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TOM TAT

Bai bdo nghién ctiu diéu ché chét 1ong ion thé hé mai (Deep eutectic solvent, DES) tir choline chlo-
ride va acid para-toluenesulfonic. Két qua nghién ctu tinh chét dua trén phé héng ngoai clia DES
diéu ché cho thay c6 su hinh thanh tuong tac gitta choline chloride va acid para-toluenesulfonic
théng qua lién két hydrogen. DES dugc st dung xUc tac phan Ung téng hop mot s6 dan xuat
2-arylbenzothiazole t&r mét sé dan xudt cla benzaldehyde va 2-aminothiophenol trong diéu kién
khong dung méi. Cac yéu t6 anh hudng dén phan Ung dugc nghién ctu khao sat gobm: nhiét do
phan Ung, thai gian thuc hién phan Ung, lugng xuc tac st dung va ti [é mol gitta benzaldehdye va
2-aminothiophenol. Diéu kién thuc hién phan tng tot nhat thu dugc: nhiét d6 phan tng 50°C,
thai gian phan Ung 30 pht, ti 1é benzaldehyde:2-aminothiophenol=1:1,1 (mmol) va lugng xuc tac
strdung la 20% mol so vai benzaldehyde. Xuc tac sau khi st dung dugc tién hanh thu hoi, tinh ché
va nghién ctu kha nang tai st dung. Két qua nghién ctu kha nang téi st dung ctia xtc tac cho
thdy DES c6 kha ndng st dung 4 1an ma khong thay déi hoat tinh déang ké sau mai lan st dung.
Ngoai ra, bai bdo cing nghién ctiu téng hgp mét s6 dan xudt 2-arylbenzothiazole khac bang cach
thay benzaldehyde thanh nhimng dan xudt mang nhom thé tai vi tri para. Két qué téng hop cho
thay cac nhom thé halogen lam gidm hiéu suat phan tng trong khi nhimg nhém thé cho dién tu
khong anh hudng dén hiéu suat phan tng.
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GIGI THIEU

Benzothiazoles va cac dan xuét la nhém cac di vong
bicyclic quan trong, dong vai trod co ban trong héa hoc
hitu co va hoéa sinh. Cdc dan xudt benzothiazole c6
hoat tinh tiém nang chéng khdi u va nhiing ting dung
quan trong khéc trong dugc phdm nhu diéu tri cac
bénh ty¢ mién dich va khdng viém, ngan ngtia dong
kinh, gidm dau, khang virus, khdng ung thu, khing
bénh tiéu dusng va khang bénh lao 7.

Phuong phdp téng hgp benzothiazole dugc phan
lam hai nhém chinh: ngung tu 2-aminothiophenol
v6i aldehyde, acid carboxylic, acid chloride hay
ester v déng vong thiobenzalnilide.®-!! Mot s6
xuc tdc da dugc nghién ctu stt dung tdng hgp dan
xudt benzothiazole nhu I, 2, TMSCI'?, H,0,
H,0,/Fe(NO3)3 1°, Dowex 50W '°, chit long ion
ti tinh 1-butyl-3-methylimidazolium tetrachloro
ferrate(III) ([bmim][FeCl4])!7, xtc tdc nano
Fe304@Si0; trén nén collagen 18 xtc tac Cu(Il) gin
trén (MeO)3Si(CH;)3Cl véi glycerol 1%, xtic tic hitu
co camphor sulfonic acid?® cho hiéu sudt téng hop
tot. Tuy nhién nhiing phuong phap nay ton tai nhiing
han ché nhu diéu kién phan tng kho khin, xuc tac
sti dung khong thé thu hoi va téi st dung.

