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Abstract The tautomerization mechanism the isolated and
monohydrated forms of two Schiff bases 1 and 2, and the
effect of solvation on the proton transfer from enol-imine
form to the keto-enamine form have been investigated
using the B3LYP hybrid density functional method at the 6-
31G** basis set level. The barrier heights for H2O-assisted
reactions are significantly lower than that of unassisted
tautomerization reaction in the gas phase. Nonspecific
solvent effects have also been taken into account by using
the continuum model (IPCM) of four different solvent. The
tautomerization energies and the potential energy barriers
are decreased by increasing solvent polarity.
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Introduction

Proton tautomerism is a general phenomenon in organic
molecules and has a vital role in many fields of chemistry
and biochemistry. The study of ground state intramolecular
proton (hydrogen) transfer (IPT) reactions have received
increasing attention in recent years aiming at the character-
ization of a large number of compounds in which rapid
hydrogen migration occurs both in solution and in solid
state. Reversible solid state thermal reactions are of interest

due to their potential usage as a basis for optical data
storage devices [1–3].

Salicilidine aniline and its derivatives are among the
earliest examples of a chemical system involving IPT. A
prototropic tautomeric attitude has been recognized in a
number of aromatic Schiff bases [4–11]. 2-Hydroxy schiff
base ligands are of interest mainly due to the existence of
OH....N and NH....O type hydrogen bonds and tautomerism
between the enol imine and keto-enamine forms. 2-
Hydroxy schiff base ligands and their complexes derived
from the reaction of salicylaldehyde and 2-hydroxy-1-
naphthaldehyde with amines have been extensively studied
[12–17] and a group of them were common as models for
biological systems [18–22]. Tautomerism in 2-hydroxy
Schiff bases both in solution and in solid state were
investigated using different spectroscopic techniques [23–
40] and theoretical methods [41, 42]. In the spectra of
solutions of these compounds, different Schiff bases have
been studied in both polar and non-polar solvents [23–25,
27, 43–46]. In the solid state, salicylidine anilines take part
mostly in the enol-imine tautomeric form. In naphthaldi-
mines both forms are possible and OH....N and NH....O
intramolecular hydrogen bonds may occur [29, 39, 47–49].
The keto-enamine tautomer is always observed when the
Schiff base is derived from 2-hydroxy naphthaldehyde and
aniline, on the other hand the keto-enamine form was not
observed in polar and non-polar solvents but was noted
after acid addition [4, 34, 50, 51].

In the present work, we have studied IPTof the Schiff bases
formed by 2-aminopyridine with 2-hydroxy-1- naphthalde-
hyde and 2-hydroxy salicylaldehyde (Scheme 1, 1 and 2) in
order to compare the hydrogen bonding and tautomerism in
these compounds. Particular attention is given to solvent
effects and to the comparison of the available experimental

J Mol Model (2009) 15:223–232
DOI 10.1007/s00894-008-0397-6

N. Tezer (*) :N. Karakus
Faculty of Arts and Science, Chemistry Department,
Cumhuriyet University,
58140 Sivas, Turkey
e-mail: ntezer@cumhuriyet.edu.tr



data. The full discussion and comparison between two
molecules will be the subject of the forthcoming letter.

Method

The ground state geometries of the reactants, transition
states and products for tautomerization of the isolated and
monohydrated complexes are optimized by using the most
popular B3LYP [52–54] method applying the 6-31G**
basis sets without any symmetry restrictions in the gas
phase. The vibrational frequencies have been obtained at
the same level for the characterization of the local minimum
and the transition states (corresponding to a single negative
eigenvalue of the Hessian). The Nonspecific solvent effects
of the solvent medium were studied by means of the IPCM
[55] model. The IPCM model has been used for energy
calculations with a different dielectric constants (ɛ=4.9,
CHCl3; ɛ=24.55, C2H5OH; ɛ=46.7, DMSO; ɛ=78.54,
H2O). For the specific solvent effects like H-bonds,
calculations with the inclusion of one water molecule as
solvent to the enol-, keto- forms and TS structures have
been carried out. We have performed calculations at the
same level of theory for the complexes. Basis set
superposition error (BSSE) is calculated using MASSAGE
keyword. The electronic structures of the stationary points
were analyzed by the natural bond orbital (NBO) [56, 57]
method. All calculations were carried out with the Gaussian
03 program package [58].

