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A B S T R A C T

An efficient Brönsted acid-surfactant-combined ionic liquid (BASILs) catalyzed cyclocondensation of 2-ami-
nothiophenol with a variety of aldehydes in water is described. This protocol was successfully conducted under
metal-free conditions at ambient temperature and produced 2-alkyl and 2-arylbenzothiazole products in high to
excellent yields (up to 98%). The catalyst was reusable at least four times without significant loss of activity.

1. Introduction

Benzothiazoles are well established as an important class of ubi-
quitous heterocyclic substances, present as molecules or molecular
skeletons in many valuable bioactive natural products, medicines and
material sciences [1–11]. For examples, Thioflavin-T (ThT) (1) is a
fluorescent dye, used for staining Aβ plaque in postmortem brains [5]
and selective recognition of RNA G-quadruplexes6, benzothiazole-2,6-
diamine (2) revealed as dual DNA gyrase and topoisomerase IV in-
hibitors [7], zopolrestat (3) is used for the treatment of diabetes [8] and
benzothiazole (4) exhibit antibacterial activity [9]. Some benzothiazole
derivatives have been applied as amyloid imaging agents for the
treatment of Alzheimer’s disease such as [11C]PIB (Pittsburgh com-
pound B, 5) [10] and 6-(3-[18F]fluoro-2-hydroxypropyl)-substituted 2-
pyridylbenzothiazoles (6) [11] (Fig. 1).

This diversity in application strongly supports the development of
synthetic benzothiazoles. Typically, benzothiazole ring construction
methods involve the transition metals-catalyzed intramolecular cycli-
zation of o-haloanilides or their derivatives [12], which are not com-
mercial available starting material and the cyclocondensation of o-
aminothiophenols with aldehydes, carboxylic acids or their derivatives
and alcohols [13] (Scheme 1a). However, these previous methods al-
ways employ toxic and/or hazardous transition metal catalysts and
organic solvents. Some methods require harsh reaction conditions to
furnish the high yield of desirable products, including high tempera-
ture, microwave radiation and/or corrosive acids that caused substrate

and application limitations [12a,12c,12,12h,13b]. Moreover, transition
metal complexes are unstable, expensive, difficult to handle and not
reusable. They are also environmentally unfriendly with the potential
to leave toxic traces in the intended and waste products. Novel methods
under mild conditions without transition metal catalysts for the
synthesis of 2-substituted benzothiazoles would circumvent these con-
cerns.

Brönsted acidic ionic liquids (BAILs) [14] have been used as pow-
erful acid-catalysts in many organic reactions. They are privileged
catalysts with non-toxic, environment-friendly, stable, reusable, in-
expensive, and produce products of high purity and yields. Besides,
they exhibit a high water solubility that could extremely compatible
with reaction mixture in water system. Water is an abundant renewable
resource and would which avoid the production of environmentally
harmful waste as well as process cost. Numerous versatile organic
syntheses employ water as a solvent [13h,15]. In 2010, Bahrami et al.
reported the use of SDS to catalyze the synthesis of 2-arylbenzothiazole
from o-aminothiophenol and aromatic aldehydes in water [13h]. Re-
cently, our group employed BAILs, [bsmim][HSO4] (I) to be an efficient
and reusable catalyst in water for the synthesis of dipyrromethanes via
double Friedel-Crafts reaction of aldehydes and pyrrole [14b]. Herein,
we demonstrate a novel strategy for the green synthesis of 2-aryl- and 2-
akylbenzothiazoles via Friedel-Crafts cyclocondensation of o-ami-
nothiophenol with a variety of aldehyde substrates employing Brönsted
acid-surfactant-combined ionic liquids (BASILs) as an efficient and
reusable catalyst in water and tert-butyl hydroperoxide (TBHP) as an
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oxidant at room temperature (Scheme 1b).

2. Experimental section

2.1. Materials and methods

All chemicals were purchased from commercial sources and used
without further purification. 1H and 13C NMR spectra were recorded at
Burapha University using a BRUKER AVANC (400MHz). Light micro-
scopy was detected at Burapha University using light microscope
Olypus BX51. High-resolution mass spectra (HRMS) data were recorded
at Mahidol University using a Bruker Daltonics-micrOTOF-Q. Infrared
spectra were determined on a PERKIN ELMER FT/IR-2000S spectro-
photometer. Analytical thin-layer chromatrography (TLC) was con-
ducted on pre-coated TLC plates; silica gel 60F-254 [E. Merck,
Darmstadt, Germany]. Open-column chromatography was carried out
using silica gel 60 PF254 [E. Merck, Darmstadt, Germany]. Melting
points were measured using a Melting point apparatus (Griffin) and are
uncorrected.

2.2. Catalyst preparation

2.2.1. Synthesis of 1-Alkyl-1H-imidazoles
To a solution of 1-bromoalkane (10.0 g) in CH3CN (20.0 mL) was

added imidazole (1.00 eq.) and K2CO3 (3.00 eq.) at room temperature,
respectively. The reaction mixture was stirred at room temperature for
24 h. Then, water (100mL) was added and the mixture was extracted
with ethyl acetate (3× 100mL). The combined organic layer was dried
over sodium sulfate anhydrous. The solvent was removed by using ro-
tary evaporator. The residue was concentrated under reduced pressure
and purified by column chromatography (SiO2, 10–100 % ethyl
acetate/n-hexane) to give the 1-alkyl-1H-imidazoles as products.

2.2.1.1. 1-Octyl-1H-imidazole. CAS Number 21252-69-7; 44% yield
(6.4075 g) as a pale yellow oil; Rf = 0.32 (100% EtOAc); 1H-NMR
(400MHz, CDCl3): δ 0.87 (t, 3H, J=6.5 Hz), 1.19–1.34 (m, 10 H),
1.71–1.82 (m, 2 H), 3.91 (t, 2H, J=7.0 Hz), 6.90 (s, 1 H), 7.04 (s, 1 H),
7.45 (s, 1 H); 13C-NMR (100MHz, CDCl3): δ 13.92, 22.47, 26.41, 28.90,
28.96, 30.94, 31.59, 46.91, 118.67, 129.05, 136.89.

Fig. 1. Examples of versatile benzothiazole derivatives.

