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Bufadienolides and a New Lignan from the Bulbs of Urginea maritima
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Thirty three compounds were obtained from the bulbs of Urginea maritima (Liliaceae). The compounds
were identified by means of fast atom bombardment mass spectrometry (FAB-MS), nuclear magnetic resonance
("H-NMR), (*C-NMR), nuclear overhauser effects (NOE) and two dimensional (2D) NMR. Ten of them were new
natural compounds. Nine were bufadienolides and only one was lignan in these compounds.
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Urginea maritima (Liliaceae) is cultivated in the Mediter-
ranean area.” It is used as a cardiotonic diuretic in Europe
for the treatment of cardiac marasmus and edema.” From
these facts, it was expected that this plant inhibited Na*, K*-
adenosine triphosphatase (Na*, K™-ATPase: EC 3.6.1.3).%
On the basis of this expectation, we started this study. In this
paper, we report on the structure of 10 new compounds, and
in the following paper, we will report on the inhibitory effect
on enzymic activity. We have found 23 known compounds
and 10 new compounds through extraction and isolation
using the bulbs of Urginea maritima. Scillaren A (1),% scil-
lirubroside (15),” scilliroside (16),” scillarenin 3-O-B-p-glu-
copyranoside (18),® 6-desacetyl-scilliroside (20),” scil-
larenin bis-rhamnopyranoside (21),” 5-a-4,5-dihydro-scil-
laren A (27),% proscillaridin A (28),Y 5-a-4,5-dihydro-scil-
lirosidin 3-O-pB-p-glucopyranoside (29)," scillirosidin 3-O-
o-L-thamnopyranoside (30),® and 5-a-4,5-dihydro-scilliro-
sidin 3-0-a-L-quinovopyranoside (33)" were known as bufa-
dienolide glycosides; especially 1, 16 and 28 were major
components. Scillarenin (2),” scillirosidin (3),'” scilliglauco-
sidin (4),'"” 3-methoxy-scilliphacosidin (5), 5-B-14-dihy-
droxy-bufa-3,20,22-trienolide (7), scilliglaucogenin (8),*
scilliglaucosidone (9),'" 3-oxo-scilliphaeosidin (10),'? 3-epi-
scilliglaucosidin (11),'® 3-epi-scillarenin (12),'" 12-epi-scil-
liphaeosidin (13),") and 14,19-dihydroxy-3-oxo-bufa-4,20,22-
trienolide (31)!® were known bufadienolides which had the
absence of sugars. On the other hand, compounds 6, 14, 17,
19, 22—26 and 32 were new compounds. Compounds 6, 14
and 17 were bufadienolides which had the absence of sugars
and 32 was lignan glycoside, which is rare in Urginea mar-
itima (L). Compounds 19 and 22—26 were unknown bufa-
dienolide glycosides. The structures of these new compounds
were determined by means of FAB-MS, high resolution
(HR)-FAB-MS, [o]p, circular dichroism (CD), ultraviolet
(UV), infrared (IR), '"H-NMR, "*C-NMR, nuclear Overhauser
effects (NOE) and two dimensional (2D) NMR spectra.

For the determination of the component sugars, a mixture
of bufadienolide glycosides was subjected to acid hydrolysis.
The sugars to be obtained by the reaction were identified as
glucose and/or rhamnose for comparison with authentic sam-
ples by analysis of gas chromatography(GC).

All these compounds, except for compound 32, were sug-
gested to have unsaturated lactone rings by indicating good
agreement with the data of scillaren A(1), which had signals
defined at 6 123.3 (C-20), § 149.5 (C-21), 6 147.5 (C-22), 6
115.3 (C-23), 6 162.1 (C-24), 6 7.46 (1H, d, J=2.5Hz, H-
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21), 6 8.20 (1H, dd, J=10, 2.5Hz, H-22) and 6 6.35 (1H, d,
J=10Hz, H-23).Y And this lactone ring has a characteristic
maximum absorption around 298 nm by UV spectrum.?

