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Abstract:-

Chalcone is very promising drug molecule in modern day pharmaceutical field. This molecule has own various
types of biological activity like anti-bacterial,anti-inflammatory,anti-amoebic,anticancer etc. If any electron
withdrawing group like chloro,bromo, nitro etc. and any heteroaromatic ring insert into chalcone group or any
heteroaromatic ring add by replace of any phenyl ring of chalcone then the potency and biological activity of
chalcone will be enhanced. This is a review paper about finding suitable method for chalcone synthesis via
green chemistry approaches.Recently green chemistry is emerging as a new goal of pharmaceutical industry. In
this review, green chemistry methods are compared with conventional methods and ultimately which method is
best this will be discussed. Conventionally method for synthesis of chalcone has many drawbacks,which are
discussed later,green chemistry methods overcome this problem. In this article we have discussed about the
conventional and all green synthetic methods of chalcone. Also discussed the all drawbacks of conventional
methods and the advantages of green synthetic method over conventional method and determine the best green
synthetic method for preparation of chalcone.
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1. Introduction

Chalcone is a very important drug molecule which is widely used into pharmaceutical field. It’s use as
antibacterial [1], anti-inflammatory [1] [2], anti-amoebic, anticancer [4], antidiabetic [4], antioxidant [7],
antiparasitic[8] etc.It’s available in various formulation in the market.Chalcone obtain naturally from
Leguminosae plant and rutaceae plant like citruses fruits and vegetables (tomatoes,bean,potatoes) etc.[5,7,8].
The most significant chalcones are flavokawin, butein, 4-hydroxyderricin, cardamonin, dihydroxychalcone etc.
It’s important intermediate for synthesis of flavone [14,15]. Naturally obtain chalcone is not properly pure and
yield value is not satisfactory so synthesis of chalcone is require for preparation of drug molecule.The name of
chalcone was first given by Kostanecki, Tambor.[6]

Chemistry and Property:

O | Chalcone
Fig.1

O
The chemical name of chalcone is benzyl acetophenone or benzylidene acetophenone.Fig.1 depicts chalcone as
having two aromatic rings and one, B-unsaturated carbon atom. Chalcone is the progenitor of the flavonoids and
isoflavonoids found in abundance in Indonesian flora [7,10]. Chemically, chalcone consists of an open
flavonoids chain in which two aromatic rings are connected by an aliphatic three-carbon chain in the, o-
unsaturated and B-unsaturated carbonyl system. It is a particular form of alpha, beta unsaturated ketone [3-5].
Chalcone is known by its IUPAC name, 1,3-diphenyl-2-propen-1-one. It is used as a ubiquitous natural pigment
and is an essential intermediate in the biosynthesis of flavonoids. Chalcone has the chemical formula
C15H120][2]. The physical propertiesof chalcone such asmolar mass 208.260g/mol, density 1.071g/cm® melting
point is 55-57 degree celcious, boiling point is 345-348 degree celcious.The appearance of chalcone is pale
yellow solid.[5] Chalcone have two absorption maxima at 280 and 340 nm.[9,10]Chalcone soluble in non-polar
solvent like benzene,chloroform and insoluble in water.[6]1t’s harmful if swallowed and irritating to skin,eyes.
Chalcones derivatives have various types of biological activity. Into chalcone structure the ‘E’ structural
conformation is more stable than ‘z’ conformation due to huge steric repulsion between phenyl ring and
carbonyl group of ‘z’ isomer.[2]

The name of various chalcone derivatives and their biological activities are presented at Table 1.
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Without this chalcone derivatives many other types of chalcone derivatives are also present into pharmaceutical
field such as indole based chalcone, fluorinated chalcone,pyrazoline chalcone etc.

Green Chemistry:[5],[10]

Green chemistry is concerned with research that reduces or eliminates environmental impacts. The primary
objective of green chemistry is to prevent the production of waste that is detrimental to the environment and to
generate substances that are non-toxic to humans and the atmosphere, thereby maximizing atom economy. This
is accomplished by ensuring that the final product contains as much of the starting materials as possible and
avoiding the use of hazardous solvents.

