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Two new alkaloids from the roots of Scrophularia ningpoensis Hemsl.
LIU Peng’, ZHU Lin-lin", JING Shu-jin, LI Xiang, SU Cheng-yuan, ZHANG Wei', LIU Bin"

(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China)

Abstract: Two new alkaloids along with eleven known ones, were isolated from the 70% ethanol extract of
the roots of Scrophularia ningpoensis Hemsl. by various chromatographic methods, including silica gel, Sephadex
LH-20, reverse phase C,, and semi-preparative HPLC. Their structures were determined by physicochemical
properties and spectroscopic methods, including UV, IR, MS, 1D/2D NMR and ECD. They were identified as 11a-
isopropylcytisine (1), 13a -isopropyleytisine (2), uracil (3), (S) -5-hydroxypyrrolidin-2-one (4), pterolactam (5),
methyl-L-pyroglutamate (6), kaempferide (7), luteolin (8), 5,6,7,4'-tetramethoxyflavone (9), 6'-hydroxy-2',3",4,4'-
tetramethoxychalcone (10), scopolin (11), hymexelsin (12), and 8-hydroxycoumarin (13). Among them, compounds
1 and 2 are two new compounds, while compounds 3, 4, 7-12 were isolated from this plant for the first time. An
antitumor activity assay showed that compounds 8 and 9 had weak cytotoxicity against breast cancer cells (4T1).
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1 SElEE

&1 BELERRR,[al; =-952(c0.21,
MeOH). HALERE s N (TLC) BAFL 1, 3R b &
Y] B N AR . HR-ESI-MS & 7s #E 2> 188 116 m/z
233.164 6 [M+H] (C,,H,,N,O", 11518 233.164 8), H:Kr
Hor 708 C H N0, NMEFE N 6. UV Mk BIRTE
203.235.311 nm LA 5 KW, TR O 7S A7 76 2 Jik
(3431 ecm™) F3E (1 655 cm™) FIZEIR (1 57441 547 cm™)

DESENRULTHEE

\6 \6
N 2

'H NMR 3 % 75 7775 a- ML e 20 1) 3 AN 4 A0 4 X0
R 155 0, 7.46 (1H, dd, J = 9.0, 7.0 Hz).6.42 (1H,
dd, J=9.0, 1.4 Hz) # 6.26 (1H, dd, J = 7.0, 1.4 Hz),
2 WA R H IR 715 5 6, 3.98 (2H, d, J = 4.0 Hz) I
3.22 (1H, dd, J = 12.0, 2.7 Hz).2.69 (1H, dt, J = 12.0,
2.4 Hz). UL AG BARRA0EP0 10T 58 Ak me i 28 v i
HpanE ARV IR Ah, 7E i XOE A SR B 2
FER 7155 0, 2.24 (1H, m)~0.96 (3H, d, J = 6.6 Hz).
0.99 (3H, d,J=6.6 Hz). "*C NMR ¥ SR IE7E 14 NS
5, A4E a-MEBERHIA ) 5 MRS 5 6, 165.8, 116.7, 141.3,
107.9, 153.8; 2SR LR 5 5 0. 52.9, 48.6; 1 M5
IR EERRAS 5 0, 67.1. LAk, 1653 X ik Af W 22 5
6 M-S 9. 36.1,21.7,29.1,26.5,20.4, 20.4, IXLEHFE
5 R T I P S e v L T AR AR A RE A R EL
A=

44 '"H-'H COSY - HSQC . HMBC i JiT $2 it (1 {5
B B G VIR EE S IHER )8 (R 1). 1k
&% 1 NMR 15 5 5 2 %11k & ¥ clathrotropine it 17
X EEP, R B3 A AL, X BN AE T clathrotropine
H i JE DI SR DAL R 2 R — H RN
55, FNSELAEW A 6 N AR, Al HEk
4&A¢@173E7€ FAE B It i IR S e v L D e MY A
Vi, £ 'H-"H COSY it ] W52 3 4n 18] 2 iy (1 52 1
H e A4k &, /£ HMBC 1% 7 i W22 £ H-15 (5, 099)
H-16 (6, 0.96) 5 C-11 (d. 67.1) A {EAH %, AT iE
FERET C-11 42 (B2). ENOESYiﬂEﬁﬂlﬂﬂm%@JHJ
(6, 2.98) FH-5 (5, 6.26), H-9 (5, 2.54) F1H-16 (6, 0.96),

