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Marine Natural Products. XVIIL." Four Lanostane-Type Triterpene Oligoglycosides, Bivittosides A,
B, C, and D, from the Okinawan Sea Cucumber Bohadschia bivittata MITSUKURI
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A full account of the structure elucidation of four lanostane-type triterpene oligoglycosides, bivittosides A (6), B (8),
C (9), and D (10), is presented. Bivittosides were isolated from body-walls and Cuvierian tubules of the Okinawan sea
cucumber Bohadschia bivittata MITSUKURI, and among these four oligoglycosides, bivittoside D (10) showed significant
antifungal activities. Acidic hydrolysis of bivittosides A (6), B (8), and D (10) provided three artifact sapogenols, among
which a homoannular-dienic sapogenol named preseychellogenin (4), exhibiting characteristically red-shifted ultraviolet
and circular dichroism spectra, was identified as the monoacetate (4a).
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In search of new biologically active substances from
marine organisms,>*® we have been investigating anti-
fungal constituents in sea cucumber of echinoderm.® In a
continuing study, we isolated four triterpenoidal oligogly-
cosides named bivittosides A (6), B (8), C (9), and D (10)
from the sea cucumber Bohadschia bivittata MITSUKURI
(Holothuriidae, futasuji-namako in Japanese), which was
collected in the Okinawan coral reefs, and elucidated their
structures. In the following, we present the full details of
our studies on these oligoglycosides.*)

The body walls and Cuvierian tubules of the sea cucum-
ber collected in July in Okinawa Prefecture were separately
extracted and the extracts were subjected to separation and
purification procedures as shown in Chart 1. Thin-layer
chromatography (TLC) of the 1-butanol phase from both
organs revealed the presence of large amounts of bivit-
tosides (Fig. 1). After chromatographic purification, bivit-
tosides A (6), B (8), C (9), and D (10) were obtained in 2, 2,
2, and 8% yields from the 1-butanol extracts of the
Cuvierian tubules and in 3, 3, 3, and 6% yields from the 1-
butanol extract of the body walls.

Bivittoside A (6) was obtained as colorless needles of mp
267—268°C. It lacked an ultraviolet (UV) absorption
maximum at above 210 nm, while it showed an absorption
band due to a y-lactone moiety (1750cm ') and strong
broad absorptions (3400, 1070 cm ™!) reminiscent of glyco-

sidic structure in its infrared (IR) spectrum. The circular
dichroism (CD) spectrum of 6 showed a negative maximum
([6],,, — 7800) due to the n—x* transition of its y-lactone
moiety.

Bivittoside A (6) is a diglycoside containing one mol each
of xylose and quinovose. Acidic hydrolysis of 6 provided an
artifact sapogenol, seychellogenin (1), together with two
other sapogenols: 2 (named isobivittogenin) and 4 (named
preseychellogenin, in minor quantity). Isobivittogenin (2)
was readily converted to seychellogenin (1) by further acidic
treatment. The CD spectrum of 2 showed a positive
maximum ([6],4 + 32000)® due to the m—n* transition of
the 9(11) double bond, whereas the proton nuclear mag-
netic resonance (‘H-NMR) spectrum of 2 showed signals
ascribable to 120-H (geminal to 12-OH) at §4.39 (m,
W.,=12Hz) and olefinic 11-H at 65.12 (brs, W,,=
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6 Hz).” Thus, the presence of a 9(11)-en-12f-ol moiety in 2
was indicated. In regard to the unknown 20-CH; con-
figuration in seychellogenin (1), pyridine-induced shifts
observed in the 'H-NMR spectrum of 2 proved it to be S.
Thus, as depicted in Fig. 2, the 20-CH, residue in 2 is
located in the vicinity of the 128-OH, which may result in
the lower-field shift of the 20-CH, signal, when the spec-
trum was taken in pyridine-ds, as compared with the
spectrum measured in CDCl.*7-®

Preseychellogenin (4) was purified as the monoacetate
(4a). The 'H-NMR spectrum of 4a showed an AB quartet
signal (3 5.85, 6.09; J=9Hz) due to two olefinic protons.
Acidic treatment of 4a afforded seychellogenin acetate (1a),
thus supporting the 8,11-homoannular diene structure in
da, and 4 was suggested to be an intermediary sapogenol
from the genuine sapogenol to seychellogenin (1). The UV
spectrum of 4a showed a homoannular diene absorption
maximum at 302nm (¢=2500) which was unusually red-
shifted. The abnormality was also observed in the CD
spectrum of 4a. It showed a positive maximum ([0],30+
40000) ascribable to the y-lactone moiety [the sign was
reversed from bivittoside A (6)] and also showed a red-
shifted negative maximum ([0]3,, —89000) due to the ho-
moannular diene chromophore. Dreiding model exam-
ination of 4a has led us to presume that these unusual
spectral properties may be due to a skeletal strain partly
caused by the presence of the y-lactone moiety. In order to
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verify this presumption, 4a was converted to a triol (5) by
lithium aluminum hydride reduction. The 'H-NMR spec-
trum of 5 showed an AB quartet signal (6 3.56, 3.86; J=
11 Hz) due to the 18-CH, and a two-proton singlet at ¢ 6.04
due to the olefinic protons at C-11 and C-12. The UV and
CD spectra of S showed maxima at ordinary wavelength
[Amax 275 nm (6=2500) and [6],,5 —25000 (neg. max.)] due
to the homoannular-diene chromophore. Thus, the red-
shift in the UV spectrum of 4a was ascribable to a dis-
tortion of the homoannular diene chromophore presum-
ably caused by the y-lactone ring formation.

The 'H-NMR spectrum of bivittoside A (6) showed an
olefinic proton signal at 6 5.70 (d, /=4 Hz) due to the 11-H
and a doublet (/=4 Hz) at 64.52 due to the 128-H geminal
to the 12a-OH. Therefore, the genuine sapogenol of 6 was
proved to have a 9(11)-en-12a-0l moiety.® Furthermore,
mild oxidation of bivittoside A (6) with chromium trioxide-
pyridine in 1-butanol-aqueous sulfuric acid”-® furnished a
9(11)-en-12-one derivative (7), thus proving that the car-
bohydrate chain in 6 is attached to the 3-OH of the
sapogenol.

In order to elucidate the sequence of the carbohydrate
moiety, bivittoside A (6) was subjected to complete methyl-
ation to afford the hexa-O-methyl derivative (6a). The 'H-
NMR spectrum of 6a showed two one-proton doublets
(64.33, 4.62; J=7Hz each) ascribable to f-anomeric pro-
tons. Methanolysis of 6a liberated methyl 2, 3,4-tri-O-
methylquinovopyranoside and methyl 3,4-di-O-methyl-
xylopyranoside. Consequently, the structure of bivittoside
A (6) has been elucidated as shown.

