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A New Homostilbene and Two New Homoisoflavones from the Bulbs of
Scilla scilloides
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A new homostilbene, named scillabene A (2), and two new homoisoflavones, named scillavones A (3) and B
(4), were isolated from the bulbs of Scilla scilloides Druck (Liliaceae) along with 13 known compounds compris-
ing a homostilbene, seven homoisoflavones, a xanthone, a lignan, and three nortriterpenes. The structures of
2—4 were characterized as 3,5,4'-trihydroxy-3'-methoxy-4-methyl-trans-stilbene, (3R)-5,7,2'-trihydroxy-3’,4'-
dimethoxyspiro{2H-1-benzopyran-7'-bicyclo[4,2,0]octa[1,3,5]-trien}-4-one and (35)-3-(3,4-dihydroxybenzyl)-5-
hydroxy-6,7-dimethoxychroman-4-one, respectively, on the basis of spectroscopic data and X-ray crystallo-
graphic analysis.
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Scilla scilloides DRUCE is a perennial herb belonging to the
Liliaceae family. This plant has been used as a foodstuff and
a traditional medicine for promoting blood circulation, as an
antiinflammatory agent, and as an analgesic.” With regard to
the chemical constituents of this bulb, the presence of ho-
moisoflavones and nortriterpenes has been previously re-
ported.”® The present paper describes the isolation and
structural elucidation of a new homostilbene and two new
homoisoflavones from the fresh bulbs of S. scilloides along
with 13 known compounds comprising a homostilbene,
seven homoisoflavones, a xanthone, a lignan, and three nor-
triterpenes.

The MeOH extract of the fresh bulbs of S. scilloides was
suspended in H,0O and extracted with EtOAc. The EtOAc ex-
tract was successively subjected to silica gel, Chromatorex
ODS, and Sephadex LH-20 column chromatography as well
as HPLC on ODS and silica gel to afford 16 compounds (1—
16) (Fig. 1).

Compounds 5—16 were identified as 5,7,3’-trihydroxy-4'-
methoxyspiro{2H-1-benzopyran-7'-bicyclo[4,2,0]octa[1,3,5]-
trien}-4-one (5),” 3,9-dihydroeucomnalin (6),” 3-(3,4-dihy-
droxybenzyl)-5,7-dihydroxy-6-methoxychroman-4-one (7),”
3-(4-hydroxybenzylidene)-5,7-dihydroxychroman-4-one
(8), 3-(3,4-dihydroxybenzylidene)-5,7-dihydroxy-6-methoxy-
chroman-4-one (9),'” scillascillin (10),'" 2-hydroxy-scillas-
cillin  (11),' 1,6-dihydroxy-3-methoxy-8-methylxanthone
(12),'® pinoresinol (13),"” 3-dehydro-15-deoxoeucosterol
(14),Y 15-deoxoeucosterol (15),¥ and 30-hydroxy-15-deox-
oeucosterol (16),* respectively, based on their physical and
spectral data, although 'H- and '*C-NMR spectral data in di-
methylsulfoxide (DMSO)-d, of §, 7, 8, 11, and 12, and Bc-
NMR data in DMSO-d, of 10 have not been reported in the
literature (Fig. 1).

Compound 1 was obtained as an amorphous powder, and
its EI-MS gave an [M]" ion peak at m/z 242. The molecular
formula of 1 was analyzed as C,4H,,0; using high-resolution
(HR)-EI-MS. The 'H-NMR spectrum of 1 showed signals
due to four aromatic protons for an A,B, pattern [0 7.38 (2H,
d, /=8.5Hz), 6.75 (2H, d, J=8.5Hz)], two equivalent aro-
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matic protons [6 6.46 (2H, s)], two trans-coupled olefinic
protons [§ 6.82 (d, J=16.0Hz), 6.77 (d, J=16.0 Hz)], one
tertiary methyl group (8 1.93), and three hydroxyl groups [J
9.53 (1H, s), 9.09 (2H, s)]. The *C-NMR spectrum of 1 ex-
hibited signals due to 14 olefinic carbons [d 157.0, 156.2 (X2),
135.1, 128.1, 127.5 (X2), 126.7, 125.8, 115.4 (X2), 109.8,
104.0 (X2)] and one methyl carbon (J 8.5). These 'H- and
BC-NMR signals were assigned with the aid of heteronuclear
multiple-quantum coherence (HMQC) and heteronuclear
multiple-bond correlation (HMBC) spectra, which indicated
correlations between the respective carbons and protons, as
shown in Fig. 2. Accordingly, 1 was characterized as 3,5,4'-
trihydroxy-4-methyl-frans-stilbene, which was recently syn-
thesized and named 4-methylresveratrol,'> although the iso-
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Fig. 1. Structures of 1—16
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Fig. 2. 'H-'*C Long-Range Correlations Observed for 1—3 in the HMBC
Spectra (in DMSO-d,, 500 MHz)

lation of 1 as natural product is reported here for the first
time. The 'H-NMR data of the reported 4-methylresveratrol
were similar to those of 1, but its 3C-NMR data were differ-
ent from those of 1.'%

