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Preparation and Properties of Some Allylic Peroxides 

RY TOD W. CAMPBELL AND CALVIN M. COPPINGER 

Allyl-J-butylperoxide and cyclohexenyl-/-butylperoxide have been synthesized and their properties described. It has 
been shown that their thermal decomposition yields /-butanol and the appropriate unsaturated carbonyl compound in good 
over-all yield. Attempts to prepare benzyl-/-butylperoxides resulted in the production of aromatic aldehydes in fair yield. 

The important and complex problem of the 
autoxidation of naturally occurring olefinic sub
stances, such as carotene, unsaturated fatty acids, 
etc., has been the subject of considerable work.2-5 

The experimental difficulties involved in working 
with most naturally occurring olefins are great, 
and a number of efforts have been made to avoid 
these problems by working with model compounds.6 

In connection with a program on the chemistry 
of model organic peroxides derived from olefins 
structurally related to carotene, allyl-i-butyl-
peroxide and cyclohexenyl-i-butylperoxide have 
been synthesized and some of their properties 
studied. 

These peroxides, prepared by allowing an organic 
halide to react with the potassium salt of ^-butyl-
hydroperoxide7'8 

If-C4H3OO]- + RBr —> Br~ + /-C4H9OOR 

are relatively stable and may be distilled at re
duced pressure, but decompose slowly at room 
temperature or more rapidly at elevated tempera
tures, into i-butyl alcohol and an unsaturated 
carbonyl compound. I t is assumed that the de
composition involves intermediate alkoxy radicals9 

which then "disproportionate" by transfer of a 
hydrogen atom from the allyloxy radical to the 
i-butoxy radical. This may be represented form
ally by the equation 
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although the hydrogen transfer probably does not 
require collision of two radicals, as indicated, since 
the radical, once formed, may remove hydrogen 
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from the a-methylene group of the unreacted 
peroxide.10 

Attempts to prepare and isolate benzyl i-butyl-
peroxides by the same method were unsuccessful. 
The intermediate peroxides decomposed spon
taneously to give aromatic aldehydes in fair yield. 

[ArCH2OOC4H9-Il] —> /-C4H9OH + ArCHO 

Experimental 
Z-Butylhydroperoxide.—Commercial Z-buty!hydroper

oxide, obtained from the Lucidol Corporation,11 was dis
tilled and the fraction boiling at 46° (30 mm.) was used in 
the experiments. 

Halides.—Allyl bromide and certain substituted benzyl 
halides were obtained from Eastman Kodak Co.11 and re
distilled. The 3-bromocyclohexene-l was prepared by the 
method of Ziegler.12 Mesitylene and tetralin were chloro-
methylated according to standard methods.13 

Potassium /-Butylperoxide.7'8—The solid potassium salt 
of /-butylhydroperoxide was made by mixing a slight excess 
of /-buty !hydroperoxide with an aliquot of 6-6 M methyl 
alcoholic potassium hydroxide, followed by evaporation in 
vacuo. The solid analyzed iodometrically for better than 
90% of the required compound. In most of the experi
ments described, isolation of the solid salt was not carried 
out; the solution described above, about 5-6 M in potas
sium salt, was used directly in reaction with the halides. 

The potassium salt appears to be of somewhat dubious 
stability, especially m concentrated solutions. The follow
ing experiences indicate that due caution should be exercised 
at all times when working with this substance. 

(1) Occasionally a preparation of the salt in an alcohol 
at room temperature began to boil spontaneously, with 
evolution of gas (oxygen?). The residue contained no 
peroxide. (2) The solid salt, when dry, appeared to be 
perfectly stable at the boiling point of toluene; however, 
in one experiment the toluene was boiled off gradually until 
the amount was insufficient to prevent superheating. A 
mild explosion occurred with excessive carbonization. The 
toluene remaining was partially oxidized to benzoic acid. 
(3) A dilute aqueous solution of potassium Z-butylperoxide 
on drop wise addition of bromine, effervesced. Shortly after, 
a sharp explosion and a flash of light occurred at the mouth 
of the flask. (4) Methanolic solutions of potassium/-butyl-
peroxide lose all of their active (peroxidic) oxygen content 
on boiling for 30 minutes. 

Allyl-Z-butylperoxide.—To potassium Z-butylperoxide 
(0.48 mole) in 100 ml. methyl alcohol and 400 ml. acetone 
was added in one portion 60 g. of allyl bromide, with efficient 
cooling of the flask. After the vigorous reaction had sub
sided, 1.5 1. of water was added and the mixture extracted 
with four 100-cc. portions of benzene. The extract was 
dried with magnesium sulfate and distilled. Allyl-Z-butyl-
peroxide is a liquid, b .p . 55° (75 mm.) , yield 28.5 g. (46%); 
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Thermal Decomposition of AUyl-/-butylpero»de.—Allyl-
(-butylperoxide (7.0 g.) was heated for 72 hours at 60°, then 
the products distilled. The distillate, which all distilled 
below 85° at 760 mm., weighed 4.60 g. and reeked of acro
lein. A polymeric residue (2.15 g.) remained in the dis
tilling flask; this residue may be principally acrolein poly
mer. A sample of the distillate was hydrogenated over 
Adams catalyst; from the data, it was calculated that the 
distillate was about 25% acrolein and 75% <-butyl alcohol. 
From 1.0 g. of distillate, hydrogenated in ethanol, was ob
tained 0.8 g. of propionaldehyde 2,4-dinitrophenylhydrazone 
(about 90%). Final confirmation of the composition of the 
distillate was made by comparing its infrared spectrum with 
that of a synthetic sample of 25% acrolein and 75% t-
butyl alcohol. From these data it appears that the decom
position of allyl-f-butylperoxide to acrolein and /-butyl 
alcohol is smooth and nearly quantitative. Formaldehyde 
was looked for carefully and could not be found among the 
decomposition products. 

