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Abstract – Ethyl coumarin-3-carboxylate occupies an important position in the organic synthesis and is used in 
production of biologically active compounds. Thus, the data published over the last few years on the methods of 
synthesis and chemical properties of ethyl coumarin-3-carboxylate are reviewed here for the first time. The 
reactions were classified as coumarin ring reactions and ester group reactions, and some of these reactions have 
been applied successfully to the synthesis of biologically and industrially important compounds. 
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1. Introduction 

Coumarins, an old class of compounds, are a family of naturally occurring compounds.1, 2 
These compounds are involved in the actions of plant growth hormones and growth regulators, the 
control of respiration, photosynthesis, as well as defense against infection.3 Also, they have important 
effects in plant biochemistry and physiology, acting as antioxidants, enzyme inhibitors and precursors 
of toxic substances 3. Coumarins and their derivatives are used in the fields of biology, medicine and 
polymer science. They are also present or used in perfumes and cosmetics, 4-8 cigarettes, 5-8 alcoholic 
beverages 9 and laser dyes. 10 In addition, coumarins have been found to be connected with a number 
of cases of homicide and suicide in Korea. 11 Coumarins were 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 emerged as an important synthetic method to synthesize coumarin derivatives 
with carboxyl group at the 3-position. 12, 13 Many other synthetic methods for coumarins have been 
reported, including the Pechmann, 14 Reformatsky 15 and Wittig reactions. 16, 17 The review is not 
exhaustive; it is intended to acquaint the reader with interesting group of synthetic organic 
compounds. It is the objective of this review to summarize the synthesis and the chemical reactions of 
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ethyl coumarin-3-carboxylate, which known as 3-carboethoxy(coumarin) and as ethyl 2-oxo-2H-
chromene-3-carboxylate or ethyl 2H-1-benzopyran-3-carboxylate in IUPAC system, till the end of 
2009 and provides useful and up-to-date data for organic chemists. 
 
2. Synthesis  

2.1. Knoevenagel Reaction 

The Knoevenagel condensation of 2-hydroxybenzaldehyde with diethyl malonate was 
catalyzed with different catalysts to give ethyl coumarin-3-carboxylate 1 (Figure 1). Various catalysts 
were used in this reaction, such as piperidine,18-20 molecular sieves/piperidine catalyst,21 Magnesium 
aluminophosphate (MAPO-5) and ion-exchanged MAPO-5,22 alumina/KSF/K10 montmorillonites,23,24 
liquid-functionalized SiO2 at 100°C,25 L-Proline,26 sodium methoxide,27 1-n-butyl-3-
methylimidazolium bromide/potassium carbonate,28 1-butyl-3-methylimidazolium hydroxide 
([bmim]OH),29 aluminum phosphate-aluminum oxide,30 zinc chloride,31 calcined Mg-Al hydrotalcite,32 
N,N-dimethyl(dichlorophosphoryloxymethylene)ammonium chloride, 33 mixed oxide catalysts 
obtained from calcined Mg-Al double hydroxides, Mg-Al + Ln (Ln = Dy, Gd) and Li-Al 
hydrotalcites.34 
 

 

Figure 1. Reaction of o-salicylaldehyde with diethyl malonate 

The synthesis of ethyl coumarin-3-carboxylate 1 under microwave irradiation conditions was 
also reported. The title compound was obtained from the reaction of o-salicylaldehyde and diethyl 
malonate under microwave irradiation with 86% yield.35 
 

The Knoevenagel reaction of o-salicylaldehyde with ethyl cyanoacetate using sodium 
bicarbonate followed by hydrolysis of carbonitrile group with hydrochloric acid in ethanol afforded 
ethyl coumarin-3-carboxylate 1 in 87% yield. 36 
 

 

Figure 2. Reaction of o-salicylaldehyde with ethyl cyanoacetate 

Also, treating salicylaldehyde with ethyl cyanoacetate in the presence of sodium ethoxide or 
potassium hydroxide at room temperature for 40-80 h gave 1 in 35% yield. 37 

