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A novel protocol for iron catalyzed arylation of benzothiazole 
with olefins has been developed using molecular oxygen as 
greener oxidant. The reaction worked smoothly using 
inexpensive and easily available iron as a catalyst for the 10 

synthesis of 2-arylbenzothiazole derivatives in good to 
excellent yields. 

Introduction 

Carbon-carbon bond formation reactions using transition metal 
catalysts have enormous importance for the synthesis of organic 15 

compounds. The benzothiazole derivatives are of much interest as 
antitumor, antiviral, and antimicrobial agents.1 In addition, drugs 
such as zopolrestat2 and riluzole3 also contains benzothiazole 
derivatives which are used for the treatment of diabetes. 
Furthermore, they are also used as an important building block in 20 

pharmaceuticals, agrochemicals and natural products.4 Hence, the 
development of simple and efficient methodology for the 
synthesis of benzothiazole derivatives has attracted much 
attention in the past decades. The conventional methods for the 
synthesis of benzothiazole derivatives typically involve the 25 

condensation of 2-aminothiophenol or by cross-coupling of 
benzothiazole with different moieties such as aldehydes,5 
ketones,6 nitriles,7 esters,8 halides,9 amines,10 and sodium 
arylsulfinates.11 Subsequently, intramolecular cyclization of 
various moieties for arylation of benzothiazole were also 30 

developed.12 Whereas metal free protocol for arylation of 
benzothiazole with aldehyde or acid using potassium persulfate 
oxidant under the nitrogen atmosphere was also reported.13 
 Recently, the synthesis of heteroaryl compounds using an iron 
catalyst has attracted much interest in the transition metal-35 

catalyzed cross-coupling reactions. Liu et al. have reported the 
arylation14 and acylation15 of benzothiazole with aldehydes and 
ketones respectively using iron catalyst under oxygen 
atmosphere. Most recently, Deb et al. have synthesized 2- 
  40 
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arylbenzothiazoles by cross coupling of benzothiazole with 
boronic acids using iron catalyst and potassium persulfate as an 
oxidant.16 Similarly, Song and co-workers reported the copper 50 

catalyzed synthesis of 2-arylbenzothiazoles.17 However, most of 
these protocols have limitations such as multistep synthesis, 
stoichiometric amount of inorganic oxidants, readily oxidizable 
2-aminothiophenols, and need of inert atmosphere.  
 Hence, to develop economical and sustainable protocol for the 55 

arylation of heteroaryl compounds that operates under 
environmentally friendly condition is of great interest. In 
continuation of our research in the development of efficient 
catalytic system for arylation of heterocyclic moieties.9a Herein, 
we report an efficient and homogeneous methodology for the 60 

synthesis of 2-arylbenzothiazole using inexpensive and easily 
available iron catalyst under environmentally benign oxygen as 
oxidant. 

 
Scheme 1: Arylation of benzothiazole with olefins. 65 

Results and discussion 

Initially, to optimise the reaction conditions benzothiazole (1a) 
and styrene (2a) were chosen as a model substrate for the iron 
catalyzed arylation reaction. A series of experiments were carried 
out to study the effect of various reaction parameters such as 70 

catalysts, solvents, oxidants, temperature and time (Table 1). 
Firstly, we screened various iron catalysts under oxygen 
atmosphere as an oxidant for the model reaction (Table 1, entries 
1–6). It was observed that among the various iron catalysts, ferric 
nitrate gave the good yield of the arylation product along with 75 

minor acylation product and hence was used for further studies 
(Table 1, entry 6). Encouraged by this result, we studied the 
effect of other oxidants such as TBHP (5–6 in decane), K2S2O8 
and air (Table 1, entries 7–9), among the screened oxidants 
molecular oxygen furnished good yield of the desired product 80 

(Table 1, entry 6). As the correct combination of catalyst with 
ligands was crucial for such reactions, we performed reaction by 
using ferric nitrate with ligands like DPPM and P(t-Bu)3.HBF4 

(Table 1, entries 10–11). It was found that P(t-Bu)3.HBF4 

provided the excellent result (Table 1, entry 11).  Furthermore, 85 
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we studied the effect of catalyst as well as ligand concentration  

Table 1: Optimization of the reaction conditionsa 

 
 

Entry Catalyst 
(mol%) 

Ligand 
(mol%) 

Solvent 
(ml) 

Temp.
(oC) 

