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Tacca chantrieri ANDRÉ is a perennial plant belonging to
the family Taccaceae and is indigenous to southeast region of
the People’s Republic of China. A decoction prepared from
the rhizomes of T. chantrieri has long been used in tradi-
tional Chinese medicine for the treatment of gastric ulcer, en-
teritis, and hepatitis.1) Our previous chemical studies on the
rhizomes of T. chantrieri led to the isolation of diarylhep-
tanoids, diarylheptanoid glucosides, and steroidal glycosides
such as spirostanol, furostanol, pseudofurostanol, pregnane,
and withanolide glycosides, some of which showed cytotoxic
activities against cultured tumor cells.2—8) Further phyto-
chemical analysis of T. chantrieri rhizomes, with particular
inference to the glycoside constituents, has resulted in the
isolation of five new glycosides, which are classified into two
bisdesmosidic pseudofurostanol glycosides (1, 2), two new
ergostanol glycosides (3, 4), and a new phenolic glycoside
(5). This paper reports the structural determination of the
new glycosides, which was carried out on the basis of exten-

sive spectroscopic analysis, including that of two-dimen-
sional (2D) NMR data, as well as hydrolytic cleavage fol-
lowed by spectroscopic and chromatographic analyses.

The rhizomes of Tacca chantrieri (dry weight of 7.3 kg)
were extracted with hot MeOH twice. After removal of the
solvent, the extract was passed through a porous-polymer
polystyrene resin (Diaion HP-20) column, successively
eluted with MeOH–H2O gradients, EtOH, and EtOAc. The
MeOH eluate portion was subjected to silica gel and octade-
cylsilanized (ODS) silica gel column chromatography to af-
ford compounds 1—5.

Compound 1 was isolated as an amorphous solid. The
high-resolution electrospray-ionization time of flight mass
spectrum (HR-ESI-TOF-MS) of 1 exhibited an accurate
[M�Na]� ion at m/z 1231.5692, allowing the molecular for-
mula of 1 to be assigned as C57H92O27, which was confirmed
by analysis of the 13C-NMR sepctrum combined with distor-
tionless enhancement by polarization transfer (DEPT) spec-
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tral data. The 1H-NMR spectrum of 1 contained signals for
four steroidal methyl groups at d 1.73 (s), 1.07 (d,
J�6.8 Hz), 1.06 (s), and 0.92 (s), and two olefinic protons at
d 5.32 (br d, J�4.4 Hz) and 4.53 (t, J�6.9 Hz), as well as
signals for five anomeric protons at d 5.82 (br s), 5.76 (br s),
5.25 (d, J�7.8 Hz), 4.90 (d, J�7.6 Hz), and 4.85 (d, J�
7.7 Hz). Acid hydrolysis of 1 with 1.0 M HCl in dioxane–H2O
(1 : 1) resulted in the production of D-glucose and L-rhamnose
as the carbohydrate components, while the labile genuine sa-
pogenin was decomposed under acidic conditions. Identifica-
tion of the monosaccharides, including their absolute config-
urations, was carried out by direct HPLC analysis of the hy-
drolysate, using a combination of refractive index (RI) and
optical rotation (OR) detectors.

Analysis of the 1H- and 13C-NMR spectra of 1 revealed
that the structure of the ring A—D portion (C-1—C-19) was
identical to that of the usual furost-5-en-3b-ol derivatives.5)

However, significant differences were recognized in the sig-
nals from the ring E part and the side chain moiety (C-20—
C-27), where a tertiary hydroxy group [dC 76.7 (C)] and an
oxygen-bearing trisubstituted olefinic group [dC 163.7 (–O–
C�); dC 91.4 (�CH)/dH 4.53] were supposed to be located.
The structures of the modified ring E and side chain portions
were determined by the following 2D NMR analysis. A
three-proton doublet signal at d 1.07 (J�6.8 Hz) was unam-
biguously assignable to Me-27. In the 1H–1H shift correlation
spectroscopy (COSY) spectrum of 1, Me-27 was correlated
to the broad multiplet signal of H-25 centered at d 2.10,
which exhibited correlations with a pair of oxymethylene
protons at d 4.16 and 3.53 (H2-26), and with a pair of meth-
ylene protons at d 2.52 and 2.16 (H2-24). The methylene pro-
tons showed correlations with the olefinic proton of H-23 at
d 4.53. The H-23 and H2-24 protons were associated with the
olefinic carbon at d 91.4 and methylene carbon at d 29.6, re-
spectively, by the 1H-detected heteronuclear multiple quan-
tum coherence (HMQC) spectrum. In the 1H-detected het-
eronuclear multiple-bond connectivities (HMBC) spectrum,
the H-23 proton showed long-range correlations with the
oxygenated sp2 carbon at d 163.7 (C-22) and C-24 methylene
carbon at d 29.6. Long-range correlations between C-22 and
H-16 (d 5.22)/H2-24 were also noted. Thus, a linkage be-
tween C-16 and C-22 via an oxygen atom and the presence
of the C-22(23) olefinic group were revealed. On the other
hand, a deshielded singlet methyl signal at d 1.73 was assign-
able to Me-21 and exhibited a 2JC,H correlation with a quater-
nary carbon bearing an oxygen atom at d 76.7 (C-20) and a
3JC,H correlation with C-22. Further HMBC correlations were
observed between C-20 and H-16/H-17 (d 2.25) (Fig. 1).
These correlations were consistent with the presence of a hy-
droxy group at C-20. The geometry of the C-22(23) olefinic
group was determined to be Z based on an NOE correlation
between Me-21 and H-23 in the phase-sensitive NOE corre-
lation spectroscopy (NOESY) spectrum of 1.