 
2.2. Miscellaneous  Methods 

Ethyl coumarin-3-carboxylate can be also obtained through copper(II)-catalyzed C-C bond 
forming reactions. The reaction of ketene dithioacetal  with salicylaldehyde was catalyzed with 
copper(II) bromide to afford 1 (Figure 3).38 
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Figure 3. Reaction of ketene dithioacetal with salicylaldehyde 

 
Tetrabutylammonium fluoride also catalyzes the cyclization of diethyl ester 2 to afford ethyl 

coumarins-3-ester 1 (Figure 4).39 
 

 
Figure 4. Cyclization of diethyl ester 2 to ethyl coumarins-3-ester 1 

 
(E)-Ethyl 2-bromo-3-[2-(methoxymethoxy)phenyl]acrylate 3 was converted into ethyl 

coumarin-3-carboxylate 1 via two steps. Firstly by treatment with hydrochloric acid in ethanol and 
secondly cyclization by Pd-catalyzed cross-coupling reaction (Figure 5).40 
 

 
Figure 5. cyclization of acrylate 3 to ethyl coumarins-3-ester 1 

 
Condensation of the 2,4-dihydroxybenzaldehyde with Meldrum´s acid 4 using catalytic 

amount of ammonium acetate gives compound 5 that was O-alkylated to obtain coumarins 6 (Figure 
6).41 

 

 
Figure 6. Reaction of 2,4-dihydroxybenzaldehyde with Meldrum´s acid 4. 
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3. Chemical Properties 

3.1. Ring Reactions 
 
3.1.1. Ring Cleavage 
 

Reaction of ethyl coumarin-3-carboxylate 1 with amines in a 1:4 molar ratio results in ring 
cleavage, hence salicylaldehyde and ammonium salts 7 were obtained (Figure 7).42 

 

 
 

Figure 7. Reaction of ethyl coumarin-3-carboxylate 1 with amines 
 

Malonate esters 9 were obtained by sodium borohydride reduction of the corresponding 
coumarins 8 in alcohols (Figure 8).43 

 
 

Figure 8. Reduction of coumarins 8 
 

Coumarin-3-carboxamides 10 was cleaved by hydrazine hydrate to yield carbohydrazide 11 
and (E)-2-(hydrazonomethyl)phenol 12. Also the reaction of 11 with ethylenediamine gave diamides 
13 in addition to compound 12 (Figure 9). 44 
  

 
Figure 9. Cleavage of Coumarin-3-carboxamides with hydrazine hydrate and ethylenediamine 
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Cycloaddition of diphenylnitrilimine 14 to ethyl coumarin-3-carboxylate 1 in sodium 
ethoxide, yieldes the diazo-ether derivative 15 (Figure 10).45 

 

 
Figure 10. Cycloaddition of diphenylnitrilimine 14 to ethyl coumarin-3-carboxylate 1 

 
The reaction of 1 with trichloroacetic acid and nitromethane was studied. Thus, oxochromane 

16, cyclopropane 17 and the corresponding 18 were obtained by reaction of 1 with trichloroacetic acid, 
while the reaction of 1 with nitro methane gives the diesters 19 (Figure 11).46, 47 

 

 
Figure 11. Reaction of 1 with trichloroacetic acid and nitromethane 

 
3.1.2. Reduction 
 

Reduction of coumarin-3-carboxylate with boranes has been studied. Thus, reduction of 
methyl coumarin-3-carboxylate with borane, BH3-SMe2, 9-borabicyclo[3.3.1]nonane and bis(tert-
butylthio)ethane-diborane gives 57% dihydrocoumarin 20 (Figure 12).48 

 

 
Figure 12. Reduction coumarin-3-carboxylate 

 
The selective reduction of the endocyclic double bond of coumarins-3-carboxylates by 

Hantzsch 1,4-dihydropyridine was studied. Hantzsch 1,4-dihydropyridine catalyzes the 
chemoselective reduction of the 3,4-double bond in 1 to give  3,4-dihydrocoumarin-3-carboxylate 21 
(Figure 13).49 
 

