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Decomposition of Benzoyl Peroxide
in the Presence of Alkylaromatic
Compounds. A Facile Side-Chain
Substitution Reaction
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Growing interest in electron transfer reactions !
has stimulated work on benzoyl peroxide (BP02
as a one-electron oxidant of organic compounds.
In particular, the reaction of BPO with electron-
rich arenes has been studied and mechanistic
evidence suggests an initial electron transfer from
the aromatic substrate to BPO.? These studies
have been performed in inert solvents and under
these conditions the major reaction path
observed is nuclear benzoyloxylation.

I here report results from the reaction of BPO
with alkylaromatic compounds in the more nu-
cleophilic medium glacial acetic acid where, in
contrast to reactions in other solvents, side-chain
oxidation is observed exclusively.* Decomposi-
tion of BPO in acetic acid under an argon
atmosphere at 78 °C in the presence of toluene,
p-xylene or 1,3,5-trimethylbenzene gave a com-
plex mixture of products consisting of side-chain
acetate and benzoate, aldehyde and dimers.’
When the alkylaromatic compound was activated
by such groups as methoxy or polyalkyl, facile
side-chain acetoxylation was however observed;
eqn. (1).

BPO
—> ArCH,0Ac 1)
HOAc

ArCH;

The results are summarized in Table 1. The
possibility of trans-esterification of a primarily
formed benzyl benzoate to a benzyl acetate was
excluded in a control experiment where 4-
methoxybenzyl benzoate was shown to be stable
under the reaction conditions.

The formation of the observed products is in
agreement with an initial electron transfer from
the aromatic substrate to BPO; alkylaromatic

* There is one case of a similar reaction reported in
the literature where mesitol was converted into 3,5-
dimethyl-4-hydroxybenzyl acetate by reaction with
BPO in acetic acid.*

Table 1. Decomposition of BPO in HOAc in the
presence of methyl benzenes at 78 °C.*

Ar in ArCH; Yield of ArCH,0Ac (%) ¢
2,4,5-(CH,)s 82

234.5,6-(CH)s¢ 93

2/0CH, 43 (599)

3-OCH, 28 (42°)

4-OCH, 75

“ The reactions were carried out under an argon
atmosphere; in the presence of oxygen the major
Broduct was the corresponding aldehyde (ArCHO).

Determined by GLC, based on BPO. °Small
amounts (<5 %) of aldehydes and benzyl benzoates
were formed in most reactions. ¢ Substrate concentra-
tion, 0.5 M.  In the presence of Cu(OAc), (0.1 mmol).

radical cations are known to easily lose an
a-proton ® [eqn. (2)]. However, a hydrogen atom
transfer mechanism, induced by the thermal
decomposition of BPO to benzoyloxy radicals
would be expected to give rise to the same type of
products [eqn. (3)]. The presence of benzylic
radicals is indicated by the increase in the yield
when the reactions were performed in the pres-
ence of Cu(II) (see Table 1), this ion is known to
oxidize benzylic radicals very efficiently.” In the
absence of Cu(Il) this oxidation is probably
carried out by the weak oxidant BPO (estimated
E, value 0.1V vs. NHE).™®

— + —
(ArCHy)* B ArcH, 3¢

ArCH,* HOAS A1CH,0AC @)

ArCH, +CgH;C00- —CeHsCOOH |

ArCH, —< 5 ArCH,0Ac 3)
HOACc

In order to distinguish between the two
mechanisms, isodurene (1,2,3,5-tetramethylben-
zene) was oxidized in the same medium. The
selectivity of a-substitution of this compound has
been used as a mechanistic tool, a high selectivity
between C-2 and C-1 implying an electron
transfer mechanism and a low selectivity being
typical for a radical abstraction process.® The
results are summarized in Table 2. For compari-
son, reaction of isodurene with hydrogen atom
abstracting (NBS)!® and hydride ion transfer
(DDQ)!! Treagents have been included. From
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Table 2. Isomer distribution in the side-chain oxidation of isodurene in acetic acid at 78 °C.

Oxidant Isomer distribution s kolky® zfie)ld Ref.
1 2 %

BPO 11 73 16 13 81 This work
dCBPO 11 70 19 13 83 This work
dNBPO 11 65 24 12 54 This work
Co(IIN)W >¢ 8 79 13 20 7 This work
Co(IIN)Wh4 6 83 11 28 78 This work
Anode ¢ 4 75 21 37 12

NBS* 27 59 15 4.4 8
Ce(IV)* 3 88 9 55 8

DDQ 9 42 49 9.3 21 This work

% Correlated for a statistical factor. ® The oxidation was performed in HOACH,O (4:1, viv).
¢ K5[Co(IIN)W1,04], 11 H,0. ¢ Reaction temperature 60 °C.

these data, it can be seen that BPO and the two
substituted benzoyl peroxides 4,4'-dichloro-
(dCBPO) and 4.4'-dinitrobenzoyl peroxide
(dNBPO), which also initiate the same type of
reaction, display similar selectivities possibly
indicating similar mechanisms for the three pero-
xides. This selectivity is, however, lower than
that observed for typical electron transfer ox-
idants such as the anode 5 (Ce(IV) and potassium-
12-tungstocobalt(Il)ate” (Co(II[)W), but higher
than that of hydrogen atom abstracting and
hydride ion transfer reagents. Consequently, the
usefulness of isodurene as a mechanistic probe in
this case is doubtful, the difference in selectivities
is too small for mechanistic conclusions to be
drawn. Further mechanistic studies on the diaroyl
peroxide initiated side-chain substitution are
needed and are under way in this laboratory.

Experimental. Benzoyl peroxide was recrystal-
lized from methanol-chloroform (2:1, v/v) before
use, the other peroxides were prepared from the
corresponding acid chlorides and Na,O,, and,
after recrystallization from toluene, their purity
was >99 % as determined by iodometry.
Aromatic substrates were of highest commercial
purity. Reaction mixtures were analyzed by GLC
using a Varian 1400 gas chromatograph equipped
with a HP 3380 A integrator on a 2 mx0.3 cm
5% NPGS column or a 2 mx0.3 cm 3 %
OV-1701 column. Products were identified by
comparison with authentic samples available
from earlier work,>!! and also by MS on a
Finnigan 4021 mass spectrometer. Yields were
determined by GLC analysis of the crude reac-
tion mixtures to which an internal standard had
been added. The standard had been calibrated
against authentic samples.

A general procedure for the decomposition of
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BPO is as follows: a solution of the aromatic
substrate (10 mmol) in 10 ml glacial acetic acid
was deaerated with argon while heated to 78 °C.
BPO (1 mmol) was added, and the solution was
stirred for 20 h (equivalent to ca. 10 half-lives for
decomposition of BPO)'® under an argon atmos-
phere. After cooling, water was added and the
mixture was extracted twice with dichloro-
methane. The organic phase was washed with
aqueous NaHCO,, dried and analyzed by GLC.
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