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Two new cembrane diterpenes from a Madagascan soft coral of
the genus Sarcophyton†
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Abstract—Two new cembrane diterpenes have been isolated from an unidentified species of soft coral of the genus Sarcophyton,
collected along the South coast of Madagascar. Their structures were elucidated on the basis of detailed NMR spectroscopic data.
© 2002 Elsevier Science Ltd. All rights reserved.

Soft corals (phylum Cnidaria, class Anthozoa, subclass
Octocorallia, order Alcyonacea) have proven to be a
rich source of terpenoid and polyhydroxy steroid
metabolites.1 The most prolific and the most scattered
in the world, which belong to the genus Sarcophyton
have been widely studied.2 Among the nearly 30 species
from different areas chemically examined, cembranoid-
type diterpenes emerge as characteristic constituents of
this genus. Most of them have been regarded as defen-
sive, competitive, reproductive or pheromonal sub-
stances, playing a functional role in their survival.3

Some of them exhibited a pharmacological activity.2 In
the course of our ongoing studies on marine natural
products, we have recently examined the
dichloromethane extract of the soft coral collected off
the Tulear coast in the South of Madagascar, identified
as Sarcophyton sp.4 and have isolated two new cem-
brane diterpenes 1 and 2. The details of characteriza-

tion and structure elucidation of these two new
compounds are presented in this paper.

The CH2Cl2 extract (28 g) of air-dried sample of the
soft coral Sarcophyton sp. (500 g) was fractionated by
silica gel chromatography using a linear gradient of
acetone in dichloromethane as eluent. The fraction
eluted with 5% acetone afforded the two new cem-
branes 1 (0.0009% dry weight) and 2 (0.0006% dry
weight), which were purified on preparative TLC (hex-
ane/AcOEt 65:35).

Compound 1 was isolated as a colourless oil. The
molecular formula C22H28O6, determined by FAB
HREI MS (M+NH4

+ at m/z 406.2240, C22H32O6N) and
13C NMR, indicated nine degrees of unsaturation. The
presence of several bands in the region of 1735 cm−1 in
the IR spectrum and the 13C NMR resonances at �
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80.2, 174.0, 167.3, 51.6 and 168.4, 51.5 ppm suggested
the presence of a lactone function and esters groups.
The 13C NMR spectrum showed low-field signals at �
157.5, 150.2, 141.9, 141.6, 133.3, 132.8, 120.6 and 119.9
ppm, indicating the presence of four trisubstituted dou-
ble bonds in the molecule. In addition, 1H–1H COSY
spectrum revealed the presence of an isopropyl group
due to resonances at � 1.06 (3H, d, J=6.8 Hz), 1.03
ppm (3H, d, J=6.8 Hz) and 2.41 (1H, m). The 1H
NMR spectrum showed one deshielded aliphatic proton
at � 5.15 ppm and four olefinic protons at � 5.70 (dd,
11.1, 4.4), 6.50 (d, 11.9), 7.00 (d, 11.9) and 7.54 (d, 1.7)
ppm and confirmed the presence of two methoxyl
groups at � 3.76 (s) and 3.67 (s) ppm. According to the
molecular formula, the presence of three carbonyl
groups and four double bonds suggested that 1 was a
bicyclic cembrane. Full NMR data assignments for 1
were obtained by careful analysis of 2D NMR data.
The protonated carbons were all assigned by HMQC
experiments.

The downfield chemical shift of H-15 (� 2.41 ppm)
suggested the presence of a double bond at C-1.5 The
connectivities H-2/H-3, H-5/H-6, H-9/H-10, H-10/H-
11, H-13/H-14 were also afforded by 1H–1H COSY.
Connections of these protons were provided by HMBC
(see Table 1). Hence, the position of the isopropyl
group at C-1 was determined by HMBC correlations of
the ethylenic proton at � 7.00 ppm with C-15 and
secured by HMBC correlations of the methine at � 2.41
ppm with C-1/C-2/C-16/C-17. Further relevant connec-
tivities were furnished by HMBC correlations observed

between the methylene protons at � 3.12–2.27 ppm and
the proton at � 6.50 ppm with C-4 and C-18, which
fixed the position of one ester group on C-4. The
lactone moiety was supported by significant HMBC
correlations of the proton at � 7.54 ppm with C-6 and
C-19. The position of the second ester group was
deduced as being on C-12 due to HMBC correlations of
the proton at � 5.70 ppm with C-9/C-20 and HMBC
correlations of the methylene protons at � 2.78–2.29
ppm with C-1/C-11/C-12/C-20.

