
 1 

The synthesis of highly functionalized bis(4H-chromene-) and 4H-

benzo[g]chromenes derivatives via an isocyanide based pseudo-five-

component reaction 

Ahmad Shaabani,* Rahim Ghadari, Afshin Sarvary and Ali Hossein Rezayan
 

Department of Chemistry, Shahid Beheshti University, P. O. Box 19396-4716, Tehran, 

Iran 

SUPPORTING INFORMATION  
List of contents Page  List of contents Page List of contents Page 

Title, author’s 

name, address and 

table 

1 Mass of 4g 33 IR of 10d 64 

Experimental 

Section (4a-j) 

2-7 
1
H NMR of 4g 34 Mass of 10d 65 

IR of 4a 8 
13

C NMR of 4g 35 
1
H NMR of 10d 66 

Mass of 4a  9 Mass of 4h 36 
13

C NMR of 10d 67 
1
H NMR of 4a 10 

1
H NMR of 4h 37 IR of 10e 68 

13
C NMR of 4a 11 

13
C NMR of 4h 38 Mass of 10e 69 

HMQC of 4a 12 IR 4i 39 
1
H NMR of 10e 70 

IR 4b 13 Mass of 4i 40 
13

C NMR of 10e 71 

Mass of 4b 14 
1
H NMR of 4i 41 IR of 10f 72 

1
H NMR of 4b 15 

13
C NMR of 4i 42 Mass of 10f 73 

13
C NMR of 4b 16 IR of 4j 43 

1
H NMR of 10f 74 

IR of 4c 17 Mass of 4j 44 
13

C NMR of 10f 75 

Mass of 4c  18 
1
H NMR of 4j 45 IR of 10g 76 

1
H NMR of 4c 19 

13
C NMR of 4j 46 Mass of 10g 77 

13
C NMR of 4c 20 Experimental 

Section (10a-i) 

47-51 
1
H NMR of 10g 78 

IR of 4d 21 IR of 10a 52 
13

C NMR of 10g 79 

Mass of 4d 22 Mass of 10a  53 IR of 10h 80 
1
H NMR of 4d 23 

1
H NMR of 10a 54 Mass of 10h 81 

13
C NMR of 4d 24 

13
C NMR of 10a 55 

1
H NMR of 10h 82 

IR of 4e 25 IR 10b 56 
13

C NMR of 10h 83 

Mass of 4e 26 Mass of 10b 57 IR of 10i 84 
1
H NMR of 4e 27 

1
H NMR of 10b 58 Mass of 10i 85 

13
C NMR of 4e 28 

13
C NMR of 10b 59 

1
H NMR of 10i 86 

IR of 4f 29 IR of 10c 60 
13

C NMR of 10i 87 

Mass of 4f 30 Mass of 10c  61 HMQC of 10i 88 
1
H NMR of 4f 31 

1
H NMR of 10c 62   

IR of 4g 32 
13

C NMR of 10c
 

63   



 2 

 

Experimental Section 

General  

Melting points are uncorrected. Mass spectra were recorded at an ionization potential of 

70 eV. 
1
H and

 13
C NMR spectra were recorded at 500.13, 300.13 and 125.77, 75.47 MHz. 

NMR spectra were obtained on solution in CDCl3 using TMS as internal standard. The 

chemicals used in this work were in synthesis grade and were used without purification. 

 

Tetramethyl 2,7-bis(cyclohexylamino)-5,10-dioxo-4,5,9,10-tetrahydropyrano[2,3-

g]chromene-3,4,8,9-tetracarboxylate (4a): 

Brownish red powder (0.55 g, yield 86%). mp 257-258 

ºC.IR (KBr) (νmax/cm
-1

): 2933, 2859, 1751, 1673, 1602, 

1446. MS, m/z (%): 643 (M
+
+1, 2), 611 (3), 585 (5), 553 

(3), 525 (4), 486 (5), 402 (5), 327 (5), 297 (5), 269 (5), 170 

(5), 96 (20), 83 (30), 55 (80), 41 (80), 31 (100). 
1
H NMR 

(300 MHz, CDCl3): δH (ppm) 1.35-1.96 (20H, m, 10CH2 of 

2cyclohexyl), 3.66 (6H, s, 2O-CH3), 3.71 (6H, s, 2O-CH3), 

3.79 (2H, bs, CH-NH), 4.64 (2H, s, 2CH-CO2Me), 8.57 (2H, bs, 2CH-NH). 
13

C NMR (75 

MHz, CDCl3): δC (ppm) 24.3, 25.4, 33.5, (C-cyclohexyl), 35.2 (CH-CO2Me), 50.3 (CH-