Bivittoside B (8) is a tetraglycoside of mp 270—273°C
containing one mol each of xylose, quinovose, glucose, and
3-O-methylglucose. Acidic hydrolysis of bivittoside B (8)
yielded seychellogenin (1) and isobivittogenin (2) as in the
case of bivittoside A (6), whereas enzymatic hydrolysis of 8
with crude hesperidinase afforded 6 in a quantitative yield.
The 'H-NMR spectrum of the dodeca-O-methyl derivative
(8a), obtained by complete methylation of bivittoside B
(8), showed four one-proton doublets (64.32, J=8Hz;
864.43, J=THz; 64.70, J=8 Hz; §4.72, J=8 Hz) due to f-
anomeric protons. Methanolysis of 8a liberated methyl
2,3,4,6-tetra-O-methylglucopyranoside, methyl 2,4,6-tri-O-
methylglucopyranoside, methyl 2,3,4-tri-O-methylquinovo-
pyranoside, and methyl 3-O-methylxylopyranoside. Bas-
ed on the above-mentioned evidence, the structure of bivit-
toside B has been determined as 8.

Bivittoside D (10) is a hexaglycoside of mp 219—221 °C,
containing one mol each of xylose and quinovose and two
mol each of glucose and 3-O-methylglucose. On acidic
hydrolysis, it yielded seychellogenin (1) and isobivittogenin
(2) as in the case of bivittosides A (6) and B (8). Enzymatic
hydrolysis of bivittoside D (10), using a glycosidase mixture
from the wreath shell Turbo cornutus, furnished bivittoside
B (8) quantitatively. The 'H-NMR spectrum of the
octadeca-O-methyl derivative (10a), obtained by complete
methylation of bivittoside D (10), showed the presence of
six B-oriented anomeric protons in 10a (64.11, 1H d, J=
7Hz; 64.31, 1H d, J=8Hz; §4.55, 1H d, J=7Hz; 54.89,
3H d, J=7Hz). Methanolysis of 10a provided methyl
2,3,4,6-tetra-O-methylglucopyranoside, methyl 2,4,6-tri-O-
methylglucopyranoside, methyl 2,3-di-O-methylquinovo-
pyranoside, and methyl 3-O-methylxylopyranoside in
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2:2:1:1 ratio. Based on the combined evidence, bivitto-
side D was concluded to have the structure 10.

Bivittoside C (9) is also a hexaglycoside of mp 216—
218 °C having one mol each of xylose and quinovose and
two mol each of glucose and 3-O-methylglucose, like
bivittoside D (10). Acidic hydrolysis of 9 followed by
acetylation afforded deoxybivittogenin acetate (3a). The
mass spectrum (MS) of 3a gave a molecular ion peak at m/z
498. The *H-NMR spectrum of 3a showed signals due to
the 38-acetoxyl group (62.03, 3H s; §4.47, I|H m) and an
olefinic proton at C-11 (65.18, 1H m), whereas the CD
spectrum of 3a showed the presence of a y-lactone moiety
([6l,,;, —23000 (neg. max.)) and a double bond at 9(11)
([0],05 +19000!). Thus, deoxybivittogenin (3) was pre-
sumed to be a 12-deoxy derivative of isobivittogenin (2).
Detailed comparison of the carbon-13 (**C)-NMR spectra
of bivittosides C (9) and D (10) led us to presume that
bivittoside C (9) was a 12-deoxy derivative of bivittoside D
(10) (Table I). In order to verify this presumption, the
following conversion was carried out. Thus, the hydroxyl
functions of bivittoside C (9) were first protected by
acetylation and the acetate was subjected to allylic oxi-
dation with tert-butyl chromate and subsequent deacet-
ylation to afford a 9(11)-en-12-one derivative (11). On the
other hand, mild oxidation of bivittoside D (10) with
chromium trioxide—pyridine in 1-butanol-aqueous sulfuric
acid”-® afforded an enone derivative which was identical
with the above enone hexaglycoside (11). Thus, the struc-

TaBLE Ia. !*C-NMR Data for Aglycones of Bivittosides A (6), B (8), C
(9), and D (10) (25 or 50 MHz, Pyridine-ds, 6¢)*?

Carbon Bivittoside Bivittoside Bivittoside Bivittoside
A (6) B (8) co D (10)
1 36.5 (t) 36.6 (t) 36.0 (t) 36.5 (1)
2 27.2 ()P 27.1 ()9 27.0 (P 27.1 (1P
3 88.9 (d) 88.7 (d) 88.8 (d) 88.6 (d)
4 39.7 (s) 39.9 (s) 39.7 (s) 39.7 (s)
s 53.0 (d) 53.2 (d) 53.4 (d) 53.1 (d)
6 21.3 (t)° 21.3 ()° 21.4 (t)° 21.3 (1)°
7 28.9 ()9 28.9 (1Y 29.8 (t)? 28.9 (1)y*
8 40.1 (d) 40.2 (d) 40.3 (d) 40.2 (d)
9 153.1 (s) 153.3 (s) 151.6 (s) 153.3 (s)
10 39.5 (s) 39.7 (s) 39.5 (s) 39.5 (s)
11 116.1 (d) 116.1 (d) 111.3 (d) 116.0 (d)
12 68.2 (d) 68.3 (d) 33.6 () 68.5 (d)
13 64.1 (s) 64.1 (s) 58.2 (s) 64.2 (s)
14 46.6 (s) 46.7 (s) 47.5 (s) 46.6 (s)
15 24.2 (1) 242 (1) 24.2 (1) 24.2 (t)
16 39.5 (1) 39.5 (1) 39.5 (1) 39.5 (t)
17 47.0 (d) 47.0 (d) 51.8 (d) 47.2 (d)
18 177.2 (s) 177.2 (s) 177.2 (s) 176.9 (s)
19 22.1 (g)® 22.0 (q)° 22.3 (q)® 21.9 (q)°
20 84.7 (s) 84.6 (s) 83.8 (s) 84.6 (s)
21 26.4 (q) 26.5 (q) 27.0 (q) 26.4 (q)
22 37.1 (1) 37.2 (1) 36.8 (1) 37.1 (1)
23 22.3 (t)? 22.2 (t)? 22.3 (1)° 22.2 (t)°
24 39.5 (t) 39.5(t) 39.5 () 39.5 (1)
25 28.2 (d) 28.2 (d) 28.3 (d) 28.2 (d)
26 22.7 (@) 22.6 (q)° 22.6 (q)° 22.6 (q)°
27 22.7 (@) 22.6 (q)° 22.6 (q)° 22.6 (Q)®
28 28.0 (q) 28.0 (q) 27.9 () 27.9 (q)
29 16.8 (q) 16.7 (q) 16.7 (q) 16.7 (q)
30 22.7 (@) 22,6 (@)? 19.9 () 22.6 (q)°

a) Measured at 60°C. b) Abbreviations given in parentheses denote signals
observed in the off-resonance experiments. c¢—e) Assignments may be interchange-
able in the same column.

