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Plants of the Viburnum genus, which belong to the family
Caprifliaceae, comprise about 230 species and are mainly
distributed in Asia and South America. China has more than
70 species.1) The use of Viburnum species in Chinese popular
folk medicine has a long history. For example, the leaves and
skins of V. cylindricum, called shuihongmu in China, are used
for the treatment of cough, diarrhea, rheumatoid arthritis,
and tumefaction.2) V. odoratissimum, commonly known as
shanhushu, is used for tumefaction and bone fractures.3)

Phytochemical studies revealed that Viburnum species main-
ly contain triterpenoids,4,5) iridoids,6) vibsane-type diter-
penes,7,8) lignans,9) and phenolic glycosides.10) Vibsane-type
diterpenes are an unusual group of natural products, which
can be subdivided into three classes consisting of seven-
membered ring, eleven-membered ring, and rearranged
types.1) These diterpenoids have interesting biological activi-
ties such as piscicidal activity, plant growth regulatory activ-
ity, and cytotoxic activity.11,12)

As a part of our search for new vibsane-type diterpenoids,
the 70% aqueous acetone extract of the aerial part of the 
V. foetidum var. foedidum from Simao County, Yunnan
Province, P. R. China, was investigated phytochemically.
Four new lignans (1—4) together with six known ones were
found. The isolation and structural elucidation of the four
new lignans are reported here.

Results and Discussion
The 70% aqueous acetone extract of the aerial parts of 

V. foetidum var. foedidum was successively subjected to silica
gel and Sephadex LH-20 column chromatography as well as
semipreparative HPLC to afford 10 lignans (1—10). Com-
pounds 5—10 were identified as prinoresinol (5),13) sy-
ringaresinol (6),14) olivil (7),15) 4,4�,7,7�-tetrahydroxy-3,3�-
dimethoxy-9,9�-epoxylignan (8),16) 4,4�,8,9-texahydroxy-
3,3�-dimethoxy-7,9�-epoxylignan (9),17) and padocin (10),18)

respectively, based on comparisons of their spectral data with
those already reported.

Compound 1 was obtained as a white amorphous powder.
Its molecular formula was established as C20H22O6 deduced
from the HR-electrospray ionization (ESI)-MS at m/z
357.1330 ([M�H]�) and 13C-NMR data analysis, indicating
10 degrees of unsaturation. Its IR showed the presence of OH
(3536 cm�1) and aromatic rings (1611 cm�1, 1596 cm�1, and

1520 cm�1). The 13C-NMR and distortionless enhancement by
polarization transfer (DEPT) spectra showed a total 20 of
signals, which included two methines (d 46.5 and 84.6),
three methylenes (d 36.9, 50.2, and 72.3), two methoxys
(2�d 56.4), one oxygenated sp3 quaternary carbon (d 71.4),
and twelve other signals for two aromatic rings. In the 1H-
NMR spectrum, three aromatic protons in an ABX pattern [d
6.86 (d, J�2.0 Hz), 6.79 (d, J�8.0 Hz), 6.73 (dd, J�2.0, 8.0
Hz)] and a singlet for a methoxyl group (d 3.80) indicated
the existence of a 3-hydroxy-4-methoxyphenyl ring. Three
additional aromatic protons in another ABX pattern [d 6.33
(d, J�2.0 Hz), 6.81 (d, J�8.0 Hz), 6.59 (dd, J�2.0, 8.0 Hz)]
and a singlet for the other methoxyl group (d 3.85) indicated
the existence of a 4-hydroxy-3-methoxyphenyl ring. The
NMR data of 1 were closely similar to those of lari-
ciresinol.13) The clearest differences between compound 1
and lariciresinol were less CH, a more oxygenated quater-
nary carbon (d 71.4), and an obvious upfield shift of C-9 in
1. Considering the characteristic NMR spectrum discussed
above and the fact that 1 had an additional more ring system
compared with that of lariciresinol, 1 was deduced to be 8,9-
epoxy-lariciresinol. The formation of 8,9-epoxy led to the
upfield shift of C-9 and the presence of an oxygenated qua-
ternary carbon (d 71.4).

