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ABSTRACT

A series of amine-substituted Schiff base derivatives of 2-hydroxy naphthaldehyde were synthesised via highly
efficient catalytic reactions, which have been duly characterised by various spectroscopic methods. These
compounds were evaluated for their potential antioxidant activities through DPPH radical scavenging and Ferric
Reducing Antioxidant Power (FRAP) assays. All the synthesised compounds exhibited a concentration-dependent
enhancement in radical neutralisation efficiency and ferric ion reducing capacity across the investigated
concentration range. Derivatives bearing electron-donating and extended m-conjugated amine substituents exhibited
comparatively higher electron-transfer capability. The observed variations in activity indicate that modulation of
electronic density within the conjugated system significantly enhances antioxidant efficiency. The present
investigation contributes to SDG-3 (Good Health and Well-Being) through identification of a new series of Schiff
Base derivatives with potential relevance to oxidative stress-associated disorders while simultaneously supporting
SDG-4 (Quality Education) through the generation of scientific knowledge, interdisciplinary research and research-
oriented learning.
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INTRODUCTION

Oxidative stress is a degenerative state in the body that occurs when endogenous antioxidant defenses are
unable to effectively counteract excessive reactive oxygen species (ROS). These species are known as
key factors for the onset and progression of degenerative diseases, cardiovascular disorders,
neuroinflammation and premature ageing. Excess ROS, including superoxide anion and hydroxyl radical,
initiate lipid peroxidation of cellular membranes, leading to loss of membrane integrity and altered
permeability, while oxidative modification of proteins results in enzyme inactivation and impaired signal
transduction.'* In addition, ROS-induced DNA damage, including base modifications, contributes to
genomic instability and abnormal cellular function.'® At the molecular level, these oxidative events
disrupt redox-sensitive pathways involved in inflammation, mitochondrial dysfunction, and glucose
metabolism, thereby playing a critical role in the progression of degenerative and metabolic disorders.
Consequently, compounds capable of neutralising free radicals or reducing oxidised intermediates are of
significant interest, as they may prevent or delay ROS-mediated cellular damage.!*d Therefore, the search
for efficient antioxidant agents remains a central theme in medicinal chemistry and biomedical research.
While numerous natural and synthetic antioxidants have been investigated to fulfil the need of substrate
which can cut down or lower these degenerative diseases but in the development of these species is
limited by stability, bioavailability and specificity, necessitating the synthesis of new scaffolds with
improved performance and pharmacological characteristics.? In this regard, the present work supports
Sustainable Development Goal 3 (Good Health and Well-Being) by synthesising and evaluating a new
series of Schiff base derivatives as potent antioxidants for future biomedical investigations. Moreover, the
study combines synthetic organic chemistry, comprehensive spectroscopic characterisation, and
biological screening within a multidisciplinary research framework, thereby supporting Sustainable
Development Goal 4 (Quality Education) through research-driven learning and innovation.
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Recently, hydroxynaphthalene and hydroxynaphthoquinone derivatives have emerged as promising
candidates owing to their ability to donate hydrogen atoms and stabilise reactive intermediates.> Among
the diverse members of this class, hydroxy-substituted naphthaldehydes represent a particularly intriguing
subgroup, as the presence of both hydroxyl and aldehyde functionalities in conjugation offers additional
opportunities for redox modulation. Structurally, the hydroxy-naphthaldehyde framework represents an
electronically versatile aromatic system, comprising an extended conjugated m-network spanning the
naphthalene ring and the formyl substituent. This conjugation facilitates efficient delocalisation of m-
electrons and stabilises radical intermediates generated during redox transformations. The phenolic
hydroxyl group can engage in intramolecular hydrogen bonding with the carbonyl oxygen, establishing a
quasi-chelated conformation that enforces molecular planarity and enhances electronic communication
between the hydroxyl and aldehydic moieties (Fig.-1).'* Thus, the antioxidant potential of the hydroxy-
naphthaldehyde core arises from a synergistic interplay of hydrogen atom transfer (HAT) and single-
electron transfer (SET) mechanisms to neutralise free radicals, wherein intramolecular hydrogen bonding
and extended n-conjugation collectively facilitate redox stability and radical-scavenging efficiency.*
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Fig.-1: Structural Features Associated with Antioxidant Activity

