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MR (100, RGH (11D, SIHEZ (12). 1-(4-ethylphenyl)-1,2-ethanediol (13). T HFEZ (14). 124-FE=F (15). F%L
R (16). HNIEBEAIR (17). Hdib &1 5 4 H1299 Al H460 FAE AR AP LA M F (median inhibition concentration,
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Chemical constituents of Sophora flavescens and its antitumor activities in vitro

LONG Guo-qing, WANG Dong-dong, HU Gao-sheng, WEI Jiang-chun, WANG An-hua, JIA Jing-ming
School of Traditional Chinese Medicine, Shenyang Pharmaceutical University, Shenyang 110016, China

Abstract: Objective To study the chemical constituents of Kushen (Sophora flavescens) and its antitumor activities in vitro.
Methods The compounds were isolated and purified using macroporous resin column chromatography, silica gel column
chromatography, ODS column chromatography and semi-preparative HPLC, and their structures were elucidated by means of
physicochemical properties and spectroscopic analysis. And the 11 compounds were evaluated using relevant in vitro anti-tumor
activities against breast squamous carcinoma cells (HCC1806), human breast cancer cells (MCF-7), human cervical cancer cells
(HeLa), human lung cancer cells (A549, H1299 and H460), and human hepatoma cells (HepG2) in vitro . Results Seventeen
compounds were isolated from 70% ethyl alcohol extract from the roots of S. flavescens and identified as 8-(3,3-
dimethylallyl)isorhamnetin (1), 6-lavandulyl-7,4-dimethoxy-5,2-dihydroxylflavanone (2), sophoraflavanone B (3), 5-
methylsophoraflavanone B (4), kurarinone (5), kushenol U (6), 8-prenylkaempferol (7), sophocarpine (8), 9a-hydroxysophocarpine
(9), sophoramine (10), anagyrine (11), piperic acid (12), 1-(4-ethylphenyl)-1,2-ethanediol (13), syringic acid (14), 1,2,4-benzenetriol
(15), ferulic acid (16), and piscidic acid (17). Compound 5 showed good inhibitory activities against H1299 and H460, and its
inhibitory effect was stronger than that of cisplatin with ICso values of (22.6 + 1.2) pmol/L and (13.6 + 0.5) umol/L, respectively. In
addition, the inhibitory activities of compound 4 against A549 cells and compound 5 against MCF-7 cells were comparable to that of
the positive drug. Conclusion Among them, compound 1 is a new natural product, and compounds 2, 12—15 are isolated from

genus Sophora for the first time. Compound 5 showed good inhibitory activities against H1299 and H460, which provide scientific
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basis for further research on new anti-tumor drugs of isopentenyl flavonoids in S. flavescens.

Key words: Sophora flavescens Ait.; antitumor activity; kurarinone; isopentenyl flavonoids; piperic acid; syringic acid; 8-(3,3-dimethylallyl)

isorhamnetin
¥ % Sophora flavescens Alt. N . F}

(Leguminosae) 2@ 2 FA 2 HEY, B4
FE5, TzamTRERIESEEX. £ GHMEAY
B (P ERRA EE) 2 RIR 7 EEh it #
HAFBHEIR. Bor . iR RED.
o B 2R AE sy, Hrh DL iR
HEERC N E . ARSI, &St
VIR B A 2 A AR E Y, EEAREPURE IR
O, BT PRI R R AR M A
o AR AT SR PRI B T — R 51 H
A RIFPUMRIS TERAL S U218, R Z L
B FEURE 25 0T 7 Hh BAT S AT A
U, ASRIGRE S AT T RGN AT,
hor AR 17 MMea?, ol E N 8-3.3-
dimethylallyl) isorhamnetin (1). 6-lavandulyl-7,4-
dimethoxy-5,2-dihydroxyl-flavanone (2 ). sophora-
flavanone B (3). 5-methyl-sophoraflavanone B (4).
2 (kurarinone, 5). ¥ 28 U (kushenol U, 6).
EHBKEEERER (8-prenylkaempferol, 7).
T, (sophocarpine, 8) 9a-F23E#E L5, (9-hydroxy-
sophocarpine, 9). FRIZHE (3,4,5,6-tetradehydro-
spartein-2-one, 10). S0k C(anagyrin, 11). #H
2 Cheliotropic acid, 12). 1-(4-ethylphenyl)-1,2-
ethanediol (13). T &M (syringic acid, 14). 1,2,4-
2R =My (1,2,4-trihydroxybenzene, 15) i ZE 2 ( ferulic
acid, 16). FRFEWGAR (piscidic acid, 17). K
I MTT 330048 7 i 11 M S gn i 835 1
ZiREIR, LAY S X H1299 4H1EH H460 41
HAT BT BN, A A R o T A % 24 05 5
WEY) 4 X NAENAf e AS49 AL S 5 X
NG MCF-7 40 3 8O S BAYE 2R 2
1 {5

