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A new trinor-guaiane sesquiterpene named clavukerin C (2), having
a hydroperoxy function, was isolated together with clavukerin A (1),
clavukerin B (3), and bicyclogermacrene (i) from the Okinawan soft
coral (stolonifer) Clavularia koellikeri. The absolute stereo-
structure of clavukerin C (2) was elucidated. Clavukerin B (3) was
found to be identical with or antipodal to trinoranastreptene, which
was previously reported as a liverwort metabolite.
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1)

In search of biocactive constituents from marine organisms, we isolated a

new trinor-guaiane sesquiterpene named clavukerin A (1) from the Okinawan soft

coral (stolonifer) Clavularia koellikeri and elucidated the absolute stereostruc-

2,3)

ture. In a continuing study of the chemical constituents of the same soft

coral, we recently isolated a new trinor-sesquiterpene named clavukerin C (2),

which was characteristic by possessing a hydroperoxy function, together with
clavukerin B (3) which was identical with or antipodal to trinoranastreptene,s)
6) Elucidation of the absolute stereostructure of

7)

and bicyclogermacrene (4).
clavukerin C (2) is the major subject of this communication.
An acetone extract of the fresh soft coral (collected in July at Kohama-jima,
Okinawa Prefecture) was partitioned in an AcOEt-HZO mixture and the AcOEt-solu-
ble portion was subjected to Toyo Pearl (HW-40 Super Fine) column chromatography
(MeOH) . The fraction containing clavukerin C was further partitioned in a
hexane-MeOH mixture and the hexane soluble portion was purified by HPLC (uPorasil,
hexane-AcOEt) to furnish clavukerin C (2) (1% from the AcOEt extract).s)
) 10120 -61° (cHcl,), was
a conjugated diene as shown by its UV absorption spectrum [Aﬁzgﬂ nm (g): 255
(8500), 247 (sh) (8300)]. The presence of the hydroperoxy function in 2 was sug-
gested by‘the positive reactions with the N,N-dimethyl-p-phenylenediammonium

Clavukerin C (2), unstable colorless oil, C12H1802,
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dichloride reagentl 1) The 13C—NMR spec-

trum (22.5 MHz, CDCl3) of 2 showed signals ascribable to four olefinic carbons [
§c 151.1 (s), 131.8 (s), 133.9 (d), 121.0 (d)] and a gquaternary carbon bearing a
hydroperoxy function [§c 97.1 (s)], while the 1H—NMR spectrum (500 MHz, CDCl3)
showed signals due to 2—CH3 (§ L.05, 3H, 4, J=7.5 Hz), 8—CH3 (6§ 1.28, 3H, s), and
two olefinic protons at C-5 (§ 5.91, 1H, ddd, J=11.5, 5.5, 5.5 Hz) and at C-6 (§

5.81, 1H, 4, J=11.5 Hz). Dehydrogenation of 2 over 10% Pd-C in diglyme yielded
4,12) 2)

0)

and the ferrous thiocyanate reagent.

l1,4-dimethylazulene (3)
ed a 2,8-dimethyl-bicyclo[5.3.0]decane skeleton for 2. In addition, the pyridine
13) was observed for the 6~H signal [S§ (CDC13) -8 (CDCl_,"—d5
-pyridine=2:1)=-0.15 ppm]. These findings supported the presence of the 1(7),5-
diene-8-hydroperoxy structure in clavukerin C (2). Finally, photosensitized oxy-

4) of clavukerin A (1) in MeOH-pyridine (10:1) containing Rose Bengal

as experienced for clavukerin A (1). This suggest-

-induced solvent shift

genationl
quantitatively furnished clavukerin C (2). Consequently, the absolute stereo-
structure of clavukerin C was determined to be (2S,8R)-2,8-dimethyl-8-hydroperoxy-
bicyclo[3.5.0]deca-1(7),5~diene (g). Clavukerin C (2) is a rare example of a
naturally occurring hydroperoxy compound isolated from marine organisms. A few

other examples have been found, e.g. from the red alga Laurencia snyderiael5)

6) 16)

and from two kinds of tunicates, Phallusia mamillata ®) and Ciona intestinalis.
The physiolbgical function of these hydroperoxy compounds is an interesting sub-
ject for investigation.

