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� Abstract: Background: 2-phenyl hydrazine-1-hydroxy, 1-[2-chlorophenyl] -2-4’-methoxyphenyl] 
ethane and 2-oxime-1-hydroxy, 1-[2-chlorophenyl] -2-4’-methoxyphenyl] ethane derivatives of benzo-
in have been synthesized from 2’chloro-4-methoxy benzoin by addition reaction. Structural elucida-
tion of the synthesized compounds was carried out through FT-IR, FT-NMR studies. The presence of 
electron-withdrawing and electron-donating groups enhanced the antioxidant activity, which was ana-
lyzed by 2,2-diphenyl-1-picrylhydrazyl assay, 2,2'-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) scavenging assay, hydrogen peroxide radical scavenging assay, and Ferric reducing an-
tioxidant power assay methods. The effect of functional groups and substituents in the core structure 
was studied and compared with its parent compound. 
Aim and Objective: In this manuscript, two derivatives of benzoin viz. 2-phenyl hydrazine-1-hydroxy, 
1-[2-chlorophenyl] -2-[4’-methoxyphenyl] ethane and 2-oxime-1-hydroxy, 1-[2-chlorophenyl]-2-[4’-
methoxyphenyl] ethane (HA) derivatives were synthesized by benzoin condensation and followed by 
addition reaction to find a potential anti-oxidant agent. 
Materials and Methods: Qualitative analyses were determined by FT-IR and FT-NMR studies. Anti-
oxidant activities were tested by DPPH assay, ABTS assay, and FRAP assay H2O2 methods. 
Results: From the obtained results, it is confirmed that the effect of withdrawing and electron releas-
ing groups as a substituent in the core structure of parent compounds enhances the activity of anti-
oxidant. The role of substituents is discussed in detail. 
Conclusion: The results of the biochemical assay reveal that the synthesized compounds serve as 
good free radical inhibitors and scavengers, which inhibit the oxidative reactions, and are responsible 
for cell damage, food spoilage, etc. The promising anti-oxidant activities are because of the effective 
substituents which play a prominent role in the drug industries. 
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1. INTRODUCTION 

 Highly reactive oxygen species (ROS) are capable of 
reacting with membrane lipids, nucleic acids, proteins, and 
enzymes resulting in cellular damage. These molecules are 
produced as by-products during the mitochondrial electron 
transport of aerobic respiration by oxidoreductase and met-
al-catalyzed oxidation reactions [1]. Various environmental 
stresses also lead to excessive production of ROS, which 
leads to aging, high blood pressure, atherosclerosis, etc. [2]. 
Oxidative stress can be reduced by antioxidants which are 
naturally present in the body [3]. The antioxidants delay or 
inhibit cellular damage mainly through their free radical 
scavenging properties [4]. These low-molecular-weight  
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antioxidants can safely interact with free radicals and termi-
nate the chain reaction before vital molecules are damaged. 
Some of such antioxidants, including glutathione, ubiquitin, 
and uric acid, are produced during normal metabolism in the 
body [5]. Although there are several enzymes and non-
enzyme systems within the body that scavenge free radicals, 
the principle micronutrient antioxidants are vitamin E (α-
tocopherol), vitamin C (ascorbic acid), and B-carotene [6]. 
The body cannot manufacture these micronutrients, so they 
must be supplied in the diet [7]. 

 Antioxidants also constitute a major portion of food-
stuffs, which helps to maintain the food taste, color, and 
prevent aerial oxidation [8]. Synthetic and natural food anti-
oxidants are used routinely in foods and medicine, especial-
ly those containing oils and fats to protect the food against 
oxidation. There are several synthetic phenolic antioxidants, 
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butylated hydroxytoluene (BHT) and butylated hydroxyani-
sole (BHA) being prominent examples [9]. 

 These compounds have been widely used as antioxidants 
in the food, cosmetics, and therapeutic industries [10]. In 
recent research, it has been found that many potential syn-
thetic compounds which have electron-donating and elec-
tron acceptor substituted groups increase the antioxidant 
activity [11]. 
 In this interest, the present study aims to synthesize 2-
phenyl hydrazine-1-hydroxy,1-[2-chlorophenyl]-2-4’-me- 
thoxyphenyl] ethane (PH) and 2-oxime-1-hydroxy,1-[2-
chlorophenyl]-2-4’-methoxyphenyl] ethane (HA) antioxi-
dant, which has chloro as an electron-withdrawing group, 
methoxy as an electron-donating group as substituents, and 
in addition C=NNH group in the core structure which may 
enhance the antioxidant activity of the compounds. 
 The above compounds have been synthesized by benzo-
in condensation followed by an addition reaction. The effect 
of substituents in increasing the potential of biological activ-
ities was studied and compared with reported parent com-
pounds [12]. 

