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one hybrids: promising agents
with diverse pharmacological properties

Han Wei,*a Jinlan Ruanb and Xiaojian Zhang*a

Naturally and synthetically derived hybrid molecules are an attractive source for therapeutic agent

development due to their dual or multiple modes of action and other advantages. Coumarin and

chalcone, two important classes of natural products affording diverse pharmacological activities, make

themselves ideal blocks for building a coumarin–chalcone hybrid scaffold as a bioactive agent. Provoked

by the promising medicinal application of such hybrids, the scientific community has reported dozens of

coumarin–chalcone hybrids with a wide spectrum of biological properties including anticancer,

antimicrobial, antimalarial, antioxidant, antitubercular and so on, through synthetic hybridization strategy

or characterization from natural sources. The present mini review provides a systematic summary on

natural and synthetic agents of coumarin–chalcone hybrids on the basis of their therapeutic properties.

It is expected to assist medicinal chemists in the effective and successful development of coumarin–

chalcone hybrids.
Introduction

Naturally and synthetically derived hybrid molecules integrate
two or more pharmacophoric units possessing different modes
of action into one molecular scaffold.1 The multifunctional
attributes of these hybrids offer interesting multiple biological
activities, high selectivity, favorable pharmacokinetics, and/or
avoid undesired drawbacks such as side effects and low oral
bioavailability, which make hybrid molecules a rationally
attractive source for current drug discovery.1–3 The pharmaco-
logical signicance of compounds from natural sources
inspires the scientic community to obtain hybrid molecules
based on different types of natural product with diverse struc-
tures and versatile biological effects.4–7

Coumarin and chalcone are two important classes of bioac-
tive natural products extensively studied by medicinal chem-
ists.8–10 Coumarin is a large group of vital lactone containing
fused benzene and 2-pyrone skeletons (Fig. 1) that are widely
distributed in plants. Natural and synthetic molecules based
on the coumarin skeleton have been employed as medicinal
agents due to their outstanding therapeutic potential such as
anticancer, anticoagulant, antitubercular, antimicrobial, anti-
inammatory, anti-HIV, analgesic, anticonvulsant, anti-
platelet, antifungal, antiviral, antibacterial, and antimalarial
activities.11 Chalcone (1,3-diaryl-2-propen-1-ones, Fig. 1), one of
bioactive secondary metabolites belonging to avonoid family,
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raises enormous interests for their broad spectrum of biological
properties, such as anticancer, anti-inammatory, anti-
neurodegeneration, antibacterial, antimalarial and antioxi-
dant activities.12,13

Multifunctional features of coumarin and chalcone make
them ideal blocks to create a hybrid scaffold affording inter-
esting pharmacological properties. To this end, extensive efforts
have been made on design and synthesis of coumarin–chalcone
hybrids. Moreover, dozens of natural coumarin–chalcone
hybrids have been reported by several groups, as listed in
Table 1.

Denition of coumarin–chalcone hybrids is equivocal due to
high variation in their combination form, therefore notion of
coumarin–chalcone hybrid covered here just simply follows the
reported literatures14–17 and mainly can be sorted into two
categories: (1) full entities of coumarin and chalcone (or their
derivatives, e.g. bicoumarin, dihydrocoumarin and dihy-
drochalcone) are fused or combined with a linker; (2) skeleton
of coumarin is fused with part of chalcone moiety (e.g. benzal-
dehyde and styrene).

Hybrids in this class have been proven to possess diverse and
impressive pharmacological activities such as anticancer, anti-
microbial, antimalarial, antioxidant and antitubercular
Fig. 1 Skeletons of coumarin (1) and chalcone (2).

This journal is © The Royal Society of Chemistry 2016
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Table 1 Coumarin–chalcone hybrids from natural sourcesa

Natural coumarin–chalcone
hybrids Sources Natural coumarin–chalcone hybrids Sources

C. interruptus18
P. calomelanos20

C. parasiticus19

C. parasiticus21 P. calomelanos20,22

C. interruptus18 C. interruptus18

C. parasiticus21 C. interruptus18

P. trifoliata23
C. interruptus18C. parasiticus21

This journal is © The Royal Society of Chemistry 2016 RSC Adv., 2016, 6, 10846–10860 | 10847
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Table 1 (Contd. )

Natural coumarin–chalcone
hybrids Sources Natural coumarin–chalcone hybrids Sources

P. trifoliata23 C. interruptus18

P. trifoliata23

a *Absolute conguration was not determined.
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activities, indicting the development value and therapeutic
potential of coumarin–chalcone hybrids.

The promising properties of coumarin–chalcone hybrid
inspire us to provide a systematic summary and insight on the
progress (1979–2015, patents were not covered) in this eld. In
this mini review, hybrids are classied on the basis of their
pharmacological applications, and structural features, candi-
date natural sources, rational hybridization strategies, struc-
ture–activity relationship (SAR) and somemechanisms of action
are discussed. This mini review is expected to assist effective
study and successful development of coumarin–chalcone
hybrids as promising therapeutic agents.
Fig. 2 Coumarin–chalcone hybrids linked by 1,2,3-triazole ring.
Anticancer activity

Cancer is one of the most deadly diseases threatening health of
population worldwide nowadays. Although many efforts have
been made to develop novel and effective anticancer agents,
current clinic chemotherapy oen has to face treatment failure
caused by drug resistance to many anticancer drugs. The
“combined chemotherapy-like” effect of anticancer hybrids due
to their dual or multiple mechanisms of action is considered as
an alternative solution to overcome drawbacks encountered by
conventional anticancer drugs.24,25 Anticancer activities of
coumarin and chalcone have been highlighted by many
reviews.26–28 Accordingly, presence of coumarin–chalcone
hybrids has encouraged medicinal chemists to develop novel
anticancer agents bearing this hybrid scaffold.

