
 S1 

Supporting Information (Part-A) 

 

Novel Syntheses of Tetrahydrobenzodiazepines and Dihydropyrazines 

via Isocyanide-based Multicomponent Reactions of Diamines  

 

Ahmad Shaabani,*,a Ali Maleki,a Fatemeh Hajishaabanha,a Hamid Mofakham,a 

Mozhdeh Seyyedhamzeh,a Mojtaba Mahyaria and Seik Weng Ngb 

 

 
aDepartment of Chemistry, Shahid Beheshti University, 19396-4716, Tehran, Iran 

 a-shaabani@cc.sbu.ac.ir 

 

bDepartment of Chemistry, University of Malaya, 50603,  Kuala Lumpur, Malaysia 

 

 

 

 

 

 

 



 S2 

Table 1. Detailed list of CONTENTS of the supporting information 4a-n  

List of contents  Page List of contents  Page 

Title, authors’ name, address and tables S1,2 Mass of 4g S38 

Experimental section S3-S10 IR of  4h S39 

IR of  4a S11 1H NMR of 4h S40 
1H NMR of 4a S12 13C NMR of 4h S41 
13C NMR of 4a S13 Mass of 4h S42 

Mass of 4a S14 IR of  4i S43 

IR of  4b S15 1H NMR of 4i S44 
1H NMR of 4b S16 13C NMR of 4i S45 
13C NMR of 4b S17 Mass of 4i S46 

Mass of 4b S18 IR of  4j S47 

IR of  4c S19 1H NMR of 4j S48 
1H NMR of 4c S20 13C NMR of 4j S49 
13C NMR of 4c S21 Mass of 4j S50 

Mass of 4c S22 IR of  4k S51 

IR of  4d S23 1H NMR of 4k S52 
1H NMR of 4d S24 13C NMR of 4k S53 
13C NMR of 4d S25 Mass of 4k S54 

Mass of 4d S26 IR of  4l S55 

IR of  4e S27 1H NMR of 4l S56 
1H NMR of 4e S28 13C NMR of 4l S57 
13C NMR of 4e S29 Mass of 4l S58 

Mass of 4e S30 IR of  4m S59 

IR of  4f S31 1H NMR of 4m S60 
1H NMR of 4f S32 13C NMR of 4m S61 
13C NMR of 4f S33 Mass of 4m S62 

Mass of 4f S34 IR of  4n S63 

IR of  4g S35 1H NMR of 4n S64 
1H NMR of 4g S36 13C NMR of 4n S65 
13C NMR of 4g S37 Mass of 4n S66 



 S3 

EXPERIMENTAL PROCEDURES 

General 

Melting points were measured on an Electrothermal 9200 apparatus. Mass spectra were recorded on a 

Finnigan-MAT 8430 mass spectrometer operating at an ionization potential of 70 eV. IR spectra were 

recorded on a Shimadzu IR-470 spectrometer. 1H NMR Spectra were recorded on a Bruker DRX-300 

Avance spectrometer 300.13 MHz; chemical shifts (δ scale) are reported in parts per million (ppm). 1H 

NMR Spectra are reported in order: number of protons, multiplicity and approximate coupling constant (J 

value) in hertz (Hz); signals were characterized as s (singlet), d (doublet), t (triplet), m (multiplet), br s 

(broad signal) and Ar (aryl). The 13C NMR spectra were recorded at 75.47 MHz; chemical shifts (δ scale) 

are reported in parts per million (ppm). The elemental analyses were performed with an Elementar 

Analysensysteme GmbH VarioEL. All the products are new compounds, which were characterized by IR, 

1H NMR and 13C NMR spectra and Mass spectral data. 

 

Compounds Characterization Data 

N-Cyclohexyl-2-methyl-4-oxo-2,3,4,5-tetrahydro-1H-benzo[b][1,4]diazepine-2-

carboxamide (4a).  

