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Девять новых производных бензо[d]тиазола (E1–E9), содержащих амидную связь, 

были успешно синтезированы с использованием эффективной реакции конденсации между 

карбоновыми кислотами и аминами. В качестве конденсирующего реагента применяли гек-

сафторфосфат азабензотриазолтетраметил урония (HATU), что позволило провести реак-

цию в мягких условиях. Данный метод обеспечил получение целевых соединений с высоким 

выходом (75–90%), что свидетельствует о его высокой эффективности и практической при-

менимости. Для подтверждения структуры синтезированных соединений использовали со-

временные спектроскопические методы анализа, включая инфракрасную (IR) спектроско-

пию, ядерный магнитный резонанс (NMR) и масс-спектрометрию (MS). Полученные спек-

тральные данные убедительно подтвердили образование целевых бензо[d]тиазольных струк-

тур, а также позволили провести детальный анализ их строения. Помимо разработки ме-

тода синтеза, в рамках исследования была проведена оценка биологической активности по-

лученных соединений. В частности, цитотоксические свойства оценивали в отношении 

карциномы клеточной линии (KB). Полученные результаты показали, что соединения E1, 

E3, E4, E6 и E7 обладают умеренной ингибирующей активностью, демонстрируя значения 

IC₅₀, равные 48,29, 115,46, 89,36, 84,09 и 121,89 мкг/мл, соответственно. Однако соединения 

E6 и E7 не проявили значительной цитотоксической активности против других раковых 

клеточных линий, таких как Hep-G2, A549 и MCF7. Более того, исследование их антиокси-

дантных свойств также не выявило заметной активности. Дополнительно был проведен 

анализ антимикробных свойств соединений E1, E2, E3, E4, E5 и E8. Экспериментальные дан-

ные показали, что данные соединения не обладают выраженной активностью против как 

грамположительных (Gr(+)), так и грамотрицательных (Gr(-)) бактерий, а также неэффек-

тивны в отношении грибковых штаммов. Таким образом, проведенное исследование позво-

лило получить новые производные бензо[d]тиазола, изучить их спектральные характери-

стики и оценить их биологическую активность. Полученные результаты вносят вклад в по-

нимание взаимосвязи между структурой и биологической активностью этих соединений, а 

также подтверждают их перспективность в качестве возможных кандидатов для разра-

ботки новых противоопухолевых агентов. 

Ключевые слова: бензо[d]тиазол, амид, HATU, цитотоксическая активность, клеточная линия 
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Nine novel benzo[d]thiazole derivatives (E1 – E9) featuring an amide bond were synthe-

sized via an efficient coupling reaction between carboxylic acids and amines using hexafluoro-

phosphate azabenzotriazole tetramethyl uronium (HATU) as the coupling reagent. The reaction 

was carried out under mild conditions, affording the desired products in high yields (75 – 90%). 

Structural characterization of the synthesized compounds was achieved using modern spectro-

scopic techniques, including infrared (IR) spectroscopy, nuclear magnetic resonance (NMR) spec-

troscopy, and mass spectrometry (MS), which confirmed the formation of the targeted benzo[d]thi-

azole scaffolds. In addition to the synthetic work, the biological activities of selected compounds 

were evaluated. Cytotoxic activity was assessed against the carcinoma cell line (KB), revealing that 

compounds E1, E3, E4, E6, and E7 exhibited moderate inhibitory effects, with IC₅₀ values of 48.29, 

115.46, 89.36, 84.09, and 121.89 µg/mL, respectively. However, compounds E6 and E7 did not show 

significant cytotoxicity against other cancer cell lines such as Hep-G2, A549, and MCF7, nor did 

they demonstrate noteworthy antioxidant activity. Furthermore, compounds E1, E2, E3, E4, E5, 

and E8 were inactive against both Gr(+) and Gr(-) bacteria as well as fungal strains. These findings 

provide valuable insight into the structure – activity relationships of benzo[d]thiazole derivatives 

and support their potential development as anticancer agents. 
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INTRODUCTION 

