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Xuan-Qin CHEN,*?¢ Yan L1, Juan HE,? Xiao CHENG," Kou WaNG,** Ming-Ming Li,*¢

Zheng-Hong PaN,*¢ Li-Yan PenG,” and Qin-Shi ZHA0™

“State Key Laboratory of Phytochemistry and Plant Resources in West China, Kunming Institute of Botany, Chinese
Academy of Sciences; Kunming 650204, Yunnan, People’s Republic of China: ® Biotechnology Research Centre of Life
Sciences and Technology School, Kunming University of Sciences and Technology; Kunming 650224, Yunnan, People's
Republic of China: and © Graduate School of the Chinese Academy of Sciences; Beijing 100049, People’s Republic of

China.

Received November 23, 2010; accepted January 14, 2011; published online January 27, 2011

Two new oleanane triterpenoids (1—2) and one new vibsane-type diterpenoid (3), together with 7 known
compounds (4—10), were isolated from the leaves of Viburnum chingii. The structures of compounds 1—3 were
elucidated by means of spectroscopic methods including extensive 1D- and 2D-NMR technique. Cytotoxicity of
compounds 1—10 were tested against HL-60, SMMC-7721, A-549, SK-BR-3, and PANC-1 cell lines. Compound
3 showed significant cytotoxicity against HL-60, SK-BR-3, and PANC-1 cell lines.
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Phytochemical studies have revealed that Viburnum
species mainly contained triterpenoids,’? iridoids,” vibsane-
type diterpenes,*> lignans,” and phenolic glycosides.”
Viburnum chingii P. S. Hsu is mainly distributed in southwest
of Yunnan province, China. A literature search revealed that
no phytochemical study has been undertaken within this
species. As a part of our work, we chemically examined the
acetone extract of V chingii leaves. Two new oleanane triter-
penoids (1—2) and one new vibsane-type diterpenoid (3)
were isolated from this plant, along with seven known com-
pounds, vibsaol B (4),Y 2a,3p-dihydroxy-20(29)-lupene
(5),” 60-hydroxy-3-on-20(29)-lupen-28-oic acid (6),'” 3,6-
dion-20(29)-lupen-28-oic acid (7),'” hederagenin acid (8),'"
castanopsone  (9),'? and 3p,60-dihydroxy-20(29)-lupene
(10)."» Compounds 1—10 were tested cytotoxicity against
HL-60, SMMC-7721, A-549, SK-BR-3, and PANC-1 cell
lines. Herein, we describe the isolation, structure elucidation
of 1—3, and cytotoxicity of 1—10.

The acetone extract of V. chingii leaves was successively
subjected to silica gel chromatography, Sephadex LH-20 as
well as RP-18 to afford three new compounds (1—3) and 7
known ones (4—10).

