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Regioselective Alkylation of 2-Trimethyisiloxyfuran; Direct Access to 4-Substituted 
But-2-en-4-olides 
Charles W. Jefford, Adam W. Sledeski, and John Boukouvalas 
Department of Organic Chemistry, University of Geneva, 121 1 Geneva 4, Switzerland 

Primary iodides alkylate 2-trimethylsiloxyfuran in the presence of a molar excess of silver trifluoroacetate to give the 
4-alkyl b~t-2~en-4-olides in 55-81 O/O yield; as an illustration of the method, the cytotoxic marine sponge constituent, 
4-(methoxycarbonylmethyl)but-2-en-4-olide was prepared in 79% yield in one step. 

4-Substituted but-2-en-4-olides have attracted much interest 
on account of their diverse biological activities1 and the utility 
of some of them as intermediates.* Although syntheses of 
butenolides abound,3 methods that exploit the regioselective 
alkylation of an operational equivalent of the y-anion of 
furan-2(5H)-one (1) are not common.4 A promising reagent 
which behaves like (l), is 2-trimethylsiloxyfuran (2). We 
recently showed that 3-methyl and phenyl derivatives of 
prop-2-enyl bromide react with (2) in the presence of silver 
trifluoroacetate to give exclusively the least substituted 
4-derivatives of but-2-en-4-olide (3) in high yield.5 We now 
report that alkylation can be induced to proceed with the same 
regioselectivity with halides which are solvolytically inert. 
Such halides, in general, fail to react with silyl enol ethers and 
ketene silyl acetals on catalysis with Lewis acids.6 Neverthe- 
less, we believe that (2) should be significantly more nucleo- 
philic than the usual enol ethers7 and therefore susceptible to 
alkylation by primary halides, especially if activated by a silver 
salt.5 

After trying several primary and secondary alkyl bromides 
and iodides in the presence of a molar excess of silver 
trifluoroacetate, it was found that only primary alkyl iodides 
were able to react with (2). Alkylation was regioselective and 
gave the corresponding 4-alkylbut-2-en-4-olides in substantial 
yields? (Table 1, entries 1-5). The by-products were the 

i- In a typical experiment (2) (2 mmol) and Bun1 (2.6 mmol) were 
added to a suspension of AgOCOCF? (2.6 mmol) in dry CH,Cl, ( 5  ml) 
with stirring under argon at -78°C. The  temperature was slowly 
increased to 20 "C over 4 h and the mixture was filtered through celite. 
Purification by flash chromatography (SiO,, eluent: AcOEt/hexane) 
gave 4-n-butylbut-2-en-4-olide (4c) in 76% yield (Table 1, entry 3). 
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Br 
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(4) 
a; R = Et 
b; R = Pr" 
C ;  fl = Bu" 

d; R = n-Pentyl 
e; R = n-Nonyl 

g ;  R = CH2COzMe 
f ;  R = CHzCN 

h; R = CHzCOzEt 
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Table 1.  Alkylation of 2-trimethylsiloxyfuran (2) with primary alkyl 
iodides, a-iodo-acetonitrile, and a-iodoacetic esters (RI) to give 
4-alkylbut-2-en-4-olides (4) and y-keto carboxylates (6). 

Entry RI(R =) (4), YO yielda (6), Yo yieldb 
Et 
Prn 
Bun 
n-Pentyl 
n-Non yl 

CH2C0,Me 
CH2CN 

CH,CO,Et 

a Yields refer to products isolated. Yields of (6a,b), (6d-h) were 
estimated from the 360 MHz 1H n.m.r. spectra of the crude reaction 
mixtures. New compound; elemental analysis and spectral data 
consistent with structure (4d) were obtained. 

volatile trimethylsilyl and alkyl trifluoroacetates, and the 
y-keto esters (6) formed in negligible amounts. As silver 
trifluoroace tate is hygroscopic, it was difficult to exclude 
moisture completely. Consequently, some hydrolysis of (4) 
occurred. The resulting y-keto carboxylic acid ( 5 ) , 8  on 
esterification with alkyl iodide, undoubtedly accounted for 

Equally reactive towards (2) were a-iodoacetonitrile and 
ethyl a-iodoacetate. The 4-(a-acetyl)9 derivatives (4f,h) were 
directly produced in passable yields (Table 1, entries 6 and 8). 
When methyl a-iodoacetate was used, the racemic butenolide 
(4g), recently isolated as a chiral isomer from the marine 

(6). 

sponge Xestospongia sp,1° was easily prepared (Table 1, entry 

Unlike other methods, the present procedure requires but a 
single step and is entirely regioselective. Neither 2-alkylated 
products (7) nor 4-alkylbut-3-en-4-olides (8) were observed. 11 

Moreover, the formation of racemates, such as (4a,g), is no 
longer a major disadvantage as they can be simply and 
preparatively resolved by chromatography over cellulose 
triacetate. 12 
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