We have attempted to determine the stereochemistry by
NOESY experiments. A NOESY correlation between
the proton H-2 at � 7.00 ppm and one of the methyl
groups, indicated a E configuration for the first trisub-
stituted olefin. Furthermore, a NOESY correlation
observed between the proton H-2 at � 7.00 ppm and the
methoxyl group in position 21 at � 3.76 ppm, coupled
with the trans orientation of protons H-2 and H-3
(J=11.9 Hz) implied a Z configuration for the second
trisubstituted olefin. This was confirmed by the chemi-
cal shift of proton H-3 at � 6.50 ppm.

Compound 2 was isolated as a colourless oil. The
high-resolution analysis gave a value of 422.2206
(C22H32O7N) for the (M+NH4)+ ion at m/z 422, indicat-
ing the molecular formula as being C22H28O7. This and
spectral data, revealed a close structural relationship
with compound 1. The main difference appeared in 13C
NMR spectrum with the absence of one olefin and the
appearance of resonances at � 68.3 and 56.7 ppm (�
3.33 ppm in 1H NMR spectrum), suggesting the pres-

Table 1. 1H and 13 C NMR assignments for 1 and 2 (CDCl3)

1N° 2

HMBC (H�C)1H (mult, J, Hz)13C13C HMBC (H�C)1H (mult, J, Hz)

157.51 68.3
119.9 7.00 (d, 11.9) 3, 4, 14, 152 56.7 3.33 (d, 9.7) 1, 3, 4

4, 5, 6, 186.79 (d, 9.7)3 140.8141.6 1, 4, 6, 186.50 (d, 11.9)
4 131.5120.6

3, 4, 6, 7, 18 32.2 3.28–2.38 3, 4, 6, 185 40.0 3.12–2.27
6 80.2 78.4 5.14 (m)5.15 (m)
7 6, 19150.2 148.1 6.71 (s) 67.54 (d, 1.7)

133.08 132.8
11 24.9 2.67–2.20 (m) 7, 119 24.4 2.42 (m)

25.9 3.18–2.33 (m)10 27.3 2.72–2.30 (m)
11 205.52 (dd, 10.5, 2.9)132.89, 13, 205.70 (dd, 11.1, 4.4)141.9

134.6133.312
13 32.7 2.78–2.29 (m) 1, 11, 12, 20 24.0 2.29–2.10 (m) 1, 11, 12, 14

1, 2, 11, 12, 13 23.5 2.10–1.92 (m)14 1, 12, 1329.5 2.48–2.29 (m)
33.5 2.41 (m) 1, 2, 16, 1715 31.7 1.83 (m) 1, 3, 14
22.4 1.03 (d, 6.8) 116 19.5* 1.01 (d, 7.1) 1, 15, 17
21.3 1.06 (d, 6.8) 117 17.6* 1.11 (d, 6.9) 1, 15, 16

167.318 166.8
174.5174.019

168.420 169.5
51.6 3.76 (s)21 18 52.4 3.78 (s) 18
51.5 3.67 (s) 20 51.7 3.71 (s) 2022

* May be interchanged.
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ence of an epoxide. HMQC and HMBC experiments
allowed the unambiguous definition of the structure of
2. Especially, HMBC correlations of the methine pro-
ton at � 1.83 ppm with C-1/C-3, HMBC correlations of
the methine proton at � 3.33 ppm with C-1 and of the
methylene protons at � 2.10–1.92 ppm with C-1 fixed
the position of the epoxide on C-1/C-2. An accurate
study of HMBC spectrum secured the three trisubsti-
tuted olefins (see Table 1).

The relative configuration was established through
NOESY spectrum. Starting from a conventional � ori-
entation of C-15 in cembranes from the order of Alcy-
onacea,6 a NOESY correlation of the methine proton at
� 1.83 ppm with signal at � 1.92 ppm allowed identifi-
cation of H-14b, which also gave a NOESY correlation
with the proton H-2 at � 3.33 ppm. Moreover, H-2
gave a NOESY correlation with H-5b at � 2.38 ppm,
while the proton H-5a at � 3.28 ppm gave a NOESY
correlation with the proton H-6 at � 5.14 ppm, placing
H-6 in � position. Furthermore, chemical shift of H-3
at � 6.79 ppm was in favour of a Z configuration for
the 3–4 double bond; chemical shift of H-11 at � 5.52
ppm suggested a Z configuration for the second double
bond.7 The structure of compound 2 was illustrated
above.

Compounds 1 and 2 proved inactive until 250 �g/disc in
antibiotic assays.
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