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Abstract: Coumarin (2H-Chromen-2-one) is a heterocyclic compound having molecular formula C9H6O2 and 

contains oxygen in its structure.  Coumarin belongs to the lactones family having a benzopyrene system. Many 

coumarinnucleiplay an important role in medicinal chemistry to synthesize a series of various biologicalactive 

derivatives as anti-inflammatory, antipyretic, antioxidant, bronchodilator, vasodilator, antiamoebic, 

antibacterial, and antifungal activities. Apart from this, coumarinsalso act as lipid-lowering agents having mild 

triglyceridelowering activity.Many chemical reactions have been established that can be used to synthesize 

coumarinslike the Knoevenagel condensation reaction, Perkin, Pechmann reaction, and Reformat sky and Wittig 

reactions. All the coumarin derivatives are mentioned in the article,these derivatives of coumarin are tested for 

various pharmacological activities. The main motive of this review article isto describe their pharmacological 

action and activities against different types of bacteria by using different types of models(invitro assay, in vivo 

assay,etc).  
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1. Introduction 

2H-Chromen-2-one or 2H-1-benzopyran-2-one (coumarin)is a naturally occurring heterocyclic compound containing 

oxygen in their structure abundantly present in the different kingdoms of the plant; it was first found in Tonka bean 

trees (Dipteryxodorata Wild). The history of these natural products started 200 years ago the name of the class derived 

from the plant Coumarin moderate (Dipteryxodorata) from which coumarin itself (Figure 1) is the simplest member of 

this family, which was isolated by Vogel in 1820. Chemically, coumarins are organic heterocyclic compounds and their 

nucleus is represented by benzo-α-pyrone (2H-1benzopyran-2-one), whose systematic nomenclature was established 

by the International Union of Pure and Applied Chemistry (IUPAC) 

Fig.1. Structure of coumarin nucleus. 

Coumarin and its derivatives are reported to have a wide spectrum of biological activity [2–5]. Many of these 

compounds have been proven to be active as antibacterial [6–8], antifungal [9], anti-inflammatory [10], anticoagulant 

[11], anti-HIV [12], and antitumor agents [13]. Coumarins are extensively used as food additives, perfumes, cosmetics 

[14], pharmaceuticals, and optical brighteners [15] and would dispersed fluorescent and laser dyes [16].The first time 

coumarin is reported in 1884 by Pechmann et al.which was first synthesized via the Perkin reaction in 1868 and many 

simple coumarins are still prepared through this method. In the early 1900s, the Knoevenagel reaction exploits as an 

important synthetic method to synthesize coumarin derivatives with a carboxylic acid at the 3-position. To date, many 

other synthetic methods were reported for coumarins, like the Pechmann, Reformat sky, and Wittig reactions[17]. 

Chromens is a benzopyran ring-containing compound. Benzopyran is a heterocyclic organic compound popular as 

chromenes that are obtained by the fusion of the pyran ring, which containsan oxygen hetero atom with the benzene 

ring. A sufficient amount of chromeis found in the bark oil of cinnamon, essential oil, oil of cassia leaf and lavender 

oil, etc. In the IUPAC 

PHARMACOLOGICAL ACTIVITIES: 

Antiprotozoal activities:  

The analogous of chalcone having a double bond in the side chain between the carbonyl moiety and the phenyl residue 

was nearly as active as the natural product [18]. The synthetic tricyclic chromene 2 which has the exocyclic benzylidene 

moiety also showed strong antileishmanialactivity[19]. The medicinal plant Ageratum conyzoides L. (Asteraceae) is 

used in traditional medicine against numerous diseases including protozoan infections [20]. Recently, it was reported 

that the dichloromethane extract of A. conyzoides L. shows significant activity against T. b. rhodesiense[21].  In a 

search for the active constituents, when tested after total synthesis the chromeneencecalolangelate 3[22] was noticed in 
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the extract but depicted only low anti-trypanosome activity [23]. The stability of the 3 compounds was found to be ultra-

low so the weak bioactivity may be related to its rapid degradation when tested as a pure compound. The instability of 

the 3 compounds begins from the superficial dissociation of the angelate anion since the rest of the benzylic cation is 

stabilized by two substituents. Thus, when storing the angelate 3 in a methanolic solution a rapid formation of the 

corresponding methyl ether was detected. 

