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Ficus elastica Roxb. Ex Hornem also known as rubber
tree, is a tree species belonging to the Moraceae family. This
plant grows profusely without any agronomic management
and survives well under extreme environmental conditions
such as high temperature and limited water supply. F. elastica
possesses antimicrobial activity and the leaves extract is
used for the treatment of skin infections and skin allergies, as
well as a diuretic agent. In addition, several chemical con-
stituents from F elastica have been investigated.' Previ-
ously, we reported the antioxidant activities of compounds
from the leaves of F microcarpa and F callosa.** In our
screening project for antioxidant activities from Ficus species,
the leaves of F elastica was found to exhibit significant
antioxidant activities. As part of our continuing research into
the biological activities of F. elastica leaves, we report
herein the isolation, structural elucidation, and evaluation
of antioxidant activities of extracts, as well as two new
compounds, ficuselastic acid (2) and (1'S,6'R)-8-O-B-D-
glucopyranosyl abscisate sodium (7), along with twelve
known compounds from the leaves of F. elastica.

Compound 2 was obtained as a white amorphous powder
and its molecular formula was determined to be C14H;606 by
ESI-MS at m/z 279 [M-H] (negative) and HR-ESI-MS at
m/z 279.0858 (Calcd C14H1506 for 279.0874). The 1H-NI\/IR
spectrum of 2 showed signals for a secondary methyl at oy
1.23 (d, 7.0), an acetyl methyl at 8y 2.04 (s), an oxygenated
proton at 8y 5.19 (m), and an olefinic proton at 8y 6.19 as
listed in Table 1. The '*C-NMR and DEPT spectra of 2
revealed seven non-protonated carbons, consistent with two
carbonyls (8¢ 172.7 and 174.9) and five olefinics (8¢ 105.2,
122.3, 139.1, 161.9, and 164.9), together with seven pro-
tonated carbons (see Table 1). The 'H- and *C-NMR spectra
of 2 were similar to those of feroxidin (6S5,8S-5,6,7,8-
tetrahydro-8-methyl-1,3,6-naphthalenetriol) (1)* with the
addition of carboxylic and acetyl groups at C-4 and C-6,
respectively. Alternatively, the low field chemical shift of
proton H-6 (3 5.19) suggested that the acetate group was at
C-6 and further confirmed by HMBC correlations between
H-6 (811 5.19), methyl (8y 2.04) and carbonyl (3¢ 172.7). The

Table 1. 'H and *C NMR data for compound 2

Pos. S Sy*¢ (mult., Jin Hz) HMBC (H—C)
1 161.9 -
2 101.7  6.19(s) 1,3,4,9
3 1649 -
4 1052 -
4a 1749 -
5 36.4 2.81 (dd, 10.0; 18.0, ax) 4,6,7,9,10
3.59 (dd, 4.8, 18.0, eq)
6 69.6 5.19 (m, ax) C=0 (Ac)
7 357 1.74(dt, 5.8, 12.0, ax) 5,6,8,82,9
1.90 (brd, 12.0, eq)
8 29.0 3.25(ddq,2.0,5.8,7.0,eq) 1,6,7,8a,9,10
8a 214 123 (d, 7.0, ax) 7,8,9
9 1223 -
10 139.1 -
6-0-Ac
COCH; 1727 -
COCH; 213 2.04(s)

“Measured in CD;0D. ®100 MHz. 400 MHz. Assignments were done by
HMQC, HMBC, and ROESY experiments