NII-Electronic Library Service



64

ture of bivittoside C (9) has been determined as shown.
Finally, the detailed *C-NMR spectral examination of

bivittosides A (6), B (8), C (9), and D (10) supported their

structures and the carbon signals were assigned as given in

TaBLE Ib. !'3C-NMR Data for Sugar Moieties of Bivittosides A (6), B
(8), C (9), and D (10) (25 or 50 MHz, Pyridine-ds, do)*?

Bivittoside Bivittoside Bivittoside Bivittoside
Carbon A (6) B (8) C ) D (10)

% 1057 (d) 1053 (d) 1045(d) 1045 (d)
2’ 84.0 (d) 83.4 (d) 83.2 (d) 83.3 (d)
3 78.1 (d) 75.7 (d) 76.3 (d) 76.2 (d)
4 70.8 (d) 77.6 (d) 78.1 (d) 78.0 (d)
5 66.7 (1) 64.0 (t) 64.1 (t) 64.2 (t)
1 1028 (d)  1029(d)  102.8 (d)
2 73.1 (d) 73.7 (d) 73.6 (d)
3 88.1 (d) 88.3 (d) 88.3 (d)
4 69.8 (d) 70.0 (d) 69.9 (d)
57 78.1 (d) 78.1 (d) 78.1 (d)
6" 62.1 () 62.5 (t) 62.4 ()
1 106.0 (d)  105.5(d)  105.4 (d)
2 75.1 (d) 74.9 (d) 74.9 (d)
3 87.8 (d) 87.7 (d) 87.6 (d)
4" 70.6 (d) 70.9 (d) 70.8 (d)
57 78.2 (d) 78.1 (d) 78.0 (d)
6" 62.3 (t) 62.5 (t) 62.4 ()
3'-OMe 60.7(Q)  604(q)  60.4(q)
17 1062 (d) 1056 (d)  105.0(d)  105.4 (d)
20 76.7 (d) 76.6 (d) 75.8 (d) 75.8 (d)
377 77.8 (d) 77.4 (d) 73.0 (d) 73.0 (d)
4 77.1 (d) 77.0 (d) 86.9 (d) 87.0 (d)
5 73.4 (d) 73.4 (d) 71.7 (d) 71.6 (d)
6" 18.7 (@) 18.6 (q) 18.2 (q) 18.1 (q)
17 105.5 (d) 105.4 (d)
200 73.7 (d) 73.6 (d)
3 88.3 (d) 88.2 (d)
47" 70.0 (d) 69.9 (d)
50 78.1 (d) 78.1 (d)
6" 62.5 (1) 62.4 (t)
17777 105.5 (d) 105.4 (d)
200 74.9 (d) 74.7 (d)
3 87.7 (d) 87.6 (d)
4 70.9 (d) 70.8 (d)
i 78.1 (d) 78.0 (d)
6" 62.5 (1) 62.4 (t)
3777""-OMe 60.4 (q) 60.4 (q)

a) Measured at 60°C. b) Abbreviations given in parentheses denote signals
observed in the off-resonance experiments.

TaBLE II. Minimum Growth Inhibitory Concentrations (ug/ml)
Bivittoside
11 12
A@®G) B@® C@® Do
Aspergillus niger > 100 12.5 >100 6.25 25 1.56
Aspergillus oryzae 6.25 50 >100 3.12 25 1.56
Penicillium citrinum > 100 50 >100 6.25 >100 3.12
Penicillium 625 125 >100 156 125 156
chrysogenum
Mucor spinescens >100 >100 >100 >100 >100 100
Cladosporium >100  >100 >100 50 50 100
herbarum
Rhodotorula rubra > 100 >100. >100 6.25 25 3.12
Trichophyton >100 >100 >100 625 25 625
mentagrophytes
Trichophyton rubrum 25 12.5 >100 3.12 6.25 3.12
Candida albicans > 100 >100 >100 12.5 >100 50
Candida utilis >100 50 >100 6.25 12.5 3.12
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Table L.

Some triterpene oligoglycosides hitherto isolated from
sea cucumber in our laboratory exhibited significant anti-
fungal activities.>® We have examined the present bivit-
tosides and two derivatives for antifungal activities, and the
results are shown in Table II.

Among the four bivittosides, bivittoside D (10) was
found to exhibit significant antifungal activities. It is note-
worthy that the 12-keto derivative (11) retained only weak
antifungal activity and bivittoside C (9), which lacked the
12¢-OH function of bivittoside D (10), had lost the activ-
ities completely. Thus, the presence of the 12a-OH func-
tion in bivittosides seemed to be essential for exhibiting
antifungal activities.

It is also interesting that the desulfated derivative (12) of
echinoside A,” which was previously isolated from the sea
cucumber Actinopyga echinites, showed significant anti-
fungal activities while bivittoside B (8), having a 124-OH
function like bivittoside D (10), did not show any anti-
fungal activity. Both desulfated echinoside A (12) and
bivittoside B (8) are tetraglycosides with the same four
monosaccharide constituents (i.e. xylose, quinovose, glu-
cose, and 3-O-methylglucose) but differing in their se-
quences (linear in 12 but branched in 8). Although 8 lacked
the 17a-OH function as compared with 12, the difference in
these carbohydrate sequences of 12 and 8 seems to be
critical. In the other words, the linear sequence of the
carbohydrate chain (as in 12) may play an important role in
the antifungal activities.

Furthermore, in order to compare the physicochemical
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properties of the carbohydrate moieties of desulfated echi-
noside A (12) and bivittoside B (8), the spin-lattice re-
laxation times (7)) of carbons in the carbohydrate moieties
of 12 and 8 were examined.”>%!" The T, values observed
for individual carbons were as shown in Fig. 3. The average
NT; values (NT, = T; x number of proton(s) attached to the
carbon) for individual monosaccharide units in bivittoside
B (8) were 0.16s (xylose), 0.25s (quinovose), 0.20s (glu-
cose), and 0.26 s (3-O-methylglucose), respectively.'? These
values are diverse when compared with the average NT,
values for monosaccharide units in desulfated echinoside A
(12),”” where the values increased in order from xylose to
terminal 3-O-methylglucose.

