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Abstract: The tin pyrophosphate (SnP2O7) was synthesized from the modification of Mono-Ammonium 

Phosphate (MAP) by tin chloride (SnCl2). This solid was used as a heterogeneous catalyst for the one-pot 

multicomponent synthesis of tetrahydrobenzo[b]pyran and dihydropyrano[3,2-c]chromenes derivatives 

under green reaction conditions. This synthetic protocol offers several advantages such as short 

reaction times (8-15 min), high product yields (85-97%), easy work‐up procedure, and easy catalyst 

separation from the reaction mixture. In addition, SnP2O7 can be recycled for up to five cycles without 

a significant loss of catalytic reactivity. The XRD and IR spectra confirm the stability and heterogeneity 

of SnP2O7 in the reaction medium even after its reuse. 
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INTRODUCTION 

Recently, multicomponent reactions (MCRs) have gained 

considerable attention in combinatorial chemistry. Indeed, 

they combine more than two reagents in one step to prepare a 

single product [1-3]. In addition, MCRs increase the 

simplicity and efficiency of conventional organic 

transformations [4-6]. This reaction type is commonly 

applied for the synthesis of poly-functionalized heterocyclic 

compounds  [7-9], which are known as significant structural 
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units present in many medicinal and biologically active 

molecules. Nitrogen- and oxygen-containing rings are two of 

the most important subclasses of these groups of compounds, 

which are widely found in the skeleton of pharmaceutical and 

biologically active materials [10-14]. The tetrahydrobenzo 

[b]pyran and dihydropyrano[c]chromenes were considered 

among the important heterocyclic compounds that present 

interesting pharmacological and biological activities [15-19]. 
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Indeed, they were applied as antibacterial [20], antifungal [20], 

anti-cancer [21], antioxidant [22], antiviral [23], antimalarial [24], 

and antidepressant [25]. In addition, tetrahydrobenzo[b]pyran 

is widely used in the production of fluorescent dyes [26], 

fluorescent pigments [27, 28], cosmetics [29], and 

biodegradable agrochemicals and photoactive materials [30]. 

Due to the importance of tetrahydrobenzo[b]pyran and 

dihydropyrano[c]chromenes derivatives several methods 

were developed for their synthesis in the absence and 

presence of different catalysts [31]. Indeed, in the absence of 

catalysts, their synthesis showed long reaction times, low 

yields, and severe reaction conditions [32-35]. These 

drawbacks have led many researchers to carry out  

the synthesis of tetrahydrobenzo[b]pyran and 

dihydropyrano[c]chromenes derivatives in the presence of 

different homogeneous and heterogeneous catalysts such as 

L-arginine modified graphene oxide [36], magnetic 

nanoparticle Fe3O4@ Sal@Cu [37], nanostructured 

coumarin-based cobalt complex [Co(MCG)(H2O)3] [38], 

WELPSA [39], Nano-SiO2/DBN [40], HAHS [41], 

MNP@PEG-ImOH [42], silica-supported DTP/SiO2 [43], 

Bi(NO3)3·5H2O [44], nano-CuFe2O4@SO3H [45], 

STGP@CA [46], RuD@CA [47], PACMC [48]. These 

synthesis methods have their benefits, but several of them 

suffer limitations, such as using expensive and harmful 

catalysts containing halide and toxic metals, low product 

yields, long reaction times, complicated purification methods, 

and tedious work-up procedures. In this context, phosphates 

have attracted extensive attention as eco-friendly catalysts 

applied in organic transformations due to their unique 

properties, such as large surface-to-volume ratio, non-

flammability, high potential for recyclability, ease of 

recovery, and thermal stability [49-51]. As a continuation of 

the previous works realized by our team of researchers [52-

61] based on the development of sustainable and green routes 

for synthesizing important organic molecules via the 

application of efficient and green phosphate-based catalysts. 

This paper reports a simple preparation method for SnP2O7 

from mono-ammonium phosphate (MAP) modification by tin 

chloride (SnCl2) [62]. The prepared catalyst SnP2O7 has been 

applied in the synthesis of tetrahydrobenzo[b]pyran and 

dihydropyrano[c]chromenes from the condensation of 

various aromatic aldehydes, malononitrile, dimedone,  

and 4-hydroxycoumarine.  

The advantage of this work relies on the simplicity and 

efficiency of the method used based on the application  

of a recyclable, non-harmful, and low-cost catalyst.  

In addition, this process leads to obtaining derivatives of 

tetrahydrobenzo[b]pyran and dihydropyrano[c]chromenes 

with excellent yield in a short reaction time under green 

reaction conditions. Therefore, this method can contribute  

to the development of green chemistry.   

 

EXPERIMENTAL SECTION 

Materials and instrumentation 

The reagents and solvents were purchased from 

SIGMA ALDRICH. For all reactions, the purity of the 

tetrahydrobenzo[b]pyrans and dihydropyrano[3,2-

c]chromene was monitored by thin-layer chromatography 

(TLC) using aluminum layers coated with F254 silica gel 

(Merck) plates. The melting points were recorded on a hot 

Kofler. In addition, 1H NMR and 13C NMR spectra were 

recorded in Brucker spectrometer in the presence of 

DMSO-d6 at 300 and 75 MHz, respectively.  

 

Preparation of SnP2O7 

SnP2O7 was prepared by modification of mono-

ammonium phosphate (MAP) fertilizer ( 23,1 g)  with tin 

chloride (SnCl2) (19 g). SnP2O7 was characterized  

by X Ray Diffraction (XRD), which confirms that the solid 

is indexed in the cubic system, using the space group Pa-3, 

with lattice parameters a=b=c= 7, 97 Å. Furthermore,  

the energy dispersive X-ray analysis (EDX) and IR of 

SnP2O7 confirm the presence of its constituents such as 

phosphorus, oxygen, and tin [62]. 

 

General Procedure for tetrahydrobenzo[b]pyran 

derivatives synthesis 

A mixture of malononitrile (1 mmol, 0.66 mg), 

aromatic aldehyde (1 mmol, 1.06 mg), and dimedone  

(1 mmol, 1.40 mg) in the presence of SnP2O7 catalyst  

(2.1 mol%, 6 mg) was dissolved in ethanol (3 mL) at 

reflux. TLC was used to check the progress and 

completion of the reaction (EtOAc/ n‐hexane, 1:1). After 

completion of the reaction, the mixture was cooled at room 

temperature. Then, dichloromethane (5 mL) was added  

to the mixture to separate the catalyst by simple filtration; 

the filtrate was evaporated until the precipitates were 

formed. The product was purified by recrystallization with 

ethanol to obtain the tetrahydrobenzo[b]pyran derivatives. 

The catalyst may be reactivated later by washing with 

ethanol to remove the products on its surface and then 

dried before reusing. 



Iran. J. Chem. Chem. Eng. Merroun Y. et al. Vol. 42, No. 7, 2023 

 

Research Article                                                                                                                                                                  2117 

General Procedure for dihydropyrano[c]chromene 

derivatives synthesis 

A molar ratio mixture of aromatic aldehyde (1 mmol, 1.06 

mg), malononitrile (1 mmol, 0.66 mg), and 4-

hydroxycoumarin (1 mmol, 1.62 mg) in the presence of 

SnP2O7 (1.7%, 5 mg) as catalyst was reacted in EtOH (3 mL) 

at reflux. The completion of the reaction was monitored by 

thin-layer chromatography. After consuming the starting 

material, the catalyst was separated by filtration, and EtOH 

was added. Finally, recrystallization with EtOH was applied 

to afford the pure products. The products obtained were 

characterized by comparing their melting points and their 1H 

and 13C NMR spectroscopic data with those reported  

in the literature, which show a good agreement. 

 

Spectral data of tetrahydrobenzo[b]pyran and 3,4-

dihydropyrano[c]chromene derivatives 

 

2-amino-3-cyano-7,7-dimethyl-5-oxo-4-(4-chlorophenyl) 

-5,6,7,8-tetrahydrobenzo[b] pyran 4a: 
1H NMR (300 MHz, DMSO-d6, δ, ppm): 7.35 (d, 2H, 

Ar-H), 7.16 (d, 2H, Ar-H), 7.07 (s, 2H, NH2), 4.20 (s, 1H, 

CH), 2.54 (s, 2H, CH2), 2.27 (d, 1H, CH2), 2.11 (d, 1H, 

CH2), 1.04 (s, 3H, CH3), 0.95 (s, 3H, CH3). 
13C NMR (75 

MHz, DMSO-d6): δ 196.15, 162.39, 158.41, 143.51, 

132.01, 129.59, 128.23, 119.21, 113.71, 112.30, 59.13, 

50.41, 35.06, 32.24, 28.92, 27.18. 

 

2-amino-3-cyano-7,7-dimethyl-5-oxo-4- phenyl-5,6,7,8-

tetrahydrobenzo[b]pyran 4b: 
1H NMR (300 MHz, DMSO-d6, δ, ppm): 7.28-6.97 

(m, 7H, Ar-H et NH2), 4.18 (s, 1H, CH), 2.49 (s, 2H, 

CH2), 2.22 (d, 1H, CH2), 2.09 (d, 1H, CH2), 1.04 (s, 3H, 

CH3), 0.96 (s, 3H, CH3). 13C NMR (75 MHz, DMSO-

d6): δ 196.10, 162.42, 158.45, 143.37, 128.26, 127.10, 

126.52, 120.24, 113.18, 58.57, 50.47, 35.41, 32.26, 

28.87, 27.15. 

 

2-amino-3-cyano-7,7-dimethyl-5-oxo-4-(4-methylph 

enyl)-5,6,7,8-tetrahydrobenzo[b] pyran 4c: 
1H NMR (300 MHz, DMSO-d6, δ, ppm): 7.10-6.99 (m, 6H, 

Ar-H et NH2), 4.12 (s, 1H, CH), 2.51 (s, 2H, CH2), 2.26 (d, 1H, 

CH2), 2.24 (s, 3H, CH3), 2.08 (d, 1H, CH2), 1.04 (s, 3H, CH3), 

0.95 (s, 3H, CH3). 
13C NMR (75 MHz, DMSO-d6): 196.14, 

162.77, 158.89, 142.30, 136.06, 129.24, 127.49, 120.11, 

113.35, 58.83, 50.51, 35.48, 32.20, 28.94, 27.19, 21,06. 

2-amino-3-cyano-7,7-dimethyl-5-oxo-4-(4-methoxyphenyl)-

5,6,7,8-tetrahydrobenzo[b]pyran 4d: 
1H NMR (300 MHz, DMSO-d6, δ, ppm): 7.06-6.80 (m, 

4H, Ar-H), 6.93 (s, 2H, NH2), 4.12 (s, 1H, CH), 3.72 (s, 3H, 

OCH3), 2.56 (d, 1H, CH2), 2.42 (d, 1H, CH2), 2.30 (d, 1H, 

CH2), 2.07 (d, 1H, CH2), 1.02 (s, 3H, CH3), 0.94 (s, 3H, CH3). 
13C NMR (75 MHz, DMSO-d6): δ 195.66, 162.10, 160.42, 

158.38, 157.86, 136.81, 133.31, 128.16, 119.81, 113.62, 

112.96, 58.51, 54.97, 49.95, 34.73, 31.72, 28.35, 26.74. 

 

2-amino-3-cyano-7,7-dimethyl-5-oxo-4-(4-nitrophenyl)-

5,6,7,8-tetrahydrobenzo[b]pyran 4e: 
1H NMR (300 MHz, DMSO-d6, δ, ppm): 8.17 (d, 2H, 

Ar-H), 7.44 (d, 2H, Ar-H), 7.22 (s, 2H, NH2), 4.37 (s, 1H, 

CH), 2.54 (s, 2H, CH2), 2.26 (d, 1H, CH2), 2.11 (d, 1H, 

CH2), 1.04 (s, 3H, CH3), 0.96 (s, 3H, CH3). 
13C NMR (75 

MHz, DMSO-d6): δ 196.21, 163.59, 159.03, 152.79, 

146.71, 129.10, 124.17, 119.84, 112.17, 57.38, 50.30, 

36.10, 32.31, 28.40, 27.39. 

 

2-amino-3-cyano-7,7-dimethyl-5-oxo-4-(4-methylamino 

phenyl) -5,6,7,8 tetrahydrobenzo[b]pyran 4f: 
1H NMR (300 MHz, DMSO-d6, δ, ppm): 6.97-6.61 (m, 

6H, Ar-H et NH2), 4.04 (s, 1H, CH), 2.83 (s, 6H, N(CH3)2), 

2.50 (s, 2H, CH2), 2.24 (d, 1H, CH2), 2.07 (d, 1H, CH2), 

1.03 (s, 3H, CH3), 0.95 (s, 3H, CH3). 
13C NMR (75 MHz, 

DMSO-d6): δ 196.15, 162.32, 158.80, 149.68, 133.01, 

128.20, 120.46, 113.72, 112.29, 59.34, 50.51, 40.22, 

39.37, 35.05, 32.24, 28.98, 27.19. 