Colorless crystals; mp 263–265°C. IR (KBr) cm-1: 3347, 3295, 

3200, 3139, 3087, 2926, 2851, 1675, 1634, 1597, 1526, 1449, 

1376. 1H NMR (300.13 MHz, DMSO-d6) δ: 1.00-1.70 (13H, 

m, 5CH2 of cyclohexyl and CH3), 2.39 (2H, br s, CH2), 3.52 (1H, m, CH of cyclohexyl), 

5.34 (1H, br s, NH), 6.85 (2H, br s, H-Ar), 6.95 (2H, br s, H-Ar), 7.64 (1H, br s, NH-

CO), 9.55 (1H, br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 24.9, 25.0, 25.6, 

26.6, 32.6, 32.8, 43.4, 48.2, 67.7, 121.9, 122.0, 122.6, 125.0, 131.3, 138.7, 170.4, 173.2. 

MS m/z: 302 (M++1, 30), 175 (100), 133 (85), 55 (14), 41 (23). Anal. Calcd for 

C17H23N3O2: C, 67.75; H, 7.69; N, 13.94; found C, 67.65; H, 7.74; N, 13.84. 
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N-tert-Butyl-2,3,4,5-tetrahydro-2-methyl-4-oxo-1H-benzo[b][1,4]diazepine-2-

carboxamide (4b).  

Yellow crystals; mp 246–247°C. IR (KBr) cm-1: 3348, 3289, 

3196, 3128, 3075, 2970, 2917, 2870, 1674, 1648, 1600, 1523, 

1467, 1374. 1H NMR (300.13 MHz, DMSO-d6) δ: 1.25 (9H, m, 

3CH3), 1.30 (3H, br s, CH3), 2.37 (2H, m, CH2), 5.40 (1H, br s, NH), 6.87 (2H, br s, H-

Ar), 6.96 (2H, br s, H-Ar), 7.40 (1H, br s, NH-CO), 9.58 (1H, br s, NH-CO). 13C NMR 

(75.47 MHz, DMSO-d6) δ: 26.2, 28.8, 43.5, 50.5, 68.2, 122.0, 122.2, 122.6, 125.1, 131.5, 

138.6, 170.5, 173.5. MS m/z: 276 (M++1, 5), 175 (85), 133 (100), 41 (25). Anal. Calcd 

for C15H21N3O2: C, 65.43; H, 7.69; N, 15.26; found C, 65.33; H, 7.59; N, 15.35. 

2,3,4,5-Tetrahydro-2-methyl-N-(2,4,4-trimethylpentan-2-yl)-4-oxo-1H-

benzo[b][1,4]diazepine-2-carboxamide (4c).  

Brown crystals; mp 192–194°C. IR (KBr) cm-1: 3357, 3310, 

3196, 3075, 2962, 2891, 2860, 1672, 1603, 1507, 1393, 

1319. 1H NMR (300.13 MHz, DMSO-d6) δ: 0.95 (9H, br s, 

3CH3), 1.4 (6H, br s, CH3), 1.64 (1H, ABq, J = 14.6 Hz, CH2), 2.30-2.50 (5H, m, CH3 and 

CH2), 3.98 (1H, br s, NH), 6.80-7.30 (4H, br s, H-Ar), 7.48 (1H, br s, NH-CO), 9.60 (1H, 

br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 21.2, 25.0, 26.0, 28.5, 29.2, 31.7, 

31.8, 43.4, 52.1, 54.5, 68.2, 122.0, 122.4, 122.7, 125.0, 128.5, 131.3, 170.3, 172.8. MS 

m/z: 175 (100), 133 (70), 57 (15), 41 (18). Anal. Calcd for C19H29N3O2: C, 68.85; H, 

8.82; N, 12.68; found C, 68.78; H, 8.72; N, 12.58. 