Anticancer and anti-TB activity: 

Spiro compounds are investigated for their potential anticancer and anti-TB activity. Some clinically used spiro drugs 

as potent anticancer and anti-TB agents 

Spiro chromanones as Acetyl-CoA carboxylase (ACC) inhibitors: Acetyl-CoA carboxylase (ACC) is examined as an 

important research area in medicinal chemistry and it is currently a „trending‟ research topic. It is one of the biotin-

dependent homooligomericproteins, responsible for the synthesis of malonyl-CoA from acetyl-CoA in an 

ATPdependent manner and consists of a biotin carboxyl carrier protein, a carboxyl transferase (CT) and biotin 

carboxylase (BC) domains.  Many companies Merck-Banyu [56a, 57], Takeda [56b], and Pfizer [56c] possess 

multifaceted Spiro chromanones 25, 26, and, 6 respectively. 

Anticancer activity:  

A series of 3-benzylidine-4-chromanones 17 were synthesized by Perjésiet al. as cytotoxic agents(Fig. 10). These 

compounds were examined as oxygen analogs of 2-benzylidene-1- tetralones 16 and tested against Molt 4/C8 and CEM 

T-lymphocytes as well as murine L1210 lymphoid leukemia cells. In general, 3-benzylidene-4-chromanones 17 were 

more potent than the corresponding 2-benzylidene-1-tetralones 16. Also, the 3-benzylidene-4-chromanones 17 was 

reported to have selective toxicity for cancer cells concerning that of normal cells and has been tolerated in mice. 

Antitubercular activity:  

Roy and colleagues prepared a series of (E)-7-hydroxy-3-benzylidene-chroman-4-one analogs as efflux pump inhibitors 

against Mycobacterium smegmatis mc2 155. The SAR study demonstrated that the (E)-7- hydroxy-3-benzylidene-

chroman-4-one structure is required for efflux pump inhibitory activity. The substation of the hydroxy group at C-5 or 

C-8 and methoxy group at the C-8 position of the chromanone ring diminish the efflux pump inhibitory activity. 

Monoamine oxidase (MAO) inhibitory activity: MAO inhibitors were implemented in the treatment of many psychiatric 

and neurological disorders. Desideri and colleagues reported a series of homoisoflavonoids as inhibitors of human 

monoamine oxidase isoforms A and B (hMAO-A and hMAO-B). The evaluation of compounds using the 

AmplexRedMAO assay kit foundthat compounds 32 and 33 (Fig. 14) were the most potent and demanding hMAO-B 

inhibitors (IC50 values 8.61 and 8.51 nM, respectively). Their potency was more than that of selegiline (standard drug). 

The hMAO-B selectivity of both compounds can be related to the different hydrogen bond interactions in hMAO-B 

active site. 

Antibacterial activity: 

 Jogi et al. have reported the antibacterial activity of novel coumarin-based azo compounds as shown in (Fig.17), 

synthesized by using hymecromone as a starting material, and exhibited promising antibacterial activity against the test 

bacteria. Compounds have been found to show an antibacterial activity comparable with ampicillin and streptomycin. 

Antioxidant activity: 

 Šarkanjet al.have reported the synthesis of two series, as shown in (Fig.18), of new five hybrid coumarins, herein 

termed N18-N22, starting from hymecromone. In the first series, hymecromone was incorporated with 

thiosemicarbazides, while in the second series, it was incorporated with 4- thiazolidinediones. The chain-breaking 

ability of these new coumarins was tested versus 2, 2- diphenyl-1-picrylhydrazyl (DPPH) and galvinoxyl free radicals. 

The authors concluded that the incorporated coumarins of the first series showed better antioxidantactivity than that of 

the second one. Also, the best activity was contributed to compounds N20 and N21. 