When 1 was treated with b-D-glucosidase, it was hy-
drolyzed to gave a spirostanol glycoside (1a), identified as
spirost-5-ene-3b ,20-diol.9) In the phase-sensitive NOESY
spectrum of 1a, NOE correlations between H-12eq (d 2.01)
and Me-21 (d 1.73), H-14 (d 0.92) and H-17 (d 2.45), H-16
(d 5.07) and H-17/H-23eq (d 2.37), and between Me-18 (d
1.20) and Me-21, were indicative of the D/E cis ring junction
and the 20S and 22S configurations (Fig. 2). The configura-

tion of C-25 remains to be determined. Thus, the structure of
1a was established as (20S,22S,25x)-spirost-5-ene-3b ,20-
diol, and consequently the structure of the aglycone moiety
of 1 was established as (20S,22Z,25x)-furosta-5,22-diene-
3b ,20,26-triol.

Finally, we focused our attention on determining the struc-
tures of the glycoside moieties. The 1H–1H COSY experi-
ment allowed the sequential assignments from H-1 to H2-6
and Me-6 of five monosaccharides. Their signal multiplet
patterns and coupling constants identified three b-D-glucopy-
ranosyl (4C1) units and two a-L-rhamnopyranosyl (1C4) units.
The HMQC spectrum was applied to associate the protons
with the corresponding one-bond coupled carbon resonances.
Comparison of the carbon chemical shifts thus assigned with
those of the reference methyl glycosides,10,11) taking into ac-
count the known effects of O-glycosylation, indicated that 1
contained two terminal b-D-glucopyranosyl units (Glc�� and
Glc��), a C-2 and C-3 disubstituted b-D-glucopyranosyl unit
(Glc�), a terminal a-L-rhamnopyranosyl unit (Rha�), and a 
C-4 substituted a-L-rhamnopyranosyl unit (Rha�). The b-ori-
entations of the anomeric centers of the glucopyranosyl moi-
eties were supported by the relatively large J values of their
anomeric protons (J�7.6—7.8 Hz). For the rhamnopyranosyl
residues, the large 1JC,H values (170 Hz<) indicated that each
anomeric proton was equatorial thus possessing an a-pyra-
noid anomeric form.12) In the HMBC spectrum of 1, long-
range correlations were observed between d 5.82 (H-1 of
Rha�) and d 78.6 (C-2 of Glc�), d 5.76 (H-1 of Rha�) and d
86.2 (C-3 of Glc�), d 5.25 (H-1 of Glc��) and d 84.5 (C-4 of
Rha�), d 4.90 (H-1 of Glc�) and d 77.7 (C-3 of aglycone),
and between d 4.85 (H-1 of Glc��) and d 75.3 (C-26 of agly-
cone).

From the above spectroscopic and chemical data, the
structure of 1 was formulated as (20S,22Z,25x)-26-[(b-D-glu-
copyranosyl)oxy]-20-hydroxyfurosta-5,22-dien-3b-yl O-b-D-
glucopyranosyl-(1→4)-a -L-rhamnopyranosyl-(1→3)-O-[a -
L-rhamnopyranosyl-(1→2)]-b-D-glucopyranoside.

Compound 2 analyzed for C51H82O22 by combined HR-
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Fig. 1. 1H Spin-Coupling Correlations (Bold Lines) and HMBC Correla-
tions (Arrows) of the Rings D and E Parts, and Side-Chain Moiety of 1

Fig. 2. NOE Correlations (Broken Lines) of the Rings D—F Parts of 1a



ESI-TOF-MS (m/z 1069.5106 [M�Na]�), 13C-NMR and
DEPT spectral data. The deduced molecular formula was
less than that of 1 by a C6H10O5, corresponding to the lack of
one hexose unit. The 1H-NMR spectrum of 2 showed signals
for four anomeric protons at d 5.88 (br s), 5.76 (br s), 4.92 (d,
J�7.7 Hz), and 4.85 (d, J�7.8 Hz), together with signals for
four steroid methyl groups at d 1.73 (s), 1.08 (d, J�6.8 Hz),
1.07 (s), and 0.92 (s), and two olefinic protons at d 5.32 (br d,
J�4.8 Hz) and 4.54 (t, J�7.3 Hz). Acid hydrolysis of 2 with
1.0 M HCl in dioxane–H2O (1 : 1) gave D-glucose and L-rham-
nose. When the 13C-NMR spectrum of 2 was compared with
those of 1, the signals assignable to one terminal b-D-glu-
copyranosyl group could not be detected, and the resonance
for C-4 of the a-L-rhamnopyranosyl group attached to C-3 of
the inner b-D-glucopyranosyl moiety was shifted upfield by
10.9 ppm and was observed at d 73.6 in 2. All other signals
appeared at almost the same positions between the two com-
pounds. Analysis of the 1H–1H COSY and HMQC spectra of
2 revealed that 2 was composed of a C-2 and C-3 disubsti-
tuted b-D-glucopyranosyl unit (Glc�), a terminal b-D-glu-
copyranosyl unit (Glc��), and two terminal a-L-rhamnopyra-
nosyl units (Rha� and Rha�). In the HMBC spectrum of 2,
long-range correlations were observed between d 5.88 (H-1
of Rha�) and d 78.3 (C-2 of Glc�), d 5.76 (H-1 of Rha�) and
d 87.4 (C-3 of Glc�), d 4.92 (H-1 of Glc�) and d 77.8 (C-3 of
aglycone), and between d 4.85 (H-1 of Glc��) and d 75.3 (C-
26 of aglycone). Thus, the structure of 2 was (20S,22Z,25x)-
26-[(b -D-glucopyranosyl)oxy]-20-hydroxyfurosta-5,22-dien-
3b-yl O-a-L-rhamnopyranosyl-(1→2)-O-[a-L-rhamnopyra-
nosyl-(1→3)]-b-D-glucopyranoside.

