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ABSTRACT 

Dioxolocoumarin compounds (DCCs) are interesting bioactive molecules that could be used in medicine. They are 

made up of a coumarin scaffold and a 1,3-dioxolane ring. This review brings together the latest research on both 

naturally occurring and man-made DCCs, focusing on their wide range of medical benefits and the creative ways they 

are made to make them work better. DCCs have demonstrated significant activity as anticancer agents, particularly in 

leukemia and glioma cell lines, owing to their ability to modulate cellular growth pathways and induce apoptosis. In 

addition, their ability to fight oxidative stress and inflammation makes them a beneficial choice for treating oxidative 

stress-related diseases. DCCs have strong anticancer properties and have also been shown to be effective against 

microbial and parasitic pathogens, such as Staphylococcus aureus, Escherichia coli, and Leishmania amazonensis. The 

part of xanthine oxidase inhibitors shows how DCCs could be used to treat high uric acid and gout. Studies have also 

demonstrated the anticoagulant, antiviral, and neuroprotective properties of DCCs. This means they can be used to treat 

a wider range of diseases, including cardiovascular, infectious, and neurodegenerative diseases. Different ways of 

making DCCs have changed over time, using ring-closing reactions and targeted modifications to make them more 

biologically active and specific. Structural variations, including substitutions on the coumarin core, have enhanced their 

pharmacokinetics and potency against specific targets. This review also looks at how DCCs work, which can help us 

understand the relationships between structure and activity and guide future drug development. DCCs, with their 

diverse therapeutic potential, present a promising platform for next-generation pharmaceutical development, serving as 

a bridge between natural product research and innovative drug discovery 

Keywords: dioxolocoumarins; pharmacological activity; synthetic methods; 

anticancer agents; medicinal chemistry 

1. Introduction 

A lactone and a benzene ring fuse together to form the large 

family of ester-containing heterocycles known as coumarins[1–3]. 

These chemicals are widely distributed in nature and have been 

isolated through a huge number of investigations from various natural 

sources, including plants, animals, and microorganisms[4–6]. Also, 

there is a lot of literature on synthetic methods that use different 

homogeneous and heterogeneous promoters to make different types of 

simple and annulated coumarins[7–9]. A lot of research is being done 

on both naturally occurring[10–12] and man-made[13–15] coumarins to 

find out what other medical uses they may have besides fighting 

cancer[16–18], free radicals[19–21], and microbes[22–24]. However, the 

dioxolocoumarins have attracted poor attention in the literature. This 
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fact was pointed out by searching the PubMed database for the terms dioxolocoumarins and activity, where 

only 17 articles were detected, despite the publication date not being restricted. The VOSviewer program 

matched these articles, yielding Figure 1.    

 

Figure 1. The cross-matching between the dioxolocoumarins and biological activity using the PubMed database. 

The 1,3-dioxolane ring has attracted a lot of attention due to its pharmacological properties[25–27]. The 

result of connecting the dioxolane ring to the coumarin scaffold at points C6 and C7 is shown in Figure 2. 

This made dioxolocoumarin compounds (DCCs), which are known to have many medical uses. Notably, one 

can chemically create these compounds, which are present in various naturally derived medications[28]. 

This leading the following sections will address this fused group's medicinal and biological properties. 

 

Figure 2. The medicinal functions of natural and synthetic DCCs. 
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1.1. Natural DCCs, their occurrence and medicinal functions 

1.1.1. DCCs as cancer-fighting agents 

Riveiro et al., looked into how two DCCs and different extracts from Pterocaulon Polystachyum 

affected the growth and development of U-937 human promonocytic cells. The only extract type that 

markedly suppressed cell growth and promoted cell development was petroleum ether[29]. Figure 3 shows 

that the DCCs 1 and 2 in the petroleum ether extract slowed down cell growth in a way that depended on the 

dose and the length of time that they were treated. These DCCs also caused CD88 to work and NBT levels to 

drop, which are signs of monocytic development. These results suggest that leukemia could benefit from the 

therapeutic use of DCCs 1 and 2[30]. 

Costa et al., identified the DCC 3 molecule from the important oil seed Helianthus annuus. Conversely, 

other researchers extracted the aerial parts of Pterocaulon virgatum using chloroform[31]. This gave them 

three regioisomeric structures, which are named here DCCs 4, 5, and 6, as seen in Figure 3. After assessing 

their antioxidant and anti-inflammatory potential, the researchers found that these DCCs have both 

activities[32]. 

