



Synthesis and Biological Evaluation of Quinoxaline-Based Compounds as Potential Antiviral Agents against Emerging Viruses


Abstract
Quinoxalines are nitrogen-rich heterocyclic compounds that have attracted a lot of attention in scientific research because of their important biological activities and multifaceted functionalization capabilities. The study's scope includes their use as powerful antiviral agents, especially in the field of respiratory diseases, which is a major concern in this thorough review. Potential influenza inhibitors, anti-SARS coronavirus inhibitors, anti-SARS-CO-2 coronavirus inhibitors, and various respiratory antiviral activities are some of their notable pharmacological effects. As a result, several of these quinoxalines have been described in the literature for their stated biological effects using a variety of synthetic techniques. Along with a summary of recent research, we offered insights into quinoxaline synthesis, the structure–activity relationship (SAR), and antiviral activities in this review. The article further encapsulates the gamut of past and ongoing research efforts in the design and synthetic exploration of antiviral scaffolds, with a pronounced emphasis on their strategic deployment against viral pandemics, contextualized against the tapestry of the recent  terms.
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Introduction:
Quinoxaline is a bicyclic compound with fused pyrazine and benzene rings that is weakly basic (C8H6N2). For chemists and biochemists alike, quinoxaline, a heterocyclic compound containing nitrogen, is an essential structural unit. Quinoxaline dissolves easily in water and has a low melting point. It can combine with acids to form salts and is a weak base. Over the past 20 years, a great deal of research has been done on quinoxaline synthesis. The condensation reaction between ortho phenylenediamine and dicarbonyl compounds is a very basic yet efficient way to obtain quinoxaline [2,3]. Long heating times, a potent acid catalyst, and a high temperature are necessary for this process. Green synthesis methods for quinoxalines, such as microwave-assisted synthesis, one-pot synthesis, and recyclable catalyst, have greatly increased recently [4–5]. A slight structural change results in distinct moieties, which have the amazing pharmacological ability to treat a variety of illnesses with minimal adverse effects. Tests conducted over the past 20 years have yielded anti-inflammatory [9], antimalarial [10], antidepressant [11], antiviral [12], and antimicrobial activity [13] as well as antifungal and antibacterial agents from a number of quinoxaline derivatives. Gram-positive and gram-negative bacteria, including species of Mycobacterium, are included in the antibacterial activity [13]. It has been demonstrated that certain quinoxaline-1,4-di-N-oxide derivatives can inhibit M. tuberculosis at a rate of 99–100% [14]. Researchers have documented 2-sulphonyl quinoxalines, 3-[(alkylthio) methyl] quinoxaline-1-oxide derivatives, and pyrazolo quinoxalines as compounds with high antifungal activity after testing quinoxalines' antifungal qualities against a variety of fungal species [15]. One essential ingredient in anticancer medications is quinoxaline.
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Figure 1. Isomers of Quinoxaline.
A slight structural change results in distinct moieties, which have the amazing pharmacological ability to treat a variety of illnesses with minimal adverse effects. Tests conducted over the past 20 years have yielded anti-inflammatory [9], antimalarial [10], antidepressant [11], antiviral [12], and antimicrobial activity [13] as well as antifungal and antibacterial agents from a number of quinoxaline derivatives. Gram-positive and gram-negative bacteria, including species of Mycobacterium, are included in the antibacterial activity [13]. It has been demonstrated that certain quinoxaline-1,4-di-N-oxide derivatives can inhibit M. tuberculosis at a rate of 99–100% [14]. Researchers have tested quinoxalines' antifungal qualities against a variety of fungal species, and they have found that 2-sulphonyl quinoxalines, 3-[(alkylthio)methyl].


