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The kinetics of decomposition of 1,3-bis(4-methylphenyl)triazene catalyzed with 13 substituted ben-
zoic acids of various concentrations have been measured in 25 vol.% aqueous methanol at 25.0 °C.
The rate constants observed (297 data) have be used as values of independent variable in a series of
models of the catalyzed decomposition. For the catalytic particles were considered the undissociated
acid, its conjugated base, and the proton in both the specific and general catalyses. Some models
presumed formation of reactive or nonreactive complexes of the individual reactants. The substituent
effect is described by the Hammett equation. The statistically best model in which the observed rate
constant is a superposition of a term describing the dependence on proton concentration and a term
describing the dependence on the product of concentrations of proton and conjugated base is valid
with the presumption of complete proton transfer from the catalyst acid to substrate, which has been
proved. The behaviour of 4-dimethylamino, 4-amino, and 3-amino derivatives is anomalous (lower
catalytic activity as compared with benzoic acid). This supports the presumed participation of conju-
gated base in the title process.

Triazene derivatives of general formula |

R1-N1=N2-N3R2R3

are interesting for their biological activity? and high substituent (R,R2,R%)-dependent
sensitivity to electrophiles such as metal ions®, diazonium salts* and especially the
proton®~23, Being well soluble, triazenes can be submitted to acid-catalyzed decomposi-
tion in a wide variety of solvents from alkanes to agueous-organic mixtures. This also
enables applications of triazenes as indicators of acid-base behaviour of organic acids
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in nonagueous solvents>®. On the other hand, the solvent used, due to preferred solva-
tion of the proton, affects the mechanism of acid-catalyzed decomposition of triazene
derivatives, hence several mechanisms can operate. Even if the discussion is restricted
to the alkyl and aryl derivatives, literature gives arguments for two basic mechanism at
least, viz. specific catalysis™*® (A1) and general acid catalysis®®62 (A-S:2). The
mechanism involving specific acid catalysis presumes the protonation of N3 atom of
triazene chain in a fast pre-equilibrium and the decomposition of the intermediate
formed in a subsequent rate-limiting step (Scheme 1). On the other hand, the mechan-
ism of general acid catalysis involves simultaneous proton transfer to N atom and

km )
R'-N=N-NRRR?® + H*) === R'-N=N-NHR?R®

+) ky
R'-N=N-NHR?R®> —————= Products

ScHEME 1

splitting of N°~N2bond (Scheme 2). In both cases the products include the correspond-
ing diazonium salts and amines, i.e. components from which triazenes can be prepared.
Generally speaking, the two mechanisms mentioned represent limit cases, and any real
reaction course can well be realized involving a certain extent of proton transfer to N3
atom and another extent of N2-~N?2 bond splitting. The data published so far suggest that
3-alkyltriazenes (having rather basic N3 atom) more likely undergo the decomposition
by a mechanism close to Scheme 1 in agueous medium!®-15, A mechanism involving
slow proton transfer from the catalyst acid to substrate and subsequent fast decomposi-
tion to products? can be considered highly unlikely.

k
R-N=N-NR2R® + HA —2 > Products

2 7
s* R 6
R'SN=N" " "N" H A
R3

ScCHEME 2

In the case of 1,3-diaryltriazenes, which represent the subject of our studies>19.20.23,
the interpretation of experiments carried out so far rather indicates general acid cata-
lysis. In this case probably the N3 atom is very little basic, which can be supported by
the following consideration. In the first approximation, the structure of 1,3-diphe-
nyltriazene can be derived from that of diphenylamine with an azo group inserted be-
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tween nitrogen atom and phenyl group. The basicity of diphenylamine in water is ex-
pressed?* by the value pK, = 0.643. The lowering of basicity due to the insertion of azo
group can be estimated from the difference of dissociation constants of 1,3-diphenyl-
triazene'! (pK, = 13.26, 20% ethanol) and diphenylamine? (pK, = 22.4, dimethyl sul-
foxide-water) which, irrespective of the solvent change, is about 9 pK units. From this
consideration it is possible to assess the value of pK, = —8 for protonated 1,3-diphe-
nyltriazene. The experimentally determined* sum of logarithm of rate constant of de-
composition of protonated substrate and its pK, is 4.55, hence the rate constant k in
Scheme 1 shifts to the region of diffusion-controlled reactions. Therefrom it follows
that the formation of protonated intermediate is little likely or, if it is formed, it is
decomposed very quickly. Relatively significant arguments in support of the role of
general acid and its dimer as proton donors in the A-Sz2 mechanism were found®®in
the decomposition of 1,3-bis(4-methylphenyl)triazene (I, R*= R?= 4-CH,C¢H,, R®=H)
in media of organic solvents with trichloroacetic acid. Studies of decomposition of the
same substrate with benzoic acid in aqueous-methanolic solvents? confirmed the par-
ticipation of both types of catalysis. The rate of one of them depends on square root of
analytical concentration of catalyst acid and it probably corresponds to the catalysis by
the proton. The rate of the second catalysis type was directly proportional to the analy-
tical concentration of catalyst acid and this observation was interpreted by general acid
catalysis with benzoic acid. The extent of operation of the two catalysis types depends
distinctly on the composition of mixed solvent. The rate constant of the catalysis by
genera acid was always smaller and decreased monotonously with increasing amount
of methanol. The rate constant of the corresponding catalysis by the proton has its
lowest value in 80% aqueous methanol, which corresponds to the most efficient solva-
tion and hence also deactivation of the proton by solvent. Such an effect could not be
observed in the specific acid catalysis.

