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Abstract—Two novel brominated diterpenes, prevezols A and B, have been isolated from the organic extract of the red alga
Laurencia obtusa, collected from the coastal rocks of Preveza in the Ionean Sea, Greece. The structures of the new natural
products, as well as their relative stereochemistry, were established by means of spectral data analysis, including 2D NMR
experiments along with molecular calculations. © 2001 Elsevier Science Ltd. All rights reserved.

Red algae of the genus Laurencia have provided a large be an endless source of new chemical constituents. In
number of unique secondary metabolites' and seem to this study we describe the isolation* and structure eluci-
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Figure 1. Structures of the brominated diterpenes obtusadiol, rogioldiol A, prevezol A (1) and prevezol B (2).
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dation of two novel brominated diterpenes, prevezols
A and B (Fig. 1), which were obtained from the non
polar fractions of the organic extract of Laurencia
obtusa, and showed significant cytotoxicity on the ini-
tial Artemia salina screening assays (LCs,=6.35 ppm).

Both '*C NMR data and EI-HRMS measurements of
prevezol A (1) supported the molecular formula
C,,H;,BrO,.°> The EI mass spectrum revealed molecu-
lar ion [M]* isotopic peaks at m/z 382 and 384. The
isotopic pattern (1:1) as well as the mass fragments
indicated the presence of one bromine atom. The IR
spectrum of 1 displayed absorptions for a tertiary
hydroxyl group (3430 ¢cm™!, broad), and exo-methyl-
ene groups (3080, 1650, 880 cm™!). The '*C NMR
spectrum along with the DEPT experiments showed
the presence of four quaternary, five methine, eight
methylene and three methyl carbon atoms. From
these carbons, three were bonded to oxygens, resonat-
ing at ¢ 70.3 (s), 62.2 (d) 59.2 (s) and one was bromi-
nated (60 65.8 ppm, d). With an unsaturation degree
of 5, the structure was suggested to contain two dou-
ble bonds and three rings. The two double bonds are
both exocyclic methylenes and their presence was evi-
dent from the methylene peaks at 6 111.6 and 110.1
in the 3C NMR spectrum. Furthermore, the 'H
NMR spectrum showed the appropriate signals at o
4.69, 4.78, 4.84 and 4.90 (each 1H, br s), the presence
of two deshielded methyl groups at ¢ 1.27 and 1.31
(each 3H, br s) on oxygenated quaternary carbons
and one vinyl methyl group at ¢ 1.63 (3H, br s)
(Table 1). In the region 2.3-1.3 ppm the overlap of
the resonances is complex and the chemical shifts
could only be determined with the help of 2D spec-
tra, thus the multiplicity of these signals was not
defined.

Comparison of spectral data of 1 with literature val-
ues showed that the structure did not belong to any
of the common series of Laurencia diterpenoids, such
as the labdane-type,® or the irieols.” Nevertheless,
CMR data indicated that part of the molecule was
related to the unique brominated Laurencia diterpenes
obtusadiol® and rogioldiol A® (Fig. 1). Specifically,
the spectral data of the brominated six-membered
ring were in good agreement with published values.
Strong correlations in the HMBC spectrum between
C-6 and C-8 with the methylene protons H-19a and
H-19b confirmed the position of one of the terminal
methylene groups. The carbon connectivities in the
open chain were traced through 2D experiments. The
hetero- and homonuclear correlations of H-9 and H-
10 with the adjacent carbons established the position
of the isopropylidene group on the ring. The low field
resonances of the oxygenated carbons supported the
presence of an epoxide moiety. The ether bridge was
placed on carbons C-13 and C-14 because of the
strong correlations of C-9 and C-10 to H-14.

The sterecochemical configuration of the asymmetric
centers is proposed on the basis of NOE enhance-
ments (Table 1), coupling constants and molecular
calculations. The above data indicates that the bromi-

nated ring A has the same relative stereochemistry as
in the literature.®® Concerning ring B, eight structures
were constructed, using the Macromodel'®® software,
taking into account all possible combinations of the
configuration of C-9, C-10, C-13 and C-14. The con-
formational preferences for ring B were explored for
all eight structures and the resulting dihedral angle
H-9/C-9/C-14/H-14 was used to calculate the theoreti-
cal 3J, 14 coupling constant on the basis of the appro-
priate Karplus equation.!" These data showed that
when C-9, C-10, C-13 and C-14 have the configura-
tion R,S,S and R, respectively, the theoretical value
3Jy 14=1.3 Hz is in close agreement with the experi-
mental value 1.4 Hz. However, the enantiomeric com-
bination (of ring B) cannot be excluded as the
difference in the corresponding calculated coupling
constant 3Jy ,=1.7 Hz is close to the limit of the
coupling constant measurement. A Monte Carlo!°®*
conformational search was performed for this struc-
ture and a number of conformers resulted. The lowest
energy conformation is in good agreement with the
observed NOEs and is hence, the proposed structure
for metabolite 1 (Fig. 1).

