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Phytochemical investigations on the CHCl3-soluble fraction of the whole plant of Duranta repens Linn. led
to the isolation of four new coumarinolignoids, Repenins A–D (1–4), along with the known coumarino-
lignoids, cleomiscosin A (5) and durantin A (6). Their structures were determined by modern spectro-
scopic analysis including 1D and 2D NMR techniques and chemical studies. The compounds (1–6)
showed potent antioxidative scavenging activity against DPPH radicals, with IC50 values in the range
0.420–0.625 mM. Repenin B (2) displayed the strongest scavenging potential with IC50 values of
(0.420 mM).

� 2009 Elsevier Ltd. All rights reserved.
The genus Duranta (Verbenaceae) comprises about 35 species
which mainly occur in West Indies, Tropical and South America.
It is represented in Pakistan by the two species namely Duranta re-
pens and Duranta stenostachya.1

Duranta repens Linn. (syn. D. erecta, D. microphylla, D. plumieri
common name Sky Flower, Golden Dew Drop, Pigeon Berry) is a
large sub-tropical shrubs to small tree up to 18 feet in height. It
is commonly grown as a hedge plant and when trimmed, forms a
strong compact hedge almost impenetrable to cattle.2 Duranta re-
pens is widely distributed in the Northern Area of Pakistan. Medic-
inally the fruit of this plant is used for the treatment of malaria.3

The MeOH extract also shows insecticidal and antifeedant proper-
ties against Aedes aegypti and Attagenus piceus, respectively.4

Previous studies on the genus Duranta have resulted in the
isolation of various compounds including coumarinolignoids,5

(E)-cinnamic acid, (E)-p-methoxycinnamic acid,6 diterpenoids,7,8

flavonoids,7,8 steroids,9 glycosides of phenylpropanoids,10,11 triter-
penes,12 and iridoids.6,13,14

Antioxidants, which scavenge active oxygen species (free radi-
cals), were found in a variety of foodstuffs and are commonly re-
ferred to as scavengers.15,16 Many oxidants are plant based and
play an important role in protecting plants that are exposed to sun-
light and live under severe oxygen stress. Antioxidants also play an
important role in human health because the biologic defense
ll rights reserved.
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mechanism cannot operate under severe oxygen stress. According
to recent research, activated oxygen is thought to be major factor
in aging, hardening of the arteries, diabetes, cancer and tissue in in-
jury skin.17,18 Indeed approximately 90% of age related diseases are
linked to activated oxygen.

Free radicals have significant relevance in the inflammation
process, cardiovascular disease,19–21 arteriosclerosis, malaria, rheu-
matoid arthritis, neurodegenerative disease and aging process.22,23

CHCl3 soluble fraction of the title plant was found to be the most
promising for the said activity and is therefore selected for further
Phytochemical investigation.

Herein in this Letter we report the isolation and characteriza-
tion of four new coumarinolignoids, Repenins A–D (1–4), along
with the known coumarinolignoids, cleomiscosin A (5)24 and dur-
antin A (6)5 from CHCl3 soluble fraction of the plant. All the couma-
rinolignoids (1–6) showed potent antioxidant scavenging activity
against DPPH radicals with IC50 values ranging from 0.420 to
0.625 mM.

Repenin A (1) was isolated as a light yellow amorphous powder.
The positive-ion high resolution FAB-MS of 1 established the
molecular formula C29H24O10 showing a [M+H]+ peak at m/z
533.1444 (calcd for C29H25O10, 533.1447). The IR spectrum re-
vealed the presence of the aromatic group (1590 cm�1), a,b-unsat-
urated carbonyls (1720, 1715 cm�1), a methoxyl (2930 cm�1) and
hydroxyl groups (3430 cm�1). The UV maxima at 286 and
328 nm and the IR absorption at 1720 cm�1 along with the pres-
ence of two characteristic doublets of the methine protons in the
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1H NMR spectrum H-3 at d 6.33 and H-4 at d 7.81 with a coupling
constant of 9.5 Hz suggested that 1 was a coumarin derivative.25

