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Abstract—A one-pot synthesis of 2,5-disubstituted thiophene, 1,2,5-tri- and 2,5-disubstituted pyrrole derivatives from readily
available 3,5-dihydro-1,2-dioxines is described. The reaction proceeds by an initial Kornblum–de la Mare rearrangement of the
3,5-dihydro-1,2-dioxine to its isomeric 1,4-diketone followed by condensation of the in situ 1,4-diketone with sulfur, ammonia or
a primary amine. © 2002 Elsevier Science Ltd. All rights reserved.

The thiophene and pyrrole moieties play important
roles in natural products,1a,b non-linear optics, and
supramolecular chemistry1c and therefore, there is sig-
nificant importance in developing new methods of syn-
thesising these systems. A common approach to the
synthesis of both the thiophene and pyrrole group
involves the participation of 1,4-dicarbonyl compounds.
In the thiophene case,2a the 1,4-dicarbonyl compound is
reacted with a source of sulfur, usually from phospho-
rus sulfides such as Lawesson’s reagent2b or bis-
(trimethylsilyl)sulfide.2c Similarly, pyrroles have trad-
itionally been prepared via the condensation of 1,4-
dicarbonyl compounds with ammonia or primary
amines, a reaction known as the Paal–Knorr pyrrole
synthesis.3 However, one drawback of these syntheses
has been the accessibility of suitable 1,4-dicarbonyl
compounds.4

3,5-Dihydro-1,2-dioxines 2 can be readily converted
into 1,4-dicarbonyl compounds 3 by treatment with an
amine base via a Kornblum–de la Mare rearrange-
ment.5 In turn, 3,5-dihydro-1,2-dioxines 2 can be syn-
thesised from readily available dienes 1 via oxidation in
the presence of a photosensitiser and O2.6 In this com-
munication we wish to report the first synthesis of
thiophene 4 and pyrrole 5 derivatives from 3,5-dihydro-
1,2-dioxines 2. We propose that the reaction involves
an initial Kornblum–de la Mare rearrangement of the
3,5-dihydro-1,2-dioxine 2 followed by condensation of
the 1,4-dicarbonyl compound 3 in situ with sulfur,
ammonia or a primary amine (Scheme 1).

The 3,5-dihydro-1,2-dioxines chosen for this study were
2a–d (Scheme 2). They were efficiently synthesised from
their parent dienes 1a–d via photo-oxidation.6 The

Scheme 1.
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Scheme 2.

For the synthesis of thiophenes 4a–d, we chose
dimethylformamide (DMF) as the solvent since we
hoped that the Kornblum–de la Mare rearrangement of
the 1,2-dioxines 2 to the isomeric 1,4-diketones 3 would
be facilitated in this solvent. Hence, the reaction of
1,2-dioxines 2a–c with Lawesson’s reagent in DMF at
100°C resulted in good yields of the thiophenes 4a–c,
respectively (entries 1, 2 and 3). However, the reaction
of 2d with Lawesson’s reagent gave a lower yield of 4d
as compared to those for 4a–c, under similar conditions
(entry 4). This may be due to the instability of the
thiophene 4d at elevated temperatures.

1,2,5-Trisubstituted pyrroles 5a and 5b were synthesised
under different conditions to those used for thiophenes
4a–d. DMF was not required for the rearrangement of
the 1,2-dioxine to its 1,4-diketone since the basicity of
the reagent, n-butylamine, could be utilised. Hence,
refluxing methanol was used in place of DMF. Under
these conditions 3,5-dihydro-1,2-dioxines 2a and 2b
were each treated with excess n-butylamine in refluxing
methanol for 16 h to furnish the 1,2,5-trisubstituted
pyrroles 5a and 5b, respectively, in good yields (entries
5 and 6).8 However, when 1,2-dioxines 2a and 2b were
treated with ammonium carbonate in refluxing
methanol only the isomeric 1,4-diketones 3a and 3b
were obtained, both in near quantitative yields (entries
7 and 9). This was rectified when the lower boiling
methanol was replaced by DMF as the solvent, furnish-
ing the desired 2,5-disubstituted pyrroles 5c and 5d in

photo-oxidation reaction consisted of irradiation (three
tungsten halogen lamps, 500 W, 6 h) of a solution of
the diene in dichloromethane in the presence of the
photosensitiser rose bengal (bis(triethylammonium)
salt), at 4°C with a stream of O2 passing through the
solution. Although 2a, 2c and 2d have been previously
reported, we synthesised 2b7 since it contains the 4-bro-
mophenyl grouping, a potential ‘synthetic handle’
which could be utilised in future studies, e.g. palladium-
mediated couplings.

The reaction of 1,2-dioxines 2a–d with Lawesson’s
reagent, n-butylamine or ammonium carbonate was
then investigated. The results are shown below in
Scheme 3 and Table 1.

Scheme 3.

Table 1. Reaction of 1,2-dioxines 2a–d with Lawesson’s reagent, n-butylamine or ammonium carbonate to generate thio-
phenes 4a–d and pyrroles 5a–d

1,2-Dioxine SolventEntry Reagent Yield (%)a,bProduct

DMF2a 4a1 Lawesson’s 62
85DMF2b2 4bLawesson’s

3 2c DMF Lawesson’s 4c 72
4d 57DMF4 Lawesson’s2d

5 2a MeOH n-BuNH2 5a 85
6 655bn-BuNH2MeOH2b

3aNH4CO3 95MeOH2a7
5c 658 2a DMF NH4CO3

3bNH4CO3MeOH2b9 96
DMF10 705dNH4CO32b

a Yields of isolated and purified products.
b All known compounds displayed physical and chemical data consistent with those already published apart from 5b, which was fully

characterised.
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moderate yields of 65 and 70%, respectively (entries 8
and 10).

n conclusion, this communication demonstrates the first
reported one-pot synthesis of substituted thiophenes
and pyrroles from 3,5-dihydro-1,2-dioxines. This
methodology involves the participation of a 1,4-dike-
tone, derived from the Kornblum–de la Mare rear-
rangement of the 3,5-dihydro-1,2-dioxine precursor. If
suitable dienes were available for the synthesis of the
3,5-dihydro-1,2-dioxines, then the synthesis of a large
range of substituted thiophenes and pyrroles would be
possible.
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