Chait 16ng ion la nhiing hgp chit tao thanh tit nhiing
ion ¢4 nhiét dd néng chay thép thay d6i trong pham
vi rdng, khong bay hoi, khong chdy va dé dang thiét
ké cdu truc. Bén canh nhiing uu diém, chit 16ng ion
ciing ton tai nhiing khuyét diém nhu ¢4 tinh an mon,
kho phéan huy sinh hoc va phtic tap trong quy trinh
diéu ché da han ché ting dung trong téng hop lugng
16n?!. D& khic phuc nhiing han ché va duy tri nhiing
uu diém hién c6 ctia chét 1ong ion, dung moi eutec-
tic sau (deep eutectic solvent, DES) dugc nghién ctiu
phét trién nhu 13 chét 1ong ion thé hé mdi. DES dugc
diéu ché ti nhiing hgp chét nhan lién két hydrogen
(HBA) va hgp chit cho lién két hydrogen (HBD). DES
s& hitu nhiing vu diém vugt trdi so v6i chit 1ong ion
truyén thdng nhu dé dang diéu ché, gia thanh thép,
dé dang phan hiy sinh hoc?2. Trong hau hét cic loai
DES, HBA thudng la nhiing mu6i ammonium, mudi
phosphate va HBD thuo6ng 1a amine, alcohol va acid
carboxylic?>. Choline chloride thudng dugc sit dung
dé diéu ché DES do gi4 thanh thp va khong doc hai**.
Nhiéu nghién ctiu cho thdy DES diéu ché tu choline
chloride xtc tac hiéu qua mot s6 phan ting nhu Diels-
Alder, tng hop dan xuét 2,3-dihydroquinazolin-
4(1H)-one, téng hgp imidazo[1,2-a]pyridine, diéu
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ché ester ctia acid formic va acid acetic tai nhiét d6
phong?>~%°. Dya trén két qua da nghién ctiu st dung
DES dugc diéu ché tui acid p-toluenesulfonic (PTSA)
va L-proline®, chung toi thuc hién tdng hgp dan
xudt 2-arylbenzothiazole sti dung xdc tac DES dugc
diéu ché tii choline chloride va acid p-toluenesulfonic
trong diéu kién khong dung méi.

VAT LIEU VA PHUONG PHAP

Vat liéu

Choline chloride 99% (HiMedia), acid p-
toluenesulfonic ~ monohydrate  98,5%  (Sigma-
Aldrich), 2-aminothiophenol 99% (HiMedia),

benzaldehyde 99%, 4-methylbenzaldehyde 97%,
4-fluorobenzaldehyde 98%, 4-chlorobenzaldehyde
97%, 4-methoxybenzaldehyde 98% (Sigma-Aldrich).
Silicagel 230-400, TLC (silicagel 60 Fys4, Merck),
ethyl acetate, hexane (Trung Qudc). Tit ca hoa chit
déu dugc stt dung ma khong can tinh ché lai.

Thiét bi

Phéan tng dugc thuc hién trén mdy khudy ti diéu
nhiét IKA-RET. Phuong phdp phd cong hudng tu
hat nhan dugc thuc hién trén may Bruker Avance II
500MHz tai Trudng Dai hoc Khoa hoc Ty hién, Dai
hoc Qudc Gia TPHCM. Phuong phép do phd hong
ngoai (IR) dugc thuc hién trén may Jesco tai Truong
Dai hoc Su Pham TPHCM, ky thuét do phé IR theo
phuong phap ATR. Do d) nhét dugc thuc hién trén
mady Brookfield DVIII tai Vién Khoa Hoc Vat Liéu
Ung Dung. Do do dan dién dugc thuc hién trén may
Thermo Scientific Orion tai Vién Khoa hoc Vit liéu
Ung dung.

Quy trinh diéu ché xuc tac

Choline chloride (ChCl) (0,698 g, 5 mmol) va
PTSA.H,0 (0,950 g, 5 mmol) dugc thém vao binh cdu
50 mL. Hon hgp dugc dun tai 80°C dén khi thu dugc
dung dich dong nhét (thoi gian dunla 1 h). San phdm
sau d6 dugc bao quan trong binh hit 4m 3. Ki hiéu
xuc téc la ChCI-PTSA.

Quy trinh tdng hop dan xuit benzothiazole

Binh ciu 25 mL dugc thém vao hén hgp benzalde-
hyde (0,212 g, 2 mmol), 2-aminothiophenol (0,275 g,
2,2 mmol) va xic tac ChCl-PTSA (0,062 g, 20% mol).
Hoén hgp duge dun khudy tu tai nhiét d6 50°C trong
thoi gian 30 phut. Sau khi két thic phan ting, 2 mL
nude va 20 mL ethyl acetate dugc thém vao, chiét thu
hoi 16p nude chia xtc tdc. Lop hitu co sau khi chiét
dugc lam khan bang Na; SOy, bay hoi dung mai duéi
dp sudt thdp thu dugc san phidm tho. Thyc hién sic
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ki cft san phdm tho v6i hé dung moi hexane-ethyl ac-
etate (7:3, v/v) thu dugc sdn ph&m tinh khiét.