N-Cyclohexyl-2,3,4,5-tetrahydro-2,7,8-trimethyl-4-oxo-1H-benzo[b][1,4]diazepine-2-

carboxamide (4d).  
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Colorless crystals; mp 248–249°C. IR (KBr) cm-1: 3353, 

3308, 3210, 2930, 2855, 1684, 1636, 1518, 1454, 1374, 

1314. 1H NMR (300.13 MHz, DMSO-d6) δ: 1.00-1.70 (16H, 

m, 5CH2 of cyclohexyl and CH3), 2.09 (6H, br s, 2CH3), 2.33 (2H, ABq, J = 12.8, CH2), 

3.53 (1H, m, CH of cyclohexyl), 5.10 (1H, br s, NH), 6.63 (1H, br s, H-Ar), 6.74 (1H, br 

s, H-Ar), 7.63 (1H, d, J = 8.2, NH-CO), 9.41 (1H, br s, NH-CO). 13C NMR (75.47 MHz, 

DMSO-d6) δ: 19.0, 19.3, 25.0, 25.6, 25.4, 32.6, 32.8, 43.2, 48.1, 67.9, 122.9, 123.8, 

129.2, 129.8, 132.6, 136.3, 170.6, 173.4. MS m/z: 330 (M++1, 9), 203 (100), 161 (84), 55 

(16), 41 (25). Anal. Calcd for C19H27N3O2: C, 69.27; H, 8.26; N, 12.76; found C, 69.18; 

H, 8.20; N, 12.66. 

N-tert-Butyl-2,3,4,5-tetrahydro-2,7,8-trimethyl-4-oxo-1H-benzo[b][1,4]diazepine-2-

carboxamide (4e).  

Colorless crystals; mp 268–269°C. IR (KBr) cm-1: 3337, 3296, 

3178, 3070, 2962, 2962, 2854, 1671, 1509, 1520, 1455, 1380, 

1320. 1H NMR (300.13 MHz, DMSO-d6) δ: 1.25 (9H, m, 

3CH3), 1.28 (3H, br s, CH3), 2.10 (6H, br s, 2CH3),  2.34 (2H, ABq, J = 12.8 Hz, CH2), 

5.15 (1H, br s, NH), 6.64 (1H, br s, H-Ar), 6.73 (1H, br s, H-Ar), 7.42 (1H, br s, NH-

CO), 9.43 (1H, br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 19.0, 19.3, 26.0, 

28.8, 43.5, 50.5, 68.4, 123.0, 123.8, 129.3, 130.0, 132.7, 136.2, 170.6, 173.7. MS m/z: 

304 (M++1, 14), 203 (100), 161 (84), 57 (20), 41 (26). Anal. Calcd for C17H25N3O2: C, 

67.30; H, 8.31; N, 13.85; found C, 67.25; H, 8.22; N, 13.67. 

2,3,4,5-Tetrahydro-2,7,8-trimethyl-N-(2,4,4-trimethylpentan-2-yl)-4-oxo-1H-

benzo[b][1,4]diazepine-2-carboxamide (4f).  
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Colorless crystals; mp 205–207°C. IR (KBr) cm-1: 3353, 

3296, 3183, 3075, 2957, 2855, 1668, 1510, 1518, 1437, 

1391, 1226. 1H NMR (300.13 MHz, DMSO-d6) δ: 0.94 

(9H, br s, 3CH3), 1.27 (3H, br s, CH3), 1.31 (6H, br s, 2CH3), 1.62 (2H, ABq, J = 14.7 Hz, 

CH2), 2.09 (3H, br s, CH3), 2.10 (3H, br s, CH3), 2.30 (2H, ABq, J = 12.9 Hz, CH2), 5.10 

(1H, br s, NH), 6.63 (1H, br s, H-Ar), 6.77 (1H, br s, H-Ar), 7.20 (1H, br s, NH-CO), 

9.43 (1H, br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 19.0, 19.3, 26.0, 28.4, 

29.2, 31.7, 31.8, 43.5, 52.4, 54.4, 68.4, 123.0, 123.8, 129.0, 129.8, 132.6, 136.1, 170.4, 

173.1. MS m/z: 360 (M++1, 6), 203 (100), 161 (82), 57 (22), 41 (25). Anal. Calcd for 

C21H33N3O2: C, 70.16; H, 9.25; N, 11.69; found C, 70.10; H, 9.15; N, 11.60. 

