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Superoxide Chemistry. A Convenient 
Synthesis of Dialkyl Peroxides 

Summary:  A convenient synthesis of dialkyl peroxides 
from the reaction of alkyl bromides or alkyl sulfonate es- 
ters with potassium superoxide, the latter solubilized in 
benzene by crown ethers, is described. 

Sir: The chemistry of the superoxide radical anion, 02--, in 
organic systems has been studied very little. On a synthetic 
scale, superoxide is available to the chemist from two 
sources, either as the alkali metal salts, potassium superox- 
ide (KOz) and sodium superoxide (NaOz), or from the elec- 
trochemical reduction of oxygen to 02'- (eq 1).l The use of 

-0.75 V (SCE) (1) 

RBr -t 02-- - %ROOR + Br' + %O, (2) 

the alkali metal salts in organic reactions has not been 
fruitful owing to the lack of solubility of these salts in many 
organic systems.2 The electrochemical method is experi- 
mentally more complex, but it has been used on a limited 
scale for several organic reactions.ldJ Two groups reported 
in 1970 that electrochemically generated superoxide will 
react with alkyl halides to form dialkyl peroxides according 
to eq 2.435 

In view of the recently reported solubilization of KO2 in 
dimethyl sulfoxide with the aid of dicyclohexyl-18-crown- 
6,6 we wish to report our observations on the solubilization 
of KO2 by crown ethers in various other aprotic solvents, 
including benzene, tetrahydrofuran, and dimethylformam- 
ide.7 Using this method we have developed a convenient 
synthesis of dialkyl peroxides from various alkyl bromides 
and alkyl sulfonate esters (i.e., mesylates and tosylates). 
The following simple procedure can be used for this syn- 
thesis. 

Potassium superoxides (0.0050 mol) was weighed directly 
into a dry flask containing a magnetic stirring bar and was 
immediately covered with dry benzene (15 ml). The alkyl 

Table I 
The Reactions of Alkyl Bromides and Sulfonate 

Esters with KO2 in the Presence of Crown Ethersa 
Products, % 

~~ 

Peroxide Alcohol 

Substrate (R-X) (ROOR) (ROH) Olefinsb 

vz - C H ,-Br 53c 
n-C&j,-Br 54" 
n-C7Hl5-Br 56" 
?2-C1&-BT 446 21  
n -Cl8H,,-Br we 21 

____- 

n -C18H37-Brf 6 1  18 
C-CGHii-Br 67 
c-C5H,-Br 42" 24 

Y Z - C ~ ~ H , , ~ T O S ~  50 42 
n -C1*H,,-OMsd 46 40 
C G ~ , , C ~ ( ~ ~ , ) 4 ~ o s i  52 13 1 6g 
C , H ~ ~ C H ( C H , ) ~ M S ~  44 19  14g 

c g H  1 c H ( c H )-Br 55e 3 78 

a Dicyclohexyl-18-crown-6 used except where noted otherwise. 
VPC analyses for olefins were carried out using an F & M Scien- 

tific Model 5750 research chromatograph equipped with a flame 
ionization detector. A 3-ft stainless steel column packed with 
26.6% Carbowax 20M on Gas-Chrom Z was used with a helium flow 
rate of 35-40 cc/min. The column was programmed for 4 min at  
90" and then to increase 8" per minute to 225". CReference 16. 

S. Wawzonek, P. D. Klimstra, and R. E. Kallio, J.  Org. Chem., 
25, 621 (1960). e Satisfactory analytical data has been obtained for 
this compound. f 18-Crown-6 was used in this experiment. g A mix- 
ture of 1-octene, cis-2-octene, and trans-2-octene was found. V. C. 
Sekera and C .  S. Marvel, J .  Am. Chem. Soc., 5 5 ,  345 (1933). ' A .  
Streitwieser, Jr . ,  T. D. Walsh, and J. R. Wolfe, ibid., 87, 3682 
(1965). j H. A. Weiner and R. A.  Sneen, ibid., 87,287 (1965). 

bromide or alkyl sulfonate ester (0.0050 mol) and dicyclo- 
hexyl-18-crown-6 (0.0050 mol) were then added to  the 
flask. The pieces of KO2 were carefully crushed with a 
heavy glass rod. The resulting mixture was protected from 
moisture with a CaClz drying tube and was stirred vigor- 
ously. The reaction may be followed by VPC or TLClO and 
occasionally requires additional KO2 to reach completion. 
The reaction was usually complete within 3 to 6 hr a t  room 
temperature. The reaction may be worked up by pouring it 
into saturated aqueous sodium chloride solution (50 ml) 
and extracting with methylene chloride or benzene.lZ The 
product can be isolated by chromatography on silica gel 
using, for example, benzene as the eluent. 

