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A short synthetic strategy for 3,6-disubstituted-N-2-thienyl/aryl-indoles, involving reaction of substi-
tuted 2,4-difluoro/dichloro-styrene epoxide with substituted 2-formylaminothiophenes or substituted
N-formylanilines in the presence of a base followed by treatment with an acid, has been developed.
The method was applied for the synthesis of a number of indoles with a variety of substituents at 1, 3,
and 6 positions of the indole moiety.

� 2009 Elsevier Ltd. All rights reserved.
Indole ring system is present in many natural products and
there are various methods reported for the synthesis of indole
framework. The most commonly used method for the construction
of indole skeleton is the Fischer indole synthesis discovered in
1883 by Hermann Emil Fischer1 which involves the reaction of
phenyl hydrazine and aldehyde or ketone under acidic conditions.
The other important methods include Bischler–Möhlau indole syn-
thesis,2a Reissert indole synthesis,2b,c Madelung synthesis,2d

Nenitzescu indole synthesis,2e,f Hemetsberger indole synthesis,2g

Gassman indole synthesis,2h Leimgruber–Batcho indole synthesis,2i
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Scheme 1. Reported synthesis of substituted indoles 2.
Bartoli indole synthesis,2j Larock indole synthesis, and 2k Fukuyama
indole synthesis,2l , and the reported methods have been reviewed
in many publications.2m–q The choice of the method to be used for
the particular synthesis depends on the structure of the target mol-
ecule, the availability of starting materials, the compatibility of
functional groups present in starting material with the reaction
ll rights reserved.
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conditions, environmental concerns, etc. and a number of new
methods or modifications of known methods for the construction
of the indole skeleton continue to be reported.3 The number of
publications reporting the synthesis and the applications of various
molecules having indole moiety is so large that it becomes difficult
to cover all of them. N-Substituted 3-((1H-imidazol-1-yl)methyl)-
1H-indoles of general structure 2 are known to exhibit antifungal
activity.4 These compounds have been prepared from substituted
indoles via the intermediates 1 by a series of reactions
(Scheme 1).
We desired to develop a general method for the synthesis of the
compounds with structure 3 wherein the substituted benzyl group
in 2 would be replaced with various structural units for the study
of the antifungal activity. We envisioned that opening of epoxide 4
with suitable nitrogen nucleophile 5 would give intermediate
hydroxy amine 6, which in turn would react with halogen on
aromatic ring in an intramolecular fashion to give the resultant
2,3-dihydro-3-hydroxyindole system 7 as depicted in Scheme 2.
Treatment of 7 with an acid would result in dehydration providing
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Scheme 2. Retrosynthetic analysis for substituted indoles 3.
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the desired indole moiety 3. Alternatively, the epoxide 4 could be
converted into the haloaminoalcohol 9 via the azide 8 and the in-
dole moiety 11 could be constructed by the treatment of 9 with a
base followed by an acid. The indole 11 could then be alkylated5 to
get the desired chemical entities 3. Our recent efforts in this direc-
tion resulted in the development of a method for the synthesis of
substituted indoles and the results are presented herein.

Initially, the epoxide 4a6 was prepared from 1,3-difluoroben-
zene as shown in Scheme 3 while the substituted thiophene 5a
was prepared from heptanal by Gewald synthesis7 followed by
formylation. The reaction of epoxide 4a with substituted thiophene
5a was attempted under various conditions and it was found that
the reaction in the presence of potassium carbonate and tetra-n-
butylammonium bromide in DMF afforded the alcohol 7a, which
on treatment with dilute hydrochloric acid gave the desired indole
3a. A number of compounds were prepared8 to check the general-
ity of the reaction sequence as shown in Table 1.