Xac dinh cau tric san pham

3a Chit rdn mau tring, m.p.111-112°C, Ry =0,58.
TH-NMR (500 MHz, acetone-dg) 8y 7,45 (td, ] = 1,5
Hz, ] = 8,5 Hz, 1H), 7,54 (m, 1H), 7,56-7,57 (m, 3H),
8,04 (dd, J = 8,0 Hz, ] = 0,5 Hz, 1H), 8,08 (dd, ] = 8,0
Hz, ] = 0,5 Hz, 1H), 8,13-8,15 (m, 2H) ppm. 13 C-
NMR (125 MHz, acetone-dg) 8¢ 121,9; 123,1; 125,4;
126,5; 127,3; 129,2; 131,1; 133,6; 135,0; 154,3; 167,5
ppm.

3b Chit ran mau tréng, m.p. 113-115°C, Ry = 0,40.
ITH-NMR (500 MHz, acetone-dg) 8y 7,46 (td, J =
8,5 Hz, ] = 1,5 Hz, 1H), 7,55 (td, ] = 8,5 Hz, ] = 1,0
Hz, 1H), 7,59 (d, J = 8,5 Hz, 2H), 8,04 (dd, J = 8,0
Hz, ] = 0,5 Hz, 1H), 8,08 (dd, J = 8,0 Hz, ] = 0,5
Hz, 1H), 8,14 (d, ] = 8,5 Hz, 2H) ppm. !3 C-NMR
(125 MHz, acetone-dg) 8¢ 122,0; 123,25 125,6; 126,6;
128,8; 129,3; 132,4; 135,1; 136,65 154,2; 166,1 ppm.
3¢ Chdt rdn mau vang, m.p.120-122°C, Ry = 0,63. 'H-
NMR (500 MHz, acetone-dg) 85 3,90 (s, 3H), 7,10
(d, ] = 9,0 Hz, 2H), 7,41 (td, ] = 7,5 Hz, J = 1,0 Hz,
1H), 7,50 ( td, J = 7,5 Hz, J = 1,0 Hz, 1H), 7,98 (ddd,
J=85Hz J =1,0Hz J = 0,5 Hz, 1H), 8,02 (ddd, J
=8,0 Hz, ] = 1,0 Hz, ] = 0,5 Hz, 1H), 8,07 (d, ] = 9,0
Hz, 2H) ppm. 13 C-NMR (125 MHz, acetone-dg) 8¢
55,0; 114,5; 121,8; 122,7; 125,0; 126,3; 128,9; 134,8;
154,4; 162,3; 167,3 ppm.

3d Chat rin mau tring, m.p.98-100°C, Ry = 0,53. 'H-
NMR (500 MHz, acetone-dg) 6 7,34 (tt,J =8,5Hz, ]
=2,0Hz, 2H), 7,45 (td, ] =8,0 Hz, ] = 1,0 Hz, 1H), 7,54
(td,J=7,0Hz, J = 1,0 Hz, 1H), 8,03 (dd, ] =8,0 Hz, ] =
1,0 Hz, 1H), 8,07 (dd, J = 8,0 Hz, ] = 1,0 Hz, 1H), 8,17-
8,20 (m, 2H) ppm. I3 C-NMR (125 MHz, acetone-
dg) 6¢ 116,1 (J = 22,3 Hz); 121,9; 123,1; 125,45 126,5;
1296 (J = 8,9 Hz); 130,1 (J = 3,1 Hz); 135,1; 154,2;
164,4 (J = 248,5 Hz); 166,2 ppm.

3e Chit ran mau vang, m.p. 84-86°C, Ry =0,58. IH-
NMR (500 MHz, acetone-dg) 05 2,41 (s, 3H), 7,36 (d,
J = 8,0 Hz, 2H), 7,43 (td, ] = 8,5 Hz, ] = 1Hz, 1H), 7,52
(td,J =8,0 Hz,J = 1,0 Hz, 1H), 8,00 (d, ] = 8,5 Hz, 1H)
va 8,01 (d,J =8,0 Hz, 2H), 8,05 (dd, J = 8,0 Hz, ] = 0,5
Hz, 1H) ppm. 13 C-NMR (125 MHz, acetone-dg) 8¢
20,5; 121,8; 122,9; 125,2; 126,4; 127,3; 129,8; 131,0;
134,9; 141,6; 154,3; 167,6 ppm.

