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Abstract-The isolation and structural determination of several cembrane derivatives (2-7) isolated 
from the soft-bodied coral sarcophytum gloucum- is reported. The various compounds can be divided 
into cembranolids, cembranes containing the dihydrofurane moiety, and correlated alcohols. The 
stereochemistry at C-l, as well as that of the epoxide ring, believed to be responsible for the 
differences between the members of the first two classes of compounds, is discussed. 

In a previous publication’ we described the 
isolation and structural elucidation of a new 
cembranolide, namely sarcophine (l), isolated from 
the soft bodied coral, sacophytum glaucum (Al- 
cyonaria). Herewith several other closely related 
compounds are described. We found that in 
addition to 1 which crystallizes out from the 
petrol-ether extract, this extract contains several 
other diterpenes, some of which (2 and 3) appear in 
considerable amounts (up to 4.5% dry weight). 
Moreover, the relative amounts of the various 
diterpenes in diverse batches of sarcophytum 
glaucum changed remarkably as a function of the 
collection location and period of the year, e.g. the 
amounts of 1 changed from ca. 3%, dry weight, to 
traces. 

Compounds 2 and 3 were found to be very similar 
in almost all the chemical and spectroscopic 
properties (bp., TLC, IR, and Mass spectra); the 
differentiation could only be based on very slight 
differences observed in the chemical shifts, in the 
NMR spectra. 

Compound 2, CX,H~OZ (m/e 302; M’), bpo.o, 120”, 
was suspected to possess two ethereal linkages, as 
neither OH nor CO absorption could be observed in 
the IR spectrum. Fig 1 illustrates the NMR 
spectrum and the structure of 2. The latter was 
deduced from the spectrum shown and by the 
comparison of it with that of sarcophine (1)‘. Three 
out of the four Me-groups appear at 6-values (1.19, 
I .57 and I-76) similar to the ones found for 
sarcophine, suggesting a priori similar functional 
groups, namely two three-substituted double bonds 
and one oxirane. The existence of an epoxide was 
further confirmed by the triplet at 8 2.53 (J = 
4.5 Hz) which is in a suitable place for an oxirane 
methine.’ Furthermore, one of the three-substituted 
double bonds was established by the triplet at 5.05 
(J = 6.5 Hz) vide infra. The picture at low field 
turned out to be more complicated; two protons 

appear as a broad doublet at 8 4.34 while three 
additional ones gave rise to the multiplet between 
5-O and 5.5 ppm. Of most significance in this 
low-field pattern elucidation, was the double 
resonance experiment in which the two Me-groups 
at I.57 and 1.61 ppm were irradiated simultane- 
ously. This spin decoupling cancelled long range 
couplings caused by these two methyls (Fig 1, irrad 
at 6 160); a sharp doublet appears at S 4.34 
(J = 4.5 Hz, 2H), and the multiplet between 5.0 and 
5.5 ppm could be interpreted as an AB-system 
(J*B = 9Hz, 2H) overlapping a triplet at 5.05 
(J = 6.5 Hz, IH). The AB proton appearing at lower 
field (S 5.37) was found to be further splitted into a 
triplet (J = 4.5 Hz) by two protons suspected to be 
the ones giving rise to the doublet at 4.34 
(J = 4.5 Hz), and indeed irradiation at this place 
changed the 5.37-signal into a broad doublet (Fig 1, 
irrad at S 4.34). Vice versa irradiation at 8 5.37 
changed the broad doublet at 4.34 into a broad 
singlet (Fig I), as well as causing sharpening of the 
methyl signals at S I.61 and 1.76, as compared to 
the 1.57 signal. The AB-pattern resembles the one 
appearing in the NMR spectrum of 1 except for the 
additional splitting of one proton which is caused 
by two neighbouring protons. The absence of the 
y-lactone appearing in 1, together with the need for 
an ethereal linkage, in addition to the epoxide, 
suggests the existence of a 2,5-dihydrofurane site in 
2, in place of the y-lactone of 1. A dihydrofurane 
moiety can account for the signal at 6 5.37, 
representing the proton a to the oxygen coupled by 
the two other a’-protons, to an extent of 4-5 Hz 
which is characteristic for such systems.’ Further- 
more, the position of the various protons including 
the methyl appearing at S l-61 is thus also 
explained.’ The other half of the AB-pattern, 
appearing at S 5.12, is therefore attributed to C-2-H 
and is allylicly coupled with the Me-group appear- 
ing at 6 l-76. Irradiation of the latter Me-group 
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Fig 1. NMR Spectrum of compound 2. 

sharpened the doublet at S 5.12, while the 
beginning of five lines could be observed on the 
multiplet at 6 5.37, due to cancelling of the 
homoallylic coupling (Fig 1). 

