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ABSTRACT.-TWO major saponins from Bellis sylwstris have been isolated and their struc- 
tures determined, mainly by high-field nmr spectroscopy. One of these 121 was identical with 
bellissaponin BS1 from Bellisperennis, while the second is a new triterpenoid saponin 111, named 
besysaponin C,,, and identified as 3-O-a-~-rhamnopyranosyl-2~,3~,16a,23-tetrahydroxyolean- 
12-en-28-oic acid 28-0-p-D-xylopyranosyl( 1 +4)-a-L-rhamnopyranosyl( 1+2)-p-D- 
hcopyranoside. 

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

mon daisy), B. annua, and B. sylvestris 
are widespread in their distribution. 
Bellis sylvestris Cyril1 (Asteraceae), the 
autumn daisy, is native to the Mediter- 
ranean region. Flowering begins in 
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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 herb of Bellis syluestris, among them 
a new deacylated saponin Ell. 

Two compounds (besysaponin C,, 111 
andbesysaponinCI4[2])wereisolatedfrom 
the mild alkaline hydrolysate of the s a p  
nin mixture obtained from B. sylwtrir 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 mlz 1243.6 EM+Nal+ in 

the fabms and agreement of the 13C-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 
(2p,3 p, 1601~2 3-tetrahydroxyolean- 12- 
en-28-oic acid)as the aglycone, and rham- 
nose, ficose, and xylose as sugar constitu- 
ents. The fabms afforded a molecular ion 
at mlz 1097.4 [M+Na]+ and a positive- 
ion hrfabms ion occurred a t  mlz 
1097.5 508 [C,,H%O,, +Na]+. 

The 13C- and 'H-nmr spectra of 1 
showed signals of four anomeric carbons 
and protons. By means of the 'H-nmr, 
13C-nmr, DEFT, 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 

H-1A.. . . .  
H-1B . . . . .  
H-2 . . . . . .  
H-3 . . . . . .  
H-5 . . . . . .  
H-6A. . . . .  
H-6B . . . . .  
H-7A. . . . .  
H-7B..  . . .  
H-9 . . . . . .  
H-11A.. . .  
H-11B.. . .  
H-12 . . . . .  
H-15A,. . .  
H-15B.. . .  
H-16 . . . . .  

H-19A.. . .  
H-19B.. . .  

H-21B.. . .  
H-22A. . . .  

H-23A. . . .  
H-23B.. . .  
CH3-24 . . .  

H-18 . . . . .  

H-21A.. . .  

H-22B.. . .  

CH,-25 . . .  
CH3-26 . . .  

CH,-30 . . .  

CH3-27 . . .  
CH3-29 . . .  

Aglycone 

2.06 
1.23 
4.26, d, J=3.3 Hz 
3.98, d, J=3.7 Hz 
1.38 
1.55 
1.49 
1.68 
1.44 
1.68 
2.03 
1.97 
5.36, t, J=5.4 Hz 
1.74, dd, J=3.5/14.9 Hz 
1.51, dd, J=2.6/14.9 Hz 
4.53 
2.98, dd, J=4.2/14.3 Hz 
2.33, t,J=13.7 Hz 
1.07 
1.99 
1.21 
1.95 
1.82, dd, J=4.7/13.4 Hz 
3.37 
3.28 
0.94 
1.36 
0.87 
1.43 
0.92 
0.99 

Rhamnose A 

Xylose 

Rhamnose B 

Fucose 

H-1 . . . . .  

H-3. .  . . .  
H-4 . .  . . .  

CH,-6 . . .  

H-2. .  . . .  

H-4 . .  . . .  

H-2 . .  . . .  

H-5 . .  . . .  

H-1 . . . . .  

H-3. .  . . .  

H-5A . . .  
H-5B.. . .  
H-1. .  . . .  
H-2. .  . . .  
H-3. .  . . .  
H-4 . .  . . .  
H-5 . .  . . .  
CH,-6 . . .  
H-1 . .  . . .  
H - 2 . .  . . .  

H-4 . .  . . .  
H-5 . .  . . .  
CH,-6 . . .  

