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A GENERAL METHOD FOR THE PREPARATION OF POLYSUBSTITUTED FURANS 

A NEW SYNTHESIS OF dl-MENTHOFURAN 

Various types of polysubstituted furans were prepared via T-hydroxy- 

@-tosylacetals starting from a,@-unsaturated carbonyl compounds in fairly 

good ylelds. dl-Menthofuran was synthesized by the present method. 

In the previous papers, we have reported the syntheses of 2 or 3-mono- 

substituted (I, 11) and 2,3-disubstituted furans (111) including their typical 

naturally occurring furans. In this paper we wish to report the synthesis of 

other types of polysubstituted furans (IV-IX) starting from a,?-unsaturated carbo- 

nyl compounds. 

R R2 R2 

The following four kinds of p-tosylacetals (X-XIII) were prepared from the 

corresponding a,@-unsaturated carbonyl compounds by the similar procedure reported 

about 3-tosylpropanal ethylene acetal by Cooper and Dolby. 
4) 

(X) 77% 
mp 122-123'C 

(XI) 66% 
mp 44-4S°C 



CH3 

(XII) 86% 
mp 88-89-C 

The following example shows the representative procedure far the synthesis of 

furan de~ivatives from the p-tosylacetals prepared above: 4-tosylbutan-2-one sthyl- 

ene acetal (X, 135 mg, l/Zmmol) was lithlated with an equimolar amount of n-butyl- 

lithium (n-hexane solution) at - 78'C and then at room temperature under nitrogen. 

After cooling at - 78°C again, the lithiated X was reacted with benzaldehyde (53 

mg, 1/2 mmol) and the reaction mixture was gradually ralsed up to room temperature 

followed by the treatment with pH 7 buffer solution and subsequent extraction wrth 

ether. The residue obtained by the evaporation of the ethereal extract was sub- 

jected to the preparative TLC (silica gel) to give the corresponding 7-hydroxy-p- 

tosylacetal (XIV, consists of two diastereoisomers) in a 94% (176 mg, 011) yield. 

A benzene solution of XIV was refluxed in the presence of a catalytic amount of 

p-toluenesulfonic acid far 70 min under nitrogen. After washing with a saturated 

NaHC03 solutlon and evaporation of the solvent, the expected 2-methyl-5-phenyl- 

furan (Va, 49 mg) was lsolated from the residue by a preparative TLC in a 62% 

(based on X) yield as an oily substance. 

i) BuLi H +  
X 

ii) PhCHO benzene, reflux 
70 min 

XIV, 94% Va, 62% from X 

In a similar manner, I D ,  VIIIa and VIIIb were prepared according to the 

accompanying scheme from XI, XI1 and XIII, respectively. In these cases, the inter- 

mediary 7-hydroxy-?-tosylacetals were not isolated. 

i) BuLi H+ 
CH3 

XI P 
ii) PhCHO toluene, reflux 

40 min 

IVa, 50% 
mp 32-33'C 
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i) BuLi - [cHi@h] H+ 
XI1 

ii) PhCHO benzene, reflux CH3 
70 min bph 

BuLi 

* [(&%I H+ 
XI11 

ii) PhCHO benzene, reflux 
40 mi" 

The lithiated @-tosylacetals reacted readily with an alkyl halide to give the 

alkylated products, which made further possible to prepare a variety af furan 

derivatives as follows: 

i) BuLi i) BuLi H+ 
x- 

ii) PhCH2Br benzene 
reflux, 70 mi" 

CH3 

93%, mp 74-75°C VIIIc, 61% 

CH3 CHZPh 
i) BuLi i) BuLi H+ 

XI P 

reflux, 30 mln 0 
i) BuLi i) B u L l  HI 

XI1  .-t 
ii) CH31 CH3 toluene CH3 

reflux, 25 min 

Y U % ,  0x1 IXa, 66% 

In order to demonstrate the utility of the present method for the preparation 

of polysubstituted furans, we tried to synthesize dl-menthofuran [4,5,6,7-tetra- 

hydro-3,6-dimethylbenrafuran, VIIa] which is a typical 2,3,4-trisubstituted furan 

occurring in nature. 

3-Methylcyclohexanone (XV) was lithiatid with an equimolar amount of l~thium 

diisopropylamide (LDA) in THF for 1 h at - 7UPC under nitrogen followed by the 

passing excess  gaseous acetaldehyde at - 78°C. After stirring for 30 min at - 78"C, 

the reaction mixture was treated with pH 7 buffer solution and extracted with 

ether. The crude p-hydroxyketone XVI obtained by evaporation of the ethereal 



i) LDA 

ii) CH3CH0 

XVI XVII, 57% 

extract was redissolved in dichloromethane and dehydrated by treatment with alu 

minlum oxide and molecular sleves overnight at room temperature to give the d,p- 

unsaturated ketone XVII in a 57% yield (based on XV). 

The p-tosylacetal XVIII derived from XVII was led to the desired dl-mentho- 

furan (VIIa) in a similar manner above-mentioned as follows: 

i) RuLi H+ 
XVI I - CH3 

ii) HCHO benzene, reflux 
15 min 

13 
IR and C-NMR spectra of this compound (VITa) were almost identical with 

reported ones. 7'8) 
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