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to a fine powder which was successively extracted in a Soxhlet 
with petrol and ethanol. On preliminary chemical screening of 
each extract [6], no alkaloid or fiavonoids could be detected. 
The reddish petrol extract (16 g) was refluxed 1 hr with 160 ml 
MeOH and the suspension was filtered. The methanolic fil- 
trate was evapd and 3 g of the residue were chromatographed 
on a Si gel column, affording sitosterol (195 mg), epifriedelanol, 
epifriedelanyl acetate, pristimerin and tingenone. All five com- 
pounds were identified by direct comparison with authentic 
specimens. From the ethanolic extract only dulcitol (1.8 g) was 
isolated and its identity was ascertained by IR, NMR, mmp 
and co-TLC, and from the properties of its hexacetate. 
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Many novel sterols have been isolated from marine 
invertebrate organisms [1-4] and it is considered that 
at least some of these may be derived in the animals diet 
from algal sources. In the quest for the algae responsible 
for the biosynthesis of unusual sterols, attention has 
recently been focused upon dinoflagellate species. 
Shimizu et al. [5] reported the isolation of an unusual 4ct- 
methylsterol, dinosterol (1) and cholesterol from the 
photosynthetic dinoflagellate Gonyaulax tamarensis. In 
an examination of the non-photosynthetic organism 
Crypthecodinium cohnii, we [6] also found dinosterol (1) 

as the major  sterol but in addition identified the corres- 
ponding A 5 compound,  dehydrodinosterol  (2), the 3-oxo 
derivative (3) and a small amount  of cholesta-5,7-dien- 
3fl-ol. We have also reported studies on the mechanism 
of methylation of the dinosterol (1) side chain [7]. In 
our continuing studies of the dinoflagellate sterols, 
we now report  the characterization of another  new 
sterol, 4a-methyl-5ct-ergosta-8(14),24(28)-dien-3fl-ol (4), 
for which we suggest the trivial name amphisterol,  from 
A mphidinium carterae and other Amphidinium species. 

Amphidinium carterae (Py-1) was grown [8] at 18 °, 
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harvested by continuous centrifugation, and lyophilized 
to yield 11.3 g of dry cells. The non-saponifiable lipid 
( ~ 9 8  rag) was obtained [6] and separated by PLC 
on Si gel into the 4-demethylsterol (5 rag) and 4~-methyl- 
sterol (10rag). The 4-demethylsterol was rerun on 
P L C  to yield a small amount  of cholesterol (<  1 rag) 
identified by GLC and MS. 

G L C  analysis (OV-I) of the 4~-methylsterols revealed 
four components  with retention times relative to chole- 
sterol of 1.18 (29 %0), 1.55 (62 %) 1.67 (3 !~) and 1.99 (6 o/£). 
The MS of the mixture had molecular ions at m/e (rel. 
int.) 426 (20), 412 ll00) and 400 (55) indicating the 
presence of a C29 diunsaturated sterol as the major 
component ,  accompanied by a C2a monounsaturated 
sterol and a small amount  of a C3o diunsaturated sterol. 

The 4c~-methylsterol mixture was acetylated and sub- 
jected to PLC on AgNO3-Si gel to yield a major  com- 
ponent  at R.~. 0.15 which was pure by GLC. MS showed 
fragmentations similar to those observed in the MS of 
24-methylenelophenyl acetate [9] but with striking 
differences in the intensities of the ions. The intense 
molecular ion was at m/e 454 confirming a C29 diun- 
saturated steryl acetate structure. Fragment  ions at 
m/e 327 (M-side chain-2H), 269 (M-side chain-acetate), 
287 (M-side chain-42) and 227 [m/e 287-acetate) located 
one double bond in the side chain and the other in the 
ring system. A very weak ion at m/e 370 indicated loss 
of 84 mu from the side chain by the McClafferty re- 
arrangement,  which is a characteristic fragmentation 
leading to an intense ion in 24-metbylenesterols with a 
A s or A 7 bond [9], al though it is not a prominent 
fragmentation in the MS of 24-methylenesterols with a 
A s(9) bond or a 14e-methyl group [9-12]. The MS 
evidence thus indicated that anaphisterol possibly had a 
24-methylene group and a nuclear double bond at a 
position other than A ~. 

