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Synthesis of 1,20- and 1,30-bipyrroles from 2- and 3-nitropyrroles
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Abstract

1,20- and 1,30-Bipyrroles, which are attractive precursors for the synthesis of bipyrrole-based natural products, are synthesized in
one-pot from 2- and 3-nitropyrroles by a sequential nitro group reduction—Paal–Knorr pyrrole synthesis.
� 2008 Elsevier Ltd. All rights reserved.
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Bipyrroles are attractive precursors for the synthesis of
the various polyhalogenated 2,20- and 1,20-bipyrroles found
in marine organisms (Fig. 1), which are ubiquitous in the
marine environment.1,2 Previous syntheses of 2,20-bipyr-
roles include coupling of 2-halopyrroles;3 for example,
phenyliodine bis(trifluoroacetate),4 palladium,5 nickel,6

and other methods.7 However, no general method is avail-
able for the preparation of 1,20- and 1,30-bipyrroles and
only a few syntheses are known.8,9

Our recent reductive acylation of 3-nitroindoles10a and
2- and 3-nitropyrroles10b prompted us to explore the use
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Fig. 1. Representative marine bipyrrole natural products.
of 2- and 3-nitropyrroles as a simple route to 1,20- and
1,30-bipyrroles. We now describe the results of this study.

We selected the readily available10b 1-methyl-3-nitropyr-
role (1a), 3-nitro-1-(phenylsulfonyl)pyrrole (1b), 1-methyl-
2-nitropyrrole (1c), and 2-nitro-1-(phenylsulfonyl)pyrrole
(1d) as substrates (Scheme 1).

Thus, 3-nitro-1-(phenylsulfonyl)pyrrole (1b) was treated
with indium or tin and 2,5-dimethoxy-2,5-dihydrofuran in
acetic acid at 60 �C under nitrogen to afford a low yield
(22%) of the desired bipyrrole 2b. No improvement was
seen when the solvent was changed to toluene, benzene,
dichloroethane, or methanol. Similarly, 2-nitro-1-(phenyl-
sulfonyl)pyrrole (1d) gave bipyrrole 2d in only 20% yield
(Scheme 2).

However, the use of 1,4-dicarbonyl compounds, which
are widely employed in thePaal–Knorr synthesis of pyrroles
from primary amines,11 was more productive (Scheme 3).
Thus, exposing 1-methyl-3-nitropyrrole (1a) to a mixture
of tin, acetonylacetone, and acetic acid in methanol,
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Table 2
Catalytic reductive pyrrolylation of nitropyrroles with acetonylacetone (6)

Entry Nitropyrrole Solvent Product Yielda (%)

1 1a MeOH 3a 91
2 1b MeOH 3b 92
3 1c AcOH (CH2Cl)2 3c 15
4 1d AcOH (CH2Cl)2 3d 43

a Yield after column chromatography.
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provides the desired bipyrrole 3a12 in 86% yield after col-
umn chromatography (Table 1, entry 1). Similarly, an
87% yield of 3b14 was obtained from nitropyrrole 1b (Table
1, entry 2). In contrast, 2-nitropyrrole 1d affords 3d14 in
only 45% yield.

Likewise, 2-nitropyrrole 1c gives 3c14 in 42% yield in a
solvent mixture of methanol and dichloroethane.

To possibly circumvent the low yield observed with 2,5-
dimethoxy-2,5-dihydrofuran, we prepared and utilized in
its place, succindialdehyde, readily available from 2,5-
dimethoxy-2,5-dihydrofuran.15 To our delight, under these
conditions 3-nitro-1-(phenylsulfonyl)pyrrole (1b) gives the
desired bipyrrole 2b14 in 91% yield after column chroma-
tography (Table 1, entry 6). The use of succindialdehyde
also affords bipyrroles 2a, 2c, and 2d14 but in 35–65%
yields.

Acetonylacetophenone and dibenzoylethane also
undergo this sequential reduction—Paal–Knorr sequence.
Thus, 3-nitropyrroles 1a and 1b with acetylacetophenone
furnish bipyrroles 4a14 and 4b14 in 91% and 70% yields,
Table 1
Sn-mediated reductive pyrrolylation of nitropyrroles with dicarbonyl compou

Entry Nitropyrrole PG R1 & R2

1 1a Me R1 = R2 = Me
2 1b SO2Ph R1 = R2 = Me
3 1c Me R1 = R2 = Me
4 1d SO2Ph R1 = R2 = Me
5 1a Me R1 = R2 = H
6 1b SO2Ph R1 = R2 = H
7 1c Me R1 = R2 = H
8 1d SO2Ph R1 = R2 = H
9 1a Me R1 = Me, R2 = Ph
10 1b SO2Ph R1 = Me, R2 = Ph
11 1a Me R1 = R2 = Ph
12 1b SO2Ph R1 = R2 = Ph

a Yield after column chromatography.
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respectively (Table 1, entries 9 and 10). Similarly, bipyrrole
5a14 is isolated in 62% yield from the reaction of 3-nitro-
pyrrole 1a and dibenzoylethane (Table 1, entry 11). How-
ever, bipyrrole 5b could not be isolated in several
attempts (entry 12).

We also explored catalytic reduction in place of the tin
conditions in this sequence (Scheme 4). In the event, the
treatment of 3-nitropyrrole 1a with H2, Pd/C, and aceto-
nylacetone in methanol gives the desired bipyrrole 3a13 in
91% yield following column chromatography (Table 2,
nds
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MeOH 3a 86
MeOH 3b 87
MeOH, (ClCH2)2 3c 42
MeOH 3d 45
MeOH 2a 39
MeOH 2b 91
MeOH, (ClCH2)2 2c 35
MeOH 2d 65
MeOH 4a 91
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MeOH 5a 62
MeOH 5b 0
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entry 1). Similarly, 3b14 is obtained in 92% yield from 3-
nitropyrrole 1b (Table 2, entry 2). Whereas neither 2-nitro-
pyrrole 1c or 1d leads to their corresponding bipyrroles in
methanol, a mixture of acetic acid and dichloroethane pro-
vides a low yield of bipyrrole 3c14 and a 43% yield of bipyr-
role 3d,14 respectively (entries 3 and 4).

In summary, we describe the first general synthesis of N-
protected 1,20- and 1,30-bipyrroles from 2- and 3-nitropyr-
roles that features a simple in situ reduction—Paal–Knorr
pyrrole annulation sequence. The application of this
method to naturally occurring bipyrroles is underway.
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