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Abstract: Sodium acetate effectively catalyzes the three-component reaction between arylaldehydes, malononitrile, and 1,3-

dicabonyl compounds such as dimedone, 4-hydroxycoumarin, barbituric acid, and thiobarbituric acid for the formation of 

corresponding pyran annulated heterocyclic systems. This green method offers the advantages of proceeding, neutral and mild 

conditions, environmental, lock of toxicity, short reaction time, giving high to excellent yields of the products, and simple 

work-up. 
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Introduction 

Recently, tetrahydrobenzo[b]pyran, Pyrano[2,3-

d]pyrimidine, and pyrano[c]chromene derivatives have 

attracted much attention due to their wide range of 

biological properties [1-3]. Pyran[2,3d]pyrimidines are 

annulated uracils which have received considerable 

attention. Compounds with these ring systems have 

diverse pharmacological activities such as antitumour 

[4,5], cardiotonic, hepatoprotactive, antihypertensive 

[6,7], and antibronchitic [8]. 4H-pyrans and their 

derivatives have also attracted great attention due to 

their useful biological and pharmacological properties, 

such as anticoagulant, spasmolytic, anticancer, and 

antianaphylactin agents [9]. Some 2-amino-4Hpyrans 

can be employed as photoactive materials [10]. 

Furthermore, substituted 4H-pyrans also constitute a 

structural unit of a series of natural products [11]. A 

variety of technologies including the use of microwave 

[12], ultrasonic [13], and catalysis by tetrabutyl 
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ammonium bromide (TBAB) [14], fluoride anion [15], 

rare earth perfluorooctanoate [16], acidic ionic liquids 

(ILs) [17], Na2SeO4 [18], high surface area MgO [19], 

[bmim]OH [20], etc. were found to be efficient to 

promote substituted 4H-pyrans. In spite of the merits of 

these procedures, each of them suffers at least from one 

of the following limitations: low yields, unavailability 

of the catalyst, long reaction time. Following our work 

on MCRs [21-25], we report a general and highly 

efficient method for the synthesis of 

tetrahydrobenzopyrans, pyrano[2,3-d]pyrimidine, and 

3,4-dihydropyrano[c]chromene derivatives using an 

inexpensive, clean, safe, environmentally and 

commercially available sodium acetate catalyst 

(Scheme 1). This is a one-pot reaction in aqueous 

ethanol which is not only operationally simple, clean, 

and efficient, but also consistently gives corresponding 

products in excellent yields. 

Results and discussion 
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In order to optimize the conditions, the reaction 

between benzaldehyde, dimedone, malononitrile, and 

10 mol% of sodium acetate as a simple model substrate 

was undertaken in various conditions. First, we tested 

the effect of various solvents. It is noteworthy to 

mention that the polar solvents such as water and 

ethanol or methanol afford better yields than nonpolar 

ones, and the mixture of water and ethanol is the most 

effective solvent (Table 1, Enties 1-11). In addition, the 

same model reaction was carried out in water and 

ethanol at different temperatures to assess the effect of 

temperature on the reaction yield. It was observed that 

yield was a function of temperature, since the yield 

increased as the reaction temperature increased at 50 
o
C, the product 7a was obtained in an excellent yield 

and higher temperature did not increase the reaction 

yield (Table 1, Entries 12-15). The effect of the amount 

of the catalyst on these reactions was also investigated. 

As a result, with the mixture of benzaldehyde, 

malononitrile, and dimedone in the presence of 3 mol% 

NaOAc, the product 7a was obtained in 87% yield at 

50 
o
C in water and ethanol for 20 min. Increasing the 

amount of catalyst to 5 mol%, 10 mol%, 15 mol%, and 

20 mol%, yields of 92%, 92%, 90%, and 88% were 

obtained, respectively. The use of only 5 mol% NaOAc 

is sufficient to push the reaction forward, and higher 

amounts of the catalyst did not improve the results to 

any greater extent. Thus, 5 mol% was chosen as a 

suitable amount of catalyst for these reactions (Table 1, 

Entries 16-19). 
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Scheme 1: Synthesis of pyran derivatives using sodium acetate as an effective catalyst. 