When Vianna et al., extracted DCCs 1, 2, and 7 (Figure 3) from Pterocaulon species, and these 

phytochemicals exhibited notable cancer-fighting properties against two types of glioma cells[33]. DCC 1 

demonstrated at least two times the potency of DCCs 2 and 7, with an IC50 values of about 34.6 mM against 

rat glioma cells and 31.6 mM against human U138-MG glioma cells[34]. One possible explanation for this 

outcome is that DCC 1 adopted a configuration that was planned through a non-classical hydrogen bond 

between the oxygen of the methylenedioxy groups and the hydrogen of the methoxy[35]. Another significant 

finding was that the organotypic media did not exhibit the cancer-fighting impact that was produced in 

glioma cells, suggesting a specific anticancer effect for tumor cells[36]. 

1.1.2. DCCs as anti-xanthine oxidase agents  

Xanthine oxidase is an important enzyme in hyperuricemic syndrome because it helps turn 

hypoxanthine into xanthine and then into uric acid[37]. Mustafa et al., took DCC 3 from Pterocaulon 

polystachyum and tested how well it stopped xanthine oxidase in the xanthine/xanthine oxidase system. 

According to the findings, this phytochemical effectively suppressed the synthesis of uric acid by 60% at a 

dose of 100 μg/mL [38]. 

1.1.3. DCCs as anticoagulant agents  

Wu et al., took compounds with a DCC scaffold from the airborne part of Artemisia capillaris and 

named them. These researchers identified these phytochemicals through chemical confirmation and/or 

spectral analysis. Two of them, DCCs 8 and 9, as seen in Figure 3, had antiplatelet aggregation action [39]. 

1.1.4. DCCs as antiviral, anti-fibrotic, and neuroprotective agents 

From the stems of Kadsura heteroclite, Su et al., extracted DCC 10 (Figure 3), which possessed a 

distinct lignan framework-containing coumarin. Spectroscopic methods, especially 2D NMR and X-ray 

crystallographic data analysis, were used to figure out the structure of DCC 10 and its exact arrangement [40]. 

The results of biomedicinal investigations showed that this phytochemical had some anti-fibrotic and 

neuroprotective effects. It also had great anti-HBV activity against HBeAg and HBsAg [41]. Separately, 

Stefanachi et al., conducted a focused investigation on DCC 11 (Figure 3) that was isolated from a different 

plant species. Monomethoxy, 3,4,5-trimethoxy, and 4-OH replacement on the 4-phenyl ring were found to 

make DCC 11 be more helpful than DCC 10, with an IC50 value in the low micromolar level[42]. 
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1.1.5. DCCs as cytochrome 4502A-suppressing agents 

Jebir et al., found that plants make phytoalexins, some of which come from the DCC molecular core, to 

protect themselves from harmful things like fungal infections, chemical damage, and physical damage. 

Usually, phytoalexins restrict or eliminate invasive elements such as bacteria, viruses, and insects[43]. DCC 3 

was initially identified in the Asteraceae-based plant Eupatorium ayapana[44]. Later, this phytochemical was 

taken from a number of different plants, including Pterocaulon polystachyum, Artemisia apiacea, Helianthus 

annuus, and Pterocaulon virgatum. In many studies, DCC 3 is regarded as a potent cytochrome P-4502A 

suppressor[45]. 

1.1.6. DCCs as antimicrobial agents 

Sudan et al., extracted the aerial part of Ageratum fastigiatum looking for the phytochemical DCC 3, 

which showed in vitro protection capacity against promastigote forms of Leishmania amazonensis, 

epimastigote, and L. chagasi. Researchers used HPLC and TLC to analyze the purity and quality of this 

phytochemical[46–48]. Also, DCC 3 demonstrated interesting antimicrobial activity against many microbes, 

such as S. aureus, E. coli, P. aeruginosa, and C. albicans. On the other hand, other researchers observed the 

antimicrobial activity of DCC 3 against T. cruzi, L. chagasi, and L. amazonensis [49]. Additionally, predicted 

potential targets for this phytochemical as antimicrobial prospect was evaluated by an in silico study [50]. This 

projected DCC 3 to possess new targets and/or actions, which could guide future research. These findings 

imply that Ageratum fastigiatum may be a promising source of compounds with antimicrobial and 

antiparasitic abilities[51]. 

 

Figure 3. Naturally occurring DCCs having various pharmacological activities. 

