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Abstract 

Various 3-aryl-furo[3,2-c]coumarins have been synthesized by reacting various 4-hydroxycoumarins with 

appropriate bromo-acetyl derivatives of furan, naphthalene and benzofuran under metal-free reaction 

condition. The effects of substitution, reaction temperature and reaction time for product formation were 

investigated.  All the synthesized compounds were characterized by IR, 1H NMR, 13C NMR, DEPT-90, 

Mass spectral and elemental analysis. 
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Introduction 

 

Coumarins are important members of naturally occurring oxygen-containing heterocyclic compounds. 

Coumarins are produced by certain bacteria, fungi and numerous plant species like Umbelliferae, Asteraceae, 

Rutaceae,  and Leguminoase,1,2 nearly 1300 coumarin derivatives are identified as secondary metabolites from 

the same sources. Coumarins belong to the family of benzopyrones which are a fusion of pyrone with a 

benzene ring. They contain an electronically rich conjugated system which exerts good charge transport 

properties so numerous reactions possible on them. Coumarins showed cytotoxic activity against numerous 

types of cancers3 and certain types of activities like anti-microbial,4 antioxidant,5 antiviral,6 anti-tuberculosis,7 

are also reported. Coumarins found use in optical applications, solar energy collectors, as luminescent 

materials,8 in cosmetics and food additives.9 Due to its capacious range of applications, coumarins become 

significant synthetic target materials. 

In recent times, chemists put their efforts to increase the complexity of structures10 and in the same 

instance, they wanted to decrease the number of reaction steps to obtain the desired products. Heterocyclic 

fused coumarin derivatives attract researchers due to its wide range of biological properties. Numerous 

heterocyclic ring fusion on lactone ring of coumarin have been reported such as pyrido,11 pyrano,12 pyrrole,13 

furan,14 thiophene,15 indole,16 oxazole,17 thiazole.18 But amongst them all, a fusion of furan with coumarin 

termed as furocoumarin is a prominent class of tricyclic aromatic compounds. Furocoumarins and their 

analogs are widely unrolled in nature and found in numerous plant species such as Umbelliferae and 

Rutaceae.19 They are also naturally occurring as a psoralene and angelicine and are used in the treatment of 

skin diseases.20 Many furocoumarin derivatives exert impressive biological and pharmacological properties 

(Figure 1) like anticoagulant,21 antibacterial,22 antifungal,23 anti-inflammatory.24 Several furocoumarins are 

reported to inhibit the growth of cancer cells.25,26 

 

 
 

Figure 1. Reported potent furocoumarins. 

 

Furocoumarins have predominantly three different structural isomers: furo[3,2-c]coumarin, furo[3,4-

c]coumarin and furo[2,3-c]coumarin. Amongst all oxygen-containing heterocyclic fused coumarins, furo[3,2-

c]coumarins are significantly important for medicinal purposes and eye attracting for organic chemistry. 

furo[3,2-c]coumarin derivatives have a wide range of biological and pharmacological activities.27,28 Naturally 

occurring furo coumarins like psoralens and angelicin are used to treat vitiligo,29,30 psoriasis,31 and cancer.32 

Because of such important applications of furo[3,2-c] coumarin, several distinct protocols have been revealed 

to achieve these scaffolds in recent times. Among others, synthesis carried out using sodium hydride,33 

trimethylchlorosilane, rhodium, palladium like metal catalysts are influential because they allow the 

construction of complex furocoumarins.34 Tetraphenyl-porphyrin like synthetic porphyrin35 used as catalysts 
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for the synthesis of furo[3,2-c]coumarins. Several researchers reported the applications of white LEDs as 

visible light energy source36 for the synthesis of furo[3,2-c]coumarin derivatives. 

