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Abstract — Seven prenylated flavonoids and two pterocarpans together with a saponin were isolated from the roots of
Echinosophora koreensis. They were identical with echinoisosophoranone, echinoisoflavanone, isosophoranone, sophorai-
soflavanone A, kenusanone C, kenusanone A, sophoraflavanone D, 4-hydroxy-3-methoxy-(6aR,11aR)-8,9-methylenedioxy-
pterocarpan, (—)-maackiain, and 3-O-o-L-rhamnopyranosyl(1—2)-B-D-galactopyranosyl(1—2)-3-D-glucuronopyranosyl kuzusa-
pogenol A, Among them, a pterocarpan, 4-hydroxy-3-methoxy-(6aR,11aR)-8,9-methylenedioxypterocarpan, and a saponin, 3-
O-o-L-rhamnopyranosyl(1—2)-3-D-galactopyranosyl(1—2)-B-D-glucuronopyranosyl kuzusapogenol A, were isolated for the

first time from this plant.
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Echinoisosophoranone — colorless needles, mp 185~
186°C, IR, v, (KBr) 3437 (OH), 1653 (o,B-unsaturated
C=0), 1630, 1580, 1352 (aromatic C=C), 1277, 1196,
1157, 1101, 1009, 837, 814, 756 cm™"; UV, A (MeOH,
log €) 229 (3.98), 288.5 (3.95) nm; "H-NMR (300 MHz,
CDCly) 81.38 (6H, s, 2x CH,), 3.73 (3H, s, OCH,), 3.83
(3H, s, OCH,), 4.25 (1H, dd, J=5.7, 11.8 Hz, H-3), 4.43
(1H, dd, J=5.7, 11.8 Hz, H-2eq), 4.58 (1H, dd, J=11.1,
11.8 Hz, H-2ax), 5.32 (1H, dd, J=0.9, 10.5 Hz, H-y), 5.37
(1H, br d, J=17.7 Hz, H-y), 598 (1H, s, 4-OH), 6.17
(1H, dd, J=10.5, 17.7 Hz, H-f), 6.01 (1H, d, J=2.4 Hz,
H-6), 6.08 (1H, d, J=2.4 Hz, H-8), 6.45 (1H, s, H-3",
6.97 (1H, s, H-6"), 12.29 (1H, s, 5-OH); EIMS, m/z (rel.
int) 384 [M]* (100), 369 [M — CH,]" (4.0), 218 [ring B]"
(81.0), 203 [ring B - CH3]+ (63.0), 188 [ring B —2 X
CH,]™ (6.0), 167 [A1+H]" (89.0), 138 (7.0), 95 (6.0), 69
[CsH,I" (5.0).

Echinoisoflavanone — colorless needles, mp 198 ~ 199
°C, 'H-NMR (300 MHz, acetone-d,) 6 1.64, 1.71 (3H
each, s, v-CH;), 3.29 (2H, t-like, H-o), 3.60, 3.83 (3H
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each, s, OCH,), 4.10, 4.76 (1H each, d, J=11.7 Hz, H-2),
5.18 (1H, br t, J=6.5 Hz, H-B), 5.93 (1H, d, J=2.1 Hz,
H-6), 5.99 (1H, d, J=2.1 Hz, H-8), 6.79 (1H, d, J/=8.4 Hz,
H-5Y, 746 (1H, d, J=8.4 Hz, H-6), 12.12 (1H, s, 5-OH);
EIMS, m/z (rel. int.) 400 [M]" (10.0), 382 [M - H,0]"
(4.0), 354 [M —(CO +H,0)]" (1.0), 343 [M-CH,I" (1.0),
232 [ring B]" (100), 175 [ring B — C,H,]" (16.0), 153 [A,
+ HJ" (66.0), 152 [A,]" (69.0), 138 (7.0), 124 [A,-CO]
(23.0), 95 (16.0).