NH), 51.2, 52.8 (2O-CH3), 70.7, 117.7, 147.8, 158.3 (C-alkene), 169.1, 172.2, 176.9 

(3C=O). Anal. Calcd for C32H38N2O12: C, 59.81; H, 5.96; N, 4.36; Found: C, 59.76; H, 

5.84; N, 4.28. 

 

 

Tetramethyl 2,7-bis(tert-butylamino)-5,10-dioxo-4,5,9,10-tetrahydropyrano[2,3-

g]chromene-3,4,8,9-tetracarboxylate (4b): 

O

O

O

O

OO

OO

O

O

O

O
NH

HN



 3 

Dark red powder (0.41 g, yield 70%). mp 238-240 ºC. 

IR (KBr) (νmax/cm
-1

): 2947, 2839, 1757, 1679, 1604, 

1441. MS, m/z (%): 531 (M
+
-59, 20), 419 (50), 

359(15), 327 (13), 295 (15), 57 (75), 41 (100). 
1
H 

NMR (300 MHz, CDCl3): δH (ppm) 1.45 (18H, s, 

2C(CH3)3), 3.67 (6H, s, 2O-CH3), 3.72 (6H, s, 2O-

CH3), 4.68 (2H, s, 2CH-CO2Me), 8.73 (2H, bs, 2NH). 

13
C NMR (75 MHz, CDCl3): δC (ppm) 30.2 (C(CH3)3) 35.0 (CH-CO2Me), 51.3 (C-NH), 

52.8, 53.5 (2O-CH3), 71.4, 117.5, 147.8, 159.6 (C-alkene), 169.1, 172.1, 177.0 (3C=O). 

Anal. Calcd for C28H34N2O12: C, 56.94; H, 5.80; N, 4.74; Found: C, 56.86; H, 5.74; N, 

4.82. 

 

 

Tetramethyl 5,10-dioxo-2,7-bis(2,4,4-trimethylpentan-2-ylamino)-4,5,9,10-

tetrahydropyrano[2,3-g]chromene-3,4,8,9-tetracarboxylate (4c): 

Brownish red powder (0.51 g, yield 73%). mp 

211-213 ºC. IR (KBr) (νmax/cm
-1

): 2952, 2843, 

1750, 1672, 1591, 1437. MS, m/z (%): 704 

(M
+
+2, 3), 645 (50), 533 (30), 419 (80), 389 (23), 

361 (25), 327 (15), 297 (13), 250 (73), 218 (30), 

142 (25), 57 (75), 31 (100) . 
1
H NMR (500 MHz, 

CDCl3): δH (ppm) 0.96 (18H, s, 2C(CH3)3), 1.49 

(12H, s, 4CH3), 1.82 (4H, s, 2CH2),  3.64 (6H, s, 

2O-CH3), 3.71 (6H, s, 2O-CH3), 4.69 (2H, s, 

2CH-CO2Me), 8.75 (2H, bs, 2NH). 
13

C NMR (125 MHz, CDCl3): δC (ppm) 31.3, 31.7 

(2CH3), 31. 8 (C(CH3)3), 32.0 (CH2), 35.4 (CH-CO2Me), 51.6 (C(CH3)3), 53.1, 53.3 (2O-

CH3), 57.5 (C-NH), 71. 8, 118.2, 148.3, 160.1 (C-alkene), 169.6, 172.4, 177.4 (3C=O). 

Anal. Calcd for  C36H50N2O12: C, 61.52; H, 7.17; N, 3.99;  Found: C, 61.46; H, 7.23; N, 

3.84. 
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Tetramethyl 2,7-bis(2-ethoxy-2-oxoethylamino)-5,10-dioxo-4,5,9,10-

tetrahydropyrano[2,3-g]chromene-3,4,8,9-tetracarboxylate (4d): 

Brownish red powder (0.40 g, yield 

62%). mp 240-241 ºC. IR (KBr) 

(νmax/cm
-1

): 2952, 1750, 1678, 1605, 

1452. MS, m/z (%): 619 (M
+
-31, 15), 

593 (100), 561 (80), 532 (30), 490 (20), 

415 (21), 387 (25), 341 (25), 267 (45), 

193 (70), 142 (100), 59 (15), 31 (75). 

