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Abstract
In this article, the synthesis of azo compounds with β-naphthol based on aromatic amines 

with p-substituents was studied. The reaction conditions, physicochemical properties of azo 
compounds and the structure of the resulting products were determined by spectroscopic meth-
ods. Based on the results obtained, the effect of substituents on the product yields was studied. 
The relevance of the topic is that complexes of the obtained azo compounds with metals (Ni2+, 
Cu2+) were obtained. The following azo dyes combine with metals to form bidentates.
Keywords: β-naphthol, p-Br-aniline, p-anisidine, HPLC, IK, AAS

Introduction
Azo compounds are widely used in the 

chemical industry, especially in the synthesis 
of dyes and biologically active compounds. In 
analytical chemistry, they are used as ligands 
for the synthesis of metal complexes. Organ-
ic coatings that are mainly resistant to metal 
corrosion are obtained. The synthesis of azo 
dyes is one of the most interesting reactions 
in organic chemistry. It not only has useful 
properties in everyday life, namely as dyes 
and pigments (Al-Tohamy R., 2022, Alsanta-
li R. I., 2022) but also has a unique mechanism 
that has long been an important example in 
undergraduate organic chemistry textbooks 
(Smith, J.G. 2019). Azo compounds are an 
important part of dyes, food additives, pig-
ments, indicators, textiles, pharmaceuticals, 
cosmetics and therapeutics (Al-Rubaie L. A., 
2012, Jarad A. J., Majeed I. Y., Hussein A. O., 

2018). They have also been used recently as 
precursors in the synthesis of various prod-
ucts (Zhao R., 2011) and corrosion inhibitors 
(El‐Wakiel N. A., 2016, Raja P. B., 2016).

Azo compounds have a nitrogen and ni-
trogen double bond as chromophores. These 
dyes are formed by taking a diazonium salt 
and attaching it to a  strongly activated ar-
omatic ring (Valiulin R., 2020). Azo dyes 
were synthesized by a  solvent-free room 
temperature grinding method using mag-
netic Fe3O4 nanoparticles (Zhang Y., 2011). 
Azo dye polymers were prepared by oxida-
tive polycondensation reaction of naphthol-
based azo dyes in aqueous medium using 
NaOCl oxidant. According to the results, it 
was found that the durability properties of 
azo dye monomers are better than those of 
polymers (Gür M., Kocaokutgen H., 2007). 
Mono-azo dyes are the most important type 
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of azo dyes. They are used in various fields: 
catalysis (El-Ghamry H. A. et al., 2023) su-
pramolecular systems (Ferreira G. R., 2015 
p. 13–20, Dinçalp H., 2007, p. 11–24) and 
metal sensors (Almáši M., Vilkova M., Bed-
narčík J., 2021) textile and fiber dyeing, 
which is mainly due to their adsorption ca-
pacity and absorption capacity. The remark-
able biological activity of azo ligands with O 
and N donor atoms is known for their ex-
cellent chelating ability to all types of metal 
ions. Azo ligands can be used to form com-
plex compounds containing several metal 
ions. However, the properties of the com-
plexes produced depend on the type of met-
al ion used (Zhao R., 2011, p. 3805–3809, 
Kohl M., 2023, p. 1276) Azo ligand com-
plexes have various applications in medi-
cine, including antitumor (Ferreira G. R., 
2015, p. 13–20), antimicrobial (Dinçalp H. 
et al., 2007, p. 11–24, Abd El-Lateef H. M. 
et al., 2024, p. 138016) and anti-inflam-
matory agents (Kasare M. S. et al., 2019, 
p. 3311–3323).

Experimental part
The M‑560 device was used to measure the 

liquidus temperature of the obtained product. 
IR spectra IRAffininity‑1S, Shimadzu corpo-
ration, 2020 Range: 350–7800 cm–1, HPLC: 
LC‑20 Prominence, Shimadzu corporation, 
Japan, 2020 Range: 190–600 nm, AAS: Atom-
ic absorption spectrophotometer AA‑7000, 
Shimadzu Corporation, Japan, 2020.

