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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-
ARTICLE HISTORY tioxidant power assay methods. The effect of functional groups and substituents in the core structure
was studied and compared with its parent compound.
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Revised: February 17, 2022 Aim and Objective: In this manuscript, two derivatives of benzoin viz. 2-phenyl hydrazine-1-hydroxy,
Accepted: February 17, 2022 1-[2-chlorophenyl] -2-[4’-methoxyphenyl] ethane and 2-oxime-1-hydroxy, 1-[2-chlorophenyl]-2-[4-
DOI: methoxyphenyl] ethane (HA) derivatives were synthesized by benzoin condensation and followed by
10.2174/2212796816666220517103230 addition reaction to find a potential anti-oxidant agent.

@ CrossMark 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 H202 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, efc. The promising anti-oxidant activities are because of the effective
substituents which play a prominent role in the drug industries.

Keywords: FT-IR, FT-NMR, DPPH, ABTS, FRAP assay, benzoin derivatives.

1. INTRODUCTION 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,

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 the principle micronutrient antioxidants are vitamin E (o-
stresses also lead to excessive production of ROS, which tocopherol), vitamin C (ascorbic acid), and B-carotene [6].
leads to aging, high blood pressure, atherosclerosis, etc. [2]. The body cannot manufacture these micronutrients, so they
Oxidative stress can be reduced by antioxidants which are must be supplied in the diet [7].

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

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-
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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,l-[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
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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 84°C. 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
SmL 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 142°C. 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
SmL 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
123°C. The yield of HA was found to be60-70 % (Scheme
3).
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Scheme 3. Synthesis of 2-oxime-1-hydroxy, 1-[2-chlorophenyl] -2-[4’-methoxyphenyl] ethane.

The qualitative analysis was initially carried out to con-
firm the synthesized compounds using Infrared, ' H, and "
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 ODconyor 1S the absorbance of the blank sample (con-
taining all reagents except the test samples), and OD gympic 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 pg/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 FeCl;.6H,0 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 (Fe*" TPTZ ) blue colored com-
plex (Fe*'-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 [Csp+= 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. ™ ™ 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

SmL 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
Smins. 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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of 4000 cm™'- 400 cm™'. 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™ and 3475cm™ of
PH and HA respectively confirmed the presence of —OH and
-NH str, similarly peaks at 1600 cm™and 1666 cm™ corre-
spond to C=0 and C=N sym str of PH and HA respectively
(Fig. 1a and 1b). The '"H NMR and "*C 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 °C 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 ICsy of
48.71pg/mL compared to the standard ascorbic acid (19.38
pg/mL) while the HA derivative showed inefficiency to
scavenge the free radical, thereby, proving that the PH de-

Table 1. Comparison table of 2C4MB, PH, HA using FT-IR.
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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 ICso of PH to be
15.55pg/mL and for HA 29.25 pg/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 ug (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 320pg/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.

Functional Groups 2C4MB (cm™) PH (cm™) HA (cem™)
-OH and —NH stretching 3475 3398 3475
Aromatic C-H stretching 3060 3035 3060
Aliphatic C-H stretching 2937 3305 2937
Sym C=0, 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. (4 higher resolution / colour

version of this figure is available in the electronic copy of the article).
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Fig. (1b). FT-IR spectrum of 2-oxime-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxyphenyl] ethane. (4 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 pg/mL). Diclofenac Sodium, an NSAID standard
anti-inflammatory chemical, showed maximum inhibition of
52.61% at 100 pg/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- HINMR of 2-phenyl hydrazine-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxyphenyl]ethane. (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).
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Fig. (2b). FT- H1 NMR of 2-oxime-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxy phenyl]ethane. (4 higher resolution / colour version of
this figure is available in the electronic copy of the article).
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Fig. (2¢). FT- C13NMR of 2-phenyl hydrazine-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxyphenyl]ethane. (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).
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Fig. (2d). FT- H1 NMR of 2-oxime-1-hydroxy, 1-[2-chlorophenyl]-2-4’-methoxy phenyl]ethane. (4 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-H'NMR & C"* NMR.

Group Identification 2C4MB PH HA
(ppm) (ppm) (ppm)
-CHOH 3.8 3.5 3.9
Methoxy group of 2C4MB 6.9-7.5 4 33
Aromatic protons 6.9-7.5 6.5-175 6-75
-NNH proton - 6 6
Aliphatic carbon atoms 54,72 54,73 54
Aromatic carbon atoms 127 - 137 129-132 129-132
DPPH assay
% %k %k
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Fig. (3). Percentage inhibitions of the different concentrations of the 2C4MBPH and 2C4MBH by DPPH assay. (4 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. (4 higher resolution / colour

version of this figure is available in the electronic copy of the article).
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Fig. (5). Percentage inhibitions of the different concentrations of the 2C4MBPH and 2C4MBH by H,0, Assays. (4 higher resolution / col-
our version of this figure is available in the electronic copy of the article).

group (-OCH;) 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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Fig. (6). Percentage inhibitions of the different concentrations of the 2C4MBPH and 2C4MBH by FRAP assay. (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).

Table 3. ICs) of PH and HA by DPPH assay method. CONCLUSION
Significant antioxidant activities of the PH and HA com-
S. No. Extract Code ICs (ng/mL) pounds were proved by DPPH, ABTS, FRAP, and hydrogen
peroxide biochemical assay methods. Inhibition of free radi-
! PH 4871 cals with various concentrations of the synthesized com-
2 HA Not active pounds, found from the degree of discoloration of the various
3 Ascorbic acid 19.38 assays, was performed. The changes in the absorbance were
measured spectrophotometrically. Thus, the results of the bio-
chemical assay revealed that the synthesized compounds
Table 4. ICsy of PH and HA by ABTS assay. serve as good free radical inhibitors and scavengers which
inhibit the oxidative reactions responsible for cell damage,
Compounds ABTS Assay food spoilage, efc. The promising antioxidant activities of PH
(ICso pg/ml) and HA were due to the presence of methoxy, chloro, and —
PH 15.55 CNNH groups. Thus, the presence of these functionalized
groups in the core structure of benzoin derivatives makes
HA 2925 them more suitable for drug stability and antioxidant activity.
Ascorbic acid 7.72
LIST OF ABBREVIATIONS
Table 5. Anti-inflammatory activities of PH and HA by albu- 2C4MB = 2’chloro-4-methoxy benzoin
min protein denaturation method. ABTS = 2,2'-azino-bis(3-ethylbenzothia-
zoline-6-sulfonic acid
Concentration Diclofenac HA PH DPPH = 2,2—fiipheny.1— 1 -picwlhydrazyl
(ng/mL) Sodium FRAP = Ferric reducing antioxidant power
10 3707 4151 64.91 FT-IR = Fourier-transform infrared spec-
troscopy
20 43.69 36.25 23.94 FT-NMR = Fourier-transform nuclear mag-
30 46.31 29.82 16.37 netic resonance
40 48.16 45.61 3976 HA = 2-oxime-1-hydroxy, 1-[2-chloro-
100 52.61 70.17 10.16 23:;}2]_2_[4 -methoxyphenyl]
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PH = 2-phenyl hydrazine-1-hydroxy, 1-
[2-chlorophenyl] -2-[4’-methoxy-

phenyl] ethane
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