Compound 2, named scillabene A, was obtained as an
amorphous powder. The EI-MS of 2 showed an [M]" ion
peak at m/z 272, which was 30 mass units [OCH,;—H] larger
than that of 1, and the molecular formula of 2 was deter-
mined to be C,H,,0, using HR-EI-MS. The '"H-NMR spec-
trum of 2 was similar to that of 1, with the exception that sig-
nals due to three aromatic protons for an ABX pattern [
7.16 (d, J/=2.0Hz), 6.94 (dd, J=2.0, 8.0 Hz), 6.75 (d, J=8.0
Hz)] and one methoxyl group (6 3.83) appeared, and signals
assignable to four aromatic protons for an A,B, pattern dis-
appeared. The *C-NMR spectrum of 2 was also analogous to
that of 1, apart from the resonances of signals due to the B-
ring moiety and appearance of a signal due to one methoxyl
carbon. Finally, the structure of 2 was elucidated based on
the HMBC spectrum, in which correlations were observed
between the respective carbons and protons, as illustrated in
Fig. 2. Consequently, the structure of 2 was concluded to be
3,5,4'-trihydroxy-3'-methoxy-4-methyl-trans-stilbene.

Compound 3, named scillavone A, was obtained as color-
less needles and exhibited an [M]" ion peak at m/z 344 in the
EI-MS; the HR-positive FAB-MS indicated the molecular
formula of 3 to be C,gH,,0,. The 'H-NMR spectrum of 3,
which was similar to that of 5 except for the appearance of a
signal due to an additional methoxyl group and the lack of
that due to an aromatic proton, revealed the presence of sig-
nals due to three aromatic protons [d 6.27 (s), 5.95 (d, J=
2.0Hz), 591 (d, J=2.0 Hz)], two oxygenated methylene pro-
tons [0 4.59 (d, J=11.0Hz), 4.56 (d, J=11.0Hz)], two
methoxyl groups (6 3.67, 3.62), and two methylene protons
[6 3.35 (d, J=13.0 Hz), 2.93 (d, J=13.0 Hz)]. The *C-NMR
spectrum, which was assigned using techniques similar to
those for 1, was also analogous to that of 5; in particular, the
signals due to A- and C-ring moieties were almost superim-
posable. From these data, 3 was considered to be attached by
a methoxyl group to the B-ring moiety of 5. This assumption
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Fig. 3.

ORTEP Drawing of 3
The ellipsoid probability level of 3 is 50%.

was confirmed by the HMBC spectrum, in which correla-
tions were observed between the respective carbons and pro-
tons, as illustrated in Fig. 2. However, the locations of
methoxyl groups and hydroxyl group in the B-ring moiety
could not be confirmed. From the X-ray crystallographic
analysis of 3, their locations were determined as shown in
Fig. 3. Finally, the absolute configuration at C-3 in 3 was
concluded to be R on the basis of the Cotton curve ([6],45
+22764) of the circular dichroism (CD) spectrum.'® Thus 3
was elucidated as (3R)-5,7,2'-trihydroxy-3’,4'-dimethoxyspiro
{2H-1-benzopyran-7'-bicyclo[4,2,0]octa[1,3,5]-trien }-4-one.

Compound 4, named scillavone B, was obtained as an
amorphous powder. The EI-MS of 4 indicated an [M]" ion
peak at m/z 346, and the molecular formula of 4 was defined
as C;sH,40, by HR-EI-MS. The 'H-NMR spectrum, which
was analogous to that of 7 with an additional signal due to
one methoxyl group, gave signals due to four aromatic pro-
tons [0 6.66 (d, J=8.0Hz), 6.62 (d, J=2.0Hz), 6.48 (dd, J=
2.0, 8.0Hz), 6.22 (s)], two oxygenated methylene protons [
4.29 (dd, J=4.5, 11.5Hz), 4.11 (dd, J=8.0, 11.5 Hz)], two
methoxyl groups (0 3.84, 3.64), three aliphatic protons [0 ca.
2.95, ca. 2.94, 2.51 (dd, J=11.0, 14.5Hz)], and three hy-
droxyl groups [8 11.98 (brs), 8.83 (brs), 8.78 (brs)]. The
BC-NMR spectrum was also similar to that of 7, although
the resonances of the signals due to the A-ring moiety were
slightly different and a signal due to one more methoxyl car-
bon appeared. From these data, 4 was recognized as a deriva-
tive of 7, in which the hydroxyl group at C-7 was methylated.
This was confirmed by the difference NOE spectrum, in
which a correlation was observed between H-8 and the
methoxyl group at & 3.84. The absolute configuration at C-3
was determined to be S on the basis of a positive Cotton ef-
fect ([O],g5 +10024) in the range of 287—295 nm in the CD
curve.'” The structure of 4 was therefore defined as (35)-3-
(3,4-dihydroxybenzyl)-5-hydroxy-6,7-dimethoxychroman-4-
one.