Compound 3 (C70H116O38) was obtained as an amorphous
solid. The 1H-NMR spectrum of 3 showed two three-proton
singlet signals at d 0.97 and 0.64, indicating the presence of
two angler methyl groups, three three-proton doublet signals
at d 0.95 (J�6.2 Hz), 0.94 (J�6.5 Hz) and 0.78 (J�6.6 Hz)
assignable to secondary methyl groups, and an olefinic pro-
ton signal at d 5.30 (d, J�4.5 Hz), as well as signals for
seven anomeric protons at d 5.23 (d, J�7.8 Hz), 5.22 (d, J�
7.8 Hz), 5.20 (d, J�7.8 Hz), 5.19 (d, J�7.8 Hz), 5.07 (d, J�
7.7 Hz), 5.04 (d, J�7.7 Hz) and 4.83 (d, J�7.8 Hz). Acid hy-
drolysis of 3 with 1.0 M HCl in dioxane–H2O (1 : 1) gave an
aglycone (3a), identified as (24R,25S)-ergost-5-ene-3b ,26-
diol,7) and D-glucose as the carbohydrate moiety. These data
and the carbon chemical shifts of C-3 (d 79.2) and C-26 (d
73.9) suggested that 3 was a bisdesmosidic ergostanol hep-
taglucoside.

The severe overlapping of the proton signals for the sugar
moieties, which was composed of seven b-D-glucopyranosyl
units, excluded the possibility of a complete assignment in a
straightforward way using a conventional heteronuclear
COSY spectrum in 3. An 1H-detected heteronuclear single
quantum coherence (HSQC)-totally correlated spectroscopy
(TOCSY) technique was applied to solve the sugar sequence
of 3, which correlates the anomeric protons with their re-
spective skeleton carbons.13) This allowed the identification
of the 13C-NMR signals for all the monosaccharides and the
substituted positions of the inner glycosyl moieties, with only
little knowledge of the sequential 1H-NMR assignment. The
HSQC-TOCSY spectrum showed that the anomeric proton
signal at d 4.83 (d, J�7.8 Hz, H-1��) was correlated to the d
102.8 signal (C-1��) and then established that the next five

carbon resonances for this sugar were d 84.4 (C-2��), 77.8
(C-3��), 71.1 (C-4��), 76.9 (C-5��), and 69.8 (C-6��). These
shift values gave an excellent match with literature data for
b-D-glucopyranose glycosylated at C-2 and C-6.14) On the H-
1 tracks through the anomeric 1H/13C correlations at dH/C

5.04 (H-1�)/101.2 (C-1�), five relayed cross-peaks extending
to C-6 were observed, with the carbon chemical shifts of d
85.1 (C-2�), 77.8 (C-3�), 71.3 (C-4�), 78.2 (C-5�), and 62.6
(C-6�), confirming the presence of a C-2 substituted b-D-glu-
copyranosyl unit in 3. The anomeric proton signals at d 5.22
(H-1�) and 5.23 (H-1��) showed relayed correlation peaks
with the respective six carbon signals in sequence at d 106.3
(C-1�), 76.2 (C-2�), 76.4 (C-3�), 81.3 (C-4�), 76.7 (C-5�), and
62.0 (C-6�); and d 106.1 (C-1��), 76.2 (C-2��), 76.3 (C-3��),
81.2 (C-4��), 76.8 (C-5��), and 62.0 (C-6��), indicative of
two b-D-glucopyranosyl groups glycosylated at C-4. The
anomeric proton signals at d 5.20 (H-1�), 5.19 (H-1��), and
5.07 (H-1���) were correlated to the six carbon signals at d
105.0 (C-1�), 74.8 (C-2�), 78.2 (C-3�), 71.4 (C-4�), 78.4 (C-
5�), and 62.4 (C-6�); d 105.0 (C-1��), 74.7 (C-2��), 78.2
(C-3��), 71.4 (C-4��), 78.4 (C-5��), and 62.4 (C-6��); and d
105.3 (C-1���), 75.1 (C-2���), 78.4 (C-3���), 71.5 (C-4���),
78.4 (C-5���), and 62.5 (C-6���), respectively, which corre-
sponded to three terminal b-D-glucopyranosyl moieties. The
above spectral information provided evidence for three termi-
nal b-D-glucopyranosyl units (Glc�, Glc��, and Glc���), two
C-4 substituted b-D-glucopyranosyl units (Glc� and Glc��), a
C-2 substituted b-D-glucopyranosyl unit (Glc�), and a C-2
and C-6 disubstituted b-D-glucopyranosyl unit (Glc��) pres-
ent in 3. In the HMBC spectrum of 3, correlation peaks were
observed between d 5.20 (H-1 of Glc�) and d 81.3 (C-4 of
Glc�), d 5.22 (H-1 of Glc�) and d 85.1 (C-2 of Glc�), d 5.04
(H-1 of Glc�) and d 79.2 (C-3 of aglycone), d 5.19 (H-1 of
Glc��) and d 81.2 (C-4 of Glc��), d 5.23 (H-1 of Glc��) and
d 84.4 (C-2 of Glc��), d 5.07 (H-1 of Glc���) and d 69.8 (C-6
of Glc��), and between d 4.83 (H-1 of Glc��) and d 73.9 (C-
26 of aglycone). All of these data for 3 were consistent with
the structure (24R,25S)-26-[(O-b-D-glucopyranosyl-(1→4)-
O-b -D-glucopyranosyl-(1→2)-O-[b -D-glucopyranosyl-
(1→6)]-b-D-glucopyranosyl)oxy]ergost-5-en-3b-yl O-b-D-
glucopyranosyl-(1→4)-O-b -D-glucopyranosyl-(1→2)-b -D-
glucopyranoside.

