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ABSTRACT

Background: Coumarin derivatives have emerged as pivotal
compounds in pharmaceutical and biomedical research due to their
multifaceted therapeutic potential. Naturally occurring in a wide range of
exhibit

antimicrobial, anticancer, antioxidant, anti-inflammatory, and anticoagulant

plants, coumarins diverse biological activities including
effects. Their structural versatility, comprising fused benzene and a-pyrone
rings, offers a valuable scaffold for the design of novel pharmacophores
targeting complex diseases such as cancer, neurodegenerative disorders, and
infectious diseases. Methods: This review synthesizes recent advancements
in the design, synthesis, and therapeutic applications of coumarin derivatives.
It explores traditional synthetic routes such as the Pechmann and Perkin
condensations alongside modern environmentally friendly techniques
including microwave-assisted synthesis and solvent-free reactions.
Furthermore, the article examines mechanistic insights into coumarins'
bioactivity, involving pathways like apoptosis induction, oxidative stress
modulation, and inhibition of molecular targets including carbonic
anhydrases, kinases, and efflux pumps. Results: Numerous coumarin
derivatives have demonstrated significant in vitro and in vivo bioactivity.
Antimicrobial derivatives showed broad-spectrum efficacy, including
multidrug-resistant pathogens. Anticancer coumarins exhibited cytotoxicity
in several human cancer cell lines, with some outperforming standard
chemotherapeutics. Derivatives also showed potent antioxidant effects,
primarily through radical scavenging and modulation of redox signaling
pathways. On the other hand, the synthesis of hybrid coumarin molecules
further enhanced biological efficacy and solubility, addressing key
pharmacokinetic challenges. Conclusion: Coumarins represent a versatile
and promising class of compounds for future drug development. Ongoing
innovation in green chemistry and molecular design is essential to overcome
existing limitations such as low aqueous solubility and regulatory
restrictions. This review reinforces coumarins' potential as lead structures in
pharmaceutical engineering, advocating for continued exploration of their
applications across therapeutic domains.
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engineering

1. Introduction

Coumarin derivatives have garnered significant attention in both pharmaceutical sciences and
biomedical engineering due to their remarkable structural and biological diversity!!!. These naturally
occurring compounds, abundantly found in plant species, as illustrated in Figure 1, such as tonka bean
(Dipteryx odorata), sweet clover (Melilotus spp.), woodruff (Galium odoratum), sweet grass (Hierochloé
odorata), and hop (Humulus lupulus), possess a broad spectrum of pharmacological activities!?. Notably,
coumarins and their derivatives have demonstrated potent antimicrobial™, antiviral®, anti-inflammatory®),
anticoagulant!®, anticancer!”), antioxidant®!, anti-HIV®!, and neuroprotective (anti-Alzheimer) effects!!%)
among others. Their wide-ranging therapeutic potential has prompted sustained interest in their development
as lead structures in drug discovery, fueling efforts toward their synthesis via both traditional and
environmentally friendly (green chemistry) methods.

Hierochlod odorata | B Melilotus offficiinalis

Figure 1. Examples of coumarin-containing plants.

The scientific interest in coumarins dates to the early 19" century, when aromatic oils extracted from
natural sources such as tonka bean and vanilla grass were first characterized. Through refinement and
purification, dihydrocoumarin emerged as the earliest identified derivative. Structurally, coumarins are
defined by the fusion of a benzene ring with an a-pyrone moiety, a scaffold that underpins many biologically
active plant secondary metabolites!'"). Over time, significant advances have been made in optimizing their
synthesis and tailoring their structures to enhance pharmacological efficacy!!?!. This progress is reflected in
the evolving strategies for their design and application, as illustrated throughout the present work.

2. Historical background

Coumarins, first isolated from plant sources in the early 1820s, began attracting scientific attention in
1868 when Wright and Pfordtisol successfully isolated furanocoumarins from the Ammi genus. However, it
was not until 1939 that coumarins gained substantial pharmacological interest, following Marrian’s
discovery of their anticoagulant properties. This breakthrough marked the beginning of coumarin-based
therapies, which are now employed in the prevention and treatment of conditions such as venous thrombosis,

U131 The structural versatility of the coumarin scaffold has allowed for
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cerebral infarction, and angina pectoris



the development of numerous natural and synthetic derivatives with a wide spectrum of pharmacological
activities. These compounds have demonstrated potential across various therapeutic domains, including anti-
inflammatory, antiviral, antimicrobial, and anticancer applications!!*]. Moreover, the integration of the
coumarin nucleus with other heterocyclic systems—such as steroids, 1,2,4-triazoles, 1,2,3-triazoles,
dipyrano[3,2-c]chromenes, and pyrazoles—has yielded many bioactive molecules with enhanced efficacy
and therapeutic value!'”,

Driven by these promising properties, significant efforts have been dedicated to synthesizing novel
coumarin derivatives and evaluating their biological activity. Notably, coumarins were initially employed in
the treatment of lymphedema in the 1930s, and their therapeutic applications have since expanded to include
various forms of cancer!'®. Recent advances have also focused on developing coumarin analogs
incorporating N-fused pyrrole rings, alongside investigations into their photophysical characteristics!!”!.
Although naturally occurring in substances such as tonka beans, cassia, and certain rodenticides, coumarins
continue to captivate researchers. Their unique chemical framework, combined with a broad
pharmacological profile, has secured their place as a focal point in medicinal chemistry and drug
discovery!!®!,

3. Synthesis of coumarin derivatives

The structural diversity of coumarins can be achieved through various synthetic strategies and rational
molecular design. Traditionally, the construction of the coumarin core has relied on classical organic
reactions, including the Perkin, Pechmann, Knoevenagel, and Wittig condensations. Among these, the
Pechmann reaction and its modified versions remain the most widely utilized due to their efficiency and
simplicity!"”!. In recent years, there has been a significant shift toward greener and more sustainable synthetic
practices. Contemporary methods now incorporate techniques such as microwave-assisted synthesis, solvent-
free protocols, solid-supported reactions, and other environmentally benign approaches!®”!. These innovations
aim to reduce reaction times, enhance yields, lower environmental impact, and streamline purification steps.
The continued evolution of coumarin synthesis not only aligns with principles of green chemistry but also
supports the development of novel bioactive agents?!. Coumarin-based scaffolds have shown promising

pharmacological activities, including antimicrobiall®?!, anticancer!®*), antiviral®*],

27]

antioxidant!®l  anti-
inflammatory?®, anticoagulant®”), and antidiabetic!® effects. Consequently, the synthesis of coumarin

derivatives remains a vibrant and essential area of interest in medicinal and pharmaceutical chemistry.
Traditional synthesis methods

Apart from their natural occurrence, coumarins can be efficiently synthesized through well-established
chemical routes using cost-effective starting materials. One of the earliest and most traditional methods is the
Perkin reaction, which typically involves the condensation of salicylaldehyde with acetic anhydride. For
example, researchers employed a Perkin-type approach to synthesize a series of 7-substituted-4-
methylcoumarins during their investigation of the anticancer potential of these derivatives®®.. In addition to
the Perkin reaction, other widely used methods for the synthesis of substituted coumarins include the Claisen
condensation and the Pechmann reaction. However, these conventional procedures often necessitate harsh
conditions—such as high temperatures, strong bases, or dehydrating agents—which pose environmental and

safety concerns®”,

To address these limitations, more sustainable alternatives have recently been explored. Notably, the use
of ionic liquids as green, task-specific solvents has gained attention for enabling coumarin synthesis under
milder conditionsP!. For instance, 1-butyl-3-methylimidazolium hexafluorophosphate functionalized with
sulfuric acid has demonstrated excellent catalytic efficiency in the Pechmann condensation, facilitating high-
yield reactions without the need for additional solvents®?l. Remarkably, this ionic liquid can be reused at
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least six times without a significant decrease in activity, highlighting its potential for greener synthetic
applications. Furthermore, the method has shown broad substrate compatibility, accommodating a range of
salicylaldehydes, aromatic aldehydes, and active methylene compounds*.

Modern synthetic techniques

Designing novel scalemic coumarin derivatives using conventional synthetic approaches remains a
significant challenge for synthetic chemists. Over time, various studies have highlighted the unique
biological and phytochemical characteristics of coumarin-based compounds, prompting ongoing efforts to
develop more efficient and sustainable synthesis routes. In response to increasing environmental concerns,
green chemistry has emerged as a vital field of research, gaining considerable attention for its potential to
facilitate the in situ generation of coumarin derivatives with reduced ecological impact*¥,

Among the modern tools employed in this context, microwave-assisted synthesis has proven to be a
powerful technique for producing pharmacologically and biologically active molecules. Microwave
irradiation enables chemical transformations to proceed rapidly—often within seconds or minutes—while
enhancing reaction efficiency, product yield, and selectivity. As a result, a variety of synthetic strategies
utilizing microwave technology for coumarin construction have been established®. Additionally, ion
exchange resins have attracted interest as catalysts in organic synthesis due to their high catalytic efficiency,
environmental friendliness, economic feasibility, ease of handling, and reusability*®l. Despite the remarkable
biological potential and structural diversity of coumarin scaffolds, the application of ion exchange resins in
their synthesis remains relatively underexplored in the scientific literature, highlighting a promising avenue
for future researchl*”).

Green chemistry approaches

Due to the pivotal structural features of the coumarin scaffold, extensive research has been dedicated to
optimizing its synthesis through more sustainable and efficient approaches, as recorded in Table 1. Among
these, microwave-assisted synthesis has emerged as a promising strategy, offering both economic advantages
and improved environmental compatibility. In parallel, the increasing interest in solid-supported reactions
has led to the development of acid- and base-catalyzed coumarin syntheses on inorganic solid media—
methods that minimize the reliance on hazardous organic solvents and align well with the principles of green
chemistry®]. Environmental sustainability has become a key driver in the design of new synthetic routes for
coumarin analogues. As a result, solvent-free techniques and the use of eco-friendly reagents or green

31 Traditional methods such as the Pechmann and

solvents have gained prominence in recent studies!
Knoevenagel condensations, recognized for their simplicity, low cost, and high chemoselectivity, have been

revisited and refined under milder, greener conditions to meet modern synthetic demands!*®’,

Table 1. Green chemistry strategies in the design and synthesis of some coumarin derivatives.

Green chemistry approach employed

Coumarin derivative .. .
in its synthesis

Acquired advantage(s) Ref.

