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Abstract

Background: Numerous synthetic health-related products contain the 1,3-dioxolane ring
(DOR) as a valuable constituent in their chemical structures. According to several structure-
activity relationships, adding this heterocyclic ring to the compound's chemical framework
could enhance various types of activities. These include anticancer, antifungal, antiviral,
antibacterial, antioxidant, and anti-inflammatory effects. Aim: The current issue of negative
drug reactions and resistance requires the creation of effective agents with new frameworks
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Keywords: that can handle these pharmacological obstacles. In this review, the main focus is on new in-
1,3-Dioxolane; lab methods to make compounds that contain DOR and improve the biological effectiveness
Antibacterial; of medicines by using a new synthetic DOR's chemical structure. Methods: This review was
Anticancer; conducted by the authors using a variety of databases, such as Web of Science, Google
Antioxidant; Scholar, PubMed, and Scopus, without specifying the publication dates. Results: The unique
Bioactivity ; way that synthetic compounds with DOR are made and how well they work in medicine
Heterocyclic.

make experts want to do more research in this area. It is found by the investigators that the
addition of this heterocyclic ring could enhance many biological activities for various
bioactive agents. Conclusion: As indicated by a number of studies, the two oxygen atoms in
the DOR backbone may enhance the studied ring's functionality. These atoms are believed to
form hydrogen bonds with the active site. This improves the interactions between the ligand
and the target, and consequently, the presence of this heterocyclic ring enhances biological
activity.

2025 Iraqgi Journal of Pharmacy. Published by University of Mosul, Iraq,. This is an open access article
licensed under CC BY: (https://creativecommons.org/licenses/by/4.0)

1. Introduction

1,3-dioxolane ring (DOR) is a five-membered, fully This is especially true in reactions that create cyclic ethers,

saturated heterocyclic compound that incorporates two
oxygen atoms, which are positioned on different sides of a
methyl group. The oxygen atoms in the DOR give the
molecule some polarity and make it possible for it to react,
especially in processes that involve electrophilic addition or
nucleophilic substitution. Additionally, the oxygen atoms
add a degree of electron density that can affect how the
molecule behaves in certain chemical conditions. Through
the electron-donating effect, DOR can change how reactive
attached functional groups. This makes them useful as
building blocks in the production of organic compounds.
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acetals, and polymers. Organic chemistry frequently uses
the DOR as a protective group to hide reactive alcohols or
aldehydes, especially in the complex
compounds as shown in as shown in Figure 1 (1,2).

5P

Figure 1. The chemical framework of DOR

synthesis of
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It is known that DOR is a crucial building block in the
synthesis of a variety of medicinally active compounds,
including adrenoreceptor antagonists, antiviral, antifungal,
and anti-HIV compounds (3,4). Many structure-activity
relationships have recommended the involvement of DOR in
the various bioactive frameworks for future research and
development (5,6). Some of the essential drugs utilized in
healthcare applications that employ this ring system are
depicted in Figure 2 (7,8).
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Figure 2. Chemical structures of DOR-incorporated drugs

1.2. Advancements in the of DOR-

incorporating molecules

synthesis

Organic chemical processes use DOR as a green solvent
because it is not poisonous and efficiently recovers
biodegradable compounds (9-11). It's a crucial compound in
organic synthesis due to its ability to act as both a carbon
source and a reagent for various transformations (12,13).
DOR used with applications in biological contexts, polymer
science, and biomedicinal activity. It serves as a versatile
intermediate in the production of bio-based chemicals and
pharmaceuticals, providing an eco-friendly alternative to
more hazardous reagents (14,15). Its unique structure,
featuring two ester groups, allows it to participate in
reactions like esterification, transesterification, and carbon-
carbon bond formation. These characteristics make it
valuable in the synthesis of fine chemicals, additives, and
catalysts, where high purity and selectivity are required
(16,17).

Quinio et al. synthesized a variety of activated
shielded aldol compounds by combining bromomagnesium
2-vinyloxy ethoxide with various aldehydes and 10 mol%
Scandium trifluoro methane sulfonate, Lewis acid Sc(OTf).
The Swern oxidation-CBS reaction turns an alcohol into a
chiral alcohol with stereo-selectivity by combining Swern
oxidation with Corey-Bakshi-Shibata reduction. This
reaction may shorten the steps needed to make these aldols
in a way that is selective for the enantiomers. As shown in
Scheme 1 (18), the formation of DOR derivative (1) from 2-
bromocyclohexanone leads to the production of a planned
aldol product, which is the anti-diastereoisomer with 99%
sterio-selectivity.
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Scheme 1. Generation of DOR intermediate using Sc(OTf)s
as a catalyst

In their study, Vol'eva et al made a DOR-incorporated
compound called 2, which is made by carbonyl compounds
reacting with vicinal diols. When ethanol was added, the
reaction went quickly and effectively, as seen in Scheme 2.
A potential rationale could be that ethanol forms a
hemiacetal, or adduct, with a carbonyl molecule, which
serves as an active intermediate in the step of synthesis. In
this case, ethanol helps the transketalyzation process
happen without letting any water out, while glycerol
ketalyzes aceton to make a cyclic product called a 2 (19).
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Scheme 2. Synthetic pathway of compound 2 as described
by Vol'eva et al.

Kuctlk et al. synthesized, as illustrated in Scheme 3, a new
group of enantiomerically pure chiral and racemic DOR-
incorporated compounds, were collectively coded 3. The
research team did this by reacting salicylaldehyde with diols
and using montmorillonite K 10 as a catalyst. When the
researchers added a small amount of trimethyl
orthoformate, the reaction proceeded quickly and produced
an excellent yield of about 99%. This is the first example of
chiral acetalization, which begins with an aldehyde and
proceeds to include aryl groups, aryls with a single
substitution, and long chains of alkyls. The researchers
investigated the stereochemistry of the synthesized
compounds using a chiral HPLC system on a Chiralcel OD
column (20).

Zeng et al. manufactured DOR-incorporated compounds
collectively coded 4, as illustrated in Equation 1, by the
process of adding DOR to in situ produced imines, which has
been described as a radical chain reaction. The chemistry
was devoid of metal and redox, and cheap materials were
transformed into shielded a-amino aldehydes with excellent-
to-high outcomes applying a tiny amount of a radical
precursor (azobisisobutyronitrile, AIBN). For the reaction to
be successful, thiol and a small amount of atmospheric
oxygen are essential, according to the monitoring researcher
(21).
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Equation 1. The radical chain reaction for creating DOR-
incorporated compounds 4

Xiao et al. created a DOR-incorporated compound coded §
via the Heck coupling of electron-rich olefins with bromo- or
chlorobenzene without the need for thallium acetate and
silver triflate as halide scavengers. The reaction can be
carried out in an imidazolium-based ionic liquid or a
conventional molecular solvent when ammonium-based
additives are added, and the product was generated in high
yields and excellent region-selectivity, as shown in Equation

2 (22).
Br Pd(OAc),, DPPP
P\ + @ _ NEqBRg J
2. [bm|m][BF4] iPr,;NH
(vin):?;(_yo)letha bromobenzene 2-methyl-2-phenyl-1 ,3-dioxolane

Equation 2. The synthetic pathway for creating DOR-
incorporated compound 5

As shown in Equation 3, Kucik et al. used N-
triflylphosphoramide, which is a good Brensted acid
catalyst, to make 2,5-disubstituted DOR-4-ones (6). Using
this catalyst with various aldehydes resulted in the excellent
sterio-selective production of optically pure and racemic
mandelic and lactic acids. In this synthetic pathway, neither
azeotropic distillation nor a dehydration agent were
required (23).
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Equation 3. The general synthetic pathway for preparing
DOR-incorporated compound 6
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Rohand et al created DOR-incorporated compounds
collectively coded 7, as illustrated in Equation 4, by using
SiO2 or Al2Os as a catalyst and pressure. In this creation,
they condensed carbonyl compounds with 2-hydroxyethanol
without the need for a solvent. Glycol interacts with 2-
aminoethanol through the Breonsted acid catalyst (inorganic
acid) or Lewis acidic catalyst (silica gel or alumina), forming
a significant number of ionic bridges on the catalyst's
surface (24).

OH H SiO, or Al,04 0 R
[ + =0 E pas R=H
OH autogenous P, 24 h 0 R=4-0,NCqH,
ethane-1,2-diol Substitute DOR (7)

Equation 4. The general synthetic pathway for preparing
DOR-incorporated compound 7

Equation 5 illustrates the outcome of Gopinath et al's
research on DOR-incorporated compounds, -collectively
referred to as 8. Several carbonyl compounds can readily
form acyclic and cyclic acetals in a mild reaction, with
(RO)sCH and BusN* Brs acting as catalysts in absolute
alcohol. This method is superior to others in numerous
ways, including its ability to selectively acetalize an aldehyde
when a ketone is present, its capacity to create an acetal
unevenly, its requirement for mild reaction conditions, its
high efficiency, and its ease of separating the desired
compounds (25).
n

)OL (EtO);CH )
. OH : o_ 0 R= alkyl, aryl
ROR * Ho/n\ﬁ/ BuyNBr; (Cat.) X .- a|ky| HY
it R™R Y
(8)

Equation 5. The general pathway for creating DOR-
incorporated compounds 8

Equation 6 illustrates how a Bronsted or Lewis acid catalyst
condenses 1,3-propanediol or 1,2-ethanediol with carbonyl
molecules to generate DOR-incorporated compounds,
collectively coded here as 9. Since p-toluenesulfonic acid
serves as a catalyst and is sensitive to moisture, the
researchers routinely employ a Dean-Stark device to
eliminate water from the refluxing toluene medium (26).

n=1or2

HO/T’IOH o TsOH foluene reflux fho } TsOH
g > R
acetone

>—o

1or2

)

Equation 6. Synthesis of DOR-incorporated compounds 9
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1.3. Biomedical activities of DOR-incorporating
molecules

1.3.1. Antioxidant activity

Antioxidant impact is one of the most important
investigations currently receiving significant attention.
Oxidative stress happens when there is an imbalance
between pro-oxidants and antioxidants, causing redox
pathways to break down and macromolecules to break down
at the same time. This can cause a lot of health problems
(27). The generation of excessively harmful free radicals or
the body's inability to combat them could be the cause of the
stress under study (28-30). Skeletal muscle dysfunction,
cancer, cardiovascular disease, chronic hepatitis, chronic
renal disease, and chronic pulmonary disorders are a few

examples of these health issues (31,32). Moreover,
cardiovascular conditions (atherosclerosis and
hypertension), respiratory conditions (asthma),
neurodegenerative diseases (Parkinson's disease,
Alzheimer's disease, and multiple sclerosis), cataract

development, and rheumatoid arthritis are included (33).
DOR is a promising chemical moiety, so researchers are
directed to create novel oxidative stress fighters by using it.

