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TRIMERIC MECHANISM OF

PROTON TRANSFER IN IMIDAZOLE

T. J. Kikalishvili and J. A. Kereselidze

The energy, electronic, and structural characteristics of the tautomeric transformation of imidazole
were calculated by the quantum-chemical semiempirical AM1 method. It was concluded on the basis of
the calculated data that proton transfer in the tautomeric transformation 1H-imidazole →←  3H-imidazole
can take place by a trimeric mechanism.
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The tautomeric transformation 1H-imidazole →←  3H-imidazole largely arises from the mobility of the
proton at the pyrrole-type nitrogen atom. Experimental detection of the tautomeric forms is often hindered as a
result of the high exchange rate of the proton in the NH group. It is not impossible that such exchange may be
intermolecular in nature, i.e., takes place with the participation of two or more molecules of imidazole [1, 2].

The dimeric, trimeric, and tetrameric mechanisms of proton transfer in pyrazole have been confirmed by
many authors [3-6], but there are no analogous data for imidazole in the literature. This is probably due to steric
hindrance of 1H–3H proton transfer in imidazole in contrast to pyrazole, in which the nitrogen atoms are in the
ortho position.

We are proposing a trimeric mechanism for the 1H–3H tautomeric transformation, since the dimeric
mechanism is not realized for geometric reasons.
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To obtain a quantitative description of the simultaneous transfer of three protons for the case of
imidazole trimer 1 the energy, electronic, and structural characteristics of this process in the reaction
coordinates were calculated by the quantum-chemical semiempirical AM1 method. The geometry of the
tautomeric structure was fully optimized. The direct distance RNH between the end atoms in the triad of
hydrogen bonds amounts to 2.94 Å, while the angle ϕNHN = 154.3°. The distances between the hydrogen atoms
located at the center of the trimeric structure are in the range of 1.28-1.48 Å.
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Fig. 1. The dependence of the enthalpy ∆H of proton transfer in the imidazole trimer 1
on the reaction coordinate RNH.

The energy diagram of the tautomeric process is shown in Fig. 1. The high value of the enthalpy of
activation (∆∆H# = 454.4 kJ/mol) and the low value of the heat of reaction (∆∆H = 3.8 kJ/mol) form the basis of
a proposal concerning tunnel proton transfer in the imidazole trimer 1 (for the oligomer 3 ∆∆H = 3.7 kJ/mol). A
similar argument was put forward earlier [8, 9] on the basis of the discovery of an almost symmetrical two-well
potential for the intermolecular hydrogen bond HN···H in imidazole.

The constant of the tautomeric trimeric equilibrium (KT) was calculated according to formula similar to
the previously proposed formula [10]:
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where Pij
1 and Pij

2 are the values of the bond orders for the first and second terms.
We also considered an oligomeric mechanism of proton transfer in imidazole:
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For this structure it was not possible to calculate the enthalpy of activation on account of its extremely
high value, due probably to the ionic forms of the end molecules in the oligomeric chain of the imidazole 3 [9].

With regard to the dependence of the equilibrium constant on the mechanism of proton transfer the
values calculated according to Eq. (1) (for the trimer log KT = -1.96, for the oligomer log KT = -1.72) seem more
real, since the classical thermodynamic formula log KT = -∆H/2.3 RT proved insensitive to the mechanism (for
the trimer and oligomer log KT = -0.67).
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It can be concluded from the results of the quantum-chemical calculations that the 1H–3H tautomeric
transformation in imidazole takes place by a trimeric mechanism with tunnel proton transfer.
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