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A Sulfated Saponin from Bupleurum rigidum
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Carretera Madrid-Barcelona, Km-33,600, 28871-Alcalá de Henares, Madrid, Spain,
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A new sulfated triterpene glycoside with the sulfate group located in an unusual position in the
carbohydrate moiety, was isolated from the MeOH extract of the aerial parts of Bupleurum rigidum.
This compound was identified by a combination of chemical degradation and spectral methods as 3â,-
16â,23-trihydroxy-13,28-epoxyolean-11-en-3â-yl-â-D-glucopyranosyl-(1f2)[4-sulfate-â-D-glucopyrano-
syl-(1f3)]-â-D-fucopyranoside (sandrosaponin I) (1). In addition, the known compound 3â,16â,23-
trihydroxy-13,28-epoxyolean-11-en-3â-yl-â-D-glucopyranosyl-(1f2)[â-D-glucopyranosyl-(1f3)]â-D-
fucopyranoside (2) was isolated in the present investigation.

Many plants belonging to the genus Bupleurum (Um-
belliferae) have been used as traditional oriental herbal
drugs. Saikosaponins from Bupleurum falcatum are con-
sidered the major bioactive components of these drugs,
which are used mainly for their antiinflammatory, anti-
hepatotoxic, and immunostimulant activities.1 About 40
Bupleurum species have been studied chemically, and some
60 saikosaponin derivatives, as well as a number of
coumarins, fatty acids, flavonoids, lignans, polyacetylenes,
and steroids have been isolated from other plants of this
genus.2-9

Bupleurum rigidum is distributed abundantly in the
Mediterranean zone of Spain, but no literature reports
concerning its constituents have yet appeared. This paper
reports on the isolation and structure identification of two
triterpenoid saponins (1 and 2) of B. rigidum, of which one
contains a sulfate group.

The MeOH extract of B. rigidum was fractionated by Si
gel column chromatography to give several fractions, of
which two were further purified, yielding two saponins (1
and 2). The molecular formula of 1 was established as
C48H78O21SNa by HRFABMS. Acid hydrolysis of compound
1, followed by extraction with ether, gave an ether-soluble
portion and a water-soluble portion. From the ether-
soluble portion, saikogenin F was isolated and identified
on TLC comparison with an authentic sample.6 The water-
soluble portion showed the presence of glucose and fucose.
Acid hydrolysis of 1, followed by treatment with barium
chloride10 demonstrated that a sulfate group was present
in this compound. The 1H NMR spectrum for compound 1
showed two ethylene proton signals at 5.94 and 5.38 ppm
(J ) 10.7 Hz), three doublets in the region of the anomeric
protons of sugars, and six singlets (three protons each),

demonstrating the presence of six methyl groups (Table 1).
Assignment of most of the protons was achieved using 2D
COSY and TOCSY (mixing time ) 80 ms) experiments. In
this way, six aglycon protons were observed at low field,
corresponding to oxygen-bearing carbons. The observation
of a signal at 4.17 ppm (J ) 10.3, 5.9 Hz) suggested the
presence of an equatorial hydroxyl group at C-16. Two
-OCH2- groups were also detected (δ 3.90-3.04 and 3.79-
3.26). The 13C NMR spectrum of 1 showed the presence of
48 carbons. The chemical shifts of two of these (134.2 and
130.6 ppm) were consistent with the presence of a double
bond in the structure of 1. The assignment of the carbon
and proton signals was accomplished by a combination of
HMQC and HMBC experiments, which also provided
information on the connectivities of seven quaternary
carbons.

The coupling constants for the anomeric protons of the
sugar moieties of 1 were characteristic of â-anomers (J1,2

ca. 7.8 Hz). The sugar units were labeled A-C, from low
to high-field, according to their anomeric protons. The high
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field region showed a doublet at ca. 1.28 ppm (three
protons, J ) 6.5 Hz), indicative of the presence of a 6-deoxy
sugar. One of the carbohydrate protons was strongly
deshielded, suggesting that its geminal hydroxyl group was
substituted. From homonuclear 2D experiments, as well
as selective decoupling, this proton was identified as H-4
of unit B. In addition, the observed coupling constants
(Table 1) led to the identification of A and B as glucose
residues (J2,3, J3,4, and J4,5 > 9 Hz), and C as a fucose unit
(J2,3, J3,4 > 9 Hz, J5,6 ) 6.5 Hz).

