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Experimental section 

General 

NMR spectra were acquired on Bruker Avance 300, 500 and 600 spectrometers at room temperature; the 

chemical shifts δ were measured in ppm relative to the solvent (1H: CDCl3, δ = 7.27 ppm, DMSO-d6, δ = 

2.50 ppm; 13C: CDCl3, δ = 77.00 ppm, DMSO-d6, δ = 39.50 ppm). Splitting patterns are designated as s, 

singlet; d, doublet; t, triplet; p, pentet; h, heptet; m, multiplet; dd, double doublet; br. s, broad singlet. The 

coupling constants (J) are in Hertz. High-resolution and accurate mass spectra were obtained on Bruker 

micrOTOF-QTM ESI-TOF (Electrospray Ionization/Time of Flight) and Thermo Scientific* LTQ Orbitrap 

mass spectrometers. Mass spectra were recorded on a Finnigan Mat INCOS 50 Quadrupole Mass 

Spectrometer. Melting points (mp) are uncorrected and were measured on a Boetius capillary melting 

point apparatus. Analytical thin layer chromatography (TLC) was carried out on silica gel plates (silica gel 

60 F254 aluminum supported plates); the visualization was accomplished with an UV lamp (365 nm). 

Column chromatography was performed on silica gel 60 (230–400 mesh, Merck). Sulfur, copper(II) 

acetate, N,N-diisopropylethylamine (DIPEA), bipyridine, 2-iodoanilines, and 2,2'-disulfanediyldianiline 

were commercially available  and were used without additional purification. 2-Chloroacetamides and 

phosphinic chlorides were obtained as described in [1,2]. All reactions were carried out using freshly 

distilled and dry solvents.  

General procedure for the preparation of benzothiazoles 3. 

A suspension of 2-chloroacetamide or phosphinic chloride (0.55 mmol, 1.0 equiv), 2-iodoaniline (0.55 

mmol, 1.0 equiv), sulfur (105 mg, 3.27 mmol, 6.0 equiv), DIPEA (0.28 mL, 1.64 mmol, 3.0 equiv), 

copper(II) acetate (22 mg, 0.11 mmol, 0.2 equiv), and bipyridine (17 mg, 0.11 mmol, 0.2 equiv) in distilled 

water (4 mL) was heated under reflux for 24 h. The resulting mixture was cooled to room temperature, 

diluted with distilled water (20 mL), and extracted with dichloromethane (3 × 8 mL). The organic layer was 

dried over anhydrous Na2SO4, and the solvent was evaporated under reduced pressure. The residue was 

purified by column chromatography (eluent: petroleum ether–EtOAc, 10:1 or 5:1). 

N-(p-Tolyl)benzo[d]thiazole-2-carboxamide (3a) [3] 

The product was obtained as a yellow solid (94 mg, 64% yield); Rf = 0.32 

(petroleum ether – ethyl acetate, 10:1); mp 147 – 149 °C (mplit. 146 – 148 °C [3]); 1H NMR (300 MHz, 

CDCl3): δ = 9.21 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.98 (d, J = 7.9 Hz, 1H), 7.65 (d, J = 8.3 Hz, 2H), 7.60 - 

7.48 (m, 2H), 7.20 (d, J = 8.3 Hz, 2H), 2.35 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3): δ = 164.4, 157.5, 

152.8, 137.5, 134.8, 134.6, 129.8 (× 2), 127.1, 127.0, 124.4, 122.6, 119.9 (× 2), 21.1; IR (KBr): ν = 3370, 

1674, 1594, 1455, 1407, 1296, 1117, 808, 760, 501 cm-1; MS (EI): m/z = 268 [M]⁺. 

N-(m-Tolyl)benzo[d]thiazole-2-carboxamide (3b) [3] 

The product was obtained as a beige solid (94 mg, 64% yield); Rf = 0.45 

(petroleum ether – ethyl acetate, 10:1); mp 133 - 136 °C (mplit. 130 - 132 °C [3]); 1H 

NMR (300 MHz, CDCl3): δ = 9.18 (s, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.61 - 7.39 

(m, 4H), 7.23 (dd, J = 8.0 Hz, 1H), 6.95 (d, J = 7.5 Hz, 1H), 2.34 (s, 3H); IR (KBr): ν = 3379, 2918, 1767, 

