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DOL: 10.22146/ijc.72379 condensation of substituted 4,4’-diamino-bis-(4-aminophenyl) methane/sulfide with

various substituted aldehydes. The synthesized molecules were characterized by physical
data, elemental, IR and 'H-NMR analyses. The antioxidant ability of compounds was
determined through the use in vitro assays such as DPPHe scavenging, ABTS, total
antioxidant capacity (TAC), hydroxyl radical OHe scavenging, and reducing power
capability. The antioxidant activity of the compounds increased slightly after changing
the atom bridge and hydroxyl group position. The results showed that the compound 5-
DPSS exhibited superior scavenging strength against DPPH (ECsy = 7.10 + 0.16 pug/mL),
whereas 3-DPSS showed the highest activity (ECso = 1.36 £ 0.08 ug/mL) when inspected
by ABTS in relation to butylated hydroxyanisole (BHA) (ECso = 7.54 * 0.67). The higher
OH. activity was marked by the compound 5-DPS (ECsp = 44.9 + 3.3 ug/mlL) related to
BHT at (ECsp = 98.73 + 0.3 ug/mL). The compounds 5-DPM demonstrated remarkable
activity both reducing power (ECs = 53.2 + 0.3 ug/mL), and TAC assay (ECsy = 620.0 +
2.4 ug/mL). These results prove that the modification in hydroxyl group position affect
the antioxidant ability of Schiff bases.
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= INTRODUCTION job in securing against oxidant-incited harm and can be
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The free radicals are the standard sources in charge displayed as hydrogen donors or electron reducers to the

of numerous illnesses, for example, age-related maladies receptive sites in killing free radical [8-9]. It is accounted

cq e e . . for those numer natural atom nerall
rheumatoid joint inflammation, Infectious ulcer, and or those numerous natural atoms executed as generally

. . . . ) amazing cell reinforcements. In this manner, it is critical
malignancy inception [1-5]. These medical issues are

. . to comprehend the method of activity and effectiveness
conveyed by the response of receptive oxygen species

(ROS), usually known as responsive species (RSs) [6-7]. of these cancer prevention agents [10]. Antioxidants are

molecules that play a critical role in protecting against

Cancer prevention agents are particles that assume a basic ] ]
oxidant-induced damage and can be presented as
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hydrogen donors or electron reducers to the reactive site
in scavenging free radical [11]. It is reported that many
organic compounds behave as very powerful antioxidants.
It is therefore essential to recognize the mechanism of
action and the tendency to act as antioxidants [12-13].

Schiff bases are classes of compounds that contain
azomethines bond (C=N) and owe the general
formulation RHC=N-R' (where R and R' may be alkyl,
cycloalkyl, aryl or heterocyclic). They are attained by a
condensation process of primary aromatic amines and
aldehydes or ketones [14]. Schiff bases play a significant
role in the biological process with various applications
[15-16]. Additionally, phenolic Schiff bases are proved as
efficient antioxidants and excellent free radical scavengers
[17]. This radical scavenging propriety is mainly due to
the transfer of hydrogen atoms from the OH, NH, and SH
groups (attached to the aromatic nuclei) to the free
radicals [18].

In the light of these data, we are interested in
synthesizing new Schiff bases and investigating their
antioxidant properties. The modification of the bridge
and the position of hydroxyl groups is a useful strategy to
ameliorate the antioxidant activity of Schiff bases. For
that, eight compounds are synthesized by the insertion of
carbon, sulfur, two sulfur atoms between two aromatic
rings. The hydroxyl groups are introduced in ortho or
para position to 3,3’-OH and 5,5-OH. The aims of this
work are to synthesize three series of Schiff bases and to
study the effect of the atom bridging on the antioxidant
capacity. In addition, the introduction of two hydroxyl
groups in different positions in the Schiff bases
significantly affects the scavenging efficiency of free
radicals in the system, where one is fixed in position 2, and
another is at different position in the aromatic ring. The
effects of both the bridge and the introduction of the
hydroxyl groups were studied. The contributions of the
hydroxyl position structures on the antioxidant activity
were also investigated.

