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Stabilization energies at enol, keto, and transition state
structures of 2-(2-hydroxyphenyl)benzimidazole in several types
of solvents are systematically examined by quantum chemistry
calculations. The solvent effects on the stability of keto are
discussed and it has been shown that the keto form on the ground
state does not have a local minimum in any type of solvents.

Proton transfer is one of the most fundamental processes
which occurs in various chemical and biological systems.
In 2-(2-hydroxyphenyl)benzimidazole (HPBI), intramolecular
proton-transfer reaction takes place on the first excited state
potential energy surface (PES).!~ In various kinds of isomers of
HPBI, enol is the most stable on the ground state PES, on the
other hand, keto form is the most stable in the first excited state
(Figure 1). After photoexcitation of enol, proton transfer takes
place on the first excited state and then keto form is generated.
Because this feature and properties of the ground and excited
state PESs are similar to the phototautomerization reaction of
DNA base pairs, the proton-transfer reaction in HPBI systems
has been vigorously examined.'”’

Although the keto form is the global minimum on the first
excited state PES, it is not clear that the keto form on the ground
state PES has a local minimum or not. When we consider
HPBI as a model of DNA base pair, the stability of keto form is
an important problem. Recently, Chipem et al. theoretically
examined the stability of keto form and suggested that the
existence of keto form on the ground state in gas phase. They
also indicated that the keto form is stabilized in the solvents with
larger polarity.®

In this letter, we systematically examine the effects of
polarities of solvent on the stabilization energies of the HPBI
enol and keto forms on the ground state and discuss the
activation energies of proton transfer and the reverse reaction.

All the calculations in this letter were performed with
Gaussian 09 package using B3LYP and 6-314-G(d,p) basis set.’
Solvent stabilization effects were evaluated by using the
polarizable continuum model (PCM).!® All the computations
were performed using the Research Center for Computational
Science, Okazaki, Japan. We examined nine types of solvents
with different dielectric constants listed in Table 1.
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Figure 1. Isomeric forms of HPBI, (a) enol and (b) keto are
shown.

Chem. Lett. 2012, 41, 672-673

© 2012 The Chemical Society of Japan

The geometries of enol and keto structures were optimized
in these solvents. In our calculation, the local minimum
corresponding to keto without solvent cannot be found in spite
of the better basis set than that of the previous work.?

The energies of enol, keto, and transition state of HPBI on
the ground state are shown in Figure 2a. All the energies are

Table 1. Examined solvents with dielectric constants

Solvent Dielectric constant
Argon 1.43
1-Hexyne 2.61
Bromobenzene 5.39
Dichloroethane 10.12
Acetone 20.49
1,2-Ethanediol 40.24
Water 78.35
Formamide 108.94
Methylformamide mixture 181.56
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Figure 2. Energy diagrams of enol, transition state, and keto

on the ground state in several types of solvents, (a) without and
(b) with zero-point energy corrections, respectively.
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Figure 3. Relative coordinates Rog — Rny for enol, transition
state, and keto are shown.

measured from the energy of the most stable structure (enol) in
the gas phase. The stationary points of keto exist in the presence
of any solvent. In addition, as the dielectric constants of the
solvent increase, the energies of enol, keto, and transition state
become lower. The dipole moments of enol and keto forms are
3.9 and 6.0 D, respectively. Because of the larger dipole moment
of keto, the stabilization energy of keto is larger than that of enol
and transition state. Therefore, the larger dielectric constants of
the solvents make the activation energy of tautomerization
reaction from enol to keto decrease and that of the reverse
reaction increase.

The structures of enol, keto, and transition state are also
affected by the dielectric constants of solvents. To examine the
proton position, we examine the difference of distances between
the transferring proton and phenolic oxygen, Roy, and between
the proton and imidazole nitrogen, Ryy. In Figure 3, Rogy — Rnu
for enol, keto, and transition state structures are shown as a
function of the dielectric constants of solvents. For enol and
keto, Rog — Rnu becomes larger as the dielectric constants
increase. It means that the proton position moves from phenolic
oxygen to imidazole nitrogen. On the other hand, Roy — Rny for
transition state becomes shorter. It shows that the proton between
phenolic oxygen and imidazole nitrogen comes close to oxygen.
These phenomena can be also understood by considering the
larger dipole moment of keto on the ground state. The schematic
pictures of PES are shown in Figure 4. Here we assume that
potential profiles (curvatures) around enol and keto do not
change and only their energies shift due to solvent effects. The
solid lines show PESs for enol and keto in solvent with small
dielectric constant. The dashed lines are PESs for enol and keto
in solvent of large dielectric constant. Both enol and keto
become stable and PESs for enol and keto shift to the lower right
as yellow arrows show. As we mentioned above, the stabiliza-
tion energies of keto are larger than that of enol, the intersection
between PESs for enol and keto (it corresponds to transition
state) shifts to the lower left as a red arrow shows in Figure 4.

However, by considering the zero-point vibrational energies
(ZPE), potential profiles change drastically. Energies of enol,
transition state, and keto forms with ZPE correction are shown
in Figure 2b. When ZPE is considered, the barriers for proton
transfer disappear because the ZPE of keto is larger than that of
transition state in any solvent. Although unharmonic effects on
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Figure 4. A schematic picture of PESs for enol and keto. The
solid and dashed lines show PESs in solvents with small and
large dielectric constants, respectively.

ZPE correction may be important, this result suggests that keto
does not have a local minimum.

Although keto in the gas phase has no local minimum in our
calculations, we show that the ground state PES has local
minimum at keto form with the higher level of calculation in all
solvents. This is consistent with the previous calculations of
Chipem et al.® However, when ZPE are considered, these local
minima disappear in all solvents. Therefore, based on our
calculations, we conclude that keto form is not stable on the
ground state PES.
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Ministry of Education, Culture, Sports, Science and Technology.
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