H H H ?
3y 3 —4 3—s

Chemical structures of compounds 1-13

Figure 1
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Table 1 NMR data of compounds 1 and 2 in CD,0D (400 MHz
for '"H NMR, 100 MHz for ?C NMR, J in Hz). *Overlapped signals

are reported without designating multiplicity

No. ! 2
oy O o, O
2 - 1658 - 165.8
3 6.42(dd,9.0,1.4) 116.7  6.41(dd, 9.0, 1.3) 116.4
4 7.46(dd, 9.0, 7.0) 1413 7.46 (dd, 9.0, 7.0) 141.3
5  6.26(dd,7.0,1.4) 107.9  6.24 (dd, 7.0, 1.3) 108.1
6 - 153.8 - 155.0
7 298 36.1 3.13 (m) 36.9
8 1.76 (brd, 13.3, a) 21.7 1.74 (dq, 13.3,2.0, ) 21.3
2.13 (dt, 13.3, 3.0, ) 2.14 (br d, 13.3, §)
9 254 29.1 2.32 28.6
10 3.98(d, 4.0) 529  3.90(dd, 15.5,6.5, a) 51.6
4.03 (d, 15.5, B)
11 2.37(dd, 10.2,1.9) 67.1 3.14 (brd, 12.3, a) 477
2.75(dt, 12.3,2.2, )
13 3.22(dd, 12.0,2.7, ) 48.6 231 68.0
2.69 (dt, 12.0, 2.4, B)
14 224 26.5 228 (m) 26.3
15 0.99 (d, 6.6) 20.4 1.02 (d, 6.1) 20.4
16 0.96 (d, 6.6) 204 0.99(d,6.1) 20.4

H-108 (J,, 3.98) Al H-11 (J,, 2.37), H-14 (J,, 2.24) 1
H-13a (d, 3.22)/H-15 (J,, 0.99), H-10a (,, 3.98) H1 H-8cx
(6, 1.76) FELEAASG, R Hff 2 1240 G (1) AE G A4 284 A ] 3
Fi7R. i ORCA 4.2.1 ¥, KA TDDFT J5 %743
THET PRI AT B (0 2606044 B 1) 38 CD 1%, FF 43 ) 5 5K
D CD B HEAT Lhi (K 4), T AL &9 1 I 4a 5t Ry
TROR1IR. 25 EJR, #iE TS 1 IEs ), A—A
B AR A W), 54N 11o-isopropyleytisine
a2 ABLERHR, [alp =-220.1(c0.71,
MeOH). AL B i B S BHPE, 3278 FmT R A AR Wil
&%, HR-ESI-MS &8 #E 4> 75 6 m/z 233.164 6
[M+H]" (C,,H, N,0", 11518 233.164 8), K H 775X
N C,H,N,O, NHIFIEE R 6, Ak &1 HIF 5 S ik
UV )i 7R A 203,234,310 nm 4 F i K. TR G
T R PR R R AEAE RS (3430 cm™) FRFEE (1655 cm™) Al
AR (157331 547 em™) (RFAETR WU . "H NMR 3 2

— 'H-'H cosy
Figure2 Key 'H-'H COSY and HMBC correlations of compounds
1and2

-~ HMBC

TNAFAE -k WE B A 1) 3 AN R AE VDU T 15 5 6, 7.46
(1H, dd, J = 9.0, 7.0 Hz).6.41 (1H, dd, J = 9.0, 1.3 Hz)
F16.24 (1H, dd, J=7.0, 1.3 Hz). 2 M7 fE 5 AMIER
T H L7 F15 5 6, 3.90 (1H, dd, J = 15.5, 6.5 Hz).4.03
(1H, d, J = 15.5 Hz) f1 6, 3.14 (1H, br d, J = 12.3 Hz).
2.75 (1H, dt, J=12.3,2.2 Hz). LA E{5 BERLEY2
DR I i A L AR AR AN, A1
L, A 2 B R AR — 4 7 N S 5 5, 2.28 (1H,
m)~1.02 (3H, d, J = 6.1 Hz)~0.99 (3H, d, J = 6.1 Hz), 6.
26.3,20.4,20.4.