Scheme 1. Synthetic methods for the synthesis of 2-sunstituted benzothiazoles, (a) previous works, (b) this work.
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2.2.1.2. 1-Decyl-1H-imidazole. CAS Number 33529-02-1; 50% yield
(5.0969 g) as a pale yellow oil; Rf = 0.44 (100% EtOAc); 1H-NMR
(400MHz, CDCl3): δ 0.88 (t, 3H, J=6.5 Hz), 1.18–1.36 (m, 14 H),
1.71–1.81 (m, 2 H), 3.92 (t, 2H, J=7.0 Hz), 6.90 (s, 1 H), 7.05 (s, 1 H),
7.45 (s, 1 H); 13C-NMR (100MHz, CDCl3): δ 14.03, 22.59, 26.49, 29.00,
29.19, 29.36, 29.41, 31.02, 31.79, 46.98, 118.71, 129.21, 136.97.

2.2.1.3. 1-Dodecyl-1H-imidazole. CAS Number 4303-67-7; 52% yield
(4.9294 g) as a pale yellow oil; Rf = 0.37 (100% EtOAc); 1H-NMR
(400MHz, CDCl3): δ 0.87 (t, 3H, J=6.5 Hz), 1.23–1.31 (m, 18 H),
1.72–1.81 (m, 2 H), 3.91 (t, 2H, J=7.0 Hz), 6.89 (s, 1 H), 7.05 (s, 1 H),
7.47 (s, 1 H); 13C-NMR (100MHz, CDCl3): δ 13.91, 22.63, 26.66, 29.08,
29.29, 29.42, 29.51, 29.59 (2×C), 31.08, 31.92, 47.13, 118.70,
129.47, 137.09.

2.2.1.4. 1-Tetradecyl-1H-imidazole. CAS Number 54004-47-6; 59%
yield (5.7256 g) as a pale yellow oil; Rf = 0.38 (100% EtOAc); 1H-
NMR (400MHz, CDCl3): δ 0.88 (t, 3H, J=6.5 Hz), 1.18–1.36 (m,
22 H), 1.71–1.81 (m, 2 H), 3.92 (t, 2H, J=7.5 Hz), 6.90 (s, 1 H), 7.05
(s, 1 H), 7.46 (s, 1 H); 13C-NMR (100MHz, CDCl3): δ 14.07, 22.65,
26.52, 29.03, 29.31, 29.39, 29.48, 29.56, 29.60 (2×C), 29.64, 31.04,
31.89, 47.02, 118.73, 129.22, 136.98.

2.2.2. Synthesis of IV, V, VI and VII
To a solution of 1-alkyl-1H-imidazole (1.00 g) in CH3CN (4.00 mL)

was added 1,4-butanesultone (1.10 eq.) in portions at room tempera-
ture. The reaction mixture was heated to 80 °C with stirring for 48 h,
and then cooled to room temperature resulting in white precipitate. The
white precipitate was filtered and washed with ethyl acetate (3× 5mL)
to remove any unreacted starting materials, and then the precipitate
was dried in a vacuum to give the zwitterion compound as a white
solid. Then a mixture of zwitterion compound (500mg) in anhydrous
toluene (5.00mL) was added a stoichiometric amount of tri-
fluoromethane sulfonic acid (TfOH) (1.00 eq.) in portions at room
temperature. The reaction was then stirred at 80 °C for 24 h. After
complete the reaction anhydrous toluene was removed by rotary eva-
porator to obtain compounds IV, V, VI and VII as products.

2.2.2.1. 1-Butylsulfonic-3-octyl-1H-imidazolium trifluoromethanesulfonate
(IV): 99% yield. (0.7340 g) as a brown oil; 1H-NMR (400MHz, DMSO-
d6): δ 0.85 (t, 3H, J=6.5 Hz), 1.15–1.35 (m, 10 H), 1.56 (quint, 2H,
J=7.5 Hz), 1.78 (quint, 2H, J=7.5 Hz), 1.89 (quint, 2H, J=7.5 Hz),
2.55–2.62 (m, 2 H), 4.09–4.25 (m, 4 H), 7.80 (s, 2 H), 9.22 (s, 1 H); 13C-
NMR (100MHz, DMSO-d6): δ 14.28, 21.79, 22.44, 25.92, 28.72, 28.82,
28.85, 29.74, 31.56, 48.94, 49.34, 50.80, 122.89 (2C), 136.43.

2.2.2.2. 1-Butylsulfonic-3-decyl-1H-imidazolium
trifluoromethanesulfonate (V): 95% yield. (0.6834 g) as a brown oil; 1H-
NMR (400MHz, DMSO-d6): δ 0.85 (t, 3H, J=6.5 Hz), 1.15–1.32 (m,
14 H), 1.56 (quint, 2H, J=7.5 Hz), 1.78 (quint, 2H, J=7.5 Hz), 1.89
(quint, 2H, J=7.5 Hz), 2.58 (t, 2H, J=7.5 Hz), 4.10–4.25 (m, 4 H),
7.80 (s, 2 H), 9.22 (s, 1 H); 13C-NMR (100MHz, DMSO-d6): δ 14.32,
21.83, 22.51, 25.94, 28.78, 28.85, 29.03, 29.23, 29.32, 29.75, 31.71,
48.95, 49.34, 50.80, 122.89 (2C), 136.42.

2.2.2.3. 1-Butylsulfonic-3-dodecyl-1H-imidazolium
trifluoromethanesulfonate (VI): 99% yield. (0.6982 g) as a brown oil; 1H-
NMR (400MHz, DMSO-d6): δ 0.85 (t, 3H, J=7.0 Hz), 1.16–1.33 (m,
18 H), 1.56 (quint, 2H, J=7.5 Hz), 1.72–1.84 (m, 2 H), 1.89 (quint,
2H, J=7.5 Hz), 2.56 (t, 2H, J=7.5 Hz), 4.15 (t, 2H, J=7.5 Hz), 4.19
(t, 2H, J=7.5 Hz), 7.79 (s, 2 H), 9.21 (s, 1 H); 13C-NMR (100MHz,
DMSO-d6): δ 14.33, 21.84, 22.52, 25.96, 28.79, 28.85, 29.14, 29.24,
29.38, 29.44 (2C), 29.76, 31.72, 48.31, 49.34, 50.80, 74.87, 122.90
(2C), 136.43.

2.2.2.4. 1-Butylsulfonic-3-tetradecyl-1H-imidazolium

trifluoromethanesulfonate (VII): 99% yield. (0.6971 g) as a brown oil;
1H-NMR (400MHz, DMSO-d6): δ 0.85 (t, 3H, J=7.0 Hz), 1.13–1.35
(m, 22 H), 1.55 (quint, 2H, J=7.5 Hz), 1.78 (quint, 2H, J=7.5 Hz),
1.89 (quint, 2H, J=7.5 Hz), 2.45–2.58 (m, 2 H), 4.15 (t, 2H,
J=7.5 Hz), 4.19 (t, 2H, J=7.5 Hz), 7.80 (s, 2 H), 9.22 (s, 1 H); 13C-
NMR (100MHz, DMSO-d6): δ 14.31, 21.85, 22.52, 25.97, 28.82, 28.87,
29.15, 29.26, 29.40, 29.46 (2C), 29.50 (2C), 29.78, 31.74, 48.96,
49.34, 50.80, 122.90 (2C), 136.44.

