
INTRODUCTION

Tautomerism interconversions 1,2. have
been investigated by chemists during last decades.
Recently,study of tautomerism received renewed
attention due to its importance on the determination
of compounds properties and their area of
applications. The importance of tautomerism is
revealed more since in recent years the
investigation about tautomerism has been the major
topic in theoretical chemistry. For example,
tautomerism in keto-enol 3,4. imine–enamine 5,6.
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ABSTRACT

Computational calculations at B3LYP/CC-PVDZ  level were employed in the study of the
tautomeric forms of 4,8-dioxygenated 1,5-naphthyridine (DN) derivatives (7-CF

3
, 7-CL, 7-H, 7-

CH
3
, 7-OH) in the gas phase and solution using PCM model. For electron withdrawing and electron

releasing derivatives in the gas phase and solution DN1 form is more stable and dominant than
other forms. in the gas phase the stability order is: DN1>DN3>DN2. But in solution phase the
stability domination depends on polarity and substituent groups. In addition variation of dipole
moments and charges on atoms in the solvents are studied.

Key words: NBO analysis, PCM model, 4,8 -dioxygenated 1,5- naphthyridine, Tautomerism.

purine 7. pirimidine 8. and many other systems 9.
have been studied during the past decades.
Thereupon, compounds containing different
tautomers can be the subject of interest by
theoretical chemists 10. The density functional theory
(DFT) method where electron correlation is taken
into account by means of non- local exchange and
correlation functional is emerging as a cost-effective
alternativ sophisticated MP2 computations 11-17. In
the case of uracil, the DFT method is shown to
provide a similar vibrational mode to those obtained
at the MP2 level 18,19. DFT studies have been
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investigated by chemists during last decades by
chemist. Molecular Recognition Studies on
Naphthyridine Derivatives are reported and 1H-
NMR titrations under two different concentration
conditions have been employed to determine the
association constants  Kb .20  A series of substituted
1,8-naphthyridine derivatives were synthesized
from 4-oxo-1,4-dihydro-1,8- naphthyridine-3-
carbohydrazide. Compounds 4-11 were studied
theoretically using the density functional theory
(DFT) with B3LYP/6-31(d) level of calculations, and
the electronic properties of these compounds were
related to their biological activity. 21 A series of 4,8-
substituted 1,5-naphthyridines have been
successfully synthesised by a Suzuki cross-
coupling between 4,8-dibromo-1,5-
naphthyridine. Quantum chemical calculations
using DFT B3LYP/6-31G* showed nearly identical
the lowest unoccupied molecular e to the time
consuming and orbitals (LUMO) of -2.39 to -2.19
eV and the highest occupied molecular orbitals
(HOMO) of -5.33 to -6.84 eV. These results
demonstrate the 4,8-substituted 1,5-
naphthyridinzes with a simple architecture might
be promising blue-emitting (or blue-green-emitting)
materials, electron-transport materials and hole-
injecting/hole-transport materials for applications for
developing high-efficiency OLEDs. 22 also theoretical
treatment of vibronic coupling of 1,5-naphthyidine
have been done 23  in the present paper we studied
tautomerism of 4,8-dioxygenated 1,5-naphthyridine
in the gas phase and solution using polarisable
continuum method (PCM) at the B3LYP/6-311++G
(d,p) level of theory.

Computational methods
All these calculations were carried out on

a core i7 personal computer by means of
GAUSSIAN09 program suite . To characterize all
the optimized geometries the vibrational
frequencies for all the conformers have been done
at B3LYP levels. The stationary structures are
confirmed by ascertaining that all ground states
have only real frequencies. The tautomers were also
optimized in solvents according to the polarisable
continuum method of Tomasi and co-workers, which
exploits the generating polyhedra procedure 24–28

to build the cavity in the polarisable continuum
medium, where the solute is accommodated. Atomic
charges in all obtained using the Natural Population

Analysis (NPA) the structures were method within
the Natural Bond Orbital (NBO) approach 29.