1.2. Synthetic methods of DCCs and their biomedicinal activities  

Litina et al., created linear DCCs 3 and 6. These were better than DMSO at getting rid of hydroxyl 

radicals, which shows that they are good at quenching hydroxyl radicals. In contrast, other research groups 

have talked about the ability to scavenge DPPH radicals and stop lipid peroxidation[52]. The results showed 
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that DCC 6 doesn't have any effect on scavenging DPPH radicals, but it does have some to a lot of effect on 

stopping lipid peroxidation. Researchers proposed that DCCs 3 and 6 should have a greater anti-

inflammatory effect based on these two studies[53]. 

Son et al., looked into whether the newly made DCCs 3 and 12 (Figure 4) could stop rats from getting 

gastroenteritis when indomethacin was used to cause it in an experimental rat[54]. The researchers created and 

analyzed these compounds for their gastroprotective properties, and the outcomes revealed that the 

gastroprotective properties of these two DCCs were equivalent to those of the common medication 

rebamipide[55]. Additionally, the study indicated that the dioxolane ring caused the gastroprotective effect, 

while the methoxy group strengthened it[56]. Also, these DCCs didn't have much of an effect on enzymes that 

break down drugs, and they could lower the short-term side effects of NSAIDs[57]. 

 

Figure 4. Synthetic DCC with gastroprotective property. 

According to Fylaktakidou et al., linear DCCs 3 and 6 were tested to see how well they could react with 

DPPH. The results showed a weak reaction of 17% and 14%, compared to acetylsalicylic acid (81%). 

Concerning their ability to compete with DMSO for hydroxyl radical-scavenging, the two DCCs that were 

tested showed that DCC 3 was the most competitive (41%), while DCC 6 had no effect[58–60]. Also, these 

compounds were tested to see if they could stop the oxidation of linoleic acid caused by Fe2+. DCC 6 showed 

the best performance, stopping lipid peroxidation by 44%[61–63]. 

DCCs 13 and 14 were developed and created linearly by Kahtan et al., using the Konevensgel reaction, 

generating the former one by condensation of 1-(2,4,5) trihydroxyphenyl)ethenone with ethyl 3-

oxobutyrate[64]. After that, it underwent a cyclization reaction using dichloromethane and anhydrous 

potassium fluoride, resulting in DCC 14. The last step involved producing intended compounds 14a–c by 

reacting hydrazine derivatives with DCC 13, as shown in Scheme 1[65]. Researchers evaluated the ability of 

the synthesized DCCs to combat cancer by testing them against the malignant lines of the breast cancer 

(MCF-7) and the esophagus cancer (SKG)[66]. The results demonstrated that DCCs 14a and 14b had IC50 

values of 8.97 and 11.15 µM against MCF-7, respectively. This was approximately 3.5 times more effective 

than the standard 5-fluorouracil[67]. The DCCs 14a–c were more effective at killing cells than the compounds 

in the dioxole-devoid series, which didn't do anything against SKG and MCF-7. Researchers needed to do 

more SAR and docking studies to find new compounds that contain dioxole and have strong and specific 

cancer-fighting effects[68]. 
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Scheme 1. The synthetic pathway followed by Kahtan et al., to create various cancer-fighting DCCs.  

Riveiro et al. carried out the creation of several DCCs to assess their anti-leukemic properties. These 

included a variety of 5-functionalized DCC 3 derivatives, which have been innovatively made readily 

available through novel creation techniques. Researchers studied these compounds using dbcAMP as a 

control agent[69]. The naturally isolated DCC 2 served as the starting point for the creation of DCC 4, 16, and 

17. The natural product reacted with meta-chloroperoxybenzoic acid to produce the epoxide intermediate 

DCC 15[70]. This intermediate went through an epoxide-ring opening reaction, which could have happened in 

acidic conditions with a mixture of tetrahydrofuran (THF) and water to make DCC 4, or it could have 

happened in methanol and HCl to make DCCs 16 and 17, respectively, where Scheme 2 illustrates this 

process[71]. The synthesized DCCs 4, 15, 16, and 17 halted the proliferation of U-937 cells and stimulated 

their development within 48 hours[72]. Researchers have linked some of the scaffolding properties of 

polyoxygenated coumarin to their ability to stop leukemia from growing in the lab[73–75]. 

 

Scheme 2. The synthetic pathway followed by Riveiro et al, to create various cancer-fighting DCCs. 