1
H NMR (500 MHz, CDCl3): δH (ppm) 1.29 (6H, t, 

3
JHH=6.9 Hz, 2OCH2CH3), 3.66 (6H, 

s, 2O-CH3), 3.76 (6H, s, 2O-CH3), 4.13-4.27 (8H, m, 2NH-CH2, 2OCH2CH3), 4.68 (2H, 

s, 2CH-CO2Me), 8.78 (2H, bs, 2NH). 
13

C NMR (125 MHz, CDCl3): δC (ppm) 14.6 

(OCH2CH3), 35.7 (CH-CO2Me), 43.4 (NH-CH2), 51.9, 53.2 (2O-CH3), 62.2 (OCH2CH3), 

73.9, 118.3, 148.0, 158.8 (C-alkene), 169.0, 169.6, 171.9, 176.9 (4C=O). Anal. Calcd for  

C36H50N2O12: C, 61.52; H, 7.17; N, 3.99; Found: C, 61.48; H, 7.20; N, 3.86. 

 

Tetramethyl 2,7-bis(benzylamino)-5,10-dioxo-4,5,9,10-tetrahydropyrano[2,3-

g]chromene-3,4,8,9-tetracarboxylate (4e): 

Dark red powder (0.55 g, yield 83%). mp 215-

217 ºC. IR (KBr) (νmax/cm
-1

): 2952, 2921, 

1746, 1683, 1600. MS, m/z (%): 627 (M
+
-31, 

3), 601 (5), 569 (5), 511 (2), 494 (5), 451 (5), 

197 (20), 165 (3), 133 (5), 91 (100), 65 (5), 31 

(30). 
1
H NMR (300 MHz, CDCl3): δH (ppm) 

3.72 (6H, s, 2O-CH3), 3.74 (6H, s, 2O-CH3), 

4.52-4.67 (4H, m, 2CH2NH), 4.70 (2H, s, 2CH-

CO2Me), 7.28-7.35 (10H, m, arom), 8.92 (2H, bs, 2CH2-NH). 
13

C NMR (75 MHz, 

CDCl3): δC (ppm) 35.2 (CH-CO2Me), 45.2 (CH2NH), 51.4, 53.0 (2O-CH3), 72.1, 117.4, 

127.7, 127.8, 128.8, 137.7, 147.6, 158.6 (C-alkene, arom), 168.9, 171.7, 176.6 (3C=O). 

Anal. Calcd for  C34H30N2O12: C, 62.00; H, 4.59; N, 4.25; Found: C, 62.09; H, 4.62; N, 

4.19. 
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Tetramethyl 2,7-bis(2,6-dimethylphenylamino)-5,10-dioxo-4,5,9,10-

tetrahydropyrano[2,3-g]chromene-3,4,8,9-tetracarboxylate (4f): 

Brownish red powder (0.48 g, yield 70%). mp 

264-266 ºC. IR (KBr) (νmax/cm
-1

): 2931, 2855, 

1697, 1643, 1530, 1451. MS, m/z (%): 627 (M
+
-

59, 50), 597 (20), 568 (10), 427 (40), 284 (20), 

274 (10), 168 (20), 144 (20), 105 (90), 79 (100), 

59 (50). 
1
H NMR (300 MHz, CDCl3): δH (ppm) 

2.19 (12H, s, 4CH3), 3.67 (6H, s, 2O-CH3), 3.78 

(6H, s, 2O-CH3), 4.66 (2H, s, 2CH-CO2Me), 7.13 

(6H, m, arom), 9.91 (2H, bs, NH). Anal. Calcd for C36H34N2O12: C, 62.97; H, 4.99; N, 

4.08; Found: C, 62.88; H, 4.94; N, 4.12. 