Table 1: Optimization of solvent, temperature, and catalyst in the synthesis of compound 7a. 

Entry Solvent/ Temp (°C) Catalyst (mol%) Time (min) Yield (%)a 

1 CH2Cl2/rt 10 110 74 

2 THF/rt 10 110 73 

3 n-Hexan/rt 10 110 72 

4 EtOAc/rt 10 90 55 

5 H2O/rt 10 65 74 

6 EtOH/rt 10 75 83 

7 H2O. EtOH (1:1)/rt 10 55 84 

8 H2O. EtOH(2:1)/rt 10 50 86 

9 H2O. EtOH(4:1)/rt 10 47 86 

10 CH3CN/rt 10 75 Trace 

11 MeOH/rt 10 60 76 

12 H2O. EtOH(4:1)/40 10 22 88 

13 H2O. EtOH(4:1)/50 10 12 92 

14 H2O. EtOH(4:1)/60 10 12 92 

15 H2O. EtOH(4:1)/ 80 10 10 86 

16 H2O. EtOH(4:1)/50 3 20 87 

17 H2O. EtOH(4:1)/50 5 12 92 



Iranian Journal of Organic Chemistry Vol. 6, No. 1 (2014) 1197-1202                                                 M. T. Maghsoodlou et. al. 

1199 

 

18 H2O. EtOH(4:1)/50 15 15 90 

19 H2O. EtOH(4:1)/50 20 15 88 

 a Yield refers to the pure isolated products. 

To estimate the generality and versatility of the 

catalyst, the same reactions were applied for the 

synthesis of pyrano[2,3-d]pyrimidine and 3,4-

dihydropyrano[c]chromene derivatives by replacing 

dimedone with barbituric acid, thio barbituric acid, and 

4-hydroxycoumarin. In each case, the products were 

obtained in exellent yields. To explor the scope of the 

procedure, we extended this reaction to various 

aromatic aldehydes in the presence of electron-

withdrawing or electron-releasing substituents, both of 

which gave the desired product (Tables 2, 3 and 4). We 

observed that the activity of 4-hydroxycoumarin is 

better than that of thio barbituric acid, the latter being 

better than barbituric acid, and also this one is more 

reactive than dimedone. 

Table 2: Synthesis of pyran derivatives using sodium acetate. 

O

O
O NH2

O

+

CN

CN

1                     2                           3                                                                             7a-n

CN

R

R

CHO

+

NaOAc (5 mol%)

EtOH, H2O, 50oC

 

Entry R 1,3-Dicabonyl Product Time (min) Yield (%)a Mp (°C) Lit. mp (°C) [Ref] 

1 H 3 7a 12 92 228-230 228-230 [26] 

2 4-Me 3 7b 20 89 214-215 212-215 [29] 

3 4-Cl 3 7c 15 94 209-211 210-212 [27] 

4 4-OH 3 7d 36 90 201-203 204-206 [28] 

5 4-N(Me)2 3 7e 40 87 218-219 218-220 [8] 

6 2,4-(Cl)2 3 7f 9 95 118-120 115-117 [16] 

7 3-OH 3 7g 12 95 233-234 236-238 [32] 

8 2-Cl 3 7h 18 97 208-210 208-210 [27] 

9 3-Cl 3 7i 12 85 234-236 228-229 [30] 

10 3-NO2 3 7j 14 98 208-210 208-211 [29] 

11 2-NO2 3 7k 14 93 240-242 224-226 [31] 

12 4-OH-3-OMe 3 7l 32 89 236-238 226-230 [33] 

13 2,3-(OMe)2 3 7m 35 88 219-220 216-218 [27] 

14 3,4-(OMe)2 3 7n 12 91 207-209 210-212 [34] 

a Yields refer to the pure isolated products. 
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Table 3: Synthesis of pyrano[2,3-d]pyrimidine derivatives using sodium acetate. 

