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Tom tat

Hop chat benzothiazole Ia mét trong nhitng hop chét c6 nhiéu hoat tinh sinh hoc thu vj. Cac phuwong phap
téng hop da duoc nghién ctu trude day déu thuc hién véi nhitng diéu kién phirc tap nhuw trong méi trudng
axit manh, nhiét d6 cao hodc véi cac xuc tac dat tién va qua nhiéu budc phan tng. Trong nghién ctru nay,
bai bdo da bao cdo mot phuwrong phap téng hop benzothiazole méi trong mét buéc phan ting dudi diéu kién
khéng dung méi, khéng chét xtc téc kim loai, st¥ dung nhiing nguyén liéu ban dau cé gia thanh thap. Kha
néng tham gia phén tmg cla cac dén chét 2-aminothiophenol khéc nhau da duwoc khéo séat va sén phédm thu
dwoc véi hidu sudt tir kha téi tuyét voi. Chang téi da tdng hop duoc 7 dan xuét clia benzothiazole cé hiéu

suét tot dudi didu kién ém dju.
T khoa: 1,3-benzothiazoles, 2-aminothiophenol, Iwu huynh, acetophenone.

Abstract

Benzothiazole is one of the compounds with many interesting biological activities. The previously studied
synthetic methods have been carried out under complex conditions such as strong acidic, high temperature,
or expensive catalysts and undergo many reaction steps. In this study, we report a new method of
synthesizing benzothiazole in one-step reaction under free-solvent and free-metal catalysts, using low-cost
raw materials. The reactivity of various 2-aminothiophenol derivatives has been investigated and the product
has obtained reach moderate to excellent yields. We have successfully synthesized seven derivatives of

benzothiazole with good yield under mild conditions.

Keywords: 1,3 benzothiazoles, 2-aminothiophenol, sulfur, acetophenon.

1. Mé dau oxy hoa dé tong hop nhan 1,3-benzothiazol [7-16].

Nhan thom benzothiazole c6 trong nhidu phan
tor c6 hoat tinh sinh hoc nhu zopolrestat (dung trong
diéu tri tiéu duong) [1-6]. Vao nhiing ndm 1950, mot
s6 2-aminobenzothiazoles dugc nghién ctru chuyén
sau nhu thuéc gidn co trung tam. Riluzole
(6-trifluoromethoxy-2-benzothiazolamine, PK-26124,
RP-25279, Rilutek) da duoc tim thiy dé can thiép vao
dan truyén than kinh glutamate [1]. Sau do, cac dan
xuét ctia benzothiazole da dugc nghién ctru rong rii
va dugc phat hién c6 kha nang phan rng hoa hoc da
dang va c6 hoat tinh sinh hoc phé rong. Chét trc ché
qua trinh oxy hoé axit béo (R)-CVT-3501 [1], cung
v6i chat chong ung budu 5F203 [1] va PMX 610
(Hinh 1) [1]. Trudc day, 1,3-benzothiazol thuong
dugc tong hop tr phan Ung ngung tu giira
o-amino/hydroxy/mercaptan  aniline va  acid 2. Thuc nghiém
carboxylic nhu acid clohydric, nitrile, imidate,
orthoester, anhydride, lactone... [2,5,6] trong diéu
kién nhiét d6 cao va str dung xuc tac axit manh [3,4].
Mit khac, co thé su dung aldehyde trong diéu kién

cua o-aminothiophenol va acetophenon.

Tuy nhién, cac cong bd trude day trong linh vuc nay
cua cac nhom nghién ctru thudong phai sir dung xtic
tac va chat oxy hoa dit tién, co cau trac phuc tap, doi
hoi ap suat cao, nhiét do cao hodc dudi didu kién song
vi ba. Phan (g kiéu Willgerodt-Kindler véi tac nhan
oxy hoa luu huynh duoc phat trién dé ngung tu dong
vong oxy héa va dugc 4p dung dé tong hop céc
2-benzoxazol tir o-aminophenol va xeton [17]. Gan
day, cac hop chit benzothiazole dugc tong hop
to  o-aminothiophenol v6&i andehit/xeton/axit/acyl
clorua va dong vong véi thioamide hoac carbon
dioxide [18]. Trong nghién ciru nay ching t6i cong
bd mot phuong phap méi don gian dé tong hop céac
dan chat khung 1,3-benzothiazol di tir cac dan chat

Phé cong huong tr hat nhan 1H-NMR
(500 MHz) va 13C-NMR (125 MHz) dugc do trén
may Avance 500 (Bruker, CHLB Pirc). Phé IR dugc
do trén may Impact-410-Nicolet. Phé MS duogc do
trén may SCIEX-X500R-QTOF-LC/MS. Cac thiét b
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Hinh 1. Céc hop chét chira khung benzothiazol ¢6 tac dung sinh hoc

