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Pyran is a heterocyclic group containing oxygen that possesses a variety of pharmacological effects. Pyran
is also one of the most prevalent structural subunits in natural products, such as xanthones, coumarins,
flavonoids, benzopyrans, etc. Additionally demonstrating the neuroprotective properties of pyrans is the
fact that this heterocycle has recently attracted the attention of scientists worldwide. Alzheimer’s Disease
(AD) treatment and diagnosis are two of the most critical research objectives worldwide. Increased
amounts of extracellular senile plaques, intracellular neurofibrillary tangles, and a progressive shutdown
of cholinergic basal forebrain neuron transmission are often related with cognitive impairment. This
review highlights the various pyran scaffolds of natural and synthetic origin that are effective in the treat-
ment of AD. For better understanding synthetic compounds are categorized as different types of pyran
derivatives like chromene, flavone, xanthone, xanthene, etc. The discussion encompasses both the struc-
ture–activity correlations of these compounds as well as their activity against AD. Because of the intrigu-
ing actions that were uncovered by these pyran-based scaffolds, there is no question that they are at the
forefront of the search for potential medication candidates that could treat Alzheimer’s disease.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
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1. Introduction

AD is a slow, age-related neurodegenerative condition that
cannot be reversed and is characterised by behavioural abnormal-
ities and cognitive deficits. The progression and development of
AD are both influenced by a number of pathogenic pathways,
some of which include the cholinergic deficiency, cholinergic def-
icit, production of plaque, and oxidative stress (Van
Cauwenberghe et al., 2015). Approximately a decade passes
before the disease has run its course and victims die in a situation
of full helplessness. The extended duration and severity of AD im-
pose a tremendous emotional and financial burden on individuals,
their families, and society as a whole. There are still no effective
treatments for preventing, halting, or reversing AD, but recent
research advancements could alter this bleak outlook. AD is char-
acterised by the appearance of extracellular amyloid-beta (Ab)
plaques and neurofibrillary tangles in the intracellular environ-
ment, neuronal mortality, and the progressive loss of synapses,
which all contribute to cognitive decline. Several hypotheses have
been proposed to explain AD. The formation of aberrant neurofib-
rillary structures may be influenced by abnormal tau phosphory-
lation. The reticular formation, the nuclei in the brain stem (e.g.,
the raphe nucleus), the thalamus, the hypothalamus, the locus
ceruleus, the amygdala, the substantia nigra, the striatum, and
the claustrum are all susceptible to AD. Continuous, low-level
activation of N-methyl-D-aspartate (NMDA) receptors results in
excitotoxicity. AD progression is associated with premature
synaptotoxicity, alterations in neurotransmitter expression, neu-
rophils loss, accumulation of amyloid -protein deposits (amy-
loid/senile plaques), and neuronal loss and brain atrophy.
Fig. 1. Mechanism o
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Recent investigations have investigated the connection between
Ab and NMDA receptors. Ab -induced spine loss is associated with
a decrease in glutamate receptors and is dependent on the
calcium-dependent phosphatase calcineurin, which is also associ-
ated with chronic depression (Fig. 1).

Only a few drugs, like Galantamine, Rivastigmine, Memantine,
and Donepezil, are approved by the FDA to treat AD. According
to the reports, the AD death rate has doubled in the past couple
of years (Park, 2015; Hassan et al., 2022; Ghai et al., 2020). So,
the development of effective treatment is the need of the hour.

Pyran is a six-membered heterocyclic compound consisting of
five carbon atoms and one oxygen atom in the ring. The discovery
of pyran dates back to the 20th century, when it was first isolated
and characterized in 1962 via pyrolysis of 2-acetoxy-3,4-dihydro-
2H-pyran (Masamune and Castellucci, 1962). It was found to be
very unstable, particularly in the presence of air. 4H-pyran easily
decomposed to the corresponding dihydropyran and the pyrylium
ion, which is easily hydrolyzed in aqueous medium.

Pyran derivatives have also been found to possess antibacterial,
antiviral, and anti-inflammatory activities (Nazari et al. 2017;
McCord et al. 1976; Chen et al. 2017). Some pyran derivatives have
been used to treat HIV, hepatitis C, and herpes infections (Defant
et al. 2015; Konreddy et al. 2014; Karampuri et al. 2014). In addi-
tion to their therapeutic applications, pyran derivatives have also
been used as agrochemicals, such as insecticides and herbicides
(Ali and Venugopalan, 2021; Lei et al. 2019). Finally, the discovery
of pyran and its derivatives has had a profound impact on medi-
cine, agriculture, and other disciplines. Pyran derivatives continue
to be an important area of research, with scientists exploring their
potential for treating a variety of diseases and conditions.
f action of AD.
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Pyran and pyran-based heterocycles are continuously being
investigated by many researchers to develop new drugs that are
effective for the treatment of AD (Kumar et al., 2017; Martins
et al., 2015). Pyran scaffolds can be found in a vast array of natural
substances, medicines, and bioactive compounds. The various
pyran-based heterocycles including Coumarin, Xanthene, Ben-
zopyran, Chromene, Xanthone, 2H-Naptho[1,2-b]pyran, etc are
shown in Fig. 2.

Apart from its use in AD and neuroprotective disorders, pyran
based drugs are found to have diverse pharmacological activity.
The pyran nucleus in Fig. 3, which shows various drugs that are
marketed with wide-ranging pharmacological activities, possesses
pyran as the key scaffold (Hassan et al., 2016; Johnson and Dietz,
1968; Garkavtsev et al., 2011; Miean and Mohamed, 2001; Zhang
et al., 2019; Grover et al., 2021). Alpha-Lapachone has antibacterial
potential, Beta-Lapachone has anticancer activity whereas Lani-
mavir and Zanamivir has antiviral activity.