It was observed that the reaction sequence tolerated replace-
ment of imidazole moiety in the epoxide by benzimidazole, benzo-
triazole, triazole, etc., and the 2,4-difluorophenyl group could be
replaced by 2,4-dichlorophenyl group to afford various N-2-thie-
nyl-indoles. The epoxides 4 could be reacted with N-formyl-4-
nitroaniline to generate N-aryl-indoles. In the case of N-formyl-4-
chloroaniline, the intermediate 6 was isolated, which on treatment
with potassium t-butoxide in DMF followed by the treatment with
aq HCl in ethyl acetate afforded the corresponding indole 3i. Alkyl
or cycloalkyl substituents on thiophene ring were also tolerated
making the synthetic sequence suitable for generating molecules
having varied functionalities.9 It is noteworthy that this synthetic
strategy is also important from the point of the synthesis of highly
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Scheme 3. Synthesis of 1,3,6-
functionalized indolines 7 which can be used10 in the synthesis of
biologically active compounds and their analogues. It is also note-
worthy that Pleixats and co-workers6c obtained benzo[b]furans
from epoxides 4 in the presence of sodium t-butoxide in dry DMSO.

The formation of hydroxyindoline 7a by the condensation of 4a
and 5a can be rationalized as follows: A proton is abstracted by
potassium carbonate, from NH of N-formylaminothiophene 5a, to
generate an anion which attacks on epoxide 4a to open the epoxide
ring. The resulting oxyanion might be helping in facile deformyla-
tion leading to the formation of anion on nitrogen. This anion sub-
sequently attacks on the carbon atom of the aromatic ring bearing
proximal fluorine atom to yield the product 7a by aromatic nucle-
ophilic substitution. It was observed that N-formylamino group
was necessary for the reaction to take place wherein formyl group
facilitated the formation and stabilization of initial anion. The reac-
tion did not take place in case of the corresponding aminothioph-
ene 14a.

Alternatively, the synthesis of 3,6-disubstituted indoles 11 was
achieved as shown in Scheme 4. The epoxide 4f6a–c was converted
into the aminoalcohol 9a by reaction with sodium azide followed
by hydrogenation.6a Reaction of the halogenated aminoalcohol 9a
with potassium t-butoxide followed by acidic workup afforded
the desired substituted indole 11a. Similarly, the epoxide 4g pre-
pared from 2,4-dichloroacetophenone was subjected to the reac-
tion sequence as above to afford the 3-methyl-6-chloroindole
11b in good yields. These indoles 11 could be used as intermedi-
ates to prepare analogues of various compounds exhibiting anti-
fungal activity.11 The substituted indoles 11 could be alkylated5

by known methods to get the N-substituted indoles 3.
It was observed that the N-2-thienyl-3-hydroxyindolines 7 with

imidazolylmethyl substituents were stable while the 3-hydroxy-
indolines 7 with triazolylmethyl or benzotriazolylmethyl substitu-
ents were prone to dehydration, resulting in the corresponding N-
2-thienylindoles, on silica gel during column chromatography or in
solution (the NMR samples kept for a few days showed complete
conversion into indoles). In case of N-phenylindoles, the intermedi-
ate N-4-nitrophenyl-3-hydroxy-3-triazolylmethylindole (Table 1,
entry 10) was stable while the corresponding intermediate with
N-4-chlorophenyl substituent (Table 1, entry 9) got readily con-
verted into the substituted indole 3i. Whenever the indoles 3 were
required, the crude products of the reaction of epoxides 4 and the
N-formylated amines 5 were directly treated with dil HCl to afford
the desired indoles 3 in good yields.12

In conclusion, a two-step method for the synthesis of N-2-thie-
nyl/aryl-indoles 3 from easily prepared 2-formylaminothiophenes
O
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Table 1
Synthesis of substituted indoles 3

Entry Reactant 4 Reactant 5 Product 3 Yielda (%)

1

O

F

N

N

F4a
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H

NC

O

H

5a 

N
S n-Pent

NC
N

N
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PrN
H

NC

O

H
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Table 1 (continued)

Entry Reactant 4 Reactant 5 Product 3 Yielda (%)
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a Isolated yields over two steps.
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or N-formylanilines 5 and the styrene epoxides 4 has been devel-
oped. If required, in some cases, the intermediate N-2-thienyl/
aryl-3-hydroxyindolines 7 can also be obtained in good yields.
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The benzotriazole moiety in compounds of the type 3f could be re-
placed11a,13 with different structural units to get various other
compounds. The reaction sequence has a potential to generate a
F
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large number of novel indoles and hydroxyindolines with a wide
variety of functional groups.
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