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Three-component reactions with 3,4-diiodoalk-2-enoic deriva-
tives, primary amines, and terminal alkynes proceeded to give
trisubstituted pyrroles in fair to good yields in the presence of
palladium and copper catalysts under mild reaction conditions.

Pyrroles are key structural motifs in various classes of natural
products,1 synthetic pharmaceuticals and electrically conducting
polymers2 and are also valuable synthetic intermediates.3 In
addition to a number of traditionally employed approaches,
several transition-metal-catalyzed methods have recently
emerged for the synthesis of pyrroles.4 However, the construction
of multiply substituted pyrrole rings still relies largely on the
classical condensation methods such as Paal–Knorr synthesis,5

although catalytic multicomponent coupling approaches have
attracted recent attention as environmentally benign alterna-
tives.6 Nevertheless, and despite recent advances in domino
reactions,7 very flexible and general approaches with wide
functional group tolerance are still lacking.

As a continuation of our interest in the design of new
reactions for the synthesis of lactones and lactams through
tandem C–C bond formation/heterocyclisation,8 we hypo-
thesised that dihaloalkenoic derivatives might react with
different nucleophiles such as amines and alkynes in a
sequential way. The palladium species acts either as a
Sonogashira catalyst9 or as a Lewis acid promoter for the
5-endo dig heterocyclisation reaction (Scheme 1). To the best
of our knowledge little attention has been paid to the dual
reactivity of vinylic and allylic dihaloalkenes10,11 and no use
has been made of this class of reagent in multicomponent
reactions. We report here a novel palladium-catalyzed domino
reaction for the synthesis of pyrroles. This approach involves

allylic amination and Sonogashira cross-coupling, followed by
a heterocyclisation/aromatisation sequence using readily
available primary amines, alkynes and dihaloalkenoic deriva-
tives and, importantly, allows for the double function of amine
(Scheme 1).
To investigate the synthesis of pyrrole by this tandem

sequence, as depicted in Scheme 1, diiodo butenoic acid 2
bearing two different carbon–iodine bonds as dielectrophile
was prepared from buta-2,3-dienoic acid 1 by addition of
iodine in ether. The two regioisomers obtained were easily
separated by crystallisation, affording 55% yield of pure
3,4-diiodobut-2-enoic acid (E)-2. The related nitrile and ester
dibromides have already been reported, but relatively little use
has been made of this class of reagents.12

Our initial investigations using (E)-2, phenylacetylene and
n-butylamine and palladium complex at 60 1C gave a complex
mixture in which a small amount of pyrrole 5 and lactones 3
and 4 were isolated. The effects of different parameters on the
model reaction were therefore studied in order to try to
separate this process to elementary steps involved (Table 1).
At this time, it was important to find conditions that

first allowed the allylic amination reaction that could be in
competition with the lactonisation reaction. To probe the

Scheme 1 Retrosynthetic analysis of trisubstituted pyrroles.

Table 1 Screening of reaction conditions for the three-component
allylic amination/cross-coupling/cyclisation reaction

Entry
[Pd]
5 mol %

Add.
10 mol % T/1C t/h

Bu-NH2

[eq.] 3 [%] 4 [%] 5 [%]

1a none — 50 5 1 66 — —
2b none — 50 5 2 38 — —
3a none — 25 24 0 o5 — —
4a PdCl2(PPh3)2 — 60 24 0 69 — —
5 PdCl2(PPh3)2 CuI 25 24 0 o5 — —
6 PdCl2(PPh3)2 CuI 60 24 2 30 31 —
7 PdCl2(PPh3)2 CuI 25 24 2 — 4 35
8 PdCl2(PPh3)2 CuI 25 24 5 — 12 59
9 Pd(PPh3)4 CuI 25 24 5 — 9 45
10c PdCl2(PPh3)2 CuI 25 24 5 — 5 20

a Reaction was conducted without phenylacetylene. b Numerous
insoluble by-products were formed. c One equivalent of phenylacetylene
was used.
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viability of the anticipated domino reaction, numerous
conditions were screened in DMF, a commonly used solvent
in the Sonogashira reaction. Optimisation studies revealed
that the lactonisation reaction occurred rapidly in the presence
of a primary amine at temperatures up to 55 1C, even in the
presence of one equivalent of amine [Table 1, entries 1 and 2].
Interestingly, the lactonisation process could be suppressed at
room temperature. Similarly, adding a palladium II complex,
and without amine or alkyne, the lactonisation reaction
occurred at temperatures up to 50 1C [Table 1, entries 4 and 5].
In the presence of an alkyne (phenylacetylene) and at 60 1C,
fair yields of the Sonogashira product 4 were obtained along
with iodolactone 3. Surprisingly, in the presence of 2 equi-
valents of amine at room temperature, we obtained fair yields
of pyrrole 5 and compound 4 was detected in small amounts
[Table 1, entry 7]. Increasing the number of amine equivalents
(5 equivalents) dramatically increased the yield from 35% to
59% [Table 1, entries 7 and 8].

