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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 

References and Notes 
(1) Part Vl of the series "Hetarylnitrenes". Part V: see ref. 2. This work 

was supported by the Schweizerischer Natlonalfonds, project No. 
2.258.074. We thank S. Ruzicka for help with the Raman spectra. 

(2) C. Wentrup, HeIv. ChIm. Acta, 55, 565 (1972). 
(3) W. D. Crow and C. Wentrup, Tetrahedron Lett., 4379 (1967). 
(4) C. Thetaz and C. Wentrup, J. Am. Chem. Soc, preceding paper in this 

issue. 
(5) C. Wentrup, Tetrahedron, 30, 1301 (1974). 
(6) J. H. Boyer and R. F. Reinisch, J. Am. Chem. Soc., 82, 2218 (1960). 
(7) C. Wentrup, Tetrahedron, 26, 4969 (1970); R. Huisgen, K. v. Fraunberg, 

and H. J. Sturm, Tetrahedron Lett., 2589 (1969). 
(8) W. D. Crow and C. Wentrup, Chem. Commun., 1387 (1969). 
(9) The pyrolysis apparatus is described by R. Gleiter, W, Rettig, and C. 

Wentrup, HeIv. ChIm. Acta, 57, 2111 (1974). 
(10) We thank Dr. R. A. Jones, University of East Anglia, Norwich, for pro­

viding NMR spectra of methylcyanopyrroles. 
(11) An analogous study of 6-cyanotetrazolo[1,5-a]pyridine-7(3)-15fV (1, R 

= CN) yielded a mixture of dinitriles 5 and 6 (R = CN) in which only 8% 
of the label was on the pyrrole nitrogen. The ratio 5:6 determined by 
NMR spectroscopy was 92:8, indicating that only 6 (R = CN) was ring 
labeled, whereas 5 (R = CN) was labeled on the CN group (A. Chollet, 
Diploma Thesis, University of Lausanne, 1974). 

(12) C. Wentrup, C. Thetaz, and R. Gleiter, HeIv. ChIm. Acta, 55, 2633 
(1972). 

(13) C. Wentrup, Top. Curr. Chem., in press. 
(14) The evidence is that phenylnitrene requires an almost explosive reac­

tion,3,5 the pyridylnitrenes contract already at 365° in the gas phase, 
and pyrazinylnitrenes contract even in solution.2,1213 

Raymond Harder, Curt Wentrup* 
Institute of Organic Chemistry 

University of Lausanne 
CH-1005 Lausanne, Switzerland 

Received November 17, 1975 

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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Table I. Relative Rate Constants for N-Methylation of 2-Substituted 
Thiazoles by Methyl Iodide and Methyl Tosylate in Nitrobenzene at 
3O0C 

Substituent Log k/ko X = I Log k/ko X = Tos 

Methyl 
Ethyl 
Isopropyl 
tert-Buty\ 
n-Propyl 
Isobutyl 
Neopentyl 

0 
-0.108 
-0.44 
-1.61 
-0.112 
-0.141 
-0.29 

0 
-0.116 
-0.47 
-1.66 
-0.122 
-0.137 
-0.27 

Table II. Relative Rate Constants for N-Methylation of 2-Substituted 
Pyridines by Methyl Iodide and Methyl Fluorosulfonate at 30 0C 

Substituent 

H 
Methyl 
Amino 
Ethyl 
Isopropyl 
Phenyl 
Chloro 
Cyano 
ten- Butyl 

Log k/k0 X = I 
(in acetone) 

0 
-0.42 
-0.08 
-0.62 
-1.30 
-2.00 
-2.37 
-3.09 
-3.58 

Log k/k0 X = SO3F 
(in benzene) 

0 
-0.29 
-0.15 
-0.51 
-0.94 
-1.38 
-1.62 
-2.17 
-2.58 

sition state structure have been reported. Such data include 
chlorine kinetic isotope effects in nucleophilic displace­
ments on R-Cl4 and substituent effects on solvent sensitivi­
ty5 and on leaving group sensitivity6 in the S N 2 reaction. 
We recently proposed7 to use a quantitative equation corre­
lating rate constants to steric parameters as a tool for such 
an aim. 