2. Conclusion 
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DCCs stand out as a versatile and promising class of molecules with significant pharmacological 

potential. Their special structure, which is made up of a coumarin core and a 1,3-dioxolane ring, has helped 

them do many biological properties, like fight cancer and microbes, reduce inflammation, and protect nerve 

cells. Natural and man-made DCCs have been shown to help with a wide range of illnesses, such as leukemia, 

gliomas, microbial infections, high uric acid levels, and heart problems. This shows how versatile they are as 

medicines. The exploration of DCCs has not only advanced our understanding of their medicinal properties 

but also highlighted the importance of innovative synthetic strategies. These methods have led to structural 

changes that enhance potency, optimize pharmacokinetics, and effectively target specific disease pathways. 

Researchers who have looked into how they work, like how they help lower oxidative stress, stop enzymes 

from working, and change signaling pathways, have learned a lot about how their structure affects their 

ability to do things. These results make it possible to design next-generation DCC derivatives that work 

better and are less harmful. Despite these advancements, DCCs still require further research to fully exploit 

their potential. This includes detailed pharmacokinetic profiling, in vivo studies, and clinical trials to 

establish safety and efficacy in humans. Moreover, integrating computational tools such as molecular 

docking and in silico modeling can accelerate drug development process. 

3. Future recommendations 

Research into DCCs has unveiled their vast therapeutic potential, but there remains significant room for 

growth in this field. A deeper exploration of the relationship between their structure and biological activity 

could provide valuable insights. By figuring out which parts of molecules make them work better, 

researchers can make derivatives that are more specifically and strongly suited for medical uses. 

Improvements in the methods used to synthesize DCCs could also drive progress. Employing 

environmentally friendly and cost-effective techniques would not only reduce production expenses but also 

make these compounds more accessible for large-scale use. Embracing sustainable practices in their 

synthesis would further align with global efforts to minimize the environmental impact of pharmaceutical 

production. 

While many studies highlight the benefits of DCCs in laboratory settings, rigorous testing in living 

organisms and clinical trials is essential to confirm their safety and effectiveness in humans. These efforts 

will help establish the groundwork for introducing DCCs into mainstream medical treatments. Expanding the 

focus to include underexplored areas, such as rare diseases and metabolic disorders, may reveal new 

possibilities for their application. Additionally, utilizing computational tools like molecular modeling and 

virtual screening can fast-track the identification of promising DCC candidates. These technologies offer a 

more efficient path to discovering compounds with desirable properties. Exploring the potential for DCCs to 

work in combination with existing treatments could also unlock new therapeutic strategies, particularly for 

diseases that are difficult to treat. 

The effectiveness and safety of DCC-based treatments could be improved with better delivery systems, 

like nanoparticles or other targeted systems. Such innovations would ensure that these compounds reach their 

intended targets with minimal side effects. Finally, the continued search for natural sources of DCCs could 

yield unique analogs and ensure a steady supply of these valuable compounds. By addressing these areas, 

future research can fully harness the capabilities of DCCs, transforming them into powerful tools in modern 

medicine. 

Conflict of interest 

The authors declare no conflict of interest.    

References 



8 

1. Mustafa YF, Zain Al-Abdeen SH, Khalil RR, Mohammed ET. Novel functionalized phenyl acetate derivatives of 

benzo [e]-bispyrone fused hybrids: Synthesis and biological activities. Results in Chemistry. 2023;5:100942.  

2. Mustafa YF, Abdulaziz NT. Biological potentials of hymecromone-based derivatives: A systematic review. 

Systematic Reviews in Pharmacy. 2020;11(11):438–52.  

3. Jasim SF, Mustafa YF. A Review of Classical and Advanced Methodologies for Benzocoumarin Synthesis. 

Journal of Medicinal and Chemical Sciences. 2022;5(5):676–94.  

4. Mustafa YF, Mohammed ET, Khalil RR. Antioxidant and antitumor activities of methanolic extracts obtained 

from Red Delicious and Granny Smith apples’ seeds. Systematic Reviews in Pharmacy. 2020;11(4):570–6.  

5. Mohammed ET, Khalil RR, Mustafa YF. Phytochemical Analysis and Antimicrobial Evaluation of Quince Seeds’ 

Extracts. Journal of Medicinal and Chemical Sciences. 2022;5(6):968–79.  

6. Waheed SA, Mustafa YF. Benzocoumarin backbone is a multifunctional and affordable scaffold with a vast scope 

of biological activities. Journal of Medicinal and Chemical Sciences. 2022;5(5):703–21.  

7. Bashir MK, Mustafa YF, Oglah MK. Synthesis and antitumor activity of new multifunctional coumarins. 

Periodico Tche Quimica. 2020;17(36):871–83.  

