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Abstract: Pyrazole azo dyes have received significant attention due to their structural diversity, vibrant 
coloration, and multifunctional properties. The unique electronic and steric properties of pyrazoles enable 
its dual functionality as both diazo components and coupling agents, leading to a wide variety of azo 
derivatives with tailored chromophoric and physicochemical characteristics. Numerous studies reviewed 
herein highlighted their promising roles in textiles, optoelectronics, sensors, and biomedical fields. The 
review emphasizes the role of computational chemistry, especially DFT-based approaches, in predicting 
and validating structural and optical parameters, thereby guiding the rational design of next-generation 
dyes. Overall, this comprehensive overview underscores the potential of pyrazole azo dyes as versatile 
compounds for advanced scientific and industrial applications, while encouraging further exploration 
toward sustainable synthesis and targeted functionality.

Keywords: Diazo Compounds, Computational Chemistry, Cytotoxicity, Solvatochromism, Substituent 
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Introduction 

Aromatic and heterocyclic azo dyes 
differ primarily in their molecular 
structure, which make them highly 
stable and commonly used in textile 
dyes1, 2 printing inks and plastics3. 
These dyes typically produce bright red, 
orange, and yellow shades due to their 
strong conjugation systems4. However, 
their solubility in water is often low, 
requiring modifications for effective 
applications. Literature reports revealed 

that the water solubility of azo dyes 
may be increased by the addition of 
heteroatom, such as nitrogen, oxygen, or 
sulfur, in the aromatic ring of an azo dyes 
due to enhanced polarity and hydrogen 
bonding. The dipole interactions make 
the dye more hydrophilic compared 
to purely benzene-based azo dyes 
and make them more suitable for 
aqueous applications5. Apart from the 
introduction of heteroatom in the ring, 
further modifications such as sulfonation 
or carboxylation may also be done for 
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optimal performance in industrial and 
commercial applications6-9.
Nitrogen-containing heterocyclic azo 
dyes are superior to oxygen and sulfur-
based azo dyes due to their higher 
stability, better solubility, stronger color 
intensity, and broader applications. 
Their low toxicity also makes them 
ideal for biomedical and food-related 
applications10 while their photostability 
ensures long-lasting colors in textiles, 
coatings, and UV-resistant materials11. 
Their applications have also percolated 
into various fields such as LCD (liquid 
crystalline displays), advanced materials, 
optics, storage devices, polymers and food 
colors and in organic synthesis12-15.  It 
is also reported that diazole (1-3) derived 
azo dyes exhibit a pronounced redshift 
compared to simple aromatic systems, 
making them highly valuable for various 
industrial, biomedical, and technological 
applications16-17. 
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Pyrazole play a crucial role in azo dye 
synthesis by serving as either diazo 
components or coupling agents. When 
used as diazo components (contain 
free amine (-NH₂) groups), undergo 
diazotization to form diazonium salts, 
which can then couple with nucleophilic 
substrates to produce stable azo dyes. 
These dyes often exhibit enhanced 
thermal stability, pH sensitivity, and 
bioactivity due to the electronic effects 
of the ring. Alternatively, when pyrazole 

act as coupling agents, their active 
positions or heteroatoms participate 
in azo coupling reactions, influencing 
dye properties such as solubility, 
photostability, and bathochromic shifts. 
This dual functionality make these azo 
dyes valuable in various applications, 
including textiles, biological staining, 
pH sensors, and pharmaceuticals12-17. 
The present review focuses on literature 
reports from 2000 onward, highlighting 
the dual role of pyrazole as both diazo 
components and coupling agents in azo 
dye synthesis along with the methodology 
used. Accordingly, this section is divided 
into two sub sections:

Use of pyrazole as a coupling 
component

Pavlov I. V. et al. studied diazotization 
reactions of 5-aminopyrazoles (4) by 
sodium nitrite in acetic acid, leading to 
pyrazolyl-5-diazonium salts (5) as an 
intermediate. Due to the presence of 
3,4-dimethyloxyphenyl group at position 
4 of amino pyrazole, the reaction does 
not stopped at diazotization step and 
immediately underwent intramolecular 
cyclisation to form 1,3-disubstituted-7,8-
dimethoxypyrazolo[3,4-c]cinnolines 