2. MATERIALS AND METHODS 

2.1. Chemicals 

 Derivatives of benzoin were synthesized by the methods 
reported in the literature [13]. The reagents used to be of AR 
grade and have the highest purity. The products obtained 
were purified initially by PTLC using silica gel. All solvents 
used in the synthesis were purified by the steam distillation 
method [14]. 

2.2. Methods 

2.2.1. Preparation of Parent Compound (2C4MB) 

 2C4MB compound was synthesized by benzoin conden-
sation using 4 g of KCN dissolved in 75 ccs of water in a 
one litre flask. About 6.8 g [0.05 mole] of 4-methoxy ben-
zaldehyde, 7 g [0.05 mole] of 2-chloro benzaldehyde, and 
75 ccs of 95 % ethanol were added into the flask. The mix-
ture has formed into a solution at the boiling temperature 

and was refluxed for one and half hours. Steam was then 
passed through the solution until all the alcohol and nearly 
all the unreacted aldehyde were removed. The condensed 
water was decanted from the product and later set aside for 
crystallization. The product was then pressed as free as pos-
sible from oily material on a suction funnel and washed with 
cold alcohol. In this way, about 14 g [yield was 60 %] of 
crude product was obtained. The crude mixture was dis-
solved in hot alcohol and allowed to crystallize slowly 
(Scheme 1). The 2-chloro-4′-methoxy benzoin crystallizing 
out as colorless, hexagonal crystals suitable for X-ray dif-
fraction study was obtained [15]. The melting point of the 
compound was found to be 84ºC. The yield of pure 2-
chloro-4′methoxy benzoin amounts to 60-70 % [16].  

2.2.2. Preparation of 2-phenyl hydrazine-1-hydroxy, 1-[2-
chlorophenyl] -2-[4’-methoxy phenyl] ethane (PH) 

 0.5g phenylhydrazine hydrochloride and 0.8g of sodium 
acetate were taken in a 100 mL beaker and the mixture was 
dissolved in 5mL of water. 0.2g of 2C4MB dissolved in 
5mL of ethanol. The reaction mixture was stirred and shak-
en well until a clear solution was obtained [17]. The solution 
was warmed in a water bath for 20 minutes and later was 
allowed to cool by adding ice and set aside for 15 minutes. 
The solution was filtered and using ethanol, the filtrate was 
recrystallized. White crystals were obtained and the purity 
of the compound was initially confirmed by the melting 
point. The melting point was found to be 142ºC. The yield 
of PH is found to be 65-70 % (Scheme 2). 

2.2.3. Preparation of 2-oxime-1-hydroxy, 1-[2-chlorophe- 
nyl] -2-[4’-methoxy phenyl] ethane (HA) 

 0.5g hydroxylamine and 0.8g of sodium acetate were 
taken in a 100mL beaker and the mixture was dissolved in 
5mL of water. 0.2g of 2C4MB was dissolved in 5 mL etha-
nol and the reaction mixture was stirred and shaken well 
until a clear solution was obtained. The solution was 
warmed in a water bath for 20 minutes and later allowed to 
cool by adding ice and set aside for 15 minutes [18]. The 
solution was filtered and the filtrate was recrystallized from 
ethanol. The melting point of the compound was found to be 
123ºC. The yield of HA was found to be60-70 % (Scheme 
3). 

C

O

CH

OH

alc.KCN
Cl

H3CO

Cl

2-Chloro 
benzaldehyde

4-methoxy 
benzaldehyde 2-chloro-4-methoxy benzoin

CHOCHO H3CO

 
Scheme 1. Synthesis of 2-chloro-4-methoxy benzoin. 
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Scheme 2. Synthesis of 2-phenylhydrazine-1-hydroxy, 1-[2-chlorophenyl] -2-4’-methoxy phenyl] ethane. 



72    Current Chemical Biology, 2022, Vol. 16, No. 1 Balasundaram et al. 

 The qualitative analysis was initially carried out to con-
firm the synthesized compounds using Infrared, 1 H, and 13 
C-NMR spectroscopy. 

2.2.4. Antioxidant Potential of PH and HA 

2.2.4.1. DPPH Assay 

 The scavenging activity of the synthesized compounds 
was determined by DPPH scavenging activity [19]. This 
was found to be a primary screening assay to detect the 
presence of antioxidant activity and the most widely report-
ed method.  
 The solution of 0.135mM DPPH was prepared in metha-
nol. Different concentrations of the synthesized compounds 
(0.5mL) were mixed with 2.5 mL of DPPH solution. The 
reaction mixture was vortexed thoroughly and left in the 
dark at room temperature for 30 min. Ascorbic acid was 
used as the reference chemical [20]. DPPH free radical 
scavenging effect of PH and HA at various concentrations 
was measured at 517 nm.  
 The ability of PH and HA to scavenge DPPH radicals 
was calculated from the following formula:  
%DPPH inhibition= [(OD of control - OD of test) / (OD of 
control)] x100 
where ODControl 

is the absorbance of the blank sample (con-
taining all reagents except the test samples), and OD sample 

is 
the absorbance of the samples, discoloration of the solution 
indicates free radical scavenging activity. 
2.2.4.2. ABTS Radical Scavenging Assay 

