
The rhizomes of Atractylodes plants (Compositae) have
been used as an important crude drug since antiquity. They
are listed in the Chinese, Korean, and Japanese pharma-
copoeias, and are prescribed in traditional medicine as di-
uretic and stomachic drugs. They are classified into two
groups that contain b-eudesmol and hinesol as the main con-
stituents of the essential oil (Atractylodes lancea and Atracty-
lodes chinensis; so-jutsu), and atractylon as the main con-
stituent of the essential oil (Atractylodes japonica and
Atractylodes ovata; byaku-jutsu).1) However, the phyloge-
netic relationship between A. lancea and A. japonica is con-
sidered to be closer than that of A. japonica and A. ovata.2,3)

As for the polar constituents of the rhizome of A. lancea,
nine sesquiterpenoid glycosides (atractyloside A to I), L-tryp-
tophan, and syringin were reported by Yahara et al.4) On the
other hand, we reported the isolation and the characterization
of eight sesquiterpenoid glycosides, including atractyloside
A—E, G, and a compound with a secoguaiane skeleton, a
monoterpenoid glucoside, seven aromatic compound glyco-
sides, and L-phenylalanine from the water-soluble portion of
A. japonica.5) In the present study, we undertook a reexami-
nation of the water-soluble portion of the rhizome of A.
lancea.

The dried rhizome of A. lancea, which was cultivated in
the Tokyo Metropolitan Medical Plants Garden, was ex-
tracted with methanol, and the methanolic extract was sus-
pended in water and successively extracted with ether and
ethyl acetate. The aqueous layer was chromatographed on
Amberlite XAD-II to give water and methanol eluate frac-
tions. The methanol eluate fraction was chromatographed on
Sephadex LH-20, and subjected to a combination of silica
gel, Lobar RP-8 column chromatography, and HPLC. Then,
16 sesquiterpenoid glycosides (1—16), four monoterpenoid
glucosides (17—20), two hemiterpenoid glycosides (21, 22),
an alkyl glycoside (23), five aromatic compound glycosides
(24—28), an acetylene derivative compound glucoside (29),
two nucleosides (30, 31), and L-tryptophan (32) were iso-
lated. Among them, five sesquiterpenoid glycosides (7—9,

11, 16) and an acetylene derivative compound glucoside (29)
are new, and their structures were characterized as follows.
Their molecular formulae were suggested from the accurate
mass number of the [M1H]1 or [M1Na]1 ion peaks in the
high-resolution positive FAB-MS.

Glycosides 1 to 6 were guaiane-type sesquiterpenoid glu-
cosides that are also found in the rhizome of A. japonica
and identified as atractyloside A,4) 10-epi-atractyloside A,5)

atractyloside B,4) (1S,4S,5S,7R,10R)-10,11,14-trihydroxyguai-
3-one 11-O-b-D-glucopyranoside,5) (1S,4S,5R,7R,10R)-11,14-
dihydroxyguai-3-one 11-O-b-D-glucopyranoside,5) and (1S,5R,
7R,10R)-secoatractylolactone 11-O-b-D-glucopyranoside,5) re-
spectively.

Glycoside 7, C27H46O15, showed [M1H]1, [M2C6H12O61
H]1 and [M2C12H24O121H]1 ion peaks at m/z 611, 431, and
251, respectively, in the positive FAB-MS. Enzymatic hy-
drolysis of 7 gave an aglycone, which was identified as the
aglycone of 1, and D-glucose and D-fructose as the sugar
components. The NMR data of 7 were similar to those of 1
except for the signals due to a b-D-fructofuranosyl group
(Tables 1 and 2). A cross-peak between the H2-14 and fructo-
syl C-2 carbon was observed in the heteronuclear multiple
bond connectivity (HMBC) spectrum of 7 suggesting that the
additional fructosyl group was located at C-14. Therefore 7
was characterized as atractyloside A 14-O-b-D-fructofurano-
side.

Glycoside 8, C21H36O9, showed [M1H]1 and [M2
C6H12O61H]1 ion peaks at m/z 433 and 253, respectively, 
in the positive FAB-MS, and enzymatic hydrolysis of 8 gave
an aglycone (8a) and D-glucose. It showed similar NMR
spectral features to those of 4 (Tables 1, 2), but the signals
due to H-1ax, H-2ax, H-8ax, H-9ax, H2-14, C-1, C-5, and C-9 of
8 appeared significantly lower field than those of 4. In addi-
tion, the observed nuclear Overhauser effect (NOE) interac-
tions between H-1/H-6ax, between H-5/H3-15, and between
H-7/H-14a in the NOE spectroscopy (NOESY) spectrum
(Fig. 1) suggested 8 to be an 10-epimer of 4. This was sup-
ported by a positive Cotton effect in the circular dichroism

June 2003 Chem. Pharm. Bull. 51(6) 673—678 (2003) 673

* To whom correspondence should be addressed. e-mail: Kitajima@ac.shoyaku.ac.jp © 2003 Pharmaceutical Society of Japan

Glycosides of Atractylodes lancea

Junichi KITAJIMA,*,a Akane KAMOSHITA,a Toru ISHIKAWA,a Akihito TAKANO,a Tatsuo FUKUDA,b

Susumu ISODA,c and Yoshiteru IDA
c

a Showa Pharmaceutical University; 3 Higashi-Tamagawagakuen, Machida, Tokyo 194–8543, Japan: b Tokyo Metropolitan
Medical Plants Garden; 21–1 Nakajima-machi, Kodaira, Tokyo 187–0033, Japan: and c School of Pharmaceutical
Sciences, Showa University; Hatanodai, Shinagawa-ku, Tokyo 142–8555, Japan.
Received February 6, 2003; accepted March 20, 2003

Five sesquiterpenoid glycosides (two guaiane-type glycosides and three eudesmane-type glucosides) and a
glucoside of an acetylene derivative were newly isolated from the water-soluble portion of the methanolic extract
of Atractylodes lancea rhizome together with 26 known compounds. Their structures were characterized as
atractyloside A 14-O-bb-D-fructofuranoside, (1S,4S,5S,7R,10S)-10,11,14-trihydroxyguai-3-one 11-O-bb-D-glucopy-
ranoside, (5R,7R,10S )-isopterocarpolone bb-D-glucopyranoside, cis-atractyloside I, (2R,3R,5R,7R,10S)-atractylo-
side G 2-O-bb-D-glucopyranoside, and (2E,8E )-2,8-decadiene-4,6-diyne-1,10-diol 1-O-bb-D-glucopyranoside on the
basis of chemical and spectroscopic investigation. The presence of six characteristic guaiane-type glucosides in
both rhizomes of A. lancea and Atractylodes japonica suggested a close chemotaxonomic relationship between
them.

