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Reported here is the isolation and structural elucidation of a new 6,8-cycloeudes-
mane sesquiterpene, 5-bromo-1-isopropyl-2,5a-dimethyl-decahydro-cyclopropa[a]inden-2-ol
(5), alongside the known sesquiterpenes (-)-#-cadinene (7) and (+)-!-cadinol (8), from the
red seaweed Laurencia microcladia Kützing of the Baia di Calenzana, Elba Island. Other than
belonging to a rare sesquiterpene class, 5 is the first 6,8-cycloeudesmane sesquiterpene of
marine origin.

1. Introduction

Red seaweeds in the genus Laurencia are a pro-
lific source of secondary metabolites of varied, and
often unusual structure [1 - 3]. From this genus
we present here the first example of marine origin
of 6,8-cycloeudesmane sesquiterpenes (skeleton 1,
Fig. 1), which are otherwise rare from terrestrial
green plants [4 - 6]. Most cycloeudesmanes so far
reported are cycloeudesmanolides belonging to the
1,3- (2) and 2,4-class (3) (Fig. 1), isolated from ter-

Fig. 1. 6,8-Cycloeudesmane type of skeleton (1) and other
known cycloeudesmane skeletons (2 - 4).
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Fig. 2. Brominated 6,8-cycloeudesmane isolated from L.
microcladia from the Baia di Calenzana.

restrial plants [7]. The only cycloeudesmane of ma-
rine origin, cycloeudesmol [8], isolated from Lau-
rencia nipponica, belongs to the 5,7-cycloeudes-
mane class (4, Fig. 1).

This new 6,8-cycloeudesmane sesquiterpene (5)
was isolated from a strain of Laurencia microcladia
Kützing collected in the Baia di Calenzana, Elba Is-
land (which is already known for the unique calen-
zanane sesquiterpene 6 [3]) alongside the known
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sesquiterpenes (-)-$-cadinene (7) and (+)-!-cadinol
(8) (Fig. 2).

2. Results and Discussion

Mass spectrometry (EI-MS and HR-EI-MS) of
the new metabolite from L. microcladia (5) estab-
lished the molecular composition C15H25BrO, im-
plying three unsaturations or cycles, one less than
calenzanol (6) [3]. Since NMR spectra did not re-
veal any double bond, the molecule must be tri-
cyclic. A 3,4-dehydrocalenzanol structure, conceiv-
able from the presence of a bromomethine group
($H = 3.86 dd) and a cyclopropyl ring (high field
methine proton signal, $H = 0.52 td) bearing an
isopropyl group, was ruled out from COSY and
HMQC NMR experiments. These data, obtained in
two different deuterated solvents, CDCl3 and C6D6,
support a 6,8-cycloeudesmane skeleton (1) for the
new compound.

The position and axial (") orientation of the ter-
tiary hydroxyl group at C-4 for 5 was defined by het-
eronuclear correlation NMR experiments in C6D6
as a solvent, where the proton chemical shifts of
two tertiary methyl protons are better resolved than
in CDCl3. Defining the position and orientation of
the bromine atom required a more extensive analy-
sis. First, a long range small homonuclear coupling
was detected, in CDCl3 as a solvent, between the
methyl group at C-4 and the equatorial (!) proton
at C-3 ($H = 1.62 ddd). The alternative isomeric
structure bearing the bromine atom at C-3 could
not have given rise to this coupling. Moreover, 13C
NMR chemical shifts are in agreement with bromine
at C-1 and are consistent with those of 6,8-cyclo-
eudesma-1,4-diol [4], whereas quite different car-
bon resonances would be expected in the alterna-
tive structure with bromine at C-3; in particular C-4
would be expected at 10 ppm downfield due to a
"-bromine effect. Substitution of OH by Br at C-1
should induce a change in all 13C chemical shifts at
the # positions C-3, C-5, C-9, and C-14 of this new
compound, while the weaker # shielding effect of
Br (4 ppm) with respect to OH (6 ppm) should be
accompanied by a downfield effect of about 2 ppm.
The C-1 position for Br fits also biogenetic hypothe-
ses, as discussed below.

