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Eberhardtia aurata (Pierre ex Dubard) Lecomte 
is a plant in the Sapotaceae family. Eberhardtia 
aurata are used in Vietnam as folk medicines 
to treat whooping cough [1]. In  the framework 
of scientific co-operation between the Institute 
of Marine Biochemistry (Vietnam Academy of 
Science and Technology) and the Institute of 
Natural Product Chemistry (CNRS, France) on 
phytochemistry of the Vietnamese flora, the plant 
Eberhardtia aurata (Pierre ex Dubard) Lecomte 
was selected for its cytotoxic activity on KB 
cell lines (14.6% inhibition at 1 μg/mL for the 
EtOAc extract of the leaves). We have previously 
studied the stem bark of this plant and several 
terpenoids were isolated and characterized [2, 3]. 
In this paper, we report the isolation and structural 
characterization of five compounds, 4 oleanane 
triterpenes, taraxerol (1); taraxerone (2); taraxeryl 
acetate (3); 3β-octacosanoyloxy-12-oleanen-28-ol 
(4) and 1 sterol, spinasterol (5) from the leaves of 
Eberhardtia aurata.

MATERIALS AND METHODS

General Experimental Procedures
Optical rotations were recorded on a Polax-2 L  
polarimeter in CHCl3. Melting points were 
recorded on a Buchi B-545 instrument, and IR 
spectra were measured on a Nicolet Impact-410 
FT-IR spectrometer. ESIMS were recorded on an 
Agilent 1100 LC-MSD Trap spectrometer. The  
13C NMR spectra were recorded on a Bruker 
500.13 MHz spectrometer operating at 125.76 
MHz, and 1H and 2D NMR spectra were 
recorded on a Bruker 500.13 MHz spectrometer 
operating at 500.13 MHz. 1H chemical shifts were 
referenced to CDCl3 and CD3OD at 7.27 and 3.33 
ppm, respectively, while the 13C chemical shifts 
were referenced to the central peak of CDCl3 
at 77.0 and 49.0 ppm for CD3OD. For HMBC 
experiments the delay (1/2J) was 70 ms, and for 
the NOESY experiments the mixing time was  
150 ms.
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Plant Material
The leaves Eberhardtia aurata was collected in 
Thuan Chau, Son La, Vietnam, in October 2005, 
and a specimen (VN 1575F) was deposited at 
the Institute of Ecology and Natural Resources, 
Vietnam Academy of Science and Technology.

Extraction and Isolation
The dried and ground mixture of the leaves (1.0 
kg) of Eberhardtia aurata were extracted with 
EtOAc (5 × 3 l), and then with MeOH (3 × 2 l) at  
room temperature. The resulting EtOAc and 
MeOH extracts were evaporated under reduced 
pressure to give 53.29 g and 60 g of crude extracts, 
respectively. 

The EtOAc residue (53 g) was fractionated 
over a column chromatography on silica gel  
(63–200 μm, 0–100% EtOAc in n-hexan), to afford 
20 fractions (F1–F20). Fraction 7 was subjected 
to silica gel CC, eluted with a solvent gradient of 
n-hexane/EtOAc giving 7 fractions F7.1–F7.17. 
Subfraction F7.1 was purified on silica gel CC, 
eluting with a solvent gradient of n-hexan/EtOAc 
yielded 1 (26 mg). Fraction 6 was subjected to 
silica gel CC, eluted with a solvent gradient of 
n-hexane/EtOAc giving 6 fractions F6.1–F6.6. 
Subfraction F6.2 was separated on silica gel CC 
(solvent gradient of n-hexane/EtOAc), followed 
by recrystallization from a mixture of n-hexan/
EtOAc (9/1) to afford 2 (9 mg). Fraction F7.4 on 
silica gel CC, eluting with a solvent gradient of 
n-hexan/EtOAc, followed by recrystallization 
from from a mixture of n-hexan/EtOAc (9/1) to 
afford 3 (20 mg). Purification of subfraction F7.8 
on silica gel CC, eluting with a solvent gradient of 
n-hexan/acetone yielded 4 (27 mg). Purification of 
subfraction F7.6 was crystallized from a mixture 
of n-hexan/EtOAc (9/1) to afford 5 (25 mg).

