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tero, fp!?.x A new cyclopropyl-containing sterol papakusterol (22-dehydro-24,26-cyclocholes- 
arising by a hitherto unknown bios nthetic process, was isolated from six "deep sea" 

gorgonians and its structure elucidated by Y H-NMR analysis and partial synthesis. Traces of the 
corresponding A5v7- diene have also been encountered. 

In our search for new marine sterols we considered it important to examine "deep sea" orga- 

nisms where photochemically induced biosynthetic processes are inhibited because of lack of 

light. Since the collection of these species has now become possible by the use of a mini-sub- 

marine, 
2 
we investigated the sterol fraction of six gorgonians3 collected at a depth of up to 

1200 ft. Aside from conventional sterols,4 all six samples contained a new sterol 1, named 

papakusterol (from the Hawaiian "papaku" for ocean floor) (M+ = 382.326, C27H+201) in yields 

varying from 6 to 162, which was purified by reverse phase HPLC (Altex Ultrasphere ODS-5) with 

r.r.t. 0.56 (cholesterol = 1 in abs. MeOH), and apparently homogeneous by GC analysis (OV-17 

column at 260", r.r.t. = 1.07 with cholesterol = 1). Its mass spectrum displayed the typical 

pattern of As-3B-hydroxyl sterols5 (m/z 213, 231, and 253) and a base peak at m/z 271 (C19H2701) -- -- 

which strongly suggested6 the presence of unsaturation in the side chain. In fact, the 'H-NMR 

spectrum (Table 1) showed the presence of a trans double bond in the side chain in addition to 

the C-6 olefinic signal (5.34 ppm). Moreover, the sterol displayed the characteristic pattern 

of cyclopropyl protons, one of which is coupled with a methyl group (0.62-0.68 ppm),thusleading 

to the proposed structure 1. An accurate analysis of the 'H-NMRofl uncovered a slight doubling 

of some peaks (mainly C-21 and C-22 signals), which suggested that the natural material consists 

of a 3:1 mixture of twoof the four possible isomers of 1. 
7 

In order to verify our structural assignment, the four isomers 2-5 were synthesized by -- 

Wittig condensation (THF, nBuLi, 12 hrs. reflux) of the aldehyde 68 with trans-2-methylcyclo- - 

propylmethyltriphenylphosphonium bromide (1)' followed by reverse phase HPLC'O to yield 1. (m.p. 

108-llO"), 3 (m.p. 118-120"), fl (m.p. 113-114'), and 5 (m.p. lOO-101'). The 'H-NMR spectra (see 
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Table 1) of 2 and 2 were identical with that of the natural mixture 1. thus leaving only the 

absolute configuration at positions 24 and 25 to be determined. 

One of the gorgonians (Acanthaqorqia sp.) contained in trace amounts another new sterol 

(HPLC r.r.t. = 0.47 in abs. MeOH, GC r.r.t. = 1.35 with cholesterol = 1), which on the basis 

of the mass spectrum (M+ = 380) and of the 'H-NMR spectrum (see Table 1; C-6 and C-7 olefinic 

signals at 5.39 and 5.57 ppm) was assigned the structure of 7-dehydropapakusterol (S). Just 

as with 1. its 7-dehydro analog exists as a mixture (60:40) of two stereoisomers. 

The importance of papakusterol (1) resides in its biosynthetic origin. One of the unique 

structural features of marine sterols is the existence of various cyclopropyl-containing side 

chains ranging from the simple 22(@,23(&)-methylenecholesterol (9)" to the highly substituted 

gorgosterol (10).12 - While the intimate details of the cyclopropyl ring formation in 2 and 10 

have not yet been established, it has now been demonstrated (in the case of 10)13 that the extra - 
carbon atom is derived from methionine. Papakusterol (1) is unusual in that no bioalkylation 

can be involved in its formation. Either it arose from a squalenoid precursor, which already 

possesses a cyclopropane ring, or it is the result of the displacement of a C-26 functionalized 

22-dehydrocholesterol precursor of type 11. The generation of an allylic cyclopropyl ring in 

the biosynthesis of presqualene 
14 - 

may be a precedent. 

An even more intriguing aspect of the papakusterol side chain substitution pattern is that 

by fission of the 25-26 bond one generates the unusual 27-norergostane type side chain (12)4y15 - 
which is also unique to marine sterols and for which no unambiguous biosynthetic route has as 

yet been demonstrated. 16 

Scheme I 

fi X-leaving group 1 R=N 
(e.g. phosphate) CR=0 
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The biosynthesis of papakusterol (l_) is not connected with its "deep sea" origin (>1200 ft). 

Rather, it appears to be a dietary (planktonic) constituent, since it appears to occur also in 

l7 the soft coral Sarcophytum glaucum (depth ~100 ft.). 
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