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Abstract: A variety of 3-(silyloxycarbonyl)furans and -thiophenes 
undergo 1,4 @C silyl migration to provide the corresponding 2- 
silylated 3-carboy heterocycles in moderate to good yield when 
treated with a mixture of lithium diisopropylamide and hexa- 
methylphosphoric triamide in tetrahydrofuran a t  -78" C. 

We recently required 2-(I-butyldimethyl)silyl-3-furoic acid 3 as 

a starting material for the synthesis of some furan containing natural 

products. b i g h t 1  has reported that 2-substituted 3-furoic acids 2 can 

be simply prepared by mating 3-furoic acid 1 with two equivalents of 

LDA (THF, -78°C) followed by a quench with a suitable electrophile 

(Scheme 1). In our hands, employing t-butyldimethylsilyl chloride as 

the electrophile, the desired acid 3 was only formed in 5% yield. 

SCHEME 3 

A variety of silyl esters of both 3-furoic acid and 

3-thiophenecarboxylic acid were prepared (Table 1) in moderate to 

good yield by heating (60°C) a mixture of the acid, silyl chloride (1.2 

eq.) and imidazole (2.5 eq.) in dimethylformamide (2 mL/g of acid) for 

48 hours?.1° A standard DMF workup followed by a flash silica gel 

column and distillation afforded the silyl esters 9-16 (Table I)."-l2 

1) 2.2 eq. UIA. THF, -78% 

2) E' 

1 

SCHEME 1 

We have reported a facile preparation of 

2-silylated 3-(hydroxymethy1)furans 5 from 3-(silyloxymethyl)furans 4 

involving a 1,4 0-C silyl migration (Scheme 2).2 Swern oxidation of 

5 provided the corresponding aldehyde 6 (85%).3 Unfortunately the 

oxidation of aldehyde 6, employing mild oxidation reagents such as 

sodium hypochlorite$ A ~ o / N ~ c N . ~  ~ g ~ O / N a 0 ~ , 6  or nickel 

peroxide? provided furoic acid 3 in poor yields (0-151). 

n-BuLi. HMPA. THF 

5 
Swem [0] (85%) 

Since the above procedures did not produce compound 3 in 

lulent quantities we explored the possibility that 

lylated 3-carboxylic acid heterocycles 8 could be produced via a 

0-C silyl migration of 3-(sily1oxycarbonyl)heterocycles 7 

heme 3).8 The synthetic approach was based on the fact that furan 

rovided compound 5 via a 1,4 0-f silyl migration in good yield 

%, Scheme 2). The results from this study are reported herein. 

TABLE 1. 1,4 O-C Sllyl Mlgratlons of Sllyl Esters 

Entry Silyl Ester (% Yield) Product (%Yield) 

. - 
a) 3-Furoic acid was also isolated. 
b) 3-Thiophene carboxylic acid was also isolated. 

Addition of the (I-butyldimethy1)silyl ester 913 to a mixture of 

LDA (1.2 eq.) and HMPA (1.2 eq.) in THF at -78°C resulted in an 

immediate deep green colouration. Acidic workup (1 N HCI) after 15 

minutes at -78°C afforded 2-(t-buty1dimethyl)silyl-3-furoic acid 3 in 

72% yield.'4 The loss of an a-furan proton coupled with the 

appearance of a carboxylic acid proton and the presence of the 

t-butyldiiethylsilyl group in the 'H NMR spectrum indicated a 

disubstituted furoic acid had been prepared. A coupling constant of 

1.76 Hz between the two furan protons indicated they were vicinal. 

Further proof that a 2,3-disubstituted compound had been produced 

was obtained when the spectra of the compound from the reaction with 

LDA/HMPA were compared with the spectra from the compound 

obtained via Knight's procedure (Scheme 1); both sets of spectra were 

identical. To our knowledge, this is the first example of a 1,4 0-C 

silyl migration involving silyl esters. 
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The silyl migration is a general reaction and is not limited to 

either the t-butyldimethylsilyl group or furans. Table 1 summarizes 

our results to date. A variety of silyl ester furans 10-13 (enmes 1-5) 

afforded the migrated products 17-20 respectively in moderate yields 

(43-72%) when treated under the optimized conditions developed for 

compound 9.15 Concomitant formation of 3-furoic acid reduced the 

yields. This was not unexpected since earlier nucleophilic studies with 

silyl esters had shown that nitrogen nucleophiles can attack the silicon 

atom of silyl esters.I6 

The migration reaction with thiophene silyl esters 14-16 

provided the expected rearranged acids 21-23 respectively in moderate 

yields (entries 6-8). 

Crossover experiments indicated that the silyl migration occurs 

by an intramolecular process. Thus an equimolar mixture of 

compounds 10 and 15 when subjected to the migration conditions 

provided acids 17 and 22; no crossover products were detected (by 'H 

NMR) or isolated. Similar intramolecular mechanisms have been 

proposed recently for other 1,4 0-+C silyl migrations.217 

We have therefore shown that 3-substituted silyl esters of 

furans and thiophenes undergo a 1.4 0-C silyl migration in moderate 

to good yields when treated at -78OC with a mixture of LDA/HMPA. 

Synthetic applications of this methodology are currently being 

explored. 
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