The search for clinical trials revealed that some new pyran-
based drugs are being studied for safety and efficacy, as well as
some clinically used drugs that are considered to be repurposed
for the treatment of mild to moderate Alzheimer’s disease. A list
Fig. 2. Pyran based

Fig. 3. Some pyran-containing marketed
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of pyran-based drugs for the treatment of AD in clinical trials is
summarized in Table 1 below:

Studies of the structure-based activity relationships (SAR) of
pyran and its derivatives may offer a number of advantages. For
instance, SAR investigations can be used to pinpoint the pyran
derivatives’ structural characteristics that are crucial to their bio-
logical activity. Designing more potent molecules with increased
activity and selectivity is possible using this information. By elim-
inating the need for extensive experimental testing, SAR analyses
can be used to predict the activity of novel pyran derivatives,
which can save time and resources. Additionally, pyran-based lead
compounds might be improved to increase activity or decrease
toxicity with the aid of SAR investigations. Overall, the structure-
based activity studies of pyran and its derivatives have the poten-
tial to lower the cost of medication research, increase the efficacy
and safety of novel molecules, and speed up the drug discovery
process.

A survey of the scientific literature reveals that numerous com-
mercially available therapeutic agents contain the pyran unit. Due
to their vast array of biological activities, pyran based compounds
are an essential structural motif for a large number of natural and
heterocycles.

drugs in preclinical/clinical trials.



Table 1
Clinical trials of pyran-based repurposed/new molecules for treatment of AD.

Drug/Compound Mechanism Intervention CT Number

Serotonin 4 receptor (5-HT4R) PF-04995274 is a brain penetrant that can
be used to treat cognitive disorders
associated with Alzheimer’s disease.

NCT03515733

Agonists at cannabinoid receptors 1 and 2 Nabilone is a novel medication that may
be a safe and effective treatment for
agitation in Alzheimer’s disease, with
additional benefits for appetite and pain.

NCT02351882

EGCG seems to cause the induction of alpha-
secretase and the endothelin-converting-
enzyme, as well as prevent the aggregation of
beta-amyloid into toxic oligomers through its
direct binding to the unfolded peptide.

EGCG is a promising compound that has
proven efficacious in AD.

NCT00951834

Bryostatin-1 has the ability to activate
protein kinase C (PKC) and thus induce the
activity of a-secretase, resulting in an
increase in sAPP release.

Bryostatin: Treatment of Moderately
Severe Alzheimer’s Disease

NCT03560245
NCT04538066

Several reports indicated that dapagliflozin
restored mitochondrial dysfunction,
therefore slowing down Alzheimer’s
progression.

The drug is under clinical trials for its
efficacy in treating moderate to severe
Alzheimer’s disease.

NCT03801642

(continued on next page)
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Table 1 (continued)

Drug/Compound Mechanism Intervention CT Number

At the Type 1 and Type 2 endocannabinoid
receptors, dronabinol acts as a partial agonist.

The drug is investigated for adjunctive
treatment of agitation in Alzheimer’s
Disease

NCT02792257

Rapamycin promotes the elimination of toxic
proteins, primarily via the autophagy-
lysosomal pathway, in the treatment of
neurodegenerative diseases such as
Alzheimer’s disease.

This trial study evaluates the safety and
efficacy of rapamycin in older adults with
mild cognitive impairment (MCI) or early-
stage AD.

NCT04629495
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synthetic molecules with high activity. The main objective of the
present review is to assess and afford an in-depth knowledge of
pyran-based compounds which exhibited promising action against
AD. A thorough study of the available data from various search
engines including Google Scholar, Science Direct, SciFinder and
PUBMED has been carried out to gather the data. This review
attempts to spotlight the active compounds and SAR of various
pyran-based scaffolds for the treatment of AD. The compilation will
broaden the potentiality of pyran in AD and will be helpful for
researchers working in the area of drug development for AD to
make more potential molecules.
2. Pyran based derivatives of natural origin for treatment of AD

The flavonoid known as quercetin can be found in a wide vari-
ety of medicinal plants, including apples, onions, berries and green
tea. Quercetin has high antioxidant capabilities and can scavenge
reactive oxygen species (ROS) (Ossola et al., 2009). In addition to
its anticancer, antiviral, antiinflammatory, and antiamyloidogenic
effects, (Russo et al., 2012; Bischoff, 2008) it also possesses addi-
tional therapeutic qualities. Quercetin at a concentration of
10 lM inhibits the accumulation of -amyloids, demonstrating anti-
amyloidogenic action (Jiménez-Aliaga et al., 2011). It is also found
to inhibit A-induced neuronal cell death. Nevertheless, at greater
concentrations (40 lM), quercetin can elicit cytotoxicity (Ansari
et al., 2009). Recent studies have shown that senescence-
accelerated P8 mice can have their cognitive and memory deficien-
cies efficiently restored by administering nano-encapsulated quer-
cetin contained in zein nanoparticles. There is a possibility that this
mechanism is connected to the reduced expression of the astrocyte
marker GFAP in the hippocampus (Moreno et al., 2017).

Camellia sinensis contains the flavonoid-type catechin
epigallocatechin-3-gallate. Numerous studies (Ahmad et al.,
1997) have studied the impact of epigallocatechin-3-gallate on a
1002
variety of disorders, including cancer, cardiovascular disease, and
neurological disease. In mice with streptozotocin-induced demen-
tia, it has been shown that epigallocatechin-3-gallate increases the
activity of glutathione peroxidase, decreases the activity of acetyl-
cholinesterase, and prevents the generation of ROS and NO
metabolites (Biasibetti et al., 2013). Epigallocatechin-3-gallate
boosted memory formation and reduced the activity of the -
secretase enzyme in Alzheimer’s mutant PS2 mice (Lee et al.,
2009). Epigallocatechin-3-gallate attenuated LPS-caused memory
loss and mortality by reducing amyloid precursor protein produc-
tion, blocking beta-site APP cleaving enzyme 1, and reducing -
amyloid buildup. It prevents astrocyte activation in neuronal cells
and lowers inflammatory factors such as tumour necrosis factor-
(TNF), IL-6, interleukin 1-alpha (IL-1), cyclooxygenase-2 (COX-2),
inducible nitric oxide synthase (iNOS), and soluble intracellular
adhesion and molecule-1 macrophage colony-stimulating factor.
Epigallocatechin-3-gallate increased neprilysin enzyme expression
in senescence-accelerated P8 mice. Enzyme Neprilysin limits A
degradation (Li et al., 2004; Lee et al., 2013; Chang et al., 2015).

