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Benzimidazoles/benzothiazoles were synthesized in water under neutral conditions by the reaction of aromatic aldehydes, o-
phenylenediamine/2-amino thiophenol mediated by p-cyclodextrin in high yields. B-Cyclodextrin can be recovered and reused

without significant loss of activity.

Introduction

Benzimidazole/benzothiazole moieties are important scaffolds
in pharmaceutical applications, associated with a wide variety of
medicinal, biological activities such as antifungal, antiviral,
antibacterial, anticancer, anti-inflammatory, antiulcer,
antihypertensive, antihistaminic, anticonvulsant, and
antiparkinsonian activities.l'"*!In addition, their analogues exhibit
significant activity against several viruses, such as HIV, herpes
(HSV-1), RNA influenza and human cytomegalovirus (HCMV).*
They are also widely used in organic synthesis as intermediates.
Especially benzimidazoles are useful in controlling the diseases
such as hypertension,’ ischemia-reperfusion injury,’ as well as
obesity.”  There are  numerous  drugs containing
benzimidazole/benzothiazole skeletons as shown in Figure 1.
Several methodologies have been developed for the synthesis of
benzimidazole/benzothiazoles. Mirkhani et al. has reported the
synthesis of 2-imidazolines and bis-imidazolines by the reaction
of ethylenediamine, and nitriles in the presence of sulfur under
ultrasonic irradiation.® Das et al. described benzimidazoles from
1,2-phenylenediamine, with aldehydes by using
(bromodimethyl)sulfonium bromide at room temperature.’
Hornberger has developed one-pot synthesis of disubstituted
benzimidazoles from 2-nitro anilines with palladium charcoal as a
catalyst in the presence of trimethyl orthoformate and catalytic
pyridinium p-toluenesulfonate (PPTS) at rt.'® Lin and co-workers
synthesized some benzimidazoles from phenylenediamines, and
aldehydes, in the presence of molecular iodine.!' Pierre L.
Beaulieu et al demonstrated the oxone mediated
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benzimidazoles, benzoxazoles and benzothiazoles by using
phenylene diamines/2-amino thiophenol/2-amino thiol and acid
one-pot  synthesis  of  benzimidazoles  using 1,2-
phenylenediamines, and aldehydes in wet DMF at rt.'> Srinivasan

ss and co-workers developed the synthesis of 2-aryl chlorides under
ambient conditions using ionic liquids, 1-butylimidazolium
tetraflouroborate  [Hbim]BF,) and 1,3-di-n-butylimidazolium
tetrafluoroborate ([bbim]BF4).13
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Figure 1. Some marketed drugs with benzimidazole/benzothiazole
skeleton.
Ranu er al. described the synthesis of 2-substituted

benzimidazoles by using o-phenylenediamine with aromatic
os aldehydes in the presence of an ionic liquid, 1-methyl-3-
pentylimidazolium tetrafluoroborate, [pmim]|BF, at room

temperature. 14
CHO
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70 Scheme 1. Synthesis of benzothiazoles/benzimidazoles.

However, the above mentioned methods have been associated
with different draw backs such as the use of hazardous organic
solvents, strongly acidic conditions, expensive moisture-sensitive
catalysts, or tedious workup conditions as well as low yields. In
75 continuation of our efforts towards the development of novel
environmentally benign methodologies,"® herein we report an
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efficient  one-pot  protocol for the  synthesis of
benzimidazole/benzothiazole derivatives by a two-component
reaction, involving 1,2-diamino benzene/2-amino thiophenol for
the first time promoted by recyclable B-CD in aqueous medium
(Scheme 1). Presently organic reactions in aqueous phase have
attracted the attention of researchers because of the added
advantages of water, as an eco-friendly and economically
affordable solvent. However, the fundamental problem in
performing the reactions in water is that many organic substrates

are hydrophobic and are insoluble in aqueous medium.
Results and Discussion
Cyclodextrins (CDs) cyclic oligosaccharides