Vlahakis et al. produced several imidazole-DOR compounds
that were evaluated as possible novel inhibitors of heme
oxygenase (HO). These compounds, such as compound 10
in Figure 3, differ from metalloporphyrin HO inhibitors
because they lack the aminothiophenol component of
azalanstat. Replace this moiety in compound 10 with a
hydrogen atom to make it methyl-terminated. The two-part
structure of this compound core seems to be a big reason
why they have strong inhibitory effects on the normal
isozyme HO-2 and great specificity for the stress-induced
HO-1 isozyme. The research group regards the compound
under study as the most modern documented instance of
isozyme-selective HO inhibition in its class (34).

Raskil'dina et al. made compounds 11 and 1la, as
illustrated in Figure 3, by an acid-catalyzed condensation of
polyols and ketones. The research team determined the
potential antioxidant effects of these compounds in vitro
using various oxidative stress patterns. Recognize that the
characteristics of these chemical compounds' framework
significantly influence the appearance of their therapeutic
properties. The chromatographic and NMR studies of the
reaction showed encouraging results that increased the
number of possible applications for the compounds under
study as biologically effective antioxidants (35).

Namazifar et al. synthesized numerous compounds,
including 12, as depicted in Figure 3. It is a new antioxidant
made up of phenolic and DOR functional groups and was
fully described after being made using a simple method. This
antioxidant compound's superior effectiveness and optimal
thermal behavior permit it to break two oxidation chains at
once and stop macromolecular degradation. More
importantly, compared to commercial antioxidants such as
butylated hydroxytoluene, the produced antioxidant
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compound 12 has the ability to significantly extend the
induction period time, even at low concentrations. The
chemical structure's hydroxyl, phenol, and ketal functional
groups, along with the bulkier substituents in both
orthopositions, are what make it work so well (36).

Sonmez et al. created a new collection of 21 spiro-isatin-
containing Schiff bases. The research results demonstrated
that compound 13, as depicted in Figure 3, outperformed
quercetin as an antioxidant in all tests. It had higher levels
of DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
ability, CUPRAC (2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)), and ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)). The SAR investigation
showed that the type and location of the substituent on the
phenyl ring might also affect how well compound 13 works
as an antioxidant. The availability of hydroxyl groups and
the size and location of halogens on the phenyl ring also
significantly influence the antioxidant activity. The
compound under study, with its well-known characteristics,
can serve as a structural template for synthesizing agents
with strong antioxidant activity. The imine groups in Schiff
bases within the frameworks of the synthesized collection
could form chelates with metal ions and exhibit strong
affinity to transition metal ions, making these imines
excellent ligands for the pro-oxidant metals (37).
Talisnanov et al. synthesized 1,2,4-triazole-containing
compounds, including compound 14, which is depicted in
Figure 3, as novel radical scavengers. This compound
demonstrated the strongest action, resulting in a roughly
50% decrease in the quantity of active radicals. When an
aromatic ring joined to a hexylthiosulfonyl fragment and
placed in the paraposition of the aryl ring, the compound
under study demonstrated the strongest radical-scavenging
activity. This research used trolox as a reference and
measured the DPPH free radical scavenging capacity of
compound 14 to assess its antiradical activity (38).

Numerous therapeutic and epidemiological studies have
shown the widespread recognition of the crucial role of
vitamins E and C in preventing diseases; however, because
of their poor stability and bioavailability, these vitamins are
hardly active (39). Manfredini et al. developed conjugates of
these vitamins with the aim of enhancing their
pharmacokinetic properties. Researchers have observed
intriguing features for certain conjugates, with compound
15, as shown in Figure 3, demonstrating the highest
stability and antioxidant capabilities among them. The team
also believes that this compound, capable of absorbing
reactive oxygen species in both lipophilic and hydrophilic
environments, can effectively shield an isolated rabbit heart
from reperfusion-induced damage. Additionally, the
compound under investigation exhibits an intriguing
antioxidant effect when tested for its capacity to prevent the
formation of malondialdehyde in rat liver microsomal
membranes, particularly at a higher dose of 300 mM (40).

Nobre et al. use glycerol derivatives to make DOR
compounds with the tellurium atom (Te). They do this in a
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simple way by using PEG-400 as a solvent and sodium
tetrahydridoborate as a base. Among the compounds
created, the new technique produced a high yield of the novel
compound 16, as shown in Figure 3. The scientists tested
the new compound's antioxidant power by doing tests on
ferrous ions, superoxide dismutase-like activity, linoleic acid
lipid peroxidation inhibition, NO and OH radical scavenging,
DPPH, ABTS, and ferric reducing antioxidant power. When
compared to solketal (2,2-dimethyl-1,3-dioxolane-4-
methanol, a green solvent), the compound being studied was
better at stopping lipid peroxidation and trapping free
radicals. According to these results, compound 16 is a
promising antioxidant, and the tellurium atom in its
structure affects how active it is (41).
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Figure 3. Chemical frameworks of DOR-incorporated
compounds with antioxidant impact

1.3.2. Anticancer activity

The second most fatal illness globally is cancer. There are
multiple reasons for it, spanning both outside influences
and mutations in the genome (42-44). Researchers have
focused on creating or researching novel cancer cures (45—
47). In this context, DOR has been identified in many
cytotoxic agents that may serve as potential anticancer
candidates (48-50). One of the new groups of coumarin-
fused DORs that Bashir et al. made through the Knoevenagel
reaction is compound 17 shown in Figure 4. The chemical
framework of this compound was determined by analyzing
their FTIR, 'H-NMR, and 13C-NMR spectra. The compound
under study was bioassayed to evaluate its ability to fight
against the MCF-7 and SKG cancer cell lines. The ICso values
of DOR-incorporated compounds were lower than those
lacking this heterocyclic ring. These results may show how
important the DOR is for combating cancer cells in a number
of ways, such as by blocking the telomerase enzyme and
tubulin polymerization (51).

Both naturally occurring nucleosides and all anticancer
nucleoside analogue drugs exist in the beta-D configuration.
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Grove et al. produce compound 18, as shown in Figure 4,
which is the first L-nucleoside analogue to demonstrate
cytotoxic properties. Cells metabolized compound 18 into its
mono-, di-, and triphosphate forms, then integrated them
into DNA. The change to monophosphate, which is similar
to cytosine arabinoside, was made easier by cellular
deoxycytidine kinase, which is important for cytotoxicity. In
contrast to cytosine arabinoside, compound 18 was
resistant to degradation by deoxycytidine deaminase. Due to
its inhibition of hepatocellular and prostate tumor growth,
which are typically challenging to treat, the compound under
study presents as a promising candidate for further
evaluation. What the researchers found is that the chiral
specificities of cellular enzymes vary a lot. This suggests that
harnessing these differences could lead to the development
of more effective drugs to combat viruses and cancer (52).

Dzhumaev et al. created a novel series of ethers involving
compound 19, as illustrated in Figure 4. The anticancer
efficacy of this compound was assessed in vitro against
various tumor cell lines, including the human normal cell
line HEK293 (immortalized embryonic kidney cells), human
lung adenocarcinoma A549, and human mammary gland
duct cancer MCF-7. In terms of the test results, the
compound being studied had the strongest anticancer
effects. This was because it had more gym-dichloropropane
fragments and DOR, which changed the viability of cancer
cells (53).

Compound 20, a unique bioengineering of
alternating copolymers and their organoboron derivatives,
was developed by Kahraman et al. In vitro studies showed
that this compound was much more effective against HeLa
cervical cancer cells when doses were higher than 100 puM.
This meant that compound 20, as shown in Figure 4, was
more cytotoxic to the cancer cells under investigation. The
researchers assert that this activity has led to intricate
hydrogen bonding that influences the breaking down of
biological molecules in this cell type (54).

To improve the ability of aryl-2 H-pyrazole derivatives to stop
telomerase, Luo et al. created a new compound 21 moiety
(55). An assay that measured how well this compound
blocked telomerase showed its highest ICso value, measuring
0.9 pM. The compound being studied effectively stopped the
growth of the human gastric cancer cell line SGC-7901 and
the human melanoma cell line B16-F10. This was
demonstrated by ICso values of 18.07 and 5.34 uM,
respectively. Docking modeling showed that compound 21,
as shown in Figure 4, had a strong binding affinity for the
active site of telomerase. This stopped telomerase from doing
its job. The research group came up with a 3D-QSAR method
to make pharmacophore identification better. This made it
possible to make new drugs that are more effective at
blocking telomerase (56).