KET QUA VA THAO LUAN

Phan tich tinh chat cha xuc tac

Ph{ IR ctia ChCl déc trung bdi tin hiéu dao dong caa
nhém OH tai s6 song 3350 cm™!. Sy hinh thanh lién
két hydrogen sau khi ChCl két hgp v6i PTSA thé hién
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qua su thay d6i dao dong ctia nhém OH vé mit dich
chuyén s6 séng va sy trai rong tin hiéu dao dong. Két
qua xdc dinh phd IR (Hinh 1) ctia ChCl, PTSA va
ChCLPTSA cho théy khi hinh thanh DES dao déng
ctia nhém OH bj gidm cudng d9, tin hiéu dan trai rong
hon va dich chuyén vé s6 séng cao hon (3491 cm™1).
Phd IR ctia DES ¢6 sy trai rong tin hiéu nhém OH
cho thdy nhém OH dang trong hé thong lién két hy-
drogen lién phén ti trai rong gitia ChCl va PTSA, su
dich chuyén s6 séng ctia nhém OH cho thdy nhém
OH hinh thanh lién két hydrogen yéu hon so véi lién
két hydrogen ctia ChC13. Két qua phan tich tinh chit
vatli ctia mau xuc tac cho thdy ChCl-PTSA c6 dd nhét
1198,4 (cP) va d6 dan dién 0,33 mS/cm ™.

3350 cm A

3491 cm?t
4000 3500 3000 2500 2000 1500 1000

Hinh 1: Phé IR ctia ChCl (A), PTSA (B), ChCI:PTSA (C)

Khao sat anh hudng cta cac diéu kién phan
ung

CcHO SH
O U= O
+ — N

S
1 2 3
Hinh 2: So d6 tng hop 2-arylbenzothiazole

Phén tng téng hgp dan xuit 2-arylbenzothiazole
dugc thuc hién bang phuong phap dun khudy ti gitia
hai thanh phén la dan xuit ctia benzaldehyde va 2-
aminothiophenol st dung xuc tdc DES diéu ché ti
choline chloride va acid para-toluenesulfonic trong
diéu kién khong dung méi (Hinh 2). Co ché phan
ung téng hgp 2-arylbenzothiazole xay ra qua ba giai
doan: Giai doan mét hinh thanh trung gian base
Schiff A, giai doan hai nguyén ti sulfur thuc hién
phén ting déng vong v6i nhém imine ctia A hinh

thanh trung gian 2-arylbenzothiazoline B. Giai doan
cudi ciing la phan ting oxi héa B hinh thanh san phim
2-arylbenzothiazole 3 (Hinh 3)3!. DES diéu ché tii
acid para-toluenesulfonic dugc nghién ctiu stt dung
trén phan ting t6ng hgp benzothiazole do qua trinh
khti nuéc hinh thanh trung gian A xay ra thuén lgi
hon trong moi trudng acid va PTSA la tdc nhén oxi
héa thuc ddy qud trinh hinh thanh sdn phdm tu trung
gian B.

Diéu kién thuc hién phan ting ban d4u khi tién hanh
nghién ctu céc yéu t6 anh hudng dén phan tng téng
hgp 2-arylbenzothiazole nhu sau: 1:2=1:1,1 (mmol),
thoi gian phan ting 30 phut, lugng xtc tac st dung
la 20% mol (so véi benzaldehyde). Dau tién nhiét do
thuc hién phan ting dugc tién hanh khéo sat tii nhiét
d6 phong dén 90°C, két qua cho thdy hiéu suit tao
thanh san phdm ting d4n khi ting nhiét d¢ 1én dén
50°C do phan ting khti nuéc hinh thanh trung gian
A thuc hién thuan loi tai nhiét 46 nay (Bang 1, thi
nghiém 3). Khi nhiét d6 phan tng cao hon 50°C
thi hiéu sudt gidm dan, két qua nay do sy oxi hda
nguyén tl sulfur cua trung gian A boi acid para-
toluenesulfonic tai nhiét dd cao?’. Sau khi x4dc dinh
nhiét do thuc hién phan tng tot nhét 13 50°C, thoi
gian thuc hién phan ting dugc tién hanh nghién ctu.
Két qua khao sat thoi gian tién hanh phan ting cho
théy khi tang thai gian thuc hién phan Gng tu 30 phat
thanh 60 phut thi hiéu suit phan ting khong thay déi
(Bang 1, thi nghiém 8). Tién hanh phan ting véi thoi
gian 14u hon thi hiéu suit phan ting gidm do san phim
bi phan hty. Do d6, théi gian phan ting t6t nhét
dugc lya chon cho yéu t6 khao sat ké tiép 1a 30 phat.
Khi thuc hién phan tng khong sti dung xuc tac thi
khong tao thanh san phdm (Béang 1, thi nghiém 11)
do qud trinh cin thiét d€ hinh thanh san phdm la
oxi hoa trung gian B. Khi khong sti dung acid para-
toluenesulfonic thi qud trinh oxi hoa khong xay ra nén
khong thé tao thanh san phdm cudi cling. Lugng xtc
tac thich hgp cho hiéu sudt t6t nhat la 20% mol, gia
tang lugng xtc tac 1én 30% mol hiéu sut khong thay
d6i nhung khi ting lugng xdc tdc dén 60% thi hiéu
sudt phan ting gidm do san phdm bi phan hty (Bang 1,
thi nghiém 13,14). Ti 1é tac chit st dung t6t nhat la
2-aminothiophenol sti dung du 10% so v6i benzalde-
hyde, ti 1 nay gitip qud trinh hinh thanh trung gian
A thuan lgi hon. Khi st dung lugng du benzalde-
hyde so v6i 2-aminothiophenol thi hiéu suit gidm do
benzaldehyde du c6 thé phan ting véi nhom thiol lam
giam lugng 2-aminothiophenol ty do dan dén giam
lugng trung gian A hinh thanh (Bang 1, thi nghiém
16). Phan ting tong hgp dan xuét 2-arylbenzothiazole
khong hinh thanh sén phidm khi stt dung truc tiép
choline chloride véi vai trd xuc tdc va hiéu suét thu
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(L0

