N
N

N

HAL

open science

Triterpene saponins of Genista ulicina Spach

Naima Boutaghane, Laurence Voutquenne-Nazabadioko, Dominique Harakat,

Alain Simon, Zahia Kabouche

» To cite this version:

Naima Boutaghane, Laurence Voutquenne-Nazabadioko, Dominique Harakat, Alain Simon, Zahia
Kabouche. Triterpene saponins of Genista ulicina Spach. Phytochemistry, 2013, 93, pp.176-181.

10.1016/j.phytochem.2013.03.020 . hal-01996734

HAL Id: hal-01996734
https://hal.univ-reims.fr /hal-01996734

Submitted on 28 Oct 2021

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.univ-reims.fr/hal-01996734
https://hal.archives-ouvertes.fr

Triterpene saponins of Genista ulicina Spach

Naima Boutaghane,*” Laurence Voutquenne -Nazabadioko,** Dominique Harakat,? Alain

Simon®, Zahia Kabouche®

& Institut de Chimie Moléculaire de Reims (ICMR), CNRS UMR 7312, UFR de Pharmacie,
BP 1039, 51687 Reims; France.

bLaboratoire d’Obtention des Substances Thérapeutiques, Faculté des Sciences Exactes,
Université Mentouri Constantine, Chaabet Ersas Campus, 25000 Constantine, Algeria.

¢ Laboratoire de Chimie des Substances Naturelles EA 1069, Faculté de Pharmacie, Limoges,

France.

* Corresponding author. Tel.: +33 3 26 91 82 09.

E-mail adress : laurence.nazabadioko@univ-reims.fr (L. Voutquenne-Nazabadioko)

2 Institut de Chimie Moléculaire de Reims, Reims.
b T aboratoire d’Obtention des Substances Thérapeutiques, Constantine, Algeria.

¢ Laboratoire de Chimie des Substances Naturelles, Limoges


mailto:laurence.voutquenne@univ-reims.fr

Abstract

From the n-BuOH extract of the aerial parts of Genista ulicina, six triterpene saponins, 3-O-f-
D-glucopyranosyl-olean-12-ene-3p,27,28,30-tetraol,  3-O-B-D-glucopyranosyl-olean-12-ene-
3pB,27,28,29-tetraol, 3,29-di-O-B-D-glucopyranosyl-olean-12-ene-3$,27,28,29-tetraol, 3-O-f-
D-glucopyranosyl-olean-12-ene-3,28,29-triol-27-oic acid, 3-O-B-D-glucopyranosyl-olean-12-
ene-3p,27,28-triol-29-oic  acid, and 3-O-B-D-glucopyranosyl-14-H-27-nor-olean-12-ene-
3p,28,29-triol, were isolated together with eight seven known triterpene saponins and six
flavonoids. Their structures were established mainly by means of spectroscopic methods (1D
and 2D-NMR as well as HR-ESI-MS). The n-BuOH extract, investigated for its antitumor

growth inhibition of human colon cancer HT-29 cells, presented no significant activity (ICso >

100 ug).
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1. Introduction

Fabaceae is the second largest family of medicinal plants, containing over 490 medicinal plant
species most of which have been used as traditional medicines (Ting et al., 2010). Many
genera of this family such as Genista have recently attracted the attention of various authors
for their phytochemical and biological properties, particularly antidiabetic (Rauter et al., 2005,
2009), antiinflammatory, antiulcer (llarionov, 1979; Rainova et al., 1988) spasmolytic,
antioxidant, phytoestrogenic (Luczkiewicz and Glod, 2003; Garritano et al., 2005) and
cytotoxic activity against different human cancer cell lines (Rigano et al., 2009, 2010), and
effects on the thyroid gland (Korpachov et al., 1995).