2.2.3. Synthesis of 1-Dodecyl-1H-imidazolium trifluoromethanesulfonate
(VIII)

A mixture of 1-dodecylimidazole (500mg, 2.12mmol) in anhydrous
CH2Cl2 (5.00mL) was added a stoichiometric amount of tri-
fluoromethanesulfonic acid (TfOH) (188 μL, 2.12mmol) in portions at
0 °C and stirred at room temperature for 24 h. After complete the re-
action, dichloromethane was removed by rotary evaporator to obtain
[dodecim][OTf] (VIII) in 98% yield (0.8050 g) as a white solid; m.p.
68–70 °C; 1H-NMR (400MHz, DMSO-d6): δ 0.85 (t, 3H, J=7.0 Hz),
1.15–1.35 (m, 18 H), 1.74–1.83 (m, 2 H), 4.17 (t, 2H, J=7.5 Hz), 7.69
(s, 1 H), 7.78 (s, 1 H), 9.11 (s, 1 H); 13C-NMR (100MHz, DMSO-d6): δ
13.89, 22.06, 25.52, 28.32, 28.68, 28.79, 28.90, 28.98 (2C), 29.39,
31.27, 48.55, 119.90, 121.97, 135.17.

2.3. General procedure for the synthesis of 2-substituted benzothiazoles

To a suspension of [bsdodecim][OTf]* (10mol%, 52.2 mg) in water
(1.0 mL) was added aldehyde (8) (1.0 mmol), 2-aminothiophenol (7)
(1.0 mmol) and tert-butyl hydrogenperoxide (TBHP) (1.0 mmol, 159 μL)
at room temperature, respectively. The mixture suspension was stirred
at room temperature for 1.5 h. Then, the mixture was extracted with
ethyl acetate (3× 2mL). The combined organic layer was concentrated
using rotary evaporator. The crude residue was purified by column
chromatography (SiO2, 2–20% ethyl acetate/n-hexane as eluent depend
on each derivatives) or recrystallization to give the desired products
(9a-9x).

*Recycling experiment. After completion of the reaction, the re-
maining catalyst in aqueous solution could be reused directly by adding
substrates in the next run without purification.

2.3.1. 2-Phenylbenzothiazole (9a)
[4h,12b,13c–e] CAS Number 883-93-2; 98% yield (0.2067 g) as a

white solid; m.p. 120–122 °C; Rf = 0.36 (2% EtOAc/n-hexane); IR
(KBr): 1479, 1434, 1314, 1226, 964, 766, 732, 688, 624 cm−1; 1H-NMR
(400MHz, CDCl3): δH 7.40 (t, 1H, J=7.6 Hz), 7.47–7.55 (m, 4 H), 7.92
(d, 1H, J=8.0 Hz), 8.06–8.14 (m, 3 H); 13C-NMR (100MHz, CDCl3): δC
121.54, 123.16, 125.11, 126.23, 127.48 (2C), 128.94 (2C), 130.88,
133.54, 134.99, 154.07, 167.98.

2.3.2. 2-(4’-Chlorophenyl)benzothiazole (9b)
[4g,12a,13c] CAS Number 6265-91-4; 91% yield (0.2214 g) as a

white solid; m.p. 104–106 °C; Rf = 0.38 (2% EtOAc/n-hexane); IR
(KBr): 1475, 1436, 1400, 1316, 1251, 965, 829, 756, 732, 483 cm−1;
1H-NMR (400MHz, CDCl3): δH 7.40 (t, 1H, J=7.6 Hz), 7.48 (d, 2H, J
=8.4 Hz), 7.51 (t, 1H, J=7.2 Hz), 7.91 (d, 1H, J=8.0 Hz), 8.03 (d,
2H, J=8.4 Hz), 8.07 (d, 1H, J=8.0 Hz); 13C-NMR (100MHz, CDCl3):
δC 121.61, 123.26, 125.37, 126.44, 128.66 (2C), 129.22 (2C), 132.06,
135.01, 136.98, 154.02, 166.56.

2.3.3. 2-(4’-Fluorophenyl)benzothiazole (9c)
[13k,13o], CAS Number 1629-26-1; 90% yield (0.2054 g) as a white

solid; m.p. 100–102 °C; Rf = 0.38 (2% EtOAc/n-hexane); IR (KBr):
1483, 1436, 1316, 1229, 967, 837, 756, 729, 500 cm−1; 1H-NMR
(400MHz, CDCl3): δH 7.19 (t, 2H, J=8.6 Hz), 7.39 (t, 1H, J=7.6 Hz),
7.50 (t, 1H, J=7.6 Hz), 7.91 (d, 1H, J=8.0 Hz), 8.04–8.12 (m, 3 H);
13C-NMR (100MHz, CDCl3): δC 116.08 (d, 2Co-F, J=22.0 Hz), 121.55,
123.13, 125.18, 126.35, 129.45 (d, 2Cm-F, J=8.0 Hz), 129.89 (d, Cp-F,
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J=4.0 Hz), 134.99, 154.03, 164.39 (d, C–F, J =251Hz), 166.66.

2.3.4. 2-(2’,4’-Dichlorophenyl)benzothiazole (9d)
[4g,13j,13p], CAS Number 6265-90-3; 98% yield (0.2732 g) as a

yellow solid; m.p. 134–136 °C; Rf = 0.48 (2% EtOAc/n-hexane); IR
(KBr): 1585, 1483, 1377, 1317, 1260, 1107, 1061, 966, 860, 827, 754,
725 cm−1; 1H-NMR (400MHz, CDCl3): δH 7.41 (dd, 1H, J=8.4,
2.0 Hz), 7.45 (t, 1H, J=8.4 Hz), 7.54 (t, 1H, J=8.4 Hz), 7.57 (d, 1H, J
=2.0 Hz), 7.96 (d, 1H, J=8.0 Hz), 8.13 (d, 1H, J=8.0 Hz), 8.23 (d,
1H, J=8.8 Hz); 13C-NMR (100MHz, CDCl3): δC 121.38, 123.46,
125.60, 126.42, 127.55, 130.54, 130.78, 132.50, 133.29, 136.01,
136.60, 152.31, 162.91.