As to the relative stereochemistry of 5, the equato-
rial (!) position of 15-Me, and the axial (") position
of 14-Me, rest on $C values in CDCl3, 30.31 ppm

and 17.76 ppm, respectively. Axial 15-Me is ex-
pectd to resonate at $C = 20 - 22 ppm and equatorial
14-Me at $C = 22 - 23 ppm [6]. Since the proton
at C-1 shows up as a classical axial proton (1!-
H, dd, J = 4.1, 12.3 Hz), the bromine atom must
occupy the equatorial position (1"-Br, in the arbi-
trarily chosen enantiomer 5 shown here). A small
W coupling between the 14-Me and 1!-H, 5-H, and
9!-H (detected in C6D6 as a solvent, both in COSY
experiments optimized for long range couplings and
in differential decoupling experiments) established
the ! position for these three protons. A strong pos-
itive NOE, in CDCl3 as a solvent, between 9!-H
and both 1!-H ($ = 3.86) and 5-H ($ = 0.84 ppm)
supports the trans fused ring junction and the above
spectral assignments. The stereochemistry at the cy-
clopropane ring of 5 was also deduced from NMR
experiments, selecting data in CDCl3 or C6D6 as
solvents so as to circumvent the problem of over-
lapping signals. Thus, 7-H showed up at high field
($ = 0.24), strongly coupled with 11-H (9.3 Hz) and
weakly coupled with both 6-H and 8-H (3.2 Hz).
The latter feature established the trans relationship
of 7-H with both 6-H and 8-H. Extensive differ-
ential decoupling experiments allowed us to define
the coupling patterns of all the protons in this region
(Experimental). In particular, 5-H ($ = 0.84, br.d, J =
5.7 Hz) is coupled with 6-H ($ = 1.24 ppm, ddd, J =
3.2, 5.7, 8.5 Hz, in CDCl3), long-range W coupled
with both 14-Me and 9!-H, and is linked to 15-Me
by NOE enhancement. All these assignments were
aided by molecular mechanics calculations for the
preferred conformer of 5 (Fig. 3), which reproduced
nicely the vicinal coupling constants (Table). Only
the J couplings for the cyclopropyl protons could not
be satisfactorily reproduced, lacking parametriza-
tion in the modified Karplus equation used in our
minimization program.

The biosynthesis of eudesmane and guaiane
sesquiterpenes is believed to occur via transan-
nular cyclization of (E,E)-germacrenes, such as
germacrene-B or its 1,10- and 4,5-epoxides [9 - 11].
In contrast, biosynthetic routes for the closely
related, albeit rare, cycloeudesmanes have been
scarcely considered [4, 6, 7]. Based on synthetic
studies for 1a-hydroxy-6,8-cycloeudesmane [6], it
was proposed that the eudesmane metabolites of
a higher plant in the Apiaceae, Torilis japonica,
including 6,8-cycloeudesmane-type of metabolites,
originate from epoxygermacrene-D [5]. If so, and
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Table. 1H NMR experimental and calculated (strain en-
ergy minimized, Fig. 3) coupling constants for the 6,8-
cycloeudesmane (5)

Vicinal Exp. J (Hz) Calcd. J a Torsional
coupling (CDCl3 or C6D6) (Hz) angle (")b

1-H, 2-H 4.1 4.1 173
1-H, 2-H 12.3 11.7 56
2-H, 3-H 4.6 4.6 –52
2-H, 3-H 2.5 2.4 63
2-H, 3-H 13.9 13.2 –167
2-H, 3-H 4.6 4.7 –51
5-H, 6-H 5.7 7.8 140
6-H, 7-H 3.2 7.5 140
6-H, 8-H 8.5 10.3 –1.0
7-H, 8-H 3.2 8.1 –142
7-H, 11-Hc 9.3 11.7c –179c

a Calculated using the PCMODEL subroutine; b from
molecular-mechanics calculated minimum strain-energy
conformer; c calculated on the most stable rotamer around
C10-C11.

