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Abstract—Two novel ent-isocopalane diterpenes, coelodiol (1) and coeloic acid (2), the latter characterized by an unique oxidative
degradation of ring A, have been isolated from the Indonesian sponge Coelocarteria cfr. singaporensis. The stereostructure of these
metabolites has been established through interpretation of NMR data and application of the exciton chirality CD method. Coelo-
diol (1) and coeloic acids (2) were found to inhibit the growth of MKN-45 cell line (human gastric adenocarcinoma).
� 2006 Elsevier Ltd. All rights reserved.
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Marine sponges of the family Isodictyidae (order Poe-
cilosclerida, suborder Mycalina) have been scarcely
investigated for their chemical composition. Among
the few genera of this family, sponges belonging to the
genus Isodictya have been shown to elaborate purine
and tryptophan derivatives;1,2 on the contrary, second-
ary metabolites produced by other genera, and, among
them, by the genus Coelocarteria are hitherto unknown.

As part of our ongoing screening for bioactive second-
ary metabolites from Indonesian marine invertebrates,
we have recently analyzed the organic extract of the
sponge Coelocarteria cfr. singaporensis (Isodictyidae)
collected in 2003 in the Bunaken Marine Park (North
Sulawesi, Indonesia). This is a massive sponge, hard
but friable, characterized by a subhemispherical body,
partially buried into the sediment. It has short and com-
posed, branched inhalant fistules and an exhalant cri-
brous area organized in one large fistule. Commonly,
the sponge is covered by numerous epibionts and only
the fistules are visible. In the area of the Bunaken Park
it lives in shallow waters in crevices, up to 40 m depth.
From the organic extract of this organism, we have iso-
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lated two new ent-isocopalane diterpenes, named coelo-
diol (1) and coeloic acid (2), the latter characterized by a
unique oxidative degradation of ring A, whose stereo-
structure elucidation is herein detailed.
A specimen of C. cfr. singaporensis was extracted
sequentially with fresh MeOH at room temperature.
The combined MeOH extracts were concentrated to a
brown gum, which was then partitioned between water
and EtOAc. The EtOAc phase (7.5 g) was chromato-
graphed over a silica column using n-hexane, n-hex-
ane/EtOAc, and EtOAc/MeOH mixtures of increasing
polarity. A fraction eluted with n-hexane/EtOAc 7:3
was further purified by normal-phase HPLC (eluent:
n-hexane/EtOAc 65:35) to give pure samples of coelodiol
(1, 5.2 mg) and coeloic acid (2, 1.8 mg).

ESI-MS of coelodiol (1), [a]D +4.0 (c 0.2, CHCl3),
showed pseudomolecular ion peak at m/z 373
[M+Na]+, while the peak at m/z 350.2466 in the
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Figure 1. COSY and 2,3J H!C HMBC correlations of coelodiol (1).
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HR-EIMS indicated the molecular formula C21H34O4

(calcd m/z 350.2457) for 1. The 1H and 13C NMR spec-
tra of 1 (Table 1, C6D6) were analyzed with the help of
the 2D NMR HMQC spectrum, disclosing the presence
of the following moieties: (i) five methyl groups, all res-
onating as singlets in the 1H NMR spectrum (dH 0.87,
0.97, 1.06, 1.30, 3.38), the last ascribable to a methoxy
group (dC 51.5); (ii) a geminally disubstituted double
bond (dH 5.10, br s, and 4.90, br s, dC 109.5; dC
145.0); (iii) an ester group (dC 171.8), also indicated by
the IR (CHCl3) absorption at mmax 1742 cm�1. Thus,
taking into account the five unsaturation degrees im-
plied by molecular formula, coelodiol (1) has to possess
a tricyclic structure. Inspection of the 2D NMR COSY
spectrum of 1 allowed the arrangement of the remaining
proton signals into the three spin systems (A–C) high-
lighted in bold in Figure 1. In particular, spin system
A contains, in addition to a methylene, two consecutive
oxygenated methines (dH 3.20, dC 76.3; dH 3.60, dC 74.4),
accounting for the two remaining oxygen atoms of the
molecular formula. In addition, it should be noted that
spin system C comprises also the protons of the sp2

methylene (H2-16), as well as H-14, on the basis of
Table 1. 1H (500 MHz) and 13C (125 MHz) NMR data of coelodiol (1)
and coeloic acid (2) in C6D6

Pos. 1 2

dH, mult.,
J in Hz

dC, mult. dH, mult.,
J in Hz

dC, mult.

