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Abstract—Six steroid N-acetylglucosaminides, pavoninins-1 to -6, have been isolated from the defense se-
cretion of the sole P. pavoninus guided by ichthyotoxicity and hemolytic actmty, and their structures de-
termined to be 1-6 by spectroscopic studies and chemical correlations. The pavoninins are considered to be
the factors responsible for the repeilent property of the sole against predatory fishes.

INTRODUCTION

Certain species of fish are known to kill other fishes
confined in the same aquarium despite lack of any trau-
magenic devices. These fishes have special secretory
cells which emit ichthyotoxic substances upon extra-
neous dlsturbancc, and are termed ichthyocrinotoxic
fishes.! Among common characteristics of these fish
are their poor swimming ability, lack of prominent
scales, and habitats on tropical reefs, where the strug-
gle for survival is harsh. These ichthyotoxic sub-
stances, i.e. ichthyocrinotoxins, are thus presumed to
function as repellents against predatory fishes.? Similar
repellent properties are known for starfishes and sea
cucumbers, and a number of steroid and triterpenoid
glycosides have been isolated and characterized there-
from.> With regard to chemistry of ichthyocrinotoxins,
most of them have been found peptidic or proteina-
ceous,* though none have been fully characterized to-
date, with the exception of hexadecanoyl cholines from
the boxfish Ostracion lentiginosus® and the smooth
trunkfish Lactophrys trigueter, both belonging to the
trunkfish family. Among the ichthyocrinotoxic fishes,
the Red Sea ‘‘Moses sole’" Pardachirus marmoratus
is rcported to repel sharks at the last moment of their
attack.” Isolation of an ichthyotoxic and hemolytic pro-
tein, pardaxin, from its secretion has been reported by
an Israeli group,® and it has been suspected to be rc-
sponsible for the shark-repellent property of the sole.’
The sole P. pavoninus, a close kin of Moses sole in
the tropical region of the western Pacific and eastern
Indian Oceans, is also known to be ichthyocrinotoxic,
posscssmg characteristic toxin cells lining the base of
its dorsal and anal fin spines. ' In this article, we report
isolation and full structural elucidation of six ichthy-
otoxic, hemolytic and shark-repelling steroid N-ace-
tylglucosaminides, named pavoninins-1 to -6, from the
secretion of P. pavoninus."

Isolation. Seven individuals of P. pavoninus, 20-30
cm long, caught at Ishigaki Island, Ryukyu Archipel-

t Department of Chemistry, Faculty of Science, Kwansei-
Gakuin University. Present address: Department of Chemis-
try, Faculty of Science, Osaka University, Toyonaka-shi,
Osaka.

ago, Japan, were disturbed by taking them out of the
water twice, one day apart, to obtain mucous secretion
from their toxin cells onto an enameled steel tray. The
milky secretion was washed with sea water into a sam-
ple bottle to give a soapy suspension, which yiclded a
white powder upon lyophilization. The powder was re-
suspended in 0.1 M aqueous ammonia and diluted ten-
fold with acetone to result in a white precipitate, which
comprises mainly proteinaceous material, on the basis
of its solubilities and chromatographic behaviors in

preliminary experiments. Approximately 60% of total
ichthyotoxic and 20% of hemolytic activity was found
in the precipitate, which is suspected to contain par-
daxin or related materials. The remaining activity was
found in a lipophilic fraction of the filtrate, and was
concentrated as follows. The filtrate residue was par-
titioned between ethyl acetate and water, the former
layer giving a yellow oil, 1.3 g upon solvent removal,
whereas the latter layer giving mostly inorganic salts
and possessing no activity. The oil was chromato-
graphed on a silica gel column to yield a mixture of
ichthyotoxins (992 mg; i.e. 71 mg per average dis-
charge) eluted with 10-25% methanol/chloroform. The
mixture exhibits lethality to the Japanese killifish Ory-
zias latipes of 1 hr LCs 8.5 ug/mL and comparable
hemolytic activity to commercial saponin on rabbit
erythrocytes. Further separation of the mixture
brought about no substantial changes of these bioac-
tivities.

Repeated silica gel column chromatography sepa-
rated the ichthyotoxin mixture into two fractions,
whose respective silica gel tlc gives single spots. Re-
verse phase column chromatography of the less polar
fraction (145 mg) eluted with 80% aqueous methanol
yielded predominantly a major component, pavoninin-
1 (1; 111 mg). The same treatment of the more polar
fraction (617 mg) gave pavoninin-2 (2; 34 mg), -3 (3;
143 mg), and 4 (4; 49 mg) in order of elution. A further
mixture of two compounds was eluted between 2 and
3, and finally separated on a column of silica gel im-
pregnated with 10% silver nitrate and eluted with 15—
20% McOH/EtOAc into pavoninin-5 (5; 210 mg) and
-6 (6; 44 mg).

Pavoninin-1. The 360 MHz 'H-NMR spectrum of 1
in methanol-d, with double resonance measurements
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shows five methine protons at 4,42, 3.59, 3.4S, 3.32 and
3.26 ppm, which couple to their neighbors in this order,
the last further coupling to methylene protons at 3.69/
3.88 ppm (Fig. 1). The coupling constants of 9-10 Hz
among these methine signals indicate that the molecule
has a moiety equivalent to a 8-glucopyranoside. In ad-
dition to the sugar moiety, readily recognized from the
NMR and other spectroscopic data are a secondary
acetamide [¥pax 1650, 1550 cm™"; 8 1.80 ppm], an ace-
tate [ymax 1725cm ™! ; 8 2.03 ppm], two tertiary and two
secondary methyls [8 1.22 (s), 0.73 (s), 0.94 (d, 7 Hz)
and 0.93 ppm (d, 7 Hz)], and structural moieties A (C-
3 10 -14) [Amax 244 nm (MeOH); vy 1660 cm™!'] and
B (C-25, 26) in Fig. 2. The molecular ion peak at m/z
662, (M + H)*, in the secondary-ion mass spectrum'?

pavoninin-4 4

/ OAc

8-gIcNAC
HO
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pavoninin-6 §

of 1, together with the '*C-NMR spectrum and con-
sideration of the functional groups referred to above,
led to a molecular formula of C3;HgNOs.

Conventional acetylation of 1 introduced three more
acetyls to furnish pavoninin-1 peracetate. Its '"H-NMR
spectrum in chloroform-d shows an exchangeable pro-
ton signal at 5.43 ppm coupling to the 2'-H signal at
3.48 ppm by 9 Hz, thus establishing location of the
acetamide [»q., 3350 cm™!] at C-2'. Downlfield shifts
of 3'-H to 5.23 ppm, 4'-H to 5.06 ppm, and 6'-H, to
4.14/4.19 ppm upon acetylation indicate that free hy-
droxyls are attached to these sites in 1. The remaining
oxygenated sites, i.e. C-7, -26, -1’ and -5', must there-
fore be linked to ether or ester oxygens.

Acid methanolysis of 1 yielded a ninhydrin-positive

srarm 24608415, Loy0g 3 2)

2.62(dd,15, 3
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Fig. 2. Structural moieties A and B of 1, and its methanolysate 7. '"H-NMR data in methanol-d, (1) and in
chloroform-d (7).
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substance in the hydrophilic portion. N-Acetylation of
the amine with acetic anhydride in pyridine/methanol
and subsequent p-bromobenzoylation of hydroxyls
furnished a tri-p-bromobenzoate, which gave an iso-
topic quartet at m/z 782, 784, 786 and 788, M + H)",
in its FD-MS. The tri-p-bromobenzoate shows a typical
exciton-split pattern in its CD spectrum, Aexzns: + 9/
—20, whose signs and magnitudes are characteristic to
p-glucopyranose 3,4,6-tri-p-bromobenzoates and are
predicted by the additivity rule in the exciton chirality
method.!? Together with the acetylation shifts of the
'H-NMR signals and their coupling constants dis-
cussed above, the CD datum established the sugar
moiety of 1 as 8-N-acetyl-p-glucosamine (8-glcNAc).

The lipophilic portion of the methanolysate of 1
yielded a steroid 7, whose structure was suggested by
its '"H-NMR spectrum and by intensive double reso-
nance measurements to be as in Fig. 2. The hydroxy-
methyl, which is originated from moiety B of 1, was
determined to be at C-25 based on simultaneous de-
coupling of its methylene signals at 3.43/3.50 ppm and
a sec-Me signal at 0.92 ppm by irradiation at 1.61 ppm.
A broader doublet signal for the other sec-Me at 0.93
ppm, presumably attached to C-20, was decoupied by
irradiation at 1.43 ppm. In order to substantiate attri-
bution of the common cholestane skeleton to 7, it was
hydrogenated in alkaline ethanol to the 58-3-one 8
(Scheme 1), which was dehydroxylated at C-26 by to-
sylation/LAH reduction to give an epimeric mixture of
the 3-ols. Jones oxidation of the mixture regenerated
a ketone, which is identical in all respects with 58-
cholestan-3-one prepared from authentic cholesterol
by means of Jones oxidation immediately followed by
treatment with hydrochloric acid in methanol,"* and
subsequent hydrogenation. This conversion fully es-
tablished the skeletal structure of 7, and thus of 1, in-
cluding absolute stereochemistry at C-8, -9, -10, -13,
-14, -17 and -20.

Upfield shifts of 26-H’s from 3.85/3.94 ppm in 1 to
3.43/3.50 ppm in 7 clarify that C-26 bears the acetate
in 1 and the sugar is attached at C-7. The axial ori-
entation of the C-7 oxygen, i.c. 7a-sugar col tion,
is based on J-values of the 7-H signal in the "H-NMR
spectrum of 1 (A in Fig. 2). It also explains the facile
dehydration accompanying methanolysis to give the
dienone system in 7 as shown by a red shift of the UV
absorption maximum to 285 nm.

In order to determine the configuration at C-25, the
sole chiral center remaining to be determined, a dia-
stereomeric pair of (+)- and (- )-methoxytrifluoro-
methylphenylacetates (MTPA esters) were pre-
pared from 7 respectively. It has been empirically
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shown that the lanthanide-induced shift for the OMe
'H-NMR signal of a primary carbinol (+)-MTPA ester
with R chirality at the a-carbon, or of an (a-§)-car-
binol (—)-MTPA ester, is larger than that of its dia-
stereomer.'* Addition of an equimolar Eu(fod), to an
uneven mixture of (+ )- and (— )-MTPA esters (ca 10:7)
of 7 in chloroform-d shifted the two OMe signals by
0.68 and 0.66 ppm, and addition of 2.8 molar equiva-
lents Eu(fod), shifted them by 2.05 and 2.00 ppm, re-
spectively. The larger downfield shift observed for the
more intense OMe signal of the (+)-MTPA ester de-
termines the C-25 configuration of 7, and therefore of
1, to be R.

