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ACALYCIXENIOLIDES, NOVEL NORDITERPENES WHICH INHIBIT CELL DIVISION OF
FERTILIZED STARFISH EGGS, FROM THE GORGONIAN ACALYCIGORGIA INERMIS1
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Summary: Novel norditerpenes, acalycixeniolides A (1) and B (2), have been
isolated from the gorgonian A. inermis. Their structures have been determined
by spectroscopic study.

Coelenterates, particularly soft corals and gorgonians, are a rich source
of biologically active diterpenes which include cembranoids, asbestinins,

briareins, and xenicanes.z'3

In the course of our continuing studies on
bioactive metabolites of Japanese marine invertebrates, we encountered a
gorgonian whose lipophilic extract showed considerable activity in the
starfish egg assay. The bioassay-guided isolation afforded two norditerpenes
of the xenicane group.

The ether-soluble portion of the ethanol extract of the gorgonian

Acalycigorgia inermis (Hedlund) (500 g, wet weight) that was collected by

using SCUBA (-15m) in the Gulf of Suruga was fractionated on a Si0, column
with stepwise elution using benzene and EtOAc. The active fractions were
further purified by HPLC on SiO, with n-hexane-EtOAc-MeCN (94.5:5:0.5), then
on Cqig with 90% aqueous MeOH, to yield two active components, named
acalycixeniolide A (10 mg) and B (6 mg). Acalycixeniolide A and B inhibit the

cell division of fertilized starfish (Asterina pectinifera) eggs with EDSO'S

of 20 and 5 pg/mL, respectively.

Acalycixeniolide A (1) is a colorless amorphous powder, [‘]23D +143° ( ¢
0.31, CH2C12), with a molecular formula of C19H2802 which was established by
HREIMS (M*, m/z 288.2085, A -0.5mmu). It was transparent above 220 nm. The
TH and 13c NMR spectra revealed the presence of an olefinic methyl, eight
methylenes including one oxygenated, three §Q3 methines, one each mono-, 1,1-
-1,

di-, and trisubstituted olefin, and an ester carbonyl (IR 1750 cm These

features required the bicyclic nature of 1.
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The gross structure of 1 was deduced by interpretatidn of a COSY spectrum
in conjunction with decoupling experiments in its Ty NMR study, leading to
assignments of all the proton signals as shown in Table 1. To start with, the
isolated methine signal at § 2.78 was coupled to both the 4a-H methine signal
and the 12-H, methylene signals. The latter signals were correlated to the
terminal vinyl through two successive pairs of methylene signals (12-and 13-
Hy).  On the other hand, the 4a-H signal was coupled to methylene signals (5-
Hz) which were in turn correlated with another pair of methylene signals (6-
H2) with no further coupling in one direction, and to a methine signal (11a-H)
which was further coupled to the oxygenated methylene signals (1-H,) in the
other. 1Independently, the olefinic methine signal (8-H) correlated to the
methyl signal at 6 1.68 was also coupled to the methylene signals (9—H2) which
were further coupled to another pair of methylene signals (10—H2). Decoupling
of these signals together with that of 17a-H by irradiation of the exo-
methylene signals (18—H2) placed this exo-olefin between C-10 and C-11a, while
the chemical shift for 4-H indicated that this methine was adjacent to a
carbonyl, thus linked to the oxygenated C-11 to form a §-lactone ring. The
dead-end methylene (C-6) was therefore linked to the remaining quaternary
carbon of the trisubstituted olefin (C-7), forming a cyclonconene ring. The E-
geometry of this olefin was shown by the 13¢ chemical shift of the olefinic
methyl (& 16.4). These data together with other spectroscopic features -
except for the side chain - were in good agreement with those of coraxeniolide
A (3), which is a metabolite of a deep-sea gorgonian.4

Relative stereochemistry was deduced by difference NOE experiments as
shown in Fig. 1. These results suggested that the §-lactone was in a boat
conformation and trans-fused to the cyclononene ring at C-4a and C-11a with 4-
H to be cis to 4a-H. This stereochemistry also coincided with that of
coraxeniolide A, which was determined by X-ray diffraction, as indicated by

the analoguous NMR data of the two.