Pingaew and coworkers synthesized two sets of coumarin–
chalcone derivatives (22 and 23, Fig. 2) linked by a 1,2,3-triazole
10848 | RSC Adv., 2016, 6, 10846–10860
ring through the azide/alkyne dipolar cycloaddition and their
cytotoxicity was screened in vitro against a panel of four cancer
cell lines, including HuCCA-1 (cholangiocarcinoma), HepG2
(hepatocellular carcinoma), A549 (lung carcinoma) using MTT
assay and MOLT-3 (lymphoblastic leukemia) using XTT assay.15

It was revealed that majority of the hybrid compounds
showed cytotoxicity against MOLT-3 cells with IC50 values
ranging between 0.53 and 79.49 mM, among them compounds
bearing trimethoxy-substituted B-ring selectively inhibited
This journal is © The Royal Society of Chemistry 2016
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growth of MOLT-3 cells. The most potential compound bearing
4-triazole on A-ring and 2,3-DiOCH3 on B-ring of 23 displayed
signicant cytotoxicity against HuCCA-1 (IC50 ¼ 4.81 mM), fol-
lowed by A549 (IC50 ¼ 7.95 mM) and HepG2 (IC50 ¼ 8.18 mM)
with non-toxic to non-cancerous vero cell line. SAR study of
these hybrids indicated that their cytotoxicity highly depended
on functionalities on rings A and B as well as the coumaryl
group. Further molecular docking investigation showed that
promising anticancer potential of the coumarin–chalcone
hybrids was possibly related to dual inhibition of a- and b-
tubulins at GTP and colchicine binding sites, respectively.

Four sets of coumarin–chalcone based inhibitors of Cdc25
(cell division cycle 25) phosphatases (24–27, Fig. 3) were
designed and synthesized by Valente et al.29 The Cdc25 family of
proteins are central regulators of progression through the
eukaryotic cell division cycle.30 Inhibition of Cdc25 family
represents a novel target for development of anticancer thera-
peutics.31 The inhibitory potential of hybrid compounds was
evaluated on human glutathione-S-transferase (GST)-Cdc25
recombinant enzymes by a dephosphorylation assay with 3-O-
methyl uorescein phosphate.

It was observed that coumarin–chalcone hybrids (25) bearing
benzoylvinyl moiety at C-4 position of coumarin nucleus
possessed most signicant and selective inhibition against
Cdc25A and Cdc25C, with percentage of inhibition ranging
from 55.0% to 94.3% and 23.9% to 94.2%, respectively, at
a concentration of 100 mM. The enzyme inhibition assay also
revealed that series of hybrids with cinnamoyl coumarin scaf-
fold (26) reduced or almost lost the inhibitory activity compared
Fig. 3 Coumarin–chalcone hybrid based Cdc25 phosphatases inhibitor

This journal is © The Royal Society of Chemistry 2016
with compounds 25, suggesting that the group at C-4 position of
coumarin is a crucial factor for their inhibitory activity. Among
compounds 25, two most potent inhibitors 28 and 29, endowed
with lowest IC50 as 27 and 28 mM against Cdc25A respectively,
thus can be considered as lead compounds for further devel-
opment as anticancer agents.

Inspired by the reported antiproliferative activity of some
naturally occurring chalcones,26 Patel and coworkers32 synthe-
sized a series of coumarinyl chalcone hybrids (30) bearing
different substitutions at ring B of chalcone, through a two-step
procedure outlined in Scheme 1. Their antiproliferative activi-
ties were evaluated against three different breast cancer cell
lines (MDA-MB231, MDA-MB468 and MCF7) and one non-
cancer breast epithelial cell line (184B5) by SRB-based
spectrophotometry.

Results of 50% growth inhibition (GI50) of hybrid
compounds on three cancer cell lines revealed that all hybrids
displayed antiproliferative activity at micromolar concentra-
tion. Further SAR analysis indicated that the antiproliferative
activity of compounds was highly related to the position and
number of methoxy substitutions on B-ring. Among this series,
the most potent compound 31 (Fig. 4), with GI50 values ranging
between 22.11 and 41.08 mM, displayed a comparable inhibition
activity to cisplatin (GI50 ranging between 23.65 and 31.02 mM)
and a better selectivity for breast cancer cell lines than non-
cancer cells.

Two series of novel hybrids (32 and 33, Fig. 5) containing
pharmacophores of coumarin and chalcone were designed and
synthesized by Sashidhara and coworkers,14 and were further
s.

RSC Adv., 2016, 6, 10846–10860 | 10849
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Fig. 4 Hybrid with 2,3,4-triOCH3 groups on B-ring of chalcone
moiety.

Scheme 1 Preparation for 3-cinnamoyl-4-hydroxy-2H-chromen-2-ones (30). (a) POCl3, reflux; (b) CHCl3, piperidine (catalytic), reflux.
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screened in vitro for their growth-inhibitory effect against
a panel of four human cancer cell lines, KB (oral squamous cell
carcinoma), C33A (cervical carcinoma), MCF-7 (breast adeno-
carcinoma), A549 (lung carcinoma) and one normal cell line
NIH3T3 (mouse embryo broblast) using sulforhodamine B
assays.

It was demonstrated that, generally, series of 33 were found
to be more active than 32 in cytotoxic evaluation. Moreover,
compounds of 33 exhibited desirable effect against one or more
cancer cell lines. Of them, several compounds showed inter-
esting activity with IC50 < 20 mM. Detailed SAR investigation
indicated that substitution at C-3 position of coumarin nucleus
had a vital role in their anticancer activity, indicated by the fact
that ester-containing compounds all present considerable
potency, while ketone-containing one does not. SAR study also
revealed that the para-chloro substituent on chalcone pharma-
cophore signicantly decreased the selectivity of compounds 33
for cancer vs. non-cancer cells. Compound 34 (Fig. 5), contain-
ing ethyl ester at C-3 position of coumarin and para-methyl
functionality at chalcone core, endowed the most signicant
activity against C33A cells with a lowest IC50 value of 3.59 mM,
Fig. 5 Anticancer coumarin–chalcone hybrids.