 

Tetraethyl 2,7-bis(cyclohexylamino)-5,10-dioxo-4,5,9,10-tetrahydropyrano[2,3-

g]chromene-3,4,8,9-tetracarboxylate (4g): 

 Brownish red powder (0.57 g, 82%). mp 236-238 

ºC. IR (KBr) (νmax/cm
-1

): 2931, 2854, 1726, 1676, 

1602, 1435. MS, m/z (%): 653 (M
+
-45, 3), 627 (5), 

552 (5), 471 (5), 430 (3), 341 (5), 297 (5), 269 (5), 

120 (5), 83 (30), 55 (100), 41 (80). 
1
H NMR (500 

MHz, CDCl3): δH (ppm) 1.23-1.99 (32H, m, 10CH2 

of 2cyclohexyl, 4OCH2CH3), 3.81 (2H, bs, 2CH-

NH), 4.12-4.18 (8H, m, 4OCH2CH3), 4.65 (2H, s, 

2CH-CO2Me), 8.55 (2H, bs, 2CH-NH). 
13

C NMR (125 MHz, CDCl3): δC (ppm) 14.5, 

14.8, (2CH3), 24.8, 25.8, 34.0 (C-cyclohexyl), 35.9 (CH-CO2Et), 50.8 (CH-NH), 60.2, 

61.9 (2OCH2CH3), 71.5, 118.2, 148.3, 158.8 (C-alkene), 169.2, 171.4, 177.6 (3C=O). 

Anal. Calcd for C36H46N2O12: C, 61.88; H, 6.64; N, 4.01; Found: C, 61.93; H, 6.70; N, 

4.10. 
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Tetraethyl 2,7-bis(benzylamino)-5,10-dioxo-4,5,9,10-tetrahydropyrano[2,3-

g]chromene-3,4,8,9-tetracarboxylate (4h): 

Dark red powder (0.54 g, 75%). mp 211-212 ºC. 

IR (KBr) (νmax/cm
-1

): 2964, 1742, 1701, 1645, 

1602. MS, m/z (%): 669 (M
+
-45, 3), 643 (5), 536 

(5), 505 (5), 479 (5), 194 (5), 152 (5), 133 (6), 91 

(100), 58 (5), 45 (20), 31 (5). 
1
H NMR (500 

MHz, CDCl3): δH (ppm) 1.25-1.27 (12H, m, 

4OCH2CH3), 4.14 (8H, m, 4OCH2CH3), 4.60 

(4H, bs, 2CH2NH), 4.66 (2H, s, 2CH-CO2Et), 7.35 (10H, m, arom), 8.95 (2H, bs, 2NH).. 

13
C NMR (125 MHz, CDCl3): δC (ppm) 14.1, 14.4 (2CH3), 35.6 (CH-CO2Et), 45.2 

(CH2NH), 60.0, 61.6 (2OCH2CH3), 72.2, 117.8, 127.6, 127.7, 128.7, 137.8, 147.6, 158.5 

(C-alkene, arom), 168.6, 171.8, 175.7 (3C=O). Anal. Calcd for C38H38N2O12: C, 63.86; 

H, 5.36; N, 3.92; Found: C, 63.91; H, 5.42; N, 3.86. 

 

Tetraethyl 2,7-bis(2,6-dimethylphenylamino)-5,10-dioxo-4,5,9,10-

tetrahydropyrano[2,3-g]chromene-3,4,8,9-tetracarboxylate (4i) 

Dark red powder (0.48 g, 65%). mp 245-248 ºC. 

IR (KBr) (νmax/cm
-1

): 2972, 1731, 1678, 1642, 

1584. MS, m/z (%): 697 (M
+
-45, 5), 669 (10), 

625 (11), 597 (8), 452 (10), 299 (5), 196 (4), 156 

(28), 105 (50), 79 (50), 31 (100). 
1
H NMR (500 

MHz, CDCl3): δH (ppm) 1.20 (6H, t, 
3
JHH=6.9 Hz, 

2OCH2CH3), 1.30 (6H, t, 
3
JHH=6.9 Hz, 

2OCH2CH3), 2.22 (12H, s, 4CH3), 4.10 (4H, m, 

2OCH2CH3), 4.21 (4H, m, 2OCH2CH3), 4.65 (2H, s, 2CH-CO2Et), 7.09 (6H, m, arom), 

9.81 (2H, bs, 2NH).. 
13

C NMR (125 MHz, CDCl3): δC (ppm) 14.4, 14.7, 18.8 (3CH3), 

35.9 (CH-CO2Et), 60.7, 62.0 (2OCH2CH3), 73.5, 118.2, 127.7, 128.6, 128.7, 133.9, 

149.1, 158.2 (C-alkene, arom), 169.8, 171.9, 176.8 (3C=O). Anal. Calcd for 

C40H42N2O12: C, 64.68; H, 5.70; N, 3.77;  Found: C, 64.72; H, 5.80; N, 3.73. 
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Tetra-tert-butyl 2,7-bis(2,6-dimethylphenylamino)-5,10-dioxo-4,5,9,10-

tetrahydropyrano[2,3-g]chromene-3,4,8,9-tetracarboxylate (4j): 

Dark red powder (0.60 g, 70%). mp 225-227 ºC. IR 

(KBr) (νmax/cm
-1

): 2978, 2926, 1740, 1668, 1614. 

