
D-189, Ramprastha Colony 
P.O. Chander Nagar 

Ghaziabad – 201 011. INDIA 

Phone : +91-120-4118298 
E-Mail : contact@connectjournals.com 

Web : www.connectjournals.com 

 

 
ACCEPTANCE LETTER 

Journal : INDIAN JOURNAL OF HETEROCYCLIC CHEMISTRY 

ISSN :0971-1627 

 
 

 
University of Basrah 
Basrah 
Basrah-0061. () 

Mobile No. : 009647711800804 
Email ID : hasanain.abdullmajed@uobasrah.edu.iq 

 
Dear 

 
I am happy to inform you that on the recommendations of the editors / referees relating to the 

journal, your paper titled "Analytical, theoretical and evaluation of biological activities of 

a new azo dye derived from the drugs procaine and kojic acid" by " Hasanain A. 

Abdullmajed1*, Jassim H Al-Waeli, Ghufran A Mirdan" (No.3) has been accepted for 

publication in the Journal : INDIAN JOURNAL OF HETEROCYCLIC CHEMISTRY (ISSN 

:0971-1627). 

Managing Editor - IJHC 

On Behalf of 

Dr. OM PRAKASH 

Chief Editor - IJHC 
 
 
 
 
 

 
Please Note: This is System Generated Letter. So No Signature required. 

MS No.: IJHC-4544/25 

Received on: 05 Oct 2025 

Accepted on: 22 Oct 2025 

 

mailto:contact@connectjournals.com
http://www.connectjournals.com/
mailto:hasanain.abdullmajed@uobasrah.edu.iq


 

*Corresponding author: Email: hasanain.abdullmajed@uobasrah.edu.iq 
 

 

                                                                                                                                                                                                                    Published & Hosted by : 

 
Journal Homepage :  

www.connectjournals.com/ijhc  
www.connectjournals.com  

 
                                                                                                                                  www.connectjournals.com  
  ©2025 Connect Journals 

                                                                                                      

                                                                                                    
 
 
 
 

Analytical, theoretical and evaluation of biological activities of a new azo dye 

derived from the drugs procaine and kojic acid 
 

Hasanain A. Abdullmajed
1*

, Jassim H. Al-Waeli
2

, Ghufran A. Mirdan
3  

1
Department of Chemistry, College of Education for Pure Sciences, University of Basrah, Basrah 61007, Iraq 

2
General Directorate of Education in Thi-Qar, Ministry of Education, Thi-Qar 64002, Iraq 
3
General Directorate of Education in Basrah, Ministry of Education, Basrah 61007, Iraq 

 
 

 
 

 KEY WORDS Azo dye, Internal Coordinate Mechanics, Conformational Analysis, Sensitizer. 

 

 

 
 

 

 

 

 

 

 

 

 

ABSTRACT A new azo dye, (2-(diethylamino)ethyl (E)-4-((3-hydroxy-6-(hydroxymethyl)-4-oxo-4H-pyran-2-

yl)diazenyl)benzoate), was synthesized by diazotization of procaine followed by coupling with kojic acid in alkaline condition. 

The results showed a stable ionization approach since it works well in liquids with varying pH levels.  The theoretical study on 

azo dye includes atomic close-contact calculations, (-N=N-) group and its related atoms, and analysis utilizing internal 

coordinate mechanics (ICM). The chemical azo dye showed a potential antibacterial activity against Staphylococcus aureus, 

Aspergillus niger and Candida albicans, and negative against Escherichia coli.  
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INTRODUCTION 

 
Azo dyes get their name from the azo group (-N=N-) that is 

Azo dyes get their name from the fact that they have an azo 

group (-N=N-) in their structure.
[1–3]

 There is a complicated 

conjugated network that connects each member of this group 

to every other member.
[4]

 The capacity of these compounds to 

absorb visible light and produce colored dyes has intrigued 

analytical chemists and experimentalists.
[5]

 Azo dyes have 

several effects on living  things, such as being anti-diabetic, 

anti-cancer, and anti-microbial.
[6–8]

