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BIOACTIVE DITERPENOIDS FROM OCTOCORALLIA, 2.!
DEOXYXENIOLIDE B, A NOVEL ICHTHYOTOXIC
DITERPENOID FROM THE SOFT CORAL
XENIA ELONGATA
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ABSTRACT.—An ichthyotoxic diterpenoid, deoxyxeniolide B {1}, was isolated from the soft
coral Xenia elongata. It has also been shown that deoxyxeniolide B [1} is gradually oxidized in
solution to give the oxidation products 2 and 3. The structures of these compounds were

elucidated on the basis of spectral analysis.

Inour continuing search for bioactive
marine terpenoids, we have isolated a
xenicane-type diterpenoid (2), deoxy-
xeniolide B {1] from the soft coral Xenia
elongata Dana, 1846 (Octocorallia), col-
lected from the Nichinan Coast in the
Miyazaki Prefecture of Japan. This ani-
mal is known as “umi-azami” in Japa-
nese. Over 90% of the diterpenoids from
Xenia spp. belong to the xenicane, caryo-
phyllane (xeniaphyllane), germacrane, and
guaiane classes (3), and fully 70% of
them are classified as xenicanes, repre-
sented by xenicin (2) and xeniolide B (4).
In this paper, we report the structure of a
new ichthyotoxic xenicane-type diter-
penoid, deoxyxeniolide B {1}. In addi-
tion, we report that 1 is stable in the solid
state but is oxidized in solution (CHCI,,
Me,CO, H,0), to give the oxidation prod-
ucts, oxid-1 {2} and oxid-2 {31].

The n-hexane-soluble part of the

MeOH and CHCI,/MeOH extracts ob-
tained from the whole bodies of Xeniz
elongata (3.12 kg) showed ichthyotoxic
activity. This z-hexane extract (63.74 g)
was subjected to Sephadex LH-20 and Si
gel cc guided by ichthyotoxicity to givea
xenicane-type diterpenoid, deoxyxenio-
lide B {1}.

The oxidation products 2 and 3 were
obtained from pure 1 in 13% and 6%
yields by stirring in CHCI, solution for

. two weeks followed by purification with

Si gel cc.

A molecular formula of C,,H,;0, for
1 was determined from hreims data. The
ir spectrum of 1 exhibited absorptions
duetoanester functionality (1760 cm ™ h.
The 'H-, "C-, and 'H-’C COSY nmr
spectra of 1 suggested the presence of
three olefinic methyls (3. 17.88, 17.83,
25.63), five methylenes (8.27.27,27 .48,
34.27, 36.66, 39.56), two methines (8.

'For Part 1, see Miyamoto et /. (1).
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37.69, 57.08), one oxygen-bearing me-
thylene (3. 71.82), one exocyclic methyl-
ene (8. 116.93, 148.5, in C;H,-d,), three
trisubstituted olefins (8. 120.09, 125.83,
128.22, 133.21, 134.74, 135.75), and
one ester (d. 173.55). The eims of 1
showed a molecular ion peak at m/z 300
and a fragment peak at m/z 231 corre-
sponding to the loss of an isopentenyl
group.

Based on the molecular formula and
the above-mentioned data, 1 was consid-
ered to be a bicyclic diterpenoid with a
lactone functionality.

From the COSY nmr spectrum, par-
tial structures A and B described below
could be deduced. Both olefinic methyl
signals {3, 1.64, 1.72 (each d, J=1.3
Hz)} of the terminal isobutenyl function-
ality correlated to a methylene signal {8,
2.79(2H, m)} through an olefinic proton
{845.10 (m)}. This methylene signal also
correlated to another olefinic proton {8
5.48 (t, J=7.3 Hz)}, which was coupled
with one of the oxygen-bearing methyl-
ene protons {8, 4.81 (brd, J=12.0 Hz)}.
The partial structure A was thus de-
duced. Partial structure B, which con-
tained a nine-membered ring, was also
deduced with the aid of a COSY spec-
trum. The expected correlations through

