CH2CH3), 7.23–7.32 (m, 4H, Ar–H), 
7.34 (s, 1H, Ar–H), 7.42–7.48 (m, 2H, Ar–H), 7.56 (d, J = 2.12 Hz 1H, 
Ar–H), 7.65–7.69 (m, 1H, Ar–H), 7.74–7.78 (m, 1H, Ar–H). 13C NMR 
(100.6 MHz, CDCl3): δ 13.87 (–CH2CH3), 62.73 (–CH2CH3), 118.16 
(Ar–C), 120.55 (Ar–C), 121.19 (Ar–C), 121.74 (Ar–C), 123.05 
(Ar–C), 125.02 (Ar–C), 125.55 (Ar–C), 129.48 (Ar–C), 129.85 
(Ar–C), 130.43 (Ar–C), 135.23 (Ar–C), 137.97 (Ar–C), 140.94 
(Ar–C), 145.36 (Ar–C), 152.63 (Ar–C), 157.78 (Ar–C), 163.12 
(-C––O CH2CH3). ESI-MS m/z of 438.00 [M + H] + was obtained for a 
calculated mass of 437.04. 

6-bromo-2-(1H-imidazol-1-yl)-4-phenoxyquinoline-3-carbox-
ylic acid (17): Compound 16 (1.0 g, 1 eq, 2.28 mmol) was hydrolyzed 
by dissolving it in THF (100 mL) were added Potassium trimethylsila-
nolate (0.88 g, 3 eq, 6.86 mmol) at 0 ◦C and stirred at rt for 12 h. The 
reaction mixture was filter and solid was washed with diethyl ether and 
hexane to afford 17 as a potassium salt (0.75 g, crude, potassium salt) as 
a off white solid, The crude potassium salt used for next step without 
purification. 

2-Bromo-6-(1H-imidazol-1-yl)-7H-chromeno[3,2-c] quinoline-7-one 
(18): 

To a mixture of 17 (0.5 g, 1.0 eq, 1.11 mmol) in THF, DCM (1:1, v/v, 

25 mL), trifluoracetic anhydride (4.68 g, 3.14 mL, 20.0 eq, 22.28 mmol) 
was added drop wise at 0 ◦C. The reaction was stirred at room tem-
perature for 3 h and then solvent was evaporated on rotatory evapo-
rator. The obtained residue was neutralized with cold sodium 
bicarbonate solution to obtain brown precipitate. The precipitate ob-
tained was filtered and washed with methanol, hexane, and dried under 
vacuum to afford 18 (0.35 g, 81.3 %) as a yellow solid. mp: 331–333 0C. 
IRνmax (KBr, cm− 1) 1672.100; 1H NMR (400 MHz, DMSO‑d6): δ 7.30 (s, 
1H, Ar–H), 7.47–7.53 (m, 2H, Ar–H), 7.72 (d, J = 8.14 Hz, 1H, Ar–H), 
7.92–7.96 (m, 2H, Ar–H), 8.03 (dd, J = 1.5 Hz and 7.8 Hz, 1H, Ar–H), 
8.06 (d, J = 9.04 Hz, 1H, Ar–H), 8.17 (dd, J = 2.0 Hz and 9.0 Hz, 1H, 
Ar–H). 13C NMR (100.6 MHz, DMSO‑d6): δ 112.80 (Ar–C), 117.93 
(Ar–C), 120.73 (Ar–C), 121.28 (Ar–C), 121.52 (Ar–C), 124.90 
(Ar–C), 125.31 (Ar–C), 125.91 (Ar–C), 126.41 (Ar–C), 129.21 
(Ar–C), 129.98 (Ar–C), 136.59 (Ar–C), 137.07 (Ar–C), 138.29 
(Ar–C), 146.90 (Ar–C), 154.50 (Ar–C), 175.83 (-C––O). ESI-MS m/z 
of 392.00 [M + H] + was obtained for a calculated mass of 391.00. 

Representative procedure for synthesis of 19 to 24: (Procedure B): 
To a mixture of 18 (1.0 eq) was dissolved in dry THF (15 mL) were 

added molar solution of R-Mg-X in THF/diethyl ether (2.0 eq) was added 
in one portion at 0 ◦C under nitrogen atmosphere. The reaction was 
stirred for 2 h and then quenched by ice. Reaction mixture was 
concentrated under reduced pressure and extracted with ethyl acetate 
(3 × 50 mL). Combined organic layer was washed with water (50 mL), 
brine and dried over anhydrous sodium sulfate. Organic layer was 
filtered and concentrated under reduced pressure to obtain crude 
product. Crude product was purified by column chromatography (silica 
gel 100–200 mesh, eluent: 15–20% ethyl acetate in n-hexane) to afford 
19 to 24. 

2-bromo-7-ethyl-6-(1H-imidazol-1-yl)-7H-chromeno[3,2-c] 
quinolin-7-ol (19): Procedure B, (R-Mg-X = 3.0 M Ethyl magnesium 
bromide in diethyl ether), Yield: 28 %. Off white solid; mp 235–237 ◦C. 
1H NMR (400 MHz, DMSO‑d6): δ 0.69 (t, J = 7.6 Hz, 3H, –CH2CH3), 
2.27–2.32 (m, 1H, –CH3CH2), 2.40–2.50 (m, 1H, –CH3CH2), 6.24 (s, 
1H, –OH, D2O exchangeable), 7.24–7.30 (m, 4H, Ar–H), 7.47 (t, J = 8 
Hz, 2H, Ar–H), 7.62 (d, J = 8.8 Hz, 1H, Ar–H), 7.85 (dd, J = 2.0 Hz and 
9.2 Hz, 1H, Ar–H), 8.48 (s, 1H, Ar–H), 8.59 (d, J = 2 Hz, 1H, Ar–H). 
13C NMR (100.6 MHz, DMSO‑d6): δ 7.55 (–CH3CH2), 29,43 
(–CH3CH2), 74.84 (-C-OH), 114.17 (Ar–C), 114.88 (Ar–C), 116.28 
(Ar–C), 119.22 (Ar–C), 119.70 (Ar–C), 122.29 (Ar–C), 123.84 
(Ar–C), 128.71 (Ar–C), 129.44 (Ar–C), 133.69 (Ar–C), 133.73 
(Ar–C), 139.77 (Ar–C), 139.99 (Ar–C), 147.06 (Ar–C), 150.31 
(Ar–C), 157.35 (Ar–C). ESI-MS m/z of 424.05 [M + H] + was obtained 
for a calculated mass of 421.04. 

2-bromo-6-(1H-imidazol-1-yl)-7-phenyl-7H-chromeno[3,2-c] 
quinolin-7-ol (20): Procedure B, (R-Mg-X = 2.0 M Phenyl magnesium 
chloride in THF) Yield: 65 %. Off white solid; mp 244–246 ◦C.1H NMR 
(400 MHz, DMSO‑d6): δ 6.93–6.96 (m,2H, Ar–H) and 1H, –NH, D2O 
exchangeable), 7.20 (t, J = 7.2 Hz, 1H, Ar–H), 7.29–7.43 (m, 8H, 
Ar–H), 7.61 (d, J = 9.2 Hz, 1H, Ar–H), 7.87 (d, J = 8 Hz, 1H, Ar–H), 
8.55 (s, 1H, Ar–H), 8.66 (s, 1H, Ar–H). 13C NMR (100.6 MHz, 
DMSO‑d6): δ 74.60 (-C-OH), 115.16 (Ar–C), 115.71 (Ar–C), 118.72 
(Ar–C), 121.44 (Ar–C), 122.75 (Ar–C), 124.42 (Ar–C), 124.90 
(Ar–C), 125.65 (Ar–C), 127.72 (Ar–C), 127.98 (Ar–C), 129.46 
(Ar–C), 129.93 (Ar–C), 134.43 (Ar–C), 139.52 (Ar–C), 143.13 
(Ar–C), 146.17 (Ar–C), 152.92 (Ar–C), 157.65 (Ar–C), 159.54 
(Ar–C). ESI-MS m/z of 471.95 [M + H] + was obtained for a calculated 
mass of 469.04. 

2-bromo-6-(1H-imidazol-1-yl)-7-vinyl-7H-chromeno[3,2-c] 
quinolin-7-ol (21): Procedure B, (R-Mg-X = 1.0 M Vinyl magnesium 
chloride in THF) Yield: 24 %. Off white solid; mp 171–173 ◦C. 1H NMR 
(400 MHz, DMSO‑d6):δ 5.29 (d, J = 10.8 Hz, 1H, –CHCH2), 5.44 (d, J =
17.2 Hz, 1H, –CHCH2), 6.36 (q, J = 10.8 Hz and 17.2 Hz, 1H, 
–CHCH2), 6.59 (s, 1H, –OH, D2O exchangeable), 7.23–7.29 (m, 3H, 
Ar–H), 7.34 (s, 1H, Ar–H), 7.46 (t, J = 7.6 Hz, 2H, Ar–H), 7.62 (d, J =
8.8 Hz, 1H, Ar–H), 7.85 (d, J = 8.8 Hz, 1H, Ar–H), 8.52–8.60 (m, 2H, 
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Ar–H). 13C NMR (100.6 MHz, DMSO‑d6): δ 73.82 (-C-OH), 115.19 
(–CHCH2), 115.60 (–CHCH2) , 116.32 (Ar–C), 118.65 (Ar–C), 
121.00 (Ar–C), 121.56 (Ar–C), 124.22 (Ar–C), 124.91 (Ar–C), 
129.54 (Ar–C), 129.91 (Ar–C), 134.33 (Ar–C), 134.35 (Ar–C), 
135.27 (Ar–C), 142.69 (Ar–C), 146.01 (Ar–C), 153.12 (Ar–C), 
157.33 (Ar–C), 157.82 (Ar–C). ESI-MS m/z of 420.10 [M + H] + was 
obtained for a calculated mass of 419.03. 

2-bromo-6-(1H-imidazol-1-yl)-7-methyl-7H-chromeno[3,2-c] 
quinolin-7-ol (22): Procedure B, (R-Mg-X = 3.0 M Methyl magnesium 
bromide in diethyl ether) Yield: 23 %. Pale yellow solid; mp: 
248–250 ◦C. 1H NMR (400 MHz, DMSO‑d6): δ 1.48–1.52 (m, 3H, –CH3), 
6.27–6.42 (m, 1H, –OH, D2O exchangeable), 6.73–6.83 (m, 1H, Ar–H), 
7.21–7.29 (m, 3H, Ar–H), 7.39–7.42 (m, 1H, Ar–H), 7.62–7.65 (m, 1H, 
Ar–H), 7.84 (s, 1H, Ar–H), 7.89–7.91 (m, 1H, Ar–H), 7.95–7.98 (m, 
1H, Ar–H), 8.07–8.31 (m, 1H, Ar–H). 13C NMR (100.6 MHz, 
DMSO‑d6): δ 22.23 (–CH3), 77.70 (-C-OH), 120.03 (Ar–C), 120.74 
(Ar–C), 120.99 (Ar–C), 123.66 (Ar–C), 124.20 (Ar–C), 125.57 
(Ar–C), 128.23 (Ar–C), 128.89 (Ar–C), 130.27 (Ar–C), 130.94 
(Ar–C), 133.44 (Ar–C), 134.36 (Ar–C), 134.63 (Ar–C), 137.76 
(Ar–C), 145.52 (Ar–C), 145.74 (Ar–C), 152.02 (Ar–C). ESI-MS m/z 
of 408.00 [M + H] + was obtained for a calculated mass of 407.03. 

2-bromo-7-(4-fluorophenyl)-6-(1H-imidazol-1-yl)-7H-chromeno 
[3,2-c] quinolin-7-ol (23): Procedure B, (R-Mg-X = 1.0 M 4-fluoro-
phenyl magnesium bromide in THF) Yield: 58%. Pale yellow solid; mp 
241–243 ◦C.1H NMR (400 MHz, DMSO‑d6): δ 6.95 (d, J = 8 Hz, 2H, 
Ar–H), 7.11–7.13 (m, 2H, Ar–H and 1H, –OH, D2O exchangeable), 
7.21 (t, J = 7.2 Hz, 1H, Ar–H), 7.30–7.40 (m, 5H, Ar–H), 7.62 (d, J =
9.6 Hz, 1H, Ar–H), 7.87 (dd, J = 2.0 Hz and 9.2 Hz, 1H, Ar–H), 8.57 (s, 
1H, Ar–H), 8.66 (d, J = 1.2 Hz, 1H, Ar–H). 13C NMR (100.6 MHz, 
DMSO‑d6): δ 74.06 (-C-OH), 112.78 (Ar–C), 113.01 (Ar–C), 114.48 
(Ar–C), 114.69 (Ar–C), 115.41 (Ar–C), 115.78 (Ar–C), 118.74 
(Ar–C), 121.30 (Ar–C), 121.52 (Ar–C), 121.54 (Ar–C), 121.65 
(Ar–C), 122.22 (Ar–C), 124.51 (Ar–C), 124.92 (Ar–C), 125.38 
(Ar–C), 129.50 (Ar–C), 129.67 (Ar–C), 129.93 (Ar–C), 129.97 
(Ar–C), 130.05 (Ar–C), 134.47 (Ar–C), 134.50 (Ar–C), 142.55 
(Ar–C), 142.62 (Ar–C), 143.36 (Ar–C), 146.27 (Ar–C), 152.88 
(Ar–C), 157.48 (Ar–C), 158.96 (Ar–C), 160.78 (Ar–C), 163.19 
(Ar–C). ESI-MS m/z of 488.00 [M + H]+ was obtained for a calculated 
mass of 487.03. 

2-bromo-7-(4-chlorophenyl)-6-(1H-imidazol-1-yl)-7H-chro-
meno[3,2-c] quinolin-7-ol (24): Procedure B, (R-Mg-X = 1.0 M 4- 
chlorophenyl magnesium bromide in THF) Yield: 80 %. Off white 
solid; mp 157–159 ◦C. 1H NMR (400 MHz, DMSO‑d6): δ 6.97 (d, J = 7.6 
Hz, 2H, Ar–H), 7.07 (s, 1H, –OH, D2O exchangeable), 7.21 (t, J = 7.6 
Hz, 1H, Ar–H), 7.30 (s, 1H, Ar–H), 7.36–7.46 (m, 6H, Ar–H), 7.62 (d, 
J = 9.2 Hz, 1H, Ar–H), 7.87 (dd, J = 2.0 Hz and 9.2 Hz, 1H, Ar–H), 
8.57 (s, 1H, Ar–H), 8.66 (d, J = 1.6 Hz, 1H, Ar–H). 13C NMR (100.6 
MHz, DMSO‑d6): δ 74.12 (-C-OH), 115.34 (Ar–C), 115.72 (Ar–C), 
118.77 (Ar–C), 121.37 (Ar–C), 122.21 (Ar–C), 124.45 (Ar–C), 
124.94 (Ar–C), 127.67 (Ar–C), 128.00 (Ar–C), 129.51 (Ar–C), 
129.93 (Ar–C), 132.34 (Ar–C), 134.51 (Ar–C), 138.62 (Ar–C), 
143.27 (Ar–C), 146.25 (Ar–C), 152.87 (Ar–C), 157.52 (Ar–C), 
159.08 (Ar–C). ESI-MS m/z of 506.00 [M + H] + was obtained for a 
calculated mass of 503.00. 

3.1. In vitro anticancer screening 

All the synthesized compounds were evaluated for their in vitro 
anticancer activity against human breast cancer cell line (MCF-7) and 
human lung cancer cell line (A-549) by MTT assay. The two cell lines 
MCF-7 and A-549 were grown in DMEM medium containing 10 % foetal 
bovine serum (Life technologies (Gibco)) and 0.7 % antibiotics. Cells 
were seeded into 96 well microtiter plates in 100 µL of media at plating 
density of 5000 cells/well. Seeded cells were incubated at 37 ◦C, 5 % 
CO2, 95 % air and 100 % humidity for 24 h. At 24 h, old media was 
changed with fresh media followed by treatment with each compound at 

10 µM, 1 µM, and 0.1 µM. After 24 h treatment, cell viability was 
assessed by 3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium bromide 
(MTT), cell were incubated with 20 µL of MTT (5 mg/mL) in PBS for 4 h 
at 37 ◦C. The medium was removed and form azan crystal was dissolved 
in DMSO. MTT reduction was quantified by measurement of absorbance 
at 570 nm using a multimode reader, Synergy Mx of BioTek [27]. 

3.2. Topoisomerase I (Topo I) inhibition assay 

Assay for DNA topoisomerase I inhibition in vitro DNA Topo I inhi-
bition assay was determined following the previously reported method, 
with minor modifications [28].The test compounds were dissolved in 
DMSO at 20 mM as stock solutions. The activity of DNA Topo I was 
determined by assessing the relaxation of supercoiled DNA pBR322. The 
mixture of 100 ng of plasmid pBR322 DNA and 1 unit of recombinant 
human DNA topoisomerase I (Topo GEN INC., USA) was incubated 
without and with the prepared compounds at 37 ◦C for 30 min in the 
relaxation buffer (10 mM TrisHCl (pH 7.9), 150 mM NaCl, 0.1% bovine 
serum albumin, 1 mM spermidine, 5% glycerol). L of the stopμL was 
terminated by adding 2.5μ. The reaction in the final volume of 10 so-
lution containing 5% sarcosyl, 0.0025% bromophenol blue and 25% 
glycerol. DNA samples were then electrophoresed on a 1% agarose gel at 
15 V for 7 h with a running buffer of TAE. Gels were stained for 30 min in 
an aqueous solution of ethidium bromide (0.5 μg/mL). DNA bands were 
visualized by transillumination with UV light and were quantitated 
using AlphaImager. 

3.3. Computational Study (Methodology) 

The molecular docking studies were performed using Glide XP, 
docking mode (Schrodinger, 2020–1, LLC, New York, NY, USA). All 
compounds were built using Maestro build panel and optimized to lower 
energy conformers using Ligprep v3.5.9 (Schrodinger, LLC). The crystal 
structure of Topo I enzyme complexes with DNA were taken from RCSB 
Protein Data Bank (PDB code 1T8I) and prepared for docking using 
‘protein preparation wizard’ in Maestro. The bond orders and formal 
charges were added for hetero groups and hydrogens were added to all 
atoms in the structure. The termini were capped by adding N-acetyl 
(ACE) and N-methyl amide (NMA) residue. After preparation, the 
hydrogen bond network in enzyme structure was optimized using OPLS 
force field. Minimization was terminated when the energy converged or 
root mean square deviation (RMSD) reached a maximum cut off of 0.30 
Å. Grids were then defined by centering on ligand using default box size. 
Final docking studies for all synthesized compounds were performed 
using extra-precision (XP) docking mode on generated grid of protein 
structure. 

A set of ADME-related properties were calculated by using the Qik-
Prop program running in normal mode. QikProp generates physically 
relevant descriptors, and uses them to perform ADME predictions 
[29–35]. 
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Appendix A. Supplementary material 

Supplementary data includes 1H-NMR, 13C-NMR, DEPT, LCMS and 
HPLC for all new compounds in supplementary information. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.bioorg.2021.105174. 
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Abstract
Series of novel N-benzyl derivatives of 6-aminoflavone (9a–n) were synthesized and evaluated for anticancer and topoi-
somerase II enzyme inhibition activity. All the synthesized compounds were screened for in vitro anticancer activity against 
human breast cancer cell line (MCF-7) and human lung cancer cell line (A-549). Among the synthesized compounds, 9f and 
9g were found to be the most potent anticancer agents against human breast cancer cell line (MCF-7) with  IC50 values of 
9.35 µM and 9.58 µM, respectively. Compounds 9b, 9c and 9n exhibited promising anticancer activity against human lung 
cancer cell line (A-549) with 43.71%, 46.48% and 44.26% inhibition at the highest concentration of 10 µM, respectively. 
Compounds 9c, 9f and 9g have ability to inhibit the topoisomerase II enzyme. Compound 9f showed most potent topoi-
somerase II enzyme inhibition activity with  IC50 value of 12.11 µM. Further, these compounds have a high potential to be 
developed as a promising topoisomerase II inhibitors.

Keywords Aminoflavones · Buchwald coupling · Reductive amination · Anticancer agent · Topoisomerase II enzyme 
inhibitor · Malic acid

Introduction

Processes of cell growth viz. proliferation, migration, and 
angiogenesis are regulated by the various growth factors and 
mitogen-stimulated signaling networks. Any dysregulation 
of these factors can lead to cancer. Flavones are known to 
have anticancer activity through modulation of these factors 

[1]. Scientific findings have shown that the flavones inhibit 
mitosis [2, 3], angiogenesis [4] and enzymes such as tyros-
ine kinase [5], topoisomerase [6–8], aromatase [9], epoxide 
hydrase [10], and tubulin polymerization [11–14]. Most of 
these compounds are either natural products or derivatives 
(Fig. 1). Aminoflavones are a class of compounds having 
nitrogen directly attached to aromatic sp2 carbon, exhib-
its diverse biological activity. Substituted aminoflavones 
(Fig. 1) show anti-tubercular, cytotoxic and kinase inhibitory 
activity with anti-proliferative effects [15, 16]. Compound Electronic supplementary material The online version of this 

article (https ://doi.org/10.1007/s1103 0-020-10079 -1) contains 
supplementary material, which is available to authorized users.
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AFP646 is in phase-I clinical trial for cancer treatment [17]. 
A synthetic flavonoid MHY336 has ability to arrest the cell 
cycle in G2/M or S phase via Topo-II-dependent mecha-
nism [18]. Dietary flavonoid fisetin acts as a dual inhibi-
tor of Topo-I and Topo-II in cells [19]. Psorospermin, a 
natural antitumor antibiotic [20], intercalates DNA, and its 
alkylating potential is significantly increased in the pres-
ence of Topo-II [21, 22]. Unfortunate negligence of nature 
to aminoflavonoids as natural products might be attributed 
to intricacy in the synthesis of aminoflavones [15, 16], par-
ticularly those in which amino group is attached to A ring. 
This indeed limited structure activity relationship (SAR) 
studies of aminoflavones and related derivatives. Simon and 
co-workers have synthesized differently substituted 6-amino-
flavones and shown that structural modifications particularly 
in B-ring would not have much impact on anticancer activity 
[23]. To improve inhibitory potency of 6-aminoflavone and 
to build SAR, a series of N-benzyl derivatives of 6-amino-
flavones was designed as a novel anticancer agents. Herein, 
the present work reports the synthesis and anticancer activity 
of these novel flavones.

Results and discussion

Chemistry

Multistep synthetic protocol with synthesis of 1,3-diketone 
5 from 4-bromophenol was initiated (1). 5-Bromo-2-hy-
droxyacetophenone (3) from 1 by methylation followed by 
Friedel–Craft acylation and in situ demethylation was pre-
pared. To execute the Bekar–Venkataraman rearrangement, 
compound 3 was benzoylated by using benzoyl chloride 
and pyridine to get 5-bromo-2-benzoyloxy-acetophenone 
(4) which on further base catalyzed Bekar–Venkataraman 
rearrangement resulting in 1,3-diketone (5). Diketone 5 is 
then cyclized to 6-bromoflavone (6) employing malic acid 
under solvent free reaction condition [24]. The Buchwald 
coupling reaction of 6-bromoflavone (6) with benzophenone 
imine, Pd (II) catalyst and xantphos as ligand,  Cs2CO3 as 
a base in dioxane at 90 °C delivered imine 7 in 72% yield. 
Hydrolysis of imine 7 with TFA in THF at room tempera-
ture gave 6-aminoflavone 8 in excellent yield. Kónya et al. 
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have reported direct amination of 6-bromoflavone; however, 
emphasized steric hindrance in the reacting amine is a lim-
iting factor in this reaction [15]. α-Branching in reacting 
amine, hampers yield of the coupling reaction. However, 
to overcome this limitation, reductive amination protocol 
is used to synthesize novel 6-(1-arylmethanamino)-2-phe-
nyl-4H-chromen-4-ones (9a–n). It improved the yields and 
efficacy of parallel synthetic protocol to intended target mol-
ecules. Various aldehydes were employed for synthesizing 
imines which were then reduced to corresponding arylmeth-
anamino derivatives (9a–n) using NaBH(OAc)3 in one-pot 
reaction protocol to get excellent yield (Table 1).

Biology

Initially in vitro anti-proliferative efficacy of the synthe-
sized N-benzyl derivatives of 6-aminoflavone (9a–n) was 
evaluated against human breast cancer cell line (MCF-7) 
and human lung cancer cell line (A-549) using MTT assay. 
Doxorubicin (standard antitumor drug) was used as a posi-
tive control. Cancer cells were treated with synthesized 
derivatives at various concentrations such as 0.1 uM, 1 uM 
and 10 uM to determine the % cancer cell inhibition and % 
cancer cell viability so as to predict the in vitro anticancer 
activity.

Table 2 shows that most of the synthesized compounds 
have shown good anticancer activity against human breast 
(MCF-7) and lung (A-549) cancer cell lines. 9f was found 
to be the most potent anticancer compound among the syn-
thesized derivatives against human breast cancer cell line 
(MCF-7) with 52.90% cancer cell line inhibition. 9g was 
found to be the second most potent anticancer compound 
among the synthesized derivatives against human breast can-
cer cell line (MCF-7) with 52.17% cancer cell line inhibi-
tion. Other compounds such as 9a, 9k and 9n showed good 
anticancer activity against human breast cancer cell line 
(MCF-7) with 42.03%, 30.67% and 44.76% cancer cell line 
inhibition, respectively.

New derivatives 9(a–n) also displayed good anti-prolif-
erative activity against human lung cancer cell line (A-549). 
Thus, compound 9c exhibited 46.48% inhibition against 
human lung cancer cell line (A-549), while compounds 9n, 
9b and 9j showed 44.26%, 43.71% and 41.96% of human 
lung cancer cell line inhibition, respectively, at 10 uM con-
centration. Compounds 9f, 9g and 9n were found to be more 
potent anticancer agent than that of standard drug Doxo-
rubicin against MCF-7 cells. Compound 9a was found to 
be equipotent to that of Doxorubicin against MCF-7 cells. 
Compounds 9b, 9c, and 9n were found to be more potent 
anticancer agents than that of Doxorubicin against A-549 
cells. Compound 9j with p-methoxy group was found to be 
equipotent to that of Doxorubicin against A-549 cells.

From SAR (Table 2), it is confirmed that 2-phenyl-4H-
chromen-4-one is essential for the anticancer activity. Vari-
ous 6-(substituted benzyl amino)-2-phenyl-4H-chromen-
4-one derivatives were synthesized to study the effect 
of substituent on benzyl amino ring. Compound 9f i.e., 
6-(4-Chlorobenzylamino)-2-phenyl-4H-chromen-4-one with 
4-chloro substitution on the benzylamino group was found 
to be potent anticancer agent among all synthesized deriva-
tives against human breast cancer cell line (MCF-7). Com-
pound 9g with 4-bromo substitution on the benzylamino 
group showed good anticancer activity against MCF-7 cell 
line. Substituents like m-NO2 (9a), p-ethoxy (9k), 3, 4-di-
methoxy (9m) and 3,4-dichloro (9c) on benzylamino group 
resulted in decrease in the activity.

Compound 9c with 2,3-dichloro substituent on ben-
zylamino group showed good (46.48%) inhibition against 
the human lung cancer cell line (A-549), while replacing 
2,3-dichloro substituent either by nitrile (9b, 43.71%) or 
p-methoxy (9j, 41.96%) resulted in decrease in activity. 
Other substituents like 4-bromo (9g, 36.51), 5-Bromo-2-hy-
droxy (9d, 35.69%) and 3-NO2 (9a, 21.08) exhibited lesser 
inhibition against human lung cancer cell line (A-549). 
Interestingly, when benzyl group was replaced by quino-
lin-2-ylmethyl group, compound 9n showed good in vitro 
anticancer activity against both the selected cell lines. This 
means that the replacement of benzyl group by some other 
heterocyclic ring may result in good anticancer activity. In 
general, electron withdrawing groups such as chloro- and 
bromo substituents on benzyl group exhibit good anticancer 
activity against both cell lines. The benzyl substitution with 
dichloro group (9c) was found to be more potent than that 
of with p-chloro group (9b) against A-549 cell lines. The 
para-fluro (9e) substituted derivatives were not found to be 
as good anticancer agents as that of para-chloro (9b) and 
para-bromo (9g) substituted derivatives.

Measurement of topoisomerase II activity

In order to shed light on core antitumor mechanism, the 
most active compounds (9b, 9c, 9f, 9g and 9n) were further 
evaluated to predict their ability to inhibit topoisomerase 
II enzyme. The catalytic activity of Topo II was evaluated 
according to the procedure reported by Patra et al. [18]. Dox-
orubicin was used as a standard drug in this assay. Doxoru-
bicin inhibits the progression of topoisomerase II, enzyme 
which relaxes supercoils in DNA for transcription. Results 
of measurement of topoisomerase II activity are given in 
Table 3.

The synthesized compounds 9b, 9c, 9f, 9g and 9n have 
an ability to inhibit topoisomerase II enzyme. Compounds 
9f and 9g were found to be potent topoisomerase II enzyme 
inhibitor among tested synthesized compounds. Compounds 
9f and 9g have shown  IC50 value of 12.11 µM and 12.79 µM, 
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Table 1  Synthesis of novel N-benzyl derivatives of 6-aminoflavones
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respectively, as compared to the Doxorubicin (0.94 µM). The 
synthesized compounds are not as strong topoisomerase II 
enzyme inhibitor as that of standard drug Doxorubicin.

Docking study

The activity of N-benzyl derivatives of 6-aminoflavone was 
justified by its predicted binding mode at the DNA cleavage 
site of topoisomerase II. Analysis of human Topo II co-crys-
tal structure complexed with DNA and etoposide (PDB code 
3QX3) showed that etoposide is incorporated between base 

pairs of DNA and forms H bonds with amino acid residue 
Asp479 and DNA guanine fragment (DG13). Certainly, the 
molecular docking study showed that all docked compounds 
had been placed in between DNA base pair and had good 
contact with Topo II residues and DNA fragments. Analy-
sis of interaction of docked compounds with Topo II-DNA 
complex revealed existence of H-bonding interaction with 
amino acid residue Gln778, and pi–pi stacking interactions 
with DG13, DC8, and DG12 DNA fragments. It was also 
revealed that in most of the compounds, carbonyl group of 
flavone moiety stabilities ligand–protein complex by form-
ing H-bond with amino acid residue Gln778. Similarly 
N-benzyl group support the complex by establishing pi–pi 
stacking interaction with various fragments of DNA. These 
results indicate that most of the compounds showed similar 
binding pattern with binding site amino acid residues as that 
of Doxorubicin (Figs. 2, 3).

Materials and methods

Chemistry

All reactions were performed in oven-dried glassware. 
All reagents and solvents were obtained from commercial 

Table 1  (continued)
Reagents and Reaction Conditions: (a)  K2CO3, Methyl iodide, Acetonitrile, 50  °C, 6 h; (b) acetyl chloride, anhy.  AlCl3, 6 h, r.t; (c) benzoyl 
chloride,  C5H5N, 20 min, 3% HCl; (d) KOH,  C5H5N, 15 min, 10% AcOH; (e) malic acid, oil bath preheated at 140 °C; (f)  Pd2(dba)3,  CS2CO3, 
benzophenone imine, and xantphos, dioxane, 16 h, 90 °C; (g) TFA, THF, r.t. 2 h; (h) aldehyde, sodium triacetoxy borohydride,TFA, DCM, 0 °C 
to r.t. 45 min

Table 2  Anticancer activity of 
novel N-benzyl derivatives of 
6-aminoflavones (at 10uM)

SD standard deviation; human breast cancer cell line: MCF-7 and human lung cancer cell line: A-549

MCF-7 A-549

% Viability % Inhibition SD % Viability % Inhibition SD

Control 100 0 1.08 100 0 2.00
9a 57.96 42.03 4.27 78.91 21.08 3.26
9b 92.77 7.22 1.66 56.28 43.71 0.67
9c 78.93 21.06 1.13 53.51 46.48 0.03
9d 92.47 7.52 1.09 64.30 35.69 2.72
9e 91.72 8.27 0.21 83.83 16.16 0.70
9f 47.09 52.90 1.09 90.25 9.749 0.49
9g 47.82 52.17 1.02 63.48 36.51 0.45
9h 102.95 0 3.88 90.88 9.11 4.65
9i 102.754 0 0.88 94.37 5.62 1.23
9j 103.91 0 3.57 58.03 41.96 1.02
9k 69.32 30.67 0.60 83.38 16.61 3.14
9l 99.49 0.50 0.91 92.96 7.03 1.55
9m 75.87 24.12 2.15 85.33 14.66 4.45
9n 55.23 44.76 0.03 55.73 44.26 3.32
Doxorubicin 57.78 42.22 0.98 56.33 43.67 1.34

Table 3  Topoisomerase II enzyme inhibition, docking score and MM 
GBSA binding free energy of selected compounds

a  Three independent experiments were performed for each concentra-
tion

Compound IC50 µMa Docking score MM GBSA
Binding free energy

9b 35.46 ± 0.05 − 5.69 − 23.25
9c 28.18 ± 0.21 − 6.69 − 33.11
9f 12.11 ± 0.15 − 7.14 − 28.25
9g 12.79 ± 0.28 − 6.63 − 30.66
9n 30.92 ± 0.16 − 8.90 − 56.61
Doxorubicin 0.94 ± 0.05 − 11.18 − 42.33
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suppliers and used as received. Analytical thin-layer chro-
matography (TLC) was performed on precoated Merck silica 
gel plates (60F-254), visualized with a UV254 lamp and 
stained with  KMnO4. Melting points are uncorrected and 
were determined in open capillary tubes using paraffin oil 
bath. 1H and 13C NMR spectra were obtained as solutions 
in deuterated solvents. Standard 1H NMR (400 MHz) and 
13C NMR (100 MHz) were recorded on a Varian Mercury 
spectrometer in DMSO-d6 and  CDCl3 solution and with 
tetramethylsilane as an internal standard. IR spectra were 
recorded on Perkin Elmer Model 1600 series FTIR instru-
ment. Mass spectra were recorded on Agilent 1200SL-6100 
LC/MS (ES-API) instrument. High-resolution mass spectra 
(HRMS) were performed with a QTOF Micromass Mass 
Spectrometer in electro spray ionization mode.

1‑Bromo‑4‑methoxybenzene (2) Methyl iodide (1.31 g, 
9.24  mmol) was added at RT to a stirred solution of 
4-bromophenol (1, 1.0 g, 5.78 mmol) and  K2CO3 (1.59 g, 
11.56 mmol) in 10 mL acetonitrile. Reaction mixture was 
refluxed for 6 h at 50 °C. After completion of the reac-
tion (TLC check), the mixture was cooled to room tem-
perature, filtered through Celite bed and washed with ethyl 
acetate (3 × 20 mL). Organic layer was washed with water 
(3 × 40 mL), dried over anhydrous  Na2SO4 concentrated 
on vaccuo to get colorless oil (0.91 g, 84%); b.p. 223 °C; 
IR (KBr): 1657, 1339, 840, 670 cm−1; 1H NMR  (CDCl3, 
400 MHz) δ 7.40 (d, J = 8 Hz, 2H), 6.81 (d, J = 8 Hz, 2H), 
3.81 (s, 3H); 13C NMR  (CDCl3, 100 MHz) δ 158.1, 132.2, 
115.7, 112.8, 55.4; LCMS (ES-API) m/z: 186.96 (M + H)+.

5‑Bromo‑2‑hydroxyacetophenone (3) To a stirred solution 
of 4-bromo anisole (2, 1.0 g, 5.37 mmol) in 10 mL dichlo-
romethane, acetyl chloride (0.42 g, 5.37 mmol) was added 
at 0 °C. After 5 min of stirring anhydrous  AlCl3 (0.78 g, 
5.91 mmol) was added portion wise, then reaction mixture 
was stirred for 6 h. After completion of the reaction (TLC 
check), the mixture was poured on crushed ice, product 
precipitates out. The precipitate thus obtained was filtered 
off, washed with diethyl ether and dried to get white solid. 
(0.9 g, 79%); m.p. 58–60 °C; IR (KBr): 3363, 1663, 845, 
671 cm−1; 1H NMR  (CDCl3, 400 MHz) δ 12.70 (s, 1H), 7.84 
(s, 1H), 7.55 (t, J = 8 & 4 Hz, 1H), 6.90 (d, J = 8 Hz, 1H), 
2.64 (s, 3H); 13C NMR  (CDCl3, 100 MHz) δ 203.5, 161.3, 
139.1, 132.9, 120.9, 120.5, 110.4, 26.7; LCMS (ES-API) 
m/z: 214.87 (M + H)+.

5‑Bromo‑2‑benzoyloxy‑acetophenone (4) To a stirred 
solution of 5-bromo-2-hydroxyacetophenone (3, 1.0  g, 
4.67 mmol) in 10 mL pyridine benzoyl chloride (0.78 g, 
5.60 mmol) was added at 0 °C. After 20 min of stirring, 
reaction mixture was poured into  ice cooled solution of 
3% hydrochloric acid, product precipitates out. The crude 
product was filtered off washed with water and recrystal-
lized from methanol to give yellow solid; m.p. 82–85 °C; IR 
(KBr): 3363, 1755, 1663, 845, 671 cm−1; 1H NMR  (CDCl3, 
400 MHz) δ 8.20–8.18 (m, 2H), 7.96 (d, J = 2.4 Hz, 1H), 
7.69–7.64 (m, 2H), 7.55–7.51 (m, 2H), 7.13 (d, J = 8.8 Hz, 
1H), 2.53 (s, 3H); 13C NMR  (CDCl3, 100 MHz) δ 196.0, 
164.8, 148.3, 136.1, 134.1, 132.9, 130.5, 130.3, 128.9, 
125.8, 114.3, 29.7; LCMS (ES-API) m/z: 318.0 (M + H)+.

Fig. 2  Binding pose of N-benzyl derivative of 6-aminoflavone at DNA cleavage site of topoisomerase II
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1‑(5‑Bromo‑2‑hydroxyphenyl)‑3‑phenylpropane‑1,3‑dione 
(5) To a solution of 5-bromo-2-benzoyloxy-acetophenone 
(4, 1.0 g., 3.14 mmol) in 7.5 mL of pyridine, potassium 
hydroxide (0.26 g., 4.71 mmol) was added and reaction 
mixture was stirred at 50 °C for 15 min. After completion 
of the reaction (TLC check), the mixture was poured in ice 
cooled solution of 10% aq. acetic acid (50 mL) product 
precipitates out. The solid thus obtained was filtered off, 
washed with 10% aq. acetic acid and dried to get yellow 
solid (0.89 g, 80%), m.p. 108–109 °C; IR (KBr): 3363, 1663, 
845, 671 cm−1; 1H NMR  (CDCl3, 400 MHz) δ 15.4 (bs, 
1H), 12.05 (s, 1H), 7.97–7.95 (m, 2H), 7.86 (d, J = 2 Hz, 

1H), 7.60–7.49 (m, 4H), 6.91 (d, J = 8.8 Hz, 1H), 6.76 (s, 
1H); 13C NMR (DMSO-d6, 100 MHz) δ 186.5, 183.4, 172.7, 
159.1, 138.4, 137.1, 135.1, 133.1, 131.7, 129.2, 128.9, 
128.2, 127.5, 122.5, 121.0, 120.3, 110.8, 96.0; LCMS (ES-
API) m/z: 318.0 (M + H)+.

6‑Bromo‑2‑phenyl‑4H‑chromen‑4‑one (6) The mixture of 
1-(2-hydroxyphenyl)-3-aryl-1,3-propanedione (5, 1.0 g., 
3.14 mmol) and malic acid (0.42 g., 3.14 mmol) was heated 
in a preheated oil bath at 140 °C for 10 min. After comple-
tion of the reaction (TLC check), the mixture was allowed 
to cool at room temperature, water (10 mL) and ethyl acetate 

Fig. 3  Binding pose of compounds at DNA cleavage site of topoi-
somerase II. a Doxorubicin, b compound 9f, c compound 9g and d 
compound 9n. Black colored wire representation of atoms indicates 

amino acid residues, cyan colored wire representation of atoms are 
fragments of DNA, yellow colored dotted line indicates H-bonding 
and cyan colored dotted line indicates pi–pi stacking
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(20 mL) were added. Organic layer was washed with aq. 
 NaHCO3 (3 × 40 mL) and dried over anhydrous  Na2SO4 
then concentrated in vaccuo to get crude product. The crude 
product was purified by column chromatography on silica 
gel using hexane-ethylacetate (85:15) solvent system to give 
white solid (0.82 g, 87%); m.p. 194–196 °C; IR (KBr): 1645, 
1604, 1568, 1130, 756 cm−1; 1H NMR  (CDCl3, 400 MHz) 
δ 8.20–8.10 (m, 3H), 8.01 (dd, J = 10.8 & 2.4 Hz, 1H), 7.83 
(d, J = 8.8 Hz, 1H), 7.65–7.55 (m, 3H), 7.12 (s, 1H); 13C 
NMR  (CDCl3, 100 MHz) δ: 176.3, 163.4, 155.1, 137.3, 
132.5, 131.3, 129.6, 127.3, 126.9, 125.3, 121.7, 118.3, 
107.4; HRMS (ESI) m/z [M + H]+: calcd for  C15H10BrO2: 
300.9864, found: 300.9867.

6‑(Benzhydrylidene‑amino)‑2‑phenyl‑chromen‑4‑one 
(7) The 6-bromo flavone (6, 1.0 g., 3.33 mol),  CS2CO3 
(1.62  g., 5.65  mmol), benzophenone imine (0.6  g., 
3.33 mmol) was dissolved in dioxane (10 mL). Then it 
was degassed by argon gas for 20 min, xantphos (50 mg., 
0.10 mmol) and  Pd2(dba)3 (9 mg., 0.01 mmol) was added. 
The reaction mixture was stirred for 16 h at 90 °C. After 
completion of the reaction (TLC check), the mixture was 
cooled to room temperature, diluted with ethyl acetate and 
filtered through Celite bed. The filtrate was concentrated in 
vacuo. To this residue MeOH was added, the solid obtain 
was filtered and washed with diethyl ether. The crude prod-
uct was purified by column chromatography on silica gel 
using hexane-ethylacetate (80:20) solvent system to give 
yellow solid (0.96 g, 72%); m.p. 248–249 °C; IR (KBr): 
3442, 3063, 1637, 1616, 1455, 1361, 1290, 1025, 908, 775, 
696 cm−1; 1H NMR  (CDCl3, 400 MHz) δ 7.89 (d, J = 8 Hz 
2H), 7.80–7.77 (m, 2H), 7.60–7.54 (m. 1H), 7.50–7.52 
(m, 4H), 7.45 (t, J = 8 & 5 Hz, 2H), 7.40–7.38 (m, 1H), 
7.28–7.29 (m, 1H), 7.17 (t, J = 8 & 4 Hz, 3H), 7.11 (t, J = 8 
& 4 Hz, 2H), 6.76 (s, 1H); 13C NMR  (CDCl3, 100 MHz) 
δ 178.3, 169.9, 163.0, 152.6, 148.8, 139.7, 135.7, 131.9, 
131.4, 129.4, 129.0, 128.3, 126.2, 124.1, 118.3, 116.0, 
107.1; LCMS (ES-API) m/z: 402.14 (M + H)+: HRMS 
(ESI) m/z [M + H]+: calcd for  C28H20NO2: 402.1489, found: 
402.1492.

6‑Amino‑2‑phenyl‑4H‑chromen‑4‑one (8) To a solution of 
6-(benzhydrylidene-amino)-2-phenyl-chromen-4-one (7, 
1.0 g., 2.49 mmol) in 40 mL of THF, trifluoroacetic acid 
(0.28 g., 2.49 mmol) was added at 0 °C. The reaction mix-
ture was stirred for 2 h at room temperature. After com-
pletion of the reaction (TLC check), the mixture was con-
centrated in vacuo. The residue was neutralized by addition 
of aq.  NaHCO3 solution and then extracted in ethyl acetate 
(2 × 10  mL). Combined organic extract was dried over 
anhydrous  Na2SO4 and concentrated in vacuo. The crude 
product was purified by column chromatography on silica 
gel using hexane-ethylacetate (95:5) solvent system to give 

yellow solid (1.37 g, 81%); m.p. 200–202 °C; IR (KBr): 
3416, 3342, 1733, 1609, 1565, 768, 677 cm−1; 1H NMR 
 (CDCl3, 400 MHz) δ 8.10–8.01 (m, 2H), 7.55–7.58 (m, 3H), 
7.54 (d, J = 8.8 Hz, 1H), 7.06–7.11 (m, 2H), 6.87 (s, 1H), 
3.30 (s, 2H); 13C NMR  (CDCl3, 100 MHz) δ 178.4, 163.0, 
150.0, 144.1, 132.1, 131.3, 128.9, 126.2, 124.7, 122.2, 
119.0, 107.9, 106.7; LCMS (ES-API) m/z: 238.9 (M + H)+; 
HRMS (ESI) m/z [M + H]+: calcd for  C15H12NO2: 238.0868, 
found: 238.0874.

General procedure for the synthesis of 6‑amino‑2‑phe‑
nyl‑4H‑chromen‑4‑ones (9a–9n) To a solution of 6-amino-
2-phenyl-4H-chromen-4-one (8, 1  g., 4.21  mmol) and 
substituted aromatic aldehydes (4.21 mmol) in 1,2-dichlo-
roethane (10 mL), sodium triacetoxy borohydride (1.34 g., 
6.34 mmol) was added at 0 °C. Trifluoroacetic acid (0.96 g., 
8.43 mmol) was added to the above solution and reaction 
mixture was stirred at 0 °C to RT for 45 min. After comple-
tion of the reaction (TLC check), the mixture was diluted 
by adding DCM, organic layer was first washed with aq. 
 NH4Cl and then with saturated solution of brine. Organic 
layer was dried over anhydrous  Na2SO4 and concentrated in 
vacuo. The crude product was purified through column chro-
matography on silica gel using hexane-ethylacetate (85:15) 
solvent system to give the corresponding flavones deriva-
tives in high yields.

6‑(3‑Nitrobenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9a) Yellow solid, yield 82.6%, m.p. 157–160 °C; IR (KBr): 
3280, 3062, 1762, 1222, 1188, 830, 504 cm−1; 1H NMR 
(DMSO-d6, 400 MHz) δ 8.25 (s, 1H), 8.12–8.10 (m, 1H), 
8.05–8.03 (m, 2H), 7.87–7.85 (m, 1H), 7.67–7.63 (m, 1H), 
7.59–7.57 (m, 4H), 7.23–7.20 (m, 1H), 6.98–6.96 (m, 1H), 
6.91–6.90 (m, 1H), 6.88 (s, 1H), 4.54–4.52 (m, 2H); 13C 
NMR (DMSO-d6, 100 MHz) δ 177.3, 172.7, 159.2, 144.3, 
134.0, 132.0, 130.0, 129.0, 128.4, 127.6, 126.2, 124.9, 
121.2, 119.9, 118.0, 105.4, 103.1, 46.4; LCMS (ES-API) 
m/z: 372.0 (M + H)+ HRMS (ESI) m/z [M + H]+: calcd for 
 C22H17N2O4: 373.1188, found: 373.1195.

6‑(4‑Cyanobenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9b) Yellow solid, yield 85.2%, m.p. 167–168  °C; IR 
(KBr): 3287, 3043, 2222, 1613, 1497, 671, 543  cm−1; 
1HNMR (DMSO-d6, 400 MHz) δ 8.05–8.03 (m, 2H), 7.81 
(d, J = 8.4 Hz, 2H), 7.62–7.56 (m, 6H), 7.18 (dd, J = 9.6 
& 3.2 Hz, 1H), 6.92 (d, J = 2.8 Hz, 1H), 6.88–6.86 (m, 2 
H), 4.48–4.47 (m, 2H); 13C NMR (DMSO-d6, 100 MHz) 
δ 178.5, 163.1, 149.9, 144.9, 144.4, 132.7, 132.1, 131.5, 
129.1, 127.9, 126.3, 124.9, 121.2, 119.4, 118.9, 111.3, 106.8, 
104.8, 48.0; LCMS (ES-API) m/z: 353.0 (M + H)+; HRMS 
(ESI) m/z [M + H]+: calcd for  C23H17N2O2: 353.1290, found: 
353.1286.
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6‑(2,3‑Dichlorobenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9c) Yellow solid, yield 83.4%, m.p. 168–171 °C; IR (KBr): 
3299, 3068, 1685, 1288, 1096, 811, 770 cm−1; 1H NMR 
(DMSO-d6, 400 MHz) δ 8.06–8.04 (m, 2H), 7.60–7.55 (m, 
5H), 7.36–7.33 (m, 2H), 7.21–7.18 (m, 1H), 6.86–6.90 (m, 
3H), 4.47–4.47 (m, 2H); 13C NMR (DMSO-d6, 100 MHz) 
δ 178.3, 162.6, 149.3, 145.5, 138.6, 134.3, 132.9, 131.9, 
131.3, 129.0, 128.9, 127.3, 126.7, 126.0, 124.5, 121.1, 
119.0, 106.3, 103.5, 46.1; LCMS (ES-API) m/z: 396,397.9, 
400 (M + H)+; HRMS (ESI) m/z [M + H]+: calcd for 
 C22H16Cl2NO2: 396.0558, found: 396.0552.

6 ‑ ( 5 ‑ B r o m o ‑ 2 ‑ h y d r o x y b e n z y l a m i n o ) ‑ 2 ‑ p h e ‑
nyl‑4H‑chromen‑4‑one (9d) Yellow solid, yield 82.8%, 
m.p. 188–191 °C; IR (KBr): 3287, 3105, 1719, 1643, 1413, 
808, 548 cm−1; 1H NMR (DMSO-d6, 400 MHz) δ 9.99 (s, 
1H), 8.10–7.90 (m, 2H), 7.57–7.54 (m, 4H), 7.31–7.10 (m, 
3H), 6.99–6.93 (m, 2H), 6.92 s, 1H), 6.61 (d, J = 6.4 Hz, 
1H), 4.27–4.27 (m, 2H); 13C NMR (DMSO-d6, 100 MHz) 
δ 178.4, 162.6, 154.6, 149.4, 146.0, 131.9, 131.2, 131.1, 
130.7, 128.9, 127.3, 126.0, 124.5, 121.7, 118.9, 117.2, 111.0, 
106.3, 104.0, 43.51; LCMS (ES-API) m/z: 423.7 (M + H)+; 
HRMS (ESI) m/z [M + H]+: calcd for  C22H17BrNO3: 
422.0392, found: 422.0398.

6‑(4‑Fluorobenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9e) Yellow solid, yield 86.7%, m.p. 132–135 °C; IR (KBr): 
3288, 3066, 1613, 1537, 1431, 842 cm−1; 1H NMR (DMSO-
d6, 400 MHz) δ 7.91 (s, 2H), 7.63–7.26 (m, 8H), 7.08–7.02 
(m, 3H), 6.78 (s, 1H), 4.38 (s, 2H); 13C NMR (DMSO-d6, 
100 MHz) δ 178.6, 162.9, 149.8, 145.4, 137.7, 132.2, 131.9, 
131.4, 129.3, 129.1, 126.3, 124.9, 121.4, 121.2, 119.2, 106.8, 
104.6, 47.9; LCMS (ES-API) m/z: 346.2 (M + H)+; HRMS 
(ESI) m/z [M + H]+: calcd for  C22H17FNO2: 345.1165, 
found: 345.1172.

6‑(4‑Chlorobenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9f ) Yellow solid, yield 85.8%, m.p. 164–166  °C; IR 
(KBr): 3285, 3061, 1791, 1611, 1047, 999, 578  cm−1; 
1H NMR (DMSO-d6, 400  MHz) δ 7.94–7.92 (m, 2H), 
7.55–7.54 (m, 4H), 7.53–7.43 (m, 1H), 7.34–7.29 (m, 
5H), 7.04 (t, J = 8 Hz, 1H), 6.81 (s, 1H), 4.41 (s, 2H); 13C 
NMR (DMSO-d6, 100 MHz) δ 178.5, 162.9, 149.7, 145.4, 
137.1, 132.1, 131.3, 129.0, 128.9, 128.8, 126.2, 124.8, 
121.1, 119.1, 106.9, 104.4, 100.0, 47.7; LCMS (ES-API) 
m/z: 362.8(M + H)+; HRMS (ESI) m/z [M + H]+: calcd for 
 C22H17ClNO2: 362.0869, found: 362.0873.

6‑(4‑Bromobenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9g) White solid, yield 88.2%, m.p. 174–176 °C; IR (KBr): 
3287, 3037, 1745, 1611, 1135, 793 cm−1; 1H NMR (DMSO-
d6, 400 MHz) δ 8.05–8.03 (m, 2H), 7.61–7.51 (m, 6H), 7.38 
(s, 1H), 7.34 (s, 1H), 7.18 (dd, J = 8.8 & 2.8 Hz, 1H), 6.94 (d, 

J = 2.8 Hz, 1H), 6.89 (s, 1H), 6.80–6.77 (m, 1 H), 4.35–4.33 
(m, 2H); 13C NMR (DMSO-d6, 100 MHz) δ 178.6, 162.9, 
149.8, 145.4, 137.7, 132.2, 131.9, 131.4, 129.3, 129.1, 
126.3, 124.9, 121.4, 121.2, 119.2, 106.8, 104.6, 47.9; LCMS 
(ES-API) m/z: 408.0 (M + H)+; HRMS (ESI) m/z [M + H]+: 
calcd for  C22H17BrNO2: 406.0442, found: 406.0446.

6 ‑ ( 5 ‑ B r o m o ‑ 2 ‑ m e t h o x y b e n z y l a m i n o ) ‑ 2 ‑ p h e ‑
nyl‑4H‑chromen‑4‑one (9h) Yellow solid, yield 82.7%, m.p. 
173–176 °C; IR (KBr): 3366, 3067, 1684, 1450, 1029, 708, 
549 cm−1; 1H NMR (DMSO-d6, 400 MHz) δ 8.05–8.03 (m, 
2H), 7.58–7.56 (m, 4H), 7.42- 7.32 (m, 2H), 7.18 (dd, J = 5.6 
& 3.2 Hz, 1H), 7.01 (d, J = 8 Hz, 1H), 6.92–6.89 (m, 2H), 
6.67–6.65 (m, 1H), 4.30–4.29 (m, 2H), 3.89 (s, 3H); 13C 
NMR (DMSO-d6, 100 MHz) δ 178.6, 162.8, 156.5, 149.6, 
145.6, 132.1, 131.2, 131.2, 131.0, 129.0, 128.9, 128.8, 126.2, 
124.8, 121.2, 119.0, 110.9, 106.6, 104.6, 55.6, 43.2; LCMS 
(ES-API) m/z: 437.9 (M + H)+; HRMS (ESI) m/z [M + H]+: 
calcd for  C23H19BrNO3: 436.0558, found: 436.0548.

6 ‑ ( 5 ‑ B r o m o ‑ 2 ‑ e t h o x y b e n z y l a m i n o ) ‑ 2 ‑ p h e ‑
nyl‑4H‑chromen‑4‑one (9i) Yellow solid, yield 81.2%, 
m.p. 180–184 °C; IR (KBr): 3374, 3038, 1618, 1506, 910, 
753 cm−1; 1H NMR (DMSO-d6, 400 MHz) δ 7.90 (s, 2H), 
7.51–7.27 (m, 8H), 7.07–7.03 (m, 1H), 6.77 (s, 2H), 4.39 
(s, 2H), 4.07 (d, J = 5.4 Hz, 2H), 1.45 (m, 3H); 13C NMR 
(DMSO-d6, 100 MHz) δ 178.6, 162.8, 155.9, 149.7, 145.7, 
132.2, 131.3, 131.0, 129.2, 128.4, 128.9, 126.2, 124.9, 122.2, 
121.2, 119.0, 112.9, 106.7, 104.7, 63.9, 43.3, 14.8; LCMS 
(ES-API) m/z: 450.1 (M + H)+; HRMS (ESI) m/z [M + H]+: 
calcd for  C24H21BrNO3: 450.0705, found: 450.0707.

6‑(4‑Methoxybenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9j) Yellow solid, yield 86.6%, m.p. 134–136 °C; IR (KBr): 
3296, 3107, 1613, 1484, 1177, 769 cm−1; 1H NMR (DMSO-
d6, 400 MHz) δ 8.06–8.03 (m, 2H), 7.60–7.52 (m, 4H), 7.30 
(d, J = 8 Hz, 2H), 7.18 (dd, J = 8.8 & 2.8 Hz, 1H), 6.96 
(d, J = 2.8 Hz, 1H), 6.92–6.89 (m, 3H), 6.66–6.64 (m, 1 
H), 4.28–4.26 (m, 2H), 3.66 (s, 3H); 13C NMR (DMSO-
d6, 100 MHz) δ 178.1, 162.2, 150.1, 146.1, 132.1, 131.8, 
131.1, 130.7, 128.8, 128.6, 125.9, 124.4, 121.4, 118.7, 
113.7, 106.1, 102.8, 55.1, 47.2; LCMS (ES-API) m/z: 358.0 
(M + H)+; HRMS (ESI) m/z [M + H]+: calcd for  C23H20NO3: 
358.1443, found: 358.1441.

6‑(4‑Ethoxybenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9k) Yellow solid, yield 84.2%, m.p. 159–162 °C; IR (KBr): 
3306, 3107, 1683, 1452, 1292, 767, 686 cm−1; 1H NMR 
(DMSO-d6, 400 MHz) δ 8.08–8.01 (m, 2H), 7.60–7.51 (m, 
4H), 7.28 (d, J = 8.4 Hz, 2H), 7.17 (dd, J = 6.4 & 2.4 Hz, 
1H), 6.96 (d, J = 6.8 Hz, 1H), 6.91–6.88 (m, 3H), 6.64 
(d, J = 3.6 Hz, 1H), 4.27–4.25 (d, J = 8 Hz, 2H), 3.98 (q, 
J = 14 & 6.8 Hz, 2H), 1.30 (t, J = 6.8 Hz, 3H); 13C NMR 
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(DMSO-d6, 100 MHz) δ 178.6, 162.7, 158.4, 149.5, 145.7, 
132.2, 131.2, 130.4, 128.9, 128.1, 126.2, 124.8, 121.2, 
118.9, 114.7, 106.6, 104.1, 63.4, 48.0, 14.8; LCMS (ES-
API) m/z: 372.9 (M + H)+; HRMS (ESI) m/z [M + H]+: calcd 
for  C24H21NO3: 372.1599, found: 372.1599.

6 ‑ ( 2 ,  4 ‑ D i m e t h o x y b e n z y l a m i n o ) ‑ 2 ‑ p h e ‑
nyl‑4H‑chromen‑4‑one (9l) Yellow solid, yield 82.8%, 
M.p. 126–129 °C; IR (KBr): 3359, 3038, 1613, 1523, 1274, 
1120, 719 cm−1; 1H NMR (DMSO-d6, 400 MHz) δ 8.09–
8.01 (m, 2H), 7.57–7.53 (m, 4H), 7.18–7.13 (m, 2H), 6.93 
(d, J = 2.8 Hz, 1H), 6.88 (s, 1H), 6.59 (d, J = 2.4 Hz, 1H), 
6.47–6.45 (m, 2H), 4.21–4.20 (m, 2H), 3.84 (s, 3H), 3.73 (s, 
3H); 13C NMR (DMSO-d6, 100 MHz) δ 178.3, 162.4, 160.1, 
158.3, 149.4, 146.2, 131.9, 131.1, 129.5, 126.9, 126.0, 
124.5, 121.5, 118.9, 118.7, 106.2, 103.9, 103.5, 98.3, 55.3, 
55.2, 42.8; LCMS (ES-API) m/z: 388.2 (M + H)+; HRMS 
(ESI) m/z [M + H]+: calcd for  C24H22NO4: 388.1549, found: 
388.1544.

6‑(3,4‑dimethoxybenzylamino)‑2‑phenyl‑4H‑chromen‑4‑one 
(9m) Yellow solid, yield 86.2%, m.p. 138–141 °C; IR (KBr): 
3288, 3106, 1613, 1484, 1152, 936, 541 cm−1; 1H NMR 
(DMSO-d6, 400 MHz) δ 8.08–8.01 (m, 2H), 7.57–7.53 
(m, 4H), 7.18 (dd, J = 8.8 & 2.8 Hz, 1H), 7.01–6.99 (d, 
J = 2.8 Hz, 2H), 6.92–6.89 (m, 3H), 6.68–6.61 (m, 1 H), 
4.27–4.25 (m, 2H), 3.74 (s, 3H), 3.71 (s, 3H); 13C NMR 
(DMSO-d6, 100 MHz) δ 178.6, 162.6, 160.4, 158.5, 149.4, 
146.0, 132.2, 131.2, 129.9, 128.9, 126.1, 124.7, 121.4, 
119.0, 118.8, 106.6, 104.5, 103.9, 98.7, 65.8, 55.4, 43.5; 
LCMS (ES-API) m/z: 388.2 (M + H)+; HRMS (ESI) m/z 
[M + H]+: calcd for  C24H22NO4: 388.1548, found: 388.1551.

6 ‑ ( ( Q u i n o l i n ‑ 2 ‑ y l ) m e t h y l a m i n o ) ‑ 2 ‑ p h e ‑
nyl‑4H‑chromen‑4‑one (9n) Brown solid, yield 80.3%, m.p. 
146–149 °C; IR (KBr): 3347, 3037, 1696, 1198, 773 cm−1; 
1H NMR (DMSO-d6, 400 MHz) δ 8.42 (d, J = 8.6 Hz, 1H), 
8.10–7.89 (m, 4H), 7.82–7.69 (m, 1H), 7.70–7.50 (m, 7H), 
7.26–7.21 (m, 1H), 7.03–7.01 (m, 1H), 6.84 (s, 1H), 4.68–
4.70 (m, 2H); 13C NMR (DMSO-d6, 100 MHz) δ 178.4, 
162.0, 159.6, 153.3, 149.8 145.3, 138.3, 132.2, 132.08, 
130.6, 129.1, 126.3, 126.2, 124.9, 122.2, 119.3, 124.9, 
122.2,119.3, 118.7, 106.7, 103.7, 48.8; LCMS (ES-API) 
m/z: 379.0 (M + H)+; HRMS (ESI) m/z [M + H]+: calcd for 
 C25H19N2O2: 379.1450, found: 379.1446.

Docking study

Molecular docking study was performed in Maestro 9.1 
using Glide v. 6.8 (Schrodinger LLC). All compounds were 
built using Maestro build panel and optimized to lower 
energy conformers using Lig prep v3.5 (Schrodinger, Inc., 
New York, NY, USA). The X-ray crystallographic structure 

of the human topoisomerase II beta (PDB ID: 3QX3), in 
which drugs simultaneously interact with both DNA and 
enzymes [25] was taken from RCSB Protein Data Bank. The 
protein was prepared by using protein preparation wizard 
for docking using ‘protein preparation wizard’ in Maestro 
v10.3. It contains two chains, a chain along with DNA and 
 Mg2+ ion. The ligand within active site and all water mol-
ecules were removed, while magnesium ion was allowed to 
remain with the charge of + 2. The active site was defined to 
include all atoms within 6.5A° radius of native ligand. The 
bond orders and formal charges were added to hetero-groups 
and hydrogen’s were added to all atoms in the structure. 
Side chains that are not close to the binding cavity and do 
not participate in salt bridges were neutralized and termini 
were capped by adding ACE and NMA residue. After prep-
aration, structure was refined to optimize hydrogen bond 
network using OPLS_2005 force field. The minimization 
was terminated when the energy converged or the RMSD 
reached a maximum cut off of 0.30 Å. The extra precision 
(XP) docking mode for all compounds was performed on 
generated grid of protein structure [26]. Final evaluation of 
ligand–protein binding was done with Glide score [27–29].

Docked pose of ligands was further rescored using 
Prime MM-GBSA approach which is used to estimate free 
binding energy of enzyme–ligands complex. Energies of 
ligand–receptor complexes were calculated using Prime 
MM-GBSA with flexibility set for residue surrounding 5 
Å region of ligand binding site. Binding energy of receptor 
and ligand is as calculated by Prime Energy, a Molecular 
Mechanics + Implicit Solvent Energy Function (kcals/mol).

The binding free energy ΔGbind is estimated as

where ΔGBind is total binding free energy, G(C) is binding 
energy of protein ligand complex, G(L) is binding energy of 
ligand and G(P) is binding energy of protein.

Biological assay

In vitro anticancer screening

All newly synthesized compounds (9a–n) were evaluated for 
their in vitro anticancer activity against human breast cancer 
cell line (MCF-7) and human lung cancer cell line (A-549) 
by MTT assay. Two cell lines MCF-7 and A-549 (NCCS, 
Pune, India) were grown in DMEM medium containing 10% 
fetal bovine serum [Life technologies (Gibco)] and 0.7% 
antibiotics. Cells were seeded into 96 well microtiter plates 
in 100 µL of media at plating density of 5000 cells/well. 
Seeded cells were incubated at 37 °C, 5%  CO2, 95% air and 
100% humidity for 24 h. At 24 h, old media was changed 
with fresh media followed by treatment with each compound 

ΔG
bind

= G(C) − G(P) − G(L)
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at 10 µM, 1 µM, and 0.1 µM. After 24 h treatment, cell 
viability was assessed by 3-(4,5-dimethylthiazol)-2,5-diphe-
nyltetrazolium bromide (MTT), cells were incubated with 20 
µL of MTT (5 mg/mL) in PBS for 4 h at 37 °C. The medium 
was removed and formazan crystals dissolved in DMSO. 
MTT reduction was quantified by measurement of absorb-
ance at 570 nm using a multimode reader, Synergy Mx of 
BioTek [30]. Statistical employed methods were Sigma Plot 
10.0 and Microsoft Excel 2010.

Measurement of topoisomerase II inhibitory activity

The most active anticancer agents from the synthesized 
series were further evaluated for prediction of their mode 
of action using Topo II drug screening kit (TopoGEN, Inc., 
Columbus) according to procedure reported by Patra et al. 
[18]. Doxorubicin was used as standard in this evaluation.

The reaction was started with incubation of a mixture 
consisted of human Topo II (2 μl), substrate super coiled 
pHot1 DNA (0.25 μg), 50 μg/mL test compound (2 μl), and 
assay buffer (4 μl) in 37 °C for 30 min. In order to terminate 
reaction, 10% sodium dodecylsulphate (2 μl) and proteinase 
K (50 μg/mL) were added at 37 °C for 15 min. followed 
by incubation for 15 min at 37 °C. Then, DNA was run on 
1% agarose gel in Bio Rad gel electrophoresis system for 
1–2 h followed by staining with GelRedTM stain for 2 h and 
destained for 15 min with TAE buffer. The gel was imaged 
via Bio Rad’s Gel Doc TMEZ system. Both super coiled and 
linear strands DNA were incorporated in the gel as markers 
for DNA-Topo II intercalators. The results were reported as 
 IC50 (50% inhibition concentration) values [31].

Conclusions

In conclusion, we have efficiently developed reductive ami-
nation protocol as an alternative route for the synthesis of 
novel N-benzyl derivatives of 6-aminoflavone which leads 
to increase in yield of the desired substituted aminoflavones. 
In vitro anti-proliferative activity against two human cancer 
cell lines (MCF-7 and A-549) and topoisomerase II inhibi-
tory activity was performed. Among the synthesized deriva-
tives, aminoflavones 9f and 9g were found to be most active 
anti-proliferative compounds against human breast cancer 
cell line (MCF-7) and aminoflavones 9c, 9n, 9b, and 9j dem-
onstrated good anti-proliferative activity against human lung 
cancer cell line (A-549). However, compound 9n has shown 
promising anti-proliferative activity against both cell lines. 
We found that compounds 9f and 9g exhibited robust inhibi-
tion of enzyme topoisomerase II with  IC50 values 12.11 and 
12.79 µM, respectively. The in silico docking studies of syn-
thesized compounds showed that all compounds have good 
binding affinity toward topoisomerase II enzyme and have 

placed in between DNA base pair at active site of enzyme. 
Consequently, these N-benzyl derivatives of 6-aminoflavone 
may serve as lead scaffold for development of novel anti-
proliferative agents. Our efforts in this regard are underway.
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Abstract. A mild and efficient route for the one-pot synthesis of isoxazole derivatives has been developed

using pyruvic acid as a catalyst under an aqueous medium. The reaction was carried out under conventional as

well as ultrasonic conditions to afford the desired product in good yield. The features of this protocol are the

use of environmental-friendly, commercially available, biodegradable catalyst, use of biologically safe sol-

vent, simple experimental procedure and short reaction times. The given protocol can be a better alternative

for the synthesis of 4H-isoxazol-5-one derivatives as compared to traditional methods.

Keywords. 4H-isoxazol-5-one; pyruvic acid; aldehyde; ultrasound irradiation; green chemistry;

multicomponent reaction (MCR).

1. Introduction

A realization of the fundamental importance of nitro-

gen-containing heterocycles in pharmaceutical and

medicinal chemistry captivated researchers across the

world. These heterocycles are the core building block

of several pharmaceutically active natural products.

Furthermore, 59% of the approved small molecule

drugs by the US FDA contain nitrogen heterocycles,

which ranks them as the most privileged and

momentous heterocycles by a medicinal chemist.1

Among these, isoxazole and its derivatives are an

important class of oxygen- and nitrogen-containing

heterocycles with several applications in organic

chemistry, medicinal chemistry and the pharmaceuti-

cal industry.2,3 Isoxazole derivatives are well-known

for their widespread biological and pharmacological

activities such as antifungal,4 analgesic,5 antitumor,6

antioxidant,7 antimicrobial,8 COX-2 inhibitor,9 anti-

inflammatory,10 antiviral,11 antimycobacterial,12 anti-

HIV,13 androgen antagonists,14 antibiotic,15

antihypertensive,16 antimalarial,17 antirheumatic,18

antianginal,19 anticonvulsant,20 anti-obesity,21 anti-

osteoporotic,22 nematicidal agents,23 antiprotozoal,24

hypoglycemic,25 antituberculosis26 and bronchodilat-

ing agent.27 Furthermore, isoxazole derivatives have

also been used for the design and manufacture of

merocyanine dyes with applications in optical

recording and nonlinear optical research,28 liquid

crystalline materials,29 light-conversion molecular

devices30 and as a filter dye in photographic films.31

The isoxazole moiety is also a structural backbone of a

variety of natural products like cycloserine,32 pan-

therine,33 ibotenic acid and isoxazol-4-carboxylic

acid.32 Some of the interesting compounds with isox-

azole moiety are shown in Figure 1. Because of their

diverse applications in multi-disciplinary fields, the

development of new synthetic strategies for the syn-

thesis of isoxazole derivatives has received great

attention in organic synthesis.

In the literature, there are many methods to prepare

this class of compounds. The most common method
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for the synthesis of isoxazoles involves one-pot mul-

ticomponent reactions (MCRs) of aromatic aldehydes,

ethyl acetoacetate and hydroxylamine hydrochloride

using various catalysts.34–55 MCRs have been dis-

covered to be a powerful synthetic tool for the syn-

thesis of several natural products and biologically

active compounds. MCRs have received significant

advantages over conventional synthetic methodolo-

gies. This ensures good yields, high atom economy

and low costs, reduction in reaction times, minimiza-

tion of waste, energy, labour, operational simplicity

and avoidance of tedious purification processes.56–58 A

combination of MCR, green solvent like water and the

use of non-conventional energy sources like ultra-

sound irradiation are important features of an ideal

green synthesis.59–63

The use of ultrasound irradiation to speed up the

organic reactions has long been known in both aca-

demia and industry. The chemical and physical effects

of ultrasound come from acoustic cavitations such as

the formation, growth and implosive collapse of bub-

bles in a liquid. The cavitation collapse creates drastic

conditions inside the medium for an extremely short

time and temperatures of 2000–5000 K, as well as

pressure up to 1800 atm inside the collapsing cavity,

have been produced under ultrasonic conditions. The

cavitation effect produces effective physical, chemical

and biological transformations. Thus ultrasound irra-

diation has been employed in synthetic organic

chemistry, medicinal chemistry and material

sciences.64–68

A number of catalysts have been used in one-pot

MCRs for the synthesis of isoxazole scaffold including

sodium acetate,34 potassium hydrogen phthalate,35

tetrabutylammonium perchlorate,36 N-bromosuccin-

imide,37 sodium benzoate,38 boric acid,39 pyridinium

p-toluenesulfonate,40 1,4-diazabicyclo[2.2.2]octane,41

4-aminobenzene-1-sulfonic acid,42 cerium chloride

heptahydrate,43 antimony trichloride,44 iodine,45

2-hydroxy-5-sulfobenzoic acid,46 potassium phthal-

imide,47 pyridine,48 NaH2PO4,
49 Ag/SiO2,

50 phos-

photungstic acid,51 nano-MgO,52 itaconic acid,53

sodium sulphide,54 citric acid,55 hydroxyapatite

nanoparticles69 and deep eutectic solvents.70 The gold-

catalyzed cyclization of O-propioloyl oxime via
intermolecular arylidene group transfer,71 reaction of

1,3-dicarbonyl compounds with benzaldoximes

derivatives,72 two-step condensation of 3-Phenylisox-

azol-5-one with aryl halide in the presence of KF/

alumina,73 cycloadditions of ethyl benzoyl nitro-

methane or 2-nitroacetate with alkenes or terminal

alkynes74 were reported.

Although many of these protocols suffer from

drawbacks and limitations such as strongly acidic or

basic conditions, low yields, long reaction times, the

use of toxic reagents, harsh reaction conditions, the

use of expensive catalysts and tedious workup proce-

dures that restricts their scope in practical applications.

Moreover, compared to the commonly used organic

solvents, water is the ideal green solvent for organic

reactions, because of its cost-efficiency, abundance,

easy handling, high stability, non-flammability, envi-

ronmental compatibility and nontoxicity.75

Considering the above points, there is still a need

for novel and greener methodologies to fulfil the

increasing demands of modern synthetic chemistry,

which avoid harsh reaction conditions and allow an

efficient route for the synthesis of isoxazole deriva-

tives. Recently, we have reported pyruvic acid as a

highly efficient catalyst for the synthesis of bis(in-

dolyl)methanes.76 This finding provoked us to evaluate

the catalytic potential of pyruvic acid in the synthesis
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Figure 1. Isoxazole scaffold-containing interesting compounds.
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of isoxazol-5(4H)-one derivative. Our literature survey
revealed that there is no report on the use of pyruvic

acid as a catalyst in the synthesis of isoxazol-5(4H)-
one derivative; hence to explore its catalytic utility,

herein we report the synthesis of isoxazol-5(4H)-one
derivative via the one-pot, a three-component process

catalyzed by pyruvic acid under conventional and

ultrasound irradiation.

Apart from this Pyruvic acid is the most vital a-
oxocarboxylic acid and plays a fundamental role in

energy metabolism in living organisms. It effectively

reduces cholesterol,77 improves exercise endurance

capacity,78 serves as a potent antioxidant,79 reduces

anoxic injury and free radical formation.80

2. Experimental

2.1 Materials

All the chemicals were purchased from commercial

sources and used without further purification. Probe

sonicator (Model ATP- 250 Athena Technology) was

used for ultrasound irradiation. Thin-layer chro-

matography (TLC) was performed on silica gel 60F254
(0.25 mm thickness) plates, which were visualized

under short (254 nm) and long (365 nm) UV light.

Column chromatography was performed using silica

gel 100–200 mesh size. Melting points (Mp) were

determined in open capillary tubes using paraffin oil

bath and are uncorrected. 1H and 13C NMR spectra

were recorded on 500 and 125 MHz NMR spectrom-

eter, respectively using CDCl3 and DMSO-d6 as sol-

vent. Chemical shifts d are reported in ppm relative to

Me4Si internal standard. The multiplicity of signals is

designated by the following abbreviations: s (singlet),

d (doublet), t (triplet), q (quartet), m (multiplet). FT-IR

was recorded on the IR-Affinity1 Shimadzu DRS-

8000A instrument. High-resolution mass spectra

(HRMS) were obtained using micromass-Q-TOF

machine operating in electrospray ionization (ESI)

mode.

2.2 General procedure for the synthesis of 4a-i
under ultrasound irradiation condition

A mixture of benzaldehyde (0.50 g, 4.71 mmol),

hydroxylamine hydrochloride (0.33 g, 4.71 mmol),

ethyl acetoacetate (0.61 g, 4.71 mmol) and pyruvic

acid catalyst (0.02 g, 0.023 mmol) in water (10 mL)

were sonicated at 50 �C for the indicated time. After

the completion of the reaction (TLC check), the

reaction mixture was cooled to room temperature and

extracted using ethyl acetate (2 X 5 mL). The organic

layer was dried over anhydrous Na2SO4 and concen-

trated under reduced pressure to give the crude pro-

duct, which was purified by column chromatography

using ethyl acetate: n-hexane (20-40%) as the eluent to

yield the pure product

2.2a (Z)-4-benzylidene-3-methylisoxazol-5(4H)-one
(4a): Yellow solid; M.p.: 140-142 8C; IR (KBr):

3475, 3053, 2322, 1732, 1620, 1454, 1352, 1220,

1124, 879, 763, 689, 574 cm-1; 1H NMR (500 MHz,

DMSO) d 8.42 (d, J = 7.6 Hz, 2H), 7.97 (s, 1H), 7.68-

7.65 (m, 1H), 7.59 (t, J = 7.6 Hz, 2H), 2.30 (s, 3H)

ppm; 13C NMR (126 MHz, DMSO) d 168.31, 162.71,

152.14, 134.39, 134.05, 132.92, 129.73, 129.36,

129.04, 119.33, 11.78 ppm; HRMS (ESI) m/z: calcd

for C11H10NO2 [M?H]? 188.0706 found 188.0705.

2.2b (Z)-4-(4-hydroxybenzylidene)-3-methylisoxazol-
5(4H)-one (4b): Yellow solid; M.p.: 212-214 8C; IR
(KBr): 3261, 3037, 1728, 1552, 1301, 1232, 1132,

999, 894, 775, 561 cm-1; 1H NMR (500 MHz,

DMSO) d 11.06 (s, 1H), 8.46 (d, J = 8.8 Hz, 2H), 7.81

(s, 1H), 6.96 (d, J = 8.8 Hz, 2H), 2.26 (s, 3H) ppm; 13C

NMR (125 MHz, DMSO) d 169.32, 164.34, 162.78,

152.05, 138.03, 125.05, 116.64, 114.32, 11.78 ppm;

HRMS (ESI) m/z: calcd for C11H10NO3 [M?H]?

204.0655 found 206.0645.

2.2c (Z)-3-methyl-4-(4-methylbenzylidene) isoxazol-
5(4H)-one (4c): Light yellow solid; M.p.: 134-136

8C; IR (KBr): 3458, 3095, 2594, 1732, 1600, 1508,

1408, 1354, 1111, 879, 775, 588 cm-1; 1H NMR (500

MHz, CDCl3) d 8.29 (d, J = 8.2 Hz, 2H), 7.39 (s, 1H),

7.33 (d, J = 8.1 Hz, 2H), 2.45 (s, 3H), 2.30 (s, 3H)

ppm; 13C NMR (125 MHz, CDCl3) d 168.22, 161.20,

149.93, 145.76, 134.16, 131.04, 129.93, 118.50, 22.11,

11.71 ppm; HRMS (ESI) m/z: calcd for C12H12NO2

[M?H]? 202.0862 found 202.0861.

2.2d (Z)-4-(2-hydroxybenzylidene)-3-methylisoxazol-
5(4H)-one (4d): Yellow solid; M.p.: 198-200 8C; IR
(KBr): 3192, 1955, 1753, 1602, 1458, 1267, 1095,

902, 773, 580 cm-1; 1H NMR (500 MHz, DMSO) d
11.01 (s, 1H), 8.74 (dd, J = 8.0, 1.2 Hz, 1H), 8.09 (s,

1H), 7.51-7.48 (m, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.94

(m, 1H), 2.26 (s, 3H) ppm; 13C NMR (125 MHz,

DMSO) d 168.75, 162.63, 160.12, 145.49, 137.23,

132.78, 119.94, 119.57, 116.90, 116.61, 11.68 ppm;

HRMS (ESI) m/z: calcd for C11H10NO3 [M?H]?

204.0655 found 204.0653.
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2.2e (Z)-4-(3,4-dimethoxybenzylidene)-3-
methylisoxazol-5(4H)-one (4e): Yellow solid; M.p.:

134-136 8C; IR (KBr): 3446, 3097, 2846, 1732, 1508,

1244, 1111, 995, 881, 777, 565 cm-1; 1H NMR (500

MHz, CDCl3) d 8.76 (d, J = 2.1 Hz, 1H), 7.60 (dd, J =
8.5, 2.1 Hz, 1H), 7.33 (s, 1H), 6.96 (d, J = 8.5 Hz, 1H),

4.01 (s, 3H), 3.99 (s, 3H), 2.29 (s, 3H) ppm; 13C NMR

(125 MHz, CDCl3) d 169.02, 161.35, 154.58, 149.81,

149.09, 131.23, 126.38, 116.28, 115.06, 110.71, 56.23,

56.19, 11.68 ppm; HRMS (ESI) m/z: calcd for

C13H14NO4 [M?H]? 248.0917 found 248.0916.

2.2f (Z)-4-(4-methoxybenzylidene)-3-methylisoxazol-
5(4H)-one (4f): Yellow solid; M.p.: 174-176 8C; IR
(KBr): 3448, 3034, 2833, 2357, 1732, 1514, 1435,

1269, 1176, 875, 775, 563 cm-1; 1H NMR (500 MHz,

CDCl3) d 8.45 (d, J = 8.9 Hz, 2H), 7.35 (s, 1H), 7.02

(d, J = 9.0 Hz, 2H), 3.92 (s, 3H), 2.28 (s, 3H) ppm; 13C

NMR (125 MHz, CDCl3) d 168.80, 164.62, 161.29,

149.35, 136.99, 125.84, 116.40, 114.69, 55.74, 11.71

ppm; HRMS (ESI) m/z: calcd for C12H12NO3

[M?H]? 218.0811 found 218.0810.

