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NGHIEN cUU TONG HOP MOT SO DAN XUAT CHUA
DI VONG BENZO[d]THIAZOLE THONG QUA PHAN UNG
GHEP CHEO SUZUKI

Vii Thi Anh Tuyét, Dwong Quéc Hoan>"’, Nguyén Dirc Du?,
Nguyén Hién? Nguyén Trung Hiéu?, Dwong Dinh Thing?

Tém tat: Trong nghién ctru nay, 5 dan xuéat benzo[d]thiazole (3a-3e) da duoc téng
hop thanh céng qua 2 buwdc théng qua phan tmg ghép chéo Suzuki tir 2-(4-
bromophenyl)benzo[d]thiazole (2) va cac dan xuéat arylboronic acid v&i hiéu suat kha
cao ttr 80-95%. C4u triic ctia céc hop chét nay dwoc xac dinh thdng qua viéc phén
tich phé NMR va ph6 khoi. Dong thoi thbng qua viéc két hop stk dung 10 vi séng gia
dinh trong tong hop dan xuat 2, chat chia khéa trong tong hop cac dan xuat tiép theo
d& gop phén tiét kiém chi phi, thoi gian trong qua trinh tong hop.
Ter khéa: benzo[d]thiazole, phan (eng Suzuki, I0 vi séng gia dinh
1. MO PAU

Do déng gop quan trong vio nang cao hiéu qua tong hop hitu co, phan tmg ghép chéo
Suzuki da duoc cac nha khoa hoc ghi nhan bang giai thuong Nobel trong hoa nam 2010
cho nha hoa hoc Suzuki A. Mot trong nhing tmg dung phd bién nhat ciia phan ing Suzuki
1a dwa ra mot cach hiéu qua nhat dé diéu ché hé di vong lién hop n thong qua viéc hinh
thanh lién két carbon-carbon. Do d6 “khdp ndi Suzuki” 12 mot phuong phap tong hop
linh hoat, ¢6 nhiéu wu diém nhu thich img v6i nhidu dan xuét halogen ciing nhu dan xuat
arylboronic acid.

Céc dan xuét ¢ chira di vong benzo[d]thiazole da dugc nghién ctru rong rii cho cac
hoat tinh chéng khi u [1], chdng ung thu [2], khang khuan [3], diéu hoa ting truong thuc
vét [4, 5, 6]. Gan ddy viéc ung dung cta cac dan xuit c6 chira di vong benzo[d]thiazole
da dugc nghién ctru. Chang han nhu sic té quang hoc phi tuyén tinh méi lam dau do
huynh quang [7, 8], chat cam tng hitu co dé phat sang diode hitu co (OLED) [9], ...

Do d6, trong nghién ciru nay, cac dan xuat cua di vong benzo[d]thiazole tiép tuc duoc
tong hop va nghién ctru thong qua phan tmg ghép chéo Suzuki, két hop sir dung 10 vi séng
gia dinh trong budc tong hop chit chia khoa 2 [10].
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2. NOI DUNG NGHIEN cUU

2.1. Thuc nghiém
2.1.1. Dung méi, héa chét va thiét bj

2-Aminothiophenol, 4-bromobenzaldehyde, din xudt cta arylboronic acid,
dimethylformamide (DMF) dugc mua tir hang Merck, Palladium(II) chloride dugc mua tir
hang Sigma-Aldrich, Puc. Arylboronic acid dugc dat hang mua trén Aladdin.com. Céac
dung moi hitu co acetone, ethanol, methanol, n-hexane, ethyl acetate, acetic acid c6 XuAt
xu tir Trung Qudc. Tién trinh ciia phan tng dugc theo ddi bang phwong phap sic ky 16p
mong (TLC). Sac ky 16p mong (TLC silicagel 60 trén tAm nhom kich ¢& 20 x 20 cm, kich
c& hat 0,04 - 0,063 mm) tir hang Merck, Ptrc. Phé 'H va *C-NMR duoc do trén may
quang phé Bruker Avance 500 NMR tai Vién Hoa hoc, Vién Han 1am Khoa hoc va Cong
ngh¢ Viét Nam trong dung mé6i CDCls. Bo chuyén dich hoa hoc dugc ghi ¢ don vi tuong
d6i ppm. Céac chat dugc ghi phd khdi trén phd ké LC-MSD-Trap-SL tai Vién Han 1am
Khoa hoc va Cong nghé Viét Nam. Lo vi song gia dinh da qua st dung, Goldsun MWO-
G2051, cong suét vi song 1200W, san xuét tai Trung Quéc 2017 dugc st dung dé chiéu
xa phan tng. Viéc xac dinh diém néng chay dugc thuc hién trén thiét bi do diém nong
chay Gallenkamp ¢ 16 mé trong 6ng mao dan.
2.1.2. Phuong phdp téng hop

