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Abstract: The one-pot condensation reaction of α-aminonitriles with 2-aminoacetophenone  

afforded the corresponding 2,2-disubstituted-4-methyl-1,2-dihydoquinazoline derivatives, rather 

than the anticipated 2-amino-1,4-benzodiazepines. 

 

Kewords: one-pot synthesis, 2-Aminoacetophenone, 2-amino-1,4-benzodiazepines, α-amino-

nitriles, 1,2-dihydroquinazolines. 

 

Introduction: 

α-Aminonitriles (1) incorporate at the α-carbon atom both a nucleophilic terminus (the amino 

group) and a sufficiently reactive electrophilic center (the cyano group), which are suitably 

located to participate in ring forming transformations. These versatile synthons are easily 

accessible from readily available materials via simple chemical reactions, such as Strecker 

synthesis
i
. This renders these compounds favorable components for cyclization reactions in 

conjunction of appropriate reaction partners. Hence, they find wide application in the field of 

organic synthesis, particularly as starting materials for the synthesis of aza-heterocycles
ii-vii
. 

In this contest, we recently reported on the utilization of α-aminonitriles in the synthesis of 2-

amino-1,4-benzodiazepines through condensation with o-nitrobenzoyl chloride and subsequent 

reduction of the nitro group
viii
.  

To further explore new synthetic applications of  α-aminonitriles as scaffolds for aza-

heterocyclic systems, we here investigate the condensation of α-aminonitriles with the 

commercially available 2-aminoacetophenone (2). 

Based on simple successive electrophilic-nucleophilic interactions involving the reactive termini 

of the starting materials in the manner depicted in Scheme 1, we anticipated that such 

condensation would eventually lead to the corresponding 2-amino-1,4-benzodiazepines (5). 

Since the latter class of  heterocycles are known to display wide range of biological activities
ix-

xiv
, the just mentioned reaction warrants investigation as a promising pathway towards the 

synthesis of latter compounds. Over a dozen of benzodiazepine derivatives are nowadays in 

medical use
xv,xvi

, among which are chlorodiazepoxide (Librium), and diazepam (Valium). 
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Scheme 1. Expected reaction pathway between α–aminonitriles and 2-aminoacetophenone 

leading to benzodiazepines. 

 

Results and discussion: 

Refluxing a mixture of 1-aminocyclohexanecarbonitrile (1a, R
1
+R

2
 = (CH2)5) with an equivalent 

amount of 2-aminoacetophenone in ethanol as the solvent, and in presence of triethylamine as a 

catalyst, for 4 h resulted in complete consumption of both reactants and the formation of a new 

product, as revealed by thin layer chromatographic examination of the reaction mixture. 

Workup of the reaction mixture resulted in the isolation of a solid product , which was purified 

and characterized through its spectral data. 

The high resolution ESI mass spectrum of the isolated compound gave a molecular ion peak with 

measured exact mass for [M + H]
 + 
 ion of  m/z = 215.15428,  corresponding  to the formula 

C14H19N2 (calc.,  m/z = 215.15482). This finding coincides with the spiro-2,2-disubstituted-4-

methyl-1,2-dihydroquinazoline structure 6a (Scheme 2, path b), but is obviously too far to fit the 

formula (C15H21N3) which corresponds to the initially presumed 2-amino-1,4-benzodiazepine 

structure 5a (Scheme 2, path a). 

 

 

 

Scheme 2. The two possible reaction pathways between α–aminonitriles and 2-

aminoacetophenone. 

 

The 
1
H NMR spectrum of compound 6a, as an example, exhibits, besides the signals assigned to 

the protons of the cyclohexyl moiety (multiplets at 1.35-1.77 ppm, 10 H) and the aromatic 
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protons (7.26 ppm, d, 1 H; 7.14, dd, 1 H; 6.64 ppm, dd, 1 H; 6.51 ppm, d, 1 H), two additional 

singlets at 4.15 ppm (1H, broad) and at 2.27 ppm (3 H), assigned respectively to the N1-H and 

the C-4 methyl protons. 

The 
13
C NMR spectrum displays, in addition to the cyclohexyl and phenyl carbon signals, 

characteristic signals at 160.6 and 69.4 ppm, assigned respectively to the C-4 and the spiro C-2 

carbon of the pyrimidine nucleous. The signal at 22.6 ppm is assigned to the methyl carbon at C-

4.  

