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Abstract

Studying diaryl sulfides and benzothiazoles is important in organic synthesis because a large number of 
natural and medicinal products contain these scaffolds. Over the past few years, the research on the 
synthesis of compounds containing benzothiazole-sulfide aryls as important biological molecules have 
received a significant attention. Multicomponent reactions are the most popular strategy for the 
performance of difficult reactions and the synthesis of complexed-molecules such as benzothiazole-sulfide 
aryls. In this work, CuI immobilized on the surface of magnetic Fe3O4 nanoparticles modified with aniline 
and 4-aminobenzoic acid [Fe3O4@ABA-Aniline-CuI nanocomposite] were successfully constructed and its 
catalytic activity were investigated in the preparation of a broad range of benzothiazole-sulfide aryls and 
heteroaryls through the one-pot three-component reactions of 2-iodoaniline with carbon disulfide and aryl 
or heteroaryl iodides in the presence of KOAc as base in PEG as solvent. TEM and SEM images revealed 
that the shape of the Fe3O4@ABA-Aniline-CuI particles is spherical and the size of the particles is 
approximately between 12-25 nanometers.   
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Scope of Fe3O4@ABA-Aniline-CuI nanocatalyst in synthesis of benzothiazole-sulfide aryls. a
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2-(phenylthio)benzo[d]thiazole: 1H NMR (500 MHz, CDCl3) δ 8.04–8.01 (m, 2H), 7.62–7.60 
(m, 2H), 7.59–7.45 (m, 5H); 13C{1H} NMR (126 MHz, CDCl3) δ 162.1, 135.9, 135.6, 134.8, 
134.2, 130.5, 129.3, 129.2, 128.3, 127.2, 127.0, 126.1, 125.7, 124.3, 123.4 



2-(p-tolylthio)benzo[d]thiazole: 1H NMR (500 MHz, CDCl3) δ 7.96 (dd, J = 7.8, 1.3 Hz, 1H), 
7.54–7.51 (m, 2H), 7.51–7.47 (m, 3H), 7.46–7.42 (m, 2H), 7.40–7.26 (m, 1H), 2.49 (s, 3H); 
13C{1H} NMR (126 MHz, CDCl3) δ 163.2, 138.4, 137.7, 135.9, 132.9, 132.7, 129.5, 129.3, 
127.6, 1272, 124.8, 21.8.





2-(m-tolylthio)benzo[d]thiazole: 1H NMR (500 MHz, cdcl3) δ 7.84–7.82 (m, 2H), 7.52–7.51 (m, 
2H), 7.50–7.43 (m, 1H), 7.42–7.41 (m, 2H), 7.39–7.36 (m, 1H), 2.52 (s, 3H); 13C{1H} NMR 
(126 MHz, CDCl3) δ 160.2, 137.6, 135.6, 134.1, 133.4, 129.4, 128.2, 127.6, 126.9, 126.5, 125.7, 
21.6.



2-(o-tolylthio)benzo[d]thiazole: 1H NMR (500 MHz, CDCl3) δ 7.94 (d, J = 8.2 Hz, 2H), 7.53–
7.48 (m, 2H), 7.48–7.42 (m, 2H), 7.31–7.27 (m, 2H), 2.41 (s, 3H); 13C{1H} NMR (126 MHz, 
CDCl3) δ 159.7, 145.6, 136.1, 135.1, 129.39, 129.38, 128.2, 127.54, 126.52, 21.8.





2-((4-methoxyphenyl)thio)benzo[d]thiazole: 1H NMR (600 MHz, CDCl3) δ 8.02 (d, J = 9.1 Hz, 
2H), 7.60 (m, 2H), 7.45–7.43 (m, 2H), 6.97 (d, J = 9.0 Hz, 2H), 3.77 (s,3H); 13C{1H} NMR 
(126 MHz, CDCl3) δ 158.6, 154.0, 136.1, 128.7, 128.4, 128.4, 128.2, 127.6, 113.8, 55.6.



2-((4-(trifluoromethyl)phenyl)thio)benzo[d]thiazole: 1H NMR (500 MHz, cdcl3) δ 8.14 (d, J = 
8.1 Hz, 2H), 7.77 (d, J = 8.2 Hz, 2H), 7.54–7.47 (m, 4H); 13C{1H} NMR (126 MHz, CDCl3) δ 
165.4, 138.4, 134.3, 134.0, 128.9, 128.4, 127.8, 126.7, 125.6, 124.9, 124.8, 124.6, 121.4, 120.2.





2-((4-nitrophenyl)thio)benzo[d]thiazole: 1H NMR (500 MHz, CDCl3) δ 8.07–8.02 (m, 2H), 
7.51–7.50 (m, 2H), 7.50–7.43 (m, 2H), 7.19–7.15 (m, 2H); 13C{1H} NMR (126 MHz, CDCl3) δ 
166.1, 164.0, 158.7, 136.1, 133.1, 133.1, 131.1, 131.0, 129.6, 129.3, 128.0, 117.0, 116.9.



2-((3-nitrophenyl)thio)benzo[d]thiazole: 1H NMR (500 MHz, CDCl3) δ 7.97 (d, J = 2.1 Hz, 1H), 
7.96 (d, J = 2.1 Hz, 1H), 7.52–7.48 (m, 2H), 7.47–7.43 (m, 4H); 13C{1H} NMR (126 MHz, 
CDCl3) δ 158.9, 141.0, 136.0, 135.9, 129.7, 129.3, 128.1, 127.8, 125.9.





