Tropical Journal of Pharmaceutical Research January 2017; 16 (1): 203-210

ISSN: 1596-5996 (print); 1596-9827 (electronic)
© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.

All rights reserved.

Available online at http://www.tjpr.org
http://dx.doi.org/10.4314/tjpr.v16i1.27

Original Research Article

v

Synthesis and antioxidant potential of some biscoumarin
derivatives

Anum Sahar®?, Zulfigar Ali Khan'*, Matloob Ahmad', Ameer Fawad Zahoor?,
Asim Mansha' and Ahsan Igbal®

'Department of Chemistry, Government College University, Allama Igbal Road-38000, “Department of Chemistry and
Biochemistry, University of Agriculture, Faisalabad, Pakistan

*For correspondence: Email: zulfigar_chem@yahoo.co.in

Received: 27 June 2016 Revised accepted: 13 December 2016

Abstract

Purpose: To synthesize and screen some 3-substituted-bis-2H-chromen-2t-ones in a search for
possible new antioxidants for use in food and pharmaceuticals industries.

Methods: 2-Hydroxycoumarin was allowed to react with various substituted aromatic aldehydes in the
presence of base as a catalyst to obtain to obtain 3-substituted-bis-2H-chromen-2t-ones. The chemical
structures of the synthesized compounds were confirmed by Fourier transform infra-red (FT-IR)
spectroscopy, proton nuclear magnetic resonance (1H NMR), mass spectrometry (MS) and elemental
analysis. The synthesized biscoumarin derivatives were screened by three parallel antioxidant assays,
namely, 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity, reducing power, and
linoleic acid lipid peroxidation. Further, the half minimal inhibitory concentration (ICso) of the compounds
was also determined. Butylatedhydroxy toluene (BHT) was used as a standard reference in the
antioxidant assay.

Results: A library of ten biscoumarin analogues (3a-3j) were synthesized and evaluated for their
antioxidant potential. The highest DPPH activity was shown by 3,3-(3-hydroxy-4-
methoxyphenylmethylene)-bis-4-hydroxy-2H-chromen-2-one  (3g) and 3,3'-(4-methoxyphenyl-
methylene)-bis-4-hydroxy-2H-chromen-2-one (3h) with I1Cs values of 53.33 + 6.12 and 68.44 + 2.67
pg/mL, respectively, compared to the standard compound BHT (butylatedhydroxy toluene) with ICsp Of
71.00 £ 0.82 pg/mL. The strongest inhibition of linoleic acid peroxidation was by 3,3'-(3-hydroxy-4-
methoxyphenylmethylene)-bis-4-hydroxy-2H-chromen-2-one (3g) and 3'-(4-hydroxy-3-methoxyphenyl-
methylene)-bis-4-hydroxy-2H-chromen-2-one (3d) with inhibition values of 70.34 and 69.87 %,
respectively. Compound 3g demonstrated the highest reducing power with an absorbance of 0.49 at 10
mg/mL concentration (p < 0.001). It was observed that the change in substitution greatly affected the
antioxidant potential of the compounds, with the presence of the methoxy group at position-4 of aryl
moiety along with 2-hydroxycoumarin being critical for antioxidant activity.

Conclusion: The synthesized biscoumarin derivatives, 3g and 3h, are superior antioxidants to standard
(BHT) and are suitable lead molecules for further development.

Keywords: Antioxidant, Biscoumarins, DPPH, Ferric reducing assay, linoleic acid lipid peroxidation
assay
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INTRODUCTION which includes superoxide anion (O,), hydroxyl

radical ('OH), perhydroxyl radical (HO, ), nitric
Free radicals are part of groups of molecules oxide and other species such as singlet oxygen
collectively called reactive oxygen species (ROS)  (‘O.), hydrogen peroxide (H,O,), hypochlorous
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acid (HOCI) and peroxynitrite (ONOO) etc [1].
ROS are produced as a result of cellular
metabolism and physiological activities and play
imperative roles in cell signaling, gene
expression, apoptosis and ion transportation.
However, excessive amounts of ROS (a
condition called oxidative stress) can have
deleterious effects on health by damaging
molecules such as protein, lipid, RNA and DNA
[2]. ROS interact with cells of living bodies and
damage them to cause early aging of skin and
other serious chronic diseases such as cancer,
brain dysfunction and immune system decline
[3]. A balance between oxidant and antioxidant in
intracellular systems is vital for normal cell
function [4]. Therefore, antioxidants are added in
food to protect it from oxidative deterioration and
helps in the treatment of many diseases such as
anti-aging medicine, cancer, antitumor and anti-
HIV therapy, and as stimulants for central
nervous system, antibacterial and anti-
inflammatory agents [3,5].

