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A New Flavonol Glycoside from the Aerial Parts of Astragalus vulneraria
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A new flavonol glycoside, isorhamnetin 3-O-B-p-apiofuranosyl-(1—2)-{o-L-rhamnopyranosyl-(1—6)]-B-o-
galactopyranoside, and the known diglycoside, isorhamnetin 3-0-0~L-rhamnopyranosyl-(1—6)-f-p-galactopyra-
noside were isolated from the aerial parts of Astragalus vulneraria. Characterization of the two compounds was
done by spectroscopic methods (1D and 2D NMR, and FAB-MS).
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In the flora of Turkey the genus Astragalus (Leguminosae)
is represented by approximately 380 species which are listed
under several sections and are of economic importance for
the production of gum." Earlier investigations performed on
Astragalus species resulted in the isolation of three major
classes of compounds, polysaccharides, saponins, and iso-
flavonoids.” ™ We previously reported the isolation and the
structure determination of a series of cycloartane-type tri-
terpenic saponins from Astragalus species.® '¥ Continuing
our studies on the constituents of Astragalus species, we in-
vestigated the aerial parts of 4. vulneraria. This paper de-
scribes the isolation and structure elucidation of a new
flavonol glycoside, isorhamnetin 3-O-B-p-apiofuranosyl-
(1-2)-[@-L-rhamnopyranosyl-(1—6)]-B-p-galactopyra-
noside (1), in addition to the known glycoside, isorhamnetin
3-0-o-L-rhamnopyranosyl-(1—6)-f-p-galactopyranoside
().

Compound (1) was isolated as a yellow amorphous pow-
der. Its 'H- and "C-NMR spectra showed the presence of
aromatic systems and sugar moieties. The FAB mass spec-
trum of 1 in negative ion mode gave a quasi molecular ion
peak [M—H]  at m/z 755. The fragments at m/z 623
[M—-H)-132]7, 477 [(M—H)—(132+146)]" and 315
[(M—H)—(132+146+162)] observed in FAB mass spec-
trum, together with the '°C resonances suggested presence of
one pentose unit, one deoxy hexose unit, and one hexose
unit.

The 'H-NMR resonances of two m-coupled doublets at &
6.22 and 6.43 (J=1.5Hz), which correlated with carbons at &
99.8 (d), and 94.9 (d) in the HSQC spectrum, were character-
istic of the two meta-related 6- and 8- protons with a 5,7-di-
hydroxy A-ring of a flavonoid.'¥ A double doublet at & 7.61
(/=17.5, 1.5Hz), and two doublets at 6 6.93 (J=7.5Hz), and
8.0 (J=1.5Hz) were attributed to H-6', H-5', and H-2', re-
spectively, of the B ring. Additionally, the "H-NMR spectrum
exhibited one singlet at 6 4.00 (3H) indicating the presence
of a methoxy group, which showed a correlation with the
carbon resonance at § 148.4 (C-3') in the HMBC spectrum.
Based on these findings and by comparison of 'H- and "*C-
NMR data with those of isorhamnetin 3-O-rutinoside,'>'?¥
the aglycone of 1 was identified as isorhamnetin.

The structure of the oligosaccharide unit was elucidated
using 1D-TOCSY'® and 2D NMR experiments. Selected 1D-
TOCSY obtained by irradiating each anomeric proton reso-
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nance yielded subspectra of each sugar residue with high
digital resolution. Each subspectrum contained the scalar-
coupled protons within each sugar residue. In some cases,
because of the small coupling constants, the distribution of
magnetization around the spin system was impeded. Since in
the TOCSY method the cross peaks represent both direct and
relayed connectivities, we also recorded a DQF-COSY spec-
trum.'® The results of 1D-TOCSY and DQF-COSY experi-
ments allowed the sequential assignments of all proton reso-
nances within each sugar residue, starting from the well iso-
lated anomeric proton signals (Experimental). Thus, on the
basis of the chemical shifts, multiplicity of the signals, ab-
solute values of the coupling constants, and the three sugar
residues were identified as o~-rhamnopyranosyl, B-apiofura-
nosyl and S-galactopyranosyl.'”

