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Abstract: A series of unusual fused tetraheterocyclic
compounds 3, consisting of a thiopyran (ring A), a
thiophene (ring B), a pyridine (ring C), and an imi-
dazole or a pyrimidine (ring D) core, with a bridge-
head nitrogen and an angular methyl group, were
successfully synthesized by a catalyst-free, one-pot,
two-component domino reaction of 4-(4-methyl-1,3-
dithiol-2-ylidene)-1,7-bis(aryl/heteroaryl)hepta-1,6-

diene-3,5-dione 2 and diamines. In this reaction, up
to five new bonds were formed accompanied by the
C�S bond cleavage of the 1,3-dithiole ring of 2, with
water as the only by-product.

Keywords: a,a-dialkenoylketene S,S-acetals; di-
amines; domino reactions; fused polyheterocycles

Introduction

There has been increasing interest in highly efficient
and environmentally acceptable synthetic methods in
modern chemistry. In this context domino reactions
have proven to be very effective and attractive.[1] The
notable feature of a domino process is that bonds and
new functionalities are constructed during the cas-
cade, which, in turn, react further in subsequent steps
under identical conditions to form new bonds and
functionalities until termination leads to a stable final
product. Clearly, the quality of a domino reaction is
dependent on the number of bonds formed and the
complexity of the product. The amounts of solvents,
reagents, absorbents, and energy in domino reactions
would be dramatically decreased compared to the
conventional stepwise approach. On the other hand,
the multi-step synthesis towards a complex compound
is laborious and tedious, generating several equiva-
lents of waste and salt as by-products. Hence, domino
processes, in an environmentally benign and atom-
economic fashion,[1,2] play an important role in organ-
ic syntheses, especially considering that certain com-
plex compounds such as fused polyheterocycles[1,3,4]

are of great significance and their synthesis still re-
mains a challenge for chemists.

Over the past few decades, a-oxoketene S,S-acetals
have emerged as versatile intermediates in organic
synthesis.[5] During the course of our studies on the

chemistry of functionalized ketene S,S-acetals,[6] we
found that the easily available a-alkenoylketene S,S-
acetals[7] showed promising structural features as
novel organic intermediates in annulation reactions.[8]

In particular, a new [5C+1C, (1N), (1S)] synthetic
strategy has been recently developed for the construc-
tion of highly substituted phenolic rings,[8a] pyrido-
nes[8b] and thiopyran-4-ones[8c] relying upon the uti-
lization of a-alkenoylketene S,S-acetals 1 as 1,5-bie-
lectrophilic synthons. To explore the synthetic utility
of the multi-functionalized a-alkenoylketene S,S-ace-
tals, in our ongoing research, the analogue of 1,
namely 4-(4-methyl-1,3-dithiol-2-ylidene)-1,7-bisaryl/
heteroarylhepta-1,6-diene-3,5-dione 2, was synthe-
sized and the reactions of 2 with 1,2/1,3-diamines
were studied. As a result, a series of fused polyhetero-
cycles 3, with the structure of thienoACHTUNGTRENNUNG[2,3-b]thiopyran-
fused imidazo ACHTUNGTRENNUNG[1,2-a]pyridine/pyridoACHTUNGTRENNUNG[1,2-a]pyrimidines,
were prepared in one step by reacting acyclic 2 with
1,2-ethanediamine or 1,3-propanediamine at an ele-
vated temperature in the open air.
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Besides the high efficiency in the formation of mul-
tiple bonds and atom economy as a domino process,
this reaction has the advantages: (1) the starting ma-
terials are readily available[8,9] and the reagents are
cheap; (2) reaction proceeds smoothly under very
mild conditions without introducing extra acid, base
or metal catalyst; (3) it is an environmentally benign
transformation due to the fact that only one molecule
of water is released in the whole process; and (4) the
thienoACHTUNGTRENNUNG[2,3-b]thiopyran-fused imidazoACHTUNGTRENNUNG[1,2-a]pyridine/
pyridoACHTUNGTRENNUNG[1,2-a]pyrimidine system 3, to our best knowl-
edge, represents a kind of new fused heterocycles con-
taining a thiopyran (ring A), a thiophene (ring B), a
pyridine (ring C), and an imidazole or a pyrimidine
(ring D) core, furthermore, a bridgehead nitrogen and
an angular methyl group are involved. Indeed, the
present protocol provides a straightforward and effec-
tive pathway to construct nitrogen- and sulfur-con-
taining heterocycles of type 3, a relatively rare fused-
ring system.

