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THREE NEW TRITERPENOID
SAPONINS FROM THE SEEDS OF
VACCARIA SEGETALIS

SHENG-MIN SANG?, AI-NA LAO** ZHONG-LIANG CHEN?,
JUN UZAWA? and YASUO FUJIMOTO®

4 Shanghai Institute of Materia Medica, Chinese Academy of Sciences,
294 Tai-yuan Road, Shanghai 200031, China; ®The Institute of Physical and
Chemical Research (RIKEN), Wako, Saitama 351-01, Japan;
“College of Pharmacy, Nihon University, 7-7-1 Narashinodai,
Funabashi, Chiba 274-8555, Japan

{ Received 2 August 1999, Revised 6 September 1999 In final form 22 September 1999 )

Three new triterpenoid saponins, named segetoside G (1), H (2) and I (3), have been isolated
from the seeds of Vaccaria segetalis. On the basis of chemical reaction and spectral data, their
structures have been established as: 28-O-3-D-xylopyranosyl-(1 — 4)-a-L-rhamnopyranosyl-
(1 — 2)-[a-L-arabinofuranosyl {1 — 3}]-3-D-(4-O-acetyl)-fucopyranosyl-gypsogenin-3-O-/i-D-gal-
actopyranosyl-(1 — 2)-3-p~(6-O-butyl ester)-glucuronopyranoside (1), 28-O-8-p-xylopyranosyl-
(1 — 4)-a-L-rhamnopyranosyl-(1 — 2)-[a-1L-{5-O-acetyl)-arabinofuranosyl-(1 — 3))-3-D-(4-O-acetyl)-
fucopyranosyl-gypsogenin-3-O-3-D-galactopyranosyl-(1 — 2)-3-D-glucuronopyranoside (2) and
28-0O-3-p-xylopyranosyl-(1 — 4)-a-L-thamnopyranosyl-(1 — 2)-[a-L-(5-O-acetyl)-arabinofura-
nosyl-(1 — 3)]-3-D-(4-O-acetyl)-fucopyranosyl-quillaic acid-3-O-3-D-galactopyranosyl-(1 — 2)-
B-D-glucuronopyranoside (3).

Keywords: Vaccaria segetalis; Caryophyllaceae; Triterpenoid saponins

INTRODUCTION

In previous papers [1-3], 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
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diuresis, activating blood circulation and relieving carbuncles [4]. Further
investigation of the seeds led to the isolation of three new triterpenoid
saponins. named segetoside G (1), H (2) and I (3). This paper deals with
their isolation and structural elucidation.

RESULTS AND DISCUSSION

The n-butano! fraction from the ethanol extract of the sceds of V. segeralis
was chromatographed on Diaion HP-20, silica gel and RP-18 silica gel to
afford segetoside G (1), H (2) and 1(3).

Scgetoside G (1), an amorphous solid, had a molecular formula of
Co0H 10055 determined by positive ion FABMS (at m1/- 1486 [M 4+ Nu] ") as
well as '*C and DEPT NMR data. Its spectral features and physicochemical
properties suggested 1 to be a triterpenoid saponin. Comparison of the sig-
nals from the aglycon moiety in the BCNMR spectra with those from gyp-
sogenin [5] showed that the aglycon of compound 1 was gypsogenin and
sugars were bound to the C-3 and C-28 positions of gypsogenin. The hexa-
saccharide nature of compound 1 was manifested by its "H [6 6.01. s: & 6.00.
d,J=8.0Hz 6574, brs; §5.21,d, /==7.6Hz: 6 5.02.d, J— 7.1 Hz; 6 4.85, d.
J=72Hz] and "'C [ 111.7,107.4,106.2,103.6.102.1,94.3] NMR data.
respectively (Table I). Alkaline hydrolysis of compound 1 followed by acid
hydrolysis gave fucose, xylose, arabinose, rhamnose. On the other hand.
acid hydrolysis of 1 gave glucuronic acid, galactose. fucose, 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 Cay posi-
tion. The identity of the monosaccharides and the sequence of the oligo-
saccharide chains were determined by a combination of DEPT, COSY,
HMQC and HMBC. In the light of the assigned "H and ""CNMR speetra
(Table 1), the arabinose sugar unit was identified as w-arabinofuranose 6]
and other sugar units were in pyranose [orm. The a anomeric configuration
for the rhamnose was judged by its Cs data (8 68.7). The 3 anomeric contig-
urations for glucuronic acid, galactose. fucose and xylose were judged
from their large /i1 coupling constants (7-8 Hz). The HMBC spec-
trum showed that C; has cross peak with Hguai, and Cgua»r with Hayis
Cag with Hyy, Cpy with Hyy, Cpz with Hay, Cry with Hyy, Cgruae with
Hy43 (—OCH>- of n-butoxy); Csi70 (C=0 of acetyl) with Hgg, Hyy g,
(C1l; of acetyl). Thus. segetoside G (1) was determined to be 28-O-73-D-
xylopyranosyl-(1 -- 4)-c-L-rhamnopyranosyl-(1 — 2)-[«r-L-arabinofuranosyl-
(1 — 3)]-3-D-(4-O-acetyl)-fucopyranosyl-gypsogenin-3-O-/3-nD-galactopyr-
anosyl-(1 — 2)-3-n-(6-O-butyl ester)-glucuronopyranoside.
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TABLE I '3C (150 MHz) NMR spectral data of the aglycon parts of com-
pounds 1, 2, 3 (CsD;sN), gypsogenin and quillaic acid (CDCls) (4 in ppm)