m EXPERIMENTAL SECTION
Materials

The
diaminodiphenylmethane (97%),

work, 4,4'-
bis(4-aminophenyl)

chemicals utilized in this
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sulfide (98%), 2,5-dihydroxybenzaldehyde (97%) and
bis(4-aminophenyl) disulfide (98%) 2,3-
dihydroxybenzaldehyde (98%), and the solvents were
purchased from Sigma-Aldrich. 2,2-diphenyl-1-
picrylhydrazyl (DPPH; 97%), NaOCI solution (6-14%
active chlorine), 2,2-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt (ABTS; 98%),
butylated hydroxy anisole (BHA; 99%), butylated
(BHT; 99%),
monohydrate (99%), ascorbic acid (vitamin C; 99%),

hydroxytoluene 1,10-phenanthroline
potassium ferricyanide (99%), potassium persulfate
(98%) and trichloroacetic acid (99%), were obtained
from Sigma Aldrich and Merck.

Instrumentation

The 'H-NMR spectra were measured through
Bruker AC400 spectrometer (400 MHz) using DMSO-
ds. The analysis of the elemental was taken by a Perkin
Elmer 2400 (automatic elemental analyzer). The spectra
of FTIR were recorded on a Bruker Vector 22
Spectrophotometer (KBr discs).

Procedure

Synthetic procedure of Schiff bases

The ligand was produced by the reported method
[19]. Substituted aldehydes (2 mmol), appropriated
diamine (1.0 mmol) in 20 mL of pure ethanol, two
microliters of acetic acid were added into a (100 mL)
round bottom flask, and the product reaction mixture
was refluxed for at 78 °C for 3 h. The formed product was
filtered and washed with hot ethanol and then dried. The
synthesis of monosubstituted products is shown in Fig. 1.

N,N"bis(2,3-dihydroxybenzylidene)-4,4'-
diaminodiphenyl methane: (3-DPM)

2,3-Dihydroxybenzaldehyde (0.276 g, 2 mmol)
4,4'-diaminodiphenylmethane (0.198 g, 1 mmol). Yield
74%; m.p 200 °C; '"H-NMR (100 MHz, CDCl;) § (ppm)
=13.28 (s, 2H, C,0OH, and C,OH of 2Ar-OH); 9.17 (s,
2H, C;0H, and C’;OH of 2Ar-OH); 8.90 (s, 2H, HC=N);
6.78-7.10 (m, 8H, ArH); 5.20 (2H, s); 4.02 (s, 2H, CH,);
FTIR v (cm™) 3417 (OH, broad centered at), 1615 (C=N);
Microanalysis for C;yH2,N,O4 (438.47), Calcd.: C, 73.96;
H, 5.06; N, 6.39. Found: C, 73.85; H, 5.06; N, 6.39.
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Fig 1. Synthesis of Schift bases

N,N"bis(2,5-dihydroxybenzylidene)-4,4’-
diaminodiphenyl methane: (5-DPM)

2,5-Dihydroxybenzaldehyde (0.276 g, 2 mmol) 4,4'-
diaminodiphenylmethane (0.198 g, 1 mmol). Yield 84%;
m.p 210 °C; '"H-NMR (25 MHz, CDCl;) § (ppm) 12.33 (s,
2H, C,0OH and C’,OH of 2Ar-OH), 9.10 (s, 2H, CsOH and
CsOH of 2Ar-OH), 8.82 (s, 2H, HC=N), 6.80-7.32 (m, 8H,
ArH), 5.20 (2H, s), 4.00 (s, 2H, CH,); FTIR v (cm™) 3302
(OH), 1602 (C=N); Microanalysis for Cy;H;N,O4
(438.47), Calcd.: C, 73.96; H, 5.06; N, 6.39. Found: C,
73.81; H, 5.04; N, 6.41.