SH ©
X S, N- methyplperldlne
R:— + H3C X R S
— NH, | P 100°C, N,

1 2 3

So db 1. Tong hop cac dan chit 2-benzothiazol tir cac 2-Aminothiophenol va acetophenon

2.1. Quy trinh chung (75 MHz; CDCI3) ¢ 185,5; 154,1; 137,2; 135,2;
Téng hop cac hop chit 3a-3g theo So dd 1. B;"l" 1315, 1287, 127.8; 127,7; 127,15 125.9;

Hon hop 2-Aminothiophenol 1 (1 mmol),
acetophenone 2 (1-1.2 mmol), luu huynh (S) 3.2, Téng  hop  (5-Methylbenzothiazol-2-yl)
(3 mmol), N-methypiperidine (4 mmol) dugc dun ¢ (phenyl)methanone (3b).

100°C trong 16 gio dudi didu kién khi nito. Két thic

phan tng, hon hop dugc tach bang cot silicagel véi

hé dung mo6i Hexan:EtOAc (v:v) (95:5).

3. Két qua va thao luin S
3.1. Téng hop chit 2-Benzoylbenzothiazol (3a). N/

@) ,
S Hiéu suét 61%. 'H NMR (500 MHz, CDCl3) 8
/ 8,54-8,51 (m, 2H); 8,03 (d, J = 0,9 Hz, 1H); 7,88 (d,
N J =83 Hz, 1H); 7,68-7,63 (m, 1H); 7,57-7,52 (m,

2H); 7,36 (dd, J = 8,3, 0,9 Hz, 1H); 2,53 (s, 3H). 13C
NMR (125 MHz, CDCL) & 185,7; 167,4; 154.6;
137,4; 135,3; 134,4; 134,1; 131,5; 129,8; 128.7;
Hiéu sudt 80%. 'H NMR (500 MHz, CDCL;) 6  125,7;121,9; 21.8.
8,58-8,53 (m, 2H); 8,25-8,21 (m, 1H); 8,01-7,98 (m,
1H); 7,68-7,62 (m 1H); 7,60-7,49 (m, 4H). 3C NMR

34



JST: Engineering and Technology for Sustainable Development
Volume 31, Issue 1, March 2021, 033-036

3.3. T 5ng hop  (5-Fluorobenzothiazol-2-yl)
(phenyl)methanone
S
/©i N/
GoF

Hiéu suit: 66%. '"H NMR (500 MHz, CDCl3) §
8,54-8,51 (m, 2H); 7,94 (dd, J = 9,0, 5,2 Hz, 1H);

7,89 (dd, J = 9,0, 2,9 Hz, 1H); 7,69-7,64 (m, 1H);
7,58-7,52 (m, 2H); 7,35-7,28 (m, 1H). *C NMR
(125 MHz, CDCL) & 1852; 169,7; 1622 (d,

J = 245 Hz); 154,9 (d, J = 9,9 Hz); 134,9; 134,3;
132,8; 131,5; 128,7; 123,3 (d, J = 9,9 Hz); 117,1 (d;
J=125,6Hz); 111,4 (d, J = 23,3 Hz).

3.4. Téng  hop  (5-Chlorobenzothiazol-2-yl)
(phenyl)methanone (3d)

ol

Hidu suit 65%. 'H NMR (500 MHz, CDCl;) &
8,54-8,51 (m, 2H); 8,22 (s, 1H); 7,92 (d, J = 8,5 Hz,
1H); 7,67-7,64 (m, 1H); 7,57-7,49 (m, 4H). *C NMR
(125 MHz, CDCLy) & 185,1; 169,1; 154,8; 1354;

134,9; 134,3; 133,2; 131,5; 128,8; 128,4; 1254;
123,2.
3.5. Téng  hop  (5-Bromobenzothiazol-2-yl)

(phenyl)methanone (3e).

este

Hiéu suét 61%.'"H NMR (500 MHz, CDCl) ¢
8,55-8,52 (m, 2H); 8,39 (d, J = 1,7 Hz, 1H); 7,86 (d,
J = 8,7 Hz; 1H); 7,69-7,61 (m, 2H); 7,57-7,52 (m,
2H). 3C NMR (125 MHz, CDCl;) J 185,1; 168,9;
155,1; 135,9; 134,9; 134,3; 131,5; 131,0; 128.8;
128,6; 123,5; 120,7.