Prevezol B (2) was purified by HPLC and was iso-
lated as a colorless o0il.'> Both '*C NMR data and
EI-HRMS measurements supported the molecular for-
mula C,,H;;BrO,. Comparison of spectral data of 2
with those of 1 indicated that the structures of the
two molecules were very similar. The NMR data of 2
showed resonances corresponding to the brominated
ring A, suggesting that this moiety also exists in pre-
vezol B. Concerning ring B, the main differences were
observed in the chemical shifts of the oxygen bridge
carbons. The chemical shifts of 75.9 and 72.9 ppm
were not appropriate for an epoxide ring. One end of
the ether linkage should be in proximity to C-8 as the
3C at 75.9 ppm showed long-range coupling with H-
8 and the corresponding 'H at 4.02 ppm shows NOE
enhancements with H-8. On this basis, the position of
the ether bridge was placed at C-14. The most signifi-
cant difference of this metabolite compared to preve-
zol A is the Me shift from C-13 to C-12 and
subsequent formation of the ether bridge on this C-12
quaternary carbon. The position of isopropylidene on
C-10 is supported by the NOE correlations of this
group with H-8. The Monte Carlo conformational
search suggested the same configuration for the asym-
metric centers as is found in prevezol A. The lowest
energy conformation is in agreement with the experi-
mental NOE data and the proposed structure.
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Table 1. NMR data for prevezol A (1) and B (2)

Position Compound 1 Compound 2
J 'H 6 13C HMBC NOESY 6 'H 6 13C HMBC NOESY
1 2.12 (H-1a, m) 394t H-2, H-19b 2.14 (2H, m) 394 t H-6 H-19b
2.19 (H-1b, m)
2 4.13 (1H, dd, 4.7, 12.0) 658 d H-1a,b, H-4b, H-20 H-la,b, H-4a 4.13 (1H)* 66.0 d H-1, H-4b, H-20 H-4b, H-6, H-20
3 70.3 s H-1a,b, H-4b, H-20 704 s H-1, H-4b, H-20
4 1.46 (H-4a, m) 37.6 t H-20 1.47 (H-4a, m) 37.6 t H-5b, H-6, H-20
2.00 (H-4b, m) H-2 2.04 (H-4b, m) H-2
5 1.58 (H-5a, m) 265t H-19b 1.41 (H-5a, m) 26.8 t H-1, H-4a
1.73 (H-5b, m) H-1a,b, H-4b H-19b 1.59 (H-5b, m) H-19b
6 1.95 (1H, m) 453 d H-la,b, H-4b, H-8b, H-19a,b H-2 1.98 (1H, m) 45.8 d H-1, H-4b, H-19a H-2
7 150.0 s H-8a,b, H-9 149.6 s H-6, H-8
8 1.98 (H-8a, brd, 14.0) 36.0 t H-10, H-14, H-19a,b H-19a 2.23 (2H, m) 383t H-9, H-19b H-14, H-17
2.22 (H-8b, brd, 14.0)
9 1.94 (1H, m) 36.5d H-8b, H-10, H-14 H-14 2.02 (1H, m) 43.1d H-8, H-14 H-14
10 1.87 (1H, m) 43.0d H-11, H-14, H-16a,b, H-17 H-16a 2.07 (1H, m) 52.6d H-13, H-16, H-17 H-17
1 1.80 (2H, m) 284 t H-10 1.46 (H-11a, m) 28.6 t
1.58 (H-11b, m)
12 1.43 (H-12a, m) 264t H-10 729 s H-10, H-13b, H-14, H-18
1.60 (H-12b, m)
13 59.2s H-18 1.57 (H-13a, m) 37.7t H-18 H-14
1.96 (H-13b, m)
14 2.96 (1H, d, 1.4) 622 d H-9, H-18 H-9, H-18, H-19a 4.02 (1H)* 759 d H-8, H-13b, H-18 H-8, H-9, H-13a, H-19a
15 1473 s H-11, H-17 146.7 s H-17
16 4.69 (H-16a, br s) 111.6 t H-17 H-10 4.75 (2H, br s) 113.1 ¢t H-17
4.78 (H-16b, br s) H-17
17 1.63 (3H, br s) 19.8 q H-11, H-16a,b H-16b 1.60 (3H, br s) 19.1 q H-16 H-10
18 1.27 (3H, br s) 243 q H-14 H-14 1.40 (3H, br s) 235 q H-13b, H-14
19 4.84 (H-19a, br s) 110.1 t H-6, H-9 H-8a, H-14 4.86 (H-19a, brs) 110.2 t H-6, H-8 H-14
4.90 (H-19b, br s) H-1a, H-5a,b 4.88 (H-19b, br s) H-5b
20 1.31 (3H, br s) 305 q H-2 1.31 (3H, br s) 30.5q H-2

All spectra were recorded on a Bruker DRX 400, in CDCl;. Chemical shifts are expressed in ppm and J values in parenthesis are in Hz.

2 Both resonances showed a second order pattern at 400 MHz.
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