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Abstract  

Because of its relatively easy synthesis, chalcone skeleton has been as a point of interest for 

organic and medicinal chemists from research groups worldwide. Chalcone scaffold constitutes 

the core of some interesting biologically active natural products. Chalcone derivatives are 

among feasible potent active agents, such as anticancer, antibacterial, antifungal, 

antileishmanial, antimalarial, and antiviral. Due to the knowledge of heterocyclic chemistry, 

recently chalcones bearing heterocyclic moieties have been synthesized and biologically 

investigated for specific target of diseases.  

 

Keywords: natural products, chalcone derivatives, chalcone synthesis, biological activities, 

antimalarial agents, antibacterial agents. 

 

Introduction 

Chalcones are the aromatic ketones belonging to 1, 3-diaryl-2-propen-1-ones. Chalcones 

belong to  flavinoids.  Chemically, they consist of open chain flavinoids in which two aromatic 

rings are joined by a three carbon unsaturated carbonyl system [I]. chalcones and their 

derivatives has significant biological activity [II]. Among these wide variety of heterocyclic 

that have been explored for developing pharmaceutical important molecules pyrrole, 

pyrimidine[III], pyridine[IV], indole[V], flavones[VI] and pyrimidinethiones  [VII] have 

important role in medicinal chemistry. The presence of reactive unsaturated ketone in chalcone 

is responsible for antibacterial [VIII-X] and antifungal activities.  

 
1. Synthesis of Chalcone Derivatives and Their Biological Activities 

Most of the chalcone moieties have evoked a great deal of interest due to their biological 

properties and characteristic conjugated molecular architecture. Chalcones have been 

considered derivatives of the 1, 3-diaryl-2-propene-1-one parent compound composed of two 

phenolic rings, referred to as the A and B rings. Many of them possess important 

pharmacological properties, such as analgesic [XI], arthritis [XII], anti-inflammatory [XIII], 

anti-pyretic [XIV], anti-bacterial [XV], anti-viral [XVI, XVII]  and anti-cancer [XVIII, XIX] 

effects. They were also potentially useful for many industrial products and phytochemical 
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applications, including food sciences. Nowadays, a number of comparative pharmacological 

investigations of the chalcones have showed good antioxidant activity with low side effects 

[XX– XXIII] (Figure 1). Especially, curcumin and its related enones, such as yakuchinones A 

and B, inhibited the activation of the prosurvival transcription factor nuclear factor-k_ (NF-k_) 

and up-regulation of cyclooxygenase-2 (COX-2). The chemical synthesis, quantitative 

structural  modification, and a wide variety of biological activities of chalcones were reported 

in many studies [XXIV–XXVI]. 
 

 
Naturally occurring chalcones derived from general foods are phloretin and its glucoside 

phloridzin chalconaringenin, and arbutin. Most of the studies to date, regarding the synthetic 

approaches of chalcone derivatives [XXVII–XXXI], were reported by the organic and 

medicinal chemists through the formation of the 1, 4-enones using acid- or base-catalysed 

condensation reactions of aldehyde and aryl methyl ketones in alcoholic solvents with variable 

yields. 

An interesting biological report of chalcone derivatives described the potential antioxidant 

activities of conjugated phenolic enones by the Vander Jagt group [XXXII]. The OH group 

described the neuroprotective effects of benzylideneacetophenone derivatives on excitotoxicity 

and inflammation  via the phosphorylated janus tyrosine kinase 2/phosphorylated signal 

transducer and activator of transcription 3 and mitogen-activated protein K pathways, and 

compound (6 )was more potent than compound (3) in the aspect of proteasome inhibition, 

which induced apoptosis significantly in the  prostate cancer cells [XXXIII, XXXIV]. The Ryu 

group demonstrated that the optimal length of linker between aryl groups played an important 

role for the biological activity, and the Di Pietro group showed that potent bis-chalcone 

inhibitors were identified, the efficiency depending on both position of the central ketone 

groups and the number and positions of lateral methoxy substituents in breast cancer resistance 

protein inhibition [XXXV, XXXVI]. 
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Scheme 1: Reagents and conditions: (a) 1,3-diacetylbenzene, c-H2SO4, EtOH, reflux 3 h; (b) 

1,4-diacetylbenzene, c-H2SO4, EtOH, reflux 3 h; and (c) 1,3,5-triacetylbenzene, c-H2SO4, 

EtOH, reflux 3 h. 