Experimental

The instruments used to obtain physical data and the experimental
conditions for chromatography were the same as described in our
preceding paper.’®

Isolation of Bivittosides A (6), B (8), C (9), and D (10) As shown in
Chart 1, the Cuvierian tubules (0.9kg) of the sea cucumber Bohadschia
bivittata MiTsSUKUR!I (collected in July in Okinawa Prefecture) were
extracted with MeOH (41 each) under reflux 3 times for 3h each. The
MeOH extract (39 g), obtained after removal of the solvent under reduced
pressure, was partitioned into a 1-butanol-water (1 1 each) mixture to give
the 1-butanol-soluble portion (20 g). The 1-butanol-soluble portion (19 g)
was then purified repeatedly by column chromatography [Silica gel 60,
60—230 mesh (Merck), 600g, CHCl;-MeOH-H,0=10:3:1 (lower
phase)—7:3:1 (lower phase)] to give bivittoside A (6) (0.9 g), bivittoside B
(8) (0.8 ), bivittoside C (9) (0.8 g), and bivittoside D (10) (3.1 g). The fresh
body walls (10kg) of the same sea cucumber were extracted with MeOH
(201 each) under reflux 3 times for 4h each. The MeOH extract (150 g)
thus obtained was partitioned into a 1-butanol-water (4 | each) mixture to
give the 1-butanol-soluble portion (99 g). The 1-butanol extract (20 g) was
subjected to silica gel column chromatography as above to give bivittoside
A (6) (0.8g), bivittoside B (8) (0.7g), bivittoside C (9) (0.8g), and
bivittoside D (10) (1.5g).

Bivittoside A (6), colorless needles, mp 267—268 °C (MeOH), [«]i’ +9°
(¢=0.8, pyridine). Anal. Calcd for C,,Hg0,,-H,0: C, 64.04; H, 8.91.
Found: C, 63.83; H, 8.88. IR v Brcm~!: 3400 (br), 1750, 1070 (br). UV
AMeOH, transparent above 210nm. CD (c=1.5x 1072, MeOH): [6],56 0,
{6}, —7800 (neg. max.), [68),;5 O, [6),;, +8000! '"H-NMR (90 MHz,
pyridine-ds, 8): 0.88 (6H, d, J=6Hz), 1.16, 1.27, 1.31, 1.39, 1.57 (each 3H,
s),4.52 (1H, d, J=4Hz), 4.74 (1H, d, J=6 Hz), 5.11 (1H, d, J=6 Hz), 5.70
(1H, d, J=4Hz). *C-NMR (25 MHz, pyridine-d;, dc): Table L. Bivittoside
B (8), colorless needles, mp 270—273 °C (CHCl;-MeOH-H,0), [o]¥ +6°
(¢=0.7, pyridine). 4nal. Calcd for Cs,Hg0,,°3H,0: C, 56.82; H, 8.29.
Found: C, 57.04; H, 8.01. IR vKBrem™1: 3400 (br), 1750, 1062 (br). UV
AMeOH. transparent above 210nm. CD (c=6.3 x 1072, MeOH): [0],4, 0,
[0];21 —7800 (neg. max.), [0];5, 0, [6],0o +14000! **C-NMR (25 MHz,
pyridine-ds, dc): Table 1. Bivittoside C (9), colorless needles, mp 216—
218°C (CHCl;-MeOH-H,0), [0]® —31° (c=1.3, pyridine). Anal. Caled
for Cg;H,,00;,-2H,0: C, 55.59, H, 7.94. Found: C, 55.77; H, 8.00. IR
vKBrem =1 3380 (br), 1754, 1070 (br). UV iMeOH: {ransparent above
210nm. CD (¢=2.9 x 1072, MeOH): [0],s5 0, [6],,; — 17000 (neg. max.),
[6],12 O, [6],04 +34000! '3C-NMR (25 MHz, pyridine-ds, 8c): Table I.
Bivittoside D (10), colorless needles, mp 219—221 °C (CHCl;-MeOH-
H,0), [¢]3¥ —7° (¢=0.9, pyridine). Anal. Calcd for C¢,H, 005, 3H,0: C,
54.31, H, 7.89. Found: C, 54.11; H, 7.73. IR vXB'em™1: 3400 (br), 1750,
1060 (br). UV AMeOH: transparent above 210nm. CD (c=59x 1072,
MeOH): [6]46 0, [61,20 —8000 (neg. max.), [l 0, [6];05 + 180001 **C-
NMR (25 MHz, pyridine-ds, éc): Table 1.

Carbohydrate Compositions of Bivittosides A (6), B (8), C (9), and D
(10) A solution of bivittoside A (6), B (8), C (9), or D (10) (10 mg each) in
anhydrous 2.5N AcCl-MeOH (1.5 ml) was heated under reflux for 2 h. The
reaction mixture was neutralized with Ag,CO, and filtered. Evaporation
of the filtrate under reduced pressure to dryness yielded a residue, which
was dissolved in pyridine (0.1 ml) and treated with N,O-bis(trimethylsilyl)-
trifluoroacetamide (BSTFA) (0.25ml) at room temp. (25°C) for 5 min.
The reaction mixture was subjected to gas liquid chromatographic (GLC)
analysis (5% SE-52 on Chromosorb WAW DMCS 80—100 mesh,
3mm x 2m; column temp. 150 °C; N, flow rate 30 ml/min) to obtain the
following results. Bivittoside A (6): xylose (g 12min 14s), quinovose (%
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15min 14s); B (8): xylose, quinovose, 3-O-methylglucose (fz 18 min 025s),
glucose (g 37min 37s); C (9): xylose, quinovose, 3-O-methylglucose x 2,
glucose x2; D (10): xylose, quinovose, 3-O-methylglucose x2, glu-
cose x 2. All constituent monosaccharides were deduced to be D-form,
since these sugars hitherto obtained from sea cucumber saponins were all D
as proved by their [o]p values.®

