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An efficient, practical and environmentally benign synthesis of 2-substituted benzothiazoles was
developed through RuCls-catalyzed oxidative condensation of 2-aminothiophenol with aldehyde in ionic
liquid by using air as the oxidant. With this procedure, a series of 2-substituted benzothiazoles and ben-
zothiazole/pyrimidine nucleoside hybrids with antimicrobial activities were efficiently prepared from
easily accessible starting materials.

© 2010 Elsevier Ltd. All rights reserved.

With inherent affinity for diverse biological receptors, 2-substi-
tuted benzothiazoles have shown amazing intrinsic pharmacolog-
ical and biological activities by acting as efficacious antitumor,’
antiviral,2 antimicrobial,® and antioxidant* agents. In addition, they
have also found wide applications in the area of organic optoelec-
tronic materials.> Due to their importance, numerous methods for
the preparation of 2-substituted benzothiazoles have been devel-
oped. Among them, one often used procedure involves the conden-
sation of o-aminothiophenol with carboxylic acids, acyl chlorides,
or esters. But these processes were often accomplished under dras-
tic reaction conditions. An alternative route starting from o-amino-
thiophenol and aldehyde with the assistance of oxidants such as
Sc(OTf)3,° O,/activated carbon,” PCC,® H,0,/CAN,® and persulfate/
CuS0,4'® was then developed. More recently, a Bakers’ yeast!'!?
and a trichloroisocyanuric acid (TCCA) catalyzed!'® high efficient
preparation of 2-substituted benzothiazoles from o-aminothiophe-
nol and aldehyde under mild conditions was also reported. In spite
of the merits showed by these procedures, some of them suffer
drawbacks such as tedious workup, low yields, use of stoichiome-
tric or excessive metal reagents, and volatile harmful organic sol-
vents. Therefore, the development of new route with significant
practical value still remains a challenge.

On the other hand, organic transformations catalyzed by ruthe-
nium(IIl) species have emerged as a focus of attention in recent
years due to their high efficiency and excellent chemoselectivity.
A catalytic amount of ruthenium(IIl) together with oxidants such
as H,0,,'? CH5CO3H,'® NalO,,'* oxygen,!® (diacetoxyiodo)benzene
(DIB),'® bromamine-T,!” CeCl3/NalO,,'® and oxygen/sodium
cyanide!® has been successfully used in an array of oxidative
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transformations. Meanwhile, the concept of green solvent is of rap-
idly growing popularity due to the increasing awareness of the ad-
verse effect of volatile organic solvents on the environment, and an
expectation has been built up on the use of ionic liquids (ILs) as the
solvent for future due to their nonvolatility, nonflammability, ther-
mal stability, and controlled miscibility.2>?! Furthermore, they are
marching beyond the boundary of green solvent by showing signif-
icant role in promoting or improving various organic
transformation.??

As part of our ongoing research efforts toward the development
of synthetic methodologies for biologically important heterocy-
cles,? we set to develop a more efficient and practical procedure
for the preparation of 2-substituted benzothiazoles through
RuCls-catalyzed oxidative condensation of 2-aminobenzenethiol
with aldehyde by using ionic liquid as the reaction medium.

Initially, the reaction of benzaldehyde (1a) and o-aminobenze-
nethiol (2a) was studied under various conditions with regard to
different catalyst, solvent, temperature, and reaction time (Scheme
1). The results are summarized in Table 1. It firstly turned out that
3a could be obtained in a yield of 65% after the mixture of 1a and
2a in [bmim]PFg (1-butyl-3-methylimidazolium hexafluorophos-
phate) being stirred at 60 °C for 0.5 h in the presence of 3% of RuCls
(Table 1 entry 1). It should be noted that no added stoichiometric
or excessive oxidant other than air was provided, indicating that
the combination of catalytic amount of RuCls and air serves as effi-
cient oxidant for the formation of 3a. To our knowledge, this is the
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Table 1
Oxidative condensation of 1a and 2a under different reaction conditions®
Entry Solvent Catalyst Amount of catalyst (equiv) Time (h) Temp. (°C) Yield® (%)
1 [bmim]PFg RuCl3 0.03 0.5 60 65
2 [bmim]PFg RuCls 0.03 0.5 80 72
2 [bmim]PFg RuCl3 0.03 0.5 100 70
3 [bmim]PFg RuCl; 0.05 0.5 60 78
4 [bmim]PFg RuCl; 0.05 0.5 80 83
5 [bmim]PFg RuCl3 0.1 0.5 80 84
6 [bmmim]PFg RuCl; 0.05 0.5 80 63
7 [bmim]BF, RuCls 0.05 0.5 80 75
8 [bmim]PFg — — 3 80 Trace
9 [bmim]PFg RuCls 0.05 3 80 Trace®
10 [bmim]PFg InCl; 0.05 2 80 Trace
11 [bmim]PFg CeCls 0.05 2 80 66
12 THF RuCl3 0.05 3 Reflux 68
13 CHsCN RuCl; 0.05 3 Reflux 62
14 Toluene RuCl3 0.05 3 80 50
15 CH,Cl, RuCl; 0.05 3 Reflux 61
¢ Reaction conditions: 1 mmol of 1a was used.
b Isolated yields.
¢ Under nitrogen atmosphere.
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Figure 1.

first example in which RuCls/air acts as an oxidant for the forma-
tion of heterocycles. Further studies showed that under optimized
reaction conditions, 3a could be obtained in a yield of 83% (entry
4). Studies also revealed that in the absence of either RuCls (entry
8) or air (entry 9), only trace amount of 3a was formed as indicated
by TLC.

