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General Experimental Detail.NMR spectra were recorded on a BrukerAvance® 400 and Jeol Resonance ECX-400II. Chemical shifts are reported in parts per 

million and are referenced to TMS. Spectra were processed using Bruker Topspin® 3.0.b.8 and MestReNova6 software. Mass spectrometry (HRMS) was 

performed using a BrukerdaltronicsmicroTOF-QII® spectrometer using ESI ionization, with less than 5 ppm error for all HRMS analyses. Analytical Thin 

layer chromatography (TLC) was performed on a silica gel plate (Merck® 60F254). IR spectra were done on Perkin Elmer FT-IR spectrometer (Spectrun Two). 

Melting points were performed with Ambassador®and Digital Melting point apparatus (Nutronics), Popular India. All solvent were distilled prior to use and 

all chemicals were purchased from sigma-Aldrich® and used without further purification. 

Microwave Irradiation Experiment.All microwave experiments were carried out in a dedicated Anton PaarMonowave 300 reactor®, operating at a frequency 

of 2.455 GHz with continuous irradiation power of 0 to 300 W. The reactions were performed in a G10 Borosilicate glass vial sealed with Teflon septum and 

placed in a microwave cavity. Initially, microwave of required power was used and temperature was being ramped from room temperature to a desired 

temperature. Once this temperature was attained, the process vial was held at this temperature for required time. The reactions were continuously stirred. 

Temperature was measured by an IR sensor. After the experiments a cooling jet cooled the reaction vessel to ambient temperature.

General procedure for the microwave-assisted three component reaction.1-Hydroxy-3H-benzo[f]chromen-3-one 1a, or 4-Hydroxyquinolin-2(1H)-ones 1b 

(1.0 mmol), aryl-aldehydes 2a-f (1.0 mmol) and isonitriles 3a-f (1.2 mmol) was mixed well in a G10 process vial capped with Teflon septum. After a pre-

stirring of 1 or 2 minutes, the vial was subjected to microwave irradiation with the initial ramp time of 1 minute at 70 °C. The temperature was then raised to 

120 °C with the holding time of 5 minutes. After completion of the reaction, the ethanol:water (1:4) or water:isopropanol (4:1) was added into it and the 
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precipitated solids were filtered. All the products were characterized through their 1H, 13CNMR, Mass, IR and HRMS. 13C NMR for compound 4p, 5d, 5f, 5g, 

5k&5l could not be recorded even at higher scans due to their lower solubility in the deuterated solvents. 

Preparation of 1-hydroxy-3(H)-benzo[f]chromen-3-one1: A mixture of 2-naphthol (2 mmol), Meldrum’s acid (2 mmol) was stirred at 85 °C for 9 h. After 

cooling to room temperature, the reaction mixture was extracted with ethyl acetate. After acidification with conc. HCl and extraction with methylene 

dichloride (DCM) yielded the product.  This crude intermediate (1 mmol) and Eaton’s reagent (1.5 mL) was stirred at 60°C for 5 h and then water was added 

while stirring vigorously. The precipitate was filtered by suction and dried. The spectral data was matched with the literature data.1

Preparation of 4-hydroxyquinolin-2(1H)-ones1: Using the above method this starting material has also been prepared. The spectral data was matched with the 

literature data.1

1S. -J. Park, J. -C. Lee, K. -I.  Lee, Bull. Korean Chem. Soc. 2007, 28, 1203.

2-(tert-Butylamino)-3-(4'-nitrophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4a). Reddish orange solid (95%), Mp decomp. 275-276 °C, IR (KBr, cm-1): 

νmax = 3381, 2977, 2345, 1704, 1603, 1508, 1202. 1H NMR (400 MHz, DMSO-d6): δH = 1.38 (s, 9H), 6.36 (s, 1H), 7.56 -7.65 (m, 2H), 7.69-7.79 (m, 1H), 

7.83 (dt, 2H, J = 8.8 & 2.5 Hz), 8.05 (d, 2H, J = 9.2 Hz), 8.23 (dt, 2H, J = 8.9 & 2.4 Hz), 8.89 ( d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 

30.0, 53.4, 99.6, 106.1, 109.9, 117.1, 123.0, 124.1, 125.8, 126.2, 128.4, 129.1, 130.1, 130.6, 130.7, 138.1, 145.4, 150.5, 151.5, 155.9, 156.7. HRMS (ESI) m/z 

calcd. for C25H20N2O5 [M]+:  428.1366, found: 428.1361.

2-(Cyclohexylamino)-3-(4'-chlorophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4b). Pale yellow solid (75%), Mp 190-192°C, IR (KBr, cm-1): νmax = 

3299, 2930, 2865, 1707, 1606, 1561, 1505. 1H NMR (400 MHz, DMSO-d6): δH =1.12- 1.22 (m, 1H), 1.26-1.46 (m, 4H), 1.58-1.67 (m, 1H), 1.72-1.81 (m, 
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2H), 1.92-2.04 (m, 2H), 3.41- 3.53 (m, 1H), 6.78 (d, 1H, J = 7.6 Hz), 7.40-7.49 (m, 2H), 7.50-7.61 ( m, 4H), 7.64-7.70 ( m, 1H), 7.92  (d, 1H, J = 9.0 Hz), 

7.98 (d, 1H, J = 7.9 Hz), 8.70 (d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 24.8, 25.2, 33.1, 53.0, 92.3, 106.2, 111.0, 116.7, 124.3, 125.6, 125.8, 

127.7, 127.9, 128.7, 129.2, 129.4, 130.0, 130.5, 131.4, 149.3, 149.4, 155.2, 156.7. HRMS (ESI) m/z calcd. for C27H22ClNO3 [M-H]+:  442.1204, found: 

442.1201.