Pavoninin-2. Lack of the O-acetyl as compared to 1
is the only difference recognizable in spectroscopic
data of 2. Thus 2 was suggested to be de-O-acetyl-1.
This was supported by the molecular ion peak at m/z
620, M + H)*, in FD-MS of 2 and established by
formation of identical peracetates from 1 and 2. Ap-
pearance of methylene signals at 3.33/3.40 ppm in the

H-NMR spectrum of 2 as expected in place of those
of 3.85/3.94 ppm of 1 also confirms regiochemical as-
signments of the sugar and the acetate groups in 1.

Pavoninin-3. Double resonance 'H-NMR measure-
ments of 3 in methanol-d, showed presence of the 8-
hexopyranoside, two acetyls which the IR spectrum
indicates to be an acetate [ymax 1730cm~'; § 2.03 ppm]
and a secondary acetamide (V. 1655, 1560 cm™!; &
1.98 ppm], two tertiary and two secondary methyls [
1.03 (s), 0.73 (s), and 0.93 ppm (6H, d, 7 Hz)], and the
moiety B (C-25, 26) {8 3.94 (dd, 11, 6 Hz) and 3.85 ppm
(dd, 11, 7 Hz)), all of which correspond to those in 1.
On the other hand, the NMR data show moieties C (C-
3 to -6) and D (C-14 to -17) in Fig. 3 instead of the
moiety A in 1. This difference agrees with absence of
an absorption maximum in the UV spectrum of 3 and
with its molecular formula of C;;Hg NOy, which has
two more hydrogens than 1; the formula is based on
the molecular ion peak at m/z 664, (M + H)", in the
FD-MS and on the ’C-NMR spectrum of 3.

Acetylation of 3 introduced four more acetyls to fur-
nish pavoninin-3 peracetate, whose 'H-NMR spectrum
in chloroform-d, besides characterizing the sugar to be
B-glcNACc as in the case of 1, indicates that C-15 (in D)
bears the sugar whereas C-3 (in C) bears an OH in 3.
Namely, 3-H shifted from 3.95 ppm to 4.98 ppm upon
acetylation, whereas 15-H did not show a downfield
shift. The axial orientation of the C-3 oxygen, i.e. 3a-
OH configuration, is again indicated by small half-band
widths of the 3-H signals in 'H-NMR spectra of 3 and
its tetraacetate, and is supported by moderate resis-
tance of the OH to conventional acetylation.

Fig. 3. Structural moeities C and D of 3, and its methanolysate 9. 'H-NMR data in methanol-d, (3) and in
chloroform-d (9).
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Acid methanolysis of 3 yiclded a steroid 9 as well as
methyl glucosaminide. Intensive double resonance 'H-
NMR measurements of 9 enabled one to unite moieties
C and D by connecting C-3 through C-16, thus sug-
gesting its structure to be as shown in Fig. 3. The ster-
oidal skeleton of 9, hence of 3, including all configu-
rations except at C-15, was established by chemical
correlation between 7 and 3, which was acco lphshed
by conversion of 3 to 8 in the following manner.
ful Jones oxidation of 3 immediately followed by acid
methanolysis** yielded dihydroxyenone 10, since C-15
was protected from oxidation by the sugar group. The
26-OH of 10 was then selectivel protected as silyl
cther by t-butyldimethylsilylation'’ in presence of ex-
cess neopentyl alcohol, which scavenges the silyl chlo-
ride prior to silylation of the 15-OH, but after the 26-
OH. After hydrogenation of the monosilyl ether 11 in
alkaline ethanol, the 58-3-one was dehydroxylated at
C-15 by O-phenyl thiocarbonylation and subsequent
reduction with tri-n-butylitin hydride.'® Deprotection of
the dehydroxylated product at the 26-oxygen yielded
hydroxyketone 8, which was obtained by hydrogena-
tion of 7 (vide supra). The correlations among pavo-
ninins-1 and -3 and authentic cholesterol are summa-
rized in Scheme 1.

Configuration at C-15 in 3 was determined by the
exciton chirality method on enone p-bromobenzoate
12 which was readily prepared from the monosilyl ether
11. The two chromophores in 12 which have their UV
absorption maxima in close proximity constitute a cou-
pled oscillator. According to the exciton chirality
method, the chromophores in the 15a-benzoate are
placed in negative chirality and hence predicted to give
rise to a split CD spectrum with a negative curve at
longer wavelength, whereas those in the 158-benzoate
in positive chirality would give rise to opposite CD
curves. The signs of the split CD spectrum of 12,
Asaaans +8/—12, establish the configuration at C-15
as a-OH in 11, or 155 in 3 (Fig. 4).

Pavoninin-4. Lack of an olefin is the only difference
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cholesterol

/
.,f W

K. TaciBana, M. Sakartani and K. NAKANISHI

readily recognizable in 'H- and *C-NMR spectra of 4
as compared to 3. Spectroscopic similarity between 4
and 3 otherwise, identification of the sugar as 8-gicNAc
by peracetylation and the '"H-NMR studies, and the
molecular ion peak at m/z 666, (M + H)”, in FD-MS
suggested 4 to be a dihydro analogue of 3. 'H- and *C-
NMR spectra of 4 in methanol-d, show its 10-Me sig-
nals at 0.81 and 11.9 ppm, respectively, being typical
for Sa-steroids, whereas a 58-steroid would show them
at lower-field for both the nuclei.”® A multiplet proton
signal at 3.94 ppm with W, 8 Hz, which was assigned
to 3-H, indicates orientation of the 3-OH to be axial,
thus a, as in 3.

An attempt to convert 3 to 4 directly by hydrogen-
ation over Pt in AcOH resulted in exclusive formation
of the A/B-cis isomer, or 5-epi-4, probably due to par-
ticipation of the sugar moiety which conceals the a-
side of the olefin. The cis-fusion of A/B rings in the
hydrogenation product was determined based on a
broad multiplet at 3.50 ppm for 3-ax-H in the NMR
spectrum, indicating inversion of A ring by hydrogen-
ation at the 8-side. Alternatively, validity of the struc-
ture, which was suggested for 4 by the spectroscopic
analogy, ¢.g. identical oxygenated sites to 3 in the skel-
eton, i.e. C-3, -15, and -26, was substantiated by chem-
ical correlations via pavoninin-5 (5} (vide infra).

Pavoninin-5. A signal at 3.39 ppm (it, 10, 4 Hz) in
the '"H-NMR spectrum of § in methanol-d, suggests an
equatorial OH at C-3 instead of the axial one as in 3;
this appeared to be the only difference between the two
in their NMR and other spectroscopic data. Aside from
the sugar moiety confirmed by acetylation shifts in the
'H-NMR spectra of 5 and its tetraacetate, identity of
the rest of the structure was established by oxidation
of § immediately followed by methanolysis to yield 10,
which was obtained from 3 by the same treatment (vide
supra). Reflecting the closest structural resemblance
to cholesterol, § is the most abundant of the six
pavoninins.

Pavoninin-6. The spectroscopic data of § and 6 sug-

I OH
8
c,d,e ~
b.h iya
0Sir-BuMes

~

Scheme 1, Chemical correlations among pavoninins-1 (1) and -3 (3) and cholesterol. Reugnu: (a) 5% HCV
MeOH, (b) Hy/Pd-C, 10 mM KOH/EtOH, (c) p-TsCl/Py, (d) LIAIH,/Et;0, (e) Jones oxidation, (f) 30% conc.
HCVYMeOH, (g) +-BuMe,SiCl, imidazole, +-BuCH;OH/DMF, (b)) PROCSCLPy, (i) n-Bu;SnH, AIBN/PhMe.



Pavoninins, shark-repelling and ichthyotoxic steroid N-acetylglucosaminides

degog +8

2 250

1031
\
! 0Sir-BuMey
- 0
"o, °
Br
300 am

V-

Beger -2

P4

Fig. 4. The CD spectrum of 12, whose two chromophores constitute a coupled oscillator of negative
chirality.

gested their structural similarity which had been in-
ferred by their chromatographic behaviors, Existence
of a disubstituted cis-olefin in 6, instead of the trisub-
stituted olefin in §, is indicated by its '"H-NMR spec-
trum in methanol-d, with signals at 5.69 (ddd, 10, 3, 2
Hz) and 5.25 ppm (br d, 10 Hz). Location of the cis-
olefin was determined to be at C-6, 7 by sequential
decoupling from 6-H through 15-H; 2.11 (br dd, 12, 10
Hz; 8-H), 1.32 (dd, 12, 9 Hz; 14-H), and 3.86 ppm (td,
9, 3 Hz; 15-H). Configuration at C-5 was determined
to be S5a-H, as in 4, by high-field chemical shifts of 10-
Me; 0.79 ppm for 'H's and 11.7 ppm for *C. J-values
of the 3-H signal at 3.55 ppm (tt, 10, 4 Hz) indicated
the 3-OH to be equatorial, thus 8, as in §.
Hydrogenation of 6 over Pt in AcOH yielded dihy-
dro-6. Corresponding hydrogenation of § yielded an
epimeric mixture at C-5, which was not readily sepa-
rable by either normal or reverse phase HPLC, in a
ratio of ca 4:1 based on intensity of 10-Me signals at
0.97 (58) vs 0.83 ppm (Sa) in its '"H-NMR spectrum.
Furthermore, the more abundant 58-isomer gives rise
to a narrow 3-¢q-H signal at 4.03 ppm, thus indicating
inversion of ring A upon hydrogenation of § at the 8-
side. All signals attributed to the minor Sa-isomer in
the 360 MHz 'H-NMR spectrum are superimposable
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upon those in the spectrum of dihydro-6, thereby
chemically correlating § and 6 to each other,

Finally, both 4 and dihydro-6 were subjected to
Jones oxidation followed by acid methanolysis, yield-
ing the identical dihydroxyketone 13, and thus con-
cluding the chemical correlations among the six pa-
voninins 1 to 6. The correlations among 3 to 6 are
summarized in Scheme 2. The *C-NMR data of the
six pavoninins (Table 1) corroborate the presence of
the common cholestane skeleton.

