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Abstract: A three step 4-methyl furan annulation sequence is 
described via the radical cyclisation of bromo- 
acetal 2 to 2-alkoxy-4-methylene tetrahydrofuran 2 

4-Methyl furans fused to a variety of carbon skeleta (1) are as 
commonly encountered as a-methylene-Y-butyrolactones in the-field of 
terpenoids. Currently, r 

al 
dical cyclisation is widely accepted as a powerful 

tool in organic synthesis 
and its y,+ 

t'lity in the synthesis of a variety of 
butyrolacfones is well documented. In continuation of our interest in 
this area, we now wish to describe a three step strategy to 4-methyl furan 
annulation sequence starting from enol ether 2, using radical cyclisation as 
the key reaction. 

The methodology is depicted in the Scheme 1; radical cyclisation of 
the bromoacetal 3 generates 2-alkoxy-4-methylene tetrahydrofuran 4, which on 
acid catalysed aTomatisation leads to furan 1. The key radical precursors, 
bromoacetals 3, were obtained by low temperature (-40°C) bromination of 
enol ethers 2 using N-bromosuccinimide (NBS) in propargyl alcohol-methylene 
chloride medyum in over 90% yield. The cyclisation of 2 to 2 can be carried 
out by refluxing a 0.02M solution .in benzene with 1.1 equiv. of tri n-butyl- 
tinhydride (TBTH) in the presence of a catalytic amount of azobisisobuty- 
ronitrile (AIBN), but waf achieved more conveniently using TBTH generated in 
situ (n-Bu3SnC1-NaCNBH3,- BuOH). The cyclised prgducts were found to be Go 
labile and were aromatised directly to furans 1, without purification using 
a catalytic amount of p-toluenesulfonic acid i-n benzene at roomtemperature 
(30 min), except in the case of 4a which require 2 hr in refluxing benzene. 
The overall yields of 
in Table 1. 

a * 

2 

furans 1 obtained from-bromoacetals 2 are summarised 

C 

OR 
I 

SCHEME 1: a. NBS (1.2 equiv.), HCX-CH OH, CH2C12, -40°C, 1.5 hr; 
b. n-Bu3SnC1 (0.15 equiv,), NaCNBH3 (l.,Z equiv..), AIBN (catalytic), t-BuOH, 
80°C, 1.5 hr: c. p-TsOH (catalytic), benzene, R.T., 30 min. 
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Table 1: Furannulation via radical cyclisation. 
-__--__-_----__-___----~---_---_~~~~~~~~ _----___-_----____L---~----~---~~~~ 

entry En01 ether 2 Furan 1 % Yielda 
_---_-____-______________~______--________------- _----_____-____________--_ 

R=Me 
R R=Et 

38 
42 

c. - 

Me 

L 
P-To1 OMe 

57 

70 

-~~~__~~-_----_____-____--__--____-__----_-_-_----___-~~~~_-_--~~~~~~~~~--~ 
a.'Yields refer to isolated and chromatographically pure furans based on 

bromoacetals 3. 
b. Sequence was carried out using a 1:l mixture of 2c and 2d.5 - - 

The generality of this methodology is exemplified by the synthesis of 
menth furan (1~) along with its isomer Id starting from 3-methyl cyclohexa- 

!? - - 
none. 
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