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Abstract

Naturally occurring and synthetically produced hybrid compounds are potential reservoir for development of novel
drug regimen because of various benefits including effectiveness, minimal side effects, receptor interactions and
pharmacokinetic features. Coumarin and chalcone are perfect building blocks for creating hybrid scaffolds that can be
used as bioactive agents. These are essential classes of synthetic chemistry with wide range of pharmacological
properties. Encouraged by potential therapeutic and medicinal significance of these hybrids, the scientists have
reported dozens of coumarin chalcone hybrids with a broad range of biological properties like antioxidant, analgesic,
antimicrobial, antiviral, anticancer, antianxiety, antimalarial, anti-inflammatory etc. It is intended to support to
medicinal researchers in the efficient, fruitful development of coumarin chalcone hybrids to maximize their biological
potential. In view of these findings, we present here some literature review, synthetic methods and pharmacological
efficacy, molecular targets.
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Introduction

The goal of medicinal chemistry is to create,
assemble, refine new bioactive compounds;
various drug research approaches can be applied
for this purpose (1). From last few years, medicinal
chemists used molecular hybridization approach
or strategy for new lead compounds design and
development. Through various unique molecular
interactions molecular hybridization tactic will
yield new  molecules  with
pharmacokinetic profile that cause interaction
with multiple sites (2). In the past few years,
concept of hybrid molecules designed by mixing of
two or more pharmacophore has gained attention

improved

in the field of drug development and medicinal
chemistry as well. Coumarin is most valuable
medicinal pharmacophore. It found in natural
compounds as an integral structural element and
also has gained attention because of its therapeutic
applications like antimycobacterial efficacy. Mainly,
alkaloids,
coumarin

it found in flavonoids, natural

anthocyanins, Various
derivatives possess significant biological actions
(3, 4). Another phytoconstituents having enone

and aromatic ketone as functional group

tocopherols.

collectively called chalcones. Claisen-Schmidt
reaction is general synthetic method for chalcones.
It can also be prepared by Aldol condensation (5,
6). In 21st century, the chemistry of chalcones
remains interest for various therapeutic activities
such as anticancer, antigout, anti-inflammatory,
antioxidant, antimicrobial (7, 8). In view of this
biological significance of both scaffolds approach
of molecular hybridization is being used. Basic
skeletons of coumarin and chalcone shown in
Figure 1. The molecular hybrids of coumarin -
chalcones by Konidala et al, (2021) and Vazquez-
Rodriguez et al, (2015) were examined for T.
maritimum strains by using well diffusion method
for fungal treatment (9, 10). Coumarin chalcone
hybrids also tested for cancer by Amin et al,
against HCT-116 human colon lung cancer cell lines
and the compounds generated by molecular
hybridization process showed excellent anticancer
activity with IC50 of 0.01uM (11). These hybrids
were investigated for the inhibition of PI3K
(P110a/p85a), and the IC50 value was found to be
50.78 uM (12, 13). Chalcone-coumarin hybrids
developed by Pingaew et al, (2014) possessed the
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highest anticancer activity against HuCCA1l,
HepG2, A549, and MOLT-3, with IC50 values of
11.13 £ 0.40 uM, 15.70 + 2.00 uM, 31.40 = 1.00 uM,
and 5.16 * 0.69 uM, respectively (14). Molecular
docking a tool of molecular modelling was also
preferred to investigate the binding of the ligands
to potential targets and for designing of hybrids.
The highest binding energy was used to predict the
hybrid characteristics. The coumarin-chalcone
derivatives developed by Hu et al, (2022) as a-
glucosidase inhibitors, compounds displayed the
highest IC50 value (15). Therefore, chalcone
coumarin hybridization may produce appealing
scaffolds for generation of novel anti-cancer and
antimicrobial drugs. Here we quoted about various
literature of coumarin chalcone hybrids for
different potentials.

a

Figure 1: Coumarin (a) Chalcone (b) Skeleton

b

Mukusheva G K et al, (2014) observed coumarin
chalcone hybrid synthesis with a triazole linker
(Figure 2) (16). Perenz- cruz et al, (2015)
synthesised hydroxy coumarin chalcone hybrids
and screened for biological and electrochemical
studies (Figure 3) (17). 2- and 4- substituted
chalcone coumarin hybrids synthesized and
observed for antibacterial activity by Moodley et
al,, (2016) and also explored the effect of methoxy,
chloro, phenyl, flouro groups on antibacterial
activity (Figure 4) (18). Zavrsnik et al, (2017)
reported coumarin synthesis and tested for
antimicrobial activity against many species. He
found that 4-chloro substitution is most effective
for staphyloccocus aureus (Figure 5) (19).

