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2'-Hydroxychalcones were synthesized in alkaline medium
after trapping the metal ion of the hydroxide and sodium
ethoxide with the crown ether. Synthesis of chalcone with
bases like tetramethyl-ammonium hydroxide, and tetra-n-
butyl ammonium hydroxide met with failure. But, flavanones
were formed from the corresponding 2'-hydroxychalcone us-
ing alkaline medium without the metal ion, using tetramethyl
ammonium hydroxide and tetra-n-butyl ammonium hydrox-
ide.
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INTRODUCTION

Chalcone, the important intermediate in the synthesis of flavonoids, is
obtained in the acid or base catalyzed aldol condensation of 2-hydroxyaceto-
phenone with aromatic aldehydes. Since the cyclization of chalcones to
flavanones is favoured by acid or alkali1,2, the acid catalyzed reaction
results in the formation of pairs of chalcone-flavanone isomers or even
flavanone alone. The more frequently used base-catalyzed condensation is
carried out with 50-60% sodium or potassium hydroxide at 0 to 20ºC for
15 to 28 h or even in extreme cases3,4 for 1 to 3 d. Hydroxylamine hydro-
chloride was used in highly basic medium for the cyclization of chalcone
which was a failure5,6. Poonia et al.7 reported that synthesis of chalcone is
increased by increase in charge density and concentration of metal. They
claimed that metal coordinates with carbonyl oxygen of aldehyde without
proper evidence and clear explanation. The condensation of acetophenone
with aldehyde depends on strength of aldehyde and metal bond7 but not on
the concentration of hydroxyl ion and the concentration of the substrate.
These authors also did not explain the importance of nitrogen atmosphere
which is actually not required. It is not essential to dehydrate the medium.
Hence, the present investigation was carried out to investigate the role of
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metal ion and hydroxyl ion as well as the concentration of acetophenone in
the synthesis of chalcone and its cyclization to flavanone which are
important in the flavonoid inter-conversions.

EXPERIMENTAL

All melting points are uncorrected. Hydroxychalcones were prepared
by following the reported procedure in the literature.

Synthesis of 2'-hydroxy chalcone using 18-crown-6: To 2.6 g of 18-
crown-6 in 15 mL ethanol was added 1.4 g of KOH slowly in 0.5 h. To this
add o-hydroxy acetophenone (1 mL) and benzaldehyde (1 mL) and stir the
mixture for 4 h at room temperature. Acidify the mixture with 10% HCl in
ice. The yellow solid separated was filtered, washed with water and
recrystallized from ethanol to furnish the 2'-hydroxy chalcone 1a (0.86 g,
52%): m.p. 89ºC (lit8. m.p. 89-90ºC).

Similar procedure was carried out to synthesize the various hydroxyl
chalcones and the yields were reported as shown in Table-1. All the
compounds were identified by using the authentic samples with TLC,
melting point and mixture melting point. Similar results were obtained by
using 15-crown-5 and sodium ethoxide.

Synthesis of flavanones:  To 20 mL of ethyl alcohol add 2.5 g of
18-crown-6 and then 0.5 g of KOH slowly with shaking. Now add 1 g of
the chalcone to the reaction mixture and the reaction mixture was kept for
3 d. The mixture was diluted, the solid separated was filtered and recrystal-
lized from alcohol to give colourless crystals of flavanone 2a (0.58 g, 58%):
m.p. 76ºC (lit9. m.p. 76ºC). Similar synthesis was carried out with 15-crown-
5 and sodium ethoxide and the results are almost the same as shown in
Table-1.

TABLE-1 
 m.p., YIELD (%) OF 2´-HYDROXYCHALCONES  

AND FLAVANONES SYNTHESIZED 

Compd. 
m.p. (oC) 

(lit.m.p. oC) 
Yield 
(%) 

Compd. 
m.p. (oC) 

(lit.m.p. oC) 
Yield 
(%) 

1b 92 (92-93)10 64 2b 90 (90-91)15 68 

1c 108-109 (111)11 42 2c 105 (105)16 52 

1d 99 (98-99)12 48 2d 109-110 (110)17 62 

1e 150 (150)13 65 2e 116 59 

1f 151-152 (152-153)14 68 2f 120 72 

 
Synthesis of chalcones with tetra-n-butyl ammonium hydroxide did

not occur but the cyclization of chalcone to flavanone occurred as sited in
the literature using NaOH. But the synthesis of 2e and 2f required longer
duration (10 d).
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RESULTS AND DISCUSSION

When variedly substituted 2-hydroxy acetophenone was condensed with
aromatic aldehyde in basic medium, chalcone was obtained. The basic
medium was maintained using LiOH, NaOH, KOH or sodium ethoxide.
The reaction did not occur with tetramethyl ammonium hydroxide or even
in dilute alkali. Cyclization of chalcone to flavanone is achieved either by
using acid or alkali. Even tetramethyl ammonium hydroxide which failed
to condense the acetophenone, cyclizes the chalcone to give flavanone in
good yield.

Poonia et al7. claimed the formation of chalcone and flavanone is mainly
due to the presence of metal ion. When metal ion was trapped with
dicyclohexyl 18-crown-6, hydroxy acetophenone did not condense with
aldehyde. Similarly cyclization of chalcone to flavanone was failed in pres-
ence of crown ether. The formation of chalcone and its cyclization to give
flavanone was considered as a function of the nature and concentration of
alkali which the author failed to explain in the mechanism. The present
investigation was carried out to find the role of metal ion in the synthesis
of chalcone and its conversion to flavanone.