2.2g (Z)-4-(4-hydroxy-3-methoxybenzylidene)-3-
methylisoxazol-5(4H)-one (4g): Yellow solid; M.p.:

214-216 8C; IR (KBr): 3273, 3005, 2140, 1936, 1732,

1558, 1313, 1284, 1184, 1001, 889, 756, 563 cm-1; 1H

NMR (500 MHz, DMSO) d 10.81 (bs, 1H), 8.53 (d,

J = 1.9 Hz, 1H), 7.92 (dd, J = 8.4, 1.9 Hz, 1H), 7.80 (s,

1H), 6.97 (d, J = 8.4 Hz, 1H), 3.86 (s, 3H), 2.26 (s, 3H)

ppm; 13C NMR (125 MHz, DMSO) d 169.50, 162.78,

154.36, 152.38, 147.95, 132.09, 125.52, 117.14,

116.30, 114.14, 56.00, 11.78 ppm; HRMS (ESI) m/z:

calcd for C12H12NO4 [M?H]? 234.0760 found

234.0759.

2.2h (Z)-4-(3-hydroxy-4-methoxybenzylidene)-3-
methylisoxazol-5(4H)-one (4h): Orange solid; M.p.:

212-214 8C; IR (KBr): 3282, 3057, 2015, 1697, 1570,

1516, 1448, 1288, 1136, 1010, 881, 779, 569 cm-1; 1H

NMR (500 MHz, CDCl3) d 8.11 (dd, J = 8.6, 2.1 Hz,

1H), 8.03 (d, J = 2.1 Hz, 1H), 7.30 (s, 1H), 6.98 (d, J =
8.6 Hz, 1H), 5.69 (s, 1H), 4.02 (s, 3H), 2.28 (s, 3H)

ppm; 13C NMR (125 MHz, CDCl3) d 168.55, 161.24,

151.81, 149.59, 145.59, 129.09, 126.48, 119.54,

117.08, 110.60, 56.26, 11.70 ppm; HRMS (ESI) m/z:

calcd for C12H12NO4 [M?H]? 234.0760 found

234.0763.

2.2i (Z)-4-((1H-indol-3-yl)methylene)-3-
methylisoxazol-5(4H)-one (4i): Brown solid; M.p.:

240-242 8C; 1H NMR (500 MHz, DMSO) d 12.81 (s,

1H), 9.52 (s, 1H), 8.20-8.15 (m, 2H), 7.63-7.60 (m,

1H), 7.35-7.33 (m, 2H), 2.35 (s, 3H) ppm; 13C NMR

(125 MHz, DMSO) d 170.88, 162.20, 140.97, 139.00,

136.85, 128.45, 124.43, 123.05, 119.33, 113.62,

113.14, 109.29, 11.70 ppm; HRMS (ESI) m/z: calcd

for C13H11N2O2 [M?H]? 227.0815 found 227.0817.

2.3 General procedure for the synthesis of 4a-i
under the conventional condition

A mixture of benzaldehyde (0.5 g, 4.71 mmol),

hydroxylamine hydrochloride (0.327 g, 4.71 mmol),

ethyl acetoacetate (0.613 g, 4.71 mmol) and pyruvic

acid catalyst (0.02 g, 0.023 mmol) in water (10 mL)

were refluxed for the indicated time. After the com-

pletion of the reaction (TLC check), the reaction

mixture was cooled to room temperature and extracted

using ethyl acetate (2 X 5 mL). The organic layer was

dried over anhydrous Na2SO4 and concentrated under

reduced pressure to give the crude product, which was

purified by column chromatography using ethyl acet-

ate: n-hexane (20-40%) as the eluent to yield the pure

product.

3. Results and Discussion

In order to optimize the reaction conditions, the

model reaction was performed using benzaldehyde

(1a), hydroxylamine hydrochloride (2) and ethyl

acetoacetate (3) in the presence of different amounts

of catalyst in an aqueous medium and the results are

summarized in Table 1. Firstly, the reaction condi-

tions were optimized under conventional heating and

the progress of the reaction was monitored by TLC

analysis. When the reaction was conducted in water

without pyruvic acid catalyst, the reaction did not

proceed until 2 h (Table 1, entry 1). Performing the

same reaction in the presence of 2 mol% pyruvic

acid catalyst in an aqueous medium at R.T. and at

50 �C led to the formation of a trace amount of 4a
after 2 h (Table 1, entries 2, 3). In order to improve

the results, the catalyst amount was increased to 5

mol% and the reaction mixture was stirred at 60 �C
and 80 �C for 2 h. This showed a considerable

impact on the yield (Table 1, entries 4, 5).

Improvement in the reaction profile in terms of the

yield was observed at higher temperatures (Table 1,

entry 6). Finally, it was found that 5 mol% of

pyruvic acid catalyst was sufficient to obtain the

desired product 4a in 86% yield after 2.5 h stirring

at refluxed temperature (Table 1, entry 6). Increasing
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the reaction time and catalyst load to 10 mol% did

not show any great change in the reaction profile

(Table 1, entries 7–9).
These results obtained at conventional conditions

(Table 1) led us to explore an alternative procedure to

prepare product 4a in higher yield. In this sense, we

choose ultrasound as an alternative energy source to

provide a selective reaction. Thus, the same reaction

condition was applied for the reaction under

ultrasound irradiation; however, product 4a was not

obtained in the absence of pyruvic acid catalyst at R.T.

(Table 2, entry 1). By increasing the catalyst load to 2

and 5 mol% at 40 �C, the desired product 4a was

obtained in 25% and 71% yield, respectively (Table 2,

entries 2, 3). To check the effect of temperature on

reaction profile, we increased temperature to 50 �C,
which resulted in the formation of the product in 90%

yield in 15 min (Table 2, entry 4). No improvement

Table 1. Optimization of the reaction condition under conventional heatinga.

Pyruvic Acid (Cat)

Water,
+

CHO

1a 2

NH2OH.HCl

O

COOEt+

3
O

N O

4a

Entry Catalyst (mol %) Temp (oC) Time (h) % Yieldb

1 0 R.T. 2 NRc

2 2 R.T. 2 Trace
3 2 50 2 Trace
4 5 60 2 40
5 5 80 2 73
6 5 100 2.5 86
7 10 100 2.5 86
8 5 100 3 85
9 5 100 3.5 86

aThe reactions were carried out on 5.0 mmol scale; 1 equivalents of each benzaldehyde, hydroxylamine hydrochloride
and ethyl acetoacetate were employed. bIsolated yield. cNo reaction.

Table 2. Optimization of the reaction condition under ultrasonic irradiationa.

Pyruvic Acid (Cat)

Water,  ((((
+

CHO

1a 2

NH2OH.HCl

O

COOEt+

3
O

N O

4a

Entry Catalyst (mol %) Temp (oC) Time (min) % Yieldb

1 0 R.T. 10 NRc

2 2 40 15 25
3 5 40 15 71
4 5 50 15 90
5 10 50 20 90
6 5 60 20 89

aThe reactions were carried out on 5.0 mmol scale; 1 equivalents of each benzaldehyde, hydroxylamine hydrochloride
and ethyl acetoacetate were employed. bIsolated yield. cNo reaction.
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was observed in the reaction profile by increasing the

catalyst loading, temperature and time (Table 2,

entries 5, 6). Thus, the optimum reaction condition for

the reaction was found, when the benzaldehyde (1a)
was sonicated in water at 50 �C with hydroxylamine

hydrochloride (2) and ethyl acetoacetate (3) in the

presence of 5 mol% pyruvic acid catalyst for 15 min-

utes which afforded isoxazole derivative 4a in 90%

yield (Table 2, entry 4).

The optimum reaction condition is applied to a

variety of differently substituted aldehydes and the

results obtained are summarized in Table 3. We notice

that whatever the nature of the substituent and its

position yields remain very good and vary between 73

to 90% (Table 3, entries 1–9). Moreover, it is observed

that the mono, as well as di-substituted aldehydes,

reacts smoothly to give corresponding 4H-isoxazol-5-
ones derivatives in good yields. Phenolic aldehyde like

vanillin and isovanillin also condensed efficiently to

afford 4H-isoxazol-5-one derivative 4g and 4h in

comparative yields (Table 3, entries 7, 8). In addition

to benzaldehydes, indole-based aldehyde like Indole-

3-carboxaldehyde also condensed efficiently to afford

isoxazole derivative 4i in good yield (Table 3, entry 9).
As shown in Table 3, the reactions were carried out

under the ultrasound irradiation method happens

comparatively at faster rates with higher yields

(Figure 2). While the same reactions were carried out

under conventional heating, require a longer time and

gave lower yields. Notably, a similar effect was seen

in all reactions and it was evident that ultrasound

irradiation can speed up the reaction considerably to

reduce the reaction time with high yields. Thus, we

found that ultrasonic irradiation was very effective and

useful in our work, which was superior to the con-

ventional method with respect to yields and reaction

time. Moreover, although earlier reported methods are

quite suitable with respect to reaction yield many of

them were carried out at drastic conditions or require

expensive catalysts. Furthermore, several previously

Table 3. Synthesis of 4H-isoxazol-5-one derivatives using pyruvic acid catalysta.

Pyruvic Acid (Cat)

Water
+

1 2

NH2OH.HCl

O

COOEt+

3
O

N O

Ar

4a-i

CHO

R

Entry R Compound

Conventional Heating
(100 �C)

Ultrasonication
(50 �C)

Time (h) % Yieldb Time (min) % Yieldb

1c H 4a 2 85 15 90
2c 4-OH 4b 1.5 80 15 85
3c 4-Me 4c 2 88 20 92
4c 2-OH 4d 1.5 85 15 90
5c 3,4-di-OMe 4e 2 88 15 92
6c 4-OMe 4f 1.5 81 15 88
7c 3-OMe,4-OH 4g 1.5 83 15 85
8 3-OH,4-OMe 4h 1.5 85 15 90
9c Indole-3-carboxaldehyde 4i 2 73 20 78

aThe reactions were carried out on 5.0 mmol scale; 1 equivalents of each aldehyde, hydroxylamine hydrochloride, ethyl
acetoacetate and 5 mol% pyruvic acid catalyst were employed. bIsolated yield. cAll compounds are known and their
spectroscopic and physical data is consistent with those of authenticating samples.34,39,40
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Figure 2. Time required for reaction under conventional
and sonication method.
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reported reactions are performed in volatile organic

solvents, which are not environmentally friendly.

Thereby, we propose the use of pyruvic acid as a

catalyst and water as a biologically and environmen-

tally safe solvent to provide an eco-friendly and eco-

nomical procedure for the synthesis of 4H-isoxazol-5-
one derivatives, which can be afforded in 15 to 20 min.

As described in Figure 3 we have proposed a

plausible reaction mechanism for the pyruvic acid-

catalyzed one-pot multicomponent reaction between

aromatic aldehydes, ethyl acetoacetate and hydroxy-

lamine hydrochloride in an aqueous medium. Initially,

acidic proton of pyruvic acid interacts with the car-

bonyl oxygen of ethyl acetoacetate, which activates

the carbonyl group to facilitate nucleophilic attack of

the amino group of hydroxylamine followed by

dehydration, resulting in the formation of oxime

A. The keto-enol tautomerism of oxime A results in

the formation of intermediate B. The activated

methylene carbon of intermediate B then shows

nucleophilic attack on the carbonyl carbon of the

aromatic aldehyde which is also activated by pyruvic

acid catalyst under sonication followed by dehydration

gives intermediate C. The formed intermediate

C eventually undergoes cyclisation by the

intramolecular attack of oxygen atom of hydroxyl

group to ester carbonyl with the elimination of ethanol

molecule to form intermediate D. Intermediate D on

de-protonation results into desired product 3-methyl-4-

arylmethylene isoxazole-5(4H)-one.
The reusability of catalyst was investigated through

a series of sequential condensations of 4-hydroxy-

benzaldehyde, hydroxylamine hydrochloride and ethyl

acetoacetate in the presence of pyruvic acid as a model

reaction under ultra-sonication. After completion of

the reaction, the reaction mixture was extracted using

O

O

O

H

O

O

O

H

HO NH2

..

O

OEt

O

O
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O

N
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Figure 3. Plausible mechanism for the formation of isoxazoles using pyruvic acid catalyst.
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ethyl acetate and an aqueous layer was used again for

the model reaction without the addition of a catalyst.

The obtained results revealed that the catalyst could be

reused five consecutive cycles without any pre-treat-

ment and with a negligible decrease in activity

(Figure 4).

4. Conclusions

We describe here a new, efficient process for the

synthesis of 3-methyl-4-arylmethylene isoxazole-

5(4H)-ones by a one-pot multicomponent reaction

between aromatic aldehydes, ethyl acetoacetate and

hydroxylamine hydrochloride catalysed by pyruvic

acid as a benign, commercially available, inexpensive

catalyst. The essential advantages of this method are

simplicity of use, good yields and short reaction times,

use of non-toxic solvent and non-conventional energy

source and eco-friendly method. We believe that the

present protocol is a convenient and efficient alterna-

tive to the existing traditional methods.

Supplementary Information (SI)

The Supplementary Information contains all the 1H NMR,
13C NMR, IR and HRMS spectra’s of synthesized com-

pounds. Supplementary Information is available at www.

ias.ac.in/chemsci.
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Ultrasound-Promoted Pyruvic Acid Catalyzed Green Synthesis
of Biologically Relevant Bis(Indolyl)Methanes Scaffold under
Aqueous Condition
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ABSTRACT
An efficient and green protocol has been introduced for the synthesis of
medicinally important bis(indolyl)methane derivatives using pyruvic acid
catalyst in the presence of water. Pyruvic acid catalyzes the reaction of
aldehyde with indole efficiently and products were obtained in good to
excellent yields under sonication (50 �C) or under conventional heating
(80 �C). The advantages of this synthetic methodology are use of environ-
mental-friendly, commercially available, biodegradable catalyst, short reac-
tion times, Lewis acid-free and metal-free mild reaction conditions with
excellent yields and is compatible with a wide range of electronically
diverse substrates. Pyruvic acid in water as a catalyst under ultrasound
radiation can be a better alternative to synthesize bis(indolyl)methane
derivatives than some of the traditional methods.
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Introduction

In nature, a large number of heterocyclic compounds are widely distributed due to their signifi-
cance in various life processes. Among them, indole moiety is one of the most important hetero-
cyclic compound having broad-spectrum biological and pharmacological activities. The
bis(indolyl)methanes (BIMs) moiety is present in a range of natural products, agrochemicals and
drug molecules1,2 (Figure 1). Researchers are employing BIMs to distinguish promising drugs and
evade failures in the synthesis of potent drugs. Further, BIMs have proved to possess a great var-
iety of applications in pharmaceutical industry.3 As previously reported, some of the BIMs exhibit
excellent biological activities such as anticancer,4 antibacterial,5 antifungal,6 antihyperlipidemic,7
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anti-inflammatory,8 topoisomerase IIa inhibitory,9 DNA damaging,10 antileishmanial11 and antibi-
otics.12 In addition to these, heterocyclic compounds containing BIMs scaffold act as dietary
supplements13 and colorimetric chemosensors.14–17 Because of their diverse applications in multi-
disciplinary fields, the development of new synthetic strategies for the synthesis of BIMs has
received great attention in organic synthesis.

In the literature, there are many methods reported for the synthesis of this class of com-
pounds. Generally, the acid catalyzed electrophilic substitution of indoles with carbonyl com-
pounds is the preferred method.18–23 A variety of acid catalysts, such as citric acid, sulfamic acid,
boric acid, phosphoric acid, acetic acid, oxalic acid, lactic acid, itaconic acid, iridium, bisulfate,
hexafluorophosphate salts of butyl methylimidazolium cation, tetrabutylammonium bromide,
ammonium chloride, iodine, gallium trifluoromethanesulfonate, trifluoroethanol, protic solvent,
TiCl/Zn, CuBr2, a-chymotrypsin, nano-Ag, ammonium niobium oxalate, CeCl3.7H2O and amino-
sulfonic acid have been reported.24–50 However, the drawback of these methods includes use of
toxic reagents, volatile organic solvents, excess catalyst loading, longer reaction time, use of
expensive catalysts, tedious workup and low product yields.

To overcome these problems, in recent years, researchers are striving to develop sophisticated
green chemical methodologies to reduce costs, waste, hazards, pollution and energy expenditure
by using eco-friendly reagents and economical reaction conditions to accomplish successful syn-
thetic procedures. Hence, the synthesis of drugs and drug intermediates using environment
friendly solvents and catalysts has become one of the most enthralling areas in academia and
industry.51–53 Green chemistry is an evolving technology that provides access to novel techniques
and robust catalysts, which permits enhancing conventional methodologies. Use of ultrasound
irradiation to speed up the organic reactions has long been known in synthetic organic chemistry
as well as in medicinal chemistry.54

Figure 1. Representative biologically valued BIMs.
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In pursuit of the developing new synthetic methodologies, as well as designing the eco-friendly
processes, herein we report, for the first time, use of naturally occurring, commercially cheap and
biodegradable pyruvic acid as a catalyst in presence of water to catalyze electrophilic substitution
reaction of indoles with carbonyl compounds to get library of BIMs.

Pyruvic acid, also known as a-ketopropionic acid, acetylformic acid or 2-oxopropanoic acid is
the most vital a-oxocarboxylic acid and plays a fundamental role in energy metabolism in living
organisms. It significantly increases fat and weight loss,55 effectively reduces cholesterol,56

improves exercise endurance capacity,57 serves as a potent antioxidant,58 and reduces anoxic
injury and free radical formation.59 On the contrary there is no report on its use as a catalyst in
organic synthesis; hence to explore its catalytic utility, herein we report synthesis of BIMs using
pyruvic acid as a catalyst under conventional as well as ultrasound irradiation condition.

Results and discussion

In order to evaluate the optimization of the reaction conditions, a model reaction was performed
using indole (1a) and benzaldehyde (2a) at room temperature (R.T.) and the progress of the reac-
tion was monitored by TLC analysis. The results are summarized in Table 1. It was found that
when the reaction was conducted in water without pyruvic acid catalyst, the reaction did not pro-
ceed until 2 hours (Table 1, entry 1). Performing the same reaction in the presence of 1mol%
pyruvic acid catalyst in water at R.T. and at 50 �C led to the formation of a trace amount of 3a
after 2 hours (Table 1, entries 2, 3). In order to improve the results, catalyst amount was
increased and the reaction mixture was stirred at 50 �C for 2 hours. This showed considerable
impact on the yield (Table 1, entries 4, 5). However, when 10mol% catalyst and higher tempera-
ture was used then an improvement in the reaction profile in terms of the yield was observed
(Table 1, entry 6). Finally, it was found that 10mol% of pyruvic acid catalyst was sufficient to
obtain the desired product 3a in 83% yield after 2.5 hours stirring at 80 �C temperature in water
(Table 1, entry 7). Increasing the catalyst load to 20mol% did not show any great change in the
reaction profile (Table 1, entry 8).

Table 1. Optimization of the reaction condition using indole and benzaldehyde under conventional heatinga.

Entry Catalyst (mol%) Temp (oC) Time (h) % Yieldb

1 0 R.T. 2 NRc

2 1 R.T. 2 Trace
3 1 50 2 Trace
4 2 50 2 20
5 5 50 2 45
6 10 60 2 66
7 10 80 2.5 83
8 20 80 2.5 83
aThe reactions were carried out on 2.0mmol scale, 1 equivalents of benzaldehyde and 2 equivalents of indole were employed.
bIsolated yield.
cNo reaction.
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In order to verify the effect of ultrasound irradiation on this reaction, the same model reaction
was also carried out in the presence of ultrasound irradiation at different temperatures (Table 2).
The passage of ultrasound irradiation through the reaction mixture without pyruvic acid catalyst
at R.T. for 20min did not lead to the desired product 3a (Table 2, entry 1), while by increasing
the catalyst load to 5 and 10mol% at R.T. for 20min the desired product 3a was obtained in
trace and 30% yield respectively (Table 2, entries 2, 3). In order to get better result temperature
was increased to 40 �C and 50 �C, which delivered the 3a product in 52% and 85% yield respect-
ively. No improvement was observed in the yield of reaction by increasing the amount of the pyr-
uvic acid catalyst and the temperature (Table 2, entries 6, 7). Thus, the use of 10mol% pyruvic
acid catalyst in water at 50 �C temperature under ultrasound irradiation was identified as the
optimum condition for the above reaction (Table 2, entry 5). The reaction time can be reduced
from hours to few minutes when ultrasound irradiation was used as an alternative energy source.

With the optimized reaction condition in hand, the scope and generality of the reaction was
explored using various aromatic aldehydes and indoles under conventional as well as ultrasonic
conditions in water to give a varied range of substituted BIMs in good to excellent yields (Table
3). Benzaldehyde bearing electron donating groups such as 4-Me, 4-OH and 3,4 di-OMe
smoothly reacted with indole to give corresponding products 3b, 3f and 3l respectively in good
yields. This method was equally effective for the aldehydes bearing electron withdrawing groups
in the aromatic ring like -NO2 group at ortho (3d), meta (3c) and para (3e) positions and -CN
group at para position (3k). Benzaldehyde with halogen substituents, such as -Cl at ortho (3j)
and para (3i), -F (3g) and -Br (3h) at para position on benzene ring, was found to be compatible
for this reaction. Our protocol also works well with substituted indoles to afford the correspond-
ing BIMs (3m, 3n and 3o) in excellent yields.

As shown in Table 3, the reactions were carried out under conventional method, which hap-
pen comparatively in longer times with low yields. While the same reactions were carried out
under the influence of ultrasonic irradiation giving high yields in short reaction times. Generally,
a similar effect was seen in all reactions and it was evident that ultrasound irradiation can speed
up the reaction considerably to reduce the reaction time with high yields. We found that ultra-
sonic irradiation was very effective and useful in our work, which was superior to the conven-
tional method with respect to yields and reaction time. Particularly, considering the basic green

Table 2. Optimization of the reaction condition using indole and benzaldehyde under ultrasound irradiationa.

Entry Catalyst (mol%) Temp (oC) Time (min) % Yieldb

1 0 R.T 20 NRc

2 5 R.T. 20 Trace
3 10 R.T. 20 30
4 10 40 20 52
5 10 50 15 85
6 20 50 15 86
7 10 60 15 86
aThe reactions were carried out on 2.0mmol scale, 1 equivalents of benzaldehyde and 2 equivalents of indole were employed.
bIsolated yield.
cNo reaction.
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chemistry principles, which include use of non-conventional energy sources, use of green solvent,
environmental friendly, biodegradable catalyst and metal and Lewis acid free synthesis. All these
advantages make the proposed protocol superior to some of the traditional methods.

We proposed plausible reaction mechanism for the synthesis of bis(indolyl)methanes from
aldehyde and indole using environmentally benign pyruvic acid catalyst in aqueous medium
(Figure 2).

Experimental

General procedure for the synthesis of 3a-o under ultrasound irradiation condition

A mixture of indole 1 (0.5 g, 4.27mmol), aromatic aldehyde 2 (2.13mmol) and pyruvic acid
(10mol%) in water (10mL) were sonicated at 50 �C for 15–20minutes. After the completion of
the reaction (TLC check), the reaction mixture was cooled to room temperature and extracted
using ethyl acetate (2� 5mL). The organic layer was dried over anhydrous Na2SO4 and concen-
trated under reduced pressure to give the crude product, which was purified by column chroma-
tography using ethyl acetate: n-hexane (10-30%) as the eluent to yield the pure product.

3-((2-Chlorophenyl)(1H-indol-3-yl)methyl)-1H-indole (3j)60

Pink solid; Mp: 72-74 �C; IR (KBr): 3412, 3057, 1624, 1456, 1419, 1338, 1037, 742 cm�1; 1H NMR
(500MHz, CDCl3) d 7.94 (bs, 2H), 7.42-7.35 (m, 5H), 7.24-7.08 (m, 5H), 7.03-7.0 (m, 2H), 6.66-

Table 3. Synthesis of BIMs derivatives using pyruvic acid catalysta.

Entry R1 R2 Compd

Conventional Heating (80 oC) Ultrasonication (50 oC)

Time (h) % Yieldb Time (min) % Yieldb

1 H H 3a 2.5 83 15 85
2 H 4-Me 3b 2 87 15 92
3 H 3-NO2 3c 1 80 15 86
4 H 2- NO2 3d 1.5 78 20 82
5 H 4- NO2 3e 1 85 15 90
6 H 4-OH 3f 2 82 15 90
7 H 4-F 3g 2 78 15 85
8 H 4-Br 3h 2 80 20 85
9 H 4-Cl 3i 2.5 78 15 83
10 H 2-Cl 3j 2 75 20 88
11 H 4-CN 3k 1.5 80 15 86
12 H 3,4-di-OMe 3l 2 77 20 88
13 Me 4-Cl 3m 2.5 89 20 95
14 Me 4-NO2 3n 1.5 88 15 92
15 Me 3,4-di-OMe 3o 2 77 20 85
aThe reactions were carried out on 2.0mmol scale, 1 equivalents of aldehyde, 2 equivalents of indole or 2-methyl indole and
10mol% pyruvic acid catalyst were employed.

bIsolated yield.
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6.64 (m, 2H), 6.34 (s, 1H); 13C NMR (126MHz, CDCl3) d 141.28, 136.70, 133.96, 130.31, 129.49,
127.50, 126.98, 126.63, 123.75, 122.03, 119.86, 119.32, 118.38, 111.04, 36.62; HRMS (ESI) m/z:
calcd for C23H16ClN2 [M-H]þ 355.10 found 355.1007.

The supporting material contains the spectral characterization data. This material can be found
via the ‘Supplementary Content’ section of this article’s webpage.

Conclusion

In conclusion, an efficient and green protocol has been introduced for the synthesis of BIMs
derivatives using pyruvic acid as a catalyst in the presence of water. The advantage of this syn-
thetic methodology is that it is green, eco-friendly, uses commercially available catalyst, has
shorter reaction times, Lewis acid-free and transition metal-free mild reaction conditions and is
compatible with a wide range of electronically diverse substrates. The reactions when carried out
under ultrasonic conditions in short reaction durations produce the corresponding products from
good to excellent yields. Therefore, pyruvic acid in water as a catalyst under ultrasound radiation
can be a good alternative to synthesize BIMs than some of the traditional methods.
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ABSTRACT

 Ferrites have gained a lot of attention because of their diverse uses in domains including 
photocatalytic degradations, gas sensors, electronic devices, organic transformation catalysts, 
adsorption, and so on. This review focuses on cadmium ferrites and their numerous doped versions' 
production methodologies, characterization, and applications. The structural, electric, magnetic, 
and dielectric properties of cadmium ferrites are primarily influenced by the synthesis procedures 
and circumstances used during preparation. As a result, the main goal of this study was to provide 
the most often used synthesis processes, such as hydrothermal, co-precipitation, solvothermal, 
microwave-assisted, micro-emulsion, and solid state, as well as their benefits and drawbacks. 
Furthermore, the review focuses on the numerous characterization approaches used to investigate 
features such as optical, structural, magnetic, electric, and dielectric properties of cadmium ferrites. 
This analysis was further expanded to include applications in some of the most well-studied domains, 
such as photocatalysis and gas sensing.

Keywords: Cadmium ferrites, Synthesis, Characterization, Applications, Spinel.

INTRODUCTION

 Alloy chemistry has gotten a lot of attention 
because they were first used in 2500 BC, much 
before the Bronze Age1. Two or more elements, at 
least one of which is a metal, combine in varying 
amounts to generate a binary or ternary single 
intermetallic phase that is difficult to differentiate 
from the base metal used. Because of the lower 
cost and improved structural, electrical, and 

magnetic qualities, as produced composites 
outperform their parent. The term ferrite refers 
to a category of iron oxide compounds that are 
ferromagnetic in nature and have high permeability 
and resistance2. The oldest ferrite substance known 
to prehistoric humans was magnetite (Fe3O4). 
Because of their wide range of applications in 
numerous fields, ferrites are thoroughly explored. 
Drug administration, magnetic resonance imaging, 
gas sensing, magnetic fluids, catalysis, magnetic 



2PUND et al., Orient. J. Chem., Vol. 38(1), 01-15 (2022)

recorders, transducers, and electromagnetic wave 
absorbers are just a few of the promising uses3. 
Ferrites are classified as spinel [General formula: 
MFe2O4], magnetoplumbite or hexaferrite [General 
formula: MFe12O19], and garnet [General formula: 
M3Fe5O12] depending on crystal forms4-5.

 Ferrites are chemical compounds that 
contain at least one iron(III) ion in their chemical 
formula. The chemical formula for spinel ferrites 
is MIIFeIII

2O4, where M and Fe represent divalent 
and trivalent metal ions, respectively. The oxygen 
ions (blue spheres) in the spinel structure are 
tightly packed in a face-centered cubic lattice, 
resulting in two types of interstitial voids for the 
metal ions, namely tetrahedral (A) (green spheres) 
and octahedral (B) (red spheres)6, as illustrated in 
reproduced Figure 1. 

strategies. Finally, the current research looks at the 
wide range of uses for cadmium ferrites.

Synthesis
  Due to the wide range of uses, there is a 
lot of research going on in the subject of cadmium 
ferrite synthesis. Despite this, additional study is 
needed to synthesize cadmium ferrites that are high 
in purity, have a regulated size and morphology. 
There is no complete method for ferrite synthesis 
published, and most commonly used synthesis 
procedures have their own strengths and drawbacks. 
"Bottom-up" and "top-down" synthesis strategies are 
the two types of synthesis strategies. The atoms/
ions/molecules are put together to manufacture 
nanoparticles in the "bottom-up" technique, whereas 
bulk solids are broken down to nano-sizes in the 
"top-down" approach, as shown in reproduced  
Fig. 210,51. Fig. 3 depicts a summary of the cadmium 
ferrites production methods used.

 The MIIFeIII
2O4 spinel ferrite includes 8 

tetrahedral and 16 octahedral sites for the residence 
of divalent and trivalent metal ions7. According to 
the cation distribution (divalent and trivalent) across 
tetrahedral and octahedral sites, ferrites are classed 
as Normal, Inverse, or Mixed kinds. Consider the 
usual formula of ferrite as (M1-x

2+)(Fex
3+)[Mx

2+Fe2-x
3+]

O4 to shed light on this classification, where x 
denotes the degree of inversion and ions outside 
and within the square bracket occupy A and B sites, 
respectively. The ferrite is known as normal spinel 
when x = 0 in the preceding formula. The ferrite is 
known as inverse spinel when x = 1 in the preceding 
formula. Finally, when 0 < x < 1 is present, the ferrite 
is known as mixed spinel8.

 ZnFe2O4 is an example of normal spinel 
ferrite, whereas NiFe2O4 and Fe3O4 are inverse spinel 
ferrites. Mixed spinel ferrite MnFe2O4 (Mn0.8Fe0.2 
[Mn0.2Fe1.8]O4) is an example9. The current study 
examined the benefits and drawbacks of the most 
regularly used cadmium ferrites production techniques. 
This review also discusses numerous characterization 

Fig. 1. Cubic cell of spinel structure showing tetrahedral & 
octahedral voids. (Copyright: License No. Open Access)6

Fig. 2. “Bottom-up” and “Top-down” synthesis strategies. 
(Copyright: License No. 5052030388527)10,51

Fig. 3. Flow chart for various synthesis routes for cadmium ferrites

Co-precipitation
 To synthesize uniform size ferrites, it is 
the most widely used convenient, inexpensive, 
efficient, and environmentally friendly approach11. 
The aqueous solutions of divalent and trivalent 
metal ions are combined in a mole ratio of 1:2 in 
the co-precipitation process. Metal ions in the form 
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of nitrates, sulphates, chlorides, and tartrates, 
carbonates, oxalates, citrates, or hydroxides are  
co-precipitated from an aqueous medium as tartrates, 
carbonates, oxalates, citrates, or hydroxides 
using the appropriate precipitants. Using NaOH 
or ammonia solution, this procedure includes a 
precise and controlled pH change. Following that, 
the solution is vigorously agitated under inert 
conditions in the absence or presence of heat. 
The breakdown temperatures of the precipitate as 
obtained are lower than those used in solid-state 
processes. After drying, the precipitate is calcined 
to the required temperature to generate cadmium 
ferrite nanoparticles. Despite its advantages,  
co-precipitation has significant drawbacks, such 
as difficulty controlling pH. Fig. 4 shows a general 
schematic diagram for the manufacture of Cd ferrites 
and their doped variants.

 The selected examples of co-precipitations 
where CdFe2O4 and its doped variation are 
synthesized are shown in Table 1.

Fig. 4. General schematic diagram for Cd ferrites 
and its doped variant synthesis by co-precipitation

Table 1: Selected examples of co-precipitations

Entry Cd ferrite and its Co-precipitant Method Reference
  No doped variants used description
 synthesized

   1 CdFe2O4 NaOH Aqueous solutions of Cd chloride [12]
   (0.1 mol/l) and iron (III) chloride
   (0.2 mol/l) mixed together and pH
   is adjusted to 13 by NaOH (3 mol/l). 
   The reaction mixture boiled at 1000C
   for 0.5 hours. As obtained precipitate
   washed with DM water, dried at 600C
   and finally annealed to get Cd ferrite 
   nano-particles.
   2 Co0.5Ni0.5Cd1.5xFe2-xO4 Liquid CdCl2.H2O, ZnCl2, FeCl3.6H2O and [13]
 (x=0.0, 0.1, 0.2, 0.3,  ammonia CoCl2.6H2O taken in stoichiometric ratio
 0.4 and 0.5)  and dissolved in DM water. Liquid ammonia 
   is added to get precipitate which later
   washed with DM water, dried for 5 h at
   900C. Lastly precipitate sintered at 8000C
   for 4 hours.
    3 Cu1-xCdxFe2O4 NaOH The 3.0 g PVP were dissolved in 100 mL [14]
 (x=0, 0.2, 0.4, 0.6,   DM water at 353K and this clear solution
 0.8 and 1)  is added to 0.2 mmol of iron nitrate and
   0.10 mmol of mixture of cadmium nitrate
   and copper nitrate (Cd, Fe:Cu = 1:2). 
   The reaction is maintained for 2 h and
   later this homogeneous solution transferred
   to petri dish which is heated 24 hrs at 363K
   for water evaporation. The dried powder
   was ground and annealed at 773K for 
   9 h to get Cu-Cd ferrite. 
    4 Mg1xCdxFe2O4 + 5% Sm3+  Ammonium The MgSO4.7H2O, FeSO4.7H2O and samarium [15]
 (x=0, 0.2,0.4,0.6, 0.8, 1.0) oxalate sulphate are dissolved in distilled water in desired
   stoichiometry. The pH of the solution is adjusted to
   4.8 by conc, H2SO4. The resulting solution was heated
   to 800C for 1 h and then ammonium oxalate added under
   stirring till complete precipitation occurred. The precipitate
   was filtered and washed several times with water. The
   precipitate is dried and presintered at 7000C for 6 h and
   finally sintered at 10500C for 5 hours. 
    5 Mg1xCdxFe2O4 + 5% Y3+  Ammonium Same as in entry no. 4, only Y(SO4).38H2O is used instead [16]
 (x=0, 0.2,0.4,0.6, 0.8, 1.0) oxalate of samarium sulphate.
    6 Cd1−xCoxFe2O4,  Sodium The FeSO4•7H2O and 3CdSO4•8H2O are dissolved in de-ionised [17]
 (x=0.0, 0.2, 0.4, 0.6,  tartarate water in molar ratio of 2:1. The pH of medium maintained below
 0.8 and 1.0)  6 so avoid hydroxide precipitate formation. Then sodium tartarate
   is added under vigorous stirring. Acetone was added in equal amounts
   to ensure high yield and fine-grained powders. The formed precipitate
   calcined at 7000C for 2 hours. 
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Sol-gel
 During the silica synthesis in the mid-
nineteenth century, chemist J. J. Ebelman first 
published the sol-gel method. It's a well-known 
bottom-up wet chemical approach18. This approach 
entails two main reactions: (1) hydrolysis of the 
precursor in an acidic or alkaline medium, and (2) 
subsequent polycondensation of the hydrolyzed 
product19. To make reactive monomers, partial 
hydrolysis of metal alkoxides or metal chlorides is 
used. Following that, through condensation, these 
monomers form colloid-like oligomers (sol formation). 
In addition, hydrolysis promotes polymerization, 
which leads to the production of a three-dimensional 
matrix (gel formation)20. Fig. 5 depicts the primary 
reactions in the sol-gel technique: metal alkoxide 
hydrolysis and condensation.

are influenced by morphological and chemical features 
of the reactants, such as free energy change, surface 
area, and reactivity29. These reactions aren't just for 
forming complex oxides; they're also used to create 
sophisticated materials like piezoelectrics. Physical 
mixing of simple oxides, hydroxide, nitrates, carbonate, 
oxalates, alkoxides, sulphate, or other metal salts is 
followed by high temperature treatment, usually between 
1000 and 1500°C, to generate a new solid composition 
with gas evolution30. Solid-state processes have several 
advantages, including the ability to create ferrite 
materials with minimum knowledge of material science, 
high yield, low pollution, and large-scale production31. 
However, as compared to the above-mentioned co-
precipitation approach, the resulting powder has coarse 
grain size, strong agglomeration, and hence structures 
with comparatively large particle size, very low surface 
area, and low homogeneity, all of which are significant 
negatives. Because of the high temperatures required 
for solid state reactions, undesired phases develop from 
time to time, which can be difficult to regulate. Grinding, 
on the other hand, can introduce contaminants into 
the powder, causing crystal structural stresses and so 
affecting magnetic characteristics32.

Fig. 5. Sol-gel reaction scheme

 The sol-gel process is widely utilized 
because it is cost-effective, does not require specific 
equipment, and operates at a temperature range of 
25-200°C, which is significantly lower than that of 
traditional solid-state reactions. The sol-gel process 
can be used to make ferrites with precise shapes such 
as microspheres, fibers, and flower-like structures with 
a limited size distribution. Aside from these appealing 
properties, key downsides of this technique include 
lower purity ferrites due to by-product degradation 
and the usage of organic solutions, which can be 
hazardous21. Fig. 6 depicts the flow chart for ferrite 
production using the sol-gel method.

 The selected instances of the sol-gel 
approach where CdFe2O4 and its doped variation 
are made are included in Table 2.

Solid State Reactions
 Solid-state reactions are commonly used 
to make polycrystalline solids from a mix of solid 
reactants. Because a mixture of solids does not 
react at room temperature for a long period of time, 
a high temperature is used to initiate the reaction 
(chemical breakdown of reactants). These reactions 

Fig. 6. Flow chart for ferrite synthesis via sol-gel method

 The effect of ceria addition on the structural 
characteristics of Cd ferrite was investigated by 
Abbas K. Saadon33. The Cd ferrites were made 
using the traditional ceramic process, which involved 
combining Fe2O3 and CdO in a 1:1 ratio with acetone. 
The blended powder was dried in a 5000C oven 
for 2 hours. The dried and cooled powder was 
then combined in a ball mill for 1 h before being 
sintered at 10000C for 2 hours. By ball milling for  
1 h with acetone, CeO2 (0.5, 0.75, 1.0, 1.5, 2.0, 
and 2.5 wt percent) was blended with synthetic Cd 
ferrite. Finally, the powder is pressed with 5% PVA to 
produce a 20mm diameter pellet that is sintered for 
3 h at 12000C. XRD and SEM methods were used 
to characterize the produced composites.
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 Kaimin Shih et al.,34 used a solid-state 
process to explore the formation of CdxNi1-xFe2O4 
by integrating Cd and Ni into haematite. Ball-milling 
was used to mix the precursors CdO, NiO, and 
α-Fe2O3 for 1.0 hour. The mixed powders were baked 
in a vacuum oven at 105°C for 24 h before being 
homogenized in an agate mortar for 10 minutes. 
Under 250 MPa axial pressure, the dried mixes 
were crushed into 20mm diameter pellets. Finally, 
CdxNi1-xFe2O4 particles (x=0.0, 0.1, 0.3, 0.5, 0.7, 0.9, 
and 1.0) were made by sintering formed pellets for 
3 h at temperatures ranging from 700 to 950°C.
 
 N. M. Deraz and M. M. Hessien35 used a 
typical ceramic technique to make pure Cd ferrite 
and Al2O3/MgO doped versions. To produce pure Cd 
ferrite, an equimolar combination of Cd nitrate and 
α-Fe2O3 was impregnated, dried, and then thermally 
treated at 500-12000C for 3 hours. Cd nitrate, 
α-Fe2O3, and a calculated amount of aluminum and 
magnesium nitrate were also dissolved in minimal 
water, mixed, dried at 1000C, and then calcined for 3 
h at 500-12000C. XRD, DSC, FTIR, SEM, and VSM 
were used to characterize the pure Cd ferrite and 
composites formed.

 P. B. Belavi et al.,36 used the double 
sintering ceramic process to make Cd1-xNixFe2O4 
(x=0.1, 0.2, 0.3). As a starting material, CdO, 
NiO, and Fe2O3 were used. In an agate mortar, 
these precursors were thoroughly combined in the 
appropriate stoichiometry for several hours. The 
samples were then pre-sintered at 800°C for 8 h 
before being cooled to room temperature in the 
air. After cooling, the samples were milled for one 
hour. Using a hydraulic press, these homogenized 
samples were combined with 2-3 drops of PVA as a 
binder and pressed into a 13mm pellet. Finally, these 
pellets were sintered for 12 h at 1150°C and cooled 
to room temperature in the air. XRD, IR, SEM, EDX, 
and VSM were used to characterize the produced 
Cd1-xNixFe2O4 particles. The electrical and dielectric 
characteristics of the material were also assessed.

 Figure 7 shows a general schematic diagram 
for the production of Cd ferrites and their doped 
variants using a conventional solid-state process.

Microemulsion
 Schulman et al., were the first to coin the 

term "microemulsion" in 1959. A colloidal suspension 
that is macroscopically homogeneous, isotropic, 
and thermodynamically stable is referred to as 
a microemulsion. With the help of a surfactant, 
two immiscible liquids exist in a single phase in 
this approach37. Oil in water (O/W), Water in oil 
(W/O), and Water in supercritical CO2 (W/sc-CO2) 
are examples of microemulsions. When water 
(aqueous phase) is dispersed as microdroplets and 
covered by a monolayer of surfactant molecules in 
a hydrocarbon-based continuous phase, a Water 
in Oil (W/O) microemulsion is created (Oil). The Oil 
in Water (O/W) microemulsion, on the other hand, 
contains dispersed organic droplets in an aqueous 
continuous phase, which reduces the need of 
organic solvent and is thus environmentally friendly. 
In Fig. 8, the W/O and O/W microemulsions are 
summarized and reproduced with permission from 
Maqsood Malik et al., work38.

Fig. 7. General schematic diagram for Cd ferrites and its 
doped variant synthesis by solid-state reaction.

Fig.8 A]. W/O microemulsion B] O/W microemulsion. 
(Copyright: License No. 501647850)38

 Zaheer Gilani et al.,39 used this approach 
to make Co0.5Cd0.5BixFe2-xO4 using (x=0.0, 0.05, 0.1, 
0.15, 0.2, and 0.25). The microemulsion process 
is straightforward and can create cadmium ferrite 
with a homogeneous size distribution and regulated 
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characteristics. Apart from these benefits, this approach 
has drawbacks such as high cost, limited yield, impurity 
in adsorbing surfactant on nanoparticle surfaces, and 
the need for a considerable amount of solvent40.

Hydrothermal and Solvothermal method
 Roderick Murchison, a British geologist, 
was the first to create the word "hydrothermal." 
Inorganic synthesis is dominated by the hydrothermal 
and solvothermal methods. Chemical reactions 
in hydrothermal synthesis take place in aqueous 
solutions above the boiling point of water, but in 
solvothermal synthesis, non-aqueous solvents 
are utilized and reactions take place at quite high 
temperatures. That is to say, hydrothermal and 
solvothermal procedures are named for the solvent 
used in the synthesis reaction41.

 The solutions are subjected to high 
temperatures (almost 2000C) and pressures (usually 
greater than 125 atm) in high pressure reactors 
(autoclaves) in this approach42. The majority of 
trivalent transition metal and divalent metal salts are 
dissolved separately in solvent and then combined in 
a 2:1 ratio. To make a homogenous solution, solvents 
such as ethylene glycol or ethanol are added. In 
a high-pressure reactor, this reaction mixture is 
subjected to high pressure. The type, particle size, 
and morphology of ferrite particles are determined 
by the heating temperature, duration, and pressure43. 
Low cost, low reaction temperature, ecologically 
friendly, exclusion from further calcination, narrow 
particle size distribution, product with excellent 
magnetic behavior, and practicality for large-scale 
manufacturing are all advantages of this approach44. 
The slowness of the reaction is a major drawback 
of the hydrothermal approach. Fig. 9 depicts a 
general schematic diagram for the hydrothermal/
solvothermal approach.

 Hydrothermal and solvothermal method 
are successfully employed for synthesis of CdFe2O4 
nano powder45, CdFe2O4-rGO composite46,47, Mn1-x 
CdxFe2O4 (X=0.0, 0.1, 0.3 and 0.5) powder48, CdxNi1-x 
AlyFe2-yO4

49, CoLixCdxFe2-2xO4 (x=0.05, 0.1, 0.15, 0.2, 
0.25)50 and many more.

Spray pyrolysis
 Spray pyrolysis is a method of forming 
a thin coating of cadmium ferrite and its doped 
variations by spraying a precursor solution over a 

heated surface. At the deposition temperature, the 
reactants are chosen in such a way that by-products 
are volatile51. Spray pyrolysis method52 has three 
basic steps: precursor solution preparation, aerosol 
formation and deposition, and synthesis process. 
This process has several advantages, including cost 
effectiveness, equipment simplicity, efficiency, and 
the ability to generate thin films with a wide substrate 
surface area. Spray pyrolysis has a number of 
disadvantages, including vapour convection and 
poor thin film quality53.

Fig. 9. General schematic diagram for Cd ferrites and 
its doped variant synthesis by hydrothermal method

 The CdFe2O4 th in f i lm was made 
by Veerappan Nagarajan and Arunachalam 
Thayumanavan and used for electro-resistive 
detection of formaldehyde and ethanol vapours54 
and benzene vapours55. K. M. Jadhav et al.,56 
synthesized Ni1-xCdxFe2O4 thin films (where x 
= 0.0-1.0 in steps of 0.2) by using the following 
experimental parameters: solution concentration 
0.1 M, volumetric ratio 1:2, deposition temperature 
3600C, annealing temperature 5000C for 4 hours, 
spray rate 2 mL/min, distance between substrate 
and nozzle 25 cm, and air pressure 0.30 MPa.

Characterization Techniques
 To investigate the various physicochemical 
features of cadmium ferrite, various methodologies 
for characterization of nano ferrite are required. 
Thermogravimetry and Differential Thermal Analysis 
(TG-DTA), Fourier Transform Infrared Radiation 
spectroscopy (FT-IR), UV-Vis spectroscopy, 
Vibrating Sample Magnetometer (VSM), Dynamic 
Light Scattering (DLS), Brunauer-Emmett-Teller 
(BET), Transmission Electron Microscopy (TEM), 
and Scanning Electron Microscopy (SEM) are some 
of the techniques used.
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X-ray Diffractometry
 Max von Laue was the first to propose the 
XRD technique in 1912. The XRD technique can 
be used to analyse attributes such as crystalline 
grain size, crystalline phase presence, phase 
composition, XRD density, flaws and stresses 
present in the crystal, lattice parameter, and unit 
cell characterisation. This method uses constructive 
X-ray interference with a crystalline material. X-rays 
are generated using a cathode ray tube and then 
filtered to produce monochromatic X-rays in this 
process. The monochromatic X-ray beam produced 
is focused on the Cadmium ferrite sample. After that, 
the diffracted rays' scattering angles and intensities 
are recognised, processed, and shown as peaks in 
an XRD graph57.

 A well-known and simple expression called 
Debye-Scherrer equation is used to obtain the 
crystallite size as follows58:

D = 0.9λ/βcosθ

 Where, D=crystallite size (in nm), λ=X-
ray wavelength (λ=1.5406 Å), θ=Bragg’s angle  
(in radians), β=full width at half maximum of the 
peak (in radians).

 The lattice parameter (a) is calculated by 
applying following formula59:

 Where, d=interplanar distance, while, h, k 
and l are the miller indices.

 By using lattice parameter value, true 
density (X-ray density) is calculated by following 
relation59:

 Where, M=Molecular weight of the sample, 
N=Avagadro number, a=lattice parameter.

 Furthermore, the porosity (p) of the ferrite 
sample is can be calculated as follows59:

 Where, D=apparent density of the sample 

which is calculated by Archimedes principle i.e. 
by weighing the ferrite sample and dividing by its 
apparent volume.

 T h e  r e p r o d u c e d  F i g .  1 0  s h o w s 
representative XRD of Ni-Zn ferrite synthesized by 
the ceramic method by P. S. Patil et al.,60.

Fig. 10. XRD patterns of CdxNi1-xFe2O4 samples. 
(Copyright: License No. 5052631255642)60

Fourier Transform Infrared Spectroscopy
 It is the most widely used method for 
determining the functional groups of produced Cd 
ferrites. To do this, the sample is bombarded with IR 
between 400 and 4000 cm-1, and the absorbance of 
these radiations by ferrite is measured to determine 
the molecular structure. It's worth noting that IR 
radiation rarely generates electrical excitation; 
instead, it induces vibration excitation, which 
means that the bond joining atoms or groups of 
atoms vibrates faster. The FT-IR spectrometer 
produces an IR spectrum by plotting the substance's 
absorbance of infrared light against its wavelength61. 
The reproduced Fig. 11 shows a sample FT-IR 
spectrum of yttrium substituted Cd ferrite prepared 
by Muhammad Imran Arshad et al.,62 using the  
co-precipitation method. 

Fig. 11. FT-IR spectrum of Cd1-xYxFe2O4, (X=0.00, 0.125, 0.250, 
0.375, 0.500) (Copyright: License No. 5052681041074)62
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 The lower and upper frequency bands  
(v2 and v1) in the ranges of 540.95 to 565.71 cm-1 and 
419.31 to 417.02 cm-1, respectively, are attributed to 
stretching vibrations caused by M-O interactions when 
metal ions are in tetrahedral and octahedral voids63.

UV–Vis Diffuse Reflectance Spectroscopy
 The optical band gap is determined using 
this method. Bonding or non-bonding electrons 
absorb energy from UV radiation and are stimulated 
to the anti-bonding orbital in UV spectroscopy. The 
band gap energy (direct or indirect bandgap, Eg) 
between the valence and conduction bands of 
cadmium ferrite is calculated using UV-Vis DRS. 
Tauc plot is the most commonly used approach for 
this purpose. The Tauc plot calculates the Eg using 
the following equation64:

(αhν)n = K (hν–Eg)

 Where,  α=Absorpt ion coeff ic ient , 
hν=Energy of incident photon, n=Constant which 
depends upon nature of transition i.e., 2 for direct 
allowed transition and ½ for indirect allowed 
transition, K=Energy independent constant, 
Eg=Band gap energy.

 The absorption coefficient (α) can be 
calculated by following formula:

 
 Lastly, by plotting a graph of (αhν)2 verses 
hν and extrapolating the linear part of the curve to 
(αhν)2 = 0 the direct bandgap (Eg) is determined.

 Muhammad Imran Arshad et al.,62 prepared 
Cd1-xYxFe2O4 (X=0.00, 0.125, 0.250, 0.375, 0.500) 
samples and evaluated their bandgaps. Author found 
that bandgap decreases as Y doping increases. 
The reproduced Fig. 12 (with permission) shows 
that the band gap of Cd1-xYxFe2O4 decreases from 
3.6011–2.8153 eV for X=0.00–0.500.

Scanning Electron Microscopy
 The morphological characteristics of 
the resulting nano-ferrite are examined using 
SEM. It creates images by scanning a ferrite 
surface with electrons of high energy65. When 
these focused electrons collide with the ferrite 
surface, they interact with the various atoms in 

Fig. 12. UV-Vis with Eg for Cd1-xYxFe2O4. (Copyright: 
License No. 5053211164578)62

the ferrite, producing secondary electrons, heat, 
backscattered electrons, visible light, distinctive 
X-ray, diffracted backscattered electrons, and other 
signals. Backscattered electrons are responsible for 
rapid phase discrimination and secondary electrons 
are responsible for showing topography and 
morphology of Cd ferrite66. Secondary electrons are 
responsible for showing topography and morphology 
of Cd ferrite, a characteristic X-ray commonly used 
for elemental analysis.

 M. Saravanan and T.C. Sabari Girisun67 

synthesized two CdFe2O4 samples using a simple 
combustion process and annealing at 5000C (sample 
a) and 8000C (sample b). With permission, SEM 
Fig. 13 demonstrates that sample (a) has a porous, 
spongy, and network-like structure, whereas sample 
(b) has a spherically homogenized structure.

Fig. 13. SEM monographs of CdFe2O4 samples. 
(Copyright: License No. 5053251492395)67

 Similarly, A. K. Nandanwar et al.,68 used 
the Sol-gel micro-oven approach to manufacture 
Cd1-xNixFe2O4 samples (x=0.4 and 0.6) whose SEM 
image is reprinted with permission as Figure 14.

Transmission Electron Microscopy
 Another essential approach for studying 
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the morphology and structure of cadmium ferrite is 
transmission electron microscopy. A high-voltage 
electron beam is sent through a ferrite sample to 
create a picture in this approach. Cadmium ferrite 
samples are typically analyzed as an ultrathin film 
(100nm) or as a suspension on a carbon-coated 
copper grid. In a TEM, electrons are created from 
a tungsten filament cathode and accelerated in 
the vacuum tube of the microscope. Later, an 
electromagnetic lens is used to focus electrons into 
a narrow beam that is conducted through ultrathin 
ferrite samples and then scatters or strikes the 
electron beam sensitive fluorescent screen at the 
microscope's bottom to form a picture69.

temperature and time in a controlled environment 
furnace70. The TG indicates the temperatures at 
which reduction, decomposition, and oxidation 
take place, whereas the DTA determines whether 
decomposition is endothermic or exothermic. This 
technique offers several advantages, including the 
need for a small sample size, minimal cost, and the 
ability to perform qualitative or quantitative analysis. 
TGA is a destructive technique, which is one of its 
key drawbacks71.

Fig. 14. SEM monographs of Cd1-xNixFe2O4 samples. 
(Copyright: License No. 5053440648513)68

 N. M. Deraz and M. M. Hessien35 used a 
typical ceramic technique to make pure Cd ferrite. 
To synthesize pure Cd ferrite samples A, B, and C, 
an equimolar mixture of Cd nitrate and α-Fe2O3 was 
impregnated, dried, and then thermally treated at 
900, 1100, and 12000C for 3 hours. Agglomeration 
with particle sizes higher than 100nm can be seen in 
Cd ferrite calcined at 9000C (Fig. 15A). The authors 
also noticed variations in the size and form of ferrite 
particles as the calcination temperature increased. 
The quasi-spherical morphology of Cd ferrite calcined 
at 1100 and 12000C (Fig. 15B and C) revealed 
reduced particle sizes. Fig. 15 is a representative 
Transmission Electron Microscopy image of Cd ferrite 
that has been reproduced with permission.

Thermogravimetry and Differential Thermal 
Analysis
 Thermogravimetry is one of the most 
precise and quick methods for determining the 
thermal events that occur when cadmium ferrite is 
heated. Simultaneous thermal analysis (TG-DTA) 
is a technique for tracking sample mass versus 

Fig. 15. TEM image of CdFe2O4 calcined at 900, 1100 and 
12000C. (Copyright: License No. 5053471351410)35

 S. V. Prabhakar Vattikuti et al.,72 used co-
precipitation to make Cd0.5Co0.5Fe2O4 nanoparticles. 
Researchers investigated the temperature stability of 
manufactured nanoparticles, and the TG-DTA curve 
is reprinted with permission as Figure 16.

Fig. 16. TG–DTA curves of Co0.5Cd0.5Fe2O4 nanoparticles 
(Copyright: License No. 5053710166439)72

 Authors showed from Fig. 16 total weight 
loss observed about 28.62% and there is negligible 
weight loss after 7900C which ascribed to the stable 
phase formation of Cd0.5Co0.5Fe2O4 nanoparticles. In 
the DTA curve, the first exothermic peak is observed 
below 1000C which is attributed to evaporation of 
trapped solvent and absorbed water. Next major 
exothermic peak is observed at 3350C which is 
ascribed to decomposition of inorganic salts. The 
prominent weight loss is observed at 6280C.
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Applications
 Cadmium ferrites and their doped versions 
have piqued researchers' interest due to their 
unrivalled physicochemical features, including 
as electrical, magnetic, dielectric, and optical 
capabilities. Cadmium ferrites and their doped 
versions are used in a variety of fields.

Sensors
 Cadmium ferrites, as well as their doped 
versions, are widely used in gas and electrochemical 
sensing. Surface character, particle size, lattice 
defects, and adsorbed oxygen all influence the gas 
response of a gas sensing material (Cd ferrite)73. 
Table 3 summarizes some of the selected examples.

Table 3: Cadmium ferrites and its doped variants as sensors

Sr.  Cd ferrite and its Synthesis  Sensing Method description Reference
No. doped variants method property for
 synthesized

 1 Al0.5Cd0.5Fe2O4 Co-precipitation Relative Humidity  Al0.5Cd0.5Fe2O4 sensor [74]
    response and sensor
    recovery time are 5.5 s
    and 8 s, respectively. 
    The sensitivity value at
    1 kHz in 15% RH and
    90% RH is 0.83 and 0.48,
    respectively.  
 2 Cu0.5Cd0.5LaxFe2-xO4 Sol-gel auto Ammonia Sensing property measured [75]
 (x=0, 0.05. 0.1,  -combustion  at 10 ppm concentration.
 0.15, 0.2)   Excellent properties like
    response time 12 s, recovery
    time 60 s and moderate sensitivity
    observed for x=0.1
 3 CdFe2O4 Sol-gel self LPG, Ethanol,  Maximum selectivity observed at [76]
  -combustion Acetone 3500C for gas concentration of 150 ppm.
 4 CdFe2O4  Solid state Ethanol,   Strongest response for formaldehyde is [73]
  reaction Formaldehyde, 14.71 at 2600C while for ethanol it is
   Toluene, Benzene, 12.51 at 3000C. For 1000 ppm ethanol, 
   Ammonia response time and recovery time are 2 s
    and 8 s, respectively. For 1000 ppm
    methanal, response time and recovery
    time are 5 s and 18 s, respectively.
 5 Cd1-xNixFe2O4 Sol-gel auto Relative Humidity Response time and recovery time are 123 s [77]
 (x=0.0, 0.5) -combustion  and 154 s when ferrite sample is moved from
    25% RH to 95% RH and 95% to 25% RH, 
    respectively at room temperature.
 6 CdFe2O4 Spray Pyrolysis Ethanol and For ethanol: Detection range- 15 75 ppm,  [54]
   Formaldehyde Limit of detection 15 ppm, Response time
    21 55 s, Recovery time 29 49 s, operating
    temperature- ambient. For methanal: Detection
    range- 15 75 ppm, Limit of detection 15 ppm, 
    Response time 9 29 s, Recovery time 11 25 s, 
    operating temperature- ambient.
 7 CdFe2O4 Spray Pyrolysis Benzene Detection range- 15 75 ppm, Response time [55]
    15 47 s, Recovery time 11 45 s, operating
    temperature-ambient i.e. 300K.
 8 5% Y3+ added Mg1- Co-precipitation LPG, Cl2, Ethanol Maximum sensitivity of 85% is observed at [78]
 xCdxFe2O4 (x=0, 0.2,  by oxalate  218 & 1970C at x=0 & 0.2, respectively for LPG. 
 0.4, 0.6, 0.8 and 1)   Maximum sensitivity of 79% is observed at 2180C
    at x=0 for Cl2. Maximum sensitivity of 89% is observed
    at 3250C at x=1.0 for ethanol
 9 5% Sm3+ added Mg1-x Co-precipitation LPG, Cl2, Ethanol Response time and recovery time are 180 s and 225 s [79]
 CdxFe2O4 (x=0, 0.2,   by oxalate  for LPG at x=1.0 and operating temperature 3300C. 
 0.4, 0.6, 0.8 and 1)   Response time and recovery time are 180 s and 225 s
    for Cl2 at x=1.0 and operating temperature 3300C. 
    Response time and recovery time are 210 s and 290 s
    for ethanol at x=1.0 and operating temperature 3300C.
10 CdFe2O4 Co-precipitation CO, H2, LPG,  Best sensitivity for CdFe2O4 appears at 2500C for  [80]
  by NaOH C2H5OH and C2H2 2000 ppm LPG. CdFe2O4 is more sensitive to LPG, 
    C2H5OH and C2H2 while less sensitive to H2 and CO.
     Authors also studied relationship between sensitivity 
    and concentration of gas (1000 to 6000 ppm).
11 CdFe2O4 Co-precipitation  Ethanol, CO, H2 and The sensitivity is as high as 90 for 200 ppm to ethanol [81]
  by Ammonium i-C4H10. vapor, it reaches to 7.5, 4 and 5 to 1000 ppm
  carbonate  CO, H2 and i-C4H10.
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Photocatalysis
 Because photocatalysts may generate 
electron-holes, they are frequently used for water 
pollution treatment, bacterial control, water splitting, 
and other applications82-83. A photocatalyst with a 
narrow band gap allows solar energy to be converted 
and used for reduction and oxidation processes84. 
Cadmium ferrites and their doped versions have proven 
to be outstanding photo-degradation candidates.  
Table 4 summarizes some of the selected examples.

Other
 Cadmium ferrites and their doped variations 
are used in a variety of fields in addition to the ones 
described above.

 N. Rezlescu et al.,91 used a self-combustion 
process to make CdFe2O4. XRD, SEM-EDAX, 
and BET are used to characterize the generated 
ferrite material. The Cd ferrite powder was used 
to investigate the combustion reactions of diluted 
gasses such as methanol/air, acetone/air, and 
ethanol/air at temperatures ranging from 20 to 500 
degrees Celsius. Acetone, methanol, and ethanol 
have combustion temperatures of about 425, 375, 
and 350 degrees Celsius, respectively.

 S. R. Bhongale et al.,92 used the oxalate  
co-precipitation method to synthesise MgxCd1-xFe2O4 
(x=0, 0.2, 0.4, 0.6, 0.8, and 1.0) and analysed it 
using XRD, SEM, VSM, and FT-IR techniques. 
Synthesized ferrites have grain sizes ranging from 
2 to 6.5 m. The authors found that as Mg2+ content 
increases, the real component of permittivity (ἐ) 
drops and the dielectric loss tangent increases up 
to x=0.6, then decreases. Mg0.4Cd0.6Fe2O4 sample 
has highest-10 dB bandwidth.

CONCLUSION

 Syn thes is ,  charac te r i za t ion ,  and 
performance evaluation of ferrite materials 
for various applications have been a growing 
study area for more than 50 years. This is due 
to exceptional physicochemical features such 
as electrical, magnetic, dielectric, and optical 
properties, among others. Co-precipitation, Sol-gel 
technique, Solid-state processes, Microemulsion, 
Hydrothermal and Solvothermal, Spray pyrolysis, 
and many more methods can be used to make 
CdFe2O4 and its doped versions; each method 
has its own set of advantages and disadvantages. 
The physical properties of synthesized ferrites are 
largely determined by the synthesis procedures 
and processing conditions used. As a result, new 
synthesis procedures are required at this time, 
with benefits such as efficiency, cost effectiveness, 
environmental friendliness, uniform and narrow 
size distribution with best magnetic behavior, 
large-scale production feasibility, and high yield, 
among others. XRD, FT-IR, UV-DRS, SEM, TEM, 
TG-DTA, VSM, and other techniques are used 
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to characterize the produced CdFe2O4 and its 
doped variations. Finally, the most well-studied 
application sectors, such as gas sensing and 
photocatalysis, are described.
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Abstract The phytochemicals can play complementary medicine compared to synthetic drugs con-

sidering their natural origin, safety, and low cost. Phytochemicals hold a key position for the expan-

sion of drug development against corona viruses and need better consideration to the agents that

have already been shown to display effective activity against various strains of corona viruses. In

this study, we performed molecular docking studies on potential forty seven phytochemicals which

are SARS-CoV-1 Mpro inhibitors to identify potential candidate against the main proteins of

SARS-CoV-2. In Silico Molecular docking studies revealed that phytochemicals 16 (Broussoflavan

A), 22 (Dieckol), 31 (Hygromycin B), 45 (Sinigrin) and 46 (Theaflavin-3,30-digallate) exhibited

excellent SARS-CoV-2 Mpro inhibitors. Furthermore, supported by Molecular dynamics (MD) sim-

ulation analysis such as Root Mean Square Deviation (RMSD), Root Mean Square Fluctuation

(RMSF), Radius of gyration (Rg) and H-bond interaction analysis. We expect that our findings will

provide designing principles for new corona virus strains and establish important frameworks for

the future development of antiviral drugs.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Current high outline, global outbreaks of viral diseases from

the coronavirus family have been caused by enveloped viruses.
Acute respiratory tract inflammation caused by SARS-CoV-2
is an infectious disease, often fatal, that is characterized by

the rapid and unexpected spread. Worldwide, the COVID-19
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pandemic has recorded, as of 1st March 2022, 437 million
cases, 369 million recovered cases with 5.97 million deaths,
and the numbers continue to increase progressively [1]

(https://covid19.who.int/). Furthermore, patients with pre-
existing kidney dysfunction, immune-compromised persons,
pulmonary disease and diabetes are the most susceptible com-

munity with higher mortality rates from SARS-CoV-2 infec-
tion. Coronavirus families are able to cause a number of
diseases, such as hepatitis, gastroenteritis, bronchitis, systemic

diseases, and even death in birds, humans, and other animals
[2]. The contagion effect of such epidemic could possibly bring
key challenges to worldwide health systems and have far-
reaching significances on the global economy if it is not con-

trolled effectively.
The SARS coronavirus is the viable microorganism

accountable for the worldwide outburst of a severe disease that

caused several deaths [3]. To design the anti-SARS drug, the
coronavirus main protease (Mpro), recognized as the utmost
attractive target due to its crucial role in facilitating viral tran-

scription and replication [4]. Near about 30,000 nucleotides
comprised in the SARS-CoV-2 genome: the gene of
SARS-CoV-2 namely, replicase encodes pp1a and pp1ab two

overlapping polyproteins which are essential for viral replica-
tion and transcription [5]. Polyproteins excreted the functional
polypeptides by extensive proteolytic processing, mostly by the
33.8-kDa Mpro (also known as 3C-like protease). Polyprotein

digested by Mpro at least 11 conserved sites, initially the auto-
lytic cleavage of this enzyme itself from pp1a and pp1ab [6]. In
the viral life cycle Mpro plays functional importance, shared

with the absence of closely associated homologues in humans,
recognize Mpro as an attractive target for the design of antiviral
drugs [7].

Herein we describe the in silico molecular docking results
that intended quickly discovery of lead compounds for clinical
use, by assimilation structure-assisted drug design, virtual drug

screening. This in silico study focused on identifying drug leads
that target main protease (Mpro) of SARS-CoV-2. Jin and co-
worker identified a mechanism-based inhibitor by computer-
aided drug design, and then determined the crystal structure

of Mpro of SARS-CoV-2 [8]. We have screened 47 SARS-
CoV-1 Mpro active phytochemicals for high binding affinity
and interaction to the conserved residues of the substrate-

binding pocket of SARS-CoV-2 Mpro using molecular
docking-based virtual screening. Our results demonstrated
the efficacy of our screening strategy, which can lead to the

rapid discovery of drug leads with clinical potential in response
to new infectious diseases for which no specific drugs or vacci-
nes are available.

2. Results and discussion

2.1. Molecular docking analysis

Molecular docking study was performed to explore the binding
potential of the selected phytochemicals against the Mpro of

SARS-CoV-2. Structure of the Mpro of SARS-CoV-2 (PDB
ID: 6W63) [9] was downloaded from the free protein database
www.rcsb.org.

The phytochemical analyzed in this work are showed pro-
found activity against SARS-CoV-1 and their possible mode
of action is via inhibition of the main protease. SARS-CoV-2

is mutated form of the main protease of SARS-CoV-1 and
has up to 96% similarity [10,11]. Table 1 shows structures of
phytochemicals utilized in current study. In virtue of all these

reports, we thought virtual analysis of the molecules with pro-
found activity on the SARS-CoV-1 on main protease of
SARS-CoV-2 will be an attractive strategy for identification

and development of potent inhibitors against viruses. Thus,
phytochemicals with reported activity against SARS-CoV-1
were selected for the docking analysis [12–14].Grip based

docking simulation was performed and best molecules were
analyzed on the basis of docking score and binding interac-
tions with Mpro of SARS-CoV-2.

Broussoflavan A (16) was found to be most active in dock-

ing simulation with showing docking score of �91.22 and
hydrogen bond interaction with SER144(1.5 Å), CYS145
(1.6 Å) and CYS166(2.5 Å), aromatic interaction with HIS41

(1.5 Å) and hydrophobic interaction with HIS41, PHE140,
LEU141, ASN142, SER144, CYS145, MET165, GLU166,
LEU167, PRO168 as shown in Fig. 1.

Theaflavin-3,30-digallate (46) was found to be another
active molecule in docking simulation with showing docking
score of �76.85 and hydrogen bond interaction with THR26

(1.6 Å), CYS44(2.3 Å), CYS145(2.1 Å) HIS164(2.0 Å),
MET165(2.0 Å), GLU166(2.5 Å), ARG188(1.8 Å), aromatic
interaction with HIS41(4.6 Å) and hydrophobic interaction
with HIS41, HIS 46 as shown in Fig. 2.

Dieckol (22) was found to be showing docking score of
�73.11 and hydrogen bond interaction with TYR54(2.3 Å),
SER139(2.4 Å), GLU166(2.2 Å), ARG188(2.5 Å) aromatic

interaction with HIS41(4.4 Å) as shown in Fig. 3.
40-O-Methyldiplacol (4) was found to be another phyto-

chemical active in docking simulation with showing docking

score of �68.78 and hydrogen bond interaction with HIS163
(2.5 Å), aromatic interaction with HIS41(5.0 Å) and
hydrophobic interaction with HIS41, ASN142, MET165,

GLU166 as shown in Fig. 4.
Sinigrin (45) showing docking score of �65.08 and hydro-

gen bond interactions with CYS145(2.5 Å), GLU166(2.2 Å),
THR190(2.5 Å), GLN192(2.6 Å) and hydrophobic interaction

with MET165, GLU166, PRO168, GLN189, as shown in
Fig. 5.

Hygromycin B (31) showing docking score of �62.48 and

hydrogen bond interactions with HIS41(2.0 Å), TYR54
(2.2 Å), PHE140(2.5 Å), SER144(2.0 Å), CYS145(1.5 Å),
GLU166(2.2 Å) GLN189(2.5 Å), charge interaction with

GLU166(2.4 Å) and hydrophobic interaction with THR25,
HIS41, CYS44, THR45, MET49, PHE140, LEU141,
ASN142, SER144, CYS145, MET165, GLU166, ARG188,
GLN189 as shown in Fig. 6.

40-O-Methyldiplacone (5) showing docking score of �60.58
and hydrogen bond interactions with ASN142(2.5 Å), aro-
matic interaction with HIS41(5.2 Å) and hydrophobic interac-

tion with THR25, HIS41, ASN142, MET165, GLU166 as
shown in Fig. 7.

2.2. Molecular dynamics (MD) simulation analysis

The molecular docking study revealed the most promising phy-
tochemical inhibitor molecules against SARS-CoV-2 Mpro

protein and so these docked complexes were selected for simu-
lations. MD simulations were performed with control

2 A.G. Al-Sehemi et al.
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Table 1 The chemical structures of known phytochemical compounds acting against SARS-CoV-1.
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(Mpro-X77) and different Mpro-phytochemical docked com-
plexes to assess their stability after the phytochemical inhibitor

molecule binds to it. The stability was checked using Root
Mean Square Deviation (RMSD), Root Mean Square Fluctu-
ation (RMSF), Radius of gyration (Rg) and H-bond interac-

tion analysis [15–17].

The RMSD value is the representation of equilibration of
MD trajectories [18–19]. The RMSD values of the protein

backbone atoms are usually plotted as a function of time over
entire simulation, to analyze the stability of each system. As
illustrated from Fig. 8A the RMSD values of control and dif-

ferent Mpro-phytochemical inhibitor complexes are determined

Fig. 1 Docking interaction of 16 (Broussoflavan A).
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over a simulation period of 20 ns. Fig. 8A shows complexes,
Mpro-4, Mpro-16, Mpro-31 and Mpro-45 have stable RMSD val-
ues in the range of 0.1 nm to 0.2 nm with convergence attained

after 3 ns simulation period as like control (Fig. 8A). Whereas,
complexes Mpro-5, Mpro-22 and Mpro-46 showed RMSD val-
ues in the range of 0.2 nm to 0.3 nm with slight deviation over

the range of RMSD values, however with consistency till end
of simulation (Fig. 8A). Thus, this is a clear indication of the
fact that all phytochemical inhibitors had a stable binding with

the SARS-CoV-2 Mpro as like control (Fig. 8A).
RMSF value is a marker of flexibility observed of the resi-

dues throughout the simulation [18,19]. In present study the
flexibility in the residues of SARS-CoV-2 Mpro protein was

analyzed after binding of different phytochemical inhibitor
molecules and compared it with control. In consideration of
the average position of the residues, high RMSF value signifies

high flexibility, whereas, the low RMSF value indicates lower
flexibility throughout the simulation. RMSF values observed
for all Mpro-phytochemical inhibitor complexes are more or

less similar and with significantly lesser fluctuations as like
control (Fig. 8B). The active site residues HIS41, SER144,
CYS145, HIS163 and GLU166 in all Mpro-inhibitor complexes

displayed RMSF values of 0.05, 0.07, 0.06, 0.04 and 0.07 nm
respectively similar to control (Fig. 8B). Thus, comparison of
RMSF value of control and Mpro-phytochemical inhibitor

docked complexes indicates that the residues bound to phyto-
chemical molecules, 4, 5, 16, 22, 31, 45 and 46 are rigid and has
limited flexibility in same manner to control (Fig. 8B).

Radius of gyration helps to investigate the changes

observed in the conformation of SARS-CoV-2 Mpro in terms
of compactness after binding of different inhibitor (phyto-
chemical) molecules [18,19]. By meaning, Rg corresponds to

Fig. 2 Docking interaction of 46 (Theaflavin-3,30-digallate).

Fig. 3 Docking interaction of 22 (Dieckol).
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mass weighted root mean square distance of a collection of
atoms from their common center of mass. Therefore the over-
all conformation of the protein could be analyzed by calculat-

ing the Rg values. Fig. 8C indicates the Rg values of control
and different Mpro-inhibitor docked complexes over entire sim-
ulation period. The Rg values for control and different Mpro-
inhibitor complexes were found to be in the range of 2.2 nm

to 2.26 nm (Fig. 8C). From this it is apparent that there is
no change in the conformation of the Mpro protein after bind-
ing of different phytochemical inhibitors and also the compact-

ness of Mpro structure was found to be similar in presence of
experimental inhibitor X77 and computationally identified
phytochemical inhibitors (Fig. 8C).

In order to have a stable protein-inhibitor interaction the
formation of hydrogen bonds is of supreme importance. For
this we have illustrated the number of hydrogen bonds formed

between SARS-CoV-2 Mpro protein and different phytochem-
ical inhibitor molecules viz; 4, 5, 16, 22, 31, 45, 46 and com-
pared it with hydrogen bonding pattern observed in control

(Fig. 9A-H). Thus, it can be clearly seen from Fig. 9B-H that
significant hydrogen bonding pattern is observed in all Mpro-
inhibitor docked complexes in comparison to control
(Fig. 9A). This is an indication of the fact that there is a strong

interaction between SARS-CoV-2 Mpro and phytochemical
inhibitor molecules viz; 4, 5, 16, 22, 31, 45, 46. As seen from
Fig. 9D-H, 3 hydrogen bonds are seen in Mpro-16 complex, 4

hydrogen bonds are seen in Mpro-22 complex, 5 hydrogen
bonds are observed in Mpro-31 complex, 4 hydrogen
bonds are observed in Mpro-45 complex and 6 hydrogen bonds

are seen in Mpro-46 complex. Thus, phytochemical inhibitors
16 (Broussoflavan A), 22 (Dieckol), 31 (Hygromycin B),
45 (Sinigrin) and 46 (Theaflavin-3,30-digallate) have

Fig. 4 Docking interaction of 4 (40-O-Methyldiplacol).

Fig. 5 Docking interaction of 45 (Sinigrin).
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comparatively effective interactions with SARS-CoV-2 Mpro as
also illustrated from molecular docking study (Table 2).

3. Material and methods

3.1. Preparation of protein structure

The structure of the Mpro protein of SARS-CoV-2 (PDB ID:
6W63) [9] was downloaded from the free protein structure

database RCSB (www.rcsb.org) with resolution of 2.1 Å.
The downloaded protein structure was prepared for the
docking analysis using V life MDS 4.6 via addition of missing

hydrogen atoms. This prepared protein structure was utilized
for the docking analysis.

3.2. Preparation of phytochemical structures

The structures of the phytochemical compounds were drawn
by using molecule builder module of the V life MDS 4.6 and

converted into the 3D structures. These developed structures
were then optimized via energy minimization using merck
molecular force field (MMFF). These optimized structures
of phytochemical compounds were utilized for docking

analysis.

Fig. 6 Docking interaction of 31 (Hygromycin B).

Fig. 7 Docking interaction of 5 (40-O-Methyldiplacone).
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Fig. 8A Molecular dynamics (MD) simulation analysis for most stable docked complexes of SARS-CoV-2 Mpro protein with different

well-known phytochemicals (inhibitors) in comparison to control. A) Plot of backbone RMSD of SARS-CoV-2 Mpro-phytochemical

inhibitor complexes along with control during 20 ns simulation.

Fig. 8B Molecular dynamics (MD) simulation analysis for most stable docked complexes of SARS-CoV-2 Mpro protein with different

well-known phytochemicals (inhibitors) in comparison to control. B) RMSF plot of Mpro-phytochemical inhibitor complexes along with

control during simulation (arrows indicated key active sites of Mpro involved in binding with phytochemical inhibitors).

Fig. 8C Molecular dynamics (MD) simulation analysis for most stable docked complexes of SARS-CoV-2 Mpro protein with different

well-known phytochemicals (inhibitors) in comparison to control. C) Rg plot of SARS-CoV-2 Mpro-phytochemical inhibitor complexes

along with control during 20 ns simulation representing compactness of receptor Mpro.
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3.3. Molecular docking study

The molecular docking study of the phytochemical compounds

with receptor SARS-CoV-2 Mpro protein was performed using

biopredicta module. Redocking was performed using native
ligand X77 of SARS-CoV-2 Mpro, to ascertain the docking
protocol applied [15–17]. Grip based docking analysis was per-

formed keeping ligand structures in the flexible conformation.
For docking analysis the rotational angle was kept at 10� and

Fig. 9 Hydrogen bond analysis of different SARS-CoV-2 Mpro-phytochemical inhibitor complexes in comparison with control for

trajectories obtained from 20 ns MD simulations. A) Control (Mpro-X77). B) Mpro-4 (40-O-Methyldiplacol). C) Mpro-5(40-O-

Methyldiplacone). D) Mpro-16 (Broussoflavan A). E) Mpro-22 (Dieckol). F) Mpro-31 (Hygromycin B). G) Mpro-45 (Sinigrin). E)

Mpro-46 (Theaflavin-3,30-digallate).
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Table 2 In silico molecular docking interactions of phytochemical compounds with Mpro of SARS-CoV-2.

Molecule

no.

