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Two new isoflavone glycosides, ammopiptanosides A and B, have been isolated from
the 95% EtOH extract of the twigs of Ammopiptanthus nanus (M.Pop.) Cheng f.,
together with six known compounds, and their structures were characterized by
spectroscopic methods and compared with the data in the literature.
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1. Introduction

Ammopiptanthus nanus (M.Pop.) Cheng f.,
a survivor of the evergreen broadleaf
forest in the central Asian desert from the
Tertiary period, is a genus of the tribe
Thermopsideae of the Leguminosae,
which is mainly distributed in Kizilsu
Autonomous Prefecture in the southwest
of The Xinjiang Uygur Autonomous
Region [1]. The aerial parts of Ammopip-
tanthus have been used as a folk medicine
for the treatment of cough, congelation,
chronic rheumatic arthritis, etc. The genus
comprises two species, and the other is
Ammopiptanthus mongolicus (Maxim.)
Cheng f. Alkaloids and flavonoids are the
characteristic chemical constituents of
Ammopiptanthus, according to the litera-
ture [2]. As part of our ongoing study on
the chemical constituents of Chinese
medicinal plants, two new isoflavone
glycosides, ammopiptanosides A and B,
have been isolated from the 95% EtOH
extract of the twigs of A. nanus (M.Pop.)
Cheng f., together with six known
compounds formononetin (3), ononin (4),

isolupalbigenin (5), daidzein 4',7-di-O-3-
D-glucoside (6), genistein 7,4’-di-O-3-D-
glucoside (7), and (4 )-maackiain (8).

2. Results and discussion

The 95% EtOH extract of the twigs of A.
nanus was prepared by reflux method. A
series of column chromatographies over
silica gel, Sephadex LH-20, and reversed-
phase ODS led to the isolation of two new
compounds glycitein-4',7-di-O-B-D-gluco-
side named ammopiptanoside A (1) and
4'-0-B-p-glucopyranosyl-glycitein 7-a-L-
rhamnopyranosyl-(1 — 6)-O-3-D-gluco-
pyranoside named ammopiptanoside B
(2), together with six known compounds
formononetin (3) [3], ononin (4) [4],
isolupalbigenin (5) [5], daidzein 4/,
7-di-O-B-D-glucoside (6) [6], genistein
7,4'-di-O-B-p-glucoside (7) [7], and (+)-
maackiain (8) [8]. The structures of 1 and 2
were elucidated by 1D and 2D NMR and
MS techniques, and those of 3-8 were
identified by comparing their NMR and
MS spectral data with reported values.
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Compound 1 was isolated as white
amorphous powder. The ESI-MS displayed
the quasi-molecular ion at m/z 631
[M + Na]™, and the HR-ESI-MS exhibited
quasi-molecular ion at m/z 609.1825
[M + H]" and m/z 631.1642 [M + Na] ™",
indicating the molecular formula of
C,3H3,0,5. In the '"H NMR spectrum,
one proton singlet at 8y 8.42 (1H, s) was
the characteristic of an isoflavone and
assignabletoH-2and twodoubletsat 6;7.52
(d, 2H, J=8.0Hz) and 7.08 (d, 2H,
J=8.0Hz) due to 1’ 4'-disubstituted B-
ring; the signals at 6y 7.48 (s, 1H), and
7.33 (s, 1H) attributed to 6,7-substituted
aromatic protons of the A-ring. The
presence of a methoxy group was exhibited
by a proton signal at 6y 3.88 (s, 3H). The
aglycone of 1 was identified as glycitein
becauseitsNMR spectraldataweresimilarto
those of glycitein [2]. Acid hydrolysis of
1 afforded D-glucose on the base of
HPLC. The B-anomeric configurations
for both glucoses were judged from
their coupling constants (3JH1,H2 > 7.0).
"H NMR spectrum of 1 contained two
anomeric proton signals at 6y 5.17 (d, 1H,
J ="7.5Hz)and4.90(d, 1H,J = 7.0 Hz) [9].
One and two-dimensional NMR techniques
(HMBC) permitted assignments of all 'H
and '°C signals of 1 (Table 1). The HMBC
correlations between the OCHj3 at 6y 3.88
and C-6 at 6c 147.5, H-5 (6y 7.48)/H-8
(64 7.33) and C-6 at ¢ 147.5 indicated that
the methoxyl group could be attached at
C-6 position. In addition, the HMBC corre-
lationsof H-1" at 6 5.17withC-7 at 8- 151.6
and H-1" at &y 4.90 with C-4' at ¢ 157.1
were also shown in the HMBC spectrum
[10]. Thus, compound 1 was determined
to be glycitein-4',7-di-O-B-D-glucoside
(Figure 1) and named ammopiptanoside A.

