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Abstract 

Condensation of α-aminonitriles with 2-nitrobenzoyl chloride gives the corresponding Schiff 

bases, which furnish, upon reduction with Zn, the corresponding 2-amino-3,4-dihydro-5H-1,4-

benzodiazepin-5-ones. However, reduction of the Schiff base obtained from the condensation of 

1-aminocyclohexanecarbonitrile with 2-nitrobenzaldehyde gives the methanol adduct of 2-

aminobenzaldehyde trimer. 

 

Keywords: 2-Nitrobenzoic acid, 2-nitrobenzaldehyde, 2-aminobenzaldehyde, 2-amino-1,4-

benzodiazepine, α-aminonitrile, tribenzo[b,f,j][1.5.9]triazacyclododecene, crystal structure 

 
 

 

Introduction 

 

The 1,4-benzodiazepine scaffold imparts biological activity to molecules which incorporate this 

heterocyclic nucleus, giving molecules capable of binding to brain receptors, and enhancing the 

effect of the neurotransmitter γ-aminbutyric acid.1 Consequently, many derivatives of 1,4-

benzodiazepines display a wide range of biological activities and constitute an essential part of 

the structure of a significant number of pharmacologically active compounds which exhibit 

anxiolytic, anticonvulsant, hypnotic, sedative, and muscle relaxant effects.2 Some naturally-

occurring 1,4-benzodiazepines exhibit antitumour and antibiotic activities.1d,3 Since the 

introduction of chlorodiazepoxide (Librium) and diazepam (Valium) to the market by Hoffmann 

La-Roche in the early 1960s, over a dozen benzodiazepines are now in medicinal use.4 

 The search for new 1,4-benzodiazepines is still an active area for synthetic chemists, and 

there is an increasing demand for structural diversification through the development of new 

synthetic protocols,2a,5 whereby structural modifications and new substituents can be introduced 

into the basic skeleton.6 In this context, we report here the synthesis of 2-amino-3,4-dihydro-5H-

1,4-benzodiazepin-5-ones starting with 2-nitrobenzoic acid and α-aminonitriles. 
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Results and Discussion 

 

The condensation of 2-nitrobenzoyl chloride 1 with α-aminonitriles 2 was found to proceed well 

in THF at 0 oC in the presence of triethylamine as a base, to furnish the corresponding amides 3 

as yellow crystalline solids in high yields (Scheme 1). 

 The structures of these compounds were elucidated through their IR, NMR, and HRMS 

spectra. In the IR spectra, these compounds exhibited an absorption at about 2240 cm-1, 

characteristic of the C≡N stretching mode, in addition to a strong absorption at about 1640 cm-1 

and a broad absorption at 3220-3245 cm-1, assigned, respectively, to the C=O and N-H bond 

stretching of the amide linkage. The HRMS spectra revealed the correct molecular formulas 

through exact mass measurements of either the [M-H]– ion, in the negative ion mode, or the 

[M+Na]+ ion, in the positive ion mode, with less than ±1 ppm error. The 1H- and 13C-NMR 

spectra were consistent with the assigned structures; the C≡N carbon appeared at 116-120 ppm, 

and the assignment of the remaining carbon and proton signals in each case were 

straightforward. 
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Scheme 1. Synthetic pathway for 2-amino-1,4-benzodiazepin-5-ones. 

 

 Reduction of the nitro group in these compounds to an amino group, was achieved by zinc 

powder with acetic acid in dichloromethane at room temperature. Such mild reaction conditions 

were intentionally employed with the aim of isolating intermediate 2-aminobenzamide 

derivatives 4, however the reactions proceeded further to furnish the cyclization products, 

namely the corresponding 2,4-benzodiazepinones 5. That cyclization of the intermediates 3 had 

occurred was evident from the absence of a C≡N stretching in the IR spectra of the isolated 

products, confirming the involvement of the nitrile functionality in the cyclization process. The 
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IR spectra also revealed C=N stretching at about 1590-1615 cm-1 and NH2 stretching modes in 

the range 3240-3290 and 3360-3380 cm-1 in addition to absorption bands at about 1630 and at 