MS, m/z (%):709 (M
+
-146, 3), 653 (5), 496 (10), 

455 (3), 372 (5), 287 (5), 271 (5), 213 (10), 57 (60), 

41 (100). 
1
H NMR (300 MHz, CDCl3): δH (ppm) 

1.20 (6H, t, 
3
JHH=6.9 Hz, 2OCH2CH3), 1.39 (18H, s, 

2OC(CH3)3), 1.53 (18H, s, 2OC(CH3)3), 2.19 (12H, s, 4CH3), 4.70 (2H, s, 2CH-CO2
t
Bu), 

7.10 (6H, m, arom), 9.85 (2H, bs, 2NH).. 
13

C NMR (75 MHz, CDCl3): δC (ppm) 18.4 

(CH3), 27.7, 28.5 (2OC(CH3)3),  36.6 (CH-CO2Et), 73.0(C-alkene), 80.6, 81.6 

(2OC(CH3)3),  109.2, 118.0, 127.1, 128.1, 134.4, 135.2, 147.7, 158.9 (C-alkene, arom), 

168.5, 169.8, 173.3 (3C=O). Anal. Calcd for C48H58N2O12: C, 67.43; H, 6.84; N, 3.28; 

Found: C, 67.49; H, 6.79; N, 3.31. 
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Dimethyl 2-(cyclohexylamino)-5,10-dihydro-5,10-dioxo-4H-benzo[g]chromene-3,4-

dicarboxylate ( 10a): 

Brownish red powder (0.38 g, yield 89%). mp 177-178 ºC. IR 

(KBr) (νmax/cm
-1

): 2936, 2859, 1732, 1680, 1637, 1598. MS, m/z 

(%): 425 (M
+
+1, 3), 366 (100), 284 (75), 252 (73), 196 (20), 

140(25), 10 (76), 59 (50), 41 (85). 
1
H NMR (300 MHz, CDCl3): 

δH (ppm) 1.42-2.08 (10H, m, 5CH2 of cyclohexyl), 3.67 (3H, s, 

O-CH3), 3.74 (3H, s, O-CH3), 3.86 (1H, bs, CH-NH), 4.74 (1H, 

s, CH-CO2Me), 7.27-8.15 (4H, m, arom), 8.64 (1H, bs, CH-NH). 
13

C NMR (75 MHz, 

CDCl3): δC (ppm) 24.4, 24.5, 25.4, 33.4, 33.7, (C-cyclohexyl), 35.0 (CH-CO2Me), 50.7 

(CH-NH), 51.3, 52.7 (2O-CH3), 72.3, 114.2, 123.8, 129.8, 130.0, 131.8, 135.1, 135.4, 

156.9, 158.2 (C-alkene, C-arom), 169.3, 172.9, 177.7, 177.9 (4C=O). Anal. Calcd for 

C23H23NO7: C, 64.93; H, 5.45; N, 3.29; Found: C, 64.88; H, 5.49; N, 3.32. 

dimethyl 2-(2,4,4-trimethylpentan-2-ylamino)-5,10-dihydro-5,10-dioxo-4H-

benzo[g]chromene-3,4-dicarboxylate ( 10b): 

