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Abstract An ethylenediamine-promoted three-component synthesis
of 3-(thiomethyl)indoles from indoles, thiophenols, and paraformalde-
hyde has been developed. Water is used as the green solvent in a simple
and environmentally friendly procedure. Stable and low-toxicity para-
formaldehyde is used as a carbon source.
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Indole and its derivatives are widely present in a variety
of naturally occurring products, and they are extremely im-
portant in medicinal chemistry for their biological activi-
ties.! In particular, 3-substituted indoles have played major
roles in the preparation of privileged medicinal scaffolds
that exhibit a wide range of biological activities, such as anti-
oxidant, antibacterial, antiinsecticidal, and anticancer
activities as well as antibiotic central-nervous-system mod-
ulation.? Consequently, numerous methods for the synthe-
sis of these compounds have been developed.> However,
very few methods have been developed for the synthesis of
3-thiomethyl-substituted indoles.

Two general methods for the synthesis of 3-[(al-
kyl/aryl)thio(aryl)methyl]indole derivatives are (1) the
Lewis acid-catalyzed three-component reaction of indoles,
aldehydes, and thiols,* and (2) the Lewis acid-catalyzed
Sy1-type reaction of indol-3-ylmethanols with thiols.?
Despite the merits of these methods, they suffer from some
limitations such as the need for prior functionalization of
the indolyl alcohol or the use of metal catalysts and organic
solvents. It is therefore desirable to develop new methods
for the synthesis of 3-thiomethyl-substituted indoles under
green conditions.
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Paraformaldehyde has been receiving more and more
attention because of its advantages in terms of low cost,
stability, and low toxicity.® Moreover, it has been used as a
one-carbon homologation reagent for the synthesis of an
incredible variety of complicated skeletons.” In recent years,
various methods have been developed that use paraformal-
dehyde to install methylene,® carbonyl,® or hydroxymethyl
groups!? into various substrates. With respect to our recent
studies on paraformaldehyde insertion to construct hetero-
cycles, we have reported new methods for synthesizing
phthalazinones,!' 2-aroylbenzofurans,'> and quinazolines'3
by using paraformaldehyde as a carbon source.

From the perspective of green chemistry, water is a de-
sirable reaction medium because of its low cost, low toxici-
ty, and environmental friendliness. Inspired by previous
works, as well as by our recent success in using water as an
ideal solvent for the C-H sulfenylation,'* we have developed
a new and efficient approach to the synthesis of 3-
(thiomethyl)indoles through C-H bond functionalization of
indoles with arylthiols and paraformaldehyde under aque-
ous conditions (Scheme 1). This method offers new access
to various substituted 3-(thiomethyl)indoles in good yields
by using paraformaldehyde as a carbon source. The mild
and transition-metal-free reaction conditions are attractive
features of this method.
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Scheme 1 New strategy for the synthesis of 3-(thiomethyl)indoles.

We begin our research by investigating the reaction of
1-methylindole (1a) with 4-methylbenzenethiol (2a) in
water at 130 °C with K,CO; as a base, and we obtained the
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desired product 3aa in 47% yield, as determined by GC and
NMR analysis (Table 1, entry 1). Then, a variety of bases
were investigated (entries 2-11), among which ethylene-
diamine was the most efficient, giving product 3aa in 84%
yield (entry 11). Slightly lower yields were obtained when
the reaction was run at 110 °C (entry 12). It was necessary
to use 50 mol% of ethylenediamine to obtain a satisfactory
yield, as the yield decreased to 49% when 20 mol% of the
base was used (entry 13). As a control experiment showed,
none of the desired product 3aa was obtained in the ab-
sence of paraformaldehyde (entry 14). A base is necessary
for the reaction to proceed, as the product was obtained in
only 20% yield in the absence of a base (entry 15).

Table 1 Optimization of the Reaction Conditions?

SH H,C=S
N\ 130H°§4h 7 N\
1a 2a 3aa
Entry Base Yield® (%)
1 K,CO5 47
2 Li,CO5 39
3 Cs,CO; 58
4 KOH 53
5 NaOEt 44
6 piperidine 50
7 EtN 61
8 pyridine 50
9 PhNH, 36
10 Bu,NH 22
11 H,N(CH,),NH, 84
12¢ H,N(CH,),NH, 79
134 H,N(CH,),NH, 49
14¢ H,N(CH,),NH, 0
15 - 20

2 Reaction conditions: 1a (0.4 mmol), 2a (0.2 mmol), base (50 mol%),
paraformaldehyde (0.8 mmol), H,0 (0.5 mL), 130 °C, 4 h, air.

b GCyield.

CAt110°C.

d H,N(CH,),NH, (20 mol%).

¢ Without paraformaldehyde.