454 "H-"H COSY .HSQC .HMBC #% #2 fit (115 &,
AL EY 2 MR E G ST 2HE R D. ¥ikd
Y2 I NMR (55 54 & 1 5 H, BB FH -+ M,
X AE 11-CH #1 13-CH 7 1E 22 7, $27 — 3 v S U R L
RALE W REAIR . £EA G 2 B HMBC 385 H ) W 42 3]
H-15 (6, 1.02) F1H-16 (5, 0.99) 5 C-13 (5, 68.0) f-{EA
5, VLI S SR IEBAE C-13 /7. 7ENOESY i ] Wi %
FIH-108 (5, 4.03) 5 H-118 (6, 2.75), H-5 (6, 6.24) I H-7
(d, 3.13), H-7 (9, 3.13) 55 H-13 (9, 2.31)/H-15 (6, 1.02)
TEERIE, I P M EEEI H-8a (5, 1.74) 5 H-11a (5, 3.14) 17
TEARDR, AIHfE LAY 2 AR A B G 1 3 s . kAT,
5T TDDFT #8347 T 715 CD, 7R,98,118-2 1)1t 5
ECD thZk 5146 &% 2 (S5 ECD i 4 e A — 3 (K 4),

Figure 3 Key NOE correlations of compounds 1 and 2
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Figure 4 Calculated and experimental CD spectra of 1 and 2

DR I 1 5 4K 5 ) 2 (1) 46 65 K B TR, 98,138 45 B
i, WhE TAEY 2 S, N— DRI AEY R &
Wy, i 4 N 13a-isopropyleytisine »
2 YHRRETEM

SKHMTT I, WK 1 73 5 TS B S0/ BRFL
Je 41 R 4T 1 R0 N /IS 240 B Ji 8 248 B 5% AS49 1 40 i 25
WM. AR ERLE Y 8 F1 9 TEIKE N 50 pmol- L7 i
XF AT E AT 055 20 55355 1, #0126 43 531 4 64.46%
H154.35%.

LIS I

RE-52 A Jighs 28 RAX (LA 48T ); SHB-
A fEH KR 2 H EZ R GEMN IR LA R A A);
KQ-500 DE B4 % 4% 8 75 e 5 Pe s (B (L i/ A A8 A
PR 2> 7]); HH-S2 ALY BB /K O MK 3R T 52 A BR
/> )); Sartorious BT 25 S B+ 5 4322 — ML F 43 #7 K °F
(At B 2 R B A PR A F]). Agilent-1260 % 155 24
WA TEA (G1311C VU JGEE R G G1315D W BE
B I 28 L % — AR Waters Sunfire C18 3%+ (5 pm,
4.6 mm x 150 mm); & 3 il & AL e 800 A € A
(LC-20AR - JGZE & 48 Al SPD-20A K Il #%) Fie % — iR
1] 4% T 7 OB 835 A COMOSIL C18 (5 pm, 10 mm x
250 mm). A3 ODS (50 um, YMC 7= fh); A i
FH Sephadex LH-20 (Pharmacia ;' f); MCI GEL CHP
20P (H A& =35 /3 A)); kil R (200~300 H). i
&1 T IR G iR G P 9 )= AR (20 em % 20 cm)
(F ST ). CO,aMMuEs 748 (32 1H Thermo 2
H]); RO B BB (H A Nikon 2 7); BEAR{X (48 [E
BMG Labtech 22 #)); #4015 7K A% (3£ E Millipore 2 7)),
N i 41 AS49 /IS BRFL R 41 4T 1 (b 52 B A0 4
Jf 555 A0 R AR G (35 B Gibeo A A)); B FRIL (35
Corning A #); 96 LR (3% [E Corning /A #]); DMEM
Fr Ak (35 H Gibeo A A); G4 Ik (LA %1 Biological
Industries 2> 7]); DMSO (G£[E Sigma-Aldrich 22 7]); PBS

