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Abstract: N-Acyl-l-aza-1,5-dienes participate in the Cope rearrangement. 

In contrast to 2-aza and 3-aza-Cope rearrangements, 1 
2 

the 1-aza-Cope rearrangement is not 

common. One of the few examples of this reaction is the aza analog of the divinylcyclopropane 

rearrangement, 
3 
a variation of the Cope rearrangement. The primary reason for the few known 

examples of the l-aza-Cope rearrangement is undoubtedly the unfavorable thermodynamic 

situation that exists for this reaction. la For simple 1-aza-1,5-dienes (1, R=alkyl) the 

reactants are calculated to be about 7-10 kcal/mole more stable than the products. 4* 

I L 
Because of a general interest in new pericyclic reactions and their application to problems in 

organic synthesis a program was initiated to investigate the 1-aza-Cope rearrangement. It was 

hypothesized that the large stabilization energy resulting from the interaction of the 

nitrogen lone pair of electrons with a carbonyl group5 would be sufficient to induce 

N-acyl-1-aza-1,5-dienes (1, R = acyl) to undergo the Cope rearrangement. In addition, the 

electronegativity of the acyl group should lower the LDMO of the imine, allowing for a 

favorable HOMO-LUMO interaction in the transition state. 
6 
In order to test the above 

hypothesis the aza derivatives (5a and b) of the Svinylnorbornene ring system7 were chosen 

for study. The synthesis of the N-acyl imine was initiated from the oxime derivatives of the 

cyclopentadiene Diels-Alder adducts. The hydroxamic acid derivatives 4a and b were prepared 

by reduction of the oximes 3a and b followed by bis acylation. Flash vacuum pyrolysis (FVT)8 

of the hvdroxamic acid derivative 4b gave the pyrindine 6bg as the major product in 45% 

yield.' 

The aza-Cope rearrangement of the methyl derivative 5b was initially studied in order to 
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prevent any complications that could result from the facile rearrangement of the N-acyl imine 

to enamide." Heating 4a to produce N-acylimine 5a, which has the possibility of the aza-Cope 

rearrangement as well as the isomerixation to the enamide, gave the pyrindine derivative 6a in 

40% yield.' This result, as well as the absence of the retro Diels-Alder reactions 
12 

of either 

precursor 4a or 5a, suggests that the Cope rearrangement of N-acyl-1,5-dienes is favorable and 

competitive with other thermal processes. 
13 

The Cope rearrangement of 4-vinylcyclohexene is known to occur with great difficulty 

(Ea=52.1 kcal/mole)14 compared to 1,5-hexadiene (Ea=35.5 kcal/mole). 
13 

The reluctance 

of the 4-vinylcyclohexene ring system to participate in the Cope rearrangement has been 

attributed to the reaction passing through a transition state possessing a boat geometry as 
.r 

part of the framework of the strained bicyclo[2.2.2]octane ring system." A severe test for 

the 1-aza-Cope rearrangement would be the aza derivatives (8a and b) of 4-vinylcyclohexene. 

Flash vacuum pyrolysis of 7b gave the Cope rearranged product 10b in a 10% isolated yield. In 

contrast to the result observed previously on the asa derivative (5) of the 5-vinylnorbornene 

system, heating 7a gave the product 9 in 30% yield,9 the result of a N-acylimine-enamide 

isomerization rather than the aza-Cope rearrangement. 

R=H 

CO,CH, 



463 

The Cope rearrangement is known to be particularly sensitive to substituent effects. 
15 

For 

this reason and because the functionalized piperidines could have potential as synthetic 

intermediates, the l-aza-Cope rearrangements of 12a and b were studied. 

Piperidine 13b was obtained in a clean reaction (55% yield9) and at lower temperature (ca I 

50°C) than was observed for the methyl substituted derivative 7b. In contrast to the 

unsubstituted derivative 7a, lla also gave the l-aza-Cope rearranged product 13a in 25% 

yield. 
9 
Although other products were also formed in the latter reaction, these results clearly 

suggest that the 1-aza-Cope rearrangement is facilitated by a methoxyl group on the 

1-aza-1.5-diene. 

In summary, N-acyl imines will participate in the l-aza-Cope rearrangement providing one of 

the few examples of this reaction. The role of the N-acyl substituent is probably to provide 

a driving force for this reaction (amide formation) as well as facilitating HOMO-LUMO 

interaction in the transition state. 

Because the 1-aaa-Cope rearrangement produces a piperidine derivative containing an endocyclic 

enamine 16 with control of stereochemistry at the three tetrahedral centers within the six 

membered ring, the reaction has high potential in organic synthesis. Furthermore, a scheme 

was developed for preparing the reactants of 

synthetically powerful Diels-Alder reaction. 

complex heterocycles from simple reactants. 

cyclopentadiene and acrolein, led to the cis - 
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