Benzo[d]thiazole is one of the most important 

derivatives within the group of compounds containing 

the thiazole ring. They are a rare heterocyclic com-

pound found in alkaloids and play a highly significant 

role in pharmaceutical chemistry for the development 

of new drugs [1]. The presence of sulfur atoms in the 

structure of benzo[d]thiazole derivatives imparts dis-

tinctive properties that are not found in other heterocy-

clic compounds. Benzo[d]thiazole derivatives contain-

ing amide bonds often exhibit intriguing structural 

characteristics and demonstrate excellent biological 

activities, such as anticancer [2]; anti-inflammatory 

[3]; antifungal [4]; and chronic pain suppression prop-

erties [5]. Because the molecular framework exhibits a 

broad spectrum of biological activity in pharmaceuti-

cals, there is an increasing amount of research focused 

on synthesizing derivatives containing benzo[d]thia-

zole heterocycle. Besides, the amide bond is one of the 

most common bonds in organic molecules and biolog-

ical compounds [6-10]. The amide bond is highly prev-

alent in natural biological molecules due to its stability 

under various reaction conditions (acidic and basic 

conditions), elevated temperatures, and the presence of 

other chemicals [11]. In this report, benzo[d]thiazole 
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derivatives containing amide bond were synthesized 

by carrying out the benzo[d]thiazole ring-closing reac-

tion under irradiation of a domestic microwave oven 

and subsequently formation of the amide bond using 

HATU as a coupling reagent. 

MATERIALS AND METHODS 

Materials 

Solvents and other chemicals were purchased 

from Sigma-Aldrich, Merck Corp, Aladdin, Vietnam, 

or other Chinese companies were used as received, un-

less indicated in. NMR spectra were recorded on a 

Bruker AVANCE 600 MHz spectrometer in DMSO-d6 

at 298-300 K. Chemical-shift data for each signal was 

reported in ppm units. IR spectra were recorded on the 

Mattson 4020 GALAXY Series FT-IR. Mass spectra 

were recorded on the Agilent LC-MSD-Trap-SL series 

1100 spectrometer. Melting points were measured us-

ing a Gallenkamp melting point apparatus. A domestic 

oven Sharp R-205VN-S, made in China 2022, was 

used to carry out the reactions.   

All cell culture media, sera, and reagents were 

from GIBCO Co. Ltd. (Grand Island, New York, 

USA). The Human epithelial carcinoma cell (KB), 

hepatocellular carcinoma cells (Hep-G2), lung cancer 

cells (A549) and breast cancer cells (MCF7) were sup-

plied by the Institute of Biotechnology, Vietnam Acad-

emy of Science and Technology. 

Methods 

Synthesis of ethyl 2-(4-(benzo[d]thiazol-2-

yl)phenol)acetate (C) 

A mixture of anhydrous potassium carbonate 

(200 mg, 1.5 mmol), ethyl chloroacetate (0.85 mL,  

1.0 mmol), and NaI (150 mg, 1.0 mmol) was added into 

a round-bottom flask containing B (113.5 mg, 0.5 mmol) 

in DMF (3 mL). The mixture was then refluxed for 2 h 

at room temperature until TLC (ethyl acetate/n-hexane, 

1:1) showed the total consumption of the starting ma-

terial. After removal of DMF, the crude mixture was 

re-crystallized in 96° ethanol to give C in about 82% 

yield, respectively. 

Synthesis of 2-(4-(benzo[d]thiazol-2-yl)phe-

noxy)acetic acid (D) 

A mixture of 2-(4-(benzo[d]thiazol-2-)phe-

noxy) acetate (C) (313 mg, 1.0 mmol) and NaOH 1M 

(5 mL, 200 mg NaOH, 5 mL H2O) was refluxed at 

100 °C for 2 h. The solution was cooled to room tem-

perature, then 5% hydrochloric acid was added until 

pH = 5, and a white precipitate appeared. The precipi-

tate was filtered and recrystallized in 96° ethanol to ob-

tain D, yield 85%. 