Shark-repellent activity. In order to examine whether
the pavoninins, which were isolated on the basis of
their ichthyotoxicity, function as repellents against
predatory fishes, qualitative assays were carried out
with the pavoninins and the dog shark Mustelus gri-
seus. When the baited shark was exposed to pavoni-
nins ejected around the bait from a stainless-steel pipe
dipped in the water, it tended to turn around imme-
diately and swim away, though clear concentration de-
pendency could not be obtained. Repeliency of the
cjection appeared to depend more on whether it hit the
shark’s nostrils. No escape behavior was brought
about by the proteinaceous precipitate. The shark,
however, spat out the bait which had been smeared
with the precipitate. These observations hinted that the

o, b

—— 5 6

dihydro- §

Scheme 2. Chemical correlations among pavoninins-3 to -6 (3-§). Reagents: (a) Jones oxidation, Ny, (b)
30% conc. HCUMeOH, (c) Ha/Pt, AcOH, (d) Jones oxidation, (¢) 5% HCI/MeOH.
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Table 1. '*C-NMR chemical shifts (5 in ppm) of pavoninins-1 to -6 (1 to 6) in methanol-d,. Carbons were assigned based on
INEPTR measurements, mutual comparison, and comparison of published data®

Be 1 2 3 4 s s
1 3.5 36.5 1By 338 38.6 35.8
2 348 348 296 30.1 32.3 320
3 W19 2019 618 6.1 T2.4 7.8
4 1267 1266 40.3 3.8 4.0 37.0
5 I3 113 1396 00 1418 459
6 313 73 112 %6 1128 130.7
7 79 74.0 3.6 33.4 33.5 130.8
8 407 40.7 2.9 3.5 33.0 8.9
9 462 6.2 51.2 55.7 SLS 51.9
10 397 39.7 8.2 37.2 3.7 35.2
1219 219 216 217 219 2.0
12 404 0.4 400 9.8 4.0 39.5
13 434 a4 a3 a8 4.5 “s
14 506 0.5 61.8 62.2 61.9 60.4
15 42 4.2 85.7 85.2 85.7 84.4
16 293 2.3 412 4.4 4.2 K
17 712 512 5.0 $5.1 55.0 552
18 13 122 1.5 13.8 13.5 13.9
9 13 174 19.4 1.9 200 17
20 30 37.0 3.5 36.5 36.5 36.6
21192 19.2 19.1 9.1 19.1 19.0
n 32 373 37.0 37.0 3.0 7.0
23 242 244 %.3 243 4.3 244
4 348 348 4.7 34.7 34.7 347
25 338 36.9 137 3.7 3.7 337
% 706 68.5 70.6 70.6 0.6 70.6
7 17.1 17.1 17.1 171 17.1
% 90 1038 1038 1039 1035
PR s1.2 578 57.7 5.7 519
¥ 159 75.9 76.1 76.0 76.2 7.3
¢ 73 72.3 722 722 72.2 n2
¥ 77 7.6 7.5 7.5 746 .3
& 632 63.1 63.0 63.0 63.0 6.0
OAc:CO 1733 — 1 1m0 1730 1734
*:Me 208 - 20.8 20.9 209 20.9
NAc:CO 1733 1733 1734 1733 1734 1736
*i:Me 236 2.6 234 2.3 234 2.5

pavoninins are repellents which act on the shark’s ol-
factory sense, whereas the proteinaceous toxin is an
antifeedant which acts on its gustatory sense.

Recently, a shark-repellent assay based on termi-
nation of tonic immobility of the shark (TT test) has
been developed by Gruber for the purpose of screening
potential shark repellents, and has been used success-
fully for screening a series of surfactants, including the
ichthyocrinotoxic secretion from the Moses soie.” Ac-
cording to preliminary TI tests on the lemon shark Ne-
gaprion brevirostris at Miami, the pavoninins have
been shown to be relatively strong repellents by acting
reproducibly on buccal receptors as well as on the ol-
factory rosette at a concentration of 5 mg/mL.* The
sole can discharge more than 70 mg of pavoninins at
once based on the isolation yield (vide supra), and the
discharge takes place at the last moment of the attack
by a predator’ so that the toxin may reach the senses
of the attacker before much dilution. If one considers
these facts, the pavoninins may well achieve their func-
tion as repellents against predators.

EXPERIMENTAL

IR spectra were recorded of sample films on a Hitachi EPI-
G2 spectrophotometer, or on a Nicolet 7199A FT-IR spec-
trometer. IR data represent vp,, in ¢cm ', EI- and SI-MS's
were recorded on 8 Hitachi M-80 mass spectrometer. FD-
MS’s were recorded on the Hitachi instrument or on a Jeol
JMS-01SG-2 mass spectrometer. MS data represent m/z (an
interpreted positive ion, or the site of fission with positive
charge/the site of fission with neutral charge, relative inten-
sity). '"H-NMR spectra were recorded on a Nicolet NT-360
spectrometer at 360 MHz. TMS was used as the standard at
0.00 ppm for measurements in CDCh or in CDCL/CD0D.
A signal at 3.30 ppm for C'HD,0D was used as the standard

for measurements in CD;0D. The difference spectrum tech-
nique was frequently used in double resonance measurements
to observe decoupling of overlapping signals. 'H-NMR data
represent 5 in ppm (multiplicity, J-value(s) in Hz; assign-
ments). *C-NMR spectra were recorded on a Jeol FX100
spectrometer at 25 MHz. A signal for *CD;OD was used as
the standard at 49.0 ppm. UV spectra were recorded on a
Shimadzu UV-210A double-beam spectrophotometer. UV
data represent Amax in nm. CD spectra were recorded on a
Jasco J-20C spectropolarimeter. Optical rotations were meas-
ured with a Perkin-Elmer 16! polarimeter.

Kieselgel 60, E. Merck, was used for silica gel column chro-
matography (230400 mesh), and for tlc unless otherwise men-
tioned. Preparative silica-gel HPLC was performed with a Ra-
dial Pack B column, Waters Assoc.

Ichthyotoxicity. A lipophilic sample of known weight was
dissolved in 0.1 mL of EtOH and diluted with water, or a
hydrophilic sample in 0.05 M phosphate buffer (pH 7.2), to a
volume of 10 mL.. An individual of the Japanese killifish Ory-
zias latipes was put in the soln, and death time was measured.
The reciprocal of death time was plotted vs a series of con-
centrations, and | hr lethal concentration (LCso) was obtained.

Hemolytic activity, A lipophilic sample of known weight
was dissolved in 20 uL of EtOH and diluted with 0.15 M choline
chloride in Tris-HCl buffer (pH 7.4), or a hydrophilic sample
directly in the isotonic buffer, 10 a volume of 2 mL. 1 mL
rabbit erythrocyte suspension (6 % 107 cell) in the same is-
otonic buffer was added to the sample soin, and the whole
suspension was incubated at 37° for 20 min. It was then cen-
trifuged at 2000 rpm for 10 min, and absorbance at 560 nm
was recorded for the supernatant. Absorbance for the super-
natant from the incubated control suspension (i.e. 2 X 107
cell) was taken as 0% hemolysis, and absorbance for the su-
pernatant from the erythrocyte suspension diluted with dis-
tilled water threefold was taken as 100% hemolysis. A 50%
hemolysis concentration was obtained by the probit method
with a series of sample dilutions. Thus obtained hemolytic
activity is expressed as relative activity to that of standard
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saponin (E. Merck) on the erythrocyte suspension from the
same lot. 1 saponin unit (SU) stands for a hemolytic activity
equivalent to |1 mg standard saponin.

Isolation of pavoninin-1 to -6 (1~6). Lyophilized secretion
of P. pavoninus, 14 discharges from 7 specimens (30 g; LCso
ca 100 ug/mL), was dissolved in 350 mL 0.1 M aqueous am-
monia, then diluted tenfold by cold acetone with agitation.
The resulting suspension was allowed to stand at 4° overnight,
then a white ppt was filtered off. The procedure was repeated
with the ppt, and bioactivities of the first ppt were recovered
in the second ppt (10.66 g; LCso ca 60 ug/mL, 0.018 SU/mg).

The combined filtrate was evaporated to dryness and ex-

tracted with 3 portions of 400 mL EtOAc from 400 mL water.
Solvent was evaporated from the organic extract to give a
yellow oil (1.256 g), which was applied to a silica gel (40 g)
column and eluted consecutively with 250 mL each of CHCl;,
and 5, 10, 25 and 60% MeOH in it. More than 90% of both
bioactivities were recovered in the eluates with 10 and 25%
MeOH, which were combined to give a mixture of pavoninins
(992 mg; LCy 8.5 ug/mL, 0.92 SU/mg), whose silica gel tic
(25% MeOH/CHCl,) showed two spots at R, 0.6 and 0.5. The
cluates with CHCl; (65 mg; LCso ca 50 ng/mg, < 0.05 SU/
mg), with 5% MeOH (42 mg ; LCs ca 50 ug/mL, 0.15 SU/
mg), and with 60% MeOH (136 mg; LCsq ca 20 ug/mL, 0.38
SU/mg) retained only a minor part of activities. The pavoni-
nins in the shark assays are composed of this pavoninins mix-
ture.
The mixture (884 mg) was separated by repeated silica gel
column chromatography (10-25% MeOH/CHCl;) into two
fractions corresponding to the tic spots. Reverse-phase col-
umn chromatography (LiChroprep RP-8, E. Merck; 80% aq
MeOH) of the less polar fraction (145 mg) yielded a single
major component, pavoninin-1(1; 111 mg), [a]® +19°(c 1.1,
CHCl,); IR: 3330, 1740, 1660, 1650 (sh), 1550, 1235 and 1080;
SI-MS (glycerol matrix): 684 (M + Na)*, 1.0%), 662 (M +
H)*, 2.0%), 441 (M + H)* - HOglcNAc, 6.5%) and 204
(glcNAc ™, 100%); FD-MS: 440 (M * - HOglcNAc, 100%) and
221 (HOgIcNAc™, 21%); '"H-NMR(CD;OD): 4.42 (d, 9; 1'-H),
3.88 (dd, 12, 2; 6’-H,), 3.59 (dd, 12, 6; 6'-H,), 3.59 (dd, 10,
9; 2°-H), 3.45 (dd, 10, 9; 3'-H), 3.32 (dd, 10, 9; 4'-H), 3.26
(ddd, 10, 6, 2; 5'-H), 2.48 (ddd, 17, 15, §; 28-H), 2.28 (br d,
17; 2a-H), 2.07 (m; 18-H), 2.03 (3H, s; OAc), 1.80 (3H, s; N-
Ac), 1.68 (m; la-H), 1.22 (3H, s; 10-Me), 0.94 (3H, d, 7. 20-
Me), 0.93 (3H, d, 7; 25-Me), 0.73 (3H, s; 13-Me), and others
in Fig. 2; 3*C-NMR(CD;0D): see Table 1; UV(MeOH): 244
(log € 4.1).

