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Sumary: li’w (4+2) cycloaddition of methyl l-diethylrrPnino-2-et~~~-~,3-butadiene- was 

performed with ~~~~~t bridges over &&m ---.. ~-diet~yt~~o-methyl-b~~to f2.2.IJ 

hept-S-ene-7-one-2-carbonitnYe 3. We demonstrate that this latter product undergoes facile [1,3J sigmatropic 

re~angement. 

There is a continued interest in being able to synthesize new aminocarboxylates for 

ph~a~lo~~l study. In a previous notel, we reported the original synthesis of ~nobi~clo [2.2.1] 

heptenones 3 and aminobicyclo [3.2.0] heptenones 4. These unexpected compounds are formed when 

dienaminocarboxylates 1 are mixed with acrylonitrile under thermal cycloaddition conditions. The 

cycloadduct 2 is not isolated. 

We now report a mechanistic study of the action of methyl 1-diethylamino-2letbyl-1,3-butadiene-l- 

carboxylate 1 with acrylonitrile. X-ray, lH and 13C NMR analyses give the regio-and stereoisomery of the 

new bi~cloheptenone~~bo~~les 3 and 4. This structural assigument offers a new insight into the 

mechanism of the formation of bicycloheptenones. 
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The dienaminocarboxylate 1 (0.05 mol.) was reacted with acrylonitrile (large excess, reflux 36h). 

The 1-diethylamino-&ethyl bicycle [2.2.1] hept-5-en-7-one-2-carbonitrile 3 and the 3-diethylamino-4- 

ethyl bicycle [3.2.0] hept-3-en-2-onecarbonitrile 4 were isolated (SO/SO) by preparative HPLC. 

Previousl?, we have identified compounds 3 and 4. 

A single crystal X-ray analysis3 is performed on aminobicyclo [2.2.1] heptenone 3. A drawing of the 

molecular structure is shown in figure 1, and shows an endo-carbonitrile stereoisomery. 

Figure 1 Figure 2 

$H,-CH, 

The regio- and stereochemical assignment of the aminobicyclo [3.2.0] heptenone 4 is made from ‘H 

and UC NMR. 

Although difficulties have often been encountered4 in attempts to assign the stereochemistry of the 

four-membered ring system, unambiguous stereochemical assignment can however be made -in our 

aminobicyclo [3.2.0] heptenonecarbonitrile from the vicinal coupling constants between protons of the 

cyclobutane ring (figure 2). Indeed; we know that the two junction cycle protons must have a cis- 

relationship, 3JkH1H4 = 6.5 Hz. It can be seen that one of the junction protons (H4) shows a cis- 

relationship with proton (H3x) and a trans.-relationship with proton (H3n). It is known4 that a very small 

value of 3J in the four-membered ring is indicative of a trans-relationship between two vi&al protons. 

The relationship 3J,, > 3Jt,anS is observed in all types of four-membered ring. Accordingly, the values of 

the vicinal coupling constants reported in figure 2 are 3Jcis = 11.5 Hz and 3Jtrans = 4.0 Hz. 
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The other junction proton (H,) shows a 3J coupling with proton CHCN (%), 3J = 4.5 Hz. Such a 

small value of the vicinal coupling constant 3J is indicative of a tram-relationship between the two vicinal 

protons. This result is in agreement with the values of 3J,.&H3,, = 10 Hz > 3J,,PzH3x = 7 Hz. 

Accordingly, the carbonitrile function, like protons (Hr) and (H4), presents an exo-stereoisomery. 

Figure 3. 

The position of the cyan0 group in the aminobicyclo [3.2.0] heptenone 4 is found 

by analyzing its % NMR spectrum (90 MHz, CHCl,). The C = 0 signal at 206.5 

ppm comprising a quintuplet (figure 3) involves four equivalent couplings (J = 

4.0 Hz each). It is known5 that 2J O=GC-a assumes values between 5 and 8 

Hz, and 3Jsyn and 3J,,ti 0 =GC-C-a have similar values. The signal multiplicity 

is not an artefact, since a 13C NMR spectrum (67.88 MHz, CHCl,) shows the 

same multiplicity. Only the regioisomery shown in scheme 1 permits these 

couplings. 

Thus, the following transformations may be considered : 

Scheme 1. 
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We initially thought that aminobicyclo [2.2.1] heptenone 3 and aminobicyclo [3.2.0] heptenone 4 

would result from [4 +2] and [2+2] cycloaddition reactions of aminocyclopentadienone 5. However, we 

now show that aminocyclopentadienone is not a reactional intermediary in the transformations studied. 

Indeed, aminocyclopentadienone 5 is not formed by cyclisation of dienaminocarboxylate 1 (scheme le). 
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IR, NMR spectra and gas chromatography did not reveal the formation of methanol when heating 1 at 

90°C for 72 hours. The aminocyclopentadienone 5 would not lead to (scheme Id) this site selectivity by 

x2+z2 cycloaddition6. Moreover, after heating (96h) a solution of aminobicyclo [2.2.1] heptenone 3 in a 

large excess of acrylonitrile at 9O”C, aminobicyclo [3.2.0] heptenone 4 is quantitatively isolated. It results 

that 4 is very certainly formed by [1,3] sigmatropic rearrangement of aminobicyclo [2.2.1] heptenone 3 

(scheme lc) with retention of configuration in migrating group. This is according to a typical pericyclic 

process7 in which the migration framework and the migrating group have widely different polarities, 

specially when the migrating group is substituted by a cyan0 group. 

This study points to the following conclusions : 

a- Cycloaddition (4 + 2) between dienaminocarboxylate 1 and acrylonitrile has taken place. 

b- The aminocyclohexenecarboxylate 2 is not isolated ; his cyclisation to aminobicyclo [2.2.1] 

heptenone 3 may be explained by the basic environment and steric hindrance. 

c- The [1,3] sigmatropic rearrangement of the aminobicyclo [2.2.1] heptenone 3 leads to 

conjugate aminobicyclo [3.2.0] heptenone 4. 
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