Name Interactions Docking

Score
H bond Aromatic Charge Hydrophobic

1 30-O-Methyldiplacol LEU141(2.3) MET49, LEU141, ASN142, GLU166 �63.72

2 30-O-methyldiplacone LEU141(2.5) HIS41, LEU141, ASN142, MET165, GLU166,

ASP187, ARG188

�63.99

3 40-O-

methylbavachalcone

CYS145

(2.47)

MET165, GLU166 �65.25

4 40-O-Methyldiplacol HIS163 (2.5) HIS41

(5.07)

HIS41, ASN142, MET165, GLU166 �68.78

5 40-O-Methyldiplacone ASN142

(2.5)

HIS41

(5.2)

HIS41, LEU141, MET165, GLU166, ASP187,

ARG188

�60.58

6 7-

Methoxycryptopleurine

SER144 (2.3) HIS41

(4.6)

THR25, LEU27, HIS41, CYS44, MET49, PHE140,

LEU141, ASN142, SER144, CYS145, MET165,

GLU166, LUE167, PRO168, GLN189

�56.43

7 Aloe emodin GLU166

(2.3)

HIS41

(4.4)

ASN142, GLU166 �58.18

8 Amentoflavone GLU166(1.7)

CYS44(2.5)

HIS41

(5.3)

�66.54

9 Apigenin LEU141

(1.88)

HIS41

(4.2)

�63.17

10 Berbamine HIS41

(5.4)

HIS163

(3.1)

MET49, PHE140, LEU141, ASN142, GLY143,

SER144, CYS145, MET165, GLU166, LEU167,

PRO168, GLN189

�30.27

11 Beta-sitosterol CYS44(1.3) HIS41, CYS44, MET49, PR52, PRO140, LEU141,

ASN142, CYS145, HIS164, MET165, GLU166,

ASP187, ARG188, GLN189

�44.75

12 Betulinic acid GLY143(1.9) HIS41

(4.7)

THR25, ASN142, MET165, GLU166, LEU167,

PRO168

�29.61

13 Betulonic acid ASN14392.3)

GLN189(2.5)

THR25, LEU27, MET49, ASN142, GLY143,

CYC145, MET165, GLU166

�35.27

14 Broussochalcone A HIS163(1.8) HIS41

(3.7)

MET165, GLU166, ASP187, ARG188, GLN189 �77.70

15 Broussochalcone B HIS(163(2.2) HIS41

(4.0),

HIS (163

(4.6)

MET165, GLU166, ARG188, GLN189 �68.39

16 Broussoflavan A SER144(1.5),

CYS145(1.6)

CYS166(2.5)

HIS41

(1.5)

HIS41, PHE140, LEU141, ASN142, SER144,

CYS145, MET165, GLU166, LEU167, PRO168

�91.22

17 Cepharanthine HIS163

(3.3)

MET49, PHE140, LEU141, ASN142, GLY143,

SER144, CYS145, MET165, GLU166, PRO168,

GLN189

�24.89

18 Chrysin GLY143

(1.4),

GLU166

(1.99)

HIS41

(4.6)

�54.08

19 Cinanserin GLY143

(2.2),

GLU166(2.4)

HIS41

(4.6),

HIS163

(5.4)

MET165, GLU166, LEU167, PRO168, GLN189 �38.67

20 Cinnamtannin B1 HIS41(1.9) HIS41

(5.01)

HIS41, CYC44, MET49, ASN142, MET165 �59.98

21 Curcumin PHE140(1.7)

THR190(2.1)

HIS163

(4.67)

LEU141, ASN142, MET165, GLU166, LEU167,

PRO168, THR190, GLN192

�66.52

22 Dieckol TYR54(2.3),

SER139(2.4),

GLU166

(2.2),

ARG188

(2.5)

HIS41

(4.4)

�73.11

23 Eckol CYS145

(2.4),

GLU166(2.5)

HIS41

(4.1)

�72.96

(continued on next page)
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Table 2 (continued)

Molecule

no.

Name Interactions Docking

Score
H bond Aromatic Charge Hydrophobic

24 Emodin GLU166(2.2) CYS145, MET165 �37.28

25 Fangchinoline GLN 189

(2.4)

HIS41, MET49, HIS164, MET165, PRO168,

ASP187, ARG188, GLN189, THR190

�48.40

26 Ferruginol GLY143(2.3) HIS41, MET49, PHE140, LEU141, ASN142,

MET165, GLU166, GLN 189

�46.19

27 Hesperetin SER144(1.6)

CYS145(2.3)

HIS163(2.4)

HIS163

(5.3)

GLU166 �52.42

28 Hexachlorophene GLU166(2.3) MET165, GLU166 �59.42

29 Hinokinin SER144(2.5) PHE140, LEU141, ASN142, MET165, GLU166,

GLN189

�74.70

30 Homoharringtonine ASN142(2.4) HIS163

(5.3)

PHE140, LEU141, ASN142, SER144, MET165,

GLU166, GLN189

�57.83

31 Hygromycin B HIS41(2.0),

TYR54(2.2),

PHE140(2.5)

SER144(2.0)

CYS145(1.5)

GLU166(2.2)

GLN189(2.5)

GLU166

(2.4)

THR25, HIS41, CYS44, THR45, MET49, PHE140,

LEU141, ASN142, SER144, CYS145, MET165,

GLU166, ARG188, GLN189

�62.48

32 Indigo HIS164(2.2) HIS41

(4.1)

�74.37

33 Kazinol A GLU166(2.4) HIS41 THR25, LEU27, ASN142, GLY143, CYS145,

MET165, GLU166, PRO168, ARG188, GLN189

�69.72

34 Kazinol B GLN189(2.5) ASN142, MET165, GLN189, �31.72

35 Kazinol F CYS145(2.5) HIS41, MET49, ASN142, GLY143, CYS145,

MET165, LEU167, PRO168, ASP187, ARG188,

GLN189, GLN192

�58.43

36 Kazinol J ASN142(2.4) GLN189, LEU141, ASN142, MET165, GLU166,

LEU167, PRO168, GLN189

�63.86

37 Luteolin ASP187(2.5) HIS163

(5.3),

HIS41

(3.8)

�63.28

38 Lycorine SER144(2.2) GLU166

(2.4)

PHE140, LEU141, ASN142, GLU166 �39.07

39 Myricetin GLU166(2.5) HIS41

(1.9)

�63.71

40 Papyriflavonol A GLU166(1.8) LEU141, MET165, ASP187, ARG188, GLN189 �71.58

41 Psoralidin MET165, GLU166 �62.19

42 Quercetin ARG188

(2.5)

HIS41

(4.7)

�64.080

43 Savinin SER144(2.2) HIS41

(4.5)

HIS41, LEU141, ASN142, MET165, GLU166,

GLN189

�71.08

44 Scutellarein HIS163

(5.1),

HIS41

(4.00)

�64.29

45 Sinigrin CYS145(2.5)

GLU166(2.2)

THR190(2.5)

GLN192(2.6)

MET165, GLU166, PRO168, GLN189 �65.08

46 Theaflavin-3,30-
digallate

THR26(1.6),

CYS44(2.3),

CYS145(2.1)

HIS164(2.0)

MET165

(2.0)

GLU166(2.5)

ARG188

(1.8)

HIS41

(4.6)

HIS41, MET165 �76.85

47 Tylophorine CYS145(2.4) GLU166

(3.4)

LUE141, ASN142, GLY143, SER144, CYS145,

MET165, GLN189

�63.57
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total number of rotation to 30. The best docking pose of used
phytochemical compounds bound to SARS-CoV-2 Mpro was
selected on the basis of the docking score and type of

interactions.

3.4. Molecular dynamics (MD) simulation

Molecular dynamics (MD) simulation was performed to study
the dynamic behavior and assess the stability of SARS-CoV-2
Mpro protein bound to different phytochemical compounds.

The crystal structure of Mpro protein of SARS-CoV-2 bound
with non-covalent inhibitor X77 (PDB ID: 6 W63) [9] served
as a control system in the MD simulation study. The reliability

of the binding mode and conformation of predicted best
docked phytochemical molecules were confirmed using molec-
ular dynamic simulation of docked complexes by GROMACS
2018.3 (www.gromacs.org) software package [20]. Overall

eight Mpro-inhibitor complex conformations were considered
for MD simulation study, viz; a) Mpro-X77 complex which is
control, b) Mpro-4 complex consisting phytochemical inhibitor

molecule 40-O-Methyldiplacol, c) Mpro-5 complex with inhibi-
tor 40-O-Methyldiplacone, d) Mpro-16 complex comprising
inhibitor Broussoflavan A, e) Mpro-22 complex with inhibitor

molecule Dieckol, f) Mpro-31 complex constituting inhibitor
Hygromycin B, g) Mpro-45 complex with Sinigrin as phyto-
chemical inhibitor molecule and h) Mpro-46 complex having
Theaflavin-3,30-digallate as inhibitor. The topology of Mpro

receptor structure was built using pdb2gmx tool incorporating
OPLS-AA/L (Optimized Potentials for Liquid-type Simula-
tion) all atom force field [21], whereas topology files of all inhi-

bitor molecules was generated using PRODRG server [22].
After generating topology of each complex, further each com-
plex was centered in the system of cubic box by keeping peri-

odic distance of 1 nm between complex and edge of the box.
All complexes were then solvated with SPC216 water mole-
cules to fill the defined box for each complex. The solvated sys-

tems were neutralized by addition of suitable number of Na+

ions to maintain electro-neutrality of the system. The Particle-
Mesh-Ewald (PME) method [23] was used for calculation of
long-range electrostatic interactions of all the systems. A

50,000-step energy minimization was performed with the steep-
est descent (SD) method at 300 K by applying periodic bound-
ary conditions (PBC) in all directions. Berendsen thermostat

temperature coupling and Parrinello-Rahman pressure cou-
pling for each 500-ps run were used to keep all the systems
in equilibrated environment 300 K and 1 bar, respectively.

The leap-frog algorithm was used for integrating Newton’s
equation in molecular dynamics (MD) simulation of all the
systems. All the bond lengths were constrained using the
LINCS algorithm [24], and the time step was set to 0.002 ps.

Finally, a 20-ns MD simulation was carried out for all eight
systems. The simulation trajectories obtained after 20 ns MD
simulations were analyzed using gmx_rms, gmx_rmsf, gmx_gy-

rate and gmx_hbond tools from the GROMACS 2018.3 pack-
age [20] and visualized using UCSF Chimera molecular
visualizing software [25].

4. Conclusion

In the present study, we extensively analyzed the binding

potential and mechanism of inhibition of phytochemical

towards the SARS-CoV-2 Mpro having profound inhibition
towards the SARS-CoV-1 Mpro. Molecular docking analysis
was used to find the number of hydrogen bonds formed

between SARS-CoV-2 Mpro protein and different inhibitor
molecules. Molecular docking analysis along with molecular
dynamics simulation analysis showed 16 (Broussoflavan A),

22 (Dieckol), 31 (Hygromycin B), 45 (Sinigrin) and 46

(Theaflavin-3,30-digallate) have high binding affinity and inter-
action to the conserved residues of the substrate-binding

pocket of SARS-CoV-2 Mpro. Thus, these phytochemicals
offer preventive and complementary medicine in the fight
against viruses due to their natural origin, safety and low cost
compared to synthetic drugs. This study provides foundation

for the identification of SARS-CoV-2 Mpro inhibitors by struc-
tural manipulation of active phytochemicals to develop antivi-
ral drugs for future.
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ABSTRACT 
In this study, we have synthesized N2-((1r,4r)-4-aminocyclohexyl)-N6-(substitutedphenyl)-9-cyclopentyl-9H-purin-2,6-
diamine derivatives (7a-j) from N-(-substituted phenyl)-9-cyclopentyl-2-fluoro-9H-purin-6-amine, and cyclohexane-1,4 
diamine under microwave irradiation condition and examined for their antibacterial activity against Escherichia coli, 
Streptococcus aureus and Bacillus subtilis strains. All compounds (7a-j) displayed moderate to good antibacterial activity in 
Minimum Inhibition Concentration (MIC).  
 

Keywords: Purine, Purine fluoro-9H-purin-6-amine, N-9 Substituted-6-chloropurine, 9H-purin-2,6-diamine, 
Cyclohexane-1,4-diamine. 
 

1. INTRODUCTION  
The Purine antimetabolites have been used in the 
development of many potent medicinal agents, which 
exhibited antineoplastic, antileukemic, antiviral, anti-
bacterial and antifungal activities [1, 2]. The purine 
nucleoside analogs are also used in the treatment of 
autoimmune diseases [3]. 6-Mercapto purine is used 
therapeutically as an immunosuppressive agent [4] and 
inhibits the growth of bacterial and mammalian cells [5]. 
Other 6-mercapto purine, mercapto-pyridine and 
mercapto-pyrimidine derivatives also exhibit antibacterial 
activity and have been studied as agents for targeting 
melanoma [6], reducing cholesterol and as vasodilators 
[7]. Purines and pyrimidines make up the two groups of 
nitrogenous bases, including the two groups of 
nucleotide bases. Two of the four deoxyribonucleotides 
and two of the four ribonucleotides, the respective 
building blocks of DNA and RNA, are purines. Purines 
are found in high concentration in meat and meat 
products, especially internal organs such as liver and 
kidney. Plant based diets are generally low in purines 
[8, 9]. Examples of high-purine sources include: 
sweetbreads, anchovies, sardines, liver, beef kidneys, 

brains, meat extracts (e.g., Oxo, Bovril), herring, 
mackerel, scallops, game meats and gravy. A moderate 
amount of purine is also contained in beef, pork, poultry, 
fish and seafood, asparagus, cauliflower, spinach, 
mushrooms, green peas, lentils, dried peas, beans, 
oatmeal, wheat bran, wheat germ, and hawthorn. Virus-
infected cells have an increased demand for purine 
nucleotides which are needed for viral RNA or DNA 
synthesis and this renders the enzyme, IMPDH, as a 
sensitive target for antiviral chemotherapy. Synthesized 
2-functionalized purine nucleosides were tested as 
antiviral against vaccinia virus (in vitro) [9]. A series of 
dialkyl esters of purine N-[2-(phosphonomethoxy) ethyl] 
derivatives substituted at position 2, 6, or 8 of the purine 
bases have been evaluated for antiviral activity [10].      
N-9 Substituted-6-chloropurine derivative was highly 
inhibitory of in vitro multiplication of American 
Leishmania and T. rangeli but had no effect on T. cruzi 
epimastigotes and on mice that were acutely infected 
with T. cruzi [11]. Purine derivatives of L-Ascorbic acid 
were evaluated for their antitumour activity against 
malignant tumor cell lines: pancreatic carcinoma (Mia 
PaCa2), breast carcinoma (MCF7), cervical carcinoma 
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(HeLa), laryngeal carcinoma (Hep2), murine leukemia 
(L1210/0), murine mammary carcinoma (FM3A), 
human T-lymphocytes (Molt4/C8 and CEM/0) [12]. 
 
2. EXPERIMENTAL  
2.1. Material and Methods 
From the commercial sources the reagents and solvent 
were purchased and have been used without further 
purification. The melting points were taken in open 
capillary tubes and are uncorrected. During the course of 
reaction, the formation of compounds was checked by 
TLC on silica- Gel plates of 0.5 mm thickness and 
checked the location of spots by iodine and UV light. By 
using suitable organic solvents, all the compounds were 
purified by recrystallization/silica gel (100-200 mesh) 
gravity column. The Mass spectra of the compound were 
carried out by using Shimadzu GC-MS-QP-2010 model 
using direct inlet probe technique. 1H NMR, 13C NMR 
were recorded in CDCl3 and DMSO-d6 solution on a 
Bruker Ac 200 0r 400 MHz spectrometer. 
 
2.1.1. Synthesis of N-(-substituted phenyl)-9-

cyclopentyl-2-fluoro-purin-6-amine (6) 
N-(-substituted phenyl)-9-cyclopentyl-2-fluoro-purin-6-
amine (6) was synthesized by 6-chloro-9-cyclopentyl-2-
fluoro-9H-purine (1.2 gm.), dry DMF (5 mL) and 
corresponding substituted amine Cpd -5, (1.2 eq.), 55% 
NaH (2 eq.) were added, under nitrogen, and the 
mixture was heated at 45ºCfor 8 hrs. The resultant 
reaction mixture was cooled to room temperature. The 
product was extracted with ethyl acetate (3 x 50 mL) and 
the combined organic fractions were washed with brine 
and dried over Na2SO4. After concentrating, the crude 
product was purified by column chromatography on silica 
(ethyl acetate: hexane =4:10) to yield N-(-substituted 
phenyl)-9-clclopentyl-2-fluoro-9H-purin-6-amine as a 
pale yellow or off white yellow solid compound (1.25 
gm, yield 78 %). 
 
2.1.2. General procedure for the synthesis of N2-

((1r,4r)-4-aminocyclohexyl)-N6-(substitute-
dphenyl)-9-cyclopentyl-9H-purin-2,6-diamine 
(7a-j) 

In a sealed tube, N-(-substituted phenyl)-9-cyclopentyl-
2-fluoro-9H-purin-6-amine (0.7 gm.), and cyclohexane-
1,4 diamine (3eq.) were added and the reaction was then 
carried out with microwave at 200ºC for 40 to 80 min. 
The reaction mixture was cooled to the room 
temperature. The crude product was then purified by 
column chromatography on silica (methanol: DCM 3:10) 

to yield compound (7a-j). 1H NMR, 13C NMR, and ES-
MS were used to confirm the product's production. 
 
2.2. Spectral Data 
2.2.1. N2-(4-aminocyclohexyl)-N6-(3-chloro-4-

fluorophenyl)-9-cyclopentyl-9H-purine-2,6-
diamine (7b): 

1H NMR 500 Hz, DMSO (D6): δ ppm 9.70 (bs, 1H), 
8.38 (s, 1H), 8.19 (s, 1H), 7.94(s, 2H), 7.35 (s, 1H), 
6.63-6.65(d, 1H), 4.69 (s, 1H), 3.66 (s, 1H), 2.96 (m, 
1H), 2.02-2.09 (m, 9H), 1.88 (m, 2H), 1.68 (m, 2H), 
1.50-1.53 (m, 2H), 1.30-1.37 (m, 2H); 13C NMR 100 
Hz, CDCl3: δ ppm 152.2, 148.8, 144.8, 140.3, 138.3, 
121.5, 118.3, 114.2, 66.6, 54.7, 50.7, 50.3, 34.3, 31.7, 
28.8, 24.2; MS (ESI) m/e = 444 (M+H). 
 
2.2.2. N2-(4-aminocyclohexyl)-N6-(3-chlorophenyl)-

9-cyclopentyl-9H-purine-2,6-diamine (7i): 
1H NMR 400 Hz, CDCl3: δ ppm 8.49 (bs, 2H), 8.15 (s, 
1H), 7.79 (s, 1H), 7.58(s, 1H), 7.37-7.39 (m, 1H), 
7.19-7.23 (m, 1H), 6.96-6.98 (m, 1H), 4.74-4.82 (m, 
2H), 3.92-3.94 (m, 1H), 3.22-3.28 (t, 1H), 2.22-2.35 
(m, 5H), 1.82-1.96 (m, 11H); 13C NMR 100 Hz, CDCl3: 
δ ppm 181.7, 174.2, 158.2, 151.7, 147.8, 140.5, 136.1, 
134.5, 129.8, 122.5, 119.5, 117.3, 92.4, 55.3, 50.5, 
32.7, 30.9, 30.0, 24.1; MS (ESI) m/e = 426 (M+H). 
 
2.3. Biological evaluation 
All the N2-((1r,4r)-4-aminocyclohexyl)-N6-(substitute-
dphenyl)-9-cyclopentyl-9H-purin-2,6-diamine (7a-j) 
derivatives were checked for in vitro antimicrobial activity 
against E. coli, Bacillus subtilis and Streptococcus aureus using 
time dose dependent growth inhibition assay. The results 
of antimicrobial activity of tested compounds (7a-j), 
using tetracycline as reference standard, are shown in 
table 2. 
 
2.3.1. Procedure for Antibacterial activity 
Clinical isolates were grown in Luria Bertini medium 
(pH 6.8) for 24 hours for activation of cultures. The 
colony forming units (CFUs) were calculated from the 
broth. A 100 uL (100x102 CFUs/mL) of the medium 
were inoculated into fresh Luria Bertini broth (5 ml) and 
kept for 16 hours to 18 hours for log phase culture. This 
log phase culture was used for the antimicrobial assay. 
 
2.3.2. Preparation of compounds 
The stock solution was prepared in DMSO and diluted 
further for antimicrobial action. 
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2.3.3. Time and dose dependent effect of compounds 
on the growth of the pathogenic micro-
organisms 

The culture of MDR strain of Escherichia coli, Streptococcus 
aureus and Bacillus subtilis were inoculated separately into 
LB medium and incubated at 37ºCfor 16-18 hours. After 
16 to 18 hours, the cultured tubes were exposed to the 
compounds at concentration of 10, 25 and 50 μg/mL. 
The O.D. was recorded at 660 nm after fixed interval of 
time.  By using Graph pad prism 7, the time dependent 
growth of microorganism was analyzed. 
 
3. RESULTS AND DISCUSSION 
The following procedure was used for the synthesis of 
N2-((1r,4r)-4-aminocyclohexyl)-N6-(substitutedphenyl)-
9-cyclopentyl-9H-purin-2,6-diamine (7a-j). The starting 
material (4) has been prepared by reaction with 
fluroboric acid, bromocyclopentane with commercially 

available compound (1). The compound 4 (1.2 g) was 
reacted with corresponding substituted amine 5 (1.2 eq) 
in presence of dry DMF and 55% NaH (2 eq.) under 
nitrogen and reaction was heated at 45ºCfor 8 hrs. The 
resultant compound 6 was extracted with ethyl acetate 
and the combine organic fraction was washed with brine 
and dried over Na2SO4. After concentration, the crude 
product was purified by column chromatography to yield 
off white solid compound 6. The compound (7a-j) was 
prepared by taking compound 6 in a sealed tube and 
cyclohexane 1, 4 diamine (3 eq) was added and the 
reaction was then carried out with microwave at 200oC 
for 40 to 80 min. The product was purified by column 
chromatography on silica (methanol: DCM 3:10) to yield 
compound (7a-j) in very good yield as shown in table 2. 
The formation of derivatives (7a-j) was justify by 1H 
NMR, 13C NMR and MS analysis. 

 

 
Scheme 1: Synthesis of N2-((1r,4r)-4-aminocyclohexyl)-N6-(substitutedphenyl)-9-cyclopentyl-9H-
purin-2,6-diamine (7a-j) 



 

                                                                    Madje et al., J Adv Sci Res, 2021; 12 (3) Suppl 2: 265-269                                                              268                     

Journal of Advanced Scientific Research, 2021; 12 (3) Suppl 2: Oct-2021 

Table 1: Synthesis of N2-((1r,4r)-4-amino-
cyclohexyl)-N6-(substitutedphenyl)-9-cyclo-
pentyl-9H-purin-2,6-diamine (7a-j) 

Entry (R) Product 
Time 
(Hrs) 

% 
Yield 

1. 2-Me (7a) 35 65 
2. 3-Cl, 4-F (7b) 45 65 
3. 4-Br (7c) 45 68 
4. 2-Me, 4-Br (7d) 50 75 
5. 4-Me (7e) 70 74 
6. 4-Cl (7f) 65 66 
7. 2-F, 3-Cl (7g) 65 73 
8. 3-Br (7h) 80 72 
9. 3-Cl (7i) 45 80 

10. 4-OMe (7j) 70 77 
Reaction Condition: N-(-substituted phenyl)-9-cyclopentyl-2-fluoro-
9H-purin-6-amine (0.7 gm.), and cyclohexane-1,4 diamine (3eq.) 
were added and then the reaction was carried out with microwave at 
200oC. 
 
3.1. Antimicrobial effect of compounds (7a-j) 

on pathogenic microorganism by using 
Time Dose method 

According to the time dose method, compound 7a was 
found active at 25 and 50 µg/ml concentration at 10 
hrs. The growth of E. coli was found at MIC 14.5 
µg/ml. It was not found active against Bacillus subtilis 
and S. aureus at any concentration. The compound 7b 
was found very active against all the three bacteria. The 
efficiecy in controlling growth of pathogenic 
microorganism is carried out at very low concentration 
at 10 hrs. of exposure, the MIC was found at 6.3 µg/ml 
against E. coli, 7.8 µg/ml against S. aureus and 7.40 
µg/ml against Bacillus subtilis. The compound 7c was 
added to the 16 hrs. grown culture of the E. coli, the 
MIC was found at 12.4 µg/ml. The long phase S. aureus 
culture was used for determination of MIC of 
compound 7c. A concentration of 0, 10, 25 and 50 
µg/ml of compound was used against S. aureus, the MIC 
was found 10.6 µg/ml at 24 hrs. of incubation period. 
The compound 7c was found more active against the E. 
coli than S. aureus. The compound 7d was found active 
against E. coli and Bacillus subtilis. The growth of 
pathogenic E. coli and Bacillus subtilis was found at 10, 25 
and 50 µg/ml at 10 hrs. of incubation, the MIC was 
found at 8.3 µg/ml against E. coli and 9.25 against 
Bacillus subtilis. The compound 7e was found active 
against E. coli and inactive against S. aureus and Bacillus 
subtilis at 10 μL, 25 μL, 50 μL and 100 μL at 10, 16, 24 

hrs. of incubation period. The compound 7f showed 
activity at 10 µg/ml concentrations for 10 exposures 
with MIC 4.6 µg/ml against E. coli and 9.1ug/ml 
against S. aureus. The compound 7g was found active at 
10 µg/ml concentration at 10 hrs. incubation with MIC 
7.25 µg/ml against E. coli and MIC 6.8 µg/ml against S. 
aureus. The compound 7h gives activity for 10 hrs. 
incubation at 10, 25, and 50 µg/ml concentration with 
MIC 16.1 ug/ml against E. coli and 12.6 µg/ml               
against Bacillus subtilis. The compound 7i was found 
active against all the three pathogenic bacteria. It has 
effectively killed bacterial cell for 10 hrs. of incubation 
with MIC 5.80 µg/ml against E. coli, 8.4 µg/ml              
against S. aureus and 4.5 µg/ml against Bacillus subtilis. 
The compound 7j was active against the Bacillus              
subtilis and the growth was found to be inhibited                 
at very low concentration 10µg/ml and MIC 7.01 
µg/ml. 
 
Table 2: Time and dose dependent growth 
inhibition assay compounds (7a-j) on patho-
genic microorganism 

Entry Compound 
MIC (µM) 

E. 
coli 

S. 
aureus 

Bacillus 
subtilis 

1. (7a) 14.5 - - 
2. (7b) 6.3 7.8 7.4 
3. (7c) 12.4 10.6 - 
4. (7d) 8.3 - 9.20 
5. (7e) 12.2 - - 
6. (7f) 4.6 9.1 - 
7. (7g) 7.25 6.8 - 
8. (7h) - 15.9 12.4 
9. (7i) 5.8 8.4 4.5 

10. (7j) - - 7.01 

 
4. CONCLUSION 
In summary, we synthesized N2-((1r,4r)-4-amino-
cyclohexyl)-N6-(substitutedphenyl)-9-cyclopentyl-9H-
purin-2,6-diamine derivatives (7a-j). Synthesized 
derivatives showed moderate to good inhibition of 
antimicrobial activity. These analogues are chemically 
tractable and hence provide ample opportunities for 
further modification to obtain potent anti-microbial 
agents. The isolated yield of the N2-((1r,4r)-4-
aminocyclohexyl)-N6-(substitutedphenyl)-9-cyclo-
pentyl-9H-purin-2,6-diamine derivatives (7a-j) are 
excellent. 
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ABSTRACT
An efficient method developed for the synthesis of asymmetric (S)-N-ben-
zylidene-2-(benzyloxy)-1-(5-(pyridin-2-yl)-1,3,4-thiadiazol-2-yl)ethanamine
derivatives with excellent yield in short reaction time. The antioxidant and
antimitotic activities were estimated and strongly correlated with the
potential of Ascorbic acid and Methotrexate respectively. All the synthe-
sized molecules were characterized using various spectral techniques
including FTIR, 1H NMR, 13C NMR, and Mass spectrometry. The drug-like-
ness properties were studied using in silico ADME parameters. All the com-
pounds have an acceptable range of values which indicated good drug-
like characteristics based on Lipinski’s rule of five and to be orally active.
The present method is quite easy along with simple operation and offers
many benefits including short reaction time, easy work-up, excellent yield,
reduced waste production as well as cost effective. In addition structure-
activity relationships of AP-1 to AP-10 derivatives have been described.
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Introduction

The heterocyclic compounds with five-membered heterocylic ring have acquired impressive inter-
est on account of their wide scope of helpful pharmacological properties. Amongst these five
membered heterocyclic compounds, 2,5-disubstituted-1,3,4-thiadiazoles are associated with diverse
biological activities probably due to the presence of –N¼C–S– group. The backbone of these art-
icle is the combination of biologically active scaffolds containing pyridine, 1,3,4-thiadiazole and
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imine moiety. The 1,3,4-thiadiazoles ring system is widely distributed in a broad variety of
important compounds with significant pharmacological properties such as antitubercular,1 anti-
microbial,2 antifungal,3 antiparasitic,4 antiviral,5 anti-inflammatory and analgesic,6 COX and LOX
inhibitory activities,7 antiproliferative,8 anticonvulsant,9 antidepressant,10 epilepsy,11 Parkinson’s
disease.12 Thiadiazole containing drugs like Acetazolamide, Methazolamide, Cefazolin,
Sulfamethizole and Megazol are available in market.13 Furthermore, an azomethine group exhib-
ited broad spectrum in pharmacological properties, perhaps engaged with the formation of a
hydrogen bond with the active canters of cell constituents and interferes in normal cell metabo-
lism.14a-j

Moreover, antimitotic agents are classified into three major classes. First one is microtubule-
stabilizing agents, these agents prevent the depolymerization of tubulin subunits through binding
with fully formed microtubules. The remaining two other classes functioning by binding to
tubulin monomers and inhibiting their polymerization into microtubules.15 Noteworthy, the 2,5-
disubstituted-1,3,4-thiadiazole moiety is the backbone in many drugs including antimitotic agents
4-(5-(3,4,5-trimethoxyphenyl)-1,3,4-thiadiazol-2-yl)-N,N-dimethylbenzenamine(A),16 antioxidant
agent 2,5-bis(4-bromophenyl)-1,3,4-thiadiazole (B),17 1-(5-(4-fluorophenyl)-1,3,4-thiadiazol-2-yl)-
5-phenylpyrrolidin-2-one (C),18 N-(2,6-dimethylphenyl)-5-p-tolyl-1,3,4-thiadiazol-2-amine (D)19

(Figure 1).
There are numerous reports have been available for the construction of thiadiazole and Schiff’s

base molecules, the synthesis of 2,5-disubstituted thiadiazole containing imine moiety are rare.
As a part of our ongoing work and in view of above challenges, previously we reported the

synthesis of asymmetric (S)-N-benzylidene-2-(benzyloxy)-1-(5-(pyridin-2-yl)-1,3,4-thiadiazol-2-
yl)ethanamine derivatives (AP-1 to AP-10) via amide coupling using N,N’-carbonyldiimidazole
(CDI) and evaluated in vitro anti-microbial activities.20 The formation of 2,5-disubstituted-1,3,4-
thiadiazole ring could be possible by cyclocondensation of diacyl hydrazine using Lawesson’s
Reagent (LR) or phosphorus pentasulfide21 as thionating agent in the presence of tetrahydrofuran
(THF) and toluene as solvent. This reaction is always carried out in warm condition and yield of
product is moderate and it is very difficult to maintain purity due to harsh reaction conditions
such as temperature and workup.

The amide coupling of hydrazide and acid moiety to afford diacylhydrazine have been
reported using 1-ethyl-3-(3-imethlaminopropyl) carbodiimide hydrochloride (EDC.HCl)22a-g

which requires column chromatography for purification. Another reagent 2-(1H-benzotriazole-1-
yl)-1,1,3,3-tetramethylaminium tetrafluoroborate (TBTU)23a-b has identified to react with acid and

Figure 1. 1,3,4-Thiadiazole heterocycles containing reported molecules.
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hydrazide but yield of isolated product is not reasonable. Moreover,N,N’-diisopropylcarbodiimide
(DIPC)24a-b and thionyl chloride25a-b were used as coupling reagents for the same reaction of
hydrazide and acid but removal of unreacted N,N-diisopropyl carbodiimide and thionyl chloride
was quite difficult. The CDI26a-c was also used for coupling to obtain amide bond and unreacted
CDI can be removed with water. By taking the advantage of above reactions we have reported
efficient synthesis of the target compounds (AP-1 to AP-10) using condensation of (S)-2-(benzy-
loxy)-1-[5-(pyridin-2-yl)-[1,3,4]-thiadiazol-2yl]ethanamine (4) with substituted benzaldehyde in
isopropyl alcohol (IPA). The purified product was isolated by simple acidification of 2% aqueous
hydrochloric acid with simple workup operation, excellent yield in short reaction time.

Result and discussion

In continuation of our earlier work20 herein, we focused on facile and efficient synthesis of 1,2,3-
thiadiazole-imine hybrids with excellent yield in short reaction time. This is facile, efficient and
environmentally benign green protocol which avoids use of strong dehydrating agents, generation
of wastes. Moreover, targeted compounds (AP-1 to AP-10) were evaluated for in vitro antioxidant
and antimitotic activities. In addition to this, we performed in silico ADME prediction for the
synthesized compounds. The target compounds were prepared in four steps from the commer-
cially available cheap and potentially active starting material N-boc-O-benzyl-L-tyrosine (1).

Initially, the coupling of acid (1) and hydrazide (2) to form diacyl hydrazine (3) have been
investigated using EDC.HCl, N-Methylmorpholine (NMM) and hydroxybenzotriazole (HOBt) in
the presence of DMF (Scheme 1). In order to optimize the reaction conditions, initially we car-
ried out the reaction between acid (1) and hydrazide (2) as a model reaction. Optimum reaction
conditions for the synthesis of 3 was designed and developed using various type of coupling
reagents, different temperature, time and solvents (Table 1).

The coupling of 1 and 2 to form 3 is possible at 20–30 �C optimum temperature. Initially,
Steglich esterification carried out using DCC and reaction was completed in 3 h with 85% yield of
product (Table 1, entry 1). During this coupling reaction, dicyclohexylurea (DCU) was formed as
a by-product. After completion of the reaction it was very difficult to remove DCU and unreacted
DCC from the product. Moreover, we used another amide coupling reagent, 1-
[Bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium-3-oxidehexafluorophosphate
(HATU) and required 6 h for the completion of reaction to get 90.2% yield (Table 1, entry 2).
Furthermore another coupling reagent CDI was used and the product was formed in 1 h with
96% yield (Table 1, entry 3). Finally, the amide coupling was carried out by using EDC. HCl.
The reaction was completed in 30min with maximum yield of product (97%), mild reaction con-
ditions and easy work up procedure (Table 1, entry 4). It was simply isolated by filtration and
by-product EDC urea and unreacted EDC. HCl washed out in mother liquor.

In next step, cyclization of 3 was carried out in the presence of Lowesson’s reagent (LR) and
phosphorus pentasulfide to form 2,5-disubstituted-1,3,4-thiadiazole ring (Scheme 2).

Scheme 1. Synthesis of diacyl hydrazine (3)
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The experiment was carried out in THF and toluene as solvents at various temperatures. The
screening of cyclization reagents and their effect on reaction time and yield for the synthesis of 4
was tabulated in Table 2. It was observed that the best results were accomplished with THF and
LR at 45–55 �C temperature. The reaction was completed in 6 h and yield was 74% (Table 2, entry
5). Whereas in case of phosphorus pentasulfide, reaction was completed but low yield was
observed as compared to LR. At higher temperature conditions, maximum impurities were
observed on TLC (Table 2, entry 1-4) hence optimum temperature was set to 45–55 �C.
Moreover, reaction was also carried out using phosphorus pentasulfide in toluene, but reaction
mass become sticky and non-stirable (Table 2, entry 2 and 4).Therefore, it was concluded that
the cyclization of compound 3 successfully achieved using LR at temperature 45–55 �C in THF to
form 2,5-disubstituted-1,3,4-thiadiazole ring compound 4 (Table 2, entry 6).

Finally, the title compounds (AP-1 to AP-10) have been prepared after boc-deprotection of 4
in acidic condition afforded 5.The synthesis of AP-1 to AP-10 was outlined in Scheme 3.

Synthesis of asymmetric (S)-N-benzylidene-2-(benzyloxy)-1-(5-(pyridin-2-yl)-1,3,4-thiadiazol-2-
yl)ethanamine derivatives (AP-1 to AP-10) were investigated from (S)-2-Benzyloxy-1-(5-pyridin-
2-yl-[1,3,4]-thiadiazol-2-yl)-ethylamine (5) and substituted aldehydes. The reaction mixture was

Table 1. Screening of different coupling reagent and their effect on reaction time and yield on the synthesis of 3.

Sr. No. Coupling agent Reaction time % Yield for Compound 3

1 DCC 3 h 85.3%
2 HATU 6 h 90.2%
3 CDI 1 h 96%
4 EDC.HCl 30min 97%

Scheme 2. Synthesis of 2,5-disubstituted, 1,3,4-thiadiazole ring

Table 2. Screening of different cyclization reagent and their effect on reaction time for synthesis of 4.

Sr. No. Reagent
Reaction

temperature (�C) Reaction time (hr) Solvent Remarks

1 Lowessons
Reagent

75–80 4.0 Toluene Reaction done but a
yield of 4 is 50% w/w

2 Phosphorus
Pentasulfide

75–80 6.0 Toluene Sticky mass observed
and more impurity
observed on TLC

3 Lawesson’s
Reagent

60–70 8.0 Toluene Reaction done but yield
of 4 is 30% w/w

4 Phosphorus
Pentasulfide

60–70 8.0 Toluene Sticky mass observed
and more impurity
observed on TLC

5 Lawesson’s
Reagent

45–55 6.0 THF Reaction done but a
yield of compound 4
is 74% w/w

6 Phosphorus
Pentasulfide

45–55 8.0 THF Reaction done and yield
of compound 4 is
70% w/w
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refluxed in IPA for 9-12 h. After completion of reaction, pure compounds were obtained using
acidic treatment with excellent yield (92-97%) in short reaction time. All synthesized molecules
were well identified and characterized using various spectral techniques including FTIR, 1H
NMR, 13C NMR, and Mass spectrometry. Structures of all the synthesized compounds were
shown in Figure 2.

Biological evaluation

Antioxidant activity

The AP-1 to AP-10 were tested for their antioxidant property using free stable radical and com-
mercially available organic nitrogen radical as 2, 2-diphenyl-1-picrylhydrazyl (DPPH). All the syn-
thesized compounds exhibited excellent antioxidant activity. However, the compounds which
exhibited relatively good antioxidant activities as compared with standard antioxidant drug
Ascorbic acid (80.40lg/ml).AP-1, AP-6 and AP-8 to AP-10 with their % inhibition at 150mg/ml

Scheme 3. Synthesis of asymmetric (S)-N-benzylidene-2-(benzyloxy)-1-(5-(pyridin-2-yl)-1,3,4-thiadiazol-2-yl)ethanamine deriva-
tives (AP-1 to AP-10)

Figure 2. Structures of all the synthesized derivatives AP-1 to AP-10.
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was 70.42, 70.42, 70.21, and 73.21, respectively (Table 3). The AP-1, AP-6, AP-8 to AP-10
showed good assay against antioxidant activity, it may be due to nitro group at ortho-para pos-
ition and hydroxy and methoxy at meta position as well as fluorine at ortho position. Statistical
analysis of DPPH scavenging activity is showed in Table 4. The graph of antioxidant activity of
AP-1 to AP-10 showed in Graph 1.

Antimitotic activity

The results of antimitotic activity have expressed as a reduction in Allium cepa root length.27 In
this activity, a mixture of DMSO and water was used as control and Methotrexate as reference
standard. At the beginning (zero time), no significant difference (P> 0.05) was found in mitotic
percent amongst different samples, as showed in Table 5. However, after 48 h of incubation (con-
centration 500 ppm), the compounds AP-3, AP-8 and AP-9 showed significant antimitotic activ-
ity as compared to a standard drug (P< 0.05). This may be attributed due to presence of meta

Table 3. DPPH scavenging activity of AP-1 to AP-10.

CONCENTRATION % Inhibition at 50lg/ml % Inhibition at 100 lg/ml % Inhibition at 150lg/ml

Control 0 0 0
AP-1 30.6 52.28 70.42
AP-2 30.45 56.48 68.21
AP-3 25.12 35.66 41.32
AP-4 26.10 32.28 40.30
AP-5 25.46 32.68 41.45
AP-6 36.60 53.28 70.42
AP-7 30.45 56.48 68.21
AP-8 38.45 56.48 70.21
AP-9 36.15 60.52 70.21
AP-10 35.90 62.48 73.21
Ascorbic acid 49.40 66.33 80.40

Table 4. Statistical analysis of DPPH scavenging activity.

Goodness of fit

R square 0.5983
F 16.54
DFn,DFd 1,10
P Value 0.0019
Deviation from horizontal Significant

Graph 1. Antioxidant activity of AP-1 to AP-10.
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substitution of nitro, hydroxy and methoxy on benzene ring. The result of the antimitotic assay
for AP-1 to AP-10 has mentioned in Table 5.

Structure-activity relationship (SAR)

Ten new Schiff base derivatives, bearing hetero aromatic ring pyridine, 1,3,4-thiadiazole and sub-
stituted aromatic ring were synthesized and evaluated in vitro for antioxidant and antimitotic
activities. In order to enhance the potency of Schiff base derivatives, we elucidated the structure-
activity relationship (SAR) based on the mode of action. We used electron donating and electron
withdrawing substituted aromatic aldehydes to study, its effect on the biological activity. The
nitro substitution at ortho and para position, hydroxy and methoxy moiety at meta position and
fluorine substitution at ortho position in Schiff base derivatives showed potent antioxidant activ-
ity. The compound AP-4 in which methoxy group present at meta and ortho position exhibited
two-fold more antioxidant activity as compared to standard drug. Similarly, compound AP-3
(nitro group at meta position) and compound AP-5 (chloro group at para position) exhibited
near about two-fold more antioxidant activity as compared to the standard drug. In compound
AP-1, AP-3, and AP-6 nitro group present para, meta, and ortho position respectively; though all
these three compounds having nitro group at different position, compound AP-3 exhibited excel-
lent antioxidant activity due to presence of nitro functional group at meta position. These results
confirm that the activity varies depending on the various substituents present on the phenyl rings.
Diverse substituted forms of hetero aromatic ring are tolerated on the Schiff base derivative and
the presence or orientation of –OH at ortho and para position, –Cl at para position, –NO2 at
meta position, –OCH3 at ortho, para, and meta position in the hetero aromatic ring affected the
antioxidant activity.

Moreover, the compounds AP-1, AP-2, AP-6 and AP-10 showed significant antimitotic activ-
ity as compared to a standard drug (P< 0.05). This may be attributed due to presence of substitu-
tion of –NO2, –OH, and –F on benzene ring. In compound AP-1, AP-3 and AP-6, NO2 group
present para, meta and ortho position respectively though all these three compounds having
–NO2 at different position, compound AP-1 and AP-6 exhibited excellent antimitotic activity.
These results confirm that the activity varies depending on the various substituents present on
the phenyl rings.

Diverse substituted forms of hetero aromatic ring are tolerated on the Schiff base derivative
and the presence or orientation of –NO2 and –OH functional group at ortho and para position,
–Cl at para position, –OCH3 substitution at ortho, meta, and para position as well as -F substitu-
tion at ortho position in the hetero aromatic ring affected the antimitotic activity.

Table 5. Results of the antimitotic assay for AP-1 to AP-10.

Compound Concentration lg/ml

Root Length in (cm)

0 h 48 h 96 h

AP-1 10 3.1 3.4 3.8
AP-2 10 3.1 3.3 3.8
AP-3 10 3.2 4.2 4.5
AP-4 10 3.2 3.8 4.0
AP-5 10 3.2 3.6 4.0
AP-6 10 3.1 3.8 3.9
AP-7 10 3.1 4.0 4.2
AP-8 10 3.2 4.1 4.2
AP-9 10 3.2 3.8 4.2
AP-10 10 3.1 3.4 3.9
Methotrexate 10 3.2 3.9 4.0
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In silico ADME Prediction

Based on Lipinski’s rule of five, the drug-likeness properties were analyzed by ADME parame-
ters using Molinspiration online property calculation toolkit28 and data are summarized in
Table 6.

All the compounds exhibited values and showed good drug-like characteristics based on
Lipinski’s rule of five and to be likely orally active. The data obtained for all the synthesized com-
pounds were within the range of accepted values. None of the synthesized compounds violated
Lipinski’s rule of five. The parameters like the number of rotatable bonds and total polar surface
area were linked with the intestinal absorption and results showed all synthesized compounds
had good absorption ranging from 72.39% to 88.20%. The in-silico assessment of all the synthe-
sized compounds showed very good pharmacokinetic properties, which is reflected in their physi-
cochemical values, thus ultimately enhancing the pharmacological properties of these molecules.
The molecule likely to be developed as an orally active drug candidate and should not show
more than one violation of the following four criteria: miLog P (octanol-water partition coeffi-
cient) �5, molecular weight �500, number of hydrogen bond acceptors �10, and number of
hydrogen bond donors �5.29 The larger value of the drug-likeness model score reflects the higher
probability of molecule to be active. All the tested compounds AP-1 to AP-10 were followed the
criteria of an orally active drug, and therefore, these compounds may have a good potential for
eventual development as oral agents.

Experimental

Material and methods

The starting material (2S)-3-(benzyloxy)-2-[(tert-butoxycarbonyl) amino] propanoic acid or N-
boc-O-benzyl-L-serine obtained from Alichem and 2-hydrazinopyridine and phosphorus pentasul-
fide from Sigma Aldrich. Anhydrous sodium carbonate and other chemicals were obtained from
SDFCL. The anhydrous solvents were obtained from Rankem. The reactions were monitored by
TLC (Silica gel60, GF254, Merck) and visualized under UV light chamber. The melting points of
synthesized compounds were recorded on melting point apparatus (Veego,Model-VMP-AD). The
IR spectra were recorded on Shimadzu FTIR-8400S spectrometer. The 1H NMR and 13C NMR
spectra were run on a Bruker spectrophotometer at 500MHz and 125MHz, respectively. The
elemental (C, H, and N) analyses were measured on Perkin-Elmer 2400.

Table 6. Pharmacokinetic parameters of compounds AP-1 to AP-10.

Entry
%
ABS

TPSA
(A2)

n-R
OT
B MV MW miLog P n-ON n-OHN H

Lipinski
violation

Drug-likeness
model score

Rule – – – – < 500 � 5 < 10 < 5 � 1 –
AP-1 72.39 106.10 9 382.52 445.5 3.99 8 0 0 �0.73
AP-2 81.22 80.50 8 367.21 416.5 3.55 6 1 0 �0.19
AP-3 72.39 106.10 10 399.32 459.5 3.56 8 0 0 �0.54
AP-4 81.83 78.74 10 410.28 460.5 3.85 7 0 0 0.09
AP-5 88.21 60.27 8 372.72 434.9 4.71 5 0 0 0.06
AP-6 72.39 106.10 9 382.52 445.8 3.94 8 0 0 �0.96
AP-7 78.04 89.74 9 392.75 446.5 4.00 9 1 0 0.16
AP-8 81.22 80.50 8 367.21 416.5 3.53 8 1 0 �0.01
AP-9 85.02 69.51 9 384.73 430.5 4.07 6 0 0 0.06
AP-10 88.20 60.27 8 364.12 418.5 4.15 5 0 0 �0.56

Note: % ABS: Percentage absorption, TPSA: Topological polar surface area, n-ROTB: Number of rotatable bonds, MV: Molecular
volume, MW: Molecular weight, milogP: Logarithm of partition coefficient of a compound between n-octanol and water, n-
ON Acceptors: Number of hydrogen bond acceptors, n-OHNH donors: Number of hydrogen bonds donors.
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General procedure for the synthesis of compound 3

In three neck 250ml round bottom flask, 2-hydrazinopyridine (2) (20 gm, 1.0mol) and (2S)-3-
(benzyloxy)-2-[(tert-butoxycarbonyl) amino] propanoic acid (1) (45.3 gm, 1.1mol) was stirred in
water (100ml). In this stirred solution added HOBt (1.97 gm, 0.1mol) followed by addition of
NMM (22.45 gm, 1.52mol). Then EDC.HCl (41.98 gm, 1.5mol) was added lot wise and whole
reaction was stirred for30minutes at 20–30 �C. The reaction was monitored by TLC
(DCM:MeOH: 9:1), after reaction completion, the reaction mixture was filtrated and dried to get
white compound (3) as white solid, yield 58.65 gm(97%), mp 187 �C. IR spectrum, �,
cm�1:1242.16 (C–N),1421.54 (C¼C), 699.91(C–S), 2980.02 (C–H), 1695.43 (C¼O), 1070.49
(C–O). 1H NMR spectrum, d, ppm (J, Hz): 10.12 s (1H, NH), 9.16 s (1H, NH), 8.59–8.58 d
(J¼ 5Hz,1H, H-2 pyridine), 8.16–8.15 d (J¼ 5Hz,1H, H-5 pyridine) , 7.88–7.85 t (1H, H-4 pyridine)
, 7.48–7.46 t (1H, H-3 pyridine), 7.35–7.29 m (5H,Ar-H), 5.43 s (1H, NH-Boc), 4.60 s (2H, CH2-Ph),
4.51-4.49 t (1H, CH-N-Boc), 3.97–3.96 d (J¼ 5Hz,1H, CH¼N), 3.67–3.66 d (J¼ 5Hz,1H, CH),
1.47 s (9H, Boc) and NH proton confirmed by D2O exchange.13C-NMR spectrum d, ppm: 167.3,
160.6, 148.5, 148.1, 137.4, 137.2, 128.5, 128.0, 127.9, 126.8, 122.5, 73.6, 69.3, 28.2.Anal. calcd for
C21H26N4O5: C 60.86, H 6.32, N 13.52, O 19.30, found: C 60.85, H 6.33, N 13.52.

General procedure for the synthesis of Compound5

In a three neck 250ml round bottom flask diacylhydrazine derivative (3) (50 gm 1.0mol), sodium
carbonate (12.8 gm 1.0mol) and Lowessons reagent (29.31 gm, 0.6mol), in THF (150mL) were
stirred at 45–55 �C for 6 hours. The reaction was monitored by TLC (DCM:MeOH, 9:1) after
completion of reaction, quenched with 5% sodium bicarbonate solution (500mL) and product so
obtained was extracted in ethylacetate (250mL). After layer separation, the ethylacetate layer was
distilled out undervacuum. The obtained residue dissolved in methanol (50mL) and added 35%
aqueous hydrochloric acid solution (100mL,warmed 50–75 �C temperature for 8 hours. After
reaction completion by TLC (DCM:MeOH, 9:1) and it was cooled to room temperature and
added water (500mL). The two layers were separated, aqueous layer was collected in two neck
1000ml round bottom flask and pH 8.5 to 9.5 adjust by using 10% aqueous sodium hydroxide
solution. The product thus obtained and was extracted in DCM and the DCM layer washed with
water and concentrated and obtained residue was purified by silica gel chromatography to get
compound (5) as dark brown color solid,yield 27.88 gm(68%), mp: 160 �C. IR spectrum, �, cm�1:
1245.53 (C–N), 1431.14 (C¼C), 700.98 (C–S), 3061.86 (C–H), 3376.11 (N–H). 1H NMR spec-
trum, d, ppm (J, Hz): 8.64–8.63 d (J¼ 5Hz, 1H,H-2 pyridine), 8.33–8.31 d (J¼ 10Hz, 1H,H-
5pyridine), 7.84–7.81 t (1H,H-4 pyridine), 7.37–7.28 m (6H, Ar-H and H-3 pyridine), 4.67–4.66 t
(1H, CH–N), 4.60 s (2H, CH2-Ph), 3.92–3.90 d (J¼ 10Hz,1H, CH¼N), 3.76–3.73 d
(J¼ 15Hz,1H, CH), 2.23 s (2H, NH2) and NH proton confirmed by D2O exchange.13C-NMR
spectrum d, ppm: 175.7, 170.7, 149.7, 149.3, 137.5, 137.0, 128.4, 127.8, 127.7, 125.1, 120.7, 73.8,
73.4, 52.2. ESMS (Mþ 1): 313.Anal. calcd for C16H16N4OS: C 61.52, H 5.16, N 17.93, S 10.26,
found: C 61.53, H 5.16, N 17.92, S 10.27.

General procedure for synthesis of compounds AP-1 to AP-10

To a solution of corresponding 1.0mol of (S)-2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4] thiadiazol-2-
yl)-ethylamine (5) in 5ml IPA, 0.98mol substituted benzaldehyde was added and refluxed for 8-
12 hours. The progress of reaction was monitored by TLC (DCM:MeOH, 9.5:0.5). Reaction
quenched using 25ml water (confirmed qty) and product was extracted in DCM and organic
layer washed with 3ml 2% aqueous hydrochloric acid solution. The obtained residue was sus-
pended in MTBE to get AP-1 to AP-10 compounds.
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(S)-[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethyl]-(4-nitro-benzylidene)-amine
(AP-1)

Brown color solid; Yield: 96%; M.p.: 196–198 �C; IR (KBr �, cm�1): 1201 (C–N), 1521.84 &
1342.46 (NO2), 1400.32 (C¼C), 165:1.07 (C¼N), 698.23 (C–S), 1107.14 (C–O), 3172.90
(C–H).1H NMR spectrum, d, ppm (J, Hz): 8.65–8.64 d (J¼ 5Hz, 1H, pyridine H-2), 8.36 s (1H,
N¼CH), 8.34–832m (3H, pyridine H-5, 4-nitrobenzene H-3 & 5), 7.89–7.83 t (3H, pyridine H-4,
4-nitrobenzene H-2 & 6), 7.40–7.37 t (1H, pyridine H-3), 7.29–7.26 m (5H, Ar-H), 5.13–5.11 t
(1H, CH–N¼C), 4.61 s (2H, CH2-ph), 4.16–4.13 d (J¼ 15Hz, 1H, CH), 3.90–3.89 t (1H,
CH).13C-NMR spectrum d, ppm: 171.9, 171.1, 162.1, 152.7, 149.8, 149.5, 149.1, 140.7, 137.5,
137.3, 129.6, 129.4, 128.5, 127.9, 127.7, 125.4, 124.3, 123.9, 120.8, 73.5, 72.8, 69.4. ES-MS, m/
z¼ 447.1 [Mþ 1].Anal. calcd for C23H19N5O3S: C, 62.01; H, 4.30; N, 15.72; S, 7.20; Found: C,
62.00; H, 4.31; N, 15.73; S, 7.21.

(S)-4-f[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethylimino]-methylg-phenol
(AP-2)

Off white color solid; Yield: 93%; M.p.: 158–160 �C; IR (KBr �, cm�1): 1224.80 (C–N), 1276.88
(OH), 1444.68 (C¼C), 1639.49 (C¼N), 683.81 (C–S), 1064.71 (C–O), 3066.82 (C–H). 1H NMR
spectrum, d, ppm (J, Hz): 8.65–8.64 d (J¼ 5Hz, 1H, pyridine H-2), 8.36–8.34 m (2H, N¼CH
and pyridine H-5), 7.87–7.83 t (1H, pyridine H-4), 7.69–7.68 d (J¼ 5Hz, 2H, 4-hydroxybenzene
H-2 & 6), 7.40–7.37 t (1H, pyridine H-3), 7.29–7.26 m (4H, Ar-H), 6.89–6.88 d (J¼ 5Hz, 2H, 4-
hydroxybenzene H-3 & 5), 6.33 bs (1H, OH), 5.13–5.11 t (1H, CH–N¼C), 4.61 s (2H, CH2-Ph),
4.16–4.13 d (J¼ 15Hz, 1H, CH), 3.90–3.89 t (1H, CH).13C-NMR spectrum d, ppm: 173.6, 170.8,
163.9, 152.2, 149.7, 149.2, 137.6, 137.4, 130.6, 128.4, 128.0, 127.8, 125.4, 120.9, 115.7, 73.5, 73.3,
69.2. ES-MS, m/z: 417.1 [Mþ 1]; Anal. calcd for C23H20N4O2S: C, 66.33; H, 4.84; N, 13.45; S,
7.70; Found: C, 66.33; H, 4.83; N, 13.44; S, 7.70.

(S)-[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethyl]-(3-nitro-benzylidene)-amine
(AP-3)

Light brown color solid; Yield: 94%; M.p.: 200–203 �C; IR (KBr �, cm�1):1205.51 (C–N), 1527.62
& 1350.17 (–NO2), 1436.97 (C¼C), 1645.28 (C¼N), 686.66 (C–S), 1091.71(C–O), 3086.11
(C–H).1H NMR spectrum, d, ppm (J, Hz): 8.65–8.63 d (J¼ 10Hz, 1H, pyridine H-2), 8.51 s (1H,
3-Nitrobenzene H-2), 8.36 s (1H, N¼CH), 8.35–8.34 d (J¼ 5Hz, 1H, pyridine H-5), 8.21–8.20 d
(J¼ 5Hz, 1H, 3-Nitrobenzene H-4), 7.86–7.85 d (J¼ 5Hz, 1H, 3-Nitrobenzene H-6), 7.84–7.82 t
(1H, pyridine H-4), 7.53–7.51 d.d (J¼ 10Hz, 1H, 3-Nitrobenzene H-5), 7.38–7.36 t (1H, pyridine
H-3), 7.29–7.27 m (5H, Ar-H), 5.13–5.11 t (1H, CH-N¼C), 4.61 s (2H, CH2-Ph), 4.16–4.13 d
(J¼ 15Hz, 1H, CH), 3.90-3.89 t (1H, CH).13C-NMR spectrum d, ppm: 173.6, 170.8, 163.9, 152.2,
149.7, 149.2, 137.6, 137.4, 130.6, 128.4, 128.0, 127.8, 125.4, 120.9, 115.7, 73.5, 73.3, 69.2. ES-MS,
m/z: 447.2 [Mþ 1]; Anal. calcd for C23H19N5O3S: C, 62.01; H, 4.30; N, 15.72; S, 7.20; Found: C,
62.02; H, 4.31; N, 15.72; S, 7.19.

(S)-[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethyl]-(2,3-dimethoxy-benzylidene)-
amine (AP-4)

Dark brown color Solid; Yield: 93%; M.p.: 191–194 �C; IR (KBr �, cm�1):1234.07 (C–N), 1454.80
(C¼C), 1645.82 (C¼N), 699.91 (C–S), 1030.08 (C–O), 2936.26 (C–H). 1H NMR spectrum, d,
ppm (J, Hz): 8.64–8.63 d (J¼ 10Hz, 1H, pyridine H-2), 8.37 s (1H, N¼CH), 8.35–8.34 d
(J¼ 5Hz, 1H, pyridine H-5), 7.86–7.82 d (J¼ 5Hz, 1H, 3-Nitrobenzene H-6), 7.53–7.52 d
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(J¼ 5Hz, 1H, 2,3-dimethoxy benzene H-6), 7.38–7.36 t (1H, pyridine H-3), 7.29–7.24 m (5H, Ar-
H), 6.99–6.98 d (J¼ 5Hz, 1H, 2,3-dimethoxy benzene H-4), 6.91–6.90 d (J¼ 5Hz, 1H, 2,3-dime-
thoxy benzene H- 4), 5.15–5.14 t (1H, CH–N), 4.61 s (2H, CH2-Ph), 4.17–4.14 d (J¼ 15Hz, 1H,
CH), 3.98 s (3H, O–CH3), 3.94 s (3H, O–CH3), 3.90–3.88 t (t, 1H, CH). 13C-NMR spectrum d,
ppm: 173.3, 170.9, 163.9, 152.1, 149.8, 149.8, 137.2, 137.2, 128.6, 128.4, 127.9, 127.9, 127.7, 125.3,
124.0, 120.9, 73.5, 69.4, 56.2; ES-MS, m/z: 461.1 [Mþ 1]; Anal. calcd for C25H24N4O3S: C, 65.20;
H, 5.25; N, 12.17; S, 6.96; Found: C, 65.21; H, 5.26; N, 12.17; S, 6.96.

(S)-[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethyl]-(2-chloro-benzylidene)-amine
(AP-5)

Light yellow color solid; Yield: 95%; M.p. ¼ 95–98 �C; IR (KBr �, cm�1):1203.58 (C–N), 827.46
(Cl), 1431.18 (C¼C), 1651.07 (C¼N), 698.23 (C–S), 1111.00 (C–O), 3059.10 (C–H). 1H NMR
spectrum, d, ppm (J, Hz): 8.65–8.64 d (J¼ 5Hz, 1H, pyridine H-2), 8.37 s (1H, N¼CH), 8.35-
8.33 dd (J¼ 10Hz, 1H, pyridine H-5), 7.86–7.83 t (1H, pyridine H-4), 7.78–7.76 d (J¼ 10Hz, 2H,
4-chlorbenzene H-2 & 6), 7.43–7.39 d (J¼ 20Hz, 2H, 4-chlorbenzene H-3 & 5), 7.39–7.37 t (1H,
pyridine H-3), 7.28–7.26 m (5H, Ar-H), 5.17–5.16 t (1H, CH–N¼C), 4.60 s (2H, CH2-Ph),
4.17–4.14 d (J¼ 15Hz, 1H, CH), 3.88–3.84 t (1H, CH).13C-NMR spectrum d, ppm: 172.7, 170.9,
163.0, 152.1, 149.8, 149.3, 137.7, 137.5, 137.2, 133.9, 130.9, 129.9, 129.5, 129.0, 128.5, 128.4, 127.8,
127.8, 127.7, 125.3, 120.8, 73.4, 69.3. ES-MS, m/z: 435.1 [Mþ 1].Anal. calcd for C23H19ClN4OS:
C, 63.51; H, 4.40; N, 12.88; S, 7.37; Found: C, 63.50; H, 4.40; N, 12.87; S, 7.37.

(S)-[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethyl]-(2-nitro-benzylidene)-amine
(AP-6)

Reddish brown color solid; Yield: 95%; M.p.: 128–130 �C; IR (KBr �, cm�1): 1210.47 (C–N),
1281.35 (OH), 1455.59 (C¼C), 1644.10 (C¼N), 699.05 (C–S), 1045.98 (C–O), 3064.83 (C–H).
1H NMR spectrum, d, ppm (J, Hz): 8.65–8.63 d (J¼ 10Hz, 1H, pyridine H-2), 8.37 s (1H,
N¼CH), 8.35–8.34 d (J¼ 5Hz, 1H, pyridine H-5), 8.23–8.22 d (J¼ 5Hz,1H, 2-Nitrobenzene H-
3), 7.86-7.85 d (J¼ 5Hz, 1H, 2-Nitrobenzene H-6), 7.84–7.82 t (1H, pyridine H-4), 7.53–7.51 d.d
(J¼ 10Hz, 2-Nitrobenzene H-4 & 5), 7.38–7.36 t (1H, pyridine H-3), 7.29–7.27 m (5H, Ar-H),
5.15–5.14t (1H, CH–N¼C), 4.61 s (2H, CH2-Ph), 4.17–4.14 d (J¼ 15Hz, 1H, CH), 3.91–3.88 t
(1H, CH). 13C-NMR spectrum d, ppm: 171.9, 171.1, 162.1, 152.0, 149.3, 149.3, 137.5, 137.2, 131.1,
129.6, 129.4, 128.5, 127.9, 127.7, 125.4, 124.3, 123.9, 121.8, 73.5, 72.8, 69.4.ES-MS, m/z: 447.1
[Mþ 1]. Anal. calcd for C23H19N5O3S: C, 62.01; H, 4.30; N, 15.72; S, 7.20; Found: C, 62.00; H,
4.31; N, 15.72; S, 7.19.

(S)-2-f[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethylimino]-methylg-5-methoxy-
phenol (AP-7)

Off white solid; Yield: 92%; M.p.: 273–274 �C; IR (KBr �, cm�1):1210.20 (C–N), 1455.59 (C¼C),
1695.80 (C¼N), 699.76 (C–S), 1098.20 (C–O), 2983.64 (C–H). 1H NMR spectrum, d, ppm (J,
Hz): 8.65–8.64 d (J¼ 5Hz, pyridine H-2), 8.36–8.34 m (2H, N¼CH and pyridine H-5),
7.87–7.83 t (1H, pyridine H-4), 7.40–7.38 t (1H, pyridine H-3), 7.38–7.36 d (J¼ 10Hz, 1H, 2-
hydroxy-4-methoxybenzne H-6), 7.29–7.26 m (5H, Ar-H), 6.42–6.40 d (J¼ 10Hz, 1H, 2-hydroxy-
4-methoxybenzene H-5), 6.28 s (1H, 2-hydroxy-4-methoxybenzene H-3), 6.03 bs (1H, OH),
5.13–5.10 t (1H, CH–N¼C), 4.61 s (2H, CH2-Ph), 4.16–4.13 d (J¼ 15Hz, 1H, CH), 4.01 s (3H,
O–CH3), 3.90–3.86 t (1H, CH).13C-NMR spectrum d, ppm: 173.3, 170.9, 163.9, 154.6, 152.1,
149.9, 149.5, 137.3, 137.2, 130.2, 128.6, 128.4, 127.9, 127.9, 127.8, 125.3, 124.0, 120.9, 110.5, 109.3,
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74.0, 69.5, 56.3. ES-MS, m/z: 445.1 [Mþ 1]. Anal. calcd for C24H22N4O3S: C, 64.56; H, 4.97; N,
12.55; S, 7.18; Found: C, 64.55; H, 4.98; N,12.55; S, 7.17.

(S)-3-f[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethylimino]-methylg-phenol
(AP-8)

Brown color solid; Yield: 93%; M.p.: 183–185 �C; IR (KBr �, cm�1):1210.47 (C–N), 1281.35 (OH),
1455.59 (C¼C), 1644.10 (C¼N), 699.05 (C–S), 1045.98 (C–O), 3064.83 (C–H).1H NMR spec-
trum, d, ppm (J, Hz): 8.65–8.64 d (J¼ 5Hz, 1H, pyridine H-2), 8.36–8.34 m (2H, N¼CH and
pyridine H-5), 7.87–7.83 t (1H, pyridine H-4), 7.40–7.37 t (1H, pyridine H-3), 7.29–7.26 m (5H,
Ar-H), 7.19–7.18 d (J¼ 5Hz, 1H, 3-hydroxybenzene H-6), 7.16–7.14 t (1H, 3-hydroxybenzene H-
5), 7.13-7.12 d (J¼ 5Hz, 1H, 3-hydroxybenzene H-4), 6.89–688 d (J¼ 5Hz, 1H, 3-hydroxyben-
zene H-3), 6.33 bs (1H, OH), 5.13–5.11 t (1H, CH-N¼C), 4.61 s (2H, CH2-Ph), 4.16–4.13 d
(J¼ 15Hz, 1H, CH), 3.90–3.86 t (1H, CH).13C-NMR spectrum d, ppm: 173.7, 170.8, 163.9, 153.2,
149.7, 149.2, 137.6, 137.4, 130.0, 128.4, 128.0, 127.8, 121.6, 118.2, 116.2, 73.5, 973.4, 69.2. ES-MS,
m/z: 417.1 [Mþ 1].Anal. calcd for C23H20N4O2S: C, 66.33; H, 4.84; N, 13.45; S, 7.70; Found: C,
66.34; H, 4.84; N, 13.45; S, 7.71.

(S)-[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethyl]-(3-methoxy-benzylidene)-
amine (AP-9)

Brown color solid; Yield: 92%; M.p.: 146–149 �C; IR (KBr �, cm�1):1247.75 (C–N), 1432.48
(C¼C), 1645.93 (C¼N), 699.69 (C–S), 1178.81 (C–O), 3063.39 (C–H). 1H NMR spectrum, d,
ppm (J, Hz): 8.65–8.63 d (J¼ 10Hz, 1H, pyridine H-2), 8.37 s (1H, N¼CH), 8.35–8.34 d.d
(J¼ 5Hz, 1H, pyridine H-5), 7.86–7.82 t (1H, pyridine H-4), 7.51–7.50 d (J¼ 5Hz, 1H, 3-dime-
thoxy benzene H-6), 7.37–7.36 t (1H, pyridine H-3), 7.29–7.25 m (5H, Ar-H), 7.14 s (1H, 3-dime-
thoxy benzene H-2), 7.00–6.99 d (J¼ 5Hz, 1H, 3-dimethoxy benzene H-4), 6.92–6.90 d
(J¼ 10Hz, 1H, 3-dimethoxy benzene H-3), 5.15–5.14 t (1H, CH-N), 4.61 s (2H, CH2-Ph),
4.16–4.13 d (J¼ 15Hz, 1H, CH), 3.99 s (3H, O–CH3), 3.91–3.88 t (1H, CH).13C-NMR spectrum
d, ppm: 172.8, 170.2, 163.9, 161.0, 152.1, 149.9, 149.9, 141.0, 137.3, 137.2, 130.0, 128.6, 128.4,
127.9, 127.9, 127.8, 125.3, 124.0, 120.9, 117.0, 113.4, 74.0, 73.5, 69.5, 55.0. ES-MS, m/z: 431.1
[Mþ 1]. Anal. calcd for C24H22N4O2S: C, 66.96; H, 5.15; N, 13.01; S, 7.45; Found: C, 66.97; H,
5.15; N, 13.00; S, 7.45.

(S)-[2-Benzyloxy-1-(5-pyridin-2-yl-[1,3,4]-thiadiazol-2-yl)-ethyl]-(2-fluoro-benzylidene)-amine
(AP-10)

Pale yellow color solid; Yield: 94%; M.p.: 129–131 �C. IR (KBr �, cm�1):1203.77(C–N), 1010.31
(Ph–F), 1431.74 (C¼C), 1651.00 (C¼N), 698.23 (C–S), 1112.00 (C–O), 3060.00 (C–H). 1H
NMR spectrum, d, ppm (J, Hz): 8.65–8.64 d (1H, J¼ 10Hz, pyridine H-2), 8.36 s (1H, N¼CH),
8.35–8.34 d (J¼ 5Hz, 1H, pyridine H-5), 7.87–7.83 t (1H, pyridine H-4), 7.58–7.56 d (J¼ 10Hz,
1H, 2-flurobenzene H-6), 7.38–7.36 t (1H, pyridine H-3), 7.29–7.26 m (6H, 2-flurobenzene H-4
and Ar), 7.04–7.02 t (1H, 2-flurobenzene H-5), 6.94–6.92 t (1H, 2-flurobenzene H-3), 5.13–5.10 t
(1H, CH–N), 4.61 s (2H, CH2–Ph), 4.16-4.13 d (J¼ 15Hz, 1H, CH), 3.90–3.86 t (1H, CH).13C-
NMR spectrum d, ppm: 173.3, 170.9, 163.9, 162.0, 152.1, 149.7, 149.8, 137.3, 137.2, 132.8, 130.2,
128.6, 128.4, 127.7, 127.7, 127.8, 125.3, 124.0, 120.9, 115.0, 74.0, 73.4, 69.4, 56.3. ES-MS, m/z:
419.1 [Mþ 1]. Anal. calcd for C23H19FN4OS: C, 66.01; H, 4.58; N, 13.39; S, 7.66; Found: C, 66.00;
H, 4.58; N, 13.39; S, 7.66.
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Biological

Antioxidant activity

In this method, 0.1mM solution of 2, 2-diphenyl-1-picrylhydrazyl (DPPH) in methanol was pre-
pared. The 1.0ml of this solution was added into 3ml solution of hybrid compounds (AP-1 to
AP-10) in dimethyl sulfoxide (DMSO) at different concentrations (50,100 &150 lg/ml) mentioned
in Table 3. The mixtures were shaken vigorously and allowed to stand at 25-30 �C for 30minutes.
The absorbance was dignified at 517 nm by using a UV-VIS spectrophotometer. The Ascorbic
acid used as a reference standard and DMSO as a control. The lower absorbance values of the
compounds indicate higher free radical scavenging activity. The capability of scavenging DPPH
radical was calculated by using the following formula:

DPPH scavenging effect % inhibitionð Þ ¼ A0 � A1ð Þ=A0Þ � 100

where A0 is the absorbance of the control reaction and A1 is the absorbance in the presence of
selected sample of compounds. All the tests were performed in triplicates and the data are
expressed as mean± standard deviation (SD). The results of the scavenging activity were statistic-
ally evaluated by one-way analysis of variance (ANOVA) which is designed to compare the means
of independent samples, simultaneously the DPPH assay30 is a simple and sensitive method to
study antioxidant activity. This assay is based on the theory, that a hydrogen donor is an antioxi-
dant and it measures compounds that are radical scavengers. The assay shows the mechanism by
which DPPH radical accepts hydrogen from an antioxidant. The antioxidant effect is proportional
to the disappearance of DPPH radicals in test samples. Monitoring DPPH with a UV spectrom-
eter has become the most commonly used method because of its simplicity and accuracy. DPPH
radical shows a strong absorption maximum at 517 nm (purple). The color turns from purple to
yellow followed by the formation of DPPH upon absorption of hydrogen from an antioxidant.
This reaction is stoichiometric concerning the number of hydrogen atoms absorbed. Hence, the
antioxidant effect can be easily calculated by following the decrease of UV absorption at 517 nm.

Antimitotic activity

The model used for this activity was Allium cepa root tip meristem mode in which onion bulbs
were cleaned and kept with root tips in the beaker containing distilled water till the tips grew up
to 2–3 cm. Then these bulbs were expelled from the water and put on a layer of tissue paper to
remove an excess of water. The solutions were divided into groups, the first group served as con-
trol (DMSO) 0.6ml and distilled water volume adjusted to 600ml, the second group target com-
pounds dissolved in DMSO of concentration 10 lg/ml. The third group methotrexate also
dissolved in DMSO of concentration 10 lg/ml was used as a standard drug. The grown root tips
were dipped into solutions mentioned above and these were stored at temperature 25 ± 2 �C for
96 h of direct daylight. The test sample was changed day by day with new ones. The length of
roots developed during incubation (recently showing up roots excluded), root number, and the
mitotic index was recorded after 96 h. The percent of root growth inhibition was calculated by

Percent of root growth inhibition ¼ Control – Test � 100:

The EC50 value was calculated by plotting treatment concentration versus mean of root length
as a percentage of the water control group.

In silico ADME prediction

An important task in drug design and discovery is to early prediction of drug-likeness properties,
as it resolves the cost and time in drug development and discovery. Due to the inadequate drug-
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likeness properties of many active agents with a significant biological activity have failed in clin-
ical trials.

In silico ADME is significant tool to predict properties regarding drug development.
Absorption (% ABS) was calculated by:

% ABS ¼ 109� 0:345 � TPSAð Þ

Conclusion

Facile, efficient synthetic route has been developed for the synthesis of compounds 3, 4 and AP-1
to AP-10. This practical protocol is easy, simple, eco-friendly and required less time for reaction
completion with higher yield. The antimitotic properties of final compounds were evaluated and
results showed that, AP-3, AP-8and AP-9 showed significant antimitotic activity as compared
with standard drug which is attributed the presence of meta substitution of nitro, hydroxy and
methoxy on benzene ring. The AP-1, AP-6, AP-8 to AP-10 showed good assay against antioxi-
dant activity, it might be due to nitro group at ortho and para position and hydroxy and methoxy
at meta position as well as fluorine at ortho position. Finally, insilico ADME prediction, the AP-1
to AP-10 showed a good drug linkage score.
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ABSTRACT
A series of new benzimidazole incorporated 3,5-bis (arylidene)-4-piperi-
dones were synthesized by using aryl aldehydes, piperidinone, 2-(chloro-
methyl)-benzimidazole and DBU acetate [DBUH][OAc] act as a catalyst
under solvent free condition in excellent yields. The synthesized com-
pounds were screened for their in vitro antimycobacterial activity against
M. tuberculosis H37Ra (MTB) and M. bovis BCG strains. The compounds 4a,
4b, 4e, 4i, 4k and 4l are highly potent against both the strains. Most of
the active compounds are non-cytotoxic against MCF-7, A549, HCT 116
and THP-1 cell lines. Furthermore, a molecular docking study of these com-
pounds was carried out to investigate their binding pattern with the tar-
get, active site of mycobacterial enoyl-acyl carrier protein reductase (Inh
A). Therefore, these compounds can be subjected for further optimization
and drug development which could give promising chemical leads for
treatment of TB.
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Introduction

Mycobacterium Tuberculosis (MTB) bacteria causes Tuberculosis (TB), mostly affect the lungs.
Nearly 10 million people fell ill with TB worldwide in 2009, in which 1.2 million children, 3.2
million women and 5.6 million men. Health providers ignored child and adolescent TB because it
is difficult to diagnose and treat. In 2019, nearly, 87% new TB cases found in 30 countries,
among them only eight countries are responsible for the two thirds of the total, with India
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leading the count, followed by Indonesia, China, the Philippines, Pakistan, Nigeria, Bangladesh
and South Africa. Multidrug-resistant TB (MDR-TB) is the biggest public health crisis and a
health security threat worldwide. In 2019, globally total 2,06,030 people detected with multidrug-
or rifampicin-resistant TB (MDR/RR-TB) which is 10% higher from 186 883 in 2018.1 Near about
2% TB incidence is falling globally along with 9% cumulative reduction between 2015 and 2019.
This was less than half way to the End TB Strategy milestone of 20% reduction between 2015
and 2020. Between 2000 and 2009 it is estimated that 60 million lives were saved through TB
diagnosis and treatment. United Nations Sustainable Development Goals (SDGs) health target is
to Wind-up the TB epidemic by 2030.1

Curcumin [(1,7-bis(4-hydroxy-3-methoxyphenyl)1,6-heptadien-3,5-dion)], a natural component
of the rhizome of Curcuma longa, proved to be a powerful chemopreventive.2 The monocarbonyl
curcumin analogues shows wide range of multiple biological activities.3 The substituents on nitro-
gen of arylidene-piperidones with various heterocycles systems were reported with different bioac-
tivities such as anticancer,4 antitubercular,5 antiinflammatory,6 antileishmanial,7 antioxidant8 and
antidiabetic activity.9 They also exhibits topoisomerase II alpha inhibitors,10a proinflammatory
cytokines,10b murine and human macrophages cell lines10c and nitric oxide inhibitors.10d The
representative structures of biologically active monocarbonyl curcumin analogues/bis arylidene
having N-substituted piperidinone moieties are given in Figure 1.

Benzimidazole a privileged pharmacophore, possesses an array of biological activities11a,b
including tubulin polymerization,12a anticancer,12b antidiabetic,12c antimicrobial,12d antimycobac-
terial,12e anti-inflammatory,12f anti-HIV,12g antiprotozoal,12h analgesic,12i antimalarial,12j antihis-
tamic12k and antiviral12l activity. Some of the marketed drugs containing benzimidazole nucleus
are albendazole (antiprotozoal), nocodazole (anticancer), lerisetron (antihistaminic), andibendeb
(phosphodiesterase inhibitor), veliarib (anticancer), maribavir (antiviral) are shown in Figure 2.

Multicomponent reactions (MCRs) permits rapid access to combinatorial libraries of organic
molecules13 for lead structure identification and optimization in drug discovery.14 The implemen-
tation of several transformations in a single manipulation is highly compatible with the goals of
sustainable and green chemistry.15 A variety of ionic liquids have been extensively applied in het-
erocyclic synthesis as a solvent or catalysts.16 The [DBUH][OAc] received considerable attention
because, it is an inexpensive, nontoxic catalyst as well as solvent for many organic transforma-
tions in excellent yields.17

We have recently reported the synthesis of 3,5-bis (arylidene)-4-piperidones (Figure 3A) as
antitubercular agent (MTB H37Ra and M. bovis BCG strain with MIC values 1.89–26.37 and
2.69–29.14mg/mL, respectively),18a monocarbonyl curcumin analogues bearing propargyl ether

Figure 1. Active monocarbonyl curcumin analogues bearing N-substituted piperidone moiety.
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(Figure 3B and 3C) (MIC 12.5–175mg/mL)18b and quinoline (Figure 3D)18c (MIC 6.25–200mg/
mL) based monocarbonyl curcumin analogues as antifungal agents, 1,2,3-triazole incorporated
monocarbonyl curcumin analogues18d (Figure 3E) (MIC 6.25–>25 mg/mL) and a,a’-bis(1H-1,2,3-
triazol-5-ylmethylene) ketones18e (Figure 3F) as potent antitubercular (MIC 3.125–>25 mg/mL)
and antioxidant agents (MIC 15.49 ± 0.24–71.09 ± 0.25).

Literature survey reveals that, Lee and coworkers reported synthesis of substituted benzimida-
zolyl curcumin mimics and their anticancer activity19 (Figure 3G). However, there is no report
on antitubercular activity of benzimidazole incorporated 3,5-bis (arylidene)-4-piperidone
derivatives.

In view of the above and continuation of our research programme on the development of new
methodology for the synthesis of bioactive heterocyclic compounds,18,20 herein, we would like to
report the synthesis of new benzimidazole incorporated arylidene-piperidone derivatives and their
biological evaluation for antibacterial, antitubercular and cytotoxic activity. In addition to this, we
have also studied the molecular binding interactions with enoyl-acyl carrier protein reductase
enzyme (Inh A) for most active compound.

Figure 2. Benzimidazoles containing drugs available in market.

Figure 3. Developed an approach toward the synthesis of curcumin mimics.

POLYCYCLIC AROMATIC COMPOUNDS 3



Results and discussion

Chemistry

To optimize the best reaction condition for condensation-alkylation, the benzaldehyde 1a, piperi-
dinone 2, and 2-(chloromethyl)-benzimidazole 3 in the presence of [DBUH][OAc] as a medium/
catalyst was considered for model reaction (Scheme 1). Firstly, we have screened different solvents
for model reaction viz. DMSO, EtOH, MeOH, DMF, CH3CN and Toluene at room temperature
provides low yield of product (Table 1, Entries 1–6). Under the solvent-free condition, the
desired product 4a was obtained in 85% yield (Table 1, Entry 7).

The amount of catalyst plays a vital role to carry the reaction in forward direction. Further
investigation was carried out to determine the quantity of [DBUH][OAc]. An increase in the
amount of [DBUH][OAc] from 5 to 20mol% led to an increase in the yield (Table 2, entries
2–5). The use of 25mol% of [DBUH][OAc] did not improve the yield (Table 2, entry 6).
However, when reaction was carried out in the absence of [DBUH][OAc], no product was
obtained (Table 2, entry 1). It proves that a [DBUH][OAc] may be essential for better cata-
lytic activity.

Because [DBUH][OAc] can play a role of acid or a base or both simultaneously, as a nucleo-
phile. Thus, the optimum conditions required the use of [DBUH][OAc] as 20mol % at room
temperature.

To check the eco friendliness of [DBUH][OAc], we recycled the ionic liquid [DBUH][OAc]
for five times, Table 3. The reaction proceeded cleanly with good yields (85, 83, 80, 80 and 75%);
although a weight loss of �5% of [DBUH][OAc] was observed from cycle to cycle due to mech-
anical loss (Table 3, entries 1–5).