Compound 1, white amorphous powder, had a molecular
formula of C;H,0;5 according to its positive high resolu-
tion-electrospray ionization-mass spectra (HR-ESI-MS)
(495.3802, [M+Na] ") and >C-NMR analysis, demanding 6
degrees of unsaturation. The IR showed the presence of hy-
droxyl groups (3440cm™!) and double bond (1631 cm™}).
The C- and distortionless enhancement by polarization
transfer (DEPT) spectral data showed seven quaternary car-
bons (an olefinic one), seven methines (an olefinic one and
three oxygen bearing ones), eight methylenes, eight methyls,
and one methoxy group (Table 1). The 'H-NMR and het-
eronuclear single quantum coherence (HSQC) spectra also
confirmed the observations in the *C-NMR spectrum. The
B3C- and 'H-NMR spectroscopic data accounted for all the
hydrogens except for two ones, indicating the presence of
two free hydroxyls. Apart from one degree of unsaturation
from the double bond, the remaining five ones in 1 were as-
sumed to be the presence of five rings. Considering the char-
acteristic of ’C- and 'H-NMR data, 1 was ascribed to be de-
rivate of oleanene triterpenoids. The double bond was lo-
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Table 1. 'H- and *C-NMR Data for Compounds 1—2 in CDCl, (§ in
ppm, J in Hz)
1 2
No.
5, 5. 5, 5
| 436 (1H, brs) 73.0 415 (1H, brs) 72.8
2 1.93,2.04 (each 1H,m) 346 1.90,2.01 (each IH,m) 32.2
3 3.72(1H, dd, 6.0, 14.5) 72.9 3.78(1H,dd, 4.5,12.0) 729
4 41.9 39.0
5 L.51(1H,m) 47.6 143 (1H, m) 443
6 1.58,1.66 (each 1H,m) 18.2  1.53,1.68 (each 1H,m) 17.4
7 1.28,1.69 (each 1H,m) 33.2  1.37,1.71 (each IH,m) 31.6
8 422 425
9 1.75(1H, m) 46.1 150.2
10 43.1 45.0
11 3.75(1H, dd, 4.0, 8.2) 76.6  5.73 (1H, d, 7.0) 117.0
12 546 (1H, d, 4.0) 119.2 556 (1H, d, 7.0) 119.9
13 151.5 149.0
14 41.0 40.7
15 1.11,1.79 (each IH,m) 264 1.03,1.85(each IH,m) 25.6
16 1.02,1.85(each IH,m) 27.1 0.88,1.98 (each IH, m) 26.9
17 32.0 32.1
18 2.07 (1H, m) 469  2.14(1H, m) 45.7
19 0.98,1.64 (each IH,m) 46.7 1.07,1.63 (each IH, m) 46.7
20 31.1 31.1
21 1.33,1.59 (each 1H, m)  39.1 1.18, 1.47 (each 1H, m)  39.0
22 1.13,132(each 1H,m) 36.7 1.11,1.33 (each IH,m) 36.9
23 1.02H, s) 285 1.07GH, s) 282
24 0.80(3H,s) 150 0.82(3H,s) 15.5
25 122 (H,s) 255 122(3H,s) 25.5
26 0.88 (3H, s) 17.8  1.02 (3H, s) 20.3
27 1.00 (3H, s) 18.1 1.14(3H,s) 20.9
28 0.89 (3H, s) 23.7 091 (3H,s) 23.6
29 0.83 (3H,s) 33.1  0.88(3H,s) 33.1
30 0.90 3H, s) 247 087 (H,s) 217
OCH; 3.25 (3H,s) 56.0

cated between C-12 and C-13 because H-15, H-18, and H-19
showed the heteronuclear multiple bond connectivity
(HMBC) correlations with the olefinic quaternary carbon (9.
151.5, C-13). The HMBC correlations from H-9 and H-18 to
the olefinic methine (8. 119.2, C-12) further confirmed the
location of the double bond. The methoxy group exhibited
HMBC correlation with C-11 identified by the hydrogen spin
system of H-11/H-12 from 'H-'H correlation spectroscopy
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Fig. 1.
1
(COSY) spectrum, suggesting that methoxy group was at-
tached at C-11 doubtlessly. In turn, one hydroxyl group was
deduced to be linked to C-3 as a hydrogen on oxygen bearing
carbon at oy 3.72 (dd, J=6.0, 14.5Hz) showed the HMBC
correlations with C-2, C-4, C-5, and C-23. The other hy-
droxyl, however, was assigned to C-1 due to the hydrogen
spin system of H-3/H-2/H-1 obtained from the "H-'H COSY
spectrum as well as the HMBC correlations from H-1 (d
4.36) to C-2, C-3, C-10, and C-25 (Fig. 1). Therefore, the
planar structure of 1 was unambiguously established. The
relative configuration of 1 was determined by the analysis of
rotating frame Overhauser enhancement spectroscopy
(ROESY) spectrum and coupling constants. H-3 was as-
signed as the o-orientation inferred from the large H-3 cou-
pling constants (6.0, 14.5 Hz). H-1 appeared as a broad sin-
glet. This suggested that the H-1 was in the B-orientation,
which can be confirmed by the ROESY correlation of H-
1/Me-25. In addition, the ROESY correlations of H-9/0OMe,
H-9/Me-27, and H-11/Me-26 suggested that OCH, was in the
o-configuration. Accordingly, 1 was elucidated as 1¢,3 B-di-
hydroxy-11 a-methoxy-olean-12-ene.

