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All fifteen flavonoids (1~15) have been isolated from the roots of Sophora flavescens
(Leguminosae) as active principles of the cytotoxic property toward human tumor cell lines
such as A549, SK-OV-3, SK-Mel-2, XF498 and HCT15, /n vitro. By means of spectral analyses,
particularly by the aid of various two dimensional NMR experiments, all '"H-NMR and "C-
NMR signals of 1~15 were completely assigned, and thus the structures of 1~15 were es-

tablished unambiguously.
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INTRODUCTION

The flavonoids in Sophora flavescens (Leguminosae)
are particularly called as kushen flavonoids or kushe-
nols because they are exclusively abundunt in the
species (Kushen is the name of the species in Chinese),
which are members of the flavanone or flavonol (dihy-
droflavonol) with isopentenyl or lavandulyl side chains.
Although lots of kushenols had been isolated and ch-
aracterized so far from this species, in some of them,
the partial structures, i.e., the points of attachment of
the isopentenyl or lavandulyl side chains on the fla-
vone skeleton were remained partially unknown (Wu
et al, 1985). However, by the present study exploi-
ting various HETCOR NMR experiments on 1~15, all
proton and carbon signals of 1~15 and the correla-
tions between them were completely assigned, which
enabled us to clarify the attachment point of side
chains and also to establish the whole structures of 1~
15. In this paper, we report briefly the isolation of 1~
15 from the roots of S. flavescens as well as the de-
tailed '"H and "C NMR signals of them assigned by
various HETCOR NMR experiments.

MATERIALS AND METHODS

General

All NMR spectra were obtained on a Bruker AM-
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300 and Bruker AMX-500 spectrometer. High and
low resolution MS were taken with a direct inlet and
recorded with a JIMS-DX303 mass spectrometer (JEOL).
The optical rotations were determined on Autopol 1l
automatic polarimeter. CD spectra were recorded on
JASCO J-720 spectropolarimeter.

Extraction and Isolation

The dried and chopped roots (3 Kg) of S. flavescens
were extracted with MeOH at room temperature. Con-
centration of the solvents afforded a MeOH extract of
ca. 240 g, which was suspended in H,0O and par-
titioned with CH,Cl, (35 g) and EtOAc (50 g), suc-
cessively. The CH,Cl, soluble fraction was divided
into six fractions (F1~F6) by silica gel column chro-
matography by way of gradient elution with a mix-
ture of CH,Cl, and MeOH. Among the resultant six
fractions, only the F4 and F5 exhibited a significant
cytotoxicity (EDs, values against A549 were ca. 15 ug/
ml and 20 pg/ml), which were further divided into
several subfractions followed by monitering the cyto-
toxicity. This procedure, the fractionation followed by
cytotoxicity estimation was repeated until the isolation
of nine pure active components 1~9 were achieved
from F4 and F5, ie., 1 (formononetin, 72 mg), 2 (ku-
shenol E, 55 mg), 3 (kushenol B, 250 mg), 4 (sophora-
flavanone G, 480 mg), 5 (kushenol L, 30 mg), 6 (ku-
shenol M, 500 mg), 7 (kuraridin, 110 mg), 8 (kurari-
none, 120 mg), 9 (kushenol/ N, 20 mg), by the de-
creasing Rf order. The EtOAc fraction was also sub-
jected to the same treatment as for the CH,Cl, solu-
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ble fraction to yield six active principles, 10~15, i.e,
10 (kosamol A, 85 mg), 11 (norkurarinol, 28 mg), 12
(kurarinol, 500 mg), 13 (kusheno/ H, 110 mg), 14 (ku-
shenol K, 100 mg) and 15 (trifolirhizin, 210 mg) by
the deceasing Rf order. These compounds 1~15 were
identified by physicochemical and spectrospoic analy-
ses such as m.p., NMR, MS and CD and were ident-
ical to previously published data (Shibata et a/., 1963,
Wu et al, 1985, linuma et al,, 1990, Ryu et al,, 1996).

