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Abstract: We describe the isolation, identification, and structural elucidation of natural products from the Mongolian me-
dicinal plant Polygonatum odoratum (Mill.) Druce. Six flavonoid glycosides, isorhamnetin-3-O-rutinoside (narcissoside,
narcissin) (1), kaempferol-3-O-rutinoside (nicotiflorin) (2), quercetin-3-O-rutinoside (rutin) (3), apigenin-6-C-f-D-
glucoside (isovitexin) (4), apigenin-6-C-(2"-O-f-D-xylopyranosyl-S-bD-glucopyranoside) (desmodin) (5), and isovitexin-7-
O-p-D-glucoside (saponarin) (6), were isolated from the aerial parts of Polygonatum odoratum (Mill.) Druce. The struc-
tures of 1-6 have been confirmed by UV, IR, MS, and NMR (*H, *C, COSY, HSQC, HMBC, NOESY, and ROESY)

data.
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1. INTRODUCTION

In the flora of Mongolia, three species of Polygonatum: P.
odoratum, P. sibiricum, and P. humile, have been reported [1].
Polygonatum, a genus of approximately 63 species, belongs to
the family Asparagaceae which is widely distributed from
Asia to Europe [2]. Polygonatum odoratum is used in tradi-
tional Mongolian medicine for the treatment of weakness,
impotence, diseases of the kidneys, gonorrhea, pains in the
back and legs, coughing, tuberculosis, yellow liquorstasis, and
diabetes [3]. Previous phytochemical studies on this species
revealed the presence of steroidal saponins [4-6], sterols [6],
homoisoflavonoids [7-10], and cholestane glycosides [11]. In
the present study, we report the isolation and structural eluci-
dation of six flavonoid glycosides from the aerial parts of P.
odoratum (Mill.) Druce collected in Mongolia, five of them
were obtained from this plant for the first time.

2. RESULTS AND DISCUSSION

A detailed investigation of the ethyl acetate extract of the
aerial parts of P. odoratum (Mill.) Druce led to the isolation

*Address correspondence to this author at the Department Chemie, Tech-
nische Universitat Dresden, Bergstrasse 66, 01069 Dresden, Germany;

Tel: +49 351-463-34659; Fax: +49 351-463-37030;

E-mail: hans-joachim.knoelker@tu-dresden.de

1874-8481/15

of six flavonoid glycosides. These were identified as isorham-
netin-3-O-rutinoside (1), kaempferol-3-O-rutinoside (2), quer-
cetin-3-O-rutinoside (rutin) (3), apigenin-6-C-p-D-glucoside
(isovitexin) (4), apigenin-6-C-(2"-O-f-D-xylopyranosyl-S-D-
glucopyranoside) (desmodin) (5), and isovitexin-7-O-$-D-
glucoside (saponarin) (6) [7] (Fig. 1).

Compounds 1-5 were isolated from P. odoratum for the
first time. The chemical structures of the compounds 1-6
were elucidated by their UV, IR, ESI-MS, and 'H and *C
NMR data. The UV spectra of compounds 1, 2, and 3 exhib-
ited similar absorption bands at A = 266, 310, and 352 nm,
indicating a C3-O-substituted flavonol skeleton, whereas the
UV spectra of compounds 4, 5, and 6 showed absorption
maxima at A = 331-337 nm and 271-272 nm [12-14]. The IR
spectra of compounds 1-6 showed similar maximum absorp-
tion bands at v = 3369-3306 cm * (hydroxyl groups), 1658—
1603 cm™ (carbonyl group) and a broad band at v = 1180—
1060 cm *, indicating its glycosidic nature [15].