 The stock solution of 7mM ABTS was dissolved in 
25mL of deionized water and mixed with 140mM of potas-
sium persulfate. The mixture was allowed to stand for 15-16 
hr to obtain ABTS radical cations [21].  
 ABTS radical scavenging activities of different concen-
trations of PH and HA (0.1mL) compounds were analyzed 
using ABTS working solution (1.9 mL). The reaction mix-
ture was allowed to stand for 20 min, then the absorbance 
was measured using a UV-Visible spectrophotometer at 
734nm of 0.700 ± 0.02 absorbance [22]. The radical scav-
enging activity was given as ABTS radical scavenging effect 
and that was calculated by the equation: 
ABTS radical scavenging effect (%) = [(OD of control - OD 
of test) / (OD of control)] x100. 
2.2.4.3. Hydrogen Peroxide Radical Scavenging Assay 

 The ability of the samples to scavenge hydrogen perox-
ide was determined [23]. A solution of hydrogen peroxide 
(40mM) was prepared in phosphate buffer (pH 7.4). Differ-
ent concentrations (10 - 320 μg/mL) of samples were added 

to a hydrogen peroxide solution (0.6 mL, 40mM). The ab-
sorbance of hydrogen peroxide at 230 nm was determined 
after 10 min against a blank solution containing phosphate 
buffer without hydrogen peroxide [24]. 
OH radicals scavenging assay % = [(OD of control - OD of 
test) / (OD of control)] x100. 
2.2.4.4. FRAP Assay 

 The antioxidant activity of the synthesized compounds 
was done using a FRAP assay method. The reaction mixture 
prepared was analyzed spectrophotometrically [25]. Initial-
ly, 300 mM acetate buffer, 10 mL TPTZ in 40 HCL and 20 
mM FeCl3.6H2O in the proportion of 10:1:1 at 37°C were 
mixed to prepare ferric reducing antioxidant power reagent 
(FRAP). Various concentrations of synthesized compounds 
PH and HA were prepared by mixing with freshly prepared 
FRAP reagent using a 1-5mL variable micropipette (3.995 
mL). The reaction progress was analyzed from the changes 
of the colorless complex to (Fe3+TPTZ ) blue colored com-
plex (Fe2+-tripyridyltriazine) which was formed by the ac-
tion of the electron-donating antioxidants at low pH. The 
absorbance was recorded at 37°C and was found at 593nm. 
Results are expressed as mean IC50± SEM of three determi-
nations. Statistical comparisons were made between BHT 
and PH, BHT and HA, respectively. ANOVA and Tukey 
tests were used to calculate significance. xx, xxx indicate a 
significant difference at p˂0.01, p˂0.001, respectively [26]. 
FRAP inhibition % = [(OD of control - OD of test) / (OD of 
control)] x100. 
2.2.4.5. In Vitro Anti-Inflammatory Activity of Benzoin 
Derivatives 

2.2.4.5.1. Inhibition of Albumin Denaturation 

 5mL of the reaction mixture comprised 0.2 mL of egg 
albumin, 2.8mL of phosphate-buffered saline (PBS, pH 6.4), 
and 2 mL of varying concentrations of the synthesized com-
pounds. A similar volume of double distilled water served as 
a control. Then the mixture was incubated at 37 °C in an 
incubator for about 15mins and then heated at 70 °C for 
5mins. After cooling, their absorbance was measured at 
660nm by using a pure blank. Diclofenac sodium was used 
as a reference chemical and treated as such for the determi-
nation of absorbance [27]. 
Percentage inhibition of protein denaturation = [(OD of con-
trol - OD of test) / (OD of control)] x100 

3. RESULTS AND DISCUSSION 

3.1. Qualitative Analysis 

 The synthesized compounds were subjected to qualita-
tive analysis using FT-IR spectrum in the frequency region 
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Scheme 3. Synthesis of 2-oxime-1-hydroxy, 1-[2-chlorophenyl] -2-[4’-methoxyphenyl] ethane. 
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of 4000 cm–1- 400 cm–1. The study of IR spectra of the syn-
thesized compounds compared with the parent compound is 
shown in (Table 1). The peaks at 3398 cm-1 and 3475cm-1 of 
PH and HA respectively confirmed the presence of –OH and 
-NH str, similarly peaks at 1600 cm-1and 1666 cm-1 corre-
spond to C=O and C=N sym str of PH and HA respectively 
(Fig. 1a and 1b). The 1H NMR and 13C NMR spectra of the 
title compound are presented in (Fig. 2a-d), respectively. 
The chemical shifts are tabulated with the assignments in 
(Table 2). In the PMR the spectrum of signals appears at 3.5 
and 3.9 ppm of PH and HA, respectively, indicating the 
presence of -CHOH protons. A singlet at 3.5 and 3.9 ppm 
indicates the presence of a methoxy group of the synthe-
sized compounds. The signal at 6 ppm corresponds to the –
NNH proton, the peak was not observed in the parent com-
pound, confirming the formation of new compounds. 
 Signals in the range of 6.5 to 7.5 ppm indicate the pres-
ence of aromatic protons. In the 13C NMR, the aromatic car-
bon atoms appear in the range of 120 to 132 ppm. 

