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A new diphenyl butanedione from Astragalus membranaceus of
northern Shanxi
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Abstract: Seven compounds were isolated from Astragalus membranaceus of northern shaanxi by silica gel
and Sephadex LH-20 column chromatographies. Their chemical structures were identified on the basis of their
physical and chemical properties. These compounds were elucidated as astragaloside IV (1), formononetin (2),
calycosin (3), 1-(4-hydroxyphenyl)-4-(2,4-hydroxyphenyl)-2-hydroxy-1,4-but anedione (4), (£)-4-methylcinnamic
acid (5), quercetin (6), and uridine (7). Compound 4 is a new compound and compound 5 was isolated from the
plants of Astragalus Linn. for the first time. The results of in vitro antitumor activity assay showed that compound
4 could inhibit the proliferation of A549 with IC,, values of 11.41 pmol-L".
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Figure 1 The structures of compounds 1-7
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3 23 6, 9.57 (1H, brs).8.41 (2H, brs) L& 14
BE¥23E 0, 4.63 (1H, brs). “C NMR Fl DEPT i & /"
1A 5 5 (0, 42.6)« 1 MR IR BRGS0,
78.4) T AT A IR T BRI 5 (6. 104.3, 108.5, 115.6%2,
131.2x2, 132.3) f1 7 =5 5 (116.5, 128.7, 150.8,
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3
Hom,
CH,

2! [e) 2" OH
3
, 0 OH
5
HO_ S o2 INX o
| OH O:Q_/N'-- N
B 4 =/ 3
474, 'oH  OH nd OH
OH O
6 :

7%, AT AT LU 5E -CHCH,- Fr B 9 3 2 e ik, Bl i%
WA YAFAE-COCHCH,CO- J7 Bt ; 56 DAL 23 #r vl LA
Wiz Ak &0l REAFAE LR PURPES 4

HO OH O OH HO OH O

Structure 1 Structure 2

O OH
OH

H—25Hr HMBC i R BE, 1,2,4- = HUR R IF
155, 7.99 (6"-H) 51137 1) 2 A~ & 32 45 557 & ik (0,
157.1, 160.9) LA f 4-457 i $k 3 (6. 201.5) 35 47 75 B &
H—C M KHIME B, #EH 1R B2 AR5 AL T 1)
o ZRE VA BT, st e iz & a1, Bl 1-
(4-F2 R HE)-4-(2,4- 52 K FE)-2- 32 3 -1,4- T Pl

Figure 2 Key HMBC ( — ) and 'H-'"H COSY (=) correla-

tions of compound 4

2 AEYEMERT

K MTT V008 T 46 &4 4 60 A i 41 i AS49 .
8 2 il BEL-7402 F1 A 15 38 4l il SGC-7901 (144 b
YNHEEE R ML R (K 2) RIALEW 4% A549 %
B s A A 7 S 1, L IC, (M 11.41 pmol L7 X
BEL-7402 F1 SGC-7901 (1) 4 & A5 — 5 (¥ #0 1l 1 A,
IC, {H 4374 36.28 F1145.37 umol- L™,
3 N

PN MESE S S ENINC SRy el P



- 2432 - 22224 Acta Pharmaceutica Sinica 2022, 57(8): 2430 —2434

Table 1 'H NMR (400 MHz) and *C NMR (100 MHz) data in
DMSO-d, for compound 4

'H-'H

Position Oy 0, cosy HMBC

1 198.1 (s)

2 4.11 (1H, dd, J=17.3, 78.4(d) H-3 C-4,C-1'

4.1 Hz)

3a 3.01 (1H,d,J=7.3Hz) 42.6(t) H-2 C-1,C-1"

3b 2.86 (1H,d,J=4.1 Hz)

4 201.5 (s)

1’ 128.7 (s)

2.6 7.73 2H,d,J=8.2Hz) 131.2(d) H-3,5" C-1,C-4

3,5 6.92 (2H,d,J=8.2Hz) 115.6(d) H-26' C-l’

4 150.8 (s)

1" 116.5 (s)

2" 157.1 (s)

3" 6.57 (1H, s) 104.3 (d) C-1",C-5"

4" 160.9 (s)

5" 7.12 (1H,d,J=8.4Hz) 108.5(d) H-6" C-1",C-3"

6" 799 (1H,d,J=8.4Hz) 132.3(d) H-5" C-2",C-4",
C-4

2-OH 4.63 (1H, brs)
4.4"-OH 8.41 (2H, brs)

2"-OH 9.59 (1H, br s)
Table 2 IC,, values for cytotoxicity activity of compound 4
(x+s,n=23)
IC ”/|.Lm01-L‘I
Compd. A549 BEL-7402 SGC-7901
4 11.41 £ 1.69 36.28 £ 1.21 45.37+0.93
Taxol 0.58 £0.01 2.08 £0.26 1.35+0.61

