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Abstract

The tautomerism between enol and inone forms of 1-phenylazo-2-
naphthol is discussed in this work. The density functional theory (DFT) method is
used at the level of B3LYP/6-31+G(d,p) for computations and it showed good
agreement with the experimental data qualitatively. Generally quinone forms (of
studied compounds) are more stable than naphthol forms. Electron attracting groups
move the equilibrium also towards quinone form while releasing groups move the
equilibrium to the naphthol form. The polarity of solvents does not have significant

effect on the equilibrium.

Introduction

Intramolecular proton transfer in the ground and/or excited state of Schiff bases
has important consequences on their electronic structure which can be exploited for their
thermochromic and/or photochromic behavior,"? the design of molecular electronic
devices,® as well as their suitability as agents in photodynamic cancer therapy.*
Furthermore, intramolecular hydrogen bonding in 1,3-diketones, /-enaminones or
ketohydrazones>’ and related heterodienes® is of fundamental importance in the theory of
hydrogen-bonding.®™* Closely related to this enol-imine — keto-amine tautomerism of
Schiff bases with similar practical consequences is the azo-hydrazo tautomerism in the

analogous arylazo phenol derivatives.? In continuation of our previous work on the azo —
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hydrazo and/or enol-imine keto-amine tautomerism in phenylazonaphthols and
naphthaldehyde Schiff bases,*® here we present the results of a computational study
concerning the substituent effects (structural influence) and environment (solvents
effects) on the tautomeric equilibria of 1-(4-R-phenylazo)-2-naphthol by density
functional theory calculations. Computed data will be compared with available

experimental data.

R=H, CN, NO,, OMe, NMe;
Figure 1
The main emphasis of this work is to assess the influence on the tautomeric
equilibrium of the nature of substituents (both electron donors and acceptors) as well as
the polarity and the hydrogen bond accepting/donating ability of the solvents (CH3CN,
CH30H, CHCls;, and CCl,). The substituents chosen are shown in Figure 1.

Computational details

The program Gaussian 03 has been employed for all computations.** (evaluation of
geometries and energies)

Geometries were fully optimized at the B3LYP 6-31+G(d,p) level of theory.
Solvent effects (CH3CN, CH3OH, CHCI3, and CCl,) were estimated by B3LYP 6-
31+G(d,p) optimization using the Integral Equation Formalism of the Polarized
Continuum Model (IEF-PCM).*

All structures were characterized as true minima frequency calculations.
Thermodynamic quantities were obtained through standard harmonic oscillator-rigid

rotator treatments.




Results and Discussion
Structures

The lowest energy structures for both tautomers of the unsubstituted parent

compound, obtained by B3LYP/6-31+G(d,p) calculations, are shown in Figure 2.

Figure 2 Calculated (B3LYP/6-31+G(d,p) lowest energy structures of azo and
hydrazo tautomers of 1-phenylazo-2-naphthol

The values of some selected bond distances, bond angles and dihedral angles
(geometric data) of 1-(4-dimethylaminophenylazo)-2-naphthol (experimental from

ccDC and computed) are presented in Table A.




Table A: Experimental & computed bond lengths (in angstroms), bond angles &
torsion angles (in degrees)

Bond Exp. Calc. Bond Exp. Calc. Torsion Angle  Exp. Calc.
Length Angle

C4-Nyg 1392 1.389 C;3-O57-Hz;  103.81  105.87 C4-Nig-Nig-Cypo  179.7 -179.9
N1g-N1g 1286 1.278 C4C3-Oy; 12213 12198 C3-C4-Nyg-Nyg  -0.9 0.2
C3-017 1.337 1.340 Ni5-C4-Cs 12517 124.05 Ng-C4-C3-Oy; -11 -0.1
O17-Ha 1.002 1.006 Nijo-Nyjg-C4 11471 116.76 C4-C3-Oy7-Hzy 0.4 -0.0
N;9-Hsy 1.614 1.647 Nig-Nig-Cyo 116.88 116.92  Nyg-N;g-Cp-Cpy  -177.1 -179.7

The experimental values are approximately equal to the computed data, hence the

comparison of computed data with experimental show the reliability of results.

