
Brasilane-Type Sesquiterpenoids from
Laurencia obtusa
Dimitra Iliopoulou,† Constantinos Vagias,† Dimitrios Galanakis,‡
Dimitris Argyropoulos,§ and Vassilios Roussis*,†

Department of Pharmacy, DiVision of Pharmacognosy and Chemistry of Natural
Products, UniVersity of Athens, Panepistimioupolis Zografou, Athens 157 71, Greece,
Varian Deutschland GmbH, Alsfelder Strasse 6, 64289 Darmstadt, Germany, and
Department of Pharmaceutical Chemistry, School of Pharmacy, Aristotelian UniVersity
of Thessaloniki, Thessaloniki 541 24, Greece

roussis@pharm.uoa.gr

Received July 12, 2002

ABSTRACT

Three novel halogenated rearranged sesquiterpenes (1−3) have been isolated along with brasilenol (4) and epibrasilenol (5) from the organic
extract of the red alga Laurencia obtusa, collected at Symi island in the Aegean Sea, Greece. The new metabolites possess the unusual
skeleton of brasilane and contain the unprecedented 1,6-epoxy moiety. The structures of the new natural products, as well as their relative
stereochemistry, were established by means of spectral data analyses, including two-dimensional NMR experiments along with molecular
calculations.

Red algae of the genusLaurencia, present in most coastal
waters around the world, receive continuous attention because
they seem to be an endless source of structurally unusual
secondary metabolites.1

In the course of our ongoing investigations toward the
isolation of biologically active compounds from marine
organisms of the Greek seas,2 we examined specimens of
Laurencia obtusacollected off the coasts of Symi Island.
Freeze-dried organism was extracted with CH2Cl2/MeOH,
and the extract was subjected repeatedly to chromatographic
separations to finally afford three novel rearranged sesqui-

terpenes (1-3) as minor components, along with brasilenol
(4) and epibrasilenol (5).

Compound1 was purified by means of HPLC separations
and isolated as a colorless oil.3 Both 13C NMR data and
HRFAB-MS measurements supported the molecular formula
C15H25O2Cl. The EI mass spectrum revealed molecular ion
[M] + isotopic peaks atm/z272 and 274 with intensities of
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(3) Data for 1: colorless oil; [R]D +44.11 (c0.17, CHCl3); UV λmax
(n-hexane) (logε) 203.0 (2.61) (nm); IR(CHCl3) λmax 3579, 2931, 1460,
1389, 1366, 1203, 1097, 979, 842 cm-1; HRFAB-MS (m/z) 255.1502 [M
- H2O + H]+ (calcd for C15H24O35Cl 255.1517);1H NMR (C6D6, 400
MHz) δ 3.93 (1H, brt,J ) 8.2 Hz, H-8), 2.39 (1H, dd,J ) 13.6, 7.5 Hz,
H-7â), 1.85 (1H, m, H-5), 1.79 (1H, brd,J ) 15.0 Hz, H-2â), 1.69 (1H,
dd, J ) 13.6, 9.2 Hz, H-4R), 1.53 (1H, m, H-10), 1.42 (1H, s, 9-OH),
1.37 (1H, d,J ) 14.7, H-2R), 1.12 (3H, s, H-15), 1.06 (3H, s, H-14), 1.04
(1H, brdd,J ) 12.9, 5.4 Hz, H-4â), 0.79 (3H, s, H-13), 0.73 (3H, d,J )
6.8 Hz, H-11), 0.67 (1H, dd,J ) 12.9, 12.9 Hz, H-4R), 0.56 (3H, d,J )
6.8 Hz, H-12);13C NMR (C6D6, 50 MHz) δ 79.8, 71.3, 66.7, 65.8, 38.9,
37.7, 35.8, 34.3, 33.3, 29.2, 27.6, 26.6, 22.2, 19.7, 18.5; EIMS 70 eV,m/z
(rel intensity %) 274, 272 [M]+ (0.6:1.7), 231, 229 [M- C3H7]+ (31: 97),
213, 211 (4:12),
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2.9/1, indicating the presence of one chlorine atom. The IR
spectrum exhibited strong absorptions for a tertiary hydroxyl
group (3579 cm-1) and an isopropyl group (1389 and 1366
cm-1). The 13C NMR spectrum along with the DEPT and
HSQC experiments showed the presence of three oxygenated
tertiary carbons and a quaternary carbon, three methines,
three methylenes, and five methyls. Three carbons were
bonded to oxygen, resonating atδ 80.1 (s), 71.4 (s), and
67.5 (s) or 65.2 (d), and one was chlorinated, resonating at
δ 65.2 (d) or 67.5 (s). Furthermore, the1H NMR spectrum
revealed the signals of one methine group bonded to oxygen
or halogen atδ 3.88 (dd), two tertiary methyls of an isopropyl
moiety atδ 0.84 (3H, d, 6.6 Hz) andδ 0.98 (3H, d, 6.6 Hz),
and three quaternary methyls atδ 0.95, 0.96, and 1.22. With
an unsaturation degree of 3, the structure was suggested to
contain three rings. The presence of five methyls excluded
the common four methyl skeletons of most sesquiterpenes
and suggested a bicyclic brasilane structure.4