10850 | RSC Adv., 2016, 6, 10846–10860
and furthermore, 34 displayed around 30 fold more selectivity
towards C33A cells over normal broblast NIH3T3 cells.

The in vivo efficacy as well as detailed mechanism of action
of compound 34 were further elucidated on tumor model
induced by HeLa cell xenogras in nod SCID mice.33 Oral
administration of 34 (100 mg per kg body weight) for 15 days
obviously reduced the tumor volumes in xenogra mice
compared to vehicle control, which was comparable with the
activity of control drug, adriamycin (doxorubicin). Long-term
administration of 34 did not cause any weight loss of xeno-
gra mice, suggesting its non-toxic effect in vivo. It was
demonstrated that 34 trigged apoptosis and arrested cell cycle
at G2/M phase in C33A and HeLa cells. The underlying mech-
anism may be related to generation of ROS and regulation of
Bcl-2 family proteins, leading to apoptosome mediated activa-
tion of caspase cascades. These results show that 34 is a prom-
ising candidate for anticancer agents.

Natural product is another important source for discovery of
anticancer coumarin–chalcone hybrids. Until recently, a few
coumarin–chalcone hybrids have been isolated from natural
sources, especially fern plants of Pityrogramma and Cyclosorus
species. However, coumarin–chalcone hybrids from Pity-
rogramm plants were reported without any biological activity
study. Their chemical structures and original plants were
summarized in Table 1.

Quadri-Spinelli et al. reported a series of novel coumarin–
chalcone derivatives (3, 6, 7 and 18–21, Table 1) isolated from
CH2Cl2 extract of leave of fern plant Cyclosorus interruptus and
cytotoxicity evaluation by inhibition of KB (human nasopha-
ryngeal carcinoma) cell growth.18 Majority of the obtained
natural coumarin–chalcone hybrids contain a dihydro-chalcone
moiety; and interestingly, unusual cyclic ether or dioxocane
This journal is © The Royal Society of Chemistry 2016
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Fig. 6 Hybrid, containing para-NO2 substituted B-ring of chalcone,
exhibited outstanding antiplasmodial activity.

Fig. 7 Antimalarial coumarin–chalcone hybrids.
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exist between ring A and ring B of chalcone core within struc-
tures of some hybrids (18–21). Compounds 3 and 6 turned out
to be active against KB cells with IC50 values of 3.8 and 5.1 ppm,
respectively. SAR investigation indicated that absence of cyclic
ether or dioxocane was essential for cytotoxicity for 3 and 6.
However, in order to draw a comprehensive SAR conclusion,
more cancer cell lines should be introduced to anticancer
screening of these natural hybrids.

Several natural occurring coumarin–chalcone hybrids (3–5, 8
and 9, Table 1) isolated from fern Cyclosorus parasiticus and
their anti-proliferative activity against a panel of six cancer cell
lines, A549 (lung cancer), HepG2 (hepatocellular carcinoma),
MCF-7 and MDA-MB-231 (breast cancer), ALL-SIL (human
leukemia), and SW1990 (pancreatic cancer) by sulforhodamine
B (SRB) assay, were reported by Han and coworkers.19,21 Some of
these hybrids possess a dihydrocoumarin moiety in the scaf-
fold, and compound 5 represents the rst example of long chain
fatty acid ester of compound in this class.

Anti-proliferative screen test revealed that compound 8
containing a dihydrocoumarin moiety displayed most potency
against all six cell lines with IC50 ranging from 1.60 to 6.06 mM,
especially towards HepG2 cells (IC50 ¼ 1.60 mM), which was
comparable with reference drug doxorubicin (IC50 ¼ 1.19 mM).
SAR investigation between compound 8 and 9 (IC50 > 9.00 mM)
reveals that methyl substitution at C-6 position of dihy-
drocoumarin plays important role in their anti-proliferative
activity. Through morphological uorescence probe test and
ow cytometry assay, it was indicated that apoptosis may
contribute signicantly to cytotoxicity of compound 8 against
HepG2 cells. Furthermore, long-term effect of 8 was investi-
gated by clonogenicity assay on HepG2 cells. A concentration-
dependent inhibition on clonogenicity was observed in
compound 8-treated cells. These results suggested that
compound 8 can be employed as a promising lead for devel-
opment of anticancer agents.

The research conducted by Quadri-Spinelli and Han groups
suggests that ferns of Cyclosorus species are candidate plants to
discovery novel and bioactive coumarin–chalcone derivatives,
and these natural hybrids represent an interesting and potential
source for anti-cancer agents.

Antimalarial activity

Malaria, one of the most important infectious disease problems
especially in tropical countries, have caused growing mortality
of two million.34 The increasing threat of malaria parasite
resistance to currently used antimalarial drugs provokes
scientic community to discover novel and effective agents to
treat malaria.35,36 Encouraged by the antimalarial chalcone37

and coumarin compounds such as licochalcone A,38,39 quino-
linyl chalcones,40,41 daphnetin42 (7,8-dihydroxycoumarin) and
coumarin–trioxane hybrids43 in literatures, medicinal chemists
have reported several coumarin–chalcone hybrids with anti-
malarial activity which are discussed as follows.

Fieen coumarinyl chalcone analogs (30, Scheme 1) were
synthesized by Patel et al. through Knoevenagel condensation.44

Antimalarial activity of the synthetic hybrids was evaluated in
This journal is © The Royal Society of Chemistry 2016
vitro against chloroquine susceptible (3D7) and chloroquine
resistant (W2) Plasmodium falciparum, a foremost strain
responsible for malaria.

