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ARTICLE INFO ABSTRACT

A direct benzylic oxidation of alkylarenes via C-H bond abstraction was developed using copper
bromide hydrogen peroxide mixture under mild conditions. This reaction proceeded with excellent
selectivity by thermal oxidation.

INTRODUCTION

There is a necessary for the direct C-H bond functionalization
of hydrocarbons via C-H bond activation in organic synthesis
has attracted much interest in recent years.1 Especially,
chemoselective functionalization under metal-free conditions,
which is one of the requirements for the realization of green
chemical processes, remains a tremendous challenge in organic
chemistry. Direct benzylic oxidation of alkylbenzenes to the
corresponding carbonyl compounds which are useful as
versatile building blocks in the synthesis of functionalized
chemicals and pharmaceuticals.2

Several methods were repoted for the direct benzylic oxidation
of alkylarenes using heavy metals.3-11 Further oxidation of
arylbenzenes was performed using an organocatalyst12 and a
stoichiometric amount of hypervalent iodine13 have been
developed as sustainable oxidation methods. However, in most
cases, alkylarenes bearing an electron-withdrawing group on
the aryl or alkyl moiety, whose C-H bond at the benzylic
position is more inert, could not be used for the direct

oxidation. In this paper we report a metal-free direct and
selective benzylic oxidation of alkylarenes via C-H abstraction
using an alkali metal bromide/ oxidant system, focused towards
green synthesis (Scheme 1). This oxidation proceeded
smoothly under normal light in halogenated solvent.

Experimental

General Procedure for Direct Benzylic Oxidation of
Alkylarenes

To a solution of 1a (1 mmol) in a mixture of DCM (19 vol) and
H2O (1 vol) was added CuBr (1.2 mmol) and 30% H2O2 (2
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mmol) at room temperature, and stirred under visible light  for
24 h. Saturated Na2SO3 aqueous solution (10 mL) was added
to the reaction mixture, and the product was extracted with
DCM (20 mL × 3). The combined extracts were washed by
brine (10 mL) and dried over Na2SO4. The organic phase was
concentrated under reduced pressure and the crude product was
purified by silica gel column chromatography (eluent:
hexane/AcOEt = 20/1), to give the desired product 2a.

Representative Spectral data

3-Acetoxypropiophenone (2k): 1H NMR (400 MHz, CDCl3) δ
2.05 (s, 3H), 3.34 (t, J = 6.2 Hz, 2H), 4.54 (t, J = 6.2 Hz, 2H),
7.48 (t, J = 7.4 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.94-7.98 (m,
2H). 13C NMR (100 MHz, CDCl3) δ 20.8, 37.2, 59.5, 128.1
(2C), 128.5 (2C), 133.3, 136.6, 171.1, 196.8. MS (ESI) calcd
for C11H12NaO3 [M+Na]+ 215.0679, found 215.0675.

Methyl 4-phenyl-4-oxobutanoate (2l): 1H NMR (400 MHz,
CDCl3) δ 2.79 (t, J = 6.4 Hz, 2H), 3.34 (t, J = 6.4 Hz, 2H), 3.72
(s, 3H), 7.48 (t, J = 7.6 Hz, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.98
(d, J = 7.6 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 28.1, 33.2,
51.6, 128.1 (2C), 128.5 (2C), 133.3, 136.5, 173.3, 198.1. MS
(ESI) calcd for C11H12NaO3 [M+Na]+ 215.0679, found
215.0672.

4-Phenylsulfonyl-1-phenyl-1-butanone (2m): 1H NMR (400
MHz, CDCl3) δ 2.13-2.22 (m, 2H), 3.19 (t, J = 6.9 Hz, 1H),
3.20 (t, J = 6.9 Hz, 1H), 3.26 (t, J = 7.6 Hz, 2H), 7.43-7.49 (m,
2H), 7.54-7.62 (m, 3H), 7.63-7.69 (m, 1H), 7.89-7.96 (m, 4H).
13C NMR (100 MHz, CDCl3) δ 17.3, 36.3, 55.2, 127.9 (2C),
128.0 (2C), 128.7 (2C), 129.3 (2C), 133.4, 133.7, 136.4, 139.0,
198.4. MS (ESI) calcd for C16H17O3S [M+H]+ 289.0893,
found 289.0890.

4-Nitro-1-phenyl-1-butanone (2n): 1H NMR (400 MHz,
CDCl3) δ 2.46 (quin, J = 6.6 Hz, 2H), 3.16 (t, J = 6.6 Hz, 2H),
4.56 (t, J = 6.6 Hz, 2H), 7.49 (t, J = 7.6 Hz, 2H), 7.58 (t, J = 7.6
Hz, 1H), 7.96 (d, J = 7.6 Hz, 2H). 13C NMR (100 MHz, CDCl3)
δ 21.5, 34.5, 74.7, 127.9 (2C), 128.7 (2C), 133.5, 136.3, 197.9.
HRMS (FAB) calcd for S7 C10H12NO3 [M+H]+ 194.0817,
found 194.0820.

4-Cyanobutyrophenone (2o): 1H NMR (400 MHz, CDCl3) δ
2.13 (quin, J = 7.2Hz, 2H), 2.55 (t, J = 7.2 Hz, 2H), 3.18 (t, J =
7.2 Hz, 2H), 7.48 (t, J = 7.6 Hz, 2H), 7.62 (t, J = 7.6 Hz, 1H),
7.98 (d, J = 7.6 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ 16.6,
19.7, 36.3, 119.4, 127.9 (2C), 128.7 (2C), 133.5, 136.4, 198.1.
MS (APCI) calcd for C11H12NO [M+H]+ 174.0913, found
174.0910.

RESULTS AND DISCUSSION

To understand the reaction, we screened several bromo
reagents, oxidants, and solvent for direct benzilic oxidation of
alkylbenzenes (1a ).The optimum reaction conditions were
found to involve 1a, CuBr (1.2 equiv), and H2O2 (2.0 equiv) in
DCM-H2O at RT for 24 h  (Scheme 2).

To explore the scope of the direct benzylic oxidation, various
alkylarenes 1 were examined using copper bromide under
optimized conditions (Scheme 2). p-substituted alkylarenes
bearing Br (1c), t-Bu (1d), and AcO (1e) were gave  oxidative
products 2c, 2d, and 2e in good to excellent yields (88% to
96%). When the alkyl chain was increased there is a
depreciation in the formation of the product (n-butylbenzene
(1f), n-octylbenzene (1g)).O

SO2Ph

Scheme 2

Reaction was carried out in a mixture of CH2Cl2 and H2O (19:1) (3 mL)
using CuBr and H2O2
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The same was observed in branched alkyl chain
(isobutylbenzene (1h)).y. Diarylmethanes (1i and 1j) were also
efficiently converted into diarylketones (2i and 2j) in
quantitative yields, respectively. Furthermore, various
alkylarenes bearing functional groups, such as ester (1k and 1l),
sulfonyl (1m), nitro (1n), nitrile (1o), and imide (1p and 1q),
provided desired products 2k_2q in high yields (76% to 99%),
respectively.

CONCLUSIONS

In conclusion, we have developed a direct benzylic oxidation of
alkylarenes via benzylic C-H abstraction using the oxidation of
alkalimetal bromides without heavy metals. This selective
oxidation proceeds under normal light to give corresponding
carbonyl compounds. This method is an environmental
sustainability strategy for organic synthesis as it does not
require heavy metals or organic reagents under mild conditions.
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