Results and discussion

Structures

DFT calculations at the B3LYP/6-31G** level have been
performed for the tautomeric equilibria of two Schiff bases,

N-(2-pyridil)-salicylidene (1) and N-(2-pyridil)-2-oxo-1-
naphthylidenemethylamine (2). The compounds, shown in
Scheme 1, exist as enol-imine (E) and keto-enamine (K)
tautomeric forms. First, we started our investigation to find
the most convenient conformation of the title compounds in
the gas phase. To determine the conformational energy
profiles (for the E forms), the optimized geometries were
kept fixed, and values of the DFT energies were calculated
as the functions of the torsion angles θ1(N2C5N1C6) and
θ2(C12C7C6N1) from 0° to 360°, varied every 30°. The
results were illustrated in Fig. 1. The molecular energies
were calculated as a function of each torsional angle (θ),
keeping the other torsional angles constant. The optimized
torsion angles θ1 and θ2 of the Schiff bases 1E and 2E are
0.00°, −179.99° and −0.05°, 179.98°, respectively. The
energy profile as the function of θ1 shows one maxima near
180° because of the steric interactions between H2 and H
(C4) atoms. The conformational energy as a function of θ2
shows a maxima near 90°. The interaction between the N
lone pair and π-electrons of the rotated phenyl ring or
naphthyl ring might contribute to the conformational energy
of enol forms.

Table 1 shows the important geometrical parameters of
ach tautomeric and transition state (TS) forms. Compared to
the experimental data [59], the calculated geometries at this
level had small average errors in bond lengths and in bond
angles. The optimized geometrical parameters indicate that
two forms of the Schiff bases 1 and 2 are whole planar,
which are in agreement with the experimental and semi-
empirical values [59, 60]. The planarity of the structures is
attributed to (a) the orientation of the pyridine ring: the
hetero N-atom is cis with respect to the H2 and (b) the
strong intramolecular H-bond, which locks the salicylaldi-
mine group. In these planar molecules, there is no strain
between the hetero N-atom and H2 (distance N2....H2 is
2.3–2.4 Å in the keto-enamine and enol-imine forms). The
experimental value is 2.5 Å [60].

N

N

H

O
H

......

1TS

1E

N

N

H

O

H.....

1K

O

N

N

H

......

H

2TS

2E

O

N

N

H.....

H

2K

Scheme 1 Intramolecular pro-
ton transfer process of studied
Schiff bases

224 J Mol Model (2009) 15:223–232



The N-O distance apparently gives a good indication of
H-bond strengths, whereas the N-H lengthening due to
strong H-bond formation is small or even irrelevant [61].
According to the numerical values of bond lengths and
interatomic distances, the intramolecular OH....N hydrogen
bond in 2 (1.616 Å) seems to be stronger than the
intramolecular hydrogen bond in 1 (1.705 Å). It has a
shorter donor- acceptor distance in 2E (2.541 Å) than those
of the hydrogen bond in 1E (2.611 Å). Also the H....acceptor
distances are in line with this conclusion (see Fig. 2).

In the enol-imine forms, the C8-O1 bond lengths 1.334–
1.330 Å are smaller than the single bond in phenol’s
(1.343 Å) and greater than the double bond in ketones
(1.210 Å) [62–65]. In the structure of the Schiff base ligand
2, when the enol-imine form is transformed into the keto-
enamine form, an appreciable increase in the C=N distance
(about 0.04 Å) and a concomitant decrease in the C-O
distance (about 0.07 Å) is observed. The shortening in the
C-O bond length can be explained by the quinoiodal
structure (keto-enamine form) as in the 2-hydroxy-1-
naphthaldimine derivatives [39, 40, 66, 67]. The C6-N1

and C8-O1 bond lengths are consistent with similar
compounds [68–71].

