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Summary: The structural elucidation of palytoxin is reported.

Palythoa tuberculosa (Coelenterata, Zoanthidae), a species of hexacorallia,

living on the coral reefs in tropical and subtropical regions, contains palytoxin
well known as the most powerful toxin among those obtained from marine animal and
plant sources. There has been great interest in elucidating the structure of
palvtoxin because of its physiological activities and unusual molecular prop-
erties.l Although palytoxin has not been obtained up to now in crystalline form,

2,3,4 concerning the isolation, properties and partial structures of

some reports
palvtoxin have been published. Now, we wish to describe here the structures of
some degradation products,

Recently, Macfarlane and we have reported the molecular weight determination
252¢r ppms.?

The molecular weight of N-acetylpalytoxin is 2723.1 and that of palytoxin, 2681.1

of palytoxin, N-acetylpalvtoxin and N-acetylperhydropalytoxins by

Hydrogenation of N-acetylpalytoxin has resulted in the increase of 16.3 mass
units suggesting that the parent molecule contains eight double bonds. Above-
mentioned N-acetylpalytoxin was obtained in quantitative yield from palytoxin by
the treatment with p-nitrophenyl acetate in pyridine and water. Palytoxin re-
sponded positively to the ninhydrin test. However, this N-acetylpalytoxin was
negative to the ninhvdrin test and showed a dramatic decrease of toxicity.
Therefore, we believe that toxicity of palyvtoxin may depend on its ninhydrin-
positive moiety. On the other hand, palytoxin has many hydroxyl groups as shown

2,4 Oxidation of N-acetylpalytoxin

by its molecular formula7 and spectral data.
with NaIO4

the smooth separation of products and the clearance of reactions. N-Acetyl-

was carried out on a TSK G3000S polystyrene gel column by considering

palytoxin was charged on this column and treated with an aqueous solution of
excess NaIOa. After elution of formic acid and inorganic salts, aqueous eluates
were treated with NaBH, to give compound (1). 1Its tetraacetate (2) was obtained
by acetvlation with acetic anhydride in pyridine. The structure of 2 was sug-
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gested by the following spectral data: PMR(S, CDCl3) 1.86 (4H, dt, J= 6, 6 Hz),
3.78 (2H, m), 4.10 (4H, d, J= 5 Hz), 4.18 (4H, t, J= 6 Hz); Mass, m/e 362 (M+).
The polystyrene gel column was then eluted with ethanol-water, the concentration
of the former being gradually increased. The 20% ethanol eluate was treated with
NaBH4 to yield three compounds. Their structures were established as structures
(3)8, (4) and (5).4 Compound (4) was treated with acetic anhydride in pyridine
at room temp to give a pentaacetate (6). Its molecular formula is C22H32011[Mass,
m/e 472 (M+)] and the reasonable assignment of each signal in the PMR spectrum
has been performed by decoupling experiments as depicted in the structure (6).

The 50% ethanol eluate afforded compound (7).3 Compounds (5) and (7) contain

the 263 nm and 233 nm chromophores, respectively, which are found in palytoxin,
However, from the value of the extinction coefficient it can be deduced that
palytoxin contains a second 233 nm chromophore. Then NaBH, reduction of pure
ethanol eluate afforded a tetraol (8)[‘L and compounds (9) and (10). The structures
of 9 and 10 were established by the X-ray crystallographic analysi59 of compound
(11). Among these segments, compounds (3) and (5) are assigned as two terminal
moieties present in palytoxin from the consideration of the structure of each
fragment and analysis of the CMR spectrumh of palytoxin.
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H
qu\\\”,x
44.6(t)

5.56 (1H,dd,J=8,11Hz)
OH 5.69 (1H,dd,J=11,11Hz)

4,88 (1H,s) 131.6(d}
4.98 (1H,s) 135.1(d)
110.)(‘() 154(({) OH OH

OH

148.8(s)
HO

65.3(t)
4.00 (2i,8) OH OH OH

(12) R= co<C:>»Br

5.35(1H,dd,.J=8,8}1z) 5.97(1H,dd,g=3_8“z)5~f5(1Hsdd,J:5,6H2)
™ C)RS.Sl(lﬂ,dd,st,suz)

AN
RO\\ > ~OR 0.92(3H,d,J=6Hz)
| ' | OR OR

5.40(1H,m)

{

5.27(1H,m

oR | OR (1H,m)
4.44,4.57(1H each,ABX,J=14,5, 5 65(1H,dd,J=5,50z) 4-07,4.37(1H each,ABX,J=12,

@M (14) R=H (16) R= COCH, 7,3Hz2)



ABEO

Since we know the presence of eight double bonds in palytoxin, we have at-
tempted ozonolysis of palytoxin, N-acetylpalytoxin and N-(p-bromocbenzoyl)palytoxin
which was obtained by the treatment of palytoxin with p-nitrophenyl p-bromo-
benzoate. Expectedly, ozonolysis afforded valuable information concerning the
sequence of segments obtained by periodate oxidation. Especially, partial
ozonolysis of N-(p-bromobenzoyl)palytoxin led us to the following conclusion.

The terminal N-acyl compounds such as 3 were combined with the moiety arising

from compounds (4) and (7) as shown in structure (12) of a product10 which was
obtained by ozonolysis under mild condition followed by reduction with NaBHa.

The structure of 12 was suggested by the spectral and chemical evidence. Spectral
data of 12 are drawn in the figure. Further ozonolysis of 12 followed by reduc-
tion with NaBH4 gave two compounds (13) and (14). Molecular formula of 13 was
C24H34N08Br (m.p. 148-150°), and oxidation of 13 with NaIO4 yvielded compound (15).
The structure of 14 was deduced by detailed analysis of the 270 MHz PMR spectrum
of its acetate (16) [Mass, m/e 703 (M+—59)]_ The chemical shifts and the
multiplicities in the PMR spectrum of 16 are shown in the figure.

Consequently, it is found that palytoxin may be composed of poly-methylated
and unsaturated fatty acid containing several hydroxyl groups and the wvarious
kinds of ether linkages. Further investigations toward the elucidation of the full
structure of palytoxin are currently under way.
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