T T T T T T T T T ]
200 220 240 260 280 300 320 340 360 380 400
Wavelength / nm

2Pl (35 Corning 24 ]); HAEMEMLHE (MTT) (b5
R AED B R A F); &R (G AR
HIRAF). EEROFIAERE: 10% K O BEE R, 5%
FE BRI IR IE S . WEE. O (A5, Fisher 2
), FK LK, HoAth i 35y o B 2k

LZUM (PR AR ), 5 20180314, £k
HPEARFEPLRFESEERREFLZMEEALS
B Z S B Y % S (Scrophularia ningpoensis Hemsl.)
1T, M AT AL R R 24 K 5 2 5Bt B419
LI E.
1 RS

TEEH) Z SR (40 kg) LR HE, N 10 58 70% &
B [E R Y 3 WK, B IK 2 h, R #GT U8, A R R EUR, I
R 5, 15 5028 12.7 kg ¥R B IR B, #
O A T L R SR K ) I TR 43l 2K L3
R, A IFZERUR S WUR IR 46, 19 3] LR L B8 A 310 go
OB TR A 2 0 A 0 2 5, DA G FR - P I
(100:0,99: 1, 98:2,97:3, 96:4, 95:5, 90: 10, 80: 20,
70330, 60:40, 50:50, 0:100) Jy e i 75 32 17 45 75 e Bt
DL JZ B 3EAT A IR, & IF45 3 27 AN B AR P 19 55
(Fractions 1~27). Fraction 25 (34.0 g) & Z.F& £.Tig—H
% 2 48 (100:0, 99:1,98:2,97:3,96:4, 95:5,90: 10,
0:100) BHEEBEML, 432 8 ML 4r (Fr. A~H). Fr.E (1.60 g)
% Sephadex LH-20 A% ta i (H BE N PE i) 2 85, 1531
5N 4 (Fr. ELI~ES). Fr. E3 (723.6 mg) & ODS k4
B DLHEE-/K (25175, 40:60, 80:20, 100:0) B )% ¥ i,
354 M4 (Fr. E3.1~E3.4). Fr. E3.1 (2252 mg) &
2 i) 2% o AOR A LR (R LUK = 5:95) 1B E 3
(5.4 mg, 1, = 12.5 min) .54 6 (6.5 mg, £, = 18.4 min)
AL &4 4 (3.1 mg, t, = 32.5 min). Fr. E3.3 (72.8 mg)
22 2] 2% O B (R RE-7K = 43:57) (52L&
Y13 (3.3 mg, t, = 8.2 min). Fraction 27 (30.0 g) & &
W5 2. T8 — A J 56 P55 5 I (10020, 991, 9822, 97:3, 96:4,
95:5,9:1,8:2,7:3,6:4,1:1) 83| 9NH 4y (Fr. 1~9).



© 754 - 2% %R Acta Pharmaceutica Sinica 2022, 57(3): 750 -756

Fr. 2 (6.23 g) & RE A (03 70 55, A i k- 2 1R O T
(9:1,7:1,5:1,3:1, 1:1) B EEBE A4S 21 4 N2 53 (Fr. 2.1~
2.4). Fr.2.1 (1.21 g) % Sephadex LH-20 ¥ {4 i (4
FBE-HE = 1:1), 4 ODS kol 4» B, F - /K 6
FEVER (20180, 40: 60, 60:40), 52116 5417 (4.5 mg)-
E10 (3.8 mg) AIL5478 (3.5 mg). Fr.2.2 (1.50 g)
2t Sephadex LH-20 A o3 (& - HEE = 1:1) Bx
EEEE, &P &SRO (ZF5-7K = 45:55)
BRI AW (6.5 mg, t, = 23.5 min) L &2 (4.5 mg,
t, =42.2 min). Fr.2.3 (1.15 g) 4 Sephadex LH-20 i {4
B (AR RE-TEE=1:1) B &K, £ 0DS Ay
B, H K BR B BR R (10290, 30170, 50250, 70:30), 15
B A9 (3.8 mg) FILEDIS (4.6 mg). Fr.2.4(1.02 g)
22 ODS A1 73 55, B B 7K B BE BRI (10290, 30:70,
50:50, 70:30, 90: 10, 100:0), 32| 5 4 (Fr. 2.4.1~
2.4.5). Fr.2.4.4(0.12 g) ZFH 4 mAH 1 (L5
K =15:85) HEIML A 12 (4.5 mg, t, = 10.8 min) Flfk
H W11 (6.0 mg, £, = 23.1 min).
2 HHEE