The proton transfer reaction E → K has been considered.
For the enol-imine forms of the two compounds, the bond
lengths (C8-O1, C8-C7, C7-C6, C6-N1) are between single

bond length and double bond length, which indicates that a
conjugative system is composed of O1, C8, C7, C6, N1 and
H1. The conjugative effect also exists in the compound
keto-enamine forms. The transfer of hydrogen atom from
N1 to O1 atom is accompanied by a rearrangement of
the whole six-membered ring, and substantial changes
are observed in the carbon-oxygen and carbon-nitrogen
bonds.

The transition states, shown in Fig. 2, are found to be
planar. Their geometries are listed in Table 1. The transition
states for intramolecular proton transfer was calculated, and
the first saddle point existence was confirmed. The distance
between oxygen and hydrogen (O1-H1) enlarges, while the
one between nitrogen and hydrogen (N1-H1) reduces on the
proton transfer 1E → 1TS → 1K and 2E → 2TS → 2K.
The N1-H1 and O1-H1 distance for 1TS is 1.198 Å and
1.288 Å, respectively. It can be concluded that the O-H bond
is broken and N-H bond is formed during the proton transfer
process in the Schiff base ligand 1. Considering 2TS, the N-
H bond is broken and O-H bond is formed (The N1-H1 and
O1-H1 distance is 1.242 Å and 1.227 Å, respectively). In the
proton transfer E → TS → K; C8-O1 and C7-C6 distances
decrease, and the C8-O7 and C6-N1 distances increase, while
the angle <C7C8O1 decreases first and then increases. The
<C6N1H1 angle become larger on E → K transfer, while the
angle <C8O1H1 becomes shorter.
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Fig. 1 Calculated conformation energies for optimized structures (1E and 2E) of θ1 and θ2 torsion angles
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Stabilizations and tautomerization energies

The tautomerization energy calculated as a difference in
energy between tautomers and transition states in the gas
phase and solutions are presented in Fig. 3. For the
compound 1, the enol form is computed to be more stable
than the keto form in the gas phase and in solutions.
Naphthyl derivative exhibits a different behavior. In the
case of compound 2, the keto form (2K) was computed to
be more stable than the enol form (2E). Previously, the
tautomeric behavior of compounds naphthylidene anilines
differ considerably from that of corresponding salycylidene
anilines [33, 72], which exist mainly in the E-form at room
temperature, even in polar solvents. The UV-visible spectra
of some 2-hydroxy schiff bases were also studied in polar
and non-polar solvents [12, 73]. The keto-enamine tauto-
mer is always observed when the schiff bases are derived
from 2-hydroxy naphthaldehyde and aniline. For the schiff
bases derived from salicylaldehyde and aniline, the keto-
enamine form was not observed in polar and non-polar
solvents, but was noted after acid addition. Such a
difference could be caused by the loss of aromaticity in
going from E to K form, while in compound 2 this effect is
compensated by the transfer of aromaticity within the

naphthalene fragment. In the compound 1, the number of
delocalized electrons in the tautomeric phenyl ring is
reduced from six to four in going to the K form because
two of those electrons are engaged in the strong C=N and
C=O bonds. Thus, the phenyl ring loses much of its
aromaticity. In the naphthalene compound 2 this effect is
compensated by the second aromatic ring. Our gas-phase
calculations indicated that 1E → 1K tautomerization
reaction has an electronic endothermicity of 3.75 kcal/mol
and an activation energy of 5.19 kcal/mol. The comparison
of the hydrogen-bond distances of these tautomers reveals
the contraction of the O....N distance (Table 1). In contrast
for 2E → 2K tautomerization process showed that the
reaction has an electronic exothermicity of −0.39 kcal/mol
an activation energy of 2.57 kcal/mol. The hydrogen-bond
distances of the two tautomers reveals the expand of the
O....N distance. The calculations predict the O....N distance
to be 2.51 Å in 2E, which is shorter by 0.070 Å than the
value calculated for 1E. In addition, the N....H distance is
considerably shorter in 2E form than the 1E form. One of
these results we predict is the existence of weak intramo-
lecular hydrogen bond in 1E. The gas phase calculations
clarify that compound 1 prefers O-H form and the
compound 2 prefers the N-H form.