3-(4'-Chlorophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4c). Yellow solid (87%), Mp 170-172 °C, IR 

(KBr, cm-1): νmax =  1709, 1613, 1562, 1494, 1439, 1209. 1H NMR (400 MHz, DMSO-d6): δH = 1.03(s, 9H), 1.39 (s, 6H), 1.85 (s, 2H), 5.87 (s, 1H), 7.48 (d, 

2H, J = 8.5 Hz), 7.57 -7.68 (m, 4H), 7.74 ( t, 1H, J = 7.6 Hz), 8.08 (t, 2H, J = 9.3 Hz), 8.99 (d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 30.0, 

31.3, 31.4, 53.7, 56.7, 100.9, 106.3, 110.2, 117.1, 124.1, 125.8, 126.1, 127.8, 128.0, 129.1, 129.4, 130.1, 130.2, 131.2, 131.7, 150.3, 151.0, 154.9, 156.7. 

HRMS (ESI) m/z calcd. for C29H28ClNO3 [M-H]+:  472.1673, found: 472.1670.

3-(4'-Chlorophenyl)-2-((2-morpholinoethyl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4d). Yellow solid (80%), Mp 198-200 °C, IR (KBr, cm-1): 

νmax = 3392, 2961, 2839, 1725, 1612, 1563, 1508. 1H NMR (400 MHz, CDCl3): δH =  2.49 (t, 4H, J = 4.2 Hz), 2.67 (t, 2H, J = 6.0 Hz), 3.57 (q, 2H, J = 5.6 

Hz), 3.66 (t, 4H, J = 4.3 Hz), 5.38 (t, 1H, J = 5.2 Hz), 7.41 (d, 2H, J = 8.5 Hz),  7.47-7.57 (m, 4H), 7.67 (t, 1H, J = 7.5 Hz), 7.80 (d, 1H, J = 9.0 Hz), 7.88 (d, 

1H, J = 8.8 Hz), 8.85 (d, 1H, J = 8.5 Hz) . 13C NMR (100 MHz, CDCl3): δC = 40.9, 53.3, 57.0, 67.1, 95.6, 107.2, 111.3, 117.3, 125.1, 126.0, 126.6, 128.0, 

128.8, 128.9, 129.1, 129.9, 130.5, 130.6, 150.6, 151.5, 155.6, 157.9. HRMS (ESI) m/z calcd. for C27H23ClN2O4 [M-H]+:  473.1262, found: 473.1259.

2-(tert-Butylamino)-3-(4'-bromophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4e). Yellow solid (82%), Mpdecomp. 280-281°C, IR (KBr, cm-1): max =  

3378, 2978, 1724, 1617, 1562, 1499, 1212. 1H NMR (400 MHz, DMSO-d6): δH =1.36 (s, 9H), 5.87 (s, 1H), 7.57 (dt, 2H, J = 8.6 & 1.9 Hz), 7.60 -7.68 (m, 

4H), 7.76-7.82 (m, 1H), 8.05-8.12 (m, 2H), 8.95 (d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 30.0, 53.4, 102.8, 106.2, 109.9, 117.1, 119.9, 
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124.1, 125.9, 126.1, 128.3, 129.0, 129.7, 130.1, 130.5, 130.7, 132.0, 150.6, 151.6, 154.8, 156.7. HRMS (ESI) m/z calcd. for C25H20BrNO3 [M]+: 461.0621, 

found: 461.0619.

2-(Cyclohexylamino)-3-(4'-bromophenyl)-4H-benzo[f]furo [3,2-c]chromen-4-one (4f). Brown solid (70%), Mp 175-177 °C; IR (KBr, cm-1): max =  3378, 

2980, 1723, 1563, 1496, 1212. 1H NMR (400 MHz, DMSO-d6): δH = 1.09-1.24 (m, 1H), 1.27-1.48 (m, 4H), 1.57-1.68 (m, 1H), 1.71-1.84 (m, 1H), 1.90-2.07 

(m, 1H), 3.44-3.56 (m, 1H), 6.81 (d, 1H, J =7.6 Hz), 7.48 (dt, 2H, J = 8.5 & 2.4 Hz), 7.53-7.62 (m, 4H), 7.70 ( t, 1H, J = 7.7 Hz), 7.95 (d, 1H, J = 9.0 Hz), 

8.00 (d, 1H, J = 8.0 Hz), 8.75 (d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 24.8, 25.2, 33.1, 53.0, 92.3,106.2,110.9, 116.8, 119.1, 124.3, 125.6, 

125.9, 128.0, 128.8, 129.3, 129.8, 130.0, 130.7, 131.8, 149.4, 149.5, 155.2, 156.7. HRMS (ESI) m/z calcd. for C27H22BrNO3 [M-H]+: 486.0699, found: 

486.0691.

3-(4'-Bromophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl) amino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4g). Light yellow solid (85%); Mp 168-170 °C; 

IR (KBr, cm-1): max =  3379, 2963, 2900, 1728, 1612, 1558, 1496, 1216. 1H NMR (400 MHz, DMSO-d6): δH= 1.04 (s, 9H), 1.40 (s, 6H), 1.86 (s, 2H), 5.90 (s, 

1H), 7.54 (dt, 2H, J = 8.4 & 2.4 Hz), 7.62 (dt, 2H, J = 9.0 & 2.3 Hz), 7.73-7.79 (m, 2H), 7.73-7.79 (m, 1 H), 8.10 (t, 2H, J = 9.2 Hz), 9.01 (d, 1H, J = 8.4 Hz). 