Compound 1 was obtained as a yellow powder. The ESI-
MS showed an [M+H]" ion at m/z = 625. The MS and the
3C NMR data (Table 1) suggested a molecular formula of
C,gH3,016. The *H NMR spectrum showed two doublets at
oy =6.26 (d,J=2.0Hz,1H) and 64 =6.46 (d,J =2.0 Hz, 1
H) which correlated with the carbon signals at 6c = 99.96
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and 94.90 in the HSQC spectrum. Thus, the positions of
these two protons at C6 and C8 of the 5,7-dihydroxy-
substituted A-ring of the flavonoid framework were con-
firmed (Fig. 2). A doublet of doublets at 64 = 7.67 (dd, J =
8.4, 2.0 Hz) and two doublets at 3y = 6.96 (J = 8.4 Hz) and
7.99 (J = 2.0 Hz) were assigned as C6’-H, C5’-H, and C2'-H
of the B-ring. Additionally, the *"H NMR spectrum exhibited
one singlet at 5y = 3.99 (3 H), indicating the presence of a
methoxy group, which showed a correlation with the carbon
resonance at 6c = 148.34 (C3') in the HMBC spectrum. The
doublets at 64 =5.29 (d, J =7.5Hz) and 64, =4.57 (d,J=1.4
Hz) were attributed to the anomeric protons of the glucosyl
and rhamnosyl moieties, respectively. The homonuclear cor-
relation spectrum NOESY showed a spatial coupling be-
tween the aromatic hydrogen atom C2'-H (84 = 7.99) and the
methoxy hydrogen atoms, suggesting that the methoxy group
is at C3'. This assignment was corroborated by the HMBC
spectrum which exhibited a three-bond long-range coupling
of the methoxy group (6y = 3.99) with C3' (6c = 148.34).
Analysis of the one- and two-dimensional *H and **C NMR
spectra of 1 and comparison with the values found in the
literature [16] led to the assignment of compound 1 as
isorhamnetin-3-O-rutinoside. It has been reported previously
that isorhamnetin-3-O-rutinoside (1) shows antiproliferative
and antioxidative activities [17, 18].

Fig. (1). Structures of the flavonoid glycosides 1-6 isolated from P.
odoratum (Mill.) Druce.

Compound 2 was isolated as a yellow powder. The
[M+H]" ion at m/z = 595 in the ESI-MS together with the *C
NMR data (Table 1) indicated a molecular formula of
C,7H30015. The aliphatic signals in the *H and *C NMR
spectra of 2 were similar to those of 1, except for the absence
of the signals of a methoxy group. The aromatic region in the
'H NMR spectrum of 2 in methanol-d, showed signals char-
acteristic for kaempferol: 8y = 6.25 (d, J = 2.1 Hz, C6-H),
6.45 (d, J = 2.1 Hz, C8-H), 6.93 (d, J = 8.9 Hz, C3'-H and
C5'-H), and 8.11 (d, J = 8.9 Hz, C2'-H and C6'-H). The sig-
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nals for the anomeric protons of the glucosyl and rhamnosyl
units appear at 6y = 5.17 (d, J = 7.4 Hz, C1"-H) and 4.56 (d,
J = 1.4 Hz, C1""-H). In the HMBC spectrum, the signal of
one of the glucosyl hydrogen atoms (34 = 3.85, C6"-H,) cor-
related with the signal at 6c = 102.43 (rhamnose C1"") indi-
cating a rutinosyl moiety. Finally, the signal of the glucosyl
C1"-hydrogen atom (6y = 5.17) correlated with C3 of the
flavonoid unit (8¢ = 135.51) in the HMBC s?ectrum. Analy-
sis of the one- and two-dimensional *H and *C NMR spectra
of 2 and comparison with the values found in the literature
[19, 20] identified compound 2 as kaempferol-3-O-rutinoside.
It has been reported that kaempferol-3-O-rutinoside (2)
shows strong antioxidant activity [21] and causes a remark-
able decrease in arterial blood pressure and heart rate [22].