Compound 2 was obtained as a white amorphous powder.
It had a molecular formula of C;,H,O, on the basis of the
positive HR-ESI-MS ([M+Na]*, m/z 463.3553). The *C-
NMR suggested the presence of 30 carbon atoms due to
eight methyl groups, eight methylenes, six methines (includ-
ing two olefinic ones and two oxygen bearing ones) as well
as eight quaternary carbons (including two olefinic ones) ac-
cording to DEPT experiments. The 'H-NMR spectrum
showed the presence of two vinyl hydrogens as an AB pair of
doublets at d;; 5.73 (d, J=7.0Hz) and 5.56 (d, J=7.0 Hz) and
two hydrogens on oxygen-bearing carbons at d;; 4.15 (brs)
and 3.78 (dd, J=4.5, 12.0 Hz). Furthermore, the 'H-NMR
also confirmed the presence of eight tertiary methyl groups.
The NMR data of 2 showed many similarities to those of 1.
The remarkable differences were the absent from one me-
thine (C-9), methoxy group, and one oxygenated methine (C-
11) in 1 and the presence of two olefinic carbons consisting
of a double bond in 2. On the basis of those observations, it
was reasonable to conclude that a molecule of MeOH was
eliminated from 1, while a pair of double bond was formed
between C-9 and C-11 instead, leading to the presence of two
vinyl hydrogen signals as an AB pair of doublets in the 'H-
NMR. 2D-NMR experiments further verified the speculation.
The orientations of H-1 and H-3 in 2 were the same as those
of 1 since they presented similar chemical shifts (C-1, C-3)
and coupling constants (H-1, H-3). 2 was established as
1 0,3 B-dihydroxy-olean-9(11),12-diene.

Compound 3, colorless oil, was assigned a molecular for-
mula of C,H;30, as deduced from the negative HR-ESI-MS
(IM+CI]~, m/z 481.2350)'*'9and "*C-NMR data. Its IR
showed the absorption typical of hydroxyl (3426 cm™') and

Selected '"H-'H COSY (

) and HMBC (—>) of Compound
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Fig. 2.

Structures of Compounds 1—10

Table 2. Cytotoxicity of Compounds 1—10

ICs (um)
Compounds
HL-60 SMMC-7721 A-549 SK-BR-3  PANC-1
1 >40 >40 >40 >40 >4()
2 18.7 19.8 18.7 345 234
3 1.1 5.8 8.4 1.0 2.0
4 5.5 >40 23.5 9.3 17.4
5 11.2 24.6 18.9 339 27.4
6 >40 >40 >40 >40 >4()
7 >40 >40 >40 >40 >40
8 >4() >40 >40 >40) >4()
9 17.9 19.6 17.5 18.9 252
10 13.9 19.9 16.7 26.9 27.5
cis-Platinum 2.0 16.8 18.8 15.1 14.0

carbonyls (1723, 1705cm™"). Its '*C-NMR and DEPT spec-
tral data demonstrated a total of 26 signals consisting of two
carbonyls, five quaternary carbons, nine methines, three
methylenes, six methyls, and one methoxy group. In the 'H-
NMR, signals of six methyls and one methoxy group were
observed. The '*C- and 'H-NMR data of 3 almost imitated
those of vibsanol A.® The only difference was the presence
of the methoxy group in 3, suggesting that one hydroxyl
group in vibsanol A was replaced by the methoxy group in 3.
The HMBC correlation of methoxy group with C-15 (J.
74.8) suggested that methoxy group was affirmatively at-
tached at C-15. The relative stereochemistry of 3 was in-
ferred to be consistent with that of vibsanol A based on the
side by side comparisons of chemical shifts and coupling
constants.” Therefore, compound 3 was elucidated as 15-O-
methyl-vibsanol A.

