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Abstract: Structures of stolonidiol (1) and stolonidiol monoacetate (2),
new marine diterpenoids with a strong cytotoxic activity from
the Japanese soft coral Clavularia sp., were established by
means of spectroscopic analyses, chemical reactions, and X-ray
crystallographic analysis.

During the course of our investigation1 on biocactive substances from the
Japanese soft coral, two new diterpenoids, named stolonidiol (1) and stoloni-
diol monoacetate (2), have been isolated from the Clavularia sp.2 as the major
secondary metabolites. Both compounds showed a markedly strong cytotoxic ac-
tivity against P388 leukemia cells in vitro (the 1050 value of each; 0.015 yg/
ml), and ichthyotoxic activity toward a killifish Oryzias latipes (minimum le-

thal concentration; 10 pg/ml for 1 and 17 Pg/ml for 2). This paper describes
the isolation and structure elucidation of 1 and 2.

The ethyl acetate extract (73 g) of the freeze-dried organisms (1 kg) was
subjected to repeated silica gel column chromatography (hexane-ethyl acetate
as an eluent) by monitoring the ichthyotoxic activity, to give stolonidiol (l)
[colorless viscous 0il, 1.5 g (2.17 yield based on the ethyl acetate extract),
c,,H,,0 [dlp -31.0° (c 1.4, CHCl )] and stolonidiol monoacetate (2) [color-

20732747
less viscous oil, 2.3 g (3.2% yleld), C,,H,,0 [a]lp -26.8° (c 0.38, CHCly)].

The IR spectrum (CHCl ) of 1 showeﬁztﬁ: gresence of hydroxy group (3430

) and exo-methylene group (1645, 910 cm 1). The lH NMR (400 MHz, CDCl )
and 13C-NMR (100 MHz, CDC13) spectra of 1 showed the signals due to two tri-
substituted epoxides, two quaternary carbons (one of which bears a hydroxy
group), a hydroxymethyl, an exo-methylene and three methyls, seven methylenes,
and a methine in addition (data shown below in Table 1). These spectral data
and the degree of five unsaturation suggest that 1 is a bicarbocyclic diter-
penoid with two epoxy moieties and two hydroxy groups. Acetylation of 1 with
acetic anhydride in pyridine at room temperature gave the monoacetate 2, which
was identical to the natural product in all respects, including optical rota-

tion. The partial structure of —Qﬁ;C(CHZOH)—CHZ—Qﬁ;C: in 1 was elucidated by
0] 0
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tke following chemical reactions. Treatment of 1 with methanolic potassium
hydroxide under reflux gave a triol 2,5 which was then oxidized with sodium
metaperiodate in methanol at room temperature in the presence of 57 aqueous
sodium hydrogen carbonate to give a conjugated enone 3.6

Results of the following two-dimensional NMR measurements of 1, coupled
with the above-mentioned findings, led to the plane structures of 1 and 2.
The ‘H-lH homonuclear shift correlation spectrum tu-tu COSY), the M J-resolved
spectrum, and the lH-l3C heteronuclear shift correlation spectrum (lH—l3C
COSY) of 1 clarified the chemical shifts and coupling patterns of the over-
lapped 1H signals. These measurements also afforded the full correlation of
the lH signals with the 13C signals as shown in Table 1. The 13C—13C homo-
nuclear shift correlation spectrum (INADEQUATE) of 1 exhibited the cross peaks
of twenty-one pairs of carbons as shown in Fig. 1. Connection of each carbon
pair clarified unambiguously the sequence of carbon atoms giving the structure
1 for stolonidiol and thus 2 for stolonidiol monoacetate.

The relative and absolute configurations of 1 and 2 were obtained by an
X-ray analysis on a single crystal of p-bromobenzoate Q,7 which was obtained
as a crystalline product together with non-crystalline 5 in the reaction of 1
with p-bromobenzoyl chloride in pyridine. The result of the X-ray analysis of
6 is shown in Fig. 2. The crystallographic data are as follow: C27H36Br0105,
F.W. 555.93, D, = 1.33 g cm-3, ortEorhombic, space group P212121, a = 12.780
(3), b = 18.724(3), ¢ = 11.351(¢4) A, and Z = 4. The intensities were measured
on a Rigaku AFC-5 diffractometer with graphite monochromated Mo Ka radiation
up to 28 = 55°. The structure was solved by a heavy atom method and refined
by full-matrix least squares8 using 1625 independent structure factors with
|Fo| 2 30(Fo). Measurement of 30 Bijovoet pairs of the S value, [|Fc(hkl)|-
| Fe (-h-k-1)] 1/o0(Fo), larger than +4.9, determined the absoclute stereochemistry.
The final refinement with anisotropic temperature factors for all non-hydrogen
atoms under the fixed geometries and B.

iso
hydroxyls converged the R factor to 0.045.

's of hydrogens except those of the
? Thus the absclute configurations
of six chiral centers in 1 and 2 were elucidated as 1S, 7S, 8S, 10R, 11R, and

125. The absolute configuration at C-10 of 1l and 2 was also supported by the
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Table 1. 13C- and H-MMR data of 1 " .o

Carbon  &C ppm st ppm (J in Hz)

1 44.5 —
2 37.9 1.29(brdd, 9.2, 14.6)
1.54(ddd, 8.8, 10.0, 14.6) .
3 29.3 1.92(dd, 10.0, 16.2) v
2.16(td, 9.1, 16.2)
4 148.7 —_
5 31.4 2.26(dtd, 1.4, 8.4, 14.1)
2.47(brddd, 6.1, 7.7, 13.8)
6 24.8 1.65(tdd, 6.4, 8.4, 16.4)
1.76 (m)
7 58.0 3.16(dd, 6.4, 7.5)
8 63.7 —_
9 26.9 2.13(dd, 2.0, 15.9)
2.48(dd, 8.0, 15.9
10 56.6 3.12(dd, 2.0, 8.0)
11 75.9 —
12 48.3 2.29(dd, 3.8, 9.8) . v
13 27.2  1.6l(m /”
1.95(m) e
% 3.9 1.68 e
1.70(m) .
15 23.5 0.85(s) .
16 111.3 4.72(brs) e Vi
4.81(brs) " v
17 65.5 3.62(d, 12.4)
18 7%.6 3.77(d, 12.4) 130 120 100 30 60 ‘0
19 29.6 1.19(8) 13, 13
20 26.1 1.29(s) Fig. 1. C-""C homonuclear shift correlation
two-dimensional NMR spectrum of 1
(100 Mz, CDCl3)

CD measurement of the p-bromobenzoate
811 derived from an allylic alcohol

1,12 which was obtained by the reac-

tion of 2 with phosphorous oxychlo-
ride in pyridine. The CD spectrum
(EtOH) of 8 [UV 243 nm (€ 10700)]
showed a positive Cotton effect at
247 nm (A€ +10.8),17 indicating the
positive chirality between the two

chromophores (the diene and p-bromo-
benzoyl groups).14 This CD data
revealed the R configuration at C-10

in 8, and thus the 10R configuration 10
Fig. 2. Perspective view (ORTEP)

in 1 and 2. of the molecule 6

The structures of 1 and 2 are
characterized by a new bicyclo[9.3.0]-
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tetradecane skeleton having the cis geometry between the methyl group at C-1
and the alkyl group at C-12, being diastereomeric to that of the dolabellane-

type bicyclic diterpenoids. 15
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