1, formononetin, C,,H,,0, (M.W. 268) colorless ne-
ddles; mp 257-259°.

2, kusheno!l E, C;H,;O, (MW. 424) pale yellow
amorphous powder; [a], -42" (c=0.1, MeOH); UV
A MM (MeOH): 250 (sh), 290, 316; m/z (rel. int.):
424 (M*, 82), 406 (M™-H,O, 37), 364 (30), 363 (100),
307 (27), 295 (27); 'H-NMR & (300 MHz, DMSO-d,):
1.53, 1.58, 1.61 and 1.70 (each 3H, s, H-4b and H-
5b), 2.62 (1H, dd, £2.8, 17.2 Hz, H-3B), 3.12 (1H,
dd, £13.0, 17.2 Hz, H-3a), 3.15 (4H, m, H-1b), 5.07
(2H, m, H-2b), 5.52 (1H, dd, £2.8, 13.0 Hz, H-2),
6.25 (1H, dd, £2.2, 8.4 Hz, H-5"), 6.34 (1H, d, &=2.2
Hz, H-3") and 7.18 (1H, d, =8.4 Hz, H-6'), 12.40
(1H, s, D,O exchangeable, 5-OH).

3, kushenol B, CH, O, (MW. 492) pale yellow
amorphous powder; [aly -38° (c=0.1, MeOH); UV A,
nm (MeOH): 295, 333; m/z (rel. int): 492 (M", 10),
370 (26), 369 (100), 351 (37), 295 (40), 233 (27): "H-
NMR & (300 MHz, DMSO-d,): 1.43, 1.53, 1.59, 1.60
and 1.69 (each 3H, s, H-6a, H-7a, H-10a, H-4b and
H-5b), 1.92 (2H, m, H-3a), 2.38 (1H, m, H-2a), 2.52
(2H, m, H-1a), 2.62 (1H, dd, 2.5, 17.2 Hz, H-3B),
3.17 (1H, dd, £13.2, 17.2 Hz, H-3a), 3.21 (2H, m, H-
1b), 4.53 and 4.59 (each 1H, brs, H-9a), 4.85 (1H, m,
H-4a), 5.07 (1H, m, H-2b), 5.52 (1H, dd, £2.5, 13.2
Hz, H-2), 6.25 (1H, dd, 2.2, 8.4 Hz, H-5"), 6.36 (1H,
d, 2.2 Hz, H-3") and 7.25 (1H, d, 8.4 Hz, H-6",
12.42 (1H, s, D,O exchangeable, 5-OH).

4, sophoraflavanone G, C,sH,,0, (MW. 424) pale
vellow needles in CHCly/hexane; mp. 175°% UV A,
nm (MeOH): 293, 340; m/z (rel. int.): 424 (M", 70),
406 (4), 301 (78), 283 (84), 165 (100); "H-NMR & (300
MHz, DMSO-d,): 1.43, 1.53 and 1.57 (each 3H, s, H-
6a, H-7a and H-10a), 1.90 (2H, m, H-3a), 2.38 (1H,
m, H-2a), 2.42 2H, m, H-1a), 2.61 (1H, dd, £2.8,
17.2 Hz, H-3B), 3.08 (1H, dd, £13.2, 17.2 Hz, H-3w),
4.46 and 4.53 (each 1H, brs, H-9a), 4.85 (1H, m, H-
4a), 5.45 (1H, dd, £2.8, 13.2 Hz, H-2), 5.92 (1H, s,
H-6), 6.25 (1H, dd, £2.2, 8.4 Hz, H-5", 6.33 (1H, d,
2.2 Hz, H-3') and 7.20 (1H, d, &£8.4 Hz, H-6'), 12.
12 (1H, s, D,O exchangeable, 5-OH).