Acidic Hydrolysis of Bivittoside A (6) 1) A mixture of bivittoside A (6)
(100 mg) and aq.2N HCI (10ml) was heated for 1h under reflux on a
water-bath. After dilution with water, the reaction mixture was extracted
with AcOEt. The AcOEt extract was washed with aq. sat. NaHCO; and
brine, then dried over MgSO,. Removal of the solvent under reduced
pressure from the AcOEt extract gave a product (30mg), which was
purified by column chromatography (SiO, 5 g, benzene-acetone=4:1) to
furnish seychellogenin (1)® (17mg) and isobivittogenin (2) (3mg).
Seychellogenin (1), colorless needles, mp 232—236°C (MeOH), [«]¥
—9.5° (¢=1.0, CHCLy). Anal. Caled for C3oH,60;-1/2H,0: C, 77.70; H,
10.22. Found: C, 77.72; H, 10.20. IR v&Brem™1: 3300 (br), 1762. UV

AMeOH i 238 (sh, &=17000), 245 (19000), 253 (sh, 13500). CD (c=
2.1x1072, MeOH): [0l,54 O, (01247 — 38000 (neg. max.), [6],5¢ O, [61,,5
+41000 (pos. max.), [6],0, 0. "H-NMR (90 MHz, 8): (in CDCl;) 0.88 (6H,
s, 25-(CH,;),), 0.90 (3H, s, 4-CHj;), 1.00 (6H, s, 14-CH;), 1.10 (3H, s, 10-
CH,), 1.38 (3H, s, 20-CH3;); (in pyridine-ds) 0.88 (6H, s, 25-(CH,),), 1.11
(3H, s, 4-CH;), 1.07 (3H, s, 14-CH,), 1.21 (3H, s, 4-CHj,), 1.35 (6H, s,
10,20-CH,). MS m/z (%): 454 (M ™, 58), 421 (M* —CH,-H,0, 54), 367
(M* —ring A, 87). Isobivittogenin (2), colorless needles, mp 205—207°C
(MeOH), [a]i¥ —21° (¢=1.0, CHCl,). Anal. Caled for C3oH,50,: C, 76.22;
H, 10.24. Found: C, 75.95; H, 10.16. IR v Brem™': 3350 (br), 1753. UV
AMeOH: transparent above 210 nm. CD (c=2 x 1072, MeOH): [6],5, 0, [0],,4
—19000 (neg. max.), [6],,4 0, [0l04 + 32000 (pos. max.), [#l,00 +25000!
'"H-NMR (90 MHz, 3): (in CDCl,) 0.85 (3H, s, 4-CHj,), 0.88 (6H, s, 25-
(CH,),), 0.91 (3H, s, 14-CHj;), 1.00 (3H, s, 4-CH,), 1.19 (3H, s, 10-CH,),
1.58 (3H, s, 20-CH,); (in pyridine-ds) 0.88 (6H, s, 25-(CH,),), 0.98 (3H, s,
14-CH,), 1.03, 1.20 (both 3H, s, 4-(CHj,),), 1.34 (3H, s, 10-CH,), 1.89 (3H,
s, 20-CH;). MS mjz (%) 472 (M*, 3), 454 (M*—H,0, 13), 395
(M* -H,0-CO0, —CHj;, 100).

2) A sapogenol mixture (66mg), obtained by acidic hydrolysis of
bivittoside A (6) (150 mg) through a procedure as described above, was
treated with pyridine (2ml) and Ac,O (0.5ml) at 40°C for 15h. The
reaction mixture was poured into ice-water and whole was extracted with
AcOEt. Work-up of the AcOEt extract in the usual manner gave an
acetylated product (70 mg), which was purified by column chromatog-
raphy to furnish seychellogenin acetate (la) (25mg), isobivittogenin
acetate (2a) (5mg), and preseychellogenin acetate (4a) (10 mg). la, color-
less needles, mp 215—217°C (EtOH-acetone), [«]®® +20° (c=0.7,
CHCl,). Anal. Caled for C3,H,504: C, 77.38; H, 9.74. Found: C, 77.15; H,
9.91. IR vEBrem ™1 1775, 1730. UV AMeOHnym: 238 (sh, &= 12800), 245
(14000), 253 (sh, 10000). '"H-NMR (90 MHz, CDCl,, d): 0.88 (6H, d, J=
7Hz), 0.90, 0.97, 1.01, 1.13, 1.39 (each 3H, s), 2.05 (3H, s), 4.52 (1H, t-
like), 5.22 (I1H, m), 5.59 (1H, m). MS m/z (%): 496 M ™, 36), 437
(M* —CO,—CH,, 38), 421 (M* —CH, — AcOH, 51), 43 (100). 2a, color-
less needles, mp 228—229°C (hexane-acetone), [a)ly —26° (c=0.4,
CHCl,). IR vXBrem™!: 1754, 1740. 'H-NMR (90 MHz, CDCl,, 6): 0.88
(6H, d, J=6Hz), 0.87, 1.00, 1.22, 1.25, 1.36 (each 3H, s), 2.02, 2.06 (both
3H,s), 4.50 (1H, t-like), 5.02 (1H, brs, W, , =6Hz), 5.63 (1H, brs, W, , =
6 Hz). MS mj/z (%): 496 (M™ — AcOH, 18), 437 (100). CI-MS m/z (%): 557
(M™* +1, 3), 497 (72), 437 (100). 4a, colorless needles, mp 172—173°C
(EtOH-acetone), [a]i’ —299° (¢=0.9, CHCl,). Anal. Calcd for C;,H,50,:
C, 77.38; H, 9.74. Found: C, 77.12; H, 9.89. IR v&Brem~1: 1750, 1723,
1625. UV AMeO" nm: 302 (6=2500). CD (c=2.5x 1072, MeOH): [6]35, 0,
[0]30, —89000 (neg. max.), [0l,s5 0, [0],35 +40000 (pos. max.), [6],,5 O,
[6],;5 —30000 (neg. max.), [0],5, O, [6],00 +10000! '"H-NMR (90 MHz,
CDCl,, 9): 0.87 (6H, d, /=6 Hz), 0.90 (6H, s), 1.06, 1.09, 1.42 (each 3H, s),
2.03 (3H, s), 4.49 (1H, t-like), 5.85, 6.09 (2H, ABq, J=9 Hz). MS m/z (%):
496 (M*, 12), 437 (M* —CO, —CH,, 100), 377 (437— AcOH, 27).

Acidic Treatment of Isobivittogenin (2) A mixture of isobivittogenin (2)
(5mg)and 1 N AcCl-MeOH (1 ml) was heated under reflux for 30 min. The
reaction mixture was examined by TLC (n-hexane-~AcOEt=4:1) and
seychellogenin (1) (Rf=0.40) was identified as the sole product.

Acidic Treatment of 4a A mixture of 4a (5mg) in 1N AcCl-MeOH
(1 ml) was heated under reflux for 15min. The reaction mixture was
examined by TLC (n-hexane-AcOEt=38:1) to identify seychellogenin
acetate (1a) (Rf=0.50) and seychellogenin (1) (Rf=0.20) as the products.

