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Chemical constituents of n-butanol extract
of Astragalus rigidulus

WU Haofen', ZHOU Jialin', LI Wenyan®, ZHONG Guoyue', JIANG Wei', REN Gang'"

(1. Chinese Medicine Resources and Ethnic Medicine Research Center, Jiangxi University of Chinese Medicine, Nanchang 330004,
Chinaj 2. School of Nursing, Jiangxi University of Chinese Medicine, Nanchang 330004, China )

Abstract: To study the chemical constituents of n-butanol extract from Astragalus rigidulus, HP-20 macroporous
adsorption resin, Sephadex LH-20 gel, ODS gel column chromatography and semi-preparative high performance liquid

chromatography were used to separate the chemical constituents. The structures of all isolates were identified by
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spectroscopic methods, including NMR and HR-ESI-MS. The results showed that twenty compounds including nineteen

flavonoid derivatives and one sesquiterpene glycoside were isolated and purified from n-butanol extract of A.

rigidulus. Their structures were identified as 7-0-methylorobol-4'-0-B-D-glucopyranoside (1), mildiside A (2),

naringenin (3), purine 4'-0-8-D-glucoside (4), orobot (5), kaempferol-3-0-8-D-(6-acetyl) glucopyranoside (6),

5,7-dihydroxy-4'-methoxyisoflavone-2'-0-B-D-glucopyranoside (7), amarantholidoside IV (8), kaempferol-3-0-a-L-

rhamnopyranosyl-( 1—2) -8-D-glucopyranoside (9), kaempferol (10), 5,7,4 -trihydroxyisoflavone (11), kaempferol-
3-0-B-D-glucopyranoside (12), (S)-mucronulatol (13), calycosin (14), quercetin (15), pratensein-7-0-B-D-
glucoside (16), 2'-hydroxy-3’,4’-dimethoxyisoflavan-7-0-8-D-glucoside (17), kaempferol-3-O-rutinoside (18), 5,7,
4’ -trihydroxy-3’-methoxyflavonol-3-O-rutinoside (19), quercetin-3-0-B-D-glucoside (20). It is the first report for the

compounds 1-9 found in the genus Asiragalus. The other compounds are isolated from the title plant for the first

time. The results of this study provide basic data for the pharmacodynamic material study of A. rigidulus, and provide a

theoretical reference for the rational development and utilization of the plant resources in the future.

Key words: Astragalus rigidulus, chemical constituents, isolation and purification, structure identification, isoflavones

A 9 (Astragalus rigidulus) , N SR E &
ZARERORRY) , A T AP B e JEIR P E
VR 38 S a3 (P A AR R S, 1993) ,4E
K TIP3 800 ~5 200 m [ 111 B 50 1wl 7 ¥ 20 5k
M, ZEEAE VY R DX %) 25 22 R T 3R B IR A RS
AR R 2 B LR 5 L T, 2 T 3 v Y
LR T 24 6 B T A B R R, (P E R
il iy (CBURLIN AR 2, 2016) 303K < BRI R 4
FEAEIA K LR | MR A 00 B 5 e M R IR
Jip SR b T, B0 CERZG ) (7K B, 1991) i
B, BEIELIR I Al ik K B 34 B, 1k B R L iR
K . R B A 2 A3 2 B R
DL SCHRHR A

23 R 6 I B R A R T AT T 8
TE, IF A AL TR PR A A IE T BEER AL, A [ W
WA 115 PR SR A AR SO IE T EE A 1Y
fe2z i o 34T TR, N oy B A5 5] 20 Mk &
Wy, 43 93 % 5E A 7-0-methylorobol-4'-0-B-D-%i %
H (1) .mildiside A (2) AlEER (3) BHEEEK4'-0-
B-D-# & M (4) . orobot (5) 122 W;-3-0-8-D-
(6'-Z M) MiAgHEH (6) \5,7-—F K4 -4 S5
-2 -0-B-D-E B (7) .amarantholidoside 1V
(8) W2 B-3-0-a-L-FL 2= Hl (1—2) B-D -4 % H
H(9) W2y (10).5,7,4'-= 5 5 5 & i
(11) , th 2% ®3-3-0-B-D-H5 4 ¥ 4 (12) . (S)-
mucronulatol (13) | & #5 5 Wi (14)  #it £ R
(15) A5 FE-7-0B8-D-H ¥ (16) 2/
F-3, 4 - WSRO BE-7-0-8-D-AE OB AT
(17) (A B -3-0-= FHEAT (18) .5,7,4'-= 5

B3 H AR LI R -3-0- 2= /BT (19) Mt & -
3-0-B-D-HHBEH (20) ., tLEW 1-9 HEIKAE B
EIEh B s, ARG W o A B R
Eh s,

1 AR5 DS

RT3 268, W F VY R 2 M T 3, VLV
B2 R2Eh 2 R 5 R 2 5 OSSP R 2
YooE SR B E R W) 66 B E (Astragalus
rigidulus ) T4

AV-600 #% W4 Ht ¥z A (75 [ Bruker 24 A ) ;
Triple-TOF 5600+ = 43 #¥ 51 1% {X ( HR-QTOF-MS) |
it & ESI B Ui} Analyst 1.6 46 b B B4 (36
E AB SCIEX A #l) ; LC-20AT {5 %X i #H . LC-6AD
il £ AH ( H AR Shimadzu 23 ) ; SHB-IIT BIAE R K
XESE B K IR TR 5 A BRAFR); CP-214
HLF RO (i B ZE 3R A R A A ; R-210 A
JiEs% 2% KA (Fi -+ BUCHI A ] ) ;SZ-93A Rl 4l
IKZEMR A (LR AE AR ) ) s ZF-1 B = %
AN AT A (T RS BB AER ) s BT25S AL 7
SRR (AL TR R R A BR A A ) ;
JE AR (T ST TR ) s HP-20
KAL W A i (= 28 k2= k=X & 4t ; MCL CHP-
20P B fE. Sephadex LH-20 ( W% 1+ Amersham
Pharmacia A7) ; YMC-Pack ODS 271454 (250 mm
X 10 mm,5 pm), 3% H B 25 200 {52 H
Tedia 7 B2 5 40 B 20 B B S be S 05 AT
fit | TR TR LTI S BE AL TR A R A A
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2 ®BMEL B

