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ABSTRACT: ‘The Wacker reaction is one of the finest examples of transition 

metal promoted nucleophilic addition to olefins. An unusual 
observation has been made with regard to the normal Wacker pro- 

cess, whereby, the oxidation of eugenol (1) and methyl chavicol 

(2) does not lead to their respective carbonyl compounds. The 

reactions leading to the formation of two novel products and 

their mechanistic aspects are discussed. 

The Wacker reaction is an attractive route to synthesise carbonyl com- 

pounds from olefins112. In our studies on Wacker reaction, two model com- 

pounds were chosen, viz., 4-allyl, 2-methoxy phenol (Eugenol)(l) and 4- 

ally1 anisole (Methyl chavicol) (2). Eugenol was subjected to the Wacker 

reaction in presence of hydrogen peroxide in ethanol medium using the cata- 

lytic system comprising of palladium chloride and cupric chloride. The 

expected product would be the methyl ketone (3). 

However, the ir spectrum of the product did not indicate a carbonyl fun- 

ctionality. The nmr spectrum indicated the presence of two methoxy groups 

at 53.84 and g3.94 and two exchangable hydroxyl protons at $5.52. This 

observation proved that the product was a combination of two eugenol moie- 

ties. Two methyl groups, one appearing as a triplet at sl.0 and the other 

as a doublet at 61.02 indicated a dimeric structure for the product. The 

fact that the two methyls are split differently ruled out a cyclic dimeric 

structure. The structure (4) namely 2-methyl-l,3-bis(4-hydroxy-3-methoxy 

phenyl) pentane was found to be compatible with the spectral features3. 
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The structural elucidation was further augmented from the spin decoupling 

studies (Fig.1). These studies clearly indicated that the C-5 methyl 

group was coupled to the C-4 methylene protons (C-5 a triplet collapsed to 

a doublet on irradiation of individual c-4 protons). The C4 protons were 

coupled to the benzylic methine proton, C-3. While the C-3, G-4 and C-5 

segment was derived from a single eugenol moiety, the other half of the 

molecule, viz., C-l, C-2 and C-6 originated from a second molecule of 

eugenol. The connectivity between the two segments was established through 

the spin decoupling of C-2 methine proton which , on irradiation simplifies 

the C-3 proton multiplet to a bread singlet. Thus, it emerged that the pro- 

duct arises from the combination of G-2 and C-l carbons of two eugenol molecules. 

The formation of the dtieric product was unusual rn view of the fact 

that Wacker reaction on terminal olefins has been known to yield methyl 

ketones4. The reaction can be rationalised through Scheme 1. 
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The Wacker reaction was also carried out replacing hydrogen peroxide by 

oxygen in ethanol medium. GLC analysis of the product indicated a mixture 

of two compounds. The minor product was comparable with vanillin on GLC. 

Based on the spectral information5, the product was assigned the structure(b). 

(Yield - 501.). 
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1 (d) : Irradiation of 
H-2( 52.4-2.55) 

1 (cl : Irradiation of 
H-4( $1.35.1.40) 

1 (b)r Irradiation of 
H-4( $1.65-1.70) 

l(a) 

Fig.1 I 500 MHZ AH-nmr part spectrum in CDC13(a) of compound (4) 

Scheme II 
and its spin-decoupled spectra (b,c,d). 
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The, formation of (6) can be rationalised through Scheme II involving the 

participation of oxygen as a quencher for the radical species (5) followed 

by the nucleophilic addition of the solvent ethanol to the quninone methide 

intermediate (7). Nucleophilic addition of alcohols to quinone methide 

systems is well documented'. 

The Wacker reaction on 4-ally1 anisole (2) using both hydrogen peroxide 

and oxygen resulted in a major compound identified as anethole (8) and a 

trace amount of anisaldehyde (9). 

‘1 \ 
(2) I j CHO 

(8) (9) 
Thus, in case of eugenol, the formation of the products 4 in absence of 

oxygen and 6 in presence of oxygen can be explained by the stabilisation 

of the radical intermediate 5 by the p-hydroxy group and its subsequent 

reaction. The same is not feasib'le in methyl chavicol. 
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