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Abstract: Activation of the C—C and C-H bonds are one of the important directions in organic syn-
thesis. Currently, liquid-phase catalytic oxidation of aromatic hydrocarbons has become an inde-
pendent branch of the technology of organic synthesis. We have developed for the first time a new
catalytic method for the preparation of aromatic aldehydes and methyl esters of aromatic carboxylic
acids based on the reaction of alkylarenes with methyl hypochlorite generated in situ from the
MeOH-CCl4 reagents under the action of a Mn(acac)s or Mo(CO)s catalyst. The optimal molar ratios
of catalyst and reagents as well as the reaction conditions for the selective synthesis of aldehydes
and methyl esters from alkylaryls were found. In contrast to the known processes of oxidation of
aromatic hydrocarbons, the developed method does not require the use of expensive organometallic
compounds and molecular oxygen.

Keywords: benzaldehyde; esters; manganesum-catalyzed; methyl hypochlorite; molybdenum-cat-
alyzed; oxidation

1. Introduction

Activation of the C-C and C-H bonds are one of the important directions in organic
synthesis. Currently, liquid-phase catalytic oxidation of aromatic hydrocarbons has be-
come an independent branch of the technology of organic synthesis, which provides raw
materials for the production of various polymeric materials (including aromatic resins,
fibers and varnishes), pharmaceutical and perfumery preparations, agricultural chemi-
cals, dyes, solvents and special chemicals [1].

Toluene, the simplest and most readily available alkylarene, was catalytically con-
verted to oxidized products such as benzyl alcohol, benzyl alkyl ether, benzaldehyde, and
aromatic carboxylates [2,3]. There are methods for the preparation of aromatic carbox-
ylates by oxidative esterification of methylarenes with alcohols using homogeneous or-
ganophotocatalysis (CBrs or anthraquinone-2,3-dicarboxylic acid) under irradiation with
light [4,5], as well as direct esterification of alkylaryls with alcohols, catalyzed by BusNI
and tert-butyl hydroperoxide as an oxidizing agent [6], nanoparticles of bimetallic Au-Pd
catalyst, Co(OAc)-N-hydroxyphthalimide with the addition of an ionic liquid or hex-
afluoropropan-2-ol, Cul-1,10-phen and molecular oxygen as an oxidizing agent [7-10].
Oxidation of toluene with iron perchlorate Fe(OCl4)2 with H2O>-H20-CH3CN system pro-
ceeds with the formation of benzyl alcohol and benzaldehyde [11]. However, all these
methods have not received wide synthetic application due to the use of expensive cata-
lysts and stoichiometric amounts of oxidants and molecular oxygen. We were the first to
develop a new catalytic method for the preparation of aromatic aldehydes and methyl
esters of aromatic carboxylic acids, based on the reaction of alkylaryls with methyl
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hypochlorite generated in situ from MeOH—-CCls reagent system under the action of the
Mn(acac)s or Mo(CO)s catalyst, excluding the use of both expensive organometallic com-
pounds and molecular oxygen.

2. Results and Discussion

We found that the reaction of toluene 1 with MeOH-CCl:i-Mn(acac)sreagent system
([Mn(acac)s]:[CCls]:[MeOH]:[toluene] = 1:300:500:100-150 at 200 °C for 6 h gives benzal-
dehyde 1a (47%), methyl benzoate 1b (32%), benzyl methyl ether 1c (11%) and benzyl
chloride 1d (10%) (Scheme 1). Besides MeOH-CClsreagent system rather actively oxidizes
toluene in the presence of Mo(CO)s at 160 °C for 3 hours. Inthis case the main reaction
products were benzaldehyde 1a and methyl benzoate 1b in a ratio of 1: 4, respectively.We
suggest that the observed process is based on the reaction of alkylaryls with methyl hy-
pochlorite generated in situ from the MeOH—-CCls reagent system under the action of
Mn(acac)sor Mo(CO)s catalysts.