On the other hand, molecules like furan, benzofuran, and naphthalene are resourceful building blocks for 

an organic synthetic chemist due to their structural diversity as well as biological potencies.37–41,42 

Hence, in order to acquire a complex heterocyclic system having a minimum of two components such as 

coumarin with biologically active compounds like furan, benzofuran or naphthalene, a one-pot synthesis 

strategy is carried out. A one-pot synthesis is a powerful strategy to incorporate many pharmacophores in one 

molecule. This strategy is used in organic chemistry to enhance the efficiency in the congregation of novel 

fused-ring entities. This approach allows multifold reaction steps to be carried out in a single reaction vessel 

by multiple bond-forming events in one operation and reduces lengthy workup processes that save time as 

well as resources. Generally, for the synthesis of complex heterocyclic molecules, metal-catalyzed reaction 

conditions used for easy operations but the consumption of such metal exerts harmful effects on 

environment.43 The metals used for reactions are heavy metals such as zinc, copper, cobalt, titanium, 

cadmium, arsenic, mercury, and lead are responsible for water and soil pollution which will indirectly affect 

the quality of our food. So, it essential to use metal-free reaction conditions for the conservation of our 

natural resources and metal-free environment. 

Considering the significant importance of furo[3,2-c]coumarins, our ongoing interest in building up 

coumarin-based heterocyclic compounds44 prompted us to dedicate our efforts to design and synthesis a 

series of novel furo[3,2-c]coumarin derivatives via one-pot approach using metal-free reaction conditions.45,46 

From the synthesis point of view, these compounds open-up huge possibilities for a broad range of bounteous 

complex heterocycles due to more exposure to its pharmacophores. 

 

 

Results and Discussion 
 

In order to synthesize 3-aryl-Furo[3,2-c]coumarins 2a-d, 3a-d and 4a-d, various 4-hydroxy coumarin derivative 

1a-d reacted with appropriate bromo acetyl derivatives such as 2-bromo-acetyl naphthalene, 2-bromo-acetyl 

furan, 2-bromo-acetyl benzofuran respectively in the presence of ammonium acetate in refluxing acetic acid to 

afford 3-(naphthalene-2-yl)-4H-furo[3,2-c]chromen-4-one (2a-d), 3-(furan-2-yl)-4H-furo[3,2-c]chromen-4-one 

(3a-d), 3-(benzofuran-2-yl)-4H-furo[3,2-c]chromen-4-one (4a-d) respectively [Scheme 1]. The reaction 

pathway is assumed to proceed by Michael addition of the active methylene function of 4-hydroxy coumarin 

on bromo-acetyl derivatives, resulting in the formation of 2a-d, 3a-d and 4a-d. The proposed mechanism is 

shown in Scheme 2. 

The reaction conditions were obtained for the optimum reaction. The study of percentage yield, reaction 

temperature and reaction time for the synthesized compounds are varied due to the presence of different 

substitution over furo[3,2-c]coumarin derivatives [Table 1]. Data shows that the presence of electron-donating 

groups on the 8th position of furo[3,2-c]coumarin derivatives mostly favours the smooth reaction progression 

with shorter reaction completion time and higher percentage yield. Similarly, in presence of electron-donating 

group on 6th position of furo[3,2-c]coumarin derivatives moderately favours the reaction but however, 

presence of electron-withdrawing group on the 8th position of furo[3,2-c]coumarin derivatives little bit 

obstructs the reaction progression that results into consumption of longer duration of time for completion of 

reaction and low percentage of yield was observed. Furthermore, reaction temperature plays an important 

role in the transformation of final products. It was observed that raise in reaction temperature from 140 oC to 

160 oC can remarkably influence product formation in terms of reaction time [Table 2].  
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Scheme 1.  3-Aryl-furo[3,2-c]coumarins. 
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Scheme 2. Possible mechanism of 3-aryl-furo[3,2-c]coumarin derivatives. 

 

 

Table 1. 4-Hydroxy coumarin derivatives 

 

 

 

 

 

Compound R1 R 

1a H H 

1b H CH3 

1c CH3 H 

1d Cl H 
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Table 2. Furo[3,2-c]coumarin derivatives (2a-d, 3a-d and 4a-d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The structures 2of all the synthesized compounds were established on the basis of FT-IR, 1H-NMR, 13C-

NMR, and DEPT-90 spectral data. Mass spectroscopic data provided the molecular weights. Elemental analysis 

of the molecules confirmed their molecular formula. 