The eluate from the same chromatography of the more polar
fraction (617 mg) was further fractionated into four. The ear-
liest eluate yielded pavoninin-2 (2; 34 mg), [a)¥ +31°(c 1.6,
EtOH); IR: 3300, 1650, 1550 and 1070; FD-MS: 642 (M +
Na)*, 22%), 620 (M + H)*, 40%), 398 (M* - HOglIcNAc,
100%) and 381 (M* -~ HOglcNAc - H,0, 10%);, 'H-
NMR(CD;0D): 5.74 (br s; 4-H), 4.42 (d, 9; 1'-H), 4.03 (ud, 3,
2; 7-H), 3.88 (dd, 12, 2; 6'-H,), 3.69 (dd, 12, 6; 6'-Hy), 3.59
(dd, 10, 9; 2'-H), 3.45 (dd, 10, 9; 3"-H), 3.40 (dd, 11, 6; 26-
H,), 3.33 (dd, 11, 4; 26-Hy), 3.32 (dd, 10, 9; 4’-H), 3.26 (ddd,
10, 6, 2; 5'-H), 2.62 (dd, 15, 3; 6a-H), 2.48 (ddd, 17, 15, 3;
28-H), 2.46 (dd, 15, 3; 68-H), 2.28 (br d, 17; 2a-H), 1.79 3H,
s; N-Ac), 1.67 (1d, 11, 2; 8-H), 1.22 (3H, s; 10-Me), 0.94 (3H,
d, 7; 20-Me), 0.90 (3H, d, 7; 25-Me) and 0.73 (3H, s; 13-Me);
BC-NMR(CD;0D): sec Table 1; UV(EtOH): 244 (log € 4.0).

The next eluate yielded pavoninin-3 (3; 143 mg), («]F
+15° (¢ 0.7, EtOH); IR: 3330, 1730, 1655, 1560, 1240 and
1075; FD-MS: 664 (M + H)*, 100%), 663 (M*, 79%), 646
(M + H)*" - H;0, 12%), 621 M* - H,C-C-0, 52%) and
204 (glcNAc*, 12%); 'H-NMR(CD;0D): 4.40 (d, 8; 1'-H),
3.94 (dd, 11, 6; 26-H,), 3.85 (2H. dd, 12, 3; 6'-H, and dd, 11,
7; 26-Hp), 3.69 (dd, 12, 5; 6-H,), 3.61 (dd, 10, 8; 2’-H), 3.44
(dd, 10, 9; 3'-H), 3.33 (dd. 10, 9; 4'-H), 3.23 (ddd, 10, S, 3;
5'-H), 2.03 (3H, s; OAc), 1.98 (3H, s; N-Ac), 1.76 (m; 25-H),
1.35 (m; 20-H), 1.03 (3H, s; 10-Me), 0.93 (6H. d, 7; 20- and
25-Me’s), 0.73 (3H, s; 13-Me), and others in Fig. 3; "C-
NMR(CD;0D): see Table 1.
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The last eluate yielded pavoninin-4 (4; 49 mg), [a)¥ +36°
(c 0.8, EtOH); IR: 3320, 1735, 1655, 1560, 1240 and 1075; FD-
MS: 688 (M + Na)*, 37%), 666 (M + H)*, 100%) and 624
(M + H)" - H,C-C-0, 23%); '"H-NMR(CD;0D): 4.39 (d,
8; 1'-H), 3.94 (2H, m, W, 8; 3-H and dd, 11, 6; 26-H,), 3.85
(2H, dd, 12, 2; 6'-H, and dd, 11, 7; 26-H,), 3.69 (dd, 12, 6;
6'-Hy), 3.67 (1d, 9, 3; 15-H), 3.59 (dd, 10, 8; 2'-H), 3.43 (dd,
10, 9; 3°-H), 3.33 (1, 9; 4°-H), 3.23 (ddd, 9. S, 2; 5'-H), 2.18
(ddd, 15, 8, 3; 16a-H), 2.03 (3H, s; OAc), 1.93 (3H, s; N-Ac),
1.79 (ddd, 15, 10, 9; 168-H), 1.27 (td, 10, 8; 17-H), 1.15 (dd,
11, 9; 15-H), 0.92 (3H, d, 7; 25-Me), 0.91 (3H, d. 6; 20-Me),
0.81 (3H, s; 10-Me) and 0.70 (3H., s; 13-Me); ’C-
NMR(CD;0D): see Table 1.

The third eluate yielded a mixture of two components (272
mg), which was separated through a column of silica gel (50—
100 mesh) impregnated with 10% AgNO; (15-209% MeOH/
EtOAc). The component in the earlier cluate was extracted
by the lower layer of a two-phase mixture, CHCl;-MeOH-~
water (7:18:8), from the upper layer which removed AgNO;.
Purification of the extract through a silica gel column (18%
MeOH/CHCIl,) yielded pavoninin-5 (5; 210 mg), [«])¥ +21°(c
0.7, EtOH); IR: 3300, 1725, 1650, 1555, 1240 and 1080; FD-
MS: 664 (M + H)", 84%), 663 (M*, 100%), 646 (M + H)*
- H:0, 24%), 645(M* — H70, 25%)and 621 (M* - H,C-C
-0, 70%); '"H-NMR(CDsOD): 5.37 (br d, 4; 6-H), 4.38 (d, 8;
1'-H), 3.94 (dd, 11, 6; 26-H,), 3.85 (2H, dd, 11, 2; 6'-H, and
dd, 11, 7; 26-Hy), 3.71 (td, 9, 3; 15-H), 3.69(dd, 11, 5; 6'-H,),
3.62 (dd, 10, 8; 2'-H), 3.42 (dd, 10, 9; 3'-H), 3.39 (1, 10, 4;
3-H), 3.33(dd, 10, 9; 4'-H), 3.23 (ddd, 9. $, 2; 5'-H), 2.22 (2H,
m; 4-H,), 2.17 (ddd, 15, 9, 3; 16a-H), 2.03 (3H, s; OAc), 1.96
(3H, s; N-Ac), 1.02 (3H, s; 10-Me), 0.92 (6H, d, 7; 20- and
25-Me’s) and 0.73 (3H, s; 13-Me); "*C-NMR(CD,0D): sce
Table 1.

The component in the later eluate was extracted by 10%
MeOH in CHCI; from water. Solvent removal and purification
through a silica gel column (18% MeOH/CHCI;) yielded pa-
voninin-6 (6; 44 mg), [a]¥ —25°(c 2.4, EtOH); IR: 3300, 1720,
1640, 1540, 1240, 1070 and 720; FD-MS: 686 (M ~ Na)*,
65%), 664 (M + H)*, 100%) and 663 (M~, 33%); 'H-
NMR(CD;0D:; assignments partially aided by a 2D 'H-'H cor-
relation measurement): 5.69 (ddd, 10, 3, 2; 7-H), 5.25 (br d,
10; 6-H), 4.48 (d, 8; 1’-H). 3.94 (dd, 11, 6; 26-H,), 3.86 (1d,
9,3, 15-H), 3.85 (2H, dd, 12, 2; 6'-H,, and dd, 11, 7; 26-H,),
3.69 (dd, 12, 6; 6-Hy), 3.61 (dd, 10, 8; 2'-H), 3.55 (11, 10, 4;
3-H), 3.43 (dd, 10, 9; 3'-H), 3.33 (1. 9; 4'-H), 3.25 (ddd, 9, 6,
2; 5'-H), 2.22 (ddd, 15, 8, 3; 16a-H), 2.11 (br dd, 12, 10; 8-
H), 2.03 3H, s; OAc), 1.97 (3H, s; N-Ac), 1.89 (m; 5-H), 1.82
(ddd, 15, 10, 9; 168-H), 1.78 (m; 25-H), 1.36 (m; 20-H), 1.32
(dd, 12, 9; 14-H), 1.02 (ddd, 12, 10, 3; 9-H), 0.92 (3H, d, 7;

+ 25-Me), 0.91 (3H, d, 6; 20-Me), 0.79 (3H, s; 10-Me) and 0.74

(3H, s; 13-Me); '*C-NMR(CD;0D): see Table 1.

Acetylation of 1. Pavoninin-1 (1; 5.5 mg) was treated with
0.1 mL Ac,Oin 0.5 mL pyridine at room temp overnight. After
addition of MeOH and solvent removal as the benzene azeo-
trope, the product was purified through a silica gel column
(3% MeOH/CHCI,) to yield 1 triacetate (5.8 mg); IR: 3350,
1740, 1665, 1655 (sh), 1540, 1235 and 1040; EI-MS: 787 (M ",
0.3%), 727 (M* - AcOH, 0.2%), 440 (M* - HOglcNAc-Ac;,
100%), 330 (glcNAc-Ac3, 8%) and 269 (C-17°20 -
HOgIcNAc-Ac;, 25%); 'H-NMR(CDCl;): 5.65 (br s; 4-H),
5.43 (br d, 9, D,O exchangeable; NH), 5.23 (dd, 11, 9; 3'-H),
5.06 (dd, 10, 9; 4'-H), 4.65 (d, 8; 1"-H), 4.19 (dd, 12, 5. 6'-
H,), 4.14 (dd, 12, 3; 6'-Hy), 3.95 (m; 7-H), 3.94 (dd, 11, 6; 26-
H,), 3.85 (dd, 11, 7; 26-Hy), 3.84 (ddd, 11, 9, 8; 2'-H), 3.66
(ddd, 10, §, 3; 5'-H), 2.50 (dm, 15; 6-H,), 2.42 (ddd, 17, 15,
5; 28-H), 2.39 (dm, 15; 6-H,), 2.34 (dm, 17; 2a-H), 2.08 (3H,
s; OAc), 2.06 (3H. s; OAc), 2.03 (3H, s; OAc), 2.02 3H, s;
OAc), 1.80 (3H, s; N-Ac), 1.18 (3H, s; 10-Me), 0.93 (3H, d,
7, 25-Me), 0.91 (3H, d, 7; 20-Me) and 0.67 (3H, s; 13-Me);
UV(MeOH): 242 (log ¢ 4.1).

