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 Aqueous heterogeneous synthesis of 
polysubstituted 2,6-dicyanoanilines via 
combined microwave and ultrasound-assisted 
multicomponent reaction  
           Abstract:     A series of polysubstituted 3-aryl-2,6-dicyano-

aniline derivatives were synthesized by one-pot multi-

component heterogeneous domino reaction of aromatic 

aldehyde, malononitrile and cyclic ketone under com-

bined microwave and ultrasound irradiation in water. 

This facile approach reduces the reaction time and energy 

consumption and increases the yield and selectivity of 

the product.  
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1       Introduction 
 The development of high-throughput screening, 

domino processes and multicomponent reactions plays 

more and more important roles in modern synthetic 

organic che mistry for the formation of carbon-carbon 

and carbon-heteroatom bonds [ 1–7 ]. Such efficient 

and atom-economic reactions are particularly useful 

for constructing highly complex molecules in a single 

procedural step, thus avoiding complicated purifica-

tion operations and allowing savings in both solvents 

and reagents [ 8–11 ]. Activation of the organic reaction 

with microwave and ultrasound constitutes an impor-

tant domain of modern organic chemistry [ 12–18 ].   This 

is mainly due to the fact that the power of microwave 

and ultrasound can reduce the reaction time, minimize 

energy consumption and increase the yield and selec-

tivity of the product. 

 3-Aryl-2,6-dicyanoanilines with an amino group 

flanked by two cyano substituents not only occupy a 

unique place in various classes of organic compounds 

[ 19 ,  20 ] but also display interesting biological activities 

[ 21–23 ]. 2,6-Dicyanoanilines comprising one electron 

donor and two electron acceptors are typical accep-

tor-donor-acceptor (A-D-A) systems for the extensive 

study of photoinduced intramolecular electron transfer 

[ 24 ,  25 ]. The potential applications of these molecular 

systems, artificial photosynthetic systems [ 26 ], molecu-

lar electronic devices [ 27 ] and materials presenting sem-

iconducting or nonlinear optical properties [ 28 ], were 

reported extensively. These compounds were reported 

to be prepared from malononitrile and  α , β -unsaturated 

ketones, but the yields were very poor [ 29 ,  30 ]. The 

reaction between arylidenemalonodinitriles and 1-ary-

lethylidenemalonodinitriles could also give 2,6-dicy-

anoanilines in the presence of base [ 31 ,  32 ]. Wang et al. 

developed the microwave-assisted one-pot synthesis of 

polysubstituted 3-aryl-2,6-dicyanoanilines from alde-

hydes, ketones and malononitrile. However, the yields 

of products were in the range of 50 – 63%, and only a few 

products from cycloketones have been reported [ 33 ]. In 

addition, most of the above-mentioned reactions were 

performed in organic solvent or in the presence of sur-

factant. Due to the environmental and economic con-

cerns, water as a green reaction medium alternative to 

organic solvents has attracted more and more attention 

[ 34–36 ]. 
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2       Experimental 

2.1      General information 

 All solvents and reagents were purchased from commer-

cial sources and were used without prior purification. All 

combined microwave and ultrasound irradiation (CMUI) 