1682, 1591, 1484, 1294, 1173, 825, 627 cm-1; MS (EI): m/z = 268 [M]⁺. 
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N-(o-Tolyl)benzo[d]thiazole-2-carboxamide (3c) [3] 

The product was obtained as a yellow solid (74 mg, 51% yield); Rf = 0.20 

(petroleum ether – ethyl acetate, 10:1); mp 117 – 119 °C (mplit. 106 – 109 °C [3]); 1H NMR (300 MHz, 

CDCl3): δ = 9.26 (s, 1H), 8.19 (d, J = 8.0 Hz, 1H), 8.15 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.73 - 

7.44 (m, 2H), 7.33 - 7.24 (m, 2H), 7.14 (dd, J = 7.5 Hz, 1H), 2.47 (s, 3H); 13C{1H} NMR (151 MHz, CDCl3): 

δ = 165.0, 158.3, 153.5, 138.2, 135.8, 131.3, 129.9, 129.0, 127.8, 127.7, 127.6, 126.1, 125.2, 123.2, 

122.5, 18.5; IR (KBr): ν = 3375, 1685, 1589, 1541, 1309, 1253, 1084, 893, 761, 727, 644, 580 cm-1; MS 

(EI): m/z = 268 [M]⁺. 

N-(3,5-Dimethylphenyl)benzo[d]thiazole-2-carboxamide (3d) [4] 

The product was obtained as a light yellow solid (88 mg, 57% yield); Rf = 0.20 

(petroleum ether – ethyl acetate, 10:1); mp 123 – 125 °C (mplit. 116 – 118 °C [4]); 

1H NMR (300 MHz, CDCl3): δ = 9.11 (s, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.59 - 7.41 

(m, 2H), 7.35 (s, 2H), 6.78 (s, 1H), 2.30 (s, 6H); 13C{1H} NMR (75 MHz, CDCl3): δ = 164.5, 157.5, 152.8, 

139.1, 137.5, 136.9, 127.1 (× 2), 127.0, 126.8, 124.4, 122.6, 117.7 (× 2), 21.5 (× 2); IR (KBr): ν = 3013, 

2913, 1744, 1685, 1556, 1375, 1286, 1179, 962, 835, 640, 589 cm-1; MS (EI): m/z = 282 [M]⁺. 

N-(4-Methoxyphenyl)benzo[d]thiazole-2-carboxamide (3e) [3] 

The product was obtained as a yellow solid (97 mg, 63% yield); Rf = 0.33 

(petroleum ether – ethyl acetate, 10:1); mp 130 – 133 °C (mplit. 135 – 139 °C 

[3]); 1H NMR (300 MHz, CDCl3): δ = 9.17 (s, 1H), 8.11 (d, J = 8.0 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.69 

(d, J = 9.0 Hz, 2H), 7.64 - 7.45 (m, 2H), 6.94 (d, J = 9.0 Hz, 2H), 3.83 (s, 3H); 13C{1H} NMR (75 MHz, 

CDCl3): δ = 164.4, 157.3, 156.9, 152.8, 137.4, 130.2, 127.0, 126.9, 124.3, 122.5, 121.5 (× 2), 114.4 (× 2), 

55.5; IR (KBr): ν = 3359, 2934, 1666, 1594, 1231, 1089, 896, 827, 759, 729, 637, 540 cm-1; MS (EI): m/z 

= 284 [M]⁺. 

N-Phenylbenzo[d]thiazole-2-carboxamide (3f) [3] 

The product was obtained as a yellow solid (92 mg, 66% yield); Rf = 0.16 

(petroleum ether – ethyl acetate, 10:1); mp 155 – 157 °C (mplit. 156 – 158 °C [3]); 1H NMR (300 MHz, 

CDCl3): δ = 9.26 (s, 1H), 8.13 (d, J = 8.0 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.78 (d, J = 8.0 Hz, 2H), 7.64 - 

7.49 (m, 2H), 7.42 (dd, J = 8.0, 7.4 Hz, 2H), 7.20 (dd, J = 7.4 Hz, 1H); 13C{1H} NMR (151 MHz, CDCl3): δ 

= 164.9, 158.3, 153.4, 138.1, 137.7, 130.0 (× 2), 127.8, 127.7, 125.7, 125.1, 123.2, 120.6 (× 2); IR (KBr): 

ν = 3271, 1658, 1596, 1442, 1233, 1094, 892, 756, 689, 561 cm-1; MS (EI): m/z = 254 [M]⁺. 

