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Abstract—Four major triterpenoid saponins were isolated from the aerial parts of Aster bellidiastrum. The structures
were elucidated from their NMR and mass spectral data, and from derivatization. One is a new compound with the
structure 3-0-B-D-glucopyranosyl-28,3f,16a,23-tetrahydroxyolean-12-en-28-oic acid 28-0-B-D-xylopyranosyl(1 — 4)-
a-L-rhamnopyranosyl(1 — 2)-8-D-fucopyranoside, while the three others have been previously identified in extracts

from various Bellis species.

INTRODUCTION

Aster bellidiastrum is a small perennial herb growing in
the European Alps on soil with a high lime content. In
outward appearance it resembles members of the Bellis
species more than other asters. Thus, while most species
of the genus Aster possess a branched or, at least, a leafy
stem with blue—violet ligulate flowers, A. bellidiastrum
only possesses a single stem, with basal leaves, that car-
ries white to white—reddish ligulate flowers.

In previous studies we have investigated the triter-
penoid saponins of various species of the genus Bellis
[1-4]. The present paper describes the isolation and
structure elucidation of four major deacylsaponins ob-
tained from the aerial parts of A. bellidiastrum. Signifi-
cantly, three of these have already been identified in Bellis
species while the fourth is a new saponin.

RESULTS AND DISCUSSION

Four compounds, bellidiastrosides B (1), C, (2), C, (3)
and D,(4), were isolated from the mild alkaline hy-
drolysate of the saponin mixture obtained from the aeriai
parts of A. bellidiastrum as described in Experimental.
There were considerable similarities in the TLC behav-
iour of these compounds to the deacylsaponins obtained
from Bellis perennis and B. sylvestris.

Electrospray ionization—mass spectrometry (ESI MS)
of compound 1 afforded a molecular ion at m/z 1075
[M + H]*. MS/MS of the ion at m/z 1075 afforded

*Dedicated to Prof. H. Schilcher on the occasion of his 65th
birthday.

fragment ions generated by the respective loss of
monosaccharide residues leaving the OH group on the
respective fragments at m/z 943 [M — pent + H]*,
929 [M — dhex + H]*, 797 [M — pent — dhex + H]*,
651 [M — pent — dhex — dhex + H}* and 505
[M — pent — dhex — dhex — dhex + H]", indicating
that 1 is a bisdesmoside having a terminal pentose and
a terminal deoxyhexose. A further ion at m/z 425
[pent + dhex + dhex — H,O + H]* suggests that three
of the sugars are present as a trisaccharide unit. Meth-
anolysis and GC identification yielded fucose, rhamnose
and xylose as sugar constituents. The 'H NMR spectrum
showed signals of four anomeric protons, six tertiary
methyl groups and three secondary methyl groups. The
13C NMR spectrum of 1 was identical with that of besy-
saponin C;,. GC of the L-cysteine methyl ester deriva-
tives of the sugars [5] showed that xylose and fucose are
present as the D-enantiomers, and the rhamnoses as
L-enantiomers. Hence, 1 has the structure of a 3-O-u-L-
rhamnopyranosyl-28,38,16a,23-tetrahydroxyolean-12-
en-28-oic acid 28-0-B-D-xylopyranosyl(1 — 4)-a-L-rham-
nopyranosyl(l — 2)-8-D-fucopyranoside.

