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Abstract: Chlorine derivatives of aromatic compounds are widely used in organic chemistry as in-
termediates for the synthesis of pharmaceuticals. Despite the abundance of various chlorination
methods, almost no workon the chlorination of organic compounds using tert-butyl hypochlorite in
the presence of catalysts. We have developed a new iron-catalyzed method for chlorination of aro-
matic compounds using tert-butyl hypochlorite. The reactions take place with high conversion and
selectivity. A new method for the chlorination of ethylbenzene and toluene with tert-butyl hypo-
chlorite under the action of iron-containing catalysts to give 1-(chloroethyl)benzene and benzyl
chloride in more than 50% yield was developed. A new iron-catalyzed method for the synthesis of
1,4-dichloro-2,3,5,6-tetramethylbenzene in 100% yield by chlorination of durene with tert-butyl hy-
pochlorite was proposed. A method was developed for the synthesis of phenol and its derivatives
(anisole and 4-nitrophenol) with the use of tert-butyl hypochlorite under the action of iron-contain-
ing catalysts with a quantitative yield of the reaction products. The developed methodology paves
the way for the industrial use of the environmentally friendly reagent in the production of chlorine
derivatives of aromatic compounds.

Keywords: anisole; chlorination;durene; ethylbenzene; iron-containing catalysts; phenol; +-BuOCl;
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1. Introduction

Chlorine derivatives of aromatic compounds are widely used in organic chemistry
as intermediates for the synthesis of pharmaceuticals [1,2]. Various reagents are used for
the chlorination of aromatic compounds: Clz, SO2Cl2, N-chlorosuccinimide, PCls, PCls
[3,4]. However, these reagents have significant disadvantages: a large amount of waste is
generated, in particular, during the reaction, HCI is formed, which leads to equipment
corrosion; a considerable duration of the experiment, and the reactions with their partici-
pation are nonselective, in addition, they are strong poisons. Therefore, the use of fert-
butyl hypochlorite for the selective chlorination of aromatic compounds seems to be an
interesting problem. But the chlorination method using t-BuOCl also has disadvantages:
the need to carry out the reaction at a low temperature (0 °C), low selectivity of the reac-
tion, the difficulty of isolating the target products, the need to use UV irradiation.

In the literature, there is practically no work on the chlorination of organic com-
pounds using tert-butyl hypochlorite in the presence of catalysts. In this regard, the de-
velopment of new, catalytic methods for chlorination of arenes using t+-BuOCl is an im-
portant and urgent task.
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2. Results and Discussion

At the first stage of the work, we tried to carry out the chlorination of alkylarenes
using tert-butyl hypochlorite under the action of a catalyst using toluene as an example.
The primary product of toluene chlorination is benzyl chloride. For the catalytic activity
in the chlorination of arenes using t-BuOCl, we investigated the following series of iron-
containing catalysts: FeClz ® 4H20, FeClz ® 6H20, Fe(CsHs)2, FeBra. Iron complexes are one
of the best catalysts for the activation of C—H bond in alkenes, aromatic compounds, al-
kenes, and alkynes [5]. In the absence of a catalyst, the reaction does not proceed.

A new method for the chlorination of ethylbenzene and toluene with tert-butyl hy-
pochlorite under the action of iron-containing catalysts has been proposed. The yield of
1-(chloroethyl)benzene and benzyl chloride reaches more than 50% under the following
conditions: 20 °C, 5 h (ethylbenzene) and 3 h (toluene), with a molar ratio of catalyst and
reagents: [catalyst]: [alkylbenzene]: [tert-butyhypochlorite] = 1: 100: 100 in CH2Cl2 solution
(Scheme 1).

