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ABSTRACT 
An efficient synthetic route for the Pechmann condensation reaction of substituted phenols and β-ketoesters under 
solvent-free conditions using a Bronsted acid 5-sulfosalicylic acid (5-SSA) as an organocatalyst leading to the 
formation of coumarin derivatives is described. Using microwave heating, reaction times were reduced from 45 min 
to 6 min.  The attractive features of this protocol are mild reaction conditions, short reaction time, metal-free 
environment, easy workup procedure and improved synthesis which avoid chromatographic purification. 
Keywords: Coumarin, Metal-free Environment, Microwave Irradiation, Organocatalyst, Green Chemistry etc. 
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INTRODUCTION 
In the plant kingdom, an important group of naturally occurring compounds, coumarin moieties are 
widely distributed. Coumarins(benzo-α-pyrone) are members of benzopyrone systems, which are found in 
many vegetables, seeds, fruits like bilberry, coffee, tea, nuts, cinnamon bark oil and wine.1,2 Synthetic 
coumarins are widely used as aroma chemicals because of their stability to alkali, odor strength and 
relatively cheap price.3 A coumarin as heterocyclic nucleus present in many natural products; therefore 
synthesis of coumarins has attracted considerable attention from the medicinal and organic chemist for 
many years. They occupy an important position, in synthetic organic chemistry,because of their potential 
applications in fragrance, pharmaceutical and agrochemical industries. 
 They are used as anticoagulants, cosmetics, additives in food, dispersed fluorescent laser dyes and optical 
brighteners and the preparation of insecticides.4-6 Many compounds containing the coumarin moiety 
possesses anti HIV  and anticancer activity.7,8In the synthesis of chromenes, furocoumarins, 2-
acylresorcinol and coumarones, coumarin also acts as intermediates.9 Thus the synthesis of heterocyclic 
nucleus, i.e.coumarins, is of much current interest.10,11 Wedelolactone and  Novobiocin (Fig.-1)are 
naturally occurring products that are used as a venomous snake-bite antidoteand as an antibiotic 
respectively.12,13 
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Fig.-1:  Some Biologically Active Coumarin-based Compounds  
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Pechmann,Reformatsky Knovengeal,Perkinand Wittig reactions are reported for the synthesis of 
coumarins.14-20 Pechmann reaction requires simple and inexpensive starting materials, i.e. phenols and β-
ketoesters,and therefore the Pechmann reaction because of its simplicity,is a widely used method for 
synthesis of coumarin derivative, Conventionally, the Pechmann reaction is carried out in the presence of 
conc. H2SO4, phosphorus pentaoxide, aluminium chloride, trifluroacetic acid, ionic liquids, and PVP-
HWP,Zn[(L)-Proline]2 as a catalyst.21-29Long reaction time, tedious workup procedure, the requirement of 
special apparatus and use of organic solvents,all the above methods suffer from one or more 
disadvantages even these methods have their advantages.To reduce waste and costs, and to simplify the 
synthetic process and handling, the reactions are carried out under solvent-free condition.30 Development 
of organic synthesis in which the reactions are catalyzed by organocatalyst is an important area for the 
green procedure.31 However to the best of our knowledge, the organocatalyzed synthesis of coumarins has 
not been accomplished. Thus in the view of the importance of coumarin compounds, the development of 
an efficient, simple and versatile method for the preparation of coumarins by Pechmann condensation is 
an active research area and there is a scope for further improvement in the reaction condition and product 
yields. In continuation of our research work in the development of the green procedure, for the synthesis 
of biologically active moieties, we have developed an organocatalytic synthesis of coumarin 
derivatives.32-35 

Three-component Mannich reactions, as well as synthesis of 1-amido alkyl 2-naphthol and 3,4-
disubstituted isooxazol-5(4H)-ones using 5-sulfosalicylic acid catalyst,was reported.36,37 This work was 
attractive for us to test the feasibility of 5-SSA as a novel basic organocatalyst in the synthesis of 
Coumarin derivatives. The metal-free organocatalytic process can reduce the cost and avoid the pollution 
caused by metals therefore, metal-free catalysts are regarded as green catalysts. Microwave provides a 
powerful way to do synthetic chemistry in the green approach. Material may be heated, in a microwave 
oven with the use of high-frequency electromagnetic waves. Due to the interaction of the electric field 
component of the wave with the charged particle in the material, heating arises. The heat is generated 
through resistance to an electric current, through the conduction mechanism. An oscillation of electrons or 
ions in a conductoris generated due to the oscillating electromagnetic field, which results in an electric 
current.The electric current generated faces internal resistance, which then heats the 
conductor.Microwave irradiation was preferred for heating the reaction mixtures because utilization of 
microwaves generally reduces reaction time and improves yields.38In this study, we have developed the 
synthesis of coumarins by Pechmann condensation of substituted phenols and ethyl acetoacetate using  5-
SSA as a mild and efficient organocatalyst under solvent-free conditions using conventional heating as 
well as microwave irradiation. 

