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1. Experimental section 

1.1. General 

All reactions and manipulations were conducted utilizing standard Schlenk techniques. All solvents and reagents 

were obtained from commercial suppliers and were used without further purification. The reaction progress was 

monitored on TLC plate (Merck, silica gel 60 F254). Flash column chromatography was carried out using silica gel 

(Merck, 230–400 mesh) and the eluent solvents are indicated as a mixed solvent with either given percentage or 

volume-to-volume ratios. 1H and 13C NMR spectra were recorded on a Bruker Avance 400 MHz spectrometer, 

using the proper deuterated solvents, as noted. Chemical shifts (δ) are given in parts per million (ppm) upfield 

from tetramethylsilane (TMS) as internal standard. s, d, t, and m refer to singlet, doublet, triplet and multiplet, 

respectively, and coupling constants (J) are reported in hertz (Hz). High resolution mass spectra (HRMS) were 

recorded on JMS 700 (Jeol, Japan) mass spectrometer, with magnetic sector-electric sector double focusing mass 

analyzer, and FAB+ ion mode. The purity of all final compounds was found to be > 95%, as determined by 1H 

NMR. 3-(Trifluoromethyl)aniline and 3,5-bis(trifluoromethyl)aniline were commercially available, while the 

cyclic amine bearing anilines were synthesized adopting the reported procedure \. 

1.2. 6-(2-Methoxyphenyl)benzo[d]thiazol-2-amine (1) 

A solution of 2-methoxyphenyl boronic acid (199 mg, 1.31 mmol) in dimethoxyethane:H2O (3:1, v/v, 3 mL) was 

added to a stirred solution of 6-bromo-2-aminothiazol (200 mg, 0.873 mmol), NaHCO3 (220 mg, 2.619 mmol), 

and Pd(dppf)Cl2∙CH2Cl2 (143 mg, 0.20 mmol) in dimethoxyethane:H2O (3:1, v/v, 1 mL). The reaction mixture 

was stirred at room temperature for 85 min at 80–85 ⁰C. After the reaction completion, the solvent was evaporated 

under vacuum, and the residue was filtered by celite pad. The filtrate was evaporated and the resulting residue 

was purified by column chromatography using (33–50% ethyl acetate in hexane) to afford the title compound as 

a brown solid; 194 mg (86.6%); 1H NMR (400 MHz, CDCl3) δ 7.77 (d, J = 1.4 Hz, 1H), 7.58 (d, J = 8.3 Hz, 1H), 

7.48 (dd, J = 8.3, 1.6 Hz, 1H), 7.35–7.30 (m, 2H), 7.04 (td, J = 7.5, 0.84 Hz, 1H), 7.00 (d, J = 8.2 Hz, 1H), 5.42 

(br. s, 1H), 3.83 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 167.0, 156.4, 146.7, 133.8, 130.9, 129.9, 129.2, 128.8, 

128.3, 122.2, 120.9, 117.4, 111.3, 55.6. 

1.3. General procedure for synthesis of compounds 2a–f 

A solution of compound 1 (200 mg, 0.78 mmol) and 1,1'-carbonyldiimidazole (253 mg, 1.56 mmol) in anhydrous 

dimethylformamide (2 mL) was stirred at room temperature for 15 h. Then, the appropriate aniline (1.56 mmol) 

was added and the reaction mixture was heated to 100 ⁰C for 2.5 h. After cooling to room temperature, the reaction 

was quenched with water (20 mL). The aqueous layer was extracted with ethyl acetate (3×30 mL), and the organic 

layers were combined, washed with water and brine, dried over anhydrous Na2SO4, and filtered. The solvent was 

evaporated under vacuum, and the resultant residue was purified by flash column chromatography using the proper 

eluent to afford the target compounds in pure form. 

1.3.1. 1-(6-(2-Methoxyphenyl)benzo[d]thiazol-2-yl)-3-(4-(4-methylpiperazin-1-yl)phenyl)urea (2a) 

Column chromatography was performed using 5% methanol in DCM. White solid (28.1% yield); 1H NMR (400 

MHz, CDCl3) δ 7.88 (s, 1H), 7.73 (d, J = 8.4 Hz, 1H), 7.54 (d, J = 7.6 Hz, 1H), 7.36–7.31 (m, 4H), 7.05–6.99 (m, 

2H), 6.86 (d, J = 8.4 Hz, 2H), 3.82 (s, 3H), 3.17 (t, J = 5.0 Hz, 4H), 2.61 (t, J = 4.6 Hz, 4H), 2.38 (s, 3H); 13C 

NMR (100 MHz, CDCl3) δ 161.4, 156.5, 152.8, 148.3, 147.8, 134.1, 131.0, 130.9, 130.0, 129.8, 128.7, 128.1, 

122.2, 122.1,121.0, 119.3, 116.8, 111.3, 55.6, 55.0, 49.3, 46.0; HRMS (FAB) m/z calcd for C26H28N5O2S [M+H]+: 

474.1963, found: 474.1960. 

