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ABSTRACT

A one-step synthesis of 3-aryl and 3,4-diaryl-(1H)-pyrroles from TOSMIC and commercially available or readily synthesized arylalkenes is
reported. Optimal conditions were found to be NaOtBu in DMSO. The methodology was particularly efficient (yields > 65%) when electron poor
aryl groups were attached to the alkene.

The pyrrole ring is an important heterocycle in biological
systems being incorporated into the porphyrin ring systems
of chlorophyll, heme, Vitamin B12, and the bile pigments.
Additionally, there are a number of pyrrole-containing small
molecules that exhibit useful biological activities.1,2 As such,
a lot of effort has been spent developing practical methods
for the synthesis of pyrrole units that incorporate appropriate
functionality.3 One such method developed by van Leusen
is the reaction of tosylmethyl isocyanide (TOSMIC) with a

Michael acceptor1 to generate a 3,4-disubstituted pyrrole2
(Scheme 1).4 This procedure necessarily installs the activating
Z group of the Michael acceptor at the 3-position of the
pyrrole ring formed.2,4,5

Recently, we required a facile and general synthesis of
3-aryl-substituted pyrroles4 (R1 ) aryl). These 3-aryl
pyrroles have typically been accessed via multistep cross-
coupling methodology requiring the use of a protecting group
for the pyrrole NH6 or by using van Leusen’s TOSMIC
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methodology where saponification (2f3) and decarboxyl-
ation (3f4) are required to remove the ester Z group.5,7 As
a more efficient entry into 3-aryl-pyrroles4, we reasoned
that electron-deficient vinyl arenes1 (i.e., R1 ) aryl, Z )
H) could act as Michael acceptors, thus negating the need
for an electron-withdrawing Z group and so providing 3-aryl
pyrroles directly (1f4). Testing this hypothesis with 4-vinyl
pyridine (1: R1 ) 4-pyridyl, Z ) H), we indeed found that
using Et2O/DMSO as a solvent, we obtained a 37% yield of
the desired 3-aryl pyrrole4 in a single step (Scheme 1).

Further investigation of the factors affecting this trans-
formation using the more challenging substrate styrene led
to the optimum conditions of NaOtBu in DMSO. Using these
conditions, we investigated the scope of this transformation
using a variety of 1-aryl alkenes (Table 1).

In general, higher yields of the desired 3-aryl pyrrole were
obtained at lower temperatures and with shorter reaction
times when the aryl group of the styrene starting material
was more electron deficient. Thus, styrene (entry 1) gave
47% yield after 18 h at 50°C, while 4-vinyl pyridine (entry
2), 2-vinyl pyridine (entry 3), and 2-vinyl pyrazine (entry
4) all gave good yields (>65%) after only 2 h at 25°C. As

expected, compared to styrene (entry 1), an electron-
withdrawing group on the aryl ring (para-chloro, entry 5)
gave an improved yield of 58%.8 The retarding effect of
sterics on the reaction are illustrated in entries 6-8 where
ortho substituents on the aryl ring require higher reaction
temperatures or give slightly reduced yields. As an illustration
of the efficiency of this approach, a recent publication
reported the synthesis of 3-(4-chlorophenyl)-1H-pyrrole
(entry 5) in four steps and 48% overall yield.5 The present
approach proceeds in one step in 58% yield from com-
mercially available starting materials.9

The synthesis of 3,4-diaryl pyrroles has not yet been
reported using TOSMIC.10 Therefore, we decided to inves-
tigate whether 1,2-diarylalkenes would also react under our
conditions to give 3,4-diaryl pyrroles in a single step. The
results are shown in Table 2.

Again, electron-withdrawing aryl groups attached to the
alkene led to higher yields of the desired pyrrole at lower
temperatures and with shorter reaction times. Thus a bis-
pyridyl-substituted alkene (entry 1) gave an excellent yield
(91%) of the desired 3,4-dipyridyl pyrrole after only 4 h at
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Table 1. Synthesis of 3-Aryl Pyrroles Using TOSMICa

a TOSMIC (1.3 equiv), NaOtBu (2 equiv), DMSO,T in °C. b Isolated
yield after chromatography.

Table 2. Synthesis of 3,4-Diaryl Pyrroles Using TOSMICa

a TOSMIC (1.3 equiv), NaOtBu (2 equiv), DMSO,T in °C. b Isolated
yield after chromatography.
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room temperature. When one of the pyridyl rings was
changed to a phenyl (entry 2) or a thiophene ring (entry 3),
good yields were still obtained but higher reaction temper-
atures were required. Entry 4 illustrates that alkyl-substituted
alkenes will also undergo the reaction to give 3-aryl- and
4-alkyl-substituted pyrroles in good yields. Finally, the
isoquinoline-substituted alkene (entry 5) further demonstrates
that nonsymmetrical 3,4-disubstituted pyrroles can be as-
sembled rapidly and in good yields. Again the utility of this
approach is underlined as present methodology for the
synthesis of nonsymmetrical 3,4-diaryl pyrroles is limited,
requiring multiple synthetic steps.11,12

In summary, we have demonstrated that the synthesis of
3-aryl- and 3,4-diaryl-substituted pyrroles may be achieved
in a single stepfrom TOSMIC and commercially available
or readily accessible aryl-substituted alkenes.13,14We believe
this facile synthesis of aryl-substituted pyrroles represents a

significant improvement over existing multistep sequences
based on decarboxylation5,7 or cross-coupling6,12 sequences.
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(14) Typical procedure: To a suspension of NaOtBu (2 equiv) in dry
DMSO was added a solution of the arylalkene (1 equiv) and tosylmethyl-
isocyanate (1.3 equiv) in DMSO (0.1 M final concentration). The reaction
mixture was stirred at the appropriate temperature for the required time,
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experimental details and product characterization, please see Supporting
Information.
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