Compound 4 (C52H84O23) was obtained as an amorphous
solid. The 1H-NMR spectrum of 4 showed signals for three
secondary methyl groups at d 1.36 (d, J�5.7 Hz), 1.00 (d,
J�6.6 Hz), and 0.96 (d, J�6.6 Hz), two angular methyl
groups at d 0.99 and 0.58 (each s), and an olefinic proton at
d 5.32 (br d, J�4.4 Hz), as observed for 3, along with signals
for four anomeric protons at d 5.21 (d, J�7.9 Hz), 5.19 (d,
J�7.8 Hz), 5.12 (d, J�7.8 Hz), and 5.00 (d, J�7.9 Hz). Acid
hydrolysis of 4 gave D-glucose. The above spectral data and
the result of acid hydrolysis suggested that 4 was an er-
gostanol derivative structurally related to 3. However, the
molecular formula for the aglycone moiety was consistently
calculated for C28H44O3, corresponding to seven degrees of
unsaturation. Furthermore, an ester carbonyl group was
shown to be present in the molecule of 4 by the IR
(1724 cm�1) and 13C-NMR (d 174.2) spectra. These facts 
implied that the side-chain moiety was modified to form a
lactone group. In the 1H–1H COSY spectrum of 4, a broad
methine proton signal centered at d 1.91 was shown to be
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coupled with the Me-21 doublet at d 0.96 and was assigned
to H-20, which was then correlated to a methine proton at d
1.04 (H-17) and an oxymethine proton at d 4.38 (H-22). Pro-
ton spin-coupling correlations could be successively traced
out by the 1H–1H COSY spectrum, with the H-22 signal as
the starting point for analysis, resulting in the assignments of
H2-23 (d 1.67, 1.33), H-24 (d 1.59), H-25 (d 2.05), Me-27 (d
1.36), and Me-28 (d 1.00). Long-range correlations from H-
24, H-25, and Me-27 to the ester carbonyl carbon at d 174.2
allowed a carbonyl group at C-26 to be located. A six-mem-
bered lactone group formed between C-22 and C-26 was re-
vealed by an HMBC correlation between the H-22 oxyme-
thine proton and the C-26 carbonyl carbon. The large J value
between H-17 and H-20 (J�11.1 Hz) indicated that the
H17–C17–C20–H20 part was preferably trans-oriented, and
NOE correlations between Me-18 and H-20, H-12eq and
Me-21, and between H-16a and H-22 made it possible to
confirm the 20S* configuration. Further NOEs between H-17
to H-23eq, H-22 and H-24, and between H-23ax to H-25
were consistent with the 22R*, 24R*, and 25S* configura-
tions, and suggestive of the chair-form-like conformation of
the six-membered lactone group (Fig. 3).

The 1H- and 13C-NMR data for the sugar moiety of 4,
which was made up of four b-D-glucopyranosyl units, sug-
gested that the glucosyl sequence was the same as that of the
tetraglycoside residue lined to C-26 in 3. Confirmative evi-
dence for the sugar sequence and its linkage position to the
aglycone was obtained by long-range correlations between d
5.21 (H-1 of Glc�) and d 81.5 (C-4 of Glc�), d 5.19 (H-1 of
Glc�) and d 85.1 (C-2 of Glc�), d 5.12 (H-1 of Glc��) and d
69.8 (C-6 of Glc�), and between d 5.00 (H-1 of Glc�) and d
79.7 (C-3 of aglycone). Thus, the structure of 4 was deter-
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Table 1. 1H- and 13C-NMR Chemical Shift Assignments of the Aglycone Moiety of Compounds 1 and 4 in C5D5N

1 4

Position 1H 13C Position 1H 13C

1 eq 1.74 37.5 1 eq 1.78 37.4
ax 0.96 ax 1.01

2 eq 2.09 30.1 2 eq 2.32 30.4
ax 1.85 ax 1.85

3 3.91 m 77.7 3 3.83 m 79.7
4 eq 2.75 dd (11.7, 3.8)a) 38.6 4 eq 2.77 dd (11.7, 4.9) 39.4

ax 2.68 dd (11.7, 11.7) ax 2.64 dd (11.7, 11.7)
5 — 140.8 5 — 141.1
6 5.32 br d (4.4) 121.8 6 5.32 br d (4.4) 121.6
7 eq 1.86 32.0 7 eq 1.85 32.1

ax 1.48 ax 1.48
8 1.54 31.1 8 1.32 32.0
9 0.86 50.1 9 0.86 50.2

10 — 37.0 10 — 36.8
11 (2H) 1.42 20.5 11 eq 1.40 21.2

ax 1.31
12 eq 1.90 39.3 12 eq 1.86 39.8

ax 1.18 ax 1.04
13 — 40.3 13 — 42.8
14 0.96 56.9 14 0.86 56.3
15 2.08 33.5 15 1.51 24.5

1.52 1.01
16 5.22 84.2 16 1.23 27.3

1.59
17 2.25 d (6.3) 67.8 17 1.04 br dd (11.1, 8.8) 52.1
18 0.92 s 13.5 18 0.58 s 11.7
19 1.06 s 19.4 19 0.99 s 19.5
20 — 76.7 20 1.91 39.9
21 1.73 s 21.9 21 0.96 d (6.6) 13.0
22 — 163.7 22 4.38 82.0
23 4.53 t (6.9) 91.4 23 1.67 ddd (13.6, 3.1, 2.7) 30.8

1.33 ddd (13.6, 12.1, 12.1)
24 a 2.52 29.6 24 1.59 34.1

b 2.16
25 2.10 34.8 25 2.05 dq (10.9, 5.7) 43.8
26 a 4.16 dd (9.3, 5.7) 75.3 26 — 174.2

b 3.53 dd (9.3, 7.2) 27 1.36 d (5.7) 15.1
27 1.07 d (6.8) 17.4 28 1.00 d (6.6) 20.4

a) The values in parentheses are coupling constants in Hz.