Compound 3 was obtained as a yellow powder. The ESI-
MS with an [M+Na]" ion at m/z = 633 together with the *C
NMR and HMBC data (Table 1) indicated a molecular for-
mula of Cy7H3,05. The *H NMR spectrum of compound 3
was similar to that of compound 1, except for the absence of
the signal for a methoxy group, and showed the characteris-
tic signals of the quercetin skeleton: 6, = 6.26 (d, J = 2.1 Hz,
C6-H), 6.45 (d, J = 2.1 Hz, C8-H), 7.68 (dd, J = 8.4, 2.2 Hz,
C6'-H), 6.92 (d, J = 8.4 Hz, C5'-H), and 7.71 (d, J = 2.2 Hz,
C2'-H). In the HMBC spectrum, the rhamnosyl C1'-
hydrogen atom (34 = 4.56) correlated with the glucosyl C6”
atom at 6c = 68.5 indicating a rutinosyl moiety. Finally, the
glucosyl C1”-hydrogen atom (84 = 5.15) correlated with C3
(8c = 135.62) of the flavonoid unit in the HMBC spectrum.
The analysis of the one- and two-dimensional *H and **C
NMR spectra of 3 and comparison with the values found in
the literature [16, 19, 20] led to the assignment of compound
3 as quercetin-3-O-rutinoside (rutin). A strong antioxidant
activity has been found for compound 3 in several assay sys-
tems [21-23].

Compound 4 was isolated as a yellow powder. The ESI-
MS with an [M+H]" ion at m/z = 433 and the *C NMR and
HMBC data (Table 2) suggested a molecular formula of
CyH01. The 'H NMR spectrum of 4 showed a singlet
resonance at 6y = 6.53 assigned to the proton at C8 of the A-
ring, based on the long-range correlations observed between
this proton and C10 (8¢ = 105.19), C7 (8¢ = 165.0), and C9
(8¢ = 158.74) in the HMBC spectrum. Two doublets with J =
8.7 Hz at 4 = 7.87 (2 H) and 6.96 (2 H) were assigned as
the C2'/C6’ and C3'/C5’ protons of the para-substituted B-
ring. A singlet proton resonance at 64 = 6.63, which corre-
lated with the carbon resonance at 3¢ = 103.88 in the HSQC
spectrum, was assigned to the C3-H of the flavonoid unit. In
the HMBC spectrum of 4, a prominent long-range correla-
tion between the anomeric proton C1”-H (34 = 4.95) of the
glucosyl moiety and C6 (8¢ = 109.19) of the flavonoid unit
showed the attachment of the sugar at C6 by a C-C linkage.
Analysis of the one- and two-dimensional *H and **C NMR
spectra of 4 and comparison with the values found in the
literature [19, 24-26] identified compound 4 as apigenin-6-C-
S-D-glucoside (isovitexin). Various biological activities have
been found for isovitexin (4) such as hypotensive, anti-
inflammatory, antispasmodic, antimicrobial, antioxidant/free
radical scavenging activity, as well as radioprotective effects
[27], and antihyperglycemic activity [28].
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Tablel. H (600 MHz) and *C (150 MHz) NMR spectroscopic data of 1, 2 and 3 (solvent: methanol-d,).?

Position

dc 84 (JinHz) dc 8 (JinHz) dc 8 (JinHz)
2 158.91 159.39 159.0°
3 135.46 135.51 135.62
4 179.37 179.40 179.43
5 163.05 163.01 163.5°
6 99.96 6.26 d (2.0) 100.06 6.25d (2.1) 99.98 6.26 d (2.1)
7 166.07 166.32 167.0°
8 94.90 6.46 d (2.0) 94.97 6.45d (2.1) 94.8° 6.45d (2.1)
9 158.53 158.59 158.5
10 105.71 105.60 106.0°
1 123.02 122.76 123.2°
2 114.56 7.99d (2.0) 132.37 8.11d (8.9) 117.67 7.71d (2.2)
3 148.34 116.14 6.93d (8.9) 146.0°
4 150.86 161.52 150.0°
5/ 116.11 6.96 d (8.4) 116.14 6.93d (8.9) 116.05 6.92 d (8.4)
6’ 123.99 7.67 dd (8.4, 2.0) 132.37 8.11d (8.9) 12354 7.68dd (8.4,2.2)