13C NMR (100 MHz, DMSO-d6): δC= 30.1, 31.3, 31.5, 53.7, 56.7, 100.7, 106.3, 110.2, 117.1, 119.7, 124.1, 125.8, 126.1, 128.0, 129.1, 129.8, 130.1, 130.2, 

130.7, 132.0, 150.3, 151.0, 154.9, 156.7. HRMS (ESI) m/z calcd. for C29H28BrNO3 [M-H]+: 516.1168, found: 516.1167.

3-(4'-Bromophenyl)-2-((2-morpholinoethyl)amino)-4H-benzo [f]furo[3,2-c]chromen-4-one (4h). Yellow orange solid (81%), Mp 210-211°C, IR (KBr,  

cm-1): max =  3379, 2965, 2841, 1731, 1611, 1567, 1502, 1429. 1H NMR (400 MHz, CDCl3): δH = 2.35-2.55 ( br m, 4H), 2.67 (t, 2H, J = 5.8 Hz), 3.45 (q, 2H, 

J = 5.5Hz), 3.62- 3.78 (br m, 4H), 5.38 (t, 1H, J = 2.2 Hz), 7.41-7.66 (m, 6H), 7.68 (t, 1H, J = 7.1 Hz), 7.82 (d, 1H, J = 8.9 Hz), 7.89 (d, 1H, J = 8.0 Hz), 8.87 
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(d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 31.2, 53.9, 58.6, 66.7, 92.5, 106.9, 111.6, 117.5, 119.6, 125.2, 126.2, 126.7, 128.7, 129.4, 130.0, 

130.2, 130.7, 131.4, 132.2, 150.0, 150.1, 156.7, 157.4. HRMS (ESI) m/z calcd. for C27H23BrN2O2 [M]+: 518.0835, found: 518.0834 .

2-(tert-Butylamino)-3-(2'-chloro-5'-nitrophenyl)-4Hbenzo[f] furo[3,2-c]chromen-4-one (4i). Orange solid (85%), Mpdecomp. 280-281°C, IR (KBr,  cm-

1):max = 3361, 3097, 2973, 1734, 1621, 1521, 1344. 1H NMR (400 MHz, DMSO-d6): δH= 1.43 (s, 9H), 6.30 (s, 1H), 7.63-7.70  (m, 2H), 7.78-7.84 (m, 1H), 

7.87 (d, 1H, J = 8.8 Hz), 8.10 (t, 2H, J = 9.1 Hz), 8.26 (dd, 1H, J = 8.8 & 2.8 Hz), 8.31 ( d, 1H, J =2.8 Hz), 8.94 ( d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, 

DMSO-d6): δC = 30.1, 53.3, 95.6, 106.4, 111.5, 117.1, 123.8, 124.1, 125.8, 126.2, 127.9, 128.3, 129.1, 130.1, 130.2, 130.5, 131.3, 141.9, 145.9, 150.2, 150.5, 

155.8, 156.5. HRMS (ESI) m/z calcd. for C25H19ClN2O5 [M]+: 462.0977, found: 462.0972.

2-(Cyclohexylamino)-3-(2'-chloro-5’-nitrophenyl)-4H-benzo [f]furo[3,2-c]chromen-4-one (4j). Brown solid (84%), Mp 215-220°C, IR (KBr, cm-1): max = 

3403, 2932, 2852, 1723, 1628, 1527, 1345. 1H NMR (400 MHz, DMSO-d6): δH = 1.08-1.43 (m, 5H), 1.59 (br s, 1H), 1.75 (br s, 2H), 1.97 (br s, 2H), 3.40-

3.53 (m, 1H), 7.14 (s, 1H), 7.64 (br s, 2H),7.73-7.93 (m, 2H), 7.95-8.15 (m, 2H), 8.16-8.43 (m, 2H), 8.86 (br s, 1H). 13C NMR (100 MHz, DMSO-d6): δC = 

24.6, 25.1, 33.1, 33.2, 52.8, 87.4, 99.4, 106.4, 116.9, 123.5, 124.4, 125.6, 126.1, 128.0, 128.1, 128.9, 129.4, 130.1, 130.4, 131.4, 141.9, 145.7, 149.5, 155.6, 

156.6. HRMS (ESI) m/z calcd. for C27H21ClN2O5 [M-H]+: 488.1133, found: 488.1129.

3-(2'-Chloro-5'-nitrophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4k). Light yellow solid (91%), Mp 194-

196 °C, IR (KBr, cm-1): max = 3357, 2964, 2901, 1728, 1615, 1532, 1344, 1214. 1H NMR (400 MHz, DMSO-d6): δH = 0.98 (s, 9H), 1.44 (d, 6H, J = 11.0 Hz), 

1.86 (q, 2H, J = 7.5 Hz), 6.25 (s, 1H), 7.59-7.68 (m, 2H), 7.72 -7.79 (m, 1H), 7.87 (d, 1H, J = 8.8 Hz), 8.04 (d, 1H, J = 9.0 Hz), 8.08 (d, 1H, J = 7.9 Hz), 8.26 

(td, 2H, J = 9.0 & 2.8 Hz), 8.94 (d, 1H, J = 8.5 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 30.1, 30.3, 31.2, 31.4, 53.2, 56.6, 94.4, 106.4, 111.7, 117.1, 123.7, 



S7

124.0, 125.6, 126.1, 127.9, 128.0, 129.0, 129.9, 130.1, 130.5, 131.5, 142.0, 145.9, 150.1, 155.7, 156.5. HRMS (ESI) m/z calcd. for C29H27ClN2O3 [M-H]+: 

518.1603, found: 518.1609.