Isosophoranone — amorphous pale yellowish powder,
mp 176 ~ 177°C; 1R, Ve (KBr) 3443 (OH), 1638 (a,B-
unsaturated C=0), 1609 (C=C), 1285, 1155, 1055 cm"l;
UV, A, (MeOH) 295 nm; 'H-NMR (CDCL,) &: 1.77 (6H,
br s, 2x CH,), 1.82, 1.83 (3H each, br s, CH;), 3.36 (2H,
br d, J=7.5 Hz, H-1" or 1™), 3.43 (2H, br d, J=6.6 Hz,
H-1" or 1), 3.74 (3H, s, OCH,), 435 (1H, dd, J=64, 9.2
Hz, H-3), 445 (2H, m, H-2), 5.22-5.28 (2H, m, H-2", 2'"),
6.16 (1H, s, H-8), 6.62 (1H, d, J=8.4 Hz, H-5"), 6.87(1H,
d, J=8.4 Hz, H-6"), 12.6 (1H, s, 5-OH); ’C-NMR
(CDCI,) 6 : 71.2 (C-2), 45.8 (C-3), 197.8 (C-4), 161.6 (C-
5), 106.9 (C-6), 163.6 (C-7), 95.2 (C-8), 161.3 (C-9),
103.3 (C-10), 120.8 (C-1", 155.8 (C-2"), 120.1 (C-3",
157.4 (C-4), 112.5 (C-5), 127.6 (C-6), 21.1, 23.7 (C-1",
1", 121.4, 121.5 (C-2", 2"), 135.4, 135.5 (C-3", 3",
257, 25.8 (C4", 4™, 179, 18.0 (C-5", 5"), 62.3 (OCH,);
EIMS, m/z (rel. int.) 438 [M]", 383 [M — C,H,]", 248,
231, 221 [A,+H]" (100), 218 [B,]", 203 [B,~ CH,]", 165
[A,— CH,I" (100), 163 [B,- C,H,I", 91, 69 [CsH,]", 55
[CH.I".

4-Hydroxy-3-methoxy-(6aR,11aR)-8,9-methylenedio-
xypterocarpan — colorless needles, mp 172 ~ 173°C, [ol],"”
—211.3° (¢ 0.106, CHCL,); IR, v,,,. (KBr) 3470 (OH),
1628, 1501, 1474 (C=C), 1146, 1105, 777 cm_l; UV, A
(MeOH) 238 (sh, log € 4.18), 310 (4.07) nm; 'H-NMR
(CDCL,) 6 : 3.53 (1H, m, H-6a), 3.70 (1H, t, J=10.8 Hz,
H-6ax), 4.34 (1H, dd, J=5.1, 11.1 Hz, H-6eq), 3.91 (3H,
s, OCH,), 5.52 (1H, d, J=6.9 Hz, H-11a), 5.89, 5.92 (iH
each, d, J=1.5 Hz, OCH,0), 6.43 (1H, s, H-10), 6.67
(1H, d, J=8.7 Hz, H-2), 6.73 (1H, s, H-7), 7.04 (1H, d,
J=8.4 Hz, H-1), 5.47 (1H, br s, 4-OH).

Sophoraisoflavanone A — amorphous pale yellowish
powder, mp 175 ~ 180°C; IR, v, (KBr) 3463, 3370
(OH), 1642 (a,B-unsaturated C=0), 1609 (C=C), 1275,
1155 cm’l; UV, &_. (MeOH) 290 (log € 4.39), 324 (sh,
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3.89) nm; 'H-NMR (acetone-dy) 0 : 1.65 (3H, d, J=0.9
Hz, CH,), 1.76 (3H, br s, CH,), 3.37 (2H, m, H-1"), 3.73
(3H, s, OCH,), 435 (1H, dd, J=6.4, 9.2 Hz, H-3), 4.48
(2H, m, H-2), 5.28 (1H, m, H-2"), 5.96 (2H, br s, H-6,3),
6.63 (1H, d, J=8.1 Hz, H-5), 6.87 (1H, d, J=8.1 Hz, H-
6, 8.41, 9.62 (1H each, br s, OH), 12.23 (1H, s, 5-OH);
PC.NMR (acetone-dy) 8 : 72.0 (C-2), 46.1 (C-3), 198.7
(C-4), 165.6 (C-5), 96.9 (C-6), 167.2 (C-7), 95.6 (C-8),
164.5 (C-9), 103.7 (C-10), 1242 (C-1Y, 156.9 (C-2"),
120.5 (C-3"), 158.9 (C-4"), 112.1 (C-5), 128.0 (C-6'), 24.1
(C-1Y, 1225 (C-2), 1313 (C-3), 25.8 (C-4"), 18.0 (C-5Y,
62.3 (OCH,); EIMS, m/z (rel. int)) 370 [M]", 315 [M -
C,H,T", 218 [B,]', 203 [B,- CH.]", 163 [B,- C,H.T", 153
[A,+H]" (100), 91, 69 [CH,]", 55 [C,H,]".