 

Chalcone derivatives as potential non-purine xanthine oxidase inhibitors 

Chalcones are within a class of chemical compounds that widely exist in a variety of medicinal 

plants. Claisen– Schmidt condensation, a base catalyzed condensation, was found to be most 

convenient to synthesize chalcones.  Their flexible structure allows them to possess a large 

number of biological activities including antitumor, antifungal,  antiprotozoal, antimitotic, and 

antiviral [XXXVII]. Some chalcone derivatives exhibited potent XO inhibitory activity 

[XXXVIII]. Our preliminary screening to search for XO inhibitory activity of Vietnamese 

medicinal plants revealed that the methanolic extract of Caesalpinia sappan’s heartwood 

exhibited significant XO inhibitory activity with an IC50  value of 14.2 μg/mL [XXXIX]. The 

bioactivity- guided fractionation of MeOH extract of C. sappan’s heartwood was carried out. 

Sappanchalcone (11) was isolated from EtOAc-soluble fraction (IC50, 12.8 μg/mL); this 

compound displayed the most potent activity with an IC50 value of 3.9 μM, comparable to that 

of allopurinol (IC50, 2.5 μM) [XXXIX]. To study the possibility of using (11) as gout treatment 

required a large amount of this compound but the amount of (11) in C. sappan is very low.  The 

synthesis of (11) was carried out by Heck coupling reaction followed by demethylation [XL].  

Therefore, objectives of this research are design and synthesis of (11) and other chalcone 

derivatives by Claisen– Schmidt condensation and then evaluate their XO inhibitory activity. 

 



 

 

N.A.A.Elkanzi et al. / Heterocyclic Letters Vol. 12| No.4|855-869|Aug-Oct|2022 

 

858 
 

 
 

Scheme 2:  Synthesis of chalcones in group I and group II. Reagents and conditions: a 

KOHaq, MeOH, ultrasound-assisted; b KOHaq, ultrasound assisted 

 

 
 

COOH, 3). Reagent and conditions: a CH11Synthesis of sappanchalcone ( : 3Scheme 

polyphosphoric acid, 60 °C, 30 min; b) 2',4'- dihydroxy acetophenone, KOH 12 M, 

ultrasound-assisted, 80 °C, 8 

min.                                                                                                                           
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Scheme 4: Synthesis of chalcone derivatives (14–23). 

 

Chalcone Derivatives as Antimalarial Agents 

Chalcones are natural products that can be obtained synthetically using a relatively simple 

synthesis procedure. The general method applied to synthesize chalcones is the Claisen-

Schmidt reaction, while a modern alternative to synthesize chalcones uses the palladium-

catalyst cross coupling reactions of styryltrifluoroborates with benzoyl chlorides [XLI]. 

Chalcone derivatives are well known for their broad spectrum of pharmacological activities, 

inclusing radical scavenger [XLII], antihepatotoxic [XLIII], anticancer [XLIV], and 

antimalarial properties [XLV]. Alkoxylated chalcone derivatives exhibited higherantimalarial 

activity compared to hydroxylated chalcones [XLVI]. 