In addition, two more ILs, namely [bmim|]BF, (1-tutyl-3-meth-
ylimidazolium tetrafluoroborate) and [bmmim]PFg (1,2-dimethyl-
3-butyl imidazolium hexafluorophosphate), were employed. It
showed that [bmim][PFg] was superior to [bmim][BF,] in its effi-
ciency (Table 1, entries 4 and 7), presumably due to its hydropho-
bic activation activity. It is postulated that water formed from the
condensation is miscible with hydrophilic [bmim][BF4] and thus
detained, which prevents the reaction from reaching completion.
In contrast, the hydrophobic nature of [bmim]|[PFg] would create
a micro-environment to drive the equilibrium forward by extrud-
ing water out of the ionic liquid phase and thus result in a higher
conversion. In the case of [bmmim]PFgs, with the proton of C-2 on
the imidazole ring being replaced by a methyl group compared
with [bmim|]PFg, the yield of 3a dropped to 63% under similar con-
ditions (entry 6).

The oxidative condensation was also run in several conven-
tional organic solvents (Table 1, entries 12-15). It followed that
compared with CH,Cl,, CH3CN, Toluene, or THF, [bmim]PFs and
[bmim|BF; not only exhibited an environmental benign nature
but also showed enhanced reactivity by reducing reaction time
and improving the yields significantly.

Based on the above observations, a plausible mechanism for the
RuCls-catalyzed oxidative formation of 2-substituted benzothia-
zole is depicted in Figure 1. Firstly, the accelerating effect showed
by [bmim]PFg and [bmim|BF, compared with conventional organic
solvents and [bmmim]PFs was attributed to the acidity of the
hydrogen on the 2-position of the imidazolium cation and its

ability to act as a hydrogen bond donor. The formation of the O-
H hydrogen bond from [bmim]* to the carbonyl oxygen of 1 in-
duces electrophilic activation of aldehyde, which benefits the ini-
tial condensation of 1 with 2 to form an imine intermediate A.
Moreover, it may further form an N-H hydrogen bond with the
in situ-formed imine A and it would accelerate the subsequent
intramolecular nucleophilic cyclization to form intermediate B.
Intermediate B is then oxidized by Ru(Ill) to give the final product
3. The in situ-formed Ru (II) could be oxidized by air to regenerate
Ru(lIl) for the next catalytic cycle, accounting for the necessity of
the presence of catalytic amount of Ru(Ill) and air.

With the optimized reaction conditions, the oxidation of a range
of substrates was then tried to study the scope and limitation of
this new procedure (Scheme 2) and the examples are summarized
in Table 2. It was observed that, with either aromatic or aliphatic
aldehydes, the reactions underwent smoothly, and the correspond-
ing products were obtained in good yields. For aromatic aldehydes
and aminobenzothiols with electron-withdrawing or electron-
donating groups on the phenyl rings, the reactions were run with
almost equal efficiency (Table 2, entries 1-19). On the other hand,
for aminobenzothiol with steric hindered group, the reactions were
slowed down and the yields were lower (Table 2, entries 22-25).
Moreover, various functional groups, such as nitro, methyl, meth-
oxy, and halide groups on the phenyl rings, were well tolerated un-
der this condition.?*
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Scheme 2.
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Table 2
Preparation of 3 with RuCls/air in [bmim]PFg®
Entry R R? Product Time (h) Yield® (%)
1 CgHs H 3a 0.5 83
2 4-BrCgHy H 3b 0.5 85
3 4-CH30CgH, H 3c 0.5 30
4 4-CNCgHy4 H 3d 0.5 85
5 2-BrCgH, H 3e 1 81
6 2-NO,CgHy H 3f 0.5 82
7 2-ClCgH4 H 3g 1 81
8 3-NO,CgHy H 3h 0.5 86
9 3-BrCsHy H 3i 0.5 84
10 3-CH3CeH4 H 3j 0.5 79
11 CgHs 4-Cl 3k 0.5 83
12 4-NO,CgHa 4-Cl 31 0.5 88
13 4-BrCeHy4 4-Cl 3m 0.5 83
14 4-CH30CgH4 4-Cl 3n 0.5 82
15 3-ClCgH4 4-Cl 30 0.5 83
16 3-BrCsHa 4-Cl 3p 0.5 30
17 2-NO,CgHq4 4-Cl 3q 0.5 80
18 2-ClCsH4 4-Cl 3r 1 80
19 2-BrCgH,4 4-Cl 3s 1 79
20 CH5CH,CH, H 3t 2 75
21 CH5CH,CH, 4-Cl 3u 2 76
22 CeHs 3-Cl 3v 4 62
23 4-NO,CgH4 3-Cl 3w 3 75
24 3-CH5CeH4 3-Cl 3x 4 60
25 2-NO,CeHy4 3-Cl 3y 6 43
26 4-BrCgH,4 4-CH, 3z 2 80
27 3-CH5CeHy 4-CH; 3aa 2 78

@ Reaction conditions: 1 mmol of 1 and 2, 1 mL of [bmim]PFg, 80 °C.
b Isolated yields.