 
Figure 13. Selective reduction of the endocyclic double bond of coumarin-3-carboxylate 
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6H,7H-3-Diethylamino[1]benzopyrano[3,4-c][1]benzopyran-6,7-dione 23 and (6H,7H-
[1]benzopyrano[3,4-c][1]benzopyran-6,7-dione)[2,3,4-i,j]2,3,4,6,7,8-hexahydroquinolizine 24, were 
prepared in 74 and 86% yield, respectively, by condensation (140°C, 1.5 h) of 1 (2 equiv.) with 3-
(N,N-dialkylamino)phenols 22 (where alkyl = Et or triethylene chains) closing rings to the 2- and 4-
positions of the arene ring (1 equiv.).  Excess 1 acts obviously as oxidant (ethyl 3,4-dihydrocoumarin-
3-carboxylate 21 was found in the reaction mixture) and hence the products contain the double bond 
[3,4-c] in place of the expected single bond (Figure 14).50 

 
Figure 14. Reaction of coumarin-3-carboxylate 1 with 3-(N,N-dialkylamino)phenols 22 

 
3.1.3. Rearrangement 
 

Reduction of 1 with sodium borohydride and then aminolyzing the products with 
triethylenetetramine, without isolation of intermediate, leads to dioxotetramine ligand 25            
(Figure 15).51, 52 

 

 
Figure 15. Formation of dioxotetramine ligand 25 

 
The treatment of 1 with 2.4 equiv of dimethylsulfoxonium methylide in DMF or DMSO at room 
temperature gave tricyclic product, ethyl 3-hydroxycyclopenta[b]benzofuran-2-carboxylate 26 in 64%, 
instead of the desired oxobenzo[b]cyclopropa[d]pyrancarboxylate 27 (Figure 16).53 
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Figure 16. Formation of ethyl 3-hydroxycyclopenta[b]benzofuran-2-carboxylate 26 

 
Activating groups for the ring expansion of coumarin by diazoethane was studied. When 

coumarins-3-ester 1 reacted with diazoethane, 4-alkylated product 28 was isolated (Figure 17).44 

 
Figure 17. Reaction of coumarins-3-ester 1 with diazoethane 

 
Rearrangement of ethyl coumarin-3-carboxylate 1 with 3-methylbutanoic anhydride 29 in the 

presence of triethylamine gave ethyl 2-(3,3-dimethyl-2-oxochroman-4-yl)acetate 30 in a good yield 
(Figure 18).54 

 
 

Figure 18. Formation of ethyl 2-(3,3-dimethyl-2-oxochroman-4-yl)acetate 30 
 

Esters of coumarin-3-carboxylic acids 31 were heated with carboxylic anhydrides 32 in the 
presence of triethylamine or sodium acetate to give 33, which rearranged in the presence of Ac2O-
Et3N to give 34 (Figure 19).55 

 
Figure 19. Reaction of coumarin-3-carboxylates with carboxylic anhydrides 
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3.1.4. Cycloaddition Reactions 
 
3.1.4.1. Stereoselective Cyclopropanation 

 
The cycloaddition of ethyl diazoacetate to 1 gave the tetrahydro cyclopropa [c] chromene 

derivative 35 (Figure 20). Ethyl diazoacetate was added to the 3,4-double bond of 1 regio- and 
stereoselectively giving the endo-form of the initial cycloadduct, which, being unstable, is then 
transformed mainly to the above mentioned compound.56 

 
Figure 20. Cycloaddition of ethyl diazoacetate to coumarin-3-carboxylate 

 
      The high stereoselective cyclopropanation reaction of 3-acylcoumarins with α-bromo ketones 
at room temperature has been reported. Ethyl coumarin-3-carboxylate 1 reacted with phenacyl 
bromide in the presence of a base to give the cyclopropane derivative 36 in moderate yield (Figure 
21).57, 58 

 

 
 

Figure 21. Reaction of coumarin-3-carboxylate with phenacylbromides 
 

Cyclopropanation of ethyl coumarin-3-carboxylates with bromine-containing zinc enolates has 
been reported. Thus zinc enolates 38 derived from 1-aryl-2,2-dibromoalkanones 37 reacted with 1 to 
give 1-alkyl-1-aroyl-2-oxo-1a,7b-dihydrocyclopropa[c]chromene-1a-carboxylic acids 40 as a single 
geometric isomer (Figure 22).59 
 

