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The retro Diels-Alder reaction or - [2_ + 2 +24] cycloreversion has been used in carbo-
cyclic chemistry forthe synthesis of numerous, otherwlse difficultlyaccessible, compounds1. In
general, this reaction is unsuitkble for the preparation of heterocyclic compounds since very
often rather high temperatures are required, at which most heterocycles decomposea. The only
exception reported is the elimination of nitrogen from the adducts of 1,4-disubstituted tri- or
tetrazines with y'namines7. We attribute the fast elimination from these adducts to the fact that
both the diene and the dienophilic component are stabllized by resonance in the transition state.

We have now investigated whether this type of reactlon can be more generally applied to the
synthesis of heterocyclic compounds. As starting materials we used 7-oxa-and 7-azabicyclo [2.2.1]
hepta-2,5-dienes (1 a, b), which were prepared by Diels-Alder reactions of furan and N-ethoxy-
carbonylpyrrole, respectively, with dimethyl acetylenedicarboxylates.

Reaction of ] awith one equivalent of 2,4,6-trimethylbenzonitrile oxide in various solvents
at 20 °C gave, instead of the expected 1,3-dipolar adduct (2 or 3), & mixture of four products.
Two of these were identified as the furans Jeand §a, and the others as 3-(2',4',6'-trimethyl-
phenyl)isoxazole (5) and 4,5-bis(methoxycarbonyl)-3-(2',4',6'-trimethylphenyl)isoxazole (7).

N-ethoxycarbonylpyrrole (l b) reacted with 2,4,6~trimethylbenzonitrile oxide under the same
conditions to yleld two N-ethoxycarbonylpyrroles (4band 6b) together with 5 and 7. Other
1,3-dipolar reagents such as diphenylnitrilimine and phenyl azide reacted similarly although in
some cases only two different products were formed; the results of these reactions are

summarized in the Table.

We explaln these results in terms of a two-step process, namely, 1,3-dipolar addition at
one of the two double bonds to give 2, 3, 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 1 to yleld elther 4 and acetylene or 6 and dimethyl acetylenedicarboxylate, followed

by 1,3-dipolar addition to the acetylenes, yielding e.g. 5 and 7. Conclusive evidence against

this pathway was provided by the following observations:

(1) In a separate experiment acetylene, in contrast to dimethyl acetylenedicarboxylate, did not
react with the 1,3-dipolar reagents at 20 °C. This eliminates the possibility that % and 5 are
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TABLE
|substrate® 1,3-Dipolar® Ratio 1-\/Bb Products (y:l.elds)c
reagent (See scheme)
la 2,4,6-(CHz)5CgHoCNO 1.17 La 5(54%) 6a, T (46 %)
1b dtttg 1.20 4b, 5 (55 %) 6b, T (45 %)
12 CoHyC =N-N-CeH, 0 ga, § (100 %)
1b ditto ) 6b, 8 (100 %)
1a CeHgN 0 Qa, 9 (100 %)
1b ditto 0.51 4b, 10 (36 %) &b, 9 (64 %)

a. Molar ratio substrate/1,3-dipolar reagent =1/1.05.
b. The conwersion of substrate was quantitative (TLC) after 16h at 25 °C in diethyl ether.
c. Yields were determined by PMR spectroscopy (CD Cl}) .

formed by a retro Diels-Alder reaction of ]1.
(11) Reaction of } a, b with one equivalent of N-methyl-p-chlorophenyinitrone gave 1:1 cyelo-
adducts 1) in quantitative yield.s9, although in a competitive experiment the nitrone was



No., 25 2165

HyCOOC COOCH3 HyCOOC COOCH,
H;C;-\N CeMy u\/n-c.n,, N N-CgHy

8 9 10
~

found to react much faster with dimethyl acetylenedicarboxylate than with la, b. There-
fore we are tempted to conclude that compounds } aandb, at 20 °C, are not in equilibrium
with their Diels-Alder components and thls leaves the formation of the reaction products
via reverse Diels-Alder reactlon of 2 and 3 as the only pathway.
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X=0,NCOOC,Hg
R =COOCH;

The reason why 2 and 3 (or the adducts with the other 1,3-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. 12)

10, 12. This also explains the relatively high ther-

mal stability of the nitrone adduct (1]), which eliminates furan only upon heating at 150 °C.

3.
4.
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