2.3.5. 2-(3’-Nitrophenyl)benzothiazole (9e)
[12m,13c–d,13k,13p], CAS Number 22868-33-3; 92% yield

(0.2353 g) as a yellow solid; m.p. 164–166 °C; Rf = 0.42 (10% EtOAc/n-
hexane); IR (KBr): 1530, 1347, 761, 729, 670 cm−1; 1H-NMR
(400MHz, CDCl3): δH 7.46 (t, 1H, J=7.2 Hz), 7.55 (t, 1H, J=7.2 Hz),
7.70 (t, 1H, J=8.0 Hz), 7.96 (d, 1H, J=8.0 Hz), 8.13 (d, 1H,
J=8.4 Hz), 8.34 (dd, 1H, J=8.0, 1.2 Hz), 8.43 (d, 1H, J=7.6 Hz),
8.94 (s, 1 H); 13C-NMR (100MHz, DMSO-d6): δC 120.82, 122.02,
122.94, 124.95, 125.72, 126.54, 130.69, 132.88, 134.08, 134.50,
148.24, 153.06, 164.38.

2.3.6. 2-(4’-Nitrophenyl)benzothiazole (9f)
[4c-d,4h,12k,13c,13g–i,13p–q], CAS Number 22868-34-4; 94%

yield (0.2388 g) as a yellow solid; m.p. 212–214 °C; Rf = 0.52 (10%
EtOAc/n-hexane); IR (KBr): 1521, 1349, 852, 765, 686 cm−1; 1H-NMR
(400MHz, CDCl3): δH 7.47 (t, 1H, J=7.6 Hz), 7.56 (t, 1H, J=7.6 Hz),
7.96 (d, 1H, J=8.0 Hz), 8.13 (d, 1H, J=8.0 Hz), 8.27 (d, 2H,
J=8.8 Hz), 8.36 (d, 2H, J=8.8 Hz); 13C-NMR (100MHz, DMSO-d6):
δC 122.23, 123.21, 124.18 (2C), 126.04, 126.76, 128.13 (2C), 134.91,
138.18, 148.69, 153.32, 164.54.

2.3.7. 4-(2-Benzothiazolyl)benzoic acid (9 g)
[13r] CAS Number 2182-78-7; 90% yield (0.2293 g) as a white

solid; m.p. 286–288 °C; Rf = 0.21 (40% EtOAc/n-hexane); IR (KBr):
3037, 1679, 1406, 1288, 971, 857, 772, 751, 719, 693 cm−1; 1H-NMR
(400MHz, CDCl3): δH 7.44 (t, 1H, J=8.0 Hz), 7.54 (t, 1H, J=8.4 Hz),
7.95 (d, 1H, J=8.0 Hz), 8.13 (d, 1H, J=8.0 Hz), 8.19–8.26 (m, 4 H);
13C-NMR (100MHz, DMSO-d6): δC 122.51, 123.22, 125.99, 126.90,
127.35 (2C), 130.29 (2C), 132.96, 134.76, 136.43, 153.53, 166.16,
166.67.

2.3.8. Methyl 4-(2-benzothiazolyl)benzoate (9 h)
[12m,13q] CAS Number 2182-77-6; 92% yield (0.2466 g) as a white

solid; m.p. 160–162 °C; Rf = 0.50 (10% EtOAc/n-hexane); IR (KBr):
1721, 1482, 1406, 1281, 1111, 968, 859, 771, 697 cm−1; 1H-NMR
(400MHz, CDCl3): δH 3.96 (s, 3 H), 7.43 (t, 1H, J=7.2 Hz), 7.53 (t, 1H,
J=7.2 Hz), 7.94 (d, 1H, J=8.0 Hz), 8.11 (d, 1H, J=8.4 Hz), 8.17 (m,
4 H); 13C-NMR (100MHz, CDCl3): δC 52.32, 121.69, 123.54, 125.68,
126.57,127.39 (2C), 130.22 (2C), 131.99, 135.21, 137.37, 154.02,
166.36, 166.55.

2.3.9. 2-(4-Hydroxyphenyl)benzothiazole (9i)
[4e,4g,12e,13e,13h,13p], CAS Number 6265-55-0; 90% yield

(0.2033 g) as a white solid; m.p. 214–216 °C; Rf = 0.32 (20% EtOAc/n-
hexane); IR (KBr): 2996, 2592, 1606, 1434, 1286, 1226, 827,
757 cm−1; 1H-NMR (400MHz, DMSO-d6): δH 6.94 (d, 2H, J=8.8 Hz),
7.41 (t, 1H, J=7.2 Hz), 7.51 (t, 1H, J=6.8 Hz), 7.94 (d, 2H,
J=8.4 Hz) 7.98 (d, 1H, J =8.0 Hz), 8.09 (d, 1H, J=7.6 Hz), 10.24
(brs, 1 H); 13C-NMR (100MHz, DMSO-d6): δC 116.56 (2C), 122.52,
122.77, 124.56, 125.32, 126.85, 129.52 (2C), 134.61, 154.22, 161.02,
167.94.

2.3.10. 2-(4’-Methoxyphenyl)benzothiazole (9 j)
[4e,12a–b,12f–g12k–m,13c,13g–h,13k,13o,13q], CAS Number

6265-92-5; 92% yield (0.2229 g) as a white solid; m.p. 114–116 °C; Rf

= 0.26 (5% EtOAc/n-hexane); IR (KBr): 1606, 1485, 1435, 1311, 1262,
1227, 1172, 1027, 969, 832, 757 cm−1; 1H-NMR (400MHz, CDCl3): δH
3.89 (s, 3 H), 7.01 (d, 2H, J=8.8 Hz), 7.36 (t, 1H, J=8.0 Hz), 7.47 (t,
1H, J=8.0 Hz), 7.88 (d, 1H, J=8.0 Hz), 8.03 (d, 1H, J=8.8 Hz), 8.04
(d, 2H, J=8.8 Hz); 13C-NMR (100MHz, CDCl3): δC 55.41, 114.29 (2C),
121.44, 122.75, 124.71, 126.13, 126.39, 129.03 (2C), 134.80, 154.16,
161.84, 167.78.