13C NMR values for the sugar units of 1 were determined
in an analogous manner to those for the aglycon moiety
(Table 1). From these values it could be deduced that C-2
and C-3 of the fucose residue were shifted downfield, as

compared to those observed in model compounds,11 and
these were established as the glycosylation sites. The
HMBC experiment demonstrated these conclusions un-
equivocally, showing cross-peaks at H-1A/C-3C, H-1B/C-
2C, and also at H-1C/C-3 (aglycon). A 2D ROESY experi-
ment (mixing time ) 400 ms) showed cross-peaks at H-3/
H-1a, H-3/H-2e, H-3/H-5, H-11/H-1e, H-12/H-18, H-18/H-
28, H-16/H-19a, H-16/Me-27, H-28/H-15a, and also, in the
sugar region cross-peaks between H-1A/H-2C, H-1B/H-3C,
and H-1C/H-3 (aglycon) were observed, which gave ad-
ditional information on the stereochemistry of the aglycon
protons and the connectivities of the three carbohydrate
units. Accordingly, compound 1 was established as 3â,-
16â,23-trihydroxy-13,28-epoxyolean-11-en-3â-yl-â-D-glu-
copyranosyl-(1f2)[4-sulfate-â-D-glucopyranosyl-(1f3)]-â-
D-fucopyranoside, and has been accorded the trivial name
sandrosaponin I.

Following analogous methodology, we also identified
compound 2, which is an already known compound.9,12

Experimental Section

General Experimental Procedures. UV spectra were
run in MeOH, on a UV/vis Philips PU 8720 spectrophotometer.
IR spectra were recorded in KBr on a Perkin-Elmer 681
spectrometer. NMR spectra were recorded in CD3OD, on a
Varian Unity 500 instrument at 25 °C. Chemical shifts refer
to the MeOH-d4 multiplet (1H, 3.30 ppm; 13C, 49.0 ppm).
HRFABMS were carried out in a VG AutoSpec (Fisons).
Analytical TLC was carried out on Merck Si gel F254 aluminum
sheets, eluted with n-BuOH-AcOH-H2O (4:1:5) and visual-
ized with 1% vanillin in MeOH-H2SO4 (1:1). Carbohydrates
were identified by chromatographic comparison with authentic
samples of D-glucose and D-fucose.

Plant Material. Bupleurum rigidum was collected in San
Andrés del Congosto, Guadalajara, Spain, in June 1995, and
was identified by Dr. C. Bartolomé, Departamento of Biologı́a
Vegetal, Facultad de Ciencias, Universidad de Alcalá de
Henares, Madrid, Spain. A voucher specimen has been
deposited at the herbarium of the University of Alcalá.

Extraction and Isolation. The aerial parts of B. rigidum
(900 g) were treated for 3 h at room temperature with CHCl3

(9 L). Subsequently, the residue was extracted with 60%
MeOH for 24 h. After removal of the MeOH under vacuum,
the resulting aqueous solution was extracted with n-BuOH
saturated with H2O. The n-BuOH layer was concentrated to
dryness under a vacuum, affording a saponin mixture (40 g,
yield 4.4%), of which 7 g were chromatographed over a Si gel
column, eluting with CHCl3-MeOH-H2O (80:20:1 f 55:37:
7), to give two fractions containing the saikosaponins 1 (500
mg) and 2 (446 mg).

3â,16â,23-Trihydroxy-13,28-epoxyolean-11-en-3â-yl-â-
D-glucopyranosyl-(1f2)[4-sulfate-â-D-glucopyranosyl-
(1f3)]-â-D-fucopyranoside (sandrosaponin I, 1): amor-
phous powder; mp 282-285 °C (dec); [R]D +47.8° (c 0.22,
MeOH); UV (MeOH) λmax (log ε) 242 (2.93), 251 (2.96), 260
(2.86) nm; IR (KBr) νmax 3920, 3420, 2880, 1640, 1250, 1070,
630 cm-1; 1H NMR and 13C NMR data, see Table 1; HRFABMS
[M]+ m/z 1045.4654, calcd for C48H77O21SNa 1045.4679, [M +
Na]+ m/z 1067.4473, calcd for C48H77O21SNa2 1067.4510.

3â,16â,23-Trihydroxy-13,28-epoxyolean-11-en-3â-yl-â-
D-glucopyranosyl-(1f2) [â-D-glucopyranosyl-(1f3)]â-D-
fucopyranoside (2):9,12 [R]D +53.6° (MeOH) [lit.12 [R]D +54.6°
(MeOH)]; HRFABMS [M]+ m/z 965.5086, calcd for C48H78O18-
Na 965.5078. This compound was identified by spectral date
comparison to buddlejasaponin IV.9,12

Acid Hydrolysis of Compounds 1 and 2. An aliquot (2
mg) of each sample was refluxed with 10% HCl (4 mL) for 4
h. After extraction with ethyl ether to isolate saikogenin F,
the aqueous solution was treated with BaCl2 to give a white
precipitate (BaSO4); the determination was performed accord-
ing to Akai et al.10 The rest of the aqueous layer was
neutralized (10% N,N-dioctylmethylamine in CHCl3) and

Table 1. 1H- and 13C NMR Data for the Aglycon and Sugar
Moieties of Compound 1a

position δH δC

1 1.85-0.92 39.3
2 1.95-1.81 26.1
3 3.61 84.3
4 44.4
5 1.16 48.1
6 1.52-n.d. 18.2
7 1.53-1.21 32.1
8 43.0
9 1.89 54.0

