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Minor Constituents from the Roots of Sophora flavescens
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Abstract — Lupenone, hexadecyl ferulate, (—)-sophocarpine and three isoflavonoids such as genistein,
3'-methoxydaidzein and calycosin were isolated from the roots of Sophora flavescens.
Key words — Sophora flavescens, Leguminosae, triterpene, ferulate, alkaloid, isoflavonoid.

Introduction

The roots of Sophora flavescens Ait. (Leguminosae)
is a well-known Chinese herbal medicine used as a
divretic and for the treatment of acute dysentery,
gastrointestinal hemorrhage, and eczema (Perry and
Metzger, 1980; Huang, 1993). It is known to a
number of quinolizidine alkaloids and flavonoids as
major constituents (Tang and Eisenbrand, 1992;
Kang et al. 2000). In a previous paper,” we have
reported the isolation of seven flavonoids and a
coumarin, umbelliferone (Kang et al., 2000). Further
study of the root constituents led to the isolation of
lupenone, hexadecyl ferulate, (—)-sophocarpine and
three isoflavonoids such as genistein, 3'-methoxydaidzein
and calycosin from this plant. This paper deals with
the isolation and identification of these compounds
on the basis of spectroscopic analysis.

Materials and Methods

General experimental procedures — Melting points
were uncorrected. IR spectra were recorded on a
JASCO FT/IR-5300 spectrometer in KBr method. EI
mass spectra were obtained on a Hewlett-Packard
5989B spectrometer. NMR spectra were measured
on a Varian 2000 (300 MHz) instrument, and the
chemical shifts were referenced to TMS. TLC was
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DThe description of the isolation of (25)-7,4'-dihydroxy-5-
methoxy-8-(y,y-dimethylallyl)-flavanone as one of the new
compound was etroneous. The compound has already been
isolated from S. angustifolia (Komatsu et al., 1970b).

performed on silica gel 60F2s4 (Merck).

Plant material — The roots of S. flavescens Ait.
were collected in August 1998, Yangku in Kangwon
Province, Korea and authenticated by Dr. T.J. Kim of
Korea Research Institute of Bioscience and
Biotechnology in Taejon. A voucher specimen
(SSK98002) was deposited in the herbarium of the
Natural Products Research Institute, Seoul National
University.

Extraction and isolation — The dry roots (3.65 kg)
of S. flavescens were extracted three times with
MeOH at room temperature. The MeOH extract was
evaporated to dryness, and the dry residue was
partitioned in succession between H,O and CH;Cl,,
and then EtOAc affording 128.4 g and 25.4 g of the
respective extracts. A portion of the CH.Cl, fraction
(127 g) was subjected to silica gel column (10x150
cm) chromatography. Elution with CH,CL with
increasing amounts of MeOH (0.5%, 1-5%, 10%)
and then MeOH gave 43 subfractions. The subfractions
Nos. 4 and 15 were further purified by recrystallization
from MeOH-CH,CL, to give 1 (16 mg) and sterol
mixture, respectively. Subfraction No. 9 (0.1 g) was
chromatographed over silica gel using hexane and then
hexane-EtOAc (gradient) as eluant to yield 2 (72 mg).
Subfraction No. 29 (5.6 g) was chromatographed
over silica gel using hexane-EtOAc (gradient) as
eluant to yield 22 subfractions (No. 29-1~29-22).
Subfractions No. 29-12, 29-15 and 29-18 were
recrystallized to give 3 (10 mg), 4 (8 mg) and 5 (12
mg), respectively. Subfractions No. 34 (6.1 g) was
further chromatographed over silica gel using benzene-
EtOAc (3:2) and then EtOAc to give 6 (15 mg).