2.3.11. 2-(3’,4’-Dimethoxyphenyl)benzothiazole (9k)
[4c,4e,4g,13a,13p], CAS Number 6638-45-5; 80% yield (0.2167 g)

as a white solid; m.p. 124-126 °C; Rf = 0.42 (20% EtOAc/n-hexane); IR
(KBr): 1602, 1525, 1483, 1434, 1265, 1146, 1024, 760 cm-1; 1H-NMR
(400MHz, CDCl3): δH 3.96 (s, 3 H), 4.02 (s, 3 H), 6.94 (d, 1H,
J=8.4 Hz), 7.36 (t, 1H, J=7.6 Hz), 7.48 (t, 1H, J=7.6 Hz), 7.60 (dd,
1H, J=8.4, 2.0 Hz), 7.71 (d, 1H, J=1.6 Hz), 7.87 (d, 1H, J=8.0 Hz),
8.04 (d, 1H, J=8.4 Hz); 13C-NMR (100MHz, CDCl3): δC 55.90, 56.00,
109.64, 110.89, 121.06, 121.39, 122.66, 124.79, 126.15, 126.42,
134.70, 149.21, 151.49, 153.87, 167.85.

2.3.12. 2-(3’-Methoxy-4’-hydroxyphenyl)benzothiazole (9 l)
[4e,12e] CAS Number 36341-25-0; 87% yield (0.2231 g) as a white

solid; m.p. 164–166 °C; Rf = 0.60 (10% EtOAc/n-hexane); IR (KBr):
3099, 1605, 1585, 1527, 1480, 1428, 1287, 1198, 757 cm−1; 1H-NMR
(400MHz, CDCl3): δH 4.03 (s, 3 H), 6.02 (s, 1 H), 7.01 (d, 1H,
J=8.0 Hz), 7.36 (t, 1H, J=7.6 Hz), 7.47 (t, 1H, J=7.6 Hz), 7.55 (dd,
1H, J=8.4, 1.6 Hz), 7.72 (d, 1H, J=1.6 Hz), 7.88 (d, 1H, J=8.0 Hz),
8.03 (d, 1H, J=8.0 Hz); 13C-NMR (100MHz, DMSO-d6): δC 55.72,
110.21, 115.91, 121.25, 121.96, 122.27, 124.37, 124.83, 126.34,
134.18, 148.09, 150.05, 153.65, 167.50; HRMS (ESI) m/z C14H11NO2S
[M+H]+ calcd 258.0589, found 258.0587.

2.3.13. 2-(2-Pyridyl)benzothiazole (9m)
[4h,12e,12l,13h], CAS Number 716-80-3; 87% yield (0.1839 g) as a

brow solid; m.p. 130–132 °C; Rf = 0.42 (10% EtOAc/n-hexane); IR
(KBr): 1585, 1566, 1509, 1458, 1435, 1318, 996, 980, 738, 759, 741,
729 cm−1; 1H-NMR (400MHz, CDCl3): δH 7.37–7.46 (m, 2 H), 7.51 (t,
1H, J=7.6 Hz), 7.86 (td, 1H, J=7.6, 1.2 Hz), 7.97 (d, 1H, J=8.4 Hz),
8.10 (d, 1H, J=8.0 Hz), 8.38 (d, 1H, J=8.0 Hz), 8.69 (d, 1H,
J=4.4 Hz); 13C-NMR (100MHz, CDCl3): δC 120.63, 121.90, 123.46,
125.13, 125.53, 126.15, 136.01, 136.87, 149.51, 151.26, 154.16,
169.25.

2.3.14. 2-(2-Furyl)benzothiazole (9n)
[4h,12b,12e,12l–m,13a,13h,13o], CAS Number 1569-98-9; 81%

yield (0.1634 g) as a white solid; m.p. 100–102 °C; Rf = 0.53 (10%
EtOAc/n-hexane); IR (KBr): 1505, 1012, 896, 759, 592, 434 cm−1; 1H-
NMR (400MHz, CDCl3): δH 6.60 (dd, 1H, J=3.6, 1.6 Hz), 7.20 (d, 1H,
J=3.2 Hz), 7.38 (t, 1H, J=7.6 Hz), 7.49 (t, 1H, J=7.2 Hz), 7.61 (s,
1 H), 7.89 (d, 1H, J=8.0 Hz), 8.05 (d, 1H, J=8.4 Hz); 13C-NMR
(100MHz, CDCl3): δC 111.31, 112.41, 121.45, 122.99, 125.07, 126.35,
134.16, 144.57, 148.63, 153.63, 157.43.

2.3.15. 2-(3-Indolyl)benzothiazole (9o)
[13q] CAS Number 31224-76-7; 51% yield (0.1273 g) as a brown

solid; m.p. 144–146 °C; Rf = 0.13 (10% EtOAc/n-hexane); IR (KBr):
3400, 3216, 2923, 1551, 1439, 1246, 747 cm−1; 1H-NMR (400MHz,
CDCl3): δH 7.28–7.39 (m, 3 H), 7.44 (d, 1H, J=8.0 Hz), 7.47 (t, 1H,
J=7.2 Hz), 7.89 (d, 1H, J=7.6 Hz), 7.96 (d, 1H, J=2.4 Hz), 8.05 (d,
1H, J=8.0 Hz), 8.46 (d, 1H, J=7.2 Hz), 8.88 (brs, 1 H); 13C-NMR
(100MHz, DMSO-d6): δC 110.46, 112.37, 120.73, 121.17, 121.59,
121.73, 122.77, 124.21, 124.58, 126.13, 128.91, 133.05, 136.82,
153.75, 162.90; HRMS (ESI) m/z C15H10N2S [M+H]+ calcd 251.0643,
found 251.0642.
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2.3.16. 2-(2-Pyrrolyl-N-Boc)benzothiazole (9p)
52% yield (0.1560 g) as a yellow oil; Rf = 0.52 (10% EtOAc/n-

hexane); IR (KBr): 2980, 1748, 1316, 1145, 939, 848, 825, 759,
730 cm−1; 1H-NMR (400MHz, CDCl3): δH 1.37 (s, 9 H), 6.30 (t, 1H,
J=3.2 Hz), 6.71 (dd, 1H, J=3.6, 1.6 Hz), 7.39 (td, 1H, J = 7.2,
1.2 Hz), 7.46 (dd, 1H, J=3.2, 1.6 Hz), 7.49 (td, 1H, J=7.2, 1.2 Hz),
7.89 (d, 1H, J=8.0 Hz), 8.04 (d, 1H, J=8.0 Hz); 13C-NMR (100MHz,
CDCl3): δC 27.54 (3C), 84.55, 110.90, 118.87, 121.28, 123.08, 125.04,
125.06, 126.14, 126.60, 135.59, 148.69, 153.10, 159.77; HRMS (ESI)
m/z C16H16N2SO2 [M+Na]+ calcd 323.0830, found 323.0837.

