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ABSTRACT 

Coumarins occupy an important place in the realm of natural products and synthetic organic chemistry. A fast and 
highly efficient green method for synthesizing 3-aryl coumarin derivatives from salicylaldehyde and phenyl acetyl 
chloride in the presence of tetrahydrofuran and K2CO3 using ultrasound irradiation is reported. Ultrasound assisted re- 
actions have resulted in better yields and faster reaction time of the desired products than when prepared under conven- 
tional conditions. The resulting coumarin derivatives were characterized by IR spectrum.  
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1. Introduction 

In developing green [1] synthetic strategies, Indian scien- 
tists mainly concentrate on avoiding environmentally 
non-compatible reagents, solid-phase synthesis, modifi- 
cation of synthetic routes to decrease the number of steps 
and increase overall yield, usage of newer catalysts and 
simplification of classical procedures of reaction. Che- 
mists play a key role in the realization of the conditions 
for sustainable development and green chemistry may be 
their winning strategy. Green chemistry also known as 
sustainable chemistry, is an umbrella concept that has 
grown substantially since it fully emerged a decade ago. 
One of the principle aims of green chemistry is to bring 
the benefit of modern chemical manufacture to develop- 
ing countries without imposing the environmental burden 
that has plagued the industrialized world, green chemis- 
try protects the environment, not by cleaning up, but by 
inventing new chemistry and new processes that do not 
pollute.  

Among the various innovative alternative technologies 
for synthesizing compounds, currently ultrasound tech- 
nology is of immense use. Ultrasound is the use of fre- 
quencies above human hearing creates mini-implosions 
of liquid bubbles that form is solution to create a unique 
environment for chemical reactions. Diverse types of 
reactions [2-10] like substitutions, addition, oxidation- 
reduction, hydrolysis, alkylation, coupling reaction, en- 
zymatic synthesis etc., are improved in terms of rates and 

yield by sonication. In view of the enormous potentiali- 
ties of ultrasound aided synthesis of organic compounds, 
the present work is aimed at synthesis of a biologically 
important class of compounds, namely coumarins with 
the aid of ultrasound. 

Coumarins [11-19] and their derivatives are a well- 
known class of heterocycles, that are very attractive due 
to their extended spectral range, high emission quantum 
yields, versatiliy in a large number of applications and 
mainly investigated due to their important biological ac- 
tivities [20-26] anti-coagulant, anti-HIV, anti hyper pro- 
liferative, cytotoxic properties as well chemopreventive 
activity against cancer and due to their role as anti-tu- 
bercular, anti-histamic, anti-microbial, anti-inflammatory 
rodenticides and photodynamic activity.  

2. Results and Discussion 

Nine different 3-aryl coumarins have been prepared by a 
one-pot method using ultrasound irradiation and the re- 
sults are summarized in the Table 1.  

The yields of 3-arylcoumarins range from 7% - 98% 
with the maximum yield of 98% obtained for 6-nitro-3- 
(4’-nitrophenyl) coumarin. The yield of 3-(2’,4’-dini- 
trophenyl)coumarin is also high (96%). Presence of nitro 
substituents either at C-6 or C-6 and C-4’ together or 
C-2’ and C-4’ together in the A/C rings of the coumarin 
skeleton favour coumarin formation. However substitu- 
tion of a lone nitro group at C-4’ position does not give a 
good yield of the 3-aryl coumarin as also in the case of 
the 6-bromo-4’-nitro substituted 3-arylcoumarin. The  *Corresponding author. 
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Table 1. Synthesis of 3-Aryl coumarin derivatives under ultrasound irradiation in the presence of THF and potassium car- 
bonate. 

Entry Substrate 1 Substrate 2 Product Time (min) Yield (%) M.P. (˚C)

1 

O

OH

CHO 

C6H5CH2COCI 

O

 

30 69 139 

2 

O
OH

CHONO2

C6H5CH2COCI 

O

O2N

 

20 55 122 - 123

3 

O

Br

OH

CHO

C6H5CH2COCI 

O

Br

 

30 20 184 - 186

4 

OH

CHO 

CH2COCI
O

O

NO
NO2  

2 

25 7 189 - 190

5 

OH

CHONO2

CH2COCI
OO

O2N

NO
NO2  

2 

30 98 158 - 160

6 

OH

CHO

CH2COCI
O O

Br

Br

NO2

NO2  

30 10 202 - 203

7 

OH

CHO 

CH2COCI

OO

NO2  

NO2

NO2 

35 96 226 - 227
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Continued  

8 

OH

CHO

CH2COCI
OO

O2N

NO2  

O2N

NO2

NO2

30 13 258 - 260

9 

OH

CHO

CH2COCI
OO

Br

NO2  

Br

NO2

30 65 243 - 244

NO2

 
melting points were determined by open capillary me- 
thod and are uncorrected.  