Key words Atractylodes lancea; sesquiterpenoid glycoside; guaiane-type; eudesmane-type; 2,8-decadiene-4,6-diyne-1,10-diol
b-D-glucopyranoside



674 Vol. 51, No. 6

Table 1. 1H-NMR Chemical Shifts of 1, 4, 7—11, 15, and 16 (in Pyridine-d5, 500 MHz)

1 7 4 8

H-1ax (b) 2.38 ddd (10.0, 10.0, 10.0) 2.21 ddd (10.0, 11.0, 11.0) 2.26 ddd (10.0, 10.0, 10.0) 2.63 ddd (11.0, 11.0, 11.0)
H-2ax (b) 2.71 dd (10.0, 19.0) 2.76 dd (10.0, 19.0) 2.65 dd (10.0, 19.0) 2.91 dd (11.0, 19.0)
H-2eq (a) 3.14 dd (10.0, 19.0) 3.13 dd (10.0, 19.0) 3.09 dd (10.0, 19.0) 3.05 dd (11.0, 19.0)
H-4ax (b) — — 1.89 qd (7.0, 11.0) 1.87 qd (7.0, 10.0)
H-5ax (a) 2.79 br dd (10.0, 11.0) 2.70 br dd (10.0, 11.0) 2.13 br ddd (10.0, 11.0, 11.0) 2.12 dddd (3.0, 10.0, 11.0, 11.0)
H-6ax (b) 1.47 ddd (11.0, 13.0, 13.0) 1.37 ddd (11.0, 13.0, 13.0) 1.24 ddd (11.0, 13.0, 13.0) 1.24 ddd (11.0, 12.0, 12.0)
H-6eq (a) 2.86 br dd (3.0, 13.0) 2.81 br dd (3.0, 13.0) 2.42 br dd (3.0, 13.0) 2.46 ddd (3.0, 3.0, 13.0)
H-7ax (a) 2.29 br ddd (5.0, 11.0, 13.0) 2.19 m 2.04 br ddd (4.0, 11.0, 13.0) 2.01 dddd (3.0, 3.0, 12.0, 12.0)
H-8ax (b) 1.75 br ddd (8.0, 11.0, 14.5) 1.56 br ddd (8.0, 11.0, 14.0) 1.64 br ddd (11.0, 11.0, 14.0) 1.94 dddd (3.0, 11.0, 12.0, 12.0)
H-8eq (a) 2.44 br ddd (4.0, 8.5, 14.5) 2.30 br ddd (5.0, 8.5, 14.0) 2.43 br dd (10.0, 14.0) 2.44 m
H-9ax (b) 2.53 br dd (11.0, 14.0) 2.39 br dd (11.0, 14.0) 1.99 br dd (11.0, 13.0) 2.25 br dd (11.0, 13.0)
H-9eq (a) 2.14 br dd (8.5, 14.0) 2.19 br dd (8.5, 14.0) 2.69 br dd (10.0, 13.0) 2.45 br dd (10.0, 13.0)
H3-12 1.41 s 1.35 s 1.44 s 1.44 s
H3-13 1.49 s 1.43 s 1.45 s 1.47 s
H2-14 3.85 br s (2H) 3.91 d (9.5) 3.79 br s (2H) 3.97 d (10.5)

— 4.27 d (9.5) — 4.09 d (10.5)
H3-15 1.36 s 1.28 s 1.15 d (7.0) 1.21 d (7.0)
Glc H-1 5.04 d (8.0) 5.00 d (7.5) 5.05 d (7.5) 5.07 d (8.0)

9 10 11

H2-1 2.21 d (16.0, ax) 2.24 d (16.0, ax) 2.24 d (15.5)
2.33 d (16.0, eq) 2.40 d (16.0, eq) 2.47 d (15.5)

H-3 5.99 br s — —
H-5ax 2.37 br d (12.5) 2.47 dd (3.0, 12.0) —
H-5eq — — 2.26 dd (3.0, 3.0)
H-6ax 1.19 ddd (12.5, 12.5, 12.5) 1.18 ddd (12.0, 12.0, 12.0) 1.44 ddd (3.0, 13.0, 13.0)
H-6eq 2.47 ddd (3.0, 3.0, 12.5) 2.46 br dd (3.0, 12.0) 2.05 ddd (3.0, 3.0, 13.0)
H-7ax 1.78 dddd (3.0, 3.0, 12.5, 12.5) 1.73 dddd (3.0, 3.0, 12.0, 12.0) 1.22 dddd (3.0, 3.0, 13.0, 13.0)
H-8ax 1.32 dddd (3.0, 12.5, 12.5, 12.5) 1.29 dddd (3.0, 12.0, 12.0, 12.0) 1.19 dddd (3.0, 13.0, 13.0, 13.0)
H-8eq 1.73 br d (12.5) 1.71 br d (12.0) 1.68 dddd (3.0, 3.0, 3.0, 13.0)
H-9ax 1.35 ddd (3.0, 12.5, 12.5) 1.24 ddd (3.0, 12.0, 12.0) 1.52 ddd (3.0, 13.0, 13.0)
H-9eq 1.42 ddd (3.0, 3.0, 12.5) 1.38 ddd (3.0, 3.0, 12.0) 1.27 ddd (3.0, 3.0, 13.0)
H3-12 1.39 s 1.37 s 1.33 s
H3-13 1.47 s 1.45 s 1.33 s
H3-14 0.82 s 0.90 s 0.91 s
H3-15 1.81 s 2.15 s 2.11 s
Glc H-1 5.05 d (7.5) 5.05 d (8.0) 4.99 d (8.0)
Glc H-19 — 5.36 d (7.5) 5.51 d (7.5)