experiments were carried out in a professional TCMC-102 

microwave apparatus (Nanjing Lingjiang Technological 

Development Company, China) operating at a frequency 

of 2.45 GHz with continuous irradiation power from 0 to 

500 W and an FS-250 professional ultrasound appara-

tus (Shanghai S. X. Ultrasonics, China) operating at a 

frequency of 20 KHz with controllable irradiation power 

from 10 to 100 W. The reactions were carried out in a 15-ml 

two-necked Pyrex flask, placed in the microwave cavity 

with the tip of the detachable horn immersed just under 

the liquid surface. The reaction mixture was irradiated at 

reflux condition using microwave (100 W) and ultrasound 

(50 W). Thin-layer chromatography (TLC) analysis was per-

formed on aluminum-backed plates (SIL G/UV254). The 

products were purified by filtration or silica gel (200 – 300 

mesh) column chromatography and were identified by  1 H 

nuclear magnetic resonance (NMR) (CDCl 
3
 , 400 MHz) and 

gas chromatography-mass spectrometry (GC-MS). All the 

new products were identified by  1 H and  13 C NMR (CDCl 
3
 , 

400 MHz) and high-resolution mass spectroscopy (EI). 

2.2        General procedure for preparation of 
3-aryl-2,6-dicyanoanilines 

 A mixture of aromatic aldehyde (2.0 mmol), cyclic ketone 

(2.0 mmol), malononitrile (4.4 mmol), NaOH (3.0 mmol) 

and water (5.0 ml) was subjected to CMUI (microwave: 

100 W; ultrasound: 50 W) until nearly complete conver-

sion of aromatic aldehyde as monitored by TLC. The crude 

product was collected by filtration and purified by recrys-

tallization from ethanol or column chromatography on 

silica gel with 1:5 ethyl acetate/petroleum (v/v). All of the 

products were identified by  1 H NMR (CDCl 
3
 , 400 MHz),  13 C 

NMR, high resolution MS (HRMS) or GC-MS. 

2.3        5-Amino-7-(4-fluorophenyl)-2,3-
dihydro-1 H -indene-4,6-dicarbonitrile 
(4b) 

  1 H NMR (400 MHz, CDCl 
3
 ):  δ  = 7.36 – 7.39 (m, 2H), 7.19 (t,  J  = 8.6 

Hz, 2H), 5.10 (s, 2H), 3.13 (t,  J  = 7.6 Hz, H), 2.72 (t,  J  = 7.4 Hz, 

2H), 2.08 – 2.15 (m, 2H);  1  3 C NMR (100 MHz, CDCl 
3
 ):  δ  = 164.3, 

161.8, 154.9, 151.3, 145.0, 133.1, 132.5, 130.4, 116.0, 115.2, 95.3, 

93.4, 34.0, 31.9, 24.7; HRMS (EI): calcd for C 
17

 H 
12

 FN 
3 

 (M + ) 

277.1015, found 277.1017. 

2.4        5-Amino-7-(3-bromophenyl)-2,3-
dihydro-1 H -indene-4,6-dicarbonitrile 
(4c) 

  1 H NMR (400 MHz, CDCl 
3
 ):  δ  = 7.60 (d,  J  = 7.6 Hz, 1H), 

7.28 – 7.40 (m, 3H), 5.15 (s, 2H), 3.13 (t,  J  = 7.6 Hz, 2H), 2.73 

(t,  J  = 7.4 Hz, 2H), 2.08 – 2.15 (m, 2H);  1  3 C NMR (100 MHz, 

CDCl 
3
 ):  δ  = 115.0, 151.4, 144.2, 138.5, 133.0, 132.2, 131.3, 130.3, 

127.1, 122.7, 95.1, 93.7, 34.0, 31.8, 24.7; HRMS (EI): calcd for 

C 
17

 H 
12

 BrN 
3
  (M + ) 337.0215, found 337.0209. 

2.5        5-Amino-7-(benzo[ d ][1,3]dioxol-5-yl)-
2,3-dihydro-1 H -indene-4,6-dicarbonitrile 
(4g) 

  1 H NMR (400 MHz, CDCl 
3
 ):  δ  = 6.84 – 6.97 (m, 3H), 5.09 (s, 

2H), 3.12 (t,  J  = 7.6 Hz, 2H), 2.76 (t,  J  = 7.4 Hz, 2H), 2.07 – 2.14 

(m, 2H);  1  3 C NMR (100 MHz, CDCl 
3
 ):  δ  = 154.7, 151.4, 148.3, 

147.8, 145.7, 133.1, 130.2, 122.6, 116.4, 108.9, 101.5, 95.4, 

93.0, 34.0, 32.0, 24.7; HRMS (EI): calcd for C 
18

 H 
13

 N 
3
 O 

2 
 (M + ) 

303.1008, found 303.1007. 