The IR spectra of 2a-d, 3a-d and 4a-d exhibited characteristic bands between 1724-1751 cm-1 for carbonyl 

stretching vibrations of the δ-lactone carbonyl (C=O) stretching, bands between 1615-1650 cm-1 for aromatic 

C=C stretching and bands between 2922-3160 cm-1 for C-H stretching vibrations respectively. 

The NMR spectrum of compounds 2a-d showed various spin multiplicities between 7.38-8.13 δppm for 

aromatic protons, a characteristic singlet observed between 8.50-8.64 δppm. The C9-H appeared as singlet for 

compound 2c & 2d due to the absence of neighbouring proton and doublet observed for compound 2a & 2b 

due to the presence of one neighbouring proton. C9-H appeared more downfield region between 8.25-8.45 

δppm due to the peri effect of the oxygen atom of fused furan ring. The NMR spectrum of compounds 3a-d 

showed various spin multiplicities between 7.30-8.16 δppm for aromatic protons, a characteristic singlet 

observed between 8.28-8.52 δppm. The NMR spectrum of compounds 4a-d showed various spin multiplicities 

between 7.22-7.77 δppm for aromatic protons, a characteristic singlet observed between 8.23-8.83 δppm. The 

C2’-H appeared as singlet between 7.90-8.07 δppm. The C9-H appeared as singlet for compound 4c & 4d due to 

the absence of neighbour proton and doublet observed for compound 4a & 4b due to the presence of one 

neighbour proton. C9-H appeared more downfield region between 7.79-7.93 δppm due to the peri effect of 

the oxygen atom of fused furan ring. The C2’-H appeared as singlet between 7.90-8.07 δppm. 

The 13C-NMR spectra of compounds 2a-d, 3a-d and 4a-d showed signals for carbonyl carbon in a δ-lactone 

ring around 160.0 δppm. The aromatic carbons appeared between δppm 105.0 and 155. Mass spectra of 

compound 2a gave molecular ion peak at 312.0 [M+H]+ corresponding to molecular formula C21H12O3. All 

other compounds gave satisfactory spectral data which are given in the experimental section. 

 

 

 

Compound  R R1 At 140 oC At 160 oC 

Reaction 

Time(min) 

% 

Yield 

Reaction 

Time(min) 

% Yield 

2a H H 240 71 190 70 

2b CH3 H 210 75 170 74 

2c H CH3 200 74 170 72 

2d H Cl 250 65 200 65 

3a H H 240 64 180 62 

3b CH3 H 220 68 180 65 

3c H CH3 150 66 130 64 

3d H Cl 240 56 190 55 

4a H H 180 65 130 65 

4b CH3 H 160 70 120 68 

4c H CH3 120 68 90 66 

4d H Cl 200 61 150 61 
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Conclusions 
 

This investigation represents a straightforward and efficient metal-free route that has been developed for the 

synthesis of 3-aryl-furo[3,2-c]coumarins analogues. We perceive the presence of various substitution over 

coumarins affects reaction feasibility, the substitution of electron-donating group enhances the feasibility of 

overall reaction and yield, whereas the presence of electron-withdrawing group on coumarins limits the 

feasibility of reaction for the synthesis of 3-aryl-furo[3,2-c]coumarins analogues. In addition, the impact of 

elevated temperature favours the completion of the reaction in less time. Furo[3,2-c]coumarins skeleton with 

associated pharmacophores increases the structural diversity of final products. We expect that the resulting 

compounds are endowed with active functions are expected to contribute a broader range of biological 

applications. 