2-(tert-Butylamino)-3-(4'-chlorophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4l).Yellow solid (89%), Mp 210-211°C,  IR (KBr, cm-1): max =  3397, 

2942, 2862, 1660, 1597, 1508, 1338. 1H NMR (400 MHz, DMSO-d6): δH = 1.36 (s, 9H), 5.85 (s, 1H), 7.50 (dt, 2H, J = 8.4 & 2.9 Hz), 7.60 -7.69 (m, 4H), 

7.75- 7.83 (m, 1H), 8.09 (d, 2H, J = 9.2 Hz), 8.95 (d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 30.0, 53.4, 103.0, 106.2, 110.0, 117.1, 124.1, 

126.0, 126.1, 127.8, 128.3, 129.0, 129.3, 130.1, 130.5, 131.3, 131.7, 150.6, 151.6, 154.89, 156.7. HRMS (ESI) m/z calcd. for C25H20ClNO3 [M]+:417.1126, 

found: 417.1123.

2-(Cyclohexylamino)-3-(4'-nitrophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4m). Brown solid (85%), Mpdecomp. 265-266°C,  IR (KBr, cm-1): max = 

2980, 1709, 1606, 1562, 1501, 1211. 1H NMR (400 MHz, DMSO-d6): δH = 1.12-1.26 (m, 1H), 1.29-1.51 (m, 4H), 1.61-1.70 (m, 1H), 1.73-1.88 (m, 2H), 1.95-

2.12 (m, 2H), 3.51-3.65 (m, 1H), 7.27 (d, 1H, J = 7.4 Hz), 7.55 (d, 1H, J = 9.0 Hz), 7.59 (t, 1H, J = 7.2 Hz), 7.69 (t, 1H, J = 7.3 Hz), 7.79 (dt, 2H, J = 8.8 & 

2.0 Hz), 7.96 (d, 1H, J = 8.0 Hz), 8.00 (d, 1H, J = 4.0 Hz), 8.24 (d, 2H, J = 8.9 Hz), 8.66 (d, 1H, J = 8.4 Hz). 13C NMR (100 MHz, DMSO-d6): δC = 24.8, 

25.2, 32.9, 53.1, 91.1, 105.9, 110.4, 116.7, 122.9, 124.1, 125.5, 125.9, 128.0, 128.8, 129.6, 130.0, 138.2, 144.5, 149.6, 149.8, 156.1, 156.6. HRMS (ESI) m/z 

calcd. for C27H22N2O5 [M]+: 453.1444, found: 453.1440.

3-(4'-Nitrophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl) amino )-4H-benzo[f]furo[3,2-c]chromen-4-one (4n). Red solid (92%), Mp 192-193°C, IR (KBr,  

cm-1): max = 3397, 2974, 1714, 1616, 1553, 1494. 1H NMR (400 MHz, DMSO-d6): δH = 1.04 (s, 9H), 1.49 (s, 6H), 1.95 (s, 2H), 6.48 (s, 1H), 7.64-7.70 (m, 

2H), 7.74-7.80 (m, 1H), 7.88 (dt, 1 H, J = 8.2 & 1.8 Hz ), 8.11 (t, 2H, J = 8.8 Hz), 8.27 (dt, 2H, J = 8.8 & 2.4 Hz), 9.0 (d, 1H, J = 8.4 Hz). 13C NMR (100 

MHz, DMSO-d6): δC = 30.1, 31.3, 31.5, 53.3, 56.7, 97.8, 106.2, 110.1, 117.1, 123.0, 124.1, 125.7, 126.2, 128.1, 129.2, 130.1, 130.3, 130.6, 138.2, 145.2, 
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150.3, 151.0, 155.9, 156.7. HRMS (ESI) m/z calcd. for C29H28N2O5 [M-H]+: 483.1914, found: 483.1905.

2-((Ethoxymethyl)amino)-3-(4'-nitrophenyl)-4H-benzo[f]furo [3,2-c]chromen-4-one (4o). Brown solid (89%),  Mp 219-220°C,  IR (KBr, cm-1):max =  

3373, 2960, 2855, 2821, 1657, 1603, 1414. 1H NMR(400 MHz, DMSO-d6): δH =  1.17 (t, 3H, J = 7.1 Hz), 4.13 (q, 2H, J = 7.1 Hz), 4.25 (d, 2H, J = 6.2 Hz), 

7.56-7.61(m, 2H), 7.64- 7.69 (m, 1H), 7.79 ( dt, 2H, J = 9.0 & 2.5 Hz), 7.92-8.03 (m, 3H), 8.24 (dt, 2H, J = 9.0 & 2.5 Hz), 8.61 (d, 1H, J = 8.6 Hz).13C 

NMR(100 MHz, DMSO-d6): δC= 14.7, 45.1, 61.5, 92.1, 106.5, 111.1, 117.4, 123.7, 124.9, 126.1, 126.7, 128.7, 129.5, 130.5, 130.6, 138.3, 145.4, 150.4, 

150.6, 156.6, 157.2, 171.1. HRMS (ESI) m/z calcd. for C24H18N2O6 [M]+: 430.1165, found: 430.1161.