15 16

H-1ax 1.65 dd (12.0, 12.0) 1.51 dd (12.0, 12.0)
H-1eq 2.07 dd (5.0, 12.0) 2.10 dd (5.0, 12.0)
H-2ax 4.08 ddd (5.0, 9.0, 12.0) 4.09 ddd (5.0, 12.0, 12.0)
H-3ax 4.32 d (9.0) 4.29 d (12.0)
H-5ax 1.91 dd (3.0, 12.0) 1.78 dd (3.0, 12.0)
H-6ax 1.41 ddd (12.0, 12.0, 12.0) 1.35 ddd (12.0, 12.0, 12.0)
H-6eq 2.04 ddd (3.0, 3.0, 12.0) 1.98 ddd (3.0, 3.0, 12.0)
H-7ax 1.67 dddd (3.0, 3.0, 12.0, 12.0) 1.60 dddd (3.0, 3.0, 12.0, 12.0)
H-8ax 1.39 dddd (3.0, 12.0, 12.0, 12.0) 1.31 dddd (3.0, 12.0, 12.0, 12.0)
H-8eq 1.89 dddd (3.0, 3.0, 3.0, 12.0) 1.83 dddd (3.0, 3.0, 3.0, 12.0)
H-9ax 1.23 ddd (3.0, 12.0, 12.0) 1.11 ddd (3.0, 12.0, 12.0)
H-9eq 1.55 ddd (3.0, 3.0, 12.0) 1.44 m
H3-12 1.44 s 1.42 s
H3-13 1.45 s 1.44 s
H3-14 0.81 s 0.69 s
H2-15a 4.87 br s 4.83 d (1.5)
H2-15b 5.80 br s 5.79 d (1.5)
Glc H-1 5.06 d (8.0) 5.05 d (7.5)
Glc H-19 — 5.05 d (7.5)

d in ppm from TMS [coupling constants (J) in Hz are given in parentheses].



(CD) of 8 [4, 295 nm (De13.10); 8, 296 nm (De12.47)], and
the absolute structure of the aglycone moiety of 8 was deter-
mined to be 1S,4S,5S,7R,10S. Therefore 8 was characterized
as (1S,4S,5S,7R,10S )-10,11,14-trihydroxyguai-3-one 11-O-
b-D-glucopyranoside.

Glycosides 9 to 16 were eudesmane-type sesquiterpenoid

glucosides, and 10 and 12 to 15 were identified as atractylo-
side I,4) C,4) D,4) E4) and G,4) respectively.

Glycoside 9, C21H34O7, showed [M1H]1 and [M2
C6H12O61H]1 ion peaks at m/z 399 and 219, respectively, in
the positive FAB-MS, and the NMR spectral data (Tables 1,
2) showed the presence of four tert-methyls, four methylenes,
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Table 2. 13C-NMR Chemical Shifts of 1, 4, 7—11, 15, 16, 8a, 9a, and 16a (in Pyridine-d5, 125 MHz)

1 7 4 8 8a 9 9a

C-1 43.58 44.32 46.80 51.01 51.20 54.87 54.86
C-2 36.13 36.15 39.38 40.24 40.24 198.39 198.26
C-3 220.47 220.26 219.73 219.38 219.31 126.74 126.99
C-4 80.96 80.94 52.27 52.59 52.59 163.93 163.31
C-5 46.58 46.54 44.17 46.06 46.29 47.91 47.85
C-6 29.83 29.80 36.71 37.58 37.79 24.18 24.44
C-7 48.85 49.01 50.80 50.93 53.15 48.73 50.24
C-8 23.25 23.23 23.45 23.27 23.62 22.39 22.37
C-9 36.05 35.89 37.13 39.80 39.73 40.34 40.35
C-10 74.35 73.74 74.60 75.43 75.43 37.53 37.53
C-11 81.02 80.87 80.42 80.43 72.27 79.55 71.29
C-12 24.45 24.27 23.98 24.13 27.43 23.51 27.13
C-13 24.45 24.49 24.48 24.26 27.62 25.52 28.42
C-14 70.07 69.53 69.74 68.12 68.14 16.88 16.76
C-15 19.11 19.08 12.95 13.29 13.24 21.79 21.63
Glc-1 98.65 98.63 98.63 98.70 98.75
Glc-2 75.43 75.42 75.39 75.40 75.43
Glc-3 78.84 78.82 78.92 78.99 78.94
Glc-4 71.67 71.64 71.97 72.01 71.94
Glc-5 78.16 78.14 78.10 78.15 78.13
Glc-6 62.70 62.66 62.05 63.06 63.13
Fru-1 63.53
Fru-2 105.50
Fru-3 79.04
Fru-4 76.32
Fru-5 83.58
Fru-6 62.99

