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Abstract: Disodium phosphate catalyzed one-pot synthesis of 3,4-dihydropyrano[3,2-c]chromenes,  from 
aldehydes, active methylene compounds malononitrile  and 4-hydroxycoumarin in ethanol:water (1:1) under 
reflux temperature. The attractive features of this process are inexpensive, efficient, as well as user friendly. 
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1. INTRODUCTION 

Multicomponent reactions have emerged as an 
efficient, powerful tool in modern organic chemistry 
for the generation of highly diverse, complex products 
from readily available substrates in a single operation, 
without isolation of intermediates, in minimal time, 
with maximum selectivity, high atom-economy, high 
purity and excellent yields. Multicomponent reactions 
are widely used in medicinal chemistry and modern 
organic synthesis because they are one-pot processes 
for assembling three or more components [1, 2]. 
MCRs have been successful in the synthesis of 3,4-
dihydropyrano[c]chromenes and their derivatives 
which considerable interest due to they have 
pharmaceutical and biological properties [3], like 
spasmolytic [4], anti-inflammatory [5], anticancer [6], 
molluscicidal [7], diuretic [8], anti-coagulant [9]. 

 A number of methods have been reported for 
the synthesis of 3,4-dihydropyrano[c]chromenes with 
the catalysts such as pyridine [10], K2CO3[11], 
diammonium hydrogenphosphate [12], MgO [13], 
TBAB [14], SiO2PrSO3H [15], 4-
(dimethylamino)pyridine (DMAP) [16], trisodium 
citrate [17], ammonium acetate [18], polymer 
supported sulphanilic acid [19], basic ionic liquid 
[20], CuO nanoparticles [21], p-
dodecylbenzenesulfonic acid [22], amberlyst 
A21[23], silica-grafted ionic liquid [24] TiO2 [25], 

thiourea dioxide [26],  Fe3O4@SiO2–imid–PMAn 
nanoparticles [27], and N,N-dimethylbenzylamine 
(DMBA) [28] have also been reported to promote this 
reaction. Although these methods worked nicely in 
many cases, some of these procedures are associated 
with one or more shortcomings such as long reaction 
time, poor yield, use of volatile organic solvents, 
requirement for excess reagents or catalysts, special 
apparatus, and harsh reaction conditions. 
Consequently, the development of convenient, 
environmentally benign, high-yielding, and clean 
approaches is in high demand. 

Disodium phosphate is a very inexpensive, 
nontoxic, and commercially available compound that 
can be used in the laboratory without special 
precautions [29]. As part of our ongoing interest in 
the use of cheap and ecofriendly materials as catalysts 
for various transformations [30], we herein report a 
new method for the synthesis of 2-aminochromenes 
by the one-pot, three-component reaction of an 
aromatic aldehyde, malononitrile, and 4-
hydroxycoumarin in the presence of a catalytic 
amount of disodium phosphate in ethanol water (1:1) 
under reflux temperature (Scheme 1). 

 

2. MATERIAL AND METHODS 

The chemicals used   aldehydes, active 
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methylene compounds malononitrile and 4-
hydroxycoumarin were of analytical reagent grade 
and methods used for synthesis of 3,4-
dihydropyrano[3,2-C]chromenes and their derivatives. 
Melting points were determined in an open capillary. 
Melting points were determined in open capillary 
tubes in a paraffin bath. The progresses of the 
reactions were monitored by TLC (Thin Layer 
Chromatography).  IR spectra were recorded on 
Perkin-Elmer FT spectrophotometer in KBr disc. 1H 
nuclear magnetic resonance (NMR) (500 MHz) with 
tetramethylsilane as internal standard and dimethyl 
sulfoxide DMSO-d6 as solvent and chemical shift 
values are recorded in units δ (ppm) relative to TMS 
as an internal standard. 

 

General Procedure for the synthesis substituted 
3,4-dihydropyrano[3,2-C]chromenes (3a-m) 

A mixture of substituted aromatic aldehyde 
(1mmol), malononitrile (1mmol) and 4-
hydroxycoumarine (1 mmol) in the presence of 
disodium phosphate (10 mol%) as a catalyst was 
stirred at reflux temperature in ethanol:water (1:1) (10 
mL) for 25-40 minutes. After the appropriate time, the 
mixture was cool than poor on ice cold water 
solidified the product filtered its. The crude solid 
material was purified by recrystallization from 
ethanol (Table 3). 

 

Spectroscopic data of synthesized some principal 
compounds 

2-amino-4-(4-chlorophenyl)-4,5-dihydro-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4a): IR 
(KBr): 3281 (NH2), 2185 (CN), 1701 (C=O) cm-1. 1H 
NMR (d6-DMSO 400 MHz) δ: 4.68 (s, 1H, CH), 
7.47–8.19 (m, 10H, Ar, NH2) ppm. 13C NMR (d6-
DMSO, 100 MHz), δ: 57.2, 103.2, 113.3, 117.0, 
119.3, 123.0, 124.1, 124.7, 125.1, 129.6, 129.7, 133.6, 
147.0, 151.2, 152.7, 154.4, 158.5, 160.0 ppm. 

