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A novel polyoxygenated spirostanol glycoside (1) was
isolated from the rhizomes of Helleborus orientalis and its
structure was determined by spectroscopic analysis, including
extensive 1Dand2DNMRdata, and the results of acid hydrolysis.
The new glycoside (1) is unique in structure having oxygen atoms
at C-1, C-3, C-21, C-23, and C-24 of the spirostanol skeleton and
bearing a new acetylated tetraglycoside, a diglycoside, and a
monosaccharide at C-1, C-21, and C-24 of the aglycon,
respectively.

Helleborus orientalis Lam. (Ranunculaceae), especially its
rhizomes, are known to contain several bufadienolide glycosides
and were used as a cardiotonic agent.1 Since an extract prepared
from the rhizomes produces harmful side effects on the heart such
as heart block and arrhythmia, nowadays this plant is cultivated
only for ornamental purposes. Plants containing cardiac glyco-
sides, for example, Digitalis purpurea, concomitantly produce
spirostanol and/or furostanol glycosides. We have now made a
phytochemical screening of H. orientalis rhizomes paying
attention to the steroidal glycoside constituents and isolated a
novel polyoxygenated spirostanol glycoside (1). This commu-
nication dealswith the structural determination of 1on the basis of
spectroscopic analysis, including extensive 1D and 2D NMR
data, and the results of acid hydrolysis.

A concentrated MeOH extract of H. orientalis rhizomes was
passed through a porous-polymer resin (Diaion HP-20) column,
and the 80%MeOH eluate portion, in which steroidal glycosides
were enriched, was subjected to column chromatography over
silica gel and ODS to yield 1 (0.0033% based on fresh weight).

Compound 1 was obtained as an amorphous solid, ½��D
�66:0 � (MeOH). Its molecular formula was derived as
C68H106O38 by data from the positive-ion FABMS, which
showed an [Mþ Na]þ ion at m=z 1553, 13C NMR spectrum with
a total of 68 carbon signals, and the results of elemental analysis