K17 MM &Y, e &Y 4 e a0, L& s &
XN R 2183 A1 4 W] 200 I
A1 AS549 A, AL A B ATV LE (0 U e i
N BRACHE S s pe it — 2 BT T 5 T R g it 1 — 2 (1 2R
WA

X-4 Y B s s A (R A A SR A BR 22 #]); IR
Prestige-21 ZLAMGIEAX (H AR B2 7]); AV-400 B %
FLHRAL (i 1 Bruker /4 &), TMS NN F5; MAT-711 7
4% (3 [E Thermo 2 &]); Autopol I /ig Y6 {¢ (Rudolph
Research Analytical, Flanders, NJ, 3¢ [®); Sephadex LH-
20 (Pharmacia 7= fii); #6031 2 (08 AR (B 5
PR 77 ), FHVEXS B R RE (L R LT 2
AT R 2 7 ); AT e 4 Pk BEL-7402 . A fiti e 240 i bk
AS549 FILN 15 % 40 i Mk SGC-7901 (F [H R} 2 it L it 24
J ) PRAT T A 22 K 2 I 2 o 4 i S22 5 Y A M e
5 (MTT, 3 [# Sigma-Aldrich 24 &)

AR (BRI 24) T 20204 3 A REH Bk
VG AE BE, Bk 2 KA dr B e B R AT G

E NSRRI BB IR, AR AAF T ZE 22 K22 R IR
I SRS = bR AR YR 5 9 YD20200410
1 R#BSSE

FREUEE AR 7.0 kg (F ), FH 10 fi5 & 70% L 1R
8, B A B R R, BEK 3 h, 3L 4 0k, RIS UE
Ja, PR A R RSO FIRRE . HILRBIER T
&K, R A R SR AIE T EE AL, 2
B B2 (53.2 g) K FHRE A (3l 43 55, DA -
FEE (100:0—1:2) B FEVEML 73 4 D45 (Fr.1~4),
Fr.1 ZHE AT (1 (BBl 77 o S0 - EE = 30: 1), ¥4
3 3 53 3k — 25 i Sephadex LH-20 ¥ fie A (FF EE NG
Jit 7)) 44k 7540 A0 1 (59 mg); Fr.2 47 i b €3 (U6
AN S - =200 1) A3 4EY 2 (17 mg) ik
A3 (14 mg); Fr.3 &Rk RAE GRS (e it 77 v & 1 - H
B =15:1) B4 &9 4 (6 mg) Atk &4 5 (7 mg);
Fr.4 SRR A Gl (Beli A A S - EE = 9:1) 434k
“¥6 (19 mg) AL T (6 mg).
2 EE

&1 TEEERIR, mp 294.1~295.6 °C. ESI-MS
m/z: 785.68 [M+H] . 'H NMR (DMSO-d,, 400 MHz) 6,
5.06 (1H, d, J = 7.4 Hz, H-1"), 5.01 (1H, d, J = 7.4 Hz,
H-1'), 4.81 (1H, dd, J = 7.9, 7.2 Hz, H-2"), 4.74 (1H, dd,
J=18,7.4Hz, H-2"), 438 (1H, d, J = 11.7 Hz, H-6a"),
4.32 (1H, d, J=10.6 Hz, H-5a"), 4.26 (1H, d, J= 2.1 Hz,
H-6b"), 4.23 (1H, dd, J = 7.8, 7.3 Hz, H-3"), 421 (1H,
dd, J=7.8, 7.4 Hz, H-4"), 4.19 (1H, dd, J = 8.4, 4.2 Hz,
H-4"), 4.12 (1H, dd, J = 8.4, 4.7 Hz, H-3"), 3.93 (1H, dt,
J=1.6,43 Hz H-5"),3.78 (1H,d t,J = 9.3, 6.5 Hz, H-
6), 3.69 (1H, d, J = 4.7 Hz, H-5b"), 3.59 (1H, m, H-23),
3.47 (1H, t, J= 6.5 Hz, H-3), 2.31 (1H, d, J= 4.7 Hz, H-
15a), 2.09 (2H, m, H-7), 1.96 (1H, dd, J= 9.8, 3.6 Hz, H-
17), 1.82 (1H, d, J = 9.5 Hz, H-15b), 1.79 (2H, dd, J =
10.1, 5.4 Hz, H-21), 1.79 (2H, m, H-22), 1.78 (1H, d, J =
8.2 Hz, H-5), 1.71, 1.46 (2H, m, H-2), 1.59 (1H, m, H-
8), 1.58 (3H, s, H-18), 1.55 (2H, m, H-16), 1.48, 1.26
(2H, m, H-1), 1.46 (2H, dd, J = 8.4, 4.2 Hz, H-11), 1.43
(2H, dd, J = 8.4, 4.2 Hz, H-12), 1.38 (6H, s, H-29, 30),
1.33 (3H, s, H-27), 1.26 (6H, s, H-24,25), 0.87 (3H, s, H-
26), 0.54 (1H, s, H-19a), 0.34 (1H, s, H-19b); "C NMR
(DMSO-d,, 100 MHz) J. 33.3 (t, C-1), 27.2 (t, C-2),
82.5 (d, C-3), 39.9 (s, C-4), 53.3 (d, C-5), 79.1 (d, C-6),
34.7 (t, C-7), 41.7 (d, C-8), 24.5 (s, C-9), 28.4 (s, C-10),
27.9 (t, C-11), 34.9 (t, C-12), 39.9 (s, C-13), 48.3 (s, C-
14), 37.4 (t, C-15), 24.0 (t, C-16), 56.8 (d, C-17), 18.9 (q,
C-18), 28.9 (t, C-19), 80.2 (s, C-20), 38.8 (t, C-21), 25.8
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(t, C-22), 83.3 (t, C-23), 19.1 (q, C-24,25), 17.4 (q, C-
26), 22.3 (q, C-27), 71.5 (s, C-28), 23.6 (q, C-29,30),
103.2 (d, C-1"), 75.7 (d, C-2"), 79.3 (d, C-3"), 71.6 (d, C-
4"),78.3 (t, C-5), 101.5 (d, C-1"), 79.5 (d, C-2"), 77.8 (d,
C-3"), 73.6 (d, C-4"), 70.2 (d, C-5"), 63.1 (t, C-6"). LA
O 5 SCER R B AR — B, U A 1
K.

