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In terms of response time and energy consumption, green
technologies like the microwave and grinding techniques have been
found to be superior to the conventional way. The pyrazoline
derivatives, 2a-i and 3a-i, were produced by microwave irradiation
as well as conventional heating. IH NMR, 13C NMR, IR, and mass
spectrum studies were used to describe the produced compounds.
The antioxidant capacity of pyrazoline derivatives made using green
chemistry techniques is examined in this work. For synthesis,
standard heating, microwave irradiation, and grinding methods
were applied using synthetic-grade starting materials obtained from
Sigma Aldrich. The produced compounds were characterized using
spectroscopic techniques like 1H, 13C, and FTIR. Using the DPPH
radical scavenging method, the compounds' antioxidant activity was
evaluated, and the efficacy was estimated by calculating the IC50
values.

Keywords: Pyrazoline derivatives, green chemistry methods,
Conventional heating, Microwave irradiation, Grinding techniques

1. INTRODUCTION

Nitrogen fills in as the hetero component in the huge five-part heterocyclic atom known as
pyrazoline. Various mixtures of pyrazoline show huge pharmacological properties. Various
natural exercises, including antitumorl and calming properties,2 MAO-B inhibition3, and
antioxidant4 action, have been connected to pyrazoline and its derivatives. Applications for
pyrazoline derivatives incorporate dyestuffs, agrochemicals, and scientific reagents.5. Similarly,
mixtures of subbed furan/thiophene additionally show vital natural action, including
antimicrobial, anticancer, antioxidant, and HIV-1 combination hindrances. 6-10. In light of these
discoveries, and as a feature of a persistent undertaking to find physiologically dynamic
heterocycles, an original series of N-acetyl pyrazolines with an arylfuran/arylthiophene moiety
have been synthesized and introduced here. The antioxidant limit of these synthetic substances
was surveyed. Looking at two or three the examined mixtures to the business standard, butylated
hydroxytoluene (BHT), significant antioxidant movement was noticed.

The investigation of heterocyclic chemistry is significant to the study of restorative chemistry.
They can likewise be fundamental or acidic. The heterocyclic moiety is available in a larger part
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of pharmacologically bioactive atoms as a result of their critical qualities. In medicinal
chemistry, azoheterocycles are important and frequently used. Some examples of these are
pyrimidines (like zidovudine), pyrazoles (like febuxostat), quinolines (like chloroquine), indoles
(like fluoxetine), diazepines (like lorazepam), and pyridines (like sulfasalazine).

Manageable chemistry, or "green chemistry," utilizes synthetic cycles and synthetics with a lower
natural effect. Decreased byproducts, non-harmful parts, and expanded effectiveness might be
remembered for the utilization and creation of these substances. In green chemistry, the
dissolvable decides most of the cycle's natural presentation, alongside its impacts on cost,
wellbeing, and wellbeing. Consequently, the dissolvable is an essential part that should be
considered in a green convention. However most natural atoms are not adequately dissolvable in
water, it is a particularly engaging dissolvable choice. Involving ethanol as the response medium
is a completely OK substitute since it is an economical, biorenewable ware with less ecological
gamble and insignificant damage to people. Because of worries over dissolvable free conditions
and heterocyclic chemistry, conventions using clean techniques have arisen as an option for
pyrazole planning. Zhang and partners have concocted an eco-accommodating and powerful
method for the effortless combination of pyrazoles under mechanochemical ballmilling
conditions. Furthermore, there are various advantages to utilizing sonochemistry or microwaves
in natural combination, including more significant returns, less difficult stir up, cleaner
responses, and very speedy response times. The most recent improvements in the combination of
pyrazoles with antioxidant attributes are introduced here as a feature of the creators' continuous
exploration on heterocyclic mixtures and green chemistry.

Various natural and pharmacological impacts, including antibacterial, antihepatotoxic,
mitigating, antioxidant, and anticancer properties, are shown by antioxidant substances. A few
methodologies in view of different pathways can be utilized to assess a substance's antioxidant
movement.

1.1.Pyrazolines and Antioxidant Activity

Because of its many pharmacological characteristics, pyrazolines, a type of heterocyclic
compounds with a five-membered ring including two carbon atoms and three nitrogen atoms,
have attracted a lot of interest in medicinal chemistry. These substances have a wide range of
biological actions, such as antioxidant, antibacterial, anticancer, and anti-inflammatory
properties. Given the critical role that antioxidants play in reducing oxidative stress-related
disorders and the aging process, their antioxidant potential has emerged as one area of particular
attention among these.