N,N"bis(2,3-dihydroxybenzylidene)-4,4'-
diaminodiphenyl sulfide: (3-DPS)

2,3-Dihydroxybenzaldehyde (0.276 g, 2 mmol)
bis(4-aminophenyl) sulfide (0.216 g, 1 mmol). Yield 82%;
m.p 210 °C; 'H-NMR (25 MHz, CDCL) § (ppm) 13.78 (s,
2H, C,0OH and C,OH of 2Ar-OH), 9.48 (s, 2H, CsOH and
C’sOH of 2Ar-OH), 8.88 (s, 2H, HC=N), 6.80-7.75 (m,
8H, ArH); FTIR v (cm™') 3400 (OH), 1620 (C=N), 880 (C-
S); Microanalysis for Cy;sHz0N,O4S (456.11), Caled.: C,
68.41; H, 4.42; N, 6.14; S, 7.02. Found: C, 68.39; H, 4.40;
N, 6.13; O, 14.04; S, 7.03.

N,N"-bis(2,5-dihydroxybenzylidene)-4,4’"-
diaminodiphenyl sulfide: (5-DPS)

2,5-Dihydroxybenzaldehyde (0.276 g, 2 mmol)
bis(4-aminophenyl) sulfide (0.216 g, 1 mmol). Yield 88%;
m.p > 210 °C; '"H-NMR (25 MHz, CDCl;) 6 (ppm) 12.01
(s, 2H, C,OH and C,OH of 2Ar-OH), 9.10 (s, 2H, CsOH
and C’sOH of 2Ar-OH), 8.83 (s, 2H, HC=N), 6.82-7.60
(m, 8H, ArH), 5.20 (2H, s); FTIR v (cm™) 3417 (OH),
1612 (C=N), 879 (C-S); Microanalysis for Cy;sHzN>04S
(456.11), Calcd.: C, 68.41; H, 4.42; N, 6.14; S, 7.02. Found:
C, 68.39; H, 4.40; N, 6.13; O, 14.04; S, 7.03.

N,N"bis(2,3-dihydroxybenzylidene)-4,4'-

diaminodiphenyl disulfide: (3-DPSS)
2,5-Dihydroxybenzaldehyde (0.276 g, 2 mmol)

bis(4-aminophenyl) disulfide (0.248 g, 1 mmol). Yield 68%;

m.p > 210 °C; "H-NMR (25 MHz, CDCL;) § (ppm) 12.33
(s, 2H, C,OH and C’,OH of 2Ar-OH), 9.10 (s, 2H, CsOH
and C’sOH of 2Ar-OH), 8.82 (s, 2H, HC=N), 6.80-7.32
(m, 8H, ArH), 5.20 (2H, s), 4.00 (s, 2H, CH,); FTIR v
(em™) 3425 (OH), 1620 (C=N), 881 (C-S);
Microanalysis for CysH0N,O.S; (488.09), Calcd.: C,
63.92; H, 4.13; N, 5.73; O, 13.10; S, 13.12. Found: C,
63.90; H, 4.13; N, 5.72; O, 13.12; S, 13.11.

N,N"-bis(2,5-dihydroxybenzylidene)-4,4'-
diaminodiphenyl disulfide: (5-DPSS)
2,5-Dihydroxybenzaldehyde (0.276 g, 2 mmol)
bis(4-aminophenyl) disulfide (0.248 g, 1 mmol). Yield
71%; m.p > 210 °C; 'H-NMR (25 MHz, CDCl;) § (ppm)
12.01 (s, 2H, C,OH and C,OH of 2Ar-OH), 9.10 (s, 2H,
CsOH and C’sOH of 2Ar-OH), 8.82 (s, 2H, HC=N), 6.80—
7.60 (m, 8H, ArH); FTIR v (cm™) 3340 (OH), 1604 (C=N),
879 (C-S); Microanalysis for CyHzN,O0.S, (488.09),
Calcd.: C, 63.92; H, 4.13; N, 5.73; O, 13.10; S, 13.12.
Found: C, 63.91; H, 4.12; N, 5.73; O, 13.13; S, 13.12.

