
Tetrahedron Letters, Vo1.22, N0.27, pp 2595 - 2598, 1981 OOlrO-30~9/01/27?595-04~~2.00/0 
Printed in Great Britain 01981 Pergamon Przsxs L+d. 

DOUBLE BOND CLEAVAGE REACTION OF SILYL ENOL ETHERS USING Mo02(acac)2 

-tBuOOH 

Kiyotomi Kaneda, Nobuyoshi Kii, Koichiro Jitsukawa, and 

Shiichiro Teranishi 

Department of Chemical Engineering, Faculty of Engineering Science, 

Osaka University, Toyonaka, Osaka 560, Japan 

Abstract: The double bond of various silyl enol ethers is smoothly cleaved 

to give carbonyl compounds by an oxidizing reagent Mo02(acac)2-tBu00H. 

Previously we have reported that the oxygenation of enamines in the presence 

of Cu catalysts gave double bond cleavage compounds. 
1 A mechanism involving 

a ternary complex of 02, enamine, and Cu was proposed on the basis of the 

ionization potential of enamines and kinetic study. In the course of studying 

the double bond cleavage oxidation of electron rich olefins using metal catalysts, 

we now find that the double bond of silyl enol ethers is smoothly cleaved to 

give the corresponding carbonyl compounds by an oxidizing reagent MoO2(acac)2 

-tBuOOH. Considering regiospecific generation of silyl enol ethers can be 

easily achieved under conditions of either kinetic or thermodynamical control, 
2 

the reaction is a powerful method for regiospecific a-cleavage of.ketonic 

3 
precursors. This oxidizing reagent can compete in convenient with the 

ozonolysis technic. 4,s 
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The typical experimental procedure is exemplified by the reaction of 

trimethylsilyl enol ether of cyclohexanone(run 1). Mo02(acac)2(0.01 g, 0.03 mmol) 

and the silyl ether(0.51 g, 3 mmal) was dissolved in anhydrous benzene(8 ml) 

under a nitrogen atmosphere and a solution of tBuOOH(l.35 g, 12 mmol) in 

anhydrous benzene(l2 ml) was dropwised. The solution was stirred at 60°C 

for 48 h. A mixed solution of CF3COOH-THF-H20(3:l:l, 20 ml) was then added. 

The mixture was further stirred at 60°C. Adipic acid crystals separated 

from the resulting mixture, and after 24 h they were collected, washed with 

benzene, and dried, weight 0.377 g(86%). 

Some examples of the oxidation are shown in Table. Various kinds of silyl 

6~01 ether of ketones and aldehydes easily reacted with the reagent Mo02(acac)2 

-tBuOOH. Mono- and dicarboxylic acids as cleavage products are formed in 

almost quantitative yields. Exceptional are 8-disubstituted silyl enol ethers 

(run 4, 5), which gave ketocarboxylic acid and ketone compounds. In the case 

of the silyl ether of 6-ionone(run 9), the double bond with the trimethylsilyl- 

oxy group was selectively cleaved to give B-(2,6,6-trimethylcyclohexenyl)acrylic 

acid. This high regioselectivity is a sharp contrast to that with the ozonolysis 

which gives B-cyclocitral. 4 
CH, CH_ ,COOH 

The mechanism of this oxidation is presently unclear,although the epoxide 

may be the initial formed intermediate: a-trimethylsilyloxyketone derived from 

CH 
3 

the rearrangement of the epoxide 4,6 could be detected when using an equimolar 

amount of t BuOOH to the silyl enol ether of cyclohexanone and the isolated 

a-silyloxyketone gave adipic acid under oxidation conditions using Mo02(acac)2 

-%uOOH(60"C, 24 h). 



Table. Oxidation of Silyl Enol Ethers with Mo02(acac)2-tBu00Ha 

Run Silyl Ether Productb Yield(%)c 
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7 
a Oxidation was performed at 60°C for 48 h in benzene(20 ml) contain ing silyl 

enol ether(3mmol),t-BuOOH(12 nunol), and M00~(acac)~(O.O3 mmol). 
b 

All products were identified by 
1 
HNMR and IR spectra. c Determined by GLPC 

d 
Isolated yield. e These products contain about 10% corresponding trimethy- 

silyl esters. 
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