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The kinetic parameters of the thermal decomposition of several pairs of 1(2)-R-5-R'-di- 
substituted tetrazoles have been determined using the manometric method. The isomers 
differ only by the position of the substituents linked with the heterocyclic nitrogen atom. The 
activation entropies are equal to ca. +8 cal tool -I K -I, the activation energies range from 39 
to 48 kcal mol -I. A linear correlation between the logarithms of the rate constants of 
decomposition of the isomers has been established. The limiting stages of the stepwise 
mechanism of the monomoleeular decomposition, which determines the experimental rates 
of nitrogen evolution, include the reversible formation followed by decomposition of 
intermediate azidoazomethines in the case of 1,5-disubstituted tetrazoles and azodiazo 
compounds for isomeric 2,5-disubstituted tetrazoles. The enthalpies of formation of 
R(N3)C=NR (R = Me, Ph), C2H3(N3)C=NMe and increments ArH°[Cd--(C)(N3)I, 
t~rH*[Cd--(Cb)(N3)l, and Ar/P[Cd--(Cd)(N3)I have been estimated. 

Key words: disubstituted tetrazoles, thermal decomposition; monomolecular reactions. 

The thermal stability of  1,5- and 2,5-disubstituted 
tetrazoles t,z has been characterized only qualitatively, 
because data on the kinetics o f  their  thermal decomposi-  
tion are scarce and not systematized. 1-6 Meanwhile,  
tetrazoles are convenient  objects for the study of  general 
regularities o f  monomolecu la r  reactions in different 
phases. 

The purpose of  this work is to obtain kinetic parame- 
ters of  the monomolecu la r  decomposi t ion of  several 
isomeric tetrazoles in order to give a more detailed basis 
for the mechanism of  the reactions determining the 
observed decomposi t ion  rate and its relation with the 
structure o f  a molecule  in the absence o f  an effect of  the 
aggregate state of  a substance. 

The objects o f  the study are 1,5- and 2,5-disubsti- 
tuted tetrazoles 1 and 2. 

R 5 R 1 R 5 
" " C  - - N  / " 'C----- N 

N N #  N % N / N ' ~ R 2  
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a :  R 1 = R 2 = R s = M e  

b :  R 1 = R 2 = Me,  R 5 = C H 2 = C H  

c :  R 1 = R 2 = Me ,  R 5 = Ph 

d :  R ~ = R 2 = C H 2 C O M e ,  R 5 = M e  

e :  R 1 = R 2 = NH 2, R 5 = Ph 

Experimental 

Compounds la--e  and 2a--e were prepared and purified 
by the known methods, t,2,7 and their properties corresponded 
to the published data. 

Thermolysis was carried out at low initial pressures in the 
gas phase (GP) and at low concentrations in a solution of 
nitrobenzene, to ensure the monomoleeular character of the 
decomposition. Nitrobenzene was purified by fractional crystalli- 
zation and triple distillation over P205 and was used as a 
thermally stable solvent with a rather low pressure of saturated 
vapor. 

The kinetics of the thermal decomposition was studied 
under isothermal (+0.05 °C) conditions by a manometric 
method using 500-mL Bourdon flasks (in the gas phase) or in 
PhNO 2 (5--8 mL). The pressure in the reaction vessel was 
detected continuously during fast (not less than 50 °C min -I) 
heating of an air thermostat up to the temperature of the 
experiment and then during the thermal decomposition of the 
substance. 

In the experiments on the gas-phase decomposition, the 
moment of the transition of a sample into the vapor state was 
controlled. The initial pressure in a glass reactor at T < 300 °C 
did not exceed 5--7 Torr. The kinetic curves obeyed first- 
order kinetics ttp to achieved degrees of conversio,1 of the 
initial tetrazole not less than 80--95%. 

The kinetics of the thermal decomposition of nonvolatile 
tetrazoles le and 2e were studied only in nitrobenzene solu- 
tions. The procedure of the study of the decomposition in 
PhNO 2 was developed using samples of compounds 2a--c. 
The initial concentrations of tetrazoles did not exceed 
I wt.%. During one experiment, at the temperatures T,.i,, 
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Table !. Observed rate constants  (kot~) of  thermal decomposit ion of  tetrazoles 1 and Z in the gas phase and in ni trobenzene 