With the optimized reaction conditions in hand, we in-
vestigated the substrate scope with respect to the thiophe-
nol (Scheme 2). The model reaction of 1-methylindole (1a)
with 4-methylbenzenethiol (2a) gave the desired product
3aa in 78% isolated yield. Other para-substituted thiophe-
nols reacted smoothly with 1a to give the corresponding
products 3ab-af in high yields. The position of the substitu-
ent on the benzene ring (ortho or meta) did not affect the
reaction yield significantly (3ag-3ai), except in the case of

3-methoxybenzenethiol (2m). Modest yields were obtained
when 2,6-dimethylbenzenethiol (2n) or 3,5-dimethyl-
benzenethiol (20) was used as the substrate. When 2,3-di-
chlorobenzenethiol (2p) or 2,4-difluorobenzenethiol (2q)
was employed, the corresponding products 3ap and 3aq
were obtained in 77% and 93% yield, respectively. To our de-
light, heteroaromatic thiols such as 2r and 2s also partici-
pated in the reaction to provide the corresponding product
3ar and 3as in moderate to good yield. Unfortunately, ali-
phatic thiols were less effective coupling partners under the
current reaction conditions.
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Scheme 2 Reaction of indole with thiophenols. Reaction conditions:
1a (0.4 mmol), 2 (0.2 mmol), ethylenediamine (50 mol%), paraformal-
dehyde (0.8 mmol), H,0 (0.5 mL), 130 °C, 4 h, air. Isolated yields are
reported.

The influence of substituents on the indole moiety was
also evaluated (Scheme 3). Indoles bearing various substitu-
ents coupled smoothly with 4-methylbenzenethiol (2a).
Promising yields were obtained when a methyl group was
present in the C-2, C-4, C-5, or C-6 position of the indole
ring. However, the yield decreased dramatically when 4-, 5-,
or 6-haloindole was used as a substrate. The product 3na
was obtained in 50% yield, showing that an ester group is
tolerated. Protected 1-ethyl-1H-indole (1q) and 1-isopro-
pyl-1H-indole (1r) could also be employed in this reaction
and they gave the desired products 3qa and 3ra in the 62%
and 63% yield, respectively. Unfortunately, the yield de-
creased markedly when 1H-indole (1p) was used as a sub-
strate. 1-Methyl-1H-pyrrolo[2,3-b]pyridine (1s) also cou-
pled with 4-methylbenzenethiol (2a) to give the desired
product 3sa in 35% yield.
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Scheme 3 Substrate scope with respect to the indole. Reaction
conditions: 1 (0.4 mmol), 2a (0.2 mmol), ethylenediamine (50 mol%),
paraformaldehyde (0.8 mmol), H,O (0.5 mL), 130 °C, 4 h, air. Isolated
yields are reported.

To demonstrate the synthetic utility of the new method,
we then carried out a gram-scale reaction (Scheme 4).
Intriguingly the reaction of 1-methyl-1H-indole (1a, 7.5
mmol) with 2-bromobenzenethiol (2k) in 3 mL of H,0
afforded the corresponding aryl sulfide 3ak in 75% yield.
This showed that that our protocol can be used as a practi-
cal method to synthesize precursors of some bioactive mol-

ecules.’
NH,CH,CH,oNH,
@ SH (1 equw @
+ (CH0)p +
N\ Br H,0 (3.0mL)
130°C,6h
1a (7.5 mmol) 2k (5 mmol) 3ak, 75% (1.24 g)

Scheme 4 Gram-scale reaction

To gather mechanistic information, we set up some con-
trol experiments under various reaction conditions. No
reaction occurred upon treatment of 1-methylindole (1a)
with bis(4-tolyl) disulfide (2aa) and paraformaldehyde un-
der the optimized reaction conditions [Scheme 5(a)]. None
of the desired product was obtained when 1H-indole-3-car-
baldehyde (1v) was treated with 4-methylbenzenethiol

[Scheme 3(b)]. Coupling of (1H-indol-3-yl)methanol (1w)
with 4-methylbenzenethiol afforded the desired product
3qga in 68% yield [Scheme 5(c)]. Moreover, none of the de-
sired product was obtained when [(methoxymeth-
yl)thio]benzene (2a') was used as substrate [Scheme 5(d)].
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Scheme 5 Control experiments under various conditions

On the basis of these control experiments and related
reports in the literature,**> we propose the possible mech-
anism shown in Scheme 6. Initially, formaldehyde is
attacked by the 1-methylindole nucleophile to form the
iminium ion A; this, in turn, eliminates one molecule of

@3@&

—H0 HaNCH,CHoNH

@{Qﬁ(ﬂ pel

3aa

Scheme 6 Proposed mechanism
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water to form intermediate B through an E2 or E1cb elimi-
nation pathway. Intermediate B then reacts with the thio-
phenol anion 2a’, generated from 2a by base-mediated
deprotonation, to afford the final product 3aa.

In conclusion, we have developed a metal-free, green,
and environmentally friendly method for the synthesis of
3-(thiomethyl)indoles under aqueous conditions.!® Para-
formaldehyde, which is stable and has low toxicity, was
used as an atom-economic one-carbon source. Various thio-
phenols used as the sulfur sources coupled smoothly with
various indoles. Ethylenediamine was used as a highly
effective base for this transformation. Functional groups
such as halogens and heterocycles were well tolerated
under the optimized reaction conditions. This novel meth-
od provides an alternative environmentally friendly and
easily handled approach to 3-(thiomethyl)indoles.
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