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The retro Diels-Alder reaction 0r-[~2s+,,2,+,2,] cycloreversion has been used in carbo- 

cyclic chemistry Porthe synthesis of numerous , otherwise diPPlcultlyaccesslble, compoundsl. In 

general, this reaction is unsuitable for the preparation of heterocyclic compounds since very 

often rather high temperatures are required, at which most heterocycles decompose2. 'Ihe only 

exception reported is the elimination of nitrogen from the adducts of 1,4-disubstitutedtrl- or 

tetrazlnes with ynamines7. We attribute the fast ellmlnation from these adducts to the fact that 
both the diene and the dienophilic component are stabilized by resonance In the transition state. 

We have now investigated whether this type of reaction can be more generally applied to the 

synthesis of heterocyclic compounds. As starting materials we used 'I-oxa-and 7-azabicyclo[2.2.1] 
hepta-2,5-dienes (J_a, b), which were prepared by Diels-Alder reactions of furan and N-ethoxy- 
carbonylpyrrole, respectively, with dimethyl acetylenedicarboxylate8. 

Reaction of J,awith one equivalent of 2,4,6-trimethylbenzonltrile oxide In various solvents 
at 20 "C gave, instead of the expected 1,3-dlpolar adduct @ or J), a mixture of four products. 

Two of these were identified as the furans $aand $,a , and the others as 3-(2',4',6'-trimethyl- 
phenyl)isoxazole (5) and 4,5-bis(methoxycarborUT1)-3-(2',4',6'-trimethylphenyl)isoxazole (I). 

N-ethoxycarbonylpyrrole (Lb)reacted with 2,4,6-trimethylbenzonitrile oxide under the same 

conditions to yield two N-ethoxycarborylpyrroles (4_band 6-b) together with 5 and z. Other 
1,3-dipolar reagents such as diphenylnitrllimine and phenylazide reacted similarly although In 
some cases only two different products were formed; the results of these reactions are 
summarized in the Table. 

We explain these results in terms of a two-step process, namely, 1,3-dipolar addition at 

one of the two double bonds to give & & which subsequently undergo a fast retro Diels-Alder 
reaction. An alternative pathway to the observed products might have been a retro Diels-Alder 
reaction of l_ to yield either & and acetylene or fi and dimethyl acetylenedicarboxylate, followed 
by 1,3-dipolar addition to the acetylenes, yielding e.g. 5 and z. Conclusive evidence against 
this pathway was provided by the following observations: 
(i) In a separate experiment acetylene, in contrast to dimethyl acetylenedicarbomlate, did not 

react with the 1,3-dipolar reagents at 20 OC. This eliminates the possibility that sand 2 are 
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Substrate a 

La 

Lb 

I? 
Lb 

La 
Lb 

(a) x=0 
(b) X = NCOOClH8 

R = COOCH, 

Ar=2,4,6-TRIhlETHYLPHENYL 

SCHEME - 

TABLE 

1,3-Dipolara 
reagent 

~,~,~-(cH~)~c~H~cNo 
ditta 8 

C6H5C=N-N-C6H5 
ditto 

c@5N3 
ditto 

Ratio A/Hb 
(See scheme) 

1.17 
1.20 

0 
0 
0 

0.51 

R R 

H 
I \ 

X 

ti H 

6 

+ 

H H 

- 

i?, OIN/ 
Ar 

R R 

Products (yields)C 

fta, 2 (54 Z) 6-a, z (46 %) 
kb, 2 (55 $) 6_ba X'(45 %) 

tia,E(lOOd) 
&b,i! (100%) 

!i,a,g (100%) 
ftb, l,o (36 $) ab, 2 (64 $) 

a. Molar ratio substrate/l,3-dipolar reagent=1/1.05. 

b. The conversion of substra'cewasquantltative (TIC)after16hat25"Cindiethylether. 
C. Yields were determined by PMH spectroscopy (CDC13). 

formed by a retro Diels-Alder reaction of J.. 
(ii) Reaction of La,b with one equivalent of N-methyl-p-chlorophenylnitrone gave 1:l cyclo- 

adducts 1J in quantitative yieldsq, although in a competitive experiment the nitrone was 
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found to react much faster with dimethyl acetylenedicarboxylate than with La, b. There- 

fore we are tempted to conclude that compounds laandb,at 20 OC, are not In equilibrium 
with their Diels-Alder components and this leaves the formation of the reaction products 

via reverse Diels-Alder reaction of 2 and 2 as the only pathway. 

X = O,NCOOC,H, 

R = COOCH, 

The reason why 2 and 2 (or the adducts with the other l,+dipolar reagents giver! in the 
Table) undergo retro Diels-Alder cleavage under such mild conditions might be due to the 
stabilization of the transition state (e.g. 13)"'12. ThiSShOeXpblnS the relativelyhigh ther- 
ma1 stability of the nitrone adduct (1_1), which eliminates furan only upon heating at 150 "C. 
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