a1 AELERRKR (FED); [aly=-952
(c 0.21, MeOH); UV (MeOH) /__: (log €) 203.0 (2.71)-

max”*

235.0(2.43).311.0 (2.53) nm; IR (KBr) v, :3431.1 655,
1 574.1 546 cm; HR-ESI-MS m/z 233.164 6 [M+H]"
(C,,H,N,O", il 5 {8 233.164 8); 'H NMR (CD,OD,
400 MHz) fi1°C NMR (CD,OD, 100 MHz) ¥4 WL3& 1.

a2 AtTEMH R (FEE); o]y =-220.1
(¢ 0.71, MeOH); UV (MeOH) Z__ : (log &) 203.0 (2.92).

234.0(2.69).310.0 (2.76) nm; IR (KBr) v, : 3 430.1 655

1 573.1 547 cm™'; HR-ESI-MS m/z 233.164 6 [M+H]"
(C H,N,O", il % 14 233.164 8); 'H NMR (CD,0OD,
400 MHz) fi1 °C NMR (CD,OD, 100 MHz) {4 WL3 1.

WEW3 BELERHAR (TE), 5% &K
P2 [N A B, ESI-MS m/z: 113 [M+H]', M4 1
112, 7r 7 C,H,N,0,. 'HNMR (CD,0OD, 400 MHz):
J,7.38 (1H, d,J = 7.7 Hz, H-6), 5.60 (1H, d, J = 7.7 Hz,
H-5). "CNMR (CD,OD, 100 MHz): §. 153.6 (C-2), 167.4
(C-4), 101.7 (C-5), 143.7(C-6). LA Hd 5 SCwkMxt L,
Wi AV 3 N KEENE (uracil).

thEma At EwhR (P, [a]y =-2.38
(¢ 0.042, MeOH); 5% 7 B — I B iR s N AR . ESI-
MS m/z: 102 [M+H]", #X}73 7R 101, 7357 C,H,NO,.
'H NMR (CD,0D, 400 MHz): 6, 5.25 (1H, dd, J = 6.3,
1.7 Hz, H-5), 2.49 (1H, overlapped, H-32)/2.19 (1H, ddd,
J=16.8,9.8, 3.6 Hz, H-3b), 2.37 (1H, overlapped, H-4a)/
1.90 (1H, m, H-4b). "C NMR (CD,0D, 100 MHz): J..