Radical scavenging capacity

Free radical scavenging capacity. The antioxidant
potential of the Schiff base compounds to scavenge the
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical was
assessed spectrophotometrically following the method
reported by Benslama et al. [20]. Briefly, a 320 uL of
DPPH methanolic solution (0.6 mg/100 mL) was added
to the 80 uL of the compound prepared at various
concentrations (solubilized in N,N-dimethylformamide).
The resulting mixture was maintained in the dark at
room temperature. After incubation for 30 min, the
absorbance of the mixture was recorded at 517 nm, and
the antiradical power was expressed as half-maximal
effective concentration (ECsp)) as compared to the
control. The percent of antiradical capacity was then
calculated according to Eq. (1):

(A.—A)x100

DPPH scavenging (%) = % (1)

C
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where A. is the absorbance of control and A is absorbance
of sample.

ABTS radical-scavenging activity. To set the
antioxidant ability of the synthesized phenolic Schiff
bases, we adopted the ABTS* method from [21], with a
little alteration. A solution of ABTS* (7 mM) was mixed
with solution of potassium persulfate (2.4 mM) to get a
fresh stock solution. Thereafter, the solution used for
ABTS screening was produced by combining the stock
solutions of potassium persulfate and ABTS* in equal
amounts for 12-14 h in the dark at room temperature. A
specific absorbance of ABTS" at 0.705 + 0.01 units at
734 nm desired for the analysis was attributed to diluting
1 mL of ABTS" solution in 60 mL of methanol. A fresh
ABTS" solution was made up for each assay. The sample
(50 uL) was mixed with 1 mL of the ABTS" solution, and
then the absorbance at 734 nm was recorded after 6 min
for each measurement. The percentage inhibitions of the
synthesized SBs were calculated using Eq. (2):
(A.—A{)x100 @)

AC

where A. is the absorbance of the ABTS free radical
solution recorded without a sample and Ag is the

ABS scavenging (%) =

absorbance of ABTS free radical solution with the sample.
All tests and analyses were realized in triplicate and the
outcomes attained were averaged. The inhibition
percentage was plotted against concentration, and a
straight line was generated, and the ECs, values of the
Schiff bases were calculated from this graph, explicitly, the
amount of antioxidant Schiff bases necessary to diminish
the 50% of the initially ABTS radical concentration.

Hydroxyl radical (OHe) -scavenging activity. The
hydroxyl radical scavenging effect of compounds was
evaluated by [21]. However, 60 pL of FeSO.,7H,O
solution (1 mM) was added to 90 mL of a 1,10-
phenanthroline (1 mM) aqueous solution, and 2.4 mL of
phosphate buffer (0.2 M, pH 7.8) were added to the
resulting mixture following by the addition of 1.5 mL of
different concentrations of the sample, then 150 pL of
hydrogen peroxide (0.17 mM) in sequence. The mixture
was then incubated in the water bath at 37 °C for 30 min.
The decrease in the concentration of OHe was estimated
spectrophotometrically by measurement of absorbance at
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560 nm, and the antiradical capacity was expressed as
ECs the values, i.e., the concentration of the studied
compound, which induces a decrease of 50% in the
absorbance of 560 nm compared to the control. All
readings were taken in triplicate, and Butylhydroxy
toluene (BHT) was used as a positive control.

The percent inhibition was calculated according to

Eq. (3).
A —A 100
Hydroxyl —radical scavenging (%) = %

A

C

where A. is the absorbance of the control solution

(3)

without the sample and As is the absorbance of the
sample solution with the sample.