Kenusanone A — amorphous white powder, "H-NMR
(DMSO-dy) & : 1.53, 1.56, 1.61 (3H each, s, CH,), 1.89-
2.10 (4H, m, H-5",6"), 3.04 (2H, br d, J=7.2 Hz, H-1"),
4.09 (1H, dd, J=5.4, 10.2 Hz, H-3), 4.35 (1H, dd, J=54,
10.8 Hz, H-2eq), 4.45 (1H, t, J=10.8 Hz, H-2ax), 5.05
(1H, m, H-7"), 5.17 (1H, m, H-2"), 5.85 (1H, d, J=2.1
Hz, H-6), 5.87 (1H, d, J=2.1 Hz, H-8), 6.35'(1H, s, H-3"),
6.62 (1H, s, H-6"), 9.15, 9.25, 10.7 (1H each, s, OH),
1234 (1H, s, 5-OH); "C-NMR (DMSO-d,) & : 70.0 (C-
2), 46.4 (C-3), 197.8 (C4), 164.0 (C-5), 96.0 (C-6), 166.5
(C-7), 94.9 (C-8), 163.3 (C-9), 102.3 (C-10), 111.8 (C-1,
153.9 (C-2), 102.7 (C-3"), 155.1 (C-4"), 118.0 (C-5'),
130.8 (C-6), 25.7 (C-1"), 123.2 (C-2"), 134.6 (C-3"), 16.0
(C-4"), 40.6 (C-5"), 26.4 (C-6"), 124.4 (C-7"), 130.8 (C-
8"), 27.2 (C-9"), 17.7 (C-10"); EIMS, m/z (rel. int.) 424
[M]*, 406 [M —H,O[", 355 [M - CH,]", 339, 301 [M —
C,H,,I*, 229, 153 [A, +HJ", 201, 175, 123 [C,H,J]", 84,
69 [C;H,]" (100).

Kenusanone C — amorphous white powder, mp 132 ~
134°C; IR, v,,,, (KBr) 3424 (OH), 1630 (0.B-unsaturated
C=0), 1603 (C=C), 1489, 1151 cm™'; '"H-NMR (CDCL,) &
: 1.60 (3H, br s, CH,), 1.63 (3H, br s, CH,), 1.68 (6H, br
s, 2x CHy), 1.71 (3H, br d, J=0.9 Hz, CH,), 1.82 (3H, br
s, CHy), 2.10 (4H, m, H-5",6"), 3.28 (2H, br d, J=6.9 Hz,
H-1"), 3.40 (2H, br d, J=7.2 Hz, H-1"), 3.76 (3H, s,
OCH,), 4.73 (1H, d, J=12.0 Hz, H-3), 5.06 (1H, br t, J=
7.0 Hz, H-6"), 5.10 (1H, br t, J=7.2 Hz, H-2"), 5.23 (1H,
br t, J=7.2 Hz, H-3"), 5.65 (1H, d, J=12.0 Hz, H-2), 6.15
(2H, s, H-3',5), 11.5 (1H, s, 5-OH); "C-NMR (CDCL,) &
: 78.1 (C-2), 71.6 (C-3), 195.8 (C-4), 164.0 (C-5), 108.5
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(C-6), 161.6 (C-7), 108.2 (C-8), 159.1 (C-9), 100.6 (C-
10), 102.2 (C-1'), 1564 (C-2,6), 96.4 (C-3, 5", 163.2 (C-
49, 217 (C-1"), 123.6 (C-2"), 139.8 (C-3"), 39.7 (C-4"),
162 (C-5"), 26.2 (C-6"), 123.6 (C-7"), 132.1 (C-8"), 25.7
(C-9M, 17.7 (C-10"), 21.3 (C-1"), 121.2 (C2"), 1344 (C-
3™, 25.7 (C-4"), 17.7 (C-5"), 55.2 (OCH,); EIMS, m/z
(rel. int)) 538 [M]*, 520 [M - H,0T", 451, 415, 397, 357
[A,+HI', 330, 301 [(A, + H) - C;H,l", 245, 233 [(A, +
H) - CH,J", 208, 191, 182 [B,]", 177, 167 [B;— CH,l",
163, 153 [B,]", 139 [B,— CH,- COJ", 123 [C,H,,]", 81,
69 [CH,I" (100).

