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Abstract: Chalcone is a privileged species with medicinal significance as it consists of 

reactive ketoethylenic moiety –CO– CH=CH– belonging to flavonoids. The presence of a 

reactive α, β-unsaturated carbonyl function in chalcone and its derivatives is the reason for 

its pharmacological activities. Chalcones exhibit a wide spectrum of pharmacological effects 

such as antioxidant, antibacterial, anthelmintic, antiulcer, antiviral, insecticidal, 

antiprotozoal, anticancer, anti- Suzuki’s reaction, etc. The purpose of this review is to fcus 

on the methods of synthesis of chalcones and their versatile pharmacological activities. 

Keywords: Chalcone, Claisen–Schmidt condensation, Ultrasonic method, Environmentally 

benign method, anticancer, antimicrobial, antidiabetic, etc. 

 

1. Introduction 

Organic compounds having chalcone moiety are become very important starting compounds in 

field of organic chemistry. They are nothing but two aryl groups which are joined at two different ends 

of the prop-2-en-1-ones. These Chalcones are also important class of natural products be appropriate to 

the compounds of flavonoid family. Aldol condensation method is an virtual method for of >C=C< 

double bond formation reactions both in natural and in synthetic approaches. Chalcones which are α, β 
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- unsaturated ketones (1) prepared by crossed aldol condensation with substituted or unsubstituted 

acetophenone and an aldehydes 

: 

O




1

2




















R1 R

(1)  

General structure  

Fundamentally, chalcones were considered as products of phenyl styryl ketones. The chalcone 

compounds are may be mentioned as α, β-unsaturated ketones or benzylidene acetophenones or 

benzalacetophenones. The name “Chalcone” was first introduced for the above mentioned ketones by 

the scientist Kostanecki and Tambor1.  

In the present era, increasing attention has been made to chalcones because of their interesting 

biological activities. Certainly, these are rich in abundant of some fruits like apples (or) citrus fruits, 

veggies visually beans, tomatoes and several plants and spices (e.g., licorice) many of which have been 

used traditionally for centuries as medicinal herbs2. The α,β-unsaturated ketones are the major content 

in fruits of citruses and various plants. They are mediated via the formation of 2’, 4’ ,6’-trihydroxy 

chalcone3 (also named as chalcones of naringenin) (2).  

OH

OHHO

OH

O

(2)  

Certain significant of chalcones like chemical flexibility, they act as synthons in the formation 

of  five and six-member ring systems4 such as pyrazoles5, pyrazolines6, isoxazolines7, aurones8, 

pyrimidine9, falvanones10 and di-aryl cyclohexenones11 etc., 

These chalcone compounds and its derivatives are known for their extensive range of 

applications in the field of pharmaceuticals and also in the manufacture of pesticides and cosmetics12. 
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Chalcone derivatives have also been extensively investigated for electronic and photonic 

applications such as charge-transfer agents13, solar energy collectors14 and nonlinear optical materials15. 

These chalcones are considered to be one of the most important classes of donor acceptor organic 

molecules. These compounds possess versatile applications in various organic materials chemistry for 

their inherent photochemical characteristics16, reasonable stability17, good solubility18 and relative ease 

of synthesis19. 

Numerous catalysts including green catalysts such as silica-sulphuric acid20, anhydrous zinc 

chloride21, clay22, etc., have been used for synthesizing chalcones. They have also been synthesized by 

grinding the reactants with sodium hydroxide23. Also they have been synthesized by treating diluted base 

reagents at low temp24 and anhydrous sodium bicarbonate25. These chalcones have been synthesized 

using microwave assisted methods26 also. 

2. Synthetic Aspects of Chalcone Compounds 

2.1. Condensation Methods 

 The most convenient method for the synthesis of aryl styryl ketones has been the Claisen-Schmidt 

condensation method. In this method, equimolar quantities of substituted acetophenone with substituted 

benzaldehyde are treated, for the synthesis of chalcones, in the presence of various condensing agents 

such as aqueous alcoholic alkali27, hydrochloricacid28, anhydrous AlCl3
29, aminoacid30, aqueous solution 

of borax31, perchloricacid32, piperidine33, boron trifloride34, alkali metal alkoxide35, magnesium tert-

butoxide36, organocadmium compound37, phosphorous oxychloride38   etc.,  

(i) Claisen-Schmidt condensation  

 Chalcones are important precursors in the biosynthesis of flavones and Flavanones and several 

derivatives having different hetrocyclic ring systems39 are usually synthesized from acetophenones and 

substituted benzaldehydes via the Claisen-Schmidt condensation using base in a polar solvent40. 