 
Figure 22. Reaction of coumarin-3-carboxylate with 1-aryl-2,2-dibromoalkanones 37 
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Zinc enolate 42 obtained from 2,2-dibromo-1-indanone 41 reacted with 1 giving the 
corresponding derivative of 2,1'-dioxo-spiro(1a,7b-dihydrocyclopropa[c]chromen-1,2'-indan) 44 in the 
form of a single geometric isomer (Figure 23).60 

 

 
Figure 23. Reaction of coumarin-3-carboxylate with 2,2-dibromo-1-indanone 

 
3.1.4.2. [2+2] Cycloaddition 

 
The photo [2+2] cycloaddition of styrene 45 to 1 gave a mixture of equal two stereoisomers 46 

and 47 respectively (Figure 24).61  
 

 
Figure 24. [2+2] cycloaddition of styrene to coumarin-3-carboxylate 

 
2a,8b-Dihydro-3H-benzo[b]cyclobuta[d]pyran-3-one 49 was obtained by photo [2+2] 

cycloaddition of 1 to phenylacetylene 48 (Figure 25).62 
 

 
Figure 25. [2+2]cycloaddition of coumarin-3-carboxylate to phenylacetylene 

 
3.1.4.3. [3+2] Cycloaddition 

 
Regiochemistry of the cycloaddition of diphenylnitrilimine to coumarin-3-ester has been 

reported. The cycloaddition reaction of diphenylnitrilimine 50 to 1 gave regioisomeric pyrazole 
derivative 52 not the benzopyranopyrazole derivative 53, due to the electron-withdrawing properties 
of ester reversed the regiochemistrty of the reaction (Figure 26).45,63 
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Figure 26. [3+2] cycloaddition reaction of diphenylnitrilimine to coumarin-3-carboxylate 

 
 
 
3.1.4.4. [4+2] Cycloaddition  
 

Diels-Alder reaction of 2-[(trialkylsilyl)oxy]pyrylium cations of 2H-1-benzopyran-2-one 
derivatives was reported. Thus, 1 reacted with diene derivative 53 in the presence of tert-
butyldimethyl[(trifluoromethylthio)trioxidanyl]silane to give tetrahydrobenzo[c]chromen-6-one 
derivative 54 (Figure 27).64 

 
 

Figure 27. Diels-Alder reaction with diene derivative 53 
 

A Diels-Alder reaction of 3-substituted coumarins in water and under high-pressure condition 
was considered as an uncatalyzed route to tetrahydro-6H-benzo[c]chromen-6-ones. Thus, Diels-Alder 
reactions of coumarins-3-ester 1 with 1,3-dimethyl-1,3-butadiene 55 carried out in dichloromethane 
and under 9 kbar pressure to afford tetrahydro-6H-benzo[c]chromen-6-one derivative 56 in excellent 
yield (Scheme 29). 65 Also, hafnium chloride-THF complex is an efficient catalyst for the Diels-Alder 
cycloaddition of 1 and 1,3-butadiene 57 under solvent-free conditions furnishing the corresponding 
cycloadduct 58 (Figure 28).66 
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Figure 28. Diels-Alder reaction with 1,3-dimethyl-1,3-butadiene 55 and 1,3-butadiene 57 

 
 

3.1.5. Alkylation 
 

3.1.5.1. With Organometallic Reagents 
 

3.1.5.1.1. Grignard Reagents 
 

Reaction of ethyl coumarin-3-carboxylate 1 with tert-butylmagnesium chloride gave ethyl 4-
tert-butyl-3,4-dihydrocoumarin-3-carboxylate 59, 4-tert-butyl-3-pivaloyl-3,4-dihydrocoumarin 60, and 
diethyl 2,2'-dioxo-4,4'-bichroman-3,3'-dicarboxylate 61 (Figure 29).67 

 
Figure 29. Reaction of ethyl coumarin-3-carboxylate with tert-butylmagnesium chloride 

 
 
       Grignard addition of alkylmagnesium halides to 1 in the presence of CuBr followed by 
hydrolysis, decarboxylation and dehydrogenation of the resulting dihydrocoumarins afforded 4-
alkylcoumarins 62 (Figure 30).68 

