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Phytochemical examination of the fresh tubers of Brodiaea californica resulted in the isolation of four new
steroidal saponins. Their structures were determined, by extensive spectral analysis including two-dimensional (2D)
NMR spectroscopy and acid-catalyzed hydrolysis, to be (255)-spirost-5-ene-1p,3f-diol [(25S5)-ruscogenin] 1-O-
{ O-B-p-glucopyranosyl-(1-»3)-O-a-L-rhamnopyranosyl-(1-2)--D-glucopyranoside} (1), (255)-ruscogenin 1-O-
{ O-B-p-glucopyranosyl-(1 - 3)-O-a-L-rhamnopyranosyl-(1 - 2)-O-[ f-p-xylopyranosyl-(1- 3)]--D-glucopyrano-
side} (2), the C-20 and C-22 isomer of 2 (3) and the 6’-O-acetyl derivative of 2 (4), respectively. The conformations
of the tetrasaccharide moiety of 2 and 4 were inspected through molecular mechanics and molecular dynamics
calculation studies, showing that the acetyl group attached to C-6 of the inner glucose was near the C-21 methyl
of the aglycon in the calculated preferred conformation of 4, which must cause the downfield shift of 21-Me by 0.07
ppm in comparing the 'H-NMR of 4 with that of 2. The inhibitory activity of the isolated saponins on 12-O-tetra-
decanoylphorbor-13-acetate (TPA)-stimulated 3>P-incorporation into phospholipids of HeLa cells was evaluated to
identify new antitumor-promoter compounds.
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Our previous chemical analysis disclosed that the plants  formula C,sH,,0,4 by the '*C-NMR spectrum with 45
belonging to the subfamily Allioideae in Liliaceae, such signals, negative-ion FAB-MS (m/z 899 [M—H] ") and
as Agapanthus inapertus,* Ipheion uniflorum® and Triteleia  high-resolution positive-ion FAB-MS (m/z 923.4616
lactea,® as well as the plants of the genus Allium,* con- [M+Na]*, 4—0.1mmu). The IR spectrum of 1 was

tained certain amounts of steroidal saponins. As a con- consistent with the presence of hydroxyl groups (3405
tinuation, we have investigated the tubers of Brodiaea

californica,® an Allioideae plant indigenous to north
California, resulting in the isolation of four new steroidal
saponins, (25S5)-spirost-5-ene-15,3f-diol [(25S5)-ruscoge-
nin] 1-0-{O-p-D-glucopyranosyl-(1 - 3)-O-a-L-rhamno-
pyranosyl-(1—2)-g-D-glucopyranoside} (1), (25S)-rusco-
genin 1-0-{O0-B-p-glucopyranosyl-(1 - 3)-O-a-L-rhamno-
pyranosyl-(1—2)-O-[ -D-xylopyranosyl-(1—3)]-f-D-
glucopyranoside} (2), the C-20 and C-22 isomer of 2 (3)
and the 6'-O-acetyl derivative of 2 (4). This paper reports
the structural elucidation of 1—4 on the basis of spectro-
scopic analysis and acid-catalyzed hydrolysis, and the
conformations of the tetrasaccharide moiety of 2 and 4
are shown by molecular mechanics and molecular dy-
namics calculation studies. Furthermore, the inhibitory
activity of the isolated saponins on 12-O-tetradecanoyl-
phorbor-13-acetate (TPA)-stimulated 32P-incorporation
into phospholipids of HeLa cells are discussed.

The concentrated 1-butanol-soluble fraction of the
methanolic extract of Brodiaea californica tubers was
repeatedly subjected to column chromatography on
silica-gel, Diaion HP-20 and octadecylsilanized (ODS)
silica-gel, and to HPLC to yield compounds 1—4.

Compound 1 was obtained as an amorphous powder,
[«]p —54.0° (methanol) and assigned the molecular Chart 1

* To whom correspondence should be addressed. © 1995 Pharmaceutical Society of Japan
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Table 1. *3C-NMR Spectral Data of Compounds 1, 1a, 1c and 2—4%

