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Abstract—Two simplified pentacyclic ethers, having 6/7/6/6/7 and 6/7/6/7/7 ring systems, were synthesized. A convergent route
based on the Suzuki–Miyaura cross-coupling strategy was applied to synthesize these two compounds. Interactions between a-heli-
cal peptide, melittin, and synthesized pentacyclic ethers were evaluated by circular dichroism (CD) spectroscopy. Interestingly, only
the polycyclic ether having a 6/7/6/7/7 ring stabilized the a-helical structure of melittin. This result indicated that a ring fusion man-
ner of the polycyclic structure is important to recognize membrane proteins.
� 2007 Elsevier Ltd. All rights reserved.

Since the structure of brevetoxin B, a redtide toxin of
Florida red tides, was first reported by Nakanishi and
co-workers in 1981,1 a large number of fused polycyclic
ether marine toxins have been isolated and character-
ized.2 The intriguing structures of these marine toxins,
along with their potent and diverse biological activities,
have stimulated the interest of both chemists and biolo-
gists. Because of the scarcity of polycyclic ethers from
natural sources, the target receptor protein has been
identified only for brevetoxins3 and ciguatoxins.4 These
toxins share a common binding site of voltage-sensitive
sodium channels (VSSCs), designated as site 5.5 The toxi-
city of these molecules is thought to be associated with
its conformational flexibility2b but detailed mechanism
of these molecular recognitions remains unclear.

Previously, our group reported that brevetoxins A and B
inhibit the Ca2+ influx of C6 glioma cells induced by the
polycyclic ether toxin, maitotoxin.6,7 Although this
inhibition needed high concentration of brevetoxins, this
result suggests that brevetoxins weakly bind to maito-
toxin-target molecules, which are thought to be mem-
brane proteins different from VSSCs.8 Considering this

result, we hypothesize a general recognition mechanism
between polycyclic ethers and membrane proteins.9

Recently, Murata, Oishi, and co-workers reported that
a natural polycyclic ether, yessotoxin, interacts with a
transmembrane protein, glycophorin A.10 They also re-
ported the interaction between a synthesized tetracyclic
ether and the same protein but there was no study about
a ring fusion system.9c

The importance of continuous oxepane rings of breve-
toxin B was reported11 and this ring fusion system is
thought to give flexibility to the molecule. Recently,
Martı́n and co-workers reported that two fused oxepane
rings provide milli-second scale conformational
change.12 Based on these facts, we focused on the con-
tinuous oxepane rings to evaluate the skeletal factor of
polycyclic ethers and designed two simplified pentacyclic
ether compounds, 1 (6/7/6/6/7) and 2 (6/7/6/7/7)
(Fig. 1). Polycyclic ether 2 has flexible two fused oxe-
pane rings. An alkyl chain and a benzyl ether in a left
hemisphere were designed to give hydrophobicity con-
sidering the amphiphilic nature of natural polycyclic
ethers. In this Letter, we report convergent syntheses
of 1 and 2, and their interaction with the a-helix part
of melittin.

Numerous efforts have been directed toward the synthe-
sis of polycylclic ethers,13 among which Sasaki and
others of our group developed the Suzuki–Miyaura
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cross-coupling strategy.14–16 Two pentacyclic ethers
were synthesized by combination of three segments, 4–
6, using this strategy (Scheme 1). To expedite the synthe-
sis, these segments were prepared from the same oxe-
pane 3, which could derive the following known
scheme.17

The synthesis of 4 and 5 is outlined in Scheme 2. The
side chain of oxepane 3 was homologated to unsaturated
ester 7 by ozonolysis and Wittig reaction. Hydrogena-
tion of 7 followed by lactonization gave lactone 8. These
steps followed the known procedure.18 Treatment of 8
with KHMDS, HMPA, and (PhO)2P(O)Cl gave ketene
acetal phosphate 5 (73% yield), as one of the right
segments.

Preparation of the left segment 4 was started from the
same hydroxyester 7. Simultaneous hydrogenation and
removal of benzylidene were achieved by treatment of
7 with 10% Pd/C in THF under hydrogen. Following
reprotection and lactonization gave a lactone (86%
yield) and the treatment of the lactone with KHMDS,
HMPA, and (PhO)2P(O)Cl gave ketene acetal phos-
phate 9 in 70% yield. Suzuki–Miyaura cross-coupling
of 9 with alkylborane derived from olefin 10,19 followed
by stereoselective hydroboration–oxidation, provided
alcohol 11 in 77% for the two steps. The stereochemistry
of 11 was confirmed by proton coupling constant analy-
sis of the corresponding acetate derivative (3J9,10 =
9.6 Hz, 3J8eq,9 = 4.8 Hz, 3J8ax,9 = 11.2 Hz). Protec-
tion of 11 as the benzyl ether followed by regioselective
cleavage of p-methoxybenzylidene acetal with DIBAL–
H gave alcohol 12 in 76% yield for the two steps. Iodin-
ation of 12 under standard conditions followed by treat-

ment with KOt-Bu in THF furnished the left segment 4
in 93% yield for the two steps.

Synthesis of another right segment 6 also began with the
same oxepane 3 (Scheme 3). Protection of a hydroxy
group as the MPM ether followed by hydroboration–
oxidation led to alcohol 13 in 96% for the two steps.
Swern oxidation20 of 13 followed by Wittig reaction
led to unsaturated ester 14 in 94% for the two steps. Re-
moval of the MPM ether by DDQ gave rise to hydroxy
ester 15 in 94% yield and hydrogenation and saponifica-
tion furnished hydroxy acid 16 in 91% yield for the two
steps. Lactonization following the Yamaguchi proto-
col21 gave lactone 17 88% yield.22 Finally, the treatment
of lactone 17 with KHMDS, HMPA, and (PhO)2P(O)Cl
furnished ketene acetal phosphate 6 (96% yield) as
another right segment.

The synthesis of 1 and 2 is outlined in Scheme 4. Stereo-
selective hydroboration of exocyclic enol ether 4 with 9-
BBN produced alkylborane,23 which was in situ reacted
with ketene acetal phosphate 5 in the presence of aque-
ous Cs2CO3 and a catalytic amount of PdCl2(dppf)Æ
CH2Cl2, giving rise to cross-coupling product 18 in
89% yield from 4. Stereoselective hydroboration–oxida-
tion of 18 furnished alcohol 19 in 88% yield. Oxidation
of the resultant hydroxyl group with TPAP/NMO24 led
to ketone 20 in 98% yield. The relative configuration of
20 was unambiguously confirmed by NOE analysis as
shown. Removal of the MPM group followed by treat-
ment with EtSH and Zn(OTf)2 furnished mixed thio-
acetal 21 in 75% for the two steps.25 Finally, radical
reduction with Ph3SnH in the presence of AIBN gave
rise to pentacyclic ether 1 in high yield.26

Figure 1. Common structural feature of polycyclic ether toxins and the structure of simplified polycyclic ethers 1 (6/7/6/6/7) and 2 (6/7/6/7/7).

Scheme 1. Synthetic plan of simplified polycyclic ethers.
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