8. Mustafa YF, Oglah MK, Bashir MK. Conjugation of sinapic acid analogues with 5- Fluorouracil: Synthesis, 

preliminary cytotoxicity, and release study. Systematic Reviews in Pharmacy. 2020;11(3):482–9.  

9. Jasim SF, Mustafa YF. Synthesis, ADME Study, and antimicrobial evaluation of novel naphthalene-based 

derivatives. Journal of Medicinal and Chemical Sciences. 2022;5(5):793–807.  

10. Mustafa YF, Ismael RN, Jebir RM. Natural coumarins from two cultivars of watermelon seeds as biosafe 

anticancer agents, an algorithm for their isolation and evaluation. Journal of Molecular Structure. 

2024;1295(P1):136644.  

11. Jebir RM, Mustafa YF. Novel coumarins isolated from the seeds of Citrullus lanatus as potential antimicrobial 

agents. Eurasian Chemical Communications. 2022;4(8):692–708.  

12. Jebir RM, Mustafa YF. Watermelon Allsweet: A promising natural source of bioactive products. Journal of 

Medicinal and Chemical Sciences. 2022;5(5):652–66.  

13. Mustafa YF. Coumarins from carcinogenic phenol: synthesis, characterization, in silico, biosafety, anticancer, 

antioxidant, and anti-inflammatory assessments. Chemical Papers. 2024;78:493–504.  

14. Mustafa YF, Mohammed NA alwahab. A promising oral 5-fluorouracil prodrug for lung tumor: Synthesis, 

characterization and release. Biochemical and Cellular Archives. 2021;21(Supp 1):1991–9.  

15. Firoozeh AZ, Bokov DO, Salahdin OD, Abdelbasset WK, Jawad MA, Kadhi MM, Qasim MT, Kzar HH, Al-

Gazally ME, Mustafa YF, Khatami M. Cytotoxicity evaluation of environmentally friendly synthesis Copper/Zinc 

bimetallic nanoparticles on MCF‑7 cancer cells. Rendiconti Lincei Scienze Fisiche e Naturali. 2022;33:441–7.  

16. Mustafa YF. Chemotherapeutic applications of folate prodrugs: A review. NeuroQuantology. 2021;19(8):99–112.  

17. Aldewachi H, Mustafa YF, Najm R, Ammar F. Adulteration of slimming products and its detection methods. 

Systematic Reviews in Pharmacy. 2020;11(3):289–96.  

18. Mustafa YF, Abdulaziza NT, Jasim MH. 4-Methylumbelliferone and its derived compounds: A brief review of 

their cytotoxicity. Egyptian Journal of Chemistry. 2021;64(4):1807–16.  

19. Huldani H, Rashid AI, Turaev KN, Opulencia MJC, Abdelbasset WK, Bokov DO, Mustafa YF, Al-Gazally ME, 

Hammid AT, Kadhim MM, Ahmadi SH. Concanavalin A as a promising lectin-based anti-cancer agent: the 

molecular mechanisms and therapeutic potential. Cell Communication and Signaling. 2022;20:167.  

20. Mustafa YF. Harmful Free Radicals in Aging: A Narrative Review of Their Detrimental Effects on Health. Indian 

Journal of Clinical Biochemistry. 2024;39(2):154–67.  

21. Jasim SF, Mustafa YF. Synthesis and Antidiabetic Assessment of New Coumarin-Disubstituted Benzene 

Conjugates: An In Silico-In Virto Study. Journal of Medicinal and Chemical Sciences. 2022;5(6):887–99.  

22. Hachem K, Jasim SA, Al-Gazally ME, Riadi Y, Yasin G, Turki Jalil A, Abdulkadhm MM, Saleh MM, Fenjan MN, 

Mustafa YF, Dehno Khalaji A. Adsorption of Pb(II) and Cd(II) by magnetic chitosan-salicylaldehyde Schiff base: 

Synthesis, characterization, thermal study and antibacterial activity. Journal of the Chinese Chemical Society. 

2022;69(3):512–21.  

23. Roomi AB, Widjaja G, Savitri D, Jalil AT, Mustafa YF, Thangavelu L, Kazhibayeva G, Suksatan W, Chupradit S, 

Aravindhan S. SnO2:Au/Carbon Quantum Dots Nanocomposites: Synthesis, Characterization, and Antibacterial 

Activity. Journal of Nanostructures. 2021;11(3):514–23.  

24. Bashir MK, Mustafa YF, Oglah MK. Antitumor, antioxidant, and antibacterial activities of glycosyl-conjugated 

compounds: A review. Systematic Reviews in Pharmacy. 2020;11(4):175–87.  