HMBC cross peaks from proton H-8 (8y 3.25) to C-1 (¢
161.9), C-6 (8¢ 69.6), C-7 (8¢ 35.7), C-8a (d¢ 21.4), C-9 (8¢
122.3), and C-10 (8¢ 139.1); and from methyl protons H-8a
(6u 1.23) to C-7 (8¢ 35.7), C-8 (8¢ 29.0), and C-9 (8¢ 122.3)
confirmed that the methyl group was at C-8. The HMBC
correlations between H-2 (8 6.19) and C-1 (8¢ 161.9), C-3
(8¢ 164.9), C-4 (¢ 105.2), and C-9 (3¢ 122.3) were also
observed, while the chemical shift of remaining carboxylic
carbon (8¢ 174.9) suggested the carboxylic group was at
C-4. Based on the above evidence, the planar structure of 2
was elucidated (see Figure 1). The proton-proton coupling
constants Js, ¢ = 10.0 Hz and Js._¢ = 4.8 Hz confirmed axial
position of proton H-6 as well as equatorial position of the
acetate group at C-6. In addition, ROESY correlations
between protons of He-5 (81 3.59), Ha-6 (611 5.19), and He-7
(01 1.90); between protons of Ha-5 (611 2.81), Ha-7 (61 1.74),



3462  Bull. Korean Chem. Soc. 2012, Vol. 33, No. 10

Notes

3 13
& 8, o Bl
10 R=p-Me . Ho. o
RVAVaVaVal
MeO N oH HO o Me o
HO L&; HO
HO

GlcO OH HO OH OH OH

6 OMe Glc Rham Apio:

Figure 1. Structures of isolated compounds (1-14) from the leaves of F. elastica.
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Figure 2. The strong ROESY correlations of compounds 2 and 7.

and He-8 (8 3.25) were observed (see Figure 2), suggesting
the equatorial and axial orientations of 6-acetate groups and
8-methyl, respectively. This represented the configurations
in 2 to be (65,8S) or (6R,8R). On the other hand, the negative
optical rotation of 2 ([oc]i,5 = —15.0) indicated the both
configurations at C-6 and C-8 to be .S by comparing optical
rotations of (6S,85) 5,6,7,8-tetrahydro-1,3-dimethoxy-8-
methyl-6-naphthalenol ([a];; =—11.5)" and (6R,8R) 5,6,7,8-

tetrahydro-1,3-dimethoxy-8-methyl-6-naphthalenol ([o.]7
= +10.0).> This was further supported by a positive peak
at 285 nm in CD spectrum of 2, similarly with those of
feroxidin (1), (a positive peak at 279 nm).* Thus, the
structure of 2 was determined to be (65,8S) 5,6,7,8-tetra-
hydro-1,3,6-trihydroxy-6-acetyl-8-methyl-naphthalene-4-
carboxylic acid, a new compound named ficuselastic acid.
Compound 7 was obtained as a white amorphous powder
and its molecular formula was determined to be C»H29010Na
by ESI-MS at m/z 465 [M + H]" and 487 [M + Na]" (positive)
and HR-ESI-MS at m/z 487.1571 (Calcd Cz1H29010Na, for
487.1556). The 'H-NMR spectrum of 7 showed signals for
three tertiary methyl at 8y 1.09, 1.93, and 1.95, two singlet
olefinic protons at oy 5.87 and 5.94, two frams olefinic
protons at &y 5.96 and 7.58 (each doublet and 16.0 Hz), and
an anomeric proton at 8y 4.17 as listed in Table 2. The *C-
NMR and DEPT spectra of 7 revealed 21 carbon signals, 15
of which were assigned to the abscisic acid aglycone and the
remaining 6 carbons were assigned to the glucose moiety.
The 'H and *C-NMR data of 7 were similarly to those of
(1'S,6'R)-abscisic acid 8-O-B-D-glucopyranoside® except for
the difference of sodium carboxylate group at C-2 of the
aglycone moiety. The HMBC cross peaks from H-5 (6u
5.96) to C-3 (d¢ 140.2), C-1' (8¢ 80.0), C-2' (d¢ 170.0), and
C-6' (8 46.7); from H-6 (dn 1.93) to C-2 (8¢ 128.7), C-3 (8¢
140.2), and C-4 (8¢ 131.0); and from H-2 (dg 5.87) to C-1
(8¢ 175.4), C-3 (8¢ 140.2), and C-6 (3¢ 20.5) confirmed that
two double bonds were at C-2/C-3 and C-4/C-5 (see Figure
2). Furthermore, the proton-proton coupling constant, Js.¢ =
16.0 Hz confirmed the E-configuration at C-4/C-5. Alter-
natively, the chemical shift of C-6 (8¢ 20.5) confirmed Z-
geometric isomerism for the double bond at C-2/C-3 by
comparison with that of sec-hydroxyaeginetic acid’ (8¢ for
C-6: 14.3) and abscisic acid 8-O-B-D-glucopyranoside® (S¢
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Table 2. 'H and *C NMR data for compound 7