(6). Use of H2SO4 in the reaction instead 
of AcOH, formed the stable diazonium 
salt (5) which was further coupled with 
electron rich aromatic compounds i.e. 
N,N-dimethyl aniline and β-naphthol to 
form pyrazole substituted azo dyes (7, 
8). These dyes exhibited high stability 
and found effective for coloring natural 
and synthetic fibres under standard 
conditions in Scheme 1.18-21
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Scheme 1. Synthesis of pyrazole 
substituted azo dyes 

H.F. Rizk et al. successfully synthesized 
of a series of 3-substituted-5-
arylazopyrazoles (13, 14) using NaNO2 
and H2SO4 as a diazotizing agent at low 
temperature. The diazonium salt (10) 
coupled with two electron donating 
groups i.e. phenols (11) and 4-amino-
5-hydroxynaphthalene-2,7-disulphonic 
acid (12). 

The synthesized dyes were characterized 
by elemental analysis and spectral data 
and further investigated for their dyeing 
characteristics on cotton, wool, polyester, 
and wool/polyester blend fabrics. The 
dyed fabrics displayed very good to 
excellent washing, perspiration, light 
and sublimation fastness and moderate 
to excellent dry and wet rubbing fastness 
in Scheme 2.22-27
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Scheme 2. Synthesis of 3-substituted 
5-arylazopyrazoles

Karci et al. diazotized 5-amino-4-arylazo-
3-methyl-1H/1phenyl-pyrazoles (15) 
using NaNO2 and HCl at low temperature. 
which was further coupled with active 
methylene groups i.e. malononitrile 
(17), ethyl benzoylacetate (18) and ethyl 
acetoacetate (19) as a coupling agent to 
synthesize a series of forty-eight bisazo 
dyes (23-26) respectively. 

The synthesized dyes were characterized 
by elemental analysis and spectral 
methods. Solvent, substituent and 
acid–base influence on the wavelength 
of maximum absorption have been 
studied.28-32 The absorption maxima 
of these dyes were studied in various 
solvents, and the effects of acidic and 
alkaline solutions on their absorption 
spectra was also investigated. The 
absorption spectra of these bisazo dyes in 
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methanol were found to be quite sensitive 
to the addition of base. The dyes exhibited 
solvatochromic effects, with most dyes 
showing single tautomeric forms. The 
synthesized dyes having chloro or 
methoxy groups as a substituent showed 
significant antibacterial, antifungal 
activity in Scheme 3.34-37
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Scheme 3. Synthesis of disperse bisazo 
dyes

Using the same methodology, Karci also 
synthesized a series of forty-four disperse 
bisazo dyes (33-36) by the reaction of 
(27) with azo heterocycles (29, 30) and 
benzopyrones (31, 32) as a coupling 
agent. The dyes were characterized using 
UV–Vis, FT-IR, 1H NMR, and elemental 
analysis. The effects of acid and base on 
the visible absorption spectra in different 
solvents were also explored. Theoretical 
vibrational frequencies, along with 1H 
NMR chemical shifts calculated using 
the Gauge-Independent Atomic Orbital 
(GIAO) method, were compared to 
experimental data. 

DFT calculations provided insights into 
the electronic and optical properties, 

including absorption wavelengths, 
excitation energy, dipole moments, 
and charge transfer behavior. HOMO-
LUMO energy gaps revealed that dye 
(33) had a smaller gap, suggesting 
potential charge transfer, and the dipole 
moments were more responsive to 
polar molecules. Antimicrobial studies 
revealed broad-spectrum activity, with 
these dyes (34-36) showed promising 
antimicrobial potential and displayed 
selective activity against *S. faecalis*. 
Most dyes demonstrated fungicidal 
effects, particularly against *C. utilis*, 
suggesting potential applications for 
other pathogenic *Candida* species. The 
all-synthesized dyes were also applied to 
polyester and polyamide fibers as disperse 
dyes and used in biological–medical and 
complexation studies in Scheme 4.38-40
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Scheme 4. Synthesis of disperse bisazo 
dyes

Instead of aryl group at position 4 in 
compound (27), Karci F. et al. introduced 
the azole group (37) and carried out 
the similar reaction using 3-cyano-6-
hydroxy-4-methyl-2-pyridone (30) as 
a coupling agent. The synthesized ten 
novel bisazo dyes were characterized by 
elemental analysis and spectral methods. 

