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Abstract: 
Coumarin (2H-chromen-2-one) is a naturally occurring benzopyrone compound that has attracted considerable 

attention because of its wide range of biological activities and its importance in medicinal chemistry. Owing to 

its versatile chemical structure, coumarin serves as a valuable scaffold for the development of numerous 

therapeutically active compounds. This review provides an overview of the physicochemical and spectroscopic 
properties of coumarin, along with the major synthetic methods, including the Perkin, Pechmann, Kostanecki–

Robinson, and Claisen rearrangement reactions. The characteristic IR and 1H NMR spectral features used for the 

identification and structural confirmation of coumarin are also discussed. In addition, recent advances in the 

synthesis and biological evaluation of coumarin derivatives are summarized, highlighting their antimicrobial, 

antibacterial, antifungal, anti-tubercular, antioxidant, and anticancer activities. The review also discusses how 

structural modifications of the coumarin nucleus influence biological activity and improve therapeutic potential. 

Furthermore, selected commercially available coumarin derivatives and their pharmaceutical significance are 

briefly described. Overall, this review highlights the growing importance of coumarin as a versatile heterocyclic 

scaffold and its continued potential in the discovery and development of new bioactive molecules. 
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INTRODUCTION: 

Coumarin (2H-chromen-2-one) is an oxygen-

containing heterocyclic compound belonging to the 

benzopyrone family and is widely recognized as one 

of the most important privileged scaffolds in 

medicinal chemistry. Naturally occurring coumarins 

are present in numerous plant species and have 

attracted considerable scientific interest because of 

their structural diversity, ease of chemical 

modification, and wide range of biological activities. 
The fused benzene and α-pyrone ring system 

provides an excellent framework for the synthesis of 

novel derivatives with improved pharmacological 

properties, making coumarin an attractive template 

for drug discovery and development. [1, 2]  

 

Over the past several decades, extensive research 

has been devoted to the synthesis and biological 

evaluation of coumarin derivatives. These 

compounds have demonstrated significant 

antimicrobial, antibacterial, antifungal, anti-
tubercular, antioxidant, anti-inflammatory, 

anticoagulant, antiviral, and anticancer activities. 

Numerous structure–activity relationship (SAR) 

studies have shown that the biological profile of 

coumarin derivatives is strongly influenced by the 

type, number, and position of substituents on the 

coumarin nucleus. Consequently, strategic structural 

modifications have led to the development of 

derivatives with enhanced potency, improved 

selectivity, and reduced toxicity. [3, 4] 

 

The versatility of coumarin chemistry has also 
resulted in the development of several efficient 

synthetic methods, including the Perkin, Pechmann, 

Kostanecki–Robinson, and Claisen rearrangement 

reactions, which remain valuable approaches for 

constructing structurally diverse coumarin 

analogues. In addition, spectroscopic techniques 

such as infrared (IR) spectroscopy and proton 

nuclear magnetic resonance (1H NMR) spectroscopy 

are routinely employed for the structural 

characterization and confirmation of coumarin 

derivatives. Beyond medicinal chemistry, coumarin 

derivatives have found applications as fluorescent 

probes, laser dyes, optical brighteners, fragrances, 

analytical reagents, and functional materials owing 
to their unique photophysical properties (Murray et 

al., 1982; Venugopala et al., 2013).[1, 2] 

 

This review provides a comprehensive overview of 

coumarin chemistry, covering its physicochemical 

properties, spectroscopic characteristics, synthetic 

methodologies, and important chemical 

transformations. Particular emphasis is placed on 

recent advances in the synthesis and biological 

evaluation of coumarin derivatives, especially their 

antimicrobial potential. By summarizing recent 
developments in this field, this review highlights the 

continuing importance of the coumarin scaffold as a 

promising platform for the design and development 

of novel therapeutic agents. 

 

CHEMISTRY OF COUMARIN COMPOUNDS  

Coumarin (2H-chromen-2-one) is an oxygen-

containing heterocyclic aromatic compound 

belonging to the benzopyrone family, consisting of a 

fused benzene and α-pyrone (lactone) ring. Its 

conjugated ring system and reactive lactone moiety 

make it an important scaffold for chemical 
modification, enabling the synthesis of numerous 

biologically active derivatives used in medicinal, 

pharmaceutical, and materials chemistry.[3] 

   
1                                                 2 
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PHYSICAL PROPERTIES 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SPECTROSCOPIC FEATURES 

IR SPECTRA:  

This IR spectrum belongs to Coumarin C9H6O2. We can see aromatic C-H stretching around 3030-3100 cm-1, 

C=O stretching around 1710-1730 cm-1. The peak between 1600-1500 cm-1 is due to the stretching is due to the 

stretching of aromatic C=C stretching and the signals below 1100 cm-1 come from out of plane C-H bending.[5] 

 
NMR SPECTRA:  

This is 1H NMR spectrum of coumarin shows six peaks at around 6.45, 7.73, 7.24, 7.40, 7.47 and 7.60 reflecting 