Reducing capacity

The reducing effect of the compounds was
measured following the methods [22]. A volume of
20 uL of the compound at various concentrations was
combined with 100 pL of potassium ferricyanide
[KsFe(CN)s] solution (1%) and 80 uL of phosphate
buffer solution (0.2 M, pH 6.6). The resulting mixture
was incubated for 20 min at 50 °C. Then, 100 uL of
trichloroacetic acid (10%) was also added to terminate
the reaction, and the entire was centrifuged for 10 min
at 2800 r/min. Finally, the supernatant solution (100 uL)
of was combined with 20 uL of FeCl; solution (0.1%) and
distilled water (100 pL). Then, the mixture was incubated
for 10 min, and the absorbance was recorded at 700 nm.
The antioxidant strength of samples was estimated using
a ferrous iron standard curve, absorbance as a function
of concentration, and results are expressed as Fe*
concentration (ug/mL) corresponding to the half
absorbance value in the standard curve Ag;s.

Total antioxidant capacity (TAC)

This assay was based on the capacity of an
antioxidant agent to reduce the molybdenum (VI) to
molybdenum (V) and generate a green phosphomolybdate
complex (V) which to be estimated spectrophotometrically
at 695 nm. Equal volumes of sodium phosphate (28 mM),
sulfuric acid (0.6 M), and ammonium molybdate (4 mM)
were taken in a beaker to get the phosphomolybdate
reagent. To take the test, 300 uL of sample in several
concentrations of Schiff bases (50-500 pg/mL in DMSO)
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was mixed with phosphomolybdate reagent and incubated
in a water bath for 90 min at 95 °C. The mixture was
allowed to settle at room temperature, and absorbance was
determined at 765 nm. Instead of the sample, DMSO was
used in the blank. According to the equation obtained from
the calibration curve, the total antioxidant capacity was
estimated as pg/mL ascorbic acid equivalent (AAE) [23].

Statistical analyses

The experiments were performed in triplicates, and
data were presented as mean + SD. The ECs (50%
inhibition concentration) values were estimated using the
linear regression method. The Graphpad Prism7 was
determined to analyze the data. However, the statistical
differences between the experimental groups and standard
were analyzed using the Student t-test, and the difference
were considered statistically significant where p < 0.05.

m RESULTS AND DISCUSSION
Synthesis

The present work involved the preparation of the
phenolic Schiff bases by condensation reaction. All the
synthesized molecules were powder solids and found to
be insoluble in dichloromethane and soluble in methanol
and acetonitrile. The analytical data agree well with the
formula of the products and were recognized through
elemental analysis and spectroscopic data (UV-Vis, IR,
and "H-NMR). The relevant FTIR data of the synthesized
compounds presented standard features in appointed
regions and characteristic bands in the other zones. In all
the compounds under study, the aromatic (C-H) bond
manifested in the range (3024-3082 cm™) [24], whereas
the aliphatic (C-H) of 3-DPM and 5-DPM bond appeared
in the range of (2924 cm™). The clear band in the range of
(1604-1628 cm™) was attributed to the azomethine bond
(C=N) [25]. The aromatic (C=C) bond appeared in the
range of (1520-1566 cm™) [26].

The 'H-NMR spectra were used in structure
elucidation and identification of the synthesized phenolic
Schiff bases. The 'H-NMR spectra of synthesized
compounds (3-DPM; 5-DPM, 3-DPS, 5-DPS, 3-DPSS, 5-
DPSS) displayed the azomethine proton (-HC=N) at and
8.93, 8.77, 8.87, 8.79, 8.87, and 8.83 ppm respectively as
singlet [27-28] and aromatic protons at 6.78-7.38 ppm
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range as multiplets [29-30]. Furthermore, the aliphatic
protons (-CH) shows a singlet at 4.02 ppm for the
compound 3-DPM and 5-DPM [31]. The identified
signals of all the protons of the phenolic Schift bases
were in agreement in their expected region.
Radical Scavenging Capacity
DPPH- scavenging activity