Our previous study? dealt with the decomposition of 1-phenyl-3,3-dialkyltriazenes
with bulky pivalic acid in 40 vol.% ethanol and stated a formation of nonreactive ad-
ducts between the substrate and catalyst acid, hence only the reaction with proton led
to the decomposition. Such effects were observed neither in the reaction with benzoic
acid in agueous methanol?? and organic solvents’ nor in that with trichloroacetic acid
in a series of 17 individual organic solvents (from cyclohexane to methanol)>®. This
indicates that, in addition, the reaction course at the molecular level depends on the
strength and steric capabilities of the catalyst acid involved in the rate-limiting step.
The role of catalyst acid was also investigated with the help of the kinetic isotope
effect. Its value k(CzHsCOOH)/k(CeHsCOOD) = 2.47 for the decomposition of 1,3-
bis(4-methylphenyl)triazene in chloroform'® clearly indicates the general specific cata-
lysis. On the other hand, the inverse solvent effect k(H,0)/k(D,O) = 0.37 found in
aqueous buffers was interpreted'*in favour of specific acid catalysis. A study of substi-
tuent effects of catalyst benzoic acid upon the decomposition of 1,3-bis(4-methylphe-

Collect. Czech. Chem. Commun. (Vol. 59) (1994)



2032 Pytela, Nevecna:

nyl)triazene in chloroform'® gave the value of p = 1.14, i.e. smaller than usual p values
in nonagueous solvents?®®. A similar later study of decomposition of 1-aryl-3-alkyldi-
phenyltriazenes with arylacetic acids in acetone?! gave the value of p = 0.35, i.e. again
smaller than that in water (p = 0.562, ref.?’) and other solvents?®. Both the papers
mentioned indicate that the proton is not completely transferred to the triazene in the
transition state of reaction.

A special, not yet quite elucidated effect consists in the role of nucleophiles and/or
bases in the acid catalyzed decomposition of triazenes. If the cases involving an attack
by nucleophile at an aliphatic carbon atom bound to the triazene chain*2° are excluded,
there still exist a number of arguments!*2°30 in favour of participation of nucleophile
and/or base in the process of decomposition of triazene. In protic solvents the role of
nucleophile is played probably by the solvent molecule and, in general, by the anion of
catalyst acid. Most probably, the participation of nucleophiles/bases consists in forma-
tion of ion pairs with the diazonium salt formed, and that of solvent consists in solva-
tion of the ions and ion pairs formed. In the case of anions, also the salt effect can be
operating.

With regard to the above-mentioned discrepancies concerning the acid catalyzed de-
composition of triazene derivatives, the aim of the present paper is to continue the
previous studies®82022.23 and adopt substituent effects to investigate the role of general
acid in the decomposition of 1,3-diaryltriazenes in a protic solvent. For the model sub-
stance we have used the well-tried 1,3-bis(4-methylpheny|)triazene>®22, for the catalyst
we have chosen substituted benzoic acids'®??, and for medium — 25 vol.% aqueous
methanol in which two types of acid catalysis can unambiguously be observed?.

EXPERIMENTAL

The synthesis of 1,3-bis(4-methylphenyl)triazene, purification of methanol, and the procedure of
treatment of kinetic measurements are described el sewhere®. The substituted benzoic acids were used
in the purity described in ref.?6. The kinetic measurements were carried out in 25 vol.% agqueous
methanol at 25 + 0.1 °C.

