
Malek Taher Maghsoodlou, Amir Bagheri, Mojtaba Lashkari, Belghais

 

 

 

Catalytic comparison of maleic 

synthesis of 3,4,5-substituted 

Malek Taher Maghsoodlou 1,*, Amir Bagheri

Razieh Doostmohammadi 1 
1Department of Chemistry, Faculty of Science, University of Sistan and Baluchestan, P. O. Box 98135
2Faculty of Science, Velayat University, Iranshahr, Iran 

ABSTRACT 
An expeditious one-pot synthesis has been developed to obtain 3,
reaction of aldehydes with amines and dialkyl acetylenedicarboxylates in the presence of maleic and fumaric acids in aqueous 
afforded 3, 4, 5-trisubstituted furan-2(5H)-ones. Use of aqueous medium, green c
purification technique, excellent yield and short reaction time makes this approach an attractive protocol for the synthesis 
trisubstituted furan-2(5H)-ones. Also, in the presence of maleic ac
compounds were deduced on the basis of IR, 1H, and 
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1. INTRODUCTION 
 The so-called multicomponent reactions (MCRs) are one

pot processes in which at least three or more different simple 

substrates react for the preparation of target materials [1]. These 

reactions, which have gained much attention during the past years, 

are frequently occurring not through a single-step procedure but 

rather by several sequential steps or multicomponent cascade or 

domino reactions [2]. Simplicity, greater efficiency, and atom 

economy with generation of molecular complexity and diversity in 

the one-pot transformation are some of the advantages of these 

reactions. 

 Highly substituted furans play an important role in organic 

chemistry, not only as the key structural units in many natura

products, common subunits in pharmaceuticals [3

[9] but also as useful building blocks in synthetic chemistry [10

14]. The preparation of 3, 4, 5 trisubstituted furan

be carried out by multi-component condensation of aryl al
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2. EXPERIMENTAL SECTION 
2.1. General. 

 Melting points and IR spectra of all compounds were 

measured on an Electrothermal 9100 apparatus and a JASCO 

FTIR 460 Plus spectrometer respectively. The 

spectra were obtained on Bruker DRX-250 and 400 Avance 
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component reaction, Dialkyl acetylenedicarboxylates, Furan-

called multicomponent reactions (MCRs) are one-

pot processes in which at least three or more different simple 

substrates react for the preparation of target materials [1]. These 

, which have gained much attention during the past years, 

step procedure but 

rather by several sequential steps or multicomponent cascade or 

domino reactions [2]. Simplicity, greater efficiency, and atom 

y with generation of molecular complexity and diversity in 

pot transformation are some of the advantages of these 

Highly substituted furans play an important role in organic 

chemistry, not only as the key structural units in many natural 

products, common subunits in pharmaceuticals [3–8] and flavors 

[9] but also as useful building blocks in synthetic chemistry [10–

5 trisubstituted furan-2(5H)-ones can 

component condensation of aryl aldehydes, 

amines and dialkyl acetylenedicarboxylates in the presence of 

Lewis or Brønsted acid catalysts such as SnCl

palladium, β-cyclodextrin [15

catalysts suffer from the drawback of green chemistry such as 

prolonged reaction times, low yields, toxicity and recovery and 

reusability of the catalyst. Therefore, introducing clean processes 

and utilizing eco-friendly and green catalysts which can be simply 

worked-up at the end of reactions have been under permanent 

attention. The demand for environmentally benign procedure with 

green catalyst [20, 21] promoted us to develop a safe alternate 

method for the synthesis of 3,4,5

 Herein, we wish to report a simple, convenient, rapid (30 

min) and high-yielding method using of maleic and fumaric acids 

as an efficient, non-toxic and commercially available catalysts for 

the synthesis of 3,4,5-trisubstituted furan
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Scheme 1. Synthesis of furan-2(5H)-one derivatives. 

 

Melting points and IR spectra of all compounds were 

measured on an Electrothermal 9100 apparatus and a JASCO 

FTIR 460 Plus spectrometer respectively. The 1H and 13C NMR 

250 and 400 Avance 

instruments with CDCl3 as a solvent. Mass spectra were recorded 

on an Agilent Technology (HP) spectrometer operating at an 

ionization potential of 70 eV. All reagents and solvents obtained 

from Fluka and Merck were used
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amines and dialkyl acetylenedicarboxylates in the presence of 

Lewis or Brønsted acid catalysts such as SnCl2, KOH, rhodium, 

[15-19]. However, some of these 

catalysts suffer from the drawback of green chemistry such as 

longed reaction times, low yields, toxicity and recovery and 

reusability of the catalyst. Therefore, introducing clean processes 

friendly and green catalysts which can be simply 

up at the end of reactions have been under permanent 

attention. The demand for environmentally benign procedure with 

21] promoted us to develop a safe alternate 

method for the synthesis of 3,4,5-trisubstituted furan-2(5H)-ones. 