 

2-amino-3-cyano-7,7-dimethyl-5-oxo-4-(3,4,5-trimethoxy 

phenyl)-5,6,7,8-tetrahydrobenzo[b]pyran 4g: 
1H NMR (300 MHz, DMSO-d6, δ, ppm): 7.01 (s, 2H, 

Ar-H), 6.38 (s, 2H, NH2), 4.14 (s, 1H, CH), 3.72 (s, 9H, 

3OCH3), 2.53 (s, 2H, CH2), 2.29 (d, 1H, CH2), 2.14 (d, 1H, 

CH2), 1.05 (s, 3H, CH3), 1.02 (s, 3H, CH3). 
13C NMR (75 

MHz, DMSO-d6): δ 196.24, 163.28, 158.81, 153.21, 

140.98, 136.51, 120.22, 112.78, 104.54, 60.37, 58.74, 

56.22, 50.43, 36.07, 32.21, 28.87, 27.86. 

 

2-amino-3-cyano-7,7-dimethyl-5-oxo-4-(4-bromophenyl) 

-5,6,7,8-tetrahydrobenzo[b]pyrane 4h: 
1H NMR (300 MHz, DMSO-d6, δ, ppm): 7.08-7.41 (m, 4H, 

Ar-H), 7.05 (s, 2H, NH2), 4.18 (s, 1H, CH), 2.51 (d, 1H, 

CH2), 2.41 (d, 1H, CH2), 2.23 (d, 1H, CH2), 2.08 (d, 1H, 

CH2), 1.02 (s, 3H, CH3), 0.94 (s, 3H, CH3). 
13C NMR (75  
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Table 1: Catalytic test on the model reactiona 

Entry Catalyst Time (min) Yield (%) b  

1 _ 120 Trace 

2 SnP2O7 10 90 

3 SnCl2 120 30 

4 MAP 40 87 

a Reaction conditions: 4-chlorobenzaldehyde (1 mmol), malononitrile (1 mmol), dimedone (1 mmol), catalyst (3.5 mol%), EtOH (3 mL), reflux. 
b Isolated yields. 

 
Scheme 1: Condensation of 4-chlorobenzaldehyde, malononitrile, and dimedon 

 

MHz, DMSO-d6): δ 195.67, 162.60, 158.41, 144.12, 

131.17, 129.45, 119.57, 119.53, 112.20, 57.66, 49.90, 

35.14, 31.76, 28.27, 26.82. 

 

2-Amino-4-(4-chlorophenyl)-4,5-dihydro-5-oxopyrano 

[3,2-c]chromene-3-carbonitrile 6a: 
1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.92 (1H, 

d, Ar-H), 7.71 (1H, t, Ar-H), 7.48 (1H, t, Ar-H), 7.43 (1H, 

d, Ar-H), 7.40 (2H, s, NH2), 7.37-7.30 (4H, m, Ar-H), 4.50 

(1H, s, CH).  13C NMR (75 MHz, DMSO-d6): δ 159.94, 

158.54, 154.05, 152.69, 142.73, 133.39, 132.25, 130.05, 

129.14, 125.06, 123, 119.40, 116.97, 113.43, 104.04, 58.31. 

 

2-Amino-4-phenyl-4,5-dihydro-5-oxopyrano[3,2-c] 

chromene-3-carbonitrile 6b:  
1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.91 (1H, 

d, Ar-H), 7.70 (1H, t, Ar-H), 7.49 (1H, t, Ar-H), 7.45 (1H, 

d, Ar-H), 7.42 (2H, s, NH2), 7.35 -7.24 (5H, m, Ar-H), 4.45 

(1H, s, CH). 13C NMR (75 MHz, DMSO-d6): δ 160, 158.46, 

153.89, 152.61, 143.80, 133.38, 128.99, 128.10, 127.59, 

125.13, 122.94, 119.70, 117.03, 113.43, 104.48, 58.48. 

 

2-Amino-4-p-tolyl-4,5-dihydro-5-oxopyrano[3,2-c] 

chromene-3-carbonitrile 6c: 
1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.91 (1H, 

d, Ar-H), 7.72 (1H, t, Ar-H), 7.50-7.42 (2H, m, Ar-H), 7.38 

(2H, s, NH2), 7.17-7.10 (4H, m, Ar-H), 4.40 (1H, s, CH), 

2.26 (3H, s, CH3). 
13C NMR (75 MHz, DMSO-d6): δ 

159.97, 158.41, 153.72, 152.57, 140.87, 136.75, 133.32, 

129.53, 127.99, 125.10, 122.91, 119.72, 117, 113.43, 

104.61, 58.60, 21.09. 

 

2-Amino-4-(4-nitrophenyl)-4,5-dihydro-5-oxopyrano 

[3,2-c]chromene-3-carbonitrile 6d: 
1H NMR (300 MHz, DMSO-d6, delta, ppm): 8.17 (1H, d, 

Ar-H), 7.91 (1H, d, Ar-H), 7.77 (1H, t, Ar-H), 7.74 (1H, t, Ar-

H), 7.57 (2H, s, NH2), 7.55-7.46 (4H, m, Ar-H), 4.68 (1H, s, 

CH).     13C NMR (75 MHz, DMSO-d6): δ 160.05, 158.52, 

154.43, 152.75, 151.23, 147.09, 133.66, 129.65, 125.23, 

124.20, 123.06, 119.35, 117.11, 113.38, 103.28, 57.24. 

 

2-Amino-4-(4-dimethylaminophenyl)-4,5-dihydro-5-

oxopyrano[3,2-c]chromene-3-carbonitrile 6e:  
1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.83 (1H, 

d, Ar-H), 7.72 (1H, t, ArH), 7.50 -7.42 (2H, m, Ar-H), 7.19 

(2H, s, NH2), 7.08-6.65 (4H, m, Ar-H), 4.33 (1H, s, CH), 

2.86 (6H, s, N (CH3)2). 
13C NMR (75 MHz, DMSO-d6): δ 

159.97, 158.44, 154.88, 152.54, 134.04, 131.41, 128.63, 

125.05, 122.89, 119.73, 116.96, 113.56, 105.22, 59.27.  

 

2-Amino-4-(4-bromophenyl)-4,5-dihydro-5-oxopyrano 

[3,2-c]chromene-3-carbonitrile 6f: 
1H NMR (300 MHz, DMSO-d6, delta, ppm): 7.93(1H, d, 

ArH), 7.73 (1H, t, Ar-H), 7.68 (1H, t, Ar-H), 7.52-7.48 (3H,  
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Table 2:  Solvent effect study on the model reaction a 

Entry Solvent  Yield (%) b 

1 EtOH 90 

2 MeOH 86 

3 Dioxane 60 

4 Acetonitrile 83 

5 Dichloromethane 75 

6 EtOH/water 82 

7 Solvent-free Trace 

a Reaction conditions: 4-chlorobenzaldehyde (1 mmol), 

malononitrile (1 mmol), dimedone (1 mmol), SnP2O7 (3.5 

mol%), solvent (3 mL), reflux. 

 b Isolated yields. 

Table 3: Study of the influence of the catalyst amount  

in the model reaction a  

Entry SnP2O7 (mol %) Yield (%)b 

1  0.4 85 

2 0.7 89 

3 1.1 90 

4 1.4 93 

5 1.7 94 

6 2.1 97 

7 2.5 97 

8 2.7 95 

9 3.1 92 

10 3.5 90 

a Reaction conditions: 4-chlorobenzaldehyde (1 mmol), 

malononitrile (1 mmol), dimedone (1 mmol), SnP2O7 (x mol%), 

EtOH (3 mL), reflux. 

 b Isolated yields. 

m, Ar-H), 7.45(2H, s, NH2), 7.26 (2H, d, Ar-H), 4.48 (1H, s, 

CH). 13C NMR (75 MHz, DMSO-d6): δ 159.95, 158.53, 

154.07, 152.70, 143.17, 133.43, 131.82, 130.42, 125.09, 

123.02, 120.70, 119.39, 117, 113.43, 103.97, 58.22. 

 

ReSULTS AND DISCUSSION 

Application of SnP2O7 catalyst in tetrahydrobenzo 

[b]pyran derivatives synthesis  

The SnP2O7, was used as a heterogeneous catalyst 

for tetrahydrobenzo[b]pyran derivatives synthesis. 

The reaction performed by the condensation of 4-

chlorobenzaldehyde, malononitrile, and dimedone in 

ethanol at reflux was  chosen as the model reaction 

(Scheme 1).  

In order to show the catalytic efficiency of SnP2O7 

prepared from MAP and SnCl2, the reaction was carried 

out in the absence of the catalyst and in the presence of 

SnCl2, MAP, and SnP2O7. Product yields and reaction 

times are listed in Table 1. 

The comparison of the product yield and reaction time 

(Table 1) proves that in the absence of the catalyst the 

synthesis of product 4a  is kinetically very slow. The 

reaction gave only product traces even after 120 min, 

whereas the presence of catalysts decreased the reaction 

time and increased the product yield. The results obtained 

in the presence of SnP2O7 as a catalyst show a significant 

time saving compared to MAP or SnCl2. Indeed, the 

desired product was formed rapidly after only 10 minutes 

with a good yield (90%), which confirms the efficiency  

of SnP2O7 in this synthesis. 

The effect of the solvent was studied by performing the 

model reaction in the presence of  3.5 mol% of SnP2O7  

in various solvents at reflux. The obtained results are collated 

in Table 2. 

The results (Table 2) show that the model reaction 

realized in the absence of the solvent led only to traces of 

product 4a, while, the low yield of the product was 

obtained in the presence of apolar solvents dioxane, and 

dichloromethane. In the case of the reaction carried out in 

the presence of polar solvents such as methanol, 

acetonitrile, and a mixture of ethanol-water, good yields 

were obtained. The reaction was carried out more easily in 

ethanol, which allows the separation of charges, thus 

facilitating the formation of product 4a with an excellent 

yield. Therefore, ethanol is the most suitable solvent for 

the synthesis of product 4a.   

In order to determine the optimal reaction conditions, 

the effect of the amount of catalyst was also studied by 

varying the mass of SnP2O7 between 0.4 and 3.5 mol%. 

The results are summarized in Table 3. 

The results (Table 3) show that good yields were 

obtained when 2.1 mol% of SnP2O7 was used. However,  

it is remarkable that the yield decreases for higher catalyst 

amounts, which can be explained by the dispersion  

of the reagents at the catalyst's surface. From these results, 

we can conclude that this synthesis method takes into 

consideration the principles of green chemistry. therefore, 

it can minimize the risk accompanied by the use of a large 

amount of catalysts. 

The generalization of the reaction was studied under  
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Table 4: Generalization of tetrahydrobenzo[b]pyran synthesisa 

Entry R 
Time 

(min) 

Yield 

(%) b 
TON c 

TOF 

(min-1) d 

mp (°C) 

Found 

mp (°C) 

Reported 

4a 4-Cl 10 97 47530 4753 216-218 216-218 [63] 

4b H 10 96 47040 4704 234-236 234-236 [63] 

4c 4-CH3 10 93 45570 4557 220-222 220-222 [64] 

4d 4-OCH3 10 87 42630 4263 202-204 202-204 [63] 

4e 4-NO2 10 91 44590 4459 180-182 179-182 [63] 

4f 4-N(CH3)2 15 90 44100 2940 210-212 210-211 [63] 

4g 3,4,5- OCH3 20 85 41650 2082.5 246-248 247-249 [65] 

4h 4-Br 15 88 43120 2874.6 213-215 213-215 [64] 

a Reaction conditions: aromatic aldehyde (1 mmol), malononitrile (1 mmol), dimedone (1 mmol), SnP2O7 (2.1 mol%), EtOH (3 mL), 

reflux. 

 b Isolated yields. 
c TON (turnover number) = moles of desired product formed/moles of catalyst.  
d TOF (turnover frequency) = turnover number (TON)/hours. 

 

 

Scheme 2: Synthesis of tetrahydrobenzo[b]pyran derivatives 

 

the determined optimal conditions. For this, various 

aromatic aldehydes were used (Scheme 2). Table 4 collects 

the results obtained for each aldehyde derivative. 

Table 4 shows that compounds 4a-h were obtained 

with good to excellent yields (85-97%) in short reaction 

times (10-20 min) and high values of TON and TOF were 

obtained by using a variety of aromatic aldehydes 

possessing different substituents. Indeed, the aromatic 

aldehydes with electron-donating groups (4-CH3, 4-N(CH3)2, 

4-OCH3, 3,4,5-OCH3) give desired products with good 

yields (Table 4, entries 4c, 4d, 4f, 4j). When the aromatic 

aldehyde having an electron-withdrawing group (4-NO2) 

is used, the reaction gives the product 4e with a yield of 

91%. For the aldehyde having a halogen functionality (4-

Cl, 4-Br), it is shown that the product was obtained with a 

yield of 97% after 10 min of reaction and 88% in 15 min 

as a time of reaction respectively.   