possessing hydrophobic cavities, which bind substrates
selectively and catalyze the chemical reactions with high

are

selectivity. They promote the reactions by supramolecular
catalysis  involving of host-guest
complexation by non-covalent bonding. We describe, herein, the
synthesis  of  2-substituted
demonstrating the remarkable catalytic activity of B-cyclodextrin

reversible  formation

benzimidazoles/benzothiazoles

(Scheme 1). In general, the reaction was carried out by the in situ
formation of the B-CD complex of the aldehyde in water followed
by the addition of 2-aminothiophenol and stirring at 60-65 °C to
gave the corresponding 2-phenylbenzo[d] thiazole in high yield
(81%) (Table 1, entry 1). These reactions proceeded efficiently
without the need of any metal or acid catalyst. The reaction goes
to completion in a short time (4—10 h). The reactions also take
place with a-CD and y-CD, with lesser yields, however, -CD has
been chosen as the mediator as it is inexpensive and easily
accessible. Several examples illustrating this simple and practical
methodology are summarized in Table 1. All the compounds
were characterized by 'H NMR, IR, and mass spectrometry. The
catalytic activity of cyclodextrins for these reactions is
established by the fact that no reaction was observed in the
absence of cyclodextrin. Evidence for the complexation between
the p-hydroxy benzaldehyde and cyclodextrin is supported by 'H
NMR spectroscopy. A comparison of the 'H NMR spectra
(DMSO0-d6) of B-CD, B-CD p-hydroxy benzaldehyde complex
was studied and as indicated in Figure 3. All the reactions 3-CD
was recovered and reused.

90 1 88
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81 80
80 78

76
B Yield of 2-Phenyl benzo thiazole

Yield (%)

75 A
| Catalyst recovery

70 1

65

Cycles

Figure 2. Recyclability of -CD.

45 After the reaction, the reaction mass was cooled and B-CD was

filtered and washed with ice-cold water and dried. The recovered
B-CD was further used with the same substrates as a catalyst and
checked for the yields as well as the catalytic activity of the
recovered B-CD, as shown in Figure 2. As we observed that the

s0 yields of benzimidazoles/benzothiazoles slightly decreased after

three to fourth cycle as indicated in Figure 2.

Table 1. Synthesis of benzimidazoles/benzothiazoles.”
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“Reaction conditions: Aldehyde (1.0 mmol), 2-Amino thiophenol/1,2-
Diamino benzene (1.0 mmol), B-Cyclodextrin (10 mol%), 60-65 °C. °
Isolated yield.
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Figure 3. '"H NMR (300 MHz, DMSO-dy) spectrum of (a) B-CD (b) p-
hydroxy benzaldehyde (c) B-CD—-p-hydroxy benzaldehyde inclusion
10 complex.

Conclusion

In summary, we have developed an eco-friendly, one-pot protocol
for the synthesis of 2-substituted benzothiazoles/benzimidazoles
15 in good to excellent yields under neutral conditions promoted by
B-cyclodextrin in aqueous medium. This simple and novel
methodology will be useful to green chemistry with some
advantage that the reaction excludes non-toxic, moisture sensitive
or hazardous catalysts and elevated reaction temperatures, longer
20 reaction times, and the catalyst B-CD is economically viable,

readily available, easily handling.

Experimental Section

General experimental procedure for the synthesis of 2-
substituted/benzothiazoles using B-cyclodextrin:

25 Cyclodextrin (10 mol %) was dissolved in water (10 ml), and to
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this clear solution, aldehyde was added, stirred for 15 min,
followed by the addition of 1,2-diamino benzene/2-amino
thiophenol (1.0 mmol). The reaction mixture was heated at 60-65
°C until completion of the reaction as indicated by TLC. The
reaction mixture was cooled to 5 °C and B-cyclodextrin was
filtered. The aqueous layer was extracted with ethyl acetate (3 x
10 ml). The combined organic layers were washed with water,
saturated brine solution, and dried over anhydrous Na,SO,4. The
combined organic layers were evaporated under reduced pressure
and the resulting crude product was purified by column
chromatography using ethyl acetate and hexane (1:9) as an eluent.
The identity and purity of the products were confirmed by 'H, "*C
NMR, and mass spectra.

