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Eight new cycloartane-type triterpenoids, cycloartan-24-ene-1R,2R,3R-triol (1), 3�-acetoxycycloartan-24-ene-1R,
2R-diol (2), 1R-acetoxycycloartan-24-ene-2R,3�-diol (3), 3�-isovaleroyloxycycloartan-24-ene-1R,2R-diol (4), cycloartan-
24-ene-1R,3�-diol (5), cycloartan-23E-ene-1R,2R,3�,25-tetrol (6), and an epimeric mixture of 24R,25-epoxycycloartane-
1R,2R,3�-triol (7) and 24S,25-epoxycycloartane-1R,2R,3�-triol (8), together with one known compound, cycloartan-
24-ene-1R,2R,3�-triol (9), were isolated from the resinous exudates of Commiphora opobalsamum. Their structures
were established on the basis of mass spectrometry and multidimensional NMR spectroscopy. The cytotoxicity of
compounds 1–9 was evaluated against the PC3 and DU145 human prostate tumor cell lines. All of the compounds
except 1 and 5 exhibited moderate cytotoxicity against PC3 or DU145 cells with IC50 values ranging from 10.1 to 37.2
µM.

The Commiphora genus in the family Burseraceae comprises
over 150 species, which are mainly distributed throughout Eastern
Africa, Arabia, and India.1 The resinous exudates of these plant
species have been used for a long time in the traditional medicines
of India, China, Rome, Greece, and Babylon. The species of
Commiphora myrrha,2,3 C. kua,4,5 C. mukul,6–8 C. merkeri,9 C.
wightii,10,11 C. molmol,12–14 C. pyracanthoides,15–17 C. erlange-
riana,18 C. dalzielii,19 C. confusa,20 and C. sphaerocarpa,21,22 have
been phytochemically investigated previously, and a series of
metabolites including terpenoids, steroids, flavonoids, lignans,
carbohydrates, and long chain aliphatic alcohol derivatives have
been reported.23,24 Secondary metabolites and crude extracts of the
Commiphora species exhibited diverse biological activities, such
as cytotoxic,25–27 anesthetic,28 anti-inflammatory,29–31 and antimi-
crobial effects,32,33 and were also used in dentistry for endodontic
therapy and temporary fillings.34

In our continuous search for cytotoxic constituents against human
prostate cancer from traditional Chinese medicine,27,35 a cycloar-
tane-type triterpenoid and an aliphatic alcohol glycoside with
inhibitory effect on the expression of the androgen receptor (AR)
in LNCaP cells were obtained from C. opobalsamum.27 Here, we
have reinvestigated the resinous exudates of C. opobalsamum,
resulting in the discovery of eight new cycloartane-type triterpenoids
(1–8), together with one known compound. In addition, all isolates
were tested for their cytotoxic activities against the PC3 and DU145
human prostate tumor cell lines.

Results and Discussion

The resinous exudates of C. opobalsamum were extracted with
petroleum ether (PE) and then subjected to Si gel column chro-
matography (CC) eluted with a gradient of PE-EtOAc with
increasing amounts of EtOAc to provide nine fractions (A-I).
Fraction F exhibited cytotoxicity against the PC3 human prostate
tumor cell line with an IC50 value of 22.5 µg/mL. Further
purification of fraction F by Si gel CC and preparative TLC resulted
in the isolation of eight new cycloartane-type triterpenoids (1–8),
together with one known compound (9).

Compound 1 was obtained as white needles. The positive ESIMS
showed a pseudomolecular ion peak at m/z 481.6 [M + Na]+, and

