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Jesamb nHoeovix npouzeoonvix benzofd/muazona (E1-EY9), cooeprcawmux amuonyro cease,
ObLIU ycnewiHo cUHmMe3uposansvl ¢ UCNOIb306aHUEM IPPEKMUBHOI peaKyuu KOHOCHCAUUU MeHCOy
KapOoHOBbIMU KUCIOMAMU U aMuHamu. B Kauecmee Konoencupyiouiezo peazeHma npumeHsIu 2eK-
capmopdghocham azabenzompuazonmempamemun ypouus (HATU), umo nozeonuno nposecmu peax-
UUIO 8 MAZKUX YC06UAX. /laHHbLIL MemOoO 0becnedul noiyueHue Ueieablx COeOUHEHUI C 8bICOKUM
eb1x000m (75-90%), umo ceuoemenscmeyem o €20 6b1COKOIU Ihhexmuenocmu u RPAKMUUecKoll npu-
MeHumocmu. /a noomeepicoeHuss CmpyKmypsl CUHIME3UPOBAHHBIX COCOUHEHUI UCNOAb308AU CO-
6peMeHHble CREKMPOCKORUYecKue mMemoovl ananusa, exaiouas ungpaxpacuyio (IR) cnexmpocko-
nuro, aoepuotit maznummuslii pezonanc (NMR) u macc-cnekmpomemputro (MS). IHonyuenusie cnek-
mpanbHble OanHble yoeoumeibhHo noomeepouiu oopazosanue yenesvlx denzofd/muazonvrovix cmpyk-
myp, a maksice n03601UNU NPOGeCMU OemanbHulil aHaau3 ux cmpoenus. Illomumo paspadbomku me-
mooa cunmesa, 6 paAMKax uccie006anus 0viia nPoeedeHa OUeHKA OUON0UYECKOll AKMUBHOCMU NO-
JIYYEeHHBIX cOeOuHeHull. B uacmnocmu, yumomokcuueckue ceoiicmea OUeHUsaIU 6 OMHOUIEHUU
kapyunomul kniemounoit aunuu (KB). Ilonyuennsie pezyromamsl nokasanu, umo coeounenusn E1,
E3, E4, E6 u E7 oonaoarom ymepennoit unzubupyowieii akmugHocmsro, 0eMOHCMPUpPys 3HA4EeHUA
1Csg, pasusie 48,29, 115,46, 89,36, 84,09 u 121,89 mxe/ma, coomeemcmeenno. O0nako coeounenus
E6 u E7 ne nposasunu snauumensvnoit yumomokcuueckoiu aKkmusHocmu npomue Opyzux paxkoewix
Kaemounsix aunuil, maxux kax Hep-G2, A549 u MCF7. Bonee mozo, ucciedosanue ux aHmuoKcu-
OAHMHBIX CEOICHIE MAKNHCE HEe 8bIAGUNO0 3AMEMHOI akmusnocmu. /lononnumenvho 6bl1 nPoseden
aHanu3 AHMUMUKpOOHbIX ceoiicme coeounenuii E1, E2, E3, E4, E5 u E8. Ixcnepumenmanshsie oan-
Hble noKazanu, Ymo OaHHble COCOUHEHUA He 001a0aom blPaXsCeHHOU AKMUBHOCIbIO NPOMUE KAK
zpamnononcumenvhoix (Gr(+)), max u zpamompuuamensusix (Gr(-)) 6axmepuit, a maxsice neygpgex-
MUGHbBL 8 OMHOUIEHUU 2PUOKOBLIX wimammos. Takum odpazom, npogedennoe ucciedosanue no3eo-
JIUI0 ROYYUMb HOGble NPOU3600Hble Den3o[d[muazona, usyuums ux cnexkmpaivhvle xapakmepu-
CIUKU U OUeHumy ux ouonozuueckyro akmuenocms. Ilonyuennsie pezynsmamol 6HOCAM 6K1A0 8 NO-
HUMAHUE 83AUMOCEAZU MeNHCOY CIPYKMYPOU U OUO0N02UYUECKOT AKMUBHOCHIbIO IMUX COEOUHEHUT, A
maksce nOOMEEPHCOaom ux NePpcneKmuUEHOCHb 8 KAUecmee 603IMONCHBIX KAHOUOAMOo8 01 paspa-
O0MmMKU HOBBIX RPOMUBOONYXOIEBBIX A2EHNO8.

Kiouesnie caoBa: 6enso[d]ruason, amua, HATU, muroTokcHueckass akTHBHOCTD, KIETOUHAS JTHHHS
KB, anTubakrepuanpHas akTHBHOCTB, POTHBOTPHOKOBAsT aKTUBHOCTH

ChemChemTech. 2025. V. 68. N 10 19



Hryen [six 3y u ap.