Microwave-assisted Pechmann (41

condensation (solvent-free, solid acid

7-Hydroxy-4-methylcoumarin Rapid reaction, high yield, reduced

energy consumption, and elimination

3-Acetylcoumarin

4-Substituted coumarins

7-Amino-4-methylcoumarin

Pyrazolylcoumarin

catalyst)

Solvent-free Knoevenagel condensation
using L-proline as a biodegradable
catalyst

Ultrasound-assisted synthesis using ionic
liquids
Aqueous medium using bio-based
catalyst (citric acid)

Solvent-free multicomponent reaction
using solid-supported acid catalyst

of harmful solvents

Environmentally friendly, reusable
catalyst, and high atom economy

Mild conditions, improved selectivity,
and recyclable reaction medium

Nontoxic catalyst, water as solvent, and
high yield

Atom economy, waste minimization,
and shorter reaction times

[42]

[43]

[44]

[45]
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Green chemistry approach employed

Coumarin derivative in its synthesis Acquired advantage(s) Ref.
3-Carboxycoumarin One-pot synthesis in ethanol using silica- Low toxicity solvent, high product [46,47]
supported Lewis acid catalyst purity, and energy efficiency
7-Ethyl-4-hydroxycoumarin Mechanochemical grinding (solvent-free,  Zero solvent waste, energy saving, and (48]
no heating) simplified work-up
Coumarin-thiazole hybrid PEG-400 as green solvent with mild Biodegradable solvent, improved (491
heating solubility, and enhanced reaction rate
4-(Chloromethyl)coumarin Pechmann reaction catalyzed by natural Inexpensive catalyst, reusable, and (50,511
clay under solvent-free conditions reduced environmental footprint
3-Arylcoumarins Water-based synthesis using nanocatalyst Renewable catalyst source, eco- (21
derived from plant extract friendly process, and enhanced
biocompatibility

Table 1. (Continued)

4. Biological activities of coumarin derivatives

Coumarin derivatives continue to attract significant interest due to their broad spectrum of biological
activities, which support their potential use in therapeutic development. Both naturally occurring and

33,541 anticancer!>>¢],

semisynthetic coumarins have been extensively investigated for their antimicrobiall
antioxidant?®’*®  antiviral®>®], and antidiabeticl®%?! properties. These compounds are increasingly
recognized for their valuable contributions to pharmaceutical chemistry and drug discovery. However,
challenges such as limited solubility and chemical stability have hindered their clinical and industrial
applications. As a result, the use of coumarins in food, cosmetics, and pharmaceutical formulations is

restricted in several countries to prevent adverse effects associated with overexposure!®*!,

Efforts are ongoing to discover and develop new coumarin derivatives with enhanced pharmacological
profiles, particularly those that demonstrate potent antibacterial effects with minimal toxicity. Additionally,
derivatives such as 4-hydroxycoumarins have shown promising antioxidant and anti-inflammatory potential,
which has prompted further exploration of their therapeutic relevancel®. Studies have confirmed that
coumarin derivatives exhibit antioxidant activity in both in vitro and in vivo models. Their antioxidant effects
are primarily attributed to the inhibition of pro-inflammatory enzymes like cyclooxygenase and lipoxygenase,
thereby reducing the production of their respective metabolites!®”. These protective effects stem from the
compounds’ ability to neutralize reactive oxygen species (ROS) through mechanisms such as hydrogen atom
transfer and electron donation, highlighting their role as effective free radical scavengers(®®!,

Antimicrobial properties

Owing to their structural diversity and distinctive mechanisms of action, natural products remain
invaluable sources of bioactive molecules with therapeutic relevance, particularly in the context of
antimicrobial drug discovery. Several coumarins—such as antennarin, alloimperatorin, and isoimperatorin
isolated from Cnidium dziwnowiense, as well as prantschimgin from Peucedanum Iluxurians—have
demonstrated notable antimicrobial effects!®”. While higher plants are the predominant source of coumarins,
various bacterial and fungal species also contribute to the natural diversity of these secondary metabolites!®®],
Importantly, the pharmacological profiles of both natural and synthetic coumarins can be significantly
influenced by strategic modifications on the coumarin core. Structural alterations, particularly through
functional group substitution at specific positions, have been shown to enhance biological activity!®”!.

In this context, several derivatives of 7-hydroxycoumarin were synthesized to improve the antimicrobial
efficacy of the parent compound. These novel derivatives were screened in vitro for antibacterial activity
against a range of Gram-positive and Gram-negative bacterial strains, as well as for antifungal activity
against six fungal species, employing the filter paper disc diffusion method. The results revealed that all
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synthesized compounds exhibited considerable antimicrobial activity!’”. Furthermore, selected potent
derivatives were subjected to in vivo evaluation using the agar well diffusion method against four fungal
species, confirming their enhanced growth-inhibitory potential. These findings suggest that such structural
modifications of the coumarin framework could pave the way for the development of new, effective
antimicrobial agents!!,

Anticancer activity

Cancer remains one of the leading global health challenges, marked by uncontrolled cellular
proliferation and the potential for metastasis. Although current treatment modalities—such as surgery,
chemotherapy, radiotherapy, and hormone therapy—have significantly improved patient outcomes, the
demand for more effective and less toxic anticancer agents continues to drive drug discovery efforts!’?. In
this context, natural products and their synthetic analogs have maintained a central role in anticancer drug
development. Among the most impactful chemotherapeutic agents is cisplatin, which has inspired the
synthesis and screening of a wide array of structurally related compounds!”!. Of particular interest are a- and
B-unsaturated ketones like chalcones, known for their versatile biological activities. These enone motifs have
been strategically integrated into scaffolds such as quinolines, xanthones, flavones, and flavonoids to explore
their anticancer potentiall 7.

Recent studies have shifted attention toward coumarin-based compounds and their metal complexes for
anticancer applications. A notable example includes the synthesis of metal complexes incorporating
thiocyanate, carbonyl, and bipyridine ligands, which have been structurally characterized and evaluated for
cytotoxicity using MTT assays on Caco-2 cellsl’. Moreover, coumarin derivatives containing sulfur and
nitrogen atoms have emerged as potent inhibitors of Scavenger Receptor Class B Type I, demonstrating
promising antitumor activity. Innovative structures, such as octahydropyrrolo[1,2-a]pyrazine-coumarin
hybrids, have shown notable cytotoxicity across a spectrum of human cancer cell lines, including MCF-7,
HeLa, A549, BGC-823, HT-29, A2780, and HCT116!"%. Additionally, both natural and synthetically
modified coumarins have displayed significant antiproliferative properties, with certain fluorinated analogues
surpassing the performance of established chemotherapeutic agents like etoposidel’”!.

Antioxidant effects

Coumarin and its derivatives are well-recognized for their diverse biological activities, particularly their
antioxidant, anticancer, anti-inflammatory, antiallergic, and relatively low-toxicity properties. These features
play a critical role in combating oxidative stress, making coumarins attractive candidates for applications in
both medical and pharmaceutical fields!”®). Their antioxidant potential is largely attributed to the presence of
conjugated double bonds within their chemical structure, which allows them to donate electrons or hydrogen
atoms. This ability facilitates the neutralization of free radicals, thereby protecting cells from oxidative

damage!™!.

Experimental studies, particularly those utilizing the 2,2-diphenyl-1-picrylhydrazyl radical scavenging
assay, have demonstrated that coumarin derivatives effectively donate hydrogen atoms to stabilize free
radicals. This activity prevents cellular injury by converting reactive species into more stable, non-toxic
molecules®. The mechanism underlying this effect often involves hydrogen atom transfer from hydroxyl
groups present on the coumarin ring, resulting in a stabilized molecular structure. Furthermore, structure—
activity relationship analyses have been extensively employed to investigate how specific structural

811 These studies have confirmed that certain substitution

modifications influence antioxidant efficacy!
patterns on the coumarin scaffold can significantly enhance radical scavenging capacity, providing valuable

insights for the design of more potent antioxidant agents!®*!,



5. Therapeutic applications

Coumarins have demonstrated broad therapeutic relevance, as illustrated in Figure 2, functioning as
antimicrobial, anticancer, antiviral, antioxidant, and anticoagulant agents'®}]. Moreover, their photophysical
properties have enabled applications in the design of fluorescent probes and photoactive molecules, further
highlighting their utility in biomedical engineering and diagnostic platforms!®¥. Recent advancements in
coumarin-based medicinal chemistry have emphasized rational drug design and innovative synthetic
approaches, particularly in the fields of antimicrobial and anticancer drug discovery!®. These efforts have
uncovered the ability of coumarin derivatives to interfere with a range of cellular processes and metabolic
pathways, including those involved in cell proliferation, oxidative stress, and microbial resistance
mechanisms!®®),

| Anticancer [ Antiinflammatory |

l

Targeted drug design
[ Cancer biomarker design | Therapeutic =——
| MNanohybrid systems | applications | . I
| Therapeutic Recognition | , of coumarins e

Figure 2. Illustration representing the most important therapeutic applications of coumarin derivatives.

Naturally occurring coumarins are predominantly derived from the secondary metabolism of higher
plants, especially from woody tissues of genera such as Cassia, Sophora, and Gorgon Padilla. Experimental
studies have shown that these molecules exhibit promising biological effects, including antimicrobial,
antifungal, antiviral, antitubercular, antioxidant, and anticancer properties, primarily through modulation of
molecular targets and genetic pathways involved in disease progression®”). In the pursuit of enhanced
bioactivity, the synthesis of hybrid molecules combining coumarin with other pharmacophores—such as
flavonoids—has garnered significant attention. These hybrid scaffolds offer synergistic therapeutic benefits,
paving the way for the development of novel drug candidates with improved efficacy against infectious

diseases and cancer!® %,

Pharmaceutical applications

Coumarin derivatives constitute a prominent class of phenolic compounds recognized for their broad-
spectrum therapeutic potential in both pharmaceutical and biomedical applications®!. These bioactive
molecules exhibit a wide array of pharmacological activities, including anticancer®®?, anti-inflammatory®®*,
anti-Parkinson’s disease®, anti-Alzheimer's disease!®, antibacterial®!, and antioxidant®” effects. Such
versatility has made them attractive scaffolds in drug discovery and development, where both natural and
synthetic analogs are actively investigated for enhanced efficacy and market viability. Particularly in the
field of oncology, ring-substituted coumarin derivatives have garnered significant interest due to their

promising cytotoxic and antioxidant profilesi®®. Contemporary synthetic strategies, including
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environmentally friendly chemistry approaches, have enabled the development of structurally diverse
coumarin frameworks such as simple, fused, and biscoumarins, many of which have shown notable
bioactivity®. Beyond anticancer properties, certain coumarin-based compounds have been successfully

integrated into commercial formulations for cosmetic and anti-HIV purposes!!?,

Furthermore, the coumarin nucleus has been associated with a multitude of additional therapeutic effects,
including anticoagulant, antifungal, antidepressant, antihyperglycemic, antiallergic, and anti-inflammatory
activities. This wide-ranging bioactivity is attributed to the chemical flexibility of the coumarin scaffold,

which allows for extensive structural modification and optimization!!°!l, Extensive literature supports the