Luteolin is a flavonoid present in numerous medicinal plants,
such as Bryophyta, Magnoliophyta, Pteridophyta, and Pinophyta
(Lopez-Lazaro, 2008). Numerous biological actions, including
antibacterial, anti-inflammatory, antioxidant, anticancer, and neu-
roprotective properties, have been attributed to luteolin (Seelinger
et al., 2008). It is possible that the antioxidant activity of luteolin
and its ability to control the tau phosphatase/kinase system
(Zhou et al., 2012) are responsible for the ability of luteolin to
reduce the zinc-induced hyperphosphorylation of the tau protein.
In addition, research has shown that luteolin has the ability to pre-
vent the formation of amyloid precursor protein and -amyloid (Liu
et al., 2011). In addition to this, luteolin is capable of suppressing
apoptosis by preventing the creation of intracellular ROS,
bolstering the body’s natural antioxidant defences by elevating
the levels of SOD, CAT, and GPx activities, and stimulating the
NRF2 pathway (Hwang et al., 2013). In rats with prolonged cerebral
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hypoperfusion, luteolin can ameliorate cognitive impairment,
boost the antioxidant system, and reduce lipid peroxide production
(Fu et al., 2014). In a rat model of Alzheimer’s disease that had been
streptozotocin-induced, luteolin was found to improve both cogni-
tive performance and memory (Wang et al., 2016). Despite the
results of these studies, further data from clinical trials are neces-
sary to demonstrate that luteolin protects against Alzheimer’s dis-
ease (Bui and Nguyen, 2017).

In vivo studies have demonstrated that vitamin E, which is pre-
sent in a wide variety of fruits and vegetables, can reduce the
amount of amyloid beta (A) in the body (Sung et al., 2004). Co-
therapy of many medications with vitamin E was also explored
and tested within the context of clinical trials. Sano et al. (1997)
conducted research to investigate the effects of simultaneously
ingesting vitamin E and selegiline (Ary Ano et al., 1997). It has been
demonstrated that cotherapy can effectively slow the progression
of an illness. The relationship between donepezil and vitamin E
was also analysed in this study. In the treatment of Alzheimer’s
disease (AD), the medicine donepezil is used to manage symptoms.
Petersen et al. (2005) (Petersen et al., 2005) conducted a clinical
investigation in which they compared the effects of this medica-
tion to those of vitamin E on the outcomes of people who had mild
cognitive impairment. The experiment was designed to be double-
blind, and it was controlled by a placebo. Unfortunately, vitamin E
was not effective in preventing the worsening of the illness.
Dysken et al. (2014) conducted research into the interactions that
can occur between vitamin E and memantine (Dysken et al., 2014).
When compared to a placebo, treatment with vitamin E alone
proved to be more beneficial in slowing the progression of cogni-
tive decline in patients suffering from illness. However, there
was no discernible difference found between the memantine treat-
ment alone and the co-therapy combination. Kryscio et al. (2017)
wanted to find out if consuming vitamin E and selenium could help
prevent dementia in men over the age of 60 who were in good
health (Kryscio et al., 2017). Even though there is no evidence to
back the use of selenium in the treatment of Alzheimer’s disease
(AD), a number of studies (Youdim et al., 2006; Varikasuvu et al.,
2019; Andrade et al., 2019) show that this substance may have
the ability to act as a preventative measure. Fig. 4 depicts the struc-
tural make-up of a variety of naturally occurring pyran-based
derivatives in their various forms.
Fig. 4. Pyran-Based Derivatives from N
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3. Various pyran based scaffolds active against AD and their SAR

3.1. Coumarin based scaffolds

The inhibitory activity of a group of biscoumarin derivatives
was tested to study novel candidates which would act as AChE
inhibitors. The results displayed that some of the tested com-
pounds indicated acceptable activity against AChE. Besides, the
(1) demonstrated substantial activity, having an IC50 value of
2.0 lM. Moreover, the binding state of coumarin derivatives was
rationalized using intra-silica studies regarding stability analysis,
IC50 values, binding interactions, and binding score (Zare-Akbari
et al., 2022).

Chiu and colleagues made the discovery that compound 2 offers
neuroprotective advantages to cells by altering the PKA, CaMKII,
and ERK signalling pathways. These pathways all encourage CREB
phosphorylation and neurite outgrowth. Compound 2 may be par-
ticularly promising for the advancement of drugs for the medica-
tion of Alzheimer’s disease since it targets numerous pathways to
give neuroprotection. This is because multiple pathways are
thought to be involved in the genesis of Alzheimer’s disease. The
fact that compound 2 was shown to have neuroprotective effects
in a model consisting of tau cells further suggests that this medica-
tion is promising for the treatment of other neurodegenerative
tauopathies (Chiu et al., 2021).

In this study, the possible neuroprotective effects of a first series
of 3,7-substituted coumarin derivatives were investigated. The
findings suggest that the chemicals in question are moderate inhi-
bitors of cholinesterase. The propargylamine functional group
found in compounds three and four, which have IC50 values of
0.029 and 0.101 M respectively, showed the most potential as
MTDLs. This can be attributed to the fact that these compounds
demonstrated the greatest potential. According to the findings,
the propargylamine substitution at the 3-position had the most
MAO-B selectivity as well as the most neuroprotective effects. In
general, the findings demonstrated that the phenylethyloxy
moiety being substituted at the 7-position conferred greater over-
all activity to the derivatives (Mzezewa et al., 2021).Three novel
pyrazoles containing derivatives of brominated 4-methyl 7-
hydroxycoumarin were developed. The affinity of compound (5)
for the crystallographic structure (4EY7) of the acetylcholine
 

atural origin for treatment of AD.
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esterase enzyme was high. Investigations using the molecular
docking technique revealed that the chemical (5) has the potential
to attach to both the active sites of the acetylcholine esterase
enzyme as well as the amino acid concurrently. In the experiment
designed to block acetylcholine esterase, the chemical shows a sig-
nificant increase in the amount of acetylcholine esterase activity it
can produce. MAO inhibitory activity was found in the nanomole
range (the IC50 value for human MAO-A was 3.9, while the IC50
value for human MAO-B was 4.4) (Narayanan et al., 2021).