  Hasan et.al.,41 had synthesized a new fluorinated aryl styryl ketone namely (E)-3-(4-

fluorophenyl)-1-(4-hydroxylphenyl)prop-2-en-1-one by Claisen Schmidt condensation. The structure of 

the synthesized compound (3) has been characterized by TLC, melting point, UV, and IR Spectroscopy, 

and elemental microanalysis. 
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COCH3

OH

+

CHO

F

SOCl2/C2H5OH

R.T/3-4h

O

HO F

(3)

 

(ii) Aldol condensation 

In previous study42, about 10 numbers chalcones are prepared from 3,5-dichloro-2-

hydroxyacetophenyl ketones (4) using thionylchloride. In this method, the products are yielded as above 

80%.The synthesized aryl styryl ketones were characterized by analytical and spectroscopic data.  

Ar CH3

O

H Ar'

O

+

SOCl2/Et2OH

Ar C

O

C

H

RT

Ar'

H

4
 

2.2. Reduction Method  

 The aryl styryl ketone (E)1-acyl-2- phenylethenes (5) had been synthesized by the reduction43 of                         

1-acyl-2-phenylacetylenes with triphenylphosphine in water under mild  conditions (room temperature, 

without catalyst and organic solvent, 3h) with high  yields (83-91%). 

Ph3P/H2O

r.t.3h

Ph3P=O
O

Ph

O

Ph

5
 

 

2.3. Ultrasonic Irradiation Technique 

 Some 1,3-diarylprop-2-en-1-ones (6) had been synthesized using ultrasonic irradiation 

technique6 from substituted aryl methyl ketones and 4-chlorobenzaldehyde and this method was reported 
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to involve lesser time giving higher yield. Also these compounds were characterized by their elemental 

analysis, IR and PMR spectral data. 

COCH3

X

+

CHO

Cl

Ultrasonic 
irradition

2N NaOH

O

X Cl

6
 

2.4. Friedel-craft’s Acylation  

 The 2’,4’,6’-trihydroxy-3’,5’-dimethylchalcone (7) compound had been synthesized from 2,4-

dimethyl-1,3,5-triolbenzene with cinnamoyl chloride by Friedel-Crafts acylation method44.  

H3C OH

HO H

OHH3C

+

Cl O

HO

H3C

OH

OH

CH3

O

anhydrous AlCl3

7
 

2.5. Suzuki cross-coupling Reaction 

 In more exotic synthetic protocols, aryl styryl ketone (8) had been reported, from palladium 

mediated Suzuki coupling between cinnamoyl chloride and phenylboronic acid45. 

+

O
Cl

Pd/Base

O

8

B

OHHO
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2.6. Carbonylative- heck Coupling Reaction 

Aryl styryl ketone (9) had been synthesized from aryl halides and styrenes treated in the 

presenceof ligand46 (carbon monoxide) by Carbonylative-Heck coupling reaction. 

I

+

Pd/Ligand

O

9

CO

 

2.7. Solvent- free Synthesies  

(i) Synthesis of Chalcones using BF3- Et2O                              

Narender and Reddy47 had developed a new methodology to synthesize several substituted 

aryl styryl ketones by using BF3-Et2O. The advantages of this method over the existing methods are 

high yields, simple work-up, short duration, absence of side reactions and easier separation of the 

products. This is a solvent free reaction and also applicable for reactions involving liquid reactants 

which are base sensitive functional groups such as esters and amides. A condensation reaction 

between O-acylated or N-acylated acetophenone and the respective aromatic aldehyde produced O-

acylated (10) or N-acylated chalcones in high yields by using BF3-Et2O as catalyst. 

O

O

CH3

O

H3C

OH

OH

O

OH

O

H3C O

BF3-Et2O, Dioxane 87%

         90min

+

10  

(ii) Grinding Technique          
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The aryl styryl ketones (11) had been synthesized by grinding the piperanal with substituted 

acetophenones48 in the presence of solid sodium hydroxide with a mortar and pestle.  

+

O

O

O

H C CH CH

O

O

O
X

NaOH(solid)

11

O

X

Grind

 

2.8. Microwave Irradiation Technique 

For many years in the past various innovative methods have been devised to speed up the 

chemical reactions. In these environmentally conscious days the development of technology is directed 

towards environmentally sound and ecofriendly methods. The usage of microwave energy to accelerate 

the organic reactions is of increasing interest and offers several advantages over conventional heating 

techniques.
 