 Dark orange powder (0.34 g, yield 75%). mp 183-185 ºC. IR 

(KBr) (νmax/cm
-1

): 2957, 2865, 1724, 1673, 1607. MS, m/z 

(%): 455 (M
+
-59, 50), 324 (45), 284 (100), 252 (25), 57 (24), 

41 (25). 
1
H NMR (300 MHz, CDCl3): δH (ppm) 0.99 (9H, s, 

C(CH3)3 ), 1.54 (6H, s, 2CH3),  1.89 (2H, s, CH2), 3.66 (3H, s, 

O-CH3), 3.74 (3H, s, O-CH3), 4.87 (1H, s, CH-CO2Me), 7.57-7.77 (2H,
 
m,

 
arom), 8.11-

8.14 (2H, m, arom), 8.80 (1H, bs, NH). 
13

C NMR (75 MHz, CDCl3): δC (ppm) 30.9, 31.2 

(2CH3), 31.4 (C(CH3)3 ),   31.6 (CH2), 35.5 (CH-CO2Me), 51.2, 52.7 (2O-CH3), 52.9 (C-

NH), 56.9 (C(CH3)3), 71.4, 122.1, 126.5, 126.7, 130.6, 131.5, 133.9, 134.5, 149.7, 159.9 

(C-alkene, C-arom), 169.3, 171.2, 177.2, 182.7 (4C=O). Anal. Calcd for C25H29NO7: C, 

65.92; H, 6.42; N, 3.08; Found: C, 65.87; H, 6.49; N, 3.11. 

dimethyl 2-((ethoxycarbonyl)methylamino)-5,10-dihydro-5,10-dioxo-4H-

benzo[g]chromene-3,4-dicarboxylate (10c ):  
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Yellow powder (0.26 g, yield 60%). mp 167-169 

ºC. IR (KBr) (νmax/cm
-1

): 2988, 2952, 1739, 1691, 

1613, 1455. MS, m/z (%): 370 (M
+
-59, 100), 296 

(27), 253 (40), 45 (75). 
1
H NMR (300 MHz, 

CDCl3): δH (ppm) 1.23 (3H, bs,CH3), 3.63 (3H, s, 

O-CH3), 3.70 (3H, s, O-CH3), 4.16 (4H, bs, OCH2CH3, CO-CH2-NH), 4.81 (1H, s, CH-

CO2Me), 7.70 (2H,
 
bs,

 
arom), 8.05 (2H, bs, arom), 8.74 (1H, bs, NH). 

13
C NMR (75 

MHz, CDCl3): δC (ppm)14.1 (OCH2CH3) 35.6 (CH-CO2Me), 42.9(CO-CH2-NH), 51.5, 

52.8 (2O-CH3), 61.7 (OCH2CH3), 73.5, 122.0, 126.5, 126.7, 130.5, 131.4, 133.9, 134.6, 

134.9, 149.4, 158.6 (C-alkene, C-arom), 168.8, 169.7, 171.9, 176.8, 182.6  (5C=O). Anal. 

Calcd for C21H19NO9: C, 58.74; H, 4.46; N, 3.26; Found: C, 58.79; H, 4.43; N, 3.32. 

dimethyl 2-(2,6-dimethylphenylamino)-5,10-dihydro-5,10-dioxo-4H-

benzo[g]chromene-3,4-dicarboxylate (10d ):  

 Dark yellow powder (0.34 g, 77%). mp 215-217 ºC. IR 

(KBr) (νmax/cm
-1

): 2957, 2844, 1734, 1681, 1617, 1586. MS, 

m/z (%): 447 (M
+
, 2), 388 (100), 105 (25), 77 (35), 59 (20). 

1
H NMR (300 MHz, CDCl3): δH (ppm) 2.28 (6H, s, 2CH3), 

3.71 (3H, s, O-CH3), 3.83 (3H, s, O-CH3), 4.95 (1H, s, CH-

CO2Me), 7.15 (3H, bs, arom)  7.72 (2H, m, arom), 8.04 (1H, 

d, 
3
JHH=6.5 Hz, arom), 8.10 (1H, d, 

3
JHH=6.5 Hz, arom), 9.90 (1H, bs, NH).  

13
C NMR 

(75 MHz, CDCl3): δC (ppm) 18.4 (CH3), 35.8 (CH-CO2Me), 51.5, 52.8 (2O-CH3), 73.1, 

121.8, 126.5, 126.7, 127.4, 128.2, 128.3, 128.9, 132.9, 133.9, 134.5, 135.1, 148.3, 158.2 

(C-alkene, C-arom), 168.5, 171.2, 175.9, 182.8 (4C=O). Anal. Calcd for C25H21NO7: C, 

67.11; H, 4.73; N, 3.13; Found: C, 67.19; H, 4.76; N, 3.17. 