In SH-SY5Y neuroblastoma cell models of Alzheimer’s disease,
Huang et al. made a discovery about the potential of two unique
synthetic coumarin derivatives, numbers (6) and (7), to inhibit A
and provide neuroprotection. In SH-SY5Y cells that were express-
ing a GFP-tagged A-folding reporter, both medications were able
to reduce A aggregation as well as oxidative stress, activity levels
of caspase-1 and AChE, and they were able to stimulate neurite
outgrowth. Compounds (6) and (7)were shown to minimise A neu-
rotoxicity via pleiotropic processes. The results recommended the
compounds as novel treatment possibilities for AD and indicated
that compounds (6) and (7) reduced A neurotoxicity (Huang
et al., 2021).

Kumar et al. successfully synthesised fifteen different coumarin
derivatives. It was discovered that a 4 methylthiocoumarin deriva-
tive (8) was a robust acetylcholinesterase (AChE) inhibitor, while
(9), on the other hand, demonstrated potent butyrylcholinesterase
(BuChE) inhibition. Compound (8) was also capable of inhibiting
MAO B enzymes to a marginal degree, as well as BACE1 to a mod-
erate degree.The action of the compounds against cholinesterase
enzyme, BACE1, A, and oxidative stress appears promising. The
IC50 (lM) at 80 lM concentration for (8) against AChE is
5.63 ± 1.68 and for (9) against BuChE is 3.40 ± 0.20 respectively
(Kumar et al., 2020).

Using multi-target-directed ligands, a new series of 1,2,3-
triazolechromenone products was designed and synthesised. In
vitro biological activity included anti-Ab aggregation, AChE and
BuChE inhibition, neuroprotective effects, and metal chelation
properties. According to the findings, compound (10) had the
strongest BuChE inhibitory action, having an IC50 value of
21.71 M. This was determined by analysing the data. In addition,
compound 10 was able to suppress the self-induced aggregation
of Ab1–42 as well as the AChE-induced aggregation of A, with
respective inhibition values of 32.6% and 29.4%. As shown by the
Lineweaver–Burk plot and the investigations that involved molec-
ular modelling, compound (10) targeted both the catalytic active
site (CAS) and the peripheral anionic site (PAS) of BuChE. Com-
pound 10 was notable in that it possessed the potential to bind
biometals. Therefore, it is possible to consider this molecule to be
a multifunctional agent when it comes to the search for AD medi-
cations (Karimi Askarani et al., 2020).

In the search for potential novel AChE and BChE inhibitors, the
in vitro inhibitory activity of a set of coumarin derivatives was
evaluated. The IC50 for compound (11) was determined to be
2.0 nM based on the results (Abu-Aisheh et al., 2019).

Another group of 3–(4-aminophenyl)-coumarin derivatives was
conceptualised, designed, manufactured, exhaustively docu-
mented, and put through a battery of tests in vitro and in vivo.
Experiments using biological assays revealed that certain com-
pounds selectively block the enzymes AChE and BuChE. Compound
12 demonstrated the highest level of AChE inhibition with an IC50
value of 0.011 mM, whereas compound 13 demonstrated the high-
est degree of BuChE inhibition with an IC50 value of 0.017 mM (Hu
et al., 2019).

A total of twelve different conjugated coumarin-benzofuran
hybrids were designed, fabricated, and evaluated in this study by
Hiremathad et al. The synthesised hybrids were then examined
for their ability to inhibit AChE and Ab self-aggregation. The com-
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pounds containing methoxy substitutions and longer chain linkers
had the strongest AChE inhibitory activity among all hybrids. Com-
pounds 14, 15, 16, and 17, which include a methoxy group either
on the benzofuran or coumarin ring, were found to have a superior
AChE inhibitory capacity compared to hybrids (Hiremathad et al.,
2018); their respective values were 0.27, 0.32, 0.18, and 0.224 lM.

Dibromoalkanes were used to conjugate several 7-
hydroxycoumarin derivatives (8-hydroxyquinoline, 2-
mercaptobenzoxazole, and 2-mercaptobenzimidazol) with various
benzoheterocycles (8-hydroxyquinoline, 2-mercaptobenzoxazole,
and 2-mercaptobenzimidazol). Using Ellman’s technique, final
derivatives were screened against AChE and BuChE. Compound
(18) containing a quinoline group had the highest activity against
AChE, with an IC50 value of 8.80 lM (Hirbod et al., 2017).

The monocoumarin derivatives 19 and 20, each of which con-
tains a benzyl pyridinium group, displayed excellent acetyl-
cholinesterase inhibiting effect (IC50 values of 0.11 and 0.20 nM,
respectively). Bis-coumarin ligands displayed significant levels of
inhibitory activity and selectivity towards MAO-A (Hamulakova
et al., 2017).

A series of 7-hydroxycoumarin derivatives with amide connec-
tions to a variety of different amines was devised and manufac-
tured with the purpose of acting as cholinesterase inhibitors. The
overwhelming majority of compounds exhibited significant inhibi-
tory action against both AChE and BuChE. According to the findings
of certain studies, the most effective treatment for AChE is the
medication known as N-(1- benzylpiperidin-4-yl)acetamide
derivative 21, which has an IC50 value of 1.6 mM (Alipour et al.,
2014).

Fig. 5 provides an overview of the structural makeup of every
coumarin-based drug currently in development for the treatment
of AD.