Taraxerol (1)
It was isolated as white amorphous solid;  
mp 283 – 284oC; [α]D 25 + 7 (c 0.11, CHCl3) [lit: 
mp 282 – 283oC, [α]D 25 + 7 (c 0.52, CHCl3)];  ESI-
MS m/z: 427 [M+H]+, 1H-NMR (CDCl3 500 MHz) 

δ (ppm): 0.77 (1H, d, J= 2.0 Hz, H-5), 0.80 (3H, s, 
CH3), 0.82 (3H, s, CH3), 0.91 (6H, s, 2x CH3), 0.93 
(3H, s, CH3), 0.95 (3H, s, CH3), 0.98 (3H, s, CH3), 
1.09 (3H, s, CH3), 1.92 (1H, dd, J=14.5, 2.0 Hz, 
H-16), 2.04 (1H, dt, J=13.0, 3.0 Hz, H-7), 3.19 (1H, 
dd, J=11.0, 4.0 Hz, H-3), 5.53 (1H, dd, J=8.0, 3.0 
Hz, H-15). 13C-NMR (CDCl3, 125 MHz) δ (ppm): 
15.1 (C-25). 15.2 (C-24), 17.3 (C-11), 18.6 (C-6), 
21.0 (C-30), 25.6 (C-27), 26.6 (C-2), 27.7 (C-23), 
28.6 (C-20), 29.5 (C-28), 29.6 (C-26), 32.9 (C-22), 
33.1 (C-29), 33.5 (C-21), 34.9 (C-7), 35.6 (C-13), 
36.5 (C-12), 37.4 (C-10), 37.5 (C-16), 37.6 (C-1), 
37.8 (C-13), 38.5 (C-8), 38.8 (C-4), 41.1 (C-19),  
48.6 (C-9), 49.0 (C-18), 55.4 (C-5), 78.7 (C-3), 116.6 
(C-15), 157.9 (C-14).

Taraxerone (2)
It was isolated as white solid, mp 240 – 241 oC; 
[α]D 25 + 10 (c 0.1, CHCl3) [lit: mp 241 – 243 oC, 
[α]D 25 + 14.8 (c 0.16, CHCl3)]; ESI-MS m/z: 425 
[M+H]+, 1H-NMR (CDCl3 500 MHz) δ (ppm): 
0.83 (3H, s, CH3), 0.89 (3H, s, CH3), 0.91 (3H, 
s, CH3), 0.95 (3H, s, CH3), 1.06 (3H, s, CH3), 
1.08 (3H, s, CH3), 1.09 (3H, s, CH3), 1.14 (3H, s, 
CH3), 2.34 (1H, m, H-1), 2.56 (1H, m, H-2), 5.55 
(1H, dd, J=8.0; 3.0 Hz, H-15). 13C-NMR (CDCl3,  
125 MHz) δ (ppm): 14.8 (C-25), 17.4 (C-11), 19.9 
(C-6), 21.3 (C-30), 21.4 (C-24), 25.5 (C-27), 26.1 
(C-23), 28.8 (C-20), 29.8 (C-26), 29.9 (C-28), 33.1 
(C-22), 33.3 (C-29), 33.6 (C-21), 34.1 (C-2), 35.1 
(C-7), 35.7 (C-12), 36.7 (C-16), 37.5 (C-10), 37.7 
(C-17), 37.7 (C-13), 38.3 (C-1), 38.9 (C-8), 40.6 
(C-19), 47.5 (C-4), 48.7 (C-9), 48.8 (C-18), 55.8 
(C-5), 117.2 (C-15), 157.6 (C-14), 217.5 (C-3).