Compound 2 was isolated as white
amorphous powder. (4 )-ESI-MS dis-
played the guasi-molecular ion at m/z
777 [M + Na]™, and the (4+)-HR-ESI-MS
exhibited a quasi-molecular ion at m/z
755.2329 [M + H]*, indicating the mol-
ecular formula of 2 to be C34H45,0,9. In the

"H NMR spectrum of 2, one proton singlet
at 6y 8.40 (1H, s) was characteristic signal
of an isoflavone and assignable to H-2, two
doublets at 6y 7.48 (d, 2H, J = 7.5 Hz) and
7.10 (d, 2H, J=7.5Hz) due to 1'4'-
disubstituted B-ring and the signals at éy
7.50 (s, 1H) and 7.36 (s, 1H) attributable to
aromatic protons of 6,7-disubstituted A-
ring. The presence of a methoxyl group
was exhibited by a proton signal at 6y 3.87
(s, 3H). The '"H NMR spectrum of 2 also
contained three anomeric proton signals at
oy 5.15 (d, 1H, J = 7.0Hz), 491 (d, 1H,
J = 6.5Hz) and 5.62 (s, 1H) and a methyl
at oy 1.55 (3H, d, J = 6.0 Hz). Compari-
son of the spectral data for 2 with those of
compound 1 showed their structural
similarity, except that compound 2 had
additional hexose unit, which was sup-
ported by the molecular weight of 2, more
146 amu than that of 1. The position of
rhamnosyl unit could be determined by an
HMBC experiment. In the HMBC spec-
trum, the correlations between H-1"" (8y
5.62) of rhamnose and C-6" (6 69.4) of
glucose, between H-6" (8y 4.63) of
glucose and C-5" (8 77.6) of glucose,
between H-1” (6 5.15) and C-5" (6 77.6) of
glucose, and between H-1" (6 5.15) and C-
7 (6 150.9) of aglycone, indicated that the
rhamnopyranosyl fragment could be
attached at C-6 position of the glucose at
C-7 of aglycone. Thus, compound 2 was
determined to be 4'-O-B-D-glucopyrano-
syl-glycitein  7-a-L-rhamnopyranosyl-
(1 — 6)-0O-B-p-glucopyranoside (Figure
1) and named as ammopiptanoside B.

