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ABSTRACT

A range of 2,5-disubstituted and 2,4,5-trisubstituted pyrroles can be synthesized from dienyl azides at room temperature using catalytic amounts
of ZnI 2 or Rh 2(O2CC3F7)4.

Pyrroles1 are an important moiety in many pharmaceuticals,2,3

natural products,4 and materials.5 As such, the development
of new methods that access these molecules has remained a
goal of organic synthesis for over 100 years.6-8 The
thermolysis of azidoacrylates, a common method for indole
synthesis,9,10 has seldom been employed for the construction
of pyrroles despite the ready availability of dienyl azides
(eq 1).11,12

In the course of our investigations into the reaction of
azidoacrylates with transition metals, we discovered that zinc
iodide could efficiently catalyze the formation of pyrroles
at room temperature (eq 1). Despite the use of catalytic

quantities of zinc(II) salts as Lewis acids in a diverse range
of reactions,13,14 their use with azides is surprisingly rare.15
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In this Letter, we demonstrate that the zinc-mediated
decomposition of dienyl azides provides a general method
for the synthesis of pyrroles.

We recently reported that rhodium(II) catalyzed the
construction of indoles from azidoacrylates.16 We wanted
to extend this chemistry to the formation of pyrroles from
dienyl azides (Table 1) and found that rhodium(II) perfluo-

robutyrate efficiently promoted this process (entry 2). As
before,16 increasing the electron-donating nature of the
carboxylate ligand significantly reduced the reactivity of the
catalyst (entry 3). While rhodium(II) perfluorobutyrate is the

only efficient catalyst for indole formation,16 a range of metal
salts smoothly catalyzed pyrrole4 from dienyl azide3
(entries 4-7).17 Both copper(II) triflate and zinc iodide
transformed3 into pyrrole4 at room temperature (entries 5
and 7).Diminished yields were observed with other Lewis
acids, including mercury(II) triflate (entry 8),18 gold(I) triflate
(entry 9),19 rhodium(II,III) caprolactamate (entry 10),20 or
triflic acid (entry 11).21 Optimization of the solvent revealed
that methylene chloride was superior to ethereal or aromatic
solvents.

The most reactive catalysts were compared by examining
the reaction progress after 3 h (Table 2). Both copper(II)

triflate and zinc iodide were found to be more reactive than
Rh2(O2CC3F7)4 (entries 2 and 3). Changing the oxidation state
of copper or the counterion of the zinc salt inhibited the
reaction progress (entries 4 and 5). While copper(II) triflate
and zinc iodide exhibited similar activities, we chose to focus
method development on the less expensive zinc salt ($0.40/g
versus $10/g).22,23

The scope and limitations of the method were subsequently
investigated (Table 3).24 The reaction tolerated both electron-
rich and electron-poor aryl substituents (entries 1-12). As
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Table 1. Optimization of Pyrrole Formation

entry catalyst mol %
temp
(°C) solvent

yielda

(%)

1 none n.a. 40 PhMe 14
2 Rh2(O2CC3F7)4 2 40 PhMe >95
3 Rh2(OAc)4 10 40 PhMe 11
4 (CuOTf)2‚PhH 5 25 CH2Cl2 90
5 Cu(OTf)2 5 25 CH2Cl2 >95
6 ZnCl2 5 25 CH2Cl2 86
7 ZnI2 5 25 CH2Cl2 >95
8 Hg(OTf)2 5 25 CH2Cl2 39b

9 AuOTf 10 25 CH2Cl2 n.r.
10 Rh2(cap)4Brc 10 25 PhMe n.r.
11 HOTf 2 25 CH2Cl2 dec.b

a As determined using1H NMR spectroscopy.b Complete consumption
of 1 was observed.c cap) caprolactamate.