2-(tert-Butylamino)-3-(3,4-dimethoxyphenyl)-4H-benzo[f]furo [3,2-c]chromen-4-one (4p). Yellow solid (70%), IR (KBr, cm-1): max = 3290, 2363, 1713, 

1649, 1619, 1585, 1218, 1091, 813. 1H NMR(400 MHz, CDCl3): δH = 1.45 (s, 9H), 3.92 (s, 3H), 3.93 ( s, 3H), 4.21 (br s, 1H), 6.96 (d, 1H, J = 8.3 Hz ), 7.08 

(dd, 1H,  J = 8.2 & 2.0 Hz), 7.14 (d, 1H, J = 2.0 Hz), 7.53-7.60 (m, 2H), 7.67-7.73 (m, 1H), 7.86 (d, 1H, J = 9.0 Hz), 7.92 (d, 1H, J = 7.6 Hz), 9.03 (d, 1H, J = 

8.8 Hz). HRMS (ESI) m/z calcd. for C27H25NO5 [M]+: 443.1733, found: 443.1721.

3-(4'-Chlorophenyl)-2,6-(Dimethylphenylamino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4q). Yellow-greenish solid (89%), Mp 195-196°C, IR (KBr, cm-

1):  max= 3372, 2959, 2854, 1654, 1602, 1412. 1H NMR(400 MHz, DMSO-d6):δH = 2.19 (s, 6H), 4.01 (s, 1H), 7.01-7.06 (m, 3H), 7.27-7.33 (m, 4H), 7.44 (dt, 

2H, J = 8.8 & 2.0 Hz), 7.51-7.54 (m, 1H), 7.58-7.61 (m, 2H), 7.64 (d, 1H, J =11.6 Hz).). 13C NMR (100 MHz, DMSO-d6): δC = 18.7, 126.3, 126.7, 127.8, 

128.6, 128.7, 128.8, 129.0, 130.4, 130.6, 131.1, 131.3, 131.7, 134.4, 136.8, 139.1, 150.6, 150.7, 153.2, 153.5, 157.3, 162.8.HRMS (ESI) m/z calcd.for 

C29H20ClNO3 [M]+: 465.1126, found: 465.1107.
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2-(Cyclohexylamino)-3-(4'-nitrophenyl)-furo[3,2-c]quinolin-4(5H)-one (5a). Dark red solid (85%), Mpdecomp. 200-210°C, IR (KBr, cm-1): max = 3397, 

2942, 2862, 1660, 1597, 1508, 1338. 1H NMR (400 MHz, DMSO-d6): δH = 1.06-1.21 (m, 1H), 1.23-1.48 (m, 4H), 1.49-1.66 (m, 1H), 1.66-1.84 (m, 2H), 1.84-

2.06 (m, 2H), 3.54-3.75 (m, 1H), 6.84 (d, 1H, J = 7.8 Hz), 7.21-7.27 (m, 1H),  7.31-7.51 (m, 2H), 7.79 (d, 1H, J = 7.8 Hz), 7.85 (dt, 2H, J = 7.4 & 2.5 Hz), 

8.19 (dt, 2H, J = 8.9 & 2.5 Hz), 11.67 (s, 1H). 13C NMR (100 MHz, DMSO-d6): δC = 24.8, 25.2, 33.1, 52.6, 93.1, 110.7, 114.8, 115.4, 118.7, 122.1, 122.7, 

127.6, 130.1, 135.1, 139.5, 144.1, 147.8, 155.8, 158.5. HRMS (ESI) m/z calcd. for C23H21N3O4 [M-H]+: 402.1448, found: 402.1442.

3-(4'-Chlorophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl) amino)furo[3,2-c]quinolin-4(5H)-one (5b). Dark red solid (89%),  Mpdecomp. 200-210°C, IR 

(KBr, cm-1):max =  3373, 2865, 2862, 1657, 1609, 1503, 1414. 1H NMR (400 MHz, DMSO-d6): δH = 0.99 (s, 9H), 1.44 (s, 6H), 1.82 (s, 2H), 6.21 (s, 1H),  

7.24-7.35 (m, 1H), 7.38 -7.48 (m, 2H),  7.78 (d, 1H, J = 7.8 Hz), 7.89 (dt, 2H, J = 8.9 & 2.4 Hz), 8.21 (dt, 2H, J = 8.9 & 1.8 Hz), 11.69 (s, 1H). 13C NMR 

(100 MHz, DMSO-d6): δC= 30.3, 31.3, 31.4, 53.0, 56.6, 97.6, 110.7, 114.2, 115.6, 118.7, 122.3, 122.8, 127.9, 130.4, 135.4, 139.5, 144.5, 148.6, 155.7, 158.5. 

HRMS (ESI) m/z calcd. for C25H27N3O4 [M-H]+: 432.1917, found: 432.1911.

2-(Cyclohexylamino)-3-(4’-chlorophenyl)-furo[3,2-c]quinolin-4(5H)-one (5c). Light yellow solid (81%), Mpdecomp. 212-214°C, IR (KBr, cm-1): max = 

3096, 2896, 1711, 1211, 1003. 1H NMR (400 MHz, DMSO-d6): δH = 1.02-1.18 (m, 1H), 1.19-1.42 (m, 4H), 1.53-1.61 (m, 1H), 1.63-1.76 (m, 2H), 1.83-1.99 

(m, 2H), 3.41-3.58 (m, 1H), 3.41-3.53 (m, 1H), 6.26 (d, 1H, J = 8.0 Hz) 7.22 (td, 1H, J = 6.7 & 1.6 Hz),  7.34-7.44 (m, 4H),  7.58  (dt, 2H, J = 8.5 & 2.6 Hz), 

7.77 (d, 1H, J = 7.8 Hz),  11.57 (s, 1H). 13C NMR (100 MHz, DMSO-d6): δC = 24.8, 25.2, 33.2, 52.8, 94.7, 110.9, 115.3, 115.4, 118.6, 121.9, 127.3, 127.5, 

130.0, 130.5, 131.6, 135.0, 147.4, 154.7, 158.6. HRMS (ESI) m/z calcd. for C23H21ClN2O2 [M-H]+: 391.1207, found: 391.1201.

