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Abstract

A simple and efficient procedure for the synthesis of substituted benzothiazoles through condensation of 2-aminothiophenol
with aromatic aldehydes in the presence of HyO,/HCI system in ethanol at room temperature is described. The target compounds
have been characterized by '"H NMR, '>C NMR, IR and MS. Short reaction time, easy and quick isolation of the products, and
excellent yields are the main advantages of this procedure.
© 2009 Hong Yun Guo. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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Benzothiazole and their derivatives are very important groups of heterocyclic compounds [1], and are well known for
their biological and pharmaceutical activities, such as antitumour [2], antimicrobial [3] and antiglutamate/
antiparkinsonism agents [4]. Recently, they have also found applications in organic optoelectronic materials, such
as second-order nonlinear optical (NLO) materials [5], liquid crystals [6], and fluorophores [7] as well as used for organic
light-emitting diodes (OLEDs) by the formation of cyclometalated ligands with heavy metal ions, such as Ir [8] and Pt [9].

Some of the typical reported methods for the synthesis of benzothiazoles include the reaction of 2-aminothiophenol
with carboxylic acids in the presence of polyphosphoric acid at 150 °C for 2 h [10], or in the presence of Lawesson’s
reagent: 2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide at 190 °C [11], or catalyzed by 4-
methoxy-2,2,6,6-tetramethyl- 1-piperidinyloxy at 100 °C for 9 h [12], condensation of 2-aminothiophenol with
thioamides [13] or benzoyl chloride [14], the coupling reaction of Grignard reagents catalyzed by nickel [15] or
palladium [16], ligand-accelerated copper-catalyzed cyclizations of ortho-halobenzanilides [17], reaction of
benzonitrile with benzenethiol mediated by ceric ammonium nitrate [18], gas-phase thermolysis of condensed-1,2,4-
triazines at 350 °C and 0.06 mbar [19].

However, a number of these methods have some drawbacks such as high temperature, low yields, long reaction
times, drastic reaction conditions, toxic metallic compounds that result in generation of waste streams, and co-
occurrence of several side reactions. As a consequence, the introduction of new methods and/or further work on
technical improvements to overcome the limitations is still an important challenge.
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Scheme 1. Synthetic route of the 2-substituted benzothiazoles.
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Scheme 2. The possible mechanism for the synthesis of 2-arylbenzothiazoles.

Table 1

Aromatic aldehydes and corresponding 2-substituted benzothiazoles.

Entry Aldehydes Time (min) Products Yield (%)™°
1 Benzaldehyde 45 3a 90
2 2-Hydroxybenzaldehyde 45 3b 91
3 4-Hydroxybenzaldehyde 45 3c 94
4 3-Nitrobenzaldehyde 45 3d 92
5 4-Nitrobenzaldehyde 45 3e 91
6 3,4-Dimethoxybenzaldehyde 45 3f 90
7 2,4-Dichlorobenzaldehyde 45 3g 91
8 3,5-Di-tert-butyl-4-hydroxybenzaldehyde 45 3h 90
9 1-Naphthaldehyde 60 3i 88

10 5-Nitro-1-naphthaldehyde 60 3j 89

11 9-Anthrayldehyde 60 3k 85

* The products were characterized by comparison of their spectroscopic and physical data.
® Yields refer to pure isolated products.

Recent report by Neumann and coworkers [20] on the use of a combination of hydrogen peroxide and hydrohalic
acid as a green halogenating agent for arenes inspired us to explore the potential of this system for the synthesis of 2-
substituted benzothiazoles. To our delight, this system is very effective.

The route for the synthesis of 2-substituted benzothiazoles is shown in Scheme 1.

Several solvents including acetonitrile, dichloromethane, 1,4-dioxane and ethanol were investigated during the
course of this study. The best results were achieved using ethanol. The applicability of the H;O,/HCl system was then
examined for the synthesis of 2-phenylbenzothiazoles in ethanol at room temperature. A ratio of 1:1:6:3 of 2-
aminothiophenol/aromatic aldehyde/H,O,/HCI was found to be optimum for the coupling. The results are presented in
Table 1. Typical experimental procedure and selected characterization data could be seen in [21].

As shown, both aldehydes bearing electron-donating substituents (entries 2, 3, 6 and 8) and electron-withdrawing
(entries 4, 5, 7 and 10) substituents gave desired benzothiazoles in excellent yields. This procedure is also applicable to
2-(1-naphthyl)benzothiazole and 2-(9-anthracenyl)-benzothiazole which produced smoothly in good to excellent
yields (entries 8-10).

Regarding the mechanism of the oxidation step, the reaction probably involves the formation of benzothiazoline,
followed by the abstraction of hydrogen to yield the corresponding benzothiazoles (Scheme 2).

In summary, a simple and efficient procedure for the synthesis of 2-substituted benzothiazoles has been explored.
Short reaction time, easy and quick isolation of the products, and excellent yields are main advantages of this
procedure which make this method an attractive and useful methodology.
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