th&2  AtE, mp 255.3~256.7°C. '"HNMR
(400 MHz, DMSO-d,) d,, 9.69 (1H, br s, 7-OH), 8.35
(1H, s, H-2), 7.93 (1H, d, J = 8.7 Hz, H-5), 7.38 (2H, d,
J = 8.4 Hz, H-2",6"), 6.94 (1H, d, J = 8.7 Hz, H-6), 6.86
(2H, d,J=8.4 Hz, H-3",5"), 6.85 (1H, br s, H-8), 3.77 (3H,
s, 4-OCH,); *C NMR (100 MHz, DMSO-d,) d. 153.0
(d, C-2), 124.3 (s, C-3), 175.9 (s, C-4), 118.0 (s, C-4a),
128.9 (d, C-5), 111.3 (d, C-6), 157.3 (s, C-7), 104.9 (d,
C-8), 159.4 (s, C-8a), 124.7 (s, C-1'), 130.4 (d, C-2',6"),
113.5 (d, C-3',5", 157.0 (s, C-4'), 55.7 (q, C-4-OCH,).
DA b s 5 SRR IE A6 S AR AR R O — R
S ENAE Y 2 TR .

&3 TR 5, mp 244.7~246.3 °C.
'H NMR (400 MHz, DMSO-d,) J,, 9.76 (1H, br s, 7-OH),
9.01 (1H, br s, 3'-OH), 8.31 (1H, s, H-2), 7.94 (1H, d,
J = 8.7 Hz, H-5), 7.28 (1H, d, J = 8.4 Hz, H-6"), 7.06
(1H, s, H-2"), 6.99 (1H, d, J = 8.4 Hz, H-5"), 6.92 (1H, d,
J=8.7Hz, H-6), 6.87 (1H, s, H-8), 3.79 (3H, s, 4'-OCH,);
C NMR (100 MHz, DMSO-d,) d. 151.4 (d, C-2), 121.7
(s, C-3), 179.6 (s, C-4), 117.3 (s, C-4a), 129.2 (d, C-5),
108.7 (d, C-6), 158.4 (s, C-7), 103.7 (d, C-8), 157.1 (s,
C-8a), 124.7 (s, C-1), 115.4 (d, C-2'), 148.9 (s, C-3"),
151.4 (s, C-4"), 114.5 (d, C-5"), 119.3 (s, C-6'), 62.3 (q,
C-4-OCH,). LA FH¥s 55 SRk i B A — 2, #ss e
&P 3 N E 8 B .

