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ABSTRACT: Multicomponent condensation of 1-naphthol, malononitrile, and arylglyoxals  

in the presence of Mg-Al hydrotalcite under solvent-free MicroWave (MW) conditions gave a new series 

of 2-amino-4-aroyl-4H-benzo[h]chromene-3-carbonitriles in high yields (70-89%). The structure  

of all products was elucidated by their FT-IR, 1H-NMR, 13C-NMR spectral data and microanalysis. 
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INTRODUCTION 

The synthesis of 2-amino-4H-chromene derivatives 

has gained great interest in recent years as they are  

the main components of many naturally occurring products 

and due to their wide range of biological and medicinal 

applications such as anti-angiogenic [1] anti-bacterial [2], 

anti-cancer [3], anti-coagulant [4], anti-flammatory [5], 

anti-fungal [6], anti-HIV [7], anti-genotoxic [8],  

anti-oxidant [9], anti-tumor [10] and anti-viral [11] activities.  

The synthesis of 2-amino-4H-chromenes by one-pot, 

three-component reaction using aromatic aldehydes,  

1-naphthol, and malononitrile or dimedone under 

different catalytic conditions have been reported [12,13].  

2-Amino-4H-benzo[h]chromene moiety has been 

considered as a promising and attractive substituent  

in the development of potential antitumor agents,  

for example, Ly290181 (Fig. 1, X= 3-NO2) is a powerful 

antiproliferative agent [14]. In addition, unsubstituted,  

 

 

 

6- and 7-substituted derivatives of 2-amino-4H-

benzo[h]chromene nucleus have antitumor and cytotoxic 

activities [15]. (Fig. 1, X= 4-Cl, 2- or 4-NO2). 

In continuation of our interest in the synthesis of new 

heterocyclic compounds by one-pot, multicomponent 

reactions [16-24], herein, we report a novel 

multicomponent strategy for the synthesis of a new series 

of 2-amino-4-aroyl-4H-benzo[h]chromene-3-carbonitrile 

derivatives via a one-pot, the three-component reaction of  

1-naphthol, malononitrile and arylglyoxals in the presence  

of Mg-Al hydrotalcite under solvent-free microwave (MW) 

conditions. 

 

EXPERIMENTAL SECTION 

Infrared spectra were recorded on a Thermo Nicolet 

Nexus 670 FT-IR instrument using KBr discs. 1H and 13C 

NMR spectra were recorded on a Bruker Avance AQS  
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Fig. 1: Structure of 2-amino-4H-benzo[h]chromene 

derivatives with pharmaceutical activities. 

 

300 MHz spectrometer at 300 and 75.5 MHz, 

respectively. Chemical shifts were measured in DMSO-d6 

as solvent relative to TMS as the internal standard. 

Melting points were measured on a Philip Harris 

C4954718 apparatus and are uncorrected. Elemental 

analyses were performed by using a Leco Analyzer 932. 

Microwave irradiation reactions were carried out  

in Yusch Heating Microwave oven (1000 W). 

 

General procedure for the synthesis of 2-amino-4-aroyl-

4H-benzo[h]chromene-3-carbonitriles 4a-g 

A mixture of arylglyoxal (1 mmol), 1-naphtol (1 mmol) 

and malononitrile (1 mmol) in presence of Mg-Al 

hydrotalcite (72 mg) in a mortar was irradiated at 200 W, 

for an appropriate time (Table 1) under microwave 

condition. After completion of the reaction, as indicated 

by TLC, methanol (5 mL) was added to the reaction 

mixture. The reaction mixture was filtered to separate the 

catalyst. The filtrate was concentrated under vacuum and 

the solid residue was recrystallized from ethanol to give 

the desired products in high yields (70-89%). 