The genus Genista (Fabaceae = Leguminosae) consists of 100 species predominantly
distributed in the Mediterranean area and in Western Asia (Noccioli et al., 2011). Among
these species, 23 grow in Algeria including 11 endemics distributed particularly in the
Northern parts of the country (Quezel and Santa, 1963). Previous phytochemical
investigations on the Genista genus indicated the presence of alkaloids (Martins et al., 2005;
Pistelli et al., 2001) flavonoids and isoflavonoids (Pistelli et al., 1998, 2000; Giachi et al.,
2002; Tosun et al., 2009), which are chemotaxonomic markers of the genus (Harborne, 1994).
As a part of our ongoing research on new bioactive compounds from endemic plants of
Algeria, we have studied the aerial parts of Genista ulicina Spach. In the present paper, we
describe the isolation of fourteen saponins among which six (1-6) are isolated for the first
time, and six known flavonoids. All compounds were identified by extensive spectroscopic
methods including 1D- (*H and **C) and 2D-NMR (COSY, HSQC, HMBC, ROESY and
TOCSY) experiments as well as HR-ESI-MS analysis and by comparison of their spectral
data with the literature values for the known compounds. To our best knowledge, this is the

first report of saponins in Genista genus.



2. Results and discussion
2.1. Isolation and identification of new compounds 1-6
The n-butanol-soluble part partitioned from the methanol extract of G. ulicina was submitted
to vacuum liquid chromatography (VLC) on reversed phase Cis (RP-18) to afford six
subfractions. Purification by a series of column chromatographies over silica gel and reverse
phase Cig and finally by HPLC afforded fourteen saponins from which six are new (1-6)
along with six known flavonoids. The known compounds were identified as: 3-O-f-D-
galactopyranosyloleanolic 28-O-$-D-glucopyranosyl ester (Sha et al., 2008), soyasaponin |
(Kitagawa et al., 1976, Rao et al., 1985), soyasaponin Il (Kitagawa et al., 1976, Kudou et
al., 1993), sandosaponin A (Yoshikawa et al., 1997), dehydrosoyasaponin | (Miyao et al.,
1996; Konoshima et al., 1991), kaikasaponin | (Kitagawa et al., 1988), kaikasaponin IlI
(Kitagawa et al., 1988, Miyao et al., 1996), phaseoside 1V (Miyao et al., 1996), biochanin A
(Santos et al., 1995), kaempferol 3-O-4-D-apiofuranosyl-(1—2)-[a-L-rhamnopyranosyl-
(1—6)]-p-D-glucopyranoside (Piccinelli et al., 2007), rutin (Bourama et al., 2004), isovitexin
(Krafczyk et al., 2008), isorhamnetin-3-O-rutinoside (Shibano et al., 1996), 6,8-di-C-$-D-
glucopyranosylapigenin (Krafczyk et al., 2008). The sugar composition of all compounds in
BuOH extract was identified as glucose, galactose, glucuronic acid and rhamnose by TLC
after acid hydrolysis of the n-butanol-soluble fraction. Their absolute configuration was
determined to be D for glucose, galactose, and glucuronic acid and L for rhamnose, after
preparative TLC and measurement of the optical rotation of each sugar.
The positive HR-ESI-MS of the saponin 1 showed a pseudo-molecular ion peak [M+Na]" at
m/z 659.4144 in accordance with a CssHeoOgNa formula indicating that it contained one
hexose unit. The presence of one sugar moiety in 1 was evidenced by the *H NMR spectrum
which displayed one anomeric proton at o4 4.34 (d, J = 7.8 Hz) and identified after analysis of

COSY and HSQC spectra as a glucose (Table 1). The ganomeric configuration of glucose



was defined from its 3Juim2 coupling constant as well as from rOe information (Jia et
al.,1998; Zhang et al., 1999). The *H NMR spectrum of 1 showed signals of an olean-12-ene
type aglycone (Mahato et al., 1994), five methyl singlets, one olefinic proton signal at
OH 5.64 (t, J = 3.3 Hz, H-12), one oxygen-bearing methine proton signal at 6n 3.20 (dd, J =
11.3, 5.3 Hz, H-3), three primary alcoholic functions at 6 3.20 and 3.57 (d, J = 11.1 Hz, each,
H-28a, H-28b), 3.45 and 3.49 (d, J = 11.0 Hz, each, H-30a, H-30b), and 3.55 and 3.82 (d, J =
12.3 Hz, each, H-27a, H-27b). The assignments of the proton and carbon signals and the
positions of primary alcoholic functions of 1 were established by analysis of COSY, HSQC
and HMBC spectra. The protons at én 3.55 and 3.82 showed HMBC correlations with C-8 at
0c 40.2, C-13 at dc 138.4, C-14 at dc 46.9 and C-15 at ¢ 21.1, which revealed the location of
the first alcoholic function at position 27. The ROESY spectra showed a correlation between
an axial proton at 6y 2.05, assigned to H-18 (dd, J = 13.8, 4.2 Hz), and axial protons at on
3.45 (H-30a) and 3.49 (H-30b). This indicated the position of the second hydroxyl group at C-
30. Furthermore, based on HMBC correlations between protons at 64 3.20 and 3.57 and C-18
at 6 41.4 ,C-16 at 6 22.0, and C-21 at & 28.8, the third primary alcoholic function were
assigned at C-28 position. The full assignments of the protons and carbons of 1 were achieved
by combination of H, *C, DEPT, COSY, HSQC, HMBC and ROESY experiments. The
linkage of the glucose at Cz of aglycone was established from the HMBC correlation between
Glc- H-1" (61 4.34) with aglycone C-3 (dc 89.4). Based on the above evidence, the structure of
1 was established as 3-O--D-glucopyranosyl-olean-12-ene-3,27,28,30-tetraol.

