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A convenient protocol for one-pot synthesis of thieno[3,2-b]indoles, bearing aromatic, thien-2-yl or styryl
fragments at C-2 position, from easily accessible 5-substituted 3-aminothiophene-2-carboxylates using
the Fischer indolization reaction, was developed during this study. Two main steps of this approach
are the saponification of the starting 3-aminoesters with sodium hydroxide and next treatment of the
crude 3-aminoacids sodium salts with arylhydrazines in glacial acetic acid solution. The latter step
includes in situ decarboxylation of the freed 3-aminothiophene-2-caboxylic acids to the 3-aminothio-
phenes and their acid promoted reaction with arylhydrazines to initially form arylhydrazones of 5-sub-
stituted thiophene-3(2H)-ones, which smoothly cause indolization to afford the desired thieno[3,2-b]
indoles.

� 2019 Elsevier Ltd. All rights reserved.
Over the past decade, thieno[3,2-b]indole ring system has been
successfully used as electron-rich unit to design p-conjugated
molecules of photosensitive and electroactive materials for various
types of organic photovoltaic devises [1–6]. In this context, devel-
opment of facile and convenient methods to obtain thieno[3,2-b]
indole compounds from available starting substrates is of impor-
tance for further engendering new thieno[3,2-b]indole-based opti-
cal and electronic organic materials.

Thiophene derivatives, bearing amino groups at b-atoms (C-3 or
C-3,4 positions), have found wide application in the synthesis of
thiophene-fused nitrogen heterocycles [7]. Among them, 2-unsub-
stituted 3-aminothiophenes (3-ATs) have been used as primary
enamine substrates, e.g., reaction of 3-ATs with a-anilinoacetophe-
nones affords thieno[3,2-b]pyrroles [8], while their condensation
with 1,3-dicarbonyl compounds gives thieno[3,2-b]pyridines
[9–13]. In regard to synthetic accessibility of 3-ATs, there are
known several methods for their preparation, including reduction
of 3-nitro- [14,15] or 3-azidothiophenes [16,17], reaction of dihy-
drothiophen-3(2H)-ones with hydroxylamine hydrochloride
[18,19], copper-catalyzed amination of 3-bromothiophenes
[20,21] or easy decarboxylation of 3-aminothiophene-2-caboxylic
acids, that can be obtained from the corresponding 3-aminoesters
[22,23].
Besides using 3-aminothiophene unit as three-atom CCN syn-
thon, it can be also considered as two-atom C2 synthon for the con-
struction of thiophene-annulated molecules. Thus, due to enamine
character of 3-AT moiety, its protonation proceeds at C-2 position
to form thiophene-3(2H)-iminium cation A [18], which is able to
further react with nucleophiles, e.g., treatment of the simplest 3-
aminothiophene with acetic acid gives di(thiophen-3-yl)amine
through the iminium intermediate formation, followed by its
action with initial amine [24]. Therefore, we supposed that 3-AT
fragment can be utilized as synthetic equivalent of thiophene-3
(2H)-one B for annulation reactions, which are started from nucle-
ophilic attack at C-3 position (Scheme 1).

Recently, we have described an efficient approach to the syn-
thesis of 2-(hetero)aryl-substituted thieno[3,2-b]indoles from 5-
(hetero)arylthiophene-3(2H)-ones, obtained from the correspond-
ing 3-hydroxythiophene-2-carboxylates, and arylhydrazines via
the Fischer indolization reaction [25] (Scheme 2). Herein, we wish
phene-
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Scheme 2. Previous and current synthetic strategies to construct thieno[3,2-b]indoles.

Scheme 4. Synthesis of 2-substituted thieno[3,2-b]indoles 3a-q.
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to report an alternative method for the preparation of 2-substi-
tuted thieno[3,2-b]indoles directly from 5-substituted methyl
3-aminothiophene-2-carboxylates through in situ formation of 3-
aminothiophenes, followed by their involvement in the Fischer
indole synthesis (Scheme 2). In turn, the required 3-aminothio-
phene-2-carboxylates were prepared in two steps starting from
the corresponding methyl ketones (Scheme 2, R = aryl, thien-2-yl
or styryl) by their sequential treatment with the Vilsmeier reagent
(POCl3-DMF complex) and hydroxylamine hydrochloride to form
3-substituted 3-chloroacrylonitriles [26], which further reacted
with methyl thioglycolate in the presence of NaOMe in a methanol
solution [27] according to the Fiesselmann method for thiophene
ring construction [28] (for experimental details see ESI).

Firstly, we studied behavior of 5-phenyl-3-aminothiophene
1aA, used as a model compound, in the Fischer reaction with
phenylhydrazine 2a. Amine 1aA is a known compound [19,22],
and it was prepared by us from 3-aminoester 1a in 95% yield via
its treatment with NaOH (4 equiv.) in i-PrOH-H2O (9:1, v/v) solu-
tion at reflux for 4 h, followed by neutralization of the reaction
mixture with acetic acid and its heating at 40 �C for 30 min to per-
form decarboxylation of the intermediate aminoacid. We found
that treatment of substrate 1aA with phenylhydrazine 2a (1.5
equiv.) in glacial acetic acid solution at reflux for 1 h give the
desired product 3a in 71% yield (Scheme 3), which confirmed our
assumption to use 3-aminothiophenes instead of thiophene-3
(2H)-ones to construct thieno[3,2-b]indoles via the Fischer
indolization. The presumable mechanism for this transformation
includes initial formation of iminium salt 1aB, its condensation
with 2a to give phenylhydrazone 1aC, and next Fischer indoliza-
tion to obtain the desired product 3a (Scheme 3).