180.8 (C-2), 29.5 (C-3), 31.3 (C-4), 80.9 (C-5). LA %k
I 5 SCHR ST B, 1 e AL A 4 R (S)-5-FR R L Hi -
2- ((S)-5-hydroxypyrrolidin-2-one)-.
&S AELEEMK (FE),[aly=+1.12
(c 0.27, MeOH); 5% 7 HL & — IR B IR [ B i A% 28 £ .
ESI-MS m/z: 116 [M+H]", % 4> F Ffi & 115, 45 F X
C,H,NO,. 'H NMR (CD,0D, 400 MHz): 6,, 4.88 (1H,
dd, J= 6.0, 0.8 Hz, H-5), 3.30 (3H, s, 5-OCHj,), 2.43 (1H,
H-3a)/2.18 (1H, H-3b), 2.29 (1H, s, H-4a)/2.00 (1H, s,
H-4b). "“C NMR (CD,0OD, 100 MHz): 6. 181.6 (C-2),
29.3 (C-3), 28.8 (C-4), 88.8 (C-5), 54.8 (5-OCH,). Ll k.
H 5 SCERU 0 L, B8 154 5 N pterolactam .
Eme HETERMAK (FE), 5% & HEE-IK
BRR SR T K (. ESI-MS m/z: 144 [M+H]', A3 F
143, 7 73 C,H,NO,. 'HNMR (CD,0D, 400 MHz):
8,4.29 (1H,dd,J=9.0,4.5 Hz, H-5),3.75 (3H, s, 6-OCH,),
2.47 (1H, overlapped, H-4a)/2.15 (1H, overlapped, H-4b),
2.24~2.39 (2H, overlapped, H-3). "“C NMR (CD,0OD,
100 MHz): 6. 178.9 (C-2), 174.5 (C-6), 57.0 (C-5), 52.9
(6-OCH,), 30.3 (C-3), 25.8 (C-4). LL %45 5 sc k™
Xt LE, B 5 &%) 6 4 methyl-L-pyroglutamate .
tEwT EELERHMK (FE). 254 nm T H
BT, 5% A B IR R R B B . ESI-MS m/z: 301
[M+H]", #HX} 40+ i & 300, 7 X C,H,,0,c 'HNMR
(DMSO-d,, 400 MHz): §, 12.44 (1H, s, 5-OH), 10.82
(1H, br s,7-OH), 9.52 (1H, br s, 3-OH), 8.13 (2H, d, J =
9.0 Hz, H-2',6'), 7.11 (2H, d, J = 9.0 Hz, H-3",5"), 6.46
(1H, d, J = 2.0 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz, H-6),
3.84 (3H, s, 4-OCH,). "“C NMR (DMSO-d,, 100 MHz):
J. 146.2 (C-2), 136.1 (C-3), 176.0 (C-4), 160.7 (C-5), 98.2
(C-6), 164.0 (C-7), 93.5 (C-8), 156.2 (C-9), 103.1 (C-10),
123.3 (C-1"), 129.3 (C-2"), 129.3 (C-6'), 160.5 (C-4"),
114.0 (C-3"), 114.0 (C-5"), 55.4 (4-OCH,). LA L-%#55
SCHERUT B, W e B 7 1L 25 (kaempferide).
Em8 EETLEEMAK (FEE), 254 nm
B, 5% A B R ER B B . ESI-MS m/z: 287
[M+H]", A%} 5 J5i & 286, 7+ 73 C ;H,,0,c 'HNMR
(DMSO-d,, 400 MHz): §,, 12.98 (1H, s, 5-OH), 7.41 (1H,
dd, J=8.1, 2.2 Hz, H-6'), 7.40 (1H, d, J = 2.2 Hz, H-2"),
6.89 (1H, d, J = 8.1 Hz, H-5"), 6.67 (1H, s,H-3), 6.44
(1H, d, J = 2.0 Hz, H-8), 6.19 (1H, d, J = 2.0 Hz, H-6).
C NMR (DMSO-d,, 100 MHz): d,. 163.9 (C-2), 102.9
(C-3), 181.7 (C-4), 161.5 (C-5), 98.9 (C-6), 164.2 (C-7),
93.9 (C-8), 157.3 (C-9), 103.7 (C-10), 121.5 (C-1"), 113.4
(C-2"), 145.8 (C-3"), 149.7 (C-4"), 116.0 (C-5"), 119.0 (C-



S P2 XS 2 AN B AP - 55 -

6")o LA EdE 5 SCHRUIN L, B E b A ) 8 KR B
#* (luteolin).

