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Abstract :  A highly efficient and an environmentally friendly synthesis of a series 3-hydroxy substituted flavones (2a-2i) under 

green chemistry condition was reported from different substituted chalcones  and hydrogen peroxide in presence of aqueous 

ethanol by using Ultrasound Sonication technique. The remarkable advantages of this method are environmentally friendly, short 

reaction time, simple work-up procedure and excellent yields of the products. All the synthesized 3-hydroxy substituted flavones 

were elucidated on the basis of spectral analysis such as IR, 1HNMR, and Mass spectroscopy. These 3-hydroxy substituted 

flavones were evaluated for their in vitro antibacterial and antifungal activity. Majority of the synthesized flavones were shown 

moderate to good antibacterial and antifungal activity against all used strains with higher values.   
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I. INTRODUCTION 

The flavones (2-phenylchromones) are naturally occurring heterocyclic compounds belonging to the flavonoid group and 

these are widely distributed in vascular plants1. On the other hand Chalcones (1,3-diaryl-2-peopen-1-ones) are natural/synthetic 

compounds belonging to the flavonoid family, chalcones of plant origin are known2. Chalcones present great interest as 

compounds exhibiting antimalerial3, anticancer4 antitrichomonal5, antileishmanial6, and cytotoxic activities. Chalcones and its 

derivatives show various biological activities. Chalcones are medicinally important class of compounds. It is also used as main 

intermediate for synthesis of heterocyclic compounds like pyrozolines7. Flavones are a class of flavonoids based on the backbone 

of 2- phenylchromen-4-one8.  

Substituted 4-hydroxyl chalcones are widely distributed in the plant kingdom9-13.  Similarly, “Flavones” the subgroup of 

flavanoids are also a major constituent which are distributed from ferns to higher plants possessing various biological activities 

such as antioxidant, antifungal , antibacterial, anti inflammatory, antitumor, antiasthamatic, antiviral, antihypertensive, estrogenic 

antixiolytic diuretic activity and inhibition of hormone dependent proliferation of cancer cells14-15. The usage of sonicator energy 

to accelerate organic reactions is of increasing interest and offers several advantages over conventional techniques. The 

remarkable advantages of this method are environmentally friendly, short reaction time, simple work-up procedure and excellent 

yields of the products. In one half of the century Ultrasound sonicator energy had been used for the heating of food material  16-17.  

But now the application of this energy has been utilized in organic synthesis.   

In 1855, Robert Bunsen invented the burner which acts as energy source for heating a reaction vessel and synthesis of 

organic compound by heating on burner was become a traditional method18-20. In continuation of our research work to extend 

green chemistry protocol we thought worthwhile to synthesize some novel 3-hydroxy substituted flavones which may be shows 

higher antimicrobial activity. 

 
II. Experimental: 

Melting points of all the synthesized 3-hydroxy substituted flavones were determined in open capillaries and 

uncorrected. IR spectra were recorded using Perkin‐Elmer FTIR‐RX1 spectrophotometer. 1HNMR spectrum was recorded using 

CDCl3 on Bruker Advance (400 MHz) and their chemical shifts were recorded in δ (parts per million) units with respect to 

tetramethyl silane (TMS) as internal standard. Mass spectra were recorded on a Waters Q‐T of micro MS. All the reagents and 

solvents used were of AR grade. Progress of the reactions was monitored using TLC, performed on silica gel, using ethyl acetate: 

benzene as the solvent system. 

 

General Procedure:  

Take 0.01 mole of 4-hydroxy substituted chalcone (1a) dissolved in aqueous ethanol (15ml) in a conical flask having 150 

ml capacity. To this add (10 ml, 20%) Sodium hydroxide and (15 ml, 20%) H2O2. The reaction mixture was kept in Ultrasound 

sonicator in water bath at 38-40 OC for 9-10 min. The completion of reaction was monitored on TLC using benzene/ethyl acetate 

combination (1:1,V/V) as mobile Phase. After completion of reaction the reaction mixture was cooled at room temperature and 

poured into crushed ice, acidified with little amount of very dilute HCl solution. The separated solid product, 3-hydroxy 

substituted flavones (2a) was filtered with Buchner funnel, washed with cold water, dried and recrystallized from 

chloroform:methanol (9:1). Similarly, all the other 3-hydroxy substituted flavones (2b to 2i) were prepared by the same procedure 

and evaluated for their antimicrobial activity. 
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Table-1: Physical data of synthesized 3-hydroxy substituted flavones: 

Sr. No. Structure of Synthesized Compounds Reaction Time (in min.) Yield ( %) M.P (oC) 
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9.36 84 189 

 
Antimicrobial Activity: 

  All the synthesized 3-hydroxy substituted flavones were tested for their antibacterial and antifungal activity by 

measuring zone of inhibition on agar plates using disc diffusion method21 with Escherichia coli and Aspergillus niger. These 

compounds possess moderate to good activity against all stains in comparison with Tetracycline and Griseofulvin was listed in 

Table-2. 

