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(�)-2-epi-Prevezol C was readily accessed from the chirons (�)- and (+)-limonene oxide in a total of nine
steps and in 24% yield. This efficient enantioselective synthesis of this complex product utilises a highly
stereoconvergent, substrate-controlled allylic alkylation strategy to assemble rapidly the unprecedented
diterpene core.

� 2010 Elsevier Ltd. All rights reserved.
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Figure 1. The structures of prevezols A–E.
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A family of novel cytotoxic-brominated diterpenes, prevezols
B–E, was isolated from the organic extracts of the red alga
Laurencia obtusa (Fig. 1).1 Elucidation of their structures and
relative stereochemistry, by comprehensive spectral data analyses,
revealed a family of syn-bromohydrins with carbon skeletons that
were unprecedented in the literature. The structure of prevezol A
had been previously established, and the discovery of metabolites
C–E allowed revision of the earlier proposed structure of prevezol
B.2

Whilst modern spectroscopic techniques have advanced in
recent years, regio and stereoselective synthesis still remains a
requirement for the confirmation of structure and determination
of absolute stereochemistry. This has been highlighted recently
in an excellent review by Nicolaou and Snyder regarding the
misassignment of natural products3 and in an article by Burton
and co-workers, which reassessed the structures of elatenyne
and chloroenyne natural products extracted from Laurencia
majuscula.4 As the first step in the synthesis of these complex
natural products we investigated strategies for the synthesis of
prevezol C (Fig. 1), to explore routes for the formation of this
unique carbon skeleton and to confirm the reported structure of
the Western hemisphere (ring B).

The relative stereochemistry of the Eastern hemisphere (ring A)
of prevezol C was assigned due to spectral agreement with the val-
ues reported for prevezol A,1,2 which was identified by comparison
of the 13C NMR data of obtusadiol and rogioldiol A (Fig. 2).2,5 The
relative stereochemistry of the Western hemisphere (ring B) of
prevezol C was assigned based on NOESY correlations. Thus, before
synthesis of the challenging syn-bromohydrin moiety commenced
we needed to develop methodology to connect the Eastern and
Western hemispheres of prevezol C and to develop strategies for
constructing and confirming the required stereochemistry in the
Western hemisphere. Thus, as a prelude to the harder problem,
ll rights reserved.
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).
we synthesised the easier trans-bromohydrin of prevezol C [(�)-
epi-prevezol C 1], epimeric at the 2-position (Fig. 2).
OH
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Figure 2. The structures of obtusadiol, rogioldiol A and epi-prevezol C (1).
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Scheme 2. Synthesis of the model alkylated product 6.
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Due to the structural homology shared by the two hemispheres
of epi-prevezol C (1) we envisaged a stereoconvergent synthetic
approach utilising limonene oxide (Scheme 1). The key disconnec-
tion in the retrosynthesis is a diastereoselective carbon–
carbon bond-forming alkylation reaction of the ketone 2 and the
allylic halide 3. It was anticipated that the alkylated product 4
would form diastereoselectively as a result of the isoprenyl substi-
tuent preferentially residing in the equatorial position, thereby
controlling the stereochemical course of the reaction. However if
this is not the case, epimerisation of the syn-isomer to the thermo-
dynamically stable anti-isomer 4 should be facile. Recent efforts in
our laboratories have focused on accessing the trans-diaxial and
trans-diequatorial diols of limonene oxide, which are derived from
a commercially available diastereomeric mixture of cis and trans
isomers, in high yields and diastereoselectivities.6 We hoped to
employ the trans-diaxial diol 5 in the total synthesis of (�)-epi-
prevezol C (1). It was also anticipated that the required allylic
halide 3 could be readily synthesised from (�)-trans-limonene
oxide via an allylic halogenation reaction.

The required tert-butyldimethylsilyloxy-ketone 2 was synthes-
ised according to our published procedure.7 Standard allylic alkyl-
ation conditions of the lithium enolate of the silyloxy ketone 2,
formed at �78 �C with LDA,8 with allyl bromide gave poor yields.
Employing a modified version of the conditions reported by
Palomo et al.,9 which used an excess of KHMDS in the presence
of 20% v/v DMPU (Scheme 2), gratifyingly afforded the allylated
species 6 in excellent conversion and as a single diastereomer, as
determined by analysis of its 1H NMR spectrum.