Fig. 3. Strain-energy minimized conformation of com-
pound 5.

also following a recent report on the role of germa-
crene D as a biosynthetic precursor [12], we propose
that the biosynthesis of the brominated 6,8-cyclo-
eudesmane 5 may proceed via electrophilic bromi-
nation of germacrene D at C-1, followed by enzyme
mediated 8,6-cyclization with loss of the C-8 proton
and hydration of the exocyclic double bond at C-4
(Fig. 4).

Hopefully, the spectroscopic and conformational
analysis provided here for the 6,8-cycloeudesmane
5 will be of assistance in identifying in other or-
ganisms new metabolites with this sesquiterpene
skeleton.

The plant metabolites (-)-$-cadinene (7) [13] and
(+)-!-cadinol (8) [14] were also isolated from the
Baia di Calenzana L. microcladia. Our spectro-
scopic data provide an exact matching with those
reported [13, 14].

Fig. 4. Hypothetical biogenetic origin of the 6,8-cyclo-
eudesmane sesquiterpene 5.

Both 6,8-cycloeudesmane and cadinene sesqui-
terpene were previously known as widespread
metabolites in terrestrial vascular plants [4, 6,
13, 14]. Our work has shown that sesquiterpene
in these classes are also found in red seaweeds
(Rhodophyta), which appeared much earlier than
vascular plants [15]. It is difficult to imagine a
gene transfer from red seaweeds to vascular plants,
which probably descend from green seaweeds [16].
Rather, genes coding for the cyclases leading to
these sesquiterpenoids may have evolved twice, ear-
lier in the red seaweeds and later in vascular plants.
Given the large phylogenetic distance between red
seaweeds and vascular plants, the two groups of
genes may be different, which means that different
biogenetic routes are expected to the same types of
products in the two groups of organisms [15]. We
suggest that convergence resulted from the chemical
propensity to these skeletal types [15, 16].

3. Experimental

3.1. General

We carried out thin-layer chromatography (TLC) on
Merck Kieselgel 60 PF254 plates, flash-chromatography
(FC) on Merck Si-60, 15 - 25 $m, silica gel, re-
versed-phase flash chromatography (RP-FC) on Merck
LiChrosorb RP18 bonded silica gel, 20 - 50 $m, high-
performance liquid chromatography (HPLC) on Merck-
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LiChrosorb Si-60, 7 $m, and reversed-phase HPLC on
Merck LiChrosorb RP18, 7 $m, with 25"1 cm columns.
Polarimetric data were taken with a JASCO-DIP-181 po-
larimeter. NMR spectra were taken with a Varian XL-300
spectrometer (1H at 299.94 MHz, 13C at 75.43 MHz; in-
verse-detection experiments with a dedicated probe; mul-
tiplicities from DEPT experiments; selective differential
NOE’s obtained with 5 s pre-irradiation), reporting d val-
ues in ppm relative to internal Me4Si (= 0 ppm) and J val-
ues in Hz). Electron impact mass spectra were taken with a
Kratos MS80 apparatus equipped with a home-built com-
puterized data system. Molecular mechanics calculations
were carried out by the computer program PCMODEL
7.0, Serena Software, Bloomington, Indiana, 1999.

3.2. Isolation of the metabolites

The residue (0.12 g) from evaporation of previous frac-
tions 1-8 (out of 40 fractions obtained before from L.
microcladia extract) [3] was subjected to HPLC with n-
hexane, flow gradient from 5 to 8 ml min!1 during 20 min)
obtaining compound 7 (Rt 5.1 min; 2.5 mg). The residue
(0.15 g) from evaporation of previous fractions 14 - 16
[3] was subjected to HPLC with n-hexane/i-PrOH (99:1)
under refractometric detection, to give crude compound
5 (Rt 13.7 min, 12.0 mg). The latter was subjected to re-
versed-phase HPLC with MeCN/H2O 70:30 to give pure
5 (Rt 7.5 min, 6.2 mg). The residue (0.145 g) of previ-
ous fractions 17 - 19 [3] was subjected to HPLC with
n-hexane/i-PrOH (98:2) obtaining compound 8 (Rt 15.2;
7.5 mg).