Results and Discussion

In our experiment, precursors 2 were synthesized by a
two-step reaction starting from pentane-2,4-dione in
excellent yields according to a similar procedure re-
ported previously.[9] In the first step, pentane-2,4-
dione reacted with CS2 (1.1 equivs.) in the presence of
K2CO3 (2.2 equivs.) in DMF for 1 h in an ice bath, fol-
lowed by a dropwise addition of 1,2,3-tribromopro-
pane to the reaction mixture and stirring overnight at
room temperature. A yellow solid was obtained after
pouring the reaction mixture into a large amount of
ice-water. The only product was characterized as 3-(4-
bromomethyl-[1,3]-dithiolan-2-ylidene)-pentane-2,4-
dione 4 with an excellent yield of 91%. The second
step was an aldol condensation of 4 with selected aryl
aldehydes in the presence of NaOH.[10] The products,
a,a-dialkenoylketene S,S-acetals 2, were thus ob-
tained in excellent yields (Table 1, entries 1–7) and

the structure of 2 showed that the elimination of HBr
took place, accompanied by the aldol condensation,
to form the C=C double bonds of the 1,3-dithiol-2-yli-
dene moiety (Scheme 1).

In the following work we devoted our efforts to the
study of the reaction of 2 with diamines.[8b] Initially
the reaction of 2a and 1,2-ethanediamine was investi-
gated in varied solvents such as benzene, EtOH and
THF, with the molar ratio of 2a to 1,2-ethanediamine
being 1:2.0. Unfortunately, there was no reaction in
benzene and EtOH solution, and an incomplete reac-
tion was observed in the case of THF as solvent. In
another case when DMF was selected as the solvent,
the reaction occurred and product 3a was obtained in
23% isolated yield after purification of the reaction
mixture by flash chromatography using petroleum
ether-acetyl acetate (10:1, v/v) as eluent. Subsequent-
ly, the optimization of the reaction conditions, includ-
ing solvents, reaction temperature, and reaction time
for reaction of 2a with 1,2-ethanediamine, was investi-
gated. To our delight, after a series of experiments,
acetonitrile was proved to be the best solvent and the
yield of product 3a reached 35% when the reaction

Table 1. Synthesis of 2 and 3.

Entry Ar Time [h] Substrate 2 Yield[a] [%] Diamine[b] A or B Time [h] Product 3 Yield[a] [%]

1 C6H5 2.0 2a 91 A 3.5 3a 35
2 4-ClC6H4 3.0 2b 93 A 3.0 3b 38
3 4-FC6H4 2.5 2c 93 A 3.0 3c 42
4 4-CH3C6H4 2.0 2d 90 A 3.5 3d 35
5 4-CH3OC6H4 2.0 2e 90 A 3.5 3e 40
6 2-Pyridyl 3.0 2f 86 A 4.0 3f 32
7 2-Furanyl 2.5 2g 85 A 4.0 3g 33
8 C6H5 - 2a - B 3.0 3h 45
9 4-ClC6H4 - 2b - B 3.0 3i 46
10 4-FC6H4 - 2c - B 3.5 3j 42

[a] Isolated yields.
[b] A=1,2-ethanediamine; B=1,3-propanediamine.

Scheme 1. Domino process leading to polyheterocycles 3.
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of 2a with 1,2-ethanediamine was performed in
CH3CN at elevated temperature (50 8C) for 3 h.

