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1. General experimental procedures
Unless otherwise noted, all reagents were purchased from commercial suppliers and used without further purification. 
Analytical thin layer chromatography (TLC) was performed using Merck silica gel GF254 plates. Column chromatography 
was performed using silica gel (200-300mesh) eluting with petroleum ether and ethyl acetate. All products were characterized 
by their NMR spectra. 1H NMR spectra were recorded at 400 MHz and 13C NMR spectra at 100 MHz (Bruker DPX) with 
CDCl3 as solvent. Chemical shifts were reported in ppm using TMS as internal standard.
  
2. General procedure for the synthesis of benzothiazoles in water : 
2-iodoaniline (1.0 mmol), tetrabutylammonium bromide (TBAB) (1.0 mml), sulfur (1.2 mmol), KOH (2.0 mmol) and water 
(10 mL) were added to a sealed tube. The reaction mixture was stirred at 140 °C for 14 h and then cooled to room temperature 
and extracted with ethyl acetate. The organic layer was then dried with anhydrous Na2SO4, and the solvent was removed under 
reduced pressure. The product was finally obtained by column chromatography on silica gel. 

3. Experimental procedures and characterization data

(1) 2-ethylbenzothiazole[1]

S

N

Purification by flash chromatography (petroleum ether/ethyl acetate 100:1). 1H NMR (400 MHz, CDCl3): δ: 7.99 (d, J = 8.0 Hz, 
1H), 7.86 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 3.20-3.15 (m, 2H), 1.49 (t, J = 7.6 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ:173.7, 153.1, 135.0, 126.0, 124.7, 122.5, 121.5, 27.7, 13.8; MS (EI, m/z): 163 [M+].

(2) 2-propylbenzothiazole[2]

S

N

Purification by flash chromatography (petroleum ether/ethyl acetate 100:1).1H NMR (400 MHz, CDCl3): δ: 7.99 (d, J = 8.0 Hz, 
1H), 7.85 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.6 Hz, 1H), 7.37 (t, J = 7.6 Hz, 1H), 3.13 (t, J = 7.6 Hz, 2H), 1.95-1.86 (m, 2H), 
0.97 (t, J = 8.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ:172.5, 153.4, 135.1, 125.9, 124.7, 122.5, 121.5, 35.7, 22.7, 13.9; MS 
(EI, m/z): 177 [M+].

(3) 2-hexylbenzothiazole[3]

S

N

Purification by flash chromatography (petroleum ether/ethyl acetate 100:1).1H NMR (400 MHz, CDCl3): δ: 7.99 (d, J = 8.0 Hz, 
1H), 7.85 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 3.13 (t, J = 7.6 Hz, 2H), 1.93-1.86 (m, 2H), 
1.39-1.27 (m, 6H), 0.91 (t, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ:172.6, 153.1, 135.1, 125.9, 124.7, 122.5, 121.5, 
34.3, 31.5, 29.7, 28.8, 22.5, 14.0; MS (EI, m/z): 219 [M+].

(4) 2-heptylbenzothiazole[4]

S

N

Purification by flash chromatography (petroleum ether/ethyl acetate 100:1).1H NMR (400 MHz, CDCl3): δ: 7.99 (d, J = 8.0 Hz, 
1H), 7.85 (d, J = 8.0 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.36 (t, J = 7.6 Hz, 1H), 3.13 (t, J = 7.6 Hz, 2H), 1.93-1.86 (m, 2H), 
1.42-1.31 (m, 8H), 0.90 (t, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ:172.5, 153.2, 135.1, 125.9, 124.6, 122.5, 121.5, 
34.3, 31.7, 29.7, 29.1, 29.0, 22.6, 14.1; MS (EI, m/z): 233 [M+].