Table 2: Zone of Inhibition (mm) of 3-hydroxy substituted flavones 

Compound Antimicrobial Antifungal 

Escherichia coli  Aspergillus niger 

2a 
11 09 

2b 12 13 

2c 09 12 

2d 15 14 

2e 12 16 

2f 13 11 

2g 16 10 

2h 11 15 

2i 15 13 

Tetracycline 20 00 

Control 00 00 

Griseofulvin 00 20 

 

III. RESULT AND DISCUSSION: 

 In the present investigation and in continuation of earlier research work devoted towards development green chemistry 

and new synthetic methodologies in organic chemistry herein, we report a simple, efficient and environmentally benign procedure 

for synthesis of some novel 3-hydroxy substituted flavones from 4-hydroxy substituted chalcone and Hydrogen peroxide in 

presence of Sodium hydroxide by ultrasonication irradiation in aqueous ethanolic medium. The notable advantages of present 

protocol are one step neat reaction conditions with high yield, simple procedure, no need of purification, save time as well as heat 

energy.  

All the synthesized 3-hydroxy substituted flavones were fully characterized and evaluated for their antibacterial and 

antifungal activity. The flavones compounds are a group of natural products found in flowers, fruits, vegetables, nuts and seeds as 

well as in teas and are important constituent of human diet. They have been demonstrated to possess antioxidant, antihypertensive 

and anti-allergic. Therefore it can be concluded that the 3-hydroxy substituted flavones will have great importance in medicinal 

chemistry as antibacterial and antifungal agents.      

  

 

Spectral Analysis: 

3-hydroxy-2-(3H-indol-3-yl)-7-methyl-4H,5H-pyrano[4,3-b]pyran-4,5-dione;(2a)    

IR (KBr): ν (cm-1): 3282 (-OH str.), 1720 (C=O str.), 1638 (C=N str.), 1085(C-N), 1615 [C=C str. (aromatic)], 1345(C-O-C str.), 

1230(-OH bend.), 2900 [C-H str. (aliphatic)], 3015 [C-H str. (aromatic)]; 1H-NMR (CDCl3)δ: 7.82(d, 1H, Ar-H), 7.76(d, 1H, Ar-

H), 7.61-64 (m, 2H, Ar-H), 5.58 (d, 2H), 1.72 (s,3H,-CH3), 2.22 (s,1H), 15.20(s, 1H,-OH); Mass (m/z): 309 [M+H]+ 

 

2-[4-(dimethylamino)phenyl]-3-hydroxy-7-methyl-4H,5H-pyrano[4,3-b]pyran-4,5-dione;(2b)    

IR (KBr): ν (cm-1): 3412 (-OH str.), 1727 (C=O str.), 1090(C-N), 1620 [C=C str. (aromatic)], 1315(C-O-C str.), 1220(-OH 

bend.), 2909 [C-H str. (aliphatic)], 3025 [C-H str. (aromatic)];1H-NMR (CDCl3)δ: 7.70-7.98(m, 4H, Ar-H), 4.63 (s,1H), 15.51(s, 

1H,-OH), 2.09 (s,3H,-CH3), 1.80 (s,3H,-CH3), 1.58 (s,3H,-CH3); Mass (m/z): 313 [M+H]+ 

 

3-hydroxy-7-methyl-2-(3,4,5-trimethylphenyl)-4H,5H-pyrano[4,3-b]pyran-4,5-dione;(2c)      

IR (KBr): ν (cm-1): 3380 (-OH str.), 1725 (C=O str.), 1575 [C=C str. (aromatic)], 1316(C-O-C str.), 1238(-OH bend.), 2860 [C-H 

str. (aliphatic)], 3025 [C-H str. (aromatic)]; 1H-NMR (CDCl3)δ: 7.85 (s, 1H, Ar-H), 7.69 (s, 1H, Ar-H), 5.12 (s,1H), 15.41(s, 1H,-

OH), 2.55 (s,3H,-CH3), 2.20 (s,3H,-CH3), 1.78 (s,3H,-CH3), 1.62 (s,3H,-CH3); Mass (m/z): 312 [M+H]+ 

 

2-(4-ethoxy-3-hydroxyphenyl)-3-hydroxy-7-methyl-4H,5H-pyrano[4,3-b]pyran-4,5-dione; (2d)     

IR (KBr): ν (cm-1): 3378 (-OH str.), 1690 (C=O str.), 1600 [C=C str. (aromatic)], 1320(C-O-C str.), 1233(-OH bend.), 2885 [C-H 

str. (aliphatic)], 3045 [C-H str. (aromatic)]; 1H-NMR (CDCl3)δ: 7.77 (s, 1H, Ar-H), 6.89-6.95 (d, 2H, Ar-H), 5.53 (s,1H), 15.70 