102]
b

continued exploration of coumarins as multifunctional agents! particularly emphasizing their

103] 107

antioxidant!'%, cytotoxic!'®, antipsychotic!!?1%] and antimicrobial'’”! properties in the development of

novel therapeutic agents.
Biomedical engineering applications

The fused benzopyranone structure inherent to coumarins serves as an effective fluorophore, enabling

1081 Two-photon

their extensive application as donor or acceptor units in two-photon absorption systems!
fluorescence microscopy has emerged as a powerful tool in biological imaging, offering several advantages
over conventional fluorescence techniques, such as enhanced tissue penetration, reduced phototoxicity, and
minimal background fluorescence. This modality has been successfully applied to visualize intracellular
components such as mitochondria, lysosomes, and nuclei. However, its use in imaging lipid droplets (LDs)

1091 These particles are dynamic and omnipresent cellular organelles involved in

remains relatively limited!
critical functions including lipid storage, lipogenesis, lipolysis, and protein sequestration. They play essential
roles in maintaining cellular energy balance and metabolic regulation; however, dysregulation of LDs is
implicated in various pathological conditions, such as obesity, atherosclerosis, and neurodegenerative

[110

diseases like Parkinson’s disease!!'”). Therefore, the development of fluorescent probes that enable accurate

imaging of LDs under both physiological and pathological states is of paramount importance for advancing

biomedical research and clinical diagnostics!''!!,

Drug development

Coumarins have emerged as valuable scaffolds in rational drug design due to their ability to engage in
topology-guided binding with specific biological targets. This targeted approach allows for the precise
modulation of key cellular pathways, laying the foundation for strategic synthetic modifications to enhance
therapeutic efficacy!!'?. Their structural adaptability facilitates strong interactions with cancer-associated
biomarkers, reducing tumor cell resistance and offering a versatile framework for the development of novel

pharmacologically active compounds!!'!?!,

Recent advances include the development of multifunctional nanohybrid systems combining coumarins
with hyaluronic acid. These hybrid systems have shown the capacity to bypass conventional lysosomal thiol
metabolic routes by inducing microtubule depolymerization, thereby opening new directions for anticancer
drug delivery!"'¥. In particular, coumarin-based agents that disrupt mitosis exhibit pronounced anticancer
effects, as the mitotic phase represents a vulnerable window during which cancer cells are highly susceptible
to therapeutic damage and apoptosis. Such mechanisms are critical for next-generation anticancer
therapies!' ).

In the realm of infectious diseases, the growing threat of multidrug-resistant bacteria has undermined
the efficacy of conventional antibiotics. One of the major mechanisms of multidrug-resistance involves
bacterial efflux pumps, which actively expel therapeutic agents. Coumarins show promise in inhibiting these

116]

pumps and restoring drug sensitivity!!'®. Furthermore, several important molecular targets in medicinal

chemistry—including mammalian topoisomerase II, glycogen synthase kinase 3B, human chorionic



gonadotrophin, heat shock protein 90, and HIV-1 integrase—are being explored in the context of coumarin-
based inhibition!'”),

The integration of green chemistry principles into the synthesis of coumarin derivatives has gained
momentum, reflecting an increased commitment to environmentally sustainable drug development. Owing to
their structural diversity and broad spectrum of bioactivities, many coumarin derivatives have already
received Food and Drug Administration (FDA) approval or are recognized as naturally occurring compounds
with potent biological effects!!!®. These agents play significant roles in modulating pathways vital for the
survival of pathogens and malignant cells, underscoring their importance in antibacterial, antifungal, antiviral,

and anticancer therapeutics!!!”,

6. Mechanisms of action

Coumarins exhibit a broad spectrum of biological activities through diverse cellular and molecular
pathways. Their anticancer potential, as shown in Figure 3, is mediated by several cellular mechanisms,
including the induction of apoptosis, disruption of mitochondrial membrane potential, suppression of DNA
synthesis, and arrest of the cell cycle!'?). These effects are regulated by the modulation of key molecular
targets such as p-glycoprotein, tumor suppressor proteins (p53 and p21), caspases, cyclin-dependent kinases,
matrix metalloproteinases, extracellular signal-regulated kinases, nuclear factor kappa B, B-cell lymphoma-2,
and intracellular ROS!"?!. Coumarins also demonstrate antioxidant properties, notably through ROS
scavenging and the activation of the Nrf2 pathway, which governs the expression of cellular antioxidant
defenses. Furthermore, their ability to inhibit carbonic anhydrase IX—an enzyme frequently upregulated in

hypoxic tumor microenvironments—adds to their anticancer repertoire!!??].

Cellular mechanisms

Disruption of

Induction of Suppression of Arrest of the

apoptosis mltﬁlﬂl%:?‘nal DNA synthesis cell cycle
~ Anticancer
. mechanisms
- of coumarins
<
P-ap p53 p21 CASs CDKs
MMPs ERzK" NF-kB Bcl-2 ROS
Molecular targets

Figure 3. The cellular mechanisms and molecular targets of coumarins’ anticancer potential.

p-glycoprotein (P-gp), tumor suppressor proteins (p53 and p21), caspases (CASs), cyclin-dependent
kinases (CDKs), matrix metalloproteinases (MMPs), extracellular signal-regulated kinases (ERK1/2),
nuclear factor kappa B (NF-kB), B-cell lymphoma-2 (Bcl-2), and intracellular reactive oxygen species
(ROS).



Globally, chronic and life-threatening diseases such as cancer, AIDS, and Alzheimer’s disease remain
significant public health challenges. In response, researchers are actively exploring innovative molecular
frameworks using both national and international structural databases. This strategy—often described as the
search for a "universal parent structure"—has recently led to the development of hybridized coumarin

123]

derivatives with enhanced pharmacological profiles! These multifunctional compounds have shown

promising antimicrobial, anticancer, and neuroprotective (anti-Alzheimer) properties, positioning them as

valuable candidates for further drug development and clinical exploration('?#,

7. Challenges in coumarin research

Research on coumarins continues to face several limitations, primarily due to their inherent chemical
instability, high activation energy barriers during synthesis, and poor aqueous solubility!'?’]. Numerous
studies have highlighted the photoinstability of coumarin derivatives, particularly their tendency to undergo
photo-induced cyclization and dimerization reactions. These stability issues can compromise their
performance in both research and therapeutic applications!'?®!. Synthetic challenges also persist, especially in
coupling reactions, where significant catalytic barriers often hinder the efficient modification of the
coumarin core. Such synthetic constraints limit the structural diversification needed to fully explore their
pharmacological potentiall!?”). Additionally, like many natural products, coumarins often suffer from low
water solubility, which negatively impacts their physicochemical profiles and pharmacokinetic behavior—

key considerations in the development of viable drug candidates!'?®!,

From a regulatory standpoint, safety concerns have prompted strict oversight. In the United States, the
FDA monitors the inclusion of coumarin in natural remedies due to potential toxicity. Similarly, the
European Council Directive restricts its concentration in cosmetic formulations to a maximum of 0.2% in
Eau de Toilette and 0.4% in Eau de Parfum!'®!. Despite these challenges, coumarin derivatives have shown
considerable promise in pharmacology, with several compounds demonstrating potent antimicrobial,
anticancer, and antioxidant activities. These findings reinforce the value of the coumarin scaffold as a

versatile and promising template in modern drug discovery and development!'3%!,

Stability and solubility issues

Owing to their favorable safety and tolerability profiles, coumarins and their derivatives are frequently

311 The increasing

incorporated into alcohol-free formulations of cosmetics and household products
emphasis on sustainable practices in chemical synthesis has also contributed to a renewed interest in
coumarins. Advances in green chemistry have enabled the environmentally friendly synthesis of these

compounds, promoting their broader adoption in various industries!!**.

In the realm of therapeutic applications, several coumarin derivatives are known to modulate key
biological processes such as platelet aggregation, and they also exhibit notable anticoagulant and

1331 Many coumarin-based

antimicrobial effects. However, their clinical use is not without limitations!

compounds require prolonged treatment durations—typically ranging from three to six months—and often

suffer from poor aqueous solubility!'**. Additionally, their stability can be compromised by factors such as

light exposure, chemical degradation, and metabolic transformations, which can restrict their effectiveness
135]

and applicability!!3],
Regulatory challenges

Despite their diverse potential, the widespread commercial application of natural coumarins remains
constrained by several limitations. These include their low natural yield, labor-intensive extraction and
purification processes, susceptibility to hydrolysis in alkaline environments, poor water solubility, high
photosensitivity, and the lack of standardized international regulatory frameworks. Collectively, these

10



challenges hinder the broader adoption of coumarins as active pharmaceutical ingredients in both clinical and
industrial settings!!3¢-1381,

8. Future directions in coumarin research

Ongoing advances in synthetic chemistry have led to the development of more efficient, selective, and
practical methodologies for the preparation of coumarins derivatives. The success of these synthetic
strategies often depends on the type of catalyst used, which directly influences both the reaction pathway and
product yield. In recent years, growing attention has been directed toward adopting green chemistry

approaches, aiming to minimize environmental impact while maintaining synthetic efficiency!'*.

Historically, groundbreaking contributions in this field have emerged from global researchers. Notably,
transformative methods introduced by South Korean and Chinese scientists have significantly advanced
genetic engineering and drug delivery applications, particularly in the areas of transformation and

sl Coumarins remain among the most prominent examples of plant-derived

transfection technologie
natural products used as starting materials in modern drug discovery. Their structural framework has been
pivotal in the synthesis of pharmacologically active agents, especially those used in the management of
neurodegenerative disorders such as Alzheimer’s disease and epilepsy!'*!). Moreover, structural
modifications of natural coumarins have led to the discovery of novel compounds with potent biological
activities, supporting their potential as lead candidates in the treatment of cancer, HIV/AIDS, hepatitis, and

other serious diseases!+?].

