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The synthesis of 1-methyl-2-cyano-4-arylsubstituted pyrroles by the condensation of symmetrical vina-
midinium salts with methyl aminoacetonitrile has been accomplished for the first time. Simple experi-
mental conditions were used to prepare seven different pyrroles, six of which are not reported in the
literature.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Vinamidinium salts are examples of push–pull alkenes with en-
hanced stability and will undergo condensation reactions with
bifunctional nucleophiles to form heterocycles.1 2-Aryl vinamidini-
um salts are prepared under Vilsmeier–Haack conditions from the
corresponding aryl acetic acid.1,2 While it would seem more effi-
cient to isolate these salts as the chloride this is usually not done.
While stable the chloride salt is quite hygroscopic and therefore
not very appealing. The vinamidinium salts are generally isolated
as the perchlorate or the hexafluorophosphate as these salts are
stable and not nearly as hygroscopic as the chloride.3 The ease of
preparation and stability of vinamidinium salts make them a suit-
able precursor for the synthesis of heterocycles such as isoxazoles,1

pyrazoles,1 pyrimidines,1 and pyrroles.2

Pyrroles are important heterocycles and have attracted much
interest due to their diverse and widespread nature.4 In addition
to the classic Paal-Knorr5 and Hantzsch6 synthesis of pyrroles some
recent synthetic strategies include iron (III) mediated Paal-Knorr7

reaction, phosphine-mediated reaction between an acid chloride
and a,b-unsaturated imines,8 nitroolefins reacting with a-isocy-
anoesters,9 and condensation of 3-alkoxyacroleins with glycine
derivatives.10

Of specific interest in this Letter is the synthesis of 2-cyanopyr-
roles, which are important intermediates for the synthesis of por-
phyrins.11 The three main strategies for incorporating a cyano
group on the ring are direct cyanation, functional group manipula-
tion, and condensation reactions to form the ring with the cyano
group in place. Several routes exist for direct cyanation of the
pyrrole ring which include a modified Vilsmeier reaction,12

reaction with 1-cyanobenzotrizole,13 and a hypervalent iodine
mediated reaction with TMSCN.14 Condensation reactions to form
2-cyanopyrroles include condensation of isocyanoacetonitrile with
a-acetoxynitro compounds15,16 and condensation of 3-alkoxyac-
roleins with aminoacetonitrile.10 The route by Adamczyk15,16

prepared 2-cyano-3,4-substituted pyrroles in good yield where
the substituents at the 3 and 4 positions are primarily alkyl groups
with one example of an aromatic group. The route reported by
Walizei and Breitmaier10 prepared 2-cyano-4-substituted pyrroles
in low to moderate yield where the substituents at the 4-position
are exclusively alkyl groups.

The work reported here expands upon the previous strategies
and allows synthesis of a 2-cyanopyrrole with an aromatic group
at the 4-position. Due to the symmetrical nature of the 2-arylvina-
midinium salts used in this study only the 4-arylpyrroles can be
formed.2 The 3-aryl or 5-arylpyrroles would arise from an unsym-
metrical vinamidinium salt undergoing a condensation reaction
with N-methylaminoacetonitrile. Also due to the nature of this
reaction only the 2-cyanopyrroles can be synthesized; other regio-
chemical outcomes for placement of the cyano-group are not pos-
sible. These reactions proceed in good yield under relatively mild
conditions.

Results and discussion

The vinamidinium salts (1a–g) used in this study were prepared
by the standard Vilsmeier–Haack reaction of the appropriate aryl
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Scheme 1. Preparation of 2-cyanopyrroles.
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acetic acid.1 Walizei and Breitmaier10 report higher yields with N-
methylaminoacetonitrile than with aminoacetonitrile so it was
decided to keep the scope of this study limited to the synthesis
of N-methylpyrroles with N-methylaminoacetonitrile. In a typical
procedure17 to prepare the 2-cyanopyrrole the vinamidinium salt
was allowed to react with 1 equiv of N-methylaminoacetonitrile
hydrochloride (2) in refluxing acetonitrile in the presence of
2.1 equiv of triethylamine overnight (Scheme 1). After extractive
workup the pyrroles were isolated in reasonable yield; the table
of results is also shown in Scheme 1. Pyrroles 3a, 3b, 3c, 3e, 3f,
and 3g, are all new compounds and were characterized by NMR,
GC/MS, HRMS, and FTIR. Pyrrole 3d is a known compound and is
reported in the patent literature.18 This pyrrole was also character-
ized by NMR, GC/MS, HRMS, and FTIR. The type of vinamidinium
salt (1) did not substantially affect the yield. Analytical samples
of the pyrroles could be obtained by column chromatography.
The geometry of the pyrrole ring was established by the C-3 and
C-5 proton NMR signal (CDCl3) d = 6.97 and 7.01 (J = 2.0 Hz),
respectively, for compound 3a. Similar resonances were also ob-
served for the C-3 and C-5 hydrogens of the other pyrroles. The
chemical shift was dependent on the choice of NMR solvent with
acetone causing a downfield shift of approximately 0.2–0.5 ppm.
The experimental HRMS data of 3a–g matched the calculated data.

Conclusion

In summary, it has been demonstrated that vinamidinium salts
can be effectively used for the regioselective preparation of 4-aryl-
2-cyano-N-methylpyrroles using simple experimental conditions
in a minimum number of steps from commercially available start-
ing materials.
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