Since on the basis of the molecular formula there are only
two oxygens in the molecule, the structure must contain one
hydroxy and one ether functionality. The presence of only
one hydroxyl group was confirmed by silylation of a small
quantity of 1 with MSTFA (N-methyl-N-trimethylsilyltri-
fluoro acetamide).

The carbon connectivities (Table 1) were traced by a series
of two-dimensional NMR homonuclear (COSY, INAD-
EQUATE) and heteronuclear experiments (HMBC, CIGAR)
(in both CDCl3 and C6D6). The use of CIGAR5 showed

important long-range correlations not visible in HMBC,
verifying the proposed structure. For compound1, two-
dimensional INADEQUATE spectra processed with FRED6

were also valuable for the confirmation of the brasilane
skeleton and unambiguous assignments. The two-dimensional
INADEQUATE results showed correlations between C-12
(18.7 ppm) and C-11 (22.3 ppm) with C-10 (27.6 ppm) with
a 1JC-C of 35.1 Hz in both cases. Furthermore, C-10 (27.6
ppm) is connected to C-5 (38.5 ppm) with1JC-C of 34.6 Hz.
C-5 (38.5 ppm) is connected to C-4 (35.4 ppm) with1JC-C
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Table 1. 1H (400 MHz) and13C (50 MHz) NMR Data of Compounds1-3 in CDCl3

1 2 3

position δ 1H δ 13C δ 1H δ 13C δ 1H δ 13C

1 71.4 66.9 70.8
2â 1.85 (brd, 14.5) 33.0 1.80 (dd, 15.0, 2.0) 34.8 1.87 (brd, 15.0) 33.3
2R 1.58 (d, 14.5) 1.49 (d, 15.0) 1.59 (d, 15.0)
3 29.1 28.7 29.3
4â 1.21 (ddd, 12.7, 5.2, 1.6) 35.4 0.97 (ddd, 13.3, 5.1, 2.0) 32.5 1.21 (ddd, 12.9, 5.1, 1.4) 35.2
4R 0.88 (dd, 12.7, 12.7) 1.15 (dd, 13.3, 12.6) 0.88 (dd, 12.9, 12.9)
5 1.95 (m) 38.5 1.79 (m) 38.6 1.95 (m) 38.7
6 67.5 66.6 68.2
7â 2.67 (dd, 13.9, 7.3) 37.3 1.66 (dd, 14.0, 9.5) 38.5 2.69 (dd, 13.9, 7.5) 38.5
7R 1.84 (dd, 13.9, 9.2) 2.72 (dd, 14.0, 7.3) 1.99 (dd, 13.9, 9.3)
8 3.88 (dd, 9.2, 7.3) 65.2 3.91 (dd, 9.5, 7.3) 65.0 3.92 (dd, 9.3, 7.5) 57.7
9 80.1 80.3 79.8
10 1.92 (m) 27.6 1.97 (m) 29.1 1.93 (m) 27.8
11 0.98 (d, 6.6) 22.3 0.93 (d, 7.1) 20.9 0.98 (d, 6.6) 22.2
12 0.84 (d, 6.6) 18.7 0.90 (d, 7.1) 18.2 0.84 (d, 6.6) 18.8
13 0.95 (s) 34.3 0.92 (s) 31.6 0.95 (s) 34.4
14 0.96 (s) 26.4 0.80 (s) 26.3 0.96 (s) 26.4
15 1.22 (s) 19.5 1.22 (s) 19.6 1.27 (s) 21.8
-OH 1.56 (s) 1.80 (s)
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of 33.9 Hz. C-4 (35.4 ppm) is connected to C-3 (29.1 ppm)
with 1JC-C of 34.5 Hz. C-3 (29.1 ppm) is connected to C-14
(26.4 ppm) with1JC-C of 36.3 Hz. On the other side of the
molecule, C-8 (65.2 ppm) is connected to C-7 (37.3 ppm)
with 1JC-C of 36.4 Hz. C-7 (37.3 ppm) is connected to C-6
(67.5 ppm) with 1JC-C of 40.6 Hz. C-15 (19.5 ppm) is
connected to C-9 (80.1 ppm) with1JC-C of 34.5 Hz. C-2
(33.0 ppm) is connected to C-1 (71.4 ppm) with1JC-C of
46.7 Hz. Overall, 10 of the total 1613C-13C correlations
were resolved.

