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A new synthetic procedure for the polysubstituted 2-aminothiophenes was developed via Gewald type
ring-opening reaction of 1,1-dicyano-2,3-diarylcyclopropanes with elemental sulfur in N,N-dimethyl-
formamide in the presence of morpholine as base.
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The donor–acceptor-substituted cyclopropanes are widely used
as the versatile three carbon building blocks for the synthesis of
versatile functionalized molecules.1,2 Through the ring-opening
reactions of the donor–acceptor cyclopropanes with various chem-
icals, for example electrophiles, nucleophiles, and radicals, such as
aldehydes, imines, isocyanate, nitrones, acetylenes, and nitriles
have been demonstrated to form valuable five-membered hetero-
cycles, especially furan and pyrroles.3–7 At present the direct trans-
formation of the activated cyclopropanes to functionalized
skeleton of thiophene with sulfur-containing reagents still remains
a challenging subject mainly due to their low nucleophilicity.
Reissig and co-workers8 firstly reported the synthesis of
2-aminothiophene by reaction of cyanoacetates, elemental sulfur,
and methyl 2-siloxycyclopropanecarboxylates, which were used
as equivalents of carbonyl compounds. Chandrasekaran and
co-worker9 developed the regioselective ring-opening of cyclopro-
panes with tetrathiomolybdate as the sulfur transfer reagent to
give dihydrothiophenes in excellent yield. Recently, Dong and
co-workers10 successfully developed a domino reaction of dime-
thylaminopropenoyl cyclopropanes initiated by Lawesson’s
reagent for convenient synthesis of 2,3-dihydrothieno[3,2-c]pyri-
dines. On the other hand, 2-aminothiophene is arguably one of
the most typical functionalized molecules in the present-day
chemical and medical research of thiophene.11 In 1965 Gewald
et al. reported the synthesis of substituted 2-aminothiophenes
via condensation of carbonyl compounds with methylene active
nitriles and elemental sulfur in the presence of organic bases.12

Since then this novel multicomponent reaction turned out to be-
come a universal method for the synthesis of substituted 2-amino-
thiophenes and has gained prominence in recent years.13,14 Under
this background, and as also in the context of our investigations to
develop more efficient ring-opening reactions for the sterically
hindered polysubstituted cyclopropanes,15 herein we wish to
report the preliminary results on the Gewald-type reactions of
1,1-dicyano-2,3-diarylcyclopropanes with elemental sulfur for
the synthesis of polysubstituted 2-aminothiophenes.

To optimize the reaction conditions, we examined the reaction
of 1,1-dicyano-2-phenyl-3-p-nitrophenylcyclopropane15a 1a with
elemental sulfur in the presence of different bases and solvents.
When pyridine, triethylamine, diethylamine, or piperidine were
used as base, nearly no reaction was observed in refluxing metha-
nol, but when morpholine was used, the product 1a was obtained
in about 20% yield. If the reaction was carried out in refluxing eth-
anol, triethylamine, diethylamine, and morpholine resulted in the
products in 10%, 25%, and 20% yields, respectively. When DMF
was used as solvent, triethylamine gave a complicate mixture of
products, diethylamine and piperidine still gave low yields of prod-
uct. The highest yield of product 1a (73%) was obtained in the pres-
ence of morpholine as base. This result was concordance with the
known facts that morpholine had been proved to be the most suit-
able base for the activation with sulfur and the subsequent sulfur
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Figure 2. Molecular structure of compound 2l.

Table 1
Synthesis of polysubstituted 2-aminothiphenes 2a–2na
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Entry Compd R E Yieldb (%)

1 2a H CN 63
2 2b p-CH3 CN 63
3 2c p-OCH3 CN 56
4 2d o-OCH3 CN 53
5 2e p-OPh CN 48
6 2f p-F CN 81
7 2g p-Cl CN 68
8 2h m-Cl CN 70
9 2i p-Br CN 78
10 2j H CO2Et 83
11 2k m-CH3 CO2Et 79
12 2l p-CH3 CO2Et 71
13 2m p-Cl CO2Et 80
14 2n p-Br CO2Et 78

a Reaction conditions: cyclopropane (1.0 mmol), sulfur (1.5 mmol), morpholine
(1.0 mmol), DMF, 60 �C, 48 h.

b Isolated yields.

Figure 1. Molecular structure of compound 2c.
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addition in Gewald reaction.16 Thus, we established the optimal
conditions for the reaction of polysubstituted cyclopropanes 1 with
elemental sulfur in DMF with morpholine as the base for about
48 h.17

Under these optimized reaction conditions, a series of
1,1-dicyano-2-aryl-3-p-nitrophenylcyclopropanes were used in
the reaction. The results are summarized in Table 1. It can be seen
that 2-aryl substituents bearing with electron-withdrawing fluoro,
chloro, bromo groups in cyclopropanes gave higher yields of
products than that of 2-aryl substituents with electron-donating
methyl, methoxy, and phenoxy groups (Table 1, entries 1–9). The
reactions of ethyl 1-cyano-2-aryl-3-p-nitrophenyl-cyclopropyl-
1-carboxylate also reacted efficiently to afford polysubstituted
2-aminothiophenes 2j–2n in good yields (Table 1, entries 10–14).
These results showed that this reaction was quite general and
had a very broad scope of substrates. The structures of the
prepared polysubstituted 2-aminothiophenes 2a–2n were fully
characterized by 1H and 13C NMR, MS, IR spectra. The single crystal
structures of compound 2c and 2l were determined by single-
crystal X-ray diffraction (Figs. 1 and 2).18 It is clear to see that
the most stronger electron-withdrawing p-nitrophenyl group
exists on the ortho-position of the newly-formed thiophenyl ring,
while the aryl groups orient on the 3-position. This result indicated
that the cyclopropyl ring was opened between the carbon atom
with the p-nitrophenyl group and the carbon atom with the cyano
group, which also suggested that this reaction was a highly regio-
selective reaction.

Although no detailed mechanism and experimental investiga-
tion were carried out in this Letter, a plausible reaction course
for the formation of 2-aminothiophene is proposed in Scheme 1
on the basis of the established ring-opening reaction of the
donor–acceptor substituted cyclopropanes and Gewald reac-
tion.3,14 Firstly, the double activated cyclopropane (1) underwent
ring-opening to give an ionic intermediate (A) on heating. Sec-
ondly, an allylic carbanion (B) was formed by elimination
reaction with morpholine and 1,3-H shift process. Then carbanium
ion was preferably formed on the carbon atom bearing with the
electron-withdrawing p-nitrophenyl group, which consequently
also determined the regioselective ring-opening of the cyclopropyl
ring. Thirdly, the reaction of carbanion with elemental sulfur gave
intermediate (C). Then the intramolecular addition of the sulfur to
the cyano group yielded the ring intermediate (D). Finally, through
the imine-enamine tautomerization and elimination of excess sul-
fur atom, the intermediate (D) was transformed to 2-aminothioph-
ene 2 as the final product.

In conclusion, an efficient synthetic procedure for the polysub-
stituted 2-aminothiophenes was developed by Gewald-type
reaction of the donor–acceptor cyclopropanes with elemental sul-
fur. This protocol not only provides an effective methodology for
the preparation of functionalized pyrroles, but also provides new
examples of the Gewald reaction in organic synthetic chemistry.
The potential uses of this reaction in synthetic and medicinal
chemistry might be quite significant. Further expansion of the
reaction scope and synthetic applications of this methodology are
in progress in our laboratory.
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Scheme 1. The proposed formation mechanism of 2-aminothiophene.
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