SR e B B A R 2GR R 1 14.56 kg
2k, R A B IR, IR DL 95% 50% %
AT IS, & IF 8 W, Wl moA AR =R
4.18 kg, B 4.1 kg I8 MKIE 2R B 2= T B
LA AR B T S B SR SR AN
IE T BEZEHL, 25 1 A2 B 3 Uk, R vk 4 MDA AL
WA, o A5 B AE Y 348.28 g (A1l EE)R) .
125.26 ¢ (AN LE)Z) .69.43 ¢ (LRLTR)Z) |
212.36 ¢ (IETHE)Z) 3 151.62 g (/KJZE) .

IE T EEERALZE HP20 KL W (53 A1 ( L -
K0:100—95 : 5) %5 11 ¥4 (Fr.HO-Fr.
H10), Fr.H4 (27.0 g) £ MCI CHP-20P #JigHE
(- K 10 : 90—100 : 0) 15 3| 4 ¥ 4>
(Fr. H4M1 - Fr. H4M4 ), Fr. HAM3 (0.5 g) %
Sephadex LLH-20 BERC A A 5E (W ER) SR EY
10 (17.6 mg) ;Fr.H4M1 (9.3 g) £ ODS S i) (4,
BE(HEE-7K 0 : 100100 : 0) 1§ 5] 5 7 &
(Fr.H4M101-Fr.H4M105) , Fr.H4M104 (0.8 g)
2% Sephadex LH-20 #F ¢ A (015 ( W) | dk 2L &
PHPLC( ZiE-7K 22 : 78,3 mL - min™, K 9% K
210 nm) %15 L 5% 8 (36.5 mg) ; Fr. H4AM102
(4.9 g) TEMEE-7K (100 : 0) | HRITIE, 155
LGP 12 (2.6 ¢) , H FIE M4 Sephadex LH-20 &t
JREFE i ( FH ) 453 7 NI 4 (Fr. HAM1O2L1 -
Fr.H4M102L7) . H:A Fr.H4M102L2 (351.1 mg)
Y222 PHPLC( LHE-7K 18 : 82,3 mL « min™, K
M 210 nm) Hil & B LGP 9 (1.0 mg) (19
(15.2 mg) , Fr.H4M102L3 (165.5 mg) % PHPLC
(ZH5-7K 16 : 84, 3 mL - min™, # 1l & K 210
nm) H %51k &4 18 (3.0 mg) , Fr. H4AM102L7
(52.1 mg) £ PHPLC(ZJ5-7K 16 : 84, 3 mL -
min” K I P K 210 nm) Hl &SS9 20 (2.2
mg) ., Fr.H5 (27.3 g) £ MCI CHP-20P 4 JIg # {5
(I -7K 10 : 90100 : 0) 15 3] 7 ¥ 4>
(Fr.HSM1-Fr.HSM7) ; Fr. H5M2 (3.1 g) Kk &
Sephadex LH-20 #¢ it A1 €0 3% ( B 5 ) 75 10 4S9 43
(Fr. HSM2L1 - Fr. HSM2L10) , H: ¥ Fr. HSM2L7
(77.8 mg) % PHPLC(ZiE-7K 16 : 84, 3 mL -
min™ K P K 210 nm) Hl S SLE Y 17 (4.0
mg) ; Fr.HSM2L10 (89.1 mg) £ PHPLC( ZHiE-/K

16 : 84, 3 mL - min™ AP K 210 nm) il 5151k
A¥16 (2.5 mg), Fr. HSM2L9 (25.1 mg) %
PHPLC( ZWE-7K 25 : 75,3 mL « min™ , K I0 % K
210 nm) & EALEW 7 (2.2 mg) .6 (2.1 mg) .,
Fr.H5M5 (7.2 g) £ Sephadex LH-20 #§ % #1433
(W) 5164 % 15 (22.0 mg) 1 Fr. HSM5L3
(11.0 mg) , Fr.H5M5L3 (11.0 mg) £ PHPLC( Z
-7k 24 : 76,3 mL + min” , &K 210 nm) il
HHEEY S (4.2 mg), Fr.H5M6 (4.0 g) &
Sephadex LH-20 &R (43 ( H ) 4521 8 N 40
( Fr. HSMOLI - Fr. HSMOL8 ) , H: tf Fr. HSM9L7
(29.0 mg) %4 PHPLC( ZHE-7/K 24 : 76, 3 mL -
min” A P K 210 nm) S BIL AW 4 (5.1
mg) , Fr.H6 (19.7 g) £ Sephadex LH-20 #E i £
Rk vk (W BE) 5 3 7 A9 4 (Fro HOL1 - Fr.
H6L7) . Fr.H6LA (2.4 g) £ ODS J [ A (4,3 ( F
- 7K 10 : 90—100 : 0) 5 3] 9 4~ 4> ( Fr.
H61401-Fr.H61409) ., Fr.H61404 (37.2 mg) &
PHPLC( ZE-7K 25 : 75,3 mL - min™, ¥ ) % K
210 nm) Fl % ELEY 14 (3.1 mg) 3 (2.0 mg) ;
Fr.H61405 (28.5 mg) % PHPLC( ZHE-7K 30 :
70,3 mL - min" ) HEBAESH 1 (9.1 mg) .11
(4.2 mg) ; Fr.H61407 (26.8 mg) £ PHPLC(Z
7K 30 : 70,3 mL « min” K3 K 210 nm) 1l
#iLEY 2 (5.0 mg) 13 (5.2 mg) ., L&Y 1-
20 &R 1 FR .