 Even though animal trials 

have shown inconsistent results, azo dyes have been looked at 

as a novel type of Antibiotic that could treat a wide range of 

illnesses. demonstrating their effectiveness in inhibiting the 

growth of Staphylococcus aureus and Candida albicans in a 

controlled laboratory environment.
[9,10]

 Research has 

demonstrated that azo dyes can exterminate specific bacteria, 

such as Staphylococcus aureus, Escherichia coli, and Candida 

albicans, but the precise effects may vary depending on the 

dye's structure.
[11]

 Numerous theoretical investigations have 

concentrated on the molecular composition of azo dyes. 

Conformational energies can change the properties of dyes, 

which can then change how they react in tests and in living 

things.
[12,13]

 To understand these changes, we used internal 

coordinate mechanics (ICM) and conformational analysis. 

This work aimed to develop a new azo dye for applications in 

analytical chemistry and biology. The aim of synthesis this 

azo dye is to study its biological activity against specific 

types of bacteria and fungi that have pathogenic effects and 

which may be used as an antibiotic in the future. 

 

 

RESULTS AND DISCUSSION 

Synthesis and Characterization 

Diazotizing procaine and combining it with kojic acid 

resulted in the appropriately produced target azo dye 

(Scheme 1). 

  

Scheme 1. Synthesis and chemical structure of azo dye.  

Mass spectrometry, proton nuclear magnetic, ultraviolet-

visible spectroscopy and Fourier transform infrared 

spectroscopy were used to confirm the structure of azo aye. 

The stretching of the (O-H) bond caused the broad band at 

3311 cm⁻¹, and the stretching vibration of the carbonyl ester 

group (C=O) is clearly within the spectral of 1699 cm⁻¹ in the 

FT-IR spectrum, as shown in Figure 1. The stretching 

vibration at 1462 cm⁻¹ suggested the presence of the azo 

group (N=N).
[14]

 The bands in the range of 1562 cm⁻¹ to 1514 

cm⁻¹ are due to aromatic (C=C) stretching
.[15]

  

The mass spectrum of the compound (chemical formula 

C₁9H₂3N₃O₆)[16] 
exhibited a molecular  ion peak 

[C₁9H₂3N₃O₆].⁺ at m/z 389 and base peak [C2H5N]
+
 at m/z 43, 

as shown in Figure 2.  

The chemical shifts of azo dye were determined in 
1
H 

NMR spectrum of  azo dye as shown in Figure 3, by using 

DMSO-d6 as a solvent.
[17]

  

According to reference,
[18]

 the electronic transition (n→π*) 

in Figure 4 of the visible absorption of azo dye in ethanol 

correspond to the two absorption bands at (360 and 450 nm), 

respectively.  

  

 
Figure 1. The FT-IR spectrum of azo dye. 
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Figure 2. The Mass spectrum of azo dye. 

 
Figure 3. 1H NMR of azo dye. 

Figure 4. Visible absorption spectra of azo dye in ethanol. 

Solvent Effects 

We employed a battery of polarity-testing solutions, such 

as water, ethanol, chloroform, DMSO, and n-hexane, to see 

how the azo dye changed color in different solvents.
[19–21]

  

Figure 5 shows the visible spectrum. It seems that 

chloroform is the best solvent for azo dye. The polarity of 

the solvent influenced the interactions between the solute 

and solvent, which subsequently determined the positions of 

the absorption maxima (λmax). We used a basic 

solvatochromic equation to look at the link between the 

transition energy and the solvent dielectric constant (D):  

 ΔV = [(a-b)((n² - 1)/(2n² + 1))] + b[(D - 1)/(D + 1)] ... (1)  
The results indicated a correlation between the spectrum 

changes and fluctuations in the solvent's dielectric constant 

and solvation energy. Figure 6 shows a straight line that 

connects λmax and the solvent polarity function (D-1) /(D+1). 

a + a-

OH 

b + b- 

,OH d + d- 

OH 

e  
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Figure 5. Visible absorption spectra of azo dye in different 

solvents. 