 

 

Experimental Section 
 

General. Reagents and solvents were obtained from commercial sources and used without further 

purification. Melting points were determined by the μThermoCal10 melting point apparatus. Thin-layer 

chromatography (TLC, Aluminium plates coated with silica gel 60 F254, 0.25 mm thickness, Merck) were used 

for monitoring the progress of all reactions, purity, and homogeneity of the synthesized compounds. FT-IR 

spectra were recorded using potassium bromide disc on Nicolet 6700 FT-IR spectrophotometer and only the 

characteristic peaks are reported. 1H-NMR and 13C-NMR spectra were recorded using DMSO-d6 and CDCl3 as a 

solvent on a Bruker Avance spectrometer at the frequency of 400 MHz and 100 MHz respectively using TMS as 

an internal standard. Mass spectra were determined by Shimadzu QP2010 Spectrometer.  

General procedure for the synthesis of furo[3,2-c]coumarin derivatives (2a-d, 3a-d and 4a-d). In a round 

bottom three-neck flask (100 mL), 4-hydroxy coumarin 1a-d (1 mmol) was taken in glacial acetic acid (3 mL). 

To this solution, ammonium acetate (3 mmol) and an appropriate bromo-acetyl derivative            (1 mmol) in 

acetic acid (2 mL) were added with stirring. The reaction mixture was stirred at room temperature for 45 

minutes and then refluxed in an oil bath at 140-160˚C bath temperature for 90-240 minutes. It was then 

poured in water (30 mL) and the crude solid obtained was extracted with chloroform (3 x 15 mL). The 

chloroform extract was washed with 5% NaHCO3, water and dried over anhydrous sodium sulfate. The 

removal of chloroform under vacuum resulted in gummy residue, which was subjected to column 

chromatography using silica-gel and ethyl acetate-pet.ether (60-80) (1:9) as an eluent to have compounds    

2a-d, 3a-d and 4a-d respectively [Scheme 1.].  

 

Table 3. Physical data of the synthesized compounds 2a-d, 3a-d and 4a-d 

Compound Formula  Appearance Mp(˚C) Reference 

2a C21H12O3
47 White solid 202-206 47 

2b C22H14O3 White solid 218-222 - 

2c C22H14O3 White solid 222-226 47 

2d C23H14O3 Off-white solid >240  - 

3a C15H8O4 Off-white solid 202-206  47 
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Table 3. Continued 

Compound Formula  Appearance Mp(˚C) Reference 

3b C16H10O4 Light-blue solid 168-172 - 

3c C16H10O4 White solid 178-182 47 

3d C15H7ClO4 Grey solid 188-192 - 

4a C19H10O4 Off-white solid >240 - 

4b C20H12O4 White solid 212-216 - 

4c C20H12O4 White solid 226-230 - 

4d C19H9ClO4 White solid >240 - 

 

3-(Naphthalen-2-yl)-4H-furo[3,2-c]chromen-4-one (2a). IR spectrum, max, cm-1: 3154 & 3049 (aromatic C-H), 

1738 (C=O, -lactone), 1626 (aromatic C=C) cm-1; 1H NMR (DMSO- d6) , ppm (J, Hz): 7.50 (1H, t, J 8.0 Hz, Ar-

H), 7.56-7.61 (3H, m, Ar-H), 7.69 (1H, ddd, J 15.6, 7.6 and 1.6 Hz, Ar-H), 7.92 (1H, dd, J 10.4 and 2.0 Hz, Ar-H), 

7.96 (2H, q, J 4.8 Hz, Ar-H), 8.00-8.06 (2H, m, Ar-H), 8.45 (1H, d, J 0.8 Hz, Ar-H), 8.64 (1H, s, Ar-H); 13C NMR 

(DMSO- d6) , ppm: 108.41(C), 112.56(C), 117.26(CH), 121.43(CH), 125.36(CH), 125.79(C), 126.90(CH), 

126.95(CH), 127.05(C), 127.83(CH), 128.02(CH), 128.21(CH), 128.51(CH), 131.87(CH), 132.89(C), 133.20(C), 

144.00(CH), 152.45(C), 157.61(C), 158.70(C). Anal. Calcd. for C21H12O3 : C,80.76; H, 3.87%. Found: C, 80.70; H, 

3.83%. MS m/z: 312.0 (M+). 