To extend the scope of this new procedure for the
synthesis of the fused polyheterocycles, substrates 2b–
e, with electron-donating or electron-withdrawing
groups on the phenyl rings, were then examined for
their reactions with 1,2-ethanediamine under the opti-
mized conditions. As a result, a series of products 3b–
e was obtained in moderate yields of 32–42%
(Table 1, entries 1–5). The substrates 2f and 2g which
contained the heteroaromatic groups (2-pyridyl and 2-
furanyl) were also allowed to react with 1,2-ethanedi-
amine under identical conditions. Accordingly, pyrid-
yl- and furanyl-substituted tetracycle compounds 3f
and 3g were obtained. The reactions of 2 with 1,3-pro-
panediamine also proceed smoothly under identical
conditions as described above. For example, the reac-
tions of 2a–2c with 1,3-propanediamine gave the de-
sired products 3h–3j in 42–46% yields (Table 1, en-
tries 8–11). The structure of 3h was established by
single crystal X-ray diffraction analysis (Figure 1).[11]

By reaction with 1,3-propanediamine, a tetracyclic
system with three six-membered rings and one five-
membered ring could be achieved. In the reaction
with 1,2-ethanediamine, the resulting thienoACHTUNGTRENNUNG[2,3-
b]thiopyran-fused imidazo ACHTUNGTRENNUNG[1,2-a]pyridines 3a–3g were
composed by two six-membered rings and two five-
membered rings. It has been reported that thienoACHTUNGTRENNUNG[2,3-
b]thiopyran (rings A and B)-containing sulfonamides
may be used as novel topically active carbonic anhy-
drase inhibitors for the treatment of glaucoma.[12] On
the other hand, imidazoACHTUNGTRENNUNG[1,2-a]pyridine or pyridoACHTUNGTRENNUNG[1,2-
a]pyrimidines (rings C and D), as a kind of N-hetero-
bicycle, have attracted considerable attention due to
their wide range of biological and pharmacological ac-
tivities.[13]

As a whole, this one-pot, two-component (2 and a
diamine) reaction without utilizing any other catalysts
gives access to fused tetracyclic compounds 3 with
water as the only by-product. During this cascade,
one carbon-sulfur bond of the dithiole ring is cleaved

and up to five bonds are newly formed. It should be
noted that compounds 3 were obtained as a mixture
of diastereomers since the molecules contain three
chiral carbon atoms. Apparently, the domino synthetic
strategy presented provides a convenient, atom-eco-
nomic and environmentally friendly way to construct
the complex tetracyclic compounds 3. The wide gener-
ality of this process suggests its potential in the syn-
thesis of this family of compounds and analogues.

In order to clarify the mechanism for the formation
of 3, a model reaction between compound 5, 5-(4-
chlorophenyl)-2-(4-methyl-1,3-dithiol-2-ylidene)-1-
phenylpent-4-ene-1,3-dione, and a monoamine, for ex-
ample, ethylamine was carried out [Eq. 1)]. As a

result, a useful product 6 (A + B ring) was obtained
in 68% yield. The acetyl group adjacent to the thio-
phene ring of 6 was formed via the hydrolysis of the
imine E’ (see Supporting Information).

On the basis of above results, a possible mechanism
for the formation of thienoACHTUNGTRENNUNG[2,3-b]thiopyran-fused
imidazo ACHTUNGTRENNUNG[1,2-a]pyridine/pyridoACHTUNGTRENNUNG[1,2-a]pyrimidines 3 is
proposed and depicted in Scheme 2. Initially, due to
the two strongly electron-withdrawing groups at the
a-positions of the ketene S,S-acetals 2, an SNV (nucle-
ophilic vinylic substitution) type reaction[14] occurs by
attack of one of the amino groups of 1,2-ethanedia-
mine to the vinyl carbon atom of 1,3-dithiole, leading
to the fragmentation of the 1,3-dithiole ring and the
formation of enamine intermediate A, in which the
cleavage of the C�S bond is involved.[15] It was notice-
able that, in all the experiments, the amine always at-
tacks at the vinyl carbon atom connected with the
methyl group of the 1,3-dithiole during this part of
the SNV reaction although the reason is currently not
clear. Then, an intramolecular thio-Michael addition
of intermediate B (a tautomer of A) takes place to
furnish the thiopyran intermediate C.[7a,16] Next, the
azatriene intermediate E would be formed by the re-
action sequence of an intramolecular nucleophilic ad-
dition (C!D) and subsequent dehydration (D!E).
The resulting intermediate E, which comprises a 6p