The 1H NMR of 1 showed some downfield signals attributable to
a phenolic proton at d 6.78 (1H, s), three aromatic methines dis-
playing an ABX pattern in which hydrogen at d 7.10 appeared as
a doublet (J = 1.9 Hz), another methine proton appeared as double
doublet at d 6.97 (J = 8.0, 1.9 Hz) while the remaining hydrogen of
an ABX system appeared at d 6.83 giving a doublet (J = 8.0 Hz). The
1H NMR spectrum further showed two aromatic methoxyl groups
at d 3.89 and 3.83 (each 3H, s) and the propanoid moiety attached
to aromatic ring and dioxane at d 5.09 (1H, d, J = 8.1 Hz), 4.21 (1H,
ddd, J = 8.1, 2.5, 1.7 Hz), 3.90 (1H, dd, J = 12.5, 2.5 Hz) and 4.13 (1H,
dd, J = 12.5, 1.7 Hz)] for H-70, H-80, H-90b and H-90a, respectively.26

The above spectral data were closely related to a coumarinolignoid,
cleomiscosin A,24 differing in having additional characteristic sig-
nals for p-hydroxycinnemoyl moiety [aromatic protons showing
AA0, BB0 pattern with d 7.40 (2H, d, J = 8.0 Hz) and d 6.89 (2H, d,
J = 8.0 Hz); trans olefinic protons at d 7.51 (1H, d, J = 15.9 Hz) and
d 6.41 (1H, d, J = 15.9 Hz)] and was further confirmed by electron
impact mass spectrum (EI-MS) showing intense peaks at m/z 147.

The fragmentation pattern in the electron impact mass spec-
trometry (EI-MS) was also similar to a coumarinolignan, cleomisc-
osin A,24 showing strong peak at m/z 386 due to the loss of C9H7O2

moiety. Further diagnostic fragments a, b and c (Fig. 1) at m/z 208,
180 and 137 originated from the ion at m/z 386 (link scan measure-
ments) confirmed the presence of a methoxyl group in the couma-
rin moiety while another methoxyl and a phenolic groups in the
phenyl ring.

The 13C NMR spectra (BB and DEPT) of 1 showed the signals of
29 carbon atoms in agreement with the molecular formula. These
included two methyl, one methylene, 14 methine and 12 quater-
nary carbons. The downfield signals at d 165.7 and 160.5 could
be assigned to carbonyl carbon of the coumarin and cinnamoyl car-
bonyl groups, respectively. The signal at d 62.5 was assigned to the
oxygenated methylene while the resonances at d 159.3, 149.8,
148.5, 146.0, 140.8, 137.1, 132.2, 130.9, 130.2 � 2, 125.9, 121.9,
116.5, 116.0 � 2, 112.0, 111.7 and 100.6 were assigned to the aro-
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Figure 1. Structures and important mass fragme
matic rings. Further the signals at d 144.7, 144.3, 117.0 and 114.7
showed the presence of two olefinic bonds (Table 1).

All the assignments were further confirmed by 1H–13C multiple
bond interaction in HMBC spectrum of 1 (Fig. 2). The proton at d
5.09 (H-70) showed 2J interactions with C-80 (d 75.8) and C-10 (d
130.9) and 3J correlations with C-90 (d 62.5), C-20 (d 111.7) and C-
60 (d 121.9). The oxymethine proton at d 4.21 (H-80) showed 2J
and 3J correlations with C-90 (d 62.5), C-70 (d 76.9) and C-10 (d
130.9) whereas the H-90 protons at d 4.13 and 3.96 correlated with
C-80 (d 75.8), C-70 (d 76.9) and carbonyl carbon of cinnamoyl moiety
(d 165.7) and olefinic proton (H-200) at d 6.41 showed cross peak
with carbonyl carbon (d 165.7). These correlations of HMBC spec-
trum confirmed the attachment of cinnamoyloxy methylene at C-
80 and that of trisubstituted phenyl at C-70. The presence of meth-
oxyl groups at C-6 and C-30 and phenolic group at C-40 could also be
inferred through HMBC correlations. The methoxyl group at d 3.83
correlated with C-6 (d 137.1) and other methoxyl group at d 3.89
showed interaction with C-30 (d 149.8). The proton of the phenyl
ring at d 7.10 (H-20) correlated with C-70 (d 76.9), C-60 (d 121.9)
and C-40 (d 148.5) and another aromatic proton resonating at d
6.97 (H-60) coupled with C-70 (d 76.9), C-40 (d 148.5) and C-20 (d
111.7). The proton at d 6.83 (H-50) showed interactions with C-40

(d 148.5), C-30 (d 149.8) and C-10 (d 130.9). These results confirmed
the 1,3,4 trisubstituted pattern of phenyl ring. These interactions
were in suggestive of presence of feruloyl like substitution pattern.