The solvatochromic behavior of the dyes 
in various solvents was evaluated, the 
effect of substituent, acid and base on 
the visible absorption maxima was also 
reported. The introduction of electron-
donating groups i.e. methyl and methoxy 
group into the azole ring resulted 
bathochromic shifts in all solvents 
predominantly. Dyes (39a-e) were 
found as a mixture of tautomeric forms 
and an anionic form in basic solutions. 
Furthermore, dyes (39f-j) showed single 
tautomeric form in all used solvents in 
Scheme 5.41-43
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Scheme 5. Synthesis of 5-amino-
3-methyl-4-hetarylazo-1h/phenyl-
pyrazoles

The use of active methylene groups i.e. 
barbituric (42a) and thiobarbituric (42b) 
acid, 2-hetarylpyrimidine-4,6-dione 
(43a-b), 4-hydroxy-6-methylpyridin-

2(1H)-one (44a), 4-hydroxy-6-
methyl-2H-pyran-2-one (44b),1,3-
thiazolidine-2,4-dione (45a), 2-thioxo-
1,3-thiazolidin-4 one (45b) was also 
reported by Ledenyova I. V. et al. in the 
diazotization reaction of 3-methyl-4-
phenyl-1H-pyrazol-5-amine (40) using 
NaNO2 and hydrochloric acid. Total 
eight new pyrazolyl azo derivatives 

were synthesized and characterized by 
the spectral and analytical techniques in 
Scheme 6.44-48
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Scheme 6. Synthesis of azo pyrazolyl 
derivatives

Jathi K. et al. synthesized new disperse 
azo dye (54) through diazotization of 
4-amino-1,5-dimethyl-2-phenyl-1H-
3(2H)-one (51) by NaNO2 and HCl at 



Chemistry & Biology Interface Vol. 15 (5), July - August 202561

Chemistry & Biology Interface, 2025, 15, 4, 56-66

0-5°C and further coupling with (E)-1-
((benzylideneamino)(phenyl)methyl)
napthalen-2-ol (53) The synthesized dye 
was characterized by various physico-
chemical techniques. The structure of 
dye was optimized using DFT with the 
B3LYP method at a 6-31g basis set. 
The HOMO-LUMO energy, IR, and 
UV-Visible spectra were obtained and 
compared with experimental results47-52. 

Cyclic voltammetry on a glassy carbon 
electrode revealed the dyes exhibited 
irreversible redox behavior, involving a 
two-step reduction to form hydrazo and 
primary amines. The overall electrode 
process involved a 4e⁻/4H⁺ transfer, was 
diffusion-controlled, and the reduction 
peak potential decreased with increasing 
sulfuric acid concentration in DMF in 
Scheme 7.
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Use of pyrazole as a coupling 
component

Karci F. et al. described the synthesis 

and spectroscopic properties of a series 
of thirty-five novel disperse bisazo dyes 
and four 3-methyl-1H/phenyl-pyrazolin-
5-one (55) including pyrazole rings. In 
this synthesis, 5-amino-4-arylazo-3-
methyl-1H/phenyl-pyrazoles (27) were 
diazotized using NaNO2 and HCl at 
0-5℃ coupled with 3 amino-5-hydroxy-
1H/phenylpyrazole (54) to give disperse 
and bisazo dyes (55) respectively. 