2-amino-4,5-dihydro-5-oxo-4-p-tolylpyrano[3,2-
c]chromene-3-carbonitrile (4b): IR (KBr): 3333 
(NH2), 2878 (CH3), 2166 (CN), 1708(C=O) cm-1. 1H 
NMR (d6-DMSO 400 MHz) δ:  2.26 (s, 3H), 4.42 (s, 
1H, CH), 7.32–8.61 (m, 10H, Ar, NH2) ppm. 13C 
NMR (d6-DMSO, 100 MHz), δ: 21.4, 58.3, 103.9, 
113.2, 116.8, 119.2, 123.2, 125.2, 127.9, 128.7, 133.7, 
135.9, 139.8, 152.9, 152.9, 159.1, 160.2 ppm 

2-amino-4,5-dihydro-5-oxo-4-phenylpyrano[3,2-
c]chromene-3-carbonitrile (4d): IR (KBr): 3376 

(NH2), 2195 (CN), 1703 (C=O) cm-1. 1H NMR (d6-
DMSO, 400 MHz) δ: 4.46 (s, 1H, CH), 7.23–7.91(m, 
11H, Ar, NH2) ppm. 13C NMR (d6-DMSO, 100 MHz), 
δ: 37.4, 58.5, 104.5, 113.4,117.0, 119.6, 122.9, 125.1, 
127.6, 128.1,128.9, 133.4, 143.8, 152.6, 153.9, 158.4, 
159.9 ppm. 

2-amino-4,5-dihydro-4-(4-hydroxyphenyl)-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4l): IR 
(KBr): 3353 (NH2), 2157 (CN), 1712(C=O) cm-1. 1H 
NMR (d6-DMSO 400 MHz) δ: 4.51 (s, 1H, CH), 
7.47–8.05 (m, 10H, Ar, NH2), 9.03 (s, OH) ppm. 13C 
NMR (d6-DMSO, 100 MHz), δ: 58.8, 104.5, 112.8, 
115.6, 115.9, 119.8, 122.5, 125.0, 128.9, 133.2, 133.8, 
152.4, 154.1, 156.8, 158.3, 160.2 ppm. 

2-amino-4-(2-chlorophenyl)-4,5-dihydro-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4h): IR 
(KBr): 3342 (NH2), 2159 (CN), 1707 (C=O) cm-1. 1H 
NMR (d6-DMSO 400 MHz) δ: 4.46 (s, 1H, CH), 
7.52–8.91 (m, 10H, Ar, NH2) ppm. 13C NMR (d6-
DMSO, 100 MHz), δ: 57.7, 103.9, 112.8, 115.6, 
116.1, 119.4, 122.7, 125.3, 128.5, 132.9, 134.4, 152.4, 
154.3, 157.9, 158.1, 159.9 ppm. 

2-amino-4-(3-chlorophenyl)-4,5-dihydro-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4n): IR 
(KBr): 3376 (NH2), 2195 (CN), 1703 (C=O) cm-1. 1H 
NMR (d6-DMSO, 400 MHz) δ: 4.42 (s, 1H, CH), 
7.21–8.71(m, 10H, Ar, NH2) ppm. 13C NMR (d6-
DMSO, 100 MHz), δ: 57.81, 104.3, 114.3, 116.2, 
119.2, 122.9, 125.1, 127.0, 127.6, 127.8, 130.3, 133.8, 
132.9, 146.2, 152.6, 155.4, 158.3, 158.4, 160.3 ppm. 

2-amino-4,5-dihydro-4-(4-nitrophenyl)-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4e): IR 
(KBr): 3367 (NH2), 2171 (CN), 1709 (C=O) cm-1. 1H 
NMR (d6-DMSO, 400 MHz) δ: 4.43 (s, 1H, CH), 
7.23–8.51(m, 10H, Ar, NH2) ppm. 13C NMR (d6-
DMSO, 100 MHz), δ:57.2, 103.2, 113.3, 117.3, 119.4, 
123.2, 124.2, 125.3, 129.7, 133.3, 147.3, 151.4, 152.4, 
154.4, 158.5, 158.7, 160.1 ppm. 