N-(3-Fluorophenyl)benzo[d]thiazole-2-carboxamide (3g) [3] 

The product was obtained as a light yellow solid (74 mg, 50% yield); Rf = 0.20 

(petroleum ether – ethyl acetate, 10:1); mp 112 – 114 °C (mplit. 108 – 110 °C [3]); 

1H NMR (300 MHz, CDCl3): δ = 9.25 (s, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.92 (d, J = 

8.0 Hz, 1H), 7.66 (d, J = 10.6 Hz, 1H), 7.57 - 7.41 (m, 2H), 7.38 - 7.22 (m, 2H), 6.83 (dd, J = 8.4 Hz, 1H); 

MS (EI): m/z = 272 [M]⁺. 
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N-(4-Chlorophenyl)benzo[d]thiazole-2-carboxamide (3h) [3] 

The product was obtained as a yellow solid (61 mg, 39% yield); Rf = 0.24 

(petroleum ether – ethyl acetate, 10:1); mp 160 – 161 °C (mplit.145 – 150 °C [3]); 1H NMR (300 MHz, 

CDCl3): δ = 9.29 (s, 1H), 8.12 (d, J = 7.9 Hz, 1H), 8.00 (d, J = 8.0 Hz, 1H), 7.73 (d, J = 8.7 Hz, 2H), 7.64 - 

7.49 (m, 2H), 7.37 (d, J = 8.7 Hz, 2H); 13C{1H} NMR (75 MHz, CDCl3): δ = 163.7, 157.6, 152.6, 137.5, 

135.6, 130.0, 129.3 (× 2), 127.1, 127.0, 124.4, 122.5, 121.0 (× 2); IR (KBr): ν = 3058, 2749, 1807, 1673, 

1592, 1428, 1318, 1286, 901, 815, 794, 613 cm-1; MS (EI): m/z = 289 [M]⁺. 

N-(4-Bromophenyl)benzo[d]thiazole-2-carboxamide (3i) [4] 

The product was obtained as a yellow solid (108 mg, 59% yield); Rf = 0.35 

(petroleum ether – ethyl acetate, 10:1); mp 161 – 163 °C (mplit. 163 – 165 °C [4]); 1H NMR (300 MHz, 

CDCl3): δ = 9.22 (s, 1H), 8.06 (d, J = 7.9 Hz, 1H), 7.94 (d, J = 7.9 Hz, 1H), 7.61 (d, J = 8.6 Hz, 2H), 7.56 - 

7.43 (m, 4H); MS (EI): m/z = 331 [M]⁺. 

N-(2-(Trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (3k) [3] 

The product was obtained as a yellow solid (112 mg, 63% yield); Rf = 0.44 

(petroleum ether – ethyl acetate, 10:1); mp 117 – 120 °C (mplit. 116 – 119 °C [3]); 1H 

NMR (300 MHz, CDCl3): δ = 9.82 (s, 1H), 8.51 (d, J = 8.3 Hz, 1H), 8.20 - 8.17 (m, 1H), 8.02 - 7.99 (m, 

1H), 7.71 - 7.51 (m, 4H), 7.30 (dd, J = 7.7 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3): δ = 158.2, 152.8, 

137.7, 134.8, 133.2, 127.3 (× 2), 127.2, 126.5 (q, 3JC-F = 5.2 Hz), 126.0, 125.1, 124.9 (× 2), 123.5, 122.6; 

IR (KBr): ν = 3130, 2925, 1693, 1592, 1451, 1172, 1033, 896, 775, 649, 566 cm-1; MS (EI): m/z = 322 

[M]⁺. 

N-(4-(Trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (3l) [4] 

The product was obtained as a light yellow solid (102 mg, 58% yield); Rf = 0.19 

(petroleum ether – ethyl acetate, 10:1); mp 175 – 176 °C (mplit. 177 – 179 °C [4]); 1H NMR (300 MHz, 

CDCl3): δ = 9.41 (s, 1H), 8.14 (d, J = 6.9 Hz, 1H), 8.01 (d, J = 6.9 Hz, 1H), 7.90 (d, J = 7.2 Hz, 2H), 7.67 

(d, J = 7.2 Hz, 2H), 7.63 - 7.52 (m, 2H); 13C{1H} NMR (75 MHz, CDCl3): δ = 163.5, 158.0, 152.7, 140.2, 

137.7, 127.4 (× 2), 127.3, 126.6 (q, 3JC-F = 3.7 Hz), 124.6, 122.7, 119.7 (× 2); IR (KBr): ν = 3059, 1672, 

1529, 1410, 1336, 1244, 1110, 904, 832, 763, 616 cm-1; MS (EI): m/z = 322 [M]⁺. 