Plants are the major source of antioxidant
compounds and they help to prevent damage
caused by the reactive oxygen species [6].
Antioxidants from natural sources are not enough
to fulfill the increasing requirements of growing
world population therefore it is highly desirable to
synthesize and search for new and effective
synthetic antioxidants. The literature reveals that
coumarin-based compounds exhibit strong
antioxidant activities and they occur in vegetation
[7], with several pharmacological applications
such as enzyme inhibitors [8,9], antioxidant
activity [10], anticancer [11], anti-HIV [12],
cytotoxicity [13] and anti-inflammatory activity
[14]. Structure activity relationship studies reveal
that the biological activities of these compounds
are greatly affected by the change in structure
and various research groups have reported the
synthesis of biologically active molecules bearing
coumarin moiety [15,16]. In this work, ten
biscoumarin derivatives were synthesized and
screened for antioxidant potential by three
parallel assays namely DPPH (1,1-diphenyl-2-

peroxidation. The synthesized compounds
showed moderate to excellent antioxidant
potential depending on the electronic nature of
substituents attached to the aryl moiety.

EXPERIMENTAL

All chemicals, reagents and solvents used in this
study were purchased from Sigma-Aldrich and
Alfa Aesar. The proton nuclear magnetic
resonance (‘H NMR) was recorded in CDCly
using Bruker AC400 (400 MHz). The chemical
shifts are reported in ppm and coupling constants
have been measured in Hertz (Hz). Melting
points were measured on Buchi 434 melting
point apparatus and were uncorrected. Reactions
were monitored on 2x5 cm aluminum sheets
silica gel 60 F254 to a thickness 0.25 mm
(Merck). The chromatograms were visualized
under the ultra-violet light (254-366 nm) or iodine
vapours. IR spectra (KBr discs or MeOH) were
measured on a Bruker FT-IR [IFS48
spectrophotometer. The UV-Visible
spectrophotometer model 5000, Irmico, UK was
used for absorbance measurements in the
antioxidant assays. Low resolution mass spectra
(EI-MS) were recorded on Finnigan MAT-311A
Germany.

Biscoumrins derivatives (3a-j) were synthesized
according to reported procedure [17] by reaction
of 4-hydroxycoumarins (1) with aromatic
aldehydes (2a-j). The reaction was carried out in
the presence of catalytic amount of base (few
drops) and absolute ethanol as a solvent at room
temperature (Figure 1). The synthesized
compounds were obtained in good to excellent
yields (35 - 97%).

General procedure for
compounds (3a-)

the synthesis of

The 4-hydroxycoumarin 1 (2 mM) was
condensed with different aromatic aldehydes (2a-
i) (1 mM) in absolute ethanol (10 mL) as a
solvent.

Base

-

picrylnydrazyl) radical scavenging activity,
reducing power and linoleic acid lipid
OH o
X H
M 1
0 0 R
R%5..
1 2a-j

Absolute Ethanol

Figure 1: Synthesis of biscoumarin derivatives 3a-j
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Table 1: Reaction time and yield of biscoumarins (3a-j)

Compound no. R’ R’ Reaction time (h) Yield (%)
3a -H -H 24 62
3b -Cl -H 24 66
3c -H -Cl 26 95
3d -OH -OCH, 48 46
3e -N(CH3), -H 30 35
3f -H -OH 48 92
39 OCH, -OH 48 38
3h OCH, -H 36 97
3i -OH -H 48 92
3] -OCH, -OCH, 24 40

The ten biscoumarin analogues (3a-j) were successfully prepared according to Scheme 1.

