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Biosynthesis of Three Cyclopropene-containing Sterols in the Sponge Calyx niceaensis
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As shown by a series of radiolabelling experiments in the sponge Calyx niceaensis, the cyclopropane sterol
dihydrocalysterol (3), itself a metabolic product of 24-methylenecholesterol (1), undergoes formal
cis-dehydrogenation to the cyclopropene 24H-isocalysterol (6).

The Mediterranean sponge Calyx niceaensis contains a variety
of unusual side chain-bearing sterols. The cyclopropene sterol
calysterol (4)! and its isomers 23H-isocalysterol (5)? and
24H-isocalysterol (6)3 comprise up to 75% of the sterol
fraction and are accompanied by the earlier predicted+
(235,245,28R)-dihydrocalysterol (3).2 The sponge is also a
source of the only naturally occurring steroidal acetylenes,
cholest-5-en-23-yn-38-ol (7)5 and 26,27-dinorcholest-5-en-23-
yn-3f-ol (8).5 Since labelled fucosterol, but not [1-14CJacetate
nor [methyl-1*Cjmethionine is incorporateds by the sponge
into calysterol (4), it was concluded that the latter arose from
metabolic transformation of dietary fucosterol.

In order to obtain additional information about the inter-
mediate biosynthetic steps, we undertook incorporation
experiments (for technique see ref. 7) which are summarized
in Table 1. [28-14C]-24-Methylenecholesterol (1)7 as well as
[26-3H]-(235,245,28R)-dihydrocalysterol (3)T were very effi-
ciently incorporated into the sterol fraction. Comparison of
the specific activities (Table 1) permits the construction of the
biosynthetic path outlined in Scheme 1 because the specific
activity is expected to be inversely related to the number of
intermediate steps from the fed precursor. Thus 24-meth-
ylenecholesterol (1) is transformed, probably via bioalkyla-
tion to give the cationic C, intermediate (2), into the
cyclopropane (3) (which we have postulated8 to be a key
intermediate in several sponge sterol biosyntheses), the next
product being (245)-24 H-isocalysterol (6), the ‘hottest’ of the
three cyclopropenes (4)—(6). Consideration of the recently
established® stereochemistry of (235,24S,28R)-dihydrocaly-
sterol (3) implies that the formal dehydrogenation to
(24S)=24H-isocalysterol (6) must be a syn process, which has

+ The multi-step synthesis of [26-3H, ]dihydrocalysterol will be re-
ported in the full paper.
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Scheme 1. Biosynthesis of calysterol (4).
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Table 1. Feeding experiments in C. niceaensis; (specific activities in disint. min—! mg—1).

Sterol»
Labelled
precursor @3 4 5 (6) W] (8)
[nucleus] (2%) (42%) (22%) (10%) (3.1%) (4.5%)
b
[25(3—11)“C] 745000 14 000 18300 182 000 ‘cold’ 13900
[26(3‘);1 ] 989 000 14 000 19000 167 000 58000 ‘cold’
a 1

2 The relative abundance of the sterol in the sponge sterol fraction is given in parentheses below each formula number. » 19% of total
radioactivity recovered in sponge. < 20% of total radioactivity recovered in sponge.

also been demonstrated in the dehydrogenation of the
cyclopropane precursor in the biosynthesis? of the cyclo-
propene fatty acid, sterculic acid. If dihydrocalysterol (3) is
also a direct precursor of the other two calysterols (4) and (5),
an anti elimination process would have to be advanced.
Hence, we postulate (Scheme 1) that 24 H-isocalysterol (6) is
the product of the cyclopropane (3) by a formal dehydrogena-
tion, with the two other cyclopropenes (4) and (5) then arising
from isomerisation of (6). Finally, the end-product acetylenes
(7) and (8) appear to originate by some type of retro-carbene
addition, a process that has also been accomplished photo-
chemically in our laboratory.!? As already suggested by the
Italian group,® the acetylenes (7) and (8) are thus excluded as
precursors of the cyclopropenes (4) and (6). We hope to
conduct additional experiments with this rare sponge to shed
further light on the reactions outlined in Scheme 1.
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i A priori, it seems puzzling that the acetylene (7) has a higher
radioactivity than its presumed precursor, calysterol (4). The simplest
explanation for this apparent discrepancy is that the acetylene
originates from an intermediate species in the isomerisation of
24H-isocalysterol (6) to calysterol (4). However, important differ-
ences in the relative rates of the successive transformations could
conceivably also contribute to a discordance.
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