TLC and HPLC of 2 and 4 indicated that they are
identical with bellissaponins BS1 and BS2, respectively.
These were unambiguously confirmed by the same tech-
niques as those used above. Hence, 2 is 3-O-a-L-rham-
nopyranosyl-28,38,16a,23-tetrahydroxyolean-12-en-28-
oic acid 28-0-a-L-rhamnopyranosyl(l — 3)--D-xylopyr-
anosyl(l — 4)-a-L-thamnopyranosyl(1 — 2)-8-D-fucopyr-
anoside, while 4 is 3-0-f-D-glucopyranosyl-28,38,16a,23-
tetrahydroxyolean-12-en-28-oic acid 28-a-L-rhamnopyr-
anosyl-(1 — 3)-0-f-D-xylopyranosyl(l — 4)-a-L-rham-
nopyranosyl(1 — 2)-8-D-fucopyranoside.
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Table 1. "*CNMR data from compound 3 in CD;0D
Aglycone Sugars
C-1 44.5 C-16 747 Gle 1t C-1 105.5 Fuc 1.2 C-1 95.2
C-2 71.2 C-17 50.1 C-2 754 C-2 74.1
C-3 83.9 C-18 424 C-3 71.7 C-3 76.7
C-4 432 C-19 48.1* C-4 71.2 C-4 73.6
C-5 48.0 C-20 313 C-5 78.2 C-5 719
C-6 18.7 C-21 36.5 C-6 62.3 C-6 16.5
C-7 338 C-22 320 Rha 1.4 C-1 101.1 Xyl 1 C-1 107.7
C-8 409 C-23 65.6 C-2 72.3 C-2 76.1
C-9 48.5* C-24 14.7 C-3 727 C-3 78.2
C-10 375 C-25 18.3+ C-4 84.4 C-4 711
C-11 24.7 C-26 17.7 C-5 68.8 C-5 67.3
C-12 123.6 C-27 273 C-6 17.8%
C-13 144.7 C-28 177.3
C-14 429 C-29 334
C-15 36.5 C-30 249

*Taken from the DEPT spectrum.
+Assignments may be interchanged.
1Sugar bound to C-3 of aglycone.

Compound 3 gave a molecular ion at myz 1091
[M+ H]* and at 1113 [M + Na]~ in the ESI MS.
MS/MS of the protonated molecular ion afforded ions at
m/z 959 [M — pent + H]™*, 929 [M — hex + H] ", 813
[M — pent — dhex + H]*, 797 [M — pent — hex + H] ",
667 [M — pent — dhex — dhex + H]*, 651 [M —
pent — hex — dhex + H]* and 505 [M — pent — hex —
dhex — dhex + H]", indicating that 3 has a terminal
pentose, a terminal hexose and two inner deoxyhexoses.
Appearance of an ton at m/z 425 [pent + dhex +
dhex — H,O + H]" suggests that three of the sugars are
present as a trisaccharide unit. GC of the monosacchar-
ides obtained by methanolysis afforded glucose, rham-
nose and xylose. Consequently, there are four anomeric

signals and two secondary methyl groups in the 'HNMR
spectrum belonging to the sugar moieties. Comparison of
the '*CNMR data (Table 1) with those for 1, 2 and
4 clearly indicates that polygalacic acid is also the
aglycone in 3. However, the '*C NMR data for fucose,
rhamnose and xylose are very similar to those for 1, and
the data for glucose are similar to those for 4, suggesting
that 3 is comparable with I, with the exception that
glucose replaces rhamnose at C-3 of the aglycone. To
confirm this assumption, GC/MS analysis of the partially
methylated alditol acetates [6] was performed and in-
dicated the presence of a 1,2-branched and a 1,4-bran-
ched deoxyhexose, a terminal hexose and a terminal
pentose. Finally, the L-cysteine methyl ester derivatives
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were prepared and analysed by GC, proving that glucose,
fucose and xylose have D-configurations and rhamnose
has the L-configuration. Hence, 3 has the structure 3-0-
p-D-glucopyranosyl-23,38,164,23-tetrahydroxyolean-12-
en-28-oic acid 28-0-f-D-xylopyranosyl(l — 4)-a-L-rham-
nopyranosyl(1 — 2)-f-D-fucopyranoside.

While compound 3 is a new triterpenoid saponin,
compound 1 has already been obtained from B. sylvestris
[3], 2 from B. sylvestris [3] and B. perennis [1] and
4 from B. perennis [1] and Solidago virgaurea [7]. Be-
llidiastroside C, has also been obtained, during the
course of this work, as a product of the enzymic hydroly-
sis of virgaureasaponin 1.