Majority of compounds affording the skeleton of 30 showed
favorable antiplasmodial activity against both chloroquine
sensitive and resistance strains at micromolar concentrations.
SAR investigation revealed that para and meta substituents on
the B ring of chalcone nucleus had notable impact on the
antiplasmodial effect. It was also observed that the activity of
para substituted compounds decreased in the order of NO2 > Cl
> CH3 > OCH3 > N(CH3)2, suggesting that present of electron
withdrawing substituents at para position is crucial for their
antimalarial activity. Amongst the para position occupied
hybrids, compound 35 (Fig. 6), possessing a –NO2 functionality,
displayed most potency (IC50 < 5 mg ml�1). Therefore, the cou-
marinyl chalcone presented themselves as attractive lead
compounds for development of efficient drugs overcoming
malaria of drug-resistance.

Wanare et al. designed three series of hybrids (36–38, Fig. 7)
bearing chalone and coumarin skeleton in one molecule.
Synthetic hybrids were further screened for their antimalarial
activity by inhibition of growth of malaria parasite Plasmodium
falciparum using the microtiter plate based SYBR-Green-I in
vitro assay.45

It was revealed that the most potent hybrid compound 39
(Fig. 7), bearing 2,3,4-trimethoxy groups, exhibited obvious
inhibition activity against both chloroquine-sensitive (3D7) P.
falciparum (IC50 ¼ 3.1 mg ml�1) and chloroquine-resistant
(RKL9) P. falciparum (IC50 ¼ 1.1 mg ml�1). SAR study indicated
that trimethoxy groups signicantly polished the antimalarial
RSC Adv., 2016, 6, 10846–10860 | 10851
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Fig. 8 Antimalarial coumarin–chalcone hybrid linked by a 1,2,3-tri-
azole ring.

Fig. 9 Hybrids exhibiting high selectivity towards T. maritimum.
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activity of hybrids. Molecule docking study further inferred that
39 possessed good affinity for active site residues of falcipain
enzyme. The hydrogen bonding interaction with Cys42 as pre-
dicted by the docked pose of 39 suggested that hydrogen
bonding acceptor on the lactone ring of coumarin core was
essential for antimalarial activity.

As discussed in last section, Pingaew et al. synthesized
a group of coumarin–chalcone hybrids with anticancer effects.
Moreover, they also evaluated the potency of these compounds
as antimalarial agents.15 Coumarin–chalcone hybrid 40 (Fig. 8),
liked by 1,2,3-triazole and substituted by trimethoxy function-
ality on chalcone B-ring, turned out to be the most promising
antimalarial molecule affording IC50 value of 1.60 mM. Molec-
ular docking suggested that antimalarial activity of 40 might be
owing to its inhibition of falcipain-2. The coumarin moiety
occupied the binding site of falcipain-2 via hydrophobic inter-
action with Cys42 and Trp206 residues, which was in accord
with results of Wanare's research.45 This study provides novel
molecules with coumarin–triazole–chalcone hybrid scaffold as
potential lead for further development as antimalarial agents.

Antimicrobial activity

Infectious diseases caused by bacteria and fungi of multi-drug
resistance are becoming a serious issue threatens public
health worldwide.46 It prompts medicinal chemists to study
more effective drugs with high potent antimicrobial activity to
overcome the merging of resistant strains.47,48 Both
coumarin49–51 and chalcone52,53 are known to possess favorable
antimicrobial potency, which encourages medicinal chemists to
develop hybrid molecules based on these two classes of natural
products.

Vazquez-Rodriguez et al. designed and synthesized a series
of coumarin–chalcone hybrids (41) by the synthetic route out-
lined in Scheme 2.16 Antibacterial activity of synthetic hybrids
Scheme 2 Synthesis of antibacterial coumarin–chalcone hybrids. (a) EtO

10852 | RSC Adv., 2016, 6, 10846–10860
was evaluated against several types of human bacteria strains
(Escherichia coli, Staphylococcus aureus and Pseudomonas aeru-
ginosa) and against strains of the marine pathogen including
Tenacibaculum maritimum, Tenacibaculum discolor, Tenacibac-
ulum gallaicum, Tenacibaculum soleae and Tenacibaculum ovo-
lyticum which were responsible for tenacibaculosis in sh.

In disk diffusion test, compounds 41 displayed no signi-
cant inhibition zones neither for the human pathogenic
bacteria species nor the sh pathogens T. discolor, T. gallaicum,
T. soleae, and T. ovolyticum. However, several compounds (42–
45, Fig. 9) bearing either methoxy or ethoxy group at C-8 posi-
tion of the coumarin moiety exhibited high selectivity towards
T. maritimum, with inhibition zones (IZ) ranging from 16.1 to
41.4 mm, which was comparable with that of the reference
drugs enrooxacin (25.2–35.9 mm) and ampicillin (30.3–40.4
mm). The MIC (minimum inhibitory concentration) and MBC
(minimum bactericidal concentration) values of these four
compounds on eight of the T. maritimum strains were further
calculated. It was observed that compounds 42 and 45 (MIC/
MBC in the range of 0.5–1.9 mM) possessed comparable
activity as enrooxacin (0.1–1.0 mM) towards DBa4a and 3.35
strains. The assay against T. maritimum strains LL01 8.3.8 and
LL01 8.3.1 revealed that compounds 42, 43 and 45 displayed
MIC values up to 20 times lower than that of enrooxacin,
ranging from 0.1 to 0.5 mM. Moreover, in the cytotoxicity test,
these compounds turned out to be non-toxic against EPC
(epithelioma papillosum of carp) sh cell line, suggesting these
coumarin–chalcone hybrids were promising and safe candi-
dates for aquaculture treatment.