C 1 la 1c 2 3 4
1 84.1 78.1 83.6 85.2 85.3 86.1
2 38.3 44.0 37.7 38.3 38.4 38.5
3 68.1 68.1 68.1 68.1 68.2 68.3
4 43.8 43.6 43.8 43.7 43.8 43.6
5 139.5 140.4 139.5 139.5 139.4 139.3
6 124.8 124.4 124.7 124.9 124.9 124.9
7 32.0 323 31.9 31.9 31.9 32.0
8 33.1 33.0 33.1 33.1 324 33.2
9 50.6 SL.9 50.4 50.5 50.6 50.6
10 42.9 43.6 42.8 42.8 42.8 42.7
11 24.1 24.2 24.2 24.1 23.8 24.2
12 40.5 40.6 40.5 40.4 41.3 40.2
13 40.3 40.3 40.3 40.3 41.6 40.4
14 57.1 57.0 57.0 57.0 57.6 57.3
15 324 32.5 324 32.3 35.4 324
16 81.2 81.2 81.2 81.2 83.3 81.3
17 63.0 63.0 62.9 62.9 60.5 63.0
18 16.8 16.7 16.8 16.9 16.5 17.0
19 15.1 13.9 15.1 15.2 15.2 15.1
20 42.5 42.5 42.5 42.5 46.3 42.5
21 14.8 14.9 14.8 14.8 10.2 15.0
22 109.7 109.7 109.7 109.7 106.9 109.8
23 26.4 26.4 26.4 26.4 34.6 26.4
24 26.2 26.2 26.2 26.2 29.6 26.2
25 27.6 27.6 27.6 27.6 30.3 27.6
26 65.1 65.1 65.0 65.0 67.8 65.1
27 16.3 16.3 16.3 16.3 17.3 16.3
1 100.4 99.8 100.5 100.6 100.9
2 79.7 79.9 75.0 75.1 74.5
3 75.8 76.8 88.8 88.8 88.6
4 72.8 72.7 70.2 70.2 69.6
5 77.8 77.8 71.8 71.7 74.2
6 63.7 63.7 63.2 63.3 64.2
1” 101.1 101.6 101.2 101.2 101.2
2" 72.0 72.6 71.9 71.9 71.9
3" 82.7 72.9 82.6 82.6 82.4
4" 73.2 74.2 73.3 73.3 73.2
S 69.3 69.4 69.3 69.3 69.3
6" 18.7 19.1 18.9 18.9 18.9
1 105.4 105.4 105.4
2" 74.6 74.6 74.6
3" 78.3 78.3 78.4
4" 70.6 70.6 70.6
5" 67.2 67.3 67.2
1 106.5 106.4 106.4 106.3
2 76.1 76.2 76.2 76.2
3 78.3 78.3 78.3 78.3
4" 71.8 71.7 71.7 71.8
5 78.4 78.4 78.5 78.5
6" 62.6 62.6 62.6 62.6
Ac : 170.5

21.1

a) Spectra were measured in pyridine-ds.

cm™!). The *H-NMR spectrum exhibited signals for
four typical steroid methyls at & 1.46 and 0.90 (each s),
1.09 (d, J=7.0Hz) and 1.06 (d, J=7.1 Hz), three anomeric
protons at § 6.49 (brs), 5.63 (d, J=7.7Hz) and 4.81 (d,
J=7.7Hz), and an olefinic proton at  5.55 (brd, J=5.3
Hz). The *3C-NMR spectrum showed six signals in the
field lower than 100 ppm. The signals at ¢ 106.5, 101.1
and 100.4 were anomeric carbons, and the signal at 4 109.7
was assignable to the C-22 carbon of the (255)-spirostan
skeleton.® Two olefinic carbons were observed at 6 139.5
(C) and 124.8 (CH), respectively. The above data suggest-
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ed that 1 was a (25S)-spirostenol trisaccharide.

Acid hydrolysis of 1 with 1N hydrochloric acid in
dioxane-H,O (1:1) gave an aglycon, identified as (255)-
ruscogenin (1a),” and D-glucose and L-rhamnose in
relations of 2:1. The !3C-NMR assignments of the
saccharide moiety of 1 were achieved by referring to those
of authentic methyl glycosides, taking into account the
known effects of O-glycosylation,®® which indicated the
presence of a terminal S-D-glucopyranosyl unit (6 106.5,
76.1, 78.3, 71.8, 78.4 and 62.6), a 3-substituted o-L-
rhamnopyranosyl unit (5 101.1, 72.0, 82.7, 73.2, 69.3
and 18.7) and a 2-substituted f-p-glucopyranosy! unit (9
100.4, 79.7, 75.8, 72.8, 77.8 and 63.7). This was further
supported by the 'H-NMR data of the acetyl derivative
(1b) of 1, in which the 3-H methine proton of rhamnose
and 2-H of the inner glucose appeared at 6 4.32 (dd, /=9.9,
2.7Hz) and 3.78 (dd, J=9.6, 7.9 Hz), whereas the other
hydroxymethine and hydroxymethylene protons appeared
downfield by O-acylation. The above data led to two
possible structures of the oligoside moiety: glucosyl-
(1—-3)-rhamnosyl-(1—2)-glucose or glucosyl-(1—2)-glu-
cosyl-(1-3)-rhamnose. Mild hydrolysis of 1 with 0.2N
hydrochloric acid at 100°C for 30min gave D-glucose
and a partial hydrolysate (1¢), the 13C-NMR spectrum of
which showed the presence of a terminal a-L-rhamnopy-
ranosyl unit (6 101.6, 72.6, 72.9, 74.2, 69.4 and 19.1) and
a 2-substituted f-nD-glucopyranosyl unit (5 99.8, 79.9, 76.8,
72.7,77.8 and 63.7). Thus, it was evident that the structure
of the trisaccharide was O-f-D-glucopyranosyl-(1—3)-O-
a-L-rhamnopyranosyl-(1—-2)-8-p-glucopyranose. This
was well supported by the fragment-ion peaks at m/z 738
[M —glucosyl]™ and 591 [M —glucosyl —rhamnosyl] ™ in
the negative-ion FAB-MS of 1.