Yield (%)b

3a 4a
1 FeSO4.7H2O (20) ─ DMSO:H2O 120 37 20

2 Fe2(SO4)3.H2O (20) ─ DMSO:H2O 120 17 05

3 FeCl3 (20) ─ DMSO:H2O 120 25 07

4 Fe2O3 (20) ─ DMSO:H2O 120 05 02

5 Fe(OAc)2 (20) ─ DMSO:H2O 120 07 02

6 Fe(NO3)3.9H2O (20) ─ DMSO:H2O 120 54 12

7c Fe(NO3)3.9H2O (20) ─ DMSO:H2O 120 22 09

8d Fe(NO3)3.9H2O (20) ─ DMSO:H2O 120 13 06

9e Fe(NO3)3.9H2O (20) ─ DMSO:H2O 120 03 00

10 Fe(NO3)3.9H2O (20) DPPM DMSO:H2O 120 43 07

11 Fe(NO3)3.9H2O (20) P(t-Bu)3.HBF4 DMSO:H2O 120 74 04

12 Fe(NO3)3.9H2O (5) P(t-Bu)3.HBF4 DMSO:H2O 120 88 05

13 Fe(NO3)3.9H2O (5) P(t-Bu)3.HBF4 Diglyme:H2O 120 10 03

14 Fe(NO3)3.9H2O (5) P(t-Bu)3.HBF4 DMF:H2O 120 02 00

15 Fe(NO3)3.9H2O (5) P(t-Bu)3.HBF4 DMSO 120 04 00

16 Fe(NO3)3.9H2O (5) P(t-Bu)3.HBF4 H2O 120 15 06

17 Fe(NO3)3.9H2O (5) P(t-Bu)3.HBF4 DMSO:H2O 130 89 08

18 Fe(NO3)3.9H2O (5) P(t-Bu)3.HBF4 DMSO:H2O 110 74 05

a Reaction conditions: 1a (1 mmol), 2a (2.5 mmol), catalyst (5─20 mol 5 

%), ligand (25 mol %), solvent (1.6 ml, 3:1), 120 oC, 24 h, under oxygen. 
b GC yield. c TBHP (5-6 M in decane). d K2S2O8. 

e air atmosphere. 

and it was found that 5 mol% catalyst and 25 mol% ligand 
furnished the excellent yield (Table 1, entry 12). Subsequently, 
we studied the effect of various solvents for this transformation 10 

(Table 1, entries 13–16). It was observed that the combination of 
DMSO and water was essential for present reaction (Table 1, 
entry 12). In addition, the effect of temperature and time were 
also investigated (Table 1, entries 17–18). It was found that 120 
oC was the optimum temperature required for the arylation of 15 

benzothiazole (Table 1, entry 12). Whereas, yield of the product 
decreases with decrease in reaction time. Therefore, 24 h was the 
optimum time required for the completion of the reaction. 
Furthermore, we also examined the mole ratio of 1a:2a and it was 
observed that 1 mmol of benzothiazole with 2.5 mmol of styrene 20 

i.e. 1:2.5 mole ratio furnished the highest yield of the desired 
arylation product (Table 1, entry 12). 
 Hence, the optimized reaction parameters for the arylation of 
benzothiazole are: benzothiazole (1a, 1 mmol), styrene (2a, 2.5 
mmol), 5 mol% catalyst, P(t-Bu)3.HBF4 ligand (25 mol%), 25 

DMSO:H2O (3:1, 1.6 ml) solvent under the oxygen atmosphere at 
120 oC for 24 h. With these optimized reaction parameters, the 
scope of developed protocol was further extended for the wide 
range of substrates. Various aromatic olefins bearing electron 
donating and withdrawing substituents on the phenyl ring were 30 

well tolerated under the present reaction condition and afforded 
the corresponding arylated products 3a-3n in good yield (Table 
2). 3-methyl styrene and 4-tert. butyl styrene were also provided 

the excellent yield of 3b and 3c products respectively (Table 2,  

Table 2: Arylation of benzothiazole with various olefinsa 35 

 
Entry Thiazole Olefin Product Yield (%)b

1 

 

81 

2 1a 

 

80 

3 1a 

 

84 

4 1a 

 

72 

5 1a 

 

60 

6 1a 

 

75 

7 1a 

 

73 

8 1a 

 

66 

9 1a 

 

69 

10 1a 

 

60 

11 1a 

  

77 

12 1a 

  

68 

13 1a 

 

57 

14 1a 

 

42 

15 1a 

 

44 

16 

  

00 

a Reaction conditions: 1 (1mmol), 2 (2.5 mmol), Fe(NO3)3.9H2O (5 mol 
%), P(t-Bu)3.HBF4 (25 mol%), DMSO:H2O (1.6 ml, 3:1), 120 oC, 24 h, 
under oxygen. b isolated yield. 