3.2. Antioxidant Potential of PH and HA 

3.2.1. DPPH Assay 

 Using DPPH biochemical assay, the free radical scav-
enging effect of the synthesized compounds was analyzed 
[28]. PH and HA were able to donate electrons to reduce the 
stable radical DPPH to the yellow-colored nonradical di-
phenyl-picrylhydrazine (DPPH-H). DPPH is usually used as 
a reagent to evaluate the free radical scavenging activity of 
antioxidants based on its absorption change at 517 nm, 
measured spectrophotometrically. The absorption in the vis-
ible region decreases upon receiving an electron or hydro-
gen from the synthesized compounds. Thus, the radical 
scavenging capacity of the antioxidants can be obtained 
based on the absorption change. The degree of discoloration 
of the solution indicates the free radical scavenging activity. 
Inhibition percentages with various concentrations of the 
synthesized compounds are shown in Fig. (3).  
 In the present study, the PH exhibited an IC50 of 
48.71μg/mL compared to the standard ascorbic acid (19.38 
μg/mL) while the HA derivative showed inefficiency to 
scavenge the free radical, thereby, proving that the PH de-

rivative has an increased potential to annihilate the DPPH 
radicals (Table 3). Earlier studies indicate halogen substitu-
ent benzilic acid derivatives to show enhanced antioxidant 
potency in comparison to ascorbic acid [29]. 

3.2.2. ABTS Radical Scavenging Assay 

 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonate) radi-
cal cation (ABTS+) was produced by treating ABTS solution 
with potassium persulfate and allowing the mixture to stand 
in the dark at room temperature for 12–16 hours to produce 
a dark blue solution, which has an absorption at 734 nm. 
This method has been extensively used to evaluate the anti-
oxidant capacity of compounds, both plant-derived and 
chemically synthesized. The reaction of the ABTS radicals 
with synthesized compounds can be easily monitored by the 
decrease of sample absorbance at 734 nm (Fig. 4). 
 The ABTS assay indicated the IC50 of PH to be 
15.55μg/mL and for HA 29.25 μg/mL, whereas the standard 
ascorbic acid showed 7.72 (Table 4) [30].  

3.2.3. Hydrogen Peroxide Radical Scavenging Assay 

 Hydrogen peroxide produces hydroxyl radicals in a bio-
logical system, which are harmful and lead to cell damage. 
The hydroxyl free radical was scavenged by the synthesized 
compounds, which can donate electrons to the hydroxide 
radical and thereby neutralize it with water. This assay indi-
cated the standard BHT, PH, and HA to have excellent scav-
enging activity of 0.734±0.01, 0.479±0.00, and 0.062±0.00 
respectively at a concentration of 320 μg (Fig. 5). The re-
sults obtained revealed that the synthesized compounds have 
potent antioxidant activity. 

3.2.4. FRAP Assay 

 From the results obtained, it was found that a maximum 
concentration of 320μg/mL of PH showed maximum ab-
sorbance of 1.15 and HA showed maximum absorbance of 
0.08, while standard BHT had an absorbance value of 0.861 
(Fig. 6). PH value was found to be much higher than the 
synthetic antioxidant BHT, proving this derivative to be a 
potent antioxidant comparable to their commercially used 
synthetic antioxidants. 

Table 1. Comparison table of 2C4MB, PH, HA using FT-IR. 

Functional Groups 2C4MB ( cm-1) PH ( cm-1) HA ( cm-1) 

-OH and –NH stretching 3475 3398 3475 

Aromatic C-H stretching 3060 3035 3060 

Aliphatic C-H stretching 2937 3305 2937 

Sym C=O, C=N stretching 1666 1600 1666 

Aromatic sym  C=C stretching 1569,1602 1505 1569 

C-OH in-plane deformation 1268 1247 1268 

Presence of Benzene ring deformation 979 1023 979 

Disubstituted benzene ring deformation 1087, 1030 760 747 
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Fig. (1a). FT-IR spectrum of 2-phenyl hydrazine-1-hydroxy, 1-[2-chlorophenyl]-2-4’-[methoxyphenyl] ethane. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 

 

 
Fig. (1b). FT-IR spectrum of 2-oxime-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxyphenyl] ethane. (A higher resolution / colour version of 
this figure is available in the electronic copy of the article). 

