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Abstract 
A simple, clean, and environmentally benign three-component process for the 

synthesis of 2-amino-4H-chromenes using [mim]Cl, as an efficient catalyst under 

solvent-free conditions are described. A wide range of aromatic aldehydes would 

easily undergo condensations with 1-naphthol and malononitrile under solvent-free 

conditions in order to afford the desired products of good purity in excellent yields. 

Taking into account the environmental and economical considerations, the protocol 

presented here has the merits of environmentally benign, simple operation, 

convenient work-up and good yields. Furthermore, the catalyst can be easily 

recovered and reused for at least five cycles without losing its activities. 

Keywords: Chromene; multicomponent reactions; 1-methyl imidazoliumiodide 

[mim]Cl; solvent-free conditions. 

 

Introduction 

Another window of green chemistry to 

take into consideration is the 

development of the one-pot multi-

component reactions (MCRs) which are 

one of the best tools in the synthesis of 

organic compounds [1]. Recently, 

MCRs have emerged as a highly 

valuable synthesis tool in the context of 

modern drug discovery. The atom 

economy and convergent character, the 

simplicity of a one-pot procedure, the 

possible structural variations, the 

accessible complexity of the molecules, 

and the very large number of accessible 

compounds are among the described 

advantages of MCRs. Thus, they are 

perfectly amenable to automation for 

combinatorial synthesis. 

The third issue to be addressed in the 

context of durable development and 

Green Chemistry is ionic- liquid 

catalyst. These concepts are at the 

center of the chemical activity, and the 

research on high selectivity is the 

driving force for the conception of all 

new catalytic processes. At present, it is 

well known that an ionic- liquid 

catalyst must have three characteristics: 

high activity, selectivity and stability 

(separation, recovery, recycling). The 

ideas of the new generation of catalysts 

should include these three aspects. 

2-Aminochromenes which represent 

an important class of compounds can be 

considered as the main components of 

many naturally occurring products, and 

have been of interest in recent years due 

to their useful biological and 
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pharmacological aspects, such as 

anticoagulants, spasmolytic, diuretic, 

insecticide, anticancer, and 

antianaphylactin activity [2]. 

Some of them can also be employed 

as cosmetics and pigments [3], and 

utilized as potential biodegradable 

agrochemicals [4]. 2-Aminochromenes 

are generally prepared by refluxing 

malononitrile, aldehyde, and activated 

phenol in the presence of hazardous 

organic bases like piperidine in organic 

solvents such as ethanol and acetonitrile 

for several hours [5]. A literature 

survey revealed several modified 

procedures using 

cetyltrimethylammonium chloride 

(CTAC), [6] tetrabutylammonium 

bromide (TBAB), [7] 

cetyltrimethylammoniumbromide 

(CTAB) coupled with ultrasound, [8] γ-

alumina, [9] K2CO3, [10] nanosize 

MgO, [11] heteropolyacid, [12] 

hexadecyltrimethylammonium 

bromide, (HTMAB), [13] 

triethylbenzylammonium chloride 

(TEBA), [14] 

([PhCH2Me2N
+CH2CH2NMe2]Cl) [15] 

and TiCl4 [16, 17]. As part of our 

program aimed at developing useful 

new selective and synthesis methods 

based on the use of functionalized ionic 

liquids as catalysts of fine chemical 

preparation, we have studied using the 

MCR strategy for the synthesis of 

substituted 2-aminochromenes using 

the basic ionic liquid catalyst, 1-methyl 

imidazoliumidide [mim]Cl, under 

solvent-free conditions. 

 

 
Scheme 1. Preparation of 2-amino-4-aryl-4H-benzo[h]chromene-3-carbonitrile and 3-amino-

1-aryl-1H-benzo[f]chromene-2-carbonitrile using [mim]Cl (IL) as catalyst under solvent-free 

conditions 

Experimental 

General 

All reagents were purchased from 

Merck. Aldehydes were distilled before 

use. Melting points were detetmined in 

open capillaries using Melting 

Electrothemal X6 microscopy, digital 

melting point apparatus. IR spectra 

were recorded on a Bruker Equinox 55 

spectrometer using KBr pellets. NMR 

spectra were recorded using a Brucker 

DRX500 machine at room temperature. 
1H, 13C NMR and 19F NMR spectra 

were measured using DMSO-d6 as 

solvent. CHN analyses were performed 

on Exeter Analytical Inc. 'Model C-400 

CHN Analyzer'. Mass spectra were 

obtained using a Micro Mass LCT 

machine in EI mode. HRMS machine 

on a JMS-700 double focusing Mass 

spectrometer (JEOL, Tokyo, Japan). 