Researchers have extensively studied flavonoids as
polyphenolic compounds exhibiting medicinal and curative
effects (57). However, the lack of adequate bioavailability has
prevented the formulation of most flavonoids as clinical-
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used pharmaceuticals (58). Jin et al. describe a way to make
flavonoids, like compound 22, more useful by adding ethyl-
2,3-butadienoate allenes. These phytochemicals are
changed when ethyl-2,3-butadienoate allenes are added.
This creates C(sp?)-O bonds and selectively alkenylates
hydroxyl groups in certain areas. The researchers also
evaluated the anti-cancer efficacy of modified compound 22.
The findings indicated that this compound demonstrated
superior in vitro inhibitory efficacy against various cancer
cell lines compared to its parent. The initial investigations
into the structure-activity relationship revealed that the
addition of DOR to compound 22, as illustrated in Figure 4,
significantly enhanced its cytotoxicity against the majority of
tested cancer cell lines. The results of this research may aid
in the development or late-stage adaptation of complex
flavonoids as potential anti-cancer drug candidates (59).

Schmidt and coworkers made compounds that collectively
coded 23 as part of their research and looked at how they
could work as powerful regulators to weaken the multi-drug
resistance of certain tumors. This regulation is thought to
be mediated by interacting with P-glycoprotein, which is the
main cause of this resistance. Figure 4 illustrates the
compounds under study, which possess various lipophilic
linker structures and chargeable basic groups, facilitating
the interaction with their target. Also, compared to other
congeners, these ones showed the strongest ability to stop

the growth of human Caco-2 cells (colorectal
adenocarcinoma) (60).

The  platinum-based anticancer agents cisplatin,
carboplatin, and oxaliplatin exemplify a remarkable

accomplishment in translational science (61). Kim and
collaborators' fundamental research findings led to the
identification of platinum complexes as DNA-binding agents
that induce cell cycle interruption. Test how well the
complexes combat cisplatin-resistant murine L1210
leukemia cells and three human gastric cancer cell lines
(SNU-6, SNU-1, and SNU-5) in a lab setting compared to
cisplatin and carboplatin. The results showed that
complexes that collectively coded 24 as shown in Figure 4
were much more effective than the controls against the four
cancer cell lines that were tested (62).

Dung et al. made indoline derivatives and tested how well
they worked at stopping histone deacetylase 2 in three types
of human cancer cells: SW620 (colon cancer), PC3 (prostate
cancer), and AsPC-1 (pancreatic cancer). Investigators
selected this enzyme for the initial biological assessment due
to its significant role in the progression of various cancer
types. The findings revealed that compound 25, shown in
Figure 4, has DOR built into its molecular structure and
has strong binding and inhibiting activity against the
enzyme that was tested. Its ICso value is 0.284 pM, which is
almost the same as the standard drug vorinostat's (ICso =
0.265 pM) (63).
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Figure 4. Chemical structures of DOR-incorporated
compounds with anticancer activity

1.3.3. Anti-inflammatory activity

The expulsion of pro-inflammatory substances from the cell
in response to an endogenous or exogenous stimulus
induces inflammation. Each of them is termed an
inflammatory mediator and serves as a sword with two sides
offering benefits as well as drawbacks (64-66). The primary
mediators involved are prostaglandins, leukotrienes,
histamine, bradykinin, and, more recently, platelet-
activating factor and interleukin-1 (67-69). This forces the
search for natural and synthetic anti-inflammatory
medications that can selectively inhibit mediator generation
(70-72).

One of the efforts focuses on incorporating DOR into new
chemical compounds to produce anti-inflammatory effects.
This was achieved by Fylaktakidou and coworkers when
they created compound 26, as shown in Figure 5. This
compound demonstrates a notable anti-inflammatory in vivo
effect at a concentration of 0.01 mmol/kg, yielding a
protection percentage of 57%, compared to 47% for
indomethacin at the same concentration. The two tested
compounds, 26 and reference, were evaluated using
carrageenan-induced rat paw edema to assess their capacity
to inhibit proteolysis and B-glucuronidase, as well as their
impact on the ferrous ion-stimulated peroxidation of linoleic
acid. The results showed that 26 had a strong anti-
inflammatory effect (55-57%). The higher effectiveness was
due to greatly decreasing the activity of the enzyme
lipoxygenase 5 (73).

Non-COX2-selective NSAIDs can't connect with the less
water-loving (hydrophobic) channel because they have a
carboxylic group on them. This indicates that they do not
bind to the COX2 enzyme as effectively as specific COX2
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inhibitors (74-76). Hameedi et al investigated the
production of compounds, collectively referred to as
compound 27, using a unique benzodioxole framework, with
a focus on ketoester and acetic acid derivatives as shown in
Figure 5. The compounds 27a-27d demonstrated superior
efficacy against COX2 relative to COX1, in comparison to
ketoprofen, which served as a reference standard. The
researchers thought that the different levels of activity were
due to the fact that 1,2-methylenedioxybenzene had a larger
molecular size than the phenyl moiety of ketoprofen (77).

Li et al created DOR-containing racemic compounds,
collectively coded as 28 as shown in Figure 5. The DOR
scaffold is crucial to the molecular components of these
specific enantiomers, potentially influencing their functions
and characteristics. The research group (78) provides
evidence that suggests the DOR scaffold may be responsible

for the compound's exceptional anti-inflammatory
properties.
CH3
X
o) (O e]
\)TO Ketoesters Acetic acids
COOEt 27a:R'=R?=R3=H 27¢:R"=R2=R3=H
(26) 27b:R'=Cl, R%=H, R%=C|  27d:R'=Cl, R2=H, R®=CI
0 «—0HPCHs 6
o— =2
/S, (o) ( OH
o L OH 5
¢) /
OCHj3
“—OH
(28)

Figure 5. Chemical structures of DOR-incorporated
compounds with anti-inflammatory impact

1.3.4. Antidiabetic activity

Diabetes mellitus is a disease of metabolic
dysregulation, most notably abnormal glucose metabolism,
accompanied by characteristic long-term complications (79—
81). The complications that are specific to diabetes include
retinopathy, nephropathy, and neuropathy (82-84).
Considering the growing incidence of disease, resistance to
existing medications, and their negative side effects, the
investigation of novel compounds with antidiabetic effects

has become necessary (85-87).

Kumar et al. synthesized two different forms of cytopiloyne,
a polyacetylenic glucoside that might help fight diabetes. In
this synthesis, they created compound 29, as depicted in
Figure 6, starting with DOR. They then used neighboring-
group participation and anomeric stereocontrol to connect
compound 29 to the glucoside group during glycosylation.
This step was crucial for guaranteeing the accurate
stereochemistry of the product. To make the alkyne-alkyne
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bond, a new method called palladium/silver-catalyzed
cross-coupling was used. This is a big step forward in
chemical synthesis. The investigators assert that additional
research may examine the antidiabetic characteristics of the
prepared products and their DOR intermediates, potentially

elucidating their biological activity and therapeutic
applications (88).
A/O OH
o\)J
(29)

Figure 6. Chemical structure of DOR-incorporated
intermediate with antidiabetic activity

1.3.5. Anticonvulsant activity

Guilherme et al. generated numerous indandione-derived
compounds, including compound 30 as show in Figure 7.
The pentobarbital-induced sleep assay showed that this
compound makes sleep last longer and has a strong
hypnotic effect by turning on the a-opioid receptor. Further
tests using the elevated plus maze assay revealed that the
compound under investigation possesses anti-anxiety
properties, most likely via the same opioid receptors. The
research results indicated that compound 30 is a potential
therapeutic candidate for pain management. Furthermore,
the researchers proposed that this compound could serve as
a viable option for further exploration in the advancement of
dual-action anticonvulsant agents (89).

Nikol'skaya et al. created compound 31, aiming for
a muscarine-like action. By utilizing mice for the
investigation, this compound demonstrated a general
depressive impact and can activate the dopaminergic and
central adrenergic systems, which may indicate an
attachment to antidepressants. Crucially, compound 31, as
demonstrated in Figure 7, also exhibits a central m-
cholinergic action, suggesting more research. Examining the
ways in which this m-cholinergic pathway affects their
stimulatory activity may broaden the spectrum of
antidepressant effects and provide useful therapeutic
insight (90).

The central nervous system is concentrating on the 5-HT1A
receptor (5-HT1AR) for the treatment of distress and
neurological disorders (91). A group of DOR-based 2-
heteroaryl-phenoxyethylamines, including compound 32,
were made from a set of heterobiaryl analogs of the lead
compound. The researchers looked at structure-activity
relationships and structure attraction at the 5-HT1AR and
created compound 32 by exchanging one of the phenyl rings
in the basic moiety with an electron-deficient pyridine, as
shown in Figure 7. This compound was demonstrated to be
a remarkably potent and selective 5-HT1AR agonist,
exhibiting tenfold potency compared to the lead compound.
Among the other synthesized compounds, the compound
under study is the most stimulating. The passive diffusion
of the MDCKII-MDR1 monolayer, which simulates the blood-
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brain barrier, facilitated in vitro penetration and

demonstrated promising neuroprotective effects (92).

According to Rajopadhye et al, they made a lot of
compounds with DOR in them. Their anticonvulsant
screening results show that compound 33, shown in Figure
7, is a new and very effective anticonvulsant. X-ray studies
could potentially reveal a comprehensive model that
encompasses the spatial structure of anti-maximal
electroshock-induced  seizures and the non-spiro
phenacyloindoles, which exhibit anticonvulsant activity. The
compound under study, which was submitted for screening,
nearly demonstrated the ability to prevent mice from
experiencing seizures induced by electrical and chemical
stimuli (93).