Compound 6 was suggested to have the molecular formula
C,sH;,0,, based on FAB-MS [positive FAB-MS ion at m/z
415 [M+H]"]. In the 3C-NMR spectrum of 6, the signals
due to the aglycone moiety were very similar to that of the
known compound, scilliphaeosidin 3-O-f-p-glucoside.”’ The
methoxy group was deduced from 'H- and *C-NMR spectra
data observed at 6 3.34 (3H, s) and § 55.8. The linkage posi-
tion at C-3 was confirmed by 2D-NMR, the heteronuclear
multiple quantum coherence (HMQC) spectrum between &
73.2 (C-3)/6 3.60 (H-3) and the heteronuclear multiple bond
connectivity (HMBC) spectrum between 6 73.2 (C-3)/6 3.34
(methoxy proton); & 55.8 (methoxy carbon)/d 3.60 (H-3).
The configuration of the methoxy group was determined to
be o based on proton signals correlation between 6 3.60 (1H,
br s, H-3) and & 5.65 (1H, d, J=4.5Hz, H-4).'%!9 Thus, the
structure of 6 was determined to be 3-epi-O-methyl-scil-
liphaeosidin.

Compound 14 would be expected to have the molecular
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formula C,,H;,0;, based on FAB-MS. As compared to the
C-3 hydroxyl compound, scillarenin(2),” the 'H- and "*C-
NMR signals of H-3 (6 4.53) and C-3 (6 67.4) were not ob-
served in 14, although the signal (6 199.0) derived from ke-
tone was observed. On the basis of these facts, it was as-
sumed that C-3 was ketone which was also confirmed by the
2D-NMR, HMQC and HMBC spectra between 6 199.0 (C-
3)/6 3.27, 2.24 (H-1); § 199.0 (C-3)/6 2.62, 2.54 (H-2).
Since both 6 1.63 (1H, t, J=11.5Hz) and 6 4.16 (1H, td, J=
11.5, 4.0 Hz) were observed by 'H-NMR, and & 68.2 was ob-
served by *C-NMR, these were assigned as H-9, H-11 and
C-11, respectively. So, it would seem to have the hydroxyl
group at C-11. These facts were confirmed by the HMQC
and HMBC spectra between 6 68.2 (C-11)/6 1.63 (H-9); o
68.2 (C-11)/6 2.01, 1.84 (H-12). With respect to H-11, B-
configuration was determined by strong NOE between H-11
and H-18, and H-19. As a result, these facts proved to be a-
configuration with the hydroxyl group at C-11. Thus, the
structure of 14 was elucidated.

The molecular formula of compound 17 was C,,H;,0s,
based on FAB-MS. Compared to 12-epi-scilliphaeosidin 3-
O-fB-p-glucoside,® the carbon signals of 17 were similar,
with a range of glycosylation shifts at C-2 (+1.3 ppm), C-3
(—11.9ppm), and C-4 (+1.9 ppm).® With respect to the con-
figurations of the two hydroxyl groups at C-3 and C-12, a-
configuration was determined at C-3 by the proton signals
correlation between 6 4.38 (1H, brs, H-3) and 6 5.79 (1H, d,
J=5.0Hz, H-4),'® and also at C-12 by NOE betweend 3.92
(H-12) and & 1.00 (H-18). Hence, these facts suggested that
the structure of 17 is epimer of scilliphaeosidin.® Finally, we
determined the present compound to be 3-o, 12-o-scil-
liphaeosidin.