The newly synthesized disperse bisazo 
dyes were characterized by elemental 
analysis and spectral methods. The 
solvatochromic behavior of these 
disperse bisazo dyes in various solvents 
showed bathochromic shifts in most 
polar solvents, such as DMSO and 
DMF. Substituent, acid and base 
effects on the visible absorption 
spectra of the disperse bisazo dyes 
substituted with electron-withdrawing 
and electron-donating groups at their 
o-, m-, p-position were also reported. 
It was observed that the absorption 
spectra of these dyes in methanol were 
quite sensitive to the addition of base. 
The vibration frequencies, optimized 
molecular structure and corresponding 
vibration assignments of dyes (55) have 
been calculated using DFT method 
at 6-31G+(d,p) basis set level. The 
calculated shielding constants, vibration 
frequencies and visible absorption values 
were found to be in good agreement with 
experiment values for these compounds. 
Antimicrobial studies revealed broad-
spectrum activity, with these dyes 
(55) showing promising antimicrobial 
potential and displaying selective activity 
against *S. faecalis*. Karabacak C. et 
al. reported53-58 that the combination of 
two pyrazole heterocyclic rings reduced 
the pharmacological effect and hence 
they were not found to be suitable for 
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further modification to produce more 
efficacious antibacterial compounds. 
Most dyes demonstrated fungicidal 
effects, particularly against *C. utilis*, 
suggesting potential applications for 
other pathogenic *Candida* species. 
The dyes were also applied to polyester 
and polyamide fibres as disperse dyes 
and used in biological–medical and 
complexation studies59-63 in Scheme 8.
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Scheme 8. Synthesis of disperse bisazo 
dyes

This group also synthesized64-66two 
triazole-based azo dyes (59-60) by 
diazotization of 3-amino-1H-1,2,4-
triazole (56) using NaNO2 and HCl 
at 0-5℃, the diazonium salt (57) was 
coupled with substituted pyrazole (58). 
The synthesized azo compounds were 
characterized by 1H NMR, FT-IR, UV-
Vis, and mass spectrometry. DFT/B3LYP 
calculations with a 6-311G(d,p) basis 
set were used to optimize the molecular 
structures and calculate vibrational 
frequencies, chemical shifts, electronic 
transitions, and molecular electrostatic 
potentials (MEP). 

The experimental data showed good 
agreement with the theoretical results. The 
antibacterial activity of the compounds 
was tested against four bacterial strains, 

with compound (60) showing good 
activity against Staphylococcus aureus 
in Scheme 9.
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Scheme 9. Synthesis of triazole based 
azo dyes

Ledenyova I. V. et al. reported44 the 
diazotization of 3-methyl-4-phenyl-1H-
pyrazol-5-amine (40) in hydrochloric 
to afford the corresponding diazonium 
salt (41). The latter underwent azo 
coupling with an ethyl 4-hydroxy-1-(p-
tolyl)-1H-pyrazole-3-carboxylate (61) 
to yield new pyrazolyl azo derivatives 
(62). The synthesized compounds were 
characterized by spectral and analytical 
techniques in Scheme 10.
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Scheme 10. Synthesis of pyrazolyl azo 
derivatives

H.F. Rizk et al. successfully synthesized21-

23a series of sixteen new 3-substituted-
5-amino-4-arylazopyrazoles (66) 
characterized by elemental analysis and 
spectral data. The synthesized azo dyes 
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(66) were further reacted with cyanuric 
chloride (67) to afford six new reactive 
azo dyes (68). All the synthesized 
azo dyes were investigated for their 
dyeing characteristics on cotton, wool, 
polyester, and wool/polyester blend 
fabrics. The dyed fabrics displayed very 
good to excellent washing, perspiration, 
and sublimation fastness, moderate to 
excellent dry and wet rubbing fastness, 
and light fastness properties rated as 
very good to excellent. Investigation of 
antimicrobial and antifungal activity of 
the synthesized azo dye (68) exhibited 
the strong activity against all strains of 
tested organisms in Scheme 11. 
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As reported earlier, pyrazole derivatives 
(71-72) were also used as a coupling 
agent when 2-amino-1H-benzimidazole 
(69) was used as a diazo component. 
The reaction proceeded with the same 
methodology67-68 at low temperature. 
The synthesized four new azo dyes were 

characterized by spectral techniques and 
investigated for biomedical application 
in Scheme 12.
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Conclusion

The present review comprehensively 
summarizes the synthesis, structural 
variations, and multifaceted applications 
of diazole-based azo dyes, particularly 
those containing pyrazole, imidazole, 
and benzimidazole heterocycles. These 
dyes stand out due to their enhanced 
physicochemical properties such as 
high thermal and photostability, better 
aqueous solubility, strong chromophoric 
characteristics, and structural diversity. 
The ability of diazole rings to act as 
both diazo components and coupling 
agents significantly expands the range 
of accessible azo compounds, offering 
opportunities for tailored functionality.