Fig. 3. NOE Correlations (Broken Lines) and HMBC Correlations (Ar-
rows) of the Rings C—E Parts of 4



mined to be (22R*,24R*,25S*)-3b-[(O-b-D-glucopyranosyl-
(1→4)-O-b -D-glucopyranosyl-(1→2)-O-[b -D-glucopyra-
nosyl-(1→6)]-b-D-glucopyranosyl)oxy]-22-hydroxyergost-5-
en-26-oic acid d-lactone.

Compound 5 was shown to have the molecular formula of
C23H26O13 by the data of the HR-ESI-TOF-MS (m/z 533.1244
[M�Na]�). The 1H-NMR spectrum of 5 showed signals for a
1,2,4-trisubstituted aromatic group at d 7.57 (d, J�1.8 Hz),
7.36 (dd, J�8.5, 1.8 Hz), and 7.09 (d, J�8.5 Hz), a symmet-
rically 1,3,4,5-tetrasubstituted aromatic group at d 7.30 (2H,
br s), and three methoxy groups at d 3.87 (3H, s) and 3.83
(3H�2, s), together with an anomeric proton at d 5.05 (d,
J�7.4 Hz). In the 13C-NMR spectrum, five oxygenated sp2

carbons were observed at d 151.6, 150.4, 149.0�2, and
142.3. Treatment of 5 with 6% NaOMe in MeOH resulted in
the production of a phenolic glucoside, identified as 4-(b-D-
glucopyranosyloxy)-3-methoxybenzoic acid (5a)15) and
methyl 4-hydroxy-3,5-dimethoxybenzoate. These data im-
plied that 5 was a 4-hydroxy-3,5-dimethoxybenzoyl ester of
5a. The 4-hydroxy-3,5-dimethoxybenzoyl group was shown
to be involved in an ester linkage at the glucose C-6 position
in 5 by HMBC correlations of the H2-6 protons of the gluco-
syl residue at d 4.72 and 4.38 with the ester carbonyl carbon
of the 4-hydroxy-3,5-dimethoxybenzoyl residue at d 167.8.
Accordingly, the structure of the new phenolic glucoside 5
was elucidated as 4-[6-O-(4-hydroxy-3,5-dimethoxybenzoyl)-

b-D-glucopyranosyloxy]-3-methoxybenzoic acid.
The isolated compounds were evaluated for their cytotoxic

activity against HL-60 human promyelocytic leukemia cells.
None of the compounds was cytotoxic against HL-60 cells at
a sample concentration of 10 mg/ml.

Experimental
Optical rotations were measured using a JASCO DIP-360 (Tokyo, Japan)

automatic digital polarimeter. IR spectra were recorded on a JASCO FT-IR
620 spectrophotometer, and UV spectrum on a JASCO V-520 spectropho-
tometer. NMR spectra were recorded on a Bruker DRX-500 (500 MHz for
1H-NMR, Karlsruhe, Germany) spectrophotometer using standard Bruker
pulse programs. Chemical shifts were given as d values with reference to
tetramethylsilane (TMS) as an internal standard. ESI-TOF-MS data were ob-
tained on a Micromass LCT (Manchester, U.K.) mass spectrometer. Elemen-
tal analysis was carried out using an Elementar Vario EL elemental analyzer
(Hanau, Germany). Diaion HP-20 (Mitsubishi-Chemical, Tokyo, Japan), sil-
ica gel (Fuji-Silysia Chemical, Aichi, Japan), and ODS silica gel (Nacalai
Tesque, Kyoto, Japan) were used for column chromatography. TLC was car-
ried out on precoated Kieselgel 60 F254 (0.25 mm thick, Merck, Darmstadt,
Germany) and RP18 F254 S plates (0.25 mm thick, Merck), and spots were vi-
sualized by spraying the plates with 10% H2SO4 solution, followed by heat-
ing. HPLC was performed by using a system composed of a CCPM pump
(Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), an RI-8010
(Tosoh) or a Shodex OR-2 (Showa-Denko, Tokyo, Japan) detector, and a
Rheodyne injection port. All chemicals used were of biochemical reagent
grade.

Plant Material The rhizomes of T. chantrieri were collected in Si Mao
City, Yunnan Province, People’s Republic of China, in October 1996, and
identified by Dr. Yutaka Sashida, emeritus professor of the Tokyo University
of Pharmacy and Life Sciences. A voucher specimen has been deposited in
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Table 2. 1H- and 13C-NMR Chemical Shift Assignments for the Sugar Moieties of Compounds 1 and 2 in C5D5N