3. Experimental
3.1 General experimental procedures

Melting points were determined on an
XT,4-1005 micromelting apparatus (Elec-
tro-Optical Scientific Instrument Factory,
Beijing, China) and are uncorrected.
Optical rotations were measured with a
Perkin-Elmer 241 MC polarimeter (Per-
kin-Elmer, Waltham, MA, USA). NMR
spectra were recorded on a Inova 500
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Table 1. The '*C NMR (125 MHz) and "H NMR (500 MHz) spectral data of 1 and 2 (DMSO-ds,
8 ppm).
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1 2
Position S¢c o Oc On
2 153.4 8.42 (s, 1H) 153.0 8.40 (s, 1H)
3 122.7 122.8
4 174.2 173.9
5 103.4 7.48 (s, 1H) 103.1 7.50 (s, 1H)
6 147.5 147.8
7 151.6 150.9
8 104.7 7.33 (s, 1H) 104.5 7.36 (s, 1H)
9 151.2 150.8
10 117.8 118.1
1 125.5 125.6
2/ 129.9 7.52 (d, 2H, 8.0 Hz) 130.1 7.48 (d, 2H, 7.5 Hz)
3 116.0 7.08 (d, 2H,8.0 Hz) 116.2 7.10 (d, 2H, 7.5 Hz)
4 157.1 157.1
5 116.0 7.08 (d, 2H, 8.0 Hz) 116.2 7.10 (d, 2H, 7.5 Hz)
6 129.9 7.52 (d, 2H, 8.0 Hz) 130.1 7.48 (d, 2H, 7.5 Hz)
1 99.6 517 (d, 1H, 7.5 Hz) 99.8 5.15 (d, 1H, 7.0 Hz)
2/ 73.0 5.40 (s,1H) 73.2 5.45 (s,1H)
3 76.7 5.08 (s, 1H) 76.8 5.04 (s, 2H)
4" 69.6 69.6
5" 77.0 77.6
6" 60.6 4.57 (m, 2H) 69.4 4.63 (m, 2H)
1" 100.4 490 (d, 1H, 7.0Hz) 100.5 491 (d, 1H, 6.50Hz)
2 73.2 5.31 (s, 1H) 73.0 5.31 (s, 1H)
3 76.6 5.08 (s, 1H) 76.5 5.08 (s, 2H)
4" 69.7 5.01 (d, 1H, 3.5Hz) 69.1 5.01 (d, 1H, 3.5Hz)
5" 77.2 77.1
6" 60.7 4.57 (m, 2H) 60.7 4.57 (m, 2H)
1 102.5 5.62 (s, 1H)
2 72.1 4.69 (s, 1H)
3 72.4 4.54 (s, 1H)
4 722 428 (m, 1H)
5 70.1 472 (1H, d, J = 6.0Hz)
6" 18.2 1.55 3H, d, J = 6.0Hz)
OCH;, 558 3.88 (s, 3H) 559 3.87 (s, 3H)

("H, 500MHz; '’C, 125MHz) spec-
trometer (Varin, Inc., Palo Alto, CA,
USA). ESI-MS was performed with
Angilent 1100 LC/MSD (Santa Clara,
CA, USA). For column chromatography,
silica gel (200-300 mesh, Qingdao
Marine Chemical, Inc., Qingdao, China),
ODS (40-60 pm, Alltech) and Sephadex
LH-20 (Pharmacia Biotech AB, Uppsala,
Sweden) were used. The analytical HPLC
was performed on an Angilent 1200 LC
with DAD and the preparative HPLC was
performed on a Shimadzu LC-20A (Shi-

madzu LC-20A, Kyoto, Japan) with YMC-
Pack ODS column (20 X 250 mm, 10 pwm,
YMC Co. Ltd, Kyoto, Japan).

3.2 Plant material

The twigs of A. nanus were collected in
Tulufan Desert Botanical Garden (Chinese
Academy of Science), in Xinjiang Uygur
Autonomous Region of China, and are
identified by Prof. Jin Li (Xinjiang Normal
University). A voucher specimen (ID-S-
2321) is deposited at Institute of
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Figure 1. Key HMBC correlations of compounds 1 and 2.

Materia Medica, Chinese Academy of
Medical SciencesandPekingUnionMedical
College.