Innovative synthesis methods

In recent years, innovative synthetic approaches to coumarins have significantly advanced, driven by the
growing demand for sustainable, efficient, and selective methods that align with both pharmaceutical and
environmental goals. Traditional methods, such as the Pechmann, Knoevenagel, and Perkin condensations,
although foundational, often suffer from limitations like harsh reaction conditions, low atom economy, and
poor substrate tolerance. Consequently, researchers have turned their focus to modern synthetic strategies
that improve yield, selectivity, and functional group compatibility while reducing environmental impact!!**,
One notable innovation is the application of microwave-assisted synthesis, which offers a rapid and energy-
efficient alternative to conventional heating. This technique significantly shortens reaction times and
enhances yields by promoting uniform heating and accelerating molecular interactions. In parallel,
ultrasound-assisted synthesis has gained traction, particularly in facilitating the Knoevenagel condensation
under milder conditions. These energy-enhanced methods reduce solvent consumption and contribute to the

principles of green chemistry!!*4],

Another breakthrough lies in the development of catalyst-free and solvent-free protocols, which
minimize toxic waste and lower operational costs. For instance, solvent-free Pechmann reactions conducted
under thermal or mechanochemical conditions have demonstrated remarkable efficiency and eco-

145

friendliness!'**!. Additionally, biocatalytic approaches utilizing enzymes such as lipases and peroxidases

offer regioselective coumarin synthesis under mild and aqueous conditions, aligning with nature-inspired

synthetic principles!'*l.

Multicomponent reactions have also emerged as powerful tools in coumarin
chemistry. These one-pot reactions allow the construction of structurally diverse coumarin derivatives with
high atom economy, making them ideal for library generation in drug discovery!'”). Furthermore, the use of
transition-metal catalysis, including palladium-, copper-, and iron-mediated couplings, has expanded the
scope of coumarin functionalization, enabling the incorporation of pharmacologically relevant moieties at

specific positions on the coumarin core!*8,

More recently, photocatalysis and electrochemical synthesis have shown promise in constructing
coumarin derivatives with minimal environmental burden. These methods harness light or electrical energy

11



(1491 The integration of

to drive reactions, often eliminating the need for chemical oxidants or reducing agents
flow chemistry and automation further enhances scalability and reproducibility, positioning coumarin
synthesis at the forefront of modern organic synthesis!'*%!. Altogether, these innovative strategies, as shown
in Figure 4, reflect a paradigm shift in coumarin chemistry—one that prioritizes sustainability, precision,

and adaptability to meet the complex demands of medicinal and materials science.
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Figure 4. The innovation in the synthesis of coumarin derivatives.

New therapeutic targets

Recent years have witnessed a surge in research dedicated to identifying novel therapeutic targets, with
a particular focus on designing molecules capable of selective interaction with critical biological systems!!>!,
Among these, coumarin derivatives have emerged as promising candidates, especially in the context of

targeting DNA topoisomerases. These enzymes play a pivotal role in DNA replication and transcription,

1521 The strategic modification of coumarin scaffolds to

interact with these enzymes offers a compelling approach for anticancer therapy!!**.

making them attractive targets for drug development!

One emerging avenue involves the polyamine metabolic pathway, which has garnered interest due to its
dual role in normal cellular processes and cancer progression. Polyamines are integral to cell proliferation
and differentiation, but their dysregulation is often associated with aggressive, metastatic forms of breast

1531 and benzimidazole!'*®! structures

cancer!’¥, In this regard, amino alcohol derivatives based on coumarin!
have shown the ability to inhibit this pathway. Notably, several of these derivatives have demonstrated
significant anticancer activity in preclinical models of breast cancer, highlighting their potential as

therapeutic agents!!>”!,

Additionally, coumarins have been identified as a novel class of selective inhibitors of human
mitochondrial carbonic anhydrases (hCAs), particularly the VA and VB isoforms. These mitochondrial
enzymes are implicated in key metabolic pathways, including gluconeogenesis and lipogenesis. Their
inhibition may contribute to modulating energy metabolism and body fat storage, offering a potential

18] Coumarin!'**! and 2-thioxocoumarin!'®”! analogues have therefore

strategy for anti-obesity interventions!
been explored as structural templates for the development of selective mitochondrial hCA inhibitors. Their
unique binding characteristics open new possibilities for designing agents that could impact metabolic

disorders through targeted enzyme modulation.

12



9. Case studies of coumarin derivatives

One promising application lies in the ability of coumarins to serve as antibiotic-enhancing agents,
particularly in overcoming microbial resistance. A key strategy to combat resistance involves protecting
antibiotics from enzymatic degradation by resistant bacteria and reactivating antibiotics that have become

1611 Notably, the reversible inhibition of B-lactamase enzymes—responsible for deactivating P-

ineffectivel
lactam antibiotics—has emerged as a valuable approach!'®?. In this context, the coumarin derivatives
psoralen and bergapten (Figure 5) have been evaluated for their ability to reversibly inhibit TEM-1 class A

B-lactamase, thereby restoring the efficacy of the B-lactam antibiotic ampicillin['¢3].

In addition to their antimicrobial role, coumarins have demonstrated potent anticancer properties. For
instance, 4-methyl-7-substituted coumarin derivatives have been shown to inhibit aromatic amino acid
decarboxylase, an enzyme implicated in the progression of vascular endothelial adenocarcinoma!'®l, Another
bioactive coumarin, 4-hydroxy-3,7-dimethyl-2H-chromen-2-one—known as antengolin (Figure 5)—
extracted from the anteng horned melon (Cucumis metuliferus), exhibits notable antihistaminic activity and
has served as a lead structure for designing new H1 receptor antagonists!'%]. Moreover, coumarins derived
from Micromelum falcatum—micromelin and micromelinol (Figure 5)—have been reported to reverse
multidrug resistance in the P388 mouse leukemia cell line at concentrations as low as 3.4 uM, highlighting
their potential in cancer therapeutics!'®®
effects is via inhibition of aromatase, the enzyme responsible for converting androgens into estrogens!!®”),

. Another mechanism through which coumarins exert anticancer

o, 0. _0O.

-n-..\_\_r__': e, .___-'u..\_\_‘ O ,.\_”..d' "-‘_F.d.,-o-"-\""“I\_\_L r""':"*-u._“‘_.:_____._-,'.‘-""-w.__i'__..--: :I-~-.__.u=-____-_-::-::I

[ : r Me

Ohe CH
Psoralen Bergapten Antenzolin
r:.-1ler:: \[r__ﬂa _..=3H.i__¢ﬁ'2| ":190 Tr_,,,___‘ - FJT""P
[ > L ‘H,—-‘[ = O 7 . J\ e
-,.u"“ ot
) o " o OH
Micromelin Micromelinal

Figure 5. Chemical structures of some bioactive coumarin derivatives, in which the coumarin core is highlighted in red.

9.1. Market trends and commercial applications

Coumarins have gained increasing commercial relevance due to their wide-ranging biological activities
and diverse industrial applications. Originally recognized for their natural fragrance and presence in many
plants, coumarins have since emerged as valuable scaffolds in pharmaceutical, cosmetic, food, and
agrochemical industries. The global market for coumarin derivatives is steadily growing, driven by rising
demand for safer therapeutics, natural flavoring agents, and eco-friendly agrochemicals!'®®l. With their ability

to serve as core structures in drug development—particularly for anticoagulants!'®’) anticancer agents!!’,

171]

and antimicrobials!!”—coumarins continue to attract attention from pharmaceutical companies and research

institutions alike.

In the pharmaceutical sector, coumarin-based drugs such as warfarin, acenocoumarol, and
phenprocoumon are well-established anticoagulants used for preventing thrombosis and embolism.

Additionally, novel synthetic derivatives are under development for applications in cancer therapy,

[172

neurodegenerative disorders, and infectious diseases!!’?). The appeal of coumarins in drug discovery stems

from their structural versatility, favorable pharmacokinetics, and ability to modulate key biological targets

such as kinases, topoisomerases, and cytochrome P450 enzymes!'7!,

13



Beyond pharmaceuticals, coumarins are widely employed in the fragrance and cosmetic industries due
to their pleasant scent and fixative properties. They are common ingredients in perfumes, body lotions, and

soaps!'’¥. In the food industry, naturally occurring coumarins are used as flavoring agents, especially in

vanilla and cinnamon substitutes, although their use is regulated due to potential hepatotoxicity at high

1751 Furthermore, coumarins have been utilized in optical brighteners, laser dyes, and fluorescent

probes in the chemical and biochemical industries, reflecting their importance in material sciences!!7¢).

doses!

In agriculture, coumarin derivatives are being explored as eco-friendly pesticides, herbicides, and
antifungal agents. Their ability to inhibit plant-pathogenic fungi and pests, combined with their
biodegradability, makes them promising candidates for sustainable crop protection strategies. The integration
of coumarins into green chemistry frameworks aligns with the global push toward environmentally conscious
solutions!!””), Overall, the market trends for coumarins reflect a dynamic shift from traditional natural uses to
high-value commercial applications across health, beauty, and technology sectors. With ongoing
advancements in synthetic methods and molecular design, coumarins are poised to become even more
prominent in the global bioeconomy.

9.2. Ethical considerations in coumarin-related research

The exploration of coumarins for pharmaceutical, biomedical, and industrial applications necessitates a
robust ethical framework to guide responsible research and development. Coumarins, whether derived from
natural sources or synthesized in the laboratory, must be evaluated for safety, efficacy, and environmental

178 Ethical research begins with a commitment to

impact before advancing to clinical or commercial usel
transparency and scientific integrity, ensuring that data related to pharmacological effects, toxicology, and
synthesis methods are reported accurately and reproducibly. Misrepresentation of results, data manipulation,
or selective reporting not only undermines scientific credibility but also poses risks to public health when

such compounds are considered for therapeutic use!'”l.

One of the central ethical considerations in coumarin research involves safety assessment and human
health. Certain natural and synthetic coumarins have shown hepatotoxicity or phototoxicity at high doses,
prompting regulatory restrictions on their use in foods and cosmetics in some countries. Therefore, thorough
preclinical testing—including acute and chronic toxicity studies, mutagenicity assays, and pharmacokinetic

1801 Researchers must prioritize minimizing harm to both human participants and

profiling—is essentiall
laboratory animals. Ethical use of animals in research demands adherence to the principles of the 3Rs—
Replacement, Reduction, and Refinement—to ensure human treatment and scientifically justified

experimental design!'®!),

Moreover, the sourcing of coumarins from plants and marine organisms raises additional ethical issues
related to biodiversity conservation and sustainable use of natural resources. Many coumarin-rich species are

1821 Researchers have an

endemic or slow-growing, making overharvesting a threat to ecological balance!
ethical obligation to obtain raw materials legally and responsibly, ideally in collaboration with local
communities and in compliance with international agreements such as the Nagoya Protocol on Access and
Benefit-Sharing [Link]. Benefit-sharing arrangements, particularly with indigenous groups whose traditional
knowledge may inform the use of certain coumarin-producing plants, are vital to ensure equitable outcomes

and respect for cultural heritage!'s,

Finally, as coumarins continue to be explored for anticancer, antimicrobial, and neuroprotective
properties, ethical considerations in clinical translation become critical. Clinical trials involving coumarin-
based drugs must uphold informed consent, patient safety, and independent oversight through institutional
1841 Participants must be fully informed about potential risks and benefits,

and vulnerable populations should be protected from exploitation. Overall, ethical research in the field of

review boards or ethics committees!
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coumarins not only safeguards individuals and ecosystems but also strengthens the credibility and societal

trust in scientific innovation!!%..

