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89. Diazotisation Mechanism of Heteroaromatic Amines
Diazotisation of 2- Aminothiazole as an Equilibrium
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The rate of diazotisation of 2-aminothiazole was measurcd in 65 to 75% (w/w) aqueous H,SO,. The kinetic
solvent isotope effect of the diazotisation in 72% D,S0,/D,0 was determined (ky/kp = 5.8 + 0.2). These data are
consistent with a mechanism in which the 2-aminothiazole, protonated at the ring N-atom, but not at the NH,
group, is attacked by the NO™ ion. The reaction does not go to completion, but to an equilibrium. The equilibrium
concentration of the diazonium ion was determined in 30, 50, 70, and 90% (w/w) H,SO, at three initial
concentrations of reagents (0.001, 0.01, and 0.1m). The final concentrations of the reagents and the diazonium ion
are consistent with a reversible process. This is the first diazotisation for which quantitative evidence for equilibra-
tion has been found. In the very large range of acidities used (H, = —1.73 to —9.01), it was not possible to calculate
meaningful equilibrium constants that are independent of the acidity.

Introduction. — Diazotisation of five- and six-membered heteroaromatic amines has
been investigated for many years, according to Butler’s 1975 review [1] mainly for
preparative reasons. It is surprising that kinetic investigations of diazotisation of hetero-
aromatic amines have been carried out with six-membered ring compounds, e.g. amino-
pyridines [2] and 3-aminoquinoline [3], but not with the more important five-membered
heteroaromatic amines. Also, there is qualitative information on the reverse reaction of
heteroaromatic diazonium ions to the corresponding amines [4] [5] available, e.g. the
observation by Stérba and coworkers [5] that 5-phenyl-1,3,4-thiadiazole-2-diazonium ion
is transformed into 2-amino-5-phenyl-1,3,4-thiadiazole in aqueous mineral acid. How-
ever, this did not stimulate quantitative investigation of such equilibria.

We decided, therefore, to measure rate and equilibrium constants of the reaction
heteroaromatic amine + nitrous acid 2 diazonium ion as a function of reagent concentra-
tion and of acidity in H,SO,/H,O mixtures. As amine, we chose 2-aminothiazole.

Results. — All diazotisations discussed here were carried out in H,SO,/H,O mixtures at
20°. For equilibrium and kinetic measurements, 30 to 90% (w/w) and 65 to 75% (w/w)
H,SO, was used, respectively.

In heteroaromatic amines containing at least one N-atom in the 5-membered heteroring, the basicity of the
ring N-atom is much greater than that of the NH, group. For the conjugate acid of 2-aminothiazole, one finds
pK,,=5.28 [6]. The C- and '"N-NMR spectra of 2-aminothiazole in 90% H,SO, show that under these
conditions significant protonation of the amino N-atom is very unlikely [7]. To confirm these results, we measured
H-decoupled and 'H-coupled >N-NMR spectra of the amine in 96% H,SO, and CFSO,H (H, ca. —9 and —13
[8], respectively). In both solvents, the observed chemical shifts are in agreement with the published data [7]. In
addition, even at these higher acidities, the coupling constants '/(**N,H) (ca. 97 Hz) of the ring N-atom and the
narrow singuletts of the NH, group indicate protonation of the ring N-atom only and fast proton exchange (on the
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NMR time scale) at the unprotonated NH, group. Therefore, to a first approximation, diprotonation of 2-amino-
thiazole can be neglected. The pK,; value seems to be < -7'). Consequently, our kinetic and equilibrium
measurements were carried out over a range of solvent acidities in which the dominant equilibrium form is the
monocation.

The equilibrium measurements are based on concentration measurements of the
diazonium ion (/,,,, = 320 nm; no other compound in the systems absorbs at this wave-
length). All equilibrations were accomplished with equal initial concentrations of 2-ami-
nothiazole and NOHSO,. As expected, the equilibrium depends on the concentration of
the reagents and on solvent composition as shown in Table 7).