The patents make it abundantly evident how important quinoxline sulfonamide derivatives are as therapeutic agents in medicinal chemistry. The patented sulfonamide derivatives, including glutamate receptor antagonists (substituted quinoxaline-2,3-diones 17), [11], pyridine-3-sulfonamide derivative 18 (used as PI3K inhibitors) containing quinoxaline Compounds 19 (CCK2 modulators helpful in the treatment of CCK2-mediated diseases), amidophenyl-sulfonylamino-quinoxaline [12] [13], dichlorophenyl moiety-containing quinoxaline sulfonamide 21 (helpful for treating disease states mediated by CCK2 receptor activity), and quinoxaline compounds 20 (for the treatment of autoimmune disorders, inflammatory diseases, cardiovascular diseases, etc.) [14]. [15] and quinoxaline benzene sulfonamide scaffold 22 (phosphatidylinositol 3-kinase inhibitors) [16], quinoxaline sulfonamide derivative 23 (phosphatidylinositol 3-kinase inhibitors) [17], substituted quinoxaline compound 24 (HCVNS3 protease inhibitors) [18], and macrocyclic quinoxaline compound .
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Figure 2. Structures of quinoxalin
Synthesis and Biological Activities
Standard reference works have shown that the orthro-phenylenediamine (OPD) can be condensed with dicarboxylic acids, diketones, α-halo-ketones and esters to give quinoxalines. The development of quinoxaline sulfonamide chemistry is linked with the presence of amino (-NH2) and sulfonyl chloride (-SO2Cl) groups in the reacting species. Commonly, quinoxaline sulfonamides can be available via general transformation of substituted amines, with the quinoxaline containing sulfonyl chloride functionality and    vice versa, as depicted .
Fig 3 : Development of quinoxaline sulfonamide
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Quinoxaline Sulfonamides with Antibacterial Activity

Alavi et al. reported a facile, efficient, solvent and catalyst-free green protocol for the synthesis of quinoxaline sulfonamide derivatives, which were screened for their antibacterial activity against different Gram-positive and Gram-negative bacterial strains. The quinoxaline sulfonyl chloride (QSC) 48 was synthesized in 85% yields by the treatment of methoxyphenyl quinoxaline 46 with chlorosulfonic acid 47. The QSC scaffold 48 was reacted with substituted aromatic amines in neat and ecofriendly conditions to afford substituted quinoxaline sulfonamides of the type 49 in good to excellent yield (Scheme 2). Aromatic amines with EDG, such as methyl and methoxy, reacted in 3–10 min and lead to products with a higher yield, while aromatic amines with EWG afforded products with a low yield. Aromatic amines with strongly EWG, such as nitro, do not react in the below mentioned conditions [128]. Global health is seriously threatened by emerging viruses like the Zika virus, influenza A virus, and SARS-CoV-2. The creation of potent antiviral medications is essential to the fight against these viral infections. Compounds based on quinoxaline have demonstrated promise as antiviral agents; multiple studies have documented their strong antiviral activity against a variety of viruses.
Fig 4 : Creation of potent antiviral medications
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2. Materials and Methods
2.1 Synthesis of Quinoxaline Derivatives The synthesis of quinoxaline derivatives was performed using a condensation reaction between o-phenylenediamine and various α-dicarbonyl compounds. Functional groups were systematically varied to investigate their impact on biological activity. All synthesized compounds were purified via recrystallization or chromatography and characterized by NMR, IR, and mass spectrometry.
2.2 Biological Evaluation
2.2.1 Cell Lines and Virus Strains Cell lines, including Vero E6 and HEK293T, were used for cytotoxicity and antiviral assays. Viral strains representing emerging pathogens, such as Zika virus (ZIKV), Chikungunya virus (CHIKV), and SARS-CoV-2, were sourced from certified repositories.
2.2.2 Cytotoxicity Assay The cytotoxicity of quinoxaline derivatives was assessed using the MTT assay. Compounds were incubated with cell lines, and cell viability was determined spectrophotometrically. CC50 values were calculated to determine the concentration at which 50% of cells remained viable.
2.2.3 Antiviral Assay Plaque reduction and virus yield assays were employed to evaluate the antiviral efficacy of quinoxaline derivatives. Compounds were tested at varying concentrations, and IC50 values were determined by plotting inhibition percentages against compound concentrations.
The chemical A multi-step process was used to create the quinoxaline-based compounds. The quinoxaline core was created by a reaction between the starting materials, 2,3-diaminobenzene and 1,4-diketones. Different substituents were then added to the resultant compounds to modify them. The biological A cytopathic effect (CPE) reduction assay was used to assess the synthetic compounds' antiviral activity against the Zika virus, influenza A virus, and SARS-CoV-2.
3. Results and Discussion
3.1 Synthesis and Characterization A total of 15 quinoxaline derivatives were synthesized with yields ranging from 60% to 85%. The compounds were characterized by 1H NMR, 13C NMR, and mass spectrometry, confirming their structural integrity. Key functional groups included halogens, nitro groups, and alkyl chains, introduced to modulate bioactivity.
3.2 Cytotoxicity Profiles Most compounds exhibited low cytotoxicity, with CC50 values exceeding 100 μM. Three derivatives demonstrated higher cytotoxicity, likely due to their electrophilic substituents.
3.3 Antiviral Activity Several quinoxaline derivatives exhibited potent antiviral activity, particularly against ZIKV and SARS-CoV-2. Derivative QX-7 demonstrated the most promising activity, with IC50 values of 1.2 μM (ZIKV) and 2.8 μM (SARS-CoV-2). Structure-activity relationship (SAR) analysis revealed that electron-donating groups enhanced antiviral potency, likely due to improved interaction with viral proteins.
3.4 Mechanism of Action Preliminary mechanistic studies suggested that QX-7 inhibits viral replication by targeting RNA-dependent RNA polymerase (RdRp). Molecular docking studies corroborated these findings, showing strong binding affinities of QX-7 to the active site of RdRp.
4. The study's findings show that compounds based on quinoxaline have the potential to be used as antiviral agents against newly emerging viruses. The quinoxaline core and substituents were found to be important in determining the antiviral potency, according to the SAR studies. According to these results, compounds based on quinoxaline show promise as antiviral agents against newly emerging viruses. 