2-amino-4,5-dihydro-4-(4-methoxyphenyl)-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4j): IR 
(KBr): 3367 (NH2), 2887 (CH3), 2162 (CN), 1707 
(C=O) cm-1. 1H NMR (d6-DMSO, 400 MHz) δ: 3.75 
(s, CH3) 4.42 (s, 1H, CH), 7.33–8.22 (m, 10H, Ar, 
NH2) ppm. 13C NMR (d6-DMSO, 100 MHz), δ: 52.9, 
57.6, 104.1, 113.1, 115.7, 116.9, 119.2, 122.9, 124.2, 
124.2, 125.2, 126.7, 134.1, 138.1, 152.1, 152.5, 158.2, 
159.5 ppm. 

2-amino-4,5-dihydro-4-(3-nitrophenyl)-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4g): IR 
(KBr): 3361 (NH2), 2152 (CN), 1705 (C=O) cm-1. 1H 
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NMR (d6-DMSO, 400 MHz) δ: 4.44 (s, 1H, CH), 
7.11–8.71 (m, 10H, Ar, NH2) ppm. 13C NMR (d6-
DMSO, 100 MHz), δ: 58.6, 104.3, 112.9, 118.0, 
119.2, 122.3, 122.3, 122.9, 125.1, 129.8, 133.6, 135.2, 
145.6, 148.3, 152.3, 153.9, 158.5, 158.7, 160.1 ppm. 

2-amino-4,5-dihydro-4-(2-nitrophenyl)-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4m): IR 
(KBr): 3352 (NH2), 2171 (CN), 1709 (C=O) cm-1. 1H 
NMR (d6-DMSO, 400 MHz) δ: 4.41 (s, 1H, CH), 
7.21–8.52(m, 10H, Ar, NH2) ppm. 13C NMR (d6-
DMSO, 100 MHz), δ: 57.3, 103.24, 119.3, 117.5, 
118.9, 123.8, 124.6, 125.8, 129.7, 133.3, 147.3, 151.4, 
152.4, 154.4, 158.5, 158.7, 161.2 ppm. 

2-amino-4-(2,4-dichlorophenyl)-4,5-dihydro-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4i): IR 
(KBr): 3321 (NH2), 2157 (CN), 1702 (C=O) cm-1. 1H 
NMR (d6-DMSO, 400 MHz) δ: 4.44 (s, 1H, CH), 
7.29–8.87(m, 9H, Ar, NH2) ppm. 13C NMR (d6-
DMSO, 100 MHz), δ: 34.4, 57.7, 102.9, 113.9, 117.2, 
119.4, 123.2, 124.9, 128.6, 129.4, 133.1, 132.2, 133.6, 
134.1, 139.1, 153.7, 154.6, 158.5, 160.4 ppm. 

2-amino-4,5-dihydro-4-(3,4,5-trimethoxyphenyl)-5-
oxopyrano[3,2-c]chromene-3-carbonitrile (4c): IR 
(KBr): 3331 (NH2), 2177 (CN), 1701(C=O) cm-1. 1H 
NMR (d6-DMSO, 400 MHz) δ: 3.64 (s, 3 H), 3.72 (s, 
6 H), 4.43 (s, 1H, CH), 7.29–8.87(m, 8H, Ar, NH2) 
ppm. 13C NMR (d6-DMSO, 100 MHz), δ: 56.36, 
58.32, 60.39, 104.11, 105.38, 113.54, 117.05, 119.71, 
123.04, 125.11, 133.39, 137.03, 139.46, 152.64, 

153.30, 153.98, 158.38, 160.14 ppm. 

2-amino-4-(4-fluorophenyl)-4,5-dihydro-5-
oxopyrano[3,2-c]chromene-3-carbonitrile  (4f): IR 
(KBr): 3366 (NH2), 2887 (CH3), 2151 (CN), 1705 
(C=O) cm-1. 1H NMR (d6-DMSO, 400 MHz) δ:  4.42 
(s, 1H, CH), 7.41–8.22 (m, 10H, Ar, NH2) ppm. 13C 
NMR (d6-DMSO, 100 MHz), δ: 52.9, 57.6, 104.1, 
113.1, 115.7, 116.9, 119.2, 122.9, 124.2, 124.2, 125.2, 
126.7, 134.1, 138.1, 152.1, 152.5, 158.2, 160.5 ppm. 

2-amino-4-(4-(dimethylamino)phenyl)-4,5-dihydro-
5-oxopyrano[3,2-c]chromene-3-carbonitrile (4k): IR 
(KBr): 3234 (NH2), 2187 (CN), 1702 (C=O) cm-1. 1H 
NMR (d6-DMSO 400 MHz) δ: 231 (s, CH3) 4.68 (s, 
1H, CH), 7.37–8.11 (m, 10H, Ar, NH2) ppm. 13C 
NMR (d6-DMSO, 100 MHz), δ: 34.6, 56.2, 103.2, 
113.4 117.3, 119.3, 122.9, 124.2, 124.9, 125.2, 129.2, 
128.9, 132.3, 146.7, 151.2, 152.7, 154.4, 158.5, 160.1 
ppm. 