The role of tin diphosphate (SnP2O7) in the synthesis 

of tetrahydrobenzo[b]pyran derivatives can be explained 

by a mechanism involving the condensation of aromatic 

aldehyde, malononitrile, and dimedone where SnP2O7 acts 

as a bifunctional catalyst due to its acidic and basic sites, 

P2O7
4-, PO4

3- and Sn2+ [66,67]. We suggest that  

the condensation reaction occurs at acidic and basic sites 

of the SnP2O7 catalyst. The plausible mechanism for this 

reaction was described in Scheme 3. 

First, SnP2O7 activates the carbonyl group of the 

aromatic aldehydes by the acidic sites, followed by a 

nucleophilic attack of malononitrile and dimedone and 

then cyclization to give the products (4a-h). 

To confirm the long durability of SnP2O7, a study of its 

reuse was realized. After the first reaction was performed 

under optimal conditions, the catalyst was recovered by 

simple filtration, washed with dichloromethane, dried  

in the oven, and reused in the same reaction. The results 

are shown in Fig. 1. 
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Table 5: Comparison between some catalysts described in the literature and SnP2O7 catalyst 

Entry Catalyst Conditions Yield (%) Ref 

1 γ-CD 5 mol%, chlorure de choline, 60°C, 28 min 94 [68] 

2 TMDPS 0.05 mmol, sans solvant, t.a, 30 min 96 [69] 

3 Zn(L-proline)2 20 mol%, EtOH, reflux, 3h 89 [70] 

4 FSM-16/AEPC-SO3H 6 mol%, EtOH/H2O, 80°C, 30 min 89 [71] 

5 MMWCNTs-D-(CH2)4-SO3H 5 mg, EtOH, reflux, 12 min 93 [72] 

6 [H2-DABCO] [H2PO4]2 5 mg, EtOH/H2O, reflux, 15 min 95 [73] 

8 SnP2O7 2.1 mol%, EtOH, reflux, 10 min 96 Present work 

 

 
Scheme 3: Proposed mechanism for tetrahydrobenzo[b]pyran 

synthesis using SnP2O7 as a catalyst 

 

 
Fig. 1: Recyclability of SnP2O7 in the synthesis of product 4a 

 

The results obtained (Fig. 1) show that the yield of 

product 4a remains practically unchanged even after five 

subsequent reuses, which confirms the long-term stability 

of SnP2O7. 

Many methods were developed for carrying out the 

tetrahydrobenzo[b]pyran reaction. The efficiency of our 

catalyst was compared with those of other catalysts cited 

in the literature. Table 5 presents the reaction conditions, 

the yields, and the reaction time for each catalyst. 

The comparison of the catalytic activity of SnP 2O7 

with other catalysts reported in the literature 

confirms its efficiency. Indeed, the application of  

SnP2O7 allows obtaining the desired product with 

excellent yield in a short reaction time. Therefore, 

this simple, efficient, and ecological method can be 

considered an improvement of other procedures 

described previously. 

 

Application of SnP2O7 catalyst in 3,4-dihydropyrano[c] 

chromene derivatives synthesis  

The catalytic activity of SnP2O7 was also evaluated on 

the 3,4-dihydropyrano[c]chromenes derivatives synthesis 

(Scheme 4). 4-chlorobenzaldehyde, malononitrile, and                                                

4-hydroxycoumarin were chosen as the model reaction to 

optimize the reaction conditions          (Table 6). 

According to the obtained results, it is shown that the 

reaction performed in the absence of a catalyst produced 

only traces of 6a, even after 120 min (Table 6, entry 1). 

When the MAP was added as a catalyst, the yield of 

product 6a was about 84 % in only 30 min (Table 6, entry 

2). In the case of the use of SnCl2 as a catalyst, the reaction 

allows obtaining only 41 % yield of the product 6a even 

after 120 min of reaction (Table 6, entry 3). However, 

when the reaction was performed in the presence of 3.5 

mol% of SnP2O7, the reagents were consumed quickly (8 

min), providing a high yield of product 6a (87 %, Table 2, 

entry 4). For this, SnP2O7 was considered the suitable 

catalyst for this reaction. 
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Table 6: The effect of solvent nature and catalyst amount on time and yield of 3,4-dihydropyrano[c]chromenes derivatives synthesisa 

Entry Amount of catalyst (mol%) Solvent (3 mL) Temperature (°C) Time (min) Yield(%)b 

1 - EtOH Reflux 120 Trace 

2 MAP (3.5) EtOH Reflux 30 84 

3 SnCl2 (3.5) EtOH Reflux 120 41 

4 SnP2O7 (3.5) EtOH Reflux 8 87 

5 SnP2O7 (3.5) MeOH Reflux 8 83 

6 SnP2O7 (3.5) Dioxane Reflux 8 65 

7 SnP2O7 (3.5) CH3CN Reflux 8 78 

8 SnP2O7 (3.5) Dichloromethane Reflux 8 70 

9 SnP2O7 (3.5) EtOH/water Reflux 8 88 

10 SnP2O7 (3.5) Solvent-free Reflux 8 Trace 

11 SnP2O7 (3.1) EtOH Reflux 8 88 

12 SnP2O7 (2.5) EtOH Reflux 8 91 

13 SnP2O7 (2.1) EtOH Reflux 8 93 

14 SnP2O7 (1.7) EtOH Reflux 8 95 

15 SnP2O7 (1.4) EtOH Reflux 8 92 

16 SnP2O7 (0.7) EtOH Reflux 8 89 

a Reaction conditions: 4-chlorobenzaldehyde (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarin (1 mmol), SnP2O7 (x mol%), 

solvent  (3 mL), reflux. 

 b Isolated yields. 

 
Scheme 4: Synthesis of 3,4-dihydropyrano[c]chromenes derivatives 

 

The optimal solvent for the reaction was determined  

by using different solvents (3 mL), such as polar protic 

solvents (EtOH, MeOH), polar aprotic solvents (CH3CN), 

nonpolar (dioxane, dichloromethane). The reaction was also 

realized without solvent in the presence of 3.5 mol% of 

SnP2O7 at reflux. Table 6 shows that the reaction carried out 

in polar aprotic solvents gives the desired product 6a with 

moderate yields (Table 6, entry 8). However, the reaction 

realized in nonpolar solvents (Table 6, entries 6, 8) leads  

to a low yield of product 6a. Therefore, the optimal solvent 

for this synthesis is ethanol (Table 6, entry 4). 

The optimal amount of catalyst was also determined. 

For this, the model reaction was performed in the presence 

of different amounts of SnP2O7. From the obtained results 

(Table 6), it is shown that the yields depend on the amount 

of catalyst; the best yield of the reaction is 95%, 

corresponding to the optimal amount of SnP2O7 (1.7 mol%) 

(Table 6, entry 14). A large catalyst amount leads  

to a decrease in yields, which can be explained  

by the dispersion of the reagents on the catalyst surface.  

The optimal reaction conditions were applied  

in the synthesis of a large series of product derivatives of 

3,4-dihydropyrano[c]chromenes by using different groups of 

aromatic aldehydes (Scheme 5). The results are shown in Table 7. 

The results show that the synthesized product  

was obtained by excellent yield in a short reaction time 

with high calculated values of TON and TOF whatever  

the aldehyde nature (donor/attractor) used. Indeed, 

 the substituting group of aldehyde does not significantly 

affect the obtained results. Therefore, one can deduce that 
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Table 7: Generalization of 3,4-dihydropyrano[c]chromenes derivatives synthesis a 

Entry R Time (min) Yield (%) b TON c TOF (min-1)d 
mp (°C) 

Found 

mp (°C) 

Reported 

6a 4-Cl 8 95 55860 6982.5 258-260 258-260 [74] 

6b H 8 95 55860 6982.5 256-258 256-258 [75] 

6c 4-CH3 8 94 55272 6909 251-253 250-252 [74] 

6d 4-NO2 10 93 54684 5468.4 258-260 258-260 [75] 

6e 4-N(CH3)2 10 91 53508 5350.8 >260 266-268 [74] 

6f 4-Br 8 90 52920 6615 247-249 247-249 [75] 

a Reaction conditions: aromatic aldehyde (1 mmol), malononitrile (1 mmol), 4-hydroxycoumarin (1 mmol), SnP2O7 (1.7 mol%), EtOH 

(3 mL), reflux. 
b Isolated yields. 
c TON (turnover number) = moles of desired product formed/moles of catalyst.  
d TOF (turnover frequency) = turnover number (TON) /hours. 

 

 
Scheme 5: Synthesis of 3,4-dihydropyrano[c]chromenes derivatives in presence of SnP2O7 

 

the catalyst presents an interesting catalytic activity  

in 3,4-dihydropyrano[c] chromene derivatives synthesis. 

The suggested mechanism for 3,4-dihydropyrano[c] 

chromenes derivatives synthesis in the presence of SnP2O7 

as catalyst was given in Scheme 6. 

The activation of the C-H bond of malononitrile leads 

to the attack of the activated carbonyl group of the 

aldehyde to give gem-dicyanoethylene III. This undergoes 

a nucleophilic attack of 4-hydroxycoumarin and leads  

to intermediate IV. The latter undergoes intramolecular 

cyclization and tautomerization to provide the 3,4-

dihydropyrano[c]chromene derivatives. 

The ability of the catalyst to be reused without 

significant loss of its catalytic activity was evaluated.  

The model reaction was performed under optimal conditions. 

SnP2O7 was washed with ethanol, dried at 100°C, and reused 

several times (Fig. 2).  

According to Fig. 2, it can be seen that the yield  

of product 6a remains unchanged (91 to 95%) during  

the catalyst reuse. Therefore, no loss of catalytic activity 

was observed even after five reuses. 

In order to confirm the stability of the catalyst after its 

reuse, XRD and FT-IR analyses were carried out to 

compare the structure of the catalyst before and after reuse. 

The FT-IR spectra (Fig. 3) clearly show no change  

in the IR bands of the catalyst before and after five catalytic 

cycles.  Indeed, the structure of the recovered catalyst is 

identical to that of the catalyst before its reuse (fresh).  

The structure of SnP2O7 remained unchanged before 

and after its reuse, as shown in the FT-IR spectra and X-

ray diffraction patterns (Fig. 3). This study confirmed that 

the structure of the catalyst didn’t undergo any 

modification even after five reuses, which confirms the 

stability of SnP2O7 in the reaction medium. 

To investigate the morphology of the catalyst, the SEM 

experiment was performed (Fig. 4). 

The scanning electron microscopy images of the 

SnP2O7 catalyst were taken at different resolutions and 

show that it consists of a set of small grains (Fig. 2). 

These have a certain surface heterogeneity and a high 

porosity which can act positively on the adsorption  

of the precursor. 
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Table 8: Comparison of catalytic performance of SnP2O7 with that of other catalysts reported in the literature 

Entry Catalyst Conditions Yield (%)b Ref 

1 Fe3O4@SiO2-guanidine-PAA 50 mg, H2O, 70°C, 30 min 96 [76] 

2 Ni(II)-Schiff base/SBA-15 5mg, H2O, 70°C, 10-15 min 90-97 [77] 

3 Ni@Imine-Li+-MMT 10 mg, solvent-free, 100°C, 14 min 95 [78] 

4 Si-Mg-FA 3 mol%, EtOH : H2O, reflux, 60 min 90 [79] 

5 CoFe2O4@FA-Er 40 mg, solvent-free, 80°C, 26 min 93 [80] 

6 SnP2O7 1.7 mol%, EtOH, reflux, 8 min 95 Present work 

 

 
Scheme 6: The suggested mechanism for one-pot synthesis of 3,4-dihydropyrano[c]chromenes derivatives 

 

 
Fig. 2: Recyclability of SnP2O7 applied in model reaction 

 

To determine the elements present in the prepared 

sample, the analysis of its surface composition was carried 

out by the Energy Dispersion X-ray (EDX) analysis (Fig. 5). 

The Energy Dispersive X-ray (EDX) analysis of 

SnP2O7 shows the presence of the elements constituent 

SnP2O7 such as phosphorus, oxygen, and tin. 

The efficiency of SnP2O7 was compared with that  

of other catalysts reported in the literature applied  

in 3,4-dihydropyrano[c]chromenes derivatives synthesis; 

the results are collected in Table 8. 

From Table 8, it can be deduced that the SnP2O7 catalyst 

presents an interesting catalytic activity; it allows to obtain 

3,4-dihydropyrano[c]chromenes derivatives with excellent 

yields in short reaction times compared to Fe3O4@SiO2-

guanidine-PAA, Ni(II)-Schiff base/SBA-15, Ni@Imine-Li+-MMT, 

Si-Mg-FA, and CoFe2O4@FA-Er catalysts. 