Anti-inflammatory potential: 

 Naik et al. has reported the synthesis of 13 hymecromone-based derivatives. The antiinflammatory impact of the 

resulting derivatives (Fig.20) was screened by a protein denaturation technique and also studied their QSAR 
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(quantitative structure-activity relationship). The conclusions exhibit that these derivatives have a prominent anti-

inflammatory activity. Also, the authors concluded that various changes in the aromatic ring have a minor impact on 

this type of activity. 

Antiviral potential: 

 Bishnoi et al. have reported the synthesis of five hymecromone-based derivatives, herein termed N49- N53 (Fig.21), 

and their antiviral activity was tested versus the RNA virus named Japanese encephalitis virus. The results exhibited 

that compounds N49 and N52 showed excellent antiviral activity with an inhibition percent of 100. Compounds N50 

and N53 have shown a good inhibition percentage of about 75. Only compound N51 has shown poor activity that may 

be assigned to having weak interactions with the target. 

CONCLUSION: 

Coumarin (2H-Chromen-2-one) is a heterocyclic compound having oxygen in its structure.Based on various literature 

surveys Coumarin is reported to have many biological activities such as anti-inflammatory, antipyretic, antioxidant, 

bronchodilator, vasodilator, antiamoebic, antibacterial, and antifungal activities. This paper includes the various 

coumarin derivatives such as Spiro [chromane-2, 4‟-piperidine]-4(3H)-one with anti-cancer and anti-TB, Acetyl-CoA 

carboxylase (ACC) inhibitors activity. 3-benzylidene-4-chromanones with anticancer, antitubercular, 

antioxidant,monoamine oxidase inhibitors, and diagnostic imaging activities. The SAR study exhibited that for 

accumulation and efflux pump inhibitory activity,(E)-7- hydroxy-3benzylidene-chroman-4-one structure is essential. 

The substitution of the hydroxy group at C-5 or C-8 and the methoxy group at the C-8 position of the chromanone ring 

diminished the efflux pump inhibitory activity. The coumarin-based azo compound hasantibacterial activity. The design 

of a 3-benzylidene-7-methoxy-4-chromanones-basedstructure isa well-known cytotoxic agent, dibenzofuran-

incorporated 3-benzylidene-4-chromanones as antimycobacterial agents. The overall conclusion is that benzopyran has 

been one of the prosperous heterocycles shown a wide range of biological activities. 

Referances: 

1. IUPAC. Nomenclature of Organic Chemistry; Pergamon Press: Oxford, UK, 1979.  

2. El-Agrody, A.; Abd El-Latif1, M.; El-Hady, N.; Fakery1 A.; Bedair, A. Hetero aromatization with 4-hydroxy 

coumarin Part II: Synthesis of some new pyrano[2,3-d]pyrimidines, [1,2,4]triazolo [1,5-c]pyrimidines and 

Pyrimido[1,6-b] [1,2,4]triazine derivatives. Molecules 2001, 6, 519–527. 

3. Rositca, D.N.; Vayssilov, G.N.; Rodios, N.; Bojilova, A. Regio- and Stereoselective [2 + 2] Photodimerization of 3-

Substituted 2-Alkoxy-2-oxo-2H-1,2-benzoxaphosphorines. Molecules 2002, 7, 420–432.   

4. Flašík, R.; Stankovičová, H.; Gáplovský, A.; Donovalová, J. Synthesis and study of novel coumarin derivatives 

potentially utilizable as memory media. Molecules 2009, 14, 4838–4848. Int. J. Mol. Sci. 2011, 12  

5. Kovalenko, S.; Bylov, I.; Sytnik, K.; Chernykh, V.; Bilokin, Y. A new pathway to 3-hetaryl2-oxo2H-chromenes: On 

the proposed mechanisms for the reaction of 3-carbamoyl-2iminochromenes with dinucleophiles. Molecules 2000, 5, 

1146–1165.   

6. El-Saghier, A.; Khodairy, A.; Khodiyar, A. New synthetic approaches to condensed and spiro coumarins: Coumarin-

3-thiocarbamide as a building block for the synthesis of condensed and spiro coumarins. Phosphorus Sulfur Silicon 

2000, 160, 105–119.   

7. Al-Amiery, A.A.; Al-Bayati, R.; Saour, K.; Radi, M. Cytotoxicity, Antioxidant and Antimicrobial activities of novel 

2-quinolone derivatives derived from coumarins. Research on Chemical Intermediates 2011, In press.   