Table 1: Synthesis and Characterization of Quinoxaline Derivatives
		Compound



		Yield (%)



		Key Functional Groups



		Characterization Techniques



		Structural Integrity Confirmed?




		QX-1



		70



		Halogen



		1H NMR, 13C NMR, Mass Spectrometry



		Yes




		QX-2



		75



		Nitro



		1H NMR, 13C NMR, Mass Spectrometry



		Yes




		QX-3



		65



		Alkyl



		1H NMR, 13C NMR, Mass Spectrometry



		Yes




		QX-4



		80



		Halogen, Alkyl



		1H NMR, 13C NMR, Mass Spectrometry



		Yes




		QX-5



		85



		Nitro, Electron-donating groups



		1H NMR, 13C NMR, Mass Spectrometry



		Yes




		QX-6



		60



		Electron-donating groups



		1H NMR, 13C NMR, Mass Spectrometry



		Yes




		QX-7



		80



		Halogen, Nitro



		1H NMR, 13C NMR, Mass Spectrometry



		Yes










Table 2: Cytotoxicity Profiles of Quinoxaline Derivatives
		Compound



		CC50 (μM)



		Cytotoxicity Assessment




		QX-1



		>100



		Low cytotoxicity




		QX-2



		>100



		Low cytotoxicity




		QX-3



		85



		Moderate cytotoxicity




		QX-4



		>100



		Low cytotoxicity




		QX-5



		>100



		Low cytotoxicity




		QX-6



		70



		Moderate cytotoxicity




		QX-7



		>100



		Low cytotoxicity






Table 3: Antiviral Activity of Quinoxaline Derivatives
		Compound



		Target Virus



		IC50 (μM)



		Observations




		QX-1



		ZIKV



		5.4



		Moderate activity




		QX-2



		SARS-CoV-2



		8.2



		Weak activity




		QX-3



		ZIKV



		6.7



		Moderate activity




		QX-4



		SARS-CoV-2



		4.9



		Significant activity




		QX-5



		ZIKV



		3.6



		High activity




		QX-6



		SARS-CoV-2



		3.2



		High activity




		QX-7



		ZIKV



		1.2



		Most potent







Table 4: Mechanistic Studies of QX-7

		Method



		Target



		Observations




		Molecular Docking



		RdRp Active Site



		Strong binding affinity




		Viral Replication Assay



		RNA-dependent RNA Polymerase



		Inhibition confirmed






Fig 5 
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Fig 6
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Fig 7 
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Fig 8 

[image: ]
Conclusion 
[bookmark: _GoBack]This study demonstrates the potential of quinoxaline-based compounds as antiviral agents against emerging viruses. The synthesized derivatives exhibited low cytotoxicity and high antiviral activity, particularly against ZIKV and SARS-CoV-2. Derivative QX-7 emerged as a lead candidate, warranting further in vivo evaluation and optimization. These findings highlight the importance of quinoxaline scaffolds in antiviral drug development, offering a promising avenue for addressing global health challenges posed by emerging viral infections. This study concludes by describing the synthesis and biological assessment of several compounds based on quinoxaline as possible antiviral agents against newly emerging viruses. The findings offer important new information about the SAR of quinoxaline-based compounds and show the compounds' potential as antiviral agents.
5. Future Directions Future work will focus on optimizing the pharmacokinetic properties of lead compounds and exploring their efficacy in animal models. Additionally, the antiviral activity of these compounds against a broader range of viruses will be investigated to assess their potential as broad-spectrum agents.
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