Utech et al. synthesized various 4-(aminoalkyl) substituted
DOR to create compound 34, which is shown in Figure 7.
The lead structure permits various substitutions, resulting
in a variety of compounds with unique characteristics. This
diversity is crucial for identifying effective antagonists for the
targeted  receptors. Medical chemistry frequently
investigates DOR derivatives for potential applications. The
presence of DOR in the structure of compound 34 might
make it better at attaching to N-methyl-D-aspartate and 1t
receptors, which is what the research is mostly about. This
indicates that DOR may influence the therapeutic effects of
the compound under study (94).

In the study by Rehman et al., a lot of progress has
been made in making new compounds, which are coded here
as 35 and could work against very late antigen 4 (VLA4).
This antagonism is crucial for treating various
inflammation-mediated diseases (95). The study shows that
a DOR can effectively replace the proline ring, which is
common in VLA4 antagonists, without affecting or possibly
improving its ability to bind to the receptor being studied.
This makes the DOR a useful bioisostere. Three of the
synthesized compounds, as displayed in Figure 7—(35a-
c)—showed strong binding affinities. This suggests that
certain structural features, like the 2,6-dichlorophenyl
substituent, are crucial for receptor interaction. The
structure-activity relationships consistently showed that
ortho-substituents on the phenylalanine group led to higher
binding affinities. This shows how important steric and
hydrophobic interactions are in binding to receptors.
Furthermore, compounds 35b and 35c¢ demonstrated
promising metabolic stability in human liver microsomes, an
essential factor for therapeutic development (96).
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Figure 7. Chemical structures of DOR-incorporated
compounds with anticonvulsant activity

1.3.6. Anti-Alzheimer activity

Nordval
analogues of compound 36 as shown in Figure 8, finding

et al. developed a series of tetrahydrofuran
that its trans configuration exhibited more selectivity and
activity than cis in removing [3H]-quinuclidinyl benzilate
from muscarinic receptors in guinea pig organs. To find out
what role each oxygen atom plays in compound 36's
effectiveness and selectivity, it binds to the muscarinic
acetylcholine receptor as a partial agonist, which means it
activates the receptor but not as much as full agonists do.
So, the compound under study possesses the capacity to
boost cholinergic signaling in the brain, presenting a
promising approach for mitigating symptoms related to
Alzheimer's disease (97).

H
CH
o X °
Ond
N
(36)

Figure 8. The chemical structure of DOR-incorporated
compound with anti-Alzheimer's disease impact
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1.3.7. Anticoagulant activity

Khanapure et al. have developed and created a series of
unique compounds known collectively here as 37, which act
on COX-1 and COX-2 but exhibit high potency and
selectivity as COX-2 inhibitors. Researchers have found that
adding a one-carbon spacer group between the central
benzo-DOR and the cycloalkyl or aryl substituent makes
compound 37 more flexible and helps the COX-2 inhibitors
work better. As illustrated in Figure 9, the addition of
fluorine to the metaposition of a phenyl ring transforms
compound 37 into a potent and selective COX-2 inhibitor,
thereby enhancing its blood-thinning properties through its
action on COX-1 (98).

Murashkina et al. used a base to help different isatins react
with 3-hydroxyprop-1-yn-1-yl phosphonates. Researchers
found that t-BuOLi could interact with several types of aryl-
substituted and N-functionalized isatins. This resulted in
the creation of numerous products that effectively and
selectively interacted with specific stereotypes. When tested
for their ability to kill cells, N-benzylated spirodioxolanes
showed the best results with the HuTu 80 cell line. On the
other hand, compound 38 as shown in Figure 9
demonstrated anticoagulant activity surpassing that of
acetylsalicylic acid (99,100).

(Et0),(0)P
2 w
° O
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N

0}
2 )
o
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Y Y
@37 d o 37aR=3-F @7 O O 37¢ R=3,5-Di-F (38)

Figure 9. Chemical structures of DOR-incorporated
compounds with anticoagulant impact

1.3.8. Antibacterial activity

Over the past 20 years, a wide range of microorganisms have
developed resistance to antibiotics (101,102). Researchers
have linked this to varying habits regarding the development
of pathogens (103,104). The variations that lead to antibiotic
resistance are most likely caused by natural mutations that
alter biochemistry in the bacterial cell rather than by drug-
induced changes (105,106). Whether they are developing
novel medications or using DOR in scaffolding, researchers
are diligently working to lessen the current effects of this
issue on humans (107,108).

The work of Talismanov et al. produces compound 39, which
can be seen in Figure 10. It is made by rearranging aryl
ketones with 3-chloro-1,2-propanediol and then alkylating
them. This compound has been shown to have an
antibacterial effect similar to ciprofloxacin against Gram-
positive bacteria like Staphylococcus aureus, Bacillus
subtilis, and Enterococcus faecalis. To make the desired
compound, the structure had to be changed by adding
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several bulky and lipophilic substituents, such as chloro-,
cyclohexyl-, and tertbutyl- (109).

Ovsyannikova et al. made compound 40 as shown in Figure
10, which is made up of cyclic ketals and acetals, and
showed that it could kill both Gram-positive and Gram-
negative bacteria. This action, which may be linked to this
compound's antiradical activity and is dependent on its
hydrophilic-hydrophobic  balance, provides  specific
structural parameter variation for the synthesis of a novel
active moiety. The strong antimicrobial properties of the
compound under study enable its use as an antiseptic for
sterilizing tools and work surfaces (110).

Dosler et al. examined the potential antimicrobial and
antibiofilm properties of the DOR-incorporated compounds,
collectively coded as 41 as shown in Figure 10, against a
variety of pathogen microorganisms. The antifungal
properties against Candida albicans and the antibacterial
properties against Staphylococcus aureus, Staphylococcus
epidermidis, Enterococcus faecalis, Pseudomonas
aeruginosa, Escherichia coli, Klebsiella pneumoniae, and
Proteus mirabilis were examined in vitro. The results
demonstrated the compound type's potential antibacterial
and anti-biofilm effects (111).

Kuctk et al. used a large amount of montmorillonite K 10 as
a catalyst to react salicylaldehyde with diols that were
readily available in the market. This created a group of new
enantiomerically pure and racemic compounds, which are
shown in Figure 10 as 42. The reaction happened quickly
and in high yield percentages. Spectroscopic evaluation and
elemental analysis determined the structures of the recently
synthesized compounds. On the other hand, microbiological
testing showed that compounds 42a and 42b were very good
at  killing  Staphylococcus  aureus, Staphylococcus
epidermidis, Enterococcus faecalis, and Pseudomonas
aeruginosa bacteria. They were also very good at Killing
Candida albicans fungus (20).

Begum et al. created a new plural based on DOR coded
shown in Figure 10 as 43 and looked into its derivatives as
possible antibacterial agents against Klebsiela pneumonia,
Vibrio cholera, and Enterobacter aerogenes. When compared
to standard chloramphenicol, the prepared derivatives 43a
and 43b demonstrated superior antibacterial activity
against the bacteria under investigation. Moreover, mono-
halogenated derivatives showed excellent results, although
they were not as strong as those of ortho-para-disubstituted
halogen derivatives. This fact demonstrated the significance
of the halophenyl motif in the development of effective
antibacterial agents (112,113).

The heterocyclic framework of naringin served as the basis
for the chemical framework of the newly created compound
44 shown in Figure 10. Researchers led by Jodeh used the
microbroth-diluting method to test this DOR-based
substance and found that it is very good at killing both
Gram-positive bacteria (like Staphylococcus aureus) and
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Gram-negative bacteria (like Escherichia coli and

Pseudomonas aeruginosa) (114).

Shahini et al. developed a number of compounds, collectively
referred to shown in Figure 10 as 45, that contained silver.
Researchers established their chemical frameworks using a
variety of photometric techniques. The compounds 45a and
45b demonstrated the greatest effectiveness in eliminating
bacteria, effectively halting the growth of Gram-negative
strains of Acinetobacter baumannii, Peudomonus aeruginosa,
Klebsiella pneumoniae, and Escherichia coli. Also, the same
effect was observed concerning the Gram-positive strain of
Staphylococcus aurous. This investigation used vancomycin
and colistin as golden references (115).

During their research, Ramadan and colleagues created a
number of sterioselective products, including compound 46,
as seen in Figure 10. In the agar well-diffusion method,
imipenem was used as a control drug to see how well the
compound killed Escherichia coli, Pseudomonas aeruginosa,
and Staphylococcus aurous bacteria. The results showed
that the target compound had very strong anti-
Staphylococcus aurous activity, but it had no effect at all on
the Gram-negative bacteria that were tested. Using
clotrimazole as a reference, the compounds' modest efficacy
against Candida albicans was discovered (116).
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Figure 10. Chemical structures of DOR-incorporated
compounds with antibacterial activity

1.3.9. Antifungal and antiparasitic activity

Fungal diseases continue to be serious and unrecognized
causes of illness and death globally, despite progress in
medicine and interventions to improve the quality of life for
patients at risk of fungal diseases; HIV-related incidence is
declining, but cancer, sepsis, immunosuppressive disorders,
diagnoses are increasing (117-119).

and influenza
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Immunocompromised patients require improved prevention
and management to control morbidity and mortality (120-
122). In many respects, human fungal diseases are
fundamentally different from infectious diseases. Since fungi
are eukaryotic pathogens, they are remarkably similar to
their host cells, which hinders the creation of antifungal
drugs (123-125). Therefore, it has become essential to use
the DOR scaffold to produce novel antifungals or boost their
efficacy.

Talismanov et al. studied the characteristics of compound

47 under cultivation to prevent infections by Lactarius
salmonicolor, Candida albicans, and harmful fungi such as
Fusarium oxysporum and Fusarium moniliforme. The
researcher proposed the potential identification of
compound 47 as shown in Figure 11 as an effective
antimycotic and antifungal. Therefore, the design of
compound 47 focuses on modifying the aryl group's
structure with various bulky and lipophilic substituents,
and an initial logP computation is performed using both
mathematical and experimental methods. Also modified the
structures by replacing aryl substituents with benzyl ones,
aiming to explore the influence of structural flexibility on
pharmacological effectiveness (126).