(5) 2-undecylbenzothiazole[5]
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S

N

Purification by flash chromatography (petroleum ether/ethyl acetate 100:1).1H NMR (400 MHz, CDCl3): δ: 8.00 (d, J = 8.0 Hz, 
1H), 7.86 (d, J = 8.0 Hz, 1H), 7.47 (t, J = 7.2 Hz, 1H), 7.37(t, J = 7.2 Hz, 1H), 3.14 (t, J = 8.0 Hz, 2H), 1.93-1.86 (m, 2H), 1.27 
(m, 16H), 0.90 (t, J = 6.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ:172.7, 153.0, 135.0, 125.9, 124.7, 122.4, 121.5, 34.3, 31.9, 
30.9, 29.7, 29.6, 29.5,29.3, 29.3, 29.2, 22.7, 14.1; MS (EI, m/z): 289 [M+].

(6) 6-methyl-2-propylbenzothiazole

N

S

Purification by flash chromatography (petroleum ether/ethyl acetate 100:1).1H NMR (400 MHz, CDCl3): δ: 7.86 (d, J = 8.4 Hz, 
1H), 7.63(s, 1H), 7.26 (d, J = 8.4Hz, 1H), 3.08 (t, J = 7.6 Hz, 2H), 2.48 (s, 3H), 1.96-1.87 (m, 2H), 1.06 (t, J = 7.6 Hz, 3H); 13C 
NMR (100 MHz, CDCl3): δ:171.2, 151.1, 135.2, 134.7, 127.4, 121.9, 121.3, 36.1, 23.1, 21.4, 13.7; HRMS (ESI) calcd for 
C11H13NS [M+H]+ 192.0848, Found 192.0847.

(7) 6-ethyl-2-propylbenzothiazole

N

S

Purification by flash chromatography (petroleum ether/ethyl acetate 100:1).1H NMR (400 MHz, CDCl3): δ: 7.90 (d, J = 8.4 Hz, 
1H), 7.68(s, 1H), 7.32 (d, J = 8.4Hz, 1H), 3.11 (t, J = 7.6 Hz, 2H), 2.82-2.77 (m, 2H), 1.98-1.88 (m, 2H), 1.32(t, J = 7.6 Hz, 3H 
), 1.08 (t, J = 7.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ:171.4, 164.9, 141.2, 135.2, 126.4, 122.0, 120.1, 36.1, 28.9, 23.1, 
15.9, 13.7; HRMS (ESI) calcd for C12H15NS [M + H]+  206.1004, Found 206.1002.
.
(8)6-chloro-2-propylbenzothiazole[6]

N

SCl

Purification by flash chromatography (petroleum ether/ethyl acetate 50:1).1H NMR (400 MHz, CDCl3): δ: 7.87 (d, J = 8.8 Hz, 
1H), 7.82(s, 1H), 7.41 (d, J = 8.8Hz, 1H), 3.09 (t, J = 7.6 Hz, 2H), 1.94-1.89 (m, 2H), 1.07(t, J = 7.4 Hz, 3H ); 13C NMR (100 
MHz, CDCl3): δ:172.8, 151.7, 136.3, 130.6, 126.7, 123.2, 121.1, 36.2, 23.0, 13.7; MS (EI, m/z): 211.5 [M+]. 

(9)5-chloro-2-propylbenzothiazole[7]

N

S

Cl
Purification by flash chromatography (petroleum ether/ethyl acetate 50:1).1H NMR (400 MHz, CDCl3): δ: 7.97 (s, 1H), 7.76 (d, 
J = 8.4 Hz, 1H), 7.34 (d, J = 8.4Hz, 1H), 3.10 (t, J = 7.2 Hz, 2H), 1.95-1.89 (m, 2H), 1.07(t, J = 7.2 Hz, 3H ); 13C NMR (100 
MHz, CDCl3): δ:174.3, 154.1, 133.4, 131.9, 125.1, 122.4, 122.2, 36.3, 23.0, 13.7; MS (EI, m/z): 211.5 [M+].