3.3. 5a,7a(H)-1"-bromo-6,8-cycloeudesma-4"-ol,
or 1"-bromo-cycloopposita-4"-ol
( = 5-bromo-1-isopropyl-2,5a-dimethyl-deca-
hydro-cyclopropa[a]inden-2-ol (5)

Colorless oil. - [a]20
D = +10.0 (MeOH, c = 0.13). – 1H

NMR (299.94 MHz, CDCl3): # = 0.52 (td, J7#8 ! J7#6 =
3.2, J7#11 = 9.1 Hz, 1H, 7-H), 0.84 (br.d, J5#6 = 5.7 Hz, 1H,
5-H), 0.91 (m, 1H, 9a-H), 0.93 (s, 6H, 12-Me and 13-Me),
0.94 (m, 1H, 11-H), 1.14 (dddd, J8#10 = 3.2, J8#9a = 6.7,
J8#6 = 8.5, J8#9" = 11.2 Hz, 1H, 8-H), 1.16 (br.s, 1H, OH),
1.24 (ddd, J6#7 = 3.2, J6#5 = 5.7, J6#8 = 8.5 Hz, 1H, 6-H),
1.29 (s, 3H, 14-Me), 1.32 (br.s, 3H, 15-Me), 1.37 (dt, J
3a,2a = 4.6, J3a#2" $ J3!#3" = 13.9 Hz, 1H, 3!H), 1.62
(ddd, J3"#2! = 2.5, J3"#2" = 4.6, J3"#3! = 13.9 Hz, 1H,

[1] K. L. Erickson, in P. J. Scheuer (ed.): Marine Natural
Products, Vol. 5, pp. 131-257, Academic Press, New
York (1983).

[2] D. J. Faulkner, Nat. Prod. Rep. 19, 1 (2002).
[3] G. Guella, D. Skropeta, S. Breuils, I. Mancini,

F. Pietra, Tetrahedron Lett. 42, 723 (2001).

3"-H), 1.84 (dd, J9"#8 = 6.7, J9"#9! = 12.8, 1H, 9"-H),
1.95 (dddd, J2!#1 = 4.1, J2!#3" = 2.5, J3!#3! = 4.6, J2!#2" =
13.9 Hz, 1H, 2!-H), 2.25 (dddd, J2"#1 = 12.3, J2"#3" = 4.6,
J2"#3" = J2"#2" = 13.9 Hz, 1H, 2"-H), 3.86 (dd, J1#2! = 4.1,
J1#2" = 12.3 Hz, 1H, 1-H); (C6D6): # = 0.24 (td, J7#8 ! J7#6 =
3.2, J7#11 = 9.3 Hz, 1H, 7-H), 0.36 (br.d, J5#6 = 5.4 Hz, 1H,
5-H), 0.68 (d septet, J11#7 = 9.3, J11#12 = J11#13 = 6.7 Hz,
1H, 11-H), 0.82 (m, 1H, 9a-H), 0.86 (m, 1H, 3a-H), 0.89
(m, 1H, 8-H), 0.91 and 0.95 (2 x d, J12$13#11 = 6.7 Hz, 6H,
12-Me and 13-Me), 0.92 (s, 3H, 15-Me), 0.94 (m, 1H, 6-
H), 1.25 (ddd, J3"#2! = 2.2, J3"#2" = 4.6, J3"#3! = 13.9 Hz,
1H, 3"-H), 1.49 (s, 3H, 14-Me),1.82 (dddd, J2!#1 = 4.0,
J2!#3" = 2.4, J2!#3! = 4.8, J2!#2" = 13.9 Hz, 1H, 2a-H),
1.88 (dd, J9"#8 = 6.5, J9"#9alpha = 12.6 Hz, 1H, 9"-H), 2.31
(dddd, J2"#1 = 12.4, J2"#3" = 4.6, J2"#3! = J2!#2" = 13.6 Hz,
1H, 2"-H), 3.60 (dd, J1#2! = 4.0, J1#2" = 12.4 Hz, 1H, 1-
H). – 13C 1H-NMR (75.43 MHz, CDCl3): # = 17.76 (q,
C-14), 21.76 (q, C-12 or C-13), 21.87 (q, C-13 or C-12),
23.11 (d, C-8), 25.24 (d, C-6), 30.31 (q, C-15), 31.16 (t,
C-2), 32.42 (d, C-11), 41.63 (t, C-3), 45.95 (t, C-9), 49.90
(d, C-7), 58.13 (s, C-10), 61.96 (d, C-1), 62.18 (d, C-5),
71.18 (s, C-4); (C6D6): # = 18.43 (q, C-14), 22.44 (q,
C-12 or C-13), 22.57 (q, C-13 or C-12), 23.78 (d, C-8),
25.94 (d, C-6), 30.73 (q, C-15), 32.10 (t, C-2), 32.42 (d,
C-11), 42.17 (t, C-3), 46.60 (t, C-9), 50.08 (d, C-7), 59.50
(s, C-10), 62.44 (d, C-1), 62.52 (d, C-5), 70.97 (s, C-4).
– MS (EI, 70 eV): m/z (%): 300/302 (1) [M+], 282/284
(5) [M+ - H2O], 267/269 (2) [M+ - H2O - Me], 203 (40)
[M+ - H2O - Br], 161 (37), 43 (100). HR-EI-MS: m/z =
300.1080 # 0.006, calc. for C15H25

