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Abstract : A selective and mild photocatalytic procedure for benzylic oxydations with
9,10-dicyanoanthracene (DCA), an usual electron acceptor, in presence of methyl viologen
(MV%*) and FeCl, has been developed.

In spite of numerous reports, there is still a paucity of efficient methods to perform benzylic
oxidations ending into carbonylated derivatives, aromatic aldehydes and ketones. The first row transition
metal complexes most often proposed to realize such oxidations suffer from several drawbacks !. For
instance, the reactions require a large excess of the metal reagents which are expensive and present a
hazardous environmental impact.

We report a selective and mild photocatalytic procedure for converting polyalkylated aromatic
hydrocarbons into mono-aldehydes or -ketones in good to excellent yields (61-87 %). These carbonyl
derivatives arise from an iron(Il)-photocatalyzed decomposition of the corresponding hydroperoxides,
selectively generated in situ by a photo-induced electron transfer oxidation, using catalytic amounts of
9,10-dicyanoanthracene (DCA) in the presence of methylviologen (MV2*) and FeCl,.

hV/OZ
Ar-CH,R- > Ar-CO-R 61-87 %
DCA-MV?*/Fe2*
visible light

R =H or alkyl

Typical procedure

The irradiation of an acetonitrile-methanol (9:1) solution 2 (50 ml) of the aromatic compound (5
mmol) in presence of catalytic amounts of DCA (0.02 mmol), MV2* (0.02 mmol) and FeCl, (0.005 mmol) is
carried out with a 500 W high-pressure mercury lamp through a U.V. cut-off glass filter (A 2 420 nm) at 20
°C under oxygen bubbling. The progress of the photoreaction if monitored by TLC and HPLC. After
consumption of the substrate, the solvent is removed and the residue analyzed by H NMR. The carbony!
derivatives are isolated by flash chromatography on silica gel.

Table 1 summarizes the results obtained with various aromatic compounds. With polymethylated
substrates, only one methyl group is oxidized in these conditions ; in the naphthalene series selective
oxidation of the a-methyl group is observed. As it could be expected, the reaction could not be performed
when the aromatic ring bears electron-withdrawing substituents such as NO, or CN (entries 7 to 11).
Conversely, the effect of electron-donating groups increases both the overall rate and the yield of
photooxidation (entries 15 and 16). Besides, it is noteworthy that no alcoholic derivatives are obtained as by

4291



4292

Table 1. Carbonyl products resulting from DCA-MV?*/FeZ* - sensitized photooxidation of
various aromatic compounds?,

Run Substrate Carbonyl products Reaction time (h)  Yield (%)
CHO b ¢
CHO
2 3 87 7122)°
CHO
3 /@ /©\ 8 97 61260
4 R = CgHs 3 88  58(28)d
5 =OCH3 330 97 78(15)d
6 =(Bu 8 80 63(24)d
7-11 R = NO,, CN, CO,CHg, Ci, Br unreactive
o
12 @(\ @/u\ 1.30 98 85
o}
(o)
14 @jj @5 4 93 75
O
o}
CH30 CH;0
[0}
o 0
17 3.30 92 81
0
» OO0 O ¢ ws

a. Atroom temperature and at total consumnption of the substrate ; b. Evaluated from 1H NMR data ; c. Isolated by flash chromatography ;
d. The corresponding acid was obtained as by products.
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products. Finally, from the Rehm-Weller equation for an electron-transfer mechanism ¢ and from the
reduction potential and singlet excitation energy data (2.89 eV, 278.38 kJ/mol) 3 of DCA, this system can
oxidize aromatic compounds such as those having E,,, <2 V.

These oxidations show the general catalytic character of this new benzylic oxidation procedure.

One electron photocatalytic oxidations of methyl aromatic compounds using many sensitizers such as
cyanoaromatics 3, cerium(IV) ammonium 6 or TiO, 7 have been reported. In the presence of O, a sequence of
electron-transfer, proton-transfer steps as shown in Scheme 1 are postulated, and both an alkylperoxide

radical (eq. 2) and a hydroperoxide (eq. 3) are probable intermediates in the products formation.

hv + -~ -H* .
Ar-CH; +S —® ArCH;" +S* —® Ar-CH, eq. 1
o}
2 [Ar-CH,007]

_.\ eq.2

Ar-CH, Ar-CHO(+ Ar-CO,H)

HO; . tar-cB00H — 7 eq.3

Scheme 1. S = sensitizer

We have recently discovered that the DCA-MV?2* system, when irradiated in acetonitrile,
leads to the corresponding hydroperoxides isolated as such 2 in excellent yields.

hv/O,
Ar-CH-R ———» Ar-CH(OOH)-R
DCA-MV#*
R =H or alkyl

We have established now, from photochemical experiments performed at room temperature
with these hydroperoxides ? that :

- in the absence of Fe?* the hydroperoxides are stable (d).

- both light and addition of catalytic amounts of Fe?* are essential for the hydroperoxide
decomposition (a){(Scheme 2).

hv/O, DCA-MVZ*/Fe?*, < 5 min
Ar—CH(OOH)-R » Ar-CO-R (a)
A 2420 nm 2h
> unreactive  (b)
2
R =H or alkyl Fe™,2h » unreactive ()
Ar = naphthyl
DCA-MV?*,2h .
» unreactive (d)

Scheme 2

Therefore, in the overall reaction process the carbonyl derivatives arise from an iron(II)-photocatalytic
decomposition of the intermediate hydroperoxides, selectively generated in situ.
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This work has thus shown that the general mechanism displayed on scheme 1 can be now more
precisely described ; in effect, the existence of intermediate hydroperoxide is proved and also it is established
that eq. 3 necessitates the catalytic action of ions such as Fe2*.

Further studies are underway on this selective "photo-Fenton" decomposition.
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