A comparison of NMR data of saponin 1 with the new isolated saponins (2-6) showed the
presence of a glucose moiety linked at position C-3 of their aglycone (Tables 1 and 2).
Saponin 2 was an isomer of saponin 1 (CssHe0Os), as deduced from the HR-ESI-MS positive
ion mode which showed a [M+Na]" ion peak at m/z 659.4128. The analysis of the 2D-NMR

(COSY, HSQC, HMBC and ROESY) data of compound 2 displayed the signals characteristic



of a A'? oleanene skeleton derivative with three primary alcoholic functions and S-b-glucose
as in 1. Significant differences between these two isomers observed in the 3C NMR spectrum
were the upfield shift of C-29 (A 46.6 ppm), and the downfield shift of C-30 (A 47.1 ppm)
compared to the corresponding signals in 1. The chemical shifts of C-29 (6¢ 73.2) was found
shifted to higher field suggesting a free primary alcoholic function at C-29 in 2, instead of C-
30 as in 1. This was confirmed by the rOe correlation observed between an axial proton at
oH 2.12, assigned to H-18, and H-30. Accordingly, the structure of 2 was elucidated as 3-O-4-
D-glucopyranosyl-olean-12-ene-33,27,28,29-tetraol.

Saponin 3 exhibited in the HR-ESI-MS a quasi molecular ion peak at m/z 821.4671 [M+Na]*
corresponding to the molecular formula of Cs2H70014+Na, suggesting that this compound
possessed a supplementary hexose unit in comparison with saponins 1 and 2. This hypothesis
was confirmed by the *H NMR spectrum which displayed two anomeric protons at n 4.23 (d,
J =7.8 Hz) and 4.34 (d, J = 7.8 Hz), giving correlations in the HSQC spectrum with two
anomeric carbons at 6c 103.5 and 105.4, respectively. The evaluation of spin-spin couplings
and chemical shifts allowed the identification of two S-glucopyranosyl moities. The H and
13C NMR signals of the aglycone moiety was superimposable to saponin 2 except for signals
of C-29 deshielded at dc 80.8, suggesting the same aglycone as in 2 with substitution of the
primary alcohol in C-29 by the second glucopyranosyl moiety. The HMBC correlation
between anomeric proton at 6y 4.23 (Glc H-1") and 6c 80.8 (C-29) proved the location of the
supplementary glucose at C-29, and this is confirmed by the ROESY cross peak 6y 4.23/3.17
(Glc H-1"/ H-29). On the basis of above results, the structure of saponin 3 is 3,29-di-O-B-D-
glucopyranosyl-olean-12-ene-3f3,27,28,29-tetraol.

Saponin 4 gave a [M+Na]" pseudomolecular ion peak at m/z 673.4671 in positive HR-ESI-
MS, 14 mass units higher than that of 2. Detailed comparison of the NMR data of 4 and 2

concluded that both compounds shared a common sugar with a difference for the aglycone



moieties. In the 3C NMR of 4, the signal due to primary alcoholic function at C-27 in 2 (8c
63.2) was replaced by a resonance at oc 178.8. This, together with the MS data, clearly
indicated that compound 4 had a carboxylic function in C-27 position. The change in
chemical shifts of C-14 [6c 46.9 in 2 and 55.9 in 4] and C-7 [6c 32.7 in 2 and 36.5 in 4]
supported this assignment (Table 1). The structure of 4 was thus determined as 3-O-B-D-
glucopyranosyl-olean-12-ene-34,28,29-triol-27-oic acid.