 

2-Amino-4-benzoyl-4H-benzo[h]chromene-3-carbonitrile 

(4a) 

White solid, 73%, mp 215-217 oC; 1H-NMR (300 MHz, 

DMSO-d6) δ (ppm): 8.36 (d, J = 8.4 Hz, 1H, Ar),  

8.08 (d, J = 8.4 Hz, 1H, Ar), 7.92-7.87 (m, 4H, Ar), 7.79 

(bs, exchanged by D2O addition, 1H, NH), 7.73 (bs, 

exchanged by D2O addition, 1H, NH), 7.71 (t, J = 7.8 Hz, 

1H, Ar), 7.64-7.54 (m, 4H, Ar), 5.74 (s, 1H, exchanged 

by D2O addition, CH). 13C-NMR (75.5 MHz, DMSO-d6) 

δ (ppm): 165.4, 153.1, 149.3, 131.7, 130.1, 129.6, 127.9, 

127.7, 126.5, 124.5, 123.6, 120.7, 119.9, 118.5, 117.2, 

108.1, 79.2, 56.5, 18.6. FT-IR (KBr) νmax (cm-1): 3372, 

3165, 3064, 2925, 2354, 2251, 2169, 1696, 1635, 1450, 

1370, 1267, 1186, 1074, 802, 761, 663. Anal. Calcd for 

C21H14N2O2: C, 77.29; H, 4.32; N, 8.58; Found: C, 77.44; 

H, 4.20; N, 8.31%. 

 

2-Amino-4-(4-bromobenzoyl)-4H-benzo[h]chromene-3-

carbonitrile (4b) 

Light yellow-white solid, 78%, mp 238-240 oC;  

1H-NMR (300 MHz, DMSO-d6) δ (ppm): 8.35 (d, J = 9 Hz, 

1H, Ar), 8.08 (d, J = 8.1 Hz, 1H, Ar), 7.88 (t, J = 9 Hz, 

2H, Ar), 7.83 (s, exchanged by D2O addition, 2H, NH2), 

7.64 (t, J = 6 Hz, 1H, Ar), 7.68-7.61 (m, 4H, Ar), 7.73 (d, 

J = 6 Hz, 1H, Ar), 5.76 (s, 1H, CH). FT-IR (KBr) νmax 

(cm-1): 3438, 3319, 3268, 3198, 3063, 2934, 2425, 2378, 

2252, 2082, 2024, 1912, 1680, 1482, 1378, 1262, 1223, 

1136, 1081, 1008, 821, 742, 682, 570. Anal. Calcd for 

C21H13BrN2O2: C, 62.24; H, 3.23; N, 6.91; Found: C, 

62.31; H, 3.09; N, 7.18%. 

 

2-Amino-4-(4-chlorobenzoyl)-4H-benzo[h]chromene-3-

carbonitrile (4c) 

 Light yellow-white solid, 81%, mp 235-237 oC;  
1H-NMR (300 MHz, DMSO-d6) δ (ppm): 8.36 (d, J = 8.1 Hz, 

1H, Ar), 8.09 (d, J = 8.1 Hz, 1H, Ar), 7.85 (s,  

exchanged by D2O addition, 2H, NH2), 7.77 (d, J = 8.7 Hz, 

2H, Ar), 7.87-7.59 (m, 6H, Ar), 5.76 (s, 1H, CH). 13C-

NMR (75.5 MHz, DMSO-d6) δ (ppm): 165.2, 152.3, 

134.7, 131.8, 130.1, 129.9, 129.8, 129.6, 129.0, 127.7, 

126.6, 124.6, 123.7, 120,7, 120.1, 118.6, 117.2, 108.9, 

35.7. FT-IR (KBr) νmax (cm-1): 3436, 3266, 3198, 3061, 

2948, 2719, 2596, 2365, 2252, 2211, 1915, 1677, 1484, 

1377, 1262, 1225, 1138, 1090, 1012, 822, 736, 681, 640, 

567, 498, 425; Anal. Calcd for C21H13ClN2O2: C, 69.91; 

H, 3.63; N, 7.76; Found: C, 69.70; H, 3.47; N, 7.60%. 

 

2-Amino-4-(4-fluorobenzoyl)-4H-benzo[h]chromene-3-

carbonitrile (4d) 

Light yellow solid, 89%, mp 210-213 oC; 1H-NMR 

(300 MHz, DMSO-d6) δ (ppm): 8.36 (d, J = 8.4 Hz, 1H, Ar), 

8.09 (d, J = 8.4 Hz, 1H, Ar), 7.98-7.90 (m, 2H, Ar), 7.88 

(s, exchanged by D2O addition, 2H, NH2), 7.85-7.66 (m, 

3H, Ar), 7.62 (d, J = 6.9 Hz, 1H, Ar), 7.48 (t, J = 8.7 Hz, 

2H, Ar), 5.74 (s, 1H, CH). 13C-NMR (75.5 MHz,  

DMSO-d6) δ (ppm): 165.3, 152.3, 149.2, 131.7, 
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Table 1: The melting points and yields of products 4a-g. 