10. Conclusion

From ancient botanical remedies to modern therapeutic breakthroughs, coumarins have traversed a
remarkable scientific journey. As highlighted throughout this review, these versatile benzopyrone derivatives
continue to inspire researchers with their diverse pharmacological properties, synthetic adaptability, and
therapeutic promise. Their ability to function as antimicrobial, anticancer, antioxidant, anti-inflammatory,
and anticoagulant agents underscores their relevance in addressing some of today’s most pressing health
challenges. Whether acting as enzyme inhibitors, efflux pump modulators, or fluorescence-based diagnostic
tools, coumarins have firmly established themselves at the intersection of pharmaceutical innovation and
biomedical engineering. Despite the strides made in synthetic methodologies and molecular design—
especially under the green chemistry paradigm—challenges such as poor aqueous solubility, photoinstability,
and regulatory constraints still limit their broader application. However, these barriers are not
insurmountable. Advances in nanotechnology, hybrid drug systems, and targeted delivery mechanisms offer
promising solutions that can unlock the full clinical potential of coumarin-based compounds.

Looking ahead, the future of coumarin research lies in interdisciplinary collaboration and ethically
grounded innovation. By integrating medicinal chemistry, pharmacology, materials science, and
environmental sustainability, the next generation of coumarin derivatives could yield highly specific, low-
toxicity therapeutics tailored to complex diseases such as cancer, Alzheimer’s, and multidrug-resistant
infections. Moreover, ethical sourcing, benefit-sharing, and inclusive clinical practices must remain central
to the research agenda to ensure responsible scientific progress. In conclusion, coumarins are not just
chemical curiosities of the past; they are vital components of the therapeutic future. Withc continued
exploration and thoughtful innovation, these nature-derived compounds may well lead the next wave of safe,
effective, and sustainable biomedical interventions.

Conflict of interest

The authors declare no conflict of interest.

References

1. Randelovi¢ S, Bipat R. A Review of coumarins and coumarin-related compounds for their potential antidiabetic
effect. Clinical Medicine Insights: Endocrinology and Diabetes 2021;14:1-9.

2. Younes AH, Mustafa YF. Plant-Derived Coumarins: A Narrative Review Of Their Structural And Biomedical
Diversity. Chemistry & Biodiversity 2024;21(6):¢202400344.

3. 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.

4.  Orji CN, Loeanurit N, Pham VC, Phan THT, Hengphasatporn K, Shigeta Y, Putri AD, Lello LS, Merits A,
Wacharachaisurapol N, Eiamart W, Wittayalertpanya S, Khotavivattana T, Chavasiri W, Boonyasuppayakorn S.
Chlorinated biscoumarins inhibit chikungunya virus replication in cell-based and animal models. Emerging
Microbes & Infections 2025;14(1):2529889.

5. 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.

6. LuPH, Liao TH, Chen YH, Hsu YL, Kuo CY, Chan CC, Wang LK, Chern CY, Tsai FM. Coumarin Derivatives
Inhibit ADP-Induced Platelet Activation and Aggregation. Molecules 2022;27(13):4054.

7.  Oglah MK, Kahtan Bashir M, Fakri Mustafa Y, Mohammed ET, Khalil RR. Synthesis and biological activities of
3,5-disubstituted-4-hydroxycinnamic acids linked to a functionalized coumarin. Systematic Review Pharmacy
2020;11(6):717-25.

8. 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.

15



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Sharapov AD, Fatykhov RF, Khalymbadzha IA, Zyryanov G V., Chupakhin ON, Tsurkan M V. Plant Coumarins
with Anti-HIV Activity: Isolation and Mechanisms of Action. Vol. 24, International Journal of Molecular Sciences.
2023.

Jebir RM, Mustafa YF. Watermelon Allsweet: A promising natural source of bioactive products. Journal of
Medicinal and Chemical Sciences 2022;5(5):652—66.

Sharifi-Rad J, Cruz-Martins N, Lopez-Jornet P, Lopez EPF, Harun N, Yeskaliyeva B, Beyatli A, Sytar O, Shaheen
S, Sharopov F, Taheri Y, Docea AO, Calina D, Cho WC. Natural Coumarins: Exploring the Pharmacological
Complexity and Underlying Molecular Mechanisms. Gil G, editor. Oxidative Medicine and Cellular Longevity
2021;2021:6492346.

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.

Ahmed BA, Mustafa YF, Ibrahim BY. Isolation and characterization of furanocoumarins from Golden Delicious
apple seeds. Journal of Medicinal and Chemical Sciences 2022;5(4):537-45.

Faisal AF, Mustafa YF. The role of coumarin scaffold in the chemical engineering of bioactive molecules: A
narrative review. Applied Chemical Engineering 2025;8(1):ACE-5595.

Zeki NM, Mustafa YF. 6,7-Coumarin-heterocyclic hybrids: A comprehensive review of their natural sources,
synthetic approaches, and bioactivity. Journal of Molecular Structure 2024;1303:137601.

Ismael RN, Mustafa YF, Al-Qazaz HK. Cancer-curative potential of novel coumarins from watermelon princess:
A scenario of their isolation and activity. Eurasian Chem Commun 2022;4(7):657-72.

Mustafa YF. Triple coumarin-based 5-fluorouracil prodrugs, their synthesis, characterization, and release kinetics.
Journal of Molecular Structure 2024;1301:137415.

Younes AH, Mustafa YF. Novel coumarins from green sweet bell pepper seeds: Their isolation, characterization,
oxidative stress-mitigating, anticancer, anti-inflammatory, and antidiabetic properties. Journal of Molecular
Structure 2024;1312:138629.

Mustafa YF, Oglah MK, Bashir MK, Mohammed ET, Khalil RR. Mutual prodrug of 5-ethynyluracil and 5-
fluorouracil: Synthesis and pharmacokinetic profile. Clinical Schizophrenia and Related Psychoses 2021;15(5):1-6.
LiMY, Gu A, LiJ, Liu Y. Advanced green synthesis: Solvent-free and catalyst-free reaction. Green Synthesis and
Catalysis 2025;6(1):36—66.

Mustafa YF. Applications of artificial intelligence in the synthesis, docking, and pharmacological profiling of
coumarins. Applied Chemical Engineering 2025;8(2):5678.

Mustafa YF. Emerging trends and future opportunities for coumarin-heterocycle conjugates as antibacterial agents.
Results in Chemistry 2023;6:101151.

Huldani H, Rashid Al, 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(1):1-14.

Mishra S, Pandey A, Manvati S. Coumarin: An emerging antiviral agent. Heliyon 2020;6(1):¢03217.

Jasim SF, Mustafa YF. New fused-coumarin composites: Synthesis, anticancer and antioxidant potentials
evaluation. Eurasian Chemical Communications 2022;4(7):607—19.

Mustafa YF. Combretastatin A4-based coumarins: synthesis, anticancer, oxidative stress-relieving, anti-
inflammatory, biosafety, and in silico analysis. Chemical Papers 2024;78:3705-3720.

Ramsis TM, Ebrahim MA, Fayed EA. Synthetic coumarin derivatives with anticoagulation and antiplatelet
aggregation inhibitory effects. Medicinal Chemistry Research 2023;32(9).

Waheed SA, Mustafa YF. The in vitro effects of new albocarbon-based coumarins on blood glucose-controlling
enzymes. Journal of Medicinal and Chemical Sciences 2022;5(6):954—67.

Abdulaziz NT, Mustafa YF. Antibacterial and Antitumor Potentials of Some Novel Coumarins. International
Journal of Drug Delivery Technology 2022;12(1):239-47.

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.

Mustafa YF. Coumarins from nature to nurture: A sustainable resource for drug discovery and beyond. Applied
Chemical Engineering 2025;8(2):5676.

Jadhav NH, Sakate SS, Rasal NK, Shinde DR, Pawar RA. Heterogeneously Catalyzed Pechmann Condensation
Employing the Tailored Zn 0.925 Ti 0.075 O NPs: Synthesis of Coumarin. ACS Omega 2019;4(5):8522-7.
Mustafa YF. Biocompatible chlorocoumarins from harmful chlorophenols, their synthesis and biomedicinal
evaluation. Journal of Molecular Structure 2024;1309:138193.

Molnar M, Loncari¢ M, Kova¢ M. Green chemistry approaches to the synthesis of coumarin derivatives. Current
Organic Chemistry 2020;24(1):4-43.

Waheed SA, Mustafa YF. Novel naphthalene-derived coumarin composites: synthesis, antibacterial, and
antifungal activity assessments. Eurasian Chemical Communications 2022;4(8):709-24.

Ramirez E, Iborra M, Tejero J. Catalysts: Advances in the Catalytic Behavior of Ion-Exchange Resins. Catalysts
2024;14(10):704.

Mohammed Alshaher M, Fakri Mustafa Y. From laboratory to computer models: Enhancing coumarin discovery
through interdisciplinary research. Applied Chemical Engineering 2025;8(1):5613.

16



38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Banerjee S, Periyasamy S, Muthukumaradoss K, Deivasigamani P, Saravanan V. Revolutionizing organic
synthesis through green chemistry: metal-free, bio-based, and microwave-assisted methods. Frontiers in Chemistry
2025;13:1656935.

Annunziata F, Pinna C, Dallavalle S, Tamborini L, Pinto A. An overview of coumarin as a versatile and readily
accessible scaffold with broad-ranging biological activities. International Journal of Molecular Sciences
2020;21(13):1-83.

Mustafa YF. 4-Chloroskimmetine-based derivatives as potential anticancer and antibacterial prospects: Their
synthesis and in vitro inspections. Results in Chemistry 2024;7:101511.

Gulati S, Singh R, Sangwan S. A review on convenient synthesis of substituted coumarins using reuseable solid
acid catalysts. RSC Advances 2021;11(47):29130-55.

Hosseini Nasab N, Azimian F, Kruger HG, Kim SJ. Reaction of 3-Acetylcoumarin: From methods to mechanism.
Arabian Journal of Chemistry 2023;16(2):104472.