OCH; 56.77 3.99s
3-O-C(6)-Glucosyl
1" 104.38 5.29d (7.5) 104.62 5.17d (7.4) 104.71 5.15d (7.8)
2" 75.91 3.44-3.53 m 75.76 3.41-352m 75.72 3.38-3.53m
3" 78.18 3.44-3.53 m 78.15 3.41-352m 78.20 3.38-3.53m
4" 71.63 3.27-3.31m 71.44 3.28-3.34m 71.40 3.29-3.33m
5" 77.39 3.39-342m 77.22 3.41-352m 77.24 3.38-3.53m
o 6852 3.86 dd (11.3, 68.56 3.85dd (11.0, 685" 3.84dd (11.1,
1.5) 1.4) 1.5)
6", 3.44-3.53 m 3.41-352m 3.38-3.53m
6"”-O-Rhamnosyl

i 102.53 457d (1.4) 102.43 456 d (1.4) 102.43 456d (1.5)
2" 72.09 3.65dd (3.4, 1.6) 72.09 3.67dd (3.4, 1.6) 71.40 3.67dd (3.4, 1.6)
3" 72.27 3.44-3.53 m 72.29 3.56 dd (9.5, 3.5) 72.11 3.58 dd (9.5, 3.5)
4" 73.83 3.27-3.31m 73.89 3.28-3.34m 73.93 3.29-3.33m
5" 69.79 3.44-3.53 m 69.73 3.41-352m 69.71 3.38-3.53m
6" 17.88 1.14d (6.2) 17.91 1.16d (6.2) 17.88 1.16d (6.2)

*Numbering of the flavonoid framework: see Fig. (2).

°Chemical shift based on the HMBC spectrum (see Supplementary Information).

“Chemical shift based on the HSQC spectrum (see Supplementary Information).
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Compound Flavonoid R! R? R® R*
1 Isorhamnetin OCHj, O-[a-L-Rha-(1—6)-$-D-GlIc] H H
2 Kaempferol H O-[a-L-Rha-(1—6)-4-D-Glc] H H
3 Quercetin OH O-[a-L-Rha-(1—6)-$-D-GlIc] H H
4 Apigenin H H S-D-Glc H
5 Apigenin H H [B-D-Xyl-(1—2)-p-D-Glc] H
6 Apigenin H H S-D-Glc S-D-Glc

Fig. (2). Numbering of the flavonoid framework for the compounds 1-6.

Compound 5 was isolated as a light yellow powder. The
ESI-MS with an [M+H]" ion at m/z = 565 together with the
3C NMR, HMBC and HSQC data (Table 2) suggested a
molecular formula of Cy,sH,5014. The NMR data of com-
pound 5 indicated that the flavonoid unit was the same as
that of compound 4. The C-C linkage of the 6-C-glucosyl
unit was confirmed by the HMBC cross peaks at oy = 6.54 /
dc = 73.55 (C8-H / C1") and oy = 6.54 / ¢ = 108.9 (C8-H /
C6). The downfield shift of C2"-H, a very broad signal at 3y
= 4.4 identified in the HSQC and HMBC spectra, indicated a
1,2-glycosidic linkage between the C-glucosyl and the xylo-
s%/I unit. Analysis of the one- and two-dimensional *H and
*C NMR spectra of compound 5 and comparison with the
values found in the literature [29-31] led to the assignment as
apigenin-6-C-(2"-O-f-D-xylopyranosyl-5-D-glucopyrano-side)
(desmodin).

