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Chemical constituents from Astragalus membranaceus var. mongholicus
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Abstract: Objective To study the chemical constituents in petroleum ether, methylene chloride, and ethyl acetate fractions in the
alcohol extract from the dried roots of Astragalus membranaceus var. mongholicus. Methods The constituents were separated and
purified by silica gel, Sephadex LH-20 column chromatography, and preparative HPLC. Their structures were elucidated by
physicochemical properties and spectroscopic data. Results Fourteen compounds were obtained and identified as pratensein (1),
formononetin (2), formononetin-7-O-f-D-glucoside (3), calycosin (4), calycosin-7-O-p-D-glucoside (5), (6aR,11aR)-3-hydroxy-9,10-
dimethoxypterocarpan (6), (6aR,11aR)9,10-dimethoxypterocarpan-3-O-B-D-glucoside (7), astragaloside I (8), acetylastragaloside I
(9), astragaloside II (10), isoastragaloside II (11), adenine (12), B-sitosterol (13), and daucosterol (14). Conclusion Flavonoids and
saponins are the essential components in A. membranaceus var. mongholicus.
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(D, TWHEER (2). WL %- 7-0-p-D-H % Bl
1 (3). BEREE (4. BT HE-7-0-B-D-4
HBETF (5). (6aR,11aR) -3-F£3k- 9,10- 4 L4
Mkt (6) Al (6aR,11aR) 9,10- - FF 4 Jk 40 4 e -
3-O-B-D-FAFET (7), 4 NS, 439
NPT 1 (8), MR I (9. HKE
I (10) AR EEfr 1 (D, Ha 3 Med
Yoy o BREERS (12), B-A S EE (13) FIEHE b
H (4.

1 UESHH

Bruker AV TR ARP %X (gt Bruker A #]),
ADP 440 4= F 3 &5 U6 (JEH Bellingham & Stanley
/7)), Waters Quattro Premier XE JFiti{ (& [H
Waters A 7 ), Agilent 1260 il & AH (3% (% , Agilent
Zorbax Eclipse XDB-C g ifill % #1: (32 [F Agilent A 7)),
Mettler Toledo J 72— RV (MRl - LRI Z1UES
HIRATD, SHZ—D 1D fFH /KA L H IR,
PLSB AU A HIEAGIA A . RE—52A Jighk 2 kAL
(VT BE0A A |, TH— I1 R )2 s
CERHE R IR AR, ZF—20D W05
AN ATAC CHEIEBUR A AS) D

FEORE HIRERE (100~200 H A1 200~300 H)
I 2035 0k e GF254 (M gvEtb ) ),
Sephadex LH-20 #iZEHE%EE (Bt GE Healthcare
A PG A o prati.

FT RN SRS RS IS Astragalus
membranaceus (Fisch.) Bge. var. mongholicus (Bge.)
Hsiao MM, W Fdb 2 Eh 2581, ok
PR 2R A T 2 2 B AR R A R B 50T, bRARAE
JECT R R B 2 K 2 vh 2 2 b oA A 5 4
Hr i o
2 RESNE

T L 10 kg, FH 8 £ 95% L BEHEIN 2 h,
JeIt, VEHBH 8 £ S0%LMEHRE 2 h, e, &
HPRRIER, WRIRAG R ITCIER, 13 HEE9) 4 ke
FOE i 28 WA A M 32, RO Atk O A
60~90 C)H. —HH ki BEMRCBEAHL, 8% Mg
W, AT TR ) 180 g S I HEAEEY) 65 g-
BETR CMEAS L) 84 g.

AR R AR A 2 B, A R Tk - TS
TR LSRRGS (95 0 5~6  4) BRFEUEmE, 7957
A C1~VID. Hrpjisn VA FER R Bk, 14
EW13 (3.5 g WAVISHERIE G5, —

AP - SR CBRA T RGpREVEE, & bk
vy HEEEL ARG 2 (600 mg).

AR AR A R Ay R, T -
TR WS R4 (98 2 2~7 & 3) BhEEULM, 753
6 Mgy C T ~VD o Horint o 11 2k ekt il 7 2,
TEFRE - WSS REE Ve, R RS
Pk, a4 (1 s TR FE ik 7>
B, AR - BEER OB R R BRI, R
Buek, 191E4 6 (100 mg).

