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ABSTRACT.—Two major saponins from Bellis sylvestris have been isolated and their struc-
tures determined, mainly by high-field nmr spectroscopy. One of these {2} was identical with
bellissaponin BS1 from Bellis perennis, while the second is a new triterpenoid saponin {1}, named
besysaponin C,,, and identified as 3-0-a-L-rhamnopyranosyl-2B,38,16a,23-tetrahydroxyolean-
12-en-28-oic acid 28-0-B-D-xylopyranosyl(1—4)-a-L-thamnopyranosyl(1—2)-B-D-

fucopyranoside.

The genus Bellis includes about
ten species, all of which are small
annual or perennial herbs. Most Bel/is
species are endemic to restricted re-
gions and only B. perennis (the com-

Besysaponin C,, {1} R=

Besysaponin C,, {2} R=

mon daisy), B. annua, and B. sylvestris
are widespread in their distribution.
Bellis sylvestris Cyrill (Asteraceae), the
autumn daisy, is native to the Mediter-
ranean region. Flowering begins in

OH

HC



1280 Journal of Natural Products

autumn and reaches a maximum in
winter.

In previous investigations we have
elucidated the structure of seven new
triterpenoid saponins from Bellis perennis
(1—4). The present paper describes the
isolation and structure elucidation of the
two major deacylsaponins obtained from
the hetb of Bellis sylvestris, among them
a new deacylated saponin {1].

Two compounds (besysaponin C,, {1}
and besysaponin C,,[2]) were isolated from
the mild alkaline hydrolysate of the sapo-
nin mixture obtained from B. sylvestris as
described in the Experimental.

Comparison of 1 and 2 with the
deacylsaponins obtained from Bellis
perennis L. by tlc indicated that 2 was
identical with bellissaponin BS1. A mo-
lecular ion at m/z 1243.6 [M+Nal® in
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the fabms and agreement of the °C-nmr
chemical shifts (see Table 2) confirmed
this identification.

In contrast, 1 has not been found in
B. perennis. Acid hydrolysis and tlc iden-
tification according to Kartnig and
Wegschaider (5) gave polygalacic acid
(2B,3B,16a,23-tetrahydroxyolean-12-
en-28-oicacid)as theaglycone, and rham-
nose, fucose, and xylose as sugar constitu-
ents. The fabms afforded a molecular ion
at m/z 1097.4 [M+Nal® and a positive-
ion hrfabms ion occurred at m/z
1097.5508 [C5,HgO,,+ Nal™.

The C- and 'H-nmr spectra of 1
showed signals of four anomeric carbons
and protons. By means of the 'H-nmr,
“C-nmr, DEPT, COSY, HMQC, and
HMBC spectra, all of the proton and
carbon resonances of 1 could be assigned

TaBLE 1. 'H-Nmr Chemical Shifts of Compound 1 (ppm).

Proton Aglycone Sugar
H-1A..... 2.06 Rhamnose A H-1..... 491,brs
H-1B..... 1.23 H-2..... 3.95,dd, J=1.6/3.3 Hz
H-2...... 4.26,d,J=3.3 Hz H-3..... 3.82,d,J=3.3Hz
H3...... 3.98,d,J=3.7 Hz HA4..... 3.42,¢,]=9.5 Hz
H-5...... 1.38 H-5..... 3.87
HGA..... 1.55 CH,-6... | 1.29,d,7=6.2Hz
H-6B..... 1.49 Xylose H-1..... 4.54,d,J=7.7 Hz
H-7A..... 1.68 H-2..... 3.30,dd, J=7.7/6.4 Hz
H-7B..... 1.44 H-3..... 3.37
H-9...... 1.68 H4..... 3.52,ddd
H-11A.... | 2.03 H-5A ... | 391,¢,J=11Hz
H-11B.... | 1.97 H-5B.... | 391,¢,J=5.7 Hz
H-12 ..... 5.36,t,J=5.4 Hz Rhamnose B H-1..... 5.46,d,J=1.7 Hz
H-15A.... | 1.74,dd,J=3.514.9 Hz H2..... 3.97,dd,J=1.7/3.9 Hz
H-15B.... | 1.51,dd,J=2.6/14.9 Hz H-3..... 3.89,d, /=39 Hz
H-16 ..... 453 HA4..... 3.58,d,/=9.4 Hz
H-18 ..... 2.98,dd, J=4.2/14.3 Hz H-S5..... 3.84
H-19A.... | 2.33,¢,J=13.7 Hz CH,-6 ... | 1.36,d,7=6.1 Hz
H-19B.... | 1.07 Fucose H-1..... 5.34,d,J=8.2 Hz
H-21A.... | 1.99 H-2..... 3.85
H-21B.... [ 1.21 H-3..... 3.73
H-22A.... | 195 HA4..... 3.61,d,J=3.4 Hz
H-22B.... | 1.82,dd,/=4.7/13.4 Hz H-5..... 3.73,dd, J=3.4/6.4 Hz
H-23A.... | 3.37 CH,-6 ... | 1.27,d,J=6.4 Hz
H-23B.... | 3.28
CH,-24 ... | 0.94
CH,25 ... | 1.36
CH,-26 ... | 0.87
CH,-27 ... | 1.43
CH,-29 ... | 0.92
CH,-30 ... | 0.9
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TABIE 2. “C-Nmr Data of Compounds 1 and 2 and of Bellissaponin BS1 in CD,0D.