We wish to report experimental evidence for geometrical 
variations in the transition state of the Menshutkin reaction 
with a change of the leaving group. 

Consider the S N 2 reaction with a 2-substituted pyridine 
or 2-substituted thiazole as the nucleophile and a substrate 
of the type CH3X. The rate of this reaction has been shown 
to be strongly dependent upon the steric requirements of the 
2-substituent.8 Thus the rate will also be expected to be sen­
sitive to the length of the bond being formed in the transi­
tion state (the C-N bond), since the steric strain varies with 
this distance. The shorter the C-N length the more impor­
tant will be the steric interaction between the substituent R 
and the central methyl. 

Thornton,2 as well as Harris and Kurz,3 predict that an 
increase in the basicity of the leaving group moves the tran­
sition state closer to the products, which implies a shorten­
ing of the C-N bond. If these theoretical predictions are 
safe, we can expect that the sensitivity to steric effects will 
decrease with the nature of the leaving groups in the order 
TsO > I > SO3F. These theoretical approaches, however, 
do not tell us what variation in the leaving group is needed 
in order to make this effect experimentally observable. 

In the first series, 2-alkylthiazoles were methylated by 
methyl iodide or methyl tosylate. The rate constants were 
determined in nitrobenzene by a conductometric technique 
previously described,9 and the results are shown in Table I 
and Figure 1. 

In a second series, ortho-substituted pyridines were meth-

1.5 

1,0 

0,5 

yl°na 
X=OTs" 

£= 1,03 

r = 0,9995 

0,5 1,0 1,5 . log 

X = I " 

ko 

Figure 1. Plot of relative rates for methylation of 2-substituted thia­
zoles with methyl iodide or methyl tosylate (S = slope; r = correlation 
coefficient). 
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Figure 2. Plot of relative rates for methylation of 2-substituted pyri­
dines with methyl iodide or methyl fluorosulfonate (5 = slope; r - cor­
relation coefficient). 

ylated by methyl iodide or methyl fluorosulfonate. The ki­
netics with methyl iodide was followed by the conductome­
tric method in acetone. The high reactivity of methyl fluo­
rosulfonate made it impossible to run the kinetics in acetone 
or any other solvent suitable for the conductometric meth­
od. This reaction series was instead studied by a competitive 
technique8d '10 with benzene as solvent. Several investiga­
tions indicate that such competition reactions are almost 
solvent independent in aprotic media.11 The results are pre­
sented in Table II and Figure 2. 

In both plots excellent linear correlations are obtained. 
The slope of a plot, log (k/ko)x = 5 log (k/ko)\, should be 
expected to deviate from unity if the basicity of the two 
leaving groups is different enough to change the position of 
the transition state on the reaction coordinate axis. This is 
obviously the case in the pyridine series.12 A value lower 
than unity should be expected in view of the reactivity of 
the leaving groups. Alkyl fluorosulfonates alkylate tertiary 
amine 104 times faster than do alkyl iodides.13 

In the thiazole series no significant deviation of the slope 
from unity was obtained. This is probably due to a combi­
nation of two important differences between the systems 
studied. Firstly, the difference in reactivity between tosylate 
and iodide is much lower than between fluorosulfonate and 
iodide (a factor of 3 in the former case and a factor of 104 

in the latter13). Secondly, methylation of ortho-substituted 
pyridines is twice as sensitive to the steric effect of the ortho 
substituent as methylation of 2-substituted thiazoles be­
cause of the smaller distance between the substituent and 
the reaction center in the pyridine case.7 

In conclusion the present results experimentally establish 
the theoretical prediction stating that an increase of the ba­
sicity of the leaving group moves the transition state of an 
S N 2 reaction closer to the products. Nevertheless the varia­
tion of structure in the transition state brings significant 
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modifications to the sensitivity to steric effects only for im­
portant changes in leaving group ability. 
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Thermal Decomposition of cis- and trans-3,4- and 
-3,6-Dimethyl-3,4,5,6-tetrahydropyridazines. Evidence 
against the Hot Diradical Postulate for Azo 
Decompositions 