A common chemical feature both of Bellis and Aster
plants is the presence of triterpenoid saponins as major
constituents. While Bellis sp. usually contain glycosides
of polygalacic acid [1, 3], Aster sp. contain glycosides of
astgerogenic, oleanolic and echinocystic acids [8-10].
The present paper indicates that, from a chemical point
of view, A. bellidiastrum is more closely related to Bellis
than to Aster. The similarities not only include the struc-
tures of the major deacylsaponins, but also their relative
proportions. That means, like Bellis sp., the aerial parts
of A. bellidiastrum contain 2 as the major deacylsaponin
while we have found that the underground parts contain
compounds 2 and 4 in a ratio of 1:1 (unpublished re-
sults).*

EXPERIMENTAL

General experimental procedure. NMR spectra of
1 and 2 were recorded in CD;OD at 300 K on a Bruker
AM 300 NMR spectrometer ('H: 300.13 MHz, 3C:
75.47 MHz), those of 3 and 4 on a Bruker ARX 400 NMR
spectrometer ('H: 400.13 MHz; *C: 100.61 MHz), and
mass spectra on a Kratos MS 50 RF mass spectrometer
(high resolution FAB-MS), on a Finnigan TSQ 700
equipped with a Finnigan electrospray source (ESI-MS
and MS/MS) and on a Kratos MS 50 FS connected to
a Carlo Erba Mega Series gas chromatograph (GC/MS).
GC was carried out on a Hewlett Packard HP 5890
Series IT gas chromatograph, HPLC on a Hitachi/Merck,
model D-6000, equipped with a L-4000 UV detector,
TLC on silica gel 60 plates or foils (Merck) and CC on
Sephadex LH-20 (Pharmacia), Diaion HP-20 and silica
gel 60, 0.063-0.2 um (Merck).

Plant material. Plants were collected on 26th/27th
May 1993 in the Swiss Alps (Kanton Graubiinden) at an
altitude of ca 2000 m. The material was dried at 50-60".
A voucher specimen is deposited at the herbarium of the
Institute of Pharmacy, Humboldt-University, herbal
number Scho-21.

Extraction and isolation. The dried plant material
(545 g) was defatted with petrol and extracted with

*Triterpenoid saponins from Aster bellidiastrum (L.) Scop. I1.
Structures of the deacylsaponins of the underground parts. (Th.
Schopke, Ch. Al-Tawaha, V. Wray, M. Nimtz and K. Hiller,
manuscript in preparation.)
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EtOAc in a Soxhlet extraction apparatus. The plant
material was dried and then refluxed 3 x for 1 hr with
80% MeOH (3 x 1400 mi). MeOH was removed under
red. pres. The residue was dissolved in 11 of H,O and
extracted 5 x with n-BuOH (5 x 500 ml). The dried n-
BuOH extract was dissolved in MeOH and dropped into
an excess of Et,O to give 50.5 g of a brown, powdery
crude glycoside mixture.

The crude glycoside mixt. was subjected to Sephadex
LH-20 CC (MeOH) to give 34.2 g of a saponin contain-
ing fr. This fr. was dissolved in H,O and subjected to CC
on Diaion HP-20 using a H,0, 50% MeOH, MeOH
gradient. The MeOH eluate was dried to give 26.3 g of
a saponin fr.

The saponin fr. (13 g) was hydrolysed with 500 ml of
1% KOH for 2 hr at room temp. After neutralization
with HCI the deacylated saponins were extracted 3 x
with n-BuOH (3 x 150 ml) to give 10.5 g of deacylated
saponins. These were separated by CC on silica gel
(CHCl;-MeOH-H,0O 10:3:1, lower layer) to give
880 mg of fr. B, 3.4 g of fr. C and 200 mg of fr. D.

Fr. B (90 mg), when sepd by HPLC on LiChrosorb
RP-18 (7 um, 250 x 10 mm) with MeOH-H,O (7:3),
gave 59 mg of 1, 300 mg of fr. C gave 219 mg of 2 and
20 mg of 3, and 20 mg of fr. D gave 11 mg of 4.