79BrO = 300.1083.

3.4. (-)-#-Cadinene ( = 1-isopropyl-4,7-dimethyl-
1,2,3,5,6,8a-hexahydro-naphthalene (7)

Colorless oil. – [!]20
D = –16.3 (MeOH, c = 0.09). – 1H

and 13C NMR data: matching those reported [13].

3.5. (+)-!-Cadinol (= 4-Isopropyl-1,6-dimethyl-
1,2,3,4,4a,7,8,8a-octahydro-naphthalen-1-ol) (8)

Colorless oil. – [!]20
D = +13.0 (MeOH, c = 0.30). 1H

and 13C NMR data matching those reported [14].

Acknowledgments

We thank MURST, Rome (Progetti di Interesse
Nazionale), for financial support.



G. Guella et al. · The First 6,8-Cycloeudesmane Sesquiterpene from a Marine Organism 1151

[4] K. J. Jung, D. S. Kim, S.-H. Park, I. S. Lee, S. R.
Oh, J. J. Lee, E.-H. Kim, C. Cheong, H.-K. Lee,
Phytochemistry 48, 1383 (1998).

[5] I. Itokawa, H. Matsumoto, S. Mihashi, Chem. Lett.
1253 (1983).

[6] S. Yamamura, M. Niwa, M. Ito, Y. Saito, Chem.
Lett. 1681 (1982).

[7] J. D. Connolly, R. A. Hill, Monoterpenoids
and Sesquiterpenoids, Dictionary of Terpenoids,
Vol. 1, pp. 394 - 396, Chapman & Hall, London
(1991)

[8] T. Suzuki, H. Kikuchi, E. Kurosawa, Chem. Lett.
1267 (1980).

[9] A. J. Minaard, J. B. P. A. Wijnberg, A. de Groot,
J. Org. Chem. 62, 7346 (1997).

[10] J. A. Marco, J. F. Sanz-Cervera, V. Garcia-Lliso,
L. R. Domingo, M. Carda, S. Rodriguez, F. Lopez-
Ortiz, J. Lex, Liebigs Ann. 1837 (1995).

[11] N. H. Fischer, in G. H. N. Towers, H. A. Stafford
(eds), Recent Advances in Phytochemistry, Vol. 24,
pp. 161-201, Plenum press, New York (1990).

[12] N. Buelow, W.A. Koenig, Phytochemistry 55, 141
(2000).

[13] G. D. Davis, M. Essenberg, K. D. Berlin, R. Faure,
E. M. Gaydou, Magn. Reson. Chem. 34, 156 (1996).

[14] J. F. Sanz, J. A. Marco, Phytochemistry 30, 2788
(1991).

[15] F. Pietra, Chem. Soc. Rev. 24, 65 (1995).
[16] F. Pietra, Biodiversity and Natural Product Diver-

sity, Elsevier, Amsterdam (2002).