From Fig. 2, the curves of the antioxidant effect of
all the Schiff base compounds appear almost the same
evolutionary trend. The sharp rise in the DPPHe
inhibition curve from 10 up to 180 pg/mL, taking a
constant trend (stationary phase) from 200 ug/mL. The
compound 5-DPSS has the best anti-free radical power
with a percentage inhibition of 94.43% with a
concentration threshold of 200 ug/mL. The oxidation
power of the samples is related to the presence of
compounds that exert actions by splitting the chain of
free radicals via hydrogen atom donation [32]. The best
anti-free radical activity is attributed to the compound
5-DPSS with an ECs value of 7.10 + 3.2 pg/mL, while the
weak activity is recorded for the product 5-DPM (20.97
+ 0.89 pg/mL). The percentage inhibition of the DPPHe
increases with increasing concentration in a dependent
manner, either for the Schiff base compounds or for
[33-35]. The
synthesized compounds was found to be in ascending
order of 5-DPM < 3-DPSS < 3-DPS < 3-DPM < 5-DPS <
5-DPSS (Fig. 2). Based on the ECs, values (Table 1)
among the six products tested, the 5-DPSS compound

standards inhibition efficiency of

was noted as the most active, with an antioxidant activity
equal to (7.10 * 0.16) ug/mL. The DPPH scavenger
potential increased in that order as follow: 5-DPSS (7.10
+0.16 pg/mL) > 5-DPS (7.20 + 0.20 pg/mL) > 3-DPM
(8.37 + 0.34 pg/mL) > 3-DPS (8.84 + 0.34 pg/mL) > 3-
DPSS (11.34 + 0.17 > 5-DPM (20.97 + 0.89 pg/mL). At
the same time, the positive control, BHA and BHT
showed a close potential 5.73 + 0.41 and 22.32 + 1.19
ug/mkL, respectively, than the six products. The lowest
antioxidant potential was assigned for 5-DPM with
20.97 £ 0.89 pg/mL. It was clear that the compounds
having sulfur bridging atom and second hydroxyl group
in position 5 showed the best free radical scavenging
activities in the DPPH test.
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Fig 2. Free radical scavenging activity DPPHe (%) of: (a) DPM, (b) DPS, (c) DPSS. Error bar indicates SD standard

Table 1. The antioxidant activity of the products synthesized and standards

Product ECso values (ug/mL) Ays EAA
DPPH ABTS OH. Reducing power TAC
3-DPM 8.37 £0.38 1.49 £ 0.05 227.7 5.1 71.1£0.1 1680.0 = 0.01
5-DPM 20.97 £ 0.89 3.23+0.01 143.2 +16.0 53.2+0.3 620.0 +2.4
3-DPS 8.84 £ 0.34 1.77 £ 0.08 209.2+7.3 139+1.3 1153.3 £5.7
5-DPS 7.20 £0.20 1.95+0.01 449+33 1389+ 1.0 949.16 + 1.44
3-DPSS 11.34+£0.17 1.36 £ 0.08 244.1 £ 16.0 75.5+£0.5 1193.3 £5.7
5-DPSS 7.10+0.16 2.64 +0.05 232.5+3.93 68.2+0.2 730.0 + 4.6
BHA 573 £0.41 7.54 £ 0.67
BHT 22.32+1.19 1.55+0.26 98.73+0.3 99.2 £0.41 100.0 £0.21

ABTS radical scavenging activity
A significant attribute of the antioxidants is the free

radical proton scavenging. A recognized protonated

radical ABTS has distinctive absorbance maxima at

734 nm, which declines with the quenching of the

proton free radicals [36]. The Schiff base series, with
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phenyl, diphenylmethane, diphenyl sulfide, and diphenyl
disulfide bridges, were powerful and impressive scavenger
effect of the ABTS free radical (Fig. 3), and this capacity
was consistent with those to those of BHA and BHT
(Table 1) that are employed as standard drugs. The lower
concentrations of the tested samples were more potent in
quenching ABTS" free radicals in the system [37]. The
three series of Schiff bases exhibit powerful scavenging of
the ABTS* radical relative to those of the standards (BHA
and BHT). 3-DPSS revealed the highest activity with an
ECs, of about (1.36 = 0.08 ug/mL) amongst the
synthesized diphenolic Schiff bases series. The ABTS
radical scavenging capacity of the tested compounds can
be ranked in the order: 3-DPSS > 3-DPM > 3-DPS > 5-
DPS > 5-DPSS > 5-DPM.