------
-

------
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the nine-membered ring protons {8, 2.90
(d, J=7.1 Hz), 2.98 (br d, J=7.1 Hz),
1.6-1.7 (2H, m), 2.18 (2H, dd, J=4.4
and 7.6 Hz), 5.42 (dd, J=3.9 and 11.2
Hz), 2.47 (m), 2.59 (m)}, the olefinic
methyl protons [8;; 1.66 (3H, 5)],and the
exocyclic methylene protons [8, 5.03
(each s)} were detected. These partial
structures were linked to each other as
shown in Figure 1, because HMBC
connectivities between the carbonyl at 8¢
173.55 and the methine proton at &,
2.90, and the methine carbon at 8. 37.69
and the olefinic proton at 8y 5.47, were
observed. As a result of these observa-
tions, structure 1 was assigned to the new
xenicane-type diterpenoid.

The stereostructure of 1 was investi-
gated with the aid of a NOESY nmr
spectrum. The E-configuration was as-
signed to the A**? double bond based on
the observed nOe cotrelation between H-
12{8;5.471and H-3, [8,;4.39). The E-
configuration of the A™ double bond
was suggested by the C-nmr chemical
shift at 3. 17.88 (C-18 Me) (5). The
trans-ring configuration was assigned by
the consequent nOe correlations between
H-11a{%,4.92}and H-3,,{8,,4.81], H-
19 {8, 4.921, and between H-19 {3,
4.92}and Me-18 {8, 1.66}, and between

H ~——— 2.08-2.16(2H)

. H
v 250

Partial structure B
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H-4a {8, 2.98} and H-6 {§, 2.18], H-8
[8y 5.421, as shown in Figure 2.

The absolute configuration of 1 was
investigated by application of the lactone
sector rule (6). The ord spectrum of 1
showed a negative Cotton effect with a
first extremum at 225 nm ({®}-16000).
The octant and sector projections pre-
dicted the sign of a negative contribution
(Figure 3). Thus, the absolute configura-
tions of C-4a and C-11a were § and R,
respectively.

The hrfabms spectrum of oxid-1 {2]
showed a molecular ion, corresponding
to the molecular formula C,,H,;0;. The
ir spectrum of 2 exhibited absorptions
due to a 8-lactone (1760 cm ™) function-
ality. Comparison of the *C-nmr spec-
trum of compound 2 with that of 1

”
N
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indicated signals due to an epoxide moi-
ety at 8. 59.3 (s) and 64.0 (d), in place of
the signals due to the A”® olefin of 1. In
the 'H-nmr spectrum of 2, the signal due
to the epoxymethine proton was observed
at 8y 2.99 as a double doublet (J=3.0
and 11.5 Hz). The E-configuration of the
C-7(C-8) epoxide was apparent because
an nOe correlation between Me-18 {8
1.21 (3H)} and H-8 {8, 2.99] was not
observed. Accordingly, the structure of 2
was assigned as the 7(8)-E-epoxy deriva-
tive of deoxyxeniolide B.

The hrfabms spectrum of oxid-2 [3]
showed a molecular ion, corresponding
to the molecular formula C,,H,,O,, and
the it spectrum indicated the presence of
a hydroxyl group. In the uv spectrum of
3, an absorption due to a conjugated

nOe

PR
4 .

FIGURE 2. NOe correlations of 1.

V., Back upper (negative)
o, Front upper (negative)

FIGURE 3. Lactone sector projection of 1.
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diene was observed at 242 nm (€ max
23400). The '"H-nmr spectrum of 3 ex-
hibited similar signals for a 8-lactone, an
epoxy, and a nine-membered ring, when
directly compared with those of 2. The
remaining signals wereassignable to con-
jugated olefinic protons and two tertiary
methyls {8, 5.93 (d, J=15.5 Hz), 6.27
(dd, J=15.5 and 11.2 Hz), 6.10 (br d,
J=11.2 Hz), and 1.36 (GH, s)}. These
dara suggested the presence of the same
side-chain moiety as that of xeniolide B,
and indicated the structure of oxid-2 to
be 3. This same compound has also been
isolated by Iwagawa et /. from the soft
coral Xenia flovida (7).