Compounds 19 and 22—24 had the molecular formulae
C,Hu0,), CHy 05, CygHyyOy5 and CyHs O, respec-
tively, based on FAB-MS. In 19 and 22 the acetyl group was
explained by "H-NMR, & 1.76 (s); & 1.75 (s) and *C-NMR,
6 170.0, 21.3; 6 170.0, 21.2, respectively. Also, linkage posi-
tion and S-configuration of the acetyl group were established
by HMQC, HMBC between acetyl carbon and H-6, and NOE
between the 6-O-acetyl proton and H-19/H-8. In the 'H-
NMR and *C-NMR spectra of 19 and 22, one anomeric pro-
ton and carbon signals and two anomeric protons and carbon
signals, respectively, were observed, so these compounds
were thought to be monoglycoside and diglycosides. The
sugar moiety of each compound was determined by acid hy-
drolysis as described in the experimental section. The acid
hydrolysis of 19 afforded glucose as the component sugar, so
the sugar moiety of 19 was composed of glucose alone, and
the coupling constant of anomeric proton § 5.04 (1H, d, J=
8.0Hz) and the chemical shift of anomeric carbon & 104.0
were indicative of one glucose. The sugar linkage was deter-
mined by the consequence of the HMQC and HMBC spectra
between 6 5.04 (anomeric proton of B-p-glucopyranose)/d
75.6 (C-3 of the aglycone); 6 104.0 (anomeric carbon of 3-p-
glucopyranose )/8 4.57 (H-3 of the aglycone). In conclusion,
we found that the structure of 19 was 6-f-acetoxy scillarenin
3-O-f-p-glucopyranoside. The component sugars of 22 were
one rhamnose and glucose which were composed of one ¢-L-
rhamnopyranose and S-p-glucopyranose from the results of
acid hydrolysis and the 'H- and "*C-NMR spectra. The sugar
sequence was determined by the NOE difference spectrum.
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The NOEs were observed between & 5.48 (H-1' of o-L-
rhamnopyranose)/4.38 (H-3 of the aglycone); 6 5.22 (H-1" of
[B-p-glucopyranose)/4.39 (H-4' of o-L-rhamnopyranose).
Based on the above evidence, the structure of 22 was eluci-
dated to be 6-fB-acetoxy scillarenin 3-O-B-p-glucopyranosyl-
(1 - 4)-o-L-thamnopyranoside. In compounds 23 and 24, the
aglycones showed good agreement with the *C-NMR spec-
tra data of scillirubrosidin'” and scillirosidin(3),'” respec-
tively, as compared to the published report.” On acid hydrol-
ysis of 23, rhamnose was obtained as the component sugar.
The sugar was identified as two o-L-thamnose based on the
BC-NMR spectral data and the chemical shift, and the cou-
pling constant of each anomeric proton signal H-1" § 5.50
(1H, d, J=1.5Hz) and H-1" § 6.27 (1H, d, J=1.5Hz).® This
sugar linkage was confirmed based on the NOEs between &
5.50 (H-1" of a-L-rhamnopyranose)/4.45 (H-3 of the agly-
cone); 6 6.27 (H-1" of a-L-rhamnopyranose)/4.40 (H-4' of
o-L-thamnopyranose). From these results, the structure of 23
proved to be scillirubrosidin 3-O-¢-L-rhamnopyranosyl-(1 -
4)-a-L-thamnopyranoside. Rhamnose and glucose were ob-
tained by acid hydrolysis of 24. It was expected that the se-
quence of the sugar moiety was the same as that of com-
pound 22 because the 'H- and *C-NMR spectra data were
very similar to those of 22. Experimental evidence for the
above expectation was obtained by examining the NOE of
24. Thus, the structure of 24 was determined to be scilliro-
sidin 3-O-f-p-glucopyranosyl-(1 - 4)--L-rhamnopyranoside.