1 2

Position 1H 13C Position 1H 13C

1� 4.90 d (7.6)a) 99.8 1� 4.92 d (7.7) 99.9
2� 4.06 dd (9.0, 7.6) 78.6 2� 4.08 dd (8.9, 7.7) 78.3
3� 4.18 dd (9.0, 9.0) 86.2 3� 4.18 dd (8.9, 8.9) 87.4
4� 4.09 m 69.7 4� 4.07 69.9
5� 3.79 m 78.0 5� 3.81 m 78.1
6� a 4.44 m 62.2 6� a 4.45 br d (10.9) 62.3

b 4.37 m b 4.34
1� 5.82 br s 102.6 1� 5.88 br s 102.6
2� 4.74 br d (2.0) 72.5 2� 4.75 br d (3.2) 72.5
3� 4.53 dd (9.5, 2.0) 72.8 3� 4.53 dd (9.3, 3.2) 72.8
4� 4.32 dd (9.5, 9.5) 73.8 4� 4.32 dd (9.3, 9.3) 73.8
5� 4.88 dq (9.5, 6.2) 69.9 5� 4.88 dq (9.3, 6.2) 69.6
6� 1.76 d (6.2) 18.7 6� 1.76 d (6.2) 18.7
1� 5.76 br s 103.1 1� 5.76 br s 103.9
2� 4.81 br d (2.8) 72.0 2� 4.86 br d (3.2) 72.6
3� 4.58 dd (9.3, 2.8) 72.4 3� 4.49 dd (9.3, 3.2) 72.5
4� 4.44 dd (9.3, 9.3) 84.5 4� 4.32 dd (9.3, 9.3) 73.6
5� 4.84 dq (9.3, 6.2) 68.7 5� 4.78 dq (9.3, 6.1) 70.6
6� 1.69 d (6.2) 18.3 6� 1.66 d (6.1) 18.4
1�� 5.25 d (7.8) 106.5 1�� 4.85 d (7.8) 105.1
2�� 4.11 dd (9.0, 7.8) 76.4 2�� 4.05 dd (8.5, 7.8) 75.3
3�� 4.21 dd (9.0, 9.0) 78.6 3�� 4.24 m 78.6
4�� 4.29 dd (9.0, 9.0) 71.4 4�� 4.25 m 71.7
5�� 3.78 m 78.4 5�� 3.94 m 78.4
6�� a 4.41 m 62.5 6�� a 4.54 m 62.8

b 4.36 m b 4.40 dd (11.6, 4.9)
1�� 4.85 d (7.7) 105.1
2�� 4.05 dd (8.6, 7.7) 75.3
3�� 4.25 dd (9.1, 8.6) 78.6
4�� 4.26 dd (9.1, 9.1) 71.6
5�� 3.94 m 78.4
6�� a 4.55 m 62.7

b 4.39 m

a) The values in parentheses are coupling constants in Hz.



our laboratory (voucher no. TC-96-003, Laboratory of Medicinal Pharma-
cognosy).

Extraction and Isolation The plant material (dry weight, 7.3 kg) was
extracted with hot MeOH twice (10 l each time). The MeOH extract was
concentrated under reduced pressure, and the extract was passed through a
Diaion HP-20 column eluted with 30% MeOH, MeOH, and EtOAc. Column
chromatography of the MeOH eluate portion on silica gel and elution with a
stepwise gradient mixture of CHCl3–MeOH (9 : 1; 4 : 1; 3 : 1; 2 : 1; 1 : 1), and
finally with MeOH alone, gave five fractions (I—V). Fraction V was sub-
jected to column chromatography on silica gel eluted with CHCl3–MeOH–
H2O (60 : 10 : 1; 50 : 10 : 1; 40 : 10 : 1) and ODS silica gel with MeOH–H2O
(8 : 5) and MeCN–H2O (1 : 3; 2 : 5) to give 1 (40 mg), 2 (8.0 mg), 3 (16 mg),
4 (9.0 mg), and 5 (7.0 mg).

Compound 1: Amorphous solid, [a]D
25 �44.0° (c�0.10; CHCl3–MeOH,

1 : 1). HR-ESI-TOF-MS m/z: 1231.5692 [M�Na]� (Calcd for C57H92O27Na,
1231.5724). IR (film) nmax cm�1: 3389 (OH), 2934 (CH), 1644, 1043. 1H-
and 13C-NMR, see Tables 1 and 2.

Acid Hydrolysis of 1 A solution of 1 (4.5 mg) in 1 M HCl (dioxane–
H2O, 1 : 1, 2 ml) was heated at 95 °C for 1 h under an Ar atmosphere. After
cooling, the reaction mixture was neutralized by passage through an Amber-
lite IRA-93ZU (Organo, Tokyo, Japan) column and chromatographed on sil-
ica gel eluted with CHCl3–MeOH–H2O (40 : 10 : 1) to give a sugar fraction
(1.5 mg). The sugar fraction was dissolved in H2O (1 ml) and passed through
a Sep-Pak C18 cartridge (Waters, Milford, MA, U.S.A.), which was then ana-
lyzed by HPLC under the following conditions: column, Capcell Pak NH2
UG80 (4.6 mm i.d.�250 mm, 5 mm, Shiseido, Tokyo, Japan); solvent,
MeCN–H2O (17 : 3); flow rate, 0.9 ml/min; detection, RI and OR. Identifica-
tion of D-glucose and L-rhamnose present in the sugar fraction was carried
out by comparison of their retention times and optical rotations with those of
authentic samples. tR (min): 7.09 (L-rhamnose, negative optical rotation),
13.01 (D-glucose, positive optical rotation).

Enzymatic Hydrolysis of 1 Compound 1 (34 mg) was dissolved in an
HOAc/KOAc buffer (pH 4.3, 10 ml) with naringinase (Sigma, St. Louis, MO,
U.S.A., EC 232-296-4) (49 mg) and incubated at room temperature for 10 h.
The crude mixture was chromatographed on silica gel eluted with
CHCl3–MeOH–H2O (40 : 10 : 1) to yield 1a (5.0 mg) and D-glucose (3.0 mg).