Table 1 Selected optimized geometries for all species in the gas phase

1E 1TS 1K 2E 2TS 2K

Bond lenghs (Å)
N1-H1 1.705 1.198 1.048 1.616 1.242 1.039
N1-C5 1.407 1.399 1.398 1.405 1.398 1.396
N2-C5 1.342 1.339 1.336 1.342 1.340 1.337
O1-H1 1.000 1.288 1.660 1.014 1.227 1.683
O1-C8 1.338 1.293 1.264 1.330 (1.279) 1.296 1.259 (1.263)
O1-N1 2.611 2.416 2.564 2.541 (2.518) 2.399 2.559 (2.586)
C7-C8 1.426 1.452 1.470 1.416 (1.436) 1.439 1.470 (1.445)
C7-C6 1.444 1.413 1.393 1.439 (1.392) 1.414 1.388 (1.380)
C6-N1 1.298 1.320 1.337 1.304 (1.317) 1.321 1.343 (1.330)
Bond angles ( 0 )
<C8O1H1 106.86 103.46 103.55 106.62 103.99 104.36
<C6N1H1 99.84 105.85 111.44 100.65 104.87 112.33
<C7O8O1 121.77 120.82 122.08 122.36 (122.70) 121.45 122.73 (122.30)
<C7C6N1 121.74 119.15 121.79 121.77 119.84 123.03
<C6C7C8 121.27 118.18 119.84 119.26 (118.40) 117.16 118.65 (119.60)
<O1H1N1 148.51 141.30 149.34 (136.06) 138.89 (137.09)
<C6N1C5 123.20 124.20
<N2C5N1C6 0.00 0.00 0.00 −0.05 (−0.95) 0.00 −0.02 (−3.18)
<C5N1C6C7 −179.99 179.99 179.99 179.98 (179.39) 180.00 180.00 (−178.53)
<C7C8O1H1 0.00 0.01 −0.05 0.00 0.00 0.00
<C12C7C8O1 179.99 179.99 −179.97 −179.98 (−179.67) 180.00 −179.99 (177.84)
<C6C7C8O1 0.00 0.00 0.00 0.02 (5.45) 0.00 0.01 (−0.29)
<C12C7C6N1 −179.99 −179.99 −179.99 179.98 180.00 −179.99

Available experimental data are also given in parenthesis (taken from [59]). For numbering of the atoms see Fig. 2
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Solvent effects

The standard approach of the IPCM (without any explicit
solvent molecules), as it is used here, appears to be a good
first step in the theoretical investigation of the effect of
solvent on tautomeric equilibrium of Schiff bases 1 and 2.
The energy of each tautomer in the presence of a
continuous solvent dielectric was explored to determine
the effects of a solvents dielectric on the tautomer energy
differences. All the species were stabilized by the dielectric
constant of the solvent.

As it can be seen from Fig. 3, the tautomeric equilibrium
of 1 is in favor of the enol-imine form, the equilibrium of 2
is in favor of the keto-enamine form both gas phase and
solutions. These results agree with the experimental find-
ings of Nazir et al. [59] In their studies 1HNMR data for
compound 1 showed that the tautomeric equilibrium
favored the enol-imine in CDCI3. The compound 2 shifts
to the keto-enamine form in CDCI3.