3.6. Téng hop (5-Methoxybenzothiazol-2-yl)
(phenyl)methanone (3f)

Nests

Hiéu suit 66%. 'H NMR (500 MHz, CDCL) 6
8,53-8,50 (m, 2H); 7,83 (d, J = 8,8 Hz, 1H); 7,67-7,62
(m, 2H); 7,56-7,51 (m, 2H); 7,18 (dd, J = 8,8, 2,5 Hz,
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1H); 3,90 (s, 3H). '*C NMR (125 MHz, CDCl;) ¢
185,5; 168,3; 159,7; 155,5; 135,3; 134,0; 131,5;
129,6; 128,7; 122,6; 119,2; 106,8; 55,9.

3.7. Téng hop Phenyl (5-(trifluoromethyl)
benzothiazol-2-yl)methanone (3g).

S
/
F N

Hidu suit 62%. 'H NMR (500 MHz,
MeOD+CDCL) & 8,58-8,53 (m, 3H); 8,13 (d,
J=18,6 Hz, 1H); 7,76 (dd, J = 8,6, 1,3 Hz, 1H); 7,71-
7,66 (m, 1H); 7,59-7,54 (m, 2H). '*C NMR (125
MHz, MeOD+CDCls) 6 5184,9; 169.5; 153,5; 140,3;
134,7; 134,5; 131,5; 129,9 (q, J = 33,1 Hz); 128.8;
124,1 (q, J = 271 Hz); 124,0 (q, J = 3,0 Hz); 123.2;
123,1(q, J = 3,7 Hz).

Téng hop cac hop chat benzathiazole tir
2-aminothiophenol va acetophenone theo phuong
phap nay van chua dugc cong bd. Cac phuong phap
trude day [9-11] déu thuc hién dudi didu kién phirc
tap, doi héi thyc hién phan ing ¢ nhiét do cao voi cac
hoa chat dit tién. Gan day, cac 2-aroylbenzothiazoles
dugc  tong hop bang cach dun néng
o-halonitrobenzenes, acetophenones, Iuu huynh
nguyén t6 va N-metylmorpholin, trong d6 luu huynh
dong vai tro 1a mot nucleophile va chat didu hoa oxy
hoa khir [19]. Trong nghién ctru nay, chung toi bao
cdo mét phuong phap tong hop benzothiazole mai
trong mot budc phan ung dudi diéu kién khong dung
moi, khong chat xuc tac kim loai, su dung nhiing
nguyén lidu ban dau cé gia thanh thip. Kha ning
tham gia phan tmg ctia cic dan chat aminothiophenol
khac nhau da dugc khao sat va san phém thu duoc
v6i hiéu sudt tir kha t6i tuyét voi. Hop chat 3a ¢6 hiéu
suat cao nhat (80%) boi khong ¢6 cac nhom thé cong
kénh nao vé mit khong gian, dan toi phan tung dién ra
thudn lgi hon so véi cac phan tmg khac. Cac dan xuét
c6 chura halogen (3¢, 3d, 3e, 3g) cho hi¢u suét kha.

4. Két luan.

Chung t6i dd phat trién mot phuong phap mai
tong hop benzothiazole tir 2-aminothiophenol va
acetophenone trong mot budc phan tng dudi diéu
kién don gian nhu khong dung moi, khong chat xuc
tac kim loai, sir dung cac chat ban dau ré tién va dé
kiém nhu acetophenone, luu huynh. Nghién ctru da
téng hop dugc 7 din xuat benzothiazole vai hiéu suat
tt (tinh theo acetophenone) dudi diéu kién ém diju.
Nho vao phuong phap tong hop nay cua ching toi,
céc nghién ctru dé tong hop cac hop chét c6 hoat tinh
sinh hoc ly tht c¢6 chira khung benzothiazole s€ dugc
thuc hién mét cach don gidn hon. Viéc nghién ctru va
dua ra co ché phan tmg s& duoc cong bd trong céc
nghién ciru tiép theo.



JST: Engineering and Technology for Sustainable Development
Volume 31, Issue 1, March 2021, 033-036

Loi cam on

Tac gia tran trong cdm on Vién Han 1am Khoa

hoc Coéng ngh¢ Viét Nam da tai trg kinh phi dé thuc
hién cong trinh nay (KHCBHH.01/18-20).

Tai liéu tham khao

(1]

(2]

(3]

(4]

(6]

[7]

(]

[10]

M. Feng, B. Tang, S. H. Liang and X. Jiang. Sulfur
containing scaffolds in drugs: synthesis and
application in medicinal chemistry. Curr. Top. Med.
Chem., 16, (2016), 1200.

