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ABSTRACT 
Flavones are medicinal natural products. Prevention and cure of disease using flavonoids as a 
phytochemicals are known. Due to its wide spectrum activities it attracts researchers of the world. Hence 
cheap easy lab feasible synthetic methodology is demand of pharmaceutical industries. In that point of 
view we optimized Claisen-Schmidt method for the synthesis of flavones. Different molar ratios, solvent, 
temperature and catalysts are examined during experiments. Also effect of structure and substituent on 
the product formation is notified.  Effect of groups like hydroxyl, methoxy and other on starting material 
(i. e. 2-hydroxy acetophenone and aromatic aldehyde) was studied. Attention is given for the synthesis of 
basic flavone molecules which are pharmaceutically active and whose skeletal modification gives new 
lead molecules. Hydroxyl group is important on flavone molecule for its versatile biological activities. So 
alternate method for the synthesis of flavone is methylation of starting material or methylated starting 
material must be used. After comparison of hydroxylated starting material and menthoxylated starting 
material we found that later is easy to synthesize flavones.  
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INTRODUCTION 
Flavonoids consist of polyphenol 
compounds of benzopyrane class 
constituting an important group of oxygen 
heterocyclic compounds distributed in 
plants as a secondary metabolite [1]. 
Flavones are natural products synthesized 
in plants via shikimate pathway. Flavones 
are secondary metabolite and plays various 
role in plants. As flavones are directly 
associated with human dietary ingredients 
and health, there is need to check structure 
and function relationsheep. The 
bioavaibility, metabolism, and bio-activity 
of flavones depend upon stereo chemical 
configuration, number of hydroxyl groups, 
substitution of functional groups in the 
structure of flavones. Diversity of structure 
gives them wide spectrum activities. They 
protect plant from UV rays, interact with 
soil microbes, attract insect for pollination 
[2-4] Tea, wine, fruits, herbs and vegetables 
are the main source of flavonoids for human 
being [5]. Recently scientists have focused 

on the health benefits of flavonoids for 
human health. Many reports were showed 
that flavonoids have various 
pharmacological activities [6, 7]. 
Flavonoids have both metabolic and 
infective disease activity. Most of flavonoids 
are shown to have antioxidant [8,9], 
anticancer [10-12,23],free radical 
scavenging capacity [13,14], hepato-
protective [15-17], anti-inflammatory 
[18,19], antibacterial [20,21], anti-diabetic 
[22], antimicrobial [24], ant osteoporotic 
[25] activities, while some flavonoids shows 
potential antiviral activities [26,27]. Some 
of the drug molecules with particular 
activity is shown below (Fig. 1).Due to 
varied biological activity of flavonoid 
skeleton it is necessary to synthesize 
flavone in laboratory with simple and cheap 
method’s we try to modify the solvent, 
molar ratio, yield, temperature and time 
span of the reaction. Basically flavones are 
synthesized by major five methods. The 
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most common methods are Claisen-Schmidt 
method, Baker-Venkatraman method and 
Ganguly’s method [35]. In current work we 
have selected Claisen- Schmidt method for 
optimization. Claisen-Schmidt method 
involves two steps. In first step aldehyde 

and ketones were undergoes condensation 
to give chalcones. Second step involves 
oxidative coupling. In second step 
cyclization occurred and chalcone were 
converted to flavones (Scheme 1)

 
Figure 1: Flavones with Biological Activity (28- 32) 
 

Figure 2: Examples of Basic Flavone Molecules 

Flavonoids with large number of hydroxyl 
group in ring A, B, C have potent biological 
activity. Various synthetic report in past 
literature indicated that very few people 
synthesized flavones with more hydroxyl 

groups as a substituent. Most of people 
synthesized flavones and checked their 
biological activities [35]. Some people 
modified methodology, invented novel 
methods also, but no one reported that 
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synthesis of flavone with highly substituted 
OH group is difficult. This remained 
problem. Initially we thought that it is 

problem of work up that we were not able 
to isolate the product. 