The structure of 4a has been established on the basis of IR, 1H, 13C NMR and HRMS. In the
IR spectrum of 4a displayed characteristic signal for C¼O at 1647 cm�1. In the 1H NMR spec-
trum for 4a exhibited a sharp singlet resonating at d 4.95 ppm for two protons, has been assigned
to methylene protons attached to benzimidazole. The peak observed at d 4.56 ppm for the four
protons of the piperidone ring. 13C NMR spectrum was also in good agreement with the pro-
posed structure displaying characteristic signals for C¼O and two CH2 group at d 188.4, 56.8
and 51.4 ppm, respectively.

Using the above optimized reaction conditions, the scope and efficiency of this approach was
explored for the synthesis of other new benzimidazole based 3,5-bis(arylidene)-4-piperidones with
electron donating and withdrawing groups on phenyl ring in excellent yields (Scheme 2). The
structures of all the derivatives are confirmed by physical data and spectral analysis.

A plausible mechanistic pathway (Scheme 3) is proposed to illustrate the synthesis of monocar-
bonyl curcumin analogues catalyzed by [DBUH][OAc]. The initial step is believed to be the
protonation of the aldehyde I by ionic liquid [DBUH][OAc] to form intermediate II, which facili-
tates the nucleophilic attack of piperidinone to promote the formation of C-C bond to yield inter-
mediate IV. The subsequent elimination of H2O molecule by the reaction of intermediate IV to
yield compound V. The final step involves deprotonation of intermediate V followed by 2-

Table 1. Optimization of solvent and reaction temperature.

Entry Solvent Time (h) Temp (�C) Yielda (%)

1 DMSO 9 rt 63
2 EtOH 7.5 rt 55
3 MeOH 7 rt 59
4 DMF 6.5 rt 74
5 CH3CN 8 rt 61
6 Toulene 7.5 rt 75
7 Solvent-free 4 rt 85

Reaction conditions: 1a (2mmol), 2 (1mmol), 3 (1mmol) and 20mol% [DBUH][OAc].
aIsolated yield.
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(chloromethyl)-1H-benzo[d]imidazole (3) expedites the formation of C-N bond to yield com-
pound 4a by the elimination of HCl molecule by the nucleophilic attack of nitrogen to the carbon
group to promote C-N bond formation, accelerated by ionic liquid [DBUH][OAc] eventually
leads to the formation of final product 4a.

Table 2. The effect of [DBUH][OAc] loading on model reaction 4aa.

Entry Catalyst (mol%) Yield (%)b

1 No Catalyst Trace
2 5 50
3 10 65
4 15 73
5 20 85
6 25 85
aReaction conditions: 1a (2mmol), 2 (1mmol), 3 (1mmol), rt, 4 h.
bIsolated yield.

Table 3. Reusability of [DBUH][OAc] in the synthesis of 4aa.

Entry Reaction cycle Isolated yield (%)b

1 1st (fresh run) 85
2 2nd cycle 83
3 3rd cycle 80
4 4th cycle 80
5 5th cycle 75
aReaction conditions: 1a (2mmol), 2 (1mmol), 3 (1mmol), [DBUH][OAc] (20mol%), rt, 4 h.
bIsolated yield.

Scheme 1. Model reaction.

Scheme 2. Synthesis of benzimidazole incorporated 3,5-bis (arylidene)-4-piperidones 4a-l.
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Biological evaluation

Antitubercular activity
In a standard primary screening, all the newly synthesized compounds 4a-l were evaluated for
their in vitro antitubercular activity against MTB H37Ra and M. bovis BCG strains at concentra-
tions of 30, 10 and 3 mg/mL using an established XTT Reduction Menadione assay (XRMA) and
NR (Nitrate reductase) assay, respectively.21 Compounds showing 90% inhibition of bacilli at or
lower than 30 mg/mL were selected for further dose response curve (Tables S1–S13, supplementary
material). Rifampicin was used as standard drug and the obtained results are presented in
Table 4.

The compounds 4a, 4b, 4e, 4i, 4k and 4l (MIC ¼ 1.37, 0.64, 2.46, 1.3, 1.38 and 2.19 lg/mL,
respectively) were found to be highly active against MTB H37Ra strain. Similarly, compounds 4a,
4b, 4e, 4i, 4k and 4l (MIC ¼ 1.36, 3.15, 2.5, 1.33, 2.3 and 2.52 lg/mL, respectively) were found to
be active against M. bovis BCG. Remaining all the compounds (MIC ¼ >30 lg/mL) were found
to be less active against both the strains. According to the data, the activity depends on the sub-
stituents present on phenyl rings.

For MTB H37Ra and M. bovis BCG strains, the compound 4a showed promising antitubercu-
lar activity with MIC values 1.37 and 1.36mg/mL, respectively. The compound 4b (R3 ¼ Me)
showed very promising antitubercular activity as compared to remaining with MIC value of 0.64
and 3.15 mg/mL, against the MTB H37Ra and M. bovis BCG strains, respectively. The compound
4e (R2 ¼ Cl) showed significant antimycobacterial activity with MIC value of 2.46 and 2.5 mg/mL,
against both the strains. Remaining chloro containing compounds does not displayed significant
change in antitubercular activity. The position of chloro- group is considered to be important on
the phenyl ring for activity. For compound 4i (R3 ¼ OH), the MIC values 1.3 and 1.33 lg/mL,
showed excellent antitubercular activity. The presence of nitro group in compounds 4k and 4l
displays prominent antitubercular activity with MIC values 1.38 and 2.19 lg/mL, against the MTB
H37Ra strain and 2.3 and 2.52 lg/mL, against the M. bovis BCG strain respectively. The similar
type of trend was occurred for active compounds 4a, 4b, 4c, 4i, 4k and 4l with lower IC50 values
against both the strains. However, all the synthesized compounds exhibited poor activity com-
pared to the standard antitubercular drug Rifampicin.

Scheme 3. Plausible mechanistic catalytic cycle for the synthesis of compound 4a.
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Cytotoxicity
After identifying a good number of active antitubercular leads, the compounds were tested against
human cell lines, MCF-7, A549, HCT-116 and THP-1 using MTT assay22 with paclitaxel as a
positive control. The cytotoxicity results are expressed in terms of GI50 indicating the 50% growth
inhibition concentration (Table 5). None of the active compounds exhibited any significant cyto-
toxic effects against all the cell lines, suggesting a great potential for their in vivo use as antimyco-
bacterial agents.

Antibacterial activity
The most active antitubercular compounds 4a, 4b, 4e, 4i, 4k and 4l were further confirmed from
their dose dependent effect against four bacteria strains Gram-negative and Gram-positive bac-
teria.23 The most promising compounds 4a, 4b, 4i, 4k and 4l showed strong specificity against
MTB and BCG as compared to 4e (Table 6). The results clearly indicates that, compounds 4a, 4b,
4i, 4k and 4l are mycobacteria specific and that can be explored further for potential antitubercu-
lar drug.

Molecular docking study

All compounds were successfully docked into the active site of mycobacterial InhA. The docking
score of most active compounds 4a, 4b, 4e, 4i, 4k and 4l was found to be �9.760, �8.956,
�8.135, �9.442, �9.957 and �8.799 respectively, which were comparable with respect to in vitro
antitubercular activity. We have discussed only the docking study of most active compound 4k.
The interactions of 4k with the active site of mycobacterial InhA is shown in Figure 4. The lowest
energy docking pose of 4k revealed the presence of hydrogen bonding interactions between
nitrogen of imidazole ring and Thr196 with a distance of 2.034Å. Also, highly hydrophobic p-p
stacking interactions were observed between phenyl ring and Tyr158 and Phe149 and also p-p
stacking interaction between nitro group and Phe149. These hydrogen binding and p stacking
interactions helps in predilection of these ligands within the active site which increases the steric
and electrostatic interactions of ligands with the amino acid residues present within the active
site of mycobacterial InhA.

The compound 4k was stabilized within the active site through favorable van der Waals inter-
actions observed with Met199 (�3.783 kcal/mol), Ala198 (�0.773 kcal/mol), Thr196 (�2.165 kcal/

Table 4. In vitro antitubercular activity of 4a-l (mg/mL).

Cpd

MTB H37Ra M. bovis BCG

Glide score
Glide energy
(Kcal/mol) H-bonding (Å)

p-p/cation-p
stacking (Å)MIC IC50 MIC IC50

4a 1.37 0.11 1.36 0.11 �9.760 �58.003 Thr196 (2.085) Tyr158(5.096), Phe149(4.349)
4b 0.64 0.18 3.15 1.3 �8.956 �49.971 Ile194 (2.158) Tyr158(5.350), Trp222(4.825)
4c >30 >30 >30 >30 �7.853 �41.635 – Tyr158(5.363)
4d >30 >30 >30 >30 �9.375 �46.883 – Phe149(4.331)
4e 2.46 0.25 2.5 0.21 �8.135 �55.35 Thr196 (1.866) Tyr158(5.161), Phe149(4.331)
4f >30 >30 >30 >30 �7.802 �41.562 – Tyr158(5.276)
4g >30 >30 >30 >30 �7.842 �41.521 – Tyr158(5.003)
4h >30 >30 >30 >30 �7.347 �41.117 – Tyr158(5.062)
4i 1.3 0.13 1.33 0.11 �9.442 �54.663 – Tyr158(5.096), Phe149(4.296)
4j >30 >30 >30 >30 �7.685 �41.863 – Tyr158(5.309)
4k 1.38 0.09 2.3 0.09 �9.957 �59.653 Thr196 (2.034) Tyr158(5.230),

Phe149(4.378)/Phe149(5.573)
4l 2.19 0.24 2.52 0.13 �8.799 �46.538 Ile194 (2.074) Tyr158(5.224), Trp222(5.018)/

Tyr158(5.572)
RP 0.045 0.0017 0.017 0.0015 – – – –

Cpd: Compound; RP: Rifampicin.
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mol), Ile194 (�2.334 kcal/mol), Pro193 (�3.911 kcal/mol), Gly192 (�1.982 kcal/mol), Ala191
(�1.793 kcal/mol), Lys165 (�1.254 kcal/mol), Met161 (�2.452 kcal/mol), Tyr158 (�2.711 kcal/
mol), Phe149 (�5.313 kcal/mol), Met147 (�1.241 kcal/mol), Phe97 (�0.931 kcal/mol), Gly96
(�1.218 kcal/mol), Ile95 (�1.561 kcal/mol), Ser94 (�1.603 kcal/mol) and Ile21 (�1.484 kcal/mol)
residues. Also, several strong electrostatic interactions were observed with Met199 (�4.544 kcal/
mol), Ala198 (�0.811 kcal/mol), Thr196 (�1.842 kcal/mol), Ile194 (�3.533 kcal/mol), Pro193
(�4.558 kcal/mol), Gly192 (�2.501 kcal/mol), Ala191 (�2.531 kcal/mol), Lys165 (�1.155 kcal/
mol), Met161 (�2.831 kcal/mol), Tyr158 (�3.306 kcal/mol), Phe149 (�4.791 kcal/mol), Met147
(�0.926 kcal/mol), Phe97 (�0.994 kcal/mol), Gly96 (�1.272 kcal/mol), Ile95 (�2.193 kcal/mol),
Ser94 (�4.620 kcal/mol) and Ile21 (�0.908 kcal/mol) which fits the compound 4k in to the cavity
of InhA and leads to its firm binding with docking score of �9.957 and was found to be most
potent among the series. From, the docking studies it is clear that these compounds have signifi-
cant binding with the active site of mycobacterial InhA.

Conclusion

A series of new benzimidazole incorporated 3,5-bis (arylidene)-4-piperidones were synthesized by
using aryl aldehydes, piperidinone, 2-(chloromethyl)-benzimidazole and [DBUH][OAc] act as a

Table 5. In vitro cytotoxicity of active compounds (GI50 in lg/mL).

Compound MCF-7 A549 HCT-116 THP-1

4a >100 >100 >100 >100
4b >100 >100 >100 >100
4e >100 >100 >100 >100
4i >100 >100 >100 >100
4k >100 >100 >100 >100
4l >100 >100 >100 >100
Rifampicin >100 >100 >100 >100
Paclitaxel 0.0048 0.0035 0.0260 0.1374

GI50 indicates concentration to inhibit 50% growth of cells.

Table 6. In vitro antibacterial activity (MIC in lg/mL).

Compound E. coli P. fluorescens S. aureus B. subtilis

4a >30 >30 >30 >30
4b >30 >30 >30 >30
4e 7.86 8.66 9.46 10.26
4i >30 >30 >30 >30
4k >30 >30 >30 >30
4l >30 >30 >30 >30
Ampicillin 4.17 ± 1.04 12.47 ± 1.28 2.86 ± 0.78 29.53 ± 1.88
Kanamycin 3.34 ± 0.41 1.01 ± 0.09 > 61.92 2.78 ± 0.85

Figure 4. 3D and 2D view of binding of 4k with the active site of mycobacterial InhA.
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catalyst under solvent free condition in excellent yields. The synthesized compounds were
screened for their in vitro antimycobacterial activity against M. tuberculosis H37Ra (MTB) and M.
bovis BCG strains. The compounds 4a, 4b, 4e, 4i, 4k and 4l are highly potent against both the
strains. Most of the active compounds are non-cytotoxic against MCF-7, A549, HCT 116 and
THP-1 cell lines. Furthermore, a molecular docking study of these compounds was carried out to
investigate their binding pattern with the target, active site of mycobacterial enoyl-acyl carrier
protein reductase (Inh A) and can be developed as oral drug candidate.

Experimental

All the solvents and reagents were purchased from commercial suppliers, Spectrochem Pvt. Ltd.,
Rankem India Ltd. and Sigma Aldrich, and were used without further purification. The comple-
tion of the reactions was monitored by thin-layer chromatography (TLC) on aluminum plates
coated with silica gel 60 F254, 0.25mm thickness (Merck). The detection of the components was
made by exposure to iodine vapors or UV light. Melting points were determined by open capil-
lary methods and are uncorrected. 1H NMR & 13C NMR spectra were recorded in DMSO-d6 on
a Bruker DRX-400MHz spectrometer. IR spectra were recorded using a Bruker ALPHA ECO-
ATR FTIR spectrometer. High-resolution mass spectra (HRMS) were recorded on Agilent 6520
(QTOF) mass spectrometer.

General procedure for (3E,5E)-1-((1H-benzo[d]imidazol-2-yl)methyl)-3,5-
dibenzylidenepiperidin-4-one derivatives (4a-l)

In a 50mL round bottom flask, aromatic aldehydes (1mmol), piperidin-4-one (1mmol) and 2-
(chloromethyl)-1H-benzo[d]imidazole (1mmol) and 20mol% [DBUH][OAc] was stirred at room
temperature under solvent-free condition for 4 h. The progress of the reaction was monitored
using thin layer chromatography (TLC) (Petroleum ether: Ethyl acetate 1:1). After completion of
reaction water was added the reaction mixture was further stirred for 5min. The solid obtained
was removed by filtration, washed with water and then recrystallized from ethanol. The water
was removed from filtrate under reduced pressure to recover [DBUH][OAc], which was then
reused in subsequent cycles. The identity of the products was confirmed by IR, 1H NMR, 13C
NMR and HRMS spectra.

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-dibenzylidenepiperidin-4-one (4a)

The compound 4a was obtained from 1a, 2 and 3 as yellow solid; Mp: 214–216 �C; Yield: 85%;
IR (cm�1): 1647, 1564, 1486 and 1427; 1HNMR (400MHz, DMSO-d6, d ppm): 9.55 (s, 1H, NH),
7.85 (s, 2H, -C¼CH), 7.77–7.66 (m, 6H, Ar-H), 7.56–7.53 (m, 6H, Ar-H), 7.41–7.40 (d, 2H,
J¼ 4Hz, -Ar-H), 4.95 (s, 2H, -CH2) and 4.56 (s, 4H, -CH2);

13C NMR (100MHz, DMSO-d6, d
ppm): 188.4, 156.2, 137.0, 135.7, 132.6, 129.0, 126.0, 122.4, 121.8, 120.1, 119.6, 117.6, 105.7, 56.8
and 51.4; HRMS (ESI-qTOF): Calcd for C27H23N3OKa [MþK]þ, 444.1388, found: 444.1367.

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(4-methylbenzylidene) piperidin-4-
one (4b)

The compound 4b was obtained from 1b, 2 and 3 as yellow solid; Mp: 212–214 �C; Yield: 80%;
1HNMR (400MHz, DMSO-d6, d ppm): 7.83 (s, 2H, -C¼CH), 7.54–7.47 (m, 6H, Ar-H),
7.27–7.23 (m, 6H, Ar-H), 4.94 (s, 2H, -CH2), 4.49 (s, 4H, -CH2) and 2.35 (s, 6H, CH3). Calcd for
C29H28N3O [MþH]þ, 434.2232, found: 434.0875.
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(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(4-methoxybenzylidene)piperidin-4-
one (4c)

The compound 4c was obtained from 1c, 2 and 3 as yellow solid; Mp: 245–247 �C; Yield: 79%;
1HNMR (400MHz, DMSO-d6, d ppm): 7.93 (s, 2H, -C¼CH), 7.59–7.55 (m, 6H, Ar-H),
7.27–7.25 (m, 2H, Ar-H), 7.12–7.11 (m, 4H, Ar-H), 5.01 (s, 2H, -CH2), 4.35 (s, 4H, -CH2) and
3.80 (s, 6H, OCH3). Calcd for C29H28N3O3 [MþH]þ, 467.2164, found: 467.2631.

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(2-chlorobenzylidene) piperidin-4-
one (4d)

The compound 4d was obtained from 1d, 2 and 3 as yellow solid; Mp: 220–222 �C; Yield: 80%;
1HNMR (400MHz, DMSO-d6, d ppm): 8.06 (s, 2H, -C¼CH), 7.64–7.57 (m, 4H, Ar-H),
7.42–7.25 (m, 8H, Ar-H), 5.10 (s, 2H, -CH2) and 4.58 (s, 4H, -CH2).

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(3-chlorobenzylidene) piperidin-4-
one (4e)

The compound 4e was obtained from 1e, 2 and 3 as yellow solid; Mp: 178–180 �C; Yield: 78%;
1HNMR (400MHz, DMSO-d6, d ppm): 7.75 (s, 2H, -C¼CH), 7.70–7.65 (m, 4H, Ar-H),
7.49–7.40 (m, 6H, Ar-H), 7.34–7.32 (m, 2H, Ar-H), 4.66 (s, 2H, -CH2) and 4.09 (s, 4H, -CH2).

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(4-chlorobenzylidene) piperidin-4-
one (4f)

The compound 4f was obtained from 1f, 2 and 3 as yellow solid; Mp: 232–234 �C; Yield: 82%;
1HNMR (400MHz, DMSO-d6, d ppm): 8.11 (s, 2H, -C¼CH), 7.89–7.87 (m, 2H, Ar-H),
7.74–7.58 (m, 10H, Ar-H), 4.64 (s, 2H, -CH2) and 4.00 (s, 4H, -CH2).

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(2-hydroxybenzylidene)piperidin-4-
one (4g)

The compound 4g was obtained from 1g, 2 and 3 as yellow solid; Mp: 242–244 �C; Yield: 81%.
Calcd for C27H23N3O3 [MþH]þ, 438.1773, found: 438.0804.

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(4-hydroxybenzylidene)piperidin-4-
one (4h)

The compound 4h was obtained from 1h, 2 and 3 as yellow solid; Mp: 210–212 �C; Yield: 83%;
1HNMR (400MHz, DMSO-d6, d ppm): 8.34 (s, 2H, -C¼CH), 7.33–7.32 (m, 2H, Ar-H),
7.89–7.82 (m, 6H, Ar-H), 7.71–7.67 (m, 2H, Ar-H), 7.40–7.38 (m, 2H, Ar-H), 4.83 (s, 2H, -CH2)
and 4.39 (s, 4H, -CH2).

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(4-fluorobenzylidene) piperidin-4-
one (4i)

The compound 4i was obtained from 1i, 2 and 3 as yellow solid; Mp: 195–197 �C; Yield: 72%;
1HNMR (400MHz, DMSO-d6, d ppm): 7.87 (s, 2H, -C¼CH), 7.66–7.64 (m, 2H, Ar-H),
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7.58–7.33 (m, 6H, Ar-H), 6.92–6.91 (m, 4H, Ar-H), 4.79 (s, 2H, -CH2) and 4.26 (s, 4H, -CH2).
Calcd for C27H22F2N3O [MþH]þ, 442.1686, found: 442.0526.

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(4-bromobenzylidene)piperidin-4-
one (4j)

The compound 4j was obtained from 1j, 2 and 3 as yellow solid; Mp: 253–255 �C; Yield: 80%;
1HNMR (400MHz, DMSO-d6, d ppm): 7.89 (s, 2H, -C¼CH), 7.65–7.63 (m, 6H, Ar-H),
7.48–7.47 (m, 4H, Ar-H), 7.33–7.31 (m, 2H, Ar-H), 4.68 (s, 2H, -CH2) and 4.32 (s, 4H, -CH2).

(3E,5E)-1-((1H-Benzo[d]imidazol-2-yl)methyl)-3,5-bis(3-nitrobenzylidene) piperidin-4-
one (4k)

The compound 4k was obtained from 1k, 2 and 3 as yellow solid; Mp: 209–211 �C; Yield: 75%;
1HNMR (400MHz, DMSO-d6, d ppm): 8.45 (s, 2H, -C¼CH), 8.26 (s, 2H, Ar-H), 7.88–7.56 (m,
8H, Ar-H), 7.30–7.26 (m, 2H, Ar-H), 4.81 (s, 2H, -CH2) and 4.38 (s, 4H, -CH2). Calcd for
C27H21N5O5 [MþH]þ, 495.4950, found: 495.3476.

(3E,5E)-1-((1H-benzo[d]imidazol-2-yl)methyl)-3,5-bis(4-nitrobenzylidene)piperidin-4-one (4l)

The compound 4l was obtained from 1l, 2 and 3 as yellow solid; Mp: 228–230 �C; Yield: 80%;
1HNMR (400MHz, DMSO-d6, d ppm): 7.90 (s, 2H, -C¼CH), 7.60–7.58 (m, 6H, Ar-H),
7.31–7.20 (m, 6H, Ar-H), 4.69 (s, 2H, -CH2) and 4.10 (s, 4H, -CH2). Calcd for C27H21N5O5

[MþH]þ, 495.1543, found: 495.1063.

Experimental protocol for biological activity

Antitubercular testing using the XRMA protocol

All the synthesized compounds were screened for their in vitro activity against MTB H37Ra
(ATCC 25177) and M. bovis BCG (ATCC 35743) using two-fold dilution technique, in order to
determine the actual minimum inhibitory concentration (MIC). Activity against MTB was deter-
mined through the XTT reduction menadione assay (XRMA) reading absorbance at 470 nm as
per the protocol developed earlier.21 The nitrate reductase (NR) assay was performed to estimate
inhibition of M. bovis BCG by compounds. Absorbance for the NR assay was measured at
540 nm. In vitro activity against MTB and M. bovis BCG at active (8 days) and dormant (12 days)
stages was performed using the XRMA and NR assay, respectively, as described above. Percentage
inhibition was calculated using the following formula:

% inhibition ¼ control� CMPð Þ= control� blankð Þ� �
� 100

where ‘control’ is the activity of mycobacteria without compounds, ‘CMP’ is the activity of myco-
bacteria in the presence of compounds and ‘blank’ is the activity of the culture medium without
mycobacteria.

Cytotoxicity assay

To check the selectivity, active derivatives 4a, 4b, 4e, 4i, 4k and 4l were assayed for their cyto-
toxic effects in three different cell lines MCF-7, A549 and HCT 116 using MTT assay22 (Table 5).
The cell lines were maintained under standard cell culture conditions under 5% CO2 at 37 �C in
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95% air humidified environment. Each concentration was tested in duplicates in a single experi-
ment. GI50/GI90 values were calculated using Origin Pro Software.

Antibacterial activity

All bacterial cultures were first grown in Lysogeny Broth (LB) media at 37 �C at 180 RPM. Once
the culture reaches 1O.D, it is used for antibacterial assay. Bacterial strains E. coli (NCIM 2688),
Pseudomonas fluorescens (NCIM 2036) as gram-negative and B. subtilis (NCIM 2079), S. aureus
(NCIM 2010) as gram-positive were obtained from NCIM (NCL, Pune) and were grown in Luria
Burtony medium from Himedia, India. The assay was performed in 96 well plates after 8 and
12 h. for gram negative and gram-positive bacteria respectively. 0.1% of 1 OD culture at 620 nm
was used for screening.23 0.1% inoculated culture was added in to each well of 96 well plates con-
taining the compounds to be tested. Optical density for each plate was measured at 620 nm after
8 h for gram negative bacteria and after 12 h for gram positive bacteria.

Molecular docking study

Docking studies were carried out to predict the probable mechanism of action of antitubercular
activity of our synthesized imidazole incorporated curcumin conjugates. Docking studies were
performed using crystal structure of mycobacterium tuberculosis enoyl-acyl carrier protein reduc-
tase (InhA) (PDB ID: 1ZID) using Glide module (Grid-Based Ligand Docking with Energetics
Program) of Schrodinger molecular modeling package.24 All the ligand structure were drawn in
Maestro 9.325 and were prepared using Ligand Preparation tool 26 which gives the low-energy
conformers, 3D structures with correct chirality’s for each successfully processed input structure.
The imported protein was further purified. After, careful examination, the water molecules were
deleted. Ionization and tautomeric state of amino acid residues were rectified and H-atoms atoms
were added wherever necessary. Missing residues of the side chain were added using Prime.27

Initially, during protein refinement orientation of polar hydrogens, flip terminal amides and histi-
dine’s and protein protonation states were optimized. Further, existing steric clashes present
within the protein were relaxed using the OPLS-2005 force field present in the impact refinement
module. Minimization was terminated when the energy converged or the root mean square devi-
ation reached a maximum cut off of 0.30Å.28

Further, the active site of receptor was identified by generating grid around the native ligand
ZID. Native ligand was selected and a grid box of size of around 20Å was encompassed around
it, so that there will be maximum inclusion of active site of mycobacterial InhA.

Before subjecting the benzimidazole incorporated 3,5-bis (arylidene)-4-piperidones (4a-4l) for
molecular docking, the protocol was validated by extracting the co-crystallized ligand and re-
docking it into the active site of InhA using the above discussed setup. The best docked conform-
ation of the native ligand was re-produced with a rmsd of less than 1Å compared to the experi-
mentally observed conformation (Figure 12S) which validates the molecular docking protocol
adopted for the molecules being investigated herein.
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ABSTRACT
A new series of 2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-
ones 5a-e were synthesized from 1-(2-hydroxyphenyl)-3-(4,5,6,7-tetrahydro-
benzo[c]isoxazol-3-yl)propane-1,3-diones 4a-e in presence of acetic acid
and conc. HCl. Compounds 4a-e were synthesized by Baker-Venkataraman
rearrangement from 2-acetylphenyl 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-
carboxylate 3a-e in presence of pyridine and KOH and compounds 3a-e
were synthesized from 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-carboxylic acid
1 and substituted 2-hydroxy acetophenone 2a-e. All the synthesized com-
pounds were characterized with the help of IR, 1H NMR, 13C NMR and
mass spectroscopic techniques. All the compounds were screened for their
in vitro anti-inflammatory activities. Furthermore, molecular docking study
against COX-2 enzyme could provide valuable insight into the binding
affinity of these molecules and the type of thermodynamic interactions
governing their binding.

ARTICLE HISTORY
Received 27 February 2021
Accepted 9 September 2021

KEYWORDS
b-Diketones; anti-
inflammatory screening;
COX-2 enzyme; molecular
docking; ADME

CONTACT Hemantkumar N. Akolkar hemantakolkar@gmail.com Abasaheb Marathe Arts & New Commerce, Science,
College, Rajapur, Maharashtra, India.

Supplemental data for this article can be accessed online at https://doi.org/10.1080/10406638.2021.1982733.

� 2021 Taylor & Francis Group, LLC

POLYCYCLIC AROMATIC COMPOUNDS
https://doi.org/10.1080/10406638.2021.1982733

http://crossmark.crossref.org/dialog/?doi=10.1080/10406638.2021.1982733&domain=pdf&date_stamp=2021-09-26
http://orcid.org/0000-0003-0882-1324
https://doi.org/10.1080/10406638.2021.1982733
https://doi.org/10.1080/10406638.2021.1982733
http://www.tandfonline.com


Introduction

Isoxazole is oxygen and nitrogen containing five membered heterocyclic compounds. It contains
one Carbon-Nitrogen double bond and one Carbon-Carbon double bond contribute to the unsat-
urated property of the molecule. The incorporation of isoxazole moiety may contribute to the
improved efficacy, less toxicity, and increased pharmacokinetics profiles.1 Isoxazole exhibits vari-
ous pharmacological activities such as cytotoxic,2 anti-diabetic,3 anti-inflammatory,4 antibacterial,5

antifungal,6 antitumor,7 antiviral,8 antitubercular.9 There are several drugs in market available as
drugs containing isoxazole such as oxacillin, sulfamethoxazole, sulfisoxazole, drazoxolon, HWA-
486 and NVP-AUY922 (Figure 1).

Chromones are the oxygen containing heterocyclic compounds with benzofused c- pyrone
ring, with the parent compound being chromone (4H-chromene-4-one, 4H-1- benzopyran-4-
one). The derivatives of chromone are the most significant heterocyclic compounds in variety of
natural products and medicinal agents. Chromone derivatives have variety of biological activities
such as nematicidal,10 antitumor11 antioxidant,12 antibacterial,13 anticancer,14 anti-Alzheimer15

and anti-inflammatory activity16 etc. There are some marketed drugs having chromone as core
heterocyclic ring like khellin act as herbal folk medicine, disodium cromoglycate used in treat-
ment of asthama,17 flavoxate in smooth-muscle relaxant and apigenin as a skin cancer chemo
preventive agent (Figure 2).

1,3-Diketones opens wide prospects for the design of a variety of organic compounds due to
its high reactivity, including those structurally related to natural ones. For COX-2 inhibitions the
b-diketone scaffold is a very important key intermediate which is a non-steroidal anti-inflamma-
tory agent of the coxib family. The functionalized beta-diketones are clinically important mole-
cules showing antiviral,18 antibacterial,18 antitumor,19 anti-inflammatory,20 anticancer20 and
antioxidant21 activities. Gill et al., reported some novel chromones incorporated isoxazole moi-
eties and evaluated for their antimicrobial activity.22 Wang et. al. reported the synthesis of isoxa-
zole-linked norcantharidin analogues of substituted chromones.23

In continuation of our earlier work24 on synthesis and biological properties of various hetero-
cyclic moieties, herein, a small focused library of 2-heteryl chromones incorporated molecules.
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Considering the biological importance of isoxazole, chromones and b-diketones, we construct
conjugated isoxazole, chromones and b-diketones in one molecular framework to enhance the
anti-inflammatory and antioxidant activity with minimizing the side effects. In addition to this,
we have also performed in silico molecular docking study against COX-2 enzyme and ADME pre-
diction for the synthesized compounds.

Figure 2. Chromone containing marketed drugs.

Figure 1. Isoxazole-containing drugs.
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Results and discussion

Chemistry

In the present study, we have described the synthesis of new 2-(4,5,6,7-tetrahydrobenzo[c]isoxa-
zol-3-yl)-4H-chromen-4-ones (5a-e). Initially, a series of 2-acetylphenyl 4,5,6,7-tetrahydrobenzo[-
c]isoxazole-3-carboxylate 3a-e were synthesized from 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-
carboxylic acid 1 and substituted 2-hydroxy acetophenone 2a-e in POCl3 and dry pyridine
(Scheme 1). Further, compounds 3a-e undergoes Baker-Venkataraman transformation to give 1-
(2-Hydroxyphenyl)-3-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)propane-1,3-diones (4a-e). Finally,
the cyclodehydration of compounds 4a-e in presence of acetic acid and conc. HCl gives corre-
sponding 2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-ones (5a-e) in a good yield.
(Scheme 1).

The formation of 2-acetylphenyl 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-carboxylate 3a-e were
confirmed by 1H NMR, 13C NMR and mass spectra. In the 1H NMR spectrum of compound 3a,
the two singlets observed at d 2.41 and 2.52 ppm for the -CH3 group attached to the phenyl and
carbonyl carbon respectively. The 13C NMR spectrum of compound 3a revealed that the peak
appears at d 197.89 ppm is due to the presence of carbonyl carbon. Structure of compound 3a
also confirmed by molecular ion peak at m/z 300.11 (MþH)þ. Similarly, the synthesis of 1-(2-
hydroxyphenyl)-3-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)propane-1,3-diones 4a-e were also con-
firmed by the spectral techniques. In the 1H NMR spectrum of compound 4a, the singlet
observed at d 16.12 ppm confirms the presence of enolic-OH proton. The 13C NMR spectrum of
compound 4a showed the peak at d 196.80 ppm confirms the presence of carbonyl carbon.
Further, the structure of compound 4a also confirmed by molecular ion peak at m/z
300.16 (MþH)þ.

Scheme 1. Synthesis of 2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-ones (5a-e)
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Finally, the formation of 2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-ones (5a-e)
were confirmed by the various spectral techniques. In the 1H NMR spectrum, the formation of
chromone ring in compound 5a confirmed by the singlet peak observed at d 6.58 ppm for the
proton present on chromone ring. The 13C NMR spectrum of compound 5a showed that the sig-
nal appears at d 176.67 ppm for carbonyl carbon of chromone ring. Structure of compound 5a
also confirmed by mass spectra, molecular ion peak observed at m/z 282.15 (MþH)þ. Similarly,
all the synthesized compounds were characterized by the spectral analysis. Structures of all the
synthesized derivatives shown in Figure 3.

Biological evaluation

Anti-inflammatory activity

All the synthesized compounds were screened for their in vitro anti-inflammatory activities in
comparison to standard drug Diclofenac sodium. Inflammation is related to pain and inflamma-
tion of surrounding tissues that involves elevated protein denaturation, vascular permeability and
membrane alterations.28 Non-steroidal anti-inflammatory drugs (NSAIDs) including diclofenac
sodium are common choice of the drugs. Role of inhibition of protein denaturation carried out
by such drug is reported 28 and ability of reversal of enhanced plasma protein coagulation is also
seen in drug-treated animals. Previous literature28 on in vitro anti-inflammatory activity demon-
strated the application of bovine serum albumin model in para-medical research.

Figure 3. Structures of all the synthesized derivatives.
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Among all the synthesized compounds, 2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chro-
men-4-ones (5a-e) compound 5c, 5d and 5e all other compounds exhibited moderate anti-inflam-
matory activity compare to the standard drug diclofenac sodium. (Table 1).

The percent inhibition of compounds in vitro anti-inflammatory model shown in Figure 4.

Anti-oxidant activity by DPPH

According to the DPPH assay, all the synthesized compound displays comparable antioxidant
activity than standard drug Ascorbic acid (Table 1). The percent inhibition of compounds in vitro
antioxidant model shown in Figure 5.

Figure 4. The percent inhibition of compounds in vitro anti-inflammatory model.

Table 1. In vitro anti-inflammatory (percent of inhibition), anti-oxidant activity (MIC in mg/mL) and molecular docking score.

Cpd
Anti-

inflammatory
Anti-

oxidant
Glide
Score

Glide energy
(Kcal/mol)

H-bonding
(Å)

3a 14.53 153.507 �7.881 �34.912 Ser530(2.599)
3b 11.50 309.5597 �7.189 �31.726 Ser530(2.731)
3c 18.03 141.9384 �8.001 �36.449 Ser530(2.538)
3d 21.88 142.1429 �8.107 �37.199 Ser530(2.051), Tyr385(2.653)
3e NT NT �6.741 �28.606 Ser530(2.579)
4a 25.93 214.75 �8.178 �36.065 Ser530(1.701)
4b 29.58 269.3371 �8.294 �38.031 Ser530(1.864)
4c NT NT �6.649 �27.864 Ser530(2.307, 2.639), Tyr385(2.575)
4d 32.89 239.507 �8.668 �39.907 Ser530(2.561)
4e 33.33 157.8333 �8.726 �40.076 Ser530(2.567)
5a 34.21 471.598 �9.121 �42.596 Ser530(2.181), Tyr385(2.596)
5b 33.33 882.875 �9.031 �41.868 Ser530(2.232), Tyr385(2.614)
5c 41.18 650.475 �9.177 �44.257 Ser530(2.466), Tyr385(2.369)
5d 48.72 628.325 �9.577 �47.365 Ser530(2.013), Tyr385(2.729)
5e 49.75 NT �9.638 �48.518 Ser530(2.215), Tyr385(2.628)
DFS 77.78 – – – –
AA – 41.69611 – – –

Cpd: Compounds; DFS: Diclofenac sodium; AA: Ascorbic acid.
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Computational study

Molecular docking

A perusal of the docked complexes of chromones derivatives (3a-3e, 4a-4e, 5a-5e) revealed that
they could snuggly fit into the active site of COX-2 engaging a series of bonded and non-bonded
interactions. Their binding affinity was found to be in agreement with the observed anti-inflam-
matory activity with active compounds showing relatively higher binding compared to com-
pounds with moderate activity (Table 1). Quantitative analysis of the per-residue interactions
between one of the most active molecule 5e (Figure 6) and the residues lining the active site of
the enzyme was carried out to identify the most significantly interacting residues and the nature
of thermodynamic interactions governing their affinity to COX-2.

The lowest energy docked complex of 5e showed that molecule could aptly bind to the target
protein with high binding affinity (Glide docking score of �9.638/intermolecular binding energy
of �48.518 kcal/mol) interactions at co-ordinates close to the co-crystallized ligand. The major
driving force for mechanical interlocking of this molecule into the active site was observed to be

Figure 6. Binding mode of 5e at the active site of COX-2 (on right side: the pink lines represent the hydrogen bonding
interactions).

Figure 5. The percent inhibition of compounds in vitro antioxidant model.
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favorable van der Waals interactions observed with Ser530(-2.359 kcal/mol), Ala527(-4.548 kcal/
mol), Gly526(-2.363 kcal/mol), Val523(-2.387 kcal/mol), Met522(-1.969 kcal/mol), Phe518(-
1.035 kcal/mol), Trp387(-1.482 kcal/mol), Tyr385(-2.183 kcal/mol), Leu384(-1.135 kcal/mol),
Phe381(-1.213 kcal/mol) and Leu352(-1.088 kcal/mol) residues through the 4,5,6,7-tetrahydroben-
zo[c]isoxazol-3-yl component while the 6-Chloro-4H-chromen-4-one component of the molecule
engaged in similar type of interactions with Leu534(-1.018 kcal/mol), Leu531(-3.071 kcal/mol),
Tyr355(-1.296 kcal/mol), Ser353(-1.794 kcal/mol) and Val349(-3.014 kcal/mol). The enhanced
binding affinity is also attributed to a favorable electrostatic interaction with Ser530(-1.729 kcal/
mol), Glu524(-1.479 kcal/mol), Glu510(-1.045 kcal/mol) and Tyr385(-1.833 kcal/mol). Along with
these non-bonded interactions, 5e also portrayed two very close hydrogen bonding interactions
through the isoxazole ring, firstly with Ser530(2.215Å) and second with Tyr385(2.628Å) residues.
Such hydrogen bonding interactions 00anchor00 the ligand guiding its orientation into the 3D
space of the active site and further facilitates the non-bonded interactions. A similar mode and
type of bonded and non-bonded interactions were involved in stabilizing the complexes of other
compounds with COX-2 speculating an identical mechanism of action (Figure 1S-14S). This in
silico binding affinity data suggest that structural modifications in the isoxazole clubbed chro-
men-4-one scaffold directed toward improving the steric and electrostatic interactions along with
other bonded interactions viz. Hydrogen bonding can lead to compounds with improved binding
affinity toward COX-2.

In silico ADME prediction

Important task for the lead compounds is early prediction of drug likeness properties, as it
resolves the cost and time of drug development and discovery. Due to the inadequate drug like-
ness properties of many active agents with a significant biological activity have failed in clinical
trials.26 On the basis of Lipinski’s rule of five, the drug likeness properties were analyzed by
ADME parameters using Molinspiration online property calculation toolkit27 and data are sum-
marized in Table 2.

All the compounds exhibited noteworthy values for the various parameters analyzed and
showed good drug-like characteristics based on Lipinski’s rule of five and its variants that charac-
terized these agents to be likely orally active. For all the synthesized compound, the data obtained

Table 2. Pharmacokinetic parameters of (4a-e, 5a-e & 6a-e) compounds.

Entry % ABS TPSA (A2) n-ROTB MV MW miLog P n-ON n-OHNH
Lipinski
violation

Drug-likeness
model score

Rule – – – – < 500 � 5 < 10 < 5 � 1 –
3a 85.05 69.41 4 269.30 299.33 3.64 5 0 0 0.34
3b 85.05 69.41 4 279.81 354.19 4.48 5 0 0 0.16
3c 85.05 69.41 4 282.84 333.77 4.25 5 0 0 0.32
3d 85.05 69.41 4 257.67 303.29 3.36 5 0 0 0.31
3e 85.05 69.41 4 266.28 319.74 3.87 5 0 0 0.37
4a 81.26 80.40 4 268.58 299.33 3.14 5 1 0 0.42
4b 81.26 80.40 4 279.09 354.19 3.77 5 1 0 0.31
4c 81.26 80.40 4 282.11 333.77 3.75 5 1 0 0.24
4d 81.26 80.40 4 256.95 303.29 2.86 5 1 0 0.50
4e 81.26 80.40 4 265.55 319.74 3.37 5 1 0 0.60
5a 89.59 56.24 1 250.33 281.31 3.94 4 0 0 0.43
5b 89.59 56.24 1 260.84 336.17 4.78 4 0 0 �0.07
5c 89.59 56.24 1 263.87 315.76 4.55 4 0 0 0.37
5d 89.59 56.24 1 238.70 285.27 2.69 4 0 0 0.57
5e 89.59 56.24 1 247.31 301.73 4.17 4 0 0 0.65

% ABS: Percentage absorption, TPSA: Topological polar surface area, n-ROTB: Number of rotatable bonds, MV: Molecular vol-
ume, MW: Molecular weight, milogP: Logarithm of partition coefficient of compound between n-octanol and water, n-ON
Acceptors: Number of hydrogen bond acceptors, n-OHNH donors: Number of hydrogen bonds donors.

8 S. G. DENGALE ET AL.



were within the range of accepted values. None of the synthesized compounds violated the
Lipinski’s rule of five. The parameters like the number of rotatable bonds and total polar surface
area are linked with the intestinal absorption; results showed that all synthesized compounds had
good absorption. The larger the value of the drug likeness model score, the higher is also prob-
ability that the particular molecule will be active. The in-silico assessment of all the synthetic
compounds has shown that they have very good pharmacokinetic properties, which is reflected in
their physicochemical values, thus ultimately enhancing pharmacological properties of
these molecules.

Conclusion

A new series of 2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-ones 5a-e were synthe-
sized from 1-(2-hydroxyphenyl)-3-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)propane-1,3-diones
4a-e in presence of acetic acid and conc. HCl. Compounds 4a-e were synthesized by Baker-
Venkataraman rearrangement from 2-acetylphenyl 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-carboxyl-
ate 3a-e in presence of pyridine and KOH and compounds 3a-e were synthesized from 4,5,6,7-
tetrahydrobenzo[c]isoxazole-3-carboxylic acid 1 and substituted 2-hydroxy acetophenone 2a-e. All
the synthesized compounds were characterized with the help of IR, 1H NMR, 13C NMR and mass
spectroscopic techniques. All the compounds were screened for their in vitro anti-inflammatory
activities. Furthermore, in-silico molecular docking study against COX-2 enzyme and ADME
properties of the synthesized compounds also carried out. The results of in silico binding affinity
study were found to be in agreement with the in vitro data suggesting that these molecules could
serve as a pertinent starting point for structure-based optimization of this novel scaffold and
therefore efforts are under way to optimize scaffold for arriving at potent molecules with
improved anti-inflammatory and selectivity.

Experimental

All organic solvents were acquired from commercial sources and used as received. The melting points
were measured on a DBK melting point apparatus and are uncorrected. IR spectra were recorded on
Shimadzu IR Affinity 1S (ATR) FTIR spectrophotometer. 1H NMR (500MHz) and 13C NMR
(125MHz) spectra were recorded on Bruker Advance neo 500 spectrophotometers using TMS as an
internal standard and DMSO-d6 as solvent and chemical shifts were expressed as d ppm units. Mass
spectra were obtained on Waters, Q-TOF micromass (ESI-MS) mass spectrometer.

General procedure for the synthesis of 2-acetylphenyl 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-
carboxylate (3a-e)
A mixture of 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-carboxylic acid 1 (0.001mol) and substituted
2-hydroxy acetophenone 2a-e (0.001mol) were taken in dry round bottom flask and dissolved in
10mL dry pyridine. The reaction mixture was then cooled to 0 �C. To this solution, POCl3
(0.01mol) was added drop-wise maintaining temperature below 5 �C. Then the reaction mixture
was kept overnight at RT under stirring. It was then poured over crushed ice with vigorous stir-
ring. The crude solid product was separated by filtration and washed with ice-cold water followed
by ice cold solution of dil. NaOH and finally again washed with ice cold water. The crude solid
product purified by crystallization from ethyl alcohol to get pure compounds 3a-e.

General procedure for the synthesis of benzoxazole b diketones (4a-e)
Compound 3a-e (0.05mol) was taken in 15mL dry pyridine, and to this reaction mixture an
excess of powdered KOH (0.1mol) was added with constant stirring and the reaction mixture
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was stirred at RT for 3 hr. Thereafter the contents were poured over crushed ice and acidified
with dil. HCl. The resulting product was separated by filtration and purified by crystallization
from ethanol to afforded 4a-e.

General procedure for the 6-methyl-2-(4, 5, 6, 7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-
4-one (5a-e)
Compound 4a-e (1mmol) taken in acetic acid (5mL) and to this conc. HCl (1mL) was added.
Reaction mixture was heated under reflux for 2 hr. After completion of heating, the reaction mix-
ture was cooled and poured over crushed ice. The resulting product was separated by filtration
and purified by crystallization from ethanol to give 5a-e.

2-Acetyl-4-methylphenyl 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-carboxylate (3a)
Yield: 61%; White solid; mp: 172-174 �C; 1H NMR (500MHz, DMSO-D6): d¼ 1.71-1.79 (m, 4H),
2.41 (s, 3H, Ar-CH3), 2.52 (s, 3H,-CH3), 2.76-2.81 (m, 4H), 7.27-7.29 (d, 1H, J¼ 10Hz, Ar-H),
7.50-7.52 (d, 1H, J¼ 10Hz, Ar-H), 7.84-7.86 (d, 1H, J¼ 10Hz, Ar-H); 13C NMR (100MHz,
DMSO- D6): d¼ 197.9, 162.6, 156.0, 153.0, 145.6, 137.0, 134.7, 131.7, 130.0, 124.1, 123.3, 29.6,
21.7, 21.7, 21.4, 20.8, 20.6; MS (ESI-MS): m/z 300.11 (MþH)þ.

2-Acetyl-4, 6-dichlorophenyl 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-carboxylate (3b)
Yield: 61%; White solid; mp: 120-122 �C; 1H NMR (500MHz, DMSO-D6): d¼ 2.36 (s, 1H,
-CH3), 2.70-2.68 (dd, 4H, Ar-H), 2.76-2.73 (dd, 4H, Ar-H), 7.88 (d, 2H, J¼ 2.5Hz, Ar-H), 7.99
(d, 2H, J¼ 2.5Hz, Ar-H); 13C NMR (100MHz, DMSO-D6): d 162.8, 162.4, 154.9, 154.0, 152.1,
151.2, 147.2, 141.3, 132.6, 131.1, 131.0, 129.0, 128.8, 124.8, 123.4, 111.6, 21.5, 21.5, 21.4, 21.4,
20.5, 20.4.

2-Acetyl-4-chloro-5-methylphenyl 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-carboxylate (3c)
Yield: 61%; White solid; mp: 122-124 �C; 1H NMR (500MHz, DMSO-D6): d¼ 1.79-1.70 (m, 4H),
2.41 (s, 3H, Ar-CH3), 2.62 (s, 3H, -CH3), 2.76-2.81 (m, 4H), 7.47 (s, 1H, Ar-H), 8.07 (s, 1H, Ar-
H); 13C NMR (100MHz, DMSO-D6): d¼ 196.5, 162.7, 155.7, 152.7, 146.3, 142.8, 131.8, 131.5,
129.3, 126.9, 123.6, 29.6, 21.7, 21.6, 21.4, 20.6, 20.2; MS (ESI-MS): m/z 334.11 (MþH)þ.

2-Acetyl-4-fluorophenyl 4, 5, 6, 7-tetrahydrobenzo[c]isoxazole-3-carboxylate (3d)
Yield: 61%; White solid; mp: 68-70 �C; 1H NMR (500MHz, DMSO-D6): d¼ 1.70-1.81 (m, 4H,
Ar-H), 2.51 (s, 1H,-CH3), 2.77-2.81 (m, 4H, Ar-H), 7.50 (dd, 1H, J¼ 3Hz & 9Hz, Ar-H), 7.57-
7.61 (m, 1H, Ar-H), 7.88-7.91 (dd, 1H, J¼ 3Hz & 9Hz, Ar-H); 13C NMR (100MHz, DMSO-D6):
d¼ 197.0, 162.7, 161.1, 159.1, 155.9, 152., 143.8, 143.7, 131.9, 131.9, 126.5, 126.5, 123.5, 121.1,
120.9, 118.0, 117.6, 29.7, 21.7, 21.6, 21.4, 20.6; MS (ESI-MS): m/z 304.12 (MþH)þ.

2-Acetyl-4-chlorophenyl 4,5,6,7-tetrahydrobenzo[c]isoxazole-3-carboxylate (3e)
Yield: 61%; White solid; mp: 108-110 �C; 1H NMR (500MHz, DMSO-D6): d¼ 1.71-1.80 (m, 4H),
2.56 (s, 3H,-CH3), 2.77-2.81 (m, 4H), 7.48-7.50 (d, 1H, J¼ 10Hz, Ar-H), 7.78-7.80 (dd, 1H,
J¼ 10Hz, Ar-H), 8.08-8.09 (d, 1H, J¼ 5Hz, Ar-H); 13C NMR (100MHz, DMSO-D6): d¼ 197.0,
162.7, 155.6, 152.7, 146.4, 134.0, 132.0, 131.7, 130.9, 126.5, 123.6, 29.8, 21.7, 21.6, 21.4, 20.6; MS
(ESI-MS): m/z 320.11 (MþH)þ.
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1-(2-Hydroxy-5-methylphenyl)-3-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl) propane-1,3-dione (4a)
Yield: 61%; Yellow solid; mp: 90-92 �C; 1H NMR (500MHz, DMSO-D6): d¼ 1.64-1.76 (m, 8H),
2.26 (s, 3H), 2.62-2.82 (m, 8H), 2.97 (d, J¼ 16.5Hz, 1H), 3.34 (d, J¼ 16.5Hz, 1H), 7.0 (d, 1H,
J¼ 8.5Hz, Ar-H), 7.44 (dd, 1H, J¼ 8 & 2Hz, Ar-H), 7.71 (d, 1H, J¼ 2Hz, 10.89 (s, 1H, -O-H),
15.85 (broad singlet, 1H, enolic-OH); MS (ESI-MS): m/z 300.16 (MþH)þ.

1-(3,5-Dichloro-2-hydroxyphenyl)-3-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)propane-1,3-dione (4b)
Yield: 61%; White solid; mp: 220-222 �C; 1H NMR (500MHz, DMSO-D6): d¼ 1.68-1.76 (m, 8H,
Ar-H), 2.69-2.82 (m, 8H, Ar-H), 3.10 (d, J¼ 16Hz, 1H), 3.50 (d, J¼ 16Hz, 1H), 7.18 (S, 1H,
enol-olefinic proton), 7.71 (d, 1H, J¼ 2Hz), 7.85 (s, 1H), 7.97 (s, 1H, enolic -OH), 8.00 (d, 1H,
J¼ 2Hz, 1H), 8.64 (s, 1H), 11.92 (keto-OH); 13C NMR (100MHz, DMSO- D6): d¼ 188.7, 162.6,
162.3, 161.5, 152.2, 135.8, 134.4, 128.2, 126.4, 124.4, 124.2, 123.0, 112.6, 100.2, 46.9, 22.3, 21.9,
21.8, 21.7, 21.6, 21.5, 20.8, 19.9; MS (ESI-MS): m/z 354.10 (MþH)þ.

1-(5-Chloro-2-hydroxy-4-methylphenyl)-3-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)propane-1,3-dione(4c)
Yield: 61%; White solid; mp: 150-152 �C; 1H NMR (500MHz, DMSO-D6): d¼ 1.68-1.76 (m, 4H,
Ar-H), 2.69-2.82 (m, 4H, Ar-H), 3.51(d, 2H, -CH2), 4.83(S, 1H, -OH),7.96 (d, 1H, J¼ 5Hz, Ar-
H), 8.003(d, 1H, J¼ 2Hz, Ar-H), 15.97 (broad singlet, 1H, enolic-OH); 13C NMR (100MHz,
DMSO-D6): d¼ 189.1, 183.3, 174.3, 162.9, 162.5, 161.4, 157.9, 157.8, 156.2, 145.2, 143.2, 129.1,
127.2, 125.5, 124.4, 122.2, 121.4, 120.3, 120.1, 119.5, 112.3, 99.3, 99.2, 47.1, 22.3, 22.0, 21.9, 21.7,
21.6, 21.5, 20.9, 20.6, 20.5, 19.9; MS (ESI-MS): m/z 334.13 (MþH)þ.

1-(5-Fluoro-2-hydroxyphenyl)-3-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)propane-1,3-dione(4d)
Yield: 61%; White solid; mp: 172-174 �C; 1H NMR (500MHz, DMSO-D6): d¼ 4.64 (S, 1H, ole-
finic proton), 11.13 (S, 1H, enolic -OH proton); 13C NMR (100MHz, DMSO-D6): d¼ 189.7,
183.2, 174.7, 162.9, 162.5, 161.4, 157.9, 156.7, 156.3, 155.5, 154.7, 154.0, 124.2, 124.0, 122.3, 122.1,
121.4, 121.0, 120.9, 120.8, 120.7, 120.5, 119.4, 119.3, 114.9, 114.7, 112.3, 111.3, 111.1, 99.5, 99.2,
47.1, 22.3, 22.0, 21.9, 21.7, 21.6, 21.5, 20.9, 20.6, 19.8; MS (ESI-MS): m/z 304.15 (MþH)þ.

1-(5-Chloro-2-hydroxyphenyl)-3-(4, 5, 6, 7-tetrahydrobenzo[c]isoxazol-3-yl) propane-1, 3-dione (4e)
Yield: 61%; White solid; mp: 150-152 �C 1H NMR (500MHz, DMSO-D6): d¼ 4.63 (S, 1H, ole-
finic proton), 11.39 & 11.25 (bs 2H, phenolic -OH & keto-enol tautomeric proton); 13C NMR
(100MHz, DMSO-D6): d¼ 189.4, 182.8, 174.9, 162.7, 162.5, 161.4, 157.9, 157.8, 156.3, 136.4,
134.5, 128.7, 126.5, 125.2, 123.7, 121.9, 121.7, 121.2, 120.5, 119.9, 112.4, 99.6, 99.3, 47.1, 22.3,
21.9, 21.8, 21.7, 21.6, 21.5, 20.9, 20.6, 19.8; MS (ESI-MS): m/z 320.13 (MþH)þ.

6-Methyl-2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-one (5a)
Yield: 61%; White solid; 1H NMR (500MHz, DMSO-D6): d ppm 1.75-1.78 (m, 6H), 2.43 (s, 3H,-
CH3), 2.43-2.46 (m, 3H), 6.67(s, 1H, chromone), 3.02 (s, 2H), 7.63-7.68 (m, 2H, Ar-H), 7.84-7.86
(d, 1H, J¼ 10Hz, Ar-H); 13C (100MHz, DMSO-D6): d ppm ¼ 176.67, 162.78, 162.53, 154.76,
154.05, 153.50, 137.07, 136.27, 136.18, 124.68, 124.61, 123.75, 121.98, 120.86, 119.06, 118.79,
118.32, 108.81, 21.98, 21.73, 21.61, 21.49, 20.91, 20.49; MS (ESI-MS): m/z 282.15 (MþH)þ .

6,8-Dichloro-2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-one(5b)
Yield: 61%; White solid; 1H NMR (500MHz, DMSO-D6): d ppm 1.78-1.79 (m, 5H), 2.77-2.78
(m, 2H), 2.98-3.00 (m, 2H), 6.84 (s, 1H, chromone), 7.95-7.96 (d, J¼ 5Hz, 1H, Ar-H), 8.25(s, 1H,
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Ar-H); 13C (100MHz, DMSO-D6): d ppm ¼ 162.73, 134.66, 126.21, 124.44, 123.66, 119.16,
108.86, 21.96, 21.70, 21.49, 20.77; MS (ESI-MS): m/z 336.08 (MþH)þ.

6-Chloro-7-methyl-2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-one (5c)
Yield: 61%; White solid; 1H NMR (500MHz, DMSO-D6): d ppm 1.78-1.79 (m, 6H), 2.77 (s, 3H,
-CH3), 2.95 (m, 2H), 6.73 (s, 1H, chromone), 7.87 (s, 1H, Ar-H), 7.98 (s, 1H, Ar-H); 13C NMR
(100MHz, DMSO-D6): d ppm ¼ 144.24, 124.64, 118.49, 116.24, 109.00, 107.00, 21.96, 21.74,
21.48, 20.54; MS (ESI-MS): m/z 316.12(MþH)þ.

6-Fluoro-2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-one (5d)
Yield: 61%; White solid; 1H NMR (500MHz, DMSO-D6): d ppm 1.78-1.79(m, 4H), 2.77-2.79 (d, 2H,
J¼ 10Hz), 2.93-2.96 (d, 2H, J¼ 15Hz), 6.73(s, 1H, chromone), 7.73-7.75 (m, 1H, Ar-H), 7.77-7.79 (d,
J¼ 4Hz, 1H, Ar-H), 7.87-7.89 (d, J¼ 10Hz, 1H, Ar-H); 13C (100MHz, DMSO-D6): d ppm ¼ 176.14,
162.60, 158.75, 154.56, 153.90, 152.90, 125.30, 125.24, 123.43, 123.22, 121.94, 121.87, 118.72, 110.23,
110.04, 108.24, 21.95, 21.73, 21.48, 20.49; MS (ESI-MS): m/z 286.13(MþH)þ .

6-Chloro-2-(4,5,6,7-tetrahydrobenzo[c]isoxazol-3-yl)-4H-chromen-4-one (5e)
Yield: 61%; White solid; 1H NMR (500MHz, DMSO-D6): d ppm 1.77-1.80 (m, 4H), 2.76-2.79
(m, 2H), 2.92-2.95 (m, 2H), 6.74 (s, 1H, chromone), 7.82-7.84 (d, J¼ 10Hz, 1H, Ar-H), 7.90-7.92
(m, 1H, Ar-H), 7.98-7.99 (d, J¼ 5Hz, 1H, ArH); (100MHz, DMSO-D6): d ppm ¼ 175.68,
162.60, 154.47, 154.38, 153.91, 135.12, 130.94, 125.17, 124.40, 121.57, 118.81, 108.85, 21.94, 21.72,
21.48, 20.50; MS (ESI-MS): m/z 302.12 (MþH)þ.

Anti-inflammatory activity

All the synthesized compounds were screened for their in vitro anti-inflammatory activities
according to the literature procedure28 with slight modification in the procedure using bovine
serum albumin (BSA) as protein and the standard drug diclofenac sodium. A volume of 1ml of
diclofenac sodium at concentrations 50, 100, 200, 400, 800, and 1,000 lg/mL and synthetic com-
pounds was allowed to homogenized separately with 1mL of aqueous solution of BSA (5%) and
incubated for 15minutes at 27oC. The mixture of distilled water and BSA was used as the con-
trol. Denaturation of the proteins was caused by placing the mixture in a water bath for
10minutes at 70oC. The denaturation of all samples was carried out. The mixture was cooled
within the ambient room temperature, and the activity of each mixture was measured at 660 nm
by measuring extent of turbidity in terms of percent inhibition in each sample tube. Each test
was conducted thrice and mean of the readings were recorded. The following formula was used
to calculated inhibition percentage:

%inhibition ¼ absorbanceofcontrol� absorbanceofsampleð Þ= absorbanceofcontrolð Þ � 100

Antioxidant activity

Various concentrations (50, 100, 150 mg/mL) were prepared by dilution method. The mixture was
shaken vigorously and allowed to stand at room temp for 30min. then, absorbance was measured
at 255 nm. by using spectrophotometer (UV-VIS Shimadzu). Reference standard compounds
being used was ascorbic acid and experiment was done in triplicate. The IC50 value of the sample,
which is the concentration of sample required to inhibit 50% of the DPPH free radical, was calcu-
lated using Log dose inhibition curve. Lower absorbance of the reaction mixture indicated higher
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free radical activity. The percent DPPH scavenging effect was calculated by using follow-
ing equation:

DPPH scavenging effect (%) or Percent inhibition¼A0 - A 1/A0� 100.
Where A0 was the Absorbance of control reaction and A1 was the Absorbance in presence of

test or standard sample.

Molecular docking

A very promising level of anti-inflammatory activity demonstrated by the title compounds in the
in vitro assay paved the way to gain an insight into the plausible mechanism of action. The in-sil-
ico techniques of molecular docking are now a well-established approach for evaluation of bind-
ing affinity of a bioactive molecule toward the target protein and predict the type of
thermodynamic interactions between the compounds and the active site amino acids to rational-
ize the obtained biological results. With this objective, Cyclo-oxygenase 2 (COX-2) was chosen as
the model protein to perform the molecular docking study for the title compounds. Critical in
the inflammation pathway, Cyclo-oxygenase 2 (COX-2) is essential for the formation of protei-
noids including thromboxane and prostaglandins which mediate the inflammation and pain.
Molecular docking study was performed using the standard protocol implemented in the GLIDE
(Grid-based Ligand Docking with Energetics) module of the Schr€odinger Molecular modeling
package.25 The three-dimensional X-ray crystal structure of cyclooxygenase-2 (COX-2) enzyme
complexed with its inhibitor Diclofenac was retrieved from the Protein Data Bank (www.rcsb.org/
1PXX) and subjected to docking against the title compounds.

In silico ADME

In the present study, we have calculated molecular volume (MV), molecular weight (MW), loga-
rithm of partition coefficient (miLog P), number of hydrogen bond acceptors (n-ON), number of
hydrogen bonds donors (n-OHNH), topological polar surface area (TPSA), number of rotatable
bonds (n-ROTB) and Lipinski’s rule of five29 using Molinspiration online property calculation
toolkit.27 Absorption (% ABS) was calculated by: % ABS ¼ 109-(0.345�TPSA).30 Drug-likeness
model score (a collective property of physic-chemical properties, pharmacokinetics and pharma-
codynamics of a compound is represented by a numerical value) was computed by
MolSoft software.31
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ABSTRACT
We have developed a convenient one-pot multicomponent synthesis of
highly functionalized [1,6]-naphthyridines under solvent free condition using
[Et3NH][HSO4] in excellent yield. This protocol offers several advantages,
including short reaction time, simple experimental workup procedure and no
toxic byproducts, avoids the use of toxic organic solvents and anhydrous
conditions. Further. we have screened the synthesized naphthyridines for
in vitro antibacterial, antifungal and antioxidant activity. Furthermore, a
molecular docking study of these compounds was carried out to investigate
their binding pattern with the target, b-Ketoacyl-acyl carrier protein synthase
III (FabH). Finally, the ADME parameters for these compounds showed good
drug like properties and can be developed as oral drug candidates.

ARTICLE HISTORY
Received 13 April 2021
Accepted 14 August 2021

KEYWORDS
Antimicrobial; Antioxidant;
FabH; ADME;
Naphthyridines;
[Et3NH][HSO4];
multicomponent reactions

Introduction

Naphthyridine is a bicyclic heterocycle containing a pyridine ring fused to that of the dihydropyr-
idine ring. According to literature survey, we found that the methods which are used for the syn-
thesis of the functionalized [1,6]-naphthyridines and their benzo/heterofused analogues involves
either multistep sequences or inert atmosphere, lengthy reaction time, expensive catalyst and
laborious work up. Being a multifunctional entity, it finds application in nearly every field of
laboratory, industrial and medicinal chemistry. Naphthyridines continued to be of great interest
due to a wide spectrum of their biological activities such as used in agrochemicals,1
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pharmaceuticals,1 and fluorescent probes.2 Currently, numerous naphthyridine-containing mole-
cules exhibited medicinal properties for the prevention and treatment of Alzheimer’s disease
(AD),3 bacterial infections,4 heart failure,5 angiogenic disorder,6 cancer,7 parasitic infections8 and
viral infections9 have been reported. Therefore, the construction of naphthyridines have received
increasing attention recently.10 Human cytomegalovirus (HCMV) is a species-specific DNA virus
belonging to the herpesviridae family. The structures of pharmacologically active naphthyridine
based compounds are shown in Figure 1.

Nowadays, greener reaction media has gaining more importance to perform organic transfor-
mations safely. Ionic liquids referred as ‘designer solvent’ due to their physical and chemical
properties, and can be adjusted by a careful choice of cation and anion. Ionic liquid has been
turned to be a kind of promising alternative medium for various chemical processes due to its
good solvating capability, non-inflammability, negligible vapor pressure, ease of recyclability, con-
trolled miscibility and high thermal stability.11 In particular, acidic Bronsted ionic liquids [ABILs]
are of special importance, because they possess simultaneously the proton acidity and the charac-
teristic properties of ionic liquids.12 ABILs offer environmentally friendly catalytic properties due
to the combination of the advantages of liquid acids and solid acids, such as uniform acid sites,
stability in water and air, easy seperation and reusability. The ionic liquid has been proved to be
a very excellent catalyst as well as solvent for many organic transformations.13

Triethylammonium Hydrogen Sulfate [Et3NH][HSO4] (TEAHS) ionic liquid has been
proved to be a very excellent catalyst as well as solvent for many organic transformations such as
for the synthesis of quinoline,13 coumarin,14 biscoumarins,15 1,8-dioxo-octahydroxanthenes,16

thiazolidine and oxazolidine,17 hydrazone,18 4,40-(arylmethylene)bis(1H-pyrazol-5-ols),19 function-
alized aminoalkyl and amidoalkyl naphthol,20 b-amino carbonyl pyrimidines,21 xanthene,22 3,4-
Dihydropyrimidin-2(1H)-one23 derivatives and in hydrolytic reaction,24 3,4,5-substituted furan-
2(5H)-ones25 and a-amino phosphonates.26

The approach to functionalized [1,6]-naphthyridines and their benzo/heterofused analogues pre-
sented herein offers an unprecedented coupling which leads to the construction of both the nitro-
gen containing rings during the synthesis without starting from any nitrogen containing
heterocyclic moiety. Recently, Shen and coworkers described the synthesis of naphtho[2,3-
b][1,6]naphthyridines catalyzed by acetic acid.27a Zhang et. al. described synthesis of 1,6-naphthyri-
dine-2,5-dione derivatives under utrasound irradiation in water with acetic acid as catalyst27b and
recycle heterogeneous solid acid catalyst.27c Vennila et. al. synthesized new 10-methoxy diben-
zo[b,h][1,6]naphthyridine carboxylic acid from 3-methoxyaniline by a new route.27d A survey of the
literature shows that the majority of the strategies involve either multistep sequences,27e-j or expen-
sive catalysts,27g-j,28 inert atmosphere,27f,g,28a lengthy reaction time,27g,h and laborious workup.27f-h

However, [Et3NH][HSO4] has not been explored yet for the synthesis of functionalized [1,6]-
naphthyridines via multicomponent reaction. Therefore, in continuation of our work on the
development of novel synthetic methodologies for organic transformations,26,29 we employed
[Et3NH][HSO4] as an acidic Bronsted ionic liquid as a green, efficient, and recyclable catalyst as
well as a solvent for the synthesis of functionalized [1,6]-naphthyridines. Further, we have screened

Figure 1. Pharmacologically active naphthyridine based active compounds.
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the synthesized naphthyridines for in vitro antimicrobial and antioxidant activity. In order to
rationalize the promsing data obstained from antimicrobial screening and to gain an insight into
plausible mechanism of action, a molecular docking study was performed against a critical target,
b-Ketoacyl-acyl carrier protein synthase III (FabH) which could provide clustered solutions on
binding mode and various thermodynamic interactions governing the binding affinity.

Results and discussion

Chemistry

In search of the best experimental reaction conditions, reaction of acetophenone 1a, malononitrile
2 and piperidine 3a in ecofriendly solvent free condition using ionic liquid [Et3NH][HSO4] at 80-
90 �C was considered as a standard model reaction (Scheme 1). Initially, the reaction was carried
out in absence of the catalyst, the product 4a was formed in trace amount (Table 1, entry 1).

To determine the appropriate concentration of the catalyst [Et3NH][HSO4], the model reaction
at different concentrations of [Et3NH][HSO4] such as 5, 10, 15, 20 and 25mol% has been carried
out. The functionalized [1,6]-naphthyridine formed in 60, 80, 85, 93 and 93% yields, respectively
in given times (Table 1, entries 2-6). The increase in concentration of catalyst from 20 to 25mol%
does not increase the yield of product. This indicates that, 20mol% of [Et3NH][HSO4] is suffi-
cient for the reaction by considering yield of product.

To evaluate the effect of solvents, dichloromethane (DCM), THF, 1,4-dioxane, toluene,
CH3CN and EtOH were used for the model reaction. It has been observed that, the use of sol-
vents retards the rate of reaction and affords the desired product in lower yields than that for
neat reaction condition (Table 2, entry 1-6).

To check the ecofriendliness of [Et3NH][HSO4], we recycled the ionic liquid [Et3NH][HSO4]
for five times Table 3. The reaction proceeded cleanly with good yields (93, 93, 92, 90, 90 and
85%); although a weight loss of �5% of [Et3NH][HSO4] was observed from cycle to cycle due to
mechanical loss (Table 3, entries 1-6).

With these optimized reaction conditions for model reaction i.e., 20mol% [Et3NH][HSO4]
catalyst, 80-90 �C and solvent-free conditions, we have synthesized a series of functionalized

Scheme 1. Standard model reaction

Table 1. Effect of concentration of catalyst and timea.

Entry
[Et3NH][HSO4]

(mol %) Time (Min) Yieldb (%)

1 – 60 Trace
2 5 60 60
3 10 45 80
4 15 15 85
5 20 10 93
6 25 10 93
aReaction conditions: Acetophenone 1a (2mmol), malononitrile 2 (2mmol), piperidine 3a (1mmol), solvent-free at 80-90 �C.
bIsolated yield.
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[1,6]-naphthyridines (4 b-l) by reacting acetophenones (1a-d), malononitrile (2) and secondary
amines (3a-c) in excellent yields (Scheme 2, Figure 2).

The formation of functionalized [1,6]-naphthyridines 4a-l have been confirmed by physical
data30 and spectroscopic methods such as 1H NMR,13C NMR and mass. According to the 1H
NMR spectrum of representative compound 4a, the singlet observed at d 1.65 ppm for proton of
methyl group, the multiplet observed at d 1.48-1.55 ppm confirms the six protons from three
methylene groups present in piperidine ring and multiplet observed at d 3.44 ppm for methylene
four proton attached to the nitrogen heteroatom. Similarly, broad singlet observed at d 4.92 ppm
for -NH2 protons. In addition, a singlet observed at d 5.57 ppm assigned to -NH proton present
in [1,6]-naphthyridine and singlet for alkene proton observed at d 6.74 ppm confirmed the forma-
tion of [1,6]-naphthyridine ring. Furthermore, all the aromatic protons appeared at expected
chemical shifts and integral values. The synthesis of [1,6]-naphthyridine was further confirmed by
13C NMR spectral data 4a, in which the carbon signals of methylene group is resonated at d
24.3 ppm. The signal observed at d 30.9 ppm indicates the presence of methyl carbon. The signals
at d 48.7 ppm indicate the presence of methylene carbon attached to the nitrogen heteroatom.
The signal observed at d 56.5 ppm indicates the tertiary carbon atom on which methyl and phenyl
ring is present. In addition to this the signal observed at d 118.7 indicates the presence of carbon
in -CN group, while all other carbons gave signals at expected values.

Table 2. Screening of solvents.

Entry Solvent Yielda (%)

1 DCM 44
2 THF 46
3 1,4-Dioxane 48
4 Toluene 55
5 Acetonitrile 58
6 Ethanol 60
7 Solvent free 93

Reaction conditions: Acetophenone 1a (2mmol), malononitrile 2 (2mmol), piperidine 3a (1mmol) in 20mol% [Et3NH][HSO4].
aIsolated yield.

Table 3. Reusability of catalyst for model reaction.

Entry Run Timea (Min) Yieldb

1 Fresh 10 93
2 1 10 93
3 2 10 92
4 3 10 90
5 4 10 90
6 5 15 85
aReaction progress monitered by TLC.
bIsolated yield.

Scheme 2. Synthesis of functionalized [1,6]-naphthyridines 4a-l.
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Biological evaluation

Antibacterial activity

The functionalized [1,6]-naphthyridines 4a-l were screened for antibacterial activity against the
two Gram positive and two Gram negative bacterial strains and results are shown in Table 4.

For bacterial strain S. aureus, the compounds 4 g, 4 h, and 4j shows excellent inhibitory activ-
ity with MIC value 4 mg/mL, which is equivalent to the clinical drug ampicilin (MIC 4 mg/mL).

Figure 2. Structures, yields and melting point of the [1,6]-naphthyridines (4a-l).
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For bacterial strain M.luteus, compounds 4c, 4d, 4h, 4i, 4k and 4 l exhibit two-fold antibacterial
activity with MIC value 8mg/mL and compounds 4b, 4e, 4f and 4j with MIC value 16mg/mL exhib-
ited equivalent activity as compared to the clinical drug ampicilin (MIC 16mg/mL). For bacterial
strain E. coli compounds 4e, 4 g, 4k and 4 l with MIC value 4mg/mL exhibited equivalent activity as
compared to the clinical drug ampicilin (MIC 4mg/mL) and for P. fluorescens, all the synthesized
compounds exhibited moderate antibacterial activity compared to the standard antibacterial drugs.

Antifungal activity

In case of antifungal activity, all the synthesized [1,6]-naphthyridines 4a-l shows good to moder-
ate activity against all the tested fungal strains (Table 4).

Compounds 4a, 4 b, 4c, 4e, 4f, 4 g, 4i and 4j with MIC value 16mg/mL exhibited equivalent
activity compared with the standard drug miconazole against the fungicidal strain C. albicans.
Compounds 4c, 4d, 4 g, 4j and 4k with MIC value 16 mg/mL exhibited equivalent activity com-
pared with the standard drug miconazole against the fungicidal strain F. oxysporum. Compounds
4f, 4 g, 4j and 4k with MIC value 16 mg/mL exhibited equivalent activity compared to the stand-
ard antibacterial drug miconazole for the fungicidal strain A. flavus.

Antioxidant activity

All the synthesized compounds 4a-l shows moderate antioxidant activity as compared to the
standard drug BHT (Table 4). The compounds 4 g (IC50¼ 16.1 mg/mL), 4 h (IC50¼ 16.3 mg/mL)
and 4i (IC50¼ 16.4mg/mL) have shown excellent activity as compared to standard drugs BHT
(IC50¼ 16.5 mg/mL). Remaining compounds exhibit good to moderate antioxidant activity as
compared to standard drugs BHT.

Computational study

Molecular docking

In an effort to elucidate the plausible mechanism for antimicrobial activity demonstrated by the
naphthyridines investigated herein and guide further SAR, molecular docking was performed

Table 4. In vitro antimicrobial (MIC) and antioxidant activities (IC50) of 4a-l (mg/mL).

Compound

Gramþ ve bacteria Gram -ve bacteria Antifungal activity

DPPH IC50SA ML EC PF CA FO AF

4a 16 32 32 32 16 32 64 21.3
4b 8 16 32 32 16 32 64 27.3
4c 16 8 16 8 16 16 64 22.1
4d 8 8 16 8 32 16 32 18.1
4e 8 16 4 4 16 64 32 19.3
4f 8 16 8 4 16 32 16 18.9
4g 4 32 4 8 16 16 16 16.1
4h 4 8 32 8 32 64 64 16.3
4i 8 8 32 32 16 32 32 16.4
4j 4 16 8 16 16 16 16 25.3
4k 8 8 4 8 64 16 16 30.2
4l 8 8 4 16 64 64 64 20.3
Ampicilin 4 16 4 2 – – – –
Kanamycin 2 2 2 2 – – – –
Miconazole – – – – 16 16 16 –
Fluconazole – – – – 2 2 4 –
BHT – – – – – – – 16.5

SA: Staphylococcus aureus; ML: Micrococcus luteus; EC: Escherichia coli; PF: Pseudomonas fluorescens; CA: Candida albicans; FO:
Fusarium oxysporum; AF: Aspergillus flavus; BHT: Butylated Hydroxy Toluene.
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against b-ketoacyl-acyl carrier protein synthase III (FabH) (PDB code: 1HNJ) using the standard
protocol implemented in the GLIDE (Grid-based LIgand Docking with Energetics) program of
the Schrodinger Molecular modeling package (Schrodinger, LLC, New York, NY, 2018).31 FabH
is a condensing enzyme that plays an essential and regulatory role in bacterial fatty acid biosyn-
thesis wherein it initiates the fatty acid elongation cycles and is involved in the feedback regula-
tion of the biosynthetic pathway via product inhibition. FabH catalyzes the condensation of CoA-
attached acetyl group and an ACP-attached malonyl group, yielding acetoacetyl-ACP as its final
product. The essentiality of FabH for bacterial viability and due to their central roles in the fatty
acid biosynthetic pathway qualifies FabH as an excellent molecular target.32

All the naphthyridines were observed to be nicely bound to the active site of FabH with excel-
lent binding affinity (average Glide docking score of �7.778 and Glide binding energy of
�44.795 kcal/mol) and engaged in several close interactions (Table 5).

A detailed investigation of the per-residue interactions for one of most active analogs 4e
showed that it could snugly fit into the active site of FabH through an extensive network of steric
and electrostatic interactions (Figure 3).

A significant newtwork of van der Waals interactions were observed with Asn247(-2.479Kcal/
mol), Gly209(-2.887Kcal/mol), Met207(-3.179Kcal/mol), Ile156(-2.643Kcal/mol), Gly152(-
2.615Kcal/mol), Thr37(-1.127Kcal/mol) and Trp32(-4.727Kcal/mol) residues through the 5-
amino-2-methyl-1,2-dihydro-[1,6]naphthyridine nucleus while the morpholine side chain exhib-
ited a similar chain of interactions with Arg151(-2.939Kcal/mol), Thr28(-1.115Kcal/mol),
Asp27(-1.032Kcal/mol) and Val26(-1.543Kcal/mol) residues. Even the 2,4-bis-(4-chloro-phenyl)
side chain also showed significant van der Waals interactions with Arg249(-2.276Kcal/mol),

Table 5. Molecular docking study results- Glide score, Glide energy, H- bond and p-p stacking.

Comp
Glide
Score

Glide energy
(Kcal/mol) H-bond (Å)

p-p /
cation-p stacking(Å)

4a �7.001 �39.539 Gly152(2.104) Arg249(2.507), Phe213(2.501)/Arg249(2.507)
4b �7.015 �40.353 Gly152(2.067), Arg151(2.055) Arg249(2.09), Phe213(2.47), Trp32(2.34)/ Arg249(2.09)
4c �7.128 �43.49 Gly152(2.048) Arg249(2.264), Phe213(2.572) /Arg249(2.264)
4d �7.024 �42.043 Gly152(2.140) Arg249(1.891), Phe213(2.471), Trp32(2.549)/ Arg249(1.891)
4e �8.640 �49.152 Gly152(2.067), Arg151(2.111) Arg249(2.053), Phe213(2.471), Trp32(2.582)/ Arg249(2.053)
4f �8.102 �46.223 Gly152(2.160) Arg249(1.878), Phe213(2.415), Trp32(2.626)/ Arg249(1.878)
4g �8.635 �49.095 Gly152(2.072) Arg249(1.997), Phe213(2.496), Trp32(2.564)/ Arg249(1.997)
4h �8.164 �46.336 Gly152(1.979), Arg151(2.118) Arg249(2.188), Phe213(2.458), Trp32(2.598)/ Arg249
4i �7.101 �41.869 Gly152(2.086) Arg249(1.921), Phe213(2.462), Trp32(2.622)/ Arg249(1.921)
4j �8.197 �46.117 Gly152(1.9777) Arg249(2.214), Phe213(2.487), Trp32(2.58)/ Arg249(2.214)
4k �8.194 �46.423 Gly152(1.959), Arg151(2.067) Arg249(2.275), Phe213(2.441), Trp32(2.602)/ Arg249(2.275)
4l �8.139 �46.904 Gly152(2.0998) Arg249(2.03), Phe213(2.472)/Arg249

Figure 3. Binding mode of 4e into the active site of beta-ketoacyl-acyl carrier protein synthase III (on right side: the pink lines
represent the hydrogen bonding interactions; the green lines represent p-p stacking interaction while red line represent cation-
p stacking interaction).
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Ala246(-1.569Kcal/mol), Lys214(-1.015Kcal/mol), Phe213(-5.249Kcal/mol), Val212(-1.044Kcal/
mol), Asn210(-4.644Kcal/mol) and Arg36(-3.542 Kcal/mol) residues of the active site. The
enhanced binding affinity of 4e is also attributed to significant electrostatic interactions observed
with Arg249(-2.704Kcal/mol), Lys214(-1.088Kcal/mol), Gly152(-1.531Kcal/mol) and Arg151(-

Figure 4. Binding mode of naphthyridines into the active site of Beta-Ketoacyl-Acyl Carrier Protein Synthase III (on right side:
the pink lines represent the hydrogen bonding interactions; the green lines represent p-p stacking interaction while red line rep-
resents cation-p stacking interaction).