 
Figure 30. Grignard addition of alkylmagnesium halides to ethyl coumarin-3-carboxylate 
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The reaction of 2-methylphenylmagnesium bromide with ethyl coumarin-3-carboxylate 1 has 

been reported to give 64 in 25% yield via the formation of 63. Further addition of 2-
methylphenylmagnesium bromide to 63 gave 65 which eliminate the elements of EtOMgBr to give 66.  
1,4-Addition of RMgBr to 66 gives 67 which on hydrolysis gives 68 in a reverse aldol condensation.  
Hydrolysis of 63 gives 68 (Figure 31). 69 

 

 Figure 31. Reaction of 2-methylphenylmagnesium bromide with ethyl coumarin-3-carboxylate 
 

3.1.5.1.2. Organolithium  
 

Conjugate addition of (Z)-2-ethoxyvinyl anion to α,β-unsaturated lactones is best affected via 
Noyori-type organocopper reagents. The copper reagent, lithium (Z)-2-
ethoxyethenylbis(tributylphosphine)cuprate 70, was prepared in situ from cis-1-bromo-2-ethoxyethene 
69, tert-butyllithium, copper iodide (CuI), and tributylphosphine. Addition of this reagent to coumarin-
3-ester 1 gave vinyl ether 71 in 89% yield (Figure 32).70 

 

 
Figure 32. Reaction of cis-1-bromo-2-ethoxyethene with ethyl coumarin-3-carboxylate 
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3.1.5.1.3. Zinc Enolates 
 

Zinc enolates 73 derived from 1-aryl-2-bromo-2-phenylethanone 72 react with alkyl 
coumarin-3-carboxylates 31 to give alkyl 4-(2-aryl-2-oxo-1-phenylethyl)-coumarin-3-carboxylates 75 
as a single diastereomer (Figure 33).71 

 

 
 

Figure 33. Formation of alkyl 4-(2-aryl-2-oxo-1-phenylethyl)-coumarin-3-carboxylates 75 
 
 

Also, zinc enolate 77 derived from 2-bromo-1-indanone 76 reacted with ethyl coumarin-3-
carboxylate 1 to give ethyl 2-oxo-4-(1-oxo-2-indanyl)chroman-3-carboxylate 78 as a single 
diastereomer (Figure 34).71 

 
 

Figure 34. Formation of ethyl 2-oxo-4-(1-oxo-2-indanyl)chroman-3-carboxylate 78 
 

 
3.1.5.2. Miscellaneous Reagents 

 
     Allylation-assisted addition of nitromethane to ethyl coumarin-3-carboxylates has been 
reported. Thus, the addition of nitromethane to 31 using 1,8-diazabicyclo[5.4.0]undec-7-ene as basic 
catalyst proceeds in the presence of allyl bromide to give benzopyrans 79 (Figure 35).72 
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Figure 35. Reaction of allyl bromide and nitromethane with coumarin-3-carboxylates 

 
The addition of some enamino esters to 3-substituted coumarins has been reported. Thus, 1 

reacted with enamino esters 80 to give coumarins 81-83 in good yields (Figure 36).73 
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Figure 36. Addition of some enamino esters to 3-substituted coumarins 

 
 

In the same sense, Ivanov et al. reported the addition of methyl 3-amino-3-ethoxyacrylate 84 
to 1 to give 67% trans-adduct 85 (Figure 37).74 

 

 
Figure 37. Addition of methyl 3-amino-3-ethoxyacrylate to coumarin-3-carboxylates 
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3.1.6. Bromination 
 

Treatment of 86 with bromine in acetic acid gave the brominated compound 87, that was O-
alkylated to furnish compound 88 (Figure 38).41 

 

 
Figure 38. Bromination of coumarin-3-carboxylates 

 
 
3.2. Ester Group Reaction 

 
3.2.1. Hydrolysis 
 

Hydrolysis of ethyl coumarin-3-carboxylate 1 with sodium hydroxide gave coumarin-3-
carboxylic acid 89 (Figure 39).75 

 

 
Figure 39. Hydrolysis of ethyl coumarin-3-carboxylate 

 
 