TR LA A IR L o2, U -
SRR RS (98 1 2~7 1 3) BhEVENi, 733 8
Ay CT~VID. Johiisy T Sakmek: a2,
AR - IR R R G B, R b R B
%, MHEMEAEY L (6 mg)y 4 (1 g); Il I
ZHAE OS2, AR - BRI R RS
Vel (95 150, “EMEERENE, G 3
(50 mg). 9 (20 mg); o IVERER A (i 7 5,
TR - FREE T R GERR BRI, PR S S PRV
34595 (200 mg). 8 (500 mg); Wi V&R
PRGBS BERAE RS 8, R - HEAFIR
GERR LRI, O S SR, 1S 12 (50 mg);
WA VIGHERAT 1% 3 55, IR S e - H BRI R
GeRRREVEINL, IR R S PEEs, fLEY 11 (40 mg);
WA VI EEAT s 7y 5, ST - HREA AR
bk VLI, I R P 191654 10(800 mg);
WA IVERE AT A BRI, FRERSE
vegk, A7 (10 mg).

3 HMETE

G 1. A, % T MeOH, MEHT
Me,CO. CH,Clyo 23 T34 C32Hp4012, ESI-MS m/z
301 [M+H]" . 254 nm EAMT F B &4 EREBE, 10%
W8 2 W o 8 7k 35 (6. "H-NMR (400 MHz,
DMSO-ds) 0: 8.32 (1H, s, H-2), 12.96 (1H, s,
OH-5), 6.23 (1H, d, J=2.0 Hz, H-6), 10.90 (1H,
brs, OH-7), 6.39 (1H, d, J=2.0 Hz, H-8), 7.03
(1H, d, J=2.0 Hz, H-2"), 9.04 (1H, brs, OH-3"),
3.80 (3H, s, OCHs-4"), 6.97 (1H, d, J=8.4 Hz,
H-5"), 6.94 (1H, dd, J=8.4. 2.0Hz, H-6). Ll I
R4 5 ORI B IR, B 1 S e A
L

&Y 2: Atakrim, Z%T MeOH, M T
CH,Clyo 43§30 C1gH 1,04, ESI-MS m/z 269 [M+H] .
254 nm HKHMT N BAFLERTHE, 10%060 1R IR
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A, 'TH-.NMR (400 MHz, DMSO-dg) J: 8.34
(1H, s, H-2), 7.98 (1H, d, J=8.8 Hz, H-5), 6.94
(1H, dd, J=8.8. 2.4 Hz, H-6), 10.77 (1H, brs,
OH-7), 6.87 (1H, d, J=2.4Hz, H-8), 7.51 (2H,
d, J=8.8Hz, H-2'. 6'), 3.79 (3H, s, OCH;4"),
6.99 (2H, d, J=8.8 Hz, H-3'. 5., *C-NMR (100
MHz, DMSO-dg) 6: 153.6 (C-2), 123.6 (C-3),
175.1(C-4), 127.8(C-5), 115.6 (C-6), 163.0 (C-7),
102.6 (C-8), 157.9 (C-9), 117.1 (C-10), 124.7
(C-1, 130.5 (C-2"), 114.1 (C-3"), 159.4 (C-4"),
114.1 (C-5"), 130.5 (C-6'), 55.6 (OCHs-4"). LA
ERAR LS SR IGETIR IR, RS 2 S N T

WEY 3: AEN, ST MeOH, MEET
CH,Cl. 4> T4 CpHx0, ESI-MS m/z 431 [M+
H] . 254 nm E4MT N BEERE, 10%608 ORI
5 S%BHAHIR £ BV WS R B . "H-NMR (400
MHz, DMSO-ds) J: 8.45 (1H, s, H-2), 8.06 (1H,
d, J=8.8Hz, H-5), 7.16 (1H, dd, J=8.8. 2.4 Hz,
H-6), 7.25 (1H, d, J=2.4Hz, H-8), 7.54 (2H,
d, J=8.8Hz, H-2'. 6'), 3.80 (3H, s, OCH;4"),
7.01 (2H, d, J=8.8 Hz, H-3'. 5, 5.12 (1H, d,
J=7.6 Hz, H-1"). “C-NMR (100 MHz, DMSO-d,)
5: 154.1 (C-2), 123.8 (C-3), 175.1 (C-4), 127.4
(C-5), 116.1 (C-6), 161.9 (C-7), 103.9 (C-8),
157.5 (C-9), 118.9 (C-10), 123.8 (C-1"), 130.6
(C-2", 114.1 (C-3"), 159.5 (C-4"), 114.1 (C-5"),
130.6(C-6"), 100.5(C-1"), 73.6(C-2"), 76.9(C-3"),
70.1 (C-4"), 77.7 (C-5"), 61.1 (C-6"), 55.6
(OCH;3-4")o Lh EXi 2 5 ek nt g, i
3 %558 WAL 2-7-0-B-D-T Z B4