Deoxyxeniolide B [1} showed
ichthyotoxicity against the mosquito fish
(Orizias latipes), and its lechal concentra-
tion (LC, ) within 1 h was 15 ppm. Its
oxidation products {2 and 3} were not
toxic in this test system.

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—De-
tails have been reported previously (1). The nmr
spectra were measured ona Varian Unity Plus 500
MHz nmr spectrometer. Optical rotations were
taken on a Jasco J-720W spectropolarimeter.
Keiselgel 60 F,,, was used for tlc.

ANIMAL MATERIAL—The soft coral was col-
lected in May 1992, from the rocky coast of
Nango-cho, Miyazaki Prefecture, Japan, and iden-
tified as Xenia elongata Dana, 1846, by Mr.
Yukimitsu Imahara. A voucher specimen is depos-
ited in the Wakayama Prefecture Museum of
National History (Catalog No. 1994-INV-0007).

EXTRACTION AND ISOLATION.— The soft coral
was extracted with MeOH (6 liters). The residue
was extracted with CHCl,-MeOH (1:1, 3 liters).
These concentrated extracts were combined and
partitioned between 7-hexane and H,O. The #-
hexane-soluble fraction (63.74 g) showed
ichthyotoxicity against Oryzias latipes at 100 ppm
within 1 h. This active fraction was chromato-
graphed ona Sephadex LH-20 column with CHCl,-
MeOH (1:1) as eluent to yield three fractions: 1
(43.17 g), 2 (11.25 g), and 3 (0.34 g). Part of the
ichthyotoxic fraction 2 (1.103 g) was
chromatographed on $i gel (BW-300) using a -
hexane/EtOAc step gradient. An active fraction
(80.9 mg, 30 ppm, 2 h) was chromatographed over
Si gel with CH,Cl, to give deoxyxeniolide B {1}
(18.8 mg) as the active component.
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Deoxyxeniolide B [1].—Amorphoussolid: mp
40-42°% [a}'D —22.4°(¢=0.96, CHCL,); it (CCly)
v max 28003000 (CH, aliphaic), 1760 (C=0,
ester), 1140 cm™'; 'H nmr (CDCl,, 500 MHz) 8
1.6-1.7 (2H, m, H-5), 1.64 (3H, d, J=1.1 Hg,
Me-16), 1.66 (3H, s, Me-18), 1.72(3H, d, J=1.1
Hz, Me-17),2.08-2.16 2H, m, H-9, H-10), 2.18
(2H, dd, J=4.4 and 7.6 Hz, H-6), 2.47 (1H, m,
H-9), 2.59 (1H, m, H-10), 2.75 (1H, dt, J=7.0
and 15.9Hz,H-13),2.83(1H,dt,J=7.0and 15.9
Hez, H-13), 2.90 (1H, d, J=7.1 Hz, H-11a), 2.98
(1H,brd,J=7.0 Hz, H-4a),4.39 (1H,d, J=11.7
Hz, H-3eq), 4.81 (1H, d, J=11.7 Hz, H-3ax),
4.92(1H,s,H-19),5.03(1H,s,H-19),5.10(1H,
brt, J=7.0 Hz, H-14), 5.42 (1H, dd, J=3.9 and
11.2 Hz, H-8),5.47 (1H, t,J=7.0 Hz, H-12); °C
nme (CDCl,, 125 MHz) § 173.55 (s, C-1), 71.82
(t,C-3),135.75 s, C-4), 37.69 (d, C-4a), 36.66 (,
C-5),39.56(t,C-6),134.74(s,C-7),125.83(d, C-
8), 27.48 (t, C-9), 34.27 (t, C-10), 148.5 (br s, C-
11, in C;Hy-dy), 57.08 (d, C-11a), 128.22 (d, C-
12),27.27 (t, C-13), 120.09 (d, C-14), 133.21 (s,
C-15),17.83 (q, C-16), 25.63(q,C-17), 17.88(q,
C-18), 116.93 (t, C-19); ord (¢=0.049, MeOH),
[®F7225 —16000°; eims (30 eV) m/z 300 {M}"
(21), 231 (18), 135 (100); hreims m/z found [M}"
300.2085 (C,,H,,0, requires 300.2088).