3-(4'-Chlorophenyl)-2-((2-morpholinoethyl)amino)furo[3,2-c]quinolin-4(5H)-one (5d). Light yellow solid (84%), Mpdecomp. 263°C, IR (KBr, cm-1):  
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max = 3367, 2962, 2864, 2825, 1664, 1592, 1506, 1419. 1H NMR (400 MHz, CDCl3): δH = 2.47 (s, 4H), 2.62 (s, 2H), 3.42- 3.52 (m, 2H), 3.66 (s, 4H), 5.26 (s, 

1H), 7.21-7.30 (m, 3H), 7.35- 7.42  (m, 3H), 7.61 (dt, 2H, J = 7.8 & 2.6 Hz), 7.82 (d, 1H, J = 7.2 Hz), 10.53 (s, 1H). HRMS (ESI) m/z calcd. for 

C23H22ClN3O3 [M]+: 423.1344, found: 423.1341.

2-((2-Morpholinoethylamino)-3-(4'-nitrophenyl)furo[3,2-c] quinolin-4(5H)-one (5e). Orange solid (89%); Mpdecomp. 262-263°C, IR (KBr,  cm-1): max =  

3363, 3164, 2959, 2860, 1661, 1603, 1569, 1508. 1H NMR (400 MHz, CDCl3): δH = 2.51 (s, 4H), 2.61-2.71 (m, 2H), 3.52-3.60 (m, 2H), 3.64-3.70 (m, 4H), 

5.61 (br s, 1H), 7.21-7.31 (m, 2H), 7.37-7.43 (m, 1H), 7.84 (dt, 3H, J = 9.3 & 2.4 Hz), 8.27 (d, 2H, J = 8.8 Hz), 9.51 (s, 1H). 13C NMR (100 MHz, DMSO-d6): 

δC = 49.1, 53.7, 58.6, 66.8, 93.0, 111.2, 115.3, 116.0, 119.3, 122.7, 123.5, 128.2, 130.4, 135.6, 140.1, 144.5, 148.2, 157.3, 159.1. HRMS (ESI) m/z calcd. for 

C23H24N4O5 [M-H]+: 433.1506, found: 433.1501.

3-(4'-Bromophenyl)-2-((2-morpholinoethyl)amino)furo[3,2-c]quinolin-4(5H)-one (5f).Yellow solid (81%), Mpdecomp. 258-259°C, IR (KBr, cm-1):max = 

3369, 2963, 2864, 2821, 1655, 1602, 1498. 1H NMR (400 MHz, CDCl3): δH = 2.47 (s, 4H), 2.61 (s, 2H), 3.42-3.51 (m, 2H), 3.66 (s, 4H), 5.25 (br s, 1H), 

7.21-7.30 (m, 3H), 7.35- 7.41 (m, 1H), 7.54 (s, 4H), 7.82 (d, 1H, J = 7.8 Hz), 10.49 (s, 1H). HRMS (ESI) m/z calcd. for C23H22BrN3O3  [M-H]+: 466.0760, 

found: 466.0765.

3-(4'-Chlorophenyl)-2-(pentylamino)furo[3,2-c]quinolin-4(5H) -one (5g).Yellow solid (78%),  Mp 218-220 °C, IR (KBr, cm-1): max = 3369, 2956, 2863, 

2827, 1661, 1606, 1500, 1416. 1H NMR (400 MHz, CDCl3): δH = 0.85-0.95 (m, 3H), 1.30-1.43 (m, 4H), 1.55-1.70 (m, 2H), 3.40 (t, 2H, J = 7.8 Hz), 4.40 (br 

s, 1H), 7.15-7.25 (m, 2H), 7.27-7.35 (m, 2H), 7.41 (dt, 2H, J = 8.5 & 1.8 Hz), 7.58 (dt, 2H, J = 8.5 & 1.8 Hz), 7.82 (d, 1H, J = 7.8 Hz), 11.17 (s, 1H). HRMS 

(ESI) m/z calcd. for C22H21ClN2O2  [M-H]+: 379.1207, found: 379.1207.
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3-(2',6'-Dichlorophenyl)-2-((2-morpholinoethyl)amino) furo [3,2-c]quinolin-4(5H)-one (5h).Yellow solid (87%), Mpdecomp. 271-272 °C, IR (KBr, cm-

1): max =  3433, 2938, 2856, 1661, 1602, 1491, 1350. 1H NMR(400 MHz, CDCl3): δH = 2.41 (s, 4H), 2.54 (t, 2H, J = 5.7 Hz), 3.36 (q, 2H, J = 5.7 Hz), 3.60 (t, 

4H, J = 4.4 Hz), 4.77 (t, 1H, J = 5.4 Hz),7.19-7.34 (m,  4H), 7.42-7.47 (m,  2H),  7.81(dd, 1H, J = 7.8 Hz), 11.31 (s, 1H). 13C NMR(100 MHz, DMSO-d6): δC 

= 40.3, 53.2, 57.0, 67.1, 92.0, 112.2, 116.4, 117.2, 119.2, 122.4, 127.5, 127.8, 129.5, 130.0, 135.3, 137.4, 149.2, 155.0, 160.3. HRMS (ESI) m/z calcd. for 

C23H21Cl2N3O3 [M-H]+ : 456.0876, found 456.0871.