The long-range heteronuclear correlations of C-1 (71.4
ppm) with H-2, H-5, H-7, and H-15; C-6 (67.5 ppm) with
H-2, H-4, H-5, H-7, and H-10; C-8 (65.2 ppm) with H-7
and H-15; and C-9 (80.1 ppm) with H-2, H-7, H-8, and H-15,
observed in HMBC/CIGAR, confirmed the position of
oxygen and halogen at adjacent carbons on the five-member
ring. In addition, the correlations of H-11/H-12 with C-10
and C-5; H-13/H-14 with C-3; and H-15 with C-9 confirmed
the positions of the methyl groups.

The above data were not sufficient for an unambiguous
assignment of chlorine on either C-8 or C-6. Thus, there were
six possible structures with the ether bridge between the
carbons C-1/C-6, C-1/C-8, C-1/C-9, C-6/C-8, C-6/C-9, and
C-8/C-9. Careful analyses of NOESY correlations along with
the coupling constants of the1H NMR spectrum and
molecular calculations support the assignment of the ether
bridge between C-1 and C-6 and the proposed relative
stereochemistry of compound1. The observed coupling
constants of H-8 (9.2, 7.3 Hz) indicated an axial orientation
of this proton, and as a consequence, the ether bridge could
not be placed on C-8 carbon. Furthermore, NOESY experi-
ments showed a strong interaction between the deshielded
methyl H-15 and the axial proton H-7, revealing an axial
configuration for H-15. Consequently, the ether bridge could
not be placed either at C-9/C-1 or at C-9/C-6 positions.

Moreover, the strong NOE effect between H-2 (δ 1.58)
and H-4 (δ0.88) showed the cis orientation of these protons
and suggested a chair conformation for the six-member ring.
Further support came from the diagnostic W-coupling (1.6
Hz) between H-2 (δ1.85) and H-4 (δ1.21), indicating the
equatorial position of these protons. Strong correlations of
H-2 (δ 1.85) with both H-13 and H-14 and of H-2 (δ 1.58)
only with H-13 suggested equatorial and axial orientations
for H-13 and H-14, respectively. A significant correlation
between H-2 (δ1.58) and H-15 revealed their cis (ax-ax)
spacial proximity.

The NOE enhancements between H-4 (δ 0.88) and H-10,
H-11, and H-12, were observed in the NOESY experiments
recorded in C6D6 (in this solvent, H-10 was clearly resolved)
and confirmed the equatorial conformation of the isopropyl
group. This is further supported by a correlation between
H-5 and H-7 (δ 2.67) (observed in both CDCl3 and C6D6

solvents) that indicated their cis (ax-eq) orientation.

According to the above observations, the structure of
metabolite1 was proposed as (1R*,5R*,6R*,8S*,9R*)-8-
chloro-1,6-epoxy-5-isopropyl-3,3,9-trimethylbicyclo[4.3.0]-
nonan-9-ol.