Pos. 8¢t &y*¢ (mult., JinHz) HMBC (H—C)
Aglycone
1 1754 -
2 128.7 5.87(s) 1,3,4,6
3 1402 -
4 131.0 7.58(d, 16.0) 2,3,5,6,1
5 132.8 5.96 (d, 16.0) 3,1,2,6
6 20.5 1.93(d, 1.0) 2,3,4
' 80.0 -
2' 170.0 -
3 127.9  5.94(s) 7,2, 1,5
4 201.1 -
5 454 2.72(d, 17.0) 1,3,4,6,8,9
242 (d, 17.0)
6' 46.7 -
7 19.7 1.95(d, 1.0) 1,2, 3"
8' 74.6 3.97 (d, 10.0) 1,5,6,9
3.63 (d, 10.0)
9 20.3  1.09(s) 15,6, 8
8'-0-Glc
1" 104.7 4.17(d,7.5) 8
2" 752 3.17(dd, 7.5,9.0)
3" 78.0 3.37*% 1, 5"
4" 71.6  3.30(t, 8.5)
s" 77.9 3.25(m)
6" 62.5 3.86(dd, 2.3, 12.0) 4" 5"

3.68 (dd, 5.5, 12.0)

“Measured in CD;0D. ?125 MHz. 500 MHz. Assignments were done by
HMQC and HMBC, and ROESY experiments

for C-6: 19.7). The HMBC cross peaks from H-3' (8u 5.94)
to C-1' (8¢ 80.0), C-2' (¢ 170.0), C-4' (8¢ 201.1), and C-7'
(8¢ 19.7); and from H-7' (8u 1.95) to C-1' (8¢ 80.0), C-2' (8¢
170.0), and C-3' (8¢ 127.9) confirmed that the double bond
was at C-2'/C-3"; while ketone and tertiary methyl groups
were at C-4' and C-2', respectively. The ROESY correlation
between H-5 (8 5.96) and H-9' (61 1.09) confirmed that the
side-chain and methyl group at C-1' and C-6' were same
side. In addition, the CD spectrum of 7 showed one negative
peak at A 231 nm and one positive peak at A 271, similarly to
those of abscisic acid 8-O-B-D-glucopyranoside,® suggested
that the configurations at C-1' and C-6' were S and R, respec-
tively. Acid hydrolysis of 7 revealed D-glucose (identified as
a TMS derivative by a gas chromatography method). Further-
more, the HMBC between the glc H-1" (6 4.17) and C-8' of
the aglycone (8¢ 74.6), and between H-8' (& 3.63 and 3.97)
and C-1" (8¢ 104.7) suggested that the glucopyranosyl
moiety was at C-8'. Consequently, the structure of 7 was
determined to be (1'S,6'R)-8-O-p-D-glucopyranosyl abscisate
sodium.

The remaining compounds were identified as feroxidin
(1),* quercitrin (3)” kaempferin (4),'° myricitrin (5),” syringin
(6),"" citroside B (8),!* corchoionoside C (9)," (6S,9R)-
roseoside (10)," oleanolic acid (11),"* ursolic acid (12),"*
benzyl O-B-D-glucopyranoside (13)," icariside F» (14),'
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(see Figure 1). Their structures were established on the basis
of spectral and chemical evidence, which were in agreement
with those reported in literature. All these compounds were
isolated from F. elastica for the first time.