8 M. H. SHAIKH ET AL.



3.678Kcal/mol) residues. Furthermore, it was observed to be stabilized into the active site through
two prominent hydrogen bonding interactions: first through the amino group (-NH2) of the
naphthyridine ring with Gly152(2.067Å) and second through the oxygen atom of the morpholine
side chain with Arg151(2.111Å). The compound has also exhibited significant p-p stacking inter-
actions through Arg249(2.053Å), Phe213(2.471Å) and Trp32(2.582Å) as well as a cation-p

Figure 4. Continued
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stacking interaction through Arg249(2.053Å). Such hydrogen bonding and p stacking interactions
serves as an anchor to stabilize the ligand into the 3D space of the active site and also facilitate
the non-bonded (steric and electrostatic) interactions. A similar network of bonded and non-
bonded interactions were observed for the other naphthyridines (Figure 4) as well indicating that
these molecules could exhibit ther antimicrobial action through inhibiting FabH and could be
optimized further to arrive at selective and potent antimicrobial agents.

In silico ADME prediction

The success of a drug is determined not only by good efficacy but also by an acceptable ADME
(absorption, distribution, metabolism and excretion) profile. A computational study of all the syn-
thesized 4a-l was performed for prediction of ADME properties and the value obtained is pre-
sented in Table 6. It is observed that, the compounds exhibited a good % ABS (% absorption)
ranging from 72.54 to 82.10% (Table 6). Furthermore, only compounds 4 g and 4i violated

Figure 4. Continued
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Lipinski’s rule of five (log p). All the tested compounds followed the criteria for orally active drug
and therefore, these compounds may have a good potential for eventual development as
oral agents.

Conclusions

We have developed a convenient one-pot multicomponent synthesis of highly functionalized
[1,6]-naphthyridines under solvent free condition using [Et3NH][HSO4] in high yields. We have
screened the synthesized naphthyridines for in vitro antimicrobial and antioxidant activity. This
solvent-free domino reaction proceeded smoothly in good to excellent yields and offered several
other advantages including short reaction time, simple experimental workup procedures and no
toxic byproducts, avoids the use of catalyst, toxic organic solvents and anhydrous conditions.

Molecular docking analysis revealed that these naphthyridines exhibited excellent binding
affinity toward crucial microbial target b-Ketoacyl-acyl carrier protein synthase III (FabH) engag-
ing in several close and significant bonded and non-bonded interactions. Furthermore, analysis of
the ADME parameters for synthesized compounds showed good drug like properties and can be
developed as oral drug candidate. The in silico results were found to be in harmony with experi-
mentally observed MIC results which provide a strong platform to optimize this scaffold to arrive
at selective and potent antimicrobial agents targeting FabH.

Experimental

Synthesis of [Et3NH][HSO4]

The synthesis of ionic liquid was carried out in a 100mL round-bottom flask, which was
immersed in a recirculating heated water-bath and fitted with a reflux condenser. Sulfuric acid
(98%) (1.96 g, 0.02mol) was added drop wise from triethylamine (2.02 g, 0.02mol) stirring at
60 �C for 1 h. After the addition, the reaction mixture was stirred for an additional period of 1 h
at 70 �C to ensure the reaction had proceeded to completion. The traces of water were removed
by heating the residue at 80 �C in high vacuum until the weight of the residue remains constant.

Triethylammonium hydrogen sulfate [Et3NH][HSO4]:
1H NMR (300MHz, DMSO d6): d

(ppm) 1.15-1.19 (t, 9H), 3.04-3.12 (m, 6H), 8.98 (s, 1H); 13C NMR (75MHz, DMSO d6): d (ppm)
8.88, 46.40.

Table 6. Molecular properties of compounds 4a-4l.

Entry % ABS TPSA (A2) n-ROTB MV MW log p n-ON n-OHNH
Lipinski
violations

Drug-likeness
model score

Rule – – – – <500 �5 <10 <5 �1 -
4a 82.10 77.97 3 398.85 421.55 4.07 5 3 0 0.41
4b 78.91 87.21 3 391.03 423.52 3.01 6 3 0 0.10
4c 82.10 77.97 3 382.04 407.52 3.57 5 3 0 0.42
4d 82.10 77.97 3 425.92 490.44 5.43 5 3 1 0.74
4e 78.91 87.21 3 418.10 492.41 4.37 6 3 0 0.44
4f 82.10 77.97 3 409.12 476.41 4.92 5 3 0 0.77
4g 82.10 77.97 3 434.62 579.34 5.69 5 3 2 0.45
4h 78.91 87.21 3 426.80 581.31 4.63 6 3 1 0.16
4i 82.10 77.97 3 417.81 565.31 5.18 5 3 2 0.48
4j 75.72 96.44 5 449.94 481.60 4.18 7 3 0 0.41
4k 72.54 105.67 5 442.12 483.57 3.12 8 3 0 0.12
4l 75.72 96.44 5 433.13 467.57 3.68 7 3 0 0.41

Cpd, Compounds, % ABS: percentage absorption, TPSA: topological polar surface area, n-ROTB: number of rotatable bonds,
MV: molecular volume, MW: molecular weight, milogP: logarithm of partition coefficient of compound between n-octanol
and water, n-ON acceptors: number of hydrogen bond acceptors, n-OHNH donors: number of hydrogen bonds donors.
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General procedure for preparation of [1,6]-naphthyridines (4a-l)
A mixture of ketone 1a-d (2mmol), malononitrile 2 (2mmol) and amine 3a-c (1mmol) in
20mol% [Et3NH][HSO4] were heated at 80-90 �C for 10-15minutes. The reaction was monitored
by TLC using ethyl acetate:hexane as a solvent system. The reaction mixture was quenched with
crushed ice and extracted with ethyl acetate (2� 25mL). The organic extracts were washed with
brine (2� 25mL) and dried over anhydrous sodium sulfate. The solvent was evaporated under
reduced pressure to afford the corresponding crude compounds. The obtained crude compounds
were recrystallized using ethanol-ethylacetate solvent system. The residual ionic liquid was washed
with diethyl ether, dried under vacuum at 100 �C and reused for subsequent reactions. The recov-
ered ionic liquid could be used for 5 times without much loss of catalytic activity.

5-Amino-2-methyl-2,4-diphenyl-7-piperidin-1-yl-1,2-dihydro-[1,6]-naphthyridine-8-carboni-
trile (4a): A mixture of acetophenone 1a (2mmol), malononitrile 2 (2mmol) and piperidine 3a
(1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for 10min to give [1,6]-naphthyri-
dine 4a in 93% yield as white solid. Mp 207-209 �C (recrystallized from EtOH-EtOAc); 1H NMR
(300MHz, DMSO-d6, d ppm): 1.55 (bs, 6H), 1.65 (s, 3H), 3.44 (s, 4H), 4.92 (bs, 2H), 5.57 (s, 1H),
6.74 (s, 1H), 7.14-7.23 (m, 3H), 7.27-7.38 (m, 5H) and 7.43 (d, 2H, J¼ 7.5Hz). 13C NMR
(75MHz, DMSO-d6, d ppm): 24.3, 25.7, 30.9, 48.7, 56.5, 68.6, 90.6, 118.7, 124.7, 126.6, 126.9,
127.8, 127.9, 128.2, 128.5, 132.6, 138.8, 148.7, 154.7, 154.8 and 161.6.

5-Amino-2-methyl-7-morpholin-4-yl-2,4-diphenyl-1,2-dihydro-[1,6]-naphthyridine-8-car-
bonitrile (4 b): A mixture of acetophenone 1a (2mmol), malononitrile 2 (2mmol) and morpho-
line 3 b (1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for 10min to give [1,6]-
naphthyridine 4 b in 91% yield as cream colored solid. Mp 217-219 �C (recrystallized from EtOH-
EtOAc); 1H NMR (300MHz, DMSO-d6, d ppm): 1.66 (s, 3H), 3.34-3.37 (m, 2H), 3.47-3.52 (m,
2H), 3.62 (bs, 4H), 5.02 (bs, 2H), 5.60 (s, 1H), 6.88 (s, 1H), 7.14-7.23 (m, 3H), 7.27-7.35 (m, 5H)
and 7.43 (d, 2H, J¼ 7.8Hz). 13C NMR (75MHz, DMSO-d6, d ppm): 30.9, 48.2, 56.5, 66.1, 69.2,
91.0, 124.7, 126.6, 127.4, 128.0, 128.3, 128.5, 132.4, 154.7, 154.8 and 161.6.

5-Amino-2-methyl-2,4-diphenyl-7-pyrrolidin-1-yl-1,2-dihydro-[1,6]-naphthyridine-8-carbon-
itrile (4c): A mixture of acetophenone 1a (2mmol), malononitrile 2 (2mmol) and pyrrolidine 3c
(1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for 15min to give [1,6]-naphthyri-
dine 4c in 93% yield as light yellow solid. Mp 179-181 �C (recrystallized from EtOH-EtOAc); 1H
NMR (300MHz, DMSO-d6, d ppm): 1.65 (s, 3H), 1.77-1.86 (m, 4H), 3.46-3.49 (m, 2H), 3.58-3.61
(m, 2H), 4.83 (bs, 2H), 5.52 (s, 1H), 6.40 (s, 1H), 7.14-7.23 (m, 3H), 7.27-7.36 (m, 5H) and 7.44
(d, 2H, J¼ 7.8Hz,). 13C NMR (75MHz, DMSO-d6, d ppm): 25.1, 31.0, 48.6, 56.5, 66.0, 89.7,
119.4, 124.8, 126.0, 127.9, 128.0, 128.3, 128.5, 132.8, 139.2, 148.8, 155.0 and 157.4.

5-Amino-2,4-bis-(4-chloro-phenyl)-2-methyl-7-morpholin-4-yl-1,2-dihydro-[1,6]naphthyri-
dine-8-carbonitrile (4e): A mixture of 4-chloroacetophenone 1 b (2mmol), malononitrile 2
(2mmol) and morpholine 3 b (1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for
15min to give [1,6]-naphthyridine 4e in 93% yield as cream colored solid. Mp 205-207 �C
(recrystallized from EtOH-EtOAc); 1H NMR (300MHz, DMSO-d6, d ppm): 1.65 (s, 3H), 3.35-
3.39 (m, 2H), 3.49-3.55 (m, 2H), 3.58-3.64 (m, 4H), 5.18 (bs, 2H), 5.63 (s, 1H), 7.00 (s, 1H), 7.22
(d, 2H, J¼ 8.1Hz), 7.36 (t, 4H, J¼ 7.6Hz) and 7.44 (d, 2H, J¼ 8.7Hz). 13C NMR (75MHz,
DMSO-d6, d ppm): 30.4, 48.1, 56.2, 66.1, 68.9, 98.8, 117.7, 118.4, 126.8, 127.1, 128.0, 128.1, 129.8,
121.2, 132.0, 132.3, 137.0, 147.4, 154.7 and 161.6. HRMS calculated [MþH]þ for C26H24N5OCl2:
492.0915, found: 492.0905, [MþNa]þ for C26H23N5OCl2Na: 515.0703, found: 515.0693.

5-Amino-2,4-bis-(4-chloro-phenyl)-2-methyl-7-pyrrolidin-1-yl-1,2-dihydro-[1,6]-naphthyri-
dine-8-carbonitrile (4f): A mixture of 4-chloroacetophenone 1 b (2mmol), malononitrile 2
(2mmol) and pyrrolidine 3c (1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for
15min to give [1,6]-naphthyridine 4f in 92% yield as white solid. Mp 159-161 �C (recrystallized
from EtOH-EtOAc); 1H NMR (300MHz, DMSO-d6, d ppm): 1.64 (s, 3H), 1.79-1.85 (m, 4H), 3.49
(bs, 2H), 3.58 (bs, 2H), 4.95 (bs, 2H), 5.54 (s, 1H), 6.57 (s, 1H), 7.21 (d, 2H, J¼ 8.1Hz), 7.35 (t,
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4H, J¼ 8.1Hz) and 7.43 (d, 2H, J¼ 8.4Hz). 13C NMR (75MHz, DMSO-d6, d ppm): 25.1, 30.5,
48.5, 56.1, 65.9, 89.5, 119.2, 126.8, 128.1, 128.2, 129.8, 131.2, 132.3, 137.5, 147.5, 154.8, 154.9 and
157.5. LCMS calculated [MþH]þ for C26H24N5Cl2: 476.15, found: 476.20,

Experimental protocol for biological activity

Antibacterial activity

Theantimicrobial susceptibility testing of newly synthesized compounds were performed in vitro
against bacterial strains viz., Gram-positive Staphylococcus Aureus (ATCC No. 29737), Micrococcus
Luteus (ATCC No. 398) and Gram-negative Escherichia Coli (NCIM No. 2256) andPseudomonas
Fluorescens (NCIM No. 2173) respectively, to find out minimum inhibitory concentration (MIC).33

The MIC was defined as the lowest concentrations of compound that completely inhibit the growth
of each strain. Serial two-fold dilutions of all samples were prepared in triplicate in micro titer
plates and inoculated with suitably prepared cell suspension to achieve the required initial concen-
tration. Serial dilutions were prepared for screening. Dimethylsulfoxide (DMSO) was used as solv-
ent control. Ampicilin, kanamycin & chloramphenicol were used as a standard antibacterial drug.
The concentration range of tested compounds and standard was 128-0.5mg/mL. The plates were
incubated at 37 �C for all micro-organisms; absorbance at 595 nm was recorded to assess the inhib-
ition of cell growth after 24h. The compounds which are showing promising antibacterial activity
were selected for MIC studies. The MIC was determined by assaying at 128, 64, 32, 16, 8, 4, 2, 1
and 0.5mg/mL concentrations along with standards at the same concentrations.

Antifungal activity

The antifungal activity was evaluated against different fungal strains such as Aspergillus Niger
(NCIM No. 1196), Penicillium Chrysogenum (NCIM No. 723) and Curvularia Lunata (NCIM No.
1131).33 Fluconazole, miconazole and amphotericin B were used as standard drugs for the com-
parison of antifungal activity. The plates were incubated at 37 �C for all micro-organisms; absorb-
ance at 410 nm was recorded to assess the inhibition of cell growth after 48 h. The lowest
concentration inhibiting growth of the organisms was recorded as the MIC. DMSO was used as a
solvent or negative control. In order to clarify any effect of DMSO on the biological screening,
separate studies were carried out with solutions alone of DMSO and showed no activity against
any microbial strains. The compounds which are showing promising antifungal activity were
selected for MIC studies. The MIC was determined by assaying at 128, 64, 32, 16, 8, 4, 2, 1 and
0.5mg/mL concentrations along with standards at the same concentrations.

DPPH radical scavenging activity

The hydrogen atom or electron donation ability of some compounds were measured from the
bleaching of the purple colored methanol solution of DPPH.34 The spectrophotometric assay uses
the stable radical DPPH as a reagent. 1mL of various concentrations of the test compounds (5,
10, 25, 50 and 100mg/mL) in methanol was added to 4mL of 0.004% (w/v) methanol solution of
DPPH. The reaction mixture was incubated at 37 �C. The scavenging activity on DPPHwas deter-
mined by measuring the absorbance at 517 nm after 30min. All tests were performed in triplicate
and the mean values were entered. The percent of inhibition (I %) of free radical production
from DPPH was calculated by the following equation

% of scavenging ¼ Acontrol–Asampleð Þ= Asample � 100ð Þ� �

Where, Acontrol is the absorbance of the control (DPPH radical without test sample)
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Asample is the absorbance of the test sample (DPPH radical with test sample). The control con-
tains all reagents except the test samples.

ADME prediction

In the present study, we have calculated molecular volume (MV), molecular weight (MW), loga-
rithm of partition coefficient (miLog P), number of hydrogen bond acceptors (n-ON), number of
hydrogen bonds donors (n-OHNH), topological polar surface area (TPSA), number of rotatable
bonds (n-ROTB) and Lipinski’s rule of five35 using Molinspiration online property calculation
toolkit.36 Absorption (% ABS) was calculated by: % ABS ¼ 109-(0.345�TPSA).37 Drug-likeness
model score (a collective property of physic-chemical properties, pharmacokinetics and pharma-
codynamics of a compound is represented by a numerical value) was computed by MolSoft soft-
ware.38 A molecule likely to be developed as an orally active drug candidate should show no
more than one violation of the following four criteria: miLog P (octanol-water partition coeffi-
cient) � 5, molecular weight � 500, number of hydrogen bond acceptors � 10 and number of
hydrogen bond donors � 5.39
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ABSTRACT
A novel series of asymmetric of (E)-3-(4-(benzyloxy) phenyl)-2-((substituted
benzylidene) amino)-1-(thiazolidin-3-yl) propan-1-one derivatives (AAP-1 to
AAP-10) have been efficiently synthesized from (S)-2-amino-3-(4-(benzylox-
y)phenyl)-1-(thiazolidin-3-yl)propan-1-one (4) and various substituted alde-
hydes by conventional as well as microwave irradiation method. The
structure of newly synthesized compounds were confirmed by IR, 1H NMR,
13C NMR, and Mass spectroscopic methods, further evaluated for their
in vitro antimicrobial activities. Among these series, the compounds AAP-2,
AAP-4, AAP-5, AAP-7, AAP-8 AAP-9, and AAP-10, showed excellent anti-
bacterial activities against Gram-positive bacteria like Staphylococcus aureus
(SA), Lysinibacillus sphaericus (LS), Bacillus subtilis (BS) and Klebsiella aero-
genes (KA), Pseudomonas Aeruginosa (PA), Chromobacterium violaceum (CV)
as Gram-negative bacteria as compared to standard Ciprofloxacin. The
compounds AAP-1, AAP-4, AAP-5, AAP-6, AAP-7, and AAP-8 exhibited
good antifungal activities against Fusarium oxysporum (FO), Rhizoctonia sol-
ani (RS), Colletotrichum capsici (CC) strains as compared to standard
Fluconazole. Molecular docking studies of final compounds were per-
formed using Auto Dock Vina software against Lanosterol 14a-demethylase
(CYP51A1) enzyme and crystal 4WMZ and showed effective binding affinity
of these molecules with enzymes. Quantitative structure toxicity relation-
ship study of target compounds were studied by various computational
animal models and defined oral rat LD50 values for cytotoxicity. The AAP-
2, AAP-4, AAP-5, and AAP-7 to AAP-10 showed low toxicity. In addition,
the pharmacokinetic of target compounds were studied and revealed
acceptable good drug-likeness score properties as well as follow Lipinski’s
rule of five.
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Introduction

The synthesis of novel agents to combat resistant bacteria and fungi has become one of the most
important areas of antimicrobial research today.1 Due to generic mutation, microorganisms
become resistant to all standard antibiotic drugs and could only be treated with potentially active
drugs. The 1,3-thiazolidine is an important class of heterocyclic compounds and its composites
are key components of many drugs and present in natural products. This moiety is core part of
magnificent antibiotics drugs like antibiotic penicillin and Teneligliptin (Figure 1).2

It is noteworthy that the 1,3-thiazolidine is exhibited potent activity against Gram-positive
pathogens like Staphylococci, Enterococci, and Streptococci.3 The mechanism of action perceived
that, thiazolidine bound to the bacterial sub units of 50 S ribosomal and inhibition of the 70 S
ribosomal initiation complex formations.4 Furthermore positive charge on nitrogen atom of 1,3-
thiazolidine ring tends to protonate and would be expected to play a significant role on the inhib-
ition of viral or cellular enzymes, which are essential for viral imitation.5 Recently, the 1,3-thiazo-
lidine ring containing heterocyclic compounds have been reported as antifungal,6 antimalarial,7

anti-HIV,8 anticancer,9 antiviral,10 antitubercular,11 and antimicrobial.12–15 The diverse pharma-
ceutical activities of 1,3-thiazolidine have received the attention and incorporated with other func-
tionality. In addition, tyrosine amino acid is a key neurotransmitter like epinephrine,
norepinephrine, dopamine, and used as a starting material for many reactions due to easy avail-
ability and low cost. The importance of tyrosine compound has been described by James et al.
and reported the structure–activity relationships of tyrosine-based inhibitors of autotaxin
(ATX).16 Furthermore, the azomethine group has attracted significant attention due to their wide
diversity in medical implications. It has been synthesized via condensation of primary amines
with active carbonyl compounds. Many Schiff bases have been reported to possess significant bio-
logical properties such as antimicrobial,17,18 antibacterial,19 antifungal,20 antitumor,21 anti-inflam-
matory,22 anti-HIV,23 anticonvulsant,24 anticancer,25 anti-malarial,26 antiviral,27 and analgesic.28

Figure 1. Thiazolidine moiety containing marketed drugs.
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This observations enforced us to design and synthesis a small library of the Schiff bases contain-
ing thiazolidine ring from Boc-O-benzyl-L-tyrosine (1) in three steps. The coupling of 1,3-thiazo-
lidine with substituted carboxylic acid was reported by using bromo tripyrrolidine phosphonium
hexafluorophosphate,29 N,N-dicyclohexyl carbodiimide (DCC) and 4-dimethylaminopyridine
(DMAP) as coupling agents in dimethylformamide solvent30,31 whereas N-(3-
Dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (EDC.HCl), N-methylmorpholine
(NMM), hydroxybenzotriazole (HOBt) in different solvents.32,33 The boc deprotection of amines
were carried out using trifluroacetic acid, hydrogen bromide, tetra-n-butyl ammonium fluoride,
boron trifluoride etherate and hydrochloric acid.34 The formation of Schiff base derivatives were
reported by condensation of aldehydes and amines acidic condition by using conventional
method in 1948.35

In view of continuous efforts on design and synthesis of biologically active molecules, we
herein reported the efficient synthesis of novel series of asymmetric of (E)-3-(4-(benzyloxy)-phe-
nyl)-2-((substituted-benzylidene)-amino)-1-(thiazolidin-3-yl) propan-1-one derivatives (AAP-1 to
AAP-10) by the reaction of novel amine and various substituted aromatic aldehydes by conven-
tional as well as microwave irradiation methods.36 Further, these compounds have been evaluated
for their antimicrobial activities. In addition, the quantitative structure toxicity relationship
(QSTR) as well as molecular docking study were carried out for better understanding of effective
binding. Furthermore, in silico ADME predictions for good drug like properties of newly synthe-
sized compounds were studied.

Results and discussion

Chemistry

Amide coupling of 1,3-thiazolidine and N-boc-O-benzyl-L-tyrosine (1) was carried out using
EDC.HCl and HOBt in DCM with NMM as base (Scheme 1). The obtained crude product was
crystallized using IPE to afford pure S-tert-butyl-3-(4-(benzyloxy) phenyl)-1-oxo-1-(thiazolidin-3-
yl) propan-2-ylcarbamate (3) with excellent yield (95%). In next stage novel amine 4 was obtained
by boc deprotection of 3 using aqueous hydrochloric acid solution. Finally targeted compounds
were achieved by condensation of amine 4 with various substituted aromatic aldehydes under
microwave irradiation at 560 W for 2–3min with excellent yield of 92–98%. The purity and

Scheme 1. Synthetic scheme of target compounds (AAP-1 to AAP-10).
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identity were unambiguously established with the help of elemental analysis, 1H NMR, 13C NMR,
mass spectroscopy, and FTIR. The structures of the novel derivatives are shown in Figure 2.

Biological evaluation

Antibacterial activity

The ready-made Tryptic soya broth and Malt extract broth medium were used for antibacterial
activity.37 The final compounds were tested against Staphylococcus aureus (SA), Lysinibacillus
sphaericus (LS), Bacillus subtilis (BS) (Gram-positive bacteria), and Klebsiella aerogenes (KA),
Pseudomonas Aeruginosa (PA), Chromobacterium violaceum (CV) (Gram-negative bacteria). The
results of MIC for antibacterial activity of targeted compounds were showed in Table 1. The
AAP-2, AAP-4, AAP-5, AAP-7, AAP-8, AAP-9, and AAP-10 title compounds which has
hydroxyl, methoxy, chloro, fluoro functional groups showed good to excellent MIC activity
against Gram-negative bacteria and Gram-positive bacteria, conversely the compounds AAP-1,

Figure 2. The structural representation of synthesized compounds.
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AAP-3, and AAP-6 which has nitro substituent at meta, para and ortho position, respectively, on
the benzene ring showed lower activity as compared to Ciprofloxacin as reference drug (Table 1).

Antifungal activity

The ready-made Muller Hinton agar medium used for evaluation of antifungal activities,38

Fusarium oxysporum (FO), Rhizoctonia solani (RS), Colletotrichum capsici (CC) were used as fun-
gal pathogens. The results of antifungal activities of targeted compounds were showed in Table 2.
The compounds AAP-1, AAP-4, AAP-5, AAP-6, AAP-7, and AAP-8 showed good antifungal
activity as compared to standard Fluconazole drug. The good and enhanced antibacterial and
antifungal activities of title compounds may be attributed due to the presence of 1,3-thiazolidine
incorporated with imine moiety and different functional groups.

QSTR study

The QSTR study of new compounds were carried out with the help of Toxicity Estimation
Software Tool (T.E.S.T). In 2005, according to Hodge and Sterner39 toxicity scale predicted on

Table 1. Antibacterial activity of target compounds.

Compounds

MIC in lg/mL

Gram -ve bacteria Gramþ ve bacteria

K. A. P. A. C. V. S. A. L. S. B. S.

AAP-1 38 40 41 35 40 30
AAP-2 20 21 17 27 20 18
AAP-3 35 36 30 39 37 29
AAP-4 19 20 20 28 20 17
AAP-5 19 19 18 27 21 18
AAP-6 35 41 26 31 26 22
AAP-7 18 19 17 29 23 20
AAP-8 19 22 18 28 21 19
AAP-9 20 20 16 26 21 21
AAP-10 21 19 17 28 22 19
Ciprofloxacin 22 23 19 29 23 21

K.A.: Klebsiella aerogenes; P.A.: Pseudomonas Aeruginosa; C.V.: Chromobacterium violaceum; S.A.: Staphylococcus aureus; L.S.:
Lysinibacillus sphaericus; B.S.: Bacillus subtilis. Negative control (Dimethyl sulfoxide) – no activity. Values are indicated in
lg/mL.

Table 2. Antifungal activity of target compounds.

Compounds

Minimum inhibitory concentration in lg/mL (MIC)

F.O R. S C. C

AAP-1 17 14 15
AAP-2 21 18 17
AAP-3 26 23 29
AAP-4 19 14 15
AAP-5 15 13 17
AAP-6 18 15 15
AAP-7 19 15 16
AAP-8 18 14 15
AAP-9 19 15 18
AAP-10 19 16 17
Fluconazole 19 15 17

F.O.: Fusarium oxysporum; R.S.: Rhizoctonia solani; C.C: Colletotrichum capsici.
Negative control (Dimethyl sulfoxide) – no activity. Values are indicated in lg/mL.
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the basis of LD50 (Oral, Rat, mg/kg) and showed in Table 3. Predicted Oral rat LD50 values of
final compounds were calculated from consensus method and showed in Table 4.

The LD 50 values calculated by following arithmetic method
n ¼ total number of animal in a group.
a ¼ the difference between two successive doses of administered extract/substance.
b ¼ the average number of dead animals in two successive doses.
LD100¼ Lethal dose causing the 100% death of all test animals.
The results of oral rat LD50 showed that the compounds AAP-2, AAP-4, AAP-7, AAP-8, AAP-

9, and AAP-10 has slight toxicity. It is revealed that the compounds with nitro group at ortho,
meta, and para position on benzene ring (AAP-1, AAP-3, and AAP-6) possess extreme toxicity.

Computational study

Molecular docking

Molecular docking was performed to evaluate the antifungal activity of target compounds by
using Auto Dock Vina (http://vina.scripps.edu) software.40 Before screening the biologically activ-
ity, the molecular docking study was carried out by using a crystal 4WMZ is a chain structure of
Baker’s yeast and whose ligand is fluconazole and protein Lanosterol 14a-demethylase
(CYP51A1) enzyme which is the class of cytochrome P450 superfamily of enzymes. The molecu-
lar docking results of target compounds are summarized in Table 5.

Molecular docking study showed that designed compounds fit in the active site cavity of
CYP51A1 occupying energetically favorable position to the co-crystallized ligand. The binding
affinities were co-related well with the experimentally observed antifungal activity and found that
there is good agreement between the values. All the newly synthesized compounds revealed effect-
ive interaction between active sites and proteins. The compound AAP-1 exhibited highest binding
affinity (–10.3) whereas AAP-4 showed lowest binding affinity (–8.1).

The binding affinity indicates that, there is highest binding affinity towards amino acids due
to excellent binding at nitrogen and oxygen sites. The representative molecular docking of AAP-1
and AAP-4 are showed in Figure 3.

Table 3. Hodge and Sterner scale for LD50 (Oral, Rat, mg/kg) toxicity.

Sr. No. Term for toxicity LD50 (Rat, Oral) Value in mg/kg

1 Extremely toxic >1
2 Highly toxic 1 to 50
3 Moderately toxic 50 to 500
4 Slightly toxic 500 to 5000
5 Practically nontoxic 5000 to 15,000

Table 4. QSTR derived Oral Rat LD50 value for target compounds.

Compound
Predicted LD50

(Oral, Rat, mg/kg) in male rat
Oral rat LD50 - Log10
(mol/kg) in male rat Result

AAP-1 1< 1< Extremely toxic
AAP-2 1503.16 2.47 Slightly toxic
AAP-3 1< 1< Extremely toxic
AAP-4 1406.88 2.54 Slightly toxic
AAP-5 1259.89 2.57 Slightly toxic
AAP-6 1< 1< Extremely toxic
AAP-7 1564.37 2.48 Slightly toxic
AAP-8 1509.77 2.47 Slightly toxic
AAP-9 1454.99 2.50 Slightly toxic
AAP-10 1244.84 2.56 Slightly toxic
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The effective interaction between hydrogen bonding, hydrophobic and p–p interaction with
amino acid are represented in Figure 3.

In silico ADME prediction

It’s very prime task in medicinal chemistry to predict early the drug likeness properties, because
it resolves the cost and time of drug development and discovery. Though most of compounds
have significant biological activities, have failed in their clinical trials due to the inadequate drug
likeness properties. On the basis of Lipinski’s rule of five, the drug likeness properties were ana-
lyzed by ADME parameters using mol inspiration online property calculation toolkit.41

All the newly synthesized compounds exhibited significant values for the various parameters
analyzed and showed good drug-like characteristics based on Lipinski’s rule of five and character-
ized to be likely orally active. None of the synthesized compounds violated the Lipinski’s rule of
five and results were within the range of accepted values. The parameters like the number of
rotatable bonds and total polar surface area are linked with the intestinal absorption, results
showed that all synthesized compounds were good absorption. The in silico assessment empha-
sizes to be good pharmacokinetic properties, which is reflected in their physicochemical values,
thus, ultimately enhancing pharmacological properties of these molecules.

Table 5. Molecular docking results of target compounds.

Compound
Binding
affinity

rmsd/
ub rmsd/lb

Binding with amino acids

Hydrogen bond Hydrophobic interaction p-p cation-p

AAP-1 –10.3 15.038 11.951 HIS 381, ARG 98 ILE 239, LEU 96, ALA 69,
PHE 241, SER 508

VAL 242, LEU 95.

AAP-2 –8.8 17.261 14.096 ARG 385 LYS 151, ILE 139, CYS 470, PHE
463, ALA 747, PRO 379

VAL 311, LEU 383

AAP-3 –9.2 17.335 11.608 ARG 98, HIS 381 LEU 95, ALA 69, LEU 380, PRO 238, MET 509, PHE 241
AAP-4 –8.1 13.166 10.491 ILE 139, PHE 134 PHE 463, ALA 47, CYS 470, PRO 379, TYR 126, LEU 383
AAP-5 –9.5 14.238 9.478 PRO 238 PH241, TYR 126 MET 509, LEU 95
AAP-6 –9.6 8.188 3.606 LYS 151, HIS 468 HIS 378, LEU 380, LEU 383, LYS 151 TYR 126
AAP-7 –8.5 6.221 3.378 PHE 506 ILE 239, PRO 238, MET 509, TYR 126,

PHE 384, ALA 125, PHE 241
PH 241, TYR 7, LEU 95

AAP-8 –10.1 6.381 2.422 GLY 47, PRO 462 CYC 470, ILE 139, LYS 151, VAL311,
LEU 158, ALA 47, PRO 37

CYS 470

AAP-9 –8.2 1.933 1.481 ILE 139, PHE 134. PHE 463, ALA 47, CYS 470, PRO 379, TYR 126, LEU 383
AAP-10 –9.5 7.626 3.660 HIS 381, TYR 507 TYR 126, PRO 238, PHE 241 MET 590, LEU 95.

Figure 3. The representative molecular docking of AAP-1 and AAP-4.
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In present study, we have calculated molecular volume (MV), molecular weight (MW), logarithm
of partition coefficient (miLog P), number of hydrogen bond acceptors (n-ON), number of hydro-
gen bonds donors (n-OHNH), topological polar surface area (TPSA), number of rotatable bonds
(n-ROTB), and Lipinski’s rule of five using Molinspiration online property calculation toolkit.
Absorption (% ABS) was calculated by: % ABS ¼ 109 – (0.345 � TPSA). Drug-likeness model
score (a collective property of physic-chemical properties, pharmacokinetics and pharmacodynamics
of a compound is represented by numerical value) was computed by MolSoft software (Table 6).

Conclusion

In summary, we designed and synthesized the new 1, 3-thiazolidine based (E)-3-(4-(benzyloxy)
phenyl)-2-((substituted benzylidene) amino)-1-(thiazolidin-3-yl) propan-1-one derivatives from
novel (S)-2-amino-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one (4) and different
substituted aldehydes using microwave irradiation at 560W. The structures were confirmed by
IR, Mass, 1H NMR, and 13C NMR spectroscopic methods. It is seen that AAP-4, AAP-5, AAP-7,
and AAP-8 displayed excellent antibacterial and antifungal activities. Moreover, the molecular
docking was carried out with crystal 4WMZ and enzyme CYP51A1 by using Auto Dock software
and study revealed that compounds AAP-1 showed highest binding affinity (–10.3) whereas
AAP-4 showed lowest binding affinity (–8.1). These studies revealed that there is good agreement
with experimental antifungal activity results. In addition, the QSTR study showed that AAP-2,
AAP-4, AAP-5, and AAP-7 to AAP-10 compounds have slight toxicity. Further analysis of the
ADME parameters predicted good drug like properties and can be developed as oral drug candi-
date. All these results suggested that the new compounds have potent antimicrobial activity and
can be further optimized as a lead molecule.

Experimental

General

General procedure synthesis of (S)-tert-butyl-3-(4-(benzyloxy) phenyl)-1-oxo-1-(thiazolidin-3-yl)
propan-2-ylcarbamate (3)
To a stirred mixture of (S)-2-[(2-methylpropan-2-yl)oxycarbonylamino]-3-(4-phenylmethoxy-
phenyl)propanoic acid (1) (50 g, 0.135mol) and 1,3-thiazolidine (2) (13.2 g, 0.148mol) in DCM
(250mL), HOBt (0.91 g, 0.007mol) followed by N- methylmorphiline (20.4 g, 0.202mol) were
added at 0–5 �C and stirred for 10min. EDC.HCl (33.6 g, 0.175mol) was added lot wise and

Table 6. Pharmacokinetic parameters of AAP-1 to AAP-10 compounds.

Entry % ABS TPSA (A2) n-ROTB MV MW miLog P n-ON n-OHNH
Lipinski
violation

Drug-likeness
model score

Rule – – – – <500 �5 <10 <5 �1 –
AAP-1 78.7 87.7 9 422.3 475.6 4.88 7 0 0 –0.60
AAP-2 87.6 62.1 8 407.0 446.6 4.46 5 1 0 –0.08
AAP-3 78.7 87.7 9 422.3 475.6 4.90 7 0 0 –0.74
AAP-4 88.2 60.4 10 450.1 490.6 4.76 6 0 0 0.24
AAP-5 94.5 41.9 8 412.5 465.0 5.57 4 0 1 –0.18
AAP-6 78.7 87.7 9 422.3 475.6 4.85 7 0 0 –0.88
AAP-7 84.4 71.4 9 432.6 476.6 4.91 6 1 0 –0.06
AAP-8 87.6 62.1 8 407.0 446.6 4.44 5 1 0 0.07
AAP-9 91.3 51.1 9 424.5 460.6 4.97 5 0 0 –0.13
AAP-10 94.5 41.9 8 403.9 448.6 5.06 4 0 1 –0.39

% ABS: Percentage absorption, TPSA: Topological polar surface area, n-ROTB: Number of rotatable bonds, MV: Molecular vol-
ume, MW: Molecular weight, milogP: Logarithm of partition coefficient of compound between n-Octanol and water, n-ON
Acceptors: Number of hydrogen bond acceptors, n-OHNH donors: Number of hydrogen bonds donors.
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stirred for 3.0 h at 5–10 �C. Progress of reaction was monitored by TLC (DCM: MeOH:: 9:1).
After reaction completion, water (250mL) was added to quench and extracted with DCM. The
organic layer was washed with 10% brine solution (250mL) and concentrated under vacuum.
The residue treated with IPE (200mL), filtrated and dried to obtain compound (3) as white
solid. (56.6 g, 95%); M.P.: 184–186 �C. IR (KBr, �max, cm�1): 695.92 (C-S), 1172.11 (C-O),
1239.73 (C-N), 1444.55 (C¼C), 2911.63 and 2883.20 (H-C-C¼O), 3382.03 (N-H). 1H NMR
(400MHz, DMSO-d6, d ppm): 7.41–7.31 (m, 5H, Ar-H), 7.10–7.08 (d, 2H, J¼ 8Hz, Ar-H),
6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 5.14 (s, 3H, O-CH2-Ar and NH-Boc), 4.74–4.72 (t, 1H,
J¼ 4Hz, N-CH), 4.36 (s, 3H, N-CH2-S of thiazolidine), 3.63–3.61 (t, 2H, J¼ 4Hz, N-CH2 of
thiazolidine), 3.16–3.13 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.96–2.94 (t, 2H, J¼ 4Hz, S-CH2 of
thiazolidine), 2.87–2.84 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 1.39 (s, 9H, Boc). 13C-NMR
(125MHz, DMSO-d6, d ppm): 170.54, 159.23, 157.53, 140.94, 133.55, 129.07, 127.41, 114.87,
77.08, 69.92, 56.12, 55.83, 54.12, 38.71, 28.81. ES-MS m/z 443.3 (MþH)þ. Analytical calculated
formula for C24H30N2O4S; C, 65.13; H, 6.83; N, 6.33; O, 14.46; S, 7.25; Found: C, 65.14; H,
6.82; N, 6.34; S, 7.24.

General procedure for synthesis of (S)-2-amino-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)pro-
pan-1-one (4)
The (S)-tert-butyl-3-(4-(benzyloxy)phenyl)-1-oxo-1-(thiazolidin-3-yl)propan-2-ylcarbamate (3)
(55 g, 0.123mol) and 15% aqueous hydrochloric acid solution (165mL) in methanol (165mL) was
stirred at 50–55 �C for 8 h. Progress of reaction was monitored by TLC (DCM: MeOH: : 9:1).
After reaction completion, water (550mL) and DCM (220mL) were added. The aqueous layer
was collected in round bottom flask and product is extracted in DCM (275mL) after adjusting
pH 9–9.5 by using 10% aqueous sodium hydroxide solution. The organic layer was washed with
10% sodium chloride solution (275mL) and concentrated under vacuum to obtain compound (4)
as brown color thick sirup. (38 g, 90%); M.P.: 153–156 �C. IR (KBr, �max, cm

�1): 697.35 (C-S),
1177.79 (C-O), 1241.35 (C-N), 1455.76 (C¼C), 2924.73 and 3030.45 (H-C-C¼O), 3646.81 (N-
H). 1H NMR (400MHz, DMSO-d6, d ppm): 7.41–7.32 (m, 5H; Ar-H), 7.11–7.09 (d, 2H, J¼ 8Hz,
Ar-H), 6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 5.14 (s, 2H, O-CH2-Ar-H), 4.74–4.72 (t, 1H, J¼ 4Hz,
N-CH), 4.37 (s, 2H, N-CH2-S of thiazolidine), 3.64–3.62 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine),
3.15–3.12 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.97–2.95 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine),
2.88–2.85 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.19 (s, 2H, NH2).

13C-NMR (125MHz, DMSO-d6, d
ppm): 171.94, 159.26, 141.24, 133.57, 129.09, 127.44, 114.78, 78.10, 56.05, 55.13, 54.01, 39.00. ES-
MS m/z 343.2 (MþH)þ. Analytical calculated formula for C24H30N2O4S: C, 65.13; H, 6.83; N,
6.33; O, 14.46; S, 7.25; Found: C, 66.66; H, 6.47; N, 8.19; S, 9.37.

General procedure for the synthesis compounds AAP-1 to AAP-10
To a 25mL single neck round bottom flask, the (S)-2-amino-3-(4-(benzyloxy) phenyl)-1-(thiazoli-
din-3-yl) propan-1-one (4) (1.0 eq.) and aromatic aldehyde (0.98 eq.) in ethanol (5.0 times) were
put in microwave reaction vessel equipment with magnetic stirrer and irradiated at 560W for
2–3min.36 The reaction was monitored by TLC (DCM: MeOH: : 9:1). After completion of reac-
tion, the cold water was added (20 times) in reaction mixture. The product was then extracted
with DCM (5 times). The organic layer washed with 2% aqueous hydrochloric acid solution (3
times) and concentrated under vacuum and residue was allowed to suspend in IPE. It is, then, fil-
tered and purified by column chromatography (mobile phase: Ethyl acetate: hexane: : 1:9) to
obtain compounds AAP-1 to AAP-10.
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Characterization of synthesized compounds (AAP-1 to AAP-10)

(E)-2-(3-nitrobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-1): White solid; (1.32 g, 95%); M.P.: 100–104 �C. IR (KBr, �max, cm�1): 696.89 (C-S),
1174.17 (C-O), 1243.92 (C-N), 1366.41 & 1509.48 (NO2), 1417.72 (C¼C), 1638.52 (C¼N),
2931.43 and 2766.70 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.55 (s, 1H, Ar-H of
3-nitrobenzene), 8.26–8.25 (d, 1H, J¼ 4Hz, Ar-H of 3-nitrobenzene), 8.04 (s, 1H, N¼CH),
8.02–8.01 (d, 1H, J¼ 4Hz, Ar-H of 3-nitrobenzene), 7.56–7.54 (t, 1H, J¼ 4Hz, Ar-H of 3-nitro-
benzene), 7.42–7.31 (m, 5H, Ar-H), 7.11–7.09 (d, 2H, J¼ 8Hz, Ar-H), 6.88–6.86 (d, 2H, J¼ 8Hz,
Ar-H), 5.04 (s, 2H; O-CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S of thia-
zolidine), 3.63–3.61 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine), 3.16–3.13 (dd, 1H, J¼ 4Hz, 8Hz,
CH2-Ar), 2.96–2.94 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.87–2.84 (dd, 1H, J¼ 4Hz, 8Hz,
CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.45, 160.41, 157.23, 148.58, 140.94, 139.58,
137.28, 135.02, 130.85, 129.07, 128.59, 128.00, 127.41, 123.99, 114.87, 73.87, 69.93, 49.12, 48.05,
38.71, 31.31. ES-MS m/z 477.3 (MþH)þ. Analytical calculated formula for C26H25N3O4S: C,
65.67; H, 5.30; N, 8.84; O, 13.46; S, 6.74; Found: C, 65.68; H, 5.30; N, 8.83; S, 6.73.

(E)-2-(4-hydroxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(hiazolidine-3-yl)propan-1-one
(AAP-2): White solid; (1.24 g, 95%); M.P.:151–156 �C. IR (KBr, �max, cm�1): 695.84 (C-S),
1175.59 (C-O), 1250.32 (C-N), 1382.03 (OH), 1454.29 (C¼C), 1625.61 (C¼N), 2956.99 and
2843.15 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 9.96 (s, 1H, OH), 8.02 (s, 1H,
N¼CH), 7.51–7.49 (d, 1H, J¼ 8Hz, Ar-H of 4-hydroxybenzene), 7.42–7.31 (m, 5H, Ar-H),
7.10–7.08 (d, 2H, J¼ 8Hz, Ar-H), 6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 6.80–6.78 (d, 1H, J¼ 8Hz,
Ar-H of 4-hydroxybenzene), 5.03 (s, 2H, O-CH2-Ar), 4.65–4.63 (t, 1H, J¼ 4Hz, N-CH), 4.45 (s,
2H, N-CH2-S of thiazolidine), 3.63–3.61 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine), 3.14–3.11 (dd,
1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.94–2.92 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.84–2.81 (dd,
1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.44, 162.64, 160.55,
157.21, 137.23, 130.87, 130.15, 128.56, 127.94, 127.64, 127.23, 115.69, 114.66, 73.87, 69.93, 49.08,
48.09, 38.80, 31.28. ES-MS m/z 447.3 (MþH)þ. Analytical calculated formula for C26H26N2O3S:
C, 69.93; H, 5.87; N, 6.27; O, 10.75; S, 7.18; Found: C, 69.94; H, 5.86; N, 6.26; S, 7.19.

(E)-2-(4-nitrobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-3): White solid; (1.34 g, 97%); M.P.: 89–93 �C. IR (KBr, �max, cm

�1): 697.09 (C-S), 1174.77
(C-O), 1243.72 (C-N), 1369.47 & 1499.96 (NO2), 1419.72 (C¼C), 1688.02 (C¼N), 2832.93 and
2726.72 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.29–8.28 (d, 2H, J¼ 4Hz, Ar-H
of 4-nitrobenzene), 8.04 (s, 1H, N¼CH), 7.94–7.92 (d, 2H, J¼ 8Hz, Ar-H of 4-nitrobenzene at
position 2), 7.40–7.31 (m, 5H, Ar-H), 7.12–7.10 (d, 2H, J¼ 8Hz, Ar-H), 6.88–6.86 (d, 2H,
J¼ 8Hz, Ar-H), 5.04 (s, 2H, CH2-Ar), 4.63–4.61 (t, 1H, J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S of
thiazolidine), 3.67–3.64 (t, 2H, J¼ 6Hz, N-CH2 of thiazolidine), 3.20–3.17 (dd, 1H, J¼ 4Hz,
8Hz, CH2-Ar), 2.94–2.92 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.85–2.82 (dd, 1H, J¼ 4Hz,
8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.41, 160.59, 157.23, 149.28, 140.94,
137.28, 130.85, 129.07, 128.59, 128.00, 127.41, 123.91, 114.88, 73.87, 69.93, 49.12, 48.05, 38.71,
31.31. ES-MS m/z 476.3 (MþH)þ. Analytical calculated formula for C26H25N3O4S: C, 65.67; H,
5.30; N, 8.84; O, 13.46; S, 6.74; Found: C, 65.66; H, 5.31; N, 8.85; S, 6.75.

(E)-2-(2,3-dimethoxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-
1-one (AAP-4): White solid; (1.34 g, 94%); M.P.:199–203 �C; IR (KBr, �max, cm

�1): 696.87 (C-S),
1190.18 (C-O), 1258.35 (C-N), 1426.35 (C¼C), 1648.35 (C¼N), 2926.76 and 2832.40 (H-C-
C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.06 (s, 1H, N¼CH), 7.42–7.31 (m, 5H, Ar-H),
7.12–7.10 (d, 3H, J¼ 8Hz, Ar-H (2H) and Ar-H (1H) of 2,3-dimethoxybenzene), 6.99–6.97 (d,
1H, J¼ 8Hz, Ar-H of 2,3-dimethoxybenzene), 6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 6.68–6.66 (m,
1H, Ar-H of 2,3-dimethoxybenzene), 5.03 (s, 2H; O-CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH),
4.47 (s, 2H, N-CH2-S of thiazolidine), 3.78 (s, 6H, O-CH3), 3.66–3.63 (t, 2H, J¼ 4Hz, N-CH2 of
thiazolidine), 3.16–3.12 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.94–2.92 (t, 2H, J¼ 4Hz, S-CH2 of
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thiazolidine), 2.87–2.84 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar).
13C-NMR (125MHz, DMSO-d6, d

ppm): 169.40, 162.66, 157.45, 150.03, 137.02, 130.88, 129.95, 128.59, 127.47, 124.15, 123.01,
117.03, 114.75, 73.89, 69.62, 55.40, 49.18, 48.15, 38.90, 31.34. ES-MS m/z 491.3 (MþH)þ.
Analytical calculated formula for C28H30N2O4S: C, 68.55; H, 6.16; N, 5.71; O, 13.04; S, 6.54;
Found: C, 68.53; H, 6.15; N, 5.72; S, 6.54.

(E)-2-(2-chlorobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-5): White solid; (1.30 g, 96%); M.P.:146–151 �C. IR (KBr, �max, cm

�1): 695.64 (C-S), 826.65
(Cl), 1177.61 (C-O), 1245.97 (C-N), 1427.73 (C¼C), 1638.17 (C¼N), 2933.37 and 2876.10 (H-
C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.02 (s, 1H, N¼CH), 7.63–7.60 (t, 2H,
J¼ 4Hz, Ar-H of 2-chlorobenzene), 7.40–7.32 (m, 7H, Ar-H (5H) and Ar-H (2H) of 2-chloroben-
zene), 7.10–7.08 (d, 2H, J¼ 8Hz, Ar), 6.87–6.85 (d, 2H, J¼ 8Hz, Ar), 5.04 (s, 2H, CH2-Ar),
4.65–4.63 (t, 1H, J¼ 4Hz, N-CH), 4.45 (s, 2H, N-CH2-S of thiazolidine), 3.63–3.61 (t, 2H,
J¼ 4Hz, N-CH2 of thiazolidine), 3.14–3.11 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.94–2.92 (t, 2H,
J¼ 4Hz, S-CH2 of thiazolidine), 2.84–2.81 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz,
DMSO-d6, d ppm): 169.51, 160.58, 157.51, 137.20, 136.96, 134.07, 130.83, 129.18, 128.93, 128.58,
127.96, 127.44, 114.79, 73.86, 69.93, 49.19, 48.12, 38.76, 31.32. ES-MS m/z 465.3 (MþH)þ.
Analytical calculated formula for C26H25ClN2O2S: C, 67.16; H, 5.42; Cl, 7.62; N, 6.02; O, 6.88; S,
6.90; Found: C, 67.17; H, 5.43; N, 6.01; S, 6.91.

(E)-2-(2-nitrobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-6): White solid; (1.36 g, 98%); M.P.: 165–169 �C. IR (KBr, �max, cm�1): 697.00 (C-S),
1204.67 (C-O), 1242.99 (C-N), 1319.31 & 1514.17 (NO2), 1419.72 (C¼C), 1640.15 (C¼N),
2946.03 and 2769.38 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.23–8.22 (d, 1H,
J¼ 4Hz, Ar-H of 2-nitrobenzene), 8.03 (s, 1H, N¼CH), 7.90–7.88 (d, 1H, J¼ 8Hz, Ar-H of 2-
nitrobenzene), 7.80–7.72 (m, 2H, Ar-H, 2-nitrobenzene), 7.40–7.27 (m, 5H, Ar-H) 7.14–7.11 (d,
2H, J¼ 12Hz, Ar-H), 6.89–6.87 (d, 2H, J¼ 8Hz, Ar-H), 5.03 (s, 2H, CH2-Ar), 4.66–4.64 (t, 1H,
J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S of thiazolidine), 3.67–3.65 (t, 2H, J¼ 4Hz, N-CH2 of thia-
zolidine), 3.19–3.15 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 3.01–2.98 (t, 2H, J¼ 4Hz, S-CH2 of thiazo-
lidine), 2.92–2.89 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm):
169.59, 160.45, 157.28, 148.68, 137.30, 135.01, 132.07, 130.85, 129.07, 128.59, 127.41, 121.31,
114.87, 73.89, 69.98, 49.14, 48.05, 38.74, 31.28. ES-MS m/z 476.3 (MþH)þ. Analytical calculated
formula for C26H25N3O4S: C, 65.67; H, 5.30; N, 8.84; O, 13.46; S, 6.74; Found: C, 65.65; H, 5.31;
N, 8.83; S, 6.75.

(E)-2-(2-hydroxy-4-methoxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-
yl)propan-1-one (AAP-7): White solid; (1.30 g, 93%); M.P. 134–138 �C. IR (KBr, �max, cm�1):
696.24 (C-S), 1172.19 (C-O), 1237.91 (C-N), 1375.61 (OH), 1444.35 (C¼C), 1641.95 (C¼N),
2933.67 and 2880.30 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 10.04 (s, 1H, OH),
8.07 (s, 1H, N¼CH), 7.42–7.30 (m, 6H Ar-H (5H) and Ar-H (1H) of 2-hydroxy-4-methoxyben-
zene), 7.10–7.06 (d, 2H, J¼ 8Hz, Ar), 6.90–6.88 (d, 2H, J¼ 8Hz, Ar), 6.42–6.41 (d, 1H, J¼ 4Hz,
Ar-H of 2-hydroxy-4-methoxybenzene), 6.28 (s, 1H, Ar-H of 2-hydroxy-4-methoxybenzene), 5.04
(s, 2H, CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S of thiazolidine), 3.76 (s,
3H, O-CH3), 3.64–3.62 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine), 3.15–3.12 (dd, 1H, J¼ 4Hz, 8Hz,
CH2-Ar), 2.96–2.93 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.86–2.83 (dd, 1H, J¼ 4Hz, 8Hz, CH2-
Ar). 13C-NMR (125MHz, DMSO-d6, d ppm): 169.54, 165.56, 163.75, 160.70, 157.64, 136.92, 133.13,
130.64, 128.58, 127.97, 127.45, 116.89, 114.94, 106.77, 101.11, 74.02, 69.95, 55.43, 49.13, 48.12, 38.74,
31.34. ES-MS m/z 477.1 (MþH)þ. Analytical calculated formula for C27H28N2O4S: C, 68.04; H,
5.92; N, 5.88; O, 13.43; S, 6.73; Found: C, 68.05; H, 5.92; N, 5.87; S, 6.74.

(E)-2-(3-hydroxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-8): White solid; (1.26 g, 96%); M.P.: 106–108 �C. IR (KBr, �max, cm�1): 695.34 (C-S),
1175.59 (C-O), 1257.32 (C-N), 1382.23 (OH), 1454.22 (C¼C), 1636.61 (C¼N), 2959.29 and
2893.95 (H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 9.59 (s, 1H, OH), 8.06 (s, 1H,
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N¼CH), 7.42–7.31 (m, 5H, Ar-H), 7.24–7.21 (m, 1H, Ar-H of 3-hydroxybenzene), 7.12–7.09 (m,
3H, Ar-H (2H) and Ar-H (1H) of 3-hydroxybenzene), 7.05–7.03 (d, 1H, J¼ 8Hz, Ar-H of 3-
hydroxybenzene), 6.88–6.86 (d, 3H, J¼ 8Hz, Ar-H (2H) and Ar-H (1H) and Ar-H (1H) of 3-
hydroxybenzene), 5.04 (s, 2H, CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH), 4.46 (s, 2H, N-CH2-S
of thiazolidine), 3.64–3.62 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine)), 3.16–3.13 (dd, 1H, J¼ 4Hz,
8Hz, CH2-Ar), 2.95–2.93 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.87–2.84 (dd, 1H, J¼ 4Hz,
8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.38, 161.94, 160.37, 157.23, 137.29,
130.77, 130.19, 128.60, 127.97, 127.64, 127.27, 120.27, 115.99, 114.69, 73.87, 69.63, 49.08, 48.09,
38.80, 31.28. ES-MS m/z 447.5 (MþH)þ. Analytical calculated formula for C26H26N2O3S: C,
69.93; H, 5.87; N, 6.27; O, 10.75; S, 7.18; Found: C, 69.93; H, 5.86; N, 6.28; S, 7.19.

(E)-2-(3-methoxybenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-9): White solid; (1.28 g, 95%); M.P.: 176–180 �C. IR (KBr, �max, cm

�1): 696.74 (C-S), 1170.35
(C-O), 1248.72 (C-N), 1426.81 (C¼C), 1639.34 (C¼N), 2932.67 and 2876.41 (H-C-C¼O). 1H
NMR (400MHz, DMSO-d6, d ppm): 8.07 (s, 1H, N¼CH), 7.62–7.61 (d, 2H, J¼ 4Hz, Ar-H of 3-
methoxybenzene), 7.42–7.31 (m, 5H, Ar-H), 7.10–7.07 (d, 3H, J¼ 12Hz, Ar-H (2) and Ar-H (1H)
of 3-methoxybenzene), 6.99–6.97 (d, 2H, J¼ 8Hz, Ar-H of 3-methoxybenzene), 6.90–6.88 (d, 2H,
J¼ 8Hz, Ar-H), 5.03 (s, 2H, CH2-Ar), 4.64–4.62 (t, 1H, J¼ 4Hz, N-CH), 4.45 (s, 2H, N-CH2-S of
thiazolidine), 3.77 (s, 3H, O-CH3), 3.65–3.63 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine), 3.16–3.12
(dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.95–2.92 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine), 2.86–2.84 (dd,
1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.48, 162.60, 157.44,
137.03, 130.82, 130.05, 128.56, 127.93, 127.45, 124.15, 114.72, 113.99, 73.81, 69.64, 55.39, 49.17,
48.25, 38.88, 31.33. ES-MS m/z 461.3 (MþH)þ. Analytical calculated formula for C27H28N2O3S: C,
70.41; H, 6.13; N, 6.08; O, 10.42; S, 6.96; Found: C, 70.42; H, 6.12; N, 6.06; S, 6.97.

(E)-2-(2-fluorobenzylideneamino)-3-(4-(benzyloxy)phenyl)-1-(thiazolidin-3-yl)propan-1-one
(AAP-10): Dark brown solid (1.21 g, 92%); M.P.: 99–102 �C. IR (KBr, �max, cm

�1): 695.89 (C-S),
1197.70 (Ar-F), 1227.79 (C-O), 1252.08 (C-N), 1427.93 (C¼C), 1628.99 (C¼N), 2999.13 and 2973.18
(H-C-C¼O). 1H NMR (400MHz, DMSO-d6, d ppm): 8.11 (s, 1H, N¼CH), 7.82–7.81 (d, 1H,
J¼ 4Hz, Ar-H of 2-fluorobenzene), 7.44–7.30 (m, 5H, Ar-H), 7.22–7.17 (m, 1H, Ar-H of 2-fluoroben-
zene), 7.10–7.05 (m, 3H, Ar-H (2H) and Ar-H (1H) of 2-fluorobenzene), 6.88–6.86 (d, 3H, J¼ 8Hz,
Ar-H (2H) and Ar-H (1H) of 2-fluorobenzen), 5.00 (s, 2H, CH2-Ar), 4.63–4.61 (t, 1H, J¼ 4Hz, N-
CH), 4.46 (s, 2H, N-CH2-S of thiazolidine), 3.65–3.63 (t, 2H, J¼ 4Hz, N-CH2 of thiazolidine),
3.16–3.13 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar), 2.95–2.93 (t, 2H, J¼ 4Hz, S-CH2 of thiazolidine),
2.87–2.84 (dd, 1H, J¼ 4Hz, 8Hz, CH2-Ar).

13C-NMR (125MHz, DMSO-d6, d ppm): 169.43, 160.39,
157.23, 137.27, 131.28, 130.79, 128.67, 127.96, 127.64, 127.29, 124.08, 120.27, 116.20, 73.88, 69.79, 49.10,
48.11, 38.81, 32.08. ES-MS m/z 449.2 (MþH)þ. Analytical calculated formula for C26H25FN2O2S: C,
69.62; H, 5.62; F, 4.24; N, 6.25; O, 7.13; S, 7.15; Found: C, 69.63; H, 5.63; N, 6.25; S, 7.15.

Biological activity procedure

Minimum inhibitory concentration

The ready-made Tryptic Soya broth and Malt extract broth medium (30 g) was suspended in dis-
tilled water (100mL) and warmed until it dissolved completely. The test tube as well as medium
tubes were autoclaved at a pressure of 1.0 bar for 30min. A set of sterilized test tubes with
Tryptic Soya broth and Malt extract broth medium was capped with cotton plugs. The newly syn-
thesized compounds were dissolved in dimethyl sulfoxide (DMSO) and in first test tube added
100mg/mL concentration of the newly synthesized compounds and which was serially diluted. A
fixed volume of 0.5mL of overnight culture was added in all the test tubes which were incubated
at 37 �C for 24 h. After 24 h these tubes were measured for turbidity. For the antifungal assay, the
ready-made Muller Hinton agar medium (30 g) was suspended in distilled water (100mL) and
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warmed until it dissolved completely. The medium and glass petri dishes were autoclaved at a
pressure of 1.0 bar for 30min. under sterilized conditions in a Laminar flow chamber; the
medium was poured into sterile petri dishes. The 0.5mL of the culture of fungal spore suspension
was injected and uniformly spread over the agar surface with a sterile glass rod. The newly syn-
thesized compounds solution were prepared in DMSO. After inoculation, cups were lifted out
with 6-mm sterile cork borer and the lids of the dishes were replaced. To each cup, different con-
centrations of test solution of each synthesized compounds were added. Controls were maintained
with DMSO and fluconazole. The treated and the controls were kept at 27–28 �C for 60–84 h.
The minimum inhibitory concentration (MIC) was recorded in mg/mL. Three to four replicates
were maintained for each treatment.

Molecular docking

Molecular docking of the protein–ligand complexes was executed with the help of AutoDock
Vina (http://vina.scripps.edu) software. PDB sum and CASTp servers used for identification of
ligand-binding site of each complex. This process was used to make binding of its crystal with
ligand in a similar region to avoid the binding with other areas. With the help of AutoDock tools
the ligand coordinates and protein were separated from each complex, the ligand structures and
protein were processed to a format as pdbqt files (Recognized by ADT), by adding Gasteiger
charges, all hydrogen atoms and merging the non-polar hydrogen atoms. By using babel in
AutoDock the hydrogens are added to the receptor and ligand structures. The AutoDock, an
inbuilt tool in the ADT were used for determined by the number of torsions for the ligand. The
torsional root for the ligand molecule is usually branches with rotatable bonds surface of rigid
part of the ligand molecule. The AutoDock frequently tries to detect the root for the molecule
unless the user specifies it. In this process, AutoDock was automatically selected its root. As per
the information from the PDB sum and CastP servers the grid box was sited. Auto grid were
computed the atom specific affinity maps for all ligand atom types, electrostatic and desolvation
potentials. The docking simulation consisted of 100 iterations by Genetic Algorithm methods for
every protein ligand pair. Lamarckian Genetic Algorithm, local search method in AutoDock was
used to set population size 150 with 25 million energy evaluations. All the other factors like the
number of generations, the maximum number of top individuals to persist to the next generation,
the crossover rate and mutation rate were set to their default value. The binding energy was ana-
lysis after total minimum energy resulting from the 100 docking runs.
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11. Ş. G. K€uç€ukg€uzel, E. E. Oruç, S. Rollas, F. Şahin, and A. €Ozbek, “Synthesis, Characterization and Biological
Activity of Novel 4-Thiazolidinones, 1,3,4-Oxadiazoles and Some Related Compounds,” European Journal of
Medicinal Chemistry 37, no. 3 (2002): 197–206. doi:10.1016/S0223-5234(01)01326-5.

12. P. Vicini, A. Geronikaki, K. Anastasia, M. Incerti, and F. Zani, “Cyclobutane Derivatives as Potent NK1
Selective Antagonists,” Bioorganic & Medicinal Chemistry Letters 16, no. 14 (2006): 3859–64.

13. K. V. G. C. Sekhar, V. S. Rao, A. S. Reddy, R. Sunandini, and V. S. A. Kumar Satuluri, “Solvent Free
Microwave Accelerated Synthesis of Heterocyclic Thiazolidin-4-Ones as Anti-Microbial and Anti-Fungal
Agents,” Bulletin of the Korean Chemical Society 31, no. 5 (2010): 1219–22. doi:10.5012/bkcs.2010.31.5.1219.

14. B. M. Gurupadayya, M. Gopal, B. Padmashali, and Y. N. Manohara, “Synthesis and Pharmacological
Evaluation of Azetidin-2-Ones and Thiazolidin-4-Ones Encompassing Benzothiazole,” Indian Journal of
Pharmaceutical Sciences 70, no. 5 (2008): 572–7. doi:10.4103/0250-474X.45393.

15. D. Visagaperumal, K. Jaya, R. Vijayaraj, and N. Anbalgan, “Microwave Induced Synthesis of Some New 3-
Substituted-1,3-Thiazolidin-4-Ones for Their Potent Anti-Microbial and Antitubercular Activities,”
International Journal of ChemTech Research 1, no. 4 (2009): 1048–51.

16. J. East, A. Kennedy, J. Tomsig, A. De Leon, K. Lynch, and T. Macdonald, “Synthesis and Structure-Activity
Relationships of Tyrosine-Based Inhibitors of Autotaxin (ATX),” Bioorganic & Medicinal Chemistry Letters
20, no. 23 (2010): 7132–6. doi:10.1016/j.bmcl.2010.09.030.

17. J. Cobb, S. Blanchard, E. Boswell, K. Brown, P. Charifson, J. Cooper, J. Collins, M. Dezube, B. Henke, E.
Hull-Ryde, et al. “ N-(2-Benzoylphenyl)-L-Tyrosine PPARgamma Agonists. 3. Structure-Activity Relationship
and Optimization of the N-Aryl Substituent,” Journal of Medicinal Chemistry 41, no. 25 (1998): 5055–69.
doi:10.1021/jm980414r.

18. A. Pund, S. Saboo, G. Sonawane, A. Dukale, and B. Magare, “Synthesis of 2,5-Disubstituted-1,3,4-
Thiadiazole Derivatives from (2S)-3-(Benzyloxy)-2-[(Tert-Butoxycarbonyl)Amino] Propanoic Acid and
Evaluation of Anti-Microbial Activity,” Synthetic Communications 50, no. 24 (2020): 3854–64. doi:10.1080/
00397911.2020.1817488.

19. B. Kahveci, O. Bekircan, and S. Karaoglu, “Synthesis and Anti-Microbial Activity of Some 3-Alkyl-4-
(Arylmethyleneamino)-4,5-Dihydro-1H-1,2,4-Triazol-5-Ones,” Indian Journal of Chemistry 40, no. B (2005): 2614–7.

20. O. Bekircan, B. Kahveci, and M. Kucuk, “Synthesis and Anticancer Evaluation of Some New Unsymmetrical
3,5-Diaryl-4H-1,2,4-Triazole Derivatives,” Turkish Journal of Chemistry 30 (2006): 29–40.

14 A. A. PUND ET AL.

https://doi.org/10.1016/j.ejmech.2017.05.004
https://doi.org/10.1002/ardp.200300809
https://doi.org/10.1016/S0960-894X(00)80050-5
https://doi.org/10.1021/jm00113a017
https://doi.org/10.1021/acs.jafc.8b02151
https://doi.org/10.1021/jm061002i
https://doi.org/10.1021/jm061002i
https://doi.org/10.1016/S0960-894X(01)00304-3
https://doi.org/10.1016/j.ejmech.2005.11.005
https://doi.org/10.1016/S0223-5234(01)01326-5
https://doi.org/10.5012/bkcs.2010.31.5.1219
https://doi.org/10.4103/0250-474X.45393
https://doi.org/10.1016/j.bmcl.2010.09.030
https://doi.org/10.1021/jm980414r
https://doi.org/10.1080/00397911.2020.1817488
https://doi.org/10.1080/00397911.2020.1817488


21. M. Singh, and C. Dash, “Synthesis of Some New Schiff Bases Containing Thiazole and Oxazole Nuclei and
Their Fungicidal Activity,” Pesticides 22, no. 11 (1988): 33–7.

22. S. Holla, K. Shivananda, S. Shenoy, and G. Antony, “Studies on Aryl Furan Derivatives: Part VII. Synthesis
and Characterization of Some Mannich Bases Carrying Halophenylfuryl Moieties as Promising Antibacterial
Agents,” Farmaco 53 (1998): 531–5.

23. S. Holla, B. Veerendra, K. Shivananda, and B. Poojary, “Synthesis Characterization and Anticancer Activity
Studies on Some Mannich Bases Derived from 1,2,4-Triazoles,” European Journal of Medicinal Chemistry 38,
no. 7–8 (2003): 759–67. doi:10.1016/S0223-5234(03)00128-4.

24. E. Gokce, G. Bakir, F. Sahin, E. Kupeli, and E. Yesilada, “Synthesis of New Mannich Bases of
Arylpyridazinones as Analgesic and Anti-Inflammatory Agents,” Arzneimittel Forschung 55 (2005): 318–25.

25. R. Dimmock, S. Jonnalagadda, A. Phillips, E. Erciyas, K. Shyam, and A. Semple, “Anticonvulsant Properties
of Some Mannich Bases of Conjugated Arylidene Ketones,” Journal of Pharmaceutical Sciences 81, no. 5
(1992): 436–40. doi:10.1002/jps.2600810509.
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ABSTRACT
In search of new active molecules, a small focused library of 1,2,3-triazoles
based 2,4-thiazolidinedione derivatives has been efficiently prepared via
the click chemistry approach. Several derivatives were exhibited excellent
anti-inflammatory activity compared to the standard drug. Further, the syn-
thesized compounds were found to have potential antioxidant activity.
Furthermore, to rationalize the observed biological activity data, the
molecular docking study has also been carried out against the active site
of inflammation enzyme PPARc, which revealed a significant correlation
between the binding score and biological activity for these compounds.
The results of the in vitro and in silico study suggest that the triazole incor-
porated 2,4-thiazolidinedione derivatives may possess the ideal structural
requirements for the further development of novel therapeutic agents.
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Introduction

There are numerous biologically active molecules with nitrogen, sulfur and oxygen heteroatoms
that have always drawn the attention of chemists over the years mainly because of their biological
importance, therefore, extensive research is still needed to improve their properties and to reduce
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their adverse effects. Thiazolidinone is considered as a biologically important active scaffold that
possesses almost all types of biological activities.1 Thiazolidine-2,4-dione (TZDs) are a class of
insulin sensitizing drugs which include ciglitazone, pioglitazone and rosiglitazone. Apart from
their known antidiabetic activity,2 the ability of TZDs to contribute to cancer therapy has been
evidenced by numerous in vitro and in vivo studies,3 antibacterial and antifungal activity,4 aldose
reductase inhibitory activity,5 antimicrobial activity,6 anti-inflammatory activity,7 oncostatic,8

anti-cancer activity9 and tuberculostatic activity.10

The involvement of PPARc in inflammatory processes was first suggested by the antagonism
between the activities of proinflammatory cytokines and PPARc. Additionally, macrophage activa-
tion is inhibited by several PPARc agonists.11 Therefore; this receptor is an attractive target for
the development of anti-inflammatory agents due to its key roles at various stages in the inflam-
matory process. The two thiazolidines share a common thiazolidine-2,4-dione structure that is
responsible for the majority of their pharmacological effects, including anti-inflammatory
effects.12 It has been shown that PPARc trans-represses the expression of pro-inflammatory medi-
ators at the transcriptional level, by inhibiting inducible nitric oxide synthase (iNOS), NF-jB,
STAT and activation protein-1 (AP-1) signaling.13 Thus, drugs with anti-inflammatory properties
such as TZDs (clubbed with triazole) can probably reduce the risk of inflammation-
induced problems.

Antioxidant therapies are gaining importance due to their ability to retard disease progression
by reducing the damage caused by free radical oxidative stress in a patient.14 Physiological levels
of reactive oxygen species (ROS) play a vital role as signaling molecules to mediate numerous
biological functions causing alterations in cell growth, gene expression and host defence.15 Under
inflammatory conditions, the presence of excess reactive oxygen species (O2, OH

-, H2O2, NO,
ONOO-) can initiate damage to nucleic acids, proteins, carbohydrates and lipids in many types of
cells including macrophages.16 Increased oxidative stress-induced production of ROS, overwhelm-
ing the antioxidant defence system, has been implicated in the pathogenesis of various disorders
including atherosclerosis,17 cancer,18 asthma,19 rheumatoid arthritis,20 ischemia-reperfusion
injury,21 neurodegenerative diseases,22 inflammation,23 myocardial infarction and also aging.24

Triazoles are stable to acidic/basic hydrolysis and also reductive/oxidative conditions, indicative
of a high aromatic stabilization. This moiety is relatively resistant to metabolic degradation. Over
the past two decades, 1,2,3-triazole and its derivatives have attracted continued interest in the
medicinal field and are reported to possess a wide range of biological activities such as antifun-
gal,25 antitubercular,26 antiallergic,27a anti-HIV activity,27b a-glycosidase inhibitor,9 antimicro-
bial,28 anticoccidiostats,29 anticonvulsant,30 antimalarial,31 antiviral32 and antimycobacterial,33

antitumor,34 antiproliferative efficacy35 and anticancer activity.36 Similarly, copper oxide chitosan
nanocomposite has been used for green regioselective synthesis of [1,2,3]triazoles.37 Triazole has
been used to improve the pharmacokinetic properties of the desired drug.38

Barros et. al., synthesized arylidene-thiazolidine-2,4-diones and assayed in vivo to investigate
their anti-inflammatory activities.39 These compounds showed considerable biological efficacy
when compared to rosiglitazone, a potent and well-known agonist of PPARc. In recent years, a
library of thiazolidinedione derivatives conjugated with triazole skeleton was synthesized and
proved to possess different bioactivity such as a-glucosidase inhibition,9 anticancer,9 hypogly-
cemic,40 antibacterial,41a and antifungal activity41b (Figure 1).

The search for new anti-inflammatory and antioxidant agents will consequently remain as an
important and challenging task for medicinal chemists. The combination of two pharmacophores
into a single molecule is an effective and commonly used direction in modern medicinal chemis-
try for the exploration of novel and highly active compounds. In continuation of our earlier
work42 on the synthesis and biological properties of various heterocyclic moieties, herein, a small
focused library of 1,2,3-triazole incorporated molecules have been efficiently prepared by click
chemistry. Considering the biological importance of 2,4-thiazolidinediones and 1,2,3-triazoles, we
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construct conjugated thiazolidinedione with 1,2,3-triazoles in one molecular framework through a
methylene linkage to enhance the anti-inflammatory activity with minimizing the side effects. In
addition to this, we have also performed molecular docking study and in silico ADME prediction
for the synthesized compounds.

Results and discussion

Chemistry

We have described a protocol for the syntheses of a series of new (Z)-5-benzylidene-3-((1-(4-sub-
stitutedbenzyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-diones 6a-o as a potential anti-
inflammatory and antioxidant agents from commercially available starting materials (Scheme1).
These compounds were formed by the fusion of substituted (Z)-5-benzylidene-3-(prop-2-yn-1-
yl)thiazolidine-2,4-dione 4a-c and benzyl azides 5a-e via click chemistry (Scheme 1). The substi-
tuted (Z)-5-benzylidene-3-(prop-2-yn-1-yl)thiazolidine-2,4-diones 4a-c were prepared in two
steps, in the first step, (Z)-5-benzylidenethiazolidine-2,4-diones 3a-c were prepared by
Knoevenagel condensation reaction between benzaldehydes 1a-c and 2,4-thiazolidinedione 2
under reflux conditions in acetic acid using sodium acetate as the base. In the second step, (Z)-5-
benzylidene thiazolidine-2,4-dione 3a-c have been alkylated with propargyl bromide in the pres-
ence of K2CO3 as a base in N, N-dimethylformamide (DMF) afforded the corresponding (Z)-5-
benzylidene-3-(prop-2-yn-1-yl)thiazolidine-2,4-diones 4a-c in good to excellent yield.

Finally, the Huisgen’s CuAAC reaction has been performed on (Z)-5-benzylidene-3-(prop-2-yn-
1-yl)thiazolidine-2,4-dione 4a-c and benzyl azides 5a-e in the presence of Cu(OAc)2 in t-BuOH-
H2O (3:1) at room temperature for 22-30 h gave the corresponding 1,4-disubstituted-1,2,3-triazole
based 2,4-thiazolidinedione derivatives 6a-o in quantitative isolated yield (90-92%) (Scheme 1).

Figure 1. Thiazolidinedione derivatives clubbed with triazole shows different biological activity.
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The formation of compounds 6a-o was confirmed by physical data and spectral analysis. In
the 1H NMR spectrum of compound 6 b, the two methylene groups attached to nitrogen showed
singlet at d 4.89 and 5.55 ppm. In addition to this, the signal observed at d 8.18 ppm indicates the
presence of olefinic proton. In the 13C NMR spectrum for compound 6 b, the signals at d 37.2
and 52.6 ppm indicate the presence of methylene carbon attached to the nitrogen of 2,4-thiazoli-
dinedione and triazole ring, respectively. Furthermore, two characteristics carbon signals exhibited
at d 165.7 and 167.5 ppm due to the -N-C¼O and -S-C¼O groups, respectively. The formation
of compound 6 b has been confirmed by the HRMS spectrum. For compound 6 b, the calculated
mass for [MþH]þ is 395.0978 and in HRMS, the [MþH]þ peak was observed at 395.0981.
Furthermore, to expand the series, 1,4-disubstituted-1,2,3-triazole-2,4-thiazolidinedione derivatives
6a-o with various substituents have been prepared by the cycloaddition reaction of (Z)-5-benzyli-
dene-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione 4a-c and benzyl azides 5a-e (Scheme 1 and
Table 1) under similar reaction condition in good to excellent yields.

Biological evaluation

Anti-inflammatory activity
The newly synthesized 1,2,3-triazole incorporated 2,4-thiazolidinedione derivatives 6c, 6d, 6e and
6o (EC50 range ¼ 0.6483 ± 0.221-0.8519 ± 0.281lg/mL) exhibited excellent anti-inflammatory
activity as compared to the standard drug diclofenac sodium (Table 1).

Remaining compounds were found to show less anti-inflammatory activity. Compound 6c
(EC50 ¼ 0.8519 ± 0.281mg/mL), 6d (EC50 ¼ 0.7034 ± 0.349mg/mL) and 6e (EC50 ¼
0.6483 ± 0.221mg/mL) from 6a-e were found to be display more anti-inflammatory activity than
standard drug DFS. When NO2 group at R2 in compound 6a, (EC50 ¼ 8.668 ± 2.63 mg/mL) and
fluoro- at R2 in compound 6 b (EC50 ¼ 11.66 ± 1.22mg/mL) did not show any significant change
in activity. Replacement of R2 ¼ Cl group led to increase in activity (compound 6c, EC50 ¼
0.8519 ± 0.281mg/mL). Again, when bromo- group is at R2 in compound 6d (EC50 ¼
0.7034 ± 0.349mg/mL) further increases the anti-inflammatory activity compared to the standard
DFS. Surprisingly, the compound 6e (EC50 ¼ 0.6483 ± 0.221) in which R1 ¼ H and R2 ¼ H
exhibited excellent anti-inflammatory activity among all the synthesized compounds.

Among the 6f-j series, all the five compounds (EC50 range ¼ 31.43 ± 0.192-57.80 ± 0.224mg/
mL) have shown less potent anti-inflammatory activity compared with standard drug DFS. There
is no significant variation observed while varying the substituent like, NO2, Cl, F and Br on the
phenyl ring system (Table 1). Compound 6o (EC50 ¼ 0.8416 ± 0.239mg/mL) from 6k-6o series

Scheme 1. Synthesis of 1,4-disubstituted-1,2,3-triazole based 2,4-thiazolidinedione derivatives.
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Table 1. In vitro anti-inflammatory activity and antioxidant activity of compounds 6a-o.

Compound Structure

Anti-inflammatory Antioxidant

EC50 (mg/mL) mM IC50 (mg/mL) mM

6a 8.668 ± 2.63 21.27 30.20 74.12

6b 11.66 ± 1.22 30.65 39.43 103.64

6c 0.8519 ± 0.281 2.15 22.48 56.64

6d 0.7034 ± 0.349 1.59 16.30 36.93

6e 0.6483 ± 0.221 1.79 20.41 56.31

6f 47.23 ± 0.881 111.01 16.78 39.44

6g 31.43 ± 0.192 78.88 12.55 31.49

(continued)
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Table 1. Continued.

Compound Structure

Anti-inflammatory Antioxidant

EC50 (mg/mL) mM IC50 (mg/mL) mM

6h 57.80 ± 0.224 139.32 15.19 36.61

6i 47.49 ± 0.116 103.39 19.20 41.8

6j 32.64 ± 0.191 85.80 13.82 36.33

6k 65.93 ± 0.180 149.20 17.18 38.88

6l 17.76 ± 0.350 42.81 27.23 65.63

6m 6.630 ± 0.241 15.37 33.30 77.20

6n 10.96 ± 0.182 23.04 19.28 40.52

(continued)
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bearing R1 ¼ Cl and R2 ¼ H group was found to be display excellent anti-inflammatory activity
compared to the standard drug DFS. Replacement of nitro- group at R2 in compound 6k, (EC50

¼ 65.93 ± 0.180 mg/mL), fluoro- at R2 in compound 6 l (EC50 ¼ 17.76 ± 0.350mg/mL) and bromo-
at R2 in 6n (EC50 ¼ 10.96 ± 0.182mg/mL) did not show any significant change in the activity. In
compound 6m, (EC50 ¼ 6.630 ± 0.241 mg/mL), the replacement of the chloro- group at a R2 led to
decrease in the activity.