The linkage position between the trisaccharose and the
aglycon was established by the following spectral data. In
the *C-NMR spectrum of 1, the signal due to C-1 shifted
to a lower field by 6.0 ppm, whereas the signal due to C-2
moved to an upper field by 5.7 ppm, as compared with
those of 1a. All other signals remained almost unaffected.
Accordingly, the structure of 1 was determined to be
(25S)-ruscogenin 1-0-{O-p-p-glucopyranosyl-(1—3)-0-a-
L-thamnopyranosyl-(1-2)-f-D-glucopyranoside}.

Compound 2, [a], —62.0°, was a more polar constituent
than 1. The molecular formula C;,Hg,0,, was deduced
by the »3C-NMR spectrum with 50 signals, negative-ion
FAB-MS (m/z 1031 [M—H]") and high-resolution
positive-ion FAB-MS (m/z 1055.5028 [M+Na]*, 4
—1.2mmu). The 'H-NMR spectrum exhibited four
anomeric proton signals at 4 6.50 (brs), 5.67 (d, J=7.8
Hz), 4.88 (d, J=7.6Hz) and 4.72 (d, J= 7.8 Hz). Com-
plete hydrolysis of 2 with 1~ hydrochloric acid gave
(258)-ruscogenin and D-glucose, D-xylose and L-rhamnose
in relations of 2:1:1. On comparison of the whole
13C-NMR spectrum of 2 with that of 1, a set of five ad-
ditional signals, corresponding to a terminal S-p-xylo-
pyranosyl unit, appeared at § 105.4 (CH), 74.6 (CH), 78.3
(CH), 70.6 (CH) and 67.2 (CH,), and the signals due to
the inner glucose moiety varied, while all other signals
remained almost unaffected. It was observed that the
signal of C-3 of the inner glucose was markedly displaced
downfield at ¢ 88.8 compared with that of 1, indicating
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, H"(24Hp) .-
158 H |26 357 _..--77

(10.8 Ha)

Fig. 1. 'H-NMR Chemical Shifts (ppm) and NOE Correlations of 3
in Pyridine-ds~Methanol-d, (10:1)

that the C-3 hydroxy position of the glucose was the
glycosylated position to which the additional p-xylose was
linked. Mild acid hydrolysis of 2 with 0.2~ hydrochloric
acid gave 1 as a partial hydrolysate. Thus, the structure
of 2 was formulated as (255)-ruscogenin 1-O-{O-f-D-
glucopyranosyl-(1—3)-O-a-L-rhamnopyranosyl-(1 —2)-
O-[B-p-xylopyranosyl-(1 —3)]-B-pD-glucopyranoside}.

Compound 3 had the same molecular formula as 2,
C5oHg0,,, and the *H- and **C-NMR spectra imme-
diately indicated the identity of the saccharide part be-
tween 2 and 3. Compound 3 also gave (255)-ruscogenin,
and D-glucose, D-xylose and L-rhamnose in a ratio of
2:1:1 on acid hydrolysis; however, in the "*C-NMR
spectrum of 3, signals due to the E- and F-ring carbons
did not coincide with those of 2. Significant differences
were also observed in the shift values of the 18-Me, 21-Me,
and 27-Me protons between the '"H-NMR spectra of 2
and 3. These data suggested that the aglycon of 3 might
be different in stereostructure from that of 2 with respect
to the E- and F-ring parts. The phase-sensitive NOE
correlation spectroscopy (PHNOESY) spectrum provided
certain information for the stereostructure assignment.
The 'H signals were assigned by 'H-'H correlation
spectroscopy (COSY) spectrum combined with homo-
nuclear Hartmann-Hahn (HOHAHA) spectrum prior to
inspection of the NOESY spectrum, and they were
recorded in a mixed solvent of pyridine-ds—methanol-d,
(10:1) to eliminate the exchangeable protons and mini-
mize signal overlap. The 17-H showed clear NOE cor-
relations with 14-H, 16-H, and 20-H, indicating a D/E
cis ring junction, and C-20R configuration, which were
both supported by an intense NOE between 12f(eq)-H
and 21-Me. The 20-H, in turn, showed an NOE with
23(eq)-H, giving evidence for C-22S (Fig. 1). The C-25S
configuration was corroborated by the fact that 3 was
transformed into (25S)-ruscogenin on acid treatment.
The chair-form conformation of the F-ring was confirm-
ed by the *H-NMR parameters of the 26-H, protons
(J 26116 3.62) - 25-n=10.8 Hz and > 26(cq)H (3 3.57)—25-H=
2.4 Hz). Thus, the structure of the aglycon moiety of 3 was
presumed to be (20R,228,25S)-spirost-5-ene-15,3f-diol
and the full structure was concluded to be (20R,22S,255)-
spirost-5-ene-18,3p-diol 1-0-{0-p-p-glucopyranosyl-(1-
3)-0-a-L-rhamnopyranosyl-(1 —2)-O-[ f-p-xylopyranosyl-
(1-3)]-B-p-glucopyranoside}.

