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Plants of the Dioscoreaceae are known as a source of dios-
genin and related steroid saponins, which occur mainly in the
underground parts.1,2) Dioscorea bulbifera L. is widely dis-
tributed in China. It has been used to treat a variety of dis-
eases, mainly for the treatment of thyroid disease and tumors,
and so on.3) Previous phytochemical investigations on the
root tubers of the Japanese Dioscorea bulbifera L. have re-
vealed no steroid sapogenins but instead eight furanoid
norditerpenes, the diosbulbins A—H4—6) and the enol gluco-
sides of two of these, the diosbulbinosides D and F.7) From
tubers of D. bulbifera L. var sativa in Bangladesh, 8-epidios-
bulbin E acetate was isolated.8) As part of our effort to dis-
cover structurally diverse and biologically active secondary
metabolites from local medicinal plants, the re-investigation
of the root tubers of D. bulbifera led to the isolation of two
new furanoid norditerpenes.

Compound 1 was obtained as colorless needles. Its molec-
ular formula was determined to be C29H30O8 on the basis of
the quasi-molecular ion peak at m/z 529.1836 [M�Na]�

(Calcd for C29H30O8Na, 529.1838) in the HR-ESI-MS, in
combination with the 13C-NMR (distortionless enhance-
ment by polarization transfer (DEPT)) spectrum. The IR
spectrum was consistent with the presence of a furan ring
(3145, 1604, 1512, 875 cm�1), a benzene ring (1634, 1575,
1462, 829, 750 cm�1) and three carbonyl functions, a g-
lactone (1778 cm�1), a d-lactone (1745 cm�1) and an ester
(1708 cm�1). A furan ring was confirmed from the 1H-NMR
(CDCl3) spectrum (d 6.43, 1H, dd, J�0.8, 2.0 Hz, d 7.43,
1H, dd, J�1.6, 2.0 Hz, d 7.48, 1H, m). The 13C-NMR spec-
trum (Table 1) exhibited 29 carbon signals, including three
carbonyl resonances at d 165.4 (s), 173.4 (s), and 175.8 (s),
an oxygen-bearing methyl signal at d 55.3 (q), and an up-
field methyl signal at d 18.4 (q). The presence of a 1�,4�-dis-
ubstituted benzene ring was also indicated from the 1H-NMR
spectrum d 6.89 (H-2�, H-6�, 2H, d, J�8.8 Hz) and d 7.51
(H-3�, H-5�, 2H, d, J�8.8 Hz).

Analysis of the NMR spectrum (Table 1) suggested the
norditerpenoid skeleton for compound 1. This norclerodane
structure was previously assigned to diosbulbin D (3) iso-
lated from the same plant.5) The structure of our compound
was similar to that of 3 and 8-epidiosbulbin E acetate (4).8)

Signals at d 5.41 (H-12) and d 4.85 (H-2) in the 1H-NMR
spectrum of 1 revealed that each lactone ring was linked
through a secondary hydroxyl group as in 3. Comparison
with the spectrum of 3 and 4 revealed that the seven protons
attached to C-1, C-2, C-3, C-4 and C-10 had similar chemi-

cal shifts and coupling patterns and thus the g-lactone func-
tion was fused to ring A in the same manner in these com-
pounds. The only difference is that an acetoxyl group at C-6
in 4 was replaced by a 3-(4-methoxyphenyl) acryloxyl group
in 1.

The following key heteronuclear multiple bonding connec-
tivity (HMBC) correlations (Fig. 2) were observed: from H-
1, H-5 to C-9, from H-2, H-5 to C-19, from H-6, H-7� to C-
9�, from H-7 to C-17, from H-12 to C-14, C-16, respectively.
The key rotating frame Overhauser enhancement spec-
troscopy (ROESY) correlations (Fig. 2) between H-7b , H-
11b and H-20, between H-8 and H-12 were also observed.
The proton at C-10 was coupled to the protons at C-5 and C-
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Table 1. 1H- and 13C-NMR Data of Compounds 1 in CDCl3 (500 MHz)
and 2 in CD3COCD3 (400 MHz)

1 2
Position

dC dH dC dH

1 28.7 t 2.16 (m) 27.9 t 2.01 (m)
1.45 (m) 1.57 (m)

2 76.2 d 4.85 (m) 65.6 d 4.18 (m)
3 39.0 t 1.78 (m) 28.5 t 2.04 (m)

2.50 (m) 2.06 (m)
4 42.1 d 2.69 (m) 45.3 d 2.97 (m)
5 41.7 d 2.22 (ddd, 1.7, 2.7, 12.6) 76.1 s
6 69.2 d 5.48 (m) 209.0 s
7 27.1 t 2.25 (m) 29.3 t 2.37 (m)

1.92 (m) 2.26 (m)
8 41.8 d 3.01 (dd, 3.5, 12.3) 42.9 d 2.01 (dd, 3.5, 12.3)
9 35.7 s 35.7 s

10 40.9 d 2.37 (ddd, 5.3, 12.2, 12.6) 44.6 d 2.97 (dd, 4.5, 12.1)
11 42.2 t 1.85 (dd, 11.2, 14.2) 43.3 t 2.17 (dd, 11.0, 14.2)

