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ABSTRACT

Acid-promoted reaction of sulfanyl group substituted allenic aldehyde with amine affords pyrrole derivatives in high yields. The neighboring
group participation of the sulfanyl group is the driving force in this transformation.

Pyrroles have attracted attention due to their importance in
the fields of natural products, medicinal chemistry, and
material sciences.1-3 Efforts have been directed to the
development of efficient methods to synthesize this type of
heterocycle.4 The classic methods for preparing pyrroles
include the condensation ofR-haloketones withâ-keto esters

in the presence of amines (Hantzsch procedure),5 the reaction
of 1,4-diketones and amines (Paal-Knorr synthesis),6 and
the condensation ofR-amino ketones withâ-dicarbonyl
compounds (Knorr synthesis).7 Recently, new approaches
based on transition-metal-catalyzed processes have been
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reported.8-10 In those approaches, the transition-metal cata-
lysts usually activate unsaturated bonds of alkynes8 or
allenes,9 which then accept intramolecular nucleophilic attack
by nitrogen. Herein, we report a novel cyclization reaction
leading to multisubstituted pyrrole products by acid-promoted
reaction of allenic aldehydes with amines. The cyclization
procedure, which can be accelerated by acids, does not need
a transition metal to activate the allene moiety. The 1,2-thio
group migration is the driving force in this cyclization.

We have recently reported transition-metal-catalyzed reac-
tion of allenic sulfides, which gives furan derivatives through
1,4-sulfanyl group migrations (eq 1).11 Naturally, we ex-
pected to observe a similar reaction for imines, which would
give pyrrole derivatives with 1,4-migration of the thio group
(eq 2).

For this purpose, we tried to prepare the allenic imine
substrate3 by the reaction of allenic aldehyde1awith aniline
at room temperature. Surprisingly, the expected allenic imine
sulfide3 was not isolated. Instead, 2-thio-substituted pyrrole
derivative2a was obtained in high yield (Scheme 1).

Further experiments indicated that raising the temperature
could shorten the reaction time for the formation of2a (Table

1). Lewis acids, such as BF3‚Et2O, AuCl, and AgOTf, all
can accelerate the reaction. Protonic acids, such as TsOH‚
H2O and HCl, also promote this reaction. Thus, with 10 mol
% of TsOH‚H2O, the reaction of1a with aniline in CH2Cl2
at room temperature afforded the pyrrole product in 98%
yield.

This unexpected pyrrole formation can be explained by
two pathways, path a and path b, as shown in Scheme 2. In

both cases, the reaction of1a with aniline first generates
imine intermediate3. In path a, intramolecular nucleophilic
attack of the nitrogen atom to the middle carbon of the allene
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Scheme 1

Table 1. Reaction of1a and Aniline under Various Conditions

entry catalysta solvent temp (°C) time (h) 2a, yield (%)b

1 none CH2Cl2 25 48 90
2 none neat 25 30 97
3 none DCE 60 24 84
4 TsOH‚H2O CH2Cl2 25 24 98
5 TsOH‚H2O DCE 60 3 97
6 HCl CH2Cl2 25 24 92
7 BF3‚Et2O CH2Cl2 25 5 53
8 AuCl CH2Cl2 25 24 95
9 AgOTf CH2Cl2 25 12 87

10 AuCl DCE 60 3 83

a For entries 4-7, 10 mol % of catalyst was used; for entries 8-10, 5
mol % of catalyst was used.b Isolated yield after column chromatography.

Scheme 2
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moiety and the simultaneous elimination of the thiophenyl
anion generate a five-membered iminium intermediateA.
Then, the thiophenyl anion attacks the iminium carbon to
affordB, which isomerizes to2a. Alternatively, the reaction
may follow path b. From imine3, the thiophenyl group
assists the nucleophilic attack of imine nitrogen to gen-
erate intermediateC, which contains a three-centered
thiirenium ring. Opening of the thiirenium ring leads
to D, which is deprotonated to afford2a. The difference
between path a and b is that in path a the 1,2-thio group
migration12,13 is intermolecular whereas in path b it is
intramolecular.