Hydroxy-naphthaldehyde and derivatives of this scaffold have been documented to exhibit a wide
spectrum of activities, including antioxidant>®, antimicrobial®®, antifungal®®, anti-inflammatory*?, enzyme
inhibitory>® and anticancer® properties. The antioxidant potential arises from the hydrogen-donating
capacity of the compound and the ability to delocalize unpaired electrons, thereby stabilising reactive
oxygen species (ROS). These diverse biological effects highlight the significance of the hydroxy-
naphthaldehyde framework in medicinal chemistry. Several naturally occurring hydroxynaphthalene and
hydroxynaphthoquinone derivatives exemplify the intrinsic redox potential of this molecular class. 4,8-
dihydroxy-5-methoxy-2-naphthaldehyde, isolated from Diospyros kaki and naphthoquinone derivatives
found in Diospyros nigrescnes exhibited significant radical-scavenging activity in vitro.®*® A fungal
polyketide intermediate, 1,8-dihydroxynaphthalene is identified for its capacity to stabilise ROS through
peri-hydroxylation. Sea urchins are a natural source of polyhydroxylated naphthoquinone pigment,
recognised for its significant reactive oxygen species (ROS) scavenging activity.” Terrestrial plants also
yield a notable number of compounds: lawsone (2-hydroxy-1,4-naphthoquinone), a natural pigment of
Lawsonia inermis (henna), demonstrates good antioxidant capacity,® while juglone (5-hydroxy-1,4-
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naphthoquinone) from walnut husks shows pronounced radical-scavenging behavior.” These natural
representatives (Fig.-2) collectively emphasise how subtle changes in substitution around the
hydroxynaphthalene core modulate antioxidant responses and biological activity.’
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Fig.-2: Natural Hydroxynaphthalene and Hydroxynaphthoquinone Derivatives

In view of this potential, numerous synthetic derivatives of hydroxy-naphthaldehyde (Fig.-3) have been
explored for antioxidant efficiency. Bis-lawsone derivatives, such as 3,3'-(aryl-methylene)bis(2-hydroxy-
1,4-naphthoquinones), demonstrated enhanced DPPH radical scavenging relative to the monomer.!'%16-17
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Fig.-3: Synthetic Derivatives of hydroxy-1-naphthaldehyde

From a structural perspective, imine (C=N) frameworks are well recognised in medicinal chemistry due to
their ease of synthesis, structural versatility and ability to participate in redox-related biological
interactions. In this context, several azomethine derivatives have been recorded for possessing significant
antioxidant potential. Hydroxy-naphthaldehyde-derived imine conjugates with benzohydrazones exhibited
potent radical-scavenging activity, which is as high as that of ascorbic acid, a naturally occurring
antioxidant.!' Several studies have highlighted the influence of structural modifications on the antioxidant
activity of imine-based compounds. Substituted phenylethylamine-derived imines demonstrated that the
presence of electron-withdrawing groups enhances radical-quenching efficiency.®!1415  Similarly,
isonicotinoyl hydrazone derivatives exhibited measurable antioxidant responses, further supporting the
role of functional group variation in modulating activity.!> In addition, halogenated imines synthesised
from hydroxy-naphthaldehyde emphasised the impact of electronic effects on hydrogen-donation ability.!?
Collectively, these findings demonstrate that the hydroxy-naphthaldehyde scaffold provides a versatile
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platform for targeted structural modifications aimed at optimising antioxidant potential.'®!8-2> However,
despite these advances, a systematic exploration of how substitution patterns and electronic modulation
within the hydroxy-naphthaldehyde core directly correlate with radical-scavenging activity has not yet
been systematically addressed.?*?¢ This gap provides an opportunity to clarify structure—activity
relationships and to design derivatives with enhanced antioxidant activities.

EXPERIMENTAL

General Synthetic Procedure for Schiff Base Derivatives

2-Hydroxy-1-naphthaldehyde (1.0 eq.) was dissolved in 30 mL of anhydrous methanol, and then the
respective amine (1.0 eq.) was added along with a catalytic amount of zinc perchlorate, Zn(ClO+ )z .
The reaction was allowed to proceed at room temperature with continuous stirring under an inert
atmosphere of nitrogen. After completion of the reaction (TLC), the residual solvent was evaporated
using rotatory evaporator under reduced pressure to get the crude product, which was subsequently
recrystallised from dichloromethane (DCM) to afford the desired product in quantitative yields.