Fig.1 NOE's observed for acalycixeniolide A
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Table 1. !H and 3¢ NMR Chemical Shifts for Acalycixeniolide A and B (1 and 2)
1 2
c 5 (coe1q) B¢ (cocty) 11 (cpeLy) 3¢ (coe14)
1 3.91 (IH, dd, J=12.2, 12.0Hz) 70.5t  3.92 (1H, dd, 11.5, 11.5) 70.5t
4.14 (1H, dd, 12.2, 6.8) 4.17 (1H, dd, 11.5, 7.0)
3 175.3s 175.3s
4 2,78 (1H, brq, 7.5) 45,34 2.92 (IH, brg, 7.0) 44,94
4a 2.09 (1H, ddd, 10.7, 7.5, 2.9) 42,24 2.08 (IH, m) 41.1d
5 1.08 (IH, tdd, 14.3, 11.0, 4.0) 30.1t  1.08 (1H, tdd, 14.0, 11.0, 4.0) 30.1t
1.69 (1H, dt, 14.3, 4.0) 1.65 (1H, m)
6 1.97 (1H, ddd, 14.3, 12.5, 4.0) 39.9t  1.95 (1H, m) 39.7¢
2.19 (1H, dt, 12.5, 4.0) 2.20 (IH, dt, 13.0, 4.0)
135.8s 135.8s
5.34 (IH, brt, 7.6) 123.94 5.3 (IH, brt, 8.0) 123.8d
2.08 (1H, m) 24.9t  2.08 (1H, m) 24.9t
2.47 (1H, m) 2.47 (14, m)
10 2.33 (1H, m) 35.5t  2.33 (1H, m) 35.5t
2.10 (1H, m) 2.10 (14, m)
11 153.0s 153.0s
1la 1.96 (1H, ddd, 12.2, 6.8, 2.9) 49.7d  1.99 (IH, ddd, 11.5, 7.0, 2.9) 49.8d
12 1.48 (1H, m) 26.9t  1.52 (1H, m) 26267
1.92 (1H, m) 2.02 (1H, m)
13 1.38 (1H, m) 26.7t"  2.10 (2H, m) 25.8t°
1.52 (1H, m)
14 2.12 (1, m) 33.6t  5.12 (1H, quint, 6.5) 89.0d
15 5.82 (1H, ddt, 16.8, 10.3, 6.7) 138.3d 208.6s
16 4.98 (1H, dq, 10.3, 2.0) 114.8¢  4.70 (2H, m) 75.3t
5.04 (1H, dq, 17.3, 2.0)
17 1.68 (3H, d, 1.0) 16.4q  1.68 (1H, brs) 16.3q
18 4.95 (1H, brs) 112.1t  4.96 (1H, brs) 112.1t
4,96 (1H, brs) 4,98 (1H, brs)

*,%% : These assignments may be interchanged.

Acalycixeniolide B (2) possesses a molecular formula of CygHy40, as
secured by HREIMS (M*, m/z 286.1888,
the presence of allene functionality (1960 cm'1) in addition to ester (1750

cm'1L

A -4.4mmu).

The IR spectrum suggested

The 13C NMR signals for 2 were similar to cthose of 1 except for the
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terminal portion of the side chain, where the allyl (33.6t, 138.3d4, 114.8t)
was substituted by an allenyl (89.0d, 208.6s, 75.3t). Interpretation of the
COSY spectrum led to assign the gross structure for 2 (Table 1). Relative
stereochemistry of 2 was found to be same as 1 in a similar manner.

Several xenicane diterpenes have been isolated from soft corals,5'6'7

gorgonians,4'8 9

and brown algae. Our compounds are the first example of nor-
xenicane diterpenoids, whose biosynthesis poses an interesting problem. The
presence of the monosubstituted allene is also unigue among natural products,

especially in isoprenoids.
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