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Two-step synthesis of the bipyrrole precursor of prodigiosins
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Abstract—The key intermediate in the synthesis of prodigiosins, 4-methoxy-2,2 0-bipyrrole-5-carboxaldehyde, has been prepared in
two steps and 65% overall yield from the commercially available 4-methoxy-3-pyrrolin-2-one.
� 2006 Elsevier Ltd. All rights reserved.
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Scheme 1.
4-Methoxy-2,2 0-bipyrrole-5-carboxaldehyde is the key
intermediate in the biosynthesis of many polypyrrole
natural products such as the prodigiosins and tambja-
mines.1 Although its chemical structure is relatively simple
and known for more than 40 years, only three groups
have reported its total synthesis with modest overall
yields.2 In 1996, a new alternative approach for the syn-
thesis of prodigiosins was reported by D’Alessio and
Rossi.3 In contrast with biomimetic routes in which
the B ring was first coupled to the A ring, they have first
condensed the C ring to B ring (Scheme 1) and com-
pleted the synthesis through a Suzuki cross-coupling
reaction with ring A. Although the synthesis is very
short, efficient, and scalable, it does not give access to
the natural bipyrrole aldehyde precursor of pro-
digiosins.

In this present letter, we wish to report a two-step syn-
thesis of 4-methoxy-2,2 0-bipyrrole-5-carboxaldehyde
(3).4 Using the same building blocks as D’Alessio and
Rossi, we have reorganized the reaction sequence in
order to get access to the natural biomimetic precursor.
The commercially available 4-methoxy-3-pyrolin-2-one
(1) (Scheme 2) was treated with the Vislmeier–Haack
reagent (3 equiv) derived from diethylformamide to
produce the bromo pyrrole enamine 2 in 70% yield.5,6

Using the original procedure with dimethylformamide,
proceeded in only 30% yield despite the use of various
experimental conditions. This key haloformylation reac-
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tion has been previously reported by Von Dobeneck and
Schnierler in 1966 on a dialkylpyrrolinone derivative7

but to our knowledge, it has never been applied to the
synthesis of prodigiosins. The Suzuki cross-coupling
reaction between 2 and the Boc-pyrrole boronic acid3,8

led to the desired natural bipyrrole aldehyde 3 in 95%
yield.9 The 1H NMR, FT-IR, HRMS and TLC were
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Scheme 2. Reagents and conditions: (i) POBr3 (3 equiv), diethylformamide (3 equiv), chloroform, reflux, 5 h, 70%. (ii) Boc pyrrole boronic acid
(1.5 equiv), Pd(PPh3)4, dioxane, H2O, Na2CO3, reflux, 2.5 h, 95%.
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in perfect agreement with the reported spectroscopic
data and with those recorded from an authentic sample
obtained by fermentation.10

Using the final condensation step described by Rapo-
port and Holden2a with different pyrroles, compound 3
and also other dipyrrole derivatives were converted to
prodigiosin analogues.11 This new approach has been
adapted and used on kg scale to support the develop-
ment of GX15-070,12 the first prodigiosin derivative to
reach clinical trials in oncology.
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