5, kushenol L, C,sH,;O, (MW. 440) pale yellow am-
orphous powder; [od, +12° (c=0.1, MeOH); UV A,
nm (MeOH): 288 (sh), 298, 343; m/z (rel. int.): 440(M",
23), 290 (20), 289 (32), 234 (40), 233 (100), 207 (42),
177 (29), 151 (28), 150 (39); 'H-NMR & (300 MHz,
DMSO-d,): 1.38, 1.47, 1.52 and 1.61 (each 3H, s, H-
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4b and H-5b), 3.05 and 3.20 (each 2H, m, H-1b), 4.62
(1H, d, £11.2 Hz, H-2), 5.01 (2H, m, H-2b), 5.22 (1H,
d, F11.2 Hz, H-3), 6.24 (1H, dd, £2.2, 8.4 Hz, H-5"),
6.29 (1H, d, 2.2 Hz, H-3") and 7.05 (1H, d, 8.4
Hz, H-6"), 12.17 (1H, s, D,O exchangeable, 5-OH}).

6, kushenol M, C;,H,,Q, (MW. 508) pale yellow am-
orphous powder; [o], +18° (c=0.1, MeOH); UV A,
nm (MeOH): 298, 350; IR v, (KBr) cm™: 3300, 1630,
1600; m/z (rel. int.): 508 (M*, 15), 490 (5), 385 (82),
367 (33), 311 (35), 233 (100), 177 (67); "H-NMR &
(300 MHz, DMSO-d,): 1.41, 1.48, 1.50, 1.56 and 1.66
(each 3H, s, H-6a, H-7a, H-10a, H-4b and H-5b), 1.
91 (2H, m, H-3a), 2.35 (1H, m, H-2a), 2.49 (2H, m,
H-1a), 3.19 (2H, m, H-1b), 4.44 and 4.52 (each 1H,
brs, H-9a), 4.62 (1H, d, =11.3 Hz, H-3), 4.84 (1H, t,
J=6.6 Hz, H-4a), 5.05 (1H, m, H-2b), 5.28 (1H, d, £
11.3 Hz, H-2), 6.29 (1H, dd, 2.2, 8.4 Hz, H-5", 6.
35 (1H, d, 2.2 Hz, H-3", 7.16 (1H, d, ~8.4 Hz, H-
6') and 12.16 (1H, s, D,0O exchangeable, 5-OH)

7, kuraridin, C,H:,QO, (MW. 438) yellow amorphous
powder, a chalcone of 8; [a]p +6° (c=0.1, MeOH); UV
Amax MM (MeOH): 390; m/z (rel. int.): 422 (M*-16, 5),
329 (5), 299 (20), 179 (15); "H-NMR 8§ (500 MHz,
DMSO-d,): 1.49, 1.58 and 1.64 (each 3H, s, H-63,
7a and 10a), 2.00 (2H, m, H-3a), 2.45 (1H, m, H-2a),
2.50 (2H, m, H-1a), 3.85 (3H, s, 5-OMe), 4.49 and 4.
56 (each 1H, brs, H-9a), 4.95 (1H, m, H-4a), 6.03
(1H, s, H-6), 6.30 (1H, dd, £2.2, 8.4 Hz, H-5"), 6.37
(1H, d, 2.2 Hz, H-3") and 7.20 (1H, d, 8.4 Hz, H-
6'), 7.84 (1H, d, =15.5 Hz, H-3), 7.94 (1H, d, F15.5
Hz, H-2), 14.86 (1H, s, D,O exchangeable, 9-OH).

8, kurarinone, C,;H3,O, (M.W. 438) pale yellow am-
orphous powder; [aly +12° (c=0.1, MeOH); UV A,
nm {(MeOH): 290; m/z (rel. int.): 438 (M", missing), 423
(12), 422 (22), 300 (30), 299 (100), 153 (47), 124 (49),
110 (55), 109 (44); 'H-NMR & (300 MHz, DMSO-d,):
1.41, 1.51 and 1.62. (each 3H, s, H-6a, H-7a and H-
10a), 1.95 2H, m, H-3a), 2.45 (1H, dd, £2.5, 16.0
Hz, H-3B), 2.48 (1H, m, H-2a), 2.50 2H, m, H-Ta),
2.82 (1H, dd, =13.2, 16.0 Hz, H-30), 3.68 (3H, s, 5-
OMe), 4.46 and 4.53 (each TH, brs, H-9a), 4.85 (1H,
m, H-4a), 5.42 (1H, dd, £2.5, 13.2 Hz, H-2), 6.10
(TH, s, H-6), 6.23 (1H, dd, £2.2, 8.4 Hz, H-5"), 6.31
(TH, d, =2.2 Hz, H-3") and 7.20 (1H, d, =8.4 Hz, H-
6'). 8 was converted to the corresponding chalcone, 7
kuraridin by the treatment of NH,.