6-Methyl-3-(naphthalen-2-yl)-4H-furo[3,2-c]chromen-4-one (2b). IR spectrum, max, cm-1: 3113 & 3050 

(aromatic C-H), 1734 (C=O,   -lactone), 1625 (aromatic C=C) cm-1; 1H NMR (DMSO- d6) , ppm (J, Hz): 2.46 

(3H, s, CH3), 7.38 (1H, t, J 7.6 Hz, Ar-H), 7..54-7.59 (3H, m, Ar-H), 7.86 (1H, dd, J 7.6 and 0.9 Hz, Ar-H), 7.90 (1H, 

d, J 1.76 Hz, Ar-H), 7.93-7.97 (2H, m, Ar-H), 8.01 (1H, d, J 8.6 Hz, Ar-H), 8.44 (1H, s, Ar-H) 8.60 (1H, s, Ar-H); 13C 

NMR (DMSO-d6) , ppm: 15.51(CH3), 107.66(C), 111.79(C), 118.58(CH), 121.44(C), 124.42(CH), 125.23(C), 

125.75(C), 126.42(CH), 126.48(CH), 126.61(C), 127.34(CH), 127.54(CH), 127.73(CH), 128.01(CH), 132.40(CH), 

132.73(C), 143.48(CH), 150.32(C), 157.02(C), 158.59(C). Anal. Calcd. for C22H14O3 : C, 80.97; H, 4.32. Found: C, 

80.92; H, 4.41%.  MS m/z: 326.0 (M+). 

8-Methyl-3-(naphthalen-2-yl)-4H-furo[3,2-c]chromen-4-one (2c). IR spectrum, max, cm-1: 3156 & 3049 

(aromatic C-H), 1735 (C=O, -lactone), 1630 (aromatic C=C) cm-1; 1H NMR (DMSO- d6) , ppm (J, Hz): 2.45 (3H, 

s, CH3), 7.47 (2H, s, Ar-H), 7.55-7.57 (2H, m, Ar-H), 7.80 (1H, s, Ar-H), 7.89 (1H, dd, J 8.4 and 1.6 Hz, Ar-H), 

7.93-7.99 (2H, m, Ar-H), 8.01 (1H, s, Ar-H), 8.43 (1H, s, Ar-H), 8.60 (1H, s, Ar-H); 13C NMR (DMSO-d6) , ppm: 

20.81(CH3), 108.00(C), 112.12(C), 117.03(CH), 120.95(CH), 125.93(C), 126.81(CH), 126.86(CH), 126.95(CH), 

127.15(C), 127.88(CH), 127.98(CH), 128.15(CH), 128.48(CH), 132.74(CH), 133.018(C), 133.33(C), 134.85(C), 

143.80(CH), 150.82(C), 157.66(C), 158.79(C). Anal. Calcd. for C22H14O3 : C, 80.97; H, 4.32 %. Found: C, 80.92; H, 

4.41%. MS m/z: 326.0 (M+). 

8-Chloro-3-(naphthalen-2-yl)-4H-furo[3,2-c]chromen-4-one (2d). IR spectrum, max, cm-1: 3135 & 3054 

(aromatic C-H), 1724 (C=O, -lactone), 1623 (aromatic C=C) cm-1; 1H NMR (DMSO- d6) , ppm (J, Hz): 7.61 (2H, 

d, J 4.0 Hz, Ar-H), 7.67 (1H, d, J 8.8 Hz, Ar-H), 7.75 (1H, d, J 8.8 Hz, Ar-H), 7.94 (1H, d, J 8.4 Hz, Ar-H), 7.99-8.06 

(3H, m, Ar-H), 8.11 (1H, s, Ar-H), 8.46 (1H, s, Ar-H), 8.71 (1H, s, Ar-H); 13C NMR (CDCl3) , ppm: 109.35(C), 

