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 A simple and efficient one-pot synthesis of biscoumarin and 3,4-dihydropyrano[c]chromene derivatives using catalytic 

amounts of SDS in water medium is reported. The catalyst can be recovered by simple filtration and reused. 
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INTRODUCTION  
 
 Biscoumarins and dihydropyrano[c]chromenes are of 

considerable interest as they possess a wide range of 

biological properties [1-7]. A number of methods have been 

reported for the synthesis of biscoumarins [8-11]. However, 

comparatively fewer methods have been described for the 

synthesis of 3,4-dihydropyrano[c]chromenes [11-14]. Some of 

these procedures require refluxing for hours in organic 

solvents, use of expensive catalysts and tedious work-up. 

 With the increasing public concern over environmental 

degradation, the use of environmentally benign solvents like 

water represent very powerful green chemical technology 

procedures from both the economical and synthetic points of 

view. 

 They have many advantages, such as reduced pollution, 

lower cost, and simplicity in processing which are beneficial 

to the industry as well as to the environment [15]. There is 

also another route to combine economic aspects with the 

environmental, that is, the multicomponent reaction (MCR). 

This process consists of two or more synthetic steps which are 

taken  without  isolation  of  any  intermediate;  thus,  reducing 
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time, saving money, energy and raw materials [16,17]. 

 In recent years, many surfactants have been used as phase 

transfer catalysts in a number of organic reactions having 

unique capabilities to dissolve both organic and aqueous 

solutions to enhance the reaction rate [18-22]. In this work, we 

studied our reactions using SDS (Sodium dodecyl sulfate) as a 

surfactant, since it forms micelles in water and can both 

solubilize the organic compounds and catalyze the reaction. 

Accordingly, we herein report the synthesis of 3,4-

dihydropyrano[c]chromenes (2) and biscoumarins (4) by the 

reaction of aromatic aldehydes, malononitrile and 4-

hydroxycoumarin in the presence of 20 mol% SDS in neat 

water (Schemes 1 and 2). 

 
EXPERIMENTAL 
 

 All chemicals were purchased from Aldrich and Merck 

chemical companies with high-grade quality, and used without 

any purification. All melting points were obtained by 

Bamslead Electrothermal 9200 apparatus and are uncorrected. 

The reactions were monitored by TLC and all yields refer to 

isolated products. 1H and 13C NMR spectra were recorded in 

DMSO on a Bruker 500 MHz spectrometer. Infrared spectra 

were        recorded      on      a     Bruker    FT-IR    Equinax-55 
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spectrophotometer in KBr with absorption in cm-1. All 

products were characterized by their spectral and physical 

data. 

 

General Procedure 
 A mixture of 4-hydroxycoumarin (1 mmol), malononitrile 

(1 mmol), an aromatic aldehyde (1 mmol) and SDS (0.2 mol, 

57.6 mg) in H2O (3 ml) for the synthesis of 3,4-dihydropyrano 

[c]chromenes and 4-hydroxycoumarin (2 mmol), an aromatic 

aldehyde (1 mmol) and SDS (0.2 mol, 57.6 mg) in H2O (3 ml) 

for the synthesis of biscoumarins were stirred at 60 °C for the 

appropriate times (Tables 2, 3). Upon completion of the 

reaction, monitored by TLC, the reaction mixture was allowed 

to cool to room temperature. The solid was filtered off and 

washed with water (2 × 20 ml) and purified by recrystalization 

from ethanol. 

 

Selected Spectroscopic Data  
 2-Amino-4-(4-fluorophenyl)-4,5-dihydro-5-oxopyrano 
[3,2-c]chromene-3-carbonitrile (2d). M.p.: 260-262 °C; IR 

(KBr): υmax = 3378, 3292, 2194, 1716, 1677, 1605, 1507, 1379 

cm-1, 1H NMR (500 MHz, DMSO-d6): δ = 4.47 (1H, s, CH), 

7.07 (2H, t, J = 8.7 Hz, HAr), 7.31 (2H, t, J = 6.8 Hz, HAr), 7.38 

(2H, br s, NH2), 7.41 (1H, d, J = 8.3 Hz, HAr), 7.46 (1H, t, J = 

7.6 Hz, HAr), 7.67 (1H, t, J = 7.5 Hz, HAr),  7.88 (1H, d, J = 7.5  

 

 

Hz, HAr) ppm. 13C NMR (125 MHz, DMSO-d6): δ = 36.26, 

57.89, 103.76, 112.92, 115.11, 116.47, 119.02, 123.50, 

129.59, 132.85, 139.45, 152.12, 153.36, 157.93, 159.45, 

160.23, 162.16 ppm 

 2-Amino-4,5-dihydro-4-(3,4-dimethoxyphenyl)-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (2l). M.p.: 228-

230 °C; IR (KBr): υmax = 3406, 3326, 2196, 1710, 1672, 1609, 

1517, 1378 cm-1, 1H NMR (500 MHz, DMSO-d6): δ = 3.70 

(6H, s, 2OCH3), 4.40 (1H, s, CH), 6.75 (1H, d, J = 8.15 Hz, 

HAr), 6.86 (2H, d, J = 8 Hz, HAr),7.31 (2H, br s, NH2), 7.38 

(1H, d, J = 8.25 Hz, HAr), 7.43 (1H, t, J = 7.5 Hz, HAr), 7.64 

(1H, t, J = 7.65 Hz, HAr), 7.88 (1H, d, J = 7.65 Hz, HAr) ppm. 
13C NMR (125 MHz, DMSO-d6): δ = 36.51, 55.50, 55.56, 

58.27, 104.08, 111.78, 111.96, 112.97, 116.40, 119.22, 

119.67, 122.38, 124.47, 132.68, 135.82, 148.02, 148.58, 

152.05, 153.11, 157.93, 159.49 ppm. 