9, kushenol/ N, C;H;,O, (MW. 454) pale yellow
amorphous powder; UV A,,, nm (MeOH); 290, 331;
m/z (rel. int): 436 (M*-H,0, 20), 315 (8), 314 (35),
313 (100), 179 (13), 153 (12); "H-NMR & (300 MHz,
DMSO-d,): 1.41, 1.54 and 1.60. (each 3H, s, H-6a,
H-7a and H-10a), 1.95 (2H, m, H-3a), 2.45 (1H, m,
H-2a), 2.50 (2H, m, H-1a), 3.73 (3H, s, 5-OMe), 3.76
(1H, s, H-3), 4.52 and 4.59 {each 1H, brs, H-9a), 4.85
(TH, m, H-4a), 5.38 (1H, d, &=1.5 Hz, H-2), 6.13 (1H,
s, H-6), 6.24 (1H, dd, £2.2, 8.4 Hz, H-5'), 6.31 (1H,
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d, F2.2 Hz, H-3") and 7.29 (1H, d, /8.4 Hz, H-6').

10, kosamol A, C,Hy;30O5 (MMW. 526) pale yellow
amorphous powder; [a], +36° (c=1.0, MeOH); IR v,
(KBr) cm’': 3300, 1630, 1600, 1450; UV A« hm
(MeOH): 298, 350; CD (c=2.2x 10", MeOH) 6 (nm):
+880 (320) (positive maximum), -1995 (295) (negative
maximumy); HRMS: 526.2563 (calculated 526.2567);
LRMS (rel. int): 526(M", 10), 508 (M'-H,0O, 40), 490
(20), 453 (20), 385 (100), 367 (80), 357 (60), 311 (70),
233 (95), 177 (90); 'H-NMR 8 (300 MHz, DMSO-d,):
1.15 (6H, s, H-4b and H-5b), 1.45, 1.52 and 1.53
(each 3H, s, H-6a, H-7a and H-10a), 1.52 (1H, m, H-
2b), 1.92 (2H, m, H-3a), 2.36 (1H, m, H-2a), 2.55 (2H,
m, H-1a), 2.64 (2H, m, H-1b), 4.44 and 4.52 (each
1H, brs, H-9a), 462 (1H, d, £11.3 Hz, H-3), 4.86
(1H, t, 6.6 Hz, H-4a), 5.26 (1H, d, &11.3 Hz, H-2),
6.23 (1H, dd, 2.2, 8.4 Hz, H-5Y, 6.32 (1H, d, 2.2
Hz, H-3"), 7.13 (1H, d, /=8.4 Hz, H-6"y and 12.17 (1H,
s, D,O exchangeable, 5-OH). COLOC: Fig. 2.

11, norkurarinol, C,sH,,0, (M.W. 442) colorless am-
orphous powder; UV A, nm (MeOH): 294, 320 (sh);
m/z (rel. int.): 442 (M", 5), 406 (10), 301 (95),424 (10),
283 (100), 165 (60). "H-NMR & (300 MHz, DMSO-d,):
0.95 (6H, s, H-6a and H-7a), 1.09 and 1.18 (each 1H,
m, H-4a), 1.28 (2H, m, H-3a), 1.57 (3H, s, H-10a),
2.33 (1H, m, H-2a), 2.48 (2H, m, H-1a), 2.52 (1H, dd,
=2.2, 16.0 Hz, H-3pB), 3.22 (1H, dd, £13.2, 16.0 Hz,
H-3a), 3.92 (1H, brs, D,O exchangeable, 5a-OH), 4.45
and 4.56 (each 1H, brs, H-9a), 5.45 (1H, dd, £2.2,
13.2 Hz, H-2), 592 (1H, s, H-6), 6.25 (1H, dd, £1.8,
8.3 Hz, H-5", 6.38 (1H, d, 1.8 Hz, H-3") and 7.23
(TH, d, £8.3 Hz, H-6", 12.12 (1H, s, D,O exchangea-
ble, 5-OH).