113.85(C), 118.67(CH), 120.58(CH), 126.13(C), 126.28(CH), 126.43(CH), 126.51(CH), 127.01(C), 127.69(CH), 

127.96(CH), 128.24(CH), 128.36(CH), 130.10(C), 131.00(CH), 133.14(C), 133.31(C), 142.05(CH), 150.96(C), 
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157.44(C), 157.65(C). Anal. Calcd. for C23H14O3 : C, 72.74; H, 3.20%. Found: C, 72.81; H, 3.22. MS m/z: 346.0 

(M+). 

3-(Furan-2-yl)-4H-furo[3,2-c]chromen-4-one (3a). IR spectrum, max, cm-1: 3143 & 2922 (aromatic C-H), 1744 

(C=O, -lactone), 1628 (aromatic C=C) cm-1; 1H NMR (DMSO- d6) , ppm (J, Hz): 6.63 (1H, dd, J 3.2 and 1.6 Hz, 

Ar-H), 7.37 (1H, d, J 3.6 Hz, Ar-H), 7.46 (1H, t, J 8.0 Hz, Ar-H), 7.56 (1H, d, J 7.6 Hz, Ar-H), 7.66 (1H, td J 8.4 and 

1.6 Hz, Ar-H), 7.78 (1H, d, J 1.2 Hz, Ar-H), 7.97 (1H, dd, J 7.8 and 1.6 Hz, Ar-H), 8.52 (1H, s, Ar-H); 13C NMR 

(DMSO-d6) , ppm: 106.70(C), 111.40(CH), 112.22(CH), 112.37(C), 116.47(C), 117.32(CH), 121.49(CH), 

125.41(CH), 132.01 (CH), 142.04(CH), 143.54(CH), 144.54(C), 152.56(C), 157.36(C), 158.51(C). Anal. Calcd. for 

C15H8O4 : C, 71.43; H, 3.20%. Found: C, 71.40; H, 3.27%. MS m/z: 252.0 (M+). 

3-(Furan-2-yl)-6-methyl-4H-furo[3,2-c]chromen-4-one (3b). IR spectrum, max, cm-1: 3150 & 2921 (aromatic C-

H), 1749 (C=O, -lactone), 1624 (C=C, aromatic) cm-1; 1H NMR (DMSO-d6) , ppm (J, Hz): 2.44 (3H, s, CH3), 6.65 

(1H, q, J=1.6 Hz, Ar-H), 7.38 (2H, m, Ar-H), 7.54 (1H, d, J 7.6 Hz, Ar-H), 7.80 (2H, distorted doublet, J 6.8 Hz, 

Ar-H), 8.52 (1H, s, Ar-H); 13C NMR (CDCl3 & DMSO-d6) , ppm: 15.49(CH3), 105.98(C), 110.87(CH), 111.62(CH), 

116.02(C), 118.55(CH), 124.33(CH), 125.83(C), 132.45(CH), 141.25(CH), 142.75(CH), 143.13(C), 144.12(C), 

150.45(C), 156.73(C), 158.39(C). Anal. Calcd. for C16H10O4 : C, 72.18; H, 3.79%. Found: C, 72.22; H, 3.80%. MS 

m/z: 266.0 (M+). 

3-(Furan-2-yl)-8-methyl-4H-furo[3,2-c]chromen-4-one (3c). IR spectrum, max, cm-1: 3155 & 2922 (aromatic C-

H), 1737 (C=O, -lactone), 1629 (C=C, aromatic) cm-1 . 1H NMR (DMSO-d6) , ppm (J, Hz): 2.42 (3H, s, CH3), 

6.64 (1H, q, J 1.6 Hz, Ar-H), 7.38 (1H, d, J 3.2 Hz,  Ar-H), 7.44 (2H, distorted triplet, J 8.8 Hz, Ar-H), 7.75 (1H, s, 

Ar-H), 7.79 (1H, s, Ar-H), 8.51 (1H, s, Ar-H). 13C NMR (CDCl3 & DMSO-d6) , ppm:  20.40(CH3), 106.09(C), 

110.86(CH), 111.47(CH), 111.57(C), 116.16(C), 116.43(CH), 120.38(CH), 132.15(CH), 134.20(C), 140.89(CH), 

142.46(CH), 144.10(C), 150.28(C), 156.87(C), 157.97(C). Anal. Calcd. for C16H10O4: C, 72.18; H, 3.79. Found: C, 

72.21; H, 3.81%. MS m/z: 266 (M+). 