3.2. Xanthone and Xanthene-based scaffolds

Four kinds of mangostin-based derivatives. Further research
studied the anti-AD effects of these substances on fibrillogenesis,
microglial absorption and degradation, anti-neurotoxicity of
Ab and LPS-induced neuroinflammation. An instance of fibrillogen-
esis was discovered by the utilisation of a fluorometric test using
thioflavin T. The enzyme-linked immunosorbent assay was used
to determine the levels of Ab1-42 and inflammatory cytokines in
the sample. The CCK-8 test was utilised in order to determine
the neuronal viability. In the vast majority of impacts, compound
(22) acted as if it were a-M. According to the findings of the struc-
ture–activity study, the 3-methyl-2-butenyl group that is located
at the C-8 position is necessary for the bioactivity of a-M, whereas
modifying the double hydroxylation that is located at the C-2 posi-
tion has the potential to improve the multifunctional anti-AD capa-
bilities (Hu et al., 2022).

Anti-cholinergic effects of series of 3-O-substituted xanthone
derivatives were tested against AChE and BuChE after they were
produced in a laboratory setting. According to the findings, the
xanthone derivatives had good AChE inhibitory activity, with com-
pounds 23 and 24 exhibiting the highest levels of activity (IC50 val-
ues of 0.88 ± 0.04 lM and 0.88 ± 0.15 lM respectively,
respectively) (Loh et al., 2021).

In this study, an additional series of hydroxyxanthone deriva-
tives were produced and tested for their ability to inhibit AChE.
Compounds 25 and 26 were determined to have the highest IC50
values for their ability to inhibit AChE, coming in at 20.8 and
21.5 lM respectively (Vanessa et al., 2022).

This study discusses the design, synthesis, and biological evalu-
ation of chromeno[3,4-b]xanthones and their (E)-2-[2-(propargy
loxy)styryl]chromone precursors as first-in-class AChE and beta-
amyloid (A) aggregation dual-inhibitors. Compounds 27 and 28



Fig. 5. Coumarin-based compounds for the treatment of AD.
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were found to be effective dual-target inhibitors, which is a rare
combination to find. Their IC50 values for AChE were 3.9 and
2.9 mM, whereas their percentages of inhibition for A aggregates
were 66% and 70%, respectively (Malafaia et al., 2021).
1005
Conjugation of the pharmacophores of xanthone and alkylben-
zylamine through an alkyl linker resulted in the design and synthe-
sis of a number of multifunctional hybrids with anti-AD activity.
These hybrids were designed to have a number of different
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functions. The biological activity data for compound 29 demon-
strated that it was the most effective and well-balanced dual ChEs
inhibitor. It had IC50 values of 0.85 mM for the inhibition of AChE
and 0.59 mM for the inhibition of BuChE. These values were calcu-
lated using the data on the biological activity of the chemical
(Zhang et al., 2021).

Through onepot condensation of different substituted aromatic
aldehydes, 2hydroxy1,4naphthoquinone, and dimedone in the
presence of Bi(OTf)3 as an eco-friendly and reusable catalyst,
3,4dihydro12aryl1Hbenzo[b]xanthene1,6,11(2H,12H) trione com-
pounds were produced. Their inhibitory actions against BuChE)
and AChE was investigated. Compound (30) was found to be active
AChE, with IC50 28.16 ± 3.46 mM, and compound 31 is found active
for BuChE with IC50 36.24 ± 3.19 mM. These chemicals interacted
with either the catalytic active site or a site linked to the catalytic
active site of the AChE and BChE enzymes, respectively, in order to
directly block the catalytic activity (Turhan et al., 2020).

The ability of four xanthone derivatives to chelate metals and
exhibit antioxidant action against Alzheimer’s disease was investi-
gated after they were synthesised and tested as acetyl-
cholinesterase inhibitors, also known as AChEIs. The compound
with the formula 3-(2-(pyrrolidinyl)ethoxy)-1- hydroxy-9H-
xanthen-9-one (32) demonstrated the best capacity to inhibit AChE
and exhibited good selectivity for AChE (IC50 = 2.403 ± 0.002 lM
for AChE and IC50 = 31.221 ± 0.002 lM for BuChE) (Yang et al.,
2020).

Using the Ellman approach, a different set of xanthone deriva-
tives was produced and tested to see if they had the ability to act
as multifunctional ligands against AD. According to the findings,
compound 33 exhibited the strongest inhibitory action against
AChE. Furthermore, the IC50 value for this compound was (0.328 ±
0.001) lM, which was on par with the typical medication tacrine
(Kou et al., 2020).

Menendez et al., synthesized and characterized Xanthone
derivatives. The compounds were evaluated as potential anti-
Alzheimer agents using Ellman’s method. The results showed that
compound (34) was the most active with piperidine in the struc-
ture and had a linker length of 5 carbons. The IC50 value was found
to be 0.46 ± 0.02 lM (Menéndez et al., 2017).

In a separate line of research, xanthenedione derivatives were
produced, and the Ellman microplate assay method was used to
investigate the efficacy of these compounds to inhibit the AChE
enzyme. According to the findings, the xanthenedione derivative
(35), which contained a catechol unit, functioned as a powerful
AChEI (IC50 = 31.0 0.09 lM) (Seca et al., 2014).

Using the Ellman methodology, a number of novel 1, 3-
dihydroxyxanthone Mannich bases derivatives were created, their
structures were uncovered, and their anti-cholinesterase activity
was evaluated. Diakylamine methyl types at position 2 of xanthone
altered cholinesterase activities and AChE/BuChE selectivity.
Alkoxy or alkenoxy substituents in position 3 of xanthone
increased inhibitory potency. Xanthones having alkoxy or alkenoxy
at position 3 led to these findings. 2-((diethylamino)methyl)-1-
hydroxy-3-carboxylate (3-methylbut-2-enyloxy). The half-
maximal inhibitory concentration (IC50) for 9H-xanthen-9-one
(36) was determined to be 2.61 ± 0.13 lM for acetylcholinesterase
(AChE), and it was found to be 0.51 ± 0.01 lM for butyryl-
cholinesterase (BuChE). The results of this study (Qin et al.,
2013). indicate that 1,3-dihydroxyxanthone Mannich base deriva-
tives have the capacity to inhibit both AChE and BuChE.

Cruz et al. conducted a study in which they examined and col-
lated the SAR of a number of different xanthone derivatives. In
their findings, they discovered that the number of substituents
and their positions have an effect on the AchE inhibiting activity
of xanthones. Antiacetylcholinesterase action appears to be
increased by the presence of a N-alkyl-N-(3-alkylcarbamoyloxyphe
1006
nyl)-methyl]aminoalkoxy group at position 3, as well as a 3,4-
fused pyran ring on the xanthone nucleus (Cruz et al., 2017).