RESULTS AND DISCUSSION

Gas phase
Structures and numbering of DN

derivatives are depicted in figure 1. and the results
of energy comparisons of three tautomers in the
gas phase and different solvents are given inTable
1. In agreement with previous results, in the gas
phase all DN1 form is more stable than other forms.
And stability order is: DN1>DN3>DN2. The major
difference between DN1 and DN2, DN3 forms in
gas phase was found for 7-H position with 16.7 kcal
mol-1. The order of stability of DN1 tautomer over
DN2 and DN3 tautomers in the gas phase is 7-OH
> 7-CF3 >7-CL > 7-CH3> 7-H This indicates that
the stability of DN2 and DN3 forms does not relate
to the nature of substituents. The calculated dipole
moments for the DNs are presented in Table 2. It is
notable that dipole at the 7th position. In all forms of
tautomers, electron releasing derivatives have
smaller dipole moments than electron withdrawing
ones. This maybe explained by consideration of
charge values on atoms of DN ring. It is well known
that in DN1, N12 ,N13 and C9 atoms carry the most
negative charge. The DN1 isomer of 7-OH derivative
has the least charge density on N12 and N13.
However as it can be seen from Table 3 in the DN2
and DN3 derivatives C2, N12 and N13 have the
most charge density and therefore charge
distribution has occurred. The calculated values
NBO charges using the Natural Population Analysis
(NPA) of optimized structures of 4,8-dioxygenated
1,5-naphthyridine derivatives are listed in Table 3.
As it was noticed previously, DNs nitrogen atom at
position 12 or 13 carry the largest negative charge
and these positions will most effectively interact with
electrophiles 30,31. There is no uniform trend for the
variation of charges to relate to the different
substituents of DN in the gas phase, Table 3.

Solvent effects
Solvent effects are relevant in tautomer

stability phenomena, since polarity differences
among tautomers can induce significant changes
in their relative energies in solution We decided to
use of PCM/B3LYP calculations to analyze the
solvent effects on tautomerism of 4,8-dioxygenated



1599HEIDARNEZHAD et al., Orient. J. Chem.,  Vol. 28(4), 1597-1604 (2012)

Table 1: Total energiesa at B3LYP/6-311++G**  in the gas phase and solvents

R Tautomer Gas(1.0) Benzene(2.2) THF(7.6) Methanol(33) Water(78.4)

CF3 DN1 -905.5337 -905.5424 -905.5479 -905.5499 -905.5503
DN2 -905.5082 -905.5202 -905.5283 -905.5314 -905.5320
DN3 -905.5167 -905.5232 -905.5271 -905.5286 -905.5288

CL DN1 -1028.0876 -1028.0961 -1028.1014 -1028.1034 -1028.1074
DN2 -1028.0617 -1028.0733 -1028.0814 -1028.0844 -1028.0850
DN3 -1028.0736 -1028.0796 -1028.0833 -1028.0847 -1028.0849

H DN1 -568.4756 -568.4835 -568.4884 -568.4902 -568.4905
DN2 -568.4489 -568.4600 -568.4675 -568.4704 -568.4709
DN3 -568.4598 -568.4657 -568.4693 -568.4706 -568.4708

CH3 DN1 -607.7958 -607.8033 -607.8081 -607.8098 -607.8101
DN2 -607.7693 -607.7798 -607.7870 -607.7898 -607.7903
DN3 -607.7789 -607.7847 -607.7883 -607.7896 -607.7898

OH DN1 -643.7060 -643.7135 -643.7182 -643.7198 -643.7201
DN2 -643.6823 -643.6923 -643.6990 -643.7015 -643.7020
DN3 -643.6849 -643.6913 -643.6953 -643.6967 -643.6969

aHartree.

