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Abstract-Thermal rearrangement of 2-(cyclohexen-1-ylj- and 2-(cyclo- 

penten-1-y1)-2H-azirines, bearing a methyl or a phenyl group at the 2-PO- 

sition of cycloalkenes, was compared with those of corresponding acyclic 

and benzofuranylazirines. Suppression of the cyclization into pyrrole 

in favor of pyridine and azepine formations from the azirines having 

cyclic unsaturation is explained by the strain of fused 2H-pyrrole and 

the electronic character of vinyl nitrene intermediates. 

Thermal rearrangement of azirines into 5-membered ring compounds, such as indole, 

pyrrole, isoxazole, and pyrazole, has been well established.' As these reactions 

proceed in high yields by heating azirines in inert media, azirines can be con- 

sidered as versatile starting material for the synthesis of these heterocycles. 

Our recent investigations revealed that thermal rearrangement of azirines also 

gave 6- and 7-membered nitrogen containing heterocycles. It was further shown 

that these reactions could be recognized by electrocyclic reaction and hydrogen 

shift from vinyl nitreneS3-5 as shown in Scheme 1. These three types of reac- 

tions forming pyrrole (path A), pyridine (path B), and azepine rings (path C) 

proceeded selectively when the unsaturated groups at 2-position of the azirine 

were benzofuran nuclei and substituent R was hydrogen, methyl, or phenyl group, 

respectively. However, in the cases of acyclic unsaturated group, 3-phenyl-2- 

(Z-propenyll-2H-azirine gave a mixture of pyrrole and pyridine derivatives6 but 3- 

phenyl-2-(2-styrylj-2H-azirine gave 2,5-diphenylpyrrole selectively. l b  Here, we 

t This communication is dedicated to late Professor Tetsuji Kametani in honor of 

his great achievement in the field of heterocyclic chemistry. 



path A B path C 

4TC R=Me. L1.61-H R=Ph .6TC 

describe our investigation to elucidate the factors controlling in the partition 

between paths A and B and also between paths A and C. 

Four ethyl a-azidoacrylates - having 2-methyl- or 2-phenylcycloalkenyl 

group at the @-position were prepared by base catalyzed condensation of the corre- 

sponding aldehydes with ethyl azidoacetate. 
7 

n R - a 4 Me 
CHO EtONa b 3 Me 

c 4 Ph 
10 - d 3 Ph 

E=C02Et 

AS it ha5 been established that thermolyses of vinyl azides generally proceed via 

azirinesr8 thermal reactions of 10a-S were performed to study the reactions of 

corresponding azirines &-s. Decomposition of 3, having a 2-methylcyclohexen- 

1-yl group, was carried nut in heptane under reflux for 30 min. Separation of 

the resulting product mixture by column chromatography on silica gel gave an oily 

product and colorless crystalline compound, mp 52 - 53'C, in a ratio of 41 : 59. 

  he nmr spectrum of the minor product showed the presence of one olefinic proton 

(6 6.38) and methyl protons (3H singlet at 6 1.30 I .  On the other hand, the 
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major product did not show the methyl singlet but two aromatic signals (6 7 .81  and 

8.37), each as singlet.' On the basis of ir and nmr spectra,' these products 

were assigned as ethyl 7a-methyl-5,6,7,7a-tetrahydro-4H-indole-2-carboxylate 

and ethyl 5.6.7.8,-tetrtahydroisoquinoline-3-carboxylate 3 formed by paths A and 

B, respectively. 

By the same way, the cyclopentenyl derivative gave also the mixture of ethyl 

9 
6a-methyl-4,5,6,6a-tetrahydrocyclopenta[blpyrrole-2-carboxylate 2 and ethyl 6,7- 

dihydro-5H-cyclopenta[c]pyridine-3-carboxylate =.' But compared to the reaction 

of fi the ratio of 3 to 2 changed drastically to 14 : 86. 