The ionic liquid was prepared 
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according to the method reported in the 

literature. 17 All the reactions were 

monitored by TLC using 0.25 mm 

silica gel plates (Merck 60F254) UV 

indicator. 

 

General procedure for the synthesis 

of 2-amino-4-chromenes 

An equimloar (4 mmol) mixture of an 

aromatic aldehyde (1), malononitrile 

(2), 1-naphthol (3) and 10 mole% 

[mim]Cl was vigorously stirred at 80 

C for the specific time indicated in 

Table 1. The end of the reaction was 

monitored by TLC. Then, the crude 

product obtained was added to the 

distilled water. The resulting 

precipitated solid was filtered out and 

purified by recrystallization from hot 

methanol to afford the pure products 

(4). The catalyst remained in the water 

was reused at another cycle after 

evaporation of water. All of the 

products are known and the data are 

found to be identical with those that 

reported in the literature (Table 2). 

 

Characterization data of some 

representative compounds 

2-Amino-4-(4-(trifluoromethyl)phenyl)-

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

(4g) 

 0.359g (98%); white solid; mp 212-

214 oC. IR (KBr): 3387, 3121, 2971, 

2219, 1651, 1522, 1474, 1109, 802 cm-

1. 1H NMR (DMSO-d6, 500 MHz): 4.86 

(s, 1H, H-4), 6.79 (s, 2H, NH2), 7.11 (d, 

1H, H-5, J=8.0 Hz), 7.51-7.79 (m, 4H, 

Ar-H), 7.80-7.88 (m, 3H, Ar-H), 7.91 

(d, 1H, H-7, J=8.0 Hz), 8.10 (d, 1H, H-

7, J=8.0 Hz). 13C NMR (DMSO-d6, 125 

MHz): δ 48.87, 59.42, 121.43, 122.54, 

123.21, 123.98, 124.54, 125.65, 126.32, 

127.08, 128.21, 129.76, 130.54, 131.32, 

133.83, 134.12, 135.65, 136.09, 137.96 

(q, 1JCF=255.76 Hz), 147.34, 156.43. 
19F NMR (DMSO-d6, 470 MHz): -

110.8. MS (EI), m/z (%) =366 (M+, 35), 

221 (83). HRMS (EI) Found: M+, 

366.1003. C21H13F3N2O requires M+, 

366.1000. Anal Calcd for 

C21H13F3N2O: C, 68.85; H, 3.58; N, 

7.65. Found: C, 68.89, H, 3.56; N, 7.67. 

 

2-Amino-4-(naphthalen-2-yl)-4H-

benzo[h]chromene-3-carbonitrile 

(4n) 

0.274g (92%); white solid; mp 256-257 
oC. IR (KBr): 3234, 3054, 2980, 2211, 

1650, 1512, 1465, 1119, 810 cm-1. 1H 

NMR (DMSO-d6, 500 MHz): 4.75 (s, 

1H, H-4), 6.85 (s, 2H, NH2), 7.23 (d, 

1H, H-5, J=8.0 Hz), 7.43-7.56 (m, 4H, 

Ar-H), 7.62-7.98 (m, 6H, Ar-H), 8.04 

(d, 1H, H-7, J=8.0 Hz), 8.21 (d, 1H, H-

7, J=8.0 Hz). 13C NMR (DMSO-d6, 125 

MHz): δ 31.43, 60.42, 120.83, 121.54, 

122.43, 122.58, 123.54, 126.02, 126.28, 

127.01, 129.06, 130.35, 132.93, 133.76, 

136.98, 137.96, 141.65, 143.54, 147.34, 

151.54, 156.43. MS (EI), m/z (%) =348 

(M+, 15), 221 (75). HRMS (EI) Found: 

M+, 348.1301. C24H16N2O requires M+, 

348.1300. Anal Calcd for C24H16N2O: 

C, 82.74; H, 4.63; N, 8.04;. Found: C, 

82.73, H, 4.65; N, 8.06. 