3450-3480 cm-1 assigned to the amide functionality. A downfield shift was noted for the 13C 

NMR signal of the original C≡N carbon from 116-120 ppm in the acyclic 2-nitrobenzamides 3 to 

149-150 ppm for the C-2 carbon in compounds 5, being flanked by two nitrogen atoms in the 

cyclic structure. The C-3 proton in compounds 5b-d appeared as a doublet at 6.2-6.4 ppm (1H, 

J=7.5 Hz). The HRMS spectra revealed the correct molecular formulas through exact mass 

measurements of the [M+Na]+ ion, in the positive ion mode, with  ±1 ppm error. 

 In an attempt to develop an analogous synthetic route for the 2-amino-3H-1,4-

benzodiazepine 8 through the condensation of α-aminonitrile 2a with 2-nitrobenzaldehyde was 

investigated (Scheme 2). The corresponding Schiff base 6 was obtained in fairly high yield, the 

structure of which was elucidated through spectral data. Thus, the 1H-NMR spectrum of 

compound 6 revealed, in addition to multiplets at 7.60-8.07 (4H) and 1.67-1.99 ppm (10H), 

assigned, respectively, to the aromatic and the cyclohexyl protons, a signal at 9.07 (1H) for the 

methine proton. The IR spectrum showed an absorption due to C≡N bond stretching at  

2220 cm-1. 
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Scheme 2. Reduction of Schiff base 6. 

 

 Attempted transformation of this compound into the corresponding 2-amino derivative 7, 

and thence to the cyclization product 8 derived therefrom, through reduction with 

SnCl2/methanol, gave a product with spectral data that were difficult to interpret. The 1H-NMR 

spectrum of the revealed, in addition to signals in the aromatic region (13H), a singlet (3H) at 

3.95 and  three additional singlets (1H each) at 5.09, 5.30, and 5.53 ppm. The IR spectrum 

exhibited a broad absorption at about 3370 cm-1, and HRMS gave an exact molar mass of 

342.16009. To confirm the structure of this compound, an X-ray structure determination was 
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undertaken, which proved that the compound is the methanol adduct 15 (Figure 1) of a 2-

aminobenzaldehyde trimer. Analogous trimers, as well as tetramers, of 2-aminobenzaldehyde 

have been previously reported, formed through the action of complexing metal ions on 2-

aminobenzaldehyde.7 However, only a tentative reaction mechanism had been suggested for such 

condensation reactions, whereby a dimeric Schiff base intermediate, formed by self-condensation 

of two molecules of the 2-aminobenzaldehyde, was assumed.8 

 

 
 

Figure 1. X-ray structure of compound 15. One of two independent molecules in the asymmetric 

unit is shown. 

 

 We could not, however, find any trace of trimer formation when 2-nitrobenzaldehyde was 

subjected to reduction under the same reaction conditions employed for the above-mentioned 

formation of 15. This excludes the intermediacy of 2-nitrobenzaldehyde, which might have been 

formed through hydrolysis of the Schiff base 6, in the formation of the trimer in the present 

study. Therefore, we suggest that first, a metal complex is probably formed between the 

aminonitrile Schiff base 7 and Sn2+ ion, rendering the imine carbon electrophilic enough to 

initiate subsequent reaction with a second uncomplexed 2-aminobenzylidene Schiff base 

molecule 7 to give the dimeric structure 9, which undergoes elimination of an aminonitrile 

molecule (arrows on 9, Scheme 3). The resulting product 10 subsequently adds to a third Schiff 

base giving 11 which, after loss of an aminonitrile molecule (arrows on 11) produces compound 

12. Intramolecular amine-to-imine addition (arrows on 12) generates 13 and loss of the third 

equivalent of aminonitrile yields the 2-aminobenzaldehyde trimer, 

tribenzo[b,f,j][1.5.9]triazacyclododecene 14. Finally, this trimer adds a molecule of methanol 

(solvent), which triggers two intramolecular cyclizations (arrows on 14) involving the 

nucleophilic nitrogen atoms and the electrophilic imine groups to give the final tricyclic product 

15. 
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Scheme 3. Suggested reaction mechanism for the formation of trimer 15. 

