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(Received in UK 30 Jmwry 1985) 

Abstract - It ia shown that hydroxylation of saturated 
hydrocarbons by hydrogen peroxide occurs under the influence 
of light. This reaction has been investigated on acyclic, 
monocyclic and bicyclic hydrocarbons. These reactions were 
also studied using performic acid as the source of hydroxyl 
radicals and results compared with those obtained with peracetic 
acid. As expected, the preferred attack was on tertiary centres, 
followed by secondary and then primary. 

Functionalization of a non-activated 

carbon in organic compounds is a reaction 

of considerable practical and theoretical 

interest, and has been extensively inve- 

stigated.]- Usually, the methods employed 

exploit radical pathways and have 

embraced thermal, photochemical and 

metal-catalyzed reactions. Olah and 

co-workers2 have studied in detail, 

oxygenation of alkanes with ozone and 

hydrogen peroxide in super acid media 

under typical electrophilic conditions. 
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We now wish to report oxyfunctionali- 

zation of certain representative 

saturated hydrocarbons by hydroxyl 

radicals generated by photolysis of 

hydrogen peroxide or per acids. 

At the time this work was under- 

taken two reports3t4rg on photohydroxy- 

lation of a few saturated hydrocarbons 

icyclohexane, cis-decalin, and admantanef 

using essentially anhydrous peracetic 

acid in ethyl acetate were available. 

Explicit in the mechanism proposed 

for this reaction by Heywood et a1.3, 

is homolytic decomposition of peracetic 

acid, generating hydroxyl radicals. 

Hydrogen peroxide (UV absorption: 

195-400 run)6 on photolysis is known 

to generate hydroxyl radicals' and 

this system has been exploited for 

hydroxylation of aromatic compounds'. 
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In view of this, oxyfunctionalisation 

of saturated hydrocarbons with this 

system appeared worth investigating. 

Reaction was first studied with 

cyclohexane to essentially optimize 

reaction conditions. Ethyl acetate 

was found to be the most appropriate 

solvent, while using 0.1 mole equivalent 

of %80% H202 aq. for every one mole 

equivalent of cyclohexane. Reactions 

of other substrates were then investiga- 

ted under these conditions without 

any further attempts at optimization. 

Comparative studies were also carried 

out with 35% HCOOOH aq and 40% CH3COCCH 

aq as source of hydroxyl radicals. In 

each case it was ascertained that there 

was no dark reaction. Also, irradiation 

of substrates in moist ethyl acetate 

failed to give any functionalisation, 

thus indicating that water present in 

hydrogen peroxide or per acids does not 

contribute to any product development. 

RESULTS 

Cyclohexane, cyclododecane,'n-octane 

Reaction of cyclohexane with H202 

under the above conditions resulted in 

Q45% yield (based on H202) of a product 

consisting of cyclohexanol (56%), 

cyclohexanone (2%), cyclohexyl acetate 

(9%), besides unidentified products 

(33%). The unidentified products 

evidently arise from further known' 

photochemistry of cyclohexanone, and 

their formation could be substantially 

reduced by using a 9700 Corex filter 

(cut-off wavelength 254 nm) (Table 1). 

Cyclohexyl acetate clearly arises from 

participation of ethyl acetate solvent 

at some stage: this is borne out by the 

fact that'when ethyl fox-mate replaced 

ethyl acetate as solvent, cyclohexyl 

formate was produced. These results, 

together with other relevant data and 

results of comparative studies with 

HCCCGH and CH3CCOCH are summarized in 

Table 1. 

Reaction products from reactions 

of cyclododecane and n-octane were 

analyzed after hydrolysis. Results 

(Table 1) are similar to those described 

above for cyclohexane. In the case of 

cyclododecane, cis-bicycle (8.2.0)dode- - 

can-l-01 (1,, arising from knownlo 

photochemistry of cyclododecanone, 

constituted some 20% of the product,both 

with hydrogen peroxide and peracetic 

acid. 

Methylcyclohexane, E-menthane 

With methylcyclohexane as the 

substrate, photoreaction with H202 

gave a product in Q22% yield (based 

on H202) containing some 25% acetates 

(IR, PMR). Hydrolysis of the product 

gave a material essentially free from 

ketones. Similar results were obtained 

when peracetic acid was used in 

place of H202. In each case, the 

hydrolyzed product consisted of tert. 

alcohol 2 and e alcohols 3-8. These -- 

results are shown in Table 2. Compound 

2 was isolated by preparative GLC and 

characterized by comparison (GLC, IR, 

PMR) with an authentic sample. The 

secondary alcohols were identified 
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