Yield (%) M.p (oC) Time (Min) Products Substrate Entry 

73 215-217 6 

 
 

1 

78 238-240 12 

 
 

2 

81 235-237 12 

 

 

3 

89 210-213 11 

 
 

4 

70 229-231 8 

 
 

5 

72 218-220 7 

 
 

6 

79 230-232 10 

 

 

7 
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a; Ar = C6H5                 b; Ar = 4-BrC6H4              c; Ar = 4-ClC6H4                   d; Ar = 4-FC6H4 

e; Ar = 4-MeC6H4        f; Ar = 3-MeOC6H4      g; Ar = 4-O2NC6H4 

 

Scheme 1: Synthesis of 2-amino-4-aroyl-4H-benzo[h]chromene-3-carbonitriles 4a-g. 

 

130.5, 129.0, 127.6, 126.4, 126.0, 124.5, 123.7, 120.7, 

120.0, 118.7, 117.3, 116.7, 116.5, 108.4, 35.6. FT-IR 

(KBr) νmax (cm-1): 3452, 3327, 3065, 2914, 2467, 2201, 

1685, 1595, 1510, 1379, 1234, 1159, 1086, 1036, 802; 

Anal. Calcd for C21H13FN2O2: C, 73.25; H, 3.81; N, 8.14; 

Found: C, 73.08; H, 3.95; N, 8.07%. 

 

2-Amino-4-(4-methylbenzoyl)-4H-benzo[h]chromene-3-

carbonitrile (4e) 

Light yellow-white solid, 70%, mp 229-231 oC;  
1H-NMR (300 MHz, DMSO-d6) δ (ppm): 8.44 (d, J = 7.5 Hz, 

1H, Ar), 8.08 (d, J = 7.5 Hz, 1H, Ar), 7.86 (s,  

exchanged by D2O addition, 2H, NH2), 7.79-7.60 (m, 6H, Ar), 

7.42 (d, J = 6.9 Hz, 2H, Ar), 5.71 (s, 1H, CH), 2.42  

(s, 3H, Me). 13C-NMR (75.5 MHz, DMSO-d6) δ (ppm): 

165.4, 153.3, 149.1, 139.8, 131.6, 130.1, 129.0, 127.9, 

127,6, 126.5, 126.3, 124.4, 123.9, 120.7, 119.9, 118.6, 

117.4, 107.8, 35.7, 21.4. FT-IR νmax (cm-1): 3383, 3146, 

2927, 2860, 2251, 1698, 1626, 1508, 1371, 1267, 1186, 

1093, 1023, 959, 875, 803, 740, 659, 600; Anal. Calcd for 

C22H16N2O2: C, 77.63; H, 4.74; N, 8.23; Found: C, 77.52; 

H, 4.88; N, 8.09%. 

 

2-Amino-4-(3-methoxybenzoyl)-4H-benzo[h]chromene-

3-carbonitrile (4f) 

Yellow solid, 72%, mp 218-220 oC; 1H-NMR (300 MHz, 

DMSO-d6) δ (ppm): 8.37 (d, J = 7.8 Hz, 1H, Ar),  

8.09 (d, J = 7.8 Hz, 1H, Ar), 7.88 (s, exchanged by D2O 

addition, 2H, NH2), 7.79-7.68 (m, 3H, Ar), 7.42-7.63 (m, 

4H, Ar), 7.12 (d, J = 8.1 Hz, 1H, Ar), 5.76 (s, 1H, CH), 

3.89 (s, 3H, OMe). 13C-NMR (75.5 MHz, DMSO-d6) δ 

(ppm): 165.4, 160.0, 131.7, 130.7, 130.6, 127.6, 124.5, 

123.9, 120.8, 120.3, 120.1, 117.4, 115.9, 113.3, 108.7, 

55.7, 35.7. FT-IR νmax (cm-1): 3378, 3229, 3088, 2931, 

2200, 1678, 1519, 1370, 1244, 1140, 1099, 1041, 801; 

Anal. Calcd for C22H16N2O3: C, 74.15; H, 4.53; N, 7.86; 

Found: C, 74.34; H, 4.45; N, 7.75%. 