 

 

Experimental Section 

 

General. All solvents and chemicals were of commercial grade (Aldrich), and were used without 

further purification. Melting points were measured on a Harris melting point apparatus and are 

uncorrected. 1H-NMR and 13C-NMR spectra were measured at room temperature on a Bruker 

DPX-300 instrument, operating at 300 and 75 MHz, respectively, using tetramethylsilane (0.00 

ppm) as internal standard. IR spectra were recorded, as potassium bromide (KBr) discs, on a 

Nicolet Impact-400 FT-IR spectrophotometer. High resolution mass spectra (HRMS) were 

measured in positive and/or negative ion mode by electrospray ionization (ESI) on a Bruker 

Apex IV instrument at 7.0 Tesla; samples were dissolved in acetonitrile, diluted in spray solution 

(0.1% formic acid in 1:1 v/v methanol-water), and infused using a syringe pump at a flow rate of 

2 µL/min, using Arginine cluster for external calibration in the mass range m/z 175-871. 
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Preparation of compounds (3a-d). General procedure  

2-Nitrobenzoyl chloride (10.0 mmol) was added to a solution of the aminonitrile, prepared 

according to a literature procedure,9 (11.0 mmol) in dry THF (50 mL) containing Et3N (12.0 

mmol) at 0 oC. The resulting mixture was stirred for 30 minutes at rt, the insoluble salt was 

filtered off, and the solvent was evaporated under reduced pressure. The remaining solid was 

collected and recrystallized from MeOH/H2O. 

N-(1-Cyanocyclohexyl)-2-nitrobenzamide (3a). Yield 94%, yellow solid, m.p. 152-154 ºC. IR 

(KBr) v 3216, 2239, 1656, 1639, 1523, 1344 cm-1. HRMS (ESI): m/z calculated for [M-H]– 

272.1041, found 272.1041. 1H-NMR (300 MHz, CDCl3) δ 1.25-2.42 (m, 10H), 6.07 (brs, 1H), 

7.49-7.60 (m, 2H), 7.65-7.71(m, 1H), 8.04 (d, J=9.8 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ 

22.1, 24.6, 35.0, 52.4, 119.2, 124.5, 128.9, 130.8, 131.8, 134.0, 145.9, 165.6. 

N-(Cyano(phenyl)methyl)-2-nitrobenzamide (3b). Yield 74%, yellow solid, m.p. 155-156 ºC. 

IR (KBr) v 3246, 3036, 2243, 1649, 1525, 1347 cm-1. HRMS (ESI) m/z calculated for [M+Na]+ 

304.0693, found 304.0693. 1H-NMR (300 MHz, CDCl3) δ 6.26 (d, J=8.2 Hz, 1H), 6.70 (brs, 1H), 

7.26-7.68 (m, 8H), 8.05 (d, J=8.0 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ 44.6, 116.8, 124.7, 

127.2, 128.7, 129.4, 129.7, 132.3, 131.1, 133.9, 134.1, 146.0, 165.6. 

N-(Cyano-(p-tolyl)methyl)-2-nitrobenzamide (3c). Yield 77%, yellow solid, m.p. 180-182 ºC. 

IR (KBr) v 3237, 2244, 1648, 1530, 1349 cm-1. HRMS (ESI) m/z calculated for [M+Na]+ 

318.0849, found 318.0849. 1H-NMR (300 MHz, CDCl3) δ 2.34 (s, 3H),  6.23 (d, J=8.1 Hz, 1H), 

6.67 (brs, 1H), 7.22-7.72 (m, 7H), 8.08 (d, J=9.2 Hz, 1H). 13C-NMR (75 MHz, CDCl3) δ 21.2,  

44.4, 117.0, 124.7, 127.1, 128.7 , 129.4, 130.1, 131.1, 131.2, 139.9, 146.0, 165.7. 

N-(Cyano-(4-fluorophenyl)methyl)-2-nitrobenzamide (3d). Yield 78%, yellow solid, m.p. 