Pyrazolines have antioxidant properties because they can scavenge reactive oxygen species and
prevent oxidative damage to biomolecules like proteins, DNA, and lipids. The pyrazoline
structure's electron-donating groups, which have the ability to efficiently neutralize free radicals
and stop the chain processes linked to oxidative stress, are thought to be responsible for this
function. The pyrazoline moiety functions as a hydrogen or electron donor, respectively, to
stabilize reactive intermediates and stop the spread of radicals.
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The kind and location of substituents on the pyrazoline ring, as well as the existence of
functional groups that alter electron density and resonance stabilization, all have an impact on
the antioxidant activity of pyrazolines. Electron-rich aromatic or heteroaromatic substituents are
frequently added to structures in an effort to increase their antioxidant efficacy. These additions
can increase the molecule's ability to donate electrons and increase its effectiveness in
scavenging free radicals. Furthermore, pyrazoline derivatives' stereochemistry may influence
their antioxidant activity; some configurations may be more effective than others because of
improved molecular interactions and conformational stability.

Pyrazolines are being investigated as possible antioxidant agents because they are important
because they guard against diseases caused by oxidative damage and maintain cellular
homeostasis. Researchers hope to create new pyrazoline derivatives with enhanced efficacy,
selectivity, and safety profiles for use in treating disorders linked to oxidative stress by clarifying
the structure-activity relationships governing their antioxidant properties and utilizing green
chemistry methodologies for their synthesis.

1.2.Principles of Green Chemistry in Synthesis

Sustainable chemistry, or "green chemistry," is the application of a set of guidelines designed to
minimize the negative effects of chemical reactions on the environment while enhancing their
effectiveness and safety. Applying green chemistry concepts to the synthesis of pyrazolines
entails using creative approaches and techniques that minimize or completely do away with the
use of dangerous chemicals, solvents, and byproducts, therefore encouraging sustainability all
the way through the synthetic process.

The use of environmentally benign, renewable, and non-toxic reagents and solvents is a
cornerstone of green chemistry. During the process of synthesizing pyrazolines, it can be
necessary to substitute conventional organic solvents like dichloromethane or chloroform with
more environmentally friendly options like water or solvents produced from renewable
resources. Furthermore, whenever feasible, green chemistry promotes the use of catalytic
processes rather than stoichiometric reactions since they can effectively aid in bond formation,
encourage selective transformations, and reduce waste production.

Waste minimization and atom economy, which entail creating synthetic pathways that optimize
the incorporation of starting materials into the finished product and reduce the formation of
undesired byproducts, are important components of green chemistry. This can be done in the
synthesis of pyrazolines by using multicomponent methods or cascade reactions that facilitate the
simultaneous production of many bonds in a single operation, simplifying the synthetic process
and lessening its overall environmental impact.

In addition, green chemistry places a strong emphasis on process intensification and energy
efficiency to lower the energy usage and environmental effect of chemical reactions. This could
include improving reaction conditions to reduce energy input and maximize resource usage, as
well as using alternative energy sources like microwave or ultrasonic irradiation to speed up
reaction rates and increase product yields. Furthermore, by lowering solvent volumes, reaction
durations, and waste generation, process intensification strategies including solid-phase synthesis



Page 116 of 14
Ravindra Vithal Revadigar / Afr.J.Bio.Sc. 6(10) (2024) 112-125

and continuous flow chemistry might improve the sustainability of pyrazoline synthesis even
more.
1.3.Research Objectives

e To use synthetic-grade starting materials obtained from Sigma Aldrich to synthesis
pyrazoline derivatives by green chemistry procedures, such as conventional heating,
microwave irradiation, and grinding processes.

e to evaluate the produced compounds' purity and structure elucidation by characterizing
them using spectroscopic techniques including FTIR, Mass, and 1H, 13C NMR.

e To assess the synthesized pyrazoline derivatives' antioxidant capacity using the DPPH
radical scavenging method, figuring out IC50 values to measure their effectiveness as
antioxidants and possible uses in therapeutic treatments.

2. LITERATURE REVIEW

Achutha et al. (2020) developed a sustainable process for the synthesis of pyrazoline
carbothioamides and then assessed the compounds' effectiveness as antioxidants and
antimicrobials. The study demonstrated the compounds' aptitude to fight microbiological
infections and their capacity to scavenge free radicals, indicating possible uses in medications
and functional foods.