Lupenone (1): colorless needles, recrystallized
from MeOH-CH,Cl,. mp 169-170 °C, [o]o® + 63.5°
(c 0.5, CHCly); IR vmx (KBr): 1707 (CO), 1638
(C=C), 1458 (CH,), 1381 (CH.), 882 cm™; '"H-NMR
(300 MHz, CDClL3) &: 0.79 (3H, s, CH3), 0.93 (3H, s,
CHs), 0.95 (3H, s, CH3), 1.02 (3H, s, CH3), 1.07 (6H, s,
2xCHa), 1.68 (3H, s, CH3), 4.57 (1H, d, /= 1.2 Hz,
H-29), 4.69(1H, d, J = 1.8 Hz, H-29); "C-NMR
(75.5 MHz, CDCl,) &: 218.23 (C-3), 150.86 (C-20),
109.37 (C-29), 54.88 (C-5), 49.75 (C-9), 48.20 (C-
18), 47.93 (C-19), 47.32 (C-4), 42.97 (C-17), 42.86
(C-14), 40.74 (C-8), 39.95 (C-22), 39.59 (C-1),
38.12 (C-13), 36.85 (C-10), 35.49 (C-16), 34.14 (C-
7), 33.53 (C-2), 29.79 (C-21), 27.39 (C-15), 26.62
(C-23), 25.11 (C-12), 2143 (C-11), 21.02 (C-24),
19.65 (C-6), 19.28 (C-30), 17.99 (C-28), 15.96 (C-
25), 15.76 (C-26), 14.45 (C-27); EI-MS m/z (rel. int.,
%): 424 (M*, 100%), 409 (36), 381 (8), 368 (12),
355 (5), 342 (5), 313 (33), 245 (18), 218 (21), 205
(54), 189 (20), 175 (11).

Hexadecyl ferulate (2): colorless needles,
recrystallized from MeOH-CH,Cl,. mp 61-62°C, UV,
Amax (MeOH): 236 (log € 4.23), 297 (sh, 4.32), 326
(4.48); IR, Vinax (KBr): 3410 (OH), 1717 (ester), 1636
(o, B-unsaturated C=0), 1607, 1512 (aromatic C=C),
1468, 1431, 1265, 1177, 976 (trans C=C), 843, 814,
721(CHy), cm™; 'H-NMR (300 MHz, CDCl) &: 0.88
(3H, t, J = 6.3 Hz, CH3), 1.26 [26H, s, (CH,)5], 1.70
(2H, m, CH,CH;0), 3.93 (3H, s, OCH3), 4.19 (2H, t,
J=6.6 Hz, CH;0), 6.29 (1H, d, /= 15.9 Hz, H-8), 6.92
(1H, d, J =8.1 Hz, H-5), 7.03 (1H, d, J = 1.8 Hz, H-2),
7.07 (1H, dd, /= 1.8, 8.1 Hz, H-6), 7.61 (1H, d, J =
15.9 Hz, H-7); BC-NMR (75.5 MHz, CDCL) &:
127.04 (C-1), 109.26 (C-2), 146.73 (C-3), 147.87 (C4),
115.67 (C-5), 123.02 (C-6), 144.60 (C-7), 114.68
(C-8), 167.37 (C-9), 64.60 (C-1", 22.67 (C-15"), 25.98
(C-3"), 28.76, 29.29, 29.34, 29.53, 29.58, 29.64, 29.68
(CHy), 31.91 (C-14), 14.10 (C-16)), 55.91 (OCHa);
EI-MS m/z (rel. int., %): 418 (M* 100%), 194 [(M -
CiHso)*, 751, 177 [M - CieHz0)", 27], 150 [M -
Ci7H3,0,)*, 19], 137 (24), 117 (8), 89 (9).

Genistein (3): yellowish needles, recrystallized
from hexane-EtOAc. mp 297-298°C, IR vy, (KBr):
3414 (OH), 1653 (o.,B-unsaturated C=0), 1616, 1570
(aromatic C=C), 1520, 1505, 1312, 1204, 1181, 1044,
841, 791 cm™; 'H-NMR (300 MHz, DMSO-dy) &:
6.21 (1H, d, J=2.1 Hz, H-6), 6.38 (1H, d, J = 2.1 Hz,
H-8), 6.80 (2H, d, J = 8.7 Hz, H-3, 5), 7.36 (2H, d,
J =8.7 Hz, H-2, 6)), 8.32 (1H, s, H-2), 9.58, 10.87,
12.95 (1H each, br s, OH); EI-MS m/z (rel. int., %):
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270 (M* 100%), 241 (4), 153 [(A+H)", 43], 118 (By*,
20), 84 (46).