Methanolysis of 1. Pavoninin-1 (1; 10 mg) was treated with
2 mL 5% HCl in MeOH at 64° for 2 hr. After solvent removal,
the residue was partitioned between water and EtOAc. Sol-
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vent removal from the aqueous layer as the 2-propanol azeo-
trope and elution through a reverse-phase column (Sep-Pak
Cis. Waters Assoc.; H;0) yielded an anomeric mixture of
methyl b-glucosaminidium salts (1.5 mg), which gave a nin-
hydrin-positive spot at R, 3.8 on silica gel tic (n-BuOH-
AcOH-H;0 (4:1:1)). The mixture was treated with 0.1 mL
pyridine and 0.2 mL Ac;0 in | mL MeOH at room temp for
2 hr. After solvent removal as the benzene azeotrope, the
residue was treated with p-bromobenzoy! chloride (6 mg) and
N,N-dimethyl-4-aminopyridine (3 mg) in 1 mL pyridine at 60°
overnight. After addition of ! mL MeOH and solvent removal
as the benzene azeotrope, the major product was eluted
through a silica gel column (67% EtOAc/hexane) and purified
by silica gel HPLC (33% EtOAc/hexane) to yield methyl a-
N-acetyl-p-glucosaminide tri-p-bromobenzoate; FD-MS: 788,
786, 784 and 782 (M + H)*, 8, 15, 15 and 9%), and 43 (Ac*,
100%); "H-NMR(CDCl;): identical to that of the tri-p-bro-
mobenzoate correspondingly prepared from authentic N-ace-
tyl-p-glucosamine (methanolysis, N-acetylation, and O-p-bro-
mobenzoylation); 7.88 (2H, d, 9; Bz,-m-H’s), 7.76 (2H, d, 8;
Bz,-m-H’s), 7.73 (2H, d, 8; Bz.-m-H's), 7.58 (2H, d, 9; Bz,-
o-H's), 7.50 2H, d, 8; Bzy-0-H"s), 7.49 (2H, d, 8; Bz-0-H's),
5.82(d, 9, D;O exchangeable; NH), 5.63 (t, 10; 3-H), 5.60 (dd,
10, 9; 4-H), 4.85 (d, 3; 1-H), 4.59 (ddd, 10, 9, 3; 2-H), 4.56
(dd, 13, 3; 6-H,), 4.42 (dd, 13, 5; Hy), 4.28 (ddd, 9, §, 3; 5-
H), 3.50 (3H, s; OMe) and 1.88 (3H, s; N-Ac); UV(MeOH):
246, CD(MeOH, based on absorbance at A max of UV, where
£ was assumed to be 57,200”): Aexy +9, Aeasy —20.

After solvent evaporation from the organic layer of the

methanolysate, the major component was purified by silica

gel HPLC (3% EtOACc/CH,Cl,) to yield 7 (4.6 mg); IR: 3440,
1660, 1610 and 1030; EI-MS: 398 (M ", 100%), 269 (C-17* /20,

ments in Fig. 2): 6.14 (ddd, 10, 2, 1), 6.09 (dd, 10, 2), 5.67 (br
s), 3.50 (dd, 10, 6), 3.43 (dd, 10, 7), 2.57 (ddd, 18, 14, 5), 2.43
(dddd, 18, 5, 2, 1), 2.19 (br t, 10), 2.06 (dt, 13, 3), 2.00 (ddd,
13, 5, 2), 1.71 (ddd, 14, 13, 5), 1.61 (m), 1.54 (dtd, 13, 4, 3),

1.43 (2H, twdd, 13, 12, 3; 118-H, and m; 20-H), 1.21 (1d, 13, .

4), 1.20 (ddd, 12, 10, 4), 1.11 (3H, s), 0.93 3H, d, 7), 0.92
(3H, d, 7) and 0.76 (3H, s); UV(MeOH): 286.
Hydrogenation of 7. Hydroxydienone 7 (6 mg) was stirred
with 5% Pd-C (5 mg) in S mL 10 mM ethanolic KOH under H;
at room temp for 50 min. After removal of Pd-C by filtration,
solvent evaporation, and elution through a silica gel column
(3% MeOH/CHCL,), the major product was purified by silica
gel HPLC (10% EtOAc/CH,Cl,) to yield 8 (2.9 mg); IR: 3400,

1710 and 1035; EI-MS: 402 (M*, 100%), 332 (C-5;10"/4;1, .

71%) and 231 (C-13;14*/17;15 - H, 73%); 'H-NMR(CDCl;):
3.50 (m; 26-H,), 3.43 (m; 26-H,), 2.70 (dd, 15, 14; 4a-H), 2.34
(td, 15, 6; 2a-H), 2.16 (dm, 15; 28-H), 1.02 (3H, s; 10-Me),
0.92 (6H, d, 7; 20- and 25-Me's) and 0.68 (3H, s; 13-Me).
Dehydroxylation of 8. Hydroxyketone 8 (5 mg) was treated
with p-tosyl chloride (10 mg) in 0.5 mL pyridine at 4° over-
night. After solvent removal as the toluene azeotrope, the
product was purified through a silica gel column (CH,Cl;) to
yield ketone tosylate (5.5 mg). The tosylate was stirred with
LAH (10 mg) in 3 mL dry diethyl ether at room temp for 1
hr, then under reflux for 10 min. EtOAc (0.1 mL) and MgSO,
(500 mg) was added sequentially to the mixture, which was
then filtered. Solvent removal from the filtrate yielded an epi-
meric mixture of 58-cholestan-3-ols (4.0 mg), which was
treated with 5 pL. Jones reagent (2 M chromium(V1) oxide in
32% aqueous H;SO,) in 1 mL acetone at room temp for 20

min. After addition of 0.1 mL 2-propanol, solvent evaporation, .

and extraction by diethyl ether from water, the product was

purified through a silica gel column (CH;Cl;) to yield S8-cho-

lestan-3-one (3.6 mg), whose spectroscopic data are identical
to those of a sample prepared from authentic cholesterol; IR:
1715; EI-MS: 386 (M™, 100%), 316 (C-5;10" /4;1, 40%) and
231 (C-13;14* /17;15 ~ H, 74%); 'H-NMR(CDCl;): 2.70 (dd,
15, 14; 4a-H), 2.34 (1d, 15, 6; 2a-H), 2.16 (dm, 15; 28-H), 1.02
(3H, 3; 10-Me), 0.92 (3H, d, 7; 20-Me), 0.88 (3H, d, 7; 25-
Me,), 0.87 (3H, d, 7; 25-Mep) and 0.68 (3H, s; 13-Me);
CD(MeOH): Aeyss —0.5.

K. TACHIBANA, M. SakarTant and K. NAKANISHI

(+)-and(— )-MTPA'ation of 1. Hydroxydienone 7 (2.0 mg)
was treated with freshly distilled (+)-methoxytrifluoro-
methylphenylacetyl chloride (large excess) in 1 mL pyridine—
CCL (1:1) at 60° overnight. After solvent removal as the
benzene azeotrope and extraction by diethyl ether from
water, the product was eluted through a silica gel column
(CHCl;) and purified by silica gel HPLC (17% EtOAc/hexane)
to yield 7 (+)-MTPA ester (2.0 mg); IR: 3060, 1750, 1665,
1620, 1270, 1170, 1025, 875 and 710; EI-MS: 615 (M *, 100%),
269 (C-17-10, 18%) and 189 ((MeO)CF,)PhC*, $6%);
'H-NMR(CDCly): 7.52 (2H, m; Ph-o-H's), 7.40 (3H, m;
Ph-m- and -p-H's), 6.14 (br d; 10, 7-H), 6.10 (dd, 10, 2; 6-H),
5.67 (s; 4-H), 4.24 (dd, 11, 6; 26-H,), 4.08 (dd, 11, 7; 26-Hy),
3.55 (3H, q, < 1; OMe), 2.57 (ddd, 18, 14, 5; 28-H), 2.43 (br
dd, 15, §; 2a-H), 2.19 (br t, 10; 8-H), 2.05 (dt, 12, 3; 128-H),
2.00 (ddd, 13, S, 2; 18-H), 1.71 (ddd, 14, 13, §; 1a-H), 1.11
(3H, s; 10-Me), 0.91 3H x 2, d, 7; 25-Me and d, 6; 20-Me)
and 0.75 (3H, s; 13-Me).

Treatment of 7 with (—)-methoxytrifluoromethylphenyl-
acetyl chloride with the same procedure as above yielded 7
(—)-MTPA ester; IR: 3060, 1750, 1665, 1620, 1265, 1170, 1025,
875, 720 and 670; EI-MS: 615 (M*, 100%), 269
(C-177/20, 13%), and 189 ((MeO)CF;)PhC*, 38%);
'H-NMR(CDCl;): 4.16 (2H, d, 6; 26-H,), 0.92 (3H, d, 7;
25-Me), 0.90 (3H, d, 6; 20-Me), and others indistinguishable
from signals in the spectrum of the (+)}-MTPA ester.

A 10:7 mixture of the (+)- and (- )-MTPA esters; '"H-NMR
(with 1 mol equiv Eu(fod); in CDClL): 10.19 (4-H), 7.90 (Ph-
o-H’s), 7.52 (Ph-m- and p-H's), 7.49 (2-H,), 7.02 (6-H), 6.53
(7-H), 4.45 (26-H, of (+)-MTPA), 4.36 (26-H; of (- )-MTPA),
4.29 (26-Hp, of (+)MTPA), 4.18 (OMe of (+)-MTPA), 4.16

y (OMe of (—)»-MTPA), 3.78 (1a-H), 3.25 (18-H), 3.04 (8-H),
19%) and 136 (C-7;10" /8;9, 30%); 'H-NMR(CDCl,; assign- .

