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Mechanistic investigation by cross-over experiments  

Under these optimized reaction conditions, we also examined the three-component reaction in 

which the substituents on the benzene rings of nitroalkene 1 and arylmethylidenemalononitrile 

2 are different. Unfortunately, complex product mixtures were formed on the basis of 1H NMR 

spectroscopic investigation under identical conditions. The three-component reaction of 

nitroalkene 1d, arylmethylidenemalononitrile 2a and malononitrile 3 was conducted to give 

the mixture of compounds 4a, 7a (or 7b) and 4d. Also we could get compounds 7a (or 7b) and 

4d from the reaction of 1a, 2d and 3 (Scheme 1).  
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Scheme 1 The three-component reaction in which the substitution groups on the 
benzene rings of nitroalkene and arylidenemalononitrile were different.
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According to our understanding of the mechanism, the aromatic group exchange is due to 

1,5-H shift in intermediate C and subsequent retro-Michael addition (Scheme 2). The anionic 

intermediates B and F could undergo nucleophilic attack to either 

arylmethylidenemalononitrile E or G to give different products. 
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Scheme 2 The mechanism of the aromatic group exchange process
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To investigate the reaction mechanism, some other cross-over experiments were conducted. 

For example, we carried out the reaction of nitroalkene 1a, arylmethylidenemalononitrile 2’ 

and malononitrile 3 under the standard conditions. To our surprise, we only obtained product 

4a in 26 % yield, which did not contain CO2Et group (Scheme 3, eq 1). The similar result was 

also obtained in the reaction of 1a, 2a and cyanoacetic acid ethyl ester 3’ (Scheme 3, eq 2). 

However, the reaction did not take place in the absence of both arylmethylidenemalononitrile 

and malononitrile (Scheme 3, eq 3).  

Through the results shown in Schemes 1 and 3, we could conclude that the malononitrile 

or its derivative arylmethylidenemalononitrile is very important in this three-component 
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reaction. The aromatic groups between nitroalkene 1 and arylmethylidenemalononitrile 2 

exchange processes exist during the reaction. Moreover, malononitrile also can exchange 

between arylmethylidenemalononitrile 2 and 3 during the reaction.  
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Scheme 3 Some other cross-over experiments  
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Spectroscopic data of the reaction products  
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A mixture of compounds 4a-1, 4a-2 and 4a-3 for the determination of the product distribution.  
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The crystal data of compound 4a-1 have been deposited in CCDC with number 688760. 
Empirical Formula: C21H16N5O2.33; Formula Weight: 375.72; Crystal size: 0.469 x 0.411 x 
0.347; Crystal Color, Habit: colorless, prismatic; Crystal System: Rhombohedral; Lattice Type: 
Primitive; Lattice Parameters: a = 23.2536(10)Å, b = 23.2536(10)Å, c = 17.7700(11)Å, α = 
90o, β = 90o, γ = 120o, V = 8321.4(7)Å3; Space group: R-3; Z = 18; Dcalc = 1.350 g/cm3; F000 = 
3522; R1 = 0.0514, wR2 = 0.1330. Diffractometer: Rigaku AFC7R.  
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The crystal data of compound 4a-2 have been deposited in CCDC with number 688759. 
Empirical Formula: C21H15N5O2; Formula Weight: 369.38; Crystal size: 0.321 x 0.236 x 0.051; 
Crystal Color, Habit: colorless, prismatic; Crystal System: Monoclinic; Lattice Type: Primitive; 
Lattice Parameters: a = 13.2254(13)Å, b = 11.3377(12)Å, c = 14.1441(15)Å, α = 90o, β = 
117.874(2)o, γ = 90o, V = 1874.8(3)Å3; Space group: P2(1)/c; Z = 4; Dcalc = 1.309 g/cm3; F000 = 
768; R1 = 0.0561, wR2 = 0.1011. Diffractometer: Rigaku AFC7R.  
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