The rise in metronidazole-resistant infections has led to a
search for alternative medications for the treatment of
trichomoniasis (127). In this context, Lopes et al. detailed
their creation and testing of a DOR-containing tellurium
derivative, known as compound 48 and depicted in Figure
11, against Trichomonas vaginalis. The researchers tested
six different concentrations of this compound against the
ATCC 30236 isolate of this parasite in a lab setting. At a final
concentration of 90 mM and an ICso of 60 mM, compound
48 killed all the Trichomonas vaginalis trophozoites tested.
The trophozoite kinetic growth curve showed that the
compound under study killed all the parasites after 24 hours
and slowed their growth by 22% at a concentration of 90 mM
after 12 hours of exposure. These findings supported the
assumption that the compound 48 is a valuable prospect for
the management of this parasitic infection. (128).

For finding new antifungal drugs to treat rice blast
(Pyricularia orizae), Hoshi et al. tested the antifungal effects
of DOR-containing compounds including 49 Figure 11. The
researchers employed several tests for in vitro mycelial
growth inhibition to ascertain this activity. The results
revealed that the compound under study exhibited the
strongest antifungal activity among the tested compounds.
Also, at 100 pM, it stopped the growth of fungus by about
94.0 + 3.8%. (129).

Delcourt et al. developed the antimycotic properties of
compounds 50 and 51, as shown in Figure 11. However,
the researchers only tested the compounds' in vitro activity
against filamentous fungi. They specifically targeted
Aspergillus fumigatus and Scedosporium apiospermum,
which are known to cause long-lasting fungal infections.
Apart from Candida albicans, Candida neoformans, and
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Candida glabrata, the yeasts displayed mixed
susceptibilities. These compounds with an oxime group and
four chlorine atoms were the most active. The structure-
activity relationship reported suggests that these structural
features could improve the investigated scaffold's antifungal
properties (130).

A group of scientists led by Begum made a number
of aliphatic ester-aromatic amid-linked DOR derivatives and
tested how well they killed Aspergillus niger,
Helminthosporium sativum, and Fusarium solani. When
compared to standard terbinafine, all prepared derivatives
demonstrated excellent activity against tested fungal
strains. Researchers discovered that compound 52 Figure
11 with a parasubstituted phenyl ring was the most effective
antifungal candidate(112).
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Figure 11. Chemical structures of DOR-incorporated
compounds with antifungal/antiparasitic impact

1.3.10. Antiviral activity

The ongoing COVID-19 pandemic serves as an indicator that
viruses pose a continual threat to international health. A
lack of information regarding the interactions between
viruses, like the SARS-CoV-2 virus, and the human host
currently limits effective therapeutic intervention (131-133).
Therefore, it is still essential to prepare analogs of
nucleosides for antiviral, antibacterial, and antitumor
chemotherapy (134-136).

Zhang et al produced a number of new compounds,
including the one denoted here as 53, using the DOR
framework as shown in Figure 12. The significance of 3C-
like protease, also known as main protease, for viral
replication makes it an attractive target for treating human
rhinovirus infections. The compound being looked at had an
ICso value of 2.50 £ 0.7 mM against human rhinovirus-3C
protease, which means it might be able to stop this enzyme
from working. This finding demonstrates that the molecular
structure of 53 is a perfect framework for developing novel
anti-rhinoviral opportunities(137).

The compound 54 shown here in Figure 12 is what's made
when 2,6-diaminopurine-riboside-5'-diphosphate prodrugs
like amdoxovir are deaminated in the lab and in living
things. In their study, Narayanasamy et al. used molecular
modeling to find out what role DOR plays in keeping the link
between the nucleoside triphosphate and the mutant HIV-1
reverse transcriptase strong. This was due to the potent in
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vitro anti-HIV effectiveness of a 2,6-diaminopurine
dioxolanyl nucleoside and its deaminated metabolite against
both drug-resistant strains and the wild-type HIV. According
to the results, compound 54's ethylamino group at position
6 makes it 17 times more potent than its predecessor
molecule. (138). In order to maximize the drug-reverse
transcriptase interactions, Franchini et al. prepared
numerous derivatives based on the latter work. Out of all the
derivatives under study, Compound 55 Figure 12
demonstrated the best in vitro-in silico results. This suggests
that this compound may be a better anti-HIV candidate than
its parent compound, 54 (139).

Compound 56 is one of the numerous purine-based
products that Bondada et al developed using a
phosphoramidate-based prodrug approach. This compound
Figure 12 was 300 times more effective against the hepatitis
B virus and 3,600 times more effective against HIV-1 than
the original nucleoside that matched it. The improved
production of adenosine-DOR triphosphate inside cells
made some of the desired properties of the target compound
clearer. Five normal cell lines were not hurt by it, and it had
broad-spectrum antiviral activity at submicromolar levels
(ICso against HIV = 0.086 pM and ICso against hepatitis B
virus = 0.8 pM) (140).
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Figure 12. Chemical structures of DOR-incorporated
compounds with antiviral activity

3. Conclusion

The reviewed research on DOR synthesis has highlighted the
improved ligand-target interactions. Because they can create
hydrogen bonds with the target site, the oxygen atoms in the
heterocyclic ring under investigation are responsible for this
improvement. This relationship style may have a number of benefits,
such as minimizing adverse effects, lowering the frequency and
amount of dosages, and lowering the risk of resistance. This could
lead to an advancement in patient adherence and the desired biologic
performance. Numerous scientific studies, spanning a range of
pharmacological areas, frequently synthesize the heterocyclic ring
under study using different chemical units. The authors underline
that DOR is an important topic that needs further investigation in
order to create new medicinal agents.



Duha Adnan Hassan et al.

References

10.

11.

12.

Ferrié L. Advances in the synthesis of 1,2-dioxolanes and
1,2-dioxanes. Advances in Heterocyclic Chemistry
2021;135:57-146.

Gomha SM, Abdel-aziz HM, Badrey MG, Abdulla MM.
Efficient Synthesis of Some New 1,3,4-Thiadiazoles and
1,2,4-Triazoles Linked to Pyrazolylcoumarin Ring System
as Potent 5a-Reductase Inhibitors. Journal of Heterocyclic
Chemistry 2019;56(4):1275-82.

Snoussi Y, Chemistry AO, Media H. CONDENSATION OF
CARBONYL ORGANIC COMPOUNDS AND
MONOSACCHARIDES IN BIOACTIVE HETEROCYCLES
IN. Moroccan Journal of Heterocyclic Chemistry
2020;19(3):62-88.

Min LJ, Wang H, Bajsa-Hirschel J, Yu CS, Wang B, Yao
MM, et al. Novel Dioxolane Ring Compounds for the
Management of Phytopathogen Diseases as Ergosterol
Biosynthesis Inhibitors: Synthesis, Biological Activities,
and Molecular Docking. Journal of Agricultural and Food
Chemistry 2022;70(14):4303-15.

Dhandabani GK, Jeyakannu P, Shih CL, Abraham AM,
Senadi GC, Wang JJ. A Regioselective [3 + 2]
Cycloaddition of Alkynols and Ketones To Access Diverse
1,3-Dioxolane Scaffolds. The Journal of Organic Chemistry
2024;89(1):719-24.

Bohman B, Troger A, Franke S, Lorenzo MG, Francke W,
Unelius CR. Structure Elucidation and Synthesis of
Dioxolanes Emitted by Two Triatoma Species (Hemiptera:
Reduviidae). Journal of Natural Products 2011;74(4):690-
4.

Sharifi-rad J, Ozleyen A, Tumer TB. Natural products and
synthetic analogs as a source of antitumor drugs.
Biomolecules 2019;9(11):679.

Ram VJ, Arun S, Nath M, Pratap R. Five-Membered
Heterocycles. In: The chemistry of heterocycles 2019. p.
149-478.

Abate T, Amabile C, Chianese S, Musmarra D, Munoz R.
Solubility of poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) in sustainable and green solvents: Effect
of HV content and comparison between experimental
results and theoretical prediction. Journal of Molecular
Liguids 2024;393:123640.

Wongmoon C, Napathorn SC. Optimization for the
efficient recovery of poly(3-hydroxybutyrate) using the
green solvent 1,3-dioxolane. Frontiers in Bioengineering
and Biotechnology 2022;10.

Amabile C, Abate T, Chianese S, Musmarra D, Munoz R.
Exploring 1,3-Dioxolane Extraction of  Poly(3-
hydroxybutyrate) and Poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) from Methylocystis hirsuta and Mixed
Methanotrophic Strain: Effect of Biomass-to-Solvent Ratio
and Extraction Time. Polymers 2024;16(13):1910.

Kaur N, Devi M, Verma Y, Grewal P, Bhardwaj P, Ahlawat
N, et al. Applications of metal and non-metal catalysts for
the synthesis of oxygen containing five-membered

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Iraqgi Journal of Pharmacy 22(2) (2025), 99-115

polyheterocylces: a mini review. SN Applied Sciences
2019;1(9):963.

Podgorski D, Krabbe S, Le L, Sierszulski P, Mohan R.
Bismuth Compounds in Organic Synthesis: Synthesis of
Dioxanes, Dioxepines, and Dioxolanes Catalyzed by
Bismuth(IIl) Triflate. Synthesis 2010;2010(16):2771-5.

Assia Belarbi, Ouis N, Kacimi L, Benharrats N. Synthesis
and Characterization of Poly(1,3-dioxolane) Using Green
Catalyst. Application as Superplasticizer or Dispersant in
Cement Paste. Polymer Science, Series B 2024;

Melchiorre M, Budzelaar PHM, Cucciolito ME, Esposito R,
Santagata E, Ruffo F. 1,3-Dioxolane compounds (DOXs)
as biobased reaction media. Green Chemistry
2023;25(7):2790-9.