Table 1. Equilibrium Concentration of Diazonium Ion, in % of the Initial Concentrations of the Reagents
[RNH,], = [NOHSO,], and in Dependence of the Concentration of H,SO (at 20°)

[RNH,], [mol-dm™] H,S0,)
30% 50% 70% 90%
-1.73) (-3.30) (-5.82) (-9.01)
0.001 - - 8.3 (+0.3) -
0.01 45.8 60.0 52.1(+£2.3) 27.5
0.1 - - 89 (& 3) -

%) Acidity functions H, in parentheses [10].

The equilibrium concentrations of the diazonium ion given in Table I are measured
concentrations given as a percentage of the initial concentrations of 2-aminothiazole.
These percentages are lower limits of the equilibrium concentrations because diazo-
tisation of 2-aminothiazole is accompanied by some irreversible decomposition of the
diazonium ion.

For the kinetics of the diazotisation of 2-aminothiazole, we used Lefort’s method of
initial rates [11], because the reaction does not lead to 100% conversion into the diazo-
nium ion. The reaction rate constants &, and &, in Table 2 were obtained spectrophoto-
metrically by measuring the increase in the absorption of the diazonium ion at 320 nm.
The values calculated for the reaction order with respect to the two reagents in Egn. I are,
within experimental error, equal to 1. The rate dependence on h_*) is based on measure-
ments in 65, 70, 72, and 75% H,SO, (Table 2).

v==rky [RNH2]0.87, [HNOZ]O'” . ho—o.m M

In addition, the rate of diazotisation was measured in 72% D,SO,/D,0O (Table 2). A
kinetic isotope effect &;,/k, = 5.8 (+£0.2) was obtained.

!y Tt has to be emphasized that pK,, is defined with respect to the H., acidity function. However, H, is not known
for 96 % H,S0, and for CF;SO;H. The value < —7 is based on an extrapolation of the H, scale, which has
been measured only up to 82% H,SO, (H, = —5.62 [9]).

2) In this paper, R stands for the thiazole ring and Hﬁ for the thiazole ring protonated at the heterocyclic
N-atom. Numbers in parentheses are total concentrations, including all possible acid/base equilibrium forms.
Brackets are used for concentrations of the acid/base equilibrium form given. Subscripts 0 and oo refer to
initial and equilibrium concentrations, respectively.

% logh, = ~H,.
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Table 2. Rate Constants (k) for Diazotisation of 2- Aminothiazole in Aqueous H,SO4(20.0 £ 0.1%)

% (w/w) H,SO, H, (D)%) k%) [dm®-mot~t-s71
65 —-5.06 2.65(£0.12) 107!
70 —5.82 8.37 (+£0.14) 1072
72 —6.15 5.37 (x£0.09) 1072
75 —6.64 2.50 (£0.18) 1072
725 (—6.47) 9.26 (£0.22) 1073

) H, from [10], D, from [12].
% Standard deviations in parenthescs.
9 D,80,/D,0 (98 % isotope purity).

Discussion. — 1. Equilibria. The results at three initial concentrations in 70% H,SO,
(Table 1) provide good evidence for our claim that this diazotisation does not go to
completion, but leads to an equilibrium. If the concentration ratios [RNJ], /[RNH,] = r
are calculated from the percentages of [RN;] . in 70 % H,SO,, r/[RNH,], (r — 1) is expected
to be a constant ¢, which is independent of the initial concentration of reagents [RNH,],.
The result for the three levels of [RNH,], = 0.001, 0.01, and 0.10M is ¢ = 90.5 (£1.6), 106.7
(£5.1), and 85.1 (£15.9). Considering the low accuracy of the equilibrium measurements,
which is due to the competing irreversible decomposition of the diazonium salt and of the
NOHSO, (see Bayliss and Waits [13]), we think that the almost equality of the three
values of ¢ allows to assume that this diazotisation reaction leads to an equilibrium.

We tried to calculate the equilibrium constant K for this diazotisation on the basis of the equilibrium
concentrations of the diazonium ion, the amine, and the nitrosating reagent in the range 30-70% H,SOy,, but failed
for the following reasons:

a) The concentrations of H,SO, cover a range of almost 107 in acidity as shown by the H, values in Table I:
H, (30%) = —1.73, H, (90%) = —9.01 [10].

b) The overall equilibrium system includes protonation/deprotonations for which different acidity functions
have to be applied: H, and H, for the two equilibria of RNH,, Hp for NOHSO, equilibrium, as shown by See/ and
Winkler [14], and Bayliss et al. [15]*).