Carbon 1 2 BS1 Carbon 1 2 BS1
C-1...| 4514 | 45.06 | 45.0 Rhamnose A | C-1 ... | 104.17 | 104.08 | 103.9
C2...| 7188 | 7191 | 701 C-2...| 7233 7258 | 726
C-3 ... | 824 8240 | 845 C3 ... 7224 7226 | 723
C4 ... | 4339 | 4341 | 429 C4 ... | 7400 | 73.95 | 74.6
C5 ... | 4804 | 4837 | 484 C5 ... | 7032 | 7031 | 704
C6 ... | 1900 | 19.02 19.0 Cc6...| 18.00| 17.87 18.0
C7 ... | 3374 | 3360 | 337 Xylose C-1 ... | 107.07 | 107.07 | 107.1
C8 ... | 4084 | 40.84 | 41.0 C-2 ... | 7606| 7639 | 76.2
C-9 ... | 4841 | 4837 | 484 C3...| 7813 | 8427 | 846
C-10 .. | 3771 ] 3772 | 377 C4...| 7109 6876 | 701
C-11 .. | 2463 | 2460 | 246 C5 ... | 6724 67.14 | 66.0
C-12 .. | 123.54 | 123.56 | 123.6 Rhamnose B | C-1 ... | 101.09 | 101.31 | 101.2
C-13 .. | 144.73 | 144.60 | 144.4 C-2...| 71.88 | 7221°| 720
C-14 .. | 4291 | 4292 | 434 C3 ... | 7233 7226°| 724
C-15 .. | 3650 | 36.41 36.5 C4 ... | 8427 | 8449 | 827
C-16 .. | 7464 | 7462 | 75.0 C5 ... | 6872 6983 | 688
C-17 .. | s0.01 | 5009 | 50.2 C6 ... 1829 | 17.93 18.3
C-18 .. 42.31 42.31 422 Fucose C-1 ... 95.11 95.00 95.1
C19 .. | 4797 | 4796 | 48.0 C-2 ... | 7413 | 7449 | 74.0°
C-20 .. | 3129 | 31.28 | 31.2 C3 ...| 7664 | 7664 | 764
C-21 .. | 3444 | 36.51 36.4 C4 ... | 7358 | 7349 | 735
C-22 .. | 3197 | 3192 | 317 C5 ... | 7266 7190 | 720
C-23 .. | 6576 | 65.85 | 67.1 C6...| 1650| 16.52 16.4
C-24 .. 14.73 14.94 14.9 Rhamnose C C-1 ... 102.44 | 1024
C-25 .. | 1800 | 18.00 | 180 c-2 ... 72.19°| 716
Cc-26 .. 17.84 | 17.87 17.9 C-3 ... 72.26° | 723
C-27 .. | 2728 | 2723 | 273 C4 ... 73.95 | 74.0
C-28 .. | 177.23 [177.24 | 177.3 C5 ... 69.97 | 69.9
C-29 .. | 3338 | 3337 | 333 c6 ... 1838 | 183
C-30 .. | 2487 | 2486 | 25.0

*Taken from couplings with H-6A and H-6B in the HMQC spectrum.

®Assignments may be interchanged.

“The assignments of these shifts have been interchanged compared to the previously published data (1).

as shown in Tables 1 and 2, confirming
that 1 is a bisdesmosidic saponin of
polygalacic acid having two rhamnoses
and fucose and xylose as sugar compo-
nents. Cross-peaks in the HMBC nmr
spectrtum were observed between H-1
(4.91 ppm) of one rhamnose (tha A) and
C-3 of the aglycone (82.4 ppm) and C-1
(104.17 ppm) of tha A and H-3 (3.98
ppm) of polygalacic acid, between H-1
(5.34 ppm) of fucose and C-28 (177.23
ppm) of polygalacic acid, between H-2/
C-2(3.85/74.13 ppm) of fucose and C-1/
H-1 (101.09/5.46 ppm) of the second
rhamnose (tha B), and between H-4/C-4
(3.58/84.27 ppm) of rha B and C-1/H-1
(107.07/4.54 ppm) of xylose. Also, J i, 11
coupling constants of 7.7 and 8.2 Hz

demonstrated that xylose and fucose oc-
cur as the B-anomers having the ‘C,
configuration. The J, 4, values of 170
(rha A) and 173 Hz (tha B) and Jyy s
values of 9.5 (rha A) and 9.4 Hz (tha B)
clearly indicated the presence of the a-
anomers in 'C, configurations.

