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Whereas primary and secondary allylic hydroperoxides are quantitatively converted by tributyltin methoxide into 
stannyl peroxides, whose treatment with trityl chloride, chloromethyl methyl ether, and t-butyldimethylsilyl 
trifluoromethane-sulphonate give the corresponding trityl, methoxymethyl, and silyl peroxides, a tertiary allylic 
hydroperoxide gives rearrangement products on stannylation and treatment with trityl chloride. 

In continuing an examination of Lewis acid-catalysed oxygen- 
ation of alkenes,l we required allylic hydroperoxides contain- 
ing hydroperoxy groups protected in such a way that intra- or 
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inter-molecular oxygen transfer characteristic of the activity of 
such groups in the presence of Lewis acids is unable to take 
place. We required a simple general method for characterizing 
allylic hydroperoxides arising from catalysed oxygenation of 
steroids2 and unsaturated fatty acids, particularly in those 
cases where the products are formed in small yields. Although 
base-catalysed silylation3 and acid-catalysed alkylation4 of 
secondary allylic hydroperoxides have been reported, such 
allylic hydroperoxides undergo competing decomposition to 
the corresponding ketones under the mildly acidic or basic 
conditions required for conventional protection.5 We now 
describe a method which is free of such a side reaction and 
provides protected hydroperoxides in good yields. 

Treatment of the hydroperoxide (1)6 (1 mmol) with tributyl- 
tin methoxide (1 equiv.) in ether during 4 h at room tempera- 
ture' quantitatively converted it into the moisture-sensitive 
stannyl peroxide (2). Removal of the ether and the methanol 
produced in the reaction by evaporation under reduced 
pressure followed by treatment of the stannyl peroxide with 
acetyl chloride (1 equiv.) in dichloromethane at room temper- 
ature rapidly gave the acetyl peroxide (3) and tributyltin 
chloride in quantitative yields, as determined by 1H NMR 
spectroscopy of the crude product mixture. The peroxide (3) is 
unstable, and decomposed cleanly to pin-2( 10)-en-3-one 
during the silica gel-chromatography required to remove the 
tributyltin chloride. The stannyl peroxide (2) also reacted 
cleanly with each of 1 equiv. of trityl chloride during 20 h and 
chloromethyl methyl ether during 4 h under similar conditions 
to give the crystalline trityl peroxide (4) (67% after recrystal- 
lization) and the methoxymethyl peroxide (5) (80%). t-Butyl- 
dimethylsilyl triflate reacted in ether at -80°C during 1 h to 
give the silyl peroxide (6) (82%). The primary allylic 
hydroperoxide (7)6 similarly was converted by way of the 
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stannyl peroxide (8) into the trityl peroxide (9) (85%) and the 
silyl peroxide (10) (57%). The protected hydroperoxides are 
stable on prolonged storage at 0 "C. 

The (13s)-hydroperoxide (11) (0.2 mmol) derived from 
linoleic acid9 in ether at room temperature with tributyltin 
methoxide (2 equiv.) gave the bis-stannylated derivative (12). 
Removal of solvent followed by addition of trityl chloride 
(2 equiv.) in dichloromethane resulted in quantitative forma- 
tion of the bis-trityl product (13) after 2 h. Some hydrolysis of 
the trityl ester took place during chromatography of the 
product on neutral alumina or silica gel, although the trityl 
peroxide remained intact. The final yield of purified com- 
pound (13) obtained after chromatography was 54%. The 
stannyl peroxide ester (14) (0.2 mmol) obtained from (11) 
(diazomethane, ether, 0 "C, and then tributyltin methoxide) 
was also easily converted into the trityl peroxide (15) (80%) 
during 1 h and the methoxymethyl peroxide (16) (65%) during 
20 h according to the foregoing conditions. The trityl peroxide 
(15) was easily handled, and did not undergo detectable 
decomposition during isolation and storage over a period of 
several months. 

Stannylation of the tertiary allylic hydroperoxide (17) 
proceeded smoothly to give the stannyl peroxide (18) in 
quantitative yield. Remarkably, the reaction of the stannyl 
peroxide (0.2 mmol) as a 0.1 M solution in dichloromethane 
with trityl chloride during 24 h yielded solely a 3.3 : 1 mixture 
of the allylically-transposed a- and P-epimers (19) and (20) in 
an overall yield of 70%. It was noted that a 0.1 M solution of 
the stannyl peroxide (18) in CDC13 also underwent rearrange- 
ment, albeit during a period of four days under normal 
laboratory lighting, to give a mixture of the stannyl peroxides 
(21) and (22) in a similar ratio. Thus, the trityl chloride 
accelerates the rearrangement, presumably by irreversibly 
trapping the peroxides (21) and (22) which are otherwise 
generated in an equilibrium with peroxide (18). Obvioubiy on 
steric grounds, the trityl chloride is unable to react with the 
tertiary stannyl peroxide. Although an examination of the 
rearrangement lies outside the scope of the present work, the 
reaction is of obvious importance in relation to the rearrange- 
ment of allylic hydroperoxides.10 

Thus, the foregoing limitation aside, the method described 
herein for the characterisation and protection of allylic 
hydroperoxides is easily carried out and is in principle 
extensible to other reactive electrophiles. Deprotection of 
alkyl and silyl allylic peroxides related to those described 
herein has been described elsewhere.4-11 The method is also 
clearly applicable to, and appears superior to other methods12 
for, the preparation of trityl esters. 
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