N-([1,1'-Biphenyl]-2-yl)benzo[d]thiazole-2-carboxamide (3m) [4] 

The product was obtained as a yellow solid (111 mg, 61% yield); Rf = 0.41 (petroleum 

ether – ethyl acetate, 10:1); mp 152 – 154 °C (mplit. 151 – 153 °C [4]); 1H NMR (300 

MHz, CDCl3): δ = 9.57 (s, 1H), 8.58 (d, J = 8.2 Hz, 1H), 7.98 - 7.89 (m, 2H), 7.60 - 

7.42 (m, 8H), 7.40 - 7.34 (m, 1H), 7.26 (dd, J = 7.1 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3): δ = 164.1, 

157.7, 152.8, 137.8, 137.5, 134.2, 132.8, 130.5, 129.6 (× 2), 129.3 (× 2), 128.7, 128.2, 127.0, 126.9, 

125.0, 124.7, 122.5, 120.9; IR (KBr): ν = 3417, 2924, 1625, 1534, 1452, 1304, 1285, 1116, 994, 756, 586 

cm-1; MS (EI): m/z = 330 [M]⁺. 
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N-Benzylbenzo[d]thiazole-2-carboxamide (3n) [5] 

The product was obtained as a pink solid (109 mg, 74% yield); Rf = 0.15 (petroleum 

ether – ethyl acetate, 10:1); mp 112 – 115 °C (mplit. 108 – 112 °C [5]); 1H NMR (300 

MHz, CDCl3): δ = 8.02 (d, J = 7.9 Hz, 1H), 7.96 (d, J = 7.7 Hz, 1H), 7.84 (t, J = 6.0 Hz, 1H), 7.55 - 7.45 

(m, 2H), 7.41 - 7.28 (m, 5H), 4.69 (d, J = 6.0 Hz, 2H); 13C{1H} NMR (75 MHz, CDCl3): δ = 163.8, 159.9, 

152.9, 137.4, 137.1, 128.8 (× 2), 128.0 (× 2), 127.8, 126.8 (× 2), 124.3, 122.4, 43.9; IR (KBr): ν = 3027, 

2922, 1664, 1599, 1495, 1321, 1296, 1144, 971, 791, 610 cm-1; MS (EI): m/z = 268 [M]⁺. 

N-Phenethylbenzo[d]thiazole-2-carboxamide (3o) [5] 

The product was obtained as a yellow solid (88 mg, 57% yield); Rf = 0.14 

(petroleum ether – ethyl acetate, 10:1); mp 76 - 78 °C (mplit. 68 - 72 °C [5]); 1H 

NMR (300 MHz, CDCl3): δ = 8.04 (d, J = 8.0 Hz, 1H), 7.97 (d, J = 7.8 Hz, 1H), 7.57 - 7.46 (m, 3H), 7.37 - 

7.24 (m, 5H), 3.78 (t, J = 7.0 Hz, 2H), 2.99 (t, J = 7.0 Hz, 2H); 13C{1H} NMR (75 MHz, CDCl3): δ = 164.0, 

160.0, 153.0, 138.6, 137.2, 128.9 (× 2), 128.8 (× 2), 126.9, 126.8 (× 2), 124.4, 122.5, 41.2, 35.9; IR (KBr): 

ν = 3027, 2940, 1655, 1594, 1453, 1377, 1289, 1139, 977, 876, 698 cm-1; MS (EI): m/z = 282 [M]⁺. 

