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ABSTRACT 

 

Herein we report an efficient and green protocol for the synthesis of 2-amino-4H-chromenes from three-component 

condensation of aldehydes, malononitrile and α or β-naphthol in water as the eco-friendly solvent using ionic liquid 

[EMIM][OH] as a catalyst at room temperature as well as under microwave irradiation. 
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INTRODUCTION 

 

In these environmentally conscious days there is a need to use eco-friendly ‘greener’ technologies such as solvent-

free, microwave irradiation, sonication, grinding, use of room temperature ionic liquids, water as reaction media, 

photochemical, electrochemical etc reactions. Microwaves have been emerged as extensively useful non-

conventional energy source for performing organic synthesis. Ionic liquids are green catalysts because of their 

unique chemical and physical properties of non-volatility, non inflammability, thermal stability and controlled 

miscibility. Ionic liquids, being polar and ionic in character when coupled with mw irradiation, can be used as 

efficient reaction media as well as catalyst [1].  

 

Chromenes constitute an important class of compounds present in plants, including edible vegetables and fruits [2]. 

These compounds exhibit health promoting and disease preventing effects [3]. 2-Amino-4H-chromenes are 

biologically active compounds with a wide spectrum of pharmacological properties such as antimicrobial [4], 

antiproliferative [5], anticoagulant, spasmolytic, diuretic, anticancer and antianaphylactic characteristics [6]. 

 

As 2-amino-4H-chromenes belong to privileged medicinal scaffold. Several synthetic approaches for the synthesis 

of these compounds were reported. Recently 2-amino-4H-chromenes are synthesized by the condensation of 

aldehyde, activated phenol and malononitrile in presence of catalysts such as silica gel supported polyamine catalyst 

[7], ammonium acetate [8],  CuSO4. 5H2O [9], DBU [10], HMTAB [11], MgO [12], DABCO [13], p-toluenesulfonic 

acid [14] etc. 

 

EXPERIMENTAL SECTION 

 

Chemical reagents used were SD Fine made. All the materials were of commercial grade reagent. Melting points 

were determined in open capillaries using Electrothermal Mk3 apparatus. Infrared (IR) spectra in KBr were recorded 

using a Perkin-Elmer FT-IR spectrometer.  1H NMR spectra were recorded on an 400 MHz FT-NMR spectrometer 

in DMSO and CDCl3 as a solvent and chemical shift values were recorded in δ ppm relative to tetramethylsilane 

(Me4Si) as an internal standard. The microwave irradiation was carried out in a scientific microwave oven (CATA-

4R-Model No. QW-99, India makes), 2450 MHz Frequency, with power output of 140-700 W. The progresses of 

the reactions were monitored by TLC (Thin Layer Chromatography). 
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Table 1: [EMIM][OH] catalyzed synthesis of 2-amino-4H-chromenes 

 

 

 

Entry Aldehydes Naphthol Products 
Mw 

Time in sec/ Yield (%) 

RT 

Time in min/ 

Yield in % 

m.p. 

found 

(Lit.) 

m.p. 

reported 

(Lit.) 

1 

CHO

 

β-naphthol 
O

CN

NH2

 

180/85 180/84 278-280 28013 

2 

CHO

Cl  

β-naphthol 
O

CN

NH2

Cl

 

120/92 150/90 205-208 206-20815 

3 

CHO

Br  

β-naphthol 
O

CN

NH2

Br

 

150/87 150/88 241-244 242-24416 

4 

CHO

OCH3

H3CO

 

β-naphthol 

O

CN

NH2

H3CO

OCH3

 

180/84 180/82 206-208 210-21117 

5 

CHO

NO2  

β-naphthol 
O

CN

NH2

O2N

 

120/92 150/90 184-186 185-18617 

6 

CHO

F  

β-naphthol 
O

CN

NH2

F

 

120/88 160/88 232-234 233-23516 

7 

CHO

 

α-naphthol 
O

NH2

CN

 

180/92 180/88 175-177 178-18017 

8 

CHO

Cl  

α-naphthol 
O

NH2

CN

Cl  

120/93 150/84 230-232 231-23215 

9 

CHO

Br  

α-naphthol 

O

NH2

CN

Br

 

150/87 160/86 240-241 241-24313 

10 

CHO

O2N  

α-naphthol 

O

NH2

CN

NO2  

150/83 170/82 210-212 212-21314 

11 

CHO

NO2  

α-naphthol 

O

NH2

CN

NO2

 

120/90 150/88 240-242 239-24117 



Rajendra P. Pawar et al J. Chem. Pharm. Res., 2015, 7(8):1057-1061 

______________________________________________________________________________ 

1059 

 

General procedure for synthesis of 2-amino-4H-chromene using ionic liquid in H2O under microwave 

irradiation: 

A mixture of malononitrile (1mmol), aromatic aldehyde (1mmol), α- or β-naphthol (1mmol), water (5 ml)  and 

[EMIM][OH] (10 mol%), was mixed properly and irradiated in a microwave oven at the power of 140W for 2-4 min 

(Table 1). The progress of reaction was monitored by TLC (ethyl acetate: hexane 4:1). After completion of reaction, 

the reaction mixture was cooled to room temperature, poured onto crushed ice and filtered. The residue was dried 

and recrystallized from ethanol to get the corresponding 2-amino-4H-chromene. The products were confirmed by 

comparison with authentic samples, IR, 1H NMR and melting points. The filtrate was concentrated to recover the 

ionic liquid. 