AAPI 3200 Ji7 i {X (AB SCIEX 2 ],
Framingham, MA, 32[); Bruker 601 B %R
A (Bruker A#], Fit:); JASCO V-650 #£4h-AI AL
IrEIEEAL (JASCO A #], HAD; UltiMate 3000
53 H HPLC (Thermo A ), S&[ED; #i]#% % HPLC
(Agela Aa], F[E); Waters 2545 4= Hahii| &M 5
OB TEA (Waters 7], FEHED; FER GFoss

JZ T AR MR G AL S TR ST = dh s g i
(200~300 H> NF HMFFEN T =i fil &4 Cis
o325 (YMC-Pack ODS-A); Waters RP Cig i/
(Waters A#], FE); ODS HESHHA YMC A
FEeh PR IE g R EE AN 2 00 B B RHME R A
FRAF

NFLREEIRJE HCC1086 ZHff. MCF-7 40
N 3% HeLa 40 A549 40 H1299 4 i . H460
YU AN HepG2 40 ARG H T B R Pt L ifg
VML SRR AT, AR S % LR AE A
AT

SIS 2R T 2018 4F 5 H R T IR EL T4
BH T 2 Y5 T AR AL B SR h B2 P R 3, 2200 FH
R RFERGEEA S ARBEREENES S
flavescens Ait., FrA (SPU-2018-1014-06) fRA7FT
TERHZTRER 2 v 2] BRI B0 =
2 REENH

BRI SH 50 kg, VI BHE, 70%28
IFAEIRSEE 3 Ik, BRIR 2 he JREGRRYE)S, Kk
A, & BEIR AR IE T T2 HL,
SRS e ERAL (960 g) 42 D101 KFLA: i, &
- KRG (30%. 50%. 75%-. 95%) WM, &IF
FHEESAL G, L4538 4 MfL5r (Fr. 1~4). Fr. 3 (225
g) LA, & HR-HEE (50 1~1: 1)
BEEEVEL, GHMIREA S, L3 14 Mg (Fr.
3.1~3.14). HUFr. 32 (6.2 g) it ODS 1k fait,
FHEE-7K (40 1 60~100:0, 5 h), KRR E 15.0
mL/min, £33 36 i 7 (Fr. 3.2.1~3.2.36): Fr.3.2.23
221 25  HPLC il %%, HEE-/K (50 50D, &R
i 8.0 mL/min, 13 2{LA ) 1(11.2 mg)-3(15.0 mg)-
4 (9.6 mg) A7 (202mg). HL Fr. 3.2.34 it #E 5L

FREEE A (Sephadex LH-20), A4l FHEEAE i

M, 538 6 Mt (Fr. 3.2.34.1~3.2.34.6). Fr.
3.2.34.1 il HPLC fill %, HEE-7/K (65 : 35),
&R E 8.0 mL/min, 7521542 (9.6 mg). Fr.
3.2.34.4 24| % HPLC fill %, HEE-/K (63 :37),
R E 8.0 mL/min, fFELAY) S (15.6 mg) Al
6 (247 mg). W Fr. 1 (13 g) i ODS 1 [E i,
FE-7K (10 © 90~100 : 0), A& 15.0 mL/min,
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58] 18 M (Fr. 1.1~1.18); Fr. 1.3 &4
HPLC #4, HEE-/K (10:90), AHHEE 8.0
mL/min, 38L& 12 (10.6 mg). 14 (13.5mg)
15 (6.9 mg). Fr. 1.5 &l &5 HPLC fill &%, HEE-
K (13 :87), ABiE 8.0 mL/min, HEMLEY)
13 (14.6 mg). 16 (22.4mg) 117 (18.6 mg). HL
TR AR (410 g) ARERHEOIE, A7 IHEE-
BERR B8 (100 0 1~0 @ 1) FBRFEVRM, A IFAHEH
fi)a, 355 15 MR (A1~A15). BLA14 (12 g)
it ODS H & ik, FEE-7K (60 © 40~100 : 0, 5h),
AR E 15.0 mL/min, 153] 16 M7 (A.14.1~
A.14.16); A.14.8 £l % HPLC &, HEE-/K
(75 : 25), AR E 8.0 mL/min, /5F{L &4 9(21.1
mg); A.14.12 Z#|%% HPLC 4%, HEE-/K
(83 1 17, B & 8.0 mL/min, 521k &4 8(14.6
mg). 10 (22.5mg) 11 (52.1 mg).
3 HMETE