EXPERIMENTAL 
Materials and Methods 
5-sulfosalicylic acid (Spectrochem), substituted phenols (Spectrochem and Thomas Baker), and ethyl 
acetoacetate (Thomas Baker) were used as received.An open atmosphere and dried glassware are used to 
carry out all reactions.A hot paraffin bath is used for recording the melting points of all synthesized 
compounds and is uncorrected. Synthesis of coumarin derivatives was carried out under solvent-free 
conditions using the Microwave Synthesizer System (Milestone Srl, Sorisol (BG), Italy). The IR spectra 
were recorded on Alpha100508,FT-IR spectrometer in the frequency range 500-4000 cm-1. The NMR 
spectra were recorded on a Bruker Avance (400 MHz for 1H NMR and 100 MHz for 13C NMR) 
spectrometer using DMSO as solvent using Tetramethylsilane (TMS) as an internal standard. Chemical 
shifts (δ) are expressed in parts per million (ppm). 
 
Thermal Heating  
A mixture of resorcinol (1 mmol), ethyl acetoacetate (1 mmol) and 20 mol% 5-SSA was mixed and 
magnetically stirred at 80o C for time intervals (20-45min.). The completion of the reaction was confirmed 
by TLC (n-hexane: ethyl acetate, 3:1) and then ice-cold water was poured into the reaction mixture.A 
pure solid was obtained by scratching the beaker,which was filtered, dried and recrystallized from ethanol 
to obtain coumarins in good yield and high purity. The 5-SSA is water-soluble which is recovered by 
evaporating water from the filtrate under vacuum, dried, and then used for the next cycle. 
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Microwave Irradiation  
A mixture of resorcinol (1 mmol), ethyl acetoacetate (1 mmol) and 20 mol% 5-SSA catalyst was 
irradiated in a microwave synthesizer system at 320 W for 6 min. Work-up was done as reported in the 
thermal method. 

 
Scheme-1: Synthesis of Substituted Coumarin Derivatives 

 

Spectral Data of Representative Compound  
7-hydroxy-4-methylcoumarin (Table-4, 3a) 
FT-IR (KBr) (cm-1): υ = 3299, 3050, 2850, 1695.; 1H NMR (400 MHz,CDCl3): δ 10.25 (br.s, 1H, OH), 
7.43-7.41 (J = 8.8 Hz), δ 6.64-6.65 (J = 8.8 Hz) (d, 3H), 6.71-6.74 (m, 3H), 5.97 (s, 1H), 2.32 (s, 3H).; 13C 
NMR (100 MHz, CDCl3) : δ 18.6, 102.7, 110.6, 112.4, 113.2, 126.0, 153.2, 155.2, 161.4.;MS (EI):m/z 
176 [M]+. 
 

7,8-Benzo-4-methylcoumarin. (Table-4,3b) 
FT-IR (υ in cm-1): 1590, 1566,1474, 1630.;1H NMR (400 MHz, CDCl3): δ 8.5 (d, 1H,  ), 7.8 (d, 1H, ), 
7.5-7.6(m, 2H, ), 7.4 (d, 1H,), 6.9 (d, 1H, ), 6.4 (s, 1H), 2.5 (s, 3H). 
 

6,7-Benzo-4-methylcoumarin. (Table-4,3c) 
IR (υ in cm-1): 1601,1512,1464 , 1630.; 1H NMR(400 MHz, CDCl3) : δ 7.7 (s, 2H), 7.6 (d, 1H), 7.2-
7.4(m, 2H), 7.1 (d, 1H), 5.2 (s, 1H,), 1.7 (s, 3H). 
 

8-Nitro-4-methylcoumarin. (Table-4,3d) 
IR (υ in cm-1): 1510, 1450(aromatic ring), 1600 (C=O), 1591,1335 (NO2), 1295, 1195(C-O).; 1H 
NMR(400 MHz, CDCl3) : δ 7.8 (d, 1H,), 7.1 (d of d, 1H), 6.9 (d, 1H), 3.3 (s, 1H ), 2.5(s,3H). 
 