The structures of all xanthone and xanthene-based compounds
for the treatment of AD are given in Fig. 6.

3.3. Flavone and isoflavone-based scaffolds

Using the Williamson approach, four flavonoid derivatives were
synthesised in a study. The Ellman method for evaluating AChE
inhibitory activity revealed two compounds (37 and 38) with
rather good biological activities and these biological activities were
superior to those of naringenin, which was used as the standard
flavonoid (Tran et al., 2021).

Shi et al. developed and synthesised hybrids of 7-O-
galloyltricetiflavan (GTF). GTF is a naturally occurring flavonoid
renowned for its neuroprotective properties. The chemicals were
then tested to determine whether or not they could treat AD. Com-
pound (39), among them, demonstrated the most effective sup-
pression of AChE aggregation (78.81% at 20 M), the most
powerful AChE inhibitory potencies (IC50, 0.56 M), and the greatest
ability to inhibit BuChE (IC50, 5.8 M). All of these properties were
measured at 20 microMolar concentrations. Compounds 39 and
40 exhibited high levels of neuroprotective activity against
H2O2-induced damage to human neuroblastoma SH-SY5Y cells
and almost no toxicity toward SH-SY5Y cells. These results suggest
that compounds 39 and 40may be useful therapeutic agents. Addi-
tionally, these compounds displayed virtually minimal toxicity
toward SH-SY5Y cells when tested (Shi et al., 2020).

As potential anti-AD drugs with several functionalities, nine-
teen different compounds have been created and are now being
researched. These compounds all include flavone and cyanoac-
etamide groups. Compounds 41, 42, 43, 44, and 45 all exhibited
high inhibitory efficacy (AChE, IC50, ranging from 0.271 ± 0.012
to 1.006 ± 0.075 lM) and selectivity against acetylcholinesterase.
In addition to this, these compounds demonstrated a large amount
of antioxidant activity, good regulation effects on self-induced A
aggregation, minimal cytotoxicity (Basha et al., 2018).

In this study, several novel isoflavones were synthesised, and
in vitro AChE and BuChE bioassays were used to investigate the
activities of these compounds. The majority of isoflavone deriva-
tives showed just a little inhibition of AChE and BuChE. Compound
(46) was found to be an effective AChE/BuChE inhibitor (Feng et al.,
2017), with IC50 values of 4.60 lM for AChE; 5.92 lM for BuChE
(Feng et al., 2017).

The structures of flavone and isoflavone-based scaffolds for the
treatment of AD are given in Fig. 7.

3.4. Other scaffolds

In this study, the anti-AD potential of a variety of recently found
isochroman-4-one derivatives that were synthesised from natu-
rally occurring (±)-7,8-dihydroxy-3-methyl-isochroman-4-one
was analysed. Compound 47, also known as (Z)-3-acetyl-1-ben
zyl-4-((6,7-dimethoxy-4-oxoisochroman-3-ylidene)methyl)pyridin-
1-ium bromide, was shown to have considerable anti-AChE activity
as well as minor antioxidant activity. Compound 10a is a dual-
binding inhibitor, as was discovered by more molecular modelling
and kinetic testing. [Citation needed] This indicates that it is cap-
able of binding to both the catalytic anionic site (CAS) and the
peripheral anionic site (PAS) of the acetylcholinesterase enzyme
(Li et al., 2022).

In order to determine whether or not a variety of 1,2,3-triazole-
chromenone carboxamides were capable of inhibiting cholinester-
ase, the researchers conceived of a number of novel carboxamides,
synthesised them, and tested them. N- (1-benzylpiperidin-4-yl)
�7-(1-(3,4-dimethylbenzyl) �1H-1,2,3-triazol-4-yl)methoxy) �2-



Fig. 6. Xanthone and Xanthene based compounds for treatment of AD.
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oxo-2H-chromene-3-carboxamide (48) has demonstrated the
maximum inhibitory action of acetylcholinesterase among these
(IC50 = 1.80 M), however it had no effect on butyrylcholinesterase
Notably, the inhibitory effect of BACE1 was investigated using
1007
compound (48), and the obtained IC50 value of 21.13 lM sup-
ported the expected inhibitory action. In addition, when tested at
a concentration of 50 M, this compound demonstrated metal
chelating activity toward Fe2+, Cu2+, and Zn2 + ions as well as a



Fig. 7. Flavone and Isoflavone-based compounds for the treatment of AD.
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neuroprotective effect that was plausible against H2O2-induced
cell death in PC12 neurons (Rastegari et al., 2019).

A variety of 2-phenyl-4H-chromen-4-one and its derivatives
were developed, synthesised, and tested for their polyfunctionality
as acetylcholinesterase (AChE) and advanced glycation end prod-
ucts (AGEs) production inhibitors against Alzheimer’s disease in
this work. The findings of the screening revealed that the majority
of them possess a high capacity to suppress the synthesis of AChE
AGEs in conjunction with radical scavenging activity. This was dis-
1008
covered after the results of the screening were analysed. The IC50
values for inhibitory activity against AChE were 8, 8, and 11.8 nM,
respectively, for compounds 49, 50, and 51, while the IC50 values
for AGE formation were 55, 79, and 54 nM, respectively (Singh
et al., 2018).

The structures of above-mentioned compounds for the treat-
ment of AD are given in Fig. 8.

The structure–activity relationship (SAR) analysis of pyran
derivatives involves studying the relationship between the



Fig. 8. Compounds for treatment of AD.
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chemical structure of these compounds and their biological activity
against Alzheimer’s disease. The SAR and IC50/EC50 values of all
pyran derivatives stated above are summarized in Table 2 below.
This will help readers a comparison of activities and structures of
Table 2
SAR and cholinesterase inhibition activity of pyran-based derivatives.

