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Haterumadienone (1), a ring-contracted derivative of puupe-
henone (2), was isolated from a sponge Dysidea sp., along with
the artificial acetone adducts 3 and 4 of a trione hydrate 5 which
could be detected in the sponge. The structures of 1 and the ace-
tone adducts 3 and 4 were successfully determined by detailed
spectroscopic analysis. These compounds showed the ability to
inhibit the division of fertilized sea urchin eggs.

As part of our continuing search for bioactive metabolites
from Okinawan marine organisms, we examined the constituents
of the sponge Dysidea sp.1 and isolated three new puupehenone
congeners. Puupehenone (2)2 and its derivatives are an important
group of marine metabolites because they display a wide range
of bioactivities.3

The yellowish sponge (750 g) was extracted with acetone.
The acetone extract was initially partitioned between EtOAc
and water. The cytotoxic EtOAc-soluble material was triturated
with hexane. The hexane-soluble part was fractionated by silica-
gel column chromatography, followed by ODS HPLC to furnish
haterumadienone (1, 0.0017% of wet weight)4 and puupehenone
(2, 0.05%) as a major constituent. Column chromatography (sili-
ca gel) of the hexane-insoluble part and subsequent ODS column
chromatography yielded acetone adducts 3 and 4 as a mixture
[3/4 (10:9)]. This mixture was then purified by repeated ODS
HPLC with 30% H2O/MeOH to give more polar 35 and 4
(Scheme 1).6 Puupehenone (2) was unambiguously identified
by comparison of its spectral data with values in the literature.2,3b

Analysis of 1 by 13CNMR (Table 1) and HRESIMS [m=z
(Mþ Na)þ 323.2017, calcd for C20H28O2Na, 323.1988] provid-
ed a molecular formula. Although the 1HNMR signals in the
aliphatic region were almost identical to those of puupehenone
(2), 1 showed one less carbon than 2. Detailed analysis of the
IR (�max 2920, 1696, 1573, 1405, 1175 cm

�1), 1H and 13CNMR
data (Table 1) indicated the presence of a conjugated ketone
(C19), two trisubstituted double bonds (C15–C16 and C17–
C18), four methyls and an isolated methylene (C20) in the
five-membered ring (J ¼ 20Hz).7 The major spin systems (a,
b, and c) were revealed to be as shown in Figure 1 based on
1H–1H COSY and HMBC data. The partial structures (a, b,
and c) and other fragments (C11–C4–C12, C10–C14, C13–C8
and C16–C17) were connected using HMBC correlations
(Figure 1) to give the planar structure of the A-, B-, and C-ring
moiety. At this point in the structure determination, three frag-
ments (an isolated methylene, a ketone and a sp2 methine) were
identified, but not assembled. Therefore, the one remaining de-
gree of unsaturation corresponds to the presence of a cyclopen-
tenone ring as described before, which was also confirmed by an
HMBC experiment (Figure 1). The relative stereochemistry of 1
was established based on NOEDS data. The NOEs observed
between Me14/H2b, Me14/Me11, M14/H15, H1a/H5, and
Me13/H9 revealed a trans-anti-cis fusion of A/B/C rings,
which was the same as in puupehenone (2).

The molecular formula of 3, C24H32O5, was established by
HRESIMS [m=z (Mþ Na)þ 423.2154, calcd for C24H32O5Na,
423.2149] and the 13CNMR spectrum. The 1HNMR spectrum
was similar to that of puupehenone (2). The main differences
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Figure 1. Planar structure of haterumadienone (1) based on 2D
NMR data.
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Figure 2. Key HMBC correlations in the acetone adduct 3.
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were the presence of a singlet methyl signal at � 2.18, isolated
methylene protons at � 2.97 and 3.60, and the lack of an olefinic
proton. Interpretation of the 1D and 2D NMR spectra indicated
that 3 had the same A-, B-, and C-ring moiety as 1 or 2. In the
remaining part of 3, the presence of an acetonyl group, two ke-
tones, an oxygenated quarternary carbon (C20) and a hydroxy
group were revealed based on 1H, 13C, and HMBC NMR
data. The HMBC correlations (Figure 2) were used to connect
these partial structures, establishing the structure of ring D
(Figure 2). Since the NOEs observed for the A, B, and C-ring
moiety in 3 resembled those described above for 1, both
compounds had to possess an identical stereochemistry for the
A-, B-, and C-ring moiety.

The NMR spectra of compound 46 are almost identical to
those of 3. The structure of 4 was spectroscopically determined
by 2D NMR experiments and by comparison of its NMR data
with those of 3.

An interesting ring-contraction biogenetic pathway from
puupuhenone (2) to haterumadienone (1) might proceed via ben-
zylic acid rearrangement of the diketone form of 2, followed by
oxidative decarbonylation. Haterumadienone (1) is the first ring-
contracted congener which possesses ring C8 of 2.

Compounds 3 and 4, which might be formed by aldol con-
densation between the trione hydrate 5 and acetone in the extrac-
tion process, were epimers at C20 of each other. The assignment
of the stereochemistry at C20 of 3 and 4 is in progress. These
acetone adducts are the most reasonable adducts because they
have less electrostatic interactions between the ketonic groups
than other adduct structures (1,2-diketones). The trione hydrate
5 could be detected in the sponge extract with ethyl acetate
instead of acetone.9

Haterumadienone (1) completely inhibited the cell division
of fertilized sea urchin eggs at concentration of 2.5mg/mL. Puu-
pehenone (2), and compounds 3 and 4 arrested the division of
fertilized sea urchin eggs by 100% at concentration of 1mg/mL.
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Table 1. NMR data for 1 and 3

1a 3b

No. 13C 1H (Hz) 13C 1H (Hz)

1 39.4 t 0.67 dt (5.5, 12.5) 40.1 t 1.23m

1.26m 1.77 br d (12.0)

2 18.3 t 1.25m 18.1 t 1.45m

3 41.8 t 1.02 dt (4.0, 13,5) 41.4 t 1.19m, 1.42m

1.31m

4 33.1 s 33.4 s

5 53.7 d 0.56 dd (2.0, 11.5) 54.0 d 1.01 dd (2.0, 11.5)

6 18.4 t 1.25m, 1.36m 18.3 t 1.50m, 1.57m

7 39.4 t 1.15 dt (5.0, 14.0) 38.8 t 1.59m, 2.23m

1.96 td (3.0, 14.0)

8 80.1 s 79.3 s

9 53.8 d 1.31 d (6.5) 55.0 d 2.20 d (6.5)

10 39.8 s 41.3 s

11 22.0 q 0.74 s 21.9 q 0.82 s

12 33.6 q 0.81 s 33.7 q 0.90 s

13 28.5 q 0.94 s 28.8 q 1.26 s

14 14.5 q 0.68 s 15.3 q 0.76 s

15 121.2 d 5.24 d (6.5) 144.8 d 7.46 dd (6.5, 1.5)

16 132.9 s 128.5 s

17 177.9 s 166.6 s

18 110.1 d 5.65 s 104.7 d 5.68 d (1.5)

19 199.2 s 193.6 s

20 37.8 t 2.78 d (20.0) 80.9 s

2.82 d (20.0)

21 191.4 s

22 52.4 t 2.97 d (14.5)

3.60 d (14.5)

23 205.5 s

24 31.6 q 2.18 s

OH 3.90 br s

a500MHz 1HNMR and 125MHz 13CNMR in C6D6.
b500MHz

1HNMR and 125MHz 13CNMR in CDCl3.
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