2.38 (128-H), 2.27 (10-Me), 1.07 (20-Me), 1.02 (13-Me);
1.03 (25-Me of (-)-MTPA) and 1.02 (25-Me of (+)-
MTPA), 'H-NMR (with 2.8 mol equiv Eu(fod); in CDCl,):
14.86 (4-H), 11.40 (2-H,), 9.01 (Ph-0-H's of (+)-MTPA),
8.98 (Ph-o0-H's of (—)-MTPA), 7.81 (6-H), 7.78 (Ph-m- and
-p-H's), 6.77 (7-H), 5.60 (OMe of ( +)-MTPA), 5.55 (OMe
of (—)-MTPA), 5.43 (1a-H), 4.95 (26-H, of (+)-MTPA),
4.85 (26-H; of (~)-MTPA), 4.78 (26-H, of (+)-MTPA),
4.25(18-H),3.70(8-H), 3.20(10-Me), 2.98 (9-H), 2.79 (1 1 a-
H), 2.63 (128-H), 2.50 (118-H), 1.25 (13-Me), 1.21 (20-Me)
and 1.19 (25-Me).

Acetylation of 2. Pavoninin-2 (2; 2.7 mg) was treated with
0.2 mL Ac;0 in I mL pyridine at room temp overnight. After
the same work-up as acetylation of 1, the product was purified
through a silica gel column (50% EtOAc/CHCLy) to yield 2
tetraacetate (2.9 mg); IR, EI-MS, 'H-NMR(CDCl;) and
UV(MeOH): all identical to those of 1 triacetate.

Acertylation of 3. Pavoninin-3 (3; 3.3 mg) was treated with

- 30 uL Ac20in 0.3 mL pyridine at room temp overnight. After

the same work-up as acetylation of 1, the residue was applied
on a silica gel column. Elution with 50% EtOAc in benzene
yielded 3 tetraacetate (2.4 mg); IR: 3280, 1730, 1650, 1540,
1230 and 1040; EI-MS: 831 (M*, 7%), 771 (M* - AcOH,
1.1%), 424 M* - HOgIcNAc-Ac; - AcOH, 100%), 330
(glcNAc-Ac3, 61%), and 158 (C-8;11 7 /14;12 - 2H - AcOH,
48%); 'H-NMR(CDCl,): 5.45 (d, 9, D,O exchangeable; NH),
5.20 (ddm, 11, 10; 3’-H), 5.17 (m; 6-H), 5.03 (t, 10; 4'-H), 4.98
(m, W, 8; 3-H), 4.57 (d, 8; 1’-H), 4.19 2H, d, 4; 6'-H;), 3.93
(dd, 11, 6; 26-H,), 3.89 (ddd, 11, 9, 8; 2'-H), 3.85 (dd, 11, 7;
26-Hy), 3.65 (m; 15-H), 3.64 (dt, 10, 4; 5’-H), 2.47 (dm, 15;
4a-H), 2.19 (dm, 15; 48-H), 2.07 (3H, s; OAc), 2.06 (3H, s;
OAc), 2.03 BH x 2, s x 2; OAc x 2), 2.01 (3H, s; OAc),
1.93 (3H, s; N-Ac), 1.27 (t, 10; 14-H), 1.00 (3H, s; 10-Me),
0.92 (3H, d, 7; 25-Me), 0.90 (3H, d, 6; 20-Me) and 0.68 (3H,
s; 13-Me).

Further elution with EtOAC yielded 3 3'0,4'0,6'O-tri-
acetate (1.5 mg); IR: 3450, 3300. 1740, 1655, 1540, 1235
and 1040; EI-MS: 789 (M*, 2%), 771 (M~ - H,0, 3%),
729(M* - AcOH, 4%),424 (M * - HOgIcNAc-Ac; - H;0,
100%), 330 (glcNAc-Ac}, 36%), 288 (glcNAc-Acy -
H,C-C-0, 40%), and 158 (C-8;11*/14;12 - 2H - H,0,
57%); 'H-NMR(CDCl,): 5.45 (d, 9; NH), 5.32 (m; 6-H),
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5.30 (dd, 11, 10; 3'-H), 5.03 (1, 10; 4'-H), 4.67 (d, 8; I"-
H), 4.19 (2H, d, 4; 6'-H;), 4.00 (m, W2 15; 3-H), 3.93
(dd, 11, 6; 26-H,), 3.84 (dd, 11, 7; 26-Hy), 3.77 (ddd. 11,
9, 8; 2'-H), 3.66 (2H, m; 15-H and dt, 10, 4; 5-H), 2.57
(dm, 15; 4a-H), 2.07 (3H, s; OAc), 2.06 (3H, s; OAc). 2.03
(6H, s; OAc x 2), 1.94 (3H, s; N-Ac), 1.46 (d, 7: OH),
1.25 (t, 4; 14-H), 1.01 (3H, s; 10-Me), 0.92 (3H, d, 7; 25-
Me), 0.90 (3H. d, 6; 20-Me) and 0.68 (3H, s; 13-Me).

Methanolysis of 3. Pavoninin-3 (3; 14.4 mg) was treated
with 2 mL 5% HCl in McOH at 64° for 6 hr. After solvent
evaporation, the residue was partitioned between EtOAc
and water. Solvent removal from the aqueous layer as the
2-propanol azeotrope and elution through a polystyrene
(SM-2, BioRad Lab.) column (H;0) yielded an anomeric
mixture of methyl-p-glucosaminidium salts, which gave a
ninhydrin-positive spot at the same Ry on the tic as the
methanolysate of 1. After solvent evaporation from the
organic layer, the major component was purified through
a silica gel column (2-10% MeOH/CHCI,) to yield enetriol
9 (6.6 mg); EI-MS: 400 (M* - H,0, 77%), 367 M* -
2H,0 - Me, 94%), and 158 (C-8;11"/14;12 - 2H - H,O0,
100%); FD-MS: 419 (M + H)"*, 30%), 418 (M *, 26%),
400 (M* - H,0, 100%) and 383 (M + H)* - 2H,0, 23%);
'H-NMR(CDCI;-CDyOD (1:1 v/v); assignments in Fig.
3): 5.36 (m, W, 10), 4.00 (m, W, 8), 3.89 (1d, 9, 4), 3.43
(dd, 10, 6), 3.33 (dd, 10, 7), 2.53 (br d, 15, W 8), 2.23
(dtd, 18, S, 2), 2.07 (br d, 15, W2 6), 2.00 (ddd, 12, 4, 3;
18- or 128-H), 1.89 (ddd, 14, 9, 7), 1.86 (br dd, 18, 10),
1.71 (ddd, 14, 8, 4), 1.68 (tdd, 11, 10, 5), 1.57 (m), 1.13
(td, 11, 5), 1.10 (dd, 11, 9), 1.04 (3H, s), 0.94 (3H, d, 6),
0.91 (3H, d, 7) and 0.74 (3H, s).

Jones oxidation of 3 and methanolysis. Pavoninin-3 (3;
10.2 mg) was treated with 20 ul. Jones reagent in § mL
acetone at room temp for 10 min, and 50 uL 2-propanol
was added to the mixture. Inmediately after solvent evap-
oration, the residue was treated with 8 mL 30% conc HCI
in MeOH under reflux for 5 hr. Up to this stage, all the
reagents and solvents were previously bubbled with N,
stream to expel O,. After solvent evaporation, extraction
with diethyl cther from water, and elution through a silica
gel column (5% MeOH/CHCl;), the product was purified
by reverse-phase HPLC (uBondapack C18, Waters
Assoc.; 75% aq MeOH), then by silica-gel HPLC (5%
EtOH/CH,Cl;) to yield dihydroxyenone 10 (3.8 mg); IR:
3400, 1660, 1615 and 1045; EI-MS: 416 (M*, 54%), 398
M* - H0,45%), 227 (C-17* 120 — H:0 - HLC-C-0, 55%)
and 124 (C-6;10*/7;9 + 2H, 100%); 'H-NMR(CDCl,):
5.73 (br s; 4-H), 3.98 (dd, 9, 3; 15-H), 3.50 (dd, 10, 6; 26-
H.), 3.43 (dd, 10, 7; 26-Hy), 1.20 (3H, s; 10-Me), 1.05 (dd,
12, 9; 14-H), 0.92 (3H, d, 7; 25-Me), 0.91 (3H, d, 6; 20-
Me) and 0.74 (3H, s; 13-Me); UV(MeOH): 242.

Selective silylation of 10. Dihydroxyenone 10 (3.5 mg)

was treated with t-butyldimethylsilyl chloride (12 mg), im-
idazole (8 mg), and neopentyl alcohol (8 mg) in 0.2 mL

N,N-dimethylformamide at room temp for 70 min. After -

addition of MeOH, extraction with EtOAc from water, and
solvent removal as the toluene azeotrope, the product was
purified through a silica gel column (10-25% EtOAc/
CHCI;) to yield hydroxysiloxyenone 11 (3.4 mg); IR: 3430,

1670, 1615, 1250, 840 and 775; EI-MS: 530 M*, 0.5%), -

529 M™ - H, 0.6%), 5I1S (M™* ~ Me, 1.8%), 473 M* -

t-Bu, 100%) and 75 (Me.Si* OH, 16%); 'H-NMR(CDCl;): -

5.73 (br.s; 4-H), 3.98 (1dd, 9, S, 3; 15-H), 3.42 (dd, 10, 6;
26-H,), 3.36 (dd, 10, 7; 26-H,), 1.20 (3H, s; 10-Me), 1.05
(dd, 11, 9; 14-H), 0.91 (3H, d, 6; 20-Me), 0.90 (9H, s; t-

Bu), 0.86 (3H, d, 7; 25-Me), 0.75 (3H, s; 13-Me), and 0.04 .

(6H, s; Si-Me2); UV(MeCN): 239.
Hydrogenation of 11. Hydroxysiloxyenone 11 (2.1 mg)

was stirred with 5% Pd—C (5 mg) in 2 mL 10 mM ethanolic *

KOH under H; at room temp for 3 hr. After neutralization
by 30 uL 1 M aqueous ammonium chloride, removal of the

catalyst by filtration, and solvent evaporation, the product -
was extracted with EtOAc from water, and purified .
through a silica gel column (10% EtOAc/CHCI,) to yield -
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5B-dihydro-11 (1.8 mg); IR: 3440, 1710, 1250, 1095, 840
and 775; EI-MS: 532 (M *, 0.7%), 517 M* - Me, 1.4%),
499 (M* - Me - H,0, 1.8%), 475 M* - t-Bu, 53%), 457
(M* - t-Bu - H,0, 40%) and 75 (Me,Si* OH, 100%); 'H-
NMR(CDCl;): 3.98 (m; 15-H), 3.43 (dd, 10, 6; 26-H,), 3.36
(dd, 10, 7; 26-Hy), 2.72 (dd, 15, 14; 4o-H), 2.34 (1d, 14, §;
2a-H), 2.17 (dm, 14; 28-H), 1.16 (dd, 11, 9; 14-H), 1.04
(3H, s; 10-Me), 0.91 (3H, d, 6; 20-Me), 0.90 (9H, s; t-Bu),
0.86 (3H, d, 7; 25-Me), 0.72 (3H, s; 13-Me) and 0.04 (6H,
s; Si-Me;).