1 3.20, d, 3.5 76.3, d 182.0, s
2 3.60, ddd,

9.5, 3.5, 3.0
74.4, d

3a 1.57, dd,
12.5, 3.0

33.0, t 9.26, s 204.3, d

3b 1.42, dd,
12.5, 9.5

4 42.5, s 58.4, s
5 1.16, dd,

13.0, 2.8
48.4, d 1.13, dd,

12.5, 2.5
49.2, d

6a 1.39a 20.5, t 1.36a 21.0, t
6b 1.36a 1.31a

7a 1.26a 39.6, t 1.30a 38.9, t
7b 1.25a 1.28a

8 40.2, s 39.4, s
9 1.67, dd,

12.0, 3.0
50.7, d 1.64, dd,

12.0, 3.0
53.1, d

10 42.0, s 51.0, s
11a 1.47, m 24.5, t 1.43, m 24.4, t
11b 1.38a 1.37a

12a 2.31, ddd,
12.5, 3.8, 2.0

36.0, t 2.23, ddd,
12.0, 3.8, 2.0

36.9, t

12b 2.08, ddd,
12.5, 12.5, 3.5

2.10, ddd,
12.0, 12.0, 3.5

13 145.0, s 143.7, s
14 2.98, s 64.3, d 2.73, s 63.7, d
15 171.8, s 172.0, s
16a 5.10, br s 109.5, t 5.01, br s 109.9, t
16b 4.90, br s 4.81, br s
17 1.30, s 16.3, q 1.06, s 16.1, q
18 0.97, s 26.0, q 0.87, s 23.2, q
19 0.87, s 32.1, q 0.92, s 33.0, q
20 1.06, s 17.8, q 1.03, s 19.5, q
OCH3 3.38, s 51.5, q 3.34, s 51.5, q

a Overlapped with other signals.
long-range allylic coupling of H2-16 both with the mul-
tiplets at dH 2.08 and 2.31 (H2-12) and the singlet at dH
2.98 (H-14).

Information arising from the 2D NMR HMBC spec-
trum allowed us to join all the substructures resulting
from the above analysis, thus assembling the gross struc-
ture of coelodiol (1). Particularly informative were the
2,3JC,H correlations of H-5 (dH 1.16) with C-4, C-18,
C-19, C-1, C-9, C-10, and C-20 and those of the down-
field resonating methine H-14 (dH 2.98) with C-15, C-12,
C-13, C-16, C-7, C-8, C-9, and C-17. The network of sig-
nificant HMBC cross-peaks is depicted in Figure 1.

The relative configuration of 1 has been established on
the basis of the proton–proton coupling constants (see
Table 1) and the dipolar couplings (evidenced through
a ROESY spectrum) shown in Figure 2. In particular,
the trans-AB ring junction has been deduced by the
ROESY cross-peaks H3-20/H-2 and H-5/H-3b(ax);
analogously, the dipolar couplings H-9/H-5 and H3-
17/H3-20 implied a trans-BC ring junction. Taking into
account the axial orientation of H-2, the relatively small
coupling constant JH1–H-2 (3.5 Hz) is indicative of an
equatorial H-1; thus, H-1 and H-2 are cis (eq–ax) ori-
ented. Finally, the ROESY correlation H-9/H-14 indi-
cated the cis relationship of these protons and,
consequently, the relative configuration at C-14.

Coelodiol (1) belongs to the diterpenoid class of isoco-
palanes, which is very rare in nature and apparently re-
stricted to the marine environment. Interestingly, this
skeleton has been found in two completely enantiomeric
forms: the ‘isocopalane’ family, identifiable by the a-ori-
entation of methyls at C-8 and C-10, has been isolated
from some nudibranches3,4 and, very recently, also from
the sponge Mycale aff. graveley.5 The enantiomeric ‘ent-
isocopalane’ family is typical of marine sponges.6,7 Con-
sequently, in order to assign 1 to one of these two clas-
ses, an unambiguous determination of its absolute
configuration was needed. Taking advantage of the pres-
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Figure 2. Diagnostic ROESY correlations detected for coelodiol (1)
and coeloic acid (2).
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Figure 3. Benzoylation of coelodiol (1): (a) PhCOCl/Py/DMAP and (b) BzOTf/CH2Cl2.
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ence of a 1,2-diol system in 1, we decided to face this
problem through the use of the non-empirical exciton
chirality CD method that links the sign of the long
wavelength Cotton effect with the chirality of the benzo-
ate-bearing carbinol C–O bonds.8 Attempts to obtain
the 1,2-dibenzoate derivative of 1 by using benzoyl chlo-
ride in pyridine invariably produced only the 2-mono-
benzoate 1a9 (Fig. 3). Benzoylation of the axial
hydroxy group at position 1 was successfully accom-
plished by treating 1a with benzoyl trifluoromethane-
sulfonate (BzOTf) in CH2Cl2 at �78 �C,10 obtaining
the 1,2-dibenzoate 1b in 35% yield.11 The CD spectrum
of 1b in MeOH/dioxane 9:1 showed typical exciton-split
Cotton effects with opposite signs centered upon the UV
absorption of the benzoate chromophore: De222 +6.7
and De236 �15.2. The negative sign of the Cotton effect
at the longer wavelength indicates the negative chirality
between the two dipoles of the benzoate chromophores
(‘dibenzoate chirality rule’) (Fig. 4),8 thus assigning
coelodiol to the ent-isocopalane class, as reported in 1.