1.88 (dd, 5.9, 14.2) 1.78 (dd, 6.1, 14.2)
12 70.1 d 5.41 (ddd, 0.6, 5.9, 11.2) 70.6 d 5.62 (ddd, 0.6, 6.1, 11.0)
13 124.0 s 126.1 s
14 108.4 d 6.43 (dd, 0.8, 2.0) 109.8 d 6.57 (m)
15 143.7 d 7.43 (dd, 1.6, 2.0) 144.6 d 7.58 (m)
16 139.5 d 7.48 (m) 141.0 d 7.67 (m)
17 173.4 s 173.7 s
19 175.8 s 175.8 s
20 18.4 q 1.04 (s) 20.4 q 1.08 (s)
1� 161.2 s
2�,6� 114.1 d 6.89 (d, 8.8)
3�,5� 129.8 d 7.51 (d, 8.8)
4� 127.3 s
7� 144.7 d 7.68 (d, 16.0)
8� 115.6 d 6.35 (d, 16.0)
9� 165.4 s

OCH3 55.3 q 3.83 (s)



1, respectively. It was axial from its coupling constants of
12.6 Hz (ax–ax) to the axial C-5 proton, 12.2 Hz (ax–ax) to
the H-1b , and 5.3 Hz (eq–ax) to the H-1a . The axial C-5 pro-
ton showed one coupling (2.7 Hz) with the methine proton at
d 5.48, which was equatorial. The proton at C-8 was coupled
only to the protons at C-7 and was axial from its coupling
constants of 12.3 Hz (ax–ax) to H-7b and 3.5 (eq–ax) to H-
7a . This can help to distinguish the configurations of each
geminal proton at C-7. The configuration at C-8 of 1 was
thus opposite to that of the 4, and same to that of 3. These
spectroscopic findings and the 13C-NMR spectrum (Table 1)
taken with the co-occurrence of diosbulbin D of known ab-
solute configuration6) were consistent with structure 1. Con-
sequently, the structure of 1 was elucidated as shown in Fig.
1 and named diosbulbin I.

Compound 2 was obtained as colorless needles. It had the
molecular formula C19H22O8 and was deduced to be a nor-
clerodane diterpenoid. The IR and 1H-NMR spectra con-
firmed the presence of a b-substituted furan ring (1625,
1506, 875 cm�1) and carbonyl groups (1731 cm�1), included
a carboxylic acid, a d-lactone and a cylcohexanone, as well
as one tertiary methyl group.

Signal at d 5.62 (H-12) in the 1H-NMR spectrum of 2 re-

vealed that the d-lactone ring was linked through a sec-
ondaryl hydroxyl group as in 1. The d-lactone in 2 was simi-
larly proximate to the furan ring from the allylic coupling
(0.6 Hz) of H-16 with H-12. This, together with a similar iso-
lated ABX system for the C-12 methine and adjacent C-11
methylene, revealed that the six-membered ring lactone was
again attached to ring B. But signal at d 4.18 (H-2) in the 1H-
NMR spectrum of 2 appeared in up-field comparison with 1,
3, and 4. Considering nine degrees of unsaturation, including
the contribution of rings A and B, a furan ring, a d-lactone
and three carbonyl groups, it suggested that the g-lactone
ring was open, and the secondary hydroxyl group at C-2 and
the carboxyl group at C-4 became free, and kept to be a ori-
entation. The proton at C-10 was coupled to the protons at C-
1 and was axial from its coupling constants of 12.1 Hz
(ax–ax) to the H-1b , and 4.5 Hz (eq–ax) to the H-1a .

Further analysis of the NMR spectrum (Table 1), signal at
d 76.1 (C-5) in the 13C-NMR (CD3COCD3) spectrum of 2 re-
vealed that this carbon must be connected with a hydroxyl
group. The linked position of this hydroxyl group was deter-
mined at C-5 based on the following important HMBC corre-
lations (Fig. 3): from dH 1.57, 2.01 (each m, H-1), dH 2.04,
2.06 (each m, H-3), dH 2.26, 2.37 (each m, H-7) to dC 76.1
(s, C-5). Taken the consideration with the co-occurrence of 1
in the same plant, 2 is probably an oxidation product of 1. It
suggested that the hydroxyl group at C-5 is b orientation,
same as the proton at C-5 in 1. Moreover, other key HMBC
correlations (Fig. 3) were also observed: from H-1, H-8 to C-
6, from H-3, H-4 to C-19, from H-7, H-12 to C-17, respec-
tively. The significant ROESY correlations (Fig. 3) between
H-7b , H-11b and H-20, between H-8 and H-12 were also ob-
served. The proton at C-8 was coupled only to the protons at
C-7 and was axial from its coupling constants of 12.3 Hz
(ax–ax) to H-7b and 3.5 (eq–ax) to H-7a . This can help to
distinguish the configurations of each geminal proton at C-7.
The configuration at C-8 of 2 was thus opposite to that of the
4, and same to that of 3. Thus, the structure of 2 was estab-
lished as shown in Fig. 1 and named diosbulbin J.