Compound2 was isolated as a colorless oil7 following
HPLC purification. The composition of metabolite2 was
deduced to be C15H25O2Cl from the HRFAB mass spectrum
and the NMR data. Comparison of the spectral data of2
with those of1 revealed a great similarity in the structures
of the two compounds. The EI LRMS and IR spectra were
almost identical with those recorded for1. The most
significant differences between metabolite2 and 1 were
observed in the1H NMR chemical shifts of methine H-5 (δ
1.79 in 2; δ 1.95 in 1) and methyls H-12 (δ0.90 in 2; δ
0.84 in1) and H-14 (δ 0.80 in2; δ 0.96 in1) and in the13C
NMR chemical shifts of quaternary carbon C-1 (δ 66.9 in
2; δ 71.4 in1), methine carbon C-10 (δ29.1 in2; δ 27.6 in
1), and methyl carbon C-13 (δ 31.6 in2; δ 34.3 in1). These
data led to the assumption that compound2 was a stereo-
isomer of 1.The stereochemistry of2 was resolved by a
combination of two-dimensional NOESY data, analysis of
coupling constants, and molecular calculations. The coupling
constants of H-8 (9.5, 7.3 Hz) indicated an axial orientation
of this proton as in compound1, and a strong NOE effect
between the deshielded methyl H-15 and the axial proton
H-7 (δ 1.66) revealed an axial configuration for H-15. The
cross-peaks observed in the NOESY spectrum for H-15 to
H-14 implied that these protons were cofacial (â), while the
1,6-epoxide occupies thea-face of the molecule.

Moreover, the chair conformation for the six-member ring
was confirmed by the strong NOE effect between H-2 (δ
1.49) and H-4 (δ 1.15) and from the characteristic W-
coupling (2.0 Hz) between H-2 (δ1.80) and H-4 (δ0.97).
A significant correlation was also observed between H-2 (δ
1.80) and H-15 revealing their cis (eq-ax) spacial proximity.
Strong correlations of H-2 (δ 1.49) and H-4 (1.15) with H-13
indicated the equatorial orientation of H-13. The NOE
interactions between H-5 and H-14 revealed the equatorial
conformation of the isopropyl group. This assumption was
also supported by a correlation between H-5 to H-7 (δ 1.66)
indicating their cis (ax-ax) spacial proximity.

On the basis of the above findings, the structure of
metabolite 2 was deduced as (1S*,5R*,6S*,8R*,9S*)-8-
chloro-1,6-epoxy-5-isopropyl-3,3,9-trimethylbicyclo[4.3.0]-
nonan-9-ol.

Compound3 was isolated, after HPLC purification, in
minute quantities as a colorless oil.8 The molecular formula
C15H25O2Br for 3 was deduced from HRFAB-MS data in
combination with the NMR spectra.

(7) Data for 2: colorless oil; [R]D -7.33 (c0.15, CHCl3); UV λmax (n-
hex) (log ε) 202.4 (2.72) (nm); IR(CHCl3) λmax 3579, 2930, 1464, 1388,
1368, 1204, 1075, cm-1; HRFAB-MS (m/z) 255.1534 [M- H2O + H]+

(calcd for C15H24O35Cl 255.1517);1H NMR (C6D6, 400 MHz)δ 3.86 (1H,
dd, J ) 9.3, 7.5 Hz, H-8), 2.37 (1H, dd,J ) 13.6, 7.5 Hz, H-4R), 1.73
(1H, m, H-10), 1.57 (1H, brd,J ) 15.0 Hz, H-2â), 1.42 (1H, m, H-5), 1.41
(1H, d, J ) 15.0 Hz, H-2R), 1.27 (1H, dd,J ) 13.6, 9.3 Hz, H-7â), 1.14
(1H, dd,J ) 13.0, 13.0, H-4R), 1.10 (3H, s, H-15), 0.93 (3H, d,J ) 6.8
Hz, H-12), 0.84 (3H, d,J ) 6.8, Hz, H-11), 0.77 (1H, m, H-4â), 0.74 (3H,
s, H-13), 0.50 (3H, s, H-14);13C NMR (C6D6, 50 MHz)δ 80.0, 66.5, 66.1,
65.5, 38.8, 38.5, 35.1, 32.8, 31.6, 29.3, 28.6, 26.2, 21.0, 19.9, 18.4; EIMS
70 eV,m/z (rel intensity %) 274, 272 [M]+ (0.6:1.7), 231, 229 [M- C3H7]+