When the vinyl azides having 2-phenylcyclohexen-1-yl group was decomposed 

under the same conditions as above, a single product, mp 123 - 124"C, was obtain- 

ed, quantitatively. This compound was assigned as ethyl 7a-phenyl-5,6,7,7a-tetra- 

hydro-4H-indole-2-carboxylate & on the basis of nmr spectrum showing the presence 

of one olefinic proton (6 6.53) and aromatic protons (5H singlet at 6 7.31) and ir 

spectrum. 9 

However, in the case of 2-phenylcyclopenten-1-yl derivative E, two compounds 

were obtained. The major product, mp 64 - 65"C, having the same spectral prop- 

erties as &, was assigned as ethyl 6a-phenyl-4,5,6,6a-tetrahydrocyclopenta[bl- 

pyrrole-2-carboxylate x. The minor product, mp 7 6  - 77'C. showing only 4 

aromatic protons, and a singlet corresponding to the methylene of azepine ring at 

-N2 
10a. lob D -- ref lux in heptane E 



Table. Fraction of the partition to each path depending on the substituents. 

Rt 4 

Me H H Ph 

Me -(CH214- C02Et 

Me -(CH213- COZEt 

M e  benzofuran C02Et 

RC Rt 9 

Ph H H Ph 

Ph - ( C H I -  2 4 C02Et 

Ph -(CH2J3- C02Et 

Ph benzofuran C07Et 

Yield(%) Fraction (%) 

path A path E 

quant. 85 15 

2 6 4 1 5 9 

6 0 14 8 6 

quant. 0 100 

path A path C 

quant. 100 0 

quant. 100 0 

8 2 6 0 40 

quant. 0 100 

6 3.11, was assigned as ethyl 7,8,9,10-tetrahydrocyclopenta[dl[l lbenzazepine-7- 

carboxylate 9d, formed by cyclization of vinyl nitrene at the ortho-position of 

benzene ring and following 1.5-hydrogen shift. 

The results obtained in thermal decomposition of these four vinyl azides were 

Summarized in Table, with the data of thermal reactions of acyclic azirines 6 

and =l b  as well as the benzofuranylazirines a and l&' for comparison. 

Considering that the vinyl nitrenes 2 are the common intermediates in paths A ,  B, 

and C, partition between these reactions are determined by the steps forming 3,  2, 

and 8. Suppression of path A in favor of path B in the order, acyclic cyclo- 

hexenyl < cyclopentenyl < benzofuranyl, would be explained in terms of ring strain 

of 2H-pyrroles I, The benzofuran system a is considered to have the highest 

strain, because of fusion of additional benzene ring. Thus, as the strain of the 

2H-pyrrole 3 increases, path A is suppressed making path B mportant. Although 

data were absent concerning the strain energy of these types of 2H-pyrrole ring 

system, the strain energy of bicyclo[3.3.0lnonane and bicycloI4.3.0loctane were 

reported to be 41 and 52 k~/mol,l~ respectively. 
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The same would be the reason for the partition between path A and path C. The 

fact that azepine formation is not observed in cyclohexenyl azirine &, suggesting 

path C is the least favored process, would be explained by the disadvantage de- 

stroying the aromatic stability of benzene ring in 8. Another important factor 

would be the electronic character of the vinyl nitrene intermediate 2. Eberbach 

and his co-workers reported that thermal reaction of vinyl oxirans usually gave 

dihydrofuran via carbonyl ylide intermediates, but even acyclic vinyl oxirans 

having a phenyl group cis to the oxiran ring gave benzoxepin exclusively. 
1 1  

Marked difference between the carbonyl yl~de and vinyl nitrene intermediate could 

be explained in terms of the number of the n-electrons participating in the cy- 

vinyl nitrene carbonyl ylide 
Scheme 2. 

clization processes. To attain 1.7-cyclization the molecules must have an all-cis 

configuration in which the terminal atoms are forced to overlap, as shown in 

Scheme 2. For the oxepin formation from styryl substituted carbonyl ylide, this 

helical configuration is favorable. On the other hand, as the vinyl nitrene is 

considered as a 2n-~omponent,~ styryl substituted vinyl nitrene has 6"-electrons. 

Therefore, in 1.7-cyclization of vinyl nitrene into azepines, disrotatory cycliza- 

tion requires large deformation making path C difficult. 

In conclusion, we could make clear that the formation of pyrrole, pyridine, and 

azepine rings are mainly controlled by the ring strain of the 2H-pyrrole. And 

furthermore azepine formation proceeds in compelled situation owing to the steri- 

cally difficult 6-electron-1.7-cyclization. 
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