G P  

T/*C 105. kowJs- i T/oC 
It Ib Ic Id 

PhNO 2 

l0 s .  ko~s/s -I  T/*C 10 5. ko~JS -I 

2t 2b 2c 2d 2t 2e 2d le  2e 

230 --  - -  - -  5.5 190 1.2 --  2.0 13 150 . . . .  2.0 
240 -- - -  1.8 13 200 3.5 --  4.9 36 160 --  - -  0.31 0.18 6.0 
250 --  - -  4.0 31 210 8.1 8.8 14 82 170 0.071 - -  0.94 0.54 17 
260 --  - -  IO 71 220 20 22 30 190 180 0.21 0.40 2.8 1.4 42 
270 I0 8.6 24 150 230 50 60 74 420 190 0.69 I.O 7.6 3.8 IlO 
280 24 20 51 310 240 I00 120 180 --  200 1.7 2.6 21 9.0 --  
290 48 42 llO --  250 250 270 --  - -  210 4.1 7.1 48 22 --  
300 95 84 --  - -  260 510 --  - -  - -  220 9.2 16 --  - -  - -  
310 210 170 --  - -  230 - -  41 - -  - -  --  
320 410 360 --  - -  
330 --  710 - -  --  

Table 2. Activation parameters of  thermal decomposit ion of  tetrazoles 1 and 2 in the gas phase and in n i tmbenzene  

Parameter G P  PhNO 2 

It  lb le  ld 7.a 2b 2c 2d 2a 2c 2d le  2e 

E/kcal mol - t  47.13 47.49 47.72 44.79 42.2l 42.95 42.38 39.92 42.39 42.03 42.25 39.80 38.81 
+1.8 5:1.1 +1.4 +0.9 +1.0 :1:3.0 +1.7 +1.7 :1:2.3 +1.5 +1.1 +0.8 5:1.0 

Iog(A/s - I  ) 14.97 15.05 15.56 15.20 15.01 15.38 15.29 14.97 14.78 14.85 15.82 14.34 15.35 
+0.7 5:0.4 +0.6 +0.4 +0.4 +1.3 +0.8 +0.8 +1.1 +0.7 +0.5 +0.4 +0.5 

ASW/cal mol -i deg -t 6.7 7.1 9.5 7.9 7.2 8.8 8.5 7.0 6.2 6.5 II.0 4.3 9.9 
5:3.2 -I-1.9 :1:2.6 -I-1.7 5:1.9 -I-5.9 :1:3.4 :1:3.5 :1:4.9 -I-3.1 +2.4 -I-1.8 "I-2.2 

Tmin + 10 °C . . . .  , Tnua - 10 *C, the l inear regions of  the 
kinetic curve corresponding to not  more than the 5% decom- 
position at a given temperature  (Tt) were registered. At T~ = 
Tmax, the kinetic curves obeyed the first-order equation up to 
~90% decomposit ion.  The rate constants  for T i < Tm~ were 
calculated with corrections for the heat expansion of  the 
gaseous products and for the degree of  decomposit ion.  

Results  and Discussion 

C o m p l e t e  d e c o m p o s i t i o n  o f  1 m o l e  o f  t he  ini t ia l  
t e t r a z o l e  gives  ! m o l e  o f  N 2. Th i s  i nd i ca t e s  t h a t  t h e  
e x p e r i m e n t a l  va lues  o f  t h e  ra te  c o n s t a n t s  p r e s e n t e d  in 
T a b l e  I a n d  t h e  a c t i v a t i o n  p a r a m e t e r s  c a l c u l a t e d  f rom 
t h e s e  ra te  c o n s t a n t s  ( T a b l e  2) are  re la ted  to t h e  d e c o m -  
pos i t i on  o f  t h e  t e t r a z o l e  h e t e r o c y c l e  a c c o m p a n i e d  by t he  

s e p a r a t i o n  o f  n i t r o g e n .  
T h e  k ine t i c  p a r a m e t e r s  o b t a i n e d  for  t h e  d e c o m p o s i -  

t i on  o f  2 , 5 - d i s u b s t i t u t e d  t e t r azo l e s  in a n i t r o b e n z e n e  
s o l u t i o n  a c c o r d i n g  to  t h e  p r o c e d u r e  de sc r ibed  above  
c o r r e s p o n d e d  w i t h i n  t h e  e x p e r i m e n t a l  a c c u r a c y  to  the  
va lues  d e t e r m i n e d  for  t h e  gas p h a s e  f rom t he  overa l l  

k ine t i c  curves .  
Fo r  b o t h  ser ies  o f  i somers ,  d e c o m p o s i t i o n  is c h a r a c -  

t e r i zed  by i n c r e a s e d  a c t i v a t i o n  e n t r o p y ,  wi th  an  average  
inc rease  o f  + 8  cal m o l  - j  deg  - I .  T h e  t h e r m a l  s tab i l i ty  is 
m a i n l y  d e t e r m i n e d  by  t h e  a c t i v a t i o n  ene rgy  (Eex p) a n d  
d e p e n d s  s u b s t a n t i a l l y  o n  t he  n a t u r e  o f  s u b s t i t u e n t  R I o r  