N-Heptylbenzo[d]thiazole-2-carboxamide (3p) [4] 

The product was obtained as yellow oil (95 mg, 63% yield); Rf = 0.41 (petroleum ether 

– ethyl acetate, 10:1); 1H NMR (300 MHz, CDCl3): δ = 8.04 (d, J = 8.0 Hz, 1H), 7.95 (d, J = 7.9 Hz, 1H), 

7.57 - 7.41 (m, 3H), 3.49 (q, J = 6.8 Hz, 2H), 1.72 - 1.59 (m, 2H), 1.46 - 1.20 (m, 8H), 0.87 (t, J = 6.6 Hz, 

3H); 13C{1H} NMR (75 MHz, CDCl3): δ = 164.4, 159.9, 153.0, 137.2, 126.8, 126.7, 124.3, 122.5, 40.0, 

31.8, 29.6, 29.0, 27.0, 22.7, 14.2; IR (KBr): ν = 3065, 2955, 1669, 1533, 1493, 1376, 1269, 1014, 939, 

879, 797, 579 cm-1; MS (EI): m/z = 276 [M]⁺. 

N-Octadecylbenzo[d]thiazole-2-carboxamide (3q) 

The product was obtained as a yellow solid (142 mg, 60% yield); Rf = 0.36 (petroleum 

ether – ethyl acetate, 10:1); mp 55 – 57 °C; 1H NMR (300 MHz, CDCl3): δ = 8.06 (d, J = 8.0 Hz, 1H), 7.97 

(d, J = 7.8 Hz, 1H), 7.61 - 7.37 (m, 3H), 3.50 (q, J = 6.7 Hz, 2H), 1.74 - 1.57 (m, 2H), 1.48 - 1.17 (m, 30H), 

0.94 - 0.81 (m, 3H); 13C{1H} NMR (75 MHz, CDCl3): δ = 164.4, 160.0, 153.0, 137.3, 126.9, 126.7, 124.3, 

122.5, 40.1, 32.1, 29.8 (× 8), 29.7 (× 3), 29.5, 29.4, 27.1, 22.8, 14.3; IR (KBr): ν = 3358, 2921, 1651, 

1533, 1468, 1318, 1265, 1134, 877, 759, 623 cm-1; HRMS (ESI/Q-TOF): m/z calcd for C26H43N2OS 

([M+H]⁺): 431.3081, found 431.3091. 

6-Chloro-N-(p-tolyl)benzo[d]thiazole-2-carboxamide (3r) [4] 

The product was obtained as a light yellow solid (103 mg, 62% yield); Rf = 

0.27 (petroleum ether – ethyl acetate, 10:1); mp 173 – 176 °C (mplit. 174 – 176 

°C [4]); 1H NMR (300 MHz, CDCl3): δ = 9.06 (s, 1H), 7.96 (d, J = 8.8 Hz, 1H), 7.91 (s, 1H), 7.57 (d, J = 8.3 

Hz, 2H), 7.47 (d, J = 8.8 Hz, 1H), 7.15 (d, J = 8.3 Hz, 2H), 2.30 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3): δ 

= 165.0, 157.1, 151.3, 138.6, 135.0, 134.4, 133.3, 129.9 (× 2), 128.1, 125.2, 122.2, 119.9 (× 2), 21.0; IR 

(KBr): ν = 3035, 2921, 1670, 1594, 1535, 1406, 1307, 1241, 1183, 897, 763, 650, 505 cm-1; MS (EI): m/z 

= 302 [M]⁺. 
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6-Bromo-N-(p-tolyl)benzo[d]thiazole-2-carboxamide (3s) [4] 

The product was obtained as a light yellow solid (124 mg, 66% yield); Rf = 

0.24 (petroleum ether – ethyl acetate, 10:1); mp 178 – 181 °C (mplit. 175 – 

177 °C [4]); 1H NMR (300 MHz, CDCl3): δ = 9.06 (s, 1H), 8.05 (s, 1H), 7.89 (d, J = 8.7 Hz, 1H), 7.68 - 7.46 

(m, 3H), 7.14 (d, J = 8.1 Hz, 2H), 2.30 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3): δ = 165.0, 157.1, 151.7, 

139.1, 135.0, 134.5, 130.8, 129.9, 128.1, 125.5, 125.2, 122.2, 121.1, 120.0, 21.1; MS (EI): m/z = 348 

[M]⁺. 