The synthesis and bioactivity of the prepared compounds were already reported. The 

interaction of compounds (24‒26) with bovine serum albumin (BSA)—a protein mainly 

responsible for the transportation  of a number compounds in a living system—has been studied, 

and it was found that compound (24) was the most reactive [XLVII]. Furthermore, compound 

(26) was used as intermediate in the synthesis of phthalimide  derivatives as analgesic and anti-

inflammatory agents [XLVIII]. Continuous-flow hydration-condensation reactions between 

phenylacetylene and benzaldehyde derivatives using Amberlyst (38) as heterogeneous  catalyst 

was applied for the synthesis of compounds (31), (33), and (35) in excellent yield [XLIX]. 

Compound (33) exhibited good anticancer activity toward the A549, PC3, MCF-77, HT-29, 

and WRL68 cancer cell lines [l], while compound (35) showed potential anticancer, anti-

inflammatory, and antioxidant activity [LI]. Based on the background, herein we report the 

synthesis of methoxychalcone derivatives designed to inhibit the PfFd-PfFNR interaction and 

analyze the interaction through docking experiments.  

the chalcones were prepared by the reaction of equimolar amounts of acetophenone and 

benzaldehyde derivatives in ethanol using a 40% NaOH solution as catalyst. By applying these 

reaction conditions, good to excellent yields were obtained (Table 1) [LII]. 

Preparation of chalcones derivatives. 
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Scheme 5 

 

Compound R R1 R2 R3 R4 R5 

24 NH2 OCH3 H H H H 

25 NH2 H OCH3 H H H 

26 NH2 H H OCH3 H H 

27 NH2 OCH3 OCH3 H H H 

28 NH2 OCH3 H OCH3 H H 

29 NH2 OCH3 H H OCH3 H 

30 NH2 H H H H H 

31 H OCH3 H H H H 

32 H H H OCH3 H H 

33 H H H OCH3 H H 

34 H OCH3 OCH3 H H H 

35 H OCH3 H OCH3 H H 

36 H OCH3 H H OCH3 H 

37 Br H H OCH3 H H 

38 Br OCH3 H OCH3 H H 

39 Br OCH3 H H OCH3 H 

40 H H H H H H 
 

Chalcone Derivatives as Antibacterial Agents 
Due to the rapid development of resistance towards antibiotics,  there is a constant need for the 

development of new antibacterial agents. There are many molecules containing ring such as 

imidazole, triazole, pyrazole, benzimidazole, benzotriazole,  oxypurine, pyrimidinyl, naphtyl, 1, 3-

dioxolane, thiosemicarbazone,  pyridine, furan, thiophene which have shown antibacterial activity [LIII-

LVI]. Use of various pharmacophore that are not common to microorganisms or against which 

resistance has not been observed should be focused to develop novel antibacterial agents. 

Chalcones are the aromatic ketones which belong to 1, 3-diaryl-2-  propen-1-ones, which forms the 

central core for the synthesis of  variety of important biologically active compounds. The compounds  

with the backbone of chalcone have been reported to exhibit a wide 

variety of pharmacological activity including antimalarial [LVII],  antibacterial [LVIII], antituberculosis 

[LIX], anticancer [LX], anti-inflammatory [LXI],  antifungal [LXII], antioxidant [LXIII], 

antileishmanial [LXIV]. 

During the last few years the potential of s-triazine derivatives in  agrochemical and medicinal properties 

have been subjected to  investigation. It is found that substituted s-triazine derivatives are  an important 

class of compounds having antibacterial, anticancer,  antitumor, antiviral, antifungal and antimalarial 

activities [LXV, LXVI]. Many  acetamido derivatives have been synthesized and have showed  

antibacterial activity and other activities too [LXVII].  Chalcones are a class of compounds that provides 

an option of  developing inexpensive, easily synthetic and therapeutic antibacterial agents. The s-triazine 

[LXVIII-LXXIV] and acetamido [LXXV - LXXVIII]. 
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Scheme 6 
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Scheme 7 

 
Chalcones (51a-g) was prepared by reaction of aryl aldehydes and 2-acetyl naphthalene, the synthesized 

compounds exhibit antibacterial and antifungal [LXXIX]. 