 

CONCLUSIONS 

A simple and ecologically methodology for 

tetrahydrobenzo[b]pyrane and dihydropyrano[3,2-

c]chromene derivatives synthesis via one-pot, three-

component condensation in the presence of SnP2O7 as  

a heterogeneous catalyst was described. Indeed, the catalyst 

shows interesting catalytic activity due to the presence  

of acidic and basic sites. Moreover, the reactions were carried 

out in a short time and allowed to obtain the products in good 

to excellent yields. The advantages of these methods are the 

simplicity of the procedure, mild reaction conditions, atom 

economy, eco-friendly profile of reactions, recyclability  

of the catalyst, and easy isolation of products. 
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Fig. 3: XRD and FT-IR analysis of SnP2O7 fresh and after five cycle of reuse 

 

           

Fig. 4: SEM of SnP2O7 catalyst 

 

 
Fig. 5: EDX analysis of the constituent chemical elements of SnP2O7 

 

Received : Oct, 03, 2022   ;  Accepted : Dec. 05, 2022 

SnP2O7 (after five cycles) 

 

SnP2O7 (fresh) 

 



Iran. J. Chem. Chem. Eng. Tin Pyrophosphate (SnP2O7): as a Novel …  Vol. 42, No. 7, 2023 

 

2126                                                                                                                                                                  Research Article 

REFERENCES 

 [1] Tang Q., Yin X., Kuchukulla R.R., Zeng Q., Recent 

Advances in Multicomponent Reactions with 

Organic and Inorganic Sulfur Compounds, Chem. 

Rec., 21: 893–905 (2021). 

[2] Ardeshir K., Ahmad Reza M.Z., Hadis A. H., Vahid K., 

Programming of Fe-Catalyzed Cascade 

Knoevenagel-Michael-Cyclocondensation Reaction: 

Create out Pseudo Acridine Derivatives under 

Solvent Free Conditions, Eurasian Chem. Commun., 

2: 27–34 (2020). 

[3] Salih A., AlMessri Z.A.K., Synthesis of 

Pyranopyrazole and Pyranopyrimidine Derivatives 

Using Magnesium Oxide Nanoparticles and 

Evaluation as Corrosion Inhibitors for Lubricants, 

Eurasian Chem. Commun., 3: 533-541 (2021). 

[4] Maleki B., Ashrafi S.S., Tayebee R., Lewis Acid Free 

Synthesis of 3,4-Dihydro-1H-Indazolo[1,2-

b]Phthalazine-1,6,11(2H,13H)-Triones Promoted by 

1,1,1,3,3,3-Hexafluoro-2-Propanol, RSC Adv., 4: 

41521–41528 (2014). 

[5] Nikpassand M., Zare Fekri L., Catalyst-Free Synthesis 

of Mono and Bis Spiro Pyrazolopyridines in 

DSDABCO as a Novel Media, Chem. Methodol., 4: 

437–446 (2020).  

[6] Elham H., Mohammad K.M., One-pot Synthesize of 

Phenyl Phenanthro Imidazole Derivatives Catalyzed 

by Lewis Acid in the Presence of Ammonium 

Acetate, Chem. Methodol., 4: 324-332 (2020).  

[7] Maleki B., Sheikh S., Nano Polypropylenimine Dendrimer 

(DAB-PPI-G1): As a Novel Nano Basic-Polymer Catalyst 

for One-Pot Synthesis of 2-Amino-2-Chromene 

Derivatives, RSC Adv., 5: 42997–43005 (2015). 

[8] Maleki B., Taimazi F., One-Pot Synthesis of 1-

Amidoalkyl-2-Naphthols under Solvent-Free Conditions, 

Organic Preparations and Procedures International, 46: 

252–260 (2014). 

[9] Ahmad Reza M.Z., Hadis A. H., Vahid K., Application 

of [Pyridine-1-SO3H-2-COOH]Cl as an Efficient 

Catalyst for the Preparation of Hexahyroquinolines, 

Eurasian Chem. Commun., 2: 465-474 (2020). 

[10] Maleki B., Sheikh S., One-Pot Synthesis of 2-Amino-2-

Chromene and 2-Amino-3-Cyano-4H-Pyran Derivatives 

Promoted by Potassium Fluoride, Organic Preparations 

and Procedures International, 47: 368–378 (2015). 

[11] Karbasaki S.S., Bagherzade G., Maleki B., Ghani M., 

Fabrication of Sulfamic Acid Functionalized 

Magnetic Nanoparticles with Denderimeric Linkers 

and Its Application for Microextraction Purposes, 

One-Pot Preparation of Pyrans Pigments and 

Removal of Malachite Green, J. Taiwan Inst. Chem. 

Eng., 118: 342–354 (2021). 

[12] Maleki B., Reiser O., Esmaeilnezhad E., Choi H.J., SO3H-

Dendrimer Functionalized Magnetic Nanoparticles 

(Fe3O4@DNH (CH2)4SO3H): Synthesis, Characterization 

and Its Application as a Novel and Heterogeneous Catalyst 

for the One-Pot Synthesis of Polyfunctionalized Pyrans and 

Polyhydroquinolines, Polyhedron, 162: 129–141 (2019). 

[13] Samaneh Z., Masoud M., Mogharab T., L-Proline 

Catalyzed Synthesis of Betti Bases and Biscoumarin 

Derivatives, Iran. J. of Cat., 5: 149-153 (2015). 

[14] Vahid N.A., Masoud M., Polyvinylpolypyrrolidone 

Supported Antimony(III) Chloride (PVPP-SbCl3): 

An Efficient Catalyst for the Synthesis of 

Chromenylphenylpropanones, Iran. J. of Cat., 8: 53-

58 (2018). 

[15] Alinezhad H., Tarahomi M., Maleki B., Amiri A., 

SO3H‐functionalized Nano‐MGO‐D‐NH2: Synthesis, 

Characterization and Application for One‐pot 

Synthesis of Pyrano[2,3‐d] Pyrimidinone and 

Tetrahydrobenzo[b] Pyran Derivatives in Aqueous 

Media, Appl. Organometal. Chem., 33: e4661 (2019). 

[16] Jamshidi A., Maleki B., Zonoz F.M., Tayebee R., HPA-

Dendrimer Functionalized Magnetic Nanoparticles 

(Fe3O4@D-NH2-HPA) as a Novel Inorganic-Organic 

Hybrid and Recyclable Catalyst for the One-Pot 

Synthesis of Highly Substituted Pyran Derivatives, 

Mater. Chem. Phys., 209: 46–59 (2018). 

[17] Maleki B., Green Synthesis of Bis-Coumarin and 

Dihydropyrano[3,2-c]Chromene Derivatives Catalyzed 

by o-Benzenedisulfonimide, Organic Preparations and 

Procedures International, 48: 303–318 (2016). 

[18] Gatea I.S., AlTamimi E.O., Synthesis of a New Copoly 

134-Oxadiazole from Copoly Imine with Iodine and 

Study of Their Biological Activity, Chem. Methodol., 6: 

446-456 (2022). 

[19] Sarah A.W., Yasser F.M., Benzocoumarin Backbone 

Is a Multifunctional and Affordable Scaffold  

with a Vast Scope of Biological Activities, J. Med. 

Chem. Sci., 5: 703–721 (2022). 

https://onlinelibrary.wiley.com/doi/abs/10.1002/tcr.202100026
https://onlinelibrary.wiley.com/doi/abs/10.1002/tcr.202100026
https://onlinelibrary.wiley.com/doi/abs/10.1002/tcr.202100026
http://www.echemcom.com/article_96658.html
http://www.echemcom.com/article_96658.html
http://www.echemcom.com/article_96658.html
http://www.echemcom.com/article_96658.html
http://www.echemcom.com/article_133937_15aba8fde8b0f58c530255f655c4566d.pdf
http://www.echemcom.com/article_133937_15aba8fde8b0f58c530255f655c4566d.pdf
http://www.echemcom.com/article_133937_15aba8fde8b0f58c530255f655c4566d.pdf
http://www.echemcom.com/article_133937_15aba8fde8b0f58c530255f655c4566d.pdf
https://pubs.rsc.org/en/content/articlehtml/2014/ra/c4ra06768a
https://pubs.rsc.org/en/content/articlehtml/2014/ra/c4ra06768a
https://pubs.rsc.org/en/content/articlehtml/2014/ra/c4ra06768a
https://pubs.rsc.org/en/content/articlehtml/2014/ra/c4ra06768a
http://www.chemmethod.com/article_104942_3692f5545564ce62697132581d710810.pdf
http://www.chemmethod.com/article_104942_3692f5545564ce62697132581d710810.pdf
http://www.chemmethod.com/article_104942_3692f5545564ce62697132581d710810.pdf
http://www.chemmethod.com/article_99328_eec10bc514dc43b281763d0d91fe892f.pdf
http://www.chemmethod.com/article_99328_eec10bc514dc43b281763d0d91fe892f.pdf
http://www.chemmethod.com/article_99328_eec10bc514dc43b281763d0d91fe892f.pdf
http://www.chemmethod.com/article_99328_eec10bc514dc43b281763d0d91fe892f.pdf
https://sci-hub.se/10.1039/C5RA04458H
https://sci-hub.se/10.1039/C5RA04458H
https://sci-hub.se/10.1039/C5RA04458H
https://sci-hub.se/10.1039/C5RA04458H
https://sci-hub.se/https:/doi.org/10.1080/00304948.2014.903143
https://sci-hub.se/https:/doi.org/10.1080/00304948.2014.903143
http://www.echemcom.com/article_97223_521231f92579d833d381ce982e0e448c.pdf
http://www.echemcom.com/article_97223_521231f92579d833d381ce982e0e448c.pdf
http://www.echemcom.com/article_97223_521231f92579d833d381ce982e0e448c.pdf
https://sci-hub.se/10.1080/00304948.2015.1066647
https://sci-hub.se/10.1080/00304948.2015.1066647
https://sci-hub.se/10.1080/00304948.2015.1066647
https://www.sciencedirect.com/science/article/pii/S187610702030434X
https://www.sciencedirect.com/science/article/pii/S187610702030434X
https://www.sciencedirect.com/science/article/pii/S187610702030434X
https://www.sciencedirect.com/science/article/pii/S187610702030434X
https://www.sciencedirect.com/science/article/pii/S187610702030434X
https://www.sciencedirect.com/science/article/pii/S0277538719300774#b0090
https://www.sciencedirect.com/science/article/pii/S0277538719300774#b0090
https://www.sciencedirect.com/science/article/pii/S0277538719300774#b0090
https://www.sciencedirect.com/science/article/pii/S0277538719300774#b0090
https://www.sciencedirect.com/science/article/pii/S0277538719300774#b0090
https://www.sciencedirect.com/science/article/pii/S0277538719300774#b0090
https://ijc.shahreza.iau.ir/article_553913_1ec040e0f80caa28ee21e63c70790b7f.pdf
https://ijc.shahreza.iau.ir/article_553913_1ec040e0f80caa28ee21e63c70790b7f.pdf
https://ijc.shahreza.iau.ir/article_553913_1ec040e0f80caa28ee21e63c70790b7f.pdf
https://ijc.shahreza.iau.ir/article_604713_2f74a43bffd8956122ccdb04857fb8d9.pdf
https://ijc.shahreza.iau.ir/article_604713_2f74a43bffd8956122ccdb04857fb8d9.pdf
https://ijc.shahreza.iau.ir/article_604713_2f74a43bffd8956122ccdb04857fb8d9.pdf
https://ijc.shahreza.iau.ir/article_604713_2f74a43bffd8956122ccdb04857fb8d9.pdf
https://sci-hub.se/https:/doi.org/10.1002/aoc.4661
https://sci-hub.se/https:/doi.org/10.1002/aoc.4661
https://sci-hub.se/https:/doi.org/10.1002/aoc.4661
https://sci-hub.se/https:/doi.org/10.1002/aoc.4661
https://sci-hub.se/https:/doi.org/10.1002/aoc.4661
https://www.sciencedirect.com/science/article/pii/S0254058418300701?casa_token=seZFS4GZLLAAAAAA:ZXJjte3MoOiAAg4rngT2DjjZJebrd5o78I3aryncmQEQ7MNmPB7XGe_-d72QZnDeNe18utzGdzKu
https://www.sciencedirect.com/science/article/pii/S0254058418300701?casa_token=seZFS4GZLLAAAAAA:ZXJjte3MoOiAAg4rngT2DjjZJebrd5o78I3aryncmQEQ7MNmPB7XGe_-d72QZnDeNe18utzGdzKu
https://www.sciencedirect.com/science/article/pii/S0254058418300701?casa_token=seZFS4GZLLAAAAAA:ZXJjte3MoOiAAg4rngT2DjjZJebrd5o78I3aryncmQEQ7MNmPB7XGe_-d72QZnDeNe18utzGdzKu
https://www.sciencedirect.com/science/article/pii/S0254058418300701?casa_token=seZFS4GZLLAAAAAA:ZXJjte3MoOiAAg4rngT2DjjZJebrd5o78I3aryncmQEQ7MNmPB7XGe_-d72QZnDeNe18utzGdzKu
https://www.sciencedirect.com/science/article/pii/S0254058418300701?casa_token=seZFS4GZLLAAAAAA:ZXJjte3MoOiAAg4rngT2DjjZJebrd5o78I3aryncmQEQ7MNmPB7XGe_-d72QZnDeNe18utzGdzKu
https://sci-hub.se/https:/doi.org/10.1080/00304948.2016.1165061
https://sci-hub.se/https:/doi.org/10.1080/00304948.2016.1165061
https://sci-hub.se/https:/doi.org/10.1080/00304948.2016.1165061
http://www.chemmethod.com/article_148298_b1d3a20a0ffb85215aaf368997bb5835.pdf
http://www.chemmethod.com/article_148298_b1d3a20a0ffb85215aaf368997bb5835.pdf
http://www.chemmethod.com/article_148298_b1d3a20a0ffb85215aaf368997bb5835.pdf
http://www.jmchemsci.com/article_146655_527824781243a428a1f7664bf2d0b369.pdf
http://www.jmchemsci.com/article_146655_527824781243a428a1f7664bf2d0b369.pdf
http://www.jmchemsci.com/article_146655_527824781243a428a1f7664bf2d0b369.pdf