Taraxeryl Acetate (3)
It was isolated as white solid, mp 240 – 241oC; 
[α]D 25 + 10 (c 0.1, CHCl3) [lit: mp 241 – 243oC, 
[α]D 25 + 14.8 (c 0.16, CHCl3)]; ESI-MS m/z: 469 
[M+H]+, 1H-NMR (CDCl3 500 MHz) δ (ppm): 0.82  
(3H, s, CH3), 0.86 (3H, s, CH3), 0.86 (3H, s, CH3), 
0.87 (6H, s, 2 x CH3), 0.96 (3H, s, CH3), 0.96 (3H, 
s, CH3), 1.12 (3H, s, CH3), 2.04 (3H, s, OCOCH3), 
4.45 (1H, dd, J=10.0; 6,0 Hz, H-3), 5.53 (1H, dd, 
J=8,0; 3,0 Hz, H-15).
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3β-Octacosanoyloxy-12-oleanen-28-ol (4)
It was isolated as white solid, mp 285 – 286°C; 
[α]D 25 + 85 (c 0.1, CHCl3); ESI-MS m/z: 849 
[M+H]+; 1H-NMR (CDCl3 500 MHz) δ (ppm): 
0.83–0.89 (15H, m, 5 × CH3); 0,94 (3H, s, CH3), 
0,95 (3H, s, CH3), 1,16 (3H, s, CH3), 2,89 (2H, t, 
J=7,0 Hz, -CH2COO-), 3,21 (1H, d, J=10.5 Hz, 
H-28a), 3,55 (1H, d, J=10.5 Hz, H-28b), 4,49  
(1H, dd, J=10,5; 5,5 Hz, H-3), 5,19 (1H, t, 
J=3,5 Hz, H-12). 13C-NMR (CDCl3, 125 MHz)  
δ (ppm): 14,1 (CH3-28’); 15,5 (C-24); 16,7 (C-25); 
16,7 (C-26); 18,2 (C-6); 22,0 (C-16); 22,7 (C-27’); 
23,5 (C-11); 23,6 (C-30); 25,1 (C-3’); 25,5 (C-15); 
25,9 (C-27); 28,0 (C-23); 28,0-29.7 (CH2)n; 30,9 
(C-22); 31,0 (C-26’); 31,9 (C-20); 32,5 (C-7); 33,1 
(C-29); 34,1 (C-21); 34,8 (C-2’) ; 36,8 (C-17); 
36,9 (C-10); 37,3 (C-4); 38,2 (C-1); 39,8 (C-8); 
41,7 (C-14); 42,3 (C-18); 46,4 (C-19); 47,5 (C-9); 
55,2 (C-5); 69,7 (C-28); 80,5 (C-3); 122,3 (C-12); 
144,2 (C-13); 173,6 (C-1’).

Spinasterol (5)
The compound was obtained as colourless needles; 
mp 193 – 195oC; [α]D 25 – 2.2 (c 0.18, CHCl3) 
[lit: mp 167 – 168oC, [α]D 25 – 3 (c 1.5, CHCl3)]; 
1H-NMR (500 MHz, CDCl3) δ(ppm): 0,55 (3H, 
s, CH3-18), 0,79 (3H, s, CH3-19), 0,81 (3H, t, 
J= 7,0 Hz, CH3-29), 0,83 (3H, d, J= 6,0 Hz,  
CH3-27), 0,85 (3H, d, J= 6,0 Hz, CH3-26), 1,03 
(3H, d, J= 6,0 Hz, CH3-21), 1.09 (1H, m, H-1a), 
1.18 (3H, m, H-28a), 1.23 (1H, m, H-12a), 1,26 
(3H, m, H-4a, H-16a, H-17), 1.39 (3H, H-2a, H-5, 
H-15a), 1.42 (1H, m, H-28b), 1.48 (1H, m, 11a), 
1.52 (1H, m, H-15b), 1.55 (2H, m, H-24, H-25), 
1.58 (1H, m, H-11b), 1.65 (1H, m, H-9), 1.72 (1H, 
m, H-4), 1.75 (2H, m, H-6b, H-16b), 1.78 (1H, m, 
H-2b), 1.82 (2H, m, H-1b, H-14), 2.03 (2H, m, 
H-12b, H-20), 3,59 (1H, m, H-3), 5,03 (1H, dd, J= 
9,0; 15,5 Hz; H-23), 5,16 (1H, br s, H-7), 5,16 (1H, 
dd, J= 9,0; 15,5 Hz; H-22); 13C-NMR (125 MHz, 
CDCl3) δ(ppm): 12,0 (C-18), 12,2 (C-29), 13,0  
(C-19), 19,0 (C-27), 21,1 (C-26), 21,4 (C-21), 21,6 
(C-11), 23,0 (C-15), 25,4 (C-28), 28,5 (C-16), 29,6 
(C-6), 31,5 (C-2), 31,9 (C-25), 34,2 (C-10), 37,2 
(C-1), 38,0 (C-4), 39,5 (C-12), 40,3 (C-5), 40,8 
(C-20), 43,3 (C-13), 49,5 (C-9), 51,2 (C-24), 55,1 
(C-14), 55,9 (C-17), 70,1 (C-3), 117,5 (C-7), 129,5 
(C-23), 138,1 (C-22), 139,6 (C-8).