A small amount of base piperidine/N-
methylmorpholine (4-5drops) were added to this
solution and stirred for 24 - 48 h at room
temperature. The course of the reaction was
monitored by thin layer chromatography. After
the completion of reaction, distilled water was
added and resulting solid was filtered and
washed with water and ethanol to furnish the
product. The crude product was purified by
recrystallization in ethanol.

DPPH radical scavenging activity

Free radical scavenging activity (RSA) of
biscoumarin derivatives was measured by a
method reported by Hussain et al [3]. Different
concentrations (20, 40, 60, 80, 100 pg/mL) of
compound were prepared and 3 mL of each
concentration solution was added to 1 ml of 0.1
mM DPPH ethanolic solution and the solutions
were maintained for 30 min in dark and
absorbance was measured at 517 nm. Samples
without compound and  2,6-ditert-butyl-4-
methylphenol (BHT) were taken as negative and
positive  controls, respectively, and RSA
calculated as inhibition as in Eq 1.

Inhibition (%) = (1- A1/A;)100 Q)
A; = absorbance of compounds, A, = absorbance
of negative control

Reducing power assay

Reducing capacity of biscoumarin derivatives
was assessed by using Halliwell & John method
[17]. To a 1 mL of different concentrations (2, 4,
6, 8, 10 mg/mL) of compound were added in
phosphate buffer (2.5 mL, pH 6.6) and potassium
ferricyanide (2.5 mL, 1 %). This solution was
maintained at 50°C for 20 min. After that,
trichloroacetic acid (2.5 mL, 10 %) was added to
this solution and centrifuged for 10min at 680
rom. A 2.5 mL aliquot of upper layer was
collected and mixed with distilled water (2.5 mL)

and ferric chloride (0.5 mL, 0.1 %) and
absorbance was measured at 700 nm. BHT was
taken as positive control.

Antioxidant activity in linoleic acid system

The antioxidant capacity of biscoumarin
derivatives in the linoleic acid system was
assessed by a literature procedure [3]. To 0.2 mL
of linoleic acid emulsion (25 mg/mL in 99 %
ethanol) and 0.4 mL of phosphate buffer (0.05 M,
pH 7.4) were added 0.2 mL (100 pg/mL) of the
compound. The resultant mixture was incubated
at 40°C. After each 24 h, 0.1 mL sample was
taken and mixed with ammonium thiocyanate (3
mL, 70 %) and ferrous chloride (0.1 mL, 0.02 M
in 3.5 % HCI). Exactly after 3 min, the
absorbance of this solution was taken at 500 nm
and BHT was used as positive control.

Statistical analysis

Data from groups were statistically analyzed by
univariate  ANOVA followed by Bonferroni
multiple comparison (post-hoc) test using IBM
SPSS software version 23. Differences were
considered significantly significant at p < 0.05.
The data are presented as mean * standard
error of the mean (SEM, n = 3).

RESULTS

The structures of these compounds were
confirmed by *H NMR, mass spectrometry, FT-IR
and CHN analysis. The spectroscopic data of title
compounds (3a-j) are presented as follows:

3, 3'-Phenylmethylene-bis-4-hydroxy-2H-
chromen-2-one (3a)

Yield: 62 %; Ry = 0.65 (ethyl acetate), UV (DMF)
Amax: 304 nM; IR (Vmax, KBr, cm™),: 3450, 2949,
1673, 1538; "HNMR (400 MHz, CDCls): & 11.67
(2H, s, OH), 7.96 - 7.15 (13H, m, Hp), 6.01 (1H,
s, CH); MS m/z: 413 (2), 412 (M*, 5), 161.02
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(20), 117 (100), 77 (34), 51 (8); Anal. data calc.
for C,sH1606: C, 72.81; H, 3.91; O, 23.28. found:
C, 72.79; H, 3.93; O, 23.27.