Synthesis of benzo[d]thiazole derivatives con-

taining an amide bond E1 – E9 

General procedure 

A mixture of 2-(4-(benzo[d]thiazol-2-yl)phe-

noxy)acetic acid (D) (129 mg, 0.5 mmol), HATU 

(190 mg, 0.5 mmol), N-methylmorpholine (NMM, 

1.1 mL, 1 mmol) were added into a round-bottom flask 

containing the amine (0.5 mmol) in DMF (5 mL). The 

mixture was stirred at room temperature for about 3 h 

until TLC (ethyl acetate/n-hexane, 1:1) showed the to-

tal consumption of the starting material. The precipi-

tate was filtered and recrystallized in 96o ethanol to ob-

tain E1 – E9, yield 75-90%. 

Synthesis of 2-(4-(benzo[d]thiazol-2-yl)phe-

noxyl)-N-ethylacetamide (E1) 

Compound E1 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 90% as a white solid, mp. = 178-179 °C. 

IR ν (cm-1): 3440 ; 1763, 1650; 1210, 1252, 1293, 

1482; 1006, 1026, 1050; 1H NMR (600 MHz, DMSO-

d6) δ (ppm): 8.09 (d, J = 8.4, 1H, H5); 8.01 (t, J = 8.4; 

6.6, 3H, H2, H9/H13); 7.51 (t, J = 7.8, 1H, H3); 7.41 

(t, J = 7.8, 1H, H4); 7.11 (d, J = 7.8, 2H, H10/H12); 

4.89 (s, 2H, H14); 4.19 (q, J = 7.2, 2H, H16); 1.22 

(t, J = 7.2, 3H, H17); 13C NMR (150 MHz, DMSO-d6) 

δ (ppm): 168.3 (C7); 166.8 (C15); 160.0 (C11); 153.6 

(C1); 134.2 (C8); 128.7 (C6); 126.4 (C9/C13); 126.1 

(C3); 125.1 (C4); 122.4 (C2); 122.1 (C5); 115.2 

(C10/C12); 64.7 (C14); 60.7 (C16); 13.9 (C17). ESI-

MS [C17H17N2O2S]+ m/z: 313.1 [M+H]+. Anal. Calcd 

for C17H16N2O2S (M 312.39): C, 65.36; H, 5.16; N, 

8.97. Found: C, 65.38; H, 5.13; N, 8.98. 

Synthesis of 2-(4-(benzothiazol-2-yl)phenoxyl)-

N-phenyl acetamide (E2) 

Compound E2 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 90% as a white solid, mp. = 196-197 °C. 
1H NMR (600 MHz, DMSO-d6) δ (ppm): 10.15 (s, 1H, 

NH); 8.10 (d, J = 7.8 Hz, 1H, H5); 8.05 (m, J = 9.6; 

2.0 Hz, 2H, H9/H13); 8.01 (d, J = 3.0 Hz, 1H, H2); 

7.65 (d, J = 7.8 Hz, 2H, H17/H21); 7.52 (t, J = 1.2; 7.8 

Hz, 1H, H3); 7.42 (td, J = 1.2; 8.4 Hz, 1H, H4); 7.33 

(t, J = 8.4; 7.2 Hz, 2H, H18/H20); 7.19 (d, J = 9.0 Hz, 

2H, H10/H12); 7.08 (t, J = 7.8 Hz, 1H, H19); 4.83 (s, 

2H, H14); 13C NMR (150 MHz, DMSO-d6) δ (ppm): 

166.9 (C7); 166.0 (C15); 160.3 (C11); 153.6 (C1); 

138.3 (C16); 134.2 (C8); 128.8 (C6); 128.7 (C18/20); 

126.5 (C9/C13); 126.1 (C19); 125.1 (C3); 123.7 (C4); 

122.5 (C2); 122.1 (C5); 119.7 (C17/C21); 115.4 

(C10/C12); 67.13 (C14). ESI-MS [C21H17N2O2S]+ m/z: 
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361.0, [M+H]+. Anal. Calcd for C21H16N2O2S (M 

360.43): C, 69.98; H, 4.47; N, 7.77. Found: C, 70.00; 

H, 4.44; N, 7.78. 