A 1: FEER K (FEE . ESI-MS m/z: 347.4
[M+Na]", 5F 3 A CaoH2004. '"H-NMR (600 MHz,
DMSO-ds) 6: 12.38 (1H, s, 5-OH), 10.73 (1H, s,
7-OH), 9.77 (1H, s, 4'-OH), 9.41 (1H, s, 2-OH), 7.74
(1H, d, J= 1.8 Hz, H-2), 6.95 (1H, d, J = 8.4 Hz,
H-5"), 7.72 (1H, dd, J = 8.4, 1.8 Hz, H-6'), 6.30 (1H, s,
H-6), 5.23 (1H, d, J = 6.0 Hz, H-2"), 2.82 (2H, dd, J =
17.1,3.2 Hz, H-1"), 1.73 (3H, s, 4"-CH3), 1.62 (3H, s,
5"-CH3); BC-NMR (150 MHz, DMSO-ds) d: 176.6
(C-4), 161.6 (C-5), 158.7 (C-7), 153.9 (C-9), 149.2
(C-3"), 147.9 (C-4), 147.0 (C-2), 136.2 (C-3), 131.2
(C-3"), 123.0 (C-2"), 122.7 (C-1"), 122.2 (C-6'), 116.0
(C-5"), 111.9 (C-2'), 106.0 (C-10), 103.5 (C-8), 98.5
(C-6), 56.0 (3'-OCH3), 25.8 (C-5"), 21.7 (C-1"), 18.3
(C-4"y. DA FHE 5 SCRIRGE R E — 800, dss
ENEY) 14 8-(3,3-dimethylallyl)isorhamnetin, £
it Scifinder 7% [ &K IZAA VI H I RIR =2«

WA 2: AT E LM AR CHELD . ESI-MS m/z:
474.2 [M+Na]*, 43+ 3H C27H3206, ECD Amax 330
nm, Ae +10; Amax290 nm, Ae—30. "H-NMR (600
MHz, CD;0D) ¢: 5.56 (1H, dd, J = 13.8, 3.0 Hz, H-2),
2.89 (1H, dd, J = 16.8, 13.8 Hz, H-3a), 2.65 (1H, dd,
J=16.8,3.0 Hz, H-3b), 6.14 (1H, s, H-8), 6.50 (1H, d,
J=2.4Hz, H-3"), 3.83 3H, s, 4-OCH3), 6.47 (1H, dd,
J = 84,24 Hz, H-5'), 7.39 (1H, d, J = 8.4 Hz, H-6"),
2.51 (2H, m, H-1"), 2.63 (1H, m, H-2"), 2.00 (2H, m,

H-3"), 498 (1H, t, J = 7.2 Hz, H-4"), 1.50 (3H, s,
6"-CHs), 1.60 (3H, s, 7"-CHs), 4.52 (1H, s, H-8"),
4.60 (1H, s, H-9"), 1.66 (3H, s, 10"-CH3); 3C-NMR
(150 MHz, CD;0D) ¢: 75.3 (C-2), 45.5 (C-3), 193.7
(C-4), 164.7 (C-5), 109.5 (C-6), 164.8 (C-7), 93.3
(C-8), 161.9 (C-9), 105.8 (C-10), 119.0 (C-1'), 160.1
(C-2"), 99.8 (C-3'), 159.0 (C-4"), 108.1 (C-5"), 128.5
(C-6"), 28.2 (C-1"), 482 (C-2"), 32.4 (C-3"), 124.8
(C-4"), 132.1 (C-5"), 17.9 (C-6"), 25.9 (C-7"), 149.7
(C-8"), 111.2 (C-9"), 19.1 (C-10"), 55.9 (4'-OCH3),
55.8 (7-OCHs). LA &5 3CifRolE r%ids — ),

B E) 2 4 (25,25)-6-lavandulyl-7,4-dimethoxy-
5,2-dihydroxylflavanone.