Saponin 5 had the same molecular formula of C3sHsgO10 as 4, as indicated by HR-ESI-MS.
The *H NMR and 3C NMR signals of 5 assigned from extensive 2D NMR analysis showed
that 5 is very similar to 4, since it possessed the same constitutive elements, an aglycone of
A2 oleanene derivative, two primary alcoholic and one carboxylic functions. The compounds
5 and 4 differ only by the position of the carboxylic function in the aglycone part (Tables 1
and 2). Comparison of the 13C NMR data of 5 with that of 4 indicated the change in chemical
shifts of C-27 [6c 178.8 in 4 and 63.3 in 5] and C-29 [6c 73.0 in 4 and 181.5 in 5].
Furthermore the correlation in the HMBC spectrum between 6y at 1.24 (CHs-30) and oc at
181.5 revealed the location of the carboxylic function at C-29 in 5. From the above
discussion, the structure of 5 was assigned as 3-O-B-D-glucopyranosyl-olean-12-ene-
3pB,27,28-triol-29-oic acid.

Saponin 6 was assigned a molecular formula of CzsHsgOsg, as deduced from its positive ion in
HR-ESI-MS which exhibited a quasi molecular ion peak at m/z 629.4033 [M+Na]*, 44 mass
units lower than that of 4, implying the absence of the carboxylic function in 6. Among the 35
carbons in *C NMR spectrum, 29 were assigned to the triterpenoid aglycone and 6 of the
sugar moiety. Extensive NMR spectroscopic analysis indicated that 6 and 4 are structurally
different only in the substituent in C-14 position of the aglycone. The lack of a substitution in
this C-14 position in 6 was supported by the presence of HMBC correlation between C-13 and

proton at 6w 1.93 (1H, m, H-14), and by the significant chemical shift difference for C-14 [A



7.8] between 6 and olean A'? ene type (Table 2) (Mahato et al., 1994). Accordingly, the
structure of 6 was elucidated as 3-O-p-D-glucopyranosyl-14-H-27-nor-olean-12-ene-3,28,29-
triol.

2.2. Cytotoxicity results

On the basis of the activity reported for the triterpene saponin derivatives isolated from the
Fabaceae family (Verrota et al., 2001), the cytotoxic activity of the n-butanol extract was
tested against the HT-29 human colon cancer cell line using a MTT assay (Mosmann, 1983).

No significant activity was found in these bioassays (ICso >100 pg/mL).

3. Conclusions

Six new triterpenoid saponins (1-6), and 14 known compounds were isolated from the n-
BuOH extract of the aerial parts of G. ulicina. Their structures were elucidated by extensive
spectroscopic examinations. To our knowledge this is the first report of triterpene saponins in
Genista genus which is known to contain alkaloids and flavonoids. The new saponins (1-6)
contained glucose in position 3 of the aglycone, whereas the oleanene triterpenoid skeleton
contained primary alcoholic function in C-28 and primary alcoholic or carboxylic functions in
C-27, C-29 or C-30, it is also worthwhile to mention that the compound 6 had 27-noroleanene
aglycone. The seven known isolated saponins exhibit a glucuronic acid but not glucose
attached at C-3 and are characteristic of Fabaceae plants. Thus, the finding of oleanane-type
triterpene saponin may provide a significant chemotaxanomic proof for Genista genus. The
results of the present phytochemical study are in agreement with the flavonoidic patterns in

the tribe Genisteae reported by Harborne (Harborne, 1994).

4. Experimental



4.1. General experimental procedures

Optical rotations were measured in MeOH or CHCI3 with a Perkin-Elmer 241 polarimeter. H
and *C NMR spectra were recorded on a Bruker Avance 111 500 spectrometer (*H at 500
MHz and 3C at 125 MHz) or on a Bruker Avance Il 600 spectrometer equipped with a
cryoplatform (*H at 600 MHz and **C at 150 MHz). 2D-NMR experiments were performed
using standard Bruker microprograms (Xwin-NMR version 2.1 software). ESIMS and
HRESIMS experiments were performed using a Micromass Q-TOF micro instrument
(Manchester, UK). The samples were introduced by direct infusion in a solution of MeOH at a
rate of 5 uL min™t. TLC was carried out on precoated silica gel 60 Fzs4 (Merck), and spots
were visualized by heating after spraying with 50% H>SOs. Kieselgel 60 (63-200 mesh)
Merck or LiChroprep RP-18 (40-63 um) Merck were used for Column chromatography (CC).
HPLC was performed on a Dionex apparatus equipped with an ASI-100 autosampler, a P580
pump, a UVD 340S diode array detector, and Chromeleon® software. A prepacked RP-18
column (201SP510, 250 x 10 mm, 5 um, 90 A, Dionex, Vydac, France) was used for semi
preparative HPLC of the flavonoids with a binary gradient elution (solvent A: H>O with
0.0025% TFA, solvent B: MeCN) at 25 °C and a flow rate of 3.5 mL min; the chromatogram
was monitored at 254 and 365 nm.