The gc of the L-cysteine methyl ester
derivatives prepared according to Ref. (6)
indicated that rhamnose is present as the
L-enantiomer and that xylose and fucose
are present as D-enantiomers. Hence,
besysaponin C,, {1} has the structure 3-
0-o-L-rhamnopyranosyl-2[3,38,16a,23-
tetrahydroxyolean-12-en-28-oicacid 28-
0-B-D-xylopyranosyl(l1—4)-a-L-
rhamnopyranosyl(1—2)-B-p-fuce-
pyranoside.
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The only difference between struc-
tures 1 and 2 is the absence of the termi-
nal thamnose in compound 1. Neverthe-
less compound 1 could not be detected in
B. perennis, suggesting that a taxonomic
classification of the genus Bellis from a
chemical point of view is possible.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—1D
(‘H, °C, DEPT) and 2D ['H-'H-COSY, HMBC
(‘H detected multiple-bond *C multiple~quan-
tum coherence-spectroscopy), HMQC (‘H detected
heteronuclear multiple-quantum coherence-$pec-
troscopy)} nmr spectra were recorded in CD,0OD at
300K onaBruker AM 600 nmr spectrometer (‘H-
nmr 600.14 MHz, ”C-nmr 150.91 MHz) as de-
scribed previously (2), and mass spectra were mea-
sured on a Kratos MS 50 HRS mass spectrometer.
Tlc was carried out on Si gel 60 plates or foils
(Merck) and cc on Sephadex® LH-20 (Pharmacia)
and Si gel 60, 0.063-0.2 wm (Merck).

PLANT MATERIAL—Whole plants of B.
sylvestris were collected during December 1992 at
Cerasomma, near to Lucca, Italy at an altitude of
about 100 m. The material was dried at S0-60°, A
voucher specimen is deposited at the herbarium of
the Department of Pharmacy, Humboldt Univer-
sity, Berlin (number Scho-2).

EXTRACTION AND ISOLATION.—A 400-g
quantity of the dried plant material was refluxed
twice for 1 h with 80% MeOH (3000 ml). The
MeOH was removed under reduced pressure and
the residue was diluted with H,O to 750 ml. The
extract was defatted twice with CHCI, and ex-
tracted four times with #-BuOH. The dried -
BuOH extract was dissolved in MeOH and dropped
into an excess of Et,0O giving 17.3 g of a brown,
powdery crude glycoside mixture.

A 16-g aliquot of the crude glycoside mix-
ture was subjected toSephadex® LH-20 cc (MeOH)
giving seven saponin containing fractions (yield
11.7 g). Saponin fraction 3 (the major saponin
fraction, 2 g) was hydrolyzed with 2000 ml of 1%
KOH for 2 h at room temperature. After neutral-
ization with HCI the deacylated saponins were
extracted four times with z-BuOH (500 m] each)
giving 1.8 g of a residue. The deacylated saponins
were separated by cc on Si gel (CHCl,-MeOH-
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H,0, 10:3:1, lower layer) giving 113 mg of com-
pound 1 and 600 mg of compound 2.

DETERMINATION OF THE ABSOLUTE CONFIGU-
RATION OF THE SUGARS.—The determination was
performed according to Ref. (6) using about 4 mg
of compound 1. Ge conditions: column, J&W
Scientific DB-17 (30 mX0.25 mm i.d., film thick-
ness 0.25 pm), 250° oven temperature, 280° in-
jection port and detector temperature, carrier gas,
He (22.3 liters/h). Retention times: D-xylose 9.11
min (L-xylose 9.72 min), L-thamnose 9.97 min, D-
fucose 10.57 min (L-fucose 11.31 min).

Besysaponin C,,{1].—Brownish, amorphous
powder; hrfabms (in glycerol) m/z {M+Nal®
1097.5508(calcd 1097.5514); tlc R,0.54 (CHCl,-
MeOH-H,0, 7:4:1); "H nmt, see Table 1; *C nmr,
see Table 2.

Besysaponin C 4 {2].—Brownish, amorphous
powder; tlc R,0.47 (CHCl,-MeOH-H,0, 7:4:1);'H
nmr aglycone, 8 0.79, 0.88, 0.92, 0.95, 1.33, 1.39
(6XCHj;),2.95(dd,J=ca.4and 14 Hz, H-18),5.34
(t, J=ca. 4 Hz, H-12), sugar methyl protons & 1.22
d,J=ca. 6.5 Hz),1.25(d, J=ca. 6.5 H2), 1.26 (d,
J=ca.6.5Hz),1.32(d,J=ca. 6.5 Hz); sugaranomeric
protons, 8 4.49 (d, J=7.8 Hz), 4.87 (brs), 5.15 (d,
J=1.8Hz),5.32(d,J=8.0Hz),5.37(d J=1.8 Hz);
"*C nmr, see Table 2.
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