Iran. J. Chem. Chem. Eng. Merroun Y. et al. Vol. 42, No. 7, 2023 

 

Research Article                                                                                                                                                                  2127 

[20] Poor Heravi M.R., Aghamohammadi P., Vessally E., 

Green Synthesis and Antibacterial, Antifungal 

Activities of 4H-Pyran, Tetrahydro-4H-Chromenes 

and Spiro2-Oxindole Derivatives by Highly Efficient 

Fe3O4@SiO2@NH2@Pd(OCOCH3)2 Nanocatalyst,  

J. Mol. Struct., 1249: 131534 (2022). 

[21] El-Agrody A.M., Fouda A.M., Assiri M.A., Mora A., 

Ali T.E., Alam M.M., Alfaifi M.Y., In vitro anti-

Cancer Activity of Pyrano[3,2-c]Chromene 

Derivatives with Both Cell Cycle Arrest and 

Apoptosis Induction, Med. Chem. Res., 29: 617–629 

(2020).  

[22] Badiger K.B., Giddaerappa G., Hanumanthappa R., 

Sannegowda L.K., Kamanna K., An Agro‐Waste 

Based Eco‐Friendly Synthesis, Electrochemical 

Behavior and Anti‐Oxidant Properties Evaluation of 

Pyrano [2,3‐ c]pyrazole and Pyrazolyl‐4 H ‐

Chromenes Derivatives, Chemistry Select, 7: (2022). 

[23] Ilyina I.V., Patrusheva O.S., Zarubaev V.V., 

Misiurina M.A., Slita A.V., Esaulkova I.L., 

Korchagina D.V., Gatilov Y.V., Borisevich S.S., 

Volcho K.P., Salakhutdinov N.F., Influenza Antiviral 

Activity of F- and OH-Containing Isopulegol-

Derived Octahydro-2H-Chromenes, Bioorganic. 

Med. Chem. Lett., 31: 127677 (2021). 

[24] Kalaria P.N., Karad S.C., Raval D.K., A Review on 

Diverse Heterocyclic Compounds as the Privileged 

Scaffolds in Antimalarial Drug Discovery, Eur. J. 

Med. Chem., 158: 917–936 (2018). 

[25] Ahmed E.M., Khalil N.A., Zaher A.F., Alhamaky 

S.M., El-Zoghbi S.M., Synthesis, Molecular 

Modeling and Biological Evaluation of New 

Benzo[4,5]Thieno[3,2-b]Pyran Derivatives as 

Topoisomerase I-DNA Binary Complex Poisons, 

Bioorg. Chem., 112: 104915 (2021). 

[26] Santra S., Gogoi S., Gopishetty B., Antonio T., Zhen J., 

Reith M.E.A., Dutta A.K., Structural Exploration of 

(3S,6S)  -6-Benzhydryl-N-benzyltetrahydro-2H-pyran-3-

Amine Analogues: Identification of Potent Triple 

Monoamine Reuptake Inhibitors as Potential 

Antidepressants, ChemMedChem., 7: 2093–2100 (2012). 

[27] Renuka C.G., Nadaf Y.F., Sriprakash G., Rajendra P.S., 

Solvent Dependence on Structure and Electronic 

Properties of 7-(Diethylamino) - 2H -1- Benzopyran-2- 

one (C-466) Laser Dye, J. Fluoresc., 28: 839–854 (2018). 

[28] Baghernejad B., Fiuzat M., Ninhydrin as a Novel and 

Efficient Catalyst for the Synthesis of 2-Amino-4H-

Pyran Derivatives in Aqueous Media Using, J. Appl. 

Organomet. Chem., 1: 17-21 (2021). 

[29] Birkbeck A.A., Brkic Z., Giles R.G.F., Stereoselective 

Syntheses of Enantiopure 2-benzopyran-5,8-Quinones 

Related to the Aphid Insect Pigments, the Protoaphins, 

Tetrahedron Lett., 45: 6147–6150 (2004). 

[30] Maryam S., Masoud M., Efficient One-Pot Synthesis 

of 6-amino-4-aryl-5-cyano-2-methyl4H- Pyran-3-

Carboxylates Catalyzed by Nano MgO in Water, 

Iran. Chem. Commun., 6:  125-133 (2018).   

[31] Pund G., Dhumal S., Hebade M., Farooqui M., Dobhal 

B., Meglumine Catalysed Green Synthesis of Ethyl-6-

Amino-5-Cyano-2-Methyl-4-Phenyl-4H-Pyran-3-

Carboxylate Derivatives, J. Appl. Organomet. Chem., 2: 

15-23 (2022). 

[32] Shekhar A.C., Kumar A.R., Sathaiah G., Raju K., Rao 

P.S., Sridhar M., Narsaiah B., Srinivas P.V.S.S., 

Sridhar B., An Efficient One-Pot Synthesis of 

Substituted 1H-Naphtho[2,1-b]pyrans and 4H-1-

Benzopyrans (=Chromenes) under Solvent-Free 

Microwave-Irradiation Conditions, Helv. Chim. 

Acta., 95: 502–508 (2012). 

[33] Abdel Hamid A., Abd-Elmonem M., Hayallah A.M., 

Abo Elsoud F.A., Sadek K.U., Glycerol: A Promising 

Benign Solvent for Catalyst Free One-Pot Multi-

Component Synthesis of Pyrano[2,3-c]pyrazoles and 

Tetrahydro-benzo[b]pyrans at Ambient Temperature, 

ChemistrySelect., 2: 10689–10693 (2017).  

[34] Tiwari J., Saquib M., Singh S., Tufail F., Singh M., 

Singh J., Visible Light Promoted Synthesis of 

Dihydropyrano [2,3-c]Chromenes Via A 

Multicomponent- Tandem Strategy under Solvent 

and Catalyst Free Conditions, Green. Chem., 18: 

3221–3231 (2016).  

[35] Pendalwar S.S., Chakrawar A.V., Chavan A.S., Bhusare S.R., 

An Efficient Synthesis of Dihydropyrano[3,2-c] 

Chromene Derivatives via Green Approach, Der 

Pharma Chemica, 8: 143–145 (2016). 

[36] Banerjee S., Arijit S., Free-ZnO Nanoparticles:  

A Mild, Efficient and Reusable Catalyst  

for the One-Pot Multicomponent Synthesis of 

Tetrahydrobenzo[b]pyran and Dihydropyrimidone 

Derivatives, New. J. Chem., 37: 4170 (2013). 

https://www.sciencedirect.com/science/article/pii/S0022286021016628
https://www.sciencedirect.com/science/article/pii/S0022286021016628
https://www.sciencedirect.com/science/article/pii/S0022286021016628
https://www.sciencedirect.com/science/article/pii/S0022286021016628
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://link.springer.com/article/10.1007/s00044-019-02494-3
https://www.sciencedirect.com/science/article/pii/S0960894X20307885?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0960894X20307885?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0960894X20307885?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0223523418307098?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0223523418307098?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0223523418307098?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0045206821002923?casa_token=q5QUtqsT1HIAAAAA:VKFOZN4SW72yDjTACCFVPmO_J1C0rxfuS8K10YhcsSd6m2dLc7D_bJyE5Vaeo4DJXvDWNojE_Sbg
https://www.sciencedirect.com/science/article/pii/S0045206821002923?casa_token=q5QUtqsT1HIAAAAA:VKFOZN4SW72yDjTACCFVPmO_J1C0rxfuS8K10YhcsSd6m2dLc7D_bJyE5Vaeo4DJXvDWNojE_Sbg
https://www.sciencedirect.com/science/article/pii/S0045206821002923?casa_token=q5QUtqsT1HIAAAAA:VKFOZN4SW72yDjTACCFVPmO_J1C0rxfuS8K10YhcsSd6m2dLc7D_bJyE5Vaeo4DJXvDWNojE_Sbg
https://www.sciencedirect.com/science/article/pii/S0045206821002923?casa_token=q5QUtqsT1HIAAAAA:VKFOZN4SW72yDjTACCFVPmO_J1C0rxfuS8K10YhcsSd6m2dLc7D_bJyE5Vaeo4DJXvDWNojE_Sbg
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cmdc.201200352
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cmdc.201200352
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cmdc.201200352
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cmdc.201200352
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cmdc.201200352
https://link.springer.com/article/10.1007/s10895-018-2249-9
https://link.springer.com/article/10.1007/s10895-018-2249-9
https://link.springer.com/article/10.1007/s10895-018-2249-9
http://jaoc.samipubco.com/article_128672_4d40a9d46f9218f96af565ec8bd310ca.pdf
http://jaoc.samipubco.com/article_128672_4d40a9d46f9218f96af565ec8bd310ca.pdf
http://jaoc.samipubco.com/article_128672_4d40a9d46f9218f96af565ec8bd310ca.pdf
https://www.sciencedirect.com/science/article/pii/S0040403904013589?casa_token=wltoivPDjyUAAAAA:q-8pEGnlpUCzW0OXAm1IlOzyoTtPJvRPIzVI4a_h-84MSHkSn4HuQZXHdM4qxPOxaQjIsfunzlm8
https://www.sciencedirect.com/science/article/pii/S0040403904013589?casa_token=wltoivPDjyUAAAAA:q-8pEGnlpUCzW0OXAm1IlOzyoTtPJvRPIzVI4a_h-84MSHkSn4HuQZXHdM4qxPOxaQjIsfunzlm8
https://www.sciencedirect.com/science/article/pii/S0040403904013589?casa_token=wltoivPDjyUAAAAA:q-8pEGnlpUCzW0OXAm1IlOzyoTtPJvRPIzVI4a_h-84MSHkSn4HuQZXHdM4qxPOxaQjIsfunzlm8
https://icc.journals.pnu.ac.ir/article_3590_e5156271839295e71f8f98f4ba28f7e8.pdf
https://icc.journals.pnu.ac.ir/article_3590_e5156271839295e71f8f98f4ba28f7e8.pdf
https://icc.journals.pnu.ac.ir/article_3590_e5156271839295e71f8f98f4ba28f7e8.pdf
http://jaoc.samipubco.com/article_145841_56bacb0fbc307d00739b9b49ef05740e.pdf
http://jaoc.samipubco.com/article_145841_56bacb0fbc307d00739b9b49ef05740e.pdf
http://jaoc.samipubco.com/article_145841_56bacb0fbc307d00739b9b49ef05740e.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1002/hlca.201100332
https://onlinelibrary.wiley.com/doi/abs/10.1002/hlca.201100332
https://onlinelibrary.wiley.com/doi/abs/10.1002/hlca.201100332
https://onlinelibrary.wiley.com/doi/abs/10.1002/hlca.201100332
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.201702011
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.201702011
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.201702011
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.201702011
https://pubs.rsc.org/en/content/articlelanding/2016/gc/c5gc02855h/unauth
https://pubs.rsc.org/en/content/articlelanding/2016/gc/c5gc02855h/unauth
https://pubs.rsc.org/en/content/articlelanding/2016/gc/c5gc02855h/unauth
https://pubs.rsc.org/en/content/articlelanding/2016/gc/c5gc02855h/unauth
https://www.derpharmachemica.com/pharma-chemica/an-efficient-synthesis-of-dihydropyrano-32c-chromene-derivatives-via-green-approach.pdf
https://www.derpharmachemica.com/pharma-chemica/an-efficient-synthesis-of-dihydropyrano-32c-chromene-derivatives-via-green-approach.pdf
https://pubs.rsc.org/en/content/articlelanding/2013/nj/c3nj00723e/unauth
https://pubs.rsc.org/en/content/articlelanding/2013/nj/c3nj00723e/unauth
https://pubs.rsc.org/en/content/articlelanding/2013/nj/c3nj00723e/unauth
https://pubs.rsc.org/en/content/articlelanding/2013/nj/c3nj00723e/unauth
https://pubs.rsc.org/en/content/articlelanding/2013/nj/c3nj00723e/unauth


Iran. J. Chem. Chem. Eng. Tin Pyrophosphate (SnP2O7): as a Novel …  Vol. 42, No. 7, 2023 

 

2128                                                                                                                                                                  Research Article 

[37] Khabnadideh S., Mirzaei E., Amiri-Zirtol L., L-

Arginine Modified Graphene Oxide: A Novel 

Heterogeneous Catalyst for Synthesis of 

Benzo[b]pyrans and Pyrano[3,2‑c]Chromenes, 

Journal of Molecular Structure, J. Mol. Struct., 1261: 

132934 (2022). 