Purification of the above-mentioned AcOEt soluble portion by SiO2 column
chromatography (hexane), then by preparative GLC (15% PEGS on Chromosorb WAW) and

0), furnished clavukerin A (i)z) as the major compo-

HPLC (Cosmosil 5C18’ MeOH-—H2
. . 8
nent and clavukerin B (3) and bicyclogermacrene (5)6’17) as minor constituents. )
Clavukerin B (2), colorless oil, C12H16’ [u]g4 +172° (CHCl3), was shown to

be a tricyclic trinor-sesquiterpene by the l3c—NMR spectrum showing four

olefinic carbon signals [8c 140.5 (s), 128.2 (d), 124.1 (d), 122.4 (d)], and by
the lH-NMR spectrum exhibiting signals due to two methyl groups [§ 0.93 (3H, s)
for 2—CH3, § 1.73 (3H, dd~like, J=cq. 2, 2 Hz) for 8—CH3] and three olefinic
protons [§ 5.49 (1H, 444, J=10.0, 6.5, 2.5 Hz) for 5-H; &6 6.11 (1H, dd, J=10.0,
2.5 Hz) for 6-H; § 5.16 (lH, br s) for 9-H]. Catalytic hydrogenation of clavu-
kerin B (3) over 10% Pd-C provided the 5,6-dihydro derivative (6), colorless oil,
CioHygv [e]214 +24000 (pos. max.), lH-NMR (§): 0.81 (3H, s, 2-CH3), l.64 (3H, dd-
like, J=ca. 2, 2 Hz, 8—CH3), 1.15 (1H, 4, J=7.5 Hz, 1-H), 1.97 (lH, br 4, J=17.5
Hz, 108-H), 2.41 (l1H, ddg-~like, J=ca. 17.5, 7.5, 2.5 Hz, 1l0a-H), and 5.10 (lH, br
s, 9-H). Hydroboration-oxidation of g yielded the 9ua-~hydroxy derivative (1),
colorless oil, C12H200. The lH—NMR spectrum of 7 showed signals due to 8—CH3 (68
1.08, 3H, 4, J=7.0 Hz), 2-CH3(6 1.0, 3H, s), 1-H (§ 0.89, 1H, d, J=6.0 Hz), 8-H
(6 1.91, 14, dq, J=7.0, 7.0 Hz), 10a-H (§ 1.84, 1H, m), 10B-H (§ 2.19, 1H, 44, J=
14.0, 8.0 Hz), and 9-H (§ 3.76, 1lH, d4dd4, J=8.0, 7.0, 6.5 Hz). Furthermore, the
irradiation of the 2—CH3 signal resulted in a 6% NOE enhancement of the 9B8-H
signal.

Based on the above-~described evidence, clavukerin B (3) was found to be iden-
tical with or antipodal to trinoranastreptene, which was recently isolated from
the cultured cells of the liverwort Calypogeia granulata . The relative stereo-

structure of trinoranastreptene was demonstrated as 3 by Takeda and Katoh, but
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5)

The approximate biogenetic pathways for these clavukerins are assumed

the optical property was unknown.

to be as shown here. Considering the quantitative phlotooxidative conver-
sion from clavukerin A (1) to clavukerin C (2), 2 is presumably biosynthesized
from 1. Recently, Endo and his group reported the isolation of cytotoxic clavu-

larin A (8), which was identical with one of the degradation products of clavuke-

18)

rin A Q{),z) from the same kind of soft coral. We assume that clavularin A

(8) might be either biogenetically or secondarily (during the isolation procedure)
formed from clavukerin C (%).19)
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