3-(4'-Bromophenyl)-2-(cyclohexylamino)furo[3,2-c]quinolin-4(5H)-one (5i).Yellow solid (82%),  Mpdecomp. 271-272 °C, IR (KBr, cm-1): max  = 3433, 

2938, 2856, 1661, 1602, 1491, 1350. 1H NMR (400 MHz, DMSO-d6): δH = 1.11-1.30 (m, 3H), 1.31-1.45 (m, 2H), 1.60-1.70 (m, 1H), 1.70-1.82 (m, 2H), 2.02-

2.10 (m, 2H), 3.50-3.66 (m, 1H), 4.20 (br s, 1H), 7.15-7.26 (m, 1H), 7.30-7.35 (m, 2H), 7.50-7.60 (m, 3H), 7.83 (d, 1H, J = 7.8 Hz), 11.36 (s, 1H). 13C 

NMR(100 MHz, DMSO-d6): δC = 25.4, 25.8, 33.7, 53.3, 95.0, 111.5, 115.8, 115.9, 119.0, 119.1, 122.5, 127.8, 130.9, 131.4, 132.5, 135.6, 148.0, 155.2, 159.2. 

HRMS (ESI) m/z calcd. for C23H21BrN2O2 [M-H]+: 435.0702, found 435.0701.

2-(Cyclohexylamino)-3-(2',6'-dichlorophenyl)furo[3,2-c] quinolin-4(5H)-one (5j).White solid (84%), Mp 265-266°C, IR (KBr, cm-1): max =  3433, 2938, 

2856, 1661, 1602, 1491, 1350. 1H NMR(400 MHz, CDCl3): δH =  1.10-1.35 (m, 8H), 1.52-1.65 (m, 2H), 1.67-1.77 (m, 1H), 1.97-2.11 (m, 2H), 3.38 – 3.57 

(m, 1H), 3.74 (d, 1H, J = 8.0 Hz), 7.18-7.34 (m, 4H), 7.45 (d, 2H, J = 8.0 Hz), 7.83 (d, 1H, J = 7.8 Hz), 10.78 ( s, 1H). 13C NMR(100 MHz, CDCl3): δC = 

25.0, 25.4, 25.6, 34.3, 53.7, 92.4, 112.2, 116.2, 117.1, 119.3, 122.4, 127.4, 127.9, 129.5, 130.0, 135.2, 137.4, 149.0, 154.3, 160.0. HRMS (ESI) m/z calcd. for 

C23H20Cl2N2O2 [M-H]+: 425.0818, found 425.0814.

2-(tert-Butylamino)-3-(3',4'-dimethoxyphenyl)furo[3,2-c] quinolin-4(5H)-one (5k). Yellow solid (71%),  IR (KBr, cm-1): max =  3432, 2935, 2852, 1657, 

1487, 1343. 1H NMR(400 MHz, CDCl3): δH = 1.39 (s, 9H), 3.92 (s, 3H), 3.93 (s, 3H), 6.95 (d, 1H, J = 8.2 Hz), 7.10 (dd, 1H, J = 8.2 & 2.0 Hz), 7.20-7.28 (m, 
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2H), 7.29-7.40 (m, 2H), 7.85 (d, 1H, J = 7.8 Hz), 11.2 (s, 1H). HRMS (ESI) m/z calcd. for C23H24N2O4 [M]+: 392.1736, found 392.1729.

3-(4'-methoxyphenyl)-2-(2-morpholinoethyl)amino)furo[3,2-c]quinolin-4(5H)-one (5l). Yellow solid (69%), IR (KBr, cm-1): max = 3430, 2930, 2852, 

1648, 1485, 1341.1H NMR(400 MHz, CDCl3): δH = 2.45 (s, 4H), 2.59 (t, 2H, J = 5.6 Hz), 3.44 (q, 2H, J = 5.8 Hz), 3.63 (t, 4H, J = 4.5 Hz), 5.17 (s, 1H), 6.98 

(dt, 2H, J = 8.8 & 3.0 Hz), 7.20-7.29 (m, 3H), 7.32-7.38 (m, 1H), 7.56 (dt, 2H, J = 8.0 & 3.8 Hz), 7.82 (dd, 1H, J = 8.0 & 1.0 Hz), 10.33 (s, 1H). HRMS (ESI) 

m/z calcd. for C24H25N3O4 [M]+: 419.1845, found 419.1839.
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2-(tert-Butylamino)-3-(4'-nitrophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one(4a). 



S14



S15



S16

2-(Cyclohexylamino)-3-(4'-chlorophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4b).
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3-(4'-Chlorophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4c).
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3-(4'-Chlorophenyl)-2-((2-morpholinoethyl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one(4d).
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2-(tert-Butylamino)-3-(4'-bromophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one(4e).
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2-(Cyclohexylamino)-3-(4'-bromophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one(4f).
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3-(4'-Bromophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one(4g).
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3-(4'-Bromophenyl)-2-((2-morpholinoethyl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one(4h).
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2-(tert-Butylamino)-3-(2'-chloro-5'-nitrophenyl)-4Hbenzo[f]furo[3,2-c]chromen-4-one(4i).



S38



S39



S40

2-(Cyclohexylamino)-3-(2'-chloro-5'-nitrophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4j).