WEY9 HETEMHAR (FEE), 5% & HERE -
TR Bk (0. ESI-MS m/z: 343 [M+H]', AR5 1
5342, 77 C,,H O, 'HNMR (DMSO-d,, 400 MHz):
J, 8.00 (2H, d, J = 8.9 Hz, H-2',6"), 7.18 (1H, s, H-8),
7.08 (2H,d,J=8.9 Hz, H-3',5"),6.69 (1H, s, H-3),3.94 (3H,
s, 5-OCH,), 3.84 (3H, s, 6-OCH,), 3.80 (3H, s, 7-OCH,),
3.76 (3H,s,4'-OCH,). “CNMR (DMSO-d,, 100 MHz): J,.
161.9 (C-2), 106.1 (C-3), 175.6 (C-4), 153.9 (C-5), 139.7
(C-6), 157.4 (C-7), 97.3 (C-8), 151.6 (C-9), 112.0 (C-10),
123.0 (C-1"), 127.8 (C-2"), 127.8 (C-6'), 114.4 (C-3"),
114.4 (C-5"), 160.2 (C-4"), 61.8 (5-OCH,), 61.0 (6-OCH,),
56.4 (7-OCH,), 55.5 (4-OCH,). LA L %45 5 C k"%t
b, #5499 8 5,6,7,4"- DU FE AR L (5,6,7,4'-
tetramethoxyflavone).

EP10 AT E MK (FEE), 254 nm T
B, 5% FF S -k Ti R 2k 3 5 . ESI-MS m/z:
345 [M+H]", A Xf 70 F i & 344, 7 T 8 C,,H, 0,0
'"H NMR (DMSO-d,, 400 MHz): 9, 12.40 (1H, s, 2'-OH),
7.69 (2H, d, J = 8.4 Hz, H-2,6), 7.61 (1H, d, J=15.7 Hz,
H-8),7.48 (1H,d,J=15.7Hz, H-0),7.01 (2H, d, J=8.4 Hz,
H-3,5),6.38 (1H, s, H-3"),3.84 (3H, s, 5-OCH,), 3.84 (3H,
s, 6'-OCH,), 3.81 (3H, s, 4-OCH,), 3.70 (3H, 5, 4-OCH,).
C NMR (DMSO-d,, 100 MHz): d. 127.2 (C-1), 130.4
(C-2), 130.4 (C-6), 114.6 (C-3), 114.6 (C-5), 158.2 (C-4),
110.1 (C-1"), 158.3 (C-2'-OH), 96.5 (C-3"), 161.4 (C-4"),
134.7 (C-5"), 153.3 (C-6'), 124.5 (C-a), 143.4 (C-p),
55.4 (4-OCH,), 56.0 (4'-OCHS,), 60.6 (5'-OCH,), 61.5 (6'-
OCH,). LA L##E 5 Crk!'xf L, #i e 54910 M 6'-
Fedk-2,3"4,4"- VY F A JE 25 R B (6'-hydroxy-2',3",4,4'-
tetramethoxychalcone).

a1 At ERm AR (HE), 5% 7 k-
TR 8 S B v 40 7, Molish Sz B 5L FH 1% . ESI-MS
m/z: 377 [M+Na]", #HXS 73 7 i & 354, 7> 73 C H ;040
'"H NMR (CD,0D, 400 MHz): 6, 7.90 (1H, d, J = 9.5 Hz,
H-4), 7.20 (1H, s, H-5), 7.17 (1H, s, H-8), 6.30 (1H, d,
J =9.5 Hz, H-3), 5.06 (1H, d, J = 7.3 Hz, H-1"), 3.90
(3H, s, 7-OCH,), 3.90 (1H, br d, J = 12.0 Hz, H-6"a), 3.70
(1H, dd, J = 12.0, 5.6 Hz, H-6'b), 3.37~3.57 (4H, H-
2',3'.4'.5", “CNMR (CD,0D, 100 MHz): §, 163.6 (C-2),
114.5 (C-3), 145.7 (C-4), 110.8 (C-5), 148.3 (C-6), 151.7
(C-7),102.1(C-8),150.7 (C-9), 114.6 (C-10), 105.3 (C-1"),
74.7 (C-2'), 78.4 (C-3"), 71.2 (C-4"), 77.8 (C-5"), 62.4 (C-
6"), 57.1 (7-OCH,). LA 3l 5 SCk! % b, it &

Y11 NZRE 5 (scopolin).

