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Abstract

(65,109-3,10-Dimethyl-7,11-dimethylidenespiro[5,5]undec-2-en-4-d)ed new rearranged chamigrane-type
sesquiterpenoid with twsg?-hybridized carbons in -positions to the spiro-atom, was isolated from the alcoholic
extract of the sea harAplysiasp. and its structure and absolute configuration were established by chemical
transformations, NMR, EIMS, IR, UV and CD spectroscopy. © 2000 Elsevier Science Ltd. All rights reserved.
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A plethora of halogenated chamigrane sesquiterpenoids with skeleton sistewve been isolated
from red alga&'? and opistobranch molluscs which feed on such algde!® Related rearranged
chamigrane-type compounds, having skeleton sy®ere much rarer natural products. So far these
compounds have been found only from an undescribed species of red algae belonging to the genus
Laurencid® and the sea har&plysia dactylomeld’ We have isolated a new unusual non-halogenated
sesquiterpenel} with the skeleton syster from the alcoholic extract of the sea hakplysiasp. by
silica gel column chromatography in hexane:ethyl acetate, 15:1, followed by HPLC on an Ultrasphere Si
column in hexane:ethyl acetate, 25:1.

Sesquiterpenel], has a molecular formula of1gH200, and is a colorless oil, 0.0072% based on net
weight, 2% +15° (0.1, EtOH). From its NMR data (Table 1) it is evident that the functionality within
1 consists of a ketone [197.4 (s) ppm], one olefinic and one secondary methyl group [1175.8JHz,
3H) and 1.04 ppm (dJ=6.4 Hz, 3H)], and three carbon—carbon double bonds,exaj4.57 (bs, 1H),
4.76 (bt,J=1.1 Hz, 1H), 4.7 (bdJ=1.2 Hz, 1H), 4.77 ppm (d]=1.9 Hz, 1H)] and onendo[6.79 ppm
(m, 1H)]. The molecule is thus bicyclic.

Corresponding author. E-mail: piboc@stl.ru (V. A. Stonik)
T The sea hare was collected in the northern point of Madagascar in October, 1986, SCUBA, from a depth of 3-5 m.
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Table 1
NMR data for compound*
Position d¢c m Sy m J (Hz) NOE
1 34.6 t 2.75,2H m
2 143.1 d 6.79, 1H m H-2—H-1, 3H-12
3 1347 s - -
4 1974 s - -
5 48.5 t 2.79, 2H bs -
6 50.9 S - -
7 151.8 s - -
8ax 32.0 t 2.50 m H-8ax—H-5, H-8eq, H-9¢eq
8eq 2.21 ddd 14.0,4.9,2.5 H-8eq—H-133
9ax 38.1 t 1.05 qd 12.6,4.9 -
9eq 1.93 dtd 12.6,4.9,2.5 H-9eq—H-9ax
10 32.9 d 2.50, 1H m H-10—H-5, 3H-15
11 155.7 s - -
12 15.2 q 1.75,3H q 1.8 -
134 1083 t 457, 1H bs H-13,—H-13g, H-1, H-2
13 4.76, 1H bt 1.1 -
144 106.1 t 4.70, 1H bd 1.2 H-14,—H-1, H-143
14y 4.77, 1H d 1.9 -
15 19.0 q 1.04, 3H d 6.4 3H-15->H-10, H-144

*'H NMR experiments were performed at 250 MHz in CDCl; and "*C NMR experiments were performed at
62.5 MHz in CDCl;.

The presence of ¢ at 50.9 (s) ppm for a spiro-atom confirms thas closely related to chamigrane
sesquiterpenes. The structure of the ketone-containing ridgsridentical to that in sesquiterpe@e
previously described by us from the same molltfsReally, both compounds have similar corresponding
resonances in thtH and3C NMR spectra, UV and IR spectral data [fblJV:  max (EtOH) 240 nm {
3850); IR: (CHC}) c_o 1667 cm 1] (Table 1).

The structure of the other ring dfwas proven by NMR spectroscopy, including NOE experiments,
to be a chair form bearing twexomethylene groups in the -positions and one methyl group in
the -position to the spiro-atom. In fact, irradiation of either Hx18r H-145 ( 4.57 and 4.70 ppm,
respectively) enhances the same signal of 2H-2.{5 ppm), while irradiation of 3H-15 (1.04 ppm)
enhances the signal of H-44 4.77 ppm). The fact that the coupling constant between H-10 and H-9ax
is 12.6 Hz clearly places G-15 as equatorial. These data show that this ring has a conformation of a
7 ,10 -chair (see the perspective drawingldf

Previously the X-ray analysis showed that the absolute configurati@iBS 10R18 In order to



1981

determine the absolute configurationlime obtained the saturated ketdfeby catalytic hydrogenation
of 1 and another saturated ketodfeby treatment o with Zn in a mixture of acetic acid and methanol,
refluxing for 2 h. The 6 configuration ofl was suggested by comparison of the CD spectidarid4
(Scheme 1).

Scheme 1.

Both CD spectra showed negative Cotton effects withdo= 12.9 10* and [ Joge= 29.3 104,
respectively. Application of the octant rule to compoudic¢onfirmed that3, and thereforel, have
6S-configurations. On the basis of this and NMR data, taking into consideration the equatorial
position of the CH-15, the structure ofl was determined as $109-3,10-dimethyl-7,11-
dimethylidenespiro[5,5]undec-2-en-4-one.

The perspective drawing of 1.

The presence ot and 2, having the same configurations at C-6, in the extracts fAptysia sp.
suggests that could be a product of metabolism ®fn this mollusc and is formed fror2as a result of
the elimination of a bromide ion followed by 1,2 shift of a methyl group and the loss of a proton from
CHgs-14 in the intermediate carbonium iof) (Scheme 2).

Scheme 2.

Studies on the chemical constituents of opistobranch molluscs have established that these animals
do not themselves biosynthesize sesquiterpenes but ingest them with their aldalatiebften with
resulting loss of bromine atoms. Rearrangements of the same type with migration of a methyl group from

t0il, %= 6°(c0.1, EtOH); EIMS,m/z 222 (M*, 15), 207 (10), 177 (15), 150 (100), 135 (40), 111 (75), 95 (¥A);
NMR: 0.845 (d, 6.8, 3H), 0.891 (d, 7.5, 3H), 0.942 (d, 7.5, 3H), 1.021 (d, 6.5, 3H), 2.17 (m, 1H), 2.33 (m, 1H), 2.98 (dd, 13.5;
2.8, 1H).

§ Mp 93-95°C (EtOH), 2= 13° (c 0.1, EtOH) EIMS,m/z 220 (M*, 100), 205 (12), 177 (10), 164 (18), 151 (55), 138
(13), 123 (27), 109 (45), 95 (33%H NMR: 0.84 (s, 3H), 0.98 (s, 3H), 1.01 (d, 7.0, 3H), 4.59 (s, 1H), 4.95 (s, 1H).
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C-11to C-10, fostered by the loss of a bromine atom at C-10, were earlier implicated in the biogenesis
of other rearranged terpenoid carbon skeletons found in red Hgae.
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