Synthesis of 2-(4-(benzothiazole-2-yl)phenoxyl)-

N-(2-hydroxyethyl)acetamide (E3) 

Compound E3 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 75% as a white solid, mp. = 187-189 °C. 
1H NMR (600 MHz, DMSO-d6) δ (ppm): 8.08 (d, J = 7.8, 

1H, H5); 7.98 (d, J = 8.4, 1H, H2); 7.97 (d, J = 9.0, 2H, 

H9/H13); 7.50 (td, J = 8.4; 1.2, 1H, H3); 7.40 (td, J = 0.6; 

7.8, 1H, H4); 6.99 (d, J = 9, 2H, H10/H12); 4.32 (s, 

2H, H14); 3.56 (t, J = 4.8, 2H, H16); 2.81 (t, J = 5.4, 

2H, H17); 13C NMR (150 MHz, DMSO-d6) δ (ppm): 

170.7 (C7); 167.2 (C15); 161.6 (C11); 153.7 (C1); 

134.1 (C8); 128.5 (C6); 126.4 (C9/C13); 124.9 (C3); 

124.7 (C4); 122.3 (C2); 122.1 (C5); 115.2 (C10/C12); 

67.3 (C14); 57.9 (C16). HR-MS (ESI +): m/z 

[C17H17N2O3S]+, cald. 329.0954, found 329.0960. 

Anal. Calcd for C17H16N2O3S (M 328.39): C, 62.18; H, 

4.91; N, 8.53. Found: C, 62.20; H, 4.88; N, 8.54. 

Synthesis of 2-(4-(benzothiazol-2-yl)phenoxyl)-

N-(4-bromophenyl)acetamide (E4) 

Compound E4 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 90% as a white solid, mp. = 221-223 °C. 
1H NMR (600 MHz, DMSO-d6) δ (ppm): 10.31 (s, 1H, 

NH); 8.12 (d, J = 8.4 Hz, 1H, H5); 8.07 (d, J = 3.6; 8.4 

Hz, 2H, H9/H13); 8.02 (d, J = 7.8 Hz, 1H, H2); 7.64 

(m, 2H, H17/H21); 7.52 (m, 3H, H3, H18/H20); 7.43 

(td, J = 1.2; 8.4 Hz, 1H, H4); 7.19 (m, 2H, H10/H12); 

4.83 (s, 2H, H14); 13C NMR (150 MHz, DMSO-d6) δ 

(ppm): 166.8 (C7); 166.2 (C15); 160.2 (C11); 153.6 

(C1); 137.7 (C16); 134.2 (C8); 131.5 (C6); 128.8 

(C18/C20); 126.4 (C9/C13); 126.1 (C3); 125.1 (C4); 

122.4 (C19); 122.1 (C2); 121.6 (C5); 115.4 (C17/C21); 

115.3 (C10/C12); 67.1 (C14). ESI-MS m/z: 

[C21H16
81BrN2O2S] 439.84, [M+H]+; [C21H14

79BrN2O2S] 

437.28, [M-H]-. Anal. Calcd for C21H15BrN2O2S (M 

439.33): C, 57.41; H, 3.44; N, 6.38. Found: C, 57.40; 

H, 3.42; N, 6.37. 