4.2. Plant material

The aerial parts of Genista ulicina Spach were collected during the flowering stage at Taza
national park (Jijel, Algeria) in May 2009 and identified by Pr. Gerard De Bélair (University
of Annaba, Algeria). A voucher specimen (ZKGu05/09) was deposited in the Herbarium of
Biology Department (Mentouri University, Constantine).

4.3. Extraction and isolation of new compounds

Powdered air—dried aerial parts of G. ulicina (1000g) were macerated in MeOH-H>0 (8:2,

10L). This extract was concentrated to dryness, and the residue was suspended in H>O (600
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ml), and partitioned successively with CHCIs, EtOAc and n-BuOH (3x 300ml each), then
exhaustively concentrated to yield a CHCIz3 fraction (15 g), EtOAc (7 g), and n-BuOH fraction
(20 g). 12g of the n-BuOH fraction were submitted to VLC over RP-18, eluted with MeOH-
H20 (4:6, 6:4, 8:2 and 0:10, each 450ml) to give six fractions [F1: 6.64g, F2: 2.18g, F3: 0.45g,
F4: 0.49¢, Fs: 1.19g, Fe: 0.219].

Fraction Fs (1.1g) was subjected to RP-18 CC using a gradient of MeOH-H2O (4:6-8:2).
Fractions [220-264] (70 mg), eluted with MeOH-H>0 (55:45) were purified by silica gel CC,
eluted with CHCI3-MeOH-H>0 [95:5:0-30:70:5], to give (4.5 mg) of 5. Fraction [29-47] (36
mg), eluted with CHCI3-MeOH (85:15), were purified by semi prep HPLC using an isocratic
gradient of 30% B during 20 min to yield 3 (2.6 mg) and 5 (1.5 mg). Fractions [265-284] (138
mg), eluted MeOH-H2O (6:4), were purified by silica gel CC, using a gradient of CHCls-
MeOH [95:5-85:15]. Fractions [39-47] (20.6 mg) and [86-112] (18.8 mg) eluted, respectively
with CHCI3-MeOH [93:7] and [9:1], were purified by semi preparative HPLC using isocratic
elution with 30% B for 30 min to give 1 (4.3 mg), 2 (4.6 mg), 5 (5 mg) and 4 (2.7 mg).
Fractions [351-357] (40.3 mg), eluted with MeOH-H.O (7:3), contained 2.1 mg of 6, which
were purified by semi prep HPLC using an isocratic gradient at 40% B for 15 min.

4.4. Saponin 1

White amorphous powder; [o]o +18.9 (¢ 0.28, MeOH); *H and *C NMR (CDsOD), see Table
1. HRESIMS (positive-ion mode) m/z 659.4144 [M+Na]* (calcd for C3sHsoO9Na, 659.4135).
4.5. Saponin 2

White amorphous powder; [a]o +18.6 (¢ 0.57, MeOH); *H and 3C NMR (CD3OD), see Table
1. HRESIMS (positive-ion mode) m/z 659.4128 [M+Na]* (calcd for C3sHsoO9Na, 659.4135).
4.6. Saponin 3

White amorphous powder; [o]o +14.8 (¢ 0.25, MeOH); *H and *C NMR (CDsOD), see Table

1. HRESIMS (positive-ion mode) m/z 821.4671 [M+Na]"* (calcd for C42H70014Na, 821.4663).
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4.7. Saponin 4

White amorphous powder; [o]p +24 (¢ 0.75, MeOH); *H and *C NMR (CDs0D), see Table 1.
ESIMS (positive-ion mode) m/z 673.6 [M+Na]*; HRESIMS (positive-ion mode) m/z
673.3921 [M+Na] * (calcd for CssHsgO10Na, 673.3928).

