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Three new triterpenoid saponins, named segetoside G (1). H (2) and I (3), have been isolated 
from the seeds of Vtrccuriu segerulis. On the basis of chemical reaction and spectral data, their 
structures have been established as: 28-O-B-D-xylopyranosyl-( I + 4)-~u-~-rhamnopyranosyl- 
(1 + 2)-[a-L-arabinofurdnosy~ ( 1 -+ 3)]-~-D-(4-0-acety~)-fucopyranosy~-gypsogenin-~-~-~-D-ga~- 
actopyranosyl-( 1 + 2)-/3-~-(6-0-butyl ester)-glucuronopyranoside (l), 28-O-B~-xylopyranosyl- 
(1 + 4)-cu-~-rhamnopyranosyl-( 1 + 2)-[0-1-(5-O-acetyl)-arabinofuranosyl-( 1 t 3)]-,fl-D-(4-o-aCetyl)- 
fucopyranosyl-gypsogenin-3-0-0-o-galactopyranosyl-( I + 2)-3-D-glucuronopyranoside (2) and 
28-O-,%~-xylopyranosyI-( 1 -+ 4)-a-~-rhamnopyranosyl-(l + 2)-[ru-~-(S-O-acetyI)-arabinofura- 
nosy]-( 1 + 3)]-~-D-(4-O-acety~)-fucopyranosyl-quillaic acid-3-O-p-D-galactopyranosyl-( 1 + 2)- 
,~-D-glucuronopyranoside (3). 

Keywwrds; Vwcariu segeruliu; Caryophyllaceae; Triterpenoid saponins 

INTRODUCTION 

In previous papers [ 1-31, we have reported the isolation and structural eluci- 
dation of segetoside A, C-E from the seeds of Vaccaria segetalis (Neck) 
Garcke (Caryophllaceae) which is distributed all over China, except 
southern China, and used in Chinese folk medicine for promoting 

*Corresponding author. Tel.: 0086-021-643 11833. Fax: 0086-021-64370269 
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diuresis. activating blood circulation and relieving carbuncles [4]. Further 
investigation of the seeds Icd to the isolation of three new triterpenoid 
saponins. named segetoside G ( 1 ) .  H (2) and I ( 3 ) .  This paper deals with 
their isolation nntl structural elucidation. 

RESIJLTS AND DISCUSSION 

The ti-butanol fraction from the ethanol extract o f  the sceds oi' I'. . s q y r d i , ~  
was chrornatographed on Diaion HP-20. silica gel and RP-18 silica gel to 
afford segetoside G (l) ,  H (2) and I (3). 

Scgetoside G ( 1 ) .  an amorphous solid, had ii molecular formula of 
C70HIln032 determined by positive ion FABMS (at u / z  1486 [M + N3]+) ;is 

w e l l  a s  I3C and DEPT NMR data. Its spectral features and physicochemical 
properties suggested 1 to be a triterpenoid saponin. Comparison of the s i p  
nals froin the aglycon moiety in the I3CNMR spectra with those from gyp- 
sogenin [S1 showed tha t  the aglycon of compound 1 was gypsogenin and 
sugars were bound to the C-3 and C-28 positions of gypsogenin. The hexa- 
saccharidc naturc ofcompound 1 was manifested by iLs ' H  [b  6.01. s: h 6.00. 
cl. . I-  8.0 Hz; 1; 5.74, brs; h 5.21, d, .I- 7.6 Hz; b 5.02. d ,  .I ~~ 7.1 H L ;  h 4.85. d. 
. / - 7 . 2 H ~ ]  arid "C [a 111.7, 107.4, 106.2, 103.6. 102.1,94.3] N M R  data. 
respectively (Tablc I). Alkaline hydrolysis of compound 1 followed by acid 
hydrolysis gave fucose, xylose, arabinosc. rhamnose. On the other hand. 
acid hydrolysis of 1 gave glucuronic acid. galactose. fiicose, xylose. arabi- 
nose and rhamnose, so glucuronic acid and galactose were connected to C ,  
position of the aglycone. the other four sugars were connected to C2x posi- 
tion. The identity of the monosaccharides and the sequence of the oligo- 
saccharide chains were determined b y  R combination of DEPT. CIOSY. 
HMQC and HMRC. I n  the light of the assigncd ' H  and "CNMR spcclra 
(Table I ) .  the arahinose sugar unit was identified as tr-arabinofuranose 161 
a n d  other sugar units were in  pyranose rorni. The (1 anonieric configuration 
lor  the rhamnose was judged by its C 5  data ( h  68.7). The ;I anomeric contig- 
urations for glucuronic acid, galactose. fucose and vylose were judged 
from their large 3J111,H2 coupling constants (7 ~~8 Mz). The HMBC spec- 
trum showed that C 3  has cross peak with HCILI"II, and CGluA2 with HGL,,,.  
C28 with H F I ,  Cp2 with H R I .  Ck3 with HAI. CrC4 with Hxl. Ccilu.)ih with 
H,J 23  (-0CH2- of 11-butoxy); C ,  170 