 

Scheme 1: Claisen-Schmidt Synthesis of Flavone [33, 34] 

 

 
Figure 2: Mechanism of Formation of Chalcones 
 
But after careful observation, past literature 

study and understanding of reaction 

mechanism of chalcone (Fig. 3) we 

concluded that OH groups undergoes H-

bonding. As per our other observation 

polymerisation also occurred (Fig.4).

 
Figure 3: H-bonding and Polymerization in Chalcones
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MATERIALS AND METHODS 
All material purchased from Sigma-Aldrich 
and Merck chemicals (Gujarat). 
Experimental 
All materials purchased from Sigma, Aldrich 
and solvents from Merck Chemicals.   
Representative procedure for the 
synthesis of chalcone and flavones 
Step I 
 One mole each substituted 2-hydroxy 
acetophenone and substituted aromatic 
aldehyde was added in a RBF. Apparatus 
with stirrer and water condenser was 
assembled. Use hot plate with stirrer. 
Solvent was added to dissolve the reactant. 
Then 2 mole of NaOH was dissolved in 
distilled water (small quantity). NaOH 
solution was added with dropping funnel 
under stirring. Colour of reaction mixture 
was changed. Mostly yellow colour formed 
which indicates that reaction was initiated. 
Reaction mixture was stirred further till 
single spot appears on TLC. The reaction 

mass was cooled if reaction was carried out 
at heating condition. Reaction mass was 
poured on crushed ice. The reaction mass 
was neutralized with suitable dilute 
acid.Recrystalised from cold ethanol. Yield 
& M. P. was measured. Pure sample was 
given for analysis mentioning percent 
solubility in suitable solvent. 
Step II 
In a two neck RBF one mole of chalcone was 
added and reflux condenser was attached. 
Through the neck of condenser 10 mole % 
of iodine was added. The assembly was 
placed in oil bath and 1100C temperature 
was maintained carefully. After 1.5 hours 
TLC was cheked.When difference of spot 
occurs on TLC work up was carried out. 
Saturated sodium thiosulphate solution was 
used to remove excess iodine. Sometimes 
brine may be used to remove inorganic 
impurities. For extraction of flavone ethyl 
acetate or chloroform was used.

 

                                      Step I Process optimization for the synthesis of chalcone 
 
   Scheme 2: Ref. chalcone for optimization 
 

 
 

 
By using Claisen-Schmidt method we 
synthesized above chalcone 2a-2j (Table 7). 
We modified and optimized the process for 
the synthesis of chalcone. Inorganic bases, 
iodine, solvents, molar ratio, temperature 
and time span of reaction was corrected 
(Table 1-6). Ethanol as a good solvent and 
NaOH/KOH are good bases for the synthesis 
of chalcone (Table 3 & 4). We also invented 

that 1:1:2 is very good molar ratio (Table 
3) for the synthesis of chalcones. We also 
carry out reaction from RT to reflux 
condition and find out that 700C is good 
temperature for the synthesis (depending 
upon melting point of chalcone). We also 
concluded that hydroxyl group interfered in 
the formation of chalcone (Fig.3).
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Table1-6: process optimization for synthesis of chalcone 
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Table 7:  Molecules Synthesized by Optimized Process 
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Step II 
Process optimization for synthesis of flavone from chalcone (Oxidative coupling) 

 
 Scheme 3: Reference compound for optimization 
 

Above scheme is used for oxidative coupling 
of chalcone to flavones. Various solvents, 
catalysts, mole percept are analysed (Table 
8-11). We concluded that DMF is good 
solvent and iodine is good catalyst. Various 
lewis acids were analysed for the oxidative 
coupling of chalcone to flavones. But iodine 
was the best catalyst. Iodine forms cyclic 
intermediate with chalcone which helps to 
convert chalcone to flavones.10 mole per 
cent or 1:0.1 mole of chalcone and iodine 
gives best yield of product. We also noticed 
that solvent plays important role in the 
synthesis of flavones.DMSO was good 
solvent for the synthesis of flavone.  