The molecular formulae of compounds 25 and 26 were
suggested to be CyH,,0,, by the observation of [M+Na]*
ion peaks in FAB-MS. From the 'H- and *C-NMR spectral
data, the aglycones of 25 and 26 were determined to be scil-
larenin(2),” which was the same as that of scillaren A(1).¥
Compound 25, as well as 26, had one acetyl rhamnose and
one glucose with respect to the component sugars from the
results of the 'H-, *C-NMR, '"H-'H correlation spectroscopy
(*H-'H COSY), HMQC, HMBC spectra and acid hydrolysis.
The acetylated position of 25 was determined by the H-3'
proton coupling constant § 5.88 (1H, dd, J=9.5, 3.5 Hz), the
range of acylation shift at C-2’ (—1.7 ppm), C-3’ (+3.1 ppm)
and C-4' (—6.7ppm) when compared to compound 22 and
the HMBC, HMQC and '"H-'"H COSY spectra; while that of
26 was determined by the H-2' proton coupling constant &
5.71 (1H, brd, J=2.5 Hz), the range of acylation shift at C-2’
(+1.7ppm), C-3" (—2.3ppm) and C-1’ (—3.5ppm) when
compared to compound 22, HMBC and 'H-'H COSY. The
sugar sequence of 25 and 26 were established on the basis of
the NOE between 6 5.47 (H-1" of o-L-rhamnopyranose)/4.36
(H-3 of the aglycone), 6 5.16 (H-1" of p-p-glucopyra-
nose)/4.62 (H-4' of o~-L-rhamnopyranose), 6 5.38 (H-1" of
o-L-thamnopyranose)/4.35 (H-3 of the aglycone), § 5.34 (H-
1" of B-p-glucopyranose)/4.27 (H-4' of a-L-rhamnopyra-
nose), respectively. Thus, the structures of 25 and 26 were
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Table 1. 'H-NMR Spectral Data
69 149 179 199 229
Aglycone moiety
H- 3 3.60 (brs) — 438 (brs) 4.57 (m) 4.38 (m)
4 5.65 (d, 4.5) 5.90 (s) 5.79 (d, 5.0) 6.17 (brs) 5.97 (brs)
6 2.149 2.629 2.23 (m) 5.54 (t, 3.0) 5.57 (brt, 3.0)
1.769 2229 2.15 (m)
8 1.91 (td, 12.0, 3.0) 1.97 (td, 11.5, 3.0) 1.959 2.23 (td, 12.0, 2.5) 2.24 (td, 12.0, 2.5)
9 1.28 (td, 12.0, 3.0) 1.63 (t, 11.5) 1.979 1.12 (td, 12.0, 2.5) 1.14 (td, 12.0, 2.5)
11 1.989 4.16 (td, 11.5, 4.0) 1.939 1.459 1.469
1.689 1.729 1.359 1.379
12 3.63 (dd, 12.0, 4.0) 2.01 (dd, 11.5, 4.0) 3.92 (brs) 1.499 1.529
1.849 1.339 1.389
17 3.45 (dd, 10.0, 7.0) 2.61 (dd, 10.5, 6.0) 3.60 (dd, 9.5, 6.0) 2.50 (dd, 9.5, 6.0) 2.51 (dd, 10.0, 6.5)
18 1.16 (s) 1.04 (s) 1.00 (s) 0.94 (s) 0.95 (s)
19 0.94 (s) 1.34 (s) 1.01 (s) 1.18 (s) 1.25(s)
21 7.59 (d, 2.5) 7.44 (d, 2.5) 7.44 (d, 2.5) 7.47 (d, 2.5) 7.47 (d, 2.5)
