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Abstract: The sterol fraction of the cultured dinoflagellate Peridinium foliaceum 

contains in addition to cholesterol, 24-methylcholesterol, 4,24-dimethylcholestanol 

and dinosterol (C) small amounts of the cyclopropyl-containing sterols gorgosterol 

(la) and Sa-gorgostanol (lb) as well as 4a-methylgorgostanol (lc) and E-4a,225,23C 

- (or 246)-trimethylcholest-17(20)-en-38-01 (& or 2). The biosynthetic implications 

of the first isolation of such sterols from a free-living alga are emphasized. 

Gorgosterol (la)' was the first of several naturally occurring marine sterols' in which 

the presence of a cyclopropyl-containing side chain was established.3 This unique feature, 

coupled with the fact that no terrestrial sterols are known which are alkylated at positions 

22 and/or 23 raises hitherto unresolved questions concerning the biological role and biosyn- 

thetic origin of such marine sterols. We had originally postulated3 that gorgosterol (la) may 

arise by bioalkylation of brassicasterol (2a) via a A - 22-23,24-dimethyl 

- 

precursor (3). 
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The subsequent isolation of 23,24-dimethylcholesta-5,22-dien-38-01 (a)4 and of dinosterol 

(&)5 offered indirect support for our hypothesis. However, no experimental evidence has been 

presented so far about the biosynthesis of the cyclopropane ring, because gorgosterol has only 

been encountered in coelenterates containing dinoflagellate symbionts (zooxanthellae), and while 

the latter have been shown6 to contain gorgosterol (la), neither we nor anyone else have been 

able to detect gorgosterol in cultured zooxanthellae isolated from hosts known to contain la 

The isolation of dinosterol (3~)~ and its 24-demethyl analog7 

-* 

- from dinoflagellates (occurring 
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in nature as free-living phytoplankton or as symbiotic zooxanthellae) is important, because 

these algae can be cultivated and thus are potential experimental substrates for bio-incorpora- 

tion studies.8 However, it is very unlikely that dinosterol (3~) or any other sterol with a - 

saturated 4a-methyl nucleus (5) can be a precursor of b5-36-alcohols (a). Furthermore, it 

should be noted that until now no sterol with a cyclopropane-containing side chain has been 

found in a free-living alga. We now report such an example which may represent the key to even- 

tual incorporation studies dealing with the biosynthesis of the cyclopropane ring. That such a 

ring may not be a metabolic end product, but rather an intermediate in bioalkylation has been 

suggested recently.' 

Two "red tide" phytoplankton species, Peridinium foliaceum Stein and p. balticum Lemmerman, 

each represent a heterotrophic dinoflagellate harboring a photosynthetic alga of non-dinoflagel- 

late origin as an intracellular symbiont. 
10 

An investigation of the lipid composition of p. 

foliaceum (UTEX 1688) was therefore initiated for a chemotaxonomic evaluation of this symbiotic 

association." GC-MS analysis of the total free sterols demonstrated the presence of 35% cho- 

lesterol, 9% 24<-methylcholesterol and 33% of a mixture of dinosterol (3cj and 46,246-dimethyl- 

cholestanol. Separation of the 4-demethyl sterols by reverse phase HPLC afforded 5a-gorgo- 

stanol (lb) (0.4% of free sterol fraction), which was identified by GC mobility, mass and 360 

MHz NMR spectral comparison with authentic material,' as well as a trace of gorgosterol (la). - 

Finally, two new sterols were obtained with relative GC retention times (3% SP2250, 260'; 

cholesterol =l.OO) of 1.77 (6%; M+428) and 2.67 (14%; Mt 442).13 

The 360 MHz NMR spectrum (C6D6) of the MW 442 sterol demonstrated the presence of a 4a- 

methyl group (C-3 proton at 6 2.9 (J, =J2 = lOHz, J3 = 5Hz) as a doubled triplet) 

and a cyclopropyl ring (cf. Table 1). The mass spectrum14 strongly suggested a saturated 