Compound 6 was isolated as a light yellow powder. The
[M+H]" ion at m/z = 595 in the ESI-MS together with the *C
NMR, HMBC and HSQC data (Table 2) indicated a molecu-
lar formula of CyH304s. The 'H NMR spectrum showed
two doublets (J = 8.9 Hz) at 54 = 7.83 (C2'-H/C6'-H) and
6.77 (C3'-H/C5'-H), which correlated with the carbon signals
at oc = 130.0 (C2'/C6'") and 120.0 (C3'/C5"), and two singlets
at oy = 6.61 (C3-H) and 6.95 (C8-H), which correlated with
the carbon signals at 6c = 102.1 (C3) and 95.2 (C8) in the
HSQC spectrum. For the sugar moieties, the HMBC spec-
trum showed the following correlations of the anomeric pro-
tons: C1"-H (6y = 4.96) with C6 (3¢ = 110.1) and C1""-H (34
= 5.12) with C7 (8¢ = 164.0). These correlations indicated
that the first glucosyl unit (C1”-H) was attached to the fla-
vonoid framework at C6 and the second glucosyl unit (C1"'-
H) at the flavonoid C7-oxygen atom. This assignment has
been supported by a HMBC correlation of the glucosyl C2"-
H and C6 of the flavonoid skeleton. Additional structural
support derived from the following cross peaks in ROESY
and NOESY experiments: C3-H/C2'-H (C6é’-H), C8-H/C2'-H
(C6'-H), C1'"-H/C8-H, and C2"'-H/C8-H. Based on these
observations the structure of compound 6 was determined as
isovitexin-7-O-$-D-glucoside (saponarin) [7]. This assign-

ment was additionally supported by the one- and two-
dimensional NMR spectra in DMSO-d; as solvent and their
comparison with the data reported in the literature (see Sup-
plementary Information) [32, 33].

3. EXPERIMENTAL
3.1. General

Optical rotations were measured with a Perkin-Elmer 341
polarimeter at a wavelength of 589 nm (sodium D line) using
a 1.0-decimeter cell with a total volume of 1.0 mL. UV spectra
were measured with a Perkin-Elmer Lambda 25 UV-Vis spec-
trometer. IR data were obtained with a Thermo Nicolet Avatar
360 FT-IR spectrometer. The NMR spectra were recorded
with a Bruker AVANCE Ill 600 MHz spectrometer using
methanol-d, as solvent. The chemical shifts & are reported in
ppm using the non-deuterated residual solvent as internal
standard (dy = 3.35, 8¢ = 49.0). Coupling constants J are given
in Hz. Complete assignments of the ‘"H NMR and *C NMR
signals were achieved by measuring the following 2D NMR
spectra: COSY, HSQC, HMBC, NOESY, and ROESY. ESI-
MS spectra were recorded on a Bruker-Esquire LC mass spec-
trometer with an ion trap detector; positive and negative ions
were detected. Thin layer chromatography was performed on
silica gel 60 Fys4 (Merck). Preparative TLC was performed
with glass plates (20x20 cm, Merck) coated with a 0.25 mm
layer of silica gel (60-F,s4), mobile phase EtOAc/EtOH/H,O
(77:15:8). Sequential treatment with a solution of 2-
aminoethyl diphenylborinate in methanol (1 wt-%) and
poly(ethylene glycol) BioUIltra 4000 in ethanol (5 wt-%) or
treatment with sulfuric acid (5 vol-% in ethanol) and subse-
quent heating with a hot air gun were used for visualization.

3.2. Plant Material

The aerial parts of P. odoratum (Mill.) Druce were collected
in July 2012 from Terelj, Mongolia. The plant was identified
by Dr. Enebish Ganbold at the herbarium of the Ulaanbaatar
Institute of Botany, Mongolian Academy of Sciences, where
a voucher specimen has been deposited.
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Table2. H (600 MHz) and **C (150 MHz) NMR spectroscopic data of 4, 5 and 6 (solvent: methanol-d,).?