In a further aspect, Loiseau and co-workers?® recently reported
a synthesis and in vitro antileishmanial evaluation of a small li-
brary of 5-heteroaryl-substituted-2’'-deoxyuridine. The nucleoside
derivatives were synthesized therein through two to three steps
and the key step is based on a palladium and cupric salt-catalyzed
Stille cross coupling of protected 5-iodo-2’-deoxyuridine with pre-
made aryltin derivatives (Scheme 3).

Considering the tedious procedure, expensive catalyst, and spe-
cially made starting material it involved, we thought it would ben-
efit both synthetic and medicinal chemistries to develop a more
practical method to prepare these nucleoside derivatives. A new
synthetic route was then envisioned by using the methodology
developed in this Letter. Thus, a mixture of the easily made 5-for-
myl-pyrimidine nucleoside (4)*® and commercially available 2 was
treated with [bmim|PFg at 80 °C in the presence of 5% of RuCl;
(Scheme 4). Very encouragingly, the reactions underwent
smoothly and afforded the pyrimidine nucleoside-benzothiazole
hybrids with good yields (Table 3). The structures of the hybrid
compounds were fully characterized by their spectra data.?’

Finally, the recyclability of RuCl; together with [bmim]PFs was
studied by using 1a and 2a as the substrates. It turned out that
RuCls3/[bmim]PFg could be reused directly for a new cycle after
the IL phase was extracted with diethyl ether (10 mL x 3) and
dried under vacuum at 90 °C overnight. The recovered RuCls/
[bmim]PFg was recycled and reused for three times. Only slight
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Table 3

Preparation of 5 with RuCls/air in [bmim]PFs*
Entry R? R® R* Product Time (h) Yield® (%)
1 H Ac OAc 5a 2 75
2 4-Cl Ac OAc 5b 2 77
3 H Ac N3 5¢ 2 75
4 4-Cl Ac N3 5d 2 71
5 H H OH 5e 3 70
6 4-Cl H OH 5f 3 71
7 H H N3 5g 3 68
8 4-Cl H N3 5h 3 66
9 3-Cl Ac OAc 5i 6 50

2 Reaction conditions: 1 mmol of 2 and 4, 1 mL of [bmim]PFg, 80 °C.
b Isolated yields.

drop in its catalytic activity was observed over each reuse. In these
reactions, the ionic liquid acts as not only solvent and co-catalyst
but also an immobilizing agent for facilitating catalyst recycling.

In conclusion, we have developed a simple, practical and envi-
ronmentally benign procedure for the preparation of 2-substituted
benzothiazoles. This oxidative condensation proceeds under mild
conditions with the catalysis of RuCl; in [bmim]PFg by employing
air as the oxidant. Compared with the literature methods, advanta-
ges of this procedure include high efficiency, readily available
starting material and reagents, recyclable reaction medium, and
an environmentally benign nature. To our knowledge, this is the
first example that RuCls; plays a catalytic role on the oxidation reac-
tion with air as the stoichiometric oxidant. Further studies to
search for more applications of this novel oxidative system and
to evaluate the biological activities of the newly synthesized nucle-
oside derivatives are currently underway and the results will be re-
ported in due course.
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dg) 6: 21.1, 37.8, 60.6, 63.6, 82.4, 86.7, 107.1, 121.2, 124.0, 124.9, 131.4, 134.0,
141.3, 149.5, 152.8, 161.9, 162.4, 170.7. MS: m/z 463 (MH)". Compound 5i: mp:
199-202 °C; 'H NMR (400 MHz, DMSO-dg) §: 2.01 (s, 3H, CHs), 2.07 (s, 3H,
CHs), 2.48-2.50 (m, 2H, CH,), 4.26-4.38 (m, 3H, CH,, CH), 5.25 (s, 1H, CH),
6.18-6.22 (m, 1H, CH), 7.35 (t, 1H, J = 8.0 Hz, ArH), 7.55 (d, 1H, J = 8.0 Hz, ArH),
8.04 (d, 1H, J=8.0 Hz, ArH), 8.90 (s, 1H, CH), 12.14 (s, 1H, NH). *C NMR
(100 MHz, DMSO-dg) o: 21.1, 21.2, 38.0, 64.1, 74.7, 82.9, 87.2, 107.3, 1214,
125.7,126.0, 126.7, 136.9, 141.2, 148.6, 149.6, 161.2, 161.9, 170.4, 170.5. MS:
mj/z 480 (MH)".
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