The coumarinolignans occur naturally as regioisomeric pairs
due to the linkage of benzodioxan moiety to the coumarin core.
The structure was finally assigned by the selective heteronuclear
decoupling experiments.27 When the C-70 and C-80 hydrogen sig-
nals at d 5.09 and 4.21 were irradiated, the carbon signals for C-7
(d 132.2) and C-8 (d 140.8), respectively showed significant sharp-
ening. The coupling constant (J = 8.1 Hz) between the two vicinal
oxymethine protons of C-70 and C-80 indicated that the phenyl
group and the cinnamoyloxymethylene were trans oriented.28

Hence the relative stereochemistry of 1 was deduced. However
in viewing the optical inactivity, the (½a�25

D = ±0), the compound
was concluded to be a racemic.25,27 All these evidences were in
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Table 1
1H (400 MHz) and 13C NMR (100 MHz) assignments (d/ppm) of Repenins (1–4) in CDCl3

Position 1 2 3 4

d (1H) d
(13C)

d (1H) d
(13C)

d (1H) d
(13C)

d (1H) d
(13C)

2 — 160.5 — 160.3 — 160.4 — 160.2
3 6.33 (d, 9.5) 114.7 6.31 (d, 9.5) 114.2 6.30 (d, 9.5) 113.9 6.32 (d, 9.5) 114.4
4 7.81 (d, 9.5) 144.3 7.83 (d, 9.5) 144.0 7.85 (d, 9.5) 144.2 7.83 (d, 9.5) 144.0
5 6.78 (s) 100.6 6.80 (s) 100.8 6.80 (s) 100.6 6.79 (s) 100.5
6 — 137.1 — 137.3 — 137.0 — 137.3
7 — 132.2 — 132.5 — 132.3 — 132.4
8 — 140.8 — 140.9 — 140.7 — 140.6
9 — 146.0 — 146.3 — 146.2 — 146.3
10 — 112.0 — 111.8 — 111.9 — 112.0
10 — 130.9 — 130.6 — 130.7 — 130.6
20 7.10 (d, 1.9) 111.7 7.07 (d, 1.8) 111.8 7.05 (d, 1.9) 111.7 6.89 (s) 111.6
30 — 149.8 — 149.9 — 149.7 — 149.9
40 — 148.5 — 148.7 — 148.4 — 148.6
50 6.83 (d, 8.0) 116.5 6.84 (d, 8.2) 116.3 6.81 (d, 8.1) 116.1 — 116.4
60 6.97 (dd, 8.0, 1.9) 121.9 6.95 (dd, 8.2, 1.8) 121.7 6.94 (dd, 8.1, 1.9) 121.8 6.89 (s) 122.3
70 5.09 (d, 8.1) 76.9 5.07 (d, 8.1) 77.2 5.06 (d, 8.1) 77.3 5.03 (d, 8.1) 77.0
80 4.21 (ddd, 8.1, 2.5, 1.7) 75.8 4.20 (ddd, 8.1, 2.6, 1.7) 76.1 4.19 (ddd, 8.1, 2.7, 1.9) 76.0 4.25 (ddd, 8.1, 2.6, 1.8) 75.9
90 3.90 (dd, 12.5, 2.5) 4.13 (dd,

12.5, 1.7)
62.5 3.90 (dd, 12.6, 2.6) 4.10 (dd,

12.6, 1.7)
62.3 3.89 (dd, 12.6, 2.7) 4.15 (dd,

12.6, 1.9)
62.4 3.93 (dd, 12.5, 1.8) 4.13 (dd,

12.5, 2.6)
62.7

100 — 165.7 — 165.5 — 165.3 — 163.0
200 6.41 (d, 15.9) 117.0 6.45 (d, 16.0) 117.3 6.38 (d, 16.2) 117.5 — 124.2
300 7.51 (d, 15.9) 144.7 7.55 (d, 16.0) 144.9 7.47 (d, 16.2) 144.8 7.50 (d, 2.0) 115.7
400 — 125.9 — 126.4 — 126.3 — 144.1
500 7.40 (d, 8.0) 130.2 7.10 (d, 2.1) 112.9 7.08 (d, 2.2) 113.5 — 145.6
600 6.89 (d, 8.0) 116.0 — 148.2 — 144.7 6.96 (d, 8.3) 116.2
700 — 159.3 — 150.3 — 147.3 7.46 (dd, 8.3, 2.0) 127.9
800 6.89 (d, 8.0) 116.0 6.70 (d, 8.0) 116.0 6.90 (d, 8.0) 116.0 — —
900 7.40 (d, 8.0) 130.2 7.02 (dd, 8.0, 2.1) 124.1 6.95 (dd, 8.0, 2.2) 123.9 — —
OCH3-6 3.83 (s) 56.4 3.80 (s) 56.3 3.81 (s) 56.5 3.79 (s) 56.2
OCH3-