Saquib M, Ahamad S, Khan MF, Khan MI, Hussain MK. An ultrasound assisted, ionic liquid-molecular iodine
synergy driven efficient green synthesis of pyrrolobenzodiazepine-triazole hybrids as potential anticancer agents.
Frontiers in Pharmacology 2023;14:1168566.

Mustafa YF, Kasim SM, Al-Dabbagh BM, Al-Shakarchi W. Synthesis, characterization and biological evaluation
of new azo-coumarinic derivatives. Applied Nanoscience (Switzerland) 2023;13:1095-1102.

Borah B, Dhar Dwivedi K, Chowhan LR. 4-Hydroxycoumarin: A Versatile Substrate for Transition-metal-free
Multicomponent Synthesis of Bioactive Heterocycles. Asian Journal of Organic Chemistry 2021;10(12):3101-26.
Scott JL, Raston CL. Solvent-free synthesis of 3-carboxycoumarins. Green Chemistry 2000;2(5):245-7.

Mustafa YF, Abdulaziz NT. Hymecromone and its products as cytotoxic candidates for brain cancer : A brief
review. NeuroQuantology 2021;19(7):175-86.

Fantozzi N, Volle JN, Porcheddu A, Virieux D, Garcia F, Colacino E. Green metrics in mechanochemistry.
Chemical Society Reviews 2023;52(19):6680—-714.

Borah B, Dwivedi KD, Kumar B, Chowhan LR. Recent advances in the microwave- and ultrasound-assisted green
synthesis of coumarin-heterocycles. Arabian Journal of Chemistry 2022;15(3):103654.

Uroos M, Javaid A, Bashir A, Tariq J, Khan IH, Naz S, Fatima S, Sultan M. Green synthesis of coumarin
derivatives using Brensted acidic pyridinium based ionic liquid [MBSPy][HSO 4 ] to control an opportunistic
human and a devastating plant pathogenic fungus Macrophomina phaseolina. RSC Advances 2022;12(37):23963—
72.

Mustafa YF, Najem MA, Tawffiq ZS. Coumarins from Creston apple seeds: Isolation, chemical modification, and
cytotoxicity study. Journal of Applied Pharmaceutical Science 2018;8(8):49-56.

Zhang Q, Miao Y hang, Liu T, Yun Y ling, Sun X ya, Yang T, Sun J. Natural source, bioactivity and synthesis of
3-Arylcoumarin derivatives. Journal of Enzyme Inhibition and Medicinal Chemistry 2022;37(1):1023—42.
Mustafaa YF. New Coumarin-Metronidazole Composites: Synthesis, Biocompatibility, and Anti-anaerobic
Bacterial Activity. Russian Journal of Bioorganic Chemistry 2024;50(1):201-10.

Jibroo RN, Mustafa YF, Al-Shakarchi W. Heterocycles fused on a 6,7-coumarin framework: an in-depth review of
their structural and pharmacological diversity. Chemical Papers 2024;78:7239-7311.

Jibroo RN, Mustafa YF. Linearly ring-fused coumarins: A review of their cancer-fighting attributes. Results in
Chemistry 2024;8:101611.

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.

Mustafa YF, Faisal AF, Alshaher MM, Hassan DA. Food-Derived Micronutrients as Alleviators of Age-Related
Dysfunction: A Dive into Their Effects and Cellular Mechanisms. Indian Journal of Clinical Biochemistry
2025;40(3):322-38.

Faisal AF, Mustafa YF. Chili pepper: A delve into its nutritional values and roles in food-based therapy. Food
Chemistry Advances 2025;6:100928.

Alshahrani SH, Alameri AA, Kahar F, Alexis Ramirez-Coronel A, Fadhel Obaid R, Alsaikhan F, Zabibah RS,
Qasim QA, Altalbawy FMA, Fakri Mustafa Y, Mirzaei R, Karampoor S. Overview of the role and action
mechanism of microRNA-128 in viral infections. Microbial Pathogenesis 2023;176:106020.

Faisal AF, Mustafa YF. Capsicum in Clinical Biochemistry: Insights into its Role in Health and Disease. Indian
Journal of Clinical Biochemistry 2025; https://doi.org/10.1007/s12291-025-01317-0

Mustafa YF. Effects of heat variables on the starch content of cooked white rice: Searching for diabetes-friendly
food. Bioactive Carbohydrates and Dietary Fibre 2024;31:100395.

Abdelbasset WK, Elkholi SM, Ismail KA, AL-Ghamdi HS, Mironov S, Ridha HSH, Maashi MS, Thangavelu L,
Mahmudiono T, Mustafa YF. Mequinol-loaded carboxymethyl cellulose/chitosan electrospun wound dressing as a
potential candidate to treat diabetic wounds. Cellulose 2022;29(14):7863-81.

Loncar M, Jakovljevi¢ M, Subari¢ D, Pavli¢ M, Buzjak Sluzek V, Cindri¢ I, Molnar M. Coumarins in Food and
Methods of Their Determination. Foods 2020;9(5):645.

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.

17


https://doi.org/10.1007/s12291-025-01317-0

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Abdulaziz NT, Mohammed ET, Khalil RR, Mustafa YF. Unrevealing the total phenols, total flavonoids,
antioxidant, anti-inflammatory, and cytotoxic effects of Garden Cress seed ethanolic extracts. Review of Clinical
Pharmacology and Pharmacokinetics - International Edition 2024;38(2):187-96.

Mohammadnia M, Emamgholipour Z, Peytam F, Nikbakhtzadeh M, Hosseindoost S, Alsaced SB, Sehati F,
Shahba M, Bijanzadeh HR, Gulcan HO, Firoozpour L, Ghasemi F, Ashabi G, Foroumadi A. Coumarin-Chalcone
derivatives as promising antioxidant agents targeting ischemia/reperfusion injury through Nrf2 pathway activation.
Bioorganic Chemistry 2025;164:108790.

Widelski J, Luca SV, Skiba A, Chinou I, Marcourt L, Wolfender JL, Skalicka-Wozniak K. Isolation and
antimicrobial activity of coumarin derivatives from fruits of peucedanum luxurians tamamsch. Molecules
2018;23(5).

Tsivileva OM, Koftin O V, Evseeva N V. Coumarins as Fungal Metabolites with Potential Medicinal Properties.
Antibiotics 2022;11(9):1156.

Mahmood AT, Kamal IK, Mustafa YF. Coumarin Backbone as a Door-Opening Key for Investigating
Chloroxylenol as Oral Antimicrobial Agents: an In Vitro—In Silico Study. Russian Journal of Bioorganic
Chemistry 2024;50(6):2252—68.

Kamal IK, Mahmood AT, Mustafa YF. Synthesis of Eugenol-Derived Coumarins as Broad-Spectrum Biosafe
Antimicrobial Agents. Russian Journal of Bioorganic Chemistry 2024;50(6):2240-51.

Mustafa YF, Bashir MK, Oglah MK. Influence of albocarbon-cyclic hybridization on biomedical activities: A
review. Journal of Medicinal and Chemical Sciences 2022;5(4):518-35.

Zafar A, Khatoon S, Khan MJ, Abu J, Nacem A. Advancements and limitations in traditional anti-cancer therapies:
a comprehensive review of surgery, chemotherapy, radiation therapy, and hormonal therapy. Discover Oncology
2025;16(1):607.

Lateef Al-Awsi GR, Arshed U, Arif A, Ramirez-Coronel AA, Alhassan MS, Mustafa YF, Rahman FF, Zabibah
RS, Gupta J, Igbal MS, Iswanto AH, Farhood B. The Chemoprotective Potentials of Alpha-lipoic Acid against
Cisplatin-induced Ototoxicity: A Systematic Review. Current Medicinal Chemistry 2024;31(23):3588—603.
Kubiak J, Szyk P, Czarczynska-Goslinska B, Goslinski T. Flavonoids, Chalcones, and Their Fluorinated
Derivatives—Recent Advances in Synthesis and Potential Medical Applications. Molecules 2025;30(11):2395.
Balewski L, Szulta S, Jalinska A, Kornicka A. A Mini-Review: Recent Advances in Coumarin-Metal Complexes
With Biological Properties. Frontiers in Chemistry 2021;9.

Mustafa YF. 3-mercaptocoumarins as potential bioactive candidates: From novel synthesis to comparative analysis.
Journal of Molecular Structure 2025;1320:139657.

Younes AH, Mustafa YF. Unveiling the Biomedical Applications of Novel Coumarins Isolated From Capsicum
Annuum L. Seeds by a Multivariate Extraction Technique. Chemistry and Biodiversity 2024;21(6):¢202400581.
Faisal AF, Mustafa YF. Isolation of unique fluorinated coumarins from new mexico green chile seeds : a novel
green extraction approach and bioevaluation against oxidative stress disorders. Food Chemistry Advances
2025;8:101057.

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.

Khalil RR, Mohammed ET, Mustafa YF. Various promising biological effects of Cranberry extract: A review.
Clinical Schizophrenia and Related Psychoses 2021;15(S6):1-9.

Younes HA, Mustafa YF. Sweet Bell Pepper: A Focus on Its Nutritional Qualities and Illness-Alleviated
Properties. Indian Journal of Clinical Biochemistry 2024;39:459—-69.

Todorov L, Saso L, Kostova I. Antioxidant Activity of Coumarins and Their Metal Complexes. Pharmaceuticals
2023;16(5):651.

Zeki NM, Mustafa YF. Annulated Heterocyclic[g]Coumarin Composites: Synthetic Approaches and Bioactive
Profiling. Chemistry and Biodiversity 2024;21(3):€202301855.

Georgiev NI, Bakov V V., Anichina KK, Bojinov VB. Fluorescent Probes as a Tool in Diagnostic and Drug
Delivery Systems. Pharmaceuticals 2023;16(3):381.

Mustafa YF. Synthesis of novel 6-aminocoumarin derivatives as potential —biocompatible antimicrobial and
anticancer agents. Journal of Molecular Structure 2025;1320:139658.

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.

Flores-Morales V, Villasana-Ruiz AP, Garza-Veloz I, Gonzalez-Delgado S, Martinez-Fierro ML. Therapeutic
Effects of Coumarins with Different Substitution Patterns. Molecules 2023;28(5):2413.

Hassan DA, Mustafa YF. Novel 1,3-dioxolane—coumarin hybrids: From synthesis to pharmacological In Vitro-In
Silico profiling. Applied Chemical Engineering 2025;8(1):5651.