The negative-ion FAB-MS of 4 exhibited an [M —H]~
ion at m/z 1073, which exceeded that of 2 by 42 mass
units. The presence of an acetyl group in 4 was shown by
the IR (v,,, 1740cm™1), "H-NMR [4 2.10 3H, s)] and

973
Table 2. Torsion Angles (°) of the Saccharide Part of 2 and 4
RO @ v,
HO 0 o
HO o (o] C,
A=y
OH ¢y ¥s W0
P2
Me (o]
o HO
1
HO
OH

2: R=H

4. R=Ac
1) 2 4 v 2 4
1 26.51 45.46 1 32.88 16.79
2 51.50 49.29 2 25.30 20.85
3 —29.43 —27.13 3 —21.26 —22.82
4 56.79 55.47 4 —20.78 —19.25

3C.NMR [§ 170.5 (C=0) and 21.1 (Me)]. On the
treatment of 4 with 3% sodium methoxide in methanol,
4 was hydrolyzed to yield 2. Therefore, 4 must be a
monoacetate of 2. In the *3C-NMR spectrum of 4, the
siganl due to the C-6 carbon of the inner glucose was
shifted to a lower field by 1.0 ppm, whereas the signal due
to C-5 shifted to an upper field by 3.6 ppm. Thus, the
acetyl group was proven to be linked to the C-6 hydroxyl
group of the inner glucose, and the structure of 4 was
determined to be (255)-ruscogenin 1-O-{O-f-D-glucopy-
ranosyl-(1-3)-0-o-L-rthamnopyranosyl-(1—2)-O-[ -D-
xylopyranosyl-(1—3)]-6-O-acetyl-f-D-glucopyranoside}.

Compounds 2—4, named brodiosides A—C, have an
oligoside unit composed of four monosaccharides with
new sequences attached to the C-1 hydroxyl group of the
aglycon. The conformations of the tetrasaccharide moiety
of 2 and 4 were inspected through molecular mechanics
and molecular dynamics calculation studies. The starting
geometries were generated by the Metropolis Monte Carlo
search method ® and submitted to energy minimization
using the Discover-cff91 force field program.'® The local
minima thus found were taken as starting structures for
molecular dynamics calculations in vacuo at 300 K. The
calculation results are shown in Table 2, in which the
glycosidic torsion angles are expressed as ¢ (H1-C1-O1-
C,) and y (C1-O1-C,—H,). The preferred conformations
calculated of 2 and 4 were essentially identical to each
other except for the torsion of ¢, and ;. In 2, the 5-H
of the rhamnose was revealed to be in close proximity to
19-Me of the aglycon at a distance of 2.55 A, which was
consistent with an NOE observed between them (Fig. 2).
On comparison of the 'H-NMR of 4 with that of 2, 21-Me
of 4 was shifted downfield by 0.07 ppm (Fig. 3). This must
be caused by the anisotropic effect of the carbonyl group
of the acetyl moiety attached to the inner glucose in 4. In
the calculated preferred conformation of 4, the carbonyl
group was near the C-21 carbon at a distance of 436 A
(Fig. 2).
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HO

Fig. 2. Calculated Preferred Conformations of 2 and 4

4

21-Me: 8 1.17 (6.3 Hz)

Arrows indicate the NOE correlatons.
2
21-Me: 6 1.10 (6.9 Hz)

I I T T
2.0 1.5 1.0 ppm

=

-

Fig. 3. 'H-NMR Spectra of 2 and 4 in Pyridine-d

The isolated saponins were evaluated for inhibitory
activity on TPA-stimulated *?P-incorporation into phos-
pholipids of HeLa cells to find new antitumor-promoter
agents.'’) Compounds 2 and 4 were cytotoxic towards
HeLa cells at the sample concentration of 50 ug/ml, and

at the lower concentration (5ug/ml), they showed no’

activity. Compound 3, the C-20 and C-22 epimer of 2,
exhibited 54.7% inhibition at 50 ug/ml, without any
cytotoxicity towards HeLa cells. This effect is almost as
potent as that of laxogenin isolated from Allium bakeri as

Vol. 43, No. 6

Table 3. Inhibitory Effect of the Isolated Saponins on TPA-Enhanced
32P-Incorporation into Phospholipids of HeLa Cells®

Inhibition (%) Inhibition (%)

Compounds 50 ug/ml S ug/ml
1 12.8 —
2 b) 1.1
3 54.7 —
4 b 0.0

a) Data expressed as percentage of inhibition on TPA-enhanced *2P incorpora-
tion, the deviations of which are within 5%. b) The samples exhibited cytotoxicity
towards HeLa cells. —, not measured.

an antitumor-promoter principle.!?