Figure 2: Coumarin Chalcone Hybrids with
Triazole Linker
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Figure 4: 2- and 4- substituted Coumarin
Chalcone

Figure 5: Coumarin Hybrid

Importance of Coumarinyl Chalcones
Coumarin and chalcone skeletons are widely
available from natural sources and both have
notable biological properties on their own,
combining and hybridization of these two
molecules results in desired effects. Recent review
tells that joining of coumarin moiety alongwith
chalcone ring may be important for derivatization
(20).

Synthesis of Coumarinyl Chalcones

New synthesised chalcone coumarin hybrids
observed by Shashidhara et.al by combining 2-sec-
butyl phenol alongwith hexamethylene triamine at
120°C for 3 hrs. The product obtained was 5-sec-
butyl-4-hydroxyisophthaldehyde, reacting with p-
acetophenone for 1.5hrs at 90°C. Then, mix with
coumarin after refluxing with ethyl acetoacetate
(ethanolic) (30 mins) using piperidine as catalyst
(Figure 6) (21).
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Figure 6: Synthetic Strategy of Coumarin Chalcones by Shashidhara et al, (21)

Thrineshen et al, reported of 2-and 4- substituted aldehyde (substituted) for 5hr, piperidine act as
coumarinyl chalcones synthesis by reflux aldehyde catalyst (Figure 7) (22).

(phenolic) with ethyl acetoacetate (methanolic) for Prasad et al, observed coumarinyl chalcone
16 hrs, using piperidine as catalyst. Resulted formation by refluxing 3-acetyl coumarin with
coumarin refluxed with ethanolic aromatic ethanolic aromatic aldehyde (substituted) for 7

hrs, catalyst was piperidine (Figure 8) (9).
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Figure 7: Coumarin Chalcone Synthesis by Thrineshen et al, (22)
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Figure 8: Synthetic Procedure by Prasad et al, (9)

Patel et al, reported the coumarinyl chalcones by Coumarinyl chalcone synthesis via green synthesis
reaction of PoCls and CH3COOH with 4-hydroxy process reported by Siddiqui et al, (24). Ethyl
coumarin to found 4-hydroxy-3-acetyl coumarin acetoacetate with salicylaldehyde in presence of
then further reacted with benzaldehydes piperidine for 20 minutes at room temperature
(substituted) and CHCI3 by Knoevenagel yield coumarinyl chalcones then obtained product
condensation by using piperidine as catalyst refluxed for 4 hrs with aromatic aldehydes,
(Figure 9) (23). reported by Khode et al, (25) (Figure 10).

Fipedine,RL_ CHs S Mg
e

Figure 9: Knoevenagel Condensation

O 0
_—c
+ Hy C CH P|per|d|ne RT 3Ary|a|dehyde N HKAr
Plpendme reflux, 4hr
o” o
Figure 10: Synthesis by Khode etal, (25)
Pharmacological Applications development of chalcone coumarin derivatives as
Hybrids are discussed on basis of biological effects, potential therapeutic agent.
natural ~sources, SAR, structural features, ~ Antitumour Activity: Nowadays cancerisa deadly
mechanism of action and hybridization strategies, disease throughout the world. Because of their
in this review. This review expected the potential drug like efficacy, molecular hybrids have become
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more popular. In last ten to fifteen years numerous
anti-neoplastic drugs as per principles of
molecular hybridization have been mentioned
(26). Anticancer potential of synthetic coumarin
chalcone hybrids is discussed or covered here. By
using Sulforhodamine-B-assay, found antitumour
activity of coumarin chalcone hybrids. In four
human cell lines this assay predicts growth
inhibition by hybrids. Potent activity against all cell
lines shown by methyl and chlorine substituted
hybrids (Table 1, Figure 11) (21, 27). Coumarinyl
chalcones shows antitumour activity against MCF-
7 cell lines for breast cancer. OCH3 group at
chalcone ring gives better result (Table 1, Figure
12) (28).

Coumarinyl  chalcone showed
anticancer activity against hepato carcinoma cell
lines. Compounds bearing bromo, methyl
substituents result weak anticancer activity (Table
1, Figure 13) (29-31).

Nikalje et al., observed coumarin chalcone hybrids
for in vitro cytotoxic activity against cancer cell
lines(human). Compound given below showed
potent efficacy for HeLa and MCF-7 cell lines. He
found on aromatic ring electron releasing groups
lowered cytotoxic action and electron withdrawing
groups increased it. Docking results revealed good
binding affinity towards topoisomerase II for all
synthesised compounds as compared to reference
drug (etoposide) (Tablel, Figure 14) (32,33).
Shang et al, provided cytotoxicity of human lung

derivatives

adenocarcinoma cells for two series of coumarin
chalcone synthetics. He found that presence of
hydroxyl group on B ring gives more cytotoxic
activity as compared to non-substitution (34).
Antimalarial Activity: Various chalcone and
coumarins observed in past for antimalarial
efficacy (35, 36). Different findings for coumarin
and chalcone as antimalarials reported in this
section. Coumarinyl chalcone hybrids reported
antimalarial activity against chloroquine resistant
plasmodium falciparum, compounds with electron
withdrawing groups shows effective antimalarial
activity (Table 1, Figure 15) (23). By using in sillico
and chalcone
activity.
Trimethoxy substitution at chalcone ring gives
potent compounds (Table 1, Figure 16) (26).