10 11 15 16 16a

C-1 54.55 52.85 49.30 46.60 (22.7) 49.26
C-2 194.89 195.19 73.41 83.74 (110.3) 73.42
C-3 146.77 146.59 79.62 76.91 (22.7) 79.61
C-4 151.07 148.82 152.33 150.24 152.48
C-5 47.51 46.42 48.53 48.05 48.43
C-6 24.77 25.25 25.43 25.23 25.51
C-7 48.53 44.49 48.57 (21.2) 48.56 (21.2) 49.73
C-8 22.15 22.69 22.38 22.15 22.48
C-9 40.04 32.32 41.10 40.82 41.11
C-10 37.08 35.64 35.46 35.16 35.37
C-11 79.51 78.90 79.50 (18.1) 79.41 (18.0) 71.39
C-12 23.53 23.29 24.13 (23.5) 24.09 (23.5) 27.61
C-13 25.46 24.10 24.79 (23.2) 24.79 (23.2) 27.96
C-14 16.97 26.27 17.82 17.41 17.69
C-15 15.21 15.97 104.83 106.02 104.73
Glc-1 98.74 98.53 98.71 98.72
Glc-2 75.43 75.53 75.41 75.43
Glc-3 78.97 78.98 78.94 78.97
Glc-4 71.96 71.94 71.99 72.03
Glc-5 78.16 78.16 78.03 78.06
Glc-6 63.14 63.03 63.14 63.16
Glc-19 105.50 103.94 104.12
Glc-29 76.22 76.00 74.94
Glc-39 78.81 78.90 78.65
Glc-49 71.43 71.57 71.63
Glc-59 78.48 78.56 78.47
Glc-69 62.75 62.86 62.55

d in ppm from TMS. Dd (d glucoside2d aglycone) are given in parentheses.



two methines, one tri-substituted double bond, two quater-
nary carbons, and one carbonyl carbon, in addition to the b-
D-glucopyranosyl moiety. Enzymatic hydrolysis of 9 gave an
aglycone (9a) and D-glucose. The results of an HMBC exper-
iment (see Experimental) indicated that the aglycone of 9
was 11-hydroxyeudesm-3-en-2-one, and the glucosyl group
was located at C-11. The NOE interactions between H-5/H-
7ax, H-9ax, and between H3-14/H-6ax, H-8ax in the NOESY
spectrum suggested that the A/B ring juncture was trans, the
configuration of H-5 and C-10 methyl was axial, and the con-
figuration of C-7 hydroxyisopropyl was equatorial (Fig. 1).
Then 9a was deduced to be isopterocarpolone first isolated
from Pterocarpus santalinus.6) The absolute structure of the
aglycone was concluded to be 5R,7R,10S, since the optical
rotation of 9a {[a]D

21168° (CHCl3)} was positive as isoptero-
carpolone {[a]D147° (CHCl3)} which was obtained as a bio-
transformation product of (2)-a-eudesmol {(5R,7R,10S )-
eudesm-3-en-11-ol.7,8) Therefore 9 was characterized as
(5R,7R,10S )-isopterocarpolone b-D-glucopyranoside [(5R,
7R,10S )-11-hydroxyeudesm-3-en-2-one 11-O-b-D-glucopyra-
noside].

Glycoside 11, C27H44O13, showed [M1Na]1, [M1H]1,
[M2C6H10O51H]1, and [M1C12H22O111H]1 ion peaks at
m/z 599, 577, 415, and 235, respectively, in the positive FAB-
MS. As the NMR spectra showed similar features to those of
10 (Tables 1, 2), 11 was indicated to be a sesquiterpenoid
diglucoside with the same planar structure as 10. But since
the proton signals due to the H-5 and H-6ax at d 2.26 (dd,
J53.0, 3.0 Hz) and d 1.44 (ddd, J53.0, 13.0, 13.0 Hz) were
apparently distinct from those of 10 at d 2.47 (dd, J53.0,
12.0 Hz) and d 1.18 (ddd, J512.0, 12.0, 12.0 Hz), the config-
uration of H-5 should be equatorial. This was supported by
NOE interactions between H3-14/H-5, H-6ax, H-8ax, and be-
tween H3-15/H-6eq, H-7 (Fig. 1). Then, the A/B ring juncture

was suggested to be cis, and 11 was concluded to be cis-
atractyloside I as described in Fig. 1.

Glycoside 16, C27H46O13, exhibited [M1H]1, [M2
C6H12O51H]1 and [M2C12H24O121H]1 ion peaks at m/z
579, 399, and 219, respectively, in the positive FAB-MS. En-
zymatic hydrolysis of 16 gave an aglycone (16a) identical to
3b-hydroxypterocarpol4) and D-glucose. It showed similar
NMR spectral features to those of 15 except for the signals
due to another b-D-glucopyranosyl group (Tables 1, 2), and
from the cross-peak between the Glc H-19 and C-2 carbon in
the HMBC spectrum, the location of the additional glucosyl
group was indicated to be C-2. The values of the 13C glyco-
sylation shift [Dd(d glycoside2d aglycone)] of the a- and
b-carbon, and the chemical shift of the glucosyl anomeric
carbon were known to be affected by the absolute configura-
tion of 1,2-cyclohexanediol 1-O-b -D-glucopyranoside
(33).9,10) In the case of 16, the absolute configuration at C-2
was considered to be R, as explained in Fig. 2. Thus 16 was
characterized as atractyloside G 2-O-b-D-glucopyranoside
[(2R,3R,5R,7R,10S )-eudesm-4(15)-ene-2,3,11-triol 2,11-di-
O-b-D-glucopyranoside] with the 2R,3R configuration of the
aglycone.
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Fig. 1. Structures of 1—16, and NOE Correlations of 8, 9, and 11

Fig. 2. Glycosylation Shift Values and Glc C-1 Chemical Shifts of 16, 33
(3R,4R), and 33 (3S,4S) in Pyridine-d5



Monoterpenoid glucosides 17 to 20, hemiterpenoid glyco-
sides 21 and 22, alkyl glycoside 23, aromatic compound 
glycosides 24 to 28, and nucleosides 30 and 31 were identi-
fied as (1R,2R,4S )-2-hydroxy-1,8-cineole b-D-glucopyrano-
side,11) (1S,2S,4R)-2-hydroxy-1,8-cineole b-D-glucopyrano-
side,11) (4S )-p-menth-1-ene-7,8-diol 8-O-b-D-glucopy-
ranoside,12) (1S,2R,4S )-p-menthane-1,2,8-triol 8-O-b-D-
glucopyranoside,13) 3-methyl-3-butenyl b-D-apiofuranosyl-
(1-6)-b-D-glucopyranoside,14) 3-methyl-2-butenyl b-D-apio-
furanosyl-(1®6)-b-D-glucopyranoside,15) isopropyl b-D-
apiofuranosyl-(1®6)-b-D-glucopyranoside,16) 4-hydroxy-3-
methoxyphenyl b-D-glucopyranoside,17) 4-hydroxy-3-
methoxyphenyl b-D-apiofuranosyl-(1®6)-b-D-glucopyrano-
side,18) 4-hydroxy-3-methoxyphenyl b-D-xylopyranosyl-
(1®6)-b-D-glucopyranoside,5) icariside F2,

19) syringin,19) uri-
dine, and adenosine, respectively.

