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I 

Abstract 

  This study introduces, for the first time, the synthesis and 

comprehensive biological evaluation, both in vitro and in silico, of seven 

newly designed coumarin derivatives featuring linear conjugation with a 

1,4-dioxane moiety. The primary aim was to develop structurally 

accessible and chemically versatile coumarin-based scaffolds with broad-

spectrum biological activities. 

 The synthetic route commenced with 4-chloro-3-(2-

hydroxyethoxy)phenol, which was transformed into a key intermediate 

(P-DFC). Subsequent Pechmann condensation with 3-ketoglutaric acid 

yielded DFC1, a central scaffold that was then esterified with six 

different 4-substituted phenols to afford the final series of derivatives, 

DFC2 through DFC7. Structural confirmation of all compounds was 

achieved through a suite of spectroscopic techniques, including 1H-NMR, 
13C-NMR, and FTIR. 

 The bioactivity of the synthesized compounds was evaluated 

through a battery of in vitro assays targeting antioxidative stress, glucose 

lowering effect, antimicrobial (both antibacterial and antifungal), anti-

inflammatory, and cytotoxic properties. Antioxidant potential was tested 

using the SH-SY5Y human neuroblastoma cell line, while glucose 

lowering -glucosidase 

-amylase enzymes. Antibacterial assays included six aerobic Gram-

negative and four anaerobic bacterial strains, while the antifungal activity 

was evaluated against two clinically relevant fungal pathogens. Anti-

inflammatory effects were investigated via COX-1 and COX-2 inhibition, 

while cytotoxic activity was tested using the MTT assay across six human 



 

II 

cancer cell lines. The biosafety profile was further examined using three 

non-tumorigenic human cell lines and three commensal bacterial strains. 

 Among the synthesized molecules, DFC4 exhibited the most 

pronounced antioxidant activity (iROS = 188.65), whereas DFC2 showed 

-glucosidase (IC50 -amylase 

(IC50  glucose lowering potential. 

DFC5 displayed potent antibacterial activity with MIC values ranging 

aerobic bacteria. DFC1 outperformed nystatin in antifungal testing (MFC 

= 0.95 ual inhibition of inflammatory 

enzymes (COX-1 IC50 -2 IC50 

suggesting a cyclooxygenase-mediated anti-inflammatory mechanism. 

 In cancer cell line assays, DFC4 again emerged as a promising 

candidate, showing IC50 -7) and 34.99 

-30), while retaining high biosafety in normal cell lines 

(IC50 = 205.20 DFC5 maintained favorable 

safety margins against commensal strains, with MICs ranging from 28.00 

Escherichia coli strains BAA-1427 and MG1655, 

respectively. 

 Complementary in silico analyses supported the in vitro results, 

providing insight into the toxicity profiles and pharmacokinetic 

parameters of the synthesized molecules. Overall, these findings highlight 

the therapeutic potential of these fused coumarin dioxane derivatives as 

multifunctional agents with promise for further development in drug 

discovery pipelines. 
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