The reaction time (Table 2) was found to be much 
minimized compared the conventional method of reflux- 
ing the reactants in dry acetone medium. The resulting 
compounds were recoded using IR spectrum.  

1) 3-phenyl coumarin. The IR spectrum revealed 
prominent absorptions due to lactone carbonyl IR (KBr) 
γmax = 1708 cm−1 as well as C-O-C linkage IR (KBr) γmax 
= 1224 cm−1. 

2) 6-nitro-3-phenyl coumarin. The IR spectrum re- 
vealed prominent absorptions due to lactone carbonyl IR 
(KBr) γmax = 1680 - 1700 cm−1 as well as C-O-C linkage 
IR (KBr) γmax = 1272 cm−1.  

3) 6-bromo-3-phenyl coumarin. The IR spectrum re- 
vealed prominent absorptions due to lactone carbonyl IR 
(KBr) γmax = 1716 cm−1 as well as C-O-C linkage IR 
(KBr) γmax = 1236 cm−1.  

4) 3-(4’-nitro-phenyl) coumarin. The IR spectrum 
revealed prominent absorptions due to lactone carbonyl 
IR (KBr) γmax = 1797 cm−1 as well as C-O-C linkage IR 
(KBr) γmax = 1224 cm−1.  

5) 6-nitro-3-(4’-nitrophenyl) coumarin. The IR spec- 
trum revealed prominent absorptions due to lactone car- 
bonyl IR (KBr) γmax = 1706 cm−1 as well as C-O-C link- 
age IR (KBr) γmax = 1268 cm−1.  

6) 6-bromo-3-(4’-nitrophenyl) coumarin. The IR 
spectrum revealed prominent absorptions due to lactone 
carbonyl IR (KBr) γmax = 1680 - 1700 cm−1 as well as 
C-O-C linkage IR (KBr) γmax = 1348 cm−1.  

7) 3-(2’,4’dinitro-phenyl) coumarin. The IR spec- 
trum revealed prominent absorptions due to lactone car- 
bonyl IR (KBr) γmax = 1797 cm−1 as well as C-O-C link- 
age IR (KBr) γmax = 1248 cm−1.  

8) 6-nitro-(2’,4’dinitro-phenyl) coumarin. The IR 
spectrum revealed prominent absorptions due to lactone 

carbonyl IR (KBr) γmax = 1670 - 1700 cm−1 as well as 
C-O-C linkage IR (KBr) γmax = 1270 cm−1.  

9) 6-bromo-3-(2’,4’dinitro phenyl) coumarin. The 
IR spectrum revealed prominent absorptions due to lac-
tone carbonyl IR (KBr) γmax = 1690 - 1700 cm−1 as well 
as C-O-C linkage IR (KBr) γmax = 1213 cm−1.  

3. Materials and Methods 

The most powerful and efficient sonication systems are 
the ultrasonic horns that allow insertion of an ultrasonic 
probe into the reaction vessel, in direct contact with re- 
actants and solvent. The minimize energy losses resulting 
from deadening and the power supplied can be much 
higher. The reactor vessel was made by an experienced 
glassblower from pyrex borosilicate glass and was de- 
signed to be resistant to vibrations, including stress frac- 
tures. An ultrasonic homogenizer model 300 VT was 
used to carry out the reactions. Power in watts and the 
time in seconds can be set conveniently using this ho- 
mogenizer. IR spectra were recorded using a Perkin- 
Elmer spectrometer. 

3.1. Preparation of Starting Compound 

3.1.1. 2,4-Dinitro Phenyl Acetic Acid  
Phenyl acetic acid 25 g (0.184 mol) was taken in a 500 
ml RB flask and the flask was cooled in running water. 
250 ml of fuming nitric acid was added from a suitably 
supported dropping funnel rather slowly at first and then 
more rapidly. The addition required about 15 min. A re- 
flux condenser was attached to the flask and the flask and 
the mixture was heated under reflux for one hour and 
then carefully poured into 500 ml of cold water. Then the 
crude product was filtered at the pump and washed it 
with a little cold water. The resulting acid was recrystal- 
lised from 20% alcohol. Th ield of pure 2,4-dinitro-  e y 
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Table 2. Comparison of reaction time of 3-phenylcoumarin prepared in ultrasound with that of other process improvement 
methods and conventional method. 