C. Lamberth, H. Walter, F. K. Murphy, L. Quaranta,
R. Beaudegnies, S. Trah, A. Jeanguenata and F.
Cederbaum. Synthesis and Antiviral Activity of
Novel a-Aminophosphorus Containing Benzofuran
Moiety . Phosphorus, Sulfur Silicon Relat. Elem.,
190, (2015), 1225.

D. J. Parker, H. A. Jones, S. Petcher, L. Cervini, J. M.
Griffin, R. Akhtar and T. Hasell. Low cost and
renewable sulfur-polymers by inverse vulcanisation,
and their potential for mercury capture J. Mater.
Chem. A, Q8 (2017).
https://doi.org/10.1039/C6TA09862B;

M. J. H. Worthington, R. L. Kucer and J. M. Chalker.
Green chemistry and polymers made from sulfur.
Green Chem., 19, (2017), 2748.

T. B. Nguyen. Recent advances in organic reactions
involving elemental sulfur. Adv. Synth. Catal., 359,
(2017), 1066.

T. B. Nguyen. Elemental Sulfur and Molecular
Iodine as Efficient Tools for Carbon-Nitrogen Bond
Formation through Redox Reactions. Asian J. Org.
Chem., 6, (2017), 477.
https://doi.org/10.1002/ajoc.20170001 1.

D. L. Priebbenow and C. Bolm. Recent advances in
the Willgerodt—Kindler reaction. Chem. Soc.Rev., 42,
(2013), 7870.

Z. Puterova, A. Krutosikova and D. Vegh. Gewald
reaction: synthesis, properties and applications of
substituted 2-aminothiophenes. ARKIVOC, (2010),
209.

F. Asinger. Optisch aktives 2-Phenyl-3,4-dimethyl-
morpholin. Angew. Chem., 68, (1956), 413.

F. Asinger. Prifung und Verarbeitung
Arzneidrogen. Angew. Chem., 68, (1956), 377.

von

36

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

I. Schlemminger, H. Janknecht, W. Maison, W. Saak
and J. Martens. Synthesis of the first enantiomerically
pure 3-thiazolines via Asinger reaction. Tetrahedron
Lett., 41, (2000), 7289.

T. B. Nguyen, L. Ermolenko and A. Al-Mourabit.
Nitro-Methyl Redox Coupling: Efficient Approach to
2-Hetarylbenzothiazoles  from  2-Halonitroarene,
Methylhetarene, and Elemental Sulfur. Org. Lett., 15,
(2013), 4218.

T. B. Nguyen, P. Retailleau, L. Ermolenko and A.
Al-Mourabit. Elemental Sulfur Disproportionation in
the Redox Condensation Reaction between
o-Halonitrobenzenes and Benzylamines. Angew.
Chem., Int. Ed., 53, (2014), 13808.

T. B. Nguyen, K. Pasturaud, L. Ermolenko and A. Al-
Mourabit. Concise Access to 2-Aroylbenzothiazoles
by Redox Condensation Reaction between o-
Halonitrobenzenes, Acetophenones, and Elemental
Sulfur. Org. Lett., 17, (2015), 2562.

T. Guntreddi, R. Vanjari and K. N. Singh. Elemental
Sulfur Mediated Decarboxylative Redox Cyclization
Reaction of o-Chloronitroarenes and Arylacetic
Acids. Org. Lett., 17, (2015), 976.

Y. Tong, Q. Pan, Z. Jiang, D. Miao, X. Shi and S.
Han. A simple approach to benzothiazoles from 2-
chloronitrobenzene, elemental sulfur, and aliphatic
amine under solvent-free and catalyst-free conditions.
Tetrahedron Lett., 55, (2014), 5499.

T. B. Nguyen, P. Retailleau. Elemental sulfur-
promoted oxidative rearranging coupling between o-
aminophenols and ketones: a synthesis of 2-alkyl
benzoxazoles under mild conditions. Organic Letter.
19, (2017), 3887.

Gao, X.; Liu, J.; Zuo, X.; Feng, X.; Gao, Y. Recent
Advances in Synthesis of Benzothiazole Compounds
Related to Green Chemistry. Molecules, 25, (2020),
1675.

Thanh Binh Nguyen, Karine Pasturaud,
Ludmila Ermolenko, and Ali Al-Mourabit.
Concise Access to 2-Aroylbenzothiazoles by
Redox Condensation Reaction between o-

Halonitrobenzenes, Acetophenones, and Elemental
Sulfur. Organic Letter 17, (2015), 2562.


https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Thanh+Binh++Nguyen
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Karine++Pasturaud
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Ludmila++Ermolenko
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Ali++Al-Mourabit

