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Abstract: The Diels-Alder reactions of furans with a-chloro- and 

a-acetoxyacrylonitrile very nicely proceeded under the conditions of 

15 kbar and 30 OC in dichloromethane. The adducts were proved to be 

a useful precursor for the synthesis of 7-oxa-bicyclo[2.Z.llheptanone 

derivatives. 

Recent investigations from our laboratory and others have shown that the use 

of high pressure is a very valuable tool for synthetic organic chemistry." In 

this comunication, we wish to report the successful Diels-Alder reactions of 

furans with a-chloro- and a-acetoxyacrylonitrile by the application of high 

pressure techniques. 

In connection with our studies toward the total synthesis of cerulenin and 

muscarine, we envisaged 7-oxa-bicyclo[2.2.l]heptenones as a common key intermedi- 

ate as designed in the following scheme: 

0 0 

'b 

cerulenin 
muscarine 

Consequently, we set out to develop a general method for the preparation of 7-oxa- 

bicyclo[Z.Z.llheptanones. 4 

The most direct route to this compound would be Diels-Alder reactions between 

furan and ketene equivalents such as a-chloro- or a-acetoxyacrylonitrile. 5 

Although the diene character of furan was well recognizedP6 the reactions with 

these dienophiles have not been reported. Not unexpectedly, all attempts of the 

Diels-Alder reactions under conventional conditions ( e . g .  refluxed in ether 



Table. Diels-Alder reactions of furans with a-chloro- and a-acetoxy- 

acrylonitrilea) 

15 kbar, 30 OC 

R CH2C12 
la- x=c1 

Run 5 R' R' Time, hr Yield, %b) IR(neat or CHC13) cm-' 

2245, oil 

2245, oil 

2245, oil 

2245, 1750, oil 

2245, oil 

2240, 1750, oil 

1750,~) mp 84-86 OC 

2240, 1755, oil 

1750,~) mp 110-112.5 'C 

1 7 ~ 5 , ~ )  mp 158 OC~' 

a) All the reactiods were performed at a concentration of 3 M of the reactants. 

The structures of all adducts were confirmed by elemental analysis, NMR, and IR. 

b) Crude yields by NMR unless otherwise noted. The values are the average of 

two or more runs. c) Isolated yields after short column chromatography on 

neutral alumina. d )  A very weak absorption of VCSN was observed. Cf. R. M. 

Silverstein, G. C. Bassler, and T. C. Morrill, "Spectrometric Identification of 

Organic Compounds,'' 3rd ed, Wiley, New York, N.Y., 1974, p 110. e) The ortho 

adduct was obtained as crystals, whereas the meta one as an oil. 

without or with the catalysis of BF3.0Et2) were fruitless. And we have found the 

reactions in dichloromethane proceeded very nicely at 15 kbar and 30 'c.~' The 

results are summarized in Table. 
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The spectral evidences showed that the reactions proceeded almost regio- 

selectively to form o ~ t h o  adducts with both dienophiles(Runs 2, 4, 7 ,  9). 

Exceptionally in the case of furfural ethyleneacetal, an approximately 1: 1 regio- 

isomeric mixture was obtained(Runs 5, 10). With respect.to the stereochemistry of 

the adducts the e n d o / e x o  ratios of those with 3 were found to be around 3 :1 
from the NMR integrals or GLC analysis of hydrogenated compounds.9 In the case of 

lb endo isomers were obtained mostly. 10 - 
Although furfural, 5-methylfurfural, and 2-acetylfuran were unreactive even 

at high pressures, the reactions occurred with the protected furfural in moderate 

yields (Runs 5, 10) . 
With the cycloaddition accomplished, we attempted hydrolysis of masked ketone 

function after hydrogenation because of the relative instability of adducts. The 

hydrolysis of 33 under a variety of conditions(Na2S-EtOH or KOH-DMSO) was 

unsuccessful and gave only a carboxylic acid 4 l1 9 was smoothly converted to the "' 
corresponding ketone 3 (2N NaOH-EtOH, IR 1755 cm-I). 

X =  C I  X = OAc 

&COOH< CI @ 4.- X = C l  4 
5 

0 
4 - a XZOAC z 

Thus we have demonstrated a simple approach to 7-oxa-bicyclo[2.2.llheptanones 

by an application of high-pressure Diels-Alder reactions. We are presently 

developing the utility of these adducts to natural product synthesis. 
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