In the rotating frame Overhauser enhancement spec-
troscopy (ROESY) of 1, the correlation of H-7 with H-8� in-
dicated that both H-7 and H-8� were in the b-orientation.
However, the ROESY spectrum could not provide sufficient
information to elucidate the stereochemistry of C-8. After
many attempts with different solvents, a single crystal of 1
was obtained in MeOH–H2O (95 : 5). A single crystal X-ray
analysis clarified the relative configuration of C-8 and unam-
biguously confirmed the structure of 1 (Fig. 1).

Compound 2, a white amorphous powder, had the molecu-
lar formula C20H23O6Cl based on the HR-ESI-MS at m/z
417.1087 ([M�Na]�). The isotopic ion peak pattern indi-
cated the presence of one Cl atom. Its IR spectrum showed
absorption bands typical of the hydroxyl group (3523 cm�1)
and aromatic rings (1602 cm�1, 1592 cm�1, and 1516 cm�1).
The 13C-NMR and DEPT spectra showed two methines, three
methylenes, one oxygenated sp3 quaternary carbon, two
methoxys, and twelve aromatic carbons. In the 1H-NMR
spectrum, three singlet aromatic protons [d 6.89 (s), 6.81 (s),
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6.80 (s)] together with the singlet for one methoxy (d 3.77)
indicated the existence of a 5-hydroxy-3-methoxyphenyl
ring. Three other aromatic protons [d 6.70 (d, J�2.0), 6.72
(d, J�10.0), 6.60 (dd, J�2.0, 10.0)] and the other methoxy
(d 3.80) were deduced due to the presence of a 4-hydroxy-3-
methoxyphenyl ring. Compounds 2 and 1 had the similar 1D-
and 2D-NMR spectra. The most remarkable difference was
the obvious downfield shift of C-8. Detailed analysis and
comparison of the NMR data of 1 and 2 suggested that the
8,9-epoxy moiety in 1 has an additional HCl molecule.
Chemical shifts of C-8 (d 82.3) and C-9 (d 48.8) indicated
that the OH was attached to C-8 and the Cl atom to C-9.
Therefore, 2 was established to be 5,4�,8-trihydroxy-3,3�-
dimethoxy-8-chloromethylene-7,9�-epoxylignan. The relative
configuration of 2 was determined on the basis of ROESY
spectral analysis. ROSEY correlations of H-7 with H-8� and
of H-8� with Hb-9 indicated that H-7, H-8�, and –CH2Cl
were all in the b-orientation. Since CHCl3 was used during
purification, 2 may have been an artifical compound. To de-
termine whether 2 was a natural compound, the crude extract
of this plant was analyzed in HPLC with 2 as an internal
standard and the corresponding peak of 2 was clearly found
in the crude extract, suggesting that 2 is a natural compound.

Compound 3 was obtained as a colorless gum. It had the
molecular formula C21H26O6 according to its HR-ESI-MS at
m/z 397.1631 ([M�Na]�). The IR spectrum revealed the
presence of OH (3417 cm�1) and aromatic rings (1602 cm�1,
1514 cm�1, and 1434 cm�1). 13C- and DEPT NMR showed
the presence of two aromatic rings, three methines (one bear-
ing two oxygens at d 105.5), three methylenes (d 33.5, 38.9,
and 72.4), and three methoxys (d 54.6, 55.9, and 56.0). In its
1H-NMR spectrum, three aromatic protons [d 6.73 (d, J�2.0
Hz), 6.75 (d, J�10.0 Hz), 6.62 (dd, J�2.0, 10.0 Hz)] and
three other aromatic protons [d 6.70 (s), 6.82 (d, J�10.0 Hz),
6.68 (d, J�10.0 Hz)] indicated the presence of two 1,3,4-sub-
stituted aromatic ring systems. In addition, three methoxy
signals (d 3.33, 3.87, 3.89) were also observed. The NMR
data of 3 were similar to those of 4,4�-dihydroxy-3,3�-
dimethoxy-9-butoxy-9,9�-epoxylignan.19) The only signifi-
cant difference was that the signal for butoxy was replaced
by a methoxy (d 3.33). Therefore, 3 was inferred to be 4,4�-
dihydroxy-3,3�,9-trimethoxy-9,9�-epoxylignan, which can be
further confirmed by heteronuclear multiple bond connectiv-
ity (HMBC) correlation from H-9 to C-1��. The relative

stereochemistry of 3 was established on the basis of analysis
of ROESY experiment and coupling constants. The ROESY
correlation of H-9 with H-8� and large coupling constant be-
tween H-9 and H-8 (J�5.0 Hz) suggested that H-9, H-8, and
H-8� were in the b-, a-, and b-orientation, respectively.

