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s of N-thiomethyl
benzoimidazoles through base-promoted
sequential multicomponent assembly†

Jingxin Tian,‡ Shanshan Yuan,‡ Fuhong Xiao, * Huawen Huang
and Guo-Jun Deng *

An efficient method for the synthesis of N-thiomethyl benzimidazoles from o-phenylenediamines,

thiophenols, and aldehydes via C–N/C–S bond formation under metal-free conditions is described. A

broad range of functional groups attached to the substrates were well tolerated in this reaction system.

Stable and low-toxicity paraformaldehyde was used as the carbon source.
Benzimidazole and its derivatives are extremely important in
pharmaceuticals and bioactive natural products because they
have found applications in diverse therapeutic areas, such as
anticancer agents, antimicrobials, antivirals, antifungals and so
on.1 Furthermore, benzimidazoles are very important interme-
diates in organic synthesis and widely used as organocatalysts,
ionic liquids and N-heterocyclic carbenes.2 In particular, the
broad spectrum of biological activities of compounds with the
1,2-disubstituted benzimidazole moiety make them highly
sought as synthetic targets.3 Therefore, several efficient proto-
cols have been developed to synthesize substituted benzimid-
azoles over the past several decades.4 Three general methods for
the construction of 1,2-disubstituted benzimidazole are as
follows: (1) oxidative cyclocondensation,5 (2) C-1 or N-2 alkyl-
ation/arylation,6 and (3) inter/intramolecular N-arylation.7 To
date, most of these methods are reported for 1-phenyl-2-benzyl
benzimidazoles synthesis. However, few examples of multi-
component reactions led to the development of N-thiomethyl
benzimidazoles from simple starting materials under mild
conditions.8

Paraformaldehyde has been receiving more and more
attention among molecule synthesis because of the advantages
of low-cost, stability and low toxicity.9 It has been used as one-
carbon homologation reagents for the synthesis of an incred-
ible variety of complicated skeletons.10 In recent years, various
methods have been developed to use paraformaldehyde to
install a methylene,11 carbonyl12 and hydroxymethyl group13 into
desired products. With respect to our recent studies on
Chemistry and Application of Ministry of

nic Synthesis and Application of Hunan

University, Xiangtan 411105, China.

.cn

tion (ESI) available. See DOI:

to this work.

74
paraformaldehyde insertion to construct heterocycles, we re-
ported synthetic methods for phthalazinones, 2-aroylbenzofur-
ans and quinazolines formation.14 Very recently, we reported on
an ethylenediamine-promoted three-component synthesis of 3-
(thiomethyl)indoles from indoles, thiophenols, and para-
formaldehyde.15 As part of our continuing efforts on using
paraformaldehyde as the carbon source, herein, we describe
a new and efficient multicomponent reaction for N-thiomethyl
benzimidazoles formation from readily available starting
materials. The reaction is successfully achieved in one-pot
fashion under simple and facile reaction conditions (Scheme 1).

For the optimization of reaction conditions, o-phenylenedi-
amine (1a), p-toluenethiol (2a) and paraformaldehyde were chosen
as model substrates (Table 1). To our delight, the desired product
3aa was obtained in 38% yield when the reaction was performed
with K2CO3 in TCE/H2O (v/v ¼ 7 : 2) at 130 �C for 3 h (entry 1).
Aerwards, a variety of bases were investigated (Table 1, entries 2–
8), and among them 4-ADPA (4-aminodiphenylamine) showed the
best efficiency to give the corresponding product 3aa in 75% yield
(Table 1, entry 8). As a control experiment, the desired product 3aa
was obtained in 30% yield when the reaction was carried out in
absence of 4-aminodiphenylamine (entry 9). The ratio of TCE/H2O
slightly affected the reaction yield (entries 10–11). Other mixture
solvents such as DMSO/H2O, anisole/H2O and PhCl/H2O were less
effective for this kind of reaction (entries 12–14). Decreasing the
Scheme 1 New strategy for the synthesis of N-thiomethyl
benzimidazoles.
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Table 1 Optimization of the reaction conditionsa

Entry Base Solvent (v/v) Yieldb (%)