Table 2. Examination of Catalyst Reactivity

entry catalyst conversiona (%)

1 Rh2(O2CC3F7)4 40
2 ZnI2 53
3 Cu(OTf)2 64
4 (CuOTf)2‚PhH 30
5 ZnCl2 34

a As determined using1H NMR spectroscopy.
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the aryl substituents became more electron-deficient, the
reaction progress diminished, and more forcing conditions
were required (entries 8-12). For these substrates, rhod-
ium(II) perfluorobutyrate was a superior catalyst. Some
heteroaromatic substituents were also investigated (entries
13-15). While a naphthyl-substituted dienyl azide reacted
well (entry 13), lower conversions and yields are obtained

with furan or thiophene substituents (entries 14 and 15). In
these cases, increasing the catalyst loading and reaction
temperature only modestly improved the yield of the reac-
tion.25

In addition to aryl-substituted dienyl azides, substrates
containing alkyl substituents at theδ- or γ-position or
different carbonyl functional groups were examined (Table
4).24 While diminished yields were observed with methyl-

andn-propyl-substituted dienyl azides (entries 1 and 2), these
substrates were consumed in minutesssignificantly faster
than dienyl azides5. Dienyl azides withδ- andγ-substitution
could be smoothly transformed into 2,4,5-trisubstituted
pyrroles (entries 3-5) with faster conversions observed for
substrates withδ-alkyl substituents (entries 3 and 4).
Changing the nature of the carbonyl substituent also influ-
enced the efficiency of the reaction (entries 6 and 7). While
increasing the steric nature of the ester did not negatively
affect reactivity (entry 6), ketone7g required more stringent
conditions (entry 7). When diphenyl-substituted dienyl azide
7h was subjected to reaction conditions, no pyrrole formation
was observed (entry 8).26

The ZnI2-catalyzed reaction is sensitive to the isomeric
purity of the substrate. When anE/Z mixture of 7a (5:95)(24) Several of the substances reported here were previously described.
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1992, 57, 4820. (e)8d: Lakhlifi, T.; Sedqui, A.; Fathi, T.; Laude, B.; Robert,
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J. Tetrahedron1989,45, 3397.
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Table 3. Scope of Pyrrole Formation

a As determined using1H NMR spectroscopy.b Isolated yield after flash
chromatography over SiO2. c ZnI2 (10 mol %) employed.d Rh2(O2CC3F7)4
(3 mol %) employed.e ZnI2 (10 mol %), 40°C.

Table 4. Scope of the Pyrrole Formation

a As determined using1H NMR spectroscopy.b Isolated yield after flash
chromatography over SiO2. c SiO2 (200 wt %) employed.d Cu(OTf)2 (5 mol
%) employed.
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was subjected to the ZnI2 conditions, only theZ-isomer
reacted (Table 4, entry 1). While the yield of this transforma-
tion was moderate, we found that it could be increased if
SiO2 or trace acid27 was employed. In contrast to zinc
catalysis, both stereoisomers of7a were transformed into
pyrrole 8a when SiO2 was employed.

Several mechanisms are possible for the transformation
of dienyl azides into pyrroles. Thermal and photolytic
reactions are believed to occur via nitrene insertion into the
vinylic C-H bond.11,26,28In addition to nitrogen atom transfer
through nitrenoid11 (mechanism A),29-31 Lewis acid activa-
tion mechanisms are also possible (Scheme 1).13,14 In
mechanism B, initial coordination of zinc to the azide (and
ester) provides complex10.32 Attack of the olefin expels N2
to directly produce the C-N bond in12 (without formation
of nitrenoid11).17,21 Loss of zinc iodide forms 2H-pyrrole

9, which tautomerizes to 1H-pyrrole4. Alternatively, in
mechanism C, coordination of zinc iodide33,34to the carbonyl
increases the electrophilicity of the pendant olefin (13).
Intramolecular attack of the azide would form14.35 Loss of
nitrogen, followed by tautomerization, would generate pyr-
role 4.

The reactivity trends of our substrates suggest that the
reaction proceeds through the Schmidt-like mechanism B.
We observed that, as the aryl-γ-substituent became more
electron-deficient, the reactivity of the substrate was reduced.
Increasing the electron-donating nature of the substrate
through alkyl substitution at theδ- or γ-positions substan-
tially increased the reaction rate.

In conclusion, we have developed a new, mild way to
access di- and trisubstituted pyrroles from readily available
azides. Presently, we are working to elucidate the relationship
between the mechanism and transition metal catalyst and to
apply our conclusions to develop new methods that form
functionalizedN-heterocycles from azides.
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Scheme 1. Possible Mechanisms for Pyrrole Formation
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