(CII? of acetyl). Thus, segetoside G (1) w a s  determined to be 28-O-;i'-o- 
xylopyranosyl-( 1 - 4)-tr-~-rhamnopyranosyl-( 1 -I 2)-[( -~-arabiuofuraiiosy1- 
( 1 - .i)]-~i'-n-(4-O-acetyI)-fucopyranosyI-gypsogenin-3-O-:~-~-galactopyr- 
anosyl-( I 4 2)-.-I-n-( 6-0-butyl ester)-glucuroiiopyran~sidt.. 

(C=O of acelyl) with HF-+ H,$ I 
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TRITERPENOID SAPONINS I- ROM VACCARIA SEGETALIS 189 

TABLE I 
pounds 1 ,  2, 3 (C,D,N), gypsogenin and quillaic acid (CDCI,) (6 in ppm) 

I3C (150 MHz) NMR spectral data of the aglycon parts of com- 

Position 1 

1 38.1 t 
2 25.1 t 
3 83.8 d 
4 55.0 s 
5 48.7 d 
6 20.7 t 
7 32.6 t 
8 40.2 s 
9 47.8 d 

10 36.3 s 
11 23.4 t 
12 122.4 d 
13 144.1 s 
14 42.3 s 
15 28.4 t 
16 23.7 t 
17 47.2 s 
18 42.0 t 
19 46.4 t 
20 30.7 s 
21 34.0 t 
22 32.3 1 
23 209.8 d 

25 15.8 q 
26 17.3 q 
27 25.9 q 
28 176.4 s 
29 33.1 q 
30 23.1 q 

24 11.1 q 

38.1 t 
24.9 t 
83.5 d 
54.9 s 
48.5 d 
20.7 t 
32.6 t 
40.1 s 
47.7 d 
36.1 s 
23.2 t 

122.3 d 
144.1 s 
42.2 s 
28.4 t 
23.4 t 
47.1 s 
41.9 t 
46.3 t 
30.6 s 
33.9 t 
32.2 t 

210.0d 

15.7 q 
17.3 q 
25.9 q 

116.4 s 
33.0 q 
23.6 q 

11.oq 

38.4 t 
26.0 t 
71.6d 
55.2 s 
48.0 d 
20.7 t 
32.5 t 
40.0 s 
47.7 d 
36.2 s 
23.0 t 

122.2 d 
144.8 s 
42.2 s 
28.2 t 
23.8 t 
46.6 s 
41.9 t 
46 5 t 
30.9 s 
34.2 t 
32.1 t 

207.1 d 
9.6 q 

15.7 q 
17.4 q 
26.1 q 

180.0 s 
33.2 q 
23.8 q 

38.2 t 
25.0 t 
83.4 d 
55.0 s 
48.3 d 
20.6 t 
33.0 t 
40.2 s 
46.8 d 
36.1 s 
23.8 t 

122.1 d 
144.5 s 
42.1 s 
36.0 t 
73.9 d 
49.3 s 
41.5 t 
47.5 t 
30.6 s 
36.1 t 
31.9 t 

209.5 d 
11.0q 
15.8 q 
17.3 q 
27.0 q 

175.9 s 
33.1 q 
24.4 q 

38.1 L 
26.0 t 
71.7 d 
55.2 s 
48.1 d 
20.7 t 
32.3 t 
39.7 s 
46.7 d 
35.9 s 
23.2 t 

122.2 d 
142.8 s 
41.4 s 
35.4 t 
74.7 d 
48.7 s 
40.5 t 
46.4 t 
30.0 s 
35.4 t 
30.3 t 