Identification of the sugars. Each compound (1 mg)
was dissolved in 0.5 ml of 1 N HCI-MeOH and hydro-
lysed at 100° for 2 hr. After neutralization with Ag,CO;
the ppt was removed by centrifuging and the supernatant
was dried with N,. The residue was trimethylsilylated
with trimethylsilylimidazole and then analysed by GC.
GC conditions: column, J&W Scientific DB-17
(30 m % 0.25 mm i.d., film thickness 0.25 ym); oven temp.
170° for 10 min, increased by 2° min~! to 190°; injection
port and detector temp., 280°; carrier gas, He (linear
velocity 13.6 cmsec ™ !), split ratio 1:50.

Determination of the absolute configuration of the
sugars. The determination was performed according to
ref. [5] using ca 1 mg of the compounds. GLC condi-
ttons: column, J&W Scientific DB-17 (30 m x 0.25 mm
i.d., film thickness 0.25 um); 250°, oven temp.; 280°, injec-
tion port and detector temp.; carrier gas, He (linear
velocity 12.5 cmsec ™), split ratio 1:55.

Bellidiastroside B; (1). Crystals (from MeOH), mp
231-233% [a]3* —229° (c=0.24). TLC, R, 055
(CHCl3-MeOH-H,0, 7:4:1); HPLC: R, 6.4 min (LiCh-
rosorb RP-18, 7 um, 250 x 4 mm i.d.,, MeOH-H,0, 7:3).
"HNMR: aglycone 50.82, 0.92, 094, 0.99, 1.37, 143
(6 xCH;),2.98 (dd, J = ca 4,14 Hz, H-18), 5.36 (¢, J = ca
3 Hz, H-12), sugar methyl protons 61.26 (d, J = 6.4 Hz),
1.28 (d. J = 6.2 Hz), 1.36 (d, J = 6.0 Hz), sugar anomeric
protons 6453 (d, J=72Hz), 498 (bs), 5.34 (d,
J =82Hz), 540 (d, J = 1.6 Hz). '3C NMR: Aglycone
C-1452,C-2719,C-3825,C-4434,C-5484,C-6 188,
C-7 33.8, C-8 40.8, C-9 48.7, C-10 37.7, C-11 24.6, C-12
123.6, C-13 144.8, C-14 42.9, C-15 36.5, C-16 74.7, C-18
42.3,C-1948.1,C-20 31.3, C-21 36.5, C-22 32.0, C-23 65.6,
C-24 147, C-25 18.3, C-26 17.8, C-27 27.3, C-28 177.2,
C-2933.4,C-3024.8, Xyl 1,3C-1107.1,C-276.1,C-378.2,
C-471.1,C-567.3, Rhal, 4 C-1 101.1, C-2 71.9, C-3 72.3,
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C-4 84.3, C-5 68.7, C-6 18.0, Fucl,2 C-1 95.1, C-2 74.1,
C-3 76.7, C-4 73.6, C-5 72.7, C-6 16.5, Rhal C-1 104.2,
C-2724,C-3723,C-4 740, C-5 70.3, C-6 17.8.

Bellidiastroside C, (2). Crystals (from MeOH); mp
225-227°% [o]§® —36.5° (c=100. TLC; R, 052
(CHCl3-MeOH-H;0, 7:4: 1), HPLC: R, 6.4 min (LiCh-
rosorb RP-18, 7 um, 250 x 4 mm i.d., MeOH-H,0, 7:3).
"HNMR: aglycone 30.83, 0.92, 0.96, 0.99, 1.37, 1.43
(6 xCH3),2.98(dd, J = ca4,14 Hz, H-18),5.37 (¢, J = ca
3 Hz, H-12), sugar methyl protons §1.26 (d, J = 6.5 Hz),
128 (d, J=64Hz), 129 d, J=62Hz), 136 (d,
J =48Hz), sugar anomeric protons J4.53 (d,
J =175Hz), 498 (bs), 519 (d, J =1.6Hz), 535 (,
J =8.1Hz2),542(d,J = 1.6 Hz). **C NMR: aglycone C-1
45.1,C-2 71.8, C-3 82.4, C-4 43.4, C-5 48.0, C-6 19.0, C-7
33.6, C-8 40.9, C-9 48.4, C-10 37.7, C-11 24.6, C-12 123.6,
C-13 144.8, C-14 43.0, C-15 36.4, C-16 74.7, C-17 50.1,
C-18 423, C-20 31.3, C-21 36.5, C-22 32.0, C-23 65.8,
C-24 149, C-25 18.0, C-26 17.9, C-27 272, C-28 177.3,
C-29 334, C-30 24.8, Rhal C-1102.5, C-2 72.2, C-3 72.2,
C-4 740, C-5 70.0, C-6 18.0, Xyl1,3 C-1 107.1, C-2 76.4,
C-384.2, C-4 68.8, C-5 67.2, Rhal,4 C-1 101.3, C-2 72.2,
C-372.3, C-4 84.5, C-5 69.8, C-6 18.0, Fuc 1,2 C-1 95.0,
C-2745,C-376.7,C-4 73.5,C-5719, C-6 16.5, Rhal C-1
104.2, C-2 72.6, C-3 72.3, C-4 74.0, C-5 70.3, C-6 17.9.