The IR spectra of compounds 6 reveal N-H absorption band in the range 3330-3360 cm
-1
, and a 

C=N stretching at about 1640 cm
-1
. 

The formation of compounds 6 under the present reaction conditions is assumed to proceed 

according to the sequence depicted in Scheme 3, whereby initial nucleophilic attack through the 

NH2 group of the aminonitrile (1) at the carbonyl of the aminoketone (2), followed by 

elimination of water, leads initially to the formation of the corresponding imine condensation 

product as an intermediate. The latter intermediate finally undergoes cyclization, through 

intramolecular nucleophilic displacement of the cyanide ion by the amino group, and subsequent 

deprotonation, eventually furnishing the final heterocyclic product 6.  
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Scheme 3. The mechanism of reaction between compounds 1 and 2 leading to 1,2-

dihydroquinazolines (6). 

 

Likewise, other selected examples of α-aminonitriles reacted in a similar manner with 2-

aminoacetophenone (2), and furnished the corresponding 1,2-dihydroquinazolines. The 

structures of the reaction products were confirmed through their MS, and 
1
H- and 

13
C NMR 

spectral data. 

Since several quinazoline- and dihydroquinazoline derivatives exhibit biological activities
xvii-xix

, 

and many of them are being marketed as drugs
xx
 for treatment of various biological disorders, 

such as high blood pressure, high blood sugar, cancer, etc., the development of facile synthetic 

routes towards these heterocyclic systems is therefore desirable. 

The  most commonly used general method for synthesis of this class of heterocycles is based on 

the use of aniline derivatives carrying an electrophilic center at the ortho-position, such as 

derivatives of anthranilic acid, and o-aminobenzonitrile
xxi-xxiv

. Other less commonly used starting 

materials include o-haloaniline
xxv
, and o-halobenzonitrile

xxvi
.  

In one case, dihydroquinazolines were synthesized through the condensation of O-phenyl-2-

aminoacetophenone oxime with aldehydes and ketones, followed by free-radical cyclization 

under microwave irradiation
xxvii
. This method, however, is sensitive to the nature of substituents 
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on the carbonyl component, and was found inapplicable if aromatic, or sterically-hindered 

ketones, such as acetophenone, were employed in the condensation. Consequently, 2,2-

disubstituted derivatives, such as compound 6e were not accessible by this method
xxvii
.  

Conclusions: 

It has been shown, in the present work, that the one-pot reaction of α-aminocarbonitriles with 2-

aminoacetophenone constitutes a convenient synthetic route towards 1,2-dihydroquinazolines (d-

fused benzopyrimidine derivatives), which supplements existing synthetic pathways for these 

heterocycles
xx
. 

 

Experimental section: 

2-Aminoacetophenone, and all aldehydes and ketones employed in the reactions were products 

of Aldrich Chemical Company. Solvents were of commercial grade, and silica-coated TLC plates 

were from Merck.  

High resolution mass spectra (HRMS) were measured in positive ion mode by Electrospray 

Ionization (ESI) on a Bruker Apex IV high resolution instrument, using  arginine cluster for 

external mass calibration. 
1
H NMR, and 

13
C NMR spectra were measured on a Bruker DPX-500 

instrument using CDCl3 as solvent, and TMS as internal reference. IR spectra were recorded on a 

Nicolet Impact-400 FT-IR spectrophotometer using KBr pellets. 

 

Preparation of α-aminonitriles (1). These compounds were prepared from the corresponding 

aldehyde or ketone by the Strecker synthesis 
i,
 
vii, viii

. Thus, to a well stirred mixture of the 

carbonyl compound (0.1 mol) and water (40 mL) in a round bottomed flask, was added 

concentrated ammonium hydroxide solution (60 mL), followed by potassium cyanide (0.15 mol). 

The flask was securely stoppered, and left under continuous stirring for 24 h at room temperature 

inside the fume hood. The product was the extracted from the aqueous mixture with diethyl ether 

(2 x 20 mL). Evaporation of the organic solvent under reduced pressure gave almost quantitative 

yield of the aminonitrile as an oil, which was used for the next reaction without further 

purification.   

 Following this procedure, the following aminonitriles were prepared: 

α -aminocyclohexanecarbonitrile (1a) from cyclohexanone; 

α aminocycloheptanecarbonitrile (1b) from cycloheptanone; 

α -aminocyclopentanecarbonitrile (1c) from cyclopentanone; 

α aminodiethylacetonitrile (1d) from diethyl ketone; 

α -amino- α-phenylpropionitrile (1e) from acetophenone. 