Dhonnar et al. (2023) produced 1,3,5-trisubstituted 2-pyrazolines using a PEG-mediated
synthesis method, and then looked into their possible antioxidant, antibacterial, and antifungal
effects. They conducted a thorough investigation to see how well these chemicals worked against
bacterial and fungal strains as well as how well they might reduce oxidative stress using
antioxidant assays. This study offers insightful information about the complex pharmacological
properties of 1,3,5-trisubstituted 2-pyrazolines, indicating a range of potential therapeutic uses.
Muchtaridi, M. (2021) This article will go over the fact that it is so significant to enhance the
blend response conditions by representing various union boundaries to deliver the ideal natural
item results utilizing customary techniques. Utilizing PubChem, Chemspider Google Researcher,
Exploration Door, Science Direct, and Elsevier, a writing search was done, and the union of
pyrazolines was picked in view of the physicochemical profile, response system, and
combination method.

Song, M. (2022) In this work, pyrazoline and eighteen pyrazole derivatives were consolidated,
and the mixtures' mitigating and antibacterial properties were surveyed. Utilizing 1H NMR, 13C
NMR, and HRMS, the objective mixtures were all synthesized with no issues and afterward
described. Their mitigating impact was surveyed utilizing two models: an in vitro model
delivered by lipopolysaccharide (LPS) to create cancer rot factor (TNF)- a, and an in vivo model
brought about by xylene to cause ear edema. Utilizing the sequential weakening methodology,
antimicrobial movement against various Gram-positive and Gram-negative microscopic
organisms was evaluated. Most of the substances fundamentally smothered TNF-a articulation at
a centralization of 20 pg/mL, as per pharmacological examinations. Intensifies 9b had a more
elevated level of hindrance (66.4%) than the positive control prescription, dexamethasone
(DXMS), when it came to the LPS-incited creation of TNF-a. Additionally, compounds 4b, 5a,
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5b, 6b, and 9b showed inhibitory activity that was like that of DXMS. Compound 4a smothered
edema in the xylene-actuated ear-edema model by 48.71%, which was more than DXMS's
(47.18%) viability in such manner.

3. RESEARCH METHODLOGY

The review utilized a synthetic methodology to investigate the antioxidant limit of derivatives of
pyrazoline created utilizing green chemistry techniques. The review utilized starting materials
got from Sigma Aldrich and a combination of conventional heating, microwave irradiation, and
grinding techniques to integrate pyrazoline derivatives. Actual constants and slight layer
chromatography (attention) were used to screen the responses, and spectroscopic techniques like
FTIR, Mass, and 1H, 13C NMR were utilized for characterization.

3.1.Data Collection:

Starting fixings and solvents were synthetic grade materials that were bought from Sigma
Aldrich for every response. Each phase of the blend included the utilization of unmistakable
dissolvable frameworks and response periods, which were all carried out all through the
controlled responses. For each union method, data was recorded about the temperature, span, and
groupings of reagents during the response.

3.2.Antioxidant Potential Analysis:

Utilizing the DPPH radical scavenging method, the antioxidant potential of the synthesized
pyrazoline derivatives was surveyed. Methanol was utilized to create arrangements of the
synthesized compounds at a centralization of 100 pg/mL. Simultaneously, a DPPH arrangement
was made in methanol. Following 30 minutes of room temperature brooding, the absorbance of
the response combination was estimated at 517 nm utilizing a Shimadzu UV spectrometer.
3.3.Materials:

Each response utilizes synthetic-grade starting fixings and solvents that are acquired from Sigma
Aldrich. Slender layer chromatography (attention) and actual consistent were utilized to portray
the virtue of the relative multitude of substances and fabricated items. With the utilization of a
pre-covered tender loving care plate (Silica gel 60-120), each reaction was seen. For Step-1
mixtures, the dissolvable framework utilized was chloroform:methanol (8:2), and for Step-2
mixtures, chloroform:methanol (9:1). The got tender loving care plates were inspected in an
iodine chamber and under a long UV light to search for spots. Utilizing a microwave from
Labline Logical Instruments, all responses were led under microwave radiation. The designs of
the delivered compounds were explained and affirmed by spectroscopic methods like FTIR,
Mass, and 1H, 13C NMR.