Synthesis of 2-(4-(Benzothiazole-2-yl)phenoxyl)-

N-(4-nitrophenyl)acetamide (E5) 

Compound E5 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 90% as a white solid (0.182 g, 90%), 

mp. = 215-217 °C. 1H NMR (600 MHz, DMSO-d6) δ 

(ppm): 10.63 (s, 1H, NH); 8.67 (t, J = 2.4 Hz, 1H, 

H17); 8.11 (d, J = 7.8 Hz, 1H, H5); 8.08 (m, 2H, 

H9/H13); 8.03 (td, J = 1.2; 9.0 Hz, 2H); 7.96 (m, 1H, 

H2); 7.64 (t, J = 8.4 Hz, 1H, H3); 7.52 (td, J = 1.2; 8.4 

Hz, 1H, H20); 7.44 (td, J = 1.2; 8.4 Hz, 1H, H4); 7.21 

(m, 2H, H10/H12); 4.89 (m, 2H, H14); 13C NMR (150 

MHz, DMSO-d6) δ (ppm): 166.9 (C7); 160.1 (C15); 

153.6 (C1); 147.9 (C18); 139.4 (C16); 134.2 (C8); 

130.1 (C6); 128.8 (C20); 126.4 (C9/C13); 126.2 (C21); 

125.6 (C3); 125.1 (C4); 122.4 (C2); 122.1 (C5); 118.2 

(C19); 115.5 (C10/C12); 113.8 (C17); 67.0 (C14). ESI-

MS [C21H16N3O4S]+ m/z: 405.8, [M+H]+. Anal. Calcd 

for C21H15N3O4S (M 405.43): C, 62.21; H, 3.73; N, 

10.36. Found: C, 62.22; H, 3.70; N, 10.37. 

Synthesis of N-(5-(benzothiazole-2-yl)-2-hydrox-

yphenyl)-2-(4-(benzothiazole-2-yl)-2-yl)phenoxyl)acet-

amide (E6) 

Compound E6 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 85% as a white solid, mp. = 280 °C (de-

composed). IR ν (cm-1): 3417; 1651; 1026; 1003; 1049; 
1H NMR (600 MHz, DMSO-d6) δ (ppm): 9.44 (s, 1H, 

NH); 8.86 (s, 1H, OH); 8.11 (m; 4H, H2/H2’, H9/H13); 

8.01 (d, J = 8.4 H; 2H, H5/H5’); 7.73 (dd; J = 2.4; 8.4 

Hz. 2H, H9’, H13’); 7.52 (m; 2H, H3/H3’); 7.43 (m, 

2H, H4/H4’); 7.23 (d; J = 9.0 Hz; 2H, H10/H12); 7.07 

(d; J = 8.4 Hz. 1H, H10’); 4.96 (m, 2H, H14); 13C NMR 

(150 MHz, DMSO-d6) δ (ppm): 167.3 (C7); 166.8 

(C15); 166.3 (C7’); 160.0 (C11); 153.7 (C1/C1’); 

153.6 (C11’); 150.3 (C8); 134.2 (C6/C6’); 134.1 

(C12’); 128.9 (C13’); 126.5 (C6/C6’); 126.4 (C12’); 

126.3 (C9/C13); 125.1 (C8’); 124.9 (C3/C3’); 124.1 

(C4’); 124.0 (C4); 122.5 (C9’); 122.3 (C5/C5’); 122.2 

(C2’); 122.1 (C2); 119.6 (C10’); 115.5 (C10/C12); 

67.1 (C14). ESI-MS m/z: [C28H18N3O3S2]- 508.0, [M-

H]-; [C28H20N3O3S2]+ 510.0 [M+H]+. Anal. Calcd for 

C28H19N3O3S2 (M 509.59): C, 65.99; H, 3.76; N, 8.25. 

Found: C, 66.01; H, 3.73; N, 8.24. 