O-Phenyl thiocarbonylation of 58-dikydro-11. 58-Dih-
ydro-11 (1.7 mg) was treated with 25 ul. O-phenyl thio-
carbonyl chloride in 0.5 mL pyridine at room temp over-
night. After addition of MeOH and solvent removal as the
toluene azeotrope, the product was extracted with EtOAc
from water, and purified through a silica gel column (PhH
to CH.Cl.) to yield 58-dihydro-11 O-pheny] thiocarbonate
(1.3 mg); IR: 1710, 1590, 1490, 1290, 1200, 1090, 840 and
770; EI-MS: 514 (M* - PhOCSOH, 0.3%), 499 (M* -
PhOCSOH - Me, 1.9%), 457 (M* - PhOCSOH - t-Bu,
100%), and 75 (MeSi* OH, 41%); '"H-NMR(CDCl;): 7.41
(2H, t, 8; Ph-m-H’s), 7.28 (t, 8; Ph-p-H), 7.09 (2H, d, 8;
Ph-o-H’s), 5.28 (id, 9, 3; 15-H), 3.43 (dd, 10, 6; 26-H,),
3.37 (dd, 10, 7; 26-Hy), 2.71 (dd, 15, 14; 4a-H), 2.33 (1d,
15, 5; 2a-H), 1.64 (dd, 11, 9; 14-H), 1.05 (3H, s; 10-Me),
0.94 (3H, d, 6; 20-Me), 0.90 (9H, s; t-Bu), 0.84 3H, d, 7;
25-Me), 0.80 (3H, s; 13-Me) and 0.04 (6H, s; Si-Me;).

Reductive cleavage of 58-dihydro-11 O-phenyl thiocar-
bonate. 58-Dihydro-11 O-phenyl thiocarbonate (0.8 mg)
was treated with freshly distilled 30 uL tri-n-butyltin hy-
dride and a,a’-azobis-iso-butyronitrile (0.5 mg) in 0.2 mL
dry N2-prebubbled toluene under Ny at 110°for 12 hr. After
addition of CHCI; and solvent evaporation, the product
was purified through silica gel columns (50% PhH/hexane
and 50% CH:Cl:/PhH) to yield S8-dihydrodehydroxy-11
(0.5 mg); IR: 1715, 1255, 1095, 840 and 750; EI-MS: 516
M*,0.7%), 515 (M™ - H, 1.2%), 501 (M* - Me, 3.2%),
459 (M* — t-Bu, 100%), 161 (C-22*/20 + H - t-Bu, 43%)
and 75 (Me,Si* OH, 82%).

Desilylation of 58-dihydrodehydroxy-11 (O-silyl-8). 58-
Dihydrodehydroxy-11 (0.5 mg) was treated with 0.5 mL
5% HCI in McOH at room temp overnight. After solvent
evaporation, the product was purified through a silica gel
column (20% EtOAc/CHCl,) to yield 8 (0.3 mg); IR, EI-
MS. and '"H-NMR(CDCl;): all identical to those of 8 from
7.

p-Bromobenzoylation of 11. Hydroxysiloxyenone 11
(3.5 mg) was treated with p-bromobenzoyl chloride (11.5
mg) and N,N-dimethyl-4-aminopyridine (12.0 mg) in 0.5
mL pyridine at 65° for 12 hr. After addition of 5 uL MeOH
and solvent removal as the toluene azeotrope, the product
was extracted by EtOAc from | M aqueous ammonium
chloride, then purified through silica gel columns (CHCl,
and 5% EtOAc/CHCly) to yield 11 p-bromobenzoate (12;
3.6 mg); IR: 1715, 1675, 1620, 1590, 1270, 1115, 1100, 1010,
840 (sh), 835 and 775; EI-MS: 657 and 655 (M* - t-Bu,
3.3% and 2.6%), 455 (M* - Br C4H¢CO;H - t-Bu, 100%),
185 and 183 (BrC,H¢CO*. 17% and 20%). and 75
(Me:Si* OH, 45%); '"H-NMR(CDCl;): 7.87 (2H, d, 8; Bz-
o-H’s), 7.59 (2H, d, 8; Bz-m-H's), 5.72 (br s; 4-H), 5.05
(td, 9, 3; 15-H), 3.40 (dd, 10, 6; 26-H,), 3.34 (dd, 10, 7;
26-Hy), 1.53 (dd, 11, 9; 14-H), 1.20 (3H, s; 10-Me), 0.94
(3H, d, 6; 20-Me), 0.87 (9H, s; t-Bu), 0.84 (3H x 2, s; 13-
Me and d, 7; 25-Me) and 0.02 (6H, s; Si-Me,); UV(MeCN):
241 (log € 4.5); CD(MeCN): Aeas +8, Aezar —12.

Acetylation of 4. Pavoninin-4 (4; 2.7 mg) was treated
with 0.2 mL Ac;O in 1 mL pyridine at room temp over-
night. After the same work-up as acetylation of 1, the prod-
uct was purified through a silica gel column (6% EtOH/
CHCl) to yield 4 tetraacetate (3.5 mg); IR: 3280, 1745,
1660, 1555, 1230 and 1040; EI-MS: 833 (M ™, 2.2%), 427
(M* - HOgIcNAc-Ac; - AcOH, 64%), and 241 (C-2";5'*/
1;0 - AcOH, 100%); '"H-NMR(CDCl;): 5.42 (d, 9; NH),
5.22 (dd, 11, 9; 3'-H), 5.03 (dd, 10, 9; 4'-H), 4.99 (m, W,
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7, 3-H), 4.58 (d, 8; 1’-H), 4.19 (2H, d, 4; 6'-H>), 3.93 (dd,
11, 6; 26-H,), 3.86 (ddd, 11, 9, 8; 2’-H), 3.85 (dd, 11, 7,
26-Hy), 3.65 (dt, 10, 4; 5'-H), 3.63 (td, 10, 3; 15-H), 2.07
(3H, s; OAc), 2.06 (6H, s; OAc x 2), 2.03 (6H, s; OAc
x 2), 1.91 3H, s; N-Ac), 1.24 (t, 10; 14-H), 0.91 (3H, d,
7; 25-Me), 0.88 (3H, d, 6; 20-Me), 0.78 (3H, s; 10-Me) and
0.65 (3H, s; 13-Me).

Hydrogenation of 3. Pavoninin-3 (3; 3.0 mg) was stirred
with Pt catalyst (from 5 mg PtO,) in 3.5 mL AcOH under
H; at room temp for 5 hr. After removal of the catalyst
by filtration and solvent evaporation as the toluene azeo-
trope, the product was purified through a silica gel column
(20% MeOH/CHCI;) to yield 58-dihydro-3 (5-epi-4; 1.5
mg); '"H-NMR(CD;0D): 4.37 (d, 8; 1'-H), 3.94 (dd, 11, 6;
26-H,), 3.85 (2H, dd, 11, 3; 6’-H, and dd, 11, 7; 26-Hy),
3.69 (dd, 11, 6; 6’-Hy), 3.66 (m; 15-H), 3.60 (dd, 10, 8; 2'-
H), 3.50 (m; 3-H), 3.43 (dd, 10, 9; 3’-H), 3.33 (dd, 10, 9;
4'-H), 3.22 (ddd, 10, 6, 3; 5’-H), 2.17 (m; 16a-H), 2.03 (3H,
s; OAc), 1.95 (3H, s; N-Ac), 0.95 (3H, s; 10-Me), 0.93 (3H,
d, 7; 25-Me), 0.91 (3H, d, 6; 20-Me) and 0.69 (3H, s; 13-
Me).

Acetylation of 5. Pavoninin-5 (5; 3.0 mg) was acetylated
and worked up as 4. The product was purified through a
silica gel column (28% EtOAc/CHCl,) to yield 5 tetraa-
cetate (3.3 mg); IR: 3300, 1745, 1660, 1560, 1240 and 1045;
EI-MS: 831 (M*, 2.0%), 771 (M* - AcOH, 1.4%), 424
(M* - HOgIcNAc-Ac; - AcOH, 100%), 330
(glcNAc-Ac3, 80%) and 158 (C-18;117/14;12 - 2H -
AcOH, 60%); 'H-NMR(CDCl,): 5.48 (d, 9; NH), 5.29 (m;
6-H), 5.28 (dd, 10, 9; 3'-H), 5.02 (t, 10; 4'-H), 4.65 (d, 8;
1’-H), 4.60 (m; 3-H), 4.19 2H, d, 4 and d, 3; 6'-H3), 3.93
(dd, 11, 6; 26-H,), 3.85 (dd, 11, 7; 26-H,), 3.79 (ddd, 11,
9, 8; 2’-H), 3.65 (ddd, 10, 4, 3; 5'-H), 3.64 (td, 9, 3; 15-
H), 2.31 (2H, m; 4-H,), 2.06 (3H, s; OAc), 2.05 (3H, s;
OAc), 2.03 (9H, s; OAc x 3), 1.94 (3H, s; N-Ac), 1.24
(dd, 11, 9; 14-H), 1.02 (3H, s; 10-Me), 0.91 (3H, d, 7; 25-
Me), 0.89 (3H, d, 6; 20-Me) and 0.67 (3H, s; 13-Me).

Jones oxidation of § and methanolysis. With the same
care as 3, pavoninin-5 (§; 28.1 mg) was treated with 55 uL
Jones reagent in 30 mL acetone at room temp for 10 min,
and 1 mL 2-propanol was added. Immediately after solvent
evaporation, the residue was treated with 30 mL 30% conc
HCI in MeOH under reflux for 3 hr. The same work up
and purification procedure as in the treatment of 3 yielded
10 (16.7 mg); IR, EI-MS, 'H-NMR(CDCl;) and
CD(MeOH): all identical to those of 10 from 3.