Emw12 BOTER AR (W), 5% & -k
i TR S V. S VR 41, Molish e v & BHPE . ESI-MS m/z:
509 [M+Na]", A%t 7 7 Jii & 486, 7> T 2 C, H,0,;-
'H NMR (CD,0D, 400 MHz): 6, 7.90 (1H, d, /= 9.5 Hz,
H-4), 7.22 (1H, s, H-5), 7.20 (1H, s, H-8), 6.31 (1H, d,
J=9.5Hz, H-3), 499 (1H, d, J = 7.5 Hz, H-1"), 4.95
(1H, d, J=2.7 Hz, H-1"),4.06 (1H, d, J=9.7 Hz, H-4"a),
4.05 (1H, dd,J=11.0,1.8 Hz,H-6'a),3.98 (1H,d,J=2.7Hz,
H-2"), 3.91 (3H, s, 7-OCH,), 3.77 (1H, d, J= 9.7 Hz, H-
4"b), 3.70 (1H, H-5"), 3.64 (1H, d, J = 11.7 Hz, H-5"a),
3.61 (1H, d, J=11.7 Hz, H-5""b), 3.60 (1H, dd, J = 11.0,
7.3 Hz, H-6'b), 3.46~3.55 (2H, H-3',4"), 3.34 (1H, dd,
J =98, 7.5 Hz, H-2'). “C NMR (CD,0OD, 100 MHz):
5. 163.9(C-2), 114.5 (C-3), 145.8 (C-4), 110.8 (C-5), 148.2
(C-6), 151.7 (C-7),102.2 (C-8), 150.7 (C-9), 114.6 (C-10),
105.5 (C-1'), 74.7 (C-2"), 78.3 (C-3"), 71.7 (C-4"), 77.2
(C-5"), 69.1 (C-6"), 111.2 (C-1"),77.9 (C-2"), 80.5 (C-3"),
75.0 (C-4"),65.6 (C-5""),57.1 (OCH,). LA % 5 3ck™
XFEE, € A4 12 49 hymexelsin

a3 BHEIERHE R (), 10% k-4
W A 210, 5% 7 BB IR AR IR I N A0t . ESI-MS
m/z: 161 [M-H]", Xt 70 1 it & 162, 73 1 3 CH,O;.
'H NMR (DMSO-d,, 400 MHz): 6,, 10.34 (1H, s, 8-OH),
8.00 (1H, d, J=9.6 Hz, H-4), 7.12 (3H, m, H-5,6,7), 6.45
(1H,d,J=9.6 Hz, H-3). *CNMR (DMSO-d,, 100 MHz):
J. 160.0 (C-2), 118.1 (C-3), 142.2 (C-4), 116.0 (C-5),
144.7 (C-6), 144.7 (C-7), 124.4 (C-8), 144.9 (C-9), 118.4
(C-10). L% 5 cER>% b, e tb 549013 N 8-#2
#: 7 H % (8-hydroxycoumarin).
3 YHAESIEMEMIR

IS MTT R R A A ) 1~13 B 40 B 295 7, I
T R A /0 RSP e 00 B AT 1 AN Sl /) 240 it e 4
il 5 A549. SEER I R R IR 4T 1. AS49 M8 241 i
96 fLAR, #5957 24 ho 4525 (KN 50 umol-L™, 6 & 1L,
5 umol-L™ Fi 8 2 AN FH X HR), B 5 48 hJ&, FE T MTT
2 BEFRALAE 570 nm BN RTIOGAE, AR T 2
ST G A K 2 o

YA AN R (%) = [1 - (LA EE -
T AL S FEAE) / O0F JEZH R o B — T LR R
18)] x 100%.

B VRIIK 24 2 0 B E ECD U S 7 T 4
SRR,

B & TTmk: XM 3= 240 500 h 245 X SR AT IR 20 AN

W
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G5 e S 5E ; BLIR I B B OGS A 2 RS20 AT 3 P O 0 AN S R
L S IR A 0 BEAT I VR ks 2R AR B kAT SR IO
REHTAR s 75 8 el W B 58 BRAK 15 7 T R 6 A 4 A K
WO IERE, SRR S SR ik G5 M AT A1 SRS A
& B X I8 AR, ST SR N B A BT R A &
B

FY SR AL T TCAE AT i o 5%
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