2.6      2-Amino-4-(3-bromophenyl)-5,6,7,8-
tetrahydronaphthalene-1,3-dicarbo-
nitrile (4j) 

  1 H NMR (400 MHz, CDCl 
3
 ):  δ  = 7.61 (d,  J  = 7.6 Hz, 1H), 7.37 – 7.41 

(m, 2H), 7.18 (d,  J  = 7.6 Hz, 1H), 5.05 (s, 2H), 2.98 (t,  J  = 7.6 

Hz, 2H), 2.22 – 2.37 (m, 2H), 1.64 – 1.85 (m, 2H);  1  3 C NMR (100 

MHz, CDCl 
3
 ):  δ  = 149.6, 148.3, 147.3, 139.0, 132.0, 131.5, 130.5, 

127.0, 122.8, 115.4, 97.2, 96.3, 29.6, 27.3, 22.4, 21.8; HRMS 

(EI): calcd for C 
18

 H 
14

 BrN 
3
  (M + ) 351.0371, found 351.0360. 

3        Results and discussion

3.1        The reaction of benzaldehyde, 
cyclopentanone and malononitrile 

 Previous work from our group has demonstrated that 

CMUI gave significant rate enhancements and improved 

yields in aqueous organic reactions [ 37–42 ]. Herein, we 
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report the use of this simple and facile approach for the 

multicomponent synthesis of polysubstituted 3-aryl-

2,6-dicyanoanilines derivatives. 

 In our initial study, using a mixture of benzaldehyde 

 1a , cyclopentanone  2a  (1.0 equiv.) and malononitrile (2.2 

equiv.) as a model system, we focused on the evaluation 

of various bases under CMUI ( Table 1 , entries 1 – 6). From 

the result, we found that NaOH and KOH were the most 

effective catalysts that selectively produced the desired 

products in high yields (entries 5 and 6). We subsequently 

examined the efficiency of the power of microwave and 

ultrasound irradiation (entries 6 – 10). The results showed 

O

+ +

NC

NH2

CN

Base, H2O

1a 2a 3 4a

O

CN

CN

Entry Base (equiv.) Method Time Yield (%)b

1 K
2
CO

3
 (2) CMUI (MW 100 W+US 50 W) 90 s 42

2 NaHCO
3
 (3) CMUI (MW 100 W+US 50 W) 90 s 37

3 K
3
PO

4
 (1.5) CMUI (MW 100 W+US 50 W) 90 s 40

4 NEt
3
 (3) CMUI (MW 100 W+US 50 W) 90 s 45

5 KOH (1.5) CMUI (MW 100 W+US 50 W) 90 s 71

6 NaOH (1.5) CMUI (MW 100 W+US 50 W) 90 s 73

7 NaOH (1.5) CMUI (MW 50 W+US 50 W) 90 s 47

8 NaOH (1.5) CMUI (MW 200 W+US 50 W) 90 s 70

9 NaOH (1.5) CMUI (MW 100 W+US 25 W) 90 s 60

10 NaOH (1.5) CMUI (MW 100 W+US 100 W) 90 s 69

11 NaOH (1.5) Ultrasound (50 W)+oil bath reflux 1 h 40

12 NaOH (1.5) Microwave (100 W ) under reflux 15 min 43

13c NaOH (1.5) Conventional heating under reflux 8 h 46

 Table 1    Optimization of base in the synthesis of compound  4a.  a  
   a Reactions were performed under reflux using benzaldehyde (2.0 mmol), cyclopentanone (2.0 mmol), malononitriles (4.4 mmol), base and 

