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Efficient reductive acylation of 3-nitroindoles
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Abstract

3-Nitroindoles are catalytically reduced by hydrogen on palladium/carbon to furnish the relatively unstable aminoindoles, which in
the presence of carboxylic acid anhydrides afford good to excellent yields of the corresponding N-acylaminoindoles. 2-Nitroindoles give
lower yields of N-acylated 2-aminoindoles.
� 2007 Elsevier Ltd. All rights reserved.
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Although the indole nucleus is found in myriad alkal-
oids and biologically active heterocycles, 3- and 2-amino-
indoles are virtually unexplored as novel heterocyclic
enamines due to their relative instability.1–3 Nevertheless,
these aminoindoles could potentially serve as important
vehicles for the synthesis of other indoles and fused indole
heterocycles. For example, in a reported synthesis of d-
carbolines,4 the requisite 3-aminoindoles were generated
and suitably trapped by in situ hydrolysis of 3-acetylamino-
indoles, which were prepared via a Beckmann rearran-
gement of the corresponding 3-acetylindole oximes. An
efficient and direct synthesis of derivatized 3- and 2-amino-
indoles would be of enormous value for the study of their
chemistry.

In this regard, and in connection with our interest in the
chemistry of nitroindoles,5 we recently reported a one-pot
indium-mediated reductive acylation of 3- and 2-nitro-
indoles affording the respective 3- and 2-acylaminoindoles.1

Although several reducing conditions are available for
the reduction and subsequent acylation of nitro com-
pounds, the reports of achieving this two-step conversion
in a one-pot procedure are limited. Such methods include
PtCl2(PPh3)2–SnCl4 in the presence of CO and carboxylic
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2007.12.108

* Corresponding author. Tel.: +1 603 646 3118; fax: +1 603 646 3946.
E-mail address: ggribble@dartmouth.edu (G. W. Gribble).
acids,6a Fe(III)-exchanged montmorillonite with NaI and
carboxylic acids,6b Ni(CO)4 with carbon monoxide and
acetic or propionic acid,6c Ru3(CO)12 with methyl formate
or formic acid,6d molybdenum hexacarbonyl and carb-
oxylic acids,6e and iodine or iodides with red phosphorus
and carboxylic acids.6f Most of these methods require high
temperatures, toxic reagents, and/or expensive catalysts.

Because our indium-mediated reduction of nitroindoles
requires an excess of expensive indium,1 we have examined
tin and zinc with acetic anhydride as cheaper alternatives in
this reductive acylation (Scheme 1). Although the desired
product 2 is obtained with both metals, the yields are lower
than the indium-mediated reduction.

Therefore, we turned to catalytic hydrogenation using
palladium on carbon to accomplish this one-pot reductive
acylation of 3- and 2-nitroindoles, which were synthesized
1 2
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Table 1
Synthesis of acetylaminoindoles (2, 7–13) from nitroindoles (1, 3–5) using
H2, Pd/C

3-Nitroindole PG Anhydride
used

Product R Yield
(%)

1 Me Ac2O 2 Me 100
1 Me Boc2O 7 Boc 99
1 Me (C6H11O)2O 8 (CH2)4CH3 95
1 Me (PhCO)2O 9 Ph 91
3 Bn Ac2O 10 Me 76
4 SO2Ph Ac2O 11 Me 52
5 CO2Et Ac2O 12 Me 61
6 Boc Ac2O 13 Me 80
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as described earlier.7 In the event, treatment of 1-methyl-
3-nitroindole (1) with hydrogen on 10% Pd/C in methanol
in the presence of acetic anhydride afforded 2 in nearly
quantitative yield (Scheme 2, Table 1).8,9 In contrast to
the corresponding 3-aminoindole, 2 is quite stable and
can be stored indefinitely, but, as reported by Dupas and
co-workers,4 can be readily converted in situ to the 3-amino-
indole by methanolic HCl as necessary. This simple reduc-
tive-acylation of 3-nitroindoles is quite general. Thus, as
shown in Table 1, the reaction of 1 with H2 and Pd/C in
the presence of Boc-anhydride provides Boc-protected
amine 7 in 99% yield.10 Similarly, hexanoic anhydride
and benzoic anhydride furnish 8 and 9, respectively, in
excellent yield.

Treatment of different N-protected 3-nitroindoles 3–6

affords the corresponding acetylated amines 10–13 in 52–
80% yield.10,11

The Paal–Knorr pyrrole synthesis12 is widely used to
prepare pyrroles from amines and 1,4-dicarbonyl com-
pounds, and a multitude of acidic and other conditions
(p-TSA,13 Al2O3,14 zeolites,15 montmorillonite clay,16 and
microwave,17 to name a few) have been used to promote
this simple and general pyrrole synthesis. As might be
anticipated, the treatment of 3-nitro-1-(phenylsulfonyl)-
indole (4) under our reductive acylation conditions gives
the novel 3-(1-pyrrolyl)indole 14 in 77% yield (Scheme
3).18,19 Pyrrolylindole 14 is relatively unstable and was
stored under �4 �C.

Although 2-nitroindoles 15 and 16 also undergo this
reductive-acylation, the yields of 17 and 18 are lower
(Scheme 4),10 which is a result similar to our previous
observations for the indium-mediated reduction of these
2-nitroindoles.1

The advantages of this catalytic hydrogenation method
are mild and neutral conditions, in contrast to the acidic
conditions using In, Sn, and Zn, and higher yields in all
cases. Moreover, the catalytic hydrogenation method
precludes the formation of mixed anhydrides that are
generated in situ when other anhydrides are used in the
presence of acetic acid as in, for example, the indium-
mediated reduction. At this point, the method is less useful
for the reductive acylation of 2-nitroindoles.

In summary, we have found an efficient method for the
catalytic reduction of 3-nitroindoles and their subsequent
acylation in the same reaction vessel. The resulting N-acyl-
ated 3-aminoindoles are obtained in good to excellent
yield.
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