Glucoside 29, C16H20O7, showed [M1Na]1 and [M2
C6H12O61H]1 ion peaks at m/z 347 and 145, respectively, in
the positive FAB-MS. The NMR spectrum showed the pres-
ence of two di-substituted double bonds, two triple bonds,
and two hydroxymethyls, in addition to the b-D-glucopyra-
nosyl group. From the result of an HMBC experiment (Fig.
3), the aglycone of 29 was indicated to be decadiene-4,6-
diyne-1,10-diol, and the glucosyl group was located at C-1.
Furthermore, the coupling constant values of H-3 and H-8
(J516.0 Hz) suggested the stereochemistry of the double
bond should be E.20) Therefore 29 was concluded to be
(2E,8E)-decadiene-4,6-diyne-1,10-diol 1-O-b-D-glucopyra-
noside.

While no common constituent of nucleoside, amino acid,
and eudesmane-type sesquiterpenoid glycoside could found
between the water-soluble portion of A. lancea and A. japon-
ica, we were able to isolate six characteristic guaiane-type
sesquiterpenoid glucosides (1 to 6) from both rhizomes in
relatively high yield. Thus the chemotaxonomic relationship
between A. lancea and A. japonica can be considered to be
close, as is the phylogenetic relationship.

Experimental
HPLC separation was carried out on Symmetryprep C18 7 mm (Waters;

column size, 7.83300 mm; ODS), carbohydrate analysis (Waters; column
size, 3.93300 mm; CHA), and Wakobeads T-100s (Wako; column size,
6.03150 mm; WBT) columns. The other instruments used and the experi-
mental conditions for obtaining spectral data and for chromatography were
the same as reported in a previous paper.5)

Extraction and Separation The dried rhizome of A. lancea (1.5 kg),
which was cultivated in the Tokyo Metropolitan Medical Plant Garden (Ko-
daira City, Tokyo, Japan), was extracted with methanol (3 l33) for 2 weeks,
and the extract (286.4 g) was partitioned into ether–water and ethyl 
acetate–water, respectively. The aqueous portion (217.7 g) was chro-
matographed over Amberlite XAD-II (H2O®MeOH) to give water eluate
(198.8 g) and methanol eluate (18.9 g) fractions.

The methanol fraction was subjected to Sephadex LH-20 (MeOH) to give
seven fractions (frs. A—G). Fraction C (7.73 g) was chromatographed on
silica gel [CHCl3–MeOH–H2O (4 : 1 : 0.1®6 : 4 : 0.5)®MeOH] to give 12
fractions (frs. C1—C12). Fraction C2 (0.43 g) was chromatographed on a
Lobar RP-8 column [MeCN–H2O (3 : 17—3 : 7)] to give 12 fractions (frs.

C2-1—C2-12), and fr. C2-4 was subjected to HPLC [CHA, MeCN–H2O (97 : 3)]
to give 17 (6 mg) and 18 (2 mg). Fraction C2-10 was chromatographed on sil-
ica gel [CHCl3–MeOH–H2O (4 : 1 : 0.1)] to give four fractions (frs. C2-10a—
C2-10d), and fr. C2-10b and fr. C2-10d were subjected to HPLC [ODS,
MeCN–H2O (1 : 3)] to give 9 (55 mg) and 12 (13 mg), respectively. Fraction
C3 (0.44 g) was chromatographed on a Lobar RP-8 column [MeCN–H2O
(3 : 17)] to give 14 fractions (frs. C3-1—C3-14), and fr. C3-2 was subjected to
Sephadex LH-20 (MeOH) to give 28 (16 mg). Fraction C3-5 was subjected to
HPLC [ODS, MeCN–H2O (3 : 17)] to give 19 (8 mg), and fr. C3-9 was sub-
jected to HPLC [ODS, MeCN–H2O (3 : 17)] to give 5 (20 mg), respectively.
Fraction C4 (0.54 g) was chromatographed on a Lobar RP-8 column
[MeCN–H2O (3 : 17)] to give 16 fractions (frs. C4-1—C4-16). Fraction C4-2