&Y 3: B T0E TR R (HEL) . ESI-MS m/z:
363.1 [M+Na]", 713N C20H2205, ECD hmax 330
nm, A¢ +9; Amax290 nm, Ae —55. 'H-NMR (600
MHz, CD;0D) 6: 5.41 (1H, dd, J = 12.6, 3.0 Hz, H-2),
3.18 (1H, dd, J = 16.8, 12.6 Hz, H-3a), 2.70 (1H, dd,
J=16.8, 3.0 Hz, H-3b), 5.97 (1H, s, H-6), 7.30 (2H, d,
J=9.0 Hz, H-2, 6'), 6.78 (2H, d, J= 9.0 Hz, H-3', 5"),
3.09 (2H, m, H-1"), 5.07 (1H, m, H-2"), 1.59 (3H, s,
4"-CHs), 1.54 (3H, s, 5"-CH3); '3C-NMR (150 MHz,
CD;0D) d: 77.6 (C-2), 41.3 (C-3), 196.1 (C-4), 160.5
(C-5), 94.6 (C-6), 159.1 (C-7), 106.3 (C-8), 163.7
(C-9), 101.1 (C-10), 128.6 (C-1"), 127.4 (C-2, 6'),
114.5(C-3', 5'), 156.9 (C-4'), 20.6 (C-1"), 122.0
(C-2"), 129.5 (C-3"), 16.9 (C-4"), 24.9 (C-5"). LL_ L%
I 5 SCHRARIE [ Bl — 300, WS EAE Y 3N
sophoraflavanone B,

EY) 4: wEOTCETEH AR (HEE . ESI-MS m/z:
377.4 [M+Na]", 731N C21H2205, ECD Amax 330
nm, Ae +12; Amax290 nm, Ag—45. 'H-NMR (600
MHz, CD;0D) 6: 5.31 (1H, dd, J = 12.0, 3.0 Hz, H-2),
2.90 (1H, dd, J = 16.8, 12.0 Hz, H-3a), 2.55 (1H, dd,
J=16.8, 3.0 Hz, H-3b), 6.14 (1H, s, H-6), 7.28 (2H, d,
J=84Hz,H-2',6'), 677 (2H, d, J= 8.4 Hz, H-3', 5"),
3.11 (2H, m, H-1"), 5.10 (1H, m, H-2"), 1.61 (3H, s,
4"-CHj), 1.55 (3H, s, 5"-CH3); '3C-NMR (150 MHz,
CD;0D) ¢: 79.9 (C-2), 46.1 (C-3), 192.8 (C-4), 163.7
(C-5), 93.2 (C-6), 164.1 (C-7), 109.8 (C-8), 163.7
(C-9), 105.7 (C-10), 131.4 (C-1"), 128.7 (C-2, 6'),
116.0 (C-3', 5'), 158.6 (C-4'), 22.6 (C-1"), 123.8
(C-2"), 131.5 (C-3"), 17.7 (C-4"), 22.5 (C-5"). L L%
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5 SCHRAROE R E0 s — 507, S EaY 4 N
5-methylsophoraflavanone B.

W& 5: BT E TR AR (HEE) ESI-MS m/z:
461.2 [M+Na]*, 43+ 3K CasH30065 ECD Amax 330
nm, Ae +13; Amax290 nm, Ae—58. 'H-NMR (600
MHz, CD;0D) ¢: 5.60 (1H, dd, J = 7.8, 2.4 Hz, H-2),
2.88 (1H, dd, J = 16.8, 3.0 Hz, H-3b), 2.71 (1H, dd,
J = 16.8, 13.2 Hz, H-3a), 3.84 (3H, s, 5-OCHs), 6.14
(1H, s, H-6), 6.30 (1H, d, J = 2.4 Hz, H-3"), 6.37(1H,
dd, J=8.4,24 Hz, H-5"), 7.32(1H, d, J = 8.4 Hz,
H-6"), 2.50 (2H, m, H-1"), 2.64 (1H, m, H-2"), 2.00
(2H, m, H-3"), 498 (1H, t, J = 7.2 Hz, H-4"), 1.51
(3H, s, 6"-CHs), 1.60 (3H, s, 7"-CHs), 4.55 (1H, s,
H-9"), 4.61 (1H, s, H-9"), 1.67 (3H, s, 10"-CHs);
BC-NMR (150 MHz, CD;OD) ¢: 74.1 (C-2), 45.6
(C-3), 193.9 (C-4), 161.8 (C-5), 93.2 (C-6), 164.9
(C-7), 109.5 (C-8), 164.8 (C-9), 105.7 (C-10), 118.4
(C-1"), 156.7 (C-2"), 107.6 (C-3"), 159.5 (C-4"), 103.3
(C-5"), 128.5 (C-6), 28.2 (C-1"), 48.2 (C-2"), 32.3
(C-3"), 124.8 (C-4"), 132.0 (C-5"), 17.8 (C-6"), 25.9
(C-7"), 149.7 (C-8"), 111.3 (C-9"), 19.1 (C-10"), 55.9
(5-OCH3). LA b #dis 5 ik aE i s — 208, il
BEWEY S N2