Acidic Hydrolysis of Bivittosides B (8) and D (10) Bivittoside B (8)
(20 mg) or D (10) (30 mg) was hydrolyzed with aq. 2N HCl as described for
acidic hydrolysis of bivittoside A (6), and seychellogenin (1) (3mg) thus
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obtained was shown to be identical with an authentic sample by TLC
comparison and mixed melting-point determination.

LiAlH, Reduction of 4a A solution of 4a (32mg) in tetrahydrofuran
(THF) (2ml) was added dropwise into a suspension of LiAlH, (50 mg)-
THF (3ml) and the whole mixture was heated under reflux for 1h. The
reaction mixture was treated successively with AcOEt, water, and aq. 2N
H,S0, and the whole was extracted with AcOEt. Work-up of the AcOEt
extract in the usual manner gave a reduction product (30 mg), which was
purified by column chromatography (SiO, 3 g, n-hexane-AcOEt=3:1) to
furnish a triol (5) (15mg). 5, amorphous, [aJ5* —5° (c=0.4, CHCL,). IR
vEClaem™!: 3350 (br), 1600 (br). UV AN nm: 275 (¢=2500). CD (c=
8.1x 1072, MeOH): [0];,, 0, [0],,5 —25000 (neg. max.), [0],59 O, [6]:06
+5000! 'H-NMR (90 MHz, CDCl,, 8): 0.88 (6H, d, J=7Hz), 0.81, 0.91,
0.98, 1.02, 1.43 (each 3H, s), 3.24 (1H, m), 3.56, 3.86 (2H, ABq, /=11 H2),
6.04 (2H, s). MS m/z (%): 458 (M*, 1), 440 (M* —H,0, 17), 422
(M* —2H,0, 24). High-MS Found: 458.376, 443.354, 440.362. Calcd for
C;30Hs00;=458.376, C,oH,,0; =443.352, C3,H,;30,=440.365.

Oxidation of Bivittoside A (6) with CrO,—Pyridine-1-BuOH-Aq. H,SO,
1) Preparation of reagent A”: A solution of chromium trioxide (500 mg) in
pyridine (30 mg) was poured into 1-butanol saturated with water (250 ml)
and the whole solution was left standing for 1d. The solvent was then
removed below 45 °C under reduced pressure and the residue was treated
with water (100 ml). The resulting precipitates were collected by filtration
and washed successively with water and CHCI, and dried in a desiccator
under reduced pressure to yield reagent A.

2) A solution of bivittoside A (6) (200 mg) in dioxane (10 ml)-water
(10 mi) was treated with aq. 2N H,SO, (20 ml) and reagent A (600 mg) and
the whole mixture was stirred at room temp. (20 °C) for 18 h. The reaction
mixture was diluted with water and the whole was extracted with 1-
butanol. The 1-butanol phase was taken and neutralized with aq.2N
NaOH and washed with water. Removal of the solvent from the 1-butanol
phase under reduced pressure gave a product (250 mg), which was purified
by column chromatography [SiO, 25g, CHCl,-MeOH-H,0=10:3:1
(lower phase)] to afford 7 (50 mg) and 6 (125mg, recovered). 7, colorless
needles, mp 263—264°C (MeOH), [«]y’ +12° (c=1.1, pyridine). Anal.
Caled for CyyHg,0,,-2H,0: C, 62.73; H, 8.73. Found: C, 62.61; H, 8.46.
IR vEBrem ™' 3400, 1751 (br), 1591, 1070. UV Zye?" nm: 256 (¢=10000).
CD (c=1.7x 1072, MeOH): [0]53 0, [6]326 — 13000 (neg. max.), [0],55 O,
[0,54 +41000 (pos. max.), [0],56 O, [0];;4 — 13000 (neg. max.), 6207 O,
{6),06 +8700! 'H-NMR (90 MHz, pyridine-ds, 6): 0.88 (6H, d, J=6Hz),
0.92,1.19, 1.33, 1.47, 1.57 (each 3H, s), 4.74 (1H, d, J=ca. 6 Hz), 5.14 (1H,
d, J=ca. 6Hz), 5.89 (1H, brs).

Methylation of Bivittosidle A (6) Followed by Methanolysis 1) A
solution of bivittoside A (6) (98 mg) in dimethyl sulfoxide (DMSO) (15 ml)
was treated with a dimsyl carbanion solution (8.4 ml) [prepared from NaH
(2 g), which was washed with dry n-hexane before use, and DMSO (35ml)
by stirring at 70 °C for 1 h under an N, atmosphere] and the whole mixture
was stirred at room temp. (25°C) for 1 h under an N, atmosphere. The
reaction mixture was treated with CH;I (3.7ml) under ice-cooling and
stirred at room temp. for a further 1h in the dark. The reaction mixture
was then poured into ice-water and the whole was extracted with AcOEt.
The AcOEt extract was washed with water, then dried over MgSO,.
Removal of the solvent from the AcOEt extract under reduced pressure
gave a product (120 mg), which was purified by column chromatography
(SiO, 10g, benzene—acetone=20:1) to furnish the hexa-O-methyl de-
rivative (6a) (109 mg). 6a, colorless needles, mp 87—88 °C (CHCI,), [o]t?
+11° (¢=1.6, CHCly). Anal. Caled for Cy;H.50,,: C, 67.60; H, 9.41.
Found: C, 67.29; H, 9.45. IR vSicm~1: 1749. 'H-NMR (90 MHz,
CDCl,, 9): 4.33 (1H, d, J=7Hz), 4.62 (1H, d, J=7Hz), 5.59 (1H, d, J=
4Hz).

2) A solution of 6a (5mg) in 2.5N AcCl-MeOH (1.ml) was heated under
reflux for 1 h and neutralized with Ag,CO5. The whole mixture was filtered
and the filtrate was subjected to GLC analysis [1) 159 polyethylene glycol
succinate (PEGS) on Chromosorb WAW (80—100 mesh), 3mm x 1 m;
column temp. 150°C; N, flow rate 30ml/min, and 2) 159 neopenthyl
glycol succinate (NPGS) on Chromosorb WAW (80—100 mesh),
3mm x 2m; column temp. 170°C; N, flow rate 30 ml/min] and TLC (n-
hexane-acetone=2:1). The following methyl glycosides were identified:
methyl 2,3,4-tri-O-methylquinovopyranoside [I] [1) PEGS # =1min 21s,
2 min 02s; 2) NPGS fx =2min 51s, 3min 54s; Rf=0.75, 0.65] and methyl
3,4-di-O-methylxylopyranoside [I1] [1) PEGS fz =8 min 355, 10 min 54s; 2)
NPGS t;=9min 58s, 11 min 45s; Rf=0.25, 0.20].