207.0 d 
9.0 q 

15.7 q 
16.9 q 
27.0 q 

177.2 s 
32.7 q 
24.6 q 

Segetoside H (2) was obtained as an amorphous solid with the molecular 
formula C68H104033 which was deduced from the ESIMS (at mjz 1472 
[M +Na]+) as well as I3C and DEPT NMR data. Spectral evidence indi- 
cated that compound 2 had the same aglycone, gypsogenin, and sugar 
arrangement as those of 1 (Tables 1 and II), but differed from the sugar sub- 
stitution pattern. 2 has one acctyl group more, but one n-butoxyl group less 
than 1. Comparing the I3CNMR signals of the sugar part of compound 2 
with those of 1, the I3CNMR data of A-5 and GluA-6 were shifted from 
6 64.5 to 6 62.0ppm and S 170.7 to 6 169.8 ppm, respectively. Based on these 
spectral data, the additional acetyl group of 2 was located at  C-5 of the ara- 
binose unit, while in compound 2, the hydroxyl substituted the n-butoxy of 
Cglub of 1 .  Consequently, the structure of segetoside H (2) was concluded to 
be 28-0-,8-u-xylopyranosyl-( 1 + 4)-a-~-rhamnopyranosyl-( 1 4 2)-[a-~- (5-  
0-acety1)-arabinofuranosyl-( 1 4 3)]-~-~-(4-O-acetyl)-fucopyranosyl-gypsogenin- 
3-O-[~-~-galactopyranosyl-( 1 + 2)-8-~-glucuronopyranoside. 
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74131 t 11 
irioietics of 1. 2 tund 3 (CSDjN) ( b  in ppm. J i i i  Hz) 

' ' C  ( I 5 0  M H z j  N M R  anti IH  (600 MHzl N V I R  \pectral d'ita 1i)r t l i e  >ugai. 

c 

I 2 3 

I 0 (I d 
X.1.l <I 
?'-A d 
7' 5 d 
70.') d 

1 h;).X \ 

65.1 1 
3iLl.Y I 
19.7 t 
11.7 (1 

10(>.2 d 
7-1 < (1 
74 Y d 
711 I d 
7 - . o  d 
6.1.1 ta: 

9'1 3 d 
7 x 8  d 
X(l.8 ti 
7 7 9 d 
70,s d 
I f1.5 q 
20.7 (1 

l70.b > 

I l ! . 7 t i  
8 i . i  d 
7X.I (1 
x '. s d 
62 0 t *  

lo:. 1 d 
71 StL 
7 :  i ti 
84.7 (1 
6h.7 ci 
l h h q  

107.4 d 
76.1 d 
7 h  6t l  
70 5 d 
6'.4 t 

hH 

4.85 d ,  7.' 
4.16111 
4.71 111 
4.41 131 

4 38 111 

4.23 111 
I .59 m 
I .3 1 111 

0.78 t.7.2 

5.21 d. 7.6 
4.50 m 
4.1 I in 
4.52 111 

1.08 m 
4.51 ni 

6.00 d. 8.0 
4.55 111 
4.14 m 
5.19 Ill 
3 96 I l l  

1 .  I9 d. 6. I 
I .L)h s 

5.73 brs 
4 X 7  in 

4 x I 111 
4.68 in 

4 -3 I I l l  

4.l6m 

6.01 s 
4.73 111 
4.57 m 
4.27 111 

4.37 111 
i .78 d. 6.1 

5.07 d. 7.1 
4.00 m 
4.03 m 
4.17m 

I 5 1  t. 10.3 
4.27 111 

103.4 ti 
81.9 d 
77 5 d 
73 I ti 
76.0 d 

170.7 s 

106.0 cl 
74.7 rl 
74.8 d 
70.1 J 
77.0 d 
b7 I t 

94.3 d 
7 3  x d 
80.8 d 
7.3.') d 
70.8 ti 
16.5 cl 

170.8 5 %  

111.7cl 
8.3.5 d 
7X.I d 
95.8 d 
(14.5 t 

20.8 q" 