Synthesis of the molecules which normally requires a long time can be achieved conveniently 

and rapidly in microwave oven. Less reaction time, easy work up and cleaner products are the major 

advantages of microwave irradiation technique. Furthermore the reactions can be carried out under 

solvent-free conditions. Thus the use of microwave energy for the synthesis of organic compounds forms 

a part of green chemistry. 

Sharma et.al.,49  had synthesized nine aryl styryl ketones (12) by microwave irradiation 

technique in the presence of zinc chloride which are characterized by their elemental analysis, IR, 1H 

NMR, 13C NMR and mass spectral data. 

X

CH3

O

O

H

R1

R2

R3

X

O

R1

R2

R3

ZnCl2

MW(3-5mint)

+

12  

 Recently, Vanangamudi et.al.,50 had synthesized twelve substituted 2-pyrrolyl aryl chalcones 

(13) using Fly-ash:H2SO4 as catalyst  under eco-friendly microwave irradiation methods.  
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N N

CH3

O

H H

O

X

H

X

O

Fly-ash:H2SO4

MW

+

13

X = H, 2-Cl, 3-Cl, 4-Cl, 3-F, 4-F, 2-OCH3, 3-OCH3, 4-OCH3, 4-CH3, 3-NO2, 4-NO2  

3. Biological Studies of Chalcones 

The rapid progress of science, the treatment of infectious diseases still remains a serious problem 

of concern to the scientific community, mainly because of the wide range of factors leading to the 

emergence of these diseases, as well as the increased number of pathogenic microorganisms with 

resistance to multiple drug51.  

To limit the emerging resistance of microorganisms, careful use of the existing antimicrobial 

drugs is required. However, there is a need for the design of novel antimicrobial agents, particularly for 

the treatment of the infections of the hospitalized patients and the protection of immune suppressed or 

HIV-infected patients. Tuberculosis (TB) being one of the most common infectious diseases, mainly 

caused by Mycobacterium tuberculosis, is a public health threat in both the developing and the developed 

nations. Effective treatment of TB has been hampered by the emergence of drug-resistant strains of M. 

tuberculosis, calling for the search of new drugs52.   

Chalcones and their derivatives are attractive molecular scaffold for the search of new 

biologically active molecules. Chalcones or 1,3-diaryl-2-propen-1-ones are natural or synthetic 

compounds belonging to the flavonoids family53-55.  

3.1. Nematocidal Activity 

Saeed Attar et.al.,56 had synthesized and reported nematocidal activity of ferrocenyl-chlacone 

which are to play an important role biological activities due to their  nematocidal activity. 

3.2. Antibacterial Ana Antifungal Activity 

Devaux et.al.57 had synthesized some nitrofuryl prop-2-en-1-one compounds and tested for their 

antibacterial activity. Among all those derivatives the most efficient which inhibited Staphylococcus 

Landon at concentration 1μg /mL. 
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K.B.Vyas et.al.,58 had synthesized complex of 3-[{-(3’.4’-di methoxy phenyl)}-prop-2-enoyl]-4-

hydroxy-6-methyl-2H-chromone-2H-Chromone-2-one with Cu(ll),  Ni(ll), Fe(ll), Co(ll) and Mn(ll). 

The synthesized compounds (14) had evaluated for antibacterial and antifungal activities. 

O

O O

Mt 2+

Mt=Co,Cu,Ni, Mn, Fe

14  

Bhatia et.al.,59 had synthesized series of indole based 1, 3-diaryl-2-propen-1-one compounds and 

screened their antibacterial activity against four different bacterial strains. 

Chate et.al.,60 had synthesized some prop-2-en-1-one compounds and evaluated for their 

antibacterial and antifungal activities.  In an effort to develop antimicrobial agents, Balkrishna Tiwari 

et.al.,61 had synthesized series of substituted prop-2-en-1-one compounds and screened their antibacterial 

and antifungal activities by the cup plate method. 