To the best of our knowledge, 2—4 are new compounds,
and the isolation of 1, 5, 7—9, and 11—13 from S. scilloides
is described here for the first time.

Experimental

The melting points were determined on a Yanagimoto micromelting point
apparatus and are uncorrected. Optical rotations were measured with a Jasco
DTP-1000 KUY digital polarimeter. CD spectra were measured on a Jasco
J-820 spectrometer. 'H- and '*C-NMR spectra were recorded using a JEOL
alpha 500 spectrometer at 500 and 125 MHz, respectively, and chemical
shifts were specified on a § (ppm) scale with tetramethylsilane (TMS) as an
internal standard. The MS were obtained on a JEOL JMS-DX-303HF instru-
ment. Column chromatography was carried out with silica gel 60 (Art.
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1.09385 and Art. 1.07734, Merck), Sephadex LH-20 (Pharmacia Fine
Chemicals), and Chromatorex ODS (Fuji Silysia Chemical Co., Ltd.). HPLC
separation was run on a Micro pump LC-10AS (Shimadzu) with an RI-De-
tector RID-10A (Shimadzu) or a UV detector SPD-10A (Shimadzu). For
HPLC column chromatography, Cosmosil 5C18 AR-II (250 mmXx20mm
i.d., Nacalai Tesque, Inc.), YMC-pack SIL-06 (250 mmX20 mm i.d., YMC
Co., Ltd.), and Cosmosil 5SL-II (250 mmX20 mm i.d., Nacalai Tesque, Inc.)
were used.

Plant Material The fresh bulbs of S. scilloides were cultivated in
Kumamoto prefecture, Japan, and were harvested in August 2005.

Extraction and Isolation The crushed fresh bulbs of S. scilloides
(18.5kg) were extracted with MeOH at room temperature, and the solvent
was removed under reduced pressure to give a syrup (3521.7 g). The MeOH
extract was suspended in H,O and extracted with EtOAc. A portion (14.4 g)
of the EtOAc extract (26.4 g) was subjected to silica gel [hexane—acetone
(20:1,10:1,5:1, 3:1, 1:1)] chromatography to afford fractions (frs.) 1—
11. Fr. 6 (428 mg) was chromatographed over Chromatorex ODS (30%
MeOH, 40% MeOH, 50% MeOH, 60% MeOH, 80% MeOH, 90% MeOH,
MeOH) to give frs. 6.1—6.13. Fr. 6.6 (113 mg) was subjected to HPLC
(Cosmosil 5C18 AR-II, 65% MeOH) to afford fr. 6.6.1 (65 mg), which was

Table 1. 'H-and *C-NMR Data for 1 and 2 (in DMSO-d,)
1 2
8y 8 8y 8

1 135.1 135.2
2 6.46 s 104.0 6.48 s 104.1
3 156.2 156.2
4 109.8 109.9
5 156.2 156.2
6 6.46 s 104.0 6.48 s 104.1
7 1.93 s 8.5 1.95s 8.5
o 6.77d(16.0) 1258 6.85d (16.0) 126.1
o 6.82d(16.0)  126.7 6.81d (16.0) 127.0
iy 128.1 128.7
2 7.38d (8.5) 127.5 7.16 d (2.0) 109.8
3’ 6.75 d (8.5) 115.4 147.8
4' 157.0 146.4
5 6.75 d (8.5) 115.4 6.75 d (8.0) 115.5
6' 7.38 d (8.5) 127.5 6.94dd (2.0, 8.0) 119.9