k&4 AR A, mp 169.2~171.3 °C, [a]?
+4.9 (c 0.01, CHCL); IR/cm™: 3 449, 1735, 1718,
1 624.1539.1 476; HR-ESI-MS m/z: 303.087 3 [M+H]"
(C,H,;0, T 518 303.086 4); 'H NMR Hil °C NMR %4}
WK1,

th&¥5 AR, mp 190.2~191.7 °C, '"H NMR
(400 MHz, DMSO-d,) 6, 12.28 (1H, br s, COOH), 7.64
(1H, d, J = 14.8 Hz, H-3), 7.63 (2H, d, J = 8.4 Hz, H-2',
6'), 6.74 (2H, d, J = 8.4 Hz, H-3',5"), 6.42 (1H, d, J =
14.8 Hz, H-2), 2.36 (3H, s, 4-CH,); °C NMR (100 MHz,
DMSO-d,) 6. 170.3 (s, C-1), 115.8 (d, C-2), 145.9 (d, C-
3), 129.4 (s, C-1"), 126.3 (d, C-2',6"), 128.9 (d, C-3',5"),
135.2 (s, C-4'), 24.6 (q, 4-CH,). LA b %4 5 kI3

TE AR — 3, W e o a-4- TR RERR

k&6  FfE K, mp313.6~315.1°C. '"HNMR
(400 MHz, DMSO-d,) 6,, 7.78 (1H, s, H-2"), 7.54 (1H, d,
J =82 Hz, H-6"), 6.91 (1H, d, J = 8.2 Hz, H-5), 6.49
(1H, s, H-8), 6.23 (1H, s, H-6); *C NMR (100 MHz,
DMSO-d,) 6. 147.8 (s, C-2), 139.2 (s, C-3), 178.6 (s, C-
4), 105.1 (s, C-4a), 158.9 (s, C-5), 100.1 (d, C-6), 160.0
(s, C-7), 96.7 (d, C-8), 124.5 (s, C-1"), 117.2 (d, C-2'),
145.9 (s, C-3"), 148.2 (s, C-4"), 116.1 (d, C-5"), 123.4 (d,
C-6". LA EHd 5 S0kl R TE 140 P R B —
H, WM ENEY 6 AL R .

&7 s, mp 163.4~165.1 °C. 'HNMR
(400 MHz, DMSO-d,) 6, 11.16 (1H, br s, 3-NH), 7.76
(1H, d, J = 8.1Hz, H-6), 5.68 (1H, d, J = 8.4 Hz, H-5),
5.43 (1H, d, J = 5.9 Hz, H-1"), 5.35 (1H, br s, 2’-OH),
5.04 (1H, br s, 3'-OH), 4.98 (1H, br s, 5’-OH), 3.98 (1H,
dd, J=11.0, 5.7 Hz, H-2), 3.87 (1H, dd, J = 8.7, 4.5 Hz,
H-3"), 3.75 (1H, dd, J = 6.9, 3.3 Hz, H-4"), 3.67 (2H, m,
H-5"); "C NMR (100 MHz, DMSO-d,) 6. 167.4 (s, C-2),
170.3 (s, C-4), 103.1 (d, C-5), 141.2 (d, C-6), 85.6 (d, C-
1), 71.4 (d, C-2"), 74.3 (d, C-3"), 82.7 (d, C-4"), 65.4 (t,
C-5"). DL EEHE 5 SRl HRoE B A — 8, s et &
Y7 R R VE R
3 L& 4 RSN B R 40 A 1 A SE

K MTT 20010 & 9 4 6k N il 40 il AS49 A\
JH-J 21 [l BEL-7402 F1 A 15 Ji 401 il SGC-7901 [ 44 #h 4
Mo FE G . LAY 4 DMSO ¥ fif J5 it i 10 mmol - L
il 25 V0, WA R BE A HOWR B o K 3 0 A A i ye 4
i) BB 40 B AR TR VR, BT 96 FLAR b, R (4 B
PEXTHRAH CERIZIE) DA R SRR 40, B2 3AFAT AL, 5K
56209 100.50.25.12.5.6.25 pmol-L™ [ 25 S iAW,
AL 40.20.10.5.2.5 pmol- L (15 25 kE i 1AW,
£ 96 FLAR 1 ELHE NN %N FE S R 10 L, LR R IR
48hJ5. FHIA 10 pL BCH] 4F I MTT W (5 mgmL™),
7E CO, 18 I K5 77 46 Hh 1H I 85 7%, % & J5 138 FH B A A DU
B H AP 490 nm N OGFEAE (4), T EX 4H
BB I 2R, 3 Origin 7.0 B4R+ H1C, B 1A
BEFEAME] R (%) = [(HIR A FIME - A A AT
fH) + X HEZH 4 P31 * 100%.

EB TRlk: MR A LRI — & R @ AR,
5T A AL 0 B AR 48 5 AR, TR A5 2 08 £
BT AL B 1 A B AR, PV AR B AR ORI A8 B AT
KUK TR R AR LA

FIZE S Fr A A 2 B AAEER Za i
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