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In the presence of catalytic amounts of Fecl3, alkanes
{cyclohexane, n-hexane), toluene and ethylbenzene are
oxidized by air oxygen {n CH3CN, (CH3)ZCO or CH2012
under visible light irradiation to yield ketones and

alcohols.

B OpUCYTCTBHH KaTajJdTHUYECKUX KOJHUECTB FeCl3 aJKaHbl
(LMKIOreKCaH, H-I'eKCal), TOJYyoJ W ITHUIGEH30J1 OKHCIA-
IOTCsE KHCJIOPOAOM BO31yXa B CH3CN, (CH3)2CO WY CH2c12
npd o6Jy4YeHUMH BHOAUMBIM CBETOM C 06pa3oBaHMEM KETOHOB H
CIIUPTOB.

Photochemical transformations of alkanes and alkylaromatic
hydrocarbons into carbonyl compounds and alcohols are of great
importance for syntheses. Transition metal complexes are known
to catalyze oxidation of irradiated alkylaromatics and alkanes
[1-10].

Here we present the results of studying the photooxidation
of saturated and alkylaromatic hydrocarbons in organic solvents
catalyzed by FeCl3. Oxidations were carried out in air in a
Pyrex cylindrical vessel with a water-cooled (~15°C) jacket
under stirring. Total volume of the reaction solution was 5 cm’.
Light from a luminescent street lamp (125 W) was used for ir-
radiation (daylight is also active in the reaction). Products

were identified by gas-liquid chromatography.
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small isotopic effect was observed: kc H /kC D = 1.620.3 .
6712 6 12
n-Hexane is also readily oxidized in the solution of

CH3CN (0.46 M) in the presence of FeCl3 (5!10_4) and3yields the
following products (in parentheses concentrationsx10~ M are
given after 5 h irradiation): hexanol-1 (2.1), hexanol-2
(5.0), hexanol-3 (5.8), hexanone-1 (4.9), hexanone-2 (14.4) and
hexanone-3 (12.6). The total yield of the products was 9.7% per

n-hexane.
After 3 h irradiation the photooxidation of toluene (0.46
M solution in acetonitrile) in the presence of 5x10-4M FeCl

3
M) and benzyl alcohol (4.4x10-3M).

Similarly , ethylbenzene is converted into a mixture of aceto-

produces benzaldehyde (2.3x10_2

phenone and 1-phenylethanol. Competitive photooxidation of cyclo~
hexane (0.37 M) and ethylbenzene (0.37 M) in acetonitrile after
4 h irradiation yields cyclohexanol (2.2x10-2 M) , cyclohexanone
(1.6x10_2 M) , acetophenone (5.2x10_3 M) and 1-phenylethanol
(4.6x10"3 M) . These data can be used to calculate relative re-
activity of one C-H bond in the CH2 group:

k /k = 1.55.
CGHSCHZCH3 C6H12

The suggested reaction mechanism includes photoinduced
electron transfer [1] from alkane to [FeCl3]*, proton detach-
ment and a rapid reaction of formed alkyl radicals with dioxy-
gen producing peroxo derivatives and ketones and alcohols as
end products. Complexes of Fe(II) formed in the catalytic cycle
can be reoxidized by dioxygen or peroxo radicals.

The authors are thankful to Prof. A.E. Shilov for his
interest in this work and fruitful discussions.
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Fig. 2. Dependence of cyclochexanol (1) and cyclohexanone
(2) concentrations formed in photooxidation of
cyclohexane (0.46 M) in CH3CN (after 2 h irradia-
tion), on the concentration of FeCl3
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Fig. 3. Dependence of the concentration of cyclohexanol
(1) and cyclohexanone (2) formed in photooxida-
tion of cyclohexane in CH3CN (after 2 h irradia-
tion, [FeC13]= 5x10-4 M) on concentration of cyclo-

hexane
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Fig. 1. Formation kinetics of cyclohexanol (1), cyclo-
hexanone (2) and cyclohexyl chloride (3) in re-
action of cyclohexane (0.46 M) with air in CH2C12

(in the presence of 5x10™% M c .1 CH,N(C,H.) ,C1) (a),

65
CH3CN (b) and (CH3)2CO (c) under irradiation. In

all cases FeCl3~6 HZO concentration was 5x10_4 M

Cyclohexane oxidation products cyclohexanol and cyclohexa-
none are formed in approximately equal amounts (Fig. 1). Oxida-
tion rates of cyclohexane are weakly dependent on solvent (aceto-
nitrile or methylene). In the case of methylene chloride, a
tetraalkylammonium salt was added to dissolve an iron complex.
In this solvent cyclohexyl chloride is also formed, and the
kinetic curve of its accumulation has an induction period.

In the case of all three solvents, approximately 100 moles
of oxidation products are obtained per 1 mol FeCl3 after 5 h
irradiation. Yield from cyclohexane is about 10%. In CH2C12
after 11 h irradiation the yield is abowve 20%.

Dependences of the oxidation rate on the initial concentra-
tion of FeCl3 and cyclohexane are represented in Figs 2 and 3.

In experiments with C6D12 in the acetonitrile solution a
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