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1. INTRODUCTION 

In the last years, more and more substances of additive 

and colorant type have been proved their adversity 

against the human health. Additionally, on the list of 

allergens inducers of the contact dermatitis in industrial 

field are continually adding new chemical 

compounds.
[1,2]

 Despite their existence for over 100 

years, direct azo dyes are still one of the most important 

class of synthetic dyes due to their wide fields of 

application, ranging from the textile industry to 

medicine, pharmaceutical industry, cosmetics, food, 

etc.
[3,4]

 However, a great number of some usual azo 

direct dyes were prepared from some precursors 

(especially aromatic diamines) which proved to be 

genotoxic.
[5–7]

 It was found that these dyes can be either 

direct acting mutagens or pro mutagens.
[8, 9]

 Hence, the 

synthesis and the use of such compounds presents a 

potential occupational and environmental risk, and the 

search for viable alternative dyes (and precursors) and 

preparation methods continue to be an important research 

problem.
[10–14]

 Our studies focus on the possibility of 

developing a new series of direct azo dyes with good dye 

and application properties, using harmless precursors. 

Moreover, a biological study was conducted, in order to 

evaluate the possibility of using this new diazo dye in the 

pharmaceutical industry. 

 

2. Experimental 

2.1. Materials And Apparatus 

All chemicals used in this work were purchased from 

BDH, Aldrich and Merck companies and were used 

without further purification. 

 

FT-IR spectra (ν, cm
−1

) were recorded on a JASCO 

Spectrum (FT–IR 4100) spectrometer using KBr pellets. 

UV-Vis spectroscopy were measured by using (Jasco-

V630-UV-Vis) at the wavelength range (200–800 nm), 

using match quartz cells (1 cm) and DMSO as a solvent. 

 

2.2. Synthesis of D1 

In the first beaker, add 0.0025 mol (0.5681 gr) of 4՝,4-

diaminobenzenilide to 0.005 mol of hydrochloric acid 

solution (37%), the mixture was stirred until full 

dissolution and cooled to (0-5 ℃). In the second beaker, 

0.005 mol of sodium nitrite 98% was added to 15 ml of 

distilled water, stirring until completely dissolved. We 

cooled the solution until (0-5 ℃), and then the second 

beaker is added to the first beaker within an hour while 

the temperature fixed at (0-5 °C). where the reaction 

takes place according to the following equation fig.1.: 
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compound was characterized using UV-Vis, FT-IR, Mass spectroscopy techniques. Also, the biological activity of 

the prepared compound was also studied and found to be of noteworthy biological activity which promises with 

amazing results for the prepared compound in various pharmacological applications. 
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Fig.1: Preparation of Diazo Salt. 

 

In the next step, a mixture (0.005 M of catechol and 

0.005 of NaOH) was added to the previous reaction 

mixture, the following chemical equation describing the 

reaction fig.2.: 

 

 
Fig. 2: Preparation of D1. 

 

Finally, the precipitate was filtered and left to dry giving 

a brown precipitate. The yield of the product was found 

to be 84.53%, with melting point higher than (360°C). 

 

3. RESULTS AND DISCUSSION 

3.1. UV-Vis measurements 

D1 compound has been characterized using UV-Vis 

technique in the DMSO solvent and wave length range 

(190-600 nm). Fig.3. demonstrate the obtained spectrum. 

 

As it can be seen from the spectrum there are tow 

important peaks at (197, 462 nm) belongs to the 

electronic transition (π-π*, n-π*) in the compound. 

 

 

 

 

 

 

 
Fig. 3: UV-Vis Spectrum of D1. 

 

3.2. FT-IR characterization 

3.2.1. FT-IR of L ligand and its complexes 

The FT-IR spectrum of D1 presented in fig.4. Where the 

IR spectrum showed a remarkable absorption bands at 

(3444, 3419, 1651, 1570 cm
-1

) returns for (O-H, N-H, 

C=O, N=N) stretching. 
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Fig. 4: FT-IR Spectrum of D1. 

 

3.3. Mass spectroscopy characterization 

The compound D1 with the formula C25H19N5O5 (Mw = 

469 g/mol) was analyzed using a mass spectrometer to 

confirm the purity of the resulting compound and 

determine its molecular weight.  Fig.5. shows the mass 

spectrum of it. 

 

 
Fig. 5: Mass Spectrum of D1. 