10 37.1
11 5.94 (J11,12 ) 10.5) 134.2
12 5.37 (J9,12 ) 3.0) 130.6
13 85.7
14 46.5
15 1.58-1.44 36.0
16 4.16 (dd, J15a,16 ) 10.3; 65.4
17 47.6.
18 1.77 53.1
19 1.78-1.27 38.6
20 32.3
21 1.42-1.17 35.3
22 2.05-1.25 26.4
23 3.78-3.25 64.6
24 0.72 (s) 12.6
25 0.94 (s) 18.8
26 1.09 (s) 20.2
27 1.03 (s) 21.2
28 3.89-3.03 (d, J ) 7.3) 73.4
29 0.97 (s) 33.9
30 0.92 (s) 24.1

glucose 1 (A)
1 4.85 (J1,2 ) 8.1) 103.5
2 3.13 (J2,3 ) 9.3) 76.2
3 3.35 (J3,4 ) 9.2) 78.2
4 3.12 (J4,5 ) 9.3) 72.4
5 3.27 (J5,6a ) 2.2; J5,6b ) 7.0) 78.2
6a 3.82 (J6a,6b ) 12.0) 63.6
6 3.55

glucose 2 (B)
1 4.65 (J1,2 ) 7.8) 104.9
2 3.42 (J2,3 ) 9.2) 75.3
3 3.64 (J3,4 ) 8.8) 76.8
4 4.16 (J4,5 ) 9.7) 77.4
5 3.43 (J5,6a ) 2.1; J5,6b ) 5.2) 76.1
6a 3.86 (J6a,6b ) 12.0) 62.2
6b 3.78

fucose (C)
1 4.46 (d, J1,2 ) 7.8) 104.7
2 3.92 (J2,3 ) 9.8) 76.4b

3 3.78 85.6b

4 3.87 72.5
5 3.65 71.2
6 1.25 (J5,6 ) 6.4) 16.8

a Protons are multiplets, unless otherwise stated (s, singlet; dd,
double doublet; t, triplet). When two values are given, the first
corresponds to the equatorial proton and the second to the axial
one, with the exception of the C-23 hydroxymethyl group. b Values
correspond to glycosylation points.
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concentrated under reduced presure. The sugars were directly
analyzed by TLC. D-Glucose and D-fucose were identified on
comparison with authentic samples.13
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sidad de Alcalá (Madrid, Spain); PICASSO (Acciones Integra-
das Hispano-Francesas, Rf. HF-211 & 98B); M.E.C. (Ministerio
de Educación y Cultura); Ministerio de Sanidad (F.I.S.S., ref.
94/1671); and C.A.M. (Comunidad Autónoma de Madrid, ref.
C101/91).

References and Notes
(1) Hikino, H.; Kiso, T. In Economic and Medicinal Plant Research;

Hikino, H., Wagner, H., Farnsworth, N. R., Eds.; Academic: London,
1988; Vol. 2, pp 30-72.

(2) Jia, Q.; Zhang, R. Y. Acta Pharm. Sin. 1989, 24, 961.
(3) Ding, J.-K.; Fujino, H.; Kasai, R.; Fujimoto, N.; Tanaka, O.; Zhou, J.;

Matsuura, H,; Fuwa, T. Chem. Pharm. Bull. 1986, 34, 1158-1167.

(4) Shimizu, K.; Amagaya, S.; Ogihara, Y. Chem. Pharm. Bull. 1985, 33,
3349-3355.

(5) Ishii, H.; Seo, S.; Tori, K.; Tozyo, T.; Yoshimura, Y. Tetrahedron Lett.
1977, 14, 1227-1230.

(6) Kubota, T.; Hinoh, H. Tetrahedron Lett. 1968, 5, 303-306.
(7) Guinea, M. C.; Parellada, J.; Lacaille-Dubois, M. A.; Wagner, H.

Planta Med. 1994, 60, 163-167.
(8) Pistelli, L.; Bertoli, A.; Bilia, A. R.; Morelli, I. Phytochemistry 1996,

41, 1579-1582.
(9) Pistelli, L.; Bilia, A. R.; Marsili, A.; De Tommasi, N.; Manunta, A. J.

Nat. Prod. 1993, 56, 240-244.
(10) Akai, E.; Takeda, T.; Kobayashi, Y.; Ogihara, Y. Chem. Pharm. Bull.

1985, 33, 3715-3723.
(11) Bock, K.; Pedersen, C.; Pedersen, H. Adv. Carbohydr. Chem. Biochem.

1984, 42, 193-225.
(12) Yamamoto, A.; Miyase, T.; Ueno, A.; Maeda, T. Chem. Pharm. Bull.

1991, 39, 2764-2765.
(13) Kitagawa, I.; Kobayashi, M.; Sugawara, T. Chem Pharm Bull. 1978,

26, 1852-1853.

NP9705468

Notes Journal of Natural Products, 1998, Vol. 61, No. 11 1385