water (5 ml).  b Isolated yields.  c Solvent: CH 
3
 CH 

2
 OH.  

O

+ +
NC

NH2

CN

Ar
1.5 equiv. NaOH, H2O

CMUI

1 2a, n = 1
2b, n = 2 3 4

Ar O
CN

CN

( )n

( )n

Entry Ar Ketone Time (s) Product 4 Yield (%)b

1 C
6
H

5
Cyclopentanone 90 4a 73

2 4-FC
6
H

4
Cyclopentanone 90 4b 77

3 3-BrC
6
H

4
Cyclopentanone 90 4c 74

4 2,4-diClC
6
H

3
Cyclopentanone 120 4d 69

5 4-CH
3
C

6
H

4
Cyclopentanone 120 4e 67

6 4-CH
3
OC

6
H

4
Cyclopentanone 110 4f 73

7 3,4-(OCH
2
O)C

6
H

3
Cyclopentanone 100 4g 71

8 C
6
H

5
 Cyclohexanone 80 4h 76

9 4-FC
6
H

4
Cyclohexanone 80 4i 81

10 3-BrC
6
H

4
Cyclohexanone 80 4j 78

11 2,4-diClC
6
H

3
Cyclohexanone 120 4k 72

12 4-CH
3
C

6
H

4
Cyclohexanone 110 4l 73

13 4-CH
3
OC

6
H

4
Cyclohexanone 90 4m 78

 Table 2    Synthesis of polysubstituted 3-aryl-2,6-dicyanoanilines under CMUI. a  

   a A mixture of aldhyde (2.0 mmol), cyclic ketone (2.0 mmol), malononitrile (4.4 mmol), NaOH (3.0 mmol) and water (5.0 ml) was subjected to 

CMUI (microwave: 100 W; ultrasound: 50 W) for the indicated time (monitored by TLC) under reflux.  b Isolated yields.  
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that a combination of microwave irradiation at 100 W 

and ultrasound irradiation at 50 W gave the highest yield 

(entry 6). To show the usefulness of CMUI, a control exper-

iment was carried out using the same amount of reactants 

(entries 11 – 13). The results clearly show that combined 

microwave and ultrasound irradiation achieved the best 

results in terms of both reaction time and yield. However, 

the conventional reaction using ethanol as the solvent 

went to completion with many by-products, and only 46% 

of desired product was obtained (entry 13). This dramatic 

acceleration effect of CMUI may be attributed to a com-

bination of enforced heat transfer due to microwave irra-

diation and intensive mass transfer at phase interfaces 

caused by sonication.  

3.2       The scope of the reactions 

 Having the optimized conditions in hand (Table 1, entry 

6), we next investigated the scope and limitation of 

the process with variously substituted aldehydes  1  and 

cyclic ketones  2  ( Table 2 ). A good yield of polysubstituted 

3-aryl-2,6-dicyanoanilines were obtained, applying both 

electron-withdrawing (such as  1b ,  1c ,  1d ) and electron-

donating (such as  1e ,  1f ,  1g ) aromatic aldehydes. Mean-

while, both cyclopentanone and cyclohexanone are well 

tolerated.  

4        Proposed reaction pathway 
 According to the literature [ 31 ] and based on our experi-

ment, the formation of 3-aryl-anthranilodinitrile deriva-

tives could be explained by the possible reaction proce-

dure (Scheme 1). The first step of this process involves 

the in situ condensation of an aldehyde and ketone with 

malononitrile resulting in the formation of the corre-

sponding condensation products  5  and  6 . It is notewor-

thy that the intermediate  5  can be determined by GC-MS. 

Then, compound  7  undergoes Michael addition to  5  fol-

lowed by cyclization to form compound  8 , which under 

the base condition leads to polysubstituted 3-arylanthra-

nilodinitrile  4.  

5       Conclusions 
 In conclusion, a rapid and energy-efficient protocol 

using simultaneous microwave and ultrasound irradia-

tion has been developed for the synthesis of polysubsti-

tuted 3-aryl-2,6-dicyanoaniline from aromatic aldehyde, 

malononitrile and cyclic ketone in water. This method 

is simple, fast and environmentally friendly. The devel-

opment of this combination technique might open an 

extremely promising new area in the field of aqueous 

organic synthesis. 
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Scheme 1 Proposed reaction pathway.