Table 2: Calculated dipole moments of optimized tautomers of 4,8-dioxygenated 1,5-naphthyridine (Deby)

R Tautomer Gas(1.0) Benzene(2.2) THF(7.6) Methanol(33) Water(78.4)

CF3 DN1 2.8212 3.0857 3.2556 3.3185 3.3295
DN2 10.0189 11.6795 12.874 13.3444 13.4292
DN3 5.8159 6.5571 7.0721 7.2714 7.3072

CL DN1 1.6042 1.87 2.0542 2.1252 2.1379
DN2 9.1793 10.8629 12.0881 12.5732 12.6609
DN3 4.6097 5.3286 5.8384 6.0377 6.0735

H DN1 0.0017 0.002 0.0022 0.0023 0.0023
DN2 8.2121 9.7145 10.8116 11.2471 11.3257
DN3 2.95 3.4096 3.7388 3.8682 3.8916

CH3 DN1 0.5202 0.5539 0.5764 0.585 0.5865
DN2 7.7758 9.267 10.3652 10.8033 10.8826
DN3 2.4313 2.8282 3.1144 3.2272 3.2476

OH DN1 1.4062 1.6081 1.7516 1.8079 1.818
DN2 7.6106 8.997 10.0111 10.4141 10.487
DN3 3.0952 3.6125 3.9889 4.1381 4.1652

1,5-naphthyridine derivatives. It is important to
stress that the PCM model does not consider the
presence of explicit solvent molecules; hence
specific solute–solvent interactions are not
described and the calculated solvation effects arise
only from mutual solute–solvent electrostatic
polarization. The data presented in Table 1 show

that polar solvents increase the stability of all DNs
in compare to gas phase. In solvent phase DN1
tautomer is more stable than other forms. The plots
of relative stability of DN1, DN2 and DN3 tautomers
are depicted in Figure 2. The difference between
the total energies of DN2 and DN3 with electron
withdrawing and electron releasing substituents do
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Fig. 1:Tautomeric forms of 4,8-dioxygenated 1,5-naphthyridine

Fig. 2: Relative stability of DN1, DN2 and DN3  tautomers from left to right  respectively

Fig. 3: Dielectric constant dependence of the dipole moments of
DN1, DN2 and DN3 tautomers from left to right  respectively
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not show a regular trend when changing from gas
phase to most polar solvents (water). The electron
donating substituent at 7-OH position show a
regular decrease of in the difference between DN2
and DN3 form. For benzene with small dielectric
constant, the stability order of tautomers with CL,
CF3, H and CH3 substituent group is; DN1 > DN3 >
DN2. But for OH substituent DN3 is more stable
than DN2. But for THF the stability order of tautomers
with CF3 and OH substituent group is; DN1 > DN2
> DN3 but for CL, H and CH3 substituents DN3 is
more stable than DN2. In methanol with a relatively
high dielectic constant with CF3, CH3 and OH
substituents the stability order is;  DN1 > DN2 >
DN3, and for CL and H substituents DN3 is more
stable than DN2. However for a more polar solvent
(water) tautomer stability order is; DN1 > DN2 >
DN3 for all derivatives. The solvent represented by
a polarizable continuum is found show significant
effect on the dipole moments of the individual solute
conformers. The dipole moment as by increasing
the solvent polarity. The most significant variations
being obtained in DN2 form with 7-CF3 substituent
position for water and gas phases is 3.4103 Deby.
Plot of dipole moment of 4,8-dioxygenated 1,5-
naphthyridine derivatives vs. dielectric constants
are given in Figure 3. The curves show an
asymptotic behavior. charge distributions of dipolar

compounds are often altered significantly in the
presence of a solvent reaction field 32. We have
examined the charge distribution of tautomers in
the solvent as well as gas phase by using calculated
NBO charges. The charge distribution in solvents
with increase of polarity differently varies for any
atoms. For example, a regular decrease of negative
charge was found for N12 and N13 atoms in DN1
form when passing from gas phase to more polar
solvent water, but for the DN2 form an increase of
negative charge was obtained.

CONCLUSIONS

1. In the gas phase all DN1 form were more
stable than the Others. The order of stability
in gas phase is;DN1> DN3> DN2.    With
increase of polarity total energy of all
compounds were more negative.

2. The dipole moments of all compounds are
affected by solvent. With increase of the
polarity of solvents the dipole moments of
all DN tautomers were increased.

3. The charges on all five positions were
affected by substituents and solvents In
addition with increase of dielectric constant
a regular variation was found.
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