2.1.2.1. Sir dung 1o vi song gia dinh tong hop 2-(4-bromophenyl)benzo[d] thiazole (2) [4]

4-Bromo benzaldehyde (0,372g; 2,0 mmol) va 2-aminothiophenol (0,34 mL; 2,1
mmol; 152 g/mol) dugc tron déu trong mot cée 100 mL. Hon hop dugce chiéu xa bang 16
vi séng & ché do trung binh (400 watt). Tién trinh phan tmg duogc theo ddi bang TLC sau
mdi 30 gidy trong hé dung mdi ethyl acetate/n-hexane. Thoi gian chiéu xa khoang 3 phiit.
San pham tho dugc 14y ra khoi 16 va két tinh trong ethyl acetate/n-hexane (1:1). Sau khi
két tinh thu dwoc tinh thé hinh kim mau tring. San pham la 2-(4-
bromophenyl)benzo[d]thiazole (0,540g, 95%). Nhiét d0 nong chay 133,0-134,0 °C.

2.1.2.2. Phan ung ghép chéo Suzuki cua 4-bromo(benzo[d]thiazol-2-yl)phenol (2)
Vvoi cac arylboronic acid

Phurong phdp tong hop chung:

2-(4-Bromophenyl)benzo[d]thiazole (2, 397 mg, 1,37 mmol) dugc két hop voi cac
dan xuat arylboronic acid (2,06 mmol) trong DMF khan (12 mL), K»2COs (380 mg, 2,75
mmol), PdCl; (1,24 mg, 0,007 mmol), 2-phenylimidazole (2 mg, 0,014 mmol) trong éng
Schlenk duoc trang bi thanh khudy va éng dwoc lam kho trong chan khong. Sau d6, hdn
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hop duogc khudy ¢ 120°C, trong diéu kién nito kho. Thoi gian phan tng tir 17h-48h, tién
trinh phan tmg duoc xac dinh bang phuong phép sic ky 16p mong TLC. Hon hop duoc
lam lanh va sau d6 d6 qua nudc da (250 mL) c6 chtra dung dich nuée HCI 1M (2 mL).
San pham dugc chiét bang CHCI; (5 x 40 mL). Pha hitu co thu dugc rira bang nude mudi
(2 x 30 mL) va lam kho bang Na>SOu khan. Sau khi loai bo dung méi bang ¢o quay & ap
suét thap, tinh ché sic ky cot (silica gel, n-hexane-CHCls) thu dugc san phiam ghép 3a,
3b, 3¢, 3d, 3e.

Téng hop 2-(3"-methyl-[1,1"-biphenyl]-4-yl)benzothiazole (3a)