3, 3'-(4-Chlorophenylmethylene)-bis-4-
hydroxy-2H-chromen-2-one (3b)

Yield: 66 %; Ry= 0.47 (ethyl acetate), UV (DMF)
Amax. 302 nm; IR (KBI) Vmaw cm™: 3350, 2956,
1617, 1564; "HNMR (400 MHz, CDCl3): & 11.64
(2H, s, OH), 7.94 - 7.24 (12H, m, H,,), 6.07 (1H,
s, CH); MS (m/z): 448 (30); 446 (M", 11), 111
(100), 113 (33),117 (76). Anal. Data calc. for
CxsH15ClOg: C, 67.20; H, 3.38; Cl, 7.93; O, 21.48.
found: C, 67.22; H, 3.36; CI, 7.94; O, 21.47.

3,3'-(3-Chlorophenylmethylene)-bis-4-
hydroxy-2H-chromen-2-one (3c)

Yield: 95 %; Ry = 0.54 (ethyl acetate), UV (DMF)
Amax. 302 nm; IR (KBI) Vmaw cm™: 3450, 2951,
1601, 1520; "HNMR (400 MHz, CDCl3): & 11.59
(2H, s, OH), 7.97 - 7.23 (12H, m, H,,), 6.10 (1H,
s, CH); MS (m/z): 448 (25, M+2), 446 (M*, 7),
410 (14), 325 (8), 249 (100), 162 (19); Anal. Data
calc. for C,5H15ClOg: C, 67.20; H, 3.38; Cl, 7.93;
O, 21.48. found: C, 67.22; H, 3.35; Cl, 7.96; O,
21.48.

3, 3'-(4-Hydroxy-3-methoxyphenylmethylene)-
bis-4-hydroxy-2H-chromen-2-one (3d)

Yield: 46 %; Ry = 0.89 (ethyl acetate), UV (DMF)
Amax: 304 nm; IR (KBI) Vmax, cm™ 3529, 2941,
1661, 1566; "HNMR (400 MHz, CDCls): & 11.48
(2H, s, OH), 11.16 (1H, s, OH), 7.99 - 7.26 (11H,
m, Har), 6.09 (1H, s, CH), 3.73 (3H, s, OCHg); MS
(m/z): 459 (1), 458.1 (10), 314 (10), 161 (34),
136 (100), 121 (25), 76 (10); Anal. Data calc. for
Co6H150sg: C, 68.12; H, 3.96; O, 27.92. found: C,
68.14; H, 3.94; O, 27.91.

3, 3'-((4-(Dimethylamino)phenyl)methylene)-
bis-4-hydroxy-2H-chromen-2-one (3e)

Yield: 35 %; Ry= 0.92 (ethyl acetate), UV (DMF)
Amax. 302 nm; IR (KBI) Vmaw CM™: 3449, 2903,
1620, 1534, 1315; "HNMR (400 MHz, CDCl): ®
11.45 (2H, s, OH), 7.99 - 7.24 (12H, m, Ha), 6.17
(1H, s, CH), 3.78 (6H, s, CHs); MS (m/z): 456 (2)
455 (13), 161 (26), 121 (100), 76 (2); Anal. Data
calc. for C,;H,1NOg: C, 71.20; H, 4.65; N, 3.08;
0, 21.08. found: C, 71.22; H, 4.663; N, 3.07; O,
21.09.

3,3'-(3-Hydroxyphenylmethylene)-bis-4-
hydroxy-2H-chromen-2-one (3f)

Yield: 92 %; Ry = 0.74 (ethyl acetate), UV (DMF)
Amax: 302 nm; IR (KBr) Vimaw, CM™: 3340, 2949,

1643, 1532; "HNMR (400 MHz, CDCls): & 11.57
(2H, s, OH), 11.21 (1H, s, OH), 7.95 - 6.85 (12H,
m, Har), 6.03 (1H, s, CH); Ms (m/z): 429 (1), 428
(M*, 11), 307 (3), 265 (23), 221 (2), 162 (56),
120.1 (100), 76 (2); Anal. Data calc. for
CysH1607: C, 70.09; H, 3.76; O, 26.14; found: C,
70.08; H, 3.77; O, 26.15.