The numerous principles of green chemistry are as follows: a) Eliminate waste material; b) Atomic
economy[11]; ¢) Reduce hazardous synthesis[12]; d) Design pioneer chemicals; ) Nonhazardous solvents and
auxiliaries; f) Design energy efficiency[13]; and g) Use of renewable feedstocks. h) Reduce derivatives i)
Catalysis k) Design for degradation[14,15] 1) Real-time analysis for pollution prevention m) Chemistry that is
inherently harmless for accident prevention

a) Obstruct waste:- Into this type of reaction reduce the amount of waste materials, so environment will be free
of chemicals.

b) Atom economy:- Hence which amount of reactant molecules participates into reaction, this equal no of
molecules contain products will form. So no loss of any reactant molecule.

c) Less hazardous synthesis:- Into this synthetic reaction which products are form this are less toxic in nature,
eco-friendly with nature.

d) Design benign chemicals:- Hence which types of chemicals participate into reaction, they have no toxic effect
into environment and not harmful in nature.
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e) Benign solvents and Auxiliaries:- Hence which type of polar, non-polar solvent use into reaction they have
no toxic effect into environment and not harmful in nature.

f) Design energy efficiency:-Hence which type of reaction will be designed, this reaction should be energy
efficiency in nature, not require much more energy for complete the reaction.

g) Use of renewable feedstocks:- Into this reaction which products are formed they are renewable, so it’s eco-
friendly in nature.

h) Reduce derivatives:- Hence a smallernumber of by-products are formed. So pure products are form.

i) Catalysis:-The rate of reaction is increased by help of catalysis; activation energy will be low so the reaction
quickly complete.

k) Design for degradation:- Into this reaction which products are form they are easily biodegradable in nature,
not persist into environment for long time.

I) Real time analysis for pollution prevention:- It’s not time-consuming process. This type of reaction
environment will be less polluted.

m) Inherently benign chemistry for accident prevention:-Hence which type of reaction is design that no accident
not occur during perform of the reaction, so the environment not polluted so much and population not suffer by
chemicals.

Hence various types of green synthetic methods are present and comparison between this green chemistry
methods and conventional methods for synthesis of chalcones are present. Conventional method for synthesis of
chalcone has many drawbacks, green synthetic methods overcome this problems.

Conventional Route for synthesis of chalcone:[5],[10]

In the laboratory, chalcone can be produced via the Claisen-Schmidt reaction by combining aromatic ketone
compounds such as acetophenone or their derivatives with aromatic aldehyde compounds such as benzaldehyde
or their derivatives in the presence of strong bases used as catalysts such as NaOH, KOH, Ba(OH)2,
LiOH.2H20 in polar solvents such as ethanol. In this reaction, other catalysts such as sodium phosphate and
aluminum-magnesium hydroxide hydrate can also be used.

Synthetic Route:- At first the required amount of benzaldehyde mixed with acetophenone with continuous
stirring. Then added the newly prepared sodium hydroxide solution into this previous solution mixture. At last
added ethanol like polar solvent in this solution. Now solution mixture was stirred by mechanical stirrer into RT
until the yellowish precipitate was fallen under reaction media. Then refrigerated this solution mixture overnight
and then the mixture was filtered.Thus, the crude chalcone was prepared. Then it was recrystalized by hot
ethanolic solution.

0

CHO Il
C e

. ]
@ N @/ CH, d.l_rtl:O]l 3©/\C| I)l\@
+ H,0[10]

Benzaldehyde Acetophenone Chalcone

Fig.12
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This conventional process has much more drawbacks such as Polar solvents required into this method; without
the polar solvent the product was not formed. It’s more time-consuming method. [5] Costly procedure. Yield
value is not satisfactory in all cases.

Green synthetic methods for synthesis of chalcone:
Scheme 1:Chalcone synthesis by using solvent glycerine[12]

Glycerine is less polar solvent than water,now it’s widely used as solvent for chalcone synthesis. Because by
help of this solvent the yield value of product is more.The require amount of benzaldehyde derivatives and
acetophenone derivatives were mixed together. Then added the dilute sodium hydroxide/potassium hydroxide
solution into this solution mixture. At last glycerine was added like solvent into this reaction mixture. Then the
reaction mixture was stirring into RT during 1-2 H. The yellow precipitate was fallen down under the reaction
medium Then adding the hydrochloric acid solution for neutralized the reaction media and then it was filtered.
Thus, the yellowish crude chalcone was prepared and recrystalized it by ethanolic solution.