Compound 1a: Amorphous solid, [a]D
28 �18.0° (c�0.10; CHCl3–MeOH,

1 : 1). HR-ESI-TOF-MS m/z: 1069.5287 [M�Na]� (Calcd for C51H82O22Na,
1069.5195). IR (film) nmax cm�1: 3388 (OH), 2929 (CH), 1454, 1379, 1260,
1043. 1H-NMR (500 MHz, C5D5N) d : 5.81 (1H, br s, H-1�), 5.75 (1H, br s,
H-1�), 5.34 (1H, d, J�4.3 Hz, H-6), 5.24 (1H, d, J�7.8 Hz, H-1��), 5.07
(1H, m, H-16), 4.90 (1H, d, J�7.6 Hz, H-1�), 3.91 (1H, m, H-3), 3.68 (1H,
dd, J�10.5, 10.5 Hz, H-26ax), 3.59 (1H, dd, J�10.5, 2.7 Hz, H-26eq), 2.45
(1H, d, J�8.4 Hz, H-17), 2.37 (1H, m, H-23eq), 2.01 (1H, m, H-12eq), 1.81
(1H, m, H-23ax), 1.76 (3H, d, J�6.2 Hz, Me-6�), 1.73 (3H, s, Me-21), 1.69
(3H, d, J�6.2 Hz, Me-6�), 1.65 (1H, m, H-25), 1.23 (1H, m, H-12ax), 1.20
(3H, s, Me-18), 1.10 (3H, s, Me-19), 0.92 (1H, m, H-14), 0.74 (3H, d,
J�5.3 Hz, Me-27). 13C-NMR (125 MHz, C5D5N) d : 37.5, 30.1, 77.8, 38.7,
140.8, 121.9, 32.3, 30.8, 50.3, 37.1, 20.9, 41.4, 41.6, 56.4, 34.2, 82.8, 70.2,
15.8, 19.4, 82.6, 20.4, 110.1, 30.2, 29.5, 30.6, 67.3, 17.3 (C-1—C-27), 99.8,
78.6, 86.3, 69.7, 78.0, 62.2 (C-1�—C-6�), 102.6, 72.5, 72.8, 73.8, 69.9, 18.7
(C-1�—C-6�), 103.2, 72.1, 72.4, 84.4, 68.7, 18.3 (C-1�—C-6�), 106.5, 76.4,
78.6, 71.4, 78.4, 62.6 (C-1��—C-6��).

Compound 2: Amorphous solid, [a]D
25 �46.0° (c�0.10; CHCl3–MeOH,

1 : 1). HR-ESI-TOF-MS m/z: 1069.5106 [M�Na]� (Calcd for C51H82O22Na,
1069.5195). IR (film) nmax cm�1: 3389 (OH), 2929 (CH), 1651, 1040. 1H-
NMR (500 MHz, C5D5N) d : 5.32 (1H, d, J�4.8 Hz, H-6), 5.22 (1H, m, H-
16), 4.54 (1H, t, J�7.3 Hz, H-23), 4.16 (1H, dd, J�9.5, 5.8 Hz, H-26a), 3.92
(1H, m, H-3), 3.54 (1H, dd, J�9.5, 7.1 Hz, H-26b), 2.25 (1H, d, J�6.3 Hz,
H-17), 1.73 (3H, s, Me-21), 1.08 (3H, d, J�6.8 Hz, Me-27), 1.07 (3H, s,
Me-19), 0.92 (3H, s, Me-18). Signals for the sugar moieties, see Table 2.
13C-NMR (125 MHz, C5D5N) d : 37.5, 30.1, 77.8, 38.7, 140.8, 121.8, 32.0,
31.1, 50.1, 37.0, 20.6, 39.3, 40.4, 57.0, 33.5, 84.2, 67.8, 13.5, 19.4, 76.7,
21.9, 163.7, 91.4, 29.6, 34.8, 75.3, 17.4 (C-1—C-27). Signals for the sugar
moieties, see Table 2.

Acid Hydrolysis of 2 A solution of 2 (6.0 mg) was subjected to acid hy-
drolysis as described for 1 to give a sugar fraction (2.0 mg). HPLC analysis
of the sugar fraction under the same conditions as in the case of 1 showed
the presence of D-glucose and L-rhamnose. tR (min): 7.03 (L-rhamnose, nega-
tive optical rotation), 12.96 (D-glucose, positive optical rotation).

Compound 3: Amorphous solid, [a]D
28 �26.0° (c�0.10, MeOH). ESI-

TOF-MS m/z: 1573 [M�Na]�. Anal. Calcd for C70H116O38· 4H2O, C, 51.34;
H, 7.63. Found: C, 51.63; H, 8.06. IR (film) nmax cm�1: 3375 (OH), 2932

(CH), 1072, 1033. 1H-NMR (500 MHz, C5D5N) d : 5.30 (1H, br d, J�4.5 Hz,
H-6), 5.23 (1H, d, J�7.8 Hz, H-1��), 5.22 (1H, d, J�7.8 Hz, H-1�), 5.20
(1H, d, J�7.8 Hz, H-1�), 5.19 (1H, d, J�7.8 Hz, H-1��), 5.07 (1H, d, J�7.7
Hz, H-1���), 5.04 (1H, d, J�7.7 Hz, H-1�), 4.83 (1H, d, J�7.8 Hz, H-1��),
4.13 (1H, m, H-26a), 3.82 (1H, m, H-3), 3.40 (1H, m, H-26b), 0.97 (3H, s,
Me-19), 0.95 (3H, d, J�6.2 Hz, Me-27), 0.94 (3H, d, J�6.5 Hz, Me-21),
0.78 (3H, d, J�6.6 Hz, Me-28), 0.64 (3H, s, Me-18). 13C-NMR (125 MHz,
C5D5N) d : 37.3, 30.2, 79.2, 39.2, 140.8, 121.8, 32.1, 32.0, 50.3, 36.8, 21.2,
39.9, 42.4, 56.8, 24.5, 28.5, 56.2, 11.9, 19.5, 36.1, 19.0, 34.0, 31.4, 34.4,
37.8, 73.9, 11.9, 14.7 (C-1—C-28), 101.2, 85.1, 77.8, 71.3, 78.2, 62.6 (C-
1�—C-6�), 106.3, 76.2, 76.4, 81.3, 76.7, 62.0 (C-1�—C-6�), 105.0, 74.8,
78.2, 71.4, 78.4, 62.4 (C-1�—C-6�), 102.8, 84.4, 77.8, 71.1, 76.9, 69.8 (C-
1��—C-6��), 106.1, 76.2, 76.3, 81.2, 76.8, 62.0 (C-1��—C-6��), 105.0, 74.7,
78.2, 71.4, 78.4, 62.4 (C-1��—C-6��), 105.3, 75.1, 78.4, 71.5, 78.4, 62.5
(C-1���—C-6���).