The energy difference between 1E and 1K tautomers
decreases on going polar medium. The barrier height of the
proton transfer 1E → 1K diminishes considerably from
CHCl3 to more polar solvent. The keto-enamine form was
also considerably stabilized by the solvation as shown
(Figs. 3 and 4). The higher solvation energy (ΔEs) of the
1K form results in the lower energy difference between the
1K and 1E forms. In addition, the computed dipol moment
of 1K is larger than those of 1E in different solvents
(Table 2). In the process of intramolecular proton transfer,
the dipol moments increase notably both 1E → 1K and
2E → 2K, which is agreement with variation trend of the
stability and the barrier height of proton transfer reaction.
Considering the definition μ=ρ.l, where “ρ” is the charge of
the molecule and “l” is the distance between the positive
charge center and the negative charge center of the
molecule, the variance of charge is very important for the
dipole moment. It can be presupposed that the polar
solution will facilitate the intramolecular proton transfer
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process of 1 and 2, as it is seen in Fig. 3 the barrier to E → K
process decreases with the increases of solvent polarity.

The energy difference between 2E and 2K tautomers is
very small (0.39 kcal/mol) in the gas phase. The difference
increases in the polar environment, i.e., 2K form is
2.52 kcal/mol more stable than the 2E in H2O. The effect
of solvation was greater on the 2K tautomer than on the 2E
tautomer. Samely, the effect of solvation was greater on the
1K tautomer than on the 1E. The values of dipole
moments, reported in the Table 2, are responsible for the
larger stabilization of these forms (1K and 2K) with respect
to the gas phase calculations. The introduction of a solvent
dielectric constant induces an increase in the dipole of the
molecule, which occurs in a greater extent on the keto
tautomers. As the solvent dielectric increases, a linear
increase in the dipole is observed for each tautomer, since
each of the keto forms has a higher dipol moment than the
enol forms. Clearly, the keto forms have a greater solvation
stabilization energy than the corresponding enol forms.
While the energy difference of 2K and 2E tautomers was
increased by 2.13 kcal/mol, the energy difference of 1E and
1K tautomers was decreased by 1.99 kcal/mol from gas
phase to the most polar solvent (Fig. 4, Table 2). It is clear
that an increase in the dielectric constants increases the
stability of 1TS, but decreases the stability of 2TS. The
heights of the calculated barriers of the 2E → 2K process
slightly increase with increasing solvent polarity.

M.Asiri and co-workers [74] studied tautomerism in
compounds 1 and 2 by using, IR, 1H-NMR and UV-visible
spectroscopy. The results have suggested that the anils
prepared from 2-amino substituted pyridine exist mainly in

enol form. On the other hand, compound 2 exists as a
mixture of enol and keto form. Thus, this and other [59]
experimental data is in very good agreement with our gas
phase and IPCM calculations for these compounds. In order
to gauge the possible importance of some specific solvent
effects like H-bonds, calculations with the inclusion of one
water molecule as solvent (see Fig. 5), to the enol-, keto-
forms and TS structures have been carried out. We have
performed calculations at the same level of theory for the
complexes. The values of calculated uncorrected interaction
energies, Eint and corrected interaction energies, Eint,cp are
given in the Table 3. The interaction energies were
corrected for basisset superposition error (BSSE) at the
B3LYP level using an approximation to the Boys- Bernardi
counterpoise method [75] as per the details given below:

Eint ¼ E Að ÞmþE Bð Þm�E ABð Þ
BSSE ¼ E Að Þm�E Að ÞcþE Bð Þm�E Bð Þc
Eint;cp ¼ Eint � BSSE:

Where E(X) (X= A, B, AB) is the energy of molecules
A, B or the complex AB. The superscript c or m refers
either to the complex centered (c) or single molecule (m)
basis set that is used to calculate the energy. It should be
kept in mind that the geometry of A or B obtained in the
optimized bimolecular system is not optimal for the isolated
monomer and it exhibits a higher energy arrangement. So
the energies of A and B were calculated at the optimized
geometries of isolated molecules, keeping the ghost basis of
the corresponding other molecule at the optimized geom-
etry of the complex. Thus the calculation depends on the
geometry of the complex.