1 K2CO3 TCE : H2O ¼ 7 : 2 38
2 NaOH TCE : H2O ¼ 7 : 2 37
3 KOtBu TCE : H2O ¼ 7 : 2 31
4 Piperidine TCE : H2O ¼ 7 : 2 57
5 DMAP TCE : H2O ¼ 7 : 2 40
6 Morpholine TCE : H2O ¼ 7 : 2 35
7 PDA TCE : H2O ¼ 7 : 2 58
8 4-ADPA TCE : H2O ¼ 7 : 2 75
9 TCE : H2O ¼ 7 : 2 30
10 4-ADPA TCE : H2O ¼ 5 : 4 48
11 4-ADPA TCE : H2O ¼ 2 : 7 35
12 4-ADPA DMSO : H2O ¼ 7 : 2 22
13 4-ADPA Anisole : H2O ¼ 7 : 2 43
14 4-ADPA PhCl : H2O ¼ 7 : 2 29
15c 4-ADPA TCE : H2O ¼ 7 : 2 61
16d 4-ADPA TCE : H2O ¼ 7 : 2 52

a Conditions: 1a (0.2 mmol), 2a (0.5 mmol), base (0.2 mmol),
paraformaldehyde (0.8 mmol), solvent (0.9 mL), 130 �C, 3 h, air. PDA
¼ 1,4-benzenediamine, 4-ADPA ¼ 4-aminodiphenylamine, TCE ¼
1,1,1,2-tetrachloroethane. b GC yields. c 110 �C. d 4-ADPA (0.1 mmol).

Table 2 Reaction of o-phenylenediamine with thiophenolsa

a Reaction conditions: 1a (0.2 mmol), 2 (0.5 mmol), 4-ADPA (0.2 mmol),
paraformaldehyde (0.8 mmol), TCE (0.7 mL), H2O (0.2 mL), 130 �C, 3 h,
air. Isolated yield based on 1a.

Table 3 Substrate scope with respect to the o-phenylenediaminea

a Reaction conditions: 1 (0.2 mmol), 2a (0.5 mmol), 4-ADPA (0.2 mmol),
paraformaldehyde (0.8 mmol), TCE (0.7 mL), H2O (0.2 mL), 130 �C, 3 h,
air. Isolated yield.
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reaction temperature or the amounts of 4-aminodiphenylamine all
reduced the reaction yields (entries 15–16).

With the optimized reaction conditions established, the
scope of thiophenols was probed for the three-component
reaction (Table 2). The model reaction of o-phenylenediamine
(1a) with p-toluenethiol (2a) gave the desired product 3aa in
71% isolated yield. Other para-substituted thiophenols reacted
with 1a to give N-thiomethyl benzoimidazoles (3ab–3af) in
moderate to good yields. The position of the substituents on the
benzene ring (ortho or meta) did not signicantly affect the
reaction yields (3ag–3an). A large range of functional groups
attached to the benzene ring such as t-Bu (2b), methoxyl (2c)
and halo (F, Cl, Br, 2d–2f) were well tolerated under the opti-
mized reaction conditions. Notably, the C-halo bond cleavage of
the substrates was not observed in the present base system. The
reaction yields decreased dramatically when 2,6-dime-
thylbenzenethiol (2o) and 2,4-diuorobenzenethiol (2r) were
used as the substrate. Modest yields were obtained when 3,5-
dimethylbenzenethiol (2p) and 2,3-dichlorobenzenethiol (2q)
were used as the substrates. To our delight, heteroaromatic
thiols such as pyridine-2-thiol (2s) also participated in the
reaction, albeit in low yield. Unfortunately, aliphatic thiols were
much less effective coupling partners under the current reac-
tion conditions.

To further evaluate the scope and limitations of the reaction,
various o-phenylenediamines were treated with p-toluenethiol
(2a) and the results are presented in Table 3. When 3-
methylbenzene-1,2-diamine (1b) was used as the substrate, the
This journal is © The Royal Society of Chemistry 2019
product 3bawas formed in 63% isolated yield with high levels of
regioselectivity. Lower yield was obtained when 4,5-
dimethylbenzene-1,2-diamine (1c) was used. Halogen substitu-
ents on the benzene ring, including F, Cl and Br, were
compatible for this type of cyclocondensation (3da–3fa). As for
non-symmetrical o-phenylenediamines (1g–1j), a mixture of two
isomers (near 1 : 1 ratio) were obtained and difficult to be
RSC Adv., 2019, 9, 30570–30574 | 30571
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Scheme 2 Application of present work. Reaction conditions: (a) 3aa
(0.1 mmol), m-CPBA (0.2 mmol), CH2Cl2 (0.5 mL), 50 �C, 12 h; (b) 3aa
(0.1 mmol), p-toluenethiol (0.2 mmol), AgNO3 (20 mol%), Cu(OAc)2
(0.2 mmol), DMF (1 mL), 120 �C, 12 h; (c) 3aa (0.1 mmol), AgNO3

(20 mol%), Cu(OAc)2 (0.2 mmol), DMSO (1 mL), 140 �C, 15 h.
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separated. In addition, the reaction of 2a with naphthalene-2,3-
diamine 1k afforded the desired product 3ka in 28% yield.

