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IR &,$:ccm-‘: 3610, 3420 (OH), 1725, 1650 (C=CCO,R); MS 8 mg 8a were heated with 0.1 ml Ac20 for I hr at 70”. TLC 
m/z (ret. int.): 508 [Ml+ (0.3), 490 [M-H*O]+ (4), 408.178 (CH#&-C6H6-Et20, 2: 2 : I) afforded 4 mg 8b. colourless 

[M - RC02H]+ (6) (C21H2808), 83 [&H&O]+ (100). 55 [83 - gum, MS m/z (rel. int.): 592 [Ml’ (0.2). 532 [M - HOAc]’ (4). 
CO]’ (41); 492 [M - RCO,H]+ (lo), 83 [C4H,CO]’ (100). 

[elk = 
589 578 546 436 nm 

+4.4 +5.0 +5.3 +8.4 
(CHCI,; c = 1.0). 
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tetra angelate. (6 and 7). Colourless gum, which could not 
be separated into its constituents, IR ,z::crnml: 3610, 3480 
(OH), 1720, 1650 (C=CCO,R); MS m/z (rel. int.): 508 [Ml’ 
(0.3), 490 [M-H,O]+ (2), 408.178 [M-RCO,H]+ (5) 
(C,4H280s) 83 [C4H,CO]+ (IOO), 55 [83 - CO]’ (44). 1. 

Myoinositol-2, 4, 5, 6-tetra angelafe @a). Colourless gum, 

IR &~~cm--‘: 3610, 3440 (OH), 1730, 1250 (C=CCO,R); MS 2. 
m/z (rel. int.): 508 [Ml’ (0.3), 490 (4), 408.178 [M - RCOZH]’ 
(6) (C?,Hz808), 83 [C,H,CO]+ (100), 55 [83 -CO]+ (40); 3. 

[aI& = 
589 578 

546 436 nm (CHCl,; c 0.74). 
4. Bohlmann. F., Mahanta, P. K.. Jakupovic, J., Rastogi, R. 

+3.4 +3.8 +4.0 +6.0 C. and Natu, A. A. (1978) Phytochemistry 17, 1165. 
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10, 1 I-epoxide; aII-trans-(3S)-2,6,1O,l5,19,23-hexamethy~~etracosa-l,6,10,14,18,22-hexaen-3-ol. 

Abstract-(6S, 7S)-Squalene-6,7-epoxide, (IOS, 1 lS)-squalene-10,l I-epoxide and all-trans-(3S)-2,6,10,15,19,23- 
hexamethyltetracosa-1,6,10,14,18,22-hexaen-3-01 have been isolated from the marine alga Caulerpa prolifera. 

Investigations of marine green algae of the family 
Caulerpaceae have resulted in the isolation of di- and 
sesquiterpenes [l-4]. From a member of this family, 
Caulerpa prolifera, we recently isolated (S)-( -)- 
squalene-2,3-epoxide (1) [5], in addition to two acety- 
lenic sesquiterpenes [l, 21. This is the first report of 
the occurrence in nature of 1, which is known to play 
an important role in the biogenesis of triterpenes and 
sterols. We wish to report here that this alga 
produces, in minor amounts, three structurally related 

compounds, the epoxides 2. 3 and the allylic alcohol 
4. Only 3 was previously isolated from a natural 
source (mycelia of Sclerotinia fructicola), but its 
stereochemistry was not determined [6]. 

The alga was freeze-dried and the chloroform 
extracts were purified by Si gel column chromato- 
graphy. Individual components were then obtained by 
rechromatography on Si gel and by preparative 
AgNO,-Si gel TLC. 

Compounds 2. [a]‘,“- 11.2”, and 3, [a]g-- 3.8”, on 
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the basis of their mass spectra [6] and ‘H NMR 
spectra, were tentatively identified as squalene-6,7- 
epoxide and squalene-lO,ll-epoxide, respectively. 
These identifications were confirmed by comparison 
of their spectroscopic and chromatographic proper- 
ties with those of two samples synthesized from 
all-trans-squalene with m-chloroperbenzoic acid ac- 
cording to Katayama and Marumo [6]. 

In order to clarify the chirality of C-6 and C-7 in 2 
and C-10 and C-11 in 3, these compounds were 
treated with aluminium isopropoxide in boiling 
toluene. This highly regioselective reaction [7] 
afforded the two allylic alcohols 5 and 6. Application 
of the GC modification of the Horeau method ac- 
cording to Brooks and Gilbert [8] allowed the chiral- 
ity of C-7 in 5 and C-11 in 6 to be determined as S, 
thus revealing the stereochemistry of C-7 in 2 and 
C-11 in 3. 

The absolute configurations of the tertiary carbon 
atoms of the oxirane rings in 2 and 3 were established 
by the following observation. The synthetic squalene- 
6,7-epoxide and squalene-10,l I-epoxide were iden- 
tical chromatographically and spectroscopically to 2 
and 3, and on the basis of the stereochemistry of the 
epoxidation with peracids [9], these must be racemic 
mixtures of (6R, 7R)- and (6S, 7S)-squalene-6,7- 
epoxide and (lOR, 1 lR)- and (lOS, 11 S)-squalene- 
lO,ll-epoxide. Considering that the stereochemistry 
of C-6 in 2 and C-10 in 3 was established as S, 2 and 
3 must be (6S, 7S)-squalene-6,7-epoxide and 
(lOS, 11 S)-squalene-10,l I-epoxide, respectively. 

