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ABSTRACT 

Citric acid is found to be a green and naturally biodegradable catalyst for one-pot, four-condensation of dialkylacetylenedicarboxylate, 

formaldehyde and amines (aromatic and aliphatic) to afford the corresponding polysubstituted dihydro-2-oxypyrrole derivatives under 

ambient temperature. The remarkable features of this one-pot procedure are green and low-cost catalyst, high yields, short reaction times, 

simplicity of operation and work-up procedures, the availability and easy to handle of this solid acid catalyst, avoidance of hazardous or 

toxic catalyst and mild reaction conditions. 
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1. INTRODUCTION 

 Citric acid exists in greater than trace amounts in a variety 

of fruits and vegetables, most notably citrus fruits. Lemons and 

limes have particularly high concentrations of the acid; it can 

constitute as much as 8% of the dry weight of these fruits (about 

47 g/L in the juices) [1]. Citric acid was first isolated by 

KarlsScheels in 1874, in England, from the lemon juice imported 

from Italy. Citric acid is the most important acid produced in 

tonnage and is extensively used in food and pharmaceutical 

industries. Citric acid can be used as a pH-regulating additive in 

granules and the tablet matrix in enteric-coated formulations for 

colon-specific drug delivery [2]. In addition to, single-use citric 

acid sachets have been used as an inducement to get heroin users 

to exchange their dirty needles for clean needles in an attempt to 

decrease the spread of HIV and hepatitis [3].Synthesis of the 

pyrrole rings has attracted great interests due to biological and 

pharmaceutical properties. They have been used as human 

cytomegalovirus( HCMV) protease [4],  CD45 protein 

tyrosinphosphatase [5], anti-cancer [6], also, Thiomarinol A4 as 

antibiotic has pyrrole rings [7], many of number alkaloids with 

biological activities have pyrrole rings [8], and these rings have 

been used as UCS1025A [9], Oteromycin [10]. In addition, these 

rings have been used HIV integrase [11], and they have also 

herbicidal [12] activities. Some of them with biological properties 

have been shown in Figure 1. 

In recent decades, a number of methodologies for preparation of 

these compounds have been reported that is including various 

catalysts such as Cu(OAc)2.H2O [13], InCl3 [14], I2 [15], AcOH 

[16], [n-Bu4N][HSO4] [17], Al(H2PO4)3 [18], oxalic acid [19], 

ZrCl4 [20], ethylenediammoniumdiformate (EDDF) [21], 

Fe3O4@nano-cellulose–OPO3H [22], BiFeO3 nanoparticles [23], 

nano-Fe3O4@SiO2/SnCl4 [24], TiCl4/nano-sawdust [25], 

grapheneoxide [26], CoFe2O4@SiO2@IRMOF-3 [27], caffeine 

[28], glutamic acid [29], ZnCl2 [30] and Mn(NO3)2.4H2O [31].  

Some of these methodologies have limitations such as difficult 

work-up, toxic and expensive catalysts, low yields, use of strongly 

acidic conditions, long time reactions and high temperature. Thus, 

as part of our ongoing research program on the development of 

efficient and environmentally friendly methodologies [32-34], 

herein, we report a convenient, one-pot and mild procedure for the 

synthesis of polysubstituted dihydro-2-oxypyrroles in the presence 

of citric acid as a green and readily available catalyst via a one-pot 

four-condensation of dialkylacetylenedicarboxylate, formaldehyde 

and amines (aromatic and aliphatic) at ambient temperature. The 

advantages of citric acid as a mild and green acidic catalyst in 

organic synthesis are environmental friendly, highly efficient, 

inexpensive and non-toxic. 
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Figure 1.Biologically active compounds with dihydro-2-oxypyrrole rings. 

 

2. MATERIALS AND METHODS 

General. 

Melting points all compounds were determined using an Electro 

thermal 9100 apparatus. Also, nuclear magnetic resonance, 1H 

NMR spectra were recorded on a Bruker DRX-400 Avance 

instruments with CDCl3 as solvent. All reagents and solvents were 
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purchased from Merck, Fluka and Acros chemical companies were 

used without further purification. 