High resolution (360MHz) 1H N M R  spectroscopy 
verified the identification of a methylene group by the 
appearance of signals of equal intensity at 0 4.63 and 
4.70 integrating for two protons. Doublets at 6 1.024 
(J = 7 Hz) and 1.019 (J = 7 Hz) for the non-equivalent 
C-26 and C-27 methyl protons and at 0.958 tJ  = 6.5 Hz) 
for the C-21 methyl protons located the methylene 
group at the C-24 position, The absence of olefinic 

proton signals, other than those at C-28, revealed that 
the nuclear double bond was tetrasubstituted and 
therefore must be at either the A 3, A ~, A ~l')~ or A s~14~ 
position. The A 3 and A 4 locations were eliminated by 
the presence in the 1H N M R  spectrum of a signal for a 
3~-proton (4.40, br m) and a doublet at 0.844 (J = 6.5 Hz) 
for the 4c~-methyl group [13]. Of  the remaining possi- 
bilities, a A s~la~ bond was identified by means of the 
chemical shifts of the C-18 and C-19 methyl protons 
at 0.837 and 0.724, respectively, which were in excellent 
agreement with those reported for 4~-methyl-5~-cholest- 
8(14)-en-3/3-ol [14] and other A s~l"*~ sterols [15, 16]. By 
contrast, the chemical shifts for the C-18 and C-19 
protons of a A 8~9) sterol are reported at b 0.62 and 0.99, 
respectively [ 15]. 

F rom the foregoing evidence, amphisterol was there- 
fore identified as 4c~-methyl-5e-ergosta-8(14),24(28)-dien- 
3/Lol (4). Amphisterol was also identified by G L C  and 
MS as the major sterol in ,4. carterae IPy-2), .4. carterae 
(=hoefleri) (Py-4501, A. klebsii (Py-43): A. rhynoco- 
cephalum (Py-4) and A. corpulentum (Py-3), but it was not 
detected m significant quantities in fourteen other species 
of dinoflagellate examined in our laboratory. 

Other A 8~*~ sterols have been reported in nature. 
4e- Methyl-5~-cholesta-8{l 4),24-dien-3/3-ol was identified 
as a minor constituent of yeast sterols [15] and 5[t- 
stigmast-8(14)-en-3~-ol and 5~-stigmasta-8(14),22-dien- 
3/3-ol have been reported fiom highel plants [17, 18]. 
4,4-Dimethyl- and 4~-methyl-5c~-cholest-8ll4)-en-3/~-ol 
and 4,4-dimethyl- and 4~-methyl-5c~-cholest-8(14),24- 
dien-3fl-ol have been identified in the bacterium Methylo- 
coccus capsulatus [19]. 

It is noteworthy that a A s~*) sterol has been 
suggested as an intermediate arising in sterol bio- 
synthesis as a consequence of the C-14 demethylation 
step 1-20]. The reason for the accumulation of amphi- 
sterol (4) and its possible phylogenetic significance in 
Amphidinium species remains a topic for interesting 
speculation. 

E X P E R I M E N T A L  

MS were determined by direcl probe at 70eV. 1H NMR 
spectra were measured at 360 MHz using CDC13 solns of lhe 
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steryl acetate with TMS as the internal standard. GLC was on 
a 20 m OV-I (WCOT) capillary column at 243 °. 

Dinoflagellate culture and sterol isolation. Amphidinium 
carterae (Py-l) was cultured at 18 ° in 2001. of G P M  medium 
[8]. The cells were harvested, lyophilized (11.3 g dry wt) and 
the non-saponifiable lipid (98 mg) was obtained after reflux 
with 8 ~  N a O H  in 90~o E tOH and petrol extraction. PLC 
on Si gel developed with CHC13-EtOH (98:2) gave the 4~t- 
methylsterols ( ~  10 mg) and 4-demethylsterols ( ~  5 mg), and 
the latter were repurified on this PLC system to give ~ 1 mg 
4-demethyl sterol. The 4ct-methylsterols were treated with 
Py-Ac20 and the 4~-methyl steryl acetate ( ~  7 mg) separated 
by PLC on 10~o AgNO3-Si gel developed with pure CHC13 to 
give amphisteryl acetate (2 mg). 

MS m/e (rel. int.): 454 (M *, 78) 438(I 8), 394(8), 379(8), 370(3), 
327(14), 313(5), 269(10), 243(15), 241(20), 227(22), 55(100). 
~H N M R  (CDCI3): 6 0.724 (3H, s, C-19), 0.837 (3H, s, C-18), 
0.844 (3H, d, J = 6.5 Hz, C-30), 0.958 (3H, d, J = 6.5 Hz, C-21), 
1.019 (3H, d, J = 7 Hz, C-26 or C-27) 1.024 (3H, d J = 7 Hz, 
C-26 or C-27) 2.047 (3H, s, COCH3), 4.40 (IH, brm, C-3~), 
4.63 and 4.70 (1H each, C-28). 
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