Nhiét d6 noéng chay 213,0-214,0 °C. '"H NMR (500 MHz, CDCl3) 6 (ppm): 2,43 (s,
3H); 7,20 (d, J= 17,5 Hz, 1H); 7,34 (t, J= 7.5 Hz, 1H); 7,37 (td, J= 8,0 Hz, J= 1,0 Hz,
1H); 7,44 (d, J=9,5 Hz, 1H); 7,45 (d, J=0,5 Hz, 1H); 7,48 (td, /= 8,0 Hz, J=1,0 Hz,
1H); 7,70 (dt, J = 8,5 Hz, J = 2,0 Hz, meta, 2H); 7,89 (dd, J = 8,0 Hz, J = 0,5 Hz, 1H);
8,08 (d,J=8,0 Hz, 1H); 8,14 (dt, J=8,5 Hz, J= 2,0 Hz, ortho, 2H); *C NMR (125 MHz,
CDCl3) 0 (ppm): 21,5 (CH3); 121,6; 123,2; 124,2; 125,2; 126,38; 127,6; 127,8; 127,9;
128,7; 128,8; 132,4; 135,0; 138,5; 140,0; 143,9; 154,2, (C vong thom), 167,8 (S-C=N);
ESI-MS m/z: 301,9 [M+1]".

Téng hop 2-([1,1'-biphenyl]-4-yl)benzothiazole (3b)

Nhiét do néng chay 208,0-209,0 °C; 'H NMR (500 MHz, CDCls) J (ppm): 7,37 (td,
J=8,0Hz,J=1,0 Hz, 1H); 7,38 (t, /= 7,5 Hz, 1H); 7,47 (t, J = 8,0 Hz, meta, 2H); 7,49
(td, J=8,0 Hz, J= 1,0 Hz, 1H); 7,65 (dt, J=8,0 Hz, J; = 1,5 Hz, J>= 2,0 Hz, ortho, 2H);
7,71 (dt, J=8,5 Hz, J = 2,0 Hz, meta, 2H); 7,90 (dd, J = 8,0 Hz, /= 0,5 Hz, 1H); 8,08 (d,
J=8,0Hz, 1H), 8,16 (dt, J= 8,5 Hz, J=2,0 Hz, ortho, 2H); >*C NMR (125 MHz, CDCls)
o (ppm): 121,6; 123,2; 125,2; 126,3; 127,1; 127,6; 127,9; 128,0; 128,9; 132,5; 135,0;
140,0; 143,7; 154,2; (C vong thom), 167,7 (S-C=N); ESI-MS m/z: 287,9 [M+1]".

Tong hop 2-(4'-methyl-[1,1'-biphenyl]-4-yl)benzothiazole (3c)

Nhiét d6 nong chay 215,0-216,0 °C; 'H NMR (500 MHz, CDCls) § (ppm): 2,41 (s,
3H); 7,28 (d, J = 8,0 Hz, meta, 2H); 7,39 (t, J= 8,0 Hz, 1H); 7,50 (t, /= 7,5 Hz, 1H); 7,55
(d, J=17.,5 Hz, ortho, 2H); 7,70 (d, J = 8,0 Hz, meta, 2H); 7,90 (d, J = 8,0 Hz, 1H); 8,09
(d, J=8,0 Hz, 1H); 8,15 (d, J= 8,0 Hz, ortho, 2H); 3*C NMR (125 MHz, CDC13) 6 (ppp):
21,1 (CH3); 121,6; 123,1; 125,2; 126,4; 126,9; 127,4; 128,0; 129,6; 132,0; 134,9; 137,1;
137,9; 143,8; 154,0 (C vong thom); 167,9 (S-C=N); ESI-MS m/z: 301,9 [M+1]".

Téng hop 2-(4'-methoxy-[1,1"-biphenyl]-4-yl)benzothiazole (3d)

Nhiét do néng chay 233,0-234,0 °C; 'H NMR (500 MHz, CDCls) & (ppm): 3,86 (s, 3H);
7,00 (dt, J=4,5 Hz, J; = 3,0 Hz, J> = 2,0 Hz, meta, 2H); 7,39 (t, J = 8,0 Hz, 1H); 7,50 (td, J
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=8,0 Hz, J=1,0 Hz, 1H); 7,60 (dt, J = 4,5 Hz, J; = 3,0 Hz, J> = 2,0 Hz, ortho, 2H); 7,68 (d,
J=28,0 Hz, meta, 2H); 7,90 (d, J = 8,0 Hz, 1H); 8,08 (d, /= 8,0 Hz, 1H); 8,14 (d, /= 8,0 Hz,
ortho, 2H); 3C NMR (125 MHz, CDCl3) d (ppm): 55,4 (CH3-0); 114,4; 121,6; 123,1; 125,2;
126,4; 127,1; 128,0; 128,2; 132,5 (C vong thom); 159,7 (C-O thom); ESI-MS m/z: 317,9
[M+1T".