The antimalarial activity of the anti-tumour

in vitro studies coumarinyl

derivatives showed antimalarial

coumarin chalcone hybrids generated by Pingaew
et al was also assessed. It was observed that
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molecule having trimethoxy group on B ring more
potent.

Antimicrobial Activity: Fungal and bacterial
infections are becoming major health issues
around through world (37). Using cup plate
method, the antibacterial properties of coumarin
chalcones were assessed by Gholap et al,, 24 hours
cultured three bacterial strains were subjected for
in vitro antibacterial activity. Nystatin and
streptomycin used as reference drugs. Every
substance examined showed good to moderate
antibacterial activity with zone of inhibition in
range of 5-26mm (38).

Using streptomycin as reference compound Ajani
et al, assessed synthesized coumarin chalcone
hybrids for antimicrobial activity against five series
of gram negative and gram-positive bacteria. Most
of the produced compounds showed zones of
inhibition on different bacterial growth were found
to vary between 10mm to 23 mm. Compound
shown in Table 1 (Figure 17) was found to be the
most active, with MIC value of 7.8g u/ml (39, 40).
Spirtovic- Halilovic et al evaluated antibacterial
activity of 4 coumarin chalcone hybrids against
two gram-positive bacteria (aerobic). Each of the
four hybrids possessed the capacity to prevent
bacterial development. Compound given in Figure
determined to be most effective. For all the four
compounds reactivity and stability descriptors
were predicted by using density function theory
(DFT; Table 1, Figure 18) (41).

The antibacterial and antifungal properties of 11
coumarin chalcones were explored by Naruka et
al, Majority of synthesized affiliates have strong
antibacterial activity for more than one strains of
bacteria. However, sulfa-methoxazole as standard
found less effective than three hybrids. The QSAR
model suggested the strong relationship between
the parameter of WPSA and log Zol values against
E. coli for coumarin hybrids. QSAR results show
that higher antibacterial activity for lower WPSA
value. This QSAR model can be used to rationally
design antibacterial drugs in future that based on
coumarin chalcone hybrids (42, 43).

Antioxidant Activity: It is commonly known that
excessive formation of reactive oxygen species as
well as oxidative stress brought on by free radicals
significantly contributes to inflammatory and
cardiovascular diseases. It has been demonstrated
that hybrid compounds are promising antioxidants
against illnesses caused by oxidative stress. Many
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hybrids of coumarin chalcones are designed by
medicinal chemists. This section gives a quick
summary of these Coumarinyl
chalcone hybrids were found to have antioxidant
activity by Rodreguez et al, through
electrochemical analysis, hybrids having bromine
and hydroxyl group in coumarin ring at 6t and 8t
position  respectively = demonstrate radical
scavenging activity (Table 1, Figure 19) (44).

Xi et al, reported seven coumarin chalcones for
inhibitory effects on AAPH-induced oxidation of
DNA, cu2+/GSH. GSH induced destruction of DNA
caused by all seven compounds. Compound given
in Figure 20 (Table 1) shown excellent scavenging
property due to hydroxyl group present at benzene
ring (45).

Sashidhara et al, reported three series of
biscoumarin-chalcones for radical scavenging
potential and lipid peroxidation reduction capacity
of microsomes. Screened three hybrids identified
as optimum efficacy in superoxide anions
inhibition by 29%, 24%, 30% inhibition of
microsomal lipid peroxidation by 23%, 27%, 24%,
hydroxyl radical inhibition by29%, 26%, 21%
respectively (Table 1, Figure 21) (46).
Antitubercular Activity: Ahmad et al proposed
antitubercular action of chalcone
hybrids H37RV
tuberculosis, by using multiple regression linear
based QSAR model and activity increased by
incorporating nitrogen moiety on B ring of
chalcone (Table 1, Figure 22) 47-49).
Antihyperlipidemic Activity:
diseases are one of main cause for mortality
worldwide. Numerous coumarin and chalcones
have been shown capable to lower cholesterol. As
lipid lowering agent 16 hybrids of coumarin
chalcone reported by Sashidhara et al, (50, 51).
Screening results showed that compound in Figure
23 (Table 1) had the most powerful ability to
reduce the triglycerides, total cholesterol and
phospholipids of hyperlipidaemic rats by 25%,
26%, 24% respectively at 100mg/kg body weight
in Wistar rats (52).
Anti-inflammatory  Activity: The
response of body to any injury is known as
inflammation involves accumulation of exudates

innovations.

coumarin

against mycobacterium

Cardiovascular

normal

and cells in inflammed tissues. Redness, warmth,
pain and swelling are four common indicators of
inflammation. The anti-inflammatory efficacy of
biscoumarin chalcone analogues was examined for
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ability to prevent carageenan-induced paw edema
in albino rats by giving dose 100mg/kg body
weight against ibuprofen used as reference drug.
These analogues showed 33% reduction in volume
of paw (45).