its molecular formula was established as C30H50O3 from the [M]+

peak at m/z 458.3747 (calcd 458.3760) in the HREIMS, indicating
six degrees of unsaturation. The 1H NMR spectrum (Table 2)
exhibited a pair of proton resonances at δH 0.51 (d, J ) 4.5 Hz)
and 0.71 (d, J ) 4.5 Hz) characteristic for a cyclopropane
methylene, six tertiary methyls at δH 0.89, 0.96, 0.98, 1.04, 1.63,
and 1.70, and one secondary methyl at δH 0.90 (3H, d, J ) 6.5
Hz). Additionally, resonances for one olefinic proton at δH 5.11
(br t, J ) 7.1 Hz) and three oxymethine protons at δH 3.52 (br s),
3.54 (br s), and 3.85 (br s) were observed. The 13C NMR spectrum
(Table 1) displayed signals for 30 carbons, including one methylene
carbon at δC 29.1 ascribable to a cyclopropane ring, three
oxymethine carbons at δC 67.9, 77.9, and 81.9, and two olefinic
carbons at δC 125.2 and 130.9. The above 1H and 13C NMR data
analysis suggested that 1 was a cycloartane-type triterpenoid bearing
a double bond and three hydroxy groups.36,37 The 1H-1H COSY,
HMQC, and HMBC experiments (Figure 1) revealed that 1 shared
the same planar structure with cycloartan-24-ene-1R,2R,3�-triol
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(9).27,38 The relative configuration of 1 was determined by analysis
of its NOESY correlations (Figure 2a). Specifically, correlations
of H-19a to H-1 and H3-30; H-2 to H-3 and H3-30; and H3-29 to
H-3 and H-5 unambiguously indicated that the hydroxy groups at
C-1, C-2, and C-3 were all R-oriented. Therefore, the structure
of compound 1 was assigned as cycloartan-24-ene-1R,2R,3R-triol,
a C-3 epimer of compound 9.

Compound 2 was isolated as a white, amorphous powder. Its
molecular formula was determined to be C32H52O4 based on the
[M]+ peak at m/z 500.3889 (calcd 500.3866) in the HREIMS. The
IR spectrum of 2 showed an OH stretch at 3435 cm-1 and CdO
absorption at 1720 cm-1. The 1H and 13C NMR data of compound
2 were closely related to those of 9,27 except for additional signals
arising from an acetoxy group, suggesting 2 to be a monoacetate
of 9 (Tables 1 and 2). The proton signal at δH 2.14 (3H, s) and the
carbon signals at δC 21.2 and 172.8 were assignable to the O-acetyl
group. The H-3 resonance (δH 4.92) in compound 2 was downfield
shifted (∆δ ca. 1.4) compared to that in 9, indicating that the acetoxy
group was at C-3 in 2.39 The location of the acetoxy group at C-3
was also verified by the HMBC correlations of H-3 to the acetyl
carbonyl (δC 172.8), C-2, C-4, C-29, and C-30. Detailed assign-
ments of the 1H and 13C NMR data were done on the basis of
1H-1H COSY, HMQC, and HMBC experiments and by comparison
with those of 9. The relative configuration of 2 was determined to
be the same as that of 9 by the NOESY spectrum (Figure 2b). Thus,
compound 2 was determined as 3�-acetoxycycloartan-24-ene-
1R,2R-diol.

Compound 3 was isolated as colorless plates. The positive ESIMS
exhibited a pseudomolecular ion at m/z 523.7 [M + Na]+. Its
molecular formula C32H52O4 was deduced from the [M]+ peak at

m/z 500.3885 in the HREIMS (calcd 500.3866), which was identical
to that of 2. The similarity of the 1H and 13C NMR spectroscopic
data (Tables 1 and 2) of these two compounds suggested that 3
was an isomer of 2. The only difference of these two compounds
was that the acetoxy group in 3 was positioned at C-1 instead of
C-3 as in 2, which was confirmed by the long-range correlations
of H-1 (δH 4.90) to the acetyl carbonyl (δC 170.2), C-2, C-3, C-5,
and C-10 in the HMBC spectrum. On the basis of its 2D NMR
data and comparison with that of 2, compound 3 was identified to
be 1R-acetoxycycloartan-24-ene-2R,3�-diol.