Suprisingly, the complex 1K+H2O was found to be
0.36 kcal/mol more stable than the 1E+H2O complex. The
calculated O....N distance (2.548 Å) in 1E indicates a
medium strong H-bond. For 1K, this distance is 2.617 Å.

4.52 

2.29

0.0 

4.35 

1.85 

0.0 

4.33 

1.79

0.0 

0.0 

4.32 

1.76

0.0
0.36 

2.92 

1K+H2O 

1TS+H2O 

1E+H2O 

0.0

2.96

0.39

2K 

2TS 

2E 

0.0

4.90

1.87 
0.0 

5.55

2.41

0.0

5.61 

2.48

0.0

0.0

5.64 

2.52

0.0

4.84 
3.99

2E+H2O 

2K+H2O 

H2O 

DMSO 

C2H5OH 

CHCl3 

Gas 

2TS+H2O 

1E 

5.19 

3.75
1TS 

1K

Fig. 3 Energy diagram in various solvents (IPCM) model and in the
gas phase for isolated tautomers and water complexes

Dielectric Constant

 E
s=

E
ga

s-
E

so
lv

. (
kc

al
/m

ol
) 

-14

-12

-10

-8

-6

-4

-2

0

1E

1K

1TS

2E

2K

2TS

1.0 4.90 24.55 46.70 78.54

Fig. 4 Solvation energies (ΔEs) in kcal/mol for tautomers and TSs

228 J Mol Model (2009) 15:223–232



As is seen from the data in Fig. 5, the complex 1K+H2O is
lower in energy because it has a stronger hydrogen bond
and a higher interaction energy. The complex 2E+H2O was
found in calculation as 3.99 kcal/mol higher in energy than
2K+H2O. Considering the interaction distance water and
Schiff base monomer, for the Schiff base 1, in the keto-
enamine form H1....OH2 (R=2.547 Å ) and O1...H2O (R=
1.88 Å ) preferable while in the enol-imine form H1....OH2

(R=2.670 Å ) and O1...H2O (R=2.137 Å ) interaction
stabilizes more the anil-solvent system. Seemingly, the

H1....OH2 and O1....H2O distances in 2K are nearly 0.222 Å
and 0.175 Å, respectively, shorter than the same distance in
2E. It has been found that the keto-enamine form is more
stable. ΔEs in the IPCM field shows that the interaction
between solvent and Schiff base monomer is the most
stabilizing for the keto-enamine form in water and other
polar solvent, which again is in very good agreement with
the experimental results. The values of imaginary frequen-
cies associated with the transition states of the monomer
and complex were calculated as −1074.25 cm−1 and

Table 2 Dipol moments (in debye) and solvation energy ΔEs=Egas-Esolv. (kcal/mol) of both tautomeric forms in the gas phase and different
solvents

Gas phase CHCl3 C2H5OH DMSO H2O

μ ΔEs μ ΔEs μ ΔEs μ ΔEs μ

1E 1.81 −5.46 2.46 −7.62 2.73 −7.92 2.76 −8.06 2.78
1K 3.28 −6.92 4.30 −9.52 4.68 −9.88 4.74 −10.05 4.76
1TS 2.71 −6.13 3.27 −8.46 3.49 −8.78 3.52 −8.93 3.53
2E 1.26 −6.46 1.70 −9.29 1.97 −9.70 2.01 −9.89 2.02
2K 2.48 −7.95 3.23 −11.31 3.65 −11.79 3.71 −12.02 3.74
2TS 1.74 −6.01 1.92 −8.72 1.92 −9.14 1.94 −9.34 1.96
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−1109.50 cm−1 for molecule 1 and to be −1154.80 cm−1

and −998.98 cm−1 for molecule 2, respectively. For the 1E
1K process, the barrier of the monomer is 5.19 kcal/mol in
the gas phase and 4.32 kcal/mol in the water solutions, the
barrier decreases to 1.56 kcal/mol and, when the Schiff base

1 complexes with one water molecule. For the 2E 2K
process the barrier in the gas phase and in the solution was
calculated as 4.90 and 3.12 kcal/mol for the monomer, and
0.85 kcal/mol for the complexes. Therefore, the tautomeri-
zation mediated by hydrogen bonding to a water molecule,
so the so-called “solvent assisted proton transfer reaction”
[76, 77] significantly lower the reaction barrier. Moreover,
the barrier of 1+H2O complex is higher than those of the
2+H2O complex. Probably, due to stronger hydrogen
bonding interaction on of the 2+H2O complex. Strength-
ening of the distance O1H...N and weakening of the
distance NH...O1 by polar solvents concomitant shift of
the tautomeric equilibrium toward the keto-enamine form.