1239

From the calculated values of ECs, we can
conclude that the compounds that have the hydroxyl
group in position three present more potent scavenging
effects than position 5 in the other Schiff bases series.
Furthermore, the sulfur atom bridge performed well
compared to that of carbon. The results of the ABTS
radical test by the Schiff bases were shown to be much
better than those of DPPHe. Many factors like solubility
of the compounds' stereoselectivity of the radicals or the
indifferent testing systems have been conveyed to affect
the aptitude of compounds to react and inhibit different
radicals [37-38]. Hong et al. [39] observed that some
compounds that present ABTS scavenging response did
not display DPPH scavenging ability. In this study, the
compounds showed strong scavenging effect against
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DPPH and ABTSe. This supplementary showed the
capacity of the extracts to quench different free radicals in
different systems, signifying that they may be beneficial
therapeutic for radical-related

agents remedying

pathological injury.

Hydroxyl radical OH* scavenging capacity

The six synthesized compounds showed different
scavenging power for the OHe (Fig. 4). It is important to
note that the compound which has the best inhibitory
activity was 5-DPS (44.9 + 3.3 pg/mL) among the others,
which appears weak than BHT (98.73 + 0.3 ug/mL), while
the lowest was found in the compound 3-DPSS (244.1 +
16.0 pg/mL). In addition, it is clearly seen that the
compounds having two hydroxy groups at position 2-5
are more effective than the catecholic compounds (at
position 2-3) in the same and the different series [40]. The
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statistical results obtained show that the activity of
scavenging OHe by the compound 5-DPS has a
significant difference of p < 0.05 compared to the
standard, which clearly explains the insignificant action
of this compound in terms of activity and efficiency as
the standard (BHT).

The results indicated that the substituents on the
phenyl ring have a great influence on the antioxidant
activity expressed in the activity of scavenging DPPHa.
Schiff's bases carrying the 2,3-dihydroxysalicylidene
fragment on the benzene ring with sulfur bridge were
found to be the best scavengers of DPPHe. This result
was expected since it was well known that the catechol
moiety, two adjacent hydroxyl groups influence
antioxidant activity [41]. Thus, the hydrogen bonds
between the two adjacent hydroxyl groups involve
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electrostatical interactions between the proton of the
hydroxyl in position three and the oxygen of the hydroxyl
number 2. This weakens the OH bond, which consequently
makes hydrogen more labile, therefore more reactive, and
more ready to react with the free radical [42]. In addition,
the oxidation potential of the hydroxyl group plays an
important role in determining the entity responsible for
the activity.

Cacic et al. [43] proved that the catecholic part 2.3-
dihydroxybenzylidene (phenolic ring carrying two
hydroxyl groups in ortho position; adjacent) is crucial for
the anti-radical activity, as well as other authors [44-45],
who investigated coumarin derivatives with o-dihydroxy
phenolic groups. When two hydroxyl groups are at
position 2-5 of the phenyl ring, a stable phenoxyl radical
is formed, which allows an oxygen atom to share a positive
charge, which causes stabilization by delocalization.
When two hydroxyl groups are in position 2-4 of one of
the phenyl rings, oxygen cannot share a positive charge,
and this influences the scavenging DPPH activity [46].

