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Abstract—A new nitrogen-containing bicyclic spirosesquiterpene designated exiguamide which inhibited cell fate specification dur-
ing sea urchin embryogenesis has been isolated from the marine sponge Geodia exigua. Its structure was determined by interpreta-

tion of spectral data and X-ray crystallographic analysis.
© 2002 Elsevier Science Ltd. All rights reserved.

During the early development of sea urchins, the cell
division synchrony in all blastomeres lasts only until the
third cleavage. In the fourth cleavage, the four cells of the
animal tier split meridionally into eight blastomeres, each
having the same volume. The vegetal tier, however,
undergoes an unequal equatorial cleavage to produce four
large cells, the macromeres, and four smaller micromeres
at the vegetal pole. Micromeres give rise to spiculogenetic
primary mesenchyme cells at later developmental stages.
The sea urchin embryo provides an excellent model system
to study the molecular mechanisms of cell fate specifica-
tion. This report describes the purification and the structure
elucidation of a new nitrogen-containing bicyclic spiro-
sesquiterpene designated exiguamide (1) which is capable of
inhibiting the formation of micromeres without affecting
cell division thereby producing spicule-deficient larvae.

*Corresponding author. Tel.: +81-824-24-7487; fax: + 81-824-24-
7486; e-mail: ohta@sci.hiroshima-u.ac.jp

The marine sponge Geodia exigua Thiele (order Astro-
phorida, family Geodiidae; 160 g, wet weight) collected
off Oshima, Kagoshima Prefecture, Japan in July 2001,
was cut into small pieces and steeped in MeOH. The
concentrated MeOH extracts were partitioned between
water and hexane. The bioactive hexane-soluble fraction
(1.1 g) was subjected to ODS column chromatography
using 0-100% MeOH in H,O as eluent. The bioactive
fraction was purified by silica gel column chromato-
graphy using 0-100% ethyl acetate in hexane as eluent,
followed by crystallization from aqueous MeOH to
furnish 1 (8.0 mg; 0.005% wet weight) as colorless crys-
tals, mp 139-140°C, [o] +31.7° (¢ 0.08, CHCl5).

The (+)-FABMS and (—)-FABMS data of 1 exhibited
pseudomolecular ion peaks at m/z 250 and m/z 248
corresponding to [M+H]" and [M—H]", respectively.
The molecular formula of 1 was established to be
C6H»7NO on the basis of high-resolution FABMS data
(m/z 250.2174 IM+H]", A +0.3mmu). The IR spec-
trum displayed absorption bands at 3323 (NH) and
1657 cm~! (amide and C=C). Inspection of the 'H and
13C NMR spectra (Table 1) together with DEPT and
HMQC spectral data revealed the presence of three ali-
phatic methyls, an olefinic methyl, four aliphatic methy-
lenes, four aliphatic methines, an olefinic methine, a
formyl and two quaternary carbons. 'H-'H COSY corre-
lations between the NH proton and both H-6 and H-16
provided evidence of the occurrence of the formylamino
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Table 1. NMR spectral data of 1 in DMSO-dg*

No. Sy multiplicity (J in Hz) d¢

1 5.58 brs 131.77d
2 139.29 s
3a 2.34 ddd (15.8, 8.8, 7.5) 34.67 t
3b 1.99 br dd (15.8, 8.8)

4a 1.80 ddd (12.6, 7.5, 2.1) 33.76 t
4b 1.42 ddd (12.6, 8.8, 8.8)

5 56.16 s
6 3.82.dd (10.5, 3.5) 50.33d
7 .1l m 43.37d
8ax 131 m 1941t
8eq 1.56 m

9ax 1.74 tt (13.5, 5.4) 2942 t
9eq 1.44 m

10 1.47 m 36.34d
11 1.30 m 28.99 d
12 0.86 d (6.5) 21.05 q
13 0.68 d (6.5) 20.36 q
14 1.68 br s 16.78 q
15 0.95d (7.5) 15.87 q
16 8.08 brs 161.16 d
NH 7.62 br d (10.5)

2The 'H and '*C NMR data were measured at 500 and 125MHz,
respectively.

group at C-6, which was supported by the observation
of the '"H-'>N long-range coupling between H-16 and
the NH nitrogen in the '"H-'>’N HMBC spectrum. Ana-
lysis of the HMBC spectral data revealed 1 to be a
spiro[4.5]decene having the formylamino, isopropyl,
and two methyl groups, as shown in Figure 1.

The relative stereochemistry of 1 was elucidated on the
basis of difference NOE experiments. An enhancement
of signals of three protons on C-15 and one of the pro-
tons on C-8 (H-8ax) upon irradiation of the NH proton
indicated that they were all in cis 1,3-diaxial positions
relative to one another around the six-membered ring,
and defined a chair conformation for the cyclohexane
ring, as shown in Figure 2. Irradiation of the olefinic
proton (H-1) enhanced the signals of H-6, H-7, H-9ax,
H-10 and H;-14, placing these protons on the same face
of the cyclohexane ring. Irradiation of Hs-15 enhanced
signals of H-8ax, NH proton and one of the protons on
C-4 (H-4a), supporting the relative stereochemistry of
1. The relative stereochemistry of 1 was further con-
firmed by X-ray crystallographic analysis (Fig. 3).! At

Figure 1. Key 'H-'3C HMBC correlations observed for 1.
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Figure 2. Key NOEs observed for 1.

Figure 3. Perspective view of the crystal structure of 1.

present, the absolute configuration of 1 remains to be
determined.

When fertilized eggs of the sea urchin, Hemicentrotus
pulcherrimus, were cultured in the presence of
0.4-12.0puM 1, they divided equally to form 16-cell
embryos that were comprised of sixteen cells of the same
size. After passing through the blastula and then gas-
trula stages, the 1-treated embryos developed to form
spicule-deficient plutei. There are very few substances
having the biological activity.* An analogous sesqui-
terpene having the same spiro[4.5]decene skeleton with
an isonitrile, a methoxycarbonylamino, or a 2-(methoxy-
carbonylmethyl-methyl-amino)-acetylamino group in
place of the formylamino group of 1 did not exhibit
such activity. Exiguamide (1) is considered to be a use-
ful tool for elucidating the mechanism of cell fate speci-
fication during sea urchin embryogenesis.
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