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By using ambient air as the oxidant andmalic acid as the promoter, a practicalmethod for the preparation
of 2-aminobenzothiazoles through visible-light-initiated cascade reaction of aromatic amines and KSCN
in eco-friendly bis(methoxypropy)ether under metal-, hazardous additive-, photocatalyst-free
conditions was established.
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Green and sustainable chemistry has put forward the require-
ment of replacing traditional non-renewable resources with clean,
inexpensive and abundant natural resources such as air [1] and
natural plant extracts [2]. In response to this requirement, visible
light photocatalytic oxidation using dioxygen has become a hot
spot in synthetic chemistry research in recent years [3]. However,
noble metals and/or ecologically unfriendly photocatalysts are
needed inmost photocatalytic oxidation processes, which not only
increases production costs, but also generates unnecessary
chemical wastes, resulting in complex separation and purification
steps and environmental pollution. Compared with pure oxygen,
ambient air is a better oxidant in that it is safer, cheaper, and more
readily available [4]. Therefore, developing the novel visible-light
photocatalytic oxidation which could be conducted with ambient
air as the terminal oxidant under photocatalyst-free conditions is
highly desirable [5], and great efforts have been made to develop
various green processes to avoid the use of hazardous chemicals
and to use abundant natural raw materials for organic synthesis.
u), weiminhe2016@yeah.net
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Among them, the chemical process promoted by natural acid has
yielded fruitful results [6].

2-Aminobenzothiazoles represent an important class of N-
heterocycles [7] whose valuable pharmacological and biological
activities make them privileged scaffolds in research and drug
developments [8]. A tremendous amount of effort has been paid
towards developing novel methods for their preparation [9].
Among the established synthetic approaches, the cascade oxida-
tive coupling/cyclization of aromatic amineswith thiocyanate salts
is an ideal choice for the construction of such compounds given the
cheapness and readily availability of raw materials. However, the
traditional method generally requires the usage of excessive toxic
molecular bromine (or other halogenated oxidant) and corrosive
solvent (such as hydrochloric acid, acetic acid), which not only
leads to high manufacturing cost but also causes series environ-
mental problems (Scheme 1a). Recently, Wu and Jiang pioneered
the copper-catalyzed oxidative thiocyanation of anilines and KSCN
withmolecular oxygen as an oxidant and BF3 [30_TD$DIFF]�Et2O as the promoter
in dimethyl sulfoxide (DMSO) at [31_TD$DIFF]100 �C (Scheme 1b) [10]. From a
practical and safety point of view, the risk of employing pure O2

and explosive DMSO at high temperature, and the usage of
hazardous synthetic acid and metal catalysts largely restrict its
application for large-scale industrial manufactures.
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Preparation of 2-aminobenzothiazoles through cascade reaction.

Table 1
Optimization of reaction conditions.a

[TD$INLINE]

Entry [SCN] (equiv.) Natural acid (equiv.) Solvent (mL) Yield (%)b

1 NaSCN (2) HOAc (2) BME (1) 25
2 KSCN (2) HOAc (2) BME (1) 29
3 NH4SCN (2) HOAc (2) BME (1) 21
4 KSCN (2) glycolic acid (2) BME (1) 76
5 KSCN (2) lactic acid (2) BME (1) 39
6 KSCN (2) malic acid (2) BME (1) 90
7 KSCN (2) oxalic acid (2) BME (1) 44
8 KSCN (2) citric acid (2) BME (1) 31
9 KSCN (2) malic acid (2) DME (1) 78
10 KSCN (2) malic acid (2) Dioxane (1) 86
11c KSCN (2) malic acid (2) 2-MeTHF (1) 53
12 KSCN (2) malic acid (2) MeCN (1) 44
13 KSCN (2) malic acid (2) DCE (1) 12
14 KSCN (2) malic acid (2) H2O (1) N.R.
15 KSCN (2) malic acid (2) BME (1.5) 90
16 KSCN (2) malic acid (2) BME (0.5) 81
17 KSCN (3) malic acid (2) BME (1) 90
18 KSCN (1.5) malic acid (2) BME (1) 78
19 KSCN (2) malic acid (3) BME (1) 90
20 KSCN (2) malic acid (1) BME (1) 90
21 KSCN (2) malic acid (0.8) BME (1) 76
22 KSCN (2) – BME (1) N.R
23c KSCN (2) malic acid (1) BME (1) 90
24d KSCN (2) malic acid (1) BME (1) N.R
25e KSCN (2) malic acid (1) BME (1) trace
26f KSCN (2) malic acid (1) BME (1) 23
27g KSCN (2) malic acid (1) BME (1) N.R

a Conditions: 1a (0.2mmol), KSCN, natural acid, solvent, 6W blue LED lamp, r.t.,
air, 6 h.