Because of its high boiling point expected 
temperature maintained. As per our opinion 
radical reaction occur in the formation of 
flavones. This conclusion is supported by 
past synthesis. Since it is possible to 
prepare flavone without solvent and study 
of mechanism indicates flavones may be 
formed via radical reaction. Temperature 
was important factor to initiates the 
reaction. 1100C is good temperature for the 
synthesis of flavones. If temperature 
increased above 1200C a specific type of 
smell is there indicating decomposition of 
reaction. So under optimized condition we 
synthesized different flavones (Table 12). 

 
Table 8-11: Process optimization for highly hydroxylated flavones 

Spectral Data of some Flavones  
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2-(2, 4-dimethoxyphenyl)-7-methoxy-
4H-chromen-4-one (3a) 
IR (cm1) 3068,2849, 1641,1459,1365,1315, 
1083961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-
3’),7.015(C-4’), 6.97(C-5’), 9.89 (C-OH). 
 
2-(2-hydroxyphenyl)-4H-chromen-4-one 
(3b) 
IR (cm-1)- 3068,2849,1641,1459,1365,1315, 
1083,961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-3’), 
7.015(C-4’), 6.97(C-5’), 9.89 (C-OH). 
 
7-hydroxy-2-(3-hydroxyphenyl)-4H-
chromen-4-one (3c) 
IR (cm-1) - 
3068,2849,1641,1459,1365,1315,1083, 
961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-3’), 
7.015(C-4’),6.97(C-5’),9.89 (C-OH). 
 
5-hydroxy-2-(3-hydroxyphenyl)-4H-
chromen-4-one (3d) 
IR (cm-1) - 
3068,2849,1641,1459,1365,1315, 
1083,961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-3’), 
7.015(C-4’), 6.97(C-5’), 9.89 (C-OH). 
 
6-methoxy-2-(4-methoxyphenyl)-4H-
chromen-4-one (3e) 
IR (cm-1) - 
3068,2849,1641,1459,1365,1315,1083, 
961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-
3’),7.015(C-4’),  
6.97(C-5’), 9.89 (C-OH). 
 
7-hydroxy-2-(3, 4, 5-trihydroxyphenyl)-

4H-chromen-4-one (3f) 

IR (cm-1) - 
3068,2849,1641,1459,1365,1315, 
1083,961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-
3’),7.015(C-4’),  
6.97(C-5’), 9.89 (C-OH). 
 
6, 7-dihydroxy-2-(3-hydroxyphenyl)-4H-
chromen-4-one (3g) 
IR (cm-1)- 3068,2849,1641,1459,1365,1315, 
1083,961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-
3’),7.015(C-4’),  
6.97(C-5’), 9.89 (C-OH). 
 
5-methoxy-2-(3-methoxyphenyl)-4H-
chromen-4-one (3h) 
IR (cm-1) - 
3068,2849,1641,1459,1365,1315, 
1083,961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-3’), 
7.015(C-4’), 6.97(C-5’), 9.89 (C-OH). 
 
2-(2, 3-dimethoxyphenyl)-7-methoxy-
4H-chromen-4-one (3i) 
IR (cm-1) - 
3068,2849,1641,1459,1365,1315, 
1083,961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-
3’),7.015(C-4’), 
 6.97(C-5’), 9.89 (C-OH). 
 
2-(2, 3, 4-trihydroxyphenyl)-4H-
chromen-4-one (3j) 
IR (cm-1)- 
3068,2849,1641,1459,1365,1315, 
1083,961,736. 
1HNMR (300MHz) 6.70(C-3), 7.85(C-5), 
7.82(C-7), 6.89(C-8), 7.04(C-2’), 6.99(C-
3’),7.015(C-4’),  
6.97(C-5’), 9.89 (C-OH). 
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Table12: Synthesis of flavone under optimized condition 
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# All melting point of compounds matches with the reported m. p. (source – chemspider) 
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CONCLUSION 
We first time predicted that hydroxyl group 
interfere in the formation of chalcone. As 
hydroxyl group protected by suitable 
reagent we will easily synthesize chalcone 
and then flavone via Claisen-Schmidt 
method. Oxidative coupling of chalcone to 
flavone is second important step and 
suitable per cent of iodine is necessary. 
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