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SYNTHESIS OF FURANS BY CARBENE INSERTION 
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Department of Chemistry, University of Oslo, 0315 Oslo 3, Norway. 

Summary: Reactions of a,a-dimethoxy ketones with diethyl diaxomethylphospho- 
nate proceed initially to dihydrofurans, probably through C-H insertion of a 
carbene intermediate: subsequent elimination of methanol affords the corre- 
sponding furans in good overall yields. 

The furan ring is a structural feature of many natural products which exhi- 

bit interesting biological activity. 
1 

Synthetic methods leading to this ring 

system are therefore of considerable interest. We wish to report a simple 

route to furan derivatives starting from a-keto acetals. 

The reaction of 2,2-dimethoxycyclohexanone (la) 
2 

- with diethyl diazo- 

methylphosphonate (DAMP) 
3 

and potassium t-butoxide in THF at -4OOC gave as 

the primary product the bicyclic dihydrofuran derivative 2a. 
4 

- Attempted 

distillation of this caused elimination of methanol, resulting in a 72% 

yield of 5,6,7,8-tetrahydrobenzofuran (3a).5 - Similarly, the homologue 3b5 - 
was obtained in 70% yield from lb. 

2 
As expected, the elimination reaction is - 

acid catalyzed. 

This method is not limited to cyclic a-keto acetals. Thus, treatment of 

1,1-dimethoxyhexan-2-one (1~)~ 
7 

- with DAMP afforded 3-butylfuran (3~) in - 
67% yield without isolation of the intermediate dihydrofuran derivative 2c. 

On the other hand, 
-8 

a similar reaction of a,a-dimethoxyacetophenone (ld) - 
gave rise to a 75% yield of the corresponding dihydrofuran s4, which in the 

presence of hydrochloric acid at room temperature was converted almost 

quantitatively to 3-phenylfuran (3d).' Compound 2d was also obtained in - - 
similar yield by treatment of the dibromomethylene derivative 4 10 with 

methyllithium. 
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From evidence in the literature both reactions of ketones with DAMP" 

and dibromomethylene derivatives with alkyllithium 
12 

generate alkylidene- 

carbenes as reactive intermediates. Carbenes are known to insert intra- 

molecularly into C-H bonds, particularly when these are 1,5 related and 

adjacent to oxygen atoms. 
13 

Hauske et al. 
14 

-- have recently reported the 

formation of a dihydrofuran derivative from an a-methoxy ketone and DAMP. We 

regard the first step in the present sequence to be a selective intramole- 

cular insertion of the carbenic carbon of 2 into a C-H bond of the methoxy 

group as indicated in the Scheme. 

In the open-chain alkylidenes there is no apparent steric restriction to 

a close approach between the carbenic carbon and the appropriate C-H bonds, 

and in the case of the cyclic ketones the equatorial methoxy groups of the 

carbene derived from la is ideally positioned for insertion. The subsequent - 

ready elimination of methanol is easily conceived. Furthermore, the con- 

jugative effect of the phenyl group explains the stability of the dihydro- 

furan 2d. - 

The simplicity and mild conditions of the present 'one-pot' process may 

prove to be an asset when compared with many of the methods already available 

for the preparation of furans. 
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