The mathematical-statistical treatment of the results was carried out using our own programs,
when optimizing the models suggested we minimized the sum of squares of differences of natural
logarithms of experimental and predicted rate constant k.. All the data of Table | were treated sim-
ultaneously as a single set. The models were evaluated according to the physico-chemica meaning of
the optimized parameters and according to the quality of fit of experimental data with the regression
model using the residual standard deviation s (recalculated to the log ks Units) and the Akaic infor-
mation criterion (AIC) defined by the relation:

AlC=nIn[S/(n-p)]+2p, €]

where n is number of experimental data, p is number of parameters in regression model, and Sz is the
residual sum of squares. The AIC value is the smaller the better the model reflects the experimental
data. The proton concentration [H*] in mol dm™ was calculated from the relation (2)
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[H'] = 0.5 [-Ka+ (K3 + 4Kacha) Y7, )

where K, is the dissociation constant (mol dm™3) of general acid (here substituted benzoic acid), and
Cya (Mol dm™3) is its analytical concentration in solution. The dissociation constants K, of benzoic
acids were calculated from the Hammett equation using the formula (3)

Ka=K3.10° , (3)

the value of dissociation constant of the nonsubstituted benzoic acid in the given medium (pK, =
-4.862) being taken from literature®. For the substituent constants we adopted the values given by
Exner®, and the reaction constant p was the parameter being optimized. The actual concentration of
undissociated acid [HA] in mol dm™ was calculated from the relation (4)

[HA] = cua —[HT] . (4

RESULTS AND DISCUSSION

Table | presents the rate constants kg, (S') of decomposition of 1,3-bis(4-methylphe-
nyl)triazene with substituted benzoic acids of various concentrations. The reaction
mechanism was suggested on the basis of the procedure of chemometrical analysis of
probable models of acid catalysis. For the probable chemical reactions and chemical
equilibria we took the interactions with proton, general acid, and its conjugated base.
The concentrations of the individual particles were calculated from the relations given
in Experimental. In the course of calculations, the analysis of residuals showed that
three derivatives of benzoic acid (3-NH,, 4-NH,, 4-N(CHj),) behaved anomalously as
catalysts, and therefore they were excluded from further calculations. The behaviour
mentioned is probably due to the existence of these compounds in the form of dipolar
ions, hence here the catalyst acid is N-acid instead of O-acid.

Model 1. The specific acid catalysis (Scheme 1) is described by the relation for the
observed rate constant k, in the form

Kobs = KpKqu[H1/(1 + Key[H]) ©)

where ky (s is the catalytic rate constant and Ky (dm® mol™?) is the equilibrium
constant. The optimization of this model showed unambiguously a redundancy of the
model in the data, viz. due to the very high K, value (see the analysis), the k, and Ky
values were strongly intercorrelated and hence statistically insignificant. The residual
standard deviation was s = 1.153 . 1072, AIC = -781.
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TaBLE |
Observed rate constants Kg,g (s of decomposition of 1,3-bis(4-methylphenyl)triazene with sub-
stituted benzoic acids (X-CgH,COOH) of concentration c in agueous methanol (25 vol.%) at 25.0 °C

c.10? kops- 10 c. 102 kops- 10 . 107 Kops - 10 C. 102 Kops - 10

X = 4-N(CHy),

0.095 116 0.095 116 0.095 1.00 0.086 1.04
0.086 101 0.086 1.07 0.076 1.02 0.076 1.02
0.076 0.990 0.076 0976 0.072 0.889 0.072 0.866
0.072 0.825

X = 4-NH,
25 6.67 25 6.80 25 6.67 25 6.54
20 6.30 20 6.60 2.0 6.30 2.0 6.30
15 6.03 15 6.08 15 6.25 15 6.30
1.0 5.42 1.0 5.46 1.0 559 1.0 5.78
1.0 5.78 0.75 5.25 0.75 495 0.75 5.02
052 4.28 052 462 052 4.44 052 4.47
0.25 3.30 0.25 3.47 0.25 3.30 0.25 3.08
0.15 3.01 0.15 2.77 0.15 301 0.5 2.83
0.10 231 0.10 2.20 0.075 201 0.075 2.10
0.075 2.04