WEY 4. Ak, Z% T MeOH, M T
Me,CO. CH,Clyo 43 72X CigH 1,05, ESI-MS m/z 285
[M+H]". 254 nm E4MT T WAL EREBE,  10%H6%
1% 20 W% v vk 8t . "H-NMR (400 MHz,
acetone-dg) 6: 8.17 (1H, s, H-2), 8.08 (1H, d,
J=8.8 Hz, H-5), 7.01 (1H, dd, J=8.8. 2.0 Hz,
H-6), 9.60 (1H, brs, OH-7), 6.91 (1H, d, J=2.0
Hz, H-8), 7.17 (1H, d, J=2.0 Hz, H-2"), 7.61
(1H, brs, OH-3"), 3.88 (3H, s, OCH;-4"), 6.98
(1H, d, J=8.4Hz, H-5), 7.08 (1H, dd, J=8.4.
2.0 Hz, H-6"). “C-NMR (100 MHz, DMSO-dy) §:
153.5(C-2), 123.8(C-3), 175.0(C-4), 127.8(C-5),

115.6 (C-6), 163.0(C-7), 102.6 (C-8), 157.8 (C-9),
116.9 (C-10), 1252 (C-1, 117.1 (C-2"), 146.5
(C-3"), 148.0 (C-4), 112.4 (C-5"), 120.2 (C-6"),
56.1 (OCHs-4"). DL L¥mge 5 sckipia™ s i,

WY 4 5w o BE S .

WEWS: HEMAR, #EHT CHClw MeOH.
73§ CuH»O10, ESI-MS m/z 447 [M+H] ' .254 nm
BOMT NAWEHE, 10%MEE SR B, 5%16k
R 2B WA B 6. "HINMR (400 MHz,
acetone-dg) J: 824 (1H, s, H-2), 7.61 (1H, brs,
OH-3), 8.13 (1H, d, J=8.8Hz, H-5), 7.16 (1H,
dd, J=8.7. 2.4 Hz, H-6), 7.18 (1H, d, J=2.4 Hz,
H-8), 7.21 (1H, d, J=2.4Hz, H-2"), 3.89 (3H,
s, OCHs-4"), 7.00 (1H, d, J=8.4 Hz, H-5"), 7.10
(1H, dd, J=2.0. 8.4 Hz, H-6"), 5.21 (1H, d, J=6.8
Hz, H-1"). “C-NMR (100 MHz, DMSO-dy) §:
154.1(C-2), 124.0(C-3), 175.1(C-4), 127.4(C-5),
116.1(C-6), 161.9(C-7), 103.9(C-8), 157.5(C-9),
119.0 (C-10), 125.0 (C-1), 116.8 (C-2"), 146.5
(C-3"), 148.0 (C-4), 112.4 (C-5"), 120.2 (C-6"),
100.5(C-1"), 73.6(C-2"), 76.9(C-3"), 70.1 (C-4"),
77.7 (C-5"), 61.1 (C-6"), 56.1 (OCH;-4"). Ll L
K2t 5 S0 ES I I, B 5 e N BER
Hi-7-0-B-D-8 % -