[38] Ferdousian R., Behbahani F.K., Mohtat B., 

Synthesis and Characterization of 

Fe3O4@Sal@Cu as a Novel, Efficient and 

Heterogeneous Catalyst and its Application  

in the Synthesis of 2-Amino-4H-Chromenes, Mol. 

Divers., 1: 1-13 (2022). 

[39] Sharghi H., Razavi S.F., Aberi M., Sabzalizadeh F., 

Karbalaei-Heidari H.R., Nanostructured Coumarin-

Based Cobalt Complex as an Efficient, 

Heterogeneous and Recyclable Catalyst for the three-

Component Synthesis of Benzo[b]pyran  

and 3,4-Dihydropyrano[c]Chromene Derivatives,  

J. Iran. Chem. Soc., 18: 1641–1655 (2021). 

[40] Nesaragi A.R., Kamble R.R., Hoolageri S.R., 

Mavazzan A., Madar S.F., Anand A., Joshi S.D.,  

A Natural Catalyst of Alkali and Alkaline Earth 

Metals for the Facile Synthesis of 

Tetrahydrobenzo[ b ]Pyrans and Pyrano[2,3‐ d 

]Pyrimidinones as Inhibitors of SARS‐CoV‐2, 

Appl. Organomet. Chem., 36: (2022). 

[41] Mehravar M., Mirjalili B.B.F., Babaei E., Bamoniri A., 

Nano-SiO2/DBN: an Efficacious and Reusable Catalyst 

for One-Pot Synthesis of Tetrahydrobenzo[B]Pyran 

Derivatives, B.M.C. Chem., 15: 34 (2021).  

[42] Honarmand M., Tzani A., Detsi A., 2-Hydroxyethyl-

1-Ammonium 3-Hydroxypropane-1-Sulfonate: A 

Biodegradable and Recyclable Ionic Liquid for the 

One-Pot Synthesis of 2-Amino-3-Cyano-4H-Pyrans, 

J. Iran. Chem. Soc., 16: 571–581 (2019). 

[43] Kamble R., Gaikwad M., Tapare M., Hese S., 

Kadam S., Ambhore A., Dawane, B., DTP/SiO2: 

An Efficient And Reusable Heterogeneous Catalyst 

For Synthesis of Dihydropyrano [3,2-c] Chromene-

3-Carbonitrile Derivatives, J. Appl. Organomet., 

Chem., 1: 22-28 (2021). 

[44] Zahiri S., Mokhtary M., Bi(NO3)3·5H2O: An Efficient 

Catalyst for One-Pot Synthesis of 3-((Aryl) 

(Diethylamino) Methyl)-4-Hydroxy-2H-Chromen-2-

Ones and Biscoumarin Derivatives, Journal of Taibah 

University for Science, 9: 89-94 (2015). 

[45] Vajar S., Mokhtary M., Nano-CuFe2O4@SO3H 

Catalyzed Efficient One-Pot Cyclo-Dehydration of 

Dimedone and Synthesis of Chromeno[4,3-

b]Chromenes, Polycycl. Aromat. Compound., 39: 

111–123 (2019). 

[46] Keshipour S., Khezerloo M., Nanocomposite of 

Hydrophobic Cellulose Aerogel/Graphene Quantum 

Dot/Pd: Synthesis, Characterization, and Catalytic 

Application, RSC Adv., 9: 17129–17136 (2019). 

[47] Al-Azmi A., Keshipour S., Dimaval as an Efficient 

Ligand for Binding Ru (III) on Cross-Linked Chitosan 

Aerogel: Synthesis, Characterisation and Catalytic 

Investigation, Cellulose, 27: 895–904 (2020). 

[48] Keshipour S., Adak K., Magnetic D ‐Penicillamine‐

Functionalized Cellulose as a New Heterogeneous 

Support for Cobalt(II) in Green Oxidation of 

Ethylbenzene to Acetophenone, Appl. Organometal. 

Chem., 31: e3774 (2017). 

[49] Fallah-Mehrjardi M., Shirzadi M., Banitaba S.H.,  A 

New Basic Ionic Liquid Supported on Magnetite 

Nanoparticles: An Efficient Phase-Transfer Catalyst for 

the Green Synthesis of 2-Amino-3-Cyano-4 H -Pyrans, 

Polycycl. Aromat. Compound., 42: 2198–2209 (2022). 

[50] Altass H.M., Khder A.S., Ahmed A.S., Morad M., 

Alsabei A.A., Jassas R.S., Althagafy K., Ahmed A.I., 

Salama R.S., Highly Efficient, Recyclable Cerium-

Phosphate Solid Acid Catalysts for the Synthesis of 

Tetrahydrocarbazole Derivatives by Borsche–

Drechsel Cyclization, Reac. Kinet. Mech. Cat., 134: 

143–161 (2021). 

[51]  Amini A., Fallah A., Cheng C., Tajbakhsh M., 

Natural Phosphate-Supported Cu( II ), an Efficient 

and Recyclable Catalyst for the Synthesis of 

Xanthene and 1,4-Disubstituted-1,2,3-Triazole 

Derivatives, R.S.C. Adv., 8: 41536–41547 (2018).  

[52] Chehab S., Merroun Y., Ghailane R., Boukhris S., 

Souizi A., Na2Ca(HPO4)2, an Efficient, Reusable 

Eco-Friendly Catalyst for the Synthesis of 1,8-Dioxo-

Octahydroxanthenes and Biscoumarin Derivatives, 

Polycycl. Aromat. Compound., 1:1–18 (2022). 

[53] Chehab S., Merroun Y., Ghailane T., Habbadi N., 

Boukhris S., Hassikou A., Ghailane R., Akhazzane M., 

Kerbal A., Daich A., Souizi A., A new process for 

Na2Ca(HPO4)2 Synthesis and its Application as a 

Heterogeneous Catalyst in Knoevenagel Condensation, 

Mediterr. J. Chem., 7: 56–67 (2018). 

https://www.sciencedirect.com/science/article/pii/S0022286022006032?casa_token=KdYB3IXWdwcAAAAA:QYEyL9gVnu6ddbaxrDUCd1S74bqf-L0dZ3T1BVheecYvHLSHhlpJ9cxOJQxb91tORHXl6MyC5L0s
https://www.sciencedirect.com/science/article/pii/S0022286022006032?casa_token=KdYB3IXWdwcAAAAA:QYEyL9gVnu6ddbaxrDUCd1S74bqf-L0dZ3T1BVheecYvHLSHhlpJ9cxOJQxb91tORHXl6MyC5L0s
https://www.sciencedirect.com/science/article/pii/S0022286022006032?casa_token=KdYB3IXWdwcAAAAA:QYEyL9gVnu6ddbaxrDUCd1S74bqf-L0dZ3T1BVheecYvHLSHhlpJ9cxOJQxb91tORHXl6MyC5L0s
https://www.sciencedirect.com/science/article/pii/S0022286022006032?casa_token=KdYB3IXWdwcAAAAA:QYEyL9gVnu6ddbaxrDUCd1S74bqf-L0dZ3T1BVheecYvHLSHhlpJ9cxOJQxb91tORHXl6MyC5L0s
https://www.sciencedirect.com/science/article/pii/S0022286022006032?casa_token=KdYB3IXWdwcAAAAA:QYEyL9gVnu6ddbaxrDUCd1S74bqf-L0dZ3T1BVheecYvHLSHhlpJ9cxOJQxb91tORHXl6MyC5L0s
https://link.springer.com/article/10.1007/s11030-022-10391-y
https://link.springer.com/article/10.1007/s11030-022-10391-y
https://link.springer.com/article/10.1007/s11030-022-10391-y
https://link.springer.com/article/10.1007/s11030-022-10391-y
https://link.springer.com/article/10.1007/s13738-020-02136-1
https://link.springer.com/article/10.1007/s13738-020-02136-1
https://link.springer.com/article/10.1007/s13738-020-02136-1
https://link.springer.com/article/10.1007/s13738-020-02136-1
https://link.springer.com/article/10.1007/s13738-020-02136-1
https://onlinelibrary.wiley.com/doi/full/10.1002/aoc.6469
https://onlinelibrary.wiley.com/doi/full/10.1002/aoc.6469
https://onlinelibrary.wiley.com/doi/full/10.1002/aoc.6469
https://onlinelibrary.wiley.com/doi/full/10.1002/aoc.6469
https://bmcchem.biomedcentral.com/articles/10.1186/s13065-021-00760-3
https://bmcchem.biomedcentral.com/articles/10.1186/s13065-021-00760-3
https://bmcchem.biomedcentral.com/articles/10.1186/s13065-021-00760-3
https://link.springer.com/article/10.1007/s13738-018-1537-2
https://link.springer.com/article/10.1007/s13738-018-1537-2
https://link.springer.com/article/10.1007/s13738-018-1537-2
https://link.springer.com/article/10.1007/s13738-018-1537-2
http://jaoc.samipubco.com/article_128823_b19fb659fbd1df9ee404e030a76ca8b7.pdf
http://jaoc.samipubco.com/article_128823_b19fb659fbd1df9ee404e030a76ca8b7.pdf
http://jaoc.samipubco.com/article_128823_b19fb659fbd1df9ee404e030a76ca8b7.pdf
http://jaoc.samipubco.com/article_128823_b19fb659fbd1df9ee404e030a76ca8b7.pdf
https://sci-hub.se/https:/doi.org/10.1016/j.jtusci.2014.09.006
https://sci-hub.se/https:/doi.org/10.1016/j.jtusci.2014.09.006
https://sci-hub.se/https:/doi.org/10.1016/j.jtusci.2014.09.006
https://sci-hub.se/https:/doi.org/10.1016/j.jtusci.2014.09.006
https://sci-hub.se/https:/doi.org/10.1080/10406638.2017.1280516
https://sci-hub.se/https:/doi.org/10.1080/10406638.2017.1280516
https://sci-hub.se/https:/doi.org/10.1080/10406638.2017.1280516
https://sci-hub.se/https:/doi.org/10.1080/10406638.2017.1280516
https://pubs.rsc.org/en/content/articlehtml/2019/ra/c9ra01799b
https://pubs.rsc.org/en/content/articlehtml/2019/ra/c9ra01799b
https://pubs.rsc.org/en/content/articlehtml/2019/ra/c9ra01799b
https://pubs.rsc.org/en/content/articlehtml/2019/ra/c9ra01799b
https://link.springer.com/article/10.1007/s10570-019-02838-7
https://link.springer.com/article/10.1007/s10570-019-02838-7
https://link.springer.com/article/10.1007/s10570-019-02838-7
https://link.springer.com/article/10.1007/s10570-019-02838-7
https://sci-hub.se/https:/doi.org/10.1002/aoc.3774
https://sci-hub.se/https:/doi.org/10.1002/aoc.3774
https://sci-hub.se/https:/doi.org/10.1002/aoc.3774
https://sci-hub.se/https:/doi.org/10.1002/aoc.3774
https://www.tandfonline.com/doi/abs/10.1080/10406638.2020.1830131
https://www.tandfonline.com/doi/abs/10.1080/10406638.2020.1830131
https://www.tandfonline.com/doi/abs/10.1080/10406638.2020.1830131
https://www.tandfonline.com/doi/abs/10.1080/10406638.2020.1830131
https://link.springer.com/article/10.1007/s11144-021-02050-4
https://link.springer.com/article/10.1007/s11144-021-02050-4
https://link.springer.com/article/10.1007/s11144-021-02050-4
https://link.springer.com/article/10.1007/s11144-021-02050-4
https://pubs.rsc.org/en/content/articlehtml/2018/ra/c8ra08260j
https://pubs.rsc.org/en/content/articlehtml/2018/ra/c8ra08260j
https://pubs.rsc.org/en/content/articlehtml/2018/ra/c8ra08260j
https://pubs.rsc.org/en/content/articlehtml/2018/ra/c8ra08260j
https://www.tandfonline.com/doi/abs/10.1080/10406638.2022.2094421
https://www.tandfonline.com/doi/abs/10.1080/10406638.2022.2094421
https://www.tandfonline.com/doi/abs/10.1080/10406638.2022.2094421
http://medjchem-v3.azurewebsites.net/index.php/medjchem/article/view/695
http://medjchem-v3.azurewebsites.net/index.php/medjchem/article/view/695
http://medjchem-v3.azurewebsites.net/index.php/medjchem/article/view/695


Iran. J. Chem. Chem. Eng. Merroun Y. et al. Vol. 42, No. 7, 2023 

 

Research Article                                                                                                                                                                  2129 

[54] Chehab S., Merroun Y., Ghailane T., Ghailane R., 

Boukhris S., Souizi A., A Green and Efficient Method 

for The Synthesis of 3,4-Dihydropyrano[c]Chromene 

Using Phosphate Fertilizers (MAP, DAP and TSP) as 

Heterogeneous Catalysts, J. Turk. Chem. Soc. A: 

Chem., 5: 355–370 (2018). 