Vazquez-Rodriguez and coworkers further reported a set of
coumarin–chalcone hybrids (46, Fig. 10) with varied substituted
B-ring of chalcone and their trypanocidal effect was tested
H, piperidine, reflux, 2–5 h; (b) SnCl2$2H2O, EtOH, reflux, 3–7 h.

This journal is © The Royal Society of Chemistry 2016
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Fig. 10 Coumarin–chalcone hybrids with varied substituted B-ring of
chalcone nucleus. Fig. 12 Coumarin–chalcone analogs explored for anti-HIV properties.
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against the epimastigote, trypomastigote and amastigote stages
of Trypanosoma cruzi parasite.54

Epimastigote and trypomastigote viability study revealed
that hybrids 46 were more active against trypomastigote stage
than epimastigote stage. The most potent hybrid (47, IC50 of 2.6
mM against trypomastigote stage) possessing 2,5-dimethoxy
groups on B-ring of chalcone also exhibited favorable activity
against amastigote stage with a IC50 of 2.9 mM. A brief SAR
investigation indicated that dimethoxy groups at C-2 and C-5 of
B-ring, and no substitution at C-4 was a key feature for the
trypanocidal activity of this hybrid scaffold. Although cytotox-
icity assays with murin RAW 264.7 macrophages and VERO cells
suggested that hybrid 47 was sensible to these two mammalian
cell lines, this hybrid has considerable value for further opti-
mization and modication as trypanocidal agents due to the
promising trypanocidal activity.

Deshpande and coworkers reported a series of coumarin–
chalcone hybrids (48, Fig. 11) containing an azo-linkage and
their anti-bacterial activity was screened against ve human
pathogens including three Gram positive bacteria of Bacillus
subtilis, Proteus vulgaris, and Staphylococcus aureus, and two
Gram negative bacteria of Escherichia coli and Klebsiella pneu-
monia.55 In the agar diffusion test, compound 48 possessing
a para-Cl substitution on the benzoyl ring was proven to be the
most potent agent against all three Gram positive bacteria (IZ >
17 mm). Therefore this hybrid compound could be employed as
a promising agent for anti-Gram positive bacteria.

Trivedi and coworkers56 synthesized a set of 18 coumarin–
chalcone derivatives (49, Fig. 12) by a rapid route of improved
condition of Knoevenagel reaction, using chloroform as solvent
Fig. 11 Coumarin–chalcone hybrids containing an azo-linkage.

This journal is © The Royal Society of Chemistry 2016
with a mild organic base, for example, piperidine, to reduce the
reaction time and facilitate the isolation of products. The
synthetic hybrids were tested for their anti-HIV activity, unfor-
tunately, no compound show any desirable effect.

Several coumarin–chalcone hybrids (50, Fig. 13) containing
substituted B-ring with different electron donating or withdraw
groups were reported by Hamdi et al.57 through the similar
synthetic method reported by Trivedi.56 Obtained hybrid deriv-
atives were screened by paper disc diffusion method for their
activity against Gram-positive bacterial, Staphylococcus aureus
(NCTC-7447). All tested compounds showed moderate anti-
bacterial activity with diameters of IZ ranging from 8 mm to
16mmwhile that of positive control gentamycin was 15–20mm.

Špirtović-Halilović and coworkers evaluated antibacterial
activities of four coumarin–chalcone analogs (51–54, Fig. 14)
against two Gram-positive aerobic bacteria Bacillus subtilis
(ATCC 6633) and Bacillus cereus (ATCC 11778). In silico proper-
ties of the hybrid molecules were also proposed by quantum-
chemical and physicochemical calculations.58
Fig. 13 Coumarin–chalcone hybrids with varied substituted B-ring of
chalcone nucleus.

Fig. 14 Halogen-substituted coumarin–chalcone hybrids.
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The diffusion method showed all hybrids had the ability to
inhibit growth of two bacteria, with IZ ranging from 16.00 to
23.75 mm, of which compound 54 showed highest potency (IZ
for B. subtilis and B. cereus as 22.5 mm and 23.75 mm respec-
tively). In order to predict in silico properties such as relative
stability and reactivity, the density functional theory (DFT) was
employed to calculate chemical reactivity descriptors of hybrids
51–54. Amongst these hybrids, 51 is the most reactive and least
potent against both bacteria whereas 54 is the most stable and
least reactive, suggesting that antibacterial activity of these
coumarin–chalcone analogs correlated with the calculated
chemical reactivity descriptors, viz. the most chemically stable
compound possessed the best antibacterial activity. This
nding will be helpful for future development of effective
antibacterial coumarin–chalcone agents.

A series of coumarin–chalcone hybrids (55, Fig. 15) con-
taining different substituted B ring of chalcone scaffold were
synthesized by Naruka et al. through microwave-assisted
synthesis. The antimicrobial activity against Gram positive (S.
aureus and P. aeruginosa), and Gram negative (E. coli and K.
pneumoniae) bacteria as well as pathogenic fungi (C. albicans
and A. niger) was screened.59

Majority of synthetic compounds showed good antimicrobial
activity against one or more strains, several hybrids (e.g. 56–58,
Fig. 15) possessed even better antibacterial activity than sulfa-
methoxazole, the reference drug. Using simple linear regression
Fig. 15 Antimicrobial coumarin–chalcone hybrids.

10854 | RSC Adv., 2016, 6, 10846–10860
analysis, a QSAR (quantitative structure–activity relationship)
model in which parameter of WPSA (weakly polar component of
the total solvent accessible area) signicantly correlated to the
antibacterial activity of coumarin–chalcone hybrids against E.
coli was proposed. This QSAR model can be employed for the
rational design of antibacterial agents based on coumarin–
chalcone hybrids.