The stereochemistry at the a-carbon of the allylated product 6
was elucidated to be the thermodynamic trans product via analysis
of the COSY and NOESY spectra. The coupling constants (J = 11.8,
9.5 and 2.5 Hz) of the proton adjacent to the carbonyl group were
also consistent with the proton existing in the axial position. The
reaction of the allylated product 6 with 5% NaOMe (5 days) showed
no change in its 1H NMR spectrum, which is consistent with an
equatorial allyl chain. It is postulated that excellent diastereofacial
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Scheme 1. Retrosynthesis of epi-prevezol C 1.
control was obtained due to the 1,3-diaxial interaction encoun-
tered by the incoming electrophile with the axial TBS group, and
thereby alkylating in a twist-boat conformation,10 and not due to
base-catalysed epimerisation of an axially alkylated intermediate
(Fig. 3). Furthermore, quenching the reaction at �40 �C with
saturated ammonium chloride afforded the equatorial product,
exclusively.

Given the positive outcome of the model alkylation studies, we
next focused our attention on the synthesis of the key electrophile,
10-halo-trans-limonene oxide 3. Preparation of the allylic halide 3,
by halogenation of trans-limonene oxide was not trivial; tradi-
tional Wohl–Ziegler conditions (NBS, CCl4, AIBN or dibenzoylper-
oxide),11 and derivatives thereof (NBS, AcOH)12 gave complex
mixtures. However, optimisation of Moreno-Dorado’s conditions,13

utilising a stoichiometric quantity of iodometrically titrated
sodium hypochlorite,14 in the presence of either CeCl3 (1.1 equiv)
or InCl3 (1.1 equiv),15 in a binary solvent system (1:1 CH2Cl2/
H2O) afforded the allylic chloride 3a in high yield (Scheme 3).
Minimal amounts of the bis-chloro by-product were observed in
the 1H NMR spectrum of the crude reaction mixture. Recently, Jas-
trzebska et al. demonstrated that the p-allyl complex derived from
an allylic chloride16 could be used as an alternative to the more
routinely employed allylic acetate and carbonate electrophiles.17

Unfortunately, application of these conditions to our allylic chlo-
ride 3a proved unsuccessful. The conditions for the model alkyl-
ation, KHMDS/DMPU (2.2 equiv/20% v/v), also did not result in
the alkylated product 4a. Pleasingly, conversion of the allylic chlo-
ride 3a into the corresponding more reactive iodo species 3b
yielded an extremely reactive electrophile which participated eas-
ily in an allylic alkylation reaction with the enolate derived from
ketone 2, even in the absence of DMPU (Scheme 3).18 Like the
model studies, the diterpene oxide 4a was also observed to be a
single diastereomer by 1H NMR spectroscopic analysis. The treat-
ment of the diterpene oxide 4a with TBAF (1.5 equiv) in refluxing
THF readily cleaved the tert-butyldimethylsilyl group to give 4b
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Figure 3. The diastereomorphic transition states for substrate control to form the
desired allylated ketone 6.
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Figure 5. Comparison of the 13C NMR signals of the Western hemisphere of
prevezol C and 2-epi-prevezol C (1). Horizontal and vertical axes show carbon
number and Dd values. The numbering of the rings is consistent with that used by
Iliopoulou et al.1
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with a single diastereomer observed by 1H NMR spectroscopic
analysis (Scheme 3). As a final confirmation of the absolute stereo-
chemistry of the diterpene core, 4b was reacted under acidic con-
ditions to give the corresponding triol 7. An X-ray crystal structure
of the triol 7 confirmed that the alkylation reaction had occurred to
give the depicted stereochemistry (Fig. 4).19,20

Formation of the required trans-diol 8, the penultimate com-
pound, occurred exclusively via a chelation-controlled stereoselec-
tive ketone reduction employing sodium triacetoxyborohydride in
acetic acid/acetonitrile at �40 �C (Scheme 4).21,22 A regiospecific
acid-catalysed nucleophilic oxirane opening was achieved with
LiBr/AcOH in cold THF,23 to afford the 2-bromo-epimer of prevezol
C (1) in 64% yield.24

Comparison of the 13C NMR spectroscopy resonances of
2-epi-prevezol C (1) with prevezol C showed excellent correlation,
with the expected exceptions of the resonances of the epimeric
carbon, C2, and its neighbours (Supplementary data). In the Wes-
tern hemisphere the resonances of the stereogenic centres C9,
C10, C13 and C14 closely corresponded with those reported for
prevezol C (<0.6 ppm difference, Figure 5 and Supplementary
data). This leads us to believe that the relative stereochemistry of
the Western hemisphere has been correctly assigned in the natural
product.

In conclusion we have synthesised (�)-2-epi-prevezol C (1) in
nine steps and 24% overall yield from (�)-trans-limonene oxide
and (+)-cis/trans-limonene. This work represents the first total
Figure 4. The X-ray crystal structure of triol 7.
synthesis of a prevezol analogue and the synthetic construction
of their unique carbocyclic framework.
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