Compound 4 was obtained as white needles. Its molecular
formula was established as C35H58O4 by the HREIMS ([M]+ at m/z
542.4341, calcd 542.4335). The 1H and 13C NMR data of 4 were
similar to those of compound 2, except for the absence of the C-3
acetoxy group, which was replaced by an isovaleroyloxy moiety
as judged by the carbon signals at δC 175.0 (C-1′), 43.8 (C-2′),
29.7 (C-3′), 22.4 (C-4′), and 22.5 (C-5′), as well as the proton
signals at δH 2.30 (2H, br d, J ) 7.1 Hz, H2-2′), 2.17 (m, H-3′),
1.03 (3H, d, J ) 6.6 Hz, H3-4′), and 1.03 (3H, d, J ) 6.6 Hz,
H3-5′).40 The HMBC correlations of H2-2′/C-1′, C-3′, C-4′, and
C-5′; H-3′/C-1′ C-2′, and C-4′; and H3-4′/C-2′ and C-3′ confirmed
the presence of the isovaleroyloxy group. In addition, the key
HMBC correlation between H-3 (δH 4.94, d, J ) 10.1 Hz) and
C-1′ indicated that the isovaleroyloxy was attached to C-3. The
relative configuration of 4 was determined to be the same as that
of 2. Accordingly, compound 4 was characterized as 3�-isovale-
royloxycycloartan-24-ene-1R,2R-diol.

Compound 5 was isolated as white plates, which showed a
molecular ion peak at m/z 442.8 in the positive ESIMS. The
HREIMS afforded a molecular ion peak at m/z 442.3830 corre-

Table 1. 13C NMR Spectroscopic Data of Compounds 1–9 (150 MHz in CDCl3)

no. 1 2 3a 4 5 6b 7 and 8 9

1 77.9 75.8 77.8 75.8 73.7 76.0 75.3 75.3
2 67.9 71.6 71.9 71.6 36.6 73.1 72.5 72.5
3 81.9 80.5 77.8 80.2 73.8 77.7 77.2 78.1
4 39.7 40.0 40.8 40.0 40.5 40.8 40.1 40.1
5 33.4 38.9 41.5 38.9 39.5 39.8 39.0 39.3
6 20.5 20.6 21.4 20.6 20.8 21.1 20.6 20.6
7 25.4 25.5 25.9 25.4 25.8 25.9 25.5 25.6
8 47.6 47.9 47.5 47.9 48.0 48.0 47.9 47.9
9 20.4 20.4 21.2 20.3 20.8 20.0 19.9 20.3
10 29.6 29.4 30.3 28.7 30.3 30.0 28.7 29.0
11 26.0 26.1 27.3 26.0 26.1 26.1 25.7 26.1
12 32.7 32.7 33.7 32.6 32.8 32.9 32.6 32.7
13 45.1 45.2 45.9 45.1 45.1 45.4 45.0 45.1
14 48.8 48.8 49.8 48.7 48.7 49.1 48.6 48.8
15 35.6 35.7 36.2 35.7 35.7 35.8 35.5 35.7
16 28.1 28.1 28.7 28.1 28.1 28.2 27.9 28.1
17 52.2 52.3 53.0 52.2 52.3 52.3 52.1/52.0 52.2
18 18.0 18.1 18.3 18.1 18.2 18.3 18.0 18.1
19 29.1 29.7 28.5 29.4 30.0 29.3 29.3 29.4
20 35.9 35.9 36.7 35.8 35.9 36.7 35.8/35.6 35.9
21 18.2 18.2 18.6 18.2 18.2 18.5 18.0/18.1 18.2
22 36.3 36.3 37.1 36.3 36.3 39.7 32.6/32.4 36.3
23 24.9 24.9 25.5 24.9 24.9 128.5 25.5/25.4 24.9
24 125.2 125.2 126.0 125.2 125.2 137.1 64.8/68.6 125.2
25 130.9 130.9 131.3 130.9 131.0 81.1 58.0/58.3 131.0
26 17.6 17.7 17.7 17.6 17.6 25.1 18.4/18.5 17.7
27 25.7 25.7 25.9 25.7 25.7 25.3 24.7 25.7
28 19.3 19.4 19.4 19.4 19.4 19.4 19.2 19.4
29 26.0 25.6 26.3 25.5 25.1 26.5 25.5 25.6
30 20.3 15.3 14.9 15.4 13.0 15.1 14.2 14.2
AcO 172.8 170.2