ORTEP diagram for 4f; summary of data: The 

Cambridge Crystallographic Data Centre 

(CCDC) no.: 735911; unit cell parameters: a 

27.1869(6) b 10.2149(2) c 34.7688(9) beta 

106.095(1); space group C2/c. 

2,3,4,5-Tetrahydro-2,7,8-trimethyl-N-(2,6-dimethylphenyl)-4-oxo-1H-

benzo[b][1,4]diazepine-2-carboxamide (4g).  

Dark white crystals; mp 261–263°C. IR (KBr) cm-1: 3363, 

3285, 3270, 3183, 2963, 2916, 1670, 1506, 1389. 1H NMR 

(300.13 MHz, DMSO-d6) δ: 1.48 (3H, br s, CH3), 2.11 

(12H, m, 4CH3), 2.48 (1H, d, J = 12.8 Hz, CH2), 2.58 (1H, d, J = 12.9 Hz, CH2), 5.26 

(1H, br s, NH), 6.68 (1H, br s, H-Ar), 6.85 (1H, br s, H-Ar), 7.04 (3H, br s, H-Ar), 9.28 

(1H, br s, NH-CO), 9.53 (1H, br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 18.5, 

19.0, 19.3, 27.1, 43.3, 68.1, 122.9, 123.9, 126.8, 128.0, 128.8, 129.6, 132.6, 135.5, 135.7, 
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136.2,  170.6, 173.1. MS m/z: 352 (M++1, 9), 203 (100), 161 (75), 120 (20), 91 (20). 

Anal. Calcd for C21H25N3O2: C, 71.77; H, 7.17; N, 11.96; found C, 71.67; H, 7.10; N, 

11.92. 

N-Benzyl-2,3,4,5-tetrahydro-2,7,8-trimethyl-4-oxo-1H-benzo[b][1,4]diazepine-2-

carboxamide (4h).  

Brown powder; mp 192–194°C. IR (KBr) cm-1: 3354, 

3285, 3212, 3028, 2965, 2854, 1681, 1635, 1517, 1450, 

1374. 1H NMR (300.13 MHz, DMSO-d6) δ: 1.37 (3H, br 

s, CH3), 2.09 (6H, br s, 2CH3), 2.44 (2H, ABq, J = 12.7 Hz, CH2), 4.30 (2H, m, CH2), 

5.13 (1H, br s, NH), 6.66 (1H, d, J = 8.0 Hz, H-Ar), 6.76 (2H, m, H-Ar), 7.27 (5H, m, H-

Ar), 8.45 (1H, m, NH-CO), 9.47 (1H, br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) 

δ: 19.0, 19.3, 26.8, 42.9, 43.3, 68.0, 122.9, 123.9, 127.1, 127.5, 128.6, 129.0, 129.7, 

132.6, 136.2, 139.8, 170.6, 174.6. MS m/z: 337 (M+, 15), 320 (17), 304 (30), 203 (100), 

161 (80), 91 (85), 65 (25), 39 (25). Anal. Calcd for C20H23N3O2: C, 71.19; H, 6.87; N, 

12.45; found C, 71.10; H, 6.78; N, 12.35. 

N-Cyclohexyl-2,3,4,5-tetrahydro-2,8-dimethyl-4-oxo-1H-benzo[b][1,4]diazepine-2-

carboxamide (4i).  

Light yellow crystals; mp 264–265°C. IR (KBr) cm-1: 3359, 

3301, 3201, 3112, 2928, 2849, 1674, 1636, 1524, 1488, 

1451, 1375. 1H NMR (300.13 MHz, DMSO-d6) δ: 1.00-1.70 

(13H, m, 5CH2 of cyclohexyl and CH3), 2.19 (3H, br s, CH3), 2.42 (2H, m, CH2), 3.51 

(1H, m, CH of cyclohexyl), 5.26 (1H, br s, NH), 6.50-6.80 (3H, m, H-Ar), 7.63 (1H, d, J 

= 6.3, NH-CO), 9.46 (1H, br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 20.9, 24.9, 

25.0, 25.6, 26.6, 32.6, 32.8, 43.3, 48.2, 67.6, 121.9, 122.6, 122.9, 128.7, 134.1, 138.4, 
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170.6, 173.3. MS m/z: 316 (M++1, 8), 189 (100), 147 (80), 41 (25). Anal. Calcd for 

C18H25N3O2: C, 68.54; H, 7.99; N, 13.32; found C, 68.44; H, 7.87; N, 13.22. 