Hinh 3: Co ché hinh thanh san phdm 2-arylbenzothiazole

H,0

Bang 1: Két qua khao sat diéu kién thuc hién phan ung téng hgp 2-arylbenzothiazole

Stt
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phong
40

50
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50

50

50

50

50

50

50

50

50

50

50

50

Thoi
(phut)

30

30
30
30
30
30
30
60
90
120
30
30
30
30
30
30
30
30

30

gian

Luong xuc
tdc (% mol)

20

20
20
20
20
20
20
20
20
20
10
30
60
20
20
20
20

20

1:2 (mmol)

Khoi lugng
san  phdm
(mg)

215

299
354
325
304
308
270
359
308

295

274
354
270
312
224

297

279

Hiéu suat (%)

51

71
84
77
72
73
64
85
73

70

65
84
64
74
53

71

66¢

“ Hiéu sudt c6 lap » St dung xtic tac choline chloride ¢ St dung xtc tac acid para-toluenesulfonic
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dugc thdp hon khi st dung truc ti€p PTSA so véi st
dung xdc tdc DES diéu ché tii PTSA tai cuing diéu kién
phén ting (Bang 1, thi nghiém 18,19). Két qua nay cho
thdy kha nang xuc tac ctia PTSA dugc cai thién dang
ké khi chuyén thanh DES. Diéu kién thyc hién phan
ung téng hop 2-arylbenzothiazole t6t nhét: 1:2=1:1,1
(mmol), nhiét d6 50°C, thdi gian phan ting 30 phut,
lugng xtc tac st dung 20% mol so véi benzaldehyde.

Nghién ctru kha nang tai sit dung xuc tac
Xuc tac sau khi stt dung dugc rta lai bang CH,Cly,
bay hoi nudc duéi ap suit thap thu dugc xuc tac thu
héi. Xuc tac nay dugce bao quan trong binh hit 4m cho
lan st dung tiép theo. Diéu kién thuc hién phan tng
tot nhit da nghién ctiu dugc 4p dung cho qua trinh
khédo sat kha nédng tai st dung cta xuc tac. Két qua
Bang 2 cho théy xuc tac da diéu ché c6 kha ning tai st
dung t6t v6i hiéu sudt téng hop thay d6i khong dang
ké sau 4 lan st dung. Két qua nay cho thiy uu diém
vugt trdi cia xtc tic DES so v6i nhiing phuong phéap
nghién ctiu da cong bo khac nhu nhiét do phin tng
thép, khong st dung dung moi, hiéu sudt cao, thoi
gian thyc hién phan tng dugc rat ngin, quy trinh xt
li sau khi két thic phan ting don gian va xdc tac c¢é
kha néng st dung nhiéu lan.

xuat 2-

Téong hop mét sé dan

arylbenzothiazole

biéu kién thuc hién phan tng téng hgp 2-
arylbenzothiazole t6t nhat khi st dung benzaldehyde
dugc stt dung nghién cttu tong hgp mot s6 dan xuét
2-arylbenzothiazole khic khi thay benzaldehyde
thanh nhiing din xudt mang cidc nhém thé tai vi tri
para. Két qua Bang 3, Hinh 4 cho thdy cac nhom thé
halogen gin trén benzaldehyde lam gidm hiéu suit
phan tng, dic biét khi stt dung 4-fluorobenzaldehyde
hiéu sudt thu dugc gidm dang ké. Céc nhém -Me va
-OMe tai vi tri para khéng anh hudng dén hiéu sudt
tao thanh san phdm.