Reaction time 
S. No 3-phenyl coumarin 

Conventional PTC Solid support Microwave Ultrasound 

1 3-phenyl coumarin 30 hr 25 min 10 min 16 min 30 min 

2 3-(2’,4’-dinitro phenyl) coumarin NR NR NR 5 min 35 min 

3 3-(4’-nitro phenyl) comarin NR NR NR 11 min 25 min 

4 6-nitro-3 phenyl coumarin NR NR NR 7 min 20 min 

NR: Not Reported by earlier workers using this procedure. 

 
phenyl acetic acid is 27 g (64%), m.p.: 183˚C.  

3.1.2. Phenyl Acetyl Chloride 
A mixture of phenylacetic acid (10 g) and thionyl chlo- 
ride (7.6 ml) was refluxed on a water bath for an hour. 
After refluxing, the excess thionyl chloride was removed 
by distillation and the remaining liquid was distilled un- 
der reduced pressure, when phenyl acetyl chloride was 
obtained as a pale pink coloured liquid, yield 5 ml, b.p. 
96˚C - 98˚C/12mm.  

3.1.3. p-Nitro Phenyl Acetyl Chloride 
A mixture of p-nitro phenyl acetic acid (10 g) and thionyl 
chloride (7.6 ml) was refluxed on a water bath for an 
hour. After refluxing, the excess thionyl chloride was 
removed by distillation and the remaining liquid was 
distilled under reduced pressure, when phenyl acetyl 
chloride was obtained. Yield 4.7 ml, b.p. (95˚C - 96˚C/ 
12mm).  

3.1.4. 2,4-Dinitro Phenyl Acetyl Chloride 
A mixture of 2,4-dinitro phenyl acetic acid (10 g) and 
thionyl chloride (7.6 ml) was refluxed on a water bath for 
an hour. After refluxing the excess thionyl chloride was 
removed by distilled and the remaining liquid was dis- 
tilled under reduced pressure, when phenyl acetyl chlo- 
ride was obtained. Yield 4.5 ml, b.p. (93˚C - 94˚C/ 
12mm).  

3.1.5. 5-Nitro Salicylaldehyde 
Salicylaldehyde (1 ml) was taken in a RB flask to which 
a mixture of nitric acid and acetic acid in the ratio 1:3 
was adde and stirred well for 5 min. Then the mixture 
was poured into ice-cold water when yellow crystals of 
5-nitrosalicylaldehyde separated, which were recrystal- 
lised from ethanol. Yield 4.4 g, m/p/126˚C.  

3.1.6. 5-Bromo Salicylaldehyde 
Salicylaldehyde (1 ml) was taken in a RB flask to which 
add bromine is added drop by drop through the separate- 
ing funnel with constant shaking stand the flask in cold 
water. When all the bromine has been added then reflux 

it for an hour and white solid was obtained, Yield 4 
g.m.p, 116˚C - 117˚C.  

4. Experimental Section 

General Procedure-Synthesis of 3-Phenyl  
Coumarin 

Salicylaldehyde (0.3 ml) and phenyl acetyl chloride (1 ml) 
were mixed in a glass vessel and potassium carbonate 
was added. The reaction mixture was irradiated in ultra- 
sonic probe. TLC was run every 3 minutes to check the 
progress of the reaction. Once the reaction was complete 
as shown by the appearance of an additional fluorescent 
spot and disappearance of reactant, ice bath was added to 
the residue. The residue was then extracted with ether. 
The ether layer was washed with sodium carbonate solu- 
tion and then with water. The ether layer was then 
evaporated and treated with ethanol when 3-phenylcou- 
marin was obtained as pale white crystals.  

Using this procedure nine 3-phenylcoumarins deriva- 
tives were synthesized from salicylaldehyde, 5-ni- 
trosalicylaldehyde or 5-bromosalicylaldehyde as one of 
the substrate and phenyl acetyl chloride, p-nitro phenyl 
acetyl chloride or 2,5-dinitro phenyl acetyl chloride as 
the other substrate.  

5. Conclusion 

Ultrasound irradiation in synthesis has been recognized 
to have a green value and various 3-aryl coumarins have 
been prepared from easily accessible starting materials in 
about 15 - 30 minutes of reaction time. The method ap- 
peared convenient and simple with respect to the con- 
venient heating. When the reactions were carried out in 
ultrasound a tremendous reduction in time was observed. 
From the results of the study, it can be proposed that this 
method can be adopted as a green method of synthesis of 
coumarin derivatives. Further work is aimed at studying 
the structure activity of the synthesized coumarins. 
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