SYNTHESIS AND BIOLOGICAL ACTIVITIES OF SOME BENZO[d]THIAZOLE DERIVATIVES
CONTAINING AN AMIDE BOND

Nguyen Duc Du, Pham Huu Dien, Nguyen Thi Thach Thao,
Nguyen Thi Ngoc Mai, Nguyen Van Dat, Duong Quoc Hoan

Nguyen Duc Du (ORCID 0009-0003-8221-057X), Pham Huu Dien (ORCID 0009-0004-2799-4401), Nguyen
Thi Thach Thao (ORCID 0009-0002-7510-1722), Nguyen Van Dat (ORCID 0009-0007-4623-6819), Duong
Quoc Hoan (ORCID 0000-0001-7540-6142)*

Department of Chemistry, Hanoi National University of Education, Hanoi, Vietnam
E-mail: hoandg@hnue.edu.vn*

Nguyen Thi Ngoc Mai (ORCID 0000-0002-9639-1696)
Department of Science, Hong Duc University, Thanh Hoa, Vietnam

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 1Csp values of 48.29,
115.46, 89.36, 84.09, and 121.89 ug/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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activities, such as anticancer [2]; anti-inflammatory
[3]; antifungal [4]; and chronic pain suppression prop-

Benzo[d]thiazole is one of the most important  erties [5]. Because the molecular framework exhibits a
derivatives within the group of compounds containing  broad spectrum of biological activity in pharmaceuti-
the thiazole ring. They are a rare heterocyclic com-  cals, there is an increasing amount of research focused
pound found in alkaloids and play a highly significant  on synthesizing derivatives containing benzo[d]thia-
role in pharmaceutical chemistry for the development  zole heterocycle. Besides, the amide bond is one of the
of new drugs [1]. The presence of sulfur atoms in the  most common bonds in organic molecules and biolog-
structure of benzo[d]thiazole derivatives imparts dis-  jcal compounds [6-10]. The amide bond is highly prev-
tinctive properties that are not found in other heterocy-  alent in natural biological molecules due to its stability
clic compounds. Benzo[d]thiazole derivatives contain-  under various reaction conditions (acidic and basic
ing amide bonds often exhibit intriguing structural  conditions), elevated temperatures, and the presence of
characteristics and demonstrate excellent biological  other chemicals [11]. In this report, benzo[d]thiazole

INTRODUCTION
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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-dsg
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, Vietham 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 Nal (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 H;0) 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%.
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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 96° 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 v (cm™): 3440 ; 1763, 1650; 1210, 1252, 1293,
1482; 1006, 1026, 1050; *H NMR (600 MHz, DMSO-
ds) 0 (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 (g, J = 7.2, 2H, H16); 1.22
(t, J=7.2,3H, H17); *C NMR (150 MHz, DMSO-ds)
o (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); 1152
(C10/C12); 64.7 (C14); 60.7 (C16); 13.9 (C17). ESI-
MS [Ci7H17N202S]" m/z: 313.1 [M+H]*. Anal. Calcd
for C17H1sN20.S (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.
'H NMR (600 MHz, DMSO-ds) J (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); *C NMR (150 MHz, DMSO-ds) J (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);
1225 (C2); 122.1 (C5); 119.7 (C17/C21); 115.4
(C10/C12); 67.13 (C14). ESI-MS [C21H17N202S]* m/z:
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361.0, [M+H]+. Anal. Calcd for C»1HisN>O,S (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.
H NMR (600 MHz, DMSO-dg) 6 (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); C NMR (150 MHz, DMSO-ds) 6 (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
[C17H17N205S]*, cald. 329.0954, found 329.0960.
Anal. Calcd for C17H16N203S (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.
H NMR (600 MHz, DMSO-ds) J (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); 3C NMR (150 MHz, DMSO-dq) &
(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);
1153 (C10/C12); 67.1 (Cl4). ESI-MS m/z
[C21H16818I'N2028] 439.84, [M+H]; [C21H147QBI'N2028]
437.28, [M-H]". Anal. Calcd for C,1HisBrN2O,S (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. *H NMR (600 MHz, DMSO-d¢) 6
(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,
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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); 3C NMR (150
MHz, DMSO-ds) 6 (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]Jr m/z: 405.8, [M+H]+. Anal. Calcd
for C21H1sN304S (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 v (cm™): 3417; 1651; 1026; 1003; 1049;
'H NMR (600 MHz, DMSO-dg) J (ppm): 9.44 (s, 1H,
NH); 8.86 (s, |H, 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, HY’, 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); 3C NMR
(150 MHz, DMSO-ds) 0 (ppm): 167.3 (C7); 166.8
(C15); 166.3 (C7°); 160.0 (C11); 153.7 (Cl/C1);
153.6 (C11°); 1503 (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: [C2sH1sN303S;]” 508.0, [M-
H]; [CasH20N303S,]* 510.0 [M+H]*. Anal. Calcd for
C2sH19N30sS, (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 v (cm™): 3417; 1651; 1026; 1003; 1049;
'H NMR (600 MHz, DMSO-dg) 5 (ppm): 9,4 (s, 1H,
NH); 8.48 (s, IH, 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, OCHjz); **C NMR (150 MHz,
DMSO-ds) 0 (ppm): 167.4 (C7); 166.8 (C15); 166.3
(C7’); 160.2 (C11); 153.6 (C1/CI1’); 151.7 (C11%);
147.9 (C8); 134.6 (C6/C6%); 134.2 (C12’); 128.9
(C13%);126.7 (C6/C6°); 126.5 (C127); 126.3 (C9/C13);
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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
(OCHs). ESI-MS m/z; [C29H22N30432]+ 540.0, [M+H]+;
[C29H20N30432]' 538.0, [M-H]'. Anal. Calcd for
C2oH21N304S; (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.
H NMR (600 MHz, DMSO-ds) 6 (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); **C NMR (150 MHz, DMSO-ds) J (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
[C22H1sN20,S]* m/fz: 374.9, [M+H]*. Anal. Calcd for
C22H1sN20,S (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;
'H NMR (600 MHz, DMSO-ds) J (ppm): 10,28 (s, 1H,
NH); 8.12 (d, J = 7.8 Hz; 1H, H5); 8.07 (dd; J = 2.4;