1.3.2. 1-(4-(4-Ethylpiperazin-1-yl)phenyl)-3-(6-(2-methoxyphenyl)benzo[d]thiazol-2-yl)urea (2b) 

Column chromatography was performed using 3–7% methanol in dichloromethane (DCM). White solid (23.1% 

yield); 1H NMR (400 MHz, CDCl3) δ 10.77 (br. s, 1H), 7.87 (s, 1H), 7.71 (d, J = 8.0 Hz, 1H), 7.52 (d, J = 7.6 Hz, 

1H), 7.32–7.26 (m, 4H), 7.04–6.97 (m, 2H), 6.83 (d, J = 7.6 Hz, 2H), 3.81 (s, 3H), 3.14 (s, 4H), 2.59 (s, 4H), 2.48 

(q, J = 6.9 Hz, 2H), 1.13 (t, J = 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 161.5, 156.5, 152.8, 148.4, 147.7, 

134.1, 131.1, 130.0, 129.8, 128.7, 128.1, 122.1, 122.0, 121.9, 121.0, 119.2, 116.7, 111.3, 55.6, 52.8, 52.4, 49.5, 

12.0; HRMS (FAB) m/z calcd for C27H30N5O2S [M+H]+: 488.2120, found: 488.2117. 

1.3.3. 1-(6-(2-Methoxyphenyl)benzo[d]thiazol-2-yl)-3-(4-morpholinophenyl)urea (2c) 

Column chromatography was performed using 3–7% methanol in DCM. White solid (23% yield); 1H NMR (400 

MHz, DMSO-d6) δ 10.85 (br. s, 1H), 8.96 (s, 1H), 7.98 (s, 1H), 7.67 (d, J = 8.4 Hz, 1H), 7.50 (d, J = 7.6 Hz, 1H), 

7.39–7.34 (m, 4H), 7.14 (d, J = 8.4 Hz, 1H), 7.05 (t, J = 7.2 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 3.79 (s, 3H), 3.36 

(s, 4H), 3.09 (s, 4H); 13C NMR (100 MHz, DMSO-d6) δ 160.4, 156.6, 152.6, 147.8, 133.4, 131.6, 131.1, 130.6, 

130.1, 129.2, 128.0, 122.4, 121.3, 120.8, 119.1, 116.5, 116.4, 112.2, 60.8, 59.0, 56.0.  

1.3.4. 1-(6-(2-Methoxyphenyl)benzo[d]thiazol-2-yl)-3-(3-(trifluoromethyl)phenyl)urea (2d) 
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Column chromatography was performed using ethyl acetate-hexane (1:3, v/v). White solid (43% yield); 1H NMR 

(400 MHz, DMSO-d6) δ 11.27 (br. s, 1H), 9.59 (s, 1H), 8.09 (s, 1H), 7.99 (s, 1H), 7.76 (d, J = 8.4 Hz, 1H), 7.66 

(d, J = 8.4 Hz, 1H), 7.58 (t, J = 8.0 Hz, 1H), 7.52 (dd, J = 8.4, 1.2 Hz, 1H), 7.41 (d, J = 7.6 Hz, 1H), 7.36 (s, 1H), 

7.34 (s, 1H), 7.13 (d, J = 8.4 Hz, 1H), 7.05 (t, J = 7.4 Hz, 1H), 3.79 (s, 3H); 13C NMR (100 MHz, DMSO-d6) δ 

156.6, 140.2, 133.7, 132.5, 131.0, 130.5, 130.3, 130.0, 129.9, 129.2, 128.2, 126.0, 123.3, 123.0, 122.6, 121.3, 

119.6, 119.5, 115.3, 115.3, 112.2, 56.0; HRMS (FAB) m/z calcd for C22H17F3N3O2S [M+H]+: 444.0993, found: 

444.0992. 