3.2.5. Anti-Inflammatory Activity of PH and HA 

 It has been observed that the denaturation of proteins is 
one of the main causes of inflammation. Inflammation is 
the common reaction of living tissue towards injury aided 
by systemic and local responses. Denaturation of proteins 
in the cell membrane is a well-established concern for in-
flammatory disorders as they may result in the production 
of auto-antigens. The ability of the component to inhibit 
protein denaturation is a measure of its anti-inflammatory 
activity. 
 The anti-inflammatory activities of the synthesized com-
pounds at various concentrations were studied by an albu-
min denaturation test using a standard drug diclofenac sodi-
um [31]. The results of the present study indicate that the 
synthesized compounds are found to be effective in inhibit-
ing heat-induced albumin denaturation, as given in (Table 
5). The investigation of the anti-inflammatory activity of the 

synthesized compounds suggested that HA exhibited maxi-
mum protein denaturation inhibition at 70.17% (concentra-
tion 100 μg/mL). Diclofenac Sodium, an NSAID standard 
anti-inflammatory chemical, showed maximum inhibition of 
52.61% at 100 μg/mL concentration. The results of the pre-
sent study indicate that the synthesized compounds PH and 
HA are found to be effective in inhibiting heat-induced al-
bumin denaturation. 

3.2.6. Effect of Substituents and CN Groups on Enhancing 
the Property of the Antioxidant Activity 

 The presence of substituents plays a vital role in increas-
ing the potential of antioxidant properties. The presence of 
the C = NNH group in the core structure may augment the 
antioxidant potential of the compound. Further C=N group 
involves hydrogen bonding which is essential for enhancing 
the property of the drug and the –CN group decreases oxida-
tive metabolism [32]. The presence of electron-donating
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Fig. (2a). FT- H1NMR of 2-phenyl hydrazine-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxyphenyl]ethane. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
 

 
Fig. (2b). FT- H1 NMR of 2-oxime-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxy phenyl]ethane. (A higher resolution / colour version of 
this figure is available in the electronic copy of the article). 
 

 
Fig. (2c). FT- C13NMR of 2-phenyl hydrazine-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxyphenyl]ethane. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 

Fig. (2). contd…. 



76    Current Chemical Biology, 2022, Vol. 16, No. 1 Balasundaram et al. 

 
Fig. (2d). FT- H1 NMR of 2-oxime-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxy phenyl]ethane. (A higher resolution / colour version of 
this figure is available in the electronic copy of the article). 

 
Table 2. Comparison table of 2C4MB, PH, and HA using FT-H1NMR & C13 NMR. 

Group Identification 2C4MB 
(ppm) 

PH 
(ppm) 

HA 
(ppm) 

-CHOH 3.8 3.5 3.9 

Methoxy group of 2C4MB 6.9 -7.5 4 3.3 

Aromatic protons 6.9 -7.5 6.5 - 7.5 6 - 7.5 

-NNH proton - 6 6 

Aliphatic carbon atoms 54, 72 54, 73 54 

Aromatic carbon atoms 127 - 137 129-132 129-132 

 

 
Fig. (3). Percentage inhibitions of the different concentrations of the 2C4MBPH and 2C4MBH by DPPH assay. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
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Fig. (4). Percentage inhibitions of the different concentrations of the 2C4MBPH and 2C4MBH by ABTS assay. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 

 

 
Fig. (5). Percentage inhibitions of the different concentrations of the 2C4MBPH and 2C4MBH by H2O2 Assays. (A higher resolution / col-
our version of this figure is available in the electronic copy of the article). 

group (-OCH3) at the ortho position and electron-
withdrawing group (Cl) at the para position rampages the 
free radical generation during the oxidative process which is 
highly capable of damaging biologically relevant molecules 
such as DNA, proteins, carbohydrates, and lipids. Further, 
the stability of the compound increases due to the presence 
of the chloro group at the para position. Although, the chlo-
ro group is electronegative which deactivates the aromatic 
ring by decreasing the electron density on the ring through 
an inductive withdrawing effect. But as resonance effect 

controls the regiochem due to the stability of the intermedi-
ate carbocation [33]. The molecular design of the synthe-
sized compounds, containing one electron donor and one 
electron acceptor moiety, provides it with a push-pull con-
figuration, enhancing the stability of the compound, which 
is essential for drug synthesis [34]. The presence of an addi-
tional aromatic ring in PH made the compound more stable 
through resonance than HA, which was confirmed from the 
results obtained. 
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Table 3. IC50 of PH and HA by DPPH assay method. 

S. No. Extract Code   IC50  (µg/mL) 

1 PH  48.71 

2 HA Not active 

3 Ascorbic acid 19.38 

 
Table 4. IC50  of PH and HA by ABTS assay. 

Compounds ABTS Assay 
(IC50  µg/ml ) 

PH 15.55 

HA 29.25 

Ascorbic acid 7.72 

 
Table 5. Anti-inflammatory activities of PH and HA by albu-
min protein denaturation method. 