Wang L, Ruan J, Zhang F, Zhang Z, Zhang T. Ozonation
of dioxolanes in water: Kinetics, transformation
mechanism, and toxicity. Separation and Purification
Technology 2024;337:126380.

Wildenberg A, Dontgen M, Roy IS, Huang C, Lefort B,
Moyne L Le, et al. Solving the riddle of the high-
temperature chemistry of 1,3-dioxolane. Proceedings of
the Combustion Institute 2023;39(1):705-13.

Quinio P, Kohout L, Roman DS, Gaar J, Karaghiosoff K,
Knochel p. Sc(OTf)3-Catalyzed Addition of
Bromomagnesium 2-Vinyloxy Ethoxide to Various
Aldehydes Leading to Protected Aldol Products. Synlett
2016;27(11):1715-9.

Vol'eva VB, Belostotskaya IS, Malkova A V., Komissarova
NL, Kurkovskaya LN, Usachev S V., et al. New approach
to the synthesis of 1,3-dioxolanes. Russian Journal of
Organic Chemistry 2012;48(5):638-41.

Kuctuk HB, Yusufoglu A, Mataraci E, Dosler S. Synthesis
and biological activity of new 1,3-dioxolanes as potential
antibacterial and antifungal compounds. Molecules
2011;16(8):6806-15.

Zeng H, Yang S, Li H, Lu D, Gong Y, Zhu JT. Site-Specific
Functionalization of 1,3-Dioxolane with Imines: A Radical
Chain Approach to Masked a-Amino Aldehydes. Journal of
Organic Chemistry 2018;83(9):5256-66.

Mo J, Xiao J. The Heck Reaction of Electron-Rich Olefins
with Regiocontrol by Hydrogen-Bond Donors. Angewandte
Chemie 2006;118(25):4258-63.

Kuctk HB. Practical synthesis of 2,5-disubstituted 1,3-
dioxolane-4-ones and highly diastereoselective cis-2,5-
disubstituted 1,3-dioxolane-4-ones from a-hydroxy acids
catalyzed by N-triflylphosphoramide. Tetrahedron Letters
2015;56(41):5583-6.

Rohand T, Savary J, Marké IE. Synthesis of dioxolanes
and oxazolidines by silica gel catalysis. Monatshefte fiir
Chemie - Chemical Monthly 2018;149(8):1429-36.

Gopinath R, Haque SJ, Patel BK. Tetrabutylammonium
tribromide (TBATB) as an efficient generator of HBr for an
efficient chemoselective reagent for acetalization of
carbonyl compounds. Journal of Organic Chemistry
2002;67(16):5842-5.



26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Duha Adnan Hassan et al.

.Mustafa YF. Synthesis of 7,8-dihydroxy-4-

phenylbenzo[glcoumarins as potential multitarget anti-
skin-aging candidates. Journal of Molecular Structure
2025;1321:139806.

Leyane TS, Jere SW, Houreld NN. Oxidative Stress in
Ageing and Chronic Degenerative Pathologies: Molecular
Mechanisms Involved in Counteracting Oxidative Stress
and Chronic Inflammation. International Journal of
Molecular Sciences 2022;23(13):7273.

Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F,
Arcoraci V, et al. Oxidative Stress: Harms and Benefits for
Human Health. Oxidative Medicine and Cellular Longevity
2017;2017.

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. Harmful Free Radicals in Aging: A Narrative
Review of Their Detrimental Effects on Health. Indian
Journal of Clinical Biochemistry 2024;39(2):154-67.

Devasagayam TPA, Tilak JC, Boloor KK, Sane KS,
Ghaskadbi SS, Lele RD. Free radicals and antioxidants in
human health: Current status and future prospects. Vol.
52, Journal of Association of Physicians of India. 2004. p.
794-804.

Martemucci G, Costagliola C, Mariano M, D’andrea L,
Napolitano P, D’Alessandro AG. Free Radical Properties,
Source and Targets, Antioxidant Consumption and
Health. Oxygen 2022;2(2):48-78.

Phaniendra A, Jestadi DB, Periyasamy L. Free Radicals:
Properties, Sources, Targets, and Their Implication in
Various Diseases. Indian Journal of Clinical Biochemistry
2015;30(1):11-26.

Vlahakis JZ, Kinobe RT, Bowers RJ, Brien JF, Nakatsu K,
Szarek WA. Imidazole—Dioxolane Compounds as Isozyme-
Selective Heme Oxygenase Inhibitors. Journal of Medicinal
Chemistry 2006;49(14):4437-41.

Raskil GZ, Kuz US, Borisova YG, Vakhitova Y V, Zlotskii
SS. Biological activity of some heterocyclic compounds
based on polyol acetals and their derivatives.
Pharmaceutical Chemistry Journal 2020;54(9):909-13.

Namazifar Z, Saadati F, Miranbeigi AA. Synthesis and
characterization of novel phenolic derivatives with the
glycerol ketal group as an efficient antioxidant for gasoline
stabilization. New Journal of Chemistry
2019;43(25):10038-44.

Sonmez F, Gunesli Z, Zengin B, Isil K, Davut G, Mustafa
A. Synthesis, antioxidant activity and SAR study of novel
spiro-isatin-based Schiff bases. Molecular Diversity
2019;23:829-44.

Talisnanov VS, Popkov S V, Zykova SS, Karmanova OG.
Synthesis and evaluation of antiradical activity of 1,2,4-
triazole derivatives substituted by cyclic ketals.
Pharmaceutical Sciences and Research 2018;10(5):1267-
71.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S51.

Iraqgi Journal of Pharmacy 22(2) (2025), 99-115

Didier AJ, Stiene J, Fang L, Watkins D, Dworkin LD,
Creeden JF. Antioxidant and Anti-Tumor Effects of
Dietary Vitamins A, C, and E. Antioxidants
2023;12(3):632.

Manfredini S, Vertuani S, Manfredi B, Rossoni G, Calviello
G, Palozza P. Novel antioxidant agents deriving from
molecular combinations of vitamins C and E analogues:
3,4-dihydroxy-5(R)-[2(R,S)-(6-hydroxy-2,5,7,8-
tetramethyl-chroman-2(R,S)-yl-methyl)-[1,3]dioxolan-
4(S)-yl]-SH-furan-2-one and 3-O-octadecyl derivatives.
Bioorganic & Medicinal Chemistry 2000;8(12):2791-801.

Nobre PC, Borges EL, Silva CM, Casaril AM, Martinez DM,
Lenardao EJ, et al. Organochalcogen compounds from
glycerol: Synthesis of new antioxidants. Bioorganic &
Medicinal Chemistry 2014;22(21):6242-9.

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

Atia YA, Bokov DO, Zinnatullovich KR, Kadhim MM,
Suksatan W, Abdelbasset WK, et al. The role of amino acid
functionalization for improvement of adsorption
Thioguanine anticancer drugs on the boron nitride
nanotubes for drug delivery. Materials Chemistry and
Physics 2022;278:125664.

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.

Mustafa YF, Abdulaziza NT, Jasima MH. 4-
Methylumbelliferone and its derived compounds: A brief
review of their cytotoxicity. Egyptian Journal of Chemistry
2021;64(4):1807-16.

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.

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.

Mustafa YF. Coumarins from carcinogenic phenol:
synthesis, characterization, in  silico, biosafety,
anticancer, antioxidant, and anti-inflammatory

assessments. Chemical Papers 2024;78:493-504.

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.

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.

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.



52

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Duha Adnan Hassan et al.

.Grove KL, Guo X, Liu SH, Gao Z, Chu CK, Cheng YC.
Anticancer Activity of P-L-Dioxolane-cytidine, a Novel
Nucleoside Analogue with the Unnatural 1 Configuration.
Cancer Research 1995;55(14):3008-11.

Dzhumaev S, Borisova Y, Raskil’dina G, Kuzmina U,
Daminev R, Zlotskii S. Synthesis of ethers containing 1,3-
dioxolane and gem-dichlorocyclopropane fragments. Fine
Chemical Technologies 2021;16(2):156-66.

Antikanser Y, Poli A, Amid-ester O. Bioengineering
functional copolymers. XX. synthesis of novel anticancer
active poly(maleic anhydride-alt-2-vinyl-1,3-dioxolane)
and its organoboron amide-ester branched derivatives.
Hacettepe  Journal of Biology and  Chemistry
2012;40(2):183-94.

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

Luo Y, Zhang S, Qiu K ming, Liu Z jun, Yang Y shun, Fu
J, et al. Synthesis, biological evaluation, 3D-QSAR studies
of novel aryl-2H-pyrazole derivatives as telomerase
inhibitors. Bioorganic & Medicinal Chemistry Letters
2013;23(4):1091-5.

Al-hatim RR, Al-alnabi DIB, Al-younis ZK, Al-shawi SG,
Singh K, Abdelbasset WK, et al. Extraction of tea
polyphenols based on orthogonal test method and its
application in food preservation. Food Science and
Technology 2022;42:€70321.

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

Jin L, Wang ML, Lv Y, Zeng XY, Chen C, Ren H, et al.
Design and Synthesis of Flavonoidal Ethers and Their
Anti-Cancer Activity In Vitro. Molecules 2019;24(9):1749.

Schmidt M, Ungva J, Gléde J, Dobner B, Langner A. New
1,3-dioxolane and 1,3-dioxane derivatives as effective
modulators to overcome multidrug resistance. Bioorganic
& medicinal chemistry 2007;15(6):2283-97.