Using this procedure, we have obtained the results sum- 
marized in Table I. Yields of peroxides and alcohols were 
determined from isolation of the products, whereas the 
yields of olefinic products were determined by VPC. In ad- 
dition to these results we offer the following observations 
and comments on these reactions. 

By analogy to recent reports of the solubilization of vari- 
ous inorganic salts in organic media by the crown  ether^,^ 
we assume that the equilibrium shown in eq 3 is responsi- 
ble for the solubilization of KOz. The dicyclohexyl-18- 
crown-6 used in these experiments was a mixture of stereo- 
isomers. A stoichiometric quantity of crown ether was used 
in all the reactions reported in Table I. In a similar experi- 
ment, using only 0.1 equjv of crown ether relative to KO2, 
1-bromohexane was converted to  di-n-hexyl peroxide in 
50% yield. The reaction time was somewhat longer than 
when a full equivalent of crown ether was used. 18-Crown-6 
and dibenzo-18-crown-6 also were effective in solubilizing 
KO2 in benzene, although the latter was itself sparingly sol- 
uble in this solvent. 

The formation of dialkyl peroxides by eq 2 was proposed 
by Dietz et al.5 to occur stepwise according to eq 4-6. Sum- 
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I t 

02*- + R B r  --+ ROO. + B r -  

R100- + R B r  - ROOR + B r -  
ROO* + 02.- + ROO- + 02 

mation of these equations gives eq 2. Two displacements of 
bromide are seen in these equations and it was suggested5 
that these occurred by s N 2  mechanisms. We have exam- 
ined the stereochemistry of the reaction as outlined below. 

CH, I 
CH, 

PBr 
(S)- C,,H,,&HOH (R)  - C6H1,CHBr 

[cY] '%J +8.6' -42.53' 

(C 0.8730, CHCI,) ( I  2 dm) e KO2 ( 7) 
CH, 

LiAlH I CH3 

(s) - cGHi ,AHOH 4 (s, s) - c 8H,, c H o +  

[CYIz5D +7.7" [ CYIz5D +39 .go 

( c  0.9884, CHC1,) (C 1.0384, CHC1,) 

The entire three-step reaction sequence (7) proceeds with a 
net 94% retention of configuration. Since the first step is 
known to proceed with complete inversion a t  the asymmet- 
ric carbon13 and the last step1* proceeds with retention of 
configuration, we conclude that the conversion of 2-bro- 
mooctane to di-2-octyl peroxide must occur with inversion 
a t  the asymmetric carbon. This result is consistent with the 
SN2 mechanism postulated for the reaction steps depicted 
in eq 4 and 6. 

The yields of primary dialkyl peroxides obtained by the 
present method are comparable with, and in some cases 
better than, those reported for the generally used methods 
of peroxide synthesis.15 Yields of secondary dialkyl perox- 
ides, except for the cyclohexyl example, are better than 
those obtained by other methods. The procedure is consid- 
erably simpler than the generally used method of displace- 
ment of mesylates with alkaline hydrogen peroxide.16 

The formation of alcohols as significant by-products in 
these reactions is not completely understood as yet and re- 
mains under investigation. 
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Reaction of Nitrimines with Cyanide Ions 

Summary:  The nitrimines of fenchone, menthone, cam- 
phor, and benzophenone were treated with KCN in aque- 
ous methanol to give unstable cyanonitramine intermedi- 
ates which decompose with the loss of N20 to afford a-fen- 
chene-1-carboxamide, p-menth-3-ene-3-carboxamide, cam- 
phene-1-carboxamide, and a-methoxydiphenylacetamide, 
respectively. 

Sir: The reaction of fenchone nitrimine (1) with cyanide 
ion was reported by Passerini to afford a mixture of isomer- 
ic fenchone cyan0hydrins.l We have reinvestigated this 
reaction duplicating the conditions of Passerini and have 
found that the products actually isolated are the rear- 
ranged amides 3 and 4 formed in 80% yield in a ratio of 85: 
15, respectively. The structure of the major product 3 was 
deduced from the spectral data [NMR (CDC13) 6 1.05 (s, 3 
H), 1.10 (9, 3 H), 4.91 (m, 1 H), 5.07 (m, 1 H); ir (CHC13) 
3520, 3400, 1665, 895 cm-l] and by conversion to ketopinic 
amide (6) which was prepared independently from ketopin- 
ic acid ( ~ 5 ) ~  as shown in Scheme I. 