12, kurarinol, C,,H;,0O, (MMW. 456) colorless nee-
dles in Hexane/EtOAc; [0]y -48° (c=1.0, MeOH); UV
Amax MM (MeOH): 285, 325 (sh); FABMS (rel. int.): 457
(M*+1, 40), 315 (40), 307 (70), 289 (50), 179 (70),
155 (100), 138 (99); 'H-NMR & (500 MHz, DMSO-d,):
0.96 (6H, s, H-6a and 7a), 1.09 and 1.18 (each 1H,
m, H-4a), 1.28 (2H, m, H-3a), 1.57 (3H, s, H-10a), 2.
33 (1H, m, H-2a), 2.50 2H, m, H-1a), 2.52 (1H, dd,
2.2, 16.0 Hz, H-3B), 2.82 (1H, dd, ~13.2, 16.0 Hz,
H-3a), 3.70 (3H, s, 5-OMe), 4.03 (1H, brs, D,O ex-
changeable, 5a-OH), 4.49 and 4.56 (each TH, brs, H-
9a), 545 (1H, dd, £2.2, 13.2 Hz, H-2), 6.13 (1H, s,
H-6), 6.28 (1H, dd, £1.8, 8.3 Hz, H-5"), 6.36 (1H, d,
£=1.8 Hz, H-3") and 7.23 (1H, d, 8.3 Hz, H-6").

13, kusheno! H, C,sH;,0p (MW. 472) pale yellow
amorphous powder; [, +15° (c=1.0, MeOH); UV
Amax NM (MeOH): 288, 325; m/z (rel. int.): 454 (M"-H,
O, 10), 436 (10), 313 (100), 285 (15), 179 (20), 153
(60}, 123 (10); "H-NMR § (500 MHz, DMSO-d,): 0.97
(6H, s, H-6a and H-7a), 1.09 and 1.14 (each 1H, m,
H-4a), 1.25 (2H, m, H-3a), 1.49 (3H, s, H-10a), 2.28
(TH, m, H-2a), 2.40 (2H, m, H-1a), 3.71 (3H, s, 5-
OMe), 3.97 (1H, brs, D,O exchangeable, 5a-OH), 4.36

(1H, dd, £1.0, 11.0 Hz, H-3), 4.41 and 4.48 (each
1H, brs, H-9a), 5.21 (1H, d, £11.0 Hz, H-2), 6.12
(1H, s, H-6), 6.23 (1H, dd, £2.0, 8.4 Hz, H-5"), 6.31
(1H, d, =2.0 Hz, H-3") and 7.12 (1H, d, 8.4 Hz, H-
6').
14, kushenol K, C,.H;,05 (MW, 472) pale yellow
amorphous powder; [o]p -81° (c=1.0, MeOH); UV A,
nm (MeOH): 290, 325; m/z (rel. int): 454 (M™-H,0,
10), 331 (5), 313 (100), 285 (10), 179 (30), 153 (40),
123 (10). 'H-NMR & (500 MHz, DMSO-d,): 0.94 (6H,
s, H-6a and H-7a), 1.05 and 1.16 (each TH, m, H-4a),
1.26 2H, m, H-3a), 1.60 (3H, s, H-10a), 2.32 (1H, m,
H-2a), 2.53 (2H, m, H-1a), 3.71 (3H, s, 5-OMe), 3.82
(TH, brs, H-3), 3.95 (1H, brs, D,O exchangeable, 5a-
OH), 4.54 and 4.59 (each 1H, brs, H-9a), 5.37 (1H,
d, =1.5 Hz, H-2), 6.13 (1H, s, H-6), 6.24 (1H, dd, £
2.2, 8.4 Hz, H-5, 6.31 (1H, d, =2.2 Hz, H-3") and
7.29 (1H, d, &=8.4 Hz, H-6").