Relative energies

The computed relative Gibbs free energies of phenol (azo) and quinone (hydrazo)
forms,
AG,. = AG(azo) — AG(hydrazo)

are presented in Table B.

Table B: Computed relative Gibbs free energies (kcal mol™)

Compounds pﬁgse CH;CN CH3;0OH CHCl; CCly
NMe; -1.17 0.49 0.43 -0.03 -0.28
OCHjs 0.05 1.63 1.64 1.12 0.65

H 0.94 2.42 2.45 1.95 1.51
CN 1.28 291 2.92 2.32 1.96
NO; 1.49 3.44 3.48 2.80 2.29

According to the calculated Gibbs free energies electron attracting substituents

should shift the equilibrium towards the quinone form (AG,. > 0), while electron




donating substituents preferentially stabilize the phenol tautomer (AG,.; < AG,.; (R = H)).
Irrespective of the nature of the substituents, polar solvents shift the azo-hydrazo

tautomeric equilibrium towards the hydrazo (quinone) form.

The experimental tautomerization constants K, defined by
Kt = [hydrazo]/[az0]
of 1-phenylazo-2-naphthol and its derivatives, obtained via *C NMR*® measurements,

are presented in Table C.

Table C: The experimental K+ values

Compounds CDsCN CDCl; CCly
H 2.188 2.587 1.692
NO, a a 19.755
OEt 0.813 0.734 0.49
NMe, 0.236 0.382 0.248

“a” only quinone form detectable

Experimental tautomerization constants Ky are qualitatively in line with the
computed AG,,; —values: increase of hydrazo tautomer in more polar solvents, e.g. Ky in
CCly vs. Kty in CD3CN for R = H. NOy, and OEt; shift of the tautomeric equilibrium
towards azo and hydrazo forms by electron donating (R = OEt, NMe,) and electron
withdrawing substituents (R = NOy), respectively.

So far, Kt — values determined by U/Vis spectroscopy are available only for the
unsubstituted derivative.* They differ substantially from those determined by NMR: Ky =
0.66 (CH3CN), 1.463 (CHCIs), 0.56 (CCl,), and 1.551 (CH3OH); a more recent value in
CH3OH is obtained as Ky = 0.83.

Atoms-in-Molecules (AI1M) analysis?®
Since intramolecular hydrogen-bonding is a prominent feature in o-hydroxy azo
benzenes and the analogous Schiff bases, we have analyzed the strength of this

intramolecular hydrogen bonding by means of the atoms-in-molecule procedure.




Relevant data (electron density at bond critical points, pgcp, and the respective
Laplacians, VZpgcp) are given in Table X. In general, the greater the value of electron
density at a certain bond critical point (BCP), pscp, the stronger is interaction between
two atoms forming this bond, no matter what kind of interaction (bond) it is. In the case
of covalent bonds the Laplacian, VZpgcp, adopts negative values, while positive values of
Vpecp characterize closed shell interaction.

An analysis of the electron density measured at H-bond BCPs suggests that O-H...N bond
is relatively stronger then N-H...O.

Table D Results of the AIM analysis for the unsubstituted derivative (R = H)
in CH3OH.

bond O-H (N-H) H...N (H...0)
PBCP V2 pace PBCP V2 pece
Azo-tautomer 0.3108 -1.6780 0.0655 0.1284
Hydrazo-tautomer 0.3236  -1.7488 0.0460 0.1418
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Figure 3. Molecular graph of the system under discussion; big circles correspond to
attractors, small ones to the bond critical points (BCPs, red colour) and the ring critical




points (RCPs, yellow colour). Tautomeric form with O-H...N hydrogen bond has been
selected. Bond path with corresponding BCP can be observed for H...N interaction.

Conclusion

The relative energy values of all studied compounds show that electron attracting
substituents leads the equilibrium towards quinone form and vice versa. The polarity of
the solvent also has a little effect on the stability and decreasing in the polarity shifts the
equilibrium towards phenolic form. It can be conclude from the results that greater
stability of quinoid form in polar solvents is due to stronger H-bonding between the

oxygen and the hydrogen of polar solvents.
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