21.2 21.3
1′ 175.0
2′ 43.8
3′ 29.7
4′ 22.4
5′ 22.5

a Recorded in acetone-d6. b Recorded in pyridine-d5. Assignments were based on 1H-1H COSY, HMQC, and HMBC experiments and comparison
with literature data.
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sponding to a molecular formula of C30H50O2 (calcd 442.3811),
which was an oxygen atom less than that of 1 and 9. The 1H NMR
spectrum of 5 was similar to that of 9, except for the presence of
a pair of methylene protons at δH 1.76 (m) and 1.92 (dd, J ) 3.2,
4.5 Hz) instead of the oxymethine proton at δH 3.65 (br d, J ) 7.9
Hz) in 9,27 suggesting that 5 possessed a cycloartane skeleton with
two hydroxy groups. The positions of the two hydroxy groups at
C-1 and C-3 were confirmed by 1H-1H COSY correlations of the
protons at δH 1.76 (H-2a) to 3.60 (H-1) and 3.76 (H-3) and HMBC
correlations from the proton at δH 3.76 (H-3) to the carbons at δC

36.6 (C-2), 40.5 (C-4), 25.1 (C-29), and 13.0 (C-30). The relative
configuration of 5 was established by the NOESY experiment. On
the basis of the comparison of its NMR spectroscopic data with
those of 1 and 1R-acetoxy-9,19-cyclolanost-24-en-3�-ol,4 the
structure of compound 5 was deduced as cycloartan-24-ene-1R,3�-
diol.

Compound 6 was obtained as a white, amorphous powder. The
positive ESIMS exhibited a pseudomolecular ion at m/z 497.8 [M
+ Na]+, consistent with the molecular formula C30H50O4 as deduced
by the HREIMS ([M - H2O]+ at m/z 456.3590; calcd for C30H48O3,
456.3603). The 13C NMR data (Table 1) of 6 resembled those of 9
except for the changes at δC 39.7 (C-22), 128.5 (C-23), 137.1 (C-
24), 81.1 (C-25), and 25.1 (C-26) due to the replacement of ∆24,25

with ∆23,24 olefinic system and the presence of a hydroxy group at
C-25. Correspondingly, two olefinic proton signals at δH 5.84 (m,
H-23) and 5.97 (d, J ) 15.9 Hz, H-24) were observed in the 1H
NMR spectrum (Table 2). The 1H-1H COSY coupling between
proton signals at δH 1.49 (H-20) and 0.88 (H-21); 1.80 (H-22) and
5.84 (H-23); and 5.84 (H-23) and 5.97 (H-24), together with the
HMBC correlations from proton signals at δH 5.97 (H-24) to the
carbon resonances at δC 128.5 (C-23), 81.1 (C-25), 25.1 (C-26),
and 25.3 (C-27) and δH 0.88 (H-21) to δC 52.3 (C-17), 36.7 (C-
20), and 39.7 (C-22) (Figure 3a), confirmed the positions of the
hydroxy group at C-25 and olefinic bond at C-23. A large vicinal

coupling constant value (J ) 15.9 Hz) between H-23 and H-24
supported the E-type olefinic bond.41–43 The relative configuration
of 6 was established by the NOESY experiment, and the hydroxy
groups at C-1, C-2, and C-3 were determined to be R-, R-, and
�-oriented, respectively. Therefore, compound 6 was elucidated to
be cycloartan-23E-ene-1R,2R,3�,25-tetrol.