1.3.5. 1-(3,5-Bis(trifluoromethyl)phenyl)-3-(6-(2-methoxyphenyl)benzo[d]thiazol-2-yl)urea (2e) 

Column chromatography was performed using 1% methanol in DCM. White solid (76% yield); 1H NMR (400 

MHz, DMSO-d6) δ 11.89 (br. s, 1H), 9.96 (s, 1H), 8.31 (s, 2H), 7.96 (s, 1H), 7.71 (s, 1H), 7.62 (d, J = 8.0 Hz, 1H), 

7.52 (dd, J = 8.4, 1.2 Hz, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 Hz, 1H), 7.05 (t, J = 7.4 Hz, 1H), 3.79 (s, 

3H); 13C NMR (100 MHz, DMSO-d6) δ 156.6, 141.9, 133.8, 131.7, 131.4, 131.1, 131.0, 130.7, 129.9, 129.3, 128.4, 

125.1, 122.8, 122.4, 121.3, 119.0, 115.6, 112.2, 56.0; HRMS (FAB) m/z calcd for C23H16F6N3O2S [M+H]+: 

512.0867, found: 512.0866. 

1.3.6. 1-(6-(2-Methoxyphenyl)benzo[d]thiazol-2-yl)-3-(4-(morpholinomethyl)-3-(trifluoromethyl)phenyl)urea (2f) 

Column chromatography was performed using ethyl acetate-hexane (1:1, v/v). Yellow solid (18.4% yield); 1H 

NMR (400 MHz, CDCl3) δ 7.94 (d, J = 1.6 Hz, 1H), 7.91 (br. s, 1H), 7.84–7.73 (m, 3H), 7.63 (dd, J = 8.4, 1.6 Hz, 

1H), 7.40–7.36 (m, 2H), 7.09 (d, J = 7.2 Hz, 1H), 7.04 (d, J = 8.8 Hz, 1H), 3.87 (s, 3H), 3.76 (t, J = 4.4 Hz, 4H), 

3.66 (s, 2H), 2.52 (t, J = 4.4 Hz, 4H); 13C NMR (100 MHz, CDCl3) δ 161.4, 156.5, 152.8, 148.4, 147.8, 134.3, 

134.1, 131.0, 131.0, 130.1, 129.7, 128.8, 128.7, 128.2, 128.1, 122.3, 122.1, 121.0, 119.3, 116.8, 111.3, 55.6, 55.0, 

49.3, 46.0; HRMS (FAB) m/z calcd for C27H26F3N4O3S [M+H]+: 543.1677, found: 543.1681. 

1.4. In vitro biological evaluations 

1.4.1. In vitro kinase screening 

Reaction Biology Corporation (RBC) Kinase HotSpotSM service was employed for biochemical 

kinase evaluation of the target compounds following the reported assay protocol 5. 

1.4.2. In vitro cell based assays  

1.4.2.1. Preliminary MTT evaluation of antiproliferative activity 

The antiproliferative activity of the target benzothiazoles was assessed against human leukemia K562 

cancer cell as well as L132 normal cell line, using the MTT assay adopting the reported assay protocols 
6.    

1.4.2.2. Anti-cancer screening at NCI 

The anticancer screening of certain selected target compounds over a full panel of 60-human cancer 

cell lines was conducted at the National Cancer Institute (NCI), Bethesda, Maryland, USA using 

Sulforhodamine B (SRB) assay adopting the standard protocol 7. 

1.5. In silico studies 

1.5.1. Molecular docking  

The docking models of compound 2b were constructed utilizing the X-ray crystal structure of BCR-ABLWT 

(PDB: 2GQG) 8 or BCR-ABLT315I (PDB: 2Z60) 9, in its DFG-in conformation using Discovery Studio 2022 (DS). 

The protein structure of BCR-ABLWT and BCR-ABLT315I were prepared for docking by employing protocol 

“prepare protein”, and ligands were prepared through protonation at pH 7.4 and energy minimization. The binding 

site was defined based on the ligand interactions with BCR-ABL kinase domain. The ligands were docked into 

the defined binding sites using the CDOCKER algorithm, and the ligand pose with the best score was selected for 

analysis of the binding mode. 

1.5.2. Bioavailiability Predicition 

The bioavailability prediction of compound 2b was assessed at http://www.swissadme.ch/index.php (accessed on 

10 December 2022). 
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2) 1H NMR and 13C NMR spectra 
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3) HRMS charts 
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4) 2D binding mode & bioavailability radar of 2b  

 
 

2b/ BCR-ABLWT 2b/ BCR-ABLT315I 

 

Figure S1. 2D binding mode of compound 2b with BCR-ABLWT and BCR-ABLT315I. Various interactions are 

depicted by different color legends. The inhibitor is shown by line, interacting residues by colored sphere, and 

interactions by dash lines.  

 

 

 

Figure S2. The bioavailability radar of 2b. 
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5) NCI data 
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