 
Scheme 8 
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Biological evaluation of chalcone analogues with dual antioxidant mechanisms as 

potential anti-ischemic stroke agents. 
Stroke, becoming one of the leading causes of morbidity and mortality across the world, brings 

increasingly great pressure to human lives. The large majority (85%) of strokes is ischemic stroke, that 

is, stroke resulting from an occlusion of a major cerebral artery, and commonly it occurs in the middle 

cerebral artery [LXXX, LXXXI]. Although remarkable advances have been made in understanding the 

pathophysiology of cerebral ischemia, effective therapies are still a troubling aspect of human. To date, 

intravenous thrombolysis has been regarded as an effective strategy for the treatment of acute ischemic 

stroke [LXXXII]. However, rapid reperfusion accompanied by a large number of reactive oxygen 

species (ROS) by thrombolytic therapies, could exacerbate brain injury, namely cerebral ischemia-

reperfusion injury(CIRI).Among a series of mechanisms related to the  pathogenesis of CIRI, oxidative 

stress has been considered as the main reason [LXXXIII, LXXXIV]. Oxidative stress, arising from the 

uncontrolled production of ROS beyond the neutralizing capacity of the various endogenous defense 

systems, including enzymatic and non-enzymatic matters, leads to cerebral cell apoptosis and neuronal 

damage [LXXXV – LXXXVII]. Therefore, exogenous supplementation of antioxidants with ROS 

scavenging activity would be a potential therapy to cerebral ischemia- reperfusion injury prevention. 

Currently, there are two main classes of antioxidants based on the mechanism of inhibiting ROS:(1) 

compounds that can directly react with ROS are the so-called direct antioxidants, which have the ability 

to break down the procession of radical chain reactions, like edaravone, resveratrol, quercitin and so on 

[LXXXVIII–XC]. (2)Indirect antioxidants are compounds that do not directly react with ROS but are 

involved in activating cellular endogenous antioxidant signaling pathways and promoting the 

transcription of a broad range of cytoprotective genes to remove ROS, where KEAP1/ NRF2/ARE is 

one of the important antioxidative signaling pathways. Many indirect antioxidants, such as TBHQ, 

curcumin and sulforaphane, that modify cysteine residues in the protein KEAP1, cause the dissociation 

of NRF2 from the inhibitory partner KEAP1 and facilitate NRF2 to translocate into the 

nucleus,whereNRF2 binds to the antioxidant-responsive element(ARE)consensus sequence to activate 

the transcription of a panel of cytoprotective genes (phase II genes) [XC- XCII]. Despite extensive 

research on these two types of antioxidants, most antioxidants have been unsuccessful for clinically 

treating stroke except edaravone and other very few antioxidants. Moreover, direct and indirect 

antioxidants are not particularly effective in treating cerebral ischemia-reperfusion injury, which may 

be related to its own “birth defects”. Direct antioxidants are short-lived, which may need to be 

continually provided to halt the process of cerebral ischemia-reperfusion injury. While stimulation of 

cellular endogenous antioxidant defense pathways by indirect antioxidants require a certain time, and 

during the period of time before activating the pathway, there is a risk that the brain would be 

irreversibly damaged by ROS insult, since indirect antioxidants itself could not remove ROS 

immediately. Besides, up till now, there have been no reports about "dual-antioxidant mechanism action 

"for antioxidant therapy via both directly and indirectly scavenging ROS. Moreover, it is not clear 

whether antioxidants with dual-antioxidant mechanism may have a better prospect than the ones with 

mono-antioxidant mechanism for cerebral ischemia-reperfusion injury therapy. Herein, we 

hypothesized that antioxidant agents with ROS scavenging activity directly and indirectly may be more 

effective therapeutic strategies for stroke treatment. Natural products and their synthetic analogues have 

been shown to be invaluable resources in drug discovery [XCIII–XCV]. Chalcones or (E)-1, 2- 

diphenyl-2-propene-1-ones, make up a group of natural products that attach to the flavonoid family 