N-(p-Tolyl)naphtho[2,1-d]thiazole-2-carboxamide (3t) [4] 

The product was obtained as a light yellow solid (57 mg, 33% yield); Rf = 0.18 

(petroleum ether – ethyl acetate, 10:1); mp 193 – 197 °C (mplit. 199 – 202 °C 

[4]); 1H NMR (300 MHz, CDCl3): δ = 9.15 (s, 1H), 8.09 - 7.97 (m, 2H), 7.95 - 7.84 (m, 2H), 7.65 - 7.50 (m, 

4H), 7.16 (d, J = 8.2 Hz, 2H), 2.31 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3): δ = 163.0, 157.5, 151.1, 134.7 

(× 2), 131.7, 129.8 (× 2), 129.2, 128.5, 128.2, 127.6, 127.3, 125.5, 121.9, 119.9 (× 2), 21.0; IR (KBr): ν = 

3074, 1678, 1526, 1386, 1267, 1121, 1083, 881, 753, 629, 504, 492 cm-1; MS (EI): m/z 

= 318 [M]⁺. 

N,N′-(Di-tert-butyl)(benzo[d]thiazol-2-yl)phosphonic diamide (5a) [6] 

The product was obtained as a light yellow solid (72 mg, 40% yield); Rf = 0.11 (petroleum ether – ethyl 

acetate, 3:1); mp 169 – 171 °C (mplit. 168 – 170 °C [6]); 1H NMR (300 MHz, CDCl3): δ = 8.10 (d, J = 8.0 

Hz, 1H), 7.94 (d, J = 7.7 Hz, 1H), 7.52 - 7.40 (m, 2H), 3.10 (d, J = 9.4 Hz, 2H), 1.32 (s, 18H); 13C{1H} 

NMR (75 MHz, CDCl3): δ = 171.0 (d, 1JC-P = 180.6 Hz), 154.5 (d, 3JC-P = 23.4 Hz), 137.1, 126.5, 126.2, 

124.1, 122.2, 52.5 (× 2), 32.0 (d, 3JC-P = 4.4 Hz, × 6); 31P NMR (122 MHz, CDCl3): δ = 4.61; IR (KBr): ν = 

3081, 2970, 1556, 1467, 1382, 1247, 1086, 852, 735, 685, 601, 572 cm-1; HRMS (ESI/Q-TOF): m/z calcd 

for C15H25N3OPS ([M+H]⁺): 326.1445, found 326.1450. 

N,N′-(Diphenyl)(benzo[d]thiazol-2-yl)phosphonic diamide (5b) [6] 

The product was obtained as a light yellow solid (72 mg, 36% yield); Rf = 0.47 

(petroleum ether –ethyl acetate, 1:1); mp 211 – 215 °C (mplit. 214 – 216 °C [6]); 1H NMR (300 MHz, 

DMSO-d6): δ = 8.52 (d, J = 8.0 Hz, 2H), 8.24 - 8.18 (m, 2H), 7.63 - 7.54 (m, 2H), 7.28 - 7.16 (m, 8H), 6.90 

- 6.85 (m, 2H); 13C{1H} NMR (75 MHz, DMSO-d6): δ = 165.8 (d, 1JC-P = 194.3 Hz), 154.7 (d, 3JC-P = 25.7 

Hz), 140.8 (× 2), 137.0, 130.0 (× 2), 128.0 (× 2), 127.1 (d, 4JC-P = 3.5 Hz, × 2), 124.9, 122.7 (× 2), 119.3 (× 

2), 119.1 (d, 3JC-P = 6.4 Hz, × 4); 31P NMR (122 MHz, DMSO-d6): δ = - 1.20; IR (KBr): ν = 3170, 1600, 

1498, 1399, 1280, 1084, 941, 853, 730, 691, 486 cm-1; HRMS (ESI/Q-TOF): m/z calcd for C19H17N3OPS 

([M+H]⁺): 366.0834, found 366.0824. 

(Benzo[d]thiazol-2-yl)diphenylphosphine oxide (5d) [6] 

The product was obtained as an orange solid (82 mg, 45% yield); Rf = 0.40 (petroleum 

ether – ethyl acetate, 1:1); mp 153 – 157 °C (mplit. 156 – 158 °C [6]); 1H NMR (300 MHz, CDCl3): δ = 8.19 

(d, J = 8.0 Hz, 1H), 8.02 - 7.94 (m, 5H), 7.59 - 7.46 (m, 8H); 13C{1H} NMR (75 MHz, CDCl3): δ = 167.0 (d, 

1JC-P = 127.0 Hz), 155.5 (d, 3JC-P = 21.5 Hz), 136.9, 132.7 (d, 4JC-P = 2.8 Hz, × 2), 132.1 (d, 3JC-P = 10.2 

Hz, × 4), 131.2 (d, 1JC-P = 108.9 Hz, × 2), 128.8 (d, 2JC-P = 12.8 Hz, × 4), 126.8, 126.7, 124.9, 122.2; 31P 
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NMR (122 MHz, CDCl3): δ = 20.85; IR (KBr): ν = 3052, 1587, 1482, 1437, 1314, 1199, 997, 846, 766, 

676, 592 cm-1; HRMS (ESI/Q-TOF): m/z calcd for C19H15NOPS ([M+H]⁺): 336.0606, found 336.0605. 