 

 
Figure 6. Plot of λmax versus the solvent polarity function 

(D-1)/(D+1). 

pH Effects 

Figure 7 shows how the absorption spectra of azo dye 

change with pH Four isosbestic spots appeared in the spectra 

between 430 and 450 nm, showing that there were clear 

changes.
 [22]

 This suggests that a number of species may be 

in a condition of balance. The half-height method (Equations 

2 and 3)
[19,23]

 is used to find the pKa values for the nitrogen 

atom and hydroxyl group when they are protonated and 

deprotonated (Figure 8). 

pK = pH (at A₁/₂) ... (2) 

A₁/₂ = (Al + Amin) / 2 ... (3) 

You may find the pK values of an azo dye under both 

acidic and basic environments by looking at the pH-

absorption curve. These results lead to the suggestion of an 

ionization-protonation method for azo dye (Scheme 2). 

 

 
Figure 7. Visible absorption spectra of azo dye in different 

pH values. 

Figure 8. The relation between the absorbance of azo dye 

and different pH values at 470 nm. 

Scheme 2. Proposed ionization-protonation scheme for azo 

dye. 



 
 

 

 
 

Cytotoxicity 

The cytotoxicity test on red blood cells showed that no 

amount of azo dye tested (50–1000 µg/ml) produced 

hemolysis.
 [24]

 This demonstrated that it is entirely safe for 

further biological research. A report utilized theoretical 

frameworks to enhance their comprehension of the structure-

activity relationship. Atomic close-contact simulations are 

used to find probable interactions between molecules.
[25]

 

Assuming we know the compound's stereochemistry, we can 

designate the structures surrounding the C(2)-C(3), C(5)-

C(6), and N(7)-N(8) bonds as (Z), (E), and (E), respectively. 

The results of the Internal Coordinate Mechanics (ICM) 

calculations for the important atoms. The distance between 

nitrogen atoms 8 and 7 was found to be 1.2480 Å. Figures 

9a and 9b indicate that the conformational research involves 

changing the single bonds C5-C7 and C8-O9. The results 

showed that these rotations had a limited amount of energy, 

which might change the molecule's internal coordinates and 

how well it binds to biological targets. Figures 10c and 10d 

also illustrate the findings of the double-angle plots for the 

C5-N7=N8 and N7=N8-C9 torsion angles, respectively. The 

figure shows that the (N=N) group changes the 

conformational energy landscape of the azo dye, which 

affects its biological activity. The color of each group shows 

how much energy it has. 
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Figure 9. Conformational energy profiles for rotation 

around (a) C5-C7 and (b) C8-O9 bonds. 
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Figure 10. Two-dimensional double-angle plots of 

conformational energy for (c) C5-N7=N8 and (d) N7=N8-C9 

torsion angles. 

 

Antimicrobial Activity 

Figure 11 shows the results of studies that looked at how 

well azo dye worked against two types of bacteria and two 

types of fungi. The findings indicates that azo dye 

suppresses the proliferation of Staphylococcus aureus, 

Aspergillus niger, and Candida albicans to a lesser degree, 

while exerting no significant effect on Escherichia coli 

(Figure 12).
[26,27]
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Figure 11. Histogram showing the inhibition zone 

diameters (mm) for azo dye against different 

microorganisms. 

 
Figure 12. Photographs of the antimicrobial assay plates 

showing inhibition zones for azo dye. 
 

EXPERIMENTAL SECTION  

Chemicals and Reagents 

The chemicals and solvents used in this work were 

purchased from well-known brands like Sigma-Aldrich and 

Merck. Chemsavers Inc. sold the main ingredients, which 

are (diethylamino)ethyl 4-aminobenzoate (procaine) and 5-

hydroxy-2-(hydroxymethyl)-4H-pyran-4-one (Kojic acid). 

They were at least 98% pure. 