Cyclohexenyl-J-butylperoxide.—This compound was made 
as above, with the substitution of 92 g. of 3-bromocyclohex-
ene for the allyl bromide. The product, obtained in 45% 
yield, was a pleasant-smelling oil, b.p. 63° (6 mm.). 

Anal. Calcd. for C10Hi8O2: C, 70.6; H, 10.6. Found: 
C, 70.4; H, 10.7. 

Decomposition of Cyclohexenyl-/-butylperoxide.—The 
peroxide (4.0 g.) was heated slowly at 760 mm. to boiling 
and held there 30 minutes. Decomposition was smooth. 
The product was distilled up to 160°. The residue, a black 
tar, weighed 1.1 g. The distillate consisted of 1.5 g. of t-
butyl alcohol and about 1.3 g. of cyclohexenone, which was 
hydrogenated to cyclohexanone and identified in this form as 
its 2,4-dinitrophenylhydrazone, m.p. and mixed m.p. 155°. 

Reaction of Potassium 2-Butylperoxide with Benzyl Hal
ides.—The reaction of the salt and benzyl halides according 

In view of the relatively facile production of or
ganic peroxides by a typical displacement reaction2 

it appeared reasonable to suspect that the reaction 
of l i e potassium salt of /-butyl hydroperoxide and 
substituted benzyl halides2" to give aromatic alde
hydes and 2-butyl alcohol progressed via bimolecu-
lar mechanism to form an unstable intermediate 
peroxide. This then decomposed to an aromatic 
aldehyde and /-butyl alcohol 

ArCH2Cl + -OOC4H,-2 — > ArCH2OOC1H8-* + Cl~ 
ArCH2OOC4H9-* — > /-C4H9OH + ArCHO 

This reaction has been investigated to confirm the 
order of the first reaction and to determine the ve
locity constants and the energy of activation for the 
reaction of o-chlorobenzyl chloride2* and potas
sium /-butyl peroxide. In addition, the kinetics of 
the reaction between the peroxide salt and certain 
other halides were investigated for comparative pur
poses. 

The data collected are summarized in Table I. 
Since the data indicate that the reaction is clearly 
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to the technique described above does not give an isolable 
intermediate peroxide. Instead, the corresponding aromatic 
aldehyde is obtained in moderate yield, along with /-butyl 
alcohol. Also obtained are traces of the aromatic acid, 
though no substituted benzyl alcohol could be isolated. 
The data for several substituted halides are listed in Table I. 

TABLE I 

PREPARATION OP ALDEHYDES FROM SUBSTITUTED BENZYL 

Substd. benzyl halide 

Benzyl chloride 
£-Nitrobenzyl chloride 
2-Chloromethyltetralin 

o-Chlorobenzyl chloride 
Chloromethylmesitylene 

Temp., 
0C. 

Reflux 
Reflux 
Reflux 

40 
Reflux 

Time 
hr. 

8 
3 
5 

1 
5 

Yield of 
corre
spond

ing 
alde-

, hyde," 
% 
23 
32 
56 

74 
58 

B.p. or 
m.p., 0 C , 

of alde
hyde 

B. 179 
M. 104-5 
B. 126(10 

(mm.)6 

B. 209 
B. 109(24 

mm.) 
" The aldehydes were characterized as their known 2,4-

dinitrophenylhydrazones. b 2,4-Dinitrophenylhydrazone, m. 
p. 199-200°. Anal. Calcd. for C17Hi6N4O4: C, 59.9; H, 
4.69. Found: C, 60.1; H, 4.84. 
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second-order, a bimolecular displacement of halogen 
from the halide is indicated, implying that an in
termediate peroxide must exist. 

Calculation of the energies of activation for the 
various reactions (Table I) shows that they are of 
the same order of magnitude as for the correspond
ing displacement of halogen by an alkoxide ion 
(Table II) to give an ether.3-6 

Experimental 
Materials.—Standard solutions of potassium /-butyl per

oxide (PBP) were prepared by addition of /-butyl hydroper
oxide (b.p. 46°, 30 mm.) in 15% excess to a standard methyl 
alcoholic solution of potassium hydroxide. The halides 
were redistilled commercial products; methanol was reagent 
grade. 

Procedure A.—Freshly prepared solutions of PBP in 
methanol were allowed to reach the experimental tempera
ture in a thermostated bath and added to a weighed sample 
of the halide in a volumetric flask. The initial concentra
tion of PBP was checked by titration of a blank at the reac
tion temperature and corrected for the volume of halide used. 
The course of the reaction was followed by removing aliquots 
and titrating the remaining PBP with standard acid, using 
phenolphthalein indicator. The aliquots were pipetted 
into 100 ml. of ice-water to which had been added an ap
proximate acid titer, in order to quench the reaction. 
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Kinetics of the Reaction between Potassium tf-Butylperoxide and Organic Halides 

BY GALVIN M. COFPINGER AND TOD W. CAMPBELL 

The kinetics of the reaction between three organic halides and potassium i-butyl peroxide has been studied at 30 and 50° 
in methanol solution. The reaction was found to be second-order, with an energy of activation of 21-23 kcal./mole. 
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