Compounds 7 and 8 were obtained as an inseparable mixture of
epimers in a ratio of 1:1. The molecular formula of 7 and 8 was
determined to be C30H50O4 by the HREIMS ([M]+ at m/z 474.3724,
calcd 474.3709), which was one oxygen atom more than 9. The
13C NMR spectrum showed a duplication of several signals that
resonated at δC 64.8/64.6 (C-24), 58.3/58.0 (C-25), 52.1/52.0 (C-
17), 35.8/35.6 (C-20), 32.6/32.4 (C-22), 25.5/25.4 (C-23), 18.5/
18.4 (C-26), and 18.1/18.0 (C-21), suggesting the presence of two
epimeric compounds. The proton signals in the 1H NMR spectrum
for the two epimers were similar to those of 9.27 The only difference
was the observation of a triplet at δH 2.68 (t, J ) 5.5 Hz) instead
of the olefinic proton signal for H-24 in 9 at δH 5.11 (t, J ) 7.0
Hz). Correspondingly, the C-24 and C-25 resonances were upfield
shifted from δC 125.2 and 131.0 to δC 64.8/64.6 and 58.3/58.0,
respectively. By comparison of the NMR data with those of 9 and
24, 25-epoxycycloartanols,44 the planar structures of the epimers
7 and 8 were established as 24,25-epoxycycloartane-1,2,3-triol,
which was verified by the 1H-1H COSY, HMQC, and HMBC
spectra (Figure 3b). Similar to compounds 6 and 9, the orientations
of the hydroxy groups in the epimers were determined as 1R, 2R,
and 3�, respectively. The signal duplications for C-17 and carbons
of the side chains in the 13C NMR spectrum of 7 and 8 were in
agreement with differences of the 13C NMR data reported for
24R,25- and 24S,25-epoxycycloartanols,44 indicating that 7 and 8
were also C-24 epimers. Therefore, the structures of 7 and 8 were
identified to be 24R,25-epoxycycloartane-1R,2R,3�-triol and 24S,25-
epoxycycloartane-1R,2R,3�-triol, respectively.

The isolated compounds 1–9 were evaluated for their cytotoxicity
against the PC3 and DU145 human prostate tumor cell lines using
the MTT assay (Table 3). Compounds 2–4, 6, 9, and the mixture
of 7 and 8 exhibited moderate cytotoxic activity against PC3 cells
with IC50 values ranging from 10.1 to 28.4 µM, respectively.
However, the test isolates were less active against DU145 cells,
with IC50 values ranging from 11.1 to 37.2 µM. Compounds 1 and
5 were inactive against both PC3 and DU145 cancer cell lines (IC50

>50 µM).

Figure 1. Key 1H-1H COSY (-) and HMBC (HfC) correlations
of compound 1.

Figure 2. Key NOESY (T) correlations of compounds 1 (a) and
2 (b).

Figure 3. Key 1H-1H COSY (-) and HMBC (HfC) correlations
for the side chain of compounds 6 (a) and 7 and 8 (b).

Table 3. Cytotoxicity of Compounds 1–9 against Human Prostate
Cancer Cell Lines

IC50 values (µM)a

compound PC3 DU145

1 >50 >50
2 15.4 ( 3.53 20.7 ( 1.70
3 13.4 ( 0.78 >50
4 28.4 ( 2.40 >50
5 >50 >50
6 10.3 ( 0.33 34.7 ( 1.48
7 and 8 13.8 ( 1.61 11.1 ( 1.06
9 10.1 ( 1.50 37.2 ( 2.50

a The results are means ( standard deviation of three independent
replicates.
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Experimental Section

General Experimental Procedures. Optical rotations were mea-
sured on a Perkin-Elmer 241 MC polarimeter. Melting points were
determined on an X-6 melting-point apparatus (Beijing TECH Instru-
ment Co. Ltd.) and were uncorrected. 1H and 13C NMR spectra were
recorded on a Bruker Avance 600 spectrometer at 600 (1H) and 150
(13C) MHz, respectively. HREIMS and ESIMS spectra were measured
on a Waters GCT system and an API 4000 mass spectrometer,
respectively. Si gel (200–300 mesh) was used for column chromatog-
raphy (CC). TLC was carried out with glass precoated Si gel GF254

plates (Qingdao Haiyang Chemical Co. Ltd.). Spots were detected using
UV light or by spraying with 10% H2SO4-EtOH followed by heating.