RESULTS AND DISCUSSION 
An efficient protocol for the synthesis of coumarin using 5-SSA as catalyst under solvent-free conditions 
is reported. The structure of 5-Sulfosalicylic acid is given below: 

COOH

OH

HO3S

 
Optimization of Reaction Conditions 
For the optimization of reaction condition, we investigated our study by choosing resorcinol and 
ethylacetoacetate (EAA) as a model substrate by using various mmols of catalyst and MW power levels 
for 4 to 6 min. When there is no catalyst, we got the low yield of the desired product which indicates the 
vital role of the catalyst. 
20 mol% of 5- SSA catalyzes the reaction smoothly and optimized trials were summarized in Table-1. 
The reaction continuity was checked by taking TLC (Ethyl acetate/ n-hexane, 2:1 as a solvent system) at 
various time intervals. We observed that higher catalyst amount,25 mol% and 320 W, 40 %, MWI power 
yielded desired product 7-hydroxy-4-methylcoumarin in a short time 4 min with 90 % yield but more 
suitable reaction condition to obtain the desired product in acceptable yield, 90 % was using 20 mol% of 
5-SSA as a catalyst and 320 W, 40 % MWI for 6 min (Table-1). 
The efficiency of 5-SSA was also checked by the conventional heating method and same model reaction 
conditions with variable temperature and time and the results were given in Table-2. It was observed that 
in conventional heating satisfactory results for the synthesis of 7-hydroxy-4-methyl coumarin were 
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obtained at 80oC for 20 min with 85% yield (Table-2, entry 5). The yield obtained for model reaction in 
MWI (yield 90 %) is higher than conventional heating and reaction time reduced from 20 min to 6 min. 
 

Table-1: Optimization of Reaction Conditions Using the Amount of 5- SSA at Different MWI 
OO

OEt

5-SSA , solventfree

 MWI

OHOH

+
O OOH

 
mol% of 5- 

SSA and 
Microwave 

Power 

Time (s) TLC mol% of 5- SSA 
and Microwave 

Power 

Time (s) TLC 

 
0 

240 W 
(30%) 

120 NP  
0 

320 W (40%) 

120 NP 
240 NP 240 NP 
360 NP 360 NP 
480 NP 480 TP 

 
10 

240 W 
(30%) 

120 NP  
10 

320 W (40%) 

120 TP 
240 NP 240 TP 
360 TP 360 CRM 
480 TP 480 CRM 

 
20 

240 W 
(30%) 

120 NP  
20 

320 W (40%) 

120 CRM 
240 TP 240 P+CRM 
360 TP 360 P+MRI(90%) 
480 CRM 480 P+ MRI 

 
25 

240 W 
(30%) 

120 TP  
25 

320 W (40%) 

120 CRM 
240 TP 240 P+MRI(90%) 
360 CRM 360 P+ MRI 
480 CRM 480 P+ MRI 

TP: Trace Product NP: No Product, CRM: Complex Reaction Mixture, P: Product, MRI: Minor Reaction Impurities 
 

Table-2: Conventional Heating Methods to Optimize the Reaction Conditions 

 
Entry Temperature ( 

00C ) 
Time ( min ) Yieldb (%) 

1 RT 90 48 
2 45 60 52 
3 60 45 65 
4 70 45 70 
5 80 20 85 

aReaction conditions: Resorcinol (1 mmol), Ethylacetoacetate (1 mmol),  and 5-SSA  (20 mol %) at a given 
temperature, bIsolated yield 
 

From an enviro-economic point of view, the reusability of the catalyst was highly significant so the study 
was carried out using resorcinol (1 mmol), ethyl acetoacetate (1 mmol) and 20 mol%,5-SSA catalyst as 
model substrates. Subsequently, 5-SSA is water-soluble which is recovered by evaporating water from the 
filtrate under vacuum, dried, and then used for the next cycle.  The reusability of 5-SSA was studied 
efficiently by using the same model substrates under optimized reaction conditions. Recyclability of the 
5-SSA catalyst was checked to four consecutive cycles having yield 90-80% (Fig.-2). The reusability of 
5-SSA was examined efficiently using Resorcinol as a model substrate. The recovered 5-SSA was reused 
directly for three consecutive cycles, and all the results are summarized in Table-3. After the third cycle 
85% of the catalyst is recovered, and it gives 80% of the coumarin product. 
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Fig.-2:  Recyclability of the 5-SSA Catalyst 

 

Table-3: Catalyst Recovery for the Synthesis of Coumarin Derivatives a 

Entry Number of Cycles Catalyst Recovery Yield (%)b 

1 Cycle 1 98 90 

2 Cycle 2 94 88 

3 Cycle 3 90 84 

4 Cycle 4 85 80 
aReactionConditions: resorcinol (1 mmol), ethylacetoacetate (1 mmol), and 5-SSA(20 mol%) at a given temperature, 
bIsolated yield 
 

To further establish the scope of optimized reaction conditions and to generalize the synthetic procedure, 
a variety of substituted phenols were treated with ethylacetoacetate under conventional and microwave 
irradiation method. The presence of electron-donating and electron withdrawing groups on the aromatic 
rings does not affect the yield of the product. All the results are compiled in Table-4. 
 