SH
" (X

Microwave
A 4 minutes
solvent free

OHC

1. NaOH, 2h

_ =

2. HCI

17 16
R: E1: CH;3CH,', E2:

i Tl o

e O i
K,COj, Nal, DMF, 2h
o

S
o rat

N

D
Y 17 16

E3: HO-CH,-CHy-,
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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); BC NMR (150 MHz, DMSO-ds) 6 (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 [C21H16CIN2O,S]*
m/z: 395.09, [M+H]*. Anal. Calcd for C2:H15CIN2O,S
(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% CO.. In each well, the
cell lines were exposed to 20 uL. of samples at concen-
trations of 20 pg/mL, 0.8 pg/mL, and 0.16 pg/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. ICso 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.

ClWOEt

(o]
S
Cr3-0 e
N
(o]

HN R
HoN-R
HATU, NMM, DMF, 3h i: ::
E1 E9
17 1

6  oN_ e

E4: E5: \©6

Br'19~” 21 19F"21
6 E9: w@%

OCHj

Scheme. Synthesis of benzothiazole derivatives containing an amide bond E1 — E9
Cxema. CHHTE3 ITPOM3BOJHBIX OSH30THA30JIa, CONep KalllnX aMHIHYO cBsi3b 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 HCI 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 SCso > 200 pg/mL.
The antioxidant activity data are shown in Table 1.

Table 1
Antioxidant activity of compounds E6 and E7
Tabauya 1. AHTHOKCHAAHTHASI AKTHBHOCTH COeIUHe-

nuii E6 u E7
N Sample SC (%) SCso (ng/ml)
Con- | Ascorbic acid 91.32+0.21 18.82
trol DPPH 0.0+0.0 -
1 E6 1524 +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 ug/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-

24

tory activity against KB cell lines with ICsy values
ranging from 48.29 to 121.89 pg/mL, in comparison
to the control substance Ellipticine with an ICso of
0.4 pg/mL. The remaining compounds showed no sig-
nificant activity with 1Cso> 128 pg/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
Tabauya 2. llutoTokcnyeckasi AKTUBHOCTb COeTUHEHHM I
E1-E9 no oTHomeHu1o KjieTouHoii Junuu KB

0 ICs0 (ng/mL)

N™ | sample B T Hep-G2 [ A549 | MCF7
Control | yjiticine | 040 | 057 | 051 061
substance

1 El 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
Ipumevanue: Nd — JAHHBIC OTCYTCTBYIOT

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 1Csy values of 48.29; 115.46;
89.36; 84.09 and 121.89 pg/mL.

Aemopbl sasensaom 00 omcymcmeuu KOH-
@auxma unmepecos, mpedyoue2o packpbimus 8 OaH-
HoU cmambe.
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