3.2.2. Reaction With Amines 
 

Amidation of ethyl coumarin-3-carboxylate 1 with primary amines 90 gave coumarin-3-
carboxamides 91 (Figure 40).42, 76, 77 

 

 
Figure 40. Amidation of ethyl coumarin-3-carboxylate 

 
       Nitration of ethyl coumarin-3-carboxylate 1 gave the corresponding nitro derivative 92 which 
was converted into amide 93 on treatment with benzylamine, which then reacted with phosphorus 
pentasulfide to give N-benzyl-6-nitrocoumarin-3-carbothioamide 94 (Figure 41).78 
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Figure 41. Nitration of ethyl coumarin-3-carboxylate 

 
N-Substituted coumarin-3-carboxamides with antimicrobial and insecticidal activities have 

been prepared. Thus, coumarin carboxamides 96 were prepared from 1 with amines 95 (Figure 42).79 

 
Figure 42. Formation of coumarincarboxamides 96 

 
Additionally, condensation of 1 with p-aminoacetophenone gave the corresponding 

intermediate 97 which reacted with a number of aromatic aldehydes to yield the chalcone analogs 98 
(Figure 43). 80 

 
Figure 43. Formation of chalcone analogs 98 
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      Various N-bromoaryl coumarin-3-carboxamides 99 were prepared by amidation of 1 with 
bromoarylamines. Some acridinyl derivatives, e.g. 101, were prepared (Figure 44.).81 

 
Figure 44. Formation of N-bromoaryl coumarin-3-carboxamides 99 and 101 

 
 
Coumarin-3-carboxanilides, 102 and 103, reported as bactericidal and fungicidal activities, were 
prepared by amidation of 1 with anilines (Figure 45).82 
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Figure 45. Reaction of ethyl coumarin-3-carboxylate with anilines and p-phenylene diamine 
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Amidation of 1 and sulfa drugs 103 gave amide 104 (Figure 46).83 

 

 
 

Figure 46. Reaction of coumarin-3-carboxylate with sulfa drugs 103 
 

N,N'-bis[2-oxo-2H-1-benzopyran]-3-carboxamide derivatives 106 have been synthesized  by 
the reaction of 1 with diamines 105 in different yields ranging from 11% to 30%. Some of the 
synthesized compounds show good selective inhibitory activity against the monoamine oxidase 
(MAO-A) isoform (Figure 47).84 

O
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+ H2N X NH2

Na, EtOH

O O

O

X

O

OO

X = -(CH2)n-; n= 2, 4, 6

1 105
106

 
Figure 47. Reaction of coumarin-3-carboxylate with diamines 105 

 
Coumarin-3-carboxylic acid 89 was treated with thionylchloride to give the key intermediate 

107. At last, 107 reacted with corresponding N-substituted piperazine, 108 and the target compounds 
109 were obtained, that have acetylcholinesterase inhibitory activity (Figure 48).85 

 
Figure 48. Reaction of coumarin-3-carboxylate with N-substituted piperazine, 108 
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Conjugate reduction of 1 with Pd/C-NEt3 to N-ethyl coumarin-3-carboxamide 110 in 44% 
yield was reported (Figure 49).86 

 
Figure 49. Formation of N-ethyl coumarin-3-carboxamide 110 

 
 

3.2.3. Formation of Carbohydrazides 
 

Coumarin incorporated Schiff bases of 1,3,4-oxadiazoles bearing coumarin have 
anticonvulsant activities. Thus, 1 was reacted with hydrazine hydrate in ethanol to give coumarin-3-
carbohydrazide 111. 3-(5-amino-1,3,4-oxadiazol-2-yl)coumarin 112 was prepared by reaction of the 
hydrazide 111 with cyanogens bromide. 3-[5-((1E)-Arylmethyleneamineamino)]-1,3,4-oxadiazol-2-
yl]coumarin 113 was prepared by reaction of 3-(5-amino-1,3,4-oxadiazol-2-yl)coumarin  112 with 3-
nitrobenzaldehyde in glacial acetic acid and 1,4-dioxane (Figure 50).87 
 