Antioxidant activity
According to the DPPH assay, compounds 6d (IC50 ¼ 16.3mg/mL), 6f (IC50 ¼ 16.78mg/mL), 6 g
(IC50 ¼ 12.53mg/mL), 6 h (IC50 ¼ 15.19 mg/mL) and 6j (IC50 ¼ 13.82) show excellent antioxidant
activity compared to the standard antioxidant drug BHT (IC50 ¼ 16.47mg/mL) (Table 1).
Compound 6d (IC50 ¼ 16.3mg/mL) from 6a-e series bearing R2 ¼ Br group was found to be dis-
play more antioxidant activity than standard drug BHT. Replacement of R2 ¼ F group led to
decrease in activity by two-fold (compound 6 b, IC50 ¼ 39.43 mg/mL). Replacement of NO2 group
at R2 in compound 6a, (IC50 ¼ 30.2mg/mL) and chloro- at R2 in compound 6c (IC50 ¼ 27.3mg/
mL) did not show any significant change in activity. When hydrogen is at R2 in compound 6e
(IC50 ¼ 20.41mg/mL) exhibited satisfactory antioxidant, activity compared to the standard BHT.
Among 6f-j series, all the five compounds (IC50 range ¼ 12.55-19.2mg/mL) have shown good
activity when compared with standards. There is no significant variation observed while varying
the substituent like, NO2, Cl, F and Br. Compound 6 g (IC50 ¼ 12.55mg/mL) bearing R1 and R2

¼ F group was found to be most active antioxidant agent among synthesized compounds than
standard drug BHT. From 6k-o series, all compounds (IC50 range ¼ 17.18-33.3mg/mL) except 6k
(IC50 ¼ 17.18mg/mL) showed less potent activity when compared with standards.

Computational study

Molecular docking study
The most appropriate approach for gauzing the accuracy of a docking protocol is to monitor how
closely the lowest energy binding pose predicted by the scoring function resembles the experi-
mentally observed binding mode in the PDB. The molecular docking protocol adopted in the cur-
rent study was validated by extracting the native ligand from the crystal structure and re-docking
it to the binding site of PPARc. The root means square deviation (RMSD) between the X-ray
conformation of native ligand and the conformation predicted by docking into crystal structure
was found to be less than 1Å, validating the reliability of and reproducibility of the docking

Table 1. Continued.

Compound Structure

Anti-inflammatory Antioxidant

EC50 (mg/mL) mM IC50 (mg/mL) mM

6o 0.8416 ± 0.239 1.77 29.23 73.64

DFS – 0.7227 ± 0.250 2.27 – –
BHT – – – 16.47 74.74

Values are expressed as mean ± standard deviation (n¼ 3); DFS: Diclofenac Sodium; BHT: Butylated Hydroxy Toluene; NT:
Not tested
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procedure in reproducing the experimentally observed binding mode for molecules investigated
herein. The overlay of the experimentally observed binding mode of the native ligand over its
best docked conformation is shown in Figure 2.

The level of anti-inflammatory activities demonstrated by 2,4-thiazolidinedione-1,2,3-triazole
derivatives motivated us to gain an insight into molecular interactions that govern the binding of
these molecules with the target enzyme PPARc. In the absence of available resources to carry out
the enzyme-based experimental studies, molecular docking study has gained significant attention
to identify the targets for different ligands and provides an alternative approach to understand
the thermodynamic events involved in the binding of molecules to the active site of the target
enzyme which thereby helps to rationalize their experimentally observed biological activity.

Molecular docking study revealed that all the 1,2,3-Triazole incorporated 2,4-Thiazolidinedione
derivatives investigated herein, snugly fitted into the active site of PPARc with very similar orien-
tations occupying coordinates very close to that of the native ligand in the crystal structure and
their resulting complexes were stabilized by a network of steric and electrostatic interactions
(Figure 3). Their binding energies were also found to be very favorable ranging from
�50.869 kcal/mol to �27.09 kcal/mol while the docking score ranged from �8.51 to �6.21. The
docking score for the native ligand Rosiglitazone was found to be �9.511 with a binding energy
of �58.26 kcal/mol. We could observe a statistically significant correlation between the experi-
mental anti-inflammatory activities and the molecular docking scores wherein the active ana-
logues exhibited higher docking scores while those with relatively low inhibition were also
predicted to have a lower score.

Furthermore, a detailed per-residue interaction analysis between the enzyme and the docked
1,2,3-Triazole incorporated 2,4-Thiazolidinedione derivatives were carried out to identify the
most significantly interacting residues and provide an explanation for the observed difference in
binding affinity for these molecules through which we can speculate regarding the detailed bind-
ing patterns in the cavity. For the sake of brevity, we have illustrated this analysis only for the
most active analogue 6e (Figure 4) while the results for other derivatives and their binding modes
shown in (Table 2) and molecular docking images shown in Figure 5.

The lowest energy docking pose of the most active analogue 6e into the active site of
PPARcrevealed that it binds to the enzyme with a significantly higher binding affinity (docking
score: �8.51, binding energy: �50.869 kcal/mol) which can be explained in terms of the specific
bonded and non-bonded per-residue interactions with the residues shaping the active site. The
per residue-ligand interaction energy distribution showed that the compound is stabilized within
the active site of PPARcthrough an extensive network of van der Waals interactions with
Met348(-1.80 kcal/mol), Ile341(-3.74 kcal/mol), Leu330(-2.90 kcal/mol), Arg288(-4.51 kcal/mol),
Gly284(-3.41 kcal/mol), Ile281(-2.87 kcal/mol) and Arg280(-1.04 kcal/mol) residues through

Figure 2. Overlay of the best scoring poses for the co-crystallized ligand-Rosiglitazone obtained by docking (orange carbon)
against the X-ray bound conformation (pink carbon).

8 M. H. SHAIKH ET AL.



benzylidenethiazolidine-2,4-dione section of the molecule while 1-benzyl-1H-1,2,3-triazol-4-yl
component was engaged in favorable van der Waals interactions with Tyr473 (-1.28 kcal/mol),
Leu453(-1.18 kcal/mol), His449(-2.14 kcal/mol), Met364(-2.75 kcal/mol), Tyr327(-2.85 kcal/mol),
Ile326(-2.74 kcal/mol), His323(-1.51 kcal/mol), Ser289(-2.39 kcal/mol), Gln286(-3.15 kcal/mol),
Cys285(-8.85 kcal/mol), Phe282(-2.25 kcal/mol) residues. Analysis of the polar contacts i.e.
electrostatic interactions revealed multiple closed contacts with Lys367 (-1.21 kcal/mol),
Met364(-1.02 kcal/mol) and Arg288(-4.86 kcal/mol) residues. The enhanced binding affinity of
6e is also attributed to its position in the p-interaction space (p- p stacking) of His449(2.46 Å).
This type of the p-p stacking interaction serves as an "anchor", guiding the 3D orientation of
the ligand in the active site of the enzyme and thereby aid the steric and electrostatic interac-
tions within. Thus, a strong network of thermodynamic interactions observed with PPARc
account for its good in silico affinity and provides a clue for its significant in vitro anti-inflam-
matory activity.

A similar network of thermodynamic interaction was consistently observed for other 1,2,3-
Triazole incorporated 2,4-Thiazolidinedione derivatives investigated herein as well but decreasing
gradually with their observed anti-inflammatory activity. The per-residue interaction energy dis-
tribution revealed that the primary driving force for mechanical interlocking was the steric com-
plementarity between the ligand and the active site residues of PPARc which is reflected in the
relatively higher number of favorable van der Waals interaction over other components contribu-
ting to the overall binding scores. The binding pattern predicted by docking and the per-residue
interaction energy distribution along with the glide score and the glide energy indicates that these
1,2,3-Triazole incorporated 2,4-Thiazolidinedione derivatives have a good affinity toward the
active site of PPARc enzyme making them pertinent starting points for further structure-based
design efforts.

Figure 3. Binding modes of 1,2,3-Triazole incorporated 2,4-Thiazolidinedione Derivatives into the active site of human peroxi-
some proliferator-activated receptor gamma (PPARc).

Figure 4. Binding mode of 6e into the active site of human peroxisome proliferator-activated receptor gamma (PPARc) (the p-p
stacking interaction has been represented using green lines).
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Table 2. Results of the per-residue interaction analysis for the 2,4-thiazolidinedione-1,2,3-triazole derivatives with the active
site of human PPARc.

Cpd Docking score Binding energy

Per-residue interaction energy analysis

Van der Waals (Kcal/mol) Electrostatic (Kcal/mol) p–p stacking (Å)

6a �7.63 �44.861 His449(�1.88),
Met364(�2.02),
Phe363(�1.69),
Met348(�2.12),
Ser342(�1.20),
Ile341(�3.18),
Leu330(�2.68),
Tyr327(�2.29),
Ile326(�2.38),
Ser289(�2.29),
Arg288(�4.10),
Gln286(�2.93),
Cys285(�6.97),
Gly284(�2.93),
Phe282(�1.80),
Ile281(�2.46),
Arg280(�1.32)

His 449 (�1.13), Lys 367
(�1.10), Arg 288 (�3.24),
Glu 259 (�1.16)

Tyr327 (2.37), His449 (2.41)

6 b �7.23 �41.783 His449(�2.00),
Met364(�1.98),
Ser342(�1.97),
Ile341(�3.09),
Leu330(�3.19),
Tyr327(�2.16),
Ile326(�2.14),
Glu291(�1.61),
Ser289(�2.34),
Arg288(�3.35),
Phe287(�2.33),
Gln286(�2.41),
Cys285(�5.96),
Gly284(�2.60),
Phe282(�1.52),
Ile281(�2.07),
Arg280(�1.16)

Glu291
(�1.75), Arg288(�2.61),

Tyr327(2.10),
His449(2.56),
Phe287(2.59)

6c �8.214 �47.368 Tyr473(�1.10),
His449(�2.07),
Met364(�2.50),
Met348(�2.29),
Ile341(�3.68),
Leu330(�2.74),
Tyr327(�2.32),
Ile326(�2.71),
His323(�1.40),
Ser289(�2.67),
Arg288(�3.29),
Gln286(�3.06),
Cys285(�7.06),
Gly284(�3.23),
Phe282(�1.84),
Ile281(�2.62),
Arg280(�1.07)

Met364(�1.16),
Arg288(�2.94),
Cys285(�1.02),

His449(2.24)

6d �8.50 �49.006 Tyr473(�1.25),
His449(�2.13),
Met364(�2.20),
Met348(�1.73),
Ile341(�3.70),
Leu330(�2.91),
Tyr327(�2.25),
Ile326(�2.54),
His323(�1.46),

Met364(�1.15),
Arg288(�4.17),
Glu259(�1.05)

His449(2.98)

(continued)
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Table 2. Continued.

Cpd Docking score Binding energy

Per-residue interaction energy analysis

Van der Waals (Kcal/mol) Electrostatic (Kcal/mol) p–p stacking (Å)

Ser289(�2.17),
Arg288(�3.40),
Gln286(�2.23),
Cys285(�8.37),
Gly284(�3.53),
Phe282(�2.26),
Ile281(�2.02),
Arg280(�1.08),

6e �8.51 �50.869 Tyr473 (�1.28),
Leu453(�1.18),
His449(�2.14),
Met364(�2.75), Met348
(�1.80), Ile341(�3.74),
Leu330(�2.90),
Tyr327(�2.85),
Ile326(�2.74),
His323(�1.51),
Ser289(�2.39),
Arg288(�4.51),
Gln286(�3.15),
Cys285(�8.85),
Gly284(�3.41),
Phe282(�2.25),
Ile281(�2.87),
Arg280(�1.04)

Lys367 (�1.21),
Met364(�1.02),
Arg288(�4.86),

His449 (2.46)

6f �6.54 �33.63 Tyr473 (�0.97),
His449(�1.37),
Met364(�1.75),
Met348(�1.11),
Ile341(�3.11),
Leu330(�2.89),
Tyr327(�2.04),
Ile326(�1.75),
Glu291(�1.58), Ser289(-
2.17), Arg288(�3.08),
Phe287(�2.64),
Gln286(�2.10),
Cys285(�5.27),
Gly284(�2.36),
Phe282(�1.16),
Ile281(�1.31)

Glu291(�1.307),
Arg288(�1.534),

Tyr327(2.19),
His449(2.55),
Phe287(2.63)

6g �7.00 �38.548 His449(�1.85),
Met364(�1.77),
Phe363(�1.36),
Ser342(�1.93),
Ile341(�3.10),
Leu330(�3.02),
Tyr327(�2.11),
Ile326(�1.95),
Glu291(�1.40),
Ser289(�2.23),
Arg288(�3.17),
Phe287(�2.89),
Gln286(�2.17),
Cys285(�5.58),
Gly284(�2.37),
Phe282(�1.31),
Ile281(�1.99),
Arg280(�1.14)

Glu291
(�1.59), Arg288(�1.187),

Tyr327(2.13),
His449(2.24),
Phe287(2.81)

6h �6.61 �30.544 His449(�1.16),
Met364(�1.29),

Glu291(�1.43),
Arg288(�1.05)

His449(2.68), Phe287(2.64)

(continued)
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Table 2. Continued.

Cpd Docking score Binding energy

Per-residue interaction energy analysis

Van der Waals (Kcal/mol) Electrostatic (Kcal/mol) p–p stacking (Å)

Ile341(�3.34),
Leu330(�2.17),
Tyr327(�2.05),
Ile326(�1.21),
Glu291(�1.57),
Ser289(�1.28),
Arg288(�2.71),
Phe287(�2.39),
Gln286(�2.05),
Cys285(�4.04),
Gly284(�2.09),
Phe282(�1.15),
Ile281(�1.08)

6i �6.44 �32.484 His449(�1.29),
Met364(�1.57),
Met348(�1.08),
Ile341(�3.05),
Leu330(�2.79),
Tyr327(�2.01),
Ile326(�1.47),
Glu291(�1.61),
Ser289(�2.68),
Arg288(�3.09),
Phe287(�2.48),
Gln286(�2.13),
Cys285(�5.28),
Gly284(�2.16),
Phe282(�1.15),
Ile281(�1.03)

Glu291(�1.74),
Arg288(�1.16)

His449(2.52), Phe287(2.62)

6j �6.99 �37.868 Tyr473 (�1.04),
His449(�1.63),
Met364(�1.74),
Met348(�1.19),
Ile341(�3.12),
Leu330(�2.901),
Tyr327(�2.07),
Ile326(�1.86),
Ser289(�2.22),
Arg288(�3.12),
Phe287(�2.78),
Gln286(�2.10),
Cys285(�5.35),
Gly284(�2.24),
Phe282(�1.27),
Ile281(�1.92),
Arg280(�1.13)

Arg288(�1.74),
Cys285(�1.59),

Tyr327(2.29), His449(2.35),

6k �6.21 �27.09 His449(�1.48),
Met364(�1.14),
Ile341(�3.14),
Leu330(�1.14),
Tyr327(�2.21), Ile326(-
1.15), Arg288(�2.23),
Phe287(�1.18),
Cys285(�3.25),
Gly284(�1.83),
Phe282(�1.02),
Ile281(�1.03),
Arg280(�1.39)

Lys367(�1.03),
Arg288(-1.30)

Tyr327(2.68),

6l �7.11 �40.497 His449(�1.95),
Met364(�1.93),
Phe363(�1.39),
Ser342(�1.96),

Glu291
(�1.85), Arg288(�2.47)

His449(2.71)

(continued)
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Table 2. Continued.

Cpd Docking score Binding energy

Per-residue interaction energy analysis

Van der Waals (Kcal/mol) Electrostatic (Kcal/mol) p–p stacking (Å)

Ile341(�3.02),
Leu330(�3.13),
Tyr327(�2.16),
Ile326(�2.10),
Glu291(�1.68),
Ser289(�2.32),
Arg288(�3.62),
Phe287(�2.31),
Gln286(�2.22),
Cys285(�5.73),
Gly284(�2.60),
Phe282(�1.50),
Ile281(�2.05),
Arg280(�1.14)

6m �7.837 �45.878 Tyr473(�1.04),
His449(�1.99),
Met364(�2.08),
Met348(�2.12),
Ile341(�3.35),
Leu330(�2.70),
Tyr327(�2.38),
Ile326(�2.70),
His323(�1.40),
Ser289(�2.41),
Arg288(�3.02),
Gln286(�2.92),
Cys285(�7.08),
Gly284(�3.12),
Phe282(�1.96),
Ile281(�2.57),
Arg280(�1.07)

Met364(�1.07),
Arg288(�3.36)

His449(2.21)

6n �7.36 �42.482 His449(�2.05),
Met364(�2.04),
Met348(�2.22),
Ser342(�1.20),
Ile341(�3.16),
Leu330(�2.49),
Tyr327(�2.14),
Ile326(�2.16),
Ser289(�2.38),
Arg288(�3.46),
Gln286(�2.66),
Cys285(�6.23),
Gly284(�2.75),
Phe282(�1.72),
Ile281(�2.36),
Arg280(�1.28)

Met364
(�1.08), Arg288(�2.98)

His449(4.57)

6o �8.37 �48.86 His449(�2.11),
Met364(�1.77),
Met348(�1.86), Ile341(-
3.637), Leu330(�2.87),
Tyr327(�2.26), Ile326(-
2.72), Ser289(�1.60),
Arg288(�3.16),
Gln286(�2.66),
Cys285(�8.42),
Gly284(�2.99),
Phe282(�2.18), Ile281(-
2.72), Arg280(�1.07),
Glu259(�1.24),
255(�1.37)

Lys367(�1.22),
Met364(�1.09),
Arg288(�4.28)

His449(3.18)
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ADME properties
The success of a drug is determined not only by good efficacy but also by an acceptable ADME
(absorption, distribution, metabolism and excretion) profile. A computational study of all the syn-
thesized compounds was performed for the prediction of ADME properties and the value
obtained is presented in Table 3. It is observed that compounds exhibited a good % ABS (%
absorption) ranging from 69.11 to 85.02%.

Furthermore, none of the synthesized derivatives violates Lipinski’s rule of five (miLog P� 5).
A molecule likely to be developed as an orally active drug candidate should not show more than
one violation of the following four criteria: miLog P (octanol-water partition coefficient) � 5,
molecular weight � 500, number of hydrogen bond acceptors � 10 and number of hydrogen
bond donors � 5.43 The larger the value of the drug-likeness model score, the higher is also the
probability that the particular molecule will be active. All the tested compounds followed the cri-
teria for orally active drugs and therefore, these compounds may have a good potential for even-
tual development as oral agents.

Conclusion

In conclusion, we have synthesized new 1,2,3-triazole based thiazolidinone derivatives via click
chemistry approach and evaluated them for biological activity. The synthesized 1,2,3-Triazole

Figure 5. Binding mode of compounds into the active site of human peroxisome proliferator-activated receptor gamma (PPARc)
(the p-p stacking interaction has been represented using green lines).
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incorporated 2,4-Thiazolidinedione derivatives exhibited promising anti-inflammatory activity.
Compounds 6d and 6e display higher anti-inflammatory activity compared to the standard drug
diclofenac sodium. Similarly, all the synthesized compound displays promising antioxidant activ-
ity as compared to the standard drug. Compounds 6d, 6 g, 6 h and 6j shows potential antioxidant
activity (IC50 ¼ 12.55-16.30 lg/mL) when compared with standard drug BHT. In addition to this,
molecular docking study of 1,2,3-Triazole incorporated 2,4-Thiazolidinedione derivatives have a
high affinity toward the active site of enzyme PPARc which provides a strong platform for
new structure-based design efforts. Furthermore, analysis of the ADME parameters shows good
drug-like properties and can be developed as an oral drug candidate. Thus, suggesting that com-
pounds from the present series can be further optimized and developed as a lead molecule.
Further work on the utilization of triazole incorporated thiazolidinedione derivatives leading to
useful bioactive compounds is in progress.

Figure 5. Continued.
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Experimental section

General

All the solvents and reagents were purchased from commercial suppliers, Spectrochem Pvt. Ltd.,
Rankem India Ltd. and Sigma Aldrich which was used without further purification. The progress
of each reaction was monitored by ascending thin layer chromatography (TLC) using TLC alumi-
num sheets, silica gel F254 precoated, Merck, Germany and locating the spots using UV light as the
visualizing agent or Iodine vapors. Melting points were taken in the open capillary method and are
uncorrected. 1H NMR spectra were recorded (DMSO-d6) on Bruker Avance 400 NMR
Spectrometer. 13C NMR and DEPT 135 spectra were recorded (DMSO-d6) on Bruker Avance 100
NMR Spectrometer. Chemical shifts (d) are reported in parts per million (ppm) using

Figure 5. Continued.
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Figure 5. Continued.

Table 3. Pharmacokinetic parameters were important for good oral bioavailability and its drug� likeness model score.

Cpd % ABS TPSA (A2) n-ROTB MV MW miLog P n-ON n-OHNH Lipinski violation
drug likeness model scoreRule – – – – < 500 � 5 < 10 < 5 � 1

6a 69.11 115.62 6 346.31 421.44 2.85 9 0 0 �0.14
6b 85.02 69.79 5 327.90 394.43 3.06 6 0 0 0.02
6c 85.02 69.79 5 336.51 410.89 3.57 6 0 0 0.19
6d 85.02 69.79 5 340.86 455.34 3.70 6 0 0 �0.17
6e 85.02 69.79 5 322.97 376.44 2.90 6 0 0 �0.23
6f 69.11 115.62 6 351.24 439.43 3.02 9 0 0 �0.02
6g 85.02 69.79 5 332.84 412.42 3.22 6 0 0 �0.09
6h 85.02 69.79 5 341.44 428.88 3.74 6 0 0 0.02
6i 85.02 69.79 5 345.79 473.33 3.87 6 0 0 �0.36
6j 85.02 69.79 5 327.90 394.43 3.05 6 0 0 0.02
6k 69.11 115.62 6 359.84 455.88 3.53 9 0 0 0.16
6l 85.02 69.79 5 341.44 428.88 3.73 6 0 0 0.02
6m 85.02 69.79 5 350.05 445.33 4.25 6 0 0 0.10
6n 85.02 69.79 5 354.39 489.78 4.38 6 0 0 �0.17
6o 85.02 69.79 5 336.51 410.89 3.57 6 0 0 0.19

Cpd: Compound, % ABS: Percentage Absorption, TPSA: Topological Polar Surface Area, nROTB: Number of Rotatable Bonds,
MV: Molecular Volume, MW: Molecular Weight, milogP: Logarithm of Partition Coefficient of Compound Between n-Octanol
and Water, n-ON Acceptors: Number of Hydrogen Bond Acceptors, n-OHNH Donors: Number of Hydrogen Bonds Donors.
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tetramethylsilane (TMS) as an internal standard. The splitting pattern abbreviations are designed as
singlet (s); doublet (d); double doublet (dd); triplet (t); quartet (q) and multiplet (m). The mass
spectra were recorded on Q-TOF micromass (YA-105) spectrometer in the ESI (Electrospray
Ionization) modes.

General procedure for the synthesis of (Z)-5-benzylidenethiazolidine-2,4-dione (3a-c)
A mixture of aldehyde (10mmol) 1a-c, glacial acetic acid (10mL), 2,4-thiazolidinedione 2
(10mmol), and fused sodium acetate (20mmol) was refluxed for 4-5 hr with constant stirring.
The progress of the reaction was monitored by thin layer chromatography (n-Hexane/EtOAc 9:1).
After completion of reaction indicated by TLC, it was allowed to cool at room temperature. Then
ice cold water (50mL) was added to it and whole reaction mass was stirred for 10min and then
filtered. The solid appeared was collected by simple filtration and washed with cold water. The
crude compound was recrystallized using the ethanol/ethylacetate.

General procedure for synthesis of (Z)-5-benzylidene-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4a-
c). To the stirred solution of (Z)-5-benzylidenethiazolidine-2,4-dione (10mmol) in N,N- dimethyl-
formamide (DMF) (10mL), K2CO3 (20mmol) was added. The reaction mixture was stirred at
room temperature for 30minutes, which results in the corresponding anion. To this mixture,
propargyl bromide (10mmol) was added and stirred for 2 h. The progress of the reaction was
monitored by TLC using ethyl acetate:hexane as a solvent system. The reaction was quenched by
crushed ice. The obtained solid product was filtered and crystallized using ethanol/ethylacetate.
The crystallized products were taken for the next step.

General procedure for synthesis of (Z)-5-benzylidene-3-((1-(4-substitutedbenzyl)-1H-1,2,3-triazol-
4-yl)methyl)thiazolidine-2,4-dione (6a-o). To the solution of (Z)-5-benzylidene-3-(prop-2-yn-1-
yl)thiazolidine-2,4-dione (4a-c) (1mmol), benzyl azides 5a-e (1mmol) and copper diacetate
(Cu(OAc)2) (20mole %) in t-BuOH-H2O (3:1, 8mL) and the resulting mixture was stirred at
room temperature for 22-30 h. The progress of the reaction was monitored by TLC using ethyl
acetate:hexane as a solvent system. The reaction mixture was quenched with crushed ice and
extracted with ethyl acetate (2� 25mL). The organic extracts were washed with brine solution
(2� 25mL) and dried over anhydrous sodium sulfate. The solvent was evaporated under reduced
pressure to afford the corresponding crude compounds. The obtained crude compounds were
crystallized using ethanol and ethyl acetate.

(Z)-5-Benzylidene-3-((1-(4-nitrobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione (6a).
The compound 6a as a off white solid and was obtained via 1,3-dipolar cycloaddition between
(Z)-5-benzylidene-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4a) and 1-(azidomethyl)-4-nitroben-
zene (5a) using 20mol% of Cu(OAc)2 in 26 h with 92% yield. Mp. 190 �C.

(Z)-5-Benzylidene-3-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione (6 b).
The compound 6 b as a off white solid and was obtained via 1,3-dipolar cycloaddition between
(Z)-5-benzylidene-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4a) and 1-(azidomethyl)-4-fluoroben-
zene (5 b) using 20mol% of Cu(OAc)2 in 26 h with 92% yield. Mp. 178-179 �C. IR (KBr) ṽ :
653.6-783.8 (monosubstituted aromatic C-F stretching), 1599.8 (C¼C stretching), 1685.52 (car-
bonyl carbon CN), 1754.21(Carbonyl carbon CS), 2965.7 (Ar-H stretching). 1H NMR (400MHz,
DMSO-d6, ppm): d 4.89 (s, 2H, CH2, methylene bridge between TZD and Triazole), 5.55 (s, 2H,
CH2, methylene bridge between Triazole and phenyl ring), 7.18-7.38 (m, 2H, Ar-H at ortho pos-
ition with respect to fluorine on phenyl), 7.39-7.49 (m, 2H, Ar-H at ortho position with respect
to fluorine on phenyl), 7.50-7.56 (m, 3H, Ar-H fused with TZD), 7.62-7.64 (d, 2H, Ar-H fused
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with TZD), 7.95 (s, 1H, Ar-H of triazole) and 8.18 (s, 1H, b-H of carbonyl). 13C NMR (100MHz,
DMSO-d6, ppm): d 37.2, 52.6 (methylene carbon between Triazole and phenyl ring), 116, 116.2,
121.6, 124.2, 129.9, 130.7, 130.8, 130.9, 131.3, 132.7, 133.4, 133.9, 141.9, 161.2, 163.6, 165.7
(Carbonyl carbon attached to the nitrogen) and 167.5 (Carbonyl carbon attached to the sulfur).
HRMS calculated [MþH]þ for C20H16N4O2SF: 395.0978, found: 395.0981; [MþNa]þ for
C20H15N4O2SFNa: 417.0798, found: 417.0802.

(Z)-5-Benzylidene-3-((1-(4-chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione (6c).
The compound 6c as a off white solid and was obtained via 1,3-dipolar cycloaddition between
(Z)-5-benzylidene-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4a) and 1-(azidomethyl)-4-chloroben-
zene (5c) using 20mol% of Cu(OAc)2 in 26 h with 94% yield. Mp. 196 �C. 1H NMR (400MHz,
DMSO-d6, ppm): d 4.44 (s, 2H, CH2, methylene bridge between TZD and Triazole), 5.29 (s, 2H,
CH2, methylene bridge between Triazole and phenyl ring), 7.48-7.88 (m, 9H, Ar-H), 8.26 (s,1H,
Ar-H of triazole) and 8.56 (s, 1H, b-H of carbonyl). 13C NMR (100MHz, DMSO-d6, ppm): d 36
(methylene carbon between TZD and Triazole), 55.2 (methylene carbon between Triazole and
phenyl ring), 141.5, 144.7, 151.1, 151.9, 152.6, 152.8, 156.2, 158.7 (Carbonyl carbon attached to
the nitrogen) and 166.8 (Carbonyl carbon attached to the sulfur).

(Z)-5-Benzylidene-3-((1-(4-bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)thiazolidine-2,4-dione (6d).
The compound 6d as a off white solid and was obtained via 1,3-dipolar cycloaddition between
(Z)-5-benzylidene-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4a) and 1-(azidomethyl)-4-bromoben-
zene (5d) using 20mol% of Cu(OAc)2 in 28 h with 92% yield. Mp. 204-205 �C. 1H NMR
(400MHz, DMSO-d6, ppm): d 4.43 (s, 2H, CH2, methylene bridge between TZD and Triazole),
5.26 (s, 2H, CH2, methylene bridge between Triazole and phenyl ring), 7.39-7.41 (d, 2H, Ar-H at
ortho position with respect to bromine on phenyl), 7.71-7.87 (m, 7H, Ar-H), 8.26 (s, 1H, Ar-H of
triazole) and 8.55 (s, 1H, b-H of carbonyl). 13C NMR (100MHz, DMSO-d6, ppm): d 36 (methy-
lene carbon between TZD and Triazole), 55.2 (methylene carbon between Triazole and phenyl
ring), 141.5, 142, 144.9, 151.9, 152.8, 153, 153.6, 154.7, 156.2 (Carbonyl carbon attached to the
nitrogen) and 159.3 (Carbonyl carbon attached to the sulfur). HRMS calculated [MþH]þ for
C20H16N4O2SBr: 455.0177, found: 455.0172.

(Z)-3-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-5-benzylidenethiazolidine-2,4-dione (6e). The com-
pound 6e as a off white solid and was obtained via 1,3-dipolar cycloaddition between (Z)-5-ben-
zylidene-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4a) and (azidomethyl)benzene (5e) using
20mol% of Cu(OAc)2 in 22 h with 95% yield. Mp. 190 �C. 1H NMR (400MHz, DMSO-d6, ppm):
d 4.82 (s, 2H, CH2, methylene bridge between TZD and Triazole), 5.66 (s, 2H, CH2, methylene
bridge between Triazole and phenyl ring), 7.82-8.26 (m, 10H, Ar-H), 8.65 (s, 1H, Ar-H of tri-
azole) and 8.93 (s, 1H, b-H of carbonyl). 13C NMR (100MHz, DMSO-d6, ppm): d 36.3 (methy-
lene carbon between TZD and Triazole), 56.4 (methylene carbon between Triazole and phenyl
ring), 141.9, 145.1, 150.4, 150.6, 151.3, 152.1, 153.1, 156.5, 157.1, 160.3 (Carbonyl carbon attached
to the nitrogen) and 167 (Carbonyl carbon attached to the sulfur). HRMS calculated [MþH]þ

for C20H17N4O2S: 377.1072, found: 377.1073.

(Z)-5-(4-Fluorobenzylidene)-3-((1-(4-nitrobenzyl)-1H-1,2,3-triazol-4-yl)methyl) thiazolidine-2,4-
dione (6f). The compound 6f as a off white solid and was obtained via 1,3-dipolar cycloaddition
between (Z)-5-(4-fluorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4 b) and 1-(azido-
methyl)-4-nitrobenzene (5a) using 20mol% of Cu(OAc)2 in 28 h with 94% yield. Mp. 178-179 �C.
1H NMR (400MHz, DMSO-d6, ppm): d 4.90 (s, 2H, CH2, methylene bridge between TZD and
Triazole), 5.75 (s, 2H, CH2, methylene bridge between Triazole and phenyl ring), 7.36-7.52 (m,
4H, Ar-H), 7.68-7.71 (m, 2H, Ar-H at meta position with respect to nitro on phenyl), 7.96 (s,1H,
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Ar-H of triazole) and 8.21-8.25 (t, 3H, 1 b-H of carbonyl and 2Ar-H at ortho position with
respect to nitro on phenyl). HRMS calculated [MþH]þ for C20H15N5O4SF: 440.0829,
found: 440.0831.

(Z)-3-((1-(4-Fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-5-(4-fluorobenzylidene) thiazolidine-2,4-
dione (6 g). The compound 6 g as a off white solid and was obtained via 1,3-dipolar cycloaddition
between (Z)-5-(4-fluorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4b) and 1-(azido-
methyl)-4-fluorobenzene (5b) using 20mol% of Cu(OAc)2 in 27h with 92% yield. Mp. 198-200 �C.

(Z)-3-((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-5-(4-fluorobenzylidene) thiazolidine-2,4-
dione (6 h). The compound 6 h as a off white solid and was obtained via 1,3-dipolar cycloadd-
ition between (Z)-5-(4-fluorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4 b) and 1-
(azidomethyl)-4-chlorobenzene (5c) using 20mol% of Cu(OAc)2 in 29 h with 90% yield. Mp.
135-136 �C.

(Z)-3-((1-(4-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-5-(4-fluorobenzylidene) thiazolidine-2,4-
dione (6i). The compound 6i as a off white solid and was obtained via 1,3-dipolar cycloaddition
between (Z)-5-(4-fluorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4 b) and 1-(azido-
methyl)-4-bromobenzene (5d) using 20mol% of Cu(OAc)2 in 28 h with 92% yield. Mp. 154-
156 �C. 1H NMR (400MHz, DMSO-d6, ppm): d 4.43 (s, 2H, CH2, methylene bridge between
TZD and Triazole), 5.26 (s, 2H, CH2, methylene bridge between Triazole and phenyl ring), 7.38-
7.41 (d, 2H, Ar-H at ortho position with respect to fluorine on phenyl), 7.53-7.59 (m, 2H, Ar-H
at meta position with respect to bromine on phenyl), 7.75-7.79 (m, 2H, Ar-H at meta position
with respect to fluorine on phenyl), 7.93-7.97 (m, 2H, Ar-H at ortho position with respect to
bromine on phenyl), 8.27 (s, 1H, Ar-H of triazole) and 8.55 (s, 1H, b-H of carbonyl). 13C NMR
(100MHz, DMSO-d6, ppm): d 36.3 (methylene carbon between TZD and Triazole), 55.5 (methy-
lene carbon between Triazole and phenyl ring), 136, 136.3, 141.4, 142.2, 145.2, 152.3, 152.4, 153.2,
155, 156.2, 159.5 (Carbonyl carbon attached to the nitrogen) and 167.1 (Carbonyl carbon attached
to the sulfur). HRMS calculated [MþH]þ for C20H15N4O2SBr: 473.0083, found: 473.0082.

(Z)-3-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-5-(4-fluorobenzylidene)thiazolidine-2,4-dione (6j).
The compound 6j as a off white solid and was obtained via 1,3-dipolar cycloaddition between
(Z)-5-(4-fluorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4 b) and (azidomethyl)ben-
zene (5e) using 20mol% of Cu(OAc)2 in 26 h with 93% yield. Mp. 174-176 �C. 1H NMR
(400MHz, DMSO-d6, ppm): d 4.80 (s, 2H, CH2, methylene bridge between TZD and Triazole),
5.64 (s, 2H, CH2, methylene bridge between Triazole and phenyl ring), 7.80-7.95 (m, 7H, Ar-H),
8.29-8.34 (m, 2H, Ar-H at meta position with respect to fluorine on phenyl), 8.64 (s, 1H, Ar-H of
triazole) and 8.90 (s, 1H, b-H of carbonyl). 13C NMR (100MHz, DMSO-d6, ppm): d 36 (methy-
lene carbon between TZD and Triazole), 56.2 (methylene carbon between Triazole and phenyl
ring), 135.7, 136, 141.1, 144.8, 150.1, 150.3, 151.1, 152.1, 155.5, 155.9, 160 (Carbonyl carbon
attached to the nitrogen) and 167 (Carbonyl carbon attached to the sulfur). HRMS calculated
[MþH]þ for C20H16N4O2SF: 395.0978, found: 395.0981.

(Z)-5-(4-Chlorobenzylidene)-3-((1-(4-nitrobenzyl)-1H-1,2,3-triazol-4-yl)methyl) thiazolidine-2,4-
dione (6k). The compound 6k as a off white solid and was obtained via 1,3-dipolar cycloaddition
between (Z)-5-(4-chlorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4c) and 1-(azido-
methyl)-4-nitrobenzene (5a) using 20mol% of Cu(OAc)2 in 30 h with 94% yield. Mp. 184 �C.

(Z)-5-(4-Chlorobenzylidene)-3-((1-(4-fluorobenzyl)-1H-1,2,3-triazol-4-yl)methyl) thiazolidine -2,4-
dione (6 l). The compound 6 l as a off white solid and was obtained via 1,3-dipolar cycloaddition
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between (Z)-5-(4-chlorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4c) and 1-(azido-
methyl)-4-fluorobenzene (5 b) using 20mol% of Cu(OAc)2 in 30 h with 94% yield. Mp. 180 �C.
1H NMR (400MHz, DMSO-d6, ppm): d 4.87 (s, 2H, CH2, methylene bridge between TZD and
Triazole), 5.54 (s, 2H, CH2, methylene bridge between Triazole and phenyl ring), 7.16-7.21 (m,
2H, Ar-H), 7.36-7.39 (m, 2H, Ar-H) , 7.60-7.62 (m, 4H, Ar-H phenyl with chlorine), 7.93(s, 1H,
Ar-H of triazole) and 8.17 (s, 1H, b-H of carbonyl). 13C NMR (100MHz, DMSO-d6, ppm): d
36.7 (methylene carbon between TZD and Triazole), 52.1 (methylene carbon between Triazole
and phenyl ring), 115.5, 121.9, 123.7, 129.5, 130.4, 130.5, 131.8, 132.1, 132.2, 132.5, 135.4, 141.3,
160.7, 163.1, 165.1 (Carbonyl carbon attached to the nitrogen) and 166.7 (Carbonyl carbon
attached to the sulfur).

(Z)-3-((1-(4-Chlorobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-5-(4-chlorobenzylidene) thiazolidine
-2,4-dione (6m). The compound 6m as a off white solid and was obtained via 1,3-dipolar cyclo-
addition between (Z)-5-(4-chlorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4c) and
1-(azidomethyl)-4-chlorobenzene (5c) using 20mol% of Cu(OAc)2 in 28 h with 92% yield. Mp.
168 �C. 1H NMR (400MHz, DMSO-d6, ppm): d 4.98 (s, 2H, CH2, methylene bridge between
TZD and Triazole), 5.56 (s, 2H, CH2, methylene bridge between Triazole and phenyl ring), 7.31-
7.33 (d, 2H, Ar-H), 7.41-7.43 (d, 2H, Ar-H), 7.58-7.65 (q, 4H, Ar-H), 7.94 (s, 1H, Ar-H of tri-
azole) and 8.18 (s, 1H, b-H of carbonyl). HRMS calculated [MþH]þ for C20H15N4O2SCl2:
445.0293, found: 445.0300.

(Z)-3-((1-(4-Bromobenzyl)-1H-1,2,3-triazol-4-yl)methyl)-5-(4-chlorobenzylidene) thiazolidine-2,4-
dione (6n). The compound 6n as a off white solid and was obtained via 1,3-dipolar cycloaddition
between (Z)-5-(4-chlorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4c) and 1-(azido-
methyl)-4-bromobenzene (5d) using 20mol% of Cu(OAc)2 in 27 h with 90% yield. Mp.
176-178 �C.

(Z)-3-((1-Benzyl-1H-1,2,3-triazol-4-yl)methyl)-5-(4-chlorobenzylidene)thiazolidine-2,4-dione (6o).
The compound 6o as a off white solid and was obtained via 1,3-dipolar cycloaddition between
(Z)-5-(4-chlorobenzylidene)-3-(prop-2-yn-1-yl)thiazolidine-2,4-dione (4c) and (azidomethyl)ben-
zene (5e) using 20mol% of Cu(OAc)2 in 26 h with 93% yield. Mp. 168-169 �C. 1H NMR
(400MHz, DMSO-d6, ppm): d 4.87 (s, 2H, CH2, methylene bridge between TZD and Triazole),
5.54 (s, 2H, CH2, methylene bridge between Triazole and phenyl ring), 7.28-7.34 (m, 5H, Ar-H),
7.58-7.62 (m, 4H, Ar-H), 7.93 (s, 1H, Ar-H of triazole) and 8.16 (s, 1H, b-H of carbonyl). 13C
NMR (100MHz, DMSO-d6, ppm): d 36.8 (methylene carbon between TZD and Triazole), 52.9
(methylene carbon between Triazole and phenyl ring), 121.9, 123.8, 128, 128.2, 128.8, 129.5, 132.1,
135.4, 135.9, 141.3, 165.1 (Carbonyl carbon attached to the nitrogen) and 166.7 (Carbonyl carbon
attached to the sulfur). HRMS calculated [MþH]þ for C20H16N4O2SCl: 411.0682, found: 411.0684.

Experimental protocol for biological activity

Anti-inflammatory activity
Thiazolidinedione binding with PPARc has been suggested to play a down regulatory role in the
treatment of inflammatory disorders. Thiazolidinedione gives potential anti-inflammatory activity
by inhibiting monocyte/macrophage activation and expression of inflammatory molecules, i.e.
interleukin (IL)-1b, IL-6, tumor necrosis factor (TNF-a), inducible nitric oxide synthase and
gelatinase B.44 Anti-inflammatory agents act by either inhibiting lysosomal enzymes or by stabiliz-
ing lysosomal membranes, and HRBC membranes are similar to these lysosomal membrane com-
ponents. Hence, the lysis of an HRBC membrane is taken as a measure of anti-inflammatory
activity. In vitro anti-inflammatory activity was studied via the HRBC membrane stabilization
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method against the standard drug diclofenac sodium (DFS).45 Blood is collected from healthy vol-
unteers. Fresh whole human blood was collected and it was mixed with equal volumes of steri-
lized Alsever’s solution (Dextrose 2%, Sodium citrate 0.8%, Citric acid 0.05%, Sodium chloride
0.42% and Distilled water 100mL). This blood solution was centrifuged for 10 mins at 3000 rpm
and then washed three times with an equal volume of normal saline. The volume of the blood is
measured and reconstituted as 10% v/v suspension with normal saline. The reaction mixture con-
sists of 1.0mL of the test sample of different concentrations in normal saline and 0.5mL of 10%
HRBC suspension, 1mL of 0.2M phosphate buffer, 1mL hypo saline were incubated at 37 �C for
30min and centrifuged for 30min at 3000 rpm. The hemoglobin content of the supernatant solu-
tion was estimated at 560 nm spectrophotometrically. Each experiment was performed in triplicate
and distilled water as control in this study. Where the blood control represents 100% lysis or
zero percent stability, the percentage of HRBC hemolysis calculated by formula,

% Haemolysis ¼ O: D: of Control � O: D: of Test sample=O: D: of Controlð Þ � 100

The concentration of a compound where 50% of its maximal effect is observed (EC50) using
graph pad prism was measured.

DPPH radical scavenging activity
Antioxidant activity of the synthesized compounds has been assessed in vitro by the 1,1-diphenyl-
2-picrylhydrazyl (DPPH) radical scavenging assay.46 Butylated hydroxytoluene (BHT) has been
used as a standard drug for the comparison of antioxidant activity. The hydrogen atom or elec-
tron donation ability of the compounds was measured from the bleaching of the purple-colored
methanol solution of 1,1-diphenyl-1-picrylhydrazyl (DPPH). The spectrophotometric assay uses
the stable radical DPPH as a reagent. 1mL of various concentrations of the test compounds (5,
10, 25, 50 and 100lg/mL) in methanol was added to 4mL of 0.004% (w/v) methanol solution of
DPPH. After a 30min incubation period at room temperature, the absorbance was measured
against blank at 517 nm. The percent inhibition (I %) of free radical production from DPPH was
calculated by the following equation.

% of scavenging ¼ A control � A sampleð Þ=A blank
� � � 100

Where ‘A control’ is the absorbance of the control reaction (containing all reagents except the
test compound) and ‘A sample’ is the absorbance of the test compound. Tests were carried at
in triplicate.

Computational study

Molecular docking study
Grid-Based Ligand Docking with Energetics (Glide) module integrated with in the Small Drug
Discovery Suite of Schrodinger molecular modeling software was used to study the binding mode
of the title compounds into the active site of human peroxisome proliferator-activated receptor
gamma (PPARc).47

Grid-Based Ligand Docking with Energetics (Glide) module integrated in the Small Drug
Discovery Suite of Schrodinger molecular modeling software was used to study the binding mode
of the title compounds into the active site of human peroxisome proliferator-activated receptor
gamma (PPARc). With this purpose, the three-dimensional X-ray structure of human peroxisome
proliferator-activated receptor gamma (PPARc) in complex with Rosiglitazone (PDB code: 2PRG)
was obtained from the Protein Data Bank (PDB) (http://www.rcsb.org/pdb). The Protein
Preparation Wizard integrated in the software package was used to preprocess the enzyme struc-
ture for docking simulation which involved omitting the crystallographically observed water
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molecules (since no water molecule was observed to be conserved), the addition of missing
hydrogens and side-chain atoms and assigning the appropriate charge and protonation states.
Hydrogen atoms were added corresponding to pH 7.0 considering the appropriate ionization
states for the acidic and basic amino acid residues in the enzyme. Thereafter, the structure was
subjected to energy minimization using the OPLS-2005 force field to relieve the steric clashes
among the residues caused due to addition of hydrogen atoms until the RMSD (root mean square
deviation) constraint was reached to 0.3 Å.

The 3D structures of the title compounds (6a-o) were sketched through the build panel in
Maestro and optimized using the LigPrep utility which involves the addition of hydrogen atoms,
adjusting realistic bond lengths and angles, correcting the chirality and generating several low
energy 3D structures with various ionization states, tautomer’s, stereo chemistries, and ring con-
formations from each molecule input followed by assignment of partial atomic charges using the
OPLS-2005 force-field. The ligand structures thus obtained were finally refined by subjecting to
energy minimization until it reached a RMSD cutoff of 0.01Å.

After ensuring that the structures of both enzyme and ligands were in the correct form, the
active site of the PPARc enzyme was defined using the receptor grid generation panel in Glide
which generates two cubical boxes having a common centroid for organizing the calculations: a
larger enclosing and a smaller binding box. With the non-covalently bound native ligand-
Rosiglitazone in place, the active site grid was defined by a 12� 12� 12Å box (centred on the
centroid of Rosiglitazone) which was large enough to explore a large surface of the enzyme. The
co-crystallized ligand serves as the reference coordinate as it signifies the active site of a molecule
concerning the target. The optimized ligand structures were then subjected to docking simula-
tions against the defined active site using with extra precision (i.e. GlideXP) scoring function to
gauze their binding affinities. The output files generated in the form of the docking poses were
visualized and analyzed for the key elements of interaction with the active site residues using the
Maestro’s Pose Viewer utility.

ADME prediction

In this study, we calculated molecular volume (MV), molecular weight (MW), logarithm of the
partition coefficient (miLog P), number of hydrogen bond acceptors (n-ON), number of hydrogen
bonds donors (n-OHNH), topological polar surface area (TPSA), number of rotatable bonds
(n-ROTB) and Lipinski’s rule of five48 using Molinspiration online property calculation toolkit.49

Absorption (% ABS) was calculated by: % ABS ¼ 109-(0.345�TPSA).50 Drug-likeness model
score (a collective property of physic-chemical properties, pharmacokinetics and pharmacodynam-
ics of a compound is represented by a numerical value) was computed by MolSoft software.51
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ABSTRACT 

Thiazolyl pyrazole anchored chalcones were converted into chromones and aurones.  

Formation of the target compounds was confirmed by spectral techniques like IR, 1H NMR and 

mass spectrometry. The newly synthesized compounds were screened for their antibacterial 

activities. 

 

KEYWORDS: Thiazole, pyrazole, chromones, aurones. 

 

INTRODUCTION 

 1,3-Thiazole is well known sulphur and nitrogen containing five membered 

heterocyclic compound found in many clinically used drugs like Nizatidine, Meloxicam, 

Ritonavir, Tiazofurin, Bleomycin, Nitazoxanide, etc. Molecules containing thiazole nucleus 

are attractive targets for medicinal chemistry because of their wide spectrum of biological 

activities such as anti-inflammatoryi, ii, antibacterialii, antiproliferativeiii and adenosine receptor 

antagonistsiv. Pyrazole and its derivatives are known to possess antibacterialv, fungistaticvi, and 

anti-inflammatoryvii activities. Chromone is an important class of oxygen-containing 

heterocyclic compounds and part of the flavonoid family. Chromone derivatives exhibit wide 

range of pharmacological activities such as antiallergicviii, antitumorix, antimicrobialx, 

antioxidantxi, anti-inflammatoryxii, antiproliferativexiii, etc. Aurones are found in some flowers, 

bark, seedlings, leaves and nectar of plant species. Recently aurones are known to have various 

biological activities such as anti-cancerxiv, antioxidantxv, anti-inflammatoryxvi and 

antimicrobialxvi.  

 Various biological activities associated with thiazole, pyrazole, chromones and aurones 

prompted us to synthesize thiazolyl pyrazole anchored fluorinated chromones and aurones. 
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EXPERIMENTAL   

Physical constants of all synthesized compounds were determined in open capillary tubes in 

liquid paraffin bath and are uncorrected. The IR spectra were recorded on Shimadzu IR 

Affinity-1S FTIR spectrophotometer. The NMR spectra were recorded on Varian NMR 400 

MHz spectrometer (Varian Inc., Switzerland) and chemical shifts are given in δ ppm relative 

to TMS using deuterated DMSO and deuterated chloroform as solvents. Mass spectra were 

recorded on Water’s Acquity Ultra Performance TQ Detector Mass Spectrometer.  

 

RESULT AND DISCUSSION 

Synthesis of (E)-3-(3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-yl)-

1-(2-hydroxyphenyl)prop-2-en-1-one 3 was carried out by known method x, xvii. Compound 3 

on reaction with DMSO/I2 gave 2-(3-(2-(4-Fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-

pyrazol-4-yl)-4H-chromen-4-ones 4. Also compound 3 on reaction with mercuric acetate in 

pyridine gave (Z)-2-((3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-

yl)methylene)benzofuran-3(2H)-ones 5. All the synthesized compounds were characterized 

with the help of spectral techniques and screened for their antibacterial activities. 

Scheme-1:  

 
 

 

General procedure for the synthesis of 2-(3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-

phenyl-1H-pyrazol-4-yl)-4H-chromen-4-one 4 

 Chalcone 3 (0.001 mol) was dissolved in 15 mL of DMSO containing catalytic amount 

of iodine. The contents were heated at 130°C for 2.5 hr and left overnight undisturbed. The 

reaction mixture was poured over crushed ice and separated solid product 4 was filtered, 

washed with cold water followed by 10% sodium thiosulphate solution and again with cold 

water. Product was recrystallized from ethanol. 

2-(3-(2-(4-Fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-yl)-6-methyl-4H-

chromen-4-one (4a): IR: 3145 (=C-H), 1647 (C=O), 1597 (C=N), 1562 (C=C), 1246 (C-O-

C), 1170 (Ar-F) cm-1; 1H NMR: δ 2.28 (s, 3H, Ar-CH3), 2.36 (s, 3H, Thiazolyl-CH3), 6.68 (s, 

1H, Ar-H), 7.33 (t, 2H, J= 8Hz, Ar-H), 7.44 (t, 1H, Ar-H), 7.59 (t, 2H, J= 8Hz, Ar-H), 7.81 

(s, 1H, Ar-H), 7.93-8.04 (m, 6H, Ar-H), 9.29 (s, 1H, pyrazolyl-H); Mass: m/z 494 [M+H]+. 

6-Fluoro-2-(3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-yl)-4H-
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chromen-4-one (4b): IR: 3146 (=C-H), 1645 (C=O), 1597 (C=N), 1562 (C=C), 1240 (C-O-

C), 1170 (Ar-F) cm-1; 1H NMR: δ 2.53 (s, 3H, Thiazolyl-CH3), 6.67 (s, 1H, Ar-H), 7.23 (t, 2H, 

J= 8Hz, Ar-H), 7.28-8.08 (m, 10H, Ar-H), 9.54 (s, 1H, pyrazolyl-H); Mass: m/z 498 [M+H]+. 

6-Chloro-2-(3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-yl)-4H-

chromen-4-one (4c): IR: 3150 (=C-H), 1646 (C=O), 1595 (C=N), 1559 (C=C), 1243 (C-O-

C), 1169 (Ar-F) cm-1; 1H NMR: δ 2.54 (s, 3H, Thiazolyl-CH3), 6.68 (s, 1H, Ar-H), 7.21 (t, 2H, 

J= 8Hz, Ar-H), 7.26-8.11 (m, 10H, Ar-H), 9.53 (s, 1H, pyrazolyl-H); Mass: m/z 514 [M+H]+. 

6-Bromo-2-(3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-yl)-4H-

chromen-4-one (4d): IR: 3144 (=C-H), 1648 (C=O), 1596 (C=N), 1567 (C=C), 1241 (C-O-

C), 1171 (Ar-F) cm-1; 1H NMR: δ 2.53 (s, 3H, Thiazolyl-CH3), 6.67 (s, 1H, Ar-H), 7.23 (t, 2H, 

J= 8.4Hz, Ar-H), 7.27-8.16 (m, 10H, Ar-H), 9.53 (s, 1H, pyrazolyl-H); Mass: m/z 558 [M+H]+. 

6,8-Dichloro-2-(3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-yl)-

4H-chromen-4-one (4e): IR: 3146 (=C-H), 1651 (C=O), 1597 (C=N), 1561 (C=C), 1243 (C-

O-C), 1170 (Ar-F) cm-1; 1H NMR: δ 2.52 (s, 3H, Thiazolyl-CH3), 6.66 (s, 1H, Ar-H), 7.21 (t, 

2H, J= 8.4Hz, Ar-H), 7.26-8.18 (m, 9H, Ar-H), 9.54 (s, 1H, pyrazolyl-H); Mass: m/z 548 

[M+H]+. 

6-Chloro-2-(3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-yl)-7-

methyl-4H-chromen-4-one (4f): IR: 3147 (=C-H), 1650 (C=O), 1595 (C=N), 1562 (C=C), 

1242 (C-O-C), 1170 (Ar-F) cm-1; 1H NMR: δ 2.32 (s, 3H, Ar-CH3), 2.53 (s, 3H, Thiazolyl-

CH3), 6.67 (s, 1H, Ar-H), 7.22 (t, 2H, J= 8Hz, Ar-H), 7.27-8.16 (m, 9H, Ar-H), 9.51 (s, 1H, 

pyrazolyl-H); Mass: m/z 528 [M+H]+. 

General procedure for the synthesis of (Z)-2-((3-(2-(4-fluorophenyl)-4-methylthiazol-5-

yl)-1-phenyl-1H-pyrazol-4-yl)methylene)benzofuran-3(2H)-one 5 

 A mixture of chalcone 3 (0.015 mol) and mercuric acetate (0.015 mol) was dissolved 

in 15 mL dry pyridine. The reaction mixture was refluxed for 5-6 h. After completion of 

reaction (checked by TLC) contents were cooled to room temperature and poured over crushed 

ice and neutralized with conc. HCl. The solid product 5 was filtered and recrystallized from 

glacial acetic acid. 

(Z)-2-((3-(2-(4-Fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-

yl)methylene)-5-methylbenzofuran-3(2H)-one (5a): IR: 3086 (=C-H), 1712 (C=O), 1647 

(C=N), 1597 (C=C), 1222 (C-O-C), 1172 (Ar-F) cm-1; 1H NMR: δ 2.37 (s, 3H, Ar-CH3), 2.52 

(s, 3H, Thiazolyl-CH3), 6.70 (s, 1H, Ar-H), 7.38 (t, 2H, J= 8Hz, Ar-H), 7.43-7.52 (m, 2H, Ar-

H), 7.58-7.66 (m, 4H, Ar-H), 8.02-8.06 (m, 4H, Ar-H),  9.216 (s, 1H, pyrazolyl-H); Mass: m/z 

494 [M+H]+. 

(Z)-5-Fluoro-2-((3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-

yl)methylene)benzofuran-3(2H)-one (5b): IR: 3086 (=C-H), 1710 (C=O), 1645 (C=N), 1598 

(C=C), 1223 (C-O-C), 1171 (Ar-F) cm-1; 1HNMR: δ 2.53 (s, 3H, Thiazolyl-CH3), 6.71 (s, 1H, 

Ar-H), 7.34 (t, 2H, J= 9 Hz, Ar-H), 7.41-8.05 (m, 10H, Ar-H), 9.14 (s, 1H, pyrazolyl-H); Mass: 

m/z 498 [M+H]+. 

(Z)-5-Chloro-2-((3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-

yl)methylene)benzofuran-3(2H)-one (5c): IR: 3085 (=C-H), 1711 (C=O), 1646 (C=N), 1597 

(C=C), 1221 (C-O-C), 1172 (Ar-F) cm-1; 1HNMR: δ 2.51 (s, 3H, Thiazolyl-CH3), 6.70 (s, 1H, 

Ar-H), 7.33 (t, 2H, J= 9 Hz, Ar-H), 7.43-8.10 (m, 10H, Ar-H), 9.13 (s, 1H, pyrazolyl-H); Mass: 

m/z 514 [M+H]+. 

(Z)-5-Bromo-2-((3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-

yl)methylene)benzofuran-3(2H)-one (5d): IR: 3087 (=C-H), 1710 (C=O), 1648 (C=N), 1596 

(C=C), 1221 (C-O-C), 1170 (Ar-F) cm-1; 1HNMR: δ 2.53 (s, 3H, Thiazolyl-CH3), 6.71 (s, 1H), 

7.35 (t, 2H, J= 9 Hz), 7.47-8.11 (m, 10H), 9.15 (s, 1H, pyrazolyl-H); Mass: m/z 558 [M+H]+. 

(Z)-5,7-Dichloro-2-((3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-
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yl)methylene)benzofuran-3(2H)-one (5e): IR: 3084 (=C-H), 1712 (C=O), 1647 (C=N), 1594 

(C=C), 1223 (C-O-C), 1173 (Ar-F) cm-1; 1HNMR: δ 2.54 (s, 3H, Thiazolyl-CH3), 6.72 (s, 1H, 

Ar-H), 7.33 (t, 2H, J= 9 Hz, Ar-H), 7.42-8.07 (m, 9H, Ar-H), 9.12 (s, 1H, pyrazolyl-H); Mass: 

m/z 548 [M+H]+. 

(Z)-5-Chloro-2-((3-(2-(4-fluorophenyl)-4-methylthiazol-5-yl)-1-phenyl-1H-pyrazol-4-

yl)methylene)-6-methylbenzofuran-3(2H)-one (5f): IR: 3085 (=C-H), 1710 (C=O), 1649 

(C=N), 1596 (C=C), 1222 (C-O-C), 1170 (Ar-F) cm-1; 1HNMR: δ 2.31 (s, 3H, Ar-CH3), 2.53 

(s, 3H, Thiazolyl-CH3), 6.71 (s, 1H, Ar-H),  7.33 (t, 2H, J= 9 Hz, Ar-H), 7.44-8.09 (m, 9H, Ar-

H), 9.13 (s, 1H, pyrazolyl-H); Mass: m/z 528 [M+H]+. 

 

Table-1: Physical data of the synthesized compounds 

Compd R1 R2 R3 M. P. 

(°C) 

Yield               

(%) 

4a H H Me 155 64 

4b H H F 164 62 

4c H H Cl 157 68 

4d H H Br 120 64 

4e Cl H Cl 180 72 

4f H Me Cl 174 67 

5a H H Me 187 61 

5b H H F 182 59 

5c H H Cl 177 63 

5d H H Br 191 66 

5e Cl H Cl 196 69 

5f H Me Cl 170 62 

 

BIOLOGICAL SCREENING 

 The antibacterial activity of synthesized compounds was against the standard Gram-

negative bacteria, Pseudomonas fluorescens (NCIM 2059), Escherichia coli (NCIM 2576) and 

Gram-positive bacteria, Bacillus subtilis (NCIM 2162), Staphylococcus aureus (NCIM 2602). 

Ampicillin served as positive control for antibacterial activity. The in vitro preliminary 

screening values (% inhibition) against microorganisms tested are summarized in Table 2. All 

bacterial cultures were first grown in Luria Burtony media at 370C at 180 rpm. Once the culture 

reaches 1 O.D., it is used for anti-bacterial assay. Bacterial strains Pseudomonas fluorescens 

(NCIM 2059), Escherichia coli (NCIM 2576) as Gram-negative and Bacillus subtilis (NCIM 

2162), Staphylococcus aureus (NCIM 2602) as Gram-positive were obtained from NCIM 

(NCL, Pune) and were grown in Luria Burtony medium from Hi Media, India. The assay was 

performed in 96 well plates after 8 Hrs. and 12 Hrs. for Gram negative and Gram positive 

bacteria respectively14. 0.1 % of 1 O.D. culture at 620 nm was used for screening inoculated 

culture was added into each well of 96 well plate containing the compounds to be tested. 

Optical density for each plate was measured at 620nm after 8 hrs for Gram-negative bacteria 

and after 12 Hrs. for Gram- positive bacteria.  

All the synthesized compounds were found to be inactive against gram negative bacterial 

strains of P. fluorescens and E. coli. All the synthesized compounds were found to be inactive 

against gram positive bacterial strains of S. aureus. Compounds 4d, 4f and 5d showed good 

activity against gram positive bacterial strain of B. subtilis compared to the standard drug 

Ampicillin at a concentration of 100 μg/mL also compound 5d showed good activity at a 

concentration of 30 μg/mL compared to the standard. 
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Table-2: Antibacterial screening of some synthesized compounds (% inhibition) 

Comp Gram Negative Gram Positive 

P. fluorescens E. coli S. aureus B. subtilis 

100 30 10 100 30 10 100 30 10 100 30 10 

4a - - - - - - - - - - - - 

4b 2.2 - - 14.2 - - - - - 55.4 22.3 7.8 

4c - - - - - - - - - - - - 

4d 7.4 1.0 - 43.1 8.7 - - - - 72.6 49.8 45.6 

4e - - - - - - - - - - - - 

4f 7.5 6.4 0.8 19.8 17.7 7.6 - - - 83.4 63.7 40.9 

5a - - - - - - - - - - - - 

5b - - - - - - - - - - - - 

5c - - - - - - - - - - - - 

5d 8.4 - - 27.4 20.7 13.1 - - - 87.1 71.8 55.5 

5e 4.4 - - 13.1 - - 13.7 - - 55.6 54.7 19.6 

5f 8.3 3.9 - - - - 17.5 17.5 12.9 66.4 49.2 28.8 

AMP 97.0 95.2 92.2 96.6 92.0 92.1 95.0 93.8 91.1 98.5 95.0 90.5 

    AMP-Ampicillin; Concentrations in μg/mL. 

 

CONCLUSION 

 The main objective of this research work was to synthesize thiazole anchored 

chromones and aurones followed by their antibacterial activities. The newly synthesized 

compounds were characterized with the help of spectral techniques. Some of the compounds 

showed good to moderate activity towards bacterial species when compared to standard 

Ampicillin. 
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ABSTRACT
We have developed a convenient one-pot multicomponent synthesis of
highly functionalized [1,6]-naphthyridines under solvent free condition using
[Et3NH][HSO4] in excellent yield. This protocol offers several advantages,
including short reaction time, simple experimental workup procedure and no
toxic byproducts, avoids the use of toxic organic solvents and anhydrous
conditions. Further. we have screened the synthesized naphthyridines for
in vitro antibacterial, antifungal and antioxidant activity. Furthermore, a
molecular docking study of these compounds was carried out to investigate
their binding pattern with the target, b-Ketoacyl-acyl carrier protein synthase
III (FabH). Finally, the ADME parameters for these compounds showed good
drug like properties and can be developed as oral drug candidates.
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Introduction

Naphthyridine is a bicyclic heterocycle containing a pyridine ring fused to that of the dihydropyr-
idine ring. According to literature survey, we found that the methods which are used for the syn-
thesis of the functionalized [1,6]-naphthyridines and their benzo/heterofused analogues involves
either multistep sequences or inert atmosphere, lengthy reaction time, expensive catalyst and
laborious work up. Being a multifunctional entity, it finds application in nearly every field of
laboratory, industrial and medicinal chemistry. Naphthyridines continued to be of great interest
due to a wide spectrum of their biological activities such as used in agrochemicals,1
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pharmaceuticals,1 and fluorescent probes.2 Currently, numerous naphthyridine-containing mole-
cules exhibited medicinal properties for the prevention and treatment of Alzheimer’s disease
(AD),3 bacterial infections,4 heart failure,5 angiogenic disorder,6 cancer,7 parasitic infections8 and
viral infections9 have been reported. Therefore, the construction of naphthyridines have received
increasing attention recently.10 Human cytomegalovirus (HCMV) is a species-specific DNA virus
belonging to the herpesviridae family. The structures of pharmacologically active naphthyridine
based compounds are shown in Figure 1.

Nowadays, greener reaction media has gaining more importance to perform organic transfor-
mations safely. Ionic liquids referred as ‘designer solvent’ due to their physical and chemical
properties, and can be adjusted by a careful choice of cation and anion. Ionic liquid has been
turned to be a kind of promising alternative medium for various chemical processes due to its
good solvating capability, non-inflammability, negligible vapor pressure, ease of recyclability, con-
trolled miscibility and high thermal stability.11 In particular, acidic Bronsted ionic liquids [ABILs]
are of special importance, because they possess simultaneously the proton acidity and the charac-
teristic properties of ionic liquids.12 ABILs offer environmentally friendly catalytic properties due
to the combination of the advantages of liquid acids and solid acids, such as uniform acid sites,
stability in water and air, easy seperation and reusability. The ionic liquid has been proved to be
a very excellent catalyst as well as solvent for many organic transformations.13

Triethylammonium Hydrogen Sulfate [Et3NH][HSO4] (TEAHS) ionic liquid has been
proved to be a very excellent catalyst as well as solvent for many organic transformations such as
for the synthesis of quinoline,13 coumarin,14 biscoumarins,15 1,8-dioxo-octahydroxanthenes,16

thiazolidine and oxazolidine,17 hydrazone,18 4,40-(arylmethylene)bis(1H-pyrazol-5-ols),19 function-
alized aminoalkyl and amidoalkyl naphthol,20 b-amino carbonyl pyrimidines,21 xanthene,22 3,4-
Dihydropyrimidin-2(1H)-one23 derivatives and in hydrolytic reaction,24 3,4,5-substituted furan-
2(5H)-ones25 and a-amino phosphonates.26

The approach to functionalized [1,6]-naphthyridines and their benzo/heterofused analogues pre-
sented herein offers an unprecedented coupling which leads to the construction of both the nitro-
gen containing rings during the synthesis without starting from any nitrogen containing
heterocyclic moiety. Recently, Shen and coworkers described the synthesis of naphtho[2,3-
b][1,6]naphthyridines catalyzed by acetic acid.27a Zhang et. al. described synthesis of 1,6-naphthyri-
dine-2,5-dione derivatives under utrasound irradiation in water with acetic acid as catalyst27b and
recycle heterogeneous solid acid catalyst.27c Vennila et. al. synthesized new 10-methoxy diben-
zo[b,h][1,6]naphthyridine carboxylic acid from 3-methoxyaniline by a new route.27d A survey of the
literature shows that the majority of the strategies involve either multistep sequences,27e-j or expen-
sive catalysts,27g-j,28 inert atmosphere,27f,g,28a lengthy reaction time,27g,h and laborious workup.27f-h

However, [Et3NH][HSO4] has not been explored yet for the synthesis of functionalized [1,6]-
naphthyridines via multicomponent reaction. Therefore, in continuation of our work on the
development of novel synthetic methodologies for organic transformations,26,29 we employed
[Et3NH][HSO4] as an acidic Bronsted ionic liquid as a green, efficient, and recyclable catalyst as
well as a solvent for the synthesis of functionalized [1,6]-naphthyridines. Further, we have screened

Figure 1. Pharmacologically active naphthyridine based active compounds.
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the synthesized naphthyridines for in vitro antimicrobial and antioxidant activity. In order to
rationalize the promsing data obstained from antimicrobial screening and to gain an insight into
plausible mechanism of action, a molecular docking study was performed against a critical target,
b-Ketoacyl-acyl carrier protein synthase III (FabH) which could provide clustered solutions on
binding mode and various thermodynamic interactions governing the binding affinity.

Results and discussion

Chemistry

In search of the best experimental reaction conditions, reaction of acetophenone 1a, malononitrile
2 and piperidine 3a in ecofriendly solvent free condition using ionic liquid [Et3NH][HSO4] at 80-
90 �C was considered as a standard model reaction (Scheme 1). Initially, the reaction was carried
out in absence of the catalyst, the product 4a was formed in trace amount (Table 1, entry 1).

To determine the appropriate concentration of the catalyst [Et3NH][HSO4], the model reaction
at different concentrations of [Et3NH][HSO4] such as 5, 10, 15, 20 and 25mol% has been carried
out. The functionalized [1,6]-naphthyridine formed in 60, 80, 85, 93 and 93% yields, respectively
in given times (Table 1, entries 2-6). The increase in concentration of catalyst from 20 to 25mol%
does not increase the yield of product. This indicates that, 20mol% of [Et3NH][HSO4] is suffi-
cient for the reaction by considering yield of product.

To evaluate the effect of solvents, dichloromethane (DCM), THF, 1,4-dioxane, toluene,
CH3CN and EtOH were used for the model reaction. It has been observed that, the use of sol-
vents retards the rate of reaction and affords the desired product in lower yields than that for
neat reaction condition (Table 2, entry 1-6).

To check the ecofriendliness of [Et3NH][HSO4], we recycled the ionic liquid [Et3NH][HSO4]
for five times Table 3. The reaction proceeded cleanly with good yields (93, 93, 92, 90, 90 and
85%); although a weight loss of �5% of [Et3NH][HSO4] was observed from cycle to cycle due to
mechanical loss (Table 3, entries 1-6).

With these optimized reaction conditions for model reaction i.e., 20mol% [Et3NH][HSO4]
catalyst, 80-90 �C and solvent-free conditions, we have synthesized a series of functionalized

Scheme 1. Standard model reaction

Table 1. Effect of concentration of catalyst and timea.

Entry
[Et3NH][HSO4]

(mol %) Time (Min) Yieldb (%)

1 – 60 Trace
2 5 60 60
3 10 45 80
4 15 15 85
5 20 10 93
6 25 10 93
aReaction conditions: Acetophenone 1a (2mmol), malononitrile 2 (2mmol), piperidine 3a (1mmol), solvent-free at 80-90 �C.
bIsolated yield.

POLYCYCLIC AROMATIC COMPOUNDS 3



[1,6]-naphthyridines (4 b-l) by reacting acetophenones (1a-d), malononitrile (2) and secondary
amines (3a-c) in excellent yields (Scheme 2, Figure 2).

The formation of functionalized [1,6]-naphthyridines 4a-l have been confirmed by physical
data30 and spectroscopic methods such as 1H NMR,13C NMR and mass. According to the 1H
NMR spectrum of representative compound 4a, the singlet observed at d 1.65 ppm for proton of
methyl group, the multiplet observed at d 1.48-1.55 ppm confirms the six protons from three
methylene groups present in piperidine ring and multiplet observed at d 3.44 ppm for methylene
four proton attached to the nitrogen heteroatom. Similarly, broad singlet observed at d 4.92 ppm
for -NH2 protons. In addition, a singlet observed at d 5.57 ppm assigned to -NH proton present
in [1,6]-naphthyridine and singlet for alkene proton observed at d 6.74 ppm confirmed the forma-
tion of [1,6]-naphthyridine ring. Furthermore, all the aromatic protons appeared at expected
chemical shifts and integral values. The synthesis of [1,6]-naphthyridine was further confirmed by
13C NMR spectral data 4a, in which the carbon signals of methylene group is resonated at d
24.3 ppm. The signal observed at d 30.9 ppm indicates the presence of methyl carbon. The signals
at d 48.7 ppm indicate the presence of methylene carbon attached to the nitrogen heteroatom.
The signal observed at d 56.5 ppm indicates the tertiary carbon atom on which methyl and phenyl
ring is present. In addition to this the signal observed at d 118.7 indicates the presence of carbon
in -CN group, while all other carbons gave signals at expected values.

Table 2. Screening of solvents.

Entry Solvent Yielda (%)

1 DCM 44
2 THF 46
3 1,4-Dioxane 48
4 Toluene 55
5 Acetonitrile 58
6 Ethanol 60
7 Solvent free 93

Reaction conditions: Acetophenone 1a (2mmol), malononitrile 2 (2mmol), piperidine 3a (1mmol) in 20mol% [Et3NH][HSO4].
aIsolated yield.

Table 3. Reusability of catalyst for model reaction.

Entry Run Timea (Min) Yieldb

1 Fresh 10 93
2 1 10 93
3 2 10 92
4 3 10 90
5 4 10 90
6 5 15 85
aReaction progress monitered by TLC.
bIsolated yield.

Scheme 2. Synthesis of functionalized [1,6]-naphthyridines 4a-l.
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Biological evaluation

Antibacterial activity

The functionalized [1,6]-naphthyridines 4a-l were screened for antibacterial activity against the
two Gram positive and two Gram negative bacterial strains and results are shown in Table 4.

For bacterial strain S. aureus, the compounds 4 g, 4 h, and 4j shows excellent inhibitory activ-
ity with MIC value 4 mg/mL, which is equivalent to the clinical drug ampicilin (MIC 4 mg/mL).

Figure 2. Structures, yields and melting point of the [1,6]-naphthyridines (4a-l).
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For bacterial strain M.luteus, compounds 4c, 4d, 4h, 4i, 4k and 4 l exhibit two-fold antibacterial
activity with MIC value 8mg/mL and compounds 4b, 4e, 4f and 4j with MIC value 16mg/mL exhib-
ited equivalent activity as compared to the clinical drug ampicilin (MIC 16mg/mL). For bacterial
strain E. coli compounds 4e, 4 g, 4k and 4 l with MIC value 4mg/mL exhibited equivalent activity as
compared to the clinical drug ampicilin (MIC 4mg/mL) and for P. fluorescens, all the synthesized
compounds exhibited moderate antibacterial activity compared to the standard antibacterial drugs.

Antifungal activity

In case of antifungal activity, all the synthesized [1,6]-naphthyridines 4a-l shows good to moder-
ate activity against all the tested fungal strains (Table 4).

Compounds 4a, 4 b, 4c, 4e, 4f, 4 g, 4i and 4j with MIC value 16mg/mL exhibited equivalent
activity compared with the standard drug miconazole against the fungicidal strain C. albicans.
Compounds 4c, 4d, 4 g, 4j and 4k with MIC value 16 mg/mL exhibited equivalent activity com-
pared with the standard drug miconazole against the fungicidal strain F. oxysporum. Compounds
4f, 4 g, 4j and 4k with MIC value 16 mg/mL exhibited equivalent activity compared to the stand-
ard antibacterial drug miconazole for the fungicidal strain A. flavus.

Antioxidant activity

All the synthesized compounds 4a-l shows moderate antioxidant activity as compared to the
standard drug BHT (Table 4). The compounds 4 g (IC50¼ 16.1 mg/mL), 4 h (IC50¼ 16.3 mg/mL)
and 4i (IC50¼ 16.4mg/mL) have shown excellent activity as compared to standard drugs BHT
(IC50¼ 16.5 mg/mL). Remaining compounds exhibit good to moderate antioxidant activity as
compared to standard drugs BHT.

Computational study

Molecular docking

In an effort to elucidate the plausible mechanism for antimicrobial activity demonstrated by the
naphthyridines investigated herein and guide further SAR, molecular docking was performed

Table 4. In vitro antimicrobial (MIC) and antioxidant activities (IC50) of 4a-l (mg/mL).

Compound

Gramþ ve bacteria Gram -ve bacteria Antifungal activity

DPPH IC50SA ML EC PF CA FO AF

4a 16 32 32 32 16 32 64 21.3
4b 8 16 32 32 16 32 64 27.3
4c 16 8 16 8 16 16 64 22.1
4d 8 8 16 8 32 16 32 18.1
4e 8 16 4 4 16 64 32 19.3
4f 8 16 8 4 16 32 16 18.9
4g 4 32 4 8 16 16 16 16.1
4h 4 8 32 8 32 64 64 16.3
4i 8 8 32 32 16 32 32 16.4
4j 4 16 8 16 16 16 16 25.3
4k 8 8 4 8 64 16 16 30.2
4l 8 8 4 16 64 64 64 20.3
Ampicilin 4 16 4 2 – – – –
Kanamycin 2 2 2 2 – – – –
Miconazole – – – – 16 16 16 –
Fluconazole – – – – 2 2 4 –
BHT – – – – – – – 16.5

SA: Staphylococcus aureus; ML: Micrococcus luteus; EC: Escherichia coli; PF: Pseudomonas fluorescens; CA: Candida albicans; FO:
Fusarium oxysporum; AF: Aspergillus flavus; BHT: Butylated Hydroxy Toluene.
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against b-ketoacyl-acyl carrier protein synthase III (FabH) (PDB code: 1HNJ) using the standard
protocol implemented in the GLIDE (Grid-based LIgand Docking with Energetics) program of
the Schrodinger Molecular modeling package (Schrodinger, LLC, New York, NY, 2018).31 FabH
is a condensing enzyme that plays an essential and regulatory role in bacterial fatty acid biosyn-
thesis wherein it initiates the fatty acid elongation cycles and is involved in the feedback regula-
tion of the biosynthetic pathway via product inhibition. FabH catalyzes the condensation of CoA-
attached acetyl group and an ACP-attached malonyl group, yielding acetoacetyl-ACP as its final
product. The essentiality of FabH for bacterial viability and due to their central roles in the fatty
acid biosynthetic pathway qualifies FabH as an excellent molecular target.32

All the naphthyridines were observed to be nicely bound to the active site of FabH with excel-
lent binding affinity (average Glide docking score of �7.778 and Glide binding energy of
�44.795 kcal/mol) and engaged in several close interactions (Table 5).

A detailed investigation of the per-residue interactions for one of most active analogs 4e
showed that it could snugly fit into the active site of FabH through an extensive network of steric
and electrostatic interactions (Figure 3).

A significant newtwork of van der Waals interactions were observed with Asn247(-2.479Kcal/
mol), Gly209(-2.887Kcal/mol), Met207(-3.179Kcal/mol), Ile156(-2.643Kcal/mol), Gly152(-
2.615Kcal/mol), Thr37(-1.127Kcal/mol) and Trp32(-4.727Kcal/mol) residues through the 5-
amino-2-methyl-1,2-dihydro-[1,6]naphthyridine nucleus while the morpholine side chain exhib-
ited a similar chain of interactions with Arg151(-2.939Kcal/mol), Thr28(-1.115Kcal/mol),
Asp27(-1.032Kcal/mol) and Val26(-1.543Kcal/mol) residues. Even the 2,4-bis-(4-chloro-phenyl)
side chain also showed significant van der Waals interactions with Arg249(-2.276Kcal/mol),

Table 5. Molecular docking study results- Glide score, Glide energy, H- bond and p-p stacking.

Comp
Glide
Score

Glide energy
(Kcal/mol) H-bond (Å)

p-p /
cation-p stacking(Å)

4a �7.001 �39.539 Gly152(2.104) Arg249(2.507), Phe213(2.501)/Arg249(2.507)
4b �7.015 �40.353 Gly152(2.067), Arg151(2.055) Arg249(2.09), Phe213(2.47), Trp32(2.34)/ Arg249(2.09)
4c �7.128 �43.49 Gly152(2.048) Arg249(2.264), Phe213(2.572) /Arg249(2.264)
4d �7.024 �42.043 Gly152(2.140) Arg249(1.891), Phe213(2.471), Trp32(2.549)/ Arg249(1.891)
4e �8.640 �49.152 Gly152(2.067), Arg151(2.111) Arg249(2.053), Phe213(2.471), Trp32(2.582)/ Arg249(2.053)
4f �8.102 �46.223 Gly152(2.160) Arg249(1.878), Phe213(2.415), Trp32(2.626)/ Arg249(1.878)
4g �8.635 �49.095 Gly152(2.072) Arg249(1.997), Phe213(2.496), Trp32(2.564)/ Arg249(1.997)
4h �8.164 �46.336 Gly152(1.979), Arg151(2.118) Arg249(2.188), Phe213(2.458), Trp32(2.598)/ Arg249
4i �7.101 �41.869 Gly152(2.086) Arg249(1.921), Phe213(2.462), Trp32(2.622)/ Arg249(1.921)
4j �8.197 �46.117 Gly152(1.9777) Arg249(2.214), Phe213(2.487), Trp32(2.58)/ Arg249(2.214)
4k �8.194 �46.423 Gly152(1.959), Arg151(2.067) Arg249(2.275), Phe213(2.441), Trp32(2.602)/ Arg249(2.275)
4l �8.139 �46.904 Gly152(2.0998) Arg249(2.03), Phe213(2.472)/Arg249

Figure 3. Binding mode of 4e into the active site of beta-ketoacyl-acyl carrier protein synthase III (on right side: the pink lines
represent the hydrogen bonding interactions; the green lines represent p-p stacking interaction while red line represent cation-
p stacking interaction).
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Ala246(-1.569Kcal/mol), Lys214(-1.015Kcal/mol), Phe213(-5.249Kcal/mol), Val212(-1.044Kcal/
mol), Asn210(-4.644Kcal/mol) and Arg36(-3.542 Kcal/mol) residues of the active site. The
enhanced binding affinity of 4e is also attributed to significant electrostatic interactions observed
with Arg249(-2.704Kcal/mol), Lys214(-1.088Kcal/mol), Gly152(-1.531Kcal/mol) and Arg151(-

Figure 4. Binding mode of naphthyridines into the active site of Beta-Ketoacyl-Acyl Carrier Protein Synthase III (on right side:
the pink lines represent the hydrogen bonding interactions; the green lines represent p-p stacking interaction while red line rep-
resents cation-p stacking interaction).
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3.678Kcal/mol) residues. Furthermore, it was observed to be stabilized into the active site through
two prominent hydrogen bonding interactions: first through the amino group (-NH2) of the
naphthyridine ring with Gly152(2.067Å) and second through the oxygen atom of the morpholine
side chain with Arg151(2.111Å). The compound has also exhibited significant p-p stacking inter-
actions through Arg249(2.053Å), Phe213(2.471Å) and Trp32(2.582Å) as well as a cation-p

Figure 4. Continued
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stacking interaction through Arg249(2.053Å). Such hydrogen bonding and p stacking interactions
serves as an anchor to stabilize the ligand into the 3D space of the active site and also facilitate
the non-bonded (steric and electrostatic) interactions. A similar network of bonded and non-
bonded interactions were observed for the other naphthyridines (Figure 4) as well indicating that
these molecules could exhibit ther antimicrobial action through inhibiting FabH and could be
optimized further to arrive at selective and potent antimicrobial agents.