was subjected to HPLC [ODS, MeCN–H2O (1 : 9)] to give 6 (20 mg), and fr.
C4-11 was subjected to HPLC [ODS, MeCN–H2O (3 : 17)] to give 15 (30 mg).
Fraction C5 (0.86 g) was chromatographed on a Lobar RP-8 column
[MeCN–H2O (3 : 17)] to give 12 fractions (frs. C5-1—C5-12), and fr. C5-5 was
subjected to HPLC [ODS, MeCN–H2O (1 : 9)] to give fr. C5-5a and 8 (10 mg).
Fraction C5-5a was subjected to HPLC [WTS, MeCN–H2O (9 : 1)] to give 21
(3 mg) and 22 (6 mg). Fraction C5-6 and fr. C5-7 were subjected to HPLC
[ODS, MeCN–H2O (1 : 7)] to give 4 (90 mg) and 27 (10 mg), respectively.
Fraction C7 (0.10 g) was chromatographed on a Lobar RP-8 column
[MeCN–H2O (3 : 17®3 : 7)] to give 12 fractions (frs. C7-1—C7-12), and fr. 
C7-1 was subjected to HPLC [ODS, MeCN–H2O (1 : 9)] to give 23 (5 mg)
and 20 (3 mg). Fraction C7-3 was subjected to HPLC [ODS, MeCN–H2O
(3 : 37)] to give 2 (25 mg) and 1 (350 mg), and fr. C7-7 was subjected to re-
peated HPLC [ODS, MeCN–H2O (3 : 17) and CHA, MeCN–H2O (37 : 3)] to
give 10 (65 mg) and 11 (6 mg). Fraction C7-10 was subjected to HPLC [ODS,
MeCN–H2O (7 : 33) and CHA, MeCN–H2O (37 : 3)] to give 13 (13 mg).
Fraction C8 (0.65 g) was chromatographed on a Lobar RP-8 column
[MeCN–H2O (3 : 17)] to give eight fractions (frs. C8-1—C8-8), and fr. C8-6

was subjected to HPLC [ODS, MeCN–H2O (3 : 17)] to give 16 (30 mg).
Fraction C10 (0.59 g) was chromatographed on a Lobar RP-8 column
[MeCN–H2O (3 : 17®3 : 7)] to give nine fractions (frs. C10-1—C10-9), and fr.
C10-2 was subjected to HPLC [ODS, MeCN–H2O (3 : 47) and CHA,
MeCN–H2O (17 : 3)] to give 3 (12 mg) and 7 (33 mg). Fraction C10-5 was
subjected to HPLC [ODS, MeCN–H2O (3 : 17)] to give 14 (6 mg). Fraction
E (0.88 g) was chromatographed over silica gel [CHCl3–MeOH–H2O
(4 : 1 : 0.1®6 : 4 : 0.5)®MeOH] to give eight fractions (frs. E1—E8). Frac-
tion E2 (0.16 g) was chromatographed on a Lobar RP-8 column
[MeCN–H2O (3 : 17)] to give nine fractions (frs. E2-1—E2-9), and fr. E2-8 was
subjected to HPLC [ODS, MeCN–H2O (3 : 17)] to give 29 (5 mg). Fraction
E3 (0.12 g) was chromatographed on a Lobar RP-8 column [MeCN–H2O
(3 : 17)] to give nine fractions (frs. E3-1—E3-9), and fr. E3-3 was subjected to
HPLC [ODS, MeCN–H2O (1 : 39)] to give 24 (8 mg). Fraction E5 was chro-
matographed on a Lobar RP-8 column [MeCN–H2O (3 : 17)] to give seven
fractions (frs. E5-1—E5-7). Fraction E5-3 was subjected to HPLC [CHA,
MeCN–H2O (14 : 1)] to give 25 (10 mg) and 26 (2 mg), and fr. E5-5 was sub-
jected to HPLC [ODS, MeCN–H2O (1 : 39)] to give 32 (66 mg). Fraction F
(0.35 g) was chromatographed on a Lobar RP-8 column [MeCN–H2O
(3 : 17)] to give six fractions (frs. F1—F6), and fr. F3 was subjected to
Sephadex LH-20 (MeOH) to give 30 (25 mg). Fraction G (0.06 g) was chro-
matographed on a Lobar RP-8 column [MeCN–H2O (3 : 17)] to give four
fractions (frs. G1—G4), and fr. G2 was subjected to Sephadex LH-20
(MeOH) to give 31 (12 mg).

The following compounds were identified by comparison with authentic
compounds or published physical and spectral data: atractyloside A (1; the
1H- and 13C-NMR spectral data are described in Tables 1 and 2), 10-epi-
atractyloside A (2), atractyloside B (3), (1S,4S,5S,7R,10R)-10,11,14-trihy-
droxyguai-3-one 11-O-b-D-glucopyranoside (4; the 1H- and 13C-NMR spec-
tral data are described in Tables 1 and 2), (1S,4S,5R,7R,10R )-11,14-dihy-
droxyguai-3-one 11-O-b-D-glucopyranoside (5), (1S,5R,7R,10R)-secoatractyl-
olactone 11-O-b-D-glucopyranoside (6), atractyloside I (10; the 1H- and 
13C-NMR spectral data are described in Tables 1 and 2), atractyloside C (12),
atractyloside D (13), atractyloside E (14), atractyloside G (15; the 1H- and
13C-NMR spectral data are described in Tables 1 and 2), (1R,2R,4S )-2-hy-
droxy-1,8-cineole b-D-glucopyranoside (17), (1S,2S,4R)-2-hydroxy-1,8-ci-
neole b-D-glucopyranoside (18), (4S )-p-menth-1-ene-7,8-diol 8-O-b-D-glu-
copyranoside (19), (1S,2R,4S )-p-menthane-1,2,8-triol 8-O-b-D-glucopyra-
noside (20), 3-methyl-3-butenyl b-D-apiofuranosyl-(1®6)-b-D-glucopyra-
noside (21), 3-methyl-2-butenyl b-D-apiofuranosyl-(1®6)-b-D-glucopyra-
noside (22), isopropyl b-D-apiofuranosyl-(1®6)-b-D-glucopyranoside (23),
4-hydroxy-3-methoxyphenyl b-D-glucopyranoside (24), 4-hydroxy-3-
methoxyphenyl b-D-apiofuranosyl-(1®6)-b-D-glucopyranoside (25), 4-hy-
droxy-3-methoxyphenyl b-D-xylopyranosyl-(1®6)-b-D-glucopyranoside
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(26), icariside F2 (27), syringin (28), uridine (30), adenosine (31), and L-
tryptophan (32).