A second diterpene derivative, coeloic acid (2),12 [a]D
�2.0 (c 0.15, CHCl3), showed ESI-MS pseudomolecular
ion peaks at m/z 373 [M+Na]+ and 395 [M�H+2Na]+,
while HR measurement of the EIMS peak at m/z 350
revealed the molecular formula C20H30O5 (meas. m/z
350.2099, calcd m/z 350.2093) for 2. With the help of
the 2D HMQC NMR spectrum, 1H and 13C NMR spec-
tral data (Table 1, C6D6) of coeloic acid (2) were com-
pared with the corresponding data of coelodiol (1),
and several resemblances, but also some differences
appeared evident. In particular, four methyl singlets,
a methyl ester group, and an exo-methylene group were
still present in 2; on the other hand, the 1,2-diol system
was missing, while an aldehyde group [NMR: dH 9.26,
dC 204.3; IR (CHCl3): mmax 1735 cm�1] and a carboxylic
acid [NMR: dC 182.0; IR (CHCl3): mmax 1710 cm�1]
resulted to be part of structure 2. Consequently, since
coeloic acid (2) contains three carbonyl groups and a
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Figure 4. The negative chirality between the two benzoate dipoles of
coelodiol-1,2-dibenzoate (1b).
double bond, only two rings are needed to account for
the six unsaturation degrees implied by molecular
formula.

Combined analysis of 2D NMR COSY, HMQC, and
HMBC spectra of coeloic acid (2), assisted by compari-
son with parallel spectra of coelodiol (1), revealed that
all the structural differences between 2 and 1 are con-
fined to ring A. Indeed, the 1H and 13C NMR reso-
nances assigned to nuclei from positions 5 to 20 of 2
proved to be quite similar to those of the corresponding
atoms in coelodiol (1) (as can be seen in Table 1), and,
furthermore, all the diagnostic COSY and HMBC corre-
lations detected for protons and carbons belonging to
BC rings of coelodiol (see Fig. 1) were identically
detected also for coeloic acid (2). Additional correla-
tions evident in the HMBC spectrum of 2 allowed us
to draw its planar structure. In particular, 3JH/C cross-
peaks of H3-20 with C-9, C-5, and with the carbon
resonating at dC 182.0 allowed the placement of the
carboxylic group at C-10. Analogously, the 3JH/C

cross-peaks of both H3-18 and H3-19 with C-5 and with
the carbon resonating at dC 204.3 were in agreement
with the linkage at C-4 of the two methyls and the
aldehyde groups.

The pattern of proton–proton coupling constants and
the series of ROESY cross-peaks (Fig. 2) were used to
establish the relative configuration of coeloic acid (2)
that, eventually, resulted to be identical to that of coelo-
diol (1). Due to the limited amount of material available,
determination of absolute configuration of coeloic acid
(2) was not accomplished; anyway, in structure 2 it has
been reported with the same ent-isocopalane configura-
tion of coelodiol (1).

The carbon skeleton of coeloic acid (2) is unique and, to
our knowledge, it represents the first example in nature
of a seco-norisocopalane diterpene. Coeloic acid (2) can
derive from coelodiol (1) (or from a related ent-isocopa-
lane) through an extensive oxidative degradation of ring
A, resulting in the formation of a carboxylic acid at
position 1, of an aldehyde group at position 3, and in
the complete loss of carbon 2. This kind of degradation
is not only unique among isocopalanes, but it is very
rare also within the entire class of terpenoids. One of
the few examples of related molecules is represented by
oryzalides, antibacterial C19-kaurane diterpenes isolated
from rice plant.13 Interestingly, in this case, the aldehyde
group is located at position 1 and the carboxylic acid at
position 3.
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Coelodiol (1) and coeloic acids (2) were found to inhibit
the in vitro growth of MKN-45 cell line (human gastric
adenocarcinoma)14 at 20 and 40 lg/mL, respectively.
Further biological studies, aimed at establishing the
mechanism of this activity, will be reported elsewhere
in the future.
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