Experimental

Optical rotations were measured using a Jasco DIP-360 automatic
digital polarimeter. IR spectra were recorded on a Hitachi 260-30
spectrophotometer and MS on a VG AutoSpec E or a JMX-102
instrument. 1D NMR spectra were recorded on a Bruker AM-400
spectrometer (400MHz for 'H-NMR) and 2D NMR on a Bruker
AM-500 instrument (500 MHz for "H-NMR) using the usual Bruker
pulse program. Chemical shifts are given as é-values with reference to
tetramethylsilane (TMS), the internal standard. Silica-gel (Fuji-Silysia
Chemical), Diaion HP-20 (Mitsubishi-K asei) and ODS silica-gel (Nacalai
Tesque) were used for column chromatographies. TLC was carried
out on precoated Kieselgel 60 F,s, (0.25mm thick, Merck) and RP-18
Fys4 S (0.25mm thick, Merck) plates, and spots were visualized by
spraying the plates with 10% H,SO, solution, followed by heating.
HPLC was performed using a Tosoh HPLC system (Tosoh: pump,
CCPM; controller, CCP controller PX-8010; detector, RI-8010 or
UV-8000) equipped with a Kapcell Pak C,4 column (Shiseido, 10mm
i.d. x 250 mm, ODS, 5 um) for preparative HPLC, and a TSK-gel ODS-
Prep column (Tosoh, 4.6 mm i.d. x 250 mm, ODS, 5um) and a TSK-
gel Silica-60 column (Tosoh, 4.6mm i.d.x250mm, silica-gel, Sum)
for analytical HPLC. TPA was obtained from Pharmacia PL Bio-
chemicals. Radioactive inorganic phosphate (3P, carrier-free) was pur-
chased from the Japan Radioisotope Association. All other chemicals
were of biochemical-reagent grade.

Extraction and Isolation Fresh bulbs of B. californica (3.0kg) pur-
chased from Heiwaen, Japan, were cut into pieces and extracted with
MeOH under reflux. The MeOH extract was concentrated almost to
dryness under reduced pressure, and the residue, after dilution with H,0,
was extracted with n-BuOH. The n-BuOH-soluble phase was fractionated
on a silica-gel column, eluted with a gradient mixture of CH,Cl,~-MeOH
(6:1; 4:1; 2:1), and finally with MeOH. Fractions with the same TLC
profile were combined. Three fractions (I—III) were recovered. Fractions
IT'and III mainly contained steroidal saponins and a considerable amount
of saccharides. Further fractionation of fraction II was carried out by
passage through a Diaion HP-20 column using H,O and an increasing
amount of MeOH. The MeOH eluate fraction was chromatographed on
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ODS silica-gel eluted with MeOH-H,O (4:1) to give 1 (75.6 mg) and 4
(50.7mg). Fraction III was subjected to Diaion HP-20 column chro-
matography with a gradient mixture of H,0-MeOH and silica-gel
column chromatography with CHCl;-MeOH-H,0 (20:10: 1) to give a
mixture of 2 and 3, which were separated by HPLC using a mobile phase
consisting of MeOH-H,O (7:3) at the column temperature of 5°C to
furnish 2 (118 mg) and 3 (39.3 mg) as pure compounds.

Compound 1 Amorphous powder, [0}3® —54.0° (¢=0.10, MeOH).
Negative-ion FAB-MS m/z: 899 [M—H]~, 738 [M —glucosyl]~, 591
[M —glucosyl —rhamnosyl] ~; High-resolution positive-ion FAB-MS
mjz: 923.4616 [M+Na]* (Caled for C,sH,,0,4Na: 923.4617).
IR vKBr cm ™ 1: 3405 (OH), 2935 (CH), 1450, 1370, 1220, 1155, 1125, 1060,
985, 915, 890, 845, 835, 805 (intensity 915890, (25S)-spiroacetal).
'H-NMR (pyridine-ds) &: 6.49 (1H, brs, 1"-H), 5.63 (1H, d, J=7.7Hz,
1""-H), 5.55 (1H, brd, J=5.3Hz, 6-H), 4.94 (1H, brd, J=2.7Hz, 2"-H),
4.86 (1H, dd, J=9.5, 2.7Hz, 3"-H), 4.81 (1H, d, J=7.7Hz, '-H), 4.04
(1H, dd, J=10.9, 2.2Hz, 26a-H), 3.35 (1H, brd, /=10.9 Hz, 26b-H),
1.72 (3H, d, J=6.1Hz, 6"-Me), 1.46 (3H, s, 19-Me), 1.09 (3H, d,
J=7.0Hz, 21-Me), 1.06 (3H, d, J=7.1Hz, 27-Me), 0.90 (3H, s, 18-Me).