Acid Hydrolysis of 3 A solution of 3 (1.9 mg) was subjected to acid hy-
drolysis as described for 1 to give 3a (0.4 mg) and a sugar fraction (0.4 mg).
HPLC analysis of the sugar fraction under the same conditions as in the case
of 1 showed the presence of D-glucose. tR (min): 13.09 (D-glucose, positive
optical rotation).

Compound 4: Amorphous solid, [a]D
25 �32.0° (c�0.10, MeOH). HR-ESI-

TOF-MS m/z: 1099.5356 [M�Na]� (Calcd for C52H84O23Na, 1099.5301).
IR (film) nmax cm�1: 3375 (OH), 2934 (CH), 1724 (C�O), 1070, 1043. 1H-
NMR (500 MHz, C5D5N) d : 5.21 (1H, d, J�7.9 Hz, H-1�), 5.19 (1H, d,
J�7.8 Hz, H-1�), 5.12 (1H, d, J�7.8 Hz, H-1��), 5.00 (1H, d, J�7.9 Hz, H-
1�). Signals for the aglycone moiety, see Table 1. 13C-NMR (125 MHz,
C5D5N): d 101.6, 85.1, 77.7, 71.2, 76.9, 69.8 (C-1�—C-6�), 106.5, 76.5,
76.3, 81.5, 76.9, 62.2 (C-1�—C-6�), 105.1, 74.8, 78.5, 71.5, 78.4, 62.4 (C-
1�—C-6�), 105.4, 75.2, 78.2, 71.6, 78.5, 62.7 (C-1��—C-6��). Signals for
the aglycone moiety, see Table 1.

Acid Hydrolysis of 4 A solution of 4 (7.1 mg) in 0.2 M HCl
(dioxane–H2O, 1 : 1, 2 ml) was heated at 95 °C for 1 h under an Ar atmo-
sphere. After cooling, the reaction mixture was neutralized by passage
through an Amberlite IRA-93ZU column and chromatographed on silica gel
eluted with CHCl3–MeOH (9 :1 ; 1 : 1) to give a sugar fraction (2.1 mg).
HPLC analysis for the sugar fraction under the same conditions as in the
case of 1 showed the presence of D-glucose. tR (min): 13.01 (D-glucose, posi-
tive optical rotation).

Compound 5: Amorphous solid, [a]D
25 �50.0° (c�0.10, MeOH). HR-ESI-

TOF-MS m/z: 533.1244 [M�Na]� (Calcd for C23H26O13Na, 533.1271). IR
(film) nmax cm�1: 3128 (OH), 1704 (C�O), 1604, 1515, 1464, 1424. UV
lmax

MeOH nm (log e): 283.4 nm (4.02). 1H-NMR (500 MHz, CD3OD) d : 7.57
(1H, d, J�1.8 Hz, H-2), 7.36 (1H, dd, J�8.5, 1.8 Hz, H-6), 7.30 (2H, br s, H-
2�, H-6�), 7.09 (1H, d, J�8.5 Hz, H-5), 5.05 (1H, d, J�7.4 Hz, H-1�), 4.72
(1H, dd, J�11.9, 2.0 Hz, H-6�a), 4.38 (1H, dd, J�11.9, 7.4 Hz, H-6�b), 3.87
(3H, s, OMe-3), 3.83 (6H, s, OMe-3�, -5�). 3.81 (1H, m, H-5�), 3.56 (1H, dd,
J�9.1, 7.4 Hz, H-2�), 3.52 (1H, dd, J�9.1, 8.8 Hz, H-3�), 3.43 (1H, dd,
J�9.4, 8.8 Hz, H-4�). 13C-NMR (125 MHz, CD3OD) d : 126.6, 114.4, 150.4,
151.6, 116.3, 124.5, 169.7 (C-1—C-7), 101.8, 74.7, 77.7, 71.9, 75.8, 65.2
(C-1�—C-6�), 121.2, 108.4, 149.0, 142.3, 149.0, 108.4, 167.8 (C-1�—C-7�),
56.9 (OMe-3�, 5�), 56.6 (OMe-3).

Alkaline Methanolysis of 6 Compound 6 (3.3 mg) was treated with 6%
NaOMe in MeOH (2 ml) at room tempereture for 2 h. The reaction mixture
was neutralized by passage through an Amberrite IR-120B (Organo, Tokyo,
Japan) column and chromatographed on silica gel eluted with hexane–
Me2CO (1 : 2) to give 4-hydroxy-3,5-dimethoxybenzoic acid methyl ester
(1.2 mg) and 4-O-b-D-glucopyranosyl-3-methoxybenzoic acid (1.5 mg).

HL-60 Cell Culture Assay The cell growth was measured with an
MTT reduction assay as described in a previous paper.3)
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