WEY 6: Ak, ST MeOH. 401
3 C17H160s, ESI-MS m/z 301 [M+H] . 254 nm %
AMTH BIEBE, 10%0m IR LB A B, 5%
PR Z BB G, [o]) = —264.4 (c=0.104,
MeOH). 'H-NMR (400 MHz, DMSO-d) &: 7.31
(1H, d, J=8.4Hz, H-1), 6.48 (1H, dd, J=8.4.
2.4 Hz, H-2), 9.64 (1H, s, OH-3), 6.26 (1H, d,
J=24Hz, H-4), 424 (1H, dd, J=16.0. 9.6 Hz,
H-6), 3.61 (2H, m, H-6, H-6a), 6.99 (I1H, d,
J=8.4 Hz, H-7), 6.53 (IH, d, J=8.4 Hz, H-3),
3.74 (3H, s, OCH3-9), 3.71 (3H, s, OCH;-10),
5.57(1H, d, J=6.0 Hz, H-11a). *C-NMR (150 MHz,
DMSO-ds) 6: 132.6(C-1), 110.2(C-2), 159.3(C-3),
103.2(C-4), 156.8 (C-4a), 66.1 (C-6), 39.6 (C-6a),
1223 (C-6b), 119.2 (C-7), 105.5 (C-8), 153.2
(C-9), 133.8 (C-10), 151.6 (C-10a), 79.0 (C-11a),
111.6 (C-11b), 56.5 (OCH3-9), 60.3 (OCH;-10).
H-6a 5 H-11a Z [AI[EEHECH 6.0 Hz, K] C-6a
HC-11a PHAASGIRR L g i FARE 0101 PRl 4
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W) 6 K IEElR, HMOTARMR ) 6aR,11aR” M, LI L
M 5 cEkiE "I, LAY 6 BEN
(6aR,11aR)-3-F£3£-9,10- — F 4 FE LA ¢

&Y 7. AGKHAE, WHT MeOH. 43T
3 C23Ha6010> ESI-MS m/z 463 [M+H] "o 254 nm %
AT R BHEPE, 10%H5 1% Z %08 i ¥ t5. 'H-NMR
(400 MHz, DMSO-dy) d: 7.42 (1H, d, J=8.4 Hz,
H-1), 6.72 (1H, dd, J=8.4. 2.4 Hz, H-2), 6.56
(1H, d, J=2.4 Hz, H-4), 3.69 (1H, m, H-6),
428 (1H, m, H-6), 3.60 (1H, m, H-6a), 7.01
(1H, d, J=8.4Hz, H-7), 6.53 (1H, d, J=8.4 Hz,
H-8), 3.74(3H, s, OCH3-9), 3.71 (3H, s, OCH3-10),
5.63 (1H, d, J=6.8 Hz, H-1l1a). B 10 mg k&4
7 VAT 3 mL 1 mol/mL HC1 ', F-70 Chi# 2 h,
P AL FIAFEF TG 6 mgo W HHEATAZRE S et )
W, ZREEY 6 —3, MrTHEED T AL
AR BIIR A 6aR,11aR o FEIEF 43 15 7 25 5 0) HEL
3L RS K A, EtOAc - MeOH - H,0 - HAc
(13:2:1:3) J#JF, Rf=0.36, it ymzimi. Lo
¥R oo aE I e, A 7 BE N
(6aR,11aR)9,10-— A LRI LeE-3-O-B-D-H % 1

WEY 8: AR, HHT MeOH, XM T
Me,CO. 43 T2 K CysHrnOigr ESI-MS mi/z 869 [M+
H]". 254 nm ZA4MT T BB, 10%6 8 LR
BERLI(N, S%BHHIR Z B W K (6. 'H-NMR
(400 MHz, CsDsN) 6: 3.67 (1H, t, J=10.8 Hz,
H-3), 0.20 (1H, d, J=4.4Hz, H-19a), 0.56 (1H,
d, J=4.4Hz, H-19b), 0.93 (3H, s), 1.26 (3H,
s), 1.30 (6H, s), 142 (3H, s), 1.59 (3H, s),
1.79 (3H, s) b 7 MAFE H S, 1.96 (3H, s),
2.04 (3H, s) A2 ANLWHHAES, 493 (1H, d,
J=1.6 Hz, H-1"), 4.82 (1H, d, J=7.6 Hz, H-1").
BC-NMR (100 MHz, CsDsN) 6: 34.7 (C-1), 28.9
(C-2), 88.9 (C-3), 41.9 (C-4), 52.2 (C-5), 789
(C-6), 34.6 (C-7), 46.1 (C-8), 20.9 (C-9), 29.0
(C-10), 25.9 (C-11), 33.1 (C-12), 44.8 (C-13),
45.7(C-14), 45.9(C-15), 73.1(C-16), 58.0 (C-17),
20.9(C-18), 31.7(C-19), 87.0(C-20), 26.8 (C-21),
29.5(C-22),26.2(C-23), 81.4(C-24), 71.0(C-25),
27.9(C-26), 28.0(C-27), 28.3(C-28), 16.3(C-29),
19.6 (C-30), 103.7 (C-1"), 72.8 (C-2"), 76.6 (C-3"),
68.5 (C-4"), 66.4 (C-5"), 104.9 (C-1"), 75.3(C-2"),
79.0 (C-3"), 71.6 (C-4"), 77.9 (C-5"), 62.8 (C-6"),