Atractyloside A 14-O-bb-D-Fructofuranoside (7) An amorphous pow-
der, [a]D

22 12° (c51.3, MeOH). Positive FAB-MS m/z: 633 [M1Na]1,
611.2905 [M1H]1 (Calcd for C27H47O15, 611.2895), 431 [M2C6H12O61
H]1, 251 [M2C12H24O121H]1 (base). 1H-NMR: Table 1. 13C-NMR: Table
2. HMBC correlations: H-1ax/C-2, C-4, C-5, C-6, C-9, C-10, C-14; H2-2/C-
1, C-3, C-4, C-5, C-10; H-5ax/C-1, C-4, C-6, C-7, C-10, C-15; H-6ax/C-1, C-
4, C-5, C-7, C-8, C-11; H-6eq/C-1, C-4, C-7, C-8, C-11; H-7ax/C-5, C-6, C-8,
C-9, C-11, C-12, C-13; H2-8/C-6, C-7, C-9, C-10, C-11; H2-9/C-1, C-7, C-8,
C-10, C-14; H3-12/C-7, C-11, C-13; H3-13/C-7, C-11, C-12; H2-14/C-1, C-
9, C-10, Fru C-2; H3-15/C-3, C-4, C-5; Glc H-1/C-11.

Enzymatic Hydrolysis of 7 A mixture of 7 (16 mg) and b-glucosidase
(5 mg; Toyobo Co. Ltd., lot 93240) in water (5 ml) was shaken in a water
bath at 37 °C for 30 d. The mixture was concentrated in vacuo to dryness
and the residue was chromatographed over silica gel [CHCl3–MeOH (4 : 1 to
1 : 1)] to afford (1S,4S,5R,7R,10R)-4,10,11,14-tetrahydroxyguai-3-one (1a;
3 mg) and a sugar fraction. The sugar fraction was passed through Sephadex
LH-20 (MeOH) to give a syrup, and HPLC [carbohydrate analysis (Waters),
detector; JASCO RI-930 detector and JASCO OR-990 chiral detector, sol-
vent; MeCN–H2O (9 : 1), 2 ml/min; tR 5.50 min (same location as that of D-
glucose) and tR 6.80 min (same location as that of D-fructose)] showed the
presence of D-glucose and D-fructose.

(1S,4S,5S,7R,10S)-10,11,14-Trihydroxyguai-3-one 11-O-bb-D-Glucopy-
ranoside (8) An amorphous powder, [a]D

22 11° (c50.7, MeOH). Positive
FAB-MS m/z: 455 [M1Na]1, 433.2439 [M1H]1 (Calcd for C21H37O9,
433.2437), 415 [M2H2O1H]1, 397 [M22H2O1H]1, 253 [M2C6H12O61
H]1 (base). 1H-NMR: Table 1. 13C-NMR: Table 2. CD: (c50.0085 M,
MeOH) De (nm): 12.47 (296). HMBC correlations: H-1ax/C-2, C-4, C-5, C-
6, C-9, C-10, C-14; H-2ax/C-1, C-3, C-4, C-5; H-2eq/C-1, C-3, C-4, C-5, C-
10; H-4ax/C-3, C-5, C-6, C-15; H-5ax/C-1, C-4, C-6, C-7, C-10, C-15; H-
6eq/C-1, C-4, C-5, C-7, C-11; H-7ax/C-6, C-8, C-11, C-12, C-13; H-8ax/C-6,
C-7, C-9, C-10, C-11; H-8eq/C-6, C-7, C-9, C-10; H2-9/C-1, C-7, C-8, C-10,
C-14; H3-12/C-7, C-11, C-13; H3-13/C-7, C-11, C-12; H2-14/C-1, C-2, C-9,
C-10; H3-15/C-3, C-4, C-5; Glc H-1/C-11.

Enzymatic Hydrolysis of 8 A mixture of 8 (7 mg) and b-glucosidase in
water (5 ml) was shaken in a water bath at 37 °C for 15 d. The mixture was
treated in the same way as described for 7 to afford an aglycone 8a (6 mg)
and a sugar fraction. From the sugar fraction, D-glucose was detected as de-
scribed for 7.

(1S,4S,5S,7R,10S)-10,11,14-Trihydroxyguai-3-one (8a) An amor-
phous powder, [a]D

22 120° (c50.2, MeOH). 1H-NMR (pyridine-d5,
500 MHz) d : 4.10 (1H, d, J510.5 Hz, H-14b), 3.98 (1H, d, J510.5 Hz, H-
14a), 3.07 (1H, dd, J511.0, 19.0 Hz, H-2eq), 2.94 (1H, br dd, J510.0,
19.0 Hz, H-2ax), 2.68 (1H, ddd, J510.0, 11.0, 11.0 Hz, H-1ax), 2.55 (1H, ddd,
J53.0, 3.0, 13.0 Hz, H-6eq), 2.45 (1H, br dd, J510.0, 12.0 Hz, H-9eq), 2.33
(1H, m, H-8eq), 2.28 (1H, br dd, J510.0, 13.0 Hz, H-9ax), 2.11 (1H, br ddd,
J511.0, 11.0, 11.0 Hz, H-5ax), 2.03 (1H, dddd, J53.0, 12.0, 12.0, 12.0 Hz,
H-8ax), 1.93 (1H, dd, J57.0, 11.0 Hz, H-4ax), 1.87 (1H, dddd, J53.0, 3.0,
12.0, 12.0 Hz, H-7ax), 1.42 (6H, s, H3-12, -13), 1.35 (1H, ddd, J511.0, 12.0,
12.0 Hz, H-6ax), 1.18 (3H, d, J57.0, H3-15).