CHO CO,CH3 CH,OCH; CH,CI
Mn(acac);

CHs 200 °C, 6 h,

100%
+ MeOH + CCl, — ] 1a,47% 1b,32% 1¢,11%  1d, 10%

+ + +

1 Mo(CO)g
160 °C, 3 h,
98%

Scheme 1. Mn- and Mo-catalyzed oxidation of toluene by MeOH—-CClsreagent system.

It was found that Mo-catalyzed oxidation of di-, tri- and tetramethylbenzenes by
MeOH-CClsreagent system proceeds selectively at one methyl group, while the remain-
ing methyl groups remain unreacted (Scheme 2).

R3 CH, R3 CHO R3 CO,CHj,4
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+ CH30H + CCl
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Scheme 2. Mo-catalyzed oxidation of di-, tri- and tetramethylbenzenes by MeOH-CClireagent system.
1-Methylnaphthalene 7was oxidized with MeOH-CCli-Mo(CO)sreagent system at

180 °C for 6 hours with the formation of naphthylaldehyde 7a and methyl ester of 1-naph-
thoic acid 7b at a ratio of 1:10, respectively (Scheme 3).
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Scheme 3. Mo-Catalyzed oxidation of 1-methylnaphthalene by MeOH-CCls reagent system.
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Oxidation of methylarenes with additional polar substituents in the aromatic ring
proceeds with difficulty and low selectivity. For example, the oxidation of 3,4-difluorotol-
uene 8 with the MeOH-CCls—Mn(acac)sreagent systemstops at the stage of obtaining 3,4-
difluorobenzaldehyde 8a (Scheme 4).

CHO CH,OCH, CH,CI
Mn(acac)s
+ MeOH + CCl, + *
200 °C, 6 h, 80% F F F
F F
8a, 42% 8b, 32% 8¢, 26%

Scheme 4. Mn-catalyzed oxidation of 3,4-difluorotoluene by MeOH—-CClsreagent system.

3. Conclusions

A new catalytic method for the preparation of aromatic aldehydes and methyl esters
of aromatic carboxylic acids based on the reaction of alkylaryls with methyl hypochlorite
generated in situ from the MeOH-CCls reagents under the action of Mn(acac)s or Mo(CO)s
catalysts has been developed. The optimal molar ratios of catalyst and reagents as well as
the reaction conditions for the selective synthesis of aldehydes and methyl esters from
alkylaryls have been found.

4. Experimental Part

Commercially available reagents were used. '"H and *C NMR spectra were recorded
on Bruker Avance 400 spectrometer (100.62 MHz for *C and 400.13 MHz for 'H). When
recording the 'H and *C NMR spectra, SiMes: and CDCIs were used as an internal stand-
ards, respectively. Mass spectra were measured using Finnigan 4021 instrument with an
ionizing electron energy of 70 eV and an ionization chamber temperature of 200 ° C. The
elemental analysis of the samples was determined on Carlo Erba elemental analyzer,
model 1106.

The Procedure for Oxidation of Alkylaranes

The reactions were carried out in glass ampoule (V = 10 mL) placed in a stainless
microautoclave (V=17 mL) with continuous stirring and controlled heating. An ampoule
was charged under argon with 0.05 mmol of Mn(acac)s (or Mo(CO)s), 0.1 mmol alkylarene,
1-3 mmol CCls and 1-3 mmol methanol. The sealed ampoule was heated in the autoclave
at 160-200 °C for 3-6 h with vigorous stirring. After there action completion, the autoclave
was cooled to 20 °C, the reaction mixture was neutralized with a 10% Na2COs aqueous
solution, the organic layer was extracted with chloroform, and the extract was filtered
through a layer of alumina. The unreacted toluene, light ethers, and chloroform were re-
moved on a rotor evaporator. The residue was analyzed by GLC using decane as an inter-
nal standard.
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