X = 3-NH,
0.50 3.85 0.50 4.08 0.50 3.96 041 375
041 3.56 041 3.65 0.30 3.47 0.30 3.38
0.30 3.47 0.25 3.30 0.25 3.30 021 3.15
021 3.15 021 3.01 0.16 2.95 0.16 2.89
0.16 2.89 0.16 2.95 0.10 2.57 0.10 257
0.10 262 0.10 2.67 0.075 2.31 0.075 2.39
0.075 231 0.075 2.39

X = 4-0H
25 19.3 25 18.7 20 165 2.0 15.7
14 133 14 14.4 14 139 1.0 120
1.0 11.6 1.0 124 0.75 112 0.75 10.7
052 8.66 052 8.66 0.25 5.55 0.25 5.33
0.15 4.08 0.15 3.96 0.10 365 0.10 3.47
0.10 3.30 0.075 3.01 0.075 301 0.075 315

X = 4-OCH,
0.20 456 0.20 4.47 0.20 4.62 0.20 433
0.17 433 0.17 4.08 0.17 456 0.5 3.96
0.15 403 0.13 3.85 0.13 381 0.11 3.37
0.11 3.22 0.082 2.77 0.082 2.77
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TaBLE |
(Continued)
c.10? kops- 10 c. 102 kops- 10 . 107 Kops - 10 C. 102 Kops - 10
X = 4-CH,
0.50 10.8 0.50 11.0 0.45 10.7 0.45 10.2
0.45 10.2 0.45 9.90 0.40 9.0 0.40 9.12
0.40 8.66 0.30 7.88 0.30 7.79 0.30 7.70
0.25 7.07 0.25 6.93 0.25 6.80 0.20 5.78
0.20 6.09 0.20 6.42 0.15 513 0.15 4.78
0.15 5.55 0.15 5.33 0.15 5.33 0.100 4.47
0.10 433 0.10 420
X =3-CH,
14 231 14 231 14 235 14 224
1.2 20.4 1.2 21.0 1.0 18.7 1.0 18.7
1.0 19.2 0.92 18.2 0.92 17.3 0.92 18.2
0.92 16.9 0.73 14.4 0.73 13.9 0.73 13.9
0.73 13.9 0.51 9.50 0.51 9.90 0.51 10.0
0.38 8.45 0.38 8.66 0.38 8.66 0.25 6.03
0.25 6.42 0.15 433 0.15 4.20 0.15 4.62
0.076 2.01 0.076 2.07 0.076 2.10 0.076 2.13
X =H
25 36.5 25 375 25 39.6 2.0 322
2.0 30.1 2.0 315 2.0 315 17 27.7
17 26.7 17 28.9 1.0 19.3 1.0 18.2
1.0 18.2 05 12.4 05 124 0.50 12.8
0.25 8.66 0.25 7.53 0.25 8.66 0.13 5.78
0.13 5.78 0.13 5.55 0.075 421 0.075 4.47
0.075 3.96
X =3-CH,0
15 27.7 15 28.9 15 29.5 1.3 27.7
13 25.7 11 239 11 24.3 11 25.2
0.79 20.4 0.79 20.7 0.79 20.7 0.64 17.3
0.64 17.8 0.64 17.3 0.53 15.4 0.53 14.7
0.53 16.5 0.39 12.0 0.39 12.8 0.39 13.9
0.39 138 0.26 9.63 0.26 105 0.26 9.37
0.26 10.2 0.16 7.22 0.16 6.67 0.16 7.22
0.078 5.55 0.078 5.78
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TaBLE |
(Continued)
c.10? kops- 10 c. 102 kops- 10 . 107 Kops - 10 C. 102 Kops - 10
X = 4-Cl
0.14 6.30 0.14 6.42 0.14 5.78 0.14 5.64
0.12 5.59 0.12 5.59 0.10 5.10 0.10 4.95
0.10 5.33 0.070 3.85 0.070 385
X =3-Cl
0.32 17.3 0.32 17.8 0.32 17.3 0.26 14.4
0.26 14.4 0.26 14.1 0.21 124 0.21 12.4
0.21 12.3 0.16 9.90 0.16 10.2 0.16 10.8
0.11 8.16 0.11 8.06 0.11 8.06 0.080 6.30
0.080 6.08 0.080 6.42 0.080 6.67
X = 3-NO,
1.8 86.6 1.8 86.6 1.3 69.3 1.3 69.3
1.3 69.3 0.98 57.8 0.98 57.8 0.87 53.3
0.87 55.5 0.87 55.5 0.49 40.8 0.49 385
0.25 24.8 0.25 231 0.25 23.1 0.15 19.8
0.15 19.3 0.10 131 0.10 14.1 0.10 136
0.10 14.7 0.075 133 0.075 12.8 0.075 12.6
X = 4-NO,
0.18 17.8 0.18 17.8 0.18 16.9 0.16 16.9
0.16 16.5 0.16 16.5 0.13 14.7 0.13 15.4
0.13 15.9 0.094 12.6 0.094 12.8 0.094 11.6
0.072 9.37 0.072 9.90 0.072 10.7