The reaction of o-phenylenediamine (1a), p-toluenethiol (2a)
and paraformaldehyde with other different aldehydes was
investigated (Table 4). We slightly modied the reaction
conditions to nd that the reactions could be smoothly per-
formed at 100 �C. When benzaldehyde (4a) was used as the
fourth component, the corresponding product 5aa was ob-
tained in 65% yield. In general, other aromatic aldehyde
derivatives bearing electron-donating groups such as CH3 or
OCH3, or halogens such as Cl or Br on the aromatic ring all gave
the desired products. The position of the substituent on the
benzene ring (ortho or meta) affected slightly the reaction yields
(5ag–5aj). In addition, aliphatic aldehydes such as cyclo-
propanecarbaldehyde (4k), cyclohexanecarbaldehyde (4l) and
octanal (4m) were also suitable substrates for this kind of
reaction, giving the corresponding products in moderate yields.

We evaluated the late-stage transformation of 3aa (Scheme
2). When 3aa was treated with m-chlorope-roxybenzoic acid (m-
CPBA) in CH2Cl2 at 50 �C, the oxidized sulfone product 6aa was
obtained in 62% yield. The disulfonyl product 7aa and 8aa were
obtained when p-toluenethiol (2a) or DMSO were used as the
substrate with 3aa, although giving the corresponding products
in lower yields.

To understand themechanism of the reaction, we performed
some control experiments under modied conditions. No
desired product was observed when benzimidazole (1a0) was
treated with p-toluenethiol (2a) and paraformaldehyde under
standard conditions (Scheme 3a). No reaction occurred upon
the treatment of o-phenylenediamine (1a) with 1,2-di-p-tolyldi-
sulfane (2a0) and paraformaldehyde under the optimized reac-
tion conditions (Scheme 3b). The reaction of 3aa with
benzaldehyde (4a) could not give the corresponding product 5aa
under standard conditions (Scheme 3c). According to above
control experiments, a possible mechanism is illustrated in
Scheme 4. Initially, condensation of o-phenylenediamine (1a)
Table 4 Reaction of o-phenylenediamine with aldehydesa

a Reaction conditions: 1a (0.2 mmol), 2a (0.5 mmol), 4 (0.4 mmol), 4-
ADPA (0.2 mmol), paraformaldehyde (0.5 mmol), TCE (0.7 mL), H2O
(0.2 mL), 100 �C, 3 h, air. Isolated yield.

30572 | RSC Adv., 2019, 9, 30570–30574
with formaldehyde generates an imine intermediate A. Then,
intermediate A reacts with thiophenol anion to afford an
intermediate B, which proceeds through intramolecular nucle-
ophilic annulation to form intermediate C. Finally, dehydro-
genative aromatization of intermediate C occurs to give desired
product (3aa). On the other hand, the reaction mechanism of
compound 5aa is similar to that of compound 3aa. Condensa-
tion of o-phenylenediamine (1a) with formaldehyde and benz-
aldehyde (4a) generates a non-symmetrical imine intermediate,
which proceeds through nucleophilic addition/annulation/
dehydrogenative aromatization sequence to give desired
product (5aa).

In summary, we have developed a simple and efficient
method for the synthesis of N-thiomethyl benzoimidazoles
from o-phenylenediamines, thiophenols, and aldehydes under
metal-free conditions. In this system, three carbon–nitrogen
bonds and one carbon–sulfur bond were formed with high
levels of chemo-selectivity. Various functional groups were well
tolerated under the optimized reaction conditions. This method
affords an efficient and general approach for the synthesis of
biologically important 1,2-disubstituted benzimidazole from
readily available starting materials.
Scheme 3 Control experiments.

This journal is © The Royal Society of Chemistry 2019
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Scheme 4 Proposed mechanism.
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