Quadri-Spinelli et al. also evaluated the anti-bacterial activity
of aforementioned natural coumarin–chalcone hybrids from C.
interruptus.18 Their research showed that hybrid 6 had signi-
cant anti-bacterial activity against Bacillus cereus, Staphylococcus
epidermidis, andM. luteus, with values of MIC as 2, 1 and 2 ppm,
respectively. The activity of 6 against three strains was compa-
rable or even better than the reference compound chloram-
phenicol. Hence, compound 6 can be used as a favorable lead
for antibacterial agent research.

Antioxidant activity

Oxidative stress, leaded by overproduction of free radicals and
reactive oxygen species (ROS) and the consequent disturbance
in the prooxidant–antioxidant balance,60 is believed to have
considerable impact on the pathogenesis of many diseases,
such as diabetes,61 neurodegeneration,62 cancer,63 cardiovas-
cular diseases64 and so on. Therefore, discovery of strong anti-
oxidants to reverse oxidative stress status is an interesting
direction and has signicant benets. Hybrid molecules have
been proven to be promising antioxidants against oxidative
stress induced disorders.65

Inspired by the antioxidant potency of natural coumarin and
chalcone,66 seven coumarin–chalcone hybrids (59–65, Fig. 16)
were synthesized by Xi et al. and the inhibitory effects on Cu2+/
GSH-, cOH-, and AAPH-induced oxidation of DNA and activity
on trapping ABTS+c [2,20-azinobis(3-ethylbenzothiazoline-6-
sulfonate) cationic radical] and DPPH (2,20-diphenyl-1-
picrylhydrazyl radical) were further screened.67

All tested coumarin–chalcone derivatives attenuated GSc-
induced destroy of DNA, of which compound 65 possessed most
signicant antioxidant activity on Cu2+/GSH-induced oxidation
of DNA, indicating that meta-, para-dihydroxyl groups on ring B
of chalcone are critical to inhibit reaction between Cu2+ and
GSH to form GSc. Hybrids 59, 61, and 63 showed good activity
on cOH-induced oxidation of DNA, especially compound 59,
which contains few functional groups and provides more posi-
tions for the addition of activity in inhibiting cOH, thus 59
exhibits relative high cOH-induced oxidation of DNA.
Compound 64 showed good activity against AAPH-induced
Fig. 16 Coumarinyl chalcones with substituted B-ring.

This journal is © The Royal Society of Chemistry 2016
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Fig. 17 Antioxidant coumarin analogs containing a pyrazole ring.

Fig. 19 Biscoumarin–chalcone hybrids.
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oxidation, suggesting that double hydroxyl groups at meta-
position of ring B responsible for the inhibition. The most
efficient scavenger against radicals, hybrid 65, trapped ABTS+c
and DPPH with outstanding rate constants (k) being 148.0 and
10.70 mM�1 s�1, respectively. What's more, the hydroxyl group
at benzene ring of 65 and an intermolecular synergistic inter-
action were proven to be responsible for the scavenging activity.
Based on these nding, 65 can be served as an outstanding
antioxidant that may be subjected to detailed pharmacological
test against disorders closely related to oxidative stress.

A series of coumarin–chalcone derivatives (66, Fig. 17) were
synthesized through a microwave assisted approach. In vitro
antioxidant properties of these hybrids were studied by DPPH
(1,1-diphenyl-2-picryl hydrazyl) method.68 Compound 67 was
found to be a potential candidate for scavenging radical oxygen.

Pérez-Cruz and coworkers reported a series of coumarin–
chalcone hybrids (68, Fig. 18) and their cytoprotection capacity
against ROS and RNS (reactive nitrogen species) on BAEC
(bovine aortic endothelial cells) by ORAC (oxygen-radical
absorbance capacity) and ESR (electron spin resonance)
assays.69 Moreover, the drug-like properties of studied hybrids
were theoretical evaluated by calculation of log P, TPSA (topo-
logical polar surface area) and the number of hydrogen-bond
acceptors as well as hydrogen-bond donors.

All hybrids turned out to possess much higher ORAC values
than that of the well-known antioxidants quercetin and cate-
chin. Compound 69 (Fig. 18) had most signicant ORAC value
Fig. 18 Coumarin–chalcone hybrids possessing a benzoyl substituent
at C-3.

This journal is © The Royal Society of Chemistry 2016
of 14.1. Relationship between the ORAC values and substituents
present in these hybrids indicated that the position and
number of hydroxyl groups on coumarin and benzoyl rings have
key impact on their antioxidant activity. Cytotoxicity assay
reveled that compound 69 showed 93% cell viability at
a concentration of 50 mM, which can be considered as low
cytotoxicity. In cytoprotection assay, all studied compounds
exhibited observable protection against 1 mM H2O2- and 0.5
mM 3-morpholino-sydnonimine (SIN-1)-induced cytotoxicity in
BAEC. Results of ADME properties calculation showed that all
hybrid compounds do not break any point of the Lipinski's rule
of ve, suggesting that they can be promising leads for drug
development.

Three series of novel biscoumarin–chalcone hybrids (70–72,
Fig. 19) were synthesized by Sashidhara et al.70 The scavenging
potential of synthetic hybrids against formation of O2c and cOH
in non-enzymic systems as well as lipid peroxidation inhibition
activity in microsomes were investigated. Amongst these
compounds, hybrids 70d, 71b and 72c (200 mg ml�1) showed
signicant activity in superoxide anions inhibition by 29%,
24%, and 30%, hydroxyl radicals inhibition by 29%, 26% and
21% andmicrosomal lipid peroxidation inhibition by 23%, 27%
and 24%, respectively. The remaining compounds displayed
modest antioxidant activity.