The saponification of 3-aminoester 1a was carried out with
NaOH in aqueous i-PrOH instead of aqueous DMSO, which had
been previously used as a solvent to saponify the similar 3-hydrox-
ythiophene-2-carboxylate [25], since in that case a higher temper-
ature had been needed to proceed reaction due to initial formation
of the sodium 2-(methoxycarbonyl)thiophen-3-olate. In this con-
text, we decided to perform a direct transformation of 3-aminoth-
iophene-2-carboxylates 1 to thieno[3,2-b]indoles 3 without
Scheme 3. Transformation of amine 1aA to thieno
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isolation of the intermediate 3-aminothiophenes. To this end, ester
1a was saponified and the reaction mixture was concentrated
under reduced pressure. The obtained residue, containing sodium
salt of amino acid together with NaOH excess, was treated with
phenylhydrazine 2a (1.5 equiv.) in glacial acetic acid solution at
reflux for 1.5 h to afford compound 3a in 69% yield. In the same
manner, other 3-aminothiophene-2-carboxylates 1b-n, bearing
various aromatic as well as thien-2-yl fragments at C-5 position,
were successfully converted to 2-substituted thieno[3,2-b]indoles
3b-n in 50–77% yields (Scheme 4, Table 1). Thus, in comparison
with our previous protocol for the synthesis of thieno[3,2-b]indoles
3 from the thiophene-3(2H)-ones [25], the current approach pro-
vided us to obtain product 3a-c,e,n in higher yields (Table 1,
entries 1–3,5,14), while comparable yield was received for com-
pound 3d (Table 1, entry 4).

During this study, we also were able to synthesize 2-styryl-sub-
stituted thieno[3,2-b]indoles. To this end, 3-aminothiophene-2-
carboxylate 1o with styryl group at C-5 position was prepared
starting from benzylideneacetone in two steps similar to esters
1a-n (for experimental details see ESI). The standard saponification
of ester 1o, followed by treatment with phenylhydrazine 2a as well
as 4-carboxy- and 4-methylphenylhydrazines 2b and 2c afforded
2-styryl derivatives 3o-q in 42%, 40% and 44% yields, respectively
(Scheme 4, Table 1, entries 15–17). It should be noted, that all
thieno[3,2-b]indoles 3a-q, prepared using this approach, were iso-
lated in analytically pure form by filtration of the reaction mixtures
without any additional purification.

In summary, we have demonstrated new synthetic application
of 3-aminothiophenes as reagents for the preparation of thieno
[3,2-b]indole 3a and its possible mechanism.
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Table 1
Substrate scope of 2-substituted thieno[3,2-b]indoles 3.

Entry 3-Aminoester 1 (R) 3 (yield %)

1 1a (phenyl) 3a (69/58a)
2 1b (4-fluorophenyl) 3b (70/65a)
3 1c (4-bromophenyl) 3cb (67/61a)
4 1d (2-methoxyphenyl) 3d (65/66a)
5 1e (2-bromophenyl) 3e (73/38a)
6 1f (4-chlorophenyl) 3f (71)
7 1g (4-methylphenyl) 3g (57)
8 1h (3-methoxyphenyl) 3h (51)
9 1i (4-(tert-butyl)phenyl) 3i (62)
10 1j (4-ethoxyphenyl) 3jb (52)
11 1k (naphthalen-2-yl) 3kb (72)
12 1l (2,5-dimethylphenyl) 3l (50)
13 1m (3,4-dimethoxyphenyl) 3m (76)
14 1n (thien-2-yl) 3n (77/72a)
15 1o (styryl) 3o (42)
16 1o (styryl) 3p (40)
17 1o (styryl) 3q (44)

a Yield of product 3 previously obtained in reaction of the corresponding thio-
phene-3(2H)-ones with PhNHNH2 [25].

b A mixture of N,N-dimethylacetamide and AcOH (1:1, v/v) was used as a solvent
for the second step due to poor solubility of the intermediated sodium salt in AcOH.
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[3,2-b]indole derivatives via the Fischer indolization reaction. To
this end, 5-substituted 3-aminothiophenes, in situ generated from
the corresponding readily available 3-aminothiophene-2-carboxy-
lates, were treated with arylhydrazines in glacial acetic acid solu-
tion, similarly to the thiophene-3(2H)-one derivatives [25], to
afford 2-substituted thieno[3,2-b]indoles. Thus, the present
method is able to provide easy access to thieno[3,2-b]indole-based
compounds directly from the 3-aminothiophene-2-carboxylate-
containing sources, and further study of its synthetic potential is
in progress now.
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