Plant Material. The resin of C. opobalsamum was purchased in
September 2002 from Affiliated Hospital of Shandong Traditional
Chinese Medical University, Jinan, P. R. China. It was imported from
India and identified by Prof. Qi-Shi Sun, School of Traditional Chinese
Materia Medica, Shenyang Pharmaceutical University, P. R. China. A
voucher specimen (No. 20020910CO) has been deposited at the
Laboratory of Natural Products Chemistry, School of Pharmaceutical
Sciences, Shandong University, P. R. China.

Extraction and Isolation. The resinous exudates of C. opobalsa-
mum (3.5 kg) were ground into powder and extracted with petroleum
ether (PE) in a Soxhlet apparatus for 36 h. The crude extract (290 g)
was chromatographed over a Si gel column (10 cm i.d. × 45 cm) and
eluted with a PE-EtOAc gradient (100% PE, 100:1, 100:5, 100:7, 100:
9,
100:17, 5:1, 10:3, 1:1, 100% EtOAc, each 30 L) as eluent to provide
nine fractions (A-I). Fraction F (50 g) was subjected to a Si gel column
(7 cm i.d. × 20 cm) and eluted with a PE-EtOAc gradient (97:3, 92:
8, 85:15, 7:3, 1:1, 1:100, each 12 L) to afford compound 9 (220 mg)
and four subfractions (F1-F4). Compound 4 (9 mg) was obtained from
fraction F1 (2.5 g) by a Si gel column (2.0 cm i.d. × 12 cm) eluted
with PE-EtOAc-Et2O (16:1:3) and further purified by preparative TLC
with PE-CHCl3-Et2O (2:2:1). Fraction F2 (23 g) was subjected to a
Si gel column (3.5 cm i.d. × 20 cm) eluted with a gradient of
PE-Me2CO to give 3 (80 mg) and another four subfractions (F21-F24).
Compound 5 (64 mg) was isolated from fraction F22 (5.8 g) by a Si
gel column (2.5 cm i.d. × 18 cm) eluted with PE-Me2CO (88:12)
and purified by recrystallization in PE-Me2CO (1:1). Fraction F24 (4.3
g) was subjected to a Si gel column (2.0 cm i.d. × 25 cm) eluted with
PE-Me2CO (9:1) to afford compounds 1 (13 mg) and 2. Compound 2
(10 mg) was further purified by a Si gel column (1.5 cm i.d. × 12 cm)
eluted with PE-CHCl3-CH3OH (30:70:0.5) and preparative TLC with
PE-Et2O-Me2CO (10:10:1). A mixture of 7 and 8 (9 mg) was obtained
from fraction F3 (3.7 g) by a Si gel column (2.0 cm i.d. × 18 cm) and
eluted with PE-Me2CO (87:13) and then purified by preparative TLC
with PE-EtOAc-Me2CO (3:1:1) and a Si gel column (1.0 cm i.d. ×
12 cm) eluted with CHCl3-CH3OH (100:2). Fraction F4 (8.9 g) was
chromatographed over a Si gel column (3.5 cm i.d. × 20 cm) and eluted
with PE-Me2CO (8:2) to give 6 (45 mg), which was purified by
preparative TLC with PE-Me2CO (3:2).

Cycloartan-24-ene-1r,2r,3r-triol (1): white needles (PE-Me2CO);
mp 161–163 °C; [R]23

D +62.0 (c 0.120, CHCl3); IR (KBr) νmax 3405,
2941, 2872, 1448, 1380, 1067 cm-1; 1H and 13C NMR, see Tables 1
and 2; HREIMS m/z 458.3747 [M]+ (calcd for C30H50O3, 458.3760);
positive ESIMS m/z 481.6 [M + Na]+ (100), 441.7 [M + H - H2O]+

(30), 423.7 [M + H - 2H2O]+ (30), 405.8 [M + H - 3H2O]+ (10).
3�-Acetoxycycloartan-24-ene-1r,2r-diol (2): white, amorphous

powder; [R]23
D +30.0 (c 0.115, CHCl3); IR (KBr) νmax 3435, 2940,

2872, 1720, 1467, 1373, 1261, 1084, 1043, 803 cm-1; 1H and 13C NMR,
see Tables 1 and 2; HREIMS m/z 500.3889 [M]+ (calcd for C32H52O4,
500.3866); positive ESIMS m/z 523.7 [M + Na]+ (100), 518.7 [M +
H2O]+ (50), 483.7 [M + H - H2O]+ (10), 465.6 [M + H - 2H2O]+