Compound
Number

Structure IC50/EC50;

Coumarin Based Scaffolds
1 IC50: 2 lM

assay)

2 EC50: 14 l
aggregatio
inhibition
cell mode

3 0.029 lM
assay)

4 0.101 lM
assay)

1009
pyran-based compounds that are potential for the treatment of
AD. Also, general SAR studies of various pyran derivatives have been
summarized below in Fig. 9, which gives an insight into the struc-
tural features essential for anti-Alzheimer’s disease activity.
Method SAR Remarks/Essential Groups with pyran that
affects activity against Alzheimer’s disease

Reference

(Ellman 1,2,3,4-Tetrahydroquinoxaline moiety with bis
coumarin increases activity.

(Zare-Akbari
et al., 2022)

M (Ab
n
in Tau
l)

Diethyl amino phenyl separated by 2 carbons from
coumarin and a carbonyl group increased activity

(Chiu et al.,
2021)

(Ellman Substitution of phenylethyloxy at the 7-position
and propargylamine at the 3-position increased
activity.

(Mzezewa
et al., 2021)

(Ellman Potential activity observed due to the inclusion of
the propargylamine
functional group

(Mzezewa
et al., 2021)

(continued on next page)



Table 2 (continued)

Compound
Number

Structure IC50/EC50; Method SAR Remarks/Essential Groups with pyran that
affects activity against Alzheimer’s disease

Reference

5 human MAO-B
IC50 = 3.9 nM
human MAO-B
IC50 = 4.4 nM
(acetylcholine
esterase inhibition
assay)

Substitution of pyrazole
on coumarins may show an increase in anti-
Alzheimer’s activity

(Narayanan
et al., 2021)

6

SH-SY5Y cell model

The ethoxycarbonyl group increases activity (Huang et al.,
2021)

7 Phenyl separated from coumarin by ethylcarbonyl
group imparts increased activity

(Huang et al.,
2021)

8 Ellman assay, FRET
assay) The thioxo group and ether linkage increase

activity.

(Kumar et al.,
2020)

9 Ellman assay, FRET
assay

(Kumar et al.,
2020)

10 21.71 lM (Ellman
assay)

Difluorobenzyl and triazole dimethylamino
groups increased activity

(Karimi
Askarani
et al., 2020)

11 2.0 nM (Ellman
assay)

The choline-binding site was comprised of the
phenyl ring, which was coupled to the piperazine
ring.

(Abu-Aisheh
et al., 2019)

12 0.091 ± 0.011 mM
(Ellman assay)

Benzoylamino-phenyl group results in increased
activity

(Hu et al.,
2019)

13 0.559 ± 0.017 mM
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Table 2 (continued)

Compound
Number

Structure IC50/EC50; Method SAR Remarks/Essential Groups with pyran that
affects activity against Alzheimer’s disease

Reference

(Ellman assay)

14 0.27 lM Derivatives with a methoxy substitution and a
longer chain linker performed best activity.

(Hiremathad
et al., 2018)

15 0.32 lM

16 0.18 lM

17 0.224 lM

18 8.80 lM Compound containing quinoline demonstrated the
most action.

(Hirbod et al.,
2017)

19 0.11 nM
Benzyl pyridinium group showed excellent
acetylcholinesterase inhibition.

(Hamulakova
et al., 2017)

20 0.16 nM

21 1.6 mM The phenyl ring coupled with the piperidine ring
showed maximum activity.

(Alipour et al.,
2014)

(continued on next page)
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Table 2 (continued)

Compound
Number

Structure IC50/EC50; Method SAR Remarks/Essential Groups with pyran that
affects activity against Alzheimer’s disease

Reference

Xanthone and Xanthene Based Scaffolds
22 Thioflavin T

fluorometric assay
CCK-8 assay

The 3-methyl-2-butenyl group that is located at
position C-8 is absolutely necessary for the
bioactivity, whilst modifying the double
hydroxylation that is located at position C-2 has the
potential to improve the multifunctional anti-AD
capabilities.

(Hu et al.,
2022)

23 0.88 ± 0.04 lM
(Ellman assay)

Amongst different hydrocarbon substituents,
phenyl butyl and ethyl acetate on xanthone showed
maximum activity

(Loh et al.,
2021)

24 0.88 ± 0.15 lM
(Ellman assay)

(Loh et al.,
2021)

25 20.8 lM (Ellman
assay)

Both the chain length and the linearity of the
hydrocarbon side chain at the C-3 position played a
role in determining the inhibitory effects.

Throughout the entirety of the alkenyl series, the
xanthone derivatives that have a substituent group
that is composed of a linear chain of four carbon
atoms exhibit a higher level of AChE inhibitory
activity.

(Vanessa
et al., 2022)

26 21.5 lM (Ellman
assay)

(Vanessa
et al., 2022)

27 3.9 lM (Thioflavin
T fluorometric
assay)

The structures of chromeno[3,4-b]xanthones are
significantly potent AChE inhibitors

(Malafaia
et al., 2021)

28 2.9 lM
(Thioflavin T
fluorometric assay)

The (E)-2-styrylchromone exhibited intriguing
AChE-inhibitory activity, suggesting that the
inclusion of the D-ring may be favourable for anti-
AChE activity

(Malafaia
et al., 2021)

29 0.85 mM AChE
inhibition
0.59 mM
BuChE inhibition
(Ellman assay)

� The ideal linker length was from four to seven
carbon atoms, although compounds with an
even number of carbon atoms appeared to be
preferable (AChE inhibitory activity).

� Typically, a hydroxyl substituent at the 4-posi-
tion of the benzene ring exhibited more
activity.

� Compound, which possesses both a hydroxyl
group at the 4-position of the terminal benzene
ring as well as a six-methylene linker, demon-
strated the most effective and well-balanced
ChE inhibitory action.

(Zhang et al.,
2021)
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Table 2 (continued)

Compound
Number

Structure IC50/EC50; Method SAR Remarks/Essential Groups with pyran that
affects activity against Alzheimer’s disease

Reference

30 28.16 ± 3.46 mM Isopropylphenyl group may cause an enhanced
activity

(Turhan et al.,
2020)

31 36.24 ± 3.19 mM Methoxyphenyl and trione along with pyran may
produce an enhanced activity.