Methylation of Bivittoside B (8) Followed by Methanolysis 1) A solution
of bivittoside B (8) (100 mg) in DMSO (10 ml) was treated with a dimsyl
carbanion solution (8 ml) and the whole mixture was stirred at room temp.
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(25°C) for 1h under an N, atmosphere. The reaction mixture was then
treated with CH,I (4 ml) under ice-cooling and stirred at room temp. in the
dark for 1.5 h. Work-up of the reaction mixture as described above gave an
AcOEt extract (135mg), which was purified by column chromatography
(Si0, 20g, n-hexane-AcOEt=2:1) to furnish the dodeca-O-methyl de-
rivative (8a) (105 mg). 8a, amorphous, [¢]} 0° (CHCI,). Anal. Calcd for
CesH, 10022: C, 62.78; H, 8.92. Found: C, 62.66; H, 9.18. IR viic em ™
1740. '"H-NMR (90 MHz, CDCl,, 6): 4.32 (1H, d, J=8Hz), 443 (IH, d,
J=7Hz), 470 (1H, d, J=8Hz), 4.72 (1H, d, J=8Hz), 5.59 (IH, d, J=
4 Hz).

2) A solution of 8a (10mg) in 2.5N AcCl-MeOH (1.5ml) was heated
under reflux for 1h. After neutralization with Ag,CO,, the reaction
mixture was filtered and the filtrate was examined by GLC [2) 159 NPGS
on Chromosorb WAW (80—100 mesh) 3 mm x 2m; column temp. 170 °C;
N, flow rate 35ml/min, and 3) 5% butane-1,4-diol succinate (BDS) on
Uniport B (80—100 mesh), 3mm x 2m, column temp. 150 and 175°C, N,
flow rate 33ml/min] and TLC (benzene-acetone=2:1) to identify [I] {2)
NPGS tg =2min 24s, 3min 24s; 3) BDS (150°C), tg=2min 225, 3 min
23s; Rf=0.80], methyl 2,3.4,6-tetra-O-methylglucopyranoside [III] [2)
NPGS fz=7min 125, 9min 48s; 3) BDS (150 °C), ty =8 min 08s, 11 min
59s; Rf=0.75), methyl 2,4,6-tri-O-methylglucopyranoside [IV] [2) NPGS
tg=19min 185, 28 min 48s; 3) BDS (175°C), tx=10min 24s, 15 min 48s;
Rf=0.20, 0.35], and methyl 3-O-methylxylopyranoside [V] [2) NPGS 7 =
19 min 18, 28 min 48s; 3) BDS (175°C), tx=12min 225, 17 min 365s; Rf=
0.15, 0.10].

Enzymatic Hydrolysis of Bivittoside B (8) with Crude Hesperidinase
A suspension of bivittoside B (8) (300mg) in an AcONa-AcOH buffer
solution (pH 5.0, 60 ml) was treated with crude hesperidinase (600 mg, Lot
No. 680930 provided by Tanabe Pharma. Co.) and the whole mixture was
stirred at 38°C for 5d. The reaction mixture was then treated with 1-
butanol (10 ml), heated at 50 °C for Smin and filtered. The filtrate was
extracted with 1-butanol and the 1-butanol extract was washed with water
and concentrated under reduced pressure to give a product (350 mg).
Purification of the product by column chromatography [SiO, 80g,
CHCIl;-MeOH-H,0=10:3:1 (lower phase)] furnished bivittoside A (6)
(30mg) and 8 (180 mg, recovered). 6 was shown to be identical with an
authentic sample by melting-point determination and [«]p, IR, and '*C-
NMR comparisons.

Enzymatic Hydrolysis of Bivittoside D (10) with a Glycosidase Mixture
from Turbo cornutus A suspension of bivittoside D (10) (500 mg) in an
AcONa-AcOH buffer solution (pH 5.0, 150ml) was treated with a
glycosidase mixture from Turbo cornutus (800 mg, Seikagaku Kogyo Co.,
Ltd.) and the whole mixture was stirred at 37°C for 3d. The reaction
mixture was treated with 1-butanol (10 ml), heated at 50 °C for 5min and
filtered. The filtrate was then extracted with 1-butanol and the solvent was
evaporated off under reduced pressure to give a product (800mg).
Purification of the product by column chromatography [SiO, 30g,
CHCl;-MeOH-H,0=7:3:1 (lower phase)] furnished bivittoside B (8)
(250 mg) and 10 (180 mg, recovered). 8 was shown to be identical with an
authentic sample by mixed melting-point determination and [«]p, TLC, IR,
and 3*C-NMR comparisons.

Methylation of Bivittoside D (10) Followed by Methanolysis 1) A
solution of bivittoside D (10) (100 mg) in DMSO (15 ml) was treated with a
dimsyl carbanion solution (10ml) and the whole solution was stirred at
room temp. (25 °C) for 1 h under an N, atmosphere. The reaction mixture
was treated with CH,I (3.5 ml) under ice-cooling and then stirred at room
temp. in the dark for a further 2h. Work-up of the reaction mixture as
described for methylation of bivittoside A (6) gave a product (130 mg),
which was purified by column chromatography to furnish the octadeca-O-
methyl derivative (10a) (80mg). 10a, amorphous, [a]y’ —3° (c=1.1,
CHCY,). Anal. Caled for Cg3H,4,0s,: C, 60.34; H, 8.66. Found: C, 60.16;
H, 8.91. IR v cm™!: 1756. 'H-NMR (90 MHz, benzene-ds, 8): 4.11
(1H,d, J=7Hz),4.31(1H, d, J=8Hz), 4.55(1H, d, J=7Hz), 4.89 (3H, d,
J=7Hz), 5.51 (1H, m).

2) A solution of 10a (7mg) in 2N AcCl-MeOH (1.2ml) was heated
under reflux for 1.5h. After neutralization with Ag,CO;, the reaction
mixture was filtered and the filtrate was analyzed by GLC [2) 15% NPGS
on Chromosorb WAW (80—100 mesh), 3 mm x 2 m; column temp. 180 °C,
N, flow rate 38 ml/min and 3) 5% BDS on Uniport B (80—100 mesh),
3mm x 2m; column temp. 175°C; N, flow rate 30ml/min] and TLC
(benzene-acetone =2: 1) to identify [I] {2) NPGS g =3 min 155, 4 min
22s; 3) BDS fy=7min 42s, 10min 24s; Rf=0.75], methyl 2,3-di-O-
methylquinovopyranoside [VI] [2) NPGS fx=3min 15s, 4min 03s; 3)
BDS tx=7min 10s, 9min 02s; Rf=0.65, 0.45}, [IV] [2) NPGS 1z =9 min
08s, 15min 52s; Rf=0.20, 0.35], and [V] [2) NPGS tz =9 min 45s, 14 min
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52s; Rf=0.15, 0.10].