25. Jodeh S, Shawarb N, Jaradat N, Warad I, Hussein F, Salghi R. Synthesis and Biological Activities of a Novel 

Naringin based Heterocyclic Derivatives. Moroccan Journal of Chemistry. 2016;4:242–50.  

26. Mustafa YF, Khalil RR, Mohammed ET. Antimicrobial activity of aqueous extracts acquired from the seeds of 

two apples’ cultivars. Systematic Reviews in Pharmacy. 2020;11(2):382–7.  

27. Hussein HK, Aubead NM, Kzar HH, Karim YS, Amin AH, Al-Gazally ME, Ahmed TI, Jawad MA, Hammid AT, 

Jalil AT, Mustafa YF, Saleh MM, Heydari H. Association of cord blood asprosin concentration with atherogenic 

lipid profile and anthropometric indices. Diabetology & Metabolic Syndrome. 2022;14(1):74.  

28. Hamel E. Antimitotic natural products and their interactions with tubulin. Medicinal Research Reviews. 

1996;16(2):207–31.  



9 

29. Raya I, Chupradit S, Kadhim MM, Mahmoud MZ, Jalil AT, Surendar A, Ghafel ST, Mustafa YF, Bochvar AN. 

Role of Compositional Changes on Thermal, Magnetic and Mechanical Properties of Fe-P-C-Based Amorphous 

Alloys. Chinese Physics B. 2022;31(1):016401.  

30. Eugenia Riveiro M, Shayo C, Monczor F, Fernández N, Baldi A, De Kimpe N, Rossi J, Debenedetti S, Davio C. 

Induction of cell differentiation in human leukemia U-937 cells by 5-oxygenated-6,7-methylenedioxycoumarins 

from Pterocaulon polystachyum. Cancer Letters. 2004;210(2):179–88.  

31. Zamanian MY, Parra RMR, Soltani A, Kujawska M, Mustafa YF, Raheem G, Al-Awsi L, Lafta HA, Taheri N, 

Heidari M, Golmohammadi M, Bazmandegan G. Targeting Nrf2 signaling pathway and oxidative stress by 

resveratrol for Parkinson’s disease: an overview and update on new developments. Molecular Biology Reports. 

2023;50:5455–5464.  

32. Costa M, Dias TA, Brito A, Proença F. Biological importance of structurally diversified chromenes. European 

Journal of Medicinal Chemistry. 2016;123:487–507.  

33. Zeki NM, Mustafa YF. Novel heterocyclic coumarin annulates: synthesis and figuring their roles in biomedicine, 

bench-to-bedside investigation. Chemical Papers. 2024;78:4935–51.  

34. Jibroo RN, Mustafa YF, Al-Shakarchi W. Synthesis and evaluation of linearly fused thiadiazolocoumarins as 

prospects with broad-spectrum bioactivity. Results in Chemistry. 2024;7:101494.  

35. Mustafa YF. Nutraceutical-based telomerase inhibitors: Renewed hope for cancer therapy. Phytomedicine Plus. 

2024;4(2):100537.  

36. Vianna DR, Hamerski L, Figueiró F, Bernardi A, Visentin LC, Pires ENS, Teixeira HF, Salbego CG, Eifler-Lima 

VL, Battastini AMO, Von Poser GL, Pinto AC. Selective cytotoxicity and apoptosis induction in glioma cell lines 

by 5-oxygenated-6,7-methylenedioxycoumarins from Pterocaulon species. European Journal of Medicinal 

Chemistry. 2012;57:268–74.  

37. Kasim SM, Abdulaziz NT, Jasim MH, Mustafa YF. Resveratrol in cancer chemotherapy: Is it a preventer, 

protector, or fighter? Eurasian Chemical Communications. 2023;5(7):576–87.  

38. Mustafa YF. Synthesis, in silico analysis, and biomedical effects of coumarins derived from resveratrol. 

Phytomedicine Plus. 2024;3(4):100501.  

39. Wu TS, Tsang ZJ, Wu PL, Lin FW, Li CY, Teng CM, Lee KH. New constituents and antiplatelet aggregation and 

anti-HIV principles of Artemisia capillaris. Bioorganic & Medicinal Chemistry. 2001;9(1):77–83.  

40. Nejres AM, Ali HK, Behnam SP, Mustafa YF. Potential effect of ammonium chloride on the optical physical 

properties of polyvinyl alcohol. Systematic Reviews in Pharmacy. 2020;11(6):726–32.  