Position 1 2 Gypsogenin 3 Quillaic acid
1 38.1t 38.1t 3841 382t 38.11
2 251t 249t 26.0t 250t 26.0t
3 83.8d 83.5d 71.6d 83.4d 71.7d
4 55.0s 549s 55.2s 55.0s 55.2s
5 48.7d 48.5d 48.0d 48.3d 48.1d
6 207t 20.71 207t 206t 20.7t
7 32.61 326t 325t 33.0t 3231
8 40.2s 40.1s 40.0's 40.2s 39.7s
9 47.8d 47.7d 47.7d 46.8d 46.7d

10 3635 36.1s 36.2s 36.1s 3595

i1 234t 232t 23.0t 2381 232t

12 122.44d 122.3d 122.2d 122.1d 122.2d

13 144.15 14415 144.8 s 144.5s 1428 s

14 4235 4225 422 42.1s 4145

1S 284t 2841 28.2t 360t 354t

16 237t 2341t 238t 73.9d 74.7d

17 47.2s 47.1s 46.65 493 s 48.7s

18 420t 4191 419t 41.5t 405t

19 46.4t 46.3t 46.51 4751 46.4t

20 30.7s 30.65 30.9s 30.6s 30.0s

21 340t 339t 34.2t 36.1t 3541

22 32.31 322t 321t 319t 3031

23 209.8d 210.0d 207.1d 209.5d 207.04d

24 1.1q 11.0q 9.6q 11.0q 9.0¢q

25 15.8¢q 15.7q 15.7q 15.8q 15.7q

26 17.3q 17.3q 17.4q 17.3¢q 16.9q

27 259q 259q 26.1q 27.0q 27.0q

28 176.4 s 176.4s 180.0's 1759 s 177.2s

29 33.1q 33.0q 33.2q 33.1q 327q

30 23.7q 236q 238q 244 q 24.6q

Segetoside H (2) was obtained as an amorphous solid with the molecular
formula CggH ;04053 which was deduced from the ESIMS (at m/z 1472
[M + Na]*) as well as '*C and DEPT NMR data. Spectral evidence indi-
cated that compound 2 had the same aglycone, gypsogenin, and sugar
arrangement as those of 1 (Tables I and I1), but differed from the sugar sub-
stitution pattern. 2 has one acetyl group more, but one n-butoxyl group less
than 1. Comparing the '>*CNMR signals of the sugar part of compound 2
with those of 1, the ?’CNMR data of A-5 and GluA-6 were shifted from
§64.5to § 62.0 ppm and § 170.7 to & 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
Cans of 1. Consequently, the structure of segetoside H (2) was concluded to
be 28-0O-3-p-xylopyranosyl-(1 — 4)-a-L-rhamnopyranosyl-(1 — 2)-[a-L-(5-
O-acetyl)-arabinofuranosyl-(1 — 3)]-3-D-(4-O-acetyl)-fucopyranosyl-gypsogenin-
3-0O-8-p-galactopyranosyl-(1 — 2)-3-D-glucuronopyranoside.
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TABLE

