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Abstract: This research describes a multi-component condensation reaction of 3,4-dihydropyrano[c]chromene 

from aldehydes, Dicyanomethane, and 4-Hydroxy-2H-chromen-2-one in a solvent system having water and 

ethanol at ambient temperature. The ratio of water and ethanol was 1:1. Mild reaction temperatures, quick reaction 

durations, facile product isolation, use of less hazardous solvents, and excellent yields are all essential and valuable 

characteristics of this approach. In addition, nanoparticles showed perfect catalytic activity since they have more 

surface area. The electrochemical study of the synthesized product has been done by cyclic voltammetry. 
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1. Introduction 
 

Pharmacologically important chemicals are 

synthesized via multi-component reactions       

(MCRs). Therefore, it has become an essential topic 

of organic and medicinal chemistry research 1.                       

3,4-Dihydropyrano[c]chromenes and their analogs 

are precious molecules in various domains of 

chemical science, biological, biological, and  

medicine 2. 

Dihydropyrano[c]chromenes and their analogs are 

important compounds because they have diversity in 

several biological features 3, which are 

antihypertensive, anticoagulation 4, anti-cancer 5, and 

anti-anaphylactic action 6. 

One-pot methods for preparing 2-amino-4-aryl-5-

oxo-4H,5H-pyrano[3,2- c] have recently been 

introduced. In addition, several studies are reported 

demonstrating the effectiveness of various catalysts in 

synthesizing chromene-3-carbonitrile from aromatic 

aldehyde, dicyanomethane, and 4-hydroxy-2H-

chromen-2-one 7. 

Nanoscale materials are broadly applied in such 

syntheses. They have attracted a lot of recognition 

because of their numerous benefits, such as their 

insoluble nature across both organic and inorganic 

solvents. In the heterocyclic synthesis, the active 

methylene group of malononitrile performs an 

important and activating role 8. Malononitrile is used 

in organic synthesis to convert various functional 

groups, including ketones, aldehydes, esters, oxides, 

and amines, to their respective carbanions. This 

results in changes to the structure and spectrum 

characteristics of compound 9. The catalyst and 

solvent characteristics are also important in 

determining the product and selectivity 10. To date, a 

wide variety of different catalysts have efficaciously 

catalyzed the synthesis of 4, 5-dihydropyrano[3,2-c] 

chromenes derivatives, such as nano Zinc oxide 11, 

(NH4)2(HPO4) 12, 1, 8-Diazabicyclo(5.4. 0)under-7-

ene (DBU) 13, TBAB(Tetrabutylammonium bromide) 
14, KAl(SO4)2·12H2O 15, TMGT 16, Magnesium           

oxide 17, Potassium carbonate 18, pyridines 19, 

[bmim]OH 20, morpholine 21 Recently a reaction of 

4,5-dihydropyrano[3,2-c]chromenes catalyzed by                          

4-dimethylaminopyridine 22 was also reported, which 

was a one-pot, three-component reaction. These 

synthesized derivatives are also electroactive, and 

their electrochemical activity was studied by cyclic 

voltammetry. These cyclic voltammograms can also 

show the redox behavior of these compounds. 

Heterogeneous catalysis is used more frequently in 

organic reactions to perform synthetic 

transformations due to its importance from an 

environmental, economic, and practical standpoint 23. 

Several recently reported syntheses of                                  

4,5-dihydropyrano[3,2-c]chromenes derivative and 

other biologically active compounds utilizing 

nanocatalysts. Some of those are a   pot 3CR method 

for preparing biologically-active compound                   

2-amino-7,7-dimethyl-5-oxo-4-aryl-hexahydro by 

Fe3O4@SiO2-creatine nanobiocatalyst was found to 

be cost-effective and recyclable 24. Recently, 

ZIF@ZnTiO3 Nanocomposite was used as a reusable 

organocatalyst to produce Dihydropyrano [3, 2-c] 
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chromenes and their derivatives. Good yields of pure 

products were seen with little reaction time 25. The 

ionic liquid can also develop derivatives of 

biscoumarin and dihydropyrano[3,2-c]chromene. 