Synthesis of N-(6-(benzothiazol-2-yl)-3-hy-

droxy-3-methoxyphenyl)-2-(4-(benzothiazol-2-yl)-2-

yl)phenoxyl)actamide (E7) 

Compound E7 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 85% as a white solid, mp. = 289 °C (de-

composed). IR ν (cm-1): 3417; 1651; 1026; 1003; 1049; 
1H NMR (600 MHz, DMSO-d6) δ (ppm): 9,4 (s, 1H, 

NH); 8.48 (s, 1H, OH); 8.10 (m, 4H, H2/H2’, H9/H13); 

8.02 (m, 2H, H5/H5’); 7.54 (m, 2H, H9’, H13’); 7.42 

(m, 4H, H3/H3’, H4/H4’); 7.21 (m, 2H, H10/H12) 4.99 

(s, 2H, H14); 3.96 (s, 3H, OCH3); 13C NMR (150 MHz, 

DMSO-d6) δ (ppm): 167.4 (C7); 166.8 (C15); 166.3 

(C7’); 160.2 (C11); 153.6 (C1/C1’); 151.7 (C11’); 

147.9 (C8); 134.6 (C6/C6’); 134.2 (C12’); 128.9 

(C13’); 126.7 (C6/C6’); 126.5 (C12’); 126.3 (C9/C13); 



 

Nguyen Duc Du et al. 

 

ChemChemTech. 2025. V. 68. N 10  23 

  

 

125.1 (C8’); 123.5 (C3/C3’); 122.9 (C4’); 122.5 (C4); 

122.4 (C9’); 122.1 (C5/C5’); 115.5 (C2’); 115.3 (C2); 

113.8 (C10’); 106.5 (C12/C12); 67.1 (C14); 56.5 

(OCH3). ESI-MS m/z: [C29H22N3O4S2]+ 540.0, [M+H]+; 

[C29H20N3O4S2]- 538.0, [M-H]-. Anal. Calcd for 

C29H21N3O4S2 (M 539.62): C, 64.55; H, 3.92; N, 7.79. 

Found: C, 64.56; H, 3.90; N, 7.80. 

Synthesis of 2-(4-(benzothiazol-2-yl)phenoxyl)-

N-(p-tolyl)acetamide (E8) 

Compound E8 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 85% as a white solid, mp. = 225-227 °C. 
1H NMR (600 MHz, DMSO-d6) δ (ppm): 10.04 (s, 1H, 

NH); 8.12 (d, J = 7.8 Hz, 1H, H5); 8,06 (dd; J = 1.8; 

7.2 Hz; 2H, H9/H13); 8.02 (d, J = 7.8 Hz; 1H, H2); 

7.52 (m, 3H, H3, H17/H21); 7.44 (td; J = 1.2; 8.4 Hz; 

1H, H4); 7.19 (d; J = 9.0 Hz; 2H, H18/H20); 7.14 (d; 

J = 8.4 Hz; 2H, H10/H12); 4.80 (s, 2H, H17); 2.25 (s, 

3H, H22); 13C NMR (150 MHz, DMSO-d6) δ (ppm): 

166.88 (C15); 165.7 (C7); 160.3 (C11); 153.6 (C1); 

135.7 (C19); 134.2 (C16); 132.6 (C8); 129.0 (C6); 

128.8 (C18/C20); 126.4 (C9/C13); 126.0 (C3); 125.1 

(C4); 122.4 (C5); 122.1 (C2); 119.7 (C17/C21); 115.4 

(C10/C12); 67.1 (C14); 20.3 (C22). ESI-MS 

[C22H19N2O2S]+ m/z: 374.9, [M+H]+. Anal. Calcd for 

C22H18N2O2S (M 374.45): C, 70.57; H, 4.85; N, 7.48. 

Found: C, 70.59; H, 4.81; N, 7.49. 

Synthesis of 2-(4-(benzothiazole-2-yl)phenoxyl)-

N-(4-chlorophenyl)acetamide (E9) 

Compound E9 was synthesized from D (129 mg, 

0.5 mmol), HATU (190 mg, 0.5 mmol) and NMM 

(1.1 mL, 1 mmol) by following the general procedure 

with a yield of 90% as a white solid, mp. = 205-206 °C; 
1H NMR (600 MHz, DMSO-d6) δ (ppm): 10,28 (s, 1H, 

NH); 8.12 (d, J = 7.8 Hz; 1H, H5); 8.07 (dd; J = 2.4; 