R
/O N
Zn(Cl0g) Stir OH
) + HZ-N-R 4” OO
CH,OH | 1t
3aR 5-Amino uracil
2-Hydroxy-1- Primary amine Product bR .
Benzohydrazid
naphthaldehyde enzohydrazide
1 2ad Jad 3cR Carbohydrazide

3dR 2-Amino pyridine

Scheme-1: Synthesis of 2-hydroxy-1-naphthaldehyde Derivatives (3a-d)

(E)-6-(((2-hydroxynaphthalen-1-yl)methylene)amino)pyrimidine-2,4(1H,3H)-dione (3a)

Orange crystalline solid; Yield: 78%; M.P.: 258-260 °C; FTIR (ATR, cm™): 3270 (N-H), 3185 (O-H),
1654 (C=0), 1612 (C=N), 1262 (C-0), 1146 (C-N); H-NMR (500 MHz, DMSO-ds) (3, ppm): 15.22 (s,
1H, OH), 11.54 (s, 1H, NH), 11.29 (s, 1H, NH), 9.87 (s, 1H, CH=N), 8.30 (d, /=8.0Hz, 1H, Ar-H), 7.87-
7.78 (m, 5H, Ar-H), 7.33 (s, 1H, C6-H pyrimidine); “C-NMR (125 MHz, DMSO-ds) (8, ppm): 163, 161,
160 (C=0), 154 (C-6), 150, 149 (CH=N), 135, 133, 132, 128, 127, 126, 123, 121, 119 (naphthyl CH), 108;
MS (ESI", m/z): [M+H]" calc. for CisHi1N3Os: 282.28; Elemental Analysis (CHN) %: calc. for
CisH11N3Os: C 64.05, H 3.94, N 14.94; found: C 63.90, H 3.90, N 14.89

(E)-N'-[(2-hydroxynaphthalen-1-yl)methylene]benzohydrazide (3b)

Yellow solid; Yield: 82%; M.P.: 240-242 °C; FTIR (ATR, cm™): 3270 (N-H), 3185 (O-H), 1654 (C=0,
amide), 1608 (C=N, azomethine), 1262 (C-O, phenolic), 1145 (C-N); 'H-NMR (500 MHz, DMSO-ds) (3,
ppm): 12.81 (s, 1H, OH), 12.22 (s, 1H, NH, amide), 9.52 (s, 1H, CH=N), 8.22 (d, J = 8.5 Hz, 1H, Ar-H),
8.01 (d, /= 8.0 Hz, 2H, Ar-H), 7.90-7.87 (m, 2H, Ar-H), 7.66-7.55 (m, 4H, Ar-H), 7.40 (t, /= 7.5 Hz, 1H,
Ar-H), 7.23 (d, J= 7.8 Hz, 1H, Ar-H); "C-NMR (125 MHz, DMSO-d¢) (8, ppm): 162 (C=0, amide), 157
(C=N, azomethine), 146, 134, 133, 132, 131, 130, 129, 128, 127, 123, 120, 118, 108; MS (ESI",
m/z):[M+H]* calc. for CisH14N202: 291.33; Elemental Analysis (CHN) %: calc. for CisH14N2O»: C 74.47,
H 4.86, N 9.65; found: C 74.40, H 4.90, N 9.60.

(E)-N'-[(2-hydroxynaphthalen-1-yl)methylene]carbohydrazide (3c)

Green solid ; Yield: 79%; M.P.: 169-171°C; FTIR (ATR, cm™):
3280 (O-H, broad), 3195 (N-H), 1660 (C=0O, amide), 1615 (C=N, azomethine), 1248 (C-O, phenolic),
1145 (C-N); H-NMR (500 MHz, DMSO-ds) (8, ppm): 16.23 (s, 1H, phenolic OH), 10.82 (s, IH, CONH),
9.81 (br-s, 1H, NH-NH), 9.16 (s, 1H, azomethine CH=N), 8.95-7.10 (m, 12H, Ar-H), 6.78 (d, /= 8.2 Hz,
1H, Ar-H), 6.55 (d, J = 8.2 Hz, 1H, Ar-H); "C-NMR (125 MHz, DMSO-ds) (8, ppm):163 (C=0, CONH),
158, 156 (C=N), 148, 146, 138, 136, 134, 132, 131, 129, 128, 127, 125, 122, 120, 119, 116, 114, 112, 109;
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MS(ESI*, m/z): [M+H]" calc. for C23HisN4O3: 415.43; Elemental Analysis (CHN)% calc. for C23HsN4Os:
C 69.34, H4.55, N 14.06; found: C 69.33, H 4.79, N 13.97.