3 fhamdEmER

k&1 Raa ik (FE), TR
C,,H,,0, ,ESI-MS m/z; 463.123 5 [M+H]",'H-
NMR (600 MHz, DMSO-d,) &: 12.92 (1H, s, OH-
5),8.42 (1H, s, H-2), 7.15 (1H, d, J=8.4 Hz,
H-5'), 7.06 (1H, d, J=2.2 Hz, H-2"), 6.93
(1H , dd, J=8.4, 2.2 Hz, H-6"), 6.64 (1H, d,
J=2.2 Hz, H-8), 6.40 (1H, d, J=2.2 Hz, H-6),
471 (1H, d, J=7.3 Hz , H-1"), 3.85 (3H, s,
OMe-7), 3.73 (1H, m, H-6"b), 3.46 (1H, m,
H-6"a), 3.34 (1H, m, H-5"), 3.32 (1H, m, H-
2"y, 3.29 (1H, m, H-3"), 3.19~3.15 (1H, m,
H-4") ,”C-NMR ( 150 MHz, DMSO-d,) &: 154.9
(C-2),122.2 (C-3), 180.3 (C-4), 161.8 (C-5),
98.1 (C-6), 165.3 (C-7), 92.5 (C-8), 157.5 (C-
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1 R,;=OMe, R,=R4=OH, R3=H, Rs=0-f-D-glc
2 R;=R4=OMe, R,=OH., R;=H., Rs=0--D-glc
4 R;=OMe, Ry=OH. R;=Rs=H. Rs=0-p-D-glc
5 R;=R,=R,=Rs=OH, Rs=H

7 Ry=R,=OH, R3=0-f-D-glc, Ry=H, Rs=OMe
11 R;=R,=Rs=OH, Rs=R;=H

14 R;=R;=OH, Ry=R;=H, Rs=OMe

16 R,=0-p-D-glc, R;=Rs=OH, R3=H, Ry=OMe

R O
1 R,

Ry
OH

13 R;=R3=0H, Ry=R4;=OMe
17 R;=0-p-D-glc, R;=OH, R3=R4=OMe

1
Fig. 1

9), 105.5 (C-10), 125.2 (C-1"), 116.7 (C-2"),
146.5 (C-3"), 145.4 (C-4'), 116.5 (C-5"),
120.0 (C-6"), 102.2 (C-1"), 73.3 (C-2"), 77.3
(C-3"),69.9 (C4"), 75.9 (C-5"), 60.8 (C-6"),
56.2 (OMe-7), L i %4 5 SCHK (Han et al.,
2013) B HEA —H, M EEEW 1 N 7-0-
methylorobol-4"-0-B-D-%j % B .

a2 WwEAME(HE), T
C,H,,0,,, ESI-MS m/z: 477.1392 [M+H]",'H-
NMR (600 MHz, DMSO-d,) 8: 12.93 (1H, s, OH-
5),8.50 (1H, s, H-2), 7.22 (1H, d, J=2.0 Hz,
H-2"), 7.15 (1H, d, J=8.4 Hz, H-5"), 7.10
(1H, dd, /J=8.4, 2.0 Hz, H-6"), 6.68 (1H, d,
J=2.2 Hz, H-8), 6.43 (1H , d, J=2.2 Hz, H-

6 R;= O-p-D-(6"acetyl)gle, Ry,=OH, R3=H

9 R;=0-a-L-tha (1-2)-p-D-glc, R,=OH, R;=H
10 R;=R,=0H, R3=H

12 R;=0-p-D-glc, R,=0OH, R;=H

15 R;=R,=R3;=0OH

18 R;=0-a-L-rha (1—6)-p-D-glc, R,=OH, R;=H

19 R;=0-a-L-rtha (1—-6)-p-D-glc. R,=OH, R;=OMe
20 R;=0-p-D-glc, R)=R3;=0H

OH
HO o) ©/ i OH
X =

Ogle

3 8

& 1-20 MR

Structural formulas of compounds 1-20

6), 4.96 (1H, d, J=7.5 Hz, H-1"), 3.87 (3H,
s, OMe-3"), 3.80 (3H, s, OMe-7), 3.67 (1H,
m, H-6"b), 3.46 (1H, m, H-6"a), 3.33~3.25
(4H, m, H-2", 3", 4", 5") ,*C-NMR (150 MHz,
DMSO-d,) 6. 155.1 (C-2), 122.2 (C-3), 180.3
(C-4), 161.8 (C-5), 98.2 (C-6), 165.3 (C-7),
92.5 (C-8), 157.5 (C-9), 105.4 (C-10), 124.3
(C-1"), 115.1 (C-2'), 148.6 (C-3'), 146.5 (C-
4"y, 113.5 (C-5"), 121.4 (C-6"), 100.0 (C-1"),
73.2 (C-2"), 77.1 (C-3"), 69.7 (C-4"), 76.9 (C-
5"), 60.7 (C-6"), 55.8 (OMe-7), 56.2 ( OMe-
3", FREE S SCHR ( Dat et al., 2019) 4R 18 H A
— L BUEE G Y 2 O mildiside A