Cytotoxicity of compounds 1—10 were evaluated against
HL-60, SMMC-7721, A-549, SK-BR-3, and PANC-1 knub-
bly cells. Among the ten compounds, 3 showed the most po-
tent cytotoxicity against the tested cell lines with 1Cs, rang-
ing 1.0 to 8.4 um. It is worthy noting that 3 exerted potent cy-
totoxicity against HL-60, SK-BR-3, and PANC-1 cell lines,
presenting IC,, 1.1, 1.0, and 2.0 um, respectively. In addition,
compounds 2, 4, 5, 9, and 10 demonstrated weak cytotoxicity
against all the tested cell lines except for 4 showing non-cy-
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totoxicity to SMMC-7721 cell. Compounds 1, 6, 7, and 8
were inactive.

Experimental

General Procedure Optical rotation was measured on a Horiba SEPA-
300 polarimeter. IR spectra were obtained with a Tensor 27 FT-IR spectrom-
eter with KBr pellets. UV data were measured on a UV 210A spectrometer.
The 'H-, *C-, and 2D-NMR spectra were recorded on Bruker AV-400 or
DRX-500 spectrometers at room temperature (6 in ppm, J in Hz). Mass
spectra were carried out on a VG Auto spec-3000 spectrometer or on a
Finnigan MAT 90 instrument. Silica gel (200—300 mesh, Qingdao Marine
Chemical Ltd., Qingdao, People’s Republic of China), Silica gel H (60 um,
Qingdao Marine Chemical Ltd., Qingdao, People’s Republic of China),
Sephadex LH-20 (Amersham Pharmacia Biotech, Sweden), and Lichroprep
RP-18 gel (43—63 um, Merck, Darmstadt, Germany) were used for column
chromatography. Fractions were monitored using TLC, and spots were visu-
alized by heating silica gel plates immersed with 15% H,SO, in ethanol.
Solvents were distilled before use.

Plant Material The leaves of I/ chingii were collected in Caojian town,
Yunnan province, People’s Republic of China, in November 2008. The sam-
ple was identified by Prof. Xiao Cheng, Kunming Institute of Botany, Yun-
nan, People’s Republic of China. A voucher specimen (20081109) was de-
posited at Kunming Institute of Botany, Chinese Academy of Sciences, Peo-
ple’s Republic of China.

Extraction and Isolation The dried and powdered leaves of V chingii
(4.5 kg) were extracted with Me,CO (3X 151, 3 d, each) at room temperature.
The extract was evaporated to dryness under reduced pressure to obtain a
residue (600 g). The residue was suspended in water (1200 ml) and then ex-
tracted with ethyl acetate (3X2.41). The ethyl acetate extract (232 g) was
subjected to silica gel column chromatography eluted with gradient petro-
leum ether-Me,CO (10:0,9:1,8:2,7:3, 6:4, 0:10) to yield fractions 1—
6. Fraction 3 (19.2 g) was further purified by silica gel column chromatogra-
phy using petroleum ether—-Me,CO (8:2) as eluents to provide subfractions
3.1—3.5. Subfraction 3.2 (4.1g) was subjected to Sephadex LH-20
(CHCI;-MeOH 1:1) and then further purified by silica gel column chro-
matography eluted with CHCl;-Me,CO (100:1) to yield compounds 1
(7mg), 2 (25 mg), 5 (10 mg), and 6 (8 mg). Subfraction 3.3 (3.6 g) was sepa-
rated by silica gel column chromatography eluted with petroleum
ether—Me,CO (7 : 3) followed by RP18 (MeOH-H,0, 70: 30, 75:25, 80: 20,
85:15, 100:0) to get 7 (15mg), 8 (22mg), 9 (6 mg), and 10 (55 mg). Con-
tinuing purification of Fraction 4 by RP-18, Sephadex LH-20, and silica gel
obtained 3 (5 mg) and 4 (7 mg).

Compound (1): White amorphous powder. [o]3® +261.8 (c=0.19,
CHCl,). IR (KBr) v, cm™': 3440, 2946, 2869, 1631, 1462, 1377, 1365,
1050. 3C- and '"H-NMR see Table 1. EI-MS m/z: 472 [M]*. Positive HR-
ESI-MS m/z: 495.3802 [M+Na] " (Caled for C;,H;,0;Na", 495.3809).

