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The side chain of alkyl aromatic derivatives is oxidized to  aldehydes, ketones, or alcohols by hydrogen peroxide in 
the presence of a ruthenium(iii) salt and a quaternary ammonium phase-transfer catalyst. 

The common reaction of aromatic derivatives with hydrogen 
peroxide in the liquid phase in the presence of a meta1,l a 
super acid,* or pyridinium poly hydrogen fluoride catalyst3 is 
the hydroxylation of the aromatic ring. In the gas phase at a 
high temperature (600 "C) dehydrogenation of the side chain is 
observed.4 

On the other hand, introduction of an oxygen atom to the 
side chain is achieved either by autoxidation in the presence of 
a metal catalyst, typically in a polar solvent,5 or by the 
application of stoicheiometric oxidants, e.g. cerium sulphate,6 
cerium ammonium nitrate ,7 or copper peroxydisulphate.8 
Recently the use of an H202-manganese-porphyrin-imid- 
azole system was reported.9 

We have now observed that ruthenium salts, when applied 
under phase-transfer conditions, are active catalysts for the 
side-chain oxidation of alkyl aromatic compounds by 
hydrogen peroxide. The relative ease of oxidation and the 
products obtained depend on the nature of the substrate. 

In a typical example 30% aqueous hydrogen peroxide (0.8 

mol) was continuously added during 4.5 h to a stirred solution 
of didecyldimethylammonium bromide (DDAB, 1.2 mmol) 
and ruthenium trichloride trihydrate (0.077 mmol) in cumene 
(38 mmol) kept at 80°C. G.c. analysis of the organic phase 
after the addition of the hydrogen peroxide indicated 67% 
conversion of the substrate with 70% selectivity for formation 
of 2-phenylpropane-2-01 and 24% for acetophenone. The 
hydrogen peroxide was, however, completely consumed 
owing to parallel decomposition to oxygen and water. The 
ruthenium chloride complex with the DDAB remained 
dissolved in the organic phase throughout the operation and 
the aqueous phase was clear and colourless. It should be noted 
that the conversion was increased upon further addition of 
hydrogen peroxide. 

Repeating the same procedure in the absence of DDAB 
resulted only in the decomposition of the hydrogen peroxide 
with simultaneous precipitation of ruthenium metal in the 
aqueous phase. 

We confirmed that the oxygen gas resulting from the 
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decomposition of the hydrogen peroxide has practically no 
role in the oxidation process simply by passing a large excess of 
oxygen gas through the above solution under identical 
conditions but in the absence of peroxide. The conversion of 
cumene in this experiment was <4%. 

It is apparent that the function of the quaternary ammonium 
phase-transfer catalyst in this system is three-fold: (a) extrac- 
tion of hydrogen peroxide from aqueous to organic phase; (b) 
solubilization of the ruthenium salt in the organic phase; and 
(c) stabilization of the ruthenium salt against reduction. It was 
found that both the nature and the amount of the quaternary 
ammonium play a role in these functions. Thus, lowering the 
ratio of quaternary salt to ruthenium below 8 : 1 resulted in 
precipitation of free metal and a sharp decrease in the reaction 
rate. Interestingly, symmetrical ammonium salts, e.g. tetra- 
butylammonium bromide (TBAB) or tetrahexylammonium 
bromide (THAB), failed to stabilize the ruthenium salt and 
their performance was poor owing to the reduction and 
precipitation of ruthenium metal. Aliquat 336, on the other 
hand, behaved similarly to DDAB. 

With other alkyl aromatic compounds under the above 
conditions the following results were obtained. Toluene and 
4-methoxytoluene gave 5% of benzaldehyde and anisaldehyde, 
respectively, along with minor amounts of benzoic and anisic 
acid; ethylbenzene yielded 15% of acetophenone; p-cymene 
yielded 57% of 2-p-tolylpropan-2-01 and 16% of 4-isopropyl- 
benzoic acid; tetrahydronaphthalene yielded 65% of l-tetra- 
lone. 

Other transition metal salts, rhodium chloride, iridium 

chloride, and iron chloride, were all found to be significantly 
inferior to the ruthenium catalyst. 

We are grateful to Abic Ltd., Ramat Gan, for the donation 
of DDAB. 
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