4 5 6
Position dc oy (JinHz) dc 8y (JinHz) dc 8 (JinHz)
2 166.19 166.19 168.3"
3 103.88 6.63s 103.88 6.67s 102.1° 6.61s
4 184.03 183.2° 184.0
5 162.04 165.12 161.3°
6 109.19 108.9° 110.1°
7 165.0° 165.42 164.0°
8 95.25 6.53s 94.9° 6.54s 95.2° 6.95s
9 158.74 158.81 158.1°
10 105.19 105.10 106.5"
1 123.11 123.15 117.5°
2 129.45 7.87d(8.7) 129.47 7.90d (8.8) 130.0° 7.83d (8.9)
3 117.04 6.96 d (8.7) 117.06 6.98 d (8.8) 120.0° 6.77.d (8.9)
4 162.80 162.83 172.5°
5’ 117.04 6.96 d (8.7) 117.06 6.98 d (8.8) 120.0° 6.77.d (8.9)
6’ 129.45 7.87d(8.7) 129.47 7.90d (8.8) 130.0° 7.83d (8.9)
6-Glucosyl
1" 75.32 4.95m 73.55 4.98d (9.8) 74.66 4.96 d (9.9)
2" 72.56 4.20-4.23m 81.96 44m° 72.8° 4.221(9.4)
3" 80.12 352-353m 79.91 3.691(8.9) 80.26 3.49-352m
4" 71.75 352-353m 71.61 3.531(9.4) 71.3° 3.54-3.65m
5" 82.61 3.45-3.48 m 82.61 3.43-3.63m 82.32 3.40-3.47 m
6", 3.92dd (12.1, 2.0) 3.91dd (12.1,2.2) 3.86d (3.1)
62.80 63.0° 62.16
6", 3.79.dd (12.1,5.4) 3.76 dd (12.1,5.5) 3.86d (3.1)
C2"-O-Xylosyl C7-0-Glucosyl
1" 106.89 432brd (5.3) 102.66 5.12d(7.3)
2" 75.62 3.12m 75.16 3.54-3.65m
3" 77.60 3.21-3.28m 77.52 3.54-3.65m
4" 70.93 3.21-3.28m 71.3° 3.40-3.47 m
5", 3.33-3.37m
66.88 78.43 3.40-3.47 m
5" 2.79.dd (11.5, 9.6)
6", 4.02dd (12.1,1.8)
62.55
6" 3.76 dd (12.1, 6.0)

# Numbering of the flavonoid framework: see Fig. (2).

® Chemical shift based on the HMBC spectrum (see Supplementary Information).

¢ Chemical shift based on the HSQC spectrum (see Supplementary Information).

Very broad signal, assignment based on HSQC and HMBC experiments (see Supplementary Information).
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3.3. Extraction and Isolation

The air-dried and powdered aerial parts of the plant (1.0
kg) were exhaustively extracted with 95% ethanol at room
temperature. The extracts were combined and concentrated
under reduced pressure to leave a residue, which was sus-
pended in H,O and then fractionated by re-extracting with n-
hexane (0.93 g), chloroform (10.97 g), ethyl acetate (8.39 g),
and n-butanol (8.32 g), respectively. The ethyl acetate extract
(4.0 g) was subjected to column chromatography on silica
gel (0.040-0.063 mm, Merck) and eluted with CHCIlz/MeOH
(gradient of 95:5 to 50:50) to afford 25 fractions based on
the TLC profiles. Fraction 8 (360 mg) was further purified
by column chromatography on silica gel and eluted with
CHCI3/MeOH (9:1, 6:1, and 3:1) to obtain five subfractions
(F1-F5). Compound 4 was obtained from subfraction F1 by
column chromatography on silica gel and elution with
CHCI3/MeOH (6:1). Compounds 1 and 2 were isolated from
subfraction F2 by preparative TLC developed with
EtOAC/EtOH/H,O (77:15:8). Fraction 11 was further puri-
fied by preparative TLC with EtOAc/EtOH/H,0 (77:15:8) to
provide compounds 3 and 5. Fractions 17-21 were further
purified by preparative TLC with EtOAc/EtOH/H,O
(77:15:8) to give compound 6.

3.4. Isorhamnetin-3-O-rutinoside (Narcissoside, Narcis-
sin) (1)

Yellow powder; R¢ = 0.53 (EtOAC/EtOH/H,0 = 77:15:8);
[4]® = —8.51 (c 0.047, MeOH). UV (MeOH): Anax = 254,
268 (sh), 298 (sh), 355 nm. IR (ATR): v = 3351, 2952, 2923,
1710, 1658, 1602, 1499, 1455, 1355, 1290, 1204, 1168,
1127, 1018, 980, 804 cm . 'H and **C NMR: see Table 1.
ESI-MS (+10 V): m/z = 625 [M+H]", 647 [M+Na]".