General procedure for preparation of polysubstituted dihydro-2-

oxypyrroles (5a-u). A mixture of amine 1 (1.0 mmol) and 

dialkylacetylenedicarboxylate2 (1.0 mmol) was stirred in MeOH 

(3 mL) for 15 min. next, amine 3 (1.0 mmol) and formaldehyde 4 

(1.5 mmol) and citric acid (15 mol %) were added and the reaction 

was stirred for appropriate time. After completion of the reaction 

(by thin layer chromatography TLC), the mixture was separated 

with filtration and the solid washed with ethanol (3×2 mL) with no 

column chromatographic separation to give pure compounds (5a-

u). The catalyst is solvable in ethanol and was removed from the 

reaction mixture. Products were characterized by comparison of 

spectroscopic data (1HNMR). Spectra data some of the known 

products are represented below: 

Methyl4-(4-ethylphenylamino)-1-(4-ethylphenyl)-2,5-dihydro-5-

oxo-1H-pyrrole-3-carboxylate (Table 1, entry 9): 

N

O
N

MeO2C

H

HH

Et
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Figure 2. Methyl4-(4-ethylphenylamino)-1-(4-ethylphenyl)-2,5-dihydro-

5-oxo-1H-pyrrole-3-carboxylate 

Yield: 80%; M.p. 124-126 °C; 1H NMR (400 MHz, CDCl3): 1.26 

(6H, t, J=2.4 Hz,  2CH2CH3), 2.67 (4H, q, J=7.2 Hz, 2CH2CH3), 

3.76 (3H, s, 2OCH3), 4.53 (2H, s, CH2-N),7.09 (2H, d, J=8.4 Hz, 

ArH), 7.17 (2H, d, J=8.4 Hz, ArH), 7.24 (2H, d, J=8.8 Hz, 

ArH),7.70 (2H, d, J=8.8 Hz, ArH), 8.05( 1H, s, NH). 

Ethyl 1-(4-bromophenyl)-3-(butylamino)-2,5-dihydro-2-oxo-1H-

pyrrole-4-carboxylate(Table 1, entry 14): 
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Figure 3. Ethyl 1-(4-bromophenyl)-3-(butylamino)-2,5-dihydro-2-oxo-

1H-pyrrole-4-carboxylate 

Yield: 76%; M.p. 95-97 °C; 1H NMR (400 MHz, CDCl3): 0.97 

(3H, t, J = 7.2 Hz, CH3), 1.35 (3H, t, J = 7.2 Hz, OCH2CH3), 1.43 

(2H, sextet, J = 7.6 Hz, CH2), 1.61 (2H, quintet, J = 7.6 Hz, CH2), 

3.87 (2H, t, J = 7.2 Hz, CH2-NH), 4.28 (2H, q, J = 7.2 Hz, 

OCH2CH3), 4.40 (2H, s, CH2-N), 6.72 (1H, br s, NH), 7.52 (2H, d, 

J = 8.8 Hz, ArH), 7.70 (2H, d, J = 8.8 Hz, ArH). 

 

Figure 4. Methyl 1-phenyl-3-(phenylamino)-2,5-dihydro-2-oxo-1Hpyrrole-4-carboxylate (5f) 

 

Table 1.Optimization of the reaction condition in the presence of different amounts of citric acid and different solvents on the synthesis of 5f a 

 

 

 

 

 

 

 

 

 

Isolated Yields (%)
 

Time, h Solvent Citric acid (mol 

%)
 

Entry 

trace 10 MeOH Catalyst free 1 

38 6 MeOH 5 2 

65 4 MeOH 10 3 

84 3 MeOH 15 4 

40 6 Solvent free 15 5 

72 4 EtOH 15 6 

21 6 H2O 15 7 

25 7 CH2Cl2 15 8 

29 7 CHCl3 15 9 

52 5 CH3CN 15 10 

46 5 DMF 15 11 

85 3 MeOH 20 12 
a Reaction conditions: aniline (2.0 mmol), dimethyl acetylenedicarboxylate (1.0 mmol), 

formaldehyde (1.5 mmol) and catalyst in various solvents at ambient temperature. 
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3. RESULTS  