3.4.Methods:

3.4.1. Traditional heating technique (1a—i): First step:

In a cone-shaped flagon with an appealing stirrer, mix 2.2 grams sodium hydroxide, 20 milliliters
water, and 12.5 milliliters ethanol. Crushed ice around the cup. 43 million mol A nice stirrer was
used to add 4.4 ml of acetophenone to the fluid above and mix it. Add 4.6 ml of subbed
benzaldehyde (0.43mol) dropwise and maintain the blend temperature at 25 °C. The reaction mix
was refrigerated temporarily. To promote the chalcone, the reaction mixture was diluted with 50
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mL cold water and fermented with 10% aq. HCl. After separating and rinsing the resulting item
in cool water until litmus-nonpartisan, 10 ml of cold amended soul was added. The object was
recrystallized in methanol.

3.4.2. Method 1a-i for microwave irradiation: Step 1:

Utilizing tender loving care to screen the radiation, the blend was presented to 180 W for three
minutes in a microwave broiler. From that point forward, 3N HCI (5 ml) was added to kill the
combination. Following filtration, cold water was utilized to wash the item.

Step 2: The general process for creating derivatives of pyrazolines (2a-i, 3a-i) is as follows:
supplanted 2a-I/phenyl hydrazine hydrate with chalcone la-I (10 mmol) and INH (10 mmol,
1.37g). In the wake of dissolving in 10 milliliters of icy acidic corrosive, 3a-I refluxed for a day
and a half. Attention followed the response's turn of events. In the wake of adding the mix to
super cold water, sodium bicarbonate was utilized to kill it. In the event that important, a saline
solution treatment was utilized to dispose of the tacky nature. By joining compound (la-I) with
isonicotinic corrosive hydrazide arrangement in frosty acidic corrosive.

Likewise, compounds (la-I) containing 2.5 mmol of phenyl hydrazine were added to an open
pyrex vessel, and the response was then presented to microwave radiation for the appropriate
measure of time (3-5 minutes) until attention checked that the response had finished. Following
consummation, the response combination was permitted to cool to room temperature prior to
being added to 50 milliliters of cold water. In the wake of being sifted, dried, and recrystallized
from methanol, the strong was gotten.

3.4.3. The general procedure for synthesizing pyrazoline derivatives

The indistinguishable cycle framed in microwave union. Stage 2: Mixtures 2a-I were made by
adding Compound 1la-I, then, at that point, consolidating it with frigid acidic corrosive,
isoniconic corrosive hydrazide hydrate (0.02mol), and processing for a couple of moments.
Attention was utilized to screen the response's decision. The strong, which had a light greenish-
yellow tone, was isolated.

Moreover, comp. la-I was joined with phenyl hydrazine hydrate to make comp. 3a-I. The 3a-I
union was entirely pummeled for a few minutes at room temperature in an open mortar utilizing
a pestle. This response combination was blended in with acidic corrosive (0.001 mmol), and
grinding was finished for a couple of moments while tender loving care followed the response's
fruition. The strong, which had a pale greenish-yellow tone, isolated. The subsequent strong was
isolated from the ethanol by Buchner filtration and recrystallization in the wake of being
weakened with cold water. This delivered the pyrazoline subsidiary.

4. DATA ANALYSIS

4.1.Antioxidant Activity:

In methanol, the DPPH free radical displays a constant violet shading. When joined with
decreasing or antioxidant synthetic compounds, it changes tone to yellow or dismal. These
radicals can change into stable diamagnetic particles (yellow) by tolerating the odd electron or
hydrogen from the antioxidant. The arrangement of synthesized intensifies has been made by
dissolving in 100 pg/ml of methanol to identify the antioxidant action. In equal, a DPPH
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arrangement was made in an alternate compartment, and the presence of a stable free radical
(violet tone) made the arrangement show its most extreme absorbance at 517 nm. Subsequent to
adding 4 ml of each test synthetic to 4 ml of DPPH arrangement, the combination was let to
remain at room temperature for 30 minutes. A Shimadzu UV spectrometer was utilized to
distinguish absorbance at 517 nm. Furthermore, standard and clear absorbances were adjusted.
Ascorbic corrosive derivatives' antioxidant movement was determined by changing the
absorbance in the recipe.
Absorbance of control — Absorbance of Sample

Percentage inhibition =
g Absorbance of Control

DPPH method: The DPPH examines incredible reproducibility and short investigation time
make it an extraordinary method for surveying the antioxidant movement of as of late
synthesized compounds. At the point when the antioxidant particle gives the DPPH free radical
an electron, the absorbance decreases. Most of the substances displayed solid antioxidant
capacity. as opposed to ascorbic corrosive, the reference. Table 1 shows the synthetic substances'
enemy of oxidant action.