20.9 q" 
170.9 \* 

102. I d 
71.4d 
72.3 d 
83.6 d 
fl8 8 d 
18.6 q 

107.4 d 
76.1 d 
78.6 d 
70.5 d 
67.4 t 

611 

4.X i  il. ? , 2  
4. 16  Ill 
4.2 I 111 

4 4 I 111 

4 38 111 

_______ 

5.21 d.  7 .b  
4.50 I l l  

4 I0 Ill 
4 5 1 I l l  

4 08 111 

3 5 I 111 

6.01) d . X . 0  
4.55 111 
4.23 I l l  

5.78 111 

3 91 I l l  

1 .?(I d.  0. I 
1.96 b 

5.74 I?I\ 
4.87 111 
4.8 I 1-11 

4.63 111 
4.31 in 

4. I h 111 

6.0 I > 
4.74 111 

4.57 111 
4.2x 111 

4 37 111 
I 78d.C I 

5.n: (I. 7. I 
4.11 I 111 

4 04 111 
4.1 6 111 

i . 51  1. 10 3 
4.71 ill 

103.0 i i  
x2.2 ii 
77 7 d 
72.9 d 
76.9 d 

170 7 \ 

IOh. I d 
74.3 d 
74.7 il 
70.0 d 
70.9 c l  
62.0 1 

94.4 d 
I .>. 2 cl 
81.2 d 
7 3  8 d 
70.5 d 
16.4 Ll 

I71l.X \* 

I I I .G d 
81 5 d 
79.5 d 
x I .", d 
64.3 t 

-?  

70.7 q =  

20.6 y* 
170.9 s" 

I01.hJ 
71.6d 
77.3 d 
82 6 J  
68.8 d 
18.7 q 

100.4 d 
7h.0 d 
7 8 4 d  
70.9 d 
67.2 I 

,.OOd.7 I 
4 I4 i l l  

4 20 I l l  

4..35 I l l  

4.40 111 

.i I 7  d.  ;.I> 
-1 4') Ill 

4. I0  111 

4 4s I l l  

. .  T 0 5  d.  x Ii 
4.50 111 
4. ! 9 111 

5.75 \I. 3.4 
3.9s ill 

1 . I6 (1. 6 4 
1 93 i- 

5.68 hi.\ 
4 86  111 
4.51 111 

1 7i) ni 
4 5 1  111 

4.76 cld. 
70. I I  8 
] 95 ,>- 

0.IJO \ 
3.60 Ill 
4.67 111 

4 I l l  

4.45 111 
I 69 d. 6.0 

5.1'7 d.7.U 
4.0 I 111 

4 05 I?: 

4 I Y 111 

3.41 t, 10.0 
4 I Y 111 
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TRITERPENOID SAPONINS FROM VACCARIA SEGETALIS 191 

OH 

OH 1 

FIGURE 1 Structures of compounds I, 2 and 3. 

Segetoside I (3), an amorphous solid, was assigned a molecular formula 
of Ch8HIo4034 determined by ESIMS (at m/z 1488 [M + Na]+) as well as 

and DEPT NMR data. The spectral data of 3 showed that it pos- 
sessed the same saccharide structure as those of 2, but differed from 2 
only in the aglycon part. Comparison of the signals from the aglycon part 
in the "CNMR spectra (Table I) with those from quillaic acid [7] 
showed that the aglycon of compound 3 was quillaic acid, while the 
aglycon of 2 was gypsogenin. Thus, segctoside J (3) was identified as 
28-O-/%D-xylopyranosy1-( 1 -+ 4)-~-~-rhamnopyranosyl-(  1 -+ 2 ) - [ a - ~ - ( 5 - 0 -  
acety1)-arabinofuranosyl-( 1 -+ 3)]-5'-~-(4-O-acetyl)-fucopyranosyl-quillaic 
acid-3-O-~-~-galactopyranosyl-( 1 -+ 2)-/?-~-glucuronopyranoside (Fig. 1). 

EXPERIMENTAL SECTJON 

General Experimental Procedures 

Optical rotation was obtained on a JASCO-DIP-181 polarimeter. IR was 
recorded on a Perkin-Elmer 599 infrared spectrometer. 'H (400, 500 and 
600Hz), 13C (100, 125 and 150Hz) NMR and all 2D spectra were run on 
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Bruker AM-400, JEOL GSX-500 with NM-EFG type field gradient unit 
and J E O L  a600 with NM-AFG type field gradient unit .  TMS a s  i n t .  stan- 
dard. FAB-MS was recorded on a MAT-95 Mass spectrometer. thc ESI-MS 
measured on Quattro mass spectrometer. LiChroprep RP-IS (25 -40 pni,  
Merck) and Silica gel 60H for thin-layer chromatograplty (Qingdao 
Haiyang Chemical Group Co. of China) were used for column chromatog- 
raphy. TLC w a s  performed on silica gel HSGl-'1i4. 