R 2 a t  t he  N a t o m .  Its d e p e n d e n c e  o n  t h e  n a t u r e  o f  
s u b s t i t u e n t  R s a t  t he  C a t o m  o f  t h e  t e t r a z o l e  h e t e r o c y e l e  
is c o n s i d e r a b l y  weaker .  T h i s  c o n c l u s i o n  ag rees  w i th  t h e  
p u b l i s h e d  d a t a  for  2 , 5 - d i s u b s t i t u t e d  t e t razo les .  T h e  ra te  
c o n s t a n t s  o f  t he  d e c o m p o s i t i o n  o f  1 ,5 -d i subs t i t u t ed  t e t r a -  
zo les  l a - - e  are  lower  by  1 .5 - -2  o rde r s  o f  m a g n i t u d e  t h a n  

t h o s e  for  i somer s  2a--e .  
It c an  be  s een  f rom Fig. 1 t h a t  t h e  c h a n g e s  in the  ra te  

c o n s t a n t s  o f  d e c o m p o s i t i o n  in the  series  o f  1,5- a n d  

log kot,s(2) 

- I . 0  

-1 .5  

-2 .0  

-2 .5  

-3 .0  

f 

io a 

-5 .0  -4 .5  -4 .0  -3 .5  -3 .0  -2 .5  Iogkobs(l) 

Fig. I. Ratio between observed rate constants (kobs) of  decom- 
position of isomeric tetrazoles 1 and 2 (r  = 0.998) at 240 °C. 
Point f was calculated for diphenyltetrazoles If  and 2f by the 
published data and AS n = +8 cal tool - I  deg -I .  



2096 Russ.Chem.BulL, Fol. 45, No. 9, September, 1996 Prokudin et ai. 

2,5-disubstituted tetrazoles with various substituents in 
the heterocycles are similar. The high correlation coeffi- 
cient (r = 0.998) for the linear dependence between the 
logarithms of the rate constants makes it possible to 
assume that the established interrelation is not accidental. 

The results obtained taking into account the pub- 
lished data substantiate the relation between the kinetic 
parameters and the mechanism of the decomposition of 
compounds I and 2. The possible channels of the de- 
composition of 1,5-disubstituted tetrazoles are presented 
in Scheme I. 

Scheme ! 

R 5 R 1 
~ C _ N  - /  # \ 

A N\N~N B 

RS'~C__N'/R' ] =~ 

N J 

R R 1 "~ 4= 
~c w" / 

I I t  " , \  I 
N "h~#N ] 

( - I ) l ( I )  ~ (1) 

N/R~ 
+ ~  

(2) 1(2) 

] 't.,.l N 2 + R 5 = N R  1 N 2 + R5C~__-N + 

" '~  Decomposition ~" 
products 

For example, the formation of carbodiimides and 
their derivatives during the decomposition of 1,5-disub- 
stituted tetrazoles and benzimidazoles from aryl- 
tetrazoles I,z and the known examples of azidomethine- 
tetrazole tautomerism 1,8,9 can be considered quite rea- 
sonably as arguments in favor of a mechanism of the 
thermal decomposition of type 1 compounds via the 
stage involving the reversible opening of the cycle fol- 
lowed by the decomposition of the corresponding 
azidomethine (channel A). The detection of nitriles and 
the products of their cyclization after the decomposition 
of some tetrazoles has been related previously 5 to the 
possibility of the parallel decomposition of type 1 com- 
pounds via another channel (B) that includes a retro- 

i ,3-cycloaddi t ion type reaction as the pr imary reaction. 
No  discussion about the kinet ic parameters o f  the chan- 
nels considered above has been published. 

in our opinion, a rather exact estimation of the 
parameters of reaction (!), channel A, can be obtained 
by detailed analysis of the experimental data 8 (and by 
the correction of assumed inaccuracies) on the isomer- 
ization of I- R-5-aminotetrazoles: 