(s, 1H,-OH), 11.70 (s, 1H,Ar-OH), 1.70 (s,3H,-CH3), 3.72 (t,3H), ; 3.42-3-59 (m,2H); Mass (m/z): 330 [M+H]+ 
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2-(3,4-dimethoxyphenyl)-3-hydroxy-7-methyl-4H,5H-pyrano[4,3-b]pyran-4,5-dione;(2e)      

IR (KBr): ν (cm-1): 3392 (-OH str.), 1700 (C=O str.), 1515 [C=C str. (aromatic)], 1328(C-O-C str.), 1198(-OH bend.), 2898 [C-H 

str. (aliphatic)], 3045 [C-H str. (aromatic)]; 1H-NMR (CDCl3)δ: 7.57 (s, 1H, Ar-H), 6.80 (d, 1H, Ar-H), 6.76 (d, 1H, Ar-H), 6.63 

(s,1H), 15.27 (s, 1H,-OH), 3.8 (s, 3H,-OCH3), 3.3 (s, 3H,-OCH3),  1.75 (s,3H,-CH3); Mass (m/z): 330 [M+H]+ 

 

3-hydroxy-2-(4-isopropylphenyl)-7-methyl-4H,5H-pyrano[4,3-b]pyran-4,5-dione;(2f)    

IR (KBr): ν (cm-1): 3280 (-OH str.), 1710 (C=O str.), 1622 [C=C str. (aromatic)], 1335(C-O-C str.), 1235(-OH bend.), 2910 [C-H 

str. (aliphatic)], 3035 [C-H str. (aromatic)]; 1H-NMR (CDCl3)δ: 7.80-8.00 (dd, 2H, Ar-H), 7.49-7.52 (dd, 2H, Ar-H), 6.46 (s,1H), 

15.77 (s, 1H,-OH), 2.5 (m, 1H), 1.71 (s,3H,-CH3), 1.10 (d,3H,-CH3), 0.09 (d,3H,-CH3); Mass (m/z): 312 [M+H]+ 

 

3-hydroxy-2-(4-hydroxy-3,5-dimethoxyphenyl)-7-methyl-4H,5H-pyrano[4,3-b]pyran-4,5-dione; (2g)      

IR (KBr): ν (cm-1): 3442 (-OH str.), 1690 (C=O str.), 1565 [C=C str. (aromatic)], 1333(C-O-C str.), 1238(-OH bend.), 2900 [C-H 

str. (aliphatic)], 3050 [C-H str. (aromatic)]; 1H-NMR (CDCl3)δ: 7.50 (s, 1H, Ar-H), 6.85 (s, 1H, Ar-H), 5.84 (s,1H), 15.05 (s, 

1H,-OH), 11.25 (s, 1H,Ar-OH), 3.86 (s, 3H,-OCH3), 3.35 (s, 3H,-OCH3),  1.67 (s,3H,-CH3); Mass (m/z): 346 [M+H]+  

 

2-(4-chloro-3-hydroxyphenyl)-3-hydroxy-7-methyl-4H,5H-pyrano[4,3-b]pyran-4,5-dione;(2h)    

IR (KBr): ν (cm-1): 3362 (-OH str.), 1718 (C=O str.), 1580 [C=C str. (aromatic)], 1295 (C-O-C str.), 1210(-OH bend.), 2888 [C-

H str. (aliphatic)], 3075 [C-H str. (aromatic)], 760 (C-Cl str.); 1H-NMR (CDCl3)δ: 7.68 (d, 1H, Ar-H), 6.83 (d, 1H, Ar-H), 6.69 

(s, 1H, Ar-H), 5.80 (s,1H), 15.77 (s, 1H,-OH), 10.85 (s, 1H,Ar-OH), 1.74 (s,3H,-CH3); Mass (m/z): 320 [M+H]+  

 

2-(3-chloro-5-hydroxy-2-methylphenyl)-3-hydroxy-7-methyl-4H,5H-pyrano[4,3-b]pyran-4,5-dione;(2i)      

IR (KBr): ν (cm-1): 3380 (-OH str.), 1734 (C=O str.), 1615 [C=C str. (aromatic)], 1340 (C-O-C str.), 1220(-OH bend.), 2910 [C-

H str. (aliphatic)], 3036 [C-H str. (aromatic)], 775 (C-Cl str.); 1H-NMR (CDCl3)δ: 7.88 (s, 1H, Ar-H), 7.13 (s, 1H, Ar-H), 5.55 

(s,1H), 15.00 (s, 1H,-OH), 10.63 (s, 1H,Ar-OH), 2.78 (s,3H,-CH3), 1.76 (s,3H,-CH3); Mass (m/z): 334 [M+H]+ 
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