170.2, 20.9 (OAc-2"), 169.6, 20.5 (OAc-3). Ll
EHR A S SR IGET IRE, A 8 K e
KT L.

e 9: AtEKK, MHET MeOH. 701K
h C47H74017, ESI-MS m/z 933 [M+Na]’. 254 nm
LOMT FTIEREHE, 10%R IR £ B i B IR R4t
'H-NMR (400 MHz, CsDsN) d: 3.59 (1H, t, J=10.4
Hz, H-3), 0.19 (1H, d, J=4.4 Hz, H-19a), 0.54
(1H, d, J=4.4 Hz, H-19b), 0.90 (3H, s), 1.20
(3H, s), 1.28 (6H, s) 1.40 (3H, s), 1.57 (3H,
$), 1.75 (3H, ) A 7T ANMMAFHEHAES, 1.95 (3H,
s), 2.00 (3H, s), 2.01 (3H, s) A3 NLEHILH
f%%, 497 (1H, d, J=7.6 Hz, H-1"), 4.84 (1H,
d, J=7.2 Hz, H-1"). “C-NMR (100 MHz, CsDsN)
5: 34.7 (C-1), 29.4 (C-2), 89.1 (C-3), 41.9 (C-4),
522 (C-5), 79.1 (C-6), 34.7 (C-7), 46.1 (C-8),
20.9 (C-9), 28.7 (C-10), 25.9 (C-11), 33.1 (C-12),
44.8(C-13), 45.8(C-14), 46.1 (C-15), 73.1(C-16),
58.0(C-17), 21.0(C-18), 31.7(C-19), 87.0 (C-20),
26.9(C-21), 29.4(C-22), 26.2(C-23), 81.5(C-24),
71.0(C-25), 28.0(C-26), 28.1 (C-27), 28.3 (C-28),
16.2(C-29), 19.7(C-30), 103.3(C-1"), 72.1 (C-2"),
72.4(C-3"), 69.6 (C-4"), 62.3 (C-5"), 105.0 (C-1"),
75.4(C-2"), 79.0 (C-3"), 71.7(C-4"), 78.0 (C-5"),
62.9 (C-6"), 170.0, 20.3 (OAc-2"), 169.8, 20.4
(OAc-3"), 169.4, 20.3 (OAc-4"). VL FHikEs 5
BRARIET I IR, (S 9 % ) LR TERAT L

AW 10: HERR, 5% T MeOH, HHT
Me,CO. 43T K CyHrOrs, ESI-MS mi/z 849 [M+
Na]'. 254 nm EAMT FERTHE, 10%5i R 2 B i
BRI, S%BEHIR Z B K 5. "H-NMR
(600 MHz, CsDsN) d: 0.92 (3H, s), 1.27 (3H,
s), 128 (3H, s), 129 (3H, s), 1.40 (3H, s),
1.57 (3H, s), 1.82 (3H, s) A 7T MAFIH Y,
2.02 (3H, s, COCH3), 4.93 (1H, d, J=7.2Hz,
H-1), 4.79 (1H, d, J=7.2 Hz, H-1"). “C-NMR
(150 MHz, CsDsN) d: 31.8 (C-1), 29.7 (C-2),
88.6 (C-3), 42.0 (C-4), 52.2 (C-5), 79.0 (C-6),
34.5 (C-7), 45.6 (C-8), 20.9 (C-9), 28.6 (C-10),
25.9(C-11), 33.1(C-12), 44.8 (C-13), 45.9(C-14),
46.0(C-15), 73.1(C-16), 58.0(C-17), 21.0 (C-18),
28.7(C-19), 87.0(C-20), 26.8 (C-21), 34.6 (C-22),
26.2(C-23), 81.4(C-24), 71.1(C-25), 27.9(C-26),
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28.0(C-27), 28.3(C-28), 16.3(C-29), 19.6 (C-30),
104.5 (C-11, 76.0 (C-2"), 75.3 (C-3"), 71.0 (C-4"),
66.8 (C-5"), 105.0(C-1"), 75.4(C-2"), 78.9(C-3"),
71.6 (C-4"), 77.9 (C-5"), 62.8 (C-6"), 169.2,
21.0 (OAc-2"). L E¥mes 5 Scikirs Ixt i,
AW 10 %58 0o AT 1