Model 2. The general acid catalysis (Scheme 2) is expressed by the relation for ob-
served rate constant kg, in the form

Kops = kﬂA . 10PHAOTHA]

(6)

a dependence of the catalytic rate constant ky, (dm® mol=* s7%) upon the strength of
general acid being presumed. The optimization results did not confirm this presumption
(this parameter was statistically insignificant), and, in addition to it, the optimized reac-
tion constant in Eq. (3) assumes an unexpected value of p = 0.681. Since the global
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statistical characteristicss = 7.735 . 102 and AIC = —368 do not show any high-quality
fit of experimental data with the regression model either, this model can be considered
to be unsuitable and the respective process described by it to be improbable.

Model 3. Simultaneous acid catalysis with the proton and general acid (Scheme 2,
the proton and general acid playing the role of HA). This model, which proved very
satisfactory several timesin the past>??, can be described by Eq. (7), where k', = kyKry
(dm® mol ™ s1) represents a combined catalytic constant.

Kobs = Ku[H'] + K - 10°moTHA] )

From the statistical point of view, all the parameters are significant, and the global
statistical characteristics are favourable as compared with the previous models, since
$=5.190 . 1073 AIC = -953. The rate constant ki, has the value of 3.86 . 10%, whereas
the rate constant ky, is smaller, as expected, namely 5.67 . 10'. For the reaction con-
stant of dissociation of the catalyst acid we found p = 1.02, for the reaction constant
Pua = 1.06. The latter value is surprising, since it indicates that the catalyst acid is
completely dissociated in the transition state, which contradicts the principle of general
catalysis. One of possible interpretations is presented in the following model.

Model 4. Using the definition of dissociation constant, we can replace the value of
[HA] asin Eq. (8).

[HA] = [H][AT)/K, = [H'][AT] . 107P°K3 (8

With the already proved presumption of py, = p we can introduce the above relation
into Eq. (7) to obtain Eq. (9)

Kobs = Ku[H'T + kg alHI[ATT 9

where ki A (dm® mol=2 s71) represents the catalytic rate constant of decomposition of
triazene with simultaneous catalyses by the proton and conjugated base of respective
acid. At the experimental conditions used it is also [H*] = [A7], hence the reaction
could be of the second order in the proton. The optimization of parameters according to
Eq. (9) gave the following results: ky = 3.86 . 10%, Ky 5 = 4.17 . 10°, and p = 1.03,
$=5.168. 1073, AIC = —-956. These results are slightly better than those of the previous
model, but this is only due to the smaller number of parameters optimized, since the
residual sum of squares is identical with that of Model 4. As an additional regression
function we verified the relation (9) extended by the dependence of the rate constant
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Ky a Upon substituents, however the corresponding reaction constant was statistically
insignificant.

From the values of rate constants found, the reaction of the second order in the
proton can amost certainly be excluded. In principle, triazene has three centres of
protonation, but from both the resonance structures and quantum-chemical calculations®®3
it follows that the protonation can only take place at N* and N3 atoms, preferably at N*
(ref.23). Addition of a second proton is unlikely and it would lead to a lower value of
the rate constant ki, o since the diazonium salt could not be formed without splitting off
of a proton. On the other hand, the presence of a base in solution can accelerate the
splitting of protonated substrate by stabilization of the diazonium salt. As a termolecu-
lar reaction cannot be expected, the reaction probably proceedsin two steps. One of the
variants is the specific acid catalysis (Scheme 1) where the second step is accelerated
by the nucleophilic attack of conjugated base on N2 atom. In this case the rate constant
Ky A is aproduct of the equilibrium constant Ky and the proper constant of base cata-
lyzed decomposition of protonated substrate Ky, ) (dm® mol™ s™1). As the found value
iskya = 4.17 . 10°and the basicity of triazenes is low, the rate constant Kia) Must be
very high. Another possibility consists in the protonation of the more basic N atom
giving the complex Il which is stabilized by resonance and by coordination with the
conjugated base (see Scheme 3).