4.8. Saponin 5

White amorphous powder; [o]p + 6.3 (¢ 0.35, MeOH); *H and 3C NMR (CD30D), see Table
2. HRESIMS (positive-ion mode) m/z 673.3933 [M+Na] * (calcd for CssHssO10Na,
673.3928).

4.9. Saponin 6

White amorphous powder; [o]o +15.8 (¢ 0.19, MeOH); *H and *C NMR (CDsOD), see Table
2. HRESIMS (positive-ion mode) m/z 629.4033 [M+Na] * (calcd for C3sHssOsNa, 629.4029).
4.10. Acid hydrolysis

A part of the n-BuOH fraction (1g) was refluxed in 2 N HCI (30 mL) for 4 h. The reaction
mixture was neutralized with 0.5N KOH and freeze-dried. Four sugars were identified and
compared with authentic samples by TLC using MeCOEt-iso-PrOH-Me>CO-H,0 (20:10:7:6)
as D-glucuronic acid, D-glucose, D-galactose and L- rhamnose. After the purification of these
sugars by preparative TLC in the same solvent, the optical rotation of each purified sugar was
measured.

4.11. MTT cytotoxicity assay

The bioassay was performed according to the [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] MTT (Sigma, St. Quentin Fallavier, France) assay method as

described by Mosmann, 1983 with human colorectal cancer cell line (HT-29).
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Tablel NMR spectroscopic data (CD3z0D) of compounds 1, 3-4 at 500 MHz and 2 at 600