Sir: 

Tetramethylene diradicals are the hypothetical reactive 
intermediates postulated to intervene in the dimerization of 
olefins and the thermal cleavage of cyclobutanes.1 Experi­
mental efforts using stereochemical probes have been di­
rected toward generating these reactive intermediates from 
different appropriately substituted precursors (olefins,2 cy­
clobutanes,3 azo compounds,4 diazenes,5 ketones,6 and sul-
folanes7) in order to characterize their behavior. Unfortu­
nately differences in substitution, temperature, and reaction 
conditions have made direct comparisons of product distri­
butions difficult. 

An important 1,4-diradical with secondary radical cen­
ters is 2,5-hexanediyl (1)^,6^0,8,9 t j j e hypothetical reactive 
intermediate formed by thermal cleavage of the most sub-

Table I. Percent Yields0 

Reactant 

cis- 2 

trans-3 

Con­
ditions 

b 
C 
b 
C 

2 = / 

74.7 
72.9 
80.5 
74.4 

4 
8.5 
9.7 

12.7 
14.9 

R 
16.3 
16.3 
5.7 
8.9 

/ V / - > V 

0.5 
1.1 
1.1 
1.8 

"Percent yield based on total hydrocarbon product. Typical abso­
lute yields of hydrocarbon products from 2 and 3 were 50 and 80% 
at 306° and 439°, respectively. VPC analysis using 20 ft. X 1/8 
in. 10% dibutyl tetrachlorophthalate; flame ionization detector. 
* Chamber pyrolysis (30 s at 306 + 2°, est pressure >25 mm). 
cChamber pyrolysis (5 s at 439 ± 2°, est pressure >31 mm). 

stituted bond in cis- and r/w!.s-l,2-dimethylcyclobutanes 
(studied in the gas phase at 425 ± 25° by Gerberich and 
Walters in 19613a). Although m-3,6-dimethyl-3,4,5,6-te-
trahydropyridazine (2) has been in the literature for over a 
decade,10 no successful decomposition of this pivotal azo 
compound for the study of 1 has been reported, nor has a 
synthesis of the corresponding trans isomer 3 appeared, ap­
parently frustrated by the notoriously facile irreversible azo 
to hydrazone tautomerization associated with azo com­
pounds that have enolizable hydrogens.4b'10,11 

We now wish to report the successful stereospecific syn­
thesis12 and thermal decomposition in the gas phase (306-
439°) of both cis- and r/wu-3,6-dimethyl-3,4,5,'6-tetrahy-
dropyridazines (2 and 3, respectively). Conditions and re­
sults of the pyrolyses are listed in Table I.18 

Examination of the 1,2-dimethylcyclobutane product ra­
tios from the cis- and trans azo decompositions (2 and 3, re­
spectively) reveals that, although overall retention is pre­
served, the loss of stereochemistry in the closure products is 
relatively high (at 306°, retention/inversion (r/i) ratios are 
1.9 and 2.2 from 2 and 3, respectively) compared to the 
more highly substituted cyclic azo system with tertiary rad­
ical centers reported by Bartlett and Porter (at 148°, r/ i ra­
tios are >49 from both meso-, and fi?/-azo-4).4a If 1,4-di-

radicals with secondary centers intervene in the decomposi­
tion of 2 and 3, the data indicate that carbon-carbon bond 
rotation is competitive with cleavage and closure. Thus, the 
intermediates formed from azo compounds 2 and 3 are sim­
ilar in behavior to those from the thermal decomposition of 
cis- and r/-a«s-l,2-dimethylcyclobutanes.3a 

Stephenson and Brauman8 attempted to explain the high 
stereospecificity observed in the cyclic azo-4 decomposition 
(as compared to the less stereospecific thermal reactions of 
1,2-dimethylcyclobutanes) by directing attention to the 
mode of generation of the intermediates in the two cases. 
They explained the higher stereospecificites observed from 
4 by suggesting that vibrationally "hot" 1,4-diradicals are 
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