More evidence for the existence of the dihyd- 
rofurane moiety could be obtained from the mass 
spectrum in which the M-l and M-2 fragments 
appear in relatively high abundance, explained by 
structure a and b. 

c 148(100%) a 301(13%) 

FH, 

If we assume that neither double bond rearrange- 
ment nor cis-trans isomerisation occurs (on the 
basis of the very similar spectral data and the 
common cembrane derivative structures)’ the only 
remaining differentiation between the two (2 and 3) 
could originate from the stereochemistry of one or 
more of the C-l, C-6 or C-7 centers. We have no 
way of making an unequivocal decision among 
these possibilities, however, as the differences 
between 2 and 3, seen in the NMR spectrum (Table 
l), are mainly in the dihydrofurane surrounding, we 
assume C-l epimerization; further evidence will be 
discussed later. 

b 300 (60%) 

Fragment a can also account for the parent peak, 
at m/e 148, for which structure c is proposed. The On careful chromatography of the crude oily 
problem with the mass spectrum of 2 (or 3), as petrol-ether extract, using benzene-ethylacetate as 
discussed before for compound 1,’ was the large the eluent, another diterpene (4), apart from 
number of possible fragmentations due to the compounds 2 and 3, could be obtained. Compound 
various functional groups. Thus further conclu- 4, CmHaO, (m/e 316; M’), m.p. 70”, was found to 
sions concerning the relative positions of the possess an IR and mass spectrum undistinguishable 
functional sites became very difficult; several from that of 1, however very slight differences 

mechanisms could be suggested for most of the 
peaks. On the ground of the above data, mainly the 
NMR spectrum, and the assumption of a similar 
biosynthesis (including the place of epoxidation) 
for 2 and 1, the proposed structure for 2 is the one 
shown in Scheme 1. 

As mentioned before, compound 2 was found to 
be accompanied by a very similar diterpene 3, 
which could be separated from it by repetitive 
chromatography. According to the NMR data of 3 
as compared to 2 (see Table 1) compound 3 
contains exactly the same functional groups as 2. 
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4.5 (differ in the epoxide 
configuration) 

2.3 (differ in HI- 
configuration) 

6 

Table 1. NMR data of compounds 2 and 3t 

SCHEME I 

(17) CH, 

2 3 

1.61 brs* I.65 brs* 
4.34 brd 4.34 brs+ 
(J = 4.5 Hz) 
5.37 dt* 
(J = 9; 4.5 Hz) 5.10-5.25m (2H) 
5.12d 
(J = 9 Hz) 
1.76 brs* I.85 brs* 

(20) CH, 
I .57 brs* 
5.05 brt* 
(J = 6.5 Hz) 

1.57 brs* 
5.05 brt* 
(J = 6.5 Hz) 

(19)CI-L 
1.18s 1-19s 
2.53 t 2.51 t 
(J = 4.5 Hz) (J = 5 Hz) 

*Further splitted by allylic couplings. 
ITaken in CCL. 

could be observed in the NMR spectrum (Table 2). 
Double irradiation experiment showed exactly the 
same behaviour as 1,’ suggesting, together with the 
other spectral data, that 4 is a stereoisomer of 1. As 
such, compound 4 was expected to exhibit a cotton 
effect (in contrast to compounds 2 and J), and 
indeed, the measured CD-curve showed this effect 
(Fig 2). Moreover, this effect differed signihcantly 
from the one found for 1, i.e. the cotton effect 
attributed to the n + n * lactone absorption changed 
in sign. Dealing with two unequal partly overlap- 

7 (tentative structure) 

ping cotton effects (n-, ?r* and rr + a*) the place 
of both maxima is expected to be strongly 
dependant on the intensity of the separate absorp- 
tions,6 thus explaining the shift in the maxima 
observed. However, on the basis of the CD- 
interpretation of compound 1, it seems most likely 
that the C-l configuration of 4 is inverted, as 
compared to 1, and that this is the structural feature 
which distinguishes between the two. 

Another interesting observation was the fact that 
if the chromatography of the crude extract was 
carried out, using CHCL instead of EtOAc, 
compound 4 was absent and instead, another 
compound (5) appeared. 

Compound 5, an oil, GHB03 (m/e 316; M’) 
showing undistinguishable TLC, IR and mass 
spectrum from those of 1 and 4, but slight 
differences in the NMR spectrum (Table 2), seemed 
to point to yet another stereoisomer. The CD 
spectrum of 5 shows a positive n-* r* cotton 
effect, similar to that of 4, pointing to the same C-l 
configuration. We assume that in compound 5 
epimerization of one of the carbons bearing the 
epoxide moiety occurs. It was very interesting to 
find that compound 4 changes into 5 while the NMR 
spectrum is being run in CDCI, solution (but not in 
CCL) and turns back to 4 when the CDCI, is 
evaporated and the spectra taken this time in CCL. 
The explanation for this unexpected behavior can 
be sought in the following two factors: (1) the 
acidity of the CDCI, and/or (2) the traces of 
phosgene present in the CDCL. It actually turned 
out that traces of COCL were responsible for the 
isomerization in CDCI, and most likely also on the 
chromatography column, using chloroform as 
eluent. Adding traces of phosgene to an NMR tube 
containing 4 in CCL caused duplicity of the 
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