Compound 4 was obtained as a colorless gum. Although 4
and 3 presented a single spot on TLC (silica gel) developed
in several solvent systems, they showed two close but sepa-
rated peaks in HPLC analysis. Compound 4 was assigned the
same molecular formula C21H26O6 as 3 on the basis of its
HR-ESI-MS at m/z 397.1636 ([M�Na]�). Compound 4 ex-
hibited similar UV, IR, and NMR spectra as 3 except for the
different chemical shifts of C-7, C-8, and C-9. Detailed
analysis of the 2D-NMR spectrum of 4 indicated that 4 and 3
had the same planar structure. The relative stereochemistry
of 4 was established on the basis of analysis of the ROESY
experiment and coupling constant. H-9, H-8, and H-8� were
determined to be a-, a-, and b-oriented, respectively, as de-
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Fig. 1. Single X-Ray Diffraction of Compound 1

Table 1. 13C-NMR Data of Compounds 1—4 (125 MHz, d in ppm)

dC

Position
1a) 2b) 3b) 4b)

1 131.2 (s) 128.7 (s) 133.0 (s) 133.1 (s)
2 111.3 (d) 109.0 (d) 111.4 (d) 112.7 (d)
3 147.6 (s) 146.7 (s) 145.0 (s) 146.3 (s)
4 149.1 (s) 114.5 (d) 145.5 (s) 146.8 (s)
5 116.2 (d) 145.5 (s) 114.2 (d) 115.6 (d)
6 120.8 (d) 119.0 (s) 121.4 (d) 123.0 (d)
7 84.5 (d) 89.1 (d) 33.5 (t) 40.2 (t)
8 71.4 (s) 82.3 (s) 43.0 (d) 47.4 (d)
9 50.2 (t) 48.8 (t) 105.5 (d) 111.4 (d)
1� 133.7 (s) 132.7 (s) 133.5 (s) 135.3 (s)
2� 116.8 (d) 115.1 (d) 114.8 (d) 116.2 (d)
3� 147.6 (s) 145.3 (s) 143.6 (s) 145.4 (s)
4� 147.6 (s) 145.3 (s) 146.2 (s) 147.9 (s)
5� 112.9 (d) 120.0 (d) 110.6 (d) 112.0 (d)
6� 121.0 (d) 111.1 (d) 120.0 (d) 121.4 (d)
7� 36.9 (t) 33.0 (t) 38.9 (t) 40.2 (t)
8� 46.5 (d) 52.1 (d) 52.2 (d) 54.1 (d)
9� 72.3 (t) 69.5 (t) 72.4 (t) 73.5 (t)

1�OCH3 56.4 (q) 55.6 (q) 56.0 (q) 57.2 (q)
1�OCH3 56.4 (q) 55.7 (q) 55.9 (q) 57.4 (q)
1��OCH3 54.6 (q) 56.2 (q)

a) Recorded in CD3OD, b) recorded in CDCl3.

Fig. 2. Structures of Compounds 1—4



duced from the ROESY correlation of H-9 with H-8 and the
small coupling constant between H-9 and H-8 (J�1.0 Hz).

Compounds 1—10 were tested for cytotoxicity against
HepG2, SGC7901, HL-60, and K562 cell lines in vitro.
However, none of them were cytotoxic.

Experimental
General Experimental Procedures Optical rotation was measured on a

Horiba SEPA-300 polarimeter. IR spectra were obtained with a Tensor 27
FT-IR spectrometer with KBr pellets. The 1H-, 13C-, and 2D-NMR spectra
were recorded on Bruker AV-400 or DRX-500 spectrometers at room tem-
perature (d in ppm, J in Hz). FAB-MS and HR-ESI-MS measurements were
carried out on a VG Autospec-3000 spectrometer. Silica gel (200—300
mesh), Silica gel H (Qingdao Marine Chemical Ltd., China), and Sephadex
LH-20 (Amersham Pharmacia Biotech, Sweden) were used for column chro-
matography. Fractions were monitored using TLC, and spots were visualized
by heating silica gel plates immersed with 15% H2SO4 in ethanol. Solvents
were distilled before use. Semipreparative HPLC was performed on an Agi-
lent 1100 liquid chromatograph with a Zorbax SB-C18 (9.4 mm�25 cm).