Alshaher MM, Mustafa YF. Synthesis of Dioxane-fused Coumarins as a new class of biosafe multifunctional
therapeutic candidates : A journey from In Vitro to In Silico prediction. Applied Catalysis B: Environmental
2025;8(1):5652.

Zeki NM, Mustafa YF. Synthesis of Novel Dioxathiole-6,7-coumarin Hybrids As Cytosafe-Multifunctional
Applicants: An In Vitro—In Silico Study. Russian Journal of Bioorganic Chemistry 2024;50(5):2076-91.

18



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Zeki NM, Mustafa YF. Coumarin hybrids for targeted therapies: A promising approach for potential drug
candidates. Phytochemistry Letters 2024;60:117-33.

Maashi MS, Al-Mualm M, Al-Awsi GRL, Opulencia MJC, Al-Gazally ME, Abdullacv B, Abdelbasset WK,
Ansari MJ, Jalil AT, Alsaikhan F, Shalaby MN, Mustafa YF. Apigenin alleviates resistance to doxorubicin in
breast cancer cells by acting on the JAK/STAT signaling pathway. Molecular Biology Reports 2022;49:8777-84.
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.

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;50:5455-54064.

Abdulaziz NT, Al-bazzaz FY, Mustafa YF. Natural products for attenuating Alzheimer’s disease: A narrative
review. Eurasian Chemical Communications 2023;5(4):358-70.

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.

Mustafa YF. Role of Fruit-Derived Antioxidants in Fighting Cancer: A Narrative Review. Indian Journal of
Clinical Biochemistry 2025;¢70321. https://doi.org/10.1007/s12291-025-01310-7

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.

Zeki NM, Mustafa YF. Natural linear coumarin-heterocyclic conjugates: A review of their roles in phytotherapy.
Fitoterapia 2024;175:105929.

Worachartcheewan A, Prachayasittikul V, Prachayasittikul S, Tantivit V, Yeeyahya C, Prachayasittikul V.
Rational design of novel coumarins: A potential trend for antioxidants in cosmetics. EXCLI journal 2020;19:209—
26.

Zeki NM, Mustafa YF. Coumarin hybrids: a sighting of their roles in drug targeting. Chemical Papers
2024;78:5753-5772.

Al Abdeen SHZ, Mustafa YF, Mutlag SH. Synthesis and biomedical activities of novel multifunctional
benzodipyrone-based derivatives. Eurasian Chem Commun 2022;4(10):938-49.

Alshaher MM, Mustafa YF. Linear pyranocoumarins are potential dazzling dancers between nature, chemistry,
and clinical application. Phytomedicine Plus 2025;5(2):100785.

Mustafa YF, Alshaher MM, Hassan DA, Faisal AF. Synthesis and Medicinal Impacts of Novel 3,3'-
Bihalocoumarins and Their Precursors, 7-Halocoumarin-3-acetic Acids. Russian Journal of Bioorganic Chemistry
2025;51(2):802—-15.

Al-Shakarchi W, Mustafa YF. Coumarins in the human—nature nexus: Exploring their environmental and
psychological footprint. Environment and Social Psychology 2025;10(4):3641.

Mustafa YF, Al-Shakarchi W. The psychotropic potential of coumarins: Mechanisms, efficacy, and future
prospects. Environment and Social Psychology 2025;10(3):3534.

Mustafa YF, Jebir RM. Plant-derived extracts and conventional drugs : A new frontier in antimicrobial therapy.
Journal of Herbmed Pharmacology 2025;14(2):163-87.

Jana K, Sarkar D, Jaiswal P, Moorthy JN. Synthesis and Excited-State Properties of Donor—Acceptor Azahelical
Coumarins. The Journal of Organic Chemistry 2023;88(11):6611-22.

Kaushik V, Dabrowski M, Gessa L, Kumar N, Fernandes H. Two-photon excitation fluorescence in
ophthalmology: safety and improved imaging for functional diagnostics. Frontiers in Medicine 2024;10:1293640.
Mustafa YF. Mechanistic insights into the anti-obesity actions of coumarins: Therapeutic potential and future
directions. Obesity Medicine 2025;55:100620.

Chupradit S, KM Nasution M, Rahman HS, Suksatan W, Turki Jalil A, Abdelbasset WK, Bokov D, Markov A,
Fardeeva IN, Widjaja G, Shalaby MN, Saleh MM, Mustafa YF, Surendar A, Bidares R. Various types of
electrochemical biosensors for leukemia detection and therapeutic approaches. Analytical Biochemistry
2022;654:114736.

Mustafa YF. Coumarins at the Crossroads of Drug Development: Enzyme Modulation for Clinical Advances.
Indian Journal of Clinical Biochemistry 2025; https://doi.org/10.1007/s12291-025-01331-2

Mustafa YF. Nutraceutical-based telomerase inhibitors: Renewed hope for cancer therapy. Phytomedicine Plus
2024;4(2):100537.

Stefanello TF, Couturaud B, Szarpak-Jankowska A, Fournier D, Louage B, Garcia FP, Nakamura C V., De Geest
BG, Woisel P, van der Sanden B, Auzély-Velty R. Coumarin-containing thermoresponsive hyaluronic acid-based
nanogels as delivery systems for anticancer chemotherapy. Nanoscale 2017;9(33):12150-62.

Hassan DA, Mustafa YF. The Activity-Enhancing Effect of the 1,3-Dioxolane Ring in Biomedicine. Russian
Journal of Bioorganic Chemistry 2025;51(3):991-1010.

19


https://doi.org/10.1007/s12291-025-01310-7
https://doi.org/10.1007/s12291-025-01331-2

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Gaurav A, Bakht P, Saini M, Pandey S, Pathania R. Role of bacterial efflux pumps in antibiotic resistance,
virulence, and strategies to discover novel efflux pump inhibitors. Microbiology 2023;169(5):001333.

Hassan DA, Mustafa YF. Linear furanocoumarins: Bridging natural wisdom and synthetic ingenuity in drug
discovery. Phytomedicine Plus 2025;5(3):100832.

Martinengo B, Diamanti E, Uliassi E, Bolognesi ML. Harnessing the 12 Green Chemistry Principles for
Sustainable Antiparasitic Drugs: Toward the One Health Approach. ACS Infectious Diseases 2024;10(6):1856—70.
Mustafa YF. Coumarins in traditional medicine: Bridging ancient wisdom and scientific progress. Phytomedicine
Plus 2025;5(3):100857.

Zeki NM, Mustafa YF. Harnessing Artificial Intelligence to Discover the Therapeutic Potential of Natural
Coumarins: A Review Study. Russian Journal of Bioorganic Chemistry 2025;51(4):1432-52.

Naponelli V, Piscazzi A, Mangieri D. Cellular and Molecular Mechanisms Modulated by Genistein in Cancer.
International Journal of Molecular Sciences 2025;26(3):1114.

Kubrak TP, Makuch-Kocka A, Aebisher D. Coumarins in Anticancer Therapy: Mechanisms of Action, Potential
Applications and Research Perspectives. Pharmaceutics 2025;17(5):595.

Liu W, Li L, Jiang J, Wu M, Lin P. Applications and challenges of CRISPR-Cas gene-editing to disease treatment
in clinics. Precision Clinical Medicine 2021;4(3):179-91.

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.

Abdulaziz NT, Mustafa YF. The Effect of Heat Variable on the Chemical Composition and Bioactivities of a
Citrullus lanatus Seed Aqueous Extracts. Journal of Medicinal and Chemical Sciences 2022;5(7):1166-76.
Vigueras G, Izquierdo-Garcia E, de la Torre-Rubio E, Abad-Montero D, Santana MD, Marchan V, Ruiz J. Metal—
coumarin derivatives as promising photosensitizers: unlocking their cancer phototherapy potential. Inorganic
Chemistry Frontiers 2025;

Lyapchev R, Koleva Al, Koleva IZ, Subev K, Madzharova I, Simeonova KB, Petkova-Yankova N, Morgenstern B,
Lozanova V, Petrov PY, Nikolova RD. Efficient Synthesis of Fluorescent Coumarins and Phosphorous-Containing
Coumarin-Type Heterocycles via Palladium Catalyzed Cross-Coupling Reactions. Molecules 2022;27(21):7649.
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.

Heghes SC, Vostinaru O, Mogosan C, Miere D, Iuga CA, Filip L. Safety Profile of Nutraceuticals Rich in
Coumarins: An Update. Frontiers in Pharmacology 2022;13:803338.

Mazin Zeki N, M.Z. Othman K, Fakri Mustafa Y. Computational Chemistry: A game-changer in the drug
discovery field. Applied Chemical Engineering 2025;8(1):ACE-5601.

Stiefel C, Schubert T, Morlock GE. Bioprofiling of Cosmetics with Focus on Streamlined Coumarin Analysis.
ACS Omega 2017;2(8):5242-50.

Zeki NM, Mustafa YF. Digital alchemy: Exploring the pharmacokinetic and toxicity profiles of selected coumarin-
heterocycle hybrids. Results in Chemistry 2024;10:101754.

Jebir MR, Mustafa YF. Kidney stones: natural remedies and lifestyle modifications to alleviate their burden.
International Urology and Nephrology 2024;56(3):1025-33.

Banikazemi Z, Mirazimi SM, Dashti F, Mazandaranian MR, Akbari M. Coumarins and gastrointestinal cancer: A
new therapeutic option ? Frontiers in oncology 2021;11:752784.

Szwaczko K, Paduch R, Dziuba K, Szafranski K, Wiater A. Modulation of Human Colon Cell Activity by
Synthetic Coumarin Derivatives Bearing a Phosphonate Group. Molecules 2025;30(13):2846.

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.

Al-Shakarchi W, Abdulaziz NT, Mustafa YF. A review of the chemical, pharmacokinetic, and pharmacological
aspects of quercetin. Eurasian Chemical Communications 2022;4(7):645-56.

Kasim SM, Al-Dabbagh BM, Mustafa YF. A review on the biological potentials of carbazole and its derived
products. Eurasian Chemical Communications 2022;4(6):495-512.

Szwaczko K. Coumarins Synthesis and Transformation via C—H Bond Activation—A Review. Inorganics
2022;10(2):23.

Betz UAK, Arora L, Assal RA, Azevedo H, Baldwin J, Becker MS, Bostock S, Cheng V, Egle T, Ferrari N,
Schneider-Futschik EK, Gerhardy S, Hammes A, Harzheim A, Herget T, Jauset C, Kretschmer S, Lammie C, et al.
Game changers in science and technology - now and beyond. Technological Forecasting and Social Change
2023;193:122588.

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):5527.