Cytotoxic Activity Assay
The cancer cell lines (KB, LU-1, HepG2 and 
MCF-7) were obtained from ATCC (Manassas, 
VA) and were maintained in Dulbecco’s D-MEM 
medium, supplemented with 10% fetal calf serum, 
L-glutamine (2 mM), penicillin G (100 UI/ml), 
streptomycin (100 μg/ml) and gentamicin (10 μg/
ml). Stock solutions of compounds (1 – 5) were 
prepared in DMSO/H2O (1/9), and the cytotoxicity 
assays were carried out in 96-well microtiter 
plates against different cancer cells (3 × 103 cells/
ml) using a modification of the published method 
[4]. After 72 h incubation at 37°C in air/CO2 (95:5) 
with or without test compounds, cell growth was 
estimated by colorimetric measurement of stained 
living cells by neutral red. Optical density was 
determined at 540 nm with a Titertek Multiscan 
photometer. The IC50 value was defined as the 
concentration of sample necessary to inhibit the 
cell growth to 50% of the control. Ellipticine was 
used as a reference compound.

RESULTS AND DISCUSSION
Compound 1 was isolated as white amorphous 
solid mp 240 – 241oC; [α]D 25 + 10 (c 0.1, CHCl3) 
(lit: mp 241 – 243oC, [α]D 25 + 14.8 (c 0.16, CHCl3) 
[5]. The 1H NMR and 13C NMR spectral data of 1 
revealed the resonance of a triterpenoid compound 
including eight methyl groups and a vinylic proton. 
The 1H NMR spectrum of 1 showed eight three 
proton singlets at δH 0.80 (3H, s, CH3), 0.82 (3H, 
s, CH3), 0.91 (6H, s, 2x CH3), 0.93 (3H, s, CH3), 
0.95 (3H, s, CH3), 0.98 (3H, s, CH3), 1.09 (3H, 
s, CH3). The resonance of vinylic proton (H-15) 
was shown as a doublet of doublet at δH 5.53 (1H, 
dd, J=8.0, 3.0 Hz, H-15). A doublet of doublet 
at δH 3.19 was assigned for oxymethine proton  
(H-3) with a coupling constants of 11.0 and 4.0 Hz. 
The large coupling of this proton with the vicinal 
methylene protons suggested a β orientation of 
hydroxyl group at C-3. The 13C-NMR and DEPT 
spectra of 1 exhibited the signal of 30 carbons, 
including 8 methyl groups, ten methylenes, 1 sp2 
methine, 1 hydroxymethin, 3 sp3 methine and 
seven quaternary carbons. Complete analysis of 
NMR-spectra and comparison of the NMR data 
indicated this compound was β-taraxerol [5–7].
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Compound 2 was isolated as white solid mp 
240 – 241 oC; [α]D 25 + 10 (c 0.1, CHCl3) (lit: mp 
241 – 243 oC, [α]D 25 + 14.8 (c 0.16, CHCl3) [8]. 
The 1D-NMR spectra (1H and 13C) of compound 2 
were very close to those of 1, except the resonance 
at δH 3.19 signal for the oxymethine proton at 
C-3 in the spectrum of 1, was absent in 2.  This 
suggested that the hydroxyl group at C-3 in 
compound 1 was replaced by a carbonyl function. 
The 13C-NMR and DEPT spectra of 1 exhibited 
the signal of 30 carbons, including 1 carbonyl at 
δH 217.5 (C-3), 8 methyl groups, ten methylenes, 
1 sp2 methine, 3 sp3 methine, and seven quaternary 
carbons. Complete analysis of NMR-spectra 
and comparison of the NMR data indicated this 
compound was Taraxerone [6, 8].

Compound 3 was obtained as white solid, 
mp 240 – 241 oC; [α]D 25 + 10 (c 0.1, CHCl3) (lit: 
mp 241 – 243 oC, [α]D 25 + 14.8 (c 0.16, CHCl3) 
[5]. Its ESI-MS showed the protonated molecular 
ion [M + H]+ at m/z 469. The 1D-NMR spectra 
(1H and 13C) of compound 2 were very closed to 
those of 1, except the additional signal of an acetyl 
group at δH 2.04 (3H, s, OAc); δC 21.3 (OAc). 
NMR-data comparison with those reported in the 
literature permitted establishing the structure of 3 
as β-taraxeryl acetate [9].