3, 3'-(3-Hydroxy-4-methoxyphenylmethylene)-
bis-4-hydroxy-2H-chromen-2-one (3g)

Yield: 38 %; Ry= 0.69 (ethyl acetate), UV (DMF)
Amax: 304 nm; IR (KBI) Vmax, cm™ 3529, 2941,
1661, 1566; "HNMR (400 MHz, CDCl,): & 11.56
(2H, s, OH), 11.22 (1H, s, OH), 7.99 - 6.75 (11H,
m, Har), 6.12 (1H, s, CH), 3.11 (3H, s, OCHy); MS
(m/z): 459 (21), 458 (2), 161 (34), 136.1 (10),
117 (100), 76 (3); Anal. Data calc. for CysH1504:
C, 68.12; H, 3.96; O, 27.92; found: C, 68.14; H,
3.94; O, 27.93.

3,3'-(4-Methoxyphenylmethylene)-bis-4-
hydroxy-2H-chromen-2-one (3h)

Yield: 97 %; Ry= 0.79 (ethyl acetate), UV (DMF)
Amax: 302 nm; IR (KBr) Vmax, cm™: 3304, 2947,
1678, 1562; 'HNMR (400 MHz, CDClg): & 12.37
(2H, s, OH), 7.60 - 6.74 (12H, m, Ha,), 6.04 (1H,
s, CH), 3.15 (3H, s, OCHz3); MS (m/z): 443 (6),
442 (M*, 76), 321 (12), 281 (20), 265 (17), 249
(100), 162 (64), 120 (74); 76 (5); Anal. Data calc.
for C,6H1507: C, 70.58; H, 4.10; O, 25.31; found:
C, 70.56; H, 4.11; O, 25.32.

3,3'-(4-Hydroxyphenylmethylene)-bis-4-
hydroxy-2H-chromen-2-one (3i)

Yield: 92 %; Ry= 0.67 (ethyl acetate), UV (DMF)
Amax: 304 nm; IR (KBrI) Vmax, cm™ 3445, 2929,
1663, 1563; "HNMR (400 MHz, CDCl,): & 11.59
(2H, s, OH), 11.29 (1H, s, OH), 7.92 - 6.76 (12H,
m, Har), 6.02 (1H, s, CH); MS (m/z): 429 (1), 428
(M*, 10), 307 (9), 265 (42), 162 (56), 120 (100),
92 (61), 76 (18); Anal. Data calc. for C,sH1607: C,
70.09; H, 3.76; O, 26.14; found: C, 70.11; H,
3.74; O, 26.13.

3, 3'-(3, 4-Dimethoxyphenylmethylene)-bis-4-
hydroxy-2H-chromen-2-one (3j)

Yield: 40 %; Ry= 0.62 (ethyl acetate), UV (DMF)
Amax: 302 nm; IR (KBr) Vmax, cm™ 3492, 2919,
1676, 1560; "HNMR (400 MHz, CDCI3): & 11.64
(2H, s, OH), 7.95 - 6.90 (11H, m, Ha,), 6.07 (1H,
s, CH), 3.59 (6H, s, OCHz3); MS (m/z): 473 (2),
472 (20), 161 (10) 150 (100), 117 (29), 76 (2);
Anal. Data calc. for C,;H,,Os: C, 68.64; H, 4.27;
0, 27.09; found: C, 68.62; H, 4.29; O, 27.09.
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DPPH radical scavenging activity

The synthesized compounds were evaluated for
DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical
scavenging activity expressed in term of ICsg
values in Table 2.

Reducing power

Reducing power of synthesized compounds as a
function of concentration is shown in Table 3.
The reducing power assay results showed
significant difference (p < 0.01 and p < 0.001)
levels among different compounds.

Antioxidant activity in linoleic acid system
The results for inhibition of linoleic acid

peroxidase of synthesized compounds are
summarized in Table 4.

