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Abstract—The sesquiterpene calenzanol 1, the major metabolite of the red seaweed Laurencia microcladia Kitzing from the Bay
of Calenzana in Elba Island, possesses a previously unreported ring system, thus establishing a new class of sesquiterpene with
a novel skeleton, calenzanane 2. Because of the special array of functionalities, 1 exhibits marked instability, readily rearranging
to give the novel indene 3. © 2001 Elsevier Science Ltd. All rights reserved.

Red seaweeds in the genus Laurencia (Ceramiales,
Rhodomelaceae) are a rich source of secondary
metabolites, including sesquiterpenes with either new
skeletons, like (seco)- or (9,10-friedo)-chamigrane,
guimarane, (cyclo)perforane and poitane, or skeletons
previously reported from bryophytes, angiosperms and
certain marine invertebrates, like aristolane, aromaden-
drane, bisabolane, brasilenane, cadinane, chamigrane,
cuparane, eudesmane, germacrane, guaiane, guimarane,
humulane, maaliane, perforane, poitane and oppositane

(Fig. 1).!

We report here on the sesquiterpene calenzanol 1, the
major metabolite? isolated from Laurencia microcladia
Kiitzing from the southern infralittoral zone of the Bay
of Calenzana in Elba Island,* which possesses a previ-
ously undescribed skeleton, thus establishing a new
class of sesquiterpene with a novel skeleton, calen-
zanane 2.

* Corresponding author.

Mass spectrometry (EI-MS and HR-EI-MS) furnished
the molecular composition of calenzanol, C,sH,;BrO,*
implying four unsaturations or cycles, while NMR
spectra* revealed the presence of one tetrasubstituted
carbon—carbon double bond. Since there was no evi-
dence for another unsaturated bond, the molecule must
be tricyclic. 'H and '*C NMR spectroscopy also
revealed the presence of an i-Pr group (0.94 and 0.96
ppm, 3J=6.6 Hz each, 3H each, 12/13-Me), a vinylic
methyl group (1.48 ppm, 14-Me), a tertiary carbinol
group (s at 78.71 ppm, C-5) and a bromomethine group
(3.71 ppm, 1-H). Most distinctive for a cyclopropyl ring
is an extremely high field methine proton signal (0.09
ppm, 10-H) in the '"H NMR spectrum, equally coupled
(3J(10,8)~3J(10,9)=4.5 Hz) to two methine protons
resonating at 0.87 ppm (8-H) and 1.16 ppm (9-H). The
high values of the '*C—'H coupling constants for the
carbon centers C-8, C-9 and C-10 (!J(C8,8H)=164 Hz,
1J(C9,9H)=160 Hz, 'J(C10,10H)=156 Hz) are also
indicative of a cyclopropyl moiety. A combination of
DDS, COSY, HMBC and HMQC NMR experiments
allowed us to connect these fragments as shown in 1.

The relative configurations of the six chiral centers were
established from J-coupling analyses, NOE experiments
and molecular modeling. The cis-relationship of the
bromo and hydroxy groups was established by the
similar vicinal H,H-coupling constants (3J(1,2a)=7.8
and J(1,2B) = 8.4 Hz) observed between the bromometh-
ine (1-H) and the neighboring geminal methylene pro-
tons at 2.27 and 2.62 ppm (2-Ha and 2-HP, respec-
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Figure 1. Sesquiterpene skeletons from Laurencia spp.

tively). A trans-relationship between these groups would
be expected from molecular modeling® to give two quite
different coupling constants. A strong NOE between 1-H
and the methine signal at 1.00 ppm (6-H) placed the
methine 6-H in the axial position on the cyclohexyl ring.
This assignment is confirmed by the large vicinal cou-
pling constant of 11.4 Hz observed between 6-H and the
signal at 1.98 ppm (7-Hp), indicative of a frans-diaxial
coupling relationship. A strong NOE between 7-HP and
both the methyl signal at 1.03 ppm (15-Me) and the

Figure 2. Strain-energy minimized conformation of calenzanol
1.

cyclopropyl proton 8-H, then established a cis relation-
ship between them. Furthermore, the cis-relationship
between the cyclopropyl protons 8-H and 9-H is sup-
ported by a large vicinal H,H-coupling constant of 8.5
Hz, whereas, the trans-relationship between the cyclo-
propyl protons 8-H/10-H and 9-H/10-H was established
by smaller vicinal H,H-coupling constants of 4.5 Hz
each. This assignment of 10-H to the a-face (in the
arbitrarily chosen enantiomer shown here) was con-
firmed by an NOE to the a-proton 6-H, thus completing
the spatial assignment of all chiral centers. Experimental
vicinal coupling constants for 1 (or the enantiomer)
proved to be in excellent agreement with those calculated
from the most stable conformation (Fig. 2).°

The biosynthesis of 1 may be imagined to involve a
germacrane precursor, possibly via a significant deviation
from routes that lead to aromadendranes, guaianes, and
poitanes.'®¢

While performing variable temperature NMR spec-
troscopy it was discovered that 1 at 40°C undergoes
thermal decomposition to give predominantly the novel
indene derivative 3.7 These processes are under study.
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The C,5 oxocane acetogenins from a sample of L.
microcladia Kiitzing from Cap Ferrat along the Cote
d’Azur,® the unusually dominant C,5 oxepanes, includ-
ing the sole examples of C-branched C,s acetogenins
together with accompanying chamigrane sesquiterpenes
from another sample of nominally the same seaweed
from 11 Rogiolo, south of Livorno,’ and the novel
calenzanane sesquiterpene from the present sample
from Elba Island, show the inadequacy of current
taxonomic keys for this algal genus. Attention to these
observations should be paid by the ecologist, because
L. microcladia has become a protagonist of the infralit-
toral zones of the Mediterranean, involving exchange of
metabolites with both opisthobranch mollusks and
sponges.’
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