Plant Material 

Thc sccds ot' V .  .segrtnlis were purchased a t  Shi,jia Zhuang, Hebei Province 
(China) in 1995. The botanical idcntification was made by Prof. Xuesheng 
Bao (Shanghai Institute of Drug Control). A vouchci- specinicii has been 
deposited at  the I-ierbarium of the Department o f  Phytochemistry. Shanghai 
Institute of Materia Medica. Chinese Academy o f  Sciences. 

Extraction and Isolation 

The powdered seeds of V .  scyytrilis (50 kg) were extracted successi\ cly with 
pctroleum ether and 95% EtOH. After evaporation of ethanol in I ~ W ,  the 
residue was suspendcd in water anti then extracted successively with 
CH2C1,. EtOAc and n-BuOH. The n-BuOH fraction (450 g) was subjected 
to Diaion HP-20 using an lZtOH-H20 gradient system (0- 100%). The frac- 
lion (70 g) eluted by 70% EtOH was subjected to silica gel column chroma- 
tography with B CH2C12 MeOH-- HLO solvent system ( 5  : I : 0.1 --2 : 1 : 0.2). 
The fraction eluted by CH2C12 MeOH-H20 ( 2 :  1 :0 .2 )  WHS subjected to 
RP-18 silica gel column chromatography with 700/;1 MeOH to get c o n -  
pound (1) (40mg). and with 65% MeOH to get compounds (2) (40mg) and 
( 3 )  (IXmg), (developed on TLC (silica gel) by CH2Clz-MeO€-I--H20 
(2.0 : 1 : 0.2),  detected by spraying with 10% H2S04 in EtOH and then heat- 
ing to 1 10"C, R, ofcompounds 1-3: (1) 0.41. (2) 0.31 and ( 3 )  0.29). 

an amorphous solid. [o]? --h.39 (c 0.36, Me01 1). 
IRE::: cm-.' .  . 3400. 1738, 1100- 1000. FARMS: 1 7 7 : ~  1486 [M I NLI]'.  
' H N M R  (CsD,N) of the triterpene moiety o f  I :  + 9.95 (H-23. s). 5.39 
(H-13,  s). 4.02 (H-3, m). 3.09 (H-18, in). 1.48 (H-24, s), 1.25 (H-27, s). 1.05 
(H-26, s). 0.90 (H-30, s), 0.88 (H-29, s). 0.X5 (H-25. s); " C N M R  ((:5DSN) of 
the aglycon part of 1: (Table I); ' H N M R  (CSD5N) and "CNMR (C5D5N j 
o f  the sugar moiety o f  I :  (Table IT). 

S '~y~~ to . s i (A~  C ( I )  
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TRITERPENOID SAPONINS FROM I'ACCARIA SEGETALIS 193 

Segetoside H (2) an amorphous solid, [a]; -36.7 (c 0.14, MeOH). 
1Ri:;cm-l: 3400,1728,1616,1100-1000. ESIMS: m/z 1472 [M +Na]+, 
'HNMR (C,D,N) of the aglycon part of 2: S 9.92 (H-23, s), 5.39 (H-12, s), 
4.05 (H-3, m), 3.06 (H-18, m), 1.39 (H-24, s), 1.22 (H-27, s). 1.02 (H-26, s), 
0.87 (H-30, s), 0.87 (H-29, s), 0.77 (H-25, s); I3CNMR (C5D~N) of the 
aglycon part of 2: (Table I); 'HNMR (C5D5N) and I3CNMR (CsDsN) of 
the sugar moicty of 2: (Table 11). 

an amorphous solid, [ c Y ] ~  -13.9 (c 1.27, MeOH). 
1 R ~ ~ ~ c r n - l :  3400,1726,1616,1100-1000. ESIMS: mjz 1488 [M+Na]+, 
HNMR (C5D5N) of the aglycon part of 3: 5 Y.83 (H-23. s), 5.55 (H-12, s), 

5.20 (H-16, m), 4.03 (H-3, m), 3.32 (H-18, m), 2.70 (H-19a, t, J =  13.3Hz), 
1.35 (H-19b, m), 1.72 (H-27, s), 1.37 (H-24, s), 1.02 (H-26, s), 0.96 (H-30, s), 
0.92 (H-29, s), 0.79 (H-25. s); ''CNMR (C5D5N) of the aglycon part of 3: 
(Table I); 'HNMR (C5D5N) and I3CNMR (C,D5N) of the sugar moiety of 
3: (Table 11). 

Segetoside I (3) 

1 
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