 

NH NH

X

NH

N O NH2

O

X

H

X= O, S

O O
CN

R

NaOAc (5 mol%)

EtOH, H2O, 50oC
+

CN

CN

1                     2                          4, 5                                                                         8a-k

R

CHO

+

 

Entry R 1,3-Dicabonyl Product Time (min) Yield (%)a Mp (°C) Lit. mp (°C) [Ref] 

1 H 4 8a 7 94 210-211 208-210 [35] 

2 4-NO2 4 8b 12 95 236-238 238-239 [35] 

3 4-NO2 5 8c 14 98 234-236 235-236 [36] 

4 3-NO2 4 8d 4 91 269-271 268-270 [36] 

5 3-NO2 5 8e 15 96 234-235 233.5-234 [36] 

6 2,4-(Cl)2 4 8f 12 88 240-242 241-242 [36] 

7 2,4-(Cl)2 5 8g 8 95 237-238 238.5-239.5 [36] 

8 4-Cl 4 8h 7 91 238-240 240-241 [35] 

9 3-Cl 4 8i 4 93 239-241 240-241 [36] 

10 3-Cl 5 8j 28 94 236-238 237-238 [36] 

11 2-Cl 4 8k 13 84 218-220 214-215 [35] 

a Yields refer to the pure isolated products. 

Table 4: Synthesis of 3,4-dihydropyrano[c]chromene derivatives using sodium acetate. 

O

OH

O

O

O

CN

O

NH2

R

NaOAc (5 mol%)

EtOH, H2O, 50oC
+

CN

CN

1                     2                             6                                                                                    9a-g

R

CHO

+

 

Entry R 1,3-Dicabonyl Product Time (min) Yield (%)a Mp (°C) Lit. mp (°C) [Ref] 

1 H 6 9a 7 94 258-260 255-256 [37] 

2 4-Me 6 9b 8 92 251-253 254-256 [40] 

3 4-Cl 6 9c 8 97 258-260 261-262 [37] 

4 3-Cl 6 9d 6 98 243-245 244-245 [39] 

5 2-Cl 6 9e 8 96 275-277 273-274 [40] 

6 2,4-(Cl)2 6 9f 10 96 262-263 261-262 [38] 
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7 3-NO2 6 9g 5 95 257-259 261-262 [38] 

a Yields refer to the pure isolated products. 

Conclusion 

In conclusion, we report a green and novel three-

component one-pot synthesis of functionalised 

tetrahydrobenzo[b]pyran, pyrano[2,3-d]pyrimidine, 

and 3,4-dihydropyrano[c]chromene derivatives in the 

presence of NaOAc as a highly effective base catalyst 

under thermal conditions. There is no doubt that 

NaOAc is an effective catalyst and provides a new and 

useful method of synthesizing pyran annulated 

heterocyclic systems by the condensation of aldehydes, 

1,3-dicarbonyl compounds, and malononitrile. The 

catalyst shows an environmental friendly character 

which is inexpensive, clean, safe, nontoxic, and easily 

obtained. Moreover, the procedure offers several 

advantages including high yields, operational 

simplicity, clean reaction conditions, and the minimum 

pollution of the environment, which make it a useful 

and attractive process for the synthesis of these 

compounds.  

Experimental  

Melting points and IR spectra were measured on an 

Electrothermal 9100 apparatus and a JASCO FT-IR-

460 plus spectrometer, respectively. The 
1
H NMR 

spectra were obtained on Bruker DRX- 400 Avance 

instruments with DMSO and acetone as a solvent. All 

reagents and solvents were obtained from Fluka and 

Merck and were used without further purification. 

General procedure for the synthesis of pyran 

derivatives: 

A mixture of an appropriate aldehyde (1 mmol), 

malononitrile (1 mmol), and dimedone/barbituric 

acid/thio barbituric acid or 4-hydroxycoumarin (1 

mmol) in the presence of sodium acetate (5 mol%) in 

the mixture of water and ethanol(4:1, 5 mL) was heated 

for aproper period of time. After the completion of the 

reaction as indicatedby TLC, the reaction mixture was 

filtrated and the precipitated solid was purified by 

recrystallization from EtOH 95% to yield the 

corresponding pyran derivatives in high yields as 

shown in Table 2. Physical and spectral data of the 

products (7a, 7b, 7d, 7m, 8d and 9a): 

 