OXIDATION OF 1.—Deoxyxeniolide B {1}
(34.1 mg) was dissolved in CHCl, (3.4 ml),and the
solution was stirred for 14 days at room tempera-
ture. This solution was evaporated in vacuo to yield
the oxidative products 2 and 3, which were treated
by chromatography on Si gel (FL-60D, Fuji) using
n-hexane-EtOAc (3:1—1:1) as eluent to afford
unreacted 1 (12.4 mg), as well as oxid-1 {2} (4.5
mg) and oxid-2 {31(2.1 mg); R, values by tlc with
n-hexane-EtOAc(3:1): 1(0.68),2(0.50),3(0.19).

Oxid-1 [2}.—Amorphous solid: {a]’’D
+161.4°(¢=0.38, CHCl,); ir (CCl,) v max 2800—
3000 (CH, aliphatic), 1760 (C=0, ester), 1240,
1140 ecm™; 'H nmr (CDCl,, 270 MHz) § 1.21
(3H, s, Me-18), 1.61 (3H, brs, Me-16), 1.70 3H,
brs, Me-17), 1.40-1.55 (2H, m, H-5), 1.79 (1H,
ddd,J=2.6,5.0,and 13.2 Hz, H-6), 1.89 (1H, m,
H-6), 2.17 (2H, m, H-9), 2.22 (1H, m, H-10),
2.70 (2H, m, H-13), 2.81 (1H, m, H-10), 2.99
(1H,dd, J=2.9and 11.5 Hz, H-8), 2.9-3.0 (1H,
H-4a),3.19(1H, d,J=9.9 Hz, H-112), 4.38 (1H,
d,J=11.7 Hz, H-3¢q), 4.83 (1H, d, J=11.7 Hz,
H-3ax), 5.05 (1H, m, H-14), 5.14 (1H, s, H-11),
5.18 (1H, s, H-11),5.51 (1H, br ¢, J=7.0 Hz, H-
12); *C nmr (CDCl,, 67.5 MHz) 8 172.7 (s, C-1),
71.6 (t, C-3), 136.3 (s, C-4), 36.0 (d, C-4a), 35.5
(t, C-5), 38.6 (t, C-6), 59.3 (5, C-7), 64.0 (d, C-8),
27.6 (t, C-9), 29.7 (t, C-10), 57.5 (d, C-11a),
129.9 d, C-12), 27.3 (t, C-13), 120.4 (4, C-14),
134.0 (s, C-15), 18.6 (q, C-16), 25.6 (g, C-17),
18.0 (q, C-18), 119.6 (t, C-19); fabms (positive)
miz 317 IM+H]" (100), 299 IM—171" (36), 147
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(79); hrfabms m/z found {M1*317.2101 (C,,H,,0,
requires 317.2115).

Oxid-2 {3}.—Amorphous solid: ir (CCL) v
max 3540, 3200-3400 (OH), 2800-3000 (CH,
aliphatic), 1740 (C=0, ester) cm ™' uv (EcOH) (¢
max) 242 (23,400); 'H nmr (CDCl,, 270 MHz) &
1.21 (3H, s, Me-18), 1.36 (6H, s, Me-16, Me-17),
3.01(dd,J=2.8and 11.3 Hz, H-8),3.12(1H, m,
H-4a), 3.24 (1H, d, J=10.2 Hz, H-11a), 4.45
(1H,d,J=12.2 Hz,H-3eq), 4.91 (1H,d,J=12.2
Hz, H-3ax), 5.16(1H, brs, H-19), 5.20 (1H, brs,
H-19),5.93(1H,d,J=15.5 Hz, H-14), 6.10(1H,
d,J=11.2 Hz, H-12), 6.27 (1H, dd, J=11.2 and
15.5 Hz, H-13); fabms (positive) m/z 333 [M+ H]"
(12), 332 [M}" (19), 331 {M—HJI" (32), 315
{M—171" (76), 154 (100); hrfabms m/z found
[M—HJ" 331.1900(C,.H,,0, requites 331.1908).

ICHTHYOTOXICITY.—This assay was carried
out as described previously (1).
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