22 8.21 (dd, 10.0, 2.5) 8.15 (dd, 10.0, 2.5) 8.31 (dd, 10.0, 2.5) 8.20 (dd, 10.0, 2.5) 8.20 (dd, 10.0, 2.5)
23 6.35(d, 10.0) 6.33 (d, 10.0) 6.37 (d, 10.0) 6.35 (d, 10.0) 6.35 (d, 10.0)
Ac — — — 1.76 (s) 1.75 (s)
OMe 3.34(s) — — — —
Sugar moiety
Glc Rha
H-1' — — 5.04 (d, 8.0) 5.48 (brs)
2’ — — 4.029 4.499
3 — — — 4289 4.54(dd, 9.0, 2.5)
4’ — — — 4269 439 (t,9.0)
5' — — 4,019 4.24 (dq, 9.0, 6.0)
6' — — 4.58 (dd, 12.0, 2.5) 1.72 (d, 6.0)
4.40 (dd, 12.0, 5.0)
Glc
H-1" — — — — 5.22 (d, 8.0)
2" — — — — 4.10 (t, 8.0)
3" — — 4.19 (t, 8.0)
4" — — 4.249
5" — — 3.81 (m)
6" — — 4.46 (dd, 12.0, 2.5)
436 (dd, 12.0, 5.0)
239 249 259 269 329
Aglycone moiety
H- 3 4.45 (m) 437 (m) 4.36 (m) 4.35 (m) H-2 7.03 (d, 2.0)
4 5.58 (brs) 6.01 (brs) 5.50 (s) 5.48 (s) 5 7.15 (d, 8.0)
6 2.84 (brt, 12.0) 5.62 (t, 3.0) 1.699 1.699 6 6.93 (dd, 8.0, 2.0)
1.959 1.269 1.269 7 5.58 (d, 7.0)
8 — 1.799 1.799 8 3.48 (m)
9 1.379 1.329 1.06 (td, 12.0, 3.5) 1.06 (td, 12.0, 3.5) 9 3.859
12 1.549 1.499 1.459 1.459 3.78 (dd, 11.0, 7.0)
1.399 1.389 1.289 1.289 2! 6.95 (s)
17 2.48 (dd, 10.0, 6.5) 2.47 (dd, 10.0, 6.0) 2.48 (dd, 10.0, 7.0) 2.47 (dd, 10.0, 6.5) 6' 6.97 (s)
18 1.11 (s) 1.09 (s) 0.93 (s) 0.93 (s) 7' 6.56 (d, 16.0)
19 1.42 (s) 1.55 (s) 0.96 (s) 0.96 (s) 8’ 6.16 (dt, 16.0, 6.0)
21 7.43 (d, 2.5) 7.42 (d, 2.5) 7.46 (d, 2.5) 7.46 (d, 2.5) 9’ 4.05(dd, 6.0, 1.5)
22 8.09 (dd, 10.0, 2.5) 8.07 (dd, 10.0, 2.5) 8.20 (dd, 10.0, 2.5) 8.20 (dd, 10.0, 2.5) 4.05 (dd, 6.0, 1.5)
23 6.35 (d, 10.0) 6.34 (d, 10.0) 6.35 (d, 10.0) 6.35 (d, 10.0) OMes 3.89 (s)
Ac — 1.90 (s) — — 3.83 (s)
3.36 (s)
Sugar moiety
Rha Rha 3'-0O-Ac-Rha 2'-0-Ac-Rha Glc
H-1' 5.50 (d, 1.5) 5.48(d, 1.5) 5.47(d, 1.5) 5.38 (brs) G-1 4.88(d, 7.5)
2’ 4.459 4.499 4.68 (brs) 5.71 (brd, 2.5) 2 3.489
3 4,559 4.54 (dd, 9.0, 2.5) 5.88(dd, 9.5, 3.5) 4.71 (dd, 9.0, 2.5) 3 3.479
4’ 4.40 (t,9.5) 439 (t,9.0) 4.62 (t,9.5) 4.27 (t,9.0) 4 3.399
5 4.28 (dg, 9.5, 6.0) 4.24 (dq, 9.0, 6.0) 4.27 (dq, 9.5, 6.0) 4.26 (dq, 9.0, 6.0) 5 3.389
6' 1.64 (d, 6.0) 1.72 (d, 6.0) 1.72 (d, 6.0) 1.73 (d, 6.0) 6 3.879
3.68 (m)
Ac — 2.17 (s) 2.09 (s) —
Rha Glc Glc Glc
H-1" 6.27 (d, 1.5) 5.23 (d, 8.0) 5.16 (d, 8.0) 5.34(d, 8.0) —
2" 4.869 4.10 (t, 8.0) 3.97 (t, 8.0) 4.11 (t, 8.0) —
3" 4.549 4.19 (t, 8.0) 4.17 (t, 8.0) 4.18 (t, 8.0) —
4" 4.30(t,9.5) 4239 4249 4.249 —
5" 4.39 (dq, 9.5, 6.0) 3.81 (m) 3.83 (m) 3.88 (m) —
6" 1.64 (d, 6.0) 4.45 (dd, 12.0, 2.5) 4.45 (dd, 12.0, 2.5) 4.51 (dd, 12.0, 2.5) —