In light of potential antioxidant property of the chalcone and
coumarin moieties, Vazquez-Rodriguez and coworkers synthe-
sized a series of hybrid compounds (73–77, Fig. 20) and evalu-
ated their antioxidant activity.71
RSC Adv., 2016, 6, 10846–10860 | 10855
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Fig. 20 Hybrids bearing varied substituted coumarin nucleus.

Fig. 22 Coumarin–chalcone hybrids with promising antioxidant
activity.
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Several compounds showed desirable effects in the assay for
their ORAC-FL and ORAC-PGR values as well as scavenging
hydroxyl radical activity. In ORAC-FL assay, compound 77, in
which one hydroxyl group is present at position C-8 and
a bromide atom at position C-6 of coumarin moiety, displayed
highest ORAC-FL value. In ESR assay, all compound displayed
as high as 80% of radical scavenging activity, of which
compound 77 exerted a highest scavenging rate of 90.9% at the
concentration of 3 mM, which was correlated with the result of
ORAC-FL assay. Furthermore, these coumarin–chalcone
hybrids do not break the Lipinski's rule of ve, making them
promising candidates for drug development.

Inspired by the work of Vazquez-Rodriguez et al.,71 Mazzone
and coworkers studied theoretical antioxidant properties of
coumarin–chalcone hybrids based on the compounds synthe-
sized in Vazquez-Rodriguez's experiment, through density
functional theory (DFT) and time-dependent formulation of
DFT (TDDFT).72 Three antioxidant mechanisms, hydrogen atom
transfer (HAT), electron transfer followed by proton transfer
(SET-PT), and sequential proton loss electron transfer (SPLET)
were investigated on the coumarin–chalcone hybrids. HAT
mechanism turned out to be the most important one for the
antioxidant protection exerted by this type of compounds.
Furthermore, it was indicated that poly-substitution on
coumarin moiety played a key role in their antioxidant activity.
The virtually designed compound, 5,6,8-trihydroxy-7-methyl-3-
(30,40-dihydroxybenzoyl) coumarin (78, Fig. 21), represents the
most promising antioxidant candidate based on the theoretical
insights.

Besides antibacterial activity, DPPH radical scavenging
capability of coumarin–chalcone hybrids (50, Fig. 13) synthe-
sized by Hamdi et al.57 was further evaluated. Of these hybrids
with varied substituted B-ring of chalcone nucleus, compounds
79 and 80 (Fig. 22) showed the most potent antioxidant effect
with EC50 values of 2.15 and 2.07 mM, respectively.
Fig. 21 Virtually designed potential antioxidant hybrid.

10856 | RSC Adv., 2016, 6, 10846–10860
Other activities

Six coumarin–chalcone hybrid based hA3 adenosine receptor
(AR) antagonists (81–84, Fig. 23) were reported by Vazquez-
Rodriguez and coworkers.73 ARs are distributed in different
tissues of mammalian systems and regulate diverse physiolog-
ical functions, being attractive targets for development of
medicinal agents.74 The coumarin–chalcone derivatives were
evaluated for their activity towards the subtypes of human AR
(hA1, hA2A, and hA3) expressed in CHO (Chinese hamster ovary)
cells by binding affinity assays.

It was demonstrated that compounds 81a and 82 bound with
affinity to hA3AR in the low micromolar range [Ki values
(dissociation constants) of 5160 and 5020 nM, respectively],
which were comparable with the affinity of the classical natu-
rally occurring antagonist theophylline. Detailed SAR indicated
that presence of thiophenyl B-ring of chalcone scaffold was
essential for their outstanding binding affinity. Absorption,
distribution, metabolism and excretion (ADME) properties of
these hybrids were further studied by theoretical evaluation. All
six hybrids showed good log P values that were compatible with
those required to cross membranes and they did not break any
point of the Lipinski's rule of ve, making them ideal leads for
drug development as selective ligands of hA3ARs.

Provoked by the nding that lipophilicity of compounds
oen attributes better antitubercular activity, Ahmad et al.
designed and synthesized several lipophilic hybrids based on
prototype of coumarin–chalcone nucleus (85, Fig. 24). Their
potency as antitubercular agents was investigated against
Mycobacterium tuberculosis H37Rv strain.75
Fig. 23 Coumarin–chalcone hybrid based hA3AR antagonists.

This journal is © The Royal Society of Chemistry 2016
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Fig. 24 Coumarin–chalcone hybrids affording antitubercular activity.

Fig. 25 Coumarin–chalcone hybrid based fibrate like lipid lowering
agents.
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Compounds 86 and 87 (Fig. 24) exhibited promising antitu-
bercular effect with minimum inhibitory concentrations (MIC)
of 3.5 and 7.5 mg ml�1 respectively, comparable to that of
antimalarial drugs rifampicin and streptomycin (MIC ¼ 2.0 mg
ml�1, respectively). Detailed investigation over these synthetic
hybrids revealed that incorporation of the coumarin–chalcone
hybrid with a nitrogen moiety signicantly increased the anti-
tubercular activity. Moreover, in vitro cytotoxicity assay on
human epithelial kidney cell line (HEK-293) revealed that 86
was approximately 2.85 times selective towards tubercular
versus healthy mammalian cells, indicating that it may be
a promising molecule for development of novel antitubercular
agents.

In order to assist rational design of more potent antitu-
bercular agents, Yadav and coworker76 further conducted
QSAR and docking studies on the antitubercular coumarin–
chalcone hybrids (85, Fig. 24) synthesized by Ahmad et al.75 A
QSAR model for screening active hybrids were developed
based on multiple linear regression (MLR) statistical method
by using leave-one-out (LOO) validation approach. The estab-
lished QSAR model indicates a relationship between in vitro
experimental activities and correlated ve chemical proper-
ties, viz. heat of formation (kcal mol�1), lowest unoccupied
molecular orbital energy (eV), and numbers of amine,
hydroxyl, and methyl groups. Molecule docking study sug-
gested that ENR (enoyl reductase) of M. tuberculosis (EnvM)
was the potential target of active hybrids. In silico screening of
This journal is © The Royal Society of Chemistry 2016
ADME revealed that active coumarin–chalcone hybrids were
highly correlated to the standard drug likeness parameters.