The antioxidant capacities of methanol extract and other
fractions (n-hexane, ethyl acetate and water fractions) from
the leaves of F. elastica were tested by the oxygen radical
absorbance capacity (ORAC) assay (see Figure 3). Trolox
was used as a control and prepared fresh daily. The methanol
extract displayed significant peroxyl radical-scavenging activity
with 4.2 uM Trolox equivalent (TE) at a concentration of 5.0
pg/mL. The water fraction exhibited potent antioxidant
activity followed by ethyl acetate fraction and n-hexane
fraction with values of 23.4, 17.9, and 5.8 uM TE at the
concentration of 5.0 pg/mL, respectively (see Figure 3). Bio-
assay-guided fractionation led us to choose water and ethyl
acetate fractions for further isolation of bioactive compounds.
Subsequently, all isolates from F. elastica were measured by
the ORAC assay at concentrations of 1.0 and 5.0 uM (see
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Figure 3. Peroxyl radical-scavenging activity (Trolox equivalent,
puM) of methanol extract (MeOH ext.) as well as n-hexane (»-
Hexane ft.), ethyl acetate (EtOAc fr.), and water (Water fr.)
fractions from the leaves of F. elastica.
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Figure 4. Peroxyl radical-scavenging activity (Trolox equivalent,
1M) of compounds (1-14).
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Figure 5. Reducing capacity of compounds 1-14. The results re-
present the mean £ S.D. of values obtained from three measure-
ments.

Figure 4). With regard to peroxyl radical-scavenging activity,
three flavonoids 3-5 exhibited potent antioxidant activity
compared with that of the positive control, Trolox. Compounds
1 and 2 showed significant antioxidant activities with values
of 8.2 and 8.8 uM TE at a concentration of 5.0 uM. We next
tested the reducing capacity of all compounds by measuring
the concentration of Cu (I) ions reduced from Cu (II) ions.
Compounds 4 and 5 exhibited meaningful reducing capacity
of Cu (I) ions with values of 19.2 and 21.4 uM TE at a
concentration of 5.0 uM (see Figure 5). Moreover, all
compounds revealed very weak metal chelating. These data
suggest that the antioxidant activities of each compound are
not due to metal chelating activity with transition metal ions
(see Supporting information). Instead, the antioxidant
activity from the F. elastica leaves determined by the ORAC
and reducing capacity assays may be attributed to the water
and ethyl acetate fractions in which compounds 3-5 potently
donate a hydrogen atom and a single electron is contained.

Experimental

Plant Material. The leaves of F. elastica were collected in
Caugiay, Hanoi, Vietnam in March, 2011, and identified by
Dr. Ninh Khac Ban, Institute of Marine Biochemistry, VAST,
Vietnam. A voucher specimen (FE0311) was deposited at
the Herbarium of Institute of Marine Biochemistry.

Ficuselastic Acid (2): A white amorphous powder, [a]
~15%(c = 0.1, MeOH), negative ESI-MS: m/z 279 [M-H],
C14H1606, HR-ESI-MS found m/z 279.0858 [M-H] (Calcd
C14H,505 for 279.0869), CD (c = 1.5 x 107>, MeOH), [0]
—43485 (214), +3372 (243), —11576 (263), +34628 (285),

2,
D.

Notes

'H- and *C-NMR: see Table 1.

(1'S,6'R)-8-0-B-D-Glucopyranosyl Abscisate Sodium
(7): A white amorphous powder, [a]s : +60° (¢ = 0.1,
MeOH), positive ESI-MS: m/z 465 [M+H]", 487 [M+Na]’,
C11H20010Na, HR-ESI-MS found m/z 487.1571 [NH‘NEI]+
(Calcd C21H2901¢Na; for 487.1556), CD (C = 1.5 x 10_5,
MeOH), [0] —43681 (231), +54730 (271), 'H- and "“C-
NMR: see Table 2.

Supporting Information. General procedures, extraction,
isolation, hydrolysis procedure, antioxidant assays, and NMR
spectra of 2 and 7 are available as Supporting Information.
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