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Abstract Stereoselective epoxldatlon of allyllc alcohols IS achieved with organoalumlnlum 
peroxides. Transformation of secondary alcohols to ketones with same reagents 1s also dls- 
closed. 

Trlalkylalumlnlum compounds interact energetlcally with alkyl hydroperoxldes to form 

organoalumlnlum peroxldes 
1 

The utility of these products as an oxldlzlng reagent, however, 

has been llmlted* because of their lnstablllty They can react with the trlalkylalumlnlum 

compounds initially used or undergo intramolecular rearrangement 
3 

Here we wish to report 

highly stereoselectlve epoxidatlon of allyllc alcohols as well as oxldatlon of secondary 

alcohols to ketones by means of tBuOOH and (tBu0)3Al or Me3A1 

A solution of geranlol (0 31 g. 2 0 mmol) and (tB~0)3Al (0.74 g. 3 0 mmol)4 ln benzene 

(10 ml) was treated with tBuOOH5 (0 44 g. 4 0 mmol) at 5°C and the mixture was kept there 

for 3 5 h. Acetylatlon (Ac,O and C,H,N) and workup gave 2,3-epoxygeranyl acetate ln 83% 

yield The isomer, 

in Table 1 together 

for comparison 6 

The difference 

by runs 2, 4, and 8 

6,7-epozygerany; icetate, was not detected Other data are summarized 

with the recorded selectlvlty of Sharpless' VO(acac)2-tBuOOH oxldatlon 

between (tBu0)3Al/tBu00H and VO(acac)2/tBuOOH system 1s clearly shown 

Alumlnlum system converted (E)-allylic alcohols predominantly into 

metal-catalyzed epoxldatlon 

c-2 

OH 
i-N/ 

N 'Ph 

!OCF3 

I 

threa products which are less favored products ln vanadium case The selective epoxldation 

of allyllc alcohols has often been the key step ln synthetic sequences of naturally occurring 

substances. 
7 

Asymmetric epoxrdatlon with choral llgand I8 gave optically active II (34% e e )' and 

DI (38% e,e.).l' These e e. values are similar to those of hltherto examined transltlon 
11 
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Table 1 Epoxidation of Olefinic Alcoholsa 

Reaction Product V0(acac)2-tBu00Hd 

Run Alcohol Condition Yleldb 

OC h % 

v H 

+ H 

HO 

XI 

25 6 

OH 

OH 

0 

OH 

OH 

25 5 

25 4 

5 6 

5 4 

5 3 

5 3 

5 10 

70 42 

78 71 

80 13 - 

78 64 

80 Sl9.5 

72 co.5 

82 <o 5 

sa 83 

58 

29 

87 

36 

<o 5 

>99.5 

>99.5 

17 

20 80 

15 85 

2 98 

29 71 

86 14 

2 98 

2 98 

29 71 

"All reactions were performed on a 2 mm01 scale bIsolated yields are underllned, all 
others are by glc relative to internal standard. Epoxy alcohols were acetylated ~12 sztu 
prior to determination of yields in run 5, 6, and 7 cThe resulting mixtures of epoxy 
alcohols, epoxy acetates, or epoxy alcohol tnmethylsllyl ethers were analyzed by glc 
on 2 m columns packed with 3% silicon OV-17 or 10% PEG 20M dClted from ref 6. 

The present system has found another application to the oxldatlon of secondary alcohols 
12 

into ketones in excellent yields as shown in Table 2. Certain allyllc secondary alcohols 

produced epoxy ketones in one pot (run 5 and 6) Meanwhile, primary alcohols, such as l- 

dodecanol reacted much more slowly and after prolonged period (2 days) gave a complex mixture 

which contained dodecanal (13% yield) and 1-dodecanolli54% recovery) Mildness of the 

condition and the tolerance of many functional groups characterize the present method, which 

IS illustrated as follows. 
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Table 2 Oxidation of Secondary Alcoholsa 

Run Alcohol 
Condition Productb 

Yleldc 
("C) (h) (%) 

1 PhCH(OH)CH3 25 6 PhCOCH3 90 

2 cyclododecanol 25 18 cyclododecanone 35 

3 2-octanol 25 12 2-octanone (100) 

4 4-t-butylcyclohexanol 25 15 4-t-butylcyclohexanone 85 

5 

6 
PhCHCH=CHCH3 

t)H 

PhCCH-CHCH3 
{ \d 48 

aAll reactions were performed on a 2 mm01 scale. bSatlsfactory spectral data have been 
obtained CExcept the case of 2-octanol where yield was determined by glc, all ields 
were for isolated pure substances, and for (tBu0)3Al (3 0 mmol)-t3uOOH (6 0 mm01 system J 
Me3Al-tBu00H system also examined for the entire compounds in Table and found to give 
almost same yields of the corresponding products 
(8 0 mmol) were used. 

d(tBu0)3Al (5 0 mnol) and tBuOOH 

To a stirred solution of (t3uO)3Al (0 74 g, 3 0 mmol)4 and 1-phenylethanol (0.24 g, 

2.0 mmol) ln benzene (10 ml) was added at room temperature a solution of tBuOOH (0 44 g, 

4 0 mmol) ln benzene (2.0 ml) under argon The stirring was continued for 6 h and ether (10 ml) 

was added The organic layer was washed with 1N hydrochloric acid, NaHS03, NaHC03, and brine 

Removal of dried (Na2S04) solvents produced an 011 which was purified by column chromatography 

on silica gel to afford acetophenone (0 22 g, 90% yield) as a colorless liquid. 
14,15 
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methyl dodecanoate, phenylacetylene, anlsole, and dodecanal diethylene acetal were 

recovered in 95, 96, 98, 98, and 86% yields respectively 

The observed reactlons could be rationalized as follows The addition of the substrate 

alcohols (ROH) to alumlnlum reagents causes the exchange between alcohol and tBuOH or 

the evolution of methane gas to provide the oroducts (A) Successive addition of tBuOOH 

affords lntermedlates B or C ln which the peroxide bond is polarized by a three-centered 

interaction with an empty coordination site on Al. The O-O bond 1s cleaved by ~-electrons 
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products 

RO' 'X 

(A) (B) (Cl 

X tBuO-, or Me 
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