
Activity of coumarin–oxadiazole-appended phenol in inhibiting DNA
oxidation and scavenging radical

Xiao-Rui Gong, Gao-Lei Xi, Zai-Qun Liu ⇑
Department of Organic Chemistry, College of Chemistry, Jilin University, No. 2519 Jiefang Road, Changchun 130021, China

a r t i c l e i n f o

Article history:
Received 7 September 2015
Revised 23 September 2015
Accepted 24 September 2015
Available online xxxx

Keywords:
Coumarin
Oxadiazole
Antioxidant
Oxidation of DNA
Free radical

a b s t r a c t

Fourteen coumarin–oxadiazole-appended phenols were synthesized, while halogen atom, methoxyl, and
hydroxyl groups acted as the functional groups for testing the ability to trap 2,20-azinobis(3-ethylbenzoth-
iazoline-6-sulfonate) cationic radical (ABTS+�) and to inhibit the oxidation of DNA caused by 2,20-azobis(2-
amidinopropane hydrochloride) (AAPH) and Cu2+/glutathione (GSH). The coumarin–oxadiazole-appended
phenols containing the hydroxyl groupwere able to inhibit AAPH-induced oxidation of DNA and to quench
ABTS+�, and the antioxidant effectiveness depended upon the number of hydroxyl groups. Moreover, the
coumarin–oxadiazole-appended phenols used herein were able to inhibit Cu2+/GSH-induced oxidation of
DNA, and the inhibitory effect generated by bromidewas similar to that of the hydroxyl group. In particular,
the antioxidant effectiveness of para-bromide at the benzene ring even approached to that of Trolox.

� 2015 Elsevier Ltd. All rights reserved.

Coumarin is composed of a benzopyran-d-lactone skeleton1 and
exhibits a large number of bioactivities.2,3 When the coumarin acts
as a substituent, it can also increase the bioactivity of the whole
molecule.4,5 The coumarin moiety can form a conjugation system
with other structural features6 or just act as a single substituent.7,8

On the other hand, oxadiazole is a five-membered heterocycle with
double nitrogen atoms and an oxygen atom contained.9 It is usu-
ally employed as the central skeleton to combine with other struc-
tural features.10 For example, the hybrid of 1,3,4-oxadiazole and
1,4-benzodioxan inhibits DNA strand breakage and lipid peroxida-
tion caused by 2,20-azobis(2-amidinopropane hydrochloride)
(AAPH, R-N@N-R, R@C-Me2C(@NH)NH2).11 The hybrid of 1,3,4-
oxadiazole and thieno[2,3-d]pyrimidine can trap radicals effi-
ciently.12 As an isomer of 1,3,4-oxadiazole, the bioactivities of
1,2,4-oxadiazole are not usually reported.13,14 We have reported
that 1,2,4-oxadiazole increased the inhibitory effect of the phenolic
hydroxyl group on AAPH-induced DNA oxidation,15 and coumarin
moiety forming a hybrid with dihydropyrazole exhibited a high
inhibitory effect on DNA oxidation.16 The aforementioned back-
ground motivates us to test the antioxidant effect of the hybrid
formed by coumarin, 1,2,4-oxadiazole, and phenol in order to find
novel antioxidant effectiveness. As shown in Scheme 1, 14 cou-
marin–oxadiazole-appended phenols are synthesized, and the
inhibitory effects on AAPH- and Cu2+/glutathione (GSH)-induced
oxidation of DNA together with the ability to quench 2,

20-azinobis(3-ethylbenzothiazoline-6-sulfonate) cationic radical
(ABTS+�) are investigated.

The coumarin moiety is usually found in natural compounds,17

and some methods are developed to construct coumarin skeleton
with different substituents involved.18 Some functional groups
are allocated at the 3-position of coumarin in order to connect
the coumarin moiety with other structural features.19 We herein
employed 2,2-dimethyl-1,3-dioxane-4,6-dione to react with salicy-
laldehyde for introducing ACOOH into the 3-position of coumarin.
Then, carboxylic acid was converted into chloride by SOCl2 because
acyl chloride should be applied during cyclization with amidoxime
for producing 1,2,4-oxadiazole eventually.15 Thus, the acyl chloride
in coumarin can be used to bridge with amidoxime for forming
coumarin-appended 1,2,4-oxadiazole. It was reported that the
antioxidant effects of formyl-pyrazoles20 and dihydropyrazoles16

were enhanced by the intramolecular coumarin moiety. This
encourages us to test whether the coumarin moiety can play the
same role in 1,2,4-oxadiazole derivatives.