To increase the degree of conversion of toluene, the temperature and reaction time
were varied. It was found that the reaction of toluene with tert-butyl hypochlorite under
the action of the iron-containing catalyst FeBr2 gives benzyl chloride and dichlorobenzyl
chloride in a ratio of 9:1. The reaction was carried out at the following molar ratio of cata-
lyst and reagents: [catalyst]:[toluene]:[t-BuOCI] = 1:100:100. The highest yield of benzyl
chloride (65%) was observed at 40 °C in refluxing CH:Cl2 for 14 h. Under the action of
ultrasound, the reaction takes place within 3 h, while the conversion of toluene reaches
80%. At the same time the yield of benzal chloride increases ([benzyl chloride]: [benzal
chloride] = 4: 1). The reaction was carried out with a threefold excess of tert-butyl hypo-
chlorite.
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Scheme 1. Chlorination of toluene and ethylbenzene using t-BuOCI.
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A new method was proposed for the synthesis of 1,4-dichloro-2,3,5,6-tetra-
methylbenzene in quantitative yield by chlorination of 2,3,5,6-tetramethylbenzene
(durene) with fert-butyl hypochlorite under the action of an iron-containing catalyst
(Scheme 2). The yield of 1,4-dichloro-2,3,5,6-tetramethylbenzene reaches almost 100% un-
der the following conditions: 20 °C, 5 h, with a molar ratio of catalyst and reagents:
[FeBr2]:[ethylbenzene]:[tert-butyhypochlorite] = 1:100:100 in CH2Cl2 solution.
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Scheme 2. Synthesis of 1,4-dichloro-2,3,5,6-tetramethylbenzene.
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In order to study the effect of the substituent in arenes on the regularity of chlorina-
tion, we investigated the reaction of tert-butyl hypochlorite with phenol derivatives in the
presence of iron-containing catalysts.

Chlorine derivatives of phenol are of particular interest, since they are produced on
an industrial scale and are involved in the production of pharmaceuticals, dyes, herbi-
cides, pesticides, and antiseptics [6].

A method has been developed for the synthesis of phenol and its derivatives by tert-
butyl hypochlorite under the action of iron-containing catalysts with a quantitative yield
of reaction products. The reactions were carried out at 20 °C for 5-24 h with the following
molar ratio of catalyst and reagents: [catalyst]:[reagent]:[tert-butyhypochlorite] = 1:100:300
in CH2Cl2 or CCls (Scheme 3).
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Scheme 3. Chlorination of phenol and anisole with t-BuOCI.

4-Nitrophenol reacts with tert-butyl hypochlorite in the presence of iron-containing
catalysts (FeBrz, Fe(CsHs)z, FeClz ® 4H:0), at 20 °C for 0.5-5 h at a molar ratio [catalyst]:[4-
nitrophenol]:[#-BuOCI] = 0.1-1:100:100-120, preferably [FeBr2]:[4-nitrophenol]:[-BuOCl] =
1:100:100 in CH2Cl2 (Scheme 4). The yield of 2-chloro-4-nitrophenol (active ingredient of
the antifungal drugs “Nitrofungin”) was almost 100% in 1.5 h.

OH OH
FeBrs (1 mol.%) cl
+ t-BuOCl + t-BuOH
CH,Cl,, 20°C, 1.5 h
NO, NO,
~100%

Scheme 4. Synthesis of 2-chloro-4-nitrophenol (nitrofungen).

3. Conclusions

Thus, as a result of the study, a method was developed for the catalytic chlorination
of substituted arenes using tert-butyl hypochlorite. The reactions take place under mild
conditions with high conversion and selectivity.

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 CDCls 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
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elemental analysis of the samples was determined on Carlo Erba elemental analyzer,
model 1106.

2-Chloro-4-nitrophenol

To a 100-mLflask was added 0.016 g (0.072 mmol) of FeBrz, 1 g (7.2 mmol) of 4-nitro-
phenol, 2 mL of CH2Clz. Then 0.82 mL (7.2 mmol) of freshly prepared {-BuOCl was added.
The reaction mixture was stirred at room temperature (~20 °C) for 1 h on a magnetic stirrer
with a reflux condenser. After the end of the reaction, the reaction mixture was neutral-
ized with a 10% aqueous solution of Na2COs (stirring on a magnetic stirrer for 0.5-1 h),
the organic layer was extracted with CH:Clz and filtered off. The solvent was distilled off
and the solid residue was washed 3 times with water (5 mL). The yield of 2-chloro-4-ni-
trophenol is 1.25 g (~100%). Mp = 110-111 °C.
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