Experimental
General The optical rotations were measured on a Horiba SEPA-300

polarimeter. UV spectra were recorded on a Shimadzu UV-2401PC spec-
trophotometer. IR spectra were obtained using a Bruker Tensor 27 FT-IR
spectrometer with KBr pellets. NMR spectra were acquired on a Bruker
DRX-500 and AV-400 instruments. EI-MS was performed on a Finnigan-
MAT 90 instrument. HR-ESI-MS was detected on a API QSTAR Pulsar 1
spectrometer. Silica gel (200—300 mesh, Qingdao Marine Chemical Inc.,
China) and Sephadex LH-20 (Amersham Biosciences, Sweden) were used
for column chromatography. Fractions were monitored by silica gel plates
sprayed with vanillin–H2SO4 in ethanol, in combination with Agilent 1200
reversed-phase HPLC (Eclipse XDB-C18 column, 5 mm, 4.6�150 mm,

626 Vol. 57, No. 6

Fig. 1. Structures of Compounds 1—4

Fig. 2. Key HMBC and ROESY Correlations for Compound 1

Fig. 3. Key HMBC and ROESY Correlations for Compound 2



30—100% MeOH in H2O over 10 min followed by 100% MeOH to 15 min,
1 ml/min, 25 °C).

Plant Material The root tubers of Dioscorea bulbifera L. collected in
September 2007, from Anhui Province of China, and identified by Prof.
Cheng-Wu Fang, Anhui College of Traditional Chinese Medcine. The
voucher specimen was deposited in the Herbarium of Anhui College of Tra-
ditional Chinese Medcine.

Extraction and Isolation The air-dried, powdered root tubers (2 kg) of
Dioscorea bulbifera were soaked with 95% ethanol (3�6 l, each soaking for
3 d) at room temperature and filtered. The filtrate was concentrated in vac-
uum to give a residue (ca. 100 g), which was isolated by silica gel column
chromatography with a gradient elution system of petroleum ether–acetone
(100 : 0→0 : 100) to obtain 20 fractions. Fraction-4 eluted with 85 : 15 and
was repeatedly separated by silica gel (CHCl3/MeOH�200 : 1), Sephadex
LH-20 (CHCl3/MeOH�1 : 1) and recrystallization techniques to give rise to
compound 1 (10 mg). Fraction-6 eluted with 70 : 30 was further separated
and purified by silica gel (CHCl3/MeOH�20 : 1), Sephadex LH-20
(CHCl3/MeOH�1 : 1) and recrystallization process to yield 2 (8 mg).

Compound 1: Colorless needles. mp 190—192 °C (CHCl3/MeOH). [a]D
19.3

�21° (c�0.33, CHCl3). UV lmax (CHCl3) 312 nm (log e 4.26). IR (KBr)
cm�1: nmax 3145, 2957, 1778, 1745, 1708, 1634, 1604, 1575, 1512, 1462,
1389, 1253, 1163, 875, 829, 750. EI-MS m/z (%): 506 ([M]�, 12), 345 (2),
178 (27), 161 (100). HR-ESI-MS m/z: 529.1836 ([M�Na]�) (Calcd for
C29H30O8Na: 529.1838).

Compound 2: Colorless needles. mp 197—198 °C (CHCl3/MeOH). [a]D
18.5

�5° (c�0.20, MeOH). UV lmax (MeOH) 213 nm (log e 3.72). IR (KBr)
cm�1: nmax 3435, 2936, 1731, 1625, 1625, 1506, 1389, 875, 740. EI-MS m/z
(%): 378 ([M]�, 38), 360 (13), 342 (8), 237 (51), 219 (95), 142 (48), 94
(100). HR-ESI-MS m/z: 401.1222 ([M�Na]�) (Calcd for C19H22O8Na:
401.1212).

Acknowledgements This project was supported to J. K. Liu by National
Basic Research Program of China (973 Program, 2009CB522300).

References
1) Marker R. E., Wagner R. B., Ulshafer P. R., J. Am. Chem. Soc., 87,

1199—1209 (1965).
2) Barua A. K., Chakravarti D., Chakravarti R. N., J. Indian Chem. Soc.,

33, 799—802 (1956).
3) Tang Y. X., Chin. Med. J., 20, 435—438 (1995).
4) Komori T., Arita M., Ida Y., Fujikura R., Kawasaki T., Liebigs Ann.

Chem., 1973, 970—992 (1973).
5) Ida Y., Kubo S., Fujita M., Komori T., Kawasaki T., Liebigs Ann.

Chem., 1978, 818—833 (1978).
6) Ida Y., Kubo S., Komori T., Kawasaki T., Liebigs Ann. Chem., 1978,

834—838 (1978).
7) Ida Y., Noda N., Kubo S., Komori T., Kawasaki T., Chem. Pharm.

Bull., 26, 435—439 (1978).
8) Murry R. D. H., Jorge Z. D., Khan N. H., Shahjahan M., Quaisuddin

M., Phytochemistry, 23, 623—625 (1984).

June 2009 627


