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Abstract: Chalcone has become a matter of focus because of its wide variety of biological actions, such
as anti-inflammation, anti-cancer, anti-tuberculosis, etc. Due to its inherent chemical reactivity,
chalcone has become an easily accessible building block to construct various naturally and biologically
active compounds. In modern times, the title compound is made possible to prepare through Claisen-
Schmidt reaction or Aldol reaction. However, it is carried out under a conventional condition with a
considerable number of variables (time, temperature, reagents, instrument parameters, etc.). In the
present research work, we report a novel series of chalcone-based heterocyclic moieties along with an
eco-friendly condensation reaction method permitting a ‘green approach’ to the present work. Thin-
layer chromatography (TLC) was used to monitor the *reaction’s progress, and Rf values were recorded.
All of the synthesized derivative’s FTIR spectra were reported. This research focuses on seeing if green
approaches can be used to synthesize the target chemical. In comparison to previous procedures, these
approaches were more convenient and generated a greater yield (75-80%), showed maximum
efficiency, and were stored without polluting the environment while also providing medicinal benefits.
This method provides a faster reaction time, is safer for analysts, is minimal in cost, and is simple to
implement. Additionally, the antioxidant activity of synthesized ligands with the DPPH assay has been
studied.
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1. Introduction

The chemistry of chalcone is very rich and is very useful nowadays that why it is
gaining intense research interest globally [1,2]. Chalcone is a versatile compound that may be
used to precursor various biological compounds [3]. Chalcone is electrophilic species having a
ketone functional group attached to the unsaturated double bond, and due to this chromophore
(CO-CH=CH) it may be able to show color [4]. Chalcone is a unique structure that consists of
two aromatic rings connected by a three-carbon unsaturated carbonyl system. Due to the open-
chain model and the feature of skeletal modification to produce a new class of organic
compounds such as azachalcones [5,6], isoxazoles [7], pyrazoles [8,9], and indole grounded
chalcones [10]. Chalcone derivatives have a wide range of therapeutic properties, including
anticancer, antioxidants [11], anti-inflammatory [12,13], antihypertensive [14], antimalarial
[15], antiulcer [16], antiviral [17], antiprotozoal [18], cardiovascular activity [19] and
mutagenic properties [20]. Chalcones are starting to synthesize many cyclic derivatives like
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pyrazolines, isoxazoles, pyrimidine [21,22]. Chalcone compounds have unsaturated double
bonds, which delocalizes the electrons to two aromatic rings that resonate with the unsaturated
double bond. Due to this phenomenon, possess a (p-electron system).

Pyrazoline is a partially reduced form of pyrazole. It is a basic five-membered
heterocyclic with two neighboring nitrogen atoms within the ring and only one endocyclic
double bond [23]. The electron-rich pyrazoline derivatives operate as ’Lewis’s basis for
complexation, resulting in a wide range of biological activities. Aside from the synthetic
approach, it may be found in nature in pigments, vitamins, and plant and animal cell contents,
among other things [24]. Antimicrobial [25,26], anticancer [27,28], and anti-inflammatory
effects [29] are all demonstrated by pyrazoline and its substituted pyrazoline derivatives [30].
Pyrimidines are heterocyclic aromatic compounds with six members, comparable to phenyl
rings. It has two nitrogen atoms arranged in six-membered rings. Various drugs containing the
pyrimidine moiety are receiving a lot of interest since they represent a large class of natural
and non-natural chemicals, many of which have biological functions [31].

An antioxidant is a molecule that prevents other molecules from oxidizing. Oxidation
is a chemical reaction in which molecules transfer electrons or hydrogen to an oxidizing agent.
Antioxidants stop these chain reactions from continuing by eliminating free radical
intermediates and preventing subsequent oxidative reactions of hetero atoms [32]. Antioxidants
are responsible for the ’organism’s defensive mechanisms against diseases caused by free
radical attacks. Plant-derived antioxidants are implicated in preventing oxidative stress-related
degenerative diseases such as cancer, ’Parkinson’s disease, ’Alzheimer’s disease, and
atherosclerosis [33].

Green chemistry is the discipline of chemistry that deals with tools, processes, and
technologies that are environmentally friendly [34,35]. Chemists and chemical engineers can
use it in research, development, and manufacturing to create more environmentally friendly
and efficient goods that may also save money. It will now become an indispensable tool in
synthetic chemistry [36,37]. ’It’s a fresh approach to organic synthesis and medicinal molecule
design, with significant environmental and economic benefits over classic synthetic methods
[38]. Green chemistry has offered a new challenge for organic synthesis, requiring the
development of novel reaction conditions that limit the usage of dangerous toxic compounds
and the emission of volatile organic solvents [39]. They improve traditional procedures
regarding selectivity, reaction time, and product separation and purification. Investing in
techniques that reduce the need for chemical waste using alternative technologies, such as
sonochemistry [40-42] and microwave technology’ [43], reusable catalysts [44], renewable
solvents, or even solvent-free reactions, has been attracting attention in the scientific
community [45]. The synthesis of a classical Chalcone with the help of ultrasound is described
in this paper. On the other hand, the model response is used to design, develop, and execute a
simple and comprehensive internal quality approach for evaluating the performance of a
standard ultrasonic probe.