2.3.17. 2-(2-Pyrrolyl)benzothiazole (9q)
[4h,13a], CAS Number 54584-09-7; 11% yield (0.0215 g) as a

yellow oil; Rf = 0.35 (10% EtOAc/n-hexane); IR (KBr): 3193, 2923,
1571, 1492, 1440, 1105, 1041, 913, 755, 726 cm−1; 1H-NMR
(400MHz, CDCl3): δH 6.33 (dd, 1H, J=6.0, 2.4 Hz), 6.85 (brs, 1 H),
6.98 (brs, 1 H), 7.32 (t, 1H, J=7.6 Hz), 7.44 (t, 1H, J=7.8 Hz), 7.83
(d, 1H, J=8.0 Hz), 7.90 (d, 1H, J =8.0 Hz), 9.85 (brs, 1 H); 13C-NMR
(100MHz, CDCl3): δC 110.65, 112.57, 121.51, 121.75, 122.16, 124.50,
126.23 (2C), 133.86, 153.38, 160.50 ppm; HRMS (ESI) m/z C11H8N2S
[M+H]+ calcd 201.0486, found 201.0490.

2.3.18. 2-Isobutylbenzothiazole (9 r)
CAS Number 17229-77-5; 69% yield (0.1314 g) as a yellow oil; Rf =

0.23 (2% EtOAc/n-hexane); IR (KBr): 2958, 1519, 1436, 759,
729 cm−1; 1H-NMR (400MHz, CDCl3): δH 1.04 (d, 6H, J=6.4 Hz),
1.17–2.29 (m, 1 H), 2.99 (d, 2H, J=7.2 Hz), 7.35 (t, 1H, J=7.6 Hz),
7.45 (t, 1H, J=7.6 Hz), 7.84 (d, 1H, J=8.0 Hz), 7.98 (d, 1H,
J=8.0 Hz); 13C-NMR (100MHz, CDCl3): δC 22.26 (2C), 29.54, 43.13,
122.28, 122.47, 124.48, 125.68, 135.17, 153.24, 171.03; HRMS (ESI)
m/z C11H13NS [M+H]+ calcd 192.0847, found 192.0842.

2.3.19. 2-Propylbenzothiazole (9 s)
[12j] CAS Number 17229-76-4; 40% yield (0.0709 g) as a yellow

oil; Rf = 0.30 (2% EtOAc/n-hexane); IR (KBr): 2962, 1520, 1436, 759,
729 cm−1; 1H-NMR (400MHz, CDCl3): δH 1.06 (t, 3H, J=7.6 Hz), 1.91
(sex, 2H, J=7.6 Hz), 3.10 (t, 2H, J=7.6 Hz), 7.34 (t, 1H, J=7.2 Hz),
7.45 (t, 1H, J=7.6 Hz), 7.84 (d, 1H, J=8.0 Hz), 7.97 (d, 1H,
J=8.4 Hz); 13C-NMR (100MHz, CDCl3): δC 13.62, 23.01, 36.14,
121.38, 122.42, 124.52, 125.76, 135.06, 153.17, 172.09.

2.3.20. Benzothiazole (9 t)
[12a,12e,13e], CAS Number 95-16-9; 76% yield (0.1021 g) as a

yellow oil; Rf = 0.32 (10% EtOAc/n-hexane); IR (KBr): 3062, 1456,
1425, 874, 758, 728 cm−1; 1H-NMR (400MHz, CDCl3): δH 7.45 (t, 1H,
J=7.6 Hz), 7.53 (t, 1H, J=7.6 Hz), 7.97 (d, 1H, J=8.0 Hz), 8.15 (d,
1H, J=8.4 Hz), 9.00 (s, 1 H); 13C-NMR (100MHz, CDCl3): δC 121.79,
123.59, 125.45, 126.08, 133.67, 153.26, 153.72.

2.3.21. 2-Cyclohexylbenzothiazole (9 u)
[12j] CAS Number 40115-03-5; 66% yield (0.1424 g) as a yellow

oil; Rf = 0.22 (2% EtOAc/n-hexane); IR (KBr): 2926, 2852, 1473, 1449,
759, 738 cm−1; 1H-NMR (400MHz, CDCl3): δH 1.29–1.38 (m, 1 H),
1.42 (dm, 1H, J=12.8 Hz), 1.48 (dm, 1H, J=12.4 Hz), 1.61 (dm, 1H,
J =12.0 Hz), 1.67 (dm, 1H, J=12.0 Hz), 1.77 (dm, 1H, J=12.8 Hz),
1.89 (dm, 2H, J=13.2 Hz), 2.21 (dm, 2H, J=12.4 Hz), 3.06–3.15 (m,
1 H), 7.34 (t, 1H, J=8.0 Hz), 7.44 (t, 1H, J=8.4 Hz), 7.85 (d, 1H,
J=8.0 Hz), 7.97 (d, 1H, J=8.0 Hz); 13C-NMR (100MHz, CDCl3): δH
25.66, 25.93 (2C), 33.28 (2C), 43.28, 121.39, 122.42, 124.35, 125.64,
134.41, 152.98, 177.40.

2.3.22. 6-Chloro-2-phenylbenzothiazole (9v)
[12f,12g,12j,12l-m,13d,13k–l,13o], CAS Number 952-16-9; 75%

yield (0.1849 g) as a white solid; m.p. 130–132 °C; Rf = 0.38 (2%
EtOAc/n-hexane); IR (KBr): 1543, 1478, 1434, 1265, 1223, 1072, 969,
884, 808, 764, 688, 628 cm−1; 1H-NMR (400MHz, CDCl3): δH 7.36 (dd,

1H, J=8.8, 2.0 Hz), 7.48–7.53 (m, 3 H), 7.81 (d, 1H, J=8.8 Hz),
8.04–8.10 (m, 3 H); 13C-NMR (100MHz, DMSO-d6): δC 122.29, 123.89,
125.65, 127.33 (2C), 129.48 (2C), 131.42, 131.82, 132.51, 133.26,
154.46, 169.68.

2.3.23. 6-Chloro-2-(4’-chlorophenyl)benzothiazole (9w)
81% yield (0.2249 g) as a white solid; m.p. 142–144 °C; Rf = 0.38

(2% EtOAc/n-hexane); IR (KBr): 1474, 1431, 1402, 1094, 968, 831,
797, 623, 482 cm−1; 1H-NMR (400MHz, CDCl3): δH 7.38 (d, 1H,
J=8.4 Hz), 7.48 (d, 2H, J=8.4 Hz), 7.82 (d, 1H, J=8.8 Hz), 8.02 (d,
2H, J=8.4 Hz), 8.05 (brs, 1 H). 13C-NMR (100MHz, CDCl3): δC 122.24,
123.01, 125.80, 128.65 (2C), 129.26 (2C), 131.62, 132.44, 133.19,
137.38, 154.79, 168.36; HRMS (ESI) m/z C13H7Cl2NS [M+H]+ calcd
279.9755, found 279.9757.