(E)-1-((pyridin-2-ylimino)methyl)naphthalen-2-ol (3d)

Yellow solid; Yield: 85%; M.P.: 174-175°C; FTIR (ATR, cm™): 3265 (O-H stretching, phenol), 1610
(C=N, azomethine), 1586 (C=C aromatic), 1152 (C-N); 'H-NMR (500 MHz, DMSO-ds) (8, ppm):11.83
(br-s, 1H, phenolic OH), 8.95 (dd, J = 7.9, 1.6 Hz, 1H, pyridyl H-6 ), 8.63 (s, 1H, CH=N), 7.90-7.30 (m,
6H, naphthyl Ar-H), 7.22 (dd, J = 7.9, 1.6 Hz, 1H, pyridyl H-3), 7.10-7.04 (m, 1H, pyridyl H-4), 6.92-
6.86 (m, 1H, pyridyl H-5); "C-NMR (125 MHz, DMSO-ds) (8, ppm): 160 (C=N), 155, 150, 149, 145,
139, 136, 132, 131, 130, 128, 127, 126, 125, 122, 120; MS (ESI*, m/z): [M+H]" calc. for Ci¢Hi2N2O:
249.10; Elemental Analysis (CHN) % calc. for CiH12N>O: C 77.40, H 4.87, N 11.29; found: C 77.35, H
4.90, N 11.20.

IN VITRO ANTIOXIDANT EVALUATION

DPPH Radical Scavenging Assay

The radical-quenching efficiency of the synthesised derivatives was determined using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging method, an assay employed to measure the capacity of
compounds to donate electrons or hydrogen atoms for radical neutralisation. Interaction of antioxidants
with the DPPH radical results in a reduction of its deep violet chromophore?” (Fig.-4), producing a

quantifiable decrease in absorbance at the radical’s maximum wavelength (Apax) 517nm.

HAT @ o
@®prrH + (D » DPPH +

Antioxidant @ Radical () Hydrogen atom

Fig.-4: Scavenging Activity of DPPH (free radical) by Antioxidant

For the complete antioxidant assay, Amax Was determined by performing a complete UV-Vis spectral scan
of a 0.01 mM DPPH solution in DMSO. The Amax observed was subsequently used for all absorbance
measurements. For the assay, 1.0 mL of freshly prepared DPPH solution (0.01 mM) was mixed with 4.0
mL of test compound solutions at concentrations of 10, 20, 40, 60 and 80 ppm in DMSO. The reaction
mixtures were maintained at ambient temperature in the dark for 30 min to ensure completion of the
redox interaction. A control comprising 1 mL DPPH in 4 mL DMSO was prepared under identical
conditions, while ascorbic acid was used as the reference antioxidant standard. Radical scavenging
efficiency (% inhibition) was calculated according to the equation:

% Inhibition = [A(control) - A(sample) / A(control)] x 100

Where A(contro) and Agampley are the absorbance values corresponding to the control and test samples,
respectively.?® To assess the antioxidant potential of synthesised compounds, a variable concentration of
compounds was prepared, and the antioxidant potential was determined using the DPPH assay, and results
were compared with those of ascorbic acid as a reference antioxidant (Table-1).

Table-1: Data for Free Radical % Scavenging Activity of 2-hydroxy-1-naphthaldehyde Derivatives (3a-d)
at 10, 20, 40, 60 and 80ppm

Entry 3a 3b 3c 3d Ascorbic acid

10ppm 10.2 13.5 16.2 18.6 21.4

20ppm 22.6 29 32.8 36.5 41.7

40ppm 39.4 51.7 58.1 61.8 70.3

60ppm 55.1 64.5 714 77.3 84.5

80ppm 68.7 75.1 81.9 86.4 91.2
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The in vitro antioxidant evaluation of compounds 3a-d revealed a distinct hierarchy in DPPH radical-
scavenging activity, with 3d exhibiting the highest efficiency, followed by 3¢, 3b, and 3a. At 80 ppm, the
scavenging percentages were 86.4%, 81.9%, 75.1%, and 68.7%, respectively, approaching the standard
ascorbic acid value of 91.2% (Fig.-5).