Acetylation of 1 Compound 1 (25mg) was acetylated with Ac,0 in
pyridine and the crude acetate was purified by silica-gel column chro-
matography eluted with hexane-Me,CO (3 : 1) to give the corresponding
decaacetate (1b) (29.3mg) as an amorphous powder. Compound 1b:
IR vEBrcm ™ 1: 3460 (OH), 2950 (CH), 1750 (C=0), 1445, 1435, 1365,
1230, 1165, 1125, 1035, 980, 915, 900, 845, 835, 800 (intensity 915> 900,
(255)-spiroacetal). 'H-NMR (benzene-ds) 0: 5.78 (1H, dd, /=99,
9.9Hz, 4"-H), 5.52 (1H, brd, J=5.7Hz, 6-H), 5.45 (1H, dd, J=9.6,
9.6 Hz, 3'-H), 5.31 (1H, dd, J=9.6, 9.6 Hz, 3""-H), 5.30 (1H, brs, 1"-H),
5.29 (1H, brd, J=2.7Hz, 2"-H), 5.24 (1H, dd, J=9.6, 9.6 Hz, 4""-H),
5.20 (1H, dd, /=9.6, 7.8 Hz, 2"-H), 5.13 (1H, dd, J=9.6, 9.6 Hz, 4-H),
4.80 (1H, m, 3-H), 4.59 (1H, g-like, J=7.1Hz, 16-H), 4.58 (1H, d,
J=7.8Hz, 1""-H), 4.50 (1H, dq, J=9.9, 6.2Hz, 5"-H), 4.36 (1H, dd,
J=12.4, 3.6Hz, 6""a-H), 4.32 (1H, dd, /=99, 2.7Hz, 3"-H), 4.29 (1H,
dd, J=12.4, 3.7Hz, 6'a-H), 4.25 (1H, d, J=7.9Hz, I'-H), 4.19 (1H, dd,
J=12.4, 2.3Hz, 6"b-H), 4.10 (1H, dd4, J=11.0, 2.8 Hz, 26a-H), 3.94
(1H, dd, J=12.4, 1.8Hz, 6'b-H), 3.78 (1H, dd, /=9.6, 7.9Hz, 2-H),
3.45 (1H, dd, J=11.8, 4.0Hz, 1-H), 3.33 (1H, brd, J=11.0 Hz, 26b-H),
3.21 (1H, ddd, J=9.6, 3.6, 2.3Hz, 5""-H), 3.00 (1H, ddd, /=9.6, 3.7,
1.8Hz, 5-H), 2.05, 1.97, 1.95, 1.92, 1.88, 1.87, 1.71, 1.65, 1.62 x 2 (each
3H, s, Ac), 1.42 (3H, d, J=6.2Hz, 6"-Me), 1.18 3H, d, J=6.1Hz,
21-Me), 1.17 (3H, s, 19-Me), 1.08 (3H, d, J=7.0Hz, 27-Me), 0.94 (3H,
s, 18-Me).

Compound 2 Amorphous powder, [«]3® —62.0° (¢=0.10, MeOH).
Negative-ion FAB-MS m/z: 1031 [M—H]"~, 899 [M —xylosyl]™, 871
[M —glucosyl]~, 738 [M—glucosyl—xylosyl] ~, 723 [M —glucosyl—
rhamnosyl] ~; High-resolution positive-ion FAB-MS mj/z: 1055.5028
[M+Nal* (Caled for C5oHgoO,, + Na: 1055.5040). IR vERrcm ™ ': 3400
(OH), 2940 (CH), 1445, 1375, 1220, 1150, 1040, 985, 915, 895, 840, 835,
800 (intensity 915>895, (255)-spiroacetal). 'H-NMR (pyridine-ds) o
6.50 (1H, brs, 17-H), 5.67 (1H, d, J=7.8Hz, 1""-H), 5.56 (1H, brd,
J=5.7Hz, 6-H), 4.88 (1H, d, J=7.6Hz, 1"-H), 472 (1H, d, J=7.8 Hz,
1-H), 4.03 (1H, dd, J=10.9, 2.4 Hz, 26a-H), 3.35 (1H, brd, /=109 Hz,
26b-H), 1.70 (3H, d, J=6.1 Hz, 6"-Me), 1.45 (3H, s, 19-Me), 1.10 (3H,
d, J=6.9Hz, 21-Me), 1.06 (3H, d, J=7.1Hz, 27-Me), 0.90 (3H, s,
18-Me).