 

We notice a signal at 469 m/z, which proves the purity of 

the compound. There are also several important 

fragments at (332,242,213,147,137) m/z. figures (6,7) 

show the molecular weight and the proposed mechanism 

of some fragments. 

 



Jamsakian et al.                                                                                  World Journal of Advance Healthcare Research 

www.wjahr.com       │      Volume 8, Issue 7. 2024      │      ISO 9001:2015 Certified Journal      │                        43 

 
Fig. 6: Proposed Mechanism for D1 Decomposition. 

 

 
Fig. 7: Proposed Mechanism For D1 Decomposition. 

 

3.4. Antibacterial Activity Study 

The antibacterial efficacy of the prepared compounds 

was tested against Escherichia coli, and Staphylococcus 

aureus bacteria comparing with Gentamicine (as a 

reference). Two different concentrations (50 and 100 

µg/ml) of the compounds and Gentamicine have been 

selected for antibacterial assay. In our research, we chose 

to study E. coli and S. aureus bacteria, because of their 

wide spread in society so they affect in the daily life of 

humans, as Escherichia is a common bacterium found in 

the intestines of humans and warm-blooded animals. It is 

often used as an indicator for fecal contamination in 

water and soil.
[15]

 Pathogenic strains of E. coli are often 

transmitted through contaminated food or water
[16]

, and 

can be particularly dangerous for young children, elderly 

individuals, and those with weakened immune systems. 

This bacterium can cause a range of infections, including 

intestinal, skin, wound sepsis, septicemia, neonatal 

septicemia, and urinary tract infections.
[17] 

Studies have 

shown that some non-steroidal pain relievers, such as 

diclofenac sodium, can play an inhibitory role in the 

growth of some bacteria, whether negative or positive, in 

addition to using it as an anti-inflammatory.
[18,19] 

Escherichia coli is also commonly used in scientific 

research, as it is easy to grow and manipulate in the 

laboratory. It has been used as a model organism for 

studying various biological processes, and has 

contributed to many important discoveries in 

microbiology and genetics.
[20]

 While a S. aureus is a 

major bacterial human pathogen that causes a wide 

variety of clinical manifestations. Infections are common 

both in community-acquired as well as hospital-acquired 

settings and treatment remains challenging to manage 

due to the emergence of multi-drug resistant strains such 

as MRSA (Methicillin-Resistant Staphylococcus 

aureus)
[21]

 S. aureus is found in the environment and is 

also found in normal human flora, located on the skin 

and mucous membranes (most often the nasal area) of 

most healthy individuals. S. aureus does not normally 

cause infection on healthy skin; however, if it is allowed 

to enter the bloodstream or internal tissues, these bacteria 

may cause a variety of potentially serious infections.
[22] 

Transmission is typically from direct contact. However, 

some infections involve other transmission methods.
[23]

 

The results are arranged in the table (1) and presented 

graphically in the bar graph (fig 8). 

 

 

Table 1: Biological Test Results of the E.coli and S. Aureus. 

Staphylococcus aureus Escherichia coli  

100 (μg/mL) 50 (μg/mL) 100 (μg/mL) 50 (μg/mL)  

15 9 13 11 (D1) 
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33 32 32 31 Gentamicine 

0 0 0 0 DMSO 

 

 
Fig. 8: The graphical presentation of the antibacterial activity against tested bacteria by the D1 at (50µg/mL, A) 

and (100µg/mL, B). 

 

It is worth noting that the prepared compound has a biological effectiveness. 

 

4. CONCLUSION 

In summary, a new di-azo dye was prepared based on the 

reaction 4՝,4-diaminobenzenilide with catechol, and the 

resulting compound was characterized using UV-Vis, 

FT-IR, Mass spectroscopy techniques. Also, the 

biological activity of the prepared compound was also 

studied and found to be of noteworthy biological activity 

which promises with amazing results for the prepared 

compound in various pharmacological applications. 

 

7. REFERENCES 

1. Szadowski J, Niewiadomski Z, Wojciechowski K. 

Direct urea-based dyes derived from diamines with 

increased solubilities. Dye Pigment, 2001; 50:      

87–92. 

2. Wainwright M. Acridine--a neglected antibacterial 

chromophore. J Antimicrob Chemother, 2001; 47: 

1–13. 

3. Klink SI, Alink PO, Grave L, et al. Fluorescent dyes 

as efficient photosensitizers for near-infrared Nd3+ 

emission. J Chem Soc Perkin Trans., 2001; 2:     

363–372. 