Alshaher MM, Mustafa YF. Synthesis of triclosan-derived coumarins as potent, biocompatible, broad-spectrum
antimicrobial agents. Applied Chemical Engineering 2024;7(4):5579.

Waheed SA, Mustafa YF. Synthesis of coumarin-based derivatives from different starting materials: A review of
ongoing developments. Iraqi Journal of Pharmacy 2022;18(2):126-38.

20



144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Raya I, Widjaja G, HACHEM K, M.N. R, Ahmed AA, M. Kadhim M, Mustafa YF, Mahmood ZH, Aravindhan S.
MnCo0204/Co304 Nanocomposites: Microwave-Assisted Synthesis, Characterization and Photocatalytic
Performance. Journal of Nanostructures 2021;11(4):728-35.

Al Anazi AA, Satar R, Jabbar HS, Sapaev IB, Altalbawy FMA, Alameri AA, Obaid RF, Ramirez-Coronel AA,
Alfilh RHC, Mustafa YF, Heidarpour M. Effectual and Rapid Synthesis of Hantzsch Derivatives in Solvent-Free
Conditions Catalyzed by a Mesoporous Basic Silica-Based Nanomaterial. Silicon 2023;15(8):3453-61.
Shukhratovich Abdullaev S, H Althomali R, Raza Khan A, Sanaan Jabbar H, Abosoda M, Thsan A, Aggarwal S,
Mustafa YF, Hammoud Khlewee I, Jabbar A mhussan. Integrating of analytical techniques with enzyme-
mimicking nanomaterials for the fabrication of microfluidic systems for biomedical analysis. Talanta
2024;273:125896.

Graziano G, Stefanachi A, Contino M, Prieto-Diaz R, Ligresti A, Kumar P, Scilimati A, Sotelo E, Leonetti F.
Multicomponent Reaction-Assisted Drug Discovery: A Time- and Cost-Effective Green Approach Speeding Up
Identification and Optimization of Anticancer Drugs. International Journal of Molecular Sciences 2023;24(7):6581.
Chupradit S, Kavitha M, Suksatan W, Ansari MJ, Mashhadani ZI Al, Kadhim MM, Mustafa YF, Shafik SS,
Kianfar E. Morphological Control : Properties and Applications of Metal Nanostructures. Advances in Materials
Science and Engineering 2022;2022:1D 1971891.

Alinezhad H, Amiri PHT, Tavakkoli SM, Muhiebes RM, Mustafa YF. Progressive Types of Fe304 Nanoparticles
and Their Hybrids as Catalysts. Journal of Chemical Reviews 2022;4(4):288—312.

Trojanowicz M. Flow Chemistry in Contemporary Chemical Sciences: A Real Variety of Its Applications.
Molecules 2020;25(6):1434.

Ghasemi Darestani N, Gilmanova Al, Al-Gazally ME, Zekiy AO, Ansari MJ, Zabibah RS, Jawad MA, Al-Shalah
SAJ, Rizaev JA, Alnassar YS, Mohammed NM, Mustafa YF, Darvishi M, Akhavan-Sigari R. Mesenchymal stem
cell-released oncolytic virus: an innovative strategy for cancer treatment. Cell Communication and Signaling
2023;21(1):43.

Ismael SS, Waheed NAM, Kasim SM, Mustafa YF. Novel Coumarin-Indole Hybrids as Cytotoxic Candidates:
Synthesis and Antiproliferative Activity. Pharmacognosy Journal 2023;15(6):1105-11.

Jasim MHM, Mustafa YF. Synthesis of Acetaminophen-Based Coumarins as Selective COX-2 Inhibitors: An in
vitro-in silico Study. Chemistry & Biodiversity 2024;21(10):¢202401309.

Holbert CE, Cullen MT, Casero RA, Stewart TM. Polyamines in cancer: integrating organismal metabolism and
antitumour immunity. Nature Reviews Cancer 2022;22(8):467—80.

Mustafa YF, Hassan DA. Dioxolocoumarins: Bridging chemistry and pharmacology with multifunctional
therapeutics. Applied Chemical Engineering 2024;7(4):ACE-5592.

Mustafa YF. Synthesis, characterization, and biomedical assessment of novel bisimidazole—coumarin conjugates.
Applied Nanoscience (Switzerland) 2023;13(3):1907-18.

Mustafa YF, Bashir MK, Oglah MK. Synthesis, antioxidant and antitumor activities of new coumarins grafted to
5-fluorouracil. Caspian Journal of Environmental Sciences 2022;20(2):359-65.

Supuran CT. Coumarin carbonic anhydrase inhibitors from natural sources. Journal of Enzyme Inhibition and
Medicinal Chemistry 2020;35(1):1462-70.

Mustafa YF. When the gut Speaks: The hidden toll of irritable bowel syndrome on body and mind.
Gastroenterology & Endoscopy 2025;3(3):135-51.

Gumus A, Bozdag M, Akdemir A, Angeli A, Selleri S, Carta F, Supuran CT. Thiosemicarbazide-Substituted
Coumarins as Selective Inhibitors of the Tumor Associated Human Carbonic Anhydrases IX and XII. Molecules
2022;27(14):4610.

Mustafa YF. Synthesis, characterization and antibacterial activity of novel heterocycle, coumacine, and two of its
derivatives. Saudi pharmaceutical journal 2018;26(6):870-5.

Ban AA, Ibrahim BY, Mustafa YF. The Protective Role of Natural Coumarins Derivatives and Anpro Supplement
Against Aflatoxin B1 Pollution in the Quails Coturnix Japonica Diet. Mesopotamia Journal of Agriculture
2023;51(1):1-13.

Zhang S, Liao X, Ding T, Ahn J. Role of B-Lactamase Inhibitors as Potentiators in Antimicrobial Chemotherapy
Targeting Gram-Negative Bacteria. Antibiotics 2024;13(3):260.

Mustafa YF, Khalil RR, Mohammed ET. Synthesis and antitumor potential of new 7-halocoumarin-4-acetic acid
derivatives. Egyptian Journal of Chemistry 2021;64(7):3711-6.

Seregelj V, Sovljanski O, Tumbas Saponjac V, Vuli¢ J, Cetkovi¢ G, Markov S, Canadanovié-Brunet J. Horned
Melon (Cucumis metuliferus E. Meyer Ex. Naudin)—Current Knowledge on Its Phytochemicals, Biological
Benefits, and Potential Applications. Processes 2022;10(1):94.

Luo X, He W, Yin H, Li Q, Liu Q, Huang Y, Zhang S. Two New Coumarins from Micromelum falcatum with
Cytotoxicity and Brine Shrimp Larvae Toxicity. Molecules 2012;17(6):6944-52.

Oglah MK, Mustafa YF. Synthesis, antioxidant, and preliminary antitumor activities of new curcumin analogues.
Journal of Global Pharma Technology 2020;12(2):854—-62.

Priya AK, Alagumalai A, Balaji D, Song H. Bio-based agricultural products: a sustainable alternative to
agrochemicals for promoting a circular economy. RSC Sustainability 2023;1(4):746—-62.

21



169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Mustafa YF. Synthesis, in silico analysis, and biomedical effects of coumarins derived from resveratrol.
Phytomedicine Plus 2024;3(4):100501.

Mustafa YF. Synthesis, characterization and preliminary cytotoxic study of sinapic acid and its analogues. Journal
of Global Pharma Technology 2019;11(9):1-10.

Yahya MQ, Mustafa YF. Transforming Poisonous Phenol into Biosafe Antimicrobial Coumarins: Synthesis and
Evaluation. Russian Journal of Bioorganic Chemistry 2024;50(4):1595-608.

Kasperkiewicz K, Ponczek MB, Owczarek J, Guga P. Antagonists of vitamin K—popular coumarin drugs and new
synthetic and natural coumarin derivatives. Molecules 2020;25(1465):1-24.

Konkol'ova E, Huda¢ova M, Hamul'akova S, JendzZelovsky R, Vargova J, Sevc J, Fedoro&ko P, KoZurkova M.
Tacrine-Coumarin Derivatives as Topoisomerase Inhibitors with Antitumor Effects on A549 Human Lung
Carcinoma Cancer Cell Lines. Molecules 2021;26(4):1133.

Sharmeen J, Mahomoodally F, Zengin G, Maggi F. Essential Oils as Natural Sources of Fragrance Compounds for
Cosmetics and Cosmeceuticals. Molecules 2021;26(3):666.

Al-Shakarchi W, Saber Y, Merkhan MM, Mustafa YF. Sub Chronic Toxicity Study of Coumacines.
Pharmacognosy Journal 2023;15(1):160-4.

Li C, Wang D, Xue W, Peng J, Wang T, Zhang Z. Synthesis and photophysical properties of vertically n-expanded
coumarins. Dyes and Pigments 2021;186:108956.

Zhou H, Jian Y, Shao Q, Guo F, Zhang M, Wan F, Yang L, Liu Y, Yang L, Li Y, Yang P, Li Z, Li S, Ding W.
Development of Sustainable Insecticide Candidates for Protecting Pollinators: Insight into the Bioactivities,
Selective Mechanism of Action and QSAR of Natural Coumarin Derivatives against Aphids. Journal of
Agricultural and Food Chemistry 2023;71(47):18359-74.

Al-Shakarchi W, Saber Y, Merkhan MM, Mustafa YF. Acute toxicity of coumacines: An in vivo study. Georgian
medical news 2023;(338):126-31.

Younis MA, Hamid OA, Dhaher R, Saber Y, Al-shakarchi W, Merkhan MM, Mustafa YF. Characterization of the
renal safety profiles of coumacines. Pharmakeftiki 2023;35(4):57—-63.

Pitaro M, Croce N, Gallo V, Arienzo A, Salvatore G, Antonini G. Coumarin-Induced Hepatotoxicity: A Narrative
Review. Molecules 2022;27(24):9063.

Eggel M, Wiirbel H. Internal consistency and compatibility of the 3Rs and 3Vs principles for project evaluation of
animal research. Laboratory Animals 2021;55(3):233-43.

Delgado A, Gongalves S, Romano A. Mediterranean Diet: The Role of Phenolic Compounds from Aromatic Plant
Foods. Foods 2023;12(4):840.

Wilson E. What is Benefit Sharing? Respecting Indigenous Rights and Addressing Inequities in Arctic Resource
Projects. Resources 2019;8(2):74.

McNair L. Ethical and regulatory oversight of clinical research: The role of the Institutional Review Board.
Experimental Biology and Medicine 2022;247(7):561-6.

Gordon BG. Vulnerability in Research: Basic Ethical Concepts and General Approach to Review. Ochsner Journal
2020;20(1):34-8.

22