Javad Safaei-Ghomi et al. designed and synthesized  

Dihydropyrano[3,2-c]chromene and Biscoumarin 

derivatives using ionic liquid immobilized on FeNi3 

nanocatalyst.26 

To produce tetrahydrobenzo[b]pyrans, nano-SiO2, 

and 1,5-diazabicyclo[4.3 .0] non-5-en  was used in 

a  one-pot three-component condensation, this 

process can be made with excellent yields and   

quickly 27. Recently 2-amino-5-oxo-4-phenyl-4, 5- 

dihydropyrano [3,2-c] chromene-3-carbonitrile 

derivatives were successfully synthesized. The 

reaction was catalyzed by an efficient heterogeneous 

catalyst DTP/SiO2 
28. Both 2-amino-4H-chromene 

derivatives and 3,4-dihydropyrano[c]chromenes 

could be effectively synthesized by utilizing the 

cutting-edge magnetic nanocatalyst           

Fe3O4@SiO2-Sultone 29. Additionally, several 

reaction procedures have been used to synthesize 

tetrahydro-4H-chromenes using nanocatalysts 

including 4-Dialkylaminopyridine modified magnetic 

nanoparticles, silicon-supported magnetic 

nanocatalyst, nano-Fe3O4, nano-SiO2, nano-BF3, and 

nano-coconut shell-BF3 30-34. Our electrochemical 

investigation aims to shed light on the                            

3,4-dihydropyrano[c]chromene CV at carbon pest 

electrode redox behavior. 6-redox behavior previous 

research also demonstrated the CV method for              

6- Bromo-3-[N-(3-chlorobenzylidene)-hydrazino]-

chromene-2-one at a carbon pest electrode 35. 
 

2. Material and methods 
 

 Chemicals from Sigma-Aldrich and Himedia were 

bought and utilized without additional 

purification. Then, the melting points were 

determined using an open capillary tube melting 

point device. 

 A digital pH meter was used to measure the pH of 

the solution. 

 All electrochemical assays were made on a 

Metrohm Autolab B.V. PGSTAT128N. software 

NOVA version 1.10.1.11. a 3-electrode system 

consisting of a modified carbon paste electrode as 

the working electrode, a Platinum wire as the 

auxiliary electrode, and the reference electrode 

Ag/AgCl electrode in KCl (3 M) solution.  

 SEM analysis of synthesized nanomaterial was 

done by scanning an electron microscope FEI 

company model NOVA NANOSEM 450. 

 XRD of synthesized nanomaterial was done by  

powder –Ray diffractometer maker Bruker model 

D8 Advance. 

 FTIR analysis o synthesized compounds was done 

by Bruker 37 tensor. 

 NMR analysis of products was done by Bruker 

500 MHz instrument. 

 

2.1. Fabrication of carbon pest unmodified and 

modified electrode 

An original carbon paste electrode (CPE) was formed 

by blending graphite powder with paraffin oil. The 

paste was 70% graphite powder and 30% paraffin oil, 

respectively. The mixture was homogenized for half 

an hour with a pestle and mortar before being left to 

rest for 24 hours for equal homogenization. After 

that, a plastic syringe was used to load the 

homogenized paste into the tip. To gain an electrical 

connection, a conductor was introduced from the 

backside of the syringe. The electrode's surface was 

then polished with light physical pressure against a 

smooth white paper until a shiny surface emerged. 

Our samples were used to modify electrodes 

afterward. 

 

 2.2. General analytical procedure  
20 mL of 20mM phosphate buffer having pH 7.0, LiCl 

solution (supporting electrolyte), and stock solution 

(1mm K3FeCN6 solution in distilled water) were 

placed in a dry and sterilized voltammetric cell for the 

electrochemical measurement. This solution was 

purged with N2 gas for 5 minutes while swirling the 

solution for electrochemical measurements. In a 

cathodic scan, the range of cyclic voltammograms 

was 1.5 to 1.5 V. 

The modulation time was 10 ms, the step potential 

was 0.005 V, and all measurements were done at the 

scan rate of 0.5V s-1. 

 

3. Experimental section 
 

In an experiment, aldehyde, Dicyanomethane,              

4-Hydroxy-2H-chromen-2-one were taken in an 

equimolar amount, and porous CuO(Catalyst) (10 %) 

was mixed in a  round bottom flask with ethanol: 

water solvent (10 mL) and agitated at reflux at 

80°C.when all the reactants were consumed the 

reaction was stopped. With the help of TLC, the 

completion of the reaction was observed. The product 

was solid. It was refined by recrystallization from 

ethanol to get pure dihydropyrano[c] chromene. The 

reaction was completed, and all the spectral data of 

the compound was collected. After the complete 

synthesis of the desired compound, a series of 

different 3,4-dihydropyrano[c]chromene analogs 

were synthesized from various aromatic aldehydes, as 

shown in Table 1. 
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Scheme 1 

 

Table 1. Different derivatives of dihydropyrano[c]chromene. 