To differentiate the two pathways, a crossover experiment
was carried out (Scheme 3). A 1:1 mixture of1a and4 with

aniline was treated with 10 mol % of TsOH‚H2O at room
temperature. It gave pyrrole derivatives2a and 5 in 95%
and 76% yield, respectively. No crossover products could
be detected. This result demonstrated that the 1,2-sulfur
migration was intramolecular, thus supporting path b as the
more likely reaction mechanism.

It is worthwhile to note that only unreacted starting
materials and the pyrrole product could be isolated if the
reaction was stopped before completion. No intermediate
allenic imine3 could be identified. This observation indicates
that in allenic imine3 intramolecular imine nitrogen attack
to the allene is highly facile. The long reaction time when
the reaction was carried out in the absence of acid was due
to the slow reaction of the imine formation step. The role of
acid in accelerating the overall transformation is obviously
to promote the imine formation. It is also noted that under
the same reaction conditions allenic aldehyde1a did not
undergo a similar reaction to afford the corresponding furan
products. This result indicates that the strong nucleophilicity
of the imine nitrogen is also critical in this process.

Because this reaction provides a straightforward way to
form multisubstituted pyrrole derivatives from readily avail-
able starting material, this transformation may find utilities
in organic synthesis. Thus, with cheap TsOH‚H2O as the
catalyst, we proceeded to expand the substrate scope (Table
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Scheme 3

Table 2. TsOH-Catalyzed Reaction of1a and Amines6a-k

entry amine 6 (R) time (h) 7, yield (%)a

1 6a, p-MeC6H4 12 7a, 92
2 6b, p-BrC6H4 24 7b, 86
3 6c, p-ClC6H4 24 7c, 98
4 6d, m-MeC6H4 24 7d, 97
5 6e, p-NO2C6H4 120 7e, trace
6 6f, Ac 120 nrb

7 6g, Ms 120 nr
8 6h, Bn 12 7h, 81
9c 6h, Bn 48 7h, 96

10 6i, Bu 12 -d

11 6j, allyl 12 7j, 41
12 6k, tert-Bu 12 7k, trace

a Isolated yield after column chromatography.b Starting material was
recovered.c Reaction was carried out without TsOH‚H2O. d Reaction gave
a complex mixture.

Scheme 4
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2). The reactions of1a with a series of amines were
examined. With aromatic amines, the reaction gave high
yields of the corresponding pyrrole derivatives. The exception
is for the amine6e, in which the aromatic group of amine is
p-nitrophenyl. This low yield is likely due to the unfavorable
formation of the imine intermediate. Similarly, no reaction
occurred with AcNH2 and MsNH2 even after stirring for 5
days (entries 6 and 7). The reaction with benzylamine gave
a little lower yield when catalyzed with TsOH‚H2O (entry
8). When the reaction with benzylamine was carried out in
the absence of TsOH‚H2O, it gave a high yield of the pyrrole
product, although the reaction took longer. The reaction
with allyl amine afforded the pyrrole product in 41% yield
(entry 11). However, the reaction withn-butyl amine was
found to give only a complex mixture, whereas the reaction
with tert-butyl amine proceeded very slowly (entries 10 and
12).

Then, the scope and limitations of this reaction were
further demonstrated by the reaction of a series of allenic
aldehydes with aniline, as summarized in Scheme 4. Pyrrole
products were isolated in high yields, except in the case of
1i, which might be due to the steric and electronic effects of
the terminal alkyl group in the allene moiety. It was
noteworthy that the allenic substrate1h, in which R3 was
the methyl group, also worked well to give2h in good yield.

Finally, the reaction of allenic aldehyde1j, in which the
aromatic substituent was replaced with a methyl group, also
gave the corresponding pyrrole products, although the yield
was diminished.

In conclusion, we have developed an acid-promoted
cyclization reaction of allenic aldehydes with amines, which
gives various 2-thio-substituted pyrrole14 products in good
to excellent yields. This reaction provides a new entry to
this type of substituted pyrroles.
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