 The generality of this four-condensation reaction was 

studied under optimized conditions and the reaction between 

aniline, dimethyl acetylenedicarboxylate (DMAD) and 

formaldehyde (Figure 4) was investigation as a model reaction and 

then the effect of different amount of catalyst in MeOH as solvent 

was studied in this protocol and in the absence of catalyst, a trace 

amount of this product was detected after 10 h (Table 1, entry 1). 

Good yields were obtained in the presence of catalyst. The best 

amount of catalyst was 15 mol % (Table 1, entry 4). The higher 

amount of catalyst did not increase the yields products (Table 1, 

entry 12) and the results are summarized in Table 1. Also, the 

effect of various solvents was investigated for this protocol EtOH, 

H2O, CH2Cl2, CHCl3, CH3CN and DMF among these solvents, 

MeOH was found to be the best solvent for this methodology 

(Table 1, entry 4). Finally, a convenient, expedient and efficient 

procedure for the synthesis of polysubstituted dihydro-2-

oxypyrroles was described via one-pot four-condensation of 

(aromatic or aliphatic 1 and 3), dialkylacetylenedicarboxylate2 

and formaldehyde 4 under ambient temperature in the presence of 

citric acid (Scheme 1) and the results are summarized in Table 2. 

R1 = n-C4H9, 4-OMe-C6H4, PhCH2, C6H5, 4-Me-C6H4, 4-Et-C6H4, 4-Br-C6H4,  4-F-

C6H4, 4-Cl-C6H4.

  

R2 = CH3, C2H5.

Ar = 4-Cl-C6H4, 3, 4-Cl2-C6H3, 4-OMe-C6H4, C6H5, 4-F-C6H4, 4-Me-C6H4, 4-Et-C6H4, 

4-Br-C6H4.
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Scheme1. Synthesis of polysubstituted dihydro-2-oxypyrroles. 

 

Proposed mechanism for the synthesis of functionalized dihydro-

2-oxypyrrole derivatives in the presence of citric acid are shown in 

scheme 2. Firstly, the reaction of amine 1 with 

dialkylacetylenedicarboxylate2 lead to dialkyl 2-(alkyl/arylamino) 

fumarate A. Secondly, condensation between amine 3 and 

formaldehyde 4 in the present of citric acid produce imine B. 

Dialkyl 2-(alkyl/arylamino) fumarate A possesses an enamine 

character and, thus, can readily react with imine B to in the present 

of citric acid generate intermediate C. Cyclization reaction of 

intermediate C lead to intermediate D, that in the final step 

tautomerizes to the corresponding functionalized dihydro-2-

oxypyrroles 5. 

Also, comparison of catalytic ability some of catalysts reported in 

the literature for the synthesis of polysubstituted dihydro-2-

oxypyrroles are shown in Table 3. This study reveals that citric 

acidhas shown its extraordinary potential to be an alternative 

natural, green, readily available, mildly acidic and highly efficient 

catalyst for the one-pot synthesis of these biologically active 

heterocyclic compounds, in addition, high yields and short 

reaction times are the notable advantages this present 

methodology. 
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Scheme 2. Proposed mechanistic route for the synthesis of 

polysubstituted dihydro-2-oxypyrrole derivatives. 

 

Table 2.Synthesis of dihydro-2-oxypyrrole derivatives. 

 

Lit. M.p. 
°
C M.p. 