(25), 315.2 (25), 239.4 (50).
1r-Acetoxycycloartan-24-ene-2r,3�-diol (3): colorless plates (ac-

etone); mp 97–99 °C; [R]23
D +35.0 (c 0.115, CHCl3); IR (KBr) νmax

3417, 2943, 2871, 1726, 1374, 1246, 1069 cm-1; 1H and 13C NMR,
see Tables 1 and 2; HREIMS m/z 500.3885 [M]+ (calcd for C32H52O4,
500.3866); positive ESIMS m/z 523.7 [M + Na]+ (20), 518.7 [M +
H2O]+ (96), 458.7 (5), 441.7 (100), 423.6 (95), 405.8 (50).

3�-Isovaleroyloxycycloartan-24-ene-1r,2r-diol (4): white needles
(PE-Me2CO); mp 68–70 °C; [R]23

D +33.0 (c 0.120, CHCl3); IR (KBr)
νmax 3443, 2959, 2871, 1716, 1468, 1370, 1295, 1260, 1193, 1099 cm-1;
1H and 13C NMR, see Tables 1 and 2; HREIMS m/z 542.4341 [M]+

(calcd for C35H58O4, 542.4335); positive ESIMS m/z 565.8 [M + Na]+

(100), 525.7 [M + H - H2O]+ (30), 507.6 [M + H - 2H2O]+ (65).
Cycloartan-24-ene-1r,3�-diol (5): white plates (PE-Me2CO); mp

140–141 °C; [R]23
D +58.0 (c 0.145, CHCl3); IR (KBr) νmax 3446, 2947,

2869, 1449, 1375, 1044 cm-1; 1H and 13C NMR, see Tables 1 and 2;
HREIMS m/z 442.3830 [M]+ (calcd for C30H50O2, 442.3811); positive
ESIMS m/z 442.8 [M]+ (12), 425.7 [M + H - H2O]+ (100), 407.8 [M
+ H - 2H2O]+ (7).

Cycloartan-23E-ene-1r,2r,3�,25-tetrol (6): white, amorphous
powder; [R]23

D +48.0 (c 0.110, CH3OH); IR (KBr) νmax 3396, 2933,
2869, 1457, 1375, 1074 cm-1; 1H and 13C NMR, see Tables 1 and 2;
HREIMS m/z 456.3590 [M - H2O]+ (calcd for C30H48O3, 456.3603);
positive ESIMS m/z 497.8 [M + Na]+ (25), 492.7 [M + H2O]+ (100),
475.6 [M + H]+ (30), 457.8 [M + H - H2O]+ (50), 439.8 [M + H -
2H2O]+ (90), 421.7 [M + H - 3H2O] (31).

Epimeric mixture of 24,25-epoxycycloartane-1r,2r,3�-triol (7
and 8): white, amorphous powder; [R]23

D +49.0 (c 0.140, CHCl3); IR
(KBr) νmax 3431, 2943, 2871, 1467, 1377, 1099, 1076 cm-1; 1H and
13C NMR, see Tables 1 and 2; HREIMS m/z 474.3724 [M]+ (calcd for
C30H50O4, 474.3709); positive ESIMS m/z 497.4 [M + Na]+ (76), 457.7
[M + H - H2O]+ (75), 439.7 [M + H - 2H2O]+ (100), 421.6 [M +
H - 3H2O]+ (65).

Cytotoxicity Assay. The MTT assay was used to measure cell
inhibition of tested compounds in 96-well plates.45 The cells were
treated with the test compounds for 48 h. After addition of MTT (10
µL/well, 5 mg/mL in phosphated-buffered saline), the plates were
incubated for 2 h under 5% CO2 at 37 °C. Then, the absorbance was
determined at 570 nm.
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