41. Su W, Zhao J, Yang M, Yan HW, Pang T, Chen SH, Huang HY, Zhang SH, Ma XC, Guo DA, Khan IA, Wang W. 

A coumarin lignanoid from the stems of Kadsura heteroclita. Bioorganic & Medicinal Chemistry Letters. 

2015;25(7):1506–8.  

42. Stefanachi A, Leonetti F, Pisani L, Catto M, Carotti A. Coumarin: A Natural, Privileged and Versatile Scaffold for 

Bioactive Compounds. Molecules. 2018;23(2):250.  

43. Zeki NM, Mustafa YF. Coumarin hybrids: a sighting of their roles in drug targeting. Chemical Papers. 

2024;78:5753–5772.  

44. Mustafa YF. Emerging trends and future opportunities for coumarin-heterocycle conjugates as antibacterial agents. 

Results in Chemistry. 2023;6:101151.  

45. Jebir RM, Mustafa YF. Natural Coumarin-Lead Compounds: A Review of Their Medicinal Potentials. Iraqi 

Journal of Pharmacy. 2022;18(2):139–61.  

46. Abdulaziz NT, Mustafa YF. Antibacterial and Antitumor Potentials of Some Novel Coumarins. International 

Journal of Drug Delivery Technology. 2022;12(1):239–47.  

47. Mustafa YF. 3-mercaptocoumarins as potential bioactive candidates: From novel synthesis to comparative analysis. 

Journal of Molecular Structure. 2025;1320:139657.  

48. Mustafa YF. Synthesis of novel 6-aminocoumarin derivatives as potential –biocompatible antimicrobial and 

anticancer agents. Journal of Molecular Structure. 2025;1320:139658.  

49. Waheed SA, Mustafa YF. Synthesis and evaluation of new coumarins as antitumor and antioxidant applicants. 

Journal of Medicinal and Chemical Sciences. 2022;5(5):808–19.  

50. Mustafa YF. Coumarins derived from natural methoxystilbene as oxidative stress-related disease alleviators: 

Synthesis and in vitro-in silico study. Journal of Molecular Structure. 2024;1302:137471.  

51. Sudan CRC, Pereira LC, Silva AF, Moreira CP de S, de Oliveira DS, Faria G, dos Santos JSC, Leclercq SY, 

Caldas S, Silva CG, Lopes JCD, de Almeida VL. Biological Activities of Extracts from Ageratum fastigiatum: 

Phytochemical Study and In Silico Target Fishing Approach. Planta Medica. 2021;87(12/13):1045–60.  

52. Waheed SA, Mustafa YF. Novel naphthalene-derived coumarin composites: synthesis, antibacterial, and 

antifungal activity assessments. Eurasian Chemical Communications. 2022;4(8):709–24.  

53. Hadjipavlou-Litina D, Litinas K, Kontogiorgis C. The Anti-inflammatory Effect of Coumarin and its Derivatives. 

Anti-Inflammatory & Anti-Allergy Agents in Medicinal Chemistry. 2007;6(4):293–306.  

54. Jebir RM, Mustafa YF. Natural products catalog of allsweet watermelon seeds and evaluation of their novel 

coumarins as antimicrobial candidates. Journal of Medicinal and Chemical Sciences. 2022;5(5):831–47.  

55. Ismael RN, Mustafa YF, Al-Qazaz HK. Citrullus lanatus, a Potential Source of Medicinal Products: A Review. 

Journal of Medicinal and Chemical Sciences. 2022;5(4):607–18.  



10 

56. Jasim SF, Mustafa YF. New fused-coumarin composites: Synthesis, anticancer and antioxidant potentials 

evaluation. Eurasian Chemical Communications. 2022;4(7):607–19.  

57. Son D, Lee G, Oh S, Lee S, Choi W. Gastroprotective Efficacy and Safety Evaluation of Scoparone Derivatives on 

Experimentally Induced Gastric Lesions in Rodents. Nutrients. 2015;7(3):1945–64.  

58. Mustafa YF. Triple coumarin-based 5-fluorouracil prodrugs, their synthesis, characterization, and release kinetics. 

Journal of Molecular Structure. 2024;1301:137415.  

59. Rohmah MK, Salahdin OD, Gupta R, Muzammil K, Qasim MT, Al-qaim ZH, Abbas NF, Jawad MA, Yasin G, 

Mustafa YF, Heidary A, Abarghouei S. Modulatory role of dietary curcumin and resveratrol on growth 

performance, serum immunity responses, mucus enzymes activity, antioxidant capacity and serum and mucus 

biochemicals in the common carp, Cyprinus carpio exposed to abamectin. Fish and Shellfish Immunology. 