(5R,7R,10S)-Isopterocarpolone bb-D-Glucopyranoside (9) An amor-
phous powder, [a]D

24 143° (c51.6, MeOH). Positive FAB-MS m/z: 421
[M1Na]1, 399.2364 [M1H]1 (Calcd for C21H35O7, 399.2383), 219
[M2C6H12O61H]1 (base). 1H-NMR: Table 1. 13C-NMR: Table 2. HMBC
correlations: H2-1/C-2, C-3, C-5, C-9, C-10, C-14; H-3/C-1, C-5, C-15; H-
5ax/C-3, C-4, C-6, C-10, C-14; H-6ax/C-4, C-5, C-7, C-8, C-10, C-11; H-
6eq/C-4, C-5, C-8, C-10; H-7ax/C-8, C-9, C-11; H-8ax/C-6, C-9; H-8eq/C-6,
C-10; H2-9/C-8, C-10, C-14; H3-12/C-7, C-11, C-13; H3-13/C-7, C-11, C-
12; H3-14/C-1, C-9, C-10; H3-15/C-3, C-4, C-5; Glc H-1/C-11.

Enzymatic Hydrolysis of 9 A mixture of 9 (11 mg) and b-glucosidase
(5 mg) in water (5 ml) was shaken in a water bath at 37 °C for 20 d. The mix-
ture was treated in the same way as described for 7 to afford isopterocar-
polone [9a; [a]D

21 168° (c50.4, CHCl3), 5 mg] and a sugar fraction. From
the sugar fraction, D-glucose was detected as described for 7.

cis-Atractyloside I (11) An amorphous powder, [a]D
22 223° (c50.4,

MeOH). Positive FAB-MS m/z: 615 [M1K]1, 599.2673 [M1Na]1 (Calcd
for C27H44NaO13, 599.2679), 577 [M1H]1, 415 [M2C6H10O51H]1, 253
[M2C12H20O101H]1, 235 [M2C12H22O111H]1 (base). 1H-NMR: Table 1.
13C-NMR: Table 2. HMBC correlations: H-1a/C-2, C-3, C-5, C-9, C-10, C-
14; H-1b/C-2, C-5, C-9, C-10, C-14; H-5eq/C-3, C-4, C-9, C-10, C-14; H-
6ax/C-7, C-11; H-6eq/C-10; H-7ax/C-6, C-8, C-11, C-12, C-13; H-8ax/C-7; H-
9ax/C-8, C-10, C-14; H-9eq/C-5, C-7, C-8, C-10, C-14; H3-12/C-7, C-11, C-
13; H3-13/C-7, C-11, C-12; H3-14/C-1, C-5, C-9, C-10; H3-15/C-3, C-4, C-

5; Glc H-1/C-11; Glc H-19/C-3.
(2R,3R,5R,7R,10S)-Atractyloside G 2-O-bb-D-Glucopyranoside (16)

An amorphous powder, [a]D
22 220° (c51.5, MeOH). Positive FAB-MS m/z:

601 [M1Na]1, 579.3015 [M1H]1 (Calcd for C27H47O12, 579.3017), 417
[M2C6H10O51H]1, 399 [M2C6H12O61H]1, 219 [M2C12H24O121H]1

(base). 1H-NMR: Table 1. 13C-NMR: Table 2. HMBC correlations: H2-1/C-
2, C-3, C-5, C-9, C-10, C-14; H-2ax/C-1, C-3, Glc C-1; H-3ax/C-2, C-4, C-
15; H-5ax/C-3, C-4, C-15; H-6ax/C-4, C-5, C-7, C-8, C-10, C-11; H-6eq/C-7,
C-8, C-10; H-7ax/C-9, C-11, C-12, C-13; H-8ax/C-5, C-6, C-7, C-9, C-10; H-
8eq/C-6, C-10; H-9ax/C-1, C-10, C-14; H-9eq/C-10; H3-12/C-7, C-11, C-13;
H3-13/C-7, C-11, C-12; H3-14/C-1, C-5, C-9, C-10; H-15a/C-3, C-5; H-
15b/C-3, C-4, C-5; Glc H-1/C-11; Glc H-19/C-2.

Enzymatic Hydrolysis of 16 A mixture of 16 (11 mg) and b-glucosi-
dase (5 mg) in water (5 ml) was shaken in a water bath at 37 °C for 20 d. The
mixture was treated in the same way as described for 7 to afford
(2R,3R,5R,7R,10S )-eudesm-4(15)-ene-2,3,11-triol [16a; [a]D

22 117° (c50.4,
MeOH), 4 mg] and a sugar fraction. From the sugar fraction, D-glucose was
detected as described for 7.

(2E,8E )-2,8-Decadiene-4,6-diyne-1,10-diol 1-O-bb-D-Glucopyranoside
(29) An amorphous powder, [a]D

21 277° (c50.2, MeOH). Positive FAB-
MS m/z: 347.1090 [M1Na]1 (Calcd for C16H20NaO7, 347.1106), 145
[M2C6H12O61H]1 (base). 1H-NMR (pyridine-d5, 500 MHz) d : 6.69 (1H, td,
J54.0, 16.0 Hz, H-9), 6.47 (1H, td, J54.0, 16.0 Hz, H-2), 6.32 (1H, d,
J516.0 Hz, H-8), 6.24 (1H, d, J516.0 Hz, H-3), 4,59, 4.37 (each 1H, ddd,
J51.5, 4.0, 16.0 Hz, H2-1), 4.42 (2H, dd, J52.0, 4.0 Hz, H2-10), 4.86 (1H, d,
J57.5 Hz, Glc H-1). 13C-NMR (pyridine-d5, 125 MHz) d : 68.42 (C-1),
144.27 (C-2), 109.71 (C-3), 80.41 (C-4), 75.26 (C-5), 74.73 (C-6), 81.32 (C-
7), 107.20 (C-8), 149.58 (C-9), 61.92 (C-10), 104.11 (Glc C-1), 75.17 (Glc
C-2), 78.55, 78.67 (Glc C-3, C-5), 71.57 (Glc C-4), 62.72 (Glc C-6). HMBC
correlations: H2-1/C-2, C-3, Glc C-1; H-2/C-1, C-4; H-3/C-1, C-2, C-5; H-
8/C-6, C-9, C-10; H-9/C-7, C-8, C-10; H2-10/C-8, C-9; Glc H-1/C-1.
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