H2N.~c__N./R H,... N'-- C ~NHR 

\N.~ N%N,,.-'N 

IL IL 
H2N~" C ~- N"" R H~.N.~___~NHR 

/ \ 

N%N 2 ~ " ,,, " < N  

In this multistage sequence of  transformations, the 
observed isomerization rate should be determined by the 
slowest stage, the primary opening of the heteroeycle, 
because, according to the recent published data, the 
inversion energy barriers at the amine N atom for the 
prototropic shift and internal rotations are considerably 
lower than the values of the isomerization activation 
energy obtained experimentally. The values of the en- 
ergy (El), which range from 33 to 36 kcal mol -I  for the 
series R = Alk, Ar, correspond to the activation entropy 
of reaction (1) AS~I = +4 cal mol -I  deg -I  (which is 
close to the average experimental value 8 and corre- 
sponcls reasonably to the structure of the activated com- 
plex of the opening of the cycle), which we chose as a 
reference value. Similar values of the activation energy 
E I of reaction (1), channel A, should also be expected 
for compounds la--e.  

From the experimental data on the cyclization of 
azidomethines followed by the formation of tetrazoles 
we have the values of the parameters of reaction (-1) ,  
channel A: 8,9 E_ t = 17--18 kcal mol - I ,  ASn_t = 
- 7  cal mol -I deg -I. The values obtained are almost 
independent of the structure of the molecule. 

There are no direct data on the decomposition of 
(intermediate) azidoazomethines, however, according 
to current views, l° it is highly improbable that there 
would be noticeable deviations of the parameters of 
reaction (2), channel A, from those values typical of the 
monomolecular  decomposit ion of  vinyl- and 
benzoylazides (which coincide if the accuracy of the 
kinetic experiment is taken into account). Therefore, it 
can be accepted that E 2 -= 27--29 kcal mol -I ,  AS~2 
0 cal mol -I deg -I. 

The estimations presented result in the following 
correlations between the rate constants of reactions (I), 
( -  I ), and (2), which occur via channel A (see Scheme I): 

k I << k_l, k I << k 2, k- i  >> k 2. 
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Table 3. Estimation of enthalpies of formation (Apt/*) of inter- 
mediate compounds and group contributions to Ad-P values 

Compound AfH"/keal mol -I  Group AfH" 
(average) /kcal mol -I 

MeN3C=NMe 84.2, 84.8 Cd--(C)(N3) 83.4 
(84.5) 

C2H3N3C=NMe 109.6, 110.6 Cd--(Cd)(N3) 85.8 
(I 10.1) 

PhN3C=NPh 144.9, 141.5 Cd--(Cb)(N3) 88.4 
(143.7) 

The  appl icat ion of  the quasi-s ta t ionary concentrat ion 
method  therefore becomes justif ied with respect to in- 
te rmedia te  az idoazomethines ,  and hence,  the following 
correlat ions are fulfilled for the rate constants  observed 
experimental ly:  

/Cob~ = k~/cZ/(k_~ + k2); 

at k_ I >> k2: kotn = klk2/k-i, 

E{xp = El - E-i  + Fq, 
A ~ x p  = AS~ - a ~ - t  + aS~. 

It can be seen from these correlat ions that  the ex- 
per imenta l  parameters  for the  decomposi t ion  of  tetra-  
zoles l a - - d  agree satisfactorily with the est imations pre- 
sented above, a l though the possibil i ty of  a small contr i -  
but ion o f  the parallel  channel  (C) to the observed rate o f  
decompos i t ion  cannot  be excluded.  

One o f  the  consequences  o f  the discussion presented 
is that  it is now possible to es t imate  the enthalpies of  
format ion o f  in termedia te  azide structures by the equa- 
t ions 

Af/p(RSN3C=NR I) -_- AfIP(I) + E l -- E_I, 

and 

AfHo(R5N3C=NR I) _= AfH°(I) + Eex p -- E2. 

Using for compounds  l a ,  lb ,  and 1,5-diphenyl-  
te t razole  ( I f )  the known and est imated values o f / , r / P ,  
the values E I = 36 and 34 kcal m o r t  corresponding to 

the corrected experimental  data s for the isomerization 
of  5 -amino-  I -e thyl -  and 5 -amino- l -pheny l t e t r azo les ,  
r e spec t ive ly ,  and the average  values  o f  E_ i = 
17.5 kcal mol - i  and E 2 = 28 kcal m o r t  (see above), 
we obtain the est imations of  the enthalpies  of  formation 
of  the intermediate  compounds  and the group contr ibu-  
tions It to the enthalpies of  formation (Table 3). For 
each compound ,  the difference in the values obtained is 
not iceably less than the formal errors (on an order  of  
+5 kcal m o r  t) corresponding to the two schemes of  
est imations.  