[XCVI]. They consist in various of flowers, fruits, vegetables, and have been reported to possess many 

biological properties including antioxidant [XCVII–XCIX], antibacterial [C], anticancer [CI, CII], 

antiangiogenic [CIII], and anti-inflammatory activities [CIV, CV]. Among all the biological activities, 

the antioxidant activity has been extensively studied. Given that a number of small molecules bearing 

polyhydroxyl groups exhibit a great efficacy in antioxidant activity due to their potent abilities to 

scavenge ROS directly [CVI–CIX], and it is well- known that the electrophilic α, β-unsaturated ketone 

moiety (Michael acceptor) on a chalcone can result inactivation of theNRF2 pathway [CX], 

polyhydroxy chalcones thus may be considered as monomers to study the potential of double 

antioxidative properties. In the study, we reported a number of novel (E)-3, 4-dihydroxychalcone 
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analogues as anti-ischemic stroke agents that attenuate oxidative stress by directly scavenging ROS and 

indirectly through KEAP1/ NRF2/ARE pathway activation, leading to massive ROS elimination and 

subsequent inhibition of the ischemia-reperfusion-related brain injury in animals 

Chalcone Derivatives and Their in vitro Anticancer Test against Breast (T47D) and Colon 

(WiDr) Cancer Cell Line 

It is necessary to  develop a safer chemopreventive agent so that the side effects are relatively small 

compared with surgery and  radiation [CXI]. One of the compounds that have potential  as a 

chemoprevention agent is chalcone.  In the view of [CXII], they succeed to isolate the chalcone from 

8.5  kg of Desmodium renifolium and obtained 25.9 mg  (0.0003%) isolates of prenylchalcone. This 

chalcone has  excellent pharmacological activity as anticancer against leukemia (NB4), lung (A549) and 

breast (MCF-7) cancer  cell with IC50 3.40; 3.196; and 3.40 μg/mL respectively.  However, the isolation 

methods are less due to the little  amount of the isolate. According to [CXIII] and  [CXIV], chalcone can 

be synthesized by Claisen- Schmidt condensation using acetophenone and  benzaldehyde derivatives 

using acid or base catalysts.  An important factor influencing the anticancer  activity of chalcones 

contained in Cα and Cβ unsaturated  bond. Besides that, the presence of hydroxy, methoxy,  and prenyl 

in the ring A is known to inhibit the growth of  cancer cells by attacking the cell nucleus area, while the 

presence of the hydroxy group and methoxy in ring B  can affect an active part of the cell, so that the 

cell cannot have cleavage. However, the addition of the hydroxyl  group at position C6' ring A does not 

indicate specific  activity and can reduce cytotoxicity of chalcones [CXV].  According to [CXVI], the 

chloro and methoxy  groups in ring B can contribute to the anti-proliferation activity of chalcones. 

While, [CXVII] compared the  effect of the position of the methoxy on C2, C3, and C4  to the anticancer 

activity of chalcones, this study showed  that the methoxy group is most active as anticancer on  the C4 

position of ring B chalcones. Also [CXVIII] compared the effect of halogen groups and its position on 

the C2, C3, and C4 to cell inhibitory activity.  The results showed that the chloro group on C4 position 

have the best cytotoxic activity.  A lot of chalcone have been synthesized by the previous researcher 

especially for the methoxylated  chalcone in ring B [CXIX, CXX].  

 

 

 
Scheme 9 

 

Conclusion  

Our reviews describe the biological properties of chalcone and their derivatives and descript 
some method for synthesis and naturally occurring of chalcone, these chalcons have various biological 

activities such as inhibitors, antimicrobial, anticancer, anti-ischemic stroke agents and antioxidant 

properties activity. 
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