 

2-Amino-4-(4-nitrobenzoyl)-4H-benzo[h]chromene-3-

carbonitrile (4g) 

Yellow solid, 79%, mp 230-232 oC; 1H-NMR (300 

MHz, DMSO-d6) δ (ppm): 8.44 (d, J = 8.7 Hz, 2H, Ar), 

8.41 (d, J = 6.6 Hz, 1H, Ar), 8.20 (d, J = 8.7 Hz, 2H, Ar), 

8.11 (d, J = 9 Hz, 1H, Ar), 7.91 (s, exchanged by D2O 

addition, 2H, NH2), 7.90-7.85 (m, 2H, Ar), 7.72 (d, J = 

6.6 Hz, 1H, Ar), 7.68 (t, J = 8.1 Hz, 1H, Ar), 5.90 (s, 1H, 

CH). 13C-NMR (75.5 MHz, DMSO-d6) δ (ppm): 165.0, 

150.6, 147.7, 135.3, 132.2, 129.8, 129.1, 128.9, 127.9, 

127.1, 125.0, 124.7, 123.7, 120.7, 120.4, 118.6, 117.1, 

111.3, 35.8. FT-IR (KBr) νmax (cm-1): 3362, 2938, 2256, 

1693, 1602, 1516, 1341, 1195, 1096, 853, 810, 752, 670. 

Anal. Calcd for C21H13N3O4: C, 67.92; H, 3.53; N, 11.32; 

Found: C, 67.82; H, 3.69; N, 11.17%. 

 

RESULTS AND DISCUSSION 

After some preliminary experimentation, we found 

that the reaction of arylglyoxal monohydrates 1a-g with  

1-naphthol (2) and malononitrile (3) in the presence of 

Mg-Al hydrotalcite as a heterogeneous catalyst under solvent-

free microwave conditions afforded the desired 2-amino-

4-aroyl-4H-benzo[h]chromene-3-carbonitrile derivatives 

4a-g as shown in Scheme 1. It should be mentioned  

that the reaction failed to give the desired product  

in the absence of the catalyst.  
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Scheme 2: Proposed mechanism of reaction for the synthesis of products 4a-g. 

 

The proposed mechanism for this reaction is shown  

in Scheme 2. Initially, the arylglyoxal monohydrates 1a-g 

react with malononitrile (3) to provide the corresponding   

2-(2-oxo-2-arylethylidene)malononitriles 5 by a Knoevenagel 

condensation in the presence of a catalyst. The Mg-Al 

hydrotalcite accelerates the dehydration process by activation 

of the C=O group. The ortho C-alkylation of α-naphthol takes 

place in the second step, which can also be promoted  

by the catalyst to afford the intermediate 6. The latter 

cyclization through nucleophilic attack of OH substituent  

on CN scaffold provides intermediate 7, which followed  

by subsequent tautomerization to give the desired products 4a-g. 

The structures of substituted 4H-benzo[h]chromene-

3-carbonitriles 4a-g were characterized using FT-IR,  
1H-NMR, 13C-NMR spectral data, and microanalysis.  

The characteristic singlets at δ = 5.71-5.90 ppm and  

δ = 7.73-7.91 ppm were ascribed to the CH and NH2 groups 

respectively, which were present in all products.  

In the 13C-NMR spectra of products, signals located at  

δ = 165-165.4 ppm was attributed to the carbonyl group. 

In the FT-IR spectra, the characteristic absorption bands 

at 1677-1698 and 2200-2256 cm-1 could be assigned  

to the vibrations of carbonyl and nitrile groups respectively. 

 

CONCLUSIONS 

In conclusion, we have described a facile procedure for 

the synthesis of a new series of 2-amino-4-aroyl-5-oxo-

5,6,7,8-tetrahydro-4H-chromene-3-carbonitriles by one-pot, 

the three-component reaction of 1-naphtol, arylglyoxals 

 and malononitrile in the presence highly efficient catalyst 

under solvent-free microwave conditions. The shorter reaction 

times, mild reaction condition, easy workup, good to excellent 

yields, availability of starting materials and its applicability  

in the synthesis of other heterocyclic compounds are  

the merits of this method. These products may have great 

potential for pharmacological and biological applications. 
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