3.5. Kaempferol-3-O-rutinoside (Nicotiflorin) (2)

Yellow powder; R¢ = 0.59 (EtOAC/EtOH/H,0 = 77:15:8);
[4]* = —9.00 (c 0.10, MeOH). UV (MeOH): Amax = 2686,
297 (sh), 349 nm. IR (ATR): v = 3369, 2952, 2921, 1709,
1647, 1603, 1493, 1454, 1358, 1209, 1177, 1137, 1059, 885,
839, 807 cm™. *H and **C NMR: see Table 1. ESI-MS (+25
V): m/z =595 [M+H]", 617 [M+Na]".

3.6. Quercetin-3-O-rutinoside (Rutin) (3)

Yellow powder; R¢ = 0.49 (EtOAC/EtOH/H,0 = 77:15:8);
[a]® = 17.81 (c 0.073, MeOH). UV (MeOH): Amax = 257,
268 (sh), 299 (sh), 354 nm. IR (ATR): v = 3306, 2949, 2922,
2850, 1710, 1648, 1603, 1495, 1454, 1357, 1295, 1199,
1169, 1060, 807 cm ™. 'H and *C NMR: see Table 1. ESI-
MS (+50 V): m/z = 633 [M+Na]".

3.7. Apigenin-6-C-g-D-glucoside (Isovitexin) (4)

Yellow powder; R¢ = 0.65 (EtOAC/EtOH/H,0 = 77:15:8);
UV (MeOH): Amax = 271, 337 nm. IR (ATR): v = 3320, 2459,
1604, 1561, 1509, 1415, 1332, 1180, 1019, 972, 820 cm *.
'H and 3C NMR: see Table 2. ESI-MS (+25 V): m/z = 433
[M+H]™.
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3.8. Apigenin-6-C-(2''-O-g-D-xylopyranosyl-g-b-
glucopyranoside) (Desmodin) (5)

Light yellow powder; Ry = 0.45 (EtOAc/EtOH/H,0 =
77:15:8); [0]°p = —21.0 (c 0.1, MeOH). UV (MeOH): Aax =
272, 334 nm. IR (ATR): v = 3316, 2916, 2849, 1916, 1644,
1609, 1487, 1441, 1352, 1243, 1175, 1071, 1038, 891, 834,
780, 616 cm™. *H and **C NMR: see Table 2. ESI-MS (+10
V): m/z = 565 [M+H]", 587 [M+Na]".

3.9. Isovitexin-7-O-g-D-glucoside (Saponarin) (6)

Light yellow powder; Ry = 0.25 (EtOAc/EtOH/H,0 =
77:15:8); UV (MeOH): Amax = 272, 332 nm. IR (ATR): v =
3357, 2922, 2852, 1970, 1660, 1631, 1571, 1468, 1411,
1179, 1078, 899, 793, 719, 646, 629, 616 cm . 'H and *C
NMR: see Table 2. ESI-MS (+10 V): m/z = 595 [M+H]", 617
[M+Na]".

CONCLUSION

We have isolated six flavonoid glycosides from the aerial
parts of the Mongolian medicinal plant Polygonatum odora-
tum (Mill.) Druce: isorhamnetin-3-O-rutinoside (1),
kaempferol-3-O-rutinoside (2), quercetin-3-O-rutinoside (3),
apigenin-6-C-p-D-glucoside  (4), apigenin-6-C-(2"-O-4-D-
xylopyranosyl-f-D-glucopyranoside) (5), and isovitexin-7-O-
S-D-glucoside (6). Five of these compounds (1-5) have been
isolated from P. odoratum for the first time. The unequivocal
structural assignment for the flavonoid glycosides 1-6 is
based on extensive NMR spectroscopic investigations (*H,
B3¢, COSY, HSQC, HMBC, NOESY, and ROESY). Bio-
logically active flavonoid glycosides are frequently found in
diverse plant sources [34-36]. The isolation of the bioactive
flavonoid derivatives 1-6 from P. odoratum may help to
explain the pharmacological properties of this Mongolian
medicinal plant.
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