Results and discussions
Synthesis method
During the experiments, aromatic amines 

(p-anisidine, p-bromoaniline) with various 
substituents in the p-position were selected. 
The synthesis of the azo compound was car-
ried out via the azo addition reaction. The 
azo addition reaction proceeds in the second 
stage according to the electrophilic mecha-
nism. First, a diazotization reaction occurs, in 
which a diazonium salt is formed. In the sec-
ond stage, a weak alkaline solution of β-naph-
thol with the diazonium salt undergoes an azo 
addition reaction. These processes are carried 
out at a temperature of –5–0 °C.

The obtained product was re-filtered 
with water and recrystallized and purified. 
The structure of the products was deter-
mined using modern physical and chemical 
methods. Some physicochemical parame-
ters of the azo compounds obtained on the 
basis of the synthesis. Obtained: (1-(4‑me-
thoxyphenylazo-)-2‑naphthol) red, Melting 
point=139–142 °C, Yield 98.6%, Rf=0.65 
(1-(4‑bromophenylazo-)-2‑naphthol) dark 
red Melting point=170–173 °C, Yield 94.7%, 
Rf=0.77. TLC (System: EtAc: Pet.ester(1:3)) 
determined the Rf values. The purity of the 
obtained azo compounds was checked by 
HPLC: (1-(4‑bromophenylazo-)-2‑naphthol) 
at 8.49 min. we can see peaks with 95.49% pu-
rity, (1-(4‑methoxyphenylazo-)-2‑naphthol) 
at 14.418 min. we can see peaks with 99.986% 
purity.Reaksiyaning umumiy sxemasi:

Scheme 1.
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For the synthesis of complexes based on 
azo compounds, the salt and ligand were 
dissolved in ethanol in a  1:1 ratio and 1–2 

drops of TEA were added to the solution to 
give an alkaline medium. The solution was 
heated at boiling temperature for 3 hours 
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and purified by filtration, washed with wa-
ter. The IR spectra of the complexes of the 
obtained azo compounds (1-(4‑bromophe-

nylazo-)-2‑naphthol), (1-(4‑methoxyphe-
nylazo-)-2‑naphthol) with Ni(II) and Cu(II) 
salts are presented:

Table 2.

Azocompound ν(OH) ν(–N=N-) ν(M-O) ν(M-N)
p-BrPAN 3543 sm–1 1496 sm–1 – –
p-BrPAN-Ni(II) 3057 sm–1 1593 sm–1 663 sm–1 586 sm–1

p-BrPAN-Cu(II) 3444 sm–1 1595 sm–1 603 sm–1 545 sm–1

p-MPAN 3442sm–1 1492 sm–1 – –
p-MPAN Ni(II) 2837 sm–1 1595 sm–1 620 sm–1 547 sm–1

p-MPAN-Cu(II) 3321 sm–1 1546 sm–1 580 sm–1 559 sm–1

Scheme 2.
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The following are the atomic adsorption 
analysis spectra of the complex formed by 
(1-(4‑bromophenylazo-)-2‑naphthol) with 
Ni(2+) ion. The table shows the atomic ad-
sorption analysis (AAS) of the amount of 
nickel (Ni²+) ions. The absorptions in the 
232 nm region corresponding to Ni(2+) were 

found to be 14.0% nickel (Ni²+) in the sam-
ple. For Cu 2+, the corresponding absorption 
was determined in the 324.8 nm region and 
was 16.8% quantitatively. The advantage of 
this analysis is that it shows the same ele-
ment (metal) in the composition with high 
accuracy.

Figure 1.
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Conclusion
In this work, the synthesis of azo com-

pounds with β-naphthol based on aromatic 
amines with substituents in the p-position 
was carried out. The purity and structure of 
the obtained products were determined us-

ing HPLC and IR spectra. Metal complexes 
of Cu2+ and Ni2+ salts of the obtained azo 
compounds were obtained. Structure of the 
complexes The composition and amount of 
metals in the complex were determined us-
ing AAS
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