10.8 Hz; 2H, H9/H13); 8.02 ( d, J = 8.4 Hz; 1H, H2); 

7.68 (dd, J = 3.0; 8.4 Hz; 2H, H17/H21); 7.52 (td; J = 1.8; 

7.8 Hz; 1H, H3); 7.43; (td; J = 1.2; 8.4 Hz, 1H, H4); 

7.39 (m, 2H, H18/H20); 7.19 (m, 2H, H10/H12); 4.83 

(s, 2H, H14); 13C NMR (150 MHz, DMSO-d6) δ (ppm): 

166.8 (C16); 166.2 (C7); 160.2 (C11); 153.6 (C6); 

137.2 (C16); 134.2 (C8); 128.8 (C1); 128.6 (C19); 

127.3 (C18/C20); 126.4 (C9/C13); 126.1 (C4); 125.1 

(C3); 122.4 (C2); 122.1 (C5); 121.2 (C17/C21); 115.4 

(C10/C12); 67.0 (C14). ESI-MS [C21H16ClN2O2S]+ 

m/z: 395.09, [M+H]+. Anal. Calcd for C21H15ClN2O2S 

(M 394.87): C, 63.88; H, 3.83; N, 7.09. Found: C, 

63.87; H, 3.80; N, 7.10. 

Bioassay 

The cytotoxicity assessment of the synthesized 

compounds followed the protocol outlined by the Amer-

ican National Cancer Institute (NCI) [12-13]. First, the 

cancer cell lines were cultivated as monolayers in a cul-

ture medium comprising 2 mM L-glutamine, 10 mM 

HEPES, 1.0 mM sodium pyruvate, and supplemented 

with 10% fetal bovine serum (FBS) from GIBCO. 

Next, the cells were cultured for 3-5 days at 37 °C in a 

humidified atmosphere with 5% CO2. In each well, the 

cell lines were exposed to 20 µL of samples at concen-

trations of 20 µg/mL, 0.8 µg/mL, and 0.16 µg/mL. 

Then the plates were further incubated for 48 h. Fol-

lowing removal of the medium, the cells were fixed us-

ing a 10% trifluoroacetic acid solution. IC50 values 

were calculated using the Probit method. Ellipticine 

(Sigma) served as a positive control, and the reported 

values for the compounds represent the average of 

three determinations. 

RESULTS AND DISCUSSIONS 

The synthetic process of benzo[d]thiazole deriv-

atives containing amide bond was shown in Scheme. 

 

 
Scheme. Synthesis of benzothiazole derivatives containing an amide bond E1 – E9 

Схема. Синтез производных бензотиазола, содержащих амидную связь E1 – E9 
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The benzo[d]thiazole cyclization was carried 

out according to our protocol using a domestic micro-

wave oven to give B in high yield [14-15]. Ester C was 

synthesized from B by the method of D. Q. Hoan with 

yield of 82% [16]. Ester C was hydrolyzed in a NaOH 

solution, followed by acidification of the resulting 

mixture with an HCl solution. Acid D can be easily ob-

tained with a yield of 85%. Finally, the compounds E1 

– E9 were synthesized through a cross-coupling reac-

tion between acid D and various amines. Numerous 

cross-coupling agents have been reported for this reac-

tion. Specifically, the DCC (dicyclohexyl carbodiimide) 

reagent was introduced by Sheehan and Hess in 1955 

[17-18]; the EEDQ (2-Ethoxy-1-ethoxycarbonyl-1,2-

dihydroquinoline) reagent was developed by Belleau 

and Malek in 1968 [19-20]; and a recent report by 

Siutkina et al. in 2022 also described an amide for-

mation reaction via a lactone and amine under high-

temperature heating conditions [21]. However, in this 

report, our group employed the cross-coupling agent 

HATU (Hexafluorophosphate Azabenzotriazole Tetra-

methyl Uronium) [22]. Under the influence of this rea-

gent, the cross-coupling reaction was carried out very 

efficiently under room temperature conditions, and the 

resulting product was easily purified. The final prod-

ucts obtained exhibited very good yields (75-90%). 