2-Phenylbenzo[d]thiazole (Table 1, Entry 1); 'H NMR (300 MHz,
CDCly) § = 8.11-8.07 (m, 3H), 7.90 (d, 1H, J = 7.9 Hz), 7.52-7.47 (m,
3H), 7.42-7.36 (m, 2H); °C NMR (50 MHz, CDCls) § = 130.93, 128.98,
127.50, 126.27, 125.14, 123.18, 121.57; MS (ESI): m/z= 212 [M+H]".
2-(4-bromophenyl)benzo[d]thiazole (Table 1, Entry 2); 1H NMR (300
MHz, CDCl3) § = 8.08 (d, 1H, , J = 8.1 Hz), 7.99-7.94 (m, 2H), 7.91 (d,
1H, J=7.9 Hz), 7.65-7.61 (m, 2H), 7.53-7.48 (m, 1H), 7.43-7.38 (m, 1H);
13C NMR (50 MHz, CDCl;) 6 = 166.62, 154.04, 135.00, 132.18, 128.86,
126.46, 125.40, 123.28, 121.62, 132.18, 128.86, 126.46, 125.40, 123.28,
121.62; MS (ESI): m/z = 290 [M+2]".
2-(4-fluorophenyl)benzo[d]thiazole (Table 1, Entry 3); 1H NMR (300
MHz, CDCl;) § = 8.09-8.05 (m, 4H), 7.89 (d, 1H, J = 7.6 Hz), 7.49 (t, 1H,
J=17.1Hz), 7.18 (t, 2H, , J = 7.0 Hz); 13C NMR (50 MHz, CDCL;) 5 =
166.61, 153.91, 134.90, 129.44, 129.37, 126.31, 125.15, 123.06, 121.50,
116.12, 115.94; MS (ESI): m/z = 230 [M+H]".
2-(2-methoxyphenyl)benzo|d]thiazole (Table 1, Entry 4); 1H NMR
(300 MHz, CDCLy) 8 = 8.53 (d, 1H, J = 1.8 Hz), 8.52 (d, 1H, J = 1.6 Hz),
8.09 (d, 1H, J = 8.2 Hz), 7.50 (d, 1H, J = 1.2 Hz), 7.49-7.44 (m, 2H),
7.38-7.35 (m, 2H), 4.06 (s, 3H); 13C NMR (50 MHz, CDCLy) 8 = 157.15,
152.09, 131.72, 129.45, 125.82, 124.51, 122.71, 121.13, 111.59; MS
(ESD): m/z= 242 [M+H]".

2-(2-bromophenyl)benzo[d]thiazole (Table 1, Entry 5); 1H NMR (300
MHz, CDCly) & = 8.15 (d, 1H, J = 7.9 Hz), 8.01-7.94 (m, 2H), 7.73 (d,
1H, J = 7.9 Hz), 7.56-7.30 (m, 4H); 13C NMR (50 MHz, CDCl;) & =
165.61, 152.50, 133.96, 132.07, 131.17, 127.48, 126.23, 125.41, 123.43,
121.34; MS (ESI): m/z = 290 [M+2]".

4-(benzo[d]thiazol-2-yl)phenol (Table 1, Entry 6); 1H NMR (300
MHz, CDCL;) & = 8.37 (s, 1H), 8.03-7.95 (m, 2H), 7.89-7.77 (m, 2H),
747 (t, 1H, J = 7.1 Hz), 7.36 (t, 1H, J = 6.9 Hz), 6.96-6.92 (m, 2H); 13C
NMR (50 MHz, CDCl;) & = 167.16, 159.71, 153.28, 133.79, 128.31,
125.34, 123.97, 123.87, 121.66, 120.75, 115.32; MS (ESI): m/z = 228
[M+H]".

