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ABSTRACT 

 

A rapid and efficient solvent free synthesis of coumarin derivatives by 

Pechmann condensation reactions of substituted phenols with β-keto ester 

using succinamide-N-sulphonic acid (SuSA) as a catalyst under grinding 

techniques. Key advantages of this grinding method includes short reaction 

time, eco-friendly, good to excellent yield, non toxic and easy to handle.  
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I. INTRODUCTION 

 

Coumarin is oxygen containing heterocyclic 

compound which are the parent chemical structure 

for a class of phytochemicals naturally occur in 

various plant species. Coumarin are represents the 

core structure of several molecules of pharmaceutical 

importance, such as novobiocin, coumaromycin and 

chartesium. The structural diversity found in this 

family of compounds led to the division into different 

categories, from simple coumarins to many other 

kinds of polycyclic coumarins, such as furocoumarins 

and pyranocoumarins. Simple coumarin is better 

known for the resemblance of its aroma to that of the 

vanilla [1]. Thus, the synthesized or artificially 

prepared coumarins have been mainly used in the 

manufacture of fragrances and essences. Nowadays, 

coumarins are considered to be a significant group of 

organic compounds. 

They are associated with various biological activities 

viz. antiviral [2, 3], antibacterial [4, 5], antimicrobial 

[6], anticoagulant [7], anti-inflammatory [8, 9], 

anticancer [10, 11], anticonvulsant [12], antioxidant 

[13], antifungal [14, 15], and anti-HIV [16]. They also 

possess the properties like inhibition of platelet 

aggregation [17] and inhibition of steroid 5α-

reductase [18]. Besides, they are attracting consider-

able attention of chemists due to their wide range of 

applications such as optical brighteners [19], 

photosensitizers [20], fluorescent and laser dyes [21], 

and additives [22] in food, perfumes, cosmetics, and 

pharmaceuticals. The novel compounds are also 

utilized in drug and pesticidal preparations [23] 

considering these multifarious activities of coumarins, 

synthetic chemists are actively engaged in developing 
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new and superior methods for the isolation of 

coumarin derivatives. The most widely used method 

for their synthesis is Pechmann reaction [24–27], 

which involves the condensation between phenols 

and β-keto esters, in the presence of an acid catalyst. 

This method employs both homogeneous catalysts 

such as concentrated H2SO4[24, 25] etc 

 

II. METHODS AND MATERIAL  

 

All chemicals were purchased from Merck, Aldrich, 

or Spectrochem Chemical Companies and were used 

without further purification. Products were 

characterized by their physical constants and 

comparison with reported samples. The purity of the 

substrates and reaction monitoring were performed 

by thin‐layer chromatography (TLC). In all the cases, 
1H NMR spectra were recorded with a Bruker Avance 

400 MHz instrument. All chemical shifts are given in 

parts per million (ppm) relative to TMS using a 

deuterated solvent. 

 

Preparation Succinimide‐N‐sulfonic acid: 

SuSA was easily prepared by addition of an equivalent 

amount of cholorosulfonic acid to succinimide[28].  

 

General procedure for the synthesis of coumarins: 

A mixture of substituted phenols (1 mmol) and ethyl 

acetoacetate (1 mmol) was ground with succinamide-

N-sulphonic acid (15 mol %) in a mortar by pestle for 

few minutes until the color of the reaction mixture 

has been taken place. The reaction mixture was kept 

at room temperature for half hours. The completion 

of the reaction was monitored by TLC. After 

completion of the reaction, the reaction mixture was 

poured into the ice cold water. The solid separated 

out was filtered, washed with water and recrystallized 

from ethanol to afford compound. 

 

Characterization of compounds: 

7-hydroxy-4-methyl-2H-1-benzopyran-2-one (Table 2, 

Entry 1) 

IR (KBr): 3280 (OH), 1715 (C=O), 1380 (C-CH3) 
1HNMR (CDCl3) : 2.35 (s, 3H, C4 - CH3); 6.04 (s, 1H, 

C3 - H); 6.78 (s, 1H, C8 - H); 6.81 (d, J = 8.5 Hz, 1H, 

C5 -H), 7.52 (d, J = 8.5 H z, 1H, C6-H  

 

5, 7 - dihydroxy-4 methyl-2H-1- benzopyran-2-one 

(Table 2, Entry 2)  

IR (KBr): 3320 (OH), 1690 (C = O), 1375 (C-CH3) 
1HNMR (CDCl3): 2.38 (s, 3H, C4 -CH3); 6.01 (s, 1H, 

C3 -H) 6.65 (s, 1H, C8 -H); 6.75 (s, 1H, C6 -H) 

 

III. RESULT AND DISCUSSION 

 

To explore the SuSA used as the catalyst for the 

synthesis of coumarin derivatives. At the initially of 

this study, resorcinol and ethyl acetoacetate (EAA) 

were employed as model reaction. The model reaction 

was tried out using different concentration of catalyst 

under grinding technique as well as the solvent‐free 

system. The results are summarized in Table 1. 

During this study, we have observed that yield of the 

product decreases with decreasing the amount of 

catalyst. When 15 mol% catalyst was added, the 

reaction yield was 86% (Table 1, entry 4), and when 

10 mol% catalyst was added, the reaction yield 

decreased to 65% (Table 1, entry 3). Interestingly, no 

reaction took place in the absence of catalyst after 45 

min (Table 1, entry 1). After this study, we observed 

that, 15 mol% catalysts proved to be an efficient 

catalyst to carry out the reaction smoothly.The 

Pechmann condensation reaction of substituted 

phenols and ethyl acetoacetate in the presence of 

SuSA was accomplished under the optimized reaction 

conditions (Scheme 1). 

Encouraged by these results, we build the generality 

of reaction the reaction worked well with phenols 

containing electron‐donating and 

electron‐withdrawing substituents on the aromatic 

ring. 
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Scheme 1 synthesis of coumarin derivatives in 

presence of SuSA under grinding techniques 

 

Table 1 Optimization of the catalysta 

Entry Catalyst (mol %) Yieldb % 

1 --- No reaction 

2 5 35 

3 10 65 

4 15 86 

5 20 86 

aReaction Condition: Resorcinol (1 mmol), ethyl 

acetoacetate (1 mmol) in presence of 15 mol% SuSA 

under grinding technique. bIsolated Yield. 

 

Table 2 synthesis of coumarin derivatives in the 

presence of SuSA under solvent‐free conditions.a 

Entr

y 

Pheno

l 

β-keto 

ester 

Time 

(min) 

Yieldb

% 

M. P. 
oC 

1 1,3‐(O

H)2–

C6H4 

EAA 15 86 184-

186 

2 1,3,5‐(

OH)3–

C6H3 

EAA 10 88 286-

288 

3 3‐CH3

O‐1,5‐

(OH)2

–C6H3 

EAA 15 85 122-

124 

4 C6H5–

OH 

EAA 25 65 78-80 

5 4‐NO2

–

EAA 15 78 151-

154 

C6H4–

OH 

6 1,2,3‐(

OH)3–

C6H3 

EAA 15 82 242-

244 

7 2‐nap

hthol 

EAA 25 75 185-

187 

aReaction Condition: Substituted phenol (1 mmol), 

ethyl acetoacetate (1 mmol) in presence of 15 mol% 

SuSA under grinding technique. bIsolated Yield. 

 

IV. CONCLUSION  

We have developed a new protocol based on the 

grinding technique for the synthesis of substituted 

coumarin in eco-friendly manner. The special 

advantages of this method provide a one pot synthesis 

strategy, eco-friendly mechanism, easy and simple 

work up of the products. 
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