2 100
© 80
£ 80
§ ‘2"8: = 10ppm
2 0- M 20ppm
° o o of o (bc’,\é 40ppm
O@\O = 60ppm
?foo ® 80ppm

Compound entry

Fig.-5: Comparative Absorbance Profiles of Compounds (3a-3d) and Ascorbic Acid at Varying Concentrations

The absorption plot of concentration for the different compounds shows a significant change in their
absorption behaviour. Upon calculating the oxidative potential of all the synthesised compounds, it was
observed that all the compounds show significant antioxidant properties at 60ppm concentration. When
the results were compared with the ascorbic acid solution at 60 ppm concentration, it showed a similar
trend in the antioxidant potential (Fig.-6).
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0 500 1000 ——(3a)
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Fig.-6: Relative Absorption Behaviour of Various Derivatives of 2-Hydroxy-1-Naphthaldehyde (3a-D) At 60ppm
And Their Comparison with Ascorbic Acid Solution

Ferric Reducing Antioxidant Power (FRAP) Assay

The electron-donating ability of the synthesized derivatives was investigated using FRAP assay.?” The
FRAP reagent was freshly prepared by mixing sodium acetate-acetic acid buffer (300 Mm, Ph 3.6), 2,4,6-
Tripyridyl-S-Triazine (TPTZ, 10 Mm in 40 Mm hydrochloric acid), and ferric chloride hexahydrate
(Fecl3-6H>0, 20 Mm) in the ratio of 10:1:1. Test solutions of each compound (10-80 Ppm In DMSO)
were blended with 3.0 M1 of the FRAP reagent and incubated for 30 min at 37°C. The absorption values
for all the compounds were recorded using ascorbic acid as the reference compound at a wavelength of

593nm (Table-2).

Table-2: Data For Ferric Ion Reducing Activity (% Reducing Power) of Compounds (3a-D) at 10, 20, 40, 60, and
80ppm Relative to Ascorbic Acid

Entry 3a 3b 3¢ 3d Ascorbic acid

10ppm 10 12.1 16.5 14.4 17.5

20ppm 19.2 24 334 28.3 32.8

40ppm 36.4 46.2 59.7 52.2 60.9

60ppm 50.7 64.3 73.6 72.3 79.8

80ppm 64.1 81.9 83.7 92.20 100
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Fig.-7: Comparative Absorbance Data of the Compounds (3a-d) and Ascorbic Acid in FRAP Assay at different
Concentrations
RESULTS AND DISCUSSION

The successful synthesis of the proposed compounds was unequivocally confirmed through
comprehensive spectroscopic and analytical characterisations, which relates to SDG-4(Quality Education).
FTIR-attenuated reflectance spectra give a characteristic band in the range of 1600-1640 c¢cm™! are
indicative for azomethine (C=N) linkage, as well as bands consistent with hydroxyl (-OH), aromatic C-H,
and other substituent-specific functional groups.*® The formation of imine derivatives was confirmed by
characteristic azomethine (C=N) stretching in the range 1608- 1615 cm™!, along with the disappearance of
aldehydic C=0 bands of the starting material. The presence of phenolic -OH and amide N-H
functionalities was supported by broad absorptions in the 3200-3300 cm™ region. In the 'H-NMR spectra,
formation of the imine was indicated by the azomethine proton resonating as a singlet in the range 6 8.6-
9.9 ppm, consistent with conjugation to the aromatic system, while the phenolic and amide protons
appeared downfield due to intramolecular hydrogen bonding, at & 11.8-16.2 ppm. The compounds bearing
amide or hydrazide groups (3b, 3c) displayed NH resonance between 6 10.8-12.5ppm, slightly broadened
due to slow spin relaxation. Aromatic protons were observed between 6 6.8-8.9ppm as doublets, doublets
of doublets or multiplets with J values in the range of 7.5-8.5 Hz, typical of ortho-coupled aromatic
systems. The *C-NMR spectra further supported imine formation by signals in the § 155-165 ppm region
attributable to C=N and carbonyl carbons, consistent with reported literature values. Aromatic carbons
were observed consistent with substituted naphthalene and heteroaromatic scaffolds.?!-*