6 distinct carbon environments in the ring. The signal near 6.45 and 7.73 corresponds to the alkenes in the system 

and other peaks arise from the aromatic carbons.[6] 

Chemical Name 2H-chromen-2-one 

Molecular Formula C9H6O2 

Synonyms 
Coumarin, 1,2-Benzopyrone, Cumarin, 1-Bnzopyran-

2-one 

Molecular Weight 146.14 g/mol 

Physical State (Form) Solid 

Appearance/Colour White to faintly yellow 

Odour Vanilla beans, Caramelized sugar 

Boiling Point (BP) 298 °C 

Melting Point (MP) 73 °C 

Density ~ 0.935 g/cm³ (at 20oC) 

Vapour Pressure Low volatility 

Flash Point 162 OC 

Solubility Readily soluble in hot water 

pKa (conjugate acid) -6.9 

Basic Nature Weak base 

Hydrogen Bonding Acts as H-bond acceptor 

Flammability Not highly flammable 

Toxicity Moderately toxic to liver 
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SYNTHESIS OF COUMARIN[7] 

1. Synthesis of coumarin by Perkins reaction 

 
2. Synthesis by Pechman reaction 

 
3. Kostanecki-Robinson Coupling reaction 

 
4. Claisen Rearrangement 

 
 

 

 

 

 

 



IAJPS 2026, 13 (10), 10-22                       Sandhya D C et al                        ISSN 2349-7750 

 

w w w . i a j p s . c o m  Page 14 

 

GENERAL REACTIONS OF COUMARIN 

1. Nitration of coumarin[8] 

 
2. Halogenation of coumarin[9] 

 

 
 

3. Action of alkali[10] 

 
BIOLOGICAL ACTIVITY 
P Sudhir Kumar et al. have reported Synthesis and Antimicrobial activity o some novel 4-Hydroxy Coumarin 

derivatives bearing azo moiety, Compounds 10b, 10c, 10g and 10h were exhibited excellent antibacterial activity 

against E. coli and S. aureus. [11] 

 
Indu Singh et al. have reported the synthesis of new coumarin derivatives as antibacterial agents, compound 11c 

which was substituted with methoxy group at position 4th of phenyl ring showed potent anti-bacterial activity.[12] 

 
M K A Regal et al. have reported synthesis and antimicrobial activity of some new coumarin and dicoumarol 

derivatives, 12a, 12b, 12c showed promising antibacterial and antifungal activity. The activity index value 
ranged between 50–88%.[13] 
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Sayali D et al. have reported Synthesis and valuation of some coumarin containing potential antimicrobial agents, 

compounds 13(a-g) have shown good in-vitro antimicrobial activity against all the tested gram +ve and gram -ve 

bacteria and fungi.[14] 

 
Biljana R et al. have reported Synthesis and Antimicrobial activity of new 4-Heteroarylamino, Coumarin 

derivatives containing nitrogen and oxygen as heteroatoms, 4-Chloro-3-nitro coumarin proved to be a good 

electrophilic substrate in these reactions.[15] 

 
Chirag G. Naik et al. have reported Novel Coumarin derivatives; Synthesis, Characterization and Antimicrobial 

activity, compounds 15a and 15b show best performance against Staphylococcus aureus and Bacillus subtilis.[16] 

 



IAJPS 2026, 13 (10), 10-22                       Sandhya D C et al                        ISSN 2349-7750 

 

w w w . i a j p s . c o m  Page 16 

M. A. Al-Haiza et al. have reported Synthesis and Biological evaluation of some new coumarin derivatives, 

compound 16 showed excellent activity against gram positive bacteria.[17]  

 
Ajaykumar Kularni et al. have reported Synthesis, characterization, DNA cleavage and in vitro antimicrobial 

studies of La (III), Th (IV), VO (IV) complexes with Schiff base of coumarin derivatives, Schiff bases were found 

to be highly active against E. coli, P. aeruginosa and Sa. typhi. [18] 

 
Sadia Rehman et al. have reported Synthesis, characterization, in vitro antimicrobial and U2OS tumoricidal 

activities of different coumarin derivatives, compound 18a and 18b have been found most active against U2OS 

cancerous cells than the previously reported tumoricidal drugs.[19] 

 
Afsheen Arshad et al. have reported Synthesis and antimicrobial properties of some new thiazolyl coumarin 

derivatives, inhibitors compound 19 showed significant activity against all microbial strains.[20] 

 
Swayam Sourov Sahoo et al. have reported Synthesis of novel coumarin derivative and its biological 

evaluations[21] 

 
Tariq T et al. have reported Synthesis, characterization and antibacterial evaluation of some coumarin derivatives, 

The highest activity was demonstrated by compound K2 (ionized containing NO2 which is a strong electron 
withdrawing group) which was found to be highly active against Pseudomonas aeruginosa.[22] 
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Nadia betti et al. have reported Harnessing coumarin chemistry: Antibacterial, antifungal and antioxidant profiling 

of novel coumarin derivatives, compound 22 demonstrating the most potent antibacterial effects against all 

bacterial species tested.[23] 

