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Abstract

This study involved the synthesis of eighteen new azo dyes via diazotization
reactions of aromatic amines substituted with carboxylic groups, followed by
coupling with resorcinol or B-naphthol. The aim was to investigate the effect of
chemical structure and substituents on the physical, chemical, and biological
properties of these dyes. The synthesized compounds exhibited clear variations in
their visible colors, wavelengths of maximum absorption, and melting points,
reflecting the influence of electronic delocalization and the m-conjugation system
on their spectral behavior.

The prepared dyes were characterized using spectroscopic techniques, including
Fourier Transform Infrared Spectroscopy (FT-IR) and Carbon-13 Nuclear Magnetic
Resonance (*C-NMR). The results confirmed the proposed chemical structures
through the identification of characteristic functional groups and chemical shift
patterns consistent with the expected molecular structures.

The acidic ionization behavior of the dyes was studied by experimentally
determining pKa values using spectroscopic analysis in ethanol medium, applying
the Henderson—Hasselbalch equation based on changes in absorbance with pH.
Theoretical pKa values were also calculated using quantum chemical methods
within the Gaussian program, employing the semi-empirical PM3 method and
Hartree—Fock (HF) theory, while considering solvation effects and the electronic
stability of ionized and non-ionized species. A good agreement was observed
between theoretical and experimental values, with an error margin of less than 5%,
indicating the reliability of the applied theoretical models in simulating the actual
behavior of the compounds.

Thermodynamic functions were also calculated, particularly the standard Gibbs
free energy (AG?®), and their relationship with ionization constants and chemical
structure was analyzed. The results showed that variations in AG® values are
directly related to the nature and position of substituents on the aromatic ring, as
well as to electronic conjugation and resonance stabilization of ionized forms,
which clearly influence the acidity and spectral behavior of the compounds.

Furthermore, the biological activity of seven selected azo dyes was evaluated
through the investigation of their pharmacokinetic properties (ADME/ADMET)
using the SwissADME program. The analysis included predictions of absorption,
distribution, metabolism, and excretion, in addition to potential toxicity
assessment. Their interactions with major cytochrome P450 enzymes (CYP1A2,
CYP2CI19, CYP2C9, and CYP2D6) were also studied based on binding energies
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and molecular interaction patterns. The results indicated varying inhibitory effects
on these enzymes, while no significant permeability across the blood—brain barrier
or interaction with P-glycoprotein was observed. This suggests promising
pharmacological properties for some of these compounds, with variations in
enzyme interaction profiles.

The findings of this study contribute to a deeper understanding of the relationship
between chemical structure, ionization constants, and free energy in azo dyes.
They also highlight the importance of integrating theoretical and experimental
approaches in predicting the physicochemical and biological properties of
compounds. These results open new prospects for designing azo dyes with
improved properties and potential applications in chemical, biological, and
pharmaceutical fields.
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