Acknowledgement

The infrastructural financial support 
under  CURIE  programme from the 
WISE-KIRAN division of Department of 
Science and Technology, New Delhi, India 
to IIS (deemed to be University), Jaipur, 



Chemistry & Biology Interface Vol. 15 (5), July - August 202564

Chemistry & Biology Interface, 2025, 15, 4, 56-66

India (File No. DST/CURIE-02/2023/
IISU) is gratefully acknowledged.

References

1.	 L. Abd-Alredha, R. Al-Rubaie and J. R. Mhessn. Synthesis 
and characterization of some transition metal complexes 
with Schiff base derived from 2-hydroxy-1-naphthaldehyde 
and 4-aminoantipyrine. E-J. Chem., 9, 465(2012).

2.	 A. Bafana, S.S. Devi, and T. Chakrabarti. Azo dyes: past, 
present and the future. Environ. Rev., 19, 350(2011).

3.	 A. Pielesz Azo Dyes. Kirk-Othmer Encyclopedia of 
Chemical Technology, 1, 1(2013).

4.	 F. Eltaboni, N. Bader, R. El-Kailany, N. Elsharif, and 
A. Ahmida, Chemistry and applications of azo dyes: a 
comprehensive review. J. Chem. Rev., 4, 313–330(2022).

5.	 T. Bukia, M. Utiashvili, M. Tsiskarishvili, S. Jalalishvili, A. 
Gogolashvili, T. Tatrishvili and G. Petriashvili. Synthesis 
and characterization of novel azo dyes derived from 
4-amino-1-naphthol and their application in dyeing of 
wool fabrics. Chem. Chem. Technol., 17, 549(2023).

6.	 S. Benkhaya, S. M’rabet and A. El Harfi. Classifications, 
properties, recent synthesis and applications of azo dyes. 
Heliyon, 6, e03271(2020).

7.	 R. K. Sharma and S. Ghoshal.. Removal of phenol from 
wastewater using activated carbon developed from 
agricultural waste material. J. Chem. Technol. Biotechnol., 
87, 823(2012).

8.	 S. Benkhaya, S. Mrabet, and A. El Harfi, Synthesis and 
characterization of azo dyes derived from 4-aminoantipyrine 
and their application in dyeing of polyester fabrics. Inorg. 
Chem. Commun., 117, 107891(2020).

9.	 A.A. D’souza and R. Shegokar Polyethylene glycol (PEG): 
a versatile polymer for pharmaceutical applications. 
Expert Opin. Drug Deliv., 13, 1257–1275(2016).

10.	 K.T Chung. Azo dyes and human health: a review. J. 
Environ. Sci. Health, Part C, 34, 233–261(2016).

11.	 O.I., Lipskikh, E.I Korotkova., Y.P., Khristunova, J. Barek 
and B.Kratochvil, Voltammetric determination of caffeine 
in pharmaceutical formulations using a glassy carbon 
electrode modified with multi-walled carbon nanotubes 
and Nafion. Electrochim. Acta, 260, 974–981(2018).

12.	 S.P. Senanayak, N. Blouin, M. Leclerc, and S.R.P. Silva, 
Air-processed high efficiency polymer solar cells based 
on a low bandgap polymer. J. Mater. Chem. C, 1, 2614–
2622(2013).

13.	 K.R. Raghavendra and K.A. Kumar Synthesis, 
characterization and biological studies of Schiff base 
and its metal complexes derived from benzil and 
2-aminobenzothiazole. Int. J. ChemTech Res., 5, 1758–
1763(2013).

14.	 K. Kapuriya, A.Ganure, and A.Pall, Synthesis, 
characterization and antimicrobial studies of novel 

1,3,4-oxadiazole derivatives. Int. J. PharmTech Res., 5, 
568–572(2013).

15.	 Y. Mi, J. Zhang, X. Han, W. Tan, Q. Miao, J. Cui, Q. Li 
and Z. Guo, Self-assembled nanoparticles of pH-sensitive 
poly(β-amino ester) for effective intracellular drug 
delivery. Int. J. Biol. Macromol., 181, 572–581(2021).