Concentration 
(µg/mL) 

Diclofenac 
Sodium HA PH 

10 37.07 41.51 64.91 

20 43.69 36.25 23.94 

30 46.31 29.82 16.37 

40 48.16 45.61 39.76 

100 52.61 70.17 10.16 

CONCLUSION 

 Significant antioxidant activities of the PH and HA com-
pounds were proved by DPPH, ABTS, FRAP, and hydrogen 
peroxide biochemical assay methods. Inhibition of free radi-
cals with various concentrations of the synthesized com-
pounds, found from the degree of discoloration of the various 
assays, was performed. The changes in the absorbance were 
measured spectrophotometrically. Thus, the results of the bio-
chemical assay revealed that the synthesized compounds 
serve as good free radical inhibitors and scavengers which 
inhibit the oxidative reactions responsible for cell damage, 
food spoilage, etc. The promising antioxidant activities of PH 
and HA were due to the presence of methoxy, chloro, and –
CNNH groups. Thus, the presence of these functionalized 
groups in the core structure of benzoin derivatives makes 
them more suitable for drug stability and antioxidant activity. 

LIST OF ABBREVIATIONS 

2C4MB = 2’chloro-4-methoxy benzoin  
ABTS = 2,2'-azino-bis(3-ethylbenzothia- 

zoline-6-sulfonic acid 
DPPH = 2,2-diphenyl-1-picrylhydrazyl 
FRAP = Ferric reducing antioxidant power 
FT-IR = Fourier-transform infrared spec-

troscopy 
FT-NMR = Fourier-transform nuclear mag-

netic resonance 
HA = 2-oxime-1-hydroxy, 1-[2-chloro-

phenyl]-2-[4’-methoxyphenyl] 
ethane  

 
Fig. (6). Percentage inhibitions of the different concentrations of the 2C4MBPH and 2C4MBH by FRAP assay. (A higher resolution / colour 
version of this figure is available in the electronic copy of the article). 
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PH = 2-phenyl hydrazine-1-hydroxy, 1-
[2-chlorophenyl] -2-[4’-methoxy- 
phenyl] ethane  

AUTHORS' CONTRIBUTION 

 Dr. B. Thanuja: Synthesis & characterization of the 
compounds, original draft preparation of the manuscript, 
interpretation of the results and discussion. 
 Dr. K.G. Kripa. & T. Bhavadharini: Biochemical as-
say methods analysis. 
 Dr. Charles Kanagam: Visualization, Investigation, 
supervision, reviewing. 

ETHICS APPROVAL AND CONSENT TO PARTICI-
PATE 

 Not applicable. 

HUMAN AND ANIMAL RIGHTS 

 No animals/humans were used for studies that are the 
basis of this research. 

CONSENT FOR PUBLICATION 

 Not applicable. 

AVAILABILITY OF DATA AND MATERIALS 

 Not applicable. 
FUNDING 

 None. 

CONFLICT OF INTEREST 

 The authors declare no conflict of interest, financial or 
otherwise. 

ACKNOWLEDGEMENTS 

 The authors are thankful to their respective manage-
ments for continuous support and encouragement in pursu-
ing this research. 

REFERENCES 
[1] Percival, M. Antioxidants. Clinical Nutrition Insights; Advanced 

Nutrition Publications, Inc. 1998.  
[2] Pham-Huy, L.A.; He, H.; Pham-Huy, C. Free radicals, antioxi-

dants in disease and health. Int. J. Biomed. Sci., 2008, 4(2), 89-96. 
PMID: 23675073 

[3] Komeri, R.; Thankam, F.G.; Muthu, J. Free radical scavenging 
injectable hydrogels for regenerative therapy. Mater. Sci. Eng. C, 
2017, 71, 100-110. 

 http://dx.doi.org/10.1016/j.msec.2016.09.087 PMID: 27987653 
[4] Ismail, A.; Marjan, Z.M.; Foong, C.W. Total antioxidant activity 

and phenolic content in selected vegetables. Food Chem., 2004, 
87, 581-586. 

 http://dx.doi.org/10.1016/j.foodchem.2004.01.010 
[5] Hatanaka, M.; Takahashi, K.; Nakamura, S.; Mashino, T. Prepara-

tion and antioxidant activity of alpha-pyridoin and its derivatives. 
Bioorg. Med. Chem., 2005, 13(24), 6763-6770. 

 http://dx.doi.org/10.1016/j.bmc.2005.07.065 PMID: 16125390 
[6] Antolovich, M.; Prenzler, P.D.; Patsalides, E.; McDonald, S.; 

Robards, K. Methods for testing antioxidant activity. Analyst 
(Lond.), 2002, 127(1), 183-198. 

 http://dx.doi.org/10.1039/b009171p PMID: 11827390 

[7] Augustyniak, A.; Bartosz, G.; Cipak, A.; Duburs, G.; Horáková, 
L.; Luczaj, W.; Majekova, M.; Odysseos, A.D.; Rackova, L.; 
Skrzydlewska, E.; Stefek, M.; Strosová, M.; Tirzitis, G.; Vensku-
tonis, P.R.; Viskupicova, J.; Vraka, P.S.; Zarković, N. Natural and 
synthetic antioxidants: An updated overview. Free Radic. Res., 
2010, 44(10), 1216-1262. 

 http://dx.doi.org/10.3109/10715762.2010.508495 PMID: 
20836663 

[8] Mulukken, K.; Shimellis, A. Application of antioxidants in food 
processing industry: Options to improve the extraction yields and 
market value of natural products. Food Tech. Nutr. Sci., 2019, 5, 
38-49. 