HSQC experiments,'® which correlated all proton reso-
nances with those of each corresponding carbon, permitted
the assignments of the interglycosidic linkages by compari-
son of the observed carbon chemical shifts with those of the
corresponding methylpyranosides, taking into account the
known effects of glycosidation.'” The absence of any "*C-
NMR glycosidation shift for the rhamnopyranosyl, and apio-
furanosyl residues suggested these sugars to be terminal.

The position of each sugar residue was unambigously
determined by the HMBC experiment’” (Chart 2) which
showed long-range correlations between C-3 (135.5, s) of the
aglycon and H-1,, (8 5.60, d, J=7.5Hz), C-6,, (5 67.3, t)
and H-1,,, (6 4.55, d, J=1.5Hz), C-2,,, (6 76.4, d) and H-1,;
(5.44, d, J=2.0Hz). Resonances assigned to the sugar moi-
eties of 1 were consistent with the presence of the same
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Chart 1. Structures of 1 and 2

© 2000 Pharmaceutical Society of Japan

NII-Electronic Library Service



December 2000

HyOH J 4

HO OH

HO HO

Chart 2. Key Heteronuclear Multiple-Bond Correlations (HMBC) of 1

grouping to that found in kaempferol 3-O-f-p-apiofuranosyl-
(1-2)-[o-L-rhamnopyranosyl-(1—6)]- B-p-galactopyra-
noside,?" confirming the proposed sugar sequence.

On the basis of these data, the structure of compound 1
was established as isorhamnetin 3-O-f-p-apiofuranosyl-
(1-2)-[o-L-rhamnopyranosyl-(1->6)]- B-p-galactopyra-
noside.

From the aerial parts of 4. vulneraria isorhamnetin 3-O-o-
L-thamnopyranosyl-(1—6)--p-galactopyranoside (2) was
also isolated and identified by comparison of its 'H- and "*C-
NMR spectral data with literature values.””

Experimental

General Experimental A Bruker DRX-600 spectrometer operating at
599.19 MHz for 'H and 150.86 for '*C using the UXNMR software package
was used for NMR measurements in CD;0D solutions. 2D experiments:
'H-'H DQF-COSY'¥ inverse detected 'H-'*C HSQC'” and HMBC'® were
obtained by employing the conventional pulse sequences as described previ-
ously. The selective excitation spectra, ID TOCSY'? were acquired using
waveform generator-based GAUSS shaped pulses, mixing time ranging from
100 to 120ms and a MLEV-17 spin-lock field of 10kHz preceded by a
2.5ms trim pulse. Optical rotations were measured on a Perkin-Elmer 141
polarimeter using a sodium lamp operating at 589 nm in 0.1% w/v solutions
in MeOH. FAB-MS spectra were recorded in a glycerol matrix in the nega-
tive ion mode on a VG ZAB instrument (XE atoms of energy of 2—6 KV).

Plant Material Astragalus vulneraria DC. was collected from Polatli,
Ankara, Central Anatolia, Turkey in June 1998. Voucher specimens have
been deposited at the Herbarium of the Department of Pharmacognosy, Fac-
ulty of Pharmacy, Hacettepe University, Ankara.

Extraction and Isolation Air-dried aerial parts of 4. vulneraria (380 g)
were powdered and extracted with 80% EtOH (3.51X2) under reflux, and
then filtered. The filtrate was concentrated to dryness in vacuo (27.7g). The
extract was subjected to VLC using normal-phase silica gel, employing pen-
tane (200ml, fr. 1), petroleum ether (400 ml, fr. 2), diethylether (500 ml, fr.
3), CHCI, (400ml, fr. 4), CHCl,;-MeOH (90: 10, 400ml], fr. 5), and then
CHCl;-MeOH-H,0 mixtures (80:20:2, fr. 6; 70:30:3, fr. 7; 61:32:7, fr.
8, each 500 ml). fr. 7 (2.47 g) was subjected to column chromatography (sil-
ica gel, 60 g) eluted with CHCl,-MeOH-H,0 mixtures (80:20:2, 100 ml;
70:30:3,200ml, 61:32:7,400ml) to give nine main fractions (Frs. A—I).
Fraction B (55mg) was chromatographed on a silica gel column (20g),
eluted with CHCl,-MeOH-H,0 (70:30:3, 200ml) to give compound 2
(26 mg). Fractionation of fr. 6 (300 mg) by open column chromatography
(silica gel, 30 g) using EtOAc-MeOH-H,0 (90:17: 13, 400 ml) gave com-
pound 1 (16.5 mg).