Fluorescent Activity: Compounds containing
coumarin and chalcone scaffolds demonstrated
potential probes (52).
Photophysical and spectroscopic properties of
hybrids reported by Al-Sehemi et al, Study
revealed that polarity of solvent directly affect the
fluorescent properties of chalcone coumarin
hybrids (Figure 24) (53).

The potential of four coumarin chalcones have
evaluated as chemical sensors for copper and
cyanide ions by Shan et al, The finding shows that
majority of compounds give sharp colour change.
Copper ions form complex with target and cyanide
ions bonded with C=C bond. Absorbance peak of
target compound shown at 486nm and 431nm due
to cyanide and cupric ions respectively.
Compound’s fluorescence spectrum response to
cyanide and copper ions was also investigated. It
was found that target molecules in presence of
copper and cyanide ions exhibits fluorescence turn
off response sensors (54).
Anti-neurodegenerative  Activity: Several
compounds obtained from chalcocoumarins were
synthesised and tested against both monoamine
oxidase enzyme isoforms i.e. MAO-A and MAO-B.
These hybrids exhibited affinity towards MAO-B in
micromolar concentration with effective 1C50

use as fluorescent

value. These hybrids have adequate solubility in
gastrointestinal tract and good indication for
fitting in active site of MAO and form an interaction
necessary for inhibition of rMAO-B and also could
be promising agents to treat parkinson’s disease
(neurodegenerative disorder; Table 1, Figure 25)
(55). Zhu et al, (2023) designed, synthesized
coumarin chalcone hybrid derivatives based on
structure hybridization principle and evaluated for
their biological potential as PDE2 inhibitors. These
hybrids exhibited significant inhibitory effects on
PDE2 with potential IC50 value (56).

Molecular Targets

Different enzymes are available as molecular
targets for coumarin chalcone hybrids to show
their biological effects against diseases. Described
as:

Xanthine Oxidase inhibitor: Xanthine oxidase
catalyses hypoxanthine and xanthine by oxidative
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hydroxylation to produce reactive oxygen species
and uric acid as well which results gout. Hence,
xanthine oxidase inhibition resulted anticancer
and antigout profile. Virdi et al reported coumarin
chalcone hybrids synthesis for their xanthine
oxidase inhibitory property by using pyran as
linker. Bovin milk XO enzymatic assay used for in
vitro evaluation of hybrids having allopurinol as
standard. Compound in figure shown effective
inhibition of xanthine oxidase and found to be most
effective and potent compound due to lower
molecular volume and clog P value. It was observed
that by enhancing these values XO inhibition
decreased (Table 1, Figure 26) (57).

Adenosine receptor antagonists (AR):
Adenosine is an ATP component and building block
for nucleic acid. Adenosine signals by activation of
four receptors Al, A2A, A2B, A3 that act as drug
targets. Adenosine receptor antagonists play
important role in cancer. Vazquez-Rodriguez et al,
reported that compound given in fig potent
inhibitor for hAsAR with dissociation constant

Table 1: Structure of Some Coumarin Chalcone Hybrids

Vol 5 | Issue 3

value 5160. Its binding affinity was compared with
theophylline (Table 1, Figure 27) (58).

Histone deacetylases (HDACs): Removal of acetyl
groups from catalysed by histone
deacetylases these are important
targFets for anticancer therapy. Sediel et al

lysine
enzymes,

reported 8 coumarin chalcone hybrids for cell
proliferation effect and HDAC potential in leukemia
cell lines. Compound given in figure shown 50%
inhibition of HDAC3 (Table 1, Figure 28) (59).
Monoamine oxidase inhibitors (MAOIs): Two
isoforms of FAD containing enzyme MAO-A and
MAO-B identified. Inhibitors of these isoforms
found to be useful in Alzheimer and Parkinson'’s
disease treatment. Potential of coumarin as MAO
inhibitory molecule described in many studies.
Vazquez-Rodriguez found MAO inhibition of
coumarin chalcone hybrids by molecular docking.
Compounds shown in figure was found more
selective for MAO-A against neurodegenerative
disorders (Table 1, Figure 29, 30) (60).
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R= aryl or heteroaryl
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