3.3. Scavenging Activity 

Bandgar et.al.,62 had synthesized nitrogen-containing prop-2-en-1-one compounds and were 

screened for anti-inflammatory related activities such as inhibition of cyclooxygenase-2 (COX-2), 

trypsin and b-glucuronidase. The antioxidant potential was demonstrated using 1,1-diphenyl-2-picryl 

hydrazine (DPPH) radical scavenging activity. The results of the above studies shows that the 

compounds synthesized were found to be effective inhibitors of above pro-inflammatory enzymes, and 

were found to be possessing moderate radical scavenging potential. Overall, the results of the studies 

reveal that the prop-2-en-1-ones with N-methyl piperazine methyl and piperidine methyl substitution 

seem to be important for inhibition of b-glucuronidase whereas the prop-2-en-1-ones with piperidine 

methyl substitution were observed as effective inhibitors of COX-2, while the same compounds were 

found to be less reactive against COX-1 as compared to COX-2. 

3.4. Larvicidal Activity 

Naznin et.al.,63 had synthesized series of substituted prop-2-en-1-one compounds and subjected 

to the mosquito larvicidal study.  
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Recently Vanangamudi et.al., had synthesized several substituted  2-pyrrolyl50 and 4-

nitrophenyl prop-2-en-1-ones64 and screened their antibacterial and antifungal activities of all substituted 

prop-2-en-1-one compounds. 

3.5. Antileishmanial Activity  

 A series of natural chalcone 3-[4-(1H-imidazol-1-yl) phenyl]prop-2-Aren-1-ones were 

synthesized by Hussain et.al.,65 and the compounds were showed significant activities anti-oxidant, anti-

fungal and anti-leishmanial activities66. 

3.6. Anticancer Activity 

Tavares et.al.,67 synthesised a series of new 6-quinolinyl and Quinolinyl      N-oxide 

chalcones and tested by minimal inhibitory concentration (MIC) against three species of Candida, 

Cryptococcus gattii and Paracoccidioides brasiliensis. The effect of these compounds was also tested on 

the survival and growth of the human cancer cell lines68-70. 

3.7. Antioxidant Activity 

 Susanne et.al.,71 synthesized the 3′-coumaroyl-2′,4,4′-trihydroxy-6′-methoxychalcone which 

showed a strong anti-oxidative effects were determined in the ORAC assay. 

3.8. Antimalarial Activity 

Recently the antimalarial activities of chalcones have been generated great interest. These 

compounds are small non-chiral molecules with relative high lipophilicity with molecular weights in the 

range of 300 to 600 g/mol, and possess in vivo efficacy against P.berghei and P.yeolii. Preliminary data 

of chalcone synthesis project indicates that these compounds are active in vitro against P.falciparum, 

but are rapidly metabolized in liver microsome assays72.  

3.9. Analgesic Activity  

Keri et.al.,73 reported a novel series of 4-[4-(6-phenyl-pyrimidin-4-yl)-phenoxymethyl]-

chromen-2-ones and the synthesized compounds were shown in-vivo analgesic activities comparable 

with standard drug analgin.  

3.10. Anti-inflammatory Activity 

Chiaradia et.al.,74 synthesized chalcones derived from 2,4,6-trimethoxy acetophenone which 

showed inhibition of nitric oxide(NO) production by altering the expression of induced enzymes and 

induced anti-inflammatory activity.  
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3.11. Anti-HIV Activity  

The chalcone synthesised from commercially available 2,4,6-trihydroxytoluene or 2,4,6-

trihydroxybenzaldehyde, which showed a unique and highly functionalized potent anti-HIV activity 

reported by Goto et.al.,75. 

3.12. Anti-pyretic Activity 

A novel series of chalcone synthesised containing flavonoids  4-[4-(6-phenyl- pyrimidin-4-yl)-

phenoxymethyl]-chromen-2-ones were synthesized by Keri et.al.,73 and those compounds showed in-

vivo anti-pyretic activities comparable with standard drug aspirin.  

3.13. Vasorelaxant Activity 

Dong et.al.,76 studied a series of prenylated flavonoids. According to the estimated result, eleven 

molecules were selected and synthesized. Their vasodilatory activities were determined.  

3.14. Antihepatotoxic Activity 

Synthesis and antihepatotoxic activity of some new chalcones containing 1,4-dioxane ring 

system77 is against to various disorders such as acute viral hepatitis, chronic viral hepatitis and liver 

cirrhosis78. 

 

4. Conclusion  

From this review, it can be stated that chalcone componds have been synthesized in variety of 

methods with better yields. These chalcones and their derivatives show a wide spectrum of biological 

activities, viz anticancer, antimicrobial, anticonvulsant, antioxidant, anti-inflammatory activities, etc. 

That is why the attention of scientists has increased towards chalcones in searching for novel and 

biologically potent derivatives from them. 
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