b Estimated by 1H NMR using 1,3,5-trimethoxybenzene as internal reference.
c Pure oxygen gas was used.
d Under nitrogen atmosphere.
e Under the radiation of 6W green LED lamp.
f Under the radiation of sunlight.
g Without visible-light irradiation. DME: 1,2-dimethoxyethane.
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Guided by the 12 principles of green and sustainable chemistry
[11], hereinwe report a practical protocol for the preparation of 2-
aminobenzothiazoles through visible-light-initiated (Principle 6th,[32_TD$DIFF]
increase energy efficiency) malic acid-promoted (Principle 7th,[33_TD$DIFF] use
of renewable feedstocks) cascade (Principle 8th,[34_TD$DIFF] reduce derivatives)
coupling and cyclization (Principle 2nd, [35_TD$DIFF] atomeconomy) of aromatic
amines and KSCN by using ambient air as the sole oxidant
(Principle 4th, [36_TD$DIFF] designing safer chemicals) in eco-friendly bis
(methoxypropy) ether (Principle 5th, [37_TD$DIFF] safer solvents) under
metal-, hazardous additive-, photocatalyst-free (Principle 1st, [38_TD$DIFF]
prevent waste) conditions (Scheme 1c).

Our preliminary exploration started with 4-toluidine (1a) as a
template substrate. Treatment of 1a, NaSCN (2 equiv.), and HOAc (2
equiv.) in bis(methoxypropy)ether (BME, 1mL) under ambient air
by the irradiation of a 6W blue LED lamp led to the production of
the expected 6-methylbenzo[d]thiazol-2-amine (2a) in [39_TD$DIFF]25% NMR
yield (Table 1, entry 1). Next, the screening of thiocyanate salts
(entries [40_TD$DIFF]1–3) revealed that the KSCN was the optimal thiocyana-
tion source (entry 2). A series of natural acids (entries [41_TD$DIFF]4–8), include
glycolic acid, lactic acid, malic acid, oxalic acid and citric acid were
subjected to investigation, andmalic acid (entry 6) was found to be
the best choice for this present reaction. An optimization of the
solvents (entries [42_TD$DIFF]9–14) illustrated that none of the other solvents
was superior to BME. Finally, the impact of varying the
concentration of 1a, the amount of KSCN and malic acid were
investigated. Decreasing the concentration of 1a resulted in no
improvement in the reaction efficiency (entry 15), whereas a
slightly lower yield of 2awas observed when the concentration of
1a was increased to 0.4mmol/mL (entry 16). Altering the amount
of KSCN did not improve the yield of 2a (entries 17 and 18).
Increasing the loading of malic acid to 3 equiv. did not provide any
significant changes in reaction outcome (entry 19). Reducing the
amount of malic acid to 1 equiv. was feasible; however, further
decreasing to 0.8 equiv. resulted in a lower yield (entries 20 and
21). No conversion of 4-toluidine was observed in the absence of a
Br [43_TD$DIFF]ønsted acid (entry 22). No improvement in the photocatalytic
reaction was detected when pure oxygen gas was used instead of
ambient air (entry 23). When the reaction was conducted under
nitrogen atmosphere, no reaction occurred (entry 24). Only a trace
amount of 2a was formed while using 6W green LED lamp as the
light source (entry 25). Conducting the reaction under the
radiation of sunlight led to much lower reaction efficiency (entry
26). The present transformation did not proceed under the dark
condition, indicating that this present reaction involves a visible-
light-induced mechanism (entry 27).

After establishing the optimized conditions (Table 1, entry 20)
to access the 2-aminobenzothiazoles, the substrate scope was
investigated (Scheme 2). A series of anilines with electron-
donating (2a[44_TD$DIFF]–2f), -neutral (2g), and -withdrawing (2h[44_TD$DIFF]–2j) groups
were well-tolerated and provided the expected products in good
yields. Importantly, the substrates containing synthetic valuable
functional-groups such as chloro-, bromo-, and ester groups were
also well compatible in the current reaction, which were useful for
further functionalizations of the 2-aminobenzothiazole moiety.
Both di- and tri-substituted anilines are suitable substrates that
underwent the transformation smoothly to deliver the desired
products (2k and 2l) in good yields. The cascade coupling/
cyclization reactions of polycyclic aromatic amines and KSCNwere
possible and proceededwith good yields (2m[44_TD$DIFF]–2o), thus enhancing
the substrate scope of the developed reaction. Impressively, our
present protocol was further extended to the substrates of
heteropolycyclic compounds. The reaction of 5-aminoindole, 6-
quinolylamine and 5-aminobenzodioxole afforded the amino-
thiazole products (2p [45_TD$DIFF]–2r) in 72%–75% yields.