[9] Zineb, H.; Fatima, K.; Ibrahim, H.; Zaouia, K.; Zineb, D. Evalua-
tion of antibacterial and antioxidant activities of three types of 
benzoin resin. Eur. J. Chem., 2018, 9, 408-411. 

 http://dx.doi.org/10.5155/eurjchem.9.4.408-411.1755 
[10] Wollinger, A.; Perrin, E.; Chahboun, J.; Jeannot, V.; Touraud, D.; 

Kunz, W. Antioxidant activity of hydro distillation water residues 
from Rosmarinus officinalis L. leaves determined by DPPH as-
says. C. R. Chim., 2016, 19, 754-765. 

 http://dx.doi.org/10.1016/j.crci.2015.12.014 
[11] Apak, R.; Güçlü, K.; Demirata, B.; Ozyürek, M.; Celik, S.E.; 

Bektaşoğlu, B.; Berker, K.I.; Ozyurt, D. Comparative evaluation 
of various total antioxidant capacity assays applied to phenolic 
compounds with the CUPRAC assay. Molecules, 2007, 12(7), 
1496-1547. 

 http://dx.doi.org/10.3390/12071496 PMID: 17909504 
[12] Thanuja, Balasundaram; Kanakam, C.C. Synthesis, characterizati-

on, in vivo and silico studies of antidepressant activity of 2-chloro-
4’methoxy benzoin. Curr. Chem. Biol., 2014, 8, 17-26. 

 http://dx.doi.org/10.2174/221279680801141112095300 
[13] J.S. Buck and W.S. Ide. Org. Synth. 1948, 4, 269-304. DOI: 

10.15227/orgsyn.015.0085 
[14] Vogel, A.I. Textbook of Practical Organic Chemistry, 3rd Ed; 

Longman: London, 1974, pp. 343-344. 
[15] Vogel, A.I. Textbook of Practical Organic Chemistry, 5th ed; 

Longman: London, 1989.  
[16] Ahmed, H.Z. Femtochemistry: Atomic-scale dynamics of the 

chemical bond. J. Phys. Chem. A, 2000, 104, 5660-5694. 
 http://dx.doi.org/10.1021/jp001460h 
[17] Furniss, B.S.; Hannaford, A.J.; Smith, P.W.G.; Tatachell, A.R. 

Vogel′s Text Book of Practical Organic Chemistry, 5th ed; English 
Language Book Society, 1996.  

[18] Negin, P.G.; Davood, S. Synthesis of oximes from the correspon-
ding organic carbonyl compounds with NH2OH.HCL and Oxalic 
acid. Orient. J. Chem., 1995, 31, 1823-1825. 

[19] Oyedemi, S.O.; Afolayan, A.J. In vitro and in vivo antioxidant 
activity of aqueous leaves extract of Leonotis leonurus (L) R. Br. 
J. Pharmacol., 2011, 7, 248-256. 

[20] Blokhina, O.; Virolainen, E.; Fagerstedt, K.V. Antioxidants, oxi-
dative damage and oxygen deprivation stress: A review. Ann. Bot. 
(Lond.), 2003, 91(Spec No), 179-194. 

 http://dx.doi.org/10.1093/aob/mcf118 PMID: 12509339 
[21] Surajdevprakash, B.; Dhiman, P.; Kamat, J.; Devidas, N.B. Antio-

xidant activity and free radical scavenging reactions of hydroxy 
benzyl alcohols. Biochemical and pulse radiolysis studies. Chem. 
Biol. Interact., 2009, 182, 119-127. 

 http://dx.doi.org/10.1016/j.cbi.2009.07.025 PMID: 19665455 
[22] Somaveh, K.; Foroogh, M.; Mahdi, M.F. Antioxidant activity,total 

flavonoin and phenolic contents of three different extracts of Hyr-
canian reishi. Curr. Bioact. Compd., 2019, 15, 109-113. 

 http://dx.doi.org/10.2174/1573407213666171107151007 
[23] Pracheta, P.; Sharma, V.; Singh, L.; Paliwal, R.; Sharma, S.; 

Yadav, S.; Sharma, S. Chemopreventive effect of hydroethanolic 
extract of Euphorbia neriifolia leaves against DENA-induced 
renal carcinogenesis in mice. Asian Pac. J. Cancer Prev., 2011, 
12(3), 677-683. PMID: 21627363 

[24] Anvari, D.; Jamei, R. Evaluation of antioxidant capacity and phe-
nolic content in ethanolic extracts of leaves and flowers of some 
Asteraceae species. Recent Pat. Food Nutr. Agric., 2018, 9(1), 42-
49. 

 http://dx.doi.org/10.2174/2212798409666171023150601 PMID: 
29065850 

[25] Benzie, I.F.; Strain, J.J. The ferric reducing ability of plasma 
(FRAP) as a measure of “antioxidant power”: The FRAP assay. 
Anal. Biochem., 1996, 239(1), 70-76. 