 

3-Amino-1-(4-

(trifluoromethyl)phenyl)-1H-

benzo[f]chromene-2-carbonitrile (5g) 

 0.358g (98%); white solid; mp 235-

237 oC. IR (KBr): 3124, 3054, 2975, 

2233, 1643, 1523, 1455, 1143, 809 cm-

1. 1H NMR (DMSO-d6, 500 MHz): 5.34 

(s, 1H, H-4), 6.79 (s, 2H, NH2), 7.23-

7.43 (m, 2H, Ar-H), 7.45-7.52 (d, 2H, 

J=8.0 Hz, H-3,5), 7.60 (d, 1H, J=8.0 

Hz, H-9), 7.63-7.75 (m, 2H, Ar-H), 

7.78 (d, 1H, J=8.0 Hz, H-10), 7.81-7.96 

(d, 2H, J=8.0 Hz, H-2,6). 13C NMR 

(DMSO-d6, 125 MHz): δ 29.93, 58.92, 

121.63, 122.74, 122.96, 123.88, 123.96, 

125.12, 125.98, 126.11, 129.11, 131.65, 

132.03, 132.86, 135.08, 137.06(q, 
1JCF=247.54 Hz), 140.55, 143.04, 

148.34, 153.50, 159.03. MS (EI), m/z 
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(%) =366 (M+, 25), 221 (65). HRMS 

(EI) Found: M+, 366.1008. 

C21H13F3N2O requires M+, 366.1001. 

Anal Calcd for C21H13F3N2O: C, 68.85; 

H, 3.58; N, 7.65. Found: C, 68.73, H, 

.61; N, 7.66. 

 

3-Amino-1-(4-hydroxy-3-

methoxyphenyl)-1H-

benzo[f]chromene-2-carbonitrile (5i)  

0.309g (90%); white solid; MP 156-158 
oC. IR (KBr): 3156, 3078, 2956, 2198, 

1676, 1534, 1412, 1123, 805 cm-1. 1H 

NMR (DMSO-d6, 500 MHz): 3.67 (s, 

3H, OCH3), 5.32 (s, 1H, H-4), 5.53 (s, 

1H, OH), 6.67 (s, 2H, NH2), 7.16-7.31 

(m, 4H, Ar-H), 7.32-7.45 (m, 2H, Ar-

H), 7.32-7.45 (m, 3H, Ar-H),. 13C NMR 

(DMSO-d6, 125 MHz): δ 39.53, 58.02, 

59.43, 120.93, 121.04, 122.54, 122.88, 

124.43, 125.32, 125.92, 128.11, 129.98, 

130.76, 131.73, 133.76, 134.08, 135.16, 

142.05, 144.94, 147.74, 151.80, 157.43. 

MS (EI), m/z (%) =344 (M+, 15), 221 

(55). HRMS (EI) Found: M+, 344.1202. 

C21H16N2O3 requires M+, 344.1209. 

Anal Calcd for C21H16N2O3: C, 73.25; 

H, 4.67; N, 8.12. Found: C, 73.24; H, 

4.68; N, 8.13. 

 

3-Amino-1-(4-

(dimethylamino)phenyl)-1H- 

benzo[f]chromene-2-carbonitrile (5k) 

0.289g (85%); white solid; mp 251-253 
oC. IR (KBr): 3124, 3065, 2981, 2198, 

1666, 1544, 1451, 1107, 802 cm-1. 1H 

NMR (DMSO-d6, 500 MHz): 3.82 (s, 

6H, 2×CH3), 5.43 (s, 1H, H-4), 6.67 (s, 

2H, NH2), 7.17-7.34 (m, 4H, Ar-H), 

7.47-7.54 (m, 3H, Ar-H), 7.56-7.67 (m, 

3H, Ar-H),. 13C NMR (DMSO-d6, 125 

MHz): δ 44.83, 56.93, 67.54, 119.03, 

121.94, 122.43, 122.43, 123.03, 124.42, 

127.02, 128.54, 129.68, 130.54, 132.33, 

133.46, 134.78, 138.16, 143.95, 146.34, 

148.04, 153.40, 158.52. MS (EI), m/z 

(%) =341 (M+, 17), 221 (43). HRMS 

(EI) Found: M+, 341.1502. C22H19N3O 

requires M+, 341.1505. Anal Calcd for 

C22H19N3O: C, 77.40; H, 5.61; N, 

12.31. Found: C, 77.44; H, 5.64; N, 

12.33.  