30
3.89 (s) 56.0 3.85 (s) 55.9 3.86 (s) 56.0 3.85 (s) 56.6

OCH3-
600

— — 3.77 (s) 56.1 — — — —

OCH3-
50

— — — — — — 3.85 (s) 56.6

Multiplicities and coupling constants (J = Hz) are given in parenthesis. d in ppm from TMS.
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accordance to the assigned structure of coumarinolignan as Repen-
in A (1).

Repenin B (2) was obtained as a light yellow amorphous solid,
molecular formula C30H26O11 by [M+H]+ peak at m/z 563.1550 in
HR-FAB-MS spectrometry (calcd for C30H27O11; 563.1553).

The IR, 1H and 13C NMR spectra of 2 were almost identical to
those of 1 except the difference due to 600,700-dioxigenated cinnam-
oyl moiety. The substitution pattern was confirmed by 1H NMR
which showed further ABX system at d 7.10 (1H, d, J = 2.1 Hz, H-
500), 7.02 (1H, dd, J = 8.0, 2.1 Hz, H-900) and 6.70 (1H, d, J = 8.0 Hz,
H-800).29

The 13C NMR spectra of 2 also confirmed the 600,700-dioxigenated
cinnamoyl group showing downfield signals at 150.3 (C-700) and
148.2 (C-600).29 The additional aryl methoxyl group was also evi-
dent both from 1H and 13C NMR showing signals at d 3.77 and d
56.1, respectively. This was further confirmed by electron impact
mass spectrum (EI-MS) showing intense peaks at m/z 177. The po-
sition of the additional methoxyl group was further confirmed by
HMBC correlations in which the methoxy protons at d 3.77 showed
correlation with C-600 (d 148.2).

Repenin C (3) was isolated as a light yellow amorphous powder.
The molecular formula was shown to be C29H24O11 by [M+H]+ peak
at m/z 549.1395 in HR-FAB-MS (calcd for C29H25O11; 549.1397).

The UV, IR, MS and NMR data of compound 3 suggested that 3
had the same skeleton as that of 1, except the difference due to
600,700-dihydroxylcinnamoyl moiety, which was confirmed by 1H
NMR [ABX system at d 7.08 (1H, d, J = 2.2 Hz, H-500), 6.95 (1H, dd,
J = 2.2, 8.0 Hz, H-900) and 6.90 (1H, d, J = 8.0 Hz, H-800)].29
The 13C NMR spectra of 3 also confirmed the 600,700-dihydroxyl-
cinnamoyl group showing downfield signals at 147.3 (C-700) and
144.7 (C-600)29 and was further confirmed by electron impact mass
spectrum (EI-MS) showing intense peaks at m/z 163.

Repenin D (4) was obtained as a light yellow amorphous solid,
molecular formula C28H24O12 by [M+H]+ peak at m/z 553.1344 in
HR-FAB-MS spectrometry (calcd for C28H25O12; 553.1346).

The UV, IR, MS and NMR spectra of compound 4 closely resem-
bled to those of 1. The EI-MS spectrum gave diagnostic fragments a,
b and c (Fig. 1) at m/z 208, 210 and 167. The fragments at m/z 208
(C10H8O5) indicated the presence of one methoxyl group in the
coumarin nucleus and the fragments b and c at m/z 210
(C11H14O4) and 167 (C9H11O3) indicated the presence of two
methoxyls and one phenolic functionalities in the phenyl propa-
noid moiety.30,31