The synthetic applicability of the present reaction was further
explored (Scheme3). In the small-scale reaction, a concentration of
0.2mol/L of the substrate 1 was required, and the increasing of
substrate 1 in concentration would decrease the reaction
efficiency. Much to our delight, decreasing the amount of BME
had virtually no effect on the yield. The cascade reaction of 4-
toluidine (10mmol) with a 5-fold increase in the concentration of
1a provided the expected product 2a in [46_TD$DIFF]81% yield (1.29 g). In
addition, the pure 2-aminobenzothiazole 2a could be readily
collected through extraction.

In order to understand the mechanism, several control experi-
ments were performed (Scheme 4). Firstly, the photocatalytic
reaction was suppressed in the presence of a radical inhibitor



[(Scheme_2)TD$FIG]

Scheme 2. Reaction Scope. Conditions: 1 (0.3mmol), KSCN (0.6mmol), malic acid
(0.3mmol), BME (1.5mL), 6W blue LED lamp, r.t. Isolated yields were reported.
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Scheme 3. Large-scale synthesis of 2a.
[(Scheme_4)TD$FIG]

Scheme 4. Control experiments.
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Fig. 1. On/off control experiments.
[(Scheme_5)TD$FIG]

Scheme 5. Plausible mechanism.
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(TEMPO or BHT) (Scheme 4a). The radical capture experiment with
1,1-diphenylethylene provided the radical adduct 3a (Scheme 4b).
These experimental results suggested that this photocatalytic
reaction likely proceeded through a free-radical pathway. While
conducting the reactionwith 2 equiv. of TBHP orH2O2 as an oxidant
under nitrogen atmosphere, a trace amount of 2a was observed
(Scheme 4c). Under the standard conditions, 9,10-dimethylan-
thracene 4a was converted to the endoperoxide product 4b
through [4 + 2] cycloaddition reaction (Scheme 4d). When 2 equiv.
of singlet oxygen scavenger (1,4-diazabicyclo[2.2.2]octane,
DABCO) was added to the reaction mixture, only a trace amount
of 2a was formed (Scheme 4e). Taken together, these results
suggested that the singlet oxygenmight be a reactive intermediate
in the transformation. The lighting time profiles of the cascade
reaction showed that this reaction was fully suppressed in the
absence of visible-light irradiation (Fig. 1). These results suggested
that the continuous visible-light irradiation was necessary for the
transformation.

A plausible reaction mechanism for the light-initiated cascade
reaction based on the above experimental results and related
literature was illustrated in Scheme 5 [12]. Initially, the singlet
oxygen 1O2 originated from molecular oxygen in air under the
irradiation of visible-light. Meanwhile, the thiocyanic acid was
generated in situ by the reaction of thiocyanate salts with malic
acid. Subsequently, the active singlet oxygen abstracted one
electron from thiocyanic acid to produce a thiocyanate radical
and a hydroperoxyl radical. The thiocyanate radical easily reacted
with [47_TD$DIFF]1a to generate a free-radical intermediate IM1, which
underwent dehydro-aromatization to form the 2-thiocyanatoani-
line IM2 along with the generation of hydrogen peroxide (detected
by a KI-starch test paper) in the presence of hydroperoxyl radicals.
Finally, the nucleophilic amino group of IM2 intramolecular
attacked the carbon atom of SCN group to generate the target 2-
aminobenzothiazole 3.

In summary, we have developed a simple and practical method
for the synthesis of 2-aminobenzothiazoles through visible-light-
initiated malic acid-promoted cascade coupling/cyclization of
aromatic amines and KSCNwith air ambient as an oxidant at room
temperature. Mechanistic investigation revealed that the singlet
oxygen was produced from molecular oxygen (in air) under the
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visible-light irradiation, which is pivotal for this cascade reaction
to proceed. The protocol is operationally easy and practical with a
simple extraction necessary to obtain the target products in good
yields and purity for large-scale preparations, thus circumventing
the tedious chromatographic purification procedures. Given the
readily available materials, the clean conditions (metal-, halogen-,
corrosive acid- and photocatalyst-free), high scalability and
operational simplicity, this protocol is highly attractive in the
field of fine chemistry and pharmaceutical industry.
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