1-(4-(benzo[d]thiazol-2-ylthio)phenyl)ethan-1-one: 1H NMR (500 MHz, CDCl3) δ 8.11 (d, J = 
8.0 Hz, 2H), 8.06 (d, J = 7.9 Hz, 2H), 7.52 (m, 2H), 7.50–7.46 (m, 2H), 2.67 (s, 3H); 13C{1H} 
NMR (151 MHz, CDCl3) δ 197.4, 163.7, 141.6, 139.9, 135.0, 130.8, 129.4, 128.6, 126.7, 125.7, 
25.9.





4-(benzo[d]thiazol-2-ylthio)benzonitrile: 1H NMR (500 MHz, CDCl3) δ 8.12 (d, J = 8.4 Hz, 
2H), 7.80 (d, J = 8.3 Hz, 2H), 7.53–7.46 (m, 4H); 13C{1H} NMR (126 MHz, CDCl3) δ 163.1, 
138.8, 133.9, 132.6, 130.0, 128.5, 126.9, 125.2, 116.8, 115.9.



2-((3-methoxyphenyl)thio)benzo[d]thiazole: 1H NMR (500 MHz, CDCl3) δ 8.15 (d, J = 8.4 Hz, 
2H), 8.06 (d, J = 8.6 Hz, 2H), 7.53–7.49 (m, 2H), 7.49–7.44 (m, 2H), 3.96 (s, 3H); 13C{1H} 
NMR (126 MHz, CDCl3) δ 165.1, 166.0, 138.9, 133.0, 133.4, 129.9, 128.7, 127.3, 126.4, 125.8, 
52.8.





2-((4-ethylphenyl)thio)benzo[d]thiazole: 1H NMR (400 MHz, CDCl3) δ 8.08–8.02 (m, 2H), 
7.62–7.56 (m, 1H), 7.56–7.42 (m, 2H), 7.42–7.30 (m, 2H), 7.28–7.24 (m, 1H), 2.30 (s, 2H), 1.3 
(s, 3H); 13C{1H} NMR (101 MHz, CDCl3) δ 159.6, 143.6, 137.7, 136.4, 132.6, 130.8, 129.2, 
128.7, 126.5, 125.8, 124.7, 26.5, 20.7.





2-(naphthalen-1-ylthio)benzo[d]thiazole: 1H NMR (500 MHz, CDCl3) δ 8.55 (d, J = 7.6 Hz, 
1H), 8.20 (dd, J = 7.2, 1.2 Hz, 1H), 8.01 (d, J = 8.3 Hz, 1H), 7.83 (d, J = 7.2 Hz, 1H), 7.60–7.46 
(m, 8H); 13C{1H} NMR (126 MHz, CDCl3) δ 162.1, 135.9, 135.6, 133.8, 132.2, 129.5, 128.3, 
128.3, 127.3, 127.3, 127.1, 126.9, 125.7, 125.3, 123.4.



2-(pyridin-2-ylthio)benzo[d]thiazole: 1H NMR (500 MHz, CDCl3) δ 9.24 (d, J = 1.7 Hz, 1H), 
8.82 (dd, J = 4.8, 1.6 Hz, 1H), 8.28 (ddd, J = 8.0, 2.2, 1.7 Hz, 1H), 7.57–7.45 (m, 4H), 7.44 (ddd, 
J = 8.0, 4.9, 0.8 Hz, 1H); 13C{1H} NMR (126 MHz, CDCl3) δ 161.8, 155.2, 149.7, 136.0, 
135.8, 132.3, 129.9, 128.4, 126.3, 122.6.





2-((1-methyl-1H-benzo[d]imidazol-2-yl)thio)benzo[d]thiazole: 1H NMR (400 MHz, CDCl3) δ 
8.13 (d, J = 8.1 Hz, 1H), 7.87 (d, J = 8.3 Hz, 1H), 7.79 (dd, J = 8.2, 1.1 Hz, 1H), 7.60 (dd, J = 
7.1, 1.2 Hz, 1H), 7.51–7.41 (m, 3H), 2.32 (s, 3H); 13C{1H} NMR (101 MHz, CDCl3) δ 163.8, 
136.0, 134.2, 132.6, 128.7, 126.4, 125.1, 124.9, 123.1, 122.1, 31.0.





bis(benzo[d]thiazol-2-yl)sulfane: 1H NMR (400 MHz, CDCl3) δ 7.97 (d, J = 8.7 Hz, 2H), 7.49 
(d, J = 8.8 Hz, 2H), 7.48–7.44 (m, 4H); 13C{1H} NMR (101 MHz, CDCl3) δ 168.8, 141.5, 
136.3, 135.4, 134.7, 130.7, 129.2, 128.8, 125.4.





2-(benzo[d]thiazol-2-ylthio)benzo[d]oxazole: 1H NMR (400 MHz, CDCl3) δ 8.07 (dd, J = 8.9, 
5.3 Hz, 2H), 7.50 (dd, J = 8.9, 5.2 Hz, 2H), 7.23–7.14 (m, 4H); 13C{1H} NMR (101 MHz, 
CDCl3) δ 188.7, 166.2 (d, JC-F = 249.6 Hz), 166.4, 165.0, 164.7, 161.8, 138.2, 137.4, 133.7, 
132.7, 131.4, 130.0, 123.7, 122.3, 117.3, 116.5, 115.0, 114.8.





2-(furan-2-ylthio)benzo[d]thiazole: 1H NMR (400 MHz, CDCl3) δ 8.02 (d, J = 9.0 Hz, 2H), 7.43
(d, J = 8.9 Hz, 2H), 6.97 (d, J = 8.9 Hz, 2H), 6.91 (d, J = 9.0 Hz, 1H); 13C{1H} NMR (101 
MHz, CDCl3) δ 164.6, 161.4, 137.5, 130.1, 129.4, 119.1, 115.4, 114.1.


