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Abstract: A new strategy for convergent synthesis of trans-fused polyethers based on palladium(0)- 
catalyzed Suzuki cross-coupling reaction of alkylboranes with cyclic enol triflates has been developed. 
The present method allows to construct polyether frameworks rapidly and efficiently. 
© 1998 Elsevier Science Ltd. All rights reserved. 

Marine polyether toxins, exemplified by brevetoxins, 1,2 ciguatoxins, 3 and maitotoxin, 4 present 

formidable and challenging synthetic targets due to their structural complexity and exceptionally potent biological 

activities. 5 The most critical issue in the synthesis of these large polyether compounds is development of 

synthetic methods for convergent coupling of polyether fragments. In spite of recent advances in the synthesis 

of medium-sized cyclic ethers, 6 only a few methods for the convergent assembly of 6-membered polyether 

structure have been reported. 7 In this letter, we describe a new strategy for convergent synthesis of trans-fused 

polyether arrays based on palladium(0)-catalyzed cross-coupling reaction 8 of alkylboranes with enol triflates. 

Palladium(0)-catalyzed Suzuki cross-coupling reaction of alkylboranes with aryl or alkenyl halides and 

triflates has been one of the most versatile carbon-carbon bond-forming reactions in organic synthesis 8 and the 

utility of this reaction was demonstrated in the synthesis of natural products and related compounds. 9 In the 

course of our synthetic studies on ciguatoxin and its simplified analogues, l O we were interested in the possibility 

of assembling polyether structures in a convergent manner via Suzuki cross-coupling reaction of alkylborane A 

with cyclic enol triflate B to obtain enol ether C (Scheme 1). Alkylborane A should be generated from the 

precursor enol ether D, which can be easily prepared from lactone E using the Tebbe 11 or the Petasis reagents 12 

or by base-treatment of iodide F. Elaboration of the coupling product C into the desired polyether system G 

should be feasible via stereoselective hydroboration and reductive hydroxy ketone cyclization. 7b,13 
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We chose to examine the cross-coupling reaction of alkylborane 39b with enol triflate 4 as a model 

system to establish the reaction conditions (Scheme 2). Methylenation of lactone 1 with the Petasis reagent 

(Cp2TiMe2) 12 gave enol ether 2 in 89% yield. Hydroboration of 2 with 9-BBN provided the corresponding 

alkylborane 3, which was in situ treated with an aqueous base and then enol triflate 4 in the presence of 

dichloro[ 1, l'-bis(diphenylphosphino)ferrocene]palladium(II) [PdCl2(dppf)] (0.1 equiv), potassium bromide 

(1.2 equiv), and ligand (Table 1). As seen from Table 1, the cross-coupling reaction was best carded out in the 

presence of cesium carbonate as a base and triphenylarsine 14 as a coligand in DMF at room temperature. Under 

these conditions, coupling product 5 was obtained in 63% yield. 

Scheme 2 
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Table 1. Cross-couplin~ of alkylborane 3 with enol triflate 4 in the presence of Pd(0) catal),st and base.a 

Entry Base Ligand % Yield 

1 3M aq. K3PO4 (1.5 equiv) none 40% 

2 3M aq. Cs2CO3 (1.5 equiv) none 51% 

3 3M aq. Cs2CO3 (1.5 equiv) Ph3As (0.4 equiv) 63% 

4 3M aq. Cs2CO3 (3.0 equiv) Ph3As (0.4 equiv) 63% 

aCoupling reactions were carded out in the presence of PdCl2(dppf) (0.1 equiv) and KBr (1.2 equiv) in DMF at room temperature 
for 20 h. 

The generality of the present coupling method was next investigated by employing a variety of 

substrates. As illustrated in Table 2, the coupling method appeared to be quite general and efficient. Especially, 

the mild nature of this reaction is emphasized by the coupling of 4 with complex tricyclic alkylborane generated 

from 12, leading to pentacyclic system 13 in 66% yield (entry 4). 

The applicability of this coupling method to the convergent assembly of polyether frameworks was 

demonstrated by the synthesis of pentacyclic polyether system 16 (Scheme 3). Regio- and stereoselective 

hydroboration of enol ether 13 with thexylborane followed by oxidative workup and oxidation of the resultant 

secondary alcohol under Swern conditions afforded ketone 14 in 82% yield for the two steps. Acidic removal 

of the silyl and acetonide groups followed by acetylation provided hemiketal diacetate 15 in 94% yield for the 

two steps. Finally, exposure of 15 to triethylsilane and boron trifluoride etherate (CH2C12, -10 °C) furnished 

trans-fused pentacyclic polyether 16 in 83% yield based on recovered 15 (24%). Thus, pentacyclic 16 was 

constructed rapidly and efficiently in only six steps starting from 12 and 4. 

In conclusion, we demonstrated that palladium(0)-catalyzed Suzuki cross-coupling of alkylboranes with 

cyclic enol triflates provided a highly convergent and efficient method for the construction of trans-fused 

polyether frameworks. Application of the present strategy to synthesis of marine natural products and their 

simplified analogues is currently underway in our laboratory. 
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Table 2. Pd(0)-catalyzed cross-coupling of alkylboranes and enol triflates, a 

Entry Olefin Enol triflate b Coupling product % Yield 
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aConditions: 9-BBN (2.6 equiv ), THF, reflux, 5 h, then aq. Cs2CO 3 (3 equiv), PdCI2(dppf ) (0.1 equiv), KBr (1.2 equiv), Ph3As 
(0.4 equiv), DMF, r.t., 20 h. bprepared from the corresponding lactone by standard method (1.2 equiv of KHMDS, 1.5 equiv of 
HMPA, THF, -78 °C; 1.2 equiv of PhNTf2, -78 to 0 °C). Cprepared from the corresponding lactone with Tebbe reagent (2.2 
equiv) in THF-toluene-pyridine at -40 °C (72-76%). dprepared from the corresponding iodide by base-treatment (t-BuOK, THF, 
0 °C, 92%). 

Scheme 3 
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Reagents and conditions: (a) ThexylBH 2, THF, 0 °C; H202, NaOH, r.t.; (b) Swem oxidation, 82% (2 steps); (c) CSA, 
CH2CI2-MeOH, r.t.; (d) Ac20, Pyr, r.t., 94% (2 steps); (e) Et3SiH, BF3.OEt 2, CH2CI 2, -10 °C, 83%. 
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