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For 5(6)-substituted benzimidazoles, for which direct intramolecular interactions between the amidine moiety and

substituent are absent, the pKT values calculated by the AM1 method are well reproduced by differences in the

transmission of substituent electronic effects: pKT � (5.0820.22)�� � (0.0020.01); these differences result mainly from

different transmission of resonance effect: pKT � (0.0420.12)saÿ (0.3620.10)�Fÿ (1.7620.30)�R � (0.0020.06).

Although it is well known that compounds containing
the amidine moiety (±NH±CR.N±) display prototropic
tautomerism1,2 investigations on the acid±base and tauto-
meric equilibria by experimental methods are exceptionally
di�cult, because tautomerisation is a very fast reaction.3

Fortunately, theoretical methods permit us to study separ-
ately for each tautomer its structure and physicochemical
properties. Recently, Austin Model 1 (AM1)4 has success-
fully been applied to the prediction of tautomeric equili-
brium constants (pKT) in cyclic amidine systems.5±8 Due
to intramolecular interactions between the amidine moiety
and substituent exceptionally high pKT values have been
observed for 4(5)-substituted imidazoles containing hetero-
atom(s) and/or p electrons in the substituent.7

To eliminate these direct interactions, AM1 calculations
have been performed for 5(6)-substituted benzimidazoles
(Scheme 1). For our investigations, derivatives with X � H,
Me, F, Cl, C/CH, CN and NO2 have been chosen, for
which rotational isomerism is not possible or has no
signi®cant in¯uence on the pKT. Moreover the intra-
molecular interactions between substituent X and the CH
group in the phenyl ring possible for derivatives with
heteroatom(s) and/or p electrons are the same for the
neutral (T1 and T2) and protonated forms even in the case
of the nitro derivative, for which these interactions are
considerably higher (Scheme 2). They have no direct e�ect
on the tautomerizing amidine moiety in the imidazole ring.
Therefore the in¯uence of substituent electronic e�ects on
the pKT can be observed.

Aci-nitro forms possible for nitro derivatives have not
been considered in the general scheme of acid±base and
tautomeric equilibria, because their DHf8 values are higher
by 30±50 kcal molÿ1 than those of tautomeric forms T1 and
T2 given in Scheme 1. So large di�erences in the DHf8 values
indicate that the percentage content of aci-nitro forms in
the tautomeric mixture is less than 1�10ÿ20%.
For our calculations the same program and procedure

as previously described6,7,9 were used. DHf8, PA and DPE
values obtained are the summarised in Table 1. The PA
calculated for unsubstituted derivative (224.1 kcal molÿ1)
is close to the experimental one10 (227 kcal molÿ1) with an
error (2.9 kcal molÿ1) smaller than the average error of the
AM1 method for nitrogen bases (25.8 kcal molÿ1).9

The pKT values resulting from the di�erence between the
basicity or acidity parameters of T1 and T2 were calculated
from eqn. (1) in which it was assumed that the TDS term
for the proton-transfer reactions is the same for T1 and T2

and thus can be neglected.7

1:3643pKT � DHf8�T1� ÿ DHf8�T2� �1�
The calculated pKT values are given in Table 2. For the
nitro derivative MINDO/3 calculations11 give almost the
same results (pKT=ÿ 0.26, 65% of 5- and 35% of 6-isomer)
as AM1. Calculations show that for 5(6)-substituted benzi-
midazoles both tautomers are present in the tautomeric
mixture in quantities which may be detected experimentally.
Unfortunately, there are no experimental data in the
literature for tautomerizing benzimidazoles in the gas phase,
and no comparison can be made. Only gas-phase basicities
were measured for unsubstituted and non-tautomerizing 1-
and 2-substituted benzimidazoles.10,12