[55] Chehab S., Merroun Y., Ghailane T., Ghailane R., 

Boukhris S., Lakhrissi B., Souizi A., A Facile and 

Efficient Synthesis of Tetrahydrobenzo[b]Pyrans and 

Dihydropyrano[4,3-b]Pyrans Derivatives Using 

Phosphate Fertilizers MAP, DAP, and TSP as 

Heterogeneous Catalysts, J. Iran. Chem. Soc., 18: 

2665–2678 (2021). 

[56] Chehab S., Merroun Y., Ghailane T., Ghailane R., 

Boukhris S., Souizi A., Mono-Ammonium Phosphate 

Fertilizer Modified by Cadmium: An Efficient and 

Recyclable Catalyst for 2,3-Dihydroquinazolin-

4(1H)-One Derivatives Synthesis, Polycycl. Aromat. 

Compound., 1: 1–16 (2021). 

[57] Merroun Y., Chehab S., Ghailane T., Boukhris S., 

Ghailane R., Habbadi N., Hassikou A., Lakhrissi B., 

Souizi A., An Effective Method to Synthesize 2,3-

Dihydroquinazolin-4(1H)-One Using Phosphate 

Fertilizers (MAP, DAP and TSP) as Green 

Heterogeneous Catalysts, J. Turk. Chem. Soc. A: 

Chem., 1: 303–316 (2018). 

[58] El Hallaoui A., Chehab S., Malek B., Zimou O., 

Ghailane T., Boukhris S., Souizi A., Ghailane R., 

Valorization of the Modified Mono Ammonium 

Phosphate by Cobalt in the Synthesise of 3,4‐

Dihydropyrano [c] Chromene Derivatives, Chemistry 

Select., 4: 3062–3070 (2019). 

[59] Hallaoui A.E., Chehab S., Ghailane T., Malek B., 

Zimou O., Boukhriss S., Souizi A., Ghailane R., 

Application of Phosphate Fertilizer Modified by 

Zinc as a Reusable Efficient Heterogeneous 

Catalyst for the Synthesis of Biscoumarins and 

Dihydropyrano [3,2-c]Chromene-3-Carbonitriles 

under Green Conditions, Polycycl. Aromat. 

Compound., 41: 2083–2102 (2021). 

[60] Malek B., Bahammou İ., Zimou O., El Hallaoui 

A., Ghailane R., Boukhri̇s S., Souizi A., Eco-

friendly Synthesis of Quinoxaline Derivatives 

Using Mineral Fertilizers as Heterogeneous 

Catalysts, J. Turk. Chem. Soc. A: Chem., 1: 427–

440 (2020). 

[61] Bahammou I., Malek B., Ghailane T., Ghailane R., 

Boukhris S., Souizi A., A Green and Efficient Process 

for the Synthesis of Benzothiazinones Using 

Phosphate Fertilizers MAP, DAP and TSP as 

Heterogeneous Catalysts, J. Turk. Chem. Soc. A: 

Chem., 1: 349–354 (2019). 

[62] Merroun Y., Chehab S., Ghailane T., Akhazzane M., 

Souizi A., Ghailane R., Preparation of tin-

Modified Mono-Ammonium Phosphate Fertilizer 

and its Application as Heterogeneous Catalyst  

in the Benzimidazoles and Benzothiazoles 

Synthesis, Reac. Kinet. Mech. Cat., 126: 249–

264 (2019). 

[63]  Dekamin M.G., Eslami M., Maleki A., Potassium 

Phthalimide-N-oxyl: a Novel, Efficient, and Simple 

Organocatalyst for the One-Pot three-Component 

Synthesis of Various 2-Amino-4H-Chromene 

Derivatives in Water, Tetrahedron, 69: 1074–1085 

(2013). 

[64] Rupnar B.D., Bhagat S.S., Sirsat A.J., Pawar R.P., 

Microwave Assisted, LTyrosine Catalyzed Efficient 

Synthesis of Tetrahydrobenzo[b] Pyrans, Int. J. Sci. 

Res. Sci. Eng. Technol., 4: 30–33 (2018). 

[65] Joshi V.M., Magar R.L., Throat P.B., Tekale S.U., 

Patil B.R., Kale M.P., Pawar R.P., Novel One-Pot 

Synthesis of 4H-Chromene Derivatives Using Amino 

Functionalized Silica Gel Catalyst, Chin. Chem. Lett., 

25: 455–458 (2014). 

[66] Achagar R., Elmakssoudi A., Dakir M., Elamrani A., 

Zouheir Y., Zahouily M., Jamaleddine J., A Green 

and Efficient Protocol for the Synthesis of 

Phenylhydrazone Derivatives Catalyzed by 

Nanostructured Diphosphate Na2CaP2O7 and 

Screening of Their Antibacterial Activity, 

ChemistrySelect, 6: 1366–1371 (2021). 

[67] Dânoun K., Essamlali Y., Amadine O., Mahi H., 

Zahouily M., Eco-Friendly Approach to Access of 

Quinoxaline Derivatives Using Nanostructured 

Pyrophosphate Na2PdP2O7 as a New, Efficient and 

Reusable Heterogeneous Catalyst, B. M. C. Chem., 

14: 6 (2020). 

[68] Xiong X., Yi C., Liao X., Lai S., One-Pot Access to 2-

Amino-4H-benzo[b]pyrans and 1,4-Dihydropyridines 

via γ-Cyclodextrin-Catalyzed Multicomponent 

Tandem Reactions in Deep Eutectic Solvent, Catal. 

Lett., 149: 1690–1700 (2019). 

https://dergipark.org.tr/en/pub/jotcsa/article/358609
https://dergipark.org.tr/en/pub/jotcsa/article/358609
https://dergipark.org.tr/en/pub/jotcsa/article/358609
https://dergipark.org.tr/en/pub/jotcsa/article/358609
https://link.springer.com/article/10.1007/s13738-021-02223-x
https://link.springer.com/article/10.1007/s13738-021-02223-x
https://link.springer.com/article/10.1007/s13738-021-02223-x
https://link.springer.com/article/10.1007/s13738-021-02223-x
https://link.springer.com/article/10.1007/s13738-021-02223-x
https://www.tandfonline.com/doi/abs/10.1080/10406638.2021.1977348
https://www.tandfonline.com/doi/abs/10.1080/10406638.2021.1977348
https://www.tandfonline.com/doi/abs/10.1080/10406638.2021.1977348
https://www.tandfonline.com/doi/abs/10.1080/10406638.2021.1977348
https://dergipark.org.tr/en/pub/jotcsa/issue/31055/363818
https://dergipark.org.tr/en/pub/jotcsa/issue/31055/363818
https://dergipark.org.tr/en/pub/jotcsa/issue/31055/363818
https://dergipark.org.tr/en/pub/jotcsa/issue/31055/363818
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.201803551
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.201803551
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.201803551
https://www.tandfonline.com/doi/abs/10.1080/10406638.2019.1710853
https://www.tandfonline.com/doi/abs/10.1080/10406638.2019.1710853
https://www.tandfonline.com/doi/abs/10.1080/10406638.2019.1710853
https://www.tandfonline.com/doi/abs/10.1080/10406638.2019.1710853
https://www.tandfonline.com/doi/abs/10.1080/10406638.2019.1710853
https://dergipark.org.tr/en/pub/jotcsa/article/577101
https://dergipark.org.tr/en/pub/jotcsa/article/577101
https://dergipark.org.tr/en/pub/jotcsa/article/577101
https://dergipark.org.tr/en/pub/jotcsa/article/577101
https://dergipark.org.tr/en/pub/jotcsa/issue/46088/563093
https://dergipark.org.tr/en/pub/jotcsa/issue/46088/563093
https://dergipark.org.tr/en/pub/jotcsa/issue/46088/563093
https://dergipark.org.tr/en/pub/jotcsa/issue/46088/563093
https://link.springer.com/article/10.1007/s11144-018-1446-5
https://link.springer.com/article/10.1007/s11144-018-1446-5
https://link.springer.com/article/10.1007/s11144-018-1446-5
https://link.springer.com/article/10.1007/s11144-018-1446-5
https://link.springer.com/article/10.1007/s11144-018-1446-5
https://www.sciencedirect.com/science/article/pii/S0040402012017863?casa_token=KH0Z-rtscoEAAAAA:96Mg7JnS6ECgKphN7tXuiAr-TNEAJxY2tlAyJC5CuAUKcLCWdBO0E-_gM5zzqBc-K4RgBVt795ul
https://www.sciencedirect.com/science/article/pii/S0040402012017863?casa_token=KH0Z-rtscoEAAAAA:96Mg7JnS6ECgKphN7tXuiAr-TNEAJxY2tlAyJC5CuAUKcLCWdBO0E-_gM5zzqBc-K4RgBVt795ul
https://www.sciencedirect.com/science/article/pii/S0040402012017863?casa_token=KH0Z-rtscoEAAAAA:96Mg7JnS6ECgKphN7tXuiAr-TNEAJxY2tlAyJC5CuAUKcLCWdBO0E-_gM5zzqBc-K4RgBVt795ul
https://www.sciencedirect.com/science/article/pii/S0040402012017863?casa_token=KH0Z-rtscoEAAAAA:96Mg7JnS6ECgKphN7tXuiAr-TNEAJxY2tlAyJC5CuAUKcLCWdBO0E-_gM5zzqBc-K4RgBVt795ul
https://www.sciencedirect.com/science/article/pii/S0040402012017863?casa_token=KH0Z-rtscoEAAAAA:96Mg7JnS6ECgKphN7tXuiAr-TNEAJxY2tlAyJC5CuAUKcLCWdBO0E-_gM5zzqBc-K4RgBVt795ul
https://www.researchgate.net/profile/Bd-Rupnar-2/publication/359337054_IJSRSET184301_Microwave_Assisted_L-Tyrosine_Catalyzed_Efficient_Synthesis_of_Tetrahydrobenzob_Pyrans/links/623577a2d545b772940284d1/IJSRSET184301-Microwave-Assisted-L-Tyrosine-Catalyzed-Efficient-Synthesis-of-Tetrahydrobenzob-Pyrans.pdf
https://www.researchgate.net/profile/Bd-Rupnar-2/publication/359337054_IJSRSET184301_Microwave_Assisted_L-Tyrosine_Catalyzed_Efficient_Synthesis_of_Tetrahydrobenzob_Pyrans/links/623577a2d545b772940284d1/IJSRSET184301-Microwave-Assisted-L-Tyrosine-Catalyzed-Efficient-Synthesis-of-Tetrahydrobenzob-Pyrans.pdf
https://www.sciencedirect.com/science/article/pii/S1001841713005779?casa_token=NaQyiBHycQMAAAAA:hZcNOyL3xIHXqAUey7-JfqfBR9MN30WtUTzufW5F809ywTVe5gGGjr-3lHDWh9Lk5oAO3Drap3pC
https://www.sciencedirect.com/science/article/pii/S1001841713005779?casa_token=NaQyiBHycQMAAAAA:hZcNOyL3xIHXqAUey7-JfqfBR9MN30WtUTzufW5F809ywTVe5gGGjr-3lHDWh9Lk5oAO3Drap3pC
https://www.sciencedirect.com/science/article/pii/S1001841713005779?casa_token=NaQyiBHycQMAAAAA:hZcNOyL3xIHXqAUey7-JfqfBR9MN30WtUTzufW5F809ywTVe5gGGjr-3lHDWh9Lk5oAO3Drap3pC
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.202004671
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.202004671
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.202004671
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.202004671
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/slct.202004671
https://link.springer.com/article/10.1186/s13065-020-0662-z
https://link.springer.com/article/10.1186/s13065-020-0662-z
https://link.springer.com/article/10.1186/s13065-020-0662-z
https://link.springer.com/article/10.1186/s13065-020-0662-z
https://link.springer.com/article/10.1007/s10562-019-02767-x
https://link.springer.com/article/10.1007/s10562-019-02767-x
https://link.springer.com/article/10.1007/s10562-019-02767-x
https://link.springer.com/article/10.1007/s10562-019-02767-x


Iran. J. Chem. Chem. Eng. Tin Pyrophosphate (SnP2O7): as a Novel …  Vol. 42, No. 7, 2023 

 

2130                                                                                                                                                                  Research Article 

[69] Khaligh N.G., Mihankhah T., Johan M.R., Synthesis 

of New Low-Viscous Sulfonic Acid-Functionalized 

Ionic liquid and its application as a Brönsted Liquid 

Acid Catalyst for the One-Pot Mechanosynthesis of 

4H-Pyrans through the Ball Milling Process, J. Mol. 