WEY) 6: T OTCE M AR CHEL) . ESI-MS m/z:
4452 [M+Nal*, 731 3N CaH3005, ECD Amax 330
nm, Ae +20; Amax290 nm, Ag—62. 'H-NMR (600
MHz, CD;0D) 6: 5.24 (1H, dd, J = 13.2, 3.0 Hz, H-2),
2.93 (1H, d, J = 16.2 Hz, H-3a), 2.64 (1H, dd, J =
16.2, 3.0 Hz, H-3b), 6.10 (1H, s, H-6), 7.32 (2H, d, J =
8.4 Hz, H-2', 6), 6.81(2H, d, J = 8.4 Hz, H-3', 5'),
2.41 (2H, m, H-1"), 2.58 (1H, m, H-2"), 1.95 (2H, m,
H-3"), 493 (1H, t, J = 7.2 Hz, H-4"), 1.56 (3H, s,
6"-CHs), 1.60 (3H, s, 7"-CHs), 4.56 (1H, s, H-9"),
4.46 (1H, s, H-9"), 1.47 3H, s, 10"-CH3), 3.80 (3H, s,
5-OCH;); 3C-NMR (150 MHz, CD;OD) &: 80.1
(C-2), 46.4 (C-3), 193.1 (C-4), 161.9 (C-5), 93.4
(C-6), 164.9 (C-7), 109.5 (C-8), 164.3 (C-9), 105.7
(C-10), 131.5 (C-1), 128.9 (C-2, 6'), 116.3(C-3', 5"),
158.9 (C-4), 28.2 (C-1"), 48.5 (C-2"), 32.4 (C-3"),
124.7 (C-4"), 132.1 (C-5"), 17.9 (C-6"), 25.9 (C-7"),
149.6 (C-8"), 1113 (C-9"), 19.1 (C-10"), 55.9
(5-OCHs). DA B 5 SRk IE o — 50, i
HENEY 6 N ZHE U.

WA 7: AT E LR CHEL . ESI-MS m/z:
377.1 [M+Na]", 733 C20His0so "H-NMR (600
MHz, CD;0D) ¢: 6.23 (1H, s, H-6), 8.10 2H, d, J=
9.0 Hz, H-2', 6"), 6.90 (2H, d, J = 9.0 Hz, H-3, 5'),
3.50 (2H, m, H-1"), 5.22 (1H, t, J = 7.6 Hz, H-2"),
1.80 (3H, s, 4"-CH3), 1.67 (3H, s, 5"-CH3); 3C-NMR
(150 MHz, CD;0D) ¢: 148.0 (C-2), 137.0 (C-3), 177.6
(C-4), 160.1 (C-5), 98.7 (C-6), 162.8 (C-7), 107.6
(C-8), 160.1 (C-9), 104.5 (C-10), 124.0 (C-1'), 130.5
(C-2', 6", 116.3(C-3', 5'), 155.5 (C-4), 22.4 (C-1"),
123.9 (C-2"), 132.4 (C-3"), 25.9 (C-4"), 18.2(C-5").
DA b 24 55 SRk E 1) B s — 800, WS et G
7 RERBKEEEER.

ey 8: LRy (HEE). ESI-MS m/z:
285.3 [M+K]", 7+ 3N CisHaaN20. "TH-NMR (600
MHz, CD;OD) §: 2.82 (1H, m, H-2a), 2.00 (1H, m,
H-2b), 1.75 (2H, m, H-3), 2.26 (1H, m, H-4a), 1.85
(1H, m, H-4b), 2.22 (1H, m, H-5), 2.70 (1H, m, H-6),
1.91 (1H, m, H-7), 1.75 (1H, m, H-8a), 1.68 (1H, m,
H-8b), 1.48 (1H, m, H-9a), 1.61 (1H, m, H-9b), 2.82
(1H, m, H-10a), 2.00 (1H, m, H-10b), 3.97 (1H, m,
H-11), 1.46 (1H, m, H-12a), 2.22 (1H, m, H-12b), 6.64
(1H, m, H-13), 5.81 (1H, m, H-14), 4.05 (1H, dd, J =
13.2, 4.8 Hz, H-17a), 3.15 (1H, t, J = 13.2 Hgz,
H-17b); 3C-NMR (150 MHz, CD;0D) §: 58.3 (C-2),
22.1 (C-3), 28.7 (C-4), 36.0 (C-5), 64.7 (C-6), 42.8
(C-7), 27.3 (C-8), 21.6 (C-9), 58.3 (C-10), 52.9
(C-11), 283 (C-12), 1409 (C-13"), 124.2 (C-14),
167.7 (C-15), 43.1 (C-17). LA L0 5 SCBRIRE %L
P —22N, WO ENEY) 8 AR A .