3-(Furan-2-yl)-8-chloro-4H-furo[3,2-c]chromen-4-one (3d). IR spectrum, max, cm-1: 3141 & 2921 (aromatic C-

H), 1741 (C=O, -lactone), 1647 (C=C, aromatic) cm-1 .1H NMR (DMSO-d6) , ppm (J, Hz): (ppm) 6.65 (1H, q, J 

1.6 Hz, Ar-H), 7.37 (1H, d, J 3.2 Hz,  Ar-H), 7.61 (1H, d, J 8.8 Hz, Ar-H), 7.70 (1H, dd, J 9.2 and 2.4 Hz, Ar-H), 7.80 

(1H, d, J 1.2Hz, Ar-H), 8.02 (1H, d, J 2.4 Hz, Ar-H), 8.59 (1H, S, Ar-H). 13C NMR (CDCl3 & DMSO-d6) , ppm: 

106.98(C), 111.03(CH), 111.51(CH), 113.20(C), 116.32(C), 118.67(CH), 120.14(CH), 129.19(C), 130.97(CH), 

141.61(CH), 142.62(CH), 143.78(C), 150.55(C), 156.30(C), 156.70(C). Anal. Calcd. for C15H7ClO4: C, 62.85; H, 

2.46%. Found: C, 62.88; H, 2.47%. MS m/z: 286.0 (M+). 

3-(Benzofuran-2-yl)-4H-furo[3,2-c]chromen-4-one (4a). IR spectrum, max, cm-1: 3162 & 3060 (aromatic C-H), 

1739 (C=O, -lactone), 1624 (aromatic C=C) cm-1 . 1H NMR (CDCl3) , ppm (J, Hz): 7.27-7.29 (2H, m, Ar-H), 7.35 

(1H, td, J 8.0 and 1.6 Hz, Ar-H), 7.45 (1H, d, J 8.8 Hz, Ar-H), 7.49-7.55 (2H, m, Ar-H), 7.67 (1H, d, J 7.6 Hz, Ar-H), 

7.93 (1H, d, J 2.4 Hz, Ar-H), 8.01 (1H, s, Ar-H), 8.23 (1H, s, Ar-H). 13C NMR (DMSO-d6) , ppm: 107.59(CH), 

111.25(CH), 112.42(C), 116.35(C), 117.39(CH), 121.59(CH), 122.03(CH), 123.71(CH), 125.50(CH), 125.70(CH), 

128.88(C), 132.22(CH), 134.54(C), 143.85(CH), 146.89(C), 152.80(C), 154.51(C), 157.36(C), 159.06(C). Anal. 

Calcd. for C19H10O4 : C, 75.49; H, 3.33%. Found: C, 75.55; H,3.90%. MS m/z: 302.0 (M+). 

3-(Benzofuran-2-yl)-6-methyl-4H-furo[3,2-c]chromen-4-one (4b). IR spectrum, max, cm-1: 3154 & 3060 

(aromatic C-H), 1737 (C=O, -lactone), 1620 (C=C, aromatic) cm-1. 1H NMR (CDCl3) , ppm (J, Hz): 2.56 (3H, s, 

CH3), 7.24 - 7.34 (3H, m, Ar-H), 7.42 (1H, d, J 7.2 Hz, Ar-H), 7.49 (1H, d, J 7.6 Hz, Ar-H), 7.67 (1H, d, J 7.6 Hz, Ar-