Herein, we wish to report a simple, convenient, rapid (30 

yielding method using of maleic and fumaric acids 

toxic and commercially available catalysts for 

trisubstituted furan-2(5H)-ones (Scheme 1). 
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as a solvent. Mass spectra were recorded 

on an Agilent Technology (HP) spectrometer operating at an 

ionization potential of 70 eV. All reagents and solvents obtained 

from Fluka and Merck were used without further purification. 
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2.2. General procedure for the synthesis of furan-2(5H)-one 

derivatives.  

 The mixture of aldehyde (1.0 mmol), amine (1.0 mmol), 

diethylacetylenedicarboxylate (1.0 mmol), 20 mol % maleic acid 

and 5 mL of water was stirred at 50 °C. After completion of the 

reaction (monitored by thin-layer chromatography, TLC), the 

reaction products were collected by filtration. The products were 

washed with water/ethanol (50:50, 3 × 2 mL) to give the 

corresponding pure compounds. The catalyst remained in the 

water/ethanol filtrate.  

 Ethyl 4-(3-nitrophenylamino)-2,5-dihydro-5-oxo-2-

phenylfuran-3-carboxylate (4n)  

 Colorless solid (86%); mp 207-209 °C; IR (KBr): 3308, 

3093, 2984, 1723, 1686, 1526 cm–1; 1H NMR (400 MHz, CDCl3) 

δ: 1.22 (t, J = 7.2 Hz, CH3), 4.23 (q, J=7.2 Hz, CH2), 5.83 (s, 1H, 

Hbenzylic), 7.31-8.34 (m, 9H, HAr), 8.341 (s, 1H), 9.158 (br, 1H, 

NH); 13C NMR (100 MHz, CDCl3) δ: 165.1 and 162.9 (ester 

C=O), 156.2, 148.4, 137.5, 134.1, 129.9, 129.0, 129.0, 127.4, 

127.2, 120.0, 115.9, 113.7 (12 CAr and Cvinyl), 61.6 (Cbenzylic), 61.2 

(CH2), 13.9 (CH3). MS m/z (%): 57 (15), 73 (16), 84 (20), 96 (21), 

97 (22), 98 (20), 129 (15), 130 (21), 203 (24), 236 (21), 295 (59), 

368 (M+, 100). 

 Tert-Butyl 2,5-dihydro-5-oxo-4-(phenylamino)-2-p-

tolylfuran-3-carboxylate (4o)  

 Colorless solid (94%); mp 175-178 °C; IR (KBr): 3400, 

3020, 2925, 1701, 1670 cm–1.1H NMR (400 MHz, CDCl3) δ: 1.38 

(s, 9H, CH3), 2.28 (s, 3H, CH3), 5.64 (s, 1H, Hbenzylic), 7.04-7.50 

(m, 9H, HAr), 9.29 (br, 1H, NH); 13C NMR (100 MHz, CDCl3) δ: 

165.1 and 162.9 (ester C=O), 156.7, 138.1, 136.4, 132.1, 129.1, 

128.9, 127.4, 125.6, 122.3 and 114.5 (CAr), 83.2 (C-O), 61.4 

(Cbenzylic), 28.0 (3 CH3), 21.1 (CH3). MS m/z (%): 57 (44), 77 (33), 

91 (27), 115 (58), 144 (99), 189 (100), 264 (61), 291 (19), 309 

(94), 365 (M+, 50). 

 

3. RESULTS SECTION 
 As an initial attempt, we selected the reaction of 

benzaldehyde, aniline and diethyl acetylenedicarboxylate using 10 

mol % of catalyst as the model to probe this proposed synthetic 

method. After heating at 30 °C in H2O for 1.6 h, we were glad to 

observe the formation of target product 4e in 60% yield. Finally, 

increasing the amount of maleic acid showed a positive effect on 

reaction and satisfactory yield was obtained when 20 % mol of 

maleic acid was employed (Table 1). The feasibility of this 

method encouraged us to further investigate the reaction 

conditions to improve the product yield. First, the change on 

reaction temperature suggested that 50 °C gave better yield while 

further increase of temperature to 70 °C led to no further yield 

enhancement (Table 1).  

