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1. INTRODUCTION 

 

Fungal infections caused by Aspergillus species represent a major concern in both clinical and 

agricultural settings [1-5]. Patients who are immunocompromised have the ability to acquire an 

opportunistic fungal infection via exposure. These types of infections could be as mild as allergic 

fungal sinusitis or be as severe as the aggressive fungal infection called invasive aspergillosis. Such 

infections carry a high risk of morbidity and mortality [1, 2]. Aspergillus niger also contaminates 

foodstuffs; cereals and produce are common examples. When this fungus can contaminate foods, it 

poses both health and food safety concerns because it is also a producer of mycotoxins like ochratoxin 

A [3, 4]. A. niger is widespread and adaptable to just about any environment thus making it 

challenging to control the outbreak of this pathogen [5]. Resistance to both azoles 

(fluconazole/itraconazole) and polyenes (amphotericin B) is an issue currently complicating the 

treatment of these fungal infections [6, 7]. #End of Text Intriguingly, the emergence of azole resistance 

as a result of mutations occurring at the gene CYP51 (involved in the demethylation of sterolic 

compounds) and an increase in the level of efflux pumps has led to reduced efficacy regarding this 

class of antifungal agents; thus, causing prescribers to use an increased dosage of the antifungal agent 

due to possible psychologic and potential toxicity toward the patient as well as a high probability for a 

therapeutic cure failure [8]. There is therefore a real need for new classes of effective and selective 

antifungal agents with improved pharmacokinetic profiles [11-16].  

 

This heterocyclic group of compounds is an exciting group of chemical compounds due to having a 

large number of possible structural patterns that allow designers an alternate molecular framework to 

develop a diverse array of inhibitors for a variety of biological targets [9,10]. For instance, there is 

abundant evidence that the 1,3,4 thiadiazoles series of compounds possess a wide range of biological 

activity exhibited in the following areas: antibacterial [11], antiviral [12], anticancer [13-16], anti-

inflammatory and antifungal activity are just a few examples [17]. 1,3,4-Thiadiazole derivatives are 

stable enough to have three-dimensional (3D) π-π stacking due to being relatively planar and having 

multiple functional substituents that can extend from the planes of the heteroaromatic π-systems. The 

potential for successful H-bond formation and hydrophobic interactions with biologically relevant 

receptor sites yields high affinity and selective binding to these sites [13]. Preliminary investigations 

suggest that several thiadiazole derivatives may represent new potential antifungal agents capable of 

killing many of the most prevalent types of human fungal infections [14]. CYP51 is an enzyme that is 
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an essential component of the cytochrome P450 superfamily, which occurs in most species of fungi. 

CYP51 catalyzes the removal of methyl groups from the 14th position of the methylated intermediates 

of ergosterol (which form part of the cell membranes of all species of fungi) [18]. Inhibiting CYP51 

and thereby inhibiting biosynthesis of ergosterol, causes the build-up of (intermediate) sterols to be 

potentially toxic to the fungi since the intermediate sterols have the potential to disrupt membrane 

permeability and exhibit an antifungal effect [15]. Because CYP51 is a very important enzyme for 

fungus growth and because fungi and human amino acid sequences homologous to CYP51 show no 

apparent similarity [16], CYP51 could serve as a potential target for the design of specific antifungal 

therapies. This article presents the design and synthesis of a new compound, 2-Amino-5-(3-

nitrophenyl)-1,3,4-thiadiazole, and its structural characterization together with in vitro antifungal 

activity assays against A. niger and a number of density functional theory (DFT) calculations used to 

assess this compound's activity against A. niger. 
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consistent with the proposed molecular structure. The spectral data confirm the successful synthesis 

and structural integrity of the target compound. 

 

Table 1 FT-IR spectral data of 2-amino-5-(3-nitrophenyl)-1,3,4-thiadiazole. 

 

Wavenumber (cm⁻¹) Assignment Functional Group 

3339 ν(N–H) stretching Amino group (–NH₂) 

2985 ν(C–H) stretching Aromatic C–H 

1696 ν(C=N) stretching Thiadiazole ring 

1488 ν(C=C) stretching Aromatic ring 

1369 ν(C–C) stretching Aromatic skeleton 

700 ν(C–S) stretching Thiadiazole ring 
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Molecular docking 
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