127-128 ºC. IR (KBr) v 3255, 2957, 2917, 1524, 1347 cm-1. HRMS (ESI) m/z calculated for 

[M+Na]+ 322.0598, found 322.0598. 1H-NMR (300 MHz, CDCl3) δ 6.35 (d, J=8.3 Hz, 1H), 6.43 

(brs, 1H), 7.13-7.19 (m, 2H), 7.56-87.77 (m, 5H), 8.14 (d, J=8.0 Hz, 1H). 13C-NMR (75 MHz, 

CDCl3) δ 44.0, 116.4, 116.7, 116.8, 124.9, 128.3 ,128.7, 129.2, 129.3, 131.3, 134.1, 165.6. 

 

Preparation of compounds (5a-d). General procedure 

The nitro compound 3a-c (3.0 mmol) and zinc powder (1.00 g) were suspended in CH2Cl2 (30 

mL) in a double-necked flask equipped with a condenser. To the stirred mixture was added 

dropwise within 5 min AcOH (2 mL) dissolved in CH2Cl2 (10 mL). Stirring was continued for 1 

h. Excess zinc powder was filtered off and the filtrate was washed with saturated NaHCO3 

solution (3 x 15 mL), dried over MgSO4, and the solvent was evaporated under reduced pressure. 

The product was collected and recrystallized from MeOH. 

2-Aminospiro[1,4-benzodiazepine-3,1'-cyclohexane]-5(4H)-one (5a). Yield 85%, white solid, 

m.p. 149-150 ºC. IR (KBr): v 3479, 3377, 3294, 1632, 1616 cm-1. HRMS (ESI): m/z calculated 

for [M+Na]+ 266.1264, found 266.1264. 1H-NMR (300 MHz, CDCl3): δ 1.25-2.42 (m, 10H), 

5.59 (brs, 2H), 6.06 (brs, 1H), 6.60-6.38 (m, 2H), 7.19-7.30 (m, 2H). 13C-NMR (75 MHz, 

CDCl3): δ 22.1, 24.6, 35.6, 51.6, 114.2, 116.5, 117.6, 119.9, 127.2, 133.1, 149.3, 168.5. 
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 2-Amino-3-phenyl-3,4-dihydro-1,4-benzodiazepin-5-one (5b). Yield 83%, white solid, m.p. 

168-169 ºC. IR (KBr): v 3487, 3377, 3252, 1629, 1583 cm-1. HRMS (ESI): m/z calculated for 

[M+Na]+ 274.0950, found 274.0951. 1H-NMR (300 MHz, CDCl3): δ 5.61 (brs, 2H), 6.26 (d, 

J=8.1 Hz, 1H), 6.56 (brs, 1H), 6.60 (m, 2H), 7.24-7.31 (m, 1H), 7.47-7.57 (m, 6H). 13C-NMR (75 

MHz, CDCl3): δ  44.3, 113.4, 116.7, 117.5, 117.6, 127.0 , 127.2, 129.5, 133.4, 149.5, 168.1. 

2-Amino-3,4-dihydro-3-p-tolyl-1,4-benzodiazepin-5-one (5c). Yield 70%, white solid, m.p. 

171-172 ºC. IR (KBr): v 3452, 3362, 3235, 1637 cm-1. HRMS (ESI): m/z calculated for [M+Na]+ 

288.1107, found 288.1107. 1H-NMR (300 MHz, CDCl3): δ 2.36 (s, 3H), 5.62 (brs, 2H), 6.18 (d, 

J=7.3 Hz, 1H), 6.58-6.70 (m, 2H), 7.210-7.43 (m, 7H). 13C-NMR (75 MHz, CDCl3): δ 21.2, 

44.6, 113.3, 116.6, 117.6, 117.8, 127.1, 127.3,  130.1, 130.2,  133.4, 139.7, 149.4, 168.2. 