H), 7.78 (1H, d, J 7.6 Hz, Ar-H),  8.01 (1H, s, Ar-H), 8.17 (1H, s, Ar-H). 13C NMR (DMSO- d6) , ppm: 15.53(CH3), 

106.96(CH), 110.78(CH), 115.77(C), 116.93(C), 118.76(CH), 121.64(CH), 123.29(CH), 124.59(CH), 125.28(CH), 

125.92(C), 127.39(C), 128.28(C), 132.80(CH), 143.39(CH), 146.49(C), 150.43(C), 153.82(C), 156.71(C), 

158.92(C). Anal. Calcd. for C20H12O4 : C, 75.94; H, 3.82%. Found: C, 75.89; H, 3.80%. MS m/z: 316.0 (M+). 
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3-(Benzofuran-2-yl)-8-methyl-4H-furo[3,2-c]chromen-4-one (4c). IR spectrum, max, cm-1: 3154 & 2922 

(aromatic C-H), 1735 (C=O, -lactone), 1629 (aromatic C=C) cm-1. 1H NMR (DMSO- d6) , ppm (J, Hz): 2.44 (3H, 

s, CH3), 7.29 (1H, t, J 8.0 Hz, Ar-H), 7.37 (1H, td, J 7.8 and 1.6 Hz, Ar-H), 7.50 (2H, d, J 0.8 Hz, Ar-H), 7.61 (1H, dd, 

J 8.0 and 0.8 Hz, Ar-H), 7.76 (1H, d, J 7.2 Hz, Ar-H), 7.81 (1H, s, Ar-H), 7.90 (1H, s, Ar’-H), 8.77 (1H, s, Ar-H). 13C 

NMR (DMSO-d6) , ppm: 20.77(CH3), 107.56(CH), 111.23(CH), 112.08(C), 116.34(C), 117.15(CH), 121.08(CH), 

122.00(CH), 123.69(CH), 125.66(CH), 128.88(C), 133.11(CH), 135.07(C), 143.72(C), 146.92(C), 151.02(C),  

154.51(C), 157.52(C), 159.05(C). Anal. Calcd. for C20H12O4 : C, 75.94; H, 3.82. Found: C, 75.88; H, 3.81%. MS 

m/z: 316.0 (M+). 

3-(Benzofuran-2-yl)-8-chloro-4H-furo[3,2-c]chromen-4-one (4d). IR spectrum, max, cm-1: 3121 & 3047 

(aromatic C-H), 1735 (C=O, -lactone), 1619 (aromatic C=C) cm-1. 1H NMR (DMSO- d6) , ppm (J, Hz): 7.29 (1H, 

t, J 7.6 Hz, Ar-H), 7.37 (1H, td, J 8.0 and 1.2 Hz, Ar-H), 7.63 (2H, dd, J 11.6 and 8.4, Ar-H), 7.71-7.77 (2H, m, Ar-

H), 7.89 (1H, s, Ar-H), 8.07 (1H, d, J 2.4, Ar-H), 8.83 (1H, s, Ar-H). 13C NMR (DMSO-d6) , ppm: 107.71(CH), 

107.92(C), 111.34(CH), 113.83(C), 116.37(C), 119.54(CH), 120.99(CH), 122.22(CH), 123.86(CH), 125.90(CH), 

128.78(C), 129.59(C), 131.91(CH), 144.49(CH), 146.71(C), 151.31(C), 154.39(C), 155.20(C), 157.19(C). Anal. 

Calcd. for C19H9ClO4 : C, 67.77; H, 2.69%. Found: C, 67.74; H, 2.66%. MS m/z: 336.0 (M+). 

 

 

Supplementary Material 
 

Supplementary material related to this article, including characterization data like Infrared spectra, Nuclear 

Magnetic Resonance (1H, 13C NMR and DEPT-90) and Mass spectra figures for synthesized compounds 2a-d, 

3a-d and 4a-d reported in this article is available in the online version of the text.  
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