MHz.
1 2 3 4
8(: 8H (J in HZ) 6(: 6H (J in HZ) 6(; 8H (J in HZ) 8(; 8H ( Jin HZ)
1 38.4 1.04,d (11.9, 3.3) 38.3 1.03, m 38.4 1.052, td (14.2, 3.8) 38.5 1.03, m
1.61, dm (11.9) 151, m 1.63, dm ( 14.2) 1.68, d (13.4)
2 25.6 171, m 25.6 1.70, m 25.6 1.71, td (13.6,3.4) 25.7 1.70, tm (13.4)
194, m 1.95, m 195 m 195, m
3 89.4 3.20,dd (11.3,5.3) 89.4 3.20,dd (11.9,4.1) 89.4 3.20,m 89.3 3.16, m
4 38.8 - 38.8 - 38.8 - 38.7 -
5 | 554 0.91, dm (12.8) 554 | 092,m 55.4 0.91, dm (10.4) 55.6 0.79, dm (11.6)
6 17.9 1.45,td (11.8, 2.6) 17.9 1.47,td (13.2, 3.7) 17.9 1.46,dm (14.2) 17.9 1.40, m
1.61, dm (11.9) 1.61, m 1.63, m 1.56, m
7 | 328 1.39, dm (11.3) 327 1.38, dt (13.2, 2.8) 2.7 1.38,d (13.0) 365 132,m
171, m 170, m 1.68, td (12.8, 4.9) 1.68, dm (13.4)
8 40.2 - 40.2 - 40.2 - 39.4 -
9 | 484 1.98,dd (9.7, 7.6) 481 198,1(8.2) 48.1 203, 1(8.6) 46.9 224, dd (10.7, 6.0)
10 36.6 - 36.5 - 36.5 - 36.4 -
11 235 191, m 23.6 192, m 23.6 192, m 215 1.94 m
12 | 1279 | 564,1(33) 1277 | 561,t(34) 1278 | 5.63,1(34) 1258 | 5.60,t(3.0)
13 138.4 - 138.3 - 138.3 - 137.1 -
14 46.9 - 46.9 - 46.7 - 55.9 -
15 211 110, m 21.2 1.04, m 214 1.00, m 214 1.72,t(12.8)
1.68, m 1.71, td (13.7, 4.9) 1.72, td (13.6, 3.4) 2.01, dm (12.4)
16 22.0 1.23,dd (13.7, 3.8) 21.6 1.20, dm (13.7) 21.5 1.19, dm (12.8) 22.6 1.19, dm (15.0)
1.83, td (14.1, 4.7) 1.85, td (13.7, 4.7) 1.88, td (135, 4.7) 197, m
17 36.5 - 37.0 - 37.1 - 375 -
18 | 414 205 dd (138,42) | 412 2.12, dd (13.6, 4.0) 412 2.12,dd (135, 4.8) 436 2.13, dd (135, 4.0)
19 40.6 1.36, dm (13.7) 39.7 1.08, m 39.9 1.26, dd (13.5, 3.8) 38.2 1.00, m
153, t (13.7) 1.67, 1 (13.5) 1.75, t (13.5) 1.50, t (13.5)
20 35.0 - 35.7 - 35.1 - 35.7 -
21 | 288 1.24,1d (13.7, 3.8) 28.0 113, dm (13.7) 283 1.19, dm (12.8) 28.1 1.16, dm (13.2)
1.44, dm (13.7) 141, m 151, dd (13.2, 3.2) 1.35, tm (13.2)
22 30.1 1.33,dm (13.5) 29.9 1.41,dm (14.3) 29.8 1.41,dm (13.3) 29.7 1.38, m
1.56, td (13.5, 4.3) 1.60, m 1.60, td (13.3, 3.8) 1.55, td (15.3, 5.0)
23 27.1 1.09, s 27.0 1.09, s 27.1 1.09,s 271 1.05s
24 15.6 0.88, s 15.6 0.88, s 15.6 0.88, s 15.6 0.87, s
25 15.2 0.98, s 15.2 0.99, s 15.2 0.99, s 15.5 1.08, s
26 17.3 0.98, s 17.3 0.99, s 17.3 1.00,s 17.3 1.05s
27 | 632 355,d (12.3) 632 | 353 d(12.2) 63.2 355,d (12.1) 1788 |-
3.82,d (12.3) 3.83,d (12.6) 3.82,d (12.2)
28 67.9 3.20,d (11.1) 68.2 3.21,d (11.1) 68.2 3.20,d (9.4) 68.4 3.20,d (11.0)
357,d (11.1) 3.60,d (11.1) 359, d (9.4) 3.54,d (11.0)
29 26.6 0.90, s 73.2 3.20, brs 80.8 3.17,d (9.1) 73.0 3.15, brs
3.61,d (9.1)
30 65.3 3.45,d (11.0) 18.2 0.92,s 18.5 1.00, s 17.9 0.90, s
3.49,d (11.0)
Glc (at C-3)
1 105,3 4.34,d (7.8) 1054 4.34,d (7.8) 105.4 4.34,d (7.8) 105.3 4.32,d(7.8)
2 | 743 3.21, dd (8.6, 7.8) 743 3.21,dd (8.9, 7.8) 743 3.20,1(7.9) 743 3.20, dd (8.7, 7.8)
3 | 769 3.36, 1 (8.6) 769 | 3.36,1(8.9) 76.9 3.36, 1 (8.8) 76.9 3.35,1(8.8)
4 70.3 3.31,t(8.5) 70.3 3.31,t(8.6) 70.2 3.32,t1(8.7) 70.3 3.30,t(8.5)
5 76.3 3.26,ddd (9.4,5.3,2.3)| 76.3 3.25,ddd (9.5,5.3,2.3) | 76.3 3.25m 76.3 3.26, ddd (8.5,5.3,2.2)
& | 6L4 368 dd (119,23) | 614 | 3.68,dd (1.9, 55) 613 369, dd (11.0, 5.5) 614 3.68,dd (119, 5.3)
3.85,dd (11.9, 5.3) 3.85dd (11.9, 2.3) 3.85,dd (10.6, 2.1) 3.86,dd (11.9,2.2)
Glc (at C-29)
1 1035 | 4.23,d (7.8)
2 73.9 3.20,1(7.9)
3 76.5 3.36,1(8.8)
4 70.3 33L1(8.7)
5" 76.5 3.25,m
6 614 3.68, dd, (105, 5.6)

3.87, dd, (105, 2.1)
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Table2 NMR spectroscopic data (CD30D) of compound 5 at 500 MHz and 6 -7 at 600