4.36 (dd, 12.0, 5.0)

436 (dd, 12.0, 5.0)

4.37(dd, 12.0, 5.0)

Measured at 400 MHz, &, ppm in @) pyridine-ds. b) CD;0D solution at 35 °C. ¢): Overlapping with other signals. Rha: o-L-rhamnopyranosyl. Gle: -p-glucopyranosyl.
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Table 2. '*C-NMR Spectral Data (Measured at 100.40 MHz, §, ppm 35 °C, in Pyridine-d5 Except for 32 (CD,0D) as Solvent)
6 14 17 19 22 23 24 25 26 32
Aglycon moiety
C-1 32.6 38.5 324 37.39 37.29 37.1 37.9 33.0Y 33.0Y C-1 138.1
2 24.4 34.8 29.2 27.7 27.4 27.4 27.0 27.6 27.5 2 111.4
3 73.2 199.0 64.1 75.6 73.7 74.0% 73.6 73.8 74.6 3 151.1
4 119.8 124.6 123.4 130.2 129.5 121.4 130.3 121.4 121.1 4 147.8
5 149.1 170.9 147.5 142.3 142.6 147.8 142.3 147.0 147.4 5 118.3
6 33.0 342 332 76.1 76.1 28.8 76.59 35.8 35.7 6 119.5
7 29.39 28.3 29.3 33.4 334 36.0 38.3 29.39 29.39 7 88.8
8 423 42.5 432 37.79 37.6 76.3 76.59 42.6 42.6 8 55.3
9 46.9" 54.9 43.3 50.2 50.2 51.9% 52.0 50.5 50.4 9 65.0
10 37.8 40.4 37.6 37.39 37.39 383 37.3 37.8 37.7 1 1324
11 314 68.2 30.8 21.5 21.5 18.7 18.7 21.7 21.6 2' 112.5
12 75.2 51.8 75.4 40.6 40.6 41.5 41.1 40.7 40.6 3’ 145.6
13 55.3 49.4 52.6 48.9 48.9 494 49.5 48.8 48.8 4’ 149.5
14 84.8 83.8 84.5 83.9 83.9 85.4 85.4 84.2 84.2 5 130.1
15 333 332 34.8 32.8 32.8 34.7 34.6 32.89 32,79 6’ 116.7
16 29.49 29.5 31.6 29.3 29.3 29.8 29.6 29.4% 29.4% 7' 134.3
17 46.9Y 51.3 45.7 51.5 51.5 52.0Y 51.2 51.4 51.4 8’ 124.4
18 10.9 18.2 18.7 17.3 17.3 19.5 19.5 17.1 17.1 9’ 74.3
19 18.5 18.4 19.0 21.19 21.19 20.9 22.1 19.0 19.0 —
20 123.4 122.8 124.2 123.5 123.4 123.4 124.0 123.3 123.3 —
21 150.0 149.8 149.3 149.5 149.5 149.4 149.4 149.4 149.4 —
22 147.8 147.2 148.2 147.5 147.4 147.1 147.1 147.5 147.5 —
23 115.2 1154 1154 1153 115.3 1154 1154 115.3 115.3 —
24 162.1 162.0 162.2 162.1 162.1 162.0 162.0 162.1 162.1 —
Ac — — — 170.0 170.0 — 169.7 — — —
21.3 21.29 21.4
OMe 55.8 — — — — — — — — OMes 58.0
56.9
56.8
Sugar moiety
Glc Rha Rha Rha 3'-0O-Ac-Rha 2'-O-Ac-Rha Glc
C-1' — — — 104.0 100.9 100.6 100.8 100.4 97.4 G-1 102.9
2' — — — 75.3 72.1 73.39 72.1 70.4 73.8 2 74.9
3’ — — — 78.6° 72.5 73.49 72.5 75.6 70.2 3 77.9
4’ — — — 71.9 85.1 80.3 85.0 78.4 84.8 4 71.4
5 — — — 78.6% 68.4 68.2 68.4 68.5 68.2 5 78.2
6’ — — — 63.0 18.4 19.0 18.4 18.7 18.3 6 62.6
Ac — — — — — — — 170.9 170.7 —
21.5 21.0
Glc Rha Glc Glc Gle
C-1" — — — — 106.7 103.3 106.7 105.5 106.5 —
2" — — — — 76.5 72.6 76.4 75.1 76.4 —
3" — — — — 78.6 72.9 78.6 78.6 78.59 —
4" — — — — 71.7 74.1% 71.6 71.8 71.6 —
5" — — — — 78.5 70.4 78.5 78.0 78.59 —
6" — — — — 62.8 18.5 62.8 63.0 62.8 —

a—c): Assignments may be interchangeable in each column. Rha: o~L-rhamnopyranosyl. Glc: -p-glucopyranosyl.

determined to be scillarenin 3-O-S-p-glucopyranosyl-(1 - 4)-
3'-0O-acetyl-o-L-rhamnopyranoside and scillarenin 3-O-f-p-
glucopyranosyl-(1 - 4)-2'-0O-acetyl-a-L-thamnopyranoside,
respectively.

Compound 32 was found to have the formula C,;H,,0,,
based on the FAB-MS spectra and confirmed by its 'H- and
BC-NMR data. The "H-NMR spectrum showed the presence
of five aromatic proton signals at § 7.15 (1H, d, J=8.0 Hz,
H-5), 6 7.03 (1H, d, J/=2.0Hz, H-2), § 6.97 (1H, s, H-6'),
6.95 (1H, s, H-2') and & 6.93 (1H, dd, /=8.0, 2.0 Hz, H-6);
the signals three methoxy groups at & 3.89, 3.83 and 3.36
(each 3H, s, C-3’, C-3, C-9'-OMe, respectively); two trans
olefinic proton signals at § 6.56 (1H, d, J=16.0 Hz, H-7")
and 6 6.16 (1H, dt, J=16.0, 6.0 Hz, H-8'); two methine pro-
ton signals at 8 5.58 (1H, d, /=7.0 Hz, H-7) and § 3.48 (1H,

d, J=7.0Hz, H-8) and an anomeric proton signal at & 4.88
(1H, d, J=7.5Hz, H-1"). The sugar moiety was identified by
acid hydrolysis to glucose. These results showed that com-
pound 32 is a dihydro-benzofuran-type neolignan glucoside
in combination with its *C-NMR spectrum data. The sugar
linkage was confirmed by the NOE between 6 4.88 (H-1" of
B-p-glucopyranose)/7.15 (H-5 of aromatic proton). The
HMQC and HMBC spectra provided strong support for the
structure of 32. The CD spectrum showed negative cotton ef-
fects ([6],,, —8117 and [0],5, —12175), so it was found that
compound 32 had the 7S,8R-configuration.'®