Acidic Hydrolysis of Bivittoside C (9) A mixture of bivittoside C (9)
(100mg) in aq.2N HCl (3ml) was heated under reflux for 2h. After
dilution with water, the reaction mixture was extracted with AcOEt. The
AcOEt extract was washed successively with aq. sat. NaHCO; and brine,
then dried over MgSO,. Removal of the solvent from the filtrate under
reduced pressure gave a product (30 mg), which was purified by column
chromatography (SiO, 5 g, n-hexane—acetone =4: 1) to furnish deoxybivit-
togenin (3) (24mg). 3, colorless needles, mp 231—233°C (MeOH), [«]2
—~16° (¢=1.0, CHCL). IR viicm~!: 3280 (br), 1750. CD (c=
8.5% 1072, MeOH): [0)6; 0, [6],,, —24000 (neg. max.), [6l,1; O, [Blrs
+23000! '"H-NMR (90 MHz, CDCl,, 6): 0.87 (6H, d, /=7 Hz), 0.84, 0.87,
0.91, 1.17, 1.38 (each 3H, s). High-MS Found: 456.359; 441.336; 423.325.
Caled for C3oH,50;=456.361; C,oH,;0; =441.336; C,oH,;0,=423.326.

Acetylation of Deoxybivittogenin (3) Giving the Monoacetate (3a) A
solution of 3 (23 mg) in pyridine (1 ml) and Ac,O (0.3 ml) was left standing
at room temp. (25 °C) for 15h. The reaction mixture was poured into ice-
water and the whole was extracted with AcOEt. Work-up of the AcOEt
extract in the usual manner gave a product (24 mg), which was purified by
recrystallization from EtOH-acetone to furnish the monoacetate (3a)
(15mg). 3a, colorless needles, mp 225—226.5°C (EtOH-acetone), [o]%°
—3° (¢=1.0, CHCly). A4nal. Caled for C;,H,,0,: C, 77.06; H, 10.11.
Found: C, 76.88; H, 9.92. IR vK:rem ™1 1750, 1725. CD (¢=1.0x 107",
MeOH): [0]540 0, [0],;; —23000 (neg. max.), [0],,, 0, [0,05 + 19000! 'H-
NMR (90 MHz, CDCl;, d): 0.88 (6H, d, J=7Hz), 0.84, 0.86, 0.91, 1.18,
1.37 (each 3H, 5),2.03 (3H, s), 4.47 (1H, m), 5.18 (1H, brs). MS m/z
(%): 498 (M™, 36), 483 (M* —CH,, 11), 438 (M* —AcOH, 20), 423
(M" — AcOH —CH;, 100).

Acetylation of Bivittoside C (9) Followed by Oxidation with fers-Butyl
Chromate and Deacetylation A solution of bivittoside C (9) (500 mg) in
pyridine (10 ml) and Ac,O (5ml) was left standing at room temp. (26 °C)
for 6 h. The reaction mixture was poured into ice-water and the whole was
extracted with AcOEt. Work-up of the AcOEt extract in the usual manner
gave a product (600mg). The product (300 mg) was dissolved in CCl,
(5ml) and the solution was treated with a (tert-Bu0),CrO, solution [(tert-
Bu0),CrO,~AcOH-Ac,0=5:2:1] (5ml) and- stirred at 80°C for 3h.
After cooling to 0°C, the reaction mixture was treated with an aqueous
solution (6 ml) of (COOH), (600 mg). The reaction mixture was allowed to
cool to room temperature, then further (COOH), (400 mg) was added, and
the whole was stirred for 1h, poured into ice-water and extracted with
AcOEt. The AcOEt extract was washed successively with water, aq. sat.
NaHCO;, and brine, then dried over MgSO,. Removal of the solvent from
the filtrate under reduced pressure gave a product (300 mg), which was
treated with 0.1 M K,CO; in aq. 85%, MeOH (20 ml) and stirred at room
temp. (28°C) for 40min. After neutralization with aq.dil. HCI, the
reaction mixture was extracted with 1-butanol and the 1-butanol extract
was washed with water. Removal of the solvent from the 1-butanol extract
under reduced pressure gave a product (150 mg), which was purified by
column chromatography [SiO, 10g, CHCl;-MeOH-H,0=7:3:1 (low-
er phase)] to furnish 11 (100mg). 11, colorless needles, mp 218.5—
220°C (MeOH), [aff® —12.5° (c=1.1, pyridine). Anal. Caled for
Cg7H,0505,:2H,0: C, 55.06; H, 7.72. Found: C, 54.94; H, 7.68. IR
viarem ' 3390 (br), 1750, 1673 (br). UV AMOHpm: 253 (e=8100). CD

max

(¢=1.2x 1072, MeOH): [0]35, 0, [0, — 16000 (neg. max.), [0],g5 O, [6],55
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+53000 (pos. max.), [0],5; O, [0],,0 —8000 (neg. max.), [6ly06 0, [0l,0;
+11000! '*C-NMR (50 MHz, pyridine-ds, 8c): 194.1 (s), 175.1 (s), 171.5
(s), 118.3 (d), 105.5 (2C, d), 105.1 (d), 104.7 (d), 102.9 (d).

Ocxidation of Bivittosidle D (10) with CrO,-Pyridine—1-BuOH-Aq.
H,S0, A solution of bivittoside D (10) (1 g) in dioxane (120 ml)-water
(120 ml) was treated with aq. 2N H,SO, (240 ml) and reagent A (vide supra)
(3.14 g). The whole mixture was stirred at room temp. (22 °C) for 6 h and
diluted with water. The reaction mixture was then extracted with 1-
butanol and the l-butanol extract was washed with aq. dil. NaOH and
water. Removal of the solvent from the 1-butanol extract under reduced
pressure gave a product (1.36 g), which was purified by column chroma-
tography [SiO, 60 g, CHCl,-MeOH-H,0=7:3: 1 (lower phase)] to furnish
11 (800 mg). 11 thus obtained here was shown to be identical with the
product (11) obtained from bivittoside C (9) by mixed melting-point
determination and [«]p, IR, UV, CD, and '*C-NMR comparisons.
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