2.3.24. 6-Chloro-2-(4-methoxyphenyl)benzothiazole (9x)
[12l] CAS Number 92161-46-1; 73% yield (0.1998 g) as a yellow

solid; m.p. 142–144 °C; Rf = 0.10 (10% EtOAc/n-hexane); IR (KBr):
1262, 969, 883, 831, 809, 629 cm−1; 1H-NMR (400MHz, CDCl3): δH
3.89 (s, 3 H), 7.00 (d, 2H, J=8.8 Hz), 7.32 (dd, 1H, J=8.8, 2.0 Hz),
7.78 (d, 1H, J=8.4 Hz), 8.00 (brs, 1 H), 8.02 (d, 2H, J=8.4 Hz); 13C-
NMR (100MHz, DMSO-d6): δC 56.01, 115.30 (2C), 122.32, 124.16,
125.62, 129.54 (3C), 131.73, 133.49, 155.07, 162.57, 169.89.

3. Results and Discussion

Preparation of a series of BAILs (I-III) and BASILs (IV-VIII) based-
imidazolium cation employed the method according to previous report
[14b] (Scheme 2) and investigated as catalysts for the synthesis of 2-
substituted benzothiazoles via condensation of o-aminothiophenol with
a variety of aldehydes in water at ambient temperature.

The reaction of o-aminothiophenol (7a, 1.0 mmol) and benzalde-
hyde (8a, 1.0 mmol) was chosen as a model to test the activity of cat-
alysts in water at room temperature (Table 1). Benzothiazole 9a was a
desirable product, formed through benzothiazoline intermediate 10a
under oxidation [13c,13h]. Initial experiment, the control reaction was
examined in the absence of a catalyst and oxidant for 3 h and resulted in
an incomplete reaction with only trace amounts of the desirable pro-
duct 9a (6%) and intermediate 10a in 76% (entry 1). Subsequently,
10mol% of various catalysts were substituted and compared under the
otherwise same conditions (entries 1-13). Transition metal complex
such as FeCl3·6H2O was tested for comparison and yielded the desired
product 9a in only 34% with no intermediate 10a (entry 2). BAILs I-III
[14b] (entries 3-5) derived from methylimidazolium cation gave low
yields of 9a (7-17%) and intermediate 10a was found as a major pro-
duct (64-83%). This is probably due to poor solubility of substrates and
intermediate in water system reflect in low yield of the desirable pro-
duct 9a (Fig. 2a). However, the highest total yield (94%) was found
with catalyst III, which consists of OTf anion (entry 5). This suggests
that the counter anion plays a significant role in this protocol and OTf
anion showed the highest efficiency. Encouraged by these results,
subsequent experiments were explored using long alkyl-chain Brönsted
acidic ionic liquids with OTf anion IV-VIII under the otherwise same
conditions (entries 6-10). Indeed, organic substrates were quite mis-
cible with water as a yellow turbid emulsion (Fig. 2b) and the yield of
9a slightly higher with catalysts IV-VII, but not catalyst VIII. Particu-
larly, catalyst VI consist of C12 hydrocarbon chain was the most effi-
ciency to provide the best yield of 9a in 55% (45% of 10a, entry 8), and
it was found that shorter and longer alkyl chains of catalyst produced
the product 9a in lower yields.

Chemical yield of 9a with catalyst VI increased by 70% after reac-
tion time was increased to 12 h (27% of 10a, entry 11) and by 96% after
24 h (entry 12). This indicated that in order to produce an excellent
yield of 9a with catalyst VI in water and without an oxidant longer
reaction times are required.

While short reaction time (1.5 h) in the absence of oxidant, yield of
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9a was found only 22% (77% of 10a, Table 2, entry 1). To further
optimization with 1.5 h of reaction time, oxidant was employed and the
better yield of 9a was occurred (Table 2). Hydrogen peroxide (H2O2,
1.0 eq.) improved yield of 9a to 67% along with 26% of 10a (entry 2).
Yields of 9a were highest at 98% when 1.0 eq. TBHP was used (entry 3).
Yields of 9a declined (64%) and 10a in 28% (entry 4) with a reduction
of TBHP to 0.5 eq. Decreasing the amount of catalyst VI to 5mol%
reduced 9a to 80% with only trace amounts of 10a (4%, entry 5). Fi-
nally, further confirmation the catalytic activity of catalyst VI, the re-
action was evaluated under oxidant (TBHP, 1.0 eq.) without catalyst
and resulted in lower yields of both 9a and 10a (entries 6 and 7).

To confirm that catalyst VI-induced the formation of micelles or

colloidal dispersions in water, a reaction mixture was detected by light
microscopic technique and the result revealed the formation of colloidal
particles (Fig. 2c). These stable spherical colloidal particles play a
crucial role in rapidly stimulating the reaction in water, as in the case of
LASC, SDS, DBSA and sodium stearate [13h,15].

According to the literatures [13,15] and our experiment results, we
suggest a mechanism for the formation of benzothiazole in Scheme 3. A
long alkyl-chain acidic ionic liquid acts both as Brönsted acid to acti-
vate substrates and as a surfactant to form micelle in water. Hydro-
phobic substrates were concentrated inside the hydrophobic core of the
catalyst, allowing the reaction to take place more easily. With hydro-
philic Brönsted acid activating aldehyde substrate at oxygen atom

Scheme 2. Synthesis and structures of the BAILs (I-III) and BASILs (IV-VIII).

Table 1
Optimization of the reaction.a

Entry Catalyst Time (h) Yield (%) b

9a 10a Total

1 – 3.0 7 76 83
2 FeCl3.6H2O 3.0 34 0 34
3 I, [bsmim][HSO4] 3.0 7 64 71
4 II, [bsmim][pTSA] 3.0 17 69 86
5 III, [bsmim][OTf] 3.0 11 83 94
6 IV, [bsocim][OTf] 3.0 26 69 95
7 V, [bsdecim][OTf] 3.0 21 75 96
8 VI, [bsdodecim][OTf] 3.0 55 45 100
9 VII, [bstetradecim][OTf] 3.0 20 71 91
10 VIII, [dodecim][OTf] 3.0 3 90 93
11 VI, [bsdodecim][OTf] 12.0 70 27 97
12 VI, [bsdodecim][OTf] 24.0 96 0 96

a All reactions were conducted with o-aminothiophenol (7a, 1.0 mmol), benzaldehyde (8a, 1.0 mmol), catalyst (10mol%) in water (1.0mL) at room temperature
for.1.5–24.0 h.

b Isolated yield.
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forming an intermediate A, dehydration and cyclization take place to
form intermediate B and C, respectively. Finally, TBHP oxidizes inter-
mediate C to produce the corresponding 2-substituted benzothiazoles.