&Y 9: TLEMRY) (HEE. ESI-MS m/z:
285.1 [M+Na]", 7+ A CisHuN20z2. 'H-NMR
(600 MHz, CD;OD) ¢: 2.82 (2H, m, H-2), 1.75 (2H,
m, H-3), 2.26 (1H, m, H-4a), 1.85 (1H, m, H-4b), 2.22
(1H, m, H-5), 1.63 (1H, m, H-6), 1.91 (1H, m, H-7),
1.75 (1H, m, H-8a), 1.68 (1H, m, H-8b), 3.83 (1H, m,
H-9), 3.47 (1H, m, H-10a), 4.03 (1H, m, H-10b), 1.46
(1H, m, H-11), 2.22 (2H, m, H-12), 6.62 (1H, m,
H-13), 5.77 (1H, m, H-14), 4.05 (1H, dd, J=13.2, 4.8
Hz, H-17a), 3.15 (1H, t, J = 13.2 Hz, H-17b);
BC-NMR (150 MHz, CD;OD) d: 54.7 (C-2), 18.5
(C-3), 24.9 (C-4), 27.1 (C-5), 61.9 (C-6), 27.1 (C-7),
23.3 (C-8), 18.2 (C-9), 54.6 (C-10), 38.8 (C-11), 32.0
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(C-12), 139.4 (C-13), 123.3 (C-14), 165.2 (C-15), 49.8
(C-17)o VA b3¥m 5 SOk i gds — 5022, s
EALEY 9 N 9o T 0 -

EY 10: TLEHPRY) (FEE. ESI-MS m/z:
267.3 [M+Na]", 2+ 72N C1sH20N20.. 'TH-NMR (600
MHz, CD;OD) §: 3.78 (1H, m, H-2a), 3.22 (1H, m,
H-2b), 3.22 (1H, s, H-3a), 2.25 (1H, m, H-3b), 3.22
(2H, s, H-4), 4.07 (1H, m, H-5), 4.01 (1H, m, H-6),
2.36 (1H, m, H-7), 2.36 (2H, m, H-8), 1.66 (2H, m,
H-9), 3.49 (2H, m, H-10), 6.23 (H, m, H-12), 6.40
(1H, m, H-13), 7.45 (1H, m, H-14), 4.25 (1H, dd, J =
13.2, 4.8 Hz, H-17a), 2.63 (1H, t, J = 13.2 Hz,
H-17b); 3C-NMR (150 MHz, CD;0D) 8: 52.0 (C-2),
19.4 (C-3), 24.0 (C-4), 34.5 (C-5), 64.2 (C-6), 33.1
(C-7), 233 (C-8), 18.9 (C-9), 52.0 (C-10), 148.3
(C-11), 109.1 (C-12), 141.5 (C-13), 118.8 (C-14),
165.3 (C-15), 50.6 (C-17). LA - Z 5 SCER IS 5L
P—30RY, BEEEEY) 10 J9REhH .

WEY 1. TEMRY) (FED. ESI-MS m/z:
267.4 [M+Na]*, 43 F 2N Ci1sHoN20 . 'H-NMR (600
MHz, CDsOD) ¢: 6.54 (1H, d, J = 9.6 Hz, H-3), 7.53
(1H, dd, J = 9.0, 1.8 Hz, H-4), 6.41 (1H, d, J = 6.6
Hz, H-5), 3.20 (1H, m, H-7), 2.26 (1H, m, H-8a), 1.64
(1H, m, H-8b), 3.68 (1H, d, J = 12.6 Hz, H-9), 4.15
(1H, d, J = 15.6 Hz, H-10a), 3.68 (1H, m, H-10b),
3.48 (1H, s, H-11), 2.34 (1H, d, J = 13.8 Hz, H-12a),
1.90 (1H, m, H-12b), 2.62 (1H, s, H-13a), 1.32 (1H, s,
H-13b), 1.93 (1H, m, H-14a), 1.80 (1H, t, J = 10.8 Hz,
H-14b), 4.07 (1H, m, H-15a), 3.18 (1H, m, H-15b),
4.07 (1H, m, H-15a), 3.48 (1H, s, H-17b); 3C-NMR
(150 MHz, CDs;OD) d: 58.3 (C-2), 22.1 (C-3), 28.7
(C-4), 36.0 (C-5), 64.7 (C-6), 42.8 (C-7), 27.3 (C-8),
21.6 (C-9), 58.3(C-10), 52.9 (C-11), 28.3 (C-12),
140.9 (C-13), 1242 (C-14), 167.7 (C-15), 43.1
(C-17)o A b3 ¥E 5 SOk RS P 0s — 35023, s
ENEY 11 R G