 

Preparation of compounds 6a-e: A mixture of the appropriate aminonitrile (5 mmol), 2-

aminoacetophenone (5 mmol) and triethylamine (1 mL) in ethanol (30 mL) was refluxed for 4-6 

h, with continuous stirring, until TLC examination indicated complete consumption of the 

starting materials. The mixture was cooled and the solvent was evaporated under reduced 

pressure to yield the crude product. In case of 6a, the product was a solid, and it was purified by 

recrystallization from chloroform / petroleum ether (b.p. 40-60 
o
C). Otherwise the product was 

obtained as oil, and it was purified by separation on preparative TLC plates, using silica gel-

coated glass plates, using chloroform / hexane (1:3 v/v) as the mobile phase. 

6a: Yield 80%; m.p. 148-150 
o
C (from chloroform / petroleum ether, Lit.

xxviii
: brown oil.); 

[M+H]
+
 calc. for C14H19N2, 215.15482; found, 215.15428.

 1
H NMR, δ (ppm): 7.26 (1H, d, J= 

6.5Hz), 7.14 (1H, dd, J= 6.5, 7.5 Hz), 6.64 (1H, dd, J= 7.5, 8.0 Hz), 6.51 (1H, d, J= 8.0 Hz), 4.15 
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(NH), 2.27 (Me), 1.77-1.35 (10H, m).
 13
C NMR, δ (ppm): 160.6, 144.1, 132.3, 126.2, 118.0, 

117.4, 114.1, 69.4, 37.1, 25.3, 22.6, 21.9.   

6b: Yield 72%; oil; [M+H]
+
 calc. for C15H21N2, 229.17047; found, 229.16993. 

1
H NMR, δ 

(ppm): 7.29 (1H, d, J= 6.5Hz), 7.19 (1H, dd, J= 6.5, 7.5 Hz), 6.68 (1H, dd, J= 7.5, 8.0 Hz), 6.55 

(1H, d, J= 8.0 Hz), 4.32 (NH), 2.35 (Me), 1.87-1.98 (4H, m), 1.51-1.67 (8H, m).
 13
C NMR, δ 

(ppm): 159.9, 144.3, 132.8, 126.3, 117.5, 117.1, 114.4, 73.8, 40.6, 30.1, 22.1, 22.0. 

6c: Yield 74%; oil; [M+H]
+
 calc. for C13H17N2, 201.13917; found, 201.13862.

 1
H NMR, δ (ppm): 

7.26 (1H, d, J= 6.5Hz), 7.16 (1H, dd, J= 6.5, 7.5 Hz), 6.66 (1H, dd, J= 7.5, 8.0 Hz), 6.50 (1H, d, 

J= 8.0 Hz), 5.27 (NH), 2.31 (Me), 1.67-2.01 (4H, m), 1.16-1.23 (4H, m).
 13
C NMR, δ (ppm): 

161.7, 145.0, 132.8, 126.5, 117.7, 117.5, 114.3, 79.5, 40.5, 29.7, 23.1, 21.8.   

6d: Yield 56%; oil; [M+H]
+
 calc. for C13H19N2, 203.15482; found, 203.15428. 

1
H NMR, δ 

(ppm): 7.27 (1H, d, J= 6.5Hz), 7.15 (1H, dd, J= 6.5, 7.5 Hz), 6.60 (1H, dd, J= 7.5, 8.0 Hz), 6.46 

(1H, d, J= 8.0 Hz), 1.79 (4H, q, J= 7Hz), 0.96 (6H, t, J= 7Hz), 3.85 (NH), 2.35 (Me).
 13
C NMR, 

δ (ppm): 161.3, 145.2, 132.9, 126.3, 116.5, 115.8, 113.2, 74.0, 33.8, 29.7, 22.0.   

6e: Yield 68%; oil; [M+H]
+
 calc. for C16H17N2, 237.13891; found, 237.13862.

 1
H NMR, δ (ppm): 

7.58 (2H, d, J= 6.5Hz), 7.34-7.21 (5H, m), 6.68 (2H, m), 4.72 (NH), 2.42 (Me), 1.87 (Me). 
13
C 

NMR, δ (ppm): 161.9, 147.0, 144.3, 133.2, 128.1, 127.2, 126.6, 125.4, 117.7, 116.8, 114.2, 71.9, 

30.7, 27.7. 
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