(10)6-fluoro-2-propylbenzothiazole
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N

SF

Purification by flash chromatography (petroleum ether/ethyl acetate 50:1).1H NMR (400 MHz, CDCl3): δ: 7.91-7.88 (m, 1H), 
7.51 (d, J = 8.4 Hz, 1H), 7.20-7.15 (m, 1H), 3.06 (t, J = 7.4 Hz, 2H), 1.94-1.85 (m, 2H), 1.05(t, J = 7.2 Hz, 3H ); 13C NMR 
(100 MHz, CDCl3): δ:171.9, 160.2(d, J =243), 149.8, 136.1(d, J =10), 123.3, (d, J =10), 114.4(d, J =24), 107.7(d, J =27), 36.2, 
23.0, 13.7; HRMS (ESI) calcd for C10H10FNS [M + H]+  196.0597, Found 196.0594.

(11)5-fluoro-2-propylbenzothiazole

N

S

F
Purification by flash chromatography (petroleum ether/ethyl acetate 50:1).1H NMR (400 MHz, CDCl3): δ: 7.74-7.72 (m, 1H), 
7.64 (d, J = 9.6 Hz, 1H), 7.12-7.08 (m, 1H), 3.09-3.05 (m, 2H), 1.92-1.85 (m, 2H), 1.05(t, J = 7.2 Hz, 3H ); 13C NMR (100 
MHz, CDCl3): δ:174.8, 161.7(d, J =242), 154.2(d, J =12), 130.5, 122.1(d, J =9), 113.2(d, J =25), 108.8(d, J =23), 36.3, 23.0, 
13.7; HRMS (ESI) calcd for C10H10FNS [M + H]+  196.0597, Found 196.0597.

(12)6-bromo-2-propylbenzothiazole[8]

N

SBr

Purification by flash chromatography (petroleum ether/ethyl acetate50:1).1H NMR (400 MHz, CDCl3): δ: 7.98 (s, 1H), 7.83 (d, 
J = 8.8 Hz, 1H), 7.56 (d, J = 8.8 Hz, 1H), 3.09 (t, J = 7.6 Hz, 2H), 1.97-1.87 (m, 2H), 1.07(t, J = 7.2 Hz, 3H ); 13C NMR (100 
MHz, CDCl3): δ:172.9, 152.1, 136.8, 129.4, 124.0, 123.6, 118.2, 36.2, 23.0, 13.7; MS (EI, m/z): 256 [M+].

(13)2-phenylbenzo[d]thiazole[9]

 N

S

Purified by flash chromatography (petroleum ether/ethyl acetate 100:1), 1H NMR (400MHz, CDCl3): δ 8.15-8.11 (m, 3H), 7.94 
(d, J = 8.0 Hz, 1H), 7.55-7.51 (m, 4H), 7.43 (d, J = 7.6 Hz, 1H); 13C NMR (100MHz, CDCl3): δ 168.2, 153.9, 135.0, 133.5, 
131.1, 129.1, 127.6, 126.4, 125.3, 123.2, 121.7; MS (EI, m/z): 211[M+].

(14)6-methyl-2-phenylbenzothiazole[10]

N

S

Purified by flash chromatography (petroleum ether/ethyl acetate 100:1),1H NMR (400 MHz, CDCl3) δ = 8.10 (dd, J=6.5, 2.9, 
2H), 7.98 (d, J=8.3, 1H), 7.72 (s, 1H), 7.51 (dd, J=4.8, 1.5, 3H), 7.36 – 7.26 (m, 1H), 2.52 (s, 3H);13C NMR (100 MHz, 
CDCl3) δ = 167.04, 152.20, 135.39, 135.19, 133.71, 130.79, 129.00, 127.95, 127.44, 122.70, 121.45, 21.58.