Figure 1. The ORTEP drawing of 3h.
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electron system, allows a 6p-azaelectrocyclization[17]

to give tricyclic species F. Finally, the tetracyclic prod-
uct 3 would be produced by the intramolecular aza-
conjugate addition of the free amino group at the ter-
minal carbon atom of the conjugated system of inter-
mediate G.[17a]

Conclusions

In summary, a novel and highly efficient catalyst-free
domino reaction of a,a-dialkenoylketene S,S-acetals 2
with 1,2-ethanediamine or 1,3-propanediamine, giving
rise to the unusual tetracyclic thienoACHTUNGTRENNUNG[2,3-b]thiopyran-
fused imidazo ACHTUNGTRENNUNG[1,2-a]pyridine/pyridoACHTUNGTRENNUNG[1,2-a]pyrimidines
3, has been demonstrated. A possible mechanism in-
volved in the ring closure cascade reactions, including
an SNV (addition-elimination) at an sp2 carbon atom
as the triggering step, the followed intramolecular
thio-Michael addition, nucleophilic addition, 6p-azae-
lectrocyclization, and intramolecular aza-Michael ad-
dition, was proposed. The simplicity of manipulation,
ready availability of the substrates, cheap reagents,
and significant molecular complexity make this
domino synthetic strategy attractive for academic re-
search and other potential applications. It is predicta-
ble that this domino reaction will be extremely potent
since diamines and similar binucleophiles are impor-
tant synthetic reagents in numerous reactions. An ex-
tension of this work is in progress.

Experimental Section

Typical Procedure for the Preparation of 3h

To a solution of 2a (390.5 mg, 1.0 mmol) in CH3CN (10 mL)
was added 1,3-propanediamine (148.2 mg, 2.0 mmol). The
mixture was stirred at 50 8C for 3 h. After cooling to room
temperature, the mixture was poured into water and the
crude product was obtained by filtration, which was purified
by flash chromatography (silica gel, petroleum ether: acetyl
acetate = 10:1) to give rise to 3h as a reddish solid.
1H NMR (500 MHz, CDCl3, 293 K, TMS): d=1.48 (m, 1 H),
1.62 (m, 1 H), 1.71 (s, 1.5 H, Me), 1.74 (s, 1.5 H, Me), 1.84
(broad, NH, 1 H), 2.36 (m, 1 H), 2.45 (m, 1 H), 2.61 (m, 1 H),
2.86 (m, 1 H), 3.05 (m, 1 H), 3.22 (m, 2 H), 3.36 (m, 1 H),
4.55 (m, 1 H), 4.86 (m, 1 H), 7.28 (m, 1 H), 7.38 (m, 5 H),
7.45 (m, 2 H), 7.55 (m, 2 H); 13C NMR (125 MHz, CDCl3):
d=27.5, 40.4, 40.9, 40.9, 46.6, 46.7, 49.4, 49.5, 58.1, 71.2,
71.3, 109.8, 127.0, 127.5, 127.9, 128.0, 128.2, 128.7, 129.0,
132.3, 132.4, 134.8, 134.9, 137.8, 138.9, 141.3, 151.0, 151.1,
190.1, 190.2; IR (KBr): n=3324, 3029, 2930, 2826, 1656,
1451, 1199, 978, 896 cm�1; MS (EI): calcd. m/z=446.15,
found 447.2 [(M+1)]+; anal. calcd. for C26H26N2OS2: C
69.92, H 5.87, N 6.27; found: C 70.19, H, 5.75, N, 6.12.

Acknowledgements

This research was supported by the National Natural Sciences
Foundation of China (20272008), the Key Grant Project of
Chinese Ministry of Education (10412), and Science Founda-
tion for Young Teachers of Northeast Normal University
(20060313).

Scheme 2. Proposed mechanism for the domino reaction of 3 with diamine.
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