Compound 4, isolated in a yield of 0.003%, [a]g- 
lO.O”, had the molecular formula C,oH,oO (precise 
mass measurement). 

Its ‘H NMR spectrum indicated the presence of 
seven vinylic methyl groups (a set of seven overlap- 
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ping signals from 6 1.73 and 1.60, 21 H), seven 
olefinic protons (5.15, 5H, complex signals; 4.94, lH, 
m; W,,,=6Hz; 4.81, lH, m; W,,?=7Hz) and one 

ailylic )CHOH group (4.05, 1 H, t, J = 6 Hz). 

On the basis of these data, structure 4 was ten- 
tatively assigned to this compound. This assignment 
was confirmed by comparison with an authentic 
sample prepared from (S)-( -)-all-truns-squalene-2,3- 
epoxide, isolated from the same source, by treatment 
with aluminium isopropoxide in boiling toluene. 

EXPERIMENTAL 

General procedures. The ‘H NMR spectra were measured 

at 270 MHz with TMS as internal standard; CDC& was used 
as solvent. Mass spectra were taken with a direct inlet 

system. 

Extraction and isolation of constituents. The alga (700g 

fr. wt) collected in June 1980 in the Bay of Salerno, Italy, 

was freeze-dried and ground to a fine powder with a blender. 

The dried alga was extracted x 3 with CHCIX with con- 

tinuous stirring. The extracts were combined and evapd to 

give a dark-green oil (I5 g). The crude extract was applied to 

a column (5 x 120 cm) of Si gel. The column was eluted with 
a solvent gradient from hexane to hexane-Et*0 (9: 1). Frac- 

tions of 2OOml were collected. The following compounds 

were isolated in order of increasing polarity. 

(6S, 7S)-Squalene-6,7-epoxide (2) and (lOS, 1 lS)-squalene- 
lO,ll-epoxide (3). Fractions 20-22 were pooled and sub- 

jected to column chromatography (Si gel, I x 60 cm) using as 

eluant a gradient system of hexane-C6H6 from 8: 2 to 6:4. 
Fractions of 20 ml were collected. Fractions 19-21, evapd to 

dryness, afforded 25 mg of an oily material which was 

further fractionated by prep. TLC (AgNO1-Si gel, C6H6- 

EtOAc, 7 : 3) to give pure 2 (6.5 mg) and 3 (8 mg). 

2, [aIF- 11.2” (CHCI1; c 0.100). M+ 426 m/z, 6 5.12 (5H, 

br, vinyl protons), 2.71 (IH, t, J = 6 Hz, H-7) and 1.26 (3H, s, 
Me-6). 

3, [a]$-3.8’(CHCIs; c O.lOO), M’ 426 m/z, fi 5.11 (SH, br. 
vinyl protons), 2.74 (IH, t, J = 6 Hz, H-II) and 1.26 (3H, s, 
Me-IO). 

All - trans - (3s) - 2,6,10,15,19,23 - hexamethyltetrucosa - 
1,6,10,14,18,22-hexaen-3-ol (4). Fractions 28-30 were re- 

chromatographed on prep. TLC (Si gel hexane-Et,O, 9: 1) to 
give 4 as an oily residue (21 mg). [a]?- 10.0” (CHCIj; c 

0.100); MS m/z 426.3841 (M’, talc. for CJ~H~,,O, 426.3860). 

Treatment of 1, 2 and 3 with aluminium isopropoxide. To 
a soln of 1 (20 mg) in 3 ml dry toluene, AI(OCHMe2)j (15 mg) 

was added and the mixture refluxed for 10 hr. After addition 

of Hz0 the organic phase was separated and taken to 

dryness. The crude product was purified by prep. TLC (Si 

gel, hexane-EtOAc, 17: 3) to give I4 mg of 4. 

2 (3 mg) and 3 (3 mg) were treated with AI(OCHMe2)1 and 

the reaction mixtures purified in the same experimental 

conditions described above to give 5 (2 mg; M’ m/z 426; S 
5.13, IH, m, W1,2=6H~ and S 4.94, lH, m, W,,Z=6Hz, 

\ 
=CH,: S 4.04, IH, t, J = 7 Hz. ,CHOH) and 6 (2mg, M’ 

m/z 426; S 5.00. lH, m, WI,:=6 Hz and 4.93. IH, m. 

W,,? = 6 Hz, =CHZ; 4.04, lH, t, J = 7 Hz, 
\ 
,CuOH). 

Application of the GC modificution of the Horeau method 
to 4 and 5. Compound 4 (2 mg) in dry pyridine (4 ~1) was 

treated with an excess ( i )-a-phenylbutyric anhydride and 

was kept at 40” for 1.5 hr. Conventional work-up [8] led to 

the isolation of a preponderance of (R)-a-phenylbutyric 

acid. 
Compound 5 (2mg) in the same experimental conditions 

described above also gave a preponderance of (R)-n- 

phenylbutyric acid. 
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