 3-((3-Chlorophenyl)(4-hydroxy-2-oxo-2H-chromen-3-
yl)methyl)-4-hydroxy-2H-chromen-2-one (4e). M.p.: 228-

230 °C; IR (KBr): υmax = 3445, 3073, 1667, 1616, 1567, 1351, 

764 cm-1, 1H NMR (500 MHz, DMSO-d6): δ = 6.32 (1H, s, 

CH), 7.10-7.92 (12H, m, HAr), 12.37 (2H, br s, OH) ppm. 13C 

NMR (125 MHz, DMSO-d6): δ = 36.04, 103.58, 115.89, 

118.26, 123.58, 123.97, 125.49, 125.62, 126.48, 129.80, 

131.78, 132.81, 143.51, 152.32, 164.56, 165.85 ppm. 

 4-Hydroxy-3-((4-hydroxy-2-oxo-2H-chromen-3-yl)(p- 
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tolyl)methyl)-2H-chromen-2-one (4i). M.p.: 266-268 °C; IR 

(KBr): υmax = 3445, 3073, 1671, 1618, 1606, 1565, 1351, 763 

cm-1, 1H NMR (500 MHz, DMSO-d6): δ = 2.23 (3H, s, CH3), 

6.20 (1H, s, CH), 7.01-7.89 (12H, m, HAr), 11.86 (2H, brs, 

OH) ppm. 13C NMR (125 MHz, DMSO-d6): δ = 20.45, 35.60, 

104.16, 115.83, 118.05. 123.59, 123.84, 126.57, 128.57, 

131.71, 134.29, 136.88, 152.17, 164.74, 165.32 ppm. 
 
RESULTS AND DISCUSSION  
 
 In order to optimize the reaction conditions, we studied the 

synthesis of 2-amino-5-oxo-4-phenyl-4H,5H-pyrano[3,2-

c]chromene-3-carbonitrile 2a from the condensation of 4-

hydroxycoumarin, benzaldehyde and malononitrile in the 

presence of a variety of catalysts (Table 1). 

 We examined this reaction in the absence and presence of 

several catalysts. It was found that when the reaction occurred 

without any catalysts, it resulted in poor yield (Table 1, entry 

1). However, catalysts such as Al(HSO4)3, surfactants Zn(DS)2 

(Zinc dodecyl sulfate), and Cu(DS)2 (Cupper dodecyl sulfate) 

could push the reaction forward with moderate yields(Table 1, 

entries 7-9). But, when surfactant SDS was used in this 

reaction system, the yields of the products improved (Table 1, 

entries 2-5). 

 We also evaluated the amount of surfactant required for 

this transformation. It was found that when we increased the 

amount of the SDS from 5  to  20 mol%,  the  yields  increased 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

from 70 to 85%. Using 20 mol% SDS in water was sufficient 

to push the reaction forward. Extra amounts of the surfactant 

did not improve the yields. Under the optimized reaction 

conditions, a series of 3,4-dihyropyrano[c]chromene 

derivatives 2 were synthesized (Scheme 1, Table 2). 

 All the aforementioned reactions (Table 2) delivered 

excellent product yields and accommodated a wide range of 

aromatic aldehydes bearing both electro-donating and electro-

withdrawing substituents. 

 Subsequently, the condensation of aldehydes with 4-

hydroxycoumarin was carried out using SDS as the catalyst 

under the above optimized reaction condition. All aldehydes 

reacted almost equally well to afford biscoumarins in excellent 

yields (Scheme 2, Table 3). 

 Furthermore, we decided to study the catalytic activity of 

the recycled SDS in the synthesis of 2a. After the separation of 

products, the catalyst-containing aqueous medium was reused 

in the next run without further purification. As shown in Table 

4, the reaction medium can be recycled at least four times 

without significant decrease of the yields. The obtained yields 

ranged from 80% to 85%. 

 In conclusion, we have demonstrated a simple, efficient 

and green protocol for the synthesis of biscoumarins and 3,4-

dihydropyrano[c]chromenes in neat water. Particularly, the use 

of SDS, as a green, non-toxic, inexpensive and reusable 

catalyst, makes this method very efficient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                     Table 1. Optimization of the Reaction Conditions in Neat Water 
 

Entry Catalyst Mol (%) Time (h) Yield (%)a 

1 Non - 24 25 

2 SDS 5 3 70 

3 SDS 10 3 72 

4 SDS 15 2 74 

5 SDS 20 2 85 

6 SDS 25 2 85 

7 Cu(DS)2 20 5 62 

8 Zn(DS)2 20 6 57 

9 Al(HSO4)3 20 8 51 
                                 aYields are related to the isolated pure products. 

www.SID.ir

Archive of SID

www.SID.ir


 

 

 

Mehrabi & Abusaidi 

 893 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4. Reusability of the Catalyst in the Model Reaction 
 
Entry Number of recycle Yield (%)a 

1 First 85 
2 1 85 
3 2 83 
4 3 82 
5 4 80 

 aYields are related to the isolated pure products. 
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