 

Instrumentation 

The researchers use a SHIMADZU FT-IR-8400S 

spectrometer for Fourier-transform infrared spectroscopy 

and add KBr disks at a concentration of 1% w/w. Melting 

points and temperatures (9100). Agilent Technologies 

makes the mass spectrometer that is used for the test. It uses 

electron ionization (EI) at 70 eV. We use a JENWAY 

(6305) ultraviolet-visible absorption spectrophotometer to 

gather the data. They employed a L Puls Munchen pH 

meter, which was built in China, to keep an eye on the pH 

levels. 

 

Synthesis of (2-(diethylamino)ethyl (E)-4-((3-

hydroxy-6-(hydroxymethyl)-4-oxo-4H-pyran-2-

yl)diazenyl)benzoate 

(0.006 mol, 1.4179 g) of (diethylamino)ethyl 4-

aminobenzoate (procaine) was dissolved in solution of 2.1 

ml of conc. HCl and 7.9 ml of deionized distilled water. An 

NaNO2 solution prepared as the first solution by dissolving 

   S. Aureus               E. Coli                     C. Albicans                A. niger 



 
 

 

 
 

0.456 g in 5 ml of distilled water, solution of NaNO2 as the 

second solution was added gradually to the first solution 

keeping the mixture temperature in the range 0–5 °C. The 

resulting diazonium salt was gradually added to a solution 

(0.006 mol, 0.8527 g) of 5-hydroxy-2-(hydroxymethyl)-4H-

pyran-4-one (Kojic acid) dissolved in 10 ml of sodium 

hydroxide solution 25%. The final mixture was stirred for 

one hour in an ice bath at a temperature not more than 5 °C. 

The resulting red crudes were recrystallized in hexane and 

ethanol to yield (83%), m.p: 186–189 °C. Elemental 

analysis: O=24.65, N=10.79, H=5.95, and C=58.60. FT-IR 

(KBr, ν, cm−1): 3311 (O–H), 2816 (C–H aliph.), 1699 

(C=O), 1562 (C=C), 1462 (N=N), 1313 (C–N), 1267 (C-O). 
1
H NMR (DMSO, 500 MHz, δ ppm): 11.01 (s, 1H, OH), 

7.68 (d, 2H, Ha, a
-), 6.57 (d, 2H, Hb, b

-), 6.10 (s, 2H, Hc), 4.53 

(s, 2Hd, O-CH2), 3.44 (t, 2He, O-CH2), 3.18 (t, 4Hf, f
-
, CH2). 

1.25 (t, 6H, aliph-CH3). UV–vis. in ethanol, λmax (nm): 360, 

450.
[28]

 

Preparation of Solutions for Analytical Studies 

Solvent Effect 

To make solutions of azo dye (1×10
-4

 M), we can use a 

number of solvents, including water, ethanol, DMSO, 

chloroform, and n-hexane. These solvents had a range of 

polarities.
[29]

 Azo dye solutions are prepared with a pH range 

of 2 to 12 and a concentration of 1×10
-4

 M.
[30] 

 

Cytotoxicity Assay 

An in vitro hemolytic assay is used to check how 

hazardous the azo dye is to cells. To find out which 

concentrations of azo dye are safe, we look at different 

amounts, such as 50, 100, 250, 500, and 1000 µg/ml.
[31]

 

 

Antimicrobial Activity Assay 

The antimicrobial activity of azo dye is investigated using 

the Well Diffusion Agar method against the bacterial strains 

Escherichia coli and Staphylococcus aureus, and the fungal 

strains Candida albicans and Aspergillus niger.
[32,33]

 The 

microbial cultures are incubated on Mueller Hinton Agar 

(MHA) at 36 ±1 °C for 24 hours. Wells are bored into the 

agar, and 0.1 ml of the microbial suspension (adjusted to 0.5 

McFarland standard) is spread onto the surface. 

Subsequently, 0.1 ml of a azo dye solution (5 µg/ml in 

DMSO) is added to each well. The inoculated plates are 

incubated at 36 ±1 °C for 24 hours under appropriate 

conditions. The antimicrobial activity is determined by 

measuring the diameter of the inhibition zone (in 

millimeters) around each well. 