Téng hop 2-(4-(thiophen-2-yl)phenyl)benzothiazole (3e)

Nhiét do noéng chay 210,0-211,0 °C; '"H NMR (500 MHz, CDCl3) 6 (ppm): 7,12 (t, J
=5,0 Hz, 1H); 7,35 (dd, /= 5,0 Hz, J= 1,0 Hz, 1H); 7,39 (td, /= 8,0 Hz, J= 1,0 Hz, 1H);
7,42 (dd, J=3,5 Hz, J=1,0 Hz, 1H); 7,50 (td, J=7,5 Hz, J=1,0 Hz, 1H); 7,73 (dt, J =
8,5 Hz, J; = 1,5 Hz, J>= 2,0 Hz, meta, 2H); 7,91 (dd, J = 7,5 Hz, J= 0,5 Hz, 1H); 8,09
(d, J = 8,5 Hz, 1H); 8,11 (dt, J = 9,0 Hz, J = 2,0 Hz, ortho, 2H); *C NMR (125 MHz,
CDCl) o6 (ppm): 121,6; 123,1; 124,0; 125,2; 125,8; 126,2; 126,4; 128,1; 128,2; 132,4;
134,9; 136,3; 143,3; 154,1 (C vong thom); 167,4 (S-C=N); ESI-MS m/z: 293,8 [M+1]".

2.2. Két qua va thao luan

2.2.1. Téng hop

Mot sb dan xuét benzo[d]thiazole dugc tong hop nhu so db 1.

NH,
OHC SH N Ar-B(OH), N
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OMe
a b c d e

Sordé 1: Téng hop dan xuét2-arylbenzothiazole 3a-3e

Pau tién, thuc hién phan tmg dong vong benzo[d]thiazole bang cach cho 4-bromo
benzaldehyde (1) ngung tu v&i 2-aminothiophenol ¢6 chiéu xa bang 16 vi song gia dinh, trong
khoang 3 phut, hiéu sudt cao dat 95%, thu dugc hop chit chia khoa 2-(4-
bromophenyl)benzo[d]thiazole (2). Phan ung nay khong str dung dung moi va thoi gian phan
(g nhanh nén tiét kiém thoi gian va chi phi [10]. Tiép theo, thyc hién phan tmg ghép chéo
Suzuki tir 2-(4-bromophenyl)benzo[d]thiazole (2) v6i cac arylboronic acid thu dwgc 5 dan
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xuat 2-arylbenzothiazole (3a-3e), hiéu suat phan tng dat 80-95%. Nhiing chat 3b-3e c6 tinh
chét vat 1y va pho phu hop véi cong bd ciia Vasudevan Dhayalan va cong su [11].

Béng 1: Mét sé tinh chét cua dan xuét chira di vong benzo[d]thiazole
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2.2.2. Xac dinh cdu truc

Hop chét chia khéa 4-bromo(benzo[ d]thiazol-2-yl)phenol (2) da duogc kiém tra diém
nong chay, két qua thu duoc phu hop véi nghién ctru trude d6 [10]. Tir chét chia khoa (2)
thong qua phan mg ghép chéo Suzuki budc dau thu duge 5 hop chat 3a-3e nghién ciru
cau tric bang cac phd NMR, MS. Két qua phan tich phap phd dd, cau tric ctia hop chit
3a-3e phu hop chat véi ciu tric du kién, trong d6 3a 1a hop chit méi nén dugc nghién
clru cdu tric bang phdo HSQC va HMBC. Trudc tién, do hop chét 3a chaa di tir nén 3a
duogc kiém tra bang phuong phap EI-MS. Két qua phu hop ciu trac dy kién voi [M+1] 1a
301,9 au phu hop véi cong thie dy kién CaoHisNS.
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Hinh 1: Mot phan phé HSQC (hinh a), HMBC (hinh b) cua hop chét 3a