16.	 K. Singh, R. Pal, S.A. Khan, B. Kumar, and M.J. Akhtar, 
Structural, spectral and biological studies of Schiff base 
ligands and their metal complexes. J. Mol. Struct., 1237, 
130369 (2021).

17.	 K.R. Raghavendra and K.A. Kumar, Synthesis and 
antimicrobial activity of some new Schiff base metal 
complexes derived from 4-aminoantipyrine and o-vanillin. 
Int. J. Pharm. Chem. Biol. Sci., 3, 275–280 (2013).

18.	 I.V. Pavlov, K.I. Kobrakov, and S.L. Bogza , Synthesis 
of new heterocyclic compounds based on 1,2,4-triazole 
derivatives. Chem. Heterocycl. Compd., 40, 909–915 
(2004).

19.	 H. Reimlinger and A. Van Overstaeten ,Synthesis of 
pyrazolecarboxylic acids via diazotization and coupling 
reactions. Chem. Ber., 99, 3350–3357 (1966).

20.	 M.H. Elnagdi, D. Fleita, E.A. Hafiz, and S.M. Fahmi, 
Reactions of hydrazines with α,β-unsaturated ketones: 
synthesis of pyrazole derivatives. J. Org. Chem., 41, 3781–
3785 (1976). 

21.	 S.L. Bogza Synthesis and study of novel heterocyclic 
compounds based on triazole systems. Dissertation in 
Competition for the Academic Degree of Doctor of 
Chemical Sciences, Moscow (2003).

22.	 H.F. Rizk, M.A. El-Badawi, S.A. Ibrahim, and M.A. El-
Borai, Cyclization of 4,5-diamino pyrazole derivatives 
and their antibacterial activities. Arab. J. Chem., 4, 37–
44(2011). 

23.	 H.F. Rizk, S.A. Ibrahim, and M.A. El-Borai, Synthesis, 
fastness properties, color assessment and antimicrobial 
activity of some azo reactive dyes having pyrazole moiety. 
Dyes Pigm., 110, 97–104 (2014). 

24.	 H.F. Rizk and N. Ertan, Synthesis and characterization 
of new azo dyes derived from pyrazole derivatives. Dyes 
Pigm., 44, 41–47 (2000).

25.	 Y.W. Ho Synthesis and application of thiophene-based azo 
dyes in dyeing processes. Dyes Pigm., 64, 223–230 (2005).

26.	 B. Yang, L. Yuan, C. Chao-Jun, C. Jian-Ping, and Meng-
Shen C. Synthesis and characterization of novel azo dyes 
derived from substituted anilines. Dyes Pigm., 83, 144–
150 (2009).

27.	 P.C. Tsai and I.J. Wang Development of new azo dyes with 
improved fastness properties for textile applications. Dyes 
Pigm., 64, 259–265 (2005).

28.	 F. Karcı, N. Şener, M. Yamaç, İ. Şener, and A. Demirçalı, 
Synthesis and antimicrobial activity of some novel azo 
dyes derived from pyrazole derivatives. Dyes Pigm., 80, 
47–53 (2009).

29.	 F. Karcı, İ. Şener, A. Demirçalı, and N. Burukoğlu. 



Chemistry & Biology Interface Vol. 15 (5), July - August 202565

Chemistry & Biology Interface, 2025, 15, 4, 56-66

Synthesis and dyeing performance of some novel 
heterocyclic azo dyes on polyester fabrics. Color. Technol., 
122, 264–269 (2006).

30.	 N. Şener, İ. Şener, S. Yavuz, and F. Karcı, Synthesis, 
characterization and antibacterial activity of some new azo 
compounds containing pyrazole rings. Asian J. Chem., 27, 
3003–3006(2015).

31.	 F. Karcı and F. Karcı Synthesis and application of some 
new azo dyes derived from 4,5-diamino-1H-pyrazole-3-
carbonitrile. Dyes Pigm., 77, 451–456 (2008).

32.	 F. Karcı Synthesis of novel azo dyes derived from 
heterocyclic amines and their dyeing performance on 
polyester. Color. Technol., 121, 275–280(2005).

33.	 F. Yıldırım, A. Demirçalı, A. Oztürk Kiraz, and F. 
Karcı, Spectroscopic characterization and theoretical 
investigation of new azo dyes derived from aminothiazoles. 
J. Mol. Struct., 1222, 128850(2020).

