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Abstr8ot: Olefins are converted into allylic acetates by treatment in acetic acid with a 
catalytic amount of palladium bis(triflnoroaoetate) and one equivalent of benzoqainone as 
oxidant. The reaction is selective for oxidation of a terminal methyl group of geranylaoetone. 

We were faced recently with a need to prepare keto alcohol 2b as a starting material for 

a projected synthesis of germaorane sesquiterpenes. In principle, 2 should result from a 

simple allylic oxidation on the commercially available geranylacetone (1). but in practice 

this has not been previously achieved. The problem is one of selectivity: Six of the eight 

saturated carbon centers in geranylacetone are allylic, and the remaining two are alpha to 

the carbonyl group. After numerous unsuccessful attempts using known methods2 of allylic 

oxidation based on the use of Se02, we concluded that development of a nev method was required. 

1 28 (It = Ao) 
b (R = H) 

Reaction of geranylacetone with a stoichiometric amount of Pd(OCOCP3)2 is known to take 

place in a highly selective manner through C-E insertion on a terminal allylic methyl group 

to give a single n-allylpalladium complex in good yield’. Furthermore, n-ally1 complexes are 

known to undergo attack by nacleophiles to yield functionalized allylic produots4. Thus, the 

net effect of the two-step Pd insertion/displacement sequence is allylic oxidation. Clearly, 

however, the synthetic value of the sequence is strongly attenuated by its stoichiometry. We 

reasoned therefore that the ideal method of selective allylio oxidation would be one in rhioh 

a catalytic amount of Pd(OCOCP312 would react with geranylaoetone in the presence of an oxygen 

nacleophile and an oxidizing agent. The olefin would first be converted into a terminal n-ally1 

complex by reaction rith Pd2+; the oxygen nucleophile would next displace Pd(0); and the oxi- 

dizing agent rould oxidize Pd(0) back to its +2 oxidation state to complete the catalytic cycle. 
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Palledi~induced olefin oxidations have been reported’. although their study has been 

from a primarily mechanistic rather then synthetic viewpoint, end no attempts have been made 

to make them catalytic. After much experimentation with many different oridents6, we found 

that the desired selective ellylic oxidation could best be accomplished using a reagent mix 

containing 0.05 equiv Pd(OCGCF3)2, 1 eqaiv benzoquinone7, end 0.2 eqaiv 9-methoryeoetophenone 

as added ligend’ in acetic acid solvent 9 . Under these conditions, en 85% isolated yield of 

sllylic acetates 28 end 2b wes obtained (1.94:1 ratio). Some of our results are summarized 

in the Table. 

As indicated in the Table, product yields end selectivities are influenced both by the 

oxidant end by the added ligand. With benzoquinone as oxidant end either diethyl melonate 

or o_methoryecetophenone as an added ligend. product yield was high end en approximately 2:l 

preference was observed for formation of terminal acetate 28. With duroquinone as oxidant 

end diethyl melonate es ligend, however, product yield was lower end a 24:l preference for 

the ellylic rearranged internal acetate 38 wes noted. In no case were products derived from 

oxidation of other then a terminal methyl group observed. 

In 8 representative procedure, geranylecetone (0.194 g, 1.0 mmol), palladium bis(trifluoro- 

acetate) (0.016 g, 0.05 mmol), o_methoxyeoetophenone (0.030 g, 0.2 mmol), end benzoquinone 

(0.108 g. 1.0 mmol) were dissolved in 3 ml acetic acid end stirred for 2 days under en argon 

atmosphere at room temperature. The dark reaction mixture was then diluted with pentene (3 mL1 

end filtered through e smell pad of silica gel. After washing the silica gel rith pentene/ether. 

the filtrates were combined, washed with water. with 5% aqueous KEC03, end with brine. Concen- 

tration at the rotary evaporator gave a dark residue that was chrometogrephed on silica gel 

(9:l pentene/ether) to give a mixture of ellylic acetate products 28 and 38 (0.22 g, 85%). 

Capillary gas chromatography (25 m I. 0.2 mm fused-silica Cerbowex column) showed the two products 

to be present in a 1.94:1 ratio. Separation end characterization of the products was eccom- 

plished by saponification (K2C03, D2 0, CK30E. room temperature overnight) end chromatography 

of the resultant ellylic alcohols 2b end 3b on silica gel: alcohol 2b (0.12 g) NMK (CDC13) 

s 5.31 (t, 5 = 7 Hz, 1 El. 5.03 (t. L = 7 Es, 1 H), 3.96 (s, 2 II), 2.11 (s. 3 D), 1.63 (s. 

3 II), 1.59 (s. 3 El; alcohol 3b (0.60 g) NMK (CDC13) S 5.09 (t, r = 7 Hz, 1 El. 4.91 (br. s. 

1 H), 4.82 (br. s, 1 El, 4.00 (t, L = 7 Hz. 1 H) 2.11 (s, 3B). 1.70 (s, 3 H), 1.61 (s. 3Hl. 

A brief oxidation study of several other olefins was also carried out, es shown in the 

Table. Good yields were obtained in all ceses, although. es expected”, a mixture of allYliCallY 

isomeric products was obtained in the oxidation of 1-methylcyclohexene (6). 3-Methylcycloherene 

(9) , however, gave only e single product. 
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In light of the above results, we believe that the procedure we have devised represents 

a useful method of allylic oxidation. Since intermediate n-ellylpelledium complexes ere pre- 

sumably present, the selectivity of our method derives from factors different from those normally 

involved in Se02 or radical-type ellylio oxidations. Thus, the methods’ value is particularly 

apparent in the oxidation of e diene such es 1 , which is known to react selectively with Pd2+. 

The utility of this palladium-catalyzed oxidation reaction is moderated by the lack of 

regiochemicelcontrolobserved for acetate-ionetteckonthe the pi-ellylpelledium intermediate. 

which leads to formation of a mixture of ellylic acetate products. For many applications, 

however, such es further palladium-catalyzed elkylations4, this does not necessarily represent 

a drawback. 
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