¢) In addition, the overall equilibrium includes an N—N bond formation/dissociation and a dehydration/
hydration of a NOH, group. No acidity functions for such processes have been determined so far.

d) We tried a completely pragmatic approach, and checked, if 9 different ‘reasonable’ overall equilibrium
equations, such as Egns. 2 and 3, yielded equilibrium constants which are independent of acidity. This approach
failed, last not least because neither activities nor concentrations of H;O" and H,O have been determined for the
whole range of 30 to 90 % H,SO,4 [17].

RNH, + NO* & RNJ + H,0 2
HRNH, + NO* 5 RN} + H;0* 3)

Accordingly, there seems to be no way to calculate an equilibrium constant for diazotisation in 30-90%
H,S0,/H,0 systems, including Cox and Yates’ excess acidity method [16} [18). This is unfortunate, because it
precludes a convincing explanation for the fact that, until now, only diazotisations of beteroaromatic amines
containing a ring N-atom in a -position to the NH, group were found (qualitatively) to be reversible. Also, no
evidence has been reported that diazotisation of aromatic amines in aqueous systems is reversible’). Erns [20]
recently examined this possibility by investigating the diazotisation of very weakly basie anilines (e.g. 2-bromo-4,6-
dinitroanilinium ion, pK, = —6.69 [10]). No indication for reversibility was found. It is difficult to compare

%) This subject has been frequently reviewed, most recently by Cox and Yates [16]. Hy is the acidity function for
the protonation/dehydration equilibrium of triarylcarbinols (see [16]).
%) There is some evidence, however, for the reversibility of aromatic diazotisation in MeOH [19].
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numerically the basicity of the NH, group in this aniline derivative with that of 2-aminothiazolium ion (pKj < —7),
because they are based on two different acidity functions, i.e. H, and H_, respectively. Nevertheless, pK,; < —7 for
the conjugatc acid of 2-aminothiazolium ion indicates that this NH, group is considerably less basic. For the
nitrosation step in the mechanism of diazotisation, it is, however, not the basicity, but the nucleophilicity of the
NH, group which determines, if the reverse reaction is detectable. In this respect, semiquantitative studies on the
reversibility of the diazotisation of other heteroaromatic amines and comparisons of the nucleophilicities of
aromatic and heteroaromatic amines might be helpful.

2. Kinetics and Reaction Mechanism. We compare the dependence of the diazotisation
kinetics of 2-aminothiazole on acidity (Table 2 and Egn. 1, rate proportional to h, ")
with that found by Challis and Ridd [21] for the diazotisation of aniline, p-toluidine, and
p-nitroaniline in the same range of H,SO,/H,O mixtures. In those reactions, the depend-
ence on h, is 1074,

Challis and Ridd explained their results as being due to a rapid nitrosation equilibrium
of the anilinium ion, followed by a slow and rate-limiting proton loss from the protonated
nitrosamine (Egns. 4-6°)) [21] [22]. In other words, the rate-determining part of such
diazotisations includes two proton transfers — a conclusion that is consistent with the rate
dependence on h,, which is 107** in H,SO, and 107! in HCIO,. This explanation is
supported by a large solvent isotope effect in D,0O: ky/kp, = 10 [21].

Ar—NH; + NO* ———»—p Ar—NH,NO + H* @)

Ar—NH,NO ———— 5 Ar—-NHNO + H* (5
slow

Ar—NHNO ——»—» Ar—N} (6)
fast

In our case, the deuterium isotope effect k,,/k, = 5.8 (£0.2) is significantly lower than that
for the diazotisation of aniline: the rate dependence on h, and the isotope effect indicate
strongly that in the rate-determining part of the 2-aminothiazole diazotisation only one
proton transfer is involved”)®). It is likely, therefore, that the aminothiazolium ion
HRNH, is nitrosated. The modification of Ridd’s mechanism that we published recently
[24] is not relevant for 2-aminothiazole, because it is not the NH; ion which is nitrosated.