3 B TRREA A FRC,H L0,
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ESI-MS m/z: 273.0758 [M+H]".' H-NMR (600
MHz, DMSO-d,) &: 7.31 (2H, d, J=8.5 Hz, H-
2',6'), 6.79 (2H, d, J=8.6 Hz, H-3', 5'),
5.86 (2H, s, H-6, 8), 5.43 (1H, dd, J=12.8,
2.9 Hz, H-2), 3.25 (1H, dd, J=17.1, 12.8 Hz,
H-3a), 2.67 (1H, dd, J=17.1, 2.9 Hz, H-3b) .
"C-NMR (150 MHz, DMSO-d,) &: 78.5 (C-2),
41.9 (C-3), 196.3 (C-4), 163.7 (C-5), 95.9 (C-
6), 167.3 (C-7), 95.2 (C-8), 162.9 (C-9),
101.8 (C-10), 128.9 (C-1"), 128.4 (C-2", 6'),
115.1 (C-3",5"), 157.7 (C-4"), FR%HE 5
MK (Tbrahim et al., 2003) #2384 — 2, %2 b
G0 3 AR,

ke a4 WE G TLERBHK, 51X
C,H,,0,,, ESI-MS m/z; 447.128 6 [M+H " 'H-
NMR (600 MHz, DMSO-d,) 6: 12.90 (1H, s, OH-
5), 8.48 (1H, s, H-2), 7.51 (2H, d, J =8.7
Hz, H-2', 6'), 7.10 (2H, d, J =8.7 Hz, H-3',
5'),6.68 (1H, d, J=2.2 Hz, H-8), 6.43 (1H,
d, J=2.2 Hz, H-6), 491 (1H, d, J=7.4 Hz, H-
1), 3.88 (3H, s, OMe-7), 3.82~3.64 (1H, m,
H-6"b), 3.52~3.44 (1H, m, H-6"a), 3.43~3.35
(1H, m, H-5"), 3.31~3.21 (2H, m, H-2", 3"),
3.21~3.11 (1H, m, H-4") /" C-NMR (150 MHz,
DMSO-d,) 8; 154.9 (C-2), 124.0 (C-3), 180.3
(C-4), 161.7 (C-5), 98.6 (C-6), 165.3 (C-7),
92.5 (C-8), 157.5 (C-9), 105.4 (C-10), 122.2
(C-1), 130.1 (C-2", 6'), 116.1 (C-3", 5'),
157.3 (C-4"), 100.3 (C-1"), 73.2 (C-2"), 77.1
(C-3"), 69.7 (C-4"), 76.6 (C-5"), 60.7 (C-6"),
56.2 (OMe-7) ., iR %4 5 SCHK ( Drenin et al.,
2011 fiREFEA — 8, Bk & 4 A E R
4'-0-B-D-H HHET

ke s W AT E R B K, 5 F K
C,sH,,0,, ESI-MS m/z; 287.0551 [M + H]"*,
"H-NMR (600 MHz, DMSO-d,) 6: 12.99 (1H, s,
OH-5), 8.29 (1H, s, H-2), 6.99 (1H, d, J=2.1
Hz, H-2'), 6.80 (1H, dd, J=8.2, 2.1 Hz, H-
6'), 6.77 (1H, d, J=8.2 Hz, H-5"), 6.38 (1H,
d, J=2.1 Hz, H-8), 6.22 (1H, d, J=2.1 Hz, H-
6) ., “C-NMR (150 MHz, DMSO-d,) &: 154.0 (C-
2), 121.6 (C-3), 180.2 (C-4), 162.0 (C-5),
98.9 (C-6), 164.3 (C-7), 93.6 (C-8), 157.5 (C-

9), 104.5 (C-10), 122.4 (C-1"), 115.4 (C-2"),
144.9 (C-3"), 145.5 (C-4"), 116.5 (C-5"),
119.9 (C-6"), iR %#E 5 Tk ( Geiger et al.,
1987) 1B HeA — 3, B E LG 5 M orobot,

&P 6  mE B U0 e Bk R, 4 73U
C,,H,,0,,,ESI-MS m/z;: 491.118 5 [M+H]"*,'H-
NMR (600 MHz, DMSO-d,) &: 7.99 (2H, d, J=
8.9 Hz, H-2', 6'), 6.87 (2H, d, J=8.9 Hz, H-
3',5'), 6.43 (1H, d, J=2.1 Hz, H-8), 6.20
(1H, d, J=2.1 Hz, H-6), 5.35 (1H, d, J=17.5
Hz, H-1"), 4.10 (1H, dd, J=11.7, 2.1 Hz, H-6"
a), 3.95 (1H, dd, J=11.7, 6.1 Hz, H-6"b),
3.41 (1H, m, H-5"), 3.23 (1H, m, H-2"), 3.21
(1H, m, H-3"), 3.12 (1H, m, H-4"), 1.74
(3H, s, H-8"),"C-NMR (150 MHz, DMSO-d,)
8:156.5 (C-2), 133.1(C-3), 177.3 (C-4),
161.2 (C-5), 98.8 (C-6), 160.0 (C-7), 93.7 (C-
8), 156.4 (C-9), 101.1 (C-10), 120.8 (C-1"),
130.8 (C-2', 6'), 115.0 (C-3", 5"), 165.9 (C-
4"y, 104.3 (C-1"), 73.9 (C-2"), 76.1 (C-3"),
69.8 (C-4"), 74.1 (C-5"), 63.1 (C-6"), 169.8
(C-7"), 20.2 (C-8"), EiREHE S CHR (Zhu et
al., 2016) R iE A — 0, ML S AW 6 HilZs
I 3-0-8-D-(6'-Z. W) HZIHEF .

K& 7T WE G T E BB K, 55T X
C,,H,,0, ,ESI-MS m/z; 463.1235 [M+H]","'H-
NMR (600 MHz, CD,0D) &: 8.13 (1H, s, H-2),
7.13 (1H, d, J=8.3 Hz, H-6'), 6.76 (1H, d,
J=2.3 Hz, H-3"), 6.56 (1H, d, J = 2.2 Hz, H-
8), 6.55 (1H, dd, J = 8.3, 2.3 Hz, H-5"), 6.37
(1H, d, J=2.2 Hz, H-6), 4.93 (1H, d, J=17.7
Hz, H-1"), 3.89 (3H, s, OMe-4"), 3.70 (1H,
dd, J=12.0, 5.5 Hz, H-6"a), 3.66~3.56 (1H,
m, H-6"b), 3.46 ~3.40 (2H, m, H-2", 3"),
3.37~3.32 (2H, m, H-4", 5").” C-NMR (150
MHz, CD,0D) 8. 157.6 (C-2), 122.1 (C-3),
182.7 (C-4), 163.5 (C-5), 93.3 (C-6),167.3
(C-7),99.3 (C-8), 159.7 (C-9), 107.2 (C-10),
112.9 (C-1"), 157.8 (C-2"), 104.3 (C-3"),
160.4 (C-4"), 110.4 (C-5"), 133.5 (C-6"),
102.7 (C-1"), 73.8 (C-2"), 78.3 (C-3"), 71.2
(C-4"),74.8 (C-5"), 62.5 (C-6"), 56.5 ( OMe-
4"y, FidEE S SCHk ( Zhao et al., 2016) HziH K&
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K-8 WA BY T N5, T- R4 - RS
SEHL-2"-0-B-D-F A M