Bellidiastroside C, (3). Crystals (from MeOH); mp
214-217° [2]3? — 15.3° (c = 0.17). HR-FAB-MS: m/z
(M + Na]” 1113.5477 (calc. 1113.5458 for
Cs3HgeO23Na). TLC: R, 0.52 (CHCl;-MeOH-H,0,
7:4:1); HPLC: R, 4.7 min (LiChrosorb RP-18, 7 um,
250 x4 mm id., MeOH-H,O0, 7:3). "H NMR: aglycone
50.82, 0.92, 0.99, 0.99, 1.34, 1.43 (6 x CH,), 2.98 (dd,
J =ca4,13 Hz, H-18), 5.37 (t, J = ca 3 Hz, H-12), sugar
methyl protons 31.26 (d, J = 6.4 Hz), 1.37 (d, J = 6.0 Hz),
sugar anomeric protons 64.48 (d, J = 7.7 Hz), 4.53 (d,
J =7.1Hz),5.34 (d, J = 8.2 Hz), 5.46 (bs); '3C NMR: see
Table 1.

Bellidiastroside D, (2). Crystals (from MeOH), mp
219-222% [a]3® +19.5° (¢ =064). TLC: R, 048
(CHCl3-MeOH-H,0, 7:4:1), HPLC: R, 4.7 min (LiCh-
rosorb RP-18, 7 um, 250 x 4 mm i.d., MeOH-H,0, 7:3).
THNMR: aglycone §0.83, 0.92, 099, 1.01, 1.36, 1.42
(6 xCH3),2.99 (dd, J = ca 4, 14 Hz, H-18), 537 (t,J = ca
3 Hz, H-12), sugar methyl protons §1.26 (d, J = 6.4 Hz),
1.29 (d, J = 6.2 Hz), 1.33 (d, J = 6.9 Hz), sugar anomeric
protons 64.47 (d, J = 7.7 Hz),4.52(d, J = 7.5 Hz), 5.18 (d,
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J =12Hz), 534 (d, J =82Hz), 542 (d, J = 1.4 Hz).
13CNMR: C-1 445, C-2 71.1, C-3 84.1, C-4 432, C-5
484, C-6 19.0, C-7 33.7, C-8 409, C-9 48.9, C-10 37.6,
C-11 24.6, C-12 123.6, C-13 144.7, C-14 43.0, C-15 36.5,
C-16 74.8, C-17 50.2, C-18 42.3, C-19 48.0, C-20 31.3,
C-21 36.5, C-22 320, C-23 66.0, C-24 149, C-25 17.9,
C-26 17.7, C-27 27.2, C-28 177.3, C-29 334, C-30 248,
Rhal C-1 102.5, C-2 72.3, C-3 72.4, C-4 74.8, C-5 70.0,
C-6 18.4, Xyl1,3 C-1 1072, C-2 76.5, C-3 84.3, C-4 68.8,
C-567.2, Rhal 4 C-1 1014, C-2 72.2, C-3 72.6, C-4 84.7,
C-5 69.9, C-6 17.8, Fucl,2 C-1 95.1, C-2 74.5, C-3 76.8,
C-473.6,C-572.0,C-6 16.5, Glcl C-1 105.5,C-2 754, C-3
778, C-4 71.1, C-5 78.2, C-6 62.3.
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