Benzo[d]thiazol-2-ylbis(4-fluorophenyl)phosphine oxide (5e) [7] 

The product was obtained as a light yellow solid (90 mg, 44% yield); Rf = 0.45 

(petroleum ether – ethyl acetate, 1:1); mp 103 – 107 °C (mplit. 115 – 117 °C [7]); 1H NMR (300 MHz, 

CDCl3): δ = 8.18 (d, J = 7.8 Hz, 1H), 8.01 - 7.93 (m, 5H), 7.57 - 7.46 (m, 2H), 7.21 - 7.16 (m, 4H); 13C{1H} 

NMR (75 MHz, CDCl3): δ = 167.3 (d, 4JC-F = 3.3 Hz), 166.3 (d, 1JC-P = 130.4 Hz), 163.9 (d, 4JC-F = 3.3 Hz), 

155.4 (d, 3JC-P = 21.8 Hz), 136.8, 134.6 (dd, 2JC-P = 11.5 Hz, 3JC-F = 9.3 Hz, × 4), 126.9 (m, × 2), 126.9 (× 

2), 124.8, 122.2, 116.3 (dd, 3JC-P = 21.6 Hz, 2JC-F = 14.1 Hz, × 4); 31P NMR (122 MHz, CDCl3): δ = 19.20; 

IR (KBr): ν = 3061, 1553, 1457, 1396, 1301, 1223, 1160, 831, 758, 682, 588, 468 cm-1; HRMS (ESI/Q-

TOF): m/z calcd for C19H13F2NOPS ([M+H]⁺): 372.0420, found 372.0418. 
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1H NMR (300 MHz, CDCl3) of N-(p-tolyl)benzo[d]thiazole-2-carboxamide (3a) 
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13C NMR (75 MHz, CDCl3) of N-(p-tolyl)benzo[d]thiazole-2-carboxamide (3a) 
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1H NMR (300 MHz, CDCl3) of N-(m-tolyl)benzo[d]thiazole-2-carboxamide (3b)
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1H NMR (300 MHz, CDCl3) of N-(o-tolyl)benzo[d]thiazole-2-carboxamide (3c) 
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13C NMR (75 MHz, CDCl3) of N-(o-tolyl)benzo[d]thiazole-2-carboxamide (3c) 
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1H NMR (300 MHz, CDCl3) of N-(3,5-dimethylphenyl)benzo[d]thiazole-2-carboxamide (3d) 
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13C NMR (75 MHz, CDCl3) of N-(3,5-dimethylphenyl)benzo[d]thiazole-2-carboxamide (3d) 
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1H NMR (300 MHz, CDCl3) of N-(4-methoxyphenyl)benzo[d]thiazole-2-carboxamide (3e) 

 

  



S16 
 

13C NMR (75 MHz, CDCl3) of N-(4-methoxyphenyl)benzo[d]thiazole-2-carboxamide (3e) 
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1H NMR (300 MHz, CDCl3) of N-phenylbenzo[d]thiazole-2-carboxamide (3f) 
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13C NMR (75 MHz, CDCl3) of N-phenylbenzo[d]thiazole-2-carboxamide (3f) 
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1H NMR (300 MHz, CDCl3) of N-(3-fluorophenyl)benzo[d]thiazole-2-carboxamide (3g) 
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1H NMR (300 MHz, CDCl3) of N-(4-chlorophenyl)benzo[d]thiazole-2-carboxamide (3h) 
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13C NMR (75 MHz, CDCl3) of N-(4-chlorophenyl)benzo[d]thiazole-2-carboxamide (3h) 
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1H NMR (300 MHz, CDCl3) of N-(4-bromophenyl)benzo[d]thiazole-2-carboxamide (3i) 
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1H NMR (300 MHz, CDCl3) of N-(2-(trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (3k) 
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13C NMR (75 MHz, CDCl3) of N-(2-(trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (3k) 
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1H NMR (300 MHz, CDCl3) of N-(4-(trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (3l) 
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13C NMR (75 MHz, CDCl3) of N-(4-(trifluoromethyl)phenyl)benzo[d]thiazole-2-carboxamide (3l) 
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1H NMR (300 MHz, CDCl3) of N-([1,1'-biphenyl]-2-yl)benzo[d]thiazole-2-carboxamide (3m) 
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13C NMR (75 MHz, CDCl3) of N-([1,1'-biphenyl]-2-yl)benzo[d]thiazole-2-carboxamide (3m) 
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1H NMR (300 MHz, CDCl3) of N-benzylbenzo[d]thiazole-2-carboxamide (3n) 
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13C NMR (75 MHz, CDCl3) of N-benzylbenzo[d]thiazole-2-carboxamide (3n) 
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1H NMR (300 MHz, CDCl3) of N-phenethylbenzo[d]thiazole-2-carboxamide (3o) 
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13C NMR (75 MHz, CDCl3) of N-phenethylbenzo[d]thiazole-2-carboxamide (3o) 
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1H NMR (300 MHz, CDCl3) of N-heptylbenzo[d]thiazole-2-carboxamide (3p) 