a8 W AT E R kK, 5 K
C, H, Oy ,ESI-MS m/z: 419.264 0 [M+H]",'H-
NMR (600 MHz, CD,0D) &; 5.93 (1H, dd, J=
17.4, 10.8 Hz, H-2), 5.25 (1H, m, H-6), 5.21
(1H, dd, J=17.4, 1.6 Hz, H-1a), 5.04 (1H,
dd, J=10.8, 1.6 Hz, H-1b), 4.36 (1H, d, J=7.8
Hz, H-1'), 3.87 (1H, dd, J=11.9, 2.2 Hz, H-6'
b), 3.67 (1H, dd, J=11.9, 5.5 Hz, H6'a),
3.45 (1H, dd, J=9.5, 2.3 Hz, H-10), 3.42~3.34
(2H, m, H-4',5'), 3.32~3.19 (2H, m, H-2',
3'),2.38 (1H, m, H-8a), 2.17 (1H, m, H-8b)
2.09~2.01 (2H, m, H-5), 1.63 (3H, s, H-14),
1.53 (1H, dd, J=11.2, 5.9 Hz, H-4), 1.49~1.28
(2H, m, H-9), 1.27 (3H, s, H-15), 1.18 (3H,
s, H-12), 1.15 (3H, s, H-13)_,” C-NMR ( 150
MHz, CD,0D) &; 112.0 (C-1), 146.3 (C-2),
73.8 (C-3), 43.5 (C-4), 3.7 (C-5), 126.4 (C-
6), 1359 (C-7), 31.3 (C-8), 37.0 (C-9), 89.2
(C-10), 73.5 (C-11), 24.5 (C-12), 26.5 (C-
13), 15.9 (C-14), 27.6 (C-15), 105.3 (C-1"),
75.3 (C-2"), 78.1 (C-3"), 71.5 (C-4"), 78.0 (C-
5'), 62.5 (C-6"), L iR%EHE 5 SCHR ( Fiorentino et
al., 2006) B HA B, M EEHLEY 8 N
amarantholidoside IV ,

a9 Wu A R ks K, 5 XK
C,,H, 0,5, ESI-MS m/z; 595.165 8 [M+H]" 'H-
NMR (600 MHz, CD,0D) & 8.05 (2H, d, J=8.9
Hz, H-2', 6'), 6.89 (2H, d, J=8.9 Hz, H-3',
5'),6.37 (1H, d, J=2.0 Hz, H-8), 6.18 (1H,
d, J=2.0 Hz, H-6), 5.75 (1H, d, J=7.6 Hz, H-
1"y, 5.23 (1H, d, J=1.6 Hz, H-1"), 4.04 (1H,
m, H-5"), 4.00 (1H, m, H-2"), 3.78 (1H, m,
H-3"), 3.74 (1H, dd, J=12.0, 2.2 Hz, H-6"a),
3.62 (1H, m, H-2"), 3.56 (1H, m, H-5"), 3.51
(1H, dd, J=12.0, 5.7 Hz, H-6"b), 3.36~3.34
(1H, m, H-4"), 3.30~3.27 (1H, m, H-4"),
3.23 (1H, m, H-3"), 0.96 (3H, d, J=6.2 Hz,
H-6"), “C-NMR (150 MHz, CD,0D) §: 158.4
(C-2), 134.4 (C-3), 179.4 (C-4), 163.2 (C-5),
99.7 (C-6), 165.8 (C-7), 94.6 (C-8), 158.5 (C-
9), 105.9 (C-10), 123.1 (C-1"), 132.1 (C-2,

6'), 116.1 (C-3",5"), 161.3 (C-4"), 100.3 (C-
1), 80.0 (C-2"), 78.9 (C-3"), 71.8 (C-4"),
78.4 (C-5"), 62.6 (C-6"), 102.6 (C-1"), 72.4
(C-2"), 72.3 (C-3"), 74.0 (C-4"), 69.9 (C-
5"), 17.5 (C-6"), FiR%HE 5 CHR (Wu et al.,
2009) il FEA—3, WS e G 9 1L AT -3-
O-o-L- B ZEHE (1-2) -B-D-H % B

k& w10 WA T E IR B K, 57 X
CsH,,0,,ESI-MS m/z; 287.055 1 [M+H]* 'H-
NMR (600 MHz, DMSO-d,) &: 8.04 (2H, d, J=
8.9 Hz, H-3',5'), 6.92 (2H , d, J=8.9 Hz, H-
2',6'), 6.43 (1H, d, J=2.0 Hz, H-8), 6.18
(1H, d, J=2.0 Hz, H-6) ,”C-NMR (150 MHz,
DMSO-d,) 8; 146.7 (C-2), 135.7 (C-3), 175.9
(C-4), 156.2 (C-5), 98.3 (C-6), 164.2 (C-7),
93.5 (C-8), 160.7 (C-9), 102.9 (C-10), 121.7
(C-1"), 129.5 (C-2", 6'), 115.4 (C-3", 5'),
159.2 (C-4"), FR%dE 5 3CHR (Liu et al., 2009)
B FEA 2, B R E Y 10 I AT,