 H. Feng et al.: Aqueous multicomponent reaction to 2,6-dicyanoanilines   467

 References 
  [1] Jiang B, Rajale T, Wever WR, Tu SJ, Li GG.  Chem. Asian J . 2010, 

5, 2318 – 2335.  

  [2] Isambert N, Duque MDS, Plaquevent JC, Genisson Y, Rodriguez 

J, Constantieux T.  Chem. Soc. Rev . 2011, 40, 1347 – 1357.  

  [3] Biggs-Houcka JE, Younaia A, Shawa JT.  Curr. Opin. Chem. Biol . 
2010, 14, 371 – 382.  

  [4] Ugi I, Heck S.  Comb. Chem. High Throughput Screening  2001, 

4, 1 – 34.  

  [5] Tietze LF, Modi A.  Med. Res. Rev . 2000, 20, 304 – 322.  

  [6] Nair V, Rajesh C, Vinod AU, Bindu S, Sreekanth AR, Mathen JS, 

Bala-gopal L.  Acc. Chem. Res . 2003, 36, 899 – 907.  

  [7] H ü gel HM.  Molecules  2009, 14, 4936 – 4972.  

  [8] Kumar V, Nigam KDP.  Green Process Synth.  2012, 1, 79 – 107.  

  [9] Wen LR, Sun JH, Li M, Sun ET, Zhang SS.  J. Org. Chem.  2008, 73, 

1852 – 1863.  

  [10] Tu SJ, Zhang Y, Jiang H, Jiang B, Zhang JY, Jia RH, Li CM, Zhou 

DX, Cao LJ, Shao QQ.  Synlett  2007, 480 – 484.  

  [11] Cravotto G, Gaudino EC, Tagliapietra S, Carnaroglio D, Procopio 

A.  Green Process Synth.  2012, 1, 269 – 273  

  [12] Dallinger D, Kappe CO.  Chem. Rev . 2007, 107, 2563 – 2591.  

  [13] Appukkuttan P, Mehtaa VP, Van der Eycken EV.  Chem. Soc. Rev . 

2010, 39, 1467 – 1477.  

  [14] Kappe CO, Van der Eycken EV.  Chem. Soc. Rev . 2010, 39, 

1280 – 1290.  

  [15] Cracotto G, Cintas P.  Chem. Soc. Rev . 2006, 35, 180 – 196.  

  [16] Cracotto G, Cintas P.  Chem. Eur. J . 2007, 13, 1902 – 1909.  

  [17] Polshettiwar V, Varma RS.  Acc. Chem. Res . 2008, 41, 629 – 639.  

  [18] Nasir Baig RB, Varma RS.  Chem. Soc. Rev . 2012, 41, 1559 – 1584.  

  [19] Yu Z, Velasco D.  Tetrahedron Lett . 1999, 40, 3229 – 3232.  

  [20] Sadek KU, Shaker RM, Abd Elrady M, Elnagdi MH.  Tetrahedron 
Lett . 2010, 51, 6319 – 6321.  

  [21] Nakazato A, Ohta K, Sekiguchi Y, Okuyama S, Chaki S, 

Kawashima Y, Hatayama K.  J. Med. Chem.  1999, 42, 1076 – 1087.  

  [22] Nakazato A, Sekiguchi Y, Ohta K, Chaki S, Okuyama S.  Bioorg. 
Med. Chem . 1999, 7, 2027 – 2035.  

  [23] Singh FV, Vatsyanan R, Roy U, Goel A.  Bioorg. Med. Chem. Lett.  
2006, 16, 2734 – 2737.  

  [24] Dumur F, Gautier N, Gallego-Planas N, Sahin Y, Levillain E, 

Mercier N, Hudhomme P.  J. Org. Chem . 2004, 69, 2164 – 2177.  

  [25] Xiao Y, Qian XH.  Tetrahedron Lett.  2003, 44, 2087 – 2091.  

  [26] Kurreck H, Huber M.  Angew. Chem. Int. Ed.  1995, 34, 849 – 866.  