 

CONCLUSION 

A new azo dye, (2-(diethylamino)ethyl (E)-4-((3-hydroxy-

6-(hydroxymethyl)-4-oxo-4H-pyran-2-

yl)diazenyl)benzoate), was synthesized and fully 

characterized.  The polarity and pH of the solvent changed 

the analytical properties. An ionization approach is proposed 

to elucidate its behavior in buffer solutions. The molecular 

structure, which is made clear by theoretical simulations, 

helps us comprehend how reactive it is. This structure has 

atomic tight connections, ICM characteristics, and the 

energy of the (-N=N-) group in its conformation. The 

compound demonstrated robust and specific antibacterial 

properties, exhibiting moderate effectiveness against 

Aspergillus niger and Candida albicans, and high 

effectiveness against Staphylococcus aureus. This study 

offers further evidence that azo dye might serve as a 

valuable foundation for the identification of innovative 

chemical sanitizers or therapeutic agents targeting these 

specific illnesses. 

CONFLICT OF INTEREST 

The authors declare that they have no known competing 

financial interests or personal relationships that could have 

appeared to influence the work reported in this paper. 

 

AUTHOR CONTRIBUTIONS 

The authors worked together on the concept, the 

implementation, and the formal analysis of the research. 

Ghufran A. Mirdan and Jassim H. Al-Waeli are in charge of 

the project's planning and execution. Hasanain A. 

Abdullmajed is in charge of the work and wrote the first 

draft. All of the writers read and revised the article. All of 

the authors agreed with the final version of the article. 

 

REFERENCES 

[1] Benkhaya S., M’ rabet S., El Harfi A. A review on 

classifications, recent synthesis and applications of 

textile dyes. Inorganic Chemistry Communications 

2020; 115: 107891. Doi: 

10.1016/j.inoche.2020.107891. 

[2] Aljamali NM. Review in Azo Compounds and its 

Biological Activity. Biochemistry & Analytical 

Biochemistry 2015; 04(02): 2–5. Doi: 10.4172/2161-

1009.1000169. 

[3] Benkhaya S., M’rabet S., El Harfi A. Classifications, 

properties, recent synthesis and applications of azo 

dyes. Heliyon 2020; 6(1). Doi: 

10.1016/j.heliyon.2020.e03271. 

[4] KIRKAN; BRG. Synthesis of New Azo Dyes and 

Copper ( II ) Complexes Derived from Barbituric Acid 

and 4-Aminobenzoylhydrazone Synthesis of New Azo 

Dyes and Copper ( II ) Complexes Derived from 

Barbituric Acid and 2008; 32(1). 

[5] Bafana A., Devi SS., Chakrabarti T. Azo dyes: Past, 

present and the future. Environmental Reviews 2011; 

19(1): 350–70. Doi: 10.1139/a11-018. 

[6] Kavitha P., Laxma Reddy K. Synthesis, structural 

characterization, and biological activity studies of 

Ni(II) and Zn(II) complexes. Bioinorganic Chemistry 

and Applications 2014; 2014. Doi: 

10.1155/2014/568741. 

[7] Jirjees VY., Al-Hamdan AA. Evaluation of the 



 
 

 

 
 

Antioxidant and Anticancer Effectiveness of Some 

New Metal Ions Complexes with Azo Dye: Synthesis 

and Characterization. Indonesian Journal of Chemistry 

2025; 25(4): 1132. Doi: 10.22146/ijc.104167. 

[8] Abdullah SH., Khairallah BA., Al-Badrany KA. 

Preparation and characterization of some azetidine-2-

one derivatives derived from benzothiazole-2-ol and 

evaluation of their biological activity. Indian Journal 

of Heterocyclic Chemistry 2025; 35(1): 37–47. Doi: 

10.59467/IJHC.2025.35.37. 