The assignment of protons in the 1H NMR spectrum was made
by the combination of their spin pattern analysis, HMQC and by
the spectral comparison with that of 1. The difference in the 1H
NMR spectrum of 4 with that of 1 was the substitution pattern
of phenyl ring in which two aromatic methines at d 6.89 (2H, s)
and two aryl methoxyls at d 3.85 (6H, s) were shown to be chem-
ically equivalent confirming the symmetrical substitution pattern
of the aromatic ring.25 The other difference in the 1H NMR spec-
trum of 4 with that of 1 was due to 400,500-dihydroxylbenzoyl moi-
ety, instead of cinnamoyl group. The substitution pattern was
confirmed by 1H NMR which showed an ABX system at d 7.50
(d, 2.0 Hz, H-300), 7.46 (1H, dd, J = 2.0, 8.3 Hz, H-700) and 6.96
(1H, d, J = 8.3 Hz, H-600).29
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Table 2
Antioxidant activities of coumarinolignoids (1–6)

S. No. Name of compounds Antioxidant activity IC50 ± SEMa

(mM)

1 Repenin A 0.530 ± 0.08
2 Repenin B 0.420 ± 0.09
3 Repenin C 0.450 ± 0.10
4 Repenin D 0.510 ± 0.07
5 Cleomiscosin A 0.612 ± 0.10
6 Durantin A 0.625 ± 0.09
7 3-t-Butyl-4-hydroxyanisole

(BHA)b
0.043 ± 0.07

a Standard error of mean of three determinations.
b Positive control used in antioxidant assays.
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The 13C NMR spectra of 4 also confirmed the 400,500-dihydroxy-
benzoyl group showing downfield signals at 145.6 (C-500) and
144.1 (C-400).29 This was further confirmed by electron impact mass
spectrum (EI-MS) showing intense peaks at m/z 137.

Alkaline hydrolysis of 1–4 provided p-hydroxy cinnamic acid,
3-methoxy,4-hydroxy cinnamic acid, 3,4-dihydroxy cinnamic acid
and 3,4-dihydroxy benzoic acid, respectively (characterized
through m.m.p., Co-TLC, superimposable IR), providing conclusive
evidence for the presence of these moieties in the respective com-
pounds. The important HMBC correlations were in complete agree-
ment to the assigned structures (1–4). Surprisingly the Repenins
A–D (1–4) showed no optical activity and were therefore
recemic.25,27

We investigated the general antioxidative effects of the com-
pounds to inhibit DPPH radicals for BHA and the coumarinolig-
noids (1–6) at a concentration of 1 mM, respectively with the
IC50 values ranging between 0.420 and 0.625 mM, indicating a po-
tent activity (Table 2). Compounds 2, with 4-hydroxy-3-methoxy-
phenyl and 4-hydroxy-3-methoxycinnamoyl moieties and 4, with
4-hydroxy-3,5-dimethoxyphenyl and 3,4-dihydroxybenzoyl moie-
ties, showed greater potential to scavenge the DPPH radicals with
the IC50 values (0.420 and 0.450 mM), respectively. Among these
active substances, the known compounds cleomiscosin A (5) and
durantin A (6), with one 4-hydroxy-3-methoxyphenyl moiety
(each), showed less strong activity (IC50 values 0.610 and
0.625 mM), respectively, than all the tested compounds, but still
significant activities in the test. BHA was used as a standard
(IC50 = 0.043 mM).

The antioxidative activity was also examined in term of the
chemical structures including those of functional radical and its
orientation. Hydroxy and methoxy groups in the 1,4- and 1,3-ori-
enntation at phenyl/cinnamoyle are mainly involved in the scav-
enging of coumarinolignoids (1-6). The ortho substitution with
electron donor methoxy group in 1,4-oriennted phenyl/cinnamoy-
le hydroxyl compounds slightly increase the scavenging activity.
This was observed in compounds 2 and 3. Based on these results,
a benzene ring where the hydroxyl radical is in 1,4-orienntation al-
low the oxygen atom to share a positive charge, thereby causing
stabilization through delocalization. Because of the electron donat-
ing effect of the methoxy group in 1,3-orienntation, it helps to sta-
bilize positive charge and this is taught to influence the scavenging
ability. The substitution radical of 1,2- or 1,4-orienntation gener-
ally donate an electron to the aromatic ring to activate it, either
by the resonance effect or inductive effect. This tendency was also
found in the all scavenging tests against the coumarinolignoids (1–
6).

The compounds 1–6 could be lead compounds in treatment of
oxidative-stress related human diseases. However, further in vivo
study would help in exploring the pharmacological properties of
these compounds.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bmcl.2009.05.006.
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