Attracted by the thought that hybrids affording dual or
multiple modes of action may be able to effectively treat
multifactorial diseases like metabolic syndrome, Sashidhara
et al. designed a series of hybrids (88, Fig. 25) based on
coumarin and chalcone scaffolds as lipid lowering agents.77

Sixteen coumarin–chalcone hybrids containing a brate unit
were synthesized and their pharmacological activity was evalu-
ated in triton WR-1339 induced hyperlipidemic rats.

Results of lipid lowering activity screening indicated that
hybrid 89 (Fig. 25) possessed most potent capability to decrease
total cholesterol (TC), phospholipids (PL) and triglycerides (TG)
of hyperlipidemic rats by 26%, 24%, and 25% respectively, at
the dosage of 100 mg per kg body weight in triton WR-1339
induced model. Administration of 89 also reversed levels of
VLDL (very low density lipoprotein), LDL (low density lipopro-
tein) and HDL (high density lipoprotein) as well as increased the
LPL (lipoprotein lipase) activity in hyperlipidemic rats. The lipid
lowering activity of 89 was comparable with the reference drug
gembrozil which reduced levels of TC, PL and TG in plasma by
31%, 33% and 33%, respectively, at the same dose of 100 mg
kg�1. SAR study of these hybrids revealed that, generally, acid
derivative at C-3 position of coumarin core turned out to be
more potent than their ester counterpart.

Fluorescent probes for detection and quantication of thiols
and biothiols have been intensively developed due to their
RSC Adv., 2016, 6, 10846–10860 | 10857
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Fig. 26 Fluorescent probes containing coumarin–chalcone hybrid
scaffold.

Fig. 27 Anti-inflammatory biscoumarin–chalcone hybrid.

Table 2 Most promising agents of coumarin–chalcone hybrid

Hybrid molecules
Pharmacological
properties

Anticancer

Antimalaria

Anti-tenacibaculosis

Antioxidant
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widely application in bioimaging analysis. Garćıa-Beltrán et al.78

reported two uorescent probes (90, Fig. 26) affording
coumarin–chalcone hybrid scaffold with a highly selective
uorescence enhancement with biothiols, such as cysteine
(Cys), glutathione (GSH), homocysteine (Hcy) and cys-
teinylglycine (Cys-Gly) in SH-SY5Y cells. Similar reactivity
toward biothiols was found for 90a and 90b, with the reactivity
increases in the sequence Cys-Gly < Hcy < GSH < Cys. Test of in
vivo imaging of biothiols revealed that both probes were present
in the cytoplasm and exhibited a build-up detection by their
uorescence close to cell membrane. Hence, hybrids 90 are
promising uorescent probes for biothiol determination in
living cells.

The biscoumarin–chalcone hybrids (70–72, Fig. 19) synthe-
sized by Sashidhara and coworkers70 mentioned above were
further screened for their anti-inammatory activity of inhibit-
ing the carrageenan-induced paw oedema in albino rats. Their
study revealed that compound 91 (Fig. 27) possessed interesting
anti-inammatory property. Administration of 91 (100 mg per
kg body weight) reduced 33% volume of the paw, while the
reference drug, ibuprofen exhibited 59.5% protection at an
equivalent dose. Moreover, potential of 91 against TNF-a by
whole blood assay showed a 21% inhibition at dose of 400 mg
ml�1. Thus, 91 presents an interesting molecule for develop-
ment of anti-inammatory agents.
Lipid lowering

Conclusion

Hybrid molecules are interesting templates for medicinal
chemists to develop novel and effective drugs. Natural products
10858 | RSC Adv., 2016, 6, 10846–10860
bearing high bioactive potency are outstanding components to
generate a hybrid molecule scaffold as therapeutic agents.
Therefore, coumarin–chalcone hybrid that derived from two
pronounced natural products with diverse bioactivities is an
impressive lead that attracts many medicinal chemists' atten-
tion. Present mini review updates the knowledge of natural and
synthetic coumarin–chalcone hybrids mainly as anti-cancer,
anti-microbial, anti-malaria and antioxidant agents, many
other effects like anti-inammatory, antitubercular, uorescent
probe and lipid lowering activity are also covered. Some of most
promising agents of coumarin–chalcone hybrid and their
pharmacological properties are listed in Table 2. Moreover, the
structure–activity relationships (SAR) included in this mini
review may assist a researcher to choose appropriate nucleuses
and functionalities to design rational coumarin–chalcone
hybrids as agents against varied diseases.

It is indicated that most developments of coumarin–chal-
cone hybrid have been achieved in anticancer, antibacterial
and antioxidant elds (Fig. 28). Beside these properties,
This journal is © The Royal Society of Chemistry 2016
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Fig. 28 Diverse pharmacological effects showed by coumarin–chal-
cone hybrids.
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multifactorial diseases such as neurodegeneration and meta-
bolic syndrome also may be promising elds that coumarin–
chalcone hybrids could be introduced into, owing to the inter-
esting feature of dual or multiple modes of action possessed by
hybrid molecules. Rational modication or design based on the
natural hybrid scaffolds listed in Table 1 is another favorable
research direction in the eld of coumarin–chalcone hybrids.
Gather together, coumarin–chalcone hybrids possess reason-
able value for development as therapeutic agents, which have
been proven by the studies documented in this survey, and this
mini review is expected to assist medicinal chemists for effec-
tive and successful development of coumarin–chalcone hybrids
as therapeutic agents.
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