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o-Di-t-butylfurans can be obtained in high yields via Friedel-Crafts alkylation and via cyclisation of 1,4-diketones, but 
minor differences in the substitution pattern of the starting materials prevent o-di-t-butylation, or govern escape 
reactions to relieve the steric strain. 

Our preparation, 25 years ago,l of 2,3,5-tri-t-butylfuran (2a), 
by direct o-t-butylation of 2,5-di-t-butylfuran (la), as part of a 
programme to study geometric strains and stresses in five- 
membered ring heteroaromatic compounds,2 inspired the 
analogous reaction in the pyrrole series.3 In contrast, 2,5-di-t- 
butylthiophene, on attempted further Friedel-Crafts t-butyla- 
tion, only rearranges into its 2,4-isomer.4 This may be guided 
by the geometry, which is more favourable for direct 
o-di-t-butylation in furan and pyrrole than in thiophene and 
benzene, both in the 2,3- and the 3,4-position. Nevertheless, 
3,4-di-t-butylthiophene was recently synthesized via non-alkyl- 
ation pathways536 and was also found to rearrange quantita- 
tively into its 2,4-analogue with aluminium chloride .6 The 
preparation of tetra-t-butyl-thiophene and -pyrazole, follow- 
ing our strategy for synthesis of o-di-t-butyl aromatic com- 
pounds,7 was also reported.8 This led us to further exploration 
of possible routes to o-di-t-butylfurans and a study of their 
furanonium ions.9 

The t-butylations (Scheme 1) were performed as described 
previously, with a 1 : 1 : 1 ratio of the furan, t-butyl chloride, 
and aluminium chloride, in boiling carbon disulphide. 1,4 

2-t-Butyl-5-methylfuran (lb) yielded 2,4-di-t-butyl-5-methyl- 
furan (le) as the single product in 74% yield, without 
formation of 2,3-di-t-butyl-5-methylfuran (2b). However (2b) 
was obtained in a yield of 75%, by t-butylation of 4-t-butyl-2- 
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Scheme 1. Reagents and conditions: i, ButCl, AlC13, CS2; ii, 96% 
HzSO,; iii, NaHC03, H20 .  

methylfuran (3b). t Unexpectedly (2b) was reversibly 
recovered from its stable furanonium ion (4b), formed by 
dissolving it in 96% sulphuric acid, without formation of the 
isomeric exo-methylene-2,5-dihydrofuran (Sb). This reaction 
was seen9 during t-butylation of (lc), leading to the furan- 
onium ion (4c), which is deprotonated to give 2,3-di-t-butyl-4- 
methyl-5-methylene-2,5-dihydrofuran (5c), instead of (2c), 
thus minimising the steric strain at the expense of the 
aromaticity of the furan ring. Rigorous t-butylation of (Id), 
(le), (2a), and (2b) left these furans unchanged and failed as a 
route to other o-di-t-butylfurans. 3,4-Di-t-butylation, attemp- 
ted with 2,5-dimethyl-3-t-butylfuran (3c), gave rise to an 
anomalous substitution in the 5-position, at the expense of the 
aromaticity of the furan ring, with formation of the dihydro- 
furan (6).9 

In an alternative approach, the preparation of o-di-t-butyl- 
furans was studied by ring-closure experiments with 1,4- 
diketones11 (Scheme 2). On treatment with phosphorus 
pentoxide4 at 180 "C, or by refluxing it in benzene with a trace 
of toluene-p-sulphonic acid, the octanedione (11) cyclised 
smoothly to give (2a), but the tetra-t-butyl analogue (Sa) and 
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Scheme 2. Reagents and conditions: i ,  Pb02; ii, P205; iii, 96% H2S04. 

t Satisfactory analytical data were obtained for all new compounds 
reported. The furans (la-d) and (3c) were obtained from the 
corresponding 1,4-diketones by ring closure with phosphorus pent- 
oxide .4.9 Compound (3b) was prepared via its 5-acetyl derivative,1° 
after oxidation and decarboxylation. 
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the di-t-butylhexanedione (8b) resisted ring closure under 
these conditions. With phosphorus pentoxide, above 200 "C, a 
multitude of cracking products emerged from (8a) and (8b). 
The diketone (11) dissolved in 7 h in concentrated sulphuric 
acid, to form the furanonium ion (4a).9 The diketones @a) and 
(8b) needed about 30 h for dissolution in concentrated 
sulphuric acid, but cyclisation had occurred with di-t-butyla- 
tion, to give the furanonium ions (4a) and (lob), respectively, 
which we had noted earlier were formed with sulphuric acid 
solutions of the furans (2a) and (3c).9$ 

The symmetrical 1,4-diketones (8a-d) were prepared by 
oxidative radical dehydrodimerisation,13 simply by boiling the 
neat ketones (7a-d) for 1-7 days with lead dioxide.14 A 
more elaborate coupling with lead tetra-acetate, via trimethyl- 
silyl enolates, was also reported.154 We found the dimerisa- 
tion unselective, producing low yields of 1 ,&diketones in 
admixture with other condensation products, in the case of 
pinacolone (7c) and t-butyl ethyl ketone (7d). This is not 
surprising since the carbonyl group engages in radical addition 
reactions.17 In contrast, the neopentyl ketones (7a) and (7b) 
gave selective dimerisations in 60-70% yields, although more 
slowly and at higher temperatures, to form @a), m.p. 
89-90.5 "C, and (8b), m.p. 119.5-120.5 "C, respectively. 

$ The diketone (ll), nD20 1.4335, was prepared from (2a) by ring 
opening with bromine in methanol12 to the corresponding octene- 
dione, m.p. 47-48 "C, which was reduced to (11) with zinc and 
sodium hydroxide. 2,2,4,5,7,7-Hexamethyloctane-3,6-dione (8d) 
gave 2,5-di-t-butyl-3,4-dimethylfuran (9d) with phosphorus pentox- 
ide. Diketones (&) and (8d) dissolved in 2 4 h  in concentrated 
sulphuric acid, yielding the furans (la) and (9d) upon hydrolysis. 

8 Note added in proof: A similar coupling, very recently reported with 
ketone (7d), was found to be ineffective with ketone (7a) for 
preparation of (8a). 

The kinetic stabilisation against secondary reactions of the 
intermediate acylneopentyl radicals as well as of the furan- 
onium ions, is an exclusive feature of t-butyl substituents, also 
seen in other highly reactive classes.18 
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