80    Current Chemical Biology, 2022, Vol. 16, No. 1 Balasundaram et al. 

 http://dx.doi.org/10.1006/abio.1996.0292 PMID: 8660627 
[26] Garima, M.; Narsingh, S.; Pooja, C. Synthesis and evaluation of 

thiazolidone-coumarin adducts as antidiatetic, ant-inflammatory 
and antioxidant agents. Lett. Org. Chem., 2015, 12, 429-445. 

 http://dx.doi.org/10.2174/1570178612666150424235603 
[27] Suchita, V.; Ghumre, G.; Mrunal Sawant, M.; Varsha Jadhav, J.; 

Vilasrao, K. Assessment of in vitro anti-inflammatory activity of 
Cynodon dactylon and Acyclovir showing synergistic. Effect by 
albumin denaturation and membrane stabilization assay. Mod. Ap-
pro.Drug Des., 2017, 1, 1-5. 

[28] Sudha, R.; Kanakam, C.C.; Nithya, G. In vitro antioxidant activity 
of different substituted benzilic acid using 2,2-diphenyl-1-picryl 
hydrazyl radical, ABTS assay method. Asian J. Pharm. Clin. Res., 
2016, 9, 127-130. 

[29] Soltani, S.S.; Farnia, S.M.F.; Foroumadi, A. Synthesis and anti-
bacterial activity of new chalcones bearing an imidazo[1,2-a] pyri-
dine moiety. Curr. Chem. Biol., 2021, 15, 163-170. 

 http://dx.doi.org/10.2174/2212796815666210223110208 
[30] Fan, H.; Yang, G.Z.; Zheng, T.; Mei, Z.N.; Liu, X.-M. Chemical 

constituents with free radical scavenging activities from the stem 
of Microcospaniculata. Molecules, 2010, 15, 5547-5560. 

 http://dx.doi.org/10.3390/molecules15085547 
[31] Belkov, G.A.; Ksenzova, T.F.; Raichyonok, V.; Skomyakov Sor-

kin, V.L.; Tolstorzhey, G.B.; Shadyro, O.L. Electronic absorption 
spectra of antiviral aminophenol derivatives. J. Appl. Spectrocopy, 
2011, 78, 1-5. 

 http://dx.doi.org/10.1007/s10812-011-9417-x 
[32] Jeremić, S.; Radenković, S.; Filipović, M.; Antić, M.; Amić, A.; 

Marković, Z. Importance of hydrogen bonding and aromaticity in-
dices in QSAR modeling of the antioxidative capacity of selected 
(poly)phenolic antioxidants. J. Mol. Graph. Model., 2017, 72, 240-
245. 

 http://dx.doi.org/10.1016/j.jmgm.2017.01.011 PMID: 28129594 
[33] Amorati, R.; Lucarini, M.; Mugnaini, V.; Pedulli, G.F. Antioxi-

dant activity of o-bisphenols: The role of intramolecular hydrogen 
bonding. J. Org. Chem., 2003, 68(13), 5198-5204. 

 http://dx.doi.org/10.1021/jo0342931 PMID: 12816477 
[34] Orallo, F. Comparative studies of the antioxidant effects of cis- 

and trans-resveratrol. Curr. Med. Chem., 2006, 13(1), 87-98. 
  http://dx.doi.org/10.2174/092986706775197962 PMID: 16457641 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	The Effect of Substituents and Functional Groups on Enhancing the AntioxidantActivity of Benzoin Derivatives
	Keywords:
	1. INTRODUCTION
	2. MATERIALS AND METHODS
	3. RESULTS AND DISCUSSION
	Table 1.
	Fig. (1a).
	Fig. (1b).
	Fig. (2a).
	Fig. (2b).
	Fig. (2c).
	Fig. (2d).
	Table 2.
	Fig. (3).
	Fig. (4).
	Fig. (5).
	Fig. (6).
	Table 3.
	Table 4.
	Table 5.
	CONCLUSION
	LIST OF ABBREVIATIONS
	AUTHORS' CONTRIBUTION
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	HUMAN AND ANIMAL RIGHTS
	CONSENT FOR PUBLICATION
	AVAILABILITY OF DATA AND MATERIALS
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