Transition structures correspond with a intramolecular
hydrogen transfer between N1 and O1 atoms. The large

Table 3 Interaction energies (in kcal/mol) of complexes

Structure Eint BSSE Eint,cp

1E + H2O 7.44 3.62 3.82
1TS + H2O 10.13 4.10 6.21
1K + H2O 11.55 3.92 7.63
2E + H2O 7.37 3.62 3.75
2TS + H2O 9.10 3.95 5.15
2K + H2O 10.98 3.94 7.04
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Fig. 6 Selected NBO and Mul-
liken (in parenthesis) charge
populations of isolated and
monohydrated tautomers
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value of the relative energies of these TSs in the gas phase
prevents the transformation between the different tauto-
mers. It is important to remark that larger value of barrier
heights can be diminished by the inclusion of the discrete
water molecules acting as the bifunctional catalyst. There-
fore, the separete tautomers may not interconvert readily,
but they probably do very rapidly in real water.

Charges

NBO charge distribution was also analyzed according to the
results calculated at the B3LYP/6-31G** level. The
selected NBO and Mulliken charge distribution is shown
in Fig. 6. For analyzing these results, it would be useful to
follow the evolution of charge separation along the reaction
path. We have considered the charge on labile hydrogen H1,
O1 and N1 and so on. The Mulliken and NBO charge
populations show that there is a high positive charge on the
hydrogen atom during the process in all cases, which could
suggest that the reaction corresponds to a proton transfer.
And the proton transfer proceeds through a three-center
interaction. As we all know, the net charge of donor oxygen
is expected to increase in a typical proton transfer process,
whereas that of the acceptor nitrogen is expected to
decrease. It can be seen from Fig. 6 that the net charges
of donor oxygen decreases, on the contrary, the charge of
acceptor nitrogen increases during the E → K process. The
population of charge for the donor oxygen is much larger
than that of the acceptor nitrogen. So, there is a π-electronic
transfer from the donor oxygen to the acceptor nitrogen
through the conjugated π-system. In addition, the charge
population of active hydrogen and acceptor nitrogen in a
2E form is larger than that in the 1E form. So, the hydrogen
transfers in compound 2 more easiliy than that in
compound 1, and the interaction between active hydrogen
and acceptor nitrogen (E → K) will be propitious to the
dissociation of hydrogen, that is, its acidic character
increases in the enol-imine form. The charge on labile
hydrogen H1 decreases during the process of intramolecular
proton transfer and its positive charge becomes more
positive in the enol-imine forms.

Conclusions

The molecular structures and intramolecular proton transfer
reaction for the title compounds are theoretically investi-
gated with ab initio method as well as the density functional
theory. The results showed that the keto-enamine from 2E
is dominant in both the gas phase and all dielectric media.
The energy barrier of proton transfer is predicted to be
2,57 kcal/mol for the 2E → 2K tautomerization in the gas
phase. However, in the polar medium, these barrier

decreases to 0.85 kcal/mol through a solvent assisted
proton transfer process mediated by a specific water
molecule and tautomeric equilibrium in which the keto-
enamine form dominates is quickly reached.

In the case of Schiff base monomer 1, the enol-imine
form is more stable in the gas phase and keto-enamine form
is considerably stabilized by increasing solvent polarity and
favored with the inclusion of one water molecule. The
height of the barriers of tautomerization 1E → 1K
considerable decrease with increasing solvent polarity.
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