ORTEP diagram for 4i; summary of data: The 

Cambridge Crystallographic Data Centre 

(CCDC) no.: 735910; unit cell parameters: a 

5.7118(2) b 25.8049(10) c 11.8905(6) beta 

94.801(3); space group P21/n. 

N-Benzyl-2,3,4,5-tetrahydro-2,7,8-trimethyl-4-oxo-1H-benzo[b][1,4]diazepine-2-

carboxamide (4j).  

Brown crystals; mp 183–185°C. IR (KBr) cm-1: 3306, 

3263, 3029, 2942, 1676, 1631, 1524, 1452, 1355. 1H NMR 

(300.13 MHz, DMSO-d6) δ: 1.38 (3H, br s, CH3), 2.18 

(3H, br s, CH3), 2.50 (2H, ABq, J = 13.0 Hz, CH2), 4.30 (2H, ABX, J = 15.2, 5.7, 6.2 Hz, 

CH2), 5.31 (1H, br s, NH), 6.67 (1H, d, J = 8.0 Hz, H-Ar), 6.77 (2H, m, H-Ar), 7.10-7.35 

(5H, m, H-Ar), 8.47 (1H, dd, J = 5.9, 5.9 Hz, NH-CO), 9.51 (1H, br s, NH-CO). 13C 

NMR (75.47 MHz, DMSO-d6) δ: 20.9, 27.1, 42.9, 43.4, 67.6, 121.9, 122.4, 122.9, 127.0, 

127.5, 128.4, 128.6, 134.0, 138.5, 139.8, 170.4, 174.5. MS m/z: 324 (M++1, 14), 189 

(100), 147 (82), 121 (12), 91 (45). Anal. Calcd for C19H21N3O2: C, 70.57; H, 6.55; N, 

12.99; found C, 70.50; H, 6.52; N, 12.89. 

7-Benzoyl-N-cyclohexyl-2-methyl-4-oxo-2,3,4,5-tetrahydro-1H-

benzo[b][1,4]diazepine-2-carboxamide (4k).  

Light yellow powder; mp 189–191°C. IR (KBr) cm-

1: 3290, 3286, 3064, 2986, 2933, 2865, 1680, 1634, 
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1530, 1470, 1425, 1318. 1H NMR (300.13 MHz, DMSO-d6) δ: 1.00-1.70 (13H, m, 5CH2 

of cyclohexyl and CH3), 2.61 (2H, br s, CH2), 3.52 (1H, m, CH of cyclohexyl), 6.35 (1H, 

br s, NH), 7.01 (1H, d, J = 8.2, H-Ar), 6.30-7.70 (8H, m, H-Ar and NH-CO), 9.68 (1H, br 

s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 25.1, 25.6, 27.6, 31.1, 32.5, 32.7, 44.5, 

48.4, 65.1, 120.5, 124.5, 127.1, 127.3, 128.2, 128.8, 129.6, 132.2, 138.4, 143.2, 170.2, 

172.5, 194.2. MS m/z: 406 (M++1, 1), 280 (25), 279 (100), 237 (86), 105 (35), 77 (40), 55 

(18), 41 (25). Anal. Calcd for C24H27N3O3: C, 71.09; H, 6.71; N, 10.36; found C, 71.00; 

H, 6.61; N, 10.26. 

7,8-Dichloro-N-cyclohexyl-2,3,4,5-tetrahydro-2-methyl-4-oxo-1H-

benzo[b][1,4]diazepine-2-carboxamide (4l).  