3'-Methoxydaidzein (4): yellowish needles, recry-
stallized from hexane-EtOAc. mp 251-253°C, 'H-
NMR (300 MHz, DMSO-ds) &: 3.78 (3H, s, OCHs),
6.80 (1H, d, J = 8.4 Hz, H-5), 6.85 (1H, d, J = 2.4 Hz,
H-8), 6.93 (1H, dd, J = 2.4, 8.7 Hz, H-6), 6.98 (1H,
dd, /=21, 84 Hz, H-6), 7.15 (1H, d, J = 2.1Hz, H-2)),
7.96 (1H, d, J = 8.7 Hz, H-5), 8.32 (1H, s, H-2), 9.09,
10.78 (1H each, br s, OH); *C- NMR (75.5 MHz,
DMSO-d¢) &: 55.91 (OCH3), 102.32 (C-8), 113.49
(C-2), 11541 (C-6, 5, 116.87 (C-10), 121.75 (C-6"),
12322 (C-1), 123.74 (C-3), 127.54 (C-5), 146.67
(C-4"), 147.39 (C-3), 153.29 (C-2), 157.61 (C-9),
162.73 (C-7), 174.93 (C-4); EI-MS m/z: 284 (M',
100%), 269 (6), 241 (10), 213 (19), 148 (B, 12), 137
[(A1+H)", 27], 105 (20).

Calycosin (5): yellowish needles, recrystallized
from hexane-EtOAc. mp 249-250°C, 'H-NMR (300
MHz, DMSO-de) &: 3.88 (3H, s, OCHs), 6.90 (1H, d,
J=2.1Hz, H-8), 6.98 (1H, d, J = 8.4 Hz, H-5)), 7.00
(1H, dd, J = 2.1, 8.7 Hz, H-6), 7.07 (1H, dd, J = 2.1,
8.4 Hz, H-6"), 7.17 (1H, d, J = 2.1Hz, H-2), 8.07
(1H, d, J = 8.7 Hz, H-5), 8.16 (1H, s, H-2), 7.59, 9.56
(1H each, br s, OH); *C-NMR (75.5MHz, DMSO-
ds) &: 56.27 (OCH3), 103.16 (C-8), 112.12 (C-5),
115.63 (C-6), 116.89 (C-2), 118.61 (C-10), 121.08
(C-6%), 125.05 (C-19, 126.30 (C-3), 128.49 (C-5),
147.05 (C-3", 148.26 (C-4"), 15343 (C-2), 158.72
(C-9), 163.14 (C-7), 175.56 (C-4); EI-MS m/z (rel.
int.,, %): 284 (M*, 100%), 269 (16), 241 (21), 213
(34), 148 (B1%, 5), 137 [(A1+H)?, 29], 105 (34).

(-)-Sophocarpine (6): colorless needles, recrystallized
from hexane. mp 45°C, [a]p'*-22.5° (¢ 0.5, EtOH);
IR Vpmax (KBr): 2945, 2868, 2810 (Bohlman band), 1659
(ot,B-unsaturated lactam), 1595 (C=C), 1437, 1096,
824 cm’!; 'H-NMR (300 MHz, DMSO-dq) 8: 2.16
(1H, dddd, J = 2.4, 3.8, 8.7, 18.6 Hz, H-12B), 2.59
(1H, dddd, J = 1.8, 5.1, 6.6, 18.6 Hz, H-120), 2.98
(IH, dd, J = 12.6, 12.6 Hz, H-17B), 3.83 (1H, m, H-
11), 3.89 (I1H, dd, J = 4.7, 12.6 Hz, H-17w), 5.71
(1H, dt, J = 1.8, 9.9 Hz, H-14), 6.54 (1H, ddd, J =
3.9, 4.8, 9.9 Hz, H-13); "C-NMR (75.5 MHz, CDCL)
8:57.2 (C-2, 10), 20.9 (C-3), 27.6 {C-4), 34.5 (C-5),
63.6 (C-6), 41.4 (C-7), 26.4 (C-8), 20.6 (C-9), 514
(C-11), 27.2 (C-12), 1374 (C-13), 1245 (C-14),
165.6 (C-15), 41.9 (C-17); EI-MS m/z (rel. int., %):
246 (M*, 81%), 245 (100), 231 (2), 217 (8), 203
(21), 177 (18), 160 (8), 150 (34), 138 (34), 136 (29),
122 (15), 96 (31).
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Results and Discussion