diethyl 2-(cyclohexylamino)-5,10-dihydro-5,10-dioxo-4H-benzo[g]chromene-3,4-

dicarboxylate(10e ): 

Orange powder (0.38 g, 84%). mp: 164-166 ºC. IR (KBr) 

(νmax/cm
-1

): 2926, 2854, 1740, 1683, 1632, 1586. MS, m/z (%): 

380 (M
+
-73, 50), 298 (25), 252 (25), 105 (20), 82 (18), 55 (73), 

31 (100). 
1
H NMR (300 MHz, CDCl3): δH (ppm) 1.10-2.17 
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(16H, m, 5CH2 of cyclohexyl, 2OCH2CH3), 3.54 (1H, bs, CH-NH), 3.88-4.4.24 (4H, m, 

2OCH2CH3), 4.72 (1H, s, CH-CO2Me), 7.27-8.17 (4H, m, arom), 8.69 (1H, d, 
3
J= 6.3 Hz, 

CH-NH). 
13

C NMR (75 MHz, CDCl3): δC (ppm) 14.2, 14.5, (2CH3), 24.4, 24.6, 25.41, 

33.5, 33.8 (C-cyclohexyl), 35.40 (CH-CO2Et), 50.7 (CH-NH), 59.9, 61.5 (2OCH2CH3), 

72.5, 114.3, 123.9, 129.6, 129.9, 131.8, 135.2, 135.4, 156.9, 158.0  (C-alkene, C-arom), 

168.9, 173.2, 177.8, 177.9, (4C=O). Anal. Calcd for C25H27NO7: C, 66.21; H, 6.00; N, 

3.09; Found: C, 66.27; H, 6.04; N, 3.15. 

diethyl 2-(2,4,4-trimethylpentan-2-ylamino)-5,10-dihydro-5,10-dioxo-4H-

benzo[g]chromene-3,4-dicarboxylate ( 10f): 

 Brownish red powder (0.36 g, 74%). mp 164-166 ºC. IR 

(KBr) (νmax/cm
-1

): 2993, 2957, 1720, 1673, 1606. MS, m/z 

(%): 484 (M
+
+1, 4), 410 (60), 372 (15), 338 (45), 298 (100), 

252 (30), 57 (27), 41 (30).  
1
H NMR (300 MHz, CDCl3): δH 

(ppm) 0.97 (9H, s, C(CH3)3 ), 1.21 (3H, t,
 3

JHH=7.0 Hz, 

OCH2CH3), 1.29 (3H, t,
 3

JHH=7.0 Hz, OCH2CH3), 1.53 (6H, s, 

2CH3), 1.88 (2H, bs, CH2), 4.08-4.22 (4H, m, 2OCH2CH3), 4.84 (1H, S, CH-CO2Et), 

7.73-7.76  (2H, m, arom), 8.09-8.12  (2H, m, arom),  8.81 (1H, bs, NH). 
13

C NMR (75 

MHz, CDCl3): δC (ppm) 14.1, 14.5 (2 OCH2CH3), 30.9, 31.3 (2CH3), 31.4(C(CH3)3), 31.6 

(CH2), 35.8 (CH-CO2Et), 52.8 (C(CH3)3), 56.8 (C-NH), 59.7, 61.4 (2OCH2CH3), 71.6, 

122.1, 126.5, 126.7, 130.6, 131.5, 133.9, 134.5, 149.6, 159.7 (C-alkene, C-arom), 169.0, 

172.0, 177.2, 182.8 (4C=O). Anal. Calcd for  C27H33NO7: C, 67.06; H, 6.88; N, 2.90; 

Found: C, 67.11; H, 6.91; N, 2.93. 

diethyl 2-((ethoxycarbonyl)methylamino)-5,10-dihydro-5,10-dioxo-4H-

benzo[g]chromene-3,4-dicarboxylate (10g ):  