k& ® 11 AT E MR KR, 5 F X
C,sH,,05, ESI-MS m/z: 271.060 1 [M+H]*,
"H-NMR (600 MHz, DMSO-d,) &: 7.36 (2H, d,
J=8.6 Hz, H-2', 6'), 6.81 (2H, d, J=8.6 Hz,
H-3",5'),6.31 (1H, d, J=2.0 Hz, H-8), 6.15
(1H, d, J=2.0 Hz, H-6) ,”C-NMR (150 MHz,
DMSO-d,) 8: 153.7 (C-2), 121.4 (C-3), 178.0
(C-4), 157.4 (C-5), 99.5 (C-6), 161.9 (C-7),
93.9 (C-8), 157.7 (C-9), 104.0 (C-10), 122.1
(C-1"), 130.2 (C-2", 6'), 115.1 (C-3", 5'),
161.7 (C-4"), LR HHE 5 Ck (fF W2 %,
2005) il B A —F R e Aa W 11 Sy 5,7,4'-
SRR

& W 12 WA E B KR, 5 F R
C, H,,0,,,ESI-MS m/z; 449.107 9 [M+H]",'H-
NMR (600 MHz, CD,0D) & 8.05 (2H, d, /=8.8
Hz, H-2', 6'), 6.89 (2H, d, J=8.8 Hz, H-3",
5'),6.39 (1H, d, J=1.8 Hz, H-8), 6.20 (1H,
d, J=1.8 Hz, H-6), 5.24 (1H, d, J=7.3 Hz, H-
1”), 3.68 (1H, dd, J=11.8, 2.4 Hz, H-6"b),
3.52 (1H, dd, J=11.8, 5.5 Hz, H-6"a), 3.45~
3.39 (2H, m, H-2", 5"), 3.30 (1H, m, H-3"),
3.20 (1H, ddd, J=9.8, 5.5, 2.4 Hz, H-4") ,"C-
NMR (150 MHz, CD,0D) &;: 159.0 (C-2), 135.4
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(C-3),179.4 (C-4), 163.1 (C-5), 104.1 (C-6),
166.7 (C-7), 95.0 (C-8), 158.6 (C-9), 105.6
(C-10), 122.8 (C-1'), 132.3 (C-2, 6'), 116.1
(C-3',5"), 161.6 (C-4"), 100.1 (C-1"), 75.8
(C-2"),78.4 (C-3"),71.3 (C-4"),78.0 (C-5"),
62.6 (C-6"), FiR%HE 5 CHR (Wu et al., 2009)
B A — B, MOE R G Y 12 R IL A R -3-0-8-
D-HIAHHAT

k&Y 13 B E KoK, o+ 7R
C.H,0,, ESI-MS m/z: 303.122 7 [M+H]",
'"H-NMR (600 MHz, DMSO-d,) &: 9.16 (1H, s,
OH-7), 8.62 (1H, s, OH-3') , 6.85 (1H, d, J=
8.2 Hz, H-5), 6.68 (1H, d, J=8.6 Hz, H-5'),
6.59 (1H, d, J=8.6 Hz, H-6"), 6.27 (1H, dd,
J=8.2, 2.4 Hz, H-6), 6.18 (1H, d, J=2.4 Hz,
H-8), 4.09 (1H, ddd, J=10.3, 3.5, 2.1 Hz, H-
2b),3.89 (1H, t, J=10.3 Hz, H-2a), 3.74 (3H,
s, OMe-4’), 3.72 (3H, s, OMe-2"), 3.30 (1H,
m, H-3), 2.83 (1H, dd, J=15.6, 11.3 Hz, H-
4a), 2.70 (1H, dd, J=15.6, 4.5 Hz, H-4b) ,"C-
NMR (150 MHz, DMSO-d,) &: 70.2 (C-2), 31.8
(C-3), 31.3 (C-4), 130.5 (C-5), 108.4 (C-6),
157.0 (C-7), 103.0 (C-8), 155.0 (C-9), 113.2
(C-10), 116.7 (C-1"), 146.5 (C-2"), 139.7 (C-
3'), 148.2 (C-4"), 108.0 (C-5"), 127.3 (C-6"),
56.4 (OMe-2"), 60.7 (OMe-4") ., FRE 5 X
ik ( Hamburger et al., 1987 ) #2il FEA—Z(, it % &
&Y 13 & (S) -mucronulatol ,

e W 14 E AT E BB KR, 4R
C,H,0,,ESI-MS m/z: 285.075 8 [M+H]"."H-
NMR (600 MHz, DMSO-d,) &: 9.02( 1H, s, OH-
3'),8.27 (1H, s, H-2), 7.94 (1H, d, J=8.8
Hz, H-5), 7.03 (1H, d, J=1.7 Hz, H6') ,
6.96~6.94 (2H, m, H-2', 5'), 6.91 (1H, dd,
J=8.8, 2.2 Hz, H-6), 6.84 (1H, d, J=2.2 Hz,
H-8), 3.78 (3H, s, OMe-4')." C-NMR ( 150
MHz, DMSO-d,) &: 153.0 (C-2), 124.7 (C-3),
174.6 (C-4), 127.3 (C-5), 115.3 (C-6), 163.2
(C-7), 102.1 (C-8), 157.5 (C-9), 116.7 (C-
10), 123.3 (C-1"), 116.4 (C-2"), 146.0 (C-3"),
147.5 (C-4"), 112.0 (C-5'), 119.7 (C-6') , 55.7
(OMe-4") . Eib%dia 5 3CHR ( Cui et al., 1993) 4t
EREAR B W E B Y 14 B R EE

