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Abstract: Co(acac)3 catalyzes the aerobic oxidation of vinyl aromatic compounds AtCH=CH2 
with formation of AtCO,H and ArCHO, and also the aerobic oxidation of cyclic ethers with 

formation of the corresponding lactones. 

One of the major current challenges in synthetic organic chemistry is the partial, i. e., selective 
oxidation of organic compounds using molecular oxygen in the presence of transition metal 
catalysts.’ We present here some preliminary results concerning the areobic oxidation of olefins and 

ethers using commercially available cobah(III)-acetylacetonate [Co(acac)g]. Upon reacting a 
solution of norbomene 1 in THF saturated with O2 at 70°C (24 h) in the presence of Co(acac)3 (2 
mol-%), quantitative conversion to the exo-epoxide 2 was observed. Under these conditions partial 

oxidation of THF is also observed (see below), The use of ethyl acetate as solvent results in 43% 
conversion to 2. Oxidation products of the solvent were not obtained. Several other transition metal 
complexes also catalyze the reaction in THF [TiO(acac)2: 63%; Cr(acac)3: 93%; Ce(acac)3: 64%], 
while others such as VO(acac)2 turned out to be ineffective. Co(acac)z also catalyzes this reaction, 

but a little less efficiently.2 Recently, CO(OAC)~ was shown to be a catalyst in the aerobic oxidation 
of 1 in the presence of special ligands with formation of 24 % of epoxide 2.3 
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Whereas the highly reactive norbomene 1 was smoothly epoxidized. “normal” olefms such as 
1-octene did not react under the same reaction conditions. In contrast, vinyl-substituted aromatics 
ArCH=CHz (3) underwent oxidative C-C-cleavage of the oleftic moiety with formation of the 
corresponding acids 4 and aldehydes 5 (Table 1).4 The latter are intermediates on the way to the 
acids 4. 
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Table 1. Co(acac)3 Catalyzed Aerobic Cleavage of Oletins 3. 

Ar Reaction 4:5 Yield 4 + 5 

time (h) (%I 

(a) 24 86 : 14 99 

(b) 24 86 : 14 99 

HsCO 
-o- ’ ’ I- Cc) - 36 83 : 17 92 

24 68 : 32 65 

Upon using ethyl acetate as the solvent in place of THF under otherwise identical conditions, 
oxidative cleavage also set in, but the oxidation process remained primarily at the stage of the 
aldehyde, e. g. 3a + 5a (57% yield). Thus, this catalytic process is an interesting alternative to 
classical ozonolysis.~ 
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Although the mechanism of the above aerobic oxidations still needs to be studied, initial 
mechanistic indications were obtained in the case of THF as the solvent. It is likely that in this 
medium THF forms a hydroperoxide which functions as the oxidant.6 Indeed, in the absence of 
olefms, THF and other ethers are transformed into lactones4 e. g., 7, 10 and 13. Diethyl ether is 
inert under the conditions. The results are comparable to or slightly better than aerobic CoC12- or 
[Pd(PtESu2H)(p-PtBu2)]2-catalyzed oxidations of cyclic ethers reported recently by Aper. 
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In summary, commercially available Co(acac)3 catalyzes the aerobic oxidation of norbornene 
with smooth formation of the corresponding exo-epoxide, whereas normal olefms such as 1-octene 
remain inert. Vinyl-substituted aromatic compounds ArCH=CHz undergo oxidative cleavage of the 
C-C double bond under the same conditions with formation of AtCOzH and/or AtCHO, depending 
upon the solvent used. In ethyl acetate Co(acac)g catalyzes the aerobic oxidation of cyclic ethers to 
form lactones. These processes compete well with previous catalytic 02-oxidations. They are 
environmentally more attractive than oxidations based on stoichiometric amounts of H202. NaI04, 
Pb(OAc)d, Ru04, NaC102 or KMn04, even if transition metals are added as catalysts.7 However, a 
general method for aerobic epoxidation of olefins without the use of stoichiometric amounts of a 
reductant such as an aldehyde remains a goal for the future. 
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