Entr

y 
Aldehydes Product 

Yield  

% 
Color state 

a 

 

 

91 Brown solid 

b 

 

 

82 
Dark 

yellow 
solid 

c 

 

 

88 
Pale 

yellow 
solid 

d 

  

94 white solid 

e 

 

 

70 

Mustur

d 

yellow 

solid 

 

3.1. Spectral data of compounds 

(a)  2-Amino-4-(5-chloro-2-hydroxy-phenyl)-5-oxo-

4H,5H-pyrano[3,2-c]chromene-3-carbonitrile 

Yield: 91%; m.p.: 115-116°C;  

IR (KBr, ν, cm-1) 3450 (-NH2), 3284 (-OH), 2193 (-

CN), 1708, 1665, 1367, 1102;  

1H NMR (500 MHz, DMSO d6 ) δH (ppm): 4.9 

(s,1H,OH), 7.9 (m,1H,NH2), 6.5-7.5 (m,7H,Ar-H), 

4.4 (s,1H,-CH);  
13C NMR (DMSOd6) 158.5, 152.7, 139.7, 133.5, 

132.8, 129.2, 128.2, 123.0, 117.0,113.2,102.2,56; 
MS: (m/z) (%) 366.04 (100%), 368.04 (32.9%), 

367.64 (21.4%), 369.04 (6.7%), 368.05 (2.1%). 
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(b) 2-Amino-4-(5-Bromo-2-hydroxy-phenyl)-5-oxo-

4H,5H-pyrano[3,2-c]chromene-3-carbonitrile Yield: 

82%; m.p.: 124-126°C;  

IR (KBr, ν, cm-1):3426 (-NH2), 3329 (-OH), 2193 (-

CN), 1715, 1670, 1501, 1344, 1053, 826. 
1H NMR (500 MHz, DMSO d6) δH (ppm): 6.5-7.5 

(m,7H, Ar-H), 5.5 (s,1H, OH), 7.9 (m,1H, NH2), 

4.4(s,1H,-CH);  
13C NMR (DMSO-d6) 158.0, 152.0, 139.2, 133.0, 

132.0, 129.3, 128.1, 123.01, 117.02, 113.21, 102.2, 

56.00;  

MS: (m/z) (%) 409.99 (100%), 411.99 (98.3%), 

410.99 (21.4%), 412.99 (21.0%), 413.99 (2.9%), 

412.00 (2.1%). 

(c) 2-Amino-4-(4-nitro-phenyl)-5-oxo-4H,5H-pyrano 

[3,2-c]chromene-3-carbonitrile 

 Yield: 88%; m.p.: 118- 119°C;  

IR (KBr, ν,cm-1): 3476(-NH2), 3364, 2191 (-CN), 

1714, 1668, 1500, 1342, 1051,762;  

1H NMR (400 MHz, DMSO d6) δH (ppm):7.00-8.00 

(m,8H, Ar-H), 8.19 (m,1H , NH2), 4.4 (s,1H,-CH); 13C 

NMR (DMSO-d6) 159.5, 122.6, 123.0, 123.7, 116, 

127.8, 129.2, 133, 124.0, 129.19, 40.155, 102;  
MS: (m/z) (%) 361.07 (100%), 362.07 (21.8%), 363.8 

(2.1), 363.07 (1.3%). 

(d) 2-Amino-4-(2,4-dichloro-phenyl)-5-oxo-4H,5H-

pyrano[3,2-c] chromene-3-carbonitrile 

Yield: 94%; m.p.: 148- 150°C;  

IR (KBr, ν, cm-1):3827(-NH2),3746,2166(-CN), 1709, 

1677, 1524, 1375, 1049, 951, 700;   

1H NMR (500 MHz, DMSO d6) δH (ppm):6.5-

7.5(m,7H, Ar-H), 7.9 (m,1H, NH2), 4.4 (s,1H,-CH); 
13CNMR (DMSO-d6) 133.9, 133.5, 132.8, 132.5, 

158.5, 152.6, 129.19, 128.29, 125.17, 122.9, 119.14, 

116.9, 113.13, 102.9, 113.13, 102.9, 39.3;  

MS: (m/z) (%) 384.01 (100%), 386.00 (63.9%), 

385.01 (20.8%), 387.01 (13.4%), 388.00 (10.3%), 

386.01 (2.8%), 389.0 (2.2%), 388.01 (1.7%). 