MHz
5 6 7
dc dn(JinHz) dc dn(JinHz) dc dn(JinHz)
1 384 1.04, tm (15.4) 38.4 0.99, tm (14.2) 38.3 1.01,m
161, m 171, m 1.66, dt (13.0,3.0)
2 25.6 1.7, m 25.7 1.74,m 25.7 1.75, tm (13.9)
1.94, m 1.96, m 191, m
3 89.4 3.21,dd (11.7,4.2) 89.4 3.19,dd (11.8, 4.6) 89.9 3.20, dd (11.7, 4.4)
4 38.8 - 38.8 - 38.9 -
5 55.4 0.92,dm (13.4) 55.7 0.86, m 55.6 0.81, dm (11.8)
6 17.9 1.45,d (12.1) 18.1 143, m 17.9 1.46,t(12.5)
1.61, m 1.59, dm (13.6) 1.60, m
7 32.7 1.38,dm (13.1) 415 1.16, td (13.8,2.7) 32.8 142, m
1.72,m 1.96, m 1.58, m
8 40.3 - 35.2 - 39.4 -
9 48.1 2.01,dd (9.9, 8.8) 55.6 1.03, dd (10.4, 4.7) 479 1.59, dd (11.5, 6.4)
10 36.6 - 36.4 - 36.4 -
11 23.6 1.92, m 22.2 1.90, m 23.2 192, m
12 128.2 5.63, t (3.8) 121.1 5.37, brd (5.3 1224 5.27, brs
13 137.7 - 139.9 - 143.8 -
14 46.7 - 48.2 1.93, m 41.9 -
15 21.0 1.10, dm (13.9) 19.4 1.44,tm (14.2) 255 1.06, dm (14.0)
1.70, td (13.9,5.2) 1.52, dm (15.0) 181, m
16 218 1.22,dm (14.6) 23.7 1.28, m 285 1.33,m
1.87,td (14.6, 5.6) 1.85, td (13.0, 4.3) 1.76, m
17 36.5 - 36.6 - 37.2 -
18 40.8 2.15,dm (13.7) 42.2 1.99, dm (13.6) 45.3 2.08,dm 13.7
19 39.3 1.43,dm (13.7) 389 1.20, dm (13.6) 46.1 0.98, dd (10.7, 2.7)
2.13,1(13.7) 1.56, t (13.6) 1.77,1(13.4)
20 42.1 - 34.9 - 29.9 -
21 28.5 1.48,dm (12.1) 28.5 1.29,m 40.8 1.36, dm (13.3)
1.83,td (14.6, 4.6) 145 m 147, m
22 29.6 142, m 29.8 1.34,dm (12.8) 75.6 3.41,dd (8.8,3.3)
1.63, m 1.47,tm (12.8)
23 27.1 1.09, s 27.1 1.08, s 27.1 1.10,s
24 15.6 0.88,s 15.6 0.87,s 15.6 0.89, s
25 15.2 0.98, s 15.3 0.98, s 16.3 1.01,s
26 17.2 0.98, s 14.2 0.88, s 14.8 1.02, s
27 63.3 3.56,d (11.9) - - 24.1 1.15s
3.82,d (11.9)
28 67.8 3.24,d (10.9) 68.2 3.16,d (11.1) 19.0 0.86, s
3.57,d (10.9) 3.50,d (11.1)
29 1815 - 65.3 3.41,d(10.9) 31.2 0.94,s
3.51,d(10.9)
30 184 1.24,s 26.8 0.90, s 27.6 1.04,s
Glc (at C-3) GIcA (at C-3)
1 1054 4.34,d(7.8) 105.3 434,d (7.9 104.1 4.53,d(7.1)
2' 74.3 3.21,dd (9.2,7.8) 74.3 3.21,dd (8.7,7.9) 76.3 3.61,1(8.2)
3 76.9 3.36,1(8.6) 76.9 3.351(8.7) 81.2 3.58,dd (9.6, 8.2)
4 70.3 3.31,t(8.6) 70.3 3.31,t(8.7) 71.7 3.56, t (9.6)
5 76.3 3.26,ddd (8.6,5.3,3.0) | 76.2 3.26, ddd (9.4, 5.5, 75.2 3.78, m
2.3)
6 61.4 3.68,dd (11.9, 5.3) 61.4 3.68, dd (11.9, 5.5) 169.7 -
3.85,dd (11.9,2.7) 3.86,dd (11.9,2.3)
Gal (at C-3")
1" 104.7 4.57,d (7.7)
2" 72.6 3.62,dd (9.5, 7.7)
3" 73.3 3.51,dd (9.7, 3.4)
4" 68.4 3.88,d (3.1)
5" 75.4 3.49,1(6.6)
6" 60.4 3.74,dd (6.2, 3.1)
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