3.3 Extraction and isolation

The air-dried twigs (0.365kg) were
crushed and extracted with 95% EtOH
(4 liters) under reflux for three times (2h
each time). The ethanol extract was
concentrated in vacuo to give a residue
(102 g), and the 95% extract was subjected
to silica gel column chromatography
eluted with petroleum ether, or CHCl;—
MeOH gradient system (v/v 100:0, 20:1,
10:1, 4:1, 2:1, 1:1, 0:100), to obtain eight
fractions. The separation of fraction 3
(19.2g) was carried out on silica gel
column chromatography eluted with
CHCI;-MeOH (v/v 9:1, 4:1) and yielded
20 subfractions 3A ~ 3T. Subfractions
3F ~ 3] were further purified by prepara-
tive thin-layer chromatography (CHCl;—
MeOH = 4:1) and Sephadex LH-20
column eluted with MeOH to afford
compounds 3 (17mg), 4 (23mg), 5
(8mg) and 8 (12mg). From the fraction
5, compounds 1 (11 mg), 6 (42mg), and 7
(181 mg) were obtained by silica gel
column chromatography eluted with
CHCI;—MeOH-H,O (v/v/v, 4:1:0.1) and
Sephadex LH-20columnelutedwithMeOH.
Theseparationoffraction7wascarriedouton
Sephadex LH-20columneluted withMeOH
to afford 14 subfractions 7A ~ 7N, and
subfractions 7D ~ 7E (8.6 g) were further

purified by medium pressure liquid chroma-
tography eluted with MeOH—-H,O gradient
system(v/v10:90,20:80,30:70,50:50,70:30,
80:20, 100:0) to obtain seven mixtures of
7DE1 ~ 7DE7. Compound 2 (6 mg) was
obtained by preparative HPLC eluted with
MeOH-H,0 (18:82 (0.05% CF;COOH),
flow rate 7 ml/min, 280 nm, tg = 21 min)
from7DE3.

3.4 Acidhydrolysisofcompounds1and?2

Eighty microliters of D-glucose, L-rham-
nose, D-xylose, and L-arabinose aqueous
solutions (each 2 mg/ml) were mixed with
80wl 0.5mol/l 1-phenyl-3-methyl-5-pyr-
azolone in CH3OH and 80wl 0.3 mol/l
NaOH aqueous solution. The mixtures
were heated at 70°C for 30 min and then
cooled at room temperature, to which
80wl 0.3mol/l HCl aqueous solution
was added. The resulted mixture was
extracted with CHCl; (0.5 ml, three times),
and the water fractions were identified by
HPLC analysis (Phenomenex CI8,
250 mm X 4.6 mm, 5 wm; flow phase: A:
CH;CN-20 mmol/l NH4OAc aqueous sol-
ution (15:85), B: CH;CN-20 mmol/l
NH4OAc aqueous solution (40:60); flow
rate about 1.2 ml/min by gradient elution,
0 — 20 min, volume fraction of B from
0% to 60%; detection wavelength: 245 nm;
sample volume: 20 ul).

Compounds 1 (5mg) and 2 (4mg)
were heated in an ampule with 2ml of
aqueous 2M HCI-1,4-dioxane (1:1),
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respectively, at 80°C for 6 h. The aglycone
was extracted with chloroform, and the
aqueous residue was evaporated under
reduced pressure. The residue was taken as
preparations of the normal sugar deriva-
tives. Then, D-glucose in compound 1, as
well as L-rhamnose and D-glucose in the
ratio of 1:2 in compound 2, was identified
by HPLC analysis of the derivatives [11].

3.4.1 Ammopiptanoside A (1)

Whiteamorphouspowder.m.p.182—184°C;
[azDO] —39 (¢ 0.1, MeOH); UV (MeOH):
Amax(log €) 256 (4.21), 315 (1.58) nm; 'H
NMR and '>*CNMR spectraldatasee Table 1;
ESI-MS m/z: 631 [M + Na]*. HR-ESI-MS
mlz: 609.1825 [M + H]" (caled for
C,gH330,5,609.1814).

3.4.2 Ammopiptanoside B (2)

Whiteamorphouspowder.m.p.176—178°C;
[a®] —26 (c 0.05, MeOH); UV (MeOH):
Amax(log €) 258 (4.30), 320 (1.08) nm; 'H
NMRand '*CNMR spectraldatasee Table 1;
ESI-MS m/z: 777 [M + Na]™; HR-ESI-MS
mlz: 755.2329 [M + H]t (caled for
C34H43040,755.2322).
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