(e) 2-Amino-4-(4-methoxy-phenyl)-5-oxo-4H,5H-

pyrano[3,2-c]chromene-3-carbonitrile 

Yield: 70%; m.p.: 132-134°C  

IR (KBr, ν, cm-1): 3438(-NH2), 2194(-CN), 1711, 

1699, 1372, 1055, 839, 752;  

1H NMR (500 MHz, DMSO d6) δH (ppm): 6.5-7.5 

(m,8H, Ar-H), 8.4 (m, 1H, NH2), 4.4 (s,1H,-CH); 13C 

NMR (DMSO-d6) 164.8, 160.9, 133.8, 132.2, 129.1, 

124.5, 124.3, 116.16, 115.6, 114.9, 114.2, 113.7, 

104.5, 56.3, 40.6;  

MS: (m/z) (%) 346.10 (100%), 347.10 (21.9%), 

348.10 (3.3%). 

 

3.2. Synthesis of catalyst 

Porous CuO was synthesized using previously 

reported methods with some modifications 36. CuO 

nanoparticles were prepared by dispersing 1.0 g 

copper nitrate in 1.0 ml distilled water and 1.0 g 

Tween in 6.5 ml ultrapure water, then adding 2.0 g 

dextran (Mw = 2 106 M) to 3.0 ml distilled water at 

room temperature. The paste was formed by heating 

the gel for Half hour at 60°C on a magnetic stirrer 

until its color became light blue. The resultant gel was 

matured at room temperature for 3-4 days before 

being calcined at 500°C for 3 hours in a muffle 

furnace at 1°C/min, heating and cooling to room 

temperature. 

 

3.3. SEM and EDX Images of the synthesized 

catalyst 

The following figure shows the FESEM image of the 

synthesized porous CuO catalyst. The enlarged image 

of the catalyst specified that the morphology of the 

catalyst is porous pore size is shown in the figure. 

Elemental composition was determined by EDX 

Spectroscopy which was attached to an SEM 

instrument (Figures 1 and 2). This image indicates 

the presence of Cu And O elements.

 

 

Figure 1. SEM Image o catalyst 
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Figure 2. EDX Image of catalyst 

 

3.4. XRD of catalyst  

XRD Spectrum of the catalyst shows well-defined 

peaks with reflections at d spacing of 2.75, 2.52, 2.32, 

1.86, 1.58, 1.50, 1.41, 1.40, 1.30, 1.26, and 1.16 Å 

which correspond to lattice planes of a base-centered 

monoclinic unit cell (tenorite) crystal (110), (002), 

(200), (-202), (202), (-113), (022), (-311), (311), (004), 

and (312). (JCPDS No.04.783).  

 

 

Figure 3. XRD of catalyst 

 

 4. Electrochemical study of synthesized derivatives 
 

 14.0 mL of 0.01 M stock solution (distilled water 

was used as solvent), 2.0 mL of 0.1 M LiCl 

solution 4.0 mL of 0.1 mol L-1 phosphate buffer 

were mixed to make CV solutions. At room 

temperature, all electrochemical measurements 

were taken. 

 On varied scan rates, the cyclic voltammogram of 

3,4-Dihydropyrano[c]chromenes derivatives 

exhibits one electron reduction peak. By using 

cyclic voltammetric measurements for 0.001 M 

K3Fe(CN)6 probe in Potassium chloride 

electrolyte (0.1 M) at varied scan rates, the Peak 
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current for the irreversible system is given by 

Randle Sevick equation. 

 Ip= 0.4463(F3/ RT)1/2n 3/2AoDo
1/2Cv

1/2 

 where Ip is peak current, 

 n is the number of electrons transferred in the 

reaction 

 A0 is the area of the electrode (cm2) 

 v is the scan rate (VS-1) 

 C is concentration of Fe(CN)6 3−/4− 

 D0 is the diffusion coefficient 

 R and F are the molar gas and Faraday’s constant, 

respectively. 