 
Piotr Wilinski et al. have reported Coumarin-dithiocarbamate derivatives as biological agents, 23a and 23b 

showed the most potent activity. Derivative 23a exhibited a MIC value of 0.5 µg/mL against A. flavus, T. 

harzianum, and P. chrysogenum, and 1 µg/mL against C. albicans.[24] 

 
Dinesh S. Reddy et al. have reported synthesis and evaluation of novel coumarin-oxime ethers as potential anti-

tubercula agents: Their DNA cleavage ability and BSA interaction study, analogues (24a–24j) as potent anti-

tubercular agents. Most of the compounds exhibited significant activity with MIC in the range 0.04–3.12μg mL-

1along with good safety profile against Vero cells.[25]  

 

Weerachai Phutdhawong et al. have reported Synthesis and biological activity evaluation of coumarin-3-

carboxide derivatives, compounds 25, which showed moderate antibacterial activities against the tested gram-

positive bacteria.[26] 
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Sadeq M. Al-Hazmy et al. have reported chemo sensing properties of coumarin derivatives: Promising with diverse 

pharmacological properties, Docking and DFT investigation, Molecules 2022, 27(18), 5921[27] 

 
Tulla Quadri-Spinelli et al. have synthesized bioactive coumarin derivatives from the fern cyclosorus interrupts, 

compound 27 showed strong antibacterial activity against Bacillus cereus and Staphylococcus epidermidis.[28]  

 
Shahram Ghodsi et al. have synthesized and characterized of some new thiazolidinedione derivatives containing 

a coumarin moiety for their antibacterial activities, compounds 28a, 28b and 28c exhibit the most potent in-vitro 
antibacterial activity[29] 

 
Ahmed M. El-Agrody et al. have reported synthesis of hydroxyquinoloine derivatives, Amino-Hydroxychromene, 

Amini coumarin and their anti-bacterial activities, compounds 29a and 29b exhibited antibacterial activity against 

S. aureus.[30] 

 
 

 

 

 

 



IAJPS 2026, 13 (10), 10-22                       Sandhya D C et al                        ISSN 2349-7750 

 

w w w . i a j p s . c o m  Page 19 

Gabriela Tataringa et al. have prospected antimicrobial activity of some coumarin derivatives, compound 30 was 

very active against these two Gram positive bacteria. [31]  

 
Selma Špirtović-Halilović et al. have performed synthesis, Microbiological activity and In-Silico investigation for 

some synthesized coumarin derivatives, the structure was confirmed using NMR spectroscopy and Mass 

spectrometry. Microbiological studies have shown significant activity of these compounds.[32] 

 
Pooja Tandel et al. have investigated recent advancement in the pharmacological potential of C-3 substituted 

coumarin derivatives against S. aureus.[33] 

  
Mohd Imran et al. have reported synthesis and anti-microbial activity of some 2-Amino-4-(7-

substituted/unsubstituted coumarin-3-yl)-6-(chlorosubstitutedphenyl) pyrimidines.[34] 

 
 

 

 

 

 

Riyadh Ahmed et al. have reported synthesis of new coumarin derivatives containing aminobenzotriazole, triazole 

moieties and their antimicrobial activities.[35] 
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Krešimir Benci et al. have reported synthesis and evaluation of novel coumarin derivatives containing 1,2,4-

triazole, 4,5-Dicynoimidazole and purine moieties.[36] 

 
PHARMACOLOGICALLY ACTIVE MARKETED DRUGS CONTAINING COUMARIN RING 
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CONCLUSION:  

Coumarin has emerged as one of the most versatile 

and extensively studied heterocyclic scaffolds in 

medicinal chemistry because of its structural 

diversity and broad spectrum of biological activities. 

The literature reviewed in this article demonstrates 

that continuous modifications of the coumarin 

nucleus have resulted in the development of 

numerous derivatives with promising antimicrobial, 

antibacterial, antifungal, anti-tubercular, 
antioxidant, and anticancer properties. The 

availability of efficient synthetic methods has 

enabled researchers to design structurally diverse 

analogues with enhanced biological activity and 

improved selectivity. Beyond its pharmaceutical 

importance, coumarin also has significant 

applications in fragrances, dyes, fluorescent probes, 

and analytical chemistry. Despite the considerable 

progress achieved so far, there remains ample scope 

for exploring new coumarin derivatives with better 

efficacy, lower toxicity, and well-defined 
mechanisms of action. Future research integrating 

synthetic chemistry, computational approaches, and 

biological evaluation is expected to accelerate the 

discovery of novel coumarin-based therapeutics. 

Overall, coumarin continues to be a valuable and 

promising scaffold that offers immense 

opportunities for the development of safer and more 

effective drugs for the management of infectious and 

other chronic diseases. 
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