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In recent years, there has been an explosion of interest in

biologically active natural products of marine oridiRecause of
their structural novelty and toxicity, polycyclic ethers are particularly
attractive targets for synthetic chemist&ambierol (), a potent
neurotoxin isolated from the cultured cells &ambierdiscus
toxicus has 8 ether rings and 18 stereogenic cest€he compound
shows toxicity against mice (L9 50 ug/kg), and the symptoms

resemble those caused by ciguatoxins, inferring the possibility that

it is also implicated in ciguatera poisonihdhe unique structural

features have attracted the attention of synthetic chemists, and a

number of strategies have been investigdteth this paper, we
describe a new approach to the total synthesis of gambigyol (

Figure 1 illustrates our retrosynthetic analysislofRecently,
we developed a convergent method for the synthesis of polycyclic
ether frameworks via the intramolecular allylation @facetoxy
ethers and subsequent ring-closing metathésdn the basis of
this methodology, the octacyclic ether framework bfwas
retrosynthetically broken down into the ABC ring segmarend
the FGH fragment via the diene2.

The initial task of the total synthesis was the construction of the
octacyclic framework. The carboxylic aci®land the alcohoH®
were connected by Yamaguchi conditibris give the esteb in
94% yield (Scheme 1). A series of reactions including desilylation
with TBAF, acid-catalyzed acetal formation with and acetal
cleavage with TMSI/HMDS furnished the allylic stannahie 77%
overall yield® The ester7 was then subjected to the modified
Rychnovsky acetylation. Thus, partial reductiorYefith DIBALH,
followed by treatment of the resulting aluminum hemiacetal with
(CH,CICO),0/pyridine/DMAP? gave thea-chloroacetoxy ethe
as a 3:2 inseparable mixture of diastereoisomers in 88% vyield.
Treatment of8 with BF;-OEt, gave a 2:1 mixture of the desired
product2 and its epime® in 87% yield®11The diene2 obtained

Figure 1. Retrosynthetic analysis of gambierd))(

as a single stereoisomer. TBS protection and subsequent selective
deprotection of the primary silyloxy group afforddd in 82%
overall yield.

We have already succeeded in the stereoselective synthesis of
the triene moiety via the Uenishi hydrogenolysis of dibromoalkene
followed by a modified Stille coupling in a model stutitHowever,
the coupling reaction oZ-bromoalkenes was very slow. This
problem prompted us to develop an efficient method for the
construction of the triene side chain. After several unfruitful
attempts, we found thalhe reduction of diiodoalkenes with a Zn
Cu couple gae reactve Z-iodoalkenes in a highly stereoseleeti
manner!® Thus, PCC oxidation of5 followed by treatment of the
resulting aldehyde with Gland PPK® gave the diiodoalken&6
in 92% overall yield. Stereoselective hydrogenolysisléfwas
carried out by using Zn—Cu couple and AcOH in THFMeOH
to give theZ-iodoalkenel7 as a single stereoisomer, which was

was subjected to ring-closing metathesis using the second generatiof1€n treated with DIBALH, furnishindl8 in quantitative yield.

Grubbs catalys10'2 to give the octacyclic ethekl in 88% yield.
We then focused on the modification of the H ring moiety.
Hydrolysis of the benzylidene acetal bf led to the corresponding
diol. Selective protection of the primary alcohol followed by TPAP
oxidation of the secondary alcohol gave the ketdein 77%
overall yield. Hydrogenation df2 followed by debenzylation gave

the saturated diol. The primary and secondary alcohols were

protected by Pv and TIPS groups, respectively, to afi@th 80%
overall yield. Treatment 013 with LIHMDS/TMSCI/Et;N° gave

the corresponding enol silyl ether, which was subjected to de-
hydrosilylation with Pd(OAg) to afford the enoné4 in 92%
overall yield. Stereoselective introduction of the methyl group was
carried out using MeMgl in tolueAgto give the tertiary alcohol
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Deprotection of the bis-silyl ethd8 with SiF, proceeded smoothly
to afford the corresponding triél.Finally, the iodoalkene obtained
was subjected to the modified Stille coupling will® to give
gambierol () in 72% yield!® The synthetic gambierol exhibited
physical and spectroscopic data identical to those reported previ-
ously3®

In conclusion, the convergent total synthesis of gambierol has
been achieved using the intramolecular allylatiooathloroacetoxy
ether and subsequent ring-closing metathesis. The longest linear
sequence leading tb was 66 steps with 1.2% overall yield, and
the total number of steps was 102, while the synthesis by Sasaki
and Tachibana gave an overall yield of 0.57% by 71 steps, with a
total of 107 step8.The present synthesis demonstrated that this
methodology is efficient and practical for constructing polycyclic
ether frameworks. Application of the present strategy to the
synthesis of other marine natural products is in progress.

10.1021/ja028726d CCC: $25.00 © 2003 American Chemical Society
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Scheme 1 @

0TBS 19

a(a) 2,4,6-Trichlorobenzoyl chloride, £, THF, 40°C, then4, DMAP, toluene, 40°C, 94%; (b) TBAF, THF, room temperature, 99%; @)CSA,
CH,Cl,, room temperature; (d) HMDS, TMSI, GBI, 0 °C, 78% (two steps); (e) DIBALH, CCl,, —78 °C, then (CHCICO),O, DMAP, pyridine,—78
°C to room temperature, 88%; (f) BOEL, MS4A, CHCN, —40 to 0°C, 87% @:9 = 2:1); (g) 10, CH.Cl,, room temperature, 88%; (h) CSA, @El>—
MeOH, 30°C; (i) TBSCI, imidazole, CHCI,, 0 °C, 80% (two steps); (j) TPAP, NMO, MS4A, GBI, room temperature, 96%,; (k)HPd—C, EtOAc, room
temperature; (I) il Pd(OHY—C, EtOAc, room temperature; (m) PvCl, DMAP, @El,, room temperature; (n) TIPSOTf, 2,6-lutidine, DMF, 85, 80%
(four steps); (0) LIHMDS, TMSCI, BN, THF, —78 °C; (p) Pd(OAc), CHsCN, 92% (two steps); (q) MeMgl, toluene;78 °C; (r) TBSOTT, 2,6-lutidine,
CH,Cl,, room temperature; (s) CSA, GHI,—MeOH, 0°C, 82% (three steps); (t) PCC, MS4A, gEl,, room temperature; (u) GIPPh, CH.CI,, 0 °C,
92% (two steps); (v) ZaCu, AcOH, THF—MeOH, 0°C; (w) DIBALH, CHxCl,, —78 °C, 100% (two steps); (x) SiF CH.Cl,—CHsCN, 0 °C; (y) 19,

Pd.dba;:CHCI3, P(furyl)s, Cul, DMSO, 40°C, 72% (two steps).
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