White powder; mp 262–264°C. IR (KBr) cm-1: 3364, 

3270, 3185, 3070, 2933, 2854, 1677, 1670, 1598, 1521, 

1485, 1456, 1388. 1H NMR (300.13 MHz, DMSO-d6) δ: 

1.00-2.20 (15H, m, 5CH2 of cyclohexyl, CH2 and CH3), 3.48 (1H, m, CH of cyclohexyl), 

5.78 (1H, br s, NH), 7.01 (1H, br s, H-Ar), 7.15 (1H, br s, H-Ar), 7.57 (1H, br s, NH-

CO), 9.68 (1H, br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 25.0, 25.1, 25.6, 

26.9, 32.5, 32.7, 43.7, 48.3, 66.4, 121.9, 122.7, 125.8, 130.2, 139.0, 170.1, 172.6. MS 

m/z: 372 (M+, 37Cl, 4), 370 (M+, 35Cl, 8), 243 (100), 201 (100), 55 (20), 41 (25). Anal. 

Calcd for C17H21Cl2N3O2: C, 55.14; H, 5.72; N, 11.35; found C, 55.10; H, 5.62; N, 11.25. 

7,8-Dichloro-2,3,4,5-tetrahydro-2-methyl-N-(2,4,4-trimethylpentan-2-yl)-4-oxo-1H-

benzo[b][1,4]diazepine-2-carboxamide (4m).  

Violet powder; mp 248–250°C. IR (KBr) cm-1: 3363, 

3327, 3188, 3139, 3060, 2947, 2865, 1680, 1495, 1394, 
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1376. 1H NMR (300.13 MHz, DMSO-d6) δ: 0.91 (9H, br s, 3CH3), 1.27 (6H, br s, 2CH3), 

1.32 (3H, br s, CH3), 1.61 (2H, ABq, J = 14.8 Hz, CH2), 2.07 (1H, m, CH2), 2.26 (1H, m, 

CH2), 5.80 (1H, br s, NH),  7.04 (1H, br s, H-Ar), 7.18 (1H, br s, H-Ar), 7.21 (1H, br s, 

NH-CO), 9.73 (1H, br s, NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 26.6, 28.6, 29.3, 

31.7, 43.8, 51.9, 54.6, 66.8, 122.2, 122.6, 122.7, 125.8, 130.2, 138.7, 170.2, 172.4. MS 

m/z: 402 (M++1, 37Cl, 1), 400 (M++1, 35Cl, 2), 243 (86), 201 (100), 165 (18), 97 (20), 57 

(28), 41 (32). Anal. Calcd for C19H27Cl2N3O2: C, 57.00; H, 6.80; N, 10.50; found C, 

57.10; H, 6.72; N, 10.40. 

N-Benzyl-7,8-dichloro-2,3,4,5-tetrahydro-2-methyl-4-oxo-1H-

benzo[b][1,4]diazepine-2-carboxamide (4n).  

Violet powder; mp 246–247°C. IR (KBr) cm-1: 3332, 

3214, 3086, 3009, 1668, 1621, 1493, 1390. 1H NMR 

(300.13 MHz, DMSO-d6) δ: 1.41 (3H, br s, CH3), 2.40-

2.65 (2H, m, CH2), 4.28 (2H, ABX, J = 15.0, 6.1, 5.5 Hz, CH2),  5.92 (1H, br s, NH), 

7.07 (1H, br s, H-Ar), 7.00-7.30 (6H, m, H-Ar), 8.50 (1H, m, NH-CO), 9.75 (1H, br s, 

NH-CO). 13C NMR (75.47 MHz, DMSO-d6) δ: 27.4, 42.9, 44.0, 66.2, 121.6, 122.5, 

122.6, 125.8, 127.0, 127.4, 128.6, 129.6, 138.8, 139.9, 170.2, 173.9. MS m/z: 380 (M++1, 

37Cl, 1), 378 (M++1, 35Cl, 2), 243 (82), 201 (100), 91 (70), 65 (20), 41 (20). Anal. Calcd 

for C18H17Cl2N3O2: C, 57.16; H, 4.53; N, 11.11; found C, 57.05; H, 4.44; N, 11.01. 
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