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Abstract: A case of the formation of two vicinal asymmetric cen- 
ters bv the Michael addition is studied. The loss of chiralitv 
as a result of C2-C4 carbanion transformation is followed by asym- 
metric protonation ot the prochiral C4 centre and high diastereo- 
selective formation of the erythro isomer. 

The diastereoselective rormarlon or a C-C bond is one of the most important 

problems in synthetic organic chemistry. Recently, we demonstrated a high threo 

preference (EiT=5/95) in the Michael addition of phenylacetic acid dialkyl amides 

to cinnamic acid derivatives under thermodynamic conditions [l]. The result was 

explained by a stabilizing chelation in the adduct [2] and a triple ion structure 

of the chelate was found [3]. 

The present work deals with the effect ok the nitrile group in the donor 

(as a group with lower complexing ability 141) on the stereochemical result of 

the reaction with methyl cinnamate and cinnamic acid dimethyl amide: 

C6H5-CH=CH-COX C6H5-CH-CH=C;e-M+ 
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where: M = Li or Na - 

X- OCH3 0CH3 N(CH3)2 N(CH3)2 
R= 'gH5 d-C10H7 '6H5 &%OH7 

1. 2 3 4 

Most of the reports on the Michael addition of benzyl cyanide are concerned 

with the regioselectivity of the reaction [5-81. Stereochemical data have been 

reported in a few cases but their origin (kinetic or thermodynamic) remains un- 

clear [g-11]. 

The reaction was carried out in THF at -78O or at ambient temperature.Sa- 

tisfactory analytical and spectral data were obtained for all new compounds. The 
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relative configuration of erythro-I and erythro-3 is assigned after hydrolysis - 
producing erythro-2,3_diphenylglutaric acid [12]. The assignment of the configu- 

ration of 2 and 4 is based on the similarity of their 'H NMR spectra with the 

spectra of 1 and 3. The differences in the chemical shifts of the C4-FJ (cases L- 

4) or COOCH3 protons (cases 1 and 2) were used in the determination of the E/T 

ratios. 

Heavy water hydrolysis followed by NMR analysis showed that in the case of 

the dimethyl amide of cinnamic acid, a C4 carbanion is formed. This is in accor- 

dance with some data given in the literature [13,14]. More unexpected was however 

the case of methyl cinnamate, where the metal remains at C2. For this reason 

these two cases will be considered separately. 

Methyl cinnamate. The stereochemistry of the reaction is represented in 

Table 1. 

Table 1 

Addition to methyl cinnamate. 

R M T°C Time Yield, % E/T 

'gH5 (A) Li -78 60 set 69 46/54 

22 180 min 42 65/35 

Na -78 60 set 60 66/34 

22 60 min 45 63137 

d-ClOH7 (2) Na -78 60 set 61 72/28 

22 60 set 72 77123 

The ratio 46/54 is kinetically controlled and can be explained by a cyclic 

transition state (see [1]) which still can be realized with Li as the counterion. 

When sodium is used, an open transition state is consistent with the observed 

erythro diastereoselectivity and its increase in the case of 2. 

A ph , ~ 

The coincidence of the stereochemistry under kinetic and thermodynamic con- 

ditions was proved by concurrent reactions. Such a coincidence is described in 

the literature [15] and explained by similar steric interactions in the transi- 

tion state and the reaction adduct. The predominance of the erythro isomer under 

thermodynamic conditions in contrast to previous results [l] is, in our opinion, 

due to a change of the preferred chelated to non-chelated conformation indicated 
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result 50/50 obtained at low temperature. When the equilibrium is shifted to 4 

the result of protonation is about 100% erythro isomer. The addition of 20% HMPT 

or 12-crown-4 to the reaction mixture, which leads to the ratio 27/83 is an evi- 

dence for participation of the metal in the stabilization of A. 

The above study presents an interesting case of the formation of two vici- 

nal asymmetric centers by means of the Michael addition. The loss of chirality 

as a result of intramolecular metal transfer is restored with complete erythro 

diastereoselectivity as a result of asymmetric protonation of the prochiral in- 

termediate. 

ning 

The results obtained contribute to the understanding of the factors gover- 

the diastereoselective formation of C-C bonds. 
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