  [27] Metzger RM, Panetta C.  New J. Chem.  1991, 15, 209 – 221.  

  [28] Long NJ.  Angew. Chem. Int. Ed.  1995, 34, 21 – 38.  

  [29] Victory PJ, Borrell JI, Vidal-Ferran A.  Heterocycles  1993, 36, 

769 – 776.  

  [30] Victory PJ, Borrell JI, Vidal-Ferran A. Seoane C, Soto JL. 

 Tetrahedron Lett.  1991, 32, 5375 – 5378.  

  [31] Wang XS, Zhang MM, Li Q, Yao CS, Tu SJ.  Tetrahedron  2007, 63, 

5265 – 5273.  

  [32] Milart P, Wilamowshi J, Sepiol JJ.  Tetrahedron  1998, 54, 

15643 – 15656.  

  [33] Cui SL, Lin XF, Wang YG.  J. Org. Chem . 2005, 70, 2866 – 2869  

  [34] Li CJ.  Chem. Rev . 1993, 93, 2023 – 2035.  

  [35] Lindstrom UM.  Chem. Rev . 2002, 102, 2751 – 2772.  

  [36] Sheldon RA.  Green Chem.  2005, 7, 267 – 278.  

  [37] Peng YQ, Song GH.  Green Chem . 2001, 3, 302 – 304.  

  [38] Peng YQ, Song GH.  Green Chem . 2002, 4, 349 – 351.  

  [39] Peng YQ, Song GH.  Green Chem . 2003, 5, 704 – 706.  

  [40] Peng YQ, Dou RL, Song GH.  Green Chem . 2006, 8, 507 – 508.  

  [41] Peng YQ, Dou RL, Song GH, Jiang J.  Synlett  2005, 2245 – 2247.  

  [42] Feng HD, Li Y, Van der Eycken EV, Peng YQ, Song GH. 

 Tetrahedron Lett . 2012, 53, 1160 – 1162.    

Huangdi Feng received his PhD degree in applied chemistry from 

ECUST, with Prof. Gonghua Song. In 2010, he received a China 

Scholarship Council Scholarship and joined the group of Prof. Erik 

Van der Eycken, KU Leuven, Belgium, as a doctoral student; he 

received his PhD degree in chemistry in 2012. Currently, he is an 

assistant professor at the Chinese National Compound Library, 

Shanghai Institute of Materia Medica, Chinese Academy of Sci-

ences. His research interests include the development of novel 

synthetic methodologies for biologically important compounds and 

medicinal chemistry.

Shengjie Lin was born in Zhejiang, China, in 1987. He graduated 

in Chemical Engineering and Technology in 2009 and is now a 

PhD student in Pesticide at ECUST under the supervision of Prof. 

Gonghua Song. His research interests focus on the design and 

application of novel microwave reactors.



468   H. Feng et al.: Aqueous multicomponent reaction to 2,6-dicyanoanilines

Jiayi Wang was born in Hubei, China, in 1983. He graduated in 

Pharmaceutical Preparations in 2005 and received his PhD in 

Applied Chemistry in 2011 from ECUST under the supervision of Prof. 

Gonghua Song. Presently, he is a lecturer at the School of Pharmacy 

in ECUST. His research interests focus on the development of novel 

synthetic methodologies, pesticide design and synthesis.

Gonghua Song is Professor of Chemical Engineering at the School of 

Pharmacy, East China University of Science and Technology (ECUST), 

Shanghai, China. He was born in 1962 and obtained his PhD from 

ECUST in 1991. In 1999, he was appointed as a full professor. His 

research interests are in green chemistry and agrochemicals.

Yanqing Peng is an Associate Professor in the Institute of Pesticides 

and Pharmaceuticals and Shanghai Key Laboratory of Chemical 

Biology at ECUST. His research program focuses on the develop-

ment of new recoverable catalysts, novel routes to nanomaterials 

and ecofriendly agrochemicals. He has 45 internationally refereed 

journal papers on catalysis, green chemistry and material 

chemistry.