Trén phd '"H NMR cua hop chit 3a cho thiy mot tin hiéu & J 2,43 ppm (s, 1H) duoc
quy két cho proton ciia nhém methyl; 6 7,45 ppm (d, J= 0,5; 1H) dugc quy két cho H15;
57,34 (t, J=17,5; 1H) duoc quy két cho H18. Trén pho '*C NMR thay xuat hién 17 tin
hiéu cong huodng tir tng v6i 17C khong twong dwong. Dya vao d6 chuyén dich hoa hoc
c6 thé quy két tin hiéu 6 21,56 ppm 1a ciia nhom methyl. Sau d6 dé xac dinh chinh xac
timg carbon va hydrogen ciia hop chat 3a, phd HSQC va HMBC di duoc nghién ctru,
phan tich cy thé nhu sau: Trén phd tuong tac truc tiép HSQC (Hinh 1a) quy két duogc cac
proton ing v&i nguyén tir carbon tuong tng; tim dugc van giao cua cac cdp proton tuong
duong va cac cap nguyén tir carbon tuong duong. Mic du, van con mot s cip carbon
hodc proton kho nhan dang nhu C2 / CS5; C3 / C4; C1/ Cé6; C9, C13/ C10, C12; C17/
C19; H2 / H5, H3 / H4; H9, H13/ H10, H12; H17 / H19, do d6 tiép tuc sir dung phé
HMBC (hinh 1b) dé quy két chinh x4c. Trén phd twong tac gian tiép HMBC quy két dugc
cac nguyén tir carbon cach nhau hai hodc ba lién két. Dé phan biét H17 va H19, dé dang
thay H15 va H17 ¢ van giao véi C20 trong khi H19 khong c6; ngoai ra ta thay H17 giao
v6i C15, C19 va H19 giao v6i Cl11, C15, C17.... Cac proton va carbon khac dugc thé
hién trong (Hinh 1b). Nhitng hop chét cii 3b-3e, phd NMR, MS, diém néng chay ciia cac
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hop chét ciing c6 két qua phit hop v6i cu tric nghién ctru di duoc cong bd boi Vasudevan
Dhayalan va cong su [11].

3. KET LUAN

Niam dan xuit chira di vong benzo[d]thiazole dugc tong hop thanh cong chi qua hai
budc. Trong d6 giai doan téng hop chat chia khod 2 st dung chiéu xa vi song bang 10 vi
song gia dinh; Phan ung Suzuki dugc thuc hién trong diéu kién: DMF khan, K»CO3, PdCl,
va 2-phenylimidazole trong chan khong ¢ 120°C. Ung dung cta nhiing hop chét chira
benzo[d]thiazole dang dugc nghién ciru.

Léi cam on: Nghién ciru nay dwoc hé tro kinh phi ciia Triweong Cao Pang Sw pham
Lang Son qua thiee hién dé tai khoa hoc va cong nghé cap trwong, ma so: LCE.2021.D01.
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SYNTHESIS OF SOME BENZO[D]THIAZOLE DERIVATIVES VIA SUZUKI CROSS-
COUPLING REACTION

Vu Thi Anh Tuyet, Duong Quoc Hoan, Nguyen Duc Du,
Nguyen Hien, Nguyen Trung Hieu, Duong Dinh Thang

Abstract: In this study, 5 benzo[d]thiazole (3a-3e) derivatives were successfully
synthesized in 2 steps through Suzuki cross-coupling reaction from 2-(4-
bromophenyl)benzo[d]thiazole (2) and arylboronic acid derivatives with a fairly high
yield of 80-95%.These compounds’ structure was determined through NMR and
mass spectral analysis. Besides, The key compound 2 was synthesized with a
domestic microwave oven which helps to save cost and time in the synthesis
process.

Keywords: benzo[d]thiazole, Suzuki reaction, microwave oven
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