 

4.1. Cyclic voltammogram of synthesized 

compounds

 

Figure 4. Cyclic voltammogram of synthesized compounds 

 

4.2. Results and Discussion 

This paper proposes an effective, environmentally 

friendly, and versatile technique for preparing           

3,4-dihydropyrano[c]chromene analogs in an ethanol 

and water system. First, cyclic voltammetry was used 

to investigate their electrochemical state.                     

The 3 component reaction of an aromatic aldehyde 

(1), Dicyanomethane (2), and 4-Hydroxy-2H-

chromen-2-one (3) in the existence of a catalyst 

yielded 3,4-dihydropyrano[c]chromene. The reaction 

was done in water at a low temperature to produce 

high yields of products (Table 1). Then, using various 

aromatic aldehydes with different groups of                   

4-hydroxycoumarin and Dicyanomethane in ethanol, 

several diverse substituted 3,4-dihydropyrano 

[c]chromene analogs were produced. The anodic half 

cycle and cathodic half cycle show one peak, as in 

Table 2 and Figure 4 The reduction and oxidation 

peak current and potential of synthesized products are 

shown in Table 2. 

 

Table 2. Reduction and oxidation peak current and potential of synthesized products. 

Entry  Ea(V) Ia(10-5A) Ec Ic(10-5A) 

a  0.4228 5.6 -5.026 -7.41 

b  -0.009 5.8 -0.389979 -4.44 

c  0.065 3.09 -0.814667 -2.69 

d  0.747 2.2 -0.209198 -1.03 

e  0.562286 .513 -0.30926 0.652 

 

Compounds have strong oxidation and potential 

reduction peaks and are electrochemically active, 

acting as good oxidizing and reducing agents. Several 

compounds displayed modest oxidation and potential 

reduction values. 

Whereas in the spectra of bare GCE, these redox 

peaks were not seen. It was clear that all compounds 

underwent a single, irreversible one-electron 

oxidation process, adhering to the well-known EC-

mechanism pattern at a potential almost identical to 
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that of the primary aromatic amine (-NH2initial)'s 

oxidation wave 37. They underwent one electron loss 

during oxidation to produce the radical-cation, which 

underwent one proton loss to produce the 

corresponding (-.NH) radical. A dimerization reaction 

takes place on the generated radical 38 to produce the 

(E-E) form of the bis-compound. 

The reaction was also done without a catalyst, but the 

formation of products was time-consuming Table 3 

compares the product formation time with and 

without a catalyst. As a result, this method could be 

classified as green chemistry. These synthesized 

derivatives are also electroactive.

 

Table 3. Comparison between the time of product formation with and without catalyst. 

Entry product 
Time with 

catalyst(min

) 

Time 

without 

catalyst(min) 
a 

2-Amino-4-(5-chloro-2-hydroxy-phenyl)-5-oxo-4H,5H-

pyrano[3,2-c]chromene-3-carbonitrile 

 

10 90 

b 
2-Amino-4-(5-Bromo-2-hydroxy-phenyl)-5-oxo-4H,5H-

pyrano[3,2-c]chromene-3-carbonitrile 

 

15 85 

c 
2-Amino-4-(4-nitro-phenyl)-5-oxo-4H,5H-pyrano[3,2-c]chromene-3-carbonitrile 
 

10 75 

d 
2-Amino-4-(2,4-dichloro-phenyl)-5-oxo-4H,5H-pyrano[3,2-

c]chromene-3-carbonitrile 
20 95 

e 
2-Amino-4-(4-methoxy-phenyl)-5-oxo-4H,5H-pyrano[3,2-

c]chromene-3-carbonitrile 

 

40 90 

 

5. Conclusion 
 

To summarize, our research has shown a 

straightforward, quick, effective, and environmentally 

friendly methodology for preparing dihydropyrano[c] 

chromene derivatives catalyzed by nanoparticles 

because finding an easy, affordable, curable, and 

practicable catalyst for preparing organic molecules is 

critical. The reaction conditions are mild, and the 

reaction provides high product yields. There is no 

harmful organic solvent used in this process. As the 

catalyst was synthesized at a low cost and is 

recoverable, it can be used in the reaction several 

times.  
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