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&&&: Cycloalkanes are transformed into monosubstitute cycloalkyl 
derivatives (chloride, azide, cyanide, thiocyanate, dicycloalkyi disutide, or nitroalkane) 
in mo+y good etEiciencies by treatment with tert-butyl hydropemxide in pyrirlm&cetic 
acid containing Fe(NO&.9H20, in the presence of alkali metal salts (LiCl, 
NaN~,[Et@JCN, NaSCN, Na$, or NaNOz, respectively). In comparison, ionic 
trapping with Cu(OAc)z gave efficient trapping with chloride ion, very inefficient 
capture of thiocyanate, and a significant diierence in reactivity towards azide ion. 

Most of our efforts to activate and tinctionalii saturated hydrocarbons have involved1 FeI1 + 
superoxide or FeIII + H202. More recently,2 we have turned our attention to FeIII + t.-butyl 
hydroperoxide (TBHP). Although chloride and bromide ions do not participate in the earlier oxidation 
systemsl, we do find efficient trapping3 with a variety of anions using TBHP. The results of these 
experiments are shown in Table 1 .4 

AU the Gif systems, including that based on TBHP (GoAgg~), involve the activation of the 
hydrocarbon1 to give intermediate A (Scheme 1). This is not a carbon radical. We postulate an iron- 
carbon sigma bond. By insertion of oxygen and hydrolysis, intermediate B is obtained. This is the 
corresponding hydroperoxide, which f?agments to ketone or is reduced to alcohol. In GoAggIv, 
intermediate A is trapped by ionic reagents. We report selected results for cyclohexane, but we have 

seen the same chemoselectivity with cyclopentane, cyclooctane and adamantane. Running the reactions 
in a partial vacuum or under argon reduced the formation of ketone and alcohol. For example, the 

chlorination of cyclooctane was achieved in 90% efficiency running the reaction under Ar.5 Also, 
cyclooqtane could be converted into its tide in 78% e&ciency.6 Remarkably, the addition of a- 
picolinic acid restores the natural ketonization reaction at the expense of the chlorination process. 

The appropriate blank experiments were carried out. Cyclooctanol in pyridm&cetic acid in the 
presence ofFeC13.6H20 did not afford any cyclooctyl chloride in the absence of the oxidiing reagent 
(TBHP). Without addition of FeC13.6H20, no chlorination of the hydrocarbons was observed. When 
TBHP was replace by tert-butyl hypochlorite (which could have formed in situ from TBI-P and be the 
chlorinating reagent), the chlorination yield was only 10% of the yield from the Gif-type reaction. 
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Algo, no cyclooctyl pzide ot CYC~~CI$ thiocyanrte w~ls foFmed ~II tb abs;tnte of dtha mI3P or 
F&l3.6H$l. The nactioll fXOdlJCtS Wsn SWble WUk tile reaction ConditioIlS. In no M8e W@ the 

mixed pexoxide (c_C$-Il5OOr~n-Bu) obaaved ea a reaction product. 
Scbetie I 

Themechanismofmostofthereactionsreportedinthisarticlewillbediscussed~. In 
two cases, the products detine the mechanism. The bromination of cyclohexyl bromide gives mainly 

rrans-1,2diiromocyclohexane. This shows that the reaction is radical bromination (Shell-Walling 

etFe.cQ.7 On the other hand, azidation of cyclohexene gave very little oxidation and 4.84 mmo1 of the 

allylic azide (from 5 mm01 TBHP). In contra& 12 anodicahy generated azide radicals add to 

cyclohexene to give the 1,2diazide (55%) with little allylic azide (15%). So the azidation process is 

not a radical reaction. For the CuB reactions, chlorination is dEcient, azidation is much more effected 

byoxygenthanfortheF~reectr ‘ons, but an eflicient reaction under argon. In contrast to F@, CUB 
gives very inefficient thiocysnation. Again, we are not dealing with a radical common to both systems. 

Par&ins have historicslly been regarded as an inert class of organic compounds. These and 

previous resuhsl prove that beliefto be a myth. Indeed, when confronted by the appropriate chemical 

species, par&Ens display a rich variety of 8mctionalization reactions. This “reactive specks” possesses 

subtly di&rent chemical properties depending on what the starting oxidant used was (i.e., hydrogen 
peroxide or TBHp). This explains the dices in kinetic isotope et&t and chemical reactivity 

between the two systems.~g Bt 8 

Ac&ru&e&mu& We are indebted to the National Science Foundation, British Petroleum of 

America and Quest International for 6nancial support of this work. 
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The reaction products were identified by comparison of spectroscopic ( 1H- and 13C-NMR, IR, 
MS) and chromatographic (GC, GC-MS) properties with authentic samples prepared by 
literature techniques or obtained from commercial sources. 

Reaction ct+mditions: cyclooctane (50.0 mmol), pyridine (30.0 mL), acetic acid (3.0, mL), 
FeCl3.6H20 (5.0 mmol), TBHP (10.0 mmol), under Ar, 6O”C, 18 h. The react&n products 
were cyclooctyl chloride (8.96 mmol), cyclboctan~ne (0.02 mmol) and cyclooctanol (traces). 

Reaction .conditions: cyclooctane (qO.0 mmol), pyridine (30.0 mL), acetic acid (3.0 mL) 
Fe(NO3)3.9H20 (5.0 mmol), TBHP (10.0 mmol), NaN3(15.0 mmol), under Ar, 60°C. 18 h. 
The reaction product was cyclooctyl azide (7.79 mmol), accompanied with traces of 
cyclooactanone and cyclooctanol. 
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The reaction efliciency is calculated considering that one equivalent of TBHP is required for the 
formation of the alkyl hydroperoxide, and thus keton and alcohol, as well as, for the formation 
of olefin, chloride, szide or thiocyanate. Two oxygen atoms from dioxygen are introduced 
during hydroperoxide formation, but are not included in the calculation. 

Experimental conditions: Cu (OAc)2.H20 (0.5 mmol), metal salt (15.0 mmol), TBHP (10.0 
mmol), pyridine (30.0 mL), acetic acid (3.0 mL), cyclooctane (50 mmol), 600, 24 h. in a closed 
system. 
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