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Summary : Lewis acids, ferric chloride in particular, catalyze the addition of amine nucleo- 
philes to acrylates. Yields are very good, under mild conditions. Exclusive 1,4-addition occurs, 
and polymerization is avoided. 

We return to the Michael reaction'. We had earlier provided with xonotlite doped with 

potassium t-butoxide an efficient basic catalyst for the reaction of charged nucleophiles as 

Michael donors’. We address here the important complementary question of catalysis of the 

Michael reaction, with a neutral nucleophile , and when the acidic catalyst interacts with the 

Michael acceptor. 

We opted for catalysis of the Michael addition of amine nucleophiles to acrylates, for 

two strong reasons. One is the wealth of biochemical reactions one such 1,4-adduct, B-alanine, 

undergoes : as a neutal inhibitory transmitter; as a precursor of malonyl-CoA, of carnosine, and 

of coenzyme A via panthothenic acid3. The other is the high yield (90%) access these 1,4-amino 

adducts from primary amines give to B-lactams4. 

Molecular orbital calculations (MINOO-3)5 gave us a further inducement. With methyl 

acrylate as the model (Table 1) complexation at O-1 by BF3 as the prototypical 

down significantly the Michael acceptor LUMO, i.e. the orbital accommodating 

from the nucleophile. 

FaB-. 

x*LuMo 0.68 ev 0.29 ev 

x HOMO -10.85 eV \ 3 
0 

-11.52eV 

4 4 

Lewis acid brings 

the electron pair 

coeff. charge coeff. A charge A 

o-1 -0.2936 -0.5671 -0.2797 0.0139 -0.5532 0.0139 

c-2 0.4440 0.8490 0.5298 0.0858 0.8545 0.0055 

C-3 0.4936 -0.1396 0.4140 -0.0796 -0.1565 -0.0169 

C-4 -0.6659 0.0858 -0.6381 0.0278 0.1138 0.0280 

Table 1 - Calculation of Free and BF3-Complexed Methyl Acrylate : coefficients 

in the II* - Type LUMO and Atomic Charge. 
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amines X % Yield 

Diethylamine 96 
; Me 82 Diethylamine 

: Diethylamine polym 
Piperidine oHEt 

; 
Piperidine Me ::, 
Morpholine CEt 

$ 
Morpholine :; 
Pyrrolidine !:t 

i Pyrrolidine Me :: 
j n-Butylamine OEt 79 

Table 5 : Ferric chloride catalysis of 1,4-addition of 
amines onto Michael acceptors in methylene 
chloride solution. 

Experimental : The reactions are carried out as above but with the same amount of catalyst (0.1 

mol.eq) during 42 h at 25 "C in 20 mL of dry methylene chloride. The mixture is washed with 

saturated aqueous sodium sulfate and evaporated. The 1H nmr spectral data are as follows : 

1H nmr (CDC13) 6 

4.13 (PH,q,OCH,), 2.80 (ZH,t,NCH,), 2.46 (4H,q,CH,NCH2), 2.44 ( 2H,t,CH,CO), 1.26 
(3H,T,CH,), 1.03 (GH,t,CH,) 
2.69 (PH,t,NCH,), 2.52 (4H,t,CH,NCH,j, 2.40 (2H,t,CH,CO), 1.89 (3H,s,CH,CO), 0.96 
(6H,t,CH,) 
4.05 (2H,q,OCH,), 2.58 (2H,t,CH,N), 2.41 (2H,t,CH,N), 2.31 (4H,t,CH,N), 1.51-1.34 
(6H,m,CH,), 1.17 (3H,t,CH,) 
4.07 2.50 (4H,s,CO(CH,),N), 3.62 2.24 (4H,t,CH N), 2.61 2.03 (3H,s,CH ), 2.40 1.46-1.30 (GH,m,CH,) 

(2H,q,OCH,), (4H,t,CH,DCH,f, (ZH,t,NCH,y, (6H,t,CH,), 1.17 
(3H,t,CH,) 

4.10 3.66 (4H,t,CH,O), 2.61 2.74 (4H,s,N(CH,),CO), 2.49 2.41 (4H,t,CH,N), 1.74 2.14 (3H,s,CH,) 1.22 (2H,q,OCH,), (2H,t,NH,), (6H,t,CH,), (4H,m,CH,), (3H,t,CH,) 
2.66 (4H,m,N(CH,),CO), 2.47 (4H,m,CH,N), 2.14 (3H,s,CH,), 1.76 (4H,m,CH,) 
4.10 (PH,q,CH,O), 2.84-2.35 (GH,m,CH,), 1.71 (lH,s,NH), 1.43-1.28 (4H,m,CH,), 1.22 
(3H,t,CH,), 0.88 (3H,t,CH,) 
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