Plant Material The aerial parts of V. foetidum var. foetidum were col-
lected in Simao County, Yunnan Province, People’s Republic of China, in
June 2005. The plant was identified by professor Xiao Cheng, Kunming In-
stitute of Botany, Yunnan. A voucher specimen was deposited at the Kun-
ming Institute of Botany with identification number 20050625.

Extraction and Isolation The dried and powdered aerial parts of V.
foetidum var. foetidum (6.5 kg) were extracted with 70% aqeuous Me2CO
(3�35 l, 3 d, each) at room temperature. The extract was evaporated to dry-
ness under reduced pressure to obtain a residue (700 g). The residue was
suspended in water (1000 ml) and then extracted with ethyl acetate to afford
the ethyl acetate extract (352 g). The ethyl acetate-soluble extract was sub-
jected to silica gel column chromatography eluted with gradient petroleum
ether–Me2CO (100 : 0→0 : 100) to yield fractions 1—10. Fraction 3 (19.2 g)
was further purified by silica gel column chromatography using petroleum
ether–Me2CO (8 : 2) as eluents to provide subfractions 3.1—3.5. Subfraction
3.2 (4.1 g) was subjected to Sephadex LH-20 chromatograpy (CHCl3–MeOH
1 : 1) and then further purified by silica gel column chromatography eluted
with CHCl3–Me2CO (20 : 1) to yield compounds 1 (150 mg), 2 (72 mg), 5
(15 mg), and 6 (8 mg). Fraction 4 (15.6 g) was separated by silica gel column
chromatography eluted with petroleum ether–Me2CO (7 : 3) to yield six sub-
fractions 4.1—4.6. Subfraction 4.3 (2.8 g) was subjected to Sephadex LH-20
chromatography (CHCl3–MeOH 1 : 1) and followed by semipreparative
HPLC (MeOH–H2O; 50 : 50) to provide 3 (7 mg), 4 (4 mg), and 10 (6.0 mg).
Subfraction 4.6 was subjected to repeated silica gel column chromatography
to give 7 (5 mg), 8 (14 mg), and 9 (8 mg).

Compound (1): White amorphous powder; [a]D
23.3 �64.7 (c�0.1, MeOH);

UV (MeOH) 282 (4.0), 231 (2.9), 204 (3.3); IR (KBr) nmax cm�1: 3536,
1611, 1596, 1520, 1463, 1434, 1255, 1065, 1032; 13C-NMR, see Table 1;
1H-NMR (500 MHz, CD3OD) d : 6.86 (1H, d, J�2.0, H-2), 6.79 (1H, d, J�
8.0, H-5), 6.73 (1H, dd, J�2.0, 8.0, H-6), 4.67 (1H, m, H-7), 2.39 (1H, t, J�
4.5, Ha-9), 2.80 (1H, t, J�4.5, Hb-9), 6.33 (1H, d, J�2.0, H-2�), 6.81 (1H,
d, J�8.0, H-5�), 6.59 (1H, dd, J�2.0, 8.0, H-6�), 2.64 (1H, dd, J�10.0, 14.0,
Ha-7�), 2.74 (1H, dd, J�5.0, 14.0, Hb-7�), 2.45 (1H, m, H-8�), 3.97 (1H,
dd, J�4.0, 9.0, Hb-9�), 4.03 (1H, dd, J�6.5, 8.0, Hb-9�), 3.80 (3H, s, H-1�),
3.85 (3H, s, H-1�); FAB-MS (neg.) m/z: 357 [M�H]�; HR-ESI-MS m/z:
357.1330 [M�H]� (Calcd for C20H21O6