AW 12: AERKRHFED . ESI-MS m/z: 198.7
[M+Nal*, 4T3 AN CsHeOs. 'H-NMR (600 MHz,
CD;0D) d: 7.36 (1H, s, H-2), 6.99 (1H, d, J = 8.4 Hz,
H-5), 7.53 (1H, d, J = 84 Hz, H-6), 6.12 (2H, s,
-OCH;0), 12.75 (1H, s, -OH); 3C-NMR (150 MHz,
CD;0D) §: 125.1 (C-1), 108.9 (C-2), 147.6 (C-3),
1512 (C-4), 1082 (C-5), 1249 (C-6), 101.3

(OCH,0), 166.8 (COOH). P I #if 5 kR iE %L
P2, AT 12 NI .

G 13: A BB AR (FEL . ESI-MS m/z: 189.1
[M+Na]*, 2> F3A CioH1402. '"H-NMR (600 MHz,
CD;0D) d: 7.19 (2H, d, J = 7.5 Hz, H-2, 6), 7.09 (2H,
d, J=7.5Hz, H-3, 5), 5.16 (1H, d, J = 4.2 Hz, 7-OH),
4.68 (1H, t, J = 5.8 Hz, 8-OH), 4.49 (1H, dd, J = 10.3,
5.9 Hz, H-8a), 3.37 (1H, m, H-8b), 2.60 (2H, m, H-9),
1.17 3H, t, J = 7.6 Hz, H-10); 3C-NMR (150 MHz,
CD;0D) d: 143.4 (C-4), 143.1 (C-1), 127.7 (C-3, 5),
125.6 (C-2, 6), 73.9 (C-7), 67.5 (C-8), 28.2 (C-9), 15.6
(C-10). DL B 5 3okl i Bl — 202, e
SEAL AW 13 S 1-(4-ethylphenyl)-1,2-ethanediol .

&) 14: AERRCHED . ESI-MS m/z: 221.2
[M—I—Na]*, /\%ﬁy\j C9H1005<: 1H-NI\/IR (600 MHZ,
CD;0D) d: 7.33 (2H, s, H-2, 6), 3.88 (3H, s, 3,
5-OCHs); 3C-NMR (150 MHz, CD:;OD) §: 169.9
(COOH), 148.8 (C-3, 5), 141.70 (C-4), 122.0 (C-1),
108.3 (C-2, 6), 56.7 (3, 5-OCH3). LA _EHdiE 5 SCHik4R
T [ HHE — 3020, Wi a 14 T HR.

AP 15: AR KCFED ESI-MS m/z: 149.3
[M+Na]*, 473N CsHsO3. 'H-NMR (600 MHz,
CD;0D) ¢: 6.52 (1H, d, J = 8.7 Hz, H-6), 6.55 (1H,
dd, J = 8.6, 2.1 Hz, H-5), 6.27 (1H, d, J = 1.8 Hz,
H-3); BC-NMR (150 MHz, CD;0D) ¢: 140.9 (C-1),
151.2 (C-2), 107.9 (C-3), 152.8 (C-4), 110.2 (C-5),
121.3 (C-6). LA -E¥s 5 S0k HaE i gt — 207,
S A 15 N 1,2,4- =),

A 16: HEN K CHEL ESI-MS m/z: 217.4
[M—l—Na]*, ﬁ%fﬁyﬂ C10H1004o 1H-NN[R (600 MHZ,
CD;0D) d: 7.14 (1H, d, J = 1.8 Hz, H-2), 7.02 (1H, d,
J = 8.6 Hz, H-5), 6.68 (1H, dd, J = 8.6, 1.8 Hz, H-6),
7.55 (1H, d, J = 16.8 Hz, H-7), 6.32 (1H, d, J= 16.8
Hz, H-8), 3.80 (3H, s, 3-OCH3); '*C-NMR (150 MHz,
CD;0D) §: 126.2 (C-1), 111.6 (C-2), 149.5 (C-3),
148.3 (C-4), 115.9 (C-5), 121.3 (C-6), 144.9 (C-7),
116.0 (C-8), 168.5 (C-9), 56.2 (3-OCH3). LA _E%id
55 SRR TE B A — B, WO e A 16 D