Compound (2): White amorphous powder. [o]2*? +117.4 (c=0.16,
CHCL,). UV 4,,,(CHCL,) nm (log €): 286 (3.26). IR (KBr) v, cm™': 3425,
2966, 2869, 1630, 1461, 1375, 1365, 1078, 1050. '*C- and 'H-NMR see
Table 1. EI-MS m/z: 440 [M]*. Positive HR-ESI-MS m/z: 463.3553
[M+Na]* (Calcd for C4,H,4O,Na™, 463.3552).

Compound (3): Colorless oil. [a]2*? +56.0 (¢=0.30, CHCl,). A,,.
(CHCL,) nm (log&): 240 (3.78). IR (KBr) v, cm™': 3426, 2968, 2934,
1723, 1705, 1649, 1450, 1380, 1226, 1144. 3C-NMR (125 MHz, CDCl,) 6:
43.5 (C-1), 128.7 (C-2), 145.1 (C-3), 202.3 (C-4), 128.5 (C-5), 154.8 (C-6),
74.1 (C-7), 81.6 (C-8), 123.5 (C-9), 143.0 (C-10), 41.3 (C-11), 40.6 (C-12),
125.1 (C-13), 139.1 (C-14), 74.8 (C-15), 25.9 (C-16), 26.1 (C-17), 64.9 (C-
18), 18.4 (C-19), 23.2 (C-20), 167.2 (C-1"), 115.2 (C-2"), 159.5 (C-3"), 20.5
(C-4"), 27.6 (C-5"), 50.3 (OCH;). "H-NMR (500 MHz, CDCl,) &: 1.86 (1H,
t,J=12.6, 16.0 Hz, H-1¢), 2.06 (1H, t, J=12.6, 16.0 Hz, H-1b), 5.97 (1H, d,
J=12.6 Hz, H-2), 6.07 (1H, d, J/=15.8 Hz, H-5), 6.58 (1H, d, /=15.8 Hz, H-
6), 5.35 (1H, d, /=9.0 Hz, H-8), 5.20 (1H, t, J/=9.0, 15.6 Hz, H-9), 5.73 (1H,
d, J/=15.6 Hz, H-10), 2.20 (1H, m, H-12a), 2.36 (1H, m, H-12b), 5.46 (1H,
m, H-13), 5.48 (1H, d, J/=16.8 Hz, H-14), 1.24 (3H, s, Me-15), 1.25 3H, s,
Me-16), 1.28 (3H, s, Me-17) 4.19 (d, J=15.8Hz, H-18a), 4.41 (d,
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J=15.8 Hz, H-18b), 1.25 (3H, s, Me-19), 1.00 (3H, s, Me-20), 5.77 (IH, s,
H-2'), 2.19 (3H, s, Me-4'), 1.93 (3H, s, Me-5"), 3.10 (3H, s, OCH;). Nega-
tive FAB-MS m/z: 445 [M—H] . Negative HR-ESI-MS: m/z 481.2350
[M+CI]™ (Caled for C,¢H;0,Cl™, 481.2356).

Cytotoxicity Assay Cytotoxicity of compounds 1-—10 against HL-60,
SMMC-7721, A-549, SK-BR-3, and PANC-1 cell lines was determined
using the methyl thiazol tetrazalium (MTT) method with minor modifica-
tions.'*'® Cells were seeded in 96-well plates 24 h before treatment and
continuously exposed to different concentrations of compounds (0.064, 0.32,
1.6, 8, 40 um). After 48h, 20 ul of MTT, 5mg/ml solution were added to
each well, which were incubated for another 4h at 37 °C. Then 100 ul re-
solving buffer (20% sodium dodecyl sulfate (SDS), 50% N,N-dimethylform-
amide (DMF)) was added to each well. After 12h incubation at 37 °C, the
optical density (OD) value of each well was read at 595nm with a plate
reader. All assays were carried out in triplicate and cis-platinum was used as
positive control. Control wells, treated with dimethyl sulfoxide (DMSO)
alone, were included in all the experiments: growth inhibition (%)=
(OD,gniro1 = ODyreated)/ODoniro1 X 100. - The  cytotoxicity of compounds on
tumor cells was expressed as 1Cs, values (the drug concentration reducing
by 50% the absorbance in treated cells, with respect to untreated cells) cal-
culated by Reed and Muench’s method.'”
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