�, 357.1338).
Compound (2): White amorphous powder; [a]D

23.3 �116.7 (c�0.15,
MeOH); UV (MeOH) 282 (3.7), 231 (2.8), 204 (3.2); IR (KBr) nmax cm�1:
3523, 1602, 1592, 1516, 1433, 1269, 1159, 1070, 1023; 13C-NMR, see Table
1; 1H-NMR (500 MHz, CDCl3) d : 6.89 (1H, s, H-2), 6.81 (1H, s, H-4), 6.80
(1H, s, H-6), 4.87 (1H, m, H-7), 3.14 (1H, t, J�15.0, Ha-9), 3.28 (1H, t, J�
15.0, Hb-9), 6.70 (1H, d, J�2.0, H-2�), 6.72 (1H, d, J�10.0, H-5�), 6.60
(1H, dd, J�2.0, 10.0, H-6�), 2.48 (1H, m, Ha-7�), 2.85 (1H, m, Hb-7�), 2.45
(1H, m, H-8�), 3.86 (1H, dd, J�2.5, 12.0, Ha-9�), 3.95 (1H, dd, J�5.0, 12.0,
Hb-9�), 3.77 (3H, s, H-1�), 3.80 (3H, s, H-1�); FAB-MS (neg.) m/z: 393
[M�H]�; HR-ESI-MS m/z: 417.1087 [M�Na]� (Calcd for C20H23O6NaCl�,
417.1080).

Compound (3): Colorless gum; [a]D
23.3 �29.4 (c�0.21, MeOH);  UV

(MeOH) 281 (4.2), 223 (3.7), 203 (3.0); IR (KBr) nmax cm�1: 3417, 1602,
1514, 1466, 1434, 1247, 1131, 1029; 13C-NMR, see Table 1; 1H-NMR (500
MHz, CDCl3) d : 6.73 (1H, d, J�2.0, H-2), 6.75 (d, J�10.0, H-5), 6.62 (1H,
dd, J�2.0, 10.0, H-6), 2.52 (1H, m, Ha-7), 2.75 (1H, m, Hb-7), 2.43 (1H,
m, H-8), 4.62 (1H, d, J�5.5, H-9), 6.70 (1H, s, H-2�), 6.82 (1H, d, J�10.0,
H-5�), 6.68 (1H, d, J�10, H-6), 2.46 (1H, m, Ha-7�), 2.73 (1H, m, Hb-7�),
2.05 (1H, m, H-8�), 3.58 (1H, t, J�10.0, Ha-9�), 3.99 (1H, t, J�10.0, Hb-
9�), 3.89 (3H, s, H-1�), 3.87 (3H, s, H-1�), 3.33 (3H, s, H-1��); FAB-MS
(neg.) m/z: 373 [M�H]�; HR-ESI-MS m/z: 397.1631 [M�Na]� (Calcd for
C21H26O6Na�, 397.1627).

Compound (4): Colorless gum; [a]D
23.3 �76.5 (c�0.19, MeOH); UV

(MeOH) 282 (4.3), 221 (3.7), 203 (3.0); IR (KBr)nmax cm�1: 3418, 1606,
1513, 1466, 1433, 1247, 1159, 1065, 1029; 13C-NMR, see Table 1; 1H-NMR
(500 MHz, CDCl3) d : 6.57 (1H, d, J�2.0, H-2), 6.80 (1H, d, J�8.5, H-5),
6.61 (1H, dd, J�2.0, 8.5, H-6), 2.44 (1H, dd, J�7.5, 14.0, Ha-7), 2.66 (1H,
dd, J�7.5, 14.0, Hb-7), 2.15 (1H, m, H-8), 4.70 (1H, d, J�1.0, H-9), 6.62
(1H, d, J�2.0, H-2�), 6.68 (1H, d, J�8.0, H-5�), 6.50 (1H, dd, J�2.0, 8.0,
H-6�), 2.55 (1H, m, Ha-7�), 2.75 (1H, m, Hb-7�), 2.15 (1H, m, H-8�), 3.62
(1H, t, J�8.5, Ha-9�), 3.97 (1H, t, J�8.5, Hb-9�), 3.86 (3H, s, H-1�), 3.83
(3H, s, H-1�), 3.33 (3H, s, H-1��); FAB-MS (neg.) m/z: 373 [M�H]�; HR-
ESI-MS m/z: 397.1636 [M�Na]� (Calcd for C21H26O6Na�, 397.1627).
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