Table 1. Optimization of reaction conditions in the presence of different amount of A: maleic acid B: fumaric acid as catalysts under different 

temperatures a. 

Entry  Catalyst/ mol % Temperature/ °C Time/ h Isolated Yield/ % 

 A B A B A B A B 

1 10 10 30 30 1.6 2.8 60 51 

2 15 15 30 30 1.5 2.6 79 59 

3 20 20 30 30 1.2 2.3 87 70 

4 25 25 30 30 1.3 2.2 82 77 

5 30 30 30 30 1.4 2.3 80 64 

6 20 25 40 40 0.9 2 89 84 

7 20 25 50 50 0.8 1.6 97 89 

8 20 25 60 60 1 1.5 87 83 

9 20 25 70 70 1.1 1.3 81 79 
a Reaction conditions: Benzaldehyde (1.0 mmol), aniline (1.0 mmol), diethyl acetylenedicarboxylate (1.0 mmol) 

 

 Among the entries employing different acids, maleic acid 

turned out to be a better acid catalyst than fumaric acid (Table 1). 

The best result for fumaric acid obtained with 25 % mol of 

catalyst at 50 °C in H2O (Table 1). Maleic acid is the cis-(Z)-2-

butenedioic acid and fumaric acid is the trans-(E)-2-butenedioic 

acid (Figure 1). Although maleic and fumaric acids have the same 

molecular weight and they are both dicarboxylic acids, their pH 

relationships differ.  

 The pH of fumaric acid is 2.1 at 4.9 g/L at 20 °C whereas 

maleic acid has a lower pH. The reason for this difference is that 

when one proton is removed from the cis-isomer (maleic acid) a 

strong intramolecular hydrogen bond is formed with the nearby 

remaining carboxyl group. This favors the formation of the maleic 

acid proton, making maleic acid a stronger acid. In the trans 

isomer, the two carboxyl groups are always far apart, so hydrogen 

bonding is not observed. 

 Under the optimized reaction conditions, the generality of 

the reaction was investigated by the using of various aldehydes, 

anilines and dialkyl acetylenedicarboxylate to produce furan-

2(5H)-one derivatives. The results are summarized in Table 2. 

These results indicate the effectiveness of electron-withdrawing 

and electron-donating groups on the time and yield of the reaction. 

Benzaldehydes with electron-withdrawing groups react with 

aniline better than electron-donating groups for generation of 

furan-2(5H)-ones in good to high yields. In our research work, 
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aliphatic aldehyde and amine such as propanal and 1

Maleic Acid                                                                          

Figure 1. cis-(Z)-2-Butenedioic acid (maleic acid) and 

Table 2. Synthesis of furan-2(5H)-

Entry  R1 R2 

1 Ph 4-F-C6H4

2 Ph 4-Cl-C6H

3 Ph 3- O2N-C6H

4 4-O2NC6H4 Ph 

5 Ph Ph 

6 4-Me-C6H4 Ph 

7 4-Cl-C6H4 Ph 

8 4-MeO-C6H4 Ph 

9 3-O2N-C6H4 Ph 

10 Ph 4-Me-C6H

11 Ph Ph 

12 4-Me-C6H4 Ph 

13 1-naphtyl Ph 

14 Ph 3-O2N-C6H

15 
4-Me-C6H4 Ph 

a The new compounds synthesized in this work. All known products reported previously in the literature were characterized by 

comparison of m.p., IR and NMR spectra with those of authentic samples.

 A suggested mechanism for this transformation is shown in 

Scheme 2. First, nucleophilic Michael addition of amine 

acetylenic ester 2 generates the enaminone A. Next, nucleophilic 

attack of enaminone A to the aldehyde 1 would yield iminium
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Scheme 2. The suggested mechanism for the formation of furan

 The structures of new compounds in Table 2 were deduced 

on the basis of IR, 1H, and 13C NMR spectroscopies and mass 

spectrometry. The mass spectrum of compound 

Catalytic comparison of maleic acid and fumaric acid as green catalysts for one-pot synthesis of 3,4,5
ones via a multicomponent approach 

aliphatic aldehyde and amine such as propanal and 1-buthylamin did not tolerate the reaction. 

                                                                         Fumaric Acid 

Butenedioic acid (maleic acid) and trans-(E)-2-butenedioic acid (fumaric acid).
 

-one derivatives in the presence of A: maleic acid B: fumaric acid as catalysts.