Compound 4 was isolated as white solid, 
mp 285 – 286 oC; [α]D 25 + 85 (c 0.1, CHCl3). Its 
ESI-MS showed the protonated molecular ion 
[M+H]+ at m/z 849. The 13C-NMR spectrum of 4 
exhibited resonance signals at δC 122.3 and 144.2, 
characteristic of the 12-oleanen triterpene type, in 
agreement with literature. The 1H NMR spectrum 
of 4 exhibited two doublet of AB system at δH 3.21 
(1H, d, J=10.5 Hz, H-28a), 3.55 (1H, d, J=10.5 
Hz, H-28b) ascribed to one hydroxymethylene 
group in structure. A doublet of doublet at δH 4.49, 
was assigned for oxymethine proton (H-3) with 
a coupling constants of 10.5 and 5.5 Hz which 
implied that H-3 was in the axial α position. The 
presence of one olefinic proton was confirmed by 
the triplet at δH 5.19 (1H, t, J=3.5 Hz) assigned to 
H-12. 13C-NMR and DEPT spectra of 1 displayed 
seven methyl groups in the triterpene pattern, 
one oxymethine group at δC 80.5 (C-3), and one 
hydroxymethylene groups at δC 69.7 (C-28). The 

1D- NMR (1H and 13C) spectra also indicated  the 
presence of the long chain ester with the resonance 
peaks at δC 173.6 (C-1’), 14.1 (CH3-28’), 28.0–29.7 
(CH2)n; δH 2.89 (2H, t, J=7.0 Hz, -CH2COO-), 1.25 
(CH2)n. Complete analysis of NMR, MS spectra 
and comparison of the NMR data indicated this 
compound was 3β-Octacosanoyloxy-12-oleanen-
28-ol [10].

Compound 5 was obtained as colourless  
needles mp 193 –195 °C; [α]D 25 – 2.2 (c 0.18, 
CHCl3) (lit: mp 167 – 168 oC, [α]D 25 – 3 (c 1.5, 
CHCl3) [11]. The 1H-NMR spectrum of 5 indicated 
resonances for three olefinic protons at δH 5.03  
(1H, dd, J= 9.0, 15.5 Hz, H-23), 5.16 (1H, br s,  
H-7), 5.16 (1H, dd, J= 9.0, 15.5 Hz, H-22); a 
carbinyl proton at δH 3.59 (1H, m, H-3); and six 
methyl protons at δH 00,55 (3H, s, CH3-18), 0.79 
(3H, s, CH3-19), 0.81 (3H, t, J= 7.0 Hz, CH3-29), 
0.83 (3H, d, J= 6.0 Hz, CH3-27), 0.85 (3H, d,  
J= 6.0 Hz, CH3-26), 1.03 (3H, d, J= 6.0 Hz,  
CH3-21). The 13C-NMR spectral data of 5 
indicated resonances for twenty-nine carbons with 
the following functionalities: six methyl carbons, 
four olefinic carbons, a carbinyl carbon, seven 
methine carbons, nine methylene carbons, and 
two quaternary carbons. These are characteristic 
resonances of a sterol with an alcohol and 
two olefinic bonds. The HMBC correlation of 
CH3-19 (δH 0.79) and H-7 (δH 5.16) with C-5  
(δC 40.3) confirmed the presence of 7,8-double 
bond. The another double bond could be assigned 
to C-22 and C-23 in view of the HMBC correlation 
derived from H-22 (δH 5.16) and H-21 (δH 1.03) 
with C-17 (δC 55.9). Complete analysis of 1D and 
2 D-NMR spectrum and comparison of the NMR 
data indicated this compound was spinasterol  
[11–13]. Spinasterol is a phytosterol found in a 
variety of plant sources. Recently, the anti-tumor 
activity of spinasterol was demonstrated in vivo in 
studies that showed that it greatly decreased the 
incidence of skin tumors without co-carcinogen or 
co-tumor promoter activities. Several published 
studies have shown that spinasterol also has anti-
inflammatory effects [14, 15].

Compound 1-5 were evaluated for their 
cytotoxicity against four cancer cell lines, KB 
(mouth epidermal carcinoma cells), MCF7 (human 
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breast cancer cells), LU1 (human lung cancer 
cells) and HepG2 (human hepatocellular liver 
carcinoma cell line). However, all compounds (1-5)  
were non-cytotoxic (IC50 >100 μM). Ellipticine 
was used as positive control (IC50 0.39–0.52 µM).

CONCLUSION
In conclusion, 4 oleanane triterpenes, taraxerol 
(1), taraxerone (2), taraxeryl acetate (3), 3β- 
octacosanoyloxy-12-oleanen-28-ol (4) and 1 sterol,  
spinasterol (5) were isolated from the EtOAc 
extract of the leaves of Eberhardtia aurata. 
Compounds 1, 2 and 4 were previously isolated 
from the stem bark of this plant. In vitro cytotoxic 
activity evaluation indicated that all the isolated 
compound were not cytotoxic (IC50 >100 μM) 
against four tested cancer cell lines.
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