Hydrogenation of 6. Pavoninin-6 (6; 3.0 mg) was hy-
drogenated as 3 for 2 hr. The same work-up yielded dih-
ydro-6 (3.0 mg); 'H-NMR(CD,0D): 4.37 (d, 8; 1’-H), 3.93
(dd, 11, 6; 26-H,), 3.85 (2H, dd, 12, 2; 6'-H, and dd, 11,
7; 26-Hy), 3.69 (dd, 12, 6; 6-H,), 3.67 (id, 9, 3; 15-H), 3.60
(dd, 10, 8; 2’-H), 3.50 (m; 3-H), 3.42 (dd, 10, 9; 3'-H), 3.32
(dd, 10, 9; 4'-H), 3.22 (ddd, 10, 6, 2; 5'-H), 2.19 (ddd, 14,
8, 3; 16a-H), 2.03 (3H, s; OAc), 1.93 (3H, s; N-Ac), 0.93
(3H, d, 7; 25-Me), 0.91 (3H, d, 6; 20-Me), 0.83 (3H, s; 10-
Me) and 0.70 (3H, s; 13-Me).

Hydrogenation of §. Pavoninin-S (5; 2.0 mg) was hy-
drogenated as 3 for 3 hr. The same work-up and purifi-
cation procedure yielded an epimeric mixture of S8- and
S5a-dihydro-§ (4:1; 1.0 mg); 'H-NMR(5B-epimer;
CD;0D): 4.35 (d, 8; 1'-H), 4.03 (m, W, 8; 3-H), 3.66 (1d,
9, 3; 15-H), 3.62 (dd, 10, 8; 2-H), 3.41 (dd, 10, 9; 3'-H),
2.17 (ddd, 14, 8, 3; 16a-H), 1.94 (3H, s, N-Ac), and others
indistinguishable from signals in the spectrum of dihydro-
6. The following signals attributed to the minor Sa-epimer
are clearly observed and superimposable to those in the
spectrum of dihydro-6: 4.37 (1'-H), 3.60 (2’-H), 3.42 (3'-
H), 1.93 (N-Ac) and 0.83 (10-Me).

Jones oxidation of dihydro-6 and methanolysis. Dihy-
dro-6 (3.0 mg) was treated with 25 uL Jones reagent in 2
mL acetone at room temp for 10 min, and 0.5 mL 2-pro-
panol was added. After solvent evaporation, the residue
was treated with 1 mL 5% HCIl in MeOH at 60-65° for 4
hr. After solvent evaporation and extraction by EtOAc
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from water, the extract was washed by 5% aq NaHCO;.
After solvent evaporation of the organic extract, the prod-
uct was eluted through a silica gel column (EtQAc), and
purified by silica gel HPLC (40% EtOAc/CHCI,) to yield
13 (0.7 mg); IR: 3340, 1715 and 1050; EI-MS: 418 (M*,
2.1%), 400 (M* - H,0, 100%), 271 (C-17*/20 - H,0,
90%), 261 (C-13;15*/17;16 -~ H, 50%) and 233 (C-13;14*/
17;15 + H, 65%); '"H-NMR(CDCl;): 3.96 (tdd, 9, S, 3; 15-
H), 3.50 (ddd, 11, 6, 5; 26-H,), 3.43 (ddd, 11, 7, 5; 26-H,),
2.38 (ddd, 15, 14, 6; 28-H), 2.30 (dm, 15; 2a-H), 2.27 (dd,
15, 14; 48-H), 2.10 (ddd, 15, 4, 2; 4a-H), 1.72 (ddd, 14, 8,
3; 16a-H), 1.07 (dd, 11, 9; 14-H), 1.03 (3H, s; 10-Me), 0.92
(3H, d, 7; 25-Me), 0.91 (3H, d, 6; 20-Me), 0.79 (ddd, 12,
11, 4; 9-H) and 0.72 (3H, s; 13-Me); CD(MeOH): Aezsr
+1.1.

Jones oxidation of 4 and methanolysis. Pavoninin-4 (4;
3.9 mg) was treated with 30 uL Jones reagent in 2 mL
acetone as dihydro-6. The same work-up and methanolysis
procedure, the product was eluted through a silica-gel col-
umn (2% MeOH/CHCl,), and purified in the same manner
as above to yield 13 (1.4 mg); IR, EI-MS, 'H-
NMR(CDCl;), and CD(MeOH): all identical to those of 13
from dihydro-6.

Shark-repellent assay. The assay was performed on two
specimens of the dog shark Mustelus griseus (40 cm long)
in a plastic basin with continuously replacing 500 L sea
water at Okinawa Expo Aquarium, Marine-Expo Me-
morial Park, Motobu, Okinawa, Japan. The sample eject-
ing system comprised a stainless-steel HPLC pipe (3 i.d.
X 1000 mm) connected to a 10 mL syringe at one end out
of water, and bent to hook bait fish (ca 10 cm long) at the
other in the water near the bottom of the basin. Ejection
of 10 mL sample soins was made from the hooked end of
the pipe when the shark was in proximity of the bait (within
ca 10 cm) at the rate of 1-2 mL/sec, and continued until
the shark was repelled or the bait was taken. Ejection was
resumed when the repelled shark approached back to the
bait, repeatedly until the sample soln expired or the bait
was taken. The following samples were assayed; sea water
and 70% aqueous EtOH as control (several portions each),
the proteinaceous ppt solns in sea water at concentrations
of 20 and 100 mg/mL, pavoninins solns (c¢f isolation) in
70% aqueous EtOH at concentrations of 0.3, 0.9, 1.1 and
3.5 mg/mL, and commerical saponin (E. Merck) solns in
sea water at concentrations of 2, 5, 10 (three portions), and
15 mg/mL. In the course of continual ejection the shark
was repelled repeatedly until the 10 mL soln expired by
0.9 mg/mL pavoninins and by a portion of 10 mg/mL sa-
ponin. It was repelled a few times at the beginning but the
bait was eventually taken before the sample soln expired
by 1.1 and 3.5 mg/mL pavoninins and by S, a potion of
10, and 15 mg/mL saponin. With the 100 mg/mL ppt, the
shark appeared discouraged to feed, but stayed around the
bait and eventually took it. The bait was taken at the first
attack with ejection of any other sample or control solns.

Antifeedant assay. The assay was performed on the
same specimens of sharks. Bait fish were smeared with
pavoninins (1 mg; with 70% aqueous EtOH) or with the
proteinaceous ppt (40 mg; as powder) and put in the water.
The bait smeared with pavoninins appeared to turn away
approaching sharks several times before being eaten by a
single bite. The bait smeared with the ppt was immediately
taken, but was spat out. The shark repeated biting and
spitting a few times before eventually giving up to feed.
The bait was consumed by the next morning.

Acknowledgemenis—We are grateful to Dr. T. Yoshino, De-
partment of Marine Sciences, Faculty of Science, The Ryukyu
University, for information and assistance on the collection
of the sole, to Mr. H. Naoki, Dr. T. Iwashita, and Mr. K.
Mizukawa, this Institute, for spectroscopic measurements, to
Mr. S. Uchida, Director, Okinawa Expo Aquarium, for as-
sistance in the shark assay, and to Dr. S. H. Gruber, Division
of Biology and Living Resources, Rosenstiel School of Marine



Pavoninins, shark-repelling and ichthyotoxic steroid N-acetylglucosaminides

and Atmospheric Science, University of Miami, for the TI
tests.

REFERENCES

'B. W. Halstead, Poisonous and Venomous Marine Animals
of the World (Revised Edition), pp. 879-916. Darwin Press,
Princeton, New Jersey (1978).

2A. M. Cameron and R. Endean, Toxicon 11, 401 (1973).
3Ref. 1, pp. 141-176. *Y. Hashimoto, Marine Toxins and
Other Bioactive Marine Metabolites, pp. 268-288. Japan
Scientific Societies Press, Tokyo (1979).

“Ref. 3b, pp. 312-332.
5D. B. Boylan and P. J. Scheuer, Science 158, 52 (1967).

SA. S. Goldberg, J. Wasylyk, S. Renna, H. Reisman and M.
S. R. Nair, Toxicon 20, 1069 (1982).

'E. Clark, Natl. Geogr. 146, 719 (1974).

N. Primor, J. Pamness and E. Zlotkin, Toxins, Animal,
Plant, and Microbial (Edited by P. Rosenberg), pp. 539-547.
Pergamon Press, Oxford (1978).

%3. H. Gruber, Oceanus 24, No. 4, 72 (1981). S. H. Gruber
and E. Zlotkin, Naval Res. Rev. 34, 18 (1982).

OE_ Clark and A. George, Env. Biol. Fish. 4, 103 (1979).

' A preliminary account of this work was reported at the [Vth
Int. Symp. on Marine Natural Products, Tenerife, Spain,
26-30 July 1982, and following articles: °K. Tachibana, M.
Sakaitani and K. Nakanishi, Science 226, 703 (1984). *K.
Tachibana, Toxins, Drugs, and Pollutants in Marine An-

1037

imals (Edited by L. Bolis ef al.), pp. 2-12. Springer-Verlag,
Heidelberg (1984).

12A. Benninghoven and W. K. Sichtermann, Anal. Chem. 50,
1180 (1978).

BH, Liu and K. Nakanishi, J. Am. Chem. Soc. 103, 5591
(1981).

“Oxygen-free media and immediate acid treatment were nec-
essary to avoid overoxidation of the 5-en-3-one. C. Djerassi,
R. R. Engle and A. Bowers, J. Org. Chem. 21, 1547 (1956).

3F. Yasuhara and S. Yamaguchi, Tetrahedron Letters 4085
(1977).

16Reflection of configurational difference at C-25 on 'H-NMR
spectra was ascertained by preparation of 25-epi-8, where
one of 26-H; is shifted downfield by 0.01 ppm for instance
(to be published).

17E. J. Corey and A. Venkateswarlu, J. Am. Chem. Soc. 94,
6190 (1972).

'8M. J. Robins and J. S. Wilson, J. Am. Chem. Soc. 103, 932
(1981).

%N. Harada and K. Nakanishi, Acc. Chem. Res. 5, 257
(1972). ®N. Harada and K. Nakanishi, Circular Dichroic
Spectroscopy—Exciton Coupling in Organic Stereochem-
istry, 545 pp. University Science Books, Mill Valley, Cali-
fornia (1983).

2. W. Blunt and J. B. Stothers, Org. Magn. Reson. 9, 439
(1977).

21Personal communication from S. H. Gruber, Rosenstiel
School of Marine and Atmospheric Science, University of
Miami. Details of these tests will be published elsewhere.