15, trifolirhizin, C,,H,,O,, (MW. 446), colorless rods,
mp 142°, [olp -185° (c=1.0, EtOH) (Shibata et a/, 1963).

RESULTS AND DISCUSSION

The species Sophora flavescens Aiton is a shrub in
Leguminosae which is spread widely in northeast A-
sian countries. It is nowadays cultivated commonly
and thus the roots of this species is available comm-
ercially in Korea as a generic name Kosam. It has
been used as a folk medicine for antipyretic, anal-
gesic, anthelmintic and stomachic uses in Korea. We
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Fig. 1. Cytotoxic components from Sophora flavescens.



494

*H—C

Fig. 2. Correlation of C-H hong range couplings of kosamol
A (10) by COLOC experiment.

recently reported that the methanolic extracts of the
roots of S. flavescens showed a moderate cytotoxicity
against several cultured human tumor cell lines, A549,
SK-OV-3, SK-Mel-2, XF498 and HCT15. (Ryu et al,
1997). By the continuous investigation for active in-
gredients responsible for the cytotoxicity on tumor

Table I. "C-NMR chemical shifts (8) of 2~14 in DMSO-d,
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cells, all fifteen flavonoids (1~15) had been isolated
(Ryu et al, 1996). During the course of structure de-
termination of 1~15, we found that most of them (2~
14) were comprised in kushenols and had been iso-
lated previously from this species or from some other
species in the Sophora genus and identified com-
pletely only except for the exact attachment point (C,
or Cy) of some side chains A-D (Fig. 1). (Wu et al,
1985). Therefore, Wu et al. postulated two possible
structures of them, /e, one is as illustrated on Fig. 1
and the other is a inversion of R, (C,) and R; (Cy).
These sophisticated problems were clarified by the
COLOC (Correlated spectroscopy for long range cou-
pling) experiments to verify the exact attaching point
of each side chains, which is based on the observa-
tion of the correlations between the protons (1a or 1b)
in side chain and the adjacent carbons in flavonoid
skeleton (Cs-C,,). We have already reported the struc-
ture determination of kushenol M (6) by this technique
(Ryu et al, 1995). The attaching point of two side
chain B and C in kosamol A (10) was also establish-
ed unambiguously as B on C, and C on C; by the
COLOC experiment as shown in Fig. 2 (Ryu et al,
1996). By the similar manner exploiting the COLOC

C 2 3 4 5 6 7 8 9 10 11 12 13 14

2 738 739 739 778 778 1387 736 764 776 739 738 770 765
3 413 418 415 704 709 1228 444 712 707 420 445 715 713
4 1976 1976 1972 1988 199.2 1920 189.1 1894 199.0 1971 1895 191.0 1895
5 158.2 1584 1612 158.0 1584 1653 1625 162.1 1584  161.1 1598 1594  160.2
6 1077 107.7 952 108.0 108.0 906 925 924 1089 951 927 924 924
7 1615 1621 1648 1620 1623 1626 1621 1618 1626 1648 1624 1625 1622
8 107.2 1067 1065 1072 1068 1080 1070 1066 1067 1065 1074 1070 106.9
9 158.5 1588 160.8 1586 1587 161.1 1596 1602 1583  160.8 1628 1620 162.0
10 101.8  101.8 101.6 100.5 100.7 1045 1044 101.9 1004 101.6 1046 1024  102.5
1 1159 1161 1159 1140 1142 1138 1164 1138 1141 1159 1166 1142 113.8
2! 155.7  155.5 1555 157.2 1573 159.0 1553 1547 1572 1555 1554 157.0 154.8
3¢ 1024 1025 1024 1024 1026 1026 1024 1024 1024 1023 1026 1024  102.1
4 1584 1586 1584 1585 1585 1604 158.2 157.8 1585 1583 1583 1584 157.9
5 1063 1064 1063 1062 1064 1066 1063 1059 1062 1063 1065 1062 1059
6' 127.8 1277 1276 1294 1296 1303 1273 1292 1296 1276 1275 1293 1293
Ta 216 272 260 215 271 267 269 270 270 271 276 273 274
2a 1228 466 464 1229 466 462 464 463 465 46.6 469 465  46.6
3a 1302 304  30.8 1304 307 308 308 305 307 265 267 268 262
4a 256 1235 1234 256 123.6 1234 1235 1234 1235 415 417 416 415
5a 17.6 1307 1307 17.6 1307 1305 1307 1307 1306 687 69.1 688 688
ba 256 255 257 256 255 255 256 294 296 295 295
7a 176 176 177 177 176 176 177 290 291 29.1 29.0
8a 147.9  147.8 1479 147.8 148.0 1480 147.8 1479 1484 1480 1484
9a 1109 1108 1111 1108 1108 1107 1109 1109 1111 1110 1108
10a 189 186 189 185 186 187 186 180 182 179 183
1b 209 210 210 212 17.0