4-(benzo[d]thiazol-2-yl)benzene-1,2-diol (Table 1, Entry 7); |H NMR
(300 MHz, CDCLy) & = 7.22-7.15 (m, 2H), 7.10-7.04 (m, 2H), 7.00-6.93
(m, 2H), 6.85-6.79 (m, 1H), 5.27 (s, 2H); 13C NMR (50 MHz, CDCL;) &
= 143.64, 128.20, 128.08, 127.81, 127.69, 127.62, 127.24, 126.94,
125.67, 36.94, 36.66, 31.91, 31.80, 30.16, 30.04, 29.71, 29.34, 29.24,
27.72,27.64,22.82,22.68, 22.58, 14.11; MS (ESI): m/z= 244 [M+H]".
2-(3,4,5-trimethoxyphenyl)benzo|[d]thiazole (Table 1, Entry 8); 1H
NMR (300 MHz, CDCl;) 8 = 8.06 (d, 1H, J = 8.2 Hz), 7.89 (d, 1H, J =
7.6 Hz), 7.51-7.48 (m, 2H), 7.33 (s, 1H), 7.13 (s, 1H), 3.9 (s, 9H); 13C
NMR (50 MHz, CDCl;) 6 = 153.89, 153.48, 134.83, 126.31, 125.09,
122.97, 121.48, 104.64, 60.94, 56.29; MS (ESI): m/z = 302 [M+H]".
2-(1H-indol-3-yl)benzo|d]thiazole (Table 1, Entry 9); |H NMR (300
MHz, CDCl;) 3 = 8.94 (s, 1H), 8.44 (d, 1H, J= 7.1 Hz), 8.02 (d, 1H, J =
8.1 Hz), 7.93 (d, 1H, J=2.8 Hz), 7.87 (d, 1H, J = 7.9 Hz), 7.48-7.27 (m,
S5H); 13C NMR (50 MHz, CDCl;) 6 = 163.24, 153.61, 136.44, 133.78,
126.42, 126.05, 124.85, 124.19, 123.35, 121.98, 121.75, 121.29, 120.91,
112.24, 111.72; MS (ESI): m/z = 251 [M+H]".
2-(3,5-dimethylphenyl)benzo[d]thiazole (Table 1, Entry 10); 'H NMR
(300 MHz, CDCL;) 8 = 7.52-7.45 (m, 2H), 7.41-7.33 (m, 2H), 7.29 -7.25
(m, 1H), 7.19-7.05 (m, 2H), 2.58 (s, 3H) 2.38 (s, 3H); *C NMR (75 MHz,
CDClL) 6 = 139.9, 129.4, 128.8, 128.2, 123.6, 119.2, 117.9, 22.6, 21.2;
ESI-MS: m/z = 240 [M + HJ".

2-phenyl-1H-benzo[d]imidazole (Table 1, Entry 11); 1H NMR (300
MHz, CDCl;) 6 = 8.07 (d, 1H, J = 6.2 Hz), 7.68-7.64 (m, 3H), 7.49-7.44
(m, 2H), 7.29-7.27 (m, 2H), 7.10 (d, 1H, J = 6.8 Hz), 5.47 (s, IH); 13C
NMR (50 MHz, CDCl;) & = 151.52, 129.95, 129.25, 128.26, 126.35,
121.78; MS (ESI): m/z = 195 [M+H]".