O] () ()
R'-NH=N-NH-R? <———= R'-NH-N-NH-R? <——— R'-NH-N=NH-R?
Ar—C00) Ar—C00) Ar—C0o0C)

ScHEME 3 II

The rate-limiting step of decomposition would consist in an intramolecular proton
transfer from one outside nitrogen atom to the other with simultaneous splitting of the
triazene chain. The measurements show that this transfer connected with tautomerism
is relatively slow in protic solvents® (in the sense of frequency of such an event).
Another possibility consists in an incomplete proton transfer to N* atom with formation
of complexes whose structure could be described by the formulas 111 and V. Probability
of formation of such groupingsis supported by the existence of associates®>3>-37, however,
their decomposition obviously does not take place®.

N N
R1—N/(+)\N—R2 R‘—N/(+)\N—R2
H H H H

0. O 5 To
| O0——C—Ar
Ar
III v
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Model 5. The specific acid catalysis with the assistance by the conjugated base in
rate-limiting step is described by Eqg. (10)

Kobs = Kra)Kru[HTIATTA(L + Key[H'D) (10)

where ki) is the above-defined constant of base catalyzed decomposition of proto-
nated substrate. This model is connected with the discussion of Models 1 and 4. The
optimization gave the following values: ky,) = 6.19 . 103, Kqy = 2.00 . 104 p = 1.04,
s$=7.80. 1073, AIC = —866. The statistical significance of this model is lower than that
of the most successful Model 4. The value of equilibrium constant K is much too
high, because in this case a decrease of pH below about 4 would have to lead to a
lowering of dope of pH profile, which however stands in contrast with the experiments
carried out so far'-141819 An extension of the numerator of the expression (10) by the
term k,[H*] led to an improvement in the fit of experimental data with the regression
model, but the constants Ky and ki) became statistically insignificant being mutually
intercorrelated.

Model 6. This model describes the operation of side equilibrium between triazene
and general acid giving a nonreactive complex. In our earlier paper?® we suggested
Eqg. (11) as the most suitable model for the reaction of 1-phenyl-3,3-dialkyltriazenes
with bulky pivalic acid

Kobs = Ku[H*1/(1 + K([HA]?) (11)

where Ky (dm® mol™) is the equilibrium constant of formation of complex. The treat-
ment of data of Table | adopting this formula gave a closefit (s = 8.66 . 1073, AIC = —-849),
but the Ky constant had a statistically significant negative value. A modification of Eg. (11)
in the sense of Model 4 gives Egs (12) and (13):

Kobs = Kra)[HTIATT/(L + K [HA]?) (12

Kobs = Krigay[HITATT/(1 + Ky [HA]) . (13

The optimization gave the following results for Eqgs (12) and (13), respectively:
$=2929.102and 1.216 . 1072, AIC = -597 and —-770. The more successful relation
(13) was extended in its numerator by the term ky[H*], however the optimization
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showed the equilibrium constant Ky to be statistically insignificant, which means a
reduction to Model 4. Hence any significant formation of nonreactive complexes could
be proved in the system studied.

CONCLUSIONS

Although a number of other models were investigated, none of them reached the quality
of the above-given ones. From Discussion it follows that Model 4 appears to be the
most suitable: it describes the mechanism of acid catalyzed decomposition of di-
aryltriazenes as one involving the protonation of substrate in a rapid pre-equilibrium
followed by decomposition of the complex formed. The intermediate with the proton
bound to N atom is more stable and is formed in higher concentration. On the other
hand, the intermediate with protonated N2 atom is less stable and is formed in very low
concentration, but it is more reactive. The solvent isotope effect found with 1,3-dialkyl-
triazenes'* more likely indicates the second variant. Irrespective of the protonation
centre, the present communication gives an important conclusion: the observed depend-
ence on the concentration of general acid need not necessarily be connected with
genera acid catalysis, but it can represent a manifestation of participation of the
nucleophile/base in the overall process of acid catalyzed decomposition in polar protic
solvents'*2°, Since the two ways of catalysis cannot be differentiated on the basis of
concentration dependences, the dependence on concentration of general acid does not
represent an unambiguous proof in favour of general acid catalysis'®, which was pres-
umed earlier>23, However, general acid catalysis most probably makes itself felt in the
decomposition of triazenes, particularly so in aprotic and little polar solvents®?2, De-
creasing solvent polarity is inevitably connected with decreased stabilization of any
polar structures during the reaction, and the importance of general acid catalysis involv-
ing the less polar transition state is increased?.
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