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for insertion it is triangular.19 The direct insertion of phen-
ylnitrene to form 177-benzazirine (12 —• 16) thus seems 
most attractive. 

The problem of the sigmatropic shifts of the cyano group, 
which randomizes all ring-carbon atoms, can be avoided by 
substitution. Thus, a CN-group migration in 3-cyanoindene 
gives 2-cyanoindene.10 It is known that 2-naphthylnitrene 
contracts predominately to 3-cyanoindene under mild con
ditions.20 Therefore, by using the same mechanism as devel
oped above, the labeled nitrene 21 should give rise to the 3-
cyanoindene 26 (Scheme III). This indeed was found to be 
the case. The nitrene 21 was generated in a carbene-nitrene 
rearrangement14 by pyrolysis9 of 20 at 400° (1 mm N2) 
(Scheme III), and the products were separated by gas chro
matography. 2-Aminonaphthalene (22) (7.5%)21 was exclu
sively labeled in the 1-position. 1-Aminonaphthalene was 
not detectable. 3-Cyanoindene (26) (20.6%)21 was labeled 
on CN and C-3, with a very small amount of label on C-I; 
the degree of labeling at C-I increased with the tempera
ture. 2-Cyanoindene (27) (3.4%)21 was equally labeled on 
C-I and C-3, and these two positions are interchanged by 
hydrogen shifts. A small amount of CN-migration, 27 —-
28, explains the temperature dependent development of 
label in the 1-position of 3-cyanoindene (28). The labeling 
ratio C-3/CN in 26 was ca. 2.3 at 400°, and decreased to 
ca. 1.7 at 800°, indicating that (i) the interconversion of the 
iminocarbenes 23 and 25 is incomplete, but increasing in 
importance with the temperature, or (ii) the interconversion 
of the iminocarbenes is complete, but some of the nitrenes 
(21) undergo direct contraction to 3-cyanoindene with con
sequent exclusive labeling in the 3-position. The latter pos
sibility will apply if the nitrene reacts by the direct insertion 
pathway, 21 —• 24 (vide supra). 

In conclusion, the gas-phase Wolff rearrangement of imi
nocarbenes is preceded by l//-benzazirine formation. It 
may be inferred that some Wolff-rearrangements of oxocar-
benes, which do not cyclize to oxirenes in solution,5'6 may 
well do so in the gas phase. We hope to report later on such 
a study. 

The labeling pattern observed in the ring contraction of 
arylnitrenes is consistent with rate-determining isomeriza-
tion of the nitrenes to l//-benzazirines and iminocarbenes. 
Thus, there are just two intramolecular reactions of phenyl-
nitrene: (i) addition to the ir-system, which results in ring 
expansion22 (12 — 11), and (ii) reaction with the ortho-CH 
bond, which results in ring contraction.23 
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Pyridylnitrenes. Mechanism of Ring Contraction 
to Cyanopyrroles1 

Sir: 

The ring contraction of phenylnitrene to cyanocyclopen
tadiene3 has been shown not to be a direct process of the ni
trene, but to be preceded by an isomerization, most proba
bly to iminocyclohexadienylidene and 17/-benzazirine.4 

Likewise, phenylcarbene appears to isomerize to methylene-
cyclohexadienylidene, which then contracts to fulvenal-
lene.5 We now report a series of 2-pyridylnitrenes which un
dergo ring expansions and ring contractions, the contraction 
products being formed, at least in one case, directly from 
the nitrenes. 

Communications to the Editor 
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l5N-Labeled 6-methyltetrazolo[l,5-a]pyridine (1, R = 
CH3) was obtained from 2-bromo-5-methylpyridine and po
tassium azide-7 (J)-15TV using a known method.6 Thermoly
sis of tetrazolopyridines results in tetrazole-azide tautomer-
ism7 and subsequent nitrene formation.8 Gas-phase pyroly
sis9 of 1 at 365°, using 1 mm of N2 as carrier gas, gave the 
15N-labeled nitrene 2, which is in equilibrium with the iso
meric nitrene 4 by means of the intermediate 3.8 The mix
ture of cyanopyrroles formed was analyzed and separated 
by gas chromatography (20% Carbowax 2OM on Chromo-
sorb W) and identified as 5 and 6 (R = CH3) by compari
son with known (unlabeled) samples.10 The ratio 5:6 was 
62:38. 5 was exclusively labeled on the cyano group, as 
shown by hydrolysis to 4-methylpyrrole-2-carboxylic acid 
which had lost all the label. Similarly, it was shown that 6 
was labeled exclusively on the pyrrole nitrogen (Scheme 

I).11 

The above results prove that the individual nitrenes 2 and 
4 (R = CH3) contract without any scrambling process in
tervening in the contraction step. The products are not 
formed via initial contraction to 1-cyanopyrroles (7), which 
would have resulted in identical labeling patterns in 5 and 
6. The absence of 7 contrasts the behavior of pyrazinylni-
trenes and 2-pyrimidylnitrenes, which contract to 1-cya-
noimidazoles and -pyrazoles, respectively.2'12,13 The results 
do not exclude ring contraction via iminocarbenes4 (eq 1), 
but such a mechanism can be excluded in the pyrolysis of 
the labeled tetrazole 9 (Scheme II). 

V ' 
CN* 

9 at 365° (1 mmN2) gave two dinitriles, 12 and 13, 
which were separated by thick layer chromatography (SiC>2-
CHCI3), and the position of label was determined by 

Raman spectroscopy. 13 showed no displacement of the CN 
absorption, while the mass spectrum indicated that 13 car
ried a full label. The label must therefore be on the pyrrole-
nitrogen. However, 12 showed a displacement of the two 
CN-absorptions by ca. 25 cm - 1 , in agreement with 15N-
labeling. Since there is no way in which the initial nitrene 
10 can undergo a hydrogen shift of the type depicted in eq 
1, yielding the observed product, 12, the latter must be 
formed by direct ring contraction to 11 (Scheme II). 

There are thus at least two mechanisms of ring contrac
tion in arylnitrenes: direct and indirect. The direct contrac
tion can give either C-nitriles, as observed in 10, or N-ni-
triles, as observed in pyrazinylnitrenes and 2-pyrimidylni
trenes.2-12,13 The indirect contraction takes place via imino
carbenes, as observed in phenylnitrene and 2-naphthylni-
trene.4 The rates of the ring contractions follow the order: 
phenylnitrene < 2-pyridylnitrene < pyrazinylnitrene.14 The 
rate increase can be ascribed to the increased electrophilici-
ties of the hetarylnitrenes. This lowers the activation ener
gies for ring contraction so much that the isomerization to 
iminocarbenes4 cannot compete. The naphthylnitrenes con
tract in good yields at 480°, i.e., not quite as easily as the 
pyridylnitrenes, and it is possible that they constitute a bor
derline case, reacting by both the direct and the indirect 
contraction mechanism.4 
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Experimental Evidence for Geometrical Variations 
in the Transition State of the S \ 2 Reaction 

Sir: 

The success of the transition state theory of reaction rates 
has led to several attempts to predict the structure of the 
transition state. In particular, the changes in bond lengths 
and bond orders of the transition state accompanying minor 
structural changes in the reactants have been the subject of 
theoretical interest. Among these predictions the Hammond 
postulate,1 the Thornton rules,2 and the rules of Harris and 
Kurz3 are perhaps the best known. 

Rather few unambiguous experimental measures of tran-
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