(Turhan et al.,
2020)

32 2.403 ± 0.002 lM
for AChE and
31.221 ± 0.002 lM
for BuChE

Pyrrolidine ethoxy moiety may cause an increased
activity.

(Yang et al.,
2020)

33 0.328 ± 0.001
(Ellman method)

1) The xanthone scaffold’s 1-hydroxy and carbonyl
groups can chelate metal ions.

2) Molecular simulations show the alkylamine side
chain and xanthone ring interact with
cholinesterase.

(Kou et al.,
2020)

34 0.46 ± 0.02 lM
(Ellman’s method)

The most active compound contains piperidine in
its structure

(Menéndez
et al., 2017)

35 31.0 ± 0.09 lM
(Ellman’s method)

Xanthenedione derivative bearing a catechol unit
showed to be a potent AChEI

(Seca et al.,
2014)

36 2.61 ± 0.13 lM
against AChE and
0.51 ± 0.01 lM
against BuChE

1) Alkoxy or alkenoxy substituents in position 3 of
xanthone have a beneficial effect on inhibitory
potency,
2) dialkylamine methyl types in position 2 of
xanthone alter cholinesterase activities and AChE/
BuChE selectivity

(Qin et al.,
2013)

Flavone and Isoflavone Based Scaffolds
37 75.0 ± 4.8 lM

(Ellman method)
A hydroxy group at position 5 and dimethoxy at
position 4 and 7 enhances activity.

(Tran et al.,
2021)

38 48.4 ± 2.9 lM
(Ellman method)

Dihydroxy at position 4 and 5 and allyloxy at
position 7 enhances activity.

(Tran et al.,
2021)

(continued on next page)
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Table 2 (continued)

Compound
Number

Structure IC50/EC50; Method SAR Remarks/Essential Groups with pyran that
affects activity against Alzheimer’s disease

Reference

39 0.56 lM
(Ellman method)

The 4 methoxy group results in an increased
activity.

(Shi et al.,
2020)

40 5.77 lM
(Ellman method)

The presence of a triazole ring results in an
increased activity

(Shi et al.,
2020)

41 0.273 ± 0.002
(Ellman method)

The carboxamide group increases AChEI activity
without affecting the side chain.

(Basha et al.,
2018)

42 0.286 ± 0.010
(Ellman method)

(Basha et al.,
2018)

43 0.280 ± 0.003
(Ellman method)

(Basha et al.,
2018)

44 0.291 ± 0.007
(Ellman method)

(Basha et al.,
2018)
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Table 2 (continued)

Compound
Number

Structure IC50/EC50; Method SAR Remarks/Essential Groups with pyran that
affects activity against Alzheimer’s disease

Reference

45 0.271 ± 0.012
(Ellman method)

(Basha et al.,
2018)

46 4.60 lM for AChE;
5.92 lM for BuChE
(Modified Ellman’s
Method)

It would appear that a length of two is ideal for the
linker that connects the amino group and the
isoflavone core structure.

(Feng et al.,
2017)

Other Scaffolds
47 1.61 nM

(Ellman method)
The acetyl substitution on the pyridine ring is
preferable to the carbamoyl substitution, and the
carbonyl moiety has the potential to serve as an
important part of a number of different skeleton
configurations.

(Li et al.,
2022)

48 1.80 lM
(Ellman method)

1,2,3-triazole-linked compounds have high AChEI
activity. The addition of a 1,2,3-triazole moiety to
the iminochromene-2H-carboxamide derivative, on
the other hand, resulted in beta-secretase (BACE1)
inhibitory action.

(Rastegari
et al., 2019)

49 8.0 nM Fluorophenyl substitution at position 2 and 7-
hydroxy substitution gives enhanced activity

(Singh et al.,
2018)

50 8.2 nM 2-(3-Nitrophenyl) on chromene results in potential
activity.

(Singh et al.,
2018)

51 11.8 nM 2-(3,5-Dinitrophenyl)-chromene derivatives are
also potential compounds but less active than
monosubstituted.

(Singh et al.,
2018)

F.A. Almalki Saudi Pharmaceutical Journal 31 (2023) 998–1018
4. Conclusion

The pyran scaffold has received much attention from research-
ers both from the pharmaceutical industry and academic organiza-
tions in the recent past. As evident from numerous cited papers,
the pyran scaffold is the building block of various coumarins, xan-
thones, and flavonoids present in various natural plants. There is
abundant evidence that the utilization of diversely substituted
pyran analogues has provided the platform for the identification
of new chemical entities that could be drug candidates with
1015
diverse biological properties. There are now just a handful of med-
ications that have been given approval by the FDA for the treat-
ment of AD, and the rate at which the disease is progressing is
only growing. Therefore, there is a demand for the discovery of
an anticancer drug that is both reliable and efficient. Following
this, a number of structural alterations in pyran-based heterocycles
are assessed, and their potential application in the treatment of
neuroprotective disorders is presented. In this review, we have
attempted to provide an overview of the various pyran-based
drugs that are used in the treatment of AD. Pyran-based congeners



Fig. 9. SAR of Pyran based heterocycles for the treatment of AD.
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were found to be active against both AChE and BuChE, and they
were also discovered to have potential in AD. The docking and
in-vivo outcomes of many investigations provided support for
these studies. SAR investigations of pyran derivatives have aided
in identifying essential structural properties crucial for anti-
Alzheimer’s action as well as providing insights into the design
of more potent and effective molecules for the treatment of this
disease.
5. Future perspectives

This review will give researchers with a comprehensive grasp of
the pyran moiety, which will aid in the construction of a large
number of prospective pyran compounds having a significant
effect on treating AD. The SAR discussed in the paper will certainly
help the researchers to develop more possible drugs for the treat-
ment of AD. As in recent years, a large number of new and repur-
posed pyran-based molecules have been in clinical trials, so the
researchers should critically analyse this moiety as a lead for
developing future therapies for AD. Because Alzheimer’s disease
is multifactorial, researchers must consider pyran-based molecules
that may have pleiotropic effects and target more than one factor.
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