H - 3 . .  . . .  

sugar 

4.91, br s 
3.95, dd, J=1.6/3.3 Hz 
3.82, d, J=3.3 Hz 
3.42, t, J=9.5 Hz 
3.87 
1.29, d, J=6.2 Hz 
4.54, d, J=7.7 Hz 
3.30, dd, J=7.7/6.4 Hz 
3.37 
3.52, ddd 
3.91, t , J= l l  Hz 
3.91, t, J=5.7 Hz 
5.46, d, J=1.7 Hz 
3.97, dd, J=1.7/3.9 Hz 
3.89, d, J=3.9 Hz 
3.58, d,]=9.4 Hz 
3.84 
1.36, d,J=6.1 Hz 
5.34, d, J=8.2 Hz 
3.85 
3.73 
3.61, d, J=3.4 Hz 
3.73, dd, J=3.4/6.4 Hz 
1.27, d,J=6.4 Hz 
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TABLE 2. 13C-Nrnr Data of Cor 

carbon 

c-1 . . . 
c-2 . . . 
c-3 . . . 
c-4 . . .  
c-5 . . . 
C-6 . . . 
c-7 . . . 
C-8 . . . 
c-9 . . .  
c-10 . .  
c-11 . . 
c-12 . .  
C-13 . .  
C-14 . .  
C-15 . .  
C-16 . . 
C-17 . . 
C-18 . . 
C-19 . . 
c-20 . . 
c-21 . .  
c-22 . . 
C-23 . . 
C-24 . . 
C-25 . . 
C-26 . . 
C-27 . . 
C-28 . . 
C-29 . . 
C-30 . . 

1 

45.14 
7 1.88 
82.4 
43.39 
48.04 
19.0' 
33.74 
40.84 
48.41 
37.71 
24.63 

123.54 
144.73 
42.91 
36.50 
74.64 
50.01 
42.31 
47.97 
31.29 
34.44 
31.97 
65.76 
14.73 
18.00 
17.84 
27.28 

177.23 
33.38 
24.87 

2 

45.06 
71.91 
82.40 
43.41 
48.37 
19.02 
33.60 
40.84 
48.37 
37.72 
24.60 

123.56 
144.60 
42.92 
36.41 
74.62 
50.09 
42.31 
47.96 
31.28 
36.51 
3 1.92 
65.85 
14.94 
18.00 
17.87 
27.23 

177.24 
33.37 
24.86 

BS 1 

45.0 
70.1 
84.5 
42.9 
48.4 
19.0 
33.7 
41.0 
48.4 
37.7 
24.6 

123.6 
144.4 
43.4 
36.5 
75.0 
50.2 
42.2 
48.0 
31.2 
36.4 
31.7 
67.1 
14.9 
18.0 
17.9 
27.3 

177.3 
33.3 
25.0 

ounds 1 and 2 and of Belliss 

Rhamnose A 

Xylose 

Rhamnose B 

Fucose 

Rhamnose C 

Carbon 

c-1 . . . 
c-2 . . . 
c-3 . . . 
c4 . . .  
c-5 . . . 
C-6 . . . 
c-1 . . . 
c-2 . . . 
c-3 . . . 
c-4 . . . 
c-5 . . . 
c -1  . . . 
c-2 . . . 
c-3 . . .  
c4 . . .  
c-5 . . . 
C-6 . . . 
c-1 . . . 
c-2 . . . 
c-3 . . . 
c-4 . . .  
c-5 . . . 
C-6 . . . 
c-1 . . . 
c-2 . . . 
c-3 . . .  
c4 . . .  
c-5 . . . 
C-6 . . . 

onin BS1 in CD,OD. 

1 

104.17 
72.33 
72.24 
74.00 
70.32 
18.00 

107.07 
76.06 
78.13 
71.09 
67.24 

101.09 
7 1.88 
72.33 
84.27 
68.72 
18.29 
95.11 
74.13 
76.64 
73.58 
72.66 
16.50 

2 

104.08 
72.58 
72.26 
73.95 
70.31 
17.87 

107.07 
76.39 
84.27 
68.76 
67.14 

101.31 
72.21b 
72.26b 
84.49 
69.83 
17.93 
95.00 
74.49 
76.64 
73.49 
7 1.90 
16.52 