Experimental

Optical rotation was determined by measurement with a JASCO-DIP
1000 digital polarimeter. CD spectra were determined by a JASCO J-20A.
FAB-MS and HR-FAB-MS spectra were taken on a JEOL JMS-SX 120 and
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JEOL JMS-700 spectrometer in m-nitrobenzyl alcohol, respectively. IR
spectra were recorded on a JASCO FT/IR-230 spectrometer. UV spectra
were obtained by BECKMAN DU 640 spectrophotometer. 'H- and *C-
NMR were recorded on a JEOL JNM A-400 (400 and 100.40 MHz, respec-
tively) spectrometer. Chemical shifts were given on the & (ppm) scale with
tetramethylsilane (TMS) as an internal standard. GC was run on a Hitachi
G-3000 gas chromatograph, and HPLC was run on a JASCO 980 system in-
strument.

Plant Material Urginea maritima (L.) were collected from the plants
garden, University of Shizuoka in Japan.

Extraction and Isolation The dried bulbs of Urginea maritima (2.5 kg)
were extracted three times with MeOH under reflux. The methanol extract
(315 g) was partitioned between diethyl ether and water. The water layer was
passed through a Diaion HP-20 column and then after being passed MeOH,
the MeOH elute was concentrated under reduced pressure. The residue
(9.7g) was chromatographed on a silica gel column with CHCl,-MeOH
(98:2-8:2) to give thirteen fractions.

Fraction 1 (193mg) was subjected to HPLC [YMC ODS-AQ (20X
250 mm), CH;CN-H,O (25—75 - 40—60), MeOH-H,0O (40—60 - 67.5—
32.5), 205 nm] to give 2 (11 mg), 3 (8 mg), 9 (7.5 mg) and 12 (36 mg). Frac-
tion 2 (311 mg) to give 5 (6 mg), 6 (6.6 mg), 7 (17 mg) and 11 (29 mg). Frac-
tion 3 (663 mg) to give 4 (20 mg) and 8 (41 mg). Fraction 4 (211 mg) to give
10 (24mg), 13 (4mg) and 14 (2.8 mg). Fraction 5 (130mg) to give 17
(11 mg), 31 (3 mg) and 33 (3 mg). Fraction 8 (1.15 g) to give 28 (22 mg), 29
(9mg), and 30 (5mg). Fraction 9 (660 mg) to give 15 (13 mg), 16 (59 mg),
18 (66 mg), 19 (80 mg) and 32 (6.7 mg). Fraction 10 (167 mg) to give 20
(5mg), 21 (7mg), 25 (5.7 mg) and 26 (5 mg). Fraction 11 (817 mg) to give 1
(35mg), 22 (6 mg), 23 (25 mg), 24 (9 mg) and 27 (5 mg).

Compound 6: Amorphous powder. [a]® +49.9° (¢=0.66, MeOH). UV
AMOH nm (log €): 299 (3.54), 216 (sh). IR (KBr) cm™': 1717. FAB-MS m/z:
415 [M+H]"*. HR-FAB-MS m/z: 415.2507 (Calcd for C,5H;,05: 415.2484).
'H- and 3C- NMR: Tables 1 and 2.

Compound 14: Amorphous powder. [0 +32.0° (¢=0.28, CHCl,~
MeOH 1:1). UV ASHCBMOHT: py (Jog £): 298 (3.43), 243 (3.90). IR (KBr)
em™': 1721,1655. FAB-MS m/z: 399 [M+H]". HR-FAB-MS m/z: 399.2197
(Caled for C,,H;,04: 399.2171). 'H-NMR (pyridine-ds at 35°C): & 2.24 (m,
H-1), 2.54 (m, H-2), 2.62 (m, H-2), 3.27 (dt, H-1). Other data of 'H- and
BC-NMR are in Tables 1 and 2.