  

3-Amino-1-(naphthalen-2-yl)-1H-

benzo[f]chromene-2-carbonitrile (5n)  
0.320g (92%); white solid; mp 262-264 
oC. IR (KBr): 3146, 3079, 2978, 2236, 

1624, 1545, 1434, 1121, 803 cm-1. 1H 

NMR (DMSO-d6, 500 MHz): 5.28 (s, 

1H, H-4), 6.57 (s, 2H, NH2), 7.11-7.31 

(m, 4H, Ar-H), 7.40-7.51 (m, 3H, Ar-

H), 7.53-7.72 (m, 3H, Ar-H), 7.81-8.06 

(m, 3H, Ar-H). 13C NMR (DMSO-d6, 

125 MHz): δ 31.09, 65.54, 118.63, 

120.87, 120.93, 122.09, 122.93, 125.02, 

126.92, 128.54, 130.08, 131.98, 132.98, 

133.76, 136.98, 141.16, 145.05, 147.38, 

149.94, 152.80, 157.92, 161.98. MS 

(EI), m/z (%) =348 (M+, 23), 221 (56). 

HRMS (EI) Found: M+, 348.1302. 

C24H16N2O requires M+, 348.1301. 

Anal Calcd for C24H16N2O: C, 82.74; 

H, 4.63; N, 8.04. Found: C, 82.75; H, 

4.64; N, 8.03.  

 

Results and discussion 

In order to optimize the reaction 

conditions, we studied the synthesis of 

4e and 5e from the condensation of 1 or 

2-naphthol, 4-nitrobenzaldehyde and 

malononitrile in the presence of a 

variety of solvents (Table 1, Entries 1-

7). The successful results of 

experiments showed that the 

condensation reaction without [mim]Cl 

in mixture of water and ethanol (1:1) as 

polar and protic solvent is substantially 

better than the corresponding reaction 

in conventional organic solvents (Table 

1, Entry 7). We evaluated the amount of 

[mim]Cl required for this 

transformation. It was found that when 

we increase the amount of IL from 1 to 

20 mol%, the yields will increase from 

40 to 70% (Table 1, Entries 8-13). 

Using [mim]Cl (10mol%) in water was 
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sufficient to push the reaction forward 

(Table 1, Entry 10). The effect of water 

in these reactions is attributable in part 

to its lubricating action, i.e., to its effect 

in reducing viscosity by decreasing the 

coulombic interactions between cation 

and anion geater translation and 

rotational freedom. Furthermore, the 

decreased hydrogen bonding with 

anions [23,24] should favor the 

catalytic effect of IL, moreover, it is 

attributable to hydrogen-bonding 

between the imidazolium H-2 atom and 

the carbonyl group of the aryaldehyde 

[25,26]. Extra amount of [mim]Cl did 

not improve the yields (Table 1, Entries 

12 and 13).  We also investigated the 

synthesis of our target compounds 

under solvent-free conditions. The ionic 

liquid catalyst is in favor of melting the 

reaction mixture and plays a crucial 

role in the success of the reaction in 

terms of the rate and the yields. 

Reacting 4-nitrobenzaldehyde with (2) 

and (3) was examined as a reference. In 

accordance with Table 1 and the 

general optimization procedure, 10 

mol% catalyst and 80 oC were used 

under solvent-free conditions (Table 1, 

Entry 18). 
  