11 "*C (150 MHz) NMR and 'H (600 MHz) NMR spectral data for the sugar
moieties of 1, 2 and 3 {CsDsN) (6 in ppm, J in Hz)

H
A du e an o *H
3-0-GiluA
1 103.6d 4.85d,7.2 103.4d 4.85d.7.2 103.0d 5.00d.7.1
2 82.1d 4.16m 81.9d 4.16 m 82.2d 4.14m
3 77.4d 421m 77.5d 42lm 77.7d 4.20m
4 72.5d 441 m 73.1d 441 m 72.9d 4.35m
= 76.9d 438 m 76.0d 438 m 76.9d 440 m
8 16985 170.7 s 170.7 5
6-0 M¢
6-OBu; CH; [CRA 4.23m
6-QBu; CH>» 308 1.39m
6-OBu: CH, V.21t [.3lm
6-OBu: CH; 13.7q 0.78 t.7.2
Galactose
| 106.2d 5.21d.7.6 106.0d 5.21d.7.0 106.1 d S47d.7.6
R 74 3d 4.50 m 74.7d 4.50m 74.3d 449 m
: 74.8d 4.1 m 74.8d 410m 74.7d 4. 10m
0.0 d 4.52m 70.1d 4.5Tm 70.0 d 4.51m
5 77.0d 4.08 m 77.0.d 4.08m 76.9d 4.09 m
O (DA A 451 m 6211t 45T m 62.01t 448 m
28-0-Fucose
| 94.3d 6.00d.8.0 94.3d 6.00 d.R8.0 94.4d 5.95d.8.0
2 738 d 4.55m 73.8d 4.55m 73.2d 4.50m
3 80.8 d 424 m 80.8 d 4.23m 81.2d 419 m
4 73.9d 579 m 73.9d 578 m 73.8d 5.75d.3.4
K 70.8 d 3.96 m 70.8 d 394 m 70.5d 398 m
O 16.5q 1.19d.6.1 16.5q 1.20d.6.1 16.4 4 1l6d, 6.4
4-OAc; CH; 20.7q 1.96¢ 20.8 g* 1.96 5 20.7 g* 1.94 ¢*
4-0Ac: (-0 170.8 s 170.8 s* 170.8 s*
Arabinose
} 11.7d 5.74 brs 1i.7d 3.74 brs it1.6d 368 brs
N 83.5d 4.87m 83.5d 4.87m 83.5d 4.86m
3 781 d 48t m 78.1d 4.8l m 78.5d 4.5 m
4 8S.8d 4.68 m 85.8d 4.68 m 81.9d 470m
s 62.0 t* 431 m 64.5t 4.3Im 64.31 451 m
4.16 m 4.16m 4.76 dd.
I001IR
S-OAC CH; 209 g* 20.6 g* 1.95 5%
S-OAC: C-0 170.9 s* 170.9 ¢*
Rhwnnose
| 102.1d 6.01s 102.1d 6.01 s 101.6d 6.00 s
2 71.5d 4.73 m 71.4d 4. 74 m 71.6d 4.69 m
3 72.3d 4.57m 72.3d 4.57m 722d 4.63m
4 84.7 d 4.27m 84.6d 4.28m 82.6d 439 m
N 68.7d 437 m 68.8d 437m 68.8d 4.45m
O 15.64 1.78d.6.1 18.6 ¢ 1.78d.0.1 18.7q 1.69d.6.0
Xvlose
| 107.4d 5.02d.7.1 107.4d 5.02d.7.1 106.4 d 5.17d.7.0
2 76.1d 4.00 m 76.1d 4.0l m 76.0d 4.0l m
3 7864 4.03m 78.6d 404 m 78.4d 405m
4 70.5d 4.17m 70.5d 416 m 70.9 d 419m
S 6741t 3510, 103 67.4¢ 3511103 67.21 3411, 100
4.22m 4.2l m 4.19m

*Signals may be interchanged
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FIGURE 1 Structures of compounds 1, 2 and 3.