[9] Hassan QMA., Al-Asadi RH., Sultan HA., 

Abdullmajed HA., Ali AA., Emshary CA. A novel azo 

compound derived from ethyl-4-amino benzoate: 

synthesis, nonlinear optical properties and DFT 

investigations. Optical and Quantum Electronics 2023; 

55(5). Doi: 10.1007/s11082-023-04660-9. 

[10] Hessoon HM., Karam FF. Synthesis, identification, 

biological activity and anti-cancer activity Studies of 

Hetrocyclic Ligand Azo-schiff Base with Au(III) 

Complex. Egyptian Journal of Chemistry 2022; 65(1): 

327–34. Doi: 10.21608/EJCHEM.2021.80392.3980. 

[11] Smania, Jr. A., Monache FD., Smania E de FA., Cuneo 

RS. Antibacterial Activity of Steroidal Compounds 

Isolated from Ganoderma applanatum (Pers.) Pat. 

(Aphyllophoromycetideae) Fruit Body. International 

Journal of Medicinal Mushrooms 1999; 1(4): 325–30. 

Doi: 10.1615/intjmedmushr.v1.i4.40. 

[12] Aziz KN., Ahmed KM., Omer RA., Qader AF., 

Abdulkareem EI. A review of coordination 

compounds: Structure, stability, and biological 

significance. Reviews in Inorganic Chemistry 2025; 

45(1): 1–19. Doi: 10.1515/revic-2024-0035. 

[13] El-ghamry MA., Nassir KM., Elzawawi FM., Aziz 

AAA., Abu-El-Wafa SM. Novel nanoparticle-size 

metal complexes derived from acyclovir. 

Spectroscopic characterization, thermal analysis, 

antitumor screening, and DNA cleavage, as well as 3D 

modeling, docking, and electrical conductivity studies. 

Journal of Molecular Structure 2021; 1235: 130235. 

Doi: 10.1016/j.molstruc.2021.130235. 

[14] Thuiny HT., Fahad TA., Ali AA. Preparation, 

analytical studies and application of a new azodye 

derived from pharmaceutical materials (procaine 

hydrochloride & salicylic acid). Journal of Physics: 

Conference Series 2021; 2063(1). Doi: 10.1088/1742-

6596/2063/1/012024. 

[15] Al-Muhsin AA., Fahad TA., Ali AA. Preparation and 

characterization azo dyes derived from 4- 

hydroxycoumarin and studying their analytical 

Applications. Journal of Physics: Conference Series 

2021; 1999(1). Doi: 10.1088/1742-

6596/1999/1/012010. 

[16] Al-Waeli JH., Abdull-Majed HA., Ibrahim MA., 

Ismael SMH. Synthesis of a Novel Chemical J5 brown 

Dye for Staining Specific Bone Histological Sections 

in Green Swordtail Fish (Xiphophorus hellerii). 

Tropical Journal of Natural Product Research 2025; 

9(3): 1025–30. Doi: 10.26538/tjnpr/v9i3.18. 

[17] Awad H., Bahgat SA. Synthesis, Identification, 

Biological Evaluation of Seven-membered 

Heterocyclic Derivatives from 2,3-di Chloroaniline. 

Indian Journal of Heterocyclic Chemistry 2024; 34(1): 

131–9. Doi: 10.59467/IJHC.2024.34.131. 

[18] Aksh AK., Nabi ASA., Obaid HT. Peganum Harmala 

Extract as an Eco-Friendly Corrosion Inhibitor for 

Carbon Steel N80 in 1 M HCl: Electrochemical and 

Surface Morphological Studies. Nanotechnology 

Perceptions 2024; 20(S3): 33–49. Doi: 10.62441/nano-

ntp.v20iS3.3. 

[19] Fahad T., Ali A., Baty AH. Synthesis, Characterization 

and Analytical Studies of Some New Azodyes Driven 

From O-Vanillin. World Journal of Pharmaceutical 

Research 2019; 8(March). Doi: 10.20959/wjpr20192-

13945. 