2b 1228  123.0 122.6  123.0 423

3b 130.4  130.4 1304 1305 69.4

4b 255 255 256 257 293

5b 178 17.8 178 179 293

-OCH, 55.5 553 553 554 553 553
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technique together with other HETCOR experiments,
all attachment points of each side chains (A~D) in 2~
14 were completely established as illustrated on Fig.
1. Besides, the detailed spectrocopic data including
the 'H-NMR (materials and methods) and "*C-NMR si-
gnals of each components 2~14 were summarized on
Table 1, which were established by various two di-
mentional NMR spectra (‘H-'H COSY, 'H-""C COSY
and COLOCQ) of them.

ACKNOWLEDGEMENTS

We are deeply grateful to the Ministry of Science
and Technology, Korea and the Ministry of Agriculture
and Forestry, Korea for the financial support (JG-2057,
AG 296025-3).

REFERENCES CITED

linuma, M., Tanaka, T., Mizuno, M., Shirataki, Y., Yo-
koe, 1., Komatsu, M., Lang, F., Two flavonones in
Sophora leachiano and some related structures.,
Phytochemistry 29, 2667-2669 (1990).

Ryu, S. Y., Lee, S., No, Z., Kim, K., Lee, S., Ahn, |,

The structure of Kushenol M from Sophora flaves-
cens., Arch. Pharm. Res., 18, 41-43 (1995).

Ryu, S. Y, Kim S. K., No, Z., Ahn, . W., A novel fla-
vonoid from Sophora favescens., Planta Medica,
62(4), 361-363 (1996).

Ryu, S. Y, Choi, S. U, Kim S.K.,, No, Z., Lee, C. O.,
Ahn, J. W., Kim, S. H., /n vitro antitumor activity of
flavonoids from Sophora flavescens., Phytotherapy
Res., 11(1), 51-53 (1997).

Shibata, S., Nishikawa, Y., Studies on the constituents
of Japanese and Chinese Crude Drugs. VII. Chem.
Pharm. Bull, 11, 167-177 (1963).

Wu, L., Miyase, T., Ueno, A., Kuroyanagi, M., Noro,
T., Fukushima, S., Studies on the constituents of So-
phora flavescens Ait. It. Chem. Pharm. Bull,, 33(8),
3231-3236 (1985a).

Wu, L., Miyase, T., Ueno, A., Kuroyanagi, M., Noro,
T., Fukushima, S., Studies on the constituents of So-
phora flavescens Ait. Ill., Yakugaku Zasshi, 105(8),
736-741 (1985b).

Wu, L., Miyase, T., Ueno, A., Kuroyanagi, M., Noro,
T., Fukushima, S., Sasaki, S., Studies on the con-
stituents of Sophora flavescens Ait. IV., Yakugaku
Zasshi, 105(11), 1034-1039 (1985c¢).