4-methyl sterol nucleus (5) and a gorgosterol side chain (l), because of the strong resemblance 

to 5a-gorgostanol (a), except for 14 mass unit shifts of all diagnostic peaks. The complete 

structure and stereochemistry of this sterol was established as 4a-methyl-5a-gorgostanol (lc) 

by partial synthesis from 44-gorgostenone1 (m.p. 140-143O, 

- 

obtained by Oppenauer oxidation of la - 

Table 1. 360 MHz NMR data (in C6D6; internal standard C6H6; shifts are 6 valy;s) 

for gorgosterol (la), Sa-gorgostanol (3) and 4a-methylgorgostanol (1~). - 

C-18 c-19 C-23 Me High Field Multiplets Methyl Doublets 

h 1).685 0.953 0.923 -0.11 (lH,dd) J 6.0, 4.5 0.902 --- 1.018 1.026 1.138 

0.20 (2H,m) J 8.1 J 6.7 J 6.9 J 6.4 

0.50 (lH,dd) J 9.2, 4.5 

& 0.684 0.712 0.920 -0.11 (lH,dd) J 5.9, 4.3 0.897 --- 1.017 1.029 1.141 

0.22 (2H,m) J 6.6 J 6.6 J 6.9 J 6.1 

0.50 (lH,dd) J 9.0, 4.2 

& 0.694 0.752 0.921 -0.10 (lH,dd) J 5.6, 4.4 0.898 1.002 J 6.1 1.019 1.034 1.148 

0.22 (2H,m) J 6.6 C-4 Me J 6.3 J 6.9 J 6.3 

0.51 (lH,dd) J 9.4, 4.4 
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via methylation 
16 

to 4-methyl-A4-gorgostenone (m.p. 

reduction" 
& 

with LVNH3 to 4a-methyl-5a-gorgostanone 
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191-192.50, 15,';" 251 nm, E 14000, M+ 438), 

(m.p. 205-206", CD [elDiix +3000' at 289 nm, 

M' 440) and lithium aluminum hydride reduction to lc (m.p. 225.5-226", m'.p., mixture m.p., GC, - 

MS and 360 MHz NMR identical with that of natural material). 

The co-occurrence in isolable amounts in a cultured alga of a pair of sterols with the 

side chain patterns 2 and 1, but possessing identical nuclei (c) offers for the first time the 

opportunity of testing whether sterols of type 2 are indeed precursors for cyclopropyl ring 

introduction. It remains to be seen whether labeled one-carbon precursors (e.g., methionine) 

can be incorporated by p. foliaceum. 

The most interesting feature of the 360 MHz NMR spectrum (CDC13) of the new sterol of MW 

428 was the absence of the high field C-18 methyl singlet, since both C-18 and C-19 methyl 

signals appeared at 6 0.83 (resolved in C6D6 - cf. Table 2), typical of a A 17(20) sterol (&).18 

The mass spectrum (m/e 287 due to loss of side chain + 2H) supports a sterol with an additional 

methyl in the nucleus and the base peak at m/e 315 (loss of part of the side chain by vinylic -- 

cleavage of the C-20- C-22 bond) is typical of a A 
l'(20) 

double bond." The absence of olefinic 

protons and the presence of a vinylic methyl NMR signal (6 1.65) further support the presence of 

a A17(20) olefin. The 360 MHz NMR spectrum (Table 2) displays 5 methyl doublets and since the 

mass spectrum indicates the presence of only one additional nuclear methyl group (rla-methyl 

according to C-3 proton NMR signal), four methyl groups must be in the side chain. Assuming the 

presence of the usual C-26 and C-27 methyl groups, only positions 22,23 or 24 are available for 

the remaining two secondary methyl substituents, with structure 5c being eliminated by decoupling - 

experiments in C6D6 (via allylic protons absorbing in the region 6 1.66-2.29): irradiation at 

a 1.92 collapsed one of the two methyl doublets at a 0.831. Since the E configuration can be 

assigned on the basis of the C-21 methyl shift, 
18 

we feel justified in tentatively assigning 

either structure E-6c or E-7c to this new sterol. - - Either one of these structures represents a 

hitherto unprecedented side chain methylation pattern, which would be of major biosynthetic 

interest. Attempts to isolate enough of this sterol for definitive proof of structure and 

stereochemistry are now in progress. 

2. Table 360 MHz NMR data (CDC13 and C6D6) of the new sterol of MW 428 

(either E-k or E-7c) (shifts are 6 values; internal standard CHC13 or C6H6) 

Solvent C-3 H C-4 Me C-18 H C-19 H C-21 H Other Methyl Doublets (Unassigned) 
P--P-- 
CDCl3 3.1 (m) 0.953 (d) 0.833 0.833 1.648 0.697 0.746 0.842 0.872 

J 6.2 J 5.8 J 6.9 J 6.2 J 6.6 

C6D6 2.9 (m) 0.987 (d) 0.922 0.733 1.783 0.831 (6H) 0.892 0.936 

J 6.4 J 6.7 J 6.7 J 6.8 
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