In solution, the pKT values estimated by direct (NMR)
and indirect (basicity measurements) methods for Me, Cl
and NO2 derivatives are close to zero.1,13±16 The thermo-
dynamic stability of tautomer T1 is almost the same as T2,
similarly to what has been found in the gas phase. This
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suggests that the solvation of the amidine group and
substituent has no important in¯uence on the pKT values.
To con®rm this suggestion the respective analysis of sub-
stituent and solvation e�ects should be performed. However
there are not enough data to perform this kind of analysis.
The calculated pKT values reproduce well the general rule

of the basicity/acidity method. The tautomer which has
smaller basicity (smaller PA value) and smaller acidity
(higher DPE value) predominates in the tautomeric mixture.
The T1 with substituent X in the 5-position (meta-position
to the site of protonation and para-position to the site
of deprotonation) is preferred for C/CH, CN and NO2

derivatives, and the T2 with substituent in the 6-position
( para-position to the site of protonation and meta-position
to the site of deprotonation) is slightly favoured for Me and
halogen derivatives. This is in good agreement with the
di�erences between the gas-phase substituent constants sm
and sp proposed by Taft and co-workers.17 The Ds values
(Ds � smÿ sp) are positive for the resonance electron
donating groups: Me (0.02), F (0.06) and Cl (0.02), and they
are negative for the resonance electron accepting groups:
CN (ÿ0.04) and NO2 (ÿ0.06). The calculated pKT values
correlate well with the Ds values. The following regression
line is found (n � 6, r � 0.996, s � 0.02):

pKT � �5:0820:22�Ds� �0:0020:01� �2�
This means that for 5(6)-substituted benzimidazoles, in
which extra intramolecular interactions with the tautomeriz-
ing amidine moiety are absent, the pKT values are well
reproduced by the di�erences in the transmission of elec-
tronic e�ects of the substituent in the 5- and 6-position. To
®nd which partial substituent e�ects, polarizability,
®eld/inductive and/or resonance e�ect, is more important,
quantitative analysis based on the equation proposed by
Taft and Topsom18 has been performed. The following
regression line is found (n � 7, r � 0.974, s � 0.065):

pKT � �0:0420:12�sa ÿ �0:3620:10�sF
ÿ �1:7620:30�sR � �0:0020:06� �3�

The pKT values result mainly from the di�erent transmission
of the substituent resonance e�ect from 5- and 6-position.
The calculated rR (1.76) is about ®ve times higher than the

rF (0.36). The transmission of the substituent polarizability
e�ect is the same for both positions and has no in¯uence on
the pKT values. The ra (0.04) is close to zero and thus can
be neglected in eqn. (3).
In the case of 4(5)-substituted imidazoles containing

substituents in the `ortho-position' to the site of protonation
(4-substituted derivatives) or in the `ortho-position' to the
site of deprotonation (5-substituted derivatives) the sub-
stituent ®eld/inductive e�ect is found to be a very important
contribution to pKT.

7 For derivatives without extra intra-
molecular interactions the pKT values depend mainly on
the substituent polarizability and ®eld/inductive e�ects [see
eqn. (9)(a) in ref. 7]. This means that for substituents in the
`ortho-position' to the site of protonation or deprotonation
in imidazoles the transmission of the substituent resonance
e�ect is almost the same and has only a slight in¯uence on
the pKT values.
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Table 2 Tautomeric equilibrium constants (pKT)
and percentage contents of each tautomer for
5(6)-substituted benzimidazoles

X pKT % (T1) % (T2)

H 0 50 50
Me 0.08 46 54
F 0.33 32 68
Cl 0.08 46 54
C/CH ÿ0.04 52 48
CN ÿ0.21 62 38
NO2 ÿ0.29 66 34

Table 1 Heats of formation (DHf8), proton affinities (PA) and deprotonation enthalpies (DPE) calculated at the AM1 level in the gas
phase for 5(6)-substituted benzimidazoles and their ions given in Scheme 1 (in kcal molÿ1, 1 cal � 4.184 J)

DHf8/kcal molÿ1 PA/kcal molÿ1 DPE/kcal molÿ1

X T1 T2 Cation Anion T1 T2 T1 T2

H 66.9 210.0 39.4 224.1 340.0
Me 59.4 59.3 201.2 31.9 225.4 225.3 339.7 339.8
F 22.3 21.8 169.1 ÿ10.4 220.3 219.9 334.6 335.0
Cl 60.1 60.0 206.4 27.1 221.5 221.4 334.2 334.3
C/CH 121.5 121.6 265.1 89.6 223.6 223.7 335.2 335.2
CN 98.2 98.5 248.6 60.4 216.9 217.1 329.4 329.1
NO2 70.1 70.5 226.2 25.1 211.1 211.5 322.2 321.8
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