&Y 15 W A J0E BB R, 4+
C,;H,,0,,ESI-MS m/z; 303.050 6 [ M+H]",'H-
NMR (600 MHz, DMSO-d,) 6: 12.48 (1H, s, OH-
5),7.66 (1H, d, J=2.2 Hz, H-2"), 7.54 (1H,
dd, J=8.5, 2.2 Hz, H-6'), 6.88 (1H, d, J=8.5
Hz, H-5'), 6.41 (1H, d, J=2.0 Hz, H-8), 6.18
(1H, d, J=2.0 Hz, H-6) ,”C-NMR (150 MHz,
DMSO-d,) 6: 146.8 (C-2), 135.8(C-3), 175.9
(C-4), 160.7 (C-5), 98.3 (C-6), 164.1 (C-7),
93.4 (C-8), 156.2 (C-9), 103.0 (C-10), 122.0
(C-1"), 115.1 (C-2"), 145.1 (C-3"), 147.8 (C-
4"y, 115.7 (C-5"), 120.0 (C-6") ., FiR%HRE S5
Bk (Wu et al., 2008) fRIEHA—F, B ELEY
15 Wit %

k& W 16 R A E B K, o T X
C,H,,0, ,ESI-MS m/z: 463.123 5 [M+H ", H-
NMR (600 MHz, CD,0D) &: 8.19 (1H, s, H-2),
7.18 (1H, d, J=2.0 Hz, H-2"), 6.99 (1H, dd,
J=8.2,2.0 Hz, H6'), 6.86 (1H, d, J=8.2 Hz,
H-5'), 6.72 (1H, d, J=2.2 Hz, H-8), 6.53
(1H, d, J=2.2 Hz, H-6), 5.05 (1H, d, J=7.2
Hz, H-1"), 3.90 (3H, s, OMe-7), 3.72 (1H, m,
H-6"a), 3.65 (1H, m, H-6"b), 3.58 (1H, m, H-
3"), 3.50~3.46 (2H, m, H-2", 4"), 3.43~3.38
(1H, m, H-5") ,*C-NMR (150 MHz, CD,0D) &:
155.6 (C-2), 123.6 (C-3), 182.5 (C-4), 163.6
(C-5), 101.1 (C-6), 164.8 (C-7), 95.9 (C-8),
159.2 (C-9), 108.0 (C-10), 125.1 (C-1"), 114.0
(C-2'), 148.1 (C-3"), 148.8 (C-4"), 116.2 (C-
5'), 122.9 (C-6"), 101.6 (C-1"), 74.7 (C-2"),
78.38 (C-3"), 71.2 (C-4"), 77.8 (C-5"), 62.40
(C-6"), 56.5 (OMe-4") ., FiR%HE 5 SCHk (Fu et
al., 2012) il A — 8, MU E AW 16 R4
FHE R -7-0-B-D-H HHEH

k& W 17 WREARE(PTE), 47X
CpH,0,,, ESI-MS m/z: 465.175 6 [M+H]" 'H-
NMR (600 MHz, CD,0D) &; 7.00 (1H, d, J=8.4
Hz, H-5), 6.72 (1H, d, J=8.6 Hz, H-6"), 6.65
(1H, dd, J=8.4, 2.5 Hz, H-6), 6.63 (1H, d,
J=8.6 Hz, H-5"), 6.59 (1H,d, J=2.5 Hz, H-8),
4.87 (1H, overlap, H-1"), 4.23 (1H, ddd, J=
10.4, 3.5, 2.1 Hz, H-2b), 3.97 (1H, t, J=10.4
Hz, H-2a), 3.91(1H, dd, J=12.1, 2.0 Hz, H-6"
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b), 3.86 (3H, s, OMe-4"), 3.85 (3H, s, OMe-
3'), 3.73 (1H, dd, J=12.1, 5.1 Hz, H-6"a),
3.46 (1H, m, H-3), 3.50~3.39 (4H, m, H-2",
3", 4",5"),2.95 (1H, m, H-4a), 2.86 (1H, m,
H-4b) ,*C-NMR (150 MHz, CD,0D) &: 71.7 (C-
2), 33.1 (C-3), 32.5 (C-4), 131.1 (C-5),
108.4 (C-6), 158.4 (C-7), 102.5 (C-8), 156.2
(C-9), 117.8 (C-10), 128.4 (C-1'), 147.3 (C-
2'), 140.7 (C-3"), 149.8 (C-4"), 110.3 (C-5"),
117.8 (C-6"), 105.7 (C-1"), 74.9 (C-2"), 78.1
(C-3"), 71.4 (C-4"), 78.0 (C-5"), 62.5 (C-6"),
61.3 (OMe-3"), 56.7 (OMe-4") . FiR%HE 5 X
k(4 22 4%, 2008) fiiE S A — B i E A
Y17 S 2’ -FR 33 47 P A L R BE-7-0-8-D-
A

k& Y 18 ¥ JC o ok oK, 4 7 30
C,,H, 0,5, ESI-MS m/z; 595.165 8 [M+H]" 'H-
NMR (600 MHz, CD,0D) &: 8.07 (2H, d, /=8.8
Hz, H-2', 6'), 6.89 (2H, d, J=8.8 Hz, H-3',
5'), 6.40 (1H, d, J=2.0 Hz, H-8), 6.21 (1H,
d, J=2.0 Hz, H-6), 5.13 (1H, d, J=7.3 Hz, H-
1"y, 4.52 (1H, d, J=1.6 Hz, H-1"), 3.81 (1H,
dd, J=11.1, 1.6 Hz, H-6"a), 3.62~3.53 (1H,
m, H-3"), 3.54~3.34 (6H, m, H-2", 3", 5", 2",
5" 6"b), 3.29~3.23 (2H, m, H-4", 4"), 1.12
(3H, d, J=6.2 Hz, H-6") ,”C-NMR (150 MHz,
CD,0D) &; 159.4 (C-2), 135.5 (C-3), 179.4 (C-
4),163.1 (C-5), 100.1 (C-6), 166.3 (C-7),
95.0 (C-8), 158.6 (C-9), 105.6 (C-10), 122.8
(C-1"), 132.4 (C-2',6"), 116.1 (C-3",5"),
161.5 (C-4'), 104.6 (C-1"), 75.8 (C-2"), 78.2
(C-3"),72.3 (C-4"), 77.2 (C-5"), 68.6 (C-6"),
102.4 (C-1"), 71.4 (C-2"), 72.1 (C-3"), 73.9
(C-4"), 69.7 (C-5"),17.9 (C-6"), FiREHES
SCHik (Feng et al., 2007 ) #1834 — 2, il % @ 1k
AW 18 F LAY -3-0- 25 BE AT .