Changing the catalyst from PdCl2(PPh3)2 to P(PPh3)4 had
little effect. Bis amination products, vinylaziridines,13 enediynes
and 3-aminomethylenynoic acid14 were not detected in these
reactions. The scope and limitations of this palladium-
catalysed, three-component coupling process were next
examined using various alkynes and primary amines. The
results are summarised in Table 2. All the alkyne precursors
gave good yields of the corresponding coupling products. The
transformation described here allowed the synthesis of di- and
trisubstituted pyrroles. A number of functional groups on
alkyne were tolerated, including esters, ethers, acetals and
sulfide groups [Table 2].

Nevertheless, the use of ethyl propiolate as alkyne failed to
provide the expected pyrrole. The scope of the process was
found to be less broad with respect to the N fragment only and
allowed good yields of pyrroles for a variety of a-unsubstituted
alkylamines. For example, a-methylbenzylamine did not
provide the expected heterocycle when coupled with phenyl-
acetylene. Aryl, alkyl, allyl and benzyl amines all performed
well, although the basicity on the nitrogen atom was found to
be essential. Attempts with tosylamine of benzylcarbamate use
in place of a primary amine failed. The silyl and germyl
ethynes were found to be good substitutes for acetylene and
fair yields of 1,3-disubstituted pyrroles were obtained. These
results could be explained by the acidic work-up which cleaved
the carbon–metal bond. In order to examine the influence of
the carboxylic function, we prepared the corresponding ethyl
and t-butyl ester from (E)-2 which gave similar results in terms
of yield in the same experimental conditions; for example,
t-butyl ester of (E)-2, benzylamine (3 equivalents) and phenyl-
acetylene (2 equivalents) afforded a slightly increased yield of
ethyl ester (69%). As another interesting point related to using
ester, the formation of 3-alkynyl lactones 4 did not occur.

The use of ester in place of acid in the diiodo starting
material is particularly appealing for acid-sensitive structures
as noted in the reaction of an enyne derived from a-ionone (6).
Using the three components sequence, good yields of the
sensitive pyrrole retinoid structure 7 could be obtained, giving
the protocol a general character (Scheme 2).15

A plausible mechanism accounting for the domino process
depicted in Scheme 3 may be: initial C–N allylic amination

leading to the ammonium salt, followed by a Sonogashira
cross coupling reaction16 and subsequent intramolecular
hydroamidation, providing dihydroexoalkylidene pyrrole

Table 2 Three-component synthesis of pyrroles

Entry R1 R2 Product
Yield
[%] No.

1 Ph n-Bu 59 5a

2 Ph Bn 54 5b

3a 61

4 n-C5H11 Bn 53 5c

5 –CH2OMe Bn 44 5d

6 –CH2–CH(OEt)2 Bn 43 5e

7 Bn 48 5f

8 –CH2–S–Bn Bn 45 5g

9 SiMe3 Bn 30 5h

10 GeEt3 Bn 28

11 n-C5H11 n-Bu 53 5i

12 Ph allyl 41 5j

13 SiMe3 allyl 10 5k

14 Ph Ph 44 5l

15 COOEt Bn 0 —

a Attempt starting from tributyltin carboxylate of (E)-2

Scheme 2 Three-component synthesis of a pyrrole retinoid.
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which rearranges into pyrrole. The hydroamination step
through a 5-endo-dig process is certainly catalyzed by
palladium II species, as reported by different groups.
Nevertheless, it is difficult in this case to exclude the possibility
of a thermodynamically enhanced intramolecular 1,6 Michael
addition reaction.17

In conclusion, we have developed a novel one-pot allylic
amination/palladium-catalysed Sonogashira cross coupling
and heterocyclisation process that allows the direct synthesis
of 1,2,4-trisubstituted and 1,3-disubstituted pyrroles starting
from readily available diiodobutenoic acid. The temperature
and the nature of the solvent (DMF) for this domino sequence
are crucial parameters. In addition, the use of a one-pot
procedure leads to higher yields while generating fewer
by-products and chemical residues. This multicomponent
process was also used to synthesize a retinoid derivative
through this procedure using an enyne.
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