The recycling performance of catalyst VI was investigated using
model reaction. After the complete reaction (Table 2, entry 3), 9a was
separated from the water layer by simple extraction with ethyl acetate

(3×2mL). Catalyst VI contained in the water layer was reused by
directly adding substrates for the next cycles. Catalyst VI was reused for
at least four cycles without apparent loss of catalytic activity and yields
of 9a remained unchanged at 98, 96, 97 and 98% for four cycles re-
spectively. Finally, NMR analysis confirmed analysis confirmed catalyst
VI retained its structure following for four cycles of use.

Fig. 2. (a) Reaction mixture of catalyst III and substrates in water. (b) Reaction mixture of catalyst VI and substrates in water. (c) Spherical colloidal partials of the
reaction mixture of substrates and catalyst VI in water, detected by light microscopy.

Table 2
Optimization of the reaction with oxidant.a

Entry Oxidant (eq.) Time (h) Yield (%)b

9a 10a Total

1 – 1.5 22 77 99
2 H2O2 (1.0) 1.5 67 26 83
3 TBHP (1.0) 1.5 98 0 98
4 TBHP (0.5) 1.5 64 28 92
5c TBHP (1.0) 1.5 80 4 84
6d TBHP (1.0) 1.5 26 7 33
7e TBHP (1.0) 4.5 32 24 56

a All reactions were conducted with o-aminothiophenol (7a, 1.0 mmol), benzaldehyde (8a, 1.0 mmol), catalyst VI (10mol%), oxidant (0.5–1.0 equivalent) in
water (1.0mL) at room temperature for 1.5 h.

b Isolated yield.
c 5mol% of catalyst VI.
d Without catalyst.
e Stirred for 3.0 h without catalyst and then 1.5 h after adding TBHP.

Scheme 3. Proposed mechanism for the synthesis of 2-substituted benzothiazole in water using [bsdodecim][OTf] as catalyst.
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This protocol could be applied to a variety of either aliphatic, aro-
matic and heteroaromatic aldehyde substrates to provide the corre-
sponding desirable products in good to excellent yields depending on
steric hindrance, electronic properties and solubility of substrates
(Table 3). Aromatic aldehydes with nonpolar electron-withdrawing
substituents (-Cl, -F), including benzaldehyde proceed smoothly to
produce excellent yields of products 9a-9c within 1.5 h at room tem-
perature (90-98%, condition A). Remarkably, when the reaction was
performed in the absence of an oxidant (TBHP), a prolonged reaction
time (24 h) was necessary to produce an excellent yield of 9a (96%) and
a moderate yield of 9b (55%) with 39% of a benzothiazoline inter-
mediate. A sterically hindered group at ortho-position on benzene ring
of benzaldehyde reduced the yield of 9d to 66% (condition A), but at a
high reaction temperature (80 °C, condition B) yield improved to 98%.
Under condition A, aromatic aldehydes with polar electron-with-
drawing substituents (-NO2, -CO2H, -CO2Me), poor solubility and soli-
dify during the reaction, gave products 9e, 9 g and 9 h in moderate
yields (39–65%) and only trace amount of 9e (7%). Heating to 80 °C
(condition B) improved solubility of substrates and yields of products
9e-9 h to 90–94%. Notably, the ester functional group, which was ea-
sily hydrolyzed under acid conditions, tolerated this catalyst even under

heating conditions. Aromatic aldehydes with electron-donating sub-
stituents produced the target products 9i-9 l in high yields (70–81%)
within 1.5 h at room temperature (condition A) and yields improved
even more (85–92%) when the reaction time was increased to 8–10 h.
Heteroaromatic aldehyde substrates were investigated also with this
protocol and produced the desired products in moderate (9n-9p,
51–67%) to high yields (9m, 87%) under condition A for 1.5 h. Yield of
9n was enhanced to 81% when reaction time was 8.0 h. Aldehyde
substrates of 2.0 eq was employed to provide higher yields of 9o
(100%) and 9p (78%). In contrast, a poor yield of 9q (11%) was ob-
tained from pyrrole-2-carbaldehyde substrate even with 2.0 eq. of al-
dehyde. This was likely due to the strong pH effect of nitrogen atom on
substrates allowing for easy attachment to an acid-catalyst reducing
catalytic activity [16]. Interestingly, aliphatic aldehyde substrates were
incorporated well enough to generate acceptable yields of 9 r-9 u
(28–52%, condition A, 1.5 h). A higher yield of 9 r (69%) resulted when
reaction time was 8.0 h at room temperature or temperature was
maintained under 80 °C for 1.5 h (condition B). In the presence of 2.0
eq. of aldehyde substrates yields of 9 s-9 u increased to 40, 76 and 66%,
respectively. In addition, when 4-chloro-2-aminothiophenol was em-
ployed as the substrate, the products 9v-9x were readily produced in

Table 3
Synthesis of 2-substituted benzothiazoles with various substancesa.

aAll reactions were conducted with 2-aminothiophenol (1, 1.0 mmol) and aldehyde (2, 1.0mmol) using 10mol% of [bsdodecim][OTf] and 1.0 eq. TBHP in 1.0ml of
water; bIsolated yield; cbenzothiazoline intermediate; dsolidity; ewithout TBHP; f2 eq. of aldehyde.
Conditions A. Reaction was performed at room temperature; Condition B. Reaction was performed at 80 °C.
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high yields (75, 81 and 73%, respectively) within 1.5 h. However, yield
of 9x (73%) did not improve even at a prolonged reaction period
(8.0 h).

4. Conclusion

In summary, we have developed a green and efficient method for
the synthesis of 2-substituted benzothiazoles from o-phenylenediamine
with a wide range of aliphatic, aromatic and heteroaromatic aldehyde
substrates using Brönsted acid-surfactant-combined ionic liquids
(BASILs) as a reusable catalyst in water under metal-free conditions at
ambient temperature. The BASILs, named [bsdodecim][OTf] was the
most efficient reusable catalyst to provide the corresponding desirable
products in high to excellent yields.
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