k&P 19 # 08w kR, 4 7 30
CH,,0,,, ESI-MS m/z; 625.176 4 [M+H]"_'H-
NMR (600 MHz, CD,0D) &; 7.97 (1H, d, J=2.1
Hz, H-2"), 7.65 (1H, dd, J=8.4, 2.1 Hz, H-
6'), 6.94 (1H, d, J=8.4 Hz, H-5'), 6.43 (1H,
dd, J=4.0, 2.1 Hz, H-8), 6.23 (1H, d, J=2.1
Hz, H-6), 5.26 (1H, d, J=7.5 Hz, H-1"), 4.55

(1H, d, J=1.6 Hz, H-1"), 3.97 (3H, s, OMe-
3"), 3.82 (1H, dd, J=11.3, 1.6 Hz, H-6"a),
3.62 (1H, dd, J=3.5, 1.6 Hz, H-3"), 3.50~3.38
(6H, m, H-2", 3", 5", 2" 5" 6"b), 3.28~3.22
(2H, m, H-4", 4"), 1.12 (3H, d, J=6.2 Hz, H-
6”) ., C-NMR (150 MHz, CD,0D) §: 158.5 (C-
2), 135.4 (C-3), 179.3 (C-4), 158.8 (C-5),
100.0 (C-6), 166.2 (C-7), 94.9 (C-8), 163.0
(C-9), 105.7 (C-10), 123.0 (C-1"), 114.5 (C-
2"y, 148.3 (C-3"), 150.8 (C-4"), 116.1 (C-5"),
124.0 (C-6"), 104.4 (C-1"), 75.9 (C-2"), 78.2
(C-3"), 71.6 (C-4"), 77.4 (C-5"), 68.5 (C-6"),
102.5 (C-1"), 72.1 (C-2"), 72.3 (C-3"), 73.8
(C-4"), 69.8 (C-5"), 17.9 (C-6"), 56.8 ( OMe-
3) . b iR%HE S SCHk ( Bader et al., 1993) 4118 &
KB M EAAA Y19 h 5,74 -= -3
AL BE-3-0- =/,

&P 20 ¥ JCE BB OR, 4 F
C,H,,0,,,ESI-MS m/z; 465.102 8 [M+H]" 'H-
NMR (600 MHz, CD,0D) &; 7.73 (1H, d, J=2.2
Hz, H-2'), 7.61 (1H, dd, J=8.4, 2.2 Hz, H-
6'), 6.88 (1H, d, J=8.4 Hz, H-5"), 6.37 (1H,
d, J=2.1 Hz, H-8), 6.19 (1H, d, J=2.1 Hz, H-
6),5.23 (1H, d, J=7.7 Hz, H-1"), 3.76~3.18
(5H, m, H-2" - 6"), "C-NMR ( 150 MHz,
CD,0D) &: 158.7 (C-2), 135.6 (C-3), 179.2 (C-
4),163.0 (C-5), 100.6 (C-6), 168.0 (C-7),
95.2 (C-8), 158.6 (C-9), 105.1 (C-10), 123.1
(C-1"), 116.0 (C-2"), 146.0 (C-3"), 149.9 (C-
4"y, 117.5 (C-5"), 123.2 (C-6"), 104.5 (C-1"),
75.7 (C-2"), 78.4 (C-3"), 71.2 (C-4"), 78.2 (C-
5"), 62.6 (C-6"), L iR%¥ 5 MR (Kwonj &
Bae, 2011) i1 5 A — 35, MU 26 A 9 20 it
W 2 -3-0-B-D-F AL

4 HhEEik

WEIRMEYE & WSy, B R EE N
TR o TR B S MR M S H e AR (R KK AR,
2021) , B YO WA 1 IE T B A A A 2
B HEAT TR SE, N AR B S E T 20 MMEE W,
L4519 AN EFIZE A1 AN, Hd k&
W1-9 W EXRIEEEE T e,
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EN RTINS T = o A S DA ey Y TS
BLAy, b = i 4 o L 43 W -3-0-8-D - 4G B 1
(12) . FHSCHERIARE AT, X Sk A E AT 21
A PR RE M, WL R (3,12, 14) ( Parveen et al.,
2007; ERlZ&4%, 2022; EEFS, 2022) Hioil
SR I PR A (12) (Qu et al., 2016) L
(12) (Parveen et al., 2007) BB IRH% (3.14 .15)
(A3 B 05 45 20215 B 1% 4, 2022, £ + B 4
2022) 0] TR AN A R A (11) (e R R B
2008) PR (14) ( EEIRS, 2021) B0l i 5
SV LA M3 5 (18) (5K G A%, 2018) Rk I
B (3) (EJKEE, 2020) | s i e i J5 44 28 45
£ (3.10 14) (ZA4E#4%, 2019; EHLAES, 2022,
Tk TR, 2022) , SR, AR5 BLA SCRK v TGk
D3 e % L iy A I T BB A 2 75 A I R 1
m S AT 5 v 2 35 400 T ) R A AR Y XoF I

O3B BRI AT 16 M 3k, DAk — A B b % A B
RAFEFN R T80 255800 B He il 25 BTk A it
GE N B A T B 0 24 AN ) o Rl B ARt T R A AR A
o8 A Sk A BT &R R B o DR AR T B
HAE

SE .
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