WEY 11 AERK, Z% T MeOH, Mg T
Me,CO. 73 7R A Cy3HygO1s, ESI-MS m/z 849 [M+
Na]'o 254 nm E4MT N ERERE, 10%06 8 2B
SR8, SYMEAHIR £ B 5 . 'H-NMR (600
MHz, CsDsN) 6: 3.67 (1H, t, J=10.6 Hz, H-3),
0.20 (1H, brs, H-19a), 0.57 (1H, brs, H-19b),
0.93 (3H, s), 1.28 (6H, s), 1.31 (3H, s), 1.40
(3H, s), 1.57 (3H, s), 1.97 (3H, s) K 7 MA
FE H {59, 1.98 (3H, s, COCH;), 4.88 (1H,
d, J=7.8 Hz, H-1"), 4.82 (1H, d, J=7.2 Hz, H-1").
BC-NMR (150 MHz, CsDsN) 6: 32.0 (C-1), 29.9
(C-2), 88.6 (C-3), 42.4 (C-4), 52.3 (C-5), 79.1
(C-6), 344 (C-7), 45.5 (C-8), 21.0 (C-9), 28.6
(C-10), 25.9 (C-11), 33.2 (C-12), 44.8 (C-13),
46.0(C-14), 46.0 (C-15), 72.9(C-16), 58.0 (C-17),
21.0(C-18), 28.7(C-19), 87.0(C-20), 26.9(C-21),
34.7(C-22), 26.3(C-23), 81.4(C-24), 71.0(C-25),
28.4(C-26), 28.0(C-27), 28.4(C-28), 16.4(C-29),
19.6 (C-30), 107.1 (C-1"), 73.1 (C-2"), 79.1 (C-3"),
69.0 (C-4"), 66.5(C-5"), 105.1 (C-1"), 75.4(C-2"),
79.0 (C-3"), 71.6 (C-4"), 77.9(C-5"), 62.9 (C-6"),
170.6. 21.0 (OAc-3"). LA L¥dn2e 5 ki 74
S, AL AW 11 % o R TR L.

WEY 12: AR, WET COlE, MEET
MeOH. 7313 CsHsNs, ESI-MS m/z 136 [M+H] ",
254 nm LAMT FABEHE, 10%6R R LB 5%
BEAHIR B A B t6 . "TH-NMR (400 MHz,
DMSO-dg) §: 8.11 (1H, s, H-2), 7.10 (2H, s,
NH,-6), 8.08 (1H, s, H-8), 12.85 (1H, s, NH-9),
BC-NMR (100 MHz, DMSO-d¢) d: 152.9 (C-2),
150.7(C-4), 119.0(C-5), 156.3 (C-6), 139.3 (C-8).
DU EBE 2 5 S ipdE O e, e 12 %N
JIRIERS

wEW 13 AtEH, % T CHCL, Al
T Me,CO, MW T MeOH. 73 12\, CooHs00, ESI-MS
miz 415 [M~+H]" o 254 nm 2E4MT T BB, 10%6
TR LI R AT 0, S% AR IR L BV 0

'H-NMR (400 MHz, CDCly) 6: 3.55 (1H, m,

H-3), 538 (1H, m, H-6), 0.71 (3H, s, H-18),
1.03 (3H, s, H-19), 0.94 (3H, d, J=6.0 Hz, H-21),
0.86 (3H, d, J=7.6 Hz, H-26), 0.84 (3H, d, J=7.2
Hz, H-27), 0.87 (3H, t, J=7.6 Hz, H-29). Ll I
K2t 5 SCHRaRE! I, S 13 S B
]
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