34.	 M.H. Elnagdi, M.M.M. Sallam, H.M. Fahmy, S.A.M. 
Ibrahim, and M.A.M. Elias Pyrazole synthesis by 
cyclization of β-ketoesters with hydrazines. Helv. Chim. 
Acta, 59, 555–560(1976).

35.	 M.H. Elnagdi, G.E.H. Elgemeie, and F.A.E. Abd-Ellal 
Synthesis of novel heterocycles via reaction of hydrazines 
with α,β-unsaturated ketones. Heterocycles, 23, 3121–
3126(1985).

36.	 A. Demirçalı, F. Karcı, and F. Sari, Design and application 
of new pyrazole-based azo dyes for dyeing polyester 
fabrics. Color. Technol., 137, 280–286 (2021).

37.	 S. Gupta, A. Sivasubramanian, L.M. Rodrigues, A.P. 
Esteves, R. Hrdina, and A.M.F. Oliveira-Campos, Novel 
donor–π–acceptor type azo dyes with enhanced nonlinear 
optical properties. Dyes Pigm., 75, 82–87 (2007).

38.	 H. Song, K. Chen, and H. Tian Synthesis and optical 
properties of novel azo dyes derived from phenothiazine. 
Dyes Pigm., 53, 257–263 (2002).

39.	 Atay Ç. Karabacak, Y. Karab, M. Gökalp, İ. Kara, T. Tilki, 
and F. Karcı, Spectral and nonlinear optical properties of 
azo dyes: Experimental and theoretical investigation. J. 
Mol. Liq., 215, 647–653(2016).

40.	 M.H. Fanagdi, E.M. Kandeel, E.M. Zayed, and Z.F. 
Kandil, Pyrazole synthesis and antimicrobial activity of 
heterocyclic compounds. J. Heterocycl. Chem., 14, 155–
158(1977).

41.	 M.H. Elnagdi, S.M. Fahmy, E.A.Z. Hafez, M.R.H. 
Elmoghayar, and S.A.R. Amer, New synthesis of pyrazole 
derivatives from active methylene compounds. J. 
Heterocycl. Chem., 16, 1109–1112(1979).

42.	 A.C. Scott, Laboratory control of antimicrobial therapy. 
In: Collee J.G., Duguid J.P., Fraser A.G., and Marmion 
B.P. (eds.), Mackie and McCartney Practical Medical 
Microbiology, 13th ed., Churchill Livingstone. 161–
181(1989).

43.	 I.V. Ledenyova, V.V. Didenko, A.S. Shestakov, and K.S. 
Shikhaliev, Azo condensation of heterocyclic amines with 

diazonium salts: Synthesis and spectral studies. Russ. J. 
Org. Chem., 49, 573–578(2013).

44.	 R.F. Gur’eva and S.B. Savvin Analytical chemistry of 
azo compounds: chelating agents and metallochromic 
indicators. Russ. Chem. Rev., 67, 209–224 (1998).

45.	 R. Kotva, J. Vachek, and J. Krepelka, Synthesis of new 
azo derivatives of barbituric acid. Collect. Czech. Chem. 
Commun., 48, 299–306(1983).

46.	 S. Castillo, H. Ouadahi, and V. Herault Étude de nouvelles 
bases azoïques à activité biologique. Bull. Soc. Chim. Fr., 
119, 257–261(1982).

47.	 A.S. Shawali, H.M. Hassaneen, and M.A. Hanna, 
Chemistry of hydrazones: reactivity and application to 
the synthesis of heterocycles. Heterocycles, 15, 697–
705(1981).

48.	 M.N. Matada, K. Jathi, P. Malingappa, and I. Spectral and 
biological studies of azo dye derived from p-nitroaniline 
and barbituric acid. Chem. Data Collect., 24, 100314(2019).

49.	 A.Z. Sayed, M.S. Aboul-Fetouh, and H.S Nassar, Synthesis 
and characterization of metal complexes with azo ligand 
containing barbituric acid moiety. J. Mol. Struct., 1010, 
146–151. (2012).

50.	 N. Şener, A. Bayrakdar, H.H. Kart, and İ. Şener, Synthesis 
and spectral properties of novel azo dyes derived from 
heterocyclic amines. J. Mol. Struct., 1129, 222–230(2017).