KET LUAN

DES dugc diéu ché tu choline chloride va acid para-
toluenesulfonic xuc tac hiéu qua phan tng tdng hgp
mot s6 dan xudt 2-arylbenzothiazole trong diéu kién
khong dung moi, ngoai ra DES ciing cho thdy sy gia
tang kha ndng xuc tac cta acid para-toluenesulfonic
so v6i st dung truc tiép acid nay. Xuc tac diéu ché
da chiing minh diém manh so v6i nhiing nghién ctu
khéc 1a thuc hién phan tng ém diu hon véi thoi
gian phan ing ngan va cé kha ning tai st dung tot.
Két qua nghién ctu téng hgp mot s6 dan xudt 2-
arylbenzothiazole khéc cho thdy cac nhém thé halo-
gen trén benzaldehyde lam gidm hiéu sudt tao thanh

san phdm trong khi cdc nhom thé -Me, -OMe tai vi
tri para khong anh huéng dén hiéu suft téng hop 2-
arylbenzothiazole.

LO1 CAM ON

Nghién ctiu dugc tai trg boi chuong trinh nghién ctiu
co ban ctia BO6 Gido Duc va Dao Tao v6i ma sd B2020-
SPS-06.

DANH MUC CAC TU VIET TAT

DES Deep eutectic solvent
ChCl Choline chloride
PTSA Acid para-toluenesulfonic

XUNG POT LO1 iCH

Nhom tdc gid cam két khong mau thuin quyén lgi va
nghia vy ctia cac thanh vién.

PONG GOP CUA TAC GIA

Nguyén Truong Hai thuc hién tong hop dan xuét 2-
arylbenzothiazole, Tran Hoang Phuong va Pham Dtic
Diing thyc hién t6ng hgp xuc tac, Nguyén Tién Cong
xdc dinh cdu tric cic san phdm téng hgp, Pham Dbiic
Diing viét ban thao bai bdo, Nguyén Tién Cong hiéu
chinh lai bai bdo.
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R
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r e DES i
R I + —_— N\
1 2 3a-e
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Deep eutectic solvent prepared from para-toluenesulfonic acid
catalised efficiently 2-arylbenzothiazole synthesis reaction

Nguyen Truong Hai'-2, Nguyen Tien Cong?, Tran Hoang Phuong'’?, Pham Duc Dung?"*

ABSTRACT

Preparation of a new generation ionic liquid (Deep eutectic solvent, DES) was conducted from
choline chloride and para-toluenesulfonic acid. Infrared spectroscopy of the prepared DES re-
Use your smartphone to scan this sulted in the interaction between choline chloride and para-toluenesulfonic acid through hydro-
QR code and download this article gen bonding. This DES wa used to catalyze the synthesis of some 2-arylbenzothiazole derivatives
from some benzaldehyde derivatives and 2-aminothiophenol under solvent-free conditions. Fac-
tors affecting the reaction were investigated such as reaction temperature, reaction time, amount
of the catalyst, and ratio of benzaldehyde and 2-aminothiophenol. The best reaction conditions
were obtained: reaction temperature of 50°C, reaction time of 30 minutes, ratio of benzaldehyde:2-
aminothiophenol=1:1, T (mmol), and amount of used catalyst is 20% mol in ratio of benzaldehyde.
The used catalysts were collected, purified, and investigated their reusability. The results of the
reusability of the catalyst showed that DES can be used 4 times without significant activity decreas-
ing after each use. In addition, synthesis of some other 2-arylbenzothiazole derivatives was also
performed by replacing benzaldehyde with its derivatives bearing substituents at the para position,
the halogen substituents reduced the reaction yield while the substituents donating electrons did
not affect the reaction yield.

Key words: deep eutectic solvent, para-toluenesulfonic acid, choline chloride, 2-
arylbenzothiazole, reusability
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	Tổng hợp một số dẫn xuất 2-arylbenzothiazole

	KẾT LUẬN
	LỜI CẢM ƠN
	DANH MỤC CÁC TỪ VIẾT TẮT
	XUNG ĐỘT LỢI ÍCH
	ĐÓNG GÓP CỦA TÁC GIẢ
	References