(Found: C, 51.60; H, 7.31%. Calcd for C68H106O38 � 3H2O: C,
51.51; H, 7.12%). The glycosidic nature of 1was shown by strong
IR absorptions at 3376 and 1042 cm�1, and the 1HNMRspectrum
displayed signals for seven anomeric protons at � 6.42 (br s), 5.93
(d, J ¼ 2:9Hz), 5.30 (d, J ¼ 7:7Hz), 5.13 (d, J ¼ 7:8Hz), 4.91
(d, J ¼ 6:7Hz), 4.89 (d, J ¼ 7:2Hz), and 4.57 (d, J ¼ 7:6Hz). In
addition, the signals at �H 2.23 (3H, s) and �C 170.7 (C) and 21.1
(Me) were suggestive of an acetyl group. Acid hydrolysis of 1
with 0.2M (1M ¼ 1mol dm�3) HCl in dioxane-H2O (1 : 1) gave
L-arabinose, D-apiose, D-fucose, D-galactose, D-glucose, L-
rhamnose, and D-xylose as the carbohydrate moieties,2 while
the labile aglycon was decomposed under acid conditions. These
data and preliminary inspection of the 1H and 13C NMR spectra
indicated that 1 was a polyoxygenated spirostanol with seven
monosaccharides and an acetyl group.3 The 1H–1HCOSYand 2D
TOCSY spectra of 1 afforded two partial structures for the
aglycon, (C-1—C-4) and (C-6—C-12/C-21). These partial
structures, three quaternary carbons (C-5, C-10, C-13), and two
tertiarymethyl groups (C-18, C-19)weremerged (A—E rings) on
the basis of the HMBC information as shown Figure 1.
Furthermore, a vicinal pair of oxymethine (C-23, C-24), an
exomethylene (C-25, C-27), and an oxymethylene (C-26) group
were identified and connected on theHMBCdata to assemble ring
F,whichwas linked to theC-22 acetalic carbon. Thus, the aglycon
was shown to have a spirost-5-ene structure with oxygen atoms at
C-1, C-3, C-21, C-23, and C-24. The NOE correlations in the
phase-sensitive NOESY spectrum, H-8/Me-18 andMe-19, H-14/
H-9, H-16 and H-17, H-16/H-17 and H-26ax, and Me-18/H-20
provided evidence for the usual B/C trans, C/D trans and D/E cis
ring fusions, and C-20� and C-22� orientations. The 1� and 3�
configurations were shown by spin coupling constants of the H-1
and H-3 protons: H-1, � 3.71 (dd, J ¼ 11:8, 4.5 Hz); H-3, � 3.86
(m, W1=2 ¼ 20:6Hz), and supported by NOEs between H-1 and
H-9, and betweenH-1 andH-3. TheNOEs fromH-23 toH-20 and
H-21b, and H-23 to H-24, and a small coupling constant between
H-23 and H-24 (J ¼ 4:0Hz) allowed the assignments of the 23S
and 24S configurations.4 The sequences of the sugar moieties
were solved by the concerted use of 1D TOCSY and 2D NMR
experiments. Because of the selectivity of the multistep
coherence transfer, 1D TOCSY method allowed a sub-spectrum
of a single monosaccharide unit to be extracted from the crowded
overlapped region. The isolated anomeric proton signals and
methyl doublet signal of the rhamnosyl moiety, which resonated
in an uncrowded region of the spectrum,were used for the starting
points of the 1D TOCSY experiments. As a result, the sub-
spectrum of each sugar residue, except for that of the
apiofuranosyl moiety,5 was obtained with high digital resolution.
Subsequent analysis of the 1H–1HCOSY spectrum resulted in the
sequential assignments of all of the proton resonances for the
individual monosaccharides. The HMQC spectrum correlated all
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the proton resonances with those of the corresponding one-bond
coupled carbons, leading to the unambiguous assignments of the
carbon shifts. Comparison of the carbon chemical shifts thus
assigned with those of the reference methyl glycosides,6 taking
into account the known effects ofO-glycosylation, indicated that
1 contained a �-D-apiofuranosyl unit (Api), a �-D-fucopyranosyl
unit (Fuc), a �-D-glucopyranosyl unit (Glc), and a �-D-
xylopyranosyl unit (Xyl) as the terminal glycosyl moieties, and
an �-L-arabinopyranosyl unit (Ara), a �-D-galactopyranosyl unit
(Gal), and an �-L-rhamnopyranosyl unit (Rha) as the substituted
sugarmoieties.7 Finally, the 3JC,H correlation from each anomeric
proton across the glycosidic bond to the carbon of another
substituted monosaccharide revealed the exact sugar sequences.

In the HMBC spectrum, the anomeric proton signals at � 6.42
(Rha), 5.93 (Api), 5.30 (Glc), 5.13 (Fuc), 4.91 (Xyl), 4.89 (Gal),
and 4.57 (Ara) showed correlations with the carbon signals at �
72.7 (C-2 ofAra), 77.6 (C-3 of Rha), 81.3 (C-2 ofGal), 81.9 (C-24
of aglycon), 84.8 (C-3 of Ara), 69.6 (C-21 of aglycon), and 84.2
(C-1 of aglycon), respectively. In addition, a long-range
correlation was observed from the Rha H-4 proton at � 5.86
(dd, J ¼ 9:8, 9.8 Hz) to the acetyl carbonyl carbon signal at �
170.7. Accordingly, the structure of 1 was elucidated as depicted
in Chart 1. Compound 1 is considered to be one of the most polar
spirostanol saponins and is unique in structure having oxygen
atoms at C-1, C-3, C-21, C-23, and C-24 of the spirostanol
skeleton and bearing a new acetylated tetraglycoside, a diglyco-
side, and amonosaccharide at C-1, C-21, andC-24 of the aglycon,
respectively. Cytotoxic evaluation of 1 against several tumor cell
lines is in progress.
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Figure 2. NOE correlations of the aglyconmoiety of 1.

Figure 3. HMBC correlations of the sugar moiety of 1.

Figure 1. HMBC correlations of the aglycon moiety
of 1.
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