2-Amino-3,4-dihydro-3-p-fluorophenyl-1,4-benzodiazepin-5-one (5d). Yield 58%, white 

solid, m.p. 115-116 ºC. IR (KBr): v 3452, 3362, 3235, 16371 cm-1. HRMS (ESI): m/z calculated 

for [M+Na]+ 292.0857, found 292.0857. 1H-NMR (300 MHz, CDCl3): δ 4.78 (brs, 1H),  5.63 

(brs, 2H), 6.26 (d, J=8.1 Hz, 1H), 6.61-6.72 (m, 2H), 7.11-7.16 (m, 2H), 7.22-7.32 (m, 2H), 

7.50-7.56 (m, 2H). 13C-NMR (75 MHz, CDCl3): δ 43.6, 113.0, 116.3, 116.6, 117.6, 127.2, 129.1, 

129.4, 133.5, 149.5, 161.6,164.9, 168.1. 

 

Preparation of 1-(2-nitrobenzylideneamino)cyclohexanecarbonitrile (6)   

A solution of 2-nitrobenzaldehyde (5.0 mmol) and 1-aminocyclohexanecarbonitrile (6.0 mmol) 

in MeOH containing two drops of glacial AcOH was stirred at rt for 2 h. The precipitate formed 

was filtered, washed with H2O and recrystallized from EtOH/H2O. Yield 70%, yellow solid, m.p. 

53-54 ºC. IR (KBr): v 2944, 2860, 2222, 1530, 1343 cm-1. HRMS (ESI): m/z calculated for 

[M+Na]+ 280.1056, found 280.1056. 1H-NMR (300 MHz, CDCl3): δ 1.67-1.99 (m, 10H), 7.60 

(m, 1H) 7.68-7.73 (m, 1H), 7.93-7.96 (d, 1H), 8.06-8.07 (d, 1H), 9.06 (s, 1H). 13C-NMR (75 

MHz, CDCl3): δ 22.5, 24.5 , 37.4, 65.6, 119.7, 124.5, 130.0, 130.5, 131.3, 133.6, 148.8, 156.5. 

 

Preparation of 13-methoxy-7,11b-dihydro-13H-6,12[1',2']-benzeno-6H-quinazolino[3,4-a]-

quinazoline (15)   

Compound 6 (5.0 mmol)) and SnCl2.2H2O (2.00 g) were heated under reflux for 5 h in MeOH 

(10 mL). The solvent was then evaporated under reduced pressure and the residue was extracted 

with EtOAc (20 mL). Saturated aqueous NaHCO3 (10 mL), and Celite (2 g) were added, and the 

mixture was stirred at rt for 1 h, then filtered. The organic layer was separated and the solvent 

was evaporated under reduced pressure. The resulting solid was washed with H2O, and 

recrystallized from MeOH. Yield 54%, yellow solid, m.p. 215-217 ºC. IR (KBr): v 3372, 3287, 

1606, 1479 cm-1. HRMS (ESI): m/z calculated for [M+H]+ 342.1601, found 342.1601. 1H NMR 

(300 MHz, CDCl3): δ 3.95 (s, 3H), 5.09 (s, 1H), 5.30 (s, 1H), 5.53 (s, 1H), 6.72-6.74 (d, 1H), 

6.85-7.32 (m, 12H). 13C NMR (75 MHz, CDCl3): δ 55.6, 63.3, 69.8, 94.0, 117.5, 120.0, 124.1, 

124.2, 124.1, 124.4, 127.1, 128.1, 128.6, 128.8, 129.3, 129.4, 129.6, 129.7, 140.9, 142.5, 145.0. 
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X-ray Crystallography 

The crystal structure of 15 was determined using data collected at T = 90 K with CuK radiation 

(=1.54178 Å) on a Bruker APEX-II CCD diffractometer, equipped with an Oxford Cryostream 

cooler. Crystal data: C22H19N3O, Mr = 341.4, monoclinic space group P21/c, a = 8.7743(2), b = 

20.4393(5), c = 18.7698(5) Å,  = 93.1880(10)°, V = 3360.98(14) Å3, Z = 8, Dx = 1.349 g cm−3, 

max = 68.5°, R = 0.039 for 6058 data and 478 refined parameters. H atoms were visible in 

difference maps, but were placed in idealized positions, except for N-H hydrogen atoms, for 

which coordinates were refined. Maximum and minimum residual electron densities were 0.44 

and -0.20 e Å-3, respectively. CCDC 789475. 
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