Segetoside I (3), an amorphous solid, was assigned a molecular formula
of CegH 04034 determined by ESIMS (at m/z 1488 [M + Na]™) as well as
13C 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, segetoside T (3) was identified as
28-0-3-p-xylopyranosyl-(1 — 4)-a-L-rhamnopyranosyl-(1 — 2)-[a-L-(5-O-
acetyl)-arabinofuranosyl-(1 — 3)]-5-D-(4-O-acetyl)-fucopyranosyl-quillaic
acid-3-0-3-p-galactopyranosyl-(1 — 2)-3-D-glucuronopyranoside (Fig. 1).

EXPERIMENTAL SECTION

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
600 Hz), 1*C (100, 125 and 150 Hz) 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 JEOL 600 with NM-AFG type field gradient unit, TMS as int. stan-
dard. FAB-MS was recorded on a MAT-95 Mass spectrometer. the ESI-MS
measured on Quattro mass spectrometer. LiChroprep RP-18 (25-40 um,
Merck) and Silica gel 60H for thin-layer chromatography (Qingdao
Haiyang Chemical Group Co. of China) were used for column chromatog-
raphy. TLC was performed on silica gel HSGFns.

Plant Material

The sceds of V. segetalis were purchased at Shyjia Zhuang, Hebei Province
(China) in 1995. The botanical identification was made by Prof. Xuesheng
Bao (Shanghai Institute of Drug Control). A voucher specimen has been
deposited at the [Herbarium of the Department of Phytochemistry, Shanghai
Institute of Materia Medica, Chinese Academy of Sciences.

Extraction and Isolation

The powdered seeds of V. segetalis (50 kg) were extracted successively with
petroleum ether and 95% EtOH. After evaporation of ethanol in vacuo, the
residue was suspended in water and then extracted successively with
CH,Cl,, EtOAc and n-BuOH. The n-BuOH fraction (450 g) was subjected
to Diaton HP-20 using an EtOH-H,0 gradient system (0—100%). The fruc-
tion (70 g) eluted by 70% EtOH was subjected to silica gel column chroma-
tography with a CH,Cl; MeOH-H,0 solvent system (5:1:0.1-2:1:0.2).
The fraction cluted by CH-Cl,- MeOH-H-0 (2:1:0.2) was subjected to
RP-18 silica gel column chromatography with 70% MeOH to get com-
pound (1) (40 mg), and with 65% MeOH to get compounds (2) (40 mg) and
(3) (18 mg), (developed on TLC (silica gel) by CH-Cl,-MeOH-H-0
(2.0:1:0.2), detected by spraying with 10% H>SOy in EtOH and then heat-
ing to 110°C, Ry of compounds 1-3:(1) 0.41. (2) 0.31 and (3) 0.29).

Segetoside G (1) an amorphous solid, o] —6.39 (¢ 0.36, McOH).
IREY em™!: 3400,1738,1100-1000. FABMS: m/- 1486 [M | Na]'.
'"HNMR (CsD:N) of the triterpene moiety of 1: & 9.95 (H-23. ). 5.39
(H-12, s). 4.02 (H-3, m), 3.09 (H-18, m), 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). 0.85 (H-25. 5); "CNMR (CsDsN) of
the aglycon part of 1: (Table I); "THNMR (CsDsN) and PCNMR (C:D<N)
of the sugar moiety of 1: (Table IT).
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Segetoside H (2) an amorphous solid, [a] —36.7 (c 0.14, MeOH).
IRKBrem—1: 3400, 1728, 1616, 1100-1000. ESIMS: m/z 1472 [M + Na]™,
"HNMR (CsD;sN) of the aglycon part of 2: § 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); *CNMR (CsDsN) of the
aglycon part of 2: (Table I}; "THNMR (CsDsN) and *CNMR (CsDsN) of
the sugar moicty of 2: (Table II).

Segetoside 1 (3) an amorphous solid, [a]]z)4 —13.9 (¢ 1.27, MecOH).
IRKBrem=1: 3400, 1726, 1616, 1100-1000. ESIMS: m/z 1488 [M + Na]*,
"HNMR (CsD;sN) of the aglycon part of 3: § 9.83 (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=13.3 Hz),
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 (CsDsN) of the aglycon part of 3:
(Table I); '"HNMR (CsDsN) and "*CNMR (CsDsN) of the sugar moiety of
3: (Table II).
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