©
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glycerine
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Aromatic Al%matic Chalcone
aldehyde Ketone

Fig.14

This process has much more advantages over conventional methods like that hence less time required than
conventional synthesis, yield value is more than conventional synthesis.

Scheme 2: Chalcone synthesis by grinding method (Solvent free synthesis Procedure)[13],[17]
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This method is most acceptable method into green chemistry because into conventional synthesis for chalcone
huge amount of solvent is required but in case of grinding method no require of any solvent molecule.At first
equivalent amount of methyl ketones and aldehyde derivatives were taken into porcelain mortar. Then added
solid sodium hydroxide. Now this mixture was grinding for 3-5 minutes. Then the yellow solid mass
materialized. This process was continued for an additional 5-10 minutes. By rinsing the crude products with
frigid water, it was simple to separate them.Then this solution was filtered by Buchner funnel and
recrystallization this product by proper solvent. Thus, the chalcone was prepared by grinding method.

CHO COCH;4
Ar
NaOH (s)
f
Chalcone

Aldehyde Ketone
derivative derivative

Fig.15

RCOCH3 +R’CHO e CH=CHR’

The advantages of this process over conventional methods are excellent yield value, effective and simple
process, short reaction time, solvent free reaction process and this reaction obeys the atom efficiency principles
of green chemistry.

Scheme 3: Synthesis of chalcone by Nano catalyst:[14]

All compounds have unique specific surface area. This specific surface area is one of the main criteria for
catalytic activity of every compound. Thus, a decrease in particle size coupled with an increase in the specific
surface area per unit volume of the compound increases its catalytic activity. Nanocatalyst is a relatively new
phenomenon in modern synthetic compounds. It defines as the materials which have nanoscale size, at least one-
sided nanoscale dimension. Nanoscale enhance the catalytic activity.

Equimolar concentration of benzaldehyde and acetophenone were mixed together. Then added the nano catalysts
like MCM-41-SO3H, CuNPs/C, copper ferrite (CuFe204) in this solution mixture. Then Stirred this solution
continuously until the yellow colour precipitate was formed. Thus, the crude chalcone was prepared.Then the
crude chalcone was purified by collum chromatography or recrystallization process.

O

O O

CuFe, Oy
| . - Ph /
Ph Stirring

Ph

Ph

Fig.16
The Advantages of this methods over convermrora—roords are it’s cost-effective process,yield value is very

good than conventional process,[10]very little time is required for complete the reaction, Solvent free method,
eco-friendly in nature and high efficacy, no by-products are formed in this process, obeys the catalysis
principles of green chemistry, nanocatalysts are easily recoverable.
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Scheme 4: Chalcone synthesis by thiamine hydrochloride (VB1)[11], [16]

Thiamine hydrochloride (VB1), is the important, powerful catalyst which use as many organic transformation
reaction. It have two heterocyclic ring pyrimidine and thiazole moiety. It is a nontoxic and inexpensive reagent.
Equimolar concentration of benzaldehyde derivatives was mixed into acetophenone derivatives. Then the
thiamine hydrochloride was mixed into ethanol: water (v/v = 1:1) solvent. Now this mixture solution was added
into previous aldehyde-ketonic solution. Now this solution mixture was reflux into reflux temperature. The
yellow crude chalcone was formed into reaction medium. Then the solution was filtered by Buchner
funnel. Thus, the crude chalcone was found and recrystallized it by proper solvent.

O |C) O

=
T e 7T

Fig.17

[15]

The advantages of this methods over conventional methods arethe reaction time is shorter than conventional
process, additionally, no polar solvent is required and This reaction is occurred by metal free catalyst , so the
reaction time is no longer.

Scheme 5: Chalcone synthesis by microwave assistance method[11],[16]

Microwave assistance method is very popular method for organic synthesis by green chemistry approach. Hence
the product is form by microwave irradiation of reactants.At first equimolar concentration of active aldehydes
and thiophene derivatives were taken into beaker. Then, a solution of ethanolic sodium hydroxide was
added.Now, the reaction mixture was heated for 30-50 seconds in a microwave oven.The product was formed
after the reaction mixture was chilled in an ice bath.Then, this solution was filtered and rinsed with ethanol and
water until the media were neutral, and the crude product was recrystallized using ethanol and chloroform. Thus,
the chalcone was formed.

