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Abstract--The structures of six furanoditerpenoids isolated from a nudi-

branch, Casella atromarginata, were determined by spectral analysis and

chemical interrelation. Two of the compounds, 1 and 5, are known sponge
metabolites of Australian Spongia spp.; two more, 2 and 6, represent minor
structural variants; and two, 3 and 4, are characterized by a more highly

oxidized A-ring, which bears a monoenolized a-diketone functien,

The discovery in this Laboratory that nudibranchs,2 which are gastropod mollusks that lack
physical protection, selectively accumulate defense allomones from their highly specific prey, has
prompted us to study the chemistry of similar predator-prey pairs.3 When pertinent field obser-
vations that would reveal the dietary origin of these defensive agents are unavailable, we have
been studying the secondary metabolism of nudibranchs, Although relatively few predator-prey
pairs have been investigated so far, it is already evident that nudibranchs are capable of
utilizing a broad spectrum of organic structural types, terpenoid as well as non-terpenoid, for
their defense.3 We now report isolation from a nudibranch and structure determination of a series
of furanoditerpenoids, which are related, and in part identical to, compounds known from Spongia
spp.

The animals (eight specimens, 25,5 g wet wt}, Casella atromarginata, were collected in

December, 1980 at Trincomallee, Sri Lanka, and preserved in methanol. The methanolic residue was
partitioned between methylene chloride and water, yielding 340 mg of lipids. Chromatography on
BioSil A (hexane/EtOAc, 3:2, then EtOAc) furnished five fractions: ({a) fats and stercls, (b)
sterols and 5, (¢} 1, 3, and 6, (d) ! and 2, and (e) compound 4, HPLC of (b) (Lichrosorb 5i 60,
hexane/EtOAc, 8:2) yielded 4.6 mg of 5. HPLC of (c) (Partisil, hexane/EtOAc, 6.5:3.5) furnished
mixed 3 and 6 plus 9 mg of 1. Compounds 3 and 6 were separated (Lichrosorb RP 18, MeOH/HZO, 8:2)
into 3.5 mg of 3 and 3.1 mg of 6. HPLC of (d) (Partisil, hexane/EtOAc, 6:4) resulted in 40 mg of 1
and 34 mg of 2, Crude 4 was further purified by HPLC (Lichrosorb Si 60, hexane, EtOAc, 4:6),

yielding 2.1 mg.
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Spectral characterizationt of the principal constituent 1 [white amorphous solid, [a]D +10,1°
{c 1.2, CHClS)] and comparison with literature data proved its identity with spongiatriol
triacetate [3u,17,19%triacetoxyspongia-13(16),14-dien-2-one] isolated by Kazlauskas 53_3135 from

Great Barrier Reef Spongia spp. Furthermore, one of the minor constituents, compound 5 [colorless

1 R, = Ac, Ry = Rg = OAc
2 Ry =H, R, =Rz = OAc
5 R, = Ac, Ry = OAc, Ry = H

6 R} =Ry =H, Ry = OAc

glass, [a]D +12,9° {c 0.4, CHCIs}], was identical with the known spongiadiol diacetate [3a,l9-
diacetoxyspongia-13(16),14-dien-2-one] from Australian Spongia spp.S Another minor constituent,
compound 6 [white amorphous solid, [a]D‘+75° (c 0.24, CHClS)], was recognized as a spongiadiol
monoacetate [3u-hydroxy—19—acetoxy5pongia-13(16},14-dien-2-one]6 by the upfield shift of the
proton at C-3 from & 5,46 in 5 to ¢ 4.65 in 6. This was readily proven by conveysion of 6 to 5
with acetic anhydride/pyridine.

Compound 2, the second most abundant constituent, was related to 1 as 6 is to 5, i.e. the
3a-DH pccurs unacetylated. This was seen by the lH NMR shift of the proton at C-3, which
resonates at & 5.46 in 1 and at § 4.70 in 2. 1t was proven by acetic anhydride/pyridine trans-
formation of 2 to 1. Compound 2 [colorless glass, [a]D +13,5° (c 0.74, CHC13}] therefore is a
spengiatriol monecacetate [:Soc-hydroxy—17,19—diacetoxyspongia—13(16),14—dien-2—0ne].7

The remaining twe metabolites of C. atromarginata 3 and 4 differed from the other four by the
presence of an enolized o-diketone system, as evidenced by a uv chromophore at 272 nm (5400) [3],
or 271 nm {3560} [4], shifted in base to 310 nm {(3500) or 308 nu (1950),8 1n addition to the furan
bands at 221 nm (4300) [3], or 219 (3500) [4]. The 1y nvr spectrum of cempound 3 [white amorphous
solid, [u]D +17.4° (¢ 0,23, CHCls}] further lacked the two sharp doublets arising from the C-1
methylene group as well as the characteristic singlet of the proten at C-~3. Instead, there were
new signals at & 6.53 (1 H s) and a broad, D,0-exchangeable singlet at § 5.90, These and the

remaining spectral datag are fully compatible with expression 3, which therefore is 17,19-

diacetoxyspongia-13(16),14-dien-2,3-dione. This was proven by oxidizing 2 with bismuth trioxide
10

in acetic acid to 3, identicai in all respects with the natural product.

1 2"
4 R1 = R2 = H
7 R1 = R2 = Ac
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The 1H NMR spectrum of 4 resembled that of 3, but lacked methyl singlets arising from acetyl
and exhibited upfield shifts of the oxygenated C-17 and C-19 methylenes, Compound 4 [white,
amorphous solid, [OL]D +50° (c 0.2, CHC13)], therefore, is 17,19-dihydroxyspongia-13(16),14-dien-
2,3-dione.11 This was proven by acetylating 3 and 4 (ACZO/pyridlne] to 2,17,19-triacetoxyspongia-
1,13(6),14-trien-3-one (7).17

Although Kazlauskas EE_Elfs were not concerned with sponge ecology and we lack information
on the preferred diet of C. atromarginata, it is likely that the nudibranch obtains its

metabolites from a Spongia sp,
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