Based on the discussion presented,  we can also esti-  
mate the l imiting values of  the activation energies of  the 
1,3-cycloaddit ion of  azides to nitriles. A significant con-  
tr ibution o f  channel B to the observed rate constant 
should correspond to similar (with a correct ion for the 
possible and most likely small  difference in entropy 
factors) values of  the exper imental  activation energy 
Eex p and the barrier E I to direct  1,3-cyeloreversion 
(channel  B). Hence,  the correlat ion follows 

Eex p-=-E I = E_ I +AH, 

where AH = AfH°(RSCN) + Af/P(RtN3)  - Ar/-P(I or 2) 
and E_ i is the activation energy o f  b imolecular  (and, 
therefore,  insignificant for the gas-phase decomposi t ion)  
reverse 1 ,3 -cyc loadd i t ion ,  which  is not  shown in 
Scheme 1 (channel  B). 

The  aforemade conclusion about the small  contr ibu-  
t ion o f  channel  B means that  

E-I > E-l,rain = Eexp - AH. 

The  da ta  in Table 4, which reflect the known diffi- 
culty t,13 of  the  noneatalyzed 1,3-eyeloaddit ion o f  azides 
to nitriles, attest  to the low probabil i ty of  the occurrence 
of  channel  B. The values of  E_ t obta ined using the value 
Af /P(MeN3)  = 58.0 kcal mol - t  (see Ref. 12) cast some 
doubt  on this conclusion, while the values of  E_ I ob-  
ta ined using the current es t imat ion of / ` fH°(MeN3)  = 
71.9 kcal moi - I  (see Ref. 18) favor this conclusion.  

The parallel and correlated changes in the rate con- 
stants of  decomposit ion in the series of  tetrazoles 1 and 2 
(see Fig. !) coincide with the activation entropies, and 
the close activation energies point to the main role of  a 

Table 4. Data for the estimation of barriers to 1,3-cycloaddition of azides to nitriles 

Tetrazole R t, R 2 R 5 AfH*/kcal mol -I  AH a Eexp b E_I c 
tetrazole azide nitrile kcal mol -I  

la Me Me 65.7 t6 67.0 il 21.0 ts 22.3 47.1 24.8 
lb Me CH2=CH 91.1 t7 6 7 . 0 1 1  43.715 19.6 47.5 27.9 
i f  Ph Ph 128.414 92.3 I:l 52.3 !1 16.2 41.1 a 24.9 
2a Me Me 60.116 67.0 II 21.015 27.9 42.3 14.4 
2b Me CH2=CH 84.617 67.0 I! 43.7 ts 26.1 43.0 16.9 
2f Ph Ph 123.014 92.3 lz 52.3 !! 21.6 37.8 a 16.2 

a Enthalpy of recyclization, b Experimental activation energy of decomposition, c Activation energy of 
cyclization, d Calculated from the published data z and AS ¢ = 8 cal tool - i  deg -I.  
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"~C-- 

l N~ N.~R 2 

Scheme :2. 

RS~C= N 
/ \ 

I~N/N~R2 

A" B" C" 

~1 (I) 

R 5 =1= 
~C=N 

t ~ 

"R 5 ] 4= 
"~C--N / 

(-~)~(I) 

% N  N~'R2 

(2) 

F15C~N--e.NR 2 + N 2 

~[(i) 

RS--C==N 
+ 

N==N--~NR 2 

N 2 
+ 

R5C~_N.-PNR 2 

. . . .  *- Decomposition products 

similar stepwise mechanism of the decomposition in the 
case of tetrazoles of series 2 as well (Scheme 2, channel 
A')  and indicate that equations similar to those presented 
above for compounds 1 are valid for the decomposition of 
compounds 2. In addition, small contributions from the 
parallel channels B" and C" cannot be excluded, although 
they are highly improbable (especially for channel B', see 
Table 4). Decomposition of the tetrazole cycle v/a these 
channels can be concerted. However, the character of the 
change in the rate constants of the reactions occurring via 
these channels should depend on the structure of the 
molecules and be determined by an energy barrier equal 
to the sum of the endothermal effect of primary 1,3-retro- 
cyclization and the activation energy of 1,3-cycloaddition, 
which is the reverse of decomposition. Extreme influences 
of electronic factors of substituents on the reaction rates 
of 1,3-cycloaddition are known and are explained by the 
decisive role of orbital interactions. 13 For this reason it is 
highly improbable that the same type of effect ofsubstitu- 
ents in tetrazole cycles at different initial transformations 
limiting the observed decomposition rate would occur. 