O
i
g 0
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3 Py |t
S CH, /S
H,C
Fig.18

The advantages of this methods over conventional methods areit’s most popular method for synthesis of
chalcone by green chemistry approach, reaction time is much shorter than conventional process,[16,17]yield
value is good.

Scheme 6: Chalcone synthesis by Ultrasound Irradiation :-[11,17]

Ultrasound waves is very common things for the diverse application in organic synthetic reaction. This waves
increase the rate of reaction by lowering the activation energy.lt is essential in synthetic organic chemistry
because it reduces reaction temperature and time. At first the require amount of aromatic ketone and aromatic
aldehyde mixed with dilute sodium hydroxide solution. Then this solution was maintained under ultrasonic
irradiation in an ultrasonic cleaner's water bath at room temperature. This process was continued into 1-2 H.
After this 1H the yellowish product was formed.Now this recrystalize the crude product.
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The advantages of this methods over conventional methods are temperature is not required reaction rate is high,
little time is required, so it’s not time-consuming process,yield value is excellent (90%).

Scheme 7:Chalcone synthesis by ionic solution:-[11]

lonic liquids are a form of liquid containing a variety of cataions and anaions. They are the compounds that are
liquid at temperatures below 100 degrees Celsius. These liquids are quite distinct from molten salts, which melt
at greater temperatures. The first ionic liquid is Chloroaluminate, was invented in 1948. Synthetic ionic liquids
include EMIM (1-ethyl-3-methylimidazolium) and BMIM (1-n-butyl-3-methylimidazolium).The require
number of reactants was mixed with aqueous mediaThen 1-ethyl-3 methylimidazolium (EMIM) hydrogen
sulphate (HSO4) ionic liquid was mixed into reaction media as a catalyst. Now
reflux the full reaction media.After the complete of reaction media, the product was formed. Then recrystalise

the crude product.
v
7 N
) O
N
1 P L I
; J >  Ph = Ph
Ph
Ph

HSO, Reflux

Fig.20
The advantages of this methods over conventional methodsare the reaction rate is marginally greater than
conventional processes, this method is cost effective process, hence catalyst can be reused.[28]

Discussion:

In this review article we discussed about various green synthetic process for synthesis of chalcone and compared
each green synthetic method with conventional method, at last finding which green synthetic method is most
suitable for synthesis of chalcone.Hence every green synthetic method has various advantages over conventional
method. Every green synthetic method obeys different principle of green chemistry. At first grinding method /
solvent free method obey the atom efficiency principles of green chemistry. Into this reaction the amount of
reactant molecules is equal to the amount of product molecules, so no loss of any reactant molecule. This
method has various advantages over conventional method. Then chalcone synthesis by nano catalyst reaction
obey catalysis principle of green chemistry. This catalyst increases the rate of reaction so the activation energy
of this reaction will be low so the reaction quickly completed. Microwave assistance method obey the energy
efficiency principles of green chemistry. Into this method the lowest amount of energy is required for complete
the reaction. Ultrasonic irradiation method obeys design benign chemicals principles of green chemistry because
hence no additionally solvent isn’t required and no harmful chemicals are not use into this method. Chalcone
synthesis by ionic solution method obeyuse of renewable feedstocks principle of green chemistry as here
catalyst can be reused.
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Conclusion:

For useful knowledge, potential ideas, and progress in a field of study, a current and pertinent literature review
is essential. This review is a compilation and analysis of the literature on the significance of green chalcone
synthesis, along with a discussion of the different benefits of green synthetic methods over traditional ones. This
study emphasizes the value of using a green synthetic approach to create chalcone. This review emphasizes
several green synthetic processes including grinding, using nanocatalysts, using microwaves to help, using
ultrasound to irradiate materials, using ionic solutions, etc. The synthesis of chalcone using grinding and
nanocatalysts is most suitable for this approach because it has a number of benefits, including excellent yield,
selectivity, no by-products, high reactivity, solvent-free synthesis, short reaction times, fast workup, etc. Due to
their high activity, selectivity, and productivity, nano catalysis has recently become a key tool in the synthesis of
several organic compounds. This proposed review can serve as a source of cutting-edge knowledge for various
green chalcone synthesis techniques.
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