Isorhamnetin-3-0- f-p-apiofuranosyl-(1—2)-[ @-L-rhamnopyranosyl-
(1-36)]-B-p-galactopyranoside (1): [a]Z 38.4° (c=0.1, MeOH); 'H-NMR
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(600 MHz, CD,0D) aglycon moiety: &: 8.00 (1H, d, J=1.5Hz, H-2'), 7.61
(1H, dd, J=1.5, 7.5Hz, H-6"), 6.43 (1H, d, J=1.5Hz, H-8), 6.22 (IH, 4,
J=1.5Hz, H-6), 4.00 (3H, s, OCH,); fB-p-galactopyranose moiety: &: 5.60
(1H, d, J=7.5Hz, H-1"); 4.00 (1H, dd, J=7.5, 9.0 Hz, H-2"), 3.80 (1H, dd,
J=4.0, 2.5Hz, H-4"), 3.73 (1H, m, H-5"), 3.73 (1H, dd, /=12.0, 2.5Hz, H-
6a"), 3.67 (1H, dd, J/=9.0, 4.0 Hz, H-3"), 3.47 (1H, dd, /=12.0, 4.5Hz, H-
6b"); B-p-apiofuranose moiety: &: 5.44 (1H, d, J=2.0Hz, H-1"), 4.04 (1H,
d, J=2.0Hz, H-2"), 4.04 (1H, d, J=10.0Hz, H-4a"), 3.73 (1H, brs, H-5a"),
3.67 (1H, d, J=10.0Hz, H-4b"), 3.65 (1H, brs, H-5b"); @-L-thamnopyra-
nose moiety: 6: 4.55 (1H, d, J=1.5Hz, H-1""), 3.59 (1H, dd, J=1.5, 2.5 Hz,
H-2""), 3.53 (1H, m, H-5"), 3.51 (1H, dd, /=84, 2.5Hz, H-3""), 3.28 (t,
J=8.4Hz, H4"), 1.19 (d, J=6.5Hz, H-6""); “C-NMR (150 MHz, CD,0D)
aglycon moiety: &: 179.5 (s, C-4), 166.1 (s, C-7), 163.0 (s, C-5), 158.9 (s, C-
2), 158.5 (s, C-9), 150.9 (s, C-4"), 148.4 (s, C-3'), 135.5 (s, C-3), 123.8 (d,
C-6'), 123.0 (s, C-1"), 116.0 (d, C-5"), 114.6 (d, C-2"), 105.5 (s, C-10), 99.8
(d, C-6), 94.9 (d, C-8), 57.0 (OCH,); B-p-galactopyranose moiety: &: 101.3
(d, C-1"), 76.4 (d, C-2"), 75.7 (d, C-5"), 75.5 (d, C-3"), 70.4 (d, C-4"), 67.3 (¢,
C-6"); B-p-apiofuranose moiety: 6: 110.7 (d, C-1"), 79.5 (s, C-3"), 78.0 (d,
C-2"), 75.7 (t, C-4"), 66.5 (t, C-5"); a-L-rhamnopyranose moiety: §: 101.9
(d, C-1"), 73.5 (d, C-4"), 72.8 (d, C-3""), 72.1 (d, C-2""), 69.8 (d, C-5""),
18.1 (q, C-6""); FAB-MS m/z 755 [M—H]", 623 [(M—-H)—132]", 477
[(M—H)—(132+146)]", 315 [(M—H)—(132+ 146 +162)]".

I[sorhamnetin-3-O-a-L-rhamnopyranosyl-(1—6)--p-galactopyranoside
(2): 'H- and *C-NMR (600 MHz, CD,0D) data were identical to those re-
ported in the literature.”
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