°
C Isolated yield, % Time,h Product Ar

 
R

2 
R

1
 Entry 

91-93
21 91-93 83 3 5a 4-Cl-C6H4 Me n-C4H9 1 

97-99
18 99-101 76 3.5 5b 3,4-Cl2-C6H3 Me n-C4H9 2 

172-175
17 171-173 87 3 5c 4-OMe-C6H4 Me 4-OMe-C6H4 3 

60
15 60-62 89 2.5 5d Ph Me n-C4H9 4 

140-141
16 138-140 82 3.5 5e Ph Me PhCH2 5 

155-156
15 155-157 84 3 5f Ph Me Ph 6 

81-83
22 80-82 88 2 5g 4-F-C6H4 Me n-C4H9 7 

177-178
15 175-177 85 3 5h 4-Me-C6H4 Me 4-Me-C6H4 8 

124-125
22 124-126 80 3.5 5i 4-Et-C6H4 Me 4-Et-C6H4 9 

166-168
18 168-170 85 3 5j 4-F-C6H4 Me PhCH2 10 

175-177
17 175-177 81 4 5k 4-Br-C6H4 Me 4-Br-C6H4 11 

163-165
19 165-167 90 2 5l 4-F-C6H4 Me 4-F-C6H4 12 

171-173
17 170-172 79 3.5 5m 4-Cl-C6H4 Me 4-Cl-C6H4 13 

94-96
18 95-97 76 4 5n 4-Br-C6H4 Et n-C4H9 14 

138-140
16 136-138 85 3 5o Ph Et Ph 15 

172-174
17 174-176 92 2 5p 4-F-C6H4 Et 4-F-C6H4 16 

130-132
16 131-133 78 2.5 5q Ph Et PhCH2 17 

131-132
16 129-131 83 3.5 5r 4-Me-C6H4 Et 4-Me-C6H4 18 

169-171
16 170-172 75 4 5s 4-Br-C6H4 Et 4-Br-C6H4 19 

168-170
17 168-169 76 4 5t 4-Cl-C6H4 Et 4-Cl-C6H4 20 

152-154
18 151-153 84 3.5 5u 4-OMe-C6H4 Et 4-OMe-C6H4 21 
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Table 3.Comparison of catalytic ability some of catalysts reported in the literature for synthesis of polysubstituted dihydro-2-oxypyrroles. 

References
 

Time/Yield (%) Conditions Catalyst  Compound  Entry 

[13] 6h/91 MeOH, r.t. Cu(OAc)2.H2O 5a 1 

[14] 3h/85 MeOH, r.t. InCl3 5a 2 

[15] 1 h/82 MeOH, r.t. I2 5a 3 

[17] 4 h/88 MeOH, r.t. [n-Bu4N][HSO4] 5a 4 

[18] 5 h/81 MeOH, r.t. Al(H2PO4)3 5a 5 

[20] 4 h/84 MeOH, r.t. ZrCl4 5a 6 

[21] 3 h/89 EtOH, Reflux EDDF 5a 7 

This work 3 h/84 MeOH, r.t. Citric acid 5a 8 

[13] 5h/85 MeOH, r.t. Cu(OAc)2.H2O 5b 9 

[14] 3h/85 MeOH, r.t. InCl3 5b 10 

[15] 1 h/81 MeOH, r.t. I2 5b 11 

[17] 4 h/86 MeOH, r.t. [n-Bu4N][HSO4] 5b 12 

[18] 5 h/80 MeOH, r.t. Al(H2PO4)3 5b 13 

[20] 3.5 h/83 MeOH, r.t. ZrCl4 5b 14 

[21] 3.5 h/84 EtOH, Reflux EDDF 5b 15 

This work 3 h/85 MeOH, r.t. Citric acid 5b 16 

 

4. CONCLUSIONS 

 In summary, the use of citric acid as a green and naturally 

biodegradable catalyst for facile preparation of polysubstituted 

dihydro-2-oxypyrrole derivatives via one-pot four-condensation 

reaction of dialkylacetylenedicarboxylate, formaldehyde and 

amines (aromatic and aliphatic) at ambient temperature is studied. 

The use of green, readily available, easy to handle, non-toxic and 

inexpensive catalyst, high yields, short reaction times, simple 

work-up with no necessity of chromatographic purification steps 

provides a sustainable procedure compared to conventional 

methods. 
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