 

Table 1. Optimization of conditions for synthesis of 2-amino-4-aryl-4H-benzo[h]chromene-

3-carbonitrile (4e) and 3-amino-1-aryl-1H-benzo[f]chromene-2-carbonitrile (5e) from 4-

nitrobenzaldehydes (1e), malononitrile (2), and 1 or 2-naphthol (3) using [mim]Cl as catalyst 

under solvent-free conditions 

Entry Catalyst 

(mol%) 

Solvent Temperature 

(oC) 

Time (h) Yield (%)a 

4e 5e 

1 Non H2O 25 24 25 25 

2 Non Ether 25 48 Nul Nul 

3 Non CH2Cl2 25 24 5 5 

4 Non CH3Cl3 25 24 5 5 

5 Non CH3CN 25 24 10 5 

6 Non EtOH 25 20 30 25 

7 Non H2O+ EtOH 25 20 35 35 

8 1 H2O 25 20 40 40 

9 5 H2O 25 20 55 50 

10 10 H2O 25 20 75 70 

11 15 H2O 25 20 75 70 

12 20 H2O 25 20 75 70 

13 25 H2O 25 20 70 70 

14 Non Sovent-free 25 24 20 15 

15 1 Sovent-free 50 0.8 76 65 

16 5 Sovent-free 50 0.6 80 70 

17 5 Sovent-free 80 0.5 83 75 

18 10 Sovent-free 80 0.5 95 95 

19 15 Sovent-free 80 0.5 95 95 

20 20 Sovent-free  80 0.5 92 92 

aIsolated yields 
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The three-component, one-pot 

condensation of aldeh ydes, 

malononitrile and 1-naphthol or 2-

naphthol proceeded in the presence of 

10 mole% of [mim]Cl basic ionic 

liquids smoothly to give the 

corresponding products in high yields 

and the results are summarized in Table 

2.  

The scope and the generality of the 

present method were then demonstrated 

by the reaction of (1) with (2) and (3) 

(Scheme 1). In all cases, good yields 

with good selectivity were obtained. All 

of the results are shown in Table 2. As 

can be seen from Table 2, electronic 

effects and the nature of substitute on 

the aromatic ring did show strong 

effects in terms of reaction time under 

the reaction conditions mentioned 

above. When aromatic aldehydes 

containing electron-donating groups 

(such as hydroxyl, alkoxyl, or methyl 

group) were employed (Table 2, Entries 

8, 22, 12, 26, 11 and 25), a longer 

reaction time was required than those of 

electron-withdrawing groups (such as 

nitro group, halide) on aromatic rings 

(Table 2, Entries 2–7 and 16-21). It is 

worthy of note that the reaction 

proceeded without the protection of 

acidic hydroxyl substituent (Table 2, 

Entries 9, 23, 13 and 27). 

 
Table 2. Synthesis of 2-amino-4-aryl-4H-benzo[h]chromene-3-carbonitrile and 3-

amino-1-aryl-1H-benzo[f]chromene-2-carbonitrile using [mim]Cl as catalyst under solvent-

free conditions 

Entry Ar 
Naphtho

l 

Produc

t 
Time/min Yields(/%)a Mp/C Lit. Mp/C 

1 C6H5 1 4a 40 92 209–211 210–211 [8] 

2 4-ClC6H4 1 4b 30 93 231–232 231–232 [11] 

3 2-ClC6H4 1 4c 40 70 237–238 236–237 [8] 

4 2,4-Cl2C6H3 1 4d 35 82 220–222 222–224 [13] 

5 4-NO2C6H4 1 4e 30 95 230–232 231–234 [11] 

6 4-FC6H4 1 4f 30 98 228-230 229-231 [18] 

7 4-CF3C6H4 1 4g 35 98 212-214 New Comp. 

8 4-CH3OC6H4 1 4h 70 92 194–195 195-196 [11] 

9 3-CH3O-4-OHC6H3 1 4i 75 90 136–138 137–139 [8] 

10 3-NO2C6H4 1 4j 35 94 208–210 208–211 [11] 

11 4-( CH3)2NC6H4 1 4k 60 85 201–203 203–205 [7] 

12 4- CH3C6H4 1 4l 50 90 205–206 205–206 [14] 

13 4-HOC6H4 1 4m 50 88 244–246 245-247 [15] 

14 2-Naphthyl 1 4n 45 92 256-257 New Comp. 
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15 C6H5 2 5a 60 92 279–280 278–280 [19] 

16 4-ClC6H4 2 5b 75 93 209–210 208–210 [19] 

17 2-ClC6H4 2 5c 80 70 237–238 274–276 [20] 

18 2,4-Cl2C6H3 2 5d 60 82 220–222 219–222 [22] 

19 4-NO2C6H4 2 5e 50 95 230–232 188–189 [21] 

20 4-FC6H4 2 5f 55 98 231-232 232-233 [6] 

21 4-CF3C6H4 2 5g 55 98 235-237 New Comp. 