2022;129:221–30.  

60. Shelash Al‐Hawary SI, Abdalkareem Jasim S, M. Kadhim M, Jaafar Saadoon S, Ahmad I, Romero Parra RM, 

Hasan Hammoodi S, Abulkassim R, M. Hameed N, K. Alkhafaje W, Mustafa YF, Javed Ansari M. Curcumin in 

the treatment of liver cancer: From mechanisms of action to nanoformulations. Phytotherapy Research. 

2023;37(4):1624–39.  

61. Fylaktakidou KC, Gautam DR, Hadjipavlou-Litina DJ, Kontogiorgis CA, Litinas KE, Nicolaides DN. Reactions of 

4-methylchromene-2,7,8-trione with phosphonium ylides. Synthesis and evaluation of fused 1,3-dioxolocoumarins 

as antioxidants and antiinflammatories. Journal of the Chemical Society Perkin Transactions 1. 2001;1(22):3073–9.  

62. Fylaktakidou K, Hadjipavlou-Litina D, Litinas K, Nicolaides D. Natural and Synthetic Coumarin Derivatives with 

Anti-Inflammatory / Antioxidant Activities. Current Pharmaceutical Design. 2005;10(30):3813–33.  

63. Zeki NM, Mustafa YF. Digital alchemy: Exploring the pharmacokinetic and toxicity profiles of selected coumarin-

heterocycle hybrids. Results in Chemistry. 2024;10:101754.  

64. Mustafa YF. Combretastatin A4-based coumarins: synthesis, anticancer, oxidative stress-relieving, anti-

inflammatory, biosafety, and in silico analysis. Chemical Papers. 2024;78:3705–3720.  

65. Mustafa YF. New Coumarin-Metronidazole Composites: Synthesis, Biocompatibility, and Anti-anaerobic 

Bacterial Activity. Russian Journal of Bioorganic Chemistry. 2024;50(1):201–10.  

66. Mustafa YF. Biocompatible chlorocoumarins from harmful chlorophenols, their synthesis and biomedicinal 

evaluation. Journal of Molecular Structure. 2024;1309:138193.  

67. Zeki MN, Mustafa YF. Synthesis and evaluation of novel ring-conjugated coumarins as biosafe broad-spectrum 

antimicrobial candidates. Journal of Molecular Structure. 2024;1309:138192.  

68. Kahtan Bashir M, Abdul-Wahhab Al-Omari N, Othman Omar A. Synthesis and Evaluation of New Series of 1,3-

Dioxolane Conjugated with Coumarin-Pyrazoline Derivatives as Anticancer Agents. International Journal of 

Enhanced Research in Science. 2018;7(6):2319–7463.  

69. Zeki NM, Mustafa YF. Natural linear coumarin-heterocyclic conjugates: A review of their roles in phytotherapy. 

Fitoterapia. 2024;175:105929.  

70. Mustafa YF. 4-Chloroskimmetine-based derivatives as potential anticancer and antibacterial prospects: Their 

synthesis and in vitro inspections. Results in Chemistry. 2024;7:101511.  

71. Mustafa YF. Synthesis of 7,8-dihydroxy-4-phenylbenzo[g]coumarins as potential multitarget anti-skin-aging 

candidates. Journal of Molecular Structure. 2025;1321:139806.  

72. Mustafa YF, Hassan DA, Faisal AF, Alshaher MM. Synthesis of novel skipped diene-3-halocoumarin conjugates 

as potent anticancer and antibacterial biocompatible agents. Results in Chemistry. 2024;11:101846.  

73. Riveiro ME, Maes D, Vázquez R, Vermeulen M, Mangelinckx S, Jacobs J, Debenedetti S, Shayo C, De Kimpe N, 

Davio C. Toward establishing structure-activity relationships for oxygenated coumarins as differentiation inducers 

of promonocytic leukemic cells. Bioorganic and Medicinal Chemistry. 2009;17(18):6547–59.  

74. Mustafa YF. Coumarins from toxic phenol: An algorithm of their synthesis and assessment as biosafe, wide-

spectrum, potent antimicrobial prospects. Applied Chemical Engineering. 2024;7(3):ACE-5527.  

75. Jibroo RN, Mustafa YF. Linearly ring-fused coumarins: A review of their cancer-fighting attributes. Results in 

Chemistry. 2024;8:101611.  

 