In silico ADME prediction

The success of a drug is determined not only by good efficacy but also by an acceptable ADME
(absorption, distribution, metabolism and excretion) profile. A computational study of all the syn-
thesized 4a-l was performed for prediction of ADME properties and the value obtained is pre-
sented in Table 6. It is observed that, the compounds exhibited a good % ABS (% absorption)
ranging from 72.54 to 82.10% (Table 6). Furthermore, only compounds 4 g and 4i violated

Figure 4. Continued
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Lipinski’s rule of five (log p). All the tested compounds followed the criteria for orally active drug
and therefore, these compounds may have a good potential for eventual development as
oral agents.

Conclusions

We have developed a convenient one-pot multicomponent synthesis of highly functionalized
[1,6]-naphthyridines under solvent free condition using [Et3NH][HSO4] in high yields. We have
screened the synthesized naphthyridines for in vitro antimicrobial and antioxidant activity. This
solvent-free domino reaction proceeded smoothly in good to excellent yields and offered several
other advantages including short reaction time, simple experimental workup procedures and no
toxic byproducts, avoids the use of catalyst, toxic organic solvents and anhydrous conditions.

Molecular docking analysis revealed that these naphthyridines exhibited excellent binding
affinity toward crucial microbial target b-Ketoacyl-acyl carrier protein synthase III (FabH) engag-
ing in several close and significant bonded and non-bonded interactions. Furthermore, analysis of
the ADME parameters for synthesized compounds showed good drug like properties and can be
developed as oral drug candidate. The in silico results were found to be in harmony with experi-
mentally observed MIC results which provide a strong platform to optimize this scaffold to arrive
at selective and potent antimicrobial agents targeting FabH.

Experimental

Synthesis of [Et3NH][HSO4]

The synthesis of ionic liquid was carried out in a 100mL round-bottom flask, which was
immersed in a recirculating heated water-bath and fitted with a reflux condenser. Sulfuric acid
(98%) (1.96 g, 0.02mol) was added drop wise from triethylamine (2.02 g, 0.02mol) stirring at
60 �C for 1 h. After the addition, the reaction mixture was stirred for an additional period of 1 h
at 70 �C to ensure the reaction had proceeded to completion. The traces of water were removed
by heating the residue at 80 �C in high vacuum until the weight of the residue remains constant.

Triethylammonium hydrogen sulfate [Et3NH][HSO4]:
1H NMR (300MHz, DMSO d6): d

(ppm) 1.15-1.19 (t, 9H), 3.04-3.12 (m, 6H), 8.98 (s, 1H); 13C NMR (75MHz, DMSO d6): d (ppm)
8.88, 46.40.

Table 6. Molecular properties of compounds 4a-4l.

Entry % ABS TPSA (A2) n-ROTB MV MW log p n-ON n-OHNH
Lipinski
violations

Drug-likeness
model score

Rule – – – – <500 �5 <10 <5 �1 -
4a 82.10 77.97 3 398.85 421.55 4.07 5 3 0 0.41
4b 78.91 87.21 3 391.03 423.52 3.01 6 3 0 0.10
4c 82.10 77.97 3 382.04 407.52 3.57 5 3 0 0.42
4d 82.10 77.97 3 425.92 490.44 5.43 5 3 1 0.74
4e 78.91 87.21 3 418.10 492.41 4.37 6 3 0 0.44
4f 82.10 77.97 3 409.12 476.41 4.92 5 3 0 0.77
4g 82.10 77.97 3 434.62 579.34 5.69 5 3 2 0.45
4h 78.91 87.21 3 426.80 581.31 4.63 6 3 1 0.16
4i 82.10 77.97 3 417.81 565.31 5.18 5 3 2 0.48
4j 75.72 96.44 5 449.94 481.60 4.18 7 3 0 0.41
4k 72.54 105.67 5 442.12 483.57 3.12 8 3 0 0.12
4l 75.72 96.44 5 433.13 467.57 3.68 7 3 0 0.41

Cpd, Compounds, % ABS: percentage absorption, TPSA: topological polar surface area, n-ROTB: number of rotatable bonds,
MV: molecular volume, MW: molecular weight, milogP: logarithm of partition coefficient of compound between n-octanol
and water, n-ON acceptors: number of hydrogen bond acceptors, n-OHNH donors: number of hydrogen bonds donors.
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General procedure for preparation of [1,6]-naphthyridines (4a-l)
A mixture of ketone 1a-d (2mmol), malononitrile 2 (2mmol) and amine 3a-c (1mmol) in
20mol% [Et3NH][HSO4] were heated at 80-90 �C for 10-15minutes. The reaction was monitored
by TLC using ethyl acetate:hexane as a solvent system. The reaction mixture was quenched with
crushed ice and extracted with ethyl acetate (2� 25mL). The organic extracts were washed with
brine (2� 25mL) and dried over anhydrous sodium sulfate. The solvent was evaporated under
reduced pressure to afford the corresponding crude compounds. The obtained crude compounds
were recrystallized using ethanol-ethylacetate solvent system. The residual ionic liquid was washed
with diethyl ether, dried under vacuum at 100 �C and reused for subsequent reactions. The recov-
ered ionic liquid could be used for 5 times without much loss of catalytic activity.

5-Amino-2-methyl-2,4-diphenyl-7-piperidin-1-yl-1,2-dihydro-[1,6]-naphthyridine-8-carboni-
trile (4a): A mixture of acetophenone 1a (2mmol), malononitrile 2 (2mmol) and piperidine 3a
(1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for 10min to give [1,6]-naphthyri-
dine 4a in 93% yield as white solid. Mp 207-209 �C (recrystallized from EtOH-EtOAc); 1H NMR
(300MHz, DMSO-d6, d ppm): 1.55 (bs, 6H), 1.65 (s, 3H), 3.44 (s, 4H), 4.92 (bs, 2H), 5.57 (s, 1H),
6.74 (s, 1H), 7.14-7.23 (m, 3H), 7.27-7.38 (m, 5H) and 7.43 (d, 2H, J¼ 7.5Hz). 13C NMR
(75MHz, DMSO-d6, d ppm): 24.3, 25.7, 30.9, 48.7, 56.5, 68.6, 90.6, 118.7, 124.7, 126.6, 126.9,
127.8, 127.9, 128.2, 128.5, 132.6, 138.8, 148.7, 154.7, 154.8 and 161.6.

5-Amino-2-methyl-7-morpholin-4-yl-2,4-diphenyl-1,2-dihydro-[1,6]-naphthyridine-8-car-
bonitrile (4 b): A mixture of acetophenone 1a (2mmol), malononitrile 2 (2mmol) and morpho-
line 3 b (1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for 10min to give [1,6]-
naphthyridine 4 b in 91% yield as cream colored solid. Mp 217-219 �C (recrystallized from EtOH-
EtOAc); 1H NMR (300MHz, DMSO-d6, d ppm): 1.66 (s, 3H), 3.34-3.37 (m, 2H), 3.47-3.52 (m,
2H), 3.62 (bs, 4H), 5.02 (bs, 2H), 5.60 (s, 1H), 6.88 (s, 1H), 7.14-7.23 (m, 3H), 7.27-7.35 (m, 5H)
and 7.43 (d, 2H, J¼ 7.8Hz). 13C NMR (75MHz, DMSO-d6, d ppm): 30.9, 48.2, 56.5, 66.1, 69.2,
91.0, 124.7, 126.6, 127.4, 128.0, 128.3, 128.5, 132.4, 154.7, 154.8 and 161.6.

5-Amino-2-methyl-2,4-diphenyl-7-pyrrolidin-1-yl-1,2-dihydro-[1,6]-naphthyridine-8-carbon-
itrile (4c): A mixture of acetophenone 1a (2mmol), malononitrile 2 (2mmol) and pyrrolidine 3c
(1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for 15min to give [1,6]-naphthyri-
dine 4c in 93% yield as light yellow solid. Mp 179-181 �C (recrystallized from EtOH-EtOAc); 1H
NMR (300MHz, DMSO-d6, d ppm): 1.65 (s, 3H), 1.77-1.86 (m, 4H), 3.46-3.49 (m, 2H), 3.58-3.61
(m, 2H), 4.83 (bs, 2H), 5.52 (s, 1H), 6.40 (s, 1H), 7.14-7.23 (m, 3H), 7.27-7.36 (m, 5H) and 7.44
(d, 2H, J¼ 7.8Hz,). 13C NMR (75MHz, DMSO-d6, d ppm): 25.1, 31.0, 48.6, 56.5, 66.0, 89.7,
119.4, 124.8, 126.0, 127.9, 128.0, 128.3, 128.5, 132.8, 139.2, 148.8, 155.0 and 157.4.

5-Amino-2,4-bis-(4-chloro-phenyl)-2-methyl-7-morpholin-4-yl-1,2-dihydro-[1,6]naphthyri-
dine-8-carbonitrile (4e): A mixture of 4-chloroacetophenone 1 b (2mmol), malononitrile 2
(2mmol) and morpholine 3 b (1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for
15min to give [1,6]-naphthyridine 4e in 93% yield as cream colored solid. Mp 205-207 �C
(recrystallized from EtOH-EtOAc); 1H NMR (300MHz, DMSO-d6, d ppm): 1.65 (s, 3H), 3.35-
3.39 (m, 2H), 3.49-3.55 (m, 2H), 3.58-3.64 (m, 4H), 5.18 (bs, 2H), 5.63 (s, 1H), 7.00 (s, 1H), 7.22
(d, 2H, J¼ 8.1Hz), 7.36 (t, 4H, J¼ 7.6Hz) and 7.44 (d, 2H, J¼ 8.7Hz). 13C NMR (75MHz,
DMSO-d6, d ppm): 30.4, 48.1, 56.2, 66.1, 68.9, 98.8, 117.7, 118.4, 126.8, 127.1, 128.0, 128.1, 129.8,
121.2, 132.0, 132.3, 137.0, 147.4, 154.7 and 161.6. HRMS calculated [MþH]þ for C26H24N5OCl2:
492.0915, found: 492.0905, [MþNa]þ for C26H23N5OCl2Na: 515.0703, found: 515.0693.

5-Amino-2,4-bis-(4-chloro-phenyl)-2-methyl-7-pyrrolidin-1-yl-1,2-dihydro-[1,6]-naphthyri-
dine-8-carbonitrile (4f): A mixture of 4-chloroacetophenone 1 b (2mmol), malononitrile 2
(2mmol) and pyrrolidine 3c (1mmol) in 20mol% [Et3NH][HSO4] were heated at 80-90 �C for
15min to give [1,6]-naphthyridine 4f in 92% yield as white solid. Mp 159-161 �C (recrystallized
from EtOH-EtOAc); 1H NMR (300MHz, DMSO-d6, d ppm): 1.64 (s, 3H), 1.79-1.85 (m, 4H), 3.49
(bs, 2H), 3.58 (bs, 2H), 4.95 (bs, 2H), 5.54 (s, 1H), 6.57 (s, 1H), 7.21 (d, 2H, J¼ 8.1Hz), 7.35 (t,
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4H, J¼ 8.1Hz) and 7.43 (d, 2H, J¼ 8.4Hz). 13C NMR (75MHz, DMSO-d6, d ppm): 25.1, 30.5,
48.5, 56.1, 65.9, 89.5, 119.2, 126.8, 128.1, 128.2, 129.8, 131.2, 132.3, 137.5, 147.5, 154.8, 154.9 and
157.5. LCMS calculated [MþH]þ for C26H24N5Cl2: 476.15, found: 476.20,

Experimental protocol for biological activity

Antibacterial activity

Theantimicrobial susceptibility testing of newly synthesized compounds were performed in vitro
against bacterial strains viz., Gram-positive Staphylococcus Aureus (ATCC No. 29737), Micrococcus
Luteus (ATCC No. 398) and Gram-negative Escherichia Coli (NCIM No. 2256) andPseudomonas
Fluorescens (NCIM No. 2173) respectively, to find out minimum inhibitory concentration (MIC).33

The MIC was defined as the lowest concentrations of compound that completely inhibit the growth
of each strain. Serial two-fold dilutions of all samples were prepared in triplicate in micro titer
plates and inoculated with suitably prepared cell suspension to achieve the required initial concen-
tration. Serial dilutions were prepared for screening. Dimethylsulfoxide (DMSO) was used as solv-
ent control. Ampicilin, kanamycin & chloramphenicol were used as a standard antibacterial drug.
The concentration range of tested compounds and standard was 128-0.5mg/mL. The plates were
incubated at 37 �C for all micro-organisms; absorbance at 595 nm was recorded to assess the inhib-
ition of cell growth after 24h. The compounds which are showing promising antibacterial activity
were selected for MIC studies. The MIC was determined by assaying at 128, 64, 32, 16, 8, 4, 2, 1
and 0.5mg/mL concentrations along with standards at the same concentrations.

Antifungal activity

The antifungal activity was evaluated against different fungal strains such as Aspergillus Niger
(NCIM No. 1196), Penicillium Chrysogenum (NCIM No. 723) and Curvularia Lunata (NCIM No.
1131).33 Fluconazole, miconazole and amphotericin B were used as standard drugs for the com-
parison of antifungal activity. The plates were incubated at 37 �C for all micro-organisms; absorb-
ance at 410 nm was recorded to assess the inhibition of cell growth after 48 h. The lowest
concentration inhibiting growth of the organisms was recorded as the MIC. DMSO was used as a
solvent or negative control. In order to clarify any effect of DMSO on the biological screening,
separate studies were carried out with solutions alone of DMSO and showed no activity against
any microbial strains. The compounds which are showing promising antifungal activity were
selected for MIC studies. The MIC was determined by assaying at 128, 64, 32, 16, 8, 4, 2, 1 and
0.5mg/mL concentrations along with standards at the same concentrations.

DPPH radical scavenging activity

The hydrogen atom or electron donation ability of some compounds were measured from the
bleaching of the purple colored methanol solution of DPPH.34 The spectrophotometric assay uses
the stable radical DPPH as a reagent. 1mL of various concentrations of the test compounds (5,
10, 25, 50 and 100mg/mL) in methanol was added to 4mL of 0.004% (w/v) methanol solution of
DPPH. The reaction mixture was incubated at 37 �C. The scavenging activity on DPPHwas deter-
mined by measuring the absorbance at 517 nm after 30min. All tests were performed in triplicate
and the mean values were entered. The percent of inhibition (I %) of free radical production
from DPPH was calculated by the following equation

% of scavenging ¼ Acontrol–Asampleð Þ= Asample � 100ð Þ� �

Where, Acontrol is the absorbance of the control (DPPH radical without test sample)
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Asample is the absorbance of the test sample (DPPH radical with test sample). The control con-
tains all reagents except the test samples.

ADME prediction

In the present study, we have calculated molecular volume (MV), molecular weight (MW), loga-
rithm of partition coefficient (miLog P), number of hydrogen bond acceptors (n-ON), number of
hydrogen bonds donors (n-OHNH), topological polar surface area (TPSA), number of rotatable
bonds (n-ROTB) and Lipinski’s rule of five35 using Molinspiration online property calculation
toolkit.36 Absorption (% ABS) was calculated by: % ABS ¼ 109-(0.345�TPSA).37 Drug-likeness
model score (a collective property of physic-chemical properties, pharmacokinetics and pharma-
codynamics of a compound is represented by a numerical value) was computed by MolSoft soft-
ware.38 A molecule likely to be developed as an orally active drug candidate should show no
more than one violation of the following four criteria: miLog P (octanol-water partition coeffi-
cient) � 5, molecular weight � 500, number of hydrogen bond acceptors � 10 and number of
hydrogen bond donors � 5.39
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Abstract: A series of novel α-cyano substituted indolyl bis-chalcones (3a−l) has been synthesized and evaluated for their in vitro antitumor 
activity against the human breast cancer MCF7 (estrogen receptor-positive) and normal Vero cell lines using sulforhodamine B (SRB) assay 
method. Compounds 3a, 3c and 3d showed potent activity (GI50 = 11.7, 15.3 and 17.9 µM respectively) against the human breast cancer MCF7 
cell line, which was almost as good as that of adriamycin (GI50 = < 0.1 µM) whereas, screening against the normal Vero Monkey cell line showed 
moderate selectivity. Furthermore, all the synthesized compounds screened for their antioxidant potential against DPPH, NO, SOR, and H2O2 

radicals. Most of the bis-chalcones exhibited significant DPPH (51.09−12.72 %) and NO (64.11−34.43 %) radical scavenging activity and modest 
activity against SOR (88.08−43.14 %) and H2O2 (80.13−56.0 %) radicals compared to the reference standard ascorbic acid (40.78 %, 42.63 %, 
87.05 %, and 79.42 % respectively). Current study provides impetus for the development of highly potent indolyl bis-chalcone derivatives as 
anticancer leads. 
 
Keywords: indolyl bis-chalcone, breast cancer, anti-cancer activity, antioxidant activity. 
 
 
 

INTRODUCTION 
RESENTLY cancer is deemed to a principal worldwide 
health problem that leads to death.[1] Although consid-

erable progress is made in controlling the progression of 
this devastating disease, till the date an entire cure for can-
cer remains a dream. Most of the cancer treatment is the 
use of surgery, radiation and chemotherapy.[2] Most of the 
marketed chemotherapeutic agents suffer from serious 
and sometimes intolerable toxic effects. So, the develop-
ment of novel anticancer agents is a crucial need of time.[3,4] 
Chalcone is one of the important scaffold exhibiting diverse 
biological activities such as anti-inflammatory,[5] antimalar-
ial,[6] antileishmanicidal, antiviral, antifungal, antibacterial 
and anticancer.[7,8] Different type of structural alterations 
was performed in the chalcones primary structure either by 
varying the aryl moieties or the enone linker. Another tactic 
which is not that typical in literature is to change the α-

position of the α,β-unsaturated carbonyl system. This is a 
promising idea since it should have a direct and straightfor-
ward influence on the reactivity (Figure 1). Examples of the 
effect of α-alteration on biological activity are also present. 
First time Edwards et al. reported that α-substituted chal-
cones are more potent than their unsubstituted counter 
parts.[9] Lawrence et al. also improved cytotoxic effects of α-
substituents such as phenyl, ester, cyano and fluoro groups 
on α,β-unsaturated carbonyl system.[10] Kumar et. al. also re-
ported α-cyano bis-indolyl chalcones as novel anticancer 
agents.[11] Recently, our research group reported α-cyano 
substituted bis-indolyl chalcone[12] and extended conjugated 
indolyl chalcones as potent anti-breast cancer agents.[13] In 
continuation of our constant efforts to discover a potent 
anticancer agents,[14−18] herein we have synthesized a series 
of novel α-cyano substituted indolyl bis-chalcone having 
phenyl ring as a spacer and in vitro evaluated for their anti-
breast cancer and anti-oxidant activity (Scheme 1). 

P 
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EXPERIMENTAL 

Materials and Methods 
All the chemicals used for the synthesis were of synthetic 
grade and obtained from commercial sources. Develop-
ment of the reactions was supervised by thin layer chroma-
tography (TLC) using TLC plates (silica gel 60 F254, 
aluminum back, Merck). Visualization of TLC plate was 
achieved with UV light and or iodine vapors. All the solvents 
were dried using appropriate drying agents before use. 
Melting points were determined by open end capillary 
method and are uncorrected. All the 1H NMR spectra were 
recorded in DMSO-d6 / CDCl3 and chemical shifts in ppm 
were reported on instrument Bruker AV-400 MHz, for 1H 
NMR and 75 MHz for 13C NMR relative to TMS as an internal 
standard. The IR spectra were recorded on Shimadzu FT-IR 
spectrophotometer by using 1 % potassium bromide discs. 
Mass spectra were obtained with a Shimadzu LCMS-2010EV 
(Shimadzu, Japan). Anticancer activities were performed 
under the supervision of Dr.JyotiKode, Scientific Officer, 
Tata Memorial Centre, Advanced Centre for Treatment 
Research and Education in Cancer (ACTREC), Kharghar, Navi 
Mumbai-410210. 

Synthesis 
GENERAL PROCEDURE FOR THE PREPARATION OF  

3-CYANOACETYLINDOLE (2) 
Indole 1 (0.117g, 1 mmol) was added to a solution prepared 
by dissolution of cyanoacetic acid (0.085g, 1 mmol) in Ac2O 
(10 ml) at 50 °C. The solution was heated at 85 °C for 5 min. 
During that period 3-cyanoacetylindole 2 started to crystal-
lize. After 5 more min, the mixture was allowed to cool and 
solid was collected, washed with methanol, and dried.[12,13] 

 

GENERAL PROCEDURE FOR THE PREPARATION OF 
INDOLYL BIS-CHALCONE (3a−l) 

To a mixture of 3-cyanoacetylindole 2 (0.184g, 1 mmol) in 
ethanol (15 mL) was added piperidine (0.3 mL) and stirred 
for 5 min. Then isophthalaldehyde (0.134g, 1 mmol) was 
added and this mixture was heated to 80 °C for 1−3 h. After 

completion of reaction, the desired indolyl bis-chalcone 
(3a−l) was obtained as precipitate. The obtained precipi-
tate was filtered, washed with water and oven dried. It was 
column purified by column chromatography using silica gel 
mesh size, 100–200 and elution with 10 % ethyl acetate in 
hexane. 
 

(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(1H-INDOLE-3-
CARBONYL)ACRYLONITRILE) (3a) 

Pale yellow solid; 88 %; 264–266 °C; IR (cm−1): 3251 (NH), 
2218 (CN), 1652 (C=O), 1593(C=C); 1H NMR (DMSO-d6, 400 
MHz): δ = 11.69 (s, 2H, NH), 8.29−8.27 (m, 4H), 7.62 (d, J = 
8.4 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.0 Hz, 2H), 
7.20-7.16 (m, 5H),6.64 (s, 1H);13C NMR (DMSO-d6, 75 MHz): 
δ = 184.5, 152.1, 138.0, 137.1, 135.2, 127.8, 127.1, 122.4, 
121.6, 121.0, 119.5, 119.1, 115.5, 111.0, 110.3, 108.2; 
HRMS: 467.4052 (M+H) 
 

(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(2-METHYL-1H-
INDOLE-3-CARBONYL)ACRYLONITRILE) (3b) 

Yellow solid; 91 %; 302−304 °C; IR (cm−1): 3258 (NH), 2200 
(CN), 1608 (C=O), 1545 (C=C); 1H NMR (DMSO-d6, 400 MHz): 
δ = 11.23 (s, 2H, NH), 8.18−8.15 (m, 2H), 7.65 (d, J = 7.6 Hz, 
2H),  7.31−7.33 (m, 2H), 7.16−7.13 (m, 4H), 7.10−6.88 (m, 
4H), 2.30 (s, 6H, -CH3);13C NMR (DMSO-d6, 75 MHz): δ = 
HRMS: 495.1816 (M+H) 
 

(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(5-BROMO-1H-
INDOLE-3-CARBONYL)ACRYLONITRILE) (3c) 

Yellow solid; 89 %; 288−290 °C; IR (cm−1): 3290 (NH), 3251 
(NH), 2212 (CN), 2163 (CN), 1702 (C=O), 1690 (C=O);  
1H NMR (DMSO-d6, 400 MHz): δ = 11.52 (s, 2H, NH), 8.48 (s, 
2H), 8.34 (s, 2H), 7.69−7.63 (m, 2H), 7.34 (d, J = 8.0 Hz, 2H), 
7.09-6.99 (m, 3H), 6.94 (s, 1H), 6.79 (d, J = 8.8 Hz, 2H);  
13C NMR (DMSO-d6, 75 MHz): δ = 185.3, 153.6, 138.2, 136.8, 
135.0, 128.2, 128.0, 127.7, 124.5, 122.6, 121.0, 115.4, 
113.2, 113.0, 110.6, 108.2; HRMS: 622.8913 (M+H) 

 
(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(5-METHOXY-1H-

INDOLE-3-CARBONYL)ACRYLONITRILE) (3d) 
Pale yellow solid; 92 %; 264−266 °C; IR (cm−1): 3281 (NH), 
3245 (NH), 2220 (CN), 1635 (C=O); 1H NMR (CDCl3, 400 MHz): 
δ = 11.63 (broad s, 2H, NH), 8.63 (s, 2H), 8.43 (s, 2H), 
7.83−7.76 (m, 1H), 7.67 (d, J = 2.0 Hz, 2H), 7.48−7.46 (m, 2H), 
7.33 (d, J = 8.8 Hz, 2H), 7.22−7.18 (m, 3H), 3.83 (s, 6H, 
OCH3);13C NMR (CDCl3, 75 MHz): δ = HRMS: 527.1714 (M+H) 
 

(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(5-CYANO-1H-
INDOLE-3-CARBONYL)ACRYLONITRILE) (3e) 

Yellow solid; 87 %; 252−254 °C; IR (cm−1): 3392(NH),2221 
(CN), 2185 (CN), 1592(C=O); 1H NMR (DMSO-d6, 400 MHz): 
δ = 11.81 (broad s, 2H, NH), 8.62 (s, 2H), 7.76−7.69 (m, 4H), 
7.47 (s, 2H), 7.34 (d, J = 7.4 Hz, 2H), 7.26-7.13 (m, 3H), 6.52 

 

Figure 1. Chalcone framework. 
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(s, 1H); 13C NMR (DMSO-d6, 75 MHz): δ = 186.2, 153.3, 
141.7, 138.7, 135.0, 128.4, 127.4, 127.0, 125.3, 123.6, 
122.9, 118.5, 115.5, 111.4, 110.7, 108.2, 101.6; HRMS: 
517.1323 (M+H) 
 
(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(5-NITRO-1H-INDOLE-

3-CARBONYL)ACRYLONITRILE) (3f) 
Yellow solid; 89 %; 270−272 °C; IR (cm-1): 3165(NH), 2216 
(CN), 1607 (C=O), 1515 (NO2);1H NMR (DMSO-d6, 400 MHz): 
δ = 11.61 (broad s, 2H, NH), 8.68 (s, 2H), 8.60 (s, 2H), 
8.31−8.28 (m, 2H), 7.77−7.76 (m, 1H), 7.48-7.44 (m, 2H), 
7.25−7.19 (m, 5H); 13C NMR (DMSO-d6, 75 MHz): δ = 184.7, 
154.0, 143.2, 138.7, 135.2, 132.1, 128.5, 127.8, 127.0, 
126.1, 122.8, 115.4, 114.2, 112.0, 110.3, 108.4; HRMS: 
557.4122 (M+H)  
 

(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(1-METHYL-1H-
INDOLE-3-CARBONYL)ACRYLONITRILE) (3g) 

Pale yellow solid; 90 %; 264−266 °C; IR (cm−1): 2219 (CN), 
1614 (C=O), 1593 (C=C); 1H NMR (DMSO-d6, 400 MHz): δ= 
8.62 (d, J = 6.5 Hz, 2H), 8.36 (s, 2H), 7.45 (d, J = 7.6 Hz, 2H),  
7.57-7.52 (m, 4H), 7.40 (d, J = 8.0 Hz, 4H), 7.21 (t, J = 7.6 Hz, 
1H), 6.62 (s, 1H), 3.65 (s, 6H, NCH3); 13C NMR (DMSO-d6, 75 
MHz): δ = 185.8, 153.7, 144.5, 139.3, 135.2, 128.5, 127.7, 
124.5, 123.0, 122.7, 121.7, 119.8, 115.6, 110.7, 109.6, 
108.2, 32.5; HRMS: 495.1816 (M+H) 
 

(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(1,2-DIMETHYL-1H-
INDOLE-3-CARBONYL)ACRYLONITRILE) (3h) 

Yellow solid; 92 %; 238−240 °C; IR (cm−1): 2215 (CN), 1594 
(C=O), 1576(C=C); 1H NMR (DMSO-d6, 400 MHz): δ= 8.14 (d, 
J = 6.4 Hz, 2H), 7.50 (s, 2H), 7.50−7.42 (m, 6H), 7.26−7.20 
(m, 3H), 6.70 (s, 1H), 3.63 (s, 6H, NCH3), 2.51 (s, 6H, CCH3); 
13C NMR (DMSO-d6, 75 MHz): δ = 185.3, 168.6, 154.0, 140.3, 
135.8, 128.5, 127.5, 126.2, 122.8, 121.8, 121.0, 119.7, 
119.1, 115.5, 108.7, 103.0, 29.4, 12.2; HRMS: 523.4807 
(M+H) 
 

((2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(5-BROMO-1-
METHYL-1H-INDOLE-3-CARBONYL)ACRYLONITRILE) (3i) 

Yellow solid; 87 %; 268−270 °C; IR (cm-1): 2226 (CN), 1642 
(C=O), 1526(C=C); 1H NMR (DMSO-d6, 400 MHz): δ= 8.40 (s, 
2H), 7.59−7.50 (m, 4H), 7.46 (d, J = 7.6 Hz, 2H), 7.31−7.23 
(m, 4H), 7.24 (t, J = 7.6 Hz, 1H), 6.60 (s, 1H), 3.61 (s, 6H, 
NCH3); 13C NMR (DMSO-d6, 75 MHz): δ = 185.9, 154.4, 
144.5, 135.3, 1351.1, 128.7, 128.2, 127.5, 124.3, 122.7, 
121.0, 115.6, 113.2, 110.7, 110.0, 108.5, 32.6; HRMS: 
653.0009 (M+1), 654.9952 (M+2), 655.2287 (M+3) 
 

(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(5-METHOXY-1-
METHYL-1H-INDOLE-3-CARBONYL)ACRYLONITRILE) (3j) 

Pale yellow solid; 90%; 270−272 °C; IR (cm−1): 2216 (CN), 
1621 (C=O), 1595(C=C); 1H NMR (CDCl3, 400 MHz): δ= 8.40 

(d, J = 4.0 Hz, 3H), 8.36 (s, 2H), 8.27 (dd, J = 8.0, 1.6 Hz, 2H),  
8.00 (d, J = 2.8 Hz, 2H), 7.72 (t, J = 8.0, 7.6 Hz, 1H), 7.30 (d, 
J = 8.8 Hz, 2H), 7.04 (dd, J = 8.8, 2.4 Hz, 2H), 3.93 (s, 12H); 
13C NMR (CDCl3, 75 MHz): δ = 185.8, 154.3, 154.0, 144.2, 
135.1, 128.7, 128.3, 127.6, 127.2, 122.7, 115.5, 112.0, 
110.4, 109.3, 108.3, 104.2, 55.4,  32.1; HRMS: 555.2027 
(M+H) 
 
(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(5-CYANO-1-METHYL-

1H-INDOLE-3-CARBONYL)ACRYLONITRILE) (3k) 
Yellow solid; 92 %; 260−262 °C; IR (cm−1): 2226 (CN), 2217 
(CN), 1661 (C=O), 1621(C=C); 1H NMR (DMSO-d6, 400 MHz): 
δ = 8.32 (s, 2H), 7.80 (d, J = 6.8 Hz, 2H), 7.49 (s, 2H), 
7.41−7.30 (m, 6H), 7.16 (t, J = 7.6 Hz, 1H), 6.67 (s, 1H), 3.68 
(s, 6H, NCH3); 13C NMR (DMSO-d6, 75 MHz): δ = 186.1, 
154.2, 144.2, 140.5, 135.0, 128.5, 127.4, 127.0, 125.2, 
123.6, 122.8, 118.4, 115.8, 111.7, 110.4, 108.1, 101.4, 32.5; 
HRMS: 545.4930 (M+H) 
 
(2E,2'E)-3,3'-(1,3-PHENYLENE)BIS(2-(1-METHYL-5-NITRO-

1H-INDOLE-3-CARBONYL)ACRYLONITRILE) (3l) 
Yellow solid; 88 %; 246−248 °C; IR (cm−1): 2284 (CN), 1588 
(C=O), 1563(C=C), 1534 (NO2); 1H NMR (DMSO-d6,  
400 MHz): δ= 9.10 (s, 2H), 8.32 (s, 2H), 8.10 (d, J = 8.0 Hz, 
2H), 7.93 (d, J = 8.0 Hz, 2H), 7.46 (s, 2H), 7.48 (d, J = 7.6 Hz, 
2H), 7.22 (t, J = 7.6 Hz, 1H), 6.39 (s, 1H), 3.56 (s, 6H, NCH3); 
13C NMR (DMSO-d6, 75 MHz): δ = 185.3, 154.1, 144.0, 142.5, 
135.6, 132.2, 128.5, 127.2, 127.0, 126.2,122.4, 115.2, 
114.0, 112.0, 110.3, 108.3, 32.6; HRMS: 585.5001 (M+H) 
 

PROCEDURE OF THE SRB-ASSAY FOR ANTICANCER 
SCREENING 

Tumor cells (human breast cancer cell line MCF-7, Source: 
NCI, USA and NCCS, Pune) were grown in tissue culture 
flasks in growth medium (RPMI-1640 with 2 mM glutamine, 
pH 7.4, 10 % fetal calf serum, 100 μg mL−1 streptomycin, 
and 100 units mL−1 penicillin) at 37 °C under the atmos-
phere of 5 % CO2 and 95 % relative humidity employing a 
CO2 incubator. The cells at sub confluent stage were har-
vested from the flask by treatment with trypsin (0.05% 
trypsin in PBS containing 0.02 % EDTA) and placed in 
growth medium. The cells with more than 97 % viability 
(trypan blue exclusion) were used for cytotoxicity studies. 
An aliquot of 100 μL (5 × 103 cells/well) of cells were trans-
ferred to a well of 96-well tissue culture plate. The cells 
were allowed to grow for one day at 37 °C in a CO2 incuba-
tor as mentioned above. The test materials at different con-
centrations (10−7 M, 10−6 M, 10−5 M, 10−4 M) were then 
added to the wells and cells were further allowed to grow 
for another 48 h. Suitable blanks and positive controls were 
also included. Each test was performed in triplicate. The cell 
growth was stopped by gently layering of 50 μL of 50 % 
trichloroacetic acid. The plates were incubated at 4 °C for 
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an hour to fix the cells attached to the bottom of the wells. 
Liquids of all the wells were gently pipette out and 
discarded. The plates were washed five times with doubly 
distilled water to remove TCA, growth medium, etc. and 
were air-dried. 100 μL of SRB solution (0.4 % in 1 % acetic 
acid) was added to each well and the plates were incubated 
at ambient temperature for half an hour. The unbound SRB 
was quickly removed by washing the wells five times with  
1 % acetic acid. Plates were air dried, tris-buffer (100 μL of 
0.01 M, pH 10.4) was added to all the wells and plates were 
gently stirred for 5 min on a mechanical stirrer. The optical 
density was measured on ELISA reader at 540 nm. The cell 
growth at absence of any test material was considered  
100 % and in turn growth inhibition was calculated. GI50 
values were determined by regression analysis. 
 

2,2-DIPHENYL-1-PICRYLHYDRAZYL (DPPH) RADICAL 
SCAVENGING ACTIVITY 

In this method, 0.1 mM DPPH solution was prepared in 
methanol by adding 39.4 mg of DPPH in 1000 mL of meth-
anol, and to 0.5 mL of this solution, 1.5 mL of test com-
pounds of the dissolved in DMSO were added at various 
concentrations of all (1, 10, 100, 500 and 1000 μg mL−1).The 
mixtures were shaken vigorously and allowed to stand at 
room temperature for 30 minutes. Then the absorbance 
was measured at 517 nm using a UV-VIS spectrophotome-
ter (Shimadzu, spectrophotometer). Vitamin-C was used as 
standard compound. Reduction in absorbance by test com-
pounds and indicates radical scavenging activity. The 
scavenging activity by the DPPH radical was determined by 
 

 
−

= ⋅0 1
scavenging effect (% inhibition)

0

DPPH 100
A A

A
 (1) 

 
where A0 is the absorbance of the control reaction, and A1 
is the absorbance test compound and vitamin C. 
 

NITRIC OXIDE (NO) RADICAL SCAVENGING ACTIVITY 
The various concentrations of test compounds (as 1, 10, 
100, 500, and 1000 μg ml−1) were prepared in ethanol. To 
0.5 mL of 10 mM sodium nitroprusside in phosphate buff-
ered saline, to this, 1 mL of various concentrations of test 
compounds were mixed, and to this equal volume of freshly 
prepared Griess reagent was added, solution was then in-
cubated at 25 °C for 3 h. Form this, 100 μL of the reaction 
mixture was transferred to a 96-well plate, and the absorb-
ance was read at 546 nm using a microplate reader (Biotek, 
Italy). Ascorbic acid was used as standard control.  
 The percentage of nitrite radical scavenging activity 
of test compounds was calculated by 
 

 −
= ⋅c 1

scavenging activity
C

NO 100
A A

A
 (2) 

where AC is the absorbance of control, and A1 is absorbance 
of test compounds. 
 

SUPEROXIDE RADICAL (SOR) SCAVENGING ASSAY 
The reaction mixture consisting of 1mL of nitro blue 
tetrazolium (NBT) solution (156 mM NBT in phosphate 
buffer, pH 7.4), 1 mL NADH solution (468 mM NADH in 
phosphate buffer, pH 7.4), and 1mL of synthetic compound 
(1 mM) solution was mixed. The reaction was started by 
adding 1 mL of phenazine methosulfate (PMS) solution (60 
mM PMS in phosphate buffer, pH 7.4) to the mixture. The 
reaction mixture was incubated at 25 °C for 5 min and the 
absorbance was measured at 560 nm against blank sample 
and compared with standards and percentage of inhibition 
was calculated using the same formula as above. Decreased 
absorbance of reaction mixture indicated increased SOR 
scavenging activity. 
 

HYDROGEN PEROXIDE SCAVENGING (H2O2) ASSAY 
A solution of H2O2 (40 mM) is prepared in phosphate buffer 
(50 mM, pH 7.4). The concentration of H2O2 was 
determined by measuring absorption at 230 nm using a 
spectrophotometer. Synthetic compound (1 mM) in DMSO 
was added to H2O2 and absorbance was measured at 230 
nm after 10 min against a blank solution containing 
phosphate buffer without H2O2. The percentage inhibition 
of H2O2was calculated by formula,  
 

 −
= ⋅0 1

2
0

% inhibition (H O) 100
A A

A
 (3) 

 
where A0 is the absorbance of control and A1 is the 
absorbance of test sample. 

 

RESULTS AND DISCUSSION 

Chemistry 
In the current study, syntheses of novel α-cyano substi-
tuted bis-chalcones (3a−l) were accomplished by the 
Knoevenagel condensation of 3-cyanoacetyl indoles 2 with 
substituted 3-isophthalaldehyde in the presence of piperi-
dine in ethanol (Scheme 1). The starting compound, namely 
3-cyanoacetyl indoles 2 were synthesized in good yield 
from the reaction of substituted indoles 1 with cyanoacetic 
acid in presence of acetic anhydride using the method 
described in the literature with minor modifications.[19] The 
obtained crude products were purified by column chroma-
tography using silica gel mesh size, 100–200 and elution 
with 10 % ethyl acetate in hexane. The structures of target 
molecules were analyzed by IR, 1H NMR and MS spectro-
scopic techniques. 
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Biological Evaluation 
IN VITRO ANTICANCER ACTIVITY 

All the synthesized novel α-cyano substituted bis-chalcones 
(3a−l) were evaluated for their in vitro anticancer activity 
against human breast cancer cell line MCF-7 by employing 
the sulforhodamine B (SRB) assay method.[20] It is worth 
mentioning that most of the compounds were significantly 
cytotoxic against MCF-7 compared to the standard drug 
adriamycin, with the concentration of the drug that pro-
duced 50 % inhibition of cell growth (GI50). Three parame-
ters such as GI50, TGI and LC50 were determined during the 
screening process and the results summarized in Table 1.  
 Compound 3a, 3c and 3d exhibited potent activity 
(GI50 = 11.7, 15.3 and 17.9 µM, respectively) against the 
MCF-7 cell line which was almost as good as that of stand-
ard drug adriamycin (GI50 = < 0.1 µM).  On the other hand, 
all other α-cyano substituted bis-chalcones showed weak 
cytotoxicity (GI50 = 79.1 − >100 µM) against MCF-7 cell line. 
A comparison of the TGI and LC50 concentrations of the 
compounds with Adriamycin were also done. All the  
α-cyano substituted b is-chalcones3a−l were inactive (TGI 
and LC50 > 100 µM) like adriamycin against the MCF-7 cell 
line. 
 Many reported drugs impact the normal cell growth, 
which is a major disadvantage in the progress of anticancer 
drug development. Therefore, we have ensured the selec-
tivity of some active compounds by in vitro screening 
against the normal Vero Monkey cell line. This cellular level 
screening results help to reveal the safety profile of active 
compounds. The cytotoxicity study showed that the GI50 
values for 3a, 3c and 3d are 65.1, 70.6 and 55.3 µM, respec-
tively (Table 1). This novel α-cyano substituted bis-
chalcones showed moderate selectivity against cancer lines 
over normal cell line. 
 Structure activity relationship (SAR) study reveals 
that the presence of electron donating groups at 5-position 
of indole holds better anticancer potential over electron 
withdrawing groups. Compound 3a with no substitution at 
5-position of indole ring exhibited potent activity (GI50 = 
11.7 µM) against MCF-7 cell line. Considering the type of 

substitution, compounds 3c and 3d containing bromo and 
methoxy group at 5-position of indole ring exhibited 
significant activity (GI50 = 15.3 and 17.9 µM) against MCF-7 
cell line, however, decrease in activity was observed with 
cyano substitution. Comparing of GI50 values of 3a-d (GI50 = 
11.7, 47.2, 15. 3 and 17.9 µM, respectively) and 3g-j (GI50 = 
79.1 − >100 µM), we may presume that free NH of indole is 
essential for activity.  
 To confirm the effect α-cyano substituted chalcone 
and α-cyano substituted bis-chalcone on cytotoxic poten-
tial, we have prepared three simple α-cyano substituted 
chalcone analogues of compounds 3a, 3c and 3d by react-
ing suitable substituted 3-cyanoacetyl indole 2 with 3-(tri-
fluoromethyl)benzaldehyde by refluxing in ethanol with the 
presence of piperidine. Comparison of the GI50 values 
against MCF-7 cancer cell line of α-cyano substituted chal-
cone and α-cyano substituted bis-chalcone were done. Bis-
chalcone 3a, 3c and 3d having phenyl ring as a spacer have 
increased the cytotoxic potential over their α-cyano substi-
tuted mono-indolyl chalcone analogues (Figure 2). 
 

IN VITRO ANTIOXIDANT ACTIVITY 
The series of bis-chalcone (3a−l) were evaluated for their 
direct scavenging activity against a variety of reactive 
oxygen and nitrogen species such as 2,2-diphenyl-2-
picrylhydrazyl (DPPH), nitric oxide (NO) and superoxide 
(SOR), hydrogen peroxide (H2O2). Free radical scavenging 

 

Scheme 1. Synthesis of novel α-cyano substituted bis-chalcones. Reagents and conditions: i) CNCH2COOH, (CH3CO)2O, reflux;  
ii) piperidine, ethanol, 80 °C, 1−3 h. 
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Figure 2. Comparison of anticancer activity of bis-indolyl 
chalcones over mono-indolyl chalcones. 
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activity was measured in terms of percent inhibition by 
using reported procedure in literature and results are 
presented in Table 2. All the synthesized α-cyano 
substituted bis-chalcone have shown good to excellent 
scavenging activity against DPPH and NO radicals (Figure 3). 
The compounds 3d, 3a, 3c and 3b showed excellent DPPH 
free radical scavenging activity (51.09, 50.04, 46.90 and 
41.10 %, respectively) as compared to standard ascorbic 
acid (AA) (40.78 %). Remaining compounds 3e-l showed 
moderate to weak DPPH free radical scavenging activity 
(12.72−37.90 %). Compounds 3a−g showed excellent NO 
free radical scavenging activity (42.67−63.11 %) as 
compared to standard ascorbic acid (42.63 %). All other 
compounds 3h−l showed moderate NO free radical 
scavenging activity (34.43−41.30). Compound 3b exhibited 
excellent activity (88.08 %) against SOR radical as compared 
to standard ascorbic acid (87.05 %). All other compounds 
were moderate SOR scavengers (43.14–85.92 %). 
Compound 3f have shown excellent H2O2 radical 
scavenging activity (80.13 %), whereas all other compounds 
showed moderate activity (56.00−73.23 %). 

Table 1. In vitro anticancer screening of α-cyano substituted bis-chalcones (3a−l) against human breast cancer cell line MCF-7a 
and monkey normal kidney cell line Vero. 

 

 

 

Compound R1 R2 R3 
MCF-7 Vero (normal) 

LC50(b) TGI(c) GI50(d) LC50 TGI GI50 

3a H H H > 100 > 100 11.7 > 100 > 100 65.1 

3b H CH3 H > 100 > 100 47.2 > 100 > 100 > 100 

3c H H Br > 100 > 100 15.3 > 100 > 100 70.6 

3d H H OCH3 > 100 > 100 17.9 > 100 > 100 55.3 

3e H H CN > 100 > 100 > 100 > 100 > 100 > 100 

3f H H NO2 > 100 > 100 > 100 > 100 > 100 > 100 

3g CH3 H H > 100 > 100 > 100 > 100 > 100 95.2 

3h CH3 CH3 H > 100 > 100 79.1 > 100 > 100 > 100 

3i CH3 H Br > 100 > 100 > 100 > 100 > 100 > 100 

3j CH3 H OCH3 > 100 > 100 88.0 > 100 > 100 78.1 

3k CH3 H CN > 100 > 100 > 100 > 100 > 100 > 100 

3l CH3 H NO2 > 100 > 100 > 100 > 100 > 100 > 100 

Adriamycin    100 11.0 < 0.1 >100 10.0 < 0.1 
(a) Concentrations in µM. 
(b) Concentration of drug resulting in a 50 % reduction in the measured protein at the end of the drug treatment as compared to that at the beginning) calculated 

from [(Ti − Tz) / Tz] × 100 = −50. 
(c) Drug concentration resulting in total growth inhibition (TGI) will calculated from Ti = Tz. 
(d) Growth inhibition of 50% (GI50) calculated from [(Ti − Tz) / (C − Tz)] × 100 = 50. 

 
Table 2. In vitro antioxidant activity of curcumin analogues 
(3a−l). 

Entry 
% inhibition at 1 mM 

DPPH NO SOR H2O2 

3a 50.04 62.64 80.16 66.11 

3b 41.10 59.97 88.08 71.00 

3c 46.90 44.18 60.55 69.05 

3d 51.09 63.11 79.12 56.00 

3e 37.90 59.25 54.99 59.12 

3f 31.32 51.11 54.00 80.13 

3g 30.11 42.67 81.40 71.14 

3h 27.18 36.01 85.92 73.23 

3i 29.13 37.17 43.14 64.57 

3j 30.09 34.43 54.21 60.16 

3k 12.72 40.00 65.12 56.98 

3l 17.43 41.30 43.43 63.19 

AA 40.78 42.63 87.05 79.42 
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CONCLUSION 
We designed and synthesized a series of novel α-cyano 
substituted bis-indolyl chalcone derivatives and in vitro 
evaluated them for their cytotoxic potential against breast 
cancer (MCF-7) and normal Vero Monkey cell line. 
Compound 3a, 3c and 3d showed strong activity against 
breast cancer as good as adriamycin. In general, the 
presence of electron donating groups at 5-position of 
indole ring over electron donating groups and free NH of 
indole are essential for activity. Antioxidant potential of 
synthesized compounds was also evaluated and most of 
the compounds exhibited significant DPPH and NO radical 
scavenging activity. The present investigation has thus 
provided impetus for the design and development of 
potent bis-indolyl chalcone derivatives as anticancer leads. 
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ABSTRACT 

 
Soil micro-organisms such as bacteria and fungi play an important role in soil fertility and promoting plant 
health. Soil harbors most of our planet's undiscovered biodiversity. The present study highlights the status 
of the diversity of soil fungi from Nashik city and adjoining places of Nashik city, Maharashtra, India. Soil 
samples of two ecosystems viz. Agricultural field and Barren lands from 5 localities were investigated for 
the diversity of fungi. A total of 40 species belonging to 23 genera were isolated from both ecosystem types. 
The microflora was isolated using the soil dilution plate count method on Czapek’s Dox Agar medium 
supplemented with streptomycin. These fungi were diverse in their distribution and dominance. 
Identification and characterization of microflora were done with the help of available literature and 
manuals. The dominant genera recorded were Aspergillus and Fusarium. Potential pathogens like 
Rhizoctonia bataticola, Fusarium oxysporum, and Aspergillus flavus were also recorded during the 
investigation.

 
 

 
1. Introduction 

It has been recognized for a long time that the soil is a 
favorable medium for life and life activities. Many investigators 
have undertaken the study of the soil flora to either study the 
micro-organisms found in the soil or the activities carried out 
by certain micro-organisms (Abbott, 1923, Alexander, 1977, 
Burges, 1958, Subramanian, 1952, Warcup, 1950). Biological 
diversity is the variability among the living organisms found in 
all sources such as air, water, and soil. Soil is a major 
component of the earth's ecosystem which comprises organic 
matter and a large number of microorganisms. Many biological 
processes are carried out in the soil. Microorganisms in the soil 
are beneficial in increasing soil fertility and plant growth as 
they take part in various biogeochemical processes. They 
decompose organic matter from humus, release nutrients, 
assimilate soil carbon and fix organic nutrients (Aneja, 2001, 
Basu et. al., 2021). The mycologists became more concerned of 
diversity of fungi as they have gained immense importance 
during recent years. However, fungi still are ‘orphans’ and 
trailing behind in the biodiversity stakes (Hawksworth, 1997). 
The present study aims to isolate microflora from different 
agricultural fields and barren lands of Nashik city and its 
outskirts. The study involves the collection of soil samples, 
isolation, and identification of fungal species.  

2. Materials and Methods 

 

2.1 Study area 

Nashik is one of the fastest developing cities in the state of 
Maharashtra. It is situated on the banks of river Godavari and is 
popularly known as ‘The Wine Capital of India’. The study area 
lies on 20.00oN latitude and 73.78oE longitude which has an 
average elevation of 700 meters. The temperature ranges from 
11oC to 37oC and the annual rainfall is 812 mm. Type of soil 
found in the district is red soils and black cotton soils. Grapes, 
sugarcane, onion, tomato, wheat, etc. are the crops that are 
cultivated on a large scale.  

Table 1: Soil samples collected from different localities of 
Nashik 
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Sample 
No. 

Sampling 
location 

No. of 
samples 
collected 

Type of Ecosystem 

1 Anandwali 2 Agriculture field and 
Barren Land 

2 Chandshi 2 Agriculture field and 
Barren Land 

3 Nashik city 2 Agriculture field and 
Barren Land 

4 Nashik Road 2 Agriculture field and 
Barren Land 

5 Wadala 2 Agriculture field and 
Barren Land 
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Table 2: Percentage contribution of fungal species in different ecosystems of Nashik 
 

  
Sr. 
No. 
  

  
 

Name of Fungal species 
  

% Contribution 

Agriculture field Barren Land 

1 2 3 4 5 1 2 3 4 5 

1 Alternaria alternata - 8 - - - - 7.14 - - - 

2 Aspergillus carbonarius - 8 6.45 7.14 8 - 21.42 15 8.33 14.28 

3 Aspergillus flaviceps - - - - 4 - - - - - 

4 Aspergillus flavus 8.69 4 6.45 - 8 5.88 7.14 10 - 7.14 

5 Aspergillus fumigatus 4.34 4 - - - 5.88 - - - - 

6 Aspergillus nidulans - - 9.67 7.14 - - - 10 4.16 - 

7 Aspergillus niger 8.69 8 9.67 10.71 12 11.76 14.28 5 8.33 14.28 

8 Aspergillus petrakii - 4 - - - 5.88 7.14 - - - 

9 Aspergillus sclerotium 4.34 - - 3.57 - - - - 8.33 - 

10 Aspergillus sulphureus - - - - 4 - - - - - 

11 Aspergillus sydowii 8.69 - - - - 11.76 - - - - 

12 Aspergillus ustus 4.34 - - 3.57 8 - 7.14 - 4.16 7.14 

13 Aureobasidium pullans - - - 3.57 - - - - - - 

14 Biospora sp. - - 3.22 - - - - - 4.16 - 

15 Chaetomium globosum - 4 - - - - - - - - 

16 Cladosporium herbarum 8.69 - 6.45 7.14 - - - 10 4.16 - 

17 Curvularia lunata - 8 6.45 - 4 - 7.14 5 - - 

18 Fusarium moniliformae 8.69 4 6.45 - - 5.88 - 5 8.33 - 

19 Fusarium oxysporum 8.69 4 3.22 3.57 4 11.76 14.28 - - 7.14 

20 Fusarium rodlens - 4 - 3.57 - - - - - - 

21 Fusarium semitectum - - 3.22 7.14 - - - - - - 

22 Helminthosporium tetramera 4.34 - - - 8 - - - - - 

23 Mucor globosus - - 6.45 - 8 - - 10 8.33 7.14 

24 Mucor plumbeus - 4 - 7.14 8 11.76 - - 4.16 14.28 

25 Myrothecium roridium - - - 3.57 - - - - - - 

26 Neocosmospora vasinfecta - 8 - 7.14 - - 7.14 - 12.5 - 

27 Penicillium brefeldianum - - 3.22 - - - - - - - 

28 Penicillum funiculosum 4.34 4 6.45 7.14 - - - - 4.16 - 

29 Penicillum verrucosum - - 3.22 - - - - 5 - - 

30 Phoma eupyrena 4.34 4 3.22 - - - - - - - 

31 Phytophthora sp. - - - 7.14 - - - - 8.33 - 

32 Pithomyces sp. - - - 3.57 - - - - 8.33 - 

33 Rhizoctonia bataticola 4.34 - - - 4 - - 5 - - 

34 Rhizopus stolonifer 8.69 8 3.22 7.14 8 11.76 - 10 4.16 7.14 

35 Scedosporium sp. - - 6.45 - - - - 5 - - 

36 Thielavia terricola - - 6.45 - - - - 5 - - 

37 Torula herbarum - - - - 4 - - - - - 

38 Trichoderma herzianum - 4 - - - - 7.14 - - - 

39 Trichoderma viride 8.69 8 - - 8 11.76 - - - 21.42 

40 Zygorhynchus moelleri - - - - - 5.88 - - - - 
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2.2 Collection of Soil samples 

The soil samples were collected from the Nashik city and 
adjoining places of the city. These were Anandwali (1), 
Chandshi (2), Nashik city (3), Nashik Road (4), Wadala (5). 
From each locality 50 gm of soil sample was collected from a 
depth of 10-15 cms. The soil samples were collected from two 
ecological niches viz. the agricultural fields and barren lands. 
The collected soil samples were brought to the laboratory in 
sterile polythene bags and stored at 4˚C until further use. 

2.3 Isolation and identification of fungi 

The soil fungi were isolated by using the soil dilution plate 
count method (Subba Rao, 2004) on Czapek’s Dox Agar. 1 gm 
of soil sample was suspended in 200 ml of sterile autoclaved 
water. 1 ml of the microbial suspension was added to sterile 
Petri dishes upon which the Czapek's Dox Agar medium was  

 

added by pour plate method. The fungi were identified with the 
help of literature (Barnett, 1998, Gilman, 2001, Nagamani et. al., 
2006). 

2.4 Statistical analysis 

The number of colonies per plate in 1 gm of soil was 
calculated. The percentage contribution of each fungal species 
was calculated by using the following formula: 

Total no. of CFU of an individual sp.   X 100 
% Contribution =                        
                                  Total no. of CFU of all species 

*CFU- Colony-forming unit 

3. Results and Discussion 

Diversity is the variation in the life forms of plants, animals, 
and microorganisms. Fungi are the important components of the 

Table 3: Frequency of microflora in different ecosystems of Nashik 

Sr. 
No. 

Name of Fungal 
species 

Agriculture field % 
Contrib
ution 

Barren Land % 
Contrib
ution 1 2 3 4 5 Total 1 2 3 4 5 Total 

1 Alternaria  - 2  -  -  - 2 1.51  - 1  -  -  - 1 1.12 

2 Aspergillus 9 7 10 9 11 46 34.84 7 8 8 8 6 37 41.57 

3 Aureobasidium  -  -  - 1  - 1 0.75  -  -  -  -  - 0 0 

4 Biospora   -  - 1  -  - 1 0.75  -  -  - 1  - 1 1.12 

5 Chaetomium  - 1  -  -  - 1 0.75  -  -  -  -  - 0 0 

6 Cladosporium 2  - 2 2  - 6 4.54  -  - 2 1  - 3 3.37 

7 Curvularia  - 2 2  - 1 5 3.78  - 1 1  -  - 2 2.24 

8 Fusarium 4 3 4 4 1 16 12.12 3 2 1 2 1 9 10.11 

9 Helminthosporium 1  -  -  - 2 3 2.27  -  -  -  -  - 0 0 

10 Mucor  - 1 2 2 4 9 6.81 2  - 2 3 3 10 11.23 

11 Myrothecium  -  -  - 1  - 1 0.75  -  -  -  -  - 0 0 

12 Neocosmospora  - 2  - 2  - 4 3.03  - 1  - 3  - 4 4.49 

13 Penicillium 1 1 4 2  - 8 6.06  -  - 1 1  - 2 2.24 

14 Phoma  1 1 1  -  - 3 2.27  -  -  -  -  - 0 0 

15 Phytophthora  -  -  - 2  - 2 1.51  -  -  - 2  - 2 2.24 

16 Pithomyces   -  -  - 1  - 1 0.75  -  -  - 2  - 2 2.24 

17 Rhizoctonia 1  -  -  - 1 2 1.51  -  - 1  -  - 1 1.12 

18 Rhizopus  2 2 1 2 2 9 6.81 2  - 2 1 1 6 6.74 

19 Scedosporium  -  - 2  -  - 2 1.51  -  - 1  -  - 1 1.12 

20 Thielavia  -  - 2  -  - 2 1.51  -  - 1  -  - 1 1.12 

21 Torula   -  -  -  - 1 1 0.75  -  -  -  -  - 0 0 

22 Trichoderma 2 3  -  - 2 7 5.3 2 1  -  - 3 6 6.74 

23 Zygorhynchus  -  -  -  -  - 0 0 1  -  -  -  - 1 1.12 

  TOTAL 23 25 31 28 25 132   17 14 20 24 14 89   
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environment that have a significant role to play in the 
ecological processes (Chandrashekar, 2014). In the present 
study, a total of 221 fungal colonies were isolated from two 
ecosystem types viz. the agricultural fields and the barren 
lands. 40 species belonging to 23 genera were isolated from 
these sites of the localities under study (Table 1). Soil microbes 
play a very important role in biogeochemical processes which 
help to increase plant productivity (Aneja, 2001, Basu et. al., 
2021). Earlier studies indicate variations in the results. 
Maximum variation was observed in barren land soil, 65 
species belonging to 30 genera were isolated from barren land 
samples (Wahegaonkar, et. al., 2011). 162 fungal colonies of 10 
fungal species were isolated from agriculture fields in 
Nanjangud taluka (Chandrashekar, 2014). The soil microflora 
in the agricultural fields and barren lands were observed. The 
most common and dominant among them like Aspergillus 
(34.84 % and 41.57 % in the agriculture field and barren land 
respectively), Fusarium (12.12 % and 10.11 % respectively), 
Rhizopus (6.81 % and 6.74 % respectively), Mucor (6.81 % and 
10.11 % respectively) were isolated and characterized. Among 
others Alternaria (1.51 %), Cladosporium (4.54 %), Curvularia 
(3.78 %), Helminthosporium (2.27 %), Penicillium (6.06 %), 
Trichoderma (5.3 %) also contributed in the area (Table 3). 
Diversity was found to be higher in agricultural fields as 
compared to barren lands. The percentage contribution of each 
fungal species at different localities was analyzed statistically 
(Table 2). Aspergillus niger, A. nidulans, Fusarium oxysporum, 
Mucor plumbeus, Rhizopus stolonifer, and Trichoderma viride 
were the dominant species. The growth of other fungal species 
may have been prevented due to the toxins produced by 
Aspergillus species. 

 4. Conclusion 

The result of the survey indicates that the Nashik city is 
characterized by a large proportion of Ascomycotina members 
which are among the more diverse groups of fungi and the 
occurrence of other groups is relatively rare. The total number 
of fungal species recorded from the agriculture fields was 
significantly greater than the number of fungal species 
recorded from the barren lands. 

Acknowledgment 

The authors are thankful to The University Grants Commission 
(UGC), New Delhi for providing the financial assistance to carry 
out the research work under the Major Research Project 
scheme. 

Conflicts of interest 

The authors declare that there are no conflicts of interest. 

References 

Abbott, E.V. 1923. Occurrence and action of fungi in soil. Soil 
Sci., 16:207-216. 

Alexander, M. 1977. Introduction to Soil Microbiology, John 
Wiley & Sons, New York. 

Aneja, K.R. 2001. Biochemical activities of microorganisms, 
Experiments in Microbiology, Plant Pathology and Biotechnology, 
Newage International Publishers, 157-162. 

Barnett, H.L. and Hunter, B.B. 1972. Illustrated genera of 
Imperfect Fungi, 2nd edn., Burgess Pub. Company, Minnesota. 

Basu, S., Kumar, G., Chhabra, S., Prasad, R. 2021. New and future 
Developments in Microbial Biotechnology and Bioengineering; 
Phytomicrobiome for Sustainable Agriculture, 149-157. 

Burges, A. 1958. Microorganisms in the soil. Hutchinson 
University Library, London. 

Chandrashekar, M.A., Pai, S.K. and Raju, N.S. 2014. Fungal 
diversity of rhizosphere soils in different agriculture fields of 
Nanjangud taluk of Mysore district, Karnataka, India. Int. J. Curr. 
Microbiol. App. Sci, 3(5):559-566. 

Gilman, J.C. 1956-57. A Manual of soil fungi. 1st & 2nd ed. Iowa 
State University Press, Ame. Iowa. 

Hawksworth, D.L. 1997. Orphans in botanical diversity. Muelleria. 
10:111-123. 

Nagamani, A., I. K. Kunwar, C. Manoharachary 2006. Handbook of 
Soil Fungi.I. K. International Pvt. Ltd., New Delhi. 

Subba Rao, N.S. 2004. Soil Microbiology, Oxford & IBH, Publishing 
Co. Pvt. Ltd., New Delhi. 

Subramanian, C. V. 1952. Fungi isolated and recorded from 
Indian soils. Journal Madras Univ. 22 B:206-212. 

Wahegaonkar, N. Salunkhe, S. M., Palsingankar, P.L. and  Shinde, 
S.Y. 2011. Diversity of fungi from soils of Aurangabad, MS, India., 
Annals of Biological Research,  2(2):198-205. 

Warcup, J.H. 1950. The soil plate method for isolation of fungi 
from soil. Nature, London, 166:117-166. 

 

















Kala : The Journal of Indian Art History Congress 
ISSN : 0975-7945 

Volume-27, No.1(XIV) : 2021                                                                                                          139 

JANABAI: AN IGNORED FEMINIST WRITER 

 

Dr. Satish Govind Saykar Associate Professor Department of English Radhabai Kale Mahila 

Mahavidyalaya, Ahmednagar :; satishgsaykar@gmail.com 

 

Abstract: 

 Up to the present time, we have read and discussed a lot on the Western feminism in the light of 

the texts such as A Vindication of the Rights of Woman (1792) by Mary Wollstonecraft, Virginia 

Woolf’s  A Room of One's Own (1929) or Simone de Beauvoir’s The Second Sex (1949); but 

consciously the feminist critics have ignored the contribution of Indian feminist writers and critics. With 

the publication of Edward Said’s Orientalism(1978) and Culture and Imperialism (1993) or Gayatri 

Chakravorty Spivak’s  ‘Can the Subaltern Speak?’ (1985), many feminists started rereading of literature 

from the feminist perspective. The present paper attempts to focus on Janabai’s feminism through her 

revolt against the tradition, society and culture which is present in her works. Janabai makes the God to 

become woman and thereby asserting her superiority over the men and when she considers Him as her 

friend and supporter or she abuses Him, she talks of equality of both the sexes.  

Keywords: Varkari, equality, feminism, marginalization 

 

 Saint Janabai belongs to the tradition of Varkari saint poets, the most influential bhakti sect 

among the Marathi-speaking people, in the way that T. S. Eliot expects in his essay  ‘Tradition and 

Individual Talent’ (1919) that the writer to adhere to the tradition and contribute to the tradition with the 

help of one’s talent. Being born in a poor family, she was handed over to Dama Shetty, the father of 

Saint Namdev, in whose house she was supposed to work as domestic servant. The Varkari sect believes 

in equality of all religions, castes, sects and sexes; but being a servant or dasi , she had to do never 

ending household work at home and she had to undergo the hard experiences of being a woman in the 

sense Gilles Deleuze and Felix Guattari defined in  A Thousand Plateaus:  Capitalism and 

Schizophrenia the term ‘becoming woman’ as ‘becoming minor.’ According to them, in the patriarchal 

society, man gets all the rights and the woman continuously undergoes the torture, exploitation and 

marginalization. The hardships of being a woman and the work burden at home finds fine expression in 

Janabai’s writing whereby she rises as one of the leading Indian feminist writer who revolt the 

traditional views and assert the plight of women. 

 Like Saint Meera, Saint Janabai considers the God Vithoba as her friend, lover, supporter and a 

constant helpmate in her regular domestic work. She is very naïve that she considers that it is God 

Vithhal who helps her in carrying and heating the bath water, sweeping the courtyard and scratching her 

head when the lice bite her. Her belief was in work like Saint Savata Mali who used to find the God in 

all the living and non-living objects around him. Her poetry is sensitive which describes the everyday 

life of ordinary women consisting of both the joys and strains at the same time. She loves the God by 

heart and wants to be one with Him. She tries to be a free bird by becoming one with the God. It means 

that she rejects her identity as a common woman or dasi by becoming one with the God. Once she 

becomes one with God, she becomes powerful in all ways and has no any restrictions of the family, 

society or religion. Her poetry depicts her journey from the slavery to freedom and margin to the centre. 

Vidyut Bhagwat wisely points out in her article ‘Marathi Literature as a Source for Contemporary 

Feminism’ that her poetry is “full of references to the hard chores which she had to perform, which 

deprived her of the space necessary for a dialogue with her own emancipatory God.” (Bhagwat, 

1995:26) 

 The women were considered secondary to men due to the patriarchal family system as a result of 

which the women were marginalized in family, society and religion. No doubt, the marginalization was 

mailto:satishgsaykar@gmail.com
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not based on merit; but on the sex which reminds us of Simone de Beauvoir’s famous sentence that says 

‘One is not born, but rather becomes, a woman’ which means a woman’s attitude towards her body and 

bodily functions changes over the years due to the influence of family, society and religion. Even the 

Varkari sect was not an exception to it.  She had some limitations in her worship to God; but her belief 

in God was not flexible.  She loved the God by heart. Whenever she was in work, she used to utter the 

name of God. She writes about herself: 

Whether grain grinding or pounding; Your name, Oh Infinite, I am chanting. 

Your name is with me constantly; Not forgetting it even momentarily. 

My only perennial occupation; Is Almighty’s name recitation. 

My mother, father, brother, sister; You are, O Sudarshan Chakra holder. 

On your feet is focused my attention; So says Sant Namdeo’s handmaden.     

      (m.facebook.com) 

 

 As a woman, she was not supposed to use Veena. Even, she was not free from the restrictions of 

the society specially designed for women. But, she revolts against the traditions where she threatens the 

God by saying that she, having her pallav down to her shoulder, will enter the crowded marketplace. 

I will let my saree slip 

 from my head to the shoulders 

 Hold my head high and walk 

 into the market-place 

 Taking cymbals in hand and veena on 

 shoulder 1 will go 

 Let me see who forbids me 

 I have opened a shop in Pandharpur 

 put oil on my wrist now 

 Jam declares herself a prostitute 

 Leaving you O God, this ‘home’ (Bhagwat, 1995:26) 

 Her worship of God Vithoba and the poetry she sang in praise of Him became the cause for 

jealousy against her. She was triple marginalized in the Spivak sense in ‘Can the Subaltern Speak’?. 

First, she was born in a low caste family. Secondly, she was an orphan  and finally she was a woman. 

One can imagine about the status of a low caste woman working as dasi. She was not allowed to 

worship the God because she was dasi and had never-ending work to do. She was victimized at two 

levels. First, the patriarchal system had restricted her life for she was born a woman; even, the Varkari 

sect did not allow her to shoulder Veena. She was revolutionary by nature. She decided to fight against 

the customs and traditions as a result of which she let her pallav fall on the shoulder when every woman 

was forced to hide their heads under their pallavas. The falling of pallav on the shoulder was not at 

home; but in the marketplace which shows how determined she was to fight against the traditions. 

Secondly, Veena was not allowed to women; but she took it upon her shoulder and wandered in the 

main peth in Pandharpur. She considers the God Vithoba as her soulmate or her life partner like Saint 

Meera who thought of God Krishn as her husband. 

 It is uncommon that we find here in Janabai’s Abhanga that she expresses what is inexpressible. 

It was a time when (and now also) woman could assert of becoming a slut by wandering in the 

marketplace having Cymbals in hand and veena upon  her shoulder for the sake of even God. She does 

not fear of what the people will say about her which shows her love for God. She is so involved in 

God Vithoba that she felt His presence around her like Savata Mali who considered his well, bullocks, 

string, vegetables and everything, living and nonliving, as the various forms of God. She thinks that the 
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God helps her in performing her duties such as sweeping the floor, collecting the dirt, casting it away. 

She is indebted to Him for the favour He had done to her. She writes: 

Jani sweeps the floor, The Lord collects the dirt, 

Carries it upon  His head, And casts it away. 

Won over by devotion, The Lord does lowly chores! 

Says Jani to Vithoba, How shall I pay your debt?  (Tr.Vilas Sarang) 

 As she looks at the God Vithoba in a way which shows her feminine sensibility. Feminization of 

male is also a way of the feminists. In the process of feminization she considers the God as mother of all 

the saints. Like a loving mother, the God accompanies his children. In this regard, Saint Janabai writes:  

 

My Vitthal has many children 

with him is a merry crowd. 

Nivritti rides on his shoulder 

he holds Sopan by the hand. 

Dnyaneshwar walks in front 

beautiful Mukta close behind 

Gora the potter rides his hip   

Cokha is in his very heart 

Vunka [Banka?] clings to his waist 

Nama holds his smallest finger 

Jani says, Oh Gopala, 

it is a festival of your dear ones. (Zelliot 80) 

 If we look at the description of God having one on the shoulder, one aside, the other walking in 

front, one behind, the next on the hip, the other clinging to his waist and so on shows Him in the 

feminine form. By showing the God in feminine form, she revolts against the patriarchy. It can be 

considered as her wish to womanize the world or the quest for the matriarchal system where woman is at 

the centre and others are at margin. With the rise of patriarchal system, the woman lost her importance at 

home and society and she was marginalized. The process of marginalization of women was the result of 

Manusmriti that formed the laws for the behavior of women. The right of woman over her own body 

was taken away and it was told her that her body belongs to her would be husband and it is her duty to 

keep the purity of her body to be seduced by her husband after marriage. Due to the patriarchal system, 

she had no right of inheritance in her father’s property and her body was the sole property of her 

husband. It means that she belonged to nowhere and she had no rights at all. By womanizing the God, 

she had tried to increase the importance of women. 

 On the other level, she might have thought that if she considers the God as a mother, He will be 

caring and loving her continuously because mother stands for the Creator, nurturer or goddess. She 

writes:  

As a kite roams in the sky  

And still thinks of its young ones 

 Or as a mother is trapped in the household work 

 And yet longs for a child  

Or as a female monkey climbs from tree to tree  

And yet clasps its young ones  

So is mother Vithoba to us. Says a Jani.  (Bhagwat  26) 

 

 By making the mother-daughter relationship between her and the God, she tries to be one with 

God. All her actions result due to the influence of God upon her. She writes: 
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Of God my meat and drink I make, 

 God is the bed on which I lie. 

God is whate’er I give or take; 

 God’s constant fellowship have I 

For God is here and God is there,- 

 No place that empty is of him. 

Yea, lady Vitha, I declare,  

 I fill the world up to the brim. 

    (www.southasiaarchive.com) 

 

 Saint Janabai becomes free to abuse the God by making Him her supporter, companion, mother 

or lover. By womanizing the God, she enjoys the status of equality. When she attains equality with God, 

she becomes superior to all men because they are inferior to God. She gets this superiority status not to 

overpower others but to enjoy her own rights. Though she rebelled against the tradition and asserted her 

identity, she is not recognized for her contribution to feminism, neither Eastern nor the Western. Though 

her Abhangas have the power to transform the society and make it ready to revolt against the ill 

traditions which had marginalized the women for ages. Her Abhangas are not even taken for 

explanations in Kirtanas by various groups of Varkaris. Even the translators have closed their eyes and 

not taken her Abhangas for translation as a result of which she remains an ignored feminist. 
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Abstract 

Feminism has a long tradition in India in general and Maharashtra in particular. The work done by 
Mahatma Jotiba Phule and Savitribai Phule by following the ideals of Chhatrapati Shivaji Maharaj and 
Rajmata Jijau to educate the women to reform the society initiated feminism in literature and Tarabai 
Shinde, Mukta Salve, Bahinabai Chaudhari and other anonymous women writers have tried their level best 
to state the suppression, oppression, marginalization that women have to undergo. The present paper 
depicts the life and sufferings of widows with the help of the women's narratives. The selected two essays 
are reprinted by Baba Padmanji as an appendices to his Novel Yamuna Paryatan (Yamuna Journey). The 
novel is sub titled as "An Elucidation of the Condition of Widows in India." He asserts that "there can be 

no substitute for a description of women's woes and anxieties made by women themselves.' The true value 

of his Novel, Baba Padmanji thinks, would have been heightened a hundred times if it had been written by 

an educated Yamuna on her own. The present essay deals with the merciless treatment of widows and the 

movement for widow remarriage. Women's narratives often depict her life as a problem and advocate the 
need for her independence and the women's education like Savitribai Phule who was of the opinion that 
education transforms a person into a human being. The selected essays provide a vibrant sense of what 

women went through and how the horrors were caused on widows. 
In the patriarchal society, a woman has to sacrifice her life for the family, culture and Society; but 

she is not treated as a human being. She always remains an obedient daughter, a devoted wife and a caring 
mother. The condition of women is depicted in her poem by Sughra Humayun Mirza, an Urdu poetess. She 
highlights that nobody cares for her. Her life is so trivial that nobody sheds tears even after her death. 
Throughout her life she is ignored. Nobody takes notice of her work, devotion and sacrifice. It is always a 
woman's unfulfilled desire that her work should be recognised. She writes:My last wish is this, that those 
who care for me,May strew a few flowers on my grave when I am gone. (Sughra, 380) 

The first essay entitled 'A speech made by a woman at a women's meeting organised by 
Prarthana Samaj, Bombay' is a speech read by a woman at the meeting of women organised by the 
Prarthana Samaj, and was published in the Subodh Patrika of 7th August 1881. The speech begins: 
See how terrible is this cusiom of not allowing widows to remarry. Women have to suffer great misery 
because of this. Besides, incidents like infanticide are extremely common, for widows are tremendously
scared of the social stigma. (1881:357)The woman speaks so efficiently and still feels that she is not 

experienced enough to talk on all the mi 
seen or experienced about the miseries of the Hindu women is all about a drop in the sea. First, she talks 

about the widow who is considered to be an inauspicious and polluting. To see the face ofa window in the 

morning is considered as an ill omen. She is not allowed to walk around in the house and is considered a 

thing and not a human being: "So the poor thing is forbidden walk around in the house."(1881:357)When 

any woman loses her husband, her hairs are shaved off and widowhood becomes her only identity forever 

though she is fifteen years old. She has to live all her life in despair due to many limitations and 

restrictions. She cannot wear pretty saris or ornaments. Neither she can mix with other people nor can she 

attend the religious ceremonies. And she has to leave all her life sitting in a corner. Even her parents 

consider her like a grit in the eye. They say: "Why was this wicked girl born in the first place? Andif she 
was born, why didn't she die after birth? If our son-in-law had been alive, we would have given him our 

second daughter."(1881:357) 

of the Hindu women. It means she thinks that what she had 

What a woman can do when her own parents wish her to die and their son in law to be alive. 

"Why was I ever born? What's the point of being alive? I'm not yet fifteen- and look at what a terrible 

condition I am in! No good clothes to wear, no mixing with people, no permission even to talk with 

anyone! Even my parents hate. People frown when they see me. What's the point of having been 

born "2(1881:357)This is not enough but she has to endure many more hardships. No one can cover al 
those hardships in a single piece of writing. The speaker throws light on the difference between male and 
female. If the man's first wife dies, he can marry the second and if she also dies, he can marry the third 

one. He is free to eat, drink., laugh and enjoy every pleasure: but the unfortunate widow is not allowed even 

one of them. The woman speaker questions: 
"When God created them, he created them as equals. Can it be called God's justice that one is allowed 

every freedom while the other is forbidden to have any? This great injustice is really a result of the 

1gnorance of our people." (1881:358)Like a great reformist, she advises the women to help the women as 

1 
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will be a positive change for 

much as one can. She assures that if widow remarriage takes place, there will be a positive 

are married 
women. She asks to encourage the widows for remarriage. She points out that the young girle . 

ave the custom of wide 
to old men which results in the increasing number of young widows. If we haave 

And nost important is not to create any problem for widows. "The plight of Hindu widows as deseri 

widow herself is an essay that was published in The Gospel in All Lands in April 1889. The an 

essayist begins her essay: "And since ours is a well-to- do, why, even wealthy caste, our regulations in s 

regard are extremely strict." (359) She refers to four major castes among the Hindus out of which she 

remarriage, the number of young widows will go down and there will be several other advanta 

ribed 
dow 

by a 

onym 

born in Kuvastha family which is the third in the hierarchy and more infamous for its ill-treatmenaf widows. She accepts the fact that widows are suffered anywhere, but states that the customs of K 

are very terible if compared with other castes. When her husband dies, the wife is tortured severe 
tells an experience that she had before she became a widow. She was participated in funeral procession 

was 3 o'clock in the summer aftemoon when the people reached after completing all the funeral ri 
People who were on the way used to take regular intervals for water and rest. But the poor widow codl 
not ask for water fearing to loose her honour. The women surrounded her did not feel pity for her. At th 
end she became unconscious but still the torch event on. They dragged her throughout the road and kent nagging at her by saying: " Are you only widow in the world? What's the point of weeping now! You 

husband is gone forever!" (360) When the woman did not have the strength to crawl, they tied her up into a bundle as if of rags and then dragged her off. She was one of the close relatives of the writer but no one dare to help her. One woman somehow manages to bring 1 glass of water for her. When the widow saw her, she ran to her like a beast and drinks the water. Then she fell at the feet of the woman who had given her the water and said: "Sister, l'll never forget what you have done for me. You are like a god to me. You have given my life back to me. But please go away quickly. If anybody comes to know of what you have done, both of us will have to pay for it. I, at least, will not let this out."(360))The Torture of a widow continues in many ways. She has to only once a day for a year after her husband's death. Many a times she has to keep fast completely on several days. Once she is back from the funeral of her husband, nobodyvisits her apart from the barber women. She has to stick her up in the corner. On writing of the condition of widows in general, she writes: "Oh, cruel corner, all of us widows know you so thoroughly well. And we 
never remember you unless we are grieved."(361)

She 

A widow is like a living corpse. She has no rights in the home. All her relatives torture her. Even her mother says her as 'a mean creature'. (361) Her mother-in-law opines that the widow is a horrible snake who bit to her son and killed him. Her sister in law says: "I will not cast even a glance at this luckless, ill- 
fated creature! I will not even speak a word to her." (361) The widow is taken as responsible for the death 
of her husband. Her relatives say: "What a shameless woman! How callous! She cries because she wants a 
husband." (361) The writer considers it as an unendurable situation that no one can understand how painful it is unless she experiences it.On the eleventh and thirteenth day, the Brahmin comes to demand 
money, oil or many other things. If the widow is unable she has to promise that she will pay immediately. Sometimes the widow has to work as servant doing the household jobs to earn money to pay the Brahmins their dues. Even the barber women also demand money from the widow. The writer clearly the condition of women in general. She writes: "Thus, there is nothing in our fate but suffering from birth to deatn. When our husbands are alive, we are there slaves; when they die, our fate is even worse." (361) After s weeks she is given the same clothes that she wore when she became widow. She frightens to see those 
clothes again as if she had been widowed again. The widowed life ofa woman consists of beating, tortu and harassment and she needs to depend on others. In kayastha, a woman has neither a right to inhernt father's property nor does she get her husband's property. The marginalization is extreme in case widows though it is a matter of her death. The writer observes: Ifa woman dies when her husband is still alive, her body is decorated with ornaments and new clothes then cremated. But when a widow dies, her body is just wrapped up in plain white cloth and cremateu reasoned that if a widow goes to the other world in ornaments and new clothes, her husband will not a her there.(362-363) 

and 
It is 

Many women prefer to die before the death of their husbands. Some women commit de after 

ol 
the death of husband to avoid the dishonor and torture of widowhood. The writer comment on the custom of sati and asserts that many women who could have died a cruel but quick dean are husbands died now have to face an agonizingly slow death.To conclude it can be said that tne eThe 

their 

alive. 
f life 

death of the husband brings torture, marginalization, suffering, sorrow and unhappiness nd the 

marginalized because of their sex and have to live a life of slavery when their husbands ar 
widow. Both the life and death of husband decorate their life with torture, harass1nent, ag 

2 



'Akshar Wangmay' UGC C'are lListed, International Rescarch Journal 1SSN: 2229-4929, October 2021 

Issue-IV. Volume-l 

women have to bear the pangs of death throughout their death. The social custonns of child marriage and 
ban on widow renariage are responsible for the worsening condition of women. Widows should be 
supported by the family members and society and their exploitation in the name of religion and customs be 
stopped. Then and then only in the words of Balhinabai Chaudhari "but the wrists can still/ wrestle with 
fate "(Balhinabai Chaudhri. 355) 
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Personality Characteristics of Violent Young Adults in               

Romantic Relations 

Anushka J.1*, Ezaz S.2 

ABSTRACT 

The present study was intended to find out the levels of personality characteristics in among 

young adults in romantic relations. A sample of 222 young adults (N=116 Males and N=106 

Females) were selected for the purposive sampling technique. Through the online survey two 

questionnaires were described to young adults aged between 18 to 25 years. NEOFFI, Paul T. 