We thank Prof. E. Buncel, Queen’s University, Kingston, Canada, Prof. E. Heilbronner, University of Basle,
Prof. A.R. Katritzky, University of Florida, Gainsville, and Dr. M. D. Ravenscroft, postdoctoral fellow at ETH
Zurich (1982-85), for helpful discussions.

%  Double arrows indicate more than one mcchanistic step for the given reaction.

"y The result that the powers of h, in the kinetic equations used by Challis and Ridd for aromatic amines and by
us for 2-aminothiazole are not —2.00 and —1.00, but slightly different, is well known, because acidity functions
are based on equilibria and not on kinetics.

$)  As the diazotisation ratcs of aniline and 2-aminothiazole are dependent on acidity, the calculation of kp
should be based on D,,. We did not do thal, because our isotope effect measurement had to be compared with
that of Challis and Ridd for aniline. The fact that their isotope effect is clearly larger than ours is the only
relevant result for our mechanistic interpretation. D, for D,SO,/D,0 was measured by Hégfeldt and Bigelei-
sen [23] and by Wyatt and coworkers [12].
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Experimental Part

Syntheses. 2-Aminothiazole was obtained by a modification of the method of Traumann, i.e. by cycloconden-
sation of chloroacetaldehyde with thiourea [25]. Instead of 1,2-dichloroethy! ethyl ether, 436 g (0.35 mol) of
chloroacetaldehyde dimethyl acetal (Fluka, purum 98°%) and a trace of TsOH was added to a soln. of 22.84 g (0.30
mol) thiourea in 270 ml of H,0 and refluxed until the acetal disappeared. The mixture was neutralised with 12 g of
NaOH, evaporated under vacuum, extracted four times with Et,0 and the product recrystallized twice from
CH,Cl;: 11.1 g (37%). M.p. 88.5-89.5° ([25]: 90°).

Kinetic Measurements. All kinetic runs were made at 20.0 & 0.1°. The calculated amount of 2-aminothiazole
was dissolved in 5 ml of aq. H,SOy, of the respective concentration (w/w) at 0°. The reaction was started by addition
of NOHSOQ,, obtained by the method of Fierz-David and Blangey [26]. After exactly 1 min, ice cooling was replaced
by a water bath maintained at 20.0 + 0.1°. Visible decomposition was never observed by this procedure. After 4
min, an aliquot was transferred to a 0.01-cm UV cell. The extinction at 320 nm (maximum of the thiazole-2-diazo-
nium ion) was measured after 5 min. Initial concentrations of 2-aminothiazole and NOHSO, varied in the range of
0.01-0.04M; the ratio of the two reagents varied from 1:4 to 4:1. H,SO, concentrations are given in Table 2. Details
of experiments and their evaluation have been already published [27a].

The experiments for the determination of the kinetic isotope effect were carried out in D,SO,/D,0, made from
1.50 g D,SO, 96% (Ciba-Geigy, 98 % isotopic purity) and 0.50 g D,O (99 %).

Dediazoniation of Thiazole-2-diazonium Ion. We determined dediazoniation rates at 30, 50, 70, and 90%
H,S0,. The rates were measured spectrophotometrically in 30, 50, 70, and 90% H,SO, at 20.0 + 0.1° by following
the decrease of the maximum of the diazonium ion at 320 nm as discussed above. They are the same within a factor
of 2.4 (highest in 30% H,SO,, lowest in 90 % H,SO,). Details are described in [27b].

Equilibrium Measurements. Equilibria were determined by measuring the extinction of the thiazole-2-diazo-
nium-ion absorption at 320 nm in reagent solns. which were prepared as for the kinetic experiments. In 30-70%
H,SO,, the equilibrium is attained within ca. 1 h, but in 90 % H,SO, only after 4 days. Therefore, dediazoniation
has some influence. The concentrations of the diazonium ion (see Table 1) are, therefore, lower limits.

The true equilibria are a little higher in 30 to 70 % H,SO,. They may be significantly higher in 90% H,SO, due
to the long reaction time (4 days) necessary to reach equilibrium.

S N-NMR spectra were run on a Bruker AM 300-W B spectrometer, in 10-mm tubes with field stabilization and
refencing with the help of a D,OQ/'""NH,!*NO; capillary.
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