The present work does not agree with the result obtained in previous
work7. Condensation of 2-hydroxy acetophenone and benzaldehyde does
not occur in presence of tetramethyl ammonium hydroxide, tetra-n-butyl
ammonium hydroxide and also in sodium acetate which are less basic than
the alkali or ethoxide media. When the experiment was conducted using
LiOH, NaOH, KOH or NaOEt, chalcone and its cyclization product-
flavanone were obtained. It is concluded that strong basic medium was
essential for the condensation of acetophenone with aromatic aldehyde.
Formation of flavanone from chalcone in dilute alkali or in presence of
tetramethyl ammonium hydroxide and tetra-n-butyl ammonium hydroxide
proved that the metal ion is not essential.

The interconversion of carbonyl and enol forms is catalyzed by both
acid and base. In basic medium, abstraction of α-hydrogen atom is the
initial rate controlling step. Proton abstraction from the solvent then
competes the enolization process. The proton that accounts for the acidity
of the carbonyl compounds containing a carbonyl group is located on the
carbon atom α to the carbonyl group. Acidity is attributed to the ability of
carbonyl group to delocalize the negative charge of the conjugate base.
The conjugate base of a carbonyl group is the resonance stabilized enolate
anion, a species that is also involved in the base catalyzed enolization
process. Rate controlling step involves both base and substrate which is
bimolecular.

Rate = K[>C=O][OH]
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Chalcone was cyclized to flavanone in NaOH medium. When
chalcone dissolved in alcohol was kept for 12 h after adding tetramethyl
ammonium hydroxide (10 %), the conversion was complete.

But Poonia et al.7 proposed during the cyclization of chalcone, the
formation of metal bond with (C=C) which is against the basic principle
due to lack of available d-orbitals. Cyclization of chalcone in presence of
H2SO4 etc. was already reported. Deprotonation of HClO4 by chalcone
results in the formation of carbonium ion at the β carbon as per the earlier
report is baseless. Hence, a new mechanism of cyclization of chalcone is
given in Scheme-1 which differs from Poonia et al7.

       
                                      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 a  R = R’ = H 
    b  R = H; R’ = OCH3   
    c  R = CH3; R’ = H 
    d  R = CH3; R’ = OCH3 
    e  R = H; R’ = Cl 
    f  R = CH3; R’ = Cl 
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Scheme-1  Synthesis of 2'-hydroxy chalcone in the absence of metal ion

α,β-Unsaturated carbonyl compounds contain two electrophilic sites-
the carbonyl carbon and the carbon atom that is β to it. With the nucleo-
philes, the addition takes place at the carbon-carbon double bond rather
than at the carbonyl group. Such reactions proceed via enol intermediate.
The nucleophile becomes bonded to the β carbon. Loss of water results in
the cyclization to give flavanone as shown in Scheme-2.

Poonia et al.7 reported that metal ion charge density plays a major role
in the synthesis of chalcone. It is found that the chalcone was converted to
flavanone using tetra-n-butyl ammonium hydroxide and tetra methyl
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ammonium hydroxide. The chalcones were synthesized by trapping the
metal with the crown ethers. This shows that metal ion may polarize
carbonyl carbon, but it is not essential either for the cyclization of
chalcone or for the condensation of acetophenone and benzaldehyde to
give chalcone. The results obtained in the reactions are at par with the
reactions carried by using the metal hydroxide like LiOH, NaOH and KOH.
When the MOH was used chalconate salt is formed. But, when the metal
ions were trapped, the solid was not much separated but on acidification
the product was obtained. Keeping these in view, the suggested mecha-
nism without the involvement of the metal ion was as shown in Schemes 1
and 2. In the synthesis of chalcones, more basic medium is essential for the
formation of carbanion. But in the cyclization of chalcone to flavanone,
slight alkaline medium is favourable for the reaction. Due to this reason
we failed to synthesise chalcone by using tetra-n-butyl ammonium hydrox-
ide and tetra methyl ammonium hydroxide. In the synthesis of flavanone,
alkali metal cation due to lack of vacant d-orbitals will not interact with the
π bond of the chalcone, but it can form a metal coordinate bond with -OH
group of chalcone18.
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2 a  R = R’ = H 
    b  R = H; R’ = OCH3   
    c  R = CH3; R’ = H 
    d  R = CH3; R’ = OCH3 
    e  R = H; R’ = Cl 
    f  R = CH3; R’ = Cl 

Scheme-2  Synthesis of Flavanone in the absence of metal ion

As the chalcone is α,β-unsaturated ketone, enolization takes place in
the alkali medium before the formation of carbocation at the β-position
with which the -OH group interacts to give the intermediate (3) which
looses water molecule resulting in the cyclization process.
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Metal ion does not play role in the condensation of 2-hydroxyaceto-
phene with different asymmetric aldehydes. Like aldol condensation, in
basic medium chalcone was formed from the corresponding hydroxyl
acetophenone and aldehyde.

The synthesis of flavanones from 2'-hydroxychalcone require weak
alkaline medium. So, the chalcone was cyclized to flavanone by using
tetramethyl ammonium hydroxide, tetra-n-butylammonium hydroxide and
also KOH, NaOH, LiOH, NaOEt, after trapping the metal ion with the
crown ether. The metal ion may polarize the (C=O), but it is not essential
either for the synthesis of chalcone or flavanone.
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