entries 2–3). The reaction of benzothiazole with olefins having 40 

electron donating group provided the arylated products in good 
yields (Table 2, entries 4–6). Subsequently, we studied the impact 
of electronic and structural variations of substituents on the 
phenyl ring of olefins. The ortho-substituted olefins were well 
tolerated as compared to para-substituted olefins which indicate 45 

that there is no effect of steric hindrance (Table 2, entries 4–10). 
The meta-substituted olefin also furnished good yield (Table 2, 
entries 2, 6 and 11–12). The phenyl ring of olefin with halogen 
substituents like bromo, chloro were compatible under this 
procedure, and the desired arylated products were isolated in 50 

good yields (Table 2, entries 7–12). In addition, electron 
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withdrawing group on the phenyl ring of olefin afforded the 
moderate yield (Table 2, entry 13). Furthermore, heteroaromatic 
olefin also provided the arylation product in moderate yield 
(Table 2, entries 14–15). However, aliphatic olefins were 
unreactive under the optimized reaction conditions. When 5 

optimized reaction condition applied for the reaction of 4,5-
dimethylthiazole with styrene, arylated product was not observed 
(Table 2, entry 16). The reactions of benzoxazole and N-methyl 
benzimidazole were failed to provide the desired arylated product 
under present catalytic conditions. 10 

 To explore the reaction mechanism some control experiments 
have been carried out. Recently, Friedrich and Hong reported the 
conversion of styrene into benzaldehyde18 or benzoic acid19 
respectively. Based on the above reports, we have carried out the 
reaction of benzaldehyde and benzoic acid with the benzothiazole 15 

under the optimized reaction condition. Only benzaldehyde 
provided the 92% 3a arylation product (Scheme 2); whereas the 
benzoic acid does not work (SI, Scheme S1). It was found that 
styrene was converted into the benzaldehyde using ferric nitrate 
catalyst in the oxygen atmosphere (scheme 2). Additionally, 20 

benzothiazole converted into the 3% of 2-aminothiophenol and 
10% dimer of 2-aminothiophenol (SI, Scheme S1). The reaction 
of 2-aminothiophenol and styrene were carried out to get an idea 
whether the reaction was going through the ring opening pathway 
or not and it was observed that 2-arylbenzothiazole with 2-25 

benzoylbenzothiazole was obtained in 35% and 08% yield 
respectively (SI, Scheme S1). These results indicate that the 
reaction may be proceeding through ring opening pathway. When 
the reaction of benzothiazole and styrene were carried out in the 
presence of radical scavenger TEMPO the formation of arylation 30 

(3a) product was not observed (SI, Scheme S1). 

 
Scheme 2: Control experiments. 

 Based on our experimental observation, a plausible reaction 
mechanism for the arylation of benzothiazole was shown in 35 

scheme 3. Firstly the benzothiazole was transformed into the 2-
aminothiophenol (A) through ring opening reaction in the 
presence of iron catalyst. In the meanwhile, styrene is oxidized to 
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Scheme 3: Plausible reaction mechanism of arylation. 40 

aldehyde (B). In the subsequent step, 2-aminothiophenol 
condensed with benzaldehyde giving the imine (C) which 
undergoes intramolecular cyclization provided the intermediate 
(D). Finally, oxidative dehydrogenation of (D) afforded the 
arylation product 3a. 45 

Conclusion 

In conclusion, we have developed a novel, simple, efficient and 
useful protocol for the arylation of benzothiazole with various 
olefins using iron as a catalyst and oxygen as oxidant. In addition 
the developed methodology has significant advantages as 50 

compared to the earlier methods such as (i) first time arylation of 
benzothiazole by using olefin was successfully achieved, (ii) use 
of less toxic and inexpensive iron catalyst compared with other 
transition metals, (iii) use of oxygen as an oxidant, (iv) wider 
substrate applicability. Thus, the developed catalytic system 55 

constitutes a highly efficient, economically attractive and 
environmentally favourable process for the synthesis of 2-
arylbenzothiazoles. Further application of this catalytic system 
and the detailed mechanistic study is under progress. 

Experimental 60 

General procedure for the synthesis of 2-aryl benzothiazole: 
To an oven dried 15 ml glass vial with a magnetic bar was 
charged with benzothiazole (1a, 1 mmol), styrene (2a, 2.5 mmol), 
ferric nitrate (5 mol %), P(t-Bu)3.HBF4 (25 mol%), and solvent 
(DMSO:H2O, 3:1). The vial was then flush with oxygen and 65 

sealed with a cap. The reaction mixture was stirred at 120 oC for 
24 h monitored by TLC and GC. After completion, cool the 
reaction mixture to room temperature. Extract the product with 
ethyl acetate (3×15 ml), dried the organic layer over Na2SO4 and 
evaporated to afford the crude product. The product was purified 70 

by column chromatography (silica gel, 100-200 mesh; petroleum 
ether/ethyl acetate) to afford the pure product. The product was 
confirmed by GC-MS, 1H and 13C NMR spectroscopic analysis. 
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