This journal is © The Royal Society of Chemistry [year]
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2-(2-methoxyphenyl)-1H-benzo[d]imidazole (Table 1, Entry 12); 1H
NMR (300 MHz, CDCI;) & = 8.01-7.98 (m, 5H), 6.93-6.90 (m, 4H), 3.86
(s, 3H); 13C NMR (50 MHz, CDCl;) 6 = 157.47, 156.38, 152.33, 143.03,
135.37, 132.26, 131.40, 128.33, 127.63, 122.44, 121.94, 120.70, 120.29,
119.60, 110.73, 109.83, 55.12, 55.03, 43.48; MS (ESI): m/z = 225
[M+H]".
2-(4-ethoxyphenyl)-1H-benzo[d]imidazole (Table 1, Entry 13); 'H
NMR (300MHz, DMSO-d¢) d = 7.59-7.55 (m, 2H), 7.25-7.14 (m, 3H),
6.77 (d, 1H, J = 8.3 Hz), 6.92-6.88 (m, 2H), 4.08-3.94 (q, 2H), 1.43 (t,
10 3H, J = 7.5 Hz); *C NMR (300 MHz, DMSO0-d6): § = 160.28, 158.50,
153.97, 143.09, 136.03, 130.66, 128.14, 127.11, 122.66, 119.71, 114.62,
110.32, 63.34, 14.80; MS (ESI): m/z = 239 [M+H]".
2-(4-chlorophenyl)-1H-benzo[d]imidazole (Table 1, Entry 14); 1H
NMR (300 MHz, CDCly) 6 = 7.57 (d, 1H, J=17.6 Hz), 741 (d, 2H, J =
15 7.6 Hz), 7.32-7.20 (m, 3H), 7.12 (d, 1H, J= 7.6 Hz), 7.01 (d, IH, J= 7.6
Hz); 13C NMR (50 MHz, CDCl;) 6 = 130.93, 128.98, 127.50, 126.27,
125.14, 123.18, 121.57; MS (ESI): m/z = 229 [M+H]".
2-(2-chlorophenyl)-1H-benzo[d]imidazole (Table 1, Entry 15); 1H
NMR (300 MHz, CDCl3) 6 = 8.62 (s, 1H), 7.93 (d, 3H, J=5.8 Hz), 7.47
(s, 2H), 7.25 (s, 1H), 6.70 (d, 1H, J = 8.3 Hz), 4.92 (s, IH); 13C NMR
(50 MHz, CDCl;) 6 = 158.20, 130.92, 128.96, 127.52, 126.25, 125.13,
123.17, 121.56; MS (ESI): m/z = 229 [M+H]".
2-(4-nitrophenyl)-1H-benzo[d]imidazole (Table 1, Entry 16); 1H
NMR (300 MHz, CDCl;) 6 = 7.66-7.64 (m, 2H), 7.44-7.40 (m, 3H), 7.32-
7.25 (m, 3H); 13C NMR (50 MHz, CDCl;) & = 160.27, 158.51, 153.96,
143.08, 136.00, 130.64, 128.12, 127.10, 122.62, 119.70, 114.63, 110.32;
MS (ESI): m/z = 240 [M+H]".
2-(p-tolyl)-1H-benzo[d]imidazole (Table 1, Entry 17); 1H NMR (300
MHz, CDCl3) & = 8.12 (d, 4H, J = 8.3 Hz), 7.32 (d, 4H, J= 8.1 Hz), 3.13
30 (s, IH), 2.44 (s, 3H); 13C NMR (50 MHz, CDCl;) 6 = 140.31, 137.77,
132.74, 129.77, 129.45, 128.81, 125.70, 123.20, 120.52, 110.45, 21.03;
MS (ESI): m/z = 209 [M+H]".
2-(4-methoxyphenyl)-1H-benzo[d]imidazole (Table 1, Entry 18); 1H
NMR (300 MHz, CDCl;) 6 =8.11 (d, 1H, J= 8.6 Hz), 7.65-7.46 (m, 3H),
35 6.98-6.93 (m, 3H), 6.79 (d, 1H, J = 8.6 Hz), 3.73 (s, 3H); 13C NMR (50
MHz, CDCl;) 8 = 166.63, 164.10, 154.82, 132.97, 58.43; MS (ESI): m/z =
225 [M+H]".
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