(15)6-Chloro-2-phenylbenzothiazole[11]

N

SCl
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Purified by flash chromatography (petroleum ether/ethyl acetate 100:1),1H NMR (400 MHz, CDCl3) δ = 8.08 (dd, J=6.5, 3.1, 
2H), 7.99 (d, J=8.7, 1H), 7.88 (d, J=2.0, 1H), 7.52 (dd, J=5.0, 1.7, 3H), 7.47 (dd, J=8.7, 2.1, 1H);13C NMR (100 MHz, CDCl3) 
δ = 168.53, 152.68, 136.21, 133.22, 131.25, 131.08, 129.10, 127.55, 127.14, 123.93 , 121.23.

(16)6-Fluoro-2-phenylbenzothiazole[12]

N

SF

Purified by flash chromatography (petroleum ether/ethyl acetate 100:1),1H NMR (400 MHz, CDCl3) δ = 8.10 – 8.00 (m, 3H), 
7.59 (dd, J=8.1, 2.6, 1H), 7.52 (dd, J=6.7, 3.6, 3H), 7.29 – 7.21 (m, 1H);13C NMR (100 MHz, CDCl3) δ = 163.03, 157.02, 
154.47, 145.95, 131.41, 128.59, 126.31, 124.49, 122.91 , 110.26, 103.23.
(17)2-Benzylsulfanyl-phenylamine[13]

S

NH2

Purified by flash chromatography (petroleum ether/ethyl acetate 100:1),1H NMR (400 MHz, CDCl3) δ = 7.35 – 7.25 (m, 4H), 
7.24 – 7.18 (m, 2H), 7.16 (ddd, J=4.1, 2.0, 1.1, 1H), 6.78 – 6.72 (m, 1H), 6.69 (tdd, J=7.5, 2.8, 1.3, 1H), 4.18 (s, 2H), 3.96 (d, 
J=2.6, 2H).
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1H NMR and 13C NMR spectral for the products
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(11)5-fluoro-2- propylbenzothiazole 
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(12)6-bromo-2-propylbenzothiazole[8]
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(15)6-chloro-2-phenylbenzothiazole
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(16)6-fluoro-2-phenylbenzothiazole
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(17)2-Benzylsulfanyl-phenylamine
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HRMS (ESI) spectra for the products 
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6-methyl-2-propylbenzothiazole

03-Jul-201216:03:04

m/z
150 155 160 165 170 175 180 185 190 195 200 205 210 215 220

%

0

100
120703_YLT_1 10 (0.171) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (6:36) TOF MS ES+ 

3.59e3192.0847

190.0694

176.0534

163.0565
150.0322 157.0621 164.9213

178.0691

185.0355

198.0925
205.0683

208.0261

218.2118214.0669

6-ethyl-2-propylbenzothiazole
04-Jul-201217:42:21

m/z
100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250

%

0

100
120704_YLT_6 11 (0.188) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (2:36) TOF MS ES+ 

3.38e3206.1002

197.2106

130.2305

102.2191

120.1639
181.1268131.2337 146.1540 172.1466

249.1848207.1031

218.1973 246.1979

 

6-fluoro-2-propylbenzothiazole

24

N

S

N

S



03-Jul-201216:06:45

m/z
150 155 160 165 170 175 180 185 190 195 200 205 210 215 220

%

0

100
120703_YLT_2 3 (0.051) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:36) TOF MS ES+ 

4.45e3196.0594

172.1158

160.1163156.1374
164.0869

164.9237

182.1899

177.0795

193.0948
192.0879

216.1791

214.2538

214.1626197.0630

198.0609
209.0484

203.0490

218.2113

5-fluoro-2-propylbenzothiazole
03-Jul-201216:10:38

m/z
150 155 160 165 170 175 180 185 190 195 200 205 210 215 220

%

0

100
120703_YLT_3 35 (0.599) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:35) TOF MS ES+ 

2.28e3216.1797
196.0597

194.0447

182.1904

172.1156
168.0278

160.9788
160.1170 164.9223

181.9763
193.0966

185.0423

209.0359
200.0907

208.0281

201.0957

210.0419

218.2041
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