[20] Hassan NHA., Nasir NSM., Rahman SNA., Irfan AR., 

Nordin NH. Development of High Entropy Alloy As 

Catalyst for Azo Dye Degradation in Fenton Process. 

Archives of Metallurgy and Materials 2023; 68(1): 

209–13. Doi: 10.24425/amm.2023.141496. 

[21] Alzain H., Kalimugogo V., Hussein K. A Review of 

Environmental Impact of Azo Dyes. International 

Journal of Research and Review 2023; 10(6): 64–689. 

Doi: 10.52403/ijrr.20230682. 

[22] Tanaka K., Padermpole K., Hisanaga T. Photocatalytic 

degradation of commercial azo dyes. Water Research 

2000; 34(1): 327–33. Doi: 10.1016/S0043-

1354(99)00093-7. 

[23] Al-Waeli JH. Preparation and diagnosis of some azo 

dyes and study of oxidation of some of them. “M Sc 

Thesis, Basrah University, Iraq” 2024; 87. 

[24] Ali SH., Kareem AQ., Ali SA. Photophysical, 

photochemical and fluorescence quenching studies of 

new halogenated phthalocyanine metal complexes. 

Indian Journal of Chemistry (IJC) 2024; 63(12): 

1201–6. Doi: 10.56042/ijc.v63i12.10743. 

[25] Al-shuraify MKH., By S. and study of quantitative 

structure-activity relationships ( QSAR ) of new 

Pyrimidine , Thiazine , and Oxazine derivatives 2022; 

2014. 

[26] Mohammed H. Synthesis, identification, and biological 

study for some complexes of azo dye having 

theophylline. Scientific World Journal 2021; 2021. 

Doi: 10.1155/2021/9943763. 

[27] Devi S., Sharma A., Karoshi V., Kumar S., Kumar A., 

Sindhu J. Metal-Free Synthesis of 2-Aminothiazole 

Functionalized Imidazo[1,2-a]pyridines as 

Antibacterial Agents. Indian Journal of Heterocyclic 

Chemistry 2024; 34(01): 23. Doi: 

10.59467/IJHC.2024.34.23. 

[28] Abdullmajed HA., Ali AA., AL-Asadi RH. Preparation 

and Spectroanalytical Studies of Two New Azo 

Compounds Derived from the Drug Methyl-4-Amino 

Benzoate. AIP Conference Proceedings 2023; 

2457(February). Doi: 10.1063/5.0120715. 

[29] Kareem MA., Saeed BA. Journal of Kufa for Chemical 

Sciences Year 2022 Address : Iraq-Najaf-University of 

Kufa 2022; (190): 79–93. 



 
 

 

 
 

[30] Majeed HASA. Synthesis , Characterization , and 

study of the Spectral and Electronic Properties of a 

New Azo Dyes Compounds. University of Thi-Qar 

Journal of Science 2019; 4(1): 91–101. Doi: 

10.32792/utq/utjsci/vol4/1/8. 

[31] Ghafil A., Adnan S. Synthesis and Characterization of 

Heterocyclic Derivatives from 5-Aminotetrazole and 

Investigation of Their Biological Activities. Indian 

Journal of Heterocyclic Chemistry 2024; 34(1): 107–

13. Doi: 10.59467/IJHC.2024.34.107. 

[32] Thangavelu R., Ganga Devi P., Gopi M., Mustaffa 

MM. Management of Eumusae leaf spot disease of 

banana caused by Mycosphaerella eumusae with 

Zimmu (Allium sativum × Allium cepa) leaf extract. 

Crop Protection 2013; 46(November 2021): 100–5. 

Doi: 10.1016/j.cropro.2012.12.022. 

[33] Al-Waeli JH., AbdullMajed HA., Ismael SM. Studies 

of spectroanalytical and the biological effectiveness of 

the Azo compound (J25) prepared from Ethyl p-

aminobenzoate. Basrah Researches Sciences 2024; 

50(1): 11. Doi: 10.56714/bjrs.50.1.15. 

 