Costa., et al, including 30 items was used to determine the personality characteristics. among 

young adults in romantic relations. CADRI, Wolfe et al,.2000 (Conflict in dating 

relationships) 46 item scale was to determine the effect of personality characteristics among 

young adults involved in dating relationships. Descriptive Statistics and Pearson Product 

moment correlation was done. According to Pearson product moment, it was found that there 

is no correlation between personality characteristics of violent young adults and their 

romantic relationship. The null hypothesis was accepted indicating that there is no significant 

relationship between personality characteristics of violent young adults and their romantic 

relationships. 

Keywords: Personality Characteristics, Romantic relationships, Young Adults 

dolescence and young adulthood are identified by important changes in personality, 

changes in their behaviour and physical outfit and the creation of intimate 

relationships. We examined the role of personality traits which may affect to the 

violent behaviour of young adults and what are the types of personality traits which are 

effecting aggression and violence in the romantic relationships of young adults. 

 

Overall, the current study provides important perception into the role of personality. The 

study of conflict in violent partner in relationship has supportably directed on violence 

carrying out on neurotism personality who does violence towards there partner, but current 

study of research suggests that, at least in minor couples, the difference between genders is 

shrinking or even reversing. The objective of this study is to analyze the personality traits of 

adolescents who are violent towards their partners. The main objectives of this research are 

to study the fact of aggressive behaviours against their partner of young adults according to 
gender of personality. To recognize the differential personality variables of male and female. 
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To find which personality trait estimate violence against the partner male or female. 

Personality characteristics was measured by 60 item scale of NEOFFI-3 in which we 

included only two personality traits i.e., extroversion and neuroticism and violence of 

adolescence and young adults was measured by Conflict in adolescence dating relationship 
inventory. Result There is slightly relation between personality traits and violence behaviour 

in adolescence and young adults. Due to their personality traits adolescence are getting 

violent toward their romantic relationship. But in the current research it is proof that there is 

no relation between personality traits and violent behaviour in young adults. 

 

Violent Behavior- The violent behavior of adolescents towards their romantic partners 

which involves action like verbal abuse, physical abuse, self-harm etc. are considered as 

violent behavior of adolescence. Violent behaviour is any behaviour by means of a man or 

woman that threatens or surely harms or injures the character or others or destroys assets. 

Violent behaviour frequently starts with verbal threats however over time escalates to 

involve physical harm. There are some things that can make someone much more likely to 

be violent. The three aggression types comprised reactive-expressive (i.e., verbal and 

physical aggression), reactive-inexpressive (e.g., hostility), and proactive-relational 

aggression (i.e., aggression that can break human relationships, for instance, by circulating 

malicious rumours). 

 

Personality Traits- Personality traits are a characteristics/behavior of a person which is 

consistent and stable, the nature which is stable and constant is known as personality traits. 

personality developments mirror people's characteristic styles of thoughts, feelings, and 

behaviors. Character tendencies suggest consistency and balance someone who scores high 

on a selected trait like Extraversion is predicted to be sociable in exceptional situations and 

over time. Personality embraces moods, attitudes, and opinions and is most clearly 

expressed in interactions with other people. 

 
METHODOLOGY  

Purposive sampling method using descriptive statistics was used to determine the 

relationship between the personality characteristics among violent young adults and their 

romantic relationship. The key variable targeted in this investigation is; personality 

characteristics among violent young adults and their romantic relationship. The target 

population is; young adults in romantic relationships. 

 

Objectives 
• To understand the level of the personality characteristics among violent young adults 

and their romantic relationships. 

• To understand the relationship of personality characteristics and violent young adults 

romantic relationships. 

 
Hypothesis 
1. Null hypothesis  There is no relation between personality traits and violent behaviour 

of partner. 

2. Alternative - There is relation between personality traits and violent behaviour of 

partner. 
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Research Design  

The study has used correlation 

To find out the relationship of personality characteristics and violent young adults romantic 

relationships. 
 

Participants 
The subject should be an adolescent or adult ie age 15-25 yrs. And should be involved in a 

romantic relationship. The collection of data was from 115 individuals by 

Judgmental/purposive sampling design. The research was online survey process in which 

they have to fill online questionnaires which were through Google form. 

 

Data Collection Tools 

• 60 items NEO FFI-3 

• Conflict in dating relationships inventory scale. 

 

Procedure 
Adolescence and young adulthood are identified by important changes in personality, 

changes in their behaviour and physical outfit and the creation of intimate relationships. We 

examined the role of personality traits which may affect to the violent behaviour of young 

adults and what are the types of personality traits which are effecting aggression and 

violence in the romantic relationships of young adults. Data was collected from 115 college 

students and school going students (age 15 -25 yrs.) The method of data collection was 

online. And total 115 people responded to the survey.  

 
RESULT 

There is no significant relationship between personality characteristics and violent young 

adults romantic relationships. 

The result shown accepts the null hypothesis and disproves the alternative hypothesis. 
 

Descriptive Statistic  

Table 1. Mean and Standard deviation of obtained sample 

 

Table 2. Correlation between Personality Characteristic (Neuroticism and Extroversion) 

and partner (violent young adults in romantic relationship) 

Correlations  

 Neurotic Extroversion partner  

Neurotism 

Pearson Correlation 1 -.066 .332** 

Sig. (2-tailed)  .481 .000 

N 115 115 115 

Extroversion 

Pearson Correlation -.066 1 -.012 

Sig. (2-tailed) .481  .897 

N 115 115 115 

Partner 

Pearson Correlation .332** -.012 1 

Sig. (2-tailed) .000 .897  

N 115 115 115 

**. Correlation is significant at the 0.01 level (2-tailed). 

Descriptive Statistics 

 Mean Std. Deviation N 

Neurotism 25.4696 6.03691 115 

Extroversion 27.9130 6.78823 115 

Partner 12.3652 10.37992 115 
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DISCUSSION 

Personality characteristics of violent young adults in romantic relationship. The data was 

collected from 15 to 25 yrs age group students through online survey method.115 

participants were participated in this research, in which female- 58 and males-57 age group 
from 15 to 25 yrs. This research is based on personality traits and which personality trait 

affects for aggression in adolescence and young adults, there are total 5 perosnality traits ie. 

Extroversion, neurotisum, concesicensencness, agreeableness and openness. In this trait I 

have chosen only 2 personality traits i.e., extroversion and neurotisum, which may affect the 

violent behaviour of young adults towards there partner. And as shown in the graph proofs 

that people with extrovert personality are not involved in violent behaviour as compared to 

neurotisum people, so the result is slightly significant to the other results. So, the result 

proofs that there is no relation between personality traits and violent behaviour towards their 

partner. The research is not link with other researchers and null hypothesis was proved that 

is there is no relation between neutrostic personality trait and their aggression towards 

partner. The correlation between neurotisum and extroversion was -.066, neurotism and 

violent partners correlation was .332**. The significance of the result was 0.01 so it proves 

that there is no relation between personality traits and violent young adults in relation. 

 

CONCLUSION 

The result shown in this survey rejects the alternative hypothesis and proofs null hypothesis 

as, there is no relation between personality characteristics and violent behaviour in 

adolescence and young adults. 

 

Implication 
• According to the findings, it was seen that the null hypothesis is accepted  

• The result concludes that there is no correlation between personality characteristics 

and violent young adults in romantic relationship. 

 
Limitation 

• The study was limited to 15 to 25 yrs. age group people and Geographical condition 

was also under control. 

• Temperature is one of the limits because we can’t control the temperature of the 

atmosphere.  

• Lack of time. 

• Geographical area is under limitation. 
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ABSTRACT 

शारीररक हालचालींच्या माध्यमातून ददले जाणारे शशक्षण म्हणजे शारीररक शशक्षण होय. प्रस्ताववत 
अभ्यासातून संशोधकाने पुणे जजल्ह्यातील प्राथशमक शालेय शारीररक शशक्षण शशक्षकांच्या अध्यापन 
संसाधन गरजांच्या ववश्लेषणाचा अभ्यास केला आहे. संशोधनासाठी पुणे जजल्ह्यातील महाराष्र राज्य 
प्राथशमक शशक्षण अभ्यासक्रमानुसार चालणाऱ् या शाळेतील इयत्ता ५ वी ला शारीररक शशक्षण अध्यापन 
करणाऱ्या ५० शारीररक शशक्षण शशक्षकांची सहेतुक न्यादशव पद्धतीने ननवड केली. टेशलफोननक 
मुलाखत या संशोधन साधनाचा वापर करून मादहती गोळा करण्यात आली.प्रस्तुत सशंोधनाच्या 
ननष्कषाववरून असे समजल े की, शारीररक शशक्षण शशक्षकानंा स्नायूचंा दमदारपणा, ददशाशभमुखता, 
स्थानातंरणीय हालचाल कौशल्य, उभे राहून योगासन,े मनोरंजातमक खेळ, एरोत्रबक्स आणण कबड्डी 
या शारीररक शशक्षण घटकावंर शारीररक शशक्षण अध्यापन संसाधन (जदहडडओ) जास्त आवश्यक आहे. 
महत्िाच्या सांज्ञा – शारीररक शशक्षण, शारीररक शशक्षण अध्यापन घटक. 

प्रस्तािना  

शालेय जीवनात ववद्यार्थयाांना अनके शकै्षणणक 

ववषयांच ेअध्यापन केल ेजाते. तयामध्ये ववववध भाषा, ववज्ञान, 
गणणत,, समाजशास्त्र आणण इतर ववषयाचंा समावशे असतो. 
प्रतयके ववषयाच े अध्यापन करण्यासाठी स्वततं्र शशक्षकाची 
नेमणूक केलेली असते. ववषयाचंे अध्यापन तया तया ववषयानसुार 
अध्यापन कौशल्य वापरून केल े जात.े शाळेमध्य े शैक्षणणक 
ववषयांबरोबर ववद्यार्थयाांच्या कलागुणांना वाव शमळण्यासाठी 
संगीत, चचत्रकला आणण शारीररक शशक्षण हे ववषय असतात. 
शारीररक शशक्षण आता फक्त स्नायू संस्थचेा ववकास ककंवा 
बालसंवधवन करावयाचे इतकेच ध्यये नसून शरीर, मन व बुद्धी 
यांच्या माध्यमातनू बोधातमक, भावनातमक, कक्रया कौशल्यातमक 
व सामाजजक क्षते्रांद्वारे सवाांगीण ववकास घडववणे हे देखील 
आहे. शारीररक हालचालींच्या माध्यमातनू ददले जाणारे शशक्षण 
म्हणजे शारीररक शशक्षण होय. शरीर कक्रयांमधनू शरीर मजबतू 
करणे, शरीर ननकोप ठेवणे, नागररकतवाच्या गुणाचंा ववकास 
करणे, आतमसंरक्षणास, राष्रसवेेस व संरक्षणास शरीर लायक 
करणे इतयादी शारीरीक शशक्षणाची काही प्रमुख उद्धीष्ट्य े
आहेत. शारीररक शशक्षण कायवक्रम ववद्यार्थयावना 
ववकासातमकररतया योग्य उपक्रमात सहभागी होण्यास अनुमती 
देतो, सहकारी वतवन अचधक मजबूत आणण ववकशसत करणे 

आणण ववद्याथाांना जीवनभर सुदृढता लक्ष्य स्थावपत करण्यासाठी 
शशकवतो. नॅशनल असोशसएशन फॉर स्पोटव अँड कफजजकल 
एज्युकेशन यांच्या मते शारीररकदृष्ट् या सुशशक्षक्षत दयक्ती हा 
शारीररकदृष्ट् या तंदरुुस्त, ननयशमतपणे शारीररक हालचालीमंध्य े
सहभागी होणारा, शारीररक उपक्रमांच्या सहभागाच े फायदे व 
पररणाम मादहती असणारा, शारीररक उपक्रमाचं े मुली व 
आरोग्यपूणव जीवनशैलीत तयाचंे योगदान असणारा आणण ववववध 
शारीररक उपक्रम करण्यासाठी आवश्यक कौशल्य शशकलेला 
असणारा असतो. शालये जीवनात शारीररक शशक्षण हे एक 
प्रकारच े मनोरंजन आणण स्वास्र्थय गाठण्यासाठी शारीररक 
शशक्षणातील हालचाली, चचतंा आणण मुलानंा येणारी काळजी दरू 
करण्यासाठी असते. शारीररक शशक्षणामध्ये ववद्यार्थयाांना वववीध 
प्रकारच ेखळे, मनोरंजनातमक उपक्रम, शारीररक उपक्रम आणण 
आरोग्य शशक्षणाचे अध्यापन केले जात.े शारीररक शशक्षणाची 
सुरुवात दह शालेय जीवनातच चांगली झाली तर पुढे जाऊन 
तयाचा चांगला फायदा होतो. जर शालये जीवनात शारीररक 
शशक्षणाच ेअध्यापन चांगले झाले तर भववष्यात सुदृढ नागररक 
तयार होतील. खळेामध्य े उच्च कायवमान करावयाच ेअसेल तर 
प्राथशमक हालचाली व सुदृढता चागली असणे आवश्यक असते. 
शालये अभ्यासक्रमात शारीररक शशक्षण हा एक अववभाज्य घटक 
आहे तयाचे अध्यापन योग्य पद्धतीने झाल्यास ववद्याथी 
सवोतोपरी पररपूणव म्हणून गणला जातो.  
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ववववध उपक्रम व खेळातनू मनोरंजनास संधी देणे, ननयशमत 
दयायामाच े महत्त्व पटवणे व प्रवतृ्त करणे, शारीररक सुदृढता 
ववकशसत करणे व दटकवणे, कारक व क्रीडा कौशल्याचंे उपयोजन 
करण्याची जाणीव ननमावण करणे. क्रीडाकौशल्य ववकशसत 
करण्यासाठी आंतररक उजाव वापरण्याची जाणीव ननमावण करणे, 
संघशक्तीचे महत्त्व जाणून उपयोजनास संधी देणे, एकाग्रता व 
मानशसक शांतता शमळवण्यासाठी योगाभ्यासाद्वारे संधी देणे, 
समूह सहभाग व स्पधाांमधनू जीवनकौशल्य े ववकशसत करणे, 
णखलाडूवतृ्ती जोपासणे, पारंपाररक खेळादं्वारे संस्कृती व मुल्याचंी 
जोपासना करणे आणण राष्रीय भावना ननमावण करणे व 
जोपासणे. महाराष्र राज्य प्राथशमक शशक्षण अभ्यासक्रमानुसार 
शालेय शारीररक शशक्षणामध्य े मुलभूत हालचालीचं े ववकसन, 
मुलभूत हालचालीचंे खेळामंधनू ववकसन, प्रास्ताववक हालचाली व 
दयायाम, परूक दयायाम, सूयवनमस्कार, तालबद्ध दयायाम 
(लेझीम, एरोत्रबक्स) ए.बी.सी.डड्रल, जजम्नॅजस्टक्स मधील दयायाम, 
मानवी मनोरे, स्वसरंक्षण, गनतरोध माशलका, पोषक दयायाम, 
कवायत संचलन, लघखेुळ व शयवती, पूरक खेळ, पररवतीत खेळ, 
ववववध स्पधाव व कुलपद्धती, मनोरंजन खेळ आणण योग पररचय 
या (उपक्रम) गोष्टीचंा समावेश होतो.  
शारीररक शशक्षण अध्यापन हे प्रभावी असले तर ववद्यार्थयाांच े
जास्तीत जास्त अध्ययन होते. शारीररक शशक्षण अध्यापनात 
ववद्यार्थयाांच्या वयायोग्य शारीररक उपक्रम व शारीररक हालचाली 
घेतल्या जातात. प्राथशमक शालये शारीररक शशक्षण अध्यापन 
करतांना शारीररक शशक्षण शशक्षकांस शारीररक शशक्षण अध्यापन 
घटकाचंी ननवड कशी करावी व कशा प्रकारे अध्यापन करावे हे 
गरजचेे असत.े. शारीररक शशक्षण शशक्षकास शाळेमध्ये ववववध 
प्रकारे शारीररक शशक्षण अध्यापन घटकाचंी आवश्यकता असते. 
तयासाठी शारीररक शशक्षकानंा ववववध अध्यापन घटकावंर 
संसाधनाचंी (जदहडडओची) आवश्यकता असते. मराठी मध्य े
कोणतयाही प्रकारचे शारीररक शशक्षण अध्यापन संसाधन 
(जदहडडओ) उपलब्ध नाहीत. तयामुळे महाराष्र राज्य प्राथशमक 
शशक्षण अभ्यासक्रमानुसार चालणाऱ् या शाळेतील शारीररक 
शशक्षकानंा कोणतया शारीररक शशक्षण घटकावंर संसाधनाचंी 
(जदहडडओची) आवश्यकता असते हे पाहणे गरजचेे ठरेल. म्हणून 
संशोधकान ेपुणे जजल्ह्यातील प्राथशमक शालेय शारीररक शशक्षण 
शशक्षकांच्या अध्यापन ससंाधन गरजांच्या ववश्लषेणाचा अभ्यास 
ही समस्या ननवडलेली आहे. 
सांशोधन उद्धीष््ये  
पुणे जजल्ह्यातील महाराष्र राज्य प्राथशमक शशक्षण 
अभ्यासक्रमानुसार चालणाऱ्या शाळेच्या शारीररक शशक्षण 
शशक्षकांच्या अध्यापन ससंाधन गरजांच ेववश्लषेण करणे.  
सांशोधन काययपद्धती  
प्रस्तुत संशोधनासाठी पुणे जजल्ह्यातील महाराष्र राज्य प्राथशमक 
शशक्षण अभ्यासक्रमानुसार चालणाऱ् या शाळेतील इयत्ता ५ वी ला 

शारीररक शशक्षण अध्यापन करणाऱ्या ५० शारीररक शशक्षण 
शशक्षकाचंी सहेतकु न्यादशव पद्धतीने ननवड केली.  संशोधनात 
पुणे जजल्ह्यातील महाराष्र राज्य प्राथशमक शशक्षण 
अभ्यासक्रमानुसार चालणाऱ्या शाळेच्या शारीररक शशक्षण 
शशक्षकांच्या अध्यापन गरजाचंा अभ्यास करण्यात येणार 
असल्याने शारीररक शशक्षण शशक्षकांच्या अध्यापन गरजांची 
मादहती शमळववण्यासाठी टेशलफोननक मुलाखत या संशोधन 
साधनाचा वापर करण्यात आला.  

विश्लेषण आणण अर्थयननियचन  
संशोधनात पुणे जजल्ह्यातील महाराष्र राज्य प्राथशमक शशक्षण 
अभ्यासक्रमानुसार चालणाऱ्या शाळेच्या शारीररक शशक्षण 
शशक्षकांच्या अध्यापन गरजाचंी मादहती शमळववण्यासाठी 
टेशलफोननक मुलाखत या संशोधन साधनाचा वापर करण्यात 
आला आहे. शमळालले्या मादहतीचे ववश्लेषण पढुीलप्रमाणे केले 
आहे. 

कोष्टक क्र. १ 
आपणास कोणतया आरोग्याधीष्ठीत शारीररक सुदृढता घटकावंर 
शारीररक शशक्षण अध्यापन संसाधन (जदहडडओ) आवश्यक आहे. 

 

आकृती क्र.१: आरोग्याधीष्ठीत शारीररक सुदृढता घटकांसंबधंी 
शारीररक शशक्षण शशक्षकांच्या अध्यापन संसाधन (जदहडडओ) 
गरजाचंे ववश्लेषण 
अथवननववचन  
आकृती क्र.१ प्रस्तुत संशोधनामध्ये शारीररक शशक्षण शशक्षकांच्या 
अध्यापन गरजांची मादहती शमळववण्यासाठी टेशलफोननक मुलाखत 
या संशोधन साधनाचा वापर करण्यात आला. शमळालले्या 
मादहतीच्या ववश्लेषणावरून आरोग्याधीष्ठीत शारीररक सुदृढता 
घटकांसबंंधी ३१% शारीररक शशक्षण शशक्षकानंा अस ेवाटते की, 
स्नायूचंा दमदारपणा या घटकावर शारीररक शशक्षण संसाधन 

रुधधराशभसरण
दमदारपणा

२४%

स्नायूांची
ताकद 
२४%

स्नायूांचा 
दमदारपणा

३१%

लिधचकता
२१%

  
रुचधराशभसरण 
दमदारपणा 

स्नायूचंी 
ताकद  

स्नायूचंा 
दमदारपणा  लवचचकता  

शमळाललेी 
एकूण मत े २१ २१ २७ १९ 

http://www.ycjournal.net/


DOI PREFIX 10.22183 
JOURNAL DOI 10.22183/RN 

SIF 7.399 

RESEARCH NEBULA  
An International Refereed, Peer Reviewed & Indexed Quarterly 

Journal in Arts, Commerce, Education & Social Sciences 

 
 ISSN 2277-8071 

 

www.ycjournal.net       International E-Conference on COVID-19 PANDEMIC          Special Issue August 2021     379 

(जदहडडओ) आवश्यक आहे. २४% शारीररक शशक्षण शशक्षकानंा 
अस ेवाटते की, स्नायूचंी ताकद या घटकावर शारीररक शशक्षण 
संसाधन (जदहडडओ) आवश्यक आहे. २४% शारीररक शशक्षण 
शशक्षकानंा असे वाटत े की, रुचधराशभसरण दमदारपणा या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
२१% शारीररक शशक्षण शशक्षकांना असे वाटत ेकी, लवचचकता या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
स्नायूचंा दमदारपणा या घटकावर शारीररक शशक्षण शशक्षकानंा 
शारीररक शशक्षण अध्यापन संसाधनाची (जदहडडओ) जास्त 
आवश्यकता आहे. 

कोष्टक क्र. २ 
आपणास कोणतया कौशल्याधीष्ठीत शारीररक सुदृढता घटकावंर 
शारीररक शशक्षण अध्यापन संसाधन (जदहडडओ) आवश्यक आहे. 

  

लवचच
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ल 

ददशाशभमु
खता 

श
क्ती 

सम
न्वय 

वे
ग 

प्रनत
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काळ 

शमळा
लेली 
एकूण 
मते  

१९ १३ ३१ १७ १९ २
५ १३ 

 
आकृती क्र.२: कौशल्याधीष्ठीत शारीररक सुदृढता घटकांसंबधंी 
शारीररक शशक्षण शशक्षकांच्या अध्यापन संसाधन (जदहडडओ) 

गरजाचंे ववश्लेषण 
अथवननववचन  
आकृती क्र.२ प्रस्तुत संशोधनामध्ये शारीररक शशक्षण शशक्षकांच्या 
अध्यापन गरजांची मादहती शमळववण्यासाठी टेशलफोननक मुलाखत 
या संशोधन साधनाचा वापर करण्यात आला. शमळालले्या 
मादहतीच्या ववश्लषेणावरून कौशल्याधीष्ठीत शारीररक सुदृढता 
घटकांसबंंधी २६% शारीररक शशक्षण शशक्षकानंा अस ेवाटते की, 
ददशाशभमुखता या घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) 
आवश्यक आहे. २१% शारीररक शशक्षण शशक्षकानंा असे वाटत े
की, वेग या घटकावर शारीररक शशक्षण संसाधन (जदहडडओ) 

आवश्यक आहे. १६% शारीररक शशक्षण शशक्षकानंा असे वाटत े
की, समन्वय या घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) 
आवश्यक आहे. १५% शारीररक शशक्षण शशक्षकानंा असे वाटत े
की, शक्ती या घटकावर शारीररक शशक्षण संसाधन (जदहडडओ) 
आवश्यक आहे. ११% शारीररक शशक्षण शशक्षकानंा असे वाटत े
की, प्रनतकक्रया काळ या घटकावर शारीररक शशक्षण संसाधन 
(जदहडडओ) आवश्यक आहे. ११% शारीररक शशक्षण शशक्षकानंा 
असे वाटते की, तोल या घटकावर शारीररक शशक्षण संसाधन 
(जदहडडओ) आवश्यक आहे. ददशाशभमुखता या घटकावर शारीररक 
शशक्षण शशक्षकानंा शारीररक शशक्षण अध्यापन संसाधनाची 
(जदहडडओ) जास्त आवश्यकता आहे. 

कोष्टक क्र. ३ 
आपणास कोणतया मूलभूत हालचाल कौशल्यावर शारीररक 
शशक्षण अध्यापन ससंाधन (जदहडडओ) आवश्यक आहे. 

 

 
आकृती क्र.३: मूलभूत हालचाल कौशल्य घटकांसबंंधी शारीररक 
शशक्षण शशक्षकांच्या अध्यापन ससंाधन (जदहडडओ) गरजाचंे 

ववश्लेषण 
अथवननववचन  
आकृती क्र.३ प्रस्तुत संशोधनामध्ये शारीररक शशक्षण शशक्षकांच्या 
अध्यापन गरजांची मादहती शमळववण्यासाठी टेशलफोननक मुलाखत 
या संशोधन साधनाचा वापर करण्यात आला. शमळालले्या 
मादहतीच्या ववश्लेषणावरून मूलभूत हालचाल कौशल्य 
घटकांसबंंधी ४१% शारीररक शशक्षण शशक्षकानंा अस ेवाटते की, 
स्थानातंरणीय हालचाल कौशल्य या घटकावर शारीररक शशक्षण 
संसाधन (जदहडडओ) आवश्यक आहे. ४०% शारीररक शशक्षण 
शशक्षकानंा असे वाटते की, सह-सादहजतयक हालचाल कौशल्य या 

तोल
११%

ददशाशभम 
खता
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शक्ती
१५%
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१६%
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प्रनतकक्रया
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स्थानातंरणीय 
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शमळाललेी 
एकूण मत े ३१ १४ ३० 
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घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
१९% शारीररक शशक्षण शशक्षकांना असे वाटते की, 
अस्थानातंरणीय हालचाल कौशल्य या घटकावर शारीररक शशक्षण 
संसाधन (जदहडडओ) आवश्यक आहे. स्थानातंरणीय हालचाल 
कौशल्य या घटकावर शारीररक शशक्षण शशक्षकानंा शारीररक 
शशक्षण अध्यापन संसाधनाची (जदहडडओ) जास्त आवश्यकता 
आहे. 

कोष्टक क्र. ४ 
आपणास कोणतया योगासनावर शारीररक शशक्षण अध्यापन  

संसाधन (जदहडडओ) आवश्यक आहे. 

  

उभे राहून 
आसन े

बसून 
आसन े 

पोटावर 
झोपून 
आसन े

पाठीवर 
झोपून 
आसन े

शमळाललेी 
एकूण मत े ३६ ३१ १५ १९ 

 

 
आकृती क्र.४: योगासन घटकांसंबधंी शारीररक शशक्षण 

शशक्षकांच्या अध्यापन ससंाधन (जदहडडओ) गरजांच ेववश्लषेण 
अथवननववचन  
आकृती क्र.४ प्रस्तुत संशोधनामध्ये शारीररक शशक्षण शशक्षकांच्या 
अध्यापन गरजांची मादहती शमळववण्यासाठी टेशलफोननक मुलाखत 
या संशोधन साधनाचा वापर करण्यात आला. शमळालले्या 
मादहतीच्या ववश्लषेणावरून योगासन घटकांसबंंधी ३५% शारीररक 
शशक्षण शशक्षकांना अस े वाटते की, उभे राहून योगासन या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
३१% शारीररक शशक्षण शशक्षकानंा असे वाटते की, बसून 
योगासन या घटकावर शारीररक शशक्षण संसाधन (जदहडडओ) 
आवश्यक आहे. १९% शारीररक शशक्षण शशक्षकानंा असे वाटत े
की, पाठीवर झोपनू योगासन या घटकावर शारीररक शशक्षण 
संसाधन (जदहडडओ) आवश्यक आहे. १५% शारीररक शशक्षण 
शशक्षकानंा असे वाटते की, पोटावर झोपनू योगासन या घटकावर 
शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. उभे राहून 
योगासन या घटकावर शारीररक शशक्षण शशक्षकानंा शारीररक 

शशक्षण अध्यापन संसाधनाची (जदहडडओ) जास्त आवश्यकता 
आहे.  

कोष्टक क्र. ५ 
आपणास कोणतया घटकावर शारीररक शशक्षण अध्यापन  

संसाधन (जदहडडओ) आवश्यक आहे. 

  
मनोरंजनातमक 

खेळावर  
क्रीडा 

कौशल्यांवर  
ररले  
रेस 

शमळालेली एकूण 
मते  ४० २१ ८ 

 
आकृती क्र.५: शारीररक शशक्षण शशक्षकांच्या अध्यापन संसाधन 

(जदहडडओ) गरजाचंे ववश्लषेण 
अथवननववचन  
आकृती क्र.५ प्रस्तुत संशोधनामध्ये शारीररक शशक्षण शशक्षकांच्या 
अध्यापन गरजांची मादहती शमळववण्यासाठी टेशलफोननक मुलाखत 
या संशोधन साधनाचा वापर करण्यात आला. शमळालले्या 
मादहतीच्या ववश्लषेणावरून ५८% शारीररक शशक्षण शशक्षकानंा 
अस े वाटत े की, मनोरंजनातमक खळे या घटकावर शारीररक 
शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. ३०% शारीररक 
शशक्षण शशक्षकांना असे वाटते की, क्रीडा कौशल्य या घटकावर 
शारीररक शशक्षण संसाधन (जदहडडओ) आवश्यक आहे. १२% 
शारीररक शशक्षण शशक्षकानंा असे वाटते की, ररले रेस या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
मनोरंजनातमक खळे या घटकावर शारीररक शशक्षण शशक्षकानंा 
शारीररक शशक्षण अध्यापन संसाधनाची (जदहडडओ) जास्त 
आवश्यकता आहे.  

कोष्टक क्र. ६ 
आपणास कोणतया तालबद्ध घटकावर शारीररक शशक्षण 

अध्यापन संसाधन (जदहडडओ) आवश्यक आहे. 
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मते  २७ २५ २१ 
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आकृती क्र.६: तालबद्ध घटकांसंबधंी शशक्षकांच्या अध्यापन  

संसाधन (जदहडडओ) गरजांच ेववश्लषेण 
अथवननववचन   
आकृती क्र.६ प्रस्तुत संशोधनामध्ये शारीररक शशक्षण शशक्षकांच्या 
अध्यापन गरजांची मादहती शमळववण्यासाठी टेशलफोननक मुलाखत 
या संशोधन साधनाचा वापर करण्यात आला. शमळालले्या 
मादहतीच्या ववश्लषेणावरून तालबद्ध घटकांसंबधंी ३७% 
शारीररक शशक्षण शशक्षकांना असे वाटत े की, एरोत्रबक्स या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
३४% शारीररक शशक्षण शशक्षकानंा अस े वाटते की, लेझीम या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
२९% शारीररक शशक्षण शशक्षकांना असे वाटते की, कवायत या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
एरोत्रबक्स या घटकावर शारीररक शशक्षण शशक्षकानंा शारीररक 
शशक्षण अध्यापन संसाधनाची (जदहडडओ) जास्त आवश्यकता 
आहे.  

कोष्टक क्र. ७ 

आपणास कोणतया खळेावर शारीररक शशक्षण अध्यापन ससंाधन  
आवश्यक आहे. 

 
आकृती क्र.७: खळे घटकांसबंंधी शशक्षकांच्या अध्यापन संसाधन 

(जदहडडओ) गरजाचंे ववश्लषेण 
अथवननववचन   
आकृती क्र.७ प्रस्तुत संशोधनामध्ये शारीररक शशक्षण शशक्षकांच्या 
अध्यापन गरजांची मादहती शमळववण्यासाठी टेशलफोननक मुलाखत 
या संशोधन साधनाचा वापर करण्यात आला. शमळालले्या 
मादहतीच्या ववश्लेषणावरून खेळ घटकांसबंधंी २५% शारीररक 
शशक्षण शशक्षकानंा असे वाटते की, कबड्डी या घटकावर शारीररक 
शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. १९% शारीररक 
शशक्षण शशक्षकानंा अस ेवाटत ेकी, खोखो या घटकावर शारीररक 
शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. १२% शारीररक 
शशक्षण शशक्षकानंा अस े वाटत े की, दहॉलीबॉल या घटकावर 
शारीररक शशक्षण संसाधन (जदहडडओ) आवश्यक आहे. ११% 
शारीररक शशक्षण शशक्षकानंा असे वाटते की, हॅन्डबॉल या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
९% शारीररक शशक्षण शशक्षकानंा असे वाटते की, फुटबॉल या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
७% शारीररक शशक्षण शशक्षकानंा असे वाटते की, अथॅलटेीक या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
५% शारीररक शशक्षण शशक्षकानंा असे वाटत ेकी, बास्केटबॉल या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
३% शारीररक शशक्षण शशक्षकानंा अस ेवाटत ेकी, मल्लखाबं या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
२% शारीररक शशक्षण शशक्षकानंा अस े वाटत े की, थ्रोबॉल या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
२% शारीररक शशक्षण शशक्षकानंा असे वाटते की, सॉ्टबॉल या 
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घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
२% शारीररक शशक्षण शशक्षकानंा अस े वाटत े की, बेसबॉल या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
१% शारीररक शशक्षण शशक्षकानंा असे वाटत े की, हॉकी या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
१% शारीररक शशक्षण शशक्षकानंा असे वाटते की, लंगडी या 
घटकावर शारीररक शशक्षण ससंाधन (जदहडडओ) आवश्यक आहे. 
१% शारीररक शशक्षण शशक्षकानंा अस ेवाटते की, जजम्नजॅस्टक्स 
या घटकावर शारीररक शशक्षण संसाधन (जदहडडओ) आवश्यक 
आहे. कबड्डी या घटकावर शारीररक शशक्षण शशक्षकानंा शारीररक 
शशक्षण अध्यापन संसाधनाची (जदहडडओ) जास्त आवश्यकता 
आहे. 
ननष्कषय 
पुणे जजल्ह्यातील महाराष्र राज्य प्राथशमक शशक्षण 
अभ्यासक्रमानुसार चालणाऱ्या शाळेच्या शारीररक शशक्षण 
शशक्षकांच्या अध्यापन गरजाचंा अभ्यास करण्यात आला. 
शारीररक शशक्षण शशक्षकांना स्नायूचंा दमदारपणा, ददशाशभमुखता, 
स्थानातंरणीय हालचाल कौशल्य, उभे राहून योगासन,े 
मनोरंजातमक खळे, एरोत्रबक्स आणण कबड्डी या शारीररक 
शशक्षण घटकांवर शारीररक शशक्षण अध्यापन संसाधन (जदहडडओ) 
जास्त आवश्यक आहे. 
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Abstract 

The purpose of this study was to study the physical activity level of the students from different courses 

run by the college in order to plan further fitness activity for them. This study was carried out by 

descriptive survey method. Total 180 students from Science, Commerce, Arts and BBA courses were 

selected by random sampling technique. Physical Activity Level was decided by asking the students 

to fill up Physical Activity Index Questionnaire. Data was collected through google form. 

Questionnaire was sent to 60 students from each course randomly and first 45 responses were 

considered for the study.  Based on the total points of the questions, students were categorized as 

Sedentary, Low Active, Moderate Active and High Active. Students from all different course differ in 

the Physical Activity. Students of BA course seems more active than all other courses. BBA students 

were more sedentary compare to all other courses.     

Keywords: Physical Activity, Fitness, Sedentary, Active. 

 

Physical activity is defined by the World Health Organization as any physiological movement that 

needs energy expenditure and is performed by skeletal muscles. Physical exercise encompasses all 

forms of movement, whether it is done for fun, to go to and from locations, or as part of one's job. 

Physical activity, both moderate and intense, is beneficial to one's health. (Physical Activity, 2020)  

According to WHO Recommended Activity Level for the age group of 18 years to 65 years is at least 

150–300 minutes of moderate-intensity aerobic physical activity per week. 2 or More days must be 

given for muscle-strengthening activities at moderate or greater intensity. All adults and older 

individuals should try to perform more than the recommended amounts of moderate- to vigorous-

intensity physical activity to help decrease the negative effects of excessive levels of sedentary 

behavior on health. (Physical Activity, 2020) 

Exercise has been shown to assist with depression in a number of studies. Exercise can help filter out 

unpleasant thoughts and divert attention away from daily problems. Exercising with others allows to 

make more social connections. Increased exercise can help feel better and sleep better. (Physical 

Activity - It’s Important - Better Health Channel, 2018) 

During various Batcheler’s courses, students have to undergo different course work and accordingly 

their study time differs. Many students find themselves in new routine that do not normally include 

physical activity. College’s PE faculty always take initiative to keep the students fit and help them to 

maintain their fitness level. If faculty wants to decide the physical activity program for students, he 

must first understand the physical activity level of the students.  

The purpose of this study was to study the physical activity level of the students from different courses 

run by the college in order to plan further fitness activity for them. 
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Method: 

This study was carried out by descriptive survey method (Gay, 2000). Total 180 students from 

Ahmednagar city from Science, Commerce, Arts and BBA courses were selected by random sampling 

technique (Best, 2010) (45 from each course).  

Physical Activity Level was decided by asking the students to fill up Physical Activity Index 

Questionnaire. Data was collected through google form. Questionnaire was sent to 60 students from 

each course randomly and first 45 responses were considered for the study.  Based on the total points 

of the questions, students were categorized as Sedentary, Low Active, Moderate Active and High 

Active. 

 

Statistical Analysis: 

Table No 1 Courses wise Cross Tabulation of Physical Activity 

 Scienc

e 

Comme

rce 

Arts BBA Total 

PA Sedentary 21 18 3 39 81 

Low Active 3 6 21 3 33 

Moderate 

Active 

18 18 21 0 57 

High Active 3 3 0 3 9 

Total 45 45 45 45 45 

Table 1 shows that there were total 81 students were having sedentary activity. (Science 21, Commerce 

18, Arts 3 and BBA 39), 33 students were low Active (Science 3, Commerce 6, Arts 21 and BBA 3), 

57 students were Moderately active (Science 18, Commerce 18, Arts 21 and BBA 0) and only 9 

students were highly active. 

Table 2 Chi-Square Tests 

 Value df Asymp. Sig. 

(2-sided) 

Pearson Chi-Square 81.754a 9 .000 

Above table shows that Pearson chi square value is 81.75 which is significant at 0.05 level of 

significance.  

 

Conclusions: 

Students from all different course differ in the Physical Activity. Students of BA course seems more 

active than all other courses. BBA students were more sedentary compare to all other courses.  

Overall students are following sedentary lifestyle more than active lifestyle. 

 

Discussion: 

Students need to follow well designed physical activity program in order to make them more active 

and help them to keep more fit, energetic, stress free and follow active lifestyle. 
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अहमदनगरमिल्ह्यातील असंघमित के्षत्रावर कोमवड-१९ चा झालेला आमथयकव 

सामामिक पररणाम. 

डॉ. बा. आ. साबळे 

सहा. प्राध्यापक तथा संशोधक मागमदशमक 

श्री पंजडतगरुु पाडीकर महाजर्वद्यालय जसरसाळा ता. परळी र्व.ै जज. बीड   

प्रा. मव. भ. काळे 

राधाबाइ काळे मजहला महाजर्वद्यालय, ऄहमदनगर 

 

 

प्रस्तावना :-  

            कोजर्वड-१९ जर्वषाणचू्या संक्रमणामळेु जनमामण झालेले संकट भारतातील ऄसंघजटत के्षत्रामध्येकाम करणाऱ्या 

42कोटी कामगारांना गररबीच्या खोल गतेत लोटून गलेा याचा गभंीर पररणाम भारतीय ऄथमव्यर्वस्थेर्वर झाला. कोजर्वड-

१९चा प्रादभुामर्व रोखण्यासाठी कें द्र सरकारने माचम  2020  ला संपणूम दशेामध्ये  लॉकडाउन  घोजषत केलं त्यामळेु या 

ऄसंघजटत कामगारांच्या रोजगारार्वर अजण जमळकतीर्वर नकारात्मक पररणाम झाला . सध्या जनमामण झालेली संकटाची 

जस्थती हाताळण्यासाठी परेुशी तयारी नसलेल्या दशेात भारताचा समार्वशे ऄसल्याची जाणीर्व अपल्याला र्वळेोर्वळेी 

होताना जदसनू येते .कोजर्वड-१९ चा जर्वषाण ूरोखण्यासाठी करण्यात अलेल्या ईपाय योजनांचा फटका भारतातील 

ऄसंघजटत के्षत्रातील कोट्यार्वधी कामगारांना बसलेला अह.े लॉकडाउन सारख्या ईपाय योजनांमळेु फटका बसलेल्या 

ऄसंघजटत के्षत्रातील कामगारांची संख्या नायजरेरया , भारत अजण ब्राझील  या दशेां  मध्ये सर्वामजधक अहे . भारतात 

एकूण  कामगार लोकसंख्या पैकी  92%  लोक ऄसंघजटत के्षत्रात काम करतात त्यामळेु सध्याच्या संकट काळात 

ऄसंघजटत के्षत्रातील समुारे 42कोटी कामगारांर्वर दाररद््रय अलेल अहे . त्यामळेु शहरांमध्ये स्थाजयक झाले ल्या 

कामगारांर्वर  या लॉकडाईनच्या जस्थतीत ग्रामीण भागाकडे परत येण्याची र्वळे अली . नैसजगमक अपत्ती ,सक्तीचे 

जर्वस्थापन, जर्वजर्वध संघषम अदींचा सामना करणाऱ्या दशेांमध्ये सध्याच्या जागजतक साथीच्या रोगांमळेु ऄजतररक्त भर 

पडली.कोजर्वड-१९ शी   सामना करण्यासाठी ऄसंघजटत के्षत्रातील कामगार सक्षम नाही त तसेचया र्वगामला ईपलब्ध 

ऄसलेल्या मलूभतू सोयीसजुर्वधा  जर्वशषेत  अरोग्य अजण स्र्वच्छता मयामजदत अहे त. त्यांना चांगले काम , सामाजजक 

संरक्षण, अजथमक संरक्षण , कामाच्या जठकाणी सरुक्षा या बाबींपासनू र्वजंचत राहार्व ेलागते . कोजर्वड-१९मळेु जागजतक 

स्तरार्वर 2008-09 पेक्षाही मोठे अजथमक संकट जनमामण झाले ले अहे. राहण्याच्या सोयी सजुर्वधा , ऄनन सेर्वा, ईत्पादन 

ररटेल, व्यापार अजण प्रशासकीय कामकाजात या के्षत्रांना खपू मोठ्या प्रमाणात धोका जनमामण झा ला. जागजतक 

पातळीर्वर खपू मोठी बेरोजगारीची लाट जनमामण झाली. 

          कोजर्वड-१९ मळेु ऄसंघजटत कामगा रांर्वर ईपासमारीची र्वळे अ ली. जगाचा पोजशदंा ऄसलेला शतेकयामच्या 

फळ बागाला लॉकडाईन मळेु बाजार जमळाला नसल्याने कर्वडीमोल भार्वात फळ जपक जर्वकार्व ेलागले.  जबगारी 

कामगार, भाजीपाला जर्वके्रते यांचे हातार्वर पोट ऄसल्यामळेु त्यांना खपू मोठ्या प्रमाणात सामाजजक-अजथमक त्रास  
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सहन करार्वा  लागतो. बांधकाम कामगार र्व घर काम करणाऱ्या जस्त्रयांचे काम बंद झा ले त्यामळेु त्यांच्या अजथमक 

जस्थतीर्वर र्वाइट पररणाम होउन हलाखीची पररजस्थती जनमामण झालेली अहे . जगभरात ज्या काही मठूभर दशेांच्या 

ऄथमव्यर्वस्था झपाट्याने जर्वकजसत होत अहते त्या त भारताचा र्वरचा क्रमांक लागतो . त्यामळेु भारता चे अजथमक 

भजर्वतव्य ईज्र्वल ऄसल्याचा जर्वद्यमान सरकारला जबरदस्त ऄजभमान र्वाटत ऄसला तरी र्वस्तजुस्थती नेमकी याच्या 

ईलट अह ेकारण भारतीय ऄथमव्यर्वस्थेत ऄसंघजटत कामगा रांचे प्रमाण  ह े92 % अह ेयाच कामगारांची अजथमक 

जस्थती सध्या कोजर्वड-१९मळेु जबकट झालेलीअहे . ऄसंघजटत के्षत्रातील 42 कोटी कामगा रांचे दशेाच्या GDP मध्ये  

50% योगदान दतेात. काम बंद हाती पैसा  नाही. पैसा नाही तर  घर गाढा कसा हाकायचा. सतत दषु्ट्काळाशी करार्वा 

लागत ऄसलेला सामना अजण अजथमक पररजस्थती बेताची गार्वाकडे कामधंदा जमळेना या ना त्या कारणामळेु ग्रामीण 

भागातील ऄसंख्य नागररक रोजीरोटीच्या जनजमत्ताने मोठ्या शहरां कडे जातात ह ेलोक  कंत्राटी जकंर्वा हगंामी काम 

करतात कंत्राटदाराच्या मनात अले तर त्यांना काम जमळते पररणा मी घरातील चलू पेटत ऄसते तर हजारोंच्या संख्येने 

नाक्यार्वरील कामगारांना रोज कामाचा शोध घ्यार्वा लागतो ही र्वस्तजुस्थती अह.े  यातच चीनमध्ये सरुू झालेला . 

कोजर्वड-१९चा प्रसार संपणूम जगभर झा ला. अपल्या दशेा तही कोजर्वड-१९ चा फैलार्व  झाला र्व तो 

रोखण्यासाठीलॉकडाईन करार्व ेलागले ऄत्यार्वश्यक सेर्वा र्वगळता सर्वमच लॉकडाईनकरण्यात अले. 

कोमवड-१९ संकल्ह्पना :- 

           17 नोव्हेंबर2019 मध्ये चीनच्या हुबेइ प्रांताची राजधानी र्वहूान मध्ये या नर्वीन अजाराची पजहली ओळख 

करण्यात अली होती अजण त्या  नंतर जागजतक स्तरार्वर या अजाराचा  प्रसार झाला र्व त्या ने जागजतक महामारी चे  

रूप धारण केले महाराष्ट्रातील कोरोना जर्वषाण ूईद्रकेातील पजहल्या रुग्णाची नोंद 9 माचम 2020 रोजी पणु्यात झाली. हा 

जर्वषाण ूप्रामखु्याने जर्वळच्या संपकाम  दरम्यान, खोकल्यामळेु, जशकंण्याने  जकंर्वा बोलताना नकळत बाहरे पडणाऱ्या  

थुंकीच्या तषुारा मळेु लोकांमध्ये पसरतो. ह ेजर्वषाण ू72 तासापयंत दजुषत पषृ्ठभागार्वर जजर्वतं राहू शकतात . या रोगाच्या 

जनदानाची मान क पद्धत म्हणज ेनाकातनू घतेलेल्या नमनुयांची रर ऄल टाइम ररव्ह सम रानस जक्रप्शनपॉलीमरेज चेन 

ररएक्शन (RRT-PCR) नार्वाची तपासणी हो य. जागजतक अरोग्य संघटनेने हा कोरोनाव्हायरस  हा रोग 2019 

(कोजर्वड-१९) चा ईद्रके हा सार्वमजजनक अरोग्यासाठी अतंरराष्ट्रीय अणीबाणी ऄसल्याचे सांगत या ईद्रकेाला 

जागजतक महामारी म्हणनू जाहीर केले.कोजर्वड-१९ ह ेनार्व टेड्रोसॲडम हनॅोम गबे्रेयेसोस यांनी घोजषत केले. आटंरनॅशनल 

कजमटी ऑफ टोक्सोनॉमंीऑफ व्हायरस यांनीSARS-Cov-2ह ेनार्व जदले. 

कोमवड-१९ चे लक्षण :-  

         सदी, ताप, कोरडा खोकला , दम लागणे , श्वास  घणे्यात ऄडचण,  घसा खर्वखर्वणे , मळमळ , ऄजतसार , र्वास 

जकंर्वा चर्व जाण,े ऄगंदखुी, डोकेदखुी. 

संशोधन मवषयाचे चे महत्व व आवश्यकता :- 
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कोमवड-१९ चे अथयव्यवस्थेत अथयव्यवस्थेवर झालेले पररणाम :- 

           अज कोरोना मळेु संपणूम जग ऄडचणीत अले. बहुतांश दशेाचेअजथमक व्यर्वहार ठप्प झालेले जदसनू येत 

अहते. यामळेु दशेांतगमत ईत्पादन सेर्वा अजण ईद्योग बंद करण्यात अले. या कामात अरोग्य सेर्वरे्वर मोठा जनधी खचम 

होत अह ेया कामात जनधी कमी पडला तर आतर जर्वकासकामांना कात्री लार्वनू तो जनधी अरोग्य र्व आतर ऄत्यार्वश्यक 

सेर्वरे्वर खचम करण्यात येइल यात काही शकंा नाही. 2020-21 या अजथमक र्वषाममध्ये प्रत्यक्ष कर संकलनात1.44 लाख 

कोटी रुपयांची तटु पडली. या जशर्वाय GST कर संकलना मध्ये मोठी तटु जदसनु येतेय माचम 2020 या मजहनयाचे 

जनयोजजत कर संकलन 1.25 लाख कोटी होते परंत ुप्रत्यक्षात 0.98 लाख कोटी कर संकलन झाले. फेब्ररु्वारी 2020 

ऄखरे पयंत जाहीर केलेल्या अकडेर्वारीनसुार जर्वत्तीय तटू 3% र्वरून 5% पयंत र्वाढली. यामळेु ऄदंाजजत ईत्पनन 

अजण प्रत्यक्ष जमळालेले ईत्पनन यामध्ये मोठी तफार्वत जदसनू येते. जागजतक मदंीमळेु जागजतक बँक र्व आतर जर्वत्तीय 

संस्था यांच्याकडून कजम घणे्यार्वर काही मयामदा येणार अहते दशेातील टाळेबंदी मळेु जर्वजर्वध ईद्योग मोठ्या प्रमाणार्वर 

बाजधत झाले अहते यामध्ये प्रामखु्याने बांधकाम व्यर्वसाय, पयमटन ईद्योग, र्वाहन ईद्योग, जर्वत्तीय संस्था, हॉटेल ईद्योग, 

र्वाहतकू ईद्योग, माजहती तंत्रज्ञान के्षत्र अजण या सर्वम व्यर्वसायात र्वर ऄर्वलंबनू ऄसणारे आतर छोटे मोठे ईद्योग र्व सेर्वा 

के्षत्र मोठ्या प्रमाणार्वर बाजधत झालेले अह ेयामळेु ऄसंघजटत कामगारांचे रोजगार जाउन त्यांच्यार्वर खपू मोठे 

अजथमक संकट जनमामण झाले.भारतामध्ये दर तीन मजहनयांनी GDP मधील र्वाढ जकंर्वा घटीचे अकडे प्रकाजशत होत 

ऄसतात. ही पद्धत 1996 पासनू अज पयंत सरुू अह े2020-21 च्या पजहल्या जतमाहीत (एजप्रल-जनू) भारतीय GDP 

मध्ये 23.9%घट नोंदर्वली गलेी. जगामध्ये भारताचा GDP सर्वामत जास्त घसरला अह.े भारताच्या GDPची जगातील 

आतर दशेांच्या GDP शी तलुना केली ऄसता भारत -23.9% यकेु -20.4% फ्रानस -13.8% आटली -12.4% कॅनडा -

12% जममनी -10.1%यएुस -9.5% जपान -7.6% भारताचा GDP चा घसरण दर जास्त अढळून येइल. 

कोमवड-१९ एक गंभीर समस्या :- 

            कोरोना जर्वषाणूचंा र्वगेाने फैलार्व झाल्याने ऄर्वघ्या जगार्वर त्याचे पररणाम जाणर्वले.कोजर्वड-१९ ही जागजतक 

महामारी घोजषत झाली. ऄजनूही संपणूम जगामध्ये लसीकरण होण ेअजण ही जस्थती बदलण्यासाठी लस जकती ईपयकु्त 

अह ेह ेठरजर्वण ेबाकी अह.ेजर्वषाणूचंा प्रसार होत ऄसल्याने राज्य सरकारांनी मकु्तसंचारार्वर लार्वलेल्या जनबंधांमळेु 

सर्वामत मोठा पररणाम सेर्वा के्षत्रार्वर झाला लोकांना कामाच्या जठकाणी सार्वमजजनक र्वाहनातनू जाता येत नसल्याने 

बेरोजगारी र्वदृ्धी झाली. भारतातील बहुसंख्य रोजगार ऄसंघजटत के्षत्रात ऄसल्यामळेु कामाच्या ऄभार्वाने लाखो 

स्थलांतररत मजरू यांना त्यांच्या मळू गार्वी परतार्व ेलागले या धोरणामळेु ऄनेक कंपनयांना त्यांच्या कामकाजात मोठा 

बदल करार्वा लागला.कोरोणाच्या ईद्रकेामळेु सोशल जडस्टंजसंग च्या जनयमाने र्वकम  फ्रॉम होम चा प्रसार झाला.कोजर्वड-

१९ चा ईद्रके झाल्याने सरकारी अजण मध्यर्वती बँकांनी जागजतक मदंीच्या काळापेक्षाही मोठ्या प्रमाणात प्रोत्साहनपर 

अजथमक पॅकेज जाहीर करार्वी लागली.महाराष्ट्रातील महा जर्वकास अघाडी शासनाने लॉकडाउन मळेु बाजधत 

होणाऱ्या कामगारांसाठी अजथमक पॅकेज जाहीर केले कें द्र शासनाने ही याच धतीर्वर अजथमक पॅकेज जाहीर करार्व ेऄशी 

मागणी समाज माध्यमार्वर होताना जदसनू येत अह.े राज्यात जनबंध सरुू करण्यात अले, राज्यातील ईद्योग र्व दकुाने 

यांचे काम बंद झाल्याकारणाने राज्यातील ऄसंघजटत के्षत्रातील कामगारांचे ईत्पनन बंद होणार ऄसल्याने या घटकार्वर 
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या काळात कसे जगायचे ऄसा प्रश्न अह ेराज्य शासनाने अजथमक पॅकेज जाहीर केले परंत ुनोंद कामगारांना ह ेअजथमक 

सहाय्य दणे्यात येइल ही ऄट ऄनयायकारक अह ेत्यामळेु बहुसंख्य कामगारांना या अजथमक पॅकेजचा लाभ जमळणार 

नाही म्हणनू शासनाने कामगारांची नोंदऄसण्याची ऄट रद्द करून सर्वम ऄसंघजटत कामगारांना अजथमक पॅकेज द्यार्व.े भर 

ईनहाळ्याच्या जदर्वसांमध्ये कंुभार व्यर्वसाय अजथमक ऄडचणीत ऄसलेला अपल्याला पाहायला जमळेल. या कंुभार 

व्यर्वसाय करण्यायामची नोंद सरकार दरबारी नसते मग यांना अजथमक मदत कशी जमळेल ह ेमहाराष्ट्र सरकार ने जनयोजन 

करायला पाजहज.े 

िनसामानयांचे िनिीवन मवस्कळीत :- 

           कोरोना जर्वषाणचू्या संसगाममळेु अपल्यापैकी ऄनेकांच्या जीर्वाला घोर लार्वला अह ेआतकंच नाही तर या 

जागजतक साथीचा लोकांच्या मन स्र्वास््यार्वर जर्वपरीत पररणाम झालेला अह ेअजण ह ेअरोग्यअरोग्य संकट जनघनू 

गले्यार्वरही त्यांना मानजसक समस्यांचा सामना करार्वा लागले भारतीय ऄथमव्यर्वस्थेतील 92% कामगार ऄसंघजटत 

के्षत्रांमध्ये कायम करतात पण या कोरोना साथीमळेु या ऄसंघजटत कामगारबेरोजगार होउन त्याच्यार्वर ईपासमारीची र्वळे 

अली अह.े 

अनाथांचा उदरमनवायहाचा प्रश्न :- 

            कोरोना काळात जनमापासनू ऄनाथ ऄसणारी अजण कोरोना मळेु ज्यांच्या पालकांचे जनधन झाले ऄश्या 

मलुांचा ईदरजनर्वामहाचा प्रश्न ऐरणीर्वर अला अह.े या मलुांपैकी ऄनेकांसमोर दोन र्वळेचे जरे्वण जमळर्वण ेहचे 

अयषु्ट्याचे ध्येय बनले. ऄनाथालयाचे य छत्र सटुल्यानंतर ऄनेक मलेु एकत्र येउन भाड्याच्या खोलीत राहत मात्र 

रोजगारच नसल्याने भाडे भरण्याची ऐपत नसलेल्या तरुणांना नैराश्याने घरेले अह ेटाळेबंदी च्या काळात प्रचंड हाल 

झाले ऄसे संशोधन करत्याच्या लक्षात अले म्हणनू यार्वर संशोधन होण ेसंशोधन करत्याला अर्वश्यक र्वाटले. 

संशोधनाचे उमिषे्ट :- 

1. कोजर्वड -१९चा ऄसंघजटत के्षत्रार्वर होणाऱ्या पररणामांचा ऄभ्यास करणे . 

2. कोजर्वड -१९चा भारतीय ऄथमव्यर्वस्थेर्वर झालेल्या पररणामाचा ईपाययोजनात्मक ऄभ्यास करणे.  

ग्रहीतके :- 

1. कोजर्वड -१९चा भारतीय ऄथमव्यर्वस्थेर्वर ऄनकूुल र्व प्रजतकूल पररणाम होत अहे. 

2. कोजर्वड -१९ मळेु ऄसंघजटत के्षत्रार्वर प्रजतकूल पररणाम होत अहते.  

असंघमित के्षत्राची कोमवड-१९ काळातील पररमस्थती :- 

मदवसेंमदवस वाढती बेरोिगारी :- 

          ऄहमदनगर जजल्यात बेरोजगारी ही मोठ्या प्रमाणात र्वाढलेली ऄसतानाकोजर्वड-१९मळेु कंपनयांना टाळेबंदी 

लागली या टाळेबंदी मळेु हगंामी रोजगार अजण कंत्राटी कामगार यांना कोणी र्वाली राजहलेला नाही. या जस्थतीत या 

कामगारार्वर ऄजत दाररद््रय अलेले ऄसताना त्यातनू घरभाडे जरे्वणाचा खचम दखेील ह ेलोक करू शकत नाहीत  
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सरकारची तटुपुंजी मदत जकती जदर्वस चालणार छोटी छोटी हॉटेल्स, खाद्यपदाथामच्या गाड्या, छोट्या चहाच्या टपऱ्या, 

यात काम करणारे लोक अजथमक ऄडचणीत अले त्यातच ऄहमदनगर जजल्हा हा राज्याच्या मध्यभागी येतो त्यामळेु 

बाहरेून अलेले मजरुांची संख्या येथे जास्त अह ेलॉकडाउन च्या काळात या मजरुांना परत गार्वी जाण्यासाठी दखेील 

पैसे राजहलेली नव्हटे. ऄहमदनगर शहरांमध्ये घर काम करणाऱ्या जस्त्रयांचे प्रमाण जास्त अह ेकोरोणा व्हायच्या 

भीतीपोटी या मजहलांचे काम गलेे अजण लोकांच्या घरात स्र्वयंपाकाचे काम करणाऱ्या या जस्त्रयांची घरची चलू पेटण े

बंद झाली. भाजीजर्वके्रते जबगारी कामगार यांचे हातार्वरचे पोट काम जमळण ेबंद झाल्याने तर या लोकांना दोन र्वळेचे 

जरे्वण जमळण ेकठीण झाले जकती जह दाररद््रयाची ऄर्वस्था. 

अहमदनगर मिल्ह्यातील शेती के्षत्रावर झालेला पररणाम :- 

           भारत हा कृजषप्रधान दशे. दशेात 65% रोजगार हा शतेी के्षत्रातनू प्राप्त होतो या के्षत्राचा 2020-21 या अजथमक 

र्वषामच्या पजहल्या जतमाहीत जी डी पी मधील र्वाढ 3.4% नोंदर्वली गलेी जवे्हा भारताचा जीडीपी 23.9% होता. 

तरीपण लॉकडाउन मळेु ऄहमदनगर जजल्यातील फळबाग शतेकऱ्यांर्वर र्वाइट र्वळे अली त्यांच्या फळांना या 

लॉकडाउन मध्ये र्वळेीच बाजार जमळाला नाही म्हणनू सर्वम फळबागा ग्राहकाजर्वना ओस पडून होत्या. 

अहमदनगर मिल्ह्यातील कोमवड-१९ चा व्यवसाय के्षत्रावर झालेला पररणाम:- 

          भारत सरकार ने 24माचम 2020 रोजीच्या सायंकाळी 21 जदर्वसांचा लॉकडाउन घोजषत केला अजण 138 

कोटी लोकसंख्या स्र्वतःच्या घरामध्ये कैद झाली. त्यात लहान व्यार्वसाजयकांचे कंबरडे मोडले. र्वडापार्व गाडी 

चालर्वणारे व्यार्वाजसक,चहाची टपरी र्वाले, लहान लहान हॉटेल, सगळे बंद पडले ज्यांनी नर्वीन ईद्योग, व्यर्वसाय सरुु 

केला त्याचा पैसा डब्यात गलेा. काही नर्व-ईद्योजकंर्वर तर अत्महत्या करण्याची र्वळे अली या कोजर्वड-१९ने 

जकत्येक व्यार्वाजसकांचे जीर्व घतेले. त्यामळेु या के्षत्रात काम करणायांचा रोजगार गलेा  पररणाम यांची अजथमक र्व 

सामाजजक पररजस्थती हलाखीची बनली. 

स्थलांतररत कामगारांचीपररमस्थती :- 

           कें द्रसरकारने लॉकडाउन ची प्रजक्रया सरुू केली तेव्हा लोकांना र्वाटले ह ेफक्त थोडा काळाकररता राहील पण 

सरकारने ही प्रजक्रया पढुे तशीच सरुू ठेर्वली प्रथम25 माचम 2020 ते 14 एजप्रल 2020 ह ेलॉकडाउन 21 जदर्वसांचे, 15 

एजप्रल 2020 ते 3 म े2020 ह ेलॉकडाउन 19 जदर्वस, 4 म े2020 ते 17 म े2020 हलेॉकडाउन 14 जदर्वस, 18 म े

2020 ते 31 म े2020 ह ेलॉकडाउन 14 जदर्वस ऄसे 68 जदर्वस ही प्रजक्रया चालली या कालार्वधीत ज ेस्थलांतररत 

कामगार अहते त्यांच्या जर्वळील पैसे संपले त्यांचे खायचे हाल व्हायला लागल्यामळेु ते परत त्यांच्या घराकडे 

जनघाले. परत जाण्यासाठी र्वाहने नव्हती म्हणनू त्यांना पायी-पायी, सायकल ने जार्वलेागले. र्वाटेत खाण्याजपण्यासाठी 

त्यांना बऱ्याच ऄडचणींना सामोरे जार्व ेलागले. बरेच कामगार परराज्यातनू अलेले होते बऱ्याच कामगारांचा म े

मजहनयातील कडक ईनहात ईपासमारीने अजण चालनू-चालनू मतृ्य ूझाला. त्यात शासनाचा गलथान कारभार या 

लोकांच्या जीर्वार्वर अला. लाल जफतीचा प्रजक्रया पणूम व्हायला काही जदर्वसांचा काळ लोटला कामगारांचे हाल 

व्हायला लागले बऱ्याच जठकाणी जनदशमने गोंधळ पाहायला जमळालालाखो कामगार प्रामखु्याने बांधकाम के्षत्र, हॉटेल, 

र्वडापार्वच्या गाड्या, चहाच्या टपऱ्या, जबगारी काम करणारे अहते यांची मळुातच अजथमक पररजस्थती ही दाररद््रयाची 

अह.े 

February 2021                                       ISSN 2277-7539(Print) Page 133 



Excel’s  International Journal Of Social Science & Humanities Impact Factor 5.631 (SJIF) 

 

कोमवड-१९ चे सामामिक व आमथयकपररणाम :- 

सामामिक,अनुकूल पररणाम:- 

1. सार्वमजजनक र्वाहतकू बंद  ,खाजगी र्वाहतकु बंद ऄसल्यामळेु हर्वचेा दजाम सधुारलेला अहे,  

2. कारखाने बंद  ,जल पयमटन बंद ऄसल्यामळेु पाण्याचा दजाम सधुारला जपण्यासाठी स्र्वच्छ पाणी ईपलब्ध 

झालेल अहे.  

3. लोकांना कोरोनाव्हायरस मळेु अरोग्याचे काळजी घणे्याची सर्वय लागली ईदा  .साबणाने हात धणुे ,

सॅजनटायझर चा र्वापर करण ेसार्वमजजनक जठकाणी नथुंकण ेजशकंताना ,खोकताना ,तो ंंडाला रुमाल लार्वने. 

4. मानर्वतेच्या दृजिकोनातनू समाजातील लोक एकमकेांची मदत करण्यासाठी समोर अले 

5. या दगदगीच्या जीर्वनात माणसू कुटंुबापासनू र्व नातेर्वाइकांपासनू दरुार्वत होता या महासाथीतील लॉकडाउन 

मध्ये कुटंुबासोबत र्व नातेर्वाइकांसोबत र्वळे घालर्वला त्यामळेु नात्यांमध्ये गोडर्वा जनमामण झाला. 

6. लोकांना र्वकम  फ्रॉम होम मळेु तंत्रज्ञानाचा र्वापर करार्वा लागलेा त्यामळेु तांजत्रक ज्ञानमध्ये र्वाढ झाली. 

प्रमतकूल पररणाम :- 

1. कोरोनाव्हायरस ऄकाली जनधनामळेु कुटंुबच्या कुटंुब ईध्र्वस्त झाले. 

2. समाजामध्येर्वाइट प्रर्वतृ्ती मध्ये र्वाढ झालीईदा  .चोरी करणे.  

3. भीतीयकु्त र्वातार्वरणामळेु तनार्वजनय पररजस्थतीत र्वाढ झाली. 

4. जीर्वनचक्र कोलमडले. 

5. शाळा ,कॉलंेज ,प्रशासकीय कायामलय बंद ऄसल्यामळेु समाजजीर्वन जर्वस्कळीत झाले.  

आमथयक पररणाम ,अनुकूल पररणाम :- 

1. या कोजर्वड -१९साथी मध्ये लोकांना बचतीचे महत्र्व समजले.  

2. सरकारला ऄशा महासाथीच्या जर्वरुद्ध लढण्यासाठी ऄगोदर कोणकोणती ऄजतररक्त काळजी घ्यार्वी लागते 

याबद्दल ज्ञान प्राप्त झाले  .ईदा .ऄजतररक्त हॉजस्पटलची जनजममती ,ऄजतररक्त ऑजक्सजनचा साठा ,अरोग्य 

कममचाऱ्यांना प्रजशक्षण ,ऄजतररक्त राखीर्व जनधी.  

3. पी  .एम .केऄर फंड मध्ये सर्वम दशेातील लोकांनी अजथमक मदत केली तेव्हा द ंेशाची एकात्मता जदसनू 

अली. 

4. कोजर्वड -१९ मळेु सरकारला ऄथमव्यर्वस्थेतील कमजोर बाज ूजनदशमनास अली.  

प्रमतकूल पररणाम :- 

1. बेरोजगारीत र्वाढ. 

2. समाजाचा अजथमक गजणत जबघडले. 

3. दाररद्रया मध्ये र्वाढ झाली. 
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मनष्कषय :- 

1. कडक जनबंध लार्वल्यामळेु गरीब कामगारांचे मोठ्या प्रमाणार्वर अजथमक जस्थती खालार्वली अहे 

2. पैसे नसल्यामळेु र्व मालकांनी घर भाड्याचा तगादा लार्वल्यामळेु ह ेलोक पनुहा त्यांच्या मळू गार्वी 

स्थलांतररत करीत अह े

3. बस  ,रेल्र्व ेसेर्वा बंद ऄसल्याने जकंर्वा त्यांचे भाडे द्यायला तेर्वढे पैसे नसल्याने  ह ेलोक पायी प्रर्वास करत 

अहते 

4. अजथमक जस्थती खालार्वल्यामळेु कामगारांना दोन र्वळेचे जरे्वण व्यर्वजस्थत जमळत नसल्याने त्यांच्या 

अरोग्यार्वरही पररणाम होत अहे 

5. मजरू बऱ्यापैकी र्वगेर्वगेळ्या जठकाणार्वरुण कामाजनजमत्त येथे अले ऄसल्याने त्यांना स्थाजनकरेशन दकुानातनू 

धानय जमळेत नाही 

6. भत्ता  ,र्वतेन जमळत नाही मालक र्वगम या कामगारांची राहण्याची ,जरे्वणाची जबाबदारी घ्यायला तयार 

नसल्याचे जदसनू येत अह े

7. गरीब लोकांसाठी ऄसलेल्या जशर्वभोजन थाळी ची संख्या कमी ऄसल्याने सर्वम कामगारा पयंत जह योजना 

पोहोचत नाही तसेच या जठकाणी मोठ्या प्रमाणार्वर गदी होउन लांबच लांब रांगा लागत अहते. 

8. लोकांच्या समस्या सोडजर्वण्यासाठी सरकार कडून कोणत्याही प्रकारची हले्पलाआन सजुर्वधा जनमामण करण्यात 

अली नाही. 

9. स्र्वयंसेर्वी संस्था म्हणार्व ेआतका या लोकांसाठी पढुाकार घते नाही 

 

उपायोिना :- 

1. सरकारने जशर्वभोजन थाळी सारख्या योजना राबईून थाळी च्या संख्येमध्ये र्वाढ करार्वी 

2. स्र्वयंसेर्वी संस्था पढुे येउन या लोकांना कपडे  .ऄनन-औषध या गोिीची मदत केली पाजहजे.  

3. सरकारनेया लोकांना अजथमक भत्ता दईेन मदत करार्वी. 

4. या लोकांच्या कजामचे हप्ते र्वसलुीर्वर काही कालार्वधीसाठी बंदी घालर्वी. 

5. ह ेलोक ज्या घरात राहत अह ेत्या घर मालकांनी घर भाडे र्वसलुी काही काळ थांबर्वण्याचे अदशे सरकारने 

द्यार्वते. 

6. र्वगेाने लसीकरण करून अजण कडक जनबंध लाउन व्यर्वसाय करण्यास परर्वानगी दतेा येइल का याबाबत 

तपासणी करार्वी. 

7. स्र्वस्त धानय दकुानातनू या लोकांना कुटंुबाला परेुल एर्वढे धानय जमळार्व ेअधार काडम रेशन काडम या बाबत 
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Abstract 

The purpose of this study was to analyze the teaching resource (Video) needs of the primary school 

physical education teachers. This study was carried out by descriptive survey method. Total 184 

primary school physical education teachers from Maharashtra state were selected by random 

sampling technique. Teaching resources needs were decided by asking the physical education 

teachers to fill up Need Analysis Questionnaire. Data was collected through google form. 

Questionnaire was sent to 184 primary school physical education teachers from Maharashtra state 

randomly and their responses were considered for the study.  Based on the questionnaire, physical 

education teachers responses were categorized as Health Related Physical Fitness Components, Skill 

Related Physical Fitness Components, Fundamental Movement Skills, Yoga Asana, Rhythmic 

Components and Sports. Different responses received from Physical education teachers. Primary 

School Physical education teacher needs more physical education teaching resources (video) on the 

physical education components such as Cardiovascular Endurance, Co-ordination, Manipulative 

Movement Skills, Standing Yoga Asanas, Sports Skills,  Aerobics and Athletics.                  

Keywords: Physical education, Teaching Resource. 

 

Introduction 

Physical Education is "education through the physical". It aims to develop students’ physical 

competence and knowledge of movement and safety, and their ability to use these to perform in a 

wide range of activities associated with the development of an active and healthy lifestyle. It also 

develops students’ confidence and generic skills, especially those of collaboration, communication, 

creativity, critical thinking and aesthetic appreciation. These, together with the nurturing of positive 

values and attitudes in PE, provide a good foundation for students’ lifelong and life-wide learning. 

(Physical Education, 2020)  

If physical education teaching is effective then students get maximum learning. Physical education 

involves Physical Fitness, Rhythmic activities, Physical activities and Physical movements of 

students. While teaching to elementary school, physical education teachers need to know how to 

choose and teach physical education teaching elements. Physical education teachers need physical 

education teaching elements in different ways in school. For this, primary school physical education 

teachers need resources (video) on various physical education teaching elements. There are no 

physical education teaching resources (videos) more available in Maharashtrian. Therefore, it will 

be important for the physical education teachers of the primary schools running in Maharashtra to 

see on which physical education components resources (videos) are required. The purpose of this 

study was to analyze the teaching resource (Video) needs of the primary school physical education 

teachers. 

 

Method: 

This study was carried out by descriptive survey method (Gay, 2000). Total 184 primary school 

physical education teachers who teach physical education to class 5th in a school from Maharashtra 

state were selected by random sampling technique. (Best, 2010)  
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Teaching resources needs were decided by asking the physical education teachers to fill up Need 

Analysis Questionnaire. Data was collected through google form. Questionnaire was sent to 184 

primary school physical education teachers from Maharashtra state randomly and their responses 

were considered for the study.  Based on the questionnaire, physical education teachers responses 

were categorized as Health Related Physical Fitness Components, Skill Related Physical Fitness 

Components, Fundamental Movement Skills, Yoga Asana, Rhythmic Components and Sports. 

Different responses received from Physical education teachers.  

 

Statistical Analysis: 

Table No. 1 You need a physical education teaching resource (Video) on which of the following 

health-related physical fitness components. 

 Frequency Percentage 

Cardiovascular Endurance 119 26.86 

Muscular Strength 107 24.15 

Muscular Endurance 104 23.48 

Flexibility 113 25.51 

Total 443 100 

 

 
Table no.1 shows that, In this study there were 184 physical education teachers selected for this 

study, many physical education teachers chose one, two and more options to determine which 

teaching resource component is needed for teaching. Frequency of 443 responses given by 184 

physical education teachers. Responses of physical education teachers need of teaching resources 

(Video) on Health Related Physical Fitness components (Cardiovascular Endurance 119, Muscular 

Strength 107, Muscular Endurance 104, and Flexibility 113).  

 

Table No. 2 You need a physical education teaching resources (video) on which of the following 

skill related physical fitness components. 

 Frequency Percentage 

Balance 84 14.02 

Agility 94 15.69 

Power 93 15.53 

Co-ordination 121 20.20 
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Speed 105 17.53 

Reaction Time 102 17.03 

Total 599 100 

 

 
Table no.2 shows that, In this study there were 184 physical education teachers selected for this 

study, many physical education teachers chose one, two and more options to determine which 

teaching resource component is needed for teaching. Frequency of 599 responses given by 184 

physical education teachers. Responses of  physical education teachers need of teaching resources 

(Video) on Skill Related Physical Fitness Components (Balance 84, Agility 94, Power 93, Co-

ordination 121, Speed 105, and Rection Time 102). 

 

Table No. 3 You need a physical education teaching resource (Video) on which of the following 

Fundamental Movement Skills. 

 Frequency Percentage 

Locomotor Movement Skills 112 35.00 

Non locomotor Movement Skills 85 26.56 

Manipulative Movement Skills 123 38.44 

Total 320 100 

 
Table no.3 shows that, In this study there were 184 physical education teachers selected for this 

study, many physical education teachers chose one, two and more options to determine which 
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teaching resource component is needed for teaching. Frequency of 320 responses given by 184 

physical education teachers. Responses of physical education teachers need of teaching resources 

(Video) on Fundamental Movement Skills (Locomotor Movement Skills 112, Non locomotor 

Movement Skills 85, and Manipulative Movement Skills 123). 

 

Table No. 4 You need a physical education teaching resources (Video) on which of the following 

yoga asanas.  

 Frequency Percentage 

Standing Posture Asanas 120 28.92 

Sitting Posture Asanas 104 25.06 

Prone Posture Asanas 94 22.65 

Supine Posture Asanas 97 23.37 

Total 415 100 

 

 
Table no.4 shows that, In this study there were 184 physical education teachers selected for this 

study, many physical education teachers chose one, two and more options to determine which 

teaching resource component is needed for teaching. Frequency of 415 responses given by 184 

physical education teachers. Responses of physical education teachers need of teaching resources 

(Video) on Yoga Asanas (Standing posture Asanas 120, Sitting posture Asanas 104, Prone posture 

Asanas 94, and Supine Posture Asanas 97)  

 

Table No. 5 You need a physical education teaching resource (video) on which of the following 

components. 

 Frequency Percentage 

Recreational Games  85 29.51 

Sports Skills  148 51.39 

Relay Race 55 19.10 

Total 288 100 
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Table no.5 shows that, In this study there were 184 physical education teachers selected for this 

study, many physical education teachers chose one, two and more options to determine which 

teaching resource component is needed for teaching. Frequency of 288 responses given by 184 

physical education teachers. Responses of physical education teachers need of teaching resources 

(Video) on Components of  Recreational Games 85, Sports Skills 148, and Relay Races 55. 

 

Table No. 6 You need a physical education teaching resource (video) on which of the rhythmic 

components. 

 Frequency Percentage 

Aerobics 127 39.08 

Lezim 103 31.69 

Mass PT (Light Apparatus) 95 29.23 

Total 325 100 

 

 
Table no.6 shows that, In this study there were 184 physical education teachers selected for this 

study, many physical education teachers chose one, two and more options to determine which 

teaching resource component is needed for teaching. Frequency of 325 responses given by 184 

physical education teachers. Responses of physical education teachers need of teaching resources 

(Video) on Rhythmic Components. (Aerobics 127, Lezim 103, and Mass PT 95) 
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Table No. 7 You need a physical education teaching resource (video) on which Sports? 

 Frequency Percentage 

Cricket 11 5.64 

Athletics 43 22.05 

Volleyball 18 9.23 

Handball 14 7.18 

Fencing 1 0.51 

Hockey 5 2.56 

Kho-Kho 18 9.23 

Baseball/ Softball 9 4.62 

Kabaddi 21 10.77 

Basketball 15 7.69 

Badminton 3 1.54 

Football 21 10.77 

Mallakhamb 2 1.03 

Yoga 4 2.05 

Karate/ Taekwondo 7 3.59 

Skating 3 1.54 

Total 195 100 

 

 
Table no. 7 shows that, In this study there were 184 physical education teachers selected for this 

study, many physical education teachers chose one, two and more options to determine which 

teaching resource component is needed for teaching. Frequency of 195 responses given by 184 

physical education teachers. Responses of physical education teachers need of teaching resources 

(Video) on Sports. (Cricket 11, Athletics 43, Volleyball 18, Handball 14, Fencing 1, Hockey 5, Kho-

Kho 18, Baseball/Softball 9, Kabaddi 21, Basketball 15, Badminton 3, Football 21, Mallakhamb 2, 

Yoga 4, Karate/Taekwondo 7, and Skating 3). 

 

Discussion: 

Primary school physical education teacher’s needs physical education teaching resources for 
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effective physical education teaching in school. Physical Education teaching resources helps to 

develop their knowledge regarding physical education and get idea for teaching physical education. 

Effective Physical Education classes help student to develop skills, maintain physical fitness, and 

learn about personal health and wellness. 

 

Conclusions: 

Different responses received from Physical education teachers. Primary School Physical education 

teacher needs more physical education teaching resources (video) on the physical education 

components such as Cardiovascular Endurance, Co-ordination, Manipulative Movement Skills, 

Standing Yoga Asanas, Sports Skills,  Aerobics and Athletics. 
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