Sophoraflavanone D — amorphous white powder, mp
197 ~ 198°C, IR, v, (KBr) 3405 (OH), 1636 (c.,B-
unsaturated C=0), 1603 (C=C), 1155 cm_l; '"H-NMR
(acetone-d) & : 1.56, 1.62 (3H each, br s, CH,), 1.77
(3H, d, J=12 Hz, CH,), 2.48 (1H, dd, /=30, 17.4 Hz, H-
3eq), 3.27 (2H, br d, J=7.2 Hz, H-1"), 3.91 (1H, br dd,
J=14.1, 17.4 Hz, H-3ax), 5.09 (1H, m, H-7"), 5.26 (1H,
m, H-2"), 591 (1H, dd, J=3.0, 14.1 Hz, H-2), 5.99 (IH,
s, H-8), 6.03 (2H, s, H-3',5"), 8.28, 8.42, 9.47 (br s
each, OH), 12.62 (1H, s, 5-OH); >C-NMR (acetone-d)
8 : 73.4 (C-2), 41.0 (C-3), 198.9 (C-4), 162.4 (C-5),
108.7 (C-6), 164.5 (C-7), 95.2 (C-8), 163.0 (C-9), 103.1
(C-10), 103.9 (C-1"), 158.7 (C-2', 6", 96.0 (C-3', 5",
160.0 (C-4), 21.5 (C-1"), 123.6 (C-2"), 134.8 (C-3"),
16.2 (C-4"), 40.5 (C-5"), 27.4 (C-6"), 125.1 (C-7"),
131.5 (C-8"), 25.8 (C-9"), 17.7 (C-10"); EIMS, m/z (rel.
int)) 440 [M]", 422 [M - H,01", 353 [M ~(CsH, + H,O)T",
337, 317 [M — C,H,I%, 299 [M —(C,H,;s+ H,0)1", 286,
245, 219 [A,— CH,l", 191 [A, ~(CHy+ CO)Y', 177,
165 [A, - CoH 51", 152 [B,]", 126 (ring B)*, 123
[CoH,5]", 69 [CsHoI™ (100).

(-)-Maackiain — amorphous white powder, mp 178 ~
180°C, [0 —266.1° (¢ 0.12, acetone); IR, v, (KBr)
3569, 3422 (OH), 1620, 1501, 1474, 1456 (C=C), 1148,
932 cm™; UV, A, (MeOH) 310 (log € 4.17) nm; 'H-
NMR (acetone-dg) 6 : 3.54 (1H, m, H-6a), 3.61 (1H, t, J=
10.2 Hz, H-6ax), 4.26 (1H, dd, J=3.9, 9.9 Hz, H-6eq),
548 (1H, d, J=6.9 Hz, H-11a), 5.90, 5.92 (1H each, br s,
OCH,0), 6.39 (2H, s, H-7,10), 6.54 (1H, dd, J=2.4, 8.7
Hz, H-2), 6.88 (1H, s, H4), 7.29 (1H, d, J=8.4 Hz, H-1),
8.56 (1H, br s, 3-OH).

BuOH #3(13.1 g)& MCI gel column®] Z ¢ MeOH-
H,0(0:10>10:002 §&A1H ™. Saponin I+ Y M-1—
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M-6)& 717t 60% dioxane &l €312 ¥ 0.02N-
H,S0,2 718t Adshs A& AFeich 8-S 7t
%38t dioxaneg A & =& 713le] BuOHZE #3
3199t BuOH 2388 7423 & MeOHOl 8314174 CH)N,
2 methylationA | Z T, M-3(312 mg)2- RP-18 columnef Z
3 MeOH-H,0(7:3)0. 2 &&A1A 42 £8& A3} silica
gel (No. 7729) column®l] 23 ¥ 3} EtOAc-MeOHZ 7]
£7] &8jr1A £578 saponin [3-O-0-L-thamnopyranosyl(1
—2)-B-D-galactopyranosyl(1—2)-B-D-glucuronopyranosyl
kuzusapogenol A methyl ester] 8 mgg LT}