Reducing Power

The reduction capacity is an important property of
The
compounds can give electrons or hydrogen atoms to the

potential  antioxidant  activity. antioxidant
reactive radicals, reducing them into more stable and
unreactive species [47]. Generally, antioxidant compounds
provoke the reduction of Fe**/ferricyanide complex to the
ferrous (Fe**) form owing to their reductive potency [48].
According to this method, the reduction is expressed as
an increasing of absorbance at 700 nm, in which higher
absorbance suggests a higher ferric reducing antioxidant
power. In the FRAP assay, higher FeSO47H,O equivalent
signifying powerful antioxidant activity. Hence, the
compound 5-DPM has relatively high ferric reducing
power ability (53.2 + 0.3 mg/mL), while compound 3-DPS
(139 + 1.3 mg/mL) exhibits inefficient ferric reducing
activity (Fig. 5). As shown in Fig. 5, the reducing power of
Schiff bases was augmented comparable to standard
antioxidants by increasing concentration. The reducing
power of samples and standard antioxidants decreased in
the order of 5-DPM > 5-DPSS > 3-DPM > 3-DPSS > 5-
DPS > 3-DPS. The above-cited results indicate that
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compounds that have a hydroxyl group in position 5
possess powerful reductive capacity than the catechol
form. The FRAP assay, overall, as the nonradical
method, has been disputed to have a slight relationship
with the radical scavenging method (HAT mechanism)
happening in lipid systems, and it has a deprived
with activity
measurements. It is, hence, advised that this assay may

correlation other  antioxidant
well be used in combination with further methods in
discriminating dominant mechanisms for diverse

antioxidants [49].
Total Antioxidant Capacity (TAC)

The results showed that all of the compounds
tested have remarkable reducing power with values
between 620 to 1680 ug EAA.mg of the product (Fig. 7).
The most active compound is 3-DPM and the weakest 5-
DPM. The decreasing classification of the tested is as
follows: 3-DPM > 3-DPSS > 3-DPS > 5-DPS > 5-DPSS >
5-DPM.

All compounds bearing a hydroxyl group in the
para and ortho position did not show significant
antioxidant activity compared with the standards BHA
and BHT. Compounds having two hydroxyl groups in
the para position exhibit moderate antioxidant activity
relative to the ortho position [50]. This indicates that the
change in the position of the hydroxyl groups on the
phenyl ring has a great influence on the antioxidant
activity expressed in the activity of scavenging DPPHo,
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that it carries in its structure the catecholic form.
Regarding to the reducing power, the compound 5-DPM
(53.2 + 0.3) with the methylene bridge has considerable
reducing power performance compared to the standards
BHA (99.2 + 0.41) (Table 1).

Indones. J. Chem., 2022, 22 (5), 1233 - 1245

m CONCLUSION

In this work, we have synthesized six phenolic
Schiff bases compounds. The synthesized compounds
were characterized by using various spectroscopic
methods, as well as the evaluation of their antioxidant
power by different methods, scavenging of the DPPHo.,
scavenging of the OHe, ABTSe., TAC and reducing
power. Examination of the various results obtained by
scavenging the DPPHe and ABTS, allowed us to
conclude that Schiff bases have hydroxyl group in
position 5 exhibit better antioxidant activity compared
to the ones having hydroxyl group in position 3. In
contrast, the ABTS assay showed that the catechol Schiff
bases compounds having a hydroxyl group in position 3
reveal good antioxidant activity in comparison with
their analogues having a hydroxyl in position 5. On the
one hand, the antioxidant profile of the various
compounds synthesized exhibits a dose-dependent
power. The observation of the ECs, values of the ABTS
method shows that the 3-DPSS compound reveals the
best value by mean of ECs (1.77 £ 0.08 ug/mlL), the
compounds: 3-DPS, 3-DPSS, 3-DPS, 5-DPSS, 3-DPM
and 5-DPM, presented an inhibitory power superior to
that of BHA (7.54 + 0.67 pg/mL). Noting that all
have uneven whether OHo.,

compounds results,

reducing power, or TAC.
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