2. Materials and Methods

All Chemicals, reagents, and solvent ware purchased from Sigma-Aldrich were used
without further purification (simple or under vacuum distillation or recrystallization are
sometimes carried out for purification). The purity of synthesized derivatives, including
intermediate, was tested by thin-layer chromatography (TLC) using silica gel (60-100 mesh),
chromatography was eluted using a mixture of chloroform-methanol (9.5:0.5), or chloroform-
https://biointerfaceresearch.com/ 20f 11
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ethyl acetate (5:5), and the spots were visualized by exposure to iodine vapor. Organic solvents
were distilled before use.

2.1. Experimental procedure for the synthesis of chalcone.
2.1.1. Conventional method.

A (1.0 mol) of 2-4 dihydroxy acetophenone and (1.0 mol) of furfural aldehyde are taken
into appropriate quantity of ethanol. This solution was stirred for 10-15 minutes to maintain
the temperature around 0-5°C, 15% solution of NaOH (20 ml) was added dropwise to the
resulting solution within 30 minutes. This reaction mixture is stirred for 6 hrs. The TLC is used
to monitor the reaction progress. After completion of the reaction. It is acidified with 30%
AcOH solution. The reaction mixture was poured into ice water; the yellow solid was formed,
filtered, then dried [18]. The Chalcone (CC1) was obtained according to the published method
[46] (Scheme 1). Physicochemical and analytical data are presented in Table 1.

2.1.2. Green route method.

The ultrasound-assisted reaction was carried out in a 100 mL flask which contained a
solution of (1.0 mol) 2-4 dihydroxy acetophenone and (1.0 mol) of furfural aldehyde were
taken into appropriate quantity of ethanol. This solution is subjected to ultrasound irradiation.
During the process, 15% NaOH (20 mL) is added dropwise within 30 minutes, and the yields
vary according to the parameters used. The TLC is used to monitor the reaction progress. After
completion of the reaction. It is acidified with 30% AcOH solution. The reaction mixture was
poured into ice water; the yellow solid was formed, filtered, and dried. Physicochemical and
analytical data are presented in Table 1.

2.1.3. General synthetic route.

15% NaOH or KOH
EtOH
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Scheme 1. Chalcone formation.
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Scheme 2. Summarized reaction of series of ligand (LL1-LL5).
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2.2. General procedure for the synthesis of pyrimidine and pyrazoline derivatives.

A solution of (1.0 mol) of (E)-1-(2,4-dihydroxyphenyl)-3-(furan-2-yl) prop-2-en-1-one
in ethanol (25 mL) was prepared; after that, it was refluxed with (1.0 mol) of 98 % pure
hydrazine hydrate derivative, guanidine and urea for 6-7 hrs., separately [47]. To give a series
of compound (LL1-LL5). After completion of the reaction, the reaction mixture concentrated
to its half volume; the generated solid particle was separated, then was filtered and washed
with hot water and recrystallized from cold ethanol. A mixture of petroleum ether and
chloroform (8:2) is used to monitor the reaction through TLC (Scheme 2) continuously.
Physicochemical and analytical data are presented in Table 2.

Table 1. Physicochemical and analytical data of compounds.

Sr. Reaction oA Mass Of Mol. Rf
No Compound Time /6Yield Compound Formula Color Value
(E)-1-(2,4- 20-
dihydroxyphenyl 7 0 80 Yellowish
1 )-3-(furan-2-yl) | Hrs. I\?I?n 1% | o, 230.6 C13H1004 Brown 0.74
prop-2-en-1-one

Table 2. Physicochemical and analytical data of compounds.

Sr. Compound Name Of The Mass of Mol. vield Color Rf
No Compound Compound Formula Value
4-(5-(furan-2-yl1)-4,5-
1. LL1 dihydro-1H-pyrazol-3- 244.03 Ci13H12N203 68 % Reddish 0.77
yl) benzene-1,3-diol
1-(3-(2,4-
dihydroxyphenyl)-5-
2. LL2 (furan-2-yl)-4,5- 286.10 C15H14N204 70% Reddish 0.75

dihydro-1H-pyrazol-1-
yl) ethan-1-one
4-(5-(furan-2-yl)-1-
phenyl-4,5-dihydro-1H-

3. LL3 pyrazol-3-yl) benzene- 320.6 C19H15N203 68% Reddish 0.80
1,3-diol
4-(2-amino-6-(furan-2-
4. LL4 yl) pyrimidin-4-yl) 269.5 C14H11N303 69% Blackish 0.74

benzene-1,3-diol
4-(6-(furan-2-yl)-2-
5. LL5 hydroxypyrimidin-4-yl) 270.4 C14H10N204 68% Blackish 0.75
benzene-1,3-diol

3. Results and Discussion

Conventionally, chalcone can be prepared by refluxing the ketone and aldehyde in an
organic solvent through Claisen-Schmidt reaction or aldol condensation as an acid or base
catalyst [48,49].