Dark yellow powder (0.28 g, yield 62%). mp 156-

158 ºC. IR (KBr) (νmax/cm
-1

): 2988, 2967, 1740, 

1719, 1689, 1609. MS, m/z (%): 457 (M
+
+1, 5), 

456 (M
+
, 3),  384 (100), 310 (15), 282 (20), 253 

(35), 59 (15), 31 (25). 
1
H NMR (300 MHz, 

CDCl3): δH (ppm) 1.12-1.30 (9H, m, 3OCH2CH3), 
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4.21-4.34 (8H, m, 3OCH2CH3, CO-CH2-NH ), 4.93 (1H, s, CH-CO2Me), 7.74 (2H,
 
bs,

 

arom), 8.10 (2H, bs, arom), 8.83 (1H, bs, NH). 
13

C NMR (75 MHz, CDCl3): δC 

(ppm)13.9, 14.1, 14.1 (3OCH2CH3), 35.9 (CH-CO2Me), 42.9(CO-CH2-NH), 60.1, 61.3, 

61.6 (3OCH2CH3), 73.7, 122.2, 126.2, 126.5, 130.6, 131.4, 133.0, 134.5, 134.9, 154.6, 

158.5 (C-alkene, C-arom), 168.5, 169.0, 171.8, 176.9, 182.7 (5C=O). Anal. Calcd for  

C23H23NO9: C, 60.39; H, 5.07; N, 3.06; Found: C, 60.42; H, 5.10; N, 3.11. 

 

 

diethyl 2-(2,6-dimethylphenylamino)-5,10-dihydro-5,10-dioxo-4H-

benzo[g]chromene-3,4-dicarboxylate (10h ):  

Brownish red powder (0.35 g, 74%). mp 172-174 ºC. IR 

(KBr) (νmax/cm
-1

): 2978, 2895, 1723, 1672, 1597. MS, m/z 

(%): 475 (M
+
, 30), 402 (100), 105 (20), 77 (28).

 1
H NMR 

(300 MHz, CDCl3): δH (ppm), 1.25-1.39 (6H, m,
 

2OCH2CH3), 2.28 (6H, s, 2CH3), 4.16-4.34 (4H, m, 

2OCH2CH3), 4.93 (1H, s, CH-CO2Et), 7.14 (3H, bs, arom)  

7.70-7.74 (2H, m, arom), 7.99 (1H, d, 
3
JHH=6.6 Hz, arom), 8.10 (1H, d, 

3
JHH=6.6 Hz, 

arom), 9.94 (1H, bs, NH).  
13

C NMR (75 MHz, CDCl3): δC (ppm) 14.1, 14.5 

(2OCH2CH3), 18.4 (CH3), 36.1 (CH-CO2Me), 60.2, 61.5 (2OCH2CH3), 73.2, 121.9, 

126.4, 126.6, 127.3, 128.1, 130.5, 131.4, 133.7, 133.9, 134.4, 135.8, 149.6, 158.0 (C-

alkene, C-arom), 169.0, 171.8, 176.6, 182.7 (4C=O). Anal. Calcd for C27H25NO7: C, 

68.20; H, 5.30; N, 2.95; Found: C, 68.31; H, 5.27; N, 2.87. 

 

di-tert-butyl 2-(2,6-dimethylphenylamino)-5,10-dihydro-5,10-dioxo-4H-

benzo[g]chromene-3,4-dicarboxylate ( 10i): 

 Dark yellow powder (0.34 g, 64%). mp 171-173 ºC. IR 

(KBr) (νmax/cm
-1

): 2972, 2957, 1722, 1681, 1578. MS, m/z 

(%): 430 (M
+
-101, 8), 374 (100), 105 (20), 77 (20), 57 (30), 

41 (25). 
1
H NMR (300 MHz, CDCl3): δH (ppm) 1.44 (9H, s, 

C(CH3)3), 1.74 (9H, s, C(CH3)3)  2.17 (6H, s, 2CH3), 4.76 
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(1H, s, CH-CO2t-Bu), 7.13 (3H, bs, arom)  7.72-7.76 (2H, m, arom), 8.02-8.12 (2H, m, 

arom), 9.92 (1H, bs, NH).  
13

C NMR (75 MHz, CDCl3): δC (ppm) 18.4 (CH3), 27.8, 28.5 

(2OC(CH3)3), 37.5 (CH- CO2t-Bu), 74.0 (C-alkene), 80.5, 81.5 (2OC(CH3)3), 121.4, 

122.5, 127.5, 128.0, 130.6, 131.5, 133.7, 133.9, 134.0, 134.3, 135.6, 149.5, 157.7 (C-

alkene, C-arom), 168.6, 170.7, 176.8, 182.7 (4C=O). Anal. Calcd for C31H33NO7: C, 

70.04; H, 6.26; N, 2.63; Found: C, 70.11; H, 6.28; N, 2.71. 
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