DISCUSSION

A total of ten 3-substituted-bis-2H-chromen-2t-
ones (3a-j) were synthesized as potential
antioxidants. The chemical structures of these
compounds were confirmed by FT-IR, *H NMR,
mass spectrometry and elemental analysis. The
presence of aliphatic —CH moiety in the title
compounds was supported by the appearance of
sharp singlet at & (ppm) values from 6.01 to 6.10
in the 'H-NMR spectra. 'H-NMR spectra also
confirmed the required number of H-atoms of the
titte compounds. The presence of IR absorption
peaks from 1620 - 1678 cm™ were observed due
to the presence of C=0 group in the synthesized
compounds. Furthermore, the elemental analysis
and molecular ion peaks of the title compounds
were found to be consistent with the assigned
structures.

The role of antioxidants is to remove free radicals
in food and play an important role as a health-
protecting factor.

Table 2: DPPH scavenging activity of biscoumarins based in term of ICso values

Compound no. R! R? ICso (Mg/ML)+S.D?
3a* -H -H 304.92+2.32
3b* -Cl -H 462.91+1.57
3c* -H -Cl 241.02+2.47
3d* -OH -OCHs; 159.36+4.81
3e* -N(CHa), H 92.92+3.23
3f* -H -OH 116.65+5.36
3g* OCHs; -OH 53.33+£6.12
3h* OCHs; -H 68.44+2.67
3i* -OH -H 118.22+1.23
3j* -OCHs; -OCHs; 130.94+5.21

BHT* 71.00+0.82

*Required concentration of the tested compound to scavenge 50 % of DPPH radical; ® concentration of 0.1 mM;
average from 3 assays; *differences were considered significant at p < 0.05

Table 3: Reducing power of biscoumarins (mean * SD)

Reducing power

Compound

2 mg/mL 4 mg/mL 6 mg/mL 8 mg/mL 10 mg/mL
3a* 0.08+0.00 0.09+0.02 0.11+0.00 0.12+0.09 0.13+0.07
3b* 0.04+0.15 0.07+0.03 0.09+0.03 0.12+0.07 0.16+0.13
3c* 0.09+0.34 0.12+0.25 0.18+0.33 0.2+0.12 0.23+0.36
3d* 0.11+0.01 0.25+0.00 0.29+0.60 0.38+0.09 0.42+0.02
3e* 0.12+0.02 0.18+0.00 0.23+0.14 0.26+0.12 0.3+0.50
3f** 0.27+0.02 0.28+0.00 0.32+0.01 0.33+0.01 0.40+0.02
3g*** 0.27+0.02 0.29+0.01 0.34+0.01 0.46+0.01 0.49+0.01
3h** 0.26+0.00 0.29+0.01 0.31+0.07 0.34+0.00 0.35+0.01
3i* 0.2+0.01 0.2+0.01 0.22+0.01 0.24+0.01 0.26+0.02
3j* 0.12+0.03 0.14+0.00 0.17+0.02 0.19+0.01 0.21+0.00
BHT 0.04+0.00 0.09+0.00 0.13+0.00 0.15+0.00 0.19+0.00

The differences were considered significant at p < 0.001 (***), p < 0.01(**) and p < 0.05 (*) levels
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Table 4: Linoleic acid lipid peroxidation results (mean + SD)

Lipid peroxidation

Inhibition of linoleic acid

Compound 24 h 48 h 72h peroxidase (%)
3a 0.4620.01° 0.88+0.00° 1.18+0.01% 44.2
3b 0.54+0.03 1.13+0.01° 1.56+0.01° 41.01
3c 0.27+0.03° 0.49+0.00% 1.58+0.00° 45.32
3d 0.3+0.01° 0.64+0.01" 0.89+0.01° 69.87
3e 0.34+0.15° 0.53+0.07° 0.97+0.00° 61.33
3f 0.45+0.03° 0.81+0.45° 1.13+0.05° 63.11
3g 0.46+0.12° 0.77+0.04° 0.88+0.12° 70.34
3h 0.32+0.00° 0.6620.12° 0.82+0.00° 63.96
3i 0.44+0.04° 0.8+0.32° 0.99+0.02° 46.12
3] 0.54+0.13° 0.67+0.03" 0.78+0.02° 39.38
BHT 0.38+0.01° 0.62+0.01° 1.01+0.70° 72.27
':gr?targ‘l’e 0.89+0.13 1.09+0.35 1.73+0.12 -

Differences were considered significant at °p < 0.001, °p < 0.01, °p < 0.05 levels

There are many reports that suggest the use of
antioxidant supplementation in reducing the level
of oxidative stress related diseases. This could
be achieved by donating the hydrogen to free
radical in its reduction to non-reactive species
[18]. The addition of hydrogen would remove the
odd electron feature which is accountable for free
radical reactivity.