Compound 3 Amorphous powder, [«]3® —36.0° (c=0.10, MeOH).
Negative-ion FAB-MS m/z: 1031 [M—H]~, 900 [M —xylosyl]™, 870
[M —glucosyl]™, 739 [M —glucosyl—xylosyl]~, 724 [M —glucosyl—
rhamnosyl} ™. TR vKBrecm ™1 3400 (OH), 2925 (CH), 1445, 1375, 1360,
1240, 1150, 1070, 1035, 980, 915, 900, 865, 835; *H-NMR (pyridine-ds)
8: 6.51 (1H, brs, 1”-H), 5.68 (1H, d, J=7.6Hz, 1""-H), 5.57 (1H, brd,
J=6.0Hz, 6-H), 4.89 (1H, d, J=7.7Hz, 1""-H), 4.73 (1H, d, J=7.8 Hz,
1I-H), 1.69 (3H, d, J=6.1 Hz, 6"-Me), 1.46 (3H, s, 19-Me), 1.24 (3H, s,
18-Me), 1.21 (3H, d, J=7.4Hz, 21-Me), 0.68 (3H, d, /= 5.1 Hz, 27-Me).

Acid Hydrolysis of 1—3 A solution of 1 (30 mg) in I N HCI (dioxane-
H,0, 1:1) (4ml) was heated at 100°C for 3h under an Ar atmosphere.
After cooling, the reaction mixture was neutralized by passing it through
an Amberlite IRA-93ZU (Organo) column, and then fractionated by
silica-gel CC eluted with CHCl;-MeOH (19: 1) followed by MeOH to
give an aglycon (1a) (12.1 mg), identified as (25S)-ruscogenin and the
sugar fraction (10.5mg). (255)-Ruscogenin: "H-NMR (pyridine-d;) é:
6.22 (1H, brs, 3-OH), 6.02 (1H, brd, J=4.6 Hz, 1-OH), 5.62 (1H, brd,
J=5.6Hz, 6-H), 4.52 (1H, g-like, J=7.1Hz, 16-H), 4.06 (1H, dd, J=
11.1, 2.6 Hz, 26a-H), 3.96 (1H, m, 3-H), 3.82 (1H, ddd, J=12.0, 4.6,
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4.6Hz, 1-H), 3.36 (1H, brd, J=11.1Hz, 26b-H), 1.35 (3H, s, 19-Me),
1.12 (3H, d, J=6.9Hz, 21-Me), 1.07 3H, d, J=7.0Hz, 27-Me), 0.92
(3H, s, 18-Me). The sugar fraction was shown to contain glucose and
rhamnose by preliminary TLC analysis [Gle: Rf 0.38; Rha: Rf 0.66
(n-BuOH-Me,CO-H,0, 4:5: 1)]. The sugar fraction (3 mg) was diluted
with H,O (1 ml) and treated with (—)-o-methylbenzylamine (5mg) and
Na[BH,CN] (8 mg) in EtOH (1 ml) at 40 °C for 4 h, followed by acetyla-
tion with Ac,0 (0.3 ml) in pyridine (0.3 ml). The reaction mixture was
passed through a Sep-Pak C,g cartridge (Waters) with H,0-MeCN
(4:1;1:1; 1:9, each 10ml). The H,0-MeCN (1:9) eluate fraction was
further passed through a Toyopak IC-SP M cartridge (Tosoh) with EtOH
(10ml) to give a mixture of 1-[(S)-N-acetyl-a-methylbenzylamino]-1-
deoxyalditol acetate derivatives of the monosaccharides, which was then
analyzed by HPLC under the following conditions: column, a TSK-gel
ODS-Prep column (Tosoh, 4.6 mm i.d. x 250 mm, ODS, 5 um); solvent,
MeCN-H,0 (2:3); flow rate, 0.8 ml/min; detection UV 230nm and a
TSK-gel Silica-60 column (Tosoh, 4.6mm id.x250mm, silica-gel,
5um): solvent, hexane-EtOH (19:1); flow rate, 0.8 ml/min; detection
UV 230nm.*® Derivatives of D-glucose and L-rthamnose were detected
in a ratio of 2: 1. Following this procedure, 2 (3mg) and 3 (11 mg) were
subjected to acid hydrolysis. Compound 2 gave (255)-ruscogenin
(1.1 mg), and p-glucose, D-xylose and L-rhamnose (2:1:1), and 3 also
gave (255)-ruscogenin (3 mg), and D-glucose, D-xylose and L-rhamnose
2:1:1).