Compound (7a): white solid; Yield: 92%; m.p. 228-

230 °C; IR (νmax, cm
-1

, KBr): 3395, 3323, 3027, 2960, 

2199, 1680; 
1
H-NMR (400 MHz, Acetone-d6, δ / ppm): 

1.04 (s, 3H, CH3), 1.13 (s, 3H, CH3), 2.16 (d, J =16.0 

HZ, 1H, H-6), 2.28 (d, J =16.0 HZ, 1H, H-6
’
), 2.58 (s, 

2H, CH2), 4.30 (s, 1H, H-4), 6.25 (brs, 2H, NH2), 7.19 

(m, 1H, H-Ar), 7.28 (m, 4H, H-Ar). 

Compound (7b): white solid; Yield: 89%; m.p. 214-

215 °C; IR (νmax, cm
-1

, KBr): 3465, 3320, 2955, 2190, 

1676, 1247;
 1
H-NMR (400 MHz, CDCl3, δ / ppm): 1.06 

(s,3H, CH3 ), 1.12 (s,3H, CH3), 2.23 (dd, J = 21.6, 16.4 

Hz, 2H, H-8), 2.30 (s,3H, CH3), 2.46 (t, J= 19.2 Hz, 

2H, H-6), 4.38 (s, 1H, H-4), 4.52 (s, 2H, NH2), 7.10 (d, 

J = 8 Hz, 2H, H-Ar), 7.13 (dd, J = 6.0, 2.4 Hz, 2H, H-

Ar). 

Compound (7d): white solid; Yield: 90%; m.p. 201-

203 °C; IR (νmax, cm
-1

, KBr): 3285, 3160, 2960, 2185, 

1675, 1209;
 1
H NMR (400 MHz, CDCl3, δ / ppm): 1.05 

(s,3H, CH3), 1.12 (s,3H, CH3), 2.24 (dd, J= 20.8, 16.4 

Hz, 2H, H-8), 2.46 (t, J= 19.2 Hz, 2H, H-6), 4.36 (s, 

1H, H-4), 4.53 (s, 2H, NH2), 5.26 (s, 1H, OH), 6.71-

6.74 (m, 2H, H-Ar), 7.08-7.12 (m, 2H, H-Ar). 

Compound (7m): white solid; Yield: 88%; m.p. 219-

220 °C; IR (νmax, cm
-1

, KBr): 3305, 3205, 2945, 2175, 

1676, 1212;
 1
H-NMR (400 MHz, CDCl3, δ / ppm): 1.08 

(s, 3H, CH3), 1.12 (s, 3H, CH3), 2.21 (dd, J = 21.2, 

16.0 Hz, 2H, H-8), 2.39-2.51 (m, 2H, H-6), 3.85 (s, 3H, 

OCH3), 3.95 (s, 3H, OCH3), 4.52 (s, 2H, NH2), 4.74 (s, 

1H, H-4), 6.72 (dd, J = 7.8, 1.2 Hz, 1H, H-Ar), 6.79 

(dd, J = 8.2, 1.6 Hz, 1H, H-Ar), 6.97 (t, J = 8.0 Hz, 1H, 

H-Ar). 

Compound (8d): dark yellow solid; Yield: 91%; m.p. 

269-271 °C; IR (νmax, cm
-1

, KBr): 3415, 3311, 3203, 

3102, 3022, 2193, 1710; 
1
H-NMR (400 MHz, DMSO-

d6, δ / ppm): 4.48 (s, 1H, CH), 7.30 (s, 2H, NH2), 7.60 

(t, 1H, H-Ar), 7.70 (d, 1H, H-Ar), 8.0 (t, 2H, H-Ar), 

11.12 (s, 1H, NH), 12.18(s, 1H, NH). 

Compound (9a): white solid; Yield: 94%; m.p. 258-

260 °C; IR (νmax, cm
-1

, KBr): 3377, 3284, 3255, 3179, 

2198, 1708; 
1
H NMR (400 MHz, Acetone-d6, δ / ppm): 

4.57 (1H, s, CH), 6.70 (2H, brs, NH2), 7.26-8.0 (9H, m, 

H-Ar). 
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