S41



S42



S43

3-(2'-Chloro-5'-nitrophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4k).
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2-(tert-Butylamino)-3-(4'-chlorophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4l).
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2-(Cyclohexylamino)-3-(4'-nitrophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4m).
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3-(4'-Nitrophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl)amino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4n).
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2-((Ethoxymethyl)amino)-3-(4'-nitrophenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4o).
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2-(tert-Butylamino)-3-(3',4'-dimethoxyphenyl)-4H-benzo[f]furo[3,2-c]chromen-4-one (4p).
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3-(4'-Chlorophenyl)-2,6-(Dimethylphenylamino)-4H-benzo[f]furo[3,2-c]chromen-4-one (4q).
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2-(Cyclohexylamino)-3-(4'-nitrophenyl)-furo[3,2-c]quinolin-4(5H)-one (5a).
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3-(4'-Chlorophenyl)-2-((2'',4'',4''-trimethylpentan-2-yl)amino)furo[3,2-c]quinolin-4(5H)-one (5b).
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2-(Cyclohexylamino)-3-(4'-chlorophenyl)-furo[3,2-c]quinolin-4(5H)-one (5c).
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3-(4'-Chlorophenyl)-2-((2-morpholinoethyl)amino)furo[3,2-c]quinolin-4(5H)-one (5d).
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2-((2-Morpholinoethylamino)-3-(4'-nitrophenyl)furo[3,2-c]quinolin-4(5H)-one (5e).
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3-(4'-Bromophenyl)-2-((2-morpholinoethyl)amino)furo[3,2-c]quinolin-4(5H)-one (5f).
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3-(4'-Chlorophenyl)-2-(pentylamino)furo[3,2-c]quinolin-4(5H)-one (5g).
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3-(2',6'-Dichlorophenyl)-2-((2-morpholinoethyl)amino)furo[3,2-c]quinolin-4(5H)-one (5h).
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3-(4'-Bromophenyl)-2-(cyclohexylamino)furo[3,2-c]quinolin-4(5H)-one (5i).
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2-(Cyclohexylamino)3-(2',6'-dichlorophenyl)furo[3,2-c]quinolin-4(5H)-one (5j).
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2-(tert-Butylamino)-3-(3',4'-dimethoxyphenyl)furo[3,2-c]quinolin-4(5H)-one (5k).
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3-(4'-methoxyphenyl)-2-(2-morpholinoethyl)amino)furo[3,2-c]quinolin-4(5H)-one (5l). 
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Virtual Screening 

To explore the role of these natural products like scaffolds and to predict their biological spectrum, we performed an “in-silico target fishing 

experiment” using ChemMapper server.16In target navigator SHAFTS based 3D similarities method was selected to explore Protein Data Bank 

(PDB) with similarity threshold 1.2. The top ten scorers are included in the Table S1 and S2.

The prevailed scaffold benzo[f]furo[3,2-c]chromen-4-(5H)-ones are predicted to be the potential binder of Cyclin-dependent Kinase 2 (CDK2, 

rank 1) involves in the regulation of cell cycle, Estrogen receptor beta (ESR2, rank 2) a nuclear hormone receptor binds with estrogen, 

serine/threonine–protein kinase (check 1, rank 3) require for checkpoint mediated cell cycle arrest and activation of DNA repair, Higher affinity 

cAMP-specific 3’,5’-cyclic phosphodiesterase 7A (PDE7A, rank 5) hydrolyzes the secondary messenger cAMP and mitogen- activated protein 

kinase (MAPK10, rank 7) involves in the various processsuch as neuronal proliferation, differentiation, migration and programmed cell death 

(Table S1).

Table S1. Potential biological targets for the benzo[f]furo[3,2-c]naphthochromen-4-(5H)-ones 

Target Name Species Score Rank

Cell division Protein Kinase 2 Homo sapiens 1.0 1

Estrogen receptor beta Homo sapiens 0.64 2

Serine/  Threonine protein kinase Chk1 Homo sapiens 0.315 3

PDE7A catalytic domain Homo sapiens 0.309 4

cAMP and cAMP- inhibited cGMP 3,5- Not available 0.304 5
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cyclic phosphodiesterase 10A

Mitogen-activated protein kinase 10 Homo sapiens 0.297 6

Transcriptional regulatory repressor 
protein (TETR-family) ETHR Mycobacterium tuberculosis 0.296 7

PDK-1 Homo sapiens 0.296 7

Dipeptidyl peptidase 4 soluble form Homo sapiens 0.293 8

Isoflavone o-methyl-transferase Medicago sativa 0.29 9

NAD(P)H dehydrogenase [quinone] 1 Homo sapiens 0.289 10

p-38 Map kinase Homo sapiens 0.289 10

Tyrosine-protein kinase Lck Homo Sapiens 0.289 10

In our investigation,furo[3,2-c]quinolin-4-(5H)-ones have been shown to be the potential inhibitors of Biotin-Carboxylase (BC, rank 1), an 

essential component of acetyl Co enzyme A Carboxylase, Hematopoietic prostaglandin D synthase (HPGDS, rank 2),modulator of platelet 

aggregation, Serine/ Threonine- Protein Kinase chk1 (Check 1, rank 3) required for checkpoint mediated cell cycle arrest and activation of DNA 

repair, trankyrase (TNKS2, rank 6)  involved in various processes such as Wnt signaling pathway, Telomere length and vesicle trafficking. In 

conclusion, this primary investigation suggested the potential role of these scaffolds in hypolipidemic, anticoagulation and cancer 

chemotherapeutic domains (Table S2).
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Table S2. Potential biological targets for the furo[3,2-c]quinolin-4-(5H)-ones

Target name Species Score Rank

Biotin Carboxylase (BC) Not mentioned 1.0 1

PGDS Homo sapiens 0.679 2

Serine/ Threonine-protein kinase Chk1 Not mentioned 0.677 3

RebC Lechevallieriaaerocolonigens 0.675 4

Serine/ Threonine-protein kinase Chk1 Homo sapiens 0.672 5

Tankyrase-2 Homo sapiens 0.667 6

proto-oncogene serine/threonine-protein 
kinase Pim-1 Homo sapiens 0.667 6

Heat shock protein HSP 90-alpha Homo sapiens 0.660 7

serine/ threonine-protein kinase chk1 not mentioned 0.651 8

proto-oncogene serine/threonine-protein 
kinase RET Homo sapiens 0.647 9

Cell division protein kinase 2 Homo sapiens 0.644 10