The ability to trap radicals is an important property of an
antioxidant, while ABTS+�, a N-centered radical, is usually used in
the radical-scavenging test.21,22 The rate constant (k) of the antiox-
idant in trapping ABTS+� can be measured by the second-order
kinetic Eq. 1.23

� d½ABTSþ��
dt

¼ r ¼ k½ABTSþ�� ½antioxidant� ð1Þ

Eq. 1 is valid for every time-point during the reaction between
ABTS+� and the antioxidant. So, in the case of t = 0 min, Eq. 1

http://dx.doi.org/10.1016/j.tetlet.2015.09.105
0040-4039/� 2015 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
E-mail address: zaiqun-liu@jlu.edu.cn (Z.-Q. Liu).

Tetrahedron Letters xxx (2015) xxx–xxx

Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate/ tet le t

Please cite this article in press as: Gong, X.-R.; et al. Tetrahedron Lett. (2015), http://dx.doi.org/10.1016/j.tetlet.2015.09.105

http://dx.doi.org/10.1016/j.tetlet.2015.09.105
mailto:zaiqun-liu@jlu.edu.cn
http://dx.doi.org/10.1016/j.tetlet.2015.09.105
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet
http://dx.doi.org/10.1016/j.tetlet.2015.09.105


converts into Eq. 2, in which [ABTS+�]t=0 and [antioxidant]t=0 refer to
the concentrations of ABTS+� and the antioxidant at the beginning of
the reaction.

r0 ¼ k½ABTSþ��t¼0 ½antioxidant�t¼0 ð2Þ
As we have pointed out in a previous report,24 the decay of the con-
centration of ABTS+� (shown in Fig. 1S) follows the double exponen-
tial function (Eq. 3).

½ABTSþ�� ¼ A e�ðt=aÞ þ B e�ðt=bÞ þ C ð3Þ
Eq. 3 is performed by the differential operation to the relationship
between the reaction rate (r) and the time (t) (see Eq. 4), and
Eq. 4 can be used to calculate the reaction rate at t = 0 min (r0).

�d½ABTSþ��=dt ¼ r ¼ ðA=aÞ e�ðt=aÞ þ ðB=bÞ e�ðt=bÞ ð4Þ
The rate constant (k) obtained for every compound is collected in
Table 1.

The rate constant (k) inTable1 shows that only4,7,8,9,10,11,12,
and 13 are able to scavenge ABTS+�. The k values of 11 and 12 (12,100
and 20,000M�1 s�1, respectively) approach to that of Trolox
(29,200 M�1 s�1),25 indicating that catechol and pyrogallol moieties
increase the radical-scavenging property of coumarin–oxadiazole-
appended phenol remarkably. However, comparing the k value of
11 (12,100M�1 s�1) with that of catechol (2580 M�1 s�1),25 it may
conclude that thecoumarinandoxadiazolemoieties enhance the rad-
ical-scavenging ability of the whole molecule although the catechol

moiety plays the major role in trapping ABTS+�. The k values of 7, 8,
and 9 are around 10–20 M�1 s�1, indicating that a single hydroxyl
group at the benzene ring possessesweak activity in trapping ABTS+�.
A methoxyl group at the adjacent position of the hydroxyl group
increases the k value to 166.3 M�1 s�1 for 10. Thus, the ortho-meth-
oxyl group and the number of hydroxyl group still play a key role in
trapping radical. On the other hand, the single hydroxyl group at cou-
marinmoiety exhibits different properties. The hydroxyl group at the
6-position in the coumarin moiety generates 66.5 M�1 s�1 of the k
value for 13, higher than that of the hydroxyl group at the benzene
ring (see the k values of 7, 8, and 9). But the hydroxyl group at the
7-position in the coumarin moiety (as in 14) cannot trap ABTS+�. In
particular, 4, meta-bromobenzene-contained compound, can scav-
enge ABTS+� although the k value is only 3.08 M�1 s�1, revealing that
meta-bromide in the hybrid of coumarin and oxadiazole can generate
the ability to quench ABTS+�, and thus, may suppress the oxidation
occurring in biological systems.

The peroxyl radical (ROO�) is generated at a stable rate
(Rg, Rg = (1.4 ± 0.2) � 10�6 [AAPH] s�1) via the decomposition of
AAPH,26 and the guanine bases in DNA can be oxidized by
ROO� to form carbonyl species.27 The carbonyl species react with
thiobarbituric acid (TBA) to form thiobarbituric acid reactive sub-
stances (TBARS), whose absorbance can be detected at 535 nm.28

As shown in Figure 2S, the absorbance of TBARS increases with
the reaction period in the control experiment. But the additions of
1–6, 9, 13, and 14 decrease the absorbance of TBARS when
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Scheme 1. Synthetic routine of coumarin–oxadiazole-appended phenols.
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