Characteristics of E2, E8 and E9 were compared with 

results reported by Diab et al. [23].  

Compounds E6 and E7 were selected for anti-

oxidant activity testing due to the presence of phenolic 

hydroxy groups within their molecular structures [24]. 

However, both of these compounds exhibited negligible 

antioxidant activity, as indicated by SC50 > 200 µg/mL. 

The antioxidant activity data are shown in Table 1. 

 
Table 1 

Antioxidant activity of compounds E6 and E7 

Таблица 1. Антиоксидантная активность соедине-

ний E6 и E7 

N0 Sample SC (%) SC50 (μg/ml) 

Con-

trol 

Ascorbic acid 91.32 ± 0.21 18.82 

DPPH 0.0 ± 0.0 - 

1 E6 15.24 ± 0.10 > 200 

2 E7 16.38 ± 0.11 > 200 

 

Compounds E1, E2, E4, E6 and E7 were se-

lected for the investigation of antibacterial activity. 

However, all of these compounds exhibited no activity 

against both Gram (+), Gram (-) bacterial, as well as 

fungi, with MIC > 128 μg/mL. Compounds E1 – E9 

were selected for cytotoxic activity testing against Ep-

ithelial carcinoma cells (KB). The results revealed that 

compounds E1, E3, E4, E6 and E7 exhibited inhibi-

tory activity against KB cell lines with IC50 values 

ranging from 48.29 to 121.89 μg/mL, in comparison 

to the control substance Ellipticine with an IC50 of 

0.4 μg/mL. The remaining compounds showed no sig-

nificant activity with IC50
 > 128 μg/mL. The cytotoxic 

activity against KB cell lines data are shown in Table 2.  

 
Table 2 

Cytotoxic activity of compounds E1 – E9 against KB 

cell lines 

Таблица 2. Цитотоксическая активность соединений 

E1–E9 по отношению клеточной линии KB 

N0 Sample 
IC50 (μg/mL) 

KB Hep-G2 A549 MCF7 

Control 

substance 
Ellipticine 0.40 0.57 0.51 0.61 

1 E1 48.29 nd nd nd 

2 E2 >128 nd nd nd 

3 E3 115.46 nd nd nd 

4 E4 89.36 nd nd nd 

5 E5 >128 nd nd nd 

6 E6 84.09 >128 >128 >128 

7 E7 121.89 >128 >128 >128 

8 E8 >128 nd nd nd 

9 E9 >128 nd nd Nd 
Notes: nd - no data 

Примечание: nd – данные отсутствуют 

 

Compounds E6 and E7 were selected for cyto-

toxic activity testing against Hepatocellular carcinoma 

cells (Hep-G2), Lung cancer cells (A549) and Breast 

cancer cells (MCF7). The obtained results indicate that 

both compounds exhibited no activity against Hep-G2, 

A549 and MCF7 cell lines. The cytotoxic activity 

against Hep-G2, A549 and MCF7 cell lines data are 

shown in Table 2. 

CONCLUSIONS 

Nine benzo[d]thiazole derivatives containing 

amide bond E1 – E9 were synthesized from 4-hydroxy 

benzaldehyde in high yields. Compounds E1, E3, E4, 

E5, E6, E7 are new. Structures of E1 – E9 were deter-

mined with spectral analysis.  Compounds E6 and E7 

didn’t exhibit antioxidant activity. Compounds E1, E2, 

E4, E6 and E7 didn’t exhibit antibacterial activities 

against Gram (+), Gram (-) bacterial and fungi.  Com-

pounds E1, E3, E4, E6 and E7 exhibited activity 

against KB cell line with IC50 values of 48.29; 115.46; 

89.36; 84.09 and 121.89 µg/mL.  
Авторы заявляют об отсутствии кон-

фликта интересов, требующего раскрытия в дан-
ной статье. 
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