The DPPH free radical scavenging activity
results of synthesized compounds are given in
Table 2. DPPH is a stable organic free radical
gives purple color in solution with maximum
absorption at 517 nm (Aynax). Through the DPPH
test, compounds have down to reduce the stable
DPPH radical to yellow colored
diphenylpicrylhydrazine [18]. An interesting trend
was observed in the case of compound 3g
having 4-methoxy-3-hydroxypheny! unit showed
highest DPPH scavenging activity. Whereas
compound 3h having 4-methoxyphenyl moiety
was second potent antioxidant compound. After
analyzing these trends, the DDPPH inhibition
activity could be linked with structure of
biscoumarin analogues. It is deduced that
electron donating (+ve mesomeric effect)
methoxy/hydroxy group at para-position directed
the maximum DPPH scavenging activity as in the
case of compounds 3g and 3h even better than
the standard BHT [8]. All the synthesized
compounds indicated moderate to excellent
DPPH free radical scavenging activity. A
proposed mechanism for the DPPH free radical
scavenging activity for the compound 3g is given
in Figure 2 and Figure 3.

The reducing power assay was based on gradual
color change by reduction of oxidants as function

of reducing agent concentration. Initially, the
yellow color of test solution was appeared due to
Fe3+/ferricyanide complex concentration which
gradually changes to different shades of
green/blue colors on reduction of Fe*'/Fe®* as the
concentration of antioxidant increases. Herein,
reduced concentration of Fe*/Fe* was
determined by measuring absorption of Perl's
Prussian blue at 700 nm [19]. The absorption is
directly related to the reducing power and
consequently the antioxidant potential.

Compounds 3g, 3d, 3f, 3h, 3i, 3j, 3e and 3c
showed higher reducing power as compared to
standard compound (Table 3). Maximum
reducing power (highest absorbance) was
exhibited by the compound 3g with 4-methoxy-3-
hydroxyphenyl unit due to the electron donating
resonance effect of methoxy at the para-position.
Statistical analysis showed a significance
difference at p < 0.001, p < 0.01 and p < 0.05
levels.

Lipid peroxidation is also a major cause of food
deterioration, affecting colour, flavour, texture
and nutritional value [20]. The antioxidant
potential of different biscoumarins was evaluated
by employing linoleic acid peroxidation system.
However, synthesized compounds showed
linoleic acid lipid peroxidation inhibition less than
the standard BHT (Table 4). All the compounds
showed, linoleic acid hydroperoxides inhibition
ability in the following decreasing order:
3g>3d>3f>3h>3e>3i>3c>3a>3b>3;. The
compounds 3g and 3d were found to be most
active compound to inhibit the linoleic acid
peroxides.
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A-H NH

N- \__/ O,N NO,
O5N NO,
A-H (antioxidant)
NO,
NO,
‘DPPH DPPH-H
Purple color yellow color

(@] 09

Compound 3g (antioxidant)
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Figure 2: Proposed mechanism for DPPH free radical scavenging activity by compound 3g
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etc.

Figure 3: Second proposed mechanism for DPPH free radical scavenging activity of compound 3g

CONCLUSION

The search for new compounds with antioxidant
properties has been a very dynamic area of
research. Compound 3g showed good
antioxidant activity in all the methods used during
this study. Among the tested compounds 3,3-
(3-hydroxy-4-methoxybenzylidene)-bis-(4-

hydroxycoumarin) (3g) exhibited the highest
antioxidant activity. The results suggest that a
correlation exists between antioxidant activity
with the position, number and electronic nature of
substituents present on the aryl moiety of
biscoumarins. Further, the presence of electron
donating substituents such as methoxy/hydroxy
at para-position and the meta-position of aryl

moiety in the case of compounds 3g and 3d, is
essential for enhanced antioxidant activity.
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