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The unique structural features of the marine polyether toxins,
when combined with their interesting biological properties, have
attracted the attention of the synthetic chemistry community.
Representative of this family is gambierol, a ladder toxin isolated
from the cultured cells oambierdiscus toxicuand published in
1993 by Yasumoto and co-worker&ambierol has shown toxicity
against mice (LIsy 50 #g/kg) with symptoms resembling those of
the ciguatoxins, inferring the possibility that gambierol is involved
in ciguatera poisoningTo date, two total syntheses of gambierol
have been accomplishédderein we describe our work resulting
in the total synthesis of this interesting target.

Our plan to synthesize gambierol was a convergent one that
centered on the use of an iteratieglycoside/enol etherolefin
ring-closing metathesis strategy to form the subunits followed by
an enol etherolefin ring-closing metathesis reaction to generate
gambierol’s octacyclic core (Scheme 1). We found it attractive that
the subunit coupling chemistry would test the scope and limitations
of enol ether-olefin ring-closing metathesis chemistry; these
reactions had not been employed on substrates as compB3€as
After the ring closing metathesis, reductive cyclization and
incorporation of the side chain would deliver gambierol.

The successful implementation of this plan is illustrated in
Schemes 2 and 3. Yamaguchi coupling using equimolar quantities
of the A—C and F-H precursorss (7) and 8 (9) provided esters
10(12) in high yield” To our dismay, attempts to convert estér
into acyclic enol ether RCM precursb? using the TakatUtimoto
titanium methylidene protocol were not succes$fuistead, we
observed nearly complete decomposition of the terminal olefin and
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a trace amount of cyclic enol eth@4.9-11 In an effort to inhibit
alkene decomposition, we next examined the reaction of internal
olefin 11. Surprisingly, this modification also failed to give acyclic
enol ether (e.g.13, X = H). Instead, it produced an increased
amount of cyclic material (e.g15), albeit in a capricious 10

30% vyield. Along with cyclic product, significant quantities (10
20%) of the terminal olefin corresponding i® were produced
along with a number of unidentified products that seemed to result
from the decomposition of the terminal olefin. From all of these
experiments it was apparent that the presumed titanium methylidene
from the Takai-Utimoto reagent was preferentially reacting with
the olefin and that this reaction was not regioselectivi.our
analysis was correct, we believed that the use of a substituted
titanium alkylidene reagent in the place of the normally used
methylidene reagent would extend the lifetime of the internal olefin
and, in theory, lead to a higher yield of cyclic enol ether. That is,
were we to use 1,1-dibromoethane instead of 1,1-dibromomethane

10.1021/ja043396d CCC: $30.25 © 2005 American Chemical Society
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Scheme 3 @

aReaction conditions: (a) Dimethyldioxirane, &t —78 to 0 °C;
DIBAL, CHClp, 90% (10:1 mixture). (b) TPAP, NMO4 A MS, CH.Cl,,
rt, 97%. (c) imidazole, toluene, 1€, 100% (4:1 mix ofl4:15). (d) CSA,
MeOH, 0°C, 90%. (e) Zn(OT#H, EtSH, CHCly, rt, 91%. (f) PRSnH, AIBN,
toluene, 110°C, 95%. (g) TPAP, NMQ 4 A MS, CHCl,, rt, 98%. (h)
CHls, PPh. KOt-Bu, 0°C, 95%. (i) Zn—Cu couple, MeOH, AcOH, OC,
85%. (j) Sifa, CHsCN, CH,Clo, 0°C, 89%. (k)18, Pchdba:CHCls, P(furyl)s,
Cul, DMSO, 40°C, 75%.
in the preparation of the TakalUtimoto reagent, regioselectivity
would not be an issue; reaction with the olefin in the undesired
sense would simply regenerald or the olefin isomer ofll;
eventually, the alkylidene would react with the olefin in the desired
sense and lead to the formation of cyclic material. We were
extremely pleased to find that our analysis of this transformation
was accurate: the reaction bf with the titanium alkylidene from
1,1-dibromoethane provided cyclic enol ethEs in 60% yield.
Interestingly, for the first time in our work with the gambierol
skeleton, we also isolated a 30% vyield of acyclic enol eth#r
(X = CHg).13

Having overcome the E-ring problem, we set out to con¥8rt
into gambierol’s octacyclic core (Scheme 3). Single-flask dimethyl
dioxirane (DMDO) oxidation of the oxepene and reduction of the
resulting anhydride with DIBAL resulted in the formation of the
C(17) alcohol in 90% yield as a 10:1 mixture of readily separable

diastereomers. Interestingly, the major diastereomer was the result

of epoxidation on the same face 16 as the C(21) methyl grous.
Oxidation of the alcohols gave diastereomeric ketal@and17.
The minor isomer (i.e.17) was equilibrated to the major, desired

isomer using imidazole at elevated temperature. Completion of the
gambierol octacycle was accomplished by employing a reductive

cyclization sequence to the D-ridgThat is, selective removal of

the TES and primary TBS groups using CSA gave the correspond-

ing hydroxy ketoneQ,Sketal formation and free-radical reduction
completed the generation of the gambierol core structure.
With the octacyclic skeleton in hand we turned to Yamamoto

and Sasaki's protocols to incorporate the skipped triene side chain

and to complete the synthedi¥ Oxidation of18 to the aldehyde
was followed by formation of the corresponding diiodoléfin.
Stereoselective reductidhd global deprotectio® and Stille
coupling of the resulting triol with dienyl stanna@é*c9provided

(—)-gambierol. The spectroscopic and physical data for synthetic
gambierol were identical to that reported previolisly.

In conclusion, a highly concise total synthesis of gambierol has
been achieved utilizing our iterative-glycoside/metathesis meth-
odology. The longest linear sequence to the target was 44 steps
from p-glucal with a 1.2% overall yield. Perhaps most impressive
is the efficiency of the coupling chemistry where only 12 steps
were required to generate gambierol from the-@ and FH
subunits. This compares very favorably with previous work in this
area and will significantly simplify our efforts to synthesize and
study analogues of this agent. We will report our efforts along these
lines in due course.
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