Table 1: Pyrazoline derivatives' antioxidant activity (IC50 in pg/mL)

Sr.no. | Comp. code % Inhibition
11 16 21
6 pg/ml ug/ml ug/ml ug/ml IC50 pg/ml
1 3p 20.48 35.52 80.12 85.96 10.43
2 3q 35.93 42.71 69.93 84.15 10.86
3 3r 19.65 38.88 63.10 76.05 12.64
4 3s 28.55 39.73 60.12 87.46 11.64
5 3t 24.53 44.89 71.63 77.96 11.69
6 3u 30.76 43.51 78.99 88.62 10.49
7 3v 28.96 39.75 73.39 89.23 10.77
Std. | Ascorbic acid | 39.00 55.86 72.41 92.94 9.45




Page 120 of 14
Ravindra Vithal Revadigar / Afr.J.Bio.Sc. 6(10) (2024) 112-125

100
90 - - =
80 - - =
70 .
60 .
50
40
30
20 |

10 RTANTANT'ANTAN I AN ',

0

3p 3q 3r 3s 3t 3u 3v Ascorbic
acid

W6 pug/ml ™11 pg/mi 16 pg/ml 21 pg/ml ™ IC50 pg/ml

Figure 1: Pyrazoline derivatives' antioxidant activity (IC50 in pg/mL)
Table 1 displays the pyrazoline derivatives' antioxidant activity as well as their IC50 values in
pg/mL at different concentrations (6 pg/mL, 11 pg/mL, 16 pg/mL, and 21 pg/mL) based on their
inhibition percentage. The concentration-dependent inhibition percentages of pyrazoline
derivatives 3p, 3q, 3r, 3s, 3t, 3u, and 3v varied, with IC50 values ranging from 10.43 pg/mL to
12.64 pg/mL. At every measured concentration, compound 3q exhibited the highest percentage
of inhibition among the rest. With an IC50 value of 9.45 pg/mL, standard ascorbic acid had
larger inhibition percentages at all concentrations when compared to the majority of pyrazoline
derivatives, demonstrating its superior antioxidant activity.
4.2.Antimicrobial activity:
Using a changed agar scattering test strategy, all integrated mixtures were considered for their
antibacterial properties in contrast to Escherichia coli and Staphylococcus aureus. Streptomycin
was utilized as the positive control. The temperature and term of hatching for antibacterial
movement were 37°C for an entire day. The zone of hindrance is utilized to communicate
antimicrobial movement results. Table 3 shows the result of the synthetic mixtures' movement.
Compounds are sorted as profoundly dynamic, decently dynamic, less dynamic, and least
dynamic in view of the ZOI esteem in millimeters. Compound 3b showed the greatest action
against E. Coli and Staphylococcus aureus, individually, as indicated by the investigation of
antibacterial screening. Intensifies 3a and 3e had great generally speaking viability against
microorganisms that were Gram negative and Gram positive. Table 3 showed the synthetics that
were synthesized and their antimicrobial movement.

Table 2: The antibacterial properties of derivatives of pyrazolines

Microorganisms Zone of inhibition (mm) of compunds

Compunds
Code
2p 12 11

Gram (-) E. Coli (mm) | Gram (+) S.aureus (mm)
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Figure 2: The antibacterial properties of derivatives of pyrazolines

Table 2 illustrates the millimetre-scale inhibitory zone of different pyrazoline derivatives against
Gram-positive Staphylococcus aureus and Gram-negative Escherichia coli bacteria. Compounds
2p, 2q, 2r, 2s, and 2t inhibited E. coli from 10.6 to 17 mm and S. aureus from 8§ to 14 mm. The
chemical with the greatest S. aureus and E. coli inhibitory zone was 2q.
5. CONCLUSION
Chalcones were used to create a number of new heterocyclic derivatives with pyrazoline rings.
IR, 1TH NMR, 13C NMR, and mass spectrometry were used in the structural elucidation process.
In the biological examination, antibacterial, anti-inflammatory, and antioxidant activity screens
were performed. When compared to traditional synthetic methods, microwave synthesis
produced greater yields in a considerably shorter amount of time. It is clear from the synthetic
derivatives that the antioxidant activity results in the evaluation using standards shown moderate
to good activity. To sum up, this research clarifies the antioxidant capacity of pyrazoline
derivatives produced using green chemical techniques. By using the DPPH radical scavenging
method to determine their IC50 values, the synthesized compounds showed considerable
antioxidant activity. The chemicals' effectiveness points to their possible use in antioxidant
therapy. The importance of green chemistry methods in ecologically friendly and sustainable
synthetic methodologies is highlighted by their usage in synthesis.
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