In-vitro Antioxidant Evaluation

On comparing the recorded antioxidant data of (3a-d), it was observed that these derivatives exhibit a
significant radical scavenging potential due to their capacity to release H-radical. The analysis of all the
absorption values and subsequent calculation of antioxidant capacity in terms of the DPPH assay shows
that the synthesised compounds possess a significant antioxidant potential, which is very much
comparable with the antioxidant potential of ascorbic acid, a well-established natural antioxidant. The
established sequence of antioxidant potential of the synthesised compounds can be drawn as: 3d > 3¢ >
3b > 3a. The superior radical scavenging activity of compounds 3d and 3c can be rationalised by the
synergistic influence of extended m-conjugation, the presence of electron-rich hydroxyl groups and the
hydrazone (-CH=N-NH-) linkage, which collectively promote electron delocalisation and stabilise the
resultant radical species. In compound 3d, the conjugative interplay between the naphthol functionality
and the heteroatomic pyridine ring through the imine linkage is likely to enhance resonance stabilisation
of the radical intermediate, accounting for its enhanced antioxidant performance. Structural variations
across the series provide critical insights into structure—activity relationships (SAR). The incorporation of
electron-rich, planar aromatic frameworks was observed to augment radical quenching efficiency,
whereas electron-deficient motifs, exemplified by the uracil-based 3a, exhibited comparatively attenuated
activity. These findings suggest that the combined influence of electronic effects and molecular topology
modulates the antioxidant potential of hydroxy-naphthaldehyde Schiff base derivatives, offering a rational
basis for the design of optimised radical scavengers. To complement the DPPH assay, the FRAP assay
was employed to evaluate the reducing potential through electron-donating capacity of the synthesised
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Schiff base derivatives of 2-hydroxy naphthaldehyde. Among the synthesised derivatives, 3d exhibited
the highest reducing potential as shown in (Fig.-6), attributable to the synergistic effect of its phenolic
hydroxyl groups and extended m-conjugation established between the naphthol moiety and the
heteroatomic pyridine ring, which facilitates efficient electron delocalisation and transfer during the
reduction of Fe** to Fe?*. Compounds 3¢ and 3b displayed moderate reducing capacities, influenced by
the presence of hydrazide linkages and aromatic scaffolds, which contribute to the resonance stabilisation
and electron donation, although to a lesser extent than 3d. In contrast, compound 3a showed the lowest
FRAP value, likely due to limited conjugation and fewer electron-donating substituents. The descending
trend of reducing capacity was observed as: 3d > 3¢ > 3b > 3a. This order correlates well with the
electronic characteristics of each scaffold, including the distribution of electron density, the number and
type of donor groups (-OH, -NH, -C=0), and the overall extent of n-conjugation. Schiff bases featuring
multiple electron-donating functionalities, planar aromatic frameworks, and extended conjugative bridges
exhibited superior FRAP values, reinforcing established structure—activity relationships for redox-active
molecules. These findings suggest that Schiff bases bearing heterocyclic systems such as pyridine in 3d or
hydrazide linkages in 3¢ enhance antioxidant behaviour due to better electron delocalisation and redox
capability. Overall, the antioxidant performance mirrored the structural features, where conjugation,
electron-rich centres, and heteroaromatic substituents contributed significantly to the radical scavenging
and reducing power of the molecules. The consistency observed between DPPH and FRAP results
supports the reliability of the antioxidant evaluation, and hence the work establishes a valuable
contribution to SDG-3 (Good Health and Well-Being).

CONCLUSION
Present investigations on synthesis, characterisation, and studies on antioxidant properties related to
Schiff base derivatives of 2-hydroxy naphthaldehyde provide an insight into the role of various amine-
substituted derivatives for their active participation in the radical scavenging activities. The results
demonstrate that the conjugation of the m-electron system plays a critical role in entrapping the free
radical thus generated. The rate of radical scavenging depends on the ease of the system. This
methodology can be conveniently utilised to study the role of various types of conjugated systems in
electron entrapment, and the method provides ease of the access for detailed study related to the
methodology of radical scavenging. This provides a lead towards studying the role of naphthol derivatives
as a potential candidate for the antioxidant properties, which can be induced in biological systems, hence
contributing to SDG-3 (Good Health and Well-Being) and the research work with scientific innovation
supports SDG-4 (Quality Education).
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