8. Azizian, J.; Mohammadi, A.; Bidar, I.; Mirazaei, P. KAl(SO4)2·12H2O (alum) a reusable catalyst for the synthesis 

of some 4-substituted coumarins via Pechmann reaction under solventfree conditions. Montash. Chem. 2008, 139, 805–

808.   

9. Satyanarayan, V.S.; Sreevani, P.; Sivakumar, A. Synthesis and antimicrobial activity of new Schiff bases containing 

coumarin moiety and their spectral characterization. Arkivoc 2008, 17, 221–233.   

http://www.ijrti.org/


                            © July 2024 IJRTI | Volume 9, Issue 7 | ISSN: 2456-3315 

IJRTI2407010 International Journal for Research Trends and Innovation (www.ijrti.org) 108 

 

10. Garazd, M.M.; Muzychka, O.V.; Voyk, A.I.; Nagorichna, I.V.; Ogorodniichuk, A.S. Modified coumarins. 27. 

Synthesis and antioxidant activity of 3-substituted 5,7-dihydroxy-4methyl coumarins. Chem. Nat. Compd. 2007, 43, 

19–23.   

11. Smitha, G.; Sanjeeva, R. ZrCl4-catalyzed Pechmann reaction: Synthesis of coumarins under solvent-free conditions. 

Synth.Commun. 2004, 34, 3997–4003. 

12. Kotali, A.; Lafazanis, I.; Harris, P. Synthesis of 6,7-diacyl coumarins via the transformation of a hydroxy into a 

carbonyl group. Synth.Commun. 2008, 38, 3996–4006.   

13. Nofal, Z.M.; El-Zahar, M.; Abd El-Karim, S. Novel coumarin derivatives with expected biological activity. 

Molecules 2000, 5, 99–113.   

14. Kennedy, R.O.; Thornes, R.D. Coumarins: Biology, Applications and Mode of Action; John Wiley and Sons: 

Chichester, England, 1997.   

15. Zabradnik, M. The Production and Application of Fluorescent Brightening Agents; John Wiley and Sons: New 

York, NY, USA, 1992.   

16. Heravi, M.; Sadjadi, S.; Oskooie, H.; Shoar, R.; Bamoharram, F. The synthesis of coumarin3-carboxylic acids and 

3-acetyl-coumarin derivatives using heteropolyacids as heterogeneous and recyclable catalysts.Catal.Commun. 2008, 

9, 470–474.  

17. Shaabani A, Ghadari R, Rahmati A, Rezayan AH.  Coumarin Synthesis via Knoevenagel Condensation Reaction in 

1,1,3,3- N,N,N',N'-TetramethylguanidiniumTrifluoroacetate Ionic Liquid. J Iran ChemSoc 2009;6(4):710-714.  

18.Narender, T.; Shweta; Gupta, S. A convenient and biogenetic type synthesis of few naturally occurring 

chromenodihydrochalcones and their in vitro antileishmanial activity.Bioorg. Med. Chem. Lett. 2004, 14, 3913−3916.  

19.Alizadeh, B. H.; Foroumadi, A.; Ardestani, S. K.; Poorrajab, F.; Shafiee, A. Leishmanicidal evaluation of novel 

synthetic chromenes. Arch. Pharm. 2008, 341, 787−793.  

20. Kamboj, A.; Saluja, A. K. Ageratum conyzoides L.: a review on its phytochemical and pharmacological profile. Int. 

J. Green Pharm. 2008, 2, 59−68.  

21. Nour, A. M. M.; Khalid, S. A.; Kaiser, M.; Brun, R.; Abdalla, W. E.; Schmidt, T. J. The antiprotozoal activity of 

methylated flavonoids from Ageratum conyzoides L. J. Ethnopharmacol.2010, 129, 127−130.  

22.Bohlmann, F.; Tsankova, E.; Jakupovic, J.; King, R. M.; Robinson, H. Dimericchromenes and mixed dimers of a 

chromene from Enceliacanescens. Phytochemistry 1983, 22, 557−560. 
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