(19:58), 213, 211 (1.6:6.3).
(8) Data for 3: colorless oil; [R]D +12 (c 0.15, CHCl3); UV λmax (n-

hexane) (logε) 207.0 (2.72) (nm); IR(CHCl3) λmax 3564, 2954, 1462, 1389,
1366, 1212, 1095, 979, 840 cm-1; HRFAB-MS (m/z) 299.1024 [M- H2O
+ H]+ (calcd for C15H24O79Br 299.1011); EIMS 70 eV,m/z(rel intensity
%) 275, 273 [M- C3H7]+ (84:85), 257, 255 (5:5).

Org. Lett., Vol. 4, No. 19, 2002 3265



All spectral characteristics were quite comparable to those
of metabolite 1. Comparison of the spectra indicated
metabolite3 to be the C-8 bromo analogue of metabolite1.
The relative stereochemistry of3 based on interpretation of
the NOE enhancements and molecular calculations was found
to be the same as that in metabolite1.

Consequently, the proposed formula for compound3 is
(1R*,5R*,6R*,8S*,9R*)-8-bromo-1,6-epoxy-5-isopropyl-3,3,9-
trimethylbicyclo[4.3.0]nonan-9-ol.

To date, only 11 representatives4 of the brasilane family,
including the metabolites reported herein, have been isolated,
all from Laurenciaspecies.

Molecular Modeling. The conformational space for
compounds1-3 was systematically explored using the
Merck9 (MMFF) force field as implemented in SPARTAN.10

The energies of the conformers were calculated at the ab
initio level using the 6-31G* basis set.

The global minimum energy conformer of molecule1
[designated1_(1)] bears the six-member ring in a chair
conformation and theiPr group and the Cl atom at equatorial
positions (Figure 1). Furthermore, the methyl groups at

positions 9 (C-15) and 3â (C-14) of the ring system are in
an axial orientation, whereas the methyl group at position
3a (C-13) is equatorial. The second lowest energy conformer
1_(2), is calculated to be 4.34 kcal/mol higher in energy than
1_(1) and differs from the latter only in the conformation of
the five-member ring (Figure 2). Hence, in1_(2), the Cl atom
is axial, while the methyl group at position 9 (C-15) is
equatorial.

For conformer1_(1), the calculated dihedral angles formed
between the hydrogen atoms at positions 5 and 8 (H-5 and
H-8, respectively) and their adjacent hydrogen atoms (H-
4R/H-4â and H-7R/H-7â, respectively) are consistent with
the corresponding coupling constants measured in the NMR
experiments (see Supporting Information). For conformer
1_(2), the value for the calculated dihedral angle formed
between H-4Rand H-8 (155.53°) cannot be accounted for
by the measured value for the corresponding coupling
constant JH-7a/H-8 (9.2 Hz). According to the Karplus
equations, in the latter case, the value forJ should have been
close to zero. The results of the modeling studies for
compound3 are analogous to those presented above for
compound1.

The global minimum energy conformer of molecule2
[designated2_(1)] bears the six-member ring in a chair
conformation and theiPr group and the Cl atom at equatorial
positions. Moreover, the methyl groups at positions 9 (C-
15) and 3â (C-14) of the ring system are in an axial
orientation, whereas the methyl group at position 3a (C-13)
is equatorial. The second lowest energy conformer2_(2), is
calculated to be 3.34 kcal/mol higher in energy than2_(1)
and differs from the latter only in the conformation of the
five-member ring. Hence, in2_(2), the Cl atom is axial,
while the methyl group at position 9 (C-15) is equatorial.
As for compound1, only conformer2_(1) accounts for all
the NMR data (see Supporting Information).
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Figure 1. Conformer1_(1). Atoms are colored gray (carbon), white
(hydrogen), red (oxygen), and green (chlorine).

Figure 2. Conformer1_(2). Atoms are colored gray (carbon), white
(hydrogen), red (oxygen), and green (chlorine).
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