Compound 17: Amorphous powder. [a]% +110.3° (c=1.07, MeOH). UV
AMOH hm (log €): 299 (3.66), 215 (sh). IR (KBr) cm™': 1715. FAB-MS m/z:
401 [M+H]"*. HR-FAB-MS m/z: 401.2354 (Calcd for C,,H;,05: 401.2328).
'H- and '3C-NMR: Tables 1 and 2.

Compound 19: Amorphous powder. [a]%® —52.4° (c=8.04, MeOH). UV
AMOH hm (log €): 298 (3.60). IR (KBr) cm™': 1735, 1717. FAB-MS m/z: 605
[M+H]*. HR-FAB-MS m/z: 605.2944 (Calcd for C3,H,50,,: 605.2962). 'H-
and '*C-NMR: Tables 1 and 2.

Compound 22: Amorphous powder. [a]% —83.4° (¢c=0.6, MeOH). UV
AMOH nm (log €): 298 (4.17), 204 (4.96). IR (KBr) cm™': 1735, 1718. FAB-
MS m/z: 773 [M+Na]". HR-FAB-MS m/z: 773.3346 (Calcd for C44H,,0 5+
Na: 773.3360). 'H- and '*C-NMR: Tables 1 and 2.

Compound 23: Amorphous powder. [a]¥ —94.5° (c=2.5, MeOH). UV
AMOH nm (log €): 299 (3.67). IR (KBr) cm™': 1718. FAB-MS m/z: 715 [M+
Na]®. HR-FAB-MS m/z: 715.3334 (Calcd for CyH;,0,5+Na: 715.3306).
'H- and '3C-NMR: Tables 1 and 2.

Compound 24: Amorphous powder. [a]% —71.1° (c=1.0, MeOH). UV
AMOH nm (log €): 298 (3.71). IR (KBr) cm™': 1735, 1718. FAB-MS m/z: 789
[M+Na]*. HR-FAB-MS m/z: 789.3325 (Caled for CjH,,0,4+Na:
789.3310). 'H- and '>*C-NMR: Tables 1 and 2.

Compound 25: Amorphous powder. [¢]% —60.6° (c=0.57, MeOH). UV
AMOH i (log €): 298 (3.71). IR (KBr) cm™': 1735, 1718. FAB-MS m/z: 757
[M+Na]*. HR-FAB-MS m/z: 757.3414 (Caled for CyH,,Op,+Na:
757.3411). 'H- and '>*C-NMR: Tables 1 and 2.

Compound 26: Amorphous powder. []% —67.3° (¢=0.50, MeOH). UV
AMOH ym (log €): 298 (3.70). IR (KBr) cm™': 1735, 1718. FAB-MS m/z: 757
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[M+Na]*. HR-FAB-MS m/z: 757.3401
757.3411). 'H- and '>*C-NMR: Tables 1 and 2.

Compound 32: Amorphous powder. [¢]%X —54.8° (¢=0.67, MeOH). UV
AMOH nm (log €): 292 (sh), 278 (4.26), 219 (4.51), 204 (4.84). IR (KBr)
em™': 1655, 1600, 1510, 1458. CD [6] (nm): —12175 (284), —8117 (270)
(¢=0.5x10"3g/ml). FAB-MS m/z: 557 [M+Na]*. HR-FAB-MS m/z:
557.1996 (Caled for C,;H;,0,,+Na: 557.1999). 'H- and >*C-NMR: Tables 1
and 2.

Acid Hydrolysis of Compounds 19, 22—26 and 32 A solution of each
compound (ca. 0.1 mg) in dioxane (4 drops) and 1% H,SO, (4 drops) was
heated at 100 °C for 1h. After hydrolysis, this solution was passed through
an Amberlite IRA-60E column and the elute was concentrated to give a
residue. For sugar analysis the residue was reduced with NaBH, (ca. 1 mg)
for 1h at room temperature. The reaction mixture was passed through an
Amberlite IR-120B column and the elute was concentrated to dryness. Boric
acid was removed by co-distillation with MeOH, and the residue was acety-
lated with acetic anhydride and pyridine (4 drops each) at room temperature
for one night. The reagents were evaporated off in vacuo. From each glyco-
side, glucitol acetate and/or rhamnitol acetate were detected by GC [condi-
tions: column, Supelco SP-2380 capillary column 0.25 mmXx30m, column
temperature 250 °C, carrier gas N,, f; (min); glucitol acetate 12.32, rhamni-
tol acetate 5.36].

(Caled for CyHg,0 4+Na:
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