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Vapour-phase pyrolysis of phenyl azide (1,2) results in the generation of 

a complex mixture of compounds, including the nitrene ring contraction product 

1-cyanocyclopentadiene. In the course of mechanistic studies of this ring 

contraction we have extended the pyrolysis reaction to a variety of azides, and 

compared the results with those obtained from similar pyrolysis of benzotriazoles 

(3), which also undergo ring contraction. Elucidation of the mechanism(s) is 

complicated by the presence of unexpected group migrations, fragmentations and 

ring expansions, reported in this paper; full analysis of the mechanisms will 

require extensive 14 15 
C/ N labelling experiments. 

Thermal Migration of Substituents. Pyrolysis of phenyl azides bearing a 

substituent marker (R) might be expected to give a discrete mixture of products, 

depending upon the nature of the transition state - Chart I describes the 

situation for one of the more likely possibilities (4), in which the only source 

of the CN-group carbon is assumed to be Cl of the parent azide. 

CHART I 

Pyrolysis of substituted phenyl azides R = Me (m-, p-)(5) and R = F (o-,m-, 

p-) at 450"/1.0 mm. did not, in fact, proceed in accord with this scheme, the 

same mixture of IV and V (2:1) being obtained in each case. 
Such results would 
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normally be accepted as ruling out the mechanism proposed, but the constancy of 

the isomer ratio prompted us to investigate the reaction more closely. The 

products IV and V were separated by GLC and separately subjected to pyrolysis at 

650°/0.001 mm., when it was found that each isomerised to the appropriate IV/V 

mixture. Since this was independent of the nature of R, it was assumed that 

the reaction was due to sigmatropic shifts of the cyano-group. A similar 

examination of the cyanoindenes showed that the Z- and 3-isomers equilibrated on 

pyrolysis at 800"/0.02 mm., and, further, that the CN-group could be induced to 

migrate into the benzenoid ring at 1000' to give 4(T)- and 5(6)-cyanoindenes. 

\ I 

Thermal migration of the methyl-group in cyclopentadienes has recently been 

reported by other workers (6,7), and is consistent with our finding that 3,4- 

and 2,4-dimethyl-l-cyanocyclopentadienes equilibrate on pyrolysis at 500-800". 

By contrast with these results, pyrolysis of the benzotriazoles followed a 

quite predictable (8) course at 500“/0.01 mm, and mixtures of nitriles were not 

obtained until the furnace temperature was raised to 600". The failure to 

obtain discrete products from pyrolysis of substituted azides could be due to 

the operation of a different mechanism in this case, or, alternatively, to a 

false concept of the actual reaction temperature. With high throughput rates, 

azide decomposition becomes quite violent once the furnace temperature exceeds 

325“, and would be expected to generate a zone of adiabatic compression rather 

like a shock wave. Under these conditions the reaction zone could be at much 

higher temperatures than indicated by the furnace settings (9). The higher 

pressure (1.0 mm.) recorded during "fast" azide pyrolysis, and the carbonisation 

encountered, are in accord with this theory. The conclusion reached is that 

the position of a substituent marker in high energy reactions cannot always be 

relied upon to produce unequivocal evidence of the mechanism involved. 

Formation of Benzene, Benzonitrile and Pyridine. The formation of 

substituted benzenes in azide pyrolysis is summarised in Chart II, and seems to 

reflect the presence of competing intermolecular processes which involve prior 

fragmentation of intermediates. Formation of phenyl radicals (the source of 

VIIa-e, VIIIa-b and IXa-e) has been ascribed (2) to a secondary reaction of 

vibronically excited azobenzene. The observation (10) that more than one mole 

of N2 can arise from aromatic azides, even in solution, suggests that azide 

radical loss may also be involved, and this has recently been shown to occur in 

photolysis of trityl azide (11). Although we have no accurate quantitative data, 

azide pyrolysis does produce substantial amounts of HCN, and this is undoubtedly 

one of the sources of the benzonitriles IXa-e. The formation of HCN from Xa-e 
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is in line with the demonstrated lability of the CN-group, and with our earlier 

postulate that a vibronically excited singlet nitrene is involved. Higher 

vibrational levels of the nitrene may be expected to fragment directly, or lead 

to hot ring-contraction products which will subsequently fragment. The 

stability of IV-V (R = H) to pyrolysis (99% recovery at 800') suggests that 

the bulk of the HCN arises directly from the nitrene. Products arising from 

X a-e are not isolated (presumably fragmenting further) unless stabilised by 

CHART II 
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one or two benzene rings, when indenes and fluorenes are isolated in low yield. 

In general, the yields of cyanocyclopentadienes and benzonitriles are roughly 

parallel, in the range O-10%. 

In addition to the benzenoid products of azide pyrolysis, a small and 

variable yield of pyridines (XIa-e) is obtained. The substitution pattern 

seen in these compounds is that obtained by formal exchange of nitrene N (or one 

of the azide N-atoms) for Cl of the aromatic ring, with subsequent C-loss. 

Provided that this is a genuine unimolecular reaction of the aromatic nitrene, 

the nature of the leaving group presents a problem, although photochemical loss 

of 0 from pyridine-N-oxide has been recorded (12), as has that of N from the ion 

CH2N2+ observed in the mass spectrum of s-triazole (13). Some degree of prior 

H-capture would seem more acceptable. 

Ring Expansion Reactions. The study of tolyl azides is complicated by a ring 

expansion of the intermediates to benzonitrile, with loss of 2H* With the 
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pure cyanocyclopentadienes XII the reaction is not observed at temperatures 

below 600°, but is nevertheless found in azide pyrolysis even at 300", further 

evidence that the furnace temperature may not accurately reflect that of the 

reaction zone. The yield of benzonitrile is enhanced at the expense of XII. 

The dimethylcyanocyclopentadienes similarly give rise to the tolunitriles. A 

similar reaction in the heterocyclic field, not related to nitrene generation, 

is seen in the conversion (8-10%) of XIII to 4,6_dimethylpyrimidine, which occurs 

at 900'/0.15 mm. Such reactions are thermal analogues to the ring expansion of 

the benzyl ion and the M-l ions derived from N-methylindole and N-methylpyrrole 

(14) on electron impact, and stress the similarities observed in high energy 

reactions. Both XII and XIII show prominent M-l ions in their mass spectra, 

and it seems likely that subsequent reactions are due to rearranged ions. 
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