R3 Products Isolated Yield/ %

A 

4 CH3 4a 76 

H4 CH3 4b 74 

H4 CH3 4c 87 

CH3 4d 96 

CH3CH2 4e 94 

CH3CH2 4f 91 

CH3CH2 4g 94 

CH3CH2 4h 91 

CH3 4i 94 

H4 CH3CH2 4j 82 

CH3 4k 96 

CH3 4l 80 

CH3CH2 4m 64 

H4 CH3CH2 4n 86 

t-Bu 
4o 94 

esized in this work. All known products reported previously in the literature were characterized by 

comparison of m.p., IR and NMR spectra with those of authentic samples. 
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The suggested mechanism for the formation of furan-2(5H)-one derivatives

The structures of new compounds in Table 2 were deduced 

C NMR spectroscopies and mass 

spectrometry. The mass spectrum of compound 4n, ethyl 4-(3-

nitrophenylamino)-2,5-dihydro-

carboxylate displayed the molecular ion peak at 

is consistent with the proposed structure. The 

pot synthesis of 3,4,5-substituted furan-2(5H)-
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85 [22] 
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86 [22] 
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88 [22] 

79 [22] 

84 [27] 

74 [27] 

63 [19] 

81 a 
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esized in this work. All known products reported previously in the literature were characterized by 

 

, that can be tautomerized to dialkyl 2-

ylamino)-2-butenedioate C. γ-
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carboxylate derivatives 4 [25, 26]. 
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one derivatives. 

-5-oxo-2-phenylfuran-3-

e displayed the molecular ion peak at m/z = 368, which 

is consistent with the proposed structure. The 1H NMR spectrum 
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of this product, exhibited a triplet at δ = 1.22 ppm and quartet at δ 

= 4.23 ppm for ethyl protons of the carboxylate group and one 

sharp singlet arising from benzylic proton at δ = 5.83 ppm. The 

aromatic protons of product were observed at δ = 7.31-8.34 ppm. 

A broad singlet for the NH group at δ = 9.15 ppm indicated intra-

molecular hydrogen bond formation with the vicinal carbonyl 

group. The 13C NMR spectrum of this product was showed 17 

distinct resonances in agreement with the proposed structure. The 

IR spectrum indicated one sharp peak at 3308 cm-1 for NH within 

product. 

 In order to show the merit of the present work in 

comparison with reported results in the literature, we compared 

the reactions of maleic and fumaric acids with β-Cyclodextrin, 

Nano-ZnO, Al(HSO4)3, SnCl2.2H2O, AcOH, [Bu4N][HSO4] and 

PPA/SiO2 in the synthesis of 3,4,5-substituted furan-2(5H)-ones 

derivatives. As can be seen from Table 3, maleic acid is an 

efficient catalyst in the formation of 3,4,5-substituted furan-2(5H)-

ones with high yields and shorter reaction times. 

Table 3. Comparison result of maleic and fumaric acid with the reported catalysts in literature for 

the synthesis of 3, 4, 5-substituted furan-2(5H)-ones 4a and 4e. 

Entry  Product Catalyst Time Yield (%) Ref. 

1 4a β-Cyclodextrin - - 19 

2  Nano-ZnO 2.5 h 94 28 

3  Al(HSO4)3 8 h 84 27 

4  SnCl2.2H2O 6.5 h 90 15 

5  AcOH - - 22 

6  [Bu4N][HSO4] 5 h 92 24 

7  PPA/SiO2 1 h 90 23 

8  Sucrose 9 h 97 29 

9  Maleic acid 1h 94 This work 

10  Fumaric acids 2h 84 This work 

12 4e β-Cyclodextrin 12 h 85 19 

13  Nano-ZnO - - 28 

14  Al(HSO4)3 9 h 77 27 

15  SnCl2.2H2O - - 15 

16  AcOH 1 h 95 22 

17  [Bu4N][HSO4] 2 h 90 24 

18  PPA/SiO2 1 h 91 23 

19  Sucrose 4.5 h 85 29 

20  Maleic acid 1.2 96 This work 

21  Fumaric acids 2.3 82 This work 

 

4. CONCLUSIONS 
 In conclusion, in the present work a new one-step method 

for the construction of the 3,4,5-trisubstituted furan-2(5H)-ones, in 

very good yields, by using green catalysts (maleic acid and 

fumaric acid) promoted reaction between aryl aldehydes, amines 

and dialkyl acetylenedicarboxylates is described. The catalysts 

shows environmentally friendly characters. Namely, those are 

inexpensive, clean, safe, nontoxic and easily obtained. Moreover, 

this method has several other advantages including mild reaction 

conditions, high yields, operational simplicity, clean and neutral 

reaction conditions, which makes it a useful and attractive process 

for the synthesis of a wide variety of biologically active 

compounds.
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