102.44 
72.19b 
72.26b 
73.95 
69.97 
18.38 

BS 1 

103.9 
72.6 
72.3 
74.6 
70.4 
18.0 

107.1 
76.2 
84.6 
70.1 
66.0 

101.2 
72.0 
72.4 
82.7 
68.8 
18.3 
95.1 
74.0' 
76.4' 
73.5 
72.0 
16.4 

102.4 
71.6 
72.3 
74.0 
69.9 
18.3 

Taken from couplings with H-6A and H-6B in the HMQC spectrum. 
bAssignments may be interchanged. 
The assignments ofthese 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 
spectrum were observed between H-1 
(4.91 ppm) of one rhamnose (rha A) and 
C-3 of the aglycone (82.4 ppm) and C-1 
(104.17 ppm) of rha 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 . 8 ~ 7 4 . 1 3  ppm) of fucose and C- 1 / 
H-1 (101.09/5.46 pprn) of the second 
rhamnose (rha 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,,-,, 
coupling constants of 7.7 and 8.2 Hz 

demonstrated that xylose and fucose oc- 
cur as the P-anomers having the ,C, 
configuration. The JC1-,, values of 170 
(rha A) and 173 Hz (rha B) and JHLH5 

values of 9.5 (rha A) and 9.4 Hz (rha 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,, 117 has the structure 3- 
O-a-~-rhamnopyranosy1-2P,3P, 16a,23- 
tetrahydroxyolean-12-en-28-oic acid 28- 
O-P-D-xylopyranosyl( 1 + 4 ) - a - ~ -  
rhamnopyranosyl( 1 +2)-p-D-fuco- 
pyranoside. 
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The only difference between struc- 
tures 1 and 2 is the absence of the termi- 
nal rhamnose in compound 1. Neverthe- 
less compound 1 could not be detected in 
B. permnis, suggesting that a taxonomic 
classification of the genus Bellis from a 
chemical point of view is possible. 

EXPERIMENTAL 

GENERAL EXPERIMENTAL PROCEDURES.-~D 
('H, "C, DEFT) and 2D ['H-'H-COSY, HMBC 
('H detected multiple-bond "C multiplequan- 
tum coherence-spectroscopy), HMQC('Hdetected 
heteronuclear multiplequantum coherence-spec- 
troscopy)) nmr spectra were recorded inCD,OD at 
300KonaBrukerAM600nmrspectrometer('H- 
nmr w . 1 4  MHz, l3C-nmr 150.91 MHz) as de- 
scribed previously (2), and mass spectra were mea- 
sured on a Kratos MS 50 HRS mass spectrometer. 
TIC was carried out on Si gel 60 plates or foils 
(Merck) and cc on SephadexB LH-20 (Pharmacia) 
and Si gel 60,0.0634.2 pm (Merck). 

PLANT MATERIAL.-whole plants of B .  
sylvestris were collected during December 1992 at 
Cerasomma, near to Lucca, Italy at an altitude of 
about 100rn.Thematerialwasdriedat 5040".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 n-BuOH. The dried n- 
BuOHextractwasdissolvedinMeOHanddropped 
into an excess of Et,O giving 17.3 g of a brown, 
powdery crude glycoside mixture. 

A 16-g aliquot of the crude glycoside mix- 
nmwassubjected toSephadexB LH-2Occ(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 mom temperature. After neutral- 
ization with HCI the deacylared saponins were 
extracted four times with n-BuOH (500 ml each) 
giving 1.8 g of a residue. The deacylated saponins 
were separated by cc on Si gel (CHC1,-MeOH- 

H,O, 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. Gc conditions: column, J%W 
Scientific DB-17 (30mX0.25 mmi.d., film thick- 
ness 0.25 pm), 250" oven temperature, 280" in- 
jection port and detector temperature, carrier gas, 
He (22.3 litersh). Retention times:  xylose 9.11 
min  xylose 9.72 min), L-rhamnose 9.97 min, D 
fucose 10.57 min(r-fucose 11.31 rnin). 

Besysaponin C,, Ill.-Brownish, amorphous 
powder; hrfabms (in glycerol) n/z [MSNa)' 
1097.5 508 (calcd 1097.5 5 14); tlc R,0.54 (CHC1,- 
MeOH-H,0,7:4:1);'Hnmr,seeTable l;"Cnmr, 
see Table 2. 

Besywrpoin C,, [2].-Brownish, amorphous 
powder, tlc Rf0.47 (CHC1,-MeOH-H,O, 7:4:1); 'H 
nmraglycone, 6 0.79,0.88,0.92,0.95, 1.33, 1.39 

(t. J=ca. 4 Hz, H-12), sugar methyl protons 6 1.22 
(d,J=ca. 6.5 Hz), 1.25 (d, J=ca 6.5 Hz), 1.26(d, 
J=ca.6.5Hz),1.32(dJ=ca.6.5Hz);sugaranomeric 
protons, 6 4.49 (d, J=7.8 Hz), 4.87 (br s), 5.15 (d, 
J=1.8Hz), 5.32(dJ=8.0Hz), 5.37(dJ=1.8&); 
I3C nmr, see Table 2. 
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