3-0O-a-L-rhamnopyranosyl(1—2)--D-galacto-
pyranosyl(1—2)--D-glucuronopyranosyl kuzusapo-
genol A methyl ester — amorphous white powder. IR,
Vo (KBr) 3424 (OH), 1736 (ester C=0), 1638 (C=C),
1383, 1256, 1047 (glycosidic C-O) cm™; "H-NMR (pyri-
dine-dy) 8 : 0.68 (3H, s, 25-CH,), 0.81 (1H, m, H-3),
0.93 (3H, s, 26-CH,), 1.29 (3H, s, 28-CH,), 1.31 (3H, s,
27-CH,), 1.34 (1H, m, H-19), 1.40 (3H, s, 23-CH,), 1.50
(3H, s, 30-CH,), 1.75 (3H, d, J=6.2 Hz, Rha-CH,), 1.84
(1H, m, H-16), 2.08 (1H, m, H-16), 2.54 (1H, t, J=13.8
Hz, H-19), 2.69 (1H, dd, J=3.7, 13.6 Hz, H-18), 3.22,
423 (1H each, d, J=114 Hz, H-24), 3.32 (1H, dd, J=4.4,
11.7 Hz, H-3), 3.62, 4.05 (1H each, d, J/=10.2 Hz, H-29),
3.84 (1H, d, J=3.3 Hz, H-22w), 4.48 (1H, d, J=3.3 Hz,
H-21o), 5.31 (1H, br s, H-12), 4.53 (2H, t, J=7.5 Hz, H-
2', 2", 497 (1H, d, J=7.5 Hz, H-1"), 429 (1H, t, J=9.3
Hz, H-4"), 4.52 (1H, d, J/=9.5 Hz, H-5"), 5.76 (1H, d, J=
7.5 Hz, H-1"), 4.08 (1H, dd, J=3.4, 9.9 Hz, H-3"), 4.31
(1H, m, H4"), 3.92 (1H, t, J=6 Hz, H-5"), 449 (1H, dd,
J=6.2, 11.3 Hz, H-6"), 6.26 (1H, s, H-1"), 478 (1H, dd,
J=1.3, 3.5 Hz, H-2"), 4.64 (1H, dd, J=34, 9.2 Hz, H4™"),
432 (1H, t, J=9.2 Hz, H-4"), 495 (1H, m, H-5"); C-
NMR (pyridine-ds) & : 39.0 (C-1), 26.6 (C-2), 91.3 (C-3),
43.9 (C-4), 56.0 (C-5), 18.5 (C-6), 32.9 (C-7), 40.2 (C-8),
478 (C9), 36.4 (C-10), 24.1 (C-11), 1224 (C-12), 144.7
(C-13), 42.0 (C-14), 26.6 (C-15), 27.3 (C-16), 38.5 (C-
17), 43.2 (C-18), 41.1 (C-19,20), 70.4 (C-21), 79.8 (C-22),
23.0 (C-23), 63.6 (C-24), 15.7 (C-25), 16.8 (C-26), 26.6
(C-27), 22.2 (C-28), 71.6 (C-29), 17.5 (C-30), 105.5 (C-
1, 78.3 (C-2", 76.5 (C-3), 73.6 (C-4), 76.9 (C-5"), 170.4
(C-6, 101.8 (C-1"), 77.8 (C-2"), 76.6 (C-3"),* 71.2 (C-
4™M, 76.5 (C-5"),* 61.6 (C-6"), 1024 (C-1"), 72.4 (C-2"),
72.8 (C-3™), 74.4 (C-4"), 694 (C-5"), 19.0 (C-6™), 52.1
(COCH,), *may be exchangeable.
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Kenusanone A

R=H Sophoraisoflavanone A

R=Y,y-dimethylaltyl Isosophoranone

HO. OH
HO. ) \;Q/

Sophoraflavanone D

Kenusanone C

Fig. 1. Structures of the prenylated flavonoids from Echinoso-
phora koreensis.
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Fig. 2. Key correlations for 3-O-o-L-thamnopyranosyl(1—2)-
3-D-galactopyranosyl(1—2)-B-D-glucuronopyranosyl kuzusapo-
genol A methyl ester observed in HMBC spectrum.
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