Liq., 277: 794–804 (2019). 

[70] Tahmassebi D., Blevins J.E., Gerardot S.S., Zn (L-

Proline) 2 as an Efficient and Reusable Catalyst for 

the Multicomponent Synthesis of Pyran-Annulated 

Heterocyclic Compounds: Zn(L-proline) 2: a Catalyst 

for Multicomponent Reactions, Appl. Organometal. 

Chem., 33: e4807 (2019). 

[71] Hajjami M., Gholamian F., Hudson R.H.E., Sanati A.M., 

FSM-16/AEPC-SO3H: Synthesis, Characterization 

and Its Application for the Catalytic Preparation of 

1,8-Dioxo-octahydroxanthene and Tetrahydrobenzo 

[b] pyran Derivatives, Catal. Lett., 149: 228–247 

(2019). 

[72] Adibian F., Pourali A.R., Maleki B., Baghayeri M., 

Amiri A., One‐pot Synthesis of Dihydro-1H-

Indeno[1,2-b] Pyridines and Tetrahydrobenzo[b] 

Pyran Derivatives Using a New and Efficient 

Nanocomposite Catalyst Based on N‐Butylsulfonate‐

Functionalized MMWCNTs-D-NH2, Polyhedron, 

175: 114179 (2020). 

[73] Shirini F., Langarudi M.S.N., Daneshvar N., 

Preparation of a New DABCO-Based Ionic Liquid [H 

2 -DABCO] [H2PO4]2} and its Application in the 

Synthesis of Tetrahydrobenzo [b] Pyran and Pyrano 

[2,3- d ] Pyrimidinone Derivatives, J. Mol. Liq., 234: 

268–278 (2017). 

[74] Mehrabi H., Abusaidi H., Synthesis of Biscoumarin 

and 3,4-Dihydropyrano[c] Chromene Derivatives 

Catalysed by Sodium Dodecyl Sulfate (SDS) in Neat 

Water, J. Iran. Chem. Soc., 7: 890–894 (2010). 

[75] Mokhtari S., Sheikhhosseini E., Faryabi M., Rafiepour A., 

Soltaninejad S., Iron Ore Pellet, A Natural and Reusable 

Catalyst for Synthesis of Pyrano[2,3-d] Pyrimidine and 

Dihydropyrano [c] Chromene Derivatives in Aqueous 

Media, Iran. J. Chem. Chem. Eng. (IJCCE), 35: 43-50 

(2016). 

[76] Mohammadi P., Sheibani H., Synthesis and 

Characterization of Fe3O4@SiO2 Guanidine-Poly Acrylic 

Acid Nanocatalyst and Using it for One-Pot synthesis of 

4H-Benzo[b] Pyrans and Dihydropyrano [c] Chromenes 

in Water, Mater. Chem. Phys., 228: 140-146 (2019). 

[77] Noroozi Pesyan N., Rezanejade Bardajee G., Kashani E., 

Mohammadi M., Batmani H., Ni(II)-Schiff 

Base/SBA-15: A Nanostructure and Reusable 

Catalyst for one-Pot three-Component Green 

Synthesis of 3,4-Dihydropyrano[3,2-c] Chromene 

Derivatives, Res. Chem. Intermed., 46: 347–367 

(2020). 

[78. Azizi H., Khorshidi A., Tabatabaeian K., Efficient 

Synthesis of 3,4-Dihydropyrano[3,2-c]Chromenes 

Catalyzed by Ni(II)-Functionalized Li+-

Montmorillonite in a One-Pot Fashion Under 

Solvent-Free Conditions, J. Iran. Chem. Soc., 15: 

1023–1032 (2018). 

[79] Jahangard E., Khazdooz L., Zarei A., Synthesis and 

in Vitro Antibacterial Study of Dihydropyrano[3,2-

c]Chromene Derivatives by Nano Fluoro Apatite 

Doped with Mg and Si as a Cooperative Catalyst, 

Iran. J. Cata., 1: 57–63 (2020). 

[80] Sorkhabi S., Mozafari R., Ghadermazi M., New 

Advances in Catalytic Performance of Erbium‐Folic 

Acid‐Coated CoFe2O4 Complexes for Green One‐Pot 

Three‐Component Synthesis of Pyrano[2,3‐d] 

Pyrimidinone and Dihydropyrano[3,2‐ c ]Chromenes 

Compounds in Water. Appl., Organomet., Chem., 35: 

1-22 (2021). 

 

https://www.sciencedirect.com/science/article/pii/S0167732218347196?casa_token=SaUbedksZcQAAAAA:m56iV5Q_-cj6uPag7nv4VWVuvFd6TP6CM2Pzbb0swzqRXHYKuWGjVaXLwL0K3XtmMdMz4d0BD6mR
https://www.sciencedirect.com/science/article/pii/S0167732218347196?casa_token=SaUbedksZcQAAAAA:m56iV5Q_-cj6uPag7nv4VWVuvFd6TP6CM2Pzbb0swzqRXHYKuWGjVaXLwL0K3XtmMdMz4d0BD6mR
https://www.sciencedirect.com/science/article/pii/S0167732218347196?casa_token=SaUbedksZcQAAAAA:m56iV5Q_-cj6uPag7nv4VWVuvFd6TP6CM2Pzbb0swzqRXHYKuWGjVaXLwL0K3XtmMdMz4d0BD6mR
https://www.sciencedirect.com/science/article/pii/S0167732218347196?casa_token=SaUbedksZcQAAAAA:m56iV5Q_-cj6uPag7nv4VWVuvFd6TP6CM2Pzbb0swzqRXHYKuWGjVaXLwL0K3XtmMdMz4d0BD6mR
https://www.sciencedirect.com/science/article/pii/S0167732218347196?casa_token=SaUbedksZcQAAAAA:m56iV5Q_-cj6uPag7nv4VWVuvFd6TP6CM2Pzbb0swzqRXHYKuWGjVaXLwL0K3XtmMdMz4d0BD6mR
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.4807
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.4807
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.4807
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.4807
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.4807
https://link.springer.com/article/10.1007/s10562-018-2623-x
https://link.springer.com/article/10.1007/s10562-018-2623-x
https://link.springer.com/article/10.1007/s10562-018-2623-x
https://link.springer.com/article/10.1007/s10562-018-2623-x
https://www.sciencedirect.com/science/article/pii/S0277538719306163?casa_token=nq3FBTpZjpAAAAAA:1ASPH5ZjLzFEy7gwKid4p3d7byHeMIhzfc2LwBDt39_p5Etujw0tp765MXiSt7AfABDA39L9Zpvo
https://www.sciencedirect.com/science/article/pii/S0277538719306163?casa_token=nq3FBTpZjpAAAAAA:1ASPH5ZjLzFEy7gwKid4p3d7byHeMIhzfc2LwBDt39_p5Etujw0tp765MXiSt7AfABDA39L9Zpvo
https://www.sciencedirect.com/science/article/pii/S0277538719306163?casa_token=nq3FBTpZjpAAAAAA:1ASPH5ZjLzFEy7gwKid4p3d7byHeMIhzfc2LwBDt39_p5Etujw0tp765MXiSt7AfABDA39L9Zpvo
https://www.sciencedirect.com/science/article/pii/S0277538719306163?casa_token=nq3FBTpZjpAAAAAA:1ASPH5ZjLzFEy7gwKid4p3d7byHeMIhzfc2LwBDt39_p5Etujw0tp765MXiSt7AfABDA39L9Zpvo
https://www.sciencedirect.com/science/article/pii/S0277538719306163?casa_token=nq3FBTpZjpAAAAAA:1ASPH5ZjLzFEy7gwKid4p3d7byHeMIhzfc2LwBDt39_p5Etujw0tp765MXiSt7AfABDA39L9Zpvo
https://www.sciencedirect.com/science/article/pii/S0167732216341551?casa_token=U3PYaEP_rCwAAAAA:x8Pp8cneV9EGw2JBV8Tq7jY9AtiOk8_uze65jEcdDkWKW7FYoBeMANahoqMEoOqvL4rbrhX4ne12
https://www.sciencedirect.com/science/article/pii/S0167732216341551?casa_token=U3PYaEP_rCwAAAAA:x8Pp8cneV9EGw2JBV8Tq7jY9AtiOk8_uze65jEcdDkWKW7FYoBeMANahoqMEoOqvL4rbrhX4ne12
https://www.sciencedirect.com/science/article/pii/S0167732216341551?casa_token=U3PYaEP_rCwAAAAA:x8Pp8cneV9EGw2JBV8Tq7jY9AtiOk8_uze65jEcdDkWKW7FYoBeMANahoqMEoOqvL4rbrhX4ne12
https://www.sciencedirect.com/science/article/pii/S0167732216341551?casa_token=U3PYaEP_rCwAAAAA:x8Pp8cneV9EGw2JBV8Tq7jY9AtiOk8_uze65jEcdDkWKW7FYoBeMANahoqMEoOqvL4rbrhX4ne12
https://link.springer.com/article/10.1007/BF03246084
https://link.springer.com/article/10.1007/BF03246084
https://link.springer.com/article/10.1007/BF03246084
https://link.springer.com/article/10.1007/BF03246084
https://www.sid.ir/paper/673319/en
https://www.sid.ir/paper/673319/en
https://www.sid.ir/paper/673319/en
https://www.sid.ir/paper/673319/en
https://www.sciencedirect.com/science/article/pii/S0254058418310162?casa_token=r279iewMrxkAAAAA:jO-1STi4lfau1l-VivoU2MEbTo18wkqctbCNzRvenXl3yckdEf34DqScMm9Gr8IyyYZcYAtOaVRi
https://www.sciencedirect.com/science/article/pii/S0254058418310162?casa_token=r279iewMrxkAAAAA:jO-1STi4lfau1l-VivoU2MEbTo18wkqctbCNzRvenXl3yckdEf34DqScMm9Gr8IyyYZcYAtOaVRi
https://www.sciencedirect.com/science/article/pii/S0254058418310162?casa_token=r279iewMrxkAAAAA:jO-1STi4lfau1l-VivoU2MEbTo18wkqctbCNzRvenXl3yckdEf34DqScMm9Gr8IyyYZcYAtOaVRi
https://www.sciencedirect.com/science/article/pii/S0254058418310162?casa_token=r279iewMrxkAAAAA:jO-1STi4lfau1l-VivoU2MEbTo18wkqctbCNzRvenXl3yckdEf34DqScMm9Gr8IyyYZcYAtOaVRi
https://www.sciencedirect.com/science/article/pii/S0254058418310162?casa_token=r279iewMrxkAAAAA:jO-1STi4lfau1l-VivoU2MEbTo18wkqctbCNzRvenXl3yckdEf34DqScMm9Gr8IyyYZcYAtOaVRi
https://link.springer.com/article/10.1007/s11164-019-03954-6
https://link.springer.com/article/10.1007/s11164-019-03954-6
https://link.springer.com/article/10.1007/s11164-019-03954-6
https://link.springer.com/article/10.1007/s11164-019-03954-6
https://link.springer.com/article/10.1007/s11164-019-03954-6
https://link.springer.com/article/10.1007/s13738-018-1299-x
https://link.springer.com/article/10.1007/s13738-018-1299-x
https://link.springer.com/article/10.1007/s13738-018-1299-x
https://link.springer.com/article/10.1007/s13738-018-1299-x
https://link.springer.com/article/10.1007/s13738-018-1299-x
https://ijc.shahreza.iau.ir/article_669797.html
https://ijc.shahreza.iau.ir/article_669797.html
https://ijc.shahreza.iau.ir/article_669797.html
https://ijc.shahreza.iau.ir/article_669797.html
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6225
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6225
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6225
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6225
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6225
https://onlinelibrary.wiley.com/doi/abs/10.1002/aoc.6225