The MeOH extract of the roots of S. flavescens
was suspended in water and then successively partitioned
with CH,CL, and EtOAc. The CH,Cl, fraction was
subjected to silica gel column chromatography to
give 43 subfractions. Repeated column chromatography
followed by recrystallization of the subfractions gave
six minor compounds in addition to the sterol mixture.
Three minor flavonoids were identified as genistein
(3) (Arisawa et al., 1980), 3-methoxydaidzein (4)
(Yahara ez al., 1989) and calycosin (5) (Kobayashi et
al., 1985) by spectral data. Genistein (3) and calycosin
(5) were isolated from several Sophora species (Min
et al., 1999; Tanaka et al., 1998; Shirataki et al.,
1997; 1991; 1988; Iinuma et al., 1995b; Komatsu et
al., 1970a), but the isolation of 3-methoxydaidzein
(4) is the first report from this species. A sterol
mixture, mp 149-150 °C, was also identified as a
mixture of stigmasterol, B-sitosterol and campesterol
by GC/MS. An alkaloid was identified as (—)-
sophocarpine (6) by means of spectral analysis (Xiao
et al., 1999; Kang and Son, 2000a).

Compound 1 was obtained as colorless needles,
mp 169-170 °C. The IR spectrum of 1 showed strong
absorptions at 1707 (C=0), 1638 (C=C) and 882 cm™"
(exo cyclic double bond) which suggested to be a
triterpenoid skeleton. The 'H NMR spectrum
revealed the presence of six tertiary methyl groups
and an isopropylidene group (& 1.68, 3H, s; d 4.57,

1H, d, J = 1.2 Hz and 8 4.69, 1H, d, J = 1.8 Hz). EI-
MS gave a fragmentation pattern typical of lupane-
type triterpenes at m/z 218 and 189 derived from
rings D/E and m/z 205 from rings A/B (Kang and
Son, 2000b). Therefore, 1 was identified as lupenone
which was further supported by “*C-NMR data (Ahmad
and Atta-ur-Rahman, 1994).

Compound 2 showed the presence of OH (3410
em™), ester (1717 cm™), o, B-unsaturated C=0 (1636
em™), aromatic C=C (1607 and 1512 cm™) and (CHy),
(721 ecm™) in its IR spectrum which suggested to be
an aromatic ester of long-chain alcohol. This is
further corroborated by its UV spectrum which was
virtually identical to that of eicosanoyl caffeate
(Kang and Kim, 1987). The 'H NMR spectrum showed
signals for a terminal methyl (8 0.88), long-chain
methylenes (CHy), (8 1.26), a methoxyl (8 3.93), a
trans double bond [8 6.29 and 7.61 (1H each, d, J =
15.9 Hz)] and 1,3,4-trisubstituted benzene ring protons
[66.92 (1H, d, J=8.1 Hz), 7.03 (1H, d, /= 1.8 Hz)
and 7.07 (1H, dd, J = 1.8, 8.1 Hz}]. EI-MS showed a
molecular ion at m/z 418 and a typical McLafferty
rearrangement peak at m/z 194 (ferulic acid). Thus,
the structure of 2 was concluded to be hexadecyl
ferulate (Bernards and Lewis, 1992). Although
betulin from S. japonica (Shibata and Nishikawa,
1963) and lupeol from S. subprostrata (Shibata and
Nishikawa, 1961) as well as caffeic acid ester
mixture from several Sophora species (Tanaka et al.,
1998; Iinuma et al., 1995a; Iinuma et al., 1995¢c;
Komatsu ef al., 1978; Komatsu et al., 1970a) have
been isolated, this is the first report on the isolation
of lupenone as well as ferulic acid ester from this
species. Very recently, isolation of sinapic acid
hexadecyl ester from S. flavescens has also been
reported (Zhang et al., 2000).
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