22 4-CH3OC6H4 2 5h 85 92 190–192 191-193 [6] 

23 3-CH3O-4-OHC6H3 2 5i 90 90 156–158 New Comp.  

24 3-NO2C6H4 2 5j 50 94 211–213 210–212 [18] 

25 4-(CH3)2NC6H4 2 5k 95 85 251–253 New Comp. 

26 4- CH3C6H4 2 5l 75 90 205–206 270–272 [22] 

27 4-HOC6H4 1 5m 50 85 234–236 235-237 [15] 

28 2-Naphthyl 2 5n 60 92 262-264 New Comp. 

aIsolated yield 

 

The mechanism proposed for 

preparation of 2-amino-4-aryl-4H-

benzo[h]chromene-3- carbonitrile and 

3-amino-1-aryl-1H-benzo[f]chromene-

2-carbonitrile from arylaldehydes, 

malononitrile, and 1 or 2-naphthol 

using [mim]Cl as catalyst under 

solvent-free conditions is depicted in 

Scheme 2. According to the literature 

[6], arylidene malononitrile, containing 

an electron-poor C=C double bond, is 

formed quantitatively by the 

Knoevenagel addition of malononitrile 

to the aromatic aldehyde in the 

presence of ionic liquids as catalyst, 

ortho C-alkylation of the electrophilic 

C=C double bond by 1 or 2-naphthol 

then gives intermediates (I). 

Tautomerization converts intermediate 

(I) to intermediate (II), which is then 

cyclized by nucleophilic attack of an 

OH group on the China (CN) moiety to 

give intermediate (III). Subsequently, 

tautomerization produced the 2-amino-

4-aryl-4H-benzo[h]chromene-3-

carbonitrile (4a-n). 
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 Scheme 2. Proposed mechanisms for preparation of 2-amino-4-chromenes promoted by 

[mim]Cl ionic- liquid catalyst under solvent-free conditions 

 

In view of the green chemistry, the 

catalyst was further explored for the 

reusability by a model reaction of 4-

nitrobenzaldehyde and reactants 2 and 

3 (1 or 2-naphtol) under similar 

conditions in the presence of 10 mole% 

catalyst. The catalyst was easily 

recovered by washing the reaction 

mixture with distilled water and then 

was directly reused for the next turn 

after evaporation of water under 

reduced pressure. The recycled catalyst 

has been reused five times to catalyze 

the model reaction affording the 

corresponding chromene in 92, 91, 90, 

89, and 87% yields, and without 

appreciable decreases of yield. 

 

 

 
Figure 1. Reusability of [mim]Cl ionic-liquid catalyst. Reaction of 4-nitrobenzaldehyde, 

malononitrile, and 1-naphthol or 2-naphthol was used as model reaction 
  

In conclusion, we describe a 

practical and efficient procedure for the 

preparation of 2-amino-4-criminals 

through the three-component reaction 
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of aromatic aldehydes (1a-n), 

malononitrile (2), and 1-naphthol (3) 

using a catalytic amount of [mim]Cl 

catalyst under solvent-free conditions. 

This procedure offers several 

advantages, including mild reaction 

conditions, cleaner reaction, and 

satisfactory yields of products, as well 

as a simple experiment and isolated 

procedure made it a useful and 

attractive protocol for the synthesis of 

these compounds. The catalyst was 

reused by another cycle after 

evaporation of water. All of the 

products are known and the data are 

found to be identical with those that 

reported in the literature (Table 2). 

 

Conclusion  

In this research, mild ionic liquid 

[mim]Cl was used as catalysts, for the 

first time, for preparation of 2-amino-4-

aryl-4H-benzo[h]chromene-3-

carbonitrile and 3-amino-1-aryl-1H-

benzo[f]chromene-2-carbonitrile under 

solvent-free conditions at 80 C. The 

attractive features of this method are 

the simple procedure, cleaner reaction, 

and use of inexpensive and reusable 

ionic liquid as a catalyst under solvent-

free conditions. Satisfactory yields and 

simple isolation and purification of the 

products make it a useful procedure for 

synthesis of these compounds. 
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