OCH, 3.83s 55.7

3,5-OH 9.09 s 9.10's

4-OH 9.53s

'"H-NMR, 500 MHz; *C-NMR, 125MHz. § in ppm from TMS (coupling con-
stants (J) in Hz are given in parentheses).
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finally crystallized from a mixture of hexane and acetone to give 10 (16 mg).
Chromatography of fr. 6.8 (29mg) over silica gel [CHCl,-MeOH-H,O
(1:0:0,14:2:0.1)] furnished 12 (22 mg). Fr. 6.10 (86 mg) was subjected to
silica gel [CHC1;-MeOH-H,0 (1:0:0, 14:2:0.1)] chromatography to give
14 (20mg) and 15 (38 mg). Fr. 9 (1953 mg) was chromatographed over
Chromatorex ODS (30% MeOH, 40% MeOH, 50% MeOH, 60% MeOH,
80% MeOH, 90% MeOH, MeOH) to give frs. 9.1—9.11. Frs. 9.6 (156 mg),
9.7 (166 mg), and 9.10 (47 mg) were each subjected to HPLC [YMC-pack
SIL-06, CHCl;-MeOH (50: 1)] to give 13 (6 mg), 2 (20 mg), 7 (30 mg), and
1 (7 mg) from fr. 9.6, 3 (203 mg) from fr. 9.7, and 8 (16 mg) from fr. 9.10. Fr.
9.8 (655 mg) was successively subjected to HPLCs (Cosmosil 5C18 AR-II,
50% MeOH; YMC-pack SIL-06, CHCl,-MeOH (50: 1) in turn) to give 5
(99 mg), 6 (368 mg), 3 (44 mg), and 11 (58 mg). Fr. 10 (1038 mg) was chro-
matographed over Chromatorex ODS (30% MeOH, 35% MeOH, 40%
MeOH, 60% MeOH, 80% MeOH, 90% MeOH, MeOH) to afford frs. 10.1—
10.21. The successive chromatography of fr. 10.7 (103 mg) over Sephadex
LH-20 (MeOH), silica gel [hexane—acetone (3:1, 2:1, 1:1, 0:1)] and
HPLC [YMC-pack SIL-06 and Cosmosil 5SL-II, CHCIl;:MeOH :H,0
(14:2:0.1)] gave 7 (37mg). HPLC [Cosmosil SSL-II, hexane—acetone
(2:1)] of fr. 10.11 (51 mg) afforded 6 (6 mg), 4 (4mg), and 9 (7mg). Fr.
10.18 (39 mg) was subjected to Sephadex LH-20 (MeOH) chromatography
to furnish 16 (25 mg).

1: Amorphous powder. EI-MS m/z: 242 [M]*. HR-EI-MS m/z: 242.0963
(Calcd for C;sH,,05: 242.0943). 'H- and *C-NMR spectral data: see Table 1.

2: Amorphous powder. EI-MS m/z: 272 [M]*. HR-EI-MS m/z: 272.1055
(Calcd for C,(H,0,: 272.1049). 'H- and *C-NMR spectral data: see Table 1.

3: Colorless needles (MeOH-H,0), mp 222°C. [a]3 +65.6° (¢=0.5,
DMSO). CD (¢=1.0X10"*m, MeOH) [6],95 +22764. EI-MS m/z: 344 [M]",
329. HR-positive FAB-MS m/z: 345.0917 (Calcd for C gH,;0,: 345.0975).
"H-NMR spectral data: see Table 2. '3*C-NMR spectral data: see Table 3.

4: Amorphous powder. [a]® +17.4° (c=1.0, DMSO). CD (c=1.0x107*
M, MeOH) [6],55 +10024. EI-MS m/z: 346 [M]*. HR-EI-MS m/z: 346.1049
(Calcd for C;gH,40;: 346.1052). '"H-NMR spectral data: see Table 2. *C-
NMR spectral data: see Table 3.

12: "H-NMR (in DMSO-d,, 500 MHz) &: 13.37 (1H, s, OH-1), 6.63 (2H,
s, H-5, H-7), 6.64 (1H, d, J/=2.5 Hz, H-4), 6.26 (1H, d, J=2.5Hz, H-2), 3.84
(3H, s, OCH;-3), 2.71 (3H, s, H;-10). *C-NMR (in DMSO-d,, 125 MHz) &:
181.5 (C-9), 165.5 (C-3), 162.9 (C-1 or C-6), 162.8 (C-6 or C-1), 158.8 (C-
5a), 156.4 (C-4a), 142.9 (C-8), 116.2 (C-7), 110.8 (C-8a), 103.0 (C-1a),
100.4 (C-5), 96.7 (C-2), 91.9 (C-4), 55.8 (OCH,-3), 22.9 (C-10).