 

3. RESULTS AND DISCUSSION 

Considered as a standard model reaction as we 
examined the reaction 4-chlorobenzaldehyde (1 
mmol), malononitrile (1 mmol), 4-hydroxycoumarine 
(1 mmol) and disodium phosphate (10 mol%) as 
catalyst dissolved in 10 mL of ethanol:water (1:1)  at 
reflux temperature for 25 - 40 min (Scheme 1). The 
corresponding product was obtained in excellent 
yield.  
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Scheme 1. Synthesis of substituted 3,4-sihydropyrano[3,2-C]chromenes. 

 

To determine the effect of solvent, various 
solvents such as water, ethanol:water (1:3,v:v), 
ethanol:water (1:2,v:v), ethanol:water (1:1,v:v), 
ethanol and methanol were used for the model 
reaction. The desired product was obtained in 37, 61, 
71, 95, 95 and 82% yields, respectively, after 30 min 
at reflux condition. Water:ethanol (1:1) stand out as 
the solvent of choice among the solvents tested. 
Because of the rapid conversion and excellent yield 
(95%) of desired product obtained, whereas the 

product formed in lower yields (37-95%) by using 
other solvents (Table 1). 

To determine the appropriate concentration of 
the catalyst disodium phosphate, we investigate the 
model reaction at different concentrations of catalyst 
like 2.5, 5, 7.5, 10 and 12.5 mol%. The product 
formed in 42, 65, 72, 95 and 95% yield, respectively. 
This indicates that 10 mol% of disodium phosphate is 
sufficient for the best result by considering the 
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reaction time and yield of product (Table 2). 

 

Table 1. Screening of solvents for synthesis of 
substituted 3,4-sihydropyrano[3,2-C]chromenes. 
Entry Solvent Yield (%) 

1 water 37 
2 ethanol, water (1:3) 61 
3 ethanol, water (1:2) 71 
4 ethanol, water (1:1) 95 
5 ethanol 95 
6 methanol 82 

 

To study the generality of this process, variety 
of examples were illustrated for the synthesis of 
dihydropyrano[3,2-c] chromenes and results are 
summarized in Table 3. The reaction is compatible for 

various substituents such as -CH3, -OCH3, -OH, -
N(CH3)2, NO2 and –Cl. The formation of desired 
product has been confirmed by 1H NMR and IR 
spectroscopic analysis techniques and compared with 
the corresponding literature data. 

 

Table 2.  Effect of catalyst concentration.a  

Entry Concentration 
(mol%) Yield (%)b 

1 2.5 42 
2 5 65 
3 7.5 72 
4 10 95 
5 12.5 95 

aReaction conditions: 1a-m (1 mmol), 2 (1 mmol) 3 (1 
mmol) and disodium phosphate  in ethanol:water (1:1) at 
reflux temperature. bIsolated yields. 

 

Table 3. Synthesis of dihydropyrano[3,2-c] chromenes using disodium phosphate.a 

Sr. No. Ar-CHO Product Time 
(min) Yieldb (%) m.p (°C) 

Found                       Reported 
1 4-ClC6H4 4a 09 95 261-263 263-265 [12] 
2 4-CH3C6H4 4b 12 92 254-267 253-255 [24] 
3 3,4,5(OCH3)3C6H2 4c 13 91 237-239 236-238 [24] 

4 C6H5 4d 10 93 255-257 256-258 [12] 
5 4-NO2C6H4 4e 08 95 256-258 258-260 [12] 
6 4-F C6H4 4f 09 94 257-259 258-259 [20] 
7 3-NO2C6H4 4g 09 92 260-262 262-264 [12] 
8 2-ClC6H4 4h 11 89 243-245 245-246 [20] 
9 2,4 - Cl2-C6H3 4i 12 92 260-262 257-259 [12] 

10 4-OCH3C6H4 4j 12 89 243-245 240-242 [12] 
11 4-(CH3)2NC6H4 4k 14 92 262-263 265-267 [20] 
12 4-OHC6H4 4l 14 91 267-269 266-268 [24] 
13 2-NO2C6H4 4m 10 87 259-261 258-260 [24] 
14 3-ClC6H4 4n 10 92 244-246 241-243[24] 

aReaction conditions: 1a-m (1 mmol), 2 (1 mmol) 3 (1 mmol) and Disodium Phosphate (10%)  in ethanol:water (1:1) at 
reflux temperature. bIsolated yields. 

 

4. CONCLUSION 

In conclusion, this paper describes a simple 
and proficient approach for the synthesis of 
dihydropyrano[3,2-c]chromenes catalyzed by 
disodium phosphate in aqueous alcoholic media. 
Present methodology offers very attractive features 
such as simple experimental procedure, higher yields 
and economic viability. 
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