51.	 P.K. Ranjith, Y.S. Mary, C.Y. Panicker, P.L. Anto, 
Armaković S., Armaković S.J., Musiol R., Jampilek J., 
and Alsenoy C.V. Spectroscopic characterization and 
molecular modeling studies on newly synthesized azo 
dyes. J. Mol. Struct., 1135, 1–14(2017).

52.	 H. Kargar, V. Torabi, A. Akbari, R.B. Ardakani, and M.N. 
Tahir, Synthesis and crystal structure of new azo-based 
Schiff base ligands and their transition metal complexes. J. 
Mol. Struct., 1179, 732–738(2019).

53.	  A.U. Rani, N. Sundaraganesan, M. Kurt, M. Cinar, and 
M. Karabacak, FT-IR, FT-Raman spectra and molecular 
structure of azo compound: a combined experimental 
and theoretical study. Spectrochim. Acta A, 75, 1523–
1529(2010).

54.	 F. Karcı, A. Demirçalı, F. Karcı, İ. Kara, and F. Ucun, 
Synthesis, characterization, and DFT calculations of new 
azo dyes based on pyrazole. J. Mol. Struct., 935, 19–
26(2009).

55.	 F. Karcı, N. Şener, M. Yamaç, Şener İ., and A. Demirçalı 
Synthesis and characterization of novel heterocyclic azo 
dyes and their application in dyeing. Dyes Pigm., 80, 47–
53(2009).

56.	 F. Karcı and F. Karcı The synthesis, spectroscopic and 
computational studies of new azo dyes derived from 
pyrazolone. Dyes Pigm., 77, 451–458(2008).

57.	 F. Karcı and F. Karcı Synthesis and characterization of azo 
dyes containing heterocyclic moieties. Dyes Pigm., 76, 
147–153(2008).

58.	 F. Karcı, A. Demirçalı, F. Karcı, İ. Kara, and F. Ucun,  



Chemistry & Biology Interface Vol. 15 (5), July - August 202566

Spectroscopic analysis and DFT study of newly synthesized 
azo dyes. J. Mol. Struct., 935, 19–26(2009).

59.	 M.S. Yen and I.J. Wang Azo dye synthesis and application: 
effect of substituents on chromatic properties. Dyes Pigm., 
67, 183–188(2005).

60.	 A.D. Towns, Developments in azo dye chemistry over the 
past 30 years. Dyes Pigm., 42, 3–28(1999).

61.	 J.F. Dawson, Developments in azo dye synthesis and 
applications. Rev. Prog. Color., 9, 25–32(1978).

62.	 C.Ç. Karabacak, T. Tilki, B.Ö. Tuncer, and M. Cengiz, 
Synthesis and dyeing performance of novel azo 
compounds. In: Springer, 1, 1–10 (2013).

63.	 M.H. Elnagdi, M.M.M. Sallam, H.M. Fahmy, S.A.M. 
Ibrahim, and M.A.M. Elias Synthesis and reactivity of new 
diazoles: part I. Helv. Chim. Acta, 59, 551–556(1976).

64.	 M.H. Elnagdi, G.E.H. Elgemeie, and F.A.E. Abdelaal, 
Reactions of hydrazonoyl halides with azines. Heterocycles, 
23 (12), 3121–3127 (1985).

65.	 F. Karcı, Synthesis of new pyrazole-based azo dyes and 
their dyeing properties on polyester fabrics. J. Chem., 12, 
567–572 (2005).

66.	  F. Karcı Azo dyes based on 2-amino-5-chlorobenzophenone 
and their spectroscopic properties. Color. Technol., 121, 
275–280 (2005).

67.	 A.T. Taher, N.A. Khalil, E.M. Ahmed, and Y.M. Ragab, 
Synthesis and biological evaluation of some new pyrazole 
derivatives. Chem. Pharm. Bull., 60, 778–784(2012).

E. Aktan and T. Uyar Synthesis of novel azo dyes derived 
from pyridone and their application on polyester fabric. J. 
Chem., 2017, 1–9(2017).

Chemistry & Biology Interface, 2025, 15, 4, 56-66