The similarity of the effects of electronic factors of 
substituents on processes C and A and A' is also re- 
flected distinctly in the close values of the Hammett 
constants p, which are compared in Table 5 for reac- 
tions of these types. Table 5 also contains data on the 
isomerization of triazoles, which occurs through inter- 
mediate 1,3-dipolar structures of diazo compounds similar 
to those postulated for tetrazoles 2 (see Scheme 2, 
channel A'). The resemblance of reactions occurring at 
substantially different temperatures and, correspondingly, 
at different rates should be emphasized. 

As in the case of channel A (see Scheme 1), in the 
case of channel A' (see Scheme 2), one can expect that 
the rate constants of cycle opening (k 0 would be more 
sensitive to the structure of a molecule than the ratio of 
the rate constants of the fast reactions of reeyclization 
and decomposition of intermediate 1,3-dipolar struc- 
tures (k~/k_ O. 

The example 19 of reaction ( - ! ) ,  channel A" only 
demonstrates that there is a considerably higher rate of 
intramolecular cyclization of the diazo group at the 
N=N bond than at the C=N bond under the conditions 
chosen. 

Ar~N~N-~c=c/OH 
I \ 118 *c 

N%N/N.,.R AcOH 

Ar~.N__ N 
,, / \\ 

N%N/C-..c~O 
I 
NHR 

R = H, AIk, Ar 

When nitrogen is released in reaction (2), channel 
A',  no skeletal rearrangements are required for the 
formation of nitrile imine. In this it differs from reaction 
(2), channel A, and the similar Curtius and Wolf reac- 
tions as well as the decomposition of vinylazides. In 
these transformations, the elimination of N 2 should 
result in the formation of singlet intermediate valence- 
deficient species (nitrenes or carbenes) with a vacant 
orbital on the corresponding atom. In the course of 
reaction (2), channel A',  the interaction of a similar 
orbital with the orbitals occupied by four n-electrons of 
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Table 5. Effect ofsubstituents at the N or C atoms of  the cycle on the reaction rates of  
tetrazoles and triazoles 

Reaction T/°C p (reaction) 

N C 

H2N\c~N/CsH4 R 

\N 

H2N~.c__NJC6H4R 
// \ 

ph..~C..,N ~N 

RC6 H4 N-.,~C 
(1) F~,~ ~ H) 137 1.398 -0.45 s 

• - , - - - :  N ,~y /N(H)  ( - t )  (1) ( - l )  

RCsH4~c~N(H) 

(I) I('-~ ~ 150 1.1220 -0.2720 
-(~i') ph/C ~ N ( H )  (I) ( - I )  

RC6H4",.C ~..~_.N 
/ \ 

Ph~-c~_N 
/ \ 

N%N/N~c6H4 R 

RC6H4'~C~ N 
/ \ 
%N N'-coP. 

F~ ' . .C= N 
/ \ 

(I) ,. 

(I) *= 

(1) ,= 

(I) _ 

N2 + ... 166 -0.243 
(I) 

N2 + ... 166 1.163 
(I) 

N2 + "'" 70 -0 .65* 
(1) 

N2 + "'" 70 1.32" 
(l)  

* Calculated from the published data. s 

the N a N  bond can lead to the format ion of  a t r i c ,  ntered 
1,3-dipolar  n-sys tem of  nitril¢ imine followed by the 
de tachment  o f  ni trogen via an azocarbene  type in terme-  
diate. The  evident  stabil ization o f  the act ivated complex 
during this t ransformat ion should make a more signifi- 
cant  contr ibut ion  to the rate constants  k 2 and/Cob s of  the 
decompos i t ion  o f  2,5-disubst i tuted tetrazoles  o f  series 2 
than their  1,5-disubsti tuted isomers l when k_ I >> k 2 or 
should cause kob s to equal k I for the decomposi t ion  and 
recycl izat ion o f  tetrazoles 2 when k_ I << k2. The latter 
two correla t ions  are less probable for the 1,5- and 
2,5-disubst i tuted tetrazoles studied in this work, but 
they are likely for some of  their  N-acyl derivative type 
analogs (see Table 5). 

The  authors  are grateful to the Internat ional  Science 
Founda t ion  (Grant  N J9000) for the financial  support  of  
the parts of  this work performed at the Institute of  
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