 

General procedure for synthesis of 2-amino-4H-chromene using ionic liquid in H2O at room temperature: 
A mixture of malononitrile (1 mmol), aromatic aldehyde (1 mmol), α-naphthol or β-naphthol (1 mmol), water (5 ml) 

and [EMIM][OH] (10 mol%), was stirred at room temperature for appropriate time as mentioned in (Table 1) till the 

reaction was completed (monitored by TLC, ethyl acetate: hexane 4:1). After completion of reaction, the reaction 

mixture was poured on ice-cold water and filtered. The residue was dried and recrystallized from ethanol to get the 

corresponding 2-amino-4H-chromene. The products were confirmed by comparisons with authentic samples, IR, 1H 

NMR  and melting points. 

CHO

R
CN

CN

X

Y

O

NH2

CN
R

or

O
CN

NH2

R

[EMIM][OH], H2O

MW or R.T.

(X = H, OH ; Y = H, OH)

Scheme 1  
 

RESULTS AND DISCUSSION 

 

Three-component condensation between malononitrile, p-chlorobenzaldehyde and α- or β-naphthol was chosen as 

model reaction to obtain 2-amino-4H-chromenes. Following the green chemistry approach we decided to use eco-

friendly, non-hazardous ionic liquid as catalyst and water as solvent. Initially, the reaction was tested at room 

temperature by stirring with 2 mol% of catalyst. Reaction was completed within 6 to 7 hours with 45-50% yield. The 

reaction was optimized by varying molar ratios of catalyst. 10 mol% of [EMIM][OH] gave 2-amino-4H-chromenes 

within 2.5 h with 92-93% yield (Table 2). Further increase in amount of [EMIM][OH]  did not affect the time or 

yield of the reaction. 

 

As ionic liquid couple with microwaves very efficiently, we cannot stop ourselves to take advantage of this protocol 

in this reaction. Surprisingly, this protocol also gave an excellent yield of 2-amino-4H-chromenes using 10 mol% of 

[EMIM][OH]  in water as solvent at 140 W under microwave irradiation.  

 

After optimizing the reaction conditions, different aldehydes were investigated to check the feasibility of this 

protocol whose results are tabulated in (Table 1). Almost all the employed aldehydes showed good to excellent yield 

of the corresponding products. Studies revealed that aldehydes with electron-withdrawing substituents reacted faster 

and gave better yields of the products as compared to the aldehydes with electron-donating substituents. Thus, this 

protocol provides an easy access of pure products without using any chromatographic techniques. Filtrate that is 

aqueous layer kept for evaporation on rota evaporator to obtain [EMIM][OH] for further use. The catalyst can be 

recycled several times without significant loss of its catalytic activity (Table 3).  A plausible reaction mechanism for 

this condensation is shown in Scheme 2.  

 
Table 2: Optimization of catalyst for synthesis of 2-amino-4H-chromene 

 

Entry 
Catalyst 
(mol %) 

mw 

Time in sec 

A*                 B* 

RT 

Time  in hours 

A*               B* 

mw 

Yield in  % 

A*            B* 

RT 

Yield in  % 

A*            B* 

1 2 240              300 6               6.5 50            45 50            44 

2 5 180              210 3.5            4 75            70 74            70 

3 10 120              150 2.5            3 93            92 91            90 

4 15 120              150 2.5            3 93            92 94            93 

A* synthesis of 2-amino-4H-chromene from 4-chloro benzaldehyde, malononitrile and α-naphthol 
B* synthesis of 2-amino-4H-chromene from 4-chloro benzaldehyde, malononitrile and β-naphthol 
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Table 3. Recycling of catalyst 

 

Entry No. of cycles Yield in % 

1 1 95 

2 2 92 

3 3 90 

4 4 90 

Spectral data:  

3-Amino-2-cyano-4-(4-chlorphenyl)-4H-benzochromene: IR (KBr): cm-1 3411, 3326, 2193, 1643, 1591, 1488, 

1404, 1234, 1093; 1H NMR (DMSO-d6, 400 MHz) δ ppm: 5.31 (s, 1H, CH), 6.95 (s, 2H, NH2), 7.18-7.20 (d, 2H, 

ArH), 7.27-7.29 (m, 3H, ArH), 7.30-7. 32 (m, 2H, ArH), 7.76-7.78 (d, 1H, ArH), 7.87-7.89 (m, 2H, ArH).  

 

2-Amino-3-cyano-4-(4-bromophenyl)-4H-benzochromene: IR (KBr): cm-1 3415,3327, 2190, 1641, 1590, 1490, 

1408, 1233, 1092; 1H NMR (DMSO-d6, 400 MHz) δ ppm 4.82 (s, 1H, CH), 6.92 (s, 2H, NH2), 7.03-7.05 (d, 1H, 

ArH),7.18-7.20 (d, 2H, ArH), 7.44-7.46 (d, 2H, ArH), 7.51-7.60 (m, 3H, ArH), 7.80-7.82 (d, 1H, ArH), 8.26-8.28 (d, 

1H, ArH) 

 

Mechanism for synthesis of 2-amino-4H-chromene from aldehydes, malononitrile and α-naphthol: 

 

OH O[EMIM][OH]

CHO
CN

CN

[EMIM][OH]
CN

CN

O

CN

CN

Cyclization

[I]

[II]

[I] [II]

R R

O

C CN

N

H

R

O

NH2

CN

R

 
Scheme 2 

 

CONCLUSION 

 

In the present work; we have used microwave irradiation as energy source with water as the eco-friendly reaction 

medium for the synthesis of 2-amino-4H-chromenes. In short this method offers simple, clean, fast, efficient and 

economic technique for synthesis following the principles of green chemistry. 
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