Firoozeh AZ, Bokov DO, Salahdin OD, Abdelbasset WK,
Jawad MA, Kadhi MM, et al. 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.

Cheff DM, Hall MD. A Drug of such damned nature.
Challenges and opportunities in translational platinum
drug research. Journal of Medicinal Chemistry
2017;60(11):4517-32.

Dung DTM, Dung PTP, Oanh DTK, Vu TK, Hahn H, Han
BW, et al. Exploration of novel 5'(7')-substituted-2'-
oxospiro[1,3]dioxolane-2,3'-indoline-based N-
hydroxypropenamides as histone deacetylase inhibitors
and antitumor agents. Arabian Journal of Chemistry
2017;10(4):465-72.

Widjaja G, Doewes R igbal, Rudiansyah M, Sultan MQ,
Ansari MJ, Izzat SE, et al. Effect of tomato consumption
on inflammatory markers in health and disease status: A

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

Iraqgi Journal of Pharmacy 22(2) (2025), 99-115

systematic review and meta-analysis of clinical trials.
Clinical Nutrition ESPEN 2022;50:93-100.

Suksatan W, Chupradit S, Valerievich Yumashev A, Ravali
S, Nader Shalaby M, Fakri Mustafa Y, et al.
Immunotherapy of multisystem inflammatory syndrome
in children (MIS-C) following COVID-19 through
mesenchymal stem cells. International
Immunopharmacology 2021;101(PB):108217.

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

Nobre PC, Vargas HA, Jacoby CG, Schneider PH, Casaril
AM, Savegnago L, et al. Synthesis of enantiomerically pure
glycerol derivatives containing an organochalcogen unit:
In vitro and in vivo antioxidant activity. Arabian Journal of
Chemistry 2020;13(1):883-99.

Raheem Lateef Al-Awsi G, Hadi Lafta M, Hashim Kzar H,
Samieva G, Alsaikhan F, Ahmad I, et al. PCSK9 pathway-
noncoding RNAs crosstalk: Emerging opportunities for
novel therapeutic approaches in inflammatory
atherosclerosis. International  Immunopharmacology
2022;113:109318.

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):e202400581.

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.

.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):e202401309.

Niu S, Yang L, Zhang G, Chen T, Hong B, Pei S, et al.
Phenolic bisabolane and cuparene sesquiterpenoids with
anti-inflammatory activities from the deep-sea-derived
Aspergillus sydowii MCCC 3A00324 fungus. Bioorganic
Chemistry 2020;105:104420.

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.

Rodrigues P, Bangali H, Hammoud A, Mustafa YF, Al-
Hetty HRAK, Alkhafaji AT, et al. COX 2-inhibitors; a
thorough and wupdated survey into combinational
therapies in cancers. Medical Oncology 2024;41(1):41.

Soltani A, Chugaeva UY, Ramadan MF, Saleh EAM, Al-
Hasnawi SS, Romero-Parra RM, et al. A narrative review
of the effects of dexamethasone on traumatic brain injury
in clinical and animal studies: focusing on inflammation.
Inflammopharmacology 2023;31(6):2955-71.



76

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Duha Adnan Hassan et al.

.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.

Patra I, Naser RH, Hussam F, Hameed NM, Kadhim MM,
Ahmad I, et al. Ketoprofen suppresses triple negative
breast cancer cell growth by inducing apoptosis and
inhibiting autophagy. Molecular Biology Reports
2023;50(1):85-95.

Li Q, Fang HB, Hu BY, Yan YM, Jiao YB, Li GP, et al. Nine
pairs of undescribed enantiomers from the resin of Styrax
tonkinensis (Pierre) Craib ex Hart with anti-inflammatory
activity. Phytochemistry 2023;214:113817.

Khalil RR, Mohammed ET, Mustafa YF. Evaluation of in
vitro antioxidant and antidiabetic properties of Cydonia
Oblonga seeds’ extracts. Journal of Medicinal and
Chemical Sciences 2022;5(6):1048-58.

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.

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

Viigimaa M, Sachinidis A, Toumpourleka M,
Koutsampasopoulos K, Alliksoo S, Titma T. Macrovascular
Complications of Type 2 Diabetes Mellitus. Current
Vascular Pharmacology 2020;18(2):110-6.

Tomic D, Shaw JE, Magliano DJ. The burden and risks of
emerging complications of diabetes mellitus. Nature
Reviews Endocrinology 2022;18(9):525-39.

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.

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

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.

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

Kumar CR, Tsai C, Chao Y, Lee J. The First Total
Synthesis of Cytopiloyne, an Anti-Diabetic, Polyacetylenic
Glucoside. Chemistry - A  European  Journal
2011;17(31):8696-703.

Montes GC, Nascimento B, Rezende B, Sudo RT, Ferreira
VF, Carvalho F De, et al. The hypnotic, anxiolytic, and
antinociceptive profile of a novel p-opioid agonist.

113

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Iraqgi Journal of Pharmacy 22(2) (2025), 99-115

Molecules 2017;22(5):800.

Nikol’skaya AN, Volkov AN, Levanova EP, Volkova KA,
Volkova LI, Lavretskaya EF. Synthesis  and
neuropharmacological activity of saturated 1,3-dioxolanes
and 1,3-dioxanes. Pharmaceutical Chemistry Journal
1978;12(5):630-2.

Bdelbasset WAKAA, Asim SAABJ, Harma SAKUS, Argiana
RIAM, Okov DMOLB, Baid MAAO, et al. Alginate-based
hydrogels and tubes , as biological macromolecule-based
platforms for peripheral nerve tissue engineering: A
review. Annals of Biomedical Engineering 2022;

Franchini S, Bencheva LI, Battisti UM, Tait A, Sorbi C,
Fossa P, et al. Synthesis and Biological Evaluation of 1,3-
dioxolane-based 5-HT 1A Receptor Agonists for CNS
Disorders and Neuropathic Pain. Future Medicinal
Chemistry 2018;10(18):2137-54.

Rajopadhye M, Popp FD. Potential anticonvulsants. 11.
Synthesis and anticonvulsant activity of spiro[l,3-
dioxolane-2,3’-indolin]-2’-ones and structural analogs.
Journal of Medicinal Chemistry 1988;31(5):1001-5.

Utech T, Kohler J, Wiinsch B. Synthesis of 4-(aminoalkyl)
substituted 1,3-dioxanes as potent NMDA and o receptor
antagonists. European Journal of Medicinal Chemistry
2011;46(6):2157-69.

Setia Budi H, Javed Ansari M, Abdalkareem Jasim S,
Abdelbasset WK, Bokov D, Fakri Mustafa Y, et al.
Preparation of antibacterial Gel/PCL nanofibers

reinforced by dicalcium phosphate-modified graphene
oxide with control release of clindamycin for possible
application in bone tissue engineering. Inorganic
Chemistry Communications 2022;139:109336.

Rehman A, Soni A, Naik K, Nair S, Palle VP, Dastidar S, et
al. Synthesis and biological activity of N-substituted
aminocarbonyl-1,3-dioxolanes as VLA-4 antagonists.
Bioorganic & Medicinal Chemistry Letters
2010;20(18):5514-20.

Nordvall G, Sundquist S, Glas G, Gogoll A, Nilvebrant L,
Hacksell U. Analogs of the muscarinic agent 2’-
methylspiro[1-azabicyclo[2.2.2]octane-3,4 -
[1,3]dioxolane]: synthesis and pharmacology. Journal of
Medicinal Chemistry 1992;35(9):1541-50.

Khanapure SP, Garvey DS, Young D V., Ezawa M, Earl RA,
Gaston RD, et al. Synthesis and Structure-Activity
Relationship of Novel, Highly Potent Metharyl and
Methcycloalkyl Cyclooxygenase-2 (COX-2) Selective
Inhibitors. Journal of Medicinal Chemistry
2003;46(25):5484-504.

Murashkina A V., Bogdanov A V., Voloshina AD, Lyubina
AP, Samorodov A V., Mitrofanov AY, et al. Base-Catalyzed
Reaction of Isatins and (3-Hydroxyprop-1l-yn-1-
yl)phosphonates as a Tool for the Synthesis of Spiro-1,3-
dioxolane Oxindoles with Anticancer and Anti-Platelet
Properties. Molecules 2024;29(19):4764.

Mustafa YF, Mohammed ET, Khalil RR. Synthesis,
characterization, and anticoagulant activity of new
functionalized biscoumarins. Egyptian Journal of
Chemistry 2021;64(8):4461-8.



Duha Adnan Hassan et al.

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

102. Hachem K, Jasim SA, Al-Gazally ME, Riadi Y, Yasin
G, Turki Jalil A, et al. Adsorption of Pb(Il) and Cd(Il) by
magnetic chitosan-salicylaldehyde Schiff base: Synthesis,
characterization, thermal study and antibacterial activity.
Journal of the Chinese Chemical Society 2022;69(3):512-
21.

103. 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.

104. 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.

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

106. Roomi AB, Widjaja G, Savitri D, Jalil AT, Mustafa
YF, Thangavelu L, et al. SnO2:Au/Carbon Quantum Dots
Nanocomposites: Synthesis, Characterization, and
Antibacterial  Activity. Journal of Nanostructures
2021;11(3):514-23.

107. 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.

108. 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.

109. Talismanov VS, Popkov S V., Zykova SS,

Karmanova OG. Design, synthesis and antibacterial

activity of substituted 1-[(2-aryl-1,3-dioxolan-4-

yl)methyl]-1H-azoles. Journal of Pharmaceutical Sciences
and Research 2018;10(2):328-32.

110. Ovsyannikova MN, Vol’Eva VB, Belostotskaya IS,
Komissarova NL, Malkova A V., Kurkovskaya LN.
Antibacterial activity of substituted 1,3-dioxolanes.
Pharmaceutical Chemistry Journal 2013;47(3):142-5.