Partial Hydrolysis of 1 A solution of 1 (25 mg) in 0.2~ HCI (dioxane—
H,0, 1:1) (4ml) was heated at 100°C for 3h under an Ar atmosphere.
The reaction mixture was neutralized by passing it through an Amberlite
IRA-93ZU column and was purified by silica-gel column chromatog-
raphy eluted with CHCl;-MeOH-H,O (50:10:1; 30:10:1) to give a
partial hydrolysate, le (4.9mg) as an amorphous powder. Compound
lc: [a]3* —62.0° (¢=0.10, MeOH). Negative-ion FAB-MS m/z: 738
[M]~, 591 [M—rhamnosyl] . IRvXE:cm™": 3415 (OH), 2930 (CH),
1465, 1450, 1375, 1220, 1125, 1055, 980, 915, 890, 840, 835, 805 (intensity
915>890, (255)-spiroacetal); "H-NMR (pyridine-ds) d: 6.51 (1H, brs,
1”-H), 5.56 (1H, brd, J=5.4Hz, 6-H), 491 (1H, d, J=7.4Hz, I-H),
4.89 (overlapping with H,O signal, 5"-H), 4.74 (1H, brd, J=3.6Hz,
2"-H), 4.64 (1H, dd, J=9.7, 3.6 Hz, 3"-H), 4.52 (1H, brd, /=11.1Hz,
6'a-H), 4.43 (1H, g-like, J=7.3Hz, 16-H), 4.35 (1H, dd, /=9.7, 9.7 Hz,
4".H), 4.30 (1H, dd, J=11.1,4.3 Hz, 6'b-H), 4.29 (1H, dd, J=8.8, 8.8 Hz,
3'-H), 4.22 (1H, dd, J=8.8, 8.8 Hz, 4-H), 4.05 (1H, dd, J=10.6, 2.7Hz,
26a-H), 4.02 (1H, dd, J=8.8,7.4Hz,2'-H),3.92 (1H, dd, /=11.7,3.7Hz,
1-H), 3.87 (1H, brdd, J=8.8, 4.3 Hz, 5-H), 3.80 (1H, m, 3-H), 3.35 (1H,
brd, J=10.6Hz, 26b-H), 1.80 (3H, d, J=6.1 Hz, 6"-Me), 1.46 (3H, s,
19-Me), 1.11 (3H, d, J=6.9 Hz, 21-Me), 1.07 (3H, d, J=7.1 Hz, 27-Me),
0.92 (3H, s, 18-Me). Following this procedure, 2 (30 mg) were subjected
to partial acid hydrolysis to give 1 (3.5mg) as a partial hydrolysate.

Compound 4 Amorphous powder, [¢]3® —12.0° (¢=0.10, MeOH).
Negative-ion FAB-MS m/z: 1073 [M—H]", 1031 [M —acetyl]~, 911
[M —glucosyl]™, 781 [M—glucosyl—xylosyl]™, 765 [M—glucosyl—
rhamnosyl]~, 724 [M — glucosyl —rhamnosyl —acetyl] ~. IRvESrem ™1
3400 (OH), 2935 (CH), 1740 (C=0), 1445, 1370, 1240, 1150, 1035, 985,
915, 895, 845, 835, 805 (intensity 915> 895, (255)-spiroacetal); 'H-NMR
(pyridine-ds) &: 6.51 (1H, brs, 1"-H), 5.68 (1H, d, J=7.8Hz, 1""-H),
5.60 (1H, brd, J=5.7Hz, 6-H), 4.87 (1H, d, J="7.6 Hz, 1""-H), 4.63 (1H,
d, J=79Hz, I'-H), 4.04 (1H, dd, J=11.0, 2.4Hz, 26a-H), 3.34 (1H,
brd,J=11.0Hz, 26b-H), 2.10 (3H, s, Ac), 1.69 3H, d, J=6.1 Hz, 6"-Me),
143 (3H, s, 19-Me), 1.17 3H, d, J=6.3Hz, 21-Me), 1.06 (3H, d,
J=7.0Hz, 27-Me), 0.93 (3H, s, 18-Me).

Alkaline Hydrolysis of 4 Compound 4 (5mg) was treated with 3%
NaOMe in MeOH at room temperature for 30 min. The reaction mixture
was neutralized by passing it through an Amberlite IR-120B column
(Organo), and the eluate was chromatographed on silica-gel with
CHCl,-MeOH-H,0 (20:10:1) to give 2 (3.4mg).

Conformational Calculation The starting geometries were generated
by the Metropolis Monte Carlo search method® using the CONF-
SEARCH program,'® giving 10000 conformers at 300K followed by
submission to energy minimization using the Discover-cff91 force field
program.!® The local minima thus found were taken as starting structures
for molecular dynamics calculations in vacuo at 300K and at a time step
of 1fs. The equilibration time was 1ps and the total simulation time
was 1000 ps. Trajectory frames were saved every Ips. The trajections
were then examined with the Analysis module of Insight I1.'%
Calculations were performed on an IRIS Indigo Elan computer.

Cell Culture and Assay of 3?P-Incorporation into Phospholipids of the
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Cultured Cells HeLa cells were cultured as a monolayer in Eagle’s
minimum essential medium supplemented with 10% calf serum under a
humidified atmosphere of 5% CO, in air. HeLa cells were incubated
with the test samples (50 ug/ml and/or 5ug/ml), and after 1h, 32P
(370 kBg/culture) was added with or without TPA (50 nm). Incubation
was continued for 4h, then the radioactivity incorporated into phos-
pholipid fraction was measured.!®
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