4. Gong G, Gao X, Wang J, et al. Trisazo Direct Black 

dyes based on nonmutagenic 3,3′-disubstituted 

benzidines. Dye Pigment, 2002; 53: 109–117. 

5. Zhang S, Cheng X, Yang J. Synthesis and 

application of direct black dyes containing 4,4’-

diaminodiphenyl sulfonamide. Dye Pigment, 1999; 

43: 167–172. 

6. Wojciechowski K, Wyrębak A, Gumulak J. Direct 

dyes derived from iso- and terephthalic acids. Dye 

Pigment, 2003; 56: 99–109. 

7. Wojciechowski K, Gumulak J. Benzidine-free direct 

dyes, amide derivatives of iso- and terephthalic 

acids. Dye Pigment, 2003; 56: 195–202. 

8. Hinks D, Freeman HS, Nakpathom M, et al. 

Synthesis and evaluation of organic pigments and 

intermediates. 1. Nonmutagenic benzidine analogs. 

Dye Pigment, 2000; 44: 199–207. 

9. Bello KA, Shen K, Zhao D, et al. Dyes based on 

5,10-dihydrophenophosphazine. Part 1: disazo direct 

dyes. Dye Pigment, 2000; 46: 121–128. 

10. Rudyk H. Synthesis and evaluation of analogues of 

congo red as potential compounds against 

transmissible spongiform encephalopathies. Eur J 

Med Chem., 2003; 38: 567–579. 

11. Pielesz A, Baranowska I, Rybak A, et al. Detection 

and Determination of Aromatic Amines as Products 

of Reductive Splitting from Selected Azo Dyes. 

Ecotoxicol Environ Saf., 2002; 53: 42–47. 

12. Mittal A, Kurup L, Mittal J. Freundlich and 

Langmuir adsorption isotherms and kinetics for the 

removal of Tartrazine from aqueous solutions using 

hen feathers. J Hazard Mater, 2007; 146: 243–248. 

13. Wainwright M. Dyes in the development of drugs 

and pharmaceuticals. Dye Pigment, 2008; 76:    

582–589. 

14. Pielesz A, Wesełucha-Birczyńska A. The 

identification of structural changes in the keratin of 

wool fibre dyed with an azo dye using the Raman 

and Fourier transform infrared spectroscopy 

methods. J Mol Struct., 2000; 555:    325–334. 

15. Ishii S, Sadowsky MJ. Escherichia coli in the 

Environment: Implications for Water Quality and 

Human Health. Microbes Environ., 2008; 23:     

101–108. 

16. Olsvik Ø, Wasteson Y, Lund A, et al. Pathogenic 

Escherichia coli found in food. Int J Food Microbiol, 

1991; 12: 103–113. 

17. Rostami-Yazdi M, Clement B, Mrowietz U. 

Pharmacokinetics of anti-psoriatic fumaric acid 



Jamsakian et al.                                                                                  World Journal of Advance Healthcare Research 

www.wjahr.com       │      Volume 8, Issue 7. 2024      │      ISO 9001:2015 Certified Journal      │                        45 

esters in psoriasis patients. Arch Dermatol Res., 

2010; 302: 531–538. 

18. Dastidar SG, Ganguly K, Chaudhuri K, et al. The 

anti-bacterial action of diclofenac shown by 

inhibition of DNA synthesis. Int J Antimicrob 

Agents 2000; 14: 249–251. 

19. Laudy A, Kulińska E, Tyski S. The Impact of Efflux 

Pump Inhibitors on the Activity of Selected Non-

Antibiotic Medicinal Products against Gram-

Negative Bacteria. Molecules, 2017; 22: 114. 

20. Rosano GL, Morales ES, Ceccarelli EA. New tools 

for recombinant protein production in Escherichia 

coli : A 5‐year update. Protein Sci., 2019; 28:   

1412–1422. 

21. Boucher HW, Corey GR. Epidemiology of 

Methicillin‐Resistant Staphylococcus aureus. Clin 

Infect Dis., 2008; 46: S344–S349. 

22. Lowy FD. Staphylococcus aureus Infections. N Engl 

J Med., 1998; 339: 520–532. 

23. Rasigade J-P, Vandenesch F. Staphylococcus 

aureus: A pathogen with still unresolved issues. 

Infect Genet Evol., 2014; 21: 510–514. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