 
Figure 50. Reaction of coumarin-3-carboxylate with hydrazine hydrate 

 
Thiosemicarbazide derivatives of coumarins 115, as potential anticonvulsant and analgesic 

agents, were synthesized by reaction of carbohydrazide 111 with aryl isothiocyanates 114           
(Figure 51).88 

 
Figure 51. Formation of thiosemicarbazide derivatives of coumarins 115 
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Imran et al. have reported the synthesis of 1-arylaminomethyl-3-(coumarin-3-yl 
carbohydrazino) isatins 117 as potential anticonvulsants. Thus, the condensation of the carbohydrazide 
111 with isatin followed by reaction with formaldehyde and different aromatic amines resulted in the 
formation of 117 (Figure 52.).89 

 

 
Figure 52. Formation of 1-arylaminomethyl-3-(coumarin-3-yl-carbohydrazino) isatins 117 

 
2-(Coumarin-3-yl)-5-aryl-1,3,4-oxadiazoles 118 were synthesized by reacting the 

carbohydrazide 111 with various aromatic acids in presence of phosphorus oxychloride (Figure 53).90 
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Figure 53. Formation of 2-(coumarin-3-yl)-5-aryl-1,3,4-oxadiazoles 118 

 
        The alternative synthesis of a series of 3-(1,3,4-oxadiazolyl)coumarins 118 have been 
described by treatment of 1 with several aryl carbohydrazides 119 afforded the corresponding N-acyl 
coumarin-3-carboxhydrazides which undergo cyclization in presence of phosphorus oxychloride or 
acetic anhydride (Figure 53).79 
             Coumarin-3-carbohydrazide 111 reacted with different aldehydes and ketones 121 to form the 
Schiff bases 122 which on cyclization by refluxing in excess acetic anhydride for 1 h resulted in 3-(4-
acetyl-5H-aryl-4,5-dihydro-1,3,4-oxadiazol-2-yl)coumarins 123, and these compounds were less 
neurotoxic as compared with the standared drug phenytoin (Figure 54).91 
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Figure 54. Reaction of coumarin-3-carbohydrazide with different aldehydes and ketones 

 
Amidation of 1 with the hydrazine 124 gave the corresponding acetamide 125 which was 

converted to 126 by reaction with benzaldehyde after hydrolysis (Figure 55).82 

 
Figure 55. Amidation of coumarin-3-carboxylate with the hydrazine 124 

 
The reaction of 1 with the N,N'-diisopropylidene 127 and N,N'-diacetyl derivatives 128 of 

malonic acid dihydrazide under the conditions of the Michael reaction lead to the formation of N'-
isopropylidene 129 and N'-acetyl 130 derivatives of coumarin-3-carbohydrazide (Figure 56).92 
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Figure 56. formation of N'-isopropylidene 129 and N'-acetyl 130 

 
 

3.3. Reaction With Acetylacetone 
 

         Ethyl coumarin-3-carboxylate 1 reacted with pentane-2,4-dione in the presence of sodium 
ethoxide to form 10-acetyl-7,9-dihydroxy-6H-benzo[c]chromen-6-one 131 in 67% yield (Scheme 58). 
93 Bakeer has reported, the same reaction in sodium ethoxide to afford 131 as main product in addition 
to ethyl 4-(2,4-dioxopentan-3-yl)coumarin-3-carboxylate 132 as a side product (Figure 57).94 
 

 
Figure 57. Reaction of coumarin-3-carboxylate with pentane-2,4-dione 

 
3.4. Miscellaneous Reactions 

 
         2-Mercapto-4-hydroxypyrimidine[3,4-b]coumarins 133 was prepared by the condensation of 
3-(ethoxycarbonyl)coumarin 1 with thiourea. Alkylation of 133 with alkyl halides yielded the 
corresponding 2-alkylthio compound 134 (Figure 58).95 

 

 
Figure 58. Formation of 2-mercapto-4-hydroxypyrimidine[3,4-b]coumarins 133 
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Ethyl coumarin-3-carboxylate 1 reacted with cyanoaceteohydrazide in the presence of 

piperidine to give dihydrocoumarin 135, which converted into pyrazolopyridone 136 (Figure 59).96 

 
Figure 59. Reaction of coumarin-3-carboxylate with cyanoaceteohydrazide 
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