The following scheme 1 depicts the synthetic techniques used to synthesize the
intermediate derivative and target compounds: Another advantage of this approach is its
operational simplicity, ease of work-up, and higher yield, which includes washing the mixture
followed by solvent evaporation. Chalcone synthesis is a single-step process. The yields of
the synthesized compounds have been shown to be significant. In the current method, we
provide a mild, efficient, high-yielding approach for the condensation reaction of different
aromatic ketone and furfural aldehyde. These reactions were accomplished in reduced reaction
times (20-22 minutes) with high yields using this approach (80 %). The green route approach

necessitates simple work-up processes, such as simple filtering to separate the products since
https://biointerfaceresearch.com/ 40f 11
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they are -insoluble. The necessary chemicals were produced with good yields without any
additional purification. Compared to the reaction time and product yield of conventional
methods, this technique was chosen as green, environmentally friendly, clean, and safe to boost
synthesis.

After completion of preparation of chalcone, it was utilized to synthesize five-
membered and six-membered heterocyclic derivatives (Scheme 02). Chalcone can undergo
nucleophilic attack through Michael's addition. Cyclization of the Chalcones with guanidine
and urea in ethanol gave compound (LL4), (LL5) 4-(2-amino-6-(furan-2-yl) pyrimidin-4-yl)
benzene-1,3-diol and  4-(6-(furan-2-yl)-2-hydroxypyrimidin-4-yl)  benzene-1,3-diol,
respectively. Furthermore, the substituted pyrazoline ring (five-member ring) formed by the
nucleophilic attack by hydrazine hydrate and its analogs give compound (LL1-LL3). All
chemicals were extracted in high yields (70—85%) and purified using ethanol recrystallization.
Thin-layer chromatography (TLC) and elemental analysis were used to determine the purity of
the substances. Elemental analysis and spectrum (UV, IR, tHNMR, C NMR, and mass) data
validated the structures of the newly synthesized compounds, which were in agreement with
the hypothesized structures.

3.1. Antioxidant activity.

Free radicals are extremely reactive atoms or compounds with outermost electrons
unpaired [50]. Due to the gain or loss of an unpaired electron, free radicals are continually
striving to form stable bonds. The electron configuration of chalcone-based heterocyclic
compounds is ready to accept/donate an electron or depends on the current oxidation state and
electron configuration [13,51-53]. As a result, ligands are ready to accept/donate electrons to
guench radicals based on reaction conditions.

The DPPH is a well-characterized synthetic solid radical that may be used to assess the
antioxidant capacity of substances. The ability of ligands to reduce DPPH by receiving
hydrogen or electron was measured spectrophotometrically by altering the DPPH color from
yellow to brown Fig. 1.

Figure 1. DPPH with ligand color from yellow to brown.

Comparing antioxidant activity with common antioxidant reference materials Quercetin
and Ascorbic Acid (AA) [54,55] Fig 2-7. Even though the antioxidant activity [56,57] of CC-
1 and LL1-5is slightly lower than that of the conventional antioxidants Quercetin and Ascorbic
Acid (AA), it is reasonable to believe that CC-1 and LL1-5 have the potential to be used as
good antioxidant agents.
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Figure 5. DPPH with LL -3 from concentration 10uL to 200uL
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Figure 6. DPPH with LL -4 from concentration 10pL to 200pL.
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Figure 7. DPPH with LL -5 from concentration 10pL to 200pL.
The comparison with standard antioxidant with ligand CC-1, LL-1, LL-2, LL-3, LL-4,

LL-5 ware recorded in UV Visible and bar diagram shows the potent antioxidant properties of
synthesized ligands Fig 8.
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Figure 8. Standard antioxidant comparison with ligands at 515nm.

The percent DPPH radical inhibition with absorbance effect is indicated in Fig 9.
Inhibition was found to be low in CC-1 compared with LL1-5, which may be because NH acts
as a good oxidant that can easily react and accept/lose electrons.

at 515 nm

Absorbance

M Control ®CC-1 ®LL-1 -2 WlL-3 Wll-4 @S

Figure 9. Absorbance effect of ligands with control.
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4. Conclusions

The research work here demonstrates the synthesis of novel chemical entities of
pyrazole/pyrazoline and pyrimidine derivative. Substituted pyrazoline and pyrimidine
heterocyclic rings are therapeutically potential classes of compounds. The method used in the
present study is one of the best methods for introducing functional group modification with
ease. ’It’s important to note that Chalcones have a unique template with an -unsaturated
carbonyl system that allows for structural changes. The experimental results show that the
ultrasound-assisted reaction is 17 times quicker than the traditional one (20 min vs. 6 hr.). The
ring formation reaction of chalcone with hydrazine and its analogs to obtain substituted
pyrazoline and pyrimidine heterocyclic moiety (LL1 — LL5) was attempted by employing
various reagents and reaction conditions. All the desired products as a novel moiety were
successfully carried out under optimized reaction conditions. In addition, the antioxidant
activity of synthesized ligands wares was also successfully evaluated to show free radical
scavenging activity up to 60-70 % in 30 min, which is relatively higher in comparison to other
moieties.
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