Table-4: Comparison between Classical and Microwave Heating for the Synthesis of Coumarin 
Derivatives a 

OO

OEt
R

OH

+
O O

R

1 ( a - i )
2 3 ( a - i )

5-SSA , solventfree

80
0
C OR MWI

 
Entries Aryl 

Aldehyde 
Product M.P. oC 

(References) 
Classical Heating Microwave Heating 

Time/min Yield b (%) Time /min Yield b (%) 

1 Resorcinol O OOH

3a 

183-185  
[38] 

20 85 6 90 

2 α-Naphthol 

O O

 
3b 

152-154  
[38] 

30 78 7 82 

3 β-Naphthol 

O O

 
3c 

187-189   
[39] 

30 72 8 75 

0

50

100

Fresh 1 2 3

90 88 84 80

Yi
el

d 
%

Run

Yield  (%)
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4 2-Nitrophenol 

O O

NO2

 
3d 

180-181    
[39] 

45 70 8 80 

5 4-Nitrophenol O O

O2N

3e 

149-150    
[39] 

45 72 3 78 

6 3-
Hydroxyaniso

l 

 
O OH3CO

 
3f 

155-156    
[39] 

35 85 6 88 

7 m-Cresol O O

 
3g 

131-132    
[38] 

20 85 5 88 

8 Pyrogallol 

O O

OH

OH

3h 

240-142    
[39] 

25 83 5 85 

9 Phloroglucino
l 

O O

OH

OH  
3i 

285-286   
[38] 

25 82 5 85 

aReactionConditions: substituted phenols (1mmol), EAA (1 mmol), and 5-SSA(20 mol%) under solvent-free 
condition,b Isolated yield of purified products. 
 

Table-5: Comparison with a Variety of Catalysts for the Reaction of Resorcinol with EAA 
 

 
S. 

No. 
Catalyst 

Amount of Catalyst 
(mol%) 

Temp. (°C) Time 
Yield 
(%) 

Ref. 

1 5-SSA 10 MW 6 min 90 This Work 
2 SnCl2.2H2O 10 80 150 min 52 [42] 
3 Silica nano composite 20 Reflux 2 h 81 [22] 
4 Amberlyst 20 Reflux 2 h 95 [43] 
5 Conc.H2SO4 20 10 12 h 50 [40] 
6 Mont.K10 20 150 6 h 70 [41] 
7 Al-MCM 20 150 6 h 70 [44] 
8 IL 20 85 2 h 75 [13] 

The comparison of 5-SSA with the other reported catalyst employed for the reaction of resorcinol with 
EAA is shown in Table-5. This result reveals that 5-SSA is a highly efficient catalyst under microwave 
conditions in terms of reaction time and yield for the synthesis of Coumarin Derivatives. 
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The plausible mechanism for the 5-SSA catalyzed synthesis of 7‐hydroxy‐4‐methylcoumarin under 
solvent‐free conditions is shown in Scheme-2. In this mechanism, 5-SSA activates EAA by protonation, 
making the carbonyl group susceptible to nucleophilic attack by resorcinol.7‐hydroxy‐4‐methylcoumarin 
was produced and the catalyst was regenerated simultaneously through the transesterification and 
dehydration reaction. 

O

OH5C2O
H

+

OH OH
H5C2O

O
+

O

H

..

OH O O

H5C2O

H
OH

O OOH

- H 2O

- C 2H5OH

- H
+

 
Scheme-2: The Plausible Mechanism for the Synthesis of 7-hydroxy-4-methylcoumarin 

 

CONCLUSION 
In summary, we have carried out the optimization of Pechmann reaction of resorcinol with ethyl 
acetoacetate by using 5-SSA as catalysts under solvent-free conditions using microwave irradiation for 
the synthesis of 7-hydroxy-4-methylcoumarin.All products obtained by the condensation reaction of 
substituted phenols with ethyl acetoacetate (EEA) under solvent‐free conditions using microwave 
irradiation, gave good to excellent yields. The present method has several advantages such as short time, 
metal-free synthesis, high reaction rates, excellent yields, no side reaction, cost efficiency, ease of 
handling of the catalyst, and a simple experimental procedure. 
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