111. Dosler S, Mataraci E, Baspinar-Kucuk H,
Yusufoglu A. Antibacterial and anti-biofilm activities of
new chiral and racemic 1,3-Dioxolanes. Journal of
Pharmacy of Istanbul University 2015;45(1):19-28.

112. Begum Z, Khan M, Khan SW, Imran M, Rehman N,
Umar MN. Synthesis, characterization, antifungal and
antibacterial activities of novel amide derivatives of 1, 3-
dioxolane. International  Journal of  Chemistry
2019;11(1):71-8.

113. Abdulaziz NT, Mustafa YF. Antibacterial and
Antitumor Potentials of Some Novel Coumarins.
International Journal of Drug Delivery Technology

Iraqgi Journal of Pharmacy 22(2) (2025), 99-115

2022;12(1):239-47.

114. 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.

115. Shahini CR, Achar G, Budagumpi S, Muller-Bunz
H, Tacke M, Patil SA. Benzoxazole and dioxolane
substituted benzimidazole-based N-heterocyclic carbene—
silver(I) complexes: Synthesis, structural characterization
and invitro antimicrobial activity. Journal of
Organometallic Chemistry 2018;868:1-13.

116. Ramadan E, Rasheed H, El A. Synthesis and
antimicrobial screening of novel 1,3-dioxolanes linked to
N-5 of 5H-[1,2,4]triazino[5,6-b]Jindole-3-thiol. Journal of
the Serbian Chemical Society 2019;84(1):1-10.

117. Rayens E, Norris KA, Cordero JF. Mortality Trends
in Risk Conditions and Invasive Mycotic Disease in the
United States, 1999-2018. Clinical Infectious Diseases
2022;74(2):309-18.

118. LiY,GaoY, Niu X, Wu Y, DuY, Yang Y, et al. A 5-
Year Review of Invasive Fungal Infection at an Academic
Medical Center. Frontiers in Cellular and Infection
Microbiology 2020;10.

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

120. Hoenigl M. Invasive Fungal Disease Complicating
Coronavirus Disease 2019: When It Rains, It Spores.
Clinical Infectious Diseases 2021;73(7):e1645-8.

121. Firacative C. Invasive fungal disease in humans:
Are we aware of the real impact? Memorias do Instituto
Oswaldo Cruz 2020;115(9):1-9.

122. Jasim SA, Abdelbasset WK, Shichiyakh RA, Al-
Shawi SG, Yasin G, Jalil AT, et al. Probiotic effects of the
fungi, Aspergillus niger on growth, immunity,
haematology, intestine fungal load and digestive enzymes
of the common carp, Cyprinus carpio. Aquaculture
Research 2022;53(10):3828-40.

123. White PL, Dhillon R, Cordey A, Hughes H, Faggian
F, Soni S, et al. A National Strategy to Diagnose
Coronavirus Disease 2019-Associated Invasive Fungal
Disease in the Intensive Care Unit. Clinical Infectious
Diseases 2021;73(7):e1634-44.

124. Romero F, Cazzato S, Walder F, Vogelgsang S,
Bender SF, van der Heijden MGA. Humidity and high
temperature are important for predicting fungal disease
outbreaks worldwide. New Phytologist 2022;234(5):1553-
6.

125. 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.

126. Talismanov VS, Popkov S V.,
Karmanova G, Tsaplin G V. Design,

Zykova SS,
synthesis and



Duha Adnan Hassan et al.

evaluation of antimycotic and fungicidal activities of novel
substituted 1-[(2-benzyl-1,3-dioxolan-4-yl)methyl]-1h-
imidazoles. Journal of Pharmaceutical Sciences and
Research 2018;10(6):1625-8.

127. Mustafaa YF. New Coumarin-Metronidazole
Composites: Synthesis, Biocompatibility, and Anti-
anaerobic Bacterial Activity. Russian Journal of Bioorganic
Chemistry 2024;50(1):201-10.

128. Sena-Lopes A, das Neves RN, Bezerra FSB, de
Oliveira Silva MT, Nobre PC, Perin G, et al. Antiparasitic
activity of 1,3-dioxolanes containing tellurium in
Trichomonas vaginalis. Biomedicine & Pharmacotherapy
2017;89:284-7.

129. Hoshi T, Yamada K, Yoshizawa Y, Oh K. Structure-
activity relationship study for fungicidal activity of 1-(4-
phenoxymethyl-2-phenyl-[1,3]dioxolan-2-ylmethyl)-1H- -
1,2,4-triazole derivatives against rice blast. Journal of
Plant Protection Research 2015;55(4).

130. Delcourt A, Mathieu G, Baji H, Kimny T, Flammang
M, Compagnon P louis. New polyazole derivatives from 2-
(2,4-dichlorophenyl)-1,3-dioxolane. Antifungal activity.
Structure-activity relationships. Mycopathologia 1997;27-
32.

131. Li B, Deng A, Li K, Hu Y, Li Z, Shi Y, et al. Viral
infection and transmission in a large, well-traced
outbreak caused by the SARS-CoV-2 Delta variant. Nature
Communications 2022;13(1):460.

132. Bost P, Giladi A, Liu Y, Bendjelal Y, Xu G, David E,
et al. Host-Viral Infection Maps Reveal Signatures of

Severe COVID-19 Patients. Cell 2020;181(7):1475-
1488.e12.
133. Rudiansyah M, Jasim SA, Mohammad pour ZG,

Athar SS, Jeda AS, Doewes RI, et al. Coronavirus disease
2019 (COVID-19) update: From metabolic reprogramming
to immunometabolism. Journal of Medical Virology
2022;94(10):4611-27.

Iraqgi Journal of Pharmacy 22(2) (2025), 99-115

134. Jasim SA, Mahdi RS, Bokov DO, Najm MAA,
Sobirova GN, Bafoyeva ZO, et al. The deciphering of the
immune cells and marker signature in COVID-19
pathogenesis: An update. Journal of Medical Virology
2022;94(11):5128-48.

135. Mahmudiono T, Singhal S, Mohammad AA, Failoc-
Rojas VE, Catalan Opulencia MJ, Haro AS, et al. The
impact of aerosol box on tracheal intubation during the
COVID-19 pandemic: a systematic review. Expert Review
of Medical Devices 2022;19(10):779-89.

136. 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.

137. Zhang Q, Cao R, Liu A, Lei S, Li Y, Yang J. Design,
synthesis and evaluation of 2,2-dimethyl-1,3-dioxolane
derivatives as human rhinovirus 3C protease inhibitors.
Bioorganic & medicinal chemistry letters
2017;27(17):4061-5.

138. Narayanasamy J, Pullagurla MR, Sharon A, Wang
J, Schinazi RF, Chu CK. Synthesis and anti-HIV activity
of (-)-B-d-(2R, 4R)-1, 3-dioxolane-2, 6-diamino purine
(DAPD)(amdoxovir) and (-)-B-d-(2R, 4R)-1, 3-dioxolane
guanosine (DXG) prodrugs. Antiviral  research
2007;75(3):198-209.

139. Franchini S, Battisti UM, Sorbi C, Tait A, Cornia A,
Jeong LS, et al. Synthesis, structural characterization and
biological evaluation of 4'-C-methyl- and phenyl-dioxolane
pyrimidine and purine nucleosides. Archives of Pharmacal
Research 2017;40:537-49.

140. Bondada L, Detorio M, Bassit L, Tao S, Montero
CM, Singletary TM, et al. Adenosine dioxolane nucleoside
phosphoramidates as antiviral agents for human
immunodeficiency and hepatitis B viruses. ACS medicinal
chemistry letters 2013;4(8):747-51.

Qouzdl aubll L@I,ﬁi}'g WVewSe13-13 (e gizi il Gl j=dl Sy o Slyghill

oMzl

odn @ls) ol dolily dul Olle o 11ml) oy aliess)] LolSla 6 asb ygSaS (DOR) o VauwSed-13 dil> e dxally dalsiall duclivall Olxiioll (o 1aell Seix doliall
LyuiSall 83La0g Slwsyall §3La0g Sl yhall §5Lass ool 83baell Sl o ia Jeuis dbuisll o dalize Elgil 332y of oSay wSyall (iliassIl )oYl (I dusilioll e dal=ll
Slaell oia go Joleill giSay 81z 4l Alles Jolge clis] doglially dulull dglexll Silelaill o dliatoll dll dSsisall Cilbis 1o1g)l Ul 65La0g 51mSW 63La0g
DOR J 613517 dliesS dsiy elaziwl 44900 dzglord] dleall guuxis DOR (e sgizd SlSye gial pizall (b 81332 &b wle cuuiyl 383101 cualy dezlhall 0ds (b .dglsall
@l il 2y)lei 3155 093 Scopusg PubMedg Google Scholarg Web of Science Jis «lilull 1clgs o degiio dcgazo plaziwl dzliall oia ggalsall ¢yzl 1§ bl diclibusl
oin dols) ol peizll azg .Jlrall i (o SVl o ayjall chal (b perey sl ez bl (b lgsla $xes DOR zo drclibuoVl LS all giiod Lo ey will $ayall day ol
oliz2i 25 DR syaall sgasl (b cuzaS Ul (33 ol lwhall o sa) oy 2liiwll izgley daiill Jolssll calize) dzglen! dbuisll (o ayasll jie5 ol oSy duilxiall ye dalzl
32 duilxiall e dalsl o3 dezg ol s woaglly dayyl pn SAelaill sy i buidl gégall 2o diizeyiud bulg) JSuis Shl ods of Adis] dwsyrall dal=l daylss

wzoloudl blill

ssilado e dals OUSye wserzdl bl 8amSW slas gloml) shas dyyisall shas woVguSels-13 dislisall Slall