&Y 17: AR CHFED . ESI-MS m/z: 279.2
[M+Nal*, 4> 73RN CiiH1207. 'H-NMR (600 MHz,
CD;0D) §: 4.52 (1H, s, H-2), 3.14 (1H, d, J = 13.9
Hz, H-3a), 2.99 (1H, d, J = 13.9 Hz, H-3b), 7.07 (2H,
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d, J=8.5 Hz, H-2', 6), 6.66 (1H, d, J = 8.5 Hz, H-3',
5%; 13C-NMR (150 MHz, CD;OD) §: 174.9 (C-1),
76.3 (C-2), 81.4 (C-3), 42.0 (C-4), 175.8 (C-5), 128.0
(C-1"), 132.5 (C-2', 6"), 115.7 (C-3', 5"), 157.2 (C-4').
PL b3 5 SRR i s — 3020, MUS e E )
17 NFE R ATR
4 FBhiEIE MR

KA MTT EVHG 7 E SRR+ 5> 845
B 7 AR LI (1~7) A1 4 ANEYE, (8~

10 73 A6 AR g A KA ER . g5 R R
1. SEZI&XT HepG2. HeLa 2 FhZM k% 5-40 R msng
(5-fluorouracil, 5-FU) 1EAFHMEZ), % H460. A549.
H1299. HCC1806. MCF-7 4l fuide S Iisr{E P 1424,
SERIR, 4 FhAEoc bR s eI E R, 7
Tl S5 3 s 2 T T o 8 240 P340 2 B A e o 1
F, Hrb b &Y 5 % H1299 F1 H460 ELA R30I
T, HANHI R R TFHPEZG0ET . (L&) 4 5T AS49
ALY 5 X MCF-7 (14 BUR 5 FH 24540 24

F1 L&Y 1~1 XFERERE R

Table 1 Anti-tumor activities of compounds 1—11

ICso/(umol- L1

et A549 H1299 H460 HCC1806 MCEF-7 HepG2 HeLa

1 26.3%0.9 60.1£1.5 283*1.5 66.7+£2.2 61.5+1.7 458+2.1 485+1.1
2 47.6%x22 70.8+0.6 542425 783+£1.5 69.1+1.2 60.5+3.3 51.3+4.6
3 20.1+1.2 58.2+1.6 24240.6 56.7%£1.3 59.4+13 39.5+1.5 449+1.8
4 152+13 492+1.8 68.4+1.6 71.2£0.9 552425 29.8+0.8 67.8+1.6
5 252+0.8 22.6+1.2 13.6+0.5 495+1.1 18.6+0.8 351+1.9 32.8+0.9
6 30525 37.8+4.1 26.6+1.3 527+1.8 823+1.9 934+1.6 97.2+1.2
7 36.4+2.6 552+1.6 359422 69.9+5.5 75.1+£23 37.5+3.8 39.4+33
8 >100 >100 >100 >100 >100 >100 >100
9 >100 >100 >100 >100 >100 >100 >100
10 >100 >100 >100 >100 >100 >100 >100
11 >100 >100 >100 >100 >100 >100 >100
5-FU / / / / / 145+1.2 159+0.2
JEE 126+1.2 245+1.0 182+1.1 33.2+0.8 162+1.2 / /

5 i [2] LiJC, Zhang Z J, Liu D, et al. Quinolizidine alkaloids

w N EL G2y, R RIEA . St
(R 1 1 53 B AR A WA S, T
F A &) DL BN 3 AR S MR T T,
KB 5T IE ] — 450 ("H-NMR. BC-NMR) #iE
TEENAEY (2~6) MFHMA, JFH ECD
T (1) Cotton 250N KA & A4 G4 2 A7 T 14 Al 1R 48 00 )
A4, BIFE 280~300 nm A4t Cotton (5, HAE 320~
340 nm AIE Cotton %N, I S BHHK) 2 fi7
W S AL, FiAE 280~300 nm A IE Cotton 2N, H.
7 320~340 nm Jy 7 Cotton &N, 2% B — &% i
(1) 2 Ay R BB, 3 KRS T A fiAT
AERTE . REMZHEM ORI, EZSHEY
BA R ptgim e, ERSNEEmE T, &
W T8 R IAE AR [R 25 24 70 R FE T e I 2 2 i 2 AL
E YAV EA E A PR s, it — Dt
FLPUHIRE 27 it — e Bl S e
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