Single-Crystal X-Ray Analysis of 3 A colorless needle crystal having
approximate dimensions of 0.10X0.20X1.00 mm was mounted on a glass
fiber. All measurements were made on a Rigaku RAXIS RAPID imaging
plate area detector with graphite monochromated MoK« radiation. The data
were collected at a temperature of 23*1°C to a maximum 26 value of
55.0°. The structures were solved using the direct method (SIR-92),'® and
hydrogen atoms were placed at the calculation. A full-matrix least-squares
technique was used with anisotropic thermal parameters for nonhydrogen

Table 2. 'H-NMR Data for 3, 4, 5, 7, 8 and 11 (in DMSO-d, 500 MHz)
3 4 5 7 8 11
2 4.59d(11.5) 4.29dd (4.5,11.5) 4.59d(11.0) 4.23dd (4.5,11.0) 5.34 d like (2.0) 5.665s,5.59s
2 4.56d (11.5) 4.11dd (8.0, 11.5) 4.54d(11.0) 4.05dd (7.5, 11.0) 5.34 d like (2.0)
3 ca. 2.95 2.90 m
6 5.95d(2.0) 5.96 d (2.0) 5.90d (2.0) 5.96 brs, 5.95 brs
7
8 5.91d(2.0) 6.22s 5.92d(2.0) 595s 5.86d (2.0) 5.91brs, 5.90 brs
9 3.35d(13.0) ca. 2.95 3.38d(13.5) 2.94 dd (5.0, 13.5) 7.67s 3.56d(13.5),3.27d (13.5)
9 2.93d(13.0) ca. 2.51 3.00d (13.5) 2.53dd (9.0, 13.5) 3.09d (13.5),2.94d (13.5)
2! 6.62 d (2.0) 6.70 s 6.62 d (2.0) 7.32d(8.5) 6.87s,6.84s
3’ 6.88 d (8.5)
5 6.27 s 6.66 d (8.0) 6.66 s 6.67 d (8.0) 6.88 d (8.5) 6.66s,6.49 s
6 6.48 dd (2.0, 8.0) 6.48 dd (2.0, 8.0) 7.32d(8.5)
OCH, 3.67s 3.84s 3.69 s 3.67s
OCH, 3.62s 3.64s
CH,OCH, 592s
5-OH 12.09 s 11.98 s 12.13 brs 12.24 s 12.90 s 11.965s,11.80s
OH 10.91 brs 8.83 brs
OH 9.55s 8.78 brs

& in ppm from TMS (coupling constants (J) in Hz are given in parentheses).

a) Assignments may be interchanged in each column.
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Table 3. "C-NMR Data for 3, 4, 5, 7, 8, 10 and 11 (in DMSO-d,,

125 MHz)

3 4 5 7 8 10 11
2 727 69.1 733 689 672 728 1033
3 53.1 458 538 457 126.1 52.8 58.1,57.6
4 1957 198.9 196.5 198.4 184.3 1959 196.1,194.5
4a 100.8 102.1 101.1 101.3 101.7 100.9 100.5,100.5
5 163.8 1544 164.1 1554 1644 1639 163.4,163.3
6 96.0 129.7 963 129.19 962 96.1 96.0, 95.9
7 166.7 160.6 166.9 159.5 166.8 166.8 166.9,166.8
8 949 917 952 94.7 948 949 99.1, 98.7
8a 163.0 158.4 1633 1579 161.9 163.0 159.8,159.7
9 334 313 354 314 1366 352 36.5,31.1
1’ 118.7 128.6 134.0Y 128.8% 124.7 134.6 134.2,1334
2! 1542 1163 111.5 116.3 132.8 105.7 105.7
3’ 146.2 1452 1485”1452 115.8 146.6 146.8,146.5
4’ 137.6 143.8 14837 143.8 159.4 1478 1479
5 98.6 1156 1069 1156 1158 104.1 105.2,105.2
6’ 138.5 119.7 133.89119.7 132.8 1355 135.7,135.6
OCH; 56.0 60.0 56.2 60.0
OCH, 598 563
CH,OCH, 100.0  100.1, 100.0

6 in ppm from TMS.
column.

a,b) Assignments may be interchanged in the same

atoms and a riding model for hydrogen atoms. All calculations were per-
formed using the Crystal Structure'>?? crystallographic software package.

3: CgH 0, EW.=344.32, orthorhombic. The systematic absences of
h00: h£2n, 0kO: k*2n, 00/: /=25 uniquely determine the space group to be:
P2,2,2, (#19). a=5.4644(9), b=11.627(2), c=25.006(4) A, V'=1588.8(4) A%,
Dc=144gcem™, Z=4, R=0.091 for 2319 observed reflections (1>3.000(J)),
Rw=0.172.
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