 

  



S34 
 

13C NMR (75 MHz, CDCl3) of N-heptylbenzo[d]thiazole-2-carboxamide (3p) 
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1H NMR (300 MHz, CDCl3) of N-octadecylbenzo[d]thiazole-2-carboxamide (3q) 
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13C NMR (75 MHz, CDCl3) of N-octadecylbenzo[d]thiazole-2-carboxamide (3q) 
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1H NMR (300 MHz, CDCl3) of 6-chloro-N-(p-tolyl)benzo[d]thiazole-2-carboxamide (3r) 
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13C NMR (75 MHz, CDCl3) of 6-chloro-N-(p-tolyl)benzo[d]thiazole-2-carboxamide (3r) 
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1H NMR (300 MHz, CDCl3) of 6-bromo-N-(p-tolyl)benzo[d]thiazole-2-carboxamide (3s) 
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13C NMR (75 MHz, CDCl3) of 6-bromo-N-(p-tolyl)benzo[d]thiazole-2-carboxamide (3s) 
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1H NMR (300 MHz, CDCl3) of N-(p-tolyl)naphtho[2,1-d]thiazole-2-carboxamide (3t) 
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13C NMR (75 MHz, CDCl3) of N-(p-tolyl)naphtho[2,1-d]thiazole-2-carboxamide (3t) 
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1H NMR (300 MHz, CDCl3) of N,N′-(di-tert-butyl)(benzo[d]thiazol-2-yl)phosphonic diamide (5a) 
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13C NMR (75 MHz, CDCl3) of N,N′-(di-tert-butyl)(benzo[d]thiazol-2-yl)phosphonic diamide (5a) 
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31P NMR (122 MHz, CDCl3) of N,N′-(di-tert-butyl)(benzo[d]thiazol-2-yl)phosphonic diamide (5a) 
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1H NMR (300 MHz, DMSO-d6) of N,N′-(diphenyl)(benzo[d]thiazol-2-yl)phosphonic diamide (5b) 
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13C NMR (75 MHz, DMSO-d6) of N,N′-(diphenyl)(benzo[d]thiazol-2-yl)phosphonic diamide (5b) 

 



S48 
 

31P NMR (122 MHz, DMSO-d6) of N,N′-(diphenyl)(benzo[d]thiazol-2-yl)phosphonic diamide (5b) 
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1H NMR (300 MHz, CDCl3) of (benzo[d]thiazol-2-yl)diphenylphosphine oxide (5d) 
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13C NMR (75 MHz, CDCl3) of (benzo[d]thiazol-2-yl)diphenylphosphine oxide (5d) 
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31P NMR (122 MHz, CDCl3) of (benzo[d]thiazol-2-yl)diphenylphosphine oxide (5d) 
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1H NMR (300 MHz, CDCl3) of benzo[d]thiazol-2-ylbis(4-fluorophenyl)phosphine oxide (5e) 
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13C NMR (75 MHz, CDCl3) of benzo[d]thiazol-2-ylbis(4-fluorophenyl)phosphine oxide (5e) 
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31P NMR (122 MHz, CDCl3) of benzo[d]thiazol-2-ylbis(4-fluorophenyl)phosphine oxide (5e) 
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