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ABSTRACT

A total synthesis of brevenal is described. The pentacyclic ether core was constructed by the intramolecular allylation of r-acetoxy ether and
subsequent ring-closing metathesis. Both of the diene side chains were introduced by Wittig olefination and a Horner-Wadsworth-Emmons
reaction, respectively, in a highly stereoselective manner.

Brevenal (1), a new family of marine polycyclic ethers, was
isolated from Karenia breVis in 2004.1 This compound
inhibits the binding of tritiated dihydrobrevetoxin-B to
voltage-sensitive sodium channels in a concentration de-
pendent manner and acts as a nontoxic brevetoxin antago-
nist.1,2 Moreover, a significant improvement of tracheal
mucus velocity was observed in an animal model of asthma.3

As well as the novel biological activities, the unique
structural features have attracted attention of synthetic
chemists. In 2006, the first total synthesis and structure
revision of 1 were reported by Sasaki and co-workers.4 In
this paper, we wish to report the recent results of our efforts
on the total synthesis of brevenal (1).
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Scheme 1. Retrosynthetic Analysis of Brevenal (1)
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Scheme 1 illustrates our retrosynthetic analysis of 1. Both
of the side chains would be constructed by Wittig-type
olefination at a later stage. The pentacyclic ether core would
be synthesized from 2 via the intramolecular allylation
followed by ring-closing metathesis.5 The cyclization precur-
sor 2 was retrosynthetically broken down into the ABC ring
segment 3 and the E ring precursor 4. The tricycle 3 would
be prepared from 5 and 6.

The synthesis of the ABC ring segment 3 is described in
Scheme 2. TBS protection of the known compound 76

followed by reductive cleavage of the benzylidene acetal with
DIBALH gave the corresponding primary alcohol, which was
protected with BnBr/KH to furnish the bis-benzyl ether 8 in
72% yield. Ozonolysis of the olefin 8 followed by Brown’s
asymmetric allylboration provided 9 as a single stereoisomer
in 95% yield.7 MOM protection of the alcohol 9 followed
by hydroboration-oxidation afforded the corresponding al-
cohol, which was subjected to stepwise oxidation leading to
the carboxylic acid 10. Removal of the TBS group with
TBAF and the Yamaguchi lactonization provided 6 in 64%
yield over 6 steps.8 Treatment of the lactone 6 with
(PhO)2POCl/KHMDS provided the enol phosphate 11. The
Suzuki-Miyaura coupling of 11 and an alkyl borate, prepared
from the iodide 54c by known procedure,9 was carried out
with PdCl2(dppf) to furnish the enol ether 12 in 81% yield
over 2 steps.10 Hydroboration of 12 with BH3 followed by
oxidative workup gave the undesired stereoisomer 13 as the
sole product. Since several attempts failed to obtain the

desired product from 12 directly, stereoinversion at C11
position was carried out. TPAP oxidation of 13 followed by
treatment of the resulting ketone with DBU in toluene at
110 °C provided 14 as a single stereoisomer. Deprotection
of the PMB group of 14 using DDQ furnished the alcohol
15 in 89% yield over 4 steps. Treatment of 15 with EtSH/
Zn(OTf)2 gave the mixed thioacetal 16 in 89% yield.4

Installation of the C12 angular methyl group was initially
examined by a reported procedure. Thus, oxidation of 16
with mCPBA followed by treatment with AlMe3 provided
17 as a single steroisomer in 69% yield.4,11 However, the
yield was not reproducible, and significant amounts of
unidentified byproduct, presumably generated from the
unstable sulfoxide intermediate, were formed in large-scale
experiment. After several examinations, we found that the
reaction of 16 with Me2Zn/Zn(OTf)2 furnished 17, directly,
in quantitative yield. The MOM ether at C14 position was
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totally inert under the reaction conditions. Debenzylation of
17 with H2/Pd(OH)2-C, protection of the resulting diol with
TESCl/imidazole, and selective cleavage of the primary TES
ether under acidic conditions afforded 18 in 89% yield over
3 steps. TPAP oxidation of the alcohol 18 followed by Wittig
reaction with Ph3PdCHCO2Me gave the corresponding
unsaturated ester (96% by 2 steps) which was subjected to
hydrogenation and saponification leading to the ABC ring
segment 3.

Scheme 3 describes the key segment coupling. Thus,
esterification of the carboxylic acid 3 and the known alcohol
412 under the Yamaguchi conditions gave the ester 19.8

Selective removal of the TES protective group was performed
with CSA to provide 20 in 74% yield over 4 steps.
Acetalization of 20 with γ-methoxyallylstannane 21 in the
presence of CSA provided the acetal 22 as a mixture of
diastereoisomers in 88% yield. Treatment of 22 with TMSI/
HMDS gave allylic stannane 23 in 91% yield.13 Since the
MOM protection was cleaved under the reaction conditions,
the resulting hydroxyl group of 23 was protected as a TBS
ether to furnish 24 in 95% yield. Modified Rychnovsky
acetylation of the ester 24 provided the R-chloroacetoxy ether

2.14,15 Intramolecular allylation of 2 was carried out with
MgBr2·OEt2 to give 25 as a single stereoisomer in 52% yield
over 2 steps.16 Ring-closing metathesis of the diene 25 was
carried out with the Grubbs’ catalyst 26 leading to the
pentacyclic ether 27 in 69% yield.17,18 At this stage, the trans
relationship between H22 and H23 was confirmed by the
coupling constant, JH22-H23 ) 9.0 Hz. Having synthesized
the pentacyclic ether core, we next examined the construction
of the right-hand side chain. However, deprotection of the
TCBn group was very slow under the standard hydrogenation
conditions such as H2 and Pd catalysts, and decomposition
of the substrate was observed when a prolonged reaction time
was employed.19 Finally, this problem was solved by the
Sajiki’s dechlorination procedure. Thus, the reaction of 27
with H2/Pd-C in the presence of Et3N proceeded smoothly
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to give the corresponding benzyl ether in quantitative yield.20

Hydrogenation of the E ring olefin with diimide afforded
28, a synthetic intermediate of Sasaki’s total synthesis,4a,b,21

in 84% yield over 2 steps. Debenzylation of 28 was carried
out with H2/Pd(OH)2-C leading to 29 in 89% yield.

Construction of the right-hand (Z)-diene moiety was
carried out according to Nicolaou’s procedure (Scheme 4).22

Thus, oxidation of 29 with SO3·py/DMSO followed by Wittig
reaction using a ylide generated from 30 and NaHMDS, and
subsequent oxidation with H2O2 provided 31 as a single
stereoisomer in 90% yield over 3 steps. Selective removal

of the TBDPS group was carried out with TBAF/AcOH to
give the alcohol 32 in 94% yield. As well as the synthesis
of the pentacyclic ether framework, the stereoselective
construction of the left-hand side chain, highly substituted
(E,E)-diene moiety, was of the challenging problems inherent
in the total synthesis of brevenal. We chose the Horner-
Wadsworth-Emmons reaction as a possible route to the diene
system. Thus, after oxidation of 32, the resulting aldehyde
was treated with an anion generated from the phosphonate
33 and n-BuLi to provide 34 as a single steroisomer in 88%
yield over 2 steps.23 Reduction of the ester 34 with DIBALH
followed by desilylation with TBAF afforded the triol 35 in
98% yield. Finally, selective oxidation of the allylic alcohol
35 with MnO2 furnished brevenal (1) in quantitative yield.
The synthetic 1 exhibited physical and spectroscopic data
identical with those reported previously.

In conclusion, we have achieved a total synthesis of
brevenal (1) via the intramolecular allylation of an R